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NMPEANCNOBUE

B ocHoBYy yyeGHMKaA fiernn nekuum no o4HOMMEHHOMY Kypcy,
yuTaBllMecs aBTOPOM B TeyeHWe psAfa NeT Ha AHEBHOM U Be-
YepHeM OTAEeNeHUAX 3NeKTPOMEXAHWUYECKOro U 31eKTpOo3Hepre-
TUYeCKOro akynbTeToB MOCKOBCKOIO 3HEPreTUYecKoro UHCTU-
TyTa 4NA CTYLeHTOB cneumanbHocTeir 0601, 0314, 0301.

CopepxXaHue yyebHMKa COOTBETCTBYET Mporpamme OfHO-
MMEHHOTO Kypca AN 3HepreTMYeckWX CrnewumanbHOCTEW BY30B.

B paHHOM Kypce, OCHOBbIBasiCb Ha CWUCTEMHOM MNOAXO0Ae,
3/IeKTPOCTaHLUMMN, UX 3NeKTpuyeckas 4vacTb W 3fnekTpoobopypno-
BaHMWe paccMaTpuBaloTCA KaK 31eMeHTbl aHeprocucteM. OCHOB-
HOl aKLeHT fgenaeTca Ha ycnoBua paboTbl anekTpoobopynoBa-
HUS Y OCHOBHbIX 3/1IEMEHTOB 3/1€KTPOCTAHLUI B 3HEpProcucremax
M Ha TpeboBaHWUS, KOTOpble NPeAbABAAIOT COBPEMEHHbIE 3HEp-
rocucTembl K rnapameTrpam, cCXemaM W YCN0BUAM 3KcCMayatauuu
3NeKTPoobOpyAOBaHMNA W 3NEKTPUYECKOW YacTW 3NeKTPOCTaH-
UM, a TaKXe MofgcTaHUWA.

B yuyebHUKe AgaHbl HE0OGXOAMMblE CBeAeHUA 06 YCTpOIiCTBE,
napameTpax M paboTe 31eKTPOCTAHUUI Pa3MYHOrO TUMNa U KX
OCHOBHbIX 3/1eMEHTOB; 06WMKe cBefeHUs 06 3NeKTPUUYECKUX ce-
TAX W cucTemax, peneiiHOW 3awuTte, aBTOMaTWKe, 3aluTe OT
nepeHanps>KeHWn; onucbiBaeTca ¢GU3NKa SBNEHWIA Npu nepe-
XOLHbIX Mpoueccax B 3Heprocucremax; u3faraetca MeTOAMKaA
Bbl6Opa 31eKTP006OpPYAOBaHUA M 3IEKTPUUECKUX CXEM 3/IeKT-
poyCcTaHOBOK.

ABTOp Mnpu3HaTeneH KOMNEKTUBY KaeApbl 3NEKTPUYECKUX
cTaHuuin M3W 3a nomolb, OKasaHHYl BO Bpemsa paboTbl Hap
PYKONWCbIO, a TakKXe 3a 3aMeyaHus, MPeffioXeHUs W COBETHI,
BblCKa3aHHble Npu 06CYXXAEHUN PYKONUCH.

ABTOp BblpaxaeT rfybokyw 6n1arogapHocTb KONNEKTUBY
Kaeapbl 31EKTPUYECKUX CTaHUMA JIeHWHTpagCKOro nonauTex-
HMYECKOro MHCTUTYTa umeHn M. V. KanuHuuHa (3aB. Kadeppoi
[LOKTOP TexH. HaykK, npod. . M. MaBnoB) 3a BHUMATE/NbHbIW
MPOCMOTP W peLeH3MpoBaHWE PYKOMUCU W CAeNaHHble UMK NOo-
Ne3Hble 3aMeyvyaHuns, KOTOpble YUYTeHbl NPM OKOHYaTe/bHON nof-
roTOBKe pyKonucw.

C 6narofiapHoCTbl0 aBTOP OTMeuaeT TL,aTeNbHOe pefaKTu-
poBaHWe PYKOMUCKM KaHfA. TeXH. Hayk gou. W. M. Kplo4YKOBbIM.

Bce noxenaHua v 3ameyaHus aBTOpP MPOCUMT HanpasfifATb NO
agpecy: 113114, MockBa, M-114, LW no3oBasa Ha6., 10, SHepro-
atomu3spart.

ABTOp



naBa nepsad

OBWWME BOMPOCbLI SHEPIETUKU
N SNEKTPNPUKALKMN CCCP

1.1. 3TAMNbl PASBUTNA SHEPFETUKWN CCCP

YpoBeHb pPasBUTUS IHEPTeTUKMN U 3NeKTpudukKaumm, Kak ns-
BECTHO, B Hambonee 0606LIeHHOM BMAe OTpaXKaeT TeEXHUKO-3KO-
HOMMWYeCKUiA noTeHLUmMan 060 cTpaHsbl.

JnekTpudpukauns urpaet BeAylW Y poab B pasBUTUU BCEX
oTpacneii HapogHoro xossiictea CCCP, saABnsfeTca CTepXHeM
CTPOUTENBLCTBA 3KOHOMUKM KOMMYHUCTUYECKOrOo obuiectBa. OT-
cloja 00beKTUBHO cnefyeT HEOHXOAMMOCTb Onepexarwmx Tem-
NMoB pocTa NPOWM3BOACTBA 3/eKTpo3Heprun. Co3paHue maTepu-
anbHO-TEXHMYECKON 6a3bl KOMMYHM3Ma npejgnofnaraet, B 4acT-
HOCTW, MOMHYIO 3NEKTPUDUKaLUIO CTPaHbl U COBEPLUEHCTBOBaHMUE
Ha 3TOl OCHOBE TEXHWKW, TEeXHOMOrMW W opraHusaumy obuiect-.
BEHHOro MPOM3BOACTBA BO BCEX OTPacNsfX HapoOLHOro Xxo03Aii-
cTBa

OT uapckoii Poccun CoBeTCKOe rocyfapcTtBo MOAyYUao oT-
cTanoe xo3fiicTBO. B ycnoBusx paspyxu, ronofa, rpaxpaH-
CKOW BOIHbI, KOrja He XBaTajio camoro Heobxogumoro—xneba
Tonnuea, ofexAabl, B. V. JleHUH npoBo3rnacun no3yHr: «Kom-
MYHW3M — 3TO eCTb COBeTCKas BNacTb M/KC 3eKTpUukKauus
Bcell cTpaHbi»l B nucbme . M. KpxuxaHosckomy (1920 r.)
OH Mucan: «...Mbl POCCUI0O BCHO M MPOMBILUNEHHYIO U 3eMefeNb-
YeCKYyl cpAenaem 3neKTpUYeCcKoi»2. B 3Toli CBSI3W MHTEPECHO
BblCKa3blBaHMe 6bIBLWIEro npesngeHTa WHaum pgoktopa Papjxak-
puwHaHa. Ha Top)ecTBax MO C/lyyal MNyCKa 3/IeKTPOCTAHLMM
B HeliBenu, NOCTPOEHHON MO MPOEKTY W MPU yYacTUU COBETCKUX
cneuunanncToB, OH 3asBUN: «He KTO WHOW, KakK BeNWKWin nupep
JleHWH cKaszan, 4To ecauM Mbl XOTUM faTb JOAAM cyacTbe, TO
ANsa 3TOro HeobxofgMma cOBeTCKasf BMacTb MAKOC 3MeKTpUdpuKa-
uma. NMpumMmeHas 3TOT N03YHr K cebe, Mbl roBOpuUM: naH4yasaT
(MeCcTHble opraHbl camMOyrnpaBfeHWs B WUHAWWACKOW [epeBHe) K
anekTpndukayna» 3.

B 1913 r. Poccus no BbipaboTKe 31eKTPO3HEPTNM 3aHMMa-
na wecTtoe Mecto B EBpone u BocbMOe MecTOo B Mupe (mocne

1 B. W. NeHnH. Monu. cobp. cou. M3a. 5-e, T. 42, c. 159,
2 B. W. NleHunH. Monu. cobp. cou. M3a- 5-e, T. 40, c. 63.
3 «3a pyb6exxom», Ne 34 .(115), 1962, c. 15,
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CWA, lepmaHun, Aurnuun, ®paHuyun, KaHagsl, UTanun, Hop-
Berun). B 3aTo Bpema oHa uMena YCTAHOBNEHHYK MOLWHOCTb
anekTpocTaHuuii 1,1 mnH. KBT, BbIpaboTKy 3MeKTpPO3Heprumn
2 Mnpg. KBT-4  un  ypenbHyo BblpaboTKYy 31eKTPO3Hepruu
14 kBT1-4/(4yen-rog). B 1916 r. ycTaHOB/JEHHAaa MOLWLHOCTb
3leKTpocTaHUmin coctaBnana 1,2 MnH. KBT, a BbipaboTKa 3nek-
TposHeprum — 2,57 mnpg. kKBT-u. K 1921 r. BbipaboTka 3nek-
TpoaHeprum ynana go 0,5 mnpg. kKB1-u.

C nepBbIX [HeA yCTaHOBMEHWA COBETCKOM Bnactm Kommy-
HUCTUYeCKas napTua ypenana 60nblWIOe BHUMaHWE pPasBUTUIO
3HepreTuku cTpaHbl. B 1918 r. Hayanocb CTpouTenscTBo Bon-
XOBCKo 3C, a 3atem Kawwunpckoit wun LWatypckoin [P3C.
7 pepana 1920 r. no uHuumaTmuee B. N. JleHuHa Gbina co3gaHa
Komuccus no paspaboTke [OCyaapCTBEHHOro MaaHa 31eKTpu-
thmkayun Poccum (FTODJTPO). B komuccum nof npeacepatens-
cTtBoM . M. KpXMWXXaHOBCKOro paboTanu KpymnHehlwne yyeHble
CTpaHbl.

B pekabpe 1920 r. VIII Bcepoccuiicknii cbe3q CoBeTOB 040-
6pun nnaH FTO3/1PO, KoTOpbIA 6bIN paccymTaH Ha 10— 15 net
W npegycmatpusan cTpoutensctso 30 31eKTpOCTaHUMN C CyM-
MapHoli MoWwHOCTb 1,7 MAH. KBT W poBejeHue BbipaboTKu
3leKTpoaHeprum go 8,8 mapa. KBT-4. ¥Yxxe B 1930 r. nnaH 6bin
BbIMOJIHEH: YCTaHOB/IEHHAA MOLLHOCTbL cocTaBuna 2,88 M/H. KBT,
a BblpaboTKa 3feKTpoaHeprum — 8,4 Mnpa. KBT-u.

Lo 1941 r. 6binn nocTpoeHbl CBupckas, [ HenpoBckas, Yr-
nuyckaa M9C, LW Teposckasn, 3yesckasd, FopbkoBckag TP3C un
Apyrue anektpoctaHuun. CymMMapHas MOLLHOCTb 3/1eKTPOCTaH-
unin B KoHue 1940 r. gocturna 11,1 mnH. kBT, a BblpaboTka
3NeKTpoaHeprum — 48,3 mapa. KB1-4 B rog.

Bennkas OTeuyecTBeHHas BOWHa HaHecna TAXeNbld YpOH
3HEpProxo3sdncTey cTpaHbl. B 1945 r. ycTaHOBNEHHAs MOLLHOCTb
3feKTpocTaHumii coctaBuna Bcero 11 maH. kBT, a BbipaboTka
3/IEKTPO3HEPTNUM — TONbKO 43 mMpa. KBT-y.

Mocne 1945 r. Hayanocb ObICTpPOe BOCCTAHOB/MEHWE M pas-
BUTUE 3HepreTukn. Tak, BbipaboTKa 3nekTpoaHeprum B 1950 T.
coctaBuna 91,2 mnpg. kBt-u, B 1958 r. — 233 wmnpa. kBT-u,
B 1965 r. — 506,6 mapg. kB1-u, B 1970 1. — 740,9 mnpg. kBTX
X ¥ B 1974 r. — 975 mapa. kBt-u, B 1985 r.— 1544 mnpg.
KBT-u. Ecnu pgo 1941 r. Hambonbwas eAMHMYHAs MOLLHOCTb
arperatoB Ha TenmjOBbIX 31eKTpOCTaHUuMAX OGbina 100 MBT, Ha
rmgpoanekTpocTaHymax — 55 MBT, TO B MOCNEBOEHHbI Mepu-
o/ oHa cocTaBmna 200, 300, 500, 800 mn 1200 MBT Ha TP3C u
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500 n 640 MBT Ha 'QC. lMocTpoeHbl KpynHeiwe B MUpe anek-
TpocTaHuun: Bonxckad N'C umeHn B. N. JTeHMHa MOLWHOCTbLIO
2300 MBT, Bomkckaa '9C umeHun XXIlI cvesga KIMNCC —
2560 MBT, bpatckaga [9C — 4100 MBT, KpacHosapckan
F'’C — 6000 MBT, TMpugHenposckas P3C — 2400 MBT,
Crtapobewesckad NPOC — 2300 MBT, KoHakoBckass TP9C—
2400 MBT, 3muesckagd P2C—2400 MBT, Kpusopoxckas
FP3C — 2400 MBT, bypwTbiHCckas TPOC — 2400 MBT u ap.
3aBeplaeTca COOpYXeHue KpynHeiweil B mupe CasHo-LUy-
WweHckoi MAC (6400 MBT). Ha 6a3e 3kuMbacTy3CKMX M KaHCKO-
aUMHCKMUX Yrnei BefeTcs COOPYXeHWe KOMMIeKca 31eKTpo-
CTaHUWUI KaXkaas MOLLHOCTbIO COOTBETCTBEHHO B 4000 u 6400
MBT. B eBponeiickoin yactu CCCP WHTEHCMBHO coopyXakTca
aTOMHble 3nekTpocTaHumm (A3C). C 1913 no 1985 r. ycTa-
HOBJIEHHAas MOLLHOCTb- 31eKTPOCTaHUMIA Bo3pocna B 286 pas, a
NPoOn3BOACTBO 3/IeKTpoaHeprun — B 772 paza. CCCP Bblwen Ha
2-e MeCTo B Mupe No BbIpabOTKe 3NeKTPOIHEPTum.

3HauYnTeNbHOE pas3BUTUE MONYUYUIU 3EKTPUUYECKUE CETU.
Ha KoHew 1985 r. NpPOTAXXEHHOCTb BO3AYLIHbIX 3IEKTPUUYECKUX
nMHMnl HanpsbkeHnem 35 KB 1 Bbilwe cocTaBuaa B OAHOLEMN-
HOM umcymcneHum 908,6 ThbiC. KM.

OrpomHas paboTa npoBefeHa MO 3neKTpUpUKaLUMKN  Ceflb-
ckoro xossancTtea. Ecnm B 1950 r. Tonbko 15 % KOMX030B M
76 % COBX030B WCMONb30BaAnN 3NEKTPOIHEPTUI0, TO YXe B
1973 r. pona Takux Xo3sincTe Bo3pocna Ao 99,9 %. Cenbckoe
xo03qaiicTBo B 1940 r. notpe6nano nuwb 0,54 wmnpa. KBT-u
31eKTposHeprum. Yxe B 1950 r. noTpebneHne BO3POCNO [0
1,54 mnpp. kBt-u. B 1985 r. oHo pgocturno 1457 mnapg.
KBT-4, a Ha 1990 r. nnaHupyeTcqd B pasmepe 210—235 mnpg.
KBT-4. B HeECKO/IbKO pa3 BO3poCfa MPOTAXEHHOCTb 3/1eKTPu-
YeCKWUX NIMHUIA B CENbCKUX pailoHax. MexaHuM3auma u 3anekTpu-
thmkKauua cenbCKoro Xxo3siicTBa o6ecneymBalOT MOBbILIEHUE
NPOM3BOAUTENbHOCTU TpyAa paboOTHMKOB KONX030B M COBXO-
30B.

OHepreTtnka CCCP pasBuBaeTca B COOTBETCTBUM C onpepe-
NEeHHbIMWU NPUHLWNAMKU, OCHOBbI KOTOPbIX 6bI/IN 3aN0XEHbI ele
B nnaHe FO3/1PO:

a) NNaHoBOCTb;

6) ucnonb3oBaHWe MO BO3MOXHOCTW MECTHOrO TOMAMWBA,

13pech 1 fanee BMeCTO TEPMUHA «3/IeKTpUYecKas NHUSA» 6onee npeg»
NOYTUTENBHO UCNONb30BaHNE TEPMUHA «/IMHUA 3NEKTponepegavymn».
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B) KOMMNJIEKCHOe WCMO/b30BaHWEe MPUPOAHbIX PECYPCOB;

r) cBA3b 3NeKTpudukauuu ¢ Tennopukayuen;

4) BHeApeHMe HOBelL el TeXHUKMN;

€) pauMoHanbHOe pas3MelleHWe 3NeKTPOCTaHUMA no Teppu-
TOPUMN CTPaHbI;

X) cO3flaHWe MOLLHbIX 3HEPTOCUCTEM.

JHepreTMka, Kak U gpyrue oTpacinuM HapoLHOro X0351CTBa,
pa3BuBaeTcqs B COOTBETCTBUM C efUHbIM HapOLHOXO3AWCTBEH-
HbIM nfaHoM. naHoBOe couManUCTMYECKOE XO03AMCTBO MO3BO-
ANNI0 C CaMOro Hayana CTPOUTb 3HEPreTUKYy CTpaHbl Ha OCHOBE
006befjMHEHNA 3NeKTPOCTaHUMI Ha napanfenbHytlo paboTy u
CO3/laHNSA MOLLHbIX 3HeprocucTem. Yucno parioHHbIX 3HEProcu-
cTem gocturno 96. OHM o06befnHeHbl B 11 06befUHEHHBIX 3HEp-
rocuctem (O3C). 3aBeplaeTcsa co3faHWe eAWHOW 3HepreTu-
yeckoin cuctembl CCCP (EQC CCCP). B 1983 r. ueHTpanu-
30BaHHOE MPOW3BOACTBO 3/IEKTPOIHEPTUN Ha 3MEKTPOCTaHLUAX,
006beAMHEHHbIX B 3HEProcucTemsl, cocTaBuno 97 % ob6wero
MPOU3BOACTBA 3/IEKTPOIHEPTUM B CTPaHe.

1.2. NEPCNEKTUBLI PA3BUTWNA SHEPTETUKWN CCCP

Mepen sHepreTukoin CoBeTckoro Colo3a, Kak v nepefs Apy-
rMMun oTpacnsimy HapoAHOro Xo3aicTBa, CTOMT BaXKHas 3aja-
ya — ob6ecneunTb Takoi Temn pocTa MPOM3BOACTBA, KOTOPbIN
B Mpouecce co3jaHWA maTepuanbHO-TEXHUYECKOW 6asbl KOM-
MyHU3Ma BbiBen 6bl CCCP Ha nepBoe MecTo B MuUpe MO nNpo-
M3BOACTBY MNPOAYKUMM Ha Aywy HaceneHwus. Pa3BuTue aHepre-
Tnkn B CCCP unpet 6bICTpbIMM TemMnaMu, YTO BMAHO W3 [aH-
HbiX Ta6n. 1.1.

B nocnefHue rogbl NpPUPOCT reHepUpPyLWMX MOLLHOCTEA B
CCCP coctaBun 10— 13 mnH. KBT B rog c TeHaeHuueli fanb-
HelLlwero pocTa.

BaxHelilwnMM nokasaTtefneMm paboTbl MPOMbILUINEHHOCTU £B-
naeTcs YpOBeHb MPOM3BOAUTeNbHOCTW Tpypa. B. W. JleHuH
yKa3sblBan, YTO «MNPOU3BOAUTENbHOCTb TpyAa, 3TO B MOCNELHEM
cyeTe caMoOe BaxHoe, caMoe rnaBHoe Ana nobefbl HOBOro 06-
LW ecTBeHHOro crtpos»l lMpou3BOAMTENbBHOCTL TpyAa B CBOM
ouyepefb B 3HAYMTENbHOW CTEMEHW OMpPeAenseTcs YPOBHEM 3Hep-
rOBOOPYXEHHOCTW U 3NeKTPOBOOPYXEHHOCTU Tpypha, 4YTO Ha-
rNAAHO WNNKOCTPUPYIOT AaHHble Tabn. 1.2 (nmokasaTenu faHbl
B gonax ypoBHA 1940 r.). OTcioga 06beKTMBHO ClefyrT Bce

1 B. W. NNeHuH. Monwu, cobp, cou. N3a. 5-¢, 1. 39, c. 21.
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Tabnuya 11

3HauyeHne no rogam
YBennueHve

napameTpa 3a
MapameTp nepuog

1013 1965 1972 1985 1913 1688 rr.

CymmapHasa ycTaHOB/IEHHasa MOW- 11 114 186,2 315 286,3
' HOCTb, M/H. KBT

CyMmMapHas BblpaboTKa 31eKTpo- 2 507 857 1544 772
3Heprumn, mMapg. KBT-y

UmcneHHocTb  HaceneHus, MnH. 140 232 248,6 278,8 1,99
yen.

BbipaboTka  3neKTpo3Heprun Ha 14 2190 3465 5564 397,4
Lylwy HaceneHums,

KBT-4
yenmopn

* Poccua.

Tabnumya 1.2

3HayeHne Mo rogam

MNoka3artens
1913 1940 1950 1960 1970 1980 1985

3HEProBOOPYXKEH- 0,2 1 1.4 2,6 5,0 7,2 8,1
HOCTb TpyAda
D/1IeKTPOBOOPYXKEH- 0,125 1 1.5 2,9 5,2 /.3 8,2
HOCTb Tpyfaa
Mpon3BoANTENBHOCTb 1 145 296 4,92 7,69 8,95
TpyAa B NPOMbILLNEH-
- HOCTU

6onee Bo3pacTatoline TpeboOBaHUSA K 3/IEKTPOIHEPreTUKe Kak K
0Tpac/iin Hapo4HOro X03ficCTBa.

CTpouTCca pAf MOLWHbIX 31eKTPOCTaHLUIA C KPYNMHbIMU BbICO-
KO3KOHOMMWYHbIMK arperatamu. Ha TennoBbIX KOHAeHCaLWOH-
HbIX 3nekTpocTaHuumax (K3C) ycTaHaBnuBakwTCAa arperarthl
mMowHocTbto 300, 500, 800 MBT; Ha KocTtpomckoii TP3C ycTa-
HOBJIeH FONOBHOI arperat MouwHocTbo 1200 MBT. Ha Tenno-
3IeKTpOoLeHTpanax (TaL) ycTaHaBnuBawTCA  arperatbl
MOl HOCTbO 100, 135 u 250 MBT, Ha TMAPO3NEKTPOCTAHLUAX
(rac) — 100, 200, 500, 640 MBT.

Ha aToMHbIX anekTpocTaHumax (A3C) BBOAATCA arperathbl
C BOAO-BOASHbIMW M BOAO-TpaUTOBbIMW peakTopamu Ha Tenno-
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BbIX HEATPOHaX C eAWHWYHOW MOLLHOCTHIO COOTBETCTBEHHO 440,
1000 MBT »n 1000, 1500 MBT, a TakXe C peakTopaMun-pasMHO-
XUTeNsMMU Ha ObICTPbIX HEWTpPOHax MouiHOCTb 600 1 800 MBT.
BefeTcA cTpOUTeNbCTBO uAnM pacwimpeHune CwmoneHckoit, Kyp-
CKOIA, Benosapckolit, HOXXHO-Y KpauHCKOW, 3anopoXXCcKoi,
PoBEHCKO, XMeNbHUUKON, KpbIMCKO, WrHanuHckoi, Kanun-
HUHCKON, BbanakoBckKoOl, POCTOBCKOW M pajga APYruMX aTOMHbIX
3NeKTPOCTAHLMWNA.

HameuaeTcs fanbHelilee pa3BuTMe CUCTEMOOOpasyoLWwmx,
nUTalLWMX U pacnpefennTesibHbIX 3EKTPUUYECKNX  CeTeld
pasfiInyHoro HanpsaXxeHud. 3HauYMTeNbHOe pasBUTUE MNONYYUT
aHepreTuka Cubupu c ee b6oratedwnmy 3anacamu yrnas, rasa,
He(Tu, rugpopecypcoB. byayT npogonxatbcs paboTbl no oc-
BOEHWID CBEPXMOLLHbLIX BbICOKO3IKOHOMUYHbLIX arperatoB (KO-
Ten, TypbuHa, reHepaTtop, TpaHcpopmaTtop), 060pyAOBaHUSA
ANA 3NeKTPUYECKUX NMHMWIA nepemMeHHOro toka 1150 kB u no-
CTOAAHHOTO TOoKa =750 KB, KOMMNNEKTHbIX pacrnpefenTenbHbiX
YCTPONCTB M TOKOMPOBOAOB C rasoBoi u3onauueln, KpUOreHHbIX
TOKONPOBOAOB — CBEPXMPOBOAAWMUX NMHUA U TMNepnpoBoAA-
Wnx (KpnopesncTtopHbix) Kabenel, HOBbIX CMNOCO60B MOAYyYEHUS
3NeKTPO3Heprum (ConHe4yHble, BeTPOBbIe, reoTepmanbHble, Npu-
NWBHbIE 3NeKTpocTaHumn, MT [O-ycTaHOBKW, TONAWBHble 3fe-
MEHTbI, TEPMOSAAEPHbIA CUHTE3 U T. N.).

B cooTBeTcTBUU C «OCHOBHbIMWU HamnpasB/ieHUAMU IKOHOMMU-
yeckoro u coumanbHoro passutua CCCP Ha 1986— 1990 rogbl
n Ha nepuog po 2000 ropa», ytBepxfeHHbIMn XXVII cve3gom
KIMCC, BblpaboTka 3nekTpoaHeprum B 1990 r. gonxHa 6biTb
posegeHa fo 1840— 1880 mnpa. kKBT-4, B Tom umcne Ha A3C
po 390 mnpg. kBT-4; 6yfeT OCyLWeCcTBNEHO YCKOpPEHHOe CTpou-
TenbcTBO A3C, gemoHTax 15 MAH. KBT ycTapeBwero o6opyao-
BaHWA W mMofepHu3auma 25 MAH. KBT aHepreTuuyeckoro o6opy-
foBaHuA.

B cootBetcTBUM C peweHuamm XXVI cve3ga KMNCC paspa-
6oTaHa 3HepreTuyeckad nporpamma CCCP Ha [AUTeNbHYHO
nepcnektnusy Ao 2000 r. Ee OCHOBHble MOJIOXEHMUA, B YaCTHO-
CTU, NpegycmaTpuBaloT:

npoBefeHNe aKTUBHOW 3Heprocbeperawlleil NOANTUKN;

YCKOpeHne TEXHWYECKOro nporpecca B OTpacnax TOMNAMBHO-
3HepreTMYECKOro KOMMeKea;

obecneyeHune onepexawwmnx TemMnoB pocTa MPOM3BOACTBA
3N1eKTPO3HEPrMn Mo CcpaBHEHMIO C Temnamum pocTa LO6blYM U
NMPOM3BOACTBA NMePBUYHbLIX IHEPTOPECYPCOB;
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obecneyeHne CcTabuUNbHOrO BbICOKOrO YPOBHA A06bl4M nep-
BMUYHbIX 3HEPTOPECYPCOB;

thopcMpoBaHHOEe pa3BUTUE SAEPHON 3HEPreTUKM,

OnTMManbHOE co4yeTaHue pasNMYHbIX CNocoboB TpaHcnop-
Ta 3HepreTMYecKMX pecypcoB M3 BOCTOYHLIX PaloOHOB B €BpPO-
MencKyt 4acTb CTPaHbl;

NOBbILEHNE HALEXHOCTU TOMJMBO- U 3HEPTrOoCHabXeHns ny-
TeM CcO34aHus HeoO6XOAMMbIX Ppe3epBOB MNPOU3BOACTBEHHbIX
MOLLHOCTEl/ B OTpacnax TOMAMBHO-3HEPTreTUYECKOro KOMMJeK-
ca.

Peanusayunto asHepretmyeckoin nporpammbel CCCP, obecne-
YMBAIOLLYI0O YCKOPeHWe TeMMOB 3NeKTPUPUKALUKU CTpaHbl, Ha-
MeyaeTCcs OCYLW,ecTBMTb B [Ba 3Tama: nepeblii — po 1990 r.,
BTOpO/ — pgo 2000 r. Ansa KakAoro atana YCTaHOB/MEHbl KOH-
KpeTHble 3ajayu No COBEpLUEHCTBOBAHWIO CTPYKTYpbl 3HEPro-
notpe6neHnsa, 3KOHOMUW TONAWBA W 3HEPruu, pasBuUTUIO TOM-
NIMBHO-3HEPTETUYECKOT0 KOMMNEKca, BHEAPEHUIO HOBOW TeXHU-
KW U TEXHONIOTUWN, MOBBIWEHUIO HAJEXHOCTU 3HEProcHabXeHums.

Peanunsauuna asHepretuyeckolr nporpammbl CCCP cTaHer
euwie OAHUM CBMAETeNbCTBOM MNPEWMYLLECTB COLMANUCTUYECKOMN
CUCTEMbl X0349MCTBOBaHUA.

1.3. SHEPFETUYECKWME CNCTEMbl — OCHOBA 3JIEKTPUOUKALNN
CTPAHDI

Mpouecc npousBofCTBa, pacnpefeneHns u noTpebneHus
TENM0BOW M 371EKTPUYECKOW 3HEPTUN MOXET ObiTb MpeacTaBneH
CTPYKTYPHOWM CXemMoil, nokaszaHHON Ha puc. 1.1. MepBUYHbIN UC-
TOYHUK 3HEPrum unu aHepropecypc (yronb, ras, He(Tb, ypaHo-
Bbli KOHLEHTpaT, FMAPO3HEPTUNs, COMHEYHas 3Heprus u T.Mm.)
nocTtynaeT B TOT WUAM WMHON npeo6bpa3oBaTesib IHEPTrUU, Ha Bbl-
X0fie KOTOPOro NOAy4YaeTcs WU 31eKTpUYecKas 3Heprus, uau
3neKTpuueckKas W TennoBas IHEprus.

C uenblo MOBbILWIEHNS HAfEXHOCTU 31eKTPOCHA6XeHUs no-
TpebuTenein M MonyvyeHus onpepeieHHOro HapoAHOXO03AMWCTBEH-
HOr0 3KOHOMMYECKOTro 3(hheKTa 3NeKTPOCTAHLUUN 06bEeUHAKTCS
Ha napanfenbHy paboTy B paliOHHbIE 3HEPrOCUCTEMbI, KOTO-
pble B CBOK O4epedb MpU pa3BUTUM 00beAUHAOTCA B 06beAM-
HEHHble 3HEpProcucTeMbl. JHEProcUCTeMbl SBASIKOTCSH OCHOBOW
anekTpudukKaumm ctpaHbl. O6befMHEHME 3N1eKTPOCTaHUui B
3HeprocucTeMbl faeT paj NPenMyLLecTB:
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1) noBbllIAeTCA HAAEXHOCTb 3NEKTPOCHABXeHUs NoTpedu-
Tenem;

2) yMeHbllaeTcs TpeOGyeMblii pe3epB MOLLHOCTM B 3HEPrOCK-
cTeme;

3) ynydwalwTca yCnoBUs 3arpysku arperatos 6narogaps
BbIPaBHUBAHMWIO TpaMKa Harpyskum U CHUXEHUIDO MaKCUMyMa
Harpy3Ku 3HEProcUCTEMbI;

Puc, 1.1, CTpykTypHas Cxema npouecca MpoOM3BOACTBA, pacnpepeseHus
1N notpebneHns TennoBOM W 3NEKTPUYECKOW 3SHEprum

4) nosBnseTcs BO3MOXHOCTb 60/iee MOMHOrO MCNO/Nb30Ba-
HUS TeHepUpPYIOLLMX MOLWHOCTEA 3/1eKTPOCTaHLUMWIA, 00yCNOBNAEH-
Has pasnuyvem B UX reorpauyeckoM MecTOPacnonoXeHuu no
WNPOTE M AONTOTE;

5) ynydwalwTcs TEXHUKO-3KOHOMMUYECKMe NokKasaTenu 3Hep-
reTMKM u3-3a BO3MOXHOCTW MCNONb30BaHUA 60/ee MOWHbIX W
3KOHOMUYHbIX arperaTos;

6) ynydwakwTcs YCNOBUSA 3KCNyaTauuy 3HEpProxossicraa;

7) co3pfalTca YCN0BUS A1 ONTUMaNbHOro ynpaBieHus pas-
BUTUEM U peXxnmammn paboTbl 3HEPreTUKM B LEJOM Kak NOoACKu-
CTEMbl HAapOAHOro XO03AiCTBa CTpaHbl, ANA CO34aHWS aBTOMa-
TU3NPOBAHHOW CUCTEMbl AWCNETYEPCKOro YnpaBneHWUS 3Hepro-
cuctemamm (ACLY), a Takxe Ana co3faHus aBTOMaTU3UPO-
BAHHOW CUCTeMbl YMpPaBNeHUS 3HEPreTUKOW KaK OTpacibio
HapogHoro xo3saictea (ACY JHeprus).

OnepaTMBHOE ynpaB/ieHWe 3HEProcucTemMaMy OCYLLecTBASA-
eTcs UX AmcneTyepckumu cnyxbamu, ycTaHaBNMBaWLWMUMU Ha
OCHOBaHWN COOTBETCTBYIOLWMNX PacyeToB ONTUMaNbHbIA pexXum
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paboTbl 3MEeKTPOCTAHLMIA W ceTeil pasIMUYHOrO HanpsHKeHUs.
PacueTbl PeXUMOB pPaGoThbl CMOXHbIX 3HEPTOCUCTEM BbIMOMHS-
l0TCS C UCMNONb30BAaHWEM 3NEKTPOHHbLIX BbIYMCAUTENbHLIX Ma-
WuH (3BM) U BbIUMCAUTENbHBIX KOMMJIEKCOB.

CTpyKTypHasa cxema npocTeilleli 3NeKTPUYECKOW CUCTEMBI
faHa Ha puc. 1.2, rie YCNOBHO B BuAe OAHOro 0606 EHHOrO
arperata npegctasneHsl T3L, K3C, A3C u I'SC. loka3aHbl
TakXXe 31eKTpUYeckue CceTM PasNUYHOrO HanpsHKeHus C Ux
ceA3aMM un nopctaHuuu {MC) c COOTBETCTBYKOLWMUMMN Yy3naMu
Harpyskun (Al).

Oagnm Heob6xoguMble AN fanbHelLWero M3noXeHus onpe-
peneHus.

ONneKTpoyCcTaHOBKAa — YyCTaHOBKa, B KOTOpOi npo-
n3BoamTcA, npeobpasyetca, pacnpegenserca unu notpebnsaercs
3/1eKTPO3Heprus.

OTKpbITAag WUAW HapPyXHas 3N1eKTpoycTaHOBKa-
3/IeKTPOYyCTaHOBKa, HaxoffwWwascqd Ha OTKPbITOM BO34YXe.

3akpblTas WAW BHYTPEHHAA 31eKTpOycTaHOBKa—
3N1eKTPOYCTAHOBKA, Hax0oAAuULasacs B 3aKpPbITOM nomMelweHuu,/
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dnekTpunmueckasa CTaHLMA — 3/eKTPOYCTAHOBKA,
npon3BoAsLLas 3N1EeKTPUYECKYID WAN 3NeKTPUYECKYID W Tenno-
BYlO aHepruto (Ha T3aL).

dnekTpuyeckas noacTaHLMA — 3NeKTpoycTa-
HOBKa, NMpefHa3HayeHHasa ANA npeobpa3oBaHMa 3NEKTPUUECKON
3HEpPrMn OQHOT0 Hanmpsxe-
HUA (4acToTbl) B 3NEKTPU-
YecKyl 3Heprui Apyroro
HanpsXXeHns (4acToThbl).

OneKkTpuyeckas
AWHUSA — cMCTEMA NpPOBO-
OB WM Kabenei, npepHa-
3HayeHHas [ANna nepejauut
3N1eKTPO3HEPrUn OT UCTOY-
HMWKa K noTpebuTento.

dnekTpuyeckas
CeTb —= COBOKYMHOCTb
3NEeKTPUYECKNX NIMHUIA 1
noacTaHuu.

QHeprocucrtema —
COBOKYMHOCTb 3/1eKTpUYec-
KWX CTaHuWin, 3fnekTpuuec-
KUX W TennoBbiX ceTell u
notpebuTenein anekTpuyec-
KON W TennoBOW 3Hepruu,
CBA3aHHbIX 06OWHOCTbIO pe-
XVWMa M HEnpepbiBHOCTbLIO
npouecca npovn3BoACTBa, Puc. 1.3 anHLI,IAHI/IaﬂbHaﬂ ANeKT-
pacnpefenchun  nopes  DeCn | oieus wiecriociai
NeHNs  anekTpuyeckoi  u HOTO HanpsKeHus
TENJIOBON 3HEPruu.

dnekTpuyeckKkas CcuUcCTeMa — 4aCTb 3IHEProCUCTEMBI,
3a UCK/IHOYEHMEM TennoBbIX CeTeli u noTpebuTenein Tenna.

JNeKTpuyeckne ctaHUMWM nNpeacTaBAsOT CcOBOM CMOXHble
TeXHOMO0rnyeckne KOMMAeKcbl ¢ 60NbWKUM KOIMYECTBOM OCHOB-
HOro M BcnomoratensHoro o6opygoBaHus. OCHOBHOe 060pyfo-
BaHWe CNYXWT ANA Npou3BofcTBa, npeobpa3oBaHus, nepepaym
W pacnpefeneHus 3NeKTPO3IHepPruu, BCNOMOratenbHoe — pAnd
BbIMOMIHEHWS1 BCMOMOTaTeNbHbIX (QYHKUMA (M3MepeHUe, CUTHa-
nusauunsa, ynpasneHue, 3awuta M aBTomMatuka v T. 4.). B3aum-
HOe COoefiMHEHMEe Pa3MYHOro 3NeKTpoobopyaoBaHWSA MNOKaszaHO
Ha YMNPOLW,EHHOW NPUHLUUNUANLHON 3NEKTPUYECKOW CXEME 3NeK-



14 OO6Lme BONPOCHI 3HEPreTUKU U anekTpudmkaummn CCCP Mn. 1

TpocTaHuUnM co COOPHbIMU LWKMHAMKU FeHepaToOpHOro Hamnpsaxe-
Hua {pnc. 1.3). BoipabaTbiBaemas reHepaToOpoM 3/IeKTPO3Hep-
rms noctynaet Ha cbopHble wuHbl CLU n 3aTem pacnpegens-
eTcad MeXfAy CcoOCTBeHHbIMU Hyxgamu CH, Harpyskoid HTI
reHepaTopHOro HampsHXXEeHUs U 3HepProcucTemMoi.

OThenbHble 3M1eMeHTbI, NMOKa3aHHble Ha CXeme, npefHa3Ha-
YeHbl:

BblKNtoUYaTenn Q — AN BKAKOYEHUS U OTKAKOYEHUA uenei
B HOpMaNbHbIX U aBapuiiHbIX YCNOBUSAX;

pasbeguHuTenn QS —mANS CHATUA HanpsXXeHus ¢ 06ecTo-
YeHHbIX 4YacTeill 31eKTPOYCTAHOBKM U ANS CO34aHUA BUAUMOTrO
paspbiBa Lenu, He06XOAUMOro MpW MPOU3BOLCTBE PEMOHTHbIX
paboT; pasbeAWHWUTENN, KaK NpaBuio, ABMAKOTCA PEMOHTHbIMU,
a He onepaTMBHbIMW 3neMeHTamy (annapaTtamMu) 3neKTpoyc-
TaHOBKMU;

cbopHble wWuHbl CLU — ana npuema 3feKTPO3IHEPTUn OT UC-
TOYHWKOB U pacnpefefieHns ee Mexpy notpebutensamu;

ycTpolicTBa peneiiHoin 3awutel P3 — ana  obHapyXeHus
(hakTa M MecTa NOBPEeXJeHWUA B 3NEKTPOYCTAHOBKe W ANS Bbl-
fayn KOMaHAbl Ha OTK/OYEeHWe MOBPEeX[EeHHOro 3/IeMeHTa,;

ycTpolicTBa aBTOMATUKM A — [AN8 aBTOMaTU4YeCKOro BKJIHO-
YeHUs WM MEepeK/lYeHns Uenein U yCTPOWCTB, a Takxe Ang
aBTOMATUYECKOro pPerynpoBaHus pexumoB paboTbl 3/1EMEHTOB
3/1eKTPOYCTAHOBKMN;

nsmepuTenbHble Npuéopbl UM — fns KOHTpons 3a paboTolii
OCHOBHOro 060pyf0OBaHWA 37eKTPOCTaHUWn M 3a Ka4vyecTBOM
3NeKTPO3HePrun, a TakXxe AN yyeTa BbipaboTaHHOW W oTNy-
LLEeHHOI 3NeKTPO3Hepruu;

TOKOMPOBOL — ANA TpaHCNopTa 3/IeKTPO3HEPTUMN.

1.4. HACENEHWE, 3HEPIFONOTPEBMEHWE W O3SHEPTETUYECKWUE
PECYPCb

Mo paHHbIM fAemorpadMyeckoil CTaTUCTUKKU  HaceneHue
3eMnu yBenuumuBaeTcs 6bICTPO:

Fog HaceneHue, MAH. uyen.
1500 446
1900 1608
1973 3850
1982 4586

MHTepecHbl MPUMEpPHble faHHble O POCTe YUCAEHHOCTW Ha
ceneHna Poccunm n CCCP:
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log HaceneHune, MAH. 4en.
1646 7
1795 37,2
1914 178
1973 250,8
1985 278,8

Mo nporHo3am K 2000 r. HaceneHWe 3eMHOro wWapa MOXET
Bo3pacTu fo 6,5—7 mapa. 4en. O6WMWMIA YypOBEHb MMUPOBOro
aHepronoTpe6neHua coctasnan B 1913 r.— 1959, a B 1973 r.—
8479 MAH. T YCNOBHOr0 TONAMBa, MPOrHO3HAas OLEHKa Ha
1990 r. — 15500 u Ha 2000 r. — 21 400 MAH, T YCNOBHOTO
TONAuBa.

CTpyKTypa MUPOBOro notpe6ieHUs TOMAUBHO-3HepreTnye-
CKMUX pecypcoB XapakTepusyeTca AaHHbIMK Tabn. 1.3.

Tabnuya 1.3

MwpoBoe notpebsieHne TOMINBHO-3HEPTeTUYECKNX
pecypcos, %, no rogam
Bua pecypcoB

1913 1933 1950 1973 ' 1990»
KameHHbIN yronb 77,4 58,7 48,9 23,1
Bypbiii yronyb 2,6 4,4 5,3 3,7 1 o&
HedpTb 4,9 17,5 23,8 43,3 40,7
MpVpOAHbLIA 1 NONYTHBbIW ras 1,4 4,8 9 20,3 17.5
Topdh 0,4 0,7 0,6 0,3 —
[posa 10,4 8,3 5,9 3,8 —
"maposHeprus 2,9 5,6 6,5 5,5 5,8
AnepHasa aHeprus — — — — 7
HoBble UCTOYHUKM 3HEPTUN — — — 0,6
Bce pecypchl m 100 100 100 100 100

* [MporHos.

OvHamuka pocTa Ao6blYM pas3IMYHbIX BUAOB TOMNAWBaA B
CCCP B nepecyeTe Ha ycnoBHOe TonnAuMBo (1 Kr YCNOBHOTO
Tonnuea cooTeetcTByeT 29,3 M) pgaHa B Tabn. 1.4.

MpuxofHaa 4acTb TOMAMBHOro 6anaHca (B nNpoueHTax)
npueefeHa B Tabn. 1.5; NoAHbIA 6anaHc TOMJUBHO-3HepreTuye-
CKUX pecypcoB — B Tabn. 1.6, a U3MeHEHMe CTPYKTypbl pac-
XO[HOM 4YacTW TOMJIMBHO-3HEPreTUYECKUX pecypcoB—B Tab/.
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Tabnuya 14

[o6blua TONAMBA MO FOfAM, MAH.  YCNOBHOMO
Ton/mea

Tonnneo

1913 1922 1940 1960 1960 1973 1985

Yronb 23,1 9 140.5 205,7 373,1 468,8 486.9
HedTb 14,7 6,7 445 54,2 2114 6135 851,3*

a3 0,03 4.4 7.3 54.4 2824 759.9

Topdh 0,7 0,9 13.6 148 204 20,2 5,5

CnaHupbl 0,6 1.3 4,8 10,6 10,2

[posa 9,7 131 34,1 279 28,7 251 23,5

Bcero 48,2 29,7 237,7 311,2 692,8 14206 2137,3
Tabnuya 15

CocTaBnsioLLMe NPUXOLHOW YacTy TONAMBHOro GanaHca, %,

B pasHble roabl
Tonnneo

1913 1922 1940 1950 1960 1973 1985

Yronb 48.0 30,3 59,1 66,1 539 33 22,8
HethTb 305 22,5 18,7 17,4 30,5 43,2 39,8*

a3 0,1 1,9 2,3 7.9 19,9 35,5

Topt 14 3 57 48 29 14 0,3

CnaHubl 0,3 0,4 0,7 0,7 0,5

[posa 20.1 441 14,3 9 4.1 1,8 11

Bcero 100 100 100 100 100 100 100

* BK/loYas rasoBblil KOHAEHcaT.

Kak BuMAHO, B MocnegHue rodbl MPOUCXOAWT CYLLECTBEHHOE
M3MEHEHWe CTPYKTYpPbl MPUXOAHOW M YacTUYHO pacxofHoli ua-
CTW TOMNWBHO-3HEpreTMyeckoro 6anaHca. Mpu 3TOM MNOBbILWA-
eTcs Koa((MUMeHT MONE3HOro WCMONb30BaHUA TOMNMBA B Ha-
pogHoM xo3siictBe CCCP, 4To 06YycnoBneHo yBenuuupatouieiics
aoneii HeTM W rasa B CTPYKType 6anaHca, NOBbILUEHWEM TeX-
HUKO-3KOHOMMYECKMUX MoKasaTesfeil TeNMOBbIX 3MEeKTPOCTaHL WA,
MepeBoOM >Xefe3HOAOPOXHOro TpaHCMopTa Ha 3/IeKTPOBO3-
HYI0 U TenN0oBO3HY TATy. HenpepbiBHO CHUXAeTcs YAeNbHblii
pacxof YyCNoBHOTo TonnauBa Ha 1 KBT-4 oTnyuieHHoON 3nekTpo-
3Heprun.
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Tabnuya 16

Cocrasnstowme 6anaHca TONAMBHO-3HEPreTUYECKMNX

eCypcoB, M/H. T YC/IOBHOro TonauMea, B pasHble rofpl
lMokasaTens pecyp Y P A

1913 1940 1950 1960 | 1973 1985
Pecypcbl — Bcero 64,4 2836 3812 836,5 1637,5 2465,2

MpoussoacTeo  (mo6biua) 48,2 237,7 311,2  692,8 14206 21373
TOnAMBa

BbipaboTka  rMapoanekr- — 0,6 16 6,3 15 26,4

pO3Heprum
Vimnopt 8 3,1 1n 10,7 44 31,8
Mpoure nocTynneHuns 2,4 10,2 15 32,7 35,8 65,5
OcTaTKM Ha Hayano roga 5.8 32 42,4 94,0 122,1 2042
PacnpegeneHne — Bcero 64,4 2836 3812 836,5 1637,5 2465,2
M3pacxofoBaHO — BCero 57,6 249,5 331,2 678 1309,7 19159

B TOoM uucne:
Ha BbIpabOTKYy 3NeKkT- 2 44,7 87,5 221,2 510,9 867,4

po3Heprun,  Tennosoi

3HEPrMM U CXatoro

BO3/yXa

Ha MpOM3BOACTBEHHO- 55,6 204,8 2437 456,8 798,8 10485
TexHosornyeckue "

npoune HyXAbl (BKNIO-

yas noTepu npu Xpa-

HEHUN W TpaHCNopTu-

pOBKE)
3kenopT 1,2 1,1 3,2 59,8 204,2  350,2
OcTaTku Ha KOHel, roja 5,6 33 46,8 98,7 123,6 1991

Cepbe3Hoi npobiemoii, 0gHaKo, CTaHOBMTCA AeduumT TON-
nuBa B eBponeickoit yactu CCCP u3-3a HECOOTBETCTBUSA MEX-
Ly notpebneHWem W pacnonaraemblMy 3HEpPreTUYecKUmu pe-
cypcaMun Ha TeppuTopuu cTpaHbl. B 1966 r. gepuunt Tonnmea
cocTaBnan 50 MAH. T yCnoBHOro tonnauea, B 1972 r. — cBblWe
100 mnH. T ycnoBHoro tonnmea, a B 1980 r.— 700 MJH. T yc-
NoBHOro Tonnuea. BospacTawwuil gedpuunT TONAMBA MOXET
6bITb MOKPbLIT MYTEM UCMOMb30BAHUA OTPOMHbBIX 3HEPreTUYecKux
pecypcoB Cubupu, nepefayun 3NeKTPOIHEPTUN MO 3NEKTPUUECKUM
NIMHVAIM CBEPXBLICOKNX HAMPAXEHUA MOCTOSHHOIO U MepeMeH-
HOro Toka M3 Cubupu Ha Ypan u B eBponeiickyto yactb CCCP,
CTPOUTENbCTBA MOLWHbIX ra3o- M HedpTenpoBofos Cubupp —
eBponelickad yacTb CCCP, a Takxe NnyTem paclwupeHus npo-
rpaMmbl CTPOMTENbCTBA aTOMHbIX 3/1€KTPOCTAHLMIA.

2— 516
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Ta6bnuuya 17

CocTaBnisitoLyMe PacXofHol YacTu TOMJMBHO-3HEp-
reTMYeCKMX Pecypcos, %, B pasHble rodbl

Bug notpebutens

1960 1970 1975 1980
MpOMBbILLNEHHOCTb 56,2 55,6 54,1 61*
TpaHcnopT 13,4 11,6 12 13
CenbCKOX035MCTBEHHOE  MpoO- 51 5,6 6,5 7
N3BOACTBO
XnnuwHo-KoMMyHanbHoe 20,1 20 20,3 19
X0351ACTBO
Mpoune HyXAbl 52 7,2 71
MNTtoro * 100 100 100 100

* TIPOMBILL/IEHHOCTb U CTPOUTE/NLCTBO.

PacnpefeneHne pasBefaHHbIX 3HEPropecypcoB Ha Teppwu-
Topun CCCP npubAnXeHHO XapakKTepusyetrcsi  AaHHbIMMK
Tabn. 1.8.

Tabnuya 18

§ PacnpegeneHne pasHbix 3Hepropecypcos
S no paiioHam CCCP,
Qo —
2
o ' x
PaiioH 2 g =
= b -
e 2 a0 3 =
s, 2 i op OB B
C3a = 8% C = o]
EBponeiickasa 4acTb 8,7 6,4 45* 27,1* 19,2 36 97
CCCP n ¥Ypan
Asunarckas yacTb 91,3 93,6 55* 72,9* 80,8 64 3
CCCP

* No6blua B 1980 T,

Kak BWAHO, 3Hepropecypchbl eBponelickoii yactu CCCP u
Y pana cocTaBnawT BCero nuwb 8,7 % 3HepropecypcoB cTpa-
Hbl, B TO BpemMsa Kak notpebneHwe TOnnmMBa 3f4ecCb B [JaHHOe
BpemMsa COCTaB/ifAeT 0KoNo 75 %, a anekTpoaHeprun — pgo 70%
obuiero notpebneHns 8 CCCP,
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K, 1.5. TUMbl 3NEKTPOCTAHUWA. YUYACTUE PA3NNYHbLIX 3INEKTPO-
CTAHUMWA B BLIPABOTKE 3/IEKTPO3HEPTUN

B HacTofiwee BpeMsA B BblpaboTKe 3M1EKTPO3IHEPTUM y4yacT-
BYIOT 3/1€eKTPOCTAHLUMN CAeAYOWNX TUNOB:

1) TennoBble (T3C), KoTOpble AenaTcs Ha Tennodukauu-
OHHble— T3L, u KoHAeHcaunoHHble— K3C (kpynHble K3C
MCTOPUYECKN MONMYYUIN Ha3BaHWE roCyLapCTBEHHbIX PaliOHHbIX
afnekTpocTaHumin — FPAC). TIAC mMoryT TaKkXe COOpyXaTbCH
C MCMnofb3oBaHWeM ras3oTypouHHbiX (IF'TY) 1 naporasosbiX
(MrY) ycTaHoBOK;

2) runppoanekTpocTtaHuum (F3C) un rnMapoakKyMynupyto-
wmue anekTpoctaHymn (FA3C);

3) aTtoMHble afiekTpocTaHuun (A3C);

4) pusenbHble anekTpocTaHuum (43C);

5) conHeyHble anekTpocTaHuun (C3C);

6) reotepmanbHble 3nekTpocTaHumm (FEOT3IC);

7) npunueHble anekTpoctaHuuu (M3C);

8) BeTpoanekTpocTaHyun (B3C).

Bo MHormx crtpaHax, B ToM umucne n 8 CCCP, ycuneHHo Be-
oyTCcA paboTbl MO OCBOEHWUHD HOBbIX, HETPAAMLUOHHbLIX UCTOYHU-
KOB 3/1eKTPO3Hepruun, crnocoboB ee npeobpa3oBaHus, a Takxe
paboTbl MO OCYL,ECTBAEHUI YNpaBAsgeMOi TepMosfepHOW pe-
aKuuMu cuHTe3a renuMsa M3 feilTepus, 4to, Kak 0XuAaeTcs, nos3-
BONUT WMeTb MNPaKTUYEeCKW HEeOrpaHWUYEeHHbI WMCTOUYHWUK 3Hep-
rmu.

OCHOBHYH [0t BblpabaTbiBaeMOWN 3NEKTPOSHEPTUM KakK B
CCCP, Tak n B MUPOBOI/ 3HepreTuke falT B HacTosiliee Bpe-
M TennoBble U FMApaBANYECKME 3NeKTPOCTAHUUWU. Y CpefHEeH-
Hble MnoKa3aTenu YCTAHOBJEHHOW MOLWHOCTU U BbIPaboTKU
3NeKTPO3HEPruy pasnuyHbiMu 3nekTpocTaHumamu CCCP  xa-
pakTepu3ylTCa AaHHbIMK Tabn. 1.9.

Ha 6nmxaiwyt NepcnekTMBY HameuaeTcs (popcrpoOBaHHOe
pasBMTME aTOMHOW 3HepreTMkKnM U yBenuveHme ydactua [3IC,
FASC u I'TY B MOKPbLITUM MUKOBOW 4YacTu rpaduka Harpysku
3HEpProcucTemM.

CpaBHUTe/bHbIEe AaHHble O CTPYKTYype YCTAHOBAEHHOW MOLL-
HOCTU 3NeKTPOCTAHLMA 1 BbipaboTKe 3neKTpoaHeprum B 1981 r.
HO pafdy BeAyWwMUX cTpaH Mupa gadHbl B Ta6n. 1.10.

JnekTpuyeckas 4acTb 3/1eKTPOCTAHLMUM TECHO CBfi3aHa C
OPYTMMMW 4acTAMU, M NO3ITOMY pexum ee paboTbl AO/MKEH, Kak
npaBuno, paccMaTtpuBaTbCa BO B3aMMOCBA3M C pPeXMMOM pabo-
T
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Tabnuuya 19

YcTaHOBNEHHas MOLHOCTb, %/MAH. KBT, B pasHble rofpl

Tun
3/1EKTpO-
CTaHLuu
1960 1970 1975 1980 . 1985
K3C 52,15 51,9 \
TaU 255 283 | 77.7 75,7 71,4
rac 22,2 19.3 18.8 19,6 19,6
ASC 0,15 0,9 3,5 4,7 9,0
NToro 100/66,7 100/166,1 100/228 100/266,7 100/315,1
MpogonkeHne Taon. 1.9
BblpaboTka 3nekTpoaHepruu, %/(Mnpg. KBT-4), B pa3Hble rofbl
Tun
3NeKTpo-
cTaHummn
1960 1970 1975 1980 1985
K3C 48.8 45,33 '\
T3l 33.8 37,4 | 82,15 80.2 753
rac 17,4 16,8 15,5 14,2 13,9
ASC 0,47 2,35 5,6 10,8
MTtoro 100/292,3 100/740,9 100/1038 100/1293,9 100/1544,2

Tbl TEXHONOTMYecKoro (KOTeNbHOro, TYPOUHHOIO M MHOro) o060-
pyfoBaHWA. [ns NOHWUMaHUS [JaNbHellero M3noXxeHus pac-
CMOTPUM KpPaTKO OCOBEHHOCTU TEXHONOMUYECKOro pexuma oc-
HOBHbIX TWUMOB 31€KTPOCTaHLUIA.

KoHfeHCaUWOHHbIe TennoBble 3AeKTpoCTaHUuUU. MpUHLMUAKN-
anbHas cxemMa KOHAEeHCaLWOHHOW Tenn0BOW 3MeKTPOCTaHLMK
(K3C) npuBegeHa Ha puc. 1.4. B KoTen KT nofaetca TOMAUBO
(yronb, masyT, Top®, CnaHubl), NOAOrpeTblA BO3JYX W NUTa-
TenbHaa Bofa (ee MOTEPM KOMMEHCUPYKOTCA XUMUYECKM OYM-
WweHHol Bogoli XOB). lMogavya BO3AyXa OCYLLeCTBAAETCA AYTbe-
BbIM BeHTUNATOpPOM LB, a nutaTenbHOW BOAbl — MUTaTebHbIM
Hacocom [MH, O6pa3ylowmeca nNpu CropaHuM TOMAMBa rassbl
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Ta6nuua 110

YcTaHOB/IEHHas MOLLHOCTb, Mpon3BOACTBO 31EKTPO3IHEPTUN,
M/IH. KBT mMap4. KBT-4 >

LLI;
B
CT1paHa

n
9 b % <X oq §a>H
< CK*
CCCP 206,6 54.1 16 276,7 1071,3 186,7 68 1326 4880
ropP 17 1,9 1,8 20,7 87,1 1,7 11,9 100.7 6121
AHrnua 61,2 2.5 6.5 70,2 2344 5,4 38 277.8 4974
®paHuna 28,8 195 21,6 69,9 9,4 72.6 1135 2825 5143
P 66,1 6,5 9,8 82,4 281 214 51 360.5 6097
NTanus 30,6 159 1,1 47.6 1332 457 2,8 1817 3345
AnoHus 102,1 31.6 16,3 150 4048 90,6 87.8 5832 4958
KaHaga 28,9 49.2 5.6 83.7 77,6 263.1 36.9 377.6 14 198
CLWA 5139 77,4 60,8 652,1 1830 262 273 2365 10438
Becb mup 1444 484 160 2088 5766 1784 807 8357 1862
110-750 kB
Tonnneo
Bo3gyx i MuTaTensHan
| Bopa 0,003-11,004 Mra
IC] VicTouHmnK
XosiogHon

Puc. 1.4. MpuHymnuanbHas cxema K3C

oTcacbiBalOTCA M3 KOTNna AgbiIMococom [ v BbibpacbiBaroTCs ue-
pe3 AbIMOBYt Tpyby (BbicoTOol 100—250 M) B aTmocgepy. OcT-
pbli Nap M3 KOTNa nojaeTcs B mapoByt Typ6uHy T6, rae, npo-
X045 uepe3 psAf CTyneHel, coBepllaeT MeXaHWYecKyt paboTy —
BpalwaeT TYpOWHY W XECTKO CBf3aHHbIN C HEll poTOp reHepaTo-
r pa. OTpaboTaHHbIA nap nocTtynaeT B KoHpgeHcatop K (Tenno-
1 06MeHHUK); 34eCb OH KOHAeHcupyeTca 6narogaps nNponycky
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yepes KOHAEHCaTOp 3HAYMTENbHOr0 KojM4yecTBa Xo0no4HoON (5—
25 °C) uupKynauumoHHol BoAbl (pacxopd LUPKYNALWOHHOW BO-
Abl B 50—80 pa3 60nblWwe pacxoga napa 4epe3 KOHAeHcaTop).

M CTOYHMKOM XONMOAHOI BOAbI MOFyT 6biFb peka, 03epo, uc-
KYCCTBEHHOE BOAOXpaHuAuuUie, a TakXe ChneumanbHble YycTa-
HOBKW C oOXxfaxjawwunMmm bawHamu (rpagupHaMu) wuam c
6pbl3ranbHbiMK 6acceiiHamMu (Ha OTHOCUTENbHO MENKUX 3MeK-
TpoCTaHUMAX), OTKyAa oxfaxjatouw,asa Boda NOJAETCA B KOH-
feHcaTop UMPKYNAUMOHHbIMM Hacocamu LiH. Bo3gyx, nona-
falowWwnii B KOHAEHcAToOp 4epe3 HEMJOTHOCTM, yjdanserca
nomouibio 3xekTopa 3. KoHpeHcaT, o6pa3ylowWwMinca B KOHAEH-
caTope, C NOMOLWbK KOHAeHcaTHOro Hacoca KH nopaetcs B
feaspatop [Ap, KOTOpbIl npefHasHayeH ANA yfaneHUs U3 MNu-
TaTe/bHON BOAbl ra3oB W, B MEPBY 04Yepedb, KUCOPOAa, Bbl3bl-
BalOLLero ycuiieHHyt Kopposuto Tpy6 koTna. B geaspatop Tak-
Xe nojaetcs XMMUYeECKM oymleHHas Boga. lNMocne geaspatopa
nuTaTenbHas BOAa NuTaTeNbHblM Hacocom lMH nopaetcs B KO-
Ten. MpeaBapuTenbHO BOAa MOAOrpeBaeTcsd, MpUYem ee nofo-
rpeB OCYL,eCTBNAETCA B MOAOrpeBaTensX pas3fiIMYHOro faBne-
HUSA, cHabXaeMblX nNapom U3 OTOOPOB Typ6UHbLI, a TakXe B
3KOHOMai3epe (XBOCTOBOW 4acTu) KoTna. MMponyck OCHOBHOM
MaccCbl napa 4epe3 KOHAeHcAaTop MPUBOAMT K TOMY, 4TO 60—
70 % TennoBO 3Hepruu, BblpabaTbiBaemoin KoTnom, 6ecno-
Ne3HO YHOCUTCA UMPKYNALUOHHON BOAOWA.

OcobeHHocTn KOC cnepytowne:

1) cTpoATCA NO BO3MOXHOCTU 6AMXE K MECTOPOXAEHUAM
TONNWBA;

2) nopaBnALIY YacTb BbIpaboOTaHHON 3NeKTPO3HEpPruu
OTHAT B 3/IEKTPUYECKME CETU MOBbILEHHBIX HamnpsXeHWi
(110—750 kB);

3) paboTatoT no ceob6oaHOMY (T. €. He OrpaHUYeHHOMY Ten-
NoBbIMK noTpebutensimn) rpa@uky BbipabOTKM 3M1EKTPO3HEp-
rMN; MOLWHOCTb MOXET MEHATbCA OT PacyeTHOro Makcumyma fo
TaK Ha3blBAaeMOro TEXHONOTMYECKOr0 MUHUMYMa,;

4) HW3KOMaHeBpEeHHbl: pasBoOpPoOT TypOWH M Habop Harpysku
M3 XONOAHOTO COCTOAHUA TpebytT npumepHo 3— 10 u;

5) uMelT OTHOCUTeNbHO HM3kuin KMNO (u=30-1-40 %).

TennopunkKaLMoHHble 3neKTpocTaHuuMn. TpuHuMnuanbHas
cxema TOL paHa Ha puc. 1.5. B otnnume ot KOC Ha T3L
MMeTCA 3HauyuTenbHble OTOOpPbLI Mapa, 4YacTUYHO oTpaboTaH-
HOro B Typ6uHe, Ha NPOU3BOACTBEHHbIE U KOMMYHaNIbHO-0bITO-
Bble HYXAbl. KOMMYHanbHO-6bITOBbIE MOTPebuTenn 06bIYHO MO-
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NnyyvatoT TennoBYH 3HEPrut OT CeTeBbIX nogorpesaTtenein (60i-
nepoB) CIM. Tpu CHUXEHUW 3NEeKTPUYECKON Harpyskm T3IL
HMXEe MOLWHOCTU Ha TensoBoM noTpebieHUn Heobxoaumas Ans
notpebuTteneli TennoBas 3Heprus MoxeT 6bITb NoAyYyeHa € no-
MOLWbID PeayKLMWOHHO-0XNaAMTeNbHOW ycTaHOBKM POY, nurta-
fouleiica oCcTpbIM NMapoM KoTne. Yem 6Gonbwe oTbop napa u3
TYPOUHbI A4NA TENNO(MUKALWOHHbIX HYXA, TEM MeHblle Tenno-
BON 3HEPTUMN YXOAUT C LUPKYNALWOHHOWK BOAONW U, cnefoBaTeNb-
Ho, TeM Bbiwe KM/ anekTpocTaHuuu. Cnepyet, 0fHaKo, OTMe-

TWUTb, YTO BO U36eXaHWe MeperpeBa XBOCTOBOW 4acTW TypOUHbI
yepes Hee AO/MKEH ObiTb 06ecrneyeH BO BCeX pexumax nponyck
onpefeneHHOro KoauyecTsa napa.

M3-3a HECOOTBETCTBUA MOLLHOCTe moTpebuTenein TennoBol
M 3neKTpuyeckol sHeprum TIL, yacTo paboTaldT MO KOHAEHCa-
LWOHHOMY (CMeWwaHHOMY) pexumy, 4YTO CHUXaeT WX IKOHO-
MUYHOCTb.
& B HacTofwee Bpema B CCCP okono 40 % TonnuBa pac-
XofyeTcsd Ha NpPouM3BOACTBO Tenna. T3L, a TakXe MNpPOMbIL-
NeHHble W KPYMHble OTONUTENbHble KOTeNbHble o06ecnevymBa-
I0T NOTPe6HOCTb MNPOMbLIWIIEHHOCTM B Mape W ropsvyeil Bofge
npaktuyeckn Ha 100 %, a KOMMYHanbHO-6bITOBLIX MOTpe6buTe-
nei N HaceneHusa ropogoB — 6onee yem Ha 40 %.
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OcobeHHocTn T3AL cnepytouine:

1) cTpoaTcsa B6/M3M noTpebuTeneil TENNOBON 3Hepruu;

2) 06bl4HO paboTalT Ha NPUBO3HOM TOMMBE;

3) 60nbWYy YacTb BbipabaTbiBAEMOR 3N1E€KTPO3IHEPTUMN Bbl-
JalT noTpebuTenam 6nu3nexaw,ero pailoHa (Ha reHepaTop-
HOM WV MOBbILIEHHOM HaMNps)XXeHuu);

4) pa6oTaldT N0 YaCTUYHO BbIHYXAEHHOMY rpa@uKy Bbl-
paboTKn 3nekTpoaHeprum (1. e.
rpauk 3aBucuMT OT TENaoBOrO
notpebnexHuns);

5) HW3KOMaHeBpeHHbl (Tak
Xe, Kak n K3C);
6) MMelT OTHOCUTENbHO BbICO-
Kuii cymmapHbin KM A4 .(npu 3Ha-
YnTeNbHbIX 0TOOpax mnapa Ha
MPOU3BOACTBO M KOMMYHa/bHO-
ObITOBble HYXAbl T]= 60-b70 %)e
MnapoanekTpocTtaHumm. Moy -
HocTb FOC 3aBMCUT OT pacxopa
BOAbl 4epe3 TypbuHYy M Hanopa
H (puc. 1.6). 3Ta MOWHOCTb,
Puc. 16. MpuHunnuansHas cxe- KBT,  ONpeAenseTcs  Bblpaxe-
4, ma aC HNEM

P= Q/Tb ~ r = 9°81Q//Tb

roe Q — pacxopg Boabl, m3c; H — Hanop, M; r|s- cymMMapHbIii
KMAa;

n2 = tlcrdrrlr,

¥Yc— KN4 sogonoaBofalnx coopyxeHuit; rlt— KN4 rugpo-
TypbuHsbl; rr— KM A rugporeHepatopa.

Mpu Heb6oONbWKUX Hanopax CTPoOAT pycnosble (Yraunu-
ckasi n PbionHckaa F9C) unm coemMeweHHble (Bomkckue
Fr9C nmeHn B. N. NMeHnHa n umenn XXII cvesga KMNCC) rug-
po3neKTpoCcTaHUMM, a nNpu 3HauYuTeNbHbIX Hanopax (6onee
30—35 M) —npunnoTuHHbLIe [3C (AHenpol3C, bpar-
ckag F'3C). B ropHbiXx MECTHOCTAX COOpPYXalT gepuBaLum-
OHHble T3C (I'mzenb — AoHI3C, Tomowl3C, dapxag-
FSC, 93MuHI3C) c 60MAbWMMM Hanopamu Npu MabiX pacxo-

Lax.
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OcobeHHocTM 3C cnegytoume:

1) cTposaTcA TaMm, rge ecTb rmgpopecypcbl U ycnoBus Ans
CTPOUTENbCTBA, YTO O6LIYHO He cOBMafaeT C MECTOpPacnonoxe-
HUEM 3/IeKTPUYECKOW Harpysku;

2) 60nbWY 4acTb BbipabaTbiBaeMOl 371€KTPO3HEPruKM OT-
[aloT B 3/IeKTPUYECKME CeTUM MOBbIWEHHbIX HANpPsXeHWi;

3) paboTawT no ceob6ogHOMY rpaduky (Npu Hanuyuum BO-
poxpaHunuuw,);

4) BbICOKOMaHeBpeHHbl (pa3BopoT UM Habop Harpysku 3aHu-
mMaeT NpUMepHO 3—5 MUH);

5) umetoT Bbicokuini KMAO (r)s~85 %).

Kak BWAHO, TMAPO3NeKTPOCTaHLMN B OTHOLUEHUN PEXUM-
HbIX MapamMeTpoOB UMEKT pAf MPeuMyLecTB nepej TemnaoBbIMU
anekTpocTaHumamun. OQHAKO B HAcTOsWee BPEMS NpPeumyLLecT-
BEHHO CTPOATCA TEN/OBble M aTOMHble 3fieKTpocTaHuun. Onpe-
jenaWwmnMn paktopamu 34ecb SBAAKOTCA pa3Mepbl KanuTano-
BNOXEHUA N BPpeEMSA CTPOUTENbCTBA 3/IEKTPOCTAHLMNA.

YcpeAHeHHble 3HauyeHUs  yAelbHbIX KanuTanoBAOXEHUN,
cebecTOMMOCTN 3NeKTPOIHEPTUN U CPOKOB CTPOUTENbCTBA 3NEK-
TPOCTAHUMIA pa3HbiX TUNOB faHbl B Tabn. 1.11.

Ta6nmnuya 111

Ton anetpocranune AL KanTate:  CPCoileptn, e Cook crpouren
Kkon/( kKBT. u)
K3C 110—160 0,4—1,0 3—6
Tal 180—250 0.3—0.8 4—6
rac 200—500 0,04—0.4 58
FASC 180—200 — -
A3C 200—300 0,45—0,8 5—38
rty 110—120 - -
nry 115—125 — —

Mofo6HbIE COOTHOWEHUS UMEKT MecTOo U B 3apyb6exHol
npaktuke (tabn. 1.12).

Tabnuya 112
Y aenbHble KanuTanoB/IOXKeHUS, Ceb6ecToMmMoCTb 3N1eKTPO-
Tun 3neKkTpocTaHLum amep. gonn/kBT aHeprum, ueHT/(KBT- u)
T3C 112—136 0,61—0,73
A3C 152—176 0,542—0,74
rac 200—280 0,337—0,742

FEOCT3C 140—220 0,268—0,466
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ATOMHbIE 3NEeKTPOCTAHUMWN. ATOMHbIE 31E€KTPOCTAHLUU MpPo-
eKTUPYIOTCA U coopyXalTca C peakTopamu pasiM4HOro Tuna
Ha TennoOBbIX MAN  BbICTPbIX HEWTpPOHaX MO OLHOKOHTYPHOIA,
LBYXKOHTYPHOW UMM TPEXKOHTYpPHOR cxeme. ASC MoOryT coopy-
XaTtbca ANA NPOU3BOACTBA TONbKO 3/1EKTPUYECKOW 3Hepruu,
aHanornyHo K3C, unm gna npousBofCcTBa TEMNI0BOW M 3NeKT-
pVUYeCKOn 3Hepruu, aHanormyHo TILL.

YnpouweHHas nNpuHUUNUanbHas CXemMa ABYXKOHTYPHOW
A3C npusepeHa Ha puc. 1.7. Kak BuagHo, obopypoBaHue BTO-

poro KOHTypa, BKAWUatolwero TypbuHy 6 u koHgeHcaTop K,
aHanorMyHo o60pyAOBaHUK TEMMOBbIX 3MEeKTpPOCTaHUmMiA. Mep-
Bblli, pafuOaKTMUBHbI KOHTYpP COAEPXWUT peakTop, naporeHe-
paTtop ¥ NUTaTeNbHbIA Hacoc.

B kauecTBe pacuiennstouieroca matepuana Ha A3C 06blu-
HO ucnonb3yetca ypaH 238U (92 npoToHa u 143 HeillTpoHa) B
BMAE KOHUeHTpaTa 3akucu-okucum ypaHa U308

Mornowas oAuMH HEATPOH, ypaH 238U genuTcsA Ha fBe yacTu
(ockonku) c BbligeneHnem 3Hepruu. MNpu pacwenneHun 1 Kr
ypaHa 235U Bbigensdercd aHepruu 21,6 MaH. KBT-4, 4TO 3KBU-
BaNEeHTHO 3Heprum, BbIAENAKOULEACA MNPU CropaHuM MNPUMEPHO
2900 T yrns.

Y paHa Ha 3em/e He Tak Mano, HoO 238J B Hem Tonbko 0,714%,
a.0CHOBHY Maccy (99,28 %) cocTaBnsieT 238U, KOTOPbIA HOp-
ManbHO He paclennseTca. HailgeHa BO3MOXHOCTb MCNO/b30-
BaTb W 3TOT M30TOM C NOAYYEHWEM NAYTOHUA, TaKXe pacuien-
nawuieroca matepuana:
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(28un + n) (20mn + n)-> (Np + M)-» Pu.

Ha A3C BO3MOXHO TakKXe WCMNOAb30BaTb TOPWUIA, U3 KOTO-
poro nonyvaeTca pacwennswwuiica matepuan 23U.

MepBad B mupe npombiwneHHas A3C mouwHocTelo 5 MBT
6bina nyueHa B akcnnyatauuto B CCCP 27 uioHa 1954 .
B 1956— 1957 rr. 6binM nyuweHbl arperatel AQC B AHMAUM
(Kongep-Xonn mowHocTeio 92 MBT) u B8 CLLA (A3C LWwun-
MUHINOPT MoOWHOCThI0 60 MBT). B panbHeiwem nporpaMmMmbl
ctponTensctBa A3C cTanu QopcuposaTtbca B AHrnum, CLUA,
AnoHun, ®paHuumu, KaHage, ®PI, LUBeunn u B page APYrux
CTpaH. Y CKOPEHHbIMW TeMnaMu pa3BMBAeTCA aTOMHas 3Hepre-
Tuka B CCCP (B OCHOBHOM B €BPOMENCKON 4acTum) M B cTpa-
Hax— 4neHax C3B.

Mpepnonaranocs, 4To K 2000 r. BbipaboTKa 3/IEKTPO3HEPTUM
Ha A3C B Mupe MOXeT AOCTUTHYTb 50 % o006ueil BbIpaboOTKK
3/IeKTpoaHeprum. OfJHaKoO B HacToAWee BPeMs TMPOrHO3HbIE
oueHkn passutugd ASC B mupe Ha 2000 r. B cuny psaga npuyuH
CYyLWEeCcTBEHHO CHU3UNCH.

Ocob6eHHocTM AQC cnegyrouime:

1) moryT coopyxaTtbca B N060M reorpagmyeckom MecTe, B
TOM 4yucfie U B TPYAHOAOCTYNHOM,;

2) MO CBOEMY peXMWUMYy aBTOHOMHbI OT pAja BHEWHUX (ak-
TOpOB;

3) TpebylOT Manoro KonmyecTsa TONNWBA,

4) moryTt paboTaTb No CBO60AHOMY rpathmKy Harpysku (3a
NCKNOYEHMEM aTOMHbIX T3AL,);

5) 4yBCTBUTENbHbI K MEPEMEHHOMY pexumy, ocobeHHo A3C
C peakTopaMu Ha O6bICTPbIX HEWTpPOHAax; MO 3TOW MpuyuHe, a
TakXe C yyeToM Tpeb6oBaHWSA 3KOHOMWYHOCTU paboThl ans A3C
Bblgenserca 6a3oBas 4acTb rpauMka Harpyskum aHeprocuc-
TEMBbI;

6) cnabo 3arpA3HAT aTMOCHepy; BbIOPOCH PagM0aKTUBHbIX
rasoB M aspo3o0/ell He3HauuTesbHbl W HE MpPEBbIWAT 3Hauye-
HWA, LOMYCTUMBIX CAHUTAPHbLIMM HOpMamMu. B 3TOM OTHOWeEHUU
ASC okasblBatoTCcA 60nee ynucToiMu, yem TOC.

Ma30TypbuHHbIE yCTaHOBKW. lMpuHuununanbHas cxema TY
faHa Ha puc. 1.8.

KoaththuunmeHT MNoMe3HOro AencTtBuMA rasoTypOUHHBLIX ycTa-
HOBOK Cc arperatammn 25— 100 MBT cocTtaBnset 29—34 %. OHu
ABNAOTCA BbICOKOMaHEBPEHHbIMW arperatamm u UCnosib3yTCa
B 9HEProcucrteMax B KayecTBe pPe3epBHbIX aBTOHOMHbLIX WCTOY-
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HF

U650-
TOmvp

t=300-if60°Z BO34YX

Puc. 18. MpuHUMNManbHas cxema ra3oTyp6UHHON 3NeKTPOCTaHLUU:
KC — kamepa cropaHusi; T6 — Typ6uHa; KM —komnpeccop; M —nyckoBsoii Asuratens

HWKOB 3HEPruM, a TakKXe B KayeCTBE MCTOYHWUKOB AN NOKPbI-
TUA MUKOBOW 4YacTu rpauMKOB Harpysku.

Ovns3enbHble 3nekTpocTaHummn. MpuHLMNManbHas cxema Au-
3e1bHOW 31eKTpocTaHUMKU paHa Ha puc. 1.9. OCHOBHON ee 3ne-
MEeHT— f[U3eNb-reHepaTtop, COCTOAWMA U3 fABUTATeNd BHYT-
peHHero cropaHus ABC wn reHepatopa nepeMeHHOro toka G.
LOunsenbHble 31eKTPOCTAHLUN MOOGUNbHLI, aBTOHOMHbI, MO3TOMY
LUMPOKO MCNONb3YHTCA B TPYAHOAOCTYMHbIX paioHax, a TakXe
ANA 3N1eKTPOCHAbXeHNS CeNbCKOXO3SWCTBEHHbIX NOTPeOMTENE.
B HacTosiwee Bpemsa [AuU3eNb-TeHepaTopbl MCMONb3YHTCA B Ka-
YecTBe pe3epPBHbIX aBapUMHbIX WCTOYHWKOB MNUTAHUSA CUCTEM
co6CTBEHHbIX HYXA AQC u KpynHbix TP3C.

Puc. 1.9. MpuHuunuansHas
cXema  [M3ebHON 3neKkT
pocTaHuun

BeTpo3aneKkTpoCTaHUMM He6ONbLWON MOUWLHOCTM MCMONb3YKT-
CA B KauyecTBe MCTOYHUKOB 3/IEKTPOIHEPTUU B CeNbCKUX MECT-
HOCTAX, B TPYAHOLOCTYMHbIX palioHax, Ha MeTeoponorn4eckmnx
CTaHUMAX W B APYrMX MecTax, rge crabunbHo ypaep>xxupaetcs
BeTpeHas norofa. B CCCP umeloTCq YCTaHOBKM MOLLHOCTbIO B
100—400 kBT, pa3pabaTbiBalOTCA YCTAHOBKWM 3HAYUTENbHO
60bleli MOWHOCTM.

MogcunTaHo, 4TO C 3eMHOM MNOBEPXHOCTM nNaowagbio B
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] KM2 MOXHO nonyynTb B cpegHem 250—750 KBT MOWHOCTU 1
BblpaboTatb 2,19—6,57 MnH. KBT-4 31eKTPO3HEprum B rog.
Mpu atom co Bceir Tepputopum CCCP TeopeTUUYECKU MOXHO
nofyynTb 0kKoso 18000 mMnph. KBT-4 31eKTpO3aHepruu B rof.

CosfiHeYHble 3feKTpocTaHuuMun.  TpuHUMNManbHble CXEMbI
COMHEYHbIX 3neKTpoCcTaHuuii (renno3neKTPOCTaHLUMWA) AaHbl Ha
puc. 1.10. Co/flHeYHble 3M1EKTPOCTAHUWM HaWNU MNPUMEHEHUE B
psfe cTpaH, MMeLWnUX 3HAYUTENIbHOE YMUCNO0 CONIHEYHbIX AHeMN

B rogy.

Puc. 1.10. MpuHUMNMANbHbIE CXEMbI TeNMO3NEKTPOCTAHLIWIA:
a —C NapoBblM KOT/IOM; 6—c KpeMHUeBbIMU CbOTOSI'IeMeHTaMM

Mo ony6nmMkoBaHHbIM AaHHbIM KM [ CcONHEYHbIX 3M1eKTpOo-
CTaHUuWuii MmoXeT ObITb AoBeAeH Ao 20 %.

feoTepmanbHble 3MEKTPOCTAHLMW  UCMNONbL3YIOT [AELIEBYIO
3HEepruio NoA3eMHbIX TepMalibHbIX WUCTOYHWKOB. MpuHUMNUANL-
Has cxema TaKOM 3/MeKTpocTaHUMKM npeacTaBneHa Ha puc. 1.11.

FeoTepManbHble 3nekTpocTaHuuum paboTaloT B WcnaHguu,
HoBoli 3enaHgun, Manya, Hosowi [BuHee, CLUA u Wtanwum,
npuyem B WTanum oHM patoT okono 6 % Bceih BbipabaTbiBae-

Puc. 1.11. MMpuHumnnunane-
Hafa  cxema reotepmalsib-
HOM  3MeKTPOCTaHLMK
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MO 3nekTpoaHeprun. B CCCP (Ha KamuaTke) coopyxeHa
MayxeTckasa reoTepMasnbHasa 3/eKTpocTaHLUA.

MpuNnBHbIE 31EKTPOCTAHLUMN C TaK Ha3blBaeMbIMWU Kancy/fb-
HbIMW TuapoarperaTamu CTPOATCA TaM, rAe WUMeeTCcs 3Hauyu-
TeNbHbIA Nepenaj ypoBHell BOAbl BO BPemMs MPUAUBOB U OTNU-
BoB. Hambonee mowHaa [3C PaHe nocTtpoeHa B 1966 r. BO
dpaHuMK; ee MowHOCTb cocTaBndeT 240 MBT (24x10 MBT).
MpoekTnpytotcd MIC B CLUA mowHocTeio 1000 MBT (100X
XK MBT), B BennkobputaHuu mowHocTbio 7260 MBT (220X
X33 MBT) nu 1. 4 B CCCP Ha KonbckoM nofyocTpoBe, rae
npununebl gocturatoT 10— 13 m, B 1968 r. Bowna B CTPOA nep-
Bas ouyepefb onbiTHON Kwucnory6ekoit M3C (2X0,4 MBT).

1.6. TPAOUKN HATPY3O0K O3JIEKTPOYCTAHOBOK. PErY/JIMPOBAHWUE
FTPA®NKOB HATPY30K

MpahuK Harpysku npeacTaBnsieT coboi rpaduyeckoe mM306-
paxeHue pexuma paboTbl 31eKTPOYCTaHOBKW. Bce 3nemMeHThI
3HeprocucTembl (reHepaTopbl, TpaHchopMaTopbl, 31eKTPOABM-
raTenn, CUHXPOHHbIE KOMMEHCATopbl M T. N.), a TakXe 31eKT-
pocTaHUWWN, 3NeKTPUYECKMEe CEeTU U 3HEepProcuUcTeMbl B LESIOM
MMEKT CBOM rpauKn Harpysok.

Puc. 1.12. patmky Harpy3ku 3/1eKTpoyCTaHOBOK

PasnuuatoT rpamku cyTouHble (puc. 1.12, a n 6) u rogo-
Bble MO npogo/mkutenbHoctu (puc. 1.12, B); HenpepbiBHble
(puc. 1.12, a) u cTtyneHuyatble (puc. 1.12,6); 3MMHUe U NeTHUE,
rpahuku akTuBHOM (puc. 1.12) n peakTUBHOIM Harpysku uT. n.

Ha rpaukax pasnuyaloT MUHMMaNbHOE, MaKCUManbHOe K
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cpefHee 3HauvyeHWsa rpauyeckm npefcTaBfeHHOro napaMmeTpa.
Y rpaMkKoB pasnmnyaloT TakXxe 6a30BYl0, MOAYMNUKOBY U Nu-
KOBYI 4acTu. lMpumeHnTenbHo K puc. 1.12, a 6a30BOi SiBNA-
eTcsd Ta yacTb, rge P < P min, nukoBoin — rge P > P Anmiti, a no-
NYNUKOBbI — rae Pmin<P < P Anmin-

Ona rpadmkoB Harpy3ku notpebuTeneil xapakTepHbl cle-
LylOlvie BEINYNHDI:

CpefHAA aKTMBHAs MOLWLHOCTb 3a CYTKW WU TOf

24

f P{t)dt
*cp.cyt— -——/—\—(—: T—
’ 24
8760
1 P(b) dt
p "ron J
cp. rog 8760 8760

BPEMS MCMNOMb30BaHWS MaKCUManbHOW (Hambonbweld) Ha-
rpy3ku

TroaxcyT P

‘maxcyt

Arog, ,
ATaXrof,
KoappuumeHT 3anonHeHns rpaumka

maxrog —

_ A
&n — p W St g
max1 *max

roe T— nonHoe BpeMs Mo ocu abeumce rpadguka.

OueBnpgHoO, uTo TTax— k3nT.

Ona rpadmkoB Harpyskum (paboTbl) 3neKTpoCcTaHUWI Xa-
paKTepPHbIMU ABNAKTCA BPEMSA MCNONb30BAHWS CpeaHeiR rofo-
BOM YCTAHOB/IEHHOW MOLLHOCTW, paBHOe OTHOLIEHWUK Bbipabo-
TaHHOW 3a roj 3NeKTPO3HEPrnn K cpegHerofoBOW YCTaHOBMEH-
HOW MOLLHOCTH;

T _ ABbIP
Fyerepron,
KO3(h(hMUMEHT MCNONb30BaHNA CpPefHEerofoBOl yCTaHOBNEHHOM
MOLLHOCTH

b — Lisbip
Pycr,cp,rog”
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M KOS ULMEHT pe3epBa MO YyCTAHOBMEHHOW MOLYHOCTU

kebesyer — pycT

NMeloT MecTo cnefytoline COOTHOLWEHUS:

krhez.yCT> 1.

Kaxpfas 3feKTpoycTaHOBKa MMeeT XapaKTepHbll Ans Hee
rpauk Harpysku (puc. 1.13).

Mpahukn CTpOATCA BO BpeMs 3KCMayaTtauuu u Npu Mpoek-
TMpoBaHMKU. Bo Bpemsa 3kcnayatauMum OHU CTPOATCA CRefyio-
wmmMyu cnocobamm: no pernctpupytowmm npubopam (P, Q); no
yKasbiBatowum npubopam (P, Q mam P, U, /); no cyeTuymkam
(nokasaHusa 6epyT yepe3 4ac).

}sw P
18} B nr

1|I|}® i i/Jilll

t8n16ror|/|qo¥ 16 ro 21,4 o 81216rorm

Puc. 1.13. CyTOLIHbIe rpagvki aKkTUBHOIW HArpysku 3M1eKTPOYCTaHOBOK
pas3MYHOro TUna

a — [IByXCMeHHOe npefnpusatue; 6 — TpexCMeHHOe npeanpuaThe; B — KOMMYHalbHble
HYX/[bl ropofa

lMocTpoeHue rpa)MKoB Harpysku npu NPOEKTUPOBaHUU MNpo-
n3BoanTCA MHave. O6bIYHO WM3BECTHbI MapamMeTpbl MexaHW3MOB
W yCTaHOBNIeHHas MoOLWHOCTbL PyCB anekTpojBuratenein um apy-
rmx notpebuTenei 3aNeKTpoaHepruun. N3BecTHO TakxXe, 4TO rpa-
OUKN OAHOTUMHBLIX MNPEANPUATUIA B 06WEM cnyyae MNOAOOHbI.
MpoekTMpoBaHWe BeAETCA C YYeTOM Harpysku, kotopas byger
yepe3s 5—7 neT. Wcxops M3 3TOro, BHayane ONpefensitoT OXMW-
faeMyl MPUCOEAVHEHHYH MOLLHOCTL Puul. 3atem onpegensioT
CYMMapHY YCTaHOBJIEHHYIO W NPUCOEANHEHHYIO MOLLHOCTU

ycT — ycTj > np2 ="2 npP>’
/=1 /=1
roe N — 4YUcnao 3/1eKTPoOnpueMHUNKOB.
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YCcTaHOB/NEHHAA MOLWHOCTb MOACYUTLIBAETCA MO HOMMWHaNb-
HbIM JaHHbIM 000PYAO0BaHUA.

CyMmMapHas MakKcumanbHas Harpyska rpynnbl notpeéuTte-
nen PHrtTax” Pnp3 u onpeaensercs Tak:

pHrmax - ° 0b 3p npE B bcp yer*
roe kc— koapguymeHt cnpoca; ko= PnpmaxIPnpz —koapduyn-
eHT Of4HOBpPeMeHHOCTU; &=PHT Tax/PnpTta*—KoapphuumneHT 3a-
rpysku; Pu>Tax—npucoefuHeHHas MOLLHOCTb BO BpemMs Mak-
CMMyMa Harpysku.

Huxe npuBoaaTCca ycpeAdHeHHble 3HauyeHUs KoadhduumeHTa
cnpoca kc gna psaga notpebuteneii:

*
C
MeTannypruyeckne n MetannoobpabaTbiBatolime
BABOLBl oottt et e 0.3
MallmnHocTpouTenbHble  3aBoAbl (TAXKENoe mau-

HOCTPOEBHME)  oveeeeiiereeeiieveeestete e seste e sisenesnsansnnens 0,25
Xumuueckme 3aBogbl . . . o, o, o, . .. 0,25—0,3
TeKCTUNbHbIE P ABPUKW .o e 0,25
Co6CTBEHHbIE HYX[bl 3MeKTpOCTaHUuMin . . . . 0,7—0,95

MpuHUMas AN KOHKPETHOro NpegnpusaTWs TUMOBOW rpa-
(UK Harpysku u 3Has kO m PycT, onpeaensioT PHrTax-

Mpu NOCTPOEHUU TpauKoOB HArpysKuW 3MeKTPOCTaHUuii
MOLLHOCTb, PacxXxofyeMyl0 Ha COGCTBEHHble HYX[Abl, MOXHO B
nepBoOM NPUOGAVKEHWUN ONPEAENUTb MO BblPAKEHUIO

P ﬂe(0,4+ 0,6 —£—)P -
EH %/ E%Ta% w
Ona pasnuuHbIX TWUMOB 3NeKTPOCTaHUWUIA MaKCUMaNbHYH
MOLWHOCTb COOGCTBEHHbIX HYXp[ —— .100 % MOXHO
yrT

NPUHATL B COOTBETCTBUMW CO crneayrROWMMN OaHHbIMWI

JNeKTpPoOCTaHLMKM Ha >XUAKOM Tomamee  (MasyrT,

HEPTB) M T @3 € woeerrrieerieeeere e ee e seenens 3—5
DNeKTPOCTaHUUN HeBONbLWOW W cpefHell MOLLHO-

CTW Ha yrae, CKUraemMom B BMAE KYCKOB (Ha

LEMHBIX PELU TKAX ) eireieririrerererererenssessenssesesenenes 5—7
KoHpeHcauoHHble NapoTyp6uHHbIE 3M1eKTPOCTaH-

UM Ha NbINEYTONBHOM TOMMMBE ceveieieeeieceeeiane 6—9
TennoaNeKTPoLEHTPaNN Ha MblNeyrofibHOM TOMAu-

BE ettt e 8—14
FMapo3aneKTpoCTaHUMN CPefHei  MOWHOCTM . 1—2
mapoanekTpocTaHUMM  60/bLWIOA MOWHOCTM , . 0,4—!
ONEKTPUYECKNE MOLACTAHLMNM o ,  50—500 kBT

3-516
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FpaukyM Harpysok npefHasHayeHbl ANA:

a) onpejeneHus BpeMeHM Mycka W 0CTaHOBa arperaTtos,
BKNOYEHNA M OTK/OYEHUA TpaHCHOopMaTopOoB;

6) onpegeneHua KonuyecTBa BbipaboTaHHOW (NOTPe6GNeH-
HOW) 3MeKTPO3HEeprum, pacxona ToNaMBa W BOAbI;

B) BefEHWUA 3KOHOMWYHOTO PEeXuMa 3/IeKTPOYCTaHOBKU;

r) nNnaHWpoBaHWS CPOKOB PEMOHTOB 060pyAOBaHUSA;

A) NPOeKTMPOBAHWS HOBbIX W pacWUpeHUs [LeACTBYHLWMNX
3/1eKTPOYCTaHOBOK;

€) MPOEeKTUPOBaHWS  HOBbIX W Pa3BUTMA CYLECTBYHLNX
3HEpProcuUcTeMm, UX Y3N10B HArpy3KuW N OTAENbHbIX NOTPe6UTENEN
3N1eKTPO3HEPT NN,

Uem paBHOMepHee Harpyska reHepaTtopoB, TeM fyulle yc-
NoBMA MUX paboTbl, MO3TOMY BO3HWKAeT TakK Ha3biBaeMas Npo6-
nema perynuMpoBaHUsa rpadMKOB Harpysku, npoénema WX Bbl-
paBHMBaHuA. Mpu 3TOM LeNecoo6pasHO MO BO3MOXHOCTU 60-
Nee MOJIHO MCMONb30BaTb YCTAHOBAEHHYI MOLWHOCTb 3/1IEKTPO-.
cTaHL M.

OfAHUM U3 BaXXHEMWMX TEXHUKO-3KOHOMUYECKUX MOKasaTe-
nein paboTbl 31eKTPOCTaHUM ABNsieTcs Ce6eCTOMMOCTb Bblpa-
60TaHHON 3NeKTPO3HepruM, KoTopas OnpefensieTcd Bblpaxe-
HUEM

a+ = alhn——
ABbIp mPycTt ™

C=a+

}

roe a— nocTosiHHas coCTaBnflLWlas pacxXxofOB Ha MPOU3BOS-
CTBO KWNOBATT-4yaca 3/IeKTPO3Heprum (Tonnmeo, Bofa, BOAO-
po4, NOATOTOBKA XWMWUYECKM OUYULLEHHOW BOAbl U T. n.); &—
pacxofbl, CBA3aHHbIe C COOPYXEHWEM 3NeKTpoCcTaHUuu, ee 06-
cny>XusaHuem (amopTm3auus, TeKyLW WA PeMOHT, oxpaHa, 3a-
paboTHasa nnata MepcoHana, OTYMCNEHUA B OO 4XET).

Kak BMAHO, ce6eCTOMMOCTb BbipabOTaHHOI 31eKTPOCTaHLU-
AMU 31eKTPO3IHEPrUM 06paTHO MPONOPLMUOHA/IbHA BPEMEHMU uC-
N0Nb30BaHWA YCTAHOBMEHHOW MOLWHOCTU 3MeKTpoCcTaHuuii Tn.
OTctofa BO3HMKaeT HEOH6XOAMMOCTb MOUCKA MyTeil MOBbILWEHUS
Tn. K coxaneHuto , n3-3a paga nNpuyuMH yBennynTb TS Mo aHep-
reTuKe B LENOM B TeYeHWe pafa neT MpPakTUYeCKU He ypaeTca.

OvHamuka usmeHeHus Tw u ka no sHepretuke CCCP B
uenom npueegeHa B Tabn. 1,13, rae 'm paccuymtaHo No cpegHe™
rofoBOM MOLWHOCTU 3/IEKTPOCTAHLMWNA.

A na perynupoBaHus rpa)ukoB Harpys3ku MCNOb3YHOT;
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Tabnuya 1.13

Bpems 1cnob3oBaHns cpedHe-  KoadhuLMeHT MCnonb3oBaHus

rog r0J0BOl YCTAHOBMEHHOW MOLY-  CPeAHEerof0Boii yCTaHOBNEHHON
HOCTU Tyff u MOLLHOCTY /M

1945 4240 ' 0,484
1950 5015 0,572
1960 4737 0,54
1965 4734 0,54
1970 4735 0,54
1973 4870 0,557
1975 5013 0,572
1980 5029 0,574
1985 5138 0,586

a) NoAgKNHYeHMe Ce30HHbIX noTpebutenen (TopdopaspaboT-
KW, MONWB, OpOLIeHWe, 3aBOAbl CE30HHOr0 NPOM3BOLCTBA, KOH-
AVLUOHEpPBLl 1 T. 4.);

6) noAKM4YeHWe Harpys3kum HOUYbH (HACOCHbIe, TMAPOAKKY-
MYnupyloLuiMe cTaHLMM B HAcCOCHOM pexume, 3apsafHble CTaH-
umm n 1. 4.);

B) yBenuMyeHue ymcna pabouymx cmeH (MoBbileHUEe Koahhu-
LMeHTa CMEHHOCTK);

r) cMmelweHne Havyana paboTbl CMeH M Hayana paboTbl npepg-
NPUATWIA;

L) pasHeceHuWe BbIXOAHbIX [LHE;

€) YXecTo4yeHue TapupHON CMCTeMbl, HaNnpumep, NyTeM BBe-
JeHUA nnaTbl KakK 3a aKTUBHYIO, TaK W 3a pPeaKkTUBHYI 3Hep-
rmio (MOLWHOCTL);

X) YMeHblueHMe MepeTOKOB PeakTUBHOW MOLLHOCTU MO
3/IeKTPUYECKON ceTu;

3) 06beAUHEHME PaNlOHHbLIX 3HEPTroCUCTEM B 06bLEAWHEHHbIE
3HEProcucTeMbl NTMHUAMMN MEXCUCTEMHON CBA3N.

3a CcyeT TaK Ha3blBAEMOr0 «Harpy3o4yHoro agdgekra», BO3-
HUKaloWwero B 006bEAUHEHHbIX 3HEProcucTeMax, COBMeELLEeHUS
rpaMKOB Harpysku noTpebuTenein C HecoBmagawwumum no
BpeMeHM Makcumymamun B E3C eBponeickoin yactu CCCP ypa-
Nocb, Hanpumep, B 1965 r. CHNU3UTbL NOTPE6GHYH reHepupyro LW Yo
MOLWHOCTb Ha 3,8 % (1.8 MAH. KBT) M yMeHbWMWUTb pacyeTHOe
3HayeHue aKcnayaTaymoHHoro pesepsa Ha 3 % (1,5 maH. KBT).
CHMXeHNe COBMeLLeHHOTro Makcumyma Harpyskm E3C CCCP
(MexcucTemHblid athhekT obbeamHeHns O3C) B nocnefHne ro-
Abl cocTaBnsaeT 3—4 MAH. KBT, agpekT .coBMewweHnsa rpadyMkos
3*
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Harpysku BCex napannenbHo paboTalWwmMX 3Heprocuctem —
8— 10 MAH. KBT, a 06wunin apdekT ¢ yyeTom aBapuitHOW B3au-
Monomouin aHeprocuctem — 10— 15 M/H. KBT.

1.7. SNEKTPUYECKWE CETW N NX 3HAYEHWE ANA
QNEKTPUNOUNKALNWN CTPAHDI

JNeKTpUYecKne CetTu ABNAAKOTCA MPOMEXYTOUYHbIM 3BEHOM B
cucTemMe UCTOYHUK—MNOTPebuTenb; OHM obecneymBaloT nepefa-
4yy 3/M1eKTPO3Heprum OT UCTOUYHMKOB K MoTpebutensm u ee pac-
npegeneHue.

Pa3BnTne HapoAHOro X03siMcTBa, UHTEHCU(UKaLUS Tpyna B
MPOMBbILLTIEHHOCTW, Ha TPaHCNOPTe U B CE/IbCKOM XO03f/ACTBe
TpebylT YCKOPEHHOr0 pa3BUTUSA 3NEKTPUUYECKUX CeTell pas3nnu-
HbIX Hanps>KeHWin u Tunos. OT NpaBUIbHO BbIOPAHHBIX CTPYK-
Typbl U NapameTpoB 3MeKTPUUYECKUX CeTeli CYLLeCTBEHHO 3aBU-.
CAT TEeXHUKO-3KOHOMMWYeCKMe noKaszaTenu paboTbl 3Heprocuc-
TeM # HafleXXHOCTb  3/1eKTPOCHabXeHMA noTpebutenei
3NeKTPO3Heprnuun. bes YCKOPEHHOro pasBUTUA 3NEKTPUUYECKUX
ceTell NMpakTUYeCKM HEBO3MOXHO obecneynTb BbINOAHEHWE 3a-
fauyun MOMHON 3neKTpUdpMKaLMM CTpaHbl, OCOBEHHO C Y4eToMm
HaMEeYeHHOro W3MEeHEeHWs CTPYKTYpbl pas3MelleHUs Npou3BOAM-
TeNbHbIX CUA U POPCUPOBAHHOIO Pa3BUTUA MPOMbILLIEHHOCTM
B Cnbupun n Ha JanbHem BocToke. C Apyroi CTOpPOHbI, NpMX0-
OUTCSH YyuuTbiBaTb, YTO 3NEKTPUYECKME CETU ABAAIOTCHA BeCbMa
eMKUM noTpebuTenemM YEpHOro WM LBETHOro MeTanna, TpaHC-
(hopMaTopoB,  31EKTPUYECKMX annapaToB, TPaHCNOPTHbLIX
cpeacTB M Apyroro obopygoBaHusa. NMpu NporHo3MpoBaHuy pas-
BUTUA 3/IEKTPUYECKUX ceTell HeoBX0AMMO 3HaTb WX UHTEerpab-
Hble (OTHeCeHHble KO BCEMY HapoOAHOMY X03f/CTBY) MoKa3aTe-
AN U AUHAMUKY WX U3MEHEHWA BO BPEMEHW. BaXHeRWuMu uH-
TerpafbHbIMW MOKa3aTensaMu 3NeKTPUUYECKUX CeTeill ABNAKTCH
KanuTanoBMOXEHMUA, pacxod 4YepHbIX U LBETHbIX MeTanfoB W
MHbIX MaTepuanos, ce6eCTOMMOCTb Mepefaynm U pacnpepesieHns
3/IeKTPUYECKON 3Hepruu, NoTepyu MOLLHOCTUM W 3IHEPruu, ycra-
HOBMEHHAas MOLWHOCTb TpaHcopmaTopoB 5T,ycT, cymmapHas
ONVNHA 3NeKTPUYECKUX JIMHUIA pasMuHbIX HanpsXeHWi um TUNos
Ls > oTHOWeHUA [~yet> L 2 /A1yeT> *5T,ycT/PycT, & Takxe
OTHOWEHNA eXerofHblXx npupaweHnin AL s /APyCT, ALS/
IAST,ycT, ASTycT/APycT-

B kauyecTBe npumepa yKaxem, yto B 1972 r. uMeno mecTto
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oTHoweHune STycT/PycT” O, UTOo 00bACHAETCA Hannymem 60/b-
woro unucna (TPU — NATb) CTyMeHel TpaHchopMaunumn 3neKTpo-
3HepruyM npu nepegavye ee OT WCTOYHMKOB K NOTPe6bUTENsAM.
BaXHbIM MapaMeTpoM $IBNSETCA COOTHOLIEHWe MOLLHOCTel re-
HepaTopoB (MAH. KBT), TpaHcthopmaTtopoB (MAH. KB-A) u anek-
TpogBurateneid (MAH. KBT), eXerogHo MOCTaBNSiEMbIX 31€KT-
pPONPOMbILWJIEHHOCTbIO. 3TO COOTHOWeEHWe B 1985 r. cocTaBmo
13,3/161/49,4, wnn B OTHOCUTeNbHbIX eauMHuuax 1/12,1/3,71.

1.8. HOMWUHANBHbBIE MNAPAMETPbl  3/IEKTPUYECKMX MAWWH ”
3/IEKTPOOBOPYAOBAHUA

HoMWHaNbHble MapameTpbl — 3TO MapaMeTpbl, Ha ANUTeNb-
HYl0 pa6oTy C KOTOPbIMW PacCYMTaHbl 3/1EMEHTbl 3HEPTOCUCTEM
(anekTpuyeckne MallWHbLI W annapaTbl, YCTPO/cTBa 3alWMUThbl U
aBTOMATWUKKN, 3NEKTPUUYECKME CETM U T. N.).

O ns pasnuuHbiX 3/€MEHTOB 3HEProCUCTEM HOMMUHA/MbHbLIMU
MOTyT 6biTb pa3NU4Hble MapameTpbl, B YaCTHOCTU: Hampsxe-
HMe, TOK, MOLLHOCTb, KO3(PMULMWEHT MOLHOCTK, 4YacToTa, 4acTo-
Ta BpaleHWUs, CKONbXEeHWe, TemnepaTtypa, TOK OTKAOUYEeHus
M T. N. Pagbl (WKanbl) HOMWHANbHbLIX NapaMeTpPoOB ycTaHaB-
NWBAKOTCS TOCYJapCTBEHHbIMU CTaHgapTaMW Ha OCHOBE pPsf0B
NPeAnoYTUTENbHBIX 4YKUcen, 6a3UPYOLLMXCS HAa TEXHUKO-3KOHO-
MUYECKMX pacyeTax. HOMUHaNbHbIe NapaMeTpbl 3NEKTPUYECKUNX
MallUH W 31eKTPoobOpYyAOBaHMA YKa3biBalOTCA 3aBOJaAMMU-U3-
roToBUTENAMM B MAcMOPTHbIX faHHbIX. Bce wunm BaxHeliwune
M3 HUX YKa3blBalOTCA TaKXE Ha MacrnopTHbIX Tabnuukax anek-
TPUYECKMX MalWH W 31eKTPoo6OopyaoBaHMA. INeKTpuueckue
MallWHbl, 3NeKTpuUYeckue annapaTbl U Apyroe 3nekTpoob6opy-
[lOBaHWE MPOEKTMPYOTCSH TaK, 4YTo6bl MX MaKcuManbHbIi KM
Haxoguncsa, Kak NpaBufio, B 30He HOMWHaNbHbIX MapameTpoB.

Mpu pa6oTe BCEX 3M1EMEHTOB 3HEPTrOCUMCTEMbI C HOMWHafb-
HbIMW MapameTpamy PEXUM 3SHEProcUCTEMbl B LieIOM 6GNN30K
K ONTUManbHOMY. B OTAeNbHbIX cAydyasx C y4yeTOM, Hanpumep,
3aBMcUMOCTU KM [ 31eMeHTOB OT Harpy3kum MOXHO MONYy4YUTb
AonpegeneHHblit adiekT npu paboTe ¢ mapameTpaMu, OT/MYHbBI-
MW OT HOMMUHaNbHbIX. OfHAKO NOoA06HbIe ycnoBus paboTbl 40N -
XHbl UMeTb TlU,aTeNbHOe TeXHWYEeCKoe W TeXHUKO-3KOHOMMUYec-
Koe 060CHOBaHue.
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1.9. METOOAUKA TEXHWKO-3KOHOMWYECKWNX PACYETOB
B SHEPTETWKE

TexXHNKO-IKOHOMMYECKMNE pacyeTbl B 3HepreTuke 6asupyoT
C Ha MCNONb30BaHWKM (OPMYJbl MOMIHbIX NMPUBEAEHHbIX 3aTpat
Bbl6Op BapMaHTOB 3/1€KTPOYCTAaHOBKW, BapMaHTOB €e CXeM, TU-
MOB 31eKTPoobOopyAOBaHNSA, CeYEHUI MNPOBOAHWMKOB, Hampsxe:
HUA 3MEeKTPUYECKUX CeTel, HOMUHAaNbHbIX MapamMeTpoB MpOU3:
BOAMUTCA MYTEM MWUHUMM3ALUW 3HAYEHWIA MpuUBeAEHHbIX 3aTpar
(c yyeTOM BO3MOXHbIX B KOHKPETHbIX YCMOBUAX TeXHUYECKUe
M TEXHUKO-3KOHOMWYECKNX OrpaHuyeHnit), pyoé/rog:

3t = + EHKi 4- -> min,
TAe i— HOMep BapuaHTa; A — rogoBble M34epXKM (3KCnnya-
TalMOHHble pacxoabl), py6/ros; K — KanutanoBnoxeHus, pyo;
Y — BO3HMKaloWwuii yuiep6, pyd6; En— HOpMaTWBHbI KO3(-
huumeHT 3h(PeKTUBHOCTM KanMTasOBOXEHUN, ycTaHaBMBae-
MbIl AUPEKTUBHbLIMKW opraHamu (B AaHHOe BpeMs ANA pacyeToB

B 39/1eKTpO3HepreTuke npuHumaroT £H=0,12, AN HOBON TEXHU-
kn £H=0,15).

Mpu cpaBHEHUM BapUaHTOB 3MEKTPOYCTAHOBKYW AoNycKaeTcs
YUUTbIBaTb KanuTasOBNOXEHUS TOMAbKO MO OTAMYAOLMUMCH B
BapMaHTax 3afleMeHTaM 3/1eKTPOYCTaHOBKM.

FofoBble U3AEPXKU, py6/rofd, onpeaenstoTca no Gopmyne:
A =4¢da+ A0+ AID,

roe a— amopTM3auuoHHbIe OTYKMCNeHUs (OTYMCNEHUS Ha pe-
HOBaLMIO W KanuTanbHbI peMOHT), py6/roa; A0 — M3LepXKu
Ha O06CNYyXMBaHWE 3NeKTPOYCTAHOBKWU (TEKYLWUA PEMOHT U
3apnnata nepcoHany), py6/roa; SANOT — M34epXKWU, Bbl3BaH-
Hble MOTepPAMU 3NEKTPO3HEpPruy B 3/IEKTPOYCTaHOBKe, py6/rog,

AMOpPTU3aLNOHHbIE OTYUCEHUA PaBHbI;
Aa —pak,

rge pa— HopmMa amMoOpTM3aUMOHHbIX OTYUCNEHWIA, yCTaHaBW-
Baemas OUPEKTUBHbLIMW OpraHamu.

M3pepXKn, Bbl3BaHHbIEe MOTEPAMU  3N1eKTPO3Hepruun, co-
CTaBNAT:

AMOT=(5NTTrQa10-2

roe fS— cpegHsas ce6ecTOMMOCTb 31€KTPOIHEPTMN B 3HEProcu-
cTeMe, 3aBucsil,as OT BPEMEHW UCMNOMb30BAHMA MaKCUMaNbHOM
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Harpysku TTak' n reorpapuyeckoro MecTopacnonoXeHUs 3nek-
TpoycTaHoOBOK, Kon/(kBT-4); AW'toa— noTepn 3NeKTPO3Hep-
rmm 3a rofg, KBt-u.

MaTemaTtunyeckoe oXupgaHue HapOAHOX03AMCTBEHHOTO
yuiep6a Y n3-3a BO3MOXHOIMO HapyLlWeHUs 371eKTPOCHABXeHMs
notpebutenein (ywep6 noTpebutenein) u mn3-3a yxygweHus no-
KasaTeneli paboTbl 3HEProcUCTEM MPW BO3MOXHOM BbIHYX[EH-
HOM OTKAKOYEHUU YacTW reHepaTopoB, TpaHCHOPMAaTOpPOB, NK-
HUI, He MPUBEALWEM K OTKAOYEHUIO noTpebuTenein (CUCTEMHbIN
yu,ep6), paBHo:

Y = YN+ YO0,

roe Yn— yuiepb notpebuTeneit; Yc— CUCTEMHbIN Yyuiep6.

Yuwep6b notpebuTeneih B 06WEM Clydyae MOXHO OMNpefennTb
Mo BblpaXKeHUto

YB = <a(iP0TKn {- bPcpta),

roe c— cpefHWn napameTp MOTOKa OTKa3oB 3/MeKTpocHabxe-
HWA noTpebutens, pas/rof; /n— BepoATHOe BpeMs MnepepbiBa
3NeKTPOCHAabXeHUs, 4Y; a — yAenbHblli  ywepb oT nepepbiBa
3NeKTPOCHabXeHUs ANUTENbHOCTbIO /N, MpeBblWaklWen rpa-
HUYHOE BpEMS TMepepbiBa 3/eKTPOCHAGXEHNS, MNpuM KOTOPOM
BO3HUKaeT yulep6, 3aBMCAWLMIA OT (hakTa MOTEpU 3/1eKTPOCHab-
XEeHMa U XxapakTepa noTpebutensa, py6/kBt; POTka— pac-
yeTHas OTK/IlOYaemMasi MOLLHOCTb MpW MepepbiBe 31eKTPOCHab-
XeHuns, KBT; b — ypenbHbld ywep6 oT HegooTmycka 371eKTpo-
aHeprumn, pyo6/(kBT-4); Pcp— cpegHerogoBas Harpyska
notpebutens, KBT.

CornacHo fJaHHbIM, MOAYYEHHbIM pSALOM uccnegoBaTenei,
ANa pasHblX TUNoB notpebutenenn b=0,2-M,2 py6/(KBT-4) u
al6 = 4,6-4-80,2; B cpefHeM MO npombiwneHHocTn (a/b)cprk 20.

CuctemHblin yuwepb Yc 3aBucuT oT paga pakTopoB (CTPYK-
Typa ¥ napameTpbl CeTW; Haauyue, pasMepbl U Tepputopuanb-
HOe pasMelleHUe pe3epBHOM MOLLHOCTW; TEXHUKO-3KOHOMMUUYeC-
Kue mokasaTenu paboTalliero M pe3epBHOro 060pyAo0BaHMA U
T. N.) U [O/XEH OonpeAenaTbCs C y4eTOM MECTHbIX YCNOBUIA
KOHKPETHbIX 3HEProcucTem.

B oTAenbHbIX CAydyasx nNpu O0TKaszax 060pyAOBaHUA U 3fek-
TPOYCTAaHOBOK OKpYXal Ll eid cpefe MOXeT ObITb HAHECEH yLiep6
Yokp. Mpun Heobx0oaMMOCTU TakoW yuwepb MOXeT OblTb onpefge-
NeH Mo cneuuanbHoO pa3pabaTbiBaeMbiM MeTOAMKAM.
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Korga Heo6X0AMMO Y4ecTb [ANIUTENbHOCTb COOPYXEeHUs
3/1eKTPOYCTAHOBOK, T. €. (haKTOp pasHOBPEMEHHOCTW KanuTa-
NOBMOXEHWUI, a TakXe W3MeHeHuWe MO rofjam M3[epXek, cpas-
HeHMEe BapMaHTOB MPOM3BOAUTCA MO (OPMYyse MNpPUBEAEHHbIX
3aTpart, py6/roa:

3~2(E,K,+AWN,))(1 + E")IT-<

roe Kt — kanuTanoBnoXeHus B Tekyulem t roagy, py6/rog;
[ #4— npupaweHne nsgepxek B Tekyulem rogy t mo cpaBHe-
HUIO ¢ npegbigywmm t— 1 rogom, py6/rog; EH>B— HOpmaTuB-
HbIl KO3(h(ULUMEHT MPUBEAEHUA pa3HOBPEMeHHbIX 3aTpaTt, ycC-
TaHaB/MMBaeMblii AUPEKTWBHbLIMU OpraHamMmu (B HacToslee Bpe-
ma £Hn=0,08); 'Mm— rogq npueefeHns; T — pacyeTHbIA ne-
puoA, B TeuyeHWe KOTOPOro MPOM3BOAATCA KanuTasoBAOXeHUA
B 3/1eKTPOYCTaHOBKY.

Ecnu pacyeTHble 3aTpaTbl MNPUBOAATCA K MEpPBOMY roay
pacuyeTHOro nepuoga, 70

-

Korga BapuaHTbl  0Ka3biBalOTCA  PaBHO3KOHOMUYHbIMU
(pasHuua B MpUBEfEHHbIX 3aTpaTax He npesbiwaeT 5 %), Ans
OKOHYaTeNbHOro BbiGOpa BapMaHTa MNPUXOAUTCA YUYUTbIBATH
pAg AONONHWTENbHbIX (akTopoB (yfo6cTtBo M 6e30MacHOCTb
JKcnnyaTaumu, nokasaTenum HafeXHOCTW, MepcneKTUBbl uc-
NMoNb30BaHWS W Pa3BUTUA, CEPUNHOCTb WMCMONb3yeMOro o06opy-
[0BaHMA, MPOrpecCMBHOCTb TEXHWYECKUX PELIeHNi, BAUAHUE Ha
OKpYXally cpegy u T. n.).

FnaBa BTOpasa

OCHOBHbIE XAPAKTEPUCTUKN MOTPEBUTE/NEN
SNIEKTPUNYECKOW 3HEPT N

2.1. TUMbl W OCHOBHLIE XAPAKTEPUCTWUKW MNOTPEBUTENEN
3NEKTPUYECKOWN 3HEPTUU

MoTpe6uTenu (NPUEMHMKM) 3N1EKTPUUECKOA SHEpruM pasnuuatoTcs no
peXxumy pa6oTbl, HasHAYEHWIO, MPUHLMUNMANBHOMY WMCMONHEHWO, MoTpe6ase-
MOIA MOLLHOCTW, 4acTOTe NOTPe6MsSeMOro Toka, YC/0BMSAM paboTbl, OTBET-
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CTBEHHOCTW (KaTeropuMiHOCTU) W COOTBETCTBEHHO MO TPe6GOBaHMAM K Hafex-
HOCTW 3M1EKTPOCHAGXEHUSA, a TakKXe MO HEKOTOPbIM APYrvM Mpu3HaKam,

Mo pexumy paboTbl MoTpebuTeneir 06bIYHO AENAT Ha TpU TFpynnbl: no-
Tpebutenn C HemsMeHHOV (Manou3MeHsIoLWeica BO BPEMEHWN) Harpyskoin,
noTpebmTenn ¢ NOBTOPHO-KPAaTKOBPEMEHHONW (B TOM umMcne U C yAapHOW) Ha-
rpy3KOW, NOTPebUTeNn ¢ KPaTKOBPEMEHHON Harpy3Kow.

[10 HasHayeHWO NPUEMHUKWN 3NEeKTPOIHEPTUN [eNAT Ha NATb FPynmn: Cu-
NoBble O6LL|,€I'IpOMbILLI!1€HHbIe YCTaHOBKW, OCBETUTE/IbHblE YCTaHOBKW, 3/1€K-
Tponpuneod MNPOU3BOACTBEHHbIX MEXaHWU3MOB, 3/IEKTPUYECKME nNevyn n 3Nnek-
TPOTEPMUYECKNE YCTAaHOBKMN, npeoﬁpasoBaTeanble YCTaHOBKW.

[nuTenbHOe BpemMs OCHOBHbIMW MOTPEGUTENAMU 3NEKTPOIHEPrun 6binn
3NeKTpUYecKoe OCBeLleHVe (flamMnbl HaKanMBaHWA) W aCMHXPOHHbLIA 31eKTpo-
npuBoA. B HacToswee BpemMs B CBA3WM C OYpHbIM pasBUTUEM HAyKW U Tex-
HWKW, COBEPLUEHCTBOBAHMEM W BHeApPEHWEM HOBO MPOrpPeccUBHON TEXHOMO-
rMv NPOM3BOACTBA, PAaCLUMPEHWEM 3NeKTPUMKaLUM NPOU3BOACTBEHHBIX NPO-
LlecCOB MOSABM/INCb HOBbIE, LOCTATOYHO MOLLHbIE NOTPEBUTENN 3NEKTPOIHEPTUN.
K HUM OTHOCATCA 3MEKTPUYECKME MeYn W 31eKTPOTepMUYECKMe YCTaHOB-
Kkn (cTanennaBuibHble AYroBble 3M1EKTPOMEYN MOLWHOCTbIO Ao 45 MB-A un
paxe 6o0nee), pygHO-TepMuyeckue nedun (MowHocTeio go 4,5 MB-A), npo-
KaTHble CTaHbl C YAapHOW HarpysKoW, 3MeKTPOCBapOYHble YCTaHOBKW, 3nek-
TPONPUBOL NOABEMHO-TPAHCMOPTHLIX MEXaHW3MOB, 3/1EKTPONPUBOL, IKCKaBa-

TOPOB HEMPEPLIBHOTO feACTBUS, OCBETUTENbHbIE U MPOXXEKTOPHbLIE YCTaHOBKY,
paauoTeneycTaHOBKM, ra3opasfieNMTenbHble W BEHTUAALMOHHbIE  CUCTe-
Mbl, KOHAMLMOHEPbI, 3NEKTPONPUBOA Ha raso- U HedTeTpy6ONpoBOAaX, 3/1eK-

TPUDULMPOBAHHBIA TPAHCMOPT, 3NEKTPUPULMPOBAHHbIE CeNbCKOXO03AMCTBEH-
Hble YCTaHOBKM, Mpeo6pasoBaTe/ibHble YCTAHOBKM Pas3/IMUHOrO HasHaueHus,
HaKOMUTENN 3HEPruu, YCTAHOBKM 3MEKTPOHHO-MOHHOM TEXHONOrMW, 3MeKTpo-
(hn3nYecKMe YCTaHOBKM (YCKOPUTENW, nasepbl, WCMbITaTeNbHble CTEHAbI W
T. M.), a TaKXe HeKoTopble Apyrue ycTaHOBKU. LLIMpoKoe pacnpocTpaHeHue
MOMYYUNN ACUHXPOHHBIA N CUHXPOHHbIA 3M1EKTPONPUBOALI C €AUHUYHOA MOLL-
HOCTbIO fIBUraTeneil COOTBETCTBEHHO A0 8 U 25 MBT, TUPMCTOPHblE W 3MeK-
TpOMalLMHHbIE Npeo6pasoBaTeny,

MprYeMHUKN 3NEKTPO3HEPTMU B 3aBUCMMOCTM OT OCOGEHHOCTE TexXHOo-
NOTUYECKOr0 peXmMma W YCNOBUIA WX paboTbl NMUTAOTCA OT 3N1EKTPUHECKMX
ceTeli NepeMeHHOro WM MOCTOSIHHOrO TOKa. B cBOK oyepefb CETW MOCTOSIH-
HOro TOKa B GOMBLUMHCTBE CMy4aeB NOMy4alT NMUTaHMe yepe3 npeobpasoBa-
Te/M OT MPOMbILL/IEHHbIX CETE MepeMeHHOro Toka 4acToToil 50 Iu, cBf3aH-
HbIX C CeTAMW 60nee BLICOKOr0 HanpshKeHus aHeprocuctem. [Nns OTAeNbHbIX
rpynn noTtpebuTeneil Hawnaum npuMeHeHWe TakXe CheuuanbHble ceTu ¢ Mo-
nblweHHo (go 10 klMy n gaxke BbIWe) W MOHMXKeHHONW (meHee 50 IMy) uac-
TOTamu.

MoTpebuTenn nepemMeHHOro ToKa ObIBAOT OAHOGA3HBIMU  (HECUMMET-
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PUYHBIMK) U TpexdasHbIMU (CUMMETPUYHLIMK), UYTO NPUXOAUTCA YUMUTbIBATb
npy NPOEKTUPOBAHUUN N BbIMOSHEHUW CXEM 3/1IEKTPOCHABXKEHNS.

MpUEMHNKN 3NEKTPO3HEPTUN MOryT paboTaTb B Pas3fiIUUHbIX YCNOBUAX:
Ha OTKPbITOM BO34yXe, B 3aKPbITbIX MOMELLEHUAX, B YCMOBUAX MOBbILIEHHOM
BN@XHOCTW, 3afbIMIEHHOCTU WU arpecCUBHOCTW BHeLUHel cpefbl, npu 60b-
LWINX W3MEHEHWAX TemnepaTypbl, AaBNe€HUS W LUHAMUYECKMX Harpysok B
npouecce paboTbl ¥ T. N. Micxo4d W3 3TOr0 3N1eKTPONPUEMHUKN MOTYT Bbl-
NOMHATLCA KaK B 0ObIYHOM, TaK M B 3aKPbITOM WAM 3alULLEHHOM WCMOJSIHe-
HWW, C OTKPbITOW WM 3aKPbITON 3aMKHYTO CUCTEMOW OXNaXAeHws, € 06bly-
HOW WM MOBbLILEHHOW YCTOWYMBOCTBIO K W3MEHEHMAM YCN0BUIA BHELLHeN
cpefpl.

Mo obecneyeHNo HaAeXHOCTM  3NEKTPOCHAabGXeHWA BCe NOTpebuTenu
3N1EKTPO3HEPIUN [enaTca Ha notpe6utenn 1, U m Il kateropuic (cm. rn.
8). Ocobas cuctema KaTeropumHOCTW NOTpebWUTeNell MNpuHATa Ans cucte-
Mbl COOCTBEHHbLIX HYXJ aTOMHbIX 3/1€KTPOCTaHLMA C Y4YEeTOM MOBbILIEHHbIX
TpeboBaHWn K HafeXHOCTW X paboTsl,

2.2. COCTAB Y3/10B KOMMJIEKCHOW HATPY3KU

Pa3HOTUMHbIE NOTPEGUTENN 3NEKTPOIHEPTMM MO YCMOBUAM MOCTPOEHUS
CXeM 3/1eKTPOCHA6XeHNs 06bLEAMHAIOT B Tpynnbl, 06pasys MNepBUUHbIE Y3-
Nbl  KOMMAEKCHOW Harpysku. B Takux y3nax pasHOTUMHble MNOTpeGuTenn
BK/IOYEHbI MapanieNbHo, M MO3TOMY WX PeXWMbl paboTbl  OKasbliBaloTCA
B3aMMHO 3aBUCUMbIMUW. Pe3ynbTupytollas 9KBUBANEHTHAs XapaKTepucTuka
[aHHOTO y3/a KOMMMEKCHOW Harpysku onpefensieTcsi HOMEHKIaTypoid, fone-
BbIM COCTaBOM, XapakKTepucTMKamu W pexumamu paboTbl noTpebuteneid. Pag
Y3710B KOMMIEKCHOM Harpysku, B O6GLLEM Clyyae PasfMyHbIX MO XapaKTepuc-
I TWKaM, C MOMOLLbI0 CeTU Goniee BbICOKOrO HAMpsHKeHWs rpynnupyetcs B
06beauHeHHble (BTOPUYHbLIE) Y3/bl KOMMIEKCHOW Harpysku. B KadyecTe npu-
mMepa Ha puc. 2.1 NoKaszaHa CXema 3/eKTPOCHAGXeHWs noTpeGuTteneit c
HECKOMIbKUMMU y3amMy KOMM/IEKCHOM Harpysku.

CocTaB M XapaKTePUCTUKM Y3710B KOMMMEKCHOM  Harpy3ku B 3Hauu-
TeNbHOI CTeneHW onpeaenstoT TpeGOBaHUS K KauyecTBY 9MEKTPOIHEPrUU B
3MEKTPUYECKOM CeTM M K HAJEXHOCTW 3MeKTPOCHaGXeHus noTpebuTeneil.
OHM TaKXe CYL|ECTBEHHO BAMSIOT KaK Ha HOpMarbHble, TaK U Ha aBapuii-
Hble PeXWMbl PaboTbl 3HEProCUCTEM, BKMOUas PEXMUMbl KOPOTKUX 3aMblKa-

HWUIA, aCMHXPOHHOTO XO0fja, HECUHXPOHHbLIX BK/OYEHWA, c6poca UM Habpoca
Harpysku m . n.

CocTaB y310B KOMM/EKCHOW Harpysku 3aBucuT OT psafga akTopos (OT-
pacnb HapoAHOro X03fiicTBa, TWN MOTPe6uTeNns, ero macwtab U TexHOno-
TMYECKUiAi pexxum paboTbl, reorpauyecknini paioH u T. M) U MeHseTCa B
[0CTaTOYHO LUMPOKMX MNpefienax; COBEPLUEHCTBOBaHWE TEXHONOTMM MpPou3-
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BOACTBA, 6O/ee LIMPOKAs 3NeKTPUDMKALMS MPOMbILLINIEHHOCTM, TpaHCnopTa,
CeNbCKOro X03fiicTBa U GbiTa BEAYT K HENpepbiBHOMY W3MEHEHUI0 WX CO-
cTaBa BO BpemMeHW. B Ta6n. 2.1 npeAcTaBneHbl OLUEHKM COCTaBa MOTPe6U-
TeNeil y3N0B KOMMN/EKCHOWM Harpysku, NojlyyeHHble PasfMuYHbIMU aBTOpamMmu B

pasHoe Bpems.

Puc. 2.1. Cxema 31eKTPOCHaBXeHUA noTpebuTeneil C HECKONLKUMM y3namu
KOMMNEKCHOM Harpysku

Tabnuy a 21
MoTpe6uTeny y3noB KOMMAEKCHOW Harpysku, %
Homep
OLeHKM M K \ =
cocTasa enkue pynHble I & ] MoTenn
y30a KOMMI-  ACMHXPOH- AaCUHXPOH- S Bs OMCgS”T"'g::': = < MOLLI,H(F))CTVI o
NeKCHoM Hble ABU- Hble ABM- X o2 harpyska = z H CeTAX s
Harpyskm raTenm ratenu 5%c a8 2 £
1 50 9 2 n 8 10
2 35 15 10 23 — =10 7 ¢
3* A 14 10 25 — 10 7 10
al — 30 g 3 8 lot
- 53 — 18 3 8 8 10
B - 57 - 276 — 714 8 10

* Harpyska ropoga.
** Harpyska KpynHoro ropofa.
ok KpynHag NpoMblLLIeHHAs Harpyska.
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Tabnunya 22

MoTpe6uTenu y3n0B KOMMAEKCHOW Harpysku, %

ACVHXPOHHble . 3
- 3NEeKTpOaABU- (=]

A 1 g g 1P
MbILLNEHHOCTb ;-J_\é_é 3 o 5 g g -);U g °

& Bblle sS =3 3o 5

SERCIECII N - -
MeTannyprus 25 10 37 3 4 7 3 — 100
"opHopyaHas 21 21 47 5 — - - — 6 100
Xumus 40 24 29 2 — 2 1 2 - 100
MawmHocTpo- 8 5 52 5 7 6 3 — 100
eHune
KomMmmyHanbHo- 50 10 15 25 100
6biTOBasg  Ha-
rpyska 60/b-
Loro ropoga
BeiToBas Ha- 35 65 — e — 100
rpyska
HedTegobblua 8 48 30 5 — - - - 9 100
HedTenepepa- 26 18 50 2 — 4 100
60TKa
AnekTpoTaAra — 5 5 — — T 90 — 100
[asoBas c 98 2 100
aCYHXPOHHbIM
npuBOAOM
(razokom-
NpeccopHble
CTaHumK)
[azoBags Cc cuH- 98 2 100
XPOHHbIM MpK-
BOAOM
Cenbckoe xo3an- .— . — ” 30 - - - — _ 100
CTBO
Nerkas npo- 78 12 10 100
MblLLNEH-
HOCTb
Yrnepgobbiya 4 7 67 i A 100
lWaxTHaA
Yrnepobblya 60 — 30 5 _— —_ = 5 100
OTKpbITan
JHeprocucTe- 7, 4 5% 20 — < J— 3 7 100
ma 1*
2:B*Heprocvmel\/la 22 un 38 9 — 4 _ 12 4 10Q
JHeprocucTema 15 un 32 20 — 7 - 15 100
3*

* CyMMapHblii cocTaB noTpeGuTeneidi aNeKTPOIHepPrum.
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B Tabn; 2.2 npuBedeHbl AaHHble O COCTaBE Y3/10B KOMMMAEKCHON Harpys-
KW, MOMY4YeHHble Ha Kadefpe 3MeKTPUYecCKMx cTaHuymin M3 B 1971—
1973 rr. B pe3ynbTaTe aHanuM3a cocTaBa 3HAYMTENLHOIO 4Mcfia Y3NoB Ha-
rpy3ku psga oTpacfieii HapOAHOr0 XO03fACTBA WM HECKOMbKMUX MOLLHbIX 3Hep-
rocUCTeM C KPYMHOM NPOMBbILWAEHHOCTbIO. [laHHble 3TOl Tabnauubl MoATBep-
XAAKT, 4TO cOCTaB MOTpebuTeneli COBPEMEHHBbIX Y3/10B KOMMIEKCHON Ha-
rPy3KM MeHSeTCqd B AOCTAaTOYHO LUMPOKMX Npedenax W CTPOro He MOXeT
ObITb MpeacTaBneH OfHOM 0006LWEHHON XapakTepucTukoin. OTcloga cnepy-
€T, YTO Npu KOHKPETHOM MPOEKTUPOBAHUU 3NEKTPUYECKUX  CeTell U CXeM
3M1eKTPOCHa6XeHNsA noTpebuTeneil, a Takxke MNpM pacyeTax HOPMasbHbIX W
aBapUiiHbIX PEXMMOB 3HeprocucteM TpebyeTcs yuMTbiBaTb He 0GOGLLEHHbIE,
a AudgepeHUNpoBaHHble [aHHble O COCTaBe Y3/10B KOMMJ/EKCHOW Harpysku
KOHKPETHOW 3/71eKTPOYCTAHOBKM WM 3HEeprocucTeMbl. B OTAe/bHbIX cAyya-
AX NPU OTCYTCTBMU YKA3aHHbIX AaHHbIX, HaNpumMep Npy NepcneKTMBHOM Npo-
eKTUPOBaHWUW, JONYCTUMO WUCMO0Mb30BaTb 0006LLEHHble [aHHble O COCTaBe Yy3-
NI0B KOMMMEKCHOM Harpyskun XapakKTepHbIX MO TeXHOMOMMYECKOMY  Pexumy
nNpeanpuUATUIA OTAENbHbLIX OTpacneii HapoOAHOro X03ANCTBa.

2.3. CTATUYECKME W AWHAMWUYECKWE XAPAKTEPUCTUKWN HA-
rPY3KW

Mpy pacyeTax PeXUMOB 3MEKTPOCTaHUMIA W 9HeprocuctemM TpebyeTcs
3HaTb CTaTUYecKMe W AMHAMUYECKWNE XapaKTepUCTWUKU Harpysku, MOCKO/bKY
peXum paboTbl WUCTOUHMKOB IMEKTPOIHEPTMM  HKECTKO CBA3AH C PEXMMOM
pa6oTbl ee noTpeGuTeneil. Mo4 XapakTepUCTUKaMKU HArpysku MOHUMAKTCA
3aBUCUMOCTM ee PEXWUMHbIX, NapameTpoB — aKTUBHOM W PeaKTUBHOA MoLL-
HOCTM, 3M1EKTPOMArHWTHOrO MOMEHTa M TOKa Harpyskm — OT HanpsKeHus
M 4acTOTbl NUTAKOLLE/ 3NEKTPUUECKON CETU.

CTaTUYeCKMe; XapaKTEePUCTUKM OMpefenstoT MoBeAeHUe Harpysku (U3-
MEHEHME ee PeXMMHbIX NapameTpoB) MPU Me/IEeHHOM M3MEHEHUM PEeXMUMHbBIX
napaMeTpoB (HampsbkeHue, uyacToTa) CeTW. B 3aBUCUMOCTM OT peLlaemoi
3a/lauM  UCMONb3YIOTCS pasNMuHble XapaKTepucTukuM, Hanpumep: P=<p(U),
P=<t>(f), Q=<t(U), Q=g>(f), M=g>(U), m=t(/), /=cp(£/), /=<p(0.

[JMHaMUYecKne XapakTepucTUKW OnpeaenstoT MNOBeAeHUe Harpysku npu
GbICTPOM M3MEHEHUM peXKUMa NUTAIOLLE 3NeKTpUUeckoii ceTn. Tak Kak mpw
BO3MYLLEHUAX B CUCTEME OfHOBPEMEHHO MEHSeTCs PsAf NapamMeTpoB Pexu-
Ma, TO MOBeAeHWe Harpysku npu 3TOM, OYEBMAHO, MOXHO NPeacTaBUTbL BEK-
TOPOM B MHOFOMEPHOM MPOCTPAaHCTBE. B 06liemM cnyvae Npu AMHAMUYECKUX
nepexofax akTMBHAsA U PEAaKTUBHAA MOLLHOCTU SBASIOTCA CNOXHBIMUA (PYHK-
UMAMMW HanNpPsHXKeHWUs U YacToThl:
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df d*U d»f

Q= @lU f g dt*

Ha npakTuke, ofHaKo, WUCMOJb3ylOTCA 6onee NPOCTble 3aBUCUMOCTU, 4YTO
BMOJIHE AONyCTUMO AnA 60/bLINHCTBA 3ajayd:
du

P= o[U, it , Q=

B dE
« =N dt -

Puc. 2.2. MNpumepHble cTaTUYecKue XapaKTepUCTUKM KOMMIEKCHOM
HarpysKku:

a—no HanpsxeHuio; 6 —no uacToTe; / — aKTMBHAA MOLIHOCTb; 2—PeaKTMBHAsA MOLL|-
HOCTb; 3 —perynupyrowmnii adekT no HanpsxeHuto dP/dU-, 4 — 10 xe dQjdU\ 5—
perynupyowumii apdekTt no yactote dPldf: B — ro >xke dQ/df

Oco6blii MHTepec AN pacyeTa PEXWMOB 3HEProcUCTeM MpPeAcTaBAslOT
XapaKTepUCTUKN KOMMEKCHOM Harpysku. CTaTuueckue XapakTepucTUKW Ta-
KO Harpysku MOXHO MpeAcTaBUTb B BUAE 3aBUCMMOCTEIA:

OP- -%E Al -{—-——'i% af = am AU + af o/

AQ: — U +BM rAbuaU+bIN,

raoe am n bu — perynupyrowme 3HeKTbl aKTUBHOW W PeaKTUBHON MOLLHO-
CTW Harpysku no HanpsxkeHuto; a/ n 6/ — perynupyowme apgekTbl aKTUB-
HO 1 peaKTMBHOW MOLLYHOCTM Harpysku Mo 4acToTe.
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MpumMepHble CTaTUYEeCKWE XapaKTepUCTUKKM KOMMIEKCHOW Harpysku pga-
Hbl Ha puc. 2.2.

Mo AaHHbIM WMHCTUTYTa «3HEProceTbnNpPOeKT» AfiA KOMMIEKCHOW Ha-
rpy3kyn 6GO0NbLIOrO MPOMbILLJIEHHOTO y3na NpU OTCYTCTBUM peanbHbIX CTaTu-
YECKMX XapaKTepUCTUK MOXHO MPUHATL (418 ONpefeneHHOl 30HbI M3Me-
HeHMsi napaMeTpoB pexumos cetn): P=f(U) n Q=f(U25).

3aBMCMMOCTb PEaKTMBHOM MOLLHOCTM HArpysku OT HanpshKeHus MoxeT
ObITb NpefcTaBfeHa B BUAE CTENEHHOW (yHKLMK:

nnn B BUAE MHOro4vaeHa

Q—Q 7.7

roe UO— HanpskeHue Ha Harpyske B HOPManbHOM pexume.

OnpefeneHve AMHAMUUYECKUX XapakKTePUCTWK KOMMIEKCHbIX Y3/10B Ha-
rpy3KM BO3MOXHO TO/IbKO TMpPW YETKO OFOBOPEHHbIX MCXOAHbIX YCNOBUSX
KOHKPETHbIX Y3/10B (COCTaB W XapaKTepUCTWKU OTAENbHbIX NoTpe6uTeneit,
CXeMa 3N1eKTPOCHAGXKEHMNS, XECTKOCTb BHELUHeli CBA3M C 3HEProcMcTeMolid,
cACTeMa 3allUThl M aBTOMATWKM OTAeNbHbIX NOTpe6uTeneii u ysna B Le-
NoM, XapakTep, Fny6uHa W AAUTENbHOCTb BO3MYLLEHWA u T. n.). Cneayet
OTMETWUTb, YTO MPU HE3HAUUTENbHLIX OTKIOHEHUSX HanpsXKeHWii y3noe u vac-
TOTbl B 3HEProcucTemMe OT HOMWHA/bHbLIX 3HAUEHWii XapakTep CTaTUYECKUX
U [UHAMUYECKMX XapaKTepUCTMK Y3/0B KOMM/EKCHOW Harpysku Mo3Boniser
CTabUNU3MPOBaTL PEXUM pPaboTbl 3HEProcUcTeMbl. OBLIYHO AMHAMUYECKME
XapaKTePUCTUKN Harpyskn ONpefenstoTcs Ha pacyeTHbIX MOAensX nepemeH-
HOrO TOKa, NyTeM aHalNTMYECKMX pacyeToB C WCMonb3oBaHueM 3BM uam
nyTemM 06paboTKW AaHHbIX 3KCMyaTaluun 3N1eKTPOYCTaHOBOK 1 SHEProCUCTEM.

fnaBa TpeTbsda
SNEKTPUNYECKUME CETW

3.1. ObWWE CBEAEHNA OB 3INEKTPUYECKUX CETAX

3nekTpuyeckne ceTW YCNOBHO NofpasfiensoT Ha pacnpe-
AenuTenbHble, NuTatowme (palioHHbIe) U cucTemMoobpasytouime.
K pacnpegennTenbHbIM 3/€KTPUYECKUM CETAM HEMOCpPeAcT-
BEHHO MOAKAYATCA 3NEKTPONPUEMHUKU WUAW YKPYMHEHHbIE
noTpebuTeNnyn 3NeKTPO3Heprum (3aBof, NpeanpustTue, Komb6u-
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HaT, COBX03, KONX03, pepma U T. N.). HanpsxeHune aTux cetei
06bIYHO cocTaBnsieT 6—20 kKB, ogHako B nocnefHee BpeMs B
CBSA3W C BHeApeHMeM cXeM T[Ny6oKOro BBOfAA, YKPYNHeEHUEM
MOLWHOCTEA 3NEKTPOCTAHUWIA W OTAENbHbIX noTpebuTenei
(hYHKUMUWM pacnpefennTeNbHbIX ceTeli cTanu nepexoauTb K ce-
TAM 60nee BbICOKUX HanpseHuii — 35, 110 n paxe 220 KkB.
MuTatowmne (palioHHbIE) 3eKTpUYeCKUe CeTM npefHasHauveHbl
ANS TpaHcnopTa 3/1eKTPO3HEPTrMyM OT UCTOYHUKOB [0 KPYMHbIX
pacnpefenuTenbHbIX Y370B palioHa. OTW CeTM B 3aBUCUMOCTHU
OT MECTHbIX OCOOGEHHOCTE KOHKPETHOW 3HEepProcucTeMbl UMeKT
HOMWHaNbHOe Hanps>eHne 35—330 KB.

Cucrtemoobpasytolwme afeKTpUYecKme ceTn ¢ MarncTpanbHbl -
MU MHWAMKW 3NeKTponepefavynm Ha HaMBbICWIUX AN LaHHOWN
3HeprocucTeMbl HanpsXkeHusax (330— 1150 kB) obecneuuBaioT
MOLLHbIE CBA3W MEXAY KPYMHbIMW Y3NaMW 3HEProCUCTEMbI, a B
06beJMHEHHOW 3HeprocucTemMe — CBA3U MEXAY 3Heprocucre-
MaMmn 1 3HEeproodbefUHEHNAMMN.

JnekTpuyeckne cetu nopapasfensrOTcs TakxXe Mo pagy
OPYTMX MPU3HAKOB: MO HOMMWHANbHOMY HamnpsXeHut, Mo Ha-
3HayeHuto (rOpoAcCKMe, CeTU CeNbCKOXO03AWCTBEHHOrO HasHaue-
HUA, NPOMbILL/IEHHbIE, CETU 3/IEKTPUYECKUX CUCTEM), NO UCNON-
HeHUIO (BO3A4YLIHbIE, KabenbHble, CETU C 3aKPbITbIMU, FasoHa-
MOMIHEHHbIMMW, CBEPXMPOBOAALLUMU UAN UHBIMU TOKONPOBOJaMK),
no cxeme (pPasOMKHYTble WAW paguanbHble, Pa3sOMKHYTble C
aBTOMaTUYEeCKUM pe3epBUpPOBaHMEM, 3aMKHYTblIe).

OCHOBHOe Ha3HauyeHWe 3NeKTPUYECKMX CeTeil COCTOUT B
obecneyeHNMn HaAeXHOTr0o 37eKTpOCHabXeHMs noTpebuTtenen
3HEpProcucTeMbl  3MEeKTPO3HEpPruer Hagnexawero KavecTsa.
OHO A0/MKHO OCyLLecTBAATbLCA Npu cobnaeHnn TpeboBaHU K
TEXHWKO-3KOHOMMWYECKUM MoOKasaTensM ceTu, T. €. NPU 3KOHO-
MWUYECKU ONpaBAaHHbLIX W MO BO3MOXHOCTW MWHUMaNbHbIX Ha-
POAHOXO03ANCTBEHHbIX 3aTpaTax.

Kaxpaa 9anekTpuuyeckas CceTb XapakKTepusyetca HOMWU-
HanbHbIM M HanbonbW MM pabouymM HanpsXKEHUEM, a TakxXe pe-
XUMOM HelTpanei ee TpaHchopmaTopoB (aBToTpaHchopmaTo-
poB), reHepaToOpPOB U 3NeKTpoABUTraTeneil.

3.2. HOMWUHANBHLIE HAMPAXEHWUSA 3IEKTPUYECKUX CETEN

B CCCP cornacHo TOCT 721—74* n TOCT 21128—83
yCTaHOBMEHA WKana HOMWHANbHbIX Hanps)XeHW 3neKTpuyec-
KUX CeTeil MOCTOSHHOIO W NEepemMeHHOro TOKa C HOMWHA/bHOW
yactoToi 50 Iy (ta6n. 3.1).
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Tabnuuya 31

HanpseHune TpexgasHblil TOK

cetn, B MocTosHHbIN TOK, B (Memnyeﬁ;:)oe Iganpﬂ OpHohasHblll ToK, B*
Oo 100

12 12

24 24

36 36 36

48 42 42

60

MOCTOSHHbBIN TOK

CeTu U NPUEMHUKM 371EKTPOIHEP-
P v, B P p WCTOYHMKM NuTaHus, B

100—1000 y
MepeMeHHbI TOK
ofHohasHbIN . TpexcasHblii
CeTn 1 NPUEMHUKN MCTOUHUKM CeTun 1 NpUemHUKK VICTOUHUKM
(127) (133) (220/127) (230/133)
220 230 380/220 400/230
380 — 660/380 690/400
HomuHanbHble MexaydasHble HanpsxeHus, kB & é
[-N=]
s s 3 B ) x'S
] TRaNGBONATOpM 663 PITH T Gopmatope ¢ PTIH T 3282
x
= p% 2I2g
s MNepBuYHbIE BTopuuHble - [epBUUHbIE BTopuyHble og® =
5 S 06MOTKM 0BMOTKN** 06MOTKM 0BMOTKN** f% ] §
(%) (3 15) (3) |/| (3 15)* 3,15m (33) . 1 (3,15)| - (3,6)
6,3 63|/|66 616,3* 6,31 6,6 7,2
10 10,5 10|/| 10,5* 10,51 11,0 10wm 10,5* 10,51 11,0 12,0
20 210 20 — 220 20m21,0 — 12200 24,0
35 35 — 385 — 35136,75 — 38,5 40,5
HO 121 —_ nOwun 115 115n 121 126
(150) (165) _ - 1(158) (158) | - (172)
220 242 — 220 1 230 230 n 242 252
330 330 — 347 — 330 — 330 — 363
500 500 — 525 — 500 — 525
750 750 — 787 — 750 — 787

4—516
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Mpogomkenne Tabnp 3.1

HomuHanbHble MexaydasHble HanpsXxeHus, kB

Sbodm

= 3 X\ x

a 22 TpaHchopmaTtopbl 1 aBTo- TpaHCc(hopmMaTopbl U aBTOTPAHC- ¢ & S
F2E TpaHcgopmatopsl 6e3 PMH opmatopsl ¢ PMH g g—g§

P' ISR s xT
K 583 5T23
es g% s MepBnyHbIE BTopunuHble MepBnyHble BTopuyHble g =
5SS 00MOTKM 06MOTKM 06MOTKM 06MOTKMN “‘é £

o x T Q
p—

1150 — — — — — 1150 — — — 1200
* Ons TpaHcopMaTopoB U aBTOTPAHC(HOPMATOPOB, MPUCOEAUHSEMbIX HEMoC

CTBEHHO K LUMHAM [EeHepaTOPHOro HanpsXeHWs 31eKTPUYECKUX CTaHUWN WM K Bbl-
BOJlaM TeHepaToposB.

** B cTaHAapTax, a NpyM MX OTCYTCTBMM B HOPMATMBHO-TEXHUYECKOW AOKYMeHTa-
UMM Ha OTAeNnbHble BUAbI TpaHC(HOPMaTOPOB M aBTOTPaHC(HOPMATOpPOB, YTBEPXAEHHON
B YCTaHOB/EHHOM MNOPAAKe, [O/MKHO* YKa3blBaTbCA TONAbKO OAHO W3 [ABYX 3HAuYeHWid
HarfpsXXeHNn BTOPUYHbIX OOMOTOK.

Mpumevyanunsa: 1 HanpsXeHus, ykaszaHHble B CKOO6Kax, ANf BHOBb MPOEKTU-
PYeMbIX 31eKTPUYECKMX CeTell He PeKOMeHAyHTCs.

Ans Typ6oreHepaTopoB MolHOCTbO 100 MBT 1 Bbilwe, rMApOreHepaTtopos’
MOLWHOCTbIO 50 MBT UM Bblle, CUHXPOHHbLIX KOMMEHCATOPOB MOLWHOCTbIO 160 MBap u
Bbille U MNPUCOEAMHSAEMbIX HEMOCPefCTBEHHO K HUM MNepBUYHbIX OOMOTOK TpaHcthopma-
TOPOB ¥ aBTOTPaHC(POPMATOPOB, a TakKXe COOTBETCTBYIOLLEr0 3/EKTPO0OOpPYA0BaAHNA
LONycKalTCcA HOMWHanbHble HanpsXeHus 13,8; 1575 20} 24 un 27 kB; HanpsXeHuUs Bbl-
Wwe 27 KB ponyckalTCA MO COMNalleHUI0 MeXAy 3auHTepecOBaHHbIMW OpraHu3auusamm.
[na KancynbHbIX TUAPOreHepaTopoB M MNPUCOELUHAEMbIX K HUM MEPBUYHbIX O06MOTOK
TpaHc(opMaTopoB ¥ aBTOTPaHCHOPMATOPOB, a TaKXe COOTBETCTBYHOLLEro 371eKTpo06o-
pyfoBaHua gonyckaetca HanpseHue 3,15 kB.

3. HomuHanbHble HanpsHXeHus 0OMOTOK TpaHC(OPMAaToOpOB OTHOCATCA K OCHOBHO-
MYy OTBETB/IEHUIO.

4. ina anekTpoo6opyAoBaHWUsA, MCMNONb3YEMOr0 B YrofbHOW MPOMbILWIAEHHOCTU, MO-
ryT MNPUMEHATLCA TaKXe HanpseHua: 1140 B Ana NPUEMHUKOB 3/1EKTPOIHEPTUN W”
1120 B ans MCTOYHWUKOB.

MO YPOBHIO HOMWHANBLHOIO HaMPSXXeHUA 3NeKTpuyeckue ce-
TW WMHOrga YCNOBHO [AENAT Ha CeTW HU3KOro HanpsxeHus (4o
1 kB, BKAluasa, npaBga, HegaBHO nossuBlwMeca cetn 1140 B),
ceTu cpefHero HanpsaxeHusa (Boiwe 1 o 35 kKB BKAKOUNTENBHO,
ncknoyvas cetn 1140 B), ceTu BbICOKOro HanpsxeHusa (110—
220 KB), ceTu cBepXBbICOKOT0 HanpsxeHus (330—750 kB),
CeTN yNbTpaBbICOKOTro HanpsxeHua (Bbiwe 1000 kB). Hauato
BHeapeHue cetein 1150 kB.

B 3apyb6exHblX cTpaHaX HOPMUPYIOT Hambonbliee pabouee
HanpsH)KeHne 3nekTpuyeckoi cetn. CyLlecTBYKOT CeTU C Hawu-
6onbwunm pabounm HanpskeHuem 3,6; 7,2; 12; (17,5); 24; 36;
:(52); 72,5; 123; 145; (170); 245; 300; 362; 420; 525; 765 kB,
BHeapAawTca ceTn 1200 kB. B paje cTpaH HOMWHanbHaa 4acTto-
Ta NepemMeHHOro TokKa MpUHATa paBHOM 60 IU.

B 0TeuyecTBeHHOW MpakTUKe UCTOPMYECKU pacrnpocTpaHeHue
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MONYyYMNM [Be CUCTEMbl HANpPsXKEHWA 3MeKTPUYECKUX CeTeil:
110—220—500— 1150 kB n 150—330—750 kB, kaxgas c wa-
rom, paBHbIM MpUMEpHO AByM. Ta W gpyras cuWCTeMbl BHeApe-
Hbl B ONpejeneHHbIX reorpauyeckMx painoHax: mMepBas — B
LeHTpaNbHbIX M BOCTOYHbIX palioHaxX, BTOpas — B OCHOBHOM B
3anajHblX palioHax. Pa3BuTue 3HEPreTUKM U 3NeKTpuukaymum,
co3faHne 06beAMHeHHO 3Heprocuctembl CCCP  BbIHYXAaaeT
06bEAUHATL CETW, OTHOCALLMECH K pPasHbIM CMCTeMaM Hanpsxe-
HUIn. OTO0 TpebyeT Mopoli HeompaBAaHHbIX KamMTanoBAOXEHUI
W 3acTaBndeT BO3Bpal,aTthCid K BOMPOCY O LenecoobpasHoCTU
pacnpocTpaHeHWs B palbHeilllemM [ABYX CUCTEM Hanpsxe-
HWIA, a TakXe K BOMpocy 06 OMTUMMaNbHOM Llare B LIKajae HO-
MUHaNbHbIX HanpsXXeHWi U o0 AONYCTUMbIX 30HaX pacnpocTpa-
HEHUS CYLLeCTBYIOLWMX ABYX CUCTEM HaMPSAXEHUA.

3.3. PEXXUM HEWTPAJIEW 3NEMEHTOB 3/IEKTPUUYECKUX CETEMN

leHepaTopbl, TpaHcpopmaTopbl, HEKOTOpble 3/1eKTPOABU-
raTenu, rpynnbl LWYHTOBbIX PeakTOPOB Ha ANUHHBIX NUHUAX
anekTponepefayn u Apyrue 37eMeHTbl 3HEProcUCTEM WMEIKT
HelTpanu, pexum paboTbl KOTOpbIX (CNoco6 -3a3emneHunn)
CYyW,eCTBEHHO BANSAET Ha TEXHWKO-3KOHOMMWYECKME MNapameTpbl
N XapaKTepPUCTUKN 3NTeKTPUYeCKUX ceTeir (YpOBeHb M30naLuUN,
TpeboBaHNA K 060pyA0BaHWUIO WM CpeacTBam ero 3auuThl OT ne-
peHanpsXXeHUn, KOPOTKUX 3aMblKaHWN U APYrUX aHOPManbHbIX
peXnMoB, KanuTanoB/IOXEHUSA, HaAeXHOCTb paboThl, BOMPOCHI
TeXHWKW 6e30macHoOCTM WU T. N.). 3a3eMeHne HeiTpanein, oby-
CNOBNEHHOE PEXUMOM pPaboTbl 3NEKTPUYECKOW CeTHU, HasblBa-
eTcs paboymMm 3a3eMNeHMeM B OTAMYME OT 3alWMUT-
HOro 3a3eMNeHMsd, BbINOAHAEMOro Ana obecnevyeHus
6e3onacHbIX ycnoBuil paboTbl nepcoHana, ¥ rpo3o03aWmnrT-
HOro 3a3eMeHKNs, MNpedHasHAYeHHOro AN 06ecrneyeHuUs
HEO6X0AMMbIX YCNOBUIA (YHKLWOHUPOBAHUA CUCTEM 3alUThI
31eKTPOYCTAHOBOK OT MepeHanpsXeHuii.
-< JNeKTpUYeckne ceTn B 3aBUCUMOCTM OT peXuma HenTpa-
neil YCNOBHO MOXHO pa3feNuTb Ha 4eTbipe TPynnbl: a) CeTu
He3a3eM/ieHHble; 6) CeTU pa3oHaHCHO-3a3eMJieHHble (4YaCTHbIN
cnydait ceteil HeappeKTUBHO-3a3eM/EHHbIX); B) ceTn addek-
TUBHO-3a3eM/EHHbIE; ) CeTU rayxo3a3emneHHble. lMepBble pa-
60Tal0T C He3a3eM/IEHHbIMU HeATpanaMy BCeX 3/IEMEHTOB, UMe-
WNX HelTpanu. 9710 ceTn 660, 1140 B, a Takxe cetn 3—
35 KB npu OTHOCMTENbHO HEBGONLLWIOM E€MKOCTHOM TOKe 3aMbl-
4*
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KaHWsa Ha 3emno. BTopble paboTaldoT B peXxnmMe pe30HAHCHOrO
3a3eMNEHNUS YacTu HelTpanein 3NeMeHTOB CeTU. ITO 06bIYHO
cetn 3—35 kB. B HekoTOpbiXx 3apy6eXHbIX CTpaHaX B TakKOM
pexume paboTtatoT Takxe cetu 110 kB. TpeTbum paboTatoT C
3a3eM/IEHMEM YacTW HeilTpanei 3NeMEHTOB HEeMOCPefCTBEHHO
(rnyxo) wnuM 4yepe3 aKTUBHbIE T, PEaKTUBHbIE X WU KOMM-
JIeKCHble Z conpoTusneHuna. 3710 cetn 110—220 kB. YeTBepThie
paboTalT C HEMOCPEACTBEHHbLIM (FNYXWM) 3a3eMIEHUEM HEWT-
paneii BCeX 3NeMeHTOB ceTu. dTo cetn 220, 380 B u 330/-
1150 kB.

K athheKTMBHO-3a3eMNEHHbIM CETAM OTHOCATCHA CETU, Y KO-
Topbix Z0Z1< 3 "4 wanm ad"-<5

npn ycnosuu, 4to
X2

rjxi r,JxT

b [lpu aTom

A M= A 3MDHMKL.4)

roe Z0 m Xo— nosiHoe M MHAYKTUBHOE CONPOTUBAEHWUA HYNeBOMN
nocnefsoBaTe/lbHOCTU CeTU OTHOCUTENbHO TOYKM OfHOMAa3HOro
KOpPOTKOro 3aMblkaHusa; Z\, Xi u r\ — nonHoe, WHAYKTUBHOE U
aKTUBHOE COMPOTUBAEHMA MNPAMOIA NOCNe40BATENbHOCTU CeTW;
X2 N r2— WHAYKTUBHOE W aKTUBHOE COMPOTMBAEHWA 06paTHOW
nocnefoBaTe/lbHOCTU CETU NpU Tex Xe ycnosuax; K3— koadh-
hmumeHT 3a3zemaeHua cetn; /CaMm— KOIPPUUMEHT 3aMblKaHUA
cetn; £/ha— HanpsXXeHWe Ha HenoBpeXAeHHOWN ¢hase npu 3a-
MblKaHWW Ha 3eMa0 Apyroii dasbl; £/HOM— HOMUWHaNbHOE Ha-

* 3pecb W fanee KOMMAEKCHble [eiCTBYIOLME BENUYMHbBI, SBASAOLLMECS
CUHYCOMAANbHLIMN (YHKLUUAMU BpEMEHW, HabpaHbl NOAY>XWUPHLIMW GyKBaMu.
CornacHo HoBomy [OCT 1494—77* (CT C3OB 3231—81) oHM KakK W Bce
WHble KOMMIEKCHbIE BENUYMHbI AO/KHbI 0003Ha4aTbCA 0ObIYHbIMK BGyKBaAMMU
C 4yepToit BHM3Y, Hanmpumep: E\ U; L_

BeKTOpHble BeIMUYMHBI AOMKHbI 0603HaYaTbCA MONYXMPHbIMU ByKBaMU

UM 06blYHBbIMKU BYKBAMWU CO CTpenkoii BBepxy, Hanpumep H wim 4,



§ 3:3  Jlexkum ueiTpa-aent anemMeHTOB 3NeKTPUYECKNX CeTel 53

npaxeHue cetu; {/pHM— HOMUHanNbHOe (hasHOe HanpsXeHue
ceTu.

Mpu/C370,8 3awmuta ceTu OT MepeHanpsXXeHWNn ocyulecT-
BNSeTCA HaLeXHbIMW W OTHOCUTENbHO [AeleBbIMW, TaK Hasbl-
BaeMbiMu 80 %-HbIMK paspAfHUKAMMU.

B npakTuKe peneiHoi 3aWuTbl, HaWweflwel OTpPaxeHue K
B MpaBunax ycTpoiicTBa 3anekTpoyctaHoBok (MY 3), anekTpu-
YyecKme CeTU MPUHATO NOApasfeNiaiTb Ha CEeTU C 6OMbWMUM TOKOM
3aMblkaHna Ha 3emnto (500 A n 60nee) M ceT ¢ ManblM TOKOM
3aMmblkaHusa (go 500 A). Ou4eBUAHO, 4YTO 3NEKTPUYECKUE CeTM
c 60NbWNM TOKOM 3aMblKaHUA Ha 3eM/0 B BONbLWIMHCTBE CNY-
YyaeB ABNAKTCHA 3PPEKTUBHO-3a3EMIEHHLIMU CETAMMU.

Ecnn ceTb C He3a3eM/eHHbIMU HeEWTpansiMum MMeeT OTHOCU-
TeNbHO 6ONbLWONA eMKOCTHbIA TOK 3aMblKaHMA Ha 3eMJt0

1C = 3coCO Ly,

a uMeHHo /c™ 30 A npu 3—6 kB, /c”20 A npu 10 kB, /c "

~N15 A npu 20 kB, /c O A npu 35 KB, 4TO MOXeT ABUTbCSH
NPUYNHOI NOABNEHUSA OMACHbIX MepeMeXKalUWnxXcs 3amblKaHUM
Ha 3eM/0 W, KakK crneacTeBue, nepexoga OAHO(A3HOro 3aMblKa-
HWA Ha 3eMNII0 B MHOTO(a3HOe KOPOTKOe 3aMblKaHMe Uan NosiBe-
NEeHNs B CETU MOBbLIWEHHbIX MNepeHanpPsXXeHWik, TO cOrnacHo
MY3 cnegyeT nNpUMeHATb KOMMEHCALWKD eMKOCTHOro TOKa.
KomneHcaunsa oCyw,ecTBAseTCA C MOMOLLbIO PEeryinpyembix nam
Heperynnpyembix Ayroracsuiux peakTOpOB, BKAOUYaeMblX 06blIY-
HO B HeWTpanu 4acTu TpaHCPOPMATOPOB WAM crelnanbHbiX
YCTPONCTB M HacTpamBaeMblX MOYTU B PE30OHAHC C €MKOCTHbIM
conpoTuBneHnem cetu. Mpu 3TOM TaK HasbiBaeMblit Ko3ahdu-
LMEeHT KOMMeHcaumu

— 1
qg ~ €023C01k

rae LK— WHAYKTUBHOCTb [yroracsiliero peaktopa, Bbi6upatoT
HECKONbKO GOMbIINM efUHULbI.

A deKTUBHOe 3a3eMNieHUe HelTpaneil 3nemMeHTOB 3MeKTPU-
YeCKoi CceTW yMeHbliaeT KOMMYTALMOHHbIE NMepeHanpsXeHus B
3TO CeTW, CHUXaeT TpeGOoBaHUSA K YPOBHIO W30MSLUMM U, Kak
cnefcTBue, yAelweBnseT ceTb, MNO3BONSET BbIMOAHUTbL YYBCTBIA-
TeNbHYI0 6GbICTPOAECTBYIOLLYIO 3aliUTy OT KOPOTKUX 3aMblKa-
HWIA Ha 3eM/0, YMEeHbllaeT BEPOATHOCTb MOSBMEHUS Haubonee
TSXeNbIX TpexhasHbIX KOPOTKWUX 3aMblKaHWii, 0fHaKO YBeNu-
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YMBaeT ypOoBeHb TOKOB KOPOTKOr0 3aMblKaHWsi Ha 3emni. Pe-
30HaHCHOe 3a3eM/ieHMe HelTpaneil 3N1eMeHTOB CeTW yMeHbLllaeT
YPOBHW TOKOB 3aMblKaHWA Ha 3eMJ/l0, HO YBenuymBaeT Hanps-
XEHNA Ha HenmoBpeXAeHHbIX (asax.

Ecnn npeHebpeyb aKTUBHbIMW COMNPOTUBAEHUAMU pasfuny-
HbIX 3/1IEMEHTOB 3HEProCUCTEMbl, TO MPU KOPOTKOM 3aMblKaHUU
Ha 3em/t0, Hanpumep, (asbl A MMewT MecTo cnegywlue co-
OTHOWeHNA (cm.rn. 4):

mm = /,,; + ,0) - + _ T * <*»+isL

" =— Enb.
n2 Yy ’

EJAO*:— e X0

*2
LOanee
- 1> +unma +Um- a>nm + ans2+vVm -
-B . + E,
1 12+« 1
roe

a=dWe; a = xjxt.

AHaNorn4yHo

Vr -Er+E 1
G c A2+ a

MocKONbKY TOK OAHO(A3HOro KOPOTKOTO 3aMblKaHMA Ha
3eM/II0 U TOK Tpex}a3HOro KOPOTKOFO 3aMblKaHWUs paBHbl CO-
OTBETCTBEHHO

»(1)
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Mpun 3tom KoahumumeHT 3aszemaeHusa npu x2= x { cocTaB-
nsaert:

+ X0x2+ %% AT a?+ a4-1
2% -f- X0 a+ 2

FpaMKN M3MEHEHUS HaNPsSHXXEeHUS HEenoBpeXAeHHbIX das
M OTHOLWEHMA TOKOB OAHO(asHOro u TpexgasHoro K3 B 3aBu-
CMMOCTM OT 3HauyeHuUii mapameTpa a npefcTaBneHbl Ha puc. 3.1.
B anekTpmyeckux ceTsax c
Hea(h(PeKTUBHO-3a3eMNEHHbIM t
(Mnn ¢ pe3oHAHCHO-3a3eM/eH
HbIMU) HeWTpanamu 3nemeH
ToB (puc. 3.2) npu 3amMbiKa
HUM Ha 3eMto, Hanpumep, ¢a
3bl A UMelT MEecTo cnefyto
Wune COOTHOLIEHUS:

yA= iaCA+ gA +~r"

YB~ iaCB §8&
Yc ~ 1®Cc “I 8 &

Puc. 3.1. 3aBUCMMOCTU HanpsxXeHUs

HenoBpeXAeHHbIX (a3 U OTHOLle-

HWA TOKOB OfHO(a3HoOro u Tpex-
thasHoro K3 oT napameTpa a

roe Ya,Y s, Yc 1 yBT— NPOBOAMMOCTIN COOTBETCTBEHHO (a3 /I,
B, C n anemeHTa, BKAOYEHHOro B HeliTpanb; CA, Cs, Cc —
emMKocTu (as; gA, ge, gc — aKTMBHble MPOBOAMMOCTU (has;
LRt 1 Rut— COOTBETCTBEHHO WHAYKTUBHOCTb W aKTUBHOE CO-
NPOTUBNEHNE 3NEMEHTA, BK/KOYEHHOr0 B HelTpans; R,, — nepe-
X0 HOE CONPOTUBNEHNE.

Oanee
LlaYa+ "B ¥8 + uclc Yha (Ya + adyYs + aYc)

Ya +¥YB + YC
roe
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Wbl ~Yn'r Ms~'-'Yc.-
Mpn 3TOM TOK B HeliTpanu
nh,AYOT(YA + a-YB + ayn)

N YA + yB+ YC + “HT
'UBK EHT

v

Puc, 3.2.,3nekTpuyeckas ceTb C He3a((eKTUBHO-3a3eMNEHHOW HelTpanblo;

a —F,uMcxoaHasa cxema, 6 —cxema 3amMelleHNa; B —I3KBUBa/leHTHad CXeMa 3amelleHunsd

Hanpa>XXeHWe Ha 3/1eMeHTe, BK/NHOYEHHOM B HEVITpaﬂb,

(J/jJY"— Nt _ _ vwoA(YA+a2Y5s+ aYc)
T Y.A+YB+ Yc +YHI

N HanpsaXeHne (*]a3 No OTHOWEHUIO K 3eMJie

n 7 , L n,AlYs + Yo (>-<*) + 2H]
Ums —npA ~-t,, —
Ya+ B+ Yo+ W
" " , . ndPAWYahr ~ + @?-«) + n*uHrl
B,3 ®.B ' nT ~
M+ B+ Yo+ M

n n , 1T np,A\YA (a-1) + ¥B(a-a2+ alar]

nmC,3~ un ®C ~1l~n Hr— A+ TS .Jl_yc +F Y

*
ToK B MecTe 3aMblKaHUA

J Uas _ UuoA\YB(*— P ~bYe — a)-byur
«n YA+ yB +'1c + Yw)
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Ona 3nekTpnyeckux ceTeid C M30NMPOBAHHLIMW HelTpans-
MW OTHOLWEHME XiA/X\ 06bIMHO MMeeT oTpuuaTeNbHbIA 3HaK (eM-
KOCTHbIA 3(hheKT) M MO3TOMY 34eCb NPWU 3aMblKaHUW OfHON
thasbl Ha 3emno MPIEYHOM« 1,15 nnm A, 3", HOM«2.

Mcxops n3 msnoxeHHoro B CCCP  npuHATa cnegytoulas
cucTemMa pexuma HelTpaneii: ceTu HanpskeHuem 0,66; 1,14;
3; 6; 10; 20 n 35 kB B 3aBMCMMOCTM OT 3HAYEHUA EMKOCTHOIO
TOKa 3aMblKaHWs Ha 3eMat0 paboTalT NGO C He3a3eMNEeHHbI-
MU, NM60 C pe30HaHCHO-3a3eMJIEHHbIMUW  HeWTpanamu; cetu
220 »n 380 B, a Takxe 330— 1150 KB — c rnyxosasemM/ieHHbLI U
HelTpansamu, cetn 110—220 kKB — ¢ ahheKTNBHO-3a3EMNEHHbI -
MW HeRlTpanamunl

CnepyeT OTMeTUTb, YTO B MWPOBOIM MpakKTWKe HeT NMokKa efu-
HOFO MHEHWsi 06 ONTWManbHON 06/1aCTM NPUMEHEHUS TOr0 WK
apyroro cnocoba 3asemMneHus HeiTpaneil. Tak, B cTpaHax 3a-
nagHov EBponbl 1 B ANOHUM pe30HaHCHOe 3a3eMJjieHue HenTpa-
neil mcnonb3yeTtcs B ceTax Ao 220 kB, B ToO BpemMs Kak, Ha-
npumep, B CLUA wumewTcs pacnpegenurtensHole cetn 10—
35 KB ¢ 3(h(hpeKTUBHLIM 3a3eMeHWeM HelTpanei.

CornacHo MpaBunam TeXHWYECKON 3KcnayaTauuu 3NeKTpu-
YeCKUX CTaHUMA 1 ceTeil Npu 3aMblKaHUM Ha 3eMJl0 OAHON (ha-
3bl B CETW FEHEPaTOPHOro Hanps>XeHua TypboreHepatopbl Mol -
HocTbto 150 MBT wu 6onee, rmgporeHepatopbl MOLWHOCTbIO
50 MBT u 060fee, CUHXPOHHble KOMMEHCATOPbl MOLHOCTHIO
50 MB-A 1 6onee, a TakXXe MallWHbl MeHbLUER MOLWHOCTU NpK
3aMblKaHWKM Ha 3eM/l0 B 06MOTKe cTatopa npu Toke 6onee
5 A [0OMKHbI HemefNieHHO OTKnw4vatbca. [Mpu Toke MeHee 5 A
Ana TypboreHepatopoB MOUWHOCTbIO MeHee 150 MBT, rugpo-
reHepatopoB (CMHXPOHHbIX KOMMEHCATOPOB) MOLLHOCTbIO Me-
Hee 50 MBT (50 MB-A) pgonyckaeTcs paboTa NpPOAO/IXKM-
TeNbHOCTbIO A0 2 4, B TeYeHMe KOTOPbIX MepcoHan [AOJXKeH
HaiTU W OTKNKOYUTb NOBPEXAEHHOE MNPUCOeAUHEHUEe WAU OT-
KNOUYUTb CUHXPOHHYIO MallunHy. Ecnu ycTaHOBJ/IEHO, YTO 3aMbl-
KaHne HaxoauTcs He B 0OMOTKe cTatopa CMHXPOHHOW Mallu-
Hbl, & B CeTWU, TO JonyckaeTca paboTa reHepaTtopoB W CUHX-

1 CneflyeT OTMETWTb, UTO B peaNibHbIX Pa3BETBMEHHbLIX 371EKTPUYECKNX
CeTAX (PU3NYECKM HET eauHOi HeilTpanu cet. MoaToMy Wcrnonb3oBaHue Tep-
MUHOB  «3(P(heKTUBHO-3a3eM/IEHHAs HEWTpaib», «Pe30HaHCHO-3a3eM/IeHHas
HelTpanb» W T. M. HEAOCTAaTOYHO KOPPEKTHO W MOXET GbiTb AOMYLIEHO TOMb-
KO C W3BECTHbIMW OrOBOPKAaMU, YUMTbIBasi CNOXKMBLUYIOCS HAa MpPaKTUKe Tep-
MUHoMorvMio. CTPOro Ccneayet roBOpUTb 06 «3((eKTUBHO-3a3eMIEHHON Ce-
TW», «PE30HAHCHO-3a3eM/IEHHOW CeTU» 1 T. M.
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POHHbLIX KOMMEHCATOPOB C 3aMblKaHWEM Ha 3eM/0 MPOAOIKMU-
TeNbHOCTbIO A0 6 4. B ceTax C M30/MPOBAHHON HelTpanbio
paspewaeTcs paboTa B peXxume 04HO(PA3HOro 3aMblKaHUSA Ha
3eM/0 [0 ero ycTpaHeHus. CnefoBaTenbHO, B CETAX C W30/M-
POBAHHbIMU HEWTpansiMM HaNpPsXeHWs HenoBPeXAEeHHbIX (a3
Mo OTHOLIEHUIO K 3eMNie A/IUTENbHO MOTYT 6GbiThb PaBHbl NUHEN-
HOMY HanpskKeHuto ceTu (MpU 3HAUYMTENbHbIX EMKOCTAX NU-
HUIA HanpsXXeHWs Ha HemoBPeX[eHHbIX (asax, Kak yKasblBa-
N0OCb BbilWE, MOTYT 6bITb MPUMEPHO 1,15 U HOw).

Puc. 3.3. Pexkum HeliTpaneini cunoBbiX TpaHC(POPMATOPOB M aBTOTpPaHCHOpP-
MaTopoB:

a —a3asemneHne uepes paspagHuK; 6 — 3azemneHue uyepes pesnucTop; B —a3a3emeHue

uepe3 peakTop; e — 3a3eM/ieHNe 4Yepe3 KOMIMNEKCHbIe COMPOTUBNEHWS, [ — 3a3eM/ieHune

uepe3 KOMMNEKCHOE COMPOTMB/EHUE, 3allyHTUPOBAHHOE MOPOrOBLIM 3/1EMEHTOM; B —
3a3eM/ieHne 4epe3 PesncTop; XK —3a3eM/eHne yepe3 MopPoroBblii 3NEMEHT

B anekTpuuyeckmx ceTaX € 3(PNEKTUBHO-3a3eMIEHHbIMU
HeWTpanamu L8 BbINOJHEHUS >KenaTebHOro M0 YC/NOBUAM
paboTbl 31eKTPUYECKUX anmnapaToB COOTHOLUEHUS
y 4acTu TpaHc(opmMaToOpOoB LaHHON CeTU pa33eMNAT HelATpanu
Nn60 B HelWTpanM HEKOTOPbIX TPaHCHOPMATOPOB BKAKYAKT
crneyuanbHble aKTWBHbIE, PeaKTUBHble, KOMMEKCHble WAN He-
NWHeliHble COMPOTWBAEHUSA, B TOM 4YUC/Ae C MOPOrOBbIMM 3fe-
MeHTamu (puc. 3.3). CnefyeT OTMETUTb, YTO B OTEYECTBEHHbIX
JHeprocucTeMax MoOMyYMnuM pacnpocTpaHeHue cnocobbl orpa-
HUYEHNA TOKOB 3aMblKaHUSA Ha 3eM/l0, TMOKa3aHHble Ha puc.
3.3,aunb.

Mpn MCNONb30BAHMM Pa3INUYHLIX CNOCOGOB OrpaHUYeHUs
TOKOB 3aMblKaHWS Ha 3eMJ/Il0 BO3HMKAaeT BOMPOC O 3aljuTe U30-
NAUWMKN HelWTpanein OT NepeHanpsXeHWi, Tem 6onee 4To M30/8-
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LWrHenTpanein TpaHcopmaTopoB HanmpsxeHnem 110 kB u
Bbllie MO0 3KOHOMWYECKUM COOBpaXKeHUAM BbINOJIHAETCA 0cnab-
NEeHHOI (HemosnHo).

Mpu HeoOXOAMMOCTM MO PEXMUMy paboTbl 3/EKTPUUECKON
CceTn paspellaeTcs pas33emMasaTb HeilTpanu 4actum TpaHchopma-
TopoB 110, 150, 220 kB (c wn3onaumeit HeliTpaneid COOTBETCT-
BeHHO Ha 35 m 110 kB), YyCTaHOBNEHHbIX Ha MOACTAHUUAX H
YaCTUYHO Ha 3MEKTPOCTaHUWAX, €cAu npu 3TOM HelTpanu
TpaHC(OPMaTOPOB 3aluLleHbl COOTBETCTBEHHO pa3pAfAHMKaMu
Tunos PBM-35-fPBM-20, PBC-60, PBC-110. Pa33emneHue
HeilTpaneii TpaHcopmaTopoB HanpsxxeHnem 330 kB u Bbllwe
He ponyckaeTcs. [pu BKIOYEHUU WAN OTK/OYEHUW pa3befun-
HUTEeNeM wunuM otgenutenem TpaHchopmatopos 110 kKB ¢ u3o0-
naumei HenTpaneid Ha 35 kB (McnbiTaTenbHoe HampshKeHue
8511lnn 100 kB) Tpebyetcs npefBapuTesibHOe 3a3eM/eHue
HeliTpanein aTux TpaHchopMaTopoB.

3.4. CBEAEHNA O KOHCTPYKUUW NUHUA 3INEKTPOMEPELAUN

JIvHumn  anekTponepegayn BbIMOMHAKTCA  BO3AYLIHbIMU U
KabenbHbIMKW, a TakXe B BMAe CheuuanbHbiIX TOKONPOBOAOB
TOW WMAW WMHON KOHCTPYKUMKW. Bo3gyluHbie NMHUKM COOpYXKakTca
Ha gepeBAHHbIX (npu HanpsxeHuax fo 35 kB), MmeTannuyec-
KUX WM >Kene3o6eTOHHbIX onopax. [lpu 3TOM MCMonb3yoTCA
OfHOLUEMHbIe U ABYXLEMHbIE ONOPbl 06bIYHO C rPO303aLLUTHBI-
MU Tpocamu (B ceTax HanpsxeHuem 110 kB u Bbiwe). Mo-
cnefHne 3a3emMNAKTCA Harnyxo WM 4Yepes WMCKPOBbIe Mpome-
XYTKW. PaccToaHna mexXxgy npoBoAamu, a TakXe Mexgy npo-
BOLaMMW W 3a3eMNEHHbIMW YacTAMMW 3aBUCAT OT YPOBHA Hanps-
XKEHWUA 3NEeKTPUYECKOWN CeTu, pacCTOfHMA MeXAy Oonopamu u
OT K/NMMaTW4YecKMx ycnosuini (rononep, BeTep) Ha Tpacce nu-
Huii. BepyTcs pa3paboTku 60/iee KOMMNaKTHbIX U 6osiee «yuc-
TbIX» B 3KO/IOTMYECKOM OTHOLWEHUN BO3AYLIHbLIX 31eKTpuyec-
KX NUHWIA.

KabenbHble 3NeKTpUYeckue fIMHUKA BbINOMHAIOTCA KaK M3
OAMHOYHBIX Kabeneir, Tak U u3 nyuykoB kabeneik. B CCCP
Hanmbonbllee pacnpocTpaHeHWe WUMeloT KabefbHble NUHUU 6—
10 kB, pexe 35 kB. Kab6enbHbie nuHunM 110 n 220 kB He no-
NYy4Yunm noka LWMPOKOro MPUMEHEHUSA, YTO B OCHOBHOM 06bAC-
HAETCH 3HAYMTENbHO OOMbLIEA CTOMMOCTbIO KabenbHbIX NWMHUIA
Nno cpaBHEHUIO C BO3AYLWHbIMU. KabenbHble nnHUM 6—35 KB B
2—3 pasa [OpoXe BO3AYLUHbIX, a KabenbHble nuHUM 110 kB
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LOpOXe BO3AYWHbIX B 5—8 pa3. OTmMeTuUM, 4TO pa3paboTaHbl
kabenu Ha HanpsxeHua fo 500 kB. Takune kabenu MoryTt wuc-,
MoNb30BaTbCA B CXemMaxX rnyboKMX BBOAOB W Ha 3M1eKTPOCTaH-
UMAax AN nepejayn 3NeKTPOIHEepPrun oT CUMNOBbLIX TpaHchopMma-
TOPOB K pacnpefennTeNibHbIM YCTPOKCTBaM.

Kabenun 6—10 kB 06bIYHO MMEKT MNOACHYH W30AALUI0,
oxBaTblBaloWylo Bce Tpu (asbl, a kabenn 20—35 kB BbINON-
HAIOTCA C OTAENbHO OCBMHLOBaHHbIMU >Xunamu. W3onauus
XUN W NOACHas W301AUMSA  BbINOMHAKTCA W3 NPONUTaHHOMN
KOMNayH4oOM KabenbHoW 6ymaru. [pocfioilky 3anonHALTCS
LKYTOBbIM HanonHuTenem. ®asHas uaum nosacHas o060104Ka
Kabeneli, NpenaTCTBYOWAA NPOHUKHOBEHUIO BNarum 1 BO3AyXa,
M3roTOBNAETCA U3 CBUHLA WAN aIlOMUHUA, BHELWHAS OpPOHA —
M3 cTaNbHOW NeHTbl. CHapy>Xu Kabenu WMeT [KYTOBbIA no-
KpOB.

Mpun HanpsxeHun 35 KB MCNosb3yOTCA TakXe rasoHanos-
HeHHble Kabenn ¢ u36bITOYHbIM  AABNEHWEM WHEPTHOro rasa
(06bl4HO a3oTa). B Takmx kabendAx nNpakTUYeCKU WUCKIOYEHbI
fegopmayum obonoykn M obpasoBaHuMe MyCTOT M3-3a 3HAUU-
TeNbHO 60/bLIEr0 TemMnepaTypHOro Koa@uuneHTa NUHEAHOrO
pacwupeHns kabenbHOM MacCbl MO CPaBHEHMK C TemnepaTyp-
HbIM KO3(P(MLMNEHTOM NMHERHOrO pacwupeHns KabenbHOn 6y-
maru.

Mpu HanpsxeHuax 6onee 70 kKB ucnonb3oBaHue B Kabenax
BA3KOM MPOMWUTKM HeLenecoobpasHO Mo TEXHUYECKUM W TEXHU-
KO-3KOHOMUYECKNM coobpaxeHnsam. Kabenum Ha HanpsKeHue
110 KB 1 Bbile BbINOMHAKTCA Mac/OHAMOAHEHHBIMU WAN Ta-
30HanofIHeHHbIMK. [pn 3TOM JaBneHWe macna B kabensx co-
craBnget 0,1—15 MTIa, a rasa 0,3—1,5 MTla.

3.5. MOTEPN MOLWHOCTWU W 3HEPTUN B 3MIEKTPUYECKUX CETAX

B o6wemM cnyyae noTepu MOLHOCTU U 3HEPTMU B 31eKTPU-
UECKWUX CETSX CKMafblBalOTCA M3 MOTEPb MOLLHOCTM W 3HEPTUm
B 3/1EKTPUYECKNX NIMHUSX W B TpaHChopMaTopax:

Ap = OPn+ OAT
AQ ~ AN+ Agr;
Ar = Arn+ AT

PaccMOTpUM  OTAENbHO MOTEPUM MOLWLHOCTU W 3HEPTUM B
3NEKTPUYECKUX IMHUAX U TpaHcgopmaTopax.
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MoTepn MOLLHOCTU B 3/IEKTPUYECKUX JIUHUAX. |_|yCTb nme-
€TCA 3/IEKTPUYecKada NNHNA ,El,!'ll/lHOVI I C COCpe,ﬂ,OTOqEHHOM Ha-
fpy3KOI7I Ha KOHLUE. AKTNBHOE U peakTuBHOE CONMPOTUB/IEHUA
nHnn, Om, PaBHbI:

R —rl; X —xlI,

rge r v Xx — aKTMBHOE W WHAYKTUBHOE COMPOTUBNEHWSA NUHWIA
AnnHoin 1 km, OM/KM.

Mpu 3TOM YCNOBMU MOTEPU aKTUBHOW U PeaKTUBHOW MOLL-
HOCTU B JIMHUN COCTABASAIOT:

Ap., - 31'R = -g-R- 3(<+ /})a - k (3n)

AOn= 37»X = * A=3(/2 + ¥)X = (3.2)

ONs NVHWIA ¢ HECKONMbKMMU COCPEAOTOUYEHHbIMM HarpysKa-
MW NOTEpW aKTUBHOW (M PeakTWBHOW) MOLLHOCTU OMpeAensitoT-
Cs CYMMWpPOBaHMEM MOTEPb Ha OTAENbHbIX y4acTKax:

OPN= gp2+ AP, -4/V + - Rl &m
n\ n\

K2+ (N12tsit&sly " ®3)
-'Hom / \ HOM /

Lns NUHWIA C PaBHOMEPHO pacrnpejefieHHOl HarpysKkoi

2 2/311\2
APn= j 3P()rdl=3J I— Jrdl=
atr g = 3%k - Tow /2~ (34
4 43 X "

T. €. B TaKUX JIMHWUSAX MOTEPM MOLLHOCTU B 3 pa3a MeHblUe, YeM
B JINHWUSAX C aHaNOrMYHON, HO COCPEAOTOYEHHOW HArpy3Koi Ha
KoHUe. Mpwn pacuyeTe 1 aKCNayaTauny 31eKTPUYECKNUX CETEN Npu-
XOAWUTCS CUYNTATLCS C MOTEPSMU HA KOPOHY Ha 3/IEKTPUUECKUX
IMHNAX W C pPagMonomMexaMu, CO34aBaeMbIMU ATUMU JIMHUSMU.
KopoHa Ha MpoBOfax 3/IEKTPUYECKUX JIMHUI BO3HUKAET, €c/u
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Hanps>XeHHOCTb MONA Ha MOBEPXHOCTUM npoBoda E pocTturaer
WAN CTaHOBUTCH BbILE HayafbHOW HANPSAXXEHHOCTU KOPOHHOrO
pa3psaga EH:

E>En.
[ns rnagkux NpoBOAOB BO3AYLIHbIX IMHWIA MPUHUMAIOT
i 0,65
Ev= 24561 !+
(r06)0-3

roe 6 — oTHOCMTenbHas NAOTHOCTb BO3fyxa; [o— paguyc npo-
BOAa; nr — KoapduumeHT rnagkoctu nposoga (T = 0,6 npu
WHee, rononege unm usmoposmn; T = 0,574-0,73 npn poxge
WNW cHere, B 3aBMCUMOCTWU OT MHTEHCUBHOCTU OCALKOB).

Ha MOBEPXHOCTUN OAMHOYHOIO NpPoOBOAHNKaA
E = 0,35iU/[r0\g(DQr0)],

rae U — MHeliHoe HanpsXXeHWe Ha NMHUW; Dcv — CpeaHee reo-.
METPWYECKOE PAcCTOSIHUE MeXAy MPOBOAHMKAMU (as.

APPeKTUBHBIM CPEACTBOM YMEHbLUEHUS MOTEPb HAa KOPOHY
M YMEHbLIEHUS PaAMOMNOMEX SBASETCS paclyensieHne npoBoj-
HWKOB BO3AYLWHbIX 3MEKTPUYECKUX JIMHUIA Ha psf MPOBOLHU-
KoB 60/5ee MeNKOro Ce4yeHWs C U3MEHEHUEM 3KBWBANEHTHOTO
paguyca npoBOAHMKA. Ha NOBEPXHOCTW pPaCLLenIeHHOro Mpo-
BOAHMKA

E |, 0,3546T1
nr0  £%cp/rak

rae K — KoauUMEHT, 3aBUCAWMIA OT 4yucna MNPOBOAHWNKOB U B
(paze; r9K— 3KBUBAMEHTHBLIA paguyc pacLiensieHHOro MpPOBOA-
HWKa.

PacwenneHne MNpoBOAHWKOB, KakK npaBuno, Tpebyetca ans
ceteih 330—1150 kB. O6bIYHO PEKOMEHAYIOT UMETb HampsXeH-
HOCTb 3/IeKTPUYECKOr0o Mol Ha MOBEPXHOCTW MPOBOLHWMKA He
6onee 28 kB/cM. COOTBETCTBEHHO YCTAHaBAWBAOT MWHUMalb-
HO OMyCTUMble MO YC/IOBUAM  KOPOHbI AMaMeTpbl MPOBOAOB
BO3[YLWHbIX JIMHWUA. YMeHbLUEHNE KOPOHbI MPOBOAHUKOB /INMHUIA
aBTOMAaTUYECKN CHWMXXAET YPOBEHb pPajMomnoMex 3TUX NUHWIA.
Ha nuHuax ceepxsbicokoro (CBH) u ynbTpaBbICOKOro Hanps-
XeHus (YBH) Heo6X0o4uMMO TaKXe CUMTATbCA C BO3HUKAKOLWUM
aKyCTUYECKMM LYMOM NWHWIA, 0COGEHHO NpW 60ONLLIOM Yucne
pacLienieHHbIX NPOBOAHUKOB B (hase.
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MoTepn MOLWHOCTWM B TpaHcopmaTopax W aBToTpaHcgop-
matopax. [ycTb WM3BECTHbI NacMopTHble faHHble TpaHchopma-
Ttopos: APK APx, h, wk, rge JPK— notepy KOpPOTKOro 3ambl-
KaHus; [LOPX— notepy Xxo0/ioCcTOro Xxofa; /X— TOK XOJIOCTOro
X0fla; UK— Hanps>XeHne KOPOTKOIo 3aMbliKaHuWA.

[ng MOLWHbLIX CWNOBbIX TpaHC(OPMATOPOB CrnpaBeAnBbI
cnefyoume COOTHOLWEHMS;

A~NHom = [/5k!

APC- APX
Jile) UH (%) 'ShaM  t
Ym,HOM~ HaD

Ix (%) Shom
AQc 100

roe APm.HomM n AQmhom— noTepu aKTMBHOI M peakTUBHOM MOLL-
HOCTM B 0OMOTKax TpaHcopmaTopa MpM HOMWHaNbHON Ha-
rpyske; APCun AQC— noTepn aKTUBHOW W pPeaKTUBHON MOLLHO-
CTW B CTanu TpaHchopmaTopa.

MoTepn akTUBHOW MOLLHOCTM B CTajM He 3aBUCAT OT Ha-
rpy3ku TpaHcopmartopa, a moTepu B o6MoTKax (B Meaun wawu
aNloOMMHUKN) MPAMO MPOMOPLMNOHANbHBI KBAAPaTy Harpysku:

_ S \2 Si
AP'M - ﬂlP'M,HOM\ 0

= A (-£-1 = -2-X,. (3.6,

(3.5)

[ns n OfWHAKOBBLIX, MapasnfielbHO BK/OYEHHbIX TpaHcdop-
MaTopoB

|D|PT = APLI,/IH * _h APM,MM\gﬁhom }1\* \(3‘7)

rae S'—cymmapHaﬂ Harpyska BCeX TpaHC(*)OpMaTOpOB; SBOU—
HOMWHanbHad MOLWHOCTb OAHOIO TpchcbopmaTopa.

MoTepn aKTUBHON MOLLHOCTU B TPEXOBMOTOUYHbLIX aBTOTPaH-
cthopmatopax npu YcrnoBuW, 4TO HOMWHANbHAs MOLLHOCTb 06-
MOTKM HW3LIETO HAMps)XeHWUs COCTaBSET:

"HHHOM  “Mun 5,0v>

roe kTm— KoathuumeHT TUNOBOW MOWHOCTK '(cMm. § 5.7), mo-
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ryT onpefenAaTbCa MO BbIPaXXeHWIO, UCNOMb3yeMOMY AN Tpex-
0OMOTOYHbIX TPaHC(OPMATOPOB:

AP.r ™ -l ("s.,,, ) -1'4P.CH )+

Hne ok { LU
rge notepu MOLWHOCTW B OTAEeNIbHbIX 3KBUBANIEHTHbLIX 0OMOTKAX,
o6o03Hayaembix ycnoBHo kak BH, CH, HH, oTHeceHHble K HO-

MWHa/IbHOW MOLWHOCTU aBTOTpaHC(opMaTopa, COCTaBAAKT:

- AP pn = 05 [APg o -l ARr'u — ARCH
\ ™n Atun

O™.cH = 0.5 ( Apsic+
\

ATNN T™7n

4Pupd= 0 |5,/ + 7~ - I A,pc

-TIn Jtun
B O6LLI,€M Cny4yae, Korga

AHH.HOM 2= T HoM’
B MEPBOM MPUBAMKEHUN MOXHO MPUHATL:

no _n 1 APB-HSHM APC-HS hom
M,BH - U’d B-CT. n - - "J
\ HH.HO , AHH.HOM
ﬂ.F’ ANC -H 5 Hom A"B -H " hom
M.CH B-C 1 2 2
\ AHH.HOM AHH,HOM /

APmMuH-°"'5 (-~ 2d5HOM + ~ ~ hShOM -A P B, A
\ HH.HOM *-*HH,HOoM )

MoTepu SHEPrMu B 3NeKTPUUECKUX NuHUSX. ToTepn aHep-
TN B 3N1EKTPUYECKUX JIMHUAX MOXHO OMNpPEeAenuTb 4epes cpej-
HeKBagpaTUUHbIA TOK / (KB UM Yepe3 MaKCUMasbHbI TOK Ha-
rpy3Ky 1 Bpems HaubONbLIMX MOTEPb T:

Arn= J APn(0dt = j 3/2 (0 tfd* = 3/IPKBRiI = 3/TuXPT
0 0
(3.8)
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Mo atomy rpagu-

Ky, 3Has coscp(0, MOXHO nocTpouTb rpaguku /(t) n /2(0 wu
3aTemM oOnpeAennTb CpefHeKBaApPaTUYHbIA TOK

cp, KB

18 tn (3.9)

Mpu MHOrocTyneH4yaTbiX rpadukax W Npyu MepCreKTUBHOM
MPOEKTUPOBAHUN 3NEKTPUYECKON CeTU HaxoxgeHue /(KB 3a-
TpyfLHeHo. [oTepyu 3Hepruu B 3TOM CAyyae ONpeAensitoT Mo

MaKCUManbHOMY TOKY U BpPeMe-
HU Hambonbwux notepb. Mpume-
HUTENIbHO K TWUMOBOMY [BYXCTY-
neHyaToMy rpagukKy Harpysku
O6bln  nonyyeH rpapuk @ T=
max) MpU  pasHbIX COS ¢,
KOTOpbIi MpeacTaBneH Ha pwuc.
3.4. CnepyeT OTMETUTb, YTO
Tmaxe
Mpyn KoMMNeHcaunn NepeTokos
peakTUBHON MOLLHOCTM B CETU
CUHXPOHHbLIMWM KOMMeHcaTopamm
NN CTaTUYECKUMMN UCTOYHUKAMMU
peakTUBHOW MOLLHOCTU, a Takxke
Mpu peBepCHBHOM pEeXWMMe rnepe-
fay akTUBHOW u (MnnM) peakTuUB-

8000
OSmocTyneHYaT bl U /. T
rpag nk 1/
6000
co3¢ =
y YYr
mo ,
/y ™ cosy- 7«
2000 - !

Acostp-1

a 2000 mo sooo rBM

Puc. 3.4. Ipamk BpemeHW Hawu-
601bLWNX MOTepb

HOA MOLLHOCTM MO AMHUM MOACYET NOTEPb 3IHEPrun cnepyet
NPON3BOANTL C YYETOM pPEeanbHOro M3MeHeHUs BO BPEMEHM Me-
PETOKOB aKTMBHbIX U PeaKTUBHbIX MOLLHOCTEN.

MoTepn sHeprum B TpaHcopmaTopax OMNPefenstoTcs no

BbIPa>XEeHUHK:

AW -APJ + AP, i
|

C-t Modh

roe t= ti+ t2+ ..+ tn; S1, S2

= APpt 4 APy

t2+
'HOM

S 1, (3.10)

.., SN— Harpysku TpaHchopma-

TOpa B COOTBETCTBYHOUWMNE NeEpuoabl BPEMEHN.

Mpu T OAWHAKOBLIX NapaniefibHO BK/OYEHHbIX TpaHchop-

mMaTopax
5—516
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OJIrT=m1APctl+ .. +m nAPctn

+ — Ao M4 wrr-K o+ L+ —
HOM

(3.11)

rAe mi W Tb NN U XN — COOTBETCTBEHHO YMCNO BK/HOUEHHbIX
TpaHcOpmMaToOpPOB 1 BpeMs HauMBOMbLINX MOTEPb A1 OTpes-
KOB BPEMEHU 11 U tn-

MoTepu 3Hepruum B aBTOTpaHcdopMmaTopax onpeaensTcs
Mo BbIpaXKeHUIo

ar, _ (+ 4P.BH(ig”™-)% BH+
SCUmax \2_ . 1 Apr ( 5SHHmMax "2
+ Apmc H 1 A THH-

3.6. BbIEOP CEYEHWA MPOBOAHWNKOB

Bbi6bop ceyeHWd NPOBOLHMKOB MPOM3BOAMTCA Ha OCHOBAHMM
TEXHWKO-3KOHOMUYECKMX PacyeToB MO 3KOHOMWYECKOW NAOTHO-
CTW TOKa WAW MO 3KOHOMMWYECKUM WHTepBanam, a B OTAeNbHbIX
cnyyasax (Hanpumep, Bbl6Op COGOPHLIX LIMH 3/71€KTPOYCTaHOo-
BOK)— MO JONYCTUMOMY HarpeBy B MPOAO/MKUTENIbHOM PeXWu-
mMe. B rOpoAcKMX M CenbCKUX pacnpefenuTefibHbIX CeTaX ceuve-
HMWe MPOBOAHWKOB MOXET TakXe BblbupatbCcs MO LONYCTUMbIM-
NOTEPSAM HANPSHXKEHWA WMAW N0 MUHUMYMY pacxoja LBETHOro
meTanna. —

PaccmMoTpuMM CcHayana MeTOAMKY OnpejeneHns 3KOHOMUYe-
CKOro CceyeHWs NpPoOBOAHMKOB (NpoBogoB). lMycTb uMMeeM OfHO-
LEeMHYI0 NUHUIO 3neKTponepefayn, MNPUYEM W3BECTHbI MaKCW-
ManbHbI TOK Imax, HanpsykeHne U, KO3IPPULMEHT MOLLHOCTU
COS (, BpeMs MaKCuManbHbIX NoTepb x, Tapug (LeHa) 3nekTpo-
3Heprum L 1 yfaenbHOe COMPOTWMBAEHWE P WM YAefnbHas npo-
BOAMMOCTb y MaTepuana nposofos. Heo6xoaumo HaiTu ontu-
ManbHOe CeyeHMe MNPOBOLOB SONT M3 YC/IOBMS, YTO pacyeTHble
3aTpatbl 3 MUHUMAbHBbI.

PacyeTHble 3aTpaTbl paBHb:

3= U+ Entok= Anor“b & ~b Ho KAl (3.12)

roe A — cymMmapHble u3fgepXku; Anor— n3gepXxku, Bbl3BaH-
Hble NOTEpPAMU 3Heprum; Ma— M3gepXKu Ha amopTusaumio;
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— 3aTpaTbl Ha OﬁC]’Iy)KVIBaHI/Ie; KH — KanuTtasbHble BJIC
XeHUA Ha COOpPYXeHue NVHWA, npnyem

KB= (k0+ kts)l; (3.13)

kO—ypenbHas (Ha 1 KM [A/MHbI MHUKM) CTOMMOCTb OMOP W
M3011ATOPOB, WM3bICKAHWU/A Ha Tpacce AMHUWM WU T.M.; ks— ynAenb-
Has CTOMMOCTb fIMHWU, 3aBUCALLAs OT CEYEHUsS MNPOBOLHUKOB;

n. = - n - (3.14)

pa— HOpMa aMopTuU3alnOHHbIX OTYNCNEHNIA,

Vmer =~ o iy (19
B nepBoM npuBAMKEHUW MOXHO MPUHATb, 4TO MO nocTo-
SHHBbI.

CymmapHas ce6ecToMMOCTb Mepefayn 371eKTPO3HEPrun
C= ko+ k s) I+ -3,'naxP-TU3+ AQ, 3.16
100 ( s ) 1000s H \(/ )
a pacyeTHble 3aTpaThl

3= .Pa+tfH {k + k )l + 31™*pl.xy + U <317)
100 s’ 1000s v

3aBMCUMOCTb COCTaBALWMX pacyeTHbIX 3aTpaT OT cede-
HUA nokasaHa Ha puc. 3.5.
Haigem ycnosme MUHMMYyMa 3aTpart:

d3 Q (pa+ EH) ks I ~max Pt "

ds ~ 100 1000s? | I
OTKyda nonyyum, 41O OnNTUMalibHOE Ce4dYeHWe pPaBHO:

(3.18)
10 (pa+ EH) ks

Mckomasa 3KOHOMWYecCKad MIOTHOCTb TOKA COCTaB/AeT:

jaK= J™* = 1/ o (Pa+ £,)h 73194
SOIT »
3HayeHUs 3KOHOMMWYECKMX MIOTHOCTE TOKA YCTaHOB/EHbI

MY3 uykasaHbl B Tabn. 3.2. Cnefyet OTMETUTb, YTO 3TU NAOT-
5*
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HOCTU TOKa 3HAYWTEeNbHO HWXe MNNOTHOCTEN TOKa, npuHNmMae-
MbIX TpKU pacyeTax 3/IEKTPUYHECKUX MalUUNH.

Puc. 3.5. OnpepgenexHvie ontu-
ManbHOro  CeYeHUs MNpoOBOA-
HWKOB

MpoBoAHUKN

HeunsonnposaHHble
LUMHBI:
MeaHble

nposoga

a/TIOMUHUEBDLIE

Kabenn ¢ 6ymaxHoli u npoBojga
C Pe3vHOBON W  NOMMBUHUAXIIO-

PUAHOI M30nAUMeR ¢ Xnunamu:
MeaHbIMU

A/TIOMUHNEBBIMA

Kabenu ¢ pe3nHOBOW W nnacT-
MacCOBOW M30M1AUMeN C XUNaMu:

MeaHbIMU

a/IlOMUHNEBBIMUN

MpumevyaHus:

Ecnn akoHOMMYecKas nNaoTHOCTb
TOKa /3K W3BeCTHa, TO 3KOHOMWUY-
HOe Ce4dYeHue nNpoBOAHWUKOB 3NEKT-
pnyeckux NVHWIA HaxoanTca Nno Bbl-
Pa*KeHno

'pacy,Hopm (3.20)

rae /pacy,HopM — pacy4eTHbld TOK K-
HAM B HOpPManbHOM pexume, T. e.
HamoboNblWKWiA pabounii TOK NUHUK
B HOPManbHOM MPOAOMKUTENLHOM
pexume paboTbl.

Tabnuya 3.2

JKOHOMUYECKas NJOTHOCTb TOKa, A/MM2, npu

Tmax» 4
1000—3000 3000—5000 BbiLlle 5000
2,5 2,1 1,8
13 1,1 1,0
3,0 2,5 2,0
1,6 1,4 1,2
3,5 3,1 2,7
1,9 1,7 1,6

1 Ta6nuua cocTaBneHa Ha OCHOBaHWM fJaHHbIX [1Y3.

2. [ns 1301MpoBaHHbIX MPOBOAOB CedYeHMeM A0 16 MM2 NAOTHOCTU TOKAa NpPUHM-

MaloTcs Ha 40 % Bblle yKasaHHbIX.
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O nsa ncnonHeHns npuHUMalOT 6GamxKaliwee cTaHAapTHOe ce-
YyeHue npoBOAHMKOB S « S 3K C yyeToM xapakTepa WU3MeHeHus
pacuyeTHbIX 3aTpaT B6/M3M TOYKM sOm CevyeHue MPOBOSHUKOB
KOHKPETHOW 3M1eKTPUYECKO NUHUM MOXeT 6biTb MPUHATO B 3a-
BMCUMOCTM OT MECTHbIX YC/IOBUI W WKanbl CTaHAAPTHbLIX ceye-
HWA NPOBOAHMKOB KaK MEHbLIWM, TaK W HECKONbKO 60MbwuUM
s3K O6bIYHO nofaralwT, YTO CevyeHUs NPOBOAHMKOB, OTAMYAlO-
wmeca or Som Ha 5 % B Ty UAM Apyryt CTOPOHY, HaxoAAaTcs B
30HE PaBHO3IKOHOMMWUYHOCTMH.

BbibpaHHOe ceyeHue LOMKHO OblTb MPOBEPEHO NO AONYCTU-
MOMY TOKY B PacyeTHOM MPOLO/DKUTENbHOM pexume, a Tak-
XK€ Ha TepMUYecKyl CTOMKOCTb MNPU KOPOTKOM  3aMblKaHMWMW.
MpaBunamyu ycTpoiicTBa 3/1€KTPOYCTAHOBOK YCTaHOBJIEHbI Cle-
gylolwne ANWTENbHO LONYCTMMble TemnepaTypbl: AN Heusonu-
pOBaHHbIX MPOBOAHMKOB M WNH +70°C,ana Kabeneir ¢ 6Gymax-
HO mn3onsumen HanpshkeHmem o 3 KB +80°C, HanpshkeHuem
6 kB +65°C, 10 kB +60°C, 20 n 35 kB +50°C. PacuyeTHas
TemnepaTypa OKpyXaloleid cpeabl 418 NPOBOAHUKOB U Kabe-
nei, MPOMOXEHHbIX Ha BO3AyXe, MPMHMMAETCA paBHONM +25°C,
a Ans kabenei, NPoNoXeHHbIX B 3emne, + 15°C.

OnpepenvM AOMNYCTUMYK NO HarpeBy MAOTHOCTb TOKa B
HEM30/1MPOBAHHbIX MPOBOAHMKAX, HAXOAALWMXCA B BO3AYXe.

TemnepaTypa NpoBOAHMKA

O= A0+ 9.

roe ®o— temnepartypa Bo3gyxa, °C; 0 — npesbllleHne Temnepa-
Typbl MPOBOAHWKAa Haj TemnepaTypoi Bo3gyxa, °C. e

B ycTaHOBMBLUEMCS peXume BCA Bblfensemas B NMPOBOAHU-
Ke MOLHOCTb ® paccenMBaeTCs B OKPY>KaloLWyl cpefy B OCHOB-
HOM flydeucnyckaHnem @ n KoHBekunen @k, T. e

o= dn+d K= /»ra, (3.22)

roe ma= rkakfi —maKTUBHOE COMNPOTUBAEHME NPOBOAHUKA; ka=

= (|// NT— j — KO3pUNLUMEHT NOBEPXHOCTHOro apekra; k§—

KO3(hpuumeHT 6aM30CTK.
MolwHoCTb, paccenmBaemas nyyYencrnyckKaHuem,

(3.22)



70 JneKkTpUYeckne ceTwu rn. 3

rge Fn— noBepxHOCTb fiydyemcnyckaHusa, cm2, ¢=5,7-10~12—
KOI(hPULMEHT JflydemcnyckaHmsa abCONMOTHO YepHOro Tena,
Bt/(cm2-rpag4); T n TO— COOTBETCTBEHHO TeMmepaTypbl Npo-
BOAHMKA U Bo3gyxa, K; <n— koapduumeHT Tennootgauu ny-
yeucnyckaHnem, BT/cM2; e— CTeMeHb YepHOTHI Ny4yencnycka-
olwein nosepxHocTn (tabn. 3.3).

Tabnuya 3.3

CTeneHb YepHOTbI
Martepwuan nyyenc nyckatolen
MOBEPXHOCTU €

ABCONMIOTHO YepHOe Teno 1,0
ANOMUHWIA OKUCNEHHbI 0,11
ANOMUHWIA NONMPOBaHHbI 0,04
OManeBas Kpacka 0,6-70,8
Meab oKucneHHas 0,72
CTanb OKUCNEeHHas 0,79
YepHbIii nak 0,87

MOLLI,HOCTI:, paccenmBaemasa C MNMOMOLWbH KOHBEKLUMNU,
®K+F Kgk= /v 1,81-KMpe>.25) (3 23)

raoe FK— MOBEPXHOCTb TEM00TAaYM KOHBEKLMEN, CM2, gK— KO-
appumumneHT TennooTgaym KoHeekuuein, BT/cm2; 0 — koaddu-
LUMEHT, 3aBUCALMIA OT BbLICOTHI TENJ00TAAOLWEN MOBEPXHOCTU
M onpejensieMblil 3KCMePUMeHTaNbHO [ANA MPOBOLHWMKOB pas-
NNYHBIX CEYEHUIA UM WMX MPOCTPAHCTBEHHOIO PacnoNOXeHUs.

MpegencHOW AAUTENbBHO JONYCTMMON TemnepaType COOTBeET-
cTByeT MowHocTh Pmon- M3 (3.21) gonycTumblid TOK

Jon_ . O C v **rx.1 § + 1,8lm0-4FKpelXB
a1 v ra Y, ra
(3.24)
Ona npoeogoB Fn — FK—F; /m« 1, 1
Mpn atom

ce (M4—4 )+ 1,8110°4POL'S
/\m‘l_ I

Yy ys
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|/~ .Fiys, —y ndysq, (3.25)
roe g=ce(T4—To )+ 1,81 m0O4p0L2% d- AnameTp npoBofa.
JonycTumas NAOTHOCTb TOKa MO YCMOBUSIM Harpesa

io=-pen o= /v - = iEL . (3.26)

Onsa kabeneid MAOTHOCTb TOKA HaXOAMTCS HECKOSbKO WHbIM
MyTeM C YYeTOM xapakTepa Tennootgayu Kabens npu ToM wau
VHOM BWZE U30MALMUM.

/Imm1
6 "1
oDSodtt
[ s Tl
¥ 'max om04 — TTax"5000 4
I / 3000-5000u4 Y J ,3000-50004
2 L/ Jmax'*s_(zOq )y
_qT;X>soot
400 800a5\|1200 5,Mm2 50 100 150 SmmZ

y
Puc. 3.6. 3aBUCMMOCTM NIOTHOCTEA TOKA MPOBOLHWKOB OT WUX CEYEHUS:

0 — anlMUHMEBbIE WKHbLI U npoBoga Mapkum AC; 6 —kabenun 10 KB ¢ antoMUHWEBBIMU
Xunamm

C yBeNnn4yeHMeM Ce4YeHWs NPOBOAHWKOB AonycTtmmas naoT-
HOCTb TOKa MO YCNOBWUAM Harpesa ymeHbluaeTcd (puc. 3.6).
Kak BMAHO, B 06/1aCTU ManblX cevyeHuin /> [/ 3k

Onsa kabeneih go 10 KB BKAKOUUTENBHO [OMYCKaeTcs B yC-
NnoBuAX NUKBMAaunu asapuu neperpyska fo 30 % Ha Bpems
MaKCUMyMa Harpys3ku, HO He 6onee 6 4 B CYTKM B TeueHue
5 cyT, eciv B HOpPManbHOM peXuMme Harpyska kabens He npe-
Bolwana 80 %. OTO yuuThiBalOT Mpu OMpefeneHun CeyeHus Ka-
6eneii Nno ycnoBusM AOMYCTUMOrO Harpesa.

Ecnu TemnepaTypa okpyxawuwero Bosgyxa #0 oTnunuyaetcs
OT HOMMWHanbHOV mW®,HOM=25°C, TO M3 YCNOBUS:
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cnepyeTt, 4vTo

/Bw» — 1[0N,HOM / I (3.27)
roe
®HoMm Apon ~o.HoM — 70 — 25 — 45 °C

0=70—0&

Bbi6op ceueHunit npoeofos nnHmii 330—750 KB 06bI14HO Npo-
N3BOAAT MO 3KOHOMWYECKMM WHTepBanam, T.e. Mo MHTepBanam
JONYCTUMbIX TOKOB HAarpys3ku SUHWIA AUCKPETHOro CeyeHms, no-
Ny4YaeMmblX U3 YCNI0BUS paBeHCTBA pacyeTHbIX 3aTpart. Mpu 3TOM
BO3MOXHO 60/ee TOYHO Y4yeCTb Tex-
HMWKO-3KOHOMWYECKME MapamMeTpbl KOH-
KPETHON NUHWN.

Mpumep. TMpu 3afaHHON Cxeme 3MeKTpo-
CHabxeHnsa (puc. 3.7) n Harpyske pacnpege-
NINTENBHOrO MyHKTa (PMN)Pur max = 3000 kBT,
HOMWHANbHOM  HanpsXXeHuu Usom==6 KB,
cos pHr=0,9 n 1=4500 4 HaWTM ceyeHMe Ka-
6eneli, NUTalOWMX pacnpefennuTenbHbIA NYHKT.
Kabenu ¢ 6ymaxHoi msonauuein u ¢ anoMu-
HMEBLIMW >XWUNaMU NPOKNafAbIBalOT B 3eM/e.

Hanbonbwnini  paboumin  TOK Kaxgon num-
HWM B HOPMAaSIbHOM peXWMe COCTaBNseT:

LLMHb1 3neKkTpocTaHLmum

'HOpM,pacH
Puc. 3.7. Cxema anektpo- 2 3 Uxom cos ®Hr
CHabXeHna  pacnpegenu- 3000
TENIbHOr0  MyHKTa = 160,5 A.
2-1,73-6-0,9

Mo Ta6bn. 3.2 /ak= 1,4 A/MM2, no3aTomy

"Hopm.pacy__ 160,5_

S, = -l = 114,5 mm2.

PaccMOTpuM Gnvxaiilume CTaHAApPTHbLIE CEUYEHMs:

95 120 150 185
225 260 300 340
2,37 2,16 2,0 1,84
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UToGbl BbINOAHWUTL YCNIOBME MO AONYCTUMOMY Harpesy

/mon ™ /npof.pacy — /pab,H6>
rae /Npof.pacy — pacyeTHbI TOK MPOAO/MKUTENbHOIO  pexuma; /pabHe —
HanbonblniA (pacyeTHbIA) pabounii TOK NMHUM B OMpefenstowem npogon-
XUTENbHOM (HOPMa/lbHOM, PEMOHTHOM WM TOCNeaBapuitHOM) pexume, He-
06x04MM0 BbIGpaTh Kabenb ceyeHem s= 185 MM2 Ansi KOTOPOro

/gpon ™ 340 A > /pab.H6 =321 A.

C y4yeTOM [OMYCTUMOW nNeperpyskn MOXHO Bbl6paTb Kabenb CeyeHuem
s= 120 MM2, TaK KakK gns Hero /pon.aB—260-1,3=338 A.

PaccmoTpum panee, Kakoe ceyeHue Kabens B TOW e CxeMe Hapo 6bl-
no 6bl NpUHATL Npyv PHrta*=1500 KBT ¥ NpoynMx OAMHAKOBbLIX YCNOBMUSAX:

« we 1800
LEGEMIpaRD * 5%1,73-6-0,0 " 80,25 A

80,25
sK= —— = 57,25 mm3.

Bnnxaiiwne CTaHAapTHbIE CevYeHUs:

50 70
155 190
31 2,72

bes yuyeta gonycTMMON neperpysku cnefyeT BblOpaTb Kabenb ceyeHWem
s=70 mm2 gna kotoporo /An—190 A >/p26,Ho= 160,5 A.
OfHakKo C y4yeTOM [OMYCTUMOI MNeperpy3km MOXHO BblbpaTb Kabenb MeHb-
wero ceyeHus: s=50 MM2 4518 KOTOpPOro

/pon.as = 1,3-155 = 202 A> /pa6H6= 160,5 A.

Bbi6paHHOE CeueHne [OMKHO 6biTb MPOBEPEHO Ha TEPMUYECKYl CTOM-
KOCTb MpW PacyeTHOM KOPOTKOM 3aMblKaHWW B CETMW. ,

Pe3ynbTaTbl pelleHVs Mmpumepa MOATBEPXKAAOT fyuyllne YCNOBUS OX-
NaX/AeHUs NPOBOAHMKOB MEHbLIEro CeyYeHWs, ANs KOTOPbIX MO3ITOMY AoOMnyc-
KaeTcs 60/blias MAOTHOCTb TOKa.

3.7. MOHATNE O KAYECTBE 3/IEKTPO3HEPTUN

MoA KayecTBOM 3/IEKTPO3HEPTUN MOHMMAETCA CTeneHb CO-
OTBETCTBMA HaNPSXXEHUA U YaCcTOTbl B CETU UX HOPMUPOBAHHbLIM
3HayeHuam. OCT 13109—67* Ha Ka4yeCTBO 3/1IEKTPO3HEprum
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ONA ceTeil Tpex¢asHOro mnepeMeHHOro TOKa HOPMMPYEeT HUuXe-
NpuWBeLEHHbIE BENIMUYUHDI.

Ona HanpsxeHua:

a) OTK/IOHEeHWe Hanps>XeHuUa (MpPU CKOPOCTM WM3MEHEHUSA Ha-
npsxxeHus MeHee 1% B cekyHpay), %:

A=y = £A22% 100; (3.28)
UHom

6) konebaHua HanpsxeHusa (NP CKOPOCTWM W3MEHEHUS Ha-
npsXKeHUs He MeHee 1% B cekyHay), %:

pl =JW - Umin 100; (3.29)
UHom
B) HECMHYCOMAANbHOCTb (DOPMbl KPWMBOWA HanpskeHus, %:
Ky = 100, (3.30)
roe
t'vz-1/%(/*e> (3.31)
Yov=2

U4 — Hanps>eHue V-ii rapMOHUKW; Ui — Hanps>XeHne OCHOB-
HO 4acToTbl.

Ecnm kv~ 5% , To hopMa KPUBOW HanpsXeHWUA cumuTaeTcs
NPakTUYeCcKN CUHYycOWAanbHOW. Mpu onpegeneHMn CTENEHU He-
CMHYCOMLANbHOCTN Hanps>XeHUa [OCTaTOYHO Y4YyecTb BbICLIME
rapMoOHMKKN no 13-10 BKIOYNUTENBHO;

r) HeCUMMETpUA HanpaxeHus, %:

\ k2= —  100—~--A+<+us + anc\ 1Q0 (3 32)

t/h.HOM K 3 1/Howm

roe U2— HanpseHue o6paTHOl nocnefoBaTelbHOCTM OCHOB-
HOW 4acToTbl.

Ecnn 1221 %, To cucTemMa CUMTAeTCA MNPaKTUYECKU CUM-
METPUYHOI;
L) cMmelleHne HelTpann, %:
ko= — "~ — 100 = \(ua + ub+ uc)\ 100# (333)
N o HIM K 3y Hom
Ana vactotbl:
a) OTKJ/IOHeHMe 4acToTbl (B WMHTepBane 3a 10 mMuH), %:
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mgf= -f-h<to 100. (3.34)
/HoM
6) Kone6aHusA 4actoTbl (NPU CKOPOCTWM U3MEHEHWS 4acTo
He MeHee 0,2 Tu/c)’,
p/ = fmaxzdMIL KOO, (3.35)
fHOM

3.8. BJIMAHNE KAYECTBA 3/IEKTPO3SHEPTWN HA PABOTY
SNEKTPOMNPUEMHWNKOB

KauyecTBO 31€KTPO3HEPruM CYLECTBEHHO BNMseT Ha pabo-
TY PasfInyHbIX 3NEKTPONPUEMHUKOB. PaccMOTpUM OTAENbHble
rpynnbl 31eKTPONPUEMHUKOB.

HarpeBaTenbHble NPUGOPLI, Meun conpoTuBieHus. MoTpe6-
ngemas MOLWHOCTb OAHO(MAa3HOro MNpUeMHUKa COCTaBNseT:

AP=/2£,= -"I; (3.36)

notpe6asiemas MOLHOCTb TPEX(a3HOro MprEeMHUKA

,AP =3PR = 3(-r~-\2R = — . (3.37)
VKIJW [

Kak BugHo, notpeb6nsaemas MOLIHOCTb MNPOMOPLUOHANbLHA
KBagpaTty MPUIOXEHHOro HanpaXeHua. Npu CHUXEHUN Hanpa-
XeHNA  3MMPEeKTMBOCTb (PYHKLMOHMPOBAHUA HarpesaTenbHbIX
3/1EMEHTOB Pe3Ko Nnajaer.

Namnbl HakanuBaHusi. CBeTOBOW NOTOK DCB U CPOK CAYX-
6bl namn T CYWECTBEHHO 3aBUCAT OT MPU/IOXKEHHOI0 Hanpsxe-
HWA, 4TO BULHO U3 CMefyoWMX IKCNEPUMEHTANbHO MOJTYYEHHbIX
LaHHbIX:

U % . . . ... ... 90 95 100 105 110
dce, % 68 82 100 120 135
T, % ... . 360 150 100 55 30

JlioMuHecueHTHble namnbl  npu  t/==11 C/HM1 CcHuXaKT
CpoK cnyx6bl Ha 20—25 %, a rasopaspajHble famnbl  Npu
U-<0,8 t/vom He 3aXurawTcsi. INEeKTPOHHO-NyYyeBble TPYOKU
npm U < 0,95 onom He fJalOT KauyeCTBEHHOro M306paxKeHus.

OuyeHb YYBCTBUTENbHbLI K OTK/IOHEHUAM HanpsXeHua pagmno-
CTaHUMK, y3/bl NPOBOAHON CBSA3W, YCTPOWCTBA aBTOMAaTUKU W
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T. 4. CoBpeMeHHble TeneBusopbl 6e3 cTtabunusatopoB Hanps-
XeHua MoryT paboTaTb NPU OTKJOHEHUW HANpPsXeHWs TONbKO
B npegenax ot —5 go + 10 %. XXecTkue Tpe6oBaHUA nNpeabas-
J'IFH)OT OHM M K YacToTe (K OTK/NOHEHUAM W KonebaHMAM 4acTo-
Thbl) .

BaTtapen cTaTU4yecKux KOHfAeHcaTOpoB. PeakTMBHaA MOLY-
HOCTb, BbljaBaemMas KOHAeHcaTtopamu, MpPOMNopLMOHanbHa 4a-
CTOTE U KBaApaTy MPUIOXKEHHOT0 HaNPsXXeHUA:

QK= /1 - = ypb coC>»W 24/C. (3.38)

XC
KoHfeHcaTopbl O4YeHb YYBCTBUTENbHbI (MO YCNOBMSIM Ha-
rpeBa) K Ha/lMuMio B CETU BbICLUMX FapMOHUK.
ACUHXPOHHbIe 3neKTpoaBuUraTenn. Ans acMHXPOHHbIX [BW-
ratenei MoOXHO MPUHATL:
U« E = 4,44 wlflkwO- HO-8= J1/Xd (3.39)
7

HOM~ EUOM ~ 4,44W\fLOM  “Hom'tO  ~ Af HOMNIOM (3.40)

rge w\—u4mucno BWTKOB 06MOTKM cTaTtopa; f\—yacToTa CeTu;

kw— 06MOTOYUHbIA KO3hPULMEHT; @ — MarHWTHbIA MOTOK Ma-
LUNHbI.

Torpa

(3.41)

® _ U/UHoM _ Kku
duoM NIZHOM kf

Otcroga cneflyeT, 4yTo U3MEHEHUS HAMPAXEHWUA M 4acTOTbl
B 3ﬂ€KTpVIH€CKOI7I CETV BAUSIIOT Ha MarHUTHbIA NOTOK ACUHXPOH-

HbIX MallNH B NMPOTMBOMNONTIOXHbBIX HanpaBneHUAX. PaCCMOTpl/IM
HEKOTOpPbIE 3aBUCUMOCTW.

CKONbXeHWe aCMHXPOHHOro gBuUrartens
s = 343
a4

rae M — yacToTa BpalleHMs Mons crtatopa; Sr— yacToTa Bpa-
LeHUs poTopa, KoTopas paBHa:

n2= «i(l—s). (3.44)

(3.42)
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COOTBETCTBEHHO YacToTa TOKa poTOpa:
fa- « (3-45)
SneKTPOMArHUTHas MOLHOCTb, MepeJaBaemasi 4Yepes BO3-
AYLWHbI/A 3a30p, paBHa, OTH. eA.:
PM= LI X (3.46)

rope M — 3ﬂ€KTpOM&FHVITHbII7I MOMEHT.

JNEeKTPOMArHUTHbBIA  MOMEHT YypaBHOBELIMBAETCS TOPMO3-
HbIM MOMEHTOM (MOMEHTOM COMPOTUBAEHUS) Mc—M. [pwu
3TOM MexaHnyeckasi MOWHOCTb Ha Bany 3/MeKTPOABUraTens on-
pedensieTcs BblpaXeHUEM:

P2= MOn2= M (1 —s)nx= Pav(l —s). (3.47)

[MoTepu B poTope
AP2= Pe« - P 8= sPBM (3.48)

3!'IEKTpOMaFHI/ITHaFI MOLWLHOCTb aCVIHXpOHHOI\/’I MallNHBbI

Paw= 31 (3.49)

0 (o]
roe /2mr2— ToK poTopa M akTUBHOE COMPOTMBEHME O6MOTKM
poTopa, NpuBefeHHbIe K 06MOTKe cTaTopa.

N3 ycnosus
dP3M _ 0
ds

oMnpeAenstoTca MaKCUManbHOE  3Ha4yeHWe 3MeKTPOMarHWTHOM
MOLLHOCTM Pavmax U COOTBETCTBYIOLWMIA eii MaKCMManbHbI MO-
MeHT MTax. OHM ByAyT MMETb MECTO NpPW CKOMbXEHUU S= SKp,
KOTOPO€e Ha3blBAaeTCA KPUTUYECKUM. MHTEpPeCcHO OTMeTWUTb, YTO
npu 3TOM MHAYKTMBHA# WM aKTMBHAas COCTaBNAOLLME BXOAHOIO
COMPOTUBNEHUS ABUraTens YMUCAEHHO PaBHbI.

B panbHeiwem  BOCMOMb3yeMCs MPUBAMIKEHHBIMW Bbipa-
XEHNAMM:

Pantax « -7 1 (3-50)

(3.51)
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m = AN—m—2m - N (3.52)
MuoM S 5<p
SKp S

roe b—MTaxYMHOM U XK— WHAYKTUBHOE COMpPOTWUBIEHWE [ABW-
raTens nNpy HemoABMXXHOM POTOpE.

Mpu s=1 umMeeM NYCKOBON MOMEHT; €ro OTHOCUTENbHOE
3HaueHne COCTaBNseT:

Ta= A= oW - » 2foKP. (3.53)
AHOM 1 , skp 14- s?2._
SKP 1
Kak n3meHsOTCA YKa3aHHblI€ BE/IMYUHbI NP U3MEHEHUN Ha-
Npa>XXeHna n 4aCcTtoThbl B ceTtun?
|/|C|'|Of|b3yﬂ NoNly4YeHHble Bbille BblpaXXeHnda, Haxogum:

rommax ~ PoMTaxHoM . ! (3.54).
by (3.55)
kf

TakK Kak u3 (3.46)

M =
Oanee 1
bio (3.56)
AKp.HOM kf
noaTomy
&
(3.57)
OueBnaHo, 4to npu ku = k¢
Ta---- I|<f- . , (3.58)

M3MeHeHVe MeXxaHW4YeCKUX XapaKTepucTuK acuHXPOHHOro
ABUTaTena npu U3MEHEHUU Hamnps>XeHWa W 4acToTbl MOKa3aHO
COOTBETCTBEHHO Ha puc. 3.8 1 3.9, a N3MEHeHne MeXaHWYEeCKnx
XapakKTepucTuk npum OfHOBPEMEHHOM COBMECTHOM MPOMOPLMO-
Ha/lbHOM MW3MEHEHUN Hanps>XeHua u 4yactoTbl — Ha puc. 3.10.
N3 nocnegHero pucyHka cnefyeT, 4TO MOXHO noayuuTb 6na’
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ronpusTHbIE YCNOBUS MycKa ABWUraTenss C MeXaHU3MOM Mpu Mo-
HWXXEHHOM HamnpsXXeHUU W NMOHWKEHHOW 4acToTe, YTO U UCMOJb-
3yeTcs B YCTAHOBKAX C YaCTOTHbIM MYCKOM.

MOMEHTbI COMPOTUBMEHWUS PAa3HOTUMHBLIX MEXaHW3MOB pas-
AnYHblL. AN 6OMbWKUHCTBA MEXaHU3MOB MeXaHWYECKYH Xapak-
TEPUCTUKY MOXHO BbIPasuTb Tak:

mc = mcl + (mcd— mcl) (1 — )2, (3.59)

rge mci— MOMEHT COMpPOTUBAEHUS Npu s= |; McoO— MOMEHT
CoOnpoTMBNeHns npu s= 0, NPUYEM MCO ~ M C,Hom-

XapaKTepPUCTUKN aCUHXPOHHOIo XapaKTepucTukn ACUHXPOHHOTO
asurartena npu WU3MeHeHUn Hanpa- asuratena npu U3MeHEHMM YacToTbl
XKEHNUA W HEW3MEeHHOW uvacToTe N HEM3IMEHHOM HaNpPAXXeHUn

[Ana 60nbWMHCTBA MEXaHU3MOB LEHTpo6exHoro tuna (3a
WCKIIOYEHNEM HacocoB, paboTalwmx ¢ 601bWINM CTAaTUYECKUM
Hanopom)

T8 —T®0[0,15 + 0,85 (1—s2]. (3.60)

KpuvBble Ha puc. 3.8 n 3.9 HarnagHo NokasbiBaKT BAUAHME
M3MEHEHUA Hanps>XeHWa U 4acToTbl Ha pexum paboTbl ABUTa-
TeNa NPy PasHbIX MeXaHW4YecKUX XapaKTepucTukax MexaHus-
ma. Mpu 3aTom cnegyeT UMeTb B BUAY, YTO NPOU3BOAUTENLHOCTH
60/bWIMHCTBA MeXaHM3MOB NPAMO MPOMOPLMOHaibHA 4acToTe
BpalleHus W, cnefoBaTeNbHO, YacTOTe CeTW, MO3TOMY NpenbaBs-
NATCA LOCTATOYHO >XeCTKMe TpeboBaHUA K KayeCcTBY 3NeKT-
poaHeprun. CHMXEHWe KayecTBa 3/1eKTPO3IHEPIUU B 3HEPTOCHU-
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Puc. 3.10. N3meHeHne me-
XaHWYECKON  XapaKTepuc-
TUKW  aCMHXPOHHOrO [BU-
ratensa npu nponopuwmo-
HaflbHOM W3MEHEHUW Ha-
NPSXKEHNA WU YacTOoThbl

cTemMe BefeT K CYLeCTBEHHOMY HapOAHOX035MCTBEHHOMY
yuwep6by. MNpn OueHKe BASHWA KayecTBa 3/EKTPO3HEPrUM Ha
paboTy 31eKTPOMPUEMHUKOB C/lefyeT TaKXe Y4YuTbiBaTb pery-
nMpyownin agekT Harpyskm (cm. ra. 2): notpebrieHne e ak-
TUBHOW W peakTUBHOW MOLIHOCTU M3MEHSETCA MpWM U3MEHEHUU
NOABEAEHHOr0 HanpsHKeHus.

3.9. HOPMbl HA KAYECTBO 3/IEKTPO3HEPIUNA

FOCT 13109—67* ycTaHaBnMBaeT oOMpefe/ieHHble HOPMbI
Ha KayecTBO 3/1eKTPO3Hepruu. Tak, AOMYCTUMblE OTK/IOHEHUS
HanmpsHKeHMAa Ha 3aXuUMax 3NeKTPOMPUEMHUKOB NIMMUTUPYIOT-
CA 3HAYeHMAMM, YKa3zaHHbIMK B Tabn. 3.4.

Ta6bnuua 3.4

JonycTUMble OTK/IOHEHVSI HANPSXKEHNSA Ha 3aXKUMaX pas-
JINYHBIX 3M1IEKTPONPUEMHNKOB, %

CI0BUS PaboTbl
yen pab namn BHYTPEHHero pa-

a/eKTpoaBY- 604ero 0CBeLLIEHUS U OCTa/IbHbIX
rareneu NPOXEKTOPHbIX yCTa-  31EKTROMNPUE M«
HOBOK HVKOB
HopmanbHbIn pexum —5--+10 —2,5-T-+5 4=5
MocneaBapuiiHbIA pexxum —10-r- -7,5-T- +5 —10-r-+5

Ha wunHax 3feKTpUYeCKNX CTaHUUA U MOACTaHUWUA 06bIYHO
obecneynBaeTcs BCTPEYHOE pPErynMpoBaHWe HaMpsaXeHus B
npegenax 0Y-+5 %. B ueHTpax nuTaHWA MNpPOU3BOAUTCHA
BCTPeYHOe perynuposaHue HanpsxeHusa s npegenax 0—+10%.
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Ha 3akmmax OCBETUTENbHbIX naMn U pagnonpuGopoB fo-
nyckawT Kofeb6aHus HanpsKeHUs, He MpeBblllaOLWmne

= + — = -T — .
pU= 1+ — = 1-f— (3.61)
roe n— 4yuncno KonebaHuin B yac, At—Cpe,EI,HI/Iﬁ 3a 4aC UHTEp-

Ban MexXay nocnegyrownmm KONie6aHMAMU, MUH.

LAns npueMHMKOB C YAapHO Harpy3koli [OMycKarTCa KO-
nebaHuns Hanps>keHus fo 1,5 % npu HeorpaHW4YeHHOW YacToTe.
[ns ocTanbHbIX MPUEMHWKOB 3/1EKTPO3HEPrUM KonebaHus Ha-
NPAXEHNA He HOPMUPYHOTCH.

CornacHo NOCT 13109—67 * B HOpManbHOM pexume [0-
MyCcKaeTCA OTK/NOHeHMe 4yacTtoTbl B npegenax +0,1 Tu. Mpwu
3TOM PaCXOXAeHWe MexXJy acTPOHOMUYECKUM W CUHXPOHHbLIM
BpemMeHeM (T. €. BpPeMeHeM, MNoJiyyaemblM OT 3/1€KTPUYECKUX
4acoB C CUHXPOHHbIM ABWraTefieM, NOLKMIOUYEHHbIM K CETU) He
0OMKHO npeBbllWaTh +2 MWH. YKa3aHHble HOpMaTUBbI Ha 4a-
CTOTY He pacnpoCcTpaHAlTCA Ha Nepuojg nocneaBapuinHoro pe-
Xuma.

HecummeTpma Hanps>XeHus, NOLBOAUMOrO K 1H060MY 3fek-
TPOMPUEMHUKY, He [OJ/DKHa npeBblwaTtb 2 %; Ha 3axummax
ACMHXPOHHbLIX 3neKTpoABuratened ponyctuma 60nblias He-
CUMMETPUSA, HO NPWU YCNOBUW, YTOC YYETOM APYrux (hakTopoB
(OTKNOHEHME  HampsXeHWs, HEeCUHYCOMAaNbHOCTb Hanpsxe-
HWA) He BO3HWMKAeT neperpesa ABuratens nNpu AaHHOM KO-
hrumeHTe 3arpysku.

HecuHyconganbHOCTb HamnpsXXeHWs Ha 3axummax nawboro
3NeKTPONPUEMHNKE, OCO6GEHHO MpWM HanMyuu rasopaspagHbiX
namn, He AO/XHa npeBbiwaTtb 5 %. /lMwb Ha 3aXnMmax acuH-
XPOHHbIX 371eKTpoABMraTeneid gonyctuma 60nblias HecUHycou-
0anbHOCTb, €CnM C  Y4YeTOM [pYrux BAUSKOWMX (haKTOPOB He
BO3HMKaeT neperpesa fBuUrartesnei.

B Tpexda3sHbiX 31eKTPUUECKNX CETAX C OAHOMA3HbIMU 31eK-
TPONPUEMHUKAMMN BO3HWMKAET CMELLEHWEe HEeWTpanu; OHO Aony-
CTUMO, €C/N C YYeTOM JpYrux BAUAKOWMNX (akTOpoB (OTKNOHe-
HWE Hanps>KeHUs, HECMHYCOMAANbHOCTb W HECMMMETPUA Ha-
NPsXXEHWNA) LeWCTBYHOLWME 3HAYEHNA HAMNPSKEHUN He BbIXOAAT
3a npefenbl, YCTAHOB/EHHble ANA OTKAOHEHUR HanpsaXeHus.

FOCT TpebyeT, uTOoObI HanpsHKeHne, NOABOAUMOE K 31EKT-

pONpUEMHMKAM, He COAEepXXano cy6rapMoOHWYECKUX COCTaBs-
IOLLMX.
6—516
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Ecnn usmeHeHue OTAeNbHbIX MOKa3aTeneli KayecTBa 31€KT-
PO3HEPIMM HOCUT Cly4aiiHblii XxapakTep, T0 TpeboBaHua FOCT
pacnpocTPaHATCA Ha Te W3 HWUX, KOTOpble B TeYEHUE MecaLa
MMEIT WHTerpasibHyl0 BepOATHOCTb He MeHee 95 %.

A 3.10. NALEHNA 1 NOTEPWU HAMPAXEHWA B CETAX

B HarpyXeHHbIX 371eKTPUYEeCKUX NIMHUAX U TpaHc(opmaTo-
pax BO3HWKAIOT NajeHns W NoTepu HanpsaxeHus.

PaccmMOTpUM 3MeKTPUYECKYH NWHUIO C HAarpy3koi Ha KOH-
ue. CornacHo ynpouweHHoli (6e3 yyeTa MPOBOAUMOCTEN Ha 3eM-
N10) BEKTOPHOW AgmarpamMmMme Hanps>XeHWin 1 TOKOB 3TOW NNHUW,
npeAcTaBneHHON Ha puc. 3.11, MOXHO 3anucatb

w.i- u2l= lw = y w 4 p - Y\iw 2+ (W\ (a.62)

Puc; 3.11. BekTopHasd Au-

arpaMMa Hanps>keHuit  un

TOKOB 3/1eKTPUYECKOW /1n-
HUK

CeoMeTpnyecKkas PasHOCTb HAMPsSHXKEHUIA B Hayase WU B KOH-
Le NIMHUM Ha3biBAeTCH MajeHWEeM HanNps>XeHus, a co-
cTagnswowme AU u 6U — COOTBETCTBEHHO MPO O/ bHOMN 1
nonepeyHol cocTaBAAWWUMKU nNafjeHUs Ha-
npa>XeHus. ApudmMeTMyeckas pasHOCTb HaMpPsHKEHW B Ha-
yasne U KOHLE JNIMHUM Has3blBaeTCs NoTepell Hanpsaxe-
HW . W3 BEKTOPHOI guarpammbl cregyet

\UI\—\nur\s AU. (3.63)

Ona noTpebuTeneil BaXHO 06bIYHO He NajeHWe UKW noTe-
pa HanpsHKeHWA, a OTK/IOHEHWE HanpsHKeHus, %,

y _ UArUmm JOO_
n v

N3 BekTOpHOW guarpammbl puc. 3.11 cnegyet

Ui =V (Uz+ AU + (bU)\ (3.64)
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lMocKobKy
JE/h = IR costh + 1%sinh = — ,
mndad Yysy
TO ]
U =Y3 Wl¢dp="5+"1 . (3.65)
AHanornyHo
8Up= Ixcosh— IR sin - Px A
Y3a Y3u
Px— QR

bU—Y3bug= (3.66)

Ona cHuxeHuns noTepb HanpaXeHna nNpuHUUMNManbHO BO3-
MOXHbl cnefyrolime NyTU: yBeNINYEHWE HanpsHXeHus U unu
YMeHbleHNEe P, Q, R, x. PeanbHO MOXHO BO3,D.€VICTBOBaTb TOJb-
KO Ha W3MeHeHue V M Q W 4aCTUYHO, Hanpumep nyTem pac-
uenneHna nposoaos, Ha WU3MEHEHUE TaK KakK Aond Bo3fyul-
HbIX 3NNEKTPUYHECKNX NIMHNIA

* = 014519 7%E. (3.67)
K

rae Dcp— cpedHee reoMeTpUYecKOe paccTosiHMe MeXAy npo-
BOAAMMW (ha3; VvaK — IKBMBANEHTHbI pagnyc MpoBOAaA.

CHUXEHNA NOTepb HAMPAXEHUS MOXHO TakxXe p[obutbes
nyTem MPOAO/bHOW KOMMEHCAaLUn peakTUBHOIO CONPOTUBAEHUSA
NNHWUW. CnegyeT OTMETUTb, YTO MPU MasbiX CeYeHWAX MPOBO-
foB B opmyne (3.65) onpegensiowmMm ABNSeTcA uneH PR, a
npn 60nbWNX — QX.

B KkauyecTBe npumepa BO3bMeM [Be BO3AYLUHbIE 3MEKTPUYECKME NUHUM

e npoBogamnm Mapok AC-35 u AC-240. Mpu nepefaye N0 KaXAON NIMHWM

MOLLHOCTM, YACNEHHO PaBHOV OAHOI YCNOBHON eAnHuue (P=1), npu cos (p=>
=0,8 (Q=0,75) byaem UMeTb:
ana nposoga Mapkum AC-35

1-0,91 + 0,75-0,42 0,91

+0
n = — = —’
U

3
Y )

a ana nposofja mapku AC-240
aly= 1043+ 07504 013+ 03

n n
6*
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Mpu KPYMNHbIX CeYeHWsX MPOBOAOB LOMONMHUTENLHOE YBENU
UEHWE CEYEHUs] He MOXET faTb 3aMETHOro CHuXeHus [U.

3.11. CNOCOBbl PErYIMPOBAHNA HAMNPAXEHUA

PerynnpoBaHve HanpsXXeHWs B 31€KTPUYECKNX CETAX 3Hep-
rocUCTEM OCYLLECTBAAETCA CUHXPOHHbIMW MalinMHamu (reHe-
patopaMmu, KOMMeHCaTtopamu, 3/1eKTPOABUTraTeNnsamMmm), CUI0BbI-
MW U PeryinupoBOYHbIMK TpaHchopmaTopaMmu, peryampyeMbimMu
f6aTapeamMy  CTaTUYECKUX KOHAEHCATOpPOB, pPas3NMYHOro poja
CTaTU4YeCKMMU UCTOYHMKAMWN peakTMBHON MowHocTu (MPM),a
TakXe NyTeM WUCNONMb30BaHWA TeX WM MHbIX CXEMHbIX peLle-
HWiA.

PerynupoBaHue HanpsaXeHWs W3MEHEeHMeM HanpsaXeHWsa Ha
3NeKTpOCTaHumMaXx. Ha wuHax 3nekTpocTaHUuii LO/MHKHO obec-
neuynBaTbCA BCTPEYHOE PErynupoBaHue Hanps>KeHus B npeje-
nax (1—1,05) PHHowv OpHako Takoe peryimpoBaHue YacTo Hefo-
CTAaTOYHO ANA MOAAEPXAHWUA HYXHOro KavyecTBa HampsXeHuWs
BO BCEX TOYKAX 3MEKTPUYECKON ceTw: ANA yAaneHHOW Harpys-
KN NoTeps HanpsHKeHWs B Yacbl MakCMMyMa MOXeT AOoCTuratb
30—40 %. Ecnu, Hanpumep, NPUHATbL COOTHOLUEHUE MUHUMANb-
HOM M MakKcuMManbHOW Harpys3ok Smm/Smax—0,3, TO A Umin —
= 30-0,3=9%.

Mpy ncnonb3oBaHWM Ha 31EKTPOCTaHLUUM BO3MOXHOrO pe-
ryNupoBOYHOro guana3oHa B 5 % o6wmuii pasmax konebaHwmii
HanpsXXeHWa y ypaneHHoro notpebutens OyaeT COCTaBNATb
30—9—5=16 %, Torga Kak 06bIYHO Yy nNoTpebuTeNns gonycka-
eTCA OTK/IOHEHMe HanpskeHus *5 %, T. e. pa3amax Kone6aHui
B 10 %. YunTbiBas CKasaHHOe, faHHbI CNOCO6 perynampoBaHus
HaNps>XXeHWA MOXHO NPUMEHSATb TOMbLKO B C/iyyae KOPOTKOW ce-
M, MATAEMOW OT LUMH reHepaTopHOro HanpsHXKeHus.

PaccmMoTpuM, Kak MeHfeTca pexum paboTbl reHepatopa
Npu M3MEHEHUMN TO/IbKO TOKA BO36YXAEHWUA WAN TO/IbKO aKTUB-
HO/i MOLLHOCTM 3a CYeT WM3MEHEHMS BpAaLLAlOLLErocsd MOMeHTa
Ha Bany.

M3 BEKTOpHOI guarpamMmbl HESBHOMOMKCHON MalLWHbI, pa-
6oTalolen Ha WKWHbI HEM3MEHHOrO N0 aMNANTYAEe HamnpsHXKeHUs
(puc. 3.12), cnepyert:

/ (xd+ xsu)cosd = Ixzcosg= Esin6,
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V=const

Pvc. 3.12. Pab6oTa HesBHOMOMIOCHOFO TeHepaTopa Ha LWWHbI HEW3MEHHOro
HanpsKeHns:

a —noscHALWan CXeMa; 6 — BeKTOpHas guarpamma

0TKyAa
E sin 5
/ COS ¢ =

Ho

P —UI cos,
Mo3ToMy-

UE _. .

xwin6 ~ E sin 6. (3.68)

1-ii cnyvaii. Ecnn npv MOCTOSAAHHOW aKTWBHOW Harpyske re-
HepaTopa OCYLIeCTBAAETCA W3MEHeHue TOKa BO30OYXAeHus
(puc. 3.13), TO ero yBenMyeHUe NPMBOAUT K BO3pacTaHuio E,
®, Q M UL N YMEHbLUEHUIO SiN 6, a €ro YMeHblUeHue BeAeT K

Puc. 3.13. Pexxum reHepatopa Mpu W3MEHEHWU TOKa BO30OYXAeHWS:

a —BeKTOpHas fuapramma; 6—UM3MeHeHWe TOKa CcTaTopa, aKTUBHOW W PeakTUBHOMN
MOLLHOCTEM
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M3MEHEHWIO BCEX BEIMYMH B 06PAaTHOM HamnpasfeHWW Npu ycno-
BUW, YTO Yron ¢ ocTaeTcs OTCTAOLLMM.

2- cnyvaii. Ecnm akTMBHasi MOLWHOCTb reHepatopa wusme-
HAeTCs, a ero TOK BO3OYXXAEeHNA 0CTaeTCA HEM3MEHHbIM, TO

P ~ sin6.

Mpy yBenWYeHUM aKTMBHOW MOLLYHOCTM reHepaTopa yBenu-
ymBaeTca Sin 6 M yMeHblwaTca @, Q U Um, KaK NnokasaHo Ha
puc. 3.14. Mpn yMeHbLWEHNN AaKTUBHON MOLWHOCTU B, Q M Um,
HaobopoT, BO3pacTatoT.

Puc. 3.14. Pexxum reHepatopa npu W3MEHEHUW MOMeHTa Ha Bany:

ar- BeKTOpHas auarpamMma; 6 —3aBUCMMOCTb aKTMBHOW W DPeakTMBHOW MOLLHOCTeV of
yrna 6; B -I 3aBUCUMOCTb PeakTUBHOW MOLLHOCTW OT aKTWUBHOW

PacCMOTpeHHblE MAeann3npoBaHHbIE CAy4vyan Harnagio wn-
NIOCTPUPYIOT B3auMMOCBA3b MapaMeTpoB peXxmma reHepartopa,
paboTaloLero napaniefibHO C 3N1EKTPUYECKOM CETbK 3HEpProcu-
cTeMbl. Perynmpysa B fOnyCTMMbIX Mpegenax TOK BO3OYXAeHUA
reHepaToOpoOB, WM3MEHSOT 3HA4YeHWe BblfaBaemMON MMU pPeaKTWB-
HO MOLLHOCTM M TEM cCaMbiM MOAAEPXMBAKT 3afaHHbIA pexu-
MOM pabOoTbl 3HEPTrOCMCTEMbI YPOBEHb HAMpPSHKEHWUA Ha LIMHAX
3M1eKTPOCTaHLWIA.

PerynupoBaHne HanpsXXeHUs W3MeHeHUeM KoahuumneHTa
TpaHcopmaumn CuaoBbIX TpaHchopmaTopoB. PasnuyarT no-
BbllIaloWMe U NOHWXawuWme TpaHcopmaTtopbl. B 3aBucumo-
CTW OT Tuna TpaHchopmatopa nofbupaeTcs ero HOMMUHaAlb-
HbIA KO3(P(MUMEHT TpaHCchopMauum, onpegensieMblii Kak OTHO-
LIEHNE HAaMPSXXEHWA OCHOBHbIX BbLIBOAOB MPW XO/IOCTOM XOAe
TpaHcgopmaTtopa.
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PaccmoTpuM cxemy, npefcTasBneHHyt Ha puc. 3.15, a. lo-
TEPA HANPSXKEHUA B IMHUAX MPU PacYETHOW Harpyske 06bIYHO
coctasngaeTr okono 10 %. [osToMy B Hayane NWHUKM noapep-
XuBaeTca HanpsKeHne — 1,05 £/Hom [pu 3TOM B KOHLE TMHUK
OHO MOXET O6bITb HWUXE HOMUHanbHOro, Hanpumep 0,95 Unom
(puc. 3.15, 6).

Y nosblWwWakwwWwmx TpaHcHOpMaToOpoB T1 OCHOBHOW BbIBOA
06MOTKM HH paccunTbiBaeTc Ha UrsHom 1,05 £/cetu,Hom WA
U cet,Hom, & OCHOBHOW BbiBOA 0OMOTKM BH — Ha 11 (/cetu,Hom
KB ceTAX 330—750 KB OCHOBHOI BbIBOA pacCUMTbIBAETCA Ha

Puc. 3.15. Vi3mMeHeHMe HanpsXXeHUsi B 3NeKTPUYECKON CeTW Mpu WU3MEHEHUM
Harpysku:

a—noAcHAOWaA CXeMa; 6 —MW3MeHeHWe HanpsXKeHuid; / —npu MakcMManbHoW  Ha-
rpy3Kke; 2 —npu MUHWManbHOW Harpyske

1,05 {HremHom). Y noHuxawuwmx TpaHcopmaTopos T2, T3, T4
o6moTka BH nMmeeT OCHOBHOW BblBOA, pacCuUMTaHHbIA Ha CfF,HOM
mnn UcetmHoMm. 3 o6moTka HH— 11 £/cetnHom nnm 1,05 £/cet,Hom
(B cnyyae KOpPOTKOI ceTW, Hanpumep, CeTW COBCTBEHHbIX HYX[
3NeKTpoCTaHyni).

PerynupoBaHune Koa(hpumumeHTa TpaHchopmaumm TpaHc-
(hopMaToOpOB M3MEHEHWEM 4MCNa BUTKOB OOMOTOK MOXET Mpo-
M3BOAMTBLCA B0 MPU OTKAOUYEHHOM MOMOXEHUN TpaHcdhopMma-
Topa (nmepekntoyeHue 6e3 BO3OyxaeHus TBB), nubéo nopf
Harpyskoi ¢ MOMOLLbIO CNeLuasbHOro peryanpoBoYHOro yCcTpoii-
cTBa (perynupoBaHue nog Harpyskoin PIMH).

Cuctema MBB (£2X2,5 % wam =5 %) wncnonib3yetca B
OCHOBHOM Ha TpaHcdopMmaTopax HanpsxeHuem fo 35 kB. Ee
4YaCTUYHO MCMNOMb3YIOT M Ha TpaHchopmaTopax 60/ee BbICOKOro
Knacca HanpsaXeHus, HanpuMep Ha CTOPOHE CpefHero Ha-
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NPAXEHUA TPexXoOMOTOUYHbIX TPAaHCHOPMATOPOB, OHa MNpeanoy-
TUTeNbHA W ANA 6M0YHbIX CUNOBbIX TPAHCHOPMATOPOB 3NEKT-
pocTaHUMil. BOAbWMHCTBO CeTeBbIX TpaHC(OpPMaTopoB Bbinyc-
Kaetcs ¢ cuctemoin PMH +(10—16) % [+(6—9) cTyneHeW].
Y aBTOTpaHc(oOpMaToOpoB perynnposaHue BefdeTcd CO CTOpO-
Hbl BbIBOJOB CPefHEro HanpsaXeHus.

OCHOBHble HefocTaTKM TpaHcgopmatopos ¢ PMH 3aknio-
YalTCA B WX MOBLIWEHHOW cTOUMMOCTKM (TakuMe TpaHchopmarto-
pbl Ha 20—25 % popoxe TpaHcghopmaTtoposB 6e3 PIH), noka
elle HefOCTATOYHO HaAeXHOW paboTe pPerynnpoBOYHbBIX YCT-
POCTB M B LONOMHWUTENbHbLIX TPYAHOCTAX B 06ecrneyeHUM 3nek-
TPOAMHAMMWYECKO CTOMKOCTM TPaHCHPOPMATOPOB K CKBO3HbLIM
TOKaM KOPOTKOr0O 3aMblKaHUA.

PerynnpoBaHue HanpsXXeHUs C MOMOLLbIO CreunanbHbiX pe-
ryINpoBOYHbIX TpaHctopmaTopoB. CyllecTBYeT HECKO/IbKO
CXEM BK/IIOUYEHUS PerynnpoBOYHbIX TpaHChopmMaTtopoB (NMHEN-
HbIX W nocnefoBaTenbHbiX). CXeMbl, MNOKa3aHHble Ha puc.
3.16, a n 6, yale MCNONb3YKTCS B 3/IEKTPUYECKUX CETAX, a
cxema, npeacTasBfieHHad Ha puc. 3.16, B,— Ha 3/IeKTPOCTaH-
uuax.

B 3aBMCMMOCTM OT Tpynnbl COeAWHEHWIA CUIOBOTO WU pery-
NMPOBOYHOr0 TPaHCHOPMATOPOB MOXHO MOAYYUTb MPOLOSbHOE
WY NonepeyHoe perynupoBaHue HanpsHxeHusa. TlpofonbHoe
perynumpoBaHue Hanps>XeHWa B OCHOBHOM BefleT K W3MEHEHWIo
MepeTOKOB PeaKTUBHbIX MOLLHOCTEN, a MNonepeyHoe — aKTUB-
HbIX MOLHOCTel. lMocnegHee NO3TOMY MCMOMb3YIOT AN MPUHY-
OWTENbHOTO MepepacnpefeneHns  aKTUBHbIX MOLLHOCTEN B
ANeKTPUYECKMX ceTaX. Takoe mnepepacnpejeneHne Heob6xogm-
MO, Hanpumep, B HEOLHOPOAHbLIX CeTAX, T. €. B CETAX C HeoAau-

Ptic. .3.16. CxeMbl BK/OYEHUSA PEryIMpoOBOYHbIX TPaHCHPOPMATOPOB:

T1 —cu™nosoit  TpaHcthopmaTtop; T2 — NMHENHbI  PerynMpoBOYHbIi  TpaHcopmartop;
T3 — nutatowunii  TpaHchopmaTop; T4 —nocnefoBaTeNbHbIl  PEryanpoBOYHbIA  TpaHC-
opmarop
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HaKOBbIM OTHOLUEHUEM WHAYKTUBHBLIX W aKTWBHbIX COMPOTWBIIE-
HWA 3NEMEHTOB, €CNM Mapasfie/lbHO BK/OYEHbl JIMHWM Pa3HOTO
Hanps)keHus. BBuAy TOro, 4to y 3NEMEHTOB CeTu 6onee Bbi-
COKOr0 HAamnpsKeHUs HeOAHOPOAHOCTb CeTM e—Xx/R MOXeT
6bITb 6ONbLUE, YeM y 3NeMEHTOB CeTW 6Gonee HU3KOTO Hanps-
)KEHWS, aKTUBHbIE MOLLHOCTM MO CETSM pacnpefenstoTcs Tak,
UTO HeJONYCTUMO 3arpyaeTcs ceTb G0/Iee HU3KOrO Hanpsxe-
HUs, a ceTb G0/iee BbICOKOTO HamnpshkeHus pasrpyxaetcs. o-
3TOMY B [JaHHbIX YCNOBUAX TpebyeTcs MpUHYAUTENbHOE nepe-
pacnpegeneHne akTUBHbIX MOLYHOCTEVA.

jle*
Puc. 3.17. BekTopHas [fuarpamma
Hanps>XeHWn W TOKOB 3/MeKTpUYec-
KON NUHUKM NpU WU3MEHEHWU ee pe- Y 1nu reoMe TPUYECKOe MecTa
aKTUBHON Harpysku [ B KOHLOB BekTOpoB U]

PerynupoBaHune Hanps>keHUs M3MeHeHUeM MepPeTOKOB peak-
TUBHbIX MoOLWHOCTed. Ecnv B nnHWM 3nekTponepegayun c cocpe-
[LOTOYEHHOM Harpy3kKoi Ha KOHLUe NOAAep>XWUBAKTCA HEU3IMEH-
HbIMW HanpseHue U2 N aKTUBHAs Harpyska P, a peakTuBHas
Harpyska Q u3MeHseTcs, TO, KakK BUAHO u3 (3.65), uM3meHaeT-
€A W NafieHne HanpsHKeHWs B AMHMK. TpnM 3TOM KOHeL, BeKTopa
HanpsXKeHUs B Havalle AUHUM Ur CKOMb3UT NO NpaAmMoi (cm.
BEKTOPHYO Auarpammy Ha puc. 3.17).

3ameTum, 4TO He Bcerga \Ui\>\U2\. Tak, Hanpumep, B
cnyyae paboTbl A/MHHOW 3NEKTPUYECKOW NMHWUK, o6nagaroLleli
6onblwoli pacnpefeneHHON eMKOCTbIO, BXOOCTYIO UMEEeT MecTo
HepaBeHCTBO |/71|<|<72|, Kak 3TO BUAHO u3 puc. 3.18,6.
Ecnu xe nuHuio Harpysutb (puc. 3.18, B), TO OKaxeTcs, Kak
06bI4HO,

N3MeHeHNs MepeTOKOB PeaKTWBHOW MOLLHOCTU MO AUHUM
MOXHO [00WMTbCA YCTAHOBKOI Yy MOTPebuTens CUHXPOHHbIX
KOMMEHCAaTOpPOB WAM 6GaTapeil CTaTMYeCKUX KOHEHCATOPOB.
Heob6xoaMMasi MOLWHOCTb KOMMEHCUPYHOLWNX YCTPONCTB Haxo-
autca cnegyrowmnm o6pasom. Mpu OTCYTCTBUM U HANUUYUU KOM-



AnekTpuyeckne cetn \Ta.'3

MEHEMPYIOLLEro YCTPOWCTBA HanpsxxeHUs U2 u t/r cBA3aHbl CO-

OTHOLLEHUAMMU:
PR + Qx

u2

Ui = U+ PR+ A2>KQC'k)* >

rae v 2k— XXenaemoe Hanps>keHne Npu NOAKIHYEHUN KOM-
MeHCMPYIOLLEr0 YCTPOCTBA.

Puc. 3.18. Pexxumbl paboTbl AJIMHHOW 3MEKTPUYECKOW NIMHWK:

B — NOsICHAIOWAs CXeMa; 6 — BEeKTOpHas guarpamMma nNpH paboTe JMHUM  BXONOCTYHO;
B — BEKTOpHasA guarpamMmma npu Harpyske NMHUM

Ecnn HanpsaxeHue U\ ocTaeTcs HeM3MeHHbIM, TO
U _ unu | PR+Qx Qckx _PR+Qx _ ¢
2K 2 N DK M n2
HanpsaxeHne n 2k Mano oTnuv4yaetrcd oT U2, Mo3Tomy
PR +QX PR + QX
U2m U2

Mpwn atom
(3.69)
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Ha npombiAeHHbIX NPeanpuATUAX MOLHOCTb KOMMEHCK-
PYIOLWMUX YCTPOWCTB 4acTo BbiOMpalT HE M3 YCAOBUIA noppep-
XaHUS HYXXHOrO YPOBHS HanpsXeHus, a w3 ycnosus obecne-
YeHUsA BbICOKOro (beclwITpaHOro U faxke noowpsemMoro) Ko-
ahuumeHTa MOLWHOCTU Harpysku. B atom cnyuae

Qc,K = PHr (tg ¢ — tg cpx). (3.70)

ConocTtaBum XapPaKTEPUCTUKN CUHXPOHHbIX KOMMEHCATOPOB
n 6aTapel7| CTaTU4eCKUX KOHAEHCATOPOB.

CUHXPOHHbBIE KOMNEHCaATOPbI baTapen CcTaTUYECKUX KOH-
AeHCaTOopoB

1 VI3SMEHAIT peakTUBHYIO 1 W3meHAOT peakTus-
MOLHOCTL  NPU  U3MEHEHUM HYH MOLLHOCTb C U3MEHEHWEM
TOKa BO3OYX[eHWA, TaK KakK 4ucnia; MNOAKMOYEHHbIX 3fe-
Q=f(If). PeakTuBHaf MOL- MeHTOB, TaK Kak Q= U2ajC.

HOCTb MOXET MeHATbCA nnas- Perynuposka peakTVBHO
HO W B LIMPOKUX nMpefenax, MOLHOCTA BO3MOXHa TOJIbKO
CTYNEHAMU.

2. M<?ryt Kak BblgaBaTb, 2. Tonbko BbigawnT Q.
Tak n notpebnaTtL Q.

3. MNoTpebnaT wu3 cetn 3. MoTpebnaoT U3  cetun
aKTUBHYH MOLLHOCTb aKTVBHYIO MOLLHOCTb
AP >k 1,5-4-5 % ot QycT AP «0,34-0,5 % ot QyCT

3aBoackue ctoumocTn (OMTOBbIE LiEHbI) GaTapeli ctaTmyec-
KMX KOH[EHCATOPOB W CUMHXPOHHbIX KOMMEHCATOPOB MPUMEPHO
OAWHAKOBbI W paBHbl 3—6 py6/kBap. Tak, Hanpumep, ANS CUH-
XPOHHbLIX KomneHcatopoB Tuna KC-15000 cToMmoCTb paBHa
4,1 pyb6/kBap, gnd kKomneHcatopoB Tuna KC-50000 — 3,6 py6/
/kBap, a gna 6GaTapeil CTaTMYECKMX KOHAEHCATOPOB TuMa
KM2-6,3—4 py6/kBap.

B nocnegHee Bpems kak B CCCP, Tak u 3a pybexom gns
M3MEHEHNs MepeTOKOB PeaKTMBHbIX MOLLHOCTE/i B 3neKTpuye-
CKOW CeTM CTaju MCMNOMb30BaTb CTaTU4YECKUE WUCTOUHUKK peak-
TMBHOI MowHocTn (MPM), cocToswme 06bIMHO U3 GaTapeit
KOHZEHCATOPOB W peryanpyembiXx peakTopoB unu 6aTtapeli KOH-
[leHCATOpPOB W YMNpaBffAeMblX TUPUCTOPHbLIX O/I0KOB, COEAMHEH-
HbIX MO OMpeAeneHHbIM CXeMaM, B 3aBUCMMOCTW OT YPOBHA HO-
MWUHA/IbHOTO HanpsHKeHUs ceTu u TpeboBaHWA K CUCTEME pery-
NNPOBaHNS HAMPSAXEeHWs. YKasaHHble YCTpOlcTBa cogepxat
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HeNWHelHblE 3/1eMEHTbI, YTO CKAa3blBAETCA Ha KauyecTBe Hanps-
XeHUA B CETU U TpebyeT NPUHATUA Mep MO ero NoAAepXaHuto
Ha Heo6bXx04UMOM YpPOBHe, 0COBGEHHO B YacTW KOMMEHcaLuun BbIC-
WNX FapMOHMUK.

PerynupoBaHve HanpsbkeHUss MyTeM W3MEHEHUs CXeMbl
ceTn. HekoToporo, npasfa, orpaHuyeHHoOro agdexkta no pery-
NNPOBAHMIO HANPSXXEHUS B CETU MOXHO JOCTMYbL NYTEM WUC-
MONb30BaHMA PA3/IUYHbIX CXEMHbIX pELUeHWI, COCTOAWMUX B
M3MEHEHMUM 3KCNNyaTalMOHHbLIX OMEpPaTUBHbLIX CXeM 3feKTpuye-
CKMX COEMHEHWI 3/EKTPOCTaHUMiA W nogcTaHumii. lMepexon K
3aMKHYTbIM U C/I0XKHO-3aMKHYTbIM CXeMaM YBenun4vmMBaeT XXecT-
KOCTb CETU W BefeT K BbipaBHMBAHWIO YPOBHEl HamnpsXeHWi B
pasfnnyHbIX y3nax cetn. HaobopoT, nepexop OT 3aMKHYTbIX CXEM
K pafnanbHbIM YMEHbLIAET >KeCTKOCTb CeTW U YBeNnu4uBaet
najgeHvie n MOTeplo HanpsXXeHusd B Uenu OT MCTOYHMKA A0 No-
Tpebutens. Tak, B yacbl MWHMUMYMa Harpysku, Korga B 3Hep-
rocucteme BO3MOXEH W3ObITOK PeaKTUBHOW MOLLHOCTW W KOrja
perynupyiouias cnocobHOCTb KOMMEHCUPYIOWMX YCTPOWCTB MO-
XKEeT 0Ka3aTbCH HefOCTaTOUYHOMN, MOXHO, Hanpumep, OTKIHYUTb
OfHY M3 MUTAKOLWMWX Harpys3Ky napanfiefibHbiX NUHWIA, yBeu-
YMB TeM cambiM NajeHWe U MNOTEPI0 HANPAXEHWA B CeTU U COo-
XpaHuB y notpebuTens HOPMUPOBAHHbIA YPOBEHb HAMPAXEHUS.
JaHHbIA cnocob yMeHblIaeT HAAEeXHOCTb 31EKTPOCHabXeHus
noTpe6uTeneid M NO3ITOMY MOXET MPUMEHATbLCA TONMbKO B MUC-
KNHUNTENbHBIX Cny4yasnx.

PerynupoBaHne HamnpsiKeHWs MNyTeM W3MeHeHUs COMPOTUB-
NeHUs1 3neKTpuUUeckoit cetn. B psage cnyyaes perynmpoBaHme
HaNPs>KeHUs MOXHO OCYLLeCTBUTb MyTEM KOMMEHCauuu MHAYK-
TUBHOIO COMPOTMBMIEHWUA nuTalowen cetm (puc. 3.19), ncnonb-
3ysl YCTaHOBKMW MpPOAOSbHOK KomneHcauun (YTMK). MocnegHue
COCTOAT M3 MapanfiefibHO BK/IOYEHHbIX 6GaTapen KOHAeHcaTo-
poB, KOMMYTALMOHHOrO annapaTta (BblkluaTens WM pasb-
efMHUTENs) W annapaTta A1S 3awWwuTbl 6aTapen KOHAEeHCATOPOB
OT BO3MOXHbIX HEAOMYCTUMbIX NepeHanpsXeHUin. 3ToT cnocobd
athekTnBEH, Korga cos ¢,r"0,6-7-0,8, a npoBoga NUHUIN UMe-
0T 60/blUME CeYeHUA, TaK Kak Mpu 3TOM Ha MOTepl Hampsxe-
HUA CYLECTBEHHOE B/IUAHME OKasblBaeT 3HaYeHWe WHOYKTUB-
Horo conpoTmBneHus cetu. Cnocob uenecoo6pasHO MCMOb30-
BaTb NpW yJapHO Harpyske, Korga gpyrue cnocobbl He fatoT
HY)XXHOT0 3(hekTa, a TakXXe Npu NPOTSHKEHHbIX ANHUAX, NUTa-
IOWWX yAaneHHble Yy3/bl Harpy3km (HeTenpombiCibl, TOP(O-
pa3paboTKn, CenbCKOXO03AWCTBEHHble noTpebuTenu). HepocTa-
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Puc. 3.19, PerynuposaHue Hanps>keHUs MyTeM W3MEHEHWs! COMPOTUBMEHNS
3NEKTPUYECKOI CeTu:

a —noscHALWasn cxema; 0 —MW3MEHEHWe HanpsXXeHUs B CeTU; B —lBeKTopHas fua-
rpaMma

TOK JaHHOro cnocoba peryinpoBaHUs Hanps>XXeHuUs COCTOMT B
TOM, YTO ero 3MAPEKTUBHOCTbL CHUXAETCA MpPU YBEIUYEHUM
cos qmr n TpebyeTcs [LOCTATOYHO C/IOXHbIA WM JOPOroi KOMM-
nekc YMK c KoHAeHcaToOpHOW 6GaTapeeidi nocnefoBaTenbHOro
BK/IHOYEHUS.

PerynupoBaHue HanpsXXeHWs C NOMOLLbI HEIMHEWHbIX YCT-
poiicTB. B 3apy6eXXHbIX W OTEYECTBEHHbLIX 3HEProCMCTEMAx B
nocfiefHNe rofbl BHELPANOTCA Pas/IMYHOTO poja M HasHayeHus
HeNnHelHble perynaupyloline ycTpoicTea. Takume YCTpoicTBa
MOTYT WCMONb30BaTbCA ANA aBTOMaTUYeCKOro peryivpoBaHus
Hanps>KeHWs B CeTW. B KayecTBe HENUHEAHbIX 31eMeHTOB
06bIYHO MPUMEHAIOT PeakTopbl U ynpaBnseMble TUPUCTOPHbIE
610KM. CXeMbl U XapaKTepPUCTUKN HEKOTOPbIX HeNWHENHbIX pe-
ryavpyrowmnx ycTpoKicTB NocneAoBaTeslbHOr0 M napaniesnbHoro
BK/lOUeHUA npusefdeHbl Ha puc. 3.20. B cxeme puc. 3.20, a 6a-
Tapesa KOHAEHCAaTOPOB BK/OYEHA MOC/efoBaTeflbHO C HenuHel-
HbIM HacbIWaloLWmMMca peakTopoM. Mpu M3MEHEHUU Harpysku
MeHsfeTCA TOK /IMHUM W CTeMeHb HacbiWeHna peakrtopa. Mpu
3TOM CymMmapHoe (BXOLHOE) COMPOTMB/IEHWE YCTPONCTBA HENM-
HeliHO n3meHsAeTcs. COOTBETCTBYIOLWMUM NOAGOPOM MapameTpoB
f6aTapen M peakTopa MOXHO NOAyuYnTb Tpebyemblli xapakTtep
M3MEHEHNS CYMMapHOro CONpOTMBAEHUS ycTpoiicTBa (pwc.
3.20,6).

B cxeme puc. 3.20, B 6aTapes KOHAEHCATOPOB W HachILLat0-
WMIACA peakTop BK/KYEHbl napannenbHo. MNpu n3MeHeHWW TOKa
NIMHUW MeHseTCA CTeneHb HAacCbIWEHUA peakTopa M COOTBETCT-
BEHHO 3HayeHWe BXOLHOr0 COMPOTUB/EHUA YCTPOICTBa, 3aBM-
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Puc. 3.20. CxeMbl HeNMHENRHbIX PerynanpyroLmx ycTpoincts

csllee OT COOTHOLWEHUS CONPOTUBAEHWUIA nNapanienbHO BKIO-
YeHHbIX peakTUBHbIX 3anemeHToB (puc. 3.20, r). Ha puc. 3.20, g
M e MpeAcTaBfieHbl CxeMbl npocTeiwunx WPM napannenbHoro
BK/OYeHMA. Cxema puc. 3.20, >k N0O3BONAECT He TO/NbKO perynu-
poBaTb Hanps>XeHuWe, HO W orpaHmMymeaTtb TOK K3 y noTpebu-
Tenda. Ha puc. 3.20,3 npeacrtaBfeHa OfHa U3 MNpPeasoXeHHbIX
cxem UPM pna nuHum anektponepegayn 1150 kB. Cnepyet
OTMETUTb BbICOKYI CTOMMOCTb AaHHoro VIPM.

FnaBauyeTBepTan
CVNHXPOHHbIE TEHEPATOPbLI 1 KOMIMEHCATOPbI

4.1. OBWWME CBEAEHWUA

BbipaboTka 3/1EKTPO3HEPTUM HA 3/MEKTPOCTaHLMAX 3HEpPro-
cucTeM ocyulectsasieTcs Typbo- u rugporeHepatopamu. Typ6o-
reHepartopbl yctaHasnusawTca Ha K3C, TAOL u A3C, rugpo-
reHepatopsl — Ha '3C n TA3C. PoTopbl Typb60- U rugporeHe-
paTopoB NPUBOAATCHA BO BpalleHWEe COOTBETCTBEHHO MapOBbIMU
N TUAPaBINYECKUMN TypOUHaMU.



§4.1 \O6(uné ceepeHnsn 95

CWHXPOHHble KOMMeHcaTopbl 00bIYHO YCTaHaBAMBAlOTCA Ha
nogcTaHumMa™ n WAyxXat ANA PeryiupoB3IHUSA HanpsaXeHWUs B
cetTn. CUHXPOHHbKE KOMMEHCATOpPbl MO CYLECTBY MpefcTasng-
I0T CO60l/ CMHXPOHHbIE ABUraTenu, paboTalwme Ha XO0M0CTOM
Xog4y, C WWpoKML, gnanasoHOM W3MeHeHUs TOKa BO30OYXAEeHMS.
B pexume nepeBo3OYy>XAeHUA KOMMNEHCATOPbl BbIJAOT peak-
TUBHYK MOLHOCTb B CETb, & B peXuMe HefO0BO3OYXAeHUs mno-
TpebNsAloT ee U3 ceTu.

BBugy OTHOCMTENbHON MPOCTOTblI TEXHONOTMYECKOW CXeMbl
F3C rugporeHepaTopbl /IEFKO MOFyT OblTb NepeBefeHbl B pe-
XWUM CUHXPOHHOrO KomneHcatopa. [pyM ocTpoil HeobxoguMMO-
CTU HeKoTopble Typ6oreHepaTtopbl TakXe MOryt 6bITb nepe.e-
[EeHbl B pPeXUM CMHXPOHHOrO KomneHcatopa. B nocrnegHee Bpe-
M Ha anekTpocTaHumax CCCP cran: BHeApPATbLCA MEpPeBof
TypboreHepaTopoB (NpkKa MoWHOCTbIO Ao 200 MBT BK/OUU-
Te/bHO) B MOTOPHbIA pexum. MNpu 3TOM reHepaTop ocTaertcs
COYNEHEeHHbIM € TypOuHOW. Takoi pexum ucnonb3yete” no
9KOHOMWYECKMM COO0OpaXKeHUsAM [ANA CcoxpaHeHus B paboTe
Typ6oreHepatopa npuM 3HAYUTENIbHOM CHUXEHUW Harpysku
3N1EeKTPOCTaHLMN B BbIXOAHbIE AHN W B [HW Mpa3fHUKOB. B mo-
TOPHOM pexume TypboreHepatopbl MOryT B 3aBUCUMMOCTU OT
3HaYeHUs TOKa BO3OYXAeHMA KaK BblfaBaTb, TaK U NOTpebnaThb
PEaKTUBHYI0 MOLLHOCTb, T. €. BbINOMHATL (YHKUUN CUHXPOHHBIX
KomneHcaTopoB. [lepeBod TypbOreHepatopoB B PEXWUM CUHX-
POHHOrO KOMMeHcaTopa 3HA4YMTEeNbHO C/I0XHee, YeMm rugpore-
HepaTopOB, MO3TOMY OH MPUMEHSAETCHA B UCKIHOUYUTENbHbLIX Chy-1
yaax.

C yBenuMYeHWeM MOLLHOCTE/ TreHepaTopoB U CUHXPOHHbIX
KOMMEHCATOPOB Y/yyLWaTCAd WX TEXHWKO-3KOHOMWYeCcKue rmo-
KasaTenn (yMeHblIATCS YAeNbHbIA pacxoj NPOBOAHUKOBbLIX U
(heppOMarHUTHbIX MaTepuanos, yAenbHas CTOMMOCTb M T. 4.).
[M03TOMY COBpPEMEHHble 3/IeKTPOYCTAHOBKW, KaK Mpasuio, npo-
eKTUPYITCA C KPYNHbIMW arperatamu. lMpegenbHO LOCTUTHY-
Taf K HacTosAwemy BpemeHn B CCCP mowHocTh TypboreHepa-
TopoB cocTtasnger 1200 MBT, rugporeHepatopos — 640 MBT,
CMHXPOHHLIX KoMneHcaTopos — 320 MB-A.

Typ6oreHepaTopbl. [MPOMBIWIEHHOCTb MOCTAB/AET ABYXMO-
NOCHble TypboreHepaTopbl MOWHOCTbO 2,5; 4; 6; 12; 30; 50;
60 (63); 100; 150 (160); 200; 300; 500; 800; 1200 MBT. Ho-
MUHa/IbHOE HanpsHXXeHWe TreHepaTopoB MpuHMMaeTca oT 6,3
Lo 24 kB, koappuumeHT mowHoctn ot 0,8 go 0,9. Mpu aTom
HOMMHaNbHbIA TOK cocTaBnseT ot 0,35 go 32 kA, KMA ot 95,8
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fo 99,03 %, macca portopa ot 3,5 go 100 T, o6was macca Typ-
6oreHepaTopa (6e3 BO3byauTens M PyHAAMEHTHbIX NAUT) OT
16 o 600 T.

JanbHeliwee yBennyeHne egUHUYHON MOLLHOCTU Typ6oreHe-
paTopoOB CAep>XuBaeTcA TPYLHOCTbIO MONYYEHUA HALEXHbIX B
paboTe LeNbHOKOBaHbIX WAW CBAPHbIX POTOPOB C 6O/bLIMMK
maccamy (Tak Kak npu 60nbWMX AMamMeTpax POTOPOB U 4ac-
ToTe BpaweHus 3000 06/MUH BO3HUKAKOT 60/bLUME OKPYXHbIE
CKOPOCTM N COOTBETCTBEHHO 60/bLUME LEHTPOOGEXKHbIE CUbI Ha
MOBEPXHOCTWU POTOPOB); TPAHCNOPTHbIMWU rabapuTamu cTaTopa;
TPYLHOCTbLIO CO3[aHMNA HAJEXHbIX CUCTEM BO3OYXAEHWA HA HO-
MUHaNbHbLIA TOK poTopa 8—12 KA. BbIX04 W3 MOSIOXEHWA MO-
XeT ObITb HalifieH, B YaCTHOCTM, MyTeM CO34aHWA YeTbipexno-
NOCHbIX TypboreHepatopoB. Y TakKuX reHepatopoB poTop Me-
XaHNYeCcKM MeHee Hamnps>XeH, OAHAKO ero macca 3HayuTeslbHO
6onble maccbl poTopa ABYXMOMIOCHOro TypboreHepaTtopa Ta-
KOW >Xe HOMWHaNbHOW MOLLHOCTW, a Macca MOKOBOK fjocTuraet
300—350 1. MpepenbHas MOLWHOCTL ABYXMOKOCHBIX TypboreHe-
patopos 1500 MBT; u4eTbipexnofitoCHbix — 2000—2500 MBT.
Mo oueHKkam npefefbHas MOLWHOCTL pa3pabaTbiBaeMbiX Ma-
LWMH HOBbLIX TUMOB — KPUOTYpPOHOreHepaTopoB MOXeT ObiTb [O-
BefeHa o 4000—5000 MBT. B Tabn. 4.1 npuBefeHbl MPOrHO3-
Hble OLEHKW npefefibHbIX MOLLHOCTEN [BYXMOMOCHBIX U YeTbl-
pPexXnontoCHbIX Typb6oreHepatopoB nNo Mmatepuanam  (Upmbl
bpoyH-bosepn.

FmaporeHepaTopbl BbIMYCKalOTCA MOLWMHOCTbIO OT 8 [0
640 MBT ¢ HOMUHanbHbIM HanpsxeHuem ot 3,15 po 15,75 kB,
HOMWHanbHbIM TOKOM oT 0,6 go 26 KA, maccoii poTopa oT 30

Tabnuua 41

3HayeHus Npu Yucne Noscos

MapameTpbl ) 2 4 . . .
YacToTa, Iy 60 50 ' 60 60 50 50
YacToTa BpalieHus, 06/MUH 3600 3000 1800 1800 1500 1500
[vnameTp poTopa, MM 1080 1280 1850 1850 2250 2250
[unawvetp Bana, Mm 600 710 1150 1150 1400 1400
[nvHa Bana potopa, M 10 n 16 136 185 156

PaccTosHme Mexgy nogwun- 14,58 16,64 23,4 21 275 246
HUKamMm, M

Macca potopa, T 62 120 398 347 697 606

HoMunHanbHas MoLHoCTb, 1570 2220 4250 3600 6400 5400
MBT
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0 935 T, 06buweli maccoin reHepatopa ot 75 go 1790 T, guamet™
poM poTtopa OT 5 Ao 16 M. 'maporeHepaTopbl ABAATCA MHO-
ronoitoCHLIMKU, a MOTOMY OTHOCWUTE/IbHO TUXOXOAHbIMU CUHX-
POHHBIMKM MaWKWHaMK. YacToTa X BpaweHns 06bI4HO HAXOANTCSH
B Anana3oHe 50—250 o6/MWH (Y OTAENbHbIX TUMOB TeHepa-
TopoB A0 500—600 06/mMuH). MoaTomy npu pas3paboTke rugpo-
arperaToB MpefenbHbIX MOLHOCTEA BCTAOT HECKO/IbKO WHble
npobnembl, Yem npu pa3paboTke TypboarperatoB. 34ecCb BaX-
HeWmMMM BONpocamu ABNAKOTCA YMeHblUeHMEe OCeBOro fAasfie-
HUA Ha MNOAMATHUK FeHepaTopoB, MOBbIWEHWE ObICTPOXOAHOCTH
arperatos, pa3paboTka HafeXHbIX ObICTPOAENCTBYIOLWMUX CUC-
Tem BO30OYXAEeHMWA, y4yeT TPAHCMNOPTHbLIX OFPaHUYeHUn n T. n.

Hanbonee KpynHbiMW arperatamu, HaxojAwMMuUcs B 3KC-
nayartauun, ABNAKOTCA arperatbl MouwHoCThl0 175 MBT ¢ noso-
POTHO-I0NACTHbIMW  Typ6uUHaAMW U arperaTtbl  MOLLHOCTbIO
640 MBT c pagnanbHO-0CeBbIMU TypbuHamu. [nd npoekTupye-
MbIX cubupckux M3C paspabartbiBaloTca arperatbl C NMoBOpPOT-
HO-N10NacTHbIMKU TypbuHamu mowHocThio 300—600 MBT n ar-
peratbl C pajuanbHO-OCEBbIMU TYpOMHAMU MOLLHOCTbI 750-*—
1000 MBT.

CWHXpPOHHbIE KOMMeHcaTopbl B cootBetctBun ¢ [OCT
609—75 BbinyckatoTca MowHocTbio 10; 16; 25; 32; 50; 100;
160 m B -A. IX HOMUWHAa/NbHbIE NapamMeTpbl HAXOAATCA B Clefy-
Wnx npegenax: HanpsxeHue 6,6— 1575 kB, ToK cTaTtopa
0,45—5,9 KA, yacTtoTa BpaweHma 1000 m 750 06/MuH; Macca
potopa 8—110 T, obwaa macca 20—303 T. PaspaboTaHbl
CUHXPOHHbIE KOMMNeHcaTopbl MowHocTbo 320 m B -A.

4.2. CAICTEMbI OXNTAXOEHNA

MonHas HOMUHaNbHAS MOLHOCTb 3M1EKTPMUECKOW MalUWHbI,
KB-A, MOXeT 6biTb OMpe/esnieHa Mo BbipaXXeHUto

AHM~ kABbD\ lynHom, (4.2)

roe k= 1,1— koathpuumeHT; A — IMHelHaa Harpyska CcTaTo-
pa, Alcm; B6 — MHAYKUUA B BO3AyLIHOM 3a3ope, Tn; —
AnameTp pacTOuYkuM cTatopa, M; U— AnMHa akKTUBHON CcTanm
cTatopa, M; «HOM— HOMWHanbHasa 4acToTa BpalweHus, 06/MUH.

NuHeiiHaa Harpyska onpefensercs MO BblIpaXEHUIO
n= /HOM-r:\-, 4.2

rge /HOM  HOMWHanbHbIA TOK cTatopa, A; NB— 4ucno addek-
7—516
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TUBHbLIX MPOBOAHMKOB B nasy cTatopa; ti— na3oBoe [JeneHue
MO OKPYXHOCTW CTaTtopa, CM.

OvnameTp poTopa Nulb HE3HAUYUTENbHO MEHbLIe AuameTpa
pacTouyky cTatopa W, 4TO NPUHLUMMWANBHO BaXHO, HE MOXET
OblTb  CYLLECTBEHHO YBE/WYEH MO YC/JOBUAM MEXaHUYECKOW
npoyHocT poTtopa. LnuHa poTopa MNPUMEPHO COOTBETCTBYET
O/MHe aKTUBHOW cTanu cTatopa. Y ABYXMOMIOCHbIX TypboreHe-
paTopoOB BCNEACTBME pAga OrpaHuyeHwnidi (Bubpaums, Kputudec-
KMe 4acTOoTbl BpalleHUs poTopa, MOTEpPM IHEPrumn, pacxon menu
W T. N.) OTHOLWEHWE A/IMHbI POTOpa K ero guamMeTpy Haxogutcs
B [OCTaTOYHO Yy3Kux npegenax (6,5—3). Y Typb6oreHepatopos
npefenbHbiX MOLLHOCTEN BepxXHW Mpeden 3TOro OTHOLIEHWA
MOXeT OblTb paBeH 7—7,1. Y 4eTbIpexnontCHbIX TypboreHepa-
TOPOB YKa3aHHOe OTHOWeHWe He npesbiwaeT 4,5—5.

B T1abn. 4.2 npuBegeHbl faHHbIE O AJ/IMHE pOTOpa, ero gua-
MeTpe, a Takxe lykasaHbl OTHOLIEHUS 3TUX BeUYUH ANa psafa
Typ60oreHepaTopos.

Ta6bnuya 4.2

HomuHanbHaa MoLy- [OunameTp poTopa,  OTHOWEHWE ANNHBI Po-
HOCTb FeHepaTopoB, [Lavna poTopa, MM i . Topa K ero fuameTpy
MBT
150 3950 1000 3,95
200 4350—5100 1075 4,056—4,75
300 5800— 6100 1075— 1120 5,4—5,45
500 6200— 6350 1120 5,5—5,65
1200 ] 8000 1250 6,4

PacyeTHas MHAYKUMA B BO3LYLWIHOM 3a30pe Pa3fiNyHbIX MO
MOLLHOCTM TEHepaTopoB MNPMHMMAeTCA MNpakTUYecKu OLMHAKO-
BOW M cocTaBnseT 0,8—1 Tn.

AHanun3 BbipaxeHnsa (4.1) nokasbiBaeT, 4TO A1 YyBenuue-
HUA MOLLHOCTU TypboreHepaTopoB Heo6X04MMO YBeIUYMBATb
NUHEHYI0 Harpysky crtatopa v NponopuuOHanbHY el NUHel-
HYH Harpysky potopa. 97O BjlieyeT 3a C060I yBenveHue naoT-
HOCTM TOKa B MPOBOAHMKax OOMOTOK cTatopa M poTopa, 4TO
JOMYCTUMO TOAbKO NpPW MOBbIWeHNN 3PHEKTUBHOCTU CUCTEM
oxnaxgeHusa reHepatopos. C 37Ol Lenblo ObiN cAenaH nepexoj
OT KOCBEHHbIX (MOBEPXHOCTHbIX) CUCTEM OXMaXAeHWA K Heno-
CpeACTBEHHbIM (BHYTPMNPOBOAHWUKOBLIM) W CMELIaHHbIM CUCTe-
MaM oxnaxieHus. BmecTo BO34yxa B KauyecTBe OXnaxgjatolei
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cpeabl cTanu npumeHAaTb 6onee aheKTUBHbIE CpeAbl — BOAO-
poA, AWCTUANMPOBAHHYK BOAY, TPaHC(OpPMaTOpPHOe Machno.
XapakTepuUCTUKU cpef, MPU HEKOTOPbIX AaBNEeHWAX YKasaHbl B
Tabn. 4.3.

Tabnuya 4.3

MapameTpbl OXNAXAAIOLLUX CPEZ MO OTHOLIEHNO K napamer-
pam Bo3gyxa

OxnaxparoLias Ll,amngme, Tennoor-
cpega a 06 ) o
romicers Spree e SoAen  omawus
HOCTb
Bo3gyx 0,1 1 1 1 1
Bogopog 0,1 0,07 3 7,1 1,44
0,2 0,14 3 7,1 2,75
0.3 0,21 3 7.1 3 1
0.4 0,28 3 71 4 1
Macno 0,1 848 1400 5,3 21 0,01
Boga 0,1 1000 3500 23 50 0,01 "

_B akcnnyartauum Haxopatcs TypboreHepatopbl pasHbiX ce-
puiA, OTANYalOLLMECH CUCTEMaMU OXNaXKAEeHNA:
cepun T — C KOCBEHHON 3aMKHYTOI BO3AYLUHOW CUCTEMOW OX-
naxgeHus (reHepaTopbl MoOWHOCTbO 2,5; 4; 6 u”
12 MBT);
cepunm TB — C KOCBEHHOW 3aMKHYTO CUCTEMOI OXNaX4eHuns
Bogopogom gasneHnem 0,105—0,2 MIla, HarHeta-
E€MbIM BEHTWNATOPaMW B BO3AYLUHbIA 3a30p Ma-
WWHBbI U fafiee NMPOXOAALLMM 4epe3 pajuanbHble
KaHanbl cTatopa K BOASAHLIM rasooxfaguTenam
(reHepaTtopbl MowHocTbio 30, 50, 60, 100 u
150 MBT);
cepyun TB® — C KOCBEHHbIM OXNaXfeHWem cTaTopa M Hemno-
CPeACTBEHHbIM OXJlaXJeHWeM poTopa BOAOPO-
fom pasneHumem 0,3 MMa (reHepaTopbl MOLLHO-
cTbto 60, 100, 120 n 200 MBT);
cepun TI'B — ¢ HenocpeACTBEHHbIM OX/aXAeHWeM cTartopa u
poTopa Bogopofom pasneHuem 0,4 MMa- (reHe-
paTopbl MowHocTbo 200 n 300 MBT);
cepyn TBB — c HenocpefCcTBeHHbIM OXflaXAeHuWeM cTaTopa
BOAOW M poTopa BogopogoM fasneHuem 0,4 MMa
7*
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(reHepaTtopbl MowHocTbo 150, 200, 300, 500 wu
800 MBT);
cepun TIB —-C HenocpefCTBEHHbIM OXNaK4eHUeM O06MOTOK
cTatopa W poTopa BOJAON, a cepAeyHuKa cTaTo-
pa — BOJOPOAOM (reHepaTopbl  MOLLHOCTbIO
500 MBT);
cepun TBM — ¢ HEMOCPEACTBEHHLIM OXJTXLEHMEM OOMOTKM W
cepfeyHMKa ctaTopa Macnom, a potopa — BOLOW
(reHepaTtopbl MowHocTbO 60 1 300 MBT);
cepun T3B — ¢ HENOCPeACTBEHHbIM OXNaxeHUeM O06MOTOK
cTaTopa W poTopa W cepAeyvyHuKka cTaTopa BOAOIA
(reHepaTtopbl MouiHocTbi0 800 1 1000 MBT).
Bbinyckaemble B HacToslee BpemMsa TypboreHepartopbl, Kak
npasnao, UMeT Ty WUAN UHYKO (B 3aBUCMMOCTU OT MOLLHOCTMK)
HernocpefCTBEHHYIO CUCTEMY oxnaxaeHud. Cnocobbl oxnaxge-
HWMA, npakTukyemble JIN3O «3nektpocuna» nmeHn C. M. Kn-
poBa, W [faBneHUe BOLOPOAA yKasaHbl B Tabn. 4.4.

, Ta6bnunuya 4.4

Cnocob oxnaxgeHus

MoluHocTb

Typbore- .

Hepatopa, aKTUBHOIi CTanu cTato-
MBT

06MOTKM poTopa 06MOTKM cTaTopa pa

50—200 Bogopog, Herno- Bopgopog, KoceH- Bogopoa, 0,3 MMa

CPefCTBEHHO, Ho, 0,3 MIMa
0,3 MMa

150—800 Bogopog, Heno- Bopga, HenocpeacT- Bogopog, Herno-
cpeAcTBeHHo, 0,3— BeHHO cpefcTBeHHO, 0,4—m
0,5 MMNa 0,6 MIMa

Bonee Boga, HenocpeacT- Bopga, Henocpeact- Bogopog, 0,3 MlMa
1000 BEHHO BEHHO
800—1000 Bopga, HenocpeacT- Bopa, HenocpeacT- Bopga, HemocpepcT-
BEHHO BEHHO BEHHO

CUHXPOHHbIE KOMMEHcaTopbl MOLWHOCTLIO 5; 7,5, 15 m
30 MB-A nMeT KOCBEHHYIO BO3AYLIHYH CUCTEMY OXnaxje-
HUA, a KomneHcatopbl MowHocTtbo 37,5, 50; 75; 100 u
160 M B-A — KOCBEHHYIO 3aMKHYTYIO CUCTEMY OXMaX[eHUsa BO-
popogom gasneHunem 0,2 MMMa.

FmaporeHepaTopbl WMeKT OTHOCMTENbHO 60MblIve reo-
MeTpuyeckue pasmepbl ctatopa M potopa. 37O 3aTpPyAHSAET Co-
3[aHMe HafeXHbIX CUCTeM YNNOTHeHWWA A™a cpen, paboTato-
WMX CO 3HAYMTENbHbIM MNepenajom [aBNEHWI, W JenaeT Hele-
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necoo6pasHbll MPYMEHEHWE BOAOPOAA B KAuyeCTBE OXJaXKAak-
Wei cpefbl. BOMbLWWHCTBO FMAPOTEHEPaTOPOB BbIMYCKAETCS C
KOCBEHHOW BO3AYLIHOW CUCTEMON OXNaxAaeHus. MoliHble Bep-
TUKaNbHble TUAPOTEHEepaTopbl BbIMYCKAKTCA C HEMOCPEACTBEH-
HbIM OXnaXnaeHuem 06MOTKM CcTaTopa BofoW u ¢ dopcupo-
BaHHbLIM OX/IAXAEHWEM pOTOpa BO34YXOM. Psf ropusoHTanb-
HbIX Kamncy/bHbIX TMAPOreHEepPaTopoB MMeeT HEMOCPeACTBEHHOE
oXflaXaeHne 06MOTOK cTaTopa ¥ poTopa BOAOIA.

4.3. CUCTEMbI BO3BYXAEHUA

CVHXPOHHbIe MalWHbI B 3aBUCMMOCTM OT MX TuNa, HOMMU-
Ha/lbHO MOLLHOCTW, Y4acTOTbl BpaleHns poTopa v Apyrux dak-
TOPOB OCHALLAKTCA Pa3INY4HbIMU CUCTEMAMM BO3BYXKAEHWUS.

K cuctemam BO36yXAeHUA npeabaBnalTcA TpeboBaHUs
obecrneyeHnss HOPMMUPOBAHHOW KPaTHOCTM POPCUMPOBKM BO3OYXK-
0EHWA M HOPMWPOBAHHON CKOPOCTWM HapacTaHWs HanpsHKeHus
BO30YXAeHuUa npu dopcuposke. Mob KpaTHOCTbIO (DOPCUMPOBKMU
BO3OYX[eHNA MOHMMAIOT OTHOLWEHWe Npefe/ibHOro HanpsaXeHus
BO30YXAEHNA CUHXPOHHOW MallWHbl B YCTAHOBMBLUEMCA PEXW-
me ™My (puc. 4.1) K HOMWHaIbHOMY HanpsHKeHU0 BO36YyXxae-
HUA (JFKOM CKOpOCTb HapacTaHWs HanpsXeHus BO36YXAeHUs
onpegensercs

vE= 0,632~ MP~'//AM (4.3)
UfHOMh

roe t\ — Bpems HapacTaHusa HanpskeHus Bo3byauTens oT Ho-
MUHaNbHOTO HanpsHKeHWA BO36YXAEHWUS CUHXPOHHOW MalLWHBI
[l0 3HayeHua £/', paBHOro

Yl = + °632(UA-UAY.

Ufrp — MakCcuMaNibHOe 3HayeHue HanpsHKeHUs BO30OYXKAEHUS
(puc. 4.1).

TpebyeTcsi, 4TOObl KPaTHOCTb (HOPCUPOBKU BO3BOYXAEHUA
y TypboreHepaTopoB WM CUHXPOHHbLIX KOMMEHCATOPOB 6blna He
MeHee 2, Y TMAPOreHepaTopoB B 3aBUCMMOCTM OT YCTaHOBJ/IEH-
HOli cucTembl BO36yXaeHUs He meHee 1,8—2. CkopocTb Hapa-
CTaHUs HanpaXeHus BO3OYXAEHWA Y MallWH BCeX TUMOB A0/-
XKHa ObITb He MeHee 2 OTH. ef. B036/C, MpuYyeM BCe CUHXPOH-
Hble MallVHbl PacCUYMTbIBAOT Ha paboTy C NpefenbHbIM TOKOM
BO3OYXAEHNS AnuTenbHOCTbO [° 50 ¢ MpU KOCBEHHOW cucTema
oxnaxgeHuna, o 30 C npu HEMOCPeLCTBEHHOM  OXNa)KAeHWUK
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poTopa W KOCBEHHOM OXfaxpAeHuu ctatopa u go 20 ¢ npu He-
MOCPeACTBEHHOM OX/JTaXAEHWWN poTOpa UM cTatopa.

Ha npakTuke ANs BO36YXXAEHWA CUHXPOHHbLIX TEHEpaToOpoB
M KOMMNEHCATOPOB WCMOMb3YKT: 3N EKTPO MaWMWHHDbIE
CUCTEMbl BO3OYXAEHUS PasMYHOrO UCMOMHEHUS C MPUBOLOM
BO36yauTeENna (M NoaBO3BYyAUTENs, eCcnu OH MMeeTcs) OT Bana
BO36Yy)XXJaeMoli MalluMHbl; BbICOKOYAaCTOTHbLIE cucCTe-
Mbl; TUPWCTOPHbLIE CUCTEMbl BO3OYXAEeHWUSA CO
CTaTUYECKMUMM NONYNPOBOAHWMKOBBLIMM BbLIMNpPSA-
MUTeNnAMn, OGecweTOUYHbIE CUCTEMBI BO36YX-
LEeHMA C Bpawawwumucs NONYNPOBOAHUKO-
BbIMW BbLIMPAMUTENAMMN.

Puc. 4.1. OnpepgeneHve Ho-

MWUHaNbHOW CKOpOCTM Ha-

pactaHus Hanps>xeHus
BO30yauTENs

MepBoHayanbHO OblM pa3paboTaHbl M BHEAPEHbI 3/1EKTPO-
MallWHHbIE CUCTEMbl BO36YXAeHUA C BO3byaMTenamu MocTo-
AHHOr0 TOKa, paboTalOWMMM N0 CUCTEME CaMOBO30OYXAeHuWA
UM He3aBUCUMOTO BO3OYyxaeHusa (puc. 4.2, a n 6). IMun ocHa-
WanncoL reHepatopsl mMowHocTbo Ao 100 MBT. OnbIT akcnny-
atauuy rokasan, 4YTo 3T CUCTeMbl UMeKT PAf CYLLECTBEHHbIX
HeOoCTaTKOB U He MOryT ObITb W3rOTOB/IEHbl 4N1A COBPEMEHHbIX
MOLLHbIX FTEHepaTopoB W CUHXPOHHbLIX KOMMEHCATOPOB. Y3Ku-
MW MeCcTamm 3TUX CUCTEM, OrpaHMUYMBAOLWMMU UX MOLLHOCTb U
HafeXXHOCTb paboTbl, ABAAIOTCA ABa Yy3M1a, @ UMEHHO: KOHTaKT-
Hble Mepexofbl OT KOAAeKTopa BO36GYAUTENS K TOKOCbEMHbIM
WeTKaM M OT TOKOMOABOAALWMX LWETOK K KOHTaKTHbIM KO/bLam
poTtopa. Hanbonee »ecTkme orpaHuMYyeHUs HaknafgblBawT YCo-
BMA KOMMYTaLWUW W MeXaHW4yeckas MPOYHOCTb KOJIIEKTOpa BO3-
byauTens. VccnegoBaHuMa nokasanu, UYTO MPU OKPYXHOW CKO-
pocTn Konnektopa 45 M/c, 4YTO COOTBETCTBYET MpefefbHbIM
rapaHTUPOBAHHbLIM ANf LETOK YC/N0BMAM paboTbl, MAKCUMalb-
Has MOLWHOCTL BO3OyauTens (KBT) v ero vactota BpalieHuMA
(06/MWNH) cBA3aHbl COOTHOLLEHWEM:
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I>s< 2-10e. (4.4)

C y4yeTOM [JOMYCTUMOrO HANpsXXeHWs Mexay CoCcefHUMu
namensiMu KonnekTopa npefefnbHas MOLWHOCTb BO36yauTens
C POCTOM N CHWXXaeTca U He MOXeT 6biTb Bbiwe 3000 KBT npwu
750 06/MuH, Bbiwe 2000 kBT npyu 1000 06/MuH, Bbiwe 1200 kBT
npu 1500 06/MnH 1 Bbiwe 600 kBT npm 3000 06/MWH. Y BbINycC-
KaemblX B036yauTenei mMowHocTbio 20—450 KBT HOMMHaNbHOE
HanpseHne 06blYHO cocTaBnsetr 80—280 B, a HOMWHAMbHbIN
Tok 313—1680 A.

OnpefeneHHOro yBe/MYEeHUS MOLHOCTU BO36yauTenein no-
CTOSAHHOTO TOKa COrnacHo (4.4) MOXHO AOCTUIHYTb YMeHblue-
HWEM WX HOMMWHANbHOW 4acTOTbl BPALLEHUSA WU COOTBETCTBYHOLLe-
ro COY/IEHEHWA C CUMHXPOHHLIMW MalIMHAMMW C MOMOLLLIO Mpo-
MeXYTOUHbIX peaykTopoB. OfHako Takasa cuctema o6bnagaet
pafom HepocTtatkoB ¥ nostomy B ,CCCP LWMPOKOro npumMeHe-
HWA He Halufa.

MowHocTb, HeobxoguMas L8 BO3OYXAEHWS CUHXPOHHbIX
mawuH, coctaBnsieT 0,2—0,5 % WX HOMWHANbHOW MOLLHOCTMW.
Tak, gns TypboreHepatopos MolwHocTeo 200, 300, 500, 800,
1200 MBT oHa cooTtBeTcTBEHHO paBHa 850, 1300, 1700—2300,
3300, 4650 kBT. Mpu atom Ana TypboreHepaTtopoB MOLLHOCTbIO
1200 MBT u Bblle HOMWHaNbHbIA TOK BO36YXAEHWUA MpeBbllla-
eT 8 KA. M3-3a NpakTUYeCKON HEBO3MOXHOCTU CO34aHWA MOLL-
HbIX 3NEKTPOMALUMHHbBIX BO3OYAUTENE ANA KPYMHbIX CUHXPOH-
HbIX MawuH 6blnn paspaboTaHbl 60nee COBEPLUEHHbIE CUCTEMBI
BO3OYXAEHWNSA C NOMYMNPOBOAHUKOBLIMU BbINpAMUTENaMu. Mpu
3TOM HOMWHaNbHOE HanpsaXeHwe BO3OYXLEHWSA YBE/IMYEHO [0
540—630 B.

CucTembl BO3OYXAEHUA CO cTaTu4eckummu npeobpasosaTe-
NAMU B HAcTOfLLee BpeMsa ABMATCA OCHOBHbIMU ANA KPYMHbIX
CUHXPOHHBIX MalunH. 3Tu cuctembl (puc. 4.2, 8, 1 n <9 copfep-
XaTt TOT WAW WHOW UCTOYHWK MEePEMEHHOr0 TOKa M CTaTuyecKuii
nonynpoBOAHUKOBBLIA Mpeobpa3oBaTenb MEPEMEHHOr0 TOKa B
MOCTOAHHbIA. T1OCTOAHHBIA TOK, KaK W B 371eKTPOMALINHHbIX
cucTtemax BO3OYXAEHWA, MOJAETCA Ha KOo/bLa poTopa, Hanu-
4yMe KOTOpbIX OrpaHW4YMBaeT BO3MOXHOCTU [AHHOW CUCTeMbl
BO30Yy>eHUsA. B KayecTBe UCTOYHMKOB MEPEMEHHOrO TOKa UC-
MONb3YIOTCA KaK ChneumnanbHble MaWwnHbl (He3aBucMmas cuctema
BO30YXJeHunAa), TaK M cama Lenb NepemMeHHOro TokKa BO36YyX-
faemoi MawwuHbl (cuctema camoB03byxaeHus). B nepsom
cnydae MPUMEHAKOTCA WHAYKTOPHble reHepaTopbl TpexhasHoro
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Puc. 4.2. CucteMbl BO3BYX[AEHUS CUHXPOHHBIX MalLWH:
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L__3NeMewnbjj>omopa_ j

i 3neMeHTbl poTopa’]

Puc. 4.2. MpopgonxeHue

a —a3NeKTpoMallMHHAaA cuctema C BO3GYAWTENeM MOCTOSHHOTO TOKa, COYJEHEHHbIM C
poTopoM.TeHepaTopa; 6 —anekTpomallMHHas cucTemMa BO3GYXAEHUS C BO3byAuTenem
1N nopaBo3GyAMTENeM MOCTOSHHOrO TOKa, COYNeHeHHbIMU C POTOPOM TreHepaTopa; B —
BbICOKOYACTOTHaA cucTema BO030yXAeHWa C BO3byauTenem W noABo3byauTeneMm C He-

ynpasnsemMbiMi BeHTUNSAMU; [ — TUPUCTOPHas
BCMOMOrarTefbHbIM reHepaTopoM MepemMeHHoro
4 —TUPUCTOPHAA CUCTEMA CaMOBO36YXAEHUs
HbIM TpaHc(opMaTopamu W AByMs rpynnamu

cncTemMa BO3BYXAEHWS; MK — GeclueTouHas

He3aBMCUMaAs CUCTEMA BO3BYXJAEHWUs Cco
TOoKa M [ABYMsi rpynnamu TUPUCTOPOB;
C BbINPAMUTE/IbHLIM W MOC/EA0BaTE Nb-
TUPUCTOPOB; € — BeclyeTouHas AWOZAHas
TUPUCTOPHAs CUCTEMA BO36YXAEHMWS
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TOKa BbICOKOW 4acToTbl (500 I'y) wnm BcnomoraTesbHble re-
HepaTopbl Tpex(a3HOro Toka MPOMbILWIEHHOW 4acTOTbl, CLemn-
NeHHble C BanoM BO36yXAaemol MawwuHbl. Mpu camoBO36YX-
LEHUN nepemMeHHbli TOK K BbINPAMUTENAM Mogaetca uepes
NMPOMEXYTOUYHble 3/7eMeHTbl — BbINPAMUTENIbHbIE  TpaHCcdop-
MaTopbl, MOAK/KOYaeMble MapanfiefibHO K Lenu cratopa BO3-
Oy>Xfaemoi MaluHbl, U TpaHCPOpPMaTOpbl CUIOBOFO KOMMayH-
anpoBaHus (B cxemax MPsAMOro KOMnayHAMpOBaHWSs), BKKOYa-
eMble NocnefoBaTeNlbHO B LeNb cTaTopa MawwuHbl. Hanuune B
cucTeMe CamMoBO36YXAEHUS MOCNef0BaTe/lbHO  BK/HOYEHHbIX
TpaHc(hopmMaToOpOB NO3BONSAET O6GecrneunTb ee HafeXHyw pa-
60Ty He TONbKO B HOPMafibHOM pexume paboTbl CUHXPOHHOI
MalUMHbl W NPU U3MEHEHUWN ee HAarpy3ku, HO U B aBapuitHbIX pe-
XUMax, 0CO6eHHO npu 6AN3KUX KOPOTKUX 3aMblKaHUAX.

B nocnegHue rogbl B psge cTpaH pa3pabatbiBaloTcAa M
BHEAPAKTCA 6eCLLeTOUYHbIE AMOAHbIE W TUPUCTOPHbLIE CUCTEMbI
BO36YXAeHus, ABAAIOWMeCs, NO-BUANMOMY, Hanbonee nepcrek-
TUBHbIMW CUCTEMAMMW BO36YXAEHWUA ANS KPYMHbIX CUHXPOHHbIX
MalWmnH. 3T cuctembl (puc. 4.2, e, X) COAEPXAT MUCTOUYHUK
nMepeMeHHOro ToKa W NONYyNpoBOAHWKOBLIA Npeobpa3oBaTens,
pacnofioXeHHble Ha Bany poTopa BO30YXAaemMoi MalunHbl. Mpu
3TOM BCe TPU OCHOBHbIX 3/1EMEHTa CUCTeMbl BO3OYXAeHUs —
MCTOYHUK MepemMeHHOro ToKa, npeobpa3oBaTefb, 06MOTKa BO3-
Oy>XAEHMA CUHXPOHHON MallWHbl — COEAMHAITCA XecTKo 6e3
BpaLLalLWMXCA KOHTAKTHbIX MepexofoB. B KauecTBe MCTOYHMKA
nepeMeHHoro Toka (BO3OyaMTeNa) WMCNONb3YeTCA TaK HasblBa-
eMblii 0BOpaleHHbI CUHXPOHHBIA reHepaTop C 0OMOTKOW BO3-
O6Y>XXAeHUNs, pacnoNOXEeHHOW Ha HEeMoABMXXHOM CTaTope, M Tpex-
(hazHOli 0OMOTKOI MEepeMeHHOro ToKa, pacrnofioXKeHHON Ha Bpa-
Wwarwemcs poTope BO30YXAAaeMOl CUHXPOHHOW MaLlWHBI.

BHeapeHne 6ecLLeTOYHbIX CUCTEM BO3OYXAEHWA CAepXuBa-
eTCcs TeM, YTO 4N1IS MX CO34AaHMSA HEeOOXOAWMbI HAaLeXHble Mony-
NPOBOAHUKOBbIE BEHTUAWM MOBbILEHHbIX NapameTpoB  (HOMW*
HanbHbIA TOK go 0,5—1 KA, MakcuManbHOe o6GpaTHOE Hamps-
XeHne 5—10 kB, cnocobHOCTb HafexHo paboTaTb npu
OFPOMHBIX LEHTPOBEXHbIX YCKOPEHMAX W T. N.) U MOLLHble 06-
paleHHble NCTOYHUKN NMEPEMEHHONO TOKa.

[Ona KpnoTypboreHepaTopoB MpPeAsoXeHbl U pa3pabaTtbiBa-
oTCcA GeclieToYHble CBEPXMNPOBOAALLME CUCTEMbI BO3OYXAEHUS.
Takoe TEXHWYECKOEe pellueHMe MO03BOAAET MOBbICUTb Mpenesib-
HYH MOLLHOCTb O6paleHHbIX BO36yamMTeNneli NepemMeHHOro ToKa,
a TakXe YMeHblWTb rabaputbl 1 Maccy Kak BO3OyauTens, Tak



§ 4.4 - Pe>KUMbl paboThbl CUHXPOHHbIX MaLlUH 107

1 poTopa reHepatopa B LefoM. BegyTca paboTbl N0 COBEPLUEH-
CTBOBaHMIO Bpaljawuwmxcs npeobpasosBateneil M UX CUCTEM
ynpasneHus.

HeoTbememMblM 371EMEHTOM CUCTEM BO30YXAEHUS  CUH-
XPOHHbIX MallUH SABAAKTCH YCTPOKWCTBa aBTOMAaTMYEeCKOro pe-
rynmpoeaHus Bo36yxgaeHus (APB). Pasnuuator APB npo-
NMOPUMOHaNbLHOTO W CWUAbHOrO feiicTBua. [lepBble pearupyroT
Ha 3Ha4yeHWe U 3HaK OTK/JOHEHWs MapameTpoB pexuma (TOK,
HanpsHKeHue) OT 3afaHHbiX 3HayeHwii. BTopble, Kpome TOroO,
pearnpylT W Ha CKOpPOCTb WM3MeHeHWs napameTpoB (MepBble ”
BTOpble NPOM3BOAHbLIE M3MEHeHWS mapaMeTpoB). Hanuuume ycT-
poiicte APB no3BonseT obecneynTb ONTUMA/bHbIA pPeXum pa-
60Tbl CMHXPOHHbLIX MALIWH NP W3MEHEHUAX Harpys3ku W MoBbl-
CUTb YCTONYMBOCTb WX PaboTbl MpW BO3MYLLEHMAX B 3HEPro-
cucTeme.

Bce reHepaTopbl U CUHXPOHHbIE KOMMEHCATOPbl OCHaLLalTCA
yCTpo/cTBaMM aBTOMATUYECKOrO ralleHns Noaa MawuH npu ux
BHYTPEHHUX MOBPEXAEHUAX.

4.4, PEXXUMbl PABOTbHI CUHXPOHHbLIX MALIUH

/

LY CWUHXPOHHbIX MallWH pas3inyaloT HOpManbHble W aHop-
MafibHble pexumbl. 104 HOpManbHbLIMU MOHMMAKT Takue pe-
XUMbl, KOTOpPble LONYCKAWTCA AAUTeNbHO, 6e3 Kakux-nmbo or-
paHuyeHuin. K HMM oTHOcATCA: paboTa MalWH C pasfinyHbIMM
Harpyskamy OT MWHWMa/IbHO BO3MOXHOI NO TeXHOA0rMYeCKUM
YC/M0BUSIM [0 HOMUWHaNbHOW; paboTa C KO3hUUMEHTAMM MOLL-
HOCTW, OT/IMYHLIMWU OT HOMWHANLHOro; paboTa NPW OTKNO»LUH+U
HanpsaXXeHWA Ha BbIBOJAX reHepaTtopa B npegenax =5 % Ho-
MUHanbHOro; paboTta NproTkXNeEliliii--4acToTbl B CETM B Mpe-
penax + 2,5 % HOMWHanbHOW; paboTa Npu OTKAOHEHMM Temne-
paTypsbl'oxnaxgatouwein cpeabl 0T HOMWHaNbLHON TemnepaTypbl
M zinj JonycTUMble rpaHuLUbl OTK/IOHEHWUA MapaMeTpoB nNpwu
TakuxX pexummax NUMUTUPYIOTCA HarpeBoM pas3fMyHbIX YacTei
CUHXPOHHbIX MawuH (06MOTKM cTaTopa W poTOpa, KOHCTPYK-
TUBHbIe 3/IEMEHTbI U T. A.) W yKasbiBatoTca B TOCT, MNT3 u B
WHCTPYKUMAX 3aBOAOB-U3roToBMTENei. Tak, Hanpumep, 3aBo-
Jamu rapaHTupyeTcd HopmanbHasa paboTa Typb6oreHepatopos
NPy OTKJIOHEHWUW Hamnps>XKeHWa ctatopa Ha *5 % HOMMWHANbHO-
ro; Npy 3TOM ANWUTENbHO AOMYCTUMBbIA TOK COOTBETCTBEHHO W3-
MeHseTca Ha +5 %. JonycTtumaa 3arpyska reHepatopos no
aKTUBHOW W peakTUBHOW MOLLHOCTM NIMMUTMPYETCHA WX HOPKW-
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pOBaHHOI\/’I ,D'M&FpaMMOVI MOLLHOCTH, OI'IpE,CI.EI'IFlEMOVI Nno AaHHbIM
TUMNOBbLIX WCMbITAHUNA KOHKPETHbIX TWUMNOB reHepaTopoB B YC/O-

BuA~aHeprocuctemol (puc. 4.3).

aHOPMasibHbIM OTHOCSITCH PEeXMUMbl PaboTbl CUHXPOHHbIX
MallWH, CBfA3aHHble CO 3HAYMTE/IbHBIMW aBapWiHbIMW Neperpys-
Kamu WAn notepein BO3OYXaeHuUsi, paboTa C He[OBO3OYXKAEHU-
€M, aCUHXPOHHbIA Xo04, paboTa MpU OTKase CUCTEMbI OXNaXKAe-
HUA, a TakXe Mpu MNOSBMAEHWUW 3HAYUTE/bHbIX HECUHYCOMAanb-
HOCTM W HECUMMETPUMN HanpsHKeHus ceT\

MBap-

Puc. 4.3. OAnarpamma MoLHOCTU
reHeparopa:

1—orpaHnyeHne no Harpery 06MoT-
KM poTopa; 2-—orpaHUM4YyeHne Mo Ha-
rpeBy 006MOTKM cTaTopa; 3 —orpaHu-
YeHUe Mo MpegdenbHOi MOLLHOCTH
TYp6UHbI; 4 —orpaHuyeHne no Ha-
rpeBy  KOHCTPYKTMBHbIX  3/71€EMEHTOB
cratopa; 5-—orpaHuyeHne no yc-
NOBUAM  YCTOWYMNBOCTM paboThl reHe-
paTopa B cucTeme

JonycTuMble aBapuiiHble Neperpysky Mo TOKy cTtatopa CUH-
XPOHHbIX TEHEpaTOpPOB U KOMMEHCATOPOB C KOCBEHHOW W Heno-
CPEACTBEHHOI cnMCTeMaMn OXNaXAeHWs npuBedeHbl B Tabn. 4.5.

JonycTuMble Neperpyskn Mo TOKY BO36YXAeHWs
TOPOB W CUHXPOHHBLIX KOMMEHCATOPOB C KOCBEHHbIM OXNaxfe-

HMemM O0O6MOTOK OMpefenAalTCcs AOMYCTUMON Meperpyskoi crta-
Topa. Ana TypboreHepaTtopoB C HenocpefCcTBEHHbIM BOLOPOS-
HbIM OXflaXKAeHuem 06MOTKM poTopa AonycTuMas neperpyska
Mo TOKY BO36OYXAEHWS IMMUTUPYETCSH 3HAYEHWUAMMW, yKasaw T

MKn B Tabn. 4.6.

JonycTumas neperpyska no ToKy B036yxzeHus Typ6ore-

HepaToOpoB [APYruMX TWUMOB, a TaKXE€ CUHXPOHHbLIX KOMMEHCATo-

pOB YyCTaHaBAMBAETCA MO [aHHLIM 3aBOJOB-W3rOTOBUTENE WU
Mo pe3ynbTaTaM UCMbITAaHUIA 3TUX MaWWH B YCMOBUAX 3Hepro-

CUCTEMBI.
OTHOCUTENbHO

Manas

aonycTumMas

MPOAOMIKNTENBHOCTh

reHepa-
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Tabnuya 4.5

KpaTHOCTb Neperpy3ku reHepaTopoB U CUHXPOHHbBIX KOMMEHCATOPOB

Mpogonxm-
TeNbHOCTb ne- C HEnoCpeACTBEHHbIM OXNaXAeHeM 06MOTKM CTa-
perpysKu, MuH, C KOCBEHHbIM OX- Topa
He Gonee naxaeHnem o6mMoT-
KM cTaTopa N
BOZLOW BOZLOPOZOM
n
60 M 1,1 -
15 1,15 1,15 —
10 - - 1,1
6 1,2 1,2 1,15
5 1,25 1,25 -
4 1,3 1,3 1,2
3 1,4 1,35 1,25
2 1,5. 1,4 1,3
1 2 15 15
Tabnuuya 4.6
KpaTHoCcTb neperpysku no TOKy poTopa Typ60reHepaTopoB cepuii
MpofoNXKNTENBHOCTb
neperpysku, MuH,
He Bonee TB®, kpome TB®-120-2 TIB, TEE (A0 500 MET sgn o«
60 1,06 1,06
4 1,2 1,2
1 1,7 15
0,5 2 —
0,33 — 2
Tabnuya 4.7
MocTOsHHbIE BPEMEHW HArpesa, MuH
06MOTKM pOTOpa C HeMoCpesCT-
MolyHocTb Typ6oreHe* BEHHbIM OXNAXK/[eHNeM BOAOpo-  OOMOTKM CTaTopa ¢ HenocpeacT-
patopa, MBT 0M BEHHbIM OX/aXeHeM BOAOW
Xmax Tcp 7max Tcp
150 3,2 2,5 15 0,8
200 2,6 2 1,7 0,9
300 2,4 1,9 1,9 1
500 2,9 2,3 0,9 0,5

aBapuitHbIX Neperpy3ok 06bACHAETCA TeM, 4YTO MOCTOSIHHbIE
BPeMeHN Harpesa 06MOTOK pOTOpa W cTaTopa CUHXPOHHbLIX Ma-
LWMH, 0COGEHHO C HEMOCPEACTBEHHbLIMW CUCTEMAMMW OX/TAXAEHMS,
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Manbl. B Tabn. 4.7 npusBefeHbl 3HAYeHUSA MOCTOAHHBLIX BpeMe-
HW Harpeea 0OMOTOK TypboreHepaTopoB pas/IMYHOW MOLLHOCTU
no AgaHHbiM JIMISO «3nektpocuna» umenn C. M. Kuposa.

Hwuxe npusefeHbl JaHHble O AOMYCTUMbIX B 3KCnayatauuu
Harpyskax Typb6oreHepaTopoB MNpW 3HAYUTENIbHbIX OTKIOHEHUAX
Hanps)XXeHMa Ha UX BbiBOJAX:

t//C/HM % - - 110 108 106 105 100 95 90 85
A v & 83F oFs W 1 18 °fs 5

ACUHXPOHHbIA PEXWUM CUHXPOHHbIX MalWH BO3HUKAET Mpu
notepe Bo36yXAeHWA (06pbIB LEenu BO3OYXAEHWUA, LIYHTUPO-
BaHMe O06MOTKM BO3OYXJeHUA He-
NnoCcpescTBEHO, 4Yepe3 pes3ncTop cu-
ctembl AN wan yepe3 06MOTKM
BO3OyAUTENA), a TakXe npu Bbina-
LEHWM MalWuHbl M3 CMHXPOHU3MA,
CBA3aHHOM C BO3MYLEHUAMU B
3HeprocucTeme (KOpPOTKME 3aMblKa-
HWSA, HENOMHO(a3Hble PEXUMbI, pe3-
KM cbpoc MAM Habpoc Harpyskm
nT. Nn.).
maporeHepaTopbl UMEKT MOJO-
ryto, Tak Ha3blBAEMYIO «MATKYIO»
ACUHXPOHHYI0 XapaKTePUCTHKY,
npuyem c He6ONMbWUM MaKCUManb-
Puc. 4.4. Kpusble cpefHux HbIM MoMeHTOM (puc. 4.4). Kpome
ACMHXPOHHbLIX ~ MOMEHTOB TOr0, y HUX 06bl4HO ¥Xd< 1 u, ene-
CUHXPOHHbLIX TeHepaTopoB:
[0BaTe/IbHO, TOK HaMarHUu4uBaHus
1—rTtypboreHepaTtop; 2 —ruapo-
reHeparop 6e3 'qemnq]epHof/] 00- 60ﬂb|.|Je HOMWHaANbHOTIO TOKa, no-
MOTK“AGMni;;ggpggmiﬁgﬁw ¢ 3TOMY OHW He A0MYyCKaloT ANNTENb-
HO paboTbl B ACMHXPOHHOM peXu-
me. T1pu BO3HWKHOBEHWW Takoro
pexunma HeobXOAMMO B 3aBUCMMOCTM OT BO3HUKLUEA CUTyauuu
M MECTHbIX YCNOBWA NM60 HEMeASIEeHHO BOCCTaHOBUTb BO30YX-
JEHWe MaluHbl OT paboyero WM Pe3epBHOT0 MCTOYHMKA BO3-
OyXaeHna, NMb0 OTKIHUYUTL MALUUHY OT CETW.
(  Typb6oreHepaTtopbl WMeT OTHOCUTENLHO KpYyTy («xke-
| CTKYI0») aCUHXPOHHYIO XapaKTepUCTUKY CO 3HAYUTENbHbIM
, MAKCMMaNlbHbIM MOMEHTOM, npuyem ux 2> 1. [llosTtomy Ans

HUX MO YC/IOBMAM HarpeBa cTaTopa AOMYCKAaeTCcs OTHOCUTENb-
YHO [ANWTeNlbHasi pa6oTa B aCMHXPOHHOM PEXWUME CO CHUKEH-
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(Hoi Harpyskoii. Tak, pacyeTbl W MHOTOYUCNEHHbIE 3KCMepwu-
MEHTbl Ha 31eKTPOCTaHUMSAX Mokasanu, 4to TypboreHepaTopsl
C KOCBEHHO CUCTEMOW OXNaXAeHUs MOryT HECTU B aCUHXPOH-
HOM pexume Harpysky o 50—70 % HOMWHaNbHOW MOLHOCTH
anntensHocTbio go 30 MuH. TypboreHepaTopbl C HemnmocpeacT-
BEHHOW CUCTEMOI OXNaXAeHUA MOryT HeCTUM Harpysky fJo
55 % (MawwuHbl TMNOoB TB®-60, TB®-100 ¢ HOMWHaNbHLIM Ha-
nps>xeHnem 10,5 kB), a ocTanbHble Typb6oreHepaTopbl (cepuii
TB®, TBB, TIB mowHocTteto 60—300 MBT) go 40 % HOMMU-
HanbHOW MoWHOCTU. MMpn 3TOM AN MepBOA  rpynnbl  MawuH
ponyctumas OAUTENbHOCTb  aCUHXPOHHOIO Xo04a CcocTaBnser
30 mMuH, a gns Btopoit — 15 mMuH. CnegyeT OTMETWUTb, 4YTO B
aCVMHXPOHHOM  PEXWUME CUHXPOHHbIE MalMWHbl NOTPe6AsAT
3HAUUTE/NIbHYK0 PeakTUBHYIO MOLLHOCTb W3 CETW, 4TO BedeT K
CHUXEHUIO HanpsXXeHWs Ha LWKWHAaX 3/IeKTPOCTaHLuumu.

CVHXPOHHbIe TeHepaTopbl ABMATCA WCTOYHUKAMMW;MPAKTU-
YeCKN CUMMETPUYHOr0o, CUHYCOWAANbHOrO0 HanpsXXeHusa Jem.
rn. 3). OgHako OHM paboTalT MapanienbHO C CeTblO,: B KOTO-
poil OTAeNbHble MOTPeO6UTENN U BO3HMKaKLWME B IKCMyaTayuu
HECUMMETPUYHbIE PEXMMbl paboTbl MOFyT ABUTLCA MNPUUYMNHONA
YXYALWeHNA KayecTBa HamnpsXKeHWs B CeTW, 'MOABNEHUA HeChM-
METPUN N HECUHYCOMAANbHOCTU. PN 3TOM Y CUHXPOHHLIX; Ma-
WWH BO3HUKAET LOMNOMHUTENbHbIA HAarpeB 06MOTOK M KOHCTPYK-
TUBHbIX 3/1IEMEHTOB poTOpa W cTaropa.

JonycTnmasa HeCUMMETPUSA HArpy3KM HEABHOMOMIOCHbLIX CUH-
XPOHHbIX MaWWH NUMUTUPYETCA AONYCTUMbIM HArpeBom 3ane-
MEHTOB pOTOpa TOKaMW ABOWHOMA 4acTOTbl, & y SBHOMOJIKOCHbIX
MalluH gonycTumoin Bubpauueii. Wcxoga us atoro gna typ6o-
reHepaTopoB fonyckKaeTcd NPOAO/KUTENbHAA paboTa npu pas-
HOCTU TOKOB (pa3 He 6o0nee 10 %, a ANA CUHXPOHHbLIX KOMMEH-
caTopoB W Au3efb-reHepaTopoB He 6onee 20 %. Ana rugpo-
reHepaTopoB C KOCBEHHO BO3AYLIHOW CUCTEMOI OXNaXKAeHWs
JonyckaeTca AnuTenbHas paboTa C pasHuUERn TOKOB B (hasax
20 % npwn MowWHOCTU rugporeHepatopa go 125 MB-A un 15 %
npu mowHocTn 6onee 125 MB-A. [nd rugporeHepaTopoB cC
HEenocpeACTBEHHbIM BOASHbIM OXNaXAeHuem 06MOTKM cTatopa
npegen coctasngaet 10 %.

[ [onyctumas gnuTensHocTb paboTbl, C, NPU HECUMMETpUM,
j NpeBblWalOWe ykKazaHHble 3HA4YeHUs, OLEHMBAETCH MO Bblpa-
[ XeHunto

— (4.5)
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("KoahhnumeHT A npuHUMaeTca paBHbIM 40 gnd rugporeHe-
paTOpPOB C KOCBEHHON cucTeMoW oxnaxgeHus, 30 —pgna Typ-
60reHepaTopoB C KOCBEHHON cucCTeMoli oxnaxpaeHusa, 15 — ans
TypboreHepaTopoB cepun TBP, 8—5— and TypboreHepaTopoBs
cepuin TBB n TIB.

HecuHycomnpanbHy0 Harpysky Ha CUHXPOHHble MalluHbI CO-
3[al0T MOLLHblE BbINPAMUTENbHbIE M NpeobpasoBaTefibHble YC-
TAHOBKW, 3/1IEKTPUYECKW TpaHCnopT W 3fekTponepegayu no-
CTOAHHOrO TOKa. [onycTMMOCTb HECUHYCOMAANbHOW Harpysku
NMMUTMPYETCSH HarpeBom 06MOTKM cTaTtopa M 06MOTKM poTopa.
MpuHATO, 4TO MOTepu B 60YKE pOTOpa OT TOKOB BbICLIMX rap-
MOHWYECKUX [V He [O/KHbI MpeBbllaTb MNOTEPb MPU MPOXOXK-
[JEHUM No cTaTopy AONYCTUMbIX TOKOB 06paTHOV nocnefosa-
TeNbHOCTW. Mpun 3TOM ycnosuu

w </l (4.6)

OnacHbIM AN CUHXPOHHOW MalUWHbI SBASETCA O0TKa3 B pa-
60Te cCUCTeMbl OXJlaXAeHuUA. B aTom cnydae maluHa LOMKHA
ObITb ObICTPO pasrpy>eHa WM OTKAKOYeHA OT ceTu. B oTeve-
CTBEHHOW 3KCnayaTauWMOHHOW npakTWKe ANA MallWH e Hemo-
CPeLCTBEHHbIM BOAAHbIM OXNAXAEHMEM MpuUHATA cieasn9luas
cucTeMa CUrHanMsaumyM u 3awuTbl OT HEWCMPABHOCTM U OTKa-
30B CUCTEMbl OXNTAXAEHUA™ NPU CHUXEHUW pacxoda BoAbl [0
70 % HOMMHanbHOro paboTaeT npeaynpefuTenbHas CUrHaNU-
3aums, npu CHWXKeHUM pacxofa BoAbl 6onee uvem Ha 50 % —
aBapuiiHas cuUrHanusauma W reHepatop LO/KeH 6OblTb pasrpy-
XKEH B TeYeHWe 2 MUH, Npuyem MOC/e NOABAEHUA aBapUinHOro
CUTHana reHepatop OTK/IOYAKT OT CeTW C raweHvem nons (3a
BpeMS, He npesbilwlatoLee 4 MUH).

4.$. YCTONUNBOCTb NMAPANINENBHOW  PABOTbl  CUHXPOHHbIX
MALIWH

B 3aHeprocuctemax reHepaTtopbl 3/1€KTPOCTaHUUA 06begnHe-
Hbl Ha NapannesbHyt paboTy 3NEKTPUYECKUMM CETAMU pa3nmny-
HOro HanpsbkeHus. Mpu CUMHXPOHHO paboTe reHepaTopoB Bpa-
Wwarouwme MOMEHTbl MX TypbuH ypaBHOBELUMBAKTCS COOTBETCT-
BYHOLWMWUMN 3/1€KTPOMarHUTHBIMM MOMEHTaMW TFeHepaTopoB.

B skcnnyaTauum fosbkHa ObITb obecneyeHa ycToiiumBas
napannenbHas paboTa CWMHXPOHHbIX MalMWH W 4YacTeil 3Hepro-
CUCTEMbI. YCTOWUYMBOCTb 3/1EKTPUYECKON CUCTEMbI — 3TO CMO-
COGHOCTb 3/1EKTPUYECKO CUCTEMbI BOCCTAHABMNBaTb MCXOAHbIN
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YCTAHOBUBLUWIACA PEXUM WAN PeXxuM, 6MM3KWIA K UCXOAHOMY,
npu pasNMyHOro poja BO3MYLLEHMAX. YCTONumMBas napannenb-
Haf paboTa reHepaTOpOB B 3HEProcMCTeEMe MPU BO3HMKAIOLLUX
3KCNayaTauMOHHbIX BO3MYLeHUAX (c6poc M Habpoc Harpysku
Mo pasHbIM MPUYMHAM, KOPOTKWE 3aMblKaHWA, HenofHogasHble
peXumbl U T. N.) obecneymBaeTca 3a CUYeT MepOMNPUATUIA, TaKnX
KaK MpaBu/bHbIA BbIGOP MapameTpoB HOPMaNbHOrO pexuma C
y4yeTOM XapaKTepuCTUK reHepaToOpoB; OCHALLEHWEe reHepaTtopos
6bicTpogecTBYOWUMN 3PPEKTUBHbIMUM yCTpoiicTBamMu  APB,;
yCTaHOBKa ObICTPOAENCTBYHOLWMNX YCTPOWCTB PEeNeinHON 3aluThbl
M CUCTEMHON aBTOMAaTWMKW; MOBbIWeHWe ObICTPOAEACTBUA KOM-
MyTaLMOHHOW annapaTypbl; UCNONb30BaHUE ChneunanbHbIX YCT-
POCTB ANS MOBbILEHUS YCTOWYMBOCTM (Hampmmep, YCTPOACTBa
OWHAMWYECKOTO TOPMOXEHWSA); ObICTPOLEWCTBYIOLLEE pPerynm-
poBaHMe BpalialowWwero MoMeHTa Typ6uH. PasnuyaloT cTatuue-
CKYI0, CUMHXPOHHYK AMHAMMYECKYID W pe3ynbTUpPYHOLWYyl Yc-
TOMYMBOCTb paboTbl FEHEPATOPOB W 3MEKTPOCTaHUUA 3HEpro-
cuctem (cm. rn. 13).

AKTUBHas W peakTUBHas MOLLHOCTM, Bbl4aBaeMble B CETb
HEABHOMO/IOCHbIM CUHXPOHHBIM FEHEpPaTopoM B HOPMasibHOM
peXxume paboTbl, paBHbI:

p = Enlesing (4_7)
y

2
Q — é3/n. con § - —, (4.8)
xd xd
roe Eq — CMHXpoHHas 3[C MawuHbl MO MONEpevyHoin  ocu;
Ur — HanpsXXeHue Ha BbiBOJax reHepatopa; 6 — yron mexay
BeKTOpamMu E g 1 Ur] xd— CUHXPOHHOE peakTUBHOE COMNpPOTMB-
NEHVEe TeHepaTopa No NPOLO/LHON OCK.

Te >Ke MOWHOCTU ANA ABHOMOMOCHbLIX MallnH PaBHbI:

N gitilsin 6-b —  x4- xq Sin 26 4.9
P ng 2 Xd Xq ( )
n
Q= c0s6 —— -5*+ +-£1 J1-1"i cos26, (4.10)
Xif 2 x{ Xq | xd Xq
rie xq — CUHXPOHHOe peakTUBHOE COMPOTUBNEHWE TeHepaTo-

pa no nomnepevyHoi ocw.
8—516
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Yrnosble xapaktepucTtuku P (6) n Q(6) Ana HesBHOMNOMKOC-
HbIX W ABHOMOJ/IHOCHBIX CUHXPOHHbLIX FeHEepPaTopoB AaHbl Ha puc.
4.5 n 4.6. MNpepenbHaa peakTBHaA MOLWIHOCTb, KOTOPYH reHe-
paTopbl MOTyT OTAaTb B CeTb Ha Xo/iocToM Xxogy (6= 0), npu
HOMUWHaNbLHOM TOKE BO30YXAEeHWA paBHa:

EioMUr _  — Y [ (P u M 1M

xd Xd xd | AHOM T
I'Ipe,u,eanaﬂ pacyHeTHad peakKTUBHad MOLWHOCTbD, KOTOpPYH

reHepaTopbl MOran 6bl B NpUHUMNE NOTPebuTh M3 ceTn, paboTan
6e3 aKTUBHOI Harpysku npu yrne 6= 180°, paBHa

\
r/*

Ssbl,qmax

QnoTp max ~ § Ne AHOM + T)- (4-12)
X

Puc. 4.5. YrnoBble XapakKTepucTtuku Puc. 4.6. Yrnosble XapaKTepUCTUKU
MOLLHOCTU  HeABHOMO/OCHOTO  CWH- MOLLIHOCT/  IBHOMO/HOCHOTO CUHXPOH-
XPOHHOro reHeparopa HOro rexepatopa

OfHaKo TaKoW pexum npakTUYeCKM HEJOCTMKMM W Hefo-
NycTUM WK3-3a OrpaHMYeHWii, HanaraemblX YCnoBusMu obecne-
YeHWs YCTOWYMBOCTM napanfefnbHOn paboTbl reHepatopa cC
CeTbl0 U AOMOMHWTENbHbLIM HarpeBoM CTalii U KOHCTPYKTUB-
HbIX 3/IEMEHTOB CTaTopa B pPeXume MOTPebNeHMs peakTUBHONA
MOLWHOCTW. OB6bIYHO YKas3aHHbIA pPexXum KCMonb3yeTcs npu
yrnax 6<90°.

MpeaenbHas peakTWBHass MOLLHOCTb, KOTOPYK MOryT OT-
fJaTb B C&Tb CMHXPOHHbIE KOMMEHCATOPbl B PeXuMe MepeBo3-
OyXXAeHMUs, paBHa MX HOMWHANbHOW MOWHOCTW. B pexume He-
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[0BO36YX/AEHNS CUHXPOHHbIE KOMMEHCATOpbl MOTPE6AAT W13
CeTU peakTUBHY MOLHOCTb, PaBHYIO

Qnoxpma* = — (4n3)
xd
roe Uc,k— Hanps)kKeHue Ha BblBOJaX CUHXPOHHOrO KOMMeHca-
Topa.

Puc. 4.7. PaboTa HeABHOMOMKCHOIO CUH- Puc. 4.8. YrnoBble XxapakTe-
XPOHHOTO reHepaTtopa Ha CUCTEMY Heu3-  PUCTUKM  CUHXPOHHOTO reHe-
MEHHOr0 HanpaXeHus: patopa 6e3 APB

a —uncxogHasa cxema, 6 —cxema 3amMeleHnsa

CrtaTmyeckass yCTOMYMBOCTb TreHepaToOpoB, T. € YyCTOM4YU-
BOCTb K MajibiM BO3MYLLEeHUAM, obecneymBaeTcs, €Ciu Npu BO3-
MYLEHUAX (aKTopbl, CTPeMALLIMECH HapYLWWUTb PexXuMm, u3Me-
HAIOTCA MeHee WHTEHCMBHO, YeM MNPOTUBOAEWCTBYIOWME UM
(hakTOpbl, CTPEMALLMECA COXPaHWUTb MPEALIEeCTBYIOWMNA PEXUM.

PaccmoTpuM npocTelillyo cxemy Ha puc. 4.7, B KOTOpPOI/
HEABHOMO/IOCHbIA CUHXPOHHBLIA reHepaTtop 6e3 APB cBAsaH
yepe3 TpPaHCHOPMATOP W 3NEKTPUYECKYIO JIMHUIO C CUCTEMOIA
HEeM3MeHHOro no amnAnTyAe Hanps>eHua (B paje cnydvaes AN
NPOCTOThbl TAKYH CUCTEMY YCMOBHO Ha3blBAOT CUCTEMOW HeEWs3-
MEHHOI0 HanpsXeHWA WAW, 4YTO MEeHee MNpPefnoyvTUTeNIbHO, Cu-
cTemMoli 6eCKOHEUYHON MOLLHOCTH).

Yrnosas xapaktepucTuka P (6) Takoro reHeparopa Wu3o-
6paxeHa Ha puc. 4.8. Tak KaKk aKTMBHas MOLLHOCTb U MOMEHT
CBA3aHbl Yepe3 Yra0BYk CKOPOCTb BpalleHUs m

P = Mbl,
To npu (0= const xapakTepuctuka P (6) B TO e Bpems B CO-

OTBETCTBYHOLWEM MaclwTabe ABNAETCA XapakKTepucTtukoi M(6).
Mpn ycTaHOBMBLUEMCA peXuMe paboTbl reHepatopa cobntona-
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I0TCA OYeBUAHbIE YCNOBUA P?=P U MT=M, rge PTmu MT—
COOTBETCTBEHHO AaKTMBHAas MOLWHOCTb M MOMEHT MNepBUYHOr0
asuratens (Typ6uHbl).

3TUM yCNnoBMAM B MNPUHUUNE YLOBAETBOPAIOT PEXMMbl Ha
BOCXOAALEA W HUCXOASLLEA BeTBAX YrN0BOW XapaKTepucTUKu
(Toukn a un c). OfHaKO YCTONYMBBIMA MOFYT ObITb PEXUMbI
TONbKO Ha BOCXOAALLel BeTBWU, TaK KakK TOMbKO 34eCb Manble
BO3MYLLEHNA B Ty WAM [PYTYIO CTOPOHY He NPUBOAAT K Hapy-
LEHWUI0 YCTOWUYNBOCTH.

CvHXpoHM3UpyoLLas CrnocobHOCTb reHeparopa XapakTepu-
3yeTcA CUHXPOHU3MPYIOLWEN MOWHOCTbI0O Ps= dP/d8 u cooT-
BETCTBYHOLNM CUHXPOHU3UPYIOWMM  MOMEHTOM Ms=dM/d8.
CWHXPOHM3NPYOLLME MOLWHOCTb U MOMEHT MUMEHT Haubosnbluee
3HayeHue npu yrne 6= 0 M HauMMeHblUee 3Ha4vyeHue npu yrne
6=90 3. CTaTuyeckas YCTOWYMBOCTb MOXET O6bITb obecrnedyeHa
npu cob6MAeHUN YCNOBUIA:

Ps= -~ =P maxcos8>0

(4.14)
Ms= "~ M maxcos8>0.

Y HesBHOMO/IIOCHOIO0 CUHXPOHHOrO reHepatopa 6e3 APB
npefen cTaTMYeckoi yctoiumsocTu paseH 90°.

Mpu Hanuuun y reHepatopos APB nponopunoHanbHOro
neicTemsa, obecneumBawlmnx £”=const, M ocobeHHo APB
CUNLHOTO AelicTBua (perynuMpoBaHMe M0 OTK/JOHEHUsSIM napa-
MeTpa W ero npousBoAHbIM), obecneyuBaloWmMx B npegene
Ly=const, yrnoBasa XapakTepucTuka pegopmupyetcsa (puc.
4.9). MNpwn 3TOM MakCMMyM YI/IOBO XapaKTepucTUKW BO3pacTa-
eT 1 cMelLaeTcs B 06nacTb yrnos, 6onbwnx 90°, B TaK Ha3blBa-
EMYH0 30HY MCKYCCTBEHHOW YCTOWYMBOCTW, MNO3TOMYy CcTaTude-
CKas yCTOMYMBOCTb FeHepaTOpOB MOBbILLIAETCS.

CWMHXpOHHasa JuHaMuyeckas YCTONYMBOCTb reHepaTopos,
T. €. CNOCOBHOCTb FEHEPaTOPOB BEPHYTLCHA K YCTaHOBMBLLEMYCS
pexunmy, 61M3KOMY K UCXOAHOMY, nocne 60/bLNX BO3MYLLEHWIA,
obecneuymBaeTcs, ecnim BO3felicTBMe (DaKTOPOB, CTPEMALLUXCH
COXPaHWUTb CUHXPOHHYI paboTy reHepaTopa C 3/eKTPUYECKOW
CeTbl0 MOC/Ie CHATUS BO3MYLLEHWSA, CWbHEE BO3LENCTBUA (haK-
TOPOB, Bbl3BABLUMX BO3MYLLEHNUE.

[BuXeHvne poTopa MalWHbLI OMWUCLIBAETCA YpPaBHEHUEM
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Puc. 4.9. ¥Yrnosble xapakTepuc-
TUKW HEABHOMONOCHOTO CUHXPOH-
HOro reHepaTtopa 6e3 APB (kpu-
Bble M E ), ¢ APB nponopuyuo-

HanbHOro ' peiicTeus (kpuBas
M F> n ¢ APB cunbHoro pgei-

cTeus (kpusaa Muy ):
r

—npW pasHbIX TOKax BO36YX»

aeHust B, = 8rpas(an.yw)

am,
(4.15)

rae J — MOMEHT WHEpUMM BpallaloLinxca Macc; @ — YraoBas
CKOPOCTb BpalleHWsa poTopa; T7 — MOCTOAHHAA WHepuuu arpe-
rata TypbuHa — reHepaTop; MT — MOMEHT TypbuHbl; Mav—
3NEKTPOMArHUTHbIA MOMEHT reHepaTopa; M — W36bITOYHbIN
MOMEHT; S — CKOJ/Ib)XEHWE pOoTopa OTHOCUTENIbHO CUHXPOHHO
Bpallatolerocs nons cratopa, paBHoe

nf—n ds
nc dt

Mpn cuHXpPOHHON paboTe MawwmHbl AM= 0. MosBneHne Mo
No60i NpUYMHEe MONOXMTENbHOr0 WKW OTPULATEeNbHOro W36bi-
TOYHOrO MOMEHTa BJiIe4eT 3a €060/ COOTBETCTBEHHO YCKOpPEHUe
UM TOPMOXEHME pPOTOpa MalluHbl, BO3HWKHOBEHWE CKOMbXE-
HUA poTopa M M3MeHeHue yrna 6. MpocTeAwnin aHanm3 guHa-
MWYECKOW YCTOMYMBOCTM FEHEpPaToOpoB YAOGHO MPOU3BOAUTD,
nonb3yacb TaK Ha3blBaeMbIiM MNpaBuaoM naouwagei. Mpu kava-
HMAX poTOpa BO BpemMA rMepexofa OT OAHOr0 YCTOWYMBOrO
COCTOSIHMUA K APYroMy, BbI3BaHHbIX BO3MYLLEHWEM B 3Heprocu-
CTeMe, AO/KHO BbINMOMHATLCS YCNOBUE

AYCK - W.ropm»

roe WK — 3Heprus, 3atpayeHHas Ha YCKOpeHue poTopa;
ATOPM — 3Heprus, 3aTpavyeHHas Ha TOPMOXEHMWe poTopa.

Tak Kak npy M3MEHeHWM yrna 6 OT 3Ha4YeHus 6i [0 3Haye-
HUS 62 9HEPTNS POTOpa MEHsSIeTCs Ha
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M12= fAPd8~ ]> an- P T1)c/6,
k 6

TO NpU KadaHMAX pPOTOpPa AOJ/IKHO TaKXe BbIMO/MHATLCA YCNO-
Bune

jAP d8 = Q

T. €. Ha YI/0BbIX XapakTepucTuKax MNnowajkv YCKOpPeHus Lof-
XHbl ObITb paBHbl NAOWaAKaM TOPMOXEHNUS.

MpumeHeHWe npaBuna nnaowageli pacCMOTPUM Ha KOHKpeT-
HbIX YMNPOLLeHHbIX npumepax. [lycTb uMeeTcs Cxema, B KOTO-
poii 3HepreTMyeckmin 600K (MM 3neKTpocTaHumsa) paboTaet
yepe3 [BYXLENHYH JSIMHUIO 3N1eKTPOnepejayn Ha cuctemy He-
M3MeHHOro HanpsxkeHusa (puc. 4.10, a). [eHepaTop HesBHO-
MOMOCHBIA 1 He umeeT OPB. MNpegnonoxum, 4To MO Kakoh-ToO
NpMYMHE BHE3aMHO OTKAKO4YaeTCA MChpaBHas AuMHMA W2 (npo-
M3BONbHOE OTKAKOYEHWe OAHOr0 U3 BbiKAOYaTeneir Q\ uaum Qr;
NOXHOe cpabaTbiBaHWe 3alWTbl AUHWM W T.n.). Tak Kak Mo-
MEHT TypOWHbI MpU 3TOM OCTaeTCs HEU3MEHHbIM, a Yyrnosas
XapakTepucTukKa reHeparopa W3MeHfeTCca BBUAY BO3pacTaHuA
BHELUHEro COMPOTUBAEHMSA, TO PeXum paboTbl reHepatopa 6y-
[eT xapaKTepu3oBaTbCA TOYKOM 2 Ha puc. 4.10, 6. Mopg gmeict-

BMEM W3BLITOYHOrO MOMeHTa MT—Mgi (NpM HeusMeHHOM B

MOMEHT BO3MYLUEHMA yrae 60) pOTOP HauyHET YCKOpATbCA,
NpoifeT TOYKY YCTOWYMBOrO COCTOAHMA 3, a ganee nog pen-
CTBMEM BO3HWKAKOLWEro TOPMO3HOro mMomMeHta M'M—MT Hau-
HEeT TOPMO3UTLCHA; NPU yrne 8Tax BHOBb BEPHETCHA K CUHXPOH-
HOW 4acToTe BpalieHUs. [pu 3TOM KMHETWYECKas 3Heprus, 3a-
naceHHas pOTOpPOM B TMPOLECCe YCKOPEHWUSA,  MOJIHOCTbIO
nepeiifeT B NOTEHLMANbHYIO 3HEPTWIO, 3aBUCALLYH OT MNpPOCT-
paHCTBEHHOro MONO0XeHUs poTtopa. O4YeBMAHO, YTO B 3ITUX YyC-
NOBUAX, ecnn npeHebpeyb MOTEPAMM 3HEPrun B LUKIe, MN0-
Wajka ycKopeHus 1—2—3—1 go/hkHa 6biTb paBHa naouiagke
TOPMOXeHNUsa 3—4—5—3.

Yron 6, focTUrHyes 6Tak, HayHET yMeHbllaTbcA. [pu 3aToM
pPOTOP CUHXPOHHOW MalUWHbI MNPONAeT TOYKYy 3 YCTOWYMBOrO
COCTOAHMA W JOCTUTHET yrna 60 B pganbHeliwem poTop, Kak
MaaTHWK, OyfeT coBeplaTb 3aTyxalouwume (M3-3a NOTepb 3Hep-
rMn B UMKe) KonebaHUs BOKPYF TOYKM 3 HOBOFO YCTOWYMBOIO
COCTOAHMSA W, HAKOHEL, Nepeifer Ha yCTONYMBLIA PEXUM C Yr-

nom 6ol CMHXpOHHas fAWHaMuyeckas yCTOWUYMBOCTb B pacCMOT-
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Puc. 4.10. MpumeHeHWe npaBuna nnowafein npum aHaause [JUHAMUYECKOW
YCTOMUMBOCTU CUHXPOHHLIX FEHepaTopoB

PEHHOM cfny4dae MOXeT 6biTb ob6ecnevyeHa, ecan H'Topm,np>-
> W ycK. B npefenbHOM YCTOMYMBOM LMKAE pOTOP MOXET [0-
CTUTHYTbL yrna 6mp, KOTOPOMY COOTBETCTBYET TOuKa 6.
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MpefnonoXumM Tenepb, Y4TO BO3HWKIO TpexdasHoe KOpOT-
Koe 3ambikaHne (K3) B Touke K1 B Hayafie AUHUU W2, BbI3-
BaBlIee OTK/OUEHME 3TOW NUHMU (3TOMY CHyvat COOTBETCT-

ByeTpuc. 4.10, B). B nepuog K3 P\,, =0, Tak Kak HanpsxeHue
Ha COOPHbIX LWKHaX CHWXaeTca [0 Hynd. lMocne oTKAOYe-
HMA K3 un3-3a M3MEHEeHWS BHELUIHEero COMpOTMB/IEHUA TreHepa-

Top 6yAeT MMeTb YrnoByk Xxapaktepuctuky PD}. Ecnm npe-
JenbHas naowagka TOPpMOXeHus 4—5—8—4  6yaeT 6onblue
WM paBHa naowanke YyckopeHus 1—2—3—4—1 (Ha puc.
4.10, 8 nnowagka 1—2—3—4—1 paBHa njowagke 4—5—6—
7—4), TO nocfe BO3MYLEHUS BO3HWUKHET HOBbIA YCTOW4YMBGIN
pexXum ¢ yriom 60". Mpu aTom B pexume KavyaHUin MUHUMaNb-

HOoe 3HauyeHuWe yrnia 6 MoXxeT 6bITb MeHble 60 (Ha puc. 4.10, B
MOJHBIA LMKN KavyaHWi He noKasaH).

Cnyyato TpextasHoro K3 B cpegHeil yacTu nvHUM W2 1 ee
nocrefyoLemMy OTK/IIOYEHUIO COOTBETCTBYIOT XapaKTepUCTUKM,
WioKa3aHHble Ha puc. 4.10, r. Kak BugHo, ycnosus gnd coxpa-
HeHUsi YCTOWYMBOCTM B 3TOM c/iyyae 60nee 6GnaronpusiTHbIE,
YeM B MPefLecTBYOLEM.

PaccmMoTpuM elle OAWH BO3MOXHbLIA B 3Kcnayatauum cny-
yaii. MycTb BO Bpemsi paboTbl 3HEpPro6soka Ha cCUCTeMy Tpe-
b6yeTca [ONONHUTENbHO MOAKNKUYUTL NMHUIO W3. Onpo6oBa-
HWE WCNPaBHOTO COCTOAHWUA AUHWW MPOWU3BOAUTCH MNojadveil Ha
Hee Hanps)XXeHua BbiknoyaTenem Q3. pu nogaye Hanpsxe-
HUA BO3HWUKNO TpexgasHoe K3 B Hayane /NMHUM W BbIKIKOYa-
TeNlb Q3 /IMHUIO OTKKYMA. ITOMY Ciy4vyard COOTBETCTBYET Xa-
pakTepucTuka, nokasaHHasa Ha pwuc. 4.10, g. 34ecb yrnosble
XapaKTepUCTUKM  UCXOZHOTO0 U MOCNeaBapuiiHOro  PexuMoB
MOEHTUYHbI, a YCNOBUSA COXpPaHeHus ycToiumsocTu 6onee 6na-
ronpuATHbIE, YeM B c/lyyae, MokKasaHHOM Ha puc. 410, B. B
JAHHOM cflyyae npu TOM >Xe yrfie (M BpemMeHM) OTK/YeHUs
K3 npepenbHasa nfowagka TOPMOXeHMA 4—5—8—4 3Hauu-
TeNlbHO 60/blle, Yem B ciydyae TpexdasHoro K3 B Hauane nH-
HAM W2 ¥ ee nocnegylowero otkaw4veHus (puc. 4.10, B).

Pe3ynbTUpytolas YCTONUMBOCTb FeHepaTopoB oGecneymBa-
eTCs, €CM B MPOLECCe aCMHXPOHHOT0 XOAa, CBA3AHHOMO C WX
BbIXOAOM MO KaKOW-MGO MpUYMHE M3 CUHXPOHM3MA, CO3[atT-
CA YCNOBUS NS PECUHXPOHM3ALMM TeHepaTopa C CETblo. ITW
YCMIOBMS MOTYT MOSIBUTHCS 32 CYET YMEHbLUEHUS MOMeHTa Typ-
OUHbI NOA AENCTBMEM perynsatopa CKOpoCTW, U3MEHEHMUSI aCUH-
XPOHHOFO MOMEHTa C M3MEHEHWEM CKOMbXEHUs, a Takxe 3a
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CYeT U3MEHEHUA 3HAKOMEPEMEHHOro CMHXPOHHOrO MOMEHTA MOA
pernictemem APB. OnbIT skcnayaTauum 3HEProcMcTeM MNOATBEp-
AW BO3MOXHOCTb COXPaHEHWA B pAfde CNy4vaeB pe3ynbTUPYIO-
el ycTonuymMBOCTN TFeHepaTopoB (0CO6EHHO Typb6oreHepaTopos,
MMEKLWMNX 3HAYUTENbHbIA ACUHXPOHHbIE MOMEHT U XKECTKYIO
ACUHXPOHHYI XapakTepUCTUKY) Npu Hanmumm 3PPeKTUBHbLIX
perynsaTopoB CKOPOCTM U ycTpoicTe APB.

[naBangaTtas

CWNOBbLIE TPAHC®OPMATOPDI
N ABTOTPAHC®OPMATOPLI

5.1. OBWWE CBEAEHUA

Ha 3nekTpMyeckux CTaHUMAX W MNOACTAHLMAX YCTaHaBAM-
BaloTCA TpexdasHble TpaHchopmaTopbl M aBTOTpaHchopMaTo-
pbl. Korga ato QUKTyeTcs TeXHUYECKON Heob6XOAUMMOCTbIO WK
YCMOBUSMM MOCTaBKM 060pyf0OBaHWsA, NPUXOAUTCA yCTaHaBu-
BaTb TpexdgasHble rpynnbl U3 ofHO(a3HbIX TpaHCHPOpMaTopoB
MW aBTOTpaHcopmMaTopoB. B 60MbLIMHCTBE CAy4YaeB MPUMEHS-
I0T ABYXOOMOTOYHbIe TpaHCc(opmaTopbl.  TpexobMOTOYHbIE
TpaHCHOpPMaTOpPbl MPUMEHSAIOT MPU HAUYUWN TEXHUKO-3KOHOMU-
Yeckmx 060CHOBaHMIA.

Mpu NpoekTUpOBaHWM W 3KCMAAyaTauuu 3NEeKTPUYECKUX
CTaHUMA 1 NoACTaHUWI NMPUHLUNNANBHO BaXHOe 3HaYyeHue nme-
0T BOMPOCHI BbI6GOpa MOLLHOCTW CUOBbLIX TPaHCHOPMaTOpPOB C
Yy4yeTOM WX Harpy3ouyHoil CnocobHOCTM U NoBbiWeHUs 3dPdek-
TUBHOCTU WCMO/b30BaHUA YCTaHOB/IEHHbIX TpaHCc(pOopMaTopoB.

Pa3BuTUe 3HEPreTMKW B HacToAWee BpemMs uAeT M0 NyTu
YBENINYEHUSA MOLLHOCTEe arperatoB W 3fieKTpocTaHuumin. MMpwu
3TOM Bblfayy MOLLHOCTW 3NEKTPOCTAHLUMI MPUXOAUTCA BbIHYX-
[LEHHO MNPOM3BOAMTbL B 3/1IEKTPUYECKUE CeTu BCe 6Osee BbICOKO-
ro HanpsHKeHus, CneiCcTBMEM Yero ABAAKOTCA YBeWYeHMe Yuc-
na cTyneHeil TpaHcdopMmaunu 3neKTpoaHeprum (g0 Tpex—Lue-
CTW) Mpu nepejaye ee OT 3MEKTPOCTaHUUA K noTpebutenam, Bce
BO3pacTalLme NoTepM MOLHOCTM W 3IHEPTUM B CeTAX U poOCT
OTHOLUEHWS YCTAHOB/IEHHON MOLLHOCTU TpaHCchopmMaTopoB K
YCTaHOB/IEHHO/ MOLLHOCTM TFeHepaTopoB. Bompocbl CHWXeHWA
3TOr0 OTHOLUEHWSA, ONTUMWU3ALMM  CTPYKTYpbl W napameTpoB
ceTell C LeNbl YMEHbLIEHUS KanuTanoBMOXEHWI, NOTepb MOLLY-
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HOCTW W 3Heprum npu cobfeHN HOPM Ha KayecTBO 3N1EKTPO-
3Hepruyn n obecrneyeHUM HAAEXKHOCTU 3NeKTpocHabXeHus co-
CTaBNAT BaXXHYI HapOAHOXO3ANCTBEHHYIO 3ajauvy.

CunoBble TpaHcopmaTopbl pas3nuyalTcsd no yucny das
(TpexdasHble, ogHO(a3HbIe), MOLLHOCTU, WCMOMHEHUIO (MOBbI-
WwaroLwmre, nNOHWXalOWMe, C perynuposaHueMm  KoadhuumeHTa
TpaHchopmaunmn nog Harpyskoi unm 6e3 BO3OYXAeHUs, CTep-
XHeBas wnu  6poHecTepXHeBas CUCTeMa MarHMTOMNPOBOAA,
pacnosioxxeHne 06MOTOK, CXema W rpynna CoefuHeHus 06Mo-
TOK W T. M.), HOMWHaNbHOMY HanpsXeHW 0O6MOTKM BbICLLEFO
Hanps>XxeHWa W T. .

TpexmasHble TpaHcopmMaTopbl MO CpaBHEHUIO C oAHOas-
HbIMW 60/1€€ 3KOHOMUYHbI (MEHbLUe WX CTOMMOCTb W MOTepu
MOLLHOCTU), HO MMelT 6onblWy Maccy W 60nbline rabapu-
Tbl B eAuHULE. Vicxoas U3 3TOro ofHoasHble TpaHchopmMaTopbl
NPMMEHAIOT MPU HaAU4uMM OrpaHWYeHWn no macce unm raba-
puTam, a TakXe Korfa 3/eKTPonpoMbILINIEHHOCTb HE BblMYyCKaeT-
TpexMasHbix TpaHcHOopMaTOpPOB HEOBXOLMMON MOLLHOCTH.

Ta6nunua 5.1

10 —_ 16 — 25
100 - 160 - 250
1000 — 1600 — 2500
10 000 — 16000 — 25000
100 000 125 000 160 000 200 000 250 000
1000 000 1250 000 1600 000 2000 000 2 500 000
Mpopon>keHune
40 — 63
320 400 — 630 —
3200 4000 — 6300 —
32000 40 000 — 63 000 80 000
— 400 000 500 000 630 000 800 000

3 150 000 4000 000 5000 000 6300 000 8000 000
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Cunosble TpaHchopMaTopbl U aBTOTPaHC(OPMATOPbI  Bbl-
MyCKalTCA B COOTBETCTBUM C PALOM HOMUHAbHbIX MOLLHOCTEN,
yctaHoBneHHoiM TOCT 9680—77E (Tabn. 5.1).

HoMUHanbHas MOLWHOCTL Tpex@dasHoro TpaHcgopmaTopa
paBHa:

S

HoMuHanbHas MOLWMHOCTb OfHO(A3HOro TpaHcdopmatopa
paBHa /3 MOLWHOCTU Tpex@®asHOro TpaHcopmartopa W3 YKa-
3aHHOro psaga.

PacueTHbIi cpok cnyx6bl TpaHchopmaTopa B 25 net obec-
neymBaeTcs Mpu COBNIOAEHUN YCNIOBWIA:

tHom, Q

roe SHr— Harpyska TpaHcgopmatopa; Ul — HanpsxeHue
CeTU, K KOTOpOi nogknwuveH TpaHchopmaTtop; PO — Temnepa-
Typa oxnaxgarouwen cpegpl.

Mpu akcnayatauum 3T yCn0BUA O6bIYHO HE BbIMOMHAKOTCA,
MpuMYyeM OTK/OHEHME 3HAYeHWI YyKa3aHHbIX BEAWYMH OT HOP-
MUPOBAHHbIX MOXeT 6biTb Kak B Ty, TaK W B APYryt CTOPOHY.
Mpu 3TOM BO3HWKaeT BOMPOC O LONYCTUMOWA HArpy304HOI CMo-
CO6HOCTM TpaHCHOPMAaTOPOB.

CvnoBsble TpaHc(opmaTopbl U aBTOTpaHchopmaTopbl 3Hep-
rocUCTEM MMEKT 06bIYHO Ccregytowme cCxXembl COefMHEHUS 06-
moTok: 3Be3ga (Y), 3Be3ga C BbiBeAeHHOW HeWTpanbio  (Y)
TpeyronbHukK (). Hanbonbliee npumeHeHWe HawAW rpynnbl
coefnHeHnsa obmoTok 11 n 0 (paHee rpynna o6o3Havanace 12).
B oTAenbHbIX CAy4vasx MPUMEHSIOT TpaHchopmaTopbl C Apyru-
MU cxemamu  (3ursar) u rpynnamm COeguHeHus O06MOTOK.
Fpynna coeAnHeHWii onpegenserca yrnom, Mexpay-Bekrtopam u
HanpsHXKeHWn OOMOTOK BbICLIErO M HU3Wero (HWM3WKUxX™ Hanps-
XeHU. 'BeKkTop HanpsxeHUs OOMOTKM BbICLUIEr0 HanpsHKeHus
BbIMO/HAET POAb MWHYTHOW CTPenKM U COBMeLLaeTcs C Lud-
poin 12 uudepbnaTa 4yacoB; MpPUM 3TOM BEKTOP HaNpsXeHus
O0OMOTKM HM3LWIEro HanpsXXeHus, BbINOMHAS pOMb  4acoBOi
CTPeNKW, YKasblBaeT rpynny CoeavHeHUs 06MOTOK, YWUCNEHHO
paBHYI0 BPEMEHM B Yacax Ha YC/MOBHOM uutepbnaTte.

NTpakTnyeckn NPUMEHSAIOT CreAytowme CXeMbl 8 TPynMnbl CO-
eAuHeHns o6MOTOK:

Y TpexgasHbiX [BYX06MOTOUYHbIX TpaHChOpMaTopOB

Y/Y-0; YI/Y-0; Y/a-n; Y/4Q-N;, O0/0-0;
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y TpexgasHbIX, TPEX06MOTOUYHbIX TpaHC(HOpPMaTopoB

Y /Y /4-o0-I;
y TpexgasHbiX rpynn ofHO(a3HbIX ABYXOOMOTOUYHbIX TpaHC-
thopmaTopos

y/o-n; Y/A-H;

y Tpex®asdHbiX rpynn ogHO(a3HbiX TPeXO06MOTOUYHbIX aBTO-
TpaHchopmaTopos

Y/Y/A-0-11.

Mo wcnonHeHuto TpaHchopmaTopbl NOAPA3fensTcs Ha
noBblllaloWwme 1 noHwkarowme. OHU pa3nnMyarTCca 3N1eMeHTa-
MU KOHCTPYKUMW, B3aUMHbIM PacnonoxeHmem o6MoOTOK (y Tpex-
06MOTOYHbIX TpaHCPOPMATOPOB M aBTOTpaHC(HOPMATOpOB),
3Ha4YeHWeM HOMWHANbHOTO HamnpsXeHWs OCHOBHOro BbiBOAa 06-
MOTOK.

Y NoBbIWAKLWNX TpaHCHOPMaToOpoB

ABH.Hom = 1e1C/cetu.Hom (U 1-05"ceT,, ,HOM)

AHH.HOM JHOM (M ~ ceTu; HoM) ,

y, MOHNXakWnx TpaHCq)OpMaTOpOB
"BH.HOM AceTu.Hom ~ "~HH,HOM AT ANceTU.HOM (MW 1>/5E£/ceTnHomA.

BaXHbIM napamMeTpoM TpaHchopmaTopa SIBASETCS ero Ha-
NpsKeHWe KOPOTKOTO 3aMblKaHWUS WK, XapaKTepusylolee nosne
paccesHus TpaHcthopMaTopa W, CNejoBaTe/bHO, ero WHAYKTWB-
HOE COMpPOTUB/EHME

B %W 10

C yBennyeHMem BbICLUEr0 HanpsaXeHusa TpaHCHOopmMaTopoB
Hanps>XeHue KOPOTKOro 3aMblKaHUA HECKONbKO BO3pacTaer.
CpefHuve 3HauyeHWs 3TOro napameTpa faHbl B Tabn. 5.2.

Lna cunoBblx TpaHCoOpMaTopoB W aBTOTPaHCHOPMATOPOB
NPUMEHAIOT OYKBEHHO-UU(POBble 0603HaYeHWs  TUMOB, YycTa-
HaBnueaemble FTOCT. B Tune TpaHcopmaTopoB nocnefosa-
Te/lbHO YKa3blBalT:

yncno as: T — TpexdasHblil, O — 0fHOGA3HbIN;

cucTeMy oxnaxiaeHumsi: C — eCTeCTBEHHas  BO3AYLIHaSH;
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Tabnuya 5.2

HomuHanbHoe — HanpsXeHue Ko-

H Hanps>XeHue, OTKOro 3aMblKa-
asHayeHume TpaHchopMaTopoB pKB p HR, %
LOns coGCTBEHHbIX HYX[ 31eKTpoCTaHUuii 3—20 55—14
CeTeBoi 3—10 4.5—8
35 5.5—8(14)
HO 10— 13
150 11— 14
220 12— 14
330 11— 13
500 13,5-14
M — ecTecTBeHHas MacnsHas; [ — macnsHas C AYTbeM W
eCTeCTBEHHON uupkynauueir macna; AL, — macnsHas ¢ AyTb-
eM W NPUHYAUTeNbHOW uUuMpKynsuueid macna; L — macnsiHo-

BOAAHAA C MPUHYAMTENbHON LMPKynauuein macna;

yncno o6moTok: 6e3 0603HaYeHNSs — ABYXOOMOTOUHbINA, T—
TPEXOOMOTOYHbIA.

NmetoTcs n HekoTopble gpyrme o0603HaveHns: A — aBToO-
TpaHcopmatop (CTaBUTCA B Hayane o603HayeHus Tuna); P—
TpaHcthopmaTop C paclyenseHHOn o6MOTKoW; H — perynunpos-
Ka KoapgmumeHTa TpaHchopmauum nog Harpyskoi. 3a 6yk-
BEHHbIMW 00603HAYEHUSMU O6bIYHO YKa3blBAlOT HOMMWHAbHYH
MOLWHOCTL TpaHchopmaTtopa (kKB-A), HOMMUHaNbHble Hanps-
XXE€HMA 0O6MOTOK W Mnpefenbl PeryampoBaHUs HanpsHKeHUs, cxe-
My W rpynny coefuMHeHUs O0OMOTOK W Hanpsh>KeHue KOPOTKOro
3aMblKaHUS.

5.2. CUCTEMbl OXNAXAEHUNA TPAHC®OPMATOPOB

MoTepy MOLIHOCTM B TpaHcdopmaTtope AP U MOBEPXHOCTb
OXNaXAeHus F CBsA3aHbl C HOMWHANbHOW MOLIHOCTbIO TpaHC-
(hopmaTopa cregylWMMU MNPUMEPHLIMA COOTHOLUEHUSIMU:

C yBe/fMYEeHMEM MOLLHOCTU TpaHc(opmMaTopa MoTepU MOLL-
HOCTWU pacTyT ObICTpee, YeM ero MOBEPXHOCTb OXNKAEHWS, W
Mno3TOMY BO3HWKaeT Heob6X0AMMOCTb BCe 60/nee WHTEHCUBHOMO
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oxnaxgeHua. TpaHchopmaTopbl C cuUcTeMOn oxnaxpgeHus C,
MONly4YMBLUME HA3BaHWE «CYXMX TpPaHC(HOPMaTopoB», BbIMyCKa-
I0TCA Ha MOLWHOCTL Ao 1600 kB-A. TpaHcgopmaTopbl C cUCTe-
MO oxnaxgeHma M, B KOTOpPbIX MarHMTOMPOBOL M 0BMOTKMU
nmomelleHbl B 06aK, 3aMO/IHEHHbLIA Mac/ioM, BbIMyCKalTCA Ha
MOLWHOCTL A0 16 MB-A, npuuem TpaHchopmMaTopbl MOLLHO-
cTbto a0 32 KB-A wumeroT rnagkmin 6ak, 50—250 kB-A — 6ak
c pe6bpammu, go 1000 KB-A — 6aK c oxnaxpgawowmmuy Tpybamu,
a MouwHocTblo 1600— 16 000 KB-A — 6ak ¢ Tpyb6uaTbiMu pa-
guatopamu. M3MeHeHUe KOHCTPYKLUW TpaHchopmaTopoB npwu
YBENMYEHUN UX MOLLHOCTW BbI3BAHO HECOOTBETCTBMEM MeXAy
KO3puuMeHTOM TensooThaynm OT Macfna K CTeHke 6aka amb
M Ko3a(puuMeHTOM TennooThauyMm OT CTeHKM 6Gaka K BO3Ay-
XY (X6-B-

TpaHcopmaTopbl C CUCTEMON OxNnaxgeHus [l BbinyckKawoT-
ca MowHoctbio 10—100 MB-A. Ona ycuneHua UMPKynaunmu
BO34yXa OHM WUMEKT CreumnanbHble BEHTUNATOPBI, KOTOPble YC-
TaHaBAMBaKT Ha paguaTopax. PaboTa BeHTUAATOPOB 06ecneyn-
BaeT CHWXeHWe OTHoweHna amb/a6s ¢ 5 go 2,5. KoagpduumneHT
TennooTAayn pajmatropa paseH:

£_ «M-6
Hap | am-6
Br a6-8

roe /"Hap— Hapy>kHas MNOBEpPXHOCTb pajmatropa; FBI— BHyT-
PeHHAS MOBEPXHOCTbL pagmaropa.

Cuctema oxnaxpeHus AL npumeHseTca B TpaHchopmaTo-
pax MowHocTbi0 63 MB-A 1 Bbiwe. TpaHcthopmaTopbl C 3TON
cucTemMoin oxnaxgeHua [OLL nmOMMMO BEHTWNATOPOB MMEKOT
MacCnsHble Hacocbl ANS MNPUHYAUTENbHOW LUPKYNALUM Mac-
na B bake.

CucTtema oxnaxgeHus L, npumeHsetca B TpaHchopmaTopax
MOLHOCTbIO 100 M B-A u Bbile. Takue TpaHchopmaTopbl nMe-
0T MAac/iooxnaguTenun, B KOTOPbIX MO Tpy6am MPUHYAUTENLHO
LMPKYNnupyeT oxfaxgawouwas Bofa, a B MeXTpy6bHOM npocT-
paHcTBe (TakXe NPUHYAUTENIbHO)— Macno TpaHcdopmaTopa.

3apybexHbie puUpMbl MPUMEHAIOT TaKXe CMeLlaHHY cucTe-
MY OXNTXXAEHUS, COLepXKallyto U BEHTUNATOPLI, U Hacockl. Mpu
paboTe TO/IbKO OfHWUX BEHTWUAATOPOB WM TONbKO OLHWUX HACO-
COB JonycTMmas MAOTHOCTb TOKa B 0O6MOTKe yBenuyuBaeTcs
Ha 60 % NO CpaBHEHMWIO C MIOTHOCTbK TOKa, AONYCTUMOWN npu



§ 5,3 TennoBas guarpamma TpaHcgopmaTopa 127

eCTECTBEHHOM OXNaXAEHWUW; MPU O4HOBPEMEHHOW paboTe BEH-
TUNATOPOB W HAaCcOCOB AOMyCTUMMas NAOTHOCTb TOKa BO3pacTaeT
Ha 150 %.

[anbHeiwee noBbiWeHNEe 3PPEKTUBHOCTM CUCTEM OXNaxAe-
HWA, KaK MoKa3blBalOT WCCAeA0BaHWA MOCNEAHUX NeT, MOXeT
OblTb AOCTUIHYTO MNyTeM CO34aHWS HanpaBfieHHOW LUPKYyNs-
UMM macna B 06MOTKax.

5.3. TENNOBAA AVNATPAMMA TPAHC®OPMATOPA

TennoBoli pexum TpaHcpopmaTopa, HaxoAAalWerocs noj Ha-
rpy3Koil, xapakTepusyeTcs TennoBOW AuarpaMmoli, KoTopas
nokasbiBaeT W3MeHeHWe Temnepatypbl Macfia M 0OMOTKM Mo
BbicOTe TpaHctopmatopa. CornacHo feicteoBaBwemy /Ao
1985 r. TOCT 14209—69* ans TpaHc(poOpMaTOpPOB C pPas/iINnyHbI-
MW CUCTEMAMW  OXNaAeHWA YCTAHOBJ/IeHbl HOPMMUPOBAHHbIE
TeMnepaTypbl Oxnaxgatoweln cpeabl $o; npeBbileHNs TeM-
nepaTypbl Macna Haf TemnepaTypoil oxnaxparouweid cpefbl B
BepxHuUX cnosx macna 0O, u B cpefgHeli (MO BbICOTE) 4acTu
TpaHcopmaTopa owm,cp; MNPEBbILEHNA TeMmnepaTypbl 06MOTKM
B BEPXHUX CMOSX 006m W B CpefHEA 4acTu TpaHchopmartopa
(cpegHAs TemnepaTtypa ,06MOTKM) 006m.cp; TEMMAepaTtypbl 06-
MOTKM B Hambonee HarpeToli TOYKE #06muH,T U COOTBETCTBYIO-
Wero npeBbIEHNA TeMMNepaTypbl 006m,H,H,1; MPEBLILEHUA TEM-
nepaTypbl B Hambonee HarpeToii TOYKe Haj cpejHein Temne-
patypoii 06moTkn e@ M Haj TemnepaTypoii O6MOTKM B Bepx-
HUX CNnoAX e, rpagueHT TMpeBbIleHNs Temnepatypbl 0OMOTKM
Haj TemnepaTypoil macna g.

Tennosble gnarpammbl gnd TpaHc(oOpMaTopoB C CUCTEMAMU
oxnaxgeHmas M wn [, AL »n U npy HOMWHaNbHLIX YCNOBUAX
faHbl Ha puc. 5.1.

Mpn OTKNOHEHMW pexuma TpaHchopmaTopa OT HOMUHasb-
HOro BO3HMKaeT HeO6XOAMMOCTb pacuyeTa Temnepatyp 06MOT-
KW W Macna. YCTaHOB/IeHO, 4TO ANA TpaHCc(hopmMaTopoB crpa-
BEA/IMBO COOTHOLUEeHUE

OM~A P m. (5.1)

,* Hosblit FTOCT 14209—85 (CT C3B 3916—82), BBeAEHHbII B feiicT-
Bue (c 1.7.85 r.), HECKONbKO W3MEHWN MeTOAWUKY OMNpefeNeHns AONYyCcTUMbIX
HarpysoK CUMOBbIX MacAsHbiX TpaHC(oOpMaTopoB o06LLero HasHauyeHWUs (cM.
npunoxeHune 5).
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rge AP — noTepu MOLLHOCTU B TpaHcgopmaTope.
Danee,

OPHom = P* + P«= px{l + ir) = P*$ +

AP = PK+ PKA A P x(I+dS>t)t

oTKygza
(1 + ds2 \
eM-eM.HOM”"-p~], (5.2)

roe n= Pk/P x-

Puc. 5.1. Tennosble guarpamMMmbl TPaHC(HOPMATOPOB C PasNUUYHLIMU CUCTE-
MaMu OXNaXKAeHUA:

0 —cuctemMbl M u [I; 6 —cuctemsl AL n L

CornacHo NOCT 14209—69 u pekomeHpauuam MexpayHa-
POAHON 3neKTpoTexHuyeckoin komuceun (MIK) npu pacuertax
Harpy3o4Hoii cnocobHOCTU TpaHCchopmaTopoB NpMHATO d= 5.
CornacHo pekomeHpgaunsm M3K B (5.1) MOXHO NpUHUMATH
nr= 0,9 gna TpaHc(OpmMaTopoB C CUCTEMaMU OXnaxpgeHus M
m O v m= 1pana TpaHchOpPMaTOpPOB C CUCTEMaAMU OXJlaxje-
Hus O L wm L.

[ns npeBbilWeHNs TemnepaTtypbl 0OMOTKM B Hambonee Ha-
rpeToli TOuKe Haj TemnepaTypoil macna CnpaBeflMBO COOTHO-
WweHune

AOOEIM,H,H,T - ﬂ'P O\5M' (5'3)>

Moatomy
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a9 = N9 )(/AP°6M3/ = N0 220 —
06M,H,H,T 06M,H,H, T,HOM p 06M,H,N, T,HOM ~(H) --—

={g-e¢ = (5.4)
[anee,
00OMHHT = OH+ (E[+ e)5™) (5.5)
nan
BOOMH,,,, T = K + (S + €) S*». (5.6)

CornacHo pekomeHpaunsm M3K m=0,8 ana tpaHcdopma-
TOpPOB C cuctemamu oxnaxpeHuas M n [ u n— 0,9 gna TpaHc-
(hopmaTopoB € cucTeMamu oxnaxgeHus ALl w L.

FOCT 14209—69 paeT HECKOJIbKO WHOE COOTHOLLEHMe:

Ousm.tmr = + M(-p—)21= + (S+ B) ). (B.7)
\ AT.HOMW/ W t,HOM/
3HayeHns bum ONna pa3HblX CUCTEM OXNaXXAEeHWA paBHbI:
M a ad vy
1*1 1,1 1,31
- ",8 0,9 1

5.4. HATPEB TPAHC®OPMATOPOB MNP HEPABHOMEPHOM
FPA®UNKE HATPY3KU

Mpn HepaBHOMEPHOM rpagMKe Harpysku TpaHcopmaTopa
€ro Tena0BOW PEXUM HeNpepbiBHO W3MEHAETCH, MPUYEM 3aKO-
Hbl M3MEHEHWsA TemnepaTypbl mMacfna u TemMnepatypbl 06MOTKM
OT/MYalTCA ApYr OT Apyra.

MycTb MMeeTCA ABYXCTYNeHYaTblli rpagMK Harpysku TpaHc-
thopmatopa (puc. 5.2, a). [Ana npeBblleHWii TemnepaTypbl Mac-
na B BEPXHMX CMOSX MOXHO, mMcxoas u3 puc. 5.2, 6, 3anucatb
(VHAEKCBI «M» ONYLLEeHbI):

= 60+ (Oy—90 (1 —e~WIT)
02= e1+ (02y— Oi) (1 — e~AVT); (5.8)
03= 0o= e2+ (B3y-0 2 (1-<I~™/N

roe oily, 02y, 03y — YyCTaHOBMBLUMECA MNPEBLILWLEHNA TemMnepary-
pbl Macna B BEPXHUX C/104X COOTBETCTBEHHO TMPWU Harpyskax
9—516
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Si, S2, S3; T— nocTosiHHAas BPEMEHW Harpeea TpaHc(opmMaTopa.

MocTosiHHAs BPEMEHM HarpeBa TpaHcdopmaTopa paBHa OT-
HOLIEHMIO €ro MOJIHOW Tenn0eMKOCTM K MOMHOW TennooTgaue,
KoTopas, B CBOK 0OYepefb, PaBHA OTHOLUEHUIO CYMMapHbIX Mo-
Tepb B TpaHc(opmaTope K YCTAHOBMBLUEMYCS TMPEBLILIEHUIO
TemMnepaTypbl Macia B BEPXHUX CJIOSX, MO3TOMY:

ci®i
2 K
T = \ 2 BM,yCT,HOM (59)
o0am AX+AH
OM,yCT,HOM
=
S2
St =% B
Atf Mr . s Li
n) *) T

Puc. 5.2. Harpes macna TpaHchopmaTopa npu fByXcTyneH4yaTom rpaduke
Harpysku:

a—rpajuK Harpysku; 6 — n3meHeHue TemnepaTypbl Macna

LOna TpaHchopmMaTOpoB C MeAgHOA 06MOTKOM
Cg, =132G, + 108Gz h+ 545G, + 133GMrH;

4N TpaHc(OpMaToOpoB C anlOMUHWEBONW OOMOTKOW
288G0+ 108G6iP + 545GM  133G.

rgoe Go— macca obMoToK, T; G6p— macca 6aka ¢ paguartopa-
MU unm oxnagutenamu, 17; GM— macca macna, 1; GMira— mac-
ca MarHutonposoga, T.

OpVEeHTNPOBOYHbIE MOCTOSHHbIE BPEMEHW Harpeea TpaHC-
(hopmMaToOpoB MOTYT ObITb MPUHATBI NO AaHHbIM Ta6n. 5.3 (co-
ctaBneHa no FOCT 14209—69).

LOna onpepgeneHnsa Temnepatypbl Macna npu MHOTOCTYMeH-
yaTom rpaduke Harpyskum TpaHchopmatopa (puc. 5.3) Heob6-
X04MMO B 06LliemM ciyuvae COCTaBUTb CUCTEMY W3 N ypaBHEHWUi
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Ta6bnunuya 5.3

Cucrema oxnax- HomuHanbHas MOLHOCTb MocToAHHAA BpeMeHu

LeHuns TpaHctopmartopa, MB-A Harpesa, 4
M 0,001—1 2,5
1,6—6,3 3,5
il 10—32 2,5
40—63 3,5
aud, y 100— 125 2,5
Bonee 125 3,5

(rge n—wuncno cTyneHei rpaduka), aHanoruvHyw (5.8), u
pewuntb ee npu ycnosun, 4to Or= Qo

PeweHne Takoii CUCTEMbl MO3BOMIET HANTW HayanbHOe npe-
BbllWeHWe TeMmnepaTypbl Macna 00 M MpeBbIlleHNe TemMnepaTypbl
macna 0XB KOHUe nH60i CTyneHu x:

(5.10)

0,=* (5.11)

U
rae Ki= e T; ti —WHTEpPBaN BPEMeHW OT Hayasna rpadmka Ha-

Puc. 5.3. HarpeB Macna TpaHc- Puc. 5.4. HarpeB Mmacna 1 06MOTKMK
thopmaTopa npyM MHOTOCTYMEH- TpaHcopmaTopa B Haumbonee Harpetoi
yaTtoMm rpauke Harpysku TOYKe NpuM  ABYXCTyneH4Yatom rpadu-

Ke Harpysku
g*
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rpy3ku A0 KoHUa t-ii cTyneHu; Ory— yCTaHOBMBLUEECH MPEBbI-
lWeHMe TemnepaTypbl Macna B BEPXHWUX CNOAX MPU HEU3MEHHOW
Harpyske, paBHOI Harpyske i-ro MHTepBana; n — 4uCNO CTy-
neHen rpaduka Harpyskm.

MocToAHHAA BPeEMEHM HarpeBa OOMOTKM 3HAUYUTEbHO MEHb-
e NMOCTOSAHHOW BpeMeHW Harpesa TpaHcopmaTopa WM COCTaB-
NAET HeCKO/NIbKO MWHYT. T103TOMY MOXHO CcyuTaTb, YTO Npu
CTYNEHYaTOM W3MEHEHUW Harpys3ku TemnepaTypa O6MOTKM B
Hanbonee HarpeToi TOYKE B MOMEHT U3MEHEHWS Harpy3ku me-
HSIeTCA CKaykoM OT OAHOr0 YCTAHOBUBLUErOCS 3HaYeHUs K Apy-
romy, a fanee W3MeHAeTCA COOTBETCTBEHHO W3MEHEHUIO TeMmMne-
patypbl mMacna (puc. 5.4).

3HaueHne 006mH.H,T ONpedenseTca no BbipaxeHuto (5.5). .

5.5. TEMJIOBOE CTAPEHVE M3onaunn TPAHC®OPMATOPOB

Mpu aKcnayaTauuyu u3-3a NPOUCXOAALMX XUMUYECKUX pe-,
aKUMN MexaHU4Yeckas MPOYHOCTb U30MALMKU CHUXKAETCH M OHa
n3HawwuBaetTcs wam ctapeeT. CornacHo 3akoHy AppeHuyca
CPOK CNYXO6bl U30NALUOHHBIX MaTepuanos COCTaBMsAET:

+—
V=e (5.12)

rae M v N — MocTOfiHHble; ®)— Temnepartypa M3019LMOHHOTO
maTtepuana, K.

Papg wccnepoBatenein (MOHT3MHrep M Ap.) nokasanu, 4To
4na u3onaumm knacca A B fMana3oHe U3MeHeHus Temnepatyp
80—140°C cnpaBef/iINBO COOTHOLLEHMNE

V = Ae~a*, (5.13)

roe A — nocTosiHHasA; a — KoaguumeHT; # — Temnepartypa
n30n4uMnM B Hambonee HarpeToin Touke (An8 TpaHCcHoOpmMaTopos
OHa YMC/MEHHO paBHa TemnepaType 0OMOTKM B Hambonee Ha-
rpeToli Touke).

CornacHo [aHHbIM  PasfiMyHbIX  UCTOYHMKOB J1«(1,54-
-*-7,5) 104 net. M3K pekoMeHAyeT AN wu3onauum knacca A
NMPUMEHATbL LWEeCTUrpasyCcHoe NpaBufio CTapeHus M30NALUN, KO-
TOPOE TNAacuUT: CPOK CAYXObl U30NALUU U3MeEHAeTCA BLBOE Mpu
M3MEHEHUWN ee TemnepaTypbl Ha LWecTb rpagycos. lMpu 3Tom
«=0,115.
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CornacHo (5.13) cpok cnyxb6bl usonsumMm TpaHchopmaTo-
poOB MpY HOMWHA/IbHOW TemnepaType B Hanbofiee HarpeTon Tou-
ke (+98 °C) obygert:

VB= Ae-~al (5.14)

Ha npakTukKe y,qo6Ho MoNb30BaTbCA BblpaXeHnemMm AnAa oT-
HOCUTENBbHOI0 CpPpOKa C]'Iy)K6bI n3onaynn:

v= Y x(0->w) (5.15)
V.,
Unn BblpaxeHnemMm And OTHOCUTE/IbHOro U3HOCa WN30M1AUNK:
L= 1 Moo W (5.16)
\Y \%

BbipaxxeHune (5.16) mocne HeKoToOpbiX MpeobpasoBaHUii mo-
XXHO NpefcTaBuTb B 6onee yf0oGHOM ANS UCMONb30BaHUA BUAE.
C 3TO UEenbl W310XMM YCNOBME, MPU KOTOPOM BbIMO/HAETCA
paBeHCTBO:

ea(°-*H)==2P(*~*q).
MponorapudmnpoBas NeByK W NpaBble YacTu, Halngem

P=
0,69

[anee
(5.17)

OTHOCUTENbHBIA M3HOC L NOKa3biBaeT, BO CKOMbKO pa3 M3HOC
n30NALMKM NpWM JaHHOW TemnepaType 0OMblle WA MeHblUe W3-
HOca MpuM HOMUHaNbHOW TemnepaTtype. B Tabn. 5.4 u Ha puc.

Ta6bnunuya 5.4

Tewneparypa usonsua, °C Coywcos: msomgn O amn

80 8 0,125

86 4 0,25

92 2 0,5

98 1 1

104 0,5 2

110 0,25 4

116 0,125 8
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5.5 nokasaHbl 3aBUCMMOCTM OTHOCUTENIBHOTO CpPOKa CNAYXO6bl U
OTHOCWUTENBHOrO M3HOCA M30M1ALMM OT ee TeMMepaTypsbl.

Kak BWMAHO, OTHOCWUTE/bHbIA W3HOC U30MALUN ABNAETCS He-
NVHERHOW (yHKUMel OoT Temnepatypbl m3onsaymm. MN3HOC u30-
nauMM H 3a Bpemsa t OLEHMBAIOT MO YMUCAY OTXKUTbIX YacOB WU
CYTOK

H = Lt (5.18)

B o6wem cnyyae, Korga TemnepaTypa W301suMM He ocTa-
eTCs MOCTOSHHOW BO BPEMEHW, W3HOC W30NALUKU OMpefenseT-
ca Tak:

# = J L(t)dt, (5.19)
0]

rae 12 —cyMMapHbIii MHTEpBan BPEMEHU, ANs KOTOPOro on-
pefenseTca W3HOC.

Puc. 5.5. 3aBucumocTb OTHOCU*

TeNbHOro M3HOCA WM OTHOCUTENb-

HOF0 Ccpoka cnyX6bl n3onaumu

TpaHctopmaTtopa OT Temnepa-
Typbl 06MOTKM

M3HOC M3015LMN MOXHO 0XapaKTepu3oBaTb CPEAHUM MW3HO-
COM 3a paccMaTpvBaeMblii UHTepBas BpeMeHU (HO He cpefHeit
TeMMepaTypoii 3a TOT XK€ WHTepBan BPEMEHW):

tep=_ j 2 dt: (5.20)
[0] (o]
B 4aCTHOCTMH, Cpep'HecyTOHHbIﬁ M3HOC K30/1AUNN paBeH
ﬂ,cyT
'Xp.cyT 24 (5.21)

BnusHne TemnepaTypbl M301ALMM HA €e W3HOC BUAHO W3
[JaHHbIX Tabn. 5.5.
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Ta6bnuuya 55

Temnepatypa WHTepBan M3Hoc nsonsa- CyMMapHblii
KA pexuma |/|3onﬂ|_|1’/)|m yp Bpemeﬂm, | umn, y M3HOC M30M18LUM, Y

1 104 10 20

86 14 3,5 23,5
2 104 10 20

92 14 7 21
3 104 12 24

92 12 6 30

HuXXe npuBefeHbl JaHHble, MOKasbiBaloLUiNe, CKOMbKO 4acoB
C JaHHOW TemmepaTypoil MoxeT pa6oTaTb WU3ONAUMSA MNpU ycC-
NOBUM, 4YTO €ee W3HOC 6yAeT paBeH HOPMUPOBAHHOMY W3HOCY
3a CyTKu.

Temnepatypa usonauun, °C. . 98 101,5 104 107,5 110 113,55

Bpemsi paboTbl ¢ AaHHO

TEMNEePaTYPOr, U ..cccvvvieienrene 24 16 12 8 6 4
Mpogon>kexune

Temneparypa usonauyum, °C. o 116 119,5 122 125 128 1315

Bpemsa paboTbl C AaHHON

TEMNEPATYPONA, Y oo 3 2 15 1,0 0,75 0,5

Mpn "<80°C W3HOC HMYTOXEH W UM MOXHO NpeHebpeyb.

TemnepaTypa oxnaxgjatoleid cpefbl, Kak NpaBWI0, He paBs-
Ha HOMWHaNbLHOW TemnepaType W, KPOMe TOro, U3MEHSeTCH BO
BpeMeHW. B cBA3M C 3TUM ANA YNpPOLWEHUs pacyeToB WCMOSb-
3YI0T 3KBMBANEHTHYI TemnepaTypy oxfaxpjawoueil cpefbl
®o,3K, NOA4 KOTOPO MOHMMAKT TaKyk HEW3MEHHYHK 3a pacuyeT-
HbliA Mepuog “pacy TemnepaTypy, MpU KOTOPOW W3HOC M30M4UUK
TpaHctopmaTopa 6GyaeT Takoi e, Kak W Mpu M3MeHstoLWelica
TemnepaTtype OxnaxjarlLwwen cpegbl ior B TOT XXe nepuog. 3Ha-
YyeHWe 3TOW TemnepaTypbl MPW HEU3MEHHOM MPEBLILIEHUN TeM-
nepaTtypbl B Haumbonee HarpeToli TOYKE MOXHO HailTW W3 ypas-
HeHus

*pacuy *Y + BpOM.H.M.T ~~98
H= j 2 6 dt =
0
*pacuy N0.3K  BpPOM.H.H.T 98

= (2 6 dt,
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U3 KOTOpOro cneanyet

(5.22)

pacy

FOCT 14209—69 paeT pekoMeHpjauuum Mo ONpefeneHunto
3KBMBAJIEHTHbLIX TEMMNepaTyp Oxnaxgarluwein cpeabl:
3KBMBAa/IeHTHaA Temnepatypa 3a CYTKK

9KBMBANEHTHAA TemnepaTypa 3a HECKO/IbKO MECALEB Wau
3a rog

+ .. +2
N

roe ftoi, dor u T.4. — 9KBUBANEHTHbIE TeMMepaTypbl, KOTOpbIe
[OMYCKAeTCs MPUHUMATb PaBHbIMU CpPeAHEMECSAYHbIM Temne-
patypam; N — YnC/I0 MECSLEB.

MpubnmxeHHO pJonyckaeTca onpeaensaTb 3KBUBaSIEHTHbIE
TemnepaTypbl MO cneuuanbHbiM rpapukam. B TOCT 14209—
69 paroTcAa rpaduKyM 3aBUCUMOCTM 3KBUBANEHTHbLIX MECAYHbLIX
TemnepaTyp OT CpefHEMECAYHbIX W CPefHEerofoBblX, 3KBMBa-
NEHTHbIX JNIeTHUX (anpefib — aBrycT), OCeHHe-3UMHUX  (CEeH-
TA6pPb— MapT) W rofoBbLIX Temnepatyp OT CpPefHEerofoBbIX, a
TakXe CpefHerofoBble TemMmepaTypbl B eBPOMeWCKol M as3uat-
cKoii yacTax CCCP.

(5.23)

5.6. HATPY304YHAA CNOCOBHOCTb TPAHC®OPMATOPOB

OnutensHaa pabota TpaHC(OPMATOPOB rapaHTUpyeTcs npu
co6MI04eHNN HOPMUPOBAHHBLIX YCAOBUIA KX 3KchayaTauuu (Cwm.
8 5.1). PeanbHble ycnoBUs MOTyT CYLECTBEHHO OT/NMYaTbCA OT
HOPMUPOBaHHbIX. MpyM 3TOM BO3HWKAET BOMNPOC O AOMYCTUMbIX
neperpyskax TpaHC(OPMaTOpOB, KOTOPblE BO3HMKAKT NpPW Ha-
ANYUN OJHOFO UAW OLHOBPEMEHHO HECKONbKUX YCNOBWIA:



§ 5.6 HarpysoyHas cnocobHOCTb TpaHcopMaTopoB 137

Meperpy3kn Mo HanpsXXeHU0 HOPMasbHO AO/KHbI UCKHO-
4yaTbCs CXeMON U pexumom paboTbl 3NEeKTPUYECKOR ceTn, a
TakXe 3alWUTHBIMK ycTpoicTBaMmu. Mo3ToMy 06bl4HO paccmart-
pvBaeTCs TOMAbKO AOMYCTMMOCTb MEPErpy3ok mo MOLHOCTM (TO-
Ky) B YCNOBMAX W3MEHAOLWeERca TemnepaTypbl OXfaxgatoLlel
cpeasbl.

Pa3nnuyaloT cMcTeMaTMUYeCKMEe U aBapuilHble ne-
perpysku. NepBble MOTYT UMETb MECTO CMCTEMATUYECKN Mpu
HepaBHOMEPHOM CYTOYHOM rpatiMke Harpyskum TpaHc(opmaTto-
pa, BTOpble — MNPV aBapuiiHOW cuTyauuun, Korga Tpebyetca obe-
CMeYnTb 3NeKTpPoCcHabXeHne NoTpebuTeneld, HECMOTPSA Ha Hanu-
4Me neperpysku TpaHchopmaTtopa.

JonycTUMOCTb CUCTEMATUYECKUX Meperpysok NUMUTUpPYeT-
CA M3HOCOM wusonauumn. Tpebyetcs, 4ytobbl LepM |. Mpu aTom
FOCT 14209—69 BBOAUT [LOMOJIHWUTEJIbHbIE  OrpaHUYeHuns:
0'06M,H,H,T140 C; am~95 C; 1,5S*hon* [locnepHee
yCnoBue NUMUTUPYeTCA NapameTpaMu BBOAOB TpaHc(opmarto-
pa u napameTpamu ycTpolicte PMH (perynupoBaHue Koag-
(mymneHTa TpaHchopmaymn nog Harpyskoin) n MBB (nepeknto-
yeHue 6e3 BO3OYXAEHUSA).

JonycTmMocTb aBapuiiHbIX MNEPerpys3ok NUMUTUPYETCS He
M3HOCOM u30NALMKN, a NpejenbHO AONYCTUMbIMW TeMmnepartypa-
MU Ana OGMOTKM M macna: #o06m,HH,T~ 140 °C, '6M*115°C.

Bonpoc 0 pJonyctMMoOCTU CUCTEMaTWYECKMX MNEperpysok
MOXeT OblTb pelleH Cy4eTOM rpaukoB Harpy3o4Hoi cnocobHo-
CTWU TpaHcopmaTopoB, npueefeHHbIXx B TOCT 14209—69. Mo-
cnegHuin cogepxnT 36 rpadgmkoB AN TpaHCOPMaATOpPOB C CU-
cTtemamun oxnaxgeHua M, 4, AL v LU npn ycnosuu, 4to MNOCTO-
AHHAaA BPEMeHW Harpesa TpaHcgopmaTopa paBHa 2,5 uam 3,5y,
a 3KBMBaNEHTHas Temnepatypa Oxjaxgjarwuwein cpegbl n3me-
HAaeTtca or —10 o +40 °C. Ha puc. 5.6 B KayecTse npumepa
npuBefeH rpauk Harpys3ouHoil cnocobHocTM TpaHcdopmaTopa
c cuctemoin oxnaxgeHma ALl (L) v NOCTOSHHOW BpeMeHW Ha-
rpeea 3,5 4 npu 35KBMBANIEHTHON TemmnepaType OXxnaxpgaroLiel
cpegbl +20 °C. Ha rpaduke f[aHO CeMENCTBO KPUBbIX Kii=
=f(K\) npu pasnuyHbiX JAUTENbHOCTAX neperpysku. Koap-
(hMUMEHTbl Ha4ya/bHOM.N MOBBLIWEHHON Harpysok K\ u /O Ha-
XOAATCA MO BbIPAXKEHUAM:
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Cwunosble TpaHC(pOpMaTOpbl " aBTOTpaHC(*)OpMaTOpr ro. 5
79K2 °AH2 (5 25)
AT.HOM AT.HOM

roe /akl n /32— 3KBMBaNEHTHbIE TOKW COOTBETCTBEHHO Hadasb-
HO W MNOBbIWEHHOW Harpy3ok; 53Kl n S3K2— akBMBaNEeHTHbIE

MOLWHOCTN COOTBETCTBEHHO Ha4yalbHON W MOBbLILEHHOA Harpy-
30K.

«r

L8]
\V
16 N
"o N
y \
1,5
in
13
U
~ 8y~
v 12y
t=7¥%4
10 |
0,5

Puc. 5.6. [padmk HarpysouHoi
cnocobHoCTH TpaHchopmaTopa

OKBUBANIEHTHbI TOK M 3KBMBa/IeHTHas MOLWHOCTL onpeae-
NAKTCA Tak:

h *+ 1692+ ese + /, tn
3K — *Cp,KB ) ’ (5.26)
*+ eet tn
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S,=S.,,= . (5.27)
h+ %"r4eT

roe /,,,5,, U — COOTBETCTBEHHO TOK, NOJIHAA MOLLHOCTb U NPO-
LO/DKMUTENbHOCTb N-i CTyneHW rpaduka Harpyskm TpaHcgop-
martopa.

Mpu /C2>1,5 KpuBble Ha rpagMke MokKasaHbl MYHKTUPOM,
TaK Kak Ha paboTy TpaHcdopmaTopa C neperpyskamu 6onee
50 % TpebyeTcsa cornacue 3aBofa-wu3roToBUTENS.

[na nonb3oBaHWA rpaMkaMy Harpy3ouvyHON CMOCO6GHOCTM
peanbHbIl TpauK Harpysku TpaHchopmaTopa [OMKEeH 6biTb
npeo6pa3oBaH B 3KBMBANEHTHbIA ABYXCTyneHyaTblii. Mpun 3Tom
BO3MOXHbI TpWU Cnyyas:

1) cyTOuHbIl rpatinK COLEPXUT OAMH MakCMMYM Harpysku
B 30He neperpysku, rae SH> 5 10w

2) CYTOYHbIA rpauK COLEepPXMWT ABa MakKCMMyMa Harpysku
B TOW e 30He, nMpuyeM 60MbLINA MakCMMyM Harpy3ku fiBAseT-
CA BTOPbIM MO BPEMEHU;

3) CyTO4YHbIA rpank B yKa3aHHOW 30He COAEPXMWT ABa
MaKCMMyMa Harpysku, npuyem 60/blunii ABNAETCS NepBbIM MO
BpemeHu.

B nepsom cnyyae S3k2 onpegenseTtcd [ANnA 30Hbl, rge SH>
>5T1,0M a SKi— Ana  30Hbl  NPOAOMKUTENBHOCTBIO B 10 u,
NpeaLecTBYIOLWEN pPexXnumy neperpysku.

Bo BTOpoM cnyvae S3K2 onpefendeTca AN 30Hbl, rge SH >
> 5 T,HOM BO BpeMa BTOPOro Makcumyma Harpysku, a S3Ki—pgns
npeglwecTaytoweidi 30Hbl B 10 4, BK/OYaA MepBbli MakCMMyM
Harpysku B TOW Mepe, B KaKoli OH B 3Ty 30HY BXOAMT. B TpeTb-
eM cnyvae Ssk2 onpegensetcd [ANA 30HbI, rge SHr->5T,HOM BO
BpeEMA MepBOro Makcumyma Harpysku, a S3Kl— gns nocnegy-
towein 30Hbl B 10 4, BK/AKOYAA BTOPO/ MakCMMyM B TOW Mepe, B
KaKoi OH BXOAWT B 3Ty 30HY.

FOCT 14209—69 pa3pewaet MCNoONb30BaTb TakK Ha3blBae-
MOe O[HOMPOLEHTHOE MPaBWI0 CUCTEMATUYECKUX MNEPerpysok:
€CNN MakKCMMyM TUMNOBOTo (CpefHero) rpaMuka Harpysku
TpaHcopmaTopa B fleTHEe BPeMA MeHblUe €ro HOMWHaNbHO
MOLLHOCTU, TO B 3MMHee BpeMs AOMNYyCKaeTcs AO0MNOSHUTe/bHas
OLHOMPOLEHTHAA neperpy3ka TpaHchopmMaTtopa Ha KaxAblii
MPOLEHT HEeAOorpy3Ku NIeTOM, HO He 6onee 4em Ha 15 % (nmpwu-
yem LO/MDKHO cobnwfaTtbea ycnosme 5H™1,5 s t,Hom).
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Mpn paboTe TpaHchopmaTopa MOXET YacTUYHO WAM NON-
HOCTbO OTKa3aTb CUCTeEMa MPUHYAUTENBHOTO OXNaXAeHus
(BeHTUNATOPLI, Hacocbl). [pu 3TOM, €CTECTBEHHO, Harpyska
TpaHc(OpMaTopoB AO/MKHA ObiTb CHMIKEHA MO 3HAYEHUD WU
no gnutensHocTu. COOTBETCTBYHOLWME pPEKOMEHAaLunM copep-
xatca B TOCT 14209—69.

ABapuitHble neperpysku AenaTca Ha fABa Tuna:

a) KpaTKOBPEMEHHble BHE 3aBWCMMOCTM OT MNpejLlecTBYHO-
el Harpysku, TemnepaTypbl Oxnaxgjawleil cpefbl M MecTa
YCTAHOBKMW TpaHcpopmaTopa;

6) 4NMTeNbHble B 3aBUCMMOCTU OT MpejLlecTBytowWweid Ha-
rpysku, BBegeHHble B TOCT C y4yeTOM HyXJ W TpeboBaHwWii
3HEProCUCTEM.

3HayeHMa N AANTENbHOCTU KPAaTKOBPEMEHHbIX aBapUMHbIX
neperpysok An8 TpaHCHOPMATOPOB C CUCTEMAMM OXNaXKAeHUA
M, 4, AU v L npnusefeHbl HUXe:

KpaTHOCTb neperpysku . 1,3 1,45 1,6 1,75 2,0 3,0
ONuTenbHOCTb  Neperpysku, MuH 120 80 45 20 10 1,5

Mpun aBapuitHbIX pexumax AN TpaHCHOPMaTopoB C CUCTe-
mMamu oxnaxgenua M, A, AU v L B cnyvae, ecnum Koagpduum-
EHT HayanbHOW Harpy3ku Ki He npesbiwaeT 0,93, gonyckaetcs
B TeuyeHue He 6onee 5 cyT neperpyska Ha 40 % BO BpeMs Mak-
CMMYMOB Harpysku, ecnu obuwas npofo/MKUTENbHOCTb Moc/es-
HWX He npeBbllwaeT 6 4 B CyTKW. [pu 3TOM [O/MKHbI 6biTb
NPUHATbI BCE BO3MOXHble Mepbl ANS YCWNEHUA OXNaXAeHus
TpaHCPOPMAaTOpoB (BK/IHOUYEHUE BEHTUNATOPOB, HACOCOB CUCTe-
Mbl OXNaXAEeHWUS, Pe3epBHbIX oxnaguTteneid n T. n.).

5.7. OCOBEHHOCTWN PEXWMOB PABOTbl ABTOTPAHC®OPMATOPOB

Ha 3anekTpocTaHUMAX W B 3N1EKTPUUYECKUX CETAX 3Heprocuc-
Tem Hanps>keHuem 110 kB u Bbille HawaM LOCTAaTOYHO LUNPO-
KOe NpUMeHeHMe TPexXobMOTOUYHble aBTOTpaHchopmaTopbl. OHU
MCNONb3YKTCA ANS CBA3M CeTel pa3NMYHOr0 HanpsHKeHud, a
TakXe B KayecTBe 610YHbIX aBTOTPaAHC(OPMATOPOB.

TpexobMoTOUHble aBTOTpaHchopmatopbl (puc. 5.7) umeroT
TpU OOMOTKM: nocnefoBaTenbHy0 — M, 06WYy O U HU3LIEro
HanpsxeHua — HH. MocnepoBaTenbHas W o6wWwas 06MOTKU
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MMEIT MeXay Cco60i Kak MarHuUTHYK, TakK W 3/1eKTPUYECKYHO
cBsi3b. OBGMOTKA HWU3LIEro HanpsXXeHus ¢ ABYMS ApYrumMun 06-
MOTKAMW WMeeT TOMbKO MAarHUTHYyl CBf3b. B TpextasHom

Puc. 5.7. Cxema coegnHeHnin o6MoO-
TOK TpPexo6MOTOYHOr0O  aBTOTpaHC>
thopmaTtopa

TPeXoObMOTOYHOM aBTOTpaHcopmaTope wan B TpexdasHoi
rpynne n3 ogHOMa3HbIX TPEXOOMOTOUYHBLIX AaBTOTpaHchopmaTo-
poB nocnepoBatenbHas M o6uwas 06MOTKM ""COoeAUHAOTCS MO
CXeme 3Be3fbl C F/1yX03a3eM/eHHON HeWTpanblo, a 06MOTKa
HU3LLEr0 HanpsXeHus coeauHseTcs EMTpeyronbHUK. BO3MOX-

Puc. 5.8. CxemMbl BK/IOYEHUA aBTOTpPaHCHOPMATOPOB:

« — NOHWXaKWMIn aBTOTpaHchopmaTop; 6 — aBTOTpaHC(HOpPMATOP CBA3U C CUHXPOH-
HbIM KOMMEHCAaTOpPOM Ha CTOPOHe HW3LWero Hanps)xeHus; 0 — aBToTpaHcthopmarop
CBAI3W CO CTaTMYeCKMM KOMMEHCAaTOpPOM Ha CTOPOHEe HW3LEero HanpsXeHus; © — 6104-
HbIl aBTOTpaHchopmarop
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Hble CXeMbl BK/HOUYEHWS aBTOTPaHCHOPMATOPOB MOKa3aHbl Ha
puc. 5.8. B aBTOTpaHcopmaTopax 4acTb MOLLHOCTM W3 CETU
BbICLLIEro HAMPAXEHUs B CeTb CPefHEero HanpsXeHus u Haobo-
poT MepefaeTcs MarHWTHbIM MyTeM (TpaHcopmaTopHas MOL-
HOCTb STp), a YacTb — 3NEKTPUUYECKUM (KOHTaKTHbIM) MNyTeM
{anekTpunyeckas mowHocTb 593.

Y aBTOTpaHC(OpPMATOpPOB pas3nMuyaldT KOOI PULUUEeHT
TpaHcopMaLuuwm M KoOspPuUuMeHT TUNOBOIA
MoWHOCTKN (B NuTepaType OH MHOrAa Ha3blBAETCA TakKXe
KO3(PMULMEHTOM BbITOLHOCTU):

nr - "BH.HOM""CH.HOM
n
" M __"BH.HOM ACH.HOM . 1 5 TWn
"Tun K-BbIl" — L c S
"BH.HOM nT AHOM

rge *SIHh 1 Shom— COOTBETCTBEHHO TUMOBafg M HOMMWHanbHas
MOLLHOCTWN aBTOTpaHcgopmaTopa.

Tunosas, T. e. TpaHC(opmaTopHas MOLHOCTb aBTOTPaHC-
(hopmaTtopa NpM HOMWHANbHbLIX YCNOBUSX XapakTepusyeT cno-
Cco6HOCTL aBTOTpaHcopmaTopa nepefaBaTb MOLWHOCTb Mar-
HUTHBIM nyTem. OHa onpegenset rabapuTbl U CTOMMOCTb
aBToTpaHcopmMaTopa, a TakXe pacxoj MaTepuanoB M MOLLY-
HOCTb OTAe/NbHbIX 06MOTOK. CBSI3b TMMOBO MOLHOCTM C HOMWU-
HabHbIMW MOLLHOCTAMM 06LEe 1 nocnefoBaTeNbHOW 0OMOTOK
TakoBa

“\un 3t/0,HOMA),HOoM 37N.HOM "M.HOM

= Y 3 (~ BHjHOM U CH, Hom) "BH.HOM ¢

MOLLHOCTb, KOTOpYH aBTOTpaHc(opmMaTop MOXeT MPUHATb
M3 CETU BLICLLIEr0 HAaMPsXKEHWUs WAU MNepejaTb B 3Ty CeTb, Ha-
3bIBAETCS MPOXOLHON MOLLHOCTHLI Snpox, Mpuyem

*Anpox ~ *-*1p N3-

MpoxoAHass MOWHOCTb YWUCNEHHO paBHaA NpefeNbHON Mouy-
HOCTU, KOTOPYH aBTOTpaHC(HOPMATOp MOXET nepefaTb W3 CEeTu
BbICLIETO HaMpsXKeHUs B CETb CPeAHEero HanpsyXKeHwWs W Hao6o-
POT MpW OTCYTCTBMU Harpy3ku Ha OGMOTKE HM3LLEro Hampske-
HUS.

Mof HOMWHaNbHOW MOLLHOCTLID aBTOTpaHc(opmaTopa Mo-
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HMMaeTCA MPOXO4HasA MOLLHOCTb MPU HOMUHAbHbLIX YCMOBUAX
ero pa6ortsl

c _cC _ T/'3n i
HOM NPOX,HOM * BH.HOM = BH.HOM*

YacTb MOLHOCTU MepeAaeTcs U3 CETW BbICLIETO HAMPsHKeHUA
B CETb CPEAHEro HanpshKeHus (MM Hao60pOT) HE MarHWUTHbIM,
a 3NeKTPUYECKMM MyTeM. IDTa MOLWHOCTb MPU HOMUHAMBHbIX
YC/IOBUAX paBHa

"9HM  “poxHom 5T, Y 3”cH,H/BHHOM
npuyem

*59,HoM jage (o "CH.Hom
M  SpoxHOM  "BH.Hom

Uem MeHblle (61MXKe K efuHULE) KOa(hpuumMeHT TpaHcgop-
MaLuu aBToTpaHcopmaTopa, TeM MeHblle KO3IPHUUMEHT TUNo-
BOW MOLWHOCTK, 60MblIe A0/ MOLWIHOCTM, NepejaBaemMon 3nek-
TPUYECKUM NYTEM, U TEM BbIFO4Hee UCMNONb30BaHWe aBTOTpaHC-
thopmaTtopa (N0 CpaBHEHUIO C TPEXOOMOTOYHLIM TpaHchopma-
Topom). Hwxe npuBefeHbl CcpaBHUTeNbHble  AaHHble ANd
aBTOTPaHCOpPMaTopoB C Pas3/IMUHbIMK KOI(PPULMEHTaMU TpPaH-
cthopmayuu.

KoathdnumeHt

tpancpopma- 150220220330330330500 500 500 500

*Nno HO 150 110 150 220 HO 150 220 330

KoathduumneHt

TUMOBOW MoOLY-

Woctw . . .0,27 0,5 0,32 0,67 0,55 0,33 0,88 0,7 0,56 0,34
5 9 HOM/5Hom .0,73 0,5 0,68 0,33 0,45 0,67 0,12 0,3 0,44 0,66

HoMUHanbHas MOLHOCTb O6MOTKM HU3LIET0 HanpsXXeHWs B
3aBUCUMMOCTM OT Ha3HauyeHWs aBTOTpaHcopmarTopa MNpUHUMA-
€TCA PaBHON WAN MeHbLUed TUMOBOM MOLWHOCTU: S5HH,HOMN5 TN
Y 6N104YHbIX aBTOTpaHCHOpPMATOpOB SHH,HOM~5T/, y ceTeBbIX
aBTOTpaHC(OPMaToOpoB 06bIYHO SHH.HOM<5TUM.

MpumMmeHeHne aBTOTpPaHC(OPMATOPOB MO3BONSET 3KOHOMUTH
LUBETHbLIE W YepHble MeTannbl, yAeleBnsdeT CeTeBOE X035CTBO,
0fHaKO OHO MPMBOAUT W K HEKOTOPbIM OTpULATENbHBLIM NO-
CNnefcTBMAM [N 3Heprocuctem. Tak, BHeApeHMe MOLLHbIX aB-
TOTpPaHC(HOPMaTOPOB CYLLIECTBEHHO MOBbLICMIO YPOBEHb TOKOB
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TpexdasHoro nm ocobeHHo opHogasHoro K3 B cetax 110—
750 kB. Mpwu 3tom o6A3aTeNnbHOE FNyX0e 3a3eM/eHWe HeliTpa-
neii aBTOTPaHCHOPMATOPOB YMEHbLIAET BO3MOXXHOCTW 3HEPro-
CUCTEM MO OrpaHUYeHUIo TOKOB oOfHOMasHbiXx K3, 3HauyeHus
KOTOPbIX B PALE 3HEProcUCTEM TMPEBbLICUAN 3HAYEHWUS TOKOB
TpexdasHbix K3.

OcobeHHOCTM aBTOTpaHC(OpPMaToOpOB HaKNaAbiBalOT onpe-
[eneHHble OrpaHUYeHns Ha BO3MOXHbIE PEXWUMbl UX paboTbl B
3HeprocucTeMe, 4YTO MPUXOAUTCA YYMTbIBATb NPW Bbi6Ope CXem
3N1eKTPUYECKUX COEAMHEHWIA 3MeKTPOCTaHUMA WM NOACTaHLMIA.

Han6onee 3KOHOMWYHbIMW AN aBTOTPaHC(HOPMATOpPOB AB-
NATCA MOHWXKAKOWMWA pexum ¢ nepefayvyeinl MOWHOCTM B CETU
CPefHero u Huswero HanpsxxeHuin (puc. 5.9, a), npuyem B CeTb
HM3LIEero HanpsHXKeHUs MOLLHOCTM Shh< S hh,hom u B CETb Cpej-
Hero HanpsxeHus wmowHoctTn 5CH <5, 0M—5HH» a TaKXxe no-
BblaOWMiA pexum (puc. 5.9, 6) ¢ nepepaveli U3 ceTm Hu3Le-
ro Hanmps>XXeHWUs B CeTb BbICLLIErO HAMPAXeHUsA MowHocTh Shh
~eShh.hom n ©n3 ceTn cpefHero HanpsXXeHWs B CeTb BbICLUErO
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Hanps>xeHns mowHocth SHM— Shh- Kak BWAHO, B 3TUX pe-
XMMaxX MOXeT NOMHOCTLI0 MCM0Nb30BaTLCA HOMMUHANbHAsA MOLL-
HOCTb aBTOTpaHcopmaTopa, a TOK B 06Weil 06MOTKe paseH
reomMeTpMyeckoi pasHOCTM TOKOB CeTell BbICLUEr0 W CpeAHEro
HanpsXKeHWIA.

JonycTUMbIM, XOTA W HEIKOHOMWYHBLIM, HABNAETCA PEXUM
Bblfayy MOLYHOCTW M3 CETU HU3LLETO HampsXeHus B CeTb Cpef-
HEero u BbICLIEro HanpshkeHun (puc. 5.9, B). CyliecTBEHHbIe
OrpaHUYeHnNs HaknNajblBalOTCA Ha KOMOWHWPOBAHHbIE PEXWUMb
paboTbl aBTOTpaHcopmaTtopoB. Tak, Hanpumep, npu nepega-

Puc. 5.10. 3arpys3ka 06-

MOTOK aBTOTpaHchopMa-

Topa B KOMGUHUPOBAHHbIX
pexunmax

ye TWMOBOW MOLLHOCTW M3 CETU CPEAHEro HamnpsHKeHWs B CeTb
HU3LWIEro HanpsHXKeHWs Henb3a [LONOMHMTENbHO nepejaTbh Ka-
KYl0-11M60 MOLLHOCTb B CETb BbICLUET0 HAMpPSXXeHUs M3-3a nepe-
rpyskm obweir obmotkm (puc. 5.9, n 5.10,a). Mo TOi e
NpuYMHe Npu nepegavye TUMOBOW MOLLHOCTU M3 CETU HU3LLETO
HanpsHXKeHWs B CeTb CpPeAHero HanmpsXXeHWs Henb3a nepejatb
JOMONHUTENIbHO KaKyk-1Mbo MOLWHOCTb M3 CETM BbICLIEro Ha-
npsxeHusa (puc. 5.9, 5 1 5.10, 6).

Mpumep. PaccMoTpUM [JONYCTUMOCTb PEXMMOB, MOKa3aHHbIX Ha puC.
5.9, NPUMEHWUTENbHO K aBTOTpPaHC(hOpMaToOpy C YCNOBHLIMW napameTpamu:

MycTb KO3I(ULMEHTbI MOLWHOCTA  Harpysku cos <p,r ceTeil BbiCLIErO,
CpefiHero n HW3Wero HanpsXXeHW# YCNOBHO OAWHAKOBbI, a HampsXeHWs ce-
Telli YMCNEHHO paBHbl COOTBETCTBYHWIW MM HOMUHANbHbIM HaNpsXeHWAM aB-
ToTpaHctopmatopa. Onpejenum Heo6X0fuMMble AN pacyeToB MapameTpbl:

*ATn — ATun "HoM — 0,333 200 — 66,7 MB’A;
10—516
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ST,n 66,7

M- = = 0,175 KA.

lo.HOM = - T
K 3 t/caHOM 1.73-220

1-i cnyvali (cxema puc. 5.9, a).

Myctb 5BH=200 MB-A; SCH=133,3 MB-A; SHH =66,7 MB-A,
Torpa

5rh 200
/BH==T T Bulon =T " = 0,385 KA:
Sru 133,3
ITH = - ™ e :0’35 KA;
V'3 HCH,HOM 1,73-220
S, 66,7
ll-ﬁﬂ Pl = = = 3,86 KA;
: -EKIHH HOM 1,73-10
T _ AT umon 66,7
/o'HOM* v LLI O o= 1,73-220 ' 75 KA’

/0= /BH ~AcH = 0,385 — 0,35 = 0,035 <3 /oHom = 0,175 KA.

CnepoBaTenbHO, PeXuUM [OMYCTUM.

2-i cnyyai (cxema puc. 5.9,6).

Mycte S BH=200 MB-A; SCH= 133,3 MB-A; SHH=66,7 MB *A.
Mpwn atom /0= 0,035 kKA </0Bom—0,175 KA.

Pexum gonycTtum.

3-ih cnyuyali (cxema puc. 5.9, B).

Mycte SHH=5TBn= 66,7 MB-A; SBH=22,7 MB-A; SCH=44 MB *A,

Mpun atom

22,7
/BH—ijé)_é'bB — 0,04 KA;

44
/CH = 1’5,5_220 =0,115 KA;

/o==/BH+/cH = °>155 kA < /o.nom = 0.175 KA.

Pexum gonyctum.

4-i cnyvain (cxema puc. 5.9,r).

Mycte S CH=200 MB-A; SHH=66,7 MB-A; SBH =133,3 MB-A.
Mpwu atom
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133.3
/BH = — — = 0,234 KA;
y 3-330

A3= 7cH — "BH = 0,291 KA>/0,HOM.

Pexum HegonycTum un3-3a neperpyskn obuwein o6mMoTKu.
5- cnyvai (cxema puc. 5.9, <3).
Myctb SBH= 133,3 MB-A; S HH=66,7 MB-A; SCH=200 MB-A.

3pech
200
JoH = — = 0,525 KA;
Z-220
133.3
JRH = momemecmemeeee. = 0,234 KA;
BH yT.330

= 7CH~ N3H = 0,291 KA > /0 HOom-

Pexunm HegonycTum u3-3a neperpysku obuieii 06MOTKMU.

[naBa wecTasa

KOPOTKWE 3AMBIKAHVNA N HEMOJIHO®A3HbIE
PEXXWMbI B 3JIEKTPUYECKNX CUCTEMAX

6.1. BUAbI, MPUYUHBI 1N MOCNEACTBUA KOPOTKUX 3AMbIKAHUIA

Mpu aKcnayaTauuy 3NeKTPOCTAHLUIA W 3NEKTPUUYECKUX Ce-
Tell B HMX JOCTaTOYHO 4acTO BO3HUKAIOT KOPOTKME 3aMblKaHUS
(K3), KoTopble SIBAAKTCS OAHOW W3 OCHOBHBLIX MPUYMH Hapy-
WEHUS HOPMaNbHOTO pexuma paboTbl 31eKTPOYCTAHOBOK W
AaXxe 3HeprocucTeMbl B LenoM. KopoTKoe 3amblkaHue — 370
3aMblKaHue, MpW KOTOPOM TOKW B BETBAX 3/1€KTPOYCTAHOBKMY,
MPUMbIKAIOLWMX K MeCTy €ro BO3HWUKHOBEHWS, PE3KO BO3pacTa-
tOT, NpeBblllas HaubONbLWNUKA [ONYCTUMbIA TOK MPOAO/IKNUTENb-
HOro pexuma. B cBOW oyepeib 3aMblKaHWe — 3TO BCSKOe C/y-
yaliHoe WaW npefHamMepeHHOe, He NpPeAyCMOTPEHHOE HOPMasb-
HbIM PEXUMOM paboTbl, 31EKTPUUECKOE COEMHEHNE PA3NUUYHbIX
TOYEeK 3MEKTPOYCTAHOBKM MeXAay coboii unm ¢ 3emneil. Ha
MPaKkTUKe 3amMblKaHWs MOTYT 6biTb uYepe3 Ayry WAM Hemnocpea-
CTBEHHO (6e3 NepexofHOro COMpPOTUBMEHWS), TaK Ha3blBaeMble
«MeTannnyeckne». Huxe paccMaTpuBalOTCs TONbKO 3TU 3aMbl-
KaHus.

10- .
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Cxema

KopoTkue 3aMblKaHUA 1 HeMonHo(asHble pe>kumbl  N. 6

Bugabl 3amblKaii»

CeTu rnyxosasemneHHble Uu
3(h(heKTUBHO-3a3eMNEHHble

TepMuH

TpexdasHoe
KOPOTKOE 3aMbl-
KaHue

TpexdasHoe
KOpOTKOEe 3aMbl-
KaHue Ha 3eM-
nto

AByxtasHoe
KOpoTKOe 3a-
MblKaHuWe

AByxdasHoe
KOPOTKOE 3aMbl-
KaHWe Ha 3eMJi0

OpHothasHoe
KOPOTKOE 3aMbl-
KaHne

[BoliHoe KO-
pOTKOE 3aMblKa-
HUe Ha 3eMNto

O603Haye-
Hue

KW

K (1. 1.1)

K<2>

KO)

KU-H)

Tabnuuya 6.1

N KOPOTKUX 3aMblKaHUi

CeTu He3aseM/ieHHble Unn
pe30HaHCHO-3a3eMeHHbIe

TepmuH

TpexdasHoe
KopoTKoe
MblKaHue

3a-

TpexdasHoe
KOpOoTKOe 3a-
MblKaHWe C 3eM-
new (umetowee
KOHTAKT C 3eM-
nei)

AByXxtasHoe
KOpPOTKOe 3a-
MblKaHuWe

AByxdasHoe
KOpPOTKOe 3a-
MblKaHWEe C 3eM-
new (umetowee
KOHTAKT C 3eMm-
nem)

OpaHotasHoe
3aMblKaHue Ha
3eMN0

[ABoiiHoe  3a-
MblKaHWe Ha 3eM-
no

0O603Haue-
Hue

(%)

1023)

3d)

3(1+1)
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B sHeprocuctemax B 3aBUCMMOCTU OT pexuma HenTpanei
3NeKTPUYECKUX CeTeil MOTYT UMeTb MecTO pasfunyHble BUAbl 3a-
MblKaHWUIi M KOPOTKMX 3aMblkaHuii. WX knaccuukaums, nosc-
HAIOWMEe CXeMbl U YCNOBHble 0603HayeHWa faHbl B Tabn. 6.1.

Tokn K3 c yyeTom [JeilicTBMA YCTPOIWCTB PEeNeinHOR 3auu-
Tbl 0ObLIYHO CYLLECTBYHOT He3HauuTenbHoe Bpema (0,05<t<.
<5 ), HO UX NPUXOAWNTCH TWATENbHO PACCUYMTbIBATb W YYUTbI-
BaTb BBMAY TOrO, YTO M3-3a MX TEPMMYECKOrO U 3/1IEKTPOAMHaA-
MWYECKOr0 BO34EelCTBUS BO3MOXHbI CEPbe3Hble MOBPEXAeHUA
3aNeKTpoo60opyLOBaHUA W MNPOBOAHUKOB, BefyliMe K OTKasy
OCHOBHOTO 060pYA0BaHNA 3/IEKTPOYCTAHOBOK, aBapusiM Ha 3nek-
TPOCTaHUMAX W MOACTaHUMAX, & B XyALeM cayyae — U K CUC-
TEMHbIM aBapusiM. ABapuilHas CTaTUCTMKA MNOKa3blBaeT, 4YTO B
KPYMHbIX 3HEprocucTemMax, UmewLlWwmx 601bLIOE YWUCNO B3aMMO-
CBA3aHHbIX 3/IEMEHTOB, €XeMeCAYHO MMEET MEeCTO 3HauyuTeb-
HOE 4YMCNO O0TKa3oB 060pyAoBaHWUS, a TakXe aBapuii, B TOM
yucne ¢ NONHbIM COHPOCOM HArpysku 31eKTPOCTaHUWUiA U OTKNIO-
YeHWEM KPYMHbIX HArpy3ouHblX y3/10B. Bcnefcteve LenoyeyHo-
ro pasBMTnA aBapuil HabnAATCA U CUCTeMHble aBapuun. Mpu
3TOM pO/ib KOPOTKUX 3aMblKaHWA B BO3HWKHOBEHWUMW aBapuiiHbIX
CUTyauuii 3HaYUTEeNbHA.

B HacToAlee Bpemd MpyM YCTAHOBKE B 3Heprocmcremax
MOLLHbIX FeHepaTopoB, TpaHC(hOpPMaTOPOB W ABuraTtenein npo-
6nema ToKkoB K3 CTaHOBMTCA aKTyanbHOW. Bo3HuKaeT Bonpoc
KOOpAMHaLMW ypoBHel TOKOB K3 Ha 3NeKTPUYECKUX CTaHLMAX
W B 3/IeKTPUYECKUX CETAX, T. €. BOMPOC CTpATErumm MnocTpoeHus
ceTeil 3HeprocucTeM Ha MepCrneKkTMBY M COrfacoBaHus napa-
MeTPOB 3/1eKTpPo06opyaoBaHMA M ypoBHeli TokoB K3 B ceTsx
PasfINYHOro HanpaXeHus.

BaxXHbIM (haKTOpoM ABAETCA OTHOCUTENbHas 4acToTa BO3-
HWKHOBEHUS pas3nyHbiX BUAoB K3. M0 ycpefHEeHHbIM LaHHbLIM
npot. C.-A. YnbsiHoBa OHa cocTaBnset: K B—5 %; K(2—10 %;
Kw — 65 %; K1U) — 20 %. WHorga oAvH BWUA 3aMblKaHWA ne-
pexoguT B Apyroin (Hanpumep, B KabenbHbIX NMHUAX 6— 10 KB
3aMblKaHUS O4HOW (ha3bl Ha 3eMI0 YacTo NepexodsaT B MeXAy-
ha3HbleK3).

VccnepoBaHusa nocnegHuX JfieT NO3BOJIAIOT YTOYHUTbL [faH-
Hble NPUMEHUTENIbHO K 3M1eKTPOYCTAHOBKAM Pas3/IMYHOro Tuna u
HanpaxeHua. B T1abn. 6.2 npusefeHbl faHHble LAY E3C
CCCP (nepuop HabnwopeHua c 196! no 1977 r.) 06 oTHocu-
TE/IbHOM YacToTe pas3nyHbiX BMAoB K3 B ceTax 500 kB.

JKcnepTHas OLEHKa C NPMBMEYEHNEM B KauyeCTBe IKCMepTOoB
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Tabnuua 6.2
Bug K3 Yucno K3 OTHocuTenbHaa 4actota K3, %
KT 1447 94,2
K& 26 1,7
K M 28 1,8
K(3> 36 2,3
Bcero 1537 100

30 pyKOBOAAWMX WHXEHEPHO-TEXHUYECKUX pPaBOTHUKOB pas-
NNYHBIX 3HeprocucTeM, NpoBefeHHas Kadeapol 3NeKTPUYecKmnx
cTaHuuin M3W B 1979 r., no3BoOAMNA NONYYUTb JaHHbIE, NpUBE-
[leHHble B Tabn. 6.3.

Tabnuuya 6.3
OTHocuTeNbHas vactota K3, %, B ceTax, KB

Bug K3 6—20 (pac- 6—20
npegenutens- (cetb 610- 35 110 220 330 500 750

Has ceTb) KOB)
Ne 61 60 67 83 88 91 96 97
K<?) 17 20 18 5 3 4 2 1
X 1-1) n 15 7 8 7 4 1 1
43> " 5 8 4 2 1 1 1
Bcero 100 100 100 100 100 100 100 100

O6CnefoBaHME MOLHOM 3HEProCUCTEMBbI MOKas3ano, 4YTo OT-
HOCUTENbHAs 4YacToTa pas3fNyHbIX BUAOB K3 CYyLECTBEHHO He-
OfMHAKOBAa Ha 3NIEKTPOCTAHUMAX, MOACTAHUMUAX W JINHUAX
3/eKTponepeAayn, MpUUYeM Ha 3MeKTpocTaHuusx 6onee 3Ha4u-
TefbHa Aons TpexdasHbiXx U ABYX(asHbIX K3 Ha 3eM/o, uem
Ha MOACTAHUMAX W NWHUAX 3nekTponepegayuun. CnegyeT OoTMe-
TUTb, YTO aHaNM3 [aHHbIX 06 OTHOCUTENbHOW YacToTe pas3nny-
HbiX BMAOB K3 3aTpyfHseTCcs HECOBEPLIEHCTBOM TEXHUYECKON
OOKYMEHTALMN U ee HeKauyeCTBEHHbIM BEAEHWEM B pSfe 3/1eKT-
POYCTaHOBOK, 4YTO He MO3BONSET KiaccuduuupoBaTb 3HAUM-
TE/IbHOE YNC/I0 MMEBLUMX MECTO KOPOTKMX.3aMbIKAHUA.
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OTHOCUTeNbHAs aBapUHOCTb OTAE/bHbLIX 3/MIEMEHTOB 3/eK-
TPMYECKUX CUCTEM XapaKTepusyeTca AaHHbIMW Tabn. 6.4 (maH-
Hble 32 1983 r.).

Ta6bnunua 6.4

OTHOCMTeNbHas aBa-

ONEMEHT CUCTEMbI puiiHOCTb, %

3nekTpuUuecKMe ceT (MMHUN U NoACTaHLUK) 47
3MeKTpnuYecKan 4acTb 3NEKTPOCTAHL NN 19,1
Cnnosas 4acTb 9NEKTPOCTAHLMN 26,2
Tennosble ceTn 7.7
Bcero 100

[aHHble Tabn. 6.4 y4ynTbiBalOT TONbKO aBapuu B 3Heprocuc-
TemMax, HO He BCe OTKasbl o6opypoBaHuA. N3 aTuX JaHHbIX BUA-
HO, YTO OCHOBHAafl YacCTb MOBPEXAEHWI BO3HWUKAET B 3/1EKTPU-
YyecKkux ceTax. VX npuynHOi B GONLLUMHCTBE ClyyaeB SBASAIOT-
CA pasfiMyHble BUAbl KOPOTKWUX 3aMblKaHWIA.

MpuunHamm K3 06bIYHO SBASKOTCA HapyLeHWs W30Maunu,
BbI3BaHHbIE:

a) nepeHanpsxeHWaMn (0COGEHHO B CETAX C Hes3as3eM/eH-
HbIMW WAN C PE30HAHCHO-3a3EMEHHLIMU HEWTpanamu);

6) NpAMbIMU yAapaMu MOSHWUW;

B) CTapeHWeMm W30NAuMuu;

r) MexaHUYyeCKMMW MOBPEXAEHUAMU;

4) Habpocamu MOCTOPOHHUX Tef, NPoe3foM Mof NIMHUAMU
HerabapuMTHbIX MeXaHW3MOB (KpaHbl C MOAHATOW CTPENoi u
T.N.);

€) HeyJO0BNeTBOPUTENIbHLIM YXOAOM 3a 060pyLoBaHUEM.

YacTo MpUYMHOA NOBPEXEHWI B 3NEKTPMYECKON 4acTu
3/1EKTPOYCTAHOBOK, COMPOBOXAAKLWMXCA KOPOTKUMM 3aMblKa-
HUAMUW, ABNAIOTCA HEMNPaBW/ibHble AEeACTBUA 0OCMYXMBAKOLWEro
rnepcoHana, Hanpumep OLWMOOYHbIE OTK/IHOYEHUSA pas3befuHuTe-
NeM Lenu ¢ TOKOM, BKIHOYEHUA pa3befuHUTeNeil Ha 3aKOpoTKy,
OWN60YHbIE AEACTBUA NPU MEPEKNYEHUAX B FaBHbIX CXemax
M B CXeMax pe/eiHoi 3awmnTbl U aBTOMaTUKKU. Takue feincTeus
obycnosnusatoT o 50—70 % cnydaeB BCeX OTKa30B, BO3HWK-
WMX NO BWHe OOCNYXUBAKOLWEro nepcoHana 3neKkTpoycTa-
HOBOK.

Mocnepctema K3 pazHoo6pasHbI:
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a) MexaHuyeckue U TepMuyeckue nospexgeHns obopyposa-
HUS;

6) CHWXeHWe YPOBHA HANpPsSHXXEHWA B CeTW, Befyllee K
YMEHbLUEHNIO BpaLLalolero MOMeHTa 3M1eKTpoABUraTenen, wux
TOPMOXEHUID, CHUXEHUID MNPOWU3BOAUTENBHOCTM WAWM fJaXe K
MOMIHON OCTaHOBKE;

B) BbiNajeHue W3 CUHXPOHW3MA OTAeNbHbIX [EeHepaTopos,
371eKTPOCTaHUMA M YacTeil 3NeKTPUYECKON CUCTEMbl, BO3HUKHO-
BEHME aBapuil, BK/IOYas CUCTEMHbIE;

) BO3ropaHus B 3/1eKTPOYCTaHOBKaX;

L) 3NeKTPOMArHUTHOE B/IWAAHWE Ha NIMHUM CBA3W W Ha CU-
CTEMbl XeNe3HOLOPOXHbIX 6NOKUPOBOK U T. M.

PacueTbl TokoB K3 HeobxoauMmbl ans:

a) COMocCTaBfeHWs, OLEHKM W BbiGOpa rnaBHbIX CXEM 3JieK-
TPUUYECKUX COEAUHEHWW 3NEeKTPOCTaHUMA U NOACTaHUMIA;

6) BbI6bOpa 3NEeKTPUUYECKMX annapaTos;

B) OLEHKW NoBefeHMa noTpebuTeneil npu aBapuitHbIX ycno-
BUAX, OMNpefefieHNs AONYCTUMOCTM TOTO WM WMHOFO PexXnma;

r) NPOEKTMPOBAHWA W HACTPOMKW YCTPONCTB peneiiHon 3a-
WUTbl U aBTOMATUKW;

[) NpOeKTMPOBaHMA 3a3eM/IAIOLLNX YCTPONCTB;

e) onpefeneHus BAUAHWUA TOKOB K3 Ha vHUKM CBA3M;

X) Bblbopa paspALHUKOB;

3). aHanM3a aBapuii B 3N1EKTPOYCTAHOBKAaxX W B 3neKTpuyec-
KX cucTtemax;

M) OLEHKW JONYCTUMOCTM U pa3paboTKy MeToauKW MpoBe-
LEHNSA pasnyHbIX UCMbITAHWIA B 31EKTPUUYECKUX CUCTeMaX;

K) aHanmsa ycToN4nBOCTM pPaboTbl 3HEPrOCUCTEM.

6.2. AONYWEHWNA NP PACYETAX TOKOB
KOPOTKOIo 3AMbIKAHWNA

PacueT TokoB K3 B KpymHOI 31eKTPUYECKO CUCTeMe Mpea-
CTaBffeT LOCTATOYHO TPYAHYIO 3afadvy, Tpebyowyo Ans cTpo-
roro peweHns npuMmeHeHus 3BM BbicOKOro knacca. B uenax
ee ynpoweHnsa 06bIYHO NPUHUMAIOT psAL AONYLLEHWUA, He BHOCH-
WMX CYLLEeCTBEHHbIX MOrpeLHOCTel B pacyeTbl, a MMEHHO:

a) OTCYTCTBME Ka4yaHWI reHepaTopoB (MPUHMMaeTCH, 4TO
npouecce K3 reHepaTopbl BpawalTcs CUHXPOHHO). Takoe fo-
nyweHne [OCTAaTOYHO MPaBOMOYHO nNpu AnuTenbHocTax K3
iKNO,5 ¢, KOrfga nepexofHblii MPOLECC MOXHO CUMTaTb YUCTO
3NeKTPOMArHUTHbIM. Mpwn C MpoLecc MOXHO Ccuu-
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TaTb KBA3M3NEKTPOMarHUTHbLIM, 4YTO TpebyeT OLEHKW mnorpel-
HOCTel B pacyeTax TOkoB K3 M3-3a HeyuyeTa M3MEHEHMS 4yacTo-
Tbl BpalleHWs reHepaTtopoB, 0CO6eHHO npu 6nm3kux K3. Mpu
/,,>3 c pacuetr TokoB K3 cnefyer BecTM B pamKax pacueta
3/IeKTPOMEXaHMYECKOr0o MepexofHoro npouecca. Héyyer mexa-
HUYECKOro COCTOAHWA BpallaloWMXca YacTeil reHepaToOpoB B
3TOM Cnyyae MOXET MPMBECTU K rpy6biM owmnbKam B pacyeTax
ToKoB K3;

6) NUHeRHOCTb BCEX 3/eMeHTOB CXeMbl (Hey4yeT Hacbilie-
HUA MArHUTHbLIX CUCTEM);

B) MPMOAMKEHHbIA yyeT Harpy3ok (Bce Harpysku npeacras-
NATCA B BUAE MNOCTOSAHHBIX WHAYKTUBHbIX COMNPOTUBAEHUIA);

r) npeHebpexxeHWe aKTUBHbIMW COMPOTMB/IEHUAMMU 3NEMEH-
TOB CXeMbl npu pacyete TokoB K3 (ecnu R/x< 1/3) u yuet ak-
TUBHbIX COMPOTUBAEHWI TOMBKO MpW OMNpPefeneHnn CTeneHn 3a-
TYXaHua anepuofmyeckmx COCTaBAAWMUX TOKOB K3;

L) npeHebpexeHWe pacnpefesieHHON eMKOCTbH 31eKTpuye-
CKUX JIMHUA, 3@ WCK/IOYEHWEM Cy4aeB AAUHHBLIX IMHWUA W K-
HWA B He3a3eM/IEHHbIX W PEe30HaHCHO-3a3eMNEHHbIX CETAX;

€) CMMMETPUYHOCTb BCEX 3/IEMEHTOB CWUCTEMbI, 3a WCK/IO-
yeHnem mecta K3;

X) npeHebpexeHne TOKOM HaMarHM4MBaHwWs TpaHcgopma-
TOPOB.

YKa3aHHble [OMyLIeHWs, eCTeCTBEHHO, MPUBOAAT K Morpe-
HOCTAM B pacyetax, O4HaKO MOrpewHoOCTU O06bIYHO He MpeBbl-
watoT 2—5 % (B OFOBOPEHHBIX Bblle Cay4vyasx OHW MOryT [O-
ctnub 10 %).

6.3. PACYETHbIE CXEMbl 3AMEWEHNA W WUX NPEOBPA3OBAHWE

PacueTbl TOKOB K3 ynpowarTcs Npu MCMNONb30BaHUN CXeM
3amelleHunsa. B cxemax 3amelleHMs BCE BENUYMHbI JO/MKHbI
OblTb B3ATbl MPU OJHUX W TEX XK€ YCNOBUAX, T. €. BblpaXXEHbl B
OLHOW 1 TOW XXe cucTeme egmHuul

Mpu pacyetax TOkoB K3 MCXOAHblIE CXEMbl 3aMeLEHUS, B
KOTOPbIX NpeAcTaBneHbl KOHKPEeTHbIe 3/1EMEHTbl UCXOAHbIX pe-
anbHbIX CXeM, MyTemM NOcnef0BaTe/lbHbIX 3KBMBANEHTHbIX NpPeo6-

1 PekoMeHAyeTCss COMPOTUBAEHWUS, M306paxeHHble Ha CXxeme 3amelye-
HWA, HYMepoBaTb YMCNaMM HaTypanbHOro psfa WM 0603HayaTb B BUAE APO-
64, YNCAUTENb KOTOPO MOKa3blBaeT HOMEpP COMpPOTWUBAEHWS, a 3HAMeHaTe/lb—
ero 3HauyeHue B OTHOCUTE/IbHbIX WAN UMEHOBAHHbLIX eAMHMLAX.
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pa3oBaHW NPUBOAATCA K MPOCTEMALIUM 3KBMBANEHTHLIM CXEMam
3aMelleHna WUCTOYHUK — conpoTueneHne — 1ouka K3. Tlpu
aToM LLIMpoko Mcnonb3yroTcs W3BECTHble U3 Kypca TeopeTuyec-
KMX OCHOB 3/IEKTPOTEXHUKU CNOCO6bI 3KBUBANIEHTHOro npeobpa-
30BaHUS CXEM.

Mpu nocnefosaTefNibHOM COEAMHEHWW N 3/IEMEHTOB 3KBMBA-
JIEHTHOe CONPOTUB/IEHNE PABHO

6.9
=1
Mpn napannenbHOM COeAWHEHWUU N1 3NEMEHTOB
|
. *9K - - . (62)
/=1

3Be3fa COMpoTUBNEHU MOXeT 6bITb Npeo6pasoBaHa B K-
BUBA/IEHTHBLIA TPEYTO/IbHUK COMPOTMB/IEHU CO CTOPOHAMU

XN XB
AB = XA + XB-¥--
X8%ac
BC — XA+ XTI +'m (6.3)
XR %c

MC' XA+ XTI+

Mpn npeobpa3oBaHWKM TPeyronbHWKa COMPOTMBEHUA B 3K-
BMBaNEHTHYI0 3Be3Jy COMPOTMBEHWUIA UCMONMb3YIOT BbIPAXKEHUS:

XAB XNC
*4

*/IB+ XACJT XBC
, XABXBC
(6.4)
XAC+ XBC
XA C XBC

“AB + XAC + XBC

CnepyeT OTMeTWTb, uTO Nt06Gas n-nydyeBas 3Be3da BCerga
MOXET OblTb NPMBefEHA K 3KBMBANEHTHOMY MO/THOMY M-Yro/b-
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HUKY, NMPUYEM MPOBOAUMOCTW BETBE MHOFOYrosjbHWKa U 3BE3-
Obl CBSI3aHbl COOTHOWEHUEM

. (6.5)

/=1

C [pyroi cTopoHbl, npeobpa3oBaHMe MOJSIHOTO «-YTOJIbHUKA
B 9KBMBANEHTHYIO «-/ly4eBYI0 3Be3[y BO3MOXHO He Bcerpga, a
TOMbKO B Te€X CnAy4yaax, KoOrga npoBOAUMOCTM BETBeW MOMAHOrO
MHOTFOYrOfibHAKA W 3Be3fbl CBfA3aHbl COOTHOWeHueM (6.5). Ta-
KWe YCNOBUA MOXHO WCKYCCTBEHHO CO3f4aTb, €ciu pacliennTb
Ha ABe napanienbHble MOMYBETBM HEKOTOPblE BETBU MOMHOIO
«-YrOfIbHWKa, C TeM 4YTO6bI 414 OAHOW NONyBeTBM cO6GNOAAN0CH
ycnosue (6.5).

B obwem cnydyae nwobas naccnmBHas CXema C N BHELWHUMM
y31aMu MOXeT ObiTb npeo6pa3oBaHa B MOMHbLIA «-YTOJbHUK C
TeMu Xxe y3namu (puc. 6.1). Unucno BeTBeil TaKOro «-yrojabHuKa
paBHO n(n— 1)/2; pgna onpegeneHns COMNPOTUBAEHUA WK
NPOBOAMMOCTEN BETBE HEO6XOAUMO TaKOe >Ke YWCN0 He3aBu-
CUMbIX OMbITOB HA BHELWHWX Yy31aX WAM HE3aBUCUMbIX YpaBHe-
HWU/ OTHOCUTENIbHO TOKOB W HAaNps>XeHW BHELWHWX y3/10B. Tak,
NPWAOXKMB K Y31y p HanpsxeHue U p OTHOCUTENbHO 3eMau U
M3MEpPUB TOKW BO BCEX OCTafibHbIX Y31aX, O4HOBPEMEHHO 3aM-
KHYTbIX Ha_3eM/0, MOXHO cpasy OnpefenuTb BCe COMPOTMBIE-

HMA BuUAa Z pa, KOTOPble ABAAKTCA COMPOTUBEHUAMU BETBEN,
HEMNOCPEACTBEHHO CBA3bIBAKLWMNX Y3/1bl P U a:

66)

rjea= 1 2 3-., p—1 p+l,..., «

AHanornyHoiM 06pasom, NpukKnagbiBas HanpsXeHue K Apy-
rMM y3fnam, HaxOoAaT COMPOTWBAEHWA JPYrux BeTBel 3KBUBA-
NEHTHOW CXeMbl B BMAe MOMHOINO MHOroyronbHuka. MnaHuposa-
HWe 3KCMepuMeHTa MNO3BOJMIAET CYLIECTBEHHO YMEHbLUTbL YKUC/o
Heo6X04MMbIX OMbITOB.

Ecnn ucxofgHad cxema COAEPXUT m Y3/10B C UCTOYHUKAMMU
M y3en o B KOTOpoM TpebyeTcs onpegenntb Tok K3, 10 cocTas-
NnAeTca Cxema 3amelweHus B BuAe NoMHoro (m + 1)-yrofibHuka.
Tok K3 B y3/e a 6y,u,eT_npaBeH:

m

(6.7)
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roe j/p—B3aMmHasd MpPOBOAMMOCTb MEXAY Yy3namu p U a;

Y&a— MNPOBOANMOCTb BETBU CXEMbl MOAHOFO (T+1)-YyrofibHU-
Ka, HEMOCPEACTBEHHO COEfMUHSAIOLLE Y3Nbl p 1 a.

CxeMbl B BUAE MOMHbIX MHOFOYroO/lbHWKOB SIBASIKOTCA TakKXe
Hambonee o6WMMM CcXeMaMU 3aMeLleHUA ANA 3NeKTPUUYECKNX
CMUCTEM C B3aMMOWMHAYKLMENA MeXAY 3dneMeHTamu, Hanpumep
ONA BO3JYLWHbIX 3NEKTPUYECKUX NUHWUA, WAYWMX N0 06uiei
Tpacce, AN MHOTFOMPOBOAHbLIX CUCTEM, ANS MHOFO0OMOTOYHbIX
TpaHcopmaTopoB U T. .

Puc. 6.1. O6wmnit cnyyall npeo6pa3oBaHUf CXeM:

B — WCXOfHasA MnaccmeHas cxema; 6 — 3KBMBasieHTHas Cxema B BWAE MNOAHOTO /1-yrosb-
HUKa

MapameTpbl BETBEN CXeMbl B BUAE MOAHOIO MHOMOYro/ibHUKA
HaxogaTca crnegyrowmm obpasom. Ana MCXO[HOW cxembl (puc.
6.2) 3anMCbiBAETCA ypaBHEHWE a MaTpUUHOl hopme

U= 2z, (6.8)

rge U — maTpuua najeHuii HanmpsXXKeHWin Ha afemMeHTax; zZ —
mMaTpuua COGCTBEHHbIX M B3aUMHbIX CONPOTUBEHWIA 3/1EMEHTOB;
| — maTpuua TOKOB 3/1EMEHTOB.

[Janee onpefensieTcs matpuua NpoBOAUMOCTEN Y
Y= 2Z-1

Mo snemeHTam MaTpulbl Y HaxogAaTca CONpOTUBEHUS BET-
Beli CXEMbl MOHOTO MHOTOYTOJ/IbHUKa:
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1 zn 1 1 - t

Puc. 6.2. Mpeobpa3oBaHWe CxeM C B3aMMOMHAYKLWEA MeXAY 3/eMeHTaMu:

« — WCXOAHas cxema; 6 — 3KBMUBANEHTHas CcXemMa B BUAE MONHOTO MHOTOYronbHWKa
6e3 B3aWMOWHAYKLUN MeXAy BeTBAMMU

= Z_, (69)

6.4. CUICTEMbl MMEHOBAHHBIX W OTHOCWUTEJ/IbHbIX EAWHWL

Pacuet TokoB K3 MOXHO npoBeCTnU KaK B CUCTEME MMEHO-
BaHHbIX €AWHWUL, TaK W B CUCTeMe OTHOCUTEe/bHbIX eauHuy. B
nocnegHemMm cny4dae BeMYUHBI, NMPUHATbBIE B KadeCTBe OCHOBa-
HUA CUCTEMbI UM eANHNL WU3MEPEHNA, HA3bIBAKOTCA 6a3nCHbIMU.

Mpn pacuyetax TOKOB K3 npefacTaBndlOT WHTEPeC Chefyto-
Wwue yeTbipe, BeNNYUHLI: Ue, h, Zt, Se. Of4HaKo TONMbKO ABe u3
HUX MOTYT 6bITb B3AThbl B Ka4yecTBe 6a3MCHbIX NMPOM3BOMIbHO, TakK
KaK LOMOSIHUTE/IbHO UMEKTCA elle ABa ypaBHEHMUs, CBA3bIBalO-
Wwme 6a3nCHbIE BENUYUHDI:

3akoH Oma gna TpexdgasHon uenm -

(6.10)

(6.12)

Bbi6paB 6a3uCHble BEIMYMHBI, ONPEfEnsloT 3Ha4YeHWs OT-
LeNbHbIX BEWYNH B OTHOCWUTENbHbIX eauHuuax (06bI4HO UX
0603Ha4YalT 6yKBamMu CO 3BE3L0YKOW).
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Mpu 6a3UCHBLIX YCNOBUAX Mpu HOMWHANbHLIX YyCNO-
(basncHble BeWYUHbI Npou3-  BUAX  (6A3NCHbIE  BEANYMHBI
BOJ/IbHbIE) paBHbl HOMMWHaNIbHbLIM)

Yy
# () "6 uw = " »
> C Hom
r | /
o= i (H) —
/6 * I HoM
@) = S -
s<5 *(H) - S hoM >
z z zV 3i6ub 1 _ 5
*© néué > M - M
— 7 «%
)
(6.12)

3Hasd 3HayeHUA BENUYUH B OTHOCUTE/IbHBIX eANHULAX, MOX-
HO HalTW WX 3HAYeHWS B MMEHOBaHHbIX eanHnyax:

U = Ufp) UG; - n = 1 (H)n voK;
N = n oM
S = 5(6) S6; S=89BHs ;

ifl o a > v HOM
Zin®) h @ g~ HM—

(6.13)

WHorga TpebyeTcs MepeiTM OT BE/IMUMH, BbIPAXXEHHbLIX B
OTHOCUTENbHBIX eAUHMLAX MPW HOMUHANbHBIX YCNOBUSX, K Be-
NNYMHAM, BblIpaXeHHbIM B OTHOCUTENbHbLIX eAuHMUAxX npu 6a-

3UCHBbIX ycnosusx. Mpu 3TOM cregyeT KMCMNOAb30BaTh Bbipaxe-
HUS:
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r/ Uiiom

Wo)  « v
16y = 1 /HOM
/6

50) = 510 T

N W\
0 = 76 .ZTI'IVI HOM™O

2(H) =
«HOM"O

159

(6.14)

AHaNornyHbIM 06pasoM MOMYYaloT COOTHOLLEHUS W ANS ApY-
rMX BENUYMH, UCMOMb3YeMbIX MPU pacyeTax MepexofHbIX Npo-
LLECCOB B 3N1eKTPUYECKMX cucTeMax. B vacTHocTu, ecnm 3a 6a-
3UCHYH YTOBYH CKOPOCTb MPUHATH CUHXPOHHYH YII0BYH CKO-

POCTb (Oc, TO

L o]
I'C(6)_ @O LLO
n
1
Mpu atom
v % o
y* = -
® ax

X6 = tEL(6)  b(6)
A6, 1(6) b(6) — /(6) x(6)\
E(Q = 0¥ (6) = ¥(6);

1

=

N6 = —;z ®ct\

*

L <
LG
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T <B>
(6) ocT

K r<6)

Ecnn B Tekcte OroBOpPeHO, 4YTO BEJ/INYUHbLI BblIpa>XeHbl B OT-
HOCUTENbHbLIX eAnHuLUaX, TO 3BE3AO0YKN B PaCUHETHbIX BbipaXe-
HNAX 4aCcTo ONyCKaklT.

6.5. MPUBEOEHUE MATHUTHO-CBA3AHHbIX LEMEW

JonofHnTenbHbIE TPYAHOCTM NpW pacyetax TOKoB K3 BO3-
HWKAloT, ecnn B CXeMe MMeeTCAa HECKONbKO MarHMTHO-CBA3aH-
HbIX Leneil. Ana pacueTa TOKOB K3 BCe BenuuuHbl npefBapu-
TeNbHO [O/MKHbI ObITb NPUBEAEHbI K OLHOW CTyMeHM Hanps-
XeHus-

MycTb MMeeM CXeMy C YEeTbIpbMf CTYMEHAMMW HanpsaxXeHus,
nokasaHHyto Ha puc. 6.8. Ecnu npeHebpeyb TOKaMW HaMarHu-
YmBaHuA, TO ANA TPaHCHOPMATOPOB MOXHO MPUHATL, YTO OTHO-
LUeHWe yucna BUTKOB PaBHO OTHOLLUEHWIO COOTBETCTBYIOLINX
Hanps>KeHWi nNpu XONOCTOM XOAe TpaHcopmartopa, T. €.

(6.15)
w2 i>2X
Mpn 3ToM TOYHOE nNpUBELEHME B WUMEHOBAHHbLIX efuHuLax
BE/INYMH, WU3MEPEHHbIX, Hanpumep, Ha MNepBOW CTYMEHW, K YeT-
BEPTOW CTYMEHMW HanpsHXKEHWS MOXHO MPOU3BECTW, WCMOJb3YS
COOTHOLLEHUA:

",
A = XTI HomLLI HOM IV xro\n~nl

HOMi N omn W.homLLl

Er —EvV/Tj"273»
(6.16)

rge rti, N2, n3— KO3PUUMEHTbl TpaHchopMaLum COOTBETCTBY-
IOWMX TpaHCHOPMaTopoB.

ECTeCTBEHHO, 4YTO MOLWJHOCTb B HEpPa3BETB/IEHHOWN 31eKTpu-
YeCKOM uenn ABNAETCS BEIMUYMHON, WHBApPMAHTHOM NO OTHOLe-
HUIO K Pas3fiInyHbIM CTYMEHAM HanpsXXeHus.
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PacueTbl yMpoLwaKTCs, €CM B KauyecTBe HanpsXKeHWin XOo-
NIOCTOr0 X0Aa TPaHCHOPMATOPOB MPUHATL CPEHEHOMUHANbHbIE
HanpsHXKeHUs 3MeKTPUUYECKUX CEeTei, K KOTOPbIM MPUCOeAUHEHbI
COOTBETCTBYIOLME OGMOTKM TpaHc(opmaTopoB. s ceTeil Ha-

npskeHnem pgo 220 kB BKAWOUMTENbHO CNpaBeA/IMBO COOTHO-
LIeHMeE:

UCp.HOM = 1*05*70eT|/|,H0M’
a ans cetein 330 KB u Bbille
UCp.HOM = 1’025UceTM,H0M

Mpu atom t/Gp,HOM=315; 6,3; 10,5; 21; 37; 115; 230; 340;
515; 770 kB.

Puc. 6.3. Mpumep cxemMbl C HECKONbKWMW MarHWTHO-CBA3aHHbIMW KOHTYpamu

Mcnonb3ya koahpuumeHTbl TpaHchopmauuu, onpepeneH-
Hble KaK OTHOLUeHWA CpefHEHOMUHaNbHbIX HANpPsHXXeHWi cTyne-
Heil, nonyyaeMm BbIpaXKeHUA ANA NPUOBAMXKEHHOr0 MpuBeAeHUs
B MMEHOBaHHbIX efuHULaX:

roe UCin—Cpe,quHOMVIHaJ'IbHOG HanpsaXeHune CTyneHU, K KO-

TOpoi BepeTcs npuBefeHue; Ucpf— cpefjHeHOMUHANbHOE Ha-
MPsSKEHWE JAHHOW CTymneHu.

MpUBNUXEHHOE NpPUBEAEHWE MArHUTHO-CBA3AHHbLIX Lenei
MOXET 6bITb TaKX€ MPOM3BEAEHO C WCMOMb30BAHUEM CUCTEMBI
OTHOCUTE/IbHbIX eAWHWL. [py 3TOM B KauyecTBe HE3aBUCUMbIX
6a3nCHbIX BEJIMUMH YAOGHO NpWHATL 56 n Us= UCPHU
11-516
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BasncHas MoOWHOCTb So NPUHMMAETCSH OAHOM U TOWM XXe Ha BCex
CTYMEHAX HanpsXXeHus, a 6a3nMCcHOe HanpshkeHuMe Ug Ha Kax-
[JOW CTYMEeHW CBOE, YeM W YUYMTbIBAETCA Hanuuue TpaHcgopma-
TOPHOI CBA3WM MEXAY MarHMTHO-CBA3aHHbIMU Lensmu. [anee
ONA KaXAoW CTyneHW HanpsHKeHUs HaxogaTcs 6asnCHbIA TOK K
6as3ncHoe conpoTuBNEHNUE:

56
16,1 =
Y3 VI6j
n2e
Zt.i - 6
56

MokaxeM, 4YTO MPU MPUHATUM YKa3aHHbIX YCNOBUIA NPaBWUIbHO Y4YMThbI-
BaloTCA TpaHC(HoOpMaToOpHble CBA3W.

MycTb nWMeeM cxemy, cofepxalyto ABYXOOGMOTOUHbIA TpaHcdopmaTop.
Ona nepBoii cTyneHwW, B3ATOW 3a OCHOBHYW, npumem So, Uai. [anee Hai-
nem /6x, a Takxe U6um M hn un npusesem TOK BTOPOW CTyneHW K nepsoit’
CTYMeHU HanpsXeHWs:

/" UmY 3 j eny 3 12

*2(6)_ 2vua 16lyT ~ 2 56 “ /6n o

MonyyeHHbI pe3ynbTaT NOATBEPXAAET MNPaBUNAbHOCTb YKAa3aHHOMO Bbl-
we cnocoba NPUBEAEHNUS MAarHUTHO-CBA3AHHbIX Uene.

Hwxe paHbl opmynbl A0S HAXOXAEHUS CONPOTUB/EHUI
pasfNyHbIX 3/1EMEHTOB NPU 6a3UCHBIX YCMOBUSAX:
reHeparopa

x <k6) = fd(H) B:HOM >

rae  *"WH— cBepxnepexoamnoe WHAYKTWBHOE COMPOTUB/IEHUE
MalWHbl NPY HOMWUHANBHBIX YCNOBUSX;
TpaHcdopmaTopa
A _ vk (%)Sg’
*16>  100S1UOM °

NMHUW W peakKTopa (ecnM ero WHAYKTMBHOCTbL 3ajaHa B
omax)

56
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peakTopa (eciuM ero MHAYKTMBHOCTb 3afjaHa B OTHOCMTE/b-

HbIX eAnHNLUaxX NPpn HOMUHa/IbHbIX yC}'IOBl/IFIX)
v . /6 VOV
Np(6) = PH) — -
* * /HoM UG

6.6. TPEX®A3KbIE KOPOTKME 3AMbIKAHUA

O6waa xapakKTepucTuKa MNepexogHOro mnpouecca npu Ko-
POTKOM 3aMblkaHuu. lMpu K3 BO3HMKaeT nepexofHblli 3fekK-
TpomexaHu4yeckmii npouecc. Mpu Manblx AAuTenbHocTAX K3
€ro YC/IOBHO MOXHO CYMTaTb YWCTO 3/1IEKTPOMArHUTHbLIM  (CM.
8§ 6.2)- lNMepexopn cucTembl OT OJHOr0 COCTOAHWA K APYroMy co-
NpoBOXJaeTca MOABNEHWEM CBOGOLHbLIX TOKOB, HakfajblBalo-
WMXCA Ha MPUHYXAEHHble TOKW. OCHOBHbIE TPYAHOCTU Mpu pac-
yeTax TOKOB K3 B 3Heprocuctemax BbI3blBAOTCA CNeLU(UKOL
NoBefeHNs BpaljaloLmxcs MawuH (reHepaTopoB, ABuUrartenei,
CUHXPOHHBIX KOMMEHCaTOpPOB) MNpW MepexofHbIX npoLeccax.

PaccmoTpum TpexdasHoe K3 B uenu, nutaemoil OT UCTOY-
HUKa HEW3MEHHOTO HanpsXXeHus.

[ns HayanbHOro MOMeHTa BpPeMeHW, OYEeBWAHO, CrnpaBef-
NIBbI COOTHOLUEHUSA:

ho) =~~-sin (a  ¢Hr);

(6.17)
L mgin (a — aw),

roe ZH n ZK— conpotMBfiieHNsa Lenu COOTBETCTBEHHO B HOP-
ManbHOM Harpy3o4yHoMm pexume u npn K3; <H U hk— dasbl
TOKa NpWU TEX Xe pexumax; a — HayanbHad (asza KOPOTKOro
3aMblKaHU4.

34ecb ¥ ganee Hynb B CKOOKax 03HayaeT KOHEYHbIA MO-
MeHT nepej KommyTauuein (1. e. —0),a Hynb 6e3 CKO6OK — Ha-
YyanbHblA MOMEHT nocne kommyTauuum (T. e. +0). Mepuognue-
cKas u anepuojuyeckas cocTtasnswlwue TokoB K3 o0603Haua-
IOTCS COOTBETCTBEHHO MHAEKCAMMK «M» N «a». OB6bIYHO k>t Hr,
npmyem K 611M30K K 90°.

MoCKOMbKY B MOMEHT KOPOTKOrO 3aMblKaHUS

io = Uo) ~ *n0+ lao>
TO

Jao = J(0) — 1Ino-
11*
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TOK KOPOTKOro 3aMblKaHus B /110601 MOMEHT BpPEMEHMU
paBeH:

h = invt + i'tBt= int+ Ui= int+ iao<r-ilTa= " sin (co/+
-t/Ta
+ a — @K -f *Sin (oc HT
) np (0c  Hr) .
(6.18)

roe Ta— MOCTOSIHHAs BPEMEHW 3aTyxaHusa anepuoanYeckKoit
cocTaBnsAwowen Toka K3.

Ha puc. 6.4 NMoKa3aHO BO3MOXHOe W3MEHeHUue nepunoanye-
CKUX n anepnognyecKnx cocCTtaBAdOWNX TOKOB (1383 npn Tpex-
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Puc. 6.4. BekTopHaa Auarpamma KW ocuunnorpammbl TOKOB B (as3ax npu
TpextasHom K3 B npocTeiiweil anekTpuyeckoi uenn
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thasHom K3. Kak BMAHO, 3HAYEHUA anepuofuyecKux coCTaBff-
owmx TokoB K3 B haszax A, B, C pa3nuyHbl. HayanbHble 3Ha-
YeHNa anepuofuyecKnx COCTaBNAKOWMX TOKOB 3aBUCAT KakK OT
thasbl BktouveHus uenu Ha K3 (onpegenserca no dase Hanps-
XeHus cetm B mMomeHT K3), Tak ¥ OT npeflecTByloWed Ha-
rPy3KyM MOBPEXAEHHON uenn. Hanbonbliee 3Ha4yeHMe anepuo-
Onyeckoil cocTaBnsAwwei Toka K3 B HayanbHblli MOMEHT rao
BO3HUKaeT npu K3 B uenu, npeaBapuTenbHO paboTaBllei c
onepexkalowmm TOKOM- EciM He cUMTaTbCid C BO3MOXHOCTbIO
TaKoro pexuma u npuHATL gK~90°, TO MakCUMyM anepuojgu-
4yecKoi cocTaBnawuwelri Toka K3 uMeeT MecTo npu HyneBoi
thase BKMOYeHMA Ha K3 npefBapuTenbHO HEHArpy>EeHHOWR Le-
nu. Mpun atom

*a0 = ~nw = V~2/no (6.19)

N ygapHbliA TOK
*ya 0L = WV 24m0 T WU 2/moe-°'v/Tv*= W 2 1ne 1 + e-°'0./ra

= K2/eyg/m, (6.20)
raoe
™ (6.21)
&n= — zr---—----- YAAPHbLIA KO3 (PULMEHT. (6.22)
/2/no
M3 (6.20) cnepyet, 4To
1<b¥Yik2, (6.23)

npuyem ecim  xk/rk->-0, TO &E->-1;, ecnnm  xk/rk-*-°o, TO
Wa—2.

3aBMCUMOCTb yJapHOro KoagpduumeHTa OT OTHOLUEHUA XK/ T K
M OT MOCTOAHHON BpeMeHM Ta nokasaHa Ha puc. 6.5. 3a Bpems
3lMa aneprnogmnyeckad cocTtaBnsdwowans Toka K3 npakTuyecku
3aTyxaeTt (cocTaBnfetr 5% MepBOHAYa/bHOrO 3HAYEHUSA).

lMpn Hannuum B CETM HECKONbKUX KOHTYPOB anepuopmnye-
CKas cocTaBnftolas Toka K3 B NOBPeXAEHHO Lenu ecTb CyM-
Ma anepuojuyeckux TOKOB. [leliCTBUTENbHO, €cin B omepaTop-
Hoi thopme m3obpaxxeHne Toka K3 nmeeT Bug:

/( PE2(p) ) = ¥ (6-24)
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TO B COOTBETCTBMU C (HOPMY/OI pasnoxeHUs

FO |, Fi (Ph) _
RS

o
Wt v m(+ ~  la0* (6.25)

k=l
roe pi, P2v. Pii— KOpPHM XapakTepuUCTMUYECKOro YpaBHEHWUSH;
Tai=—1pr, Ta2= — /P2, Tah= — \/pk— MOCTOSAHHbIE Bpe-

MEHW.

Puc. 6.5. 3aBucumocTb yfapHOro

KoahuumeHTa OT  OTHOLWIEHMA

XK/TK M 0T NOCTOSAHHON BpeMme-
Hu Ta

Puc. 6.6. BekTopHaa guarpamma
ABHOMOMOCHOIO CUHXPOHHOTO re-
HepaTopa

Mpu pacyeTax MaKcUManbHOe HayafibHOE 3HayeHWe anepu-
OAMYecKoli cocTaBnstowei Toka K3 B noBpexaeHHOW Lenu on-
pefensitoT No BbipaxeHuto (6.19), cuntas B NepBOM NpubAMKe-
HWKW, UYTO OHa 3aTyxaeT BO BPEMEHM MO 3KCMOHEHUMANbHOMY
3aKOHY C 3KBMBA/IEHTHOI MOCTOSAHHOW BPEMEHM

x(r =0

MNa,sk~-K

corkl, (x = (I;I) ' (6.26)

roe "Ks(r=0) wun rk6 (n:=0)— cymmapHble WHAYKTUBHOE U
aKTMBHOE CONPOTUBMIEHWUA CETW OTHOCUTENbHO TOYKM K3 cooT-
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BETCTBEHHO B 4YMCTO peakTMBHOW (Bce r=0) W B YUMCTO aKTWB-
Hoil (Bcen:=0) cxemax 3aMeLleHuns CeTu.

COOTHOLWEHNA WHOYKTUBHBIX W aKTUBHbIX COMPOTUBAEHUI
ONA XapaKTepHbIX 3/1EMEHTOB CeTW AaHbl HuXe. OHU UCMONb-
3yl0TCA 4NA OLEHKW 3IKBUBANEHTHbIX MOCTOAHHbIX BPEMEHU 3a-
TyXaHus anepuoauyeckoi coctaBnawolweid Toka K3 npu pacue-
TaxX TOKOB K3 B KOHKPETHbIX CXeMax-

HaumeHoBaHWe 3nemeHTa x]r
TYPOOTEHEPATOP DB coreeirieieiieierei ettt seneeias
FmpporeHepaTopbl ..

TpaHchopmaTtopsl

PeakTopbl 6—10 Kk B

Bo3AylWHble 3neKTpuyeckne nuHUKM . . . Lo 2—8
KabenbHble 3anekTpuyeckme nuHum 6— 10 KB , 0,2—0,8
O600OWEHHAA HATPY3KA . . . o 2,5

Mpun pacuyetax TokoB K3 B cnyvasx HefocTaTka MCXOLHOW
MH(OpPMaLMM MOTYT OblTb OPUEHTMPOBOYHO MPUHATLI Cleaylo-
WMe 3HaYeHUs ypapHbiX kKoapgpuumeHTos: 1,8 npu K3 B cnox-
HOW pa3BeTBMIEHHON ceTu HanpsykeHuem 35 KB 1 Bblwe c He-
CKONIbKUMM UCTOYHMKamu; 1,2—14 npu K3 3a OTHOCUTENIbHO
NPoOTSXeHHOl (2—3 KMm) kabenbHOW nuHueir 6—10 kB; 1,9—
1,95 gna Toka reHeparopa npu K3 Ha ero BbIBOAax WAN Ha He-
601bLIOM 3N1EKTPUYECKOM Y[aneHun OT Hero.

B cnyuyae KOpOTKOro 3amblKaHWA B CeTW, NUTaemoli OT WuC-
TOYHMKA OrpaHWYeHHOl MOLLHOCTM, ClefyeT CuUMTaTbCca C TeM,
4YTO BO BPEMEHW W3MEHAITCA KakK anepuoguyeckas, Tak v am-
nanTyga Nepuoanyeckoin coctasnswowein Toka K3. N3meHeHue
nocnegHeir 06ycnoB/IEHHO pasMarHUYMBAlOWMM OeACTBMEM pe-
aKkuum crtatopa reHeparopa, a TakxXe [JeiACTBMEM perynstopa
BO3OY>XAeHUsA. 3afayvya aBTOMATMYECKOro perynatopa BO30OyX-
[OEHUA COCTOMT B MOAAep>KaHUM Ha BbIBOAAX reHepaTopa HoO-
MUHaNBLHOIO HaMpsXXeHUA Mpu BCEX BO3MOXHBLIX pexunmax pa-
60Tbl reHepatopa. BXOAHbIMM BENUYMHAMWU PA3NNYHBIX CUCTEM
APB reHepatopoB 06blYHO ABNAOTCA Hanps>XeHue npaAmMoii no-
cnefoBaTeNbHOCTM TeHepaTopa W TOK cTatopa reHepaTopa, a
TakXe WX Npou3BofHble. s cuctem BO3OYXKAEHUA CUHXPOH-
HbIX MawuH (cMm. . 4) FTOCT nuMuTupyeT 3HAYeHWe npe-
fenbHoro (Motono4vyHoro) Bo36yxpeHus Uf,p (OTH. ef.) U cKo-
pOCTb HapacTaHMa HanpsxeHus BOo36yxpaeHusa VF (0TH. ed./c).

YCTaHOBMBLUMIACA PEXUM KOPOTKOr0 3aMblKaHWA — pa3Ho-
BMAHOCTb Harpys3ouyHoro pexwuma. [lpu ycTaHOBMBLUEMCH pe-



168 KopoTkue 3amMblKaHUs U HemonHotasHble peXKnMbl 1. 6

XXMUMe nepexofHblii mpouecc BO BCeX LEensx, BKAWOYas Lenu BO3-
OYyXXAEHNA 3NEeKTPUYECKMX MalUWMH, 3aKOHYEH U CBOOOAHble TO-
KN OTCYTCTBYIOT.

[ns pacyeToB ycTaHOBMBLUErocA pexuma K3 Heob6xogmmo
3HaTb XapaKTepUCTUKM XOM0CTOr0 X0fa U KOPOTKOro 3amblKa-
HUA CMHXPOHHON MalLWHbI, ee COMPOTUB/EHNA Xa, Xg, Xa U npe-
LenbHblli  (NOTOMOYHLIA) TOK BO36YXaeHus //mp. Mpu pacuyeTax
PEXWMOB 3NEKTPUYECKMX MALUMH OObIYHO MCNOMb3YHOT HEHAChI-
WEeHHble 3HAYEHUA Xy U Xg\ NPy 3TOM

L * (6-27)
roe c~ 1,05-M,2.

Y HEeABHOMOJIIOCHbLIX MalWH x4y~ xa; Yy ABHOMOJKOCHLIX Ma-
wuH nr,,~0,6 Xa-

Mpu pacyetax TOKOB K3 XxapaKTepuUCTUKY XOM0CTOro xopja

Eq=f(1f) OnAa NpocTOTbl CNPAMAAKT 4yepe3 TOUKY C KOOpPAM-
Hatamn Eu= 1, 1;= 1 [lpn 3TOM B OTHOCMTE/bHbIX €AUHMLAX:

¥ — ok 6-28>

Ee = L. (6.29)
O ~
WHorga TpeGyeTcs 3HaTb TOK poTopa if, TMPUBEAEHHbI
K uenu crtatopa. IOTOT TOK HaxoguTcs MO BbIPaXEHUIo

Il = , (6.30)

xad

rae Xad — peakTMBHOCTb B3aUMOWHAYKLUUWU MaLUUHbI.

B cOOTBETCTBMM C BEKTOPHOW AmarpammMoii SBHOMOJIOCHOIO
CUHXPOHHOro reHepatopa (puc. 6.6) u c yyetom (6.29) nmeem
B OTHOCUTENbHbIX efNHMLAX:

Eq—If>xk Y (Ucosq2+ (Using + 1xa)2- (6.31)
3 BEKTOPHOW fguarpaMmmbl
Eq — Uq Id ~ A i%d *gw) “H ~q "BLU
/g=/dctg"/

New “I'" 19
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OTctoga nocne npeo6pa3oBaHUil MOAYUYUM
J Ba (XA -{- Xsw)

32)

(Xd *Bw) (xq + JlBW) + rBW

1 = J'_E Nl ============-=—-- - (633)

(Xd Agw) (Xg+ *Bw) + 'Bw

l=Y'p I_p = E4™(xg+xsw + /wr _ A
"o (d+ Xew) (Xg+ *sw) + rsw

[N HesiBHOMO/IIOCHbIX MalWH MOCIeHEE BbIPAXEHNE MOX-
HO NpeAcTaBUTb B 60/ee NPOCTOM BUAE

/= — S - . (6.35)

V [F(*ih+ *Bw)2+ ,BW

AHann3 COOTHOLIEHMI NapamMeTpoB B peasibHblX 3HEProcu-
CTemMax MoKasblBaeT, YTO npu pacyeTax TOkoB K3 aBHonontoc-
HOCTbIO MaluWH B MepBOM MNPUBIMKEHUN MOXHO NpeHebpeyb.

Mpu yctaHoBmBlemca K3 B 3aBUCMMOCTM OT TOro, rae Ha-
xogutca Touka K3, BO3MOXHbI fBa pexuma paboTel reHeparo-
POB: pPeXum TMNpefefibHOINo BO3OYXOEHUA U PEXUM
HOPManbHOTO HanNpaAXeHuUn.

PeXumM HOpManbHOro Hanps)XeHWs XapakTepusyeTca crie-
AYIOLWMNMN COOTHOLUEHUAMMU:

EgACEgnp't Ur — Ur, HoM, ' " N, (6.36)
roe Ikp 1 xKp— KPUTUYECKNE TOK N COMPOTUBNEHUE.

Mpn K3 TOYHO 3a xKp reHepaTop paboTaeT ¢ MpefenbHbIM
BO3OYXXAEHWEM W HaNpsXeHWe Ha BbiBOJAaX reHepaTopa paBHO
HOMWHaNLHOMY. 3TOMY C/lyyald COOTBETCTBYET KPUTUYECKUN
TOK / kp—"Unom/ Xp-

PeXXmm npefenbHOro Bo36YXAeHWSA MMeeT MecTo, eciu

Eq — figpl NHOM) N> “sw Y (6.37)
Mpy KOPOTKOM 3aMblKaHWM 33 KPUTUYECKAM COMPOTUB/IEHU-
eM CNpaBef/IMBO COOTHOLLEHNE!

£<?MP -—-- "W HOM, __ "r,nom

xd o)

f

oTcroga
*KP= Xxd-B- Urrmo— . (6.38)
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O606uieHHas Harpyska npu pacyeTax YCTaHOBMBLUEIOCH
K3 yunTbiBaeTCcs cnepylowmnmMy napametpamu:

(6.39)

ConpoTMBfieHNE HArpysku BblpaXKkaeTca B OTHOCUTENbHbIX
eAnHMLAax npu nonHoi paboueid MowHocTM Harpysku (MB-A)
H MpyY CPegHEHOMMWHANbHOM HanpsXXeHUW CeTU, K KOTOPOi Ha-
rpyska peasbHO MOACOefMHeHa.

Mpwn pacyeTte ycTaHoBMBLIErocsd K3 B CXeMe C HECKONbKUMMU
reHepaTopaMmy Heo6xoANMO:

a) COCTaBUTb CXEMY 3aMelLeHus;

6) 3afatbCa pexumamum paboTbl FeHepaTopoB W BBECTU WX
B CXEMYy 3amelleHMns, COOTBETCTBYHOLMMMN nNapaMeTpamu:

Eqmp U xd uam nrpom n x = 0;

B) BBECTM B CXeMY Harpysku, ecium HeoGX04MMO YYecTb UX
BNUAHME Ha TOKM K3 (06bIYHO yUMTbIBAKOTCA TOMbKO Harpys-
KW, aneKTpuyeckn 6nmskume K touke K3);

r) HaliTU TOK B MeCTe KOPOTKOTO 3aMblKaHUS;

4) HaliTu TokopacnpefefneHWe B CXeMe U NMPOBEPUTb PeXU-
Mbl paboTbl FreHepaTOPOB.

Ecnyu nonyyeHHble 3Ha4YeHWss TOKOB reHepaToOpoB MAM Ha-
MPsHXKEHWIA Ha WX BbIBOJAX HE Y[0BMETBOPAT COOTHOLUEHUAM
3afaHHOT0 pexuma, TO HeobXOAMMO 3aJaTbCs HOBbIMU PEXMU-
MaMu ¥ NOBTOPUTb pacuerT.

HayanbHbli MOMEHT KOPOTKOro 3aMblkaHus. [ns pacyeTa
Ha4yanbHOr0 3Ha4YeHUs MepuogUYecKOin cocTaBnawwein Toka K3
MOXHO BOCMO/b30BaTbCA TEM, YTO MpPW BHE3ANHOM W3MEHEHMU
pexxuma pesynbTUpytolee NOTOKOCLENNEHNEe pPOTOpa U ero yr-
noBas CKOpOCTb BpalLeHWUs OCTATCA HEU3MEHHbIMU:

(6.40)
(©ro = ®r(0).

Pe3ynbTUpylowemy MOTOKOCLEMIEHWNIO COOTBETCTBYET omnpe-
peneHHaa pacyetHad 3[AC, TakXe HeM3MeHHas B MepBbli MO-
MeHT Mepexof4HOro npouecca. PesynbTupyrowas wam Tak Ha-
3biBaemas nepexogHas O[C, a Takxe MepexofHas peakTuB-
HOCTb MawuHbl 6e3 aeMngepHbIX 06MOTOK MOryT O6biThb
MONyYeHbl M3 W3BECTHOW CXEMbl 3aMELLEHUs 3TOW MaLUWHBI:
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K = Xa+ Xo, I Xai= Xo+ L 2 -a> 642)

npuyem
Eb~ £,0) ~ Uq(Q+ O X (6-43)
Ona MawuHbl ¢ gemn@epHbiMU  0O6MOTKamMu (KOHTypammu)
pes3ynbTupytowasa ceepxnepexogHas 3AC un cBepxnepexoHas
pPeakTUBHOCTb COOTBETCTBEHHO PaBHbI:
1 1

X . + r.

; . B e OF (6.44)

Bt 2o o

K = xa+ xad IxOf I XL’ (6°45)
npuyem

Ep~ Em ~ Ug{0 “b’dO (6.46)

Kak cBepxnepexofHasa, Tak u nepexogHaa 3[C ocrtaioTcs
HEM3MEHHbIMW B HauyaNibHblli MOMEHT MepexofHoro npouecca.
Wcnonb3oBath BblpaxeHua (6.43) un (6.46) pna onpegene-

HUS Ec U E ¢ HeyaobHO, TaK Kak Npu aTOM TOKM M Hanpse-
HUS MalluHbl HeobX0AMMO packnafblBaTb Ha COCTaBnswoLue
no ocaAm i u g- Bocrnonb3syemcs Apyrum nogxogom. PaccmoT-
pyM BEKTOPHbIE AuarpamMMbl HEABHOMOJIKOCHbLIX WU ABHOMOJIOC-
HbIX MaluWH B npefwecTeyowem pexume (puc. 6.7). Ana ma-

WWH ¢ AeMnAepHbIMU KOHTYpamu NMeeM:

Eq0) ~ E{) ~ t/© -f- /(0 x"sin ¢(0); (6.47)
aHanorMyHo ANS MalwnH 6e3 geMngepHbIX KOHTYPOB:
Eq(9 ** Mo, ~ Um “b /(0 xdsin (0" (6.48)

CpepfHue 3HayeHus conpoTuMBieHnn x 4 n x'd, a Takxe 34C
Ed} nE "0 mawnmH mowHocTelo go 100 MBT, pa6oTatoLmx

[0 KOPOTKOrO 3amblKaHWsA C NOMHON Harpy3KoW, HOMWHaNbHbIM
HanpsxeHnem u cos ©(0)=0,8, npusegeHbl B Tabn. 6.5.
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Ta6bnunuya 6.5

3Ha4yeHne peakTUBHOIO COMpo- 3Hauenne 3JIC, OTH. eg.
TUBNEHUS OTH. ef.
T
Un reHepaTopos . J 1 q
y xd £ <0 Eq (0)
Typb6oreHepaTtopbl 0,2 0,13 1,12 1,078
maporeHepaTopbl 0,35 0,25 1,21 1,15

Puc. 6.7. BekTOopHble aguMarpaMMbl CUHXPOHHbIX MallWUH:
a —HeABHONO/IKOCHAA MallWuHa; 6 — SIBHOMO/NOCHAA MalunHa

Kak BugHO u3 Tabn. 6.5, nmepexofHas U cBepxnepexonHas
34C mano oTamyakTca OT eAuHMubl. [103TOMY B NPUOBAVKEH-
HbIX pacyeTax HE3aBMCMMO OT Harpy3ku reHepaTtopos, npepLie-
cTeytowen K3, vacto npuHumaT E&0) =1 u yTo,

CTPOro roBops, COOTBETCTBYET PeXUMy X0N0CTOro xoga o K3.
Ecnn TpebyeTca ydecTb MpefBapUTEeNibHbIA HArpy30udHbId pe-
XUM MawwuH, 10 nx 3AC paccuntbiBatoT no (6.47) n (6.48).

O606uleHHaA Harpy3ka npu pacyete HadvanbHoro Toka K3
06bIYHO yYMTbIBaeTCH ClefywlWuMy napameTpaMmu, OTH. ef.,
npyv MOMHOW pabodyeil mowHOCTM Harpysku, MB-A, n cpefHe-
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HOMMHANIbHOM Hamnps)KeHWW CeTW, K KOTOPOW MOoAKIoYeHa Ha-
rpyska:

™ar(H) = 0,8

~r(w) — 0,35.

Ecnn xapakTep Harpysku W3BECTEH, TO €€ 3KBUBANEHTHbIE
pacuyeTHble MapaMeTpbl MOTYT 6biTb YTOUYHEHbI. Hanpumep, ans
OAMHOYHOTO aCMHXPOHHOTO ABUTaTeNs

MHI(H) ~ —em - "A(H) — (). (6.49)

£n(H)

CornacHo M3BecTHOi BeKTOpHOI\/‘I anarpamMmme aCUHXpPOHHOroO
asurartend

Kr~ Uy 'Oxn &k (6.50)
Ecnu, Hanpumep, /M= 5 n cos<jp(@= 0,8, 10 *"(H=0,2 n

Es(s) = 1 —1-0,2-0,6=0,88.

MopAfoK pacyeTa TOKa B HauvalbHbli MOMEHT K3 coctout
B C/leflytOLeMm:

a) CoCTaBnfieTCAd CXema 3aMeLleHusi, B KOTOPYH reHepaTo-
pbl BBOAATCA OAC E dunn E ,, M CONPOTUBNEHUAMU COOTBET-

CTBEHHO Xd uanM x d B 3aBUCUMOCTM OT TOro, MMEeKTCA WAN OT-
CYTCTBYIOT Y MalUNH AeMndepHble KOHTYpbl; 3AC reHepatopos
paccyuTbiBalOTCA MO BblpaxeHuto (6.47) unu (6-48); npu Heob-
XOAWMOCTU B CXEMY 3aMeLleHWs BBOAWUTCA W Harpyska;

6) cxema 3aMelleHUs CBepTbIBAETCA OTHOCUTENbHO TOYKMU
K3 u Haxogutcsa TokK B MecTe K3;

B) npou3BoauTca pacnpegeneHve Toka K3 no BeTBAM
CXeMbl.

PacyeT HayanbHOro 3HayeHWs NepUOANYECKON COCTaBAAI-
wer Toka K3 MOXHO Tak)Xe NpoM3BeCTW, MCMNOMb3ysa Teopemy
06 aKTMBHOM [ABYXMOMOCHWKE. ToOK B MecTe K3 (aBapwuiiHblii
TOK) paBeH:

Ino=/, = EM- » gaga:-"™, 6.51
M g gBX (6.51)

roe U(o—Hanpﬂ»(eHme B MecTe K3 [0 ero BO3HMKHOBEHUS;

U CETMHOM — HOMMWHA/IbHOE Hanps>XeHWe CceTW, B KOTOPOI BO3-
HUKNo K3.

Tok B I'IpOI/I3BOfIbHOI7I /- BETBU CXEMbI HaxoaAnTcda CyMMK-
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poBaHMEM TOKa NpeallecCcTBYHLWEro pexumma 3TO BETBM U CO-
OTBGTCTByIOLLI,QVI nonn aBapMVIHOFO TOKa

7= 70<0) + 7.k

BxogHoe COMNpPOTMBAEHME NAaCCUMBHOIO [ABYXMO/OCHWMKA Ha-
XOAUTCA MpPU 3aMKHYTbIX HA HYNEBYH TOYKY CXEMbl KOHLax
BCeX reHepaTOpHbIX BeTBeli (3a COMPOTUB/EHUSMMW FeHepaTo-
pOB); €ro fIerko MOXHO OMpefennTb Ha pacyeTHOM CTOfe Mo-
CTOSIHHOTO W/IM NMEepeMeHHOro ToKa.

Ob6uine ypaBHEHMS MEPEXOAHOr0 Mnpouecca CUHXPOHHbIX
MawwuH. lMepexofHblii MpoLecc B 3/IEKTPUYECKON MalunHe fto-
60ro Tmna (CMHXPOHHOWN, aCUHXPOHHOA N Ap.) MOXET OblTb ONK-
CaH cucTemoil gudgepeHyManbHbIX YpaBHEHWIA B TOW WM WHOM
cUcTeMe KoopAuHaT. Bbibop cucTeMbl KOOpPAWHAT OMpefenser-
CH KOHKPETHbIMW WCXOAHbIMU YC/IOBMAMW peLIaeMoi 3agaun.

PaccMOTpUM CXeMy 3aMeLLeHUS CUHXPOHHOW MalluWHbl, UMe-
towein 06MOTKY BO36YXAEHUS M MO OAHOMY AeMMN(pEPHOMY KOH-
TYpy B MPOAOMbHOM W monepeyHol ocax (puc. 6.8). Ans Hee
MOXHO 3anucaTb CUCTEMY YPaBHEHMWI B (da3HbIX KOOpAMHaTaX:

dVAJ .
L= ri,.
dt A
mo=— d¥s ric
dt
SR -
ne - MNe

. (6.52)

tif dvf + ffi
~ fig

o= ,
dt Id 1d

dvig
it Ig 49-
BXoasuwue B 3Ty CUCTEMY MOTOKOCLENIeHUss 06MOTOK Bbi-
PaXKarTCA ypaBHEHUAMMK:
= vala+ mABipt MACIC+ MAfIf+ M AIdhd

t M oA Hgr (6.53)

i0 -\~ A Wif+ Mpjg «gt
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YpaBHeHUA LN NOTOKOCLeNfeHH yAOo6HO BbipasuTb B Ma-
TPUYHON (hopMe, yUmMTbIBAA MPW 3TOM MPUHLWM B3aMMHOCTW AN#
KO3(h(PMLMEHTOB B3aUMONHAYKLUN

La M AB MAC MAf M Ar M Aig

w
MBA LB wmBC MBf Agy Mmg
McA MCB Lc MAd ™ cu
M, A M 1B w™mic Yy M n*
¥ ) .
" M idA A1dB ~1dC Lid ™ 1dio
¥17 M|qAA|qB M W M Uid K

M Ab M AC M Ai M au
MAB LB wmpc MBL ~ Bid MBIg

X M ac " BC Lc M Cf ~Cld Mcio

(6.54)
mct N \M fu\
n M Au M Bii ~cid MUl \\a\ 0 n
M Alg M Big mciq 0 0 4

Mexay 06MOTKaMu, y KOTOPbIX MarHUTHbIe OCU CABUHYTbHI
Ha 90°, MarHMTHasg CBA3b OTCYTCTBYeT, MO3TOMY COOTBETCTBY-
ouine Ko3(hPULMEHTHI B3aMMOUHAYKLUUM PaBHbl HyM0. Bennun-
Hbl B MPAMOYTrOJibHNUKax BBUAY CUMMETPUM CTaTopa OTHOCHU-
Te/IbHO POTOPa He 3aBUCAT OT MPOCTPAHCTBEHHOTO MOJOXEHUS
poTOopa; OCTa/bHble Y€ BeNNYMHbI 3aBUCAT OT MOJOXEHUA pPO-
Topa.

Moactasus (6.54) B (6.52), nonyuum cuctemy andpcpepeHT
LManbHbIX YPaBHEHWI C MepemMeHHbIMW KoahduumeHTamm, pe-
LeHMe KOTOpOW 06blYHbIMKM cnocobamu 6e3 npumeHeHus IBM
3aTPYAHEHO.

Kak Xe un3MeHAOTCA KOI(PPUUMEHTbI CaMO- U B3aUMOWH-
aykummn? MpumeHuTenbsHo K puc. 6.9, rge A, B, C— Hanpas/e-
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Puc. 6.8. Cxema 3amelleHWA CUHXPOHHOW MalWHbI, UMeLWeRn no O0fHOMY
neMndepHOMY KOHTYPY B NPOAOAbHON W MONEpPeYHON ocax

HUA MarHUTHbIX OCei COOTBETCTBEHHO 06MOTOK (has A, B, C;
d, g— NONOXMNTeNbHblE HanpaBNeHWUS MPOAO/LHON W Monepey-
HOli Oceli poTopa; y — Yyron Mexgy NpoAo/bHON OCbl0 poTOpa
d n MarHWTHOI ocblo hasbl A; <O— yraoBas CKOPOCTb BpaLle-
HUS poTOopa, MMeeM:

KO3(h(PMLMEHTbI B3aUMOUHAYKLMM MeXAYy 06MOTKaMu poTO-
pa n 06MOTKOW hasbl A COOTBETCTBEHHO pPaBHbI:

MfA ~ MAf = MdCOSy’
Mw = MJla = M(lcoby,

=wmac = MgUS¢ - -f) =m oSN
raoe Ma— kKoapuuMeHT B3aMMOWHAYKUUM NpU  COBMajeHuu
ocu d ¢ MarHUTHOWM ocblo pasbl A; Mg— KoathununeHT B3aun-
MOVWHAYKUMW MNpW COBMafeHMM OCM ¢ C MarHUTHOWN oOcbio (ha-
3bl A,
KOI(PPULMEHTbI B3aMMOMHAYKLUN MexXay O06MOTKON BO3-
6yxgeHms n obmoTkamMu a3 B u C COOTBETCTBEHHO PaBHbI:

MIB = Mdc®s (7 ----- 11);

Mfc = Mdcos (7 - f1l) = Mdcos (7 + - | ™

MHOYKTUBHOCTU q3&3HbIX 06MOTOK W B3aMUMONHAYKTUBHOCTU
MEXAY HUMWU MMEKT MOCTOAHHYK COCTaBIAKOLWYHO W NEepemMeH-
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HYHO COCTaB/iALLYHO ABOVIHOVI 4aCTOThbl

la = lo+ *2c°s2y;

MAB =710+ 120082 (V—-Y);

= lo+ fcos2('7 --—-- ?) = O+ 2cos2(v + " ;

Lc = O+ 12cos?2 4- L cos21lv ---—-- —V

MAC= m0-h mZCosZ(v+ 37

MBC= mO+ m2cos?y.

KoathdhuumeHTsl J 1 OF MOXHO
Mofly4ynTb, UCMOMb3Yys NacnopTHble
napameTpbl MalluWH:

o=y (Ld+ Lg+ LO

h~m2-~ (Ld Lo (6.55) Puc. 6.9. K onpegenenuio
NPOCTPAHCTBEHHOTO  MONOXe-
mo= -] (l10- HUS poTopa

3BECTHO, 4YTO MIHOBEHHble 3HayeHUA (a3HbIX BEANUYUH
(n, i, Yr, e) MOXHO MOAYYUTb Pa3NUYHBIMK NYTAMU, Hanpumep
Kak MpoekuMn (pa3HbIX BEKTOPOB COOTBETCTBYHOLLMX BENWNYMH
Ha HEMOABMXHYH OCb BPEMEHW WM KaK NpPoeKuun 0606LLeH-
HOro BeKTOpa Ha HenojBWXHble MarHWTHble ocn pa3. O606-
WEHHbIA MAN M306paxaroLWmii BEKTOP MOXET B 00LWeM cnydae
XapakTepmn3oBaTb (pasHble BEAUYMHbI, U3MEHSAOLLMECS BO Bpe-
MEHW MO MPOM3BOJSILHOMY 3aKOHY (B 3TOM c/ly4yae O6GOOLLEHHBbI
BEKTOP MMeeT NepeMeHHbIli MOAYNb U BpallaeTca C MepeMeHHO
CKOPOCTbIO, ONUCHIBAA CMOXHYHO urypy). B uvacTHOM cnyuyae
Mpu NOCTORHCTBE MOAYNA O6GO6LLEHHbIA BEKTOP OMUCLIBAET OK-
pyxHocTb. lMpegctasnenne dasHbiX BennumH f4, /B, fc uyepes
00606LLEHHbI BEKTOP BO3MOXHO, ecnu cobntjaercs ycnoBue:

fA+ fB + fc-°- (6.56)

OO6O0O6LLUEHHbIT BEKTOP MOXET ObiTb CMPOEKTUPOBAH Ha OCU

No60i CcMCTeMbl KOOPAMHAT, NMO3TOMY OH MO3BO/AET MepeiTu
12—116
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OT OfHO cCUCTeMbl KOOPAWHAT K APYroi, T.e. OCYL,eCTBUTbL K-
HeliHOe nMpeo6pa3oBaHWe KOOPAMHaAT.

Ecnn HeT [OMONHWTENbHLIX YCIOBUA WAW YPaBHEHWUIA CBA3MN,
TO YMUCNO HOBBIX MepeMeHHbIX Nocne Npeo6pasoBaHUA LOMKHO
O6bITb PaBHO 4YUCNY CTapbIX MepeMeHHbIX A0 npeobpa3oBaHUS.
OG603Ha4YMM HeKOTOpble CTapble MNepeMeHHble 4epe3 la, ib, ic,
a HOBble MepeMeHHble yepes ix, iy, iz TM MepemMeHHble CBA3a-
Hbl Tak:

KyA Ky K¢ (6'57)

KzA ~* 2a

EcTecTBEHHO, 4TO Npeobpa3oBaHMe BO3MOXHO TOJIbKO B TOM
cny4yae, ecnum onpefenuTen CUCTeMbl He paBeH HyMlo, T.e.
Dgt=o0.

OauH 13 TOKOB YAO6GHO BbIGpaTh cnegyroWum 06pasom:

KA 47 (*n+ 18+ *) = 'O

TaK Kak B MPaKTUYeCKUX 3ajayvax fo 4aCTO OKA3blBAETCH PaB-
HbIM Hynto. Mpu TakoMm BbIGOPe iz UMEET MEeCTO PaBEHCTBO:

K,1=K,B~K,C~-f.

B cnyuae, korga Tok r0="0, OH BCe paBHO MPaKTUYECKU He
OKa3blBaeT BAWAHWA Ha [ABMXXEHMWE poTOpa U MOXeT ObiTb [J0-
MOJIHNUTENIbHO YYTEH B MOJIHBIX TOKax as.

M3 Tpex HOBbIX TOKOB (rx, iy, iz) TO/MIbKO fBa TOKa MOTyT
ObITb NpeAcTaBieHbl Ha BEKTOPHOW Auarpamme, a TOK t0 fon-
XeH ObiTb yuTeH oTfenbHa. And [BYX TOKOB JOCTATOYHO [BYX
OCeil, nyylwe BCero OpToroHanbHbIX. Mcxoaa w3 atoro, B 3aBu-
CMMOCTM OT YCNOBWIA pellaemMoii 3afavynm MOXHO WMCMOSb30BaThb
HECKOJIbKO CUCTeM KoopAuHat Bupga x, y, O

a) cuctemy a, p, 0, rae ocum a M p XKECTKO CBA3aHbI CO CTa-
TOPOM, MPUYEM OCb a COBMELLeHa C OCblo (hasbl A;

6) cuctemy d, q, 0, rge ocM d U g XeCcTKO CBfi3aHbl C pOTO-
pom, npmyem ocb d COBMeLLeHa C MPOAO/LHON OCbIO poTOpa U
onepexaeT 0Cb o\
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B) cuctemy dc, qc, 0, rge ocum dc 1M qc Bpaw,aroTca B npo-
CTPaHCTBE C CUMHXPOHHOI CKOPOCTLIO;

r) cuctemy 1, 2, 0, rae paBHble MO MOAY/MHO MNEpPEMEeHHbIe
fi n f2 BpawarTCca Ha KOMMJEKCHOW NJ0CKOCTM B NPOTMBOMNO-
NOXHble CTOPOHBI.

Mepexof K ocaAM X, y, O (M3NYECKM paBHOCUIEH MNepPexopy
K YCNOBHOW ABYX(ha3HOM MawnHe. PaccMOTpUM ypaBHEHMWA Ma-
WKuHbLl B ocax d, g, 0.

MycTb .poTOpP BpalLaeTcs C NPOM3BOMbHOI Yr10BOW CKOpPO-
CTblo co. Torga B COOTBETCTBMM C puc. 6.10

y = at + To-

Oanee
cosy sin y 1 h
Cos(V _T~) 3) ! || (6.58)
fc cos(T+ -f-) sin(v+-r) 1 fo
M 06paTHo
29 \
cosy Cos cos
h y (T- ) -3~y A
_ 2 Y e i : 2n\
g 5 siny sin 9/ 3 { sin gy | fs .(6.59)
1 1 1
fo 2 2 2 fc

MycTb 0600LWEHHbI BEKTOP MOTOKOcuenneHns ® ob6pasyeT
C MarHWTHOM ocbko hasbl A yron a (puc. 6.11)

f = We'7,
npuyem MOJYNb BEKTOpPa W Yros a HEMoOCTOAHHbLI, T.e. ¥ =
—f(t) na—f(t). Torga

£=-’\d-t:- A\étefa).z- dtBll- &We'xdtzELﬁ/;EED.
(6.60)

Kak BugHo, pesynbtupyrowas 3AC MawmnHbl COAEPXUT
12*
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[Be COCTaBnAwLmMe, a UMeHHO TpaHcdopmaTtopHyto SA4C n 34C
BpaLLeHms.
MepeigeTr Kk ocAm d, g, COBMECTUB 3TWM OCU C OCAMU KOM-

nnekcHon'"nnockoctn. Torga 6ygem umeTsb
Yy/i= Tpg + = Urge'w -nm Vpd g/CY-A/2+ A41/2) _
= (¥a+ e/ (v-""/2), (6.61)
OTKYyAa
E=_
dt \ dt fodt )
Puc. 6.10. TpeobpasoBa- Puc.. 6.11. O606WeHHble BEKTOPbI
HWe KOOpAuHaTt notokocuenneHms n 34C n ux pas-
NOXeHWe Ha cocTaBaslolMe B KO-
opauHatax d un g
— j(Ya + f¥a) -*L = (rp.JL _ ~jL\e/(v-n/2) _
1 q 1 d dt \ d dt dt )
_j/v —L 3.~ AWA-/2)FTFE L Em_F I £ 1
+ dt ) + Bpg + £ TP, +

+ ABPd + ~TPd- (6.62)

Takum obpasom, pesynbtupytowas 34C, Kak n cnegosano
oxupaTb, cofepxut I34C BpaweHus U TpaHCHOPMATOPHbIe
3AC B 0b6eux ocax (d H Q).

P. MMapk n He3zaBucmmo oT Hero A. A. [opes ganu cnepyro-
WY NOMHYH cuctemy audycpepeHuUnanbHbIX YpPaBHEHWIA CUH-
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XPOHHOW MawunHbl B ocax d, g, 0, MOAy4YMBLLYIO B NMTepaType
Ha3BaHWe CUCTeMbl ypaBHeHWIn Mapka — opesa:

a n dy
o
dt dt d
Vo i N
dt d dt e
dv,
n=-
u @t mQ
dwf .
uf - —  + rfa\ (6.63)
d'Vbl
0- + rhi >

dt
o= Z{L + rlgjig>

dm
dt

— ma

roe
— Xd h + xadif + xad hd"’
~if ~ Xgiq ~b Xaq ilay
= Xad id + X, it + Xad I1d>

Nd — Xad id + Xad if + Xld ild> (664)
IQ Xefly T Xag figy
Moy - OWi Vdigl

TOK KOpPOTKOr0 3aMblKaHWSi B MPOW3BO/bHbLIA MOMEHT Bpe-
MeHW. Tok K3 CHMHXpPOHHOrO reHepatopa W3MEeHsAeTca BO Bpe-
MEHW. ITO M3MeHeHWe 06YC/MOBMEHO pasMarHM4YMBalOLWUM [eil-
CTBMEM peakLuu cTaTopa, 3aTyxaHueMm CBOOOAHbLIX TOKOB W
LeAcTBMEM aBTOMATUUYECKOTO perynatopa BO36YXAgeHUS.

JelicTBytolee 3Ha4YeHMe MEPUOSMYECKON COCTaBNAIOLWLER TO-
Ka K3 OCHOBHOW 4acTOTbl PaBHO:

= +4 - $'66>

Mpy KOPOTKOM 3aMblKaHWMW Ha BbIBOLAaxX reHepatopa M pa*
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60Te MallMHbL B peXxumMme nojbemMa BO30OYXAEHUA COCTaBNANO-
wue Idui n It paBHbI:

idi = Im . + (3<°> — e-'/rd+
Xd V xd0d) Xd /
+ f - 4 % -)e~"T+ OQ'w.F,ff) -
A ! Xi(U)J

=/«+ (/'— /) e~trd+ (/- /)e~t/T'+ E™ ;(-dELLI pd(0;

(6.66)
hnt = ( (6.67)
X x* 4,
roe |OO, I', I'""— COOTBETCTBEHHO yCTaHOBMBLUEECA, MEPEXOAHOE

N CBEPXMePeXofHOe 3HAYeHWS MNEepUOfUYECKOn COCTaBMAKOLWEN
ToKa K3;

r T.+ Tbl
Xaoay = Xdn -« Xg7 HTE— (0,9-p1)x,°
1d0 /0T ido

TH, Td, Tg— NOCTOAHHbLIE BPEMEHU 3aTyXaHWsd TOKOB, NPUYeM
Tde T 4 Tid
y" A o TETIHd

d~ T'f+Tu

TF—T = TyOfl ------

— NOCTOAHHAA BpPEMeHM OOMOTKM BO36YXAEHUSA MPU 3aMKHY-
TO/ CTAaTOPHON 06MOTKE M Pa3OMKHYTOW feMnchepHON 0OMOTKE;
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Yalxid/
— MOCTOSAHHAaA BPEMEHMW femndepHOin 06MOTKM NpU 3aMKHY-
TON 0O6MOTKe CTatopa W PasOMKHYTON 0OMOTKe BO3OYXAEHUS;

'1rfo= X >
H
__xid
L Ibl
X Xed
X - X Xd
*c+*ad '
Ty = Xy~ = od 4 Xact
1 13
ligo= o

HakoHew, yHKUMS
Ao=dg (MaT™T-Tw),
roe

ir_ __ *blm __*Id | xad

ida = .
rid rid
Te— NOCTOAHHAA BPEMEHU CUCTEMbI BO36YXAEHMS.

MonHbIA TOK (ha3 KpOMe MePUOSUYECKOA COCTaBAAOLLLEN CO-
LEPXMNT elle aneprofMUecKylo COCTaB/AKOLWYIO U COCTaBAAO-
WY ABOWHON 4acTOTbl, 0O6YCNOBNEHHYIO HECUMMETPUER pOTO-
pa W Hanu4yuem anepumoamnYeckoi COCTaBAAMOLLElN ToKa CTaTo-
pa. Tak, Hanpumep, TOK pasbl A paBeH:

1

IA= W + Ka+ hA = *mA— [“,(0)CO0S4(0) +

+ Y«o)sin Vo] ~ ~ ~ ~ e~t/Ta- [H?0) cos (2wt +. y0) —
2xdXq
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— na0) sin 20* + yO)] (6.68)

rae
T&—Xjr. (6.69)
ConpoTmBneHnMe 06paTHOI MoOcCNeaoBaTeNbHOCTM

(6.70)

[MpakTnyeckme mMeToAbl pacyeta TOKOB K3 And Npown3BO/b-
HOro MOMeHTa BpeMeHW. Pacuyet ToKoB K3 MO TOYHbLIM Bblpa-
XEHUAM B peaNibHbIX CXeMaxX C HeCKOSbKMMWU UCTOYHUKaMU 3a-
TPYAHEH. B TO Xe BpemMsa Ha MpakTUKe 4acTo He TpebyeTcsd Bbl-
COKOI TOYHOCTW pacyeToB. 3-3a 3TOro 419 BbIYMCIAEHUA TOKOB
K3 B MpoW3BOMbHbIi MOMEHT BpPEMEHWM 0Ka3blBaeTCA BO3MOX-
HbIM M LenecoobpasHbIM UCMO/b30BaTh MPaKTUYecKme npuenu-
XeHHble MeTofbl pacyeTta. [lpn 3TOM BBOAATCA [LOMOJIHUTENb-
Hble YMPOLLEHN]:

a) 3aKOH W3MEHeHWs MepuojMYecKoil cocTaBnAlOLWel Toka
K3 B cxeme ¢ O4HWM reHepaToOpoOM pPacnpocTpaHAeTCAa Ha Cxe-
My C MHOTMMW TeHepaTopamu;

6) n3MeHeHWe anepuofMyeckoi cocTasnstowelri Toka K3 B
CNOXHOW CXeMe Y4YUTbiBAaeTCHA MPUBAMKEHHO;

B) Harpys3ka y4yuTblBaeTcd YMPOLLEHHO B BUAe YCPEAHEHHO-
ro BO BPeMeHM KOMMJIEKCHOTO COMPOTUBNEHUS;

r) pPOTOPbl BCEX CWMHXPOHHbLIX MaWMWH B MarHUTHOM OTHO-
LWEHNN CYMTAKOTCA CUMMETPUYHbLIMW. ITO [JONYLLEHWEe MO03BO-
NdeT He pasfnaratb 3/1eKTPUYECKUE BENMUYMHBLI Ha COCTaBMAIO-
WmMe no MNpoJOSIbHON WM MOMNepevyHO OCAM MalMH W He YYUTbI-
BaTb BTOPble FAPMOHWKM TOKa.

Mpn pacyete TOKOB K3 HawnuM npuMeHeHWe fBa MeToja:
MeTo[ pacyeTHbIX (TUMOBbLIX) KPWBBLIX W METOA CNPAMIEHHbIX
XapaKTepucTuk.

MeTog pacyeTHbIX KPWBbIX OCHOBaH Ha MNPUMEHEHWUM cre-
LMaNibHbIX PACYEeTHbIX KPWUBbLIX W3MeHeHUs TOKoB K3, mocTtpo-
eHHbIX B 1940 r. Ana TWUNOBLIX OTEYECTBEHHbLIX TrEHepPaTopoB
cpefHe mowHocTu (go 100 MBT). lMapameTpbl Takux reHe-
paTopoB npwuBefeHbl B Tabn. 6.6. 4nd BCex reHepatopos npwu-
HATa CTaH4apTHaa XapakKTepmcTuka Xofioctoro xoga (Mo AaH-
HbiM JIM3O «3neKTpocunar).
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Tabnuua 6.6
3HayeHvie Mapametpa 414
rVporeHepaTopoB
Mapametp 6
TYPOOTeHE PATOPOB ¢ nemrichepHEMM 663 EMIChEPHBIX
okt R
Xd) OTH. en. 0,125 0,2 0,27
OTH. ej. 0,175 0,3 0,65
Xd, oTH. ep. 0,21 0,3 0,3
X oTH. eg., 1,72 1 1
Xq, OTH. eg. 1,72 0,65 0,65
X0, OTH. ef. 0,11 0,17 0,17
OK3 0,7 1,06 1,06
Tfoq ¢ 7 5 5
Te, ¢ 0,57 0,57 0,57
//Hom» OTH. ef. 2,26 1,8 1,8
Ifnp, OTH. ep. 3,96 3,15 3,15
: Zm—OKJOfI =l/
8
Puc. 6.12. Cxema, npuHsatas Aotk
npy MNOCTPOEHWM  PaCUETHbIX A
KPUBbIX: b -
a—ucxogHas cxema; 6-—cxema
3aMeLLIeHNsI

Ansa oxembl, NPUBELEHHOI Ha puc. 6.12, MO TOYHbLIM Bbipa-
XEeHUAM onpefefieHa nepuojmyeckas CcOCTaBnAlOLLLad TOKa B
mecTe K3

Ant = f {Xk' Xd' 2Hr-  1ft’ Xd' Xd' Ed ~dTd)
n HOﬂyLIeHHbIVI TOK NOCTPOEH B KOOpAWHaTaxX
Inln) — & [-"pacu(H)],
roe
o () — *d(H) + k<)o (6.71)
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PacueTHble KpuBble MOCTPOEHbl Ans Typ60- M rugporeHepa-
Topos ¢ APB un 6e3 APB (puc. 6.13, 6.14).

Mpu onpegeneHnn Toka K3 no pacyeTHbIM KPWBLIM:

a) COCTaB/IAIOT CXEMY 3aMeLLeHUs CUCTeMbl, BBOAAT B H

reHepaTopbl COMPOTMB/EHMAMM Xd\ HArpy3KW B CXEMY He BBO-

4aT;
AK
1,0
ay ~O s
0,3
\
¥ v o125 —-
V 4
07
0’SV
1
0,5
&
\
Voo 1 z 3 K
AV,
115
"N
0,25
41 _|]Z
4y 4
yn 1 L)
Vv
1 a)

Puc. 6.13. PacuyeTHble KpuBble Ana Typb6oreHepatopa cpeAHeli MOLHOCTK:

& —32 apryMeHT MpPUHATO Bpems t;
PB; - * - - npu oTcytcTeun APB
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6) CBEPTLIBAIOT CXEMY OTHOCWUTENBbHO TOUKM K3 U onpege*
NAT Pe3ynbTUPYIOLLEe COMPOTUBEHUE CUCTEMbI JJPACHD),

B) NPUBOAAT Pe3yNbTUPYIOLLEE COMPOTMBIIEHUE CUCTEMBI K

Puc. 6.13. MpogomkeHne
6 —3a aprymeHT MPUHATA pacyeTHas PeaKTUBHOCTb *PACY;---------m=----m- npu  Hanuuum
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HOMWHaNbHbIM YCNOBUAM MCTOYHUKOB
Ek/\pacq(H) — }ld)acq(6) oa | (6.72)

F) HaxogAaT Mo paCYeTHbIM KPWUBbIM AN14 WHTEPECYHOLLETO

Puc. 6.14. PacuyeTHble KpuBble ANA TMApOreHepatopa CpefHei MOLLHOCTU:

a —3a aprymMeHT NpUHATO Bpems t\
hepHbIMM 06MOTKaMW *pacy AONMKHO 6bITb yBenuuveHo Ha 0,07; npu atom ans fAO,l ¢

APB npu otcytcTeum APB
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Puc. 6.14. TpogomkeHune
6 —3a aprymMeHT MpWHATa pacuyeTHas peakTUBHOCTb Xpacy.[ nf reHepaTopos C fJemn-
cneflyetT MoNb30BaThbCA LWTPUXAYHKTUPHBIMUA KPUBbIM W |=mmmmm =mmmmmmmmmeee — Mpu Hanuuum
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MOMEHTa BPEMEHM MNEepuofMYeckyro cocTtasnarolyro Toka K3

AM(H)!
4) HaxofAaT ToKk K3 B MMeHOBaHHbIX efuHULAX
Int = Int(H) Yo — Int(H) — - QV&-—-]j (6.73)
V3L/G HYi

(o]
F4e /wom 2 — HOMWHANbHbLIA TOK FeHepaTopoB, MNPUBeLEeHHbIN K
CTYNeHW HanpsXXKEeHMsd, Ha KOTOpoi npomsowno K3.

Mpu 60MbWOA yAaNEHHOCTU TOYKU K 3, KOT[A xpaCu(w)>3,
MOXHO MPUHATH, YTO

S0(H) = —emmememeen = /() (6.74)
) épacu(H) i
7
/<= - HV— . (6.75)
#pacu(H)

B page cnydaeB pacyeT Toka K3 Mo pacyeTHbIM KPUBbIM
no o6LULEMY M3MEHEHMWIO, T.e. MyTeM 3aMeHbl BCeX leHepaTopoOB
Of\HUM 3KBUBANIEHTHbIM, 3aTPYAHEH WM HEBO3MOXEH. 3TO MMe-
eT MeCcTO Mpu HaNMyuMW B CXeme TEeHepaTopOoB PasHOro Tuna u
MCTOYHWKOB HEU3MEHHOTO HanpsxeHWA. B MmogobHbIX cnyyasx
pacyer Toka K3 npowus3BogAaT no WHAMBUAYaNnbHOMY W3MEHe-
HUo. T1pyM 3TOM CXEeMy 3aMeLeHUs MPUBOAAT K CXeMe MOJHO-
ro MHOTOYrofibHMKa C WCTOYHWKAMW B €ro BepLiMHax W onpe-
LEeNndioT TOKU B BETBAX, HEMOCPELCTBEHHO COEAMHAIOLMX UCTOY-
HUKM ¢ Toukolh K3. lMocne 3Toro HaxofaT CyMMapHbIii TOK B
mecte K3. MNMpwn onpegeneHnn TokoB K3 MO pacyeTHbIM KPUBbLIM
aBTOMaTM4YecKn nNpPUBAMXKEHHO YYUTLIBAETCA HalMyuMe Harpy-
304HbIX BETBEN B UCXOAHOW cxeme. CnefyeT OTMETWUTb, YTO Me-
TOL PacyeTHbIX KPWBbIX MO3BONAET HANTW TONbKO TOK B Mec-
Te K3, HO He ero pacnpefefieHue Nno BETBAM CXEMbI.

MapameTpbl COBPEMEHHbIX TEHEPATOpPOB MOLLHOCTbIO 60siee
100 MBT (conpoTMBAEHWS, MeXaHWYeCKne MOCTOAHHbIE, ObICT-
pofelicTBe CUCTEM BO3OYXAEHWUS W T.4.) CYLECTBEHHO OTnu-
4yarloTCca OT aHaNorMYHbIX MapamMeTpoB TeHepaTopoB MOLLHO-
cTbto f0 100 MBT. 3T0 06CTOATENLCTBO MOTpe6OBano paspa-
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60TKM HOBbIX PACYETHbIX KPWUBbIX, MPUBEAEHHbIX Ha puc. 6.15,
KOTOpble MO3BONAOT ANA WHTepsana BpemeHun 0—O0,5 ¢ HaliTu
NnepuoamnyecKkyto CoCTaBfiflOWY0 Toka B MecTe K3 ¢ npubnu-
XEHHbIM YYeTOM BAWAHMA Harpysku cetu. Kpusble crnpasegnu-
Bbl 41 TypboreHepaTopoB MoWHOCTbO oT 12,5 go 800 MBT,
TMAPOreHepaTopoB MowWHOCTLIO Ao 500 MBT 1 Ans Bcex Kpyn-
HbIX CMHXPOHHbLIX KOMMeHCaTopoB. KpuBbie BKIOYEHbI B PYKO-
BOAALLME YKA3aHMA MO pacyeTy KOPOTKUX 3aMblKaHWii, Bbl6O-
py W MpoBepKe annapaTtos W NMPOBOLHWKOB MO YC/IOBUAM KOPOT-
Koro 3ambikaHus (1975 r.).

PacueTHble KpuBble (puc. 6.15) npegcTaBnalOT coboit ce-
MEWCTBO OCHOBHbIX KPUBbIX

N CeMeincTBO OONMNONHWUTENbHBIX KPUBbIX

rae lrt— nepuoanyeckas cocTaBnfloLLag TOKa TreHeparopa
(ncTOYHMKA) B NPOU3BONMLHLIA MOMEHT BPEMEHW t mocne BO3-
HUKHOBeHUs K3 (*=04-0,5 c¢); /ro— nepnogunyeckas cocras-
nAloLLlas Toka reHeparopa (MCTOYHWKA) B HayanbHbli MOMEHT
K3; /r,HOM— HOMMWHaNbHbLIA TOK TreHepaTopa (MCTOYHWKKA);
/Kr— TOK B MecTe K3 B MpOW3BOMbHbLIA MOMEHT BpemeHun 1\
/xo —TOK B MecTe K3 B HauvaNibHblli MOMEHT BPEMEHM.

Ona HaxoxpgeHna Toka K3 B cxeme C HECKONbKUMW TeHe-
paTopaMu, HaxoAWWMWUCA MPUMEPHO B OAMHAKOBLIX YCM0BU-
AX OTHOCUTENbHO TOUYKM K3 1, cnefosaTesibHO, MOTYLW UMM ObITb
NMpeacTaBNeHHbIMU OLHUM 3KBMBANEHTHbLIM WCTOYHUKOM:

1) cocTaBNAKT CXeMy 3aMelleHWs, B KOTOPOWN reHepaTopbl
YUUTbIBAIOT UX cBepxnepexofHbiMn 3AC E™ “ CONpPOTUBNAEHU-

AMM XUt Harpy3ouHble BETBM CETWM He YUUTHIBAIOT;

2) CBepTLIBAKOT CXEMY OTHOCMTENbHO ToukM K3 u HaxopaaT
HayanbHOe 3HauyeHue Toka B mecTe K3 /Ko paBHOe TOKY reHe-
patopoB /f0 (B OTHOCUTENbHbLIX efuHULax);

3) Haxop4AT OTHOLUEHWE TOKOB
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4) No OCHOBHbIM PAacyYeTHbIM KpuBbIM (puc. 6.15,a) Haxo-

OAT ONS WHTepecyloLl,ero MOMeHTa BpPeMeHW t OTHOLLUEHWE TO-
KOB

/t
/ro

5) HaxoAAT MCKOMbIA TOK B mecTe K3

JKI ?ylrf - ’rt '!0—

-ro

Puc. 6.15. PacueTHble (TUNOBble) KPWUBble U3MEHEHWA BO BpeMeHM Toka K3
CMHXPOHHOW MallMHbl MpY PasHbIX YyAaneHHOCTAX Toukum K3

Ecnn B cxemMe MMeeTCs HECKONbKO WMCTOYHUKOB KOHEYHOW
MOLLHOCTU C Pa3HON 3MeKTPUYECKON YAAIEHHOCTbH OT TOYKWK
K3, a Takxe cucTema HEM3MEHHOro HanpsaXeHua, TO Lefeco-
06pa3HO BCe WCTOYHMKM pa3buTb Ha fBe rpynnsl. B ogHy u3
HUX BKNHOUYUTb WCTOYHUKW, 3/IEKTPUYECKM 6AM3KO pacnono-
XeHHble K Touke K3 (cBA3aHHble C TOUKON K3 HenocpeacTBeH-
HO WM 4yepe3 OAHY CTyMeHb TpaHcopmayuuu), a B ApYyryro —
BCE MPOYME UCTOYHWUKW, MPUHAB WX B KauyecTBE CUCTEMbl HEWU3-
MEHHOr0 HanpsHXeHus.

Ona HaxoxpgeHus Toka K3 B 3TOM cnyyae Heo6X04UMO:

1) COCTaBMTb CXEMY 3aMEeLLeHWs, B KOTOPOA WCTOYHMU
yyecTb UX cBepxrnepexofHbiMmu 34C 1 cBepXnepexofHbIMK CO-
NPOTUBNEHUAMU, @ HArpy30UYHble BETBU CETU ONYCTUTb;
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2) CBEPHYTb CXeMYy OTHOCUTENIbHO TOYKM K3 C BblgeneHu-
eM [BYX TpPYynn MCTOYHMKOB (CXema TPex/yyeBOl 3Be3fbl);

3) HailnTm TokM /o 1 /KO N X oTHOWweHune Ivyflko,

4) QNA WHTepecyloLlero MOMeHTa BPEMEHW t MO OCHOBHbIM
KpuBbiM (puc. 6.15,a) HalTu/ri//0 Npn W3BECTHOM OTHOLE-
Hun /rofr.Hom, a fafiee, MoO/b3yAacb BCMOMOraTefibHbIMU KPWBbLI-
mMu (puc. 6.15, 6) npuM W3BECTHOM OTHOLWEHUN /ro//ko, HakTh
/0]

5) onpegennTb UCKOMbIA TOK B mMecTe K3

Ecnu cuctema HemocpeACTBEHHO CBfi3aHa C TOukoi K3, T.e.
He MMeeT BeTBel, o6WMX C APYTMMU WUCTOUYHMKAMMW, TO ee Crie-
AYeT BbIAENNTb B OTAE/bHYIO BETBb U TOK K3 OT Hee HaxoAwuTb
Mo BbIPAXEHUO

rae /6— 6a3uCHbI TOK TOW CTYMeHW HanpsXeHWs, Ha KOTOPOW
BO3HUKNO K3.

Mo pacyeTHbIM KPMBLIM MOXHO HaiTu TOK B MecTe K3, HO
He ero pacnpefgeneHue no BeTBAM CXeMmbl. lMocnefHas 3ajava
MOXeT OblTb pelleHa, ecau BBECTW PAL AoNywieHWi. [ns wH-
Tepsana *=0-H0,5 c BanaHue pasnnyHbix cuctem APB reHe-
paTopoB Ha TOK K3 npumepHO OAMHAKOBO. [na 3TOr0 Xe WH-
TepBafia BPEMEHM MOXHO MPUHATb AOMYLEHWe O JINHEAHOCTK
XapakTePUCTUK Harpyskun wn gpyrux anemeHtos cetu. MNpu yka-
3aHHbLIX JOMYLWeHUAX KO3hULMEHTbI pacnpegeneHnsa TOKOB B
nutepsane- ~=04-0,5 ¢ NOCTOAHHLI. [lpyM 3TOM ANA HaAXOXAe-
HUA pacnpegeneHns toka K3 Mo BETBAM CXeMbl B WHTepBane
/=0-=-0,5 ¢ MOXHO MCMOMb30BaTb CMEAYHOLMNA NPUOGANKEHHbI
WHXEHEPHbIA METOA:

1. CocTaBndAlOT CXeEMYy 3aMeweHna B Buge nonHoro \m-\-1J-
YronbHWKa, B KOTOPYK WMCTOYHWMKWA BBOLAT CBOMMW CBepxmnepe-
XogHbiMn  3AC ¥ CBEPXMNEPEXOAHbIMWU  COMPOTUBAEHUAMU.
CsepxnepexogHble S4C onpegendioT No napametrpam npegLue-
cTeyrouero K3 pexuma.

2. OnpegenatloT ToK B mecte K3 0T BCEX M MCTOYHWUKOB U
ero cocTasnqtouue
13—516 y
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K — ~2
3=l

3; HaxopgaT TOKM BCeEX WCTOYHMKOB B pexume K3 (X=>
— I-i-m)
m

/=1

4. OnpegendioT HanpsXeHuUsa Ha BbIBOAaX UCTOYHWUKOB B Ha-
YafbHblil MOMEHT K3

~ Ej, jlhxdk

5. OueHMBalOT BHELUHEe COMPOTMB/IEHWE WCTOYHWKOB B Ha*
YafbHbl MOMeHT K3

H(BU.KS("Z - )'I'i/\l *

6. OnpefenaoT KO3IPAPUUMEHTb pacnpefesieHUs TOKOB B
pexume K3:
49 UCTOYHUKOB
ts

n
ona npoyux p BETBEW CXEMbI

7. Mpn M3BECTHbLIX BHELWHWX COMPOTUBEHUAX WMCTOUYHMKOB
FBLUX aHaNUTMYECKMM MNYTEM WM C MOMOLLbK PACYETHbIX Kpu-
BbIX HaxofAT TOKU pPasM4YHbIX UCTOYHUKOB B pexume K3 gns
NPOU3BOJILHOTO MOMEHTA BpPeEMeHU 1n>

8. OnpegendatoT ToOK B mecte K3

m
i Kt *
>

9. OnpepgenatoT TOKM BeTBei B pexmme K3 gns momeHTa
BpEMEHU t

~"pn/Kr
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MeToA CRpPSMAEHHbIX XapaKTepUCTUK OCHOBAH Ha TOM, 4TO
4Nd reHepaToOpoB B 0OLeM c/ayvae CrpaBeisMBO COOTHOLUEHUE

* —
7= 5% Sy 79
roe Int, Ert U Xxrt— COOTBETCTBEHHO MEPUOAMYECKAA COCTaBNA-
towas toka, 34C n MHAYKTUBHOE COMPOTUBNEHME TeHepaTopa
B MOMEHT BpPEMEHMU t.
LencteutenbHo, ans /=0

fo f
*d+ Xaw
ans f=o0o0 npu otcytctemn APB
r_ £90
X< /B

Ana t= oo Npy Haanumum APB U pexume npepenbHOro Bos-
6yXaeHNs
/> £9IP
*d “I Neuw
Mpn pacuyeTte TOKOB K3 M3MeHeHMe MapaMeTpOB reHeparto-

POB BO BPEMEHU MPUHLMMMUANBHO MOXHO YYeCTb PasvyHbIMM
NyTSMU, HanpuMmep:

1) Er = Eg = const; xr= xf= var,
2) Er= Et= var, xr= const
3) Er — Et —var; xr = x(=var.

Mpy NOCTPOEHUM CMPAMIEHHbIX XapakTePUCTUK MPUHAT Mo-
CNefHWNIA NyTb Kak Hambonee NPeanouTUTENbHbIA. Ans no6oro
MOMEHTa BPEMeHWU CrnpaBeA/nBo;

Et— /n<xt = /rxBLy, (6.77)

CnefoBatenlbHO, PeXUM reHepaTopa OMpefenseTcs TOUKOWA
MepeceyeHmns ero BHELUHeW XapakTepuUCTUKW W NPAMOI, OMUCHI-
BaeMOW ypaBHeHMeM U = IntXaw (puc. 6.16). Ecnm macwTabbl
no obemm ocAM OAWHAKOBbI, T.e. mv=tnu TO tga= XBi u
tgy = x t.

Mpyn pasHbIX 3HAYEHUAX xsm MO M3BECTHLIM BblpaXEHMUAM
MOXHO OMpefenuTb /nr U OCTaTOYHOE HanpsXxeHWe reHeparopa
Ut, a 3aTeM [MOCTPOUTb BHELUHIOW XapakTepucTuky Ut—

13*
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—f(lat). CnpaMunB fanee BHELIHIOW XapakKTepUCTUKY, MOXHO
Hantu Et, xt, 1 KPUTUYECKOe COMPOTUBNEHUE

xnpt — Unow (6.78)
Et  UHOM
a TakXe KPUTMYECKMA TOK
/Kp£_ Ef Uuom __ UHom (679)
y JT(

FeHepaTop B MPOMEXYTOUYHbIA MOMEHT K3 moxeT paboTaTtb
B O4HOM M3 PEXMMOB:

1) ecnn XBW<*Kpb TO WUMeeT MECTO Pexum MoAbeMa BO3-
O6yxzaeHuna. OTOT pexum Bcerga cyuwiectsyet npu £<0,5 c. le-
HepaTop B 3TOM pPeXMMe YYUTbIBAETCA PaCUYETHbIMW 3HAYEHU-
amu Et un xt',.

2) ecnn XBW>*Kpb TO WMMEET MEeCTO PexuMm HOPMasbHOro
HanmpsXXeHud, Npu KOTOPOM TFeHepaTop Y4YUTbIBAETCA CleAyto-
MMM napametpamun: Et=UBMu xt=0.
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Ana mawnH cpefHeli MOLWHOCTU MOCTPOEHbI KPUBbIE A/
onpeaeneHns pacuUeTHbIX 3HAYEHMIA

Et= /M/0) u xt= <p(r./A).
Mpu onpegeneHun TokoB K3 Mo MeTody CNPSMJIEHHbIX Xa-
PaKTEPUCTUK:

a) COCTaB/IAOT CXEMY 3aMelleHuns CUCTEMbl; B CXEMY 3aMme-
WeHNs Harpysky BBofaT ¢ napametrpamun £H=0 wu grHr(.=1,2;

6) 3ajarTCcA pexumamum paboTbl reHEpPaTOpPOB U BBOAAT WX
B CXeMY COOTBETCTBYIOLLMMWU PaCUETHbIMU 3HAYEHUAMM Et UX<;

B) CBEPTbIBAKOT CXEMY W HAaXoAAT TOK B mecTe K3: /k«=
==F13K/XtaKy

r) HaxogdT pacnpefeneHue Toka K3 B cxeme 1 nyTem cpas-
HEHWA HalileHHbIX TOKOB TEHepaTopoB C KPUTUYECKMMU NpoBe-
PAOT MPaBUIbHOCTL MPUHATLIX paHee PEXWMOB TEHEepPaTopoB.
Mpn pexume nogbema BO3OYXAEHUA [JOMKHO ObITb / N/ KPr
Mo<Ut<UHM a npu pexumme HOPManbHOI0 HamnpsxeHUA

Mpu Hecob6MOfEHNN YKa3aHHbIX COOTHOLUEHWA BHOBb 3a-
LalTCA pexumaMy reHepaTOpPOB U MOBTOPSAKOT pacyer.

6.7. HECUMMETPUYHbLIE KOPOTKUE 3AMbIKAHWA

MeTOf CUMMETPUYHBIX COCTABNAOLWIMX. PacyeTbl HECUMMET-
pUYHbIX K3, TakK Xe Kak W pacuyeTbl APYTrUX HECUMMETPUUHbIX
PEXMMOB B 3NeKTpUUYECKUX cucTeMax (06GPbIBBI NPOBOAOB,
CMOXHblE BUAbl MOBPeXAeHwuid, pab6oTa MO CUCTEMe «fBa Mpo-
BOZa— 3eM/f» U T.M.), yA06HO NPOM3BOAUTL C MCMO/b30BaHU-
eM MeTO4a CHMMETPUYHLIX COCTaBslOWMX. Waes mMetoda co-
CTOUT B C/eAyloUleM: B [JeKapTOBOW CUCTEME KOOPAMHAT Jt0-
60li MpPOCTPaHCTBEHHbI BEKTOP MMEEeT [BE CTeMeHW CBOGOABI,
T. €. MOXeT G6biTb MPeACTAaBNAEH C MOMOLLbIO ABYX BEWNYUH:

F = Fx+ }F,,
nnu
F = Fe's.
OTctofia cnefyeT, uto nto6as cUCTEMA W3 TPEX HECUMMET-
PUYHbIX BEKTOPOB MMeeT B O6LLEM C/ly4yae LUECTb CTemeHeld CBO-
6oabl. POpPTECKbIO MPeasoXun pasnaraTb HECUMMETPUUHYIO

CNCTEMY W3 TpPeEX BEKTOPOB Ha TPU CUMMETPUYHbLIE CUCTEMBI,
KaXgafd N3 KOTOPbIX UMEET ABE CTEMNEHU CBO6OAbI. MNcxopa u3
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(PU3nMKN ABNEHUNA, MMEHLMUX MECTO B 31eKTPUYECKUX CUCTe-
MaX, OH MNpPeAsoXWN WCNONb30BaTb ChAeAywoluMe TpU CUMMET-
PUYHbIE CUCTEMbI: MPAMOI MOCneAoBaTeNbHOCTM, 06paTHOW no-
CnefoBaTeNlbHOCTW W HYNeBOW NOCMeA0BaTENIbHOCTH.

CwucTeMbl TOKOB NpsAMoOil M 06paTHON nocnefoBaTeNIbHOCTEN
ABNAOTCA CUMMETPUUYHBIMW U YPaBHOBELUEHHbIMU; CUCTEMA TO-

KOB Hy!'IeBOI‘fl nocnepoBate/sibHOCTU — CUMMETPUYHAA, HO He-1
YPaBHOBELUEHHAA.

MyTeM npocTbix MpPeo6pasoBaHUil (pasHble BeNUYUHBI MO-

XXHO BbIPa3nTb Yepe3 CUMMETPUYHbIE COCTaBAAKOLWME MPOMU3-
BONbHON (pa3sbl:

FA- FAL-*~F A2 + AAO"
Fb~ Fb, Fbi'brFm ~02Fax+ aFa2'bFao (6.80)

Feci+ Fa + FCO—afF fl+ o2p ay+ F RO

1, Ha060pOT, CUMMETPUYHbIE COCTaBAAOLME 3TON (hasbl yepes
(ha3Hble BENNUUHBI:

PAL=\ {PA+ aPB+ a*Pc\
FAI=\{FA+ a*FB+ aFog> (6.81)

FAO~- ~T [FA“bFB Fc)e

Te xe YPaBHEHNA B ManI/ILIHOI\/’I qaopme 3aNMCbIBAKDOTCA TakK:-

Fa 111 Fwm
EB = a2a 1°- F a, (682)
Fc a a2 1 f a*
F oo 1 ad2

1 L]
Faz = 3 1 a2 a Fs (6.83)
F ao 111 Fc

nnn
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(6.84)
A-1

D

rae A—coto3Haa matpuua K matpuue A, D —[eTepMUHAHT
matpuubl A.

HopmanbHbIn pexum paboTbl M TpexdpasHoe K3 xapakTe-
PU3YKOTCA TEM, YTO HampsHXKeHWe M TOK MMET TONbKO COCTaB-
nalowWwme nNpamMo nocnefoBatefibHOCTW. W3 (DU3NKKM SBNEHWIA
cnegyet, 4TO efuMHCTBEHHOW JAC B reHepaTope MNpuM HECUM-
METPUYHLIX pexmmax asngetcad SLAC npamoi nocnepfoBaTesb-
HOCTW, 06YCNOBNEHHAA €ro TOKOM BO36YXAEHMA W BpalleHuem
poTtopa.

dopTeckbio BbiCKa3an fABa BaXHbIX MONOXEHUS:

a) B CUMMETPUYHBIX LENSaX TOKU M HanpsXeHUs pasfINYHbIX
nocnefoBsaTeNbHOCTe He B3aMMOfEWCTBYHOT APYr C LPYTOM;

6) KaX[Abli 3/IEMEHT LEenM OKa3biBaeT CBOE OMpefeseHHoe
CONPOTMBNEHNE MPOXOXAEHUIO TOKOB pas3/IM4YHbIX MOCAeA0Ba-
TeNbHOCTEW, T.e. B OOWEM C/y4yae KaxXAbliA 31EeMEHT Lenu
MMeeT pas3fIMyHbIE COMPOTMBAEHMS NPAMONA, o06paTHO W Hyne-
BOW MocneAoBaTeNbHOCTEN.

MeTO4 CMMMETPUYHbLIX COCTAaBAAKLWMX NOMy4Ynn Bceobuyee
NMPU3HaHWe KakK MPOCTOM, HArfAfHbIA WU HafeXHbll MeTof Mnpw
pacyeTax NHOObIX HECUMMETPUUYHBIX PEXUMOB.

OCHOBHbIe COOTHOLUEHUA MPU HeCUMMETPUYHBLIX K3. Hecuwm-
meTpuyHoe K3 paccumTbiBatoT AN ocoboin dhasbl. Mog ocoboit
thasoii noHMMaloT (hasy, HaXOAALLYHOCA B OCOObIX YCNOBUAX MO
OTHOLLUEHUID K Apyrum dpasam. lMpu BCeX HECUMMETPMUHbIX K3
Takad ¢pasa CyLlecTBYerT.

LNd yMeHbLIEHMNS 4Ynucia HEW3BECTHLIX W BHECEHMA onpeje-
NEHHOCTN B TpPaHM4HbIE YCMOBMA HecuMmeTpudHoe K3 npegno-
naraeTcsi MPOUCXOAAULMM Ha OTBETBAEHWU B MeCTe PeanbHOro
KOPOTKOrO 3aMblKaHWsA, MPUYEM COMPOTWMBEHWE MNPOBOAHUKOB
OTBETBMIEHUS paBHO Hyn0. [pu pacyeTax HECMMMETPUYHBIX
K3 HeoOXOLMMO OMpefennTb LUeCTb BEUYUH: TPU CUMMETPUY-
Hble COCTaBAfAlOWME TOKA U TPU CMMMETPUYHbIE COCTaB/ANO-
Wue HanpsxeHUs ocoboin assl. CnefoBaTeNbHO, JOMKHO 6biTh
COCTaBMEHO LWIECTb HE3aBUCWUMbIX YPaBHEHWI, OMMCbIBAIOLWUNX
PEXWUM KOPOTKOTro 3amblkaHWf. HesaBucmmo oT Bupa K3 Tpwu
ypaBHEHUA MO/ydaoTCqs B COOTBETCTBUM CO BTOPbLIM 3aKOHOM
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Kupxrotha gnsa cxem OTAeNbHbIX NOCMejoBaTeNbHOCTeN; Hepo-
CTaloliMe TPU ypaBHEHMUA HaxofAT, UCXOAA U3 TPAHUYHbLIX yC-
NOBUIA Npwn gaHHOM Buge K3. Mo HalAeHHbIM 3HAYEHUAM CUM-
METPUYHbIX COCTaBAAlWMX 0coboi (hasbl HaxoaaT pasHble
3HauYeHMA TOKOB W HanpsXeHWin Bcex (as.

PaccMOoTpMM CcHayana OCHOBHble COOTHOLUEHMA MPU OfHO-
thasHom K3 (puc. 6.17,a), npumHumas a3y A 3a 0cobyto.

Ona ocoboil hasbl B COOTBETCTBMM CO BTOPbIM 3aKOHOM
Kupxroga nmeem:

UKM - //'&11 *12»
h a2 "KA2 X22> (6.85)
Mo = 0 =1L noxgps
A-
< n A
£- noo .
C~
hl Il bl | i\
r jhe
9 Jb

Puc. 6.17. PacuyeTHble CXeMbl MPU HECUMMETPUUYHbIX K3:
a —ogHodasHoe K.3; 6 — aByxdpasHoe K3; B — aByxdasHoe K3 Ha 3emnio

paHWuHbIEe ycnosua Ansa opHogasHoro K3

! o

KB = ~,
(6.86)

Cuctembl ypaBHeHuit (6.85) »n (6.86) HenocpeACTBEHHO He
MOryT OblTb pelleHbl COBMECTHO, TaK Kak MnepBasg COAEPXMWT
CMMMETPUYHbIE COCTaB/AIOLWIME, & BTOPAsA — MOJIHbIE 3HAYeHWH.
OfHaKo cucTema YpaBHEHWI, ONUCHIBAKOWMWX TFPaHUYHbIEe YcC-
nosusa, ¢ ydyetom (6.80) u (6.81) no3BonfeTr nONy4YUTb Hepo-
cTaloLliMe TP ypaBHEHMUA A4NF CUMMETPUYHbLIX COCTaBMAIOLMX.
Tak, yumTblBas rpaHuU4Hble ycnosus, B cooTseTcTBun ¢ (6.81)
nonyyaem:
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LKLY - 6-87>

Oanee n3 (6.85) n (6.86) ¢ yuetom (6.80) u (6.87) nony-
yaem:

AkNl+ UcA2 + "kAO ~ UKA— 0 = Eab jIRAL (*Is+ *22+ =02)»

0TKYyAa

/ - n . (6.88)
K / (*12 + *2S + X0l)

Hanpsaxenns UKA2 n £/kao HaxogaT no ,(6.85). HakoHey, u3
(6.80) n (6.86) nonyuum:

UKM = - (U~ + UcAo)- (6.89)

Mpwn gsByxgasHom K3 {puc. 6.17,6) rpaHuUYHble yCcnoBusa gpy-
rme:

Ka - 0;
NBBL NG (6.90)
"KB » " KC-

Cunctema TOKOB 3fecb YypaBHOBelweHHad, noatomy /ko= 0.
Torpa

>n="«m + ‘Al = 0- (6.91)
oTKyga /KAl=—--1nA2-
LOanee n3 (6.80) nmeem:
KB~ °27"kAl "b a”KkA2 "b "kJ1IO = "kC = K\ KN2 "b "kJ1O*
oTclofa
{dP—a)ukdl = (@*— a)n kA
W, CNefoBaTeNnbHO,
= "Kn2- (6-92)
C yuyeTom (6.85) 3TO MOXHO NpPeACTaBUTb Tak:
~N2 i"KAI X12 = NKN2 *22 = ~AkA1 X2X>
0TKyfna
~AN2
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Mpu geyxdpasHom K3 Ha 3emnto ‘(puc. 6.17,a) rpaHWYHbIe
ycnosusa cnejyroliue:

K n=0;
VKB= °; (6.94)

N3 (6.94) c yuyeTom (6.80) nonyumm:

UKA = UKA2 (6.95)
Oanee
UkB ~ a*YuAl “b a”kA2 + "kJ1O “ + a)U*Al "b "kAO ~
~ NI "b™WIO =
oTKyfja
KAO = UrAl ~ YuA2" (6.96)
Mcnonb3ya 310 cooTHoOwWweHne n (6.85), Haxoaum:
/ _ —0—1 A-1 L/ B _
1kl — U ~ /11 « "kN2 1 110 =
/w*12
oW /1 L_ 'V
KA\ /*12 12 /02 17
oTKyfna
” Ns(/*22 1/%02), (6>97)
K /*12 “b /*22 1| /*02
N, HaKoHel,
/= A (6.98)

/ (¥12 + *22 1*02)
KomnnekcHble cxembl 3ameweHus. Kak BMAHO, npu NH060M
BMUe KOPOTKOr0 3aMblKaHWA CrpaBef/iIuBO COOTHOLLUEHUE

'Si" ~ 1 («,B~+»rl '
npuyem [JONOJIHUTENIbHOE COMPOTMBAIEHME Xjf* Mpu pasnuyHbLIX
Bugax K3 pasnnyHo

~ X2E ~OE’
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42 BJr*,
~ X2X II X02"

N3 dopmynbl (6.99) cnefgyetr npaBuNo 3KBUBANEHTHOCTMU
NPsMOI nocnefoBaTebHOCTW: TOK MPAMOI MOCnefoBaTeflbHO-
CTU Npu N060M HeCMMMETPUYHOM K3 MOXHO onpegenuTb Kak
TOK npu TpexdasHom K3 B TOouke, yfaNeHHON OT feACTBUTENb-
HOM TOYkM K3 Ha HeKkOoTOpoe LOMOJIHUTENbHOE COMPOTMBIEHUE

3aBucALLee OT pe3ynbTMPYIOLLMX COMPOTUBAEHMI 06pat-
HON W HyneBOil MOCneAOBaTeNIbHOCTEN OTHOCUTENbHO paccmat-
pusaemoro mecrta K3.

UM UL
*M
oo S\
um UA
K? 0
hhl
1o}
Kn o
a)

Punc, 6.18. KomnnekcHble CXeMbl 3aMelLeHUs:

a —npu ofHohasHoM K3; 6 —npu pgByxcasHom K3; B —npu fByxdasHom K3 Ha
3emMnto

Ona pasnnMyHbIX BUAOB HECUMMETPUUHbIX K3 MOXHO cO-
CTAaBUTb'HArNA4HbIE KOMM/IEKCHbIE CXEMbl 3aMelleHus, U3 Ko-
TOPbIX JIEFTKO MONYYUTb COOTHOLUEHUS MEXAY CUMMETPUYHBLIMU
COCTaBMAOLWMMN TOKOB W HanpsxeHWin. Takue cxembl MoOKasa-
Hbol Ha pwuc. 6.18. Ha Hux 6ykBoii H 0603HayeHbl Hayana, a
6ykBOW K — KOHLbl CXeM OTAeNbHbIX MOCAef0BaTe/IbHOCTER*
CnegyeT OTMETUTb, YTO HANPsXeHWA OTAENbHbIX MOCNefOoBa-
TeNbHOCTEW B KaKOW-NMBO TOYKE MCXOLHOM CXEMbl [OJ/KHbI Ha
KOMMMIEKCHOW CXeMe OnpefenaTbCid OTHOCUTENbHO Hayana cxe-
Mbl COOTBETCTBYIOLLE MOCNELOBaTENIbHOCTH.

BekTopHble guarpammbl. Mpu no6oMm HecummeTpuyHom K3
HeTPYAHO MOCTPOUTL BEKTOPHbIE gMarpamMMbl TOKOB WM Hanps-
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XEHUI B MPOW3BOMLHON TOYKE paccMaTpuMBaeMOM CXEMbl, MC-
nofb3ys BeKTOPHble guarpammbl and mecta K3. Ha pwuc. 6.19
B KayecTBe npumepa nokasaHa BEKTOpPHaf fuarpamMma Hanpsf-
XEHWIA N TOKOB B MecTe ogHohasHoro K3. Mpwm noctpoeHuun
BEKTOPHbIX AMarpaMm TOKOB W HanpsXeHWn Ang Apyrux yua-
CTKOB CeTW CcnefyeT MMeTb B BUAY TpW 06CTOATENbCTBA:
1) HanpsXeHWe NpAMON MOCNeLOBaTeNIbHOCTU WMeeT Hal

MeHblUee 3HayeHue B MecTe K3 1 nosbiwaeTca npu npubnmxe-

- UAL
0204 UM

Puc. 6.19. BekTopHas aguarpamma HanpsbkeHuii (a) u TokoB (6) npu ogHo-
hasHom K3

HAM K MCTOYHMWKY, a HanpsXXeHWs o6paTHOM W HyneBOil mocne-
[OBAaTe/IbHOCTU, HAobOpPOT, MMEKT Haumbo/nbLme M0 MOAYNH
3HayeHna B MmecTe K3 ¥ ymeHbwawTCa Npu NPUBIMXKEHUN K
NCTOYHWUKY;

2) npu nepexofje yepes TpaHcdopmatop (CO CTOPOHbI 06-
MOTkM BH Ha cTopoHy o6mMoTKM HH) cucTeMbl BEKTOPOB nps-
MO/ 1 06paTHOM MocnefoBaTe/NbHOCTE MOBOPAYMBaKOTCA COOT-
BETCTBEHHO MO 4acOBOW W MPOTMB YacOBOW CTPesKM OTHOCK-
TeIbHO WX MNON0XeHus B MecTe K3, npuyem yron nosopoTa
3aBUCUT OT TPYMMbl COEAUHEHUS TpaHcdopmaTopa;

3) 06MOTKM TpaHCcOpPMaTOPOB, COEAMHEHHbIE B TPeyrosb-
HWK, OrpaHnymnBalOT 06/1aCTb NPOXOXAEHWS TOKOB HYy/eBOl Mo-
CnefoBaTeNbHOCTU MO CeTW; B KOMMJIEKCHbIX CXeMax 3ameLlye-
HUA OHM ABAAKOTCA HayasOM CXeMbl HYNeBOW MmocnefoBaTeNb-
HOCTW.

Ha puc. 6.20 gaHbl 3nopbl HaNpPsXXeHWA OTAENbHbIX MOCcne-
40BaTeNbHOCTEA Mpu pasnnuHbix Bugax K3 B KOHUE AMHUM.

[MapamMeTpbl 3/1EMEHTOB 3HEProcUcTeM /i1 TOKOB OTAeSib-
HbIX MOC/MeA0BaTeNbHOCTEN. [Py CUMMETPUYHBIX pPeEXMMax W
npu TpexdasHbix K3 BCe 3n1eMeHTbl 3HEepProcucTemM npeacTabns-
IOTCA B CXEMax 3aMelleHWs CBOMMMW COMPOTWMBAEHUAMW MNPAMOIA
nocnegosatenbHOCTU. pn HecuMMeTpuUHbIX K3 M Hecummet-
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PUYHBIX pPeXMMax HeoBX0AMMO TaKXe YyYMTbiBaTb COMPOTMBAE-
HUS 06paTHOW WM HyneBOW MNOC/AeLOBaTE/IbHOCTE 3/1EMEHTOB,
Y cTaTMYecKMX 3N1eMeHTOB 6e3 MarHUTHOI CBA3N MexAay (asa-
MW COMPOTWMBMEHMA BCeX MOCMe[0BAaTENbHOCTEN paBHbl APYT
Apyry

voo W= IT— 0 zj— z2— Z0

Y CcTaTU4YecKMx 3MeMEHTOB C MarHUTHON CBA3bIO Mexfay ¢a-
3aMu  (Hanpumep, NMHUKU 3nekTponepegayn) CONPOTUBAEHUSA
nNpsAMO 1 06paTHOW nocnefoBaTeNbHOCTEN paBHbl APYT APY-
ry, O4HaKO OHW He paBHbl COMPOTMB/IEHWUIO HYNeBOW MOCNefo-
BaTe/IbHOCTM W MOTYT OTAMYaTbCA OT HEro B HECKO/bKO pas.

Puc. 6.20. N3meHeHMe Ha-
npsaXKeHn OTAEeNbHbIX
nocnegoBaTenbHOCTE npu
pasnMyHbIX Bugax K3:
a —noAcHAloWas cxema;, 6 —
nByxcgasHoe K3? B —pfByX-
(hasHoe K3 Ha 3emnwo; r—*
ofHo(hasHoe K3

PaccMOTpMM COMPOTUBNEHUA OTAeNbHbLIX MOC/Nef0BaTeNbHO-
CTeli XapakTepHbIX 3N1EMEHTOB 3HEProCUCTEM.

CVHXPOHHbIe MawKnHbl. ConpoTuBaeHne 06paTHON Mmocnego-
BaTe/IbHOCTM, CTPOrO roOBOPA, He fABMAETCA MapaMeTpoM Ma-
WMHbI, TaK KaK OHO 3aBUCMT OT BHeLlHe:l ceTu. Ha npakTumke
MCNOMNb3YeTCA HECKONbKO BbIpaXeHWW ANA OnpeAeneHus co-
npotueneHns obpaTHOM nocnegosatensHocTU. Tak, ANs Ma-
WKHbI 6e3 geMnepHbIX 06MOTOK:

NMpu Hey4yeTe HeYeTHbIX FapMOHMK TOKa cTatopa
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npu ydyeTe TpeTbeil rapMOHMKM TOKa cTaTopa

a, =-51wu
Rt R
npu ydeTe BCEro CMeKTpa HEYETHbIX FapMOHUK

ConpoTue/ieHne 06paTHOW MNOCNeA0BaTENbHOCTU MaWUH C
AemMncepHbIMM 06MOTKAMW OMpeaensieTcs no TeM e BbipaXxe-

HWAM, HO C 3aMEHOI Xa Ha Xa W X Ha XLU.
B nepBoM NpuOGAMXEHUN MHOrAa NPUHUMAOT. AN MaluWH
6e3 femndepHbix 06MOTOK x2=1,45 X'd\ NS MaWwuWH C Aemn-

thepHbIMM 0OMOTKamMu B 06emx ocAx potopa u gns TypboreHe-
patopoB a2«1,22 Xd. Ha npakTuke 4acTo uayT Ha elwe 6o0nee

rpyboe ynpolieHue W MPUHMMAOT And TypOOreHepaTtopoB U

MalWH C AeMngepHbIMM 0OMOTKaMU B 06EUX OCAX X2XKX,1.

ConpoTuBAEeHUe HYNeBON MNOCnej0oBaTeNIbHOCTA TeHepaTo-
POB MPaKTUYeCKN onpefensiercs TOMbKO MOTOKaMW pacceaHus
CTaTOPHOW OOGMOTKM OT TOKOB HY/NeBO MOCNef0BaTE/IbHOCTM U
MO3TOMY CYLLECTBEHHO 3aBUCUT OT TUNa O0OMOTKM, KONebnsach
B Wwnpokux npegenax: moga (0,15-—0,6) Xj.

ACVHXPOHHble gBuratenu. ConpoTueneHue o6paTtHoOl nocne-
L40BaTeNbHOCTM aCUHXPOHHOIO ABWraTens ecTb €ro COMpPOTMB-
NeHue npu CKONbXeHuu (2—s). MNoatomy

2= *2-.-» N “ o Ak-

ConpoTuBNeHWEe HYyNeBOW MNOCNeAoBaTe/NIbHOCTU OMpejens-
eTCA MOTOKaMy paccefsHMs CTaTOPHOW O6MOTKW, MO3TOMY CY-
LLeCTBEHHO 3aBMCUT OT TMMa OO6MOTKM WM MeHAeTCcs Yy PasHbIX
MalWMH B LWMPOKMX npegenax. Mpun HeobxogumocTn OHO 6Ge-
peTcs NO MacnopTHbIM faHHbIM 3aBOAOB-U3TOTOBUTENEN UM
onpefenseTcs 3KCMepuMeHTanbHO.

CunoBble TpaHcdopmatopbl. Y TpaHcoOpmMaTopoB x2— Xi.

ConpoTuBAEHWE HYNEBO MNOCNeAoBaTeNbHOCTU TpaHcgop-
MaTOPOB 3aBUCUT OT WX KOHCTPYyKUMWM (OAHOGa3HbIA, Tpex-
(ha3HbIl TPexcTepXHeBON, TpexdhasHbIi YeTbiPeXCTepXHEBOM,
TpexdasHbllii MATUCTEPXHEBON U T.[.) U OT CXEMbl COEJUHEHUS
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0OMOTOK (TpeyrofibHWK, 3Be3fia C 3a3eMNeHHON HeiTpansio,
3Be3fa C He3a3eM/IeHHOI HeliTpanbto). ConpoTMBEHWE HYyJe-
BOW NoOCNef0BaTe/lbHOCTM TpaHCOPMAaTOpPOB CO CTOPOHbI 06*
MOTKMW, COEAWHEHHON B TPeyronbHWK WAU B 3Be3[y C He3a3eM-
NEHHON HelTpanbto, #0=00.

Puc. 6.21. Cxembl coegnHeHWss O0O6MOTOK TpaHCOPMaTOpPOB W CXEMbl 3ame»
LeHns TpaHCcgOpMaTopoB ANA TOKOB HYNeBOW nocnefoBaTeNbHOCTU o
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ConpoTueieHne HyneBoi nocnefoBaTeNbHOCTU TpaHCGOp-
MaTOpPOB CO CTOPOHbl OOMOTKW, COEAVUHEHHON B 3BE34Y C 3a3eM-
NEeHHOW HelTpanblo, 3aBUCUT OT CXEMbl COEAUHEHUA JPYTMX 06-
MOTOK W OT Haiuyug B LUENAX 3TUX OOMOTOK KOHTYpPOB ANf
NMPOXOX/AEHNA TOKOB HYNEeBO nocnegosaTensHocTu (puc. 6.21).
MokasaHHOe Ha cxemax puc. 6.21, a—B CONpOTUB/EHUE -0
3aBUCUT OT KOHCTPYKUMWU TpaHcdopmatopa. Y ofHO(A3HbIX U
TpexdasHbIX YeTbipex- W NATUCTEPXHEBbIX TpaHC(OPMaTOpPOB
*N0=°0; Yy TpexdasHbiX TPEXCTEPXHEBbIX TpaHcopmaTopos
*no=(0,3—Ijx"i, ogHako B pacuyetax TOKOoB K3 06bl4HO MO-
naratoT, YrO XyO-"oo.

Cxema 3aMelleHWs HyneBOoi NOCNe[0BaTe/IbHOCTW aBTO-
TpaHchopmMaTOPOB C 3a3eMEHHOW Harnyxo HenTpanbto (06bIY-
HOe pelleHMe LS 3Heprocuctem) nogobHa cxeme 3aMeLLeHUs
HyneBoli MNOCNEf0BATENbHOCTU aHANOTUYHBLIX NO YUCNY U CXe-
Me CcOoefjHeHUd 0OMOTOK TpaHCOpMaTopoB.

PeakTopbl. Y 6eTOHHbIX peakTopoB 6—10 kB x2=Xi=Xo.

Ona macnaHbix peaktopos 35—220 kB wn3-3a OTHOCUTESb-
HO cnaboli marHUTHOI cBA3KM Mexfgy obMmoTkamu ha3 mpu pac-
yeTax TOKOB K3 ynpouweHHO NPUHUMAIOT Te XE& COOTHOLLeHUd
MeXAy conpotmsneHuaMmu X\, x2 1 x0, 4To U ANA  6GETOHHbIX
peakTopoB. lMpu HeobxoAMMOCTM 60Mee TOUHbIX PacyeToB TO-
KoB K3 conpoTuMBNeHWs Hy/neBOW MOC/eA0BaTeNbHOCTM Macnf-
HblX peakTopos 6epyT Mo faHHbIM 3aBOSO0B-WU3rOTOBUTENEN UK
OnpefenatoT OMbITHbIM MYTEM.

Bo3aywWHble 3neKTpuyeckne NMHUU. L N7 BO3AYWHbIX AUHWIA
x\=x2. ConpoTuBaeHMe NpAMOLK NOCNELOBaTEbHOCTU SIMHUIA,
OM/KM, paBHO:

X ,-01451gi~ -, (6.100)
;%

roe Dcp—cpefjHee reoMeTpuyeckoe pacCTOfHWE MexAay npo-
BOAHMKaMW a3, M; raK— IKBMBANEHTHbLIA pagnMyc MPOBOAHM-
KOB pa3, Mm.

ConpoTuBfieHWe HYNeBOW  MOCNeA0BaTeNIbHOCTU  NINHWUIA,
OM/KM, pasHo:

x0= 0,435 (6.101)
“cp
rae D3—a3kBuBaneHTHas rnybuHa Bo3BpaTa TOKa 4vepe3 3eM-
o, M; Rcp— cpefjHuUii reOMeTpUYeckuiA pagmyc CMCTEMbl NpPoO-
BOAHMKOB Tpex a3 NuHum, Mm.
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Y TpexdpasHOW IMHUKU, MMEIOLWEed NO O4HOMY MPOBOAHWKY B

thase,

(6->02>
ConpoTuBfieHWe HYNeBON MNOCMeA0BaTeNbHOCTM JIMHWUIA CY-
LEeCTBEHHO 3aBUCUT OT HaNM4ug, Matepuana M CXeMbl MOAKNIO-
YeHWs rpo303alUTHLIX TPOCOB, a TakXe OT HaauMyus U napa-
METPOB APYIMX NMHWUIA 3NeKTpoMepefadyn, Maywmx no obuiein
Tpacce Ha 6AM3KOM paccTOAHWM APYT OT Apyra.
ConpoTuBieHne B3aMMOWHAYKLMN HYNeBOW mocnefoBaTesb-
HOCTWM nNuHUIA (uenein) | n 11, naywmx no obuiein Tpacce, onpe-
4enseTca Mo BbIPaXeHUto

*_,<> = 0.435IgW ~- (6.10 3)

rioe Di-n —cpefHee reoMeTpMyeckoe paccTofiHMe Mexay npo-
BOAHWKAMWU NUHWUIA (ueneid) 1 u Il.

Cpe,qule 3Ha4YeHUs OTHOWeHuA XWX\ And pasnnyYHbIX TU-
NOB BO3AYLWHbIX 3NEKTPUYECKNX NNHWIA NpuUBEAEHBI HUXE!

OAHOLEMHAA 0E3 TP 0 C O B .oreeeeuiriereieriieieresieiesesieieiesiesesesis sees eesesesessesesesneseseans 3,5
OfHouenHas €O CTalbHbIMW TpOCAMU  ..............
OpHouenHaa co cTaneantoMMHWEBLIMW TpocaMu.
ABYyXUEenHas 6€3 TP O COB e
AByxuenHas €O CTaNbHbIMW TPOCAMM ccoeernneee.
AByXxuenHas co CTaneaNtOMUHUEBBIMU TPOCAM U oo 3

KabGenbHble anekTpuyeckne nuHUKU. Ansa Kabeneh x2=xu

ConpoTusfiieHne Xi paccYMTbLIBAETCA MO TEM XE€ BblpaXeHu-
fIM, 4TO M X\ BO3AYLWIHbIX 3/1€KTPUYECKUX NIMHWUIA, uan GepeTca
no JaHHIM 3aBOLOB-U3rotosuteneii. CONPOTMBIEHNE HYNEBOW
nocnefoBaTenbHOCTM Kabenei 3aBUCUT OT paga pakTopos (Tun
kabens, cnoco6 ero mpoknagku, napameTpbl 060104kM Kabe-
Na W XapakTep ee 3a3em/eHWs, mapameTpbl 3a3emauTenein u
T.1n.). OpPUEHTUPOBOYHO MOXHO MNPUHUMATb (3,5—4,6)jci.

Mpu pacueTax 31eKTPUYUECKUX CeTeld C He3a3eMeHHbIMU
AN pPe30HaHCHO-3a3eM/IEHHbIMU HelTpanaMmu TpebyeTca Tak-
€ 3HaTb €MKOCTHble COMPOTMBAEHWS MPAMOIA W Hynesoin no-
cnepoBaTeNlbHOCTe KabenbHbIX  IMHUIA. OTU COMPOTUBMEHMUS
YKa3blBalOTCA 3aBOAOM-M3rOTOBMTENEM WM HaxoAaTca pac-
YEeTHbIM WAN 3KCMNEPMMEHTaNbHbIM MNyTeM.
14—516
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O6o06uieHHas Harpyska. ConpoTuMBneHWAs O06PaTHOW K Hy»
NeBO nocnefoBaTebHOCTEl 3aBMCAT OT 60/LLIOFO YnMcna hak-
TOpPOB (HOMEeHKfNaTypa, AONIEBON COCTaB UM XapakKTEPUCTUKU OT-
LeNbHbIX MOTpebuTenein, cxema 3MeKTPOCHAabXeHWA, yAaNieH-
HOCTb TOYKM K.3 1 T7.m.). Mpun OTCYyTCTBUM KaKMX-MOO AaHHbIX
0 XapakTepe W OTHOCMTE/IbHOM COCTaBe Harpy3ku MpuUHUMa-
IOT:

4YTO AOCTAaTOYHO CnpaBeA/uBO AN O06LENPOMbILINEHHOW Ha-
rpysku ¢ npeobnagaHvem cpean  31eKTPONMPUEMHWUKOB aCUH-
XPOHHbIX fABuUraTeneli. Yka3aHHOe COMPOTMB/IEHWE Harpysku
OTHECEHO K ee MOMHON MowHocTM (MB-A) u K cpegHemy Ha-
NPSXEHWIO TOM CTynmeHW HanpsXXeHWsd, rAe Harpyska npucoe-
OWHEHa K CeTw.

ConpoTusfieHne HYNeBOl NocfiefoBaTeNbHOCTN 0606LLEHHOIA
Harpy3kn OTHOCUTENIbHO KOHKPETHOrOo y3/na CeTW B 3HA4YUTe/lb-
HO CTeneHW oOMpejenseTcs mnapamMeTpamMyn nNuTaloWeid Ccetu u
0C06eHHO napameTpamMum W CXemMaMu COefuHEeHMin 06MOTOK nu-
TaloWwmx TpaHchopmMaTopos.

CocTaB/feHMe CXeM 3aMelleHWUs OTLeNbHbIX NOCiefoBaTefb-
HocTeidl. Mpu pacuyeTax TOKOB W HampsXeHWA nNpu HeCUMMET-
puuHbix K3 4acTo MCMONb3ylT PacCMOTPEHHbIE BbILIE KOM-
MAEKCHble CXeMbl 3aMelleHusA. BxopsliMe B HUX CXeMbl 3aMme-
WeHNs OTAEeNbHbIX MOCNe[0BaTeNIbHOCTE BKAtOYAOT B CebA
BCE 3/IEMEHTbI, MO KOTOPbIM NPV AAHHOM HeCcMMMeTpuyHoMm K3
MPOXOAAT TOKM COOTBETCTBYHOLWMX MOCAeAoBaTesbHOCTen. Cxe-
Mbl 3aMeLlLeHMd MpPAMONR' U 06paTHON MoOC/iefoBaTeNbHOCTEN
NMoYTM OfMHAKOBbI MO MapameTpaM 3/IEMEHTOB (MCKKOYEHUE
COCTaBMAKOT TOMbKO MapameTpbl TEeHepaTopoB W Harpysku),
Mo3ToMy B pacuyeTax TOKOB K3 B CeTu NpuHMMAIOT:

*22 ~ *12'

TokM HyneBol NOCNefOBaTeNbHOCTA WMEHT CPaBHUTENLHO
He6OMbLUYH 30HY MPOXOXAEHUSA MO CETW, OTPaHMYEHHYIO, B 4a-
CTHOCTW, 06MOTKamMu TpaHcPOpMaTopoB, COeJUHEHHbIMW B Tpe-
YyrofbHUK. 103TOMY CXeMbl 3aMelLleHUs Hy/neBOl MNocC/ief0Ba-
TENbHOCTWM 3HAYWTENbHO OTAMYaloTCas N0 KOHMurypaumu ot
CXeM 3amelleHns npsAMOA u 0BpaTHON NOCnef0BaTeIbHOCTEN.
Havanamu cxem 3amelieHUs MpsMOi u obpaTHOM nocnefoBa-
TenbHOCTeW, 0603HavaembiMn Hi v H2, ABnAOTCA HedTpanu re-
HEPUPYIOLNX UCTOYHMKOB U Harpy3ku; KOHLaMK cxem, 0603Ha-
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yaembiMin Ki n /@, sgnsetca Touka K3. Hayanom cxembl Hyne-
BO/ nocnegoBatenbHoCTM HO ABNfAeTcA TO4UKa C HYNEBbIM
noTeHumanom, a KoHLoM Ko—T1ouka K3.

BBugy TOro, 4to TOKW HYNeBOW MNOCNeA0BaTENbHOCTM NpW
K3 npoxogAaT yepe3 3eM/l0 U TOK B HeMTpanax 3jemMeHTOB pa-
BEH YTPOEHHOMY TOKY HY/JeBOW nocnefoBaTenbHOCTU a3, CO-

KS:

a —ucxopgHaa cxema, 6 —KOoMNaeKcHas cxema 3aMelleHund

MPOTUBAEHUNSA, BKAKOUEHHbIE B HEATPaNM 3TUX 31EMEHTOB, BBO-
4ATCA B CXEMY 3aMeLLeHMsd HyneBOl MNOCMeA0BaTE/IbHOCTM yT-
POEHHbLIMW 3HAYEHUAMMU.

Cxembl 3amelleHUs NpPAMON u obpaTHOW nocnefoBaTefibHO-
CTel, BK/KOYalLMe BCe 3/IEMEHTbl CeTW, COCTaBAAOTCA O6bIY-
HbiM nyTem (cM. § 6.3). Cxembl 3aMelleHMs HyneBOW mnocne-
L40BaTeNIbHOCTU, UMEKLNE «YKOPOUEHHbIN» BUA MO OTHOLUEHUIO
K MOMHOM CXeMe CeTW, PeKOMEeH[yeTCA COCTaBAATb, HayMHag oT
Toukn K3. lpu 3tom B CXeMy ChefyeT BK/IHOYaTb TOMbKO Te
3NeMEHTbI, MO KOTOPbIM MOTYT MPOXOAUTL TOkUM K3, Bbl3BaH-
Hble HanpsxeHuem Cko (T.e. HanpsXeHUEM, NPUMOXKEHHBLIM Ha
14*
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oTBeTB/IeHUU B MecTe K3). lNMpumep cocTaBfeHUA KOMMeKc-
HO cxeMmbl 3amelleHns npu ogHodpasHoM K3 gaH Ha pwuc. 6.22.

MeToauka pacyeta HecMMMeTpUUHbIX K3. Tpum pacuerax
HeCUMMETPUYHbLIX K3:

a) COCTaBNAKOT CXeMbl 3aMeleHUa OTAe/nbHbIX NocfefoBa-
TeNbHOCTE;

6) paccymMTbiBalOT NMapameTpbl BXOAALWMX B CXEMbl 3/1EMEH-
TOB W YKa3blBAalOT WX 3HAYEHUA Ha CXEMax 3aMeLleHus;

B) HaxofAT pe3ynbTUpPYyOLWMe CONPOTUBAEHUA OTAENbHbIX
nocnefoBaTe/lbHOCTE OTHOCMTENbHO TOukM K3 u pesynbTupy-
towyto IA4C npamoii mocnefoBaTe/lbHOCTM OTHOCUTENLHO TOWA
Xe TOYKM,;

r) B COOTBETCTBMM C KOMMIEKCHON CXEMOW 3aMeLlieHus Ans
KOHKpeTHOro Buga K3 onpegenswT TOK MNpsaMolii nocneposa-
TeNbHOCTW, & 3aTeM TOK 06paTHOW W HyneBOW nocnefoBaTeNb-
HOCTEe, a TaKXe HamnpsXXeHWs BCeX MOCMefOBaTeNIbHOCTEN B
mecte K3;

4) pacnpefendtoT TOKA W HAMPAXeHWUd OTAeNbHbIX Mochne-
AOBaTE/IbHOCTE MO CETW, HauMHasg OT TOoukM K3;

e) ONpefenstOT 3HAYEHMUA MOJSIHbIX TOKOB U HanpsXeHUi a3
B mecte K3 1 B MHTepecyrOWw X BETBAX M TOYKaX CETU, YUUTHI-

Bas MpW 3TOM CXEeMbl W FPYMNMbl COEANHEHUS OGMOTOK CUJ/IOBbIX
TpaHchopMaToOpOB.

6.8. HECUMMETPWUYHBIE PEXWMbl 1N CMIOXHbIE BUAbI
MOBPEXAEHUW

PaccMOTpUM XapakKTepHble HECUMMETPUYHbLIE PEXUMBbI, CBA-
3aHHble C MPOAONLHON HecummeTpueidn (06PLIBOM OJHOW WUAK
ABYyX has). MeToagmka pacyeta NPOAOSIbHOW HECMMMETPUN aHa-
NOTMYHa METOAMKe pacyeTa MoMepeyHol HecUMMETPUM (HeCUM-
meTpuyHble K3). Ha ocHoBaHuMM BTOporo 3akoHa Kupxrodga
4Na 0co60l hasbl 3aMUCLIBAIOT YpPaBHEHUS MajeHWid Hanpsxe-
HWA OTAENbHbIX MOCMEAOBATE/IbHOCTEA B MeCTe paspblBa:

(6.104)
arn2 =° - W M2 (6.105)
AUlaoc-0 -W m o . %/106)

Tne ZLliz, Z122, Zio2— cymMMapHble COMPOTUBNEHUA OT[AESb-
HbIX NOCNef0BaTeNbHOCTEN OTHOCMTE/IbHO MeCTa pa3pbiBa.
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Tpu HefoCTalOWMX YPaBHEHMUSA 3aMuCbiBalOT Ha OCHOBAHWUM
TPaHNYHbIX YCNOBUIA.

O6pbiB 0ofHON (pa3bl. MpuHaB a3y A 3a 0cobyto, BKIHO-
4YMM B Hee B MecTe pa3pbiBa COMPOTUBIEHUE 0 W 3anuLem

rpaHu4Hble ycnosua (puc. 6.23):

= (6-107)
&ULB = 0 (6.108)
AULc = 0. (6.109)

Puc. 6.23. O6pbIiB 0AHON hasbl:
a —unCXofHas CXema; 6 —KOMMeKCHas cxema 3aMelyeHus

OHKM nossonqawT noy4ynTb [AONOSITHUTENNbHbIE YPaBHEHWUA,
CBA3blBalOWNE CUMMETPUYHbIE COCTaBNAKLWNE TOKOB W Napfe-
HWIA HalMpaXeHn4. PeweHne cucTembl M3 LIECTU ypaBHeHVII7I ha-
eT cnegyrouimne COOTHOLUEHNA!

/., = A : (6.110)
Zz.15+ Zi22 1
1Ay "b LAz “t" ALao ~ (6.111)
W 1ai = AUla2- =-f " LA (6 J1»2)

YKa3aHHbIM COOTHOLUEHMAM COOTBETCTBYET KOMMAEKCHAf
CXema 3amelleHus, NpuBefeHHas Ha puc. 6.23,6.

O6pblB aBYX pa3. MNMpuHAB ha3y A 3a 0COBYO U BK/IHOUUB
B pasbl B 1 C CONPOTUBNEHUA Zb= Z c=Z-*-00, MONYYUM CU-
CTEMY YypaBHEHWi, BblpaxalLW,MX TrpaHUYHble ycnosua /puc.
6.24, a):
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W 1a = 0; (6.113)
W 1b™ZJiw (6.114)
W 1c™ | ' le- (6.115)

COBMECTHOE pelleHMe CUCTeMbl U3 LUECTU YPaBHEHMWIA
(6.104) — (6.106), a TakXe YypaBHEHWI, MONYYEHHbIX W3
{6.113) — (6.115), paeT chefytouiMe COOTHOLUEHUS:

LAI tar lao— 5 /LAl (6.116)

6.117
AL 21X+ Z12 + Zhos (6.117)

ALAI + A~ LA+ A LAO® (6.118)

Puc. 6.24. O6pbiB ABYX has:

a — ucxofHaa cxema; 6 — komm-»
NeKcHada cXxema 3amelleHnsd

3TMM COOTHOLLUEHUAM COOTBETCTBYET KOMMJIEKCHas CXema
3aMellleHnd, nNpeAcTasneHHas Ha puc. 6.24, 6.

CnoxHble BULbI NOBPeXAeHWA. K CNOXHbIM BMAaM MOBPeX-
OEHUA OTHOCATCA OfHOBpeMeHHble K3 1 06pbiBbl (a3 B pasnumu-
HbIX TOuKax ceTu. lNpu pacyeTe CMOXHbLIX BUAOB MOBPEXAEHU
MOTYT ObITb WMCMOMAb30BaHbl KOMMJ/EKCHbIE CXEeMbl 3aMelleHus
C MPOMEXYTOYHLIMW TpaHcopmaTopamMmn, W3BECTHble MeETOAb
pacyeta aKTUBHbLIX MHOIOMOMAKOCHWKOB W MPUHLUMN HANOXEHUS.

PacueT CNOXHbIX BMAOB MOBPEeXAEHUI KakK NOMepeyHOW, Tak
M NPOAONbHON HECUMMETpPUMK LenecoobpasHO MPOBOAUTL C UC-
Mosb30BaHMEM KOMMIEKCHBIX CXeM 3amelieHusa. pu  3ToM
Hayana W KOHLbl CXeM OTAe/fbHbIX MNOCNeAOBaTeNbHOCTEW MO
KaKoMy-Mbo MecTy HEeCUMMETPUWU COEJUHAKOT B COOTBETCTBUMU
C FPaHNYHBLIMW YCNOBUAMM HEMOCPEACTBEHHO, @ NO APYrUM Me-
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CTaM HecUMMETpPUWM — 4Yepe3  MNPOMEXYTOUHble  WAeasibHble
TpaHchopmaTopbl ¢ geicTBUTeNbHbBIMM UenbiMn (1:1) wnam o
KoMmnnekcHbiMu (1:a; 1l:a2) koatpdpmumeHTamu TpaHcopmayun.

Ecnn ocobas ¢haza BO BCeX MecTax HeCUMMETPUM OfHa U
Ta Xe, To TpebywTca TpaHcopmaTtopbl C KO3IUUMEHTOM
TpaHcgopmauum 1:1; B NPOTUBHOM CNy4yae He06XoLMMO Npu-
HATb 0CO6YI (pasy B O4HOM MeCTe HeCUMMETPUM 33 OCHOBHYIO
M MPUBECTM K HEN rpaHuYHble YCNOBUA LPYTUX MeCT HeCUMMeT-

Tw .
*>NQ¢ Lo~ V kS |
AVo /f/\ 0" K L'ip
L ------ ¥ ikai
-oH  Lz°~ L L-owr Lzo—---
Kro L20- . AND 1820-——J V —
Lo 11
-oHo LoD - Lo/t WR{— -
KoQ LgO— L'n
Puc. 6.25. KomnnekcHas cxema 3a- Puc. 6.26. KomnnekcHaa cxema 3a-
MelleHUs AnA  chyvas ofHOodasHo- MelleHns Ans cnydas ojHocpasHoro
ro K3 ¢asbsl A n obpbiBa TOl >xe K3 chasbl A 1 obpbiBa chasel B
asbl

puM C NOMOLLbI WMAeanbHbIX TPaHCOPMATOPOB C KOMMN/EKC-
HbIMW KOa(ppuumeHTamyu TpaHcgopmauun l:a wam l:a2 Mpu-
Mep KOMMJIEKCHOW CXeMbl 3aMeleHns ang cnyyas ogHodasHo-
ro K3 dhasbl A n o6pbiBa TON Xxe (ha3bl gaH Ha puc. 6.25, a
ofHoasHoro K3 chasbl A 1 o6pbiBa (pasbl B — Ha puc. 6.26,

CnefyeT OTMETUTb, YTO MPU Nepexofe OT CUCTEMbl KOOPAM-
HaT 1, 2, 0 kK gpyrum cuctemam (Hanpumep, a, p, 0) ypaetcs
MONMYyYNTb KOMMEKCHbIE CXeMbl 3aMELLEeHMNA, B KOTOPbIX MpPOMe-
XYTOUHbIE TPaHCOPMaTopbl UMEIT TONbKO [eliCTBUTE/bHbIE
(uenble 1 Apo6HbIE) KOI(PPMUMEHTHI TpaHChopMaynmn; 3To No3-
BOJIET NErko BOCMPOWM3BECTU TaKMe CXEMbl HA PACUYETHbLIX MO-
genax. Mpu npumeHeHun 3BM TpyfHOCTM pacyeTa CXeM C
KOMMJIEKCHbIMW Ko3hbhuLmMeHTaMyu TpaHcopmaLmum TpaHcdop-
MaTOpOB OTMNAafaoT.
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6.9. OJHO®PA3HbLIE 3AMbIKAHWA HA 3EMJIIO B CUCTEMAX C
HE3A3EMJIEHHBIMU HEWTPANIAMU

Mpn ofHOMA3HbLIX 3aMblKaHMAX Ha 3eMI0 B CUCTEMAX C
He3a3eMNeHHbIMW HeWTpansMn B MeCTe 3aMblKaHUA BO3HMWKa-
0T TO/IbKO €MKOCTHble TOKMW, 06YC/NOBMIEHHble eMKOCTb (a3
OTHOCUTE/IbHO 3eMJIN.

PacnpefeneHne TOKOB B C/iyyae 3aMblKaHUA Ha 3eMn0 a-
3bl A faHO Ha puc. 6.27.

1CA=-(1'CB+100)

JHILtH T
J lB Puc. 6.27. PacnpepeneHue ToO-

KOB MNPV 3aMblKaHUW Ha 3eMto
OfHOW hasbl

Mpy 3amblKaHWW Ha 3eM/0 OAHOW pa3bl MPOUCXOAWUT CMe-
WeHMe HenTpanu WCTOYHWMKA, Ha HelTpanu nosBnseTcs pas-
HOe HanpaXeHWe, a HanpsXeHWA HenoBpexXAeHHbIX (a3 yBe-
NMYMBalOTCA B Mpefenie A0 NIMHelHoro, T.e. B 1,73 pasa; nu-
HeliHble HanpPAXeHWs ocTalTcs 6e3 U3MeHeHus.

BekTOpHble fuarpaMmbl HanpsXXeHWN U eMKOCTHbIX TOKOB
B MpPeALUIEeCTBYIOWEM pexXunme W MpU 3aMblKaHUMW Ha 3eMNt0
(hasbl A faHbl COOTBETCTBEHHO Ha puc. 6.28, a 5 6,

B npepLlwecTByOLLEM peXume

Mpun 3ambikaHWMW Ha 3eM/Il0 OAHOIM (dasbl COrMacHO  puc.
6.28, 6 NMeeM:
fce = Y 3umq@iiC; lcc .=y 3u ac,
rca = 3£/¢coC = £/p3coC.
Takmm 06pa3om, TOK B MeCTe 3aMblKaHWA Ha 3eM/IK0 paBeH

apuMeTMYecKoi CyMMe EMKOCTHbIX TOKOB (pa3 B MnpepjLUecT-
BylOlWeM pexume. CuCTEMA EMKOCTHbIX TOKOB OKa3blBaeTcs
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HeypaBHOBELUEHHOW U MO3TOMY MpOABMAeT cebs Tak Xe, Kak u
cucTemMa TOKOB HyNeBOl mocnefosatenbHOCTU. Mpu 3HaunMTeNb-
HOM TOKe 3aMblKaHWd Ha 3ema0 (CM. rn. 3) co3garoTcs ycno-
BUA ANA BO3HWKHOBEHUS B MeCTe MOBPEXAEHUA Mepemexaro-
werca Ayru, KoTopas MOXEeT MNPMBECTM K CYLWECTBEHHbIM
nepeHanpsXeHWsaM B CETW, ONaCHbLIM AN U301AUUKN. TOK 3aMbl-
KaHWA Ha 3eM/l0 MOXeT ObiTb yMeHbLleH (CKOMMNEHCUPOBaH)
C MOMOLLbK AYroracalwiMx peakTOpOB, BK/KOYAEMbIX B HeWlTpa-
NN TpaHCOpPMaToOpOB UM, UYTO PEXe, reHepaToposB.

Puc. 6.28. BeKTOpHble AuMarpammbl HanpsH>KeHWn W TOKOB CUCTEMbl C He3a-
3eMNEHHON HelTpanbio:

a —=HOPMaNbHbIA PEXUM; 6 — PeXUM 3aMblKaHUA OAHON (Dasbl Ha 3em/t0

FnaBa cepbmasd
SNIEKTPUYECKWNE AMMAPATBI U NMPOBOAHNKHN

7.1. KNACCNOUNKALUWNA

Ha 3nekTpuMyecknx CTaHUMAX W MOACTAHLMAX NPUMEHAOT
NeKTPUYeCKMe annapaTtbl WM MPOBOLHUKM  Pas3IMYHOro TMNa,
PasnuyaloT annapaTtbl M MPOBOLHWMKM MEPBUYHBIX WU BTOPMY-
HbIX Lenen.

dnekTpuyeckme anmnapaTbl NEPBUYHbLIX LENei pasinyHoro
HampsXXeHUA MOXHO YC/IOBHO pa3fenuTb Ha YeTbipe TPynnbl:

a) KOMMYTauWOHHble annapaTbl (BblKAKOYATENMU, BbIK/IOYa-
TeNN Harpysku, pasbefUHUTENN, OTAENUTENN, KOPOTKO3aMblKa-
TeNn, aBTOMATUUYECKUE BbIKMKOYATENIN, KOHTAaKTOPbl, MarHuT-
Hble nycKaTenun, pyounbHUKK);

6) s3awmTHble annapatbl (NpPefjOXpaHWUTeNW, OrpaHuyvnUTeNn
Yy4APHOTO TOKa, LWYHTMPYIOLWME PeakTopbl, PaspafHUKN);
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B) TOKOOrpaHuumBawoLwMe annapatbl (TOKoorpaHmuunBarol
WMe peakTopbl M Pe3NCTOpbI, gyroracauiue peakTopbl v T. n.);

r) W3MepuTenbHble annapartbl (TpaHcopmaTopbl TOKa W
HanpsXeHWA, eMKOCTHble LeNUTeNN HanpsiXeHus u T. n.).

B kayecTBe NMPOBOAHMKOB B MEPBUYHbLIX LLeNAX UCMNONb3YIOT
rMbkKMe NPOBOAHUKM W TUOKME TOKOMPOBOAbI (MYy4OK TMOKMX
MPOBOAHWKOB, YKPENIeHHbIX Ha Pacrnopkax); LUWHHbIE NUHWUNA,
3aKpbIThble LWMHHbIE TOKOMPOBOAbI C BO3AYLIHON WM ra30BOM
nsonaumen; cumnoeble kKabenm (¢ 6GymMaxHOW NPONUTAHHOW
n3onaumei, ra3oHanofIHEHHble WX MacnOHaMnO/IHEHHbIE).

K anekTpmyeckum anmapatam BTOPUYHbLIX LEeNei OTHOCAT-
€A anmnapaTtbl CMCTEM W3MepPeHUs, KOHTPONA, CUrHanuMsaunum wu
ynpaBneHus, peneliHON 3aWiUTbl U aBTOMATUKN. ITO pasfiUvHO-
ro pofa pene, npeobpasosatenu, pyobuIbHUKK, Mepekntoyare-
NN, NPeAOXPaHUTENU, KAKYM YyNpasneHWUs, AaT4UKWA, MArHuT-
Hble YCUNUTENM U T. N. B KayecTse NPOBOAHMKOB BO BTOPUYHbIX
Lenax WCMOMb3YOTCA KOHTPO/IbHbIe Kabenu, M30NMPOBaHHbLIE
MPOBOAHUKM, @& B OTAENbHBIX CAy4yafsX W HEWU3O0MPOBAHHbIE
NMPOBOAHMWKMW, YKPENNEHHbIE HA N30NATOpax.

dnekTpuyeckme annapatbl M MPOBOAHWKN JOJDKHbI Hafex-
HO (DYHKLMOHMPOBAaTb KakK MpPU HOPMaNibHbIX MPOLOIKUTENb-
HbIX peXumax, Tak W Mpu KPaTKOBPEMEHHbIX aBapuiHbIX pe-
XMWMax Mnpu  YCNOBUM, UYTO NapaMeTpbl OKPYyXalLwein cpegbl
(TemnepaTtypa, BNaXHOCTb, [aBfeHWE) He BbLIXOAAT 3a Mpe-
fenbl, ykazaHHble B cootsetcTBytowmnx MOCT mnm B TexHU-
Yyeckux ycnosuax. MNpu aTom Temnepatypa OTAENbHbIX 3/IEMEH-
TOB annapatoB W TMPOBOAHWKOB He [OJDKHA MNpPeBbIWaTh
HOPMUPOBAHHbLIX 3Ha4yeHWii. Kpome 0OWMX TeXHUYECKUX Tpe-
60BaHWIi K 31eKTPMYECKUM annapatam U NPOBOAHWKaM Npefb-
ABNAKOTCA TAaKXEe HEeKOTOpble CheumnanbHble Tpe60oBaHWA, Bbl-
TeKalLlne M3 MX HasHayeHUs W ycnosuii paboTbl 3neKTpoyc-
TaHOBKM.

7.2. HATPEB NPOBOAHWKOB MPOAOJ/IKUTE/IbHBIM TOKOM

Harpes npoBogHuKa (UNX LPYroro 3/ieMeHTa 3MEeKTPUYec-
KOl Lenu) npu NMpoXOoXAeHUW MO HeMy NMepeMeHHOro Toka Onu-
CbIBAeTCA YypaBHEHUEM:

Q= dcl{ = P R&t = cGdb + (dn+ dk+ ®7)dt, (7.1)

rgoe 1 —rTok, A; — aKTUBHOE conpoTtusneHne, Om; Q—ren-
nosas aHeprud, Ox; ® — TennoBoin noTok, BT; e'— ygenbHas
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TennoeMmkocTb,BT-c/(r-°C); G— macca npoBojHuKa,r, ®n—
TennooTtgaya nydveumcnyckaHuem, BT, ®Kk— TennooThavya KOH-
Bekunen, BT; ®T— TennooTgava BAONbL MPOBOAHMKA 3a CYeT
TEeNNONPOBOAHOCTM MNPWU HEOAUHAKOBOM YPOBHE TemmepaTypbl,
B pPas/IMUHbIX TOYKaxX NPOBOJHMKa, BT.

Lna ycTaHOBMBLUErocs pexuma npu npeHebpexeHUn KOH-
LeBbIMU TennosbiMU 3adpdpekTamn ypaBHeHue (7.1) ynpouia-
eTcs:

® = PRa= pn+ k. (7.2)
AKTWBHOE COMPOTUB/EHWNE MPOBOAHUKA PaBHO
Aa= An/(64 = 4g,n/?, (7.3)

roe Kn— koadppuumeHT noBepXHOCTHOro adpdpekta; Ko6— KO-
ahpmumeHT adppekTa 61mM30CcTH; Knn— KoapuumeHT fo6aBou-
HbIX MOTepb; R —OMMWYeCKoe COMPOTMBAEHWE, T. €. COMPOTUB-
NeHne NPOBOJHMKA Ha MOCTOAHHOM TOKe, paBHOE

"— PM4a (0O O] I _ PHI (7 4)
S S

rae po, p#—ypenbHole COMPOTUB/EHWUA MPOBOAHUKA NPU TeM-
nepatypax COOTBETCTBEHHO #0 u #, OM-CM; a — TeMmnepartyp-
HblA Ko3ahpumumeHT, 1/°C; m)—TemnepaTypa nposogHuka, °C;
| — ANMHa NPOBOAHMKA, CM; S — MJOLWLaAb MOMEPeYHOro ceve-
HUA, CM2

YnenoHoe COMPOTUBNEHWE TMPOBOAHMKOBLIX MaTepuanos
06bIYHO faeTca npu TemnepaTtype 15°C (nnm 20 °C), noatomy

# = PI5M+ a g$A—15)]/ (75)

Onsa Bcex ynctoix metannos a«0,004 1/°C.

YacTo'yaenbHoe COnpoTMB/EHNE MPOBOLHMUKOB MNpW pasnuny-
HbIX TemmepaTypax OMpejensatoT no ygoOHOW Ans npakTuyec-
KOro MUCMosib30BaHUA dpopmye:

. T+ /-7
, P» “ P« T+1B’ (7'6)
npuyem gna megn 17=235°C, gnd anommHug 1= 245°C.

KoathpunumeHT NoBepXHOCTHOTO addhekTa paBeH OTHOLLEHUIO
aKTMBHOTO COMPOTUBAEHUA YeAMHEHHOrO MNPOBOAHWUKA K €ro
OMMYECKOMY COMPOTUBIIEHUIO: . ,
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(7.7)

KoathbpuumeHT adpdpekta 6AM30CTU paBeH OTHOLLUEHUIO ak-
TUBHOFO  COMPOTMBAEHWUA MNPOBOLHMKA MPU HanM4ymMm BOAM3M
Hero Apyrmx npoBOAHWKOB C TOKOM K aKTUBHOMY COMPOTWBIE-
HUIO YeJUHEHHOTO MPOBOAHMKA:

K6 = =-¢p? (7.8)
~ayel, KnR
B 3nekTpoycTaHOBKax pacCTOAHWA MeXAy MPOBOAHUKAMMU
00blYHO 3HAYUTENbHO 60/bLIE WX TEOMETPUYECKMX PasMepos.
Mpu atom A6~ 1 n KMa&Kn.
KoathhmuymeHT noBepxHOCTHOro 3adppekta o6paTHO mponop-
LUWOHaNeH rNybrHe NMPOHUKHOBEHMA ZO 3NeKTPOMarHMTHOro Mno-
Nf B NPOBOLHUK:

Ha rny6uHe ZOHanpsXXeHHOCTW 31eKTPUYECKOT0 M MarHuT-
HOro Monei, a TakXe MAOTHOCTb TOKA B € pa3 MeHblUe, Yem Ha
MOBEPXHOCTU MPOBOAHMKA.

FnybuHa NPOHUKHOBEHWUA OMpPeAenseTca BbipaXeHuewm

(7.9

roe = 2itf —yrnosas uactoTa; p,— OTHOCUTE/NIbHAaA MarHuT-
Hag MNPOHWMLAEMOCTb MNPOBOLHWUKA, PO— MarHWTHas MOCTOSAH-
Hafg (MarHuMTHadg TMPOHMUAeMOCTb Bakyyma), y —yfhenbHan
NPOBOAMMOCTb MaTepuana MNPOBOAHWKA HA MOCTOAHHOM TOKE;

noaTomy
(7.1O)

3aBucumoctM Ka OT 3TOro napameTpa A8 LWWH MPAMO-
YroNlbHOr0 CeyeHUs NpuBefeHbl Ha puc. 7.1.

B 3nekTpoycTaHOBKAax NMPOMbILUIEHHON YacTOTbl B KayecT-
Be NPOBOAHWKOBbLIX MaTepuanoB OObIYHO WCMONb3YIOT Mefb U
aNtOMWHWUIA, OCHOBHble YCPEAHEHHble XapakTepucTuKM KOTO-
pbiX nNpuBedeHsbl B Tabn. 7.1, rge K— yaenbHas MAOTHOCTb Ma-
Tepuana, r/cm3
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Tabnnua 7.1

MapameTpbl NPOBOAHMKOBLIX MaTepuanos npu 20 °C

Matepuan
L, OMMM2M  V, m/(OM-MM2) X, /cvM® Z0, Mm
Megb 0,0175 57 8,93 9,5
ANOMUHNNI 0,029 34,5 2,7 12,2

®opMy M reoMeTpuyeckne pasmepbl NPOBOAHMKOB Ha 60/b-

LMe TOKM BbIOMPAIOT C Y4ETOM TOrO, YTO yBe/NMYEHUE TONLUUHDI
CNOLWHOI0 MPOBOAHMKA WAM  TOJWMHBLI CTEHKW NOJOr0 npo-
BOAHMKa CBEPX TaK Ha3blBaeMoM
KPUTUYECKOW  TONWMHBL  ("P«
«1,52Z0) TeXHUYECKM M 3KOHO-
MWYecKn HeuenecoobpasHo, Tak
KaK CBA3aHO C yBE/NMYEeHMEeM pac-
X0fa MpPOBOAHWKOBOro Martepua-
na, HO He MNPMBOAUT K CyLlecT-
BEHHOMY CHVXEHWIO aKTMBHOTO
COMPOTUBIIEHNA MPOBOAHMKA.

B anekTpoycTraHoBKax Wuc-
MOMb3yOT  KPYr/ible CNAOLWHbIE
NMPOBOAHWKN C [MaMeTpoM [0
45 MM, OfHO-, [BYX-, Tpex- u
PefKO YeTbipexnosiOCHble LUNHbI
NPAMOYTrOfIbHOTO CEYeHUs C COOT-
HOlleHMeM CTOpOH b/h— 1/5-4-
1/15, Tpy6bl C TONWMHOW CTeH-
kKn 3— 10 MM, WKHbI KOPO6YaTOro

_ ~ Puc. 7.1. Kpusble gna onpege-
ceyeHna -C TONWMHOUN  CTEHKN feHns  Ko3(hhUUMEHTa  noBepX-

4—12,5 MM, LUUHbI TPYBUATbIE  octHoro achchekTa WHH MPAMO-
KBaApaTHOro ce4eHma C TOMLWLN- YrofAbHOro ceveHns

HOM CTEHKM 8—16 MM W LUWHbI

TpybuaTble KPYrnoro CevyeHus c

TONWMHON cTeHKM 10— 15 mm. B kayecTBe rM6KMX NPOBOAHM-
KOB WMCMOMb3YKT HEU3ONMPOBAHHbIE MEAHbIE, a/lOMUHUEBbLIE U
CTanealOMMHMEBbIE MNPOBOAA. B oOrpaHUW4YeHHOM KoNM4vecTBe
MCNONb3YOT TakXe HEeM30/MPOBaHHblE CTalbHble MPOBOAA
(B OCHOBHOM B CWUCTeMax 3/IEKTPOCHabXeHWA CeNbCKOXO3Ai-
CTBEHHbIX MoTpebuTeneit).
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Tennootgayy MPOBOAHUKOB OMPefensftoT MO BbIPaXeHUAM
1(3.22) n (3.23), a 4ANTENbHO JOMYCTUMbIA TOK — MO Bblpaxe-
Huto (3.24). B page cnyyaes A4Nns pacyera TenjooTAayunm uc-
Nonb3yT 60Mee NpocTyo popmyny HeloTOHa:

h=dn+ k= (7.11)
rae k —mkoapdpuumeHT TennooTAauu.

OnutenbHO  pgonycTumble (Habnwopgaemble) Temnepatypsl
Harpesa MPOBOAHWKOB M annapatoB, a TakXe HOMWHaNbHbIe
TemnepaTypbl OKpyXaloLlieid cpefbl, HeOOXO4MMblE ANA pacye-

Tabnuya 7.2

3

MpOBOAHVIKY U annaparbl

n
o
Hen3zonupoBaHHble NPOBOAa W LUWHbI 70
Ka6enn ¢ 6yma)kHOI NponuTaHHOW m3onauuein HanpsH>KeHWem, KB;
[0 3 BKAOUUTENBHO 80
6 65
10 60
20 n 35 50
MpoBoga, WHypbl, Kabenn ¢ pe3nHOBOW, MOANBUHUAXNOPUAHON MK 65
nnactmaccoBoi msonayuen
KOHTaKTbl M3 MeAM M MefHbIX CNnaBoB 6e3 MOKPbITUIA:
B BO3jyXxe 75
B 3nerase a
B W30SILMOHHOM Macne 80
KOHTaKTHble COefMHEHUS U3 Mefun, aNtoOMUHUA U UX CNNaBoB
6e3 MokpbITUA:
B BO3fyXe 90
B a/nerase 105
B M30NALMOHHOM Macne 90
C NOKpbITUEM O/IOBOM:
B BO3JyXxe 105
B afnerase 105
B M30NALMOHHOM Macne 90
KOHTaKTHble COEAUHEHNA U3 MeAN U MefHblX CNNaBOB:
C NOKpbITUEM cepebpom:
B BO34yXe 120
B afnerase 120
B M30ASLMOHHOM Macne 90
C NOKPbITUEM HUKENeMm:
B BO3JyXe 110
B 3fnerase 115

B M301SLMOHHOM Macne 90
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Tab6nuya 7.3

NeMEHT 3M1eKTPOYCTaHOBKM Okpyxatolas cpesa V. HOM’ °c
MpoBogHUKM  (NpoBOAa, LWKWHbLI, Bo3gyx 25
Kabenn) 3emna 15
JnekTpuyeckne annapatbl Bopa 15

TemnepaTtypa,
O603Have- Xapaktepu-
HUe Knacca 3ylouas faH-
Harpeso- HbIiA KNacc Ha-
cTOMKOCTH rpeBoCTOlKOC-
™,
90
105
E 120
B 130
155
H 180
Bbiwwe 180

Bo3gyx 35

Tabnuya 7.4

KpaTkas XapakTepucTUKa OCHOBHbIX FPYN N 3NEKTPOH30N19*
LMOHHBIX MaTepnanos, COOTBETCTBYIOLLUX JaHHOMY Knaccy
HarpeBoCTONKOCTM

BONOKHUCTbIE MaTepuanbl W3 LEeNnon03bl, Xa0m-
Ka W HaTypanbHOro Lienka, HenmponuTaHHble U He
NOrpy>XeHHble B >XUAKUA  31eKTPOU30AALNOHHbIN
maTtepuan

BonokHMUCTble MaTepuanbl W3 LLeNnno3bl, Xnon-
Ka WAW HaTypanbHOr0, WCKYCCTBEHHOr0 W CUHTE»
TMYEeCKOro Lwenka, B paboyemM COCTOSHMW MPOMMU»
TaliHble UNN NOTPYy>XeHHble B >XWUAKWWA  3nekTpo*
M30NALUNOHHBIN MaTepuan

CUHTeTUYeCKMe  opraHuyeckue mMaTepuanbl
(NneHKW, BONOKHA, CMONbI, KOMNayHAbl 1 gp.)

MaTtepuanbl Ha OocHOBe cntofbl (B TOM 4Yucie Ha
opraHM4yeckux MopnoXkkax), ac6ecta WU CTeKnNoBO*
NOKHa, MpUMeHsemMble C OPraHM4yecKMMM CBA3YIO-
WUMKU 1 NPONUTLIBAKOLW UMY COCTaBaMu

MaTepuanbl Ha OCHOBe CNOAbl, acbecTa W CTek-
NOBOMOKHA, MPWMeHseMble B COYETAHUWU C CUHTETU™
YeCKMMMN CBA3YIOLWMMUN U NPOMUTHIBAIOLLUMK COCTaB
BaMu, COOTBETCTBYIOLWMMM [JaHHOMY Knaccy Ha-

rpeBOCTOMKOCTH
MaTepuanbl Ha OCHOBe CNlOAbl, acbecta u
CTEKN0BO/NIOKHA,  MNpUMeHseMble B COYeTaHUU C

KPEMHUAOPraHM4YecKMMMN CBA3YIOLWMMMU U MPONUTHI-
BalOLW MMM cocTaBaMW, KpeMHuiiopraHu4eckue ana.
cTomepbl \

Cnofa, Kepamuuyeckme MaTtepuanbl, CTeKno,
KBapL unM ux KomMGuHauuMu, npuMeHsemble 6e3
CBA3YOLWNX UAN C HeOpraHW4YeCKMMU W 3NeMeHTOB
opraHM4eckuMmn coctaBamu. Temnepatypa npumep
HeHUs 3TUX MaTepuanos onpegensetrca ux usn/
YeCKMMU, XUMUYECKUMU, MEXaHWYECKUMMN U 3NeKT*!
puyeckMmMun cBoiicTBamm
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Ta HarpysoyHoW crnocobHocTn, HopmupytoTcs FTOCT 8024—84
nnya (rabn. 7.2, 7.3).

OnuTenbHo JonycTuMble TeMmnepatypbl Harpeesa 6asupyroT-
cAd Ha yctaHoBfeHHbIXx TOCT 8865—70 pgonycTumbix Temnepa-
Typax B Hambosee HarpeTblXx TOYKax MPOBOLHWMKOB, annapaToB
N 31eKTPUYECKMX MALIUH MpU NPOAOC/DKUTENbHON paboTe (Tabn.
7.4).

AnuTenbHO [JONYCTMMbIA TOK N8 MNPOBOAHUKOB  pas3nuny-
HOV ChOpMbl M CeYeHMs MPU HOMUHANLHOW TemnepaType OKpYy-
XalLWwen cpedbl yKa3blBaeTCA B COOTBETCTBYHOLWMX Tabnuuax
Harpysou4Hoi cnoco6Hoctn (om., Hanpumep, NMY3). HomuHanb-
Hblli LNUTeNbHbIA, TOK 31eKTPUYECKMX annapaToB ycTaHaBiu-
BaeTCA 3aBOAAMU-N3TOTOBUTENAMM Ha OCHOBAHWMW PacyeToB U
TUMOBbLIX WCAbITAHWIA. 3TOT TOK YyKa3blBaeTCA B MNACMOPTHbIX
HOMMWHA/bHbLIX JaHHbIX annapaTos.

Ecnn TemnepaTypa OKpyxXatow,eil cpedbl CyLeCTBEHHO OT-
NNYaeTcqs OT HOMWHANMbHOW, TO AAUTENbHO LOMNYCTUMbIA TOK
3NeKTPMYECKOro amnmapaTta npv 37O TemnepaType HaxoguTCH
no BbipaXeHuto (3.27). Mpu 3ToM AO/MKHO COBMOAATHCA YCNO-
BUeE:

Aion NMpon.Hom!
7.3. HATPEB MPOBOAHWKOB MNPW HEPABHOMEPHOW HATIPY3KE

OO6bIYHO NMPOBOAHUKK, anmapatbl, TpaHCOPMATOPbl U 3NeK-
Tpuyeckme MalluHbl paboTaloT MpU HepaBHOMEPHOW Harpyske,
ONpejensieMoin pexnmom paboTbl 31EKTPUYECKON CUCTEMbI W
OTAENbHbIX ee MoTpebuTeneit. Mpu  M3MEHEHWUW HArpy3ku Me-
HAeTCA TemnsjoBOe COCTOAAHWE 3/1eMEeHTOB 3HEProCUCTEMbl, WX
Temnepatypa. XapakTep M CKOPOCTb M3MEHEHWUS TeMnepaTypbl
NpW HepaBHOMEPHOW Harpyske y4YmTbIBAlOTCH MPU OMNpeaeneHunm
Harpy3o4yHoli CNoco6HOCTM 3NEMEHTOB 3HEPTOCUCTEM.

PaccMoTpuM Harpes MpPOBOAHMKOB. [MyCcTb MO NPOBOAHM-
Ky, MMeIoLLeMy HayanbHYl0O TemnepaTypy fHay, MpoOnyckaeT-
CA HeW3MeHHbI# Mo Mogynto Tok |. MpeHebperas TenaonpoBoj-
HOCTbIO BAONMb MNPOBOAHMKA W nonaras, 4to napameTpbl Npo-
BOAHMKAa ¢, G, k, F Heu3MeHHbl, nNofyyaem cregytoLiee
ypaBHeHWe TenaoBoro GanaHca;

Q= PRAdt = cGde + kF(0 — *Jdt, (7.12)

roe &— U3MeHstolascs Temnepatypa NPOBOAHWKA, #0— He-
M3MeHHas TeMMepaTypa OKpPYXatoled cpenabl.



$ 7.3  Harpes npoBOAHMKOB MNpW HepaBHOMEPHOW Harpyske 225

Pa3fenne MnepemMeHHble M MPOUHTErPUPOBAB fIEBYKD M Mpa-
BYID 4aCTM YypaBHEHMS B COOTBETCTBYHOLMUX MNpefenax

Hay

nonyymm

t= £G_1In[/2fla_ kp (0 _ <gj

— kF

cG I-Ra  kF (OHau  "0)

kF BRa-kF~"-fto)
cG 1y ~a KkFQuau (7.13)
kF PRa- kFQ

roe OHau— HayvanbHoe npeBbILLEHNE TemnepaTtypbl MPOBOAHU-
Ka; O—TeKyu.q,ee npesbilleHNE TeMNepPaTypbl NMPOBOAHUKA.

OTHOLLEHWe TennonornoLwatLLeii cnocobHOCTM NPOBOAHMKA
K ero TennooThalolieil cnoco6HOCTM Ha3blBAeTCA MOCTOSHHONA
BPEMEHU Harpesa NpPOBOAHMKA:

(]
- = 7.14
kF ( )
N3 (7.13) nmeem:
t 2R\ ~Ogp
T P Ra- KFQ
n
gt/T_pl? Ra  kFQwnau
12Ra- kFQ
Mocne npeobpa3oBaHWii NOMYHUM:;
Jo6aBumM K MpaBoOil 4YacTW M BbIYTEM W3 Hee Owau- Torga
0“ & (1“ ~ c-w + “ OHay = OH« +
+ (9y-0Hau)(1l-~ /0 (7.16)

15—516
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rae Oy — ycTaHOBMBLUEECA MPEBbILIEHWNE TeMnepaTypbl NMPOBOA»
HWKa NpW TOKe /, paBHOE OTHOLLEHUHD aKTMBHbLIX MOTEPb B MPO-
BOAHMWKE K €ro TenooTAaroLleli CNoCcCoBHOCTH;

0 =1!*i.. (7.17)
y kF v ’
Ecnn npegBapuTenbHO NPOBOAHMK HE HEC Harpysku, 1o Omay=
=0wn
0=0y(l— e~iT). (7.18)
B obuem xe cnydae

0=0y(1l-~/M+0,aurm (7.19)

OTHOLLEHME YCTAHOBMBLUMXCA TemmnepaTyp MPOBOAHMWKA Mpw
Pa3/IMUYHbIX TOKaX PaBHO:

=N .. (7.20)
o2 %%

Mpn agmabaTuyeckoM npoLecce Harpeea ypaBHeHWe Ten-
nosoro 6anaHca MMeeT BUL:
J*Radt = cGdO. (7.21)

WHTerpupys neByt W MpaByr 4acTU B COOTBETCTBYHLLUX
npegenax, nojyyaem:
PRat= cG(0- Ona) = oGQ (7.22)
OTKYAA

QMILES-t, (7.23)

T. €. MpPeBbILLEHNE TeMNepaTypbl NIMHEAHO N3MEHSEeTCs BO Bpe-
MEHN.

Mpeo6pasyem BbipaxeHue (7.23), YMHOXWUB YUCAUTENb W”
3HameHaTeNnb Ha kF:

0 _ _nRakF_t _ Oy t y 27
cGkF T

OTctofa cnepyet, 4YTo MOCTOAHHAA BPEMEHW Harpesa Mnpo-
BOJHMWKA eCcTb BpeM#, B Te4YEHMEe KOTOPOro NMPOBOAHMK Harpesa-
eTCA A0 YCTaHOBUBLUEWCA Temnepatypbl Mpu agmabatnmyeckom
npouecce Harpesa. [MOCTOAHHAA BPeMeHW Harpesa, KakK Moka-
3bIBAaeT BblpaxeHue (7.14), He 3aBMCUT OT HArpy3ku MPOBOAHU-
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Ka 1 onpejensercs TOMbKO ero YU3NYECKMMMK napameTpamu.
Ha pwuc. 7.2 npuBefeHbl KpWUBble HAarpesa MPOBOAHWKA MpK
pas3NMyYHbIX TOKax Harpysku J1 u h, npuyem /1>/r-
OxnaxfeHne NPOBOAHWKA MPW YMEHbLUEHWW €ro TOKa Ha-
rpyskun onpegensercqd no (7.16). B yacTHOM cnyyae npu non-
HOM OTK/IOYEHUN TOKa OXNaXAeHue MPOBOAHMKA OMUCHLIBAET-
CA ypaBHEHUeM:

0 — Hau® "' (7.25)
CoBmecTHoe pewieHue (7.14) wn (7.17) paert:
T= G O (7.26)
~F ~ PRIQV “ IF~

OTctlofa BbITEKAeT, YTO MOCTOSHHAA BPEMEHW Harpeea Mpo-
BOAHMKA MOXET OblTb TakXe ONpeAeneHa Kak OTHOLUEHWE ero
TENNONOrNOWALLER CNOCOBHOCTM K aKTUBHbIM MOTEPSM B HEM
npyv NpoOX3BONLHOM TOKE, [ENEeHHOM Ha YyCTaHOBMBLUEECA Mpe-
BbILLEHWE TemnepaTypbl MPU TOM e TOKe. 3HayeHWs MOCTOSH-
HO BpEMEHW HarpeBa MPSAMOYrOMbHbIX LIWMH MPUBELEHbI B
Tabn. 7.5. ,

Tabnuuya 7.5
Cevenite 3HayeHne NOCTOAHHOV BpeMeHU Ceverue 3HaueHue NOCTOAHHOV BpeMeHU
Wik hXb, Harpesa 7\ MWH Wik HXb, HarpeBa T, MUH
MM8 Mm8
Megb ANOMUHWIA Megb ANOMUHWI

25X 3 7,3 5,8 60X5 10 7,9

40X5 9,5 7,5 80X 10 20 15,8

50X 6 14 11 100X10 22 17,3

15*
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7.4. KOHTAKTbI WUWNH N AMMAPATOB

B 31eKTpOyCTaHOBKax MPUMEHAKOT KOHTAKTbl U KOHTaKT-
Hble COEAMHEHMWSA Pa3INYHOIO TUMa. DNEKTPUYECKWUIA KOHTaKT
no NOCT onpegensercs Kak MecTo mepexofa TOKa M3 OLHOW TO-
KOHEeCYyLen getannm B Apyryr (COCTOAHME AeTann MOXeT 6biTb
TBEPAbLIM, XUAKMM U razoo6pasHbiM). KOHTaKTMpOBaHMe — Ha-
NNYNEe 3NEKTPUYECKOTO KOHTakTa. Pa3nuyaloT YCNOBHYK Mf0-
Wadab KOHTAKTUPOBaHMA, T. €. mjowagb paboyeid MOBEPXHOCTU
KOHTaKTa-geTanun, u naowanb KOHTaKTUPOBAHUA, PaBHYH CyM-
Me MAOLWAA0K KOHTAKTMPOBAHUA C YMCTO METaNNUYeCKUM W
C KBasMMeTan/M4yeCKUM KOHTAKTOM W MNNAOLWAA0K, MOKPbIThIX
MOHOMO/EKYNAPHbIMW HEMPOBOAALLMMM MaeHKaMW. KOHTakT-
4eTanb — 370 TOKOBeAyLLas AeTafb yCTPOMCTBA, C NOMOLLbIO KO-
TOpPO NPOM3BOAMTCA KOMMYyTauwa, T. €. MPOLECC 3aMblKaHUA,
pasMblKaHMA WAN MEPEKNIOYEHNA 3NeKTpuyeckoin uenu. Cyue-
CTBYET TakXe MOHATME «KOHTAKTHbIA Yy3e1»—KOHCTPYKTUBHbIA
y3e/ YCTPOMCTBA, OCYLLECTBAAKOLWMIA KOHTAKT 3/eKTPUYECKOW
uenn. MoA KOHTAKTHBIM COEAMHEHMEM MOHUMAKOT KOHTAKTHbIN
y3en, obpasylowmnii HepasMblKaeMblil KOHTaKT. Pa3nuyarT He-
pa3bopHble KOHTAKTHble COefiMHEHUs (Hanpumep, CBapHble,
nasHble, KnenaHble M AP.), pa3bopHble KOHTaKTHble COeAuHe-
HUg (HanpuMmep, BWHTOBble, 6ONTOBbIE U Ap,) W pPasbeMHble
KOHTaKTHble COEAUHEHMUS.

Mo WCMONHEHUIO pPas3MYaloT KOHTAKTbl: TOYEYHbIA, NWUHEN-
HblA MOBEPXHOCTHbIA, CTHIKOBOW, MNPUTMpPAOLWMNIACA, CKONb3A-
WNA, KaTAWwKiAcsA, nepekaTbiBalOWMIACA, KANHOBOW, BTbIYHOW,
XWUAKOCTHbIA; NO BbIMOAHAEMbIM (PYHKUMAM: Hepa3MblKaeMblil,
KOMMYTUPYIOLL WA, 3aMblKalOW Wi, pa3MblKaloWwmMin, nepekntoya-
IOWmMiA, NnepekntoyaroLWwmii 6e3 paspbiBa Leny TOKa, UMMYAbCHBIN,
rNaBHOM LEeNW, BCMOMOraTeNbHOM LUenn, JyroracuTeNbHbINA.

B cBOKO ouepefb KOHTakT-getanu (kKpaTkas (popmMa — KOH-
TakTbl) MNOAPA3feNsatoT Ha MOABWXKHbIE, HEMOABMXKHbIE, M0C-
Kne, UMNUHAPUYECKMNE, KOHMUYECKMNe, cdhepuyeckme, NPAMOYrob-
Hble, KBaApaTHble, KpYyrnble, MeTan/fioKepamuyeckne, bmumeran-
NINYECKME, KOMMO3ULNOHHbIE,

Pa3nuuatoT cnegyrouime BUAbl KOHTAKTHbIX Y3/10B: KOHTAKT
PbIY@XHbIA, MOCTWUKOBbI/, TOPLUEBO, PO3ETOYHbLIA, KObLEBOWA,
NaKeTHO-N/aCTUHYaTbIA, POSNKOBLINA, BPYOHON.

KOHTaKTbl ABAAKTCA BOXHbIMW 3/1IEMEHTaMN 060 3NeKT-
pPOYCTAaHOBKMW, BAWAKOLWMMU Ha €€ Harpy3o4vHyr CMOCO6HOCTD,
HafeXHOCTb paboTbl M 3KOHOMUYHOCTb. [103TOMY HEO6XOAUMBI
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Kak KaueCTBEHHOE BbIMO/HEHWE KOHTAaKTOB M KOHTAaKTHbIX COe-
OVHEHWI MpY MOHTaXe, TaK W TWaTeNbHbIi KOHTPO/b U yX0f
3a HUMMK B MpoLecce akcnayaTayum.

KOHTaKTHble COEAUHEHUS BbIMOJIHAKT C MOMOLLLIO 6ONTOBbLIX
N BUHTOBbIX COEAUMHEHWIA, CTAXHbLIX HaKnajoK, KOHUYECKUX 3a-
XWUMOB, 371€KTPO-, ra3o- WAM TEPMUTHOI CBapKuW, Naiku, knen-
KM, a TakKXe OMNpeccoBaHMs WM TaK Ha3blBaeMON X0N0AHOWA
CBapku nog AaBfieHWeMm. [nd MoACOeAMHEHWS MPOBOAOB WU
Xun kabenein Kk annapatam, npuéopam NPUMEHSAIOT creuuans-
Hble HAKOHEYHUKWN WM OKOHUeBaTenn. CoeAnHAEMble MOBEPXHO-
CTU MNPOBOAHWUKOB MNpeABapuTeNbHO TWLATE/IBHO  3a4yuLLaloT.
AMOMUHMNEBbIE LWWHbLI U NMPOBOAHUKM Mepes MexaHW4YecKoin 06-
paboTKON MOKPbLIBAOT CN0EM HEeNTPanbHOro (TeXHWYECKOro)
Base/MHa WAM NacTbl (KBapLeBa3esIMHOBON WAM LMHKOBAa3enu-
HOBOW).

B CBfi3M C LUMPOKWM BHEAPEHMEM B 3/EKTPOYCTaHOBKaX
alOMUHUSA BMECTO MeAM BO3HMKAKT BOMPOCH 0b6ecneveHus
HafeXHbIX KOHTaKTHbIX COEAVHEHWW 3/IEKTPOXMMUYECKN aKTWB-
HO napbl MeAb — antOMUHUA. MpeanoxeHo NNaKMPOBaTb KOH-
TaKTHYIO NOBEPXHOCTb aJlOMUHWA TOHKOW .MeAHOW NAacTUHOW
B MeCTe NOACOEeAMHEHUS aflOMUHUEBLIX LWWH K MegHbIM BbIBO-
4aM annapaToB; MCNONb30BaTb ranbBaHW4Yeckoe uam anuddysu-
OHHOE MOKPbITUE KOHTAKTHOM MOBEPXHOCTW aNIOMUHUA MEeAbHO;
NMPUMEHATb MeLHble HAaKOHEYHWKM Ha KWUaax antOMUHUEBLIX
NpPOBOAOB 1 Kabene un T. n.

[ nfs nNoBbILEHUA TEPMUYECKON CTOMKOCTU pasmblKatoLnx
KOHTAKTOB 3/IEKTPUYECKMX anmnapatoB UX 061MLOBbLIBAKOT Me-
TannokepaMmnKoli, KoTopas npefcTaBnser coboi 0cobblli TvN
TEPMUYECKMN CTOWKOr0 MPOBOAHMKA, 06pa3oBaHHOrO MyTeM Coe-
GVWHEHWA nog 60nbLIMM faBNeHWEM W NPW BLICOKON TemnepaType
(1200 °C) xopowo nepemeLlaHHbIX NOPOLUKOB MeAn U BONbApa-
Ma uam megm n MonubaeHa.

OCHOBHbIMW XapaKTepUCTUKaMW KOHTAKTOB ABAAKTCA MX
3N1eKTPUYECKOe CONPOTUB/IEHWE U TepMUYECKas CTOWKOCTb, T. €.
OTCYTCTBME CBapWMBaHWA UM HapyweHus QYHKLMOHUPOBAHMS
KOHTaKTOB MpW MPOXOXAEHWU 6ONbLINX TOKOB, Hanpumep TO-
KoB K3.

MockonbKy TOKOMPOBOAAWLAA MAOWAAb KOHTaKTMPOBAHUSA
3HA4YUTENbHO MEHbLUE YCAOBHOWM NAOWaAN KOHTAKTUPOBAHUSA, TO
HUTW TOKa B KOHTaKTax-feTanfax CTATMBalOTCA K MPOBOAALLUM
yyacTkaM Mnowagn KOHTakTUpOBaHMA, 06ycnoBnveas nossne-
HWe CcreynctunYecKkoro CONpoTUBAEHMS CTATMBaHMA Rc.
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ConpoTuBneHne KOHTAKTa CKafblBaeTca U3 CONPOTUBIEHUA
KOHTaKTOB-feTanei YX-[, u nepexogHOro COMNPOTMBAEHUS KOH»
TakTa, T. e,

Rk = Rkr“t"Rku (7,27)
B cBoto ouvepefb

Rk4 — R¢ ~b Rm)

— Rxr.MeT I -AKT.kBa3umeT»

roe Rm —conpoTmBneHne KOHTAaKTa B 30HE KOHTAaKTUPOBaAHWA
(OHO MOXEeT MEHATbLCA B LWIMPOKUX Nnpeaenax B yCNOBUAX 3KC-
nnyaTau,le); ﬂKT.MeT—COI'IPOTI/IB]'IeHI/Ie METaNNN4eCKOro KOH-
TakTa; #HKT,KBasnmeT — conpoTmeyieHMe  KBa3UMETANINNYECKOTO
KOHTaKTa.

OObIYHO NpU HOPManbHOM 3KCMayaTalMM KOHTakToB (4o-
CTaTOYHOE CXaTue KOHTAKTOB-AeTaneil, TuiaTenbHas 3a4ynMcTKa
M CMa3Kka MOBEPXHOCTEN KOHTaKTMPOBaHMA U T.M.) RKI</\Re,
nostomy RKnttRc.

3HayveHue RKn 3aBUMCUT OT ymcna KOHTaKTHbIX Toyek (nno-
WafoK) Ha KOHTaKTHbIX MOBEPXHOCTAX WU OT OTHOLUEHUSA MPO-
BOAALLEA K KaXyLLencs KOHTaKTHON moBepxHocTu. C yBenuye-
HUEeM 4aBME€HMWS HA KOHTaKTHble MOBEPXHOCTU YMC/IO KOHTAKTHbIX
TOYeK pacTeT M NepexoAHOe CBMPOTMBAEHME KOHTaKTa na-
gaet. Mpu 3Tom ymeHbliaeTcs kKak RKT Tak u Rc. Ons co-
NPOTMB/IEHUS CTATMBAHMA HalfeHbl cnefytowme 3aBUCMMOCTMW:

npy ManblX JaBNeHUAX W ynpyroin gedpopmaumym matepuana
KOHTaKTa

(7.28)

roe K\ — KoathULIMEHT, 3aBUCALLMIA OT MaTepuana KOHTaKTa;
P — cufa HaXaTus KOHTaKTOB, H;

npu GONbLUMX AaBNEHUAX U NAACTUYECKON gedpopmaLum ma-
Tepuana KoHTakTa

ac~ -%r, (7-29)

roe K2 — KoapdhuumeHT, 3aBUCALLMIA OT MaTepuana M KOHCT-
PYKLMW KOHTaKTa.

ConpoTmeneHue jRKN B npouecce akcnnyataumum MOXeT Me-
HATbLCA B LIMPOKMX npegenax. Bo spemeHn oHO moxeT kak paf
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CTW, TaK W pe3ko MajaTtb; NOC/MefHee MMeeT MecTo MNpu paspy-
LIEeHUN OKCUAHOM NAEHKN B 30HE KOHTaKTUPOBAHWA BCMeACTBUE
BHELUHNX MeXaHW4eCKMX BO3AEWCTBMIA, Hanpumep Bubpauuu, a
TakXe BCMeACTBMe BO3JelicTBMA TOKOB K3.

B akcnnyaTauuMm KayecTBO KOHTAKTOB B OCHOBHOM OMpefe-
NAIOT MO WX TemMnepaType MNpu TOKax HOPManbHOro pexuma, a
TakKXe Mpu NPOLOJIKUTENbHBIX MaKCMMaNbHbIX TOKax. KOHTaK-
Tbl MeAHbIX MPOBOAHWMKOB 60Jsiee CTAbWUNbHbLI BO BPEMEHU, YeM
KOHTaKTbl  afilOMUHMEBbLIX, CTaJleallOMUHUEBLIX U CTaNbHbIX
MPOBOAHUKOB. TMPUHLMUNNANBHO BaXHOE 3HayeHue N1 HafJeX-
HOCTM paboTbl 3/1EKTPOYCTAHOBOK MMEET KayeCTBO KOHTAaKTa
WMWY KOHTaKTHOrO COefjMHeHWs Mpu BBOAE ero B 3KCMyaTauuto
nocfie MOHTaxa WIW pemMOHTa. Yem MeHblle npu 3TOM OKa3bl-
BaeTCA MepexofHOe COMPOTUBIEHME KOHTakTa, TeM 6Gosee cTa-
6UNbHO OH 6yaeT paboTaTb B faNbHeALIEM.

[ng KOHTaKTOB anmnapatoB HOPMUPYeETCA AOMYCTUMOe 3Ha-
YeHNe KOHTAKTHOro COMPOTUBIIEHUA, MPUYEM LO/MKHO ObITh (CM.
ny?3)

Ak < dAk.pon . (730)

L Nd KOHTaKTHbIX coeguHeHuii, cornacHo MNOCT 10434—82
n Ny3, HopMmupyeTca HayalbHOE 31EKTPUYECKOE CONPOTUBIEHME,
MAL Tak HasblBaeMblil KoadppmuymeHT gedhekTHOCTU /Qi, paBHbIl
OTHOLUEHUIO MafleHUs HanpsXXeHWs Ha yyacTKe MNPOBOLHUKA
annHoi 0,7—0,8 M, BK/IOYAKOLWEM 30HY KOHTAKTHOTO COefuHe-
HWA, K NafeHWNI0 HampsHKeHUd Ha MpuerarLlemM LUeoM y4yacT-
Ke TOro e MPOBOAHWKA TOM XE& ANMHBbI MPY MPOXOXKAEHUN MO
9TUM yyacTKaM OAHOrO W TOro Xe Toka. [na 60/TOBbLIX U ONpec-
COBaHHbIX KOHTaKTHbIX COeAMHEHWIA, Hanpumep, TpebyeTcH,
YTOGHbI

Ka<1,2.

7.5. TOKOMPOBOAbI

TOKOMPOBOALI CNyXaT ANA COeAUHEHUsS TeHepaTopoB C CU-
NOoBbIMWU TpaHchopmaTopamm U C¢ TpaHcpopmatopamMn Cco6CT-
BEHHbLIX HYXA. [pn MOLWHOCTU reHepaTopos fo 150 MBT BHY-
TPU 34aHUA 3N1eKTPOCTAHLMUMN UCMONB3YIOTCA OTKPbITbIE WK 3a-
KpbiTble TOKOMPOBOAbI (WWHOMPOBOAbI), & BHE 34aHWA CTaH-
unn — rnbkue TOKONPOBOAbI WAM  OTKPbITble LUIMHOMPOBOAbI.
Mpun mowHocTn reHepatopos 200 MBT U Bbille KakK BHYTPU
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FabapuTsl,
Tmnnpg-lsvg,{q%_ O6nacTb NPUMEHeHNs A"LEMI ':ZOM “;XH' LIMHOMPOBOAA
£ALIX6LL, MM- v M
K3T-200 CnaBHas uenb 15,75 9,1 280 X 15 11 730
OTnaika 15,75 0,92 — 140XHO 3800
T3K-20 FnaBHas Uenb 15,75 9,1 — 280X15 11 730
OTnaiika 15,75 0,92 __  75X35X5,5 1390
T3H-200 FnaBHas uenb 15,75 9,1 — 350X10 10200
OTnalika 15,75 0,92 — 140X 10 3800
TOH-200 FnaBHas uenb 15,75 9,1 — 350X10 10200
OTnalika 15,75 0,92 — 140X10 3800
K3T-300 FnagHas uenb 10,8 — 420X10 12 070
OTnalika 20 0,925 __ 140X10 3800
T3K-20 FnaBHas uenb 20 10,8 __ 420X10 12070
OTnalika 20 0,925 __  75X35X5,5 1390
TOH-300  rpasHas uens 20 108 __ 420X10 12 070
OTnaiika 20 0,925 . 140X10 3800
TOH-300  pasHas uenb 20 108 —  420X10 12070
OTnaiika 20 0,925 __  140X10 3800
K3T-500  rpaBHas uenb 20 18 367 520X15 23 800
OTnaiika 20 _ 565 _ _
TOH-500  rpagHas uenb 20 18 367 720X10 22 300
OTnalika 20 _ 565 140X 15 5880
T3H-800 FnaBHas uenb 24 23,8 546 720X15 35000
OTnalika 24 — 734 210X15 9180

34aHWA 3NEeKTPOCTAHLMKN, TaK WU BHEe ero MCMofb3ytTcd 3aKpbl-
Tble NOa3HO-3KPaHWPOBaHHbIE TOKOMPOBOAbl C €CTECTBEHHOWA
WM NPUHYAUTENbHOIW BeHTMAAuMel. [puMeHeHMe 3aKpbITbIX
9KpaHMPOBAHHbLIX TOKOMPOBOAOB 3aBOACKOr0O WCMNOMHEHUA MO-
3BOJIAET:

a) WCKNOYUTL OMacHble N1 TeHepaToOpoB MexAydassblie
K3 Ha yuacTke reHepartop-tpaHcopmarop; ..

6) 3aWMUTUTL LIMHOMPOBOAbLI OT NOMajaHud Ha HUX Mbw,
B/arn 1 MOCTOPOHHUX NPEeSMETOB;

B) YMEHbLIWTb NOTEPU 3HEPrum (M COOTBETCTBYIOLLMIA Ha»
rpeB) B HECYWMX W OKPYXawLWMX LMHONPOBOS MCTaf/inyecy
KUX U Xene3o6eTOHHbIX KOHCTPYKLUAX;

) YMEHbLUNTb, 3INeKTPOANHAMUYECKNE CUMbI, AeACTBYtOLLMNE
Ha LIWHBI NpY BHeWHUX K3;

4) YCKOPUTb M YyNpOCTUTL MPOLLECC MOHTaXa TOKOMPOBOLOB,
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Tabnuuya 7.6

ceyeHune

Pacctos- _ TloTepu MOWHOCTM B Tpex hasax , BT/m
KOXyXa 1y dasa. Ea%eﬁﬁall:a
[SKXBKMM* S MM2 - MV, VM cexum, m AN, APK NP youerp O-Py
700X5 10 900 1000 3 899 532 615 2045
560X5 8700 1000 2 - - - -
740X 4 9260 1200 8 899 400 600 1899
560X4 7000 800 8 - - - -
770X5 12 000 1100 11 924 717 - 1641
560 X5 8700 1000 11 - - - -
700X5 12 000 1100 11 924 297 250 1471
560X5 8700 1000 11 - - - -
840X 6 15 700 1280 3 1095 402 644 2141
560 X5 8700 1280 3 - - - -
880X5 13 400 1400 8 1095 406 650 2151
550X4 7000 900 8 - - - -
840X5 13 100 1280 11 1095 909 = 2004
560X5 8700 1100 N - - - -
840X5 13 100 1280 11 1095 383 302 1780
560X5 8700 1100 n - - - -
952X6 17 800 1400 3 1860 975 1210 4045
_ _ oo 3 - - - -
1300X6 24 400 1600 12 1719 1899 - 3618
720X4 8980 1600 12 - - - -
1300 X6 24 400 1600 12 2181 3360 = 5541
770 X4 9720 1100 12 — — - -

BbinofHeHne 3aKpbiTbIX 3KPAaHWPOBAHHbLIX TOKOMPOBOAOB
CBA3aHO, OfjHAaKO, C [OMO/IHUTENbHLIM PacXoAoM LBETHOro Me-
Tanna Ha W3roTOB/EHWE KOXYXOB, KOTOpPbl/i MPMMEPHO paBeH
pacxofy LBETHOro mMeTanna Ha LWWHLI TOKonposofa. Ha npak-
TUKEe Hawan nNpuMeHeHune 3aKpbiTble TOKONPOoBOAbl TMNoB K3T
(KOMNNEeKTHbI 3KpaHUpOBaHHbIA Tokonposoa), TAK (Toko-
NPOBOJ 3KPaHUPOBAHHbI KOMNAEKTHbIA) u TOH (TokonpoBsog
3KpaHWPOBaHHbIA HeMpepbiBHbIA). B nocnegHee Bpems Bbinyc-
KarTCA TO/MIbKO NO(a3HO-3KPaHWPOBAHHbIE TOKOMPOBOAbLI TUNa
TOH. Ana yMeHblUeHWA MOoTepb 3Hepruy B KOXYXax TaKue
TOKOMPOBOAbl CHa6XakT cneunanbHbIMU  HENHERHbIMU TOKO-
OrpaHMunBaKOLW MU YCTPONCTBAMM, BKAOYAEMbIMU MEXAY KO,-
Xyxamun  pa3nnyHbiX (a3. OCHOBHble mapamMeTpbl 3aKpbITbIX
3KpaHMpOBaHHbLIX TOKOMPOBOAOB NpuBeAeHbl B Tabn. 7.6.

CnepyeT OTMeTUTb, UTO pAf 3apybexHbiX QUpM B OTAeny-

\
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HbIX cnydasx (Hanpumep, B KPY n KPY3) Bo3Bpawatotcsa K
Mcnonb3oBaHMIO  Tpexda3HOo-3KPaHMPOBaHHbLIX TOKOMPOBOAOB.
Takoe peweHne B8 CCCP npumeHseTca B OTAE/NbHbLIX CAy4dasax
Ana ToKonpoBoAoB Hanps>keHnem go 10 kB.

7.6. OTK/IIOYEHWE UEMEWN NMEPEMEHHOIO TOKA

OTK/lOYeHWe Lueneli NepeMeHHOro TOoKa HOpManabHO MNpou3-
BOAWUTCA BbIKNOYATENAMWU. TPYAHO OTKMOUWUTL Uenb Npu BO3-
HUKHOBEHWW B Heil TOro WAM MHOIO KOPOTKOrO 3aMblKaHWA, 0CO-
6eHHO TaK Ha3blBAeMOro «HeyganeHHoro K3». CyllecTBeHHblE
3aTpYAHEHMUS BO3HUKAKOT TakXe Npu OTK/IOYEHUW BbliKalouyaTe-
NAMMW MafblX WHAYKTUBHbIX TOKOB, €MKOCTHbIX TOKOB W TOKOB
X0N0CTOr0 X0Aa MPOTSXKEHHbIX 3MEKTPUYECKUX JINHWIA.

Mpu pasmblkaHUM KOHTAKTOB BbIK/MtOUaTENs BO3HMKAET Ay-
ra. Korga TOK nNpoxoguT uyepe3 Hynb, Ayra racHeT, O4HAaKo B
Cnefyloumnii MOMEHT OHA MOXET BHOBb 3a)XeubCs, eCnn 3NeKT-
puyeckas MPOYHOCTb MPOMEXYTKa OKa3biBaeTCHd MeHblle BOC-
CTaHaBNMBAIOLLEroca HaNpPsHXKeHWS Ha KOHTaKTaX BbIK/OYa-
Tens.

KOHTaKTbl BbIK/OYaTeNs NpU  OTK/AKOUYEHUW HENPEepPbIBHO
pacxogaTcs, MO3TOMY NPU KaXAOM MNOCNeAyHLWEeM MPOXoxie-
HUW TOKAa Yepe3 HyNb HayanbHasa 3NeKTpUYeckas MPOYHOCTb
MPOMeEXYTKa OKa3blBaeTca 60blie U B KOHLE KOHLOB CO3Aa-
l0TCA YCNOBUS A5 OKOHYaTeNbHOrOo raweHus ayru. XapakTe-
PUCTUKN COBPEMEHHbBIX BbIK/lOYaTenell TakoBbl, YTO Ayra B HUX
MOXEeT ropeTb O4MH—TPMW Moaynepuoga MPOMbILLAEHHON Yac-
TOThI.

dnekTpuyeckas gyra wnum Ayrosoin paspsag npeacTtaBnser
co00il €camMOCTOATENbHbIN, T. €. He 3aBUCALLMIA OT BHELIHEro
MOHU3aTopa paspsag B BO3AyXe Wam B rase (B 3aBUCUMOCTU OT
TWNa BbIKNKOYATENA). Y AYyrY pasnumyalT TpU XapakTepHble
061aCcTU: OKOMOKaTOA4HYH, OKOM0AHOAHYI U cTon6 ayru (pwc.
7.3). MpumeyaTenbHO, YTO NafeHUA HanpsxeHWa BOAM3M KaTo-
fa AUKwu B6nmM3m aHofga AUa He 3aBUCAT OT MPOXOAALLero To-
Ka W COOTBETCTBEHHO paBHbl 10—20 u 3—5 B. B cpegHem
OC/k+A£/a«20 B. Ctonb gyru npepctasnseT coboil nnasmy,
COCTOAL Y M3 3M1eKTPOHOB U MONOXKMUTENbHbIX WOHOB; B LIEHT-
pe ctonba TemnepaTtypa goxoaut go 25 000—50 000 K.

B fyre HenpepbiBHO MAYT MNPOLECChl WMOHM3aLMK, KOTOpble
NoALEPXWUBAKOT rOpeHWe Ayru, W AeMOHU3aLMK, KOTOpble, Ha-
060poT, cTapatoTca noracuTb Ayry. BospgelicTBue Ha 3Tu npo-
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Liecebl M SIBNSETCA OCHOBOM Pas3fiMyHbIX CMOCOGOB raweHus [y-
rM B BbIK/OYATENAX.

Pa3nnualT YeTbipe BUAA WOHM3ALUW: YAapHAs MOHM3ALMS,
aBTO3/IEKTPOHHAS 3MUCCUSA, TEPMUYECKAs MOHU3ALUSA U TEPMO-
3MIEKTPOHHAS 3IMUCCUS.

Y papHas WOHM3aLWUA Bbi3bIBAETCA COYAAPEHUSMU 3NEKTPO-
HOB, ABMXYLLUXCS NOA BO3AEWCTBMEM 3N1EKTPMYECKOrO Nons
BAO/Mb CTONGA AyrW, C HEATpasbHbIMKU MOMIEKYNaMW M aTOMaMu
rasa B JyroBOM MPOMEXYTKe.

Puc. 7.3. PacnpegeneHune Ha- Pwuc. 7.4. 3aBUCMMOCTb YAeNbHOW WOHU3a-
NpsXXeHWA Mo ANUHe 3neKkT- uum Bosgyxa (1) wu napoB megm (2) oT
puyeckoii ayru TeMmmnepaTypbl

KuHeTuuyeckas 3HepPrus 3eKTPpoHa B KOHLeE ANUHbI CBOGOA-
Horo npo6era paBHa:
...... - e 1)

roe ot=9,107-10-28 r — macca 3fnekTpoHa; e= 1,59-10~19 K—
3apan 3neKTpoHa, u — pPasHOCTb MNOTEHLManoB Ha [AAWHe CBO-
6ofHOro npob6era afekTpoHa, B; M— CKOpPOCTb 3/IeKTPOHa B
KoHLe npobera, cm/c,

2une

- (7.32)

lMoTeHUMan WMOHU3aALUUW UMW HaMMEHbLUAA PasHOCTb MOTEH-
LUManoB Ha AnvHe cBo6oaHOro npobera, NpU KOTOPOW 3/EKTPOH
npnobpeTaeT CKOpPOCTb, [OCTATOYHYH AN Havyana yAapHoW
NoHM3aLMKn, cocTaBnseT: ANA naposB metannos 6—7,5 B, an||
Bogopoga 16 B, ona renua 24 B.
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ABTO3/IeKTPOHHAA 3MMUCCUA — 3TO BbIXOJ 31EKTPOHOB C Ka-
TOA4a B MEX3/eKTPOLHOE MPOCTPAHCTBO MOA AEACTBMEM CUMb-
HOr0 3/IeKTPUYECKOTO MOJIA MeXAY KOHTaKTaMW BblKIKOYaTesns
[npu Hanps>eHHocTaxX (1—3) <107 B/cm].

TepMuyeckas MoHU3auUMa — 3TO npouecc obpas3oBaHusd uo-
HOB Noj AelicTBMEM BbICOKO TemmnepaTtypbl. Ha puc. 7.4 npwu-
BefeHbl KpPUBble 3aBUCMMOCTW yfAenbHOW MoHM3auum (T. e. OT-
HOLIEHUS YMcna WOHM3MPOBAHHbIX YacTul ns B 06beme K non-
HOMY 4MCNY WOHWU3NPOBAHHbIX W HEATPanbHbIX YacTuy tiz —

BO3flyXa W NapoB MeAu OT TeMm-
nepatypol npuM aTMoChepHOM
fJaBneHun. Kak BUAHO, Hanuuue
napos MeTan/ioB B AyroBom Mpo-
MeXyTKe (a 3TO MMeeT MEeCTO
B BbIK/OYATENAX) CYLLECTBEHHO
CHWXXAET TemmepaTypy, nNpu Ko-
TOpO/ HauMHaeTcA TepMmuyeckas'
noHusaumMa;  ecnnm  MOHU3aLmuAa
BO3/lyXa HauyuMHaeTca npu temrme-
patype npumepHo 8000 K, To
MOHM3aLuMa napos Megum — npu
TemnepaTtype npumepHo 4000 K.
TepmoaneKTpOHHasA aMuc-
CNA— 3TO BbIXOL 3M1EKTPOHOB C
ropsyero Kartofa B MEeX3/eKT-
pogHoe npocTtpaHcTBo. OHa uMme-
eT MecTo Mpu Temnepatype Ka-
Puc. 7.5. BonbT-amnepHbie xa-  T04a 3000—4000 K.
pakTepucTuKn ayrun aweHne ayrn B Hanbonee
pacnpocTpaHeHHbIX BO3A4YLIHbIX
M MacnaHbIX BbIK/MOYaTeNAX OCYLLEeCTBNAETCA C MOMOLLbIO BO3-
Ayxa wnu rasa nof gaefeHuem. [puM 3TOM OCHOBHbIM BWAOM
MOHU3aLMM B AYroBom cTonibe ABNSeTCA TEPMMYECKad MOHU3a-
uns.

AnekTpuyeckas gyra obnagaeT HeMHEWHOW BONbT-aMmep-
HOI XapakTepucTukoii (puc. 7.5).

Pa3nnyaloT CTaTUYECKYI0 U AMHAMUYECKYIO XapaKTEPUCTUKN
ayru. Ana faHHOro NpPOMeXyTKa W AaHHbIX YC/0BWIA AyroBOro
paspafa CyLwecTByeT oOfHa CTaTWyeckas XapaKTepucTuka
ANYHKTUPHAA KpuBaa Ha puc. 7.5). JMHaMMUUeCKUX >Xe Xapak-
TEPUCTUK MOXET ObiTb MHOXECTBO B 3aBUCUMOCTM OT TOKa U
CTeMeHN [JenoHu3aumm Ayrosoro npomexyTka. [lpu ysenuue-
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HUW TOKa OMHAMMWYEeCKMe XapaKTepUCTUKK MAYT Bbile cTaTuye-
CKOW, a NpW YMEHbLIEHUN TOKA — HUXeE ee.

Hanps>keHnsa, npu KOTopbIX Ayra 3aropaetcsa (BO3HUKaeT)
M racutca (npekpaw,aertcs), Ha3blBalOTCA COOTBETCTBEHHO Ha-
NPSHXKEHUAMUN  3aXKUTaHWAa u3 U raweHus wuc, NpuYem BCerja
m3>«r. Ha yyactkax 1—2—3 ” 4—5—6 WMMeEeT MeCcTO Camo-
CTOATeNbHbIN pa3pag, a Ha yyacTkax 0—1, 3—0—4, 6—0 He-

Puc. 7.6. OTkNO4YeHVe aKTUBHOM (a) WM WMHAYKTUBHON (6) Leneil nepemeH-
HOro ToKa

CamMOCTOATENbHbIM pa3psaj, MpUM KOTOPOM TOK MPOMOpLUOHaneH
NPUNOXKEHHOMY K MPOMEXYTKY HanpshkeHuto. B cooTBeTcTBUU
C XapakTepoM (hM3MYeCKUX MPOLLECCOB B Ayre ee CONPOTUBAEHME
ABNAETCSH YNCTO AKTUBHbLIM, MO3TOMY HanNps>XeHwe WU TOK AYro-
BOTr0 NMPOMEXYTKa OAHOBPEMEHHO MPOXOASAT Yepe3 Hy/b.
TAXECTb OTK/MOYEHMA LENU CyLW,eCTBEHHO 3aBUCUT OT (hasbl
OTK/H0OYaeMOro Toka. Ha pwuc. 7.6 nokasaHO OTK/IIOYEHUE YUC-
TO aKTUBHOrO Toka (puc. 7.6,a) M YNCTO MHAYKTMBHOIO TOKa
(puc. 7.6, 6); B 06omMx cnydaax uvepes T 0603Ha4YeHO BpeMsA Ha-
yana pacxoXAeHWs AyroracuTenbHbIX KOHTAKTOB, a 4epes
«MP— 31eKTpMUYeckKas MPOYHOCTb MPOMEXYTKA MEXAY KOHTaK*
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Tamun. Kak BWAHO, B NMepBOM cnyyae npouecc OTKAKYEHUA Lenn
o6nerqu, TaK KaK 3[eCb BOCCTaHaB/MBalOLleeCA HanpsaXeHue
Ha KOHTaKTaxX BblK/4YaTenda onpegendetca Xapaktepom un3me-
HEHNA HaMpAXeHunda CeTn N CKOPOCTb BOCCTaHOBNEHUA HanpAa-
XXEHUS OTHOCWUTENbHO HeBenuMkKa. Bo BTOpOM Criydae nepexon-
Hbll npouecc BOCCTAHOB/IEHNA HaNpPAXeHUA XapaKTepusyetca
60NbWMMMN 3HAYEHUSAMN amnanTyabl N CKOPOCTKM BOCCTaHaB/IN-
BalOLWeEroca Hanpsa>xeHud. B npeanene npu Hey4yete aKTUBHbIX
COI'IpOTI/IB!'IQHI/II7I n I'IpOBO,qI/IMOCTEI\/’I, WYHTUPYOWNX KOHTAKThbI
Bbl KNt yaTeneii, blsoccTrnax /522 MceTumax.

|_|pl/l 0AHO4YaCTOTHOM KonebaTenbHOM npouecce BOCCTaHOB-
NNEHNA Hanpsa>XeHWda Ha KOHTaKTaxX BbIKN4YaTend CpeaHAa CKO-
POCTb BOCCTAaHOB/EHNA HaNpPAXeHUA, KB/MKC, paBHa:

TJ4

ncernrose *40-10-6= ZRnp x + 106, (7.33)
nV e

roe TO u fo—nepuog M yactoTa CBOGOAHBLIX KoneGaHwii; L u
C — VHAYKTUBHOCTb M eMKOCTb KO0Jie6aTeNlbHOr0 KOHTYypa.

AHann3 nepexofHbIX MPOLECCOB MPU OTK/OYEHUUN Lenein ne-
peEMEHHOro ToKa MNPOWM3BOAMTCA C WCMOMb30BaHWEM TEX WM
MHbIX pacyeTHbIX CXeM, B KOTOpble LA YNPOLEHUA pacyeToB
06bIYHO BBOJAT TaK Ha3blBaeMble «UAeanbHble BbIKHOYATENNY.
Mofa naeanbHbIM NOHMMAETCA TaKOM BbIKAKOYATENb, Y KOTOPOrO:
a) najeHue HanpsXKeHUs Ha Ayre paBHO Hynw; 6) raweHue
4YTU NPOMCXOLUT TOYHO B MOMEHT MPOXOXAEHWA TOKa uvepes
Hynb; B) NOCMe raweHns Ayru cOnpoTWB/EHWE LYTrOBOro npome-
XYTKa MIHOBEHHO CTAHOBWUTCA paBHbIM GECKOHEYHOCTHU.

OTKNYeHe OfHOMA3HON Lenu MepeMEHHOro ToKa npu Ko-
POTKOM 3aMblKaHWW. PaccCMOTPUM NPOLLECC OTKIIOYEHUA Uaeanb-
HbIM BbIK/lOYaTenem ofgHogasHoi uenm npum K3. MycTb n3Be-
CTHbl 3KBMBAaNEHTHbIE NPeABKOYEHHbIE eMKOCTb C 1 NpoBOAK-
MOCTb ¢ Camoro BblK/lO4YaTens, pesucTopoB W LenuTenein Ha-
NMPSXEHUA, WYHTUPYIOLUX €ro KOHTaKTbl, & TakXe CeTu U Ha-
rpyskm (puc. 7.7). Tlocne OKOHYaHWA MNEPEXOLHOro npouecca
Ha KOHTaKTaxX BblKNOYaTeNs BOCCTAHAB/IMBAETCA HarnpsXeHue,
NPaKkTUYeCKN paBHOE HANPSXKEHUIO UCTOYHMKA.

[na cBo6OAHbIX COCTABNSAKWMNX TOKOB W Hanps>KeHUin npu
nepexofHOM MpoLecce Crnpases/inBbl ypPaBHEHUS:
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O= iR+ L’:jt- + uc] (7.34)

t=i + ic—ucg+ C d;tr (7.35)

Mopctasue (7.35) B (7.34), Haigem:

O= ucgR+ CR*£ + L g~ + Ifi£E*L + uc

Puc. 7.7. OTkno4eHne opgHogas-
HOW Lenu nepemMeHHOro Toka npu
K3

mnnn
(-L + + 1+8§Awuc- O.
dP. \L ~ CJ dt ~ LC
XapakTepucTmyeckoe ypaBHEHWE UMeeT BUA:
. 1+9gR 0.
ip+ LC
Ero peweHue pgaet
Pi.2 ==__l{.« , N~ o1/ L(@JL 2 1+gR
4 U LC
= — b+ \/Mb2— m,
rne
nm - 1+gfl
LC

O603HauUMM a—b2tn W PacCMOTPUM pasHble Cry4au,
1) Ecim «<1, TO KOPHU YypaBHEHWS KOMMJIEKCHbIE COMpS

XEHHbIE:
pi,2—— b j(i)o
rge uk>=yY m—b2— yraoBsasi 4yactota CBOOOAHbIX KonebaHuii™
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PelleHne ypaBHeHus ANns CBO6OLHOrO npouecca UmeeT BUA:
nc — Aerbtsin (co01+ ),

rae A M y — NOCTOSIHHblE MHTErpupoBaHus, OMpejenseMble U3
HayanbHbIX YC/IOBUIA.

Takum o6pasom, npu a< 1 nepexofHblii npouecc MMeeT Ko-
nebaTenbHbIN XapakTep C 3aTyxaloleid No aKCNOHeHTe aMnun-
TY[LOWA.

2) Ecnn a> 1, TO KOPHU ypaBHEHUA p\ U p2 LeACTBUTENb-
Hble 1 pasHblie. [pu aTom

nc = AtePt/ + Arep®

M NepexofHblli MpoLecCc MMeeT anepuoaMYecKuin xapakTtep.
3) Ecnm a— 1, TO KOPHU YypaBHEHUA [eACTBUTENbHbIE W
paBHble: pi=p2—pullpn aTom

mc ~ [Ai A20 ePt’

34ecb MMeeT MeCcTO rpaHUYHbIA clyvail anepuofnyeckoro
npouecca.

Kak BugHO M3 puc. 7.7, B paccmaTpuBaeMoii cxeme Hanps-
XKEHWEe Ha KOHTaKTax BblKAl4YaTens paBHO HANPSAXeHUIo Ha
eMKOCTW. OuyeBMAHO, 4YTO MpWU anepuoMyeckom XxapakTepe u3-
MEHEHNA CBOGOAHOIM COCTaBNAIOLLEN HAMPSXKEHUS Ha eMKOCTH
CKOpPOCTb M aMNnWTyfa BOCCTAHaBMMBAKOLLEroCAa HanpsXeHus
Ha KOHTaKTax BbIK/l0YaTENA MeHbLUE, YeM Mpu KonebaTenbHOM
XapakTepe W3MeHeHWs HanpsXXeHUsd, M03TOMY UMeT MEeCTo
6onee nerkve ycrnosma Ans raweHus Ayru nNepemMeHHOro Toka.

OTknoYeHne Tpex(asHOl Lenu NepemMeHHOro Toka npu Ko-
POTKOM 3aMblkaHuu. [lpu aHanu3e npouecca OTKIHOUYEHUS
Tpexda3Hoi uenu BbIKAKOYATENEM NMOMWMO MOHATUS BOCCTaHaB-
NMBAIOLWLEroca HanpsXKeHUs (BOCCTaHaBAMBAIOLLErOCA Hanps-
XKEHNA MEPexofHOro pexuma) B OfHOW TOYKE 31EKTPUYECKON
CeTU WAN B UCNbITaTeNIbHOW CXeMe BBOASAT TakXXe MOHATUS BO3-
BpaLLatoLLerocs HamnpsXXeHWs, MTHOBEHHOr0 BO3BpaLiaklerocs
HanpsaXXeHWA Ha NepBOM OTK/KOYaloWeM Mosce U Koahpuum-
€HTa NpeBbIEHNA aMOAUTYabl.

PasnuualoT geicTBUTENbHOE BOCCTaHaBAMBalOLLeecq Hanps-
XXEHMe Ha KOHTaKTax Mojica BbIKAOYaTensd, OnpejenseMoe
Kak mapameTpamy CeTW WAW UCMbITATE/IbHOW CXeMbl, TaK W Xa-
paKkTepucTMKaMun JaHHOTO BbIKMOYATeNs, a TakXKe Halnyuem B
OTK/II0YAEMOM TOKE anepuofuyeckoi COCTaBMAKLWER, n cobeT-
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BEHHOe BOCCTAHAB/MBAIKLLEECA HANpPsXeHWe, OnpejensemMoe
TONIbKO NapameTpaMu CeTU WMAM UCNbITaTeNlbHON cxembl. og
BO3BpAlLAKOLWMMCA HanpsXXeHUWeM MOHMMalT AeicTByloLLee
3HaYeHUe BOCCTAHaB/IMBAIOLWErocad HaNPsXXeHUs MNPOMbILEH-
HOW 4acTOTbl Ha KOHTakKTax OAHOro nosntca BbiKAOYaTens
{BO3BpaLaloLeecs HanpsXXeHWe Ha NOJKOCE) WU MeXAy BBO-
JaMu pasnnyHbIX MOJIOCOB BbIK/OYaTend (Bo3BpaljatoLieecs
MeXynonCcHoe HanpsaxeHue). MrHoBeHHOe BO3BpaLLatoLieecs
HanpsXXeHWe Ha NepBOM OTK/KOYaKoLlWeM MoMce — 3TO MIHO-
BEHHOE 3HauyeHVe BO3BPALLAKLLEroCA HanpsXXEHWA Ha KOHTakK-
Tax MNOMtoCa BbLIKAOYATENA MPU MPOXOXAEHWUU TOKa 3TOro no-
noca yepes Hynb (B MOMEHT moracaHmsa gyru). O4eBMgHO, UTO
npu No6bIX YCNOBUAX OTKNHOYEHUS TpexgasHol uenu no60ro
OTKNOYaloLLero nontca cnpasesineo:

~poccTmax ~ 2blBO3Bp MrH.

Ecnn npouecc HapacTaHus cO6CTBEHHOr0 BOCCTaHaB/MBatO-
Leroca HanpsXKeHWs COAEpPXMUT TONbKO OfHY OAHOYACTOTHYIO
CBOOOAHYI COCTaBAAKLWYI, TO €ro xXapakTepusyrT 4acToToM
COBCTBEHHbIX KonebaHWin (Mnn cpefHeid CKOPOCTbH COBCTBEH-
HOro BOCCTAHaB/MBAIOLLETOCA HANPAXEHUSA) U KOIPPULUEHTOM
npesbllWeHNs amnanTygabl. KoagpuuneHT npeBbileHUs amnau-
TyZbl —MBTO OTHOLIEHWe Hambofbliero nMkKa BOCCTaHaBUBAD-
Werocs HanmpsXXeHUs K MrHOBEHHOMY BO3pacTallemy Hanps-
XEHUI0 Ha KOHTaKTax MnepBOro OTKAOYAKLWero Moica Bbl-
KnoyaTens

A’h,a —"Bocerrax
MBO3BP,MIH
Mpun oTkNo4eHnn TpexdasHoi uenn (puc. 7.8) B Hambonee
TAXENbIX YCNOBMAX HAXOLWUTCA MEPBbI OTKAHOYAKOLWMIA NONOC
(1), Tak-Kak y Hero uBsepMH=1,5 u Tax B TO BpeMs Kak Yy
OBYX OpYTUX MOMKOCOB (2), OTKIOYaOLWMNX OLHOBPEMEHHO CNy-
CTA YeTBepTb Nepuofa ABYX(MasHyo Lenb,

ABO3Bp,MIH “ ¥ "3/2m & maxe

TAXeCTb OTK/OUEHUS TPeX(a3HOW Lenu BbIKAOYATENEM 3a-
BUCUT OT [BYX (haKTOPOB: 3HAYeHWUs OTK/OYAEMOro ToKa U feli-
CTBUTE/IbHOW CKOPOCTM BOCCTAHAB/MBAIOLLETOCA HaMpPSXeHUs.
UeM 6onblue OTK/KOYAEMbIA TOK, TeM, KaK MpaBu/io, MeHbLUE
CKOpPOCTb BOCCTAHAB/IMBAIOLLETOCH HAMPSXKEHWS] Ha KOHTaKTax

BblK/lOUYaTeNA, 4YTO O0ObACHAETCSH poCcTOM ﬂpe,qBKﬂ}OLleHHOVI
16—516
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Puc. 7.8. OTK/OYeHne Puc. 7.9. OTKnw4eHne uenu ¢ Ma»
TpexasHoi  uenu nepe- NbIM  UHAYKTUBHbIM TOKOM
MeHHOro Toka npu K3

BbIK/IlOYATENO eMKOCTW. [0 3TOi npuyMHe BbiKAO4YaTenun, oT-
KAKYarLwme MeHbWNA TOK K3, MOryT okasaTbCd MO mapameT-
pamM BOCCTaHaB/MBalOLWEroca HanpsXXeHws B 6onee TAXKeNbIX
YyCNOBMAX, YEM BbIKAOYaTeNn, OTKAOYawlwme 601bWKUin TOK.
Tak, gnsa BblKAO4aTens 650Ka, YCTaHOB/EHHOrO Ha CTOPOHe
O0OMOTKM BbICLLEr0 HaMps>XeHusa CUMoBOro TpaHcgopmaTopa,
oTkMtoUveHne K3 Ha cOOpHbIX LWKHAX MOXeT okasaTbca 6onee
TAXeNbIM, 4eM OTKAO4YeHMe K3 B Lenu cMnoBoro TpaHchopma-
Topa.

OTkntoYeHne ueneid ¢ He6ONbWUM UHOYKTUBHBIM  TOKOM.
Mpy OTKAKOYEHUW LENW C He6ONbWUM WHAYKTUBHbIM  TOKOM
(HanpuMep, OTK/IOYEHUE CWUMIOBOTrO TpaHchopmaTopa, paboTa-
IOLLero Ha X0NOCTOM XO4y) MOryT co03faTbCA YC/I0BUA, KOrja
[lyra racHeT paHee MOMEHTA eCTECTBEHHOr0 MPOXOXAEeHUA TOKa
yepe3 Hy/nb. Mpu 3TOM MNPOUCXOAMT pe3Kuii 06pbIB TOKAa B Le-
nM 1, Kak cnefcTBue, pe3koe M 3HaUUTEeNIbHOE BO3pacTaHUe Ha-
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NpAXeHNA Ha KOHTaKTaX BbIK/MKHOYaTENA. I'Ipe,qeanoe 3Ha4YeHune
HanpaXeHuns 06prBa PaBHO:

roe i(0)— ob6pbiBaeMblii TOK; L M C — 3KBMBANEHTHbIE WHAYK-
TUBHOCTb M EMKOCTb Lenu.

Ecnu ato HanpsaxeHue OKa3biBaeTca CAUWKOM 60/blWNM,
TO NPOMEXYTOK MeXAY KOHTaKTamu BblKaOUaTens npobusa-
eTCH W Ayra BHOBb BO3HMKaeT. YKa3aHHbI MpoLecc MOXeT mno-
CNnefoBaTe/lbHO MOBTOPUTLCA HECKONbKO pas, Moka fJyra OKOH-
yaTe/NlbHO He MOoracHeT npu MPOXOXAEHUWU TOKa Yepes Hyib
;'(puc, 7.9). Kak BMAHO, KOHEYHAs 3NeKTpuyeckas MPOYHOCTb
NpOMeXyTKa MeXAy KOHTakTamMu BblKtouyaTensa obecrneymBaeT
3alMTY KakK CaMoro BbIK/OYaTeNd, TaK U 3/1EMEHTOB CeTW OT
HeLoNYyCTUMbIX MepeHanps>XeHWn.

OTKNtOYeHMe ueneii ¢ eMKOCTHBIM Tokom (puc. 7.10,a), Ta-
KUX KaK [/IMHHbIE 3/IeKTPUYECKUe NMHUM UMW YCTAHOBKW KOH-
LeHCaTOpHbIX OaTapeil, uMmeeT cBou cneymduueckme 0CO6EHHO-
CTU U MpeabaBnseT ocobble TpPebOBaHWA K BbIKMKOYATENAM.
Mpy npoxoxaeHun Toka yepes Hynb (puc. 7.10, 6) gyra racHer
M BHOBb He 3aXWraevcs, TaK KakK HanpsXXeHue Ha KOHTaKTax
BblKOYaTeNs, paBHOe Pa3HOCTM HaMNPsSXXEHWA Ha eMKOCTAX Ch
n Cs, Masio U pacTeT MeAfleHHO; HanpsaXeHue Ha eMKoCcTu CA
MPaKTUYECKN PaBHO HAMPSXKEHWI0 WCTOYHMKA, a HanpsXeHue
Ha emMKOCTM CB, Haya/bHOe 3HayeHWe KOTOPO MNpPaKTUYECKU
paBHO HaNpsXXeHWo CeTu, 3aTyXaeT Mo IKCMoHeHTe. Yepes non-

Puc. 7.10. OTKNOYEHNE LeNN ¢ EMKOCTHbIM TOKOM:

n —*pacyeTHas cxema; 6 «e npouecc OTKAOYEHUA Lenun
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nepuoja mnocsie MPOXOXAEHUA TOKa Yepes HyJNb HanpsxeHue
Ha NPOMEXYTKEe MOXET BO3pacTu A0 U2 ndTax U NPOMEXYTOK
npu ero HefOCTATOYHOWN 3MEKTPUUYECKOM MPOYHOCTM ByaeT npo-
6ut. BHOBb 3aropuTtcsa Ayra, nNpuyeM BOCCTaHaB/MMBaloLLeecs
HanpsXXeHue MOXeT B npefefie JOCTUTHYTb 3 ugpTax, YTO onac-
HO AN WM30NALUM BbIKIKOYaTeNs U 31eMeHToB ceTu. Mpu cne-
OylOLWeM NPOXOXAEHUN TOKa ye-
pe3 Hynb fyra, Kak npasuno,
OKOHYaTe/IbHO racHer.
TeopeTnYeckn BO3MOXEH CNY-
yali, Korga gyra racHet npu npo-
XOX[AEeHUN TOKa uYepe3 HyJb
BO Bpems MepexofHoro rmnpouec-
Ca BOCCTAHOB/IEHUA HANPAXEHUS.
Mpu 3TOM HanpsHXKeHWe Ha eM-
KOCTM CB MOXET BO3pacTu f[o
ttsjC 3ugTaK, a MakKCMMyM BOCCTa-
HaB/MBAIOLLLEroCcsa HaMpPAXeHNs—m
40 n budTax. Ha npakTuke,
OflHaKO, TakKue cry4yanm He Hab-
mogparotca.  Ana  UCKIYeHus
MOBbILWEHHbLIX BOCCTaHaB/UBAIO-
WUXCA HANPSXKEHWA Npu OTKAHO-
Puc. 7.11, OTKno4eHne Heypaa- YeHUN EMKOCTHbIX TOKOB Heo06-
nexHoro Ka: XO4UMO, 4TOObl 3NEeKTpUYecKas
a—pacuernas cxema; O—npouecc  MPOYHOCTb MPOMEXYTKA MEXAY
BOCCTAHOB/IEHUA Hanps>XeHUs Ha KOH-
TakTax BblK/KOYaTens KOHTaKTaMW\ 4epe3 nojanepuoda
rnocne MpPoOXOoXAeHUs ToKa yepes
Hynb 6bla He MeHee 2u$max.
OTKNOUYeHNe HeydaNeHHbIX KOPOTKUX 3amblkaHuil. BecbMma
TPYAHbIE YCIOBUA ANA OTK/IOYEHUA Lenu co3falTcd npu Tak
Ha3blBaeMblX Heyfa/ieHHbIX KOPOTKUX 3aMblKaHUfAX, Moj KOTO-
PbIMW MOHUMAKOT KOPOTKME 3aMblKaHWA Ha 3NEKTPUYECKUX
NNHNAX, Haxogswmecqa Ha pacctoaHuu npumepHo 0,5—5 KM oT
BblK/toyaTensa. NMpu Takux KOPOTKUX 3aMblKaHMAX BbIK/IOYaTe-
N0 NPUXOAMTCA OTKAOYaTh 60MbWON ToK K3 npu ofHOBpEMeH-
HO 60/bLIOK CKOPOCTU BOCCTAHAB/MBAKLLEIOCA HanpsHKeHWA.
Kak nokasan onbIT aKcnayaTauuu, Hambonbllee YACN0 OTKa-
30B NpW OTK/OYEHUU HeypaneHHbIXx K3 Habnwpganocb y BO3-
OYWHbIX BblkAovaTeneir 110—220 kB. MacnsHble BblKIto4aTe-
IN yCMewHo OTK/IYalT HeyganeHHble K3. lMoBbiweHHad
«YYBCTBUTE/IbHOCTb» BO3LYLIHbIX BblKAOYaTeNe K HeypaneH-
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HbiM K3 06bACHSAETCA TeM, UYTO Y HWX OTHOCUTENbHO HU3Ka Ha-
YyanbHas CKOPOCTb HapacTaHUsa 3NeKTPUYECKON MPOYHOCTU
LyroBOro NpoOMeXxyTKa, NpuUYyeM OHa TeM MeHblue, Yem 6onblue
OTKAOYaeMmbllii TOK. Mpu HeyganeHHom K3 (puc. 7.11, a) Ha-
YyanbHaf 4acTb KPWBOW BOCCTAHABMMBAKOLWLErOCH HaNPsXKeHUs
nmeet nunoobpasHbiii xapaktep (puc. 7.11,6), 4TO ABNAeTcs
CNnefCTBMEM XapaKTepHbIX BOJIHOBbIX MPOLECCOB HAa Yy4vacTke
ANHWUW OT BbiKAOYaTens fo Toukn K3. Makcumym nepeoro nu-
Ka BOCCTaHaB/IMBALLEroca HanpsXXeHUs paBeH:

«gooctmax « 2«20 = 2]/2/K(OL2/, (7.36)
roe "2 — WHOYKTUBHOCTbL NIUHUU, [TH/KM.
JTOT MakCMMyM MMeeT MecTo 4Yepes3 Bpem4 S
t =772,

roe T— nepuog KonebaHma nNunoo6pasHOro Hanps>keHus, pas-
HbIi

T=—mn

\
vV — CKOPOCTb pacrnpocTpaHeHus BOJIH, KM/C; NpW eMKOCTW Nu-
HUM C2 (P/KM) CKOpPOCTb paBHa:

y—-—1 - « 300 Q00 kwm/c.
vV 12cC2

HavyanbHaa CKOpPOCTb BOCCTaHAaB/MBAKOLLErocs Hanps>KeHus
Ha KOHTaKTax BblkaluaTens, B/c, B uHTepBane BpemeHn OxC
AtsAT/2 Mpu 3TOM paBHa:

AbIBOCCT 21/2 /keoZ2Z __
tWcT, ,au Jt Y f2
= 4V 2/K(@L2l _= y2 /K (7.37)
41vL2C2
roe ZB= j/ —----- BOJ/IHOBOE COMPOTWUBAEHNE NUHUK, OM.

EcAn NpuHATL B KauecTBe CPeAHMX 3HaueHuit Z, =400 Om u c)l2=*3F
~=0,4 OM/KM, TO
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~gocctTase —2 Y 2 /k0,4/ — 1,13/k{

MBOCCT,Hay " y21u 314*400 B/c — 0,178/k B/MKC»

Ha puc. 7.12 noka3aHa KapTWHa HapacTaHWsa 3neKTpuyec-
KO/ MPOYHOCTM AYrOBOr0 MPOMEXYTKa BO3AYLIHbIX BblK/1KOYa-
TeNeil M KpMBble BOCCTaHaBMMBAKOLWEroca HampsXeHWa npu

pasnMyHol yganeHHocTM Toukm K3. Kak BMAHO, NpM OYeHb
6nm3kmx K3 (puc. 7.12,a) nmnoobpasHblii xapakTep BoccCTa-
HaB/MMBAlOLWeErocs HanpsHXKeHWs He NPMBOAUT K NMpoboo npome-
XYTKa, TaK KakK MUK HanpsaxeHus VIBoccTTa* masn; npu Heypa-
neHHblx K3 (puc. 7.12, 6) NpoMexXyToK MOXeT 6biTb Npo6uT B
TOYKe a; npu yganeHHbix K3 (puc, 7.12, 8B) ycnosusa gna npo-
604 NpoMexyTka BHOBb OTCYTCTBYIOT, TakK KakK MPW MEHbLIUX
OTK/II0YAEMbIX TOKax ObICTpee pacTeT 3feKTpuyeckas npouy-
HOCTb MPOMEXYTKA U MEeHbLUe HayalbHas CKOPOCTb BOCCTaHaB-
NNBAIOLLETOCA HANPAXKEHUS.

7.7. OTK/IIOYEHWNE LEMNEW NOCTOAHHOIO TOKA

Ha anekTpocTaHUMAX UMeeTca psAf ueneid NOCTOAHHOrO To-
Ka: LEenu CUCTeM BO30YX[EHUS TeHepaTOPOB WM CMHXPOHHbIX
3NeKTpOABUraTeNieil, Lenn NocTOSHHOrO ONepaTUBHOIO TOKa, Le-
nu gBuUraTeneii-reHepaTopoB, LENM NPMBOAA LUHEKOBLIX MUTaTe-
nei nmbiam v T. n. Mpouecc OTKAKYEHWA Leneil MOCTOAHHOrO
TOKa CYLECTBEHHO OT/IMYAeTCA OT MpoLecca OTKAOUYEHUS Lenei
NnepeMeHHOro Toka. Mpu OTKAOYEHWUW Lieneil NepeMeHHOro Toka
MCMNoNb3yeTcs TO 06CTOATENbCTBO, YTO NEPEMEHHbIA TOK NEpuUo-
ANYECKN NPOXOAUT Yepe3 HYNb U B 3TOT MOMEHT fyra nepemeH*
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HOro TOKa MOXeT 6biTb moraweHa. B uensx NOCTOSHHOrO TOKa
Takue yclioBUs OTCYTCTBYIOT U 34ecb Ayra racutcs TO/bKO
MyTeM CBEJEHWs TOKA K HY/I0 3a CUET BBEAEHMUS B LiEMb 3HAYM-
TE/IbHOTO HE/IMHEWHOTr0 aKTWBHOTO COMPOTMB/IEHUS, KaKUM sIB-
NseTcs CONpOTUBMIEHWE CaMOM AyTW.

Puc. 7.13. OTkKIo4YeHNe Lenn MOCTOAHHOrO ToKa:
a —*pacyeTHas Cxema; 6 — BONbT-aMNepHble XapaKTepUCTUKM

PaccmoTpuM npouecc OTK/IHOYEHMUA KOPOTKOTO 3aMblKaHUA B
Llenn moctosHHOro Toka (puc. 7.13, a). lMepexogHblil mpouecc
npu raweHny 4yrun onucbIBaeTCca ypaBHEHMEM

di
E—iR+ L N + ng—iR—St f-npg,

oTKyfga
b = (E—IR) +eb,

roe b — Hanps>xeHue gyru; E— 34C uctoyHmka; L, R — co-
OTBETCTBEHHO WHAYKTUBHOCTb W AKTUBHOE COMPOTUB/IEHUE KO-

POTKO3aMKHYTOW uenu; eL— —L i 34C camouHAYKUMNN.

Mpn HapacTaHun Toka B uenn 3C camouMHAYKUMUWN OTpuULUa-
TeflbHaA, a Mpu crnaje — noJIoKuUTenbHas, T. €. OHa NpenarTcT-
BYeT M3MEHEHWI0 TOKa B Lenu. [9 CHUXEHWA TOKa B LEMu u
fJanbHelWwero raweHus gyru Heob6xogumo, 4To6bl AMHaMu4ec-
Kaf xapakTepucTtuka gyru (puc. 7.13,6) nexana Bbilwe nps-
MO, OnmucbiBaeMoli ypaBHeHMeM E—iR. Ha 3aknwunTenbHOM
cTagun npouecca OTKIOYEHUA Lenn MOCTOAHHOro Toka ug>E,
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npuyem nepeHanpsXeHWs B LeNu 3aBUCAT KakK OT ee UHAYKTUB-
HOCTW, TaK W OT CKOPOCTM W3MEHeHWs TOKa, BAMANOLWENA Ha ge-
(hopmaLmno SUHAMUYECKON XapaKTepucTUKN Lyru.

Mpouecc oTKNOYeHUA K3 B Lenn MNOCTOAHHOrO TOKa Mpu
OTKPbLITOWA Ayre xapakTepu3yeTcsa KpUBbIMWU, MPEACTaBAEHHbIMU
Ha puc. 7.14, a. NMyCTb KOHTaKThbl BbIKNOYATENA HAYMHAIOT pas-
MblKaTbCA B MOMeHT 11 o mepe pacxoXAeHWA KOHTAaKTOB Ha-
nps>XXeHWe Ha BO3HMKLUEW Ayre Bo3pacTaeT, a CKOpPOCTb pocTa
Toka K3 /K nagaet. [anee HacTynaer MOMEHT, Korga TOK [o-

Puc. 7.14. Tlpouecc OTK/IOYEHUA LUenu MOCTOAHHOIO TOKa:

a —oTknoYeHne K3 npu OTKpeITOW gyre; 6 —oTkaueHne K3 6biCTpoAeiicTByOWUM
BbIK/tOYaTeNieM; B — 0OpbIB LENU MOCTOAHHOrO TOKa C 06pa3soBaHMeM OTKPbITOW Ayru

CTUraeT MakCMMyMma, a CKOpOCTb ero wu3smeHeHuda n 30C e
paBHbl Hyn0. [lanee TOK HauyMHAET WHTEHCMBHO YMEHbLUIATLCA»
a Hanps)XeHue Ha fyre pacTteT u ctaHosutca Bbiwe 3AC wc-
TOYHMKA. B MOMEHT t2 TOK CBOAWUTCA K HYMKO W flyra racHer.

lMpouecc OTKMKOYEHUA LENU MNOCTOSAHHOrO TOKA MOXHO YcC-
KOpWUTb, ecniv co3fiaTb YC/IOBUA, NMPU KOTOPbIX HamnpsXeHue Ha
gyre O6ygeT ocTaBaTbCsi HEM3MEHHbIM U 6onbwum 34C ncTou-
HWKa BO BCe BPEMSA MepexofHOro npouecca. Takue ycnosus
MPaKTUYeCKN BbINMOMHAKTCA B BbIK/KOYATENAX aBTOMaTUYECKUX
6bicTpogeiicTeyowmx (BAB), umelowmnx cneyuanbHble racu-
TeNbHble KaMmepbl. B psage cnyyaes, Hanpumep, B aBTOMaTax
ralleHnsa nond racuTefibHble Kamepbl BbIMOMHAKT C UCNONbL30-
BaHMEM MNpuHUUNA pasbuBKM Ayrn Ha pAaf KOPOTKUX OYr, Y KO-
TOpbIX, KaK W3BECTHO, HanpsxeHue ayru (paBHoe 20—30 B)
He 3aBMCUT OT MPOXOAALLEr0 ToKa. [pu 3TOM MpoLecc OTKI0-
YeHUs LEenu KauyeCTBEHHO XapaKTepusyeTcs KpUBbIMU, NPUBELEH-
HbIMW Ha puc. 7.14, 6.

B ycnoBusix 3kcnnyataumum MOXET BO3HWKHYTb 06pbIB Ka-
KON-1M60 Lenn MOCTOAHHOrO TOKA B MPOWM3BOSILHOM MeCcTe, Ha»
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npuMmep uenn BO3OYX[eHUs reHepatopa, e o6pasoBaHueM
OTKpbITOM Ayrn. B aToM cnydyae TOK B Lenu U Hanps>KeHWe Ha
Lyre M3MeHAKTCA Tak, KakK nokas3aHo Ha puc. 7.14, s,

7.8. BbIK/TIOYATENN BbLICOKOTO HAMPAXEHUA N X MPUBOALI

BbikntoyaTenn — 310 3/IeKTpUYecKue annapatbl, fipefHas»
HauyeHHble ANA OTKAOYEHWUA W BKAKOYEHMA Ueneli npu no6bIX
pexxumax paboTbl 3MeKTPOyCcTaHOBOK. K BblKMtOUaTENsAM BbICO-
KOro HamnpsaXeHua YCNO0BHO OTHOCAT BbIKIOYaTENN C HOMMU-
HanbHbIM HanpsaxeHuem 6onee 1 kB.

B ceTax mepemMeHHOro TOKa 3HEpProcucTteM B OCHOBHOM UCT
MONb3YIOT ClefylolW e BbIK/HOYATENM BbICOKOTO HanpsXXeHud:'
MacnsHble (6aKkoBble W MajsioMacnfHble), BO3AYLIHbIE U 3MeKT*
poMarHuTHble. BHeApAOTCA TakXe 31erasoBble, BaKyyMHble ”
TUPUCTOPHbIE BbIKNOYATENU. ABTOra3oBble BbIK/OYaTenn (3a
NCKNIOYEHVEM BbIK/lOYaTeNed Harpyskn), NMeBLLMNE OrPaHUYeH-
Hylo o06nacTb npumeHeHus B cetax 6—10 kB, BbITeCHeHbl 60-
Nee COBepLUeHHbIMX ManoMac/ifHbIMU BbIK/THOYATENAMMN.

B 6aK0oBbIX MACNAHbLIX BbIKAOYATENAX MACN0 CMYXUT B Ka’
YyecTBe Ta3oreHepupytoLlLero matepuana W B KayecTBe MU30M19»
U1K, TakKue BbIKIKOYATENN MCNONL3YHOTCA B ceTax 6—220 KB.
[ns noBbllWeHNA KOMMYTaLWOHHON CMOCOOHOCTM W YMeHblue-
HUA pasMepoB BbIK/IOYATENM OCHaLLAlTCA FacUTENbHbIMU Ka*
MepaMu pasiInyHOro UCMNoNHeHUA. icnonb3yemble paHee Bbl*
Kniouvatenn 6e3 racuTenbHblX Kamep  (Hanpumep, Tuna
BMB-10), y KoTOopbiXx gyra cBo604HO ropuT B Macne, VMMenu
Masyt0 OTK/IOYaLWYo CrnocobHOCTb U 6oNbline pasmepbl, No-
3TOMY LUMPOKOrO p-acrnpocTpaHeHus B 3HEProcncTeMax He nonay*
yunau.

B mManomacnaHblX BbIKAKOYATENAX MAC/A0 CAYXUT TOMbKO
B KayecTBe .rasoreHepupytoliero matepuana, cosfatoLiero yc-
noBuA ANng raweHusa gyrn. OHW UCMNONb3YHOTCA B 3/1IEKTPUYECKUX
cetax 3—110 kB. Bce OoHM OCHaleHbl racutefibHbIMU Kamepa’
MW TOrO WM WUHOFO UCMONHEeHUA. ManomacnaHble BblKnoYaTenm
6onee KOMMakKTHbl, Yem 6akoBble BbIKAHOYATeNN, MeHee MoXa-
pO- M B3PbLIBOOMACHbLI W MO3TOMY MOJYUYUIN MPEUMYLLECTBEHHOE
pacnpoctpaHeHue B 3PY 3—20 kB.

Bo3gywHble BblKAOYaTENM 060pYA0OBaHbl FacuUTesbHbIML,
Kamepamy rasoBoro AyTbA ~iA UCNonb3ykTcs g ceTax 35-T
750"kB’. B oTgenbHbIX cnyyaax, HanpumMep ka '9C, oHM Hawnm
NPpMMeHeHMe B KayecTBe BblK/MtouaTeneid reHepaTopoB npu Ha*
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npsxeHmax 10—20 kB. B anekTpuyeckux cetax 330—750 kB
B HacToflee BPeMs MUCMONb3YHOTCA TO/IbKO BO34YLIHbIE BbIK/IO-
yatenu. m

JMIeKTPOMArHUTHbIE BbIKAOYATENIM MNPUMEHAIOTCA B CeTAX
6— 10 kB, Hanpumep B CeTAX CO6GCTBEHHbIX HYXA K3C. OHu
obnafaloT [JOCTaTOYHO BbICOKOW KOMMYTALMOHHOW CMOCO6HO-
CTblO, fOnyckatT 60/blIOe YNCNO Onepaumii Mexay pPeMoHTa-
MU, MOXapo- M B3pbiBo6e3onacHbl. OfHaKo uX pasMepbl U
CTOMMOCTb HECKONbKO Bbllle pPasMepoB M CTOMMOCTM Masiomac-
NAHbIX BblKNtouvaTeneii. Kpome Toro, BO3HMKalOT BONpOChHl 0bec-
neyeHnss Heo6XOAUMOW HaAeXHOCTU MX paboTbl B pasINYUHbIX
3KCNNyaTauMoHHbIX pexumax.

B anerasoBbiXx BblikaoyaTenix (0OCBOEHbl Ha HamnpsXeHus
110—220 kB n pa3pabaTbiBatoTCA Ha HanpsxeHua 330—
1150 kB) pyroracswein cpegoii ABndeTca aneras (wectudropu-
cTaa cepa) SF6. Oneras no cpaBHEHWIO C BO3AYXOM WMEET Mpu-
MEePHO B 5 pa3 60/blWY MJOTHOCTL M B 2—3 pasa 60nblyto
3NeKTPUYECKYI0 MPOYHOCTb. 3a py6exXoM OCBOEH BbIMYCK KOMM-
NeKTHbIX pacnpegycTpoicTts 110—765 kB ¢ 3nerasoBoii K30-
nAuuen, B KOTOPbIX UCMOMb3YIOTCA 3/1€ra3oBble BbIKAOYATENN U
3aKpbITble TOKOMPOBOAbLI C 31€ra3oBoli n3onsuueii. 3nerasosble
BbIK/IlOUaTeIn JOPOXE MACNAHbIX W BO3AYLUHbIX BbIK/oYaTe-
nein.

BakyyMHble Bbik/to4yaTenn pa3paboTaHbl Ha HaNPXEHUS
80 220 kKB. OHM MMeT Manble pasmepbl, 60nbwoe 6bICTPOAEN-
CTBME; KpPOMe TOro, OHM MOXapo- W B3pblBOGE3OMNacHbI, fonyc-
KalT 60/blIOe YMCNO KOMMYTaUuin Mexgy pemoHTamu. OfHa-
KO KOMMYTaLMOHHAa# CMoCOOGHOCTb WX MOKa ele HEeBENUKa;
TpebyoT AOoPaboTKN BOMPOCHI TEXHONOTMU, MOHTaXa W 3KCny-
arauum.

TupuctopHble BbikatovaTenn B CCCP u 3a pybexxom paspa-
60TaHbl M OCBOEHbl Ha HanpsaxeHusa o 10 kB. MNMpu ecTecTBeH-
HO KOMMYTAL MW OHW OTKKOYAKT Lenb BO BPEMA MEPBOro Npo-
XOX[EeHUA TOKa Yepe3 Hynb. [1pu MCKYCCTBEHHOW KOMMYyTauuu
TUPUCTOPHbIE BbIK/OYATENIU CMOCOBHBLI OrpaHUYUTL TOK LENu u
OTKAOYNTb LeNb 3HaYWTENbHO paHblue, Yem MNpU ecTecTBEeHHON
KOMMYyTauuu. JOoCTUrHYyTble napaMeTpbl TUPUCTOPOB U UX OTHO-
CUTeNIbHO BbICOKasA CTOMMOCTb, K COXaneHuto, He Mo3BONAKT B
HacToAlLee BPEMS CO3[4aTb KOHKYPEHTOCMOCO6HbIe TUpUCTOP-
Hble BbIKAOYATENM Ha HanpsxeHus Bbiwe 10 KB gns cetei
3HeprocucTem.
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B AnoHuun paspaboTaHbl Tak Ha3blBAEMblE «CUMHXPOHHbIE»
NN «CUHXPOHU3UPOBAHHbIE» BbIK/OUYATENIN, OCYLLECTBAAIOLMNE
OTK/HOYEHWE LEeNein Mpu NepBOM MPOXOXAEHUM TOKa uvepes
HyfNb. B TakuX BblKAKOYaTeNsxX Npu nogxofde Toka K HyMw noj
feiicTBMeM 6GONbLWINX 3MEKTPOSMHAMMYECKUX CUST OCYLLECTBAA-
eTca NpakTUYeCKM MIFHOBEHHOEe pa3BefleHMe KOHTaKTOB Ha pac;
CTOSIHME, Heobxoaumoe [/ 06ecneyeHUss  31eKTPUYECKON
MPOYHOCTU MPOMeXYyTKa. Bbik/touaTenu OCBOEHbl Ha Hanpsxe-
Hua go 500 kB, of4HaKO LWMPOKOro UCMOJ/Ib30BaHUA MOKa He Mo-
nyunnn. NIx BHeapeHWe B 3HeprocucTemax OyaeT 3aBuUCETb OT
3KCNAyaTauMOHHbIX KauyeCcTB U TEXHUKO-3KOHOMUYECKUX Xapak-
TEPUCTUK.

Uem ObICTpee racuTcs Ayra B BblKaOUaTene, TEM MeHblUe
BblleNIAeTCA B HEM 3HEpPruyM W, Kak CNeAcTBME, MeHblle M3Ha-
LIMBAOTCA KOHTAaKTbl, MeHblle pasfnaraetca Macno (B mMacns-
HbIX BblK/JlOUaTeNax) v T. N. Kpome TOro, YCKOpeHue oTK/toYe-
HWUSA Leneli MepemMeHHOro TOKa MOBbILAET HAAEXHOCTb W YCTOW*
UMBOCTb PaboTbl IHEPrOCUCTEM.

MoBblWEHNE CKOPOCTU TalleHus Ayrn LOCTUraeTcs nyTem
WHTEHCVWBHOM [EeWOHM3aLUMM AYroBOro MPOMEXYTKa C MOMOLLbIP
pasNYHbIX LYroracuTeflbHblX YCTPOICTB. MpumeHsOTCA racu-
TeNbHble Kamepbl C ra3oBbiM (BO3LYLIHbIM) WAN 31EKTPOMArHUT™
HbIM 4YTbeM, racuTesibHble Kamepbl C Y3KOW Lenbto, racuten”
Hble Kamepbl C pa3buBKOW Ayrum Ha paj KOPOTKMX Ayr, B KOTO-
PbIX MCNOMb3yeTcs 3P(eKT BOCCTAHOBNEHWUA 3NEKTPUYECKON
MPOYHOCTW OKONI03NEKTPOLAHbIX 06nacTeii Ayrn npu npoxoxge?
HUM TOKa 4epe3 Hynb. [puMeHeHWe B KavecTBe gyroracsuiei
cpefbl 3nerasa, o6nagaroLLero Cnoco6HOCTbIO MHTEHCMBHO no'l
rnowatb 31eKTPOHbl W3 [yrosoro ctonba u o06pa3oBbiBaTb
ManonofBUXHbIE OTpULATeNIbHble WOHbI, TakXXe crnocobcTByeT
3 (PeKTMBHOI JEMOHN3ALUM LYTOBOFO NMPOMEXYTKA.

B KauyecTBe [ONOMHUTENbHLIX CPEACTB, CMOCOGCTBYHOLLMX
raweHunio Ayru B BbIKIOYaTeNAX, UCNOMb3YHOTCA: MHOrokpar-
Hbli pa3pbiB uUenu (2—16 pa3pbiBOB Ha (a3y) W CHWXKeHue
CKOPOCTM BOCCTAHaB/MBAKOLLErOCA HAMNPsHXKeHUA Ha KOHTaKTax

BbIK/TlOYaTeENA C NOMOLWbLIKO PE3NCTOPOB, WYHTUPYHOLWNX KOHTaK*
Tbl BbIKKOYaTenNd.

BaXXHbIM 3/1eMEHTOM BblK/OYaTeNs ABMAETCH I'IpVIBO,q*
T. €. yCTpOVICTBO, npegHasHa4eHHOE ANA BK/IKOYEHUA U OTK/HO™;
YeHNA BblIKNKOYaTena npu N 6bIx ycnosunax pa60TbI uenn. Bbll
KAw4vaTtenn B 3aBUCUMOCTU OT WX TuUNa, UCNONHEHUS U HOMJI
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Ha/lbHbIX MapaMeTpPOB OCHALLAOTCA 31eKTPOMArHUTHbLIMU, MHEB-
MaTUYEeCKUMW, TMHEBMOTUAPABANYECKUMU UAW  NPY>XXUHHBIMY
npueofjamu. B oTaenbHbIX cayvasax MOryT ObiTb TakXe MCNofb-
30BaHbl ABUraTefibHble U WHEPLWOHHbIE MPUBOAbI BbIKIOYaTE-
nein (no FOCT 687—78E). Hambonbwee pacnpocTpaHeHue
NOAYYMAN  3M1eKTPOMarHWTHble U MHEeBMaTW4YecKWe MPUBOAbI.
MpyXWHHbIE NPWBOAbI YCTaHABAMBAIOT Yy BblKNoYaTeneli, ume-
IOWMX OTHOCWUTENLHO JNIETKYH MOABWXHYIO cucTtemy. MpumeHe-
HWe TakuWX NPUBOAOB MO3BOMAET MCMNOMb30BAaTb  MEPEMEHHbI
OonepaTUBHbIA TOK U CHU3UTb CTOMMOCTb 31EKTPOYCTaHOBKM.

MprBogbl BbIKAOYATENEN LOMKHBI UMETb MEXaHU3M CBObOA-
HOro pacuenfeHus, NO3BOMAILWMIA OTKAYaTb BbIK/KOYaTENb
nog LeicTBMEM peneiiHol  3aWuTbl Npy AK60M  MONOXKEHUM
MOABVMXXHON CUCTEMbl MNPWMBOAA, HanpuMep MpU BblIMOJHEHWN
KOMaHfbl Ha BK/KYEHMWe BbIKIOYaTeNs.

Cxema ynpaBneHus npuMBoda AO/MKHA MMETb TaK HasbliBae-
MYyl0 «6/IOKMPOBKY OT MpbIFaHUA», NPeaoTBpallatoLLyt0 MHOro-
KpaTHOe BK/OYeHWe BbikAtovaTens Ha K3 B uenu.

7.9. NNABKWE MPEOOXPAHUTENN

MnaBkue npefoxpaHUTeNn — 3TO 3/leKTpUUecKue annapa-
Tbl, NpeAHa3HayeHHble ANA 3alWuUTbl Leneii OT CBEePXTOKOB.
lMnaBkne npefoxpaHUTENu ABAAKOTCA annapatamu 0ofHopaso-
BOr0O AENCTBMA C NO(azHbIM OTK/IIOYEHWEM 3alyuLiaemMol Uenw.
OHMn cpabaTbiBalOT aBTOHOMHO B 3aBMCMMOCTU OT CTEMeHU U
OANTENbHOCTM  BO3AEWCTBMA TOKA M He TPebylT Kakmx-nmb6o
BHELHWNX U3MEPUTE/IbHBIX WU YNPaBAAOLWNX Lene.

OCHOBHbIMW  3/leMeHTamMu  NpefoXpaHUTensa  ABMAKTCA
nnaBkKas BCTaBKa W NaTtpoH. B 3anekTpoycTaHOBKax NpPUMEHS-
IOTCA rasoreHepupytouie n Keapuesble NpefoxpaHUTenu pas-
NINYHBIX TUMOB.

B anekTpunyeckux cetax go 1 kB monyumnm pacnpoctpaHe-
Hue npegoxpaHuTenu Tunos MNP (nNpegoxpaHutens ¢ pasbop-
HbIM NaTpoHoM 6e3 HanonHutend), MH (nNpefoxpaHWUTeNbC Ha-
nonHUTeNeM U ¢ pa3bopHbIM naTpoHom), HIMH (npegoxpaHu-
Te/lb C HanojHUTeNeM U C Hepa3bopHbIM MATPOHOM), a TakKXe
bbicTpoaelicTByoWMe npegoxpaHutenn Ttunos MHB, MBB u
Nn6o.

B anekTpuueckux cetax Bbilwe 1 KB monyuunun pacnpocTpa-
HeHue npefoxpaHutenun tunos MK (npefoxpaHuTens C KBap-
ueBbiM HanmonHuTtenem), MKTH (npegoxpaHuTenb KBapLeBblii
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ana  TpaHcopmatopoB Hanps>keHus), MNMCH (npegoxpaHu-
TeNb CTPENAWUin HapyXHOW ycTaHoBkK), MCHY (npepox-
paHuTeNb CTPeNALWmniA HapyXXHON YCTAHOBKMW yMpaB/iseMblil).

MpefoxpaHUTeNb XapakTepm3yeTca HOMWHaNbHbIM Hanps-
XeHueM (/HOM, HOMWHa/lbHbIMW TOKaMy naTpoHa wrnarvom U
NNaBKOW BCTaBKM (3aMEHAEMOro 37emMeHTa) /BCT.HOM, HOMM-

Pwuc. 7.15. OTknt0-

YeHWe uenu TOKOOr-

paHuymnBarLWmMm npe-
foxpaHuTenem

HaNbHbIM OTK/OYaeMbiM TOKOM /COIKMHOM, a TakXXe BPEMATOKO-
BbIMW XapakKTepucTuKamu MnaBfeHUs NNaBKoi BcTaBku /Th=
= /(/n) n oTkMo4veHusa uenun "Otkn—/(/n), roe /n— nepuoguye-
CKas cocTaB/flollas 0Xuaaem Toka K3 B uenu, rge ycta-
HOBJIEH npefoxpaHuTtens. Kpo-
Me TOro, MOXeT OblTb 3ajaHa
XapakKTepucTuKa TOKOOTpaHu-
yeHusa ;B =f(/n).
B nartpoHe npepoxpaHuTe-
na  nomMewalT  pasfnyHble
nnaskKue BCTaBKW npu cobnio-
OEHNN ye/lOBUA /BOT,HOM
A/nat.HOM-
Moj HOMMHaNbHBIM TOKOM
npefoxpaHuTtens 06bIYHO MoO-
HUMAKT HOMMWHabHbIA TOK
nNaBKOW BCTaBKW. Y mnpego-
XpaHuTene Hanps>XeHnem
Bbie 1 KB 3HauyeHue ogHoua-
COBOTO TOKa M/aBneHns [0/- Puc. 7.16. OrpaHuyeHne CKBO3HOIO

XHO HaxoAuTbCA B Npefenax TOoKa K3 TOKOOrpaHnymMBaKwLWwnm
1,3/HOM---- 2/HOM ™" npegoxpaHuTenem
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HOMUWHaNbHbIA TOK OTKIOUYEHNA MpefoXpaHuTens— aToHa-
néonbliee [eNCTBYIOLLEe 3HAYEHWe MEpPUOSMYECKOl cocTaBns-
oWel 0XXMAAeMOro ToKa KOPOTKOr0 3aMblKaHWS B LN, KOTO-
pblil NpefoXpaHUTenb CNOCOBEH OTKNHUUTL. [1of 0XUAAeMbIM
TokoM K3 noHumatoT TOoK K3, KoTOpbI 6bin 6bl B Lenu mnpw
OTCYTCTBUWM B Hell NpeAoXpaHUTens, T. €. TOK, He OrpaHuyeH-
Hblli geiicTBMEM npegoxpaHuTens. [lpefoxpaHuTenun, y KOTO-
poix lae  ynAK (puc. 7.15), ob6bnagaldT TOKOOrpaHUYuMBar-
WM 3MPEKTOM, U WX MPUHATO Ha3biBaTb TOKOOrpaHW4MBaK-
WHUMKU npefoxpaHutTenamu. KV3meHeHue Hanps>XeHuWa Ha npe-
JOXpaHUTene ¥ TOKa B LENW MNpejoxpaHUTens MOKas3aHo Co-
OTBETCTBEHHO Ha puc. 7.15,a n 6. TokoorpaHuuyusaroLlaa cno-
COGHOCTb MpefoXpaHuTenein 3aBUCUT OT HOMMHANLHOIO TOKa
BCTaBKMW, 3HayeHUa oxupgaemoro toka K3 v dasbl BKIOYeHUA
(HaMMUMs M 3HaYeHWsA anepuojMuyeckoil cocTaBasloLWel Toka
K3). Ha puc. 7.16 B KauyecTBe npumepa MpuBeLeHbl XapakTe-
puctukn rke=/(/n) npefoxpaHWTeNein C HOMUHAMbHbLIM Ha-
npshxxeHunem 600 B ¢upmbl GEC (CLUA) gnd uenu ¢ kyA=
= 1,63, T.e. iyn—2,3/n0- Kak BMAHO, 4Yem 60/blUe HOMWUHa/b-
Hbli TOK MAaBKO BCTaBKW, TeM HVKe TOKOOrpaHuMuumBatollee
[elicTBMe NNaBKOro MpejsoXpaHuTens.

Mpn OTKAKOYEHUM Uenu TOKOOrpaHWYMBaKLWKMM npejoxpa-
HATENEM B Heil MOryT BO3HWKHYTb MNepeHanpsXeHus, TeM
6onblmne, Yem ObICTPee CHUMKAETCA TOK B Uenu. OrpaHumyeHue
nepeHanpsHXKeHWin  [OCTUraeTca cneymanbHOW  KOHCTPYKLMel
naaBKUX BCTaBOK.

Bbibop npefoxpaHuTenein  NpoOM3BOAUTCA C Y4YETOM TOrO,
YyToObl MNaBKas BCTaBKa He nnaBuaacb Npu LOMNYCTUMbIX A
JaHHOI uenu pexumax, B TOM 4ucfe npu LONYCTUMbIX ANA Le-
nu neperpyskax, W 4T06bl MNpefoXpaHnTenb 3NPEKTUBHO U Ce-
NeKTUBHO 3awmuian uenb npu K3. KommyTauuoHHas cnocob-
HOCTb MpejoxpaHuTens [oMXHa YAO0BNETBOPATb YC/OBUIO:

/0TKn,HOM /n.0X |I'|Ol
7.10. OTPAHVWYNTENWN YOAPHOIO TOKA

OrpaHnuynTenn ypapHOro TOKa — 3TO CBepXxOblICTpoOAencT-
BYIOLME KOMMYTALWOHHbIe annapaTbl B3pPbIBHOIO AeCTBUS Ha
6oNblWe HOMUHaNbHble TOKW. OrpaHuunTens (puc. 7.17, a)
COCTOWUT M3 OCHOBaHWA, W30M1ATOPOB, KOMMYTaLMOHHOrO 3ne-
MEHTA W WYHTUPYIOLLErO €ro MnpefoxpaHuTens crewunanbHoim
KOHCTPYKLUMUWN. KOMMYTALMOHHbI 3N1EMEHT B CBOIO 0Yepefb CO-
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CTOMT M3 MnaTpoHa, BHYTPM KOTOPOro MOMeLiaeTcsi TOKOHecy”
WA NPOBOAHMK 60/bLIOI0 CeYeHNU C BMOHTUPOBAHHbLIM B Herp
nuponaTtpoHoMm. [MoAXWTr nuponaTpoHa OCYLWeCcTBAAETCA oT
paspaAHOro ycTpolicTBa, KOTOpPOe HaxOoAWTCA BHe KOMMYyTau”
OHHOrO 3M1eMeHTa U CBA3aHO C NMUPOMATPOHOM Yepe3 pasgann*
TeNbHbIA UMNYNbCHBLIA TpaHCHOPMaTop, CMOHTUPOBAHHbLI B/\TE?
ne nsonatopa. YnpasneHue paspafHbIM YCTPOACTBOM OCYLLecT-
Bnsetca oT 650Ka ynpaBfeHWs, pearvpylowero Ha NpousBos-

Puc. 7.17. OrpaHuuuTenb yhapHOro ToKa:

a —BHelWHU Bug; 6 — npouecc OTKNOYEHUs uenu; /| —6e3 orpaHnuuTens; 2 —c or-
paHnuuTENEM

HYIO- U3MEHEHNA TOKa B 3awjuwaemoin uenm di/dt. [atumkom
TOKa CAYXWUT TpaHcopmaTop TOKa CheuuanbHOM KOHCTPYK-
umn. Bpemsa cpabaTbiBaHWS MYCKOBOrO OopraHa cocTaBnseT
npumepHo 0,5 Mc, co6GCTBEHHOe BpeMs MMpoMaTpoHa OKOJo
20 MKC, pa3pblB OCHOBHOI BCTaBku npoucxoaut 3a 0,1 mc; non-
HOe BpeMs OTK/II0OYEHUS LENM OrpaHWYUTENEM He MpeBblllaeT
5 MC. I3mMeHeHVe ToKa B LENu C orpaHnynTesieM nokasaHo Ha
puc. 7.15, 6. Hannmume WyHTUPYIOWEro npegoxpaHuTens cne-
LUMANbHOW KOHCTPYKLMM WCKIHOYAeT OMNacHble MepeHanpskem
HMA B LUENu, TaK KakK Mpu OTKNHYEHUU HANPSXKEHWe Ha Aayre
OCTAeTCs NPaKTUYECKN HEU3MEHHbIM.

B03MOXHbIEe CXeMbl BKMKOYEHWUA OrpaHuuuTenei ypapHoro
TOKa faHbl Ha puc. 7.18.

OrpaHvyuTeNnn ygapHoro Toka MOryT MUMeTb B CXEMe ynpas-
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U Ergyo 4o

Puc. 7.18. B03MOXHble CXeMbl BK/OYEHUS OrpaHuumTeneid yjapHoOro Toka:

a —B lenun TpaHchopmaTopa; 6 — napannenbHO peakTopy; B —MeXAy ABYMSA CeK-
UMAMKU; T — napanfienbHo CeKLWOHHOMY peakTopy; [ —s MEXAY [ABYMSA CeKUMsMU Npu
NOAKMOYEHNN HOBOTO WCTOYHUKA; € — napannenbHO CABOEHHOMY peakTopy; de— na-
pannenbHO OTAENbHbIM Mje4yaM CABOEHHOTO peakTopa; 3 — napanienbHO CABOEHHOMY
peakTopy (B MPOAJONBHOM pexXWuMe); M — B Mieye CABOEHHOTO peakTopa; K—B Lenwn
OCHOBHOTO W Pe3epBHOr0 MUTAHWS LUWH COGCTBEHHbIX HYXJA; N —B Lenn TpaHchopmaTo-
pa COBCTBEHHbIX HYX[; M —MeXAy 3NeKTPOABUraTeNeM U pasHbIMW CEeKUUAMU; H —
B Lenn o6MOTKW aBTOTpaHcopmaTtopa, COeAWHEHHOW B TPeyronabHUK; 0 — napanfnenb-
HO pa3psAAHMUKY, BKIOUYEHHOMY B HelTpanb

NIeHNA opraH HanpaB/1EHMA MOLHOCTHU. |-|pl/l 3TOM OHW CTaHO-
BATCA He3aMEHUMbIMW annapataMn B CXeMaxX SHEKTPOCHa6)Ke-
HUA 0C060 OTBETCTBEHHbIX I'IOTpe6VITefI6I7I, He fAonycCKakwmnx
nepepbiBOB MNTaHUA.
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7.11. PASBEAUHUTENN, OTAENWUTENW, KOPOTKO3AMBLIKATEAU U

nx NPMBOAbI
" PasveguHutenn (FOCT 689—79)—3T0 3NleKTpUYeCcKue
annapartbl, nNpegHasHayeHHble 419 CO34aHUA BMAMMOrO paspbl-
Ba B LENAX Npu BbiBO4e 060pYyAOBaHWA B PEMOHT, a Takxe
1an9 CHATUA HANPSXXeHUs ¢ 06eCTOUYEHHbIX YacTeil (31eMeHTOB)
3N1eKTPOYCTaHOBKW. Pa3beAWHUTENN He VMEKT Ayroracutesib-
HbIX YCTPOWCTB, MO3TOMY WX KOMMYTALMOHHAA CMOCOOHOCTb
HeBenmka. PasbefuMHUTeNAMU, KakK NpPaBuio, 3anpeliaeTtcs OT-
Kno4aTb Lenu noj TOKOM, a TakXe BK/IYaTb LEnu Mnoj Ha-
rpysky. MNpun oOWMO60YHOM OTKNHOUYEHWWN Harpy>XXeHHON uenu
pasbefMHUTENIEeM Ha ero KOHTakKTaxX BO3HWKaeT OTKpbITaa AY-
ra, Kotopas noj AelcTBUEM 3NeKTPOAMHAMUYECKUX CUNT U
BETpa pacTArMBAETCA U MOXET MPUBECTU K MexaydasHbiM K3
nnn K3 Ha 3emmo. 019 WCKNHOYEHUSA MOAOOHBLIX Cly4yaes Bbl-
MONIHAKTCA CheunanbHble 6/10KMPOBKK, 3amnpeLiarolne oTKI0-
YeHMe U BK/IKOYEHME Lenn pasbefuHUTENeM Mpu BK/IHOYEHHOM
BblK/lOUaTesie TOM Xe uenu. PasbegMHUTENS MU HeNb3s OTKIO-
yaTb W BK/OYaTb LENU, NO KOTOPbIM MPOXOAUT TOK WU B KO-
TOPbIX OH NOABAAETCH NOC/e BKOYeHUs uenu. B cxemax, rge
pasbeAMHUTENN [LOMKHbI BbIMOMHATL TakKXe (YHKUMM onepa-
TUBHbIX annapaTtoB, BKAKOYEHWe W OTKAIYeHWe Leneli passb-
eANHUTENAMWN AOMYCKAEeTCHA, eCM KaXAbll pa3befuHUTeNb Ha-
[0eXHO LWYHTMPOBAH napanfieNbHOW Uenblo, obnajatouieii He-
3HAYUTENbHLIM COMPOTUB/IEHWEM, HANpUMeEpP LEenbl LWKUHOCOoe-
OVWHUTENIbHOTO BbIK/IlOYaTeNs CBOEN CeKLMU.

PasbefnHUTENAMU paspellaeTca MNpou3BOAUTL BK/OYEHMe
N OTK/IIOYEHWEe TPaHC(OPMATOPOB HAaMPAXEeHUd, 3a3eMNaATb WU
pas3eMnATb HeWTpanu CU0BbIX TpaHCHOPMATOPOB NpU OTCYT-
CTBMM B CeTW 3aMblKaHMA Ha 3em/l0, OTKAYaTb W BK/IOYaTh
3apsAfHbIA TOK WWH 1 3nekTpoobopyaoBaHus (Kpome 6atapeli
KOH[eHCaTopoB). TPexXMoJIlOCHbIMU pPasbefUHUTENAMU HapPyX-
HOW yCTaHOBKW npu HanpshkeHun 10 KB u HuKe gonyckaeTcs
OTK/lOYeHNe W BKOYeHWe HarpysouyHoro toka fo 15 A. B oT-
JeNbHbIX Cnyyadx, CTPOro OroBOPEHHbLIX B AWPEKTMBHbLIX MaTe-
punanax MwuHaHepro CCCP, pasbegumHutenamm (U oTnenutens-
MW) paspellaeTcda OTK/IOYEHME HEHarpy>XXeHHbIX TpaHcpopMma-
TOPOB HEO60/bWON MOLHOCTA W 3apsAAHOro TOKa 3/ieKTpuye-
CKUX NUHWUIA HEOONbLUIOWA ANWHBI.
PasbegnHNTENAMU (M OTAENUTENAMMW) HapPY>XHOW YCTaHOB-

I;? %ESOO KB paspelwaetcd OTK/IHOYEHME TOKOB, YKa3aHHbIX B
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Tabnuuya 7.7

NcnonHeHue .
pasbeauHuTe- PaccTosHue HamarHuum- 3apagHbin - TOK 3amMblka-
WHOM >KB  nisi (oTgenure- MEXAY 0CAMM  BaloWuniA TOK, TOK, A, HWA Ha 3eMJII0.
nsl) nontcos, M A, He 6onee He 6onee At He 6onee
6 — 0,4 2.5 3 7.5
10 — 0,5 2,5 4 6
20 — 0,75 3 3 4.5
3 2 3
35 — 1
2 5 3 5
110 BP 2 6 2,5
2,5 7 3
3 9 3,5
rn 2 4 1,5
2,5 6 2
3 8 3
3,5 10 3,5
150 BP 2,5 2,3 1 -
2,7 4 1,5
3 6 2
3,4 7,6 2,5
4 10 3
rm 3 2,3 1 i
3,7 5 1,5
4 5,5 2
4.4 6 2,5
220 BP 3,5 3 1 _
4 5 1,5
4.5 8 2
rn 3,5 3 1 -
4 5 1,5
4.5 8 2
330 rn 6 5 2 —
500 BP 7,5 5 2 ' -
rm 8 6 2,5
MH 8 5 2

MpumeuaHue. BP —BepTUKaNbHO-py6aWmiA; T — ropn3oHTanbHO-NOBOPOT-
Hbllii; MH — nofBecHOIA. - -
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Tabn.7.7. OTKMOYEHNE HAMArHW4YMBaKLWero Toka TpaHcpopma-
TOpPOB, B HeMTpanax KOTOPbIX MMEKTCA Ayroracsilime peakTto-
pbl, pa3pellaeTcs TOJIbKO MOCMe OTK/AYeHUs nocriegHux. OT-
KNOYeHne W BKIOYEHME OTAENUTENAMU U pasbefuHuTenamu
HaMarHuymBalwero ToKa TpaHchopmaTopos 110—220 kB
NPOWN3BOANTCSA MPMW 3a3eMJIEHHON HelnTpanu.

Mpu pacyeTe HamarHW4YMBalOLLIErO TOKa TpaHcopmaTopos
MCXOL4AT U3 TOr0, YTO MPW MOBLILWEHUW HAMNPAXEHUSA HA TpaH-
chopmaTopax [0 £/=1,65 £/Hom UX HamMarHW4YMBaKOLWMA TOK
BO3pacTaeT npumepHo Ha 50 % CBOEro HOMWHANbLHOrO 3Haue-
HUS.

CraHfapTHbIMW pasbeguHuTenamun un otgenutenamm 110,
150 n 220 KB BHYTpeHHel yCTaHOBKW C PacCTOAHUAMU MeXay
OCAMW MONOCOB COOTBETCTBEHHO 2; 2,5; 3,5 M gonyckaeTtca OT-
KNOYeHne U BKAKOYEHME HamarHuymealoWmnx TOKOB CUNOBbIX
TPaHC(OpMaTopoB M aBTOTPAHC(HOPMATOPOB COOTBETCTBEHHO
He 6onee 4; 2 m 2 A, a TakXe 3apsigHbIX TOKOB NPUCOELUHEHWI
He 6onee 1,5 11 1 A. CTaHLapTHbIMU pPasbeAUHUTENAMU BHYT-
peHHeid ycTaHOBKM 6—35 KB paspewaeTcs OTK/IKYEHME U
BK/IIOYEHME HaMarHM4ymBarLWMX TOKOB, TOKOB 3aMblKaHWA Ha
3eM/II0 U 3apsAAHbIX TOKOB AMHWUIA, yKa3aHHbIX B Tabn. 7.8.

Ta6bnuuya 7.8

HammeHbLLee paccTos-

PaccTos- HWe OT pasbejliluTens  Tok 3aMbl-  HamarHu- o
HUE MeX- [0 333EMNEHHbI X M TO-  KaHMA Ha  unBaloumii  SaPAAHbIA
rqoM’ KB ay ocamm KOBEA3/WMX yacTeil, M  3emnio, A,  TOK, A, TOK, A,
NoCcoB, M He 6onee He 6onee He Gonee
A B B
6 0,2 0,2 0,2 0,5 4 3,5 2,5
10 0,25 0,3 0,3 0,7 3 3 2
20 0,3 0,4 0,4 1 2,5 3 1,5
35 ' 0,45 0.5 0,5 1,5 1,5 2,5 1

MpumeyaHune. A —paccTtosHue (asa —3emns; b — paccTofHMe 0T pa3omk-
HYTbIX KOHTaKTOB pas3befuHUTEeNAa [0 3eMAN WM [0 COOPHbIX LWWH, B —paccTosHue

OT MOQABMXXHOTO KOHTAKTA Pa3befMHUTENIs B OTKIKOUYEHHOM MONOXKEHWU O 3eMAN U
L0 COOPHbIX LUMH MO BEPTUKANN.

CTaHAapTHbIMU  TPEXMOJIIOCHBIMU  pa3befuHUTENAMN [0
10 KB BHYTpeHHEl W Hapy)XXHOW YCTAHOBKMW, MMEKLWMMU Mexa-
HUYECKUA NpuMBOJ, paspeluaeTcs OTKAKUYEHUE W BKIHOYEHWE Ha-
MarHM4ymBaroLero Toka TpaHCHPOpPMaTopoB MOLWHOCTBIO A0 750
KB-A BKIHOUYMTENBHO.
17*
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Lns 3a3eMneHUs PeMOHTUPYEMbIX LUeneli pasbeArHUTENM
06bIYHO OCHAWLAKT 3a3eMAAWMMU HOXaMMW, CONOKMPOBAHHbI-
MW C OCHOBHbLIMW HOXaMW pPasbeiuHUTENEN.

BkAoUeHMe 1 OTK/IHOYEHME pasbegMHUTENEell NPOM3BOAUTCA
C MOMOLLbIO PYUHbIX, 3NEKTPOABUTaATENIbHbIX WAW MHeBMaTuye-
CKMX NMPUBOAOB. Y pasbefgnmHuTeneii ¢ 60MblWNM HOMWUHANbHBLIM
TOKOM, UMEKLWNX PasBUTYH KOHTAKTHYHK NMOBEPXHOCTb U NO3TO-
TOMY Tpebyrowmnx 601bWNX YCUANA NPU BKAKOYEHUN U OTKALOYE-
HUW, B PbIYAXHYI CUCTEMY MPUBOLA BBOAMTCA YepBAYHAA mne-
pepauva.

OTgennTens — 3TO  3MIeKTPUYECKM A annapart, npepHasHa-
YEHHbIA ANA aBTOMATMYECKOrO BK/HOYEHUS UAW  OTKAKOYEHUS
O6ecToYeHHbIX Ueneid. Mo CylwecTBy 3TO pasbefuHUTENb C AU-
CTAHUMOHHbLIM MNPUBOAOM. [ NA NOBbILEHNS KOMMYTaLMOHHOM
CNOCOBHOCTU OTAEeNnTeNeil OHW MOryT ObiTb OCHALLEHbl AYyTbe-
BbIMW npucTaBkamu. B nocnegHee Bpems pa3paboTaHbl M 0CBO-
eHbl oTAaenuTenn 110 n 220 KB 3aKpbITON KOHCTPYKLMMK C 3ne-
rasom (otgenutenu tunos O3-MO n 03-220), KoTOpble cno-
COOHbI OTKNOYaTb 3HauyWTeNbHble TOKW Harpyskum (go 630 A
npu HanpsbkeHun 110 kB) u no cBouMm cBoiicTBaM npubamxa-
IOTCA K BbIK/IlOYaTENAM Harpysku. 3TuM otgenutenn paspabo-
TaHbl B Pas/IM4HOM WUCNOMHEHWU HAa OfHO, iBa WUAN TPW Hanpas-
NeHnsa B OfHOM arnnapate, 4TO MO3BOJIAET YNPOCTUTbL KOHCT-
PYKLMIO NOACTaHLUA.

Co6CTBEHHOE BpeMS OTK/IKOYEHMSA BbIMYyCKaeMblX, MPOMbIL-
NEHHOCTbLIO oTAenuTene pasnuyHeix Tunos 0,4—0,7 c.

KopoTKo3aMblKaTeNb—3TO 3/EKTPUYECKMIA annapat, npeg-
Ha3HaYeHHbI ANs  CO34aHWsA WCKYCCTBEHHOro, mpefHamepeH-
Horo K3 B anekTpuueckoin cetn. OH npegcTaBniset coboii oa-
HoMoMKCHbIA (B ceTax 1[0 KB u Bbiwe) uAW LBYXMNOJOCHBIN
(B ceTax 35 KB) pasveAMHUTENb C MPY>XXUHHLIM MPUBOAOM, KOH-
TaKTHaf CMCTeEMa KOTOPOro paccyMtaHa Ha BK/IOYEHME pacyeT-
HOro AN AaHHOW uenu Toka K3.

KopoTko3ambiKaTeNnn WCMONb3ylOTCA Ha NOACTaHUMAX 6e3
BblK/llOUaTeNieil (Ha CTOPOHE BLICLUEr0 HampsHKeHWA) C LEfbh
YBENNYEHUA ToKa K3 B AUHUKM Npu MOBpeXAeHUM TpaHcdop-
mMaTopa, a TakXe [/ 3a3eM/IeHUs HelTpaneit CUNOBbIX TpaHC-
(hopmaTtopos. '

Co06CcTBEHHOE BpeMSA BKNHOYEHUS KOPOTKO3aMblKaTened pas-
NINYHBLIX TUNOB fieXXnT B npegenax 0,16—0,4 c.
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7.12. BBIK/TIOYATENWN HATPY3KWU

BbikntoyaTenn Harpyskm — 370 3/IeKTpUYECKMe annapartsl,
npefHasHayeHHble A1 BK/IKOYEHUA W OTK/IHOYEHUSA Harpysou-
HbIX TOKOB Leneii, BNAOTb A0 HOMWHA/bHbIX TOKOB annapaTos.
BbikntoyaTtenn Harpyskum He crnocobHbl OTKo4YaTh TOKM Ka3.
3TN (YHKLUMM nepefardTCcsa Ha MOCNefoBaTe/IbHO BKAOYaeMble
npefoXpaHUTenn WAM  Ha BbIKAOYaTe/IM TOJIOBHbLIX Y4YacTKOB
ceT. KOHCTPYKUMA CYLLECTBYIOLWMX BbIKAKOYATENER HArpysku
6asnpyetca Ha KOHCTPYKUMM pasbeauHuTenei. OTanuue
COCTOUT B HaW4yuMy¥ MasiOMOLLHOrO rasoreHepupyroLlero ayro-
racuTe/NibHOro YCTPONCTBA CO CMEHHbIMU ra30reHepupyoLWwmumMm
BKNajblamu U3 OpraHnyeckoro CTekna.

B aHeprocuctemax CCCP B gaHHOe BpeMsi MPUMEHAIOT Bbl-
Kno4yaTenn Harpysku Ha HanpsxxeHus 3—10 kB cepuii BH n
BHIM (BbikNtouaTenb Harpysku ¢ npefgoxpaHutenem). Paspa-
6aTbiBAlOTCA BbIK/IKOYATENN HArpys3ku Ha 60fnee BbICOKME Ha-
npsxxeHnsa. HekoTopble 3apy6exHble QUPMbl OCBOWMAU BbINYCK
BbIK/lOYaTENEN Harpysku Ha 60MbliMe HOMWHaNbHble TOKU ANA
ceteii 10—750 kB. Hanuume Takux annapatoB MO3BOAWT MO-
BbICUTb HAfeXHOCTb paboTbl M TEXHUYECKYH TMOKOCTb rna.-
HbIX CXEM 3N1EKTPUYECKUX COeAWHEHUI 3neKTpocTaHuuii. B yva-
CTHOCTW, BbIK/IIOYATENM HArpy3KuM MOryT 6bITb 3NPEKTUBHO
MCNOMb30BaHbl B LENAX FeHepaTopOB MPOCTbIX U YKPYMHEHHbIX
6n0koB (Hanpumep, Ha 3C ¢ pe3KonepeMeHHbIM rpafukom
Harpysku, korga Tpebyetcsa 4acToe OTK/OYEHWE FeHepaTopoB),
B LEMAX MOBbLILWEHHOrO HanpsXeHWa 610KOB MpU HaIW4vuMK re-
HepaTopHbIX BbIK/OYaTenel, B LeNsxX MOBbILEHHOr0 Hanps-
XeHna 006beauHEHHbIX 6M10KOB, a TakXXe B pacnpesycTponcT-
BaxX MOBbILEHHbIX HAMPSXKEHU MOACTaAHLUA.

7.13. TOKOOTPAHNYNBAKLWWE PEAKTOPDI

ToKoOorpaHMYMBalLMe PeakTopbl NMpPeacTaBnstoT co6oii an-
napaTtel (UNU 3MEKTPOTEXHUYECKME YCTPOICTBA), NpefHas3Ha-
UeHHble AN OrpaHWYeHWs TOKOB K3 B 3/1eKTPUYECKON CETW.
MpuMeHeHWe pPeakTOPOB MO3BONSET CHU3UTb TpeGoBaHUA K
3NEeKTPOANHAMUYECKONW U TEPMUYECKOW CTOWKOCTW MPOBOAHU-
KOB ¥ annapaTtoB; 06/eruynTb paboTy psfa 3/eMeHTOB 31€KT-
pPOYCTAaHOBOK, B TOM 4Y/C/e TEHEpaToOpoB 3/eKTPOCTaHLUMIA, npu
MEPEXOAHbIX TMpOoLEeccax; CHWU3NTb CTOMMOCTb 3/1EKTPOYCTaHO-
BOK 1 pacnpefenuTenbHbIX ceTeil. Haubonee WKWPOKO peakTo-
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pbl Mcnonb3yoTca B cetax 6—10 kB, rae npumeHaoTca cyxue
G6eTOHHbIE pPeakTopbl PasIMYHOrO0 WCMONHEHUS ANA BHYTPEH-
Heli M Hapy>XHOW yCcTaHOBKMW. B ceTsx 60nee BbICOKMX Hanps-
XEHWI peakTopbl L0 HACTOAWEro BPEMEHW WCMOMb3YHTCA OT-
HOCWTE/NIbHO pefKo, NpuyeM 34ecb NPUMEHAKOTCA peakTopbl C
MacnsHON n3onAauueld, UMelLne Kapkac CTEPXHEBOW uau To-
ponganbHo hopMbl U3 U30AALMOHHOIO MaTepuana u cTanbHOM
6ak.

Mo KOHCTPYKTUBHOMY WCMOMHEHUIO Pa3inyardT OfUHapHble
W CLBOEHHbIe PeakTopbl, MO MEeCTY BKIOYEHUA— CEKLMNOHHbIE
W NUHElHble PeakTopbl, N0 XapaKTepucTuKaM — peakTopbl ¢
NNHEAHOW N C HeNWHenHOl XapakTepucTukamu, peakTopbl yn-
paBnsemble M HeynpaBnsemble. Cyxue OeTOHHble pPeakTopbl OT-
HOCSATCA K HeynpaB/sieMblM peakTopaM C JIMHEWHON XxapakTe-
pPUCTUKOW. OHWM MOTYT BbINONHATL PYHKLUUWN KaK JIMHEWRHbIX, TaK
M CeKLUOHHbIX PeakTopoB.

OCHOBHbIMW NapamMeTpaMun peakTOPOB ABNAAKTCA: HOMMU-
HafbHOe Hanps)XXeHWe, HOMWHANbHbIA LNUTENbHbIA TOK, peak-
TUBHOCTb (B MPOLEHTaX WAN MMEHOBAHHbLIX eAuHMULax), NoTepu
aKTMBHON MOLLHOCTU NPW HOMMUHA/bHBIX YCNOBMAX, NPOX0oAHas
MOLLHOCTb, & TaKXe napameTpbl, XapakTepusywlime TepMu-
YECKYI0 U 3NeKTPOAUHAMMUYECKYH CTOMKOCTb peakTopoB. Co-
NPOTUBNEHME pPeakTopa B OTHOCUTE/IbHbIX eAuHMLaxX Npu HO-
MWHaNbHbIX YCNOBUAX PABHO:

_ *p%
*P(H) = 100

a COMPOTMB/IEHWE peakTopa B WMEHOBaHHbIX efguHuuax (Om):

UHom
y 3 /HOM

Takum 06pa3om, COMPOTWMBIAEHWE PeaKTopa B WMEHOBAH-
HbIX efWHULAX NPSAMO MPONOPLMOHANBLHO COMPOTMB/IEHUID pe-
aKTopa B OTHOCWTENbHBIX efuHWLAX W 06paTHO MNponopuuo-
HanbHO HOMWHANBLHOMY TOKY peakTopa.

MoTeps Hanps>KeHUs B peakTOpe paBHa:

AUp = ]/~3/p*psin qHp

*p o= *P(H)

nnn
ﬂ%p = [p Xpsin &>
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B HopManbHOM pexume paboTbl NOTEPSA HANpPsSXXeHua B pe-
aKTope, Kak npaBw/o, He [JO/DKHA OblTb Bbile 1—1.5 %; npu
HanMuun y noTpebuTeneil KOMNEHCUPYHOLWNX YCTPOWCTB B pe-
aKTope MoXeT 6bITb gonyuieHa 601ee BbICOKas NoTeps Hanps-
XeHna— o 2—3 %. MNoTeps aKTMBHOW MOLHOCTM B peakTo-
pe npv NMPon3BO/ILHOM PEXWME paBHa:

ap = '4 :’\>A(Y-' =4 'v/ I' *
HOM Vv 1HOM
COBOeHHbIVi peakTop npejcTasnseT coboli peakTtop C fAo-

MONHUTENbHBIM BbIBOAOM B cepeguHe 0O6MOTKM. Hanuume mar-
HUTHOI CBA3WN MeXAy 4acTAMU 0O6MOTKM MO3BONAAET YMEHbLWUTb
NOTEPI0 HaNpPsXXeHWs B peakTope B HOPMa/ibHOM pexume u co-
XPaHUTb MpU 3TOM TOKOOrpPaHMUMBAIOLW YK CNOCOOGHOCTb peak-
TOopa. BaXHbIM napameTpoM CABOEHHOr0 peakTopa fBAseTCA
KO3(P(MLMNEHT MarHUTHOW CBA3N

M M

" Kuuy s L *

Mop conpoTUBNEHWEM CABOEHHOr0 peakTopa 06bIYHO MOHU-
MalT COMPOTUBNEHME CaMOWHAYKUWW OfHOIW BETBM peakTopa,
T. €. Xp= x L. Pe3ynbTupytoliee CONpoTUBNEHNE CABOEHHOIO pe-
aKTOpa CYLEeCTBEHHO M3MEHAETCA B 3aBUCMMOCTU OT pexuma
ero paboTbl, 3Ha4YeHUS U HanpasieHWUA TOKOB B BeTBAX. Pa3nu-
YalT cnepylowWwme pexummbl paboTbl CABOEHHOIO peakTopa:
ofHouenHbli (puc. 7.19, a), ABYXUEMNHbIA WAN CKBO3HOM (pwuc.
7.19, 6), npogonbHbIn (puc. 7.19, B) 1 KOMOUHUPOBaHHbLIW (puC.
7.19, r). Pe3ynbTupytouine cCONnpoTUB/IEHNA peakTopa B MepBbIX
TPEX PeXXUMax COOTBETCTBEHHO PaBHbI:

=% ;

OU= *cks = O —Kunxb , ecnn /r= /2

m*npog = 2 (1 ~b &cB) Xi- *

B KOMOWHMPOBAHHOM peXWMe peakTop MpeacTaBnAeTcs
TPEX/NYyYeBON Cxemoil 3ameweHuns (puc. 7.19, a).

3HaueHne Koap(uumeHTa CBA3M CABOEHHbLIX PEAKTOPOB /MU-
MUTUPYETCA [OMNYCTUMbIM YPOBHEM HanpsXeHus Ha OTK/Io-
YeHHOM nJieye peaktopa npu K3 Ha gpyrom nnedve (puc. 7.20).
Mpy W3roToBfIEHUN CABOEHHbLIX PEaKTOPOB MNPUHUMAIOT
«0,5.
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JnHeliHble peakTopbl MPUMEHSOTCS KaK Ha 3/eKTPOCTaH-
UMsX, TaKk W Ha MofcTaHumsax. CeKUMOHHbIe peakTopbl 3ddek-
TUBHbI TONIbKO Ha 3M1EKTPOCTAHUMAX, T. €. TaM, F4e K CeKuusM
HENoCPesCTBEHHO MOAK/IOYEHbI TEHEPUPYIOLLME UCTOUYHUKW.

Puc. 7.19. Pexumbl paboTbl M cXema 3aMel,eHUs CABOEHHOro peakTopa

CeKUMOHHbIe peaKTopbl OrpaHuumBaloT Tok K3 kak Ha céop-
HbIX LUMHAaX 37eKTPOCTaHUMi, Tak U B pacnpegenuTenbHon ce-
TU TeHEepPaToOPHOro HaNPAXKEHNSA; Nn-
HeliHble peakTopbl OrpaHu4MBaloT
TOoK K3 TONbKO B pacnpegenuntens-
Ho/i ceTn. Hanuume nuHeliHbIX pe-
aKTOpPOB MO3BONSAET COXPaHWUTbL [0-
CTAaTOYHO BbICOKMIA YpOBEHb Hanps-
XEHUA Ha COOpPHbIX LWKHAX 3NeK-
TpoycTaHoBKM npu K3 B pacnpege-
nuTenbHOl cetn (puc. 7.21).
ConpoTusneHne NNHERHbIX peak-
TOPOB BbLIOMPAKOT, UCXOA4A W3 He-
06X0AMMOro  OrpaHuyeHUs TOKOB
K3 no ogHomy u3 ycnosuid (Hau-

60nee XeCTKOMY— pacyeTHOMY Yc-

Puc. 7.20. Bnusauune kostpdu- nosuio), TepMuyeckad CTONKOCTb
UMeHTa CBA3U Ha Hanpsxe- o n o [
HWe OTKNKuUeHHOro nnedya pe- Kabenel pacnpegennTenbHol CeTu

akTopa {K62); KOMMyTaLWUOHHas Ccnocoob-
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HOCTb BbIKNtOYaTeneit pacnpegenutensHoii cetn (Q2); Tepmu-
yeckas cTOWKOCTb Kabeneih nutarowieidi cetm (K61)\ KommyTa-
LMOHHAA cnocobHOCTbL BbIK/OYaTeNein nutatowen cetn {Ql)>

Yy Puc. 7.21. TokoorpaHuuumsatoLlee
No felicTBMe NWHeNHOro peakTtopa:

a — nosicHAWaAA cxema; 6 — u3me-
HeHne Toka K3 W HanpsxeHus Ha

COOPHbBIX LWMHAX C U3MEHEHMEM COMPO-
y TUBNEHNS peakTopa

B 60MblUMHCTBE Cly4vyaeB MpU pasBMTON  pacnpegenuTencHol
ceTV NUMUTUPYOLWKUM (PaKTOPOM SBASETCH TepMuyeckas CTOW-
KOCTb Kabenei aToi cetu. MNpu atom Tpebyemas peakTUBHOCTb
NVHERHOTO peakTopa OnNpefensieTcs MO BblIPaXKEHUHO

roe

7.14. TOKOOTPAHWYNBAIOWNE YCTPOMCTBA

TokoorpaHunuymBaruwme yctpoinictea (TOY) — 3T0 31e€KTpo-
TEeXHMYeCcKMe YCTPOIiCTBa, NpeAHa3HayeHHble ANS OrpaHUYeHuns
TOKOB K3 B 31EKTPUYECKUX CETAX Pas3/IN4HOr0 HanpsKeHus.
OHM COCTOAT M3 TOW WAN WMHOW KOMOWHALWUW NUHEWHBbIX, Henun-
HeMHbIX U MOPOroBbIX 3/1eMeHTOB. OTAeNbHbIe YCTPOCTBA MMeE-
0T cneyuanbHble cUCTeMbl ynpaBfieHus. peanoXxeHo 607b-
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LO€e YMCNO BUAOB TOKOOTPaHUUYMBAKOLW KX YCTPOWCTB, OT/IMYalO0-
WMXCA COCTAaBOM 3/1IEMEHTOB, MPUHUWMNOM [eACTBUSA, XapakTe-
prUcTUKaMm, GbICTPOAECTBMEM, KOHCTPYKTUBHBIM UCMOTHEHUEM.
ToKOOrpaHUYMBaKOLLME YCTPOWCTBA, CMOCOBGHbIE OrpaHUuYUTh
KaK YCTaHOBMBLUWIACSA, TaK M yaapHblil Tok K3, nofyunnu Hasea-
HMe 6Ge3blHePLUOHHBIX TOKOOTpaHnymBatoWwmnx yctpoiicte (BTY).

L L Cc

Puc. 7.22. Cxembl TOKOOFpaHW4YnMBalLWNX YCTPONCTB:

0 — peakTop, HOPMANbHO 3allYHTUPOBAHHbLIA NOPOroBLIM 371EMEHTOM; 6 — ynpasnse-

Mblii PeakTop C NOAMAarHMYMBaHMEM MOCTOAHHLIM TOKOM; B—e—Pe30HaHCHbIe TOKO-

orpaHuuMBaioLiMe YCTPOiCTBA C pasNMuHbIMM CNOCOGAaMN PACCTPOWKM pe3oHaHca Ha-

nps>keHns npu K3; >k—M — TOKOOrpaHWuMBalOLLNe YCTPOMCTBA _ TpaHC(HOPMAaTOPHOTO

TMNA C perynupoBaHuemM napameTpoB CO CTOPOHbI BTOPUYHOW OGMOTKM; H —BCTaBKa
NOCTOSIHHOTO TOKa

B o6wem cnyyae nmapametpbl BTY Kak ynpaBnsemoro asne-
MEHTa 3HEProcUCTEM [OMXKHbI Y[0BMETBOPATL YCNOBUAM:

1) 261y->"0, At/BTy N0 npu /< /rp;

2) *BTY Ja—nnur, 9 6TY fa—nsaur Opu /> /1p;

3) /rp> Air,goT
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4) MWHUMYM HeNWHEeNHbIX WCKaXEHWIA MnapameTpoB pexu-
Ma B OCHOBHOW LENW B HOPManbHOM PEeXUME;

5) CcTabuUNbHOCTb XapaKTEPUCTUK MPU WU3MEHEHUU CXEMbI
cc .

34ecb NpuHATLI cnegyolmne 0603HaYeHUS:

/ — ToK B uenu ¢ BTY; /rp— rpaHnWyHbIn TOK, MpuM KOTO-
poMm BTY pomkHO «cpabatbiBaTb»; OuH u AR H— n3sMeHeHue
pPeakTMBHOrO W akTMBHOrO COMPOTWBAEHMIA Harpyskum 3a BTY
npy K3; /w-pgon — AONYCTUMBIA  pacyeTHbI TOK Meperpysku
uenn ¢ BTY.

Puc. 7.23. XapakKTepucTUKU TO-
KOOrpaHuymBawLWmx YCTPOICTB:

/—NOpOoroBbIA 3NeMeHT; 2—/MHeliHbIN
peakTop; 3 — HeNUHeNHbI Heynpas-
NSieMbld PeakTop; 4 — HeNNHEWHbIN yn-
paBnsiemMblii peakTop; 5— NNHeliHbIl
peakTop, HOPManbHO 3allyHTUPOBaH-
Hblii  MOPOroBbIM 371EMEHTOM; 6 — pe-
30HaHCHOE TPKOOrpaHMuHBalollee yCT-
poicTeo

lMepBoe ycnoBue TEXHWUYECKW BbIMOAHUMO W MPaKTUYECKU
BbIMO/IHAETCA OTHOCWUTE/IbHO MPOCTO; BTOPOE e YC/0BUE Bbl-
MOMHUTL TPYLHO, & B pAfe Cly4yaeB — NPaKTUYeCKU HEBO3IMOX-
HO, @ 3KOHOMWYECKN HeLenecoobpasHo.

XapakTepHble CXeMbl TOKOOrpaHMUMBAKLWMUX YCTPONCTB
NpWBEAEHbI HA puUC. 7.22, a WX BO3MOXHbIE XapaKTepucTukn—
Ha puc. 7.23.

MpuHATME TOrO WM WHOrO BUAa TOKOOrpaHWYMBaIOLLLErO
YyCTPOCTBa /1A KOHKPETHOW 3MeKTPOYCTAHOBKWM onpegenseTcs
Ha OCHOBAHUMN TEXHWKO-3KOHOMUYECKMX pacyeToB C YYETOM Kak
cToumocTu camoro TOY, Tak M TOro agekta, KOTOpbIA gaeT
€ro ycTaHOBKa B 3MIEKTPUYECKON CeTw.

7.15. SJIEKTPUYECKUE AMMAPATbLI HAMPAXEHWMEM OO 1 kB

Ha anekTpocTaHuWsX W NOACTAHUMUAX WCNOMb3YKTCA Cre-
AylolMe  3MeKTPUYECKMe annapaTbl HanpsbkeHuem fo 1 kB:
aBTOMAaTUYECKME BbIKIOYATENIM, MarHWTHblE MyCKaTenu, KOH-
TaKTOpbl, NPefjOXpPaHNTENN, PYGUIBHUKKM, peakTopbl. VX (yHK-
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UMM aHaNorMyHbl (DYHKLUAM COOTBETCTBYHOLWMUX 3NEKTPUYECKUX
annapatoB HanpskeHuem 1 KB: BblkfOuaTenei, BblKOuaTe-
Nneil Harpysku, npegoxpaHuTeneil, pasbefuHUTENeRl U peakTo-
pOB.

KOHCTPYKUMA M TeXHUYECKMe XapakKTepucTUKW 3TUX anna-
paToB OTNMYalOTCH OT KOHCTPYKLMIA M XapakTepuCTUK COOTBET-
CTBYHLWMX annapaTtoB Ha HanpsXxeHus Bbiwe 1 kB. 3T0 06-
CTOATENbCTBO CNeAYyeT YuuTbiBaTb NPU MX BblOOpe, YyCTaHOBKe
M aKkcnnyatauuu. BBuay HefoCTaTOUYHOM HafeXHOCTU paboThbl
npefoxpaHuTenein OHW He yCTaHaBAMBAKTCH B LENAX OTBETCT-
BEHHbIX 3/IEKTPONPUEMHUKOB, OCOBEHHO Ha 3/1EKTPOCTAHLUAX.
3awmra TakMxX 3MeKTPonpuemMHUKOB OT TokoB K3 u Hegony-
CTUMOA neperpyskn OCYLLeCTBNAETCA aBTOMATUUYECKUMU BbIK-
noyvatenamu. Heobxoanmble XapaKTepUCTUKKU YKasblBalTCA B
FOCT, KaTasorax 1 3aBOACKUX UH(OPMaLUAX.

7.16. NSMEPUTE/IbHbIE TPAHC®OPMATOPbLI TOKA

M3mepuTenbHble TpaHchopmaTtopbl Toka (FTOCT 7746—
78E) npefcTaBnAaT coboil anmapatel gs npeobpasoBaHuMA
TOKOB MEPBMYHbLIX Lenein B cTaHfapTHble Tokn 5 uam 1 A ans
N3MepuTeNbHbIX NPMOOPOB, YCTPOINCTB peneiHON 3alinTbl U aB-
ToMatuku. o cornacoBaHUl € MOTPe6buTensMu [onyckaetcs
N3roToB/IEHWE TpaHcHopMaToOpPOB TOKA HA BTOPUUYHbIE TOKK 2
nnn 2,5 A.

HopmanbHO TpaHcgopmaTopbl TOKa paboTaldT B pexume,
6/M3KOM K PeXunMy KOPOTKOr0 3aMblKaHUs BTOPMYHOW 0OMOT-
K. PasMbiKaHWe BTOPUYHON OOMOTKM MPU Haanuymy TOKa B
MepBUYHOA Uenu (T. €. BO3UKHOBEHME peXuma XO0nocToro Xo-
fa) HefonycTUMO, TaK Kak Npu 3TOM M3-3a BO3HMKAKOLWMX Me-
PeHaNPsHKeHWA MOXeT 6bITb NOBPEXAEHA M30/14LMA TpaHchop-
mMatopa C BbiTeKawLWw My 0TCtofa NocneacTBUAMN.

Pa3nmyaldT HOMWHaNbHbIA KO3A(PGHULMEHT TpaHchopmalmm
TpaHchopmaTopa Toka

IS NHM

A/HOM ==
N KO3MMULMEHT OTHOLIEHUS YMCEN BUTKOB

n=-Hx*.
vl
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TOK, U3MepsieMblii TpaHCHOPMATOPOM TOKa, ONpPeAeNnsoT no
BbIPaXEHUIO

N pa A /Hom ~2°

Puc. 7.24. Cxema 3aMmelleHUs, BEKTOpHas f[umarpamma W XapakKTepucTuKu
TpaHchopmaTopa ToKa:

a—cxema 3aMmelyeHus; 6 — BEKTOpHas fJuarpamMma; B —TOKOBas MOMPELIHOCTb; T —
yrnoBas MNOrpewHoCcTb

CxeMa BaMelleHWs, BeKTOpHasd Aguarpamma W Xapaktepu-
CTUKM TpaHcopmaTopa ToKa fAaHbl Ha puc. 7.24. N3 BekTop-
HOW gumarpammbl ClefyeT, 4YTo TpaHcopmatop Toka obnagaeT
MOrpewwHoOCTAMM N0 TOKY WM N0 yray. TokoBas MOrPeLHoCTb
paBHa:

P /2 Khom— I\ _ 1%tl--/j _ CB

Ans ymeHblWeHWA TOKOBOW MOrPeLHOCT MOAFOHAKT YUCO
BWTKOB BTOPWMYHON OOBMOTKM (HECKONbKO yMeHbwas ux). Mpu
atom a</C/HoMnu ffaC'B/OA.
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YrnoBas MOrpewHoCTb TpaHc(popmaTopa Toka paBHa

FPELIHOCTb.

6/ ~

oa = ~h-CS +
NPUHNUMAETCA, YTO yrnosas NOrpewHOCTb NONOXWUTENbHA, €Cnn
BEKTOP /2 OMepexxaeT BeKTOP /1 MPOTMB XO4a 4acoBOW CTpen-
Kn. Kak BMAHO, NMOrpewHOCTb 3aBUCUT OT OTHOLUEHUA /0/I'I, a

TakKXe 0T Ko3((pUUMEHTA MOLLHOCTM HArpysku BTOPUYHON 06-
MOTKW. MOArOHKA uYuMcna BWTKOB He BAIMSET Ha YIM0OBYH Mo-

3HauyeHMe morpewlHocTell onpegensieT Knacc TOYHOCTM pa-
60Tbl TpaHCcopmaTopoB TOoKa (Tabn. 7.9). Ana m3mepeHuin uc-

Knacc TouHocTn

0,2

10

5P

toP

Tom’ O

5
20
100— 120

5
20
100— 120

5
20
100— 120

50— 120

50— 120

50— 120

100

100

Mpeaens 4ONYCTUMBIX NOTpeLl-
HocTe

fl . %

+ + I+
o oo
N W
(S04,

H I+ 4+

cor

o~ o
3

6y , MUH

+180
+90
+60

He Hopmu-
pyeTcs

To xe

Toxe

+60

Ta6nuuya 7.9

Mpepgensl BTOpUYHON
Harpysku, m% Z2 Hom

25— 100

25—100

25—100

50— 100

50—100

50— 100

e, %, npv ToKe HO-
MUWHaNbHONU npegenb-
HOWM KpaTHOCTKU

5
10
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nonb3ylT TpaHcopmaTopbl Toka knaccos 0,2; 0,5; 1; 3; 5; 10,
j 4Nna peneiiHol 3awuTbl Knaccos 5P un 10P.

B 3aBMCUMOCTM OT HAarpysku BTOPUYHON OOGMOTKM OfMH 1
IO Xe TpaHcopmaTop TOKa MOXeT paboTaTb B PasnnyHbIX
Knaccax TO4YHOCTW. C yBe/IMYEHWEM HArpys3Kyu CBEPX HOMMUHasb-
HOli B J@aHHOM KJjlacce TOMHOCTM TpaHCc(opMaTop MepexoguT pa-
6oTaTh B XyAWMWi Knacc TOYHOCTU. CONPOTMBMEHWE BTOPUUHOINA
Harpysku 3aBMCUT KakK OT napaMeTpoB MOAKMKOYEHHbIX 3/1EMEH-
TOB (pene, M3MepuUTeNbHbIX NPUOOPOB), TaK M OT CXeMbl CO-
eANHeHNs TpaHC(OpPMaTOPOB TOKA C 3TUMMW 3/1IEMEHTaMW.

B snekTpoycTaHOBKax MCNONb3YHOT OAHOBUTKOBble (CTEPX-
HEBble, LUWHHbIE, BCTPOEHHbIE), MHOFOBUTKOBblE (KaTylUeuHble,
neTneBble, BOCbMEPOUYHbIE) W KackafjHble TpaHCHopmaTopbl TO-
Ka. Bbibop TOro mnau uHOro Tuna TpaHcopmaTopa TOKa 3aBu-
CUT OT HanpsKeHUs 3NeKTPUYECKOW CeTu, 3HAYEeHUS LNNTENIbHO-
ro MakCMManbHOro TOKa LEenu, 3HaYeHUs U1 XxapakTepa Harpysku
BTOPMYHbIX Lenei, a Takxke 0T Toka K3 v gauTtensHocTu npo-
TEKaHWA ero B Lenu.

TpaHchopmaTopbl TOKa AN Lenei M3MepeHWs MpOoBEPAIOT
Ha TOYHOCTb paboTbl B HEOOXOAMMOM ANA U3MEPUTENbHbBIX NPU-
60poB Knacce TOYHOCTU, WUCXOAA U3 HArpyskum oT npubopos.
[nsa nabopaTopHbIX W3MepeHWi MCNONb3YIOT TpaHc(opmarto-
pbl Toka knacca 0,2; gna nogknwyeHmsa cyetynkos — 0,5; ana
NOAKMOYEHNSA LWNUTOBLIX U3MepPUTENbHbIX Npubopos —knacca 1
unu 3. Micnonb3oBaHue TpaHC(OPMaTOpPOB TOKa XYALWWUX Knac-
COB TOYHOCTU AO/DKHO ObiTb 060CHOBAHO. TpaHchopmaTopsl
TOKa ANA YCTPOWCTB pefeiHOl 3awmuTbl M aBTOMaTUKW MpOBe-
PAOT Ha TOYHOCTb pPaboTbl NO KPUBLIM MpeAeNibHON KpPaTHOCTH,
npeAcTaBAAOWMM COB0 3aBUCUMOCTM MpefeNibHOl KPaTHOCTM
MEepBUYHOIO TOKa OT HArpyskum BTOPUYHON 06MOTKM /[/Cr=
=hlhmM —f(Z2), npy ycnoBmu, 4TO MOAHasA NOTPeLHOCTb MO
TOoKy e= 1O %.

7.17. NBMEPUTENIbHLIE TPAHC®OPMATOPbBI HAMPAXXEHNA

M3mepuTenbHble TpaHcopmaTtopbl HanpsxeHua (FTOCT
1983—77E) npepcTtaBnAlT €060 3nekTpMueckue amnnapatbl
4na npeobpa3oBaHWs HanpsXEHWA MNepBUYHbLIX Leneid B CTaH-
JapTHble 4N M3MEPUTENbHbIX MPUMOOPOB, YCTPOWCTB peseiHol

3alnUTbl U ,aBTOMaTUKM HanpsxeHua (100 wmnu 100/1'3B).
HopmanbHo TpaHcopmaTopbl HanpsXKeHus paboTtaloT B pe-
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XWme, 61M3KOM K PEXMMY XOM0CTOr0 XOfa BTOPWUYHOW 06MOT-
K. PeXWM KOPOTKOro 3aMblKaHWs ANS HUX HeJoMyCTUM.

Pa3nnMualdT HOMUHaNbHLIA KO3(PPUUUEHT TpaHChHopMaLmm
TpaHchopmaTopa HanpsXXeHUs

Kunobn — U InQU/U 2aom
N KO3 PULNEHT OTHOLIEHNSA YMCEN BUTKOB

n= wjwz.

Hanps)keHue, n3MepsieMoe TpPaHC(HOPMATOpPOM Hanpsxe-
HWAA, OMPEAENsoT N0 BbIPAKEHUIO

Ul~ K wnHom U 2-

Puc. 7.25. BekTopHaa pgmarpamma W XapakKTepucTUKW TpaHchopmaTopa Ha-
NPsXeHNA:

a,— BEKTOpHas fjuarpamma; 6 — NOrpewwHocTb MO HaMps)XEHW; B — YrnoBas norpeu-
HOCTb

Cxema 3amelleHWs TpaHcopmaTopa HanpsXeHWs aHano-
rMyHa Cxeme 3aMelleHMa TpaHcpopmaTopa Toka (CMm. pwuc.
7.24). BekTopHas [AuarpamMma TpaHcgopmatopa HanpsXeHus
N ero MOrpelwHoCcTV npuBefdeHbl Ha puc. 7.25. I3 BeKTOPHOWA
guarpaMmmMbl CnefyeT, 4To TpaHcopmaTop HanpsxeHus obna-
faeT MNOrpewHoOCTAMU MO HanpsXeHwuto u no yrny. Tlorpeww-
HOCTb MO HAaNPsXXeHW paBHa:

Fn— % Kunon — U\ __ —Ux_ AK

Lns yMeHblIeHNs MOrPELIHOCT MO HanpsXKEHUHD MOAroWs»
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0T yucna BUTKOB (HECKO/IbKO YMeHbllas 4KUCA0 BWUTKOB Mnep-
BMYHON 06MOTKM). Mpn 3TOM

FANAN A'K
N< Kurom n fu na e

Yrnoeas MOMPEWHOCTb TpaHcopmatopa  HanpsXKeHus
paBHa:

8y « FK/OF.

MofAroHka yucna BUTKOB HEe BAIMAET HAa 3Ty MOrPeLHOCTb.

O6e norpewHocTM TpaHcopmaTtopa HanpsXKeHUs 3aBUCAT
0T KO3(h(puuMeHTa MOLLHOCTM Harpysku, 3HaYeHUs HaMarHuyu-
BalOLLEro Toka TpaHchopmaTopa M OT OTHOLIEHUS HaNpPsHXKeHUs
MepBUYHON O6MOTKM K HOMWHANbHOMY HANpsXEeHUK TpaHc-
thopmatopa.

3HayeHMe NOrpeLHoOCTel onpefenser Knacc TOYHOCTU TPaH-
cthopmaTopoB HanpsxeHuns (tabn. 7.10).

Ta6nunua 7.10

Mpegensl 4ONYCTUMbIX NOrPeLIHOCTel
Knacc To4HoCTU

Iy. % 6(J, MH
0,2 +0,2 +10

0,5 +0,5 +20 =
1 +1 +40

3 +3

He HopmupyeTcs

TpaHchopMaTop HanpsXXeHWs B 3aBUCMMOCTU OT 3HauveHwus
BTOPUYHOW Harpyskum MoxeT paboTaTb B pasnMuHbIX Kaaccax
TOYHOCTU. ,[TpU yBeNNYEHUU Harpy3KM CBepX HOMWHaNbLHOW B
JAHHOM Knacce TOYHOCTW TpaHcopmatop mnepexoauTt pabo-
TaTb B XYALWMWIA Knacc TOYHOCTW.

B anekTpoycTaHOBKax MCNOMb3YOT OfHOMa3Hble, Tpexdas-
Hble (MATUCTEPXXHEBbIE) U KacKajHble TpaHchopmaTopbl Hanpa-
XeHWA. Bbibop TOro nan MHOro Tuna TpaHchopmaTopa Hanps-
XEHUS 3aBUCUT OT HANpPSIXKEHWA 3MEKTPUYECKON CceTw, 3Haue-
HUA M XapakKTepa Harpysku BTOPUYHbIX Lenein M HasHavyeHus
TpaHcopmaTopa HanpsKeHua (4ns U3MepeHus, 4N KOHTPO-
NA 04HOMA3HbIX 3aMblKaHW Ha 3eMt0, AN1A NUTAHUSA YCTPOWNCTB
peneriHon 3awuTbl U aBTOMaTUKMK).

18-516



£74 OneKTpuyeckne annapaThbl U NPOBOSHUKM rn. 7

BBuay OTHOCMTENbHO BbICOKOW CTOMMOCTW TpaHchopmaTo-
poB HanpsXxeHuns gns ceteir 110—750 kKB oHn B page cny4aes,
a MMeHHO Tam, rje 370 BO3MOXHO MO YCN0BuAM paboTbl cu-
CTEM U3MepeHus, 3awWwnTbl U aBTOMATUKK 3NEKTPOYCTaHOBOK,
3aMEHAITCA EMKOCTHbIMMW aenutenamu HanpsxkeHua (HAE).
EMKOCTHble LeNUTenn HanpsXXeHWs MNpPeacTaBnawT coboi ycT-
policTBa, coCTOSlLMe M3 ABYX TPYNn KOHAEHCATOPOB, BK/HOYEH-
HbIX MOCNef0BaTeNbHO B Uenb MeXAy ¢asHbIM MPOBOAOM U
3emneid, a Takxe pasfenuTenbHOro TpaHcopmaropa Hanps-
XKEHWA, MOAKIOYAEMOro, Yepe3 HeNUHEelHbI peakTop K KOHAeH-
caTopy, CBfi3aHHOMY C 3eMJeil. PeakTop NO3BONAET HacCTPOUTb
Lernb Ha pexum, npu KOTOPOM OT AeNUTeNs Hanps>KeHua otou-
paetcs YBE/NMYEHHAs MOLWHOCTL. W3MepuTenbHble MNpubopbl,
YCTPOCTBA PeneiiHoi 3alWuTbl M aBTOMATMKW MOAKIOYAOTCH
KO BTOPWYHON O0OBMOTKe TpaHcthopmaTopa HanpsHKeHwus.

MPOMBILWNEHHOCTb MOCTaBNAET EMKOCTHble [AenUTenn Han-
psokeHnsa gna ceteir 110—750 kB ¢ HOMWHANbHOW MOLLHOCTLIO
BTOPMYHbIX ueneid 150—250 B-A. CnegyeT NOAYEPKHYTb, 4TO
HOE uWMelT CyWecTBeHHO MeHbLUY CTOMMOCTb, YeM TpaHc-
(hopmMaTopbl TOr0 e Kjacca HanpsXXeHWs, HO UX MOrpewwHoCTb
3HauMTeNnbHO Bbiwe (/c/pa+3-b6 %, 6]|/«+5% ). Kpome TO-
ro, NPMUXOAUTCA CUMTATbCA CO CNEUU(UKON MNepexofHbiX Npo-
ueccos B uUenax HAOE npu KOpPOTKMX 3aMblKAHWAX B CETAX, K
KOTOPbIM OHW MOAK/IOYEHbI.

7.18. SNNEKTPOANHAMMNYECKASA CTOMKOCTb MPOBOLHWKOB U
SNEKTPUYECKWNX ATMMAPATOB

A. OneKkTpogmMHamuyeckne cuibl. N1pn KOPOTKUX 3aMblKaHU-
AX MPOBOAHUKM W annapaTbl NOABEPralTCA BO34ENCTBUIO 3Ha-
YNTENbHbIX 3/IeKTPOAMHAMUYECKUX CUJ/, MO OTHOLIEHUIO K KO-
TOPbIM OHU [LO/MKHbI OblITb AMHAMWUYECKN CTONKUMM.

MycTb MMeTCH ABa KOHTypa, 06pa3oBaHHbIX HUTEBUAHbI-
MW NPOBOAHWKAMK C TOKaMmu ii n i2 (puc. 7.26). N3 kypca du-
3MKN W3BECTHO, YTO CWAa B3aMMOLENCTBMA MeXAY [LBYMA ane-
MEHTapHbLIMW y4yacTKaMu 3TUX KOHTYypoB dI{ n dl2 paBHa:

dF = [F2XBjJ = [tiXBg] = i2[dI2XxBj = L, xB 2, (7.38)

rae Bj— MarHUTHas MHAYKUMS B MecTe Pacro/ioXeHus afe-
MEeHTapHOro yuacTka dl2, co3gaBaemMasi TOKOM /b B2— mar*
HUTHas MHAYKUMS B MECTe pPacrosioXXeHWs 3MeMEHTapHOro yya-
cTKa dl1, co3gaBaeMas TOKOM i2.
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Cwuna Bcerga HampaBfeHa TaK, 4TOObl nof ee AeACTBMEM
[Mnpactann noTOKOCUENAeHMe CUCTEMbl B3aMMOAERCTBYHOLLUX
NPOBOJHMKOB C TOKOM W 3HEPrus MarHUTHOro MNons, a cnego-
NVTENbHO, BO3pacTanum W (aKTopbl, MPenAaTCTBYHLWMWE YBENU-
YEHMI0 TOKOB BO B3aMMOAENCTBYHLUIMX MNPOBOAHMKAX, YTO CO-
OTBETCTBYET W3BECTHOMY MNpuHUUNY JleHua.

PacCMOTPMM YacTHble Cay4Yanm B3aMMOAENCTBUA MPOBOAHU-
KOB C TOKaMu.

du

te. H

Puc. 7.26. B3saumopgeiicTBue Puc. 7.27. BszaumopgeiicTBue ABYyX napan*
0BYX KOHTYpOB C TOoKamu feNbHbIX MNPOBOAHUKOB

B3avmopgeiicTBMEe ABYX MapannenbHblX 6ECKOHEYHO [ASINH-
HbIX HUTEBUAHbIX (C 6ECKOHEYHO ManblM CeYeHWeM) MPOBOLHMU-
kos. B aTom cnyuyae (puc. 7.27) cuna B3aMMOLEACTBUS MeXAY
LBYMSA paBHbIMW 3/1EMEHTAapHbIMK ydacTKaMmu dtx un dl2 6yget:

-»

n
dF = i2[dI2x —r2d12Bxsin |dI2B11= i2dI2Bu
TaK KakK corfiacHo puc. 7.27

=1

Mpn 6GECKOHEYHO [ANMHHOM HWUTEBUAHOM MPOBOAHMKE Mar-
HUTHas WHAOYKLMA Ha PaccTOsHWUM a oT NMPOBOJHMKA paBHa:

roe 4o=44-10-7 'H/M — mMarHuMTHas MOCTOAHHas B CUCTe-
me CU,

noaToMy cuna, AeiicTByiollas Ha Yy4acTok dl2, H, paBHa:
18*
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dF = i dI2 1071 = 2.10-7 dl
a

r r 2na 2

Cuna HanpaBfieHa MO KpaTyailemy PacCTOSHUIO MeXAy
3/IEMEHTAPHbLIMK y4yacTKamu. Ha AnuHe | cuia B3aMMOAEncT-
BUS [BYX WAEaNM3NPOBaHHbIX NMPOBOAHUKOB, H, cocTaBnseT:

F= .- - < 2 - Aili2 (7.39)

roe

2-10-71 (7.40)

Puc. 7.28. B3aumogelicTBue fByX Puc. 7.29. Cxema K onpegeseHnto
napannenbHbiX 6ECKOHEYHO ANTNH- 9NEKTPOANHAMUYECKNX  CUN MexXAay
HbIX TOHKWX Mofoc WMHaMN  NPSAMOYFO/IbHOr0 CeYeHus

B3anmogelicTBMe ABYX MapanfiefibHbiX OGECKOHEYHO [A/INH-
HbIX TOHKMX monoc. PaccmMoTpuMM B3auMOAeicTBME Mexay ane-
MeHTaMn dx K dy nonoc, WMerLMnX BbICOTY MOMEPEYHOro ce-
yeHua n (puc. 7.28). TOKM 3TUX 3NEMEHTOB COOTBETCTBEHHO
paBHbI:

ildxih 1 i2dylh.
Mpn atom
d2F = 210~71—f!12MJy~
rNe

d2Fa= 210~*I~blldxdL_cosa,
a rh2
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roe Fa— HopmaibHaa cocTaBndwLWas CUbl; — pacCcTosHue
MEXAy ydyacTKamn dx n dy.

[MocKonbky

cosa —air

r2= 02+ (y— x)2,
TO

d2Fa= 2.10-7laixi2-------- dx
h2

0TKyga

hh
p _ 2-10—7 la txi2 ij ;il-ﬁdy [
P~ - *-‘
a o J e, X
2-10—71
a  ‘ay4 4 4» (7.41)

roe K<$>\=f{a/h) — koapuumneHT (opmbl.

KoaghduumeHT hopmbl MokasbiBaeT, BO CKO/IbKO pa3 cuna
B3aMMOAENCTBMA MPOBOAHMKOB KOHEYHOr0 CeYeHWs C TOKamu
i\ 1 i2 6o/blIe UM MeHblle CWUbl B3aMMOAENCTBUSA pacnono-
XEHHbIX Ha TOM Xe PacCTOfAHUM GeCKOHEYHO TOHKMX NPOBOA-
HUKOB C TEMW XK€ TOKamun. B cnyvae 6eCKOHEYHO TOHKMX MO0C
/IChpl<1.

B3aumogelicTB/Me WKWH NPAMOYrosbHOro ceyeHusi. B 3Tom
cnyvae (puc. 7.29) umeem:

h t2dx dy
b*{a+ x —y)

d*Fa= AKdrm=

roe b —TonwmHa WrHbl, NO3TOMY

bi2 b)2

Fa—AKpL i2 A~ J O
b2(a x —y)

b/2—b/2
= JIK®p2h h = AKd iyi2 (7.42)
roe — KO3(h(PULMEHT (OPMbI, KOTOPBLIN

onpefensieTcs Mo KPUBLIM, MPUBEAEHHbIM Ha puc. 7.30.
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Ha npakTuke MMeKT 06bI4HO LefI0 C LWWHAMW KOHEYHOro
CeYeHns, NMo3TOMY WCMONb3YIT U 0603HaAYaldT OAMH KOah(u-
uneHT opMbl K= Kdh2-

Cuny B3aMMOfelicTBUS MeXAy MpPOBOAHMKaMW C TOKamu
MOXHO HalTM W APYrUM NyTeM, a UMEHHO KaK MpOM3BOAHYIO
OT 3HEpPruy COOTBETCTBYIOLEro MarHUTHOro Moas Mo paccmart-
puBaemoil koopauHate. lMyCcTb AN KOHTypa CAOXHOW (opMbl

C TOKOM W3BeCTHa 3Heprua mar-
HUTHOrO Mofs, 3asBucAwas or
KoopAauHart X, y, z: W (X, ¥, b).
Torga cuna, pgeicTBytowas
no KoopAuHate x, 6yAeT paBHa:

dW (x, y, 1)
F* =
ax
AHaNOrM4yHo
dW (x, y, 1)
ay
- (W {x,y, 1)
ar

B 4aCTHOM C/lyyae B OAUHOYHOM
KOHTYpe C WHAYKTUBHOCTbIO L
cuna, AeiicTBylollas Mo Koopau-

Puc. 7.30. Kpueble ans onpege- Hate X, paBHa:
neHna  koapduumeHta - hopmbl .
WWH NPAMOYro/fIbHOIO CeYeHuns f — /

ofi 08 1Z 16 a™b

dL
dx

Cwuna B3aumofeicTBMA MO KOOpPAMHATE X MeXAy [ABYMS
KOHTYpaMu ¢ TOKaMu ii 1 t2 nMmerwmMn Koagp@ULNeHT B3anM-
HOW MHAYKLMM M, paBHa:

Cunbl B TpexdasHoii nuHuM npu pgeyxdasHom K3. Pac-
CMOTPUM MPOCTENAWNA Ana pacyeTa cnyyain K3 B cucteme He-
N3MeHHOro HanpsxeHusd. Tok K3 paBeH:

i = /msin(cof+ a — - -Ime //rasin (a — 4K,
raoe /7o— amMnanTyga nepuofuyeckoli cocTasnstoweli Toka K3}
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a —@®a3a (No HanpsXeHut) BkAYeHUs Ha K3; gqk—yron
cABura no ¢ase HanmpsHKEHWA M TOKa B KOPOTKO3aMKHYTOW Le-
nv; Ta— NOCTOSHHAA BPEMEHU 3aTyXaHWs anepuoguyveckon co-
CTaBNsOLWen Toka.
Hanbonblee 3Ha4yeHME anepmogMyeckoli cocTaBnawL el To-
Ka K3 B MomeHT *=0 umeeT mecto npu a=0 u hk=4/2, T.e.
KOrga HavanbHasd (asa Nepuogvmyeckoinl CcOCTaBMAKOLWEA TOKa
K3 paBHa:
0= a—dx= —a/2.
B atom cnyuae
I — Im(e~i,T*— cos a0?-

Mpwn aByxdasHom K3 (puc. 7.31,a) la= —/B 1 cuna B3a-
MMOLENCTBMA NPOBOAHUKOB ByfeT paBHa:

Fsl = Aln (—t's) = —Ai2——Afje~ltITa— 2e~i'T&MDs o +
+ co0s2cf) = —AIm(e~'iilTb—2e~i,Tacosat + — + — ¢o0s 2c0/) =

= —AIM (Ni + N2e~2i/T*— NtfT117*cos at + N4cos 2c0f).
(7.43)

3HaK MWHYC nepej MnpaBoii YacTbi0 BbIPAXEHUS O03HAYaerT,
4yTO CM/Ma HanpasfeHa B NMPOTMBOMO/IOXKHOM HarpasieHnmn, Yem
3TO NoKasaHo Ha puc. 7.31, T.e. cTpeMuTca He c6nU3UTL, a pas-
LBUHYTbL MpoBOoAHUKKM (ha3. WTak, npu AaByxdasHom K3 Bbl-
paxeHue ANA CUMbl B3aMMOJEACTBUA COLEPXKMUT YeTblipe COCTaB-
naloWwmne: MoCTOAHHYO, arnepuofuyeckyto, MNepuognyeckyto ¢
yactotoii cetm (50 Iy) w nepmogmyeckyr € ABOWHOM 4acTo-
Toin (100 Iy). PesynbTupytowas cuna (puc. 7.31,e), MeHsAACh
BO BPEMEHW, BCE BPEMA OCTaeTCAd OLHOro 3HakKa W, clejoBa-
TeNbHO, AeiCTBYeT B OfHOM HanpasieHuu.

Mpu /a=0,05 ¢ MaKkCMMyM CW/bl paBeH:

.2, = 33AP.

Mocne 3aTyxaHuWs anepuogMYecKOin COCTaBAAKOWEA TokKa
K3 cuna paBHa:

HA2> = —APT(— + — cos 2ti>t)
a 2 2

N MakKCUMYM CWU/1bl COCTaBNAET:
Fz!\r%)ax = APT'
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11

*)

Puc. 7.31. OnekTpoAuHa-

MWYECKNe CuUnbl B LUWNHHON
\ A M ITW W -

NIMHUM  NpU - ABYX(asHOM
KOPOTKOM 3aMblKaHWU:

a — nosAcHAlWaa cxema; 6 —
nocToAHHas  coCTaBnAloLias;
B —arnepuojuyeckas cocTas-
naowas; r —nepuognyeckas
cocTaBfsgtollas € YacToToi
50 Iy, 8—nepuogunyeckas co-
CTaBnAoWas ¢ 4acToTol
100 Ty; e —pesynbTUpytowas
cuna

Puc. 7.32. OneKTpogMHamMun4yeckue CuAbl B LUWHHOW NWHMM npu  Tpexdas»
Hom K3:
a — nosicHAWas cxemMa; 6 — Cunbl, AeiACTBYOLMEe HA NPOBOAHUKMA (a3



el
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Cunbl B TpexgasHoli WWHHOA AuHUKM npu TpexdasHom K3.
PaccmoTpum TpexdaszHoe K3 B CeTU C UCTOYHUKOM HEU3MEH-
HOro HanpshkeHus. Toku a3 npu 3TOM pPaBHbI:

—ur
A= ImIsinM + a —dK—e  asin (a— qK];
sin“tof + a — qK----—-—

—e Masth fa — -2 (7.44)

*C = 7m[sin + a- Ok- -y-)
—e iM&sin — gK--—---y-

Cunbl B3aMMOLENCTBUA MeXAY NPOBOAHWKAMM (a3 C yue-
TOM MONIOXMUTENbHBIX HanpaBfEHUIA CUA, MOKa3aHHbIX Ha puc.

7.32,0, onpefendroTca ypaBHEHUAMMU:

FA A(In'B+ 2 *Al):
PB- /1 (1A *B  *Blc)> (7.45)
F.=A ‘WA *C + B *C
MoactaBue (7.44) B (7.45) w npuuas, yto a—(Pk=i|>, no-
AYUUM:

FA= Fc~ AP m ~ 3-cos (2 + 5Jdi *"a
acos fwt - 2Ij) -f
CoS(2cof + 2i)j+ — U; (7.46)
4 APl = ¢ M s nin A2i]3-——s1—1/3 1 "Wasin (bit -

q) + sin "2c0" -j- 20[3-----4 (7.47)
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Cwunbl Fa, Fb, Fc UMetoT Hanbonblimne 3HavyeHUs MNpu OfHUX
N Tex e ycnosuax, korga -=75, 165, 255 unn 345°. N3meHe-
HWe 3TUX Cun BO BpemeHu npu b= 30° nokasaHO Ha pwuc.
7.32, 6.

Hanbonblwne 3HauyeHUs CUM pPasHbI:

= F —_ AP (— 4- 3+ 2™ 3 e-2/ra__
ATax Ctax T 8 8
----- 3+ ,6~*1Tecos at + cos 20>tJ; (7.48)
FBmax = APm ~ V* e~lI*CS COS 2<B*j .

(7.49)

Mpwu 7a= 0,05 C FAmax==Fcmax = 2,67 AIm N FBmax==
=286 A 11I.

Kak BupHo, cuna, geicTsytowias Ha NPOBOAHUK CpeaHei
(hasbl, 60MblE CWMbl, LEACTBYIOLWEA HA MNPOBOAHUKN KpaiHUX
(as.

Cwvna B3auMOAeNCTBMA MeXJy MpPOBOAHUKaMWU Mpu ABYX-
thasHoMm K3 MeHblue cwa, AeACTBYKOLWMUX Ha NPOBOAHWKU Mpu
TpexasHom K3. [elicTBMTeNbHO, TakK Kak npu yfaneHHbiXx K3

JiL_ VI
) 2" 5

TO
”Za =3m (W = (ep.re = 2470 (/»>)

n, cnenoBaTtesibHO,

17(2) 17(3) < /7(3)
Ta* ~ Ntaa BTax'

Moatomy TpexdasHoe K3 gaBnsderca pacyeTHbiM Bugom K3
npu npoBepKe MPOBOAHWKOB W annapatoB Ha 3/IeKTPOLUHAMM-
YeCcKyH CTONKOCTb.

B. lNpoBepka LWWUHHLIX NVHWA Ha 3NEKTPOLUHAMUYECKYIO
CTOWKOCTb. LLIWHHbIE IMHWK, COCTOALME U3 XECTKUX LIUH, YK-
PENMEHHbIX Ha W301ATOpax, MPeLCTaBAAKT CO60M CMOXHYHO
OWHAMUYECKYI0 KonebaTeflbHYK CUCTEMY, HaxXOAALWYKCA MNOA
BO34eNCTBMEM 3NEKTPOAMHAMUYECKMX cun. CucTema CoCTOUT U3
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[BYX OCHOBHbIX 3J/IEMEHTOB (WWHbI W M30MATOPbI), TEM WK
MHBIM CMOCOOOM COEAUHEHHbLIX MeXAy COo60M.

M30n1aTOpbl KPEMATCA Ha 3a3eMJIEHHbIX HECYLUX KOHCTPYK-
UMAX, & KOHeYHble 3/1eMEHTblI COOPHbIX LWWH U OTBETBAEHUA OT
HUX XXECTKO COEAUHSAIOTCA CO CMEXHbIMWU 3fleMeHTaMu pacnpej-
YCTPOACTB (pasbefunHuTenu, paspagHukun un 1. n.). CO60pHble
WWHbI, KaK MpaBuUio, XXEeCTKO KPensTCcA TOMbKO K O4HOMY W30-
nATOpPY B nposiete. Ha ocTanbHbIX M30A9TOpax LUMHbI 3aKpen-
NATCA C MOMOLWbLIO HaKNagoK, ob6ecneymBaloLnX BO3MOX-
HOCTb MPOAO/ILHOFO MepemMeLLeHMA WKH. ITO HeobxoAMMo Ans
CHATUS BO3MOXHbIX TeMMepaTypHbIX HamnpsHXKeHUin B LUMHAX K
n3onaTopax.

Mpu onpegeneHUn 3NeKTPOSMHAMMYECKMX HArpys3oK Ha
WMHHbIE JIMHUM BaXXHO MPaBWUbHO OMPEeLennTb pacyeTHYH CXe-
My MeXaHW4YeCKO CUCTEMbI 419 KaXKAOT0 KOHKPETHOrO Ccayuas.
OO6bIYHO paccmMaTpuMBardT TPU NAEANTU3NPOBAHHbLIE CXEMbI:

1) WWHHaA NNHUA NpeSCcTaBAseTCA CTAaTUYECKOW CUCTEMOWA,
B KOTOPOI He y4MTblBalOTCA KOJIebaHUA LWWUH U M30MATOPOB;
Harpys3ka paBHOMEpPHO pacnpejeneHa no AJWHE MPONETOB Me-
XAy W3014TOpamu; LWKHbI CBOBOAHO nexaT Ha onopax;

2) WWHHas NNHUA NpeacTaBnseTca MHAMUYECKOlW cucte-
MO/, B KOTOPOW Yy4YMTbIBalOTCA KONEOaHWA LLMH, N30MATOPbLI AB-
NAKTCA XXECTKMMU W 3aKPenneHbl Ha >XeCTKUX HEeCYWMX KOH-
CTPYKLMAX, Harpyska paBHOMEPHO pacnpefefieHa Mo [ANuHe
MponeToB; LWMWHbLI CBOGOAHO NexaT Ha onopax;

3) WKWHHaaA NWHUS MpeAcTaBAseTcs AMHAMWYECKOR cucTe-
MO/, B KOTOPOM Yy4nTbIBAKOTCA KONMeBaHUA WWH M nojatnu-
BOCTb onop (Mo4 KOTOPbIMW MOHWMAETCA COBOKYMHOCTb M30/S-
TOPOB M HecyLMX KOHCTPYKLMWI); Harpyska paBHOMEpPHO pac-
npegeneHa no AlWHe NPONETOB, LWMWHbLI CBOGOAHO nexaT Ha
onopax.

B cnyuyae nepBoli pacyeTHOI CXeMbl Cufia, AeNCTByHOLW s Ha
pacuyeTHbIA NMPOBOAHMK cpegHei (asbl B (Ha eguHMLY ANMHBI),
H/m, npn TpexdasHom K3 pasHa:

f = f = 2'10~7p — 0,87 P 11 53
‘B, pacu | pacy 2 a p711 ’ a vy ' '
roe /Sh— ypapHblii Tok K3, A; a — paccTosiHMe mexay asa-
MW, PacrnofioXXeHHbIMW B OLHOW MIOCKOCTH, M.
M3rnbalowmii MOMEHT, AEWCTBYKLWMNA Ha WKHbI, H-M,

MTr = ’p;z“’z , (7.51)
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roe Kon — KoapuuUWeHT, 3HayeHWe KOTOpOro onpepjensetcs
CNoco60M 3aKpenaeHus LWKMH Ha OMOPHbIX U30NATOpax; Mpu Wn-
HaxX, CBOGOAHO fiexawmnx Ha onopax, MakCUMym W3rnbaroLLero
MOMEHTa HaxoguTcA B cepefuHe nponeta M Kon=8; korpga
LUMHbI XEeCTKO 3aKpernseHbl Ha onopax, MakCUMym u3rnbaroLle-
ro MOMeHTa Haxogutcsa y onop n Kok12.

MHOroneTHas npakTUKa MNPOEKTUPOBAHMA W JKCNayaTauum
PY nokasblBaeT, YTO AN peanbHbIX KOHCTPYKUWUWA LUMHHBIX NW-
HWUIA MOXHO MpuHATL KOE 10. Mpu 3TOM

M = /pacu.N. N "~Pac4_L (7.52)
mr 10 10 :

HanpsxeHune B matepuane wuH, MNa,
aPacy'= .« - . (7-53)

roe W m— MOMEHT COMPOTUBAEHNSA LUUHBI, M3

MOMeHTbl CONPOTUBMEHUA LUUH pPasIMyHOro npoduna u
B3aMMHOr0 pacnonoXeHusa faHbl B Tabn. 7.11.
LLUunHbl 06n1apaldT AMHAMUYECKON CTOMKOCTbIO, ecnv
~pacy Apgon = AST(Mpasp> (7.54)
roe  Cppon— JONYCTUMOE  HanpsXXeHwe B MaTepuane  LWWH;
Opaap— BPEMEHHOe COMPOTUBMEHWE paspbiBY MaTepuana LIUH.
B cnyyae MHOromofoCHbIX LWWH B MEpPBOM MPUBINXKEHUN
NpUHUMaAeTCA:
~pacuy NP> (7.55)

roe clh—lHanpskeHve B maTepuane LWWH U3-3a B3anMOLeENcT-
BMSA TOKOB pa3HbiX (ha3, onpegensemoe no (7.53); an— Hanpsa-
XEHMe B MaTepuase WWH M3-3a B3aMMOLEWCTBMSA TOKOB B na-
KeTe LWWH:

12Wa

Lna [BYXNONOCHbIX LIWH, Hanpumep,
g _ Muzr.n _ Fnln _ 2-10 7(0,5(y;1)2/n _ A 10 lya Jﬂ N
n~ 12rn 12Wn 26.121,, 96&I'M ’

roe I— pacctosHne MexXAy NpOKnagkamMu B MakeTe LWWH
(npunuem /n</).
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Tab6bnwuya 7,11

Mpu aByxdasHom K3 cuna, H/M, Bblumcnsetrcsa no Bbipa-
XeHuno: -

2-10—71 Ne
(7-58)

[anee pacyeT WWHHOW NMHWWM MPOU3BOAMUTCA TaK >XXe, Kak
OnuncaHo BblLLe.

Cwvna, geiicTByrowas Ha M30M4TOpbl, H, Npu pacnonoxeHuu
WWH B O4HOWN ropu30HTaNbHOW MAOCKOCTK

<7.M>
Mna .M
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roe 1— gavHa nponeta MeXAy OMOPHbIMU U301STOPamu, M;
Au,MIW— paccTofsHMe OT OCHOBaHWA M301ATOpa A0 LEeHTpa
Macc WWHbI, M; Ha3 — BbiCOTa M30/14TOpPa, M.

YcnoBre 3NeKTPOAUHAMUYECKON CTOMKOCTM M30NSTOPOB Ta-
KOBO:

"ms,pacy < f H3g0T (7-6°)
ona OAMHOYHbIX U30NATOPOB

= 0,6F
us.gon n3.pasp >

Ana cnapeHHbIX N3014ATOpPOB

Fms,p,on - Fma,pa3p’

roe Fus.pasp — HauMeHblUee paspylatrouiee ycunve and oau-
HOYHOr0 N30/19TOpAa.

B cnyvae mpuMMeHeHMs BTOPO/ pacyeTHOW CXEMbl Y4YMTbIBa-
0T KONeb6aHns WKWH Nog AeACTBMEM 3M1EKTPOAMHAMUNYECKUX CUNl,
KOTOpble B Tpex(asHbiX LUHHbIX NUHMUAX WMEKT COCTaBAsO-
wme, n3meHatolmecs ¢ yactotoh 50 n 100 Iy, Ecnm cobCTBEH-
Hble 4acTOTbl AMHAMWYECKON KonebaTenbHON CUCTEMbI fiexat
B 30He 50 u 100 Iy, TO BO3MOXHO MOfAB/NEHME pe30HaHca
KonebaTeNbHOMW CUCTEMbI U CYLWECTBEHHOE WM3MEHEHWE MEXaHU-
YECKOW Harpy3Ky Ha LWWHbI W U30NATOPbl MO CPaBHEHWUIO CO
CTaTMYecKOn cUCTeMON (mepBasi pacyeTHas cxema). VI3ameHeHue
Harpysku npu pasHbiX COBGCTBEHHbIX 4YacToTax /0 KonebaTenb-
HON CMCTEMbI Y4YUTbIBAeTCS KO3PPUUMEHTOM AUHAMUYECKONA
Harpyskum Ka- [py aTom pacuyeTHas cuna npu TpexgasHom K3
paBHa:

3aBucMMOCTb /Ci OT COBGCTBEHHOI 4acTOTbl MpuBeAeHa Ha
puc. 7.33.

B konebaTenbHON cucTeme MOTyT BO3HUKHYTb KoJiebaHus
pasHbiX 4yacTtoT. B obuem cnyuyae co6CcTBeHHble 4yacToThl, [,
ONpefensaTCca N0 BblPaXKEHUIO

--mh Vv - (7-62)

roe n= 1, 3, 5..; r«— KoauumMeHT yactoTel n (rj=4,73;
r3= 10,99); E — mogynb ynpyroctu matepuana wwuH, MNa; J—
MOMEHT MHEpUMW WUHbI, M4; m — Macca LWWHbI, Kr/M.
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B pacuyeTax 00bIYHO y4YMTbIBAlOT KO/ebaHUA TONbKO MepBoOi

| OCTBEHHOW 4acToTbl, Mmojaras cCUCTeMY OLHOYACTOTHOW. Mpu
/K)M

= 763>

3Has OTHOCWUTENbHYK COBCTBEHHYH 4YacTOTy KonebaTenbHOWM
CUCTEMbI MO OTHOLIEHMIO K 4acToTe ceTu fo/fc, N0 KPUBLIM puC.
7.33 HaxogAaT KO3(h(MULMEHT AMHAMW4YecKOn Harpysku /Ca. Oa-

Nnee pacyeT LWKH U M30NATOPOB MNPOM3BOAAT OObIYHbIM MOPAA-
Kom no (7.51) — (7.57).

Puc. 7.33. 3aBUCMMOCTb KO3((PULMEHTA ANHAMUYECKOW Harpyskum OT OTHO-
CUTEeNIbHON CO6CTBEHHOW 4acToTbl Ko/ebaTesibHON CUCTEMbI

B cnyvae npvMeHeHWs TpeTbel pacueTHOW CXembl YUMUTbIBa-
0T KakK KonebaHus LWWH, TaKk W YNpYyryw nojaTansBocTb OMop.
3pecb cHavana onpefenatoT (06bIYHO 3KCMEPUMEHTANIbHBIM NYy-
TEeM) >KeCcTKOCTb onopbl, H/M:

con= ~ i (7.64)
Yy

rge F —'cTtaTMyeckasi cufia, NPUIOXKEHHas K BepliMHE OMopsbl
(n3onqatopa); y — nporn6 onopbl( M30natopa).
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[anee HaxofAT 3KBUBANEHTHYIO COCPEefOTOYEHHYIO Maccy
onopbl (n3onatopa), Kr:

< « 5>

rae fon —mMacToTa CBOGOAHbLIX KonebaHMii onopbl, onpegense-
Mas 3KCMepUMeHTasbHO.

30 50 70 100 ros 300 500 1000 2000 3000 5000
cm13(EJ)

Puc. 7.34. 3aBucumocTb Ko3puumeHTa r\ oT nmapameTpoB LWWH W onop

B nepBoM NpuGANKEHNN
®L MO (7.66)

aT,

M%"‘ M

roe Mon— macca onopel  (M3onsatopa), Kr; # uM0On— paccrosn-
HWe OT OCHOBaHMA W301ATOpa [O LEHTpa Macc Onopbl, M;
AL, MU, — pacCTOsiHWE OT OCHOBaHMS M30nAaTopa 40 LeHTpa macc
LUMHBI, M.

%aTeM HaxogAT mapMmeTpbl n 2% 1y no KpuBbLIM puc.

Coniz |, M
EJ ml
7.34 onpenenatoT KO3aPpUUMeHT r\.

[Janee pacuyeT aHanorunyeH pacyeTy No BTOPOW pacyeTHO
CXEME.

Pe3oHaHCHbIe ABIEHUA MPaAKTUYECKU HEe MPOSABAATCA, ecnun
4acTOTbl COOGCTBEHHbIX KONe6aHWiA CUCTEM LUMHbI — U30/IATOPSI
nexat Hmxe 30 u Bbiwe 150 y. Ha npakTuKe y CyLLeCcTBYlO-
WMX TUMOB KOHCTPYKLUMIA LUUHHBIX IMHWIA 3TN yCcnoBus B 60/b-
LWMHCTBE CNYYaeB BbIMOJIHAKOTCA aBTOMaTUyecku, noatomy My
He TpPeOylOT NPOBEPKU LIWH HAa 3NEKTPOAMHAMUYECKYH CTOiA-
KOCTb C, Y4eTOM MeXaHW4YecKux KonebaHwii. SIwb B YaCTHbIX
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1 iv'iax, Hanpumep npu NpefesbHbIX PacyeTHbIX MeXaHWYeCKMX
n.InpshkeHMsX, ciefdyeT NPOBEPATb LUMHHbIE IMHAWM HA BO3MOX-
HOCTb MEXaHW4YecKOro pe3oHaHca W MpUHMMaTb Mepbl (MyTeM
W .MEHEHWS L/NHBI NPONIETa WM XECTKOCTU 3/IEMEHTOB Kosneba-
M'TIbHOW CUCTEMbI) K U3MEHEHWHD COBCTBEHHBIX YacTOT CUCTEMBI,
\|.045 ee TemM cambiM M3 OMACHbIX PE30HAHCHbLIX 30H.

7.19. TEPMUYECKAA CTOMKOCTb MPOBOAHUKOB
N SNTIEKTPUYECKWNX AMMAPATOB

Mpn KOPOTKMX 3aMblKaHWAX TemrepaTypa MNPOBOLHUKOB U
3NEKTPUYECKMX annapaToB Pe3Ko BO3pacTaeT M MOXET CYLLecT-
ik'hho TMPEBLICUTb 3HAYEHUA HaMbBOMbLWMX AONYCTUMbIX Temne-
patyp. MNpefenbHble 3HAYEHUA AOMYCTUMbIX TEMMepaTyp Harpe-
Ba nNpun K3 yCcTaHaBNMBAlOTCA C YYETOM CHUXEHUA MeXaHuue-
CKUX CBOWMCTB MPOBOAHMKOBbIX MAaTEPUanoB, W30AUPYHOLLUX
CBOWCTB  UM30MAUMOHHbIX MAaTEpPUanoB, a TaKXe HaAeXHOCTH
paboTbl KOHTAKTHbBIX CUCTEM MPW MOBLIWEHUN UX TEMNEPATYPLI.
3HaunTenbHOe MOBbIWEeHNEe TemnepaTypbl NPUBOAUT K CHUXe-
H/IO BPEMEHHOro COMPOTWBNEHWSA PaspbiBy MPOBOAHUKOBbLIX
matepuanoB (puc. 7.35) 1 NMpoBMBHOr0 HanmpsXXeHua ¢apdgopa
(puc. 7.36). Mpn ®>70—75 °C MHTEHCUBHO OKWUCNAKTCA KOH-
TakTbl annapaTtoB W KOHTaKTHble (0CO6eHHO 60NTOBbIE) COeAu-
HeHWs MPOBOAHWKOB. [NNTeNbHOE MOBbIWEHWe TeMmepaTypsl
pe3Ko cokpalaeT CPoK CNy>XObl U30NIALUN.

3HayeHna [OMNYyCTUMbIX TemnepaTyp Harpesa npum K3
®KJon, ycTaHOBNeHHble Y3, npuBefeHbl B Tabn. 7.12.

IMOCKONbKY 3HEProcMcTeMbl OCHALLEHbl [0CTaTOYHO COBep-
WEeHHbIMW YCTPOWCTBAMMW pENeiiHoW 3alnTbl U OTHOCUTENbHO
ObICTPOAENCTBYOWNMY  BbIKOYATENAMWU, ANUTENBHOCTb NPO-
X0XAeHus TokoB K3, kak npasBuno, HesHauuTenbHa (06bIYHO
He 6onee 0,1—4 c). MoaTomy npouecc Harpesa MPOBOAHUKOB
npu MPOXOXAEHWU NO HUM TOKOB K3 MOXHO B nepsBoM Mpwu-
6NVXKeHUN cuuTaTb afgnabaTuyeckUM W ypaBHEHUe TenjoBoro
6anaHca 3anucarb Tak:

il Radt = ¢~ Gd». (7.67)

B 3TOM ypaBHEHUU HEOGXOAMMO YYeCTb 3aBUMCUMOCTM aK-
TUBHOIO COMPOTWBAEHWUS U TEMJ0EMKOCTU MPOBOAHMKA OT TeM-
nepatypbl. AKTUBHOE COMPOTUBAEHWNE MPOBOAHUKA PaBHO:

P#1
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B o6Lwem cnyvae ANs NpPoOM3BOMLHOrO MaTepuana

P»= pO(l + u® +P 2+ ..),

Ta6bnuuya 7.12

MpoBOAHMKM *K, JOT °c
LLUnHbI MeaHble 300
LLUnHbI antoMnHneEBbIE 200
LLUWHBI cTanbHble, He VMelLl e HEenocpeACTBEHHOINO cCoOefu- 400
HeHMa ¢ annapaTamu
LLUNHbI cTanbHble C HEMOCPEACTBEHHbLIM MPUCOEAUHEHNEM K 300
annaparam
Kabenn ¢ 6ymaxKHO MponNuMTaHHOM M30NsLMeN Ha Hanpske-
HUA, KB:
fo 10 200
20—220 125
Kabenn un .n30nnpoBaHHble NPoBOAa C MeAHbIMU U antOMUHU-
eBbIMW XUNamMn u nsonauune:
NONIMBUHUNXNOPUAHON 1 Pe3NHOBOW 150
nonnaTUNEHOBON 120
MefHble Hen3onupoBaHHble NPoOBOAa NpU TAXeHUAxX, H/Mm2:
MeHee 20 250
20 n 6onee 200
ANOMUHWEBbIE HEU30NMPOBAHHbIE MPOBOAA NPU TSHXKEHUAX,
H/mm2:
MeHee 10 200
10 n 6onee 160
ANOMUHMEBAA 4YacTb CTaslea/IloOMUHNEBbLIX MPOBOAOB 200
Puc. 7.35. 3aBucumoCTb npegena MpovyHOCTU Puc. 7.36. 3aBUCUMOCTb
MeTannoB npu pacTsaXKeHUW OoT TemnepaTypbl: NPo6MBHOIO  HanpsXeHus
J —9NeKTpoNUTUYECKas _ Mefb  (MPOJO/KUTENbHBIN hapcdopa oT TemnepaTypei

PEXNUM); 2 — alOMUHWIA, 3l 371EKTPONTUYECKASA
mMeab  (KpaTKOBpPeMEHHbIi  pexum); 4 — 6poH3a;
5 —cTanb
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n< po— yfenbHoe conpoTtusfieHne matepuana npu 0°C.

HaiigeHo, 4To 4NS MefHbIX, aNlOMUHWUEBBLIX U CTaflbHbIX MPO-
[41!lNMKOB yAenbHOe CONPOTUBNEHME MOXHO OMNpeAennTb Mo
@<.wynam:

Pen ~ Po.cu (! + 0,00424# + 0,453 -KH 8#2);
Pa.~ P aai (1 +0,00387# + 1,1-10-«#2),

PFe « POJFe (1 + °°00550 + 9 ‘10_6 **)m

Mpu HarpeBe npoBoaHUKOB A0 300—400 °C B npaBoil YacTu
NOCNefHUX BbIPaXEHW [LONYCTUMO Y4WUTbiBaTb TONBKO [Ba
nepsbIX YneHa. MNpumem, 4To

PA= Po(1+ a”®)

c0= co0 + PHY-

Torga ypaBHeHue (7.67) npumeT BUA:
iIKPO (I + a&)/ " 1+
S

Pa3fenum rMepeMeHHble U MPOMHTErPUpyeM NeBYK W npa-
BYH 4acTW YypaBHEHUS B COOTBETCTBYHLLWUX MNpefenax:

OTKN K
; r r
g s J po@+ ap)
Monyyum
BKNe = AA- A H (7.68)
-(oTkn 2
roe Bk= M iKd t— unHTerpan [xoynda toka K3; JIKn Ag—

0 ,
3Ha4YeHNA npason 4actm npu OK 1 iH.

3aBucumocTtn P=/(J1#) [na pasNn4yHbIX Matepuanos npu-
BeJeHbl Ha puc. 7.37. MpoBOAHUK OyLeT TEPMUYECKU CTOEK npu
K3, ecnu ero ceveHue s yf0BneTBOpseT YCNOBUIO:
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OueBMAHO, YTO NPM 3TOM KOHEYHas TemmepaTpya Harpeea
MPOBOAHMKA MEHbLIE AONYCTUMOIA:

K.gon

Ecnv npuHSATL, 4TO A0 K3 MpOBOAHWK Gbll HArpy>eH HOMU-
Ha/bHbIM  TOKOM NPV HOMUHAbHbLIX YCNOBUSX OKPYXatoLL el
cpefbl, TO MOYYUM:

°o - YB« (7.70)

V akpgonw /HHOM

roe sT— MUHMManbHO [JOMYCTUMOE CevyeHuMe MPOBOAHMKA No
YCNOBUK TEPMUYECKON CTOMKOCTMW.

Puc. 7.37. Kpusble ana onpefeneHna TemnepaTypbl Harpesa MNPOBOAHWUKOB
npu KOPOTKUX 3aMblKaHUAX:

| —cTanb; 2 —anoMuHuii; 3 Medb

3HayeHua koapduumeHta CT ykasaHbl B Tabn. 7.13.

Ha npakTuke npu onpegeneHWnM TEPMUYECKON CTOWKOCTU
MPOBOAHWKOB BO3MOXHbI [iBa Cry4as:

a) W3BECTHbl BMUA MPOBOAHMKA, a Takxe s, ‘4 n Bk Tpeby-
eTCH HalTum &K M pewnTb BOMPOC O TEPMUYECKON CTOMKOCTU
NMPOBOAHWKA;

6) W3BECTHbl BUA NPOBOAHUKA, & TakXe #H N Bk
TpebyeTca HaliTh ceyeHne MpPoBoAHMKa S s T.
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Ta6bnunuya 7.13

MpoBOgHUKM 3HaueHue C,,
LLUNHBLI MefHble 171
LLUNHbI antoMUHKEBbIE 88
LLInHbI cTanbHble npyu ©kAon=400 °C 70
LuHbI cTanbHble npy 0K [4on=300°C 60
Ka6enn go 10 kB:

C MeAHbIMU Xunnamm 141

C a/lOMUHMWEBBLIMU XUNaMu 85
Ka6enn 20—35 kB:

C MefHbIMU Xunamu 110

C atoMUHUEBBLIMU XUaMu 70

B nepsom cnyvae no O, HaxopsaT AH (puc. 7.38,a) u pa-
nee, 3HaA BJs2 onpegensatoT Ak, a 3aTeM MO KPUBOW HaxogAat
Ok. Bo BTOpOM cnyvae Mo M3BECTHbIM O W 0 k00 OMpeAenstoT

A, 1 JIKgon v fanee onpeaenstoT Heo6X0AMMOe CedyeHue npo-
BOAHMKA

Y BK
Y Nk.[OM-— AH
WHTerpan Oxxoyns Ttoka K3 MOXeT ObiTb HailjeH Kak CyM-

Ma WHTErpanoB OT MEpPMOSMYECKO W anepuogmnyveckoil cocTaBs-
narownx Toka K3, AeiACTBUTENBHO,
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*0TKN NOTKN
AK = jooildt™ j° (iat + iatrdt
O @)
*OTKN *OT1 *OTKN
j Uttt litdt+ j iltdt = BKn+ BKa (7.71)
0] (0] 0]

Ans HaxoxpeHua uHTerpana [)xoyns OT MepuognyecKol
cocTaBnsowWwen Toka K3 Heo6x04nMo NpoMHTerpupoBaTh yHK-
umto Pnt, yto B obwem cnyyae yao6bHo cpenatb rpao-aHanu-
TWYECKMM cnocobom. B yacTHOM cnyvae, korga Tok K3 o6y-
CNOBMIEH CUCTEMON HEU3MEHHOr0 HanpsXeHus, uHTerpan [xo-
YA paBeH:

A.n-'Yo*.. <J-72)

MakcumanbHOe pacyeTHOe 3HayeHue uHTerpana [xoynsa ot
anepuogmyeckoi coctaenatowein Toka K3 onpegenserca aHa-
NNTUYECKMN:

0TKN tof1
5Ka= ] {V2Ime™ T*Ydt =
0

= 2/no j e~'lilT*dt — 1ib Fa(1~ e " 2,0THA-Ta). (7.73)
0

Mpu CNOXHOW 31eKTPUYECKO CeTU 3Ta Gopmyna NpuHUMA-
et BUA;

£,,a = /no K (1— e~20TKn/la,3K ), (7.74)

roe 7a3K— 9KBMBaSeHTHas MOCTOSIHHAs BPEMEHU 3aTyXaHus
anepuofnyeckoi coctaBastollein Toka K3.

ECNN ~oTtkn™* Ma.ak, TO /?K,a /nol a,sK-
MonHblin nHTerpan Oxxoyns Toka K3 paBeH:

*0TKN
£En = j* In(dt+ /nola,ek (I — eroTkn/Ma.ak), (7.75)
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B cny4dyae CUCTEMbl HEM3SMEHHOTO HamnpAa>XeHuns

B kK= I1l0%Tkn + /nola,ak (1 — e 2<0Tkn/la,3K ) =
=4 [*OTKn + ra,sk (1— e~ 20TKN/Ta,3K )], (7-76)
EC/IN Mpu 3TOM ~oTKn>T a,3K,
Bk~ P n0«o,w + T aldK). (7.77)

TepMunyeckas CTONKOCTb 3/IEKTPUYECKUX annapatoB Xapak-
TEPU3yeTca MX HOPMMUPOBAHHLIM TOKOM TepMUYECKON CTOMKoC-
™™ /T 1 ONYCTUMbIM BpPEMeEHEeM ero npoxoxpeHus fT.

AnnapaTt TepMUYECKM CTOEK, ecnu

Pt,> B (7.78)

TOK TepMuUYeckoi CTOWKOCTW 31EKTPMYECKOro anmaparta
Mpu NpPOM3BOSILHOM pPacyeTHOM BPEMEHM t> tr HaxoauTca no
BbIPaXEHUIO

K*

(7.79)
npu t< tTnpuHumaetca /Ti= /T

7.20. PACYETHbIE YCNnoOBWA AONA BbIBOPA MNPOBOAHWKOB U
SNEKTPUYECKUNX ATMMAPATOB

MpoBOAHWMKM W annapatbl 3MeKTPOYCTAaHOBOK  AOJXKHbI
YLOBNETBOPATb PacUeTHbIM YCA0BMAM KX paboTbl Mpu pasnuy-
HbIX peXumax (YHKLMOHWPOBAHUSA 31eKTpoycTaHOBOK. [Mpa-
BU/IbHOE OMpejeneHne pacyeTHbIX YC/OBWI Ha OCHOBe aHanu3a
BO3MOXHbIX B 3KCMAyaTauuum pexunmoB (YHKLMOHMPOBaHMA
371eKTPOYCTAHOBOK C Y4YeTOM MepCneKTWBbl WX pasBUTUA SBAA-
eTcqd HeobXOAMMOW MpesnoCbIIKOW MNpaBWIbLHOFO Bbi6GOpa Mpo-
BOAHWKOB M annapaTos.

Mopa pacyeTHbIMKW YCMOBMSMM B 06OLLEM C/lyyae MOHMMAKT
Hanbonee TsKenble YCNOBUSA, B KOTOPbIX MOXET OKa3aTbCH
annapat WAX NPOBOAHMK MPU Pa3MYHbIX pexumax (yHKLMo-
HUPOBaHWA 3MeKTPOYyCTaHOBKM. B nocnegHee Bpemsi HameTu-
nacb TEHAEHUWSA NpW ONpPeAeNeHUn pacyeTHbIX YCNOBUIA YUUTbI-
BaTb BEPOATHOCTHbIA XapakTep BO3HWKHOBEHUS PasINYHbIX
PEXWUMOB, UX TAXECTb [ANA paboTbl 31eKTPoo6opy0BaHUSA U
BO3MOXHble MOCNEACTBMSA C YYETOM HapOLHOXO03SACTBEHHOIO
yuwep6a. OgHako Npu TakOM MNOAXOAe BO3HMKAKT BOMPOCHI
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obecneyeHns  Heob6xoauMmoi 6e30macHOCTM  06CAYyXMBaHUA
3/1eKTPOYyCTaHOBOK; 4YacTOTbl BO3HWKHOBEHWS W pasBUTUS aBa-
puii; TEXHWYECKON TMOKOCTU CXEM 3NEKTPUUYECKUX COEAUHEHWI
3NeKTPUYECKUX CTaHUWiA, MOACTAHUMIA W 3HEProcUcTeM B HOp-
MafbHOM M aHOPManbHbIX peXuUmax, a TakxXe pajg Apyrux Bon-
pocoB. B CBA3M C 3TMUM YKa3aHHbIA NOAXOA, YUYUTbIBAOLLMNIA,
Hanpumep, BepoOATHOCTHble xapaktepuctuku K3, cnegyet wuc-
NoMb30BaTb OCTOPOXHO W TOMbKO MNPU Hanuuymm [OCTaTOYHbIX
000CHOBaHWiA, NPOBEPEHHbIX OMNbITOM 3KCNayaTauunm.

PasnuualoT ueTbipe pexuma paboTbl 3/1EKTPOYCTAHOBOK:
HOpMaNbHbIA, PEMOHTHbIW, aBapuiiHbli W MNOCAeaBapuitHbIA.
MepBblil, BTOPOI 1 YeTBEPTLIA PEXUMbI—AITO NPOLO/MKUTENbHbIE
PeXWMbl, MPUYEM HOPMa/bHbIA pexum Hanbonee MNPOLOMKU-
TeNbHbIWA. TPeTnii peXxum — KPaTKOBPEMEHHbINA.

Mof HOPManbHbIM  PEXMMOM  MOHUMAKT TakON PexumM,
KOorga 3/eKTpoyCTaHOBKAa W ee 3/eMeHTbl (YHKUWOHUPYIOT B
COOTBETCTBUM C 3aMPOEKTUPOBAHHbIMW AN HUX NapaMmeTpamu
MPOAO/HKNTENBHOMO peXmMMa Mo YyTBEPXAEHHOMY AUCNeTYepPCKO-
My rpagmky Harpysku, 6e3 neperpysku 3/eMEHTOB, W Korja B
3N1eKTPOYCTAHOBKE HET BbIHYXJEHHO OTK/IOUYEHHbIX MO TOW Wan
WHOW NPpUYMHE 3N1EMEHTOB.

PEMOHTHbI/ PEXUM — 3TO PEXUM MAAHOBbLIX MPOGUAAKTM-
YEeCKMX M KanuTanbHblX PEMOHTOB, KOTOpble, KaK NpaBuno, pas-
pewwatTca B Nepuof CHUXEHUS Harpyskum 371eKTpoyCTaHOBKMU
WAN ee 31IEMEHTOB, a TakXe Npu Apyrux 61aronpuaTHbIX (ak-
Topax. PeMOHT BCMOMOratefnbHOro 060pyfoBaHnsA 06bIYHO COB-
MelLaeTcs C PEMOHTOM OCHOBHOro o6opygoBaHus (reHeparo-
poB, TpaHCcopMaToOpOB, CUHXPOHHLIX KOMMEHCATOPOB), NUMU-
TUPYIOLLET0 BO3MOXHYIK MNPOAO/XKMTENbHOCTb peMOHTa. B pe-
MOHTHOM peXMWMe BO3MOXHA MOBbILIEHHAs Harpyska OTAenb-
HbIX OCTaBWMXCA B paboTe 3MEMEHTOB 3/1eKTPOYCTaHOBKMU,
Pe3epBUPYIOLLUX PEMOHTUPYEMble 3NeMeHTbl (MMHUKU, TpaHCc-
thopmartopbl, peakTopbl U T. n.).

ABapuWiiHbI peXUM — 3TO PeXWM, BbI3BaHHbI/i BHE3aMHbIM
HapyLleHneM HOPManbHOro pexuma BCNefCTBME KOPOTKMX 3a-
MbIKaHWii, 06pbiBOB (ha3 (HenonHoasHbI aBapuiAHbIA pPeXxum),
HECUHXPOHHbIX BKAOYEHWIA 3/IEMEHTOB 3HEProCUCTEM, BO3HWK-
HOBEHMA KayaHW B 3HeprocucTeMe Mpy acMHXPOHHOM Xofe ee
yacTel n T. N. ABapuiiHble PEXWUMbl, €Cnn MX BbICTPO HE UK-
BMAMPOBaTb, BefyT K OTKa3y 31eMEHTOB 31eKTPOYCTaHOBOK U
371eKTPOYCTAHOBOK B LieNIOM, LLeNOYeYHOMY pas3BUTUIO aBapuii u
K Haubonee TAHXeNbIM CUCTEMHbIM aBapuaM. DNeKTpuyeckue
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annapatbl U NPOBOAHWKWN AOOJ/IXXHbI ObITb AWHaMWYeCKn wn Tep-
MMWYECKN CTOMKMMMU npn pasnnyHbiX aBapVIVIHbIX peXunmax.

MocneaBapuitHbIi PeXWUM—3TO PEXWMM 3aMeHbl WU BHe-
OYepefHOro aBapMitHOro peMoHTa 0TKa3aBLUEro Npu aBapuitHOM
pexxume obopygoBaHua. MNpu 3TOM pexumMe BO3MOXHA MOBbI-
WeHHas MNpoJO/MKMUTENbHAA Harpyska ocTaBlLIMXcA B paboTe
3M1EMEHTOB 3/M1EeKTPOYCTaHOBKU, Pe3epBMPYIOLLIMX OTKa3aBLlUUe
3MEMEHTHI.

Mpwn BbIGOpe NPOBOAHWUKOB U 3/1EKTPUYECKMX annapaToB He-
06X04AUMO 3HaTb NPOAO/KUTENbHbIE paboyMe TOKM HopMasb-
HOro peXKuma /HopMpacy, PEMOHTHOTO peXxuma /pempacd 1 nocre-
aBapuiiHOro pexwuma /nas.pact- Hawnbonbwunii u3 gByx nocneg-
HUX TOKOB, €CNN OH 6O0JblUe /Hopm,pacy, MOXET ObITb Ha3BaH
pacyeTHbIM TOKOM MNPOAO/DKUTENIbHBIX PEXUMOB /,,pog,pacd Unu
Hambonbwnm paboumm TOKOM uenu /pab,H6=/mpog,pacy- MNpwn BbI-
6ope NPOBOLHMKOB ¥ annapaTtoB HeOOXOAMMO TakXe 3HaTb TO-
KW Npu pacyeTHbIX ycnosmax K3, KoTopble BKAOYAKOT B Ceds:
pacyeTHYI CXEMY 3/IeKTPOYCTaHOBKM, pacyeTHbln Bug K3, pac-
YeTHYH TO4YKy K3 U1 pacyeTHyH nNpoAo/IKUTENbHOCTL K3.

PacueTHaa cxema — 3TO, KakK MpaBWn0, MOAHAA Cxema
3NEKTPOYCTAHOBKW, B KOTOPYK BXOAAT BCE ee 3fieMeHTbl (reHe-
paTopbl, TpaHCOpMATOpbl, JMHWUK, peakTopbl W T. 4.), a CO-
NMPOTUBNEHUE CBA3WU C 3KBUBANEHTHbIM WCTOYHMKOM — 3HEPro-
CUCTEMON MUHUMaNbHO. B OTAeNbHbIX YaCTHbIX ClyYasax MOXeT
ObITb OTCTYM/IEHWE OT 3TOr0 NpaBwuna, ecnu oKasbiBaeTCs, 4To
B CXEME C OTK/IOYEHMEM OTAe/bHbIX 3N1eMeHTOB ycnosus pabo-
Tbl MPOBOAHMKOB M annapaTtoB HEKOTOPbIX Lenei Tsxenee, YeMm
B MONHON CXeMe.

PacueTHbIM BuAOM K3 npu npoBepke NPOBOLHWKOB U 3J1eK-
TPUYECKMX annapaTtoB Ha 3MeKTPOAMHAMUYECKYIO CTOMKOCTb
ABNAeTCcA TpexmasHoe K3, a npu MnpoBepke Ha TepMUYECKYHo
CTONKOCTb,— Tpex(aszHoe unM AByxgasHoe K3, KoTtopoe Mo-
XeT ObITb onpegenswwmm B cnyvyae K3 60/1bWwOR NpoaomKu-
TENbHOCTU W HeBOMbLIOW 3NMEeKTPMYECKON yAaneHHOCTM OT
reHepaTopoB, Korga ¢ ydyetom geiicteus APB reHepaTtopoB Mo-
XeT okasaTbcs, yTo /N)> [/ )- PacyeTHbIM BuaoM K3 gnsd npo-
BEPKW 3NEKTPUYECKUX annapatoB Ha KOMMYTaLWOHHYK Chno-
cobHoCTb saBnsdetcsa TpexdasHoe K3 wnu opgHotasHoe K3 Ha
3eM/110 B 3aBMCMMOCTU OT TOro, npu kKakom Buge K3 Tok K3
MMeeT Hambonbllee 3HAYEHME.

PacueTHas Toyka K3 B obuwem cnydae MOXeT pacrnofnaratb-
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CA C OLHOW WAW Apyroii CTOPOHbI OT BbIGMPaeMoro 31eKTpoo6o-
pyfoBaHuda. Tak, NMPUMEHUTENbHO K cCXeme Ha puc. 7.39, rge
MPUHATLI O4MHaKOBbIE NapamMmeTpbl COOTBETCTBEHHO reHepaTopoB
Gl n G2 u TpaHc(hopmMaTopoB CBA3N 77 W T2, pacyeTHble TOY-
Kn K3 gna sbibopa NpoBOAHWKOB W 3NEKTPUYECKUX amnnapaToBs
yKasaHbl B Tabn. 7.14,

Tab6bnuuya 7.14

. PacueTHas
Bbl6npaemblii aneMeHT Touka K3 MpumeyaHue
Bbikntoyatens Q1 K3
Bbikntoyatens Q2 K4 Mpun oTknNoyeHHOM Q8
Bbikntoyvartens Q3 K1 Mpn oTKNoYeHHOM T1
Bbikntoyatens Q4 K5 —
Bbikntouatens Q5 K6 —
Bbiknoyatens Q6 K8 Kak nokasblBaeT OMbIT 3KchayaTa-
umn, K3 B Touke K7 manoseposAT-
HO
BbiknwouvaTtens Q7 K 10 —
BbikntovaTtens Q8 KU Mpu oTKNOYeHHOM Q2
BbikntouaTens Q9 K14 =
Ka6enb nuHun W1 K9 Tok npu K3 B Touke K9 npakTtu-
yeCKkn paseH TOKy npu K3 B Tou-
Ke K8

Mpu KOpoTKOM nyuke Kabenel pac-
yeTHas  Touyka K3 cornacHo

Kabenb nuHum W3 K14 MY3 npuHUmMaeTca HenocpencT-
BEHHO 3a Ny4ykom Kabenei
Tok K3 B Touke K14 npakTuyecku
paBeH ToKy K3 B Touke K13
Kabenn pacnpegenutens- K 10
HOW ceTu

PacueTHasa npofo/mkutensHocTb K3 npuHumMaetcd pasnuu-
HON B 3aBUCMMOCTW OT Ha3HauyeHua pacyeta. CornacHo MYJ
npu MpoBepKe MPOBOAHWMKOB W annapatoB Ha TEPMUYECKYIO
CTOMNKOCTb OHa MPUHMMAaETCA PaBHOW CyMMe BPEMEHW [elCcTBMA
OCHOBHOW 3aLiMTbl 1 MOJIHOFO BPEMEHMN OTK/KOYEHWSA BbIKKOYa-
TeNs COOTBETCTBYHOLWENA uenu (6amxkaiwero Kk mecty K3), T.e.

=t = f + t (7.80)

tK,pacq oTKN p.3.0CH B,0TKN "

B oTAenbHbIX CMy4yasx OCHOBHas 3aliMTa MOXET 0TKa3aTb
{mMepTBas 30Ha, NOBpeXAeHMWe Lenei 3awuTbl, 0TKa3 pene u
T. N.), NO3TOMY LEeNecoobpasHO OUEHWUTb TEPMUYECKYH CTOM-
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KOCTb (M MoXapHyl 6e30MacHOCTb) TakXe MNpu AeicTBUM pe-
3epBHOI 3aLLUTbI.

Unpkynapom [nastexynpaBneHnd MuHaHepro CCCP ot
20 anpena 1984 r. (9nekTpuueckue ctaHuum, 1984, Ne9) npeg-
nncaHo nposepsaTb Kabenn 6 kB mapku AALLB ¢ ogHonposo-
NOYHBIMU XUNNAMU B CeTAX COOCTBEHHbIX HYX[ 3MeKTPOCTaHL i
Ha Harpes pacyeTHbIMM ToKaMu K3 B uenax npegoTspalleHus
BO3ropaHuin kabeneii, ANs KOTOPbIX YCTaHOBNEHA MpefefibHas
noxapo6esonacHas TemnepaTtypa 430 °C. PacueTHy TOuKy
K3 pekoMeHAOBaHO MPMHUMaTb Ha paccTtosHun 50 M 0T Hayana
KabenbHON NUHUN.

Puc. 7.39. Cxema, nosicHswwas pacyeTHble ycnosus K3
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Mpn npoBepke BbIKAOYaTENEA Ha KOMMYTaLWOHHY Cho-
cOBHOCTb pacyeTHOe Bpemsi K3 npuHMMaeTcs paBHbIM CyMMe
MWUHUMAaSbHO BO3MOXHOIO BpeMeHW [elCTBUA OCHOBHOM 3aLiu-
Tbl U COBCTBEHHOrO BPEMEHU OTK/IKOYEHUA BbIK/KOYATENd, T. e.

t =T=t (7.-81)

K,pacy p,3min +1 ic,B,OTKn'

7.21. BLIBEOP MPOBOAHWMKOB W 3NEKTPUYECKUX AMMAPATOB

MPOBOAHUKN U 3NeKTPUYecKne annapatbl BbIOMPAKOT MO
pacyeTHbIM YC/I0OBMAM HOPMAanbHOro pexuma (N0 HOMWUHaNbHO-
My Hanps>XeHU M HOMWHANbHOMY TOKY) W NpOBepstoT Ha pa-
60TOCNOCOBGHOCTb B YCNOBUAX aHOPMasibHbIX PeXUMOB (gonyc-
TUMbIA Harpes MPOAO/MKUTENIbHbIM pPacyHeTHbIM TOKOM, TepMu-
yeckas W 3eKTPOLMHAMMYECKaA CTOWKOCTb MPM KOPOTKUX 3a-
MbIKAHWAX, OMacHoe cO6nMkeHne TUOKUX MNPOBOLHWUKOB MO
feicTBMEM 3/1IEKTPOAMHAMUYECKUX cua npn K3, KOMMYyTauuoH-
Has cnocobHOCTb (ANA KOMMYTALMOHHbLIX annapaTtos).

dakTopbl, Y4MTbiBaEMble MpKU Bbl6OpPe WM NPOBepKe MPOBOA-

Ta6nuya 7.15

o , CTOlKOCTb s

x 05 g__'n - o

oS o35 53 .2 ¢ 5

MpoBOAHMKM I3 285 =% 2= £ « I

a3 538 $§E 2= = z 0

<

285 525 55z f:% 3z 5§

e E28 ISP o=xZ pe X Q.

Bo3fywWwHble  3N1eKTpuU- (+) + + (+) (+) + +
yeckne NNHUK

KabenbHble NUHWK + + + (+) + —_—

LUWHHbIE NUHWKM (TOKO- + (+) + + _ -

npoBofbl)

MpumeyvaHnsa: 1 YuutoiBaeMble (akTopbl 0603HaYEHbl 3HAKOM «+*, Heyuu-
TbiBaeMble — «—*,

2. ®aKTopbl, OTMEYEHHble 3HAKOM (+) , YYNTbLIBAKOTCA KOCBEHHO WAWM B YaCTHbIX
cnyvasx.

3. TeXHMKO-3IKOHOMUYECKME NOKa3aTenyu LWNHHbIX NUHWIA Yy4YWTbIBAKOTCA NpW paspa-
60TKE UX KOHCTPYKLUIA.

4. Bbl6op Cce4YyeHWii MPOBOAHMKOB MNPOW3BOAUTCA C Y4Y4EeTOM 3KOHOMWYECKOW nnoT-
HOCTU Toka (Kpome cGOpHbIX lWwwnn, ceTeid go 1 kB npu 7'T g x <4000-~5000 4, ocBeTU-

TeNbHbIX CeTeil W ceTell BPEMEHHbIX COOPYXEHWIA W YCTPOACTB C ManbiM CPOKOM CHYX-
6bl). Bbl6Op ceyeHWi NPOBOAHWUKOB 3NEKTPUYECKUX ANUHUIA HanpsaxeHuem 330 kB un
BbllIE, NMHWA MEXCUCTEMHbIX CBA3el, XECTKUX W TMOKMX TOKONPoBOAOB C 60NbWUM
7T aXx NpOM3BOAMTCA Ha OCHOBAHWUU TEXHUKO-3KOHOMMUYECKUX PacyeToB.

5. Mpu Gonbwunx Tokax K3 BO3AYLWHble 31eKTPUYECKUE NMHWWM NPOBEPAIOT Ha OT-
CYTCTBME CXN1eCTbiBAHWUSA MPOBOAOB.

6. MpOBOAHMKM BO3AYWHbLIX 3NeKTPUYECKUX nUHWIA 35 KB 1 Bbiwe npoBepstloT
no yCnoBWAM OTCYTCTBMA 06LLei KOPOHbI W HEAONYyCTUMOro YpPOBHA pajMonoMex.
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Tabnuya 7.16

CTOIKOCTb |

Mg
%’ n X
H

)ra v

Twn 3NeKTPUYecKoro
annapaTa WM ycTpoi-

HM  TOKOM
371eKTpo-
LVHaMun-
Yeckas
XapakTepuc-
TMKa TOKOOT ~®
HUYeHuns
MoTepn  Har —
XEHN A B He
MesbkKoM e
Xume

Harpes npc
LoV TeNb

YpoBeHb |
naumm

BbikntoyaTesnb ‘ — — —
PasbegnHuntens
KopoTko3amblKa- | —
Tenb
OoTgennTensb | i . —
MpegoxpaHuTtenb i - : | —
BbIkoyaTtens | | —
Harpysku
PaspagHunk | - . . | : —
TpaHcopmaTop To- . , ) + — —
Ka
TpaHchopmaTop + _ _ + — —
HanpsXeHuns
OnopHbIit nsona- o+ — + — — — —
Top

MpoxogHon wun3ona-  + + +

lup

PeakTop " + + _ _ _ -5
ABTOMaTUYeECKUIA +
BbIKNOYaTeNb
KoHTakTop ¥ — — — + — _
MarHuTHbIli nycka- 4 + — + —
Tenb
Py6unbHuK + . + _ . _ _

MpumeyaHuna: 1 YuyuTbiBaemble (GakTopbl 0603Ha4eHbl 3HAKOM Heyuu-
TbiBaeMble— «—».

2. ®akTopbl, OTMeyeHHble 3HaKoM (-f), yunTbIBAOTCA B YaCTHbIX ClyuasXx.

HWUKOB, yKa3aHbl B Tabn. 7.15, a npu BbI6Ope U NpoBepKe 3nek-
TpUYyecknx annapatos — B 1a6/1.-7.16.

C yu4eToM BbILIEN3NOXEHHOro (CM. rn. 3, 6, 7) yc/lioBUA Bbl-
6opa ¥ MPOBEPKU 3NEKTPUYECKUX amnnapaToB W MNPOBOAHUKOB
MOTYT ObITb BblpaXKeHbl TakK:

1) BbIkNKOuaTenei

A' AceTu.HOM’ AMMHOpM.pacy '’

Anpog.pacy Apab6.Hb’
roe /CI'I—HOpMI/IpOB&iHHbIVI KOS(*J(*JI/ILI'VIEHT BO3MOXHOI nepe-
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rpy3Ku afeKTpuyeckoro annaparta (MavM NpoBOAHMKA) MpupaH-
HOM MPOLO/HKMNTENBHOM pPeEXMMe ero paboTl;

Bk V' YO>

sHn N Myl

np,CcKB no>

i AR

np.cks " y,q>.

*0TKA
/T*> Bk= | ildt;
0

MOTKMHOM ~ Arrt?

£a,HOM ~ 2 PHopMm J1>Tkn,HOM > taxi

Ans ycTaHoBOK, rae /Qkn,HOM>/m» &M HOMMaT* fonyckaeTcs
BbINMOMIHEHUE YCNOBUSA:

NOTKA.HOM ~ V2 [ oTKN,HOMML + ' ~"oqMj 7

itx~ inr~btax ~ ¥ 2 /nx “b tac
roe PHopm ~ / (T)i
«B «B, HOpMUP’

2) pasbeguHuTENEl

~dgomM N ~CeTU.HOM

7 >/

HOM” ' HOpM,pacy >
om /N Adiofpacd ~pa6.H6
1w N 1y0)
L\4>B

O pgonycTUMOM TOKe OTK/HOUYeHUA —cM. § 7.11;
3) KOpOTKO3amblKaTesnei

CeTH, HoM,
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4) oTgenuTenen

AHOM N "CeTS.HOM’'  "HOM ~AHOpM,pacy>
AHOM N “npoj.pacy "pab.HO ’
1amH ~p»
[?2/T>5K;

5) NnnaBKUX npe,qoxpaHMTeneVl
A nom N CceTu,Hom’

'HOM > ~HOpM,pacy>

AHOM A ~npoj.pacu Apab.HO »
f > 1 f
OTKN, HOM ~ n.ox no*

Heo6x0AMMO TakKXXe MPOBEPSATb COOTBETCTBME rapaHTUPO-
BaHHbIX BPEMSATOKOBbIX XapakKTepWCTUK TOKOOrpaHWYeHUs 3a-
OaHHBIM YCIOBUAM 3alyuLiaeMoit Lenu;

6) BblKNKOYaTENEl Harpysku

HOM ~ il
Atom """ “Hopm.pacy’
AHoM A “npog, pacy "pab,H6

‘OVIH -s™ 1lyp>
?/x> BK;

NOTKN.HOM A MOTKA.pacy (I'Ipl/l OTCYTCTBUMN MOC/1efOB3Te/1b =

w / HO BKJ/TIOYEHHOI0 nNpeaoxXpaHUTENA,
BKN.HOM ~ ~ Bkn?acy  J

/OTKN.HOMMN O NpW  HanMuuu nocnefoBaTeNlbHO BK/IKOYEHHOTO
npegoxpaHuTens;
7) paspsafHUKOB

U —Uu

HOM ceTy, Hom’

TN paspsigHUKa — B COOTBETCTBUM C XapakKTepoMm peLlae-
MOV 3ajaun:

ano6,HopM n M,qon.pacu’

N .
MeCT,HOpM At M,qon,pacqs
%

i f .
OTKJ1, HOPM conp.pacu»
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8) M3MepuTenbHbIX TpaHCHOpPMAaTOPOB TOKa
u >£/

HOM®A CETVI,HOM»;

AHOMMN* AHOPM, pacy»
'HOM N 'mpopg.pacd /pab.H6»
AAMH 17N"2/1Hom

*ya
nnnm

Anown m$' “pacu>
(KT/THM) ™ Bk;

A2HOMN2 2/1;r2 B HEOO6X0AMMOM KJflacCe TOYHOCTM.

BTopuyHasa Harpys3ka 3aBUCUT KakK OT napameTpoB Mof-
K/KUYEHHbIX K TpaHcopmaTopy Toka mpubopoB uau pene, Tak
M OT CXEMbl UX COEAMHEHWIA C TpaHCHopmMaTopoM TOKa, onpege-
NAKLWeENR pacyeTHY [A/MHY COEAWHUTENbHbIX NMPOBOLOB;

9) u3amepuTenbHbIX TPAHCHOPMATOPOB HaMpPAXeHUs

N,oM> N

SHON *52 s HEO6XOAMMOM Kacce TOYHOCTY;
10) onopHbIX M30NATOPOB

AHOM> n o

Paon= 0,6 -Ppasp”~pacu A9 OAUHOUHBIX WN3ONATOpOB; FROn:
= 2-0,5/7pa3p= /7pa3p”/7pacy ANA CMN3IpeHHbIX N3ONATOpPOB;
11) npoxXoAHbIX N30NATOPOB

N How”N ~ceTwu, HOM’
Awm ™ "“Hopwm.pacy’
K Awm~ npojg.pacu "pab.HO6 *

A*flon ~ ®>"pasp -"paou!
12) peakTopoB

AHOM N ~CeTU.HOM’

Atom A Aropm.pacy’
K, 1 Al

n HOM npog, pacy»

lavH N ryg;
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PeakTUBHOCTb xp BbIGMpAeTcs U3 YCN0BMS HEOBGXOAUMOTO
orpaHuyeHns TOKOB K3 U1 AOMycTUMOW MOTEpU HAMpsHKeHUs B
peakTope B HOPMa/bHOM PEXUME;

13) aBTOMAaTMYECKMUX BbIK/OYaTENEl

AHO,> "ceTW.HOM'
/HOM>" /HopM,pacq'
Anpoga.pacu "pab.H6 >
AD/H tyR’
IOTKI‘I,HOpM R /n0>.
14) KOHTaKTOpOB

n RN

HOM ceTu, Hom®
'HOM> “~HOopMm.prcy *

AHOMAM “npoj.pacy "pab6.H6

P

15) mMarHuTHbLIX MyckaTenemn

nogkn.gon P noakn »

AHOM> "ceTu.HOM’
HopM.pacy’
*J1 o m> “npop.pacy "pab.HO ’
Pnop,Kn.,qon > Prlo,[lKn !
16) pybmnbHMKOB
L ,om> ~ceTn.Hom'
Alo.M AHOpM.pacy*
Aiom Anpog.pacy “pab.Hb6 *
AovH N typ>
/T 5 K; S

/OTKN.HOM”/pa6,0TK/, €C/IM MMEeKTCA pPas3pblBHbIE KOHTaKThI;
17) WuH ” NPoBOLOB HEW30NMPOBAHHbIX

Niwopm.pacy

' JK

20—516
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/ ®/

ANuT, fon HOpM,pacy’

I ll> /

® N pauT, [onnpog.pacy

/
pa6,H6 »
®pon *Npacu>
K,gon " K
znv
S> ST— —Sk
Crt

18) cunoBbIx Kabeneit U NPOBOAOB M30/IMPOBAHHbIX

AHOM N AceTu.HOM’

/HopM.pacuy

SK—

| 1

anuT,gon HOpM,pacy>

/gnut,gon N ~npoj.pacy "pab.HO »

K, gon

nnn

19) 3aKpbITbIX LWWHHbLIX TOKOMPOBOAOB

u,.,> U

HOM CeTun, HoMm’
/uom™”’ [Hopm.pacy’
Anpog.prcy "pab.HO
®pgon ®pacy>

/ *pon [*pacu>

w'kgon >
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; TnaBa BocbMasd

CXEMbl 3NEKTPUYECKUX COELNHEHUN
SMEKTPUYECKUX CTAHLMM U MOACTAHLMNA

8.1. OBWWNE CBEAEHWUA

OcHOBHble Tpe6oBaHMA K cXxemaMm, HOpPMaTUBHblE MaTepua-
Nbl. JNeKTpuyeckas CTaHUMUS ABNAETCA €4WHCTBEHHbIM aKTWB-
HbIM (reHepupylowWwmUM) ©, CNefoBaTeNbHO, BaXHEAW WM 3ne-
MEHTOM /110601 3HEProcUCTeMbI.

3NeKTPOYCTaHOBKM, BK/IOYAA 3NEKTPUYECKYHO 4acTb 3fiekK-
TPOCTaHLUWiA, BbIMOAHAKT MO ONPefeneHHbIM CXemam, OTpaxa-
IOWMUM  BHYTPEHHIOK CTPYKTYPY W B3aMMOCBA3b 3/1EMEHTOB
3NeKTPOYCTaHOBKU. B o6uwem cnyyae cxema 371eKTPUYECKUX
COefINHEHUI T — 3TO YepTeX, Ha KOTOPOM M306paxKeHbl 3/1eMeH-
Tbl 3/1EKTPOYCTaHOBKM, COeAWHEHHbIe MeXAy co60il B Tol no-
CnefoBaTeNbHOCTH, Kakas WMMeeT MecTO B HaType. Ha npaktu-
Ke Xe, OfHAaKO, Mof TepMUHOM «CXema 3MeKTPUYeckux coeau-
HEHUA» 4acTO MOHMMAKT He TONbKO YEpTeX, HO U PU3NYECKYIO
peanbHOCTb, YCNOBHO OTOGpPaXKEHHYK uepTexom. Tak, Hanpu-
Mep, FOBOPAT «HaLeXHOCTb CXEM», «3KOHOMWYHOCTb CXeM»,
«B6/10YHbIE CXEMbl 31€KTPOYCTAHOBOK», «CXeMbl Bbl4a4yn MOLLHO-
CTW 3N1eKTPOCTaHLMU» U T. M.

CXeMbl 3/IEKTPUYECKNX COEAMHEHMWIA N COOTBETCTBYHOLLUE UM
pacnpefennTefibHble YCTPOWCTBA ABNAKOTCA BaKHbIMU 3/1IEMEH-
TaMW 3M1EKTPUYECKUX CTaHUMii © noacTaHumii. PasnuyaioT
rNaBHble CXeMbl W CXeMbl COBGCTBEHHbIX HYXJA. NaBHble CXeMbl
oTo6paxkaloT uUenu, No KoTopbiM obecneynBaeTcs nepegava
3Heprun OT UCTOYHWUKOB K NOTpPebuTensiMm B COOTBETCTBUM C Ha-
3HAYEHMEM 3NEKTPOYCTAHOBKMW, & CXeMbl COOCTBEHHBIX HYX[A —
Lenu, nNo KoTopbiM obGecneymBaeTcs nNuUTaHMe noTpebuTenel
COOCTBEHHbIX HYX[ 3/1€eKTPOYCTaHOBKM.

K cxemam 31eKTPUYECKUX COEAUHEHWIA U KOHCTPYKLMAM
pacnpefycTpoONCTB  3NeKTPUYECKMX CTaHUWiA 1 MoAcTaHumii
npeabABAAT chefylowme TpeboBaHus:

a) HaAeXHocTb paboThbl; 6) 3KOHOMUYHOCT;

B) TeXHMYeckas rmbKoCTb, T. €. CNOCOBGHOCTb SIErKO ajantu-
poBaTbCA K WM3MEHAKLWMMCA YCN0BMAM paboTbl 3nekTpoycTa-
HOBKM, 1 yA06CTBO 3KCnayaTaluMu MEpPBUYHBLIX W BTOPUYHbLIX Lie-
nei, BO3MOXHOCTb aBTOMaTn3aLum;

r) 6e30MacHOCTb 06CNYXMWBaHUSA;
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L) BO3MOXHOCTb pacllupeHuns;

€) 3KOoNormyeckas 4yucToTa, T. €. Manoe BAUAHUE Ha OKpY-
Xawuyto cpegy (WyM, CUMbHbIE 3/IEKTPUYECKME WU MArHUTHbIe
nong, BbIGPOCLI BPeAHbIX BEWECTB U T. M.).

3TN TpeboBaHMA BbLITEKAIOT M3 TEXHUYECKOro, 3KOHOMMWYeC-
KOro, COLMONOTMYECKOro, MOJIMTUYECKOIO M 3KOJIOFMYECKOro ac-
MeKToB, YYMUTbIBAEMbIX B HACTOfLLEe Bpems MpuU MPOEKTMpOBa-
HUW, COOPY>XEHUW W 3KcnayaTaumu pasinyHbIX TeXHUYEeCKUX
06BLEKTOB.

Ha BbI6Op CXeM 3NEKTPUUYECKUX COEAMHEHMUIA 3NEKTPUUECKMX
CTaHUMiA 1 NOACTaHLUMA BAMAeT pag (PakTopoB:

a) TN 3fekTpocTaHuuMu (NoAcTaHuum);

6) 4MCnNo M MOLWHOCTL FeHepaToOpOB WM CWUJIOBBIX TpaHcdop-
MaTOopOB;

B) Hanuuue, XxapakTep ¥ MOLHOCTb MECTHON Harpysku;

r) kateropus notpeburenei;

[) ponb 3NeKTPOCTAHLUMW B 3HEProcuUcTemMe, 3HayeHue pe-
3epBa MOLLHOCTU B CMUCTEME, NMPOMYCKHasA CMOCOOHOCTb BHYTPU-
CUCTEMHbBIX M MEXCUCTEMHbIX CBf3eil, NPOrHO3 pas3BUTUS;

€) CXeMbl W HaNpsXKeHWa Mpuneralwmx 31eKTPUYeCcKux ce-
Teil 3HEProCUCTEMBI;

X) YpOBeHb TOKOB KOPOTKOrO 3aMblKaHUSA;

3) Hanu4yuMe 06OpPyAOBaHMUA HEOOXOAMMBIX MapaMeTPOB W Ha-
[leXXHOCTb ero paboTsl;

M) 3HauvyeHue yuepba Npu HapyleHUN 3NeKTPOCHabXeHus u
HeLOOTNYCKe 3NEKTPO3IHEPrun notpedbmuTenam, a Takxe 3Have-
HMEe CUCTEMHOrO yuiep6a npy aBapuinHOM OTK/IOYEHUW reHepa-
TOpoB, 6/10KOB, FEHEPUPYIOLWMX Y3/0B, AUHWUIA 3anekTponepeja-
UM BbICOKOTO HAMPSXXEHWUA, MEXCUCTEMHbIX CBA3ei u T. n,;

K) Hanuuue nnowageii ANs COOPYXEHWA pacnpegenuTenb-
HbIX YCTPOWCTB;

N) ONbIT U HayyHas 3pyauLusA NPOEeKTUPOBLLUKOB.

Mpy NpoeKTUPOBaHUWN 3NEKTPUYECKOM YaCTU 31eKTPUYECKNX
CTaHUW » NOoACTaHUMIA NOMUMO rOCYLapCTBEHHbIX CTaHLapTOB
(FOCT) wucnonb3ylT crefylolwme HOPMaTUBHbIE MaTepuansl:

a) MpaBuna ycTpoiicTBa anekTpoyctaHoBoK (MY3);

6) MpaBuna TeXHUYECKOIM 3Kcnayatauum 3NeKTPUYECKUX
cTaHunin n ceten (MTI);

B) MpaBuna TexHUKU 6e30MaCHOCTK npn  aKcnnyatayum
3NeKTPOYCTAHOBOK 3/IEKTPUYECKMUX CTaHUMA W MNOACTaHLUMI
(NTB);
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r) Hopmbl TeXHOMOrM4eckoro npoekTuposaHua (HTIM) Ten-
NOBbIX 3/IEKTPUYECKUX CTaHUWA W TENNOBLIX CETeN;

L) Hopmbl TEXHONOrMYECKOro npoeKTUPOBaHUA aTOMHbIX
3M1EeKTPOCTaHLNA;

e) HopMmbl TEXHO/IOMMYECKOro NPOEKTUPOBAHUA TUAPOISIEKT-
poCTaHUWi;

) HOpMbI TEXHOMOIMYECKOro MPOEKTMPOBAHNS MOACTaHL I
C BbiCWNUM Hanps>keHnem 35—750 KkB;

3) PykoBopflue yKaszaHWs M HOPMaTMBbI MO MPOEKTUPOBa-
HUIO Pa3BUTUA 3HEPTOCUCTEM;

1) PyKoBOASiLLME YKa3aHWS MO PesieiHol 3aliuTe;

K) PykoBogAline yKa3aHUsA M0 NPOEKTUPOBAHUIO KOHTPOJSIb-
HO-U3MEPUTENLHOW CUCTEMbI Ha 3/IEKTPOCTAHUMAX;

n) PykoBofgswimMe ykKasaHus N0 ONpefeneHuio ycToW4YmBOC-
TV 3HEProcucTem;

M) PykoBofjslMe yKaszaHUA Mo pacyeTy TokoB K3;
H) CTpouTenbHble HOpMbl M npasuna (CHwuM);

0) MpaBuna noxapHoi 6esonacHocTu (MMB).

Bbl60p OCHOBHBIX 3/1EMEHTOB. BbI60p rNaBHbIX CXEM 3fieK-
TPUYECKUX COEAMHEHWI 3NeKTPOCTaHLMA MpoM3BOAMTCA Ha OC-
HOBaHWW YTBEPXAEHHOr0 MNpoeKTa pasBUTUS 3HEProCUCTEMbI.
[ns aHepreTnyecknx 06bEKTOB 06bIYHO NPUMeHSeTCA ABYXCTa-
OVAHOE MNpoeKTWpoBaHMe: pa3paboTKa TeXHWYECKOro MpoekTa
n pa3paboTka paboyero npoekra.

B npoekTe pa3BMTMA 3HEProCMCTEMbl YKasblBalOT: Hanpa-
XEHUA ceTel, B KoTopble OyAeT BblA4aBaTbCA 3NEKTPOIHEPTUA
3NeKTpOCTaHUMKW; rpadinky Harpysku (3MMHUIA, neTHWIA, NaBoA-
KOBbI); YMCNO 4YACOB WMCMONb30BaHUS MAaKCMMyMa; pacyeTHble
MepeToKn MOLLHOCTM MeXJY CeTAMU pPas/IMyHOro HanpsxeHus,
onTUManbHOe pacnpefefieHne 6/10KOB MO CETAM; CXeMbl CeTel
M YNCNO NIMHUIA Ha KaXAOM HanpsHXXeHWUW; CyLLecTBylOLMe pac-
YeTHble W NpefenbHoO AonycTuMblie ypoBHU TokoB K3 B PY no-
BbILUEHHbIX HaNpsHKeHWiA; TpeboBaHMA K CXEMe 3/IeKTPUYECKnX
COEfJMHEHU C TOYKU 3pEeHUs YCTOWYMBOCTM 3IHEPrOCUCTEMbI;
npefgenbHo AonycTuMasa Mo YC/NOBUIO pe3epBa B CUCTeMe U
XECTKOCTU BHYTPUCUCTEMHbBIX U MEXCUCTEMHbIX CBA3el Tepse-
Mas MOLLHOCTb Mpu NOBPeXAeHWW N060ro BbliKIOYaTENS
(BK/IIOYAA CEKLUMOHHbIE WelINHOCOEANHUTENbHbIE). MepeyuncneH-
Hble [laHHble YKa3blBalOTCA /19 KaXOro atana pasBuTusa 3neK-
TPOCTAHLMN N 3HEProcUCTEMbI.

[(NaBHble CXemMbl 31EKTPUYECKUX COG‘,CI,I/IHEHVIVI 3NEKTPOCTaH-
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UMA € Harpyskoli TreHepaTOpHOro HamnpsXeHWsa MpoeKTupy-
0T, YyBA3bIBaf WX CO CXeMaMu pacnpefenuTenbHblX CeTeld
WA CO CXEMaMW 3NeKTPOCHAabXEHUA MNPOMbIWAEHHbIX Mpea-
NpUATKHIA.

Bbibop rnaBHOWM CxeMbl paiioHHbIX noacTaHuuii 35—750 kB
NMPOU3BOAMTCA Ha OCHOBAHUW YTBEPXAEHHOW CXeMbl pa3BMTUA
3HEeprocucTeMbl, a TaKXe YTOYHEHHOW CXeMbl Pa3BUTUA 3NEKT-
PUYECKMX CeTeil pailoHa Ha 6Gauxaliwme 5 neT ¢ yvyeTom
nepcnekTebl Ha 10 neT waM CXembl 31eKTPOCHabXeHUs paio-
Ha. B yTOYUHEHHO cxeme pasBUTUA 3NEKTPUYECKUX CeTeil fon-
XHbl OblTb OMNpefesneHbl: panoH pasMelleHUs NOACTaHLUMK;
4yncno, MNPOXoAHas MOLWHOCTb W HOMUHA/bHble HANPSXKEHUS
OTAeNIbHbIX 0OMOTOK TpaHC(OMATOpPOB, a TaKXe npefensl pe-
ryNNPOBaHUS HAaNpsHXKeHUs; YPOBHWU HaMpsHXKeHWA Ha LWKnHax
NOACTaHUMW; AaHHble A8 pacyeTa TOkoB K3; uucno, HasHaue-
HWe M Harpyska OTX0AAWMUX OT MOACTaHUMW 3NEKTPUYECKUX
nnHuin 35—750 kB; npegBapuTenbHas NpPUHLUNMANbLHAA CXeMa
3NeKTPUYECKNX COefUHeHWd MOACTaHUMKW; Heo6X0AMMOCTb, a
TakXe TUMN, KOAMYECTBO M MOLLHOCTb WCTOYHWKOB PEAKTWUBHOM
MOLLLHOCTU; PeXWUM 3a3eMeHUs HelTpaneid TpaHCHoOpMaTopos;
Heo6X0AUMOCTb  YCTAHOBKM LWYHTUPYIOLWNUX pPEakTopoB Anf
KOMMNeHcaunmn 3apsgHOA MOLLHOCTU NIMHWIA BbICOKOTO Hanpsxe-
HWUA; HEOOXOAMMOCTb KOMMYTAUWOHHbIX paspsgHMKOB Ans 3a-
WWUTbl OT BHYTPEHHUX MepeHanpsXKeHWid, a TakxXe 4ucno u
MOLLHOCTb AYroracawnx peakTopoB AN KOMMeHcauum emKoCT-
HbIX TOKOB B ceTax 6—35 KB.

Bbi6op ceveHuii NPOBOJOB 3NEKTPUYECKMUX SIMHWIA MPOW3BO-
OUTCA NO 3KOHOMMWYECKOW MAOTHOCTM TOKA WM NO 3KOHOMMUYe-
CKUM WHTepBanam (cMm. rn. 3). BolbpaHHOe ceyeHue nposepseT-
CA MO YCNOBMAM Harpesa B MPOLO/MKWTENbHOM  PacyeTHOM
pexXuMe U B pPeXMMe KOPOTKOFO 3aMblKaHWsA, a Ana AnHui
CBEPXBbLICOKOTO HanpaXeHuWsa TakXe Mo YCNOBWAM OTCYTCTBUA
KOPOHbI ¥ MO YPOBHIO CO3JaBaeMblX paguornomex. MNMponyckHas
CNOCOGHOCTb 3NEKTPUUYECKUX NUHWUI OLEHMBAETCA MO WX HaTy-
panbHOW MOLLHOCTM, MO YCAOBMSAM CTAaTMYECKOW YCTOMUMBOCTM
aneKTponepeAayn, a Takxe Mo JONYCTUMbIM B YCNOBUAX 3KC-
nnyatauum noTepsM  HanpsXXeHUs W peakTUBHOW  MOLLHOCTW.
B HopmanbHOM pexume gna nmHuii 110 kB u Bbiwe gonyckaeT-
cs nageHve HanpsxeHus fo 10 %, B aBapuiiHbIX YCNOBUAX —
00 15 %e

HaTypanbHas MOWHOCTb NMHWUIA, MBT, paBHa
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6.1

roe £/HhM— HOMUHaNbHOE HanpsxeHue nepegayun, kKB; ZB—
BO/IHOBOE COMpPOTUBAEHNE nepefayun, Owm,

LO— MHAYKTUBHOCTb NUHUKU, T[H/KM; COo— eMKOCTb JIMHUMK,
P /KM.

MapaMeTpbl NMHWUIA, CKOPOCTb PacnpoCTPaHEHUs 3/eKTpoMar-
HUTHOI BOJIHbI Vv W CKOPOCTb CBeTa C CBfA3aHbl Mexay co6oii
COOTHOLLEHWEM

1 C
v (8.3)

[Ons BO3AYWHBLIX AUHUA v—C; Ans KabenbHbIX AUHWNA,
nmerownx g=4-=-5, ckopoctb v—C/(2—2,5). BbipaxeHue
(8.3) nokasblBaeT, 4yTO MexnAy napameTpamMu AvHUM LO n CO
CYLLeCTBYeT >XecTkas B3aMMoCBA3b. [103TOMY UW3MEHEHMEe TeM
MWW WHbIM CNOCOBOM OJHOr0 MapaMeTpa Hen3bexHo BegeT K
M3MEHEHUIO APYroro napamerpa.

HaTypanbHble MOLLHOCTM BO34YLWHbIX W KabenbHbIX 3/1eK-
TPUYECKUX IMHWIA yKasaHbl B Tabsn. 8.1.

Mo pacuetaM WMHCTUTYTa «OHEProCETbMNPOEKT» peasibHas
MPOMYCKHasi CMOCOOHOCTb 3MeKTpuYecknx nunHMin 35—750 kB
HaxoAWTCsA B MpefefiaX, yKasaHHbIX B Tabn. 8.2, a opueHTUpo-
BOYHAS 3KOHOMMWYHAA 30HA MPUMEHEHUA JIMHUIA Pa3IMUYHOIO
HanpsXKeHns MOXeT OblTb OLeHeHa N0 KPUBbIM, NPUBELEHHbIM
Ha puc. 8.1.

Mpun BbIGOpe CXEMbl 3NEKTPUUECKUX COEAUHEHUI 31eKTpo-
YCTaHOBOK YUYUTbLIBAIOT OTBETCTBEHHOCTb W/IM KaTeropuio noTpe-
outenein. OelicTeytowme MY ycTaHaBAMBAKOT TpU KaTeropum
notpebutenein. K 1 kaTeropuum OTHOCATCA 3/EKTPOMNpuem-
HWKW, HapylleHne 31eKTPOCHA6XeHWA KOTOPbIX MOXeT npuse-
CTU K Ye/IOBEYECKUM DJKEPTBAM, 3HauyuUTeNlbHOMY yuiepby
Hapo4HOMY XO03SCTBY, K MOBpeXAeHuam 060pyaoBaHUA, Mac-
COBOMY 6paKy MpoAyKLuK, pacCTPOMCTBY CNOXHOIFO TEXHOMOIN-
4eCKOoro npouecca, HapyweHWto paboTbl BaXKHbIX 3MEMEHTOB
ropoAckoro xo3sincrea. MutaHme Takmx notpebuTeneid JONXKHO
NPOM3BOAUTLCA OT ABYX HE3aBUCUMbIX UCTOUYHWUKOB, T. €. UCTOUY-
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Puc. 8.1. IpaHULbl PaBHOIKOHOMUYHOCTM CeTell Pa3/IMYHOr0 HanpsHKEHUsN:

| —nuHum 1150 n 500 kB; 2 — nuHum 500 n 220 kB; 3 — nuHum 220 u 110 kB; 4 —
nmHun HO n 35 kB; 5— nuHnm 750 n 330 kKB; 6 — nuHum 330 n 150 kB; 7 — aunum 150
n 35 kB

HWKOB, MPU HaAU4MW KOTOPbIX NOTEPA HANPSHKEHWS Ha OLHOM
M3 HKUX MO NGO MpuunHe He BefeT (C JOCTATOYHOI BEPOSITHO-
CTbI0) K MOTepe HamnpsiXXeHUs Ha Apyrom. [epepbiB MNUTaHWS
JOMYCTUM TO/IbKO Ha BPEMSA MePeK/loYeHNsS MUTaHWA C OQHOTO
Ha 4pYrol UCTOYHWMK nofg LelACTBMEM CUCTEMbl aBTOMaTU4YecKo-
ro BK/KOYEHUA pe3epsa.

M3 cocTaBa 3NeKTponpmemMHUKOB | KaTeropuum BbifenseTcs
ocobas rpynna 3neKTpoOnpueMHWKOB, 6ecnepeboitHaa pab6oTa
KOTOpbIX Heobxoauma ana 6e3aBapuiiHOro ocTaHOBa MPOU3BOA-
CTBa C LEe/Nbi0 MpeAoTBpalleHnUs Yrpo3bl XWU3HWU N04eid, B3pbl-
BOB, MOXapoB U NOBPEXAEHUS [OPOroCTOALLEr0 OCHOBHOIO
obopygoBaHus. [na 0coboil rpynnbl 31eKTPONPUEMHUKOB Mpe-
LyCcMaTpuBalT TPU HE3aBUCUMMbIX UCTOUYHMKA MUTAHUA.
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Ta6nuua 81
Homu- HatypanbHas mowHocTb, MBT
e BO3/lYWHbIX /IMHWIA C 4MCNIOM MPOBOAOB B (hase
e A, KaGerbubix
KB 1 2 3 4 8
6 0,1 1
10 0,25 - - - — 2,5
35 3 - - - — 30
110 30 - - - _ 300
150 60 - - - - 600
220 120 160 — - 1200
330 270 360 410 - - —
500 600 800 900 950 - -
750 — — - 2100—2500 - -
1150 - - — 6000 7000 —
Tabnuua 82
HomuHanbHoe Hanpsxenne — Hau6onblias nepenasaemast Hanbonblias anvHa
nnHuKM, KB MOLLHOCTb Ha OAHY Lenb, MBT nepefaqun, Km
35 5—15 30—60
110 25—50 50— 150
220 100—200 150—250
330 300—400 200—300
400 500—700 600— 1000
500 700—900 800— 1200
750 1800—2200 1200—2000
1150 4000—6000 2500—3000

Ko Il kaTeropuu OTHOCATCA 3/IEKTPONPUEMHUKU, Hapy-
LeHNe 3M1eKTPOCHA6XeHNA KOTOPbIX CBA3aHO C MacCOBbIM He-
[00TNYCKOM MPOAYKLMM, NPOCTOEM paboymx MexaHW3MOB, Mpo-
MbILLIJIEHHOTO TpaHCcnopTa, HapylleHWeMm HOpPManbHOW feATefb-
HOCTW 3HAYUTENbHOrO 4WCna TFOpPOACKMX >kuTeneir. MuTaHwue
Takux noTpebuTeneil pekoMeHAyeTCs NPOM3BOAMTbL OT ABYX
He3aBMCUMbIX MCTOYHMKOB. [OMYyCTUMO 3/€KTpPOCHabXeHue no
OfHO BO3AYLWHOM MM KabenbHOW (4Ba napannenbHbIX Kabens
C CaMOCTOATENbHbIMU Pa3befUHUTENSAMU) SIMHUM U OT OAHOrO
TpaHcthopmartopa. [lepepblB nuTaHWs Takux noTpebuTenel
JOMYCTUM Ha BPEMA MPOU3BOACTBA [AEXYPHbIM MEPCOHAN0M
WNN  BbIE3AHOW ONEepaTMBHOW Opurafoii nepekNtOYEHUIn MO
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BKIIOYEHUIO PEe3epBHOr0 NUTaHWA. 3amMeHa MOBPEXAEHHbIX /K-
HWA, kabeneii M TpaHC(OPMATOPOB LOMXKHA MPOU3BOAUTLCH 3@
Bpems He 6onee 1cyT.

K Ill KaTeropuu OTHOCATCA MpoOYMe 3NEKTPONPUEMHMU-
KW, 018 KOTOPbIX LOMYCTUM MEPepbIB NMUTaHWA Ha BPEMSA pe-
MOHTA WAN 3aMeHbl MOBpPexieHHOro o6opyaosaHua. OfHaKo
nepepbiB NUTaHWUA 3TUX NOTpebuTenei JOMYCTUM Ha Bpems He
6onee 1 cyr.

Mpu BbIGOpPE CXEM 3NEKTPUYECKUX COEAMHEHWUIA YUUTbIBAET-
CA, YTO CMMMETPUYHbIE NO Pa3MELLEHUIO W MOAKMUYEHUIO 060-
pyLOBaHWA CXeMbl, KaK MpaBuio, UMeT MNpeumMyLiecTBa nepes
HECUMMeTPUUYHbIMW CXEMaMW, a OLHOTUMHOCTb 060pynoBaHMA
obnervaert akcnayaTaumio 371eKTPOYyCTaHOBOK.

Tun n ycTaHOBAEHHAA MOLHOCTb 3/1EKTPOCTaHUUA onpeje-
NAeTCA Ha OCHOBAHUM KOMMEKCHbIX TEXHWKO-3KOHOMUYECKMNX
pacyeToB C Y4eTOM 3ajaHWii HapOAHOXO3SNCTBEHHbIX MNIaHOB,
nepcneKkTUB pasBUTUSA MPOMbILLMEHHbIX PaliOHOB, HanMuus u
Y4ANeHHOCTU 3HEepropecypcoB, UCTOYHWKOB BOLOCHAGXEHMA U
aHepronoTpebuTeneil, BO3MOXHOCTE/ TpaHCMopTa, CaHWTap-
HbIX HOPM Ha 3afjbiIMNeHWe aTmocdepbl, 3arpsa3HeHue u Tenno-
BOW peXXmMm pek W T. n. Bbl6bop TMna v MOWHOCTU TFEHEpPaTopoB
3NeKTPOCTaHLUMNA MPOM3BOAUTCA HA OCHOBAHUM TEXHUKO-3IKOHO-
MUYECKUX pacyeToB. 10 BO3ZMOXHOCTM Ha 3M1eKTpPOCTaHLMAX
XenaTenbHa ycTaHoBKa 60/ee KPynHbIX OAHOTMMHLIX arpera-
TOB, OCBOEHHbIX MPOMbIWIEHHOCTbIO. Takue arperatbl WMEKOT,
KaK npaBu/o, nyyline TEXHWKO-IKOHOMUYECKME XapaKTepucTu-
ku. MpegenbHas MOLWHOCTb arperatoB AMMWUTUPYETCA YC/OBU-
AMUN YCTOMYMBOCTM N PE3EPBUMPOBAHUA B KOHKPETHOW 3Hepro-
cucteme. lMpakTUYeCKM B KPYMHbIX Pa3BUTbIX 3HEProcucTeMax
npegenbHas MOLWHOCTb arperatoB CcocCTaB/isieT He 6onee 2—
3 % MOLHOCTU 3HEProCMCTEMbI UM MOLLHOCTU 3Heproobwveam-
HeHns; B MENKWUX 3HEprocucTemMax ata BeMUYMHA MOXEeT LOCTHU-
ratb 8—12 %.

Ha anekTpocTaHUMAX, KakK NpasBu/io, YCTaHaB/WBAKOT MOBbI-
Wwarwuwme TpexdasHble ABYXOOMOTOYHbIE TpaHCHOpMaTOpbl. Yc-
TaHOBKa OA4HO(a3HbIX TpaHcthopmaTopoB (Mo Yc/loBMAM TpaHcC-
noprta, HafeXHocTu paboTbl M T. N.) JO/MKHA ObITb 060CHOBA-
Ha. WHorga KpynHble reHepatopbl Npu OTCYTCTBMM TpaHchop-

MaTOPOB HEOGXOAVMMOI MOLLHOCTM COEAUHSAOT B 60K C ABYMS
TpexgasHbIMU ABYXOBGMOTOUYHBIMK TpaHcdopmaTopamu. B cxe-
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Max YKPYMHEHHbIX 6/10KOB, 0c06eHHO Ha 3C, 4acTo Ucnonb3y-
0T TpaHchopMmaTopbl C pacwensieHHOW O0OMOTKOW HU3LWEro
HanpsHkeHns. Ha 3n1eKTpoCTaHUMAX LWIXPOKO MCMNOMb3YIOT CUMO-
Bble aBTOTpaHc(opmatopbl. ABTOTpaHCoOpmaToOpbl WK3-3a 0CO-
6eHHOCTeli paboThl (3arpy3ka 0OMOTOK, perynvmpoBaHue Hanps-
XKEHWA, OFPaHNYEHNA HA NEPETOKN MOLLHOCTU B KOMOUHWUPOBAH-
HbIX peXumax) LuenecoobpasHo MWCNOAb30BaTb AAA  CBA3WU
pacnpefennTenbHbIX YCTPONCTB MOBBIWEHHbIX HampsKeHui, a
He B KayecTBe aBTOTpaHC(opmaTopoB 6/10KOB. cnonb3oBaHue
TPEX06MOTOUHbIX TpaHCHOpPMaTOPOB (MPOMbILLIJIEHHOCTb BbIMYyC-
KaeT MX mMowHocTblo go 80 MB-A) [0/MKHO 6bITb 060CHOBAHO
TEXHUKO-3KOHOMMYEeCKMMU pacuyeTamu. [pumeHeHue Tpexdas-
HbIX TPEXOOMOTOYHbIX TpaHCOPMaTOPOB, Kak NpaBufao, Heue-
necoobpasHo, ecnM Harpyska Ha O4HOM HanpsXXeHWU cocTaB-
naet meHee 15 % mowHOCTU TpaHchopmaTopa.

MOLLHOCTb MOBbIWAKLWNX TPaHCHOPMATOPOB BbIOMpaKT A0-
CTaTOYHON AN BblAayy BCEA M36bITOYHONW MOLLHOCTM 31EKTPO-
CTaHUMA B 3NEKTPUYECKME CeTW MOBbILEHHbIX HaMNpsXeHWin B
yacbl MMWHMMYMa Harpy3ky Ha TeHepaTOPHOM HamnpsHKeHUM
(BKNHOYas BbIXOAHblE LHW W HOYHble Yackl). OTCTynneHue oT
3TOro npaBuia BO3MOXHO NNWb B C/iyyasX, O6OCHOBaHHbIX
TEXHWKO-3KOHOMWYECKMMK pacyeTamun. Ha anekTpocTaHunsXx,
MMEILWMNX Harpysky reHepaTOpHOro HanpsXKeHUs, MOLLHOCTb
MOBbILIAOLWKNX TPpaHC(HOPMAaTOpPOB BbIGMPAKOT TakXe LOCTaTou-
HON ana 6ecnepebOMHOr0 3MEKTPOCHA6GXEeHUA 3TOW Harpysku
npu BbIXOZE M3 CTPosi Hambonee MOWHOrO reHeparopa B 4achl
MaKCMyMa Harpys3ku. Ha TennoBbiX 3N1eKTPOCTaHUUAX, BXOANA-
WMX B COCTAB 3HEProCMCTEM CO 3HAYMTENbHON fonein (Mo moLy-
HOCTW) rMAPO3NEKTPOCTaHL WA,  MOLWHOCTb  MOBbILIAIOLLLNX
TpaHC(OpPMaTOPOB CBA3U BbLIOMPAIOT C YYETOM BO3MOXHOCTHU
CHVWKEHWNA HArpy3Ku reHepatopoB TEMIOBbIX 3MEKTPOCTaHLMIA,
HanpuMep, BO BpeMs NaBOAKOB.

Ha nopcTtaHumax O0ObIYHO YyCTaHaBAUBAKT TpexdasHble
LBYXO6MOTOUYHbIE TpaHC(OpMaTOpbl UAK aBTOTPaHC(HOpPMaTOpsI.
Llenecoobpa3HoCTb YCTAaHOBKWM aBTOTPaHC(HOPMATOPOB OLEHU-
BaeTcA ypoBHem TOKoB K3 B pacnpefenuTenbHbIX CETAX M yC-
NOBUAMW PErYNNPOBaHMNA HANPSHXKEHUS NPU PasNUYHbIX PeXu-
mMax  paboThbl (0coOB6eHHO Ha Yy3/M10BbIX  MOACTAHUMAX C
PEBEPCUBHLIM MEPETOKOM MOLLHOCTU MEXAY CEeTMW BbICLUETO U
CpefHero Hamps)kKeHui). YcTaHOBKa TPeXOOMOTOUHbIX TpaHc-
(hopMaTopoB, TaK >Xe KaK W Ha 3eKTpoCcTaHumax, TpebyeT
cneymanbHbiX 060CHOBaHWIA. YcTaHOBKAa OAHOMA3HbIX TpaHc-
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(hOopMaToOpPOB WM >XECTKOEe COeAMHEHME Ha napanfieNnbHyl pa-
60Ty ABYX Tpex{asHbiX TpaHCPOPMATOPOB MPU HEBO3MOXHOCTM
noayyeHUs TpexdasHbiX TpaHCHPOPMATOPOB HEOOXOANMON MOLL-
HOCTM MPOM3BOAMTCA HAa OCHOBaHWM TEXHUKO-3KOHOMWUYECKMNX
pacyeToB.

3afaya NPOEKTMPOBAHWA CXEM 3NEKTPUYECKUX COEAUHEHWIA
3N1eKTPOYCTAHOBOK 3aK/M04aeTcsd B OTbICKAHUM ONTUMANbHOI0
BapmaHTa, B 60Mblleli CTENEHU YAOBNETBOPSIOLWLETO W3/10XEH-
HbIM Bbllle Tpe6oBaHMAM. [pu 3TOM BO3HMKAIOT 3aTpyAHEHUS,
CBA3aHHble, Hanpumep, C TeM, 4TO TpeboBaHWA HALEXHOCTK
paboTbl, TEXHWYECKOM FMOKOCTM M ypobcTBa aKChayaTauuu,
6e30NacHOCTU OBCNYXMBAHUA He HaLIAM NOoKa 06Lienpu3HaH-
HOr0 06bEKTMBHOIO0 Hay4yHO 0H6OCHOBAHHOIO MAaTEMaTWYECKOro
KpuTepusa. MoaTomy BbIGOP CXeM 06bIYHO MPOU3BOAAT HAa OCHO-
BaHUU aHanu3a pe3ynbTaToOB YMPOLEHHbIX PerfnamMmeHTUpPOBaH-
HbIX TEXHWKO-3KOHOMWYECKUX PacyeToB W CPaBHEHMSA XapakTe-
PUCTUK KOHKYPEHTOCMOCOOHbIX BapuWaHTOB, & TakKXe Ha OCHO-
BaHUM ONbITa NPOEKTUPOBAHMA U IKCNayaTauuu.

B nocnegHee Bpema B CCCP u 3a pybexom BegyTca mcche-
foBaHMA No pa3paboTKe METOAMKM  KOMUYECTBEHHONW OLEeHKU
HA[EeXHOCTM CXEM W BO3MOXHOIO yuepba npu HapylleHnax
3N1EeKTPOCHABXEeHNA WAM HOPManbHbIX YCNOBWIA paboTbl 3fek-
TPOyCTaHOBOK. [peanoXXeHHble MHOTrOYUCNEHHbIE MeTOAbl Y4u-
TbIBAKOT, KakK MpaBufio, MapameTpbl HaAeXHoCTM paboTbl OT-
JeNnbHbIX 371EMEHTOB CXeM (napameTp NOTOKa OTKa30B, Cpef-
HIOK MPOAOXMUTENbHOCTb BOCCTAHOB/IEHUA 3M1EKTPOCHAGXEHUS,
4acTOTy MNaHOBbIX PEMOHTOB W CPEAHIO MPOAOMKMTENLHOCTD
MpocTos B MAAHOBOM PEMOHTE), a TaKXe 3HauyeHue yAenbHOro
(npsiMoro, LONOMIHUTENbHOTO WM WHOFO NO CTPYKType onpege-
neHus) ywep6ba, BO3MOXHOIO B KOHKPETHOW 3Heprocucreme
(anekTpoycTaHoBKe). CnegyeT, 04HAKO, OTMeTUTb, YTO BBeje-
HWe BEPOATHOCTHbIX MNOKasaTeNeil  HafeXHOCTU CXeM W
BO3MOXHOro yuwepba MOXET AaTb TONbKO CPaBHUTENbHYIO
OLlEHKY paccMaTpMBaeMbiX CXEM MpPU OAUHAKOBBLIX WCXOLHbIX
nokasaTensix, HO He AeACTBUTENbHYI TEXHUKO-3KOHOMUYECKYHO
XapaKTepUCTUKY KOHKPETHOW CXeMbl, KOTOPY OHa 6yfeT umeTtb
B ycnosuax acnnyatauun. OBGbACHAETCA 3TO CTOXACTUYECKUM
XapaKTepoM WCXOLHON MHGOpMaummM, a Takxe pasHoobpasmem
MeCTHbIX YCM0BUiA (NapaMmeTpbl 060pyf0BaHNA, PeXUM paboTl,
BHELLHAA cpefa, KynbTypa NPOU3BOACTBA W T. N.) ANA KOHKpeT-
HbIX 3/1eKTPOYCTaHOBOK.

B obuwem cnyyae TEXHUKO-3KOHOMMYECKME NOKa3aTeNn CXem
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oueHuBalTCA Mo (opMyne MOMHbIX NPWBEAEHHbLIX (UM pac-
YyeTHbIX) 3aTpat (cm. ra. 1):

3*=N + EBK + VY, (8.4)

roe S — rofoBble M3AEPXKM (3IKCMNyaTaLMOHHbIe Pacxogbl),
py6/roa; K — KanuTanoBNOXEHUA B 3NEKTPUYECKYH 4acTb
3M1eKTPOYCTAaHOBKU (pacyeTHas CTOMMOCTb CUJ/I0BbIX TpaHCcHop-
MaTOPOB U A4eeK BbIKAtvatenei),pyb.; *=0,12 1/rog— Hop-
MaTMBHbIA KO3hpMUMeHT 3heKTUBHOCTM KanuUTanoBNOXEHUA
B 9HEpPreTuKe; Y — rogoBoil HapOLHOXO3ANCTBEHHbIN yliepb oT
HapyLweHUs 31eKTPOCHabXeHNa U HefooTNycKa 3/1eKTPOaHep-
rm noTpebuTtensm, a Takxe yulepb aHeprocucTembl M3-3a OT-
KNKOYeHNA reHepaTopos, TpaHcopmaTopos (aBToTpaHcdopma-
TOPOB) CBfI3W, MarucTpasbHbIX IMHUIA 3NeKTponepesaymn, Hapy-
LUEHNA 3KOHOMWYHOTO pacnpefeneHns nepeToKOB MOLLHOCTEN K
T. N, pyb/rog.
0f0BOI HApPO4HOXO3ANCTBEHHbLIN YyLiepb

Y = Y0/(3),

roe Yo— ygenbHolii ywep6, py6/(kBt-4) (uam py6/kBT), 3a-
BUCAWMIA OT TuMa noTpebuTens, ANNTENLHOCTM W XapakTepa
nepepbIBOB 3N1eKTpocHabxeHus; /(A) — yHKUUA, 3aBucsALLan
OT TUNa 3/1IeKTPOYCTaHOBKU M NapaMeTpoB pexmma.

Mpn oueHKe TEXHWKO-3KOHOMUYECKMX TMOKasaTeseil CXem
3NEKTPUYECKMX COEAMHEHWIA AOMNYCTUMO Y4YWUTbIBaTb KanmTano-
BNOXEHUS TOMbKO MO OTAMYAKOLWMUMCA 3/EMEHTaM PasnnyYHbIX
BapMaHTOB CXEM.

OTCcyTCTBME B HacToslee BpeMs AOCTOBEPHbIX, 06paboTaH-
HbIX HA Hay4yHON OCHOBe OO6LWenpu3HaHHbIX CTaTUCTUYECKMX
JaHHbIX O HafeXHOCTW 3/IEMEHTOB 3HEProcMCTEM, a TaKXe o
3HA4YeHUN YAeNbHOTO WM BO3MOXHOIO HapO4HOXO03AMCTBEHHO-
ro ywepba BbiHYXJaeT B psfe ClyyaeB MNpoM3BOAUTL BblI6Op
CXEM 3M1eKTPOYyCTaHOBOK MO YMNPOLLEHHOW (opmyne npuBeaeH-
HbIX 3aTpaT* 6e3 ydyeTa ywepba 1 nokasaTesiel HageXHOCTK

3 — U + EHK. (8.5)

B oTAenbHbIX cliyvyasax WUCNOMb3yeTcd MPOMeXyTouyHoe pe-
lleHWe — pacyeT 3aTpaT BefAeTCA MO YNpOLWeHHOW Gopmyne
(8.5) u oTHeNbHO Y4YMTHIBAIOTCA MOKa3aTeNn HafeXHOCTWM pa-
60Tbl 3NeKTpOyCcTaHOBKW. B nocnegHem cnydyae BBOAATCA (MNM
LOMKHbI ObITh YKa3aHbl) MnokasaTenn (KpUTepuun) HafexHoc-
TM. B npnnoxeHuax faHbl peKOMeHAyemble 418 y4ebHOro npo-
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EeKTUPOBAHWA YMCNEHHbIE 3HAYEHWUA MoKasaTeneli HafeXXHOCTK
3/1EMEHTOB 3HEProCUCTEM.

Cxembl pacnpegenutensHbelix yctpoicte (PY). 3nekTpuue-
CKMe CTaHUMKM M NoACTaHuMW, Kak MpaBuio, UMEKT pacnpege-
NNUTeNbHblIE YCTPOKCTBA, KOTOpble NPeACTaBAAT COBOA 31eKT-
pPOTEXHWYECKME YCTPOCTBA, MpefHa3Ha4YeHHble L1 MpueMa
31EKTPO3HEPTUM OT UCTOYHUKOB W pacnpefesieHus ee K moTpe-
6utenam. Llenb HenocpefCcTBEHHOrO0 NOAK/OYEHUA K PY BHel-
HUX 3MIEMEHTOB, WCTOYHWKOB, MNOTpebuTeneil, NWHWIA CBA3N
31EKTPOYCTAaHOBOK), COofepXawas Te WU MHble KOMMYTaLNOH-
Hble annapaTbl (pa3beAUHWUTENN, BbIKAOYATENN, BbIKIKOUYATENN
Harpysku, OTAeNWUTeNn, NpefaoxpaHuTenn u T. M.), Ha3blBaeTCH
NPUCOEaNHEHNEM.

PacnpegenuTenbHbie YCTPOWCTBA B 3aBUCMMOCTM OT TuUNa,
MOLLHOCTW, HaNpsXXeHWs N O0COOGEHHOCTEl TEXHOMOrMYecKoro
peXmmMa 3MeKTPOYyCTaHOBOK BbIMOSHAKOTCA MO PasfMYHbIM CXe-
MaM, KOTOpble YCNOBHO MOXHO pa3fennTb Ha TpW rpynnsbl.

1-4 rpynna — cxembl C KOMMYyTauueid NpUCOeAUHEHUA 0f-
HVUM Bblik/toyaTesnieM. Croa OTHOCATCS CXeMbl:

C OAHON HEeCceKUMOHWPOBAHHOW CUCTEMOW COOPHBIX LUMH,

C OfHOI CEKUMOHWPOBAHHOW CUCTEMO COOPHBLIX LUWH,

C OAHOI CEKLMOHMPOBAHHOW CUCTEMOI COOPHBIX LWWH U C 06-
XOHOW CUCTEMOW LUWH,

C ABYMS HECEKLMOHWPOBAHHbIMU CUCTEMaMU COOPHbLIX LUWH,

C ABYMS HECEKLMOHWPOBaHHbIMW CMCTEMAMU COOPHbIX LUWH
N c 06XOAHON CUCTEMOI LUWH,

C LBYMS CEKUMOHWPOBAHHbLIMM CUCTEMAMW COOPHbLIX LUKMH,

C ABYMS CEKLMOHWPOBAHHLIMWU CUCTEMAMW COOPHbLIX LUNH K
C 06X0AHOI CUCTEMOIA LLVH.

2-9 rpynna — CXeMbl C KOMMYyTauueii NpuCcOeguHeHUn ABy-
Ms BblKntovaTenammn. Crofa OTHOCATCS CXeMbl:

C ABYMSA CMCTEMaMM WWH W ABYMS BbIKAKOUYATENS MU Ha Npu-
COefilMHEHNe,

C Tpemsa BbIKIOYaTeNaMuW Ha fBa NpucoefumHeHus (Cxema
3/2 nnn nonyTopHas cxema),

C YeTbIpbMS BbIKAKOYATENAMM Ha TpW NpucoeguHeHns (cxe-
ma 4/3),

CXeMbl MHOFOYFO/IbHUKOB (TPEYrOfIbHUK, YeTbIPeXyronbHUK,
NATUYTO/IbHUK, LWECTUYTONbHUK),

CXeMbl CBA3aHHbIX MHOTOYTO/IbHUKOB,

CXEeMbl CBSI3aHHbIX MHOTOYrO/IbHWKOB C AWaroHajbHbIMKU MNe-
pemMblYKamMu.
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3-A rpynna — npoyune Tunbl cxeM. K HAUM OTHOCATCA Tak fa-
(blBaeMble YMNPOLWEHHbIE CXeMbl, T. €. CXeMbl C YMeHbLUEHHbIM
YMCNOM BbIK/tOYaTeNe, a UMeHHO:

6104YHbIE CXEMbI,

CXEMbl OTBETBIEHUI OT MPOXOAAWMX NUHUNA,

CXeMbl «MOCTUKOB» W «pPacLUMPEHHbIX MOCTUKOBY.

Crofia >xe MOryT BObITb OTHECeHbI cneungpuyeckme n HeTpagm-
LWUOHHbIE TUMbl CXEM:

CXeMa reHepatop — TpaHcopmatop — nuHua (IF'TN) ¢
YPaBHUTENbLHOW CUCTEMON LUWH,

cxema T/l ¢ ypaBHUTENbHLIM MHOIMOYrO/IbHUKOM,

cxema 'T/1 ¢ ypaBHUTENbHO-06X0O4HLIM MHOMOYTrO/IbHUKOM,

CXeMa LUMHbI — TpaHc(opMaTopsbl,

CXeMa LWUHbI — NNHUK,

CXEeMbl pPaclMpPeHHbIX MHOMOYroflbHUKOB,

CXema CeTKMW.

B 3aBMCUMOCTM OT MECTHbIX YC/IOBMIA, MNpU Haf/exallem
TEXHUKO-3KOHOMMYECKOM O060CHOBaHUM, MOrYT ObiTb MPUHATHI
n apyrve Tunbl cxem. CnefyeT OfHaKoO, OTMETUTb, YTO HOPMbI
TEXHONOrNMYeckoro npoektuposaHns (HTIM) pernameHTUpyroT
TUMbI CXEM 415 3N1EKTPOCTAHUWI M NOACTAHLMWIA.

8.2. CXEMbl 3MEKTPUYECKNX COEAWNHEHUN
TEMNTO®NKALWNOHHBIX 3NIEKTPOCTAHLUWNIA

TennoaneKTpoLEeHTpanu MMeT chnegytouine 0COBEHHOCTU:
coopyxxalTcd B6MU3M WMAN B 4YepTe MPOMbIL/IEHHBIX 06BEKTOB
M rOpoA0B, OKONO TEN/I0BOM Harpysku; 6OMbLUYID WAN 3Ha4u-
TeNIbHYI 4acTb BbipabaTbiBaeMOW 3NEKTPOIHEPTUN BbIAAOT Ha
reHepaToOpHOM HanpsXXeHUU MeCTHON Harpyske B paguyce 5-"-
10 KM (ucknoueHne coctaBnaoT TIAL, 6noyHoro Tuna ¢ Kpyn-
HbIMW arperatamu); paboTaldT N0 YaCTUYHO BbIHYXAEHHOMY
(u3-3a HanMuMa TennoBOro NOTpebuTens) rpauKy Harpysku;
HeOoCTaTOYHO MaHeBPEHHbl W MOBGWNbHBLI (MPOrpes, pas3BopoT,
CMHXpPOHM3aLMa 1 Habop Harpy3ku arperatamu Tpebytotr 3—
8 u, B TOM uncne Habop Harpysku nocie CUHXpoHwusaumm 0,5—
1,5 u). YKasaHHble 00CTOATENbCTBA YUMTLIBAKOT MPU MPOEKTU-
pOBaHWW CXeM 3NeKTPUYeCKnX coegunHeHuin TIL.

CTtpykTypHaa cxema T3OL, gaHa Ha puc. 8.2. Ha cxeme no-
KasaHbl reHepatopbl G, cuctema C, pacnpefenurefibHble YCT-
pO/iCTBA BbICLUEr0 WU HU3LWIEro HanpsXXeHuii PY BH u PY HH,
Harpyska HI, notpe6uTtenn COOGCTBEHHBIX HYXA CH, TpaHc-
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thopmartop cBA3u T, KOT/bl KT, TypObuHbl T6, NuTaTefnibHas BO-
fa MB. bnoku reHepaTop — TpaHcopmaTtop (OAWH M3 HUX
nokKasaH MYHKTUPOM) OObIYHO MOSABAAKTCA Ha [AeliCTBYHOLLUX
T3U npy wnx pacwupeHnn arperatamy MowHocTbo 100—
250 MBT. BnoyHas cxema NPUHMMAETCA TaKXe Mpu MPOEKTU-
poBaHMN HOBbLIX MOWHLIX TIL, C KpynHbIMW arperatamu.
"eHepaTopHOe HanpsxeHue TIOL, ¢ nonepeyHbIMU CBA3AMMU
npuHumMaeTca pasBHbiM 6 wuan 10 kKB. Ha 3Tux HanpsxeHuax
OCYLLEeCTB/IAETCA  3/IeKTPOCHabxe-
HMe MeCTHbIX moTpebuTenei. TpaH-
chopmartopbl CBA3M obecneymBalT
Bblfayy W36bITOYHONW MOLLHOCTU B
CUCTEMY W pe3epBUpOBaHME NuTa-
HWUA MeCTHOW Harpysku npu gedu-
unMTe reHepaTtopHoi molHocTM. Ha
T3, 6noyHoro Tuna BbipabaTbiBa-
eMasl 3/1eKTPO3HEPTUsA, KakK MnpaBu-
N0, BblfaeTcqd B CETW MOBLIWEHHbIX
HanpsbkeHuin (110—220 kB) u ua-
CTUYHO B MeCTHyl ceTb 6—10 kB
yepes pasfenunTenbHble TpaHchop-
matopbl 20/6—10 kB, nopknwouya-
eMble OTBETB/IEHMEM K BblBOLAM re-
HepaTopoB, & MOLHOCTb TpaHcgop-
maTopoB 6/10KOB  cornacyercs ¢
MOLLHOCTbIO TreHepaTopoB W 3Hauye-
HueM oTb6opa MOLHOCTU Ha reHe-
PaTopHOM HamnpsXXeHuu.
Puc. 8.2. CTpyKTypHas cxe- Bbibop TpaHctopmatopos. Ten-
ma T3l NO3NEKTPOLLEHTPaNn ¢  nonepey-
HbIMW  CBA3AMM  06bIYHO  Mpo-
eKTUPYIT  TakK, 4YToObl  MOLL-
HOCTb TeHepaTopoB MpeBblllana MOLWHOCTb Harpysku reHepa-
TOPHOrO HanpsXxeHusa. B npakTuke, 04HAKO, BCTpevalTCs
cnyyam, Korga reHepatopbl TOL, He MOKpbIBAlOT MECTHYH Ha-
rpysKy, U CTaHLWUA HOPMAanbHO NOTPeONAET 3NEKTPOIHEPTUIO U3
aHeprocucTembl. Takafg cUTyauus MOXeT BO3HUKHYTb npu Obl-
CTPOM HesannaHMpPOBaHHOM pPOCTE HArpy3KM Ha reHepaTopHoOM
Hanps>KeHnn.
Ha anekTpocTaHUuMAX MepBoro Tuna, Korga B 3Heprocucre-
My BblJaeTcsd M30bITOYHAA MOLHOCTb, MPUHLMNNANBHO BO3-
MOXHa YCTAHOBKA OfHOro TpaHcopmatopa CBSA3M C CUCTEMON,



§ 8.2 CxeMbl 3. COeAMHEHWIA TennoMKaLWOHHbIX 3nekTpocTaHuyuin 321

ecnu npefesbHas BbljaBaemMas MOLHOCTb He MpeBblllaeT pe-
3epBHYI0 MOLHOCTb B CUCTEME U ecniv 0TKa3 TpaHcdopmartopa
He MPWBOAUT K OrpaHW4YeHWUto OTMyCKa napa TenoBbIM MOTpe-
6uTensam 13-3a BO3MOXHOrO HECOOTBETCTBUA MECTHOW 31eKTpu-
UECKOW Harpys3kum u BblpabOTKU 3NEKTPOIHEPTUM Ha TEMnI0BOM
notpebneHnn. Ha T3L,, kak npaBuio, YycCTaHaBAMBalT fBa
TpaHcopmaTopa. CyMMapHyH0 MOLLHOCTb TpaHcpopmaTopos
BbIGMPAIKOT MO YC/OBUIO:

T~ I”r.ycT ACHmax AHrmin |’ (®*®)

roe SryCl— ycTaHOB/NE€HHAs MOLLHOCTL reHepatopos, MB-A;
Sciimax — Harpyska COGCTBEHHbIX HYX[ MpW  MaKCMMasibHOM
Harpyske reHepatopoB, MB-AJ 5HrwT  MUHUManbHasg (no

CYTOYHOMY rpaduky) Harpyska notpebuTeneidi reHepaTOpHOro
HanpsaxeHuna, MB-A.

B topmyny (8.6) nosiHble MOLLHOCTM [LO/KHBbI ObITb MOA-
CTaB/ieHbl B BMAe KomnnekcoB S=P+/Q .

Mpu BbI6GOpPE MOWHOCTU TPaHC(HOPMATOPOB  YyUUTLIBAIOT
cnefytotlee:

a) TpaHctopmaTopbl, Kak MpaBWfio, He LO/KHbI Neperpy-
XaTbCA NPU HOPMANbHOM pexume paboTbl MO LMCMNETYEPCKOMY
'(T. e. 3afaHHOMY [UCMETYEPOM CUCTEMbl) rpauKy Harpysku;

6) npu BbIXOAe M3 CTPOA OAHOro TpaHcdopmatopa (0TKas,
PeBU3NA, PEMOHT) BTOPOW ANUTENbHO He AO/MKEH Meperpyxatb-
CHA, AN Yero BO3MOXHbl CHVKEHMEe BblgauyuM MowHocTu T3L, B
CMUCTEMY BMOTb 40 MOLLHOCTW, BblpabaTbiBaemMOi Ha TemnnoBOM
notpe6neHnn, n mobunmusauns AUCNETYepOM CUCTEMbl MOLLHO-
CTW Ha LPYTUX 3NEeKTPOCTaHUMAX;

B) TpaHcopMmaTopbl CBA3WM AOMXHbI OblTb pacCyMTaHbl Ha
pexum 6ecnepeboiiHOrO0 NMTaHWA HArpy3Ku reHepaTOpPHOro Ha-
NPAXEHWA NpWU BbIXOAe W3 CTPOA Hambofee MOLLHOTO reHepa-
TOpa;

r) KOHKpeTHas 3Heprocucrtema, B KOTOPyl OyaeT BXOAWTb
TOLL, C y4eTOM MECTHbIX YC/OBWIA W HaNU4Us pesepBa MOLLHO-
CTW Ha [LPYrMX 3NeKTPOCTaHLMAX MOXET CHATb >XecTKoe Tpe-
60BaHMe 0 Bblfaye BCEN M3ObITOYHON MOLLHOCTU BO BpPeMS MWU-
HUMYMa Harpy3kum (HOYHble Yachl), 0CTaBuB TpeboBaHWe Bbiga-
Ym BCEM M3ObITOYHOW MOLLHOCTM TO/MbKO B AHEBHbLIE M BEYEPHUE
yacbl (YTPEHHWIA W BEYEPHUI MakKCUMYMbl Harpy3ku 3Heprocu-
CTEMBI) .

Ha cTtaHuuax BToporo tuna (C YaCTUYHbIM NUTaHWEM Ha-
21—516
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FPY3KN FeHepaTopHOro HamnpsHXKeHWs OT 3HEProcuMcTembl) 006blY-
HO ycTaHaBAMBalT ABa TpaHcopmaTopa cBA3W. MoLWHOCTb
TpaHchopmMaTopoB BbIOMPAKOT U3 yCnoBuiA nx paboTbl 6e3 ne-
perpyskm B HOpPMalbHOM pexume u paboTbl C AOMYCTMMOIN
aBapuiiHOW Mmeperpyskoi npu oTKase OAHOro Hambonee MOLLHO-
ro reHeparopa WaM OQHOro TpaHcopmaTopa cBAsun. MNocnefHee
YC/N0BME MOXHO BbIpasuTh Tak:

ST> —LefiHo |, (8.7)
n,aB
roe 5/phH6 — HambonbWWA pacyeTHbId AeUUUT  MOLLHOCTU
TOL, npu MakcuMyMme Harpysku Ha reHepaTOpHOM Hamnpsxe-
HAW W OTKase OAHOro, U3 reHepaTtoposB WauM TpaHcHPopmMaTopos;
/CnaB — KO3 (pULMEHT AOMNYCTUMON  aBapuinHOW  Neperpysku
TpaHchopmaTopoB.

Mpy BbIGOPE MOLLHOCTM TpaHCPOPMATOPOB B psAfe Cly4vaes
YUUTbIBAKOT BO3MOXHOCTb OFpaHWYeHnUs NUTaHWUA noTpebuTtenei
Il KaTeropun npun aeapusx.

Bonpoc o cuctemaTmyecknx neperpyskax TpaHchopmaTopos
CBA3W Npu npoekTuposaHun TIL, KakK npaBwuno, He paccmart-
pusaetcs. OH BO3HMKAET TONbKO B YCNOBUAX 3KCMayatauuu,
KOrga Harpyska CTaHOBUTCA OTAWYHON OT pacyeTHOR. [pwm
3TOM MUCNOMb3YITCA KPWUBbIE HArPy304HO CMOCOGHOCTU TpaHC-
thopmaTopos (cornacHo FOCT 14209—69).

MowHOCTb 6104YHBLIX TpaHchopmaTopoB Ha TIL, 6n04HOrO
TMna 6e3 Harpysky Ha reHepaToOpHOM HamnpsXXeHuu BblOGuparoT
MO BbIPaXEHUIO

N> STy, -S ¢, .. (8.8)

CxeMbl 3M1eKTPUYECKUX COEAMHEHWI Ha reHepaTopHOM Ha-
npsykeHun. Ha reHepatopHOM HanpsykeHun TILL 06blyHO npu-
MEHSAIOT CNefylolne CXembl: C O4HON CEKLMOHUPOBaHHON cucTe-
MO COOpPHbIX WKH (C ABYMS-TpeMS CEKLMAMM), C OAHON Cek-
LWOHMPOBAHHOI CMCTEMON COOPHBLIX LWKWH KOMbLEBOrO0 Tuna
(cxema KoO/bLA) WAWM C YPaBHWUTENbHON CUCTEMOW WUH (cxema
3Be3/bl), C BYMS CUCTEMamu COOPHbLIX WUH U C OAHUM BbIKHO-
yaTenem Ha npucoegnHeHve (C ABYMS — YeTblpbMsA CEKLUAMM),
a npu 601bWIOM 4YMCNe FeHepaToOpoB TAaKXe pasfiMyHble MOAM-
(hrKaLmm aTUX CXeM.

Mo ycnoBusM 3NeKTPOJMHAMMYECKOW CTOWKOCTU 3/1IEKTPO-
060pyf0BaHUA HA KaXAYH CEKLMIO, KaK mMpaBuio, MOAgK/Ya-
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0T (KOMMYTUPYIOT) reHepaTtopbl MOLLHOCTbIO He Bbiwe 60 MBT
npu reHepaTtopHoM HanpsXeHun 6 kB n He Bbiwe 100 MBT
npu 10 kB.

C yuyeTOM BK/MHOYEHHBIX TpaHcpopmatoposB cBA3u T3AL ¢
3HEProcMcTemMOi 3To OrpaHMyeHue MO3BONSET MMETb Ha cb6op-
HbIX LIMHaxX npuemsemblii ypoBeHb TOkoB K3. B cnyuyae Heo6-
XOAUMOCTWU [AOMOSMIHUTENILHOrO OrpaHWYeHns YpoBHA TOKOB K3
Ha TOL, ycTtaHaBnMBalT CEKUMOHHblIe peakTopbl. B cyuwecTsy-

Puc. 8.3. Cxema C OfHOM CEKLMOHUPOBAHHOW CUCTEMON COOPHbLIX LUUH

IOWNMX TUNOBbLIX cxemax T3L, mowHocTb K3 Ha CO0pPHBbIX LWK-
Hax He npesbiwaetr 750—900 MB-A npu HanpaxeHun 6 KB u
1500— 1800 MB-A npu 10 kB, a y notpebuteneii — cooTBeT-
cTBeHHO 200 1 350 MB °A.

3-3a BO3MOXHOCTW PEBEPCMBHOIO pexuma paboTbl TpaHCc-
(hopmaTopbl cBa3u T3L, ¢ cuctemoin BbIGUpaKOT C perynuposa-
HMEM HanpsxeHusa nog Harpyskoin (PMH).

Cxema C 0fJHOW CEeKLMOHWPOBAHHOW CACTEMON COOPHbIX LUNH.
Cxema ¢ BYMS ceKuusmum (1c U 2c), 06befMHEHHbIMU uepes
CEKUMOHHbIV BbIKAOYaTenb QB, nokasaHa Ha puc. 8.3. B ue-
NAX NWHWIA YCTaHOB/EHbl BblKAOYaTeNn Q, a TakXe LWWHHbIE U
NUHelHble pasbefuHUTenn QS. Cxema npocTa, HarnagHa u
obecneynBaeT AOCTATOYHYH HAAEXHOCTb NUTaHUS noTpebuTe-
nei, ecnu KaxpAblih M3 HUX cBA3aH ¢ TOL, aABymA nAmHMAMY,
MOACOEAVNHEHHBIMU K pasHbIM CeKUMAM. PasbefuHuTenn cny-

21*
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8.4. Cxema C OAHOWN CEKLWMOHMPOBAHHOW CUCTEMOW COOPHbIX LWWH, C

Puc.
CEKLMOHHbIMW peakTopaMu U  LWYHTUPYOWWUMN pasbeguHuTensamm  (Bbl-
KaoyaTensamm)

T
LU U 1c . 2c \. _3c 6(10)a Uc
i T i'Tr

; Aq .Y

JH Vv icH jeH i i CHcH L\CHiCH

-t—r—- T FQ[TT 75 Mrr 7T

Puc. 8.5. Cxema konbua
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XaT Ans obecneyveHus BUMAMMOr0 paspbiBa NP PEMOHTHBIX pa-
60Tax U He SABAAKOTCS ONepaTUBHLIMU 37eMeHTamMu. Brokupos-
Ka MeXAy pasbefWHWUTENsIMU U BbIK/OYATENAMU NPOCTa, OWMU-
604YHble OMepauMn C PasbeAUHUTENSIMM  MNpU  WCMPABHOM
610KMPOBKE MPaKTUYECKU UCKNOUYEeHbl. HeoCTaTKOM CXeMbl SiB-
nseTcs NoTeps UCTOUYHWKOB, MPUCOEAMHEHHBIX K CEKLWU, npu
K3 Ha cekuuu, peMOHTE CO6OPHBbIX LWWH CEKLUU UM N6oro us
ee LWMHHBbIX pasbeAnHuTeneid. Mpyu 6obLEM 4YuCe TeHepaTo-
POB CXEMa BbIMOJHAETCA C TPeMs cekuusamu. Cxema NpUMEHs-

eTCA MNpu 4Ymcne NPUCOEAWHEHWI Ha CEKUWI LeCTb — BOCEMb.
Mpu 6onblweM yucne MNPUCOEAMHEHUIA WUCMOMb3YHOT CXEMbl C
LBYMA cucTeMammn COOPHbIX WKMH., OTMETMM, 4YTO Ha puc. 8.3 n
Ha nocnefyloWmnX PUCYHKAX MOKa3aHbl CXeMbl MOAKIIOYEHUA
COBCTBEHHbIX HYXA TOLL ana cny4yad, Korga reHepaTopHoe Ha-
npsxxeHne pasHo 6 KB. Tlpu reHepaToOpHOM  Hamnps>XeHuu
10 KB nuTaHWe COBCTBEHHbLIX HYXJ OCYLLECTBAAETCA C MOMO*
Wwbto TpaHcopmatopos 10/6 mnm 10/3 kB (Ha cTapbix T3L),
MOAK/IOUYEHHBIX M0 TEM >Xe CXeMaM.

Ona orpaHnyeHus yposBHA TokoB K3 Ha T3L npumeHsioT
CEKLMOHHble peakTopbl. CXxema C TpeMA CeKUUAMU U [BYMSA
CEKUWOHHbIMK peakTopamu (LR) pgaHa Ha puc. 8.4. Ond Bbl-
pPaBHUBAHWSA HANPSXKEHUS Ha CeKuMAX COOPHBLIX LWKH W Yynyu-
WEHNA YCNOBWUWA NUTAHWA HArpy3ku npu OTKAKYeHUU No6oro
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reHepatopa (TpaHcdopmartopa) B CXeMe [MpefyCMOTpPeHbI
WYHTUPYIOWMe pasbefnHUTeNn QS unu BbiKIo4vaTenn Q (no-
KasaHbl NyHKTMpoM). lMocnegHee pelleHne CBA3aHO C 60MbWK-
MW 3aTpaTaMu, HO fAenaeT cxemy 6onee mMaHeBpeHHOW. LUyH-
TUPOBaHWe CEKLUWOHHbIX PeakTOpoB [AOMNyCKaeTcA B Tex cnyuva-
AX, KOrga mocfne WX LWYHTUPOBaHWA pacyeTHbIl ypOBEHb TOKOB
K3 He npeBOCXOAWT LONYCTUMbIA ANS 31eKTPO060PYyLOBaHNUS.

Cxema Konbla. B cxeme konbua, mokasaHHOW Ha puc. 8.5,

Puc. 8.7. Cxema c AByms cucTtemMamn c6OpHbIX LWKH (paboyas cuctema
pasgeneHa Ha fJBe CeKUWUK)

VmetoTca 4YeTbipe CeKUWMW, COeAMHEHHble C MOMOLLbK CEKLMOH-
HbIX BbIK/llOYaTeneil M peakToOpoB. [NS WYHTUPOBAHUS CEKLMU-
OHHbIX PeaKTOpOB MPEeAYCMOTPeHbl LIYHTUpPYIOWME pa3besu-
HUTenn. TpaHcopmaTopbl CBA3M MNOAK/OYEHbI CUMMETPUYHO
K cekumsam 1c u 3c. Harpyska nonyyaeT nuTaHue 4yepes rpyn-
NoBble CABOEHHbIE peakTopbl, a COBCTBEHHbIE HYXAbl — MO pe-
aKTUPOBAHHbIM JIMHUAM C CaMOCTOATE/NIbHbIMW  OAMHAPHBLIMU
peakTopamu. [Nnf HafeXHOro pe3epBMPOBAHUS MUTaHUS CO6-
CTBEHHbIX HYXJ MPeAycMOTpeHa cneyuanbHas NpomMexyTouyHas
cbopka mexgy nepBOil CeKuWeihn M mepBbIM TpaHCHOpPMATOPOM
cBA3N 1T. CeKUMOHHble peakTOpbl PaCcCUMTbLIBAIOT Ha PeXUM
MUTaHWSA Harpysku CeKuuMn Mnpu BbIXOLEe M3 CTpOs reHepartopa



v 8.2 CxeMbl T. COefWHEHWIi TennoguKayMoHHbIX 3NeKTpocTaHumii 327

CeKUMM UM TpaHchopmaTopa CBA3M, a TAKXEe Ha PeXxum Bbl-
fayn M36bITOYHONW MOLLHOCTM C CEKUWW NpWM OTKase OfHOro
anemeHTa (TpaHcjopmartopa CBA3W, CEKLMOHHOIO BbIK/1OYa-
Tend) .

Cxema 3Be3abl. Cxema 3Be3gbl, rnokasaHHad Ha puc. 8.6,
MMeeT yeTbipe CEKLWMW, COeJUHEHHbIE MeXy CO60i C MOMOLLbIO
YPaBHUTENbHOI cUCTEMbI WKUH YCLLU un peakTopoB. [pegycmoT-
peHa BO3MOXHOCTb LIYHTUPOBAHWA pPeaKTOPOB pasbeguHuTe-
namun. Harpyska u cobCTBeHHble HyxAabl TOL, nwuTalTca no
OTAEeNIbHbIM PeakTUPOBaHHbLIM NIMHUAM. PeaKTopbl ypaBHUTENb-
HOW CUCTEMbl LUIWH PAacCYUTLIBAKOTCA HAa PEXWM MNUTAHUA Cek-
LUX NpU BbIXOAE M3 CTPOA OAHOr0 M3 NMUTaKOLWKUX ee 3/1eMeHTOB
(reHepatopa, TpaHcopmaTopa CBfi3U) U Ha PEXWUM Bblgayu
M36bITOYHOMW MOLLHOCTU CEeKLWW B HOPManbHOM, PEMOHTHOM U
nocneaBapuinHOM pexunmax.

Mcnonb3oBaHMe CXeMbl 3Be3[bl CBA3aHO C 60nee CMOXHbIMU
KOHCTPYKTUBHbIMW pelweHnaMmum, 4em npun cxeme Ko/bua, MO-
3TOMY B 0TeYeCTBEHHOI NpakKTUKeE OHa He Hallsiay WWUPOKOro
NPUMEHEHNA. .

Cxema ¢ ABYyMA CUCTeEMaMu C60prIX LWNH 1 C OAHNUM Bbl-
KnwyaTenem Ha uUenb. Ha reHepatopHom HanpsxeHun T3IL,
LWMPOKOe pacnpocTpaHeHWe Haln CXeMy e [BYMSA CUCTEMamu
Cc60pHbIX WKH (paboyeli 1 pe3epBHOR) U C CEKLMOHMPOBAHUEM
pabouyeil cucTeMbl LWWMH Ha ABe — 4eTbipe cekuyuun. Mpu aByx-
TPeX CeKuMAX NpUMMeHseTCs NPAMONHeNHas cucTemMa WnH (puc,
8.7); npu 4yeTblpex cekumax paboyas CeKLMOHUPOBAHHAA CUCTe-
Ma LWWH COefMHAETCA B KOMbLO. Pe3epBHas cucTema LWWUH, Kak
npasu/io, He CeKUMOHUpyeTca. B cxeme KpOMe CEKLUMOHHBIX Bbl-
Kntouatened MMeTCA TaK HasblBaemble LUIMHOCOEAMHMWTE/bHbIE
BbIK/lOYaTeN QA, HanMyue KOTOpbIX MO3BOJIAET 0TKa3aTbCs OT
YCTaHOBKMW BbIKAOYATENEN UM pasbefUHUTENe, WYHTUPYIOLWNX
CeKLMOHHble peakTopbl. Harpy3kn 1 cOGCTBEHHbIE HYXAbl MUTa-
l0TCA OT COOPHbLIX WUH OTAENbHbIMU AUHUAMU. [Mpn Heobxo-
OVMOCTU 3TW JIMHUW [LONOMHUTENbHO peaKTUpytoTca. Kaxpgoe
npucoefuMHeHne NOAKIOYAETCA K COOPHLIM LWIKMHAM C MOMOLbIO
OBYX pasbeAuHuUTEeNeld, OANH M3 KOTOPbIX HOPManbHO OTK/IO-
YyeH. LUWHHbIE pa3befuHUTENUN ABNAIOTCHA HE TONbKO PEMOHT-
HbIM, HO W OMEpPaTWBHbLIM 3JIEMEHTOM, UYTO CHIKAET Hajex-
HOCTb paboTbl pacnpefennTeNbHOro yCTpoOiACTBa reHepaTOpHO-
ro HanpsxxeHus (FPY), BbINO/AHEHHOrO MO TaKoW Cxeme. ;

[ oCTOMHCTBaMM CXeMbl C ABYyMA CUCTEMaMWN C60prIX L nH
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ABNAKOTCA BO3MOXHOCTb pemMOHTa N060I CeKuMn U pe3epBHOI
CMCTeMbl WKH 6e3 nepepbiBa NUTaHMA noTpebuTeneid n BO3-
MOXHOCTb PEMOHTa /It060ro LWWHHOTO pas3beAUHUTENd C O T -
KAHOUYEHNEM /UL OJHOTO MPUCOEAMHEHWUA COOTBETCTBYHOLUEN
uenn (ocTanbHble MNPUCOELMHEHUA MepeBOAATCA Ha APYryio
cMcTeMy WWH). MNpu NOBpPeXAeHUN Ha CceKuuu ee noTpebuTtenu
TEPAIOT NUTaHWe TOMbKO HAa BPeMs MepeknoyvYeHns onepaTus-
HbIM MepCcoHanoM COOTBETCTBYIOLWLMX MPUCOELNHEHUA Ha pe-
3epBHYI0 CUCTEMY LWMWH. Hanuuuve WHNHOCOELNHUTENbHbBIX Bbl-
KntouaTteneid NO3BONAET: MEPeBOAUTbL Nt06bIe MPUCOELUHEHNA C
paboyeil cUCTEMbl LINH Ha pPe3epBHYK 06e3 nX OTKAYEHUS;
3aMeHATb B C/llyyae Heo6XOAMMOCTM BbIK/KOYATENN NPUCOesu-
HEHWIA LIWHOCOEAMHUTE/bHBIMW  BbIKHOYATENAMU; OTK/IOYATb
WWHOCOEAMHUTENbHBIM BbIK/KOUYaTe/leM ntob0oe NpucoefMHeHue
JaHHOM CeKuUKM, ecnm OHO NO KakKoh-nmb0 MpuUYMHE He MOXeT
ObITb OTK/IHOYEHO CBOMM BbiKAOYaTeneMm (yTeyka macna wus3
BblK/OYaTeNs, 0Tkas npusoga M T. n.). MNepeuncneHHble Kaue-
CTBa CXeMbl CMOCOBGCTBYIOT MOBbILEHNIO HAAEXHOCTU 3/1eKTPo-
CHabXXeHMa noTpebuTeneil.

OfHako cxeMa C ABYyMfA cucTemaMy COOPHbLIX LWKMH UMeeT
psif HepocTaTKoB: PY, BbINO/SIHEHHOE MO 3TOW CXEMe, KOHCT-
PYKTUBHO C/I0XHEe W AOPOXe, Yem Mpu CXeMme C OfHOM cucTe-
MO COOPHbIX LWWH; 3HAYUTENbHO YCAOXHAKTCA 6MA0KUMPOBKM
MeXAy BbIKMOYaTeNsMM U pasbefnHUTenaMun. icnonb3oBaHue
WWHHbIX pa3beguHUTeNeld B KayecTBe OMEPaTUBHbLIX 3NeMEH-
TOB, HECMOTPSA Ha Ha/nuuyve OGNOKMPOBOK, MPUBOAUT K aBapusim
13-3a2 OWMOBOYHBIX AENCTBMIA MepcoHana, YTo CHMXKaeT Hagex-
HOCTb CXEMbl M COOTBETCTBYIOLWeEro PY B uenom.

Cxema ¢ AByMA cucTemMamu COOPHbIX WWH NPUMEHAETCH
npn 60/bWIOM YuUC/e NPUCOEANHEHN Ha cekuuto (6onee 6—38),
Ee npumeHeHne ocob6eHHO onpasBfaHo B Tex cayyadax, Korga no-
TpebuTenn nuTalTCAa N0 Hepe3epBUPYEMbIM JNHUAM.

Mpy NPOEKTUPOBAHUM CXeM 3NEeKTPUYECKUX COeAMHEHWI U
pa3paboTKe KOHCTPYKUWi PY BO3HUKaeT npobnema orpaHude-
HWUA YPOBHEW TOKOB KOPOTKOrO 3aMblKaHWA.

Ha reHepatopHoMm HanpsxeHun T3L gna  orpaHu4yeHus
TOKOB K3 B OCHOBHOM NPUMEHAIT peakTopbl M 4acTUYHO pas-
fenbHyto paboTy arperartos.

CeKLMOHHble peaKTopbl OrpaHnuMBaldT TOK K3 BO Bceil ce-
T TEHEepPaTOPHOro HanpsHXKeHWs, BKAOYas COOpPHbIe LUWHbBI, a
NINHEWHbIE pPeakToOpbl — TO/IbKO B pacnpefennTesibHOW  CeTw.
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NnHeliHble peakTopbl MMEKT CYLWECTBEHHO MEHbLIWE HOMMU-
HanbHble TOKW, YeM CEKLMOHHbIe PeakTopbl, HO 06nafalT 60/Mb-
Weli TOKOOTpaHWYMBAKOLLEN CMOCOBHOCTLID, TaK KaK peakTUuBs-
HOCTb peakTopa, OM, 06paTHO MNPOMOPLUMOHANbHA HOMWUHANb-
HOMY TOKY:

\ \Y4 A"HOM

p” *p(HYyY3FHom

Mpu npoektupoBaHun T3IL, B nepByto o4vepelb paccmaTpu-
BAeTCA BO3MOXXHOCTb OrpaHuyeHuMsa TokoB K3 B cetu ¢ nomo-
Wb OA4HMX CEeKUWMOHHbIX peakTopoB. [lpM HefocTaTOYHOM TO-
KOOTpaHWYeHNN CeKLMOHHbIX PeakTOpOB paccMaTpuBalTCA Ba-
pUaHTbl  LOMNO/MHUTENbHON YCTAHOBKW JIMHENHbIX PEaKToOpoB
WK, 4TO OMpaBfaHO B OTAE/IbHbIX Cy4Yasax, 0TKa3 OT CEKLUOH-
HbIX PEakTOpPOB M YCTaHOBKa OAHWX JIMHEWHbIX peakTopos. B
KayeCTBe CEKUMOHHbIX OObIYHO WMCMOJb3YIOT OAUHAPHbIE peak-
TOPbl, & B Ka4eCcTBe MIMHEWHbIX — OfMHapHble U CABOEHHbIe pe-
aKTopbl.

HOMWHaNbHbLIA TOK CEKLMOHHbIX PEAKTOPOB MO OTHOLUEHUIO
K HOMWHaNbHOMY TOKY reHepatopa (reHepaTopoB) ceKuuwu
06bIYHO MPUHMMAETCA pPaBHbIM: B CXEME C MPAMOAUHEAHbIMU
cuctemamn  cb6opHbIX WKUH 60—80 %, B cxeme Koabua 50—
60 %, B cxeme 3Be3abl 90— 100 %. MNpakTuyeckn Ha T3AL cpea-
Hell 1 60MbLWOA MOWHOCTY HOMUHANbHbLIA TOK CEKLMOHHbIX
peaktopoB cocTaBnfieT 1,5—4 kKA. VIHOQYKTMBHbIE CONPOTUBJIe-
HUA pPeaKTOpPOB B YKa3aHHbIX CXeMax MPUHUMAaKTCA pasBHbIMU
COOTBETCTBEHHO 8—12, 8—12 n 5—8%. lMoTepa HanpsxeHUd
B /IMHENHbIX peakTopax B HOPMaJbHOM pexume

& U*V & /&/‘I};ps indHr,

KaK npaswuo, He AO/XXHA npesblwarts 2—3 %.

JonycTumblin ypoBeHb TOKOB K3 B pacnpegenuTtenbHON ce-
™ NUMUTUPYETCA OAHWMM W3 YeTblpex YCMOBWIA:

a) OTK/YalLWen CnOCOOHOCTLIO JIMHERHBIX (CETEBbIX) Bbl-
Kno4yaTenein, ycTaHOBNEeHHbIX Ha TOLL;

6) TepMMUecKO CTOWKOCTbIO Kabeneil rONOBHOrO yuyacTka
pacnpefennTenbHON ceTu;

B) OTK/OYaKLWEN CNOCOGHOCTLIO CETEBbIX BbIKAOYaTENEN,
YCTaHOBJ/IEHHbIX Y NoTpebuTeneil;

r) TEePMMYECKON CTOMKOCTbiO Kabenei pacnpefennTencHou
ceTn y notpebutenei.
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PekomeHpaunun orpaHnymeath Tok K3 BO Bcex cny4asax, He-
3aBMCUMO OT KOHKPETHbIX YC/M0BWI 3/M1eKTPOYyCTaHOBKMW, MO YycC-
NOBUID «a» WAN «M» [Jal0T KpailHWe, He Bcerfja ONTUMasbHble
peweHuns, B obwem cnyyae LenecoobpasHblii YpoBeHb TOKOB
K3 MOXHO HaliTU Ha OCHOBE TEXHWKO-3KOHOMWYECKOr0 aHanu-
3a BApMaHTOB W MWUHUMM3AUUM (YHKUUW MOJIHBIX PaCyYeTHbIX
3aTpaT C yyeTOM BO3MOXHOTO yuwepba

Y= Y1+ Y2+ Y8+ Y4, (8.9)

roe — ywepb OT nepepbiBOB 31eKTpOCHabxeHus;, Y2 —
yluep6 OT HapyLwWweHWn yCTONYMBOCTW ABUTaTENIbHOW HArpysku B
nepexofHbIX npoueccax MNpu MPUHATUM TNYOBOKOro orpaHmye-
HUS ypoBHA TOokoB K3 B ceTu; ¥Y3—yuwep6 oT 3aMeHbl NoBpe-
XAEHHbIX TEPMWUYECKU HECTONKMX Kabenelk npu NPUHATAWM MoO-
BbILWEHHOT0 YPOBHA TOKOB K3; Y4— yuiep6 0T CHUXEHUA
KayecTBa HampsyKeHWs y MOoTpebuTeneil npu pasnyvHOW cTe-
MeHW peakTUPOBaHMA ceTu unn yuwepb u3-3a Heo6XOAMMOCTU
YCTAHOBKMW [JOMOMHWUTENbHbIX YCTPOWUCTB  PeryimpoBaHusa Ha-
MPSAXEHNA B CETU.

Mpu 3HaunTenbHOW [lone OTBETCTBEHHOW ABWUraTeNbHOW Ha-
rpy3ku, Tpebyloleil MOBbIWEHHOW HaAEXHOCTU 3/1eKTPOCHAb6-
XXEHUS, N NpyU Manoi gnuHe Kabenei pacnpefennTenbHOW CeTu
LuenecoobpasHo MATM Ha MNOBbIWEHHbIA YpPOBEHb TOKOB K3 u
BblOMpaTb peakTopbl MO YCM0BUK «a». B cnyvasx foporocro-
Awen kabenbHOW ceTun (0COGEHHO B LEHTPanbHbIX paiioHax
KPYMHbIX FOpPOAOB) M Manoil OTK/IYaKLLel CnocobHOCTM ce-
TeBbIX BbIK/JlOYaTeNel oOnpeAensOlUMM SBAAKOTCA  YCNOBUSA
«M» N «B».

Ecnn Heobxoaumo 3HauMTeNbHO orpaHnunTb TOK K3 B ce-
M, TO MNPUMEHAOT OAMHAPHbIE NUHERHble PeakTopbl Ha Kax-
[0V NIMHWUW; HOMWUHaNbHbLIA TOK peakTopa 6epyT paBHbiM 0,15—
0,6 KA, a peakTuBHOCTb 3—6%. [lpn 3ToM pekomeHayeTcH
cXemMa C TakoiW nocnefoBaTeNbHOCTbH COEAUHEHWUA 3MEMEHTOB:
LWMHbI — peakTop — BbIK/OYaTeNb — AnHUA.  Ha pacwumpsio-
wmxecs TIAL, ¢ yxe umerowmnmcs pacnpegenuTenbHbIM YCTPOIi-
CTBOM MOXET NPUMEHATLCS ApYyras cxema BKIHOYEHUA: WUHbl—
BbIK/I0YaTeNb — peakTop — AUHUA. B 3To cxeme BbikIKOYa-
Tenb B cooTBeTCTBMU C MY nposepawoT no Toky K3 3a peak-
TOpoM. [103TOMY OH MOXET 6blTb NOBPEXAEH NPU OTKIHOUEHUM
K3 B peakTope WAM Ha NepemMblyKe MeXAy PeakTopoM W Bbl-
Kntouatenem. MogobHble cnyyam Habnwganncb B NpakTuke



S 12  Cxembl 31, COeAUHEHUIA TennonNKaLWOHHbLIX 3neKTpocTaHumii 331

n.enayaTtaynn, BCMEACTBME Yero TpaHCcHOpMaTopbl ToKa AN
peneiiHo 3alWTbl AUHUU Lenecoob6pasHO yCTaHaB/IMBATb He
"0XAY BbIKIIOUATENEM 1 PeakTOpPOM, KaK 3TO BbIMO/HEHO B
psfe TUMOBbLIX CXeM, a 3a peakTopoM. lMpu 3TOM Heo6Xxogumo
TONbKO 06ecrneyYnTb CTOWKOCTb BbIKIOYATENS K CKBO3HbIM TO*

Kam K3 n COOTBETCTBYHOLW M o6pa30M BbIMO/IHUTL 3allUTY
LLINH.

t t 113 13 r* >¥\-M _17*r'/OKB

T W w

Puc. 8.8. CxeMbl BKJ/IIOYEHUS TPYMNMNOBbIX pPeakKTOpPoB

JonyckaeTcs nogknloyeHne K peakTopy ABYX KabenbHbIX
NMHWIA ogHoro noTtpebutens (Il kateropun) wam gByx Kabenb-
HbIX IMHWI pasnnyYHbIX NoTpebuTeneii. B nepBom cnyvae Kax-
Oyt KabenbHy fIMHUIO NPUCOEAUHAIOT Yepe3 OTAeNbHbIA pasb-
eAuHUTeNb, ,B0O BTOPOM — Yepe3 OTAENbHbIA  pasbeAuHUTENb
WN BbIKNKOYATENIb HArPy3Ku.

Mpun 3HauUMTeNbHOM Yucne KabenbHbIX IMHWIA C HeBOMbLUOWA
nepefaBaemMoil MOLHOCTbIO MPUMEHAIOT TPYNMNOBOE PeakTUpo-
BaHMWE C WCMONb30BaHNEM OAUHAPHbLIX WU CABOEHHbIX PeakTo-
poB, KakK MokaszaHo Ha puc. 8.8. CnefyeT 0TMeTUTb, 4YTO CXeMma
puc. 8.8, a MOXEeT ObITb BbINOMHEHa 6e3 yCTaHOBKM FPynmnoBoro
BblKNOYaTeNs U pasbefUHUTENs MNOC/Ne peakTopa, a B CXeme
puc. 8.8, BMecTO rpynnoBbIX BbIKAOYaTenein MoryT ObiTb yc-
TaHOB/EHbI TPYMNMNOBbIE Pa3befUHUTENMN.



332 Cxembl 371eKTPUYECKUX COEAUHEHMWIA CTaHuwii u noacTaHuuit In. 8

MpuMeHeHWe TPYNNoOBOr0 pPeakTUPOBaHWA MO3BONAET yn-
POCTUTbL W YAEWEBUTb KOHCTPYKLUMIO pacnpefesinTenibHbIX YCT-
POWCTB, YMEHbWMUTL YMC/O MPUCOEAUHEHNIA K COOPHBIM LIUHAM,
MOBLICUTb HAfEXHOCTb PaboTbl  3NEKTPOYCTAHOBKM. OAHAKO
npy rpynmnoBOM PeakTUPOBAHWM KOPOTKME 3aMblKaHWsA Ha Jto-
60 NMHUKM NPUBOAAT K PE3KOMY CHWKEHWIO WM MOMHON Mo-
Tepe HanpsXKeHUs Ha BCEX JIMHWAX AAHHOW Tpynnbl Ha Bpems
[0 OTKNOYEHUS K3 M K MOHWXKEHHOMY HampsKeHWo npu no-
crefylolemM camosanycke gBurateneil. YKasaHHoe 06CTOATENb-
CTBO [€naeT OMpaBAaHHbLIM B psAe Cly4yaeB WHAUBUAYANbHOE
peakTUpOBaHWe NMHUIA OTBETCTBEHHbLIX MOTPe6UTENEN.

OfuHapHble TPYynnoBble peakTopbl 0ObIYHO MPUHUMAKTCH C
HOMWHaNbHbIM TOKOM 0,6—2 KA U1 peakTMBHOCTbIO 6—10%,
rpynnoBble CABOEHHble PeakTopbl — C  HOMWUHAaNbHbLIM TOKOM
0fHON BeTBM 1—3 KA 1 peakTUBHOCTbH 6— 15 %.

CxXeMbl 3/1eKTPUYECKUX COEAMHEHUA PY MOBbIWEHHbLIX Ha-
npsHkeHnin. Ona PY nobilWeHHbIX HanpsxeHuin TILL (35 kB
M Bbllle) B 3aBUCMMOCTM OT 4ucnia Lenein 1M OTBETCTBEHHOCTU
TOL, 06bIYHO MPUMEHAKT CMefylLWMe CXeMbl 31EKTPUYECKUX
coefiMHeHNA: 6M0K TpaHchopmaTop — AMHMA (C BbIK/IOYaTe-
nem unu 6e3 BbIKAKOYaTeNd); CXema OTBETBAEHWIA OT MPOXO-
AAWnx nuHuin 35— 110 KB; CXeMbl MOCTWMKOB; CXeMbl MHOrO-
YrO/IbHUKOB (TPeyrosibHWK, 4eTblpexyrofibHWK); CXemMa C 0f-
HOl CEKLMOHWPOBaHHON CMCTEMOI COOPHbLIX LIMH; CXeMa C Of-
HO CEKLMOHWPOBAHHON CUCTEMOI OBOPHBIX LUMH U C 06XOAHON;
CXeMa C AiByMSA CUCTEMammM COOPHbLIX LUMH; CXema C ABYMS Hecek-
UMOHNPOBAHHLIMM CUCTEMaMW WKH K ¢ 06xofgHON. O6xofHas
cucTemMa COOpHbIX LWKWH MPUMeEHseTcs B PY  HanpsiXXeHuem
110 kB w Bbiwe. MOryT NpUMEHATLCA TakKXe U APYrue cxemsl,
pekomeHfoBaHHble HTI gnd TennoBbiX 3/71eKTPOCTAHUWIA.

BnouHasa cxema nogkawyeHus TIL, MOXeT ObITb NpuUMeHe-
Ha Npy CBA3W 3NeKTPOCTAHLUW OLHOW WAN ABYMS JIMHUAMUK C
y3M10BO MOACTaHUME 3Heprocmuctembl (TYNMUKOBOE pacnoso-
XeHue T3L). Cxema npocta W 3KOHOMUYHA, HO OTKa3 B pa-
6oTe n060Oro aneMeHTa NPUBOAUT K OTK/OYEHUIO Bcero 6/io-
Ka. B uensax aKoHoMuu B pAfe CnyyaesB BO3MOXXHO OTKa3aThbCA
OT YCTaHOBKMW BbIK/OYATENA HA CTOPOHe BbICLIEro Hanpsaxe-
HWUA, 3aMeHWB ero oTgenutenem. [lpu HefoOCTaTOYHOW 4YBCT-
BMUTENbHOCTW peneiiHoN 3aluTbl Y3710BOM MNOACTaHUUM K MoO-
BPEXAEHWAM B TpaHc(OpmMaTope CBA3W CO CTOPOHbI OOMOTKMU
BbICLLEr0 HampsXeHWs 3Toro TpaHcopmaTopa ycTaHainuBa-
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0T B 0gHOM (hase (B ceTax 110 KB u Bbiwe) wnam B ABYX (haszax
(n cetax 35 kKB) KOpOTKO3aMblKaTe/nun, KOTOPble BK/HOYAKTCH
nog AeicTeBMeM 3alWMTbl TpaHcopmaTopa M Takum o06pa3om
yBennyusaloT To0K K3 B nuHuKM, B nocnefHee BpemMs HaxoguT
NMpYMeHeHWe cxema nepefayn OTK/AYaKLWero wumnynsca oT
3aWuThl TpaHC(opmaTopa Ha BblK/AKOYaTeNb Y3/10BOM MOACTaH-
UMM C UcCnonb3oBaHWeM TenekaHana. [pu Takoll cxeme yCKO-
pAeTcA npouecc OTKAYeHus mno-

BpeXAeHns n HeT HeobxoAuMoO-

CTW yBenuumeatb Toku K3 B fun-

HUWN.

Cxema OTBETB/EHUI OT Mpo- as
xoaswmx nuHuii (puc. 8.9) npu- \ \
MeHseTtca Ha TOL, npu Hanpa-

XeHuax go 110 kB. lNpu Hanps-

XeHun 220 kB npumeHeHue Ta-

KOl cxembl TpebyeT [AOMOAHM-

TenbHbIX 060CHOBaHWiA. Cxema

[OCTATOYHO NpocTa U 3KOHOMUY-

Ha, TaK KaK ee uCcrnosb3oBaHue

CBA3aHO C YCTAHOBKOW TOMbKO _A x A

4BYX BbIKNtovaTeneit (puc. 8.9, a) Py fH V1 a) % T

wnn - OByx oTAenuTeneli (puc.

8.9, 6). OpfHaKO HaAexHOoCTb .

cBsisu TALl ¢ CUCTEMOIA 3[eChb Puc. 8.9. Cxembl OTBETB/IEHM
OT MPOXOAALWMX JINHWN

3aBMCUT OT HafeXHOCTU paboThbl

NPOXOAALLUX INHWIA.

Cxema MocTwuKa MPUMEHAETCA B ABYX WCMNOJIHEHUAX: C YC-
TAHOBKOI BbIK/OYaTeNe co CTOPOHbI nnHuiA (puc. 8.10,a) mc
YCTaHOBKOI BbIK/AOYaTeneld €O CTOPOH-bl  TpaHcopmaTopoB
(puc. 8.10,6). MepBoe WCMONHEHWe MPELNOYTUTENIBHO NpU Ty-
MNKOBOM PAaCMOIOXKEHUU 3MeKTPOCTaHLUN WU MPU NPUCOESM-
HeHUM ee K'MPOXOAAWWMM JWNHUAM, BTOPOE — NPU  HaIU4YUU
TpaH3nMTa MOLWHOCTU MO NNHMAM, a TakXe B Cayyadx 4acTbiX
OTK/IIOYEHWI A OfHOI0 M3 TpaHC(HOpPMaToOpOB, YTO CBA3AHO, Ha-
npuMMep, C Pe3Koi HepaBHOMEPHOCTbK CYTOYHOro rpafuka Ha-
rpy3ku. UTobbl 1 Npu peMOHTe BbIKAKOYATENA NEePeMblYKN TPaH-
3UT MOLLHOCTU MO NIMHUAM He npepbiBancd, B cxeme puc. 8.10, 6
BO3MOXHa YCTaHOBKA PEMOHTHOW MNepeMblYKU W3 [ABYX pasb-
eAnHUTeNel. 3Ta nepembluyka MO3BOMSAET TakXe COXPaHUTb B
paboTe TpaHcopMaTop NPW PEMOHTE ero BblKAOUaTeNs.

CxeMbl MHoroyronbHukos (puc, 8.11) o6nagat0T MOBbILIEH-
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35-220 kB BapuaHT

1 11 1

v o9

3 PY HA S

Punc. 8.10. CxeMbl MOCTUKOB

NYyX kB J:' J. &500M

J N\

V & n

n

PY VH a) BYHH S)

Puc. 8.11. Cxembl MHOrOYyrosibHWKOB:
a —TPeyroNbHUK; 6 — YeTbIpexyronbHUK
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MO TEXHWYECKOW TMOKOCTbIO. YmMcno BbIKNKOYaTeNed 34echb CO-
OTBETCTBYET YMCAY MPUCOEAUHEHWI, OQHAKO OTKKYeHue no?
60ro MOBPeXAEHHOro 3nemeHTa (TpaHchopmartopa, JMHUK)
NMpou3BOAMTCA ABYMS BbIK/HOYATENAMM, MPUYEM BCe OCTasibHble
anemeHTbl ocTaloTca B paborte. OUeBUAHO, TaKue CXembl 0COOEH-
HO YyAOOHbI MPU HanMyMKM TpaH3uTa No AnHUMAM cBasn TIL ¢
3HeprocmcTemoil. CnegyeT oT-
MeTUTb, YTO KPOME MpuBefeH-
HbIX cxem Ha T3L, moryTt npu-
MEHATHCA TaKXe CXeMbl MATU-
N WEeCTUYTONbHUKOB.

CxeMbl MHOrOyrojisHMKoB
MUMelT 1 OnpefeneHHble Hepfo-
CTaTKW: CHWXXAeTCA Hafex-
HOCTb paboTbl MpPU PEMOHTE
noboro BbIKIOYATENS, Tak
Kak B 3TOM c/iyyae MpoOUCXo-
OWUT  pa3pbiB MHOTOYroNbHU-
Ka; BO3HMKAIKT OnpefesieHHble
3aTPYAHEHUA C  HaCTPOWKOI
peneHo 3alWmnThbl; BO3HMKa-
IOT HEKOTOpble KOHCTPYKTUB-
Hble TPYAHOCTM B Ciyyae pac-
WwunpeHua PY.

CxemMa C ABYMSA HeceKuUU-
OHMpoBaHHbIMK cucremamm  Puc. 8.12. Cxema ¢ [ABYMS HeceK*
COOPHBLIX LWWH WU C OJHUM Bbl- LMOHMPOBAHHbIMK cucTemMamm cbop-
KnouyaTenem Ha L||e|'|b (p|/|C. HbIX WWH " C 3ng/lgllanblKﬂIOHaT9ﬂ8M
8.12) npuMeHseTCca Npu OTHO- ' !
CUTENbHO HebONbLIOM Yucne
npucoeanHennit  (6—10). HopmanbHo 006e CUCTEMbl  LUWH
Haxo4aTca  NoA  HanpsXeHWeMm, U LINHOCOEAUHUTENbHbI
BbIK/IlOUaTe/lb BKAKOYEH; NuUTaloWwue 3NEMEHTbl U JIMHUW NpU-
MEPHO MOPOBHY pacnpegenatTca MexXxay CcucTeMamy LWuH
(bukcMpoBaHHOE MpUCOefMHEHWUE 3/1eMeHTOB). [lepeTok Mol -
HOCTM 4Yepe3 LIMHOCOEANHUTENbHBIA BbIKAOYaTENb MPU 3TOM

Man, W BbIKIHOUaTENb (AKTUYECKN BbIMOHAET (YHKLUU CEK-
LUMOHHOrO BbIK/AOYaTeNs. B cnydyasx peMoHTa OfHOW CUCTEMBI
WWH 1AW No60ro WWHHOTO pa3befuHUTENs BCE MPUCOEAUHEHUS
NnepeBOAATCS Ha APYryw (MCNpPaBHYK) CUCTEMY LUWMH, XOTS Ha*
OEXHOCTb paboTbl PY B 3TOM peXuMme MOHWXAaeTcs.
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Cxema € O4HOI CEeKLMOHWPOBAHHOW CUCTEMON COHOPHBIX LUMH
M ¢ o6xoaHON cucTemoii (puc. 8.13, a), obecneumsas focTaTou-
HYl0 MPOCTOTY M HafeXHOCTb pacnpefyCTpOCTBa, Hawna npu-
MeHeHWe npu HanpaxeHuax 110—220 kB. lMpumeHas 3Ty cxe-
.My, MOXHO, MCMONb3ys 0OXOAHON BbIKAOYATENb Q M 06X04-
HYl0 cucTemMy WuH OCLU, BbIBOAWUTb B PEMOHT BbIK/OYaTE b

BapraHT

ocuw

1c

PY HH a)

Puc. 8.13. Cxema C OfHON CEKLMOHMPOBAHHOW CUCTEMON COOPHbIX LWWUH W
¢ 06XO4HOW cuUcTemom

noboro npucoegmHeHns 6e3 paspbiBa Lenu Toka. HopmanbHO
06xofHas cucTema LWKH o6ecToyeHa. Mpn HEO6XOAUMOCTH Bbl-
BOJAa B PEMOHT BbIK/OYATENAa KakKoro-nmbo npucoesuHeHns
obxofHaa cucTema WWH onpobyeTcs MyTeM MOAayu Hampsxe-
HWA C COOTBETCTBYHLLEA CEKLWW COOPHBIX LWIMH O6XOAHbLIM Bbl-
Knodatenem. pu wncnpaBHOCTM OCLL 06XO4HOW  BbIKAKOYA-
Tenb OTKAKOYaT, fanee K OCLU nogknovaoT 06X0AHON pasb-
eAVHNTENb AAHHOTO MPUCOEAMHEHWS W BHOBb BKAKWOYaKT 06-
XOAHOW BblKMOYaTeNb, 3aTeM OTK/AKYaKT BbIK/IOYaTeNb Npu-
COEAUHEHNSA U ero LUMHHLIA U NWHERHbIA pasbeauHUTENN.

Mpy He6ONbLWIOM 4unCle MPUCOEJUHEHWIA [OMYyCKaeTcs COB-
MelleHUe (PYHKLMIA CEKLWOHHOTO M 06XOAHOr0 BbIK/OYaTENEl
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(puc. 8.13, 6). OgHaKO 3TO NPUBOAUT K MOHMXKEHWUIO HAJEXHO-
CTU paboTbl ycTaHOBKW. B ocTasbHOM cxema o6najaeT KayecT-
BaMW CXeMbl C O[HOW CEeKLMOHWPOBAaHHOW CUCTEMOW COOPHBIX
LUWH.

CxemMa C ABYMSI HeCeKLWOHUPOBAHHbIMW cucTemamMu cbop-
HbIX WWH 1 ¢ 06xoaHol cucTemoir (puc. 8.14) npumeHseTcs Ha
MOLWHbIX TOLL CO 3HAYMTENbHBLIM YMCAOM MPUCOeANHEHWIA. Mpun

Puc. 8.14. Cxema C ABYMS HECEKLMOHWPOBAHHbLIMW CUCTEMAMM COOPHbIX
WWH U ¢ 06XOAHON CUCTEMOIA:

a —*0CHOBHas cxema; 6— — BapuaHTbl CXeMbI

Heo6X0ANMOCTM OfHA WAM 06e cucTemMbl LIMH, a TakKXe 06xof-
Has cuCTemMa LWWH MOTYT ObiTb CEKUMOHMPOBaHbl. HopmanbHO
NMeeT MeCTO (YMKCMPOBAHHOE MPUCOEAUHEHWNE 3N1EMEHTOB; LWIK-
HOCOEAMHUTENbHBLIA BbIKAOYATENb BK/KOYEH, a 06XxofgHas cu-
cTeMa WWH obecToyeHa, 3ameHa BblKAlOYaTeNs MPOU3BOAMUTCS
22516
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B TOW >Xe MOC/fefoBaTeNbHOCTH, KakK U B MpeAblgyLlein cxeme.
Mpn pemoHTe OAHOW CUCTeMbl COOPHBLIX LWWMH WAWN ee LUMHHBIX
pasbefuHUTENel BCe NPUCOEAWHEHWUS MEPEBOAATCA Ha ApYryto
CUCTEMY COOPHbBIX LLMH.

MpennoXKeHO HECKONbKO BapuaHTOB COBMELLEHUS (YHKUWUIA
WMHOCOEAMHNTENBHOTO M 06X04HOro  BbIKAKOYaTeneid  (puc.
8.14, 6—r), 4TO [ONYCTUMO, €CAN YWUCIO0 MPUCOEJUHEHUIA He-
BeNMKo. Bo Bcex BapuaHTax npegycmatpusaeTcd AOMOSHUTESb-
Haf nepemblyka. B vyacTHoCcTu, B BapmaHTe Ha puc. 8.14,6 go-
MOMHUTENbHAA MepemMblyka YCTaHaB/MBAETCA B AYENKe LIMHHO-
ro TpaHcopmaropa HanpsxeHus TV\ B BapuaHTe Ha puc.
8.14, B npefycmMoTpeHa nepembiyka OT 06XOAHOr0 BbIKIKOYA-
Tend K OfHON M3 paboumx CUCTEM LUMH; B BapuaHTe Ha pwuc.
8.14, T nepemblyKka yCTaHaBMMBAaeTCA MeXAY LWMWHOCOEANHN-
Te/bHbIM BbIKAKOYaTeENEM W 06XOA4HON cucTemol wWwuH. B noc-
nefHem BapuaHTe o6XxofHasa cucTeMa WWH MOXeT ObITb noj-
coefMHEHa 4Yepe3 BbiK/OYaTeNb TOMbKO K OAHOW CUCTEME LUMH;
AYYLWWM Ke MO0 KOHCTPYKTMBHLIM COOOGPaXeHUsM cnefyeTt cyu-
TaTb BapuaHT Ha puc. 8.14, 6.

Bo BCcex BapuaHTax MCMOAb30BaHWe WMWHOCOEAUHUTENLHOIO
BbIK/lOYATENS B KayecTBe 06XOA4HOr0 MPMBOAUT K HE06XogMmo-
CTU MepeBOfa BCEX MPUCOEAUHEHWUIA Ha OAHY CUCTEMY LUUH WK
K pa3genbHoil paboTe npucoefuMHEHWA B faHHOM PY 3nekTpo-
CTaHUMM W UX CBA3M Yepe3 3/eKTpuyeckyto cetb. [lpakTuka
akcnnyaTauum PY nokasbiBaeT, YTO CXEMbl C COBMELLEHUEM
(hYHKUMIA 06XOAHOTO0 W LUMHOCOELMHUTENBHOTO BbIK/OYaTENE
M3-32 CNOXHOCTU G/IOKMPOBOK M CHUXEHUA HafexHocTu pabo-
Tbl pacnpeaycTpoiicTB cebsi He NOMHOCTbIO OnpaBfanu, U MuX
npuMeHeHne TpeOyeT TULATeNbHOrO aHann3a KOHKPETHbIX Yc-
NOBWIA 3/1EKTPOYCTAHOBKM.

Takxe He onpaBfganu cebs M3-3a CMOXHOCTM Nepek/toye-
HWA B MEPBUYHBIX W BTOPUYHBLIX LENAX MPeAnoXKeHWs o nocne-
[0BaTE/IbHOM BKJ/IIOYEHUUN LINHOCOELMHUTENIBHOIO U 06X04HOTO
BblK/lOYaTeNiell ANA MOBbILWEHNS HafeXHOCTM paboTbl pacnpes-
YCTPOICTB 3M1EKTPOYCTaHOBOK.
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8.3. CXEMbl 3JIEKTPUYECKUX COEAMHEHWA KOHAEHCALMOHHbLIX
9NEKTPOCTAHLMI

KoHeHcaunoHHbIe 31EKTPOCTaHLUMM MPOEKTUPYIOTCA C arT
peratamun mowHocTeio B 100, 150, 200, 300, 500, 800 wn
1200 MBT “ C HOMWHaNbHbLIM HanpsaXeHWeM reHepaTtopoB OT
10,5 po 24 kB. OCHOBHbIMK arperatamMu Ha 60/bLIWHCTBE CO-
Opy>aembiX B HactoAawee BpemMa KOC npuHATHI arperarbl
molHocTeo 300, 500 n 800 MBT. YcTaHOBfieHHas MOLLHOCTb
TUNOBbLIX 3NEKTPOCTaHUMA NpuHUMaeTcs pasBHoin 2400, 4000,
6400 MBT. BBog B paboTy TaKUX 3/IEKTPOCTAHUMUIA BO3MOXEH
TOMIbKO B MOLLHbIX 3HEProcucTemMax.

Arperatbl MOLWHOCTLIO 100—1200 MBT ¢ NpoMexXyTO4YHbIM
neperpesom napa paboTaloT Mo 6104YHON CXeme KoTen — Typ-
6uHa — reHepaTop — TpaHcopmaTop. ArperaTbl MOLLHOCTbHIO
100 MBT 6e3 NpoOMexyTO4YHOro neperpesa napa MoryTt pa6o-
TaTb N0 Mony6/04YHON CXeMe C NOMepPevyHbIMU CBA3AMM MO MNa-
py v nuTaTenbHoOl Bofe.

KoHfeHCauNOHHbIE 3M1eKTPOCTaHL MK BCIO BblpabaTbiBaeMyto
3HEPTUK, 3a WCK/IHOYEHUEM 3HEepruu, notpebnsemoi Ha cobeT-
BEHHbIe HYX[bl, BblJalOT B CeTb MOBbILEHHOTO HaMPAXeHUS.
XapaktepHbiMy ana K3C aBnawTcA Takxe 601blIMe HOMWU-
HanbHble TOKU reHepaTopoB (5,5—22 KA) W NOBbLIWEHHbIA ypo-
BEHb TOKOB K3 B CeTAX KaK reHepatopHOro, TakK W MOBbILIEH-
HbIX HanpsxeHuii. K3C moryt paboTtatb no cBo6ogHOMY, T. e.
He TMMUTUPOBAHHOMY TenjoBbIMM O0TO6OpaMu, rpaduky Harpys-
KW, HO TaK e Kak u TOL, UMEeT HU3KYI0 PeXUMHYI MaHEeB-
PEHHOCTb U MOOWILHOCTb.

Cxembl Ha TEHepaTOPHOM HaNpsHXeHWWU. IneKTpuyeckas
cxeMa K3C Ha reHepaTOpHOM Hamps>XXeHWn cTpomTca no 6/104-
HOMY NPUHLMNY C NUTaHUEeM COBCTBEHHbIX HYXJ 6/710Ka OT CeTu
reHepaTopHOro HanpsxeHua. MapannenbHas paboTa 6/10KOB
OCYLLecTBNAETCA Ha MOBbILIEHHOM HanpsXXeHun. C yyeToMm Ha-
anuns 060pyA0BaHMA W OrpaHWYeHUn, HanaraembliX 3HEProcu-
CTeMOW, 6M10KM BbIMOAHAKTCA MPOCTbIMA WAN YKPYMHEHHbIMU,
C 4BYX0OMOTOYHbIMK TpaHcopmaTtopamum nam ¢ TpaHchopma-
TOpamu C pacliensieHHOW O6MOTKOW HU3LWero HanpsXXeHus, a
B OTAefIbHbIX CayyasxX W ¢ aBToTpaHcopmatopamu. MpumeHe-
HWe aBTOTpaHcopMaTopoB B 6/10Kax OMpaBAaHO TO/MbKO TOr-
fa, Korga nomMumo MOLLHOCTW, nepefaBaeMoil U3 CeTU Hu3Le-
r0 HanpsXXeHWs B CEeTb BbICLIET0 HaMNpPsXeHWs, CYLLeCTBYET
MOCTOAAHHbI/ MepeTOK MOLLHOCTM W3 CeTW CpeaHero Hanpsxe-

22+
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HUA B CeTb BbICLIEr0 HanmpsXXeHWsd. BapuaHTbl ONOYHBIX CXEM
fJaHbl Ha puc. 8.15.

[nsa MCKN4YeHNs BO3MOXHOCTM MexaydasHbix K3 B cetu
reHepaTopHOro HanpsHXKeHUs COeAUHeHNe reHepaTopoB C TpaHCc-
thopmaTtopamu (aBToTpaHcopmaTopamMu)  6/I0KOB, a TakKxe
OTBETBNEHMSA K TpaHchopMaTopam COBCTBEHHbIX HYXJ BblNo-
HAIOT 3aKPbITbIMW 3KPAHWPOBAHHLIMU TOKOMPOBOAAMMU.

I |m
\CH

Puc, 8.15. BapuaHTbl 6/104HbLIX CXEM

MowHocTb  TpaHcopmaTtopoB  (aBTOTpaHCHOPMATOPOB)
6/10KOB COrNacoBbIBAeTCA C MOLLHOCTbIO reHepaTopoB. OHa
JonmkHa obecneymBaTh Bblfayy BCeli 3Hepruu, BbipabaTbiBae-
MOl reHepaTopamu, 3a BblYETOM 3Hepruu, noTpebnsemMoli Ha
COBCTBEHHbIE HYX/bl, B CETb MOBbILEHHOr0 HanpsaXeHns. Mouy-
HOCTb [BYXOOMOTOYHbLIX TpPaHCHPOPMATOPOB U TpaHCHOpPMaTo-
POB C pacuLiensieHHON O6GMOTKOM HMW3WEro HampsHKeHWs onpe-
pensetcda no (8.8). HoMuHanbHas MOLLHOCTb aBTOTpPaHC(Op-
MaToOpoB 6/I0KOB AO/KHA YAOBMETBOPATb YC/NOBUIO

NveT |
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rae 5 CHmax — Harpyska COGCTBEHHbIX HYXSA MNpU MaKcuMmasb-

HO Harpyske reHepatopa; WI/h— KO3IP®HULMEHT TUNOBOK MOLLY-
HOCTM aBTOTpaHc(opmaTopa.

BnouHble ABYXO6MOTOUHbIE TpaHCHOPMATOPbl NPUMEHAIOTCS
6e3 perynmpoBaHuWs HanpsXXeHWa Noj Harpyskoi. ABTOTpaHC-,,
(hopmaTopbl (Kak 6/104Hble, TaK U CBA3WU) [LO/MKHbI MMeTb YCT-
PONCTBO PEryinupoBaHus HampsH>KeHUs nog Harpyskoid (06bI4HO
BbIMOJ/IHAETCA CO CTOPOHLI BbiBOAOB CH).

CxeMbl Ha MOBbILWEHHbIX HaNPAXEeHUAX. YUuTbiBasd OTBET-
CcTBeHHyl0 posib KOC B 3Heprocuctemax, K cxemam PY 35—
750 kB K3C npeabaBnawT (B COOTBETCTBMW C AEACTBYHOLW UMM
HTM) cnegytowme TpeboBaHUS:

a) Ha 93NeKTpOCTaHuMAX C arperatamm  MOLLHOCTbIO
300 MBT 1 Bbllle MOBpexAeHUe uayu 0TKas N060ro BbliKAKOYA-
Tens (3a UCKIIYEHWEM CEKLMOHHOI0 W LUMHOCOELNHUNTENbHOIO)
He [AOMKHO, KakK npaBuno, NpuMBOAWTb K OTK/KOYeHWo 6onee
OfHOr0 3Hepro6a0Ka U O4HOW WAN HECKONbKUX 3NEKTPUUYECKUX
NUHWIA, ecnn nmpu 3TOM obecneymBaeTcs YCTOMUYMBOCTb 3IHEPro-
CUCTEMBI WN ee 4acTu;

6) noBpeXAeHne WAN 0TKa3 CEeKLMOHHOI0 WM LWHOCOeAM-
HUTENbHOTO BbIK/OYaTeNs, a TakXe coBnajeHWe oTkKasa wau
MOBpPeXAeHUA OAHOro W3 BbIKAKOYATENeA C PeMOHTOM /o60ro
OPYroro He [O/DKHbI NPUBOAUTL K OTK/OYeHUIO 6onee ABYX
3HEepro6/0KOB W NIMHWIA, ecnu MPU 3TOM TaKXe COoXpaHseTcs
ycToinumBas paboTa 3HEProcUMCTEMbl WAM ee yacTu. B oTaensb-
HbIX CAy4Yasx, Npu cneymanbHOM 060CHOBaHMM, LOMYyCKaeTcs
OfHOBpEMeHHas noTepsa 6onee pgAByx 6/0KOB MOLLHOCTbHO
300 MBT 1 Huxe, ecnu 310 JONYCTMMO MO YCAOBUSM YCTOMYU-
BOCTW 3HEProcucTeMbl WM €e 4acTW, He MPUBOLUT K MOJHON
OCTaHOBKe 3/1EKTPOCTAHLMM W He HapyllaeT HOPMa/ibHYH pa-
60Ty oCTanbHbIX 6/10KOB;

B) MOBpPeXJAeHWe MM 0TKa3 N6oro BbIKNOYATENA He [0f-
XKHO, KaK npaBwfio, NPWBOAWTbL K OTK/IOYEHWIO 60siee OAHOM
uenn (ABYX NWHWIA) [BYXUEMHON TPaH3WTHON NWHWWM HaNps-
XeHvnem 110 kB v BbliLe;

F) OTKNKYEHNE 3NEKTPUYECKUX NUHNN’ cnenyeT nNpomssoanTb
He 60fee yYem [ABYMA BblKIOYaTENAMU; OTK/OUEHME MNOBbILIA-
IOLWMX TpaHC(hOopMaToOpPOB, aBTOTPAHCHOPMATOPOB CBA3W, TPAHC-
(hopmMaToOpOB COOGCTBEHHBLIX HYX[ — He 60/lee YeM TpeMsA Bbl-
Knoyatenamm B PY KaXAoro MOBbILEHHOrO HanpsxeHus. Mpu
OPYTMX OLWHAKOBbIX YC/IOBMAX MPeAnoyTeHWEe OTAAeTCs CXEME,



342  CxeMbl 31eKTPUYECKUX COEAUHEHMWIA CTaHuWii 1 noacTaHuuit rn. 8

nMpvM KOTOPOW OTKMKOYeHMEe OTAENbHbIX Leneil ocyliecTsnseTcs
MeHbLUIMM YMC/IOM BbIK/KOYATENEN;

[) CEKUMOHWPOBaHWe 3N1eKTPUYECKOWR CETU BbIKIHOUYATENAMU
LO/MKHO ob6ecneymBaTb TpeboBaHWS pexuma paboTbl 3Hepro-
cucTembl (pacnpejgeneHue nNepeToKOB MOLLHOCTEN, MOTEpU 3HEp-
rmun, yCTOMYMBOCTb U T. M.);

e) [Oo/MKHa O6biTb obecnevyeHa BO3MOXHOCTb PEMOHTA Bbl-
KA4JaTeNnieil ¢ HOMUHaNbHbIM HanpskeHnem 110 kB wn Bbiwe
6e3 OTK/HYEHNS COOTBETCTBYIOLUX MPUCOEANHEHNN;

X) MpW NWTaHWW OT JAHHOTO pacnpefeuTe/bHOr0 YCTPOii-
CTBA [BYX MYCKOPE3EPBHbIX TPAHC(HOPMATOPOB COBCTBEHHbIX
HYXJ 6/10YHbIX 3MEKTPOCTaHUWI [O0MXKHA 6bITb  MCK/OYEHA
BO3MOXHOCTb MOTEPM 060MX TpaHC(HOPMATOpPOB B Clyyae Mo-
BPEX/JEHUS UNU OTKasa N060ro BbiKMOYaTens, B TOM uuchne
CEKLWOHHOTO U/IM WWHOCOEANHUTENBHOTO.

Mpu Npounx OAMHAKOBLIX YCNOBUSX MPeANoyYTEHUE OTAAOT
6onee NPOCTOMY ¥ 3KOHOMWYHOMY BapuMaHTy KakK MO KOHEYHOI
cxeme, Tak 4 Mo 3Tanam ee pasBUTUS, C HAUMEHbLIMM YUCIOM
onepaynit BbIKNHOYATENSAMU W Pa3befuHUTENSIMU TPU PEXUM-
HbIX W PEMOHTHbIX MEPEK/IOYEHUSX, & TaKXe NpPU OTK/HYEHUN
MOBPEXAEHHbIX YYaCTKOB B aBapUiHbIX YCN0BUSAX.

Mpn BbIOOPE CXeMbl PEKOMEHAYETCS MNPOBEPATb BO3MOX-
HOCTb MPUCOEAMHEHWUS OLHOTO WM HECKONIbKUX 6/10KOB MO Cxe-
Me reHepaTtop — TpaHcopmaTop — NHUA K LWWHAM PaoOHHbIX
MOACTaHUMIA C YCTaHOBKOW TEHepaTOpHOro BblKAKOYaTENd, a
TaKXe C YCTAHOBKOW uMnn 6e3 yCTaHOBKM BbiKAoYaTens co cTo-
POHbI OGMOTKM BLICLUIEr0 HanpsiXXeHuUs TpaHcgopmartopa.

B pacnpegycTtpoiicTBax € He6OMbLWIMM YUCIOM MPUCOe[UNHe-
HWUli (B0 YeTblpex) MPUHUMAIKOT CXEMbl MOCTWKA, TPEYTrONbHMKA,
YeTblpexyrofibHWKa, OTBETB/AEHME OT MarncTpanbHbiX JNHWIA
HanpsxxeHnem 220 KB u Bbllwe (NpM HanM4MM  LOCTATOYHbIX
060CcHOBaHMi). K®MNOHOBKa pacnpegennTenbHbiX YCTPOMNCTB C
YKa3aHHbIMW CXemMaMWn [OJ/DKHa fpegycmarpuBatb BO3MOX-
HOCTb Mepexofa Ha CXeMbl MOSIHOrO PasBUTUA.

Ona PY 35—220 kB ¢ 60AbWMM 4YUCIOM MPUCOEAUHEHNI
PEKOMEHAYIOTCA CXeMbl: [BE CUCTEMbl LUMH C 06X0AHOW (puc.
8.16, a, 6, B), oflHa CeKLUMOHUpOBaHHaf CUCTeMa LWWUH C obxop-
Hoin (pwc. 8.16,T), a Takxe 6no4yHble cxembl T/ (puc. 8,16,
4a.e).

Ha HanpsxeHun 35 kB o6xopHas cuctema LWWH He npepy-
cmaTpuBaeTca. B PY c fgBymMAa cucTeMamu COOPHBLIX LIWH Mpu
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ynucne NPUCOELUMHEHUA MeHee 12 cOOpHbIE LWWHbI He CeKLMo-
HUPYIOT; MPU YnCNe NPUCOELNHEHNA 12— 16 CEKLMOHUPYIOT Bbl-
KnoyaTesieM Ha [Be 4acTW OfHY CUCTEMY LUWH; Mpu Gonbluem
yncne NPUCOESUHEHUIA CEKLMOHMPYIOT BbIKAOYATeNAMU Ha [Be
yacTu 06e paboune CUCTEMbl LUKWH.

O6xoaHas cuctema wWuH B PY 110—220 kB oxBaTtbiBaeT
BbIK/lOYaTeNIN BCEX MPUCOeAMHEHMWIA. B cxeme C OfHOI CeKumo-
HUPOBAHHON CUCTEMOI COOPHbLIX LUWH WMCMNOMb3YIOT OTAe/bHbIe
06X0fHble BbIK/OYATENN HA KaXAOW cekuunm wuH. B cxeme ¢
OBYMS HECEKUMOHUPOBAHHbIMU CUCTEMaMW COOPHbLIX LWWH WUC-
NONb3YyKT OTAeNbHbI/i 06X0A4HOW BblKAOYaTeNb, B CXeMe Xe C
CEeKLUMOHNPOBAHNEM — COBMELLEHHbIe 06XOAHON W LINHOCOEAU-
HUTENbHbIA BbIKNIOYATENN Ha KaXJoh cekuun. B 3akpbiTbiX
PY ponyckaetcs B 3TOM c/iyvyae UMeTb OTAe/IbHble LUMHOCOEeAN-
HUTENbHblIE W 00XOAHbIe BbIKAOYaTENIN, €CU UX COBMELLeHUe
KOHCTPYKTUBHO HEBO3MOXHO.

Ona PY 330—750 kB pekoMeHAYlTCA CXembl: 6/I04HbIE
TN — PY noHwXatolwein nNoACTaHUWW; [BE CUCTEMbl LLIWH C
YyeTbIpbMA BbIK/OYaTENAMM Ha Tpu uenu (puc. 8.16,>k), nABe
CUCTEMbl LIWH C TPEMA BbIKIOUYaTeNAMU «a fABe uenu (puc.
8.16, 3); 6n04YHble cxembl [T/l ¢ ypaBHWUTENbHO-06XOAHbIM
MHOrOYronbHUKOM (puc. 8-.16, n); CXeMbl MHOTFOYrofibHUKOB C
YNCMOM MpUCOeAnHeHnn o wectn (puc. 8.16, K); CXembl CBA-
3aHHbIX MHOTOYTrO/IbHUKOB C ABYMS MepeMblYKaMu C BbIK/lO4a-
TensMu B HUX (puc. 8.16,n).

Mpu Hagnexawem 060CHOBAHWM MOTYT NPUMEHATLCSH W ApY-
rme Cxembl. PacCMOTPMM KayecTBa HEKOTOPbIX CXEM.

B cxeme ¢ gByms cuctemamum COHOPHbLIX LWWMH U C TPEMSA Bbl-
KnouaTtenamum Ha ABa npucoeguHeHus (puc. 8.16,3) Ha Kax-
Joe npucoegnmHeHne npuxoautca 1,5 BbiknoyvaTtend. Cxema [o-
CTaTOYHO NpocTa, HarndgHa U obecrneymBaeT 6OMbLIYIO HafeX-
HOCTb paboTy ycTaHOBKW. OAHAKO OTKIHUYEeHWe MOBPEXAEHHbIX
NVNHUIA W TpaHC(HhOpMaTOpOB, TaK >Xe KakK U B CXemMaX MHOro-
YrONbHWKOB, MPOM3BOAMTCA  ABYMSA BbikaouyaTensmu. Cxema
MOXeT BbIMOAHATBCA C CMMMETPUYHLIM U C YepedyroLmMMcs
nogkntoyYeHnem 6/710KOB W NMHWIA. TMocnefHWiA BapuaHT MOXeT
obecneynTb GOMbLIYIDO CXEMHYHO HafleXXHOCTb paboTbl PY, Ho
NpMBOAUT K 60/Miee CMIOXHbIM KOHCTPYKTUBHbIM pelieHnaM. On-
pefeneHHbIMW HeLOCTAaTKaAMW TakuxX CXeM fABAAKTCA OTK/Ye-
HWe 3HaYMTENbHOr0 4Yucna BblK/AKOYATENEA MNpPU MOBPEXAeHUU

Ha C60prIX WnHax n H&OGXO,CI,I/IMOCTI: YCTaHOBKW ABYXBbIKNHO-
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yateneil Ha nocnefHee NPUCOeAWHEHWE MPW HEYETHOM uucne
npucoeguvHeHnii. Ecnn 4mcno npucoeguHeHWidi BeNNKO, TO nep-
Bblii HELOCTATOK YAaCTUYHO YCTPAHAKT, CEKLMOHUPYS COOPHbIE
LUNHbI O0BbIYHO 4epe3 LWeCTb MPUCOELANHEHWNIA.

Cxema wectuyronoHuka (puc. 8.16, K) ob6bnagaeT KauyecT-
Bamu, MPUCYLWMMMN BCEM CXemMaM MHOrOYrofibHWKoB. OHa ume-
€T N0 O4HOMY BbIK/OYATEN0 Ha NPUCOefUHeHWe, HOo nbasa no-
BpeXJeHHas Uenb OTKAYaeTcs ABYMSA Bbikaouatenamu. Cxe-
Ma MOXET WMeTb pas/iMyHble KOHCTPYKTUBHble peLleHUs B
3aBMCMMOCTM OT TpeboBaHW panbHeiwero pacwupeHus PY.

Cxema [ABYX CBA3aHHbIX LWECTUYIO/IbHAKOB C BbIK/JKOYaTe-
ngMun B nepemblykax (puc. 8.16, 1) obnagaeT CBOWCTBAMM CXEM
MHOTOYronbHMKOB. MMOBpPeX/eHHble LENU OTKAOYaTCH ABYMS
WA Tpems BbIKAOYATENAMU, a MOBPEXAEeHHble COOPHbIE LWN-
Hbl— TpPeMS BbiKAOYaTenamMu. Hawnbonee TAXENbIM C TOUKM
3peHna paboTbl annapaTypbl ABAAETCA MOBPEXAEHUE CEeKLU-
OHHbIX BbIK/OYaTened (BbikNOuaTeneli B Mepemblykax), Tpe-
byloLee OTK/HOYEHNS YETbIPEX BblKAOYaTeNell NPUCOEAUHEHWIA.

Kaxpoe npucoegnHeHne (Uenb) B CXeMe C ABYMSA CuUcTe-
MaMu COOPHbIX WWH U C ABYMSA BbIKAOYATENSAMU Ha Uenb 3a-
WueHo AByMA BblkntoyaTenamu. OTCOAA BbiCOKas Hafjex-
HOCTb NMpW BbICOKOI cTomMmocTu PY, ns-3a yero B CCCP cxemy
NPUMEHUNN TOJIbKO HA HECKOJIbKMX MOLLHbIX 3/1EeKTPOCTaHLUAX
N NOLCTaHUMAX.

Cxema reHepatop — TpaHcopmatop —nuHua (FTA) ¢
YPaBHUTENbHO-06X04HbIM MHOrOyronbHuUKom (puc. 8.16, n) 06-
nafaeT KayectBamMu 6/104YHOCBA3AHHbLIX CXeM. Hanuuue ypas-
HUTENbHOTO MHOTrOYrofibHMKa o6ecneuynBaeT CBA3b 6/10KOB M
NO3BONSET MNOAYUYUTb HE06XOAMMOE MO pexumy paboTbl 3IKO-
HOMUWYHOE pacnpefefieHne nNepeToKoB MOLHOCTel. [loBpex-
OEHHbIA 670K OTK/IHOYaeTCA OT YpPaBHWUTENbHOrO MHOTFOYrofib-
HUKa C pasmblKaHWeM MOC/Ie4HEro, HO MpPU 3TOM COXpaHsAeTcs
3aNeKTpUYeckas CBA3b MeXAy ocTanbHbiMU 6Gnokamu. MoBpex-
[EeHVe Ha NMHUM OTK/KYAeTCA BbIK/OYATENEM COOTBETCTBYIO-
wero 610Ka UM 4BYMS BbIKItOUaTeN MU YPABHUTENIbHOTO MHO-
royrofibHuka. pn Heobxogmmoctn no6oin BbikAOYaTens PY
MOXeT OblTb BbiBE4EH B PeMOHT 6e3 mnepepbiBa (DYHKLUOHUPO-
BaHWA COOTBETCTBYIOLUX MPUCOEAUHEHWIA.

B cxeme ¢ AByMA cucteMamum COOPHbLIX WWH WU C YETbIPbMS
BbIKNKOYaTeNAMU Ha Tpu uenu (puc. 8.16,>k) ntobas noBpex-
fJeHHaa Lenb OTKYaeTCqd ABYMSA BbIKMHOYATENAMM, a MOBPEX-
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[eHHble COOpHbIE LWWHbI — ABYMSA U 60/1ee BblKIOYaTENAMU B
3aBMCMMOCTM OT 4yMcna MNPUCOEAMHEHMIA K 3TUM LIMHAM W Ha-
Anuuns cekuMoHupoBaHusa. CxemMa MMeeT MPaKTUYECKU Te Xe
KayecTBa M CBOICTBA, YTO W MOMYTOPHAA CXema, HO MeHbluee
yncno BbikAoYatenein Ha uenb (1,33 Bmecto 1,5) npu 6onee
CNOXHON KOHCTPYKUuu PY,

8.4. CXEMbl 3NEKTPUYECKUX COELWHEHWIA
ATOMHbIX 3/IEKTPOCTAHUMIA

ATOMHble 3MeKTPOCTaHUWUWN B 3HAYWUTENbHOW CTENeHu, 0co-
6EHHO B 3/1eKTPUYECKOlM 4acTu, NOAO0O6HbI TEMJ0BbIM 3/7€KTPO-
cTaHumAM. OHM OTAMYAKOTCA OT TEMAO0BbIX 3/1€KTPOCTaHL Wi
HanuyMem aTOMHOrO peakTopa, paboTatolero Ha aTOMHOM TOfM-
NuBe, cCneunipuyeckuMy ycnoBUAMKM 3KcnayaTauum TenaoTexXHW-
4eckoro 060pyfOBaHUA W CTAHLUMU B LeESIOM, MOBbILEHHbIMU
TpeboBaHNAMU K HAAEXHOCTU paboTbl 060PYAOBAHUA, K KOH-
TPOMO W NOSLEPXAaHUID YCTAHOBMEHHbIX CAHUTAPHBIX HOPM U
K 6e30macHOCTM 06CNyXMBaHUS.

B HacToswee Bpems ASC paboTaldT MPEMMYLLECTBEHHO Kak
KOHJEHCaLUNOHHbIe 3M1eKTPOCTaHUMM, U UX 3NEKTPUYECKME CXe-
Mbl CTPOATCA No 6no4yHoMy npuHumny. Mpun pa3paboTke 3nek-
Tpuyeckoin yactn ASC y4uynTbiBAETCH, YTO 3TU 3NEKTPOCTAHLUU:

a) BCl BblpabaTbiBAEMYIO 3MIEK-TPOIHEPTUIO, 3a MCKKYe-
HMEM pacxofyemoil Ha COBCTBEHHblE HY)KAbl, BblAaldT B CETU
MOBbILEHHbIX HANPSXXEHNA;

6) coopyxawTcs, Kak npaBuno, ¢ MOLLHbIMW arperatamu;

B) TPebYylT NOBbLIWEHHON HafeXHOCTU MUTaHUS CUCTeMb
COBCTBEHHBIX HYXA;

r) HefOCTaTOYHO MaHeBPeHHbl W MOOGWAbHBI W He npucno-
cobneHbl K MepemMeHHOMY pexumy (0cobeHHO B cnydae ycTa-
HOBKM Ha 3N1EKTPOCTaHLMUMN PeakTOpOB Ha ObICTPbIX HEWTPOHaX);

4) Moryt paboTtaTb Mo CBOGOAHOMY rpafuKy Harpysku;

e) noTpebnAlT Manoe KOAM4YeCcTBO TonmnuBa (AfepHoe ro-
ptoyee), 4To ynpouw,aeT CUCTEMbl TOMNAMBOMOAAYM, CKNAACKOrO
X03ACTBa W MNOAbE3AHbIX NyTeid W, Kak CnegcTeme, cosfgaer
LOMNOMIHUTENbHbIE TEPPUTOPUANbHbIE BO3MOXHOCTU NS COOPY-
XeHua PY;

X) WMEKT Manble BbIGPOCLI B aTMOC(eEpPY M NO3TOMY B HOp-
ManbHbIX YCNOBUAX MPaKTUYeCKU ee He 3arpAsHAT; yucToTa
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BO34YyLWHOro 6acceiiHa obneryaet Tpe6oBaHMA K M30M14LMM OT-
KpbITbIX PY;

3) TEXHOMOIMYeCKM A0CTaTOYHO aBTOHOMHbLI W MPW Hanuyul
COOTBETCTBYIOLLETO UCTOYHMKA BOLOCHABGXEHUA MOTyT COOpY-
XatbcAd B NOO6OM MecTe, B TOM 4WCle U B TPYAHOLOCTYMHbIX
paioHax.

Ha AQC ycTaHaBiMBalOT MPOCTbIEé WAN YKPYMHEHHble 6/10-
KW C OTBeTB/EHUEM ANA NPUCOeAMHEHWS TpaHC(HOpMaTopoB
COBCTBEHHBLIX HYX.. PeweHne 06 yCTaHOBKe MPOCTbIX WAN YK-
PYNHEHHbIX 6/10KOB B OMpefefneHHON CTeMeHW 3aBUCMT OT Tuna
peakTopa ¥ TpeboBaHWN K HaLeXXHOCTU MUTAHWUA COOCTBEHHbIX
HYXA.

Ha noBbllWeHHbIX HAMPAXEHNAX NPUHUMAIOT 3NEKTPUYECKME
CXEMbl BbICOKOW HafeXHOCTW, xapakTepHble gns K3C, B yacT-
HOCTW Takme, KakK MHOTOYFOAbHUKW (YETbIPEXYTOMbHUK, NATH-
YrONbHUK, LWECTUYTONbHWK); CBA3aHHbIE MHOTOYFO/IbHUKU C Bbl-
KouyaTenamMun B MepeMblukax; [Be CUCTEMbl LWKWH C 06XOAHON
CUCTEMOMN; [BE CUCTEMbl LIWH C TPeMSs BblK/IOYaTeNAMU Ha fBe
uenu (nonyTopHas cxema); cxema 4/3.

Bbibop TpaHChOpMaTOPOB MPOU3BOAMTCHA TaK >Xe, Kak And
K3C, T.e. no mMowHocTn reHepatopoB (650Kka) C€ y4yeTom pac*
X0fa Ha COBGCTBEHHble HYX.bl,

8.5. CXEMbl 3NEKTPUYECKUX COEQNHEHWN
FMAPOSNEKTPOCTAHLMIA

CMAPO3NEKTPOCTAHLUMUMN MO YCNOBUAM TEXHONOTUYECKOTo Npo-
Lecca, pexumy paboTbl B 3Heprocucteme, napamerpam ob6opy-
[A0BaHNA, KOMMNOHOBOYHbLIM pELUEHUAM CYLLEeCTBEHHO OT/IMYalOT-
CS OT TEMNMOBbIX 3neKTpocTaHuuii. Mpu pa3paboTke anekTpuye-
CKOWM yactTm M3C yuuTbiBaIOT, YTO 3TU 3NEKTPOCTAHLMUK:

a) BCH BblpabaTbiBaeMyH 31eKTPO3HEPTrUio, 3a UCK/HYEHM-
€M pacxofyemoil Ha COBCTBEHHble HYXAbl, 06bIYHO BbIAANOT B
CeTU MOBbILEHHbIX HaMPSXEHWIA;

6) MMEKT MpPOCTOl TEXHONOrMYEeCKMi i MPOLECC C BbICOKOM
CTemneHbl0 aBTOMaTM3aLUW;

B) MOryT paboTtaTb No cBOGOAHOMY rpafuKy Harpysku c
pe3KOMepPeMEHHbLL PEXMMOM, MOKPbiBas B HEMaBOAKOBbIA Ne-
prof NUKOBYH W YacTWYHO MOMYNUKOBYHK 4acTu rpafuka Ha-
rPy3Kn 3HeprocucTembl; npu HeobxogmmocTu reHepaTopbl M3C
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NIerko MOryT 6bITb MepeBefieHbl B PEXUM CUHXPOHHOIO KOMMEH-
catopa;

r) BbICOKOMAHEBPEHHbI: Pa3BOPOT FeHepaTtopoB, CMHXPOHU-
3auua 1n Habop Harpysku NpoucxoauT 3a 2—5 MWH; Npu Heob-
XOAMMOCTU aBTOMAaTWUYECKUA BBOJ B PabOTy OTK/IHOUMBLUMXCSH
no TOW WAW WHOM MPUYUHE WCMPaBHbIX arperatoB MOXET ObiTb
ocyuwecTteneH 3a 10—30 c;

[) NPOEKTUPYITCA Ha BCH PacyeTHYH MOLIHOCTb BOAOTO-
Ka B laHHOM CTBOpe peku (KaHane), MO3TOMY WX AafnbHelilee
paclwimpeHne nNpakTUYECKU UCKKOYaeTcs;

€) VMEIKT OrpaHuyeHHble naowaan (MMeOTCA B BUAY 34a-
Hus FOC) and pasMel,eHUs pacrnpefennTesibHbiX YCTPOWCTB U
3NEKTPOTEXHUYECKOTO 060pYyAOBaHMA; 3TO BbIHYXfAaeT ynpo-
WaTb pacnpefennTefnbHble YCTPONCTBA TEHEPATOPHOr0 Hamnps-
XeHUs (ecnu OHU MMerTCA) M COBCTBEHHBLIX HYXA, a pacnpe-
LennTeNbHble YCTPONCTBA MNOBbLILIEHHbLIX HanpsXXeHWii pacno-
naraTb Ha 3HaYMTeNlbHOM paccTosiHMM OT 3gaHuii [9C (Ha
bepery).

AnekTpuyeckne cxembl MIC cTposATcs NO 6/10YHOMY MPUH-
uuny. BcnegctevMe nepeMeHHoOro pexxuma pab6otel F'3C B cu-
CTeme, BbICOKOW MaHEBPEHHOCTM arperatoB M Heob6XOLMMOCTM
|[YMEHbIHEHNS KanWTalioBNOXEHUA LINPOKOe MPMMEHEHME MO-
NYYUNN YKPYMHEHHbIE 6/I0OKM C MOAKTOYEHWEM HECKO/bKUX
reHepaTopoB K OAHOMY TpaHchopmaTopy WauM aBTOTpaHchop-
MaTopy, a TakXe 06befnHeHHble 6/10kn. Ha reHepaTOpPHOM Ha-
NpAaXeHun 610KOB BbIMNOJIHAIOT OTBETB/IEHUA 4NA NUTaHUA CO6-
CTBEHHbIX HYXJ. PacnpegycTpoiicTBa reHepaTOpHOro Hanpsxe-
HUA AN NUTaHWA MECTHOW Harpysku COOpYXalT B PefKuX
cnyyvasx.

B yKpynHeHHbIX W 06beAMHEHHbIX 6/50Kax C arperatamu
MOLHOCTbH0 80 MBT 1 Bbille KaXAblii reHepaTop NpucoeguHs-
0T Yepe3 OTAE/bHbIA BbiKAKOYaTeNb, TaK KakK OTK/OYeHUe re-.
HepaTopoB [OJ/DKHO MPOWU3BOAUTLCA BbIKIHOYATENAMU TeHepa-
TOPHOTO HaMPAXeHWs, 0COB6eHHO B TeX Cnyyasx, Korga BbiCLUee
HanpseHue TpaHcopmatopa coctasnsetr 330 kB u 6onee.

Ha F'9C wmanoii n cpefHeil MOLHOCTM BO3MOXHA YCTaHOB-
Ka ofHOro 610Ka Ha CTaHUWKO, ecnn Mo pexumy paboTbl rug-
POTEXHUYECKUX COOPYXEHWUA [OMyCTUMO aBapuiiHOe OTKAKYe-
HWE W OCTaHOB BCEX rUApoOarperatoB W ec/im 3KOHOMUYECKU
onpasjaH CAWB BOAbl 4Yepe3 BOAOCOPOC BO BpPeEMA 3aMeHbl Mo-
BpPeXAeHHOro obopyAoBaHuA.
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K cxema'M 3fnekTpuyeckMx COefWMHEHW A pacnpegennTenb-
HbIX YCTPONCTB MOBbIWEHHbIX HanpsxeHuin 3C npepgbasnsa-
I0OTCA NpakTU4Yeckn Te e TpeboBaHWA, YTO M K CXemMaM pac-
npegenuTenbHbix ycTpoiicte  K3C. CornacHo AencTBYHOLWMM
HOpMaM TeXHO/M0rMYecKOro MPOEKTUPOBaHWA TUAPO3NIEKTPO-
CTaHumii rnaBHble cxembl T3C paspabaTbiBaOTCA HA OCHOBAHMWM
YTBEPXAEHHOr0 MpOeKTa pPasBUTUA 3IHEProcUcTeMbl MW YT-
BEPXAEHHOr0 NpoekTa npucoefmHeHus FIC K 3Heprocucreme.
Mpy pa3paboTKe rNaBHbIX CXEM Y4YWUTbIBAOTCA BOAHO3HEPreTU-
YECKMe pexxumbl 1 ycnoBua pasmeleHns M3C, a Takxke 3Tanbl
pasBUTUA pacnpefennTeNbHbIX YCTPONCTB. B npoekte pas-
BUTUA 3HEProcucTembl NOMUMO O6LWKX ANA BCEX 3N1EKTPOCTaH-
UM JaHHbIX onpefgensalT: yyactme F'3C B NOKpbITUM NOTpe6-
HOCTW 3HEProCUCTEMbl B PeakTUBHOI 3Heprum, Heobxo[MMOCTb
paboTbl TMAPOreHepaToOPOB B PEXUME CUHXPOHHbIX KOMMeHca-
TOpPOB, ONTUMa/ibHOE 3HaYeHWe KOo3hMULMEHTA MOLLHOCTU TUA-
poreHepaTopoB MO YCNOBUSIM PaboTbl 3HEProCUCTEMbI, HEOOXO-
AUMOCTb CEKLLMOHMPOBAHNA CXEMbl M HEOOXOAMMOCTb YCTaHOBKM
WYHTUPYIOLWMNX PEaKTOpPOB MO YCNOBWAM YCTOAYMBOCTWM Ma-
pannenbHoi paboTbl, Npefenbl PerynMpoBaHnUa HanpsXXeHWUs Ha
aBToTpaHcopmaTopax CBA3M pacnpefenuTebHbIX YCTPOWCTB
BbICLUEro U CpeAHero Hamnps>XXxeHWin, cO6CTBEHHOE BpeMs OTK/IO-
YyeHMs BbIK/OYaTened, Tpe6oBaHMA K MPOTMBOABapUiniHON aB-
TOMaTuKe, napameTpbl rMApoOreHepatopoB (PeakTUBHOCTW, Me-
XaHn4yeckKas MOCTOSHHAA BPeMeHW, napaMeTpbl CUCTEMbl BO3-
B6yXaeHuns).

CxeMa 3/1IeKTPUYECKMNX COefUHEeHWA pacnpegennTenbHOro
YyCTpOlicTBa AO/DKHA CTPOMTbLCA TaK, 4YTOObl OTKIHOUYEHME Kax-
LOA 3NeKTPUYECKON NWHWWM C OJHOr0 KOHLA MpPOU3BOAWUOCH,
Kak npaBuno, He 60see uyemM ABYMA BbIK/IOYATENAMU; OTKIO-
YyeHne 610Ka U TpaHcpopmaTopa COOGCTBEHHbIX HYXJ — He 60-
nee 4YeM YETbIPbMS BblK/AOYATENAMU B PY MOBbIWEHHOTO Ha-
NpsXXeHUs; OTK/YEHWe TpaHcopmaTopa (aBToTpaHcdopma-
TOpa) CB-A3M — He 60oJsiee YeM 4YeTbIpbMA BbiKNKOYaTENsMU B PY
OfHOr0 HanmpsXXeHWs W He 60nee Yem LUECTbIO BbIKAKOYATENAMMU
B PY AByX MOBbIWEHHbIX HaMPsXXEHWRA; OTKOYeHUe 4acTo OT-
KN YaeMbIX MOBbIWAKLWNX TpaHCHOPMATOPOB — He 60/ee uem
LBYMS BbIK/lOYaTENAMMU.

HoOpMbl TeXHOMOrM4YecKoro MPOeKTUPOBaHMUA PEKOMEHAYIOT
Ans PY noBbllweHHbIX HanpskeHnin M3C B 3aBUCMMOCTM OT 4u-
cna npucoeguHeHunid BblbMpaTb creaylowme cxembl: 610Ka re-
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HepaTtop — TpaHcopmMaTop — AMHKUA (C BbIK/OYaTeNleM WU
6e3 BbIK/OYATENS HA CTOPOHE BbICLIEr0 HANPSHXKEHUS TpaHC-
(hopmatopa), MOCTWMKA, TPeyrosbHUKa, YeTblPEXYTONbHUKA, C
OBYMS CMCTEMaMW LWIMH U TPeMs BbIKOYaTeNAMU Ha ABe Le-
nM (nonytopHaa cxema), C ABYMS CUCTEMammn LIWH U YeTblpb-
MS BblK/lOYaTenaMyu Ha TpW uenwu, ¢ ABYMS cucTemamm c6op-
HbIX LWWH W 06XOAHOW cCUCTEMOW MpWM OLHOM BbIK/JKOYaTene Ha
uens (gna PY HanpsxeHuem 35 KB u Hmxe obxofHasa cucTe-
Ma WWH He MpefycCMaTPMBAETCA), CBA3AHHbIX YeTbIPEXYTOMbHU-
KOB C BbIK/IOYATENAMWU B MepeMblyKax, C OLHOW CEKLMOHUPO-
BAHHOW cuUCTEMOl COOPHBLIX WWH W 06XO4HOM cucTemoli (gns
PY 35 kB o6xofHas cucTema LWIWH He npegycmaTpuBaeTcs).
MPUMEHAIOTCA TakKXe CXeMmbl: LWeCTUYronbHUKa, CBA3AHHbLIX
LWeCTUYrONIbHUKOB C BbIKAKOYATENAMU B MNepeMblykax, C ABYMSA
cucTeEMamMmn COOPHbIX LIWH W ABYMSA BbIKAHOYATENAMU Ha LeMb,
6/7104HbIE CXeMbl reHepaTop — TpaHchopmMaTop— INHUA C ypaB-
HUTENbHON CMCTEMOW WWH WAX C YPaBHWUTE/bHbIM MHOTOYroO/b-
HUKOM. Wcnonb3ylTca U MOAMDUKALUMKN  YKA3aHHBIX CXEM.
B cnyyae Heo6xogMmMoCTV COHOPHbIE LUMHBLI CeKLMOHMPYIOT. Mpu
MPoOYMX OfMHAKOBbIX YCNOBMUAX (3KOHOMUYHOCTb, CXEMHAs Ha-
LeXHOCTb, KOHCTpyKuma OPY, 3awmTta M 6N10KMPOBKA) MNpes-
NoYTEHWE [O/MKHO OTAaBaTbCA CXemam, MpPU KOTOPbIX OTK/HO-
YyeHMe MNOBPEXAEHHbIX Lenei Npou3BOAUTCA MEHbLIMM YUCIOM
BblK/lOUaTENEA.

Ha 9C Hawnum TtakXxe nNpUMeHEeHWe YMNpOLLEHHbIE CXeMbl
3N1eKTPUYECKUX COEAMHEHWI C YMEHbLUEHHbIM 4YWUCIOM BbIKHO-
yaTenei, obnagalowme B TO XKe& BpeMs LOCTATOYHON PeXum-
HO TMOKOCTbIO U HageXHoCTbi. Clofa OTHOCATCA CXema K-
Hbl— NuHMA (puc. 8.17), cxema LWWHbI — TpaHcopmaTop
{puc. 8.18), npocTble ¥ ABOAHblIe MOCTUMKW. CTaBUTCA BOMPOC
0 BHeapeHMM Ha [IC BbIKAKOYaTeNeil Harpyskum reHepaTtopHoO-
r0 WAX MOBbILWEHHOIO0 HaMpsAXeHWs, NPUCMOCOBMEHHbIX K 4Ya-
CTbIM M MHOTOYMCAEHHbLIM OMepaLuaM Mo BK/KOYEHUIO U OTK/HO-
YeHUO G/IOKOB MNpW MEpPeMeHHOM pexume paboTbl. Bbibop ToOl
WAW WHON CXeMbl OnpefensieTcqd MeCTHbIMW YCNOBUAMWU (YuC-
NIOM 1 MouwHocTblo arperatoB 3C, ponbio N3C B 3Heprocu-
CTEME U PEXMMOM ee paboThbl, CXeMOl MpUerawwWwmnx 31eKTpu-
Yyeckux ceTell, TpebOBaHUAMU K HAAEXHOCTU 3neKTpPocHabxe-
HUA noTpebuTenein, pacyeTHbIMK 3aTpaTaMu u T.4.).

Bbi6bop MOWHOCTM 6104YHBIX TPAaHCHOPMATOPOB TakK Xe, Kak
n Ha K3C, npoussBoguTcsa No MOLWHOCTA 610Ka.
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B nocnegHue rogbl cTana peasn3oBbiBaTbCA HaMeYeHHas
nporpaMma CTPOUTENbCTBA TUAPOAKKYMYNUPYIOLWMNX 3/1EKTPO-
cTaHumii. B akcnnyataumm Haxogutca Kwnesckas TA3C moLy-
HocTblo 225 MBT, coopyxatTtca 3aropckas (1200 MBT) wu
Kanwsagopckas TA3C (1200
MBT). 3anpoekTupoBaH  pag *
apyrux FA3C ansa pasinmyHbiX
paiioHOB cTpaHbl  (JleHuHrpaga-
ckas, LeHTpanbHasa, [HecTpoB-
ckan, KaHeBckaa u ap.).

FA3C nossonAwT chenatb
6onee  paBHOMEPHBbIM  rpaguk
HarpyskuM MpoYMx 3/1eKTPOCTaH- 1
Uuii 3HeprocucTembl, 4TO 0CO- ®
6eHHO BakHO pana ASC, patw-

WMX HaMboNbWMiA 3KOHOMMYE-
CKUn apekT npu paboTte B bOa-
3WCHOM YacTu rpaguka Harpysku

3HEProCUCTEMBI. Puc. 8.17. Cxema LWMHbI-*-NIHUA

Puc, 8.18. Cxema LWWHbI >—TpaHchopmaTop
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Ona TASC xapaKTepHbl TYPOUHHBIA N HACOCHLI PEXUMBI
(TP n HP), npuyem arperatel FTASC MOryT COOTBETCTBEH
HO He TOMbKO Bbl4aBaTb aKTUBHYK MOLLHOCTb B CeTb WM MNO-
TPeb6NATb ee U3 CeTU, HO U BbIMOAHATL (PYHKUWUW, XapaKTepHble
019 CUHXPOHHbLIX KOMMEHCATOPOB, T.e. BblgaBaTb WauW MoTpeb-
NATb PeakTUBHYK MOLWHOCTb. [puU CHMXEHUN Harpysku 3aHep-
roCUCTEMbl B HOYHbIE Yacbl, a TaKXe B BbIXOAHble W Mpa3fHuY-
Hble gHM TA3C paboTatoT B HAaCOCHOM pexume (06blYHO 4—
8 4 B CyTKM), a B NeEpnoj LHEBHOI0 M 0CO6EHHO BeYepHero Mak-
CUMYMOB Harpys3ku 3HEpProcucTeMbl — B TYPOUHHOM pexume.
FTASC fBNAKOTCA BbICOKOMAHEBPEHHbLIMU U BbICOKOMOOGW/IbHbI-
MW 3NeKTPOCTAHUMAMMU, NOITOMY MOrYT OblTb WCMO/b30BAHbI
4N perynupoBaHWs 4acToTbl B 3HeprocucTeme, a Takxe AN
OMepaTWBHOr0 BBOAA FEHEPUPYHOLLE MOLWHOCTA NpW aBapuii-
HbIX CUTyaLuAX B 3HEProcucTeme.

O(PPeKTUBHO CO3J4aHNE IHEPreTUYEeCKMX KOMIMJIEKCOB, COCTO-
AWNX U3 61n3Ko pacnonoxeHHoix A3C u F'A3C. Takue KOM-
naeKkcol 6yayT cCO34aHbl, HaNnpuMep, Ha 6ase MrHannHckon ASC
n Kanwsgopckoin TA3C, a Takxe JleHuHrpagckoin A3C un fle-
HUHrpagckon MA3C.

M3BeCTHbl TPU MNPUHUUMKNANBHO pas3Hble TEXHOJIOTUYeCcKue
cxembl TASC: yeTbipexmallUHHaA C OTAe/lbHbIMU arperaramu
TypbuHa —reHepatop (T—TI) u gBuratens — Hacoc (O—H);
TpexMallMHHaa ¢ TpeMs arperatamMu Ha obwem Bany: Typbu-
Ha— Hacoc — reHeparop (gBuratenb) ¢ o6paTuMbIM arpera-
TOM reHepaTtop — ABUraTesb; ABYXMallWHHasA ¢ o6paTUMbIM ar-
peratom (OA): TypbuHa (Hacoc) — reHepaTop (gBuraTenb)
T(H)-T(4).

Ha coBpemeHHbIX KpynHbix TA3C Hambonbliee pacnpocT-
paHeHVe noAy4ynnu ABYXMALUMHHbIE CXeMbl C obpaTUMbIMMK ar-
peratamMum W 4aCTMYHO, C YYEeTOM pPAaCYeTHOro Hamnopa W MecT-
HbIX YCMOBWUI, TPeXMalLLUUHHbIE CXEMbI.

XapakTepHblM Ana gsyxmawuHHbiX FTA3C ¢ OA 4aBnfI0T-
CA MyCK arperatoB B HaCOCHOM peXWMe 1 OnepaTUBHbIN nepe-
BOJ 3TWX arperatoB M3 0gHOro pexuma B gpyroii (TP~ HP),
Mpn 3TOM BO3MOXHbI pasMyHble CNocobbl Mycka B HACOCHOM
pexume:

NPAMOI aCMHXPOHHBIA MYCK OT CETW 3HEProCMCTEMbI;

NMyCcK C WCMO/b30BaHUEM CMeLnanbHblX MNYCKOBbIX aCUH-
XPOHHbIX 3/1EKTpOABUTaTENEl, HaxOAAUMXCA Ha obuiem Bany
c OA;
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YaCTOTHbIA NYCK OT CheuumanbHbiX CTaTUYECKMX npeobpa-
3oBartenel yactotel (CMY).

MpAMOW acUHXPOHHBLIA MNycK HambGosee NPOCT, HO TPYAHO
OCylLecTBUM, TaK Kak TpebyeT cneymanbHOro BbIMOJHEHWS 06-
paTUMbIX arperaToB reHepaTtop — BWUraTefib, Bbi3blBAET MOBbI-
lIeHHble MeXaHW4YeCcKue Harpysku Ha arperatbl W oTpuuaTesb-

Puc. 8.19. Cxema TA3C c ABYXMalWWHHbIMKW 06paTUMbIMK arperaTamm

HO BAMAET Ha napameTpbl peXuma 3HEpProcucTteMbl B MpoLec-
ce nycka. Micnonb3oBaHMe CXeM C MYyCKOBbIMW ABUraTensiMmu B
60NbLWWHCTBE, CyYaeB MeHee MNpPeAnoyYTUTENIbHO, YeM WCMOJib-
30BaHMe CxeMm yacTtoTHoro nycka ot CIY. TMocnegHue nony-
yaloT BCe 60/ee WKUPOKoe npumeHeHue Ha FTA3C.

CneundryHOCTb PEXUMOB U TEXHOMOTMYecknx cxem MA3C
CKasblBaeTCA Ha BbI6OpPEe MX FNaBHbIX CXEM, 0COOGEHHO And LBYX-
MawmnHHbIX TASC ¢ OA. Mpumep cxembl Takoin FTASC faH Ha
puc. 8.19. XapaKTepHbIM A/i CXeMbl SiBNSeTCA 6M0YHbIA MPUH-
UMM NOCTPOEHUSA C UCMONb30BAHWEM MPOCTbIX O4MHOYHBLIX 6/10-
KOB (pacnpocTpaHeHbl TaKXe CXeMbl C YKPYMHEHHbIMKU 6n0Ka-
MM), Hanmyme ABYX Fpynn pasbefuHUTeNeli reHepatopHOro Ha-
23—516
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npsHXXeHUa (QSg » QSat) ¢ pPasHbIM yepepoBaHueMm (a3 (BO3-
MOXHa YCTaHOBKa CreyuanbHbiX NATUMA3HbIX pasbefuHUTe-
nei) LN BO3MOXHOCTW OCYLLECTB/IEHUS PEBEPCUBHBIX PeEXNn-
MOB arperarta, Hanuume CIY c nutaHuWem OT ABYX He3aBu-
CMMbIX WCTOYHWMKOB W CMeunanbHOlW CeTn ANA 4acTOTHOro nyc-
Ka arperatoB. PacuyeTHasa mowHocTs CMY 06bIlYHO cocTaBnser
8— 12 % HOMMHaNbHOW MOWHOCTU obpaTumoro arperata. Boc-
TaNbHOM rnaBHble cxembl TA3C, a TakXXe WX CXeMbl COOCTBEH-
HbIX HYXJ Nofo6Hbl aHanoruyHeiM cxemam [3C.

8.6. CXEMbl 3NEKTPUYECKUX COEAUHEHWA MOHVX AL W WX
NMOACTAHLWNA

MopcTaHuum, Kak'npaBuao, pasmewaroTcsd B6AM3N LEHTPOB
Harpy3ok, npuyeM Ha MOACTAHLMAX BCeX KaTeropuit 06bIYHO
ycTaHaB/NBaKT [Ba TpaHchopmaTopa (aBToTpaHcopmaTopa).

YcTaHOBKa OfHOro TpaHcopmaTtopa Ha NoAcTaHuuu pgonyc-
KaeTcs, ecnn obecneymBaetca Tpebyemas CTeneHb HafeXHOCTU
3NeKTPOCHabXeHns notpebuTenei.

Bbibop MowHOCTM TpaHCHOpMaTopoB NPOU3BOAMUTCHA C yue-
TOM XapakTepa rpaukKoB Harpys3ku u AOMYyCTUMbIX CUCTEMa-
TUYECKUX W aBapuitHbiX neperpy3ok no MOCT 14209—69 (cm.
rn. 5).

C yuyeTom [ONYCTMMOIM ANWTENbHON aBapuinHOW MNeperpys-
KW MOLLHOCTb KaXJoro tpaHcopmaTopa Ha AByXTpaHcdopma-
TOPHbIX NOACTaHUMAX BblGMpaeTcs

5THM> § ssf = « (0,65- 0,7) SHmox, (8.11
«,aB 1*4
rge SBrmax — MakCuManbHaa Harpy3ka MOACTaHUMW Ha pac4yeT-
HblA Mepuod B 5 neT, cuMTas Cc roga Beofa B paboTy MepBOro
TpaHcopmaTopa; &n,ae=1,4 — KO3I(PULMEHT JONYCTUMOW aBa-
puiiHOl neperpysku.

B cnyuyae nocTeneHHOro pocTa Harpysku LOnNyckaeTcs yc-
TaHOBKa OfHOr0 TpaHCc(opmaTopa B HauyalbHbli NEpPUOA 3KC-
nnyaTtaymu, ecnm obecnedymBaeTcsd pe3epBUPOBaHWE MNUTAHUA
noTpebuTenein no ceTAM CPEAHEro M HU3LWEro HanpsHKeHWi.
Ecnnm Harpyska nogcTaHuuu B AMHaMUKe Pa3BUTUA MPEBLICUT
pacyeTHbIli YpOBEHb, MPOM3BOAAT, KakK MpaBu0, 3aMeHy TpaH-
cpopmaTopoB Ha 60/ee MOLLHbIE.

AnnapaTbl M NPOBOAHWKM (OWIMHOBKA) B Lenax TpaHcdop-
MaTOpOB MOACTAHUMIA paccuYUTbIBAOT MO HOMWHANbHOMY TOKY
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n Toky K3 ¢ yyeTOM nepcnekTuBbl YCTaHOBKM 60/ee MOLLHbIX
TpaHCcopmaTopoB (CNefyroWmnx MNo CTaHAApPTHOW LKane HO-
MWHaNbHbIX MowHocTeld). Mpu BbIGOpPe HOMWHANbHbLIX TOKOB
annapaToB W NPOBOAHUKOB YYUTbIBAIOT TaKXe MNeperpy3ouHyto
cnocobHOCTb OCHOBHOTO 060pyfoBaHusA (TpaHchopmaTopos, pe-
aKTOPOB, CUHXPOHHbIX KOMMEHCATOPOB).

TpaHcopmaTopbl M aBTOTPAHCHOPMATOPbl MPUHUMAKTCA C
BCTPOEHHbIM PEryiMpoBaHMEM  HaNpPSXeHWAa NOA HarpysKoii.
JononHutenbHaa YycTaHOBKa
NINHEWHBIX  PEry/iMpoBOYHbIX T T T r r
TpaHcopmaToposB (aBTOTPaH-
chopmaTopoB) ANA HesaBu-
CMMOF0  M3MeHeHWs Hanps-
XEHWUA B Pa3INUYHbIX CeTAX
TpebyeT o06oCHOBaHWiA. [Mpwu
3TOM YunTbIBAOTCA XapakTep
Harpyskum notpebuTtenei, Tpe-
60BaHUS K KayecTBY 3/IeKTpPO-
3Heprum un napameTpbl CUNO-
BbIX TpaHcthopmaTopoB (aBTo-
TpaHcopmaTtopos). Mpu npo-
€KTUPOBAHUMN U COOPYXEHUU
MOHWKa0 L NX noAcTaHuuni
npegnoyTeHne OTAaeTca pe-
LIEHMAM, CBS3aHHbIM C Mpw-
MEHEHWEM  OCBOEHHbIX MpO-
MbILLUIEHHOCTbIO KOMM/IEKTHbIX
3NeMeHTOB (f4Yeek, 6/I0KOB).

OTKNOYEHME NIMHWIA [OMKHO NPOU3BOAUTLCS He 6onee uem
0BYMS BblKOYaTENs MU, TpaHCHOpPMATOPOB HanpsHXKeHWem [Jo
500 kKB — He 60nee 4Yem 4YeTbipbMs, a 750 KB — He 60nee yem
TpeMs BblK/lOYaTenaMu B PY 0fHOro HanpsxXeHus.

CxeMbl 3eKTPUYECKMUX COEAMHEHWIA Ha CTOPOHE BbICLUErO
HanpsXKeHns. DNEKTPUYECKUe NOACTaHUUN SABAAIOTCA Hambonee
MacCOBbIMW 3/1EMeHTaMW 3HEProcUMCTeM; WUX YMCAO 3HAUYUTENb-
HO 6ofblie 4ucnia 3nekTpocTaHumii. OTcloga cnegyet Heobxo-
OUMOCTb YMNPOLWEHUS TNaBHbIX CXeM W Yy[elleBNeHUA COOTBET-
cTBYHOLWMX PY noacTaHumii.

MoacTaHumMy [endaT Ha TYNWKOBble  (KOHLEBble), OT-
BETBW Te€NbHble, TMNPOXOAHble W y3noBble. OAHO-
TpaHCPOPMATOPHble TYNWKOBble MOACTAHUWW BbIMOAHAKT MO
6/104HOM Cxeme JNMHUA — TpaHchopmMaTop C YCTAHOBKOM Ha
23*

Puc. 8.20. BnoyHble CXeMbl OfjHO-
TpaHchopMaToOpHbIX MNOACTaHLUUNA
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HavmeHoBaHue CXeMbl

Bnok (AMHMS — TpaH-
cpopmaTop) C pasbefUHU-
Tenem

Bnok (NMHUMA — TpaH-
chopmatop) c npegoxpa-
HUTenem

Bnok (nnMHMA — TpaH-
copmaTop) ¢ OTAenuTe-
nem

OBa 6noka c oTaenuTe,
NAMW U HeaBTOMATUYECKO

NnepemMblYKOA €O  CTOPOHBI
NNHWUIA
MocTuK ¢ BbIKlOUaTenem

B NepemMbluKe W O0TAenuTe-
NAMM B Uenax TpaHcdop-
MaTopoB

C[ABOEHHbIN MOCTUK c
oTAeNnnTeNAMM B Lensax
TpaHchopmaTopos

YeTbIpexyrofibHNUK

PaclimpeHHbIA 4YeTblipex-
YroNbHUK
OgHa  CceKUMOHMpOBaHHas
cuctema wuH (go 10 npu-
coefuHeHNR)

OpfHa  CeKUMOoHMpoBaH-
Has cucTemMa WWH C 06-
XOAHOW, C oOTAennTenammn
B uenAx TpaHchopmaro-
pOB W COBMELLEHHbIMU CeK-
LWOHHBIM U 06XOf4HbIM
BblKAOYaTenamm (4o LWe-
CTVU NPUCOEJNHEHWNI)

OfHa  CeKUMOHWPOBAH-
Has cucTema LWKH C 06-
XO0AHOV, C COBMELLEHHbIMYU
CEeKLMOHHbIM W 06X0AHbIM
BbIK/lOYaTENAMM

OpfHa CEKLMOHNPOBaH-
Has cucTema LWKH € 06-
XOf4HOW, 0 OTAeNbHbIMU
CEKUMOHHbIM U 06X0AHBIM
BbIK/lOYaTENAMMN

CXxeMbl 3MeKTPUUYECKUX COEAUHEHWI CTaHUMA W NOACTaHuuii

Homep
puUCyHKa
8.21, a
8.21, 6
82
8.21, r
8.21, 4
8.21 e
8.21* >
8.215 B
8.21* n
8.21, K
8.21; n
82 ™

A 8

Ta6bnuya 83

MprUMeHeHVe cxem B CeTAX PasMyHOro
HanpsxeHusa, KB

3% 1 110 220 330 500 750
+ + + + — —
+
+ + +
+ + +
+* + +
+
— — + + + +
+ +
+
+
+ +
+ +
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Mpogon>keHune Tabn. 8.3

MpUMeHEHNE CXEM B CETAX PasUYHOIo

HanmeHoBaHWe CXeMbl p';é’;\,",fﬁa Hanpsxens, kB
35 110 220 | 330 500 750

OBe HecekuuoHumpoBaH- 8.21, H — ¥ + — — —
Hble CUCTEMbl LWWH C 06-
xoaHolhi (ot 7 po 15 npwu-
COefANHEHWNIA)

LBe cekuuoHmpoBaH- 8.21, o + +
Hble CUCTEMbl WWH C 06-
xofHoW (6onee 15 npwuco-
eAVHeHNIA)

TpaHchopmaTopbl — 8.21, n + + +

LWWHbI C NPUCOEAUHEHUEM

NWHWIA 4Yepe3 [Ba BbIK/O-

yatena (4o YeTblpex nu-

HUiA npn 330—500 kB n

Tpex npu 750 kB)

TpaHchopmaTopbl — 821, p + + +

LWWHbI C MONYTOPHbLIM MpU-

coefiuHeHNEeM  NWHWA (A0

LIeCcTN NNHUI)

MonyTopHas cxema 8.21, ¢ + +
‘(BocemMb u 6onee npucoe-
OVHEHWI)

* PeMOHTHaa nepeMblyka He npefycMaTpuBaeTcs.

MpumeyvaHnune. Ana PY 150 KB pekOMeHAyOTCA Te XXe CXeMmbl, 4To WU And
PY 1o «B.

CTOPOHE BbICLUIEro HanpsXeHuUs pasveguHuTens (puc. 8.20, a),
pasbefuHuUTens n npegoxpaHutena (puc. 8.20,6), pasbefuHU-
Tens, OTAenuTens U KopoTKo3amblikaTens (puc. 8.20,8) uau
pasbefuHNTENd WU OTAENUTENS C Nepefayveil OTKAYAKOLWEr0 UM-
nynbca Ha BbIK/lOYaTeNlb FONOBHOMO yyacTKa /MHUW NO Tene-
kaHany ({3uc. 8.20,r); B OTAENbHbLIX CAy4YadX YycTaHaBAWBalOT
BbIKNOYaTeNb U pasbefnHutens (puc. 8.20, <?). AHanoruyHble
CXEMbl MOTYT NMPUMEHATHLCA MNPU MOAK/HOUYEHUU OfLHOTpaHchop-
MaTOPHbIX MOACTAHUWIA Ha OTBETBAEHME OT MPOXOAALNX
nvHnin. B cooteetctBuu ¢ HTIM nogctaHumii 35—750 kB pas-
paboTaHbl TUnNosble cxembl (Tabn. 8.3, puc. 8.21), no3Bonsto-
Wune MakCUManbHO YHUMULMPOBATL MPOEKTHbIE pelleHusa. Oco-
6EHHOCTN 3TUX CXem onucaHbl B § 8.2—8.5.

CXeMbl 3/1eKTPUYECKUX COEAUHEHUI Ha CTOPOHe HU3LEro
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HanpsXXeHna. Ha cTopoHe Huswero HanpsxeHusa (6—10 kB)
MOACTAHLWA NPUMEHSAETCS CXemMa C O4HOW CEKLMOHMPOBAHHOM
CMCTEMOI COOpPHbIX WKH. B uenax orpaHnyeHns TokoB K3

Puc. 8.21. TunoBble CXeMbl 3N1EKTPUYECKUX COEAMHEHWIA noAcTaHUMii Ha
CTOPOHE BbICLLIEro Hanps)>KeHus
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06bIYHO NpUHMMaeTca pasgenbHas paboTta cekuuwin. Mpu Heob-
xogumocTn 6onee rny6okoro orpaHuuyeHus TokoB K3 npume-
HAKT TpaHc(opmaTopbl C paclienseHHON O0O6MOTKOW HM3LWEro
HanpsXXeHus, a TakXe OAWHApHble W CABOEHHble TPYNMoBble
peakTopbl, KOTOpble yCTaHaBAMBAKT B Lensx TpaHchopmarto-
poB. OTXofslMe AWHUKU, KaK MNpaBwufio, He peakTupyiT.; Cek-
UMOHHbIE peakTopbl Ha MOACTAHLMAX M3-32 OTCYTCTBMA MeCT-
HbIX WCTOYHWKOB 3HEeprum Manoda®eKTUBHbl W MNO3ITOMY He
NMPUMEHSAIOTCS.

JonycTumblii ypoBeHb TOKOB K3 Ha MmoAcTaHuuMAX 3aBUCKUT
OT napaMeTpoB 3/71eKTPO06OPY[0BAHMA W pacnpefennTenbHON
cetn. CHMXeHne ypoBHSA TOKOB K3 3nekTpuyecku ypanseT no-
TpebuTteneli OT UCTOUYHWKOB 3HEPTMM U MPU NPOYMX OLUHAKO-
BbIX YC/MOBUSIX YXyALaeT YCTONYMBOCTb paboTbl KOMMIEKCHOM
Harpy3ky BO BPeMS MePeXOfHbIX MPOLECCOoB.

Puc. 8.21. MpopgonmxeHune
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Mpy HanMuuum Ha NOACTAHLMM CUHXPOHHbIX KOMMeHca-
TopoB (CK) nocnegHve BKNOYAOT HENOCPeACTBEHHO nocie
TpaHcopmaTopoB. Cnocob nycka CK 3aBUCUT OT WUX MOLYHO*
CTW: NpU MOLLHOCTM 40 7,5 MB-A npumeHAOT NpamMoid Nyck, npu
60onbleli  MOLHOCTW — peaKTOpHbI. baTapen cTaTU4YecKux
KoHgeHcaTopoB (BK) 06bI4HO MOAKAOYAKOT HEMOCPeACTBEHHO
K cekuusm PY Huswero HanpsxeHusa. JIuHellHble perynupo-
BOYHble aBTOTPaHC(OPMAaTOPbl BKAOYAOT MEXAY CWUI0BbLIMU
TpaHcopmaTopamu (aBToTpaHcopmaTopaMmu) U rpynnoBbIMu
peakTopamMu. Bonpoc 06 ycTaHOBKE CUMHXPOHHbIX KOMMeHcaTo-
poB, 6aTtapeil cTaTMYECKMX KOHLEHCATOPOB WM NINHENHbIX pery-
NMPOBOYHbIX aBTOTPAHC(OPMAaTOPOB pellaeTcs Ha OCHOBAaHWUU
TEXHUKO-3KOHOMWUYECKNX pPAacYeToB C Y4YyeToM TpeboBaHMii Ha
KayecTBO 3MEKTPO3IHEpPrum y notpebuteneil, ypoBHein Hanpsaxe-
HMA Ha CTOPOHE BLICLIEr0 HAMpPAXeHWs NOACTaHLMW B pasnuuy-
HbIX peXumax, YpoBHA TOKOB K3, HagexHocTu paboTbl 06opy-
[OBaHUA U T. .

TWUNOBbIE CXEMbl 3/1IEKTPUYECKUX COEAUHEHUIA PY Hu3wero
Hanps>KeHWA NOACTAHUWIA npuBedeHbl Ha puc. 8.22.

8.7. COBCTBEHHbBIE HYX bl 3NEKTPOYCTAHOBOK

YCTaHOBKM COBCTBEHHbIX HYX[ SABAAKTCA BaXHbIM 31EMeH-
TOM 3/IEKTPUYECKMX CTaHUMI M NOACTaHUWiA. [oBpexaeHna B
cucTeme COBCTBEHHbIX HYX[ HEO4HOKPATHO MPUBOAWMAM K Ha-
pyweHunto paboTbl 3MEKTPOCTAHUMA M K aBapuitHOMY COCTOS-
HUIO 3HEProcucTeM.

CocTaB 3/IeKTPONPUEMHUKOB COGCTBEHHbLIX HYX[, MNOTPeo6-
NAeMble UMW MOLLHOCTb W 3Heprus 3aBUCAT OT TUNa 3/eKTpo-
CTaHuum (noacTaHuuu), BMAA TOMAMBA, MOLLHOCTU arperatos
1.0 B Tabn. 8.4 npusefeHbl ycpefHeHHble 3HaYeHUS MaKCu-
ManbHOW Harpysky COOCTBEHHbIX HYXJ  31eKTPOCTaHUWii
Pawax, OTHECEeHHble K WX YCTaHOBNEHHOW MOWHOCTU PICT,
pacxofa 3Heprum Ha co6CTBeHHble HYXAbl NeCH B npoueHTax
rof0BOM BbipabOTKM 3HEPrMM 3neKTpocTaHuum NoBbip, cymmap-
HOro Koah(uuMeHTa cnpoca 3N1eKTPONPUEMHUKOB COBCTBEHHbIX
HYXX/J W faHHble N0 COBGCTBEHHbIM HYX/aM MNOACTaHUWIA.

Mpn nNpoekTUpoBaHWM  KOIPDULMEHT cnpoca NpPUHUMAKT
anddepeHLUpoOBaHHO ANA pasHbiXx rpynn notpe6uTteneii; of
0,35 (gns anekTpogBurateneir mowHocTeo go 100 kBT m npo-
ymnx Harpysok cetu 380/220 B) fo 0,9 (4na KpynHbIX 31eKTPO-
asurateneir 3—10 kB, MOCTOSHHO HaxogAwmuxca B paboTe).
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THN 3NeKTPOyCTaHOBKMN

T3aLU:
nbl/leyrofbHas
rasomasyTHas

K3C:
Nbl/ieyrofibHas
rasomasyTHas

ASC:

C rasoBbiM TenaoHOCKU-

Tenem

C BOAHbIM TeNn/a0HOCKU-

Tenem

racC:
Manoun n
MOLLLHOCTU

cpeaHen

60NbLWON MOLLHOCTH

MopacTtaHunsa
palioHHasn
y3noBas

Tun snekTpocTaHuuu

TIL:

yronbHas
NblaeyronbHas
rasomasyTHas

K3C:
yronbHas
TopthsAHan
nblaeyrosb-
Has
rasomasyTHas

XpaHeHne w©
nogaya ToOnM-
nuBa

e
3]

=W
3,

RCHMRX 100, %
pycT
8—14
7
6—8
3—5
5—14
5-8
3—2
1-0,5
50—200 KBT

200—500 kBT

Tonnusonpu-
roToB/NEHNe

Pacxop anektpoaHeprun, %

Tara un AyTbe

31,5
21

20
42
19,5

17

MuTaHre KOT-

nos

13
9,5

8,5
17
14

38

rn. 8
Ta6bnnya 8.4
ACH Koatdhmn-
w -100, % LUMeHT
ABbIp cnpoca
8—10 0,8
4—6 0,8
5—7 0,85—0,9
3—4 0,85—0,9
3—12 0,8
4—6 0,8
2—1,5 0,6
0,5—0,2 0,7
Tab6bnuuya 85
.3 =
58 £ es
=X © =
== e [
> ] L=
S 2 23 2
S2 2. 3% 8
= 83 = @
16,5 26,5 9 100
20 8,5 12 100
45 — 22 100
23 — 14 100
22, 13 100
41 - 3,5 100
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Bbi6op cxeM COGCTBEHHbLIX HYX[ 3/IEKTPOYCTaHOBOK Mpo-
M3BOAAT C Y4YeTOM COCTaBa W XapakKTepUCTUK 3/IEKTPOMnpuem-
HWKOB, MOLLHOCTM MPMBOAHbLIX MEXaHW3MOB, TpeboBaHWi K Ha-
LEXHOCTU 3MeKTPOCHaBXeHNs OTAENbHbIX rpynn noTpebutenei
H T.4. MNMpumepHoe pacnpefeneHne pacxofa 3/MeKTPOIHePruu
no OTAenbHbIM rpynnam notpebuteneir TAL n K3C paHo B
Tabn. 8.5.

JMIEKTPONPUEMHUKN COGCTBEHHBIX HYX[ MO UX BAUSHUIO Ha
TEXHOMOTUYECKUI PEXUM 3MEKTPOYCTAHOBKU YC/IOBHO [eNAT
Ha OTBETCTBEHHbIE W HEOTBETCTBEHHbIE. K OTBETCTBEHHLIM OTHO-
CAT 3NEKTPONPUEMHUKM, BbIXOS M3 CTPOSi KOTOPbIX MOS&T npu-
BECTW K HapYLUEHUID HOPMa/bHOTO TEXHOMOrMYECKOro pexuma
paboTbl MMM K aBapun Ha 3NEKTPOCTaHLUWUW WA MOACTAHLUW.
Takue 3/1eKTPONPUEMHUKN TPebyoT 0c060 HafeXHOro MutaHus.
K HeoTBETCTBEHHbLIM OTHOCAT 3/1EKTPOMPUEMHUKMN, BbIXOL U3
CTPOS KOTOPbIX HE CKa3blBaeTCs HEMOCPEACTBEHHO Ha TEXHOJO-
FMYECKOM peXuMe 3/1EKTPOYCTaHOBKMN.

OCHOBHbIM TMPUBOAOM MEXaHW3MOB COGCTBEHHbLIX HYX[ SB-
NATCH ACMHXPOHHbIE KOPOTKO3aMKHYTbIE 3/1eKTPOABUTaTeNU
Pa3NMYHOro WCMOSIHEHUS C MPSMbIM NYCKOM.'[LNs TUXOXOA4HbIX
MeXaHU3MOB (LUapoOBble MEbHULbI), & TaKXe A4/ OYeHb MOLL-
HbIX MEXaHW3MOB HaxoAsT MPUMEHEHUE CUHXPOHHbIE 3/1EKTPO-
asuratenu. Ons MexaHU3MOB, TPebByOWUX pPerynampoBaHus 4a-
CTOTbl BpaLLeHUs B LWIMPOKWX Npefenax, NPUMEHSOT ABUraTeNu
MOCTOSIHHOTO TOKA, a TaKXe aCUHXPOHHble ABUraTeNn ¢ gpoc-
CENIIMU HACbIWEHUS WKW C YNpaBAsieMbIMU TUPUCTOPaMM B Le-
nu cTaTopa.

Ha anekTpocTaHuMax 06bIYHO NPUHMMAKOT ABE CTYNEeHW Ha-
NpsHXXeHUa COOCTBEHHbLIX HYXA: Bbicwee (3; 6 uan 10 KB) —
4NA  NUTaHUA  MOLLHbIX 3NEKTPOMPUEMHUKOB U HU3Lee
(380/220 B c rnyxo3a3eM/IeHHON HeWTpanbl) — ANS NUTaHWA
MeSIKUX 3/1eKTPONPUEMHUKOB.

HanpsxeHne 660 B Ha O0TeYECTBEHHbLIX 3/1EKTPOCTAHLMNAX U
MoACTaHLMAX MOKa He MCMob3yeTcs. Bbibop ToW uam uHoW cu*
CTeMbl HaNpsHKEHWA 3aBUCWUT, B 4aCTHOCTWU, OT TEXHWKO-3KO-
HOMWYECKUX XapPaKTEPUCTUK BbIMYCKAEMbIX MPOMbILIEHHOCTLIO
anekTpogsuratenein. Mpu ofHOM W TON >Ke MOLHOCTM acuH-
XPOHHblE aBuratenn 60fiee HU3KOr0 HaNPsXXEHWUA AelleBrie, Yem
ABuratenn 6onee BbICOKOr0 HanpsXeHusa. OfHAKO MO KOHCT-
PYKTVUBHBIM U PEXWMHbIM CO06paxeHnMaM (ypoBeHb TOKOB K3,
YyCNOBUS camo3anycka) YBeNW4YeHMe MOLHOCTU ABuratenei
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NPMBOAUT K HeOb6XOAMMOCTU YBeNUYMBaTb WX HOMMUHaNIbHOE
HanpsxeHue.

B HacToAlLee Bpems MPOMbILIJIEHHOCTb BbIMYCKAET 3/1eKTPO-
asuratenn 380 B mowHoctbio go 400 kBT, a anektpogsurare-
nm 3—6 kKB — HaumHaa ¢ mouwHocTu 160 kBT. [Burartenu
10 kB MOryt umeTb comnocTaBuMble TeXHWKO-3KOHOMUYECKNE
nokasartenuM HayumHas ¢ mowHoctn 630 KBT.

Ha K3C, T3LU, a takxe A3C BbiclWee HaMpPAXEHWE B CU-
CTeMe COOCTBEHHbIX HYXJ[, KakK npaBuio, MPUHMMAETCA pas-
HbiM 6 KB; mpu paclumpeHnn 31eKTPOCTaHUWRA, YXe VMMEKLLINX
HanpsxeHune 3 KB, a Takxe Ha 3neKTpPOCTaHUMAX CpefHei
MOLLHOCTM C reHepatopHbIM HanpsaxeHnem 10 KB 3koHomuuec-
KW oOnpaBfaHHbIM MOXeT O6biTb WCMONb30BaHWEe HaNPAXKEHUS
3 kB. Ha K3C c arperatamu mouwHocteo 800—1200 MBT u
COOTBETCTBEHHO C KPYMHbIMW MEXaHW3MaMu COOCTBEHHBIX HYX[
LenecoobpasHo npumMeHeHue HanpsxkeHus 10 kB.

Ha I'SC anektpogsuratenyt OCHOBHbIX MeXaHW3MOB MuTa-
totca oT cetn 380/220 B, a anekTpojsuratenn KpyrnHbix mexa-
HM3M0B— OT ceT 6 (10) kB. Ha noacTtaHuuax B cucteme cob6-
CTBEHHbIX HYXJ MpuHMMaeTca HanpsxeHue 380/220 B.

B cnucteMe COBCTBEHHbBIX HYX[ Ha BCEX HaMpPsAXEHWAX npu-
MEHSAETCA CXema C OfHON CEKLMOHUPOBAHHOM cucTtemoin coop-
HbIX LWWH, Mpuyem paboyee NUTaHWE 3NEKTPOMPUEMHUKOB Of-
HOro anemeHTta (KoTna, rugpoarperara) Ha HanpsXXeHUax 3—
10 kB n 380/220 B npoussogutca no 6/04HON cCxeme OT OfA-
HOrO MEPBMYHOr0 WCTOYHMKA, a Pe3epBHOE — OT [APYroro.

MpefenbHas MOLWHOCTbL TpPaHCHOPMATOPOB COBCTBEHHbLIX
Hyxg 3—10/0,4 KB B OCHOBHOM /IUMUTUPYETCA KOMMYTaLNOH-
HO CNOCOBHOCTbID aBTOMAaTU4YeCKMX BbikMoyaTenen 0,4 kB u
B HacTosiuiee BpemMs MpuHUMaeTcs paBHOn 1000 kB-A npu Ha-
NPS>XXeHUN KOPOTKOro 3aMblkaHua 8% . MNpu MeHblieid MOLWHO-
CTW TpPaHCHOPMATOPOB MPUHUMAKTCA CHYDKEHHbIEe HAMPAXEHUSA
KOpPOTKOro 3amblkaHua (4,5—5,5%). B uenax pgsurateneii u
nuTalWmnx nmHuii c6opok 0,4 KB ycTaHaBnMBalTCA aBTOMaTu-
Yyeckue BbIK/HOYATENU. YCTaHOBKa 6onee [elleBblX, HO MeHee
HafeXHbIX W HeaBTOMaTUYyeckux annapaTtosB (nMpegoxpaHuTe-
neii) AONYCKaeTCA TONMbKO B LENAX OCBELLEHWUS, CBAPKU W He-
OTBETCTBEHHbIX ABUraTesfieil, He CBA3AHHbIX C OCHOBHbIM TEXHO-
NOrnYyecKMm npoueccom (MacTepckue, nabopartopum u T. M.).
B oTgenbHbIX CAyyaax Ana orpaHuveHus yposHeli TokoB K3
B cetn 0,4 kB uCnonb3yloT TOKOOrpaHUyuBawLiMe pPeakTopbl.
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CobcTBeHHble Hyxabl K3C. MoTpebuTtenn CcoBCTBEHHbLIX
Hyxa KOC pendatcd Ha OTBETCTBEHHble W HEOTBETCTBEHHbIE, a
TakXe Ha 6/104YHble U 06LLeCTaHUUOHHbIe. [lepeyeHb OTBETCT-
BEHHbIX U HEOTBETCTBEHHbIX MOTPebUTENeil COBCTBEHHbLIX HYXJ
K3C npuBegeH B Tabn. 8.6.

Tabnuua 86
OOHOBHble 3N1EKTPONPUEMHUNKN COBCTBEHHbIX HYXA K3C
OTBETCTBEHHbIE HEOTBETCTBEHHbIE
MuTaTenbHble, LMPKYNALNOHHbIE U KOH- MenbHuubl B cucTtemax Cc Mpo-
[leHCaTHble HacocCbl MEXYTOUHbIM GYHKEpOM
AbIMocoCbl N yTbeBble BEHTUAATOPbI MenbHUYHbIE BEHTUNATOPbLI B CUC-

TeMax C MPOMEXYTOYHbIM 6yH-
KepoM (ecnnm OHW He BbIMOMHA-
10T  OQHOBPEMEHHO  (PYHKUWIA

BEHTWU/IATOPOB nepBUYHOTO
Bo3fyxa)
BeHTMNATOPbLI MEePBUYHOrO BO3AyXa MexaHusmbl TonamMeBonogaymn

MenbHUUbl U MeNbHUYHbIE BEHTUNATO-  MexaHW3Mbl 3010yAaneHuns
pbl B cucTeMax 6e3 MpPOMeXyTOYHOro

byHKepa
MuTatenn NbiNN U TOMNOYHbIE PELLETKM MexaHn3Mbl  MPUrOTOBNEHUA NK-
TaTeNnbHOl BOAbI
MuTatenn yrna waxTHbIX MenbHUL, MexaHn3mbl mMacnoxosaicrea
3NeKTpocTaHumn
MacnoHacocbl Typ6uH MexaHu3Mbl  BEHTUNALUU NOME»
LLeHNIA
BeHTuMNATOpPbLI OXnaxpaeHuns reHeparto- MexaHW3Mbl KOMMPECCOPHbIX yC*
pos TaHOBOK
BeHTUNATOpPblI  OXNaxfjeHna TpaHchop- MexaHn3Mbl  3N1EKTPO/IN3HbIX YyC*
MaTopoB TaHOBOK
Pe3sepBHble BO36YANTENN repepaTopoB MogbeMHble yCTpoiicTBa M MNpo»
yne BCNomorarve/lbHble Mexa*
HU3MblI

ABapuiiHoe 3N1eKTPUYECKOe OCBELLEHMe

BanonoBopoTHOe yCTPONCTBO

MoasapagHble arperaTbl aKKymynaTop-
HbIX 6aTapein’

Annapatypa KNM

BnoyHas Harpys3ka nuTaeTcs OT TpaHC(OPMATOPOB COOCT-
BEHHbIX HYX[ 6/10KOB, a 06WecTaHUMOHHAs MO BO3MOXHOCTU
paBHOMEpPHO pacnpejensercs mexay 610kamu (Ha nepeoit cTa-
aun ctpoutensctBa K3C 06LeCTaHUMOHHYIO HArpysky nura-
0T 60 OT CEeKUMA COBCTBEHHbIX HYXA 1-ro n 2-ro 6/10KOB,
nmbo OT MecTHOM ceTn 6—35 KB, mmetowelica B pailoHe CTpo-
NTENbHOW naowagku),
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Cob6CcTBEHHbIE HYX[Abl 6 KB 6/10KOB MofyyvalT nutaHue OT
6/104HbIX TPaHCHOPMAaTOPOB COBGCTBEHHBLIX HYXA, MOAKIOYae-
MbIX Ha OTBETBNEHWUW MeXJy reHepaTOpoOM W CWU/I0OBbIM TpaHC-
thopmaTopom (aBTOoTpaHctopmatopom). Kaxpablii 670K mMoLy-
HocTblo 160 MBT 1 Bbille WMeeT [Be CeKUMU COBCTBEHHbLIX
HYX4 6 KB. Pe3epBuMpoBaHue NUTaHUA CEKLUMIA OCyuiecTBAAET-
CA OT CMapeHHbIX Pe3epBHbIX MarucTpanein 6 KB, CBA3aHHbIX
C pes3epBHbIMU TpaHcopmaTopamMu COOBCTBEHHbIX HYXA. [Mpu
HapyweHUn 3fneKTpocHabxeHns oT paboyero MCTOYHUKA aB-
TomaTmyeckn (nog pericteuem ABP) nogaeTcd nuTaHue OT
pe3epBHOro WCTOYHWKA. Pe3epBHble MarucTpanu CekKuUOHUpYy-
0T BbIK/OYATENAMMW 4epe3 fABa-TpuM 610Ka M C NMOMOLLbH Bbl-
KnouaTeneii COeAUHAOT C pPe3epBHbLIMU TpaHchopMmaTopamu.
CornacHo [eiCTBYKOLWMUM HOPMaM TEeXHO/IOrMYEeCKOro MPOEKTU-
poBaHWA 4UCNO pe3epBHbIX TpaHchopmatopoB Ha KO3C, rpae
610K He VMMEKT FeHepaTopHbIX BbIKAKYaTeNel, NpMHUMaeTCs
paBHbIM: OfHOMY — Mpu 4yucne 6/70KkoB 11 2; ABYM — NpW Yuc-
ne 6nokoB 3—6; Tpem (OAWH FEHEPaTOPHOro HamnpsX>XeHus n He
NOAKNOYEH K UCTOYHUKY, HO FOTOB K TPAHCMOPTUPOBKE U BKJ/IHO-
yeHUo B paboTy) — npu umucne 610KoB 7 un 8.

B cxemax, rge 6/10KM UMEIOT reHepaToOpHble BbIK/OYaTENMN,
NPYHUMaeTCA OAWH pe3epBHbI TpaHChOpMaTop, NPUCOefUHEH-
HbIi K WCTOYHWKY NWUTaHWs, — Npu 4ynucne 6/10KOB OAWMH WU
4Ba; OAWH NPUCOEAWMHEHHbIA K UCTOYHWUKY MUTAHWA WU OAUH He-
NMPUCOELMNHEHHbIA TpaHCOpMaTop reHepaTOPHOro Hanpsxe-
HUS — npu 4yucne 610KOB TpU n 6onee.

Ha kaxgbli 670K npegycmaTpuBaloTcA fABE CeKuuM cob-
CTBEHHbIX HYyXA 0,4 kB. Kaxpgas cekuusa 0,4 kB Takxe umeer
paboyee ¥ pe3epBHOE NUTaHWe, KOTOPOe MNOJAETCA aBTOMATW-
yecku. Pabouee nuTaHue cekuuin 0,4 kB 610Ka ocyuwiecTBnseT-
cs OT cekyuii 6 KB cBoero 6510Kka, pesepBHOe — OT cekumii 6 KB
Kakoro-nu6o gpyroro 6soka gaHHoin K3OC.

B HacToflWee BpemMs HawW MPUMeHeHWe [Be MNPUHLMUNU-
anbHO pas3fINYHble CXeMbl MUTAHWUA W PE3epBUPOBaHUA MOTpe-
6uTenein cobcTBeHHbIX HYXA K3C, nokasaHHble Ha puc. 8.23.
B cxeme Ha puc. 8.23,a [OBe CEKUMM COOCTBEHHbIX HYX[ KaX-
Joro 650ka nonyyalT nutaHue OT 6/0YHOr0 TpaHcpopmaTo-
pa COBCTBEHHbIX HYX/[, BK/IHOYEHHOr0 Ha OTBETBNEHWW OT BbIBO-
[0B reHeparopa, a pe3epBupOBaHMe MUTAHUA OCYLLeCTBNAETCS
C MOMOLLbI pe3epBHbIX MarucrTpanein 6 kB, NMOAKNIOYEHHbIX K
AyCKOpe3epBHbIM TpaHchopmaTtopam COB6CTBEHHLIX HYX4 MPT,
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Puc. 8.23. CxeMbl CO6CTBEHHbIX HYXf 6 KB K3C:

A —6e3 reHepaTopHbIX BbiKlouaTeneil 6710KoB; O-—uacTUUHO C reHepaTOpHbIMU Bbl*
KNo4aTensiMm 6/I0KOB; € — C TeHepaTopHbIMM BbIKNOUYATENAMU 6/10KOB

MowHocTb paboyero TpaHcopmaTtopa COOCTBEHHbBIX HYX[ Bbl«
6mpaeTcqd NO MOLWHOCTM BGOYHON HArpys3Ku C y4eTom Aonum 06*
WeCTaHLMOHHOW Harpy3ku, MOAK/YEHHON K cekuusMm 610Ka,
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Ecnn obuecTaHUMOHHas Harpyska OKa3biBaeTCAd MNOLK/OYEH-
HOW B OCHOBHOM K CEKLMAM COOGCTBEHHbIX HYXJ MEepPBbIX [BYX
6510K0B, TO MX pabouve TpaHchoOpMaTopbl COOCTBEHHBLIX HYX[
NMPVHUMAIOTCA COOTBETCTBEHHO 60MbLUE MOLHOCTW, YeM TpaH-
chopmaTopbl Apyrux 610KoB. B paccmaTtpuBaeMoii Cxeme
paboune TpaHC(HOpMaTOPbl COGCTBEHHbLIX HYXXA HE MOTyT obecne-
YATb NUTaHWe COBCTBEHHBLIX HY>X[ 6/10Ka NpW Nycke U ocTaHo-
Be. OTN (PYHKUWUW MepefaroTcs Ha NYCKOPe3epBHble TpaHCpop-
MaTOpbl COOCTBEHHBIX HYXA, KaXAbIA M3 KOTOPbLIX LOMXEH 06e-
cneunTb 3ameHy paboyero TpaHcgopmatopa CH opgHoro 6n0-
Ka M OLHOBPEMEHHbI MYCK WX aBapuiHbIi OCTAHOB BTOPOrO
6noka.

Ha K3C c nyckopesepBHbIMW NUTATENbHbLIMWU 3N1E€KTPOHa-
cocaMy MOLLHOCTb Pe3epBHOro TpaHcopmatopa CO6CTBEHHbIX
HY>X[J BblOMPAOT NO OLHOMY U3 YCMOBUIA:

a) pesepBHbI/i TpaHCchopmaTop LOMXKEH o06ecneynTb 3ameHy
paboyero TpaHcpopmaTopa CH 6noka, paboTtawowero co
100 %-Hoin Harpy3koil (Ha TypbonuTaTenbHOM Hacoce), C Of4-
HOBPEMEHHbLIM MYCKOM BTOpPOro 6510kKa;

6) pe3epBHbI TpaHC(HOpMATOP AO/MKEH 06ecneynTb 3aMeHy
pabouyero TpaHctopmaTopa CH 6noka (mpum paboTe Ha nuTa-
TEbHOM 3/1EeKTPOHACcOCe) C O4HOBPEMEHHbLIM MYCKOM BTOPOro
6n1oKa wnum ofHOro kotna npu fy6nb-610kKe.

Pe3epBHble TpaHchopmaTopbl NOAKMIOYAKT K pacnpegenu-
Te/NbHOMY YCTPOWCTBY cpefHero HanpsxxeHua K3C, k o6moT-
KaM HMW3LWEro HanpsXXeHus aBTOTPaHCHOPMATOPOB CBA3M UM
K APYrM He3aBMCMMbIM UCTOYHMKAM MuTaHus. OHW MOTyT Tak-
e MOAKAYaTbCA Ha OTBETBMEHMM K 6M0KaM, MMEKWUMm re-
HepaTopHble BbIKtouYaTenn (puc. 8.23,6).

Pe3epBHbIi TpaHC(opmMaTOp [AO/MKEH obecneymBaTb CaMo-
3anycK 3fneKTpojBuratenein OTBETCTBEHHbIX MexaHu3mo CH
(BonycTMMO OTK/IHOYEHUEe HEeOTBETCTBEHHbLIX MEXaHW3MOB) Mpu
pacyeTHOM BpEMEHMW nepepbiBa NMTaHuA (MpumepHo 2,5 ¢), on-
pefensieMoOM BpeMeHeM [AeACTBUA pefieiHblX 3aliUT, BPEMEHEM
OTK/NIOYEeHUs BbIKMOYaTened, BpPEMEHeM [AeACTBUA CUCTEMbI
aBTOMaTUYeCcKOro BK/IIOUYEHWA pe3epBa U XapakTepoMm B3aumopen-
CTBUA 3NEKTPUYECKUX U TEXHONMOrMYECKUX 3alnT U 610KMpo-
BOK. Camo3anycK 3nekTpojsuratenein COGCTBEHHbIX HYXA AON-
XeH 6bITb 06ecneveH 6e3 KakMx-nmbo mMeponpuATwii, obecneyn-
BalOLWMX CTyneH4yaToe BK/IOYEHWe 31eKTpOABUraTeneii.

MOLWWHOCTb TPaHC(HOPMATOPOB COOCTBEHHbIX HYX[ OrpaHu-
yMBaeTCcAd LOMYCTMMbIM YypoBHem TOKoB K3 B cetu 6 KB, KoTo-
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Pblii [ONXEH COOTBETCTBOBAaTb OTK/HOYAKOLLEA CNOCOBHOCTH
yCTaHaB/IMBaeMblX BbIK/toyaTener. PacueTHbli Tok K3 onpe-
[endaiT C y4eTOM TOKa MOAMNWUTKU OT 3MeKTpOoABMraTenei.

Lna cxembl, nokasaHHOW Ha pwuc. 8.23, B, XapaKTepHbIM §B-
naeTcd TO, YTO B UEMU KaXKAOro reHepartopa YCTaHOB/EH Bbl-
Kno4yaTenb u pabounii TpaHchopmaTop  COOGCTBEHHbIX HYXA
BK/IIOYEH Ha OTBETBJIEHNUN MEXAY 3TUM BbIK/tOYaTeNleM U TpaH-
cthopmatopom 6r0Ka. 3peck paboumii TpaHcopmaTop co6CT-
BEHHbIX HYX[ MOXeT o06ecneynTb MyCcK M O0CTaHOB CBOEro 6/1o-
Ka, MoaToMy oTnajaeT He0OXOAMMOCTb B CreuuanbHbIX MYyCKo-
pe3epBHbIX TpaHchopmaTopax.

Ona 3ameHbl paboymx TpaHCHOPMATOpPOB COOCTBEHHbIX
HY>X[ B 3aBUCUMOCTW OT 4yucfia 6/I0KOB MpefycMaTpuBaloT OfMH
WIn ABa pe3epBHbLIX TpaHcpopmaTopa PT, MOLWHOCTL Kaxgoro
M3 KOTOPbIX paBHa MOLLHOCTM Hawubonee KpynHoro pab6ouero
TpaHcopmaTopa. MowHoCTe paboymx TpaHchopmaTopoB c06-
CTBEHHbIX HYXJ Bbl6MpaeTca MNo MOWHOCTM 6/104HON M 06Lwe-
CTAHLUMOHHOI Harpysok Ha CBOUX CEKLUMAX.

BapuaHT cxembl MUTaHUS COOGCTBEHHbLIX HYXA Mo puc. 8.23, B
o6nafaeT onpefefieHHbIMW TEXHONIOTMYECKMMU MpenMyLlecTBa-
MW MO CPaBHEHWI C BapuMaHTOM cXxembl Mo puc. 8.23,a. O6a
BapuaHTa WCNOMb3YKT MPU MNPOEKTUPOBAHWM  COBPEMEHHbLIX
K3C. Bonpocbl HagexHOCTU paboTbl 371eKTpoCTaHUMiA C yKa-
3aHHbIMU CXemMaMV MUTaHUA COBCTBEHHbLIX HYXJ TpebylT Ao-
MOMHUTENbHOTO W3YYEeHWs, aHanus3a W 3KcnayaTauuoHHO Npo-
BEPKU.

Co6CTBEHHbIEe HYXAbl T3L,. 3neKTponpuemMHUKN COGCTBEH-
HbIX HYXAa TOL, genaTt Ha OTBETCTBEHHble M HEOTBETCTBEHHbLIE.
HomeHknaTypa uX npakTM4Yecku Takaa e, Kak n Ha K3C
KeM. Ta6n. 8.6) . K HEOTBETCTBEHHbIM 3N1€KTPONPUEMHUKAM [O-
6aBnseTcs rpynna ceTeBbiX HacocoB. [MnTaHwe noTpebuTtenei
CO6CTBEHHbIX HYXJ ocylecTBnseTcd oT ceteid 3—6 n 0,4 KB.

PacnpegennTenbHble YCTPOACTBA COBGCTBEHHbLIX HYXfJ 3—
6 KB BbIMOJIHAKOT NO CXeMe C OAHON CUCTEMOW COOPHbBIX LWWH, a
YNCNO CEKUWWA MPUHMMAKOT PaBHbIM YMUC/Y KOT/IOB.

Ha T3L, cmewaHHOro Tuna, T.e. ¢ He6NOYHON (MMmetoTCS
nonepeyHble CBA3M NO Mapy) ¥ ONOYHON 4YacTAMM, YUCNO CEK-
Uuii B NepBOI YacTh NPUHUMAIOT PaBHbIM YMCAY KOT/IOB, & YUC-
N0 CeKuuii BO BTOPOI YacTu BblGuMpatT, Kak Ha K3C, T.e. oa-
Hy-fBe cekuuy Ha 610K B 3aBMCMMOCTU OT MOLLHOCTM 6JIOKaA.
Pabouee nuTaHWe COBCTBEHHbIX HYXJ He6MOYHON YacTu ocy-
WecTBNAeTCA OT COOPHLIX LWWH reHepaTOPHOro HanpsXeHus, a
24—516
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6N0YHOW YacTn — OTBETBIEHUSAMU OT COOTBETCTBYHOLWMX 6/10-
KOB (He peKOMeHAyeTcAa nuTaHue COOCTBEHHBLIX HYX[ OCYLLECT-
BNATb OTBeTBAEHUAMWU OT 6NOKOB C Typ6buHamu Tuna P). Pe-
3epBMpOBaHME MUTAHWA COOCTBEHHbIX HYXJ MPOW3BOAUTCH OT
WNH FeHepaTopHOro HanpshkeHus. Yucno pesepBHbIX UCTOUHU-
KOB— TpaHc(hopmMaTopoB uAu AnHWIA (NpU paBeHCTBE Hanps-
XEHUSA Ha WKHaX COOCTBEHHbLIX HYXJ[ reHepaTopHOMY Hanps-
XEHWI0) Ha 3MeKTPOCTAaHUMAX C MONepeyYHbIMU CBA3AMU 3aBW-
CUT OT yucna paboymx TPaHCHOPMATOPOB COOCTBEHHLIX HYX/
WAN NNHUIA: Ha KaxXgble LWecTb paboumx TpaHchopMaTopoB
(MMHUA) NPUHMMAKOT OAUH pe3epBHbIi. Mpn 3TOM K OAHONR Ccek-
UMW WWH pacnpefennTelbHOro yCTPOKCTBa FEHEpPAaTOPHOro Ha-
npsxeHus (FPY) npucoednHAaloT He 6onee gByx pabouux
TpaHC(hopMaTopoB COOGCTBEHHbIX HYXA. [Ns NOBblWEHUA Ha-
LEXHOCTU  3/1IeKTPOCHabXeHUs noTpebuTteneidi  COBCTBEHHbIX
HYX[ paboyne N pe3epBHble UCTOUYHWKKM (TpaHchopmaTtop, Nu-
HUK) NPUCOEAMHAIOT K pasHbiM cekuuam TPY. Mpu Hanuyuu
B [PY pAByX cucteM COOPHbIX LUWH Pe3epBHbIA UCTOYHUK BMecC-
Te C TpaHCOPMATOPOM CBA3M MOXET OblTb NOAKNOYEH K pe-
3epBHOI CMCTEMe LWWH, a B CAy4vae OAHON cUCTEMbl COOPHbIX
WWH Pe3epBHbIA UCTOYHMK MOXET ObiTb NOALK/YEH K OTBeET-
BNEHMIO OT TpaHcgopmatopa cBsA3u. Paboume TpaHctopmarto-
pbl COBCTBEHHbLIX HYX[ AO/KHbLI 6e3 neperpys3kn obecneymsaTtb
nUTaHWe Bcex NOTpebuTeneil COOTBETCTBYHLWMUX CEKLMIA.

MOLLHOCTL pPe3epBHbIX WMCTOYHUKOB MUTAHWUA COOCTBEHHbLIX
HYX[ BblGUpalT, UCXOAA W3 CNefyrLLero:

a) ecnn paboume ¥ pe3epBHble WUCTOYHWKN MNOAKNIOYEHbl K
WwuHam [PY, npuuem K KaX[oi ceKuuM MOAKMKOYEH OAWH pa-
604Mil UCTOYHMK, TO MOLLHOCTb PE3ePBHOr0 MCTOYHMKA MPUHU-
MalT HE MEHee MOLHOCTU Hambonee KpynHoro pa6ouero uc-
TOYHWKA,;

6) ecnnm paboyme M pe3epBHbIE WCTOYHWKM MOLK/OYEHbI K
wuHam TPY, npuyem K OfHOM CekuuMn MOAKMKOYEHbl ABa pabo-
YMX UCTOYHWMKA, TO MOLLHOCTb PE3epBHOr0 MCTOYHMKA [O/KHA
6bITb Ha 50 % 60nblle MOWHOCTU Hambonee KpynHoro pabo-
4Yero MUCTOYHUKA;

B) ecnu paboyme WCTOYHMKM MOAK/IOYEHbI K OTBETB/IEHUAM
0T 6710K0B 6€3 reHepaTopHbIX BbliKAKOYaTeNed, TO MOLWHOCTb pe-
3epBHOM0 UCTOYHMKA AO/MKHA OblTb AOCTATOYHON AN1A 3aMEHbI
Hanbonee KpynHoro paboyero WCTOYHWKA WM OAHOBPEMEHHOrO
nycka KoTna wmnum TypouHsbl;
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r ecnm paboyme MCTOYHMKN MOAKNHOYEHBI K OTBETB/EHMAN
0T 6/10KOB, MMEKLUWMX TeHepaToOpHble BbIKNOYaTeNU, TO MOLL-
HOCTb PEe3epBHOr0 WMCTOYHMKA [OMKHA OblTb paBHa MOLLHOCTM
paboyero UCTOYHMUKA.

Mpumep cxem nNuUTaHUA COBCTBEHHbIX HYXA T3LL gaH Ha
puc. 8.24. X"

Ha TennoBbIX 3MeKTPOCTAHUMAX Ha chly4vali NOMHOW, ANuW-
TenbHON (6onee 30 MWH) MOTepU HANPSXKEHUS MPOMBbILLIEHHOW
4acTOTbl, CBA3aHHOW C aBapuUsiMW Ha 3NEKTPOCTaHUUW WK CU-
CTEMHbIMW aBapusiMu, NpefycmaTpuBaeTcsi, KpoMe YKa3aHHOro
Bbille, HAAEXHOE NMUTaHWe OT HeBI0YHOW YacTu cTaHuum (ecnm
OHa MMeeTCs), OT O6AMKaWWKUX 3NEKTPOCTaHLWA mAnm OT aBa-
PUIAHBIX [W3eNb-TeHepPaToOpHbIX WAM Tra3oTypboreHepaToOpHbIX
YCTaHOBOK Crefytowmnx notpebutenein: anektpogsurateneii sa-
NOMOBOPOTHbIX YCTPONCTB, MNOA3aPSAAHbIX arperaTtoB akKyMmy-
NATOPHbIX 6aTapeil, anmapatypbl KOHTPOJIbHO-U3MEPUTENbHbIX
npmbopos, aBapuiitHOro OCBeLLEeHNS.

Ona kaxporo kotna (Man TypOuHbI, ecnn 4mcno TypouH
npesbiwaeT Yncno Kotnos) B PY 0,4 kB rnaBHoro kopnyca npe-
JycmatpuBaeTcs ofHa cekuus. Heo6XoAMMOCTb ABYX CEKLUIA Ha
KoTen TpebyeT o6oCHOBaHMA. Ha Kaxgblii 670K B r/aBHOM
Koprnyce AO/MKHO ObITb He MeHee ABYX cekuumid 0,4 kB. Obuwe-
CTaHLUMOHHAA Harpyska no BO3MOXHOCTW paBHOMEPHO pacnpe-
fensetca mexnay cekumamu PY 0,4 kB. B rnasHom Kkopnyce
MOFYT BbIMO/HATLCA OTAE/bHbIE O06LWEeCTAHUNOHHbIE CEKLMN
0,4 kB, npuyem UX 4YUCNO [O/MKHO OblITb HE MeHee [ABYX.

YacTb cekuuii 0,4 KB 6/710KOB C MOMOLLbI aBTOMATUYECKNX
BblK/tOYaTeneli CeKLUMOHMPYeTCA Ha ABe MOAYCEKLWUWU, K OfHOM
M3 KOTOPbIX MOLK/MOYAOTCA OTBETCTBEHHble noTpebutenun. Mpwu
LNNTENbHOM UCYe3HOBeHUN HanpaxeHua 0,4 KB mMuHumManoHas
3aliMTa HanpsHKeHUS OTK/HOYaeT CeKLMK0 C HEOTBETCTBEHHBLIMM
noTpebuTensaMu, a Cekuua C OTBETCTBEHHbIMWU NOTPebUTENAMU
aBTOMATUYeCKN MOJKIIIOYAETCA K PE3EPBHOMY WUCTOYHUKY MUTa-
HUA. Pe3epBHble UCTOYHMKM [O/MHKHbI 06ecneynBaTb camo3a-
MyCK OTBETCTBEHHbIX MEXaHW3MOB, OT PaboTbl KOTOPbLIX 3aBW-
CUT COXPAHHOCTb OCHOBHOT0 060pyfO0BaHUA.

CornacHo HTM Ha KaxAable LWeCcTb pabouynx TpaHchopma-
Topoe CH 6—10/0,4 kB npuHumaeTCs OLWH PE3ePBHbIA TpaH-
cpopmatop CH 6—10/0,4 kB. [Ona anekTpocTaHuuin ¢ 6n0u-
HON Tenm/0BOM CXEMOW MNPWHUMAETCA Of4WH PEe3epBHbIA TpaHC-
thopmatop 6—10/0,4 kB Ha gBa 6noka (npu umcne pabouumx
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TpaHCOpMaTopoB [0 LWEeCTU) WAM OAWH Pe3epBHbIA TpaHCc-
thopmatop Ha 650K '(Nnpu umcne paboymx TpaHchHOpmMaTOpPOB
6oniee wectwn).

Co6CTBEHHbIE HYXAbl aTOMHbIX 3neKTpocTaHuuii. CocTas
noTpebuTeneli COHGCTBEHHbLIX HYXJA aTOMHOW 3MEeKTPOCTaHUMU»
MX MOLWHOCTb U noTpebnsgemas 3NeKTPO3IHeprns 3aBuUcAT OT
WTUNA 3/1eKTPOCTaHLUMM UM napameTpoB OCHOBHOro ob6opygosa-
HUA. Pacxof 3N1eKTPO3Heprnn Ha COBCTBEHHble HYXAbl Hanb6o-
nee BbICOK Ha A3C c rasoBbiM TeMNnOHOCMTENIEM MPU 311EKTPO-
MeuratensHom npusoge rasofysok. Ha ASC c BOAHbIM Temnno-
HOCUTENEM pacxof 3/1eKTPO3IHEPTUM Ha COBCTBEHHbIE HYX[bI
CYLWECTBEHHO HMXe (cMm. Tabn. 8.4).

OTBeTCTBEHHbIE NOTPebuTenn cobCTBEHHBIX HYXA AJC pge-
natca Ha Tpu rpynnel (1, 2, 3-9 rpynnbl), a HEOTBETCTBEHHbIE
COCTaBNAKT OAHY rpynny (4-t0 rpynny). AeneHne Ha rpynnsb
Mpou3BOAMUTCA B 3aBUCUMOCTM OT TpeGoBaHWUIA K Hafe>KHOCTM
3NeKTPOCHabXEeHNA W COOTBETCTBEHHO [AOMYCTUMOrO BPEMEHMU
nepepbiBa NUTaHUsA MO ycnosuam 6esonacHocTn pabotel ASC.
K notpe6butenam 1-i1 rpynnbl OTHOCATCA: CUCTEMa yNpaBfieHUs
n 3awuntel (CY3), cuctema KOHTPONbHP-U3MEPUTENbHbLIX MpuU-
60poB M YCTPOICTB aBTOMaTUKW peakTopa, cucTema AO3MMET-
PUYECKOT0 KOHTPONSA, aBapuilHble LUUPKYNAUWOHHbIE W MOAMNWU-
ThIBaIOLLLME HACOCHI, YACTb aBapUiiHOr0 OCBELLEHWSs, MacN0HACcOChI
m(C anekTpoABUraTensMu MOCTOAHHOrO TOKa) TypboreHepa-
TOPOB W T. M.

MepepblB NUTaHMA noTpebuTtenei 1-i rpynnbl 4OMYCTUM Ha
BpemMs He 6o0nee fofiell CeKyHAbl BO BCEX PeXuMax, BKIOYas
PEeXWUM MOMHOr0 MCYE3HOBEHMA HaMpPsXeHUs MNepeMeHHOoro TOo-
Ka OT pabouymx u pesepBHbIX TpaHcopmaTopoB CH. 3tn no-
Tpebutenn TpebyT 0683aTeNbHOr0 HanMuus NUTaHUA Mocne
cpabaTbiBaHMS aBapuilHOM 3awuTbl (A3) peakTopa.

K noTpe6utensm 2-ii rpynnbl OTHOCATCH: MeXaHWU3Mbl pac-
X0NaXuBaHWa peakTopa (aBapuiiHble nUTaTeNbHblEe HACOCHI,
aBapuiiHble HAcOChl TEXHWYECKOW BOZbI, HACOCHI MPOMEXYTOUYHO-
ro KOHTYpa, HacoChbl BEHTUALWOHHBIX CUCTEM OXJaXAEHUS Nep-
BOr0 KOHTYpa), MacnoHacoChbl MepemMeHHOro Toka Typ6oreHepa-
TOpOB, Ba/IONOBOPOTHOE YCTPOICTBO, MeperpysoyHas MalluHa
u T.4. [NepepblB nuTaHus noTpeGuTeneid 2-ii rpynnbl onpege-
nsieTca YCN0BMSIMM 6e30MacHOCTM M B 3aBUCMMOCTM  OT Tuna
.peakTopa ¥ TEXHOMOTMYECKOW CXEMbl MOXET COCTaBAATb OT
OECATKOB CEKYHA [0 AeCATKOB MUHYT. OfHAKO faHHble moTpe-
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6uTenn TakKXxXe TpPebyrT 0653aTeNbHOr0 HaANM4usg NUTaHUsA noc-
ne cpabatbiBaHMa A3 peakTopa.

LOna notpebutenein 1-i u 2-n rpynn co3gaetcs cheyuans-
Has CMCTeMa HafeXHOro MWTaHWA C YNCNOM CEKUWA, paBHbIM
ynucny cuctem 6esonacHocTW. B HacToswee Bpems MPUHATHI
TpW cucTembl 6e30MacHOCTM C MUTAHWMEM OT TpPeX He3aBUCUMbIX
MCTOYHMKOB, M3 KOTOPbIX OAWH (aBapuitHblii) [LO/MKEH ObITb,
KaK npaBuno, aBTOHOMHbIM. B HOpmanbHOM pexume noTpebu-
Tenn 1-ii u 2-i rpynn MepeMEeHHOro TOKa MOoAyvalT nuTaHue
OT ob6uieii ceTM co6GCTBEHHbIX HYXJA AJC, a noTpebutenn mno-
CTOSIHHOTO TOKa — OT 06paTUMbIX ABUraTesb-reHepaTopoB WK
OT CheumnanbHbIX CTaTUYECKMX Mpeobpa3oBaTe/ibHbIX YCTPONCTB,
OHOBpPEMEHHO o06ecneynBalIWMX NOA3apAL aKKYMYyNAaTOpPHON
6aTapen. B aBapuiiHbIX pexumax — npu MnoTepe NUTaHWA OT
o0Lleid ceT COBCTBEHHbLIX HYXJ — BCe noTpebutenn 1-in rpyn-
Mbl NOAYYalT NUTaHMe OT aKKyMYNATOPHOW 6aTapen Henocpej-
CTBEHHO MM 4Yepe3 obpaTumble ABUraTeNb-reHepaToOpHble ar-
peraTbl UAW cTatuyeckue (B TOM 4ucne obpatumble) npeobpa-
3oBaTenn. lMoTpebutenn 2-i rpynnbl B aBapUilHbIX peXunmax
noayyalwT NuTaHWe OT [AW3e/b-TeHepaTopoB WMAW OT rasoTyp-
OGUHHBLIX YCTAaHOBOK C ObICTPOAENCTBYHOLLMM 3aNyCKOM (AanTeNb-
HOCTb 3amycka CYyLLecTBYHOLWMX YCTAHOBOK COCTaBisfieT OT He-
CKOMbKMUX CEKYHA L0 HECKONIbKUX MUHYT).

K notpebutenam 3-i rpynnbl OTHOCATCH T[NaBHble LUPKY-
nAaumnoHHble Hacockl (FLUH) u rasogyBkum (Ha A3C c rasoBbiM
TennoHocutenem). lMotpebutenn 3-i rpynnbl ABAAIOTCA Hawu-
6onee MOWHBbIMW  Cpean  3N1eKTPONPUEMHUKOB COOCTBEHHbIX
HY>XXJ W TpebyloT BbICOKON CTEMEHN HAAEeXHOCTW NUTaHUS M3-3a
HeobxogumocT obecneyeHns sagepHoii 6Ge3onacHOCTM peak-
Topa. Ana HWX AONYCTUM MepepbiB NUTAHUSA Ha Bpems LeicT-
Bus ABP, 04HaKo B HEKOTOPbIX Cly4yasax, 3aBUCALMX OT YCO-
BUA paboTbl TEXHONOrMYecKoi cxembl, ana vact FLH gonyc-
TUMO [aXe MO/IHOEe MCYE3HOBEHWEe NUTaHuA. OTU noTpebuTtenu
He TpeOylT 0643aTeNbHOr0 HaMuua NUTaHUA nocne cpabatbl-
BaHMA A3 peakTtopa.

K 4-ii rpynne notpe6uTeneii OTHOCATCA BCe NpouyMe MoTpe-
6uTenn cobCTBEHHbLIX HYXA A3C, He MpefbABAAlOLLME MOBbI-
WEHHbIX TpeboBaHWIA K HaAEeXHOCTU 3NEKTPOCHabXeHns u go-
nyckatiouime 6o0nee ANUTeNbHbIE MepepbiBbl NUTaHUA. pume-
pbl cxem CH A3C c peaktopaMmu pasfiM4HOro Tuna npuBeLEeHbI
Ha puc. 8.25.
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Bce He3zaBMCUMble MCTOYHWMKWA MUTAHUSA COOGCTBEHHBIX HYX[
ASC pfomkHbl uMmeTb 100%-HblA pe3epB. Bbl6op He3aBUCUMbBIX
nctouHnkos co 100 %-HbIM pe3epBMpPOBaHWEM MPOU3BOAUTCA C
YUYEeTOM TEeXHOMOornM Mpou3BOACTBA, HALEXHOCTU paboTbl, obec-
neynBaroLlen AfepHYl0 6e30NacHOCTb, a TakXe TeXHUKO-3KO-
HOMMYecKMX nokasateneir A3C.

B HopmanbHOM pexume paboTbl pe3epBUPOBaHME MUTAHUA
noTpebuTenein nepemMeHHoro Toka 1-i m 2-ii rpynn OCyL,ecTB-
nseTca OT 3aBUCKUMbIX WCTOUYHWKOB MuTaHWsA (TpaHchopmarto-
pbl COOGCTBEHHbIX HYXA, AuHuM 380/220 B), a notpebuteneli
MOCTOSIHHOIO TOKa — OT akKKyMynaTOpHOW 6aTapen unu oT 06-
paTuMbIX arperatoB. B aBapuilHbiX yCNoBUSX MUTaHue ocylie-
CTBNSIETCA OT AaBTOHOMHbIX WCTOYHWUKOB MUTaHUSA.

CO6CTBEHHbIE HYXAbl TMAPO3NEKTpOCTaHUmMiA. oTpebuTe-
NN cOBCTBEHHbIX HYXA OC pgenaT Ha arperaTHble M 06w ecTaH-
UMOHHble (Tabn. 8.7), OTBETCTBEHHbIE U HEOTBETCTBEHHbIE. K OT-
BETCTBEHHbIM NOTPE6MTENSAM OTHOCATCA 3/IEKTPONPUEMHUKN, Ha-
pylleHne 31eKTPOCHABXEHMA KOTOpPbIX MOXET TMpPUMBECTU K
MOBPEXAEHUIO WM OTKIKOYEHUIO TMAPOArperaTos, CHUXXEHUIO Bbl-
paboTKN 3/1eKTPO3HEPTUNUN, pPaspyLEeHUD TMAPOTEXHNYECKUX CO-
OPYXXeHUA 1 T.n. TaKuMK 31eKTPOMPUEMHUKAMU ABASKOTCA:
TEXHWYECKOe BOAOCHabXeHue (BoAAHAA cCMaskKa TYpPOWHHbBIX
MOALWMMNHWUKOB, Maci00XaaguTenn MOANATHUKOB U NOALWUMNHU-
KOB arperatos, BO34YyX00XNaAMTenn reHepaTopoB), Mac/ioox-
naguTenn TpaHc(hoOpMaTOpOB, BCMOMOraTe/lbHble YCTPOWCTBa
cuctem BO36GYXAEHUA, Mac/lOHAaNOPHbIE YCTAHOBKW, aBapuitHoe
OCBELLEHME, CMCTEMA MOXAPOTYLWEHNA, MEXaHM3Mbl 3aKpbITUSA
[LPOCCEeNbHbIX 3aTBOPOB  HAmMopHbIX TpPyb0oMpoBOAOB, HACOCHI
NMPOMBILINIEHHbIX W TOPOACKMX BOA03a60OpoB (eCcAn OHM pacmho-
NoXeHbl B 3gaHum FOC m nuTaloTca OT CeTM COBCTBEHHbIX
HY>X ). K OTBETCTBEHHbIM MNOTPeOGUTENAM OTHOCATCA Takxke
notpe6butenn 1-n KaTeropmmM NPUCTAHLMOHHOIO MOCeNKa Wam
MECTHOW 3MeKTPUYECKO CeTU, €eCAM MNuTaHWe OCYLecTBA-
eTCA OT CeTW COBCTBEHHbIX HYXA.

Ona F3C pa3nnMyHoro Tuna XxapakKTepHbl: OTHOCWUTe/bHaA
cTabunbHoCTb noTpebuTteneid CH; kak npaBuio, He3HaYMTeNb-
Has MOLLHOCTb 3NeKTpofBuraTeneil; OTCYTCTBME 3N1eKTPOABU-
rateneil MOCTOSHHOrO TOKA W [BYXCKOPOCTHbIX 3M1EKTPOABUT'a*
Tenei. AnektponpuemHnkn CH F3C 06bI4HO nuTalTCH OT Cce-
TW nepeMeHHoro Toka 380/220 B. Ha mowHbIx 3C moryT
6bITb MPUEMHMKKW, TPebylowne NUTaAHUA Ha HanpsHkeHun 6 kB:



Tp-p 6104HbIN
TC3C-1000/10.
60#-0,23"

THOM-1-
HopmanbHoi

X
aKcnnyaTayuu.
PYCH S 18
Hale>KHOro

LUTaHna XkaT. b

&R ORHL wPaaaa

Ousens- (2) X | ~\p3c 0
reHepaTop T PasienuT. .
5500 KBT vmp-p s LLLy-O”eeiepa-
nnTaHus Top / \
vy u 100010 of Tp-p y
nuTaHus [ ] 1000/10 &Ofi P
TC3C-1000/10 ﬂa.g%m&ro ,,&LLI.
6/0.4-0,23 'PYCH 0,4 kit .
T HafeXKHOro
b MU TaHns XX HAT.
LLInHbI 0,4 nB n
Hale>XHoro

|
MuTaHnsa 1k4T.

Puc.

JtVP'P
X)AM
PasgenvT.
V Tp-p gnA
nnTaHna
ABIN

8.25. lMpuMepHble CxXembl COGCTBEHHbLIX HYyXxp A3C



Kcoce,quMV |

§ 8l 16 666

KPYCH
«KB
apyroro
610Ka (M) \Jr* (£ M) KpesepBHOMY
A TP~P PasgennT, /— T;zﬂaarl_lc_(gg);l)-
i ‘Tp-p  Tp-p ana M-
r£) 6MoYHbIIA. \& b n%?_'l_mﬂ %pyroro
"Pesg| BHbII/I caTopcs foKa
( X chep- Qpl ~Ao6bvema  TC3C—
A TaTap ¥ 1000/ 10
\ TC3C- 1000/10]r “T - w*

\ 6/0n0,23kB V
| b
+ ]

v ér
n 3 - v
re'D'HepaTop i )g PasqenMT
Tp- P o N Tp-p 4na
Hage>KHoro \ \' nuTaHua \
mTaHna g, X. ABI

*b1T T-T

% X X X X X

a—cCc peaktopom TuMa BB3P-i000



i, KOPY330 KB

“frr* *TTt
T m

tfi kB

BVt t

Puc. 8.25. MpopomkeHue



3> 7000750 KIONW»sB

7POHC- TYy- ™
i emofcsojldl
b)ATr L 0/35-X, Jilahil
0]

6 —c peakTopom Tuna PEMK-HOOO



firssoo kBt

O6weATHasn
yCTaHOBKa,
6 KB ANNNHafeXK HAro nuTaHusa 6 kB
— >
ITnon_ Trar—1~1 TN3N-nM1
V)rc3C-{V5 a0 7L //0(9) 1000/10Ty)
7000/10
350/220 B
MoTpebuTenn MoTpebuTenn
kaTeropuun 1b KaTeropuun 1b
(06LL1e6M04HbIE) (06Le6n04HbIE)

3NN

XX

B& W a

MoTpebuTenn kaTeropmn 1A (06Lwe6104HbIE)

3Nor"n"\ L(E]
I Ten. L-ri Lzl
AKaATEropum. |

r N\

soeowa W1 =

bI‘IOTpe6MTenM |
nocTosiHHoro |
~C
i 11 J IHOFO TOKa
| | ophT 1%

3B0/rroB

rLL

KOoro

TokKa ].’L’L’I:L’I;IH —1

Puc. 8.25. TMpoponxeHue






KaiwuHam Kmmtt
380 KB " j,MKkS
v
c f.f {.. 11 | |
MY Jm
X
Cwunosas
Harpyska.
cy3
rfrf f L+
>208Y ) S S
) U\
" L
swn PHHYHW w Y>H Y P

Puc. 8.25. MpopgonxeHne



Xwuham 388 kB Knuna» KumHam — Kwwmar

4F? T

r —c peakTopom Tuna BB3IP-440



384 CXeMbl 3MeKTpPUYECKUX COEAUHEHMWIA CcTaHuwii 1 nogcTaHuyuid  n. 8

Tabnuua 87

OCHOBHble MOTPebuTeNnn co6CTBEHHbIX HYX A AC

arperaTtHble

Hacocbl TexHMYecKOoro BOAOCHabXe-
HNA arperatoB

Hacocbl BOASIHOTO OXJlaXAeHus re-
HepaTopoB

Hacocbl BOASIHOW  CMa3kKu MogLWumn-
HUKOB

MacnoHacocbl
peraTtoB

CUCTeMbl CMa3Ku ar-

BcnomoraTenbHble  ycTpoiicTBa cuc-
TeMbl BO36YX/[EHUS reHepaTopoB

Hacocbl M BEHTUNATOPbI  CUCTEMbI
OXNlaXeHnsa 6N04YHbIX TpaHchop-
MaTopoB

MacnoHacocbl Mac/noHanopHoli  yc-
TaHOBKM (MHY)
Hacocbl aBapuiiHbiXx CepBOMOTOPOB

3aKpbITUA HanpaBAsloLWero anmna-
paTta TypbuHbI

Hacocbl 0TKaukm
TYyp6UHBI

BOAbl C KpPbIWKN

JleKaXXHble Hacochbl

Komnpeccopbl 0TXaTus BOAbl W3 Mo-
noctu pabouvero Kosneca TYpOMHBI
ANnA nepeBoja reHepaTtopa B pe-
WM CUHXPOHHOrO KOoMMeHcaTopa

Komnpeccopbl 3apagkn MHY

MpuBoAbl 3afBMXEK TEXHUYECKOro

BOAOCHAab6XeHUs

Hacocbl U BEHTUASATOPbLI  CUCTEMBI
oxnaxpaeHuns TpaHcdopmaTopoB
(aBTOTpaHchopmMaTopoB) CBA3N K
LWYHTUPYIOLNX PeaKkTopoB

Hacocbl noxapHble
Hacocbl gpeHaXKHble

Komnpeccopbl MHEBMAaTUYecKOro Xo-

3salictea OPY

MexaHU3Mbl 3aKpbITUS APOCCENbHbBIX
3aTBOPOB  HaMopHbIX Tpy6onpo-
BOJOB

ONeKTpuYeckKoe OCBELLeHUE

Hacocbl 0TKayku BOAbl M3 OTcacblBa-
owmnx Tpyo

3apagHble ycTpoiicTBa W BEHTUAATO.
pbl aKKyMYNsiTOPHON 6aTapeun

O6orpeB 6akoB M NPUBOAOB BbIK/IO-
yaTteneit OPY

O6orpeB My®dT M NognuTbIBaKLLMe
ycTpoiicTBa MacnoHanoNHeHHbIX
Kabenei

MexaHn3Mbl nogbeMa OGbicTponaga-
IOWMX WMTOB

OTonneHWe W BEHTUNSALMA MNOMeLe-
Huii TAC

Hacocbl X039MCTBEHHOro BOAOCHA6-
XXeHua

CopooyncTuTebHble MalUWHbl COpPO-
yAepXuBamLmnx peLeTok
MexaHu3Mbl nogbema  3aTBOPOB

NAOTUHBLI
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Mpopon>keHne Tabn. 8.7

OCHOBHble NOTpPe6UTENN CO6CTBEHHBLIX HYXA M3C

arperaTHble 06LLECTaHLMOHHbIE

MoabeMHble MexaHn3mbl M3C

KpaHbl pa3fMyHoOro HasHayeHus

O60rpeB  31eMEHTOB  FMAPOTEXHU-
YECKMUX  COOPYXeHWni (3aTBOp®I,

copoyzepxuBarouime peLueTKm
nT Aa)

JIndThl

3NeKTPONpPUEMHUKN MexaHU4ecKunx
MacTepcKux

Hacocbl OTKA4yku BOAbl W3 CNMpasbHbIX KaMep M 0TCachblBalo-
WMx TPyb; KOMNpPeccopbl 0TXKAaTasa BOAbl; HACOCbl TEXHUYECKO-
ro BOAOCHAGXEHWS; KpaHbl; MOTPebuTenn wWwnw3a u poiboxo-
[l0B; MexaHWU3Mbl FON0BHOr0 y3na (Ha gepusBaunoHHbix 3C);
noTpebuTenn NPUCTAHLUOHHOIO MOCE/KA; HAaCOCHble TOPOACKMX
BOAOMPOBOAOB.

MpuMeHATCA fBe OCHOBHble CXeMbl MUTaHWA COBCTBEHHbIX
HyxJ F3C — ¢ 06WKUM 1 C pa3fenbHbIM NUTaHWEM arperaTHbIX
M 06LLeCTAHUNOHHBIX 3N1eKTPONPUEMHUKOB.

MepBas cxema C OfLHOWN CTymeHbk HanpshkeHus CH Hawna
npumeHeHne Ha M3C manoli M 4YaCTMYHO CpeAHeil MOLLHOCTM-
BTopas cxema c ABymSa cTyneHAMuM HanpsaxeHnd CH npumeHs-
eTcs Ha TOC cpepHeli 1 60/bLWOK MOLWHOCTMW.

MpumMepbl cxeM COBCTBEHHbIX HYX [ M3C pgaHbl Ha puc. 8.26.

MoLHOCTb TpaHCHOpMATOPOB  arperaTHbIX COBGCTBEHHbIX
HY>X[ BblbupaeTca no cymmapHoW Harpyske CH cooTBeTcTBY-
IoWKnX arperatos. TpaHcopMaTopbl paccUMTbiBAOTCA Ha pa-
60Ty 6e3 neperpyskum 1 MMeHT fABHbIA pe3epB. [NaBHble TpaH-
cpopmatopbl CH npuHMMalOTCA CO CKPbITbIM pe3epBOM U C
BO3MOXHOCTbIO aBapuiiHOW neperpyskun. [ns anekTpocHabxe-
HUA arperaTHbiX U 60MbLWIMHCTBA O6LLECTAHLMOHHBIX 3/1eKTPO-
npuemMHukos CH npumeHA0TCA cyxue TpaHcopMaTopbl, BKIO-
YeHHble MO cxeme rny6bokoro BBOAA. B OTAeNbHbIX CAyvasx
ana pesepsuposaHusd nutaHus CH 3C moryTt 6bITb UCNOJb-
30BaHbl IMHUN OT 6AM3NeXalWnX paioHHbIX MOACTaHLMIA.

Co6CTBEHHbIE HYXAbl MOAcCTaHUWi. B 3aBUCMMOCTM OT Tu-
na, Ha3HayeHUs W pasmelleHWs MNOACTaHLMA, MOLLHOCTU TpaH-
cthopmaTopoB (aBTOTpaHCHOpPMATOPOB), HaAU4UA WU OTCYT-
25516
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ArperaTHble 1 06'WecTaH— T . MJ f
LMOHHbIE 3NEKT PONpuemM- nTT ol

ArperaTHble U 06uiecTaHun- yralpTcH
OHHblE 3/IEKTPONPUEMHUKM.

Puc. 8.26. CxeMbl COBCTBEHHbIX HYX g 3C:

a—Manoii MoWHOCTN; 6 —cpefHell MOWHOCTU; B — 6OMbLWION MOWHOCTU C 06LWUM
MUTaHWeM arperatHbiX W 06LECTAHLMOHHBIX 3/1€KTPONPUEMHUKOB ,
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Puc. 8.26. lMpopgomkeHune

r — 60NblWONA MOWHOCTN C pasfeNnbHbiM NUTAHUEM arperatHbiX W 06LeCTaHLMOHHbIX
3/1EKTPONPUEMHNKOB:

1—4 — TpaHcdopmatopbl CH COOTBETCTBEHHO [NaBHble, arperaTtHble, pe3epBHble U
061 eCTaHUNOHHbIE

CTBMA CMHXPOHHbIX KOMMEHCATOPOB, TWNa 37eKTpoobopypnoBa-
HWA NOACTaHUWM MNPOEKTUPYIOTCA C [AEXYPHbIM NEepcoHanomM
nnm 6e3 Hero (LeHTpanM3oBaHHOE 06CAyXMBaHWe, LEXYPCTBO
Ha LOMY), C NOCTOSHHbIM W/N NEPEMEHHbIM OMnepaTuBHbLIM TO-
KOM. '

KpyrnocyTouHoe fAexypcTBO npefycMaTpuBaeTcs Ha Moj-
cTtaHumnax 35—330 kKB npu pasmelieHnn Ha HUX JUCMeTYepCKnX
MYHKTOB MNpPeanpuUATWA WAM paioHOB 3MEeKTPUYECKUX CceTel, a
TakXXe OnepaTMBHbIX OMOPHbIX MYHKTOB; Ha MNOACTaHLUAX
220—330 KB cO CNOXHO CXEMOW 3N1EKTPUYECKUX COEAMHEHWIA,
c 60nblWKNM 06BEMOM ONEPATUBHBIX MEPEKHOUYEHUA N TEKYLLUX
paboT; Ha BCex MOACTaHUMAX C BbICWUMM Hanps>keHnem 500—
750 KkB.

25*
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Puc. 8.27. CxeMbl CO6GCTBEHHbIX HYXJ MNOACTaHUWUIA:

a— C MnepeMeHHbIM W BbINPAM/IEHHbIM ONepaTuBHbIM TOKOM; 6 —C NOCTOSHHbIM oOne-
DAaTUBHBLIM TOKOM
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MoTpe6buTenn CcOBCTBEHHbIX HYXJ MOACTAHLWIA Takxe fge-
NATCA Ha OTBETCTBEHHbIE W HEOTBETCTBEHHble. K MepBbiM OTHO-
CATCA 3NEKTPONMPUEMHUKN CUCTEMbl OXNaXAeHusa TpaHchop-
MaTopoB (aBTOTpaHCc(hOpMaTOpPOB), aBapuilHOe OCBELLEeHWE, CU-
CTeEMa MOXapoTyLleHus, cucTeMa NOJOrpeBa BbiKAKOUaTENen u
NPMBOAOB, 3NEKTPONPUEMHUKN KOMMPECCOPHOl, cucTeMa CBf-
31 U TeNIeMEXAHUKN.

Ha aByxXTpaHCcOopMaTOpHbIX (MHOroTpaHchopMaTopHbIX)
NMoACTaHUMAX YycTaHaBnuBawT fBa TpaHchopmaTtopa CH co
CKPbITBIM pe3epBoM. Ha ofHoTpaHchopMaTOpHbIX MOACTAHLUAX
MpW HaMYMN Ha HUX CUHXPOHHbLIX KOMMEHCATOPOB, BO3AYLIHbIX
BblKNtOuaTesneidi M aBTOTPaHCHPOPMATOPOB C MPUHYAUTENLHON
CUCTEMOI OXNaXeHus TakXke ycTaHaBAMBalOT ABa TpaHcdop-
matopa CH co CKpbITbIM pe3epBOM, MPUYEM OAUH U3 HUX MOSA-
K/I0YalT Ha MecTHyl ceTb 6—35 kB. Ha npouux ofHOTpaH-
c(hopMaTOpPHbIX NOACTAHUUAX YyCTaHaBAMBAKOT OAWH TpaHcgop-
maTtop CH.

TpaHchopmaTtopbl CH Ha NoAcTaHUMAX C MOCTOSAHHLIM One-
paTVBHbLIM TOKOM noAknw4arT K wuHam PY 6—35 kB, a npwu
OTCYTCTBMU PY — K BbIBOAM HU3LIEro HaNpsXXeHusa TpaHchop-
mMaTtopoB (aBToTpaHcopmaTopoB). Ha noactaHuuax ¢ nepe-
MEHHbIM W BbINPAM/IEHHBIM OMNEPaTUBHLIM TOKOM TpaHchopMma-
Topbl GH NOAKNOYalOT Ha OTBETB/EHWE MEXAY BblBOAAMMW HU3-
Wero Hanps>XeHua TpaHcopmatopa (aBToTpaHchopmaTtopa)
N BbIK/IIOYATEJIEM.

Ha nofcTtaHumMaX C MOCTOAHHbLIM OMEPaTWBHLIM TOKOM Ha-
nps>xxeHune cetn CH npuHumaetcs paBHbiM 380/220 B c 3a3eM-
NEHHOW HelTpanbto, a Ha MOACTAHUMAX C MEpPeMEeHHbIM W Bbl-
NpsiM/IeHHbIM onepaTuBHbIM TOKOM — 380/220 B c 3a3eM/ieH-
HOM HenTpanbto n 220/127 B ¢ HeiTpanbio, 3aMKHYTOW 4Yepe3
NPOOMBHON NpefOXpaHuTENb.

MepeMeHHbI OMepaTMBHbLIA TOK Ha MoAcTaHumax 35—
220 kB npumeHseTca Be3fe, rge 3T0 BO3MOXHO MO YC/0BUAM
paboTbl MPMBOAOB BblKMOYaTeneli. B yacTHOCTWM, OH NpPUMEHSA-
eTCA: Ha MNOACTAHUMAX, Y KOTOPbIX Ha BbICLIWX HANPIKEHUAX
MPVHATLI YMPOLLEHHbIE CXEMbl 6a3 BblK/tOYaTenein; Ha NoACTaH-
LMAX C BbiCWMM HanpsxeHuem 110 KB, y KOTOPbIX MPUHATHI
CXeMbl MOCTWKOB C YCTAHOBKOW ManoMacisHblX BbIK/tOUaTe-
nein (kpome BMK-110); Ha MOACTaHUMAX C BbICWIMM Hanpsxe-
Huem 6—35 KB, y KOTOpbIX NPUHATbHI K YCTAHOBKE Mac/fHble
BbIK/IOYATENN C MPY>XUHHBIMWU WAN 3N1EKTPOMAarHUTHLIMU MpU-
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BOoZaMu, npuyeMm paboTa 3NEeKTPOMarHUTHbIX NPUBOAOB 0bec-
NneynBaeTcs Mo CeTU BbINPAM/IEHHOr0 OMepaTMBHOIO TOKA.

MOCTOSIHHBIV OnepaTUBHLIA TOK MPUMEHSAETCS: HAa MOACTaH-
umax 330—750 kB; Ha noactaHumax 110—220 kB, rge atoro
TpebyloT npuBOAbl BbIKAOYaTenei; Ha noacTaHumax 35—
220 kB, rpe akkymynstopHas 6ataped Heobxoamma Ana npo-
uynx uenei (cBf3b, TeflemexaHuMka u T1.n.). MNpu 3aTom ycTaHaB-
nneakwTcAa ofHa wnm e (Ha noacTtaHumax 500—750 kB) ak-
KymynatopHbole 6atapen 220 B, paboTtawowme B pexume no-
CTOAHHOro nogsapaga. Mpumepsbl cxem CH nogcTtaHumii faHbl
Ha puc. 8.27.

FnaBa pgeBAaATad

KOHCTPYKLUWW PACNPELENUTENbHbBIX YCTPOWNCTB.
KOMMNOHOBKW 3NEKTPUYECKUX CTAHL NN
MW NOACTAHLWNNA

9.1. OBWNE CBEAEHWA

PacnpefennTenbHble YCTPONCTBA 3NEKTPUYECKUX CTAHUWUIA ©
NOACTaHUMI BbINOMHAKTCA 3aKpbiTbiMW (BHYTPEHHEN YCTaHOB-
KW) — c pacnonoxeHuem obopyposaHus B 3gaHusax (3PY) wu
OTKPbITbIMU (HapyXHON YyCTaHOBKM) — C PacnofiodXeHneM Bce-
ro WAM OCHOBHOro o060pyfoBaHMA Ha OTKPbITOM BO3JyXe
(OPY). LUupokoe npuMeHeHMe HaxXoAAT KOMMAEKTHbIe pacrpe-
LenuTenbHble YCTPOWCTBA KakK [NA BHYTPEHHEl YCTaHOBKMU
(KPY), Tak n gna HapyxHoi yctaHoBkm (KPYH). Mpwn npo-
eKTUPOBaHUN N COOpPYXeHUM PY B HacTosdlee BpeMsa MpUMeHs-
IOT KOMMMEKTHble f4eilkn 6—10 kB, KOMNAekTHble pacnpeg-
YCTPOWCTBA, & TakXe OTAe/bHble Y3/bl 3aBOACKOrO WCMO/He-
HUA.

PacnpegenutenbHble ycTpoiictBa 35—750 KB 06bIYHO Bbl-
MOJIHAKT OTKPbITbIMU,

3akpbiTble PY B OCHOBHOM MPUMEHAKOTCA Ha Hanps>KeHUax
3—20 kB, a Takxe Ha HanpsxeHuax 35—220 kB B cnyyaax
OrpaHMyeHHOCTM naowagein nog PY, MOBbILWEHHON 3arpsa3HeH-
HOCTU aTMOCGeEpPbl 1 THXKENbIX KnuMaTuyeckux ycnosuii (Kpaii-
Huii Cesep). B nocnegHee BpemMs B 3HeprocucremMax Ccranu
BHEAPATbCA KOMMMEKTHble pacnpeaycTpoiicTBa C 3/1era3oBoil
(SF6) nzonaumein (KPY3J). OHM MOryT BbINOMHATHCA KaK NS
BHYTpPEHHel, Tak u ANnA HapyXHoW yctaHoBku. B CCCP B Ha-
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crtoswee Bpemsa akcnayatupyrwTca KPY3S 110—220 kB u pas-
pabaTbiBatoTca KPY3S 330— 1150 kB. 3a py6exom akcnnya-
Tnpytotcas KPY3 60—750 kB. lMpumeHeHne KPY3 BmecTo
TMNoBbIX OPY no3BOAseT yMeHbWMWTb naowagb U obvem PY
npumepHo B 6— 10 pa3, MOBLICUTb HAAEXHOCTb PaboTbl U Ky/b-
TYpy 3Kcnayatauuu 3neKTPoyCTaHOBOK, HO TpebyeT npuMepHO
BABOE OO/NbLINX KanUTaN0BIOXEHWUIA.

PacnpefennTenbHble YCTPOWCTBA [O/MKHbI YAOBNETBOPATH
MOCTaB/IEHHbIM TEXHUYECKUM TpebOBaHUSM B OTHOLUEHWW Ha-
LEXHOCTM paboTbl, ypobcTBa 3Kcnayatauum, 6e30macHoCTH
06CNyXNBaHNA, BOSMOXHOCTW paclMpeHus, a TakXe Moxapo-
6esonacHocTh. OHM AOMKHbI AOMNYCKaTb BO3MOXHOCTb MWCMO/b-
30BaHMA CpPeAcTB MexaHu3auuu LS MPOU3BOACTBA PEMOHTHbIX
paboT. Bbl6Op TOW WAM MHON KOHCTPYKLMW pacnpefycTpolicTea
NPOM3BOAWUTCA HAa OCHOBAHMM aHanM3a W CPaBHEHUSA TeXHMYec-
KUX W TEeXHWKO-3KOHOMWUYECKMX MOKa3zaTesneil KOHKYPUPYHOLLUX
BapMaHTOB. PacnpefycTpoicTBa BbIMOMHATCA B COOTBETCTBUU
c Tpeb6oBaHuAMK MY, HOPM TEXHOJIOFMYECKOrO MPOEKTUPOBA-
HUA 3NEeKTPUYECKUX CTaHUWUA M MOACTaHUWi, CTPOUTENbHbLIX W
MPOTMBOMNOXaPHbIX HOPM, PYKOBOAALWMX YKa3aHW MO NPOeKTun-

POBaHMKO MeXaHu3aunn PEMOHTHbIX pa60T n apyrux HopmMartms-
HbIX MaTepKnanos.

PacnpefycTpoicTBa BbINOMHAKTCS TakuM 06pa3om, 4ToObl
Mpyv HOpPManbHbLIX YCNOBUAX PaboTbl 3N1EKTPOYCTAHOBKUN WUCKIHO-
Yyanacb 0OnacHocTb Ana 06CNYyXWBaKLWero nepcoHana, a npu
aBapuiiHbIX YCNOBUAX HEe MPOUCXOAWMIO pacnpocTpaHeHue Mo-
BPEXAEHNA, BO3HWKHOBEHME KOPOTKMX 3aMblKaHWA UAM 3aMbl-
KaHuii Ha 3emnto. MNpegycmaTpuBaeTcs, YTo6bl NpUM CHATOM Ha-
MPsHXKEHWM C KaKoi-nmbo wuenm obGecrneymBanca 6e30nacHbIi
OCMOTpP, CMEHa WM PEMOHT 3/IEMEHTOB 3TOW Lenu 6e3 Hapylle-
HUA HOPManbHOM pPaboTbl COCEAHUX LENei.

KOHCTPpYKLMK, Ha KOTOPbLIX 3aKpenseHo o6opyAoBaHue, pac-
CUYMTLIBAIOT Ha ycunusa OT Beca 060pyAOBaHWA, BeTpa, ronose-
Ja W OT 3NeKTPOAMHAMMYECKUX CUST NMPU KOPOTKMUX 3aMblKaHW-
AxX. CTpouTeNbHble KOHCTPYKLUMMW, Haxogsdwwmecsd BOAM3N TOKO-
BEAYLWMX YacTeld, AOCTYMHbIe W HefOCTYMNHble ANA MPUKOCHOBE-
HUA 06CNYXMBAKOLLEr0 NepcoHana, pacCYMTbiBAOT Ha TO, YTOOLI
OHW He Harpesanucb Bbllwe cooTBeTcTBEHHO 50 n 70 °C.

B pacnpegycTpoiicTBax npegycmaTpuBaetcsa yCTaHOBKa
pasbeguMHUTeNen, obecneunBaroLiMX BMAUMbIA paspbiB ANS OT-
COeflMHEHNA B cly4vyae Heo6XOAMMOCTM BCeX annapaTtoB 3/1eKT>
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PUYECKON Lenn OT COOPHBLIX WWH U OT APYTUX 3MEMEHTOB, Ha-
XO4AWMXCA NOS HanpsX>XeHuem, a Takxke 6/710KMpOBKa (3/1EKT-
puyeckas WAM  MexaHW4eckas) MexXfAy BbIKAKOYATENeM U
pasbefuHNTENAMMN KaXAO0N Uenu ANS NpefoTBpal,eHus owun-
604YHbIX onepauuini. B Tex pacnpegycTpoicTBax, rae ana obec-
neyeHns 6e30MacHOCTU TpebyeTcsd 3akopayMBaHue U 3a3emfie-
HWe UenW, pasbegUHUTENM HanpsxeHnem 3 KB u  Bblwe
060pyayOT CTaUuMOHApPHLIMKU 3a3eMAOWUMN HOXamu. B pac-
npefycTpoicTBax, rge TemmepaTypa OKpyXawlero BO3gyxa
MOXeT O6bITb Huxe —25°C, npegycMaTpuBaeTca nNoOLOrpes
mMacna MacnsHbIX BblK/toYaTener. Kpome T10ro, He3aBUCMMO OT
MUHWManbHOW TemnepaTypbl BO3Ayxa npegycMaTpuBaeTcs Mo-
[OrpeB MexaHW3MOB MPMBOLOB MacC/fHbIX W BO34YLIHbIX Bbl-
KnoyvaTenei, 6/10K0OB K/anaHOB BO3A4YLIHbIX BbliKAOYaTenein u
MX arperatHbiX LWKagoB.

OLWMNHOBKY pacnpefyCTpOACTB, Kak MpaBuno, BbINOAHAKT
M3 aNlOMUHUEBbIX, CTaneaJitoMUHUEBBLIX U PeXe CTalbHbIX MPo-
BOZLOB, TPy6 M nosioc, a TakXe WUH NPOPUILHOrO CevyeHus u3
ANMOMUHUA U aNlOMUHWEBBIX CMJaBOB  3/1eKTPOTEXHUYECKOTO
Ha3HauyeHusa. N3-3a geduumnta Megn mMegHble LWWHBI NMPUMEHAIOT
B 0COObIX Cnyvaax (arpecCcMBHOCTb CpPefbl, HaMPsXKEHHbIA TeM-
nepaTypHbIl peXKumM, NOBblWEHHbIE TPE6OBAHNA K HAaLeXHOCTM
paboTel 1 T. n.).

YcTaHOBNeH oOnpefeneHHbli NOpAjOK pacnofoxeHus as
COOpPHbLIX WKH 1 oTBeTBNEeHWI A B 3PY n OPY. LLuHbl B PY gon-
XHbl ObITb OKpalweHbl. B 3nekTpoycTaHOBKax Tpex{asHoro
MepeMeHHOro TOKa LWKWHblI (ha3bl A OKpawwWBalT B KEeNTbl,
(hasbl B — B 3efeHblil, pasbl C — B KpacHbI LBET; HyneBble
paboumne (ecnu OHW UCNONbL3YHOTCA U B KAYeCTBe 3aLLUTHbIX) —
NPOAONALHLIMU MOIOCAMMW B XENTbIA 1 3eneHbll LuBeT. B OPY ¢
rMOKON OLMHOBKOW B COOTBETCTBYHOLLMI LBET OKpallMBaeTcs
apmartypa M30/1ATOPOB annapartoB. B ycTaHOBKax MOCTOSAHHOIO
TOKa MOMIOXKMTENbHASA LUMHA OKPalMBAETCA B KpacHbIW LBeT,
oTpuuatenbHas — B CUHWIA, HyneBaa paboyas — B rony6oii.

TpaHcopmaTopbl, pPeakTopbl W KOHAEHCATOPbl HapyXHOW
YCTaHOBKW WMEIOT CBETNYHO OKpPacKy [ANA YMeHbLUeHUs Harpe-
Ba MPAMbIMU fly4aMun COMHLA.

[nsa CHATMA MeXaHWYecKMX TeMMepaTypHbIX HanpsXXeHwui
N HanpsXeHWidi oT BMGpaumm TpaHcOpPMaTopoB OWMHOBKa PY
CHab>)kaeTca TemnepaTypHbIMW KOMMNEHCATOPamMmn UAN MPUMEHS-
eTcA ocnabneHHoe TSHXKeHWEe MpPoBOAOB M T. n. MeTannmyeckue
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KOHCTpyKunn 3PY, OPY u noactaHumii, a Takxe MOA3EMHble
4yacTh MeTanIMYyeckmx W Xene3ob6eTOHHbIX KOHCTPYKUMIA 3alym-
LalTCca OT KOpposuu.

TokoBegyuime 4acTu W 3NeKTpoobopyAOBaHNE WMEIOT CeT-
yaTble WM CMeLlaHHble OrpaXKAeHus, KOTOpble LO/KHbI UMETb
clegyowyto  BbicOTy: And OPY U OTKPbLITO YCTaHOBNEHHbIX
TpaHcopMaToOpoOB Haj YPOBHEM MAAHUPOBKUM — 2 unn 1,6 M, a
ans 3PY Hap yposHem nona — 1,9 M, Npy 3TOM CETKW LOJKHbI
MMETb OTBEPCTMS pasMepamum He wmeHee 10XHKO u He 6onee
25x25 MM2 a orpaxpeHus — npucrnocobneHus pana sanupa-
HUS MX Ha 3aMoK. B 3PY npu Bxoge B Kamepbl TpaHcgopma-
TOpPOB, BblKAOUaTeNen u Apyrux annapaTos C LEenbld 0CMoTpa
KBaM(NLMPOBAHHLIM MepcoHasoM KaMep Mpu Haiuyum Hanps-
XEHNA Ha TOKOBEAYLWIMX YacTAX JOMNYCKAeTca MNpUMEHEHUe
CbeMHbIX 6apbepoB HeNnocpeACcTBEHHO 3a ABEPbl0 Ha BbICOTE
1,2 m.

Tepputopua OPY u noacTaHuuii fo/mKHa ObiTb Orpaxge-
Ha BHelWwHMM 3abopom BbicoTol 1,8—2 M, a OPY, B cBOlO Oue-
pedb, [LOMKHbI WMeTb BHYTPeHHMA 3a6op BbicoTOW 1,6 M.
B OPY 3nekTpOyCTaHOBOK, WMEHUWMX 'Mac/isiHoe XO038iCTBO
WA 3/1EMEHTbI C Mac/ioM, Ha C/iyyail BO3MOXHOW YTe4yku mac-
Na [O/OKHbI 6bITb MPefyCMOTPEHbI YCTpoiicTBa AnsA ero cbopa
MW YAANeHUs C Lenbl WUCKIYNTL BO3IMOXHOCTb MOMajaHuns
macna B BOJOEMbI.

TpeboBaHUa K KOHCTpykuusm 3PY. PaccTofiHWA B CBeTYy
MeXAY HEeW30NMPOBAHHLIMU TOKOBEAYLWMUMM YacTAMMU Pa3HbIX
(ha3, paccTosiHUA OT HEW30NUPOBAHHbIX TOKOBeAYLIUX 4vacTei
[0 3a3eM/IeHHbIX KOHCTPYKLUWIA W OrpaKfeHwid, nona u 3emnu,
a TaKXe MexAy HeorpaXeHHbIMW TOKOBeAYW UMM YacTaAMU
pasHbIX Lenei JO/MKHbI ObITb He MeHee yKa3aHHbIX B Tabn. 9.1,
KOTOopasd cocTaBineHa NPUMEHUTeNbHO K puc. 9.1, a—r.

Mmbkue wwuHbl B 3PY npu Tokax TpexdasHoro K3 20 kA
n 6osee NPOBEPAKOT Ha cOAMXKeHUEe Moj gelicTeuem TokoB K3,
HensonupoBaHHble TOKOBEeAyLIMe YacTM BO WU3bexaHwe cny-
YaliHbIX MPUKOCHOBEHMI K HWM NOMeLLat0T B KAMepbl UM orpa-
XAaKT ceTkaMy ¥ T. n. HensonuposaHHbIe TOKOBeAylMe Yac-
TW, PacrnonoXeHHble OT M0OAa Ha BbiCOTe, MeHblleil pa3mepa [
{puc. 9.1, r), orpaxpgatT CeTKamu, npuyeM BbICOTa MNpoxona
nojg CeTKON po/mkHa 6biTb He meHee 1,9 M. TokoBegylme yac-
TW, PacnosioXXeHHble Bbllle OrpaxpaeHuii (40 BbICOTbl 2,3 M OT
nona, HO HWXXe pasmMepa [f,) pacnonaralT OT MJIOCKOCTU Orpa-
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XOeHus Ha pacctosHum B (Tabn. 9.1). dnekTpuyeckme anna-
paTbl, ¥ KOTOPbIX HWXHAA KpoMKa (apgopa M3019TOpOB pac-
MofoXeHa Haf YPOBHEM nofa Ha BbicoTe 2,2 M u 6onee, pas-
pelaeTcs He orpaxkAatb, €C/N BblMOSIHEHbl W3M0XEHHbIE BbILe
Tpe6oBaHus. NMpuMeHeHUe 6apbepoB ANA OrpaxAeHWin TOKoBe-
OyWNX 4vacTeld B OTKPbITbIX Kamepax He fonyckaeTcs, a Ans
KOMMEKTHbIX A4veeK — He TpebyeTcA. HeorpaxieHHble Henso-
NMPOBaHHbIE TOKOBeAyliMe 4acTW pasnYHbIX Leneid, Haxons-
uecs 0T nona Ha BbicoTe, 6onblweil pasmepa [, [OMKHBI

Puc. 9.1. HanmeHblune paccToAsHWA B CBeTy OT TOKOBeAyLW WX 4acTeil Ao
pasinyHbIX 3neMeHToB 3PY
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ObITb pacnofoXeHbl Ha TaKOM PaccTOAHWW APYr OT Apyra, npu
KOTOPOM MpW OTK/IKYEHUWN KaKOM-n1mb0o uenn 06CNnyxuBaHue ee
MOXeT MpPOU3BOAMNTLCA 0e30MacHO MpU HaauuuyU HanpsHKeHUs
Ha cocefHMX Uenax. B uacTHOCTW, MeXAy HeorpaxaeHHbIMU
TOKOBEAYL MW YACTSMMW, PACMONOXKEHHbIMU C ABYX CTOPOH KO-
pugopa o6cnyxuBaHus, LO/MHKHO OblTb pacCTOAHME He MeHee
pasmepa I (puc. 9.1, B 1 Tabn. 9.1).

LLnpnHa KopuaopoB ob6Cny>XuBaHMA A0MXKHA obecrneymsatb
y4o6HOe 06Cny>XMBaHue 3/eMEHTOB 3/1EeKTPOYCTAHOBKW W Mepe-
MeleHne o6opyfoBaHUS MpPU e€ro 3aMeHe W pPeMOHTax; OHa Co-
cTaBnfeT [B CBETY MeXAYy OrpaxAeHuaMu) He mMeHee 1 M npw
OfiHOCTOPOHHEM ¥ 1,2 M nMpu [BYCTOPOHHEM PaCMOMIOXKEHUN
obopygoBaHusa. LLnpnHa KOpUAOPOB ynpasineHus, rae Haxogat-
CA NPUBOAbI BbIKMOYaTeNen WAN  pasbefuHUTeNen, [oMKHa
6bITb COOTBETCTBEHHO He MeHee 15 u 2 M. B nocnegHem cny-
yae npu ANNHe Kopupopa O 7 M [AOMYCKAaeTcAa YMeHbLUeHue
WunpuHbl Kopugopa go 1,8 m. WnpwuHa B3pbIBHOTO KOpuAopa,
T. €. KOpuAopa, Kyfa BO3MOXeH BbIGpOC MNPOAYKTOB B3pbiBa
BblKNtouaTenei, 4omkHa 6biTb He MeHee 12 M. JlonyckaeTcs
MECTHOE CYXeHWe Kopupopa 06CNY>XUBAHWUA U B3PbIBHOTO KO-
pugopa CTPOUTENIbHbIMU  KOHCTPYKUUAMW He 6onee 4Yem Ha
0,2 m.

Konnyectso BbIXO4OB U3 PY Hapyxy unu B Apyrue nome-
LLeHMa C HecropaemMmbIMy CTEHaMW W MepekpbITUAMMU 3aBUCUT OT
ONVHBI PY: npu gnvHe PY [0 7 M MOXHO WUMETb OfWH BbIXOA;
npu gnvHe 7—60 M HeobXxoAMMbl 4Ba BbIX04A MO KOHLAM; npwu
AnnHe 6onee 60 M — ABa BbIX0Aa MO KOHUAM W AONONHUTESb-
Hble BbIXOfbl C TAKUM pacyeToM, 4YTOObl paccTosHue OT N6OiA
TOYKM KopugopoB PY po Bbixoga He npesbiwano 30 m. [sepu
n3 PY [OMKHbI OTKPbIBATbCA B HanpasieHUW APYrux nometle-
HWA MW HapyXy W MMeTb camo3anuparolimecs 3amKu, OTKpPbI-
Baemble 6e3 K/4a CO CTOPOHbI PY. B3pbiBHble KOpWUAOPbI
60nblWOK ANWHBLI crefyeT pasfenaTb HecropaembiMy Mepero-
pOAKamMu Ha OTCeKW ANMHOI He 6onee 60 m.

BakoBble MacnsHble BbiKAOYaTenun, cofepxauime 6onee
60 Kr macna, ycTaHaB/MBAaKT B OTAE/bHbIX B3PbIBHbIX KaMe-
pax C BbIXO4OM Hapy>y WAM BO B3pbIBHOIW Kopupop. BakoBble
MacnsfHble BblK/OYaTenu, cogepxawme 25—60 kr macna, mo-
ryT yCTaHaB/MMBATbCA KaK BO B3PbIBHbIX, TaK W B OTKPbITbIX
Kamepax. B nocnegHem cnydae, a Takxe Npu Haau4ymm BbIXOfa
M3 Kamepbl BO B3PbIBHON KOPWAOP BbIK/OYATENM BbiGUPAOT C
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20%-HbIM 3amacoM MO OTK/AKYalolleid MOLWHOCTU. BakoBble
MacnsHble BblK/tovaTenu € KOAMYECTBOM Macna o 25 Kr, ma-
nomacnsHble BblKIOUaTeNN, a TakXe BbIKAOYaTenn 6e3 macna
yCcTaHaBNMBalOT B OTKPbITbIX Kamepax. [pu ycTaHOBKe Masno-
MacfnfiHbIX BbIK/lOYaTeNneid, MMeKLWmMX B OAHON (hase 6onee
60 Kr macna, B KaXxjoi Kamepe npejycmaTpuBaeTcs nopor,
paccyMTaHHbIA Ha yfAepXaHue MoOAHOro ob6bema macna. Bbi-
Knyatenun, yctaHaBMBaeMble B OTKPbITbIX Kamepax, OThens-
I0TCA ApPYr OT Apyra HecropaeMbiMW neperopofkamMu. Takumu
e neperopogkaMmu uUAM MeTanIMYeCKUMWU WMUTamMuU OHU OTAe-
NATCA OT npuBoja. BepxHAA KpoOMKa Meperopofku vau wuta
[OMKHa OblTb Ha BbiCOTE He MeHee 19 M oT nona. And BO3-
OYWHbBIX BblKAOUaTeNned 3alWUTHbIA WNT He TpebyeTca. Mpu
yCTaHOBKE B PY macnsHbIX BblKlO4YaTenein u gpyrux macno-
HaMo/IHEHHbIX annapaToB CO 3HAYMTeSlbHbIM 06bEMOM Macna B
3aBUCUMOCTU OT KO/IMYecTBa Macna U MecTopacrnofioXXeHus arn-
napatoB (1-i aTax, 2- 3TaX W T. M.) B COOTBETCTBYIOLLUNX
Kamepax cornacHo MNYQ3 BbINOMHAKT MacnoyfepXxusatowune
NPUAMKW, MNOPOru, NaHAyCbl, Mac/fONPUEMHWUKW WA MacnooT-
BOAbl B JPEHAXHYI CUCTEMY.

PeakTopbl yCTaHaBIMBAKOTCA B KaMepax, pasmepbl KOTO-
pbIX onpegenalTca rabaputamm peakToOpoB, YC/MOBUAMU MOH-
Taxa, yAoOCTBOM pasMelleHUs peakToOpoB M LIMH, a Takxke
YCNOBUAMW Harpesa MeTan/IMYecKUX U >Kene3o0eTOHHbIX KOH-
CTPYKUUIA B MarHUTHOM TMOJie peakTopoB. PeakTopbl Ha He-
60nbliNe HOMWHANbHblE TOKW YCTaHaBIUBalOT BEPTUKANbHO, a
Ha 60MblUMe TOKW — CTYMEeH4YaTo WM FOPU3OHTANbHO. Y CTaHo-
BOYHbIe pasMepbl ONpejenstTcsa 3aBOAOM-U3rOTOBUTENEM W
YKa3blBalOTCA B KaTanorax. BeHTMnAuMA MoOMeLleHWid TpaHc-
thopMaToOpOB U peakTOpPOB AO/KHA 06ecrneynmBaTb OTBOJ Bblje-
ndgeMoro Temnsa, NpUYyeM pasHOCTb TemmnepaTyp BO34yXa, BXO-
gAwero v “wapdaulero M3 nomewleHuidi (kamep) TpaHchopma-
TOPOB, J0/MKHA ObITb He 6oee 15°C, Kamep pPeakTOPOB Ha TOK
fo 1000 A —‘He o6onee 30 °C, peakTopoB Ha TOK 6o0see
1000 A — He 6onee 20 °C. B3pbiBHble KOpWUAOpPbI, a TakKXe KO-
pupopbl 4ns 06CNYXWBAHWUA OTKPbITbIX Kamep, COAepXaLinx
obopypoBaHue, HANOMHEHHOE MAC/IOM WK 3aUTOe KOMMNayHAoM,
060pyAyIOT cneunanbHO, He CBA3AHHON C APYTrUMMU BEHTUAALM-
OHHbIMW YCTPOCTBaMW, aBapWHON BBLITSXXHOW BEHTUAALWEN,
BK/IOY2eMOI M3BHE W PAcCYMTAHHOW Ha NATUKPATHbIA 0OMeH
BO3JyXa B uac.
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N

Puc. 9.2. HauMeHbline paccToOAHMA B CBeTy OT TOKOBeAyLW,MX uyacTeli Ao
pasnyHbIX 3nemeHToB OPY
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TpeboBaHns K KOHCTpyKumsm OPY. PaccTodaHMA B CBeTY
0T TOKOBefyLmn5C 4acTelh J0 pasnndHbiX 3nemeHtoB OPY pon-
XHbl OblITb He MeHee NpMBEAEHHbIX B Tabn. 9.2, koTopasd co-
cTaBfieHa MPUMEeHUTeNbHO K puc. 9.2. Mpu  Mcnonb3oBaHUK
rMOKUX LWWH paccTofHWE B CBeTY MeXAy TOKOBefyLMMW U 3a-
3eM/IEHHBIMU YaCcTAMM, a TakXe MeX[y TOKOBeAylWwWMU YacTa-
MW NPU MX PacnonoXeHWU B OJHON FOPW3OHTa/IbHON MMOCKOC-
TN AOMKHO 6bITb cOrnacHo MY 3 He MeHee, M,

Np-3.r ~ Np-3 + a-e

npE-¢,r = "d-d + a’
roe

a = /sin a;
f — cTpena nposeca nposoga npu temneparype +15 °C, wm;

a = arctg ;

A —cuna, ¢ KOTOpoii BeTep feicTByeT Ha 1 m nposoga, H/wm;
Q=mg — Bec 1 m nposoga, H/m.

CKopocTb BeTpa MpuUHMMaeTcs paBHOW 60 % CKOpOCTM, yu-
TEHHOW MpuU pacyeTe CTPOUTENbHbIX KOHCTPYKLMIA.

B OPY npu Tokax Tpex¢a3HOro KOPOTKOro 3aMblKaHus
20 KA n 6onee rnbKue LWKHBLI MPOBEPAIOT HAa BO3MOXHOCTb
CXNEeCTbIBAHWA UMM OMACHOr0 B OTHOLLEHUU Npobos cOaMKeHus
B pe3ynbTaTe AWHaMW4yeckoro Aeicteuss TokoB K3. B OPY
BAOMb BblKAtOUaTeneli npefycmMaTtpuBaloT Npoess He MeHee 4 M
no WWPWHe W BbICOTE [A/IA TPAHCMOPTUPOBKU  NEPEeSBUNKHbBIX
MOHTaXHO-PEMOHTHbIX MEXaHW3MOB W MpUcnocobieHnid, a Tak-
Xe nepeasBuKHbIX nabopatopuii. Jonyckaetca UMeTb LUUPUHY
NPoe3Xei 4acTy pasiInyHbIX BHYTPUNNOLWAAOUYHbIX Aopor 3,5 m
n 6onee, npuyem npu onpegeneHun rabaputos NpoesfosB LON-
XHbI ObITb yUTeHbl pasmMepbl NPUMEHAEMbIX MeXaHW3MOB W Npu-
cnoco6neHnini. PaccTosHME OT HEOrpaXKAeHHbIX TOKOBeAyLiUX
yacTeil [0 MalWH, MEXaHW3MOB W TPaHCMOPTMPYyeMOro o6opy-
[OBaHUA [O/MKHO OblTb He MeHee pa3mepa b (cm. Tabn. 9.2).
PaccTosaHue Mexay HeorpaAeHHbIMW TOKOBELYLIMMU YacTAMMU
pasHbIX Lenel, pacrnonoXeHHbIX B pasHbIX MAOCKOCTAX, AOMXK-
HO ObITb NO BEPTWUKANN He MeHee pasMepa B, a Mo ropusoHTa-
nu—me MeHee pasmepa A. Mpu a3tom ob6ecneymBaeTcs BO3-
MOXHOCTb 06CNYXMBAHWUA HUXHEN Lenu npu HeoTKIOUYEHHO
BEPXHEW W OJHOW TOPU3OHTANbHO PACMOJMIOKEHHOW LUenu npwu
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HanMuMM HanpsXKeHWs Ha Apyroi. B cnyvae ueneid pasHoro
HanpsXXeHua pasmepbl B v [ NPUHUMAKOTCA MO UX 3HAYEHUAM,
COOTBETCTBYIOLLMM 3MeKTpUYeckoil cetn 60Mee BbICOKOro Ha-
NpsXeHuns.

[ng npepoTepaleHusa pacTekaHWs Macna u pacrnpocTpaHe-
HWUA noxXapa npu NOBPEXAEHUN MACNOHAaMNOMHEHHbIX CUMI0BbIX
TpaHc(opmMaTopoB U peakTopoB, UMeKLWUX B eanHuue (B of-
Hom Gake) 6oniee 1000 kr macna, a Takxe 6aKOBbIX MacfsHbIX
BbikNtouateneii HanpshkeHnem 110 kB © Bblle BbIMNOAHAKOT
MacnoNpUEMHNKN, MacnooTBOA4bl W Macnoc6opHuKn. O6beM
mMac/fonpMemMHmKa [O/KeH OblTb paccuMTaH Ha npuem 100 %
macna TpaHcdopmaTopa wunm peaktopa u 80 % macna 6aka
BblK/lOYaTend. Ha [HO MacnonpueMHUKa YyKnafAblBalOT Kpyn-
HbIA YUCTbIA rpaBUil, TPAHWTHbLIA WAN WHOW HEMOPUCTLIWA Lie-
6eHb, Npuvyem TOMWMHA CNOA [O/MKHa ObiTb TakKoW, 4TOOLI
BEPXHUIA YpPOBeHb 6bln1 He MeHee yeM Ha 25 CM Bbille MOBEpX-
HOCTW NNaHUPOBKM. MacnooTBOAbl AOMKHbI 06ecrneymBaTb CTOK
M3 MacnonpuemMHuMKa macfia v BOAbl, NPUMEHAEMON Npu Tylle-
HMM MnoXapa, B CMCTeMbl OTBOZa J/IMBHEBbIX BOA Ha Oesonac-
HOe B MOXApHOM OTHOLIeHnK pacctoaHue. Mpu 3tom 50 %
Macna n 100 % BoAbl AO/MKHbI yAanATbCA 3a BpeMa He 6onee
15 MuH.

KOHTaKTHble COefMHEHWA MNPOBOLOB W LUWMH, a TakXe npu-
COeMHEHNSA K 3N1EKTPMYECKUM annapatam BbIMOAHAT OMpec-
COBKO unn CBapKoi. B oTAenbHbIX cnyyasx Ans nofgcoeguHe-
HUA 3NEKTPUYECKMX annapaToB AonyckawTtcsa 60nToBble coe-
OvHeHus. OHWM [OMYCKAKTCH TakKXe AN COefMHEHUS LWUH BO
BPEMEHHbIX YCTAHOBKax, ecny MpPUMeHeHWe Hepas3beMHbIX Coe-
OVWHEHWA (CBApHbIX WAW OMPECCOBaHHbIX) CBA3aHO C 60/bLIMM
06bemMOM paboThbl MO NEPEMOHTAXY LUUH.

9.2. TUMNOBLIE KOHCTPYKLWWN 3AKPbITbIX PACMPEJENUTENbHbIX
YCTPOWCTB

PykoBogcTBysicb TpeboBaHusmu Y3, Befylime NpPoeKTHbIE
opraHusauum (MHCTUTYTbl «ATOMTENO3NEKTPONPOEKT», «IHep-
roceTbMpoeKT», « MAPONPOEKT», «BHWTTN3Hepronpom»,
«INEKTPOMPOEKT», «TAXMNPOMIIEKTPONPOEKT») MepUoANYECKM
pa3pabaTbiBalOT HOBble TUMOBbIE KOHCTPYKUUU PY pa3fnyHoro
HaNpsHXKeHUA 3NeKTPOCTaHUWIA WM MOACTAHUMIA NPUMEHUTENLHO
K 3N1EeKTPUYECKUM CXemaM, PeKOMeHAyeMblM HOpMamu TeXHO/0-
26—516
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rMYeCKOro MpoeKTUPOBaHMS. TUMOBbIE KOHCTPYKLUM SBASKOTCA
OCHOBOW npu pa3paboTKe MPOEKTHbBIMKW OpraHusaumamm PY
KOHKPETHbIX 3/1eKTPOYyCTaHOBOK. KpoMe TMMOBbIX KOHCTPYKL WA
ans PY pa3pabaTbiBalOT CXeMbl 3anNO/IHEHUA, MOKasblBaloLWwme
B3aMMHbIE PAaCMO/OXEHUA 3/1EMEHTOB, a TaKXe MO3TaXHble
nnaHbl U feTanbHble pa3pesbl AveeK. B 0TAeNbHbIX Ccnyvasax
CXeMbl 3aMO/IHEHMA W MNAaHbl COBMELLAlOT Ha OAHOM 4YepTexe.

Mpu pa3paboTKe TUMOBbIX KOHCTPYKLMI MO BO3MOXHOCTM
MCNOMb3YIOT LOCTUXEHUA HAYKU M TEXHWKU B pasfnMyHbIX 06na-
CTAX Ha COBPEMEHHOM 3Tane, BO3MOXHOCTW MPOMbILLJIEHHOCTK
W CTPOUTENbHOW WHAYCTPUM, HAaKOMMEHHbIA ONbIT NPOEKTUPOBa-
HMA W 3KCMayaTauuy 3N1eKTPOYCTAHOBOK, MPOrHO3Hble faHHble
0 pecypcax, nokasatenax HafgeXHoOCTU U O TeXHUKO-3KOHOMMU-
YeCcKUX XxapakTepucTnKax, sakfagblBaeMblX B NPOEKTbl MaTtepu-
anos, obopynoBaHWA, CTPOUTENbHbIX 3N1EMEHTOB WU T. N. B Tu-
MOBbIX MPOEKTax HaxoAAT OTpa)KeHuWe MpPOrpecCUBHbIE pelle-
HWA, MCNONb3yHLiMe HOBellwee o060pyAOBaHWe, MOCTaBAAEMOE
nAn ocsamsBaemMoe 3aBofaMu, nMpuyem, KakK npasuio, B MOJIHO-
CTbt0 CcO6paHHOM BMAE UAWN B KPYMNHOG/0YHOM  WCMOSHEHUN;
KOMMNMEKTHbIe AYENKU W Y3/bl; YHUDUUUPOBAHHbIE CTPOUTENb-
Hble KOHCTPYKUWMMN W 3NeMeHTbl CTaHAAapTHbIX rabaputos. Tuno-
Bble KOHCTPYKLMM pacnpefycTpoiCTB MPOEKTUPYIOT C y4eToM
BO3MOXHOCTM LUMPOKOTO0 MCMNO/Mb30BAHNA COBPEMEHHbIX CPELCTB
MexaHu3auuy CTPOUTENbHBIX, MOHTAXHbIX U PEMOHTHbIX paboT.
AHann3MpyrTCa BO3MOXHOCTM CO3[aHWA  KOHCTPYKLUA pac-
npegycTpoinCcTB C HOBbIMW TUMamMu M30MALUN 31eKTPoobopyao-
BaHUsA (nuTad, snerasoBas W T. M.), MNO3BONAOWMUMU PE3KO
YMeHbWUTL rabaputbl 3PY. Huxe faetcs KpaTkas XxapakTe-
PUCTMKA HEKOTOPbIX TUMOBbLIX KOHCTPYKUuin 3PY.

3akpbiTble  pacnpegenuTenbHble  ycTpoiictBa 3—20 kB.
PacnpegenntenbHble ycTpoiicTtBa 6— 10 KB 3nekTpocTaHuuii u
NoACTaHLWiA Npu OTCYTCTBUM PEAaKTOPOB Ha OTXOAAWMX SINHU-
AX, a TaKkxKe PY 3—6 (10) kB COGCTBEHHbLIX HYX[ 31eKTpo-
CTaHUWI BbINOMHAIT U3 KOMNNEKTHbIX fveeK. [eHepaTopHble
PY npu Hanmumm peakTOpOB Ha OTXOAAWLMX JIMHUAX BbIMOMHSA-
IOT C WUCMONb30BaHMEM KaK KOMMMEKTHbIX, TaK U COOPHbIX
AYeek.

Ha HanpsxeHuax 10—24 kB molwHble reHepaTtopbl U 6104-
Hble TpaHc(opMaTopbl COEAMHAOT MeXAy co6oi 3aKpbiTbiMK

3KpPaHUPOBaHHbLIMW TOKOMPOBOAAMMW C OTBETB/IEHUAMU K TpaHC-
thopMaTopaM COGCTBEHHbLIX HYXS.
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= CXemMa 3anojiHeHunA

S B CoxocigR
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HaumeHoBaHue
MOHT @KHbIX
eavHuL,

Wkag bl KPY
¢ BbiknovaTe-
nem BMIM-70
1 BBOAHbIE
cbopHble
f4eiikn

Mpoxog

Kamepsl
peakTopos
1 BoiknovyaTenei

C6OpHble LLMHbI
N LUMHHbIE
pazbeauHUTENM

COOpHble LINHb
N LIWHHbIE
pasbefuHNT enn

Kamepsl
peakTopoB
1 BblknoyaTenei

Mpoxoga

Wkathbl KPY
¢ BoblkmtoyaTenem
BMM-10
1 BBogHble
cbopHble
A4eiikn

HaumeHoBaHune
MOHT a@XHblX
enHnL

Puc. 9.4. TPY 6—10 KB 0A4HO3TaXHOe C OAHOW CUCTEMOWN COOPHbIX LUUH

(T3, 1962 r.):
a— CxemMa 3anonHeHuns
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Puc. 95. TpopgomkeHune
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Puc 96. TPY 6—10 kB AByxaTaxHOe C AByMA cuUCTeMaMU COOPHbIX LUMH
(Tor, 1963 r.):

a —cxema 3anofiHeHus
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Puc. 9.6. MpogomxeHne

6 — nonepeyuHblii pa3pe3 Mo fuyeiike reHepatopa
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Puc. 9.6. MpogonmxeHue
¢ —MomnepeyHbli paspe3 Mo syelike oTXoAsLel NUHUK
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PacnpegenntenbHoe ycTpoictBo 6—10 kKB noHwxarouweii
NOACTAHUMWN C FPYMMNOBbIMW  CABOEHHbLIMKU peakTopamu. [pu
ABYX CABOEHHbIX peakTopax Takoe PY BbINOMHAOT OAHO3TaX-
HbIM, C ABYXPALHOW ycTaHOBKON A4veek KPY, ¢ yeTbipbMs Cek-
LMAMK, C O4HMM KOPUZOPOM U C ABYyMA oTcekamu (puc. 9.3).
pynnoBsble peakTopbl YCTaHaBAWBaKOT B MPUCTPOMKax K 34a-
HUO PY. [ing gocTyna B peakTOPHOE NOMELLeHUe Mexgay ayeli-
KaMn 6 1 8, a TakXe 34 u 36 npegycmatpusaroT TMPOXOAbI.
KabenbHble NIMHUM HENOCPeLCTBEHHO U3 A4veek KPY BbIBOAAT
Hapyxy.

NPY 6—10 kKB c 0gHON CUCTEMOW COOPHLIX LUWH, NMPeACcTaB-
NeHHOoe Ha puc. 9.4, paccymTaHO Ha yfapHblii Tok 300 KA u
BbIMO/IHEHO OAHO3TAXHbIM. 34aHMe MMeeT LWUPUHY 18 M n Tpu
npoxofa. B uUeHTpanbHOW YacTu 34aHWA PacrnosioXeHbl 610KK
COOPHBIX LWKWH W WWHHLIX pa3befuHUTeNneil; fanee cnegytoT
AYENKN TeHepaTopHbIX, TPAHCOPMATOPHbBIX U CEKLMOHHbIX Bbi-
Knrouatenei, rpynnoBbiX U CEKLMWOHHbIX PEAKTOPOB W LUMHHbIX
TpaHCOpPMaToOpPOB HAMPAXKEHUA. Y CTeHbl 34aHUA pacnosioxe-
Hbl fyelikm KPY. WmeroTcs gBa MOA3eMHbIX KabenbHbIX TyH-
Hens W ABa BEHTUAAUMOHHBLIX KaHana. Areiikm TPY paccuuta-
Hbl Ha YCTaHOBKY Bblkitouateneid Tuna MI-20. Lar auveiku
paBeH 3 M.

F’PY 6—HO KB ¢ ogHO cucteMoil COOPHbIX LUMH, MOKa3aH-
HOe Ha puc. 9.5, TakXe paccyMTaHO Ha ygapHbin Tok 300 KA 1
BbIMOTHEHO OfHO3TaXHbIM. Pa3paboTaHbl Tpu BapuaHta MPY
ana T3OL, c yeTbipbMa reHepaTopamu no 60 MBT: | BapnaHT—m
C rpynnosbiMu peaktopamu; |l BapuaHT — C rpynnoBbIMK pe-
aKTopaMu n MoWwHbIMX TOKonposogamu; Il BapuaHT —c rpyn-
MOBbIMW W MHAVBUAYANbHBIMWU PeakToOpaMu.

KoMnoHOoBOYHOE pelleHMe noJO6HO MPUHATOMY Ha pwuc.
9.4, War s4yeilikm cocTaBnser 3 M, a nponetr 3gaHua— 18 wm.

F’PY 6—10 kKB c gBymMsa cuctemamu COHOPHbIX LIWH, MOKa-
3aHHOe Ha pwuc. 9.6, paccumTaHO Ha ygapHbili Tok 300 KA u
BbIMO/THEHO [BYX3TaXHbIM C TpemMf KOPUAOPAMU Ha KaXAOM
ataxe. lNponer 3gaHMa cocTtasnger 15 m, war no AnvMHe —
6 M, Wwar fyeek HecTaHAapTHbIi — 2,4 M. Bbikntouatenu (Tu-
nos Mr-10 u MT-20), cekumoHHble peakTopbl (40 4 KA)
rPynnoBble INHeHbIe peakTopbl (80 1,5 KA) pacnonoxeHbl Ha
nepeoM 3Taxe. Aueilkn KPY npumbikaloT K fyeiikam peakTo-
poB. BNIOKM LUMH W WMHHBIX pasbeAnHWUTENeli pacnofoXeHbl Ha
BTOPOM 3Taxe. ViMeeTcs ABa MOA3eMHbIX KabenbHbIX TYHHens.
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3akpbiThle pacnpefenutenbHble yctpoictea 35—110 kB.
B CCCP 3akpbiTele PY c 06bl4HbIM 060OpyAOBaHMEM, NpefHa-
3HAYEHHbIM AN HapYyXHOW YCTaHOBKW, CMPOEKTUPOBaHbI W Bbl-
MOSIHEHbI Ha HanpsxeHua 35—220 kB. 3a py6exom Takoro
poga 3PY  BbIMNOMIHEHbI Ha  HanpsxeHus po 500 kB.
Pag 3apy6exHbiX (upm B nocnegHee BpeMs KOMMIEKTHO Mo-
cTaBnseT mManorabaputHole KPY3 ans BHYTPEHHeN yCTaHOBKMW.
B CCCP KPY3 110 u 220 kB ycnewHo 3KcnayaTUpyrOTCa Ha
page nogctaHuuii B r. Mockse, Ha CTapo-OCKONbCKOM MeTan-
NYypruyeckoM KOmM6WMHaTe W Ha pafe APYrmx O6HEKTOB.

3PY 35 kB c gBymsa cuctemamy cOOpHbIX wWuH (puc. 9.7)
BbINOMIHEHO OHO3TAXHbLIM C MPOMETOM 34aHua 12 M, C Lwarom
KO/IOHH NO ANNHe 34aHna 6 M 1 C Wwarom fdeikn 3 M. NmeroTces
ABa Kopupopa 06GCNYXMBAHUA W OQUH KOPWULOP YNpaBfleHus.
3PY paccuMTaHO Ha yCTaHOBKY BbiKatoyaTeneir tunos BBH-35
n MI-35. C60pHbIe LUMHbI, PaCCYUTaHHbIE HA HOMUHA/bHbIA TOK
2000 A 1 ypapHbIl TOK 82 KA, pacnonoXeHbl B BepPTUKAaNbHON
MAOCKOCTN W UMeT MexaydasHble TMeperopofkn. Y CTeHsb
3[aHNA CO CTOPOHbl SINHEeNHbIX BBOAOB PacnofaratoTcsa naHenu
penenHon 3awmntbl. MNoa3emMHbI KabenbHbIA TYHHENb pacnono-
XEH Yy CTeHbl 34aHUsA CHapyXWu.

3PY 110 kB ¢ gBymMs cucTtemMamu c60pHbIX WuH (puc. 9.8)
BbIMO/IHEHO [ABYX3TaXHbIM C MPOMETOM 3faHua 12 M K Wwarom
KONOHH Mo AnuHe 3faHna 6 M. 3PY paccuMTtaHO Ha yCTaHOB-
Ky BbikntouaTenei Tuna BBH-110. O6xo4Has cmcTemMa LWKMH pac-
nonaraetcs BHe 34aHud. Ha BTOpOM 3Taxe WMeKTCA [ABa
Kopugopa o6CcnyxnMBaHMA, a Ha NepBOM—KopUop o6CNyxmBea-
HMUA (B HEM pPacnmofiOXeHbl MaHenn peneiiHON 3aluTbl) WU KOPU-
gop ynpasneHus. MNog AyelikaMu HaxXOQUTCH COBMELLEHHbIN
TYHHENb ANA NPOKNAAKW KOHTPONbHbIX Kabeneid u BO3[YXO-
NPOBOLOB BO3AYLUHbIX BbIKIOUATENEN.

9.3. TUMOBLIE ~ KOHCTPYKLWW OTKPbITbIX PACMPEAENUTENbHbIX
YCTPOWCTB

TUMNOBbIE KOHCTPYKLWUM OTKPbITHIX pacrnpefenmTeNbHbIX YCT-
poiicTB paspabaTbiBalOTCA C YUYETOM HEOBXOAUMOCTU LUMPOKOTO
MCMOMb30BaHUS YHU(ULMPOBAHHBLIX KENe306eTOHHbIX KOHCT-
PYKUWA U YKPYMHEHHbIX G/I0KOB 3/1eKTPOOGOPYAOBAHUS 3aBOJ-
CKOrO MCMOMHEHWS. B NpoeKkTbl 3aKNajblBalOTCS COBPEMEHHbIE
KOMMOHOBOYHbIE PELUEHNS, YUUTHIBAOLLME KaK OCOBEHHOCTM
27-516
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Puc. 9.10. MpogonxeHue
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KOHCTPYKUWIA HOBbIX TUNOB 3NekTpoobopysoBaHusa (MOAYNb-
HOCTb BblKAKOUaTeNe, 4BYXKONOHKOBAA KOHCTPYKLUA pa3befu-
HUTeNe, NOLBECHAA KOHCTPYKUMA pasbefuHuTenei u 1. 4.),
Tak 1 TpeboBaHUA K BO3MOXHOCTW [anbHeliLlero pacLinpeHus
OPY 1 ncnonb3oBaHMA Ha BCexX 3Tanax CTPOUTENbCTBA M IKC-
nnyataumun OPY COBpPEMEHHbLIX CpPeACcTB MexaHu3auumm pabor.
Hwuxe paccmaTpusaroTCad TUMNOBble KOHCTpyKuun OPY.

OPY 110 kB c gBymsa cuctemamu, C60PHbIX WKMH KU C 06X04-
Hoii cuctemoi (puc. 9.9) MOXeT ObiTb BbIMOJHEHO C MCMOMb30-
BaHWEM MeTa//IMYeCKNX WAN YHUPULMPOBAHHLIX Xenesobe-
TOHHbIX KOHCTPYKLWIA.

Ha puc. 9.9 nokasaHbl pa3pe3sl OPY, BblIMO/HEHHOIO C MC-
No/b30BaHWEM COOPHbLIX Xe/1e306eTOHHbLIX KOHCTpyKuwuii. [Be
paboume cuUCTeMbl LIMH NPUMBIKAKOT APYr K ApYyry, a 06xogHas
CMCTEMa LKMH OTHeceHa 3a /IMHelHble nopTanbl. BbiBOAbI K
TpaHchopmaTopaM nepecekalT o6e paboume CUCTEMbl LUWUH,
YTO, eCTECTBEHHO, CHMXAeT HafexHocTb paboTel OPY. BbiKk/tO-
yaTeNin ycTaHaBNMBAKOT B OAUH paAfj. epepn BbIKNKOYaTeNAMU
nMeeTCs aBTofopora ANd npoesfa PeMOHTHbIX MEXaHU3MOB,
nposo3a o6opygosaHua U T. n. CoefuHeHMe MexX[y BbliKatoYa-
TeNAMWU W TpaHcopmaTopaMy TOKAa Haj MpPoe3foM BbIMOJIHEHO
XECTKOW OLIMHOBKOI. Bo BCex Lenax yCTaHOBEHbl O4HOMOMIOC-
Hble ABYXKO/OHKOBble pa3begmHuTenn. lMog BHYTpeHHe pabo-
yeli CUCTEMON LUIMH MPUHATO aCMMMETPUYHOE, TaK Ha3biBaemMoe
«KWNEeBOE» pPacnosioxXeHWe pasbegnHuteneii. MogobHy Xxe
KOHCTPYKLWIO, HO C WUHbIMU rabaputamum umeroT OPY 220—
500 kB, BbIMOMHEHHbLIE MO yKa3aHHOM CXeMme.

OPY 500 kB no cxeme wectuyronbHuka (puc. 9.10) BbI-
MOMHEHO C WCNO/b30BaHWEM METa//IMYECKUX KOHCTPYKLUA,
pasveguHuTeneid pyb6Awero TMna, ¢ ABYXPAAHOW YCTaHOBKOW
BO3AYLWIHbIX BbIKAOYaTenen. LLlar BbIXOAHBIX SYEEK JIUHWIA U
TpaHCOpPMaTOpPOB paBeH 24 M, War f4YeeK BbIK/OUaTeNnen 28 m,
paccTosHue OT OCW BbikntoyaTena go astogoporun 10 m. LUwH-
Hble nopTanbl 06pasyroT gBa NpAMOYronbHuMka 48X56 m2
B PY npegycmoTpeHbl gBa KOjbLua aBTOLOPOT.

OPY 500 kB c nmonytopa BbIKnOYaTENAMM Ha UEMb W Tpex-
pALHON ycTaHOBKOW Bbiknouatenein (puc. 9.11) umeet yepepy-
toLLeecs MOAKAKOUYEHME NUHWUIA 1 TpaHCOpPMaTopoB. 3TO MoTpe-
60Bano BBeCTW B cepefunHe PY fononHWTENbHbIA nopTtan (ecnm
ero cpasHmsatb ¢ OPY ¢ CMMMeTpPUYHbLIM NOLK/IHOYEHWNEM 31e-
MeHTOB). LLUyHTMpylOWMe peakTopbl YCTAHOB/EHbI BAOMb Xe-
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Ne3HOLOPOXHOIo MyTW ANd CUNOBbLIX TpaHcopmatopos. lno-
wanb OPY cocTtaBnfaer 224X232,7 m2.

OPY 750 kB, BbINOMHEHHOE MO BXeMe [BYX CBfA3aHHbIX Ye-
TbIPEXYTONBHUKOB C BbIKAOYaTeNsMn B nepembivykax  (pwuc.
9.12), npegycmaTpuBaeT ABYXPALHYHO MONEPEUYHY YCTaHOBKY
BbIK/IlOYATe/Iel YeTblpexyrofNbHWKOB. OAWH U3 BbiKNtOYaTenei
nepemblYeK BbIHECEH B TpeTWin pafg. 34ecb MCNONb30BaHbl Bbl-
knoyatenn tuna BBB-750 u pasbeAUHUTENN ABYXKO/IOHKOBbLIE
Tuna PJZIHA-750. Mnowags OPY coctaBnger 174,5X411 m2

9.4. KOMMNOHOBKA 3NEKTPUYECKUX CTAHUMA M MOACTAHUMWNA.
PASMEWEHWE PACNPELENUTENbHbIX YCTPOWCTB

Mog KOMMNOHOBKOW (CXeMOW reHepasibHOro MmjaHa) 3/1eKTpo-
YyCTaHOBKWM MOHMMaeTCa B3aMMHOE pa3MelleHMe OCHOBHbIX U
BCNOMOTraTeNbHbIX 31EMEHTOB 3/1€KTPOYCTAHOBKM Ha 3aHUMae-
mMoli et0 Tepputopun. Mpu pa3paboTke rNaBHOW CXeMbl W CXe-
Mbl COGCTBEHHbIX HYXJ 3/1€KTPOYCTAHOBKM BaXHO 3HaTb Kak
00LLYl0 KOMMOHOBKY BCE 3MeKTPOYCTAHOBKM (3/1eKTPOCTaH-
UMM UM NOACTaHLMW), TaK U BO3MOXHOE MecTopacrnonoxeHue
PY pa3fMyHOro HanmpsXeHus, 4TOo B OCHOBHOM OMpejAensetcs
KOMMOHOBKON M OCOBEHHOCTAMM TEXHONOTMYECKOW 4acTm ycTa-
HOBKW. Bbibop nnowagku nog PY npom3BOAUTCS Ha OCHOBa-
HUN TEXHUKO-3KOHOMMYECKMNX pPacyeToB.

Ha TennoBbIX 3/1eKTPOCTAHLMAX BOMPOC O pasMeLLeHUn pac-
npegenmnTenibHbIX YCTPOWCTB pellaeTcs C y4eTOM KOMMOHOBKM
YCTPOMCTB CUCTEMbl BOLOCHAGXEeHWA, PacnoNOXEHUA YrofbHO-
ro cknaja, cMCTeMbl Ma3yTHOTO WM ra30BOro X03AMCTBa, YA06-
CTBa BbIBOAA 3/IEKTPUYECKUX JIMHMIA, YyAO6GCTBA MOAbLE3AHbIX
XeNe3HOAOPOXHbIX MyTeA 1 aBTOMOGUbHBIX AOpor. OTKPbITbIe
pacnpedycTpOiCTBa, Kak MpaBun0, pacnonaraloTca nepeg ga-
cafjoM r/laBHOro Koprnyca CO CTOPOHbl MAlWHHOIO OTZAeNeHus.
Ecnu nepep cpacagom rnaBHOro kopryca pacnonaraeTcs BOAO-
noABoAAWMIA KaHan, To OPY pa3smewaetcs 3a kaHanom. OPY
MOTYT TakKXe pacrnofiaratbCa nepej NOCTOAHHbLIM TOPL,OM 3/1eK-
TpoCTaHUUKW, a B OTAENbHbLIX CAy4YadX WU CO CTOPOHbLI KOTeMbHO-
ro otgeneHunsa (3a yronbHbIM CK/afOM WU B CTOPOHE OT HEro);
npu 3TOM JIMHWUW, CBA3bIBAIOLME CUMOBbLIE TpaHchopmaTopsl C
OPY, npoxogat Haj rnasHblM KopnycoMm. B nocnegHem cnyuvae
MOTYT MCNOMb30BAaTbCA CMeLnanbHble ONOpPbl WAW, YTO MeHee
NpeanoyYTUTENbHO, [bIMOBbIe TPYObl, BO3MOXHO MPUMEHEHUE ©



§ 9.4  KOMMOHOBKA 3MEKTPUYECKUX CTaHUMiA W mofcTaHuuii 429

KabenbHbIX MepexofoB. OPY pa3HbiX HanpsXeHWn C y4yeToMm
MECTHbIX YC/OBMIA M HEO6XOAMMOCTM paclUMpeHWs pacnonara-
loTCA napanfielbHO WAN MEpPneHAnKYNapHO APYr Apyry. AHa-
NnornyHeiM obpasom pasmewatorcs 3PY 35—110 kB. 3PY 6—
10 kB T3L, o6bl4HO pacnonaratoTca nepepf gpacafom rnaBHoro
Kopnyca CO CTOPOHbI MallMHHOTO OTAENEHUs.
PacnpegenutensHble ycTpoiictBa 3—10 KB CO6GCTBEHHbIX
HYXJA pacnofnaratTcd B [J1aBHOM KOPMNYCe Yy HAapYXHOMN CTeHbl
MAalMHHOTO OTAENEHUA WA MeXAY MalWUHHLIM W KOTeNbHbIM
OTAENEHUAMMN B [easpaTopHON 3aTaxepke. [0 TeXHUKO-3IKOHO-
MWYECKMM nokaszaTensm o06a BapmaHTa MNPUMEPHO pPaBHOLLEH-

BogoxpaHunuiLe

Puc. 9.13. Cxema reHepanbHOro nnaHa tunosoin K3C 1200 MBT:

/ —rnaBHbIA KOPMYC; a — MallMHHOe OTAeneHue; 6 —KoOTenbHOe OTAeneHWe; B—O6yH-
KepHoe OTAeneHue; 2 —30/M10yN0BUTENIN U AbIMOCOCHI; 3 — fbIMOBble TPy6bl; 4 — nno-
wagka TPaHC(OPMAaTOPOB; 5 —HACOCHble CTaHUMW TEXHUYECKOro BOAJOCHAGXeHUS;
6 —Ccyxe6HbIl Kkopnyc, 7 -—XuMmuU4yeckan BOAOOYMCTKA; 8 — KOMMpeccopHas; 9 —06b-
efiIUHEHHbI/i BCcnomoraTenbHblli Kopnyc; 10 —3faHue Apo6unok; // —acTakafbl KOH-
BeiiepoB TOMAMBonogauun; /2 —cknag Ttonnuea, 13 —BaroHoonpokuAasisaTenu; 14—
Ma3yTHOe X03AlcTBO; 15 — MacnfaHoe XO03AWCTBO; /Gl—OTKPbITble pacnpefennTenbHble
ycTpoiicTBa; 17 — cOpOCHbIe KaHanbl TEXHWYECKOro BOAOCHAaGXeHWs; 18 — NoABOAA-
lime KaHanbl TEXHUYECKOro BOAOCHaGXeHMA; 19 —3faHWe KUCNOPOAHOW YCTaHOBKM;
.20 —npoxofaHas
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Hbl. Mpumepsbl cxem reHepanbHoro nnaHa K3C wn T3L, gaHsbl
CooTBeTCTBEHHO Ha puc. 9.13—9.16 ©n 9.17, 9.18. MNpumepsl cXem
reHepansHoro nnaHa A3C nokasaHbl Ha pwuc. 9.19—9.21.

Ha puc. 9.20 o603HauveHbl: 1 — rnaBHbIA KOpnyc; 2 — OT-
KpbiTas niaowagka TpaHcopmaTtopos;, 3 — BOJ03abOpHbIe
COOPYXEHMUA; 4 — HacoCHan; 5 — OTKpbITbI cKnaf macna; 6—
E€MKOCTb CTOYHbIX BOJ; 7 — XPaHUNULLE XULKUX W TBEPAbIX OT-
X0[0B; 8 —rapax,; 9 — Au3enb-reHepatopHada; 10 — 3paHue

Puc. 9.14. Cxema reHepanbHOro nnaHa OTKpbIToi K3C 600 MBT:

1—rnaBHbIl KOpNyc; @ — MalWWHHOE OTAeNeHUe; 6 —KOTeNbHOE OTAENeHWUe; B — Abl-
MOCOCHOE OTfJeNeHite; 2 —/biMOBbIE TPY6bl, 3 — OTKpbITas YCTaHOBKA TpchcpopmaTo-
pOB; 4 —HAaCOCHaA CTaHLMA TEXHWYECKOro BOAOCHabXeHus, 5—o6beanHeHHbIA BCMO-
mMoraTeNnbHbIi kopnyc; 6—mMa3yTHOe XO03AliCTBO; 7 — OTKPbITHIA _Ccknag macna; 8 —
BOAOPO/HbIE pecuBepbl; 0—OTKPLITOE pacnpedenntenbHoe ycTpoictso 110 kB; 10 —
OTKpbITOE pacnpefennTesbHoe YCTpoiicTBo 220 KB; 11 — nomeuleHne peneiiHbix  win-
TOB; 12 —pesepByapbl An8 BOAbl, 13 — HacoCHas X038/ACTBEHHO-NUTLEBOTO BOAOCHA6-
XeHus; 14 cOpoCHO KaHan UWPKynsuMoHHOW Boabl; 15 —BogonpuemHuk; 16 — npo-
xofHas; 17 —anekTponnsepHas ycTaHOBKa
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YCTaHOBKM nofjaeneHus aktusHoctn (YTMAK);, 11—«kopnyc
06paboTKM COPOCHbLIX BOA; 12 — XpaHWNWLLe TBEPAbIX OTXOL0B;
13 — HanopHbIii 6acceiiH; 14 — 06befuHEeHHbIA BCNOMOraTe/b-
HblA Kopnyc; 15 — 3faHue Cknaja XMMpeareHToB AN XMMBO-
JOOUYUCTKN; 16 — pe3epBHad KoTenbHaa, 17 — afMUHUCTPATMUB-
HO-6bITOBON KOpnyc; 18 — rpagupHu; 19 — ckfaj peareHTOB;
20 — fmn3enb-reHepatopHasd; 21 — a30THO-KMCNOpPOHaa CTaH-
uunda; 22— KOMNpeccopHaa cTaHUuA;, 23 — CKMaj CBEXero Ton-
NnBa, 24 — XpaHUKnLLe XULKUX OTXO0B.

Ha rupgpoanektpoctaHuymax PY 6—10 kB (ecnnm oHU ume-
toTCA) M pacnpefenutenbHble WMT« 380 B COOCTBEHHBLIX HYX[]
pacnonaratoTcs B 3fgaHun FIC, rabapuTbl KOTOpPOro onpegens-
I0TCA pasMepaMy OCHOBHOrO TMAPOCUIOBOTO 060PYAOBAHMA.

Puc. 9.15. Cxema reHepanbHOro nnaHa tunosoii K3C 2400 MBT (BapuaHT
C pa3MelLeHMeM OTKPbLITOrO pacnpefennTenbHOro YCcTpoWcTBa MexXAay BO-
LOXPaHWANLLEM W MALLUWHHBIM 33710M):

1 —rnasHbli KOpNyc; 2 — AbIMOBblE TPY6bI; 3 —BCMNOMOraTenbHbIA Kopnyc, 4 —Bojo-

POfHble PECUBEpbI; 5 — COOPYXeHWA TOMNMBOMOAAYM M TOMNMBHOTO X03AiCTBA; 6 — Ma-

3yTHOe K MacnsHOe XO38MCTBO; 7 — alleTWNeHO-KUCNOPOJHas YCTaHOBKa, S—OTKprTbIe

pacnpefenuTenbHble yctpoiictea MO, 220 u 500 kB; 9 —ycTaHOBKa TpaHcopmaTo-
poB; 10 — HAacoOCHble CTaHUWMW TeXHWYECKOro BOAOCHAabGXeHus
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MecTo 31
paiimopaxku,-
BatoLLero
ycTpoiicTBa

8000 TO00 r4oo

Puc. 9.16. Cxema reHepanbHOro nnaHa Tunosoir K3C 2400 MBT (BapuaHT
C pasMelLeHVeM OTKPbITOro pacrnpefeiMTensHOro YCTPOMCcTBa 3a YrofibHbIM
cknagom) (a) w nepexod 3NeKTPUYECKUX NMHWIA Yepe3 rnaBHbIA kopnyc ("6);

/ —rnaBHbIii Kopnyc; 2—AbiMOBble TPy6bl; 3 —BCNoOMoOraTenbHbIi Kopnyc; 4 —BoOfoO-

POAHblE pecuBepbl; 5-—COOPYXeHMs TONNMBOMOAAYM W TOMNMUBHOTO XO3AWCTBA; 5 —

Ma3yTHOe U MaC/lsHOe XO34/CTBO; 7 —aLeTUNeHO-KMCNopOoAHas YyCTaHOBKa, 8 —OT-

KpbITble pacnpefenuTencHele yctpoicTea IO, 220, 500 kB; 9 —ycTaHOBKa TpaHcop-

MaTopoB; 10-—HacoCHble CTaHUWW TEXHWYEeCKOro BoAOCHabxenus; // —onopa; 12 —
onopa y OTKPLITOro pacnpefenuTeNbHOro ycTpoictea
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Ysenuyenue rabapuToB 34aHWMA MO YCNOBUAM  pasMeLleHus
9N1eKTPOTEXHNYECKOTO 060pyfOBaHMUA AOMYCKAETCA TONLKO Mpu
COOTBETCTBYIOLLEM TEXHUKO-3KOHOMMUYECKOM 060CHOBaHMU. Kak
NpaBuo, 3NeKTPOTeXHMYECKOe 060pyLOBaHME pa3MelLaeTcs Mo
OfHY CTOPOHY OT MPOJOJSILHOW ocu 3faHmMa T3C, a rugpomexa-
HuU4Yeckoe — Mo Jpyrylto.

PacnpegenutenbHble ycTpolictea 35—750 kB I3C, kak
MpaBnao, BbIMOMHAOTCA OTKPLITBIMU W pacnonaratoTca Ha 6e-
pery, Ha 3eMNAHON MNOTWMHE UNU Ha nnolajgke BOAN3N 3NeKT-
pocTaHuun (Ha fAepuBauMoHHbIX T3C). CBA3b NOBbILWAKLLNX
TpaHcopmMaTopoB, ycTaHaBAMBaeMblX Yy 3gaHus F3C co cTo-
POHbI HWXHETO0 WM BepxHero 6bedha, ¢ OPY ocywecTensercs
BO3AYWHBIMW WUAN KaBGENbHLIMU  NIUHMAMK. BblbOp TOro wnu
MHOro cnocoba CBA3M MPOW3BOLWUTCA HA OCHOBAHUW TEXHWKO-
9KOHOMMUYECKUX PacyeTos.

Mpu Hannummn Ha 3C 3akpbiToix PY 35—110 kB nocnepg-
HWe MOryT pacnonaratbca y 3gaHua F'3C co CTOPOHbLI HUXHEro
6beda.

Puc. 9.17. Cxema reHepansHoro nnaHa T3L, Ha yrne:

/—rnaBHbld  Kopnyc; 2—cCnyxe6Hblii KOpNyc, 3 — nepexofHbie MOCTUKM, 4 —rnas-
Hblii WWUT ynpasneHuns, 5—eHepaTopHOe pacrnpefennTenbHoe YCTPOMCTBO; G—OTKprTbIe
pacnpegennTenbHole yctpoiictea 35 1 M0 KB; 7 —xuMmMunyeckas BOJOOUNCTKA;, 8 —Yrofib-
HbIi CKNaj C MOCTOBbIM Meperpyxarenem; 9 —pasrpy3odyHas sctakaga, /0—NeHTOY-
Hblii  KOHBeliep Cknapa; 11—pa3rpy3quoe YCTPOIACTBO C /IONACTHLIMM MUTaTeNamu,
12 —,qu6I/II1beII/I kopnyc, 13 —ranepea KOHBeilepos TOMNMBOMOAAYM, l4—,quMOBbIE
gyﬁbl 15 —rpagupHu; 16 — Ma3yTHOe XO3AICTBO; 17 — MexaHWuYecKas MacTepcKas;
— MaTtepuanbHbi  cKnag; 19—Tpch¢opmaTopHan mactepckas; 20 —cknag Mae*
;21 —npoxofHas
28—516
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Ha noHmxarowmx nogcraHumax PY 6—10 kB npenmyuiect-
BEHHO BbIMOJIHAKOTCA C UCMonb3oBaHnem aveek KPYH wnim KPY
M COOTBETCTBEHHO PEaKTOPOB HapyXHOI MAW BHYTPEHHeR ycTa-
HOBKM. PacnpegenutensHbie yctpolictea 35—750 kB Bbimon-
HAIOTCA OTKPbITbIMW. Ha NOACTAHLMAX, MMEIOLLMUX MOCTOAHHBIN
LEXYPHbIA nepcoHan, akKymynatopHble 6atapen nam 3PY 6—
220 kB, coopyxaeTcsi OTLENbHbIA WAN COBMELLEHHbI ¢ 3PY
06LEeNOACTAHUNOHHBIA NYHKT ynpaeneHus (OMY). B uensx
COKpALLeHNA ANNHbI KOHTPONbHbIX kabened OlY Mo BO3IMOX-
HOCTM pacnofiaraloT TaK, 4YToObl YMEHbWMUTb LAWHY KOMMYHMU-
Kauuii K PY pasnuuHoro HanpsxeHusd. 3gaHua 3PY BbINONHA-
toTcd 6e3 OKOH W He OTannuMBalTCA; NpU HEOO6XOAMMOCTU npe-
4YyCMAaTpUBAETCA MECTHbI/i MOAOrPeB a1eKTPUUECKNX annapaTos.
TpaHchopmaTopbl  “aBTOTpaHcopmatopbl) pacrnonaratTcs
Mo BO3MOXHOCTM 61MXe K PY 60Nee HU3KOrO HanpaxXeHUs
noAcTaHumn. CUHXPOHHbIE KOMNEHCATOPbl C BOLOPOAHLIM OX/a-
"KLeHneM O06blYHO YCTaHaBMMBAKOTCA Ha OTKPbLITOM BO34yXe, a
C BO3[YLWHbIM OXJIAXXAEHUEM — B MOMELLEHUN.

Puc. 9.18. Cxema reHepansHoro nnada T3OL| Ha masyTe:

/ —rnaBHbIli  KOpnyc;, 2-—cnyxe6Hblli Kopnyc, 3 — NepexofHblii MOCTUK;, 4—rnas-

Hblli wWuT ynpaBneHus; 5—3PY 35 kB; 6—3PY 6—10 kB;. 7 —rpagupHu; 8 —xu-

Muuyeckas BOJOOYMCTKA; 9—6ak KoHgeHcaTa; 10—pbiMoBble Tpybbl; 11—o06beaun-

HEHHbI BCMOMOraTeNnbHblA  Kopnyc, 12 —ma3yTHOe XO03ACTBO: /3 — MacnsHOe Xo-
BAlicTBO; 14 — pecusepbl BogopoAa; 15 —npoxopHas
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FnaBa pecaTas

CUCTEMblI W3MEPEHWA, KOHTPONA, CATHANU3ALNN
N YOPABNEHUA HA O3NEKTPUYECKUX CTAHUUAX U
NMOACTAHLUUAX. NCTOYHUKN NX MNTAHNA

10.1. HASHAYEHWE CWCTEM WU3MEPEHUA, KOHTPONA,
CUTHANU3ALUWK WU YNPABNEHWA

Ona obecrneyeHns 3afaHHbIX PEXUMOB paboTbl 3neKTpuye-
CKMe CTaHuMW M NOACTaHLMUM OCHAWalT pasAnYHbIMW BCMOMO-
raTefbHbIMM CUCTEMaMM W ycTpoicTBamMu. K HWMM OTHOCATCH
cuctembl n3mepeHus (A), kontponsa (K), curHanusauuu (C)
n ynpaeneHus (Y), npegcrtasnftowime coboii B 60nblieid nau
MEHbLUEA CTeMeHW aBTOMATU3NPOBaHHbLI WHGOPMALNOHHO-YN-
paBNAOLWNIA KOMMNEKC. YKasaHHble cuCcTeMbl TpPebylT cheum-
anbHbIX UCTOYHWKOB MUTAHWA.

Puc. 10.1. CTpyKTypHas cxema B3aMMOCBS3eii BCMOMOraTeNbHbIX CUCTEM,
yenoBeka-ornepaTopa M ynpasnsemMoro o6bLekTa

CTpyKTypHaa cxemMa B3aMMOCBA3€i BCMOMOraTenbHbIX CMC-
Tem, 4enoBeka-onepaTopa M ynpaenfemoro o6bekta MpeacTas-
neHa Ha puc. 10.1. Cuctema nsmepeHus obecneymsaeT BOCMPU-
ATue MHGopMaUnM 0 mapameTpax pexuma ynpabnsiemMoro 06b-
ekTa. MpyM NOCTPOEHUM 3TON CMCTEMbI pELIaeTcs BOMPOC O TOM,
YTO M KaK KOHTPONMPOBaTb, UMes B BUAY, YTO MHopmauua 06
006beKTE MOXeT ObiTb CYLW,ECTBEHHOW W HECYLL,ECTBEHHOW; He-
MONHOW; HEO6XOAMMOW W [OCTAaTOYHON; M3ObITOYHOW, a MUHOrAa
M NOXHON. OHa MOXeT BOCMPUHMMATLCA HEMPepPbIBHO UK AMUC-
KPeTHO B 3aBMCMMOCTMW OT MOCTaBAEHHbLIX YCN0BWIA. Ha Kaxgom
nepapxmyecKkom ypoOBHe ynpaBfieHUs TpebyeTcd cBos cneyndu-
yeckas MHgopmayms. BaxHbiM BONPOCOM ABnseTcs obecneyeHune
NOMeX03alMLLIEHHOCT KaHalloB CBA3W, MNepejalLmnx MHop-
Mauuto, OT pas/IMYHOro0 pPofJa BHELWHWUX BO3A4eNCTBUI (CUNbHbIE
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NeKTPUYECKMe U MarHUTHbIe NONA, HABOAKM OT 3/IEKTPUYECKMNX
ceTell MHOTO HaMpPfXXeHWA W YacTOTbl, BANAHWUA TOKOB KOPOTKO-
ro 3amblkaHums u T1.n.). CucTemMa WM3MepeHWUs [AO/XHA WMEeTb
KauyeCTBEHHbIe JaTYUKN U3MEPAEMbIX BENIUYUH.

CwncTtema KoHTpons obecrneuymBaeT 06paboTKy, OLEHKY 3Ha-
YEHWA KOHTPONIMPYeMbIX MapaMeTpOB WAU WX OTKAOHEHWA OT
3aflaHHbIX ycTaBOK. KOHTPONMb MOXeT 6biTb HEMPEPbIBHbIA UK
NepuoLuYecKnin, MO 3afaHHOW nNporpamme WAM MO BbI3OBY.
OObeEM KOHTPONMPYEMbIX BEIMYMH YCTaHaBIMBAETCA COOTBET-
CTBYHOLMMW HOPMATUBHbLIMU JOKYMEHTaMWU.

Cuctema curHanusauumm obecrneymBaeT Heob6xogumoe Ans
yenoBeka-onepatopa NpejcTaBleHWe O NOMOXEHUU 3NeKTpuye-
CKMX annapatoB, YCTAHOB/EHHbIX Ha 3/IEKTPOCTAHLUM UK
NOACTAaHUMMN, 06 OTKNOHEHWU pexumma paboTbl 06bEKTa OT 3a-
LaHHOTo, 0 neperpyskax o060pygoBaHWsA, O HapyWeHUW HOp-
ManbHON paboTbl pas/IMYHbLIX 3/IEMEHTOB 3/1EKTPUYECKO YacTu
3NeKTPOCTaHUMN WX NOACTAHLWUW, O 3aMbIKAHWAX Ha 3eM/0 B
Lenax NepeMeHHOro ¥ MOCTOAHHOrO TOKa, O HEeMCNPaBHOCTAX B
Lenax onepaTUBHOrO TokKa (06PbLIBbI, CHMXXEHUA YPOBHA M30M1-
UMM M T. N.), a TakXe O BO3HMKLIMX aBapufax B 3/eKTpoycTa-
HoBKe. CuUrHanusauma AO/MHKHA NPUBMEeKaTb BHUMaHWE 3KCNy-
aTaUMOHHOr0 nepcoHana, NO3TOMY ee BbINOJHAOT 3BYKOBOW,
CBETOBOM WM KOMOWHMPOBAHHOW. OHa MOXeT OblTb HeNpepbiB-
HOW MM NepuoAMYEecKO, 3aBUCALLER OT (pakTa BO3HWKHOBEHMUA
aHOPMaNbHOro pexunma.

CucTema ynpaBfieHus JoO/xHa obecneynBatb ONTUManbHOE
BO3feliCTBME Ha ynpaBnfeMblli 06beKkT. YMpaBneHWe MOXeT
OblITb Py4YHbIM (OT YenoBeKa-omepatopa) WM aBTOMATUYECKUM
(oT cucTem aBTOMATMKMW), HEMPEPbIBHbIM WA AUCKPETHLIM.

CoBpeMeHHble 31eKTPOCTaHLUUN ABNAKOTCA CAOXHbIMW MPO-
MbILIIEHHBIMW 0BbeKTaMM € 6OMbLIMM YMCIOM Pa3HOOOpPa3HbIX
3N1EMEHTOB, KaX[Ablli M3 KOTOPbIX TpebyeT KOHTPONA W ynpas-
neHns. Tak, Hanpumep, Ha 6noke 300 MBT ocyuiecTsnfercs
KOHTpO/ib npuMepHo 600—800 napaMeTpoB pexuma; UX nog-
fepxaHue B 3afjaHHbIX npegenax obecneymsatoT 100—120 pe-
rynupyrowmnx opraHos, 100 aBTomaTuyeckux perynatopos u 60
KOMMJIEKTOB TEXHOMOTUYeCKMX 3awnuT. FACHO, 4TO ANA TaKuX
YCNOBWIA, KOrfa OMepaTtop He MOXeT 06ecneynMTb KauyeCTBEHHOe
ynpaeneHne 00beKTOM, Heu3beXHO JOMKHbI ObITb paspaboTa-
Hbl W BHELPEHbl Pa3lMyHble aBTOMaTU3NPOBAHHbIE CUCTEMbI
ynpasneHns (ACY), B Tom uucne ACY TexHOJIOTUYeCKUMHU
npoueccamm (ACY TI). ABTOMaTU3MPOBAHHbLIE CUCTEMbI YM-
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paBneHus, T. €. CUCTEMbl,, B KOTOPbIX OpPraHWYeckn yBA3aHbl
BO3MOXHOCTM M OCOBEHHOCTM YefioBeKa-omepatopa W CPefcTs
aBToOMaTuKW, BkNovas OBM U uUMdpPO-aHANOroBble BbIYUCIN-
TeNbHble KOMMMEKChl, LIMPOKO BHeApAKOTCA B 3Hepretuke. Ha
MHOrux anekTpoctaHumax (KoHakoBckas, PedpTuHcKas, 3amno-
poxckad, Monpgasckas TP3C u gp.) BHegpeHsl ACY TI, Ha
pAfe 3neKTPOCTaHUWIA ycTaHOBAEHHble KoMMnekTel ACY wuc-
Monb3ylOTCA MOKa Kak MHMOPMaLUOHHO-KOHTPOIMpPYIOLLIME
KOMN/eKcbl. BefeTcs MHTEHCMBHbBIA MOUCK 60nee aghPeKTUBHbBIX
N HagexHbix ACY Ana pasHblX 3HepreTMYeckMx OODBEKTOB,
AUCNETUYEPCKUX N aAMUHUCTPAaTUBHO-XO3ANCTBEHHbLIX ynpasfe-
HWA 1N 3HEPTeTUKMN B LLEOM.

Kakune e (PyHKUUMN BbIMNOMHAKOT Ha3BaHHble BCOMOraTesb-
Hble CUCTEMbl Ha 3N1eKTPOCTaHUMAX W MOACTAHLMAX?

CUCTEMbl M YyCTPOCTBA M3MEPEHMUS MO3BOMIAIOT:

a) W3MepATb 3MEKTPOTEXHWYEecKWe napameTpsl  (TOK, Ha-
MPsKEHWE, YacTOTy, MOLLHOCTb, 3/IEKTPOIHEPTUD U T. M.);

6) W3MepATb MeXaHWYeckue, XUMUYECKUE U TEXHONOTUYEC-
Kue napameTpbl (4acToTy BpalleHWs, BMOpaLuUto, [aBleHUe,
TEMMepaTypy, MIOTHOCTb M XMMWUYECKMIA COCTaB  PasfIMUHbIX
Cped, pacxof XWAKOCTeW, rasoB W TBEpAbIX Ten W T. n.).

Cucrtembl n yCTpOI7ICTBEi KOHTPO/1A MO3BOMIAKDT KOHTPOJ/INPO-
BaThb:

a) pexum paboTbl 3NEMEHTOB 3/1eKTPOYCTaHOBOK (reHepa-
TOPOB, CMHXPOHHbLIX KOMMEHCATOPOB, TPaHC(OPMaTOpPOB, 3NEKT-
poaBuratesneil, aNeKTPUYECKUX NMHWUIA, PeakTOpoB M T. MN.), Ha-
nn4Yne neperpysok, AOMNYCTUMOCTb Nepexofa OT OAHOT0 Pexu-
Ma K Apyromy;

6) NonoXeHWe KOMMYTALMOHHbLIX annapaToB (BbikJto4vaTe-
nei, pasveguHuTenein N T. 4.);

B) MapameTpbl pexuma 31eMeHTOB 31eKTPUUYECKO CUCTEMbI
(HanpsxxeHWe B y3nax, TOKM LeMei, 4acToTy B CeTW, TeMnepa-
TYPY PasnMuHbIX 4YacTell 31eKTpoo6OpyAOBaHMA W T. 4.);

) COCTOfHME M30AALUM CUAOBLIX Lieneli MepeMeHHOro TOKa;

L) COCTOSIHWE M30MALMM Leneid onepaTMBHOIO TOKa,

e) cTabuNbHOCTb BEAleHUA 3aflaHHOr0 pexuma paboTbl 3/ekK-
TPOYCTAHOBKMN U €€ 3/IEMEHTOB;

X) 3HauyeHWe BbIpabOTaHHOW WM MOTPe6GNEHHOW 31eKTpo-
aHepruu;

3) NpaBUNbLHOCTb BbIMOSIHEHWNA OMepaLuii 4eXYPHbIM Nepco-
HanoM 3/1eKTPOYCTaHOBOK,
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CucTemMbl M ycTpOCTBAa CUTHANM3aLUMM TeEM WU WMHBIM CMO-
cO60M OMOBELLAT AEXYPHbIA MepcoHan:

a) 00 OTKNOHEHUN pexuma paboTbl 3N1EKTPOYCTAHOBKM UM
ee 3/1eMeHTOB OT 3aaHHOI0 PexXuma;

6) o neperpyskax obopysoBaHus;

B) O HapyleHWW M301auMM Lieneidl NepemMeHHOro U nocTo-
AHHOIO TOKa;

r) O HeuMcnpaBHOCTM MNpefOXpPaHUTENei B Lenax onepaTus-
HOro TOKa;

4) O MOJIOXKEHWN KOMMYTAaLLMOHHbLIX amnnapaTos;

€) O roTOBHOCTW 060PYAOBAHWA K WU3MEHEHUIO pexuma pa-
60Tbl M NepeKknYEHNAM B TEXHOIOTMYECKON MAM 3neKTpuyec-
KOW cxeme;

X) O HenpaBW/IbHbIX LeACTBMAX MepcOHana no ynpasneHuto
3/1eKTPOYCTaHOBKOIA.

CucTemMbl M yCTpOICTBA YMpaBfieHNS MO3BO/AOT:

a) pasBopauMBaThb, CUHXPOHWM3MPOBaTb C CETbIO U BK/IO-
YyaTb Ha MnapannefibHyt0 paboTy C Heil reHepaTopbl 3/1EKTPO-
CTaHUWIA;

6) Bkno4aTb B paboTy M OTKAOYATb OT CETU 3NEMEHTHI
3NEKTPUYECKUX CUCTEM;

B) MPOU3BOAMTL MEPeKNOYeHUs B PY 3/1eKTpOYyCTaHOBOK C
BO3JeNCTBMEM Ha BbIK/OYATENN W Pa3beAUHUTENN;

) M3MEHATb aKTUBHYIO W PEaKTUBHYK Harpysky 31emMeHTOB
3NEKTPUYECKUX CTaHLUIA N NOLCTaHLWA;

4) W3MEHATb peXuM paboThl 3MEKTPOYCTaHOBKMU.

CnefyeT OoTnM4YaTh PacCMOTPEHHble Bbille TeXHWUYECKME Cu-
CTeMbl yNpaBAeHNa 3eKTPOCTaHLMM OT CUCTEMbI ee fucnetyep-
CKOTrO ynpaBneHUs, KOTOpas MMeeT CBOMM Ha3HayeHWeM Befe-
HVWe 3ajaHHOro pexuma paboTbl 371eKTPOCTAHLUM MO BO3MOX-
HOCTWM C ONTUMaNbHOW XapakTePUCTUKON; KOHTPO/b 3a COCTOA-
Huem 060pyLOBaHMA; ONepaTUBHbIE (PEXUMHbIE) MEPeKItoUeHNs
B CXemax; MpUHATME Mep MO NIMKBMAALMM O0TKa3oB 060pynoBa-
HWS W aBapuii; BbiIBOL 060pPYAOBaHWA B NMAHOBbLIA WM aBa-
PUIAHBIA PEMOHT.

10.2. WNTblI YNPABNEHWA

WlnTel ynpaBneHWs npegHasHauyeHbl [Ns YCTAHOBKU KOHT-
PO/IbHO-U3MEPUTENLHBIX NPWGOPOB, YCTPOWCTB YNpaBAeHUs U
CUTHANM3aLuyM Ha 3NeKTPUYECKUX CTAHLMAX U MOACTAHUUAX U
COOpYXaKTCs, KakK MNpaBuio, B OTAE/NbHbLIX MOMELLEHNAX.
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C MOMOLWbLIO KOHTPO/bHBLIX Kabeneir npubopbl © ycTpolicTea
WNTOB YNPaBNeHUA COELMHAIOTCA C YyNPaBAAeMbiMU WA KOHT-
ponvpyemMbiMn 06beKTamMun, 06pa3ys COOCTBEHHO LN U cucTe-
Mbl YMNpaBfieHUsd, KOHTPONs W curHanmsaumu. Mectopacnono-
XEeHWe N KOHCTPYKUMA LLUTOB YMpPaBneHUs, a Takxe (yHKLUK,
BbIMO/IHAEMble JeXYPHbIM MepCOHanoM WMTOB, 3aBUCAT OT Npu-
HATOW B KOHKPETHOWN 3MeKTPOYCTaHOBKe CTPYKTypbl ynpasie-
HUA TeXHONOrM4yeckKMMm rpoueccom (uexosas, 6no4Han, 6es-
yyacTkoBas).

Ha 3nekTpocTaHUMAX Manoli W CpefHeli MOLWHOCTKU, Kak
NpasWno, BbIMONHAGTCA OAWH T[NaBHbIA LWKWT YyMpasieHus
(TLLLY) ” HeckoNbKO MeCTHbIX arperatHbiX LWWTOB (MeCTHble
WWTbl KOTNa, TypOWHbI, reHepatopa M T. M.). YnpaBieHue oc-
HOBHbIMW arperatamm-sfieKTpoctaHumu (Typ6UHONA, reHepato-
POM) W 371eKTPOCTaHLWel B LeNOM OCYLLEeCTBNAETCA LEXYPHBIM
WHXEHEPOM 3M1IEKTPOCTAHLUMMW C [NIaBHOTO LiMTa YMNpPaB/ieHUs;
0TCHOfa Xe OCYLLecTBNAeTCA OMepaTMBHAas CBA3b C AucheTye-
POM 3HEPrOCUCTEMBI.

Ha anekTpocTaHumax 60MbLWIOW MOLHOCTU, BbIMOAHEHHbIX
no 6/104YHbIM CXeMaM, NMOMWMO [/1aBHOTO (MW LLeHTPaNbHOrOo)
WNTa yNnpaBaeHUA COOPYXAKTCA TakXe 6M0UYHbIE LINTHI YyNpaB-
neHns (BLY), 06bl4HO MO OJHOMY Ha [Ba CMeXHbIXx 610Ka.
Mpyn 3TOM AeXYpHbIA WHXeHep ONOYHOrO LWMTa YynpaBaseT
BCEMM 3nemeHTamu 6noka (KoTen, TypbuHa, reHepatop, cucTe-
Ma COBCTBEHHYX HYXJ), OCYLLECTBAAA, B YAaCTHOCTW, OMepauuun
Mo BK/KOUYEHWIO TeHepaTopOoB B CeTb, HABOPY M pPeryinpoBaHuio
WX Harpysku, OTK/KOUYEHWIO TeHepaTtopoB OT cetn U T. n. Je-
XYPHBIA )K€ WHXeHep 371eKTPOCTaHLMW PYKOBOAMT paboToW
3N1eKTPOCTAHLUM B LENOM, ynpasnfeT KOMMYTaLMOHHON anna-
paTypoii pacnpefennTeNibHbIX YCTPONCTB MOBbILIEHHbIX Hanps-
XEHWUN, OCyLLecTBNAET CBA3b C LMUCMETYEPOM 3IHEProCUCTEMbI U
npy OCTPO HEOOXOAUMOCTU B aBapUiiHbIX CUTyauuax GepeT Ha
ce6a ynpasneHue 6n1okamu.

Ha nogctaHumax B 3aBUCUMOCTW OT WX MOLLHOCTM, pasme-
pa, CNOXHOCTM W 3HAYMMOCTU MPUMEHAIOTCA CledyroLme
CTPYKTYpbl yMNpaBfieHWA: C MNOCTOSHHbLIM [eXYPHbIM MepcoHa-
nom; 6e3 MOCTOAHHOrO NepcoHana; C AeXYpCTBOM nNepcoHana
Ha gomy.

Mpy nepBoii CTPyKType ynpaBaeHUs Ha MNOACTaHLMAX CO-
OpyXaeTca rNaBHbIA WWT yNpaBneHns, OTKyLa AeXYPHbIA nep-
COHaNM W OCyLW,ecTBAAeT ynpaBaeHne nogcTaHumeir. MNpu BTOPOWA
N TpeTbel CTPyKTypax 60nblias 4acTb (PYHKLWIA ynpasneHus
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M KOHTPONA MnepejaeTcd Ha JucrneTyepckue MyHKTb Npeanpus-
TUA 1 pailoHOB 3/MIEKTPUYECKUX CeTeil, KOTOpble CBA3bIBAKOTCA C
MOACTAHUMAMM NIMHUAMW CBA3WU, TeNecUrHanusauum wn Teneyn-
paBneHus.

WnTel ynpaBneHUs BbLINOMHAKOTCA B BUAE COOPHBLIX KOHCT-
pyKLWii TON unu wnHOM chopmbl (NpAMOnMHeliHas, M-o6pasHas,
17-06pa3Haq, nonykpyrnas), cobupaembiXx U3 CTaHAAPTHBIX
BEPTMKaNbHbIX MaHenei, a TakXe W3 MynbT-naHenei. B nmowme-
WEeHNAX LINTOB YMpPaBfeHNs 3/eKTPOCTaHL Wi 06bIYHO ycTaHaB-
NNBAIOT TaKXe MaHenu peneliHoOl 3alnTbl M aBTOMaTUKK, KOTO-
pble He TpebylOT NOCTOAHHOrO HabngeHWs CO CTOPOHbI fe-

Puc. 10.2. BapuaHTbl pacnonoXeHWs naHeneid Ha rnasHoM  (LeHTpasb-
HOM) LWiMTe ynpaBneHums:

1—nynbT-naHenn ynpasneHus; 2 —nNaHenu ynpaeaeHUs;, 3 —naHenu peneiHon 3a%
W MTbl, aBTOMATUKN W PEFUCTPUPYIOLLUX MPUBOPOB; 4 —CTON fAEeXYPHOTO
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XYPHOTro nepcoHana v MO3TOMY pacnojaratTcs 3a naHensaMmm
WwmnTa ynpaeneHnd. XapakTepHble BapuaHTbl PacnooXeHus
naHenein Ha WWUTax ynpaBfieHUs mokasaHbl Ha puc. 10.2,

10.3. KOHTPO/IbHO-USMEPUTENBbHAA ATMAPATYPA

Mi3mepeHne 3NeKTPUUYECKMX BEIMUMH Ha 3NeKTPOCTaHLMAX
M NOACTaHLMAX MPOM3BOLUTCA C MOMOLLbIO MOKAa3blBAKOLWIMX W
PErncTpMpYOWMUX M3MEPUTENbHbIX NPUOOPOB, CYETYMKOB, OC-
umnnorpadpoB U cneuuanbHbIX WU3MEPUTE/bHbIX YCTPOWCTB.
B nocnegHee Bpems cTanu LIMPOKO WMCMNOMb30BATbCA Y3KOMPO-
thunbHble M UMdpPoBLIE NpUGOPLI. YCnoBHbIE rpadhmyeckne 060-
3HAYeHWMA OCHOBHbIX TUMOB M3MEPUTENbHbLIX MPMOOPOB NpuBese-

Hbl B Tabn. 10.1.
Ta6nuya 101

O603Ha4eHne npmbopa

MSMepMTeanblﬁ an|6op nokasbiBaroLero perncTpupyrouiero MHTﬂg?gym-
BonbTmeTp © LU
AmMnepmMeTp © |:|
YactoTtomep @ bl
BatTmetp © M
Bapmetp [varl
dazomeTp @ |/|
CrHXpOHOCKON @
CyYeTumK BaTT-4acoB Wh

CyeTunmk BOJIbT-aMMep-ya-
COB PEaKTUBHbI n varh
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O6bemM wu3MepeHWi onpefensetcid TpebOBaHUAMM TEXHONO-
TMYecKOro pexmma paboTbl 371eKTPOYCTAHOBKM W 3aBUCUT OT
TUNA, MOWHOCTM W Ha3Ha4YeHWUs 3NeKTPUYECKON CTaHUUKM Wau
noAcTaHUMWN. Y reHepaTopoB UW3MepAOTCA TOKWM OAHON wunu
Tpex (pas ctatopa, HanpsxeHue ctatopa (0fHO M3 Mexgydas-
HbIX HanmpsXeHWil), YyacToTa, aKTUBHAf W PeaKTUBHAfA MOLLHO-
CTW, BbIpab0TaHHaA aKTWBHAA W PeakTUBHAA 3HEPrus, TOKW ”
HanpsXXeHWd cuUcTeMbl BO30YXAeHMA. Y TpaHcopmaTopos
N3MEePAOTCA TOKM OLHOM (hasbl Kaxfol OOMOTKM, a Takxe ne-
pelaBaeMble aKTMBHbIE W PEAKTWBHblE MOLLHOCTU. Ha c6OpHbIX
WMHAX M3MEPATCA OJHO M3 MeXAydasHbiX HanpaXeHUin u
yactoTa. Ha nuMHMAX n3MepAlOTCA TOKM OAHOW wmnu Tpex as,
nepefaBaemas aKTUBHafA, a B pAfe Cly4yaeB W peaKTUBHaA
3HEeprus, akTWBHAas W peakTUBHafA MOLHOCTU (Ha NMHUAX Mo-
BbILUEHHOTO0 HanpsXeHusa). B uenax CeKLUMOHHbIX W LUIMHOCOe-
AUHUTENbHBIX BbIKIOYaTeel KOHTPOAMPYETCA TOK OHOM chasbl.
Y anekTpogsurateneii uM3MepseTcs TOK OAHOW cpasbl cTatopa.

C NOMOLLbI0 MOKa3blBAKLWMX WM PErUCTPUPYIOLWLKUX NpUBopos
M YCTPOWCTB Ha 3/MEKTPUYECKMX CTaHLMAX W MNOACTaHLUAX
KOHTPONMPYETCA COCTOAHME W30AALMM LEeneil MOCTOAHHOMO K
MepeMeHHOro Toka W OMpefenstoTcqs MecTa MOBPEXAeHWA B
ceTAX nepemeHHoro Toka. Ocuunnorpagbl ¢ aBTOMaTUYECKUM
MyCKOM M OCTaHOBOM MNO3BONAKT (PUKCMPOBATb Pa3fNyHble Ma-
pamMeTpbl pexuma Npu pa3HOro poja MepexofHbiX npoueccax
B 3/1eKTPOYCTAHOBKE, B YaCTHOCTU MPU KOPOTKMUX 3aMblKaHUAX,
aCMHXPOHHOM XO0fe TeHepaTopoB, aBapusax. ISTW MNapameTpbl
Heo6X0AMMO 3HaTb NPU NOCMAeAYyOLEM aHanu3e NPUYMH, X0p[a
M NOCNeSCTBUIA MepexoAHOro mpolecca.

10.4. AUCTAHUWOHHOE YNPABNEHWNE BbIKTIOYATENAMMU 4
PASBEANHUTENAMN

Ha anekTpuyeckMx CTaHUMAX W MNOACTaHLMAX BblKOYaTe-
NN HOPMaJIbHO YNpaBnAaTCA AUCTAaHLMOHHO. Ha pAge anekTpo-
YCTAHOBOK BHEefpeHa TakxXe CucTema AUCTaAHLUMOHHOIO ynpas-
NeHns pasbefumHuTenamMu, 060pPYAOBaHHBIMW 3NEKTPOABUTa-
TENbHbIM WAN MHEBMaTUYECKUM MPUBOLOM.

Mpwn BbINONHEHWUU CUCTEMbl  JUCTAHLMOHHOTO ynpasieHUs
BbIK/IOYATENAMMN W Pa3befUHUTENAMWN Heo6X0AMMO, 4TOObl 3Ta
cuctema Mos3sofigna nuuy, ynpasnftolwemMy annapaTtom, UMeTb
NHgopMauuio:
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a) 0 MOoNOoXeHuu annaparta (BK/KOYEH, OTK/IIOYEH);
6) O roTOBHOCTM Lenel ynpaBfieHUs K nepejavye KOMaHAbl
Ha M3MeHeHWe MONOXeHWA annapara;

B) O MPaBUNbHOCTU BbLIMOJIHEHNA MPOMEXYTOUYHbIX OMepa-
Lyt

r) o6 WCMOMHEHMM KOMaHAbl M O HOBOM MOJIOXKEHWWU anna-
paTa.

CucTemMa ynpasfeHWa BbiKAOYaTenemM BO uM3bexaHue onac-
HbIX MOCNeACTBMIA ANS NOAeid M annapata [JOJDKHA Takxe
MCKNOYaTb BO3MOXHOCTb «MpblifaHWA» BbIKJKOYaTeNs, T. €. ero
MHOTOKPAaTHbIX BK/HOYEHWIA — OTKAOYEHWA MpPU  CAyYaliHOM
BK/IIOYEHMMN Ha KOpPOTKOe 3aMblkaHue B ceTu. Mo TOi xe npu-
YMHe MPUBOA BbIKJKOYATENs AO/KEH MMEeTb MexaHu3m cBoboj-
HOro pacuenneHuns.

KomaHfa Ha BKNOUYeHMe — OTK/KOUeHMe BblK/AOYaTensa no-
JaeTca KNKYOM ynpasneHusa. NPpUMEHAOTCA B OCHOBHOM KJ/IHO-
yn TMnos KB® (ka4 ¢ BO3BpaTOM U C huKcaymein nonoxe-
HUS  pykoaTkn) un  MKB® (manorabapuTHbIi K4 ¢
BO3BpaTOM U (oukcaymeit). Knwuum cobupatoT W3 OTAENbHbIX
KOHTaKTHbIX MakeToB. [uarpamma Kako4a ynpaBaeHMa Tuna
KB® npusegeHa Ha puc. 10.3.

Pa3BepHyTas cxema Lenei ynpaBneHWs, KOHTPOAA W CWUT-
Hanm3aummn BbIKOYaTeNa C 3/1eKTPOMaHTUTHLIM. MPUBOLOM U
CO CBETOBbIM KOHTPO/IEM LieMei ynpaBneHus gaHa Ha puc. 10.4,
roe LUy, WM, LLUC, LLU3A, LUM 0603HayaldT COOTBETCTBEHHO
WWHKX ynpaBneHWUs, MUTAIOLWEro cBeta, CMrHanmM3ayum, 3ByKO-
BO/ aBapWIHON CWUrHanM3ayumn, BKAKOUYEHWUS MPUBOAA BbIK/HO-
yaTteneil; HLT — namna 3eneHas; HLC — namna KpacHag;
SQ1, SQ2, SQ3 — Bcrnomorate/ibHble KOHTaKThl BbIKNHOYATENS;
KM — KOHTaKkTOp MPOMEXYTOYHbIA;  YAT — 371eKTPOMArHuT
OTKtOYeHNs; YAC— 3N1eKTPOMArHUT BK/KOYEHUA. ONeKTpo-
MarHMTbl  BKMKOYEHMA B OTIMYME OT  3/IEKTPOMArHMTOB
OTK/IIOUEHUA  NOTPeONAT  3HauuTeNbHble TOKU  (AecATKu
M COTHM amnep), MNO3TOMYy B LeMb BKIKOUYEHNA BbIK/HO-
yatenein  BBOAMTCA MPOMEXYTOUHbIA KOHTakTop KM,
pasfengroumini cnaboToYyHy0 Uenb ynpaBieHWs OT CMAbHOTOY-
HO Uenu 3feKTpOMarHMTa BKAOYEHUA. Mpu  OTKAKOYEHHOM
MOMIOXEHUN BbIKAOYATENS POBHbIM CBETOM TFOPUT 3e/eHas
namna, ykasblBatolias OTK/KOYEHHOE MOOXEHWNE BbIKIOYATENS
N KOHTPONMpPYlOLWAs WCAPaBHOCTb W TOTOBHOCTb Lenu Ans
BKIOUYEHUA BbiKNtOYaTens. Mpu nojaye KOMaHAbl Ha BK/HOYe-
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HVe 3aMblKa TCH KOHTaKTbl 5—8 Knatoua ynpasneHus u cpaba-
TbIBAET MPOMEXYTOUHbIA KOHTAKTOp, 3aMblKas Lenb KaTyWKW
3MIEKTPOMArHUTa BKAKUYEHUS. BblkntouaTens BkarYaetcs. Mpu
3TOM MPOMUCXOAUT WM3MEHEHWE MONIOXEHWUS €ero BCMNOMOraTesb-
HbIX KOHTaKTOB, B pe3y/bTaTe Yero 3aropaeTcs POBHbIM CBETOM
KpacHas namna W nNpuxoguT B FOTOBHOCTb LeEMb AN OTKMOYe-
HWs BbiKAtOuYaTens. Ecim no kakoi-nm6o npuumHe (pa6oTa

Puc. 10.4. Cxema ynpaBfeHWUs W CUTHaNM3aLMW BbIKNHOYATENS CO CBETOBbIM
KOHTpONeM Uenei ynpasneHna (c knoyom Tuna KB®)

peneiHol 3aWUTbl U aBTOMaTUKM WAN BbIMOSTHEHME MPOMEXY-
TOYHbLIX OMepauuii No BKIKOYEHUIO — OTK/TIOUEHWNIO BbIK/OYaTe-
NA) BO3HWKAET HECOOTBETCTBME MEXAY MOMOXEHUAMU KtOYa
ynpaBneHWs W BbIK/JKOYaTeNs, TO Jjamna, MOKa3biBakLas
MCTUHHOE MOJNIOXEHMNe BbIKMKOYATEN B faHHbIA MOMEHT, Hauu-
HaeT ropetb Muralowmm ceetom. OTKIOUYEHUE BbIKAKOYATENS
nog AencTBMeM peneiiHOW 3awuTbl (PUKCUPYETCAS KaK 3e/eHON
CUTHaNbHON NnamMnoi (ropuT MWrarlLWMM CBETOM), TaK W 3BY-
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KOBbIM CUTHANOM — aBapWinHOW CUpeHOW. CHATUE MUTaloLLEero
CBeTa MpW 3TOM MPOW3BOAMUTCA «KBUTUPOBAHUEM» KNK4a, T. €.
MepeBOJOM K/tOYa B MOSTOXEHUE, COOTBETCTBYHOILLEE MOJOXKEHUIO
BblKNOYaTend. MpepbiBUCTOE MUTaHWe WUHOK LM ocyuiecT-
BNSIETCA C MOMOLLLIO CMeunansHOl peneiiHOW CXembl, MOAKMO-
YeHHOW K CeTu OMepaTMBHOrO TOKa.

B uenu curHanbHbIX naMn BBOAAT AOMOMHUTENbHblE pe3unc-
TOpbl R, MCKAOYalolWwme NOXHYH paboTy ueneid ynpaBneHUs
npu cnyyainHoM 3akopayuBa-

HUN (MepeKkpbITUM) KOHTAKTOB +wy ~wy
namn. B uenb aBapuitHOM cu-

peHbl BBOAAT [ABe MNapbl KOH- 3% KIMI\ SF
TaKTOB, YTO MO3BONAEGT UMETb KI\Tl

3Ty Uenb 3aMKHYTON TO/bKO

npu OfHOM MONOXEHUN K/toua KBS2
yrnpaBneHns — BKKYEHO.

S

B cxeme, MOKa3aHHOl Ha KBS gyat
puc. 10.4, 6n0KMpoBKa OT
MHOTOKPaTHbIX BK/TIOYEHW A
BbIKNIOUYATENS BbINONHEHA Ha o —
MEXaHN4ECKOM anHU'MHe 6I'IOKI/IpOBKI/I BblKNtO4YaTens OT MHO-
(BcmomoraTenbHble KOHTAKTbl  rokpaTHbix BKAKOUEHMI Ha KOPOT-
BblK/1lOYaTENs OTperynnpoBa- KOe 3aMblkaHune
Hbl TaK, YTO LEeNb Ha OTK/O-
YeHWe CO3/aeTCA paHblle, Yem
BbIK/IlOYATeNb MNOMHOCTbIO BKAKOUaeTcs). Hambonbwee pac-
npocTpaHeHue  nofyyumna  ONOKMPOBKA Ha  3NeKTpuuec-
KoM npuHuune ¢ pene KBS (puc. 10.5), koTopoe umeeT
ABe O0OMOTKM — MnoOCNefoBaTeNbHO BKAKOYeHHYIO KBS (/) u
napanfienbHO BKItOUYeHHYI0 KBS 1 gBe mapbl KOHTakToB KBS1
n KBS2, Ecnu BbiKOYaTeNb BKAKOYAETCA KAKOYOM ynpaslie-
Hus (KOHTakTbl 1—2) Ha K3, To cpabaTbiBaeT peneiiHas 3a-
Wwunrta, 3aMmblkas uUenb 06MOTKM KBS (/) ¥ 3nekTpomarHuTta
OTK/II0UeHUs BbikNoYatens. Pene KBS cpabaTbiBaeT, paspbl-
BafA Lenb MPOMEXYTOYHOro KOHTakTopa KM 1 o6pasyd uenb
caMOyepXuBaHua pene yepe3 06MOTKYy KBS. OTKIOUMBLLNIA-
CA BbIKNKOYATENlb HE MOXeT ObiTb BKAKOYEH A0 TexX Mop, Moka
CXemMa He BepHeTCcHa B WUCXOA4HOE COCTOAHWE, L1 Yero Heo6Xo-
OUMO Pa3OMKHYTb KOHTaKTbl 1—2 kfO4a ynpasneHus.

B aHeprocucTemMax ucnosib3yeTcd 3HaYUTENIbHOE YUC/IO pas-
H006pa3HbIX CXeM ynpasneHna W CUrHanmsauunn BbIKNKOYaTe-
29—516
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neit, paspaboTaHHbIX MPUMEHUTENbBHO K MacCNfHbIM, BO34yLU-
HbIM W WHbLIM BbIK/IOYATENAM C PasNMYHbLIMKU TUMaMW MpuBoJa
M CUCTEM YyMNpaBfieHWs BblkaoYaTenamm (nodpasHasd, Tpexdas-
Had, ¢ AMB un 6e3 AMB).

10.5. BIOKWPOBKA BbIKMKOYATENEA W PASBEAUHUTENEN

3BecTHO, 4TO Mpy OWKMBOYHOM OTK/IIOUEHUW pasbefuHuUTE-
nemM LUenu ¢ TOKOM Ha ero KOHTaKTaXx BO3HMKaeT OTKpbITas
3anekTpuyeckas Aayra, Kotopas Mnoj felAicTBMEM 3/IEKTPOAMHAMU-
YEeCKMX CWUN pacTArMBaeTcs, Bbi3biBaf OObIYHO MexAaydasHble
KOpOTKME 3aMblKaHUA U, Kak

cnepcTBMe, aBapumn B 31eKTpOYyC-

TaHOBKe. B Lenax npepoTepatle-

HUA  OWMOBOYHOTO OTKKOYEHUS

uenei ¢ TOKOM pasbeanHUTENd-

MW BbIKIHOYaTeIW 31eKTpoycTa-

HOBOK W HaxXxOAALWMECS B UX Lenu

pasbeAMHUTENN OCHALLAloT che-

UnanbHoOW  6nokupoBKoii. Hop-

ManbHO 6GMOKMpOBKa 3ampeLiaeT

onepauum BKAKOYEHUS W OTK/IO-

YeHMs  pa3beauHUTEeNeid  npu

BK/IIOYEHHOM  BbIK/IKOUaTese Le-

nu. BnokupyroTcs mexgy coboit

Takxe pabouue n 3azemafatoLLne

Puc. }O-g- Cxema 3fieKkTpoMar-  Hoxu pasbeguHuTenei. Mpume-
ol JIOMDOS | BESSERL  serca s TUna G10KAPOSOK
COOPHbIX | LLNH INeKTPOMarHuTHaa u, pexe, me-
XaHuyeckasn. d1eKTpOMarHUTHas

6nokuposka (puc. 10.6) BbIMoON-

HAeTCA C  WCNOMb30BaHWEM  3M1eKTPOMarHUTHOrO  3aMKa,
KOTOpPbI/i COCTOMT U3 Kopnyca 1, KOHTAKTHbIX THe34 2 U cTanb-
HOro 3anMparoLLero CTepXHf 3 C MPyXWHOW 4. 3amMOK ycTa-
HaBAMBaeTCA TakK, YTOOblI CTepPXeHb MOF BXOAUTb B Chelunanb-
Hble OTBEPCTMA B PbIYAXHOM NPUBOAE pasbejuMHUTENs, 3anu-
pas TeM cambiM MpWBOA. A nA OTNMpaHUA 3aMKa MCMOJb3yeTcs
3/1eKTPOMArHUTHBIA KAKOY, COCTOALIMIA M3 MOMELLEHHbIX B €ro
KOpnyce 3MeKTPOMarHuTa ¢ NOABWXHLIM CEpPAEYHUKOM 5 1 06-
MOTKON 6. KOHLbl 06MOTKM NOAKMHOUEHbl K LWITHLIPAM 7, BXOAA-
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WMM B THe3da 3amka. [Ans oTnMpaHMs 3amMka HeoGXOAMMO
BCTaBUTb K/KOY B 3aMOK W HaxaTb Ha TOMOBKY CepAevYHMKA
afeKTpoMarHuTa. Ecnv onepauus ¢ pasbejuHUTENeM paspella-
eTCs, TO KaTywka 3feKTpoMarHuTa 6ynet o6TeKaTbCsd TOKOM U
CepAeuyHUK MOATAHET K ce6e 3anMparoLinim cTepXeHb, 0CBOGOX-
fas 3aMopHYl0 4YeKy MpuBofa pasbeauHuTens. OTTAHYB Aanee
3aMOpPHYI0 YeKy NpUBOAA, MPOU3BOAAT OMepayuto BKIKUEHUS
WAM OTKNOYEHUS pasbeauHuTens. Mo ee 3aBepleHUM 3amnop-
HYIO YeKy OTMYCKalT W BbIHUMAKT K/OY M3 3amKa.

Puc. 10.7. Cxema 31eKTPOMarHUTHON 6IOKMPOBKN pasbeguHuTeneii B PY
C ABYMSA cucTeMaMy COOPHbLIX LKMH W C MEPEHOCHLIMU 3a3eMINTENAMU:

a —cCcxema MNepBUYHBIX Lienei; 6 —cxema 610KMPOBKK

B 3fnekTpoycTaHOBKax C ABYMSA cucTeMaMy COOPHbIX LIWH
BCE MPUCOEAWHEHUA MWMEIOT MO fBa LIWHHLIX Pa3befuHUTENS.
B Takumx ycTaHOBKax OGMOKMPOBKa BbiK/lOUaTenen u pasbefu-
HUTenen 3HauMTenbHO cnoxHee. OHa AOMXKHA AOMOJHUTENLHO
MO3BONIATL NpPOBefeHMEe onepauuii C OfHUM LUMHHbLIM pasbesu-
HUTeNeM, KOrAa BK/KOYEHbl BTOPOW LUMHHBIA pasbefuHUTENb, a
TakKXe LIMHOCOEAMHUTENbHbIN BbIKMKOYATE/lb CBOEI CEKLUM 1 ero
pasbegnHuTenn. Cxema Takoil 6N1OKMPOBKM MPUBEAEHA Ha pMuC.
10.7, rge WWBP— wmnHa 610KMPOBKM pasbegumHuTeneid; SQSI,
SQS2, SQS4, SQ S5— BcnomoraTe/ibHble KOHTaKTbl COOTBETCT-
BYHOLLMX pasbeguHuTenein; Y/, Y2, Y3 —rHe3fa WX 3/1eKTpPO-
MarHUTHbLIX 3aMKOB. Elle cnoxHee 610KMPOBKA B CXeme C
ABYMA CUCTeMaMy COOPHbLIX LUMH MPU UCMOMb30BAHUM Ha pPa3sb-
eAMHUTENAX CTALMOHAPHbBIX 3a3eMAAIOLLUX HOXEN.

29*
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10.6. CUCTEMbI CUTHANN3AL NN

Ha 3nekTpuyeckmx CTaHUMAX W MOACTaHUMAX MPUMEHAIOT
3BYKOBYIO ¥ CBETOBYH) CUTHaNM3aLUIO Pas/IMYHOro MCNOJMHEHUS.
Pa3nuualoT cnegylowme BWUAbl  CUTHAAM3ALUMK:  NOMOXEHUA
INEeKTPUUECKMX annapatos, Npeaynpexaarolyto, aBapuiiHyo,
(bmKCMpyOLLYIO, KOMaHAHYIO.

CurHanm3auuns nofioOXeHWs NOKa3biBaeT MOMIOXEHMWE BbIK/HO-
yateneih u pasbefuHUTENE W BbIMOHAETCA C MCMOMb30BAHNEM
CUTHaNbHbIX namn (cm. puc. 10.4). TopeHue KpacHOM namnbl
MoKa3blBaeT, UTO BblK/tOYATENb BK/OYEH, 3€/1€HOW namnbl —
YTO OH OTK/IHOYEH.

CurHanmsaumnsa NONOXEeHWUA pasbefuHUTeNeil BbINMOMHAETCA
C MCMONb30BaHWEM CUTHanbHbIX npubopos (MC), cocToAMX U3
U-o6pa3Horo anekTpomarHuta ¢ gByms O6MOTKaMu, MOABMWX-
HOro IKOPA W CBA3aHHOTO C HWM yKasaTens MofioxeHuda. Lienu
0OMOTOK 3aMblKQlOTCH Yepe3 COOTBETCTBYHOLLME BCMOMOraTeb-
Hble KOHTakTbl pasbeauHuTens. Mpubopsl MC Bpe3ardT B MHe-
MOHMYECKYIO CXeMYy Ha MaHensax LWTOB ynpaBneHus. YKasa-
Tenb nonoxeHua (nonocka) npubopa MC MOXeT 3aHMMaTb
Tpn nonoxeHus (puc. 10.8,a): BAONAb NMHWM MHEMOHWKM, KOT-
4a pasbefUHUTENb BKMIOYEH; NEPNeHAMKYNAPHO fIMHUN MHe-
MOHWKMW, KOTja pasbefuHWUTEeNb OTKAKOYEH; Mof yrnom B 45° K
ANHUN MHEMOHWKW MpU OTCYTCTBUW WM UCYE3HOBEHWW MOCTO-
AHHOIO TOKa Ha 3anekTpomarHute npubopa. lMepexon ykasaTe-
NS W3 OLHOTO MONIOXEHWUA B LPYroe NPOWCXOAWUT MNPU M3MEHe-
HAM NONOXEHUS pa3befMHUTeNs, Tak Kak npu 3TOM BCMOMOra-
Te/lbHble KOHTaKTbl pa3beAuHWUTENs 3aMbiKatoT Lenb COOTBET-
cTBytoWw el 06MOTKM yKasaTens.

Mpegynpexgatowas curHanusauma npegynpexgaer nepco-
Han O BO3HWKHOBEHWM aHOPManbHbIX PeXWMOB paboTbl 3fne-
MEHTOB 3/1eKTPOYCTAHOBKM (Neperpys3ku, HegonycTumble npesbl-
LeHNs TeMnepaTypbl, HapyLWeHWe N30AALMMN Lieneld MOCTOAHHOrO
TOKa, 3aMblKaHUA Ha 3EM/I0 B CETAX C W30MMPOBAHHOI Unn pe-
30HAHCHO-3a3eM/IEHHOW HeNTpanbio, UCYE3HOBEHME UM Hegony-
CTUMOE MOHVXEHWE HanpsfXeHWs OMepaTMBHOTO TOKa, Mepero-
paHue MpefOXpaHWUTeNel OMepaTWMBHbLIX Leneid, OWNBOYHOCTD
BbINOMHAEMbIX Oonepauuid u 7. n.). CUrHanu3auma BbIMOMHAETCA
C UeHTpanbHbiM (eAWUHbLIM ANA 3/€KTPOYCTAHOBKM) 3BYKOBbIM
CUTHaNOM W C WHAMBUAYaNbHbLIMU (N0 0ObEKTaM) CBETOBbIMU
CUrHanamm B BUJe CBeTOBbIX Tabno. LleHTpanbHas npegynpex-
faKlwan CUrHanmsauus MMeeT LEHTpanbHbIi CbeM CUTHana,
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uenn onpo6oBaHWA CWUrHana M KOHTPONS LEeNOCTHOCTM Npejo-
XpaHuTenen. bnarogaps pene MMAYAbCHOW CUTHANM3aLum
(PAC) curHanusaums obnagaeT CBOWNCTBOM MOBTOPHOCTU Aei-
CTBMA B YCNOBUAX, KOTJa OAWH aHOPMAaNbHbIA I KUM HakKnagbl-
BaeTCA Ha ApPYyron.

ABapuiiHas curHanusauma onoBsellaeT mnepcoHan o6 oT-
KMIOYEHUN BbIKAKOYaTeNed nof fLeliCTBMEM PeneiHol 3aLlinThi.
Mpn 3ToM MOABAAKOTCA LEHTPanbHbIA 3BYKOBON curHan (cupe-
Ha) WM WHAMBUAYaNnbHble CBETOBbIE CUTHa/bl, YKa3blBaloLiue,
KakMe WMEHHO BbIK/MOYATENN (MU BbIKMIOYATENb) OTKAKOYM-
anmcb. Ha  MOLWHBIX  31eKTPOCTaHUMAX C 60MbWUM  YKUCIOM
reHepaTopoB M TpaHcdopmaro-

POB [NaBHbIA WWT ynpaBneHuUs

MMEeEeT 3HaYUTENbHbIE pasmepsbl U q) #
LEXYPHOMY nepcoHany TPYAHO

yCcneauTb 3a CBETOBbIMW CUrHa-  +LUIC a)
NaMW Ha MHOTOYMC/IEHHbIX MaHe-

nax. B atom cnydae Ha wute

LOMOMHUTENILHO YyCTaHaBAUBAKOT

nmaHesn CO CBETOBOM Yy4acTKOBOM

CUTHanu3ayuneit, nokasbliBatoLLel

nmepcoHany, Ha KakoM Yy4yacTke
9N1EKTPOYCTAHOBKM  MPOM3OWINO  pyc 108 Curnanmsaums nono-
OTK/IHOYEHME BbIK/THOYATENS. KEHUA pasbenHUTens:

YNpoLweHHass CXemMa aBapWMi-  a—pgosmoxHble MONOXEHNS yKasa-
HOM curHanusauuu ¢ pene PUC-  Tend npubopa n'}g‘,;uﬁw—cxe”'a curHa-
32M npusegeHa Ha pwuc. 10.9.

Mpn aBapuiiHOM OTK/IIOYEHMM KaKoro-nubo BbikIOYaTENS
yepes ero Lenb aBapuiHOW CUTHaNIM3aLUM 3aMblKaeTcd Uenb
MepBUYHO 0OMOTKM TpaHcdopmaTopa HanpsxeHus pene KLH.
Bo3HuMKalOWMA TOK MepexogHOro npouecca HaBOAWT BO BTO-
puyHoii 06mMoTke SAC un 06ycnOBAMBAET OTKPbITME TPaH3UCTO-
pa VT2 u 3aMbikaHue OOMOTKM MOMOXUTENbHON MONAPHOCTM
nonspusosaHHoro pene K. MNocnegHee cpabaTbiBaeT M 3amycka-
eT pene KL, KOTOpoe camo6iokmpyeTcs yepe3 KHomky BDC u
OVH M3 CBOMX KOHTAKTOB; APYIMM KOHTAKTOM 3aMblKaeT Lenb
cupeHsl HA 1 pene BpemeHnW KT, a TpeTbMM KOHTaKTOM 3aKO-
paymBaeT UMb KONNEKTOP — 3MUTTep TpaH3ucTopa VTL, npu
3TOM MOJaeTcs TOK B 0OMOTKY O6paTHON MONAPHOCTM MOAAPU-
30BaHHOrO pese U OHO BO3BPaLLAeTCss B UCXOAHOE MOMOXEHME.
MonHas [eONOKMPOBKA CXeMbl OCYLLECTBAAETCA KOHTaKTOM

~LLC
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pene AT, KoTopoe WYHTUPYeT 06MOTKY pene KL. [pu 3tom
3BYKOBOM CUTHan CHUMaeTCHd W Cxema BO3BpallaeTcs B UCXO[-
HOe MonoXeHue. Bo3BpaTr CXembl BPYYHYHO OCYLLeCTBNAETCA
BO34ecTBMEM Ha KHOMKy BDC. lMOBTOpHOCTbL [feicTBUA pene
KLH ob6ecneuynBaeTcs 3a CYET TOrO, YTO NPW OTK/HOYEHUMU NIO-
60ro BblKtOYATENS MPU HECKBUTUPOBAHHOM K/HOUYe YMPaBneHms
Ha MepBOM BbIK/IKOYATENE M3MEHAETCA 3HAYeHWe BXOAHOrO CO-

Puc. 10.9. Cxema aBapuiHON CUrHanM3auuu C pene UMNYNbCHOW CUrHann*
3aummn tuna PUC-32M

NPOTMBAEHNS MEPBMYHOM OBMOTKM TpaHchopmaTopa Hanmpsxe-
HWUsA, BO3HMKaeT TOK NepexofHoOro npouecca u pene KLH BHOBb
cpabaTbiBaer.

Onpo6oBaHWe CXeMbl CUTHaNM3aLMy OCYLLeCTBNAETCA BO3-
LecTBMEM Ha KHONKy BT.

CurHanmsaumns dukcupyrowas, ocyuiectsnsemas ¢ no-
MOLLbIO CBETOBbIX Tabno, UKCUPYeT, Kakue TUMbl 3aWUT W©
aBToMaTuku cpaboTanu B npouecce paboTbl 3/1EKTPOYCTaHOB-
kn. TlyckOBbIMM oOpraHamu 3TOW CUrHaAU3aLumM ABAAKOTCH
yKasaTefNbHble pene, BKAKOYAEMble B BbIXOAHbIE Lenn yCTPOCTB
peneiiHOM 3aWmnTbl U aBTOMaTUKW. [N CHATUA curHana Heob-
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XOAMMO MOAHATb BbiMABWWA (hNaxoK ykKa3aTeNlbHOro pese
COOTBETCTBYIOLWEN 3alMTbl UM YCTPONCTBA aBTOMATUKMU.

CurHanusaums KomaHfHas obGecrneuymBaeT Mepefady cTaH-
LAapPTHbIX KOMaHZA AeXYPHOMY MepcoHany, Haxopjsdwemycs Ha
pPa3NMYHbIX paboumx MecTax 3N1eKTPOYCTaHOBKMU (Hanpumep, Ha
WNTe yNpaBneHWs W B MalWMHHOM 3ane). CurHanusayus
OCYLLeCTBNAETCA C MOMOLLbI CBETOBbIX Tabno.

Mpu nopgaye TOM UM WHOW KOMaHAbl HaXMWMaeTcs COOTBET-
CTBYHOLLA KHOMKa Ha MnepefalolleM KOHLEe AMHUKM cBas3u. Mpu
3TOM Ha NynbTax YNpaBfeHWs nNepefjalolLero M MNPUEMHOrO
KOHL0B 3aropatoTcsd Tabno ¢ OAHOMMEHHbIMW Hagnucamu. [e-
XYPHbIA NPUEMHOTO KOHLA, NMPUHAB KOMaHAy» HaXMMaeT KHOM-
Ky Cbema CWrHana, racs Tem cambiM CBeTOBble Tabno o60ux
KOHL,0B IMHUN CBA3MN.

10.7. MPUHLUWNBI MOHTAXA U MAPKWPOBKW BTOPWYHbIX LEMEN

Ha KpynHbIX 31eKTPOCTAHLMAX U MOLCTAHLMAX BTOPUYHBIE
M OnepaTMBHbIE LENW BbIMOJIHAKOT MPOBOAAMM C MEAHbIMU XWU-
namu. Ha MeHee OTBETCTBEHHbIX 3/1EKTPOYCTAHOBKaX MCMOMb-
3yHOTCA NPOBOAA C a/IIOMUHMEBLIMU XMnamu. MoOHTax uenei Ha
naHensx v WuTax ynpaBaeHWS OCYL,eCTBAAETCA O4HOXM/bHbLIM
N30/IMPOBaHHbIM MPOBOAOM C m3onaumeli Ha 500 B. CBA3b na-
Henel, WNUTOB, OOGBLEKTOB OCYL,ECTBAAETCA MHOTOXMW/IbHBIMU
HEroproUYMMM KOHTPONbHbIMU  Kabenamu mMapok KCB, KCBT,
KCPI, KBPI, AKBPI', KBMEBI, AKBMBI c n3onduuein Ha
HanpsxeHne 1000 B. MuHumManbHOe ceveHue kabeneit gna To-
KOBbIX Lienein MPUHUMAETCH pPaBHbIM: MefHbIX — 2,5 MM2, anto-
MUHUEBbIX — 4 MM2, a AN1A Leneil HanpaXeHUs COOTBETCTBEHHO
15 1 2,5 mm2 lpoBofa Ha MaHenax MOHTUPYHOTCA Hemnocpej-
CTBEHHO (Npw 3TOM MO4 NPOBOAa MNOAKMaAblBAeTCA 3JIeKTPO-
KapTOH) MAM Ha cneuuanbHbIX CTOMKaXx.

KoHTponbHble kabenn MpokiagbiBatdOT B KaHanax, Kopobax
UM Ha CcheyunanbHbIX MeTanNUu4yeckMx KOHCTPykumax. B oT-
GeNbHbIX Clyyaax [OMYyCcKaeTcqd MNPOKAafKa KOHTPOJIbHbIX U
CUNOBLIX Kabeneii B 04HOM KaHane.

MOHTaX BTOPUYHBIX M OMEPaTMBHbLIX Lieneli ocyLlecTBAfAeT-
CA B COOTBETCTBMM C MOHT@XHbIMW CXEMamMu, OTpaxawLWwnmm
B3aMMHOe pacnonoxeHue npubopos, pene, YCTPOWCTB W COEAU-
HWUTENbHbIX MPOBOAOB. B MOHTaXHbIX CXeMax WCMOMb3YHTCH
pasfinyHble MapKUPOBKW 3/1EMEHTOB W, B YaCTHOCTW, CMbIC/IO-
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Bad, Uuposas M cMmewaHHas. [pu CMbICNOBOM MapKUpOBKe
0003HaYyeHNe 31eMEHTOB OTpaxaeT B KpaTKOW chopme MX Hau-
MEHOBaHWEe W HOMEpP MOHTaXHbIX efVHWL, K KOTOPbIM NpuUHajg-
NeXWUT JAHHbIA 3NeMeHT.

Mpun undpoBO MapKMPOBKE YCTaHaBMMBAETCA OMNpPefeneH-
Haf 30Ha HOMEpOB NS Lenei pasnMYHOro HasHauveHus. Ha-
npumep: 01—99 — uenn peneitHoi 3awuThl; 101—199
201—299 — uenu ynpasneHus; 401—499 — uenn oT TpaHcdop-
MaTOpoB TOKa; 601—699 — uenn OT TpaHCHOpPMaTOPOB Hanps-
XeHuns; 701—799 wn  901—999— uenu curHanusaumm,
801-—899 — uenun 31eKTPOMArHUTHON BGIOKNPOBKMN.

MapKnpoBKa Leneid ocyliecTBiseTcs TakuMm o6pas3om, 4TO-
6bl Npu nepexofe 4vepe3 KOHTAKTbl MM OOMOTKM pefie M yCT-
POMCTB HyMepauus y4yaCTKOB LeNW B CXeMe MW3MeHsinacb Ha
efnHuLYy.

MepexogHble COOPKM BTOPMUHbLIX W OMepPaTMBHbLIX Leneid Ha
MaHensax W WUTax YrNpaBfeHUS WMEKT BCTPEYHYH MapKMpOB-
Ky, NMOKa3blBalOlWylo, OTKyAa W Kyja Uuenb uger. Ha koHuax
KOHTPONbHbIX Kabene BbiBewMBatOTCA 6Gupkn. Ha 6Gupkax
yKa3blBaeTcad HOMep Kabenf, a TakKe MOHTaXHble Mapku 3ne-
MEHTOB 3/1EKTPOYCTaHOBKMW, KOTOPbIe OH COEAMHSAET.

10.8. YCTAHOBKWN OMEPATWBHOIO TOKA

Ha 3feKTpUYeckMx CTaHUMUSX W MOACTAHUUAX MPUMEHSIOT
MHOFOUYUC/IEHHbIE BCMOMOTaTe/lbHblE 3/IEKTPUYECKUE YCTPOMCT-
Ba W MEXaHW3Mbl, CRyXalime NS YyNpaBneHUs, PerynnpoBaHus
pexuma paboTbl, CUTHANM3ALWW, PENENHON 3aWunThl U aBTOMa-
TUKW. Bce 3TU onepaTUBHbIE YCTPOWCTBA M MEXaHU3Mbl MUTa-
IOTCA 371EKTPO3Heprueld oT creynanbHbIX WCTOYHUKOB, KOTOPbIE
MPUHATO Ha3blBaTb UCTOYHMKAMMW OMepPaTUBHOro0 Toka. COOTBET-
CTBYIOLLME 3NTEKTPUYECKME LEMW, NUTAKOWME Ha3BaHHblE YCT-
pONCTBA U MEXaHW3Mbl, HAa3bIBAKOT OMeEPaTWBHLIMK LENsMu, a
CXeMbl MUTAHWUS — CXEMaMMW OMEPaTUBHOIO ToKa. OnepaTuBHbIE
LUenuW UM WX UCTOUYHMKM MUTaHUS JOSKHbI 6biITb HafeXHbl, Tak
KakK HapyleHue nx paboTbl MOXET MPUBOAWTL K OTKaszam W
Cepbe3HbIM aBapusM B 3/1eKTPOYCTaHOBKAX.

Pa3nnyarT He3aBUCUMblE W 3aBUCUMbIE MCTOUHWKKU' OMepa-
TUBHOTO TOKa. Pa6oTa nepBbiX He 3aBUCWT, a paboTa BTOPbLIX
3aBUCUT OT pexuma paBoTbl W COCTOSHWS MEPBUYUHBIX Lienel
3/IEKTPOYCTaHOBKMU. He3aBUCUMBIMU NCTOUYHMKAMMW OMepPaTUBHO-
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ro TOKa ABAAKOTCA aKKyMynaTOpHble 6GaTapeun, AU3efb-reHepa-
TOPHblE U TypGOpeakTUBHbIE arperatbl, a 3aBUCUMbIMU WCTOY-
HWKAMW— [BUTATe/Ib-TeHEPATOPHbIE arperatbl (ACUHXPOHHbINA
ABUTATeNlb W TeHepaTop MOCTOSHHOTO TOKA), W3MepPUTENbHbIE
TpaHcOpMaTOpPbl TOKA U HAaMpsXeHWs, TpaHcopmMaTopbl CO6-
CTBEHHbIX HYXJ.

OnepaTuBHbIe Lienu paboTaoT Ha MNOCTOSAHHOM WU MEPEMEH-
HOM TOKe. B psfe cnydyaeB WMCMOMb3YeTCH BbIMPSM/IEHHbIA TOK.

Ha anekTpuyeckux CTaHLMAX W KPYMHbIX MNOACTAHUUAX Hau-
60nbllee NPUMEHEHME WMEET MOCTOAHHbIA OMepaTUBHBIA TOK,
Nosy4aeMblil OT aKKyMynaTOpHbIX 6atapeil. LLlMpokoe mcnosb-
30BaHMe MOCTOSAHHOTO OMepaTMBHOrO TOKA B OCHOBHOM Bbi3BaHO
TeM, YTO MHOTMEe MPUMEHAEMbIe B 3/1eKTPOYCTaHOBKAX 3/71eKTpO-
MarHMTHble MeXaHW3Mbl, BbIMOAHEHHbIE Ha MOCTOAHHOM TOKe,
ABnAl0TCA 6onee NpocTeiMM U Gonee HajexHbiMyu B paboTte u
MMEIOT Nlyyllne XapakTepUCTUKKU, YeM BbINOMHEHHblE Ha nepe-
MEHHOM TOKe.

Micnonb3oBaHMe aKKyMynaTOpHbIX 6aTapeil B Ka4yecTBe uC-
TOYHMKOB MOCTOSAHHOTO OMEepaTMBHOIO TOKa oOnpejenseTcs
CTPEM/IEHUEM MMETb HE3aBUCUMbI/ MCTOUYHWK, 06ecneynBatoLLmii
nUTaHWe onepaTUBHbLIX Leneli npu NO6bIX 0TKazax M aBapuax
B MEPBUYHbLIX LenfaX, COMPOBOXAAILLMXCA CHUXEHUEM U faXxe
MoMHOIA MoTepeli MepeMeHHOro HanpsXXeHUs 31eKTPOYCTaHOBKMY.
3T0-0CO06EHHO BaXHO NPM CUCTEMHbIX aBapusax. BmecTe c Tem
aKKyMynAaTOpHble 6aTapen Kak MCTOYHWKKM OMepaTMBHOIO TOKa
MMEIKT W CYLLEeCTBEHHble HeAOCTaTKM: 60MbLIONA pacxos Aedu-
UMTHOTO CBMHLA Ha W3roTOBAEHME NAaCTUH, BbLICOKYIO CTOM-
MOCTb W 3Ha4YUTeNbHble 3KCMAyaTaLMOHHbIE Pacxofdbl, Heobxo-
AUMOCTb COOPYXEHUS aKKYMYNATOPHbLIX MOMeLleHWi, 060pyao-
BaHHbIX MPUTOYHO-BbLITAXHOW BeHTUNAUMEN, HEO6XOLMMOCTb
cneunancHoro o6cayxmBakoLlero nepcoHana. Ha  KpymHbix
3NEKTPUYECKUX CTAHUMAX W MOACTAHLUMAX LeHTpain3oBaHHOe
CHabXeHune MOCTOAHHbLIM TOKOM OT OAHOW LEeHTpanbHOM akKKy-
MyNATOPHOW 6aTtapen NPUBOAUT K HEOOXOAMMOCTW COOPYXEHMNS
NMPOTAXEHHOW W Pa3BeTBMEHHON CeTW OMepaTMBHOrO ToKa. JTO
CHMXaeT HafleXXHOCTb ee paboThl.

Y4ynteiBas CKasaHHOe, CTpemMATCca Tam, rae 3tTo BO3MOXHO,
NMPUMEHATbL HE aKKYyMYNnATOPHbLIE 6aTapev|, a YyCTaHOBKW nepe-
MEHHOro onepaTtmBHOIO TOKa, KOTOPbIe AeLleBne, MOTyT BbiMos-
HATbCA C AeUueHTPa/IM30BaHHbIM MUTaHUEM ONEPATUBHbIX u,ene|7|
OTAENbHbIX I'Ipl/lCOG,EI.I/IHGHVIVI N Mo HafeXHOCTWN B pAfe Cny4daes
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He ycTynaroT YyCTaHOBKaM C aKKyMynsTOpPHbIMKW 6GaTapesamu.
B HacToslLlee BpPEMS WCTOUYHUKM MEpPeMEHHOro OMepaTUBHOTO
TOKa HalAM MpUMeHeHMe B 3/1eKTpOycTaHOBKax, 060pyLoOBaH-
HbIX BbIKNHOYATENSAMU C TPY30BLIMU W NPY>XWHHBIMU NPUBOAAMMU.

AKKYMynaTopHble 6GaTapey MNpPOAOIKAKT MNPUMEHATL Ha
KPYMHbIX 3/IEKTPUYECKUX CTaHLMAX W NOACTAHUMAX, e Heob-
XO4MUMbl MOBbILIEHHAA HAAEXHOCTb MUTaHUA OMepPaTUBHbLIX Le-
neil M 3HaYMTeNbHble MOLLHOCTM ANA YMpaBieHWs 37eKTpoMar-
HUTHbIMW MPUBOAAMM BbIK/tOUaTeNen. Mpn 3TOM OT aKKyMyns-
TOpHbIX GaTapeli nNuTalOT Takxe pafj pyrux noTpebutenei,
TPeOyLWMX HaAeXHOro nuTaHua. Tak, Ha TemnjoBbiX 3MeKTPO-
CTAHUMAX OT aKKyMynaTOPHbIX 6aTapeli MnofyyaroT MuTaHue
aBapuiiHOe OCBeLleHWe, pPEe3epBHbIE Macn0HAcocbl TYyp6uH K
obecneynBaeTcs pe3epBMpPOBaHME MUTAHWS 3N1eKTPOABMTraTenei
nuTaTened MbiAnM KOTNOB. Ha MOLLHbIX 6M10YHbIX 3/1€KTPOCTaH-
UMax ¢ 60MbLINM YUCIOM arperaTtoB W 3HAYMTENbHOW ANVHOW
3[laHNA CTaHLUWUWM YCTaHABNMBAKOT HECKONbKO aKKYyMYNSTOPHbIX
6aTapeil, Kaxpgaa M3 KOTOpPbIX 0ObIMHO MMTaeT noTpebuTenelt
OHOTO-fByX arperaToB; 3TO ynpoLiaeT CeTb MOCTOSHHOIO TOKa
M NOBbILIAET HAfEXHOCTb NMUTAHWUS OMEepaTUBHbLIX LEMeN.

10.9. NICTOYHUKMN W CXEMbl MNOCTOAHHOITO ONEPATUBHOIO
TOKA

Ha 3nekTpuuyeckmx CTaHUMAX W MOACTAHUMAX B Ka4yecTBe
MCTOYHWMKOB MOCTOSHHOrO OMEpPaTMBHOIO TOKa MPUMEHSAKT akK-
KyMynsiTOpHble 6aTapen U3 CBMHLLOBO-KWUCAOTHbIX WM LLEeN0Y-
HbIX XXeNe30HUKeNeBbIX akKKyMynatopos. [locnefjHue Ha 3MeKT-
PUYECKMX CTaHLMAX U NOACTAHUMUAX NPUMEHAKT CPaBHUTENLHO
pefKko, MO3TOMY HMWXE OrpaHM4YMMCA PacCMOTPEHMEM TO/bKO
CBMHLLOBO-KUC/IOTHbLIX aKKyMYynATOPOB.

YCTPOWCTBO CBMHL,0BO-KUCMOTHBLIX aKKyMynaToOpoB. OCHOB-
HbIMW YacTAMU akKyMynaTopa ABAAKTCA: 3/eKTPOAbI, 3M1eKTpO-
AUT, cenapatopbl U cocys.

B kauyecTBe MOMOXMTENbHbLIX 31€KTPOJOB  MCMONL3YIOT
lWITaMMNOBaHHbIE WM OTAWUTbIE M3 CBMHLA MMNACTUHbLI MOBEPXHO-
CTHOTO Tuna ¢ 6onbwuM yucnom pebep, BGnarogaps KOTOPbIM
paboyas NOBEPXHOCTb NAACTUH NPUMepPHO B 8 pa3 6onblue WX
Kaxyuieiics NOBePXHOCTU, OMPeAeNeHHOW MO BHEWHMM rabapm-
Tam MnacTMH. B kayecTBe OTpuULATENbHLIX 31EKTPOAOB 06bIYHO
MCMONb3YKT MNacTUHbLI KopobuyaToro Tuna. OCTOB 3TUX nnac-
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TUH, VMEIOLWNX BUJ PeleTkn ¢ 60NbLINMK fYelikaMu, WU3roToB-
NAT U3 cnnasa CBMHUA C 4—12 % cypbMbl; CypbMa yBenuuu-
BaeT NPOYHOCTb PELIeTKM N YMeHbLlaeT KOPPO3MKO MaCTUH.
B peweTky BMasaH akTWMBHbIA MaTepuan, COCTOALWMIA M3 OKMC-
OB CBMHLLA M CBMHLLOBOTO nopowka. Ang npefoTBpaLLEHUS Bbl-
nafjeHns aKkTUBHOW MacCbl OTpULATENbHble MAACTUHBI C 06enx
CTOPOH 3aKPbIBAOT TOHKUMW MepddOPUPOBAHHBIMU CBUHLLOBLIMU
NUCTaMu.

lMnactHbl M3roTOBNAKOT Tpex Tunopasmepos: U-1, U-2,
N-4. TloBepXHOCTbL U eMKOCTb nnactuH tuna W-2 B 2 pasa, a

nnactuH W-4 B 4 pasa 6onblle NOBEPXHOCTU M eMKOCTU Mjac-
TMH Tnna N-1.

CobpaHHbI Ha MecTe 3aKcnayaTauMnm akKymMynaTop nofjsep-
raloT crneumanbHoli o6paboTke (hopmoOBKe), B pe3ynbTaTe KO-
TOPOW Ha MOMOXWUTENbHbIX MaCTUHax obpasyeTcs MNepeKknchb
cBMHUA PbOr (KOpM4HeBOro LiBeTa), a Ha OTpuUaTeNbHbIX NAa-
CTMHaxXx— rybuatbiii cBuHey, Pb (cBeTno-ceporo ugeta). TakoB
COCTaB AKTUBHbIX MAacC 3/1eKTPOAOB 3apAXKEHHOro akKymyns-
Topa.

ONeKTPONUTOM #ABAAETCA PacTBOP CEPHOM KUCNOTbI
noBbiweHHOW yucTtotel (FOCT 667-73) B AUCTUINMPOBAHHON
Bofe. MAOTHOCTb 3/1EKTPONINTA Y UCMPABHOIO 3apPAXEHHOTO akK-
kymynatopa npu 20 °C gonmxHa 6biTe paBHa 1,20—1,21 r/cm3
a B KOHUe pa3psaga — npumepHo 1,145 r/cm3.

CenmapaTopbl —3TO M30MALNOHHbIE NMEPETOPOAKN MEX Y
NMOMOXWUTENbHBIMW W OTPULATENbHBLIMWU NNACTUHAMU aKKYMY/if-
TOpa, KOTOpble MNPEenATCTBYIOT 3aMblKAHUIO MAACTUH MNpW KX

BO3MOXHOM KOpO6I'IEHl/II/I, a TaKXe MeLwarT BbiMageHN aKTUB-
HbIX MacC C NJacTUH.

Cocyabl He6ONMbLINX aKKyMyNsTOPOB CTEKMNSAHHbIE WAW 360-
HUTOBblE, a GONMbLINX — [EPEBAHHbIE, BbITOXEHHbIE BHYTPY
CBMHLOM. BbinycKalTC aKKyMynsTOpbl TakXe B 3alWLLEHHOM
UCMOMIHEHUM» YMCNO M TUMN NNaCTUH B COCYfAe OMpefenstoTcs
HEeoOXOANMON eMKOCTbIO aKKyMynaTopa. Qs npeaynpexneHus
KOpPOG6/IEHWS MONOXNUTE/IbHbBIE MOBEPXHOCTHbIE MAACTUHbI [OJIX-
Hbl paBHOMepPHO pa6oTaTb 06eMMu CTOpOHaMu. Mo3TOMy B ak-
KyMYNATOPE YMCNO OTPULATENbHLIX MAacTUH 6epeTcs Ha OfHy
60/blUe, YeM MOMOXUTENbHbIX. MAaCTUHLI O4MHAKOBOW MONAp-
HOCTW COEAUHSAIOT B GNOKMW, ANA Yero MOAOCHbIE OTPOCTKW Mna-
CTUH MpPWUNanBaloT K COEAUHUTE/IbHLIM CBUHLLOBbIM MO/0CAM.
Bnokn nnacTUH BMecTe C MOJABELUEHHbIMU Ha HUX cemapaTopa-
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MW YCTaHaB/MBAlOT B COCyAe. AKKYMyNsTOPbl COEJUHSAIOT B
6aTapetd Npu  NOMOLM  MEX3TEMEHTHbIX COEAUHUTENbHBIX
nonoc.

Pab0Ta CBMHLOBO-KACMOTHLIX aKKyMYyNATOPOB. AKKYyMYyns-
TOp ABNAETCA XUMWUYECKMM WCTOYHMKOM MOCTOSHHOTO TOKa C
06paTUMbIMK 3/TEKTPOXMMMUYECKMMMU MpoueccamMu. Mpu 3apsge
aKKyMynsaTopa 3/leKTpuueckas 3Heprus npeobpasyercs B XU-
MUYECKYHD, a Npu paspsge, Hao6OpOT, XMMUYECKas IHeprus —
B 9/IEKTPUYECKYID. BCneacTBME HEU3BEXHbBIX NOTEPb 3HEPTUMM OT
aKKyMynsaTopa npu paspsije He YAaeTCs MOMAY4YUTb TO XKE KO-

Puc. 10.10. Pa3psf CBMHLLOBO-KUCIOTHOrO akKymynsaropa:
a —cxema paspsga, 0 —wu3MeHeHWe HanNps)XeHUs akKymynstopa, npu paspsge ero
HensMeHHbIMW ToKamu 1, 3, 5 7 n 10-yacosoro paspsjga
NNYeCTBO 3HEPTMKM, KOTOpPOe eMmy 6blno coO06LEeHO npu 3apsje.
AKKYMYNAaTOp Xxapaktepusyetcsa emkocToto, 3AC, 3apafHbIM U
paspagHbIM TOKamu.

EMKOCTb, T. € KONWYECTBO 3INEKTPWUYECcTBa B ammep-ya-
cax, KOTOpoe MOXET 0TAaTb MOSIHOCTHIO 3aPAXKEHHBIA aKKyMYy-
NATOP, 3aBMCUT OT TUMoOpasmepa W 4ymcna NNacTUH akKymyns-
Topa, pa3paAfHOro ToKa W TemnepaTtypbl 3nekTponuta. Homu-
HanbHOW eMKOCTbHO aKKyMynatopa fABAAETCA ero eMKOoCTb Mnpu
10-yacoBoM pa3pafe U HOPManbHbIX 3HAYEHMAX TemmepaTypsl
+25 °C n nnotHocTh anekTponuta 1,21 r/cm8

Y akkymynatopoB MNPUHATO pas3nmuyatb o06GpaTumMyto
34C EO, 4ACMeHHO paBHYIO HaMpAXeHWI0 akKKymynsatopa npu
Pa3OMKHYTOW BHeLIHe:l uenu, ngmHamumuyeckyto I4C £401
Npy 3aMKHYTOW BHELIHEW uUenu, T. €. MpU pexmumax 3apsaga u
paspaga. 3tm 3A4C cBA3aHbl COOTHOLUEHUEM

NH =£0i1 >
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roe E,,— 34C nonapusauumu.
Mpu 3apage

emH® e0+ em;
npu paspaje

AH=F _En

O6patumas 34C B OCHOBHOM 3aBUCWUT OT CpejHeli MnoT-
HOCTW 3neKkTponmTa B cocyde. MNpu pasnnyHbIX YPOBHAX pa3pa-
4a aKKymMynatopa OHa WM3MeHAeTca B y3kux npegenax (2,02—
2,05 B) 1 No3aToOMy He MOXET CNYXWUTb KPUTepuUem CTeneHu
3apPAXKEHHOCTU akKKymynaTopa.

3HauyeHne aMHammyeckoin 3 C 3aBUCUT OT MNOTHOCTM 3NEK-
TPONNTa, HEMOCPEACTBEHHO COMPMKACAIOLLErocs C aKTUBHOM
Maccoil 3MeKTPOALOB, CTeMeHW pacxofa aKTUBHbIX MacC W He
3aBMCUT OT pa3MepoB mnnacTuH. lpu paspage u 3apafje ak-
Kymynatopa 3ata 3[C HenpepbiBHO MeHAETCA.

Bo Bpemsa paspdpa akkymynatopa (puc. 10.10) TOK BHYT-
pyv Hero HanpasfieH OT KaTtofa K aHOAy; MONOXMUTEeNIbHbIe MOHbI
Bojopoja H nmnepemewarTcas K aHoAy, a oOTpuuaTefibHble
MOHbI KuUCNOTHOro octatka S04— k kato[y. [Mpu 3atom nepe-
Kucb cBuHUa Pb02Ha aHO/e W CBMHEL, HA KAaTO4e MpesBpaLarT-
cq B cynbpaT cBuHUA PbS04

Peakuua Ha aHofe:

Pb02+ H2+ HZ2S04= PbS04+ 2HD;
peakuUmMs Ha kaTofe:
Pb + S04= PbS04
MonHas peakuus paspsaga:

Pb02+ Pb + 2HZS04= 2PbS04+ 2H,0. (10.1)

Takum o6pasom, npu paspaje akKymynaToOpOB pacxofdyeT-
CA CepHas KMCNoTa W Bbigenfetcd BOAa, MO3TOMY MNAOTHOCTb
3NeKkTponuTa yMmeHbllaetca. O6pasyoWmiics cynbdat CBUHLA
nmeet 6oblINe O0OBEM W 3MEKTPUYECKOE COMPOTMB/IEHUE, YEM
Mepekncb CBMHLA WAN CBUHEL,.

AKKYMYNATOP MOXHO pa3paXaTb PasiMYHbIMU  TOKAMW.
HopmanbHbIM cuMTaloT paspsajg Tokom 10-yacoBoro paspaja,
KOrfja 3Heprus, 3anaceHHas akKyMynsaTOpOM MpU NOSIHOM 3a-
page, pacxogyetca 3a 10 u. HanpaxeHue akKymynsatopa npu
paspaje pasBHO
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Up —Ems —w/p rBT, (KO-2)

roe /p— paspagHblii TOK, A; TBT — BHYTPEHHEE 3/1IeKTpUUecKoe
COnpoTuB/eHNe akkymynatopa, Owm.

BHYTpeHHee cOMpOTMBEHNE aKKyMynaTopa 3aBUCUT OT KO-
nuyecTBa Cyfnb@pata CBMHLA Ha 3/1€KTPOAaxX W YBe/M4ymBaeTcH
no mepe paspafja akkymynatropa. Y 3apfXeHHOro akKymyns-
TOpa aKTUBHOE COMPOTUBNAEHWE Mano (TbICAYHbIE — [eCATUTDI-
CAYHbIE JONU OMa).

Mog HOMWHaNbHLIM  HaMpAXeHWeM aKKymynatopa no-
HUMaIOT HanmpfXeHWe Ha 3aXumax MNOMHOCTbIO 3apAXEHHOro
aKKymynsatopa B TEYEHWE NEepBOro 4aca ero paspaja TOKOM
10-yacoBoro paspfaga. HomuHanbHOe HanpsXeHuWe CBUHL0BO-
KWUC/IOTHBIX aKKYMynaToOpoB cocTaBnsfeT 2 B.

B npouecce paspafia HanpsxeHWe aKKyMynatopa yMeHb-
Wwaetcd. HopmanbHO akkKyMynaTOpbl MOXHO pa3paxatb [0
HanpsxeHusa Upmin, coctasndiowero 1,8—1,75 B, 1. e. ¢ OT-
KNOHEHNEM HampsXeHns oT HOMUHanbHoOro Ha 10—12,5 %. Kpu-
Bble W3MEHEHMWA HANPAXeHWA akKymynatopa npu paspspe ero
Tokammn 1, 3, 5, 7 u 10-yacoBoro paspsaga (/1>/3>/1w) npu-
BefeHbl Ha puc. 10.10,6. Hanbonee pe3ko HanmpsXeHUe akKy-
MynATOpa YyMeHblLlaeTCas B HayanbHOW CcTagum paspfjga, uto
06bACHAETCA TNlaBHbIM 06Pa3OM YMeHbLUEHUEM KOHLEHTpaLuum
9NEKTPONNTA Y MOBEPXHOCTM MAaCTUH MO OTHOLLEHWIO K Cpej-
Hell NNOTHOCTM 3NeKTPONMTa B cocyde. 3aTeM BcnefcTBue Aud-
(by3nn cepHOn KMCAOTbI M3 COCyfa K MOBEPXHOCTU MNaCTUH U
BHYTPb aKTMBHOW MacCbl CO3JaeTci paBHOBeCUE M MAOTHOCTb
3N1eKTPONNTA Yy NNACTUH OCTaeTCcsa MOYTM Heun3MeHHoW. CooTseT-
CTBEHHO HampsfXeHWe akKKymynatopa TakXe W3MEHAeTCA He-
3HaunTeNnbHO. Ha onpegeneHHoO cTaguu paspafa HanpsxeHue
BHOBb HayMHaeT Pe3KO CHMXATbCHA BC/IELCTBUE YBEMYEHUS KO-
nuyecTBa cynbarta CBUHLA Ha MiacTUHAX: OH 3aMoJIHAeT Mo-
pbl aKTMBHOTO MaTepuana W MNPenAaTCTBYeT MPOHUKHOBEHWUIO B
HUX CEpPHOIM KWCNOTbl, 3HAYUTENIbHO YBE/MUYMBAA BHYTPEHHee
COMPOTUBIIEHNE aKKyMynaTopa.

C yBenuMuyeHuMem TOKa pas3pAfa (YMeHbLIEHWEM BpPeMeHMU
pa3pffa) WHTEHCMBHOCTb peakuum Bo3pacTaeT, a Auddysus
CepHOM KUCNOTbl B NOPbl aKTUBHOM Macchbl NAacTUH 3anasfblBa-
eT. 370 MPUBOAUT K YMEHbLUEHUIO [ONN y4acTUd B peakunu
paspfaja akTWBHOIM MacCbl BHYTPW MAACTUH W COOTBETCTBEHHO
K YBE/IMYEHNIO POMIN €€ MOBEPXHOCTHbLIX C/0eB. VIHTeHCMBHaS
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cynbarauma MOBEPXHOCTU MNNAaCTUH CYXaeT MOpbl aKTUBHOIA
Macchbl, 4TO eule 60nblle 3aTPYAHAET JOCTYN KWUCAOTbl BHYTPb
nnactTuH. Takum o6pa3oMm, C YyBenMueHuem TOKa paspaja
YMEHbLLIAeTCHs KO/MIMYECTBO aKTUBHOM MacChl, y4acTBYHOLEA B
peakuuwn, BCMefCTBUE Yero yMeHbLIaeTCA M KONMYECTBO 3JieK-
Tpuyectsa (eEMKOCTb), KOTOPOE MOXET OTAaTb MOJIHOCTbIO 3a-
PAXEHHbIA aKKyMynaTop npu paspage A0 MUHMMANbHO AOMNY-
CTUMOTO HanpsxeHua Uvmin- Npn 3TOM ObICTPEe yMEHbLLAETCH
N HanpsxeHue akkymynatopa (puc. 10.10, 6). Ecam 0603Ha-
YNTb EMKOCTb aKKymynatopa npu paspage ero tokamu 1, 3 u
10-yacoBoro paspsja COOTBETCTBEHHO u4epe3 Qi, Qa u Qio, TO
Ql< Q 3<Q ¥

3apaXeHHbIi aKKyMynaTop, OTKAKOYEHHbIA OT ceTu, C Te-
YEHVWEM BpPEMEHW camopaspaxaeTcq, 4To ABNAETCA CNELCTBU-
eM B3aMMOAENCTBMA ry6b4aToro CBMHLA C CEPHON KMCNOTOW, 06-
pa3oBaHWA KOPOTKO3aMKHYTbIX KOHTYPOB Ha 3/1IeKTpojax, Ha-
nnyuna npuMecein B anektponute. Camopaspsaj yBenuympaeTcs
C YBENWYEeHUEM MNOTHOCTU 3/1eKTPOSINTAa W ero TeMMepaTypsbl.
CHUXeHMe eMKOCTW aKKymynatopa BCMeAcTBMe camopaspaja
He JOMXHO npesbiwarts 1—1,8 % B CYyTKM B 3aBUCMMOCTU OT
NPOLO/MKNTENbHOCTM Be3aeiCTBUA aKKyMynaTopa.

Mpu 3apage akkymynatopa (puc. 10.11,a) TOK B Hem Ha-
npasneH OT aHoAa K Katofdy. MonoXuTenbHble NOHLI BOAOPOJa
nepemMeLLaloTCa K KaTtofy, a OTpMULUATENbHbIE MOHbI KUCNOTHOTO
ocTtaTka — K aHogy. Npwu 3aTom cynbhat CBMHLA BOCCTaHaBNIN-
BAETCA B MepeKuUcb CBUHLA Ha aHOAe W B CBMHEL, Ha KaTofe.

Peakuwnsa Ha aHofe:

PbS04+ S04+ 2H2D = Pb02+ 2HXS04
peakuus Ha KaTope:
PbS04+ H2= Pb + HX04
nonHag peakuus 3apsaga.
2Pb504+ 2H2 = Pb02+ Pb + 2H204. (10.3)
Kak BuMgHO, npu 3apsafe pacxopyetrcs Bofja U obpasyetcs
CepHas KucioTa, NAOTHOCTb 3/IEKTPONUTA YBEMYMBAETCH.

HanpsxeHne Ha 3axumax akkymynstopa npu 3apsije
paBHO

— Aguu 4" 13TBT> 00-4)
rae /3— 3apfagHblidi TOK.
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Mpu 3apage akKymynatopa HEW3MEHHbIM TOKOM Hanps-
XeHWe 3apAAHOro ycTpoicTea HeOOXOAMMO MOCTENEHHO YBe-
nnyusatb. Ha puc. 10.11, 6 npuBegeHa Kpneas M3MEHEHUA Ha-
NPsSXeHunsd, TMOABEAEHHOTO K aKKyMynaTtopy npu 3apfafe ero
TOKOM, paBHbIM TOKYy 8-yacoBoro paspsaga. B Hauane 3apsapa
KOHLEeHTpaLua CepHOl KMCNOTbl Yy NAacTMH ObICTPO BO3pacTa-
eT, B CBA3W C Yem Bo3pacTtaeT fuUHamnyeckaa SOC akkymyns-
Topa. MMo3aToMy MPUXOAUTCA YyBeNMYMBATL HaNpPAXeHWe 3apafg-

Puc. 10.11. 3apsafj CBMHLLOBO-KUC/IOTHOTO akKymynsaTopa:

a—cxema 3apsja;] 6 —w3meHeHMe HanpsXeHUs akKymynsTopa BO BpeMeHW npu
3apsfe ero Hem3MeHHbIM N0 3HAYEHWHO TOKOM

Horo yctpoiictea go 2,1—2,15 B. [anee Bneacteue guddysmm
CEPHOW KMCNOTbl MpOLECcC B akKKymynatope cTabunusmpyertcs
N HanpsaXeHne MeffieHHO yBenm4yusaetca Ao 2,3 B.

Ha nocnegHeli ctagun 3apsdga BHOBb TpebyeTca 3Hauu-
TeNbHO yBeNMYMBATL MOABEJEHHOEe K aKKyMynaATopy Hanpsxe-
Hue (8o 2,5—2,7 B). OO6GbACHAETCA 3TO TEM, YTO B KOHUe 3a-
paga, korga 60nblWwas 4yacTb cynbgpaTta CBUHLA BOCCTaHOBE-
Ha, Noj felicTBUMEM 3apAAHOr0 TOKa HA4YWMHAeTCAs 31eKTPO/un3
BOAbl: Ha KaTofe BbifeNnseTcs He BCTYNMMBLUWIA B peakuuio BO-
gopog H2 a Ha aHofe — aTOMapHbIA KUCNOPOA, NOMYUYEHHbIl
3a CYeT peakuum

S04-f-HD = HX04+ 0.

Takum 06pa3oMm, B KOHLUe 3apsffa B akKKyMynsTOPHOM mo-
MeweHnn o6pasyeTcs B3PbIBOOMACHBIA rpeMyunid ras, yTo cre-
AYEeT YUYNTbIBATb MPW BbIMOMHEHUM W OOCAYXMBAHUM aKKYyMY-
NATOPHBIX MOMELLEHNIA. AN yMeHbLEHWUs ra3oBblgeNeHns (Ku-
MeHus) akKymynsTopa W nosyyeHus 6osiee 3KOHOMUYHOTO pe-
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XUMa 3apafa PeKOMeHAyeTcs B MpoLecce 3apAaja nocrefosa-
TENbHO CHMXaTb 3apAAHbLIA TOK, C TeM 4TOObI NPW OKOH4YaHWUWU
3apafja OH cocTtaBian npumepHo 40 % makcMmanbHO AOMNYyCTU-
MOro 3apAfHOro ToKa. 3apfaj MOXHO CUMTaTb OKOHYEHHbLIM, ec-
NN B KOHLE 3apfafa B TeYeHMe yaca AOCTUraeTcsd MNOCTOAHCTBO
HanpsaXeHWs akkymynatopa B npegenax 2,5—2,75 B u nnot-
HocTu anekTtponuta 1,20— 1,21 r/cm3 U ngetT CUNbHOe ras3oBbl-
geneHue. MNpu HOpManbHOM 3apAafe akKymMynaTop [HO/XKeH rMo-
nyuntb Ha 15—20 % 6onblie KOAMYecTBa 3NeKTpUYecTBa
(B amnep-yacax), 4eM OH OTAan MNpu nocnefHeMm paspsage.

OKOHOMMYHOCTb aKKyMynaTopa XapakTepusyroT Koaddu-
LMEeHTaMM NOMIE3HOr0 AeNCTBMA MO KOAMYECTBY 3/eKTpMYecTBa
tlg v 3HEpPTUM T)3

(10.5)

rae Qp = jP/p(0dt m Wp = j P/p{t) t/p(f) dt

— COOTBETCTBEHHO KOJINYECTBA 3/IEKTPUYECTBA U 3HEPTMM, NO-
NyYeHHble OT aKKyMynaTopa npu AAWTENbHOCTW paspsga ‘p;

%= f/,(0dt v Wa= f /3(t) U3(t) dt
(0]

— COOTBETCTBEHHO KOMMYECTBA 3NIEKTPUYECTBA W 3IHEPTUMU, CO-
O6LLEHHbIE aKKYMYNATOPY NpW ANUTENbHOCTM 3apspja t3.

OnuTenbHas pa6oTa aKKymynsTopa rapaHTUMpyeTcs 3aBo-
LOM-V3rOTOBMTENIEM TO/MbKO MPW YCNOBUMU MPaBUbHOTO Befe-
HWS pexuma paboTbl B COOTBETCTBUM C MHCTPYKLMEA MO yxondy
3a akkymynstTopamu. pu aHOPManbHbIX PeXumax akKymyns-
TOp TEPSET CBOK EMKOCTb WM BOOGLLE BLIXOAWUT M3 cTpos. Mpu-
UMHOI MOpYM aKKyMyNsTOPOB OGLIYHO SBNSETCS aHOPMaNbHas
cynbgpataumus, KOrga mnouyTy BCS aKTWBHAs macca  MJacTWH
npespaliaeTcs B cynbgat CBMHUA (B TO BpPeMs Kak MpW Hop-
ManbHOW cynbpaTauuu B cynbhaT MNepexoiuT Tonbko 40—m
70% aKTUBHOW Macchl), a MeJKO3EePHUCTLIA Cy/nbgaT Mepexo-
AUT B KPYMHO3EPHUCTLIA. KymHO3epHUCTLIA cynbhaT CBUHLA
30—516
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6onee CTOEK, YeM MESIKO3EPHUCTLIA, K 06paTHOMY BOCCTaHOB-
NEHNIO B CBUHEL, UM MepPeKMCchb CBMHLA NPW MOCNeLyHLWNX 3a-
pagax. CynbgaT CBUHLA, KaK OTMeYanocCb Bbille, 3aMONHAET
.Mopbl B aKTWBHOW Macce NAacTUH M OrPaHW4YMBAET WKW COBCEM
.MpekpawjaeT JOCTYN CEPHOW KUCMOTbl B rNy6b akTUBHOW Mac-
cbl. Bonblwoil yaenbHbIi 06beM cynbchaTa BbI3bIBAET 3HAYU-
Te/lbHble MeXaHW4eCckue YCUAUA B MNaacTUHAaxX, MNAACTUHbLI KO-
pobaTca, M3 HUX BbiNafaeT aKTMBHas Macca, M B KOHEYHOM
cueTe akKKyMy/aTOp NOBPeXJaeTcs.

AHOpManbHag cynbartauma BO3HWKAaeT NpW CcuUCTemaTw-
YeCKMX Hepo3apafax akkymynatopa, PerynapHbix rny6okux
paspafax, 3apafax Tokamu 6oOfblue MakCMManbHO [OMNYCTU-
MOrO, a TakKXe B TexX cnyyasax, Korga MnosiHOCTbIO WAW YacTuy-
HO Pas3pAXeHHbI akKKymynaTop LAMTeNbHO ocTaeTca 6e3 3a-
paga. AHopmanbHaf cynbdarauma npefynpexpjaetca  TakK
Ha3blBAEMbIMW TPEHUPOBOYHLIMU U YpPaBHUTENbHLIMU MNepesa-
pagamu, npeacTaBAflOWMMKU COBO onpefeneHHble (PeKOMeH-
gyemble TIT3) pexumbl paspafoB — 3apAafoB aKKymynatopa,
Mpu KOTOPbLIX BOCCTaHaB/NNBAETCA aKTUBHas Macca 3/eKTpo-
40B.

Ana onpefeneHns (DakTUYeCKON eMKOCTU akKKyMynATOPHbIX
6aTapeil, yCTaHOBMIEHHbIX Ha 31eKTPOCTaHUMAX, OHM 1 pa3 B
1—2 rofia 4O/KHbLI MOABEPratbCa KOHTPO/SbHOMY paspagy. Ha
MOACTAHUMAX KOHTPOJ/IbHbIe pas3pAfbl AOJ/DKHbI BbIMOMHATLCA
no mepe HeEOHGXOLMMOCTH.

AKKYMynaTopHble 6aTtapen ycTaHaB/MBalOTCA B Cheyuanb-
HbIX MOMELLEHUAX, KOTOPbIE COOPYXakTCca C yYeTOoM onpege-
NEeHHbIX Tpeb6oBaHWUl, 06YCNOB/MEHHBIX HAMNMYUEM CEPHON KuUC-
NOTbl W ee MapoB, a TakXe B3PbIBO- K MOXapOOMNacHoOro rpemy-
yero rasa.

Tunbl M OCHOBHble XapaKTepPUCTUKM CBUHLLOBO-KMCIOTHbIX
aKKyMYNATOpPOB. AKKYMYyNATOpHble 6aTapen COCTaBAAOT W3
akkymynatopos Tuna C (ctaymoHapHbin) wam CK (ctaumo-
HapHbI LNS KOPOTKUX paspsagos). Akkymynatopsl Tuna CK
MMEetOT 6O/bllee CeYeHMe COeAUHUTENIbHLIX MNOMOC U MO3TOMY
Mo3BONIAIOT pa3paxatb WX GonbWMMKM ToKaMu. Ona xapakTe-
PUCTUKN eMKOCTM akkymynatopa kK 6ykeam C um CK pobasns-
IOT HOMep aKKymynaTopa, KOTOpbIA MOKa3biBaeT, BO CKOMbKO
pas eMKOCTb [JAaHHOro akKymynatopa 60Mblue eMKOCTM aKKy-
mMynsaTopa nepsoro Homepa npu 10-yacosom paspsge.

AKKYMYNATOpPbl U3rOTOBASOT 45 TMNOpPa3MepoB ¢ HOMepa-
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Mu ot 1 go 148. Akkymynatopbl Ne 1—5 cobupatoT M3 nna-
CTUH W-1, Ne 6—20 (HOMepa, KpaTHble ABYM)— M3 NNAcTUH
N-2, No 24— 148 (HOMepa, KpaTHble 4YeTbipeM) — U3 MAacTuH
N-4. Uncno nonoXuTenbHbIX NAacTUH PaBHO 4YacTHOMY OT fe-
NEeHNA HOMepa akKymynaTtopa Ha HOMep NnacTUHbl. OCHOBHbIE
xapaktepuctnukm akkymynatopos tunos C-1, CK-1 n C3-1 co-
rnacHo TOCT 825-73 npusegeHsbl B Tabn. 10.2. EMKOCTU M TO-
KW aKKyMy/naTOPOB LPYTUX HOMEPOB OMpPefensatoT MyTem yMHO-
XEHWA COOTBETCTBYHOLMX 3HAYEHWI BEANYMH, MPUBESEHHbIX B
Tabn. 10.2, Ha HOMep akKymynsaTopa.

Ta6nunya 10.2

Pe>xkum paspsaga KoHe4Hoe Han-
S, < © 10 “E 3_5 1y 054 10254 psaga, B, npu
X g £ < < < paspaga, u
-é(g o B¢« Y N or< cr< o 3-10 0252

c-1, 36 2 93636 9 27 185 185 25 125 32 8 1,8 175
1

Ona akkymynatopos Tuna CK pgonyckalotca gnswuecs fo
5 C Tonykm TOKa paspaga, B 2,5 pasa npesbillalowne TOK
1-yacoBoro paspafa; fMpu 3TOM HanpsXeHWe Ha 3axumax non-
HOCTbIO 3apPAXKEHHOT0 aKKymMynatopa He [LO/DKHO CHUXaTbCH
6onee yem Ha 0,4 B OT 3HaYeHWA HaMPSXKEHWS B MOMEHT, npej-
LUIECTBYHOLLMNIA TONYKY HArpysKu.

CxeMbl COeAMHEHWI aKKyMynaATOpHbIX 6artapeli, paboTato-
WKX C MOCTOAHHbIM nNofj3apagom. Ha 3nekTpuyeckux CTaHuu-
AX W NOLCTAHUMAX aKKyMynATOpHble 6aTapen 06bl4HO paboTa-
I0T B peXWMe MOCTOSHHOIO nofj3apfja: 3apagHblii arperat Bce
BPeMA NWUTaeT MOCTOAHHO BK/KOYEHHble 31eKTPONPUEMHUKN Ce-
TU ONepPaTUBHOIO TOKA (CUrHanbHble Namnbl, KaTyLWKU pasnny-
HbIX pefie, KOHTaKTOPOB U T. M.), a TakXe MOfA3apaXaeT akkKy-
MYNATOPHYIO 6GaTapeto, KOMMeHcupys ee camopaspag. bnaro-
4aps 3aToMy akkymynatopHaa 6atapes BCe BPeMS MOJHOCTbIO
3apAxeHa.

MpocTeilwan cxema MNOAKNHOUYEHUS aKKyMynaTOPHON 6aTa-
peu, paboTalowen ¢ NOCTOSAHHbIM MOA3apAAOM, MpUBEAEHA Ha
puc. 10.12. 3apafHbIiA reHepaTtop (UKW BLIMPAMUTENbHAA yCTa-
HOBKa C aBTOMATUYeCKOW cTabmnmsaumeid HanpsXXeHUs Ha -
30*
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Hax, NpPU KOTOPOM OTK/IOHEHWE HaMPsXEHWs He MpeBbillaeT
+2 %), 6aTapes M Harpyska MOAK/IOUEHbI K LUMHAM MOCTOSIH-
HOr0 TOKa. B HOpPManbHbIX YCNOBUAX HaMpsXXeHWe Ha CHOPHbIX
WMWHAX YCTaHOBKM 06bIYHO MOAAEPXMBAOT Ha 5 % BbilIe HO-

Puc. 10.12. MpoTeillas cxema MNOAKMOYEHWA aKKYMYNATOpPHOW 6Gatapew,
paboTatoLlell ¢ MOCTOAHHBLIM MNOA3apPAAOM

MWUHANbLHOTO HanpsaXeHWs CeTU MOCTOAHHOIO TOKa. B uensx
OTXOAAWMNX NWHWIA 1K BaTapen YycTaHOBAEHbl PY6UALHUKK S
W nnaskue npegoxpaHutenn F, a B UenNW 3apAAHOro reHeparo-
pa — py6bunbHUK S 1 aBTOMaTuyeckuii Boikntoyatens SF, npea-
Ha3HaYeHHbI ANA OTKIIOYEHUA TeHepaTopa Npu neperpyskax
N KOPOTKMX 3aMblKaHMAX, a TakXe MpW Nepexofe reHeparopa
B PeXWM ABUratens.
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Mopa3apagHbIA TOK, A, 3aBUCALLMI OT cTeneHW camopaspsaja
6aTapeu, JONXKeH 6biTb He MmeHee /momp—(0,01 4-O.03) Ne, rpe
Ne — HOMep akKymynsaTopa.

Kpome gnutenbHOl Harpysku, 4acto MMeEKT MeCTO KpaTKo-
BpeMeHHble  pacyeTHble MWKOBble' (TONYKOBbIE) Harpyskw,
06ycnoBMeHHbIe TOKamu, MOTpebnfemMbIMU KaTylKaMy 31eKT-
POMarHUTHbLIX MPUBOAOB BblKAtOYaTeneli. 3TU NUKOBbIE Harpys-
KM B OCHOBHOM BOCMPMHUMAaET akKymynatopHas 6atapes, Tak
Kak OHa uMeeT 60nee MOMOTYyH BHELUHIOK XapakKTepUCTUKY,
4yeM reHepaTtop MOCTOAHHOrO Toka. [pu 3TOM HanpsXeHue Ha
WIMHAX YCTaHOBKWM MOCTOSHHOIO TOKAa MEHSEeTCA He3HauuTeNb-
HO (06bIYHO He 6onee yem Ha 10 %).

Mpn aBapuax B 3/1eKTPOYCTaAHOBKE, COMPOBOXAAtOLLMXCA
noTepeil Hanps)XeHWs MNepeMeHHOro Toka, 3apAfHbIA arperat
OTK/KOYaeTCa M aKKymynaTopHas 6atapes OepeT Ha cebs nu-
TaHWe BCex NOTpebuTenein ceTM MOCTOAHHOrO Toka. B 3Tmx
cny4yasx npyv MNOAKAHOYEHWW TONYKOBO HArpyskum AonycTumo
CHWXEeHNE HanpsXXeHWs Ha LIMHAX YCTaHOBKW MOCTOAHHOrO TO-
Ka He 6oniee yem Ha 20 %. lMocne nUKBMAaAUMM aBapumn U BOC-
CTAHOBMEHUS 3NEKTPOCHAOXEeHUA MNepemMeHHbIM TOKOM 3anyc-
KaloT 3apAAHbI/i arperat, KOTOpbIA 3apsxaeT 6Gatapel v nu-
TaeT MOCTOAHHO BK/IKOUYEHHYI Harpysky ceTu OMepaTUBHOrO
Toka. [10 OKOHYaHMW 3apsafja 6GaTapet NepeBOAAT B PeXUM
NMOCTOSAHHOTO Nofj3apsja.

Mouw,HOCTb 3apfiAHOro arperata Ao/HDkKHa ObITb AOCTaTOY-
HOM f[nf 3apffa B TeyeHUe 6—=8 Y MOMHOCTbIO pPa3psKEHHON
aKKyMynaTOpHON 6GaTapen W OJHOBPEMEHHOrO MWUTaHUS BCEX
3NeKTPONPUEMUNKOB CETU MOCTOAHHOIO TOKa.

B 601bUIMHCTBE 31EKTPOYCTAHOBOK 3KOHOMUYECKM ONpa.-
JaHO NpUMeHeHWe [BYX arperatos — 3apAfgHoOro (3HauuTeNb-
HOM MOWHOCTM) U NOoA3apAgHOro (He6GONbLWON MOWHOCTH),
paccYMTaHHOro TO/MbLKO Ha nof3apsg 6atapenm W nuTaHue no-
CTOAHHOW Harpysku. B kauyecTBe 3apfigHbIX U MOA3apALHbIX ar-
peratoB 06bIYHO MPUMEHAKOT reHepaTopbl MOCTOAHHOTO TOKa C
CaM0BO36YXAeHUNEM.

Mo AaHHbIM 3kcnayaTauuu gns nogaepxaHus 6atapen B
3apAXEHHOM COCTOAHUU K €e 3aXUMaM [O/DKHO ObiTb npuno-
XEHO MOCTOSAHHOEe HanpsxeHue u3 pacyera (2,2+0,05) B Ha
KaXAblli aKKyMynsaTop; Npv 3TOM TOK Nof3apsja perynupyercs
aBTOMaTUYeCcKn mnpu WM3MEHeHWM cTerneHW camopaspaga. [103-
TOMY YMCNO aKKymynaTopos B 6aTapee, paboTarouein c no-
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CTOAHHbLIM noj3apagom (puc. 10.12), foNkHO 6bITb
n= Uml2,2, (10.6)
rAe W W— HanpsXeHWe Ha LWKMHAX MOCTOAHHOrO TOKa.

CywecTBeHHbIM HEAOCTAaTKOM CXEMbl, MPUBEAEHHON Ha puC.
10.12, 4BnfeTcq 3HA4YUTENIbHOE KoNebGaHWe HAMPSHKEHUA Ha
WHaxX Mpy pasfiMYHbIX, BO3MOXHbLIX B YC/MOBMAX 3KCM/yaTa-
uun, pexumax paboTbl YCTAHOBKW MNOCTOAHHOrO ToKa. Tak, ec-
NV MPUHATb, YTO AOMYCTUMOE KOHeYHOe HanpsXeHue paspaja
akkymynaTtopa pasHo 1,75 B, a KOHeYHoe HanpsaxeHue sapaja
paBHO 2,7 B, TO HanpfXeHWe Ha LINHaxX YCTAHOBKW B KOHLE
paspaja 6atapen coCTaBuUT

Ummtn = 1,759 = L75£/w/2,2 = 0,8Um,

a B KOHUe 3apaja
Unrta. = 2'7n = 27£/w/2,2 = 1,231 W.

Takue KonebaHWA HaNpAXeHWS Henpuemnemsl 419 paja
3N1eKTPONPUEMHUKOB MOCTOAHHOIO TOKa, Hanmpumep Anf CuUr-
HanbHbIX flaMM N KaTyleK 31eKTPOMarHUTHLIX MPUBOLOB BblK-
nwovateneii. M3-3a atoro cxema pwuc. 10.12, HeCMOTPS Ha CBOKO
MPOCTOTY, He Halu/ia WKUPOKOro NPUMeHeHuns.

Ha anekTpocTaHuMAX M NOLCTAHLMUAX BbIHYXAEHHO WCMO/b-
3yl0T 60/1ee CNOXHYK W CBA3AHHYKO C 6GOMbWIKUMK 3aTpaTtamu
CXeMy C [ABOWHBIM 3/M1EMEHTHbIM KOMMYTAaTOPOM, MOKa3aHHY
Ha puc. 10.13. 3nemMeHTHbIA KOMMYTatop no3Bonser 6e3 pas-
pbiBa LUENM TOKa WM3MEHATb YWUCI0 akKyMynaTopos 6aTapewu,
MOAKMNHOUYEHHbIX K COOpPHbIM LUMHAM YCTAHOBKW, WTEM CambIM
nojfepXnBaTb HOPMaZbHOE HamnMpPsXeHWe Ha HUX B PasfINUHbIX
pexumax paboTbl GaTapeu. PaspagHas pykoatka Pl cnyxuT
4NA W3MEHEHUS 4ucna akKyMynaTopoB, MOALKMHOYEHHbIX K LKW-
Ham YCTaHOBKW, a 3apAfHas pykoATka P2— ana M3MeHeHus
yncna akkymMynaToOpoB, MOAK/IOYEHHbIX K 3apffHOMYy arpe-
raTy.

Y akkymynatopHoi 6aTapeu, paboTaloLieil Mo cxeme puc.
10.13, pasnuuatoT ob6Llee 4MCN0 aKKYMYyNATOPOB N, YUCNIO OC-
HOBHbIX aKKymynaTopos n0, umcno [06aBOYHbIX aKKyMynAaTo-
poB Nf, NOAKMIOYAEMbIX K 3/IEMEHTHOMY KOMMYTatopy, WU 4Mcno
aKKymynatopos nllhs, NOAKMIOYAEMbIX K LIMHAM YCTAHOBKMW B
pexume nopsapsaga 6atapen. Ha OCHOBaHUM BbILLEN3NOXEH-
HOro0 MOXHO 3anucaTtb
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- 11}

Upmin 1,75
= Uw . Uu

Uamax 2,7 (10.7)
“noga 2.2

Puc. 10.13. Cxema nNOAKNKOYEHNS aKKYMyNnATOPHOW 6aTapenm C [BOWHbIM
JNEeMEHTHbIM  KOMMYTaTopoM, paboTalolleid C NOCTOSAHHbIM — MOA3apAL0M
(nokasaHO ToKopacnpefeneHve npu 3apsage)
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B pexume nopfsapfafa K LIMHAM TMOCTOSHHOrO TOKa C MoO-
Mowbio nepekntoyatens SAC1 (nesoe MNONOXeHUE) MOAK/MIO-
4aloT Nofj3apafHbIi arperaTt, a C NOMOLLbIO pas3pafHOl pyKo-
ATKW — 4acTb aKKymynatopos 6aTapeu nrogs- OYEBUAHO, 4TO
B peXxume nopjsapafa 4yacTb akKyMynatopos 6atapeun, a MMeH-
HO N—JINog3, He Noj3apsaXaeTca W, CNefoBaTeNbHO, MOABepXe-
Ha camopaspsagy, yYto fABNAeTCA HefoCTaTKOM CXembl. B cny-
yae OTKIKOYEHWS MOfA3apAAHOro arperata u paspafa akkymy-
NATOpPHOW 6aTapen Ha Harpys3ky HOpMasbHOe HamnpsXxeHWe Ha
LWINHAX YCTAHOBKW MNOLAEPXMBAKOT MyTeM W3MEHEHUS yucna
I'IO,CI,K}'IIIDO:LLIEHHbIX aKKyMYyNaTOPOB C NOMOLLLIO paspsgHOli pyKo-
ATkn P1.

Ona 3apaga 6arapen, B TOM 4ucine TPEHUPOBOYHOIO WM
YpaBHUTENbHOrO, npu nomown nepeknoyarens SAC2 3apag-
Hbl arperaT MOLKNOYAlOT K MONOXMTENbHOW LUMHE YCTaHOBKM
M K 3apAfHON PpYKOATKE KOMMyTaTopa (MpaBoe MNO/0XeHMue
SAC2). Ecnn 6GaTtapes MOMHOCTbIO paspsixeHa, TO 3apsAgHYH
PYKOATKY BHauane ycTaHaBNWBAalOT B KpaillHee npasBoe MOMoOxe-
Hue, 4To obecneuymBaeT 3apfj BCeX aKKymynatopos 6atapewu.
HanpsXeHune reHepatopa npu 3TOM JOMKHO 6biTb:

Uiwas = Rilsmin = UM Prrs == 20 W+ =12U
Upmin ifio

Pa3pagHy0 pPYKOATKY yCTaHaB/IMBAKOT B MOJIOXeEHUe, obec-
neynBaroLllee HOPManbHOE HANpPsXeHWe Ha LKMHaX. 3apAgHbIl
arperat 3apsxaeT 0atapel0 UM nNMTaeT MOCTOAHHYHO Ha-
rpy3ky. TokopacnpegeneHueB cxeme rnokasaHo Ha pwuc. 10.13,
M3 KOTOPOro BWAHO, YTO MO YacTW aKKyMynaTopoB, pacnoso-
XEHHbIX MEXAy NnacoM 6Gatapenm W paspsafHON PYKOATKOMN,
NPOXOANT 3apAfHbI/i TOK, a MO aKKyMynATOpPam, BK/HOUYEHHbIM
mMexnay pykoatkamu Pl n P2, — nonHblii TOK reHepatopa A=
= /3+/Hr-

B npouecce 3apdjga yBennmunsaloT HanpaxXeHue reHeparopa
M NO3TOMY ANA NOAJEPXaHUA HEU3IMEHHOro HanpaXeHua Ha
WKNHaX paspAafHYIO PYKOATKY MOCTENEHHO MepeMeLlatoT BJEBO.
lMocTeneHHO nepemeLLaltdT BMIEBO W 3apAfHYIO PYKOATKY, Tak
KaK aKKyMynaTopbl, BK/KOYEHHbIE MeXay pykoAaTKamu, 3aps-
XAKTCA  paHblle  OCTaNbHbIX  aKKyMynatopos  6artapeu.
B KOHUe 3apfAfia K KaXAOMY akKyMynaTopy NoABOAUTCA Ha-
npaxeHne O3Tax M paspafHas PyKOATKa CTOUT B KpaillHeMm fe-
BOM MOJIOXEHWMW, MOAKNOYAA K LIMHAM TONbKO OCHOBHbIE aK-
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Kymynatopbl 6atapeu. [lo okoHuyaHMW 3apsaga 6Gartapeto ne-
pPeBoAAT B PeXMM MOCTOAHHOro nogsapaga. C nMoMOLLbO pas-
PAAHON PYKOATKM K LUMHAM MNOAKMHYAOT Heob6X0AMMOe 4Mcno
aKKyMYy/naTOPOB.

Ona nogfepxaHuWsa Ha LUMHaX YCTaHOBKW MOCTOSAHHOIO TO-
Ka CTabUNbHOro HampsXeHus B HOPMa/bHbIX ycnosBuax (npu
MOCTOAHHON Harpyske) 06bIYHO MCNOMbL3YIOT CUCTEMY aBTOMa-
TUKW, BO3AENCTBYIOLLYIO Ha 3/1EMEHTHbLIA KOMMYTaTop W M3Me-
HAOLLYIO YMCIO aKKYMYyNATOPOB, MOAK/MOYEHHbIX K LUMHAM.

C uenblo npegynpexieHns HeHOPManbHOW cynbgpaTtayus
nnactnH 6atapeto, paboTarOWyk C MOCTOAHHLIM MNOA3apALOM,
1 pas B 3 Mmec. nojsepraioT Ao3apagy HanpsxeHuem 2,3—
2,35 B Ha 3/1eMeHT [0 JOCTMXXEeHWUA MNAOTHOCTU 3/1eKTPOaMTa
BO BCeX 3nemeHTax 1,2—121 r/cm3. MpofomKUTENbHOCTL [O-
3apAaja 3aBUCMUT OT COCTOAHMA 6aTapen M JOXKHA 6bITb He Me-
Hee 6 4. Kpome Toro, Ha noacraHumax 1 pas B 3 Mec. npose-
paoT paboTocnocobHOCTL 6aTapen NO KPUTEPUIOD JOMYCTUMOTO
CHWXEHMNA HanpsxeHus (He 6onee 0,4 B Ha akkymynatop)
MpW TOJTYKOBBIX Harpyskax.

CxemMbl NUTaHWs onepaTuBHbIX Lenein.uloTpebutenn nocTo-
AHHOTO TOKa Ha 3/IEKTPUYECKMX CTaHLUMAX U MOACTAHLUMAX Tep-
puTOpManbHO MOTYT 6bITh yfafieHbl gpyr oT gpyra. [loaTomy
npu ycTaHOBKe OfHOM aKkKyMynaTOpHOUW 6aTapen npuxogmtcs
BbIMOMIHATL MPOTAXEHHYIO W Pa3BeTBAEHHYI CeTb OMepaTuBHO-
ro Toka, B KOTOpPO BepOATHbI MoBpexaeHUA. lMoBbiWeHNe Ha-
LeXHOCTU paboTbl TakoW CeTM AOCTUraeTca MyTem:

1) coopyXeHus caMOCTOATEe/IbHbIX 3/IEKTpOCeTel A8 nuTa-
HWIA noTpebuTeneil pasIMUHOIO HasHavyeHus;

2) pe3epBMpOBaHUA MUTAHWUS,

3) CcekuMOHUPOBAHUA CETU.

OO6bLIYHO BbLIMOAHAKOT OTAENbHbIE 3/EKTPOCETU: Lenei yn-
paBfeHua; 3aWUTbl U aBTOMaTUKW; CUTHANM3aLMun; 31eKTPO-
MarHMTOB BK/IFOUYEHWSA NPUBOAOB BblKNOYaTeneh. Kaxpgaa ceTb
NUTaeTCa OTAENbHLIMU KabelbHbIMU IMHUAMU OT LUMH aKKyMmy-
NATOPHON 6aTtapewm.

B kauyectse npumepa Ha puc. 10.14 nokasaHa cxema nura-
HUA 3N1eKTPOMarHWTOB BK/MOYEHWA MPUBOLOB BbIK/ItOYATENEl B
3aKpbITOM pacnpegenuTenbHOM ycTpolicTBe. Bponb fveek pac-
npesennTeNbHOrO YyCTPOKCTBa NMPOKNaAblBaloT Kabenn wnm m3o-
NUPOBAHHbIE  LUMHKW, 3aKPbITble KOXyXxamMu. PybunbHuUKamu
WWHKA pa3fefieHbl Ha CeKUWMW MO YMCAy CeKuuii pacnpegenu-
TeNbHOro ycTtpolictea (B AaHHOM cny4vae Ha Tpu cekuyum: C1,
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C2, C3). LUnHKnM nutatoTcad fBYMA KabenbHbIMW INHWAMK OT
WWH aKKyMynaToOpHOW 6atapen. KabenbHble NMHWUM C MOMOLLbLIO
PYOUNBHUKOB MOALKNOYEHbI K KpPalHWUM cekumam. OAuH CeKuu-
OHHbIV pybunbHuk (S1 unm S2) HOopmanbHO OTKAKOYEH. B cny-
Yyae MOBPEXAEHUA OAHON kabenbHOW NMHWM OHa OTK/OYaEeTCH
C 06eMx CTOPOH. BKOYMB paHee OTKIHOYEHHbIA CEKLNOHHbI
pyobunbHWK, obecneymBaroT MUTaHMe BCeX TPeX Cekuuii mo BTO-
poii KabenbHOW AUHUW. DNEKTPOMarHWTbl MPUBOAOB MOLKIO-
YalT K CeKUMAM LIMH 4epe3 npefoxpaHuTenn. Ha nutaroLem
KOHUE KabenbHbIX JIMHWIA YyCTaHOBMEHbI PYOMALHUKWM WU Npeg-

LLIHbI akKyMynaTOpHON, 6aTapen 220 B

£ £
1 Il I

Puc. 10.14. Cxema nuTaHMA 3/MEKTPOMAarHUTOB BK/HOYEHWUA 3/1EKTPOMArHuUT-
HbIX NPWBOAOB BbIKNtOUATENEN B 3aKpblTOM PY

Y
Y
Cx Loe oo f
11

oxpaHuTtenu. WcnpaBHOCTb MpPefOXpaHWUTENeid KOHTPOAMPYIOT
CMTHaNbHble NaMnbl, FacHyU|Me MPW MeperopaHnmn npejoxpaHun-
Tenen.

AHANOTMYHO BbIMONHAKT CETb MUTAHWUSA 3NEKTPOMArHUTHbBIX
NMPMBOAOB BbIK/AtOYaTeNeld B OTKPbITBIX pPacnpesenuTenbHbIX
YyCTPOMCTBaX W CeTb MUTAHUA LENein ynpaBneHus, 3aWnTbl, aB-
TOMATUKN W CUTHaNM3aLMM Ha LWuMTax ynpaeneHus. B oTKpbl-
TbIX pacnpefennTenbHbIX ycTpPoOlcTBax LKabl NPUBOLOB OT-
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AeNbHbIX BblKAOYaTeNe COeAUHAKOT Kabenamu Mo MeTneBOW
cxeme. Ha wuTax ynpaBneHUs LWUHKW MOCTOAHHOrO TOKa
06bIYHO pacnonaratoT MOBepPX MaHenen WwmTta, NpUYeM Kaxpgas
CeKLMA LIMHOK MMTaeTca OTAENbHON KabenbHON NUHWUEN.

10.10. NICTOYHVMKN W CXEMbl NEPEMEHHOIoO OMNEPATUBHOIO
TOKA

B KauyecTBe WMCTOYHWKOB MEPEMEHHOr0 OMepaTMBHOTO TOKa
NCMOMb3YT N3MEpPUTE/bHbIE TPaHCGOPMaTOpLl TOKa M Hanps-
XEHUA, a TakXe CUM0oBble TpaHCcOPMaTOpbl COGCTBEHHbIX
Hyxg. TpaHcdopmaTopbl TOKa MOryT obecneymTb MMUTaHuWe one-
paTMBHbLIX Leneli TONbKO MPW  KOPOTKWUX 3aMblKaHMAX, KOrpa
YBE/IMUMBAKOTCA TOKM B TeX LeMAX, B KOTOPbIX OHW yCTaHOB/e-
Hbl. BO BCex OCTalbHbIX CAyYafx, KOrfa TOKM W HaMpAXeHUs
MePBUYHbLIX Lenein W3MEHATCA Mano (HOPManbHbIA  pPexum
paboTbl, Neperpyska, 3ambikaHuWe Ha 3eM/K0 OfHON (hasbl B Ce-
TW C HE3a3eM/IEHHbIMU HeRTpanamMu u T. N.), HafeXxHoe MuTa-
HVWe OMepaTUBHBIX LeMnei MOXeT ObiTb 06ecrnevyeHO OT TpaHc-
thbopmaTopoB HanpsXeHUs U TpPaHCHOPMAaTOPOB COOCTBEHHbLIX
HYXA.

BO3MOXHOCTb MCNO/b30BAHWA MEPEMEHHOr0 OMNEepPaTMBHOrO
TOKa B KOHKPETHON 3/EKTPOYCTAHOBKE 3aBMCUT OT MOLLHOCTMH,
KOTOPYH MOXET AaTb WCTOYHMK, M TWMa MPUBOAA BbIK/IKOYaTe-
neidi. B HacToslee BpemMs NepeMeHHbIi OMepaTuBHbIA TOK Mpu-
MEHAIT B 3/IEKTPOYCTaHOBKax, 060pyJOBaHHbLIX BbiK/JlOYaTe-
NAMU C NPYXWHHBIMW W TPY30BbIMW MPUBOLAMU, 3M1eKTpOMar-
HUTbl  YMPaBNeHUf KOTOPbIX MOTYT O6biTb  BbIMOMHEHb  Ha
MepeMeHHOM TOKe W NOTPe6AA0T CPaBHUTENbHO HEe60MbLUYIO
MOLLHOCTb.

TpaHcopmaTopbl TOKa MOryT ObiTb MCMONb30BaHbl B Ka-
4yecTBe UCTOYHMKOB MEPEMEHHOr0 OMepaTMBHOIO TOKA TOKOBbIX
peneHbIX 3aWwuT, ecim oTAaBaemMas MMM MOLHOCTb MpU KO-
POTKMX 3aMblKaHMWAX B 3aliMLLaeMblX Lensx JOCTaTOYHa And
HaZeXxHoM paboThbl 3alMTbl U OTKIHOYEHMSA BbIKAKOYaTenel. Ha
puc. 10./b, a npuBefjeHa Cxema MaKCMMaibHOW TOKOBOW 3a-
WWTbI, BbIMOSHEHHON C MCMNOMb30BaHMEM BCTPOEHHbIX B MPWUBOA
BblKNKOYaTeNeil pene NpaAMOro feiicTeua 6e3 BbILEPXKM Bpe-
mMeHn KA1 un c 3aBUCMMOW BbifepXKoin BpemeHn KA2., Ha puc,
10.15, 6 nokasaHa CxXemMa MaKCMManbHON TOKOBOW 3aWUThl O
pene KOCBEHHOro geiictems Tuna PT-85 (Ha cxeme pene 0603-
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HaueHo KA), VMMeloWwmnM 3aBUCUMYIO BbILEPXKY BpemeHu. Mpu
cpabaTbiBaHWM pene ero KOHTaKTbl 6e3 paspbiBa LEnu Toka
nocnefoBaTeflbHO C KaTywkoi pene KA BKAOYAKOT 31eKTpoO-
MarHuT oTkn4veHna YAT npusofga BbiK/toUaTens.

Lnsa obecnevyeHns MpaBuNbHOW paboThl pene NpPAMOro WU
KOCBEHHOr0 feicTBMA TpaHcopmaTopbl TOKa MNpU BCEX BO3-
MOXHbIX 3HAYEHUAX TOKOB KOPOTKOTO 3aMblKaHWS B MepBUY-
HOW Lenn AOMKHbI MMETb MNOMIHYIO MOrPewHOCTb B 3HAYEHUHU
BTOPMYHOrO Toka He 6o0nee 10 %, YTO MPOBEPSAIOT MO TaK Ha3bl-
BaeMblM KPWBbIM MpefenbHOA KPaTHOCTM TpaHCopMaTopos

Puc. 10.15. Cxembl MCNONb30-

BaHMA TpaHcopmaTopoB TO-

Ka B KayecTBe WCTOYHMKOB

nepeMeHHOro  OMepaTUBHOIO
TOKa:

a—cxema 3alyTbl VHAW C pe-
fie NpsAMOro [eVCTBUS; 0 —cxema
3aWMUTLI IMHAM  C  [eLyHTMPOBA-
HUEM  3MIEKTPOMArHmUTa - OTK/HUe-
HUA NpUBOAA  BbIKIOUATENs, C
ucnonb3oBaHWeM pene ToKa C Bbl-
[EPXKKOMN BpeMeHn

Toka. B cxeme, npeactasfneHHoi Ha puc. 10.15,6, nocne pge-
WYHTUPOBAHUA  3NEKTPOMarHMUTa OTK/HOYEHUA Harpyska Ha
TpaHcopmMaTopbl TOKa CYL,eCTBEHHO BO3pacTaeT W, KakK cnep-
CTBME, 3HAUYUTENbHO YBe/MYMBAETCA MOrpewHocTb. B 3tmx yc-
nosuax fna obecnevyeHWs HeOOGXOAMMON HaAEXHOCTU 3aLLUTHI
MOLLHOCTb, OT[aBaemas TpaHcdopmaTopamMm TOKa, [OJKHA
6bITb [OCTAaTOYHON And paboThl OTKAKOYAKOLLEro 3JieKTpoMar-
HUTa NpWBOJA NPW MWUHUMANILHOM pPacyeTHOM TOKE KOPOTKOrO
3aMblKaHMA B MNepBUYHOM uUenn. MouwHoCTb 52, oTAaBaemas
TpaHcopMaTopom TOKa, He/IMHEHO 3aBUCUT oT
CONPOTUBNEHUA Harpyskm Z2 n Hanbonbllee 3HaYeHUE UMeeT
Nnpu paBeHCTBe COMPOTUBAEHWUA BETBU HaMarHWYMBAHWUA TpaH-
chopmaTopa CyMMapHOMY COMPOTUBAEHWHO BTOPUYHOIN O6BMOT-
KN TpaHcdhopmaTtopa M Harpysku. OTcrofa npyv nNpoynmx OfUHa-
KOBbIX YCNOBUAX yBeMYEHME TOKa B MEPBUYHOW LENW BefeT K
CMELLEHUIO MaKCUMyMa XapaKTepUCTUKW B 30HY C MEHbLUUMYU
Harpyskamu Z2. C yBeNMYEHUEM Harpysku npu HemsMeHHOM
TOKE B MEPBMYHON Lenu oThaBaemas MOLLHOCTb CHa4yasna pac-
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TeT, fOCTMras MakCMMyMa, a fafiee yMeHblUaeTcsl, 4To 06bAC-
HAeTCA HacblleHMeM cepjedyHuka TpaHcdopmatopa Toka. OT-
4aBaeMas MOLLHOCTb MPOMOPLMUOHAaNbHa TOKY B MNEPBUYHON Lie-
nn. PaboTa TpaHcdopmaTopa TOoka B 061acTM MaKCMMaNbHOIA
0TAaBaeMOW MOLLHOCTWM HeyCTOl4MBa, MO3TOMY Harpysky co-
rNacoBbIBalOT C MNapameTpamu TpaHcpopmatopa TOKa Tak,
4yTo6bl OH paboTan B HayanbHOW 4YacTW XapakTepuUCTUKM S2—
=/(22).

TpaHcchopmaTopbl  HanpsXeHUs B KayecTBe WCTOYHUKOB
OMepaTMBHOTO0 TOKAa MCMONL3YT 414 MWUTaHWA YCTPOWCTB pe-
NeNHON 3aWnTbl U aBTOMaTUKM, pPaboTaroWUX Ha MEPEMEHHOM
TOKe, ANA AUCTAHUMOHHOIO YMpaBfeHWA BbIKAOYATENAMU U
4Nd NUTaHua uenei curHanmsaumu. MNMpu [OCTaTOYHON MOLLHO-
CTM TpaHCOpPMaTOpPOB HaNpPsXeHWA OT HUX OJHOBPEMEHHO
MOTyT MWTaTbCA KakK KaTyWKW HanpsXeHWUs W3MEepUTEeNbHbIX
NpMGoOpoB, Tak U OMepaTUBHbLIE LiEMMU.

HopmanbHoe noTpebneHne oOMNepaTMBHLIX Leneli Mano, U
TpaHcchopmaTop HanpsxeHWs paboTaeT B Knacce TOYHOCTH,
Heo6X0gMMOM AN NUTAHWUA WU3MepUTenbHbIX Npubopos. MMpu
paboTe yCTPONCTB pefeiHON 3aliMThl U aBTOMATUKMK, BKIHOYe-
HUM W OTK/TIOYEHWW BbIKAtOYaTeNed Harpyska Ha TpaHcdopma-
TOp HanmpsXeHWd BO3pacTaeT UM OH KPaTKOBPeEMeHHO paboTaeT
c 60MbWMMKM  MOrPEeLHOCTAMM, 4TO, OAHAKO, JOMYCTUMO ANf
3/1eKTPOM3MEPUTE/IbHLIX MPUOOPOB U He ABNAETCA MPenaTCTBM-
eM AN NUTaHWs onepaTUBHbLIX Lenei. ,

MakcumanbHble SAWTENbHbIE Harpy3kum TpaHcopmaTopoB
HanmpsXXeHWs, OMpefe/ieHHble U3 YyC/0BUA [OMYCTUMOr0 Harpe-
Ba 06MOTOK, yKa3biBalOTCAd B KaTanorax. Bmecte c Tem, Kak
noKasannm MWCAbITaHUS, TPpaHCPOPMATOPbl HaMPSHHKEHUA MOXHO
KpaTKOBpeMeHHO Harpyxatb B 1,5—2,5 pasa 60/blle Makcu-
MafibHOW Harpysku, YyKasaHHOW B katanorax. [lpakTuyecku
Hambonblias KPaTKOBPEMEeHHas Harpyska TpaHCchopmMaTopos
HanpsXeHWs OrpaHMYMBaeTCA Tem, YTO AN14 HAaLeXHON paboThbl
MEXaHW3MOB OMepPaTMBHbLIX LieNein HampsXeHUe Ha BTOPMUHbLIX
3aXMMax TpaHcopmaTopa HanpsHXKeHUA He JO/MKHO CHUXaTb-
cq 6onee yem Ha 10—15 %.

B 60/bWIKMHCTBE C/y4yaeB OCYLWECTBAAT KOMOUHUPOBAH-
HOe NMTaHWe ONepaTUBHbLIX Liereil OT CeTU COOCTBEHHbLIX HYXA,
TpaHcOopmMaTopoB TOKa M TpPaHCOPMATOPOB HAMPSXKEHUA,
4YTO MOXHO BMAETb Ha MPUMepe CXeMbl, MPUBELEHHOW Ha puc.
10.16 (cm. Takxe § 10.11).
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Ha psge npucoefuHeHWUid 3NeKPOyCcTaHOBOK, Hampumep Ha
OTXOAAWMX JIMHUAX, HET CBOMX TPaHC(OPMATOPOB Hampsixe-
HWA, 4TO 3aCTaBfseT MUTAaTb WX OMEPaTWBHbIE LENW OT LUMH-
HbIX TPaHC(OPMATOPOB HanpsXeHus. [pu 3TOM HapyLwaeTcs
i NPUHUMN fEeLeHTPaM30BAHHOTO MWUTAHWUS OMepaTUBHLIX Lenel
Im co3paeTcs pa3BeTB/IEHHAs CETb OMEPaTMBHOIO TOKA, 4TO MO-
HUXAeT HaAeXHOCTb PaboTbl 3MEKTPOYCTAHOBKMY.

LLinHbl QA

..
iKe

— \KU3MepUTEeNbHbLIM
npubopam

[ w3

"-N fih 'k 30

" W] 1b KkoHTakTOpy
--------- » BK/H0UEHMA

" W11 10TKOYeHNe
—*~AATTI

! BkntoueHue AIT1

Puc. 10.16. CxemMa KOMGWMHWPOBAHHOTO MUTaHUsS OMEpaTUBHbLIX LieNei reHe-
paTopa OT HECKONbKMX WCTOYHMKOB BbIMPSMIEHHOTO OMEPaTMBHOTO TOKa

BwmecTo TpaHCchopmMaTopoB HampsXeHWs LA NUTaHUA one-
PaTUBHLIX Lenei MOXHO WCNONb30BaTb TPaHC(OPMaTopb
(ceTb) COBCTBEHHbIX HYXJ 3neKTpoycTaHoBkM. OT wuH (c6o-
POK) COOGCTBEHHbIX HYXA HanpsxeHuem 380/220 B npu nomo-
WY oAHOMa3HbIX OTBETBAEHWI HanpsxeHuem 220 B nwuTtatoT
LUMHKN OMepaTUBHOIO TOKA, @& OT HWUX — OMepaTuBHbIE LEeMu.
Mpu 3TOM Ha 31eKTPOCTAHLMAX, WUMEKWMX COOPHble LUUHbI
FeHepaToOpHOro HampsfXeHWd, a TakKXe Ha KPYMHbIX NOACTaHLMU-
AX CO3faeTca pa3BeTB/ieHHad LEHTpPanuM3oBaHHaA CeTb onepa-
TUBHOTO TOKa, YTO, KaK YyKa3blBasoCb BbIlle, ABAAETCA Hefo-
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CTaTHOM CXeMbl. [JNA MOBbILEHUS HafAeXHOCTM paboThl omepa-
TUBHbIX LEMei WWHKA OnepaTUBHOTO TOKAa CEKLUMOHMPYIOT U
o6ecneynBaloT pe3epBHLIM MUTaHWEM OT pas3HbiX C6OPOK CO6-
CTBEHHbIX HYyX[. bBnaronpusaTHble BO3MOXHOCTM [Ns CO37aB
HUS CXeMbl [JEeLEeHTPann30BaHHOrO MWUTaHWUS OMEepaTUBHbLIX Lie-
neil UMeloTCs Ha GNMIOYHLIX 3MEKTPOCTAaHUUAX, TAe CeTu cobeT-',
BEHHbIX HYX[ OTAeNbHbIX 6/10KOB MNPaKTUYECKU He CBA3AHLI

apyr ¢ opyrom.

10.11. UCTOYHUKM N CXEMbIl BbINPAMJEHHOIO OMEPATUBHOIO
TOKA

B pfAge 3n1eKTPOYyCTaHOBOK MPY BbIHYXAEHHOM MPUMEHEHWM
annapaTtoB OMepaTMBHbIX Leneid, paboTaloOWMX Ha MOCTOAHHOM
TOKE, MOXHO BMeCTO aKKyMynaTOpPHbIX 6GaTapeli MPUMEHATb
MCTOYHMKN BbIMPAMJIEHHOTO OMEPaTMBHOIO TOKa. 9TO OTHOCUT-
CA TNaBHbIM 06pa3soM K 3/1eKTPUYECKUM CTaHLMAM W MOACTaH-
LMAM HebONbLION M CpefHeil MOLHOCTU, 060PYAOBaHHLIM Bbl-
KnoyaTenaMy ¢ MpMBOLaMu MOCTOAHHOIO TOKa.

B kauyecTBe MUCTOYHWMKOB BLIMPAMIEHHOTO OMEPATUBHOrO TO-
Ka MCMOJb3YIOT BbIMPAMUTENbHbIE YCTAHOBKM, 6/10KM MUTAHMUS
N KOHJEHCATOPHbIe YCTPOICTBA.

BoimpaAMuUTeNnbHble YCTAHOBKW  MPUMEHAOT ANA NUTaHUSA
Lener ynpasneHus, 3awuTbl, aBTOMaTWKW, CUTHaNAM3aLMM W
3/1eKTPOMArHMTOB BK/OYEHWUS MPUBOAOB BbiKMtOYaTenen. [lo-
NYNPOBOJHUKOBLIE BbIMPAMUTENbHbLIE YCTAHOBKM COGUparOT Mo
OfHOMONYMEPUOHOMW MAN MOCTOBOI CXeMe BbIMPAMIEHMA U MU-
TalOT OT LWMH COBCTBEHHBIX HYXS.

MPOMbILIIEHHOCTL OCBOW/A BbIMYCK MOLLHbIX  BbIMPAMM-
TeNbHbIX YCTAaHOBOK (Tvna KBY-66/2), 4To no3sonfer BHeg
pPATb BbIMPAMEHHbIA ONepaTUBHbIA TOK AaXe Ha MOACTaHLUMAX
C MOWHbIMW BbliknoYvaTenamum (tuna MKJI-110M, ¥Y-220-10)*|

Mpumep c/embl NMTaHWA OMEPaTUBHbLIX Lenel OT LeHTpanu-
30BaHHOI BbLIMPAMUTENbLHON YyCTaHOBKK AaH Ha puc. 10.17. B cxe|
Me umetoTca paboyee VS1 u pesepBHOe VS2 BbIMPAMUTENbHbBICY
YyCTPOIiCTBa, MOLK/HOYEHHbIE K PasHbiM Cekumam wuH 220 B;
co6CcTBEHHbIX HYXf Cl m C2. HopmanbHO LWMWHbI MOCTOAHHOW),
TOKa nuTaeT pabouyee BbLINPAMUTENbHOE YCTPOWCTBO; npu er<|
MOBPEXAEHUMN UMW PEMOHTE BKAKOUYAKT pPe3epBHOE yCTpoiicTo”
[ nf 3aWmnTbl OT KOPOTKMUX 3aMbIKAaHW B BbIMPAMUTENBHOM YC/;
pOWCTBE CO CTOPOHbI MEPEMEHHOr0 HANpPAXEeHWUs yCcTaHOBeH.M
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npegoxpaHutenn F. KoHTakTopbl nepemeHHoro KM1 wu nocrto-
AHHOro KM2 TOoKa MO3BONAKOT AWCTAHLMOHHO BKAKOYaTb U OT-
KN4yath BbIMPAMWUTENIbHbIE yCcTpoicTBa. OnepaTuBHbIE Lenw
MOAK/MKOYEHbl K LUIMHAM BbIMPAMIEHHOIO TOKa. Mcnonb3yetcd u
Apyras cxema, B KOTOpOi 06a BbINPAMWUTENbHbIX YCTPOWCTBA

Ynpasnexue, 3auWmnTa, CurHanusaymsa 3NeKTPOMArHUT bl

aBTOMaTUKa. npuBojoB
BbIKNOYaTENEN.

Puc. 10.17. Cxema nuTaHUA OMNEPaTUBHbLIX LeEMeid OT LEeHTPanM30BaHHOM
BbIMPAMUTENLHOW YCTaHOBKM

HOPManbHO BKAKOYEHbl W MUTalOT COOTBETCTBYHOLLME CEKLMWU
lUMH MOCTOAHHOrO TOKa, 06ecneumBas B TO Xe BPEMSA B3auM-
HOe pe3epBMpOBaHME MpPU OTKa3e OAHOTO W3 BbIMPAMUTENbHbIX
YCTPOWCTB.

TOK MOCTOSHHO BK/AKOYEHHOW Harpy3kum Man no CPaBHEHWIO
C TOKOM TOMYKOBOW Harpysku, moatomy B psfe Cny4yaes ycTa-
HaBAMBAKOT OTAENbHble BbINPAMUTENbHbIE YCTPOWCTBA AN MU-
TaHWA TOM W APYroi Harpy3oKk. BbimpsAMUTeNbHble yCcTpOiiCTBa
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4N NUTaHWA TONYKOBbLIX Harpy3ok BbIOMPAOT C y4eTOM BO3-
MOXHOCTM 3HAYMTENbHON  KPAaTKOBPEMEHHOW Meperpysku Bbl-
npaMuTenen.

Bnokn nutaHMa nNpeAcTaBnAlOT Cco6OW ManOMOLLHbIE Bbl-
npAMUTENbHbIE YCTPONCTBA, NWUTaeMble OT TpaHCOPMaTtopos
TOKa (TOKOBbI 3M1eMEHT), OT TpaHCOPMaTOPOB HaMpPsXKeHUA
AN CeTM COOBCTBEHHBLIX HYXJ (31eMeHT HanpsxeHwus). [po-
MbILUEHHOCTb BbINyCKaeT 6/10KN C Pa3MYHON BbIXOGHON MOLL-
HocTbto: 610k BI1-10 mowHocTbo 50 BT, 610k BIM1-100 mouw-
HocTbto 150—200 BT, 650K BIM-1000 MowHocTbl0 800— 1200 BT.
Bnokun BM-10 n BM-100 wucnonb3yloT AAS NUTaHUA  Lenei
peneHOR 3aunTbl, aBTOMATWMKW, CUTHaAM3auMM W Uenen yn-
paBfieHna flerKkMMyU NpuBOJaMM  BblkntovaTeneir. Hanbonee
MowHble 6noku BI1-1000 mucnonb3yloT Takxe ANA  NUTaHUSA
3N1eKTPOMarHMTOB OTK/HOYEHUSA NPUBOAJOB. BrOKM paccuymTaHbl
Ha MWTaHWe OMepaTMBHBLIX Lenein Ha HanpsxeHuw MO B.

TokoBblA 3anemeHT 6noka (BMT) (puc. 10.18, a) coctouT
M3 NMPOMEXYTOYHOr0 HacbiWwatowerocsd tpaHcdopmaropa TLA,
theppope3oHaHCHOro cTabunusatopa HanpsxeHus, obpa3oBaH-
Horo koHgeHcatopoMm C u TpaHcgopmatopam TLA, a Takxe u3
MOCTOBOTO ABYXMONYNEPUOLHOTO BbINPAMUTENA Ha NOAYyNpo-
BOAHMKax. CTabunmsatop HanpsxeHus o6ecrneymBaeT Ha Bbl-
X04e 31eMeHTa OTHOCMTENbHO CTabWAbHOE HanpsXeHue npu
LWMPOKOM AMana3oHe WU3MEHEHWs Harpysku v TOKa B MepBUYHOIN
uenn. dnemeHT HanpsxeHus (BMH) (puc. 10.18, 6) coctout
M3 NMPOMEXYTOUYHOro TpaHccopmaTopa HanpsxeHusa TLV ¢ pe-
ry1MpoBaHUEM 4ucna BUTKOB BTOPUYHOI OOMOTKM U MOCTOBOTO
ABYXMONYNEpPUOLHOTO BbIMPAMUTENS.

Ona HagexHOCTW NWUTaHWA OnepaTUBHBIX LeHeid OAHOBpe-
MEHHO MCNonb3yloT 06a 3nemeHTa 6/510Ka, 0O0bEAMHAA WX Bbl-
XO[Hble Uenu noCcTOAHHOro TokKa (Ha puc. 10.18 nokasaHo
MYHKTUPHBLIMWU NUHUAMK). TIpU M3MEHEHWUU Harpys3ku 6noka ot
HOMWHAaNBHOMW A0 XONOCTOrO X0fa W TOKa TpaHcOopMaTopos
TOKa OT HOMWHaNbLHOIo A0 15-KpaTHOro HanpsXeHme Ha BbIXO-
ge 6710Ka MOXET W3MEHATbCA B AOCTATOYHO LUMPOKMX Mpefe-
nax: U= (0,85-1-1,35) t/HOM, 4TO fABNAETCA CYLLECTBEHHbIM He-
JOCTaTKOM CXem C MCMo/sb30BaHWEM OJIOKOB MUTaHWUA B Kaue-
CTBE WCTOYHWMKOB OMNEpPaTUBHOrO TOKa. KOHCTPYKTUBHO TOKOBbIW
NEMEHT W 3/1eMEHT HaMpPSXeHN BLIMOMHAKT KaK OfHO YCT-
poiicteo (BIM-10) wnM Kak camMOCTOATeNbHbIE YCTPOICTBa
(6M-100, BM-1000).

31516
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Mpu ucnonb3oBaHUM GIOKOB MUTAHUA yAaeTcsd  MNONYy4YnUTb
JOCTaTOYHO [EeLEeHTPaIN30BaHHYID CXEMY MMTaHWS OmnepaTus-
HbIX LIEMei.

KoHpeHcaTopHOe YyCTPOICTBO npefctaBnseT coboin 6atapeto
KOHAEHCaTOpPOB, 3apAXaeMyl C MOMOLWbI 3apAAHOr0 YCTPOWA-
cTBa Y3 oT TpaHchopmaTopoB HanpsxeHUs TV anekTpoycTa-
HoBKM (puc. 10.19, a). 3Heprusa, 3anaceHHas KOHAeHcaTtopamu,
ncnonb3yeTca ANA NUTAHUA 3NEKTPOMarHWTOB  YMpaBaeHus

NpUBOAOB BbIK/TKOYATESIEN.

TLA Lo nocnegHero BpeMeHW Hau-
6onbLuee pacnpocTpaHeHue

MMeNnn  BbIMYCKAeMble  Mpo-

MbILLIEHHOCTbIO 3apAagHble

ycTpoictea  Tuma  ¥Y3-400

KonepaTus- (van  ¥3-401), HOpManbLHo

HbIM 11,EnaM PAcCUMTaHHblE Ha 3apAf KOH-
JQeHcaTOpHON 6aTapen o6Lel

B

Puc. 10.18. Cxema 6noka nu-

TaHuna:

a —TOKOBbI/A 3NeMeHT; 6 —3neMeHT
Hanps>keHus

eMKocTbto Ao 500 mk®. BarTa-
pes Takoli  emMKOCTM MOXeT
obecneynTs paboTy 3nekTpo-
MarHUTOB OTK/IFOYEHUA U KOH-
TAKTOPOB BK/HOYEHUSA NHOOBIX

MPUBOLOB. DHEPTUS, KOTOPYHO

MOXeT OTAaTb KOHAeHcaTop-
Has 6GaTtapes, JO/KHAa 6bITb 6O/bLUE PacYeTHON' 3HEpPruM, He-
obxoaumoii ans cpabaTtbiBaHUS 3/1EKTPOMArHUTOB OTK/HOUYEHUS
M KOHTAKTOPOB BK/HOYEHUS BbIKJHKOUATENEN, T.€.

We = V f-> W pacd.

Mo paHHbIM BHWMWMS ana obecneyeHus AeicTBUS OTKAMO-
YarLWMX 31EeKTPOMArHMTOB pa3nYHbIX MPUBOLOB TpebyroTcs
KOHAEeHCaTOpHble 6GaTapen CneaytoWmnx emKocTeid (npu Hamps-
XeHuun 3apaga 400 B): gna npusoga tuna Mr-10 C= 25 mMk®;
gna npusoga tuna MNC-10 C= 75 mMk®; gna npusoga lMC-30
C= 230 mk®. Bpems 3apdga KOHAeHCAaTOpPHOW 6aTapen em-
KocTbto 40— 100 mk® oT 3apsgHoOro ycrtpoictea Tuna Y3-400
coctasndert 0,3—0,7 c.

He3aBucmMmMoCTb NuUTaHWA OTAENbHbIX Leneli focTuraercs
LeNeHNeM KOHAEeHCAaTOPHON 6GaTapen Ha HECKONbKO  4acTel,
Kaxfaa W3 KOTOPbIX NMUTAaeT TOMbKO CBOK Uenb. 119 TOro yro-
6bl Npu paboTe KakoW-NMO0 LEnu pas3psiKanmcb KOHAEHCaTopbl
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TOMbKO 3TOW LENW, B CXeMe MpedaycMOTpeHbl pa3feNnnTenbHble
BbinpaMuTenun BP.

3apagHoe ycTpoiicteo ¥Y3-400 (puc. 10.19, 6) npepcTaBns-
et coboii OAHOMONYNEPUOAHYIO BbINPAMUTENLHYIO CXEMY Ha
MeLHO3aKUCHbIX BbiMpAMUTeENnax VD. YCTpPOWCTBO NOAKOYAOT
K TpaHchopmMmatopam HanpsXeHus Uan APpYrumM UCTOYHMKAM Mne-
peMeHHOro HanpsxeHns 110—220 B uyepe3 MPOMEXYTOUHbIN
MOBLICUTENbHbLIA TpaHcdopmaTop TLV (HanpsxeHue NOBbila-
IOT C LEeNbl0 YMEHbWMUTb HEOOXOAUMYIO eMKOCTb KOHZeHcatop-
Hoin 6aTapen).

BP
Y3 0mTV
a)
Llenb n Llenb 2 Llenb 1
CurHanu-
3alma
orT1v

KkoHpeHca- G3,
TOpam

Puc. 10.19. KoHAeHCaTOPHOe YCTPOICTBO

a—Cxema MUTaHUs KOHAEHCATOPOB; O-—cxemMa BHYTPEHHUX COEAVHEHWUA 3apsAHOTO
ycTpoucTBa

Ana 3awutel BoINpAMMTENeA npu npoboe KOHAEHCATOPOB, a
TakXe ANd OrpaHUYeHWs TOKa MPOMEXYTOYHOro TpaHcdopma-
Topa npu nNpoboe BbIMpAMUTENEli B CXEMY BBELEH  Pe3UCTOp
R2. CurHanmsaumsa pasfiMyHbiX MOBPEXAEHUI OCyLLecTBAAETCS
C MOMOLLLIO MONAPU30BAHHOIO pefe, KOTOPOe 3aMblKaeT CBOM
KOHTAaKTbl B LenuW CUrHanuMsauum npu npoboe KOHLEHCATOPOB,
npo6oe BbINpAMUTENE 1 Npu 06pbIBE Lenu 3apsfa KOHAeHca-
TopoB. Pe3suctop R1 orpaHuumBaeT TOK pa3pfafa KOHAEHcaTo-
poB 4epe3 06MOTKY pefie MPU CHVKEHUW MNUTAIOLWEro Hanps-
XEeHua nepemMeHHOro Toka. B cny4yae 3sHa4YMTENbHOIO CHUXEHMA
MUTAIOLLLEr0 HAaNPAXXeHW WM ero UCYe3HOBEHWUS KOHeHcaTop-
Has ©6aTapes OTAenseTca OT 3apAfHOro YCTPOMNCTBA KOHTakK-

31*
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Tammn pene HanpaxeHus (KV), wmewowero ycrtasky (0,7—
0,8) n q0bl. OTAeNMBLUMECH 3apPAXEHHble KOHZAEeHCaToOpbl MOTyT
ygepxaTb HeOOXOLWMMbIA 3apAf B TeYeHMe HECKONbKUX 4acos.
C uenbk ycTpaHeHMs BUOGpaLuMu KOHTAKTOB MOMAPU30BAHHOTO
pene ero kKatyllka LIYHTUpoBaHa KoHAeHcaTopoMm C3. KoHpaeH-
CaTOpHble ycTpoicTBa 0becrneymBaldT MUTaHWE OMepPaTUBHbLIX
uenein npuM NOAHOM MCYE3HOBEHUM MNEPEMEHHOr0 HampaXeHUs
Ha 3/1eKTPOYCTAHOBKE.

B nocnegHee Bpems pa3paboTaHbl 60nee MOLLHblE YCTPOI-
ctea tnnos BbIl13-401 n BM3-402, BbINOMHAKOWME OLHOBPEMEH-
HO (PYyHKLMWN KaK 6/10KOB MUTaHMWA, TakK 1 3apAfHbIX YCTPOICTB.

NMaBa oAMHHapuaTas
PENENHASA SAWLNTA N ABTOMATUKA

11.1. HASHAYEHUWE PENIENHOW 3ALWLWTLI. TUMNbI PENE

Penelinag 3awmta (P3) fBnAeTcA BaXHeMWen 4acTbl0 aBTOMATUKM
9/1eKTPOYCTaHOBOK W 3HeprocucteM. Ee OCHOBHad 3ajayvya COCTOMT B TOM,
4yTo6bl 06HAPYXWUTb MOBPEXAEHHbIA Y4YaCTOK 3M1eKTPUYECKOl CUCTEMbI W BO3-
MOXHO ObiCTpee BbliAaTb YNPaBAAOLWMA CUTHAN Ha ero OTKMYeHwe. [onon-
HWUTeNbHaA 3ajayva pPeneiHON 3aliMTbl 3aK4aeTCcqs B CUTHaAM3aLMM O BO3-
HWKHOBEHWUWN aHOPMasbHbIX PEXVMOB.

PeneiiHan 3awuTa BbIMOAHAETCS C MOMOLUBIO pene PasIvyHbIX TUMOB.
JNeKTpMUecKkoe pene— 3TO 9NEKTPUYECKMI A annapaTt, 3amblKalowWwmii  wm
pasMmblKaloLW A CBOK BbIXOAHYH LeMb NpY AOCTUXKEHWW BXOLHOM BEMYMHOW
3a[laHHOr0 3HaYeHUs WM YCNOBWA, Ha3blBaEMOro YycTaBKoi pene. OTAeNb-
Hble TUMbl pefne MMEKT HECKONMbKO BXOAHbIX U BbIXOAHbIX Leneii (Hanpumep,
pene HanpasfeHWA MOLLHOCTW, COMPOTUB/IEHWUSA, MPOMEXYTOUHbIE U T.M.).
B HacToflee BpemMs B 3KCNAyaTauuMuM NPUMEHAKOTCA 3/7EKTPOMEXaHUYecKue
pene € 3aMbIKalOLWMMUCA UAW Pa3MblKalOLLMMUCA KOHTaKTaMu, a Takxe 6ec-
KOHTaKTHbIe pefne Ha MNOMYyNpPOBOAHUKOBbIX, (DEPPOMArHUTHLIX WAW MarHuMTO-
yrnpaBnaembiX 3neMeHTax.

Pene noapasfenatoTca Ha MepBUYHbIE U BTOPUYHbLIE, a TakXe Ha pene
NpsMOro W KOCBEHHOro AelcTBMA. [MepBMYHbIE pene BKAKOYAKTCA Hemocpes-
CTBEHHO B TMEPBMYHYIO LeMb, a BTOPUYHblE pene — yepes TpaHCGOpPMaTopbl
TOKa W HanpsxeHua. Pene npamoro [AeiicTBMA BO3AENCTBYIOT HeNocpeacT-
BEHHO Ha pacuennsloWwunii MexaHW3M MPUBOAA BbIKAKOYaTens, a pefe Koc-
BEHHOTO [JeiCTBUA — KOCBEHHO, 4epe3 3/1eKTPOMAarHUT OTKAueHns. Huxe
paccmMaTtpuBarOTCA TOMbKO 3aliMTbl, BbIMOMHEHHbIE C MOMOLLBIO BTOPUYHbIX
pene KOCBEHHOrO feicTBus.



§11.2  TpeboBaHuA K peneiHol 3awuTe 485

Pa3nnMuatoT OCHOBHble (M3MEPUTENbHbIE) W BCMOMOraTenbHble (noruye-
ckue) pene. Mpu aBapuiiHbIX M aHOPMaNbHbIX PEXMMax B 3HeprocucTeme
M3MEHSAIOTCA TOKM Leneid M UX (pasbl, HAMPSHKEHUS B Pa3IMUHBIX TOYKax
CeTW, HampaBNeHUs MOTOKOB MOLLHOCTE, 4acTOTa MepeMeHHOro Toka B Ce-
TV, B3aWMHbIE COMPOTUBAEHWUS MEXAY Pas/MYHbLIMW TOYKaMW CeTM W T. M.
Mo3ToMy B KauecTBe OCHOBHbLIX pene MCMOMb3yoT pene TOKa, HanpsxeHws,
HanpasieHUs MOLLHOCTM, 4acTOTbl W COMPOTUBAEHMA. B KauecTse BCMOMO-
raTeflbHbiX Pene, BbIMOMHAOLINX NOTMUEcKMe (DYHKLWWM 3aLIUTLI, MPUMEHAIOT
pene BPeMeHU, NPOMEXYTOUHbIE U yKa3aTe/lbHble pene.

Ha cxemax MOMOXeHWe KOHTaKkTOB pefie, Kak MNpaBWiO, yKas3biBaeTcs
ONS TaK Ha3blBaeMblX HOPMaNbHbIX YCMOBWIA, KOrfa KaTyllKW pene He 06-
TEKaTCS TOKOM.

PeneiiHble 3alMTbl NMOAPA3AENAOTCA HAa OCHOBHblE W pe3epBHble. Oc-
HOBHO/ Ha3blBaeTCA 3alyMTa, NpeAHasHauyeHHas AN pa6oTbl NPU BCEX BU-
[ax TMOBPeXAEHUA WAM 4acTW W3 HUX B MpPejenax BCEro 3alljWiiaeMoro
3/1EMEHTa 3HEpProcUCTeMbl, MPUYEM C BPEMEHEM, MEHbLUMM, YeM Yy APYrux
YCTAHOB/IEHHbIX 3alLMT. Pe3epBHOI HasblBaeTC 3aliuTa, Pe3epBUPYHOLLasn
OCHOBHYIO B C/lyyae ee 0TKasa WM BbiBOAA M3 PaGoThl, a TakXe 3aliuUTl
CMEXHbIX' 91EMEHTOB MPU WX OTKAa3e WM OTKase BbIKNKOYATENEN CMEXHbIX
3/1EMEHTOB. .

11.2. TPEEOBAHUA K PENEVHOWN 3ALLNTE

K ycTpoiicTBam penemHON 3alinTbl, AEACTBYIOLWMM Ha OTKAKOYEHUE, [0
nocnefHero BpeMeHW MpPeAbABAANMCL Crlefyloline 4eTblpe TpeboBaHMs:
CeNeKTUBHOCTb (M36UpaTenbHOCTb) AeWCTBUA; GbiCTpOoTa feicTBusA;: YyscT-
BUTENbHOCTb; HafleXHOCTb PaboThl.

CeneKTMBHOE [AeiicTBME — 3TO TaKoe [AeCTBME peneliHoM 3awuThl, Npu
KOTOpPOM o06GecrneynBaeTcs OTK/IHOUYEHWEe TONbKO MOBPEXAEHHOro 3fneMeHTa
cucTembl. Tak, MPUMEHUTENbHO K CXeMe pajuanbHOl ceTW, MoKas3aHHOW Ha
puc. 11.1, TpeboBaHMe CENEeKTMBHOCTU [elCTBMA CBOAMTCA K TOMY, 4YTOObI
npy KOPOTKOM 3aMmblkaHuM B Touke K1 OTKNKOYanca TOMbKO BbIKAKYaTeNb
Q3, a npn K3 B Touke K2 — BbIk/toyatens Q2.

MMoBpeXAeHHbI 371EMEHT CUCTEMbl BCErfa XXenaTeNbHO OTK/IOUYUTL BO3-
MOXHO 6bicTpee. OfHako 6bICTPOTAa OTK/IOYEHUS OrpaHMuYMBaeTcs CO6CT-
BEHHbIMU BpeMeHaMu LeACTBUA peneiHoli 3aliuThl 1 BbIKMOYaTeNs, a Takxe
YyCNOBUAMKU 06ecneyeHns CeneKTUBHOM paboTbl peneiiHOW 3aliuTbl. B obuiem
cnyyae BpeMs OTK/IOUEHUS PaBHO:

ANoTKN = “cp3 + 8+ ~CBOTK/I  ~g= “c,p,3~b”3+ "B.OTKN>

rae fc,p,3— co6CTBEHHOE BpemMA peneiiHoi 3awWuThl, £3— BbiJEPXKa Bpe-
MEHW, YCTaHOB/IEHHas Ha 3aliuTe; "B,0TKN — COGCTBEHHOE BPEMS BbIKIHOYa-
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Tens, T.e. BPeMA OT Nojaynm UMMynbCa Ha KaTyLW Ky OTKIKOYEHWUS LO MOMEH-
Ta Hayana pacxoxfeHWsa AyroracuTeslbHbIX KOHTaKTOB BblKAtOuYaTens; ta—*
Bpema ropeHusa Ayru; tBOTKN— MoNHOe BpeMs OTK/IHOYEHUA BbIK/tOYaTENS.

Ona 3awuT, geiicTBytowmx 6e3 BbIfEPXKW BPEMEHMW, B 3aBUCUMOCTU OT
TUNOB pene W BblKAOYaTenelk BpemMsa OTK/KOYEHUS OKasblBaeTCA  PaBHbIM
<ok = < p,3+ 6,0tka= (0,024-0,04) + (0,04-r-0,2) = 0,06-°0,24 c. Takum 06-
pasoM, Npu CyLLeCTBYIOLWMX TWUMax pene W BbiKNKOYaTeNle HWMXHWIA npegen
BPEMEHU OTKNIOYEHMS KOPOTKWUX 3aMblKaHWIA MOXeT cocTaBnaTb 3—12 ne-
puoaoB Toka Yactotoi 50 Iy,

PasnuuatoT peneiHble 3awuTbl ¢ abCOMOTHOW W OTHOCWTENbHOWM Cenek-
TUBHOCTbIO. [epBble B COOTBETCTBUM C MPUHLIMMOM WX AeACTBUS cpabaTbiBa-
HOT TOMbKO NPV MOBPEXAEHUAX Ha 3aliMLiaeMOM 3neMeHTe. [MO3TOMY OHuK
BbINMONHAOTCA 6e3 BblAEPXEK BPeMEHW. BTopble MO MpuHUMNY AelicTBUS MO-
rYyT CeNeKTUBHO cpabaTbiBaTb B KauyeCTBe PE3EPBHbIX 3alUT MNP MOBPEX-
OEHUAX HAa CMEXHbIX 3/1eMEHTaX; OHW O06bIYHO BbIMOMHAKTCA C BblAEPXKOMN
BpeMeHW. B OTAenbHbIX CcAyyasx (Hanpumep, B CETAX HamNpsXeHWem [Ao
35 kB) ponyckaeTcs WCMOMb30BaHWE HECENEKTUBHBIX 3aLUT, SBASKOLLUXCS
Pa3HOBUAHOCTbIO 3alLUT C OTHOCUTENIbHOW CENEKTUBHOCTbIO.

PeneiiHas 3alWiuTa [JO/MKHA ObiTb [JOCTaTOYHO YyBCTBUTENbHOW (T. €.
pearvpyroLeil) K MNOBPEXAEHMAM Ha 3aliMLLLaeMOM 3/1IeMEHTe 3HEprocucte-
Mbl, @ B PAle CNyYyaeB — TakXe K MOBPEXJAEHWAM Ha CMEXHbIX 3/1eMeHTaXx..
Mpu aTom o06ecneymBaeTCq pe3epBMpOBaHMe [eACTBMA 3alMT B CAyvae OT-
Kasa OAHOM M3 HuMX. Tak, Hanpumep, ecim nmpu K3 B Touke K1 (puec. 11.1)
OTKaXeT B [leiCTBMM OCHOBHas 3awmta AK3, TO pesepsupytollas 3auiuta
AK2, uyBCTBUTENbHAA K 3TOMy K3, fo/MXKHa NpuUiATM B [eliCTBME W OTKNIO-
YuTb BbIKNKOYaTENb Q2. UyBCTBMTENbHOCTb 3alMUT OLIEHMBAETCA Koadhdu-
LIMEHTOM YyBCTBUTENbHOCTU K4.

TpeboBaHWe HafeXHOCTU paboThbl peneiiHOM 3alWTbl, Kak CBOICTBa
BbINOMHATL 3afaHHble (OYHKUWMW, COXPaHAs CBOM 3KCMayaTaLMOHHbIE NOKa-
3aTeNn B 3aflaHHbIX MNpefenax B TeyeHWe TPeOGYeMOro MPOMeXyTKa BpeMeHuW
unn TpebyeMoil HapabOTKM, CBOAMUTCA MO CYLLEeCTBY K TOMY, YTOGbl 3aliuTa
HafleXXHo cpabaTbiBana B Tex Ccfydyasx, KOrAa OHa [0/MXHa pa6oTtaTb, W
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HafjeXHo He cpabaTbiBana B OCTalbHbIX Cnyyasx. Yem npoue cxema 3a-
WNTbI, MeHbLUE KOMWYECTBO pe/fie U KOHTaKTOB B CXeMe, Nyylle KayecTBO
pene ¥ KayecTBO MOHTaXa BTOPUYHBIX Lenel, TeM HajexHee paboTaeT 3a-
WwuTa B LenoMm. Ecnm Ha OfMH W TOT Xe BblKAtOYaTeNb AelCTBYeT HEeCKO/b-
KO He3aBMCUMMbIX 3aliMT, TO HafeXHOCTb cpabaTbiBaHMA MOBbILIAETCH, a
HafgeXHOCTb HecpabaTbiBaHMA MOHMXKaeTCA. 3TO OBCTOATENbCTBO MPUXOLMT-
CA y4uTbiBaTb MPWM MNPOEKTUPOBAHUU YCTPOWMCTB PENeMHON 3alyuThl.

B nocnegHee Bpems KauyecTBO peneiHON 3alyuTbl MPUHATO OLLEHMBATb
no acdekTMBHOCTM ee (HYHKLMOHMPOBaHMA. 3alimMTa AO0MKHa o06nagaThb
cnefytoLMN  CBOWCTBAMMW: CENEKTUBHOCTbIO, YCTOWYMBOCTBIO W HafeXHOo-
CTbi0 (DYHKLMOHMPOBaHWSA. [epBOe W BTOPOE CBOWCTBA XapaKTepu3ylT Tex-
HWYecKoe COBEPLUEHCTBO 3awiuTbl. [lpy 3TOM  CBOCTBO CENEKTMBHOCTYU
0XBaTbiBaeT (DYHKLMM 3aLLMTOCMOCOOGHOCTU U ObICTPOTHI cpabaTbiBaHWUA MNpu
BHYTPEHHMX ANA 3auimuiaemoro anemeHTa K3, a Takxe ¢yHkuumM Hecpaba-
TbiBaHWUA NpU BHeWHUX K3 u npu oTcytcTBum K3. CBOICTBO YCTOMYMBOCTM
(pyHKLMOHNPOBAHNA 0XBaTbiBaeT (QYHKLMM YYBCTBUTENbHOCTU K K3 1 ycTOW-
YMBOCTM ObLICTPOTLI cpabaTbiBaHWA MpU BHYTPeHHUX K3 un ycToilumsocTm
HecpabaTbiBaHMA Mpu BHewHWX K3 v npu otcyteTeum K3.

CBOWCTBO HafeXHOCTU (YHKLMOHUPOBAHWS OXBaTbiBaeT CBOMCTBA Ha-
LeXHOCTM cpabaTbiBaHMA NpU BHYTpeHHWX K3 1 HagexHocTn Hecpabatbl-
BaHWA Mpu BHewHNX K3 n npu otcytcTeum K3.

CoBpeMeHHbIe 3HEProCMCTeMbl OCHALLLeHbl KOMM/EKCOM KakK OTHOCUTENb-
HO NPOCTbIX, Tak W AOCTAaTOMHO CAOXHbIX PefeiiHbIX 3aWuT, obecneymsato-
Wwux ux ahekTMBHOE (PyHKLMOHMPOBaHNe. C yyeToM Mpodnns MOArOTOBKU
CTYAEHTOB-3HEPreTUKOB W 3N1EKTPOMEXaHWKOB HUXe paccMaTpuBatoTCHd TOJb-
KO Haubonee MaccoBble BWAbl peneiiHbIX 3aluUT 37eMEHTOB 3HEProCUCTEM.
Mpn HeobxogMmocT 60/Mee CNOXHbIE W Cheuudmyeckne BuAbl 3awuT (Ha-
npumep, AWUCTaHUWOHHbIE W BbICOKOYACTOTHbIE 3aLUTbl 3/1EKTPUYECKUX NU-
HWA) MOTYT 6bITb U3y4eHbl NO PEKOMEHAYEMOW NuTepatype.

A. TOKOBbIE 3ALLWNTLI 3NEKTPUUYECKUX NINHUIA

11.3. MAKCUMAJ/IbHAS TOKOBAS 3ALLUTA NUHUU
C HE3ABUCKMOW BbIJEPXKOW BPEMEHWN

MpuHUMnnanbHas M pasBepHyTas CXeMbl TakOM 3alWUTbl AUHUM C Of-
HOCTOPOHHWM NUTaHWeM MpuBeJeHbl COOTBETCTBEHHO Ha puc. 11.2,a un 6.

Mpn BO3HMKHOBEHMW KOPOTKOTO 3aMblKaHUSl Ha 3alMLiaeMOl NUHWK
3alinMTa NPUXOAWUT B AelicTBUe — cpabaTbiBalOT OAHO WM HECKONbKO (B 3a-
Bucumoct o7 BuAa K3) pene Toka KA, 3amblkas Lenb KaTylwku pene
BpemeHn KT. Pene BpemeHn KT obecrneunBaeT CeNekTMBHOCTb [eACTBUA
peneriHOM 3aliuTbl. 3TO [JOCTUraeTcs TeM, 4TO HAMMEHbLUYK BblAepPXKY
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BPEMEHW WMEIOT 3aluTbl Hanbonee yAaneHHbIX OT MCTOYHMKA NUTaHUS nu-
HWUA, HaMbOMbLUYD  3aWLMTbl JIMHUIA, GAMXKAALWMX K WCTOYHWUKY MNUTaHWS.
PasHULY B BblAepXKaxX BPeMeHW 3aliUT [ABYX CMEXHbIX /MHWIA Ha3biBatOT
CTYMeHbI0 BbIAEPXKMN BPEMeHM U 0603HavaloT At.

KOHTaKTbl pefe BPEMEHU WMEKOT OTHOCUTENIbHO HeBOMbLUYD KOMMYTa-
LIMOHHYIO CNOCOBHOCTb, MO3TOMY B BbIXOAHYHO LeMb 3aliMTbl BKIKOYaETCA
npomexyTouHoe pene KL, paboTatollee mpaktuuecku 6e3 3amegneHus. [Mpu
3amMblkaHUM KOHTakTOB pene KL uyepes nocnegosaTefibHyl0 O6MOTKY YKa-
3aTenbHoro pene KH u BcnomoratenbHble KOHTakThl Bblkato4atens SQ 06-

Puc. 11.2. Cxema 3aWuTbl SIMHAU C OAHOCTOPOHHWM MNUTaHUEM

pasyeTcs 3aMKHyTas LeMb Ha 3MeKTPOMAarHWT OTK/IKOUYEHUs BbIKIKOUATENS
YAT, KoTopblii, cpabaTbiBasi, OCBOGOXAAeT MOABVXHYIO YacTb BbIK/HOYa-
TeNns W BbIKMKOYaTeNb OTKAHOYaeTcs. BcromoraTenbHble KOHTaKThbI, BbIK/IHOYa-
TeNns paspbiBatOT BbIXOAHYH LeMb 3aluMThl HECKONbKO paHee pa3pbiBa TOKa
B CMNMOBOM Uenu (B npouecce XOAa MOABMXHOI CUCTEMbl BbIK/KOUATENS),
TEM CaMblM pas3rpyxas KOHTAaKTbl MPOMEXYTOUYHOro pene.

3awmnTa xapakTepu3yetcsi [BYMs MapamMeTpamu— TOKOM cpabaTbiBa-
HWUS W BbIJEPXKON BpemeHW. PasnmyaldT Tok cpabaTbiBaHWA 3a-
WKUThH /c,3—TOK B MEPBMYHOA LENW, Mpy KOTOPOM 3aliMTa MPUXOAUT B
pelictene, M TOoK cpabGaTbiBaHusa pene (ycTtaBka pene) /cp—
TOK B pefe, MpU KOTOPOM pene cpabatbiBaeT. TOK cpabaTbiBaHMA 3aluThbl
LOMKeH 6biTb 60MblIe MaKCMManbHOro pabouyero ToKa 3allWLiaeMoi MHUK

(Mm-1)

C [pyroii CTOpPOHbl, ANA NpaBUIbHOMA pPaboTbl 3alWMTbl HEo6XxoAuMo,
yToGbl TaK Ha3blBaeMblli TOK BO3BpaTa 3alMThl WM MaKCUManb-
HblA TOK, MpWM KOTOPOM 3aliuTa BO3BpaLLaeTcs B MePBOHAaYa/bHOE COCTOf-
Hue, 6bin 60/blUe MakCMManbHOTrO TOKa MocfneaBapuiiHOro pexuma /mamax,
BO3HMKAIOLLErO MOCNe OTKItOYeHWs Toka K3 Ha CMexHOol AvHun. C yyeToMm
camo3anycka fBurateneil MakCMManbHbI (HavanbHbIA) TOK MocneaBapuii®
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HOTO pexuma MOXeT 6biTb 60NbLUe MakCMManbHOro pabouyero Toka. Bosmox-
Hblli XapakTep W3MeHeHUs TOoKa B /MHUWM (Hanpumep, B nnHuM W2, puc.
11.1) npy KOpOTKOM 3amblkaHUW B ceTn (B Touke K1) u mocne OTKNHOYEHUS
K3 npeactaBneH Ha puc. 11.3. MakcmMmanbHOe 3HauyeHMe MOc/eaBapuitHOro
TOKa

InaTax —  ~pab6Tasc»

roe  k3— Koa(phMUMEHT pacueTHOro camo3anycka 3/7eKTpoABuraTenei Ha-
TPy3Ku NuHMW. [03TOMY TOK BO3BpaTa 3alUThl CBA3aH C MaKCUMaNbHbIM
pa6ounMm TOKOM HepaBeHCTBOM:

~B,3 > ~pabLuasc- (11.2)

Puc. 11.3. 3MeHeHMe TOKa NUHUK
npu K3 B cetm M nocne OTKAHOYe-
Hua K3

B 3aBMCMMOCTM OT XxapakTepa Harpy3kuM NUHWIA (OCBETUTENbHas, CUO-
Bas W T.M.) KoappmumeHT ka um3meHseTca B LWMPOKMX npegenax (63=
-1 +3).

Tok cpabaTbiBaHWA 3alWUTbl OMNPeAensieTcd MO BblPaXEHWUH

, 183 &OTG 7
/c3- n o~ Y ? 1pa6 maxi (11.3)
a TOK cpabaTbiBaHUs pene
/cp— .

rae koTc — koappmumeHT oTcTpoiikn (EOtTc=u -f-1,2); kex — KoadpcpuymeHT
CXeMbl, YYUTHIBAIOLLNIA CXEMY COefMHEHMS TpaHCchOpMaTOpoB TOKa W pene
(npu BkNtOYeHUM'pene Ha hasHble TOKM kex—I, mpyu BKAKOYEHMM pene Ha
pasHOCTb TOKOB ABYXx (pa3 &= 1,73); Ki— koacpcpmumeHT TpaHcopmauum
TpaHcchopmaTopoB Toka, kB— koadypmumeHT BO3BpaTa TOKOBOrO pene:

|
kn —e 2P
lcp

0N 3N1eKTPOMAarHUTHbIX pene Toka Tuna PT-40 £,>0,85.
BblgepXKy BpemMeHW 3aliuTbl NOA6GMPAOT MO CTyneH4aToMy NpUHLMMY,
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MUCXOAA W3 TOro, YTO Kaxpjas nocnefyrouwias 3aliMTa Mo HanpaeNeHUIO K UC-
TOYHUKY MUTAHWUA [O/KHA WMETb BblJEPXKY BPEMEHW, MPEBbILLAKOLLYIO Bbl-
LEePXKY BPEMEHMW NpeALLeCTBYHOLLE/ 3aMTbl Ha CTyneHb Af.

BbigepxkKa BPeMEHW KaxAOW 3aluTbl He 3aBUCMT OT TOr0, B Kakom
MecTe SIMHUN BO3HUKNO KOPOTKOE 3aMblKaHWe, T. €. He 3aBUCUT OT 3HAYeHUd
TOKa B MepBMYHOlM uUenu. OTCOAa Has3BaHMe 3alUTbl — MaKCUManbHas TO-
KOBaf 3alWMTa C HEe3aBMCUMOW BbIEPXKOWA BpeMeHW. MUHUMaNbLHaa CTyneHb
BbIlePXKWN BpeMeHM At onpegensetcqd napamerpaMmu 3alWUT W BblKaOYaTe-
neii. Tak, NPUMEHUTENILHO K CXeMe, MoKasaHHOW Ha pwuc. 11.1,

At = t%—t3= "yck2 + 4am 3+ B3+ > (11.4)

rae tyck 2— BO3MOXHOE YCKOpeHMe MO PasfMuHbIM MpuuMHaMm (HecoOTBETCT-
BMe (PakTMYeCKMX W pacuyeTHbIX YCTaBOK pese, UX napameTpos W T.Mn.) 3a-
wmntel AK2 (Bblkntouatens Q2); <sam3—BO3MOXHOe 3amMeAneHue Mo Tem
Xe npuunHam 3awmntel AK3 (Bbikntouvatens Q3); tB3— monHoe Bpems OT-
KNHOYeHns Bbiknoyatens Q3; tsan — Bpems 3anaca.

Y 3neKTPOMarHUTHbLIX pene BPeMeHW pa3bpoc BbILEpPXeK BpeMeHU (no-
rpewHocts) coctasnfer =+ (0,1-HO 15) c. MonHoe BpeMs OTKIKOYEHMA pas-
JINYHbIX BblKNtOYaTenei Haxogmtca B npegenax 0,04—0,2 c.

MpuHnmas taan=0,1 ¢, nonyyaem [A/=(0,1H-0,15) + (0,1+0,15) +
+ (0,04-70,2) +0,1 =0,34+0,6 c. B 3HeprocucTemax npuHUMAOT At=
=0,5-4-0,7 c.

YyBCTBMTENbHOCTb 3alWUTbl XapakTepusyroT KOI(PMULNEHTOM YYBCTBU-
Te/IbHOCTK

s, = * (n.s)

Ic,3

roe /K Tol — TOK K3 B KOHLE 3alivLiaeMOil 30Hbl B MUHWMAbHOM pexunme
paboTbl 3HEProcucTeMbl, T.e€. MPU BO3MOXHOM B YCAOBMAX 3KCMAyaTauuu
OTK/IHOUYEHUN HEKOTOPbIX WCTOYHWKOB, 3MEKTPUYECKMX uHMA u T.n. Co-
rnacHo Y3 MakcumanbHas TOKOBaf 3awuta [OJKHA 6blTb YYBCTBUTESb-
HOW K KOPOTKUM 3aMblKaHWAM B 3alluLaeMOli 30He W B KOHLE CMEeXHOW
NMHUK  (pe3epBupoBaHMe [eicTBMA 3alimT). [pu 3TOM C y4eTOM COMNPOTUB-
neHns gyrm B mecte K3 Heo6xogumo, 4TO6bl BbINOMHANOCL YCMOBWE: MpU
K3 B 3awuuiaemoin 30He 6 ,» 1,5, a npy K3 B KOHUE CMEXHOW NMHUN
>-12. [OCTOMHCTBOM MaKCUManbHON TOKOBOM 3aWWUTbl C HE3aBUCUMOW
BbIIEPXKOW BpeMeHW ABNAETCA MPOCTOTA CXeMbl WM HACTPOWKW. HepfocTaTkom
ABNAIOTCA, 3HAYNTENbHbIE BbIJEPXKW BPEMEHW NpU OTKAKOYEHWM Hambonee
TAXeNbIX M onacHbiX K3 B61M3N MCTOYHWKOB.
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11.4. MAKCUMAJIbHAA TOKOBASA 3ALWNTA NIMHUMA C 3ABUCUMOW
BbILEP)XKOW BPEMEHU

3alimTa BbIMOMHAETCA C MOMOLLbID WMHAYKUMOHHLIX pefie Toka Tuna
PT-80, umetowmnx fBa opraHa — WHAYKLMOHHLIA WM 31eKTPOMarHWUTHbIA. WH-
OYKUMOHHBIA opraH pab6oTaeT C BbILEPXKON BPEMEHM, 3aBUCALLEA OT 3Ha-
YeHUs MNPOXOAALLEro 4epes pene Toka /p, a 3NeKTPOMArHWTHLIA opraH (To-
KOBaf OTCeyka) — 6e3 BbIJEPXKN BPEMEHU MPU JOCTMXEHUW TOKOM Ompe-
[eneHHoro 3HavyeHus. Cxema 3alWlMTbl NpefcTasBfieHa Ha puc. 11.4.

VIHOYKWLOHHbIE pefe BbIMOMHAKT (IYHKLMM Kak MYyCKOBbIX OPraHoB, Tak
N opraHoBs, o6ecrneuymBalOLLMX CeNeKTUBHOCTb [AeWCTBMA 3aWiuTbl. [1oaTomy

6)

Puc. 11.4. Cxema MaKCMManbHOW TOKOBOW 3aliWUTbl C 3aBUCMMOI BblepX-
KON BpemeHu:

a —npuHUMNUanbHasi; 6 — passepHyTas

B CXeMe OTCYTCTBYeT OTAeNbHOE pene BPEMEHW, MMEIOLLeecs B CXeMe Mak-
CUManbHOMW TOKOBOW 3aliuTbl C HE3aBUCMMON BbILEPXKOW BpemeHn. B oc-
TanbHOM [eNCTBME 3alWTbl W HasHayeHWe OTAeNbHbIX 3/MEMEHTOB Takue Xe,
KaK M y MakCUManbHOW TOKOBOM 3aliWUTbl C HE3aBUCMMOW BbIJEPXKOW Bpe-
MEHMW.

Tok cpabaTbiBaHUA 3awuTbl onpegenserca no (11.3); yctaBka pene
MEHSAeTCA CTYMeHAMW MNyTeM W3MEHEHMS 4Yucna BUTKOB ero OO6MOTKW. Bbl-
LepXKa BpeMeHu 3aluTbl NOA6GMPaeTCa MO CTymeH4YaTOMy MpUHUMAY, NpuW-
YeM COrnacoBaHiie BblAEpPXeK BPEMEHW 3alWUT CMEeXHbIX NUHUIA NPOU3BO-
AT, mcxofs u3 Toka K3 B 6amxailein K WCTOUYHWMKY Touke, mpu K3 B
KOTOPOW 3awuTbl paboTaldT OAHOBPEMeHHO. CornacoBaHuWe BblfepXeK Bpe-
MeHU 3alluUT NPUMEHUTEeNIbHO K cXeMe Ha puc. 11.1 nokasaHo Ha pwuc. 11.5.
Ha 3awmTte AK3 ycTaHaBnMBaeTCs BblfepxKa BpeMeHM t33 npu TOKe, CO-
OTBETCTBYlOLLEM TOKy K3 B KOHUe 3awuuiaemoit imHum W2. Mpu npubnaun-
XeHun Touknm K3 K uCTOYHMKY TOK K3 yBennmymBaetcs, COOTBETCTBEHHO

BbiepXKa BpemeHu 3awiutel AK3 yMmeHblUaeTcs B npegene A0 t33. Buigepx-
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Ka BpemeHM 3alinTbl AK2 ycTaHaBnuBaeTca no Toky K3 B Havane nMHuu
W2 wnnm, 4to TO Xe camoe, no ToKy K3 B KoHue nuHum W1, T.e.

*Ph~ *33+ At-
AHaNorn4yHo

Bl= (32+ A(-
CTyneHb BbIfEPXKN BPEMEHM MaKCUMaNbHbIX TOKOBbIX 3alUT C 3aBW-
CUMOI BbIIEPXKOW BpEMEHM NPUHLMNMANLHO [0MKHA 6biTb GOMbLUe CTY-
NEHW BbIJEPXKM BPEMEHW MaKCUManbHbIX TOKOBbIX 3aLUT C HE3aBMCUMOI

Puc. 11.5. CornacosaHue Bblfep-

XeK BPEMEHW MaKCUMalbHbIX TO-

KOBbIX 3alWUT C 3aBUCMMOW Bbl-
LepXKO BpemeHwu

BblEPXKO BpEMeHW, UTO CBA3AHO C GOMNblUel MOrpeLHOCTEI0 OpraHa Bbl-
HePXKN BPEMEHW W HAaMUYMEM WHEPLMOHHOM MOrPewwHOCTY WHAYKLMOHHbIX
pene; TakuM 06pasom,

bl —ti —t3= Ack2+ 4am3 + "83+ 4an + “MHepu> (11.6)
roe AlLepl — WHEpPLMOHHas MOrpeLLlHOCTb pene.

O6blyHO /= (0,34-f-0,6)+0,1 =0,44-r0,7 c.

UyBCTBMUTENLHOCTb  3alUTbl  JO/KHA  YAOBNETBOPATb  BbIPAXEHUHO
(M.5).

Mo cpaBHEHMIO C MakCMManbHOI TOKOBOW 3alMTON C HE3aBUCUMOM Bbl-
LepXKOW BpEMEHW [JaHHas 3aliMTa MMeeT MeHbllee KOMMYECTBO pefie U
NPUHLUMNUANBHO MeHbLUME BbIJEPXKN BPEMEHU BOAN3M UCTOYHUKOB, OfHAKO
3almuTa 6onee CnoXHa B HacTpoiike.

11.& TOKOBAA OTCEYKA HA JMNHUAX C OAHOCTOPOHHUM TMA-
TAHVNEM

TokoBass OTCeYKa — 3alLMTa,, CENEKTUBHOCTb [eiCTBMS KOTOpOi o6ec-
Me4YnBaeTcs COOTBETCTBYIOLMM TNOAGOPOM ToKa cpaGaTbiBaHMA. B 60/b-
LUMHCTBE CMy4aeB OTCEUKM BbIMOHAOT 6e3 BblAepXeK BpemeHW. [MpuHUu-
nuanbHas CXeMa TakoW 3aluTbl faHa Ha puc. 11.6.
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TokoBaf OTceYka SMHUM He AO/MKHa paboTaTb MPU KOPOTKMX 3aMblKa-
HMAX Ha CMEXHON nuHWMW. TMo3ToMy TOK cpabaTbiBaHWA OTCEYKW OTCTpau-
BaeTCA OT MakKCMMalbHOrO0 TOKa BHELUHEro ANf AaHHOW JMHWKM KOPOTKOro
3aMblKaHusa, T.e. OT Makcuman~bHoro Toka K3 B Hauane CMeXHbIX /MHUIA
WK, 4TO TO Xe Camoe, B KOHLIe 3aliuwiaemoin nuHum (puc. 11.7):

/c,3 = "OTO "K.BLUTNA30 (11-7)

rae note— KO3W(UUMEHT OTCTPOMKM; /xbw max— MaKCUManbHbIA TOK BHeLU-
Hero K3 B MakCMManbHOM pexuMme paboTbl CUCTEMBI.

Co6CTBEHHOE BpEMSA 3alWTbl, KOTOPOE CKNafblBaeTCA M3 COOCTBEHHOrO
BpEMEHW TOKOBOFO WM MPOMEXYTOYHOrO pefie, COCTaBaseT B 3aBUCMMOCTM OT
TUMOB MPOMeXyTo4uHbIx pene 0,03—0,06 c¢. Anepuojnyeckas COCTaBNAKOLLLASA
Toka K3 K 3TOMy MOMEHTY BPEMEHW CYLLEeCTBEHHO 3aTyxaeT, M0o3ToMy B
opmyny (11.7) B KauvecTse /,puimax NOACTaBAAOT fAeNCTBYIOLLEE 3HAYEHME

Puc. 11.6. Cxema TOKOBOW OTCEYKM Ha /IMHUM C OAHOCTOPOHHWUM MUTAHUEM:
a — NpUHLMNuanbHasa; 6 —pasBepHyTas

NeproLNYECKO COCTaBMAIOLLE TOKa BHELUHEro KOPOTKOrO 3aMblKaHUA B
HayanbHblAi MOMeHT K3. Mpu 3atom gnsa 3awut ¢ pene tuna PT-40 npuHu-
matoT Mote= 1,2-r-1,3, a ana 3awut ¢ pene Tuna PT-80 £0rc=1,5.

30Ha [JeiicTBMA TOKOBOW OTCEYKM OXBaTblBaeT TO/IbKO YacTb JIMHUKA U
MeHfeTCs B 3aBMCMMOCTM OT pexuma cuctembl (cm. puc. 11.7). Moatomy
TOKOBYHO OTCEYKY PeKOMeHAyeTca MNPUMEHATb B TOM Cnyyae, €cnn 30Ha ee
fenctema coctaBnfeT He mMeHee 20 % AAWHLI AMHMK. Yem 60nblie pasHuMua
B 3HauYeHMAX TOKOB K3 B Hayane W KOHLE 3aliuLiaeMOil AvHWUKW, TeM 6oblue
30Ha OTCeYKM. TOKoBas OTCeyka 3(PdeKTUBHA Ha OTHOCUTESIbHO MPOTHAXKEH-
HbIX JIMHUAX, & TaKXe Ha NUHUAX C MOoCnefoBaTe/ibHO BKNHOYEHHbIMU cOCpe-
LOTOYEHHbIMU COMPOTUBNEHMAMU (PeakTopbl, TPaHCHOPMATOPbI).

TokoBas oTceyka ABNAETCA HambBonee MPOCTOM W HafeXHOW 3aLiUTONA.
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MoaTomy ee npumMmeHeHwe Bcerga >enatenbHO. O6bIMHO TOKOBYHO OTCEYKY
NPUMEHAIOT COBMECTHO C MaKCMMaibHON TOKOBOW 3aliMTOMN, YeM YCTpaHAT
OCHOBHOI Hef0CTaTOK TOKOBOW 3alinTbl — 6GOMbLUNE BbIAEPXKM BPEMEHM
3aWnTbl Npu oTKMOYeHU K3 B6IM3M UCTOYHMKOB MUTAHUS.

Korga Heo6xogumo 6bicTpoe OTKMtOYeHMe K3 W B yfaneHHbIX Toukax
3alMLLaeMO NIMHUW, K KOMMEKTY TOKOBOM OTCeUkM 6e3 BbIAEPXKM Bpe-
MeHN [06aBNAOT KOMMMEKT TOKOBOW OTCEYKM C BbIAEPXKOW BpPEMEHU, KO-
Topas no TOKy cpabatbiBaHMA (/e,3i) W Bbligepxke BpemeHu (/3i) corna-
cyetca (cM. puc. 11.7) ¢ OTCEYKOW MrHOBEHHOrO AeWCTBUA CMEXHOW NMHUM

AC3X == *OTC AC 32 n ~31 — ~32 H" bl

rae Jlore=11H-12.

Puc. 11.7. Bbibop Toka cpaba-
TbIBAHWS W OMpedeneHne 30HbI
[eCTBNA TOKOBO OTCEYKMU:

a —nosICHAKLWAass CXema, 6 — rpagu-
Yeckoe onpeaeneHne 30Hbl AencTenAa

11.6. MAKCUMAJNIbHAA TOKOBASA HAMPABJIEHHAA 3AWNTA
NMHUN C ABYCTOPOHHUM MUTAHUWEM

Ons nuHuniA ¢ ABYCTOPOHHMM NUTaHUEM, a TakXe ANA 3aMKHYTbIX 3MeK-
TPUYECKUX CeTeli He YAaeTCA BbIMOMHUTb CENEKTUBHYIHD MaKCUMaibHY TO-
KOBYIO 3awyuTy. Tak, AN CXeMbl, MOKa3aHHOW Ha puc. 11.8, Heo6Xxoammo,
yTo6bl CcO6NIOAANUCH HecOBMeCTMMble ycnosus: npu K3 B Touke K1 (3X 2
a npn K3 B Touke K2 h<h-

CeneKTMBHOCTb [JeiicTBMA B 3TUX CNyyaax MOXeT o06ecneyntb Makcu-
ManbHas TOKOBAaf HampaBieHHas 3alWuTa, OTAMYaloLWancs OT O0OblYHOM
MakCUManbHOW TOKOBOW 3alUTbl HanMumMeMm [AOMNOAHWTENLHOTO OpraHa Ha-
npaBfeHNs MOLLHOCTM, KOTOPbIA paspellaeT paboTaTb 3aliuTe Npu Hanpas-
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NIEHUN MOLLHOCTM OT WWH B NIMHUIO. Tak, npn K3 B Touke K1 npuxopat B
peincteme 3awmntel AK1l, AK2 un AK4, a npu K3 B TOuke K2 —3aWiuthbl
AK.3, AK4 n AKLl. MpuHuunuanbHas M pasBepHyTas CXembl 3alWUTbl NpU-
BefleHbl Ha puc. 11.9.

Tok cpabaTbiBaHMA pefe TOKa B MpPOCTelilleM Ccfiyyae onpegensercs o
BbIPAXEHWNIO

- N
sop - &otr: 73 KCX. IHITax ; Pl*.»csl

rpe sar max — MaKCMMaNbHbIi TOK Harpysku 3aLLI|I/ILU'aeMOI7I NIMHNN C y4eTOM
BO3MOXHOCTU pasMmblKaHWUA CeTU Wnn OTKNKYEHUA OAHOIN0 WCTOYHUKa MNn-
TaHWn4.

B 3aMKHYTbIX 3MEKTPUUECKNUX CETAX TOKM CpabaTbiBaHMS CMEXHbIX 3a-
WNT, AEACTBYIOLIMX B OAHOM HArpaBNeHUW, [AOMKHbI TaKXE COrMacoBbi-
BaTbCA MO YYBCTBUTENbHOCTW, BO3pAacTad nNpu MPUBAMKEHWM K MCTOUHUKY
nuTaHns.

CeNeKTUBHOCTb [eMCTBMSA 3alMT 06GECrednBaloT OpraHbl BblAepPXKW Bpe-
MeHU. BblfepXKM BpeMeHW Moa6uparoTcss Mo BCTPEYHO-CTYMeHYaToMy MpUH-
UMMy, Np1 KOTOPOM BHauaNne COrMacyloTCs BblAEPXKM BPEMEHW 3aLiWT, Aeii-
CTBYIOLMX B OHOM HamnpasfeHWM, a 3aTeM BblAEPXKMW BPEMEHW 3awWuT,
LeNCTBYIOWMUX B APYroM HanpasneHuu. Mpu atom (cMm. puc. 11.8) [OMKHbI
cobnopateca ycnosus: =<7+ 0/ n tI=t3+M, ecnm U<t3, a 2=<5+1/ n
tt=t2+At, ecrn U<t2

"™ 01

— i
AW3\AKS\
Wiy — S A— m

Buc. 11.8. CeTb C [ABYCTOPOHHUM MUTaHUEM

Kak BWMAHO, MOAGOP BbiAEPXEK BPEeMeHW NPOM3BOAMTCA B Mpeanoso-
)XEHWMW, UYTO OpraHbl HanpaBneHWs MOLLHOCTU -YCTAHOBMEHbI C 06enMX CTOPOH
KQXA0M NUHWM C ABYCTOPOHHMM MMTaHMeM. MpakTUYeckn Heo6Xoaumoe Yi-
CNO OpraHoB HampaBfeHWs MOLLHOCTM MeHblue. TaK, ecrim BbliepXKU Bpe-
MEHW 3alMUT MO KOHL.AM KOHKPETHOW NMHMM OAMHAKOBbI, TO OPraHbl Hampas-
NEHNst MOLLHOCTW Ha 3TOW JIMHUM He HYXHbI, €ClIM Xe BbIEPXKN BpemeHa



496 PeneliHas 3awmta u aBTomatmka . 11

pasnnyHbl, TO OpraH HarnpasfeHWs MOLLHOCTM Heo6XOAMM TONMbKO AnA 3a-
WMTbl C MeHbLUEA BbifepXKOW BpemeHW. [anee, ecnn BbIJEPXKW BpeMEHU
ABYX COCeAHMX 3awmnt (Hanpumep, AK2 n AK3 Ha puc. 11.8) oTamvarotcs

« el
GAL |Im a £ V21pA3]
kaw ~kwi KT
T4
abe 1A2 KW2 11T
r KA3 A KW3
TA
M
b_
) L rs)

Puc. 11.9. Cxema MaKCMMaNnbHOW TOKOBOW HampaBneHHOW 3alyuThl:
a — NpUHUMNUanbHas; 6 — passepHyTas

Puc. 11.10. BektopHas pfuarpam-

Ma pefne HanpaBfieHWU MOLLHOCTH,

BKNKOYEHHOrOo no 90-rpagycHoi
cxeme

6onee uem Ha At, TO OpraH HanpasfeHUs MOLLHOCTU Heo6XOAMMO YCTaHO-
BUTb TONbKO Y 3aliWUTbl C MeHblUel BbiAePXKOM BpemeHW. OMUCAHHbLIA Me-
Tof, Noj6opa BbiAEPXeK BPEMEHM W MecT YCTaHOBKM pene HanpasneHus
MOLLLHOCTM 06€ecneYnBaeT CeNeKTUBHOCTb AeCTBUS 3aLLUT.

Hanuuue B 3alyuMTe pene HanpaBAeHMs MOLLHOCTM MPUBOAMT K MNOsBe-
HUIO cheLndUyecknx 0COBEHHOCTE 3alyuTbl. Pefe HanpaBneHUs MOLLHOCTU
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paboTaeT MPaKTUYeCKN MFHOBEHHO. JMEeKTPOMAarHUTHbI MOMEHT, AeiCTBYIO-
WMIA Ha NOABMXHYK CUCTEMY penie, 3aBMCUT OT TOKa B TOKOBOW 06GMOTKe,
HanpsXeHWs, NOABELeHHOro K 06MOTKe HampsXXeHWs, W yrna casura mexgy
c03[aBaeMbIMM UMK noTokamu (puc. 11.10):

Mam = /edH DT sin d>nH o1 = M>, oT1sin>= -kxUp /psin (a —aqp), (11.9)

rae k n K\—«koadppmuymeHTtsl; ®H-— NOTOK, CO3AaBaeMblii O0OMOTKOW Ha-
NpsXeHns ¢ TOKOM /H, ®T — noTok, C03[aBaeMblii TOKOBON OOMOTKON C
TokoM /T=/p; Up-—HanpsxeHue, nofBefeHHOe K OOGMOTKE HampsmKeHUs;
/p—TOK TOKOBOIW OOMOTKW; a — BHYTPEHHWIA Yron pene, OnNpeaensieMblii
COOTHOLLIEHWEM WHAYKTUBHOIO U aKTUBHOTO COMPOTWMBAEHWU/ OGMOTKM Ha-
NPHKEHUS;

dp = Pcx — O

dqxx— yron, onpefensemblii CXeMOW BKMOYEHUS pene, T.e. Yron Mexay
BEKTOpPaMU HampsmkeHWs Up W COOTBETCTBYIOLLEro (ha3HOro HanpsKeHUS;
K—yron Mexpy BekTOpamy (pa3HOr0 HampsHXeHWs U COOTBETCTBYHLLETO
¢hazHoro Toka npu K3.

Pene HanpaBneHWs MOLLHOCTM MOXeT OTKa3aTb B fJelcTBuM, ecnn Up
CHUWXAeTCA HACTOMbKO, YTO MOLLHOCTb, MOABOAMIAAA K pene, MeHblle MOL-
HocTM cpabaTbiBaHWs pene Scp. Takue YCNOBMS MMEOT MeCTO Npu Tpex-
tbasHom K3 B6MM3M MecTa YCTaHOBKM 3awjuThl, korga Up»0 (MepTBas
30Ha). [NuHa MepTBOW 30HbI TeM GOfbllUe, YeM MeHblUe YYyBCTBUTENbHOCTb
pene (4em 6onble Scp). Pene MOXeT OTKa3aTb B [eMCTBMM TakXe B CAy-
Yyae, ecnm man yron d=oc— dp. Yron dx B 3aBucumocTu OT ycnosuii K3
MOXeT MeHATbcA oT 0 fo 90“ lMpu aTom HagexHas paboTa pene Hanpas-
NEeHUs MOLLHOCTM MOXeT ObiTb 0becreveHa BbIGOPOM OMpPeAeNeHHON CcXeMbl
ero BKIIOYeHMS. B 6GoNbLIMHCTBE CAy4vaeB NpeanoyTeHWe oTgaetca 90-rpa-
LYCHOI CXeme BK/IOUEHWA, MpU KOTOpoi K pene chasbl A moaBoAsaT Tok |A
M HanpsbkeHue Ubc, k pene hasbl B — Tok 1B M HampskeHue uca, a K pene
thasbl C — TOK 1C v HanpsxeHue UAB.

B ocTtanbHOM 3awmMta nNogobHa MakCUManbHOW TOKOBOW 3alyuTe C He-
3aBMCMMOI BbIAEPXKKOW BPEMEHW W UMEET HambOMbLUYHO BbILEPXKY BPEMEHM
npu OTKNHOYeHUA K3 BOGAM3M WCTOUYHUKOB MUTaHWA. B 3aMKHYTbIX 3/1eKTpu-
YECKMX CeTAX C HEeCKOJbKUMU WCTOYHMKAMU MUTaHUS WHOrda He ypaetcs
o6ecneynTb CENeKTUBHOCTb [AeWCTBMS MaKCUManbHOW TOKOBOW HampaBfieH-
HOM 3almTbl. B Takux cnyyasx MCNonb3yloT 60nee COBEPLUEHHblE AWCTaH-
LIMOHHbIE 3aLLUThI.

32—5!16
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11.7. TOKOBbIE OTCEYKM HA JIMHNAX C ABYCTOPOHHUM
NMNTAHVNEM

HefoctaTok MakCUMManbHbIX TOKOBbIX HampaBneHHbIX 3aWuT B OTHO-
LeHUW 3amMefNeHHOro oTkntoyeHns K3 BOAM3M WUCTOYHWKOB MUTaHUA MOXET
ObITb YCTPaHeH C MOMOLLbIO TOKOBbIX OTCeyeK. MpuHUMNMaNbHas cxema 3a-
WMTbl aHanorMyHa Cxeme, MpPUBEAEHHON Ha puc. 11.6. Bbi6op napameTpos
TOKOBbIX OTCEYEK Ha /IMHUAX C [BYCTOPOHHWM MWUTaHWEM WMEeT HEeKOTOpble
0COBEHHOCTMU.

PaccmoTpum cxemy, npusefeHHyt0 Ha puc. 11.11. Tok cpabaTbiBaHMA
3alMT, YCTAHOBNEHHbIX BOAM3M WMH A W b, HaxofAT N0 BbIPAXEHUIO
(11.7), ucxops u3 TokoB K3 cooTBeTCTBEHHO B Toukax K1 u K2. OpHako
npy TaKkoMm BblOOpe TOKOB cpabaTbiBaHWA OfHA W3 3aW KT MOXET paboTaTb
HecenekTMBHO. [leliCTBUTENbHO, €cnnM, Kak 3TO MNokasaHO Ha puc. 11.11,
Tok 1k b npn K3 B Touke K2 6onblie, yem /c,3,1kb TO 3awimta AKLl 6yget
HecenekTMBHO pa6oTatb nNpu K3 Ha oTxofgawmx OT WHMH A paguanbHbiX
(tynunkoBbiX) nuHMAX (Touka K3). [Ana obecnevyeHws CeNneKTUBHOCTW feWA-
CTBUA 3aWUT HeobXxoAMMo TOKM cpabaTbiBaHMa 06enx 3awmnt (AKL un
AK2) npuHATL OAMHAKOBLIMW W PaBHbIMKW 6GONbLUEMY PACYeTHOMY 3HAYeHUHO
/¢,3,1K2 (Npy 3TOM 30Ha 3awiuThl AKL MOXET CyL|eCTBEHHO YMEHbLUUTLCS)
6o sawuty AKL AONOAHWUTL OPraHOM HanpasneHWs MOLLHOCTHM.

AL AKZ

\ af- (0 j
a)

Puc. 11.11. ToKOBble OTCEYKM HA JIMHUU C [BYCTOPOHHUM MNUTaHWUEM:
a — MOSICHAIOLLAs CXeblN; 6 —onpeaeneHve 30H AeicTBUS

11.8. 3AWUTA OT KOPOTKUX 3AMBIKAHUA HA 3EMJ/IO B CETAX
C 3A3EM/IEHHbIMU HENTPANAMMU

Mpn 3aMblkaHUM Ha 3eM/H0 B CETU C 3(*](beKTI/IBHO-3&3eMﬂeHHbIMVI nnn
rnyxo3a3eM/IEHHbIMMN HeVITpaI’IﬂMVI noABNAETCA CUCTEMa TOKOB Hy]'leBOI7I no-
cnefoBatenbHOCTU. 3TO 06CTOATENLCTBO NCNONb3YyKOT ANA BbINOMHEHUNA 3a-
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WWT OT 3aMblkaHWii Ha 3emnt0. TMpUHUMNKMANbHAA CXeMma 3allWTbl, BKIHOYEH-
Holi Ha (unbTp TOKOB HYNeBOW MOCMefoBaTeNbHOCTM, MpuUBEfeHA Ha
puc. 11.12.

B HopmanbHOM Harpy3oUHOM pexuMme TOK B pefie paseH

/p: /<

rae IA, 18, 1C— nepBnyHble TOKM (a3, /0> /,— BTOpUYHbIE TOKM (Pa3;

/A(a, IBii, /C(t — TOKM HamarHM4ymMBaHMs TpaHCHOPMATOpPOB TOKa pasNuuy-
HbiIX pa3; /0— TOK HyfneBOW MOCNef0BaTeNbHOCTM B MEPBUMYHON Lenu; /H6—
TOK He6anaHca BO BTOPWUYHOI Lenw.

Tok HebanaHca B OCHOBHOM COCTOMT M3 TOKOB HebGanaHca MepBoi W
TPeTbei rapMoHUK:

(11.11)

TpaHcthopmaTopbl TOKa ANA peneiHoi 3aluTbl MOA6GUPAKOT MO KPWBLIM
npegensHo kpatHocTM KK  Mmpu  MOMHOW  norpelwiHocT  TpaHcd)opmaropa
Toka €=10%, KOTOpble Aat0T 3aBUCMMOCTb AOMYCTUMOWN HArpy3ku BTOpPUY-
HOM 06MOTKM '2 /111 OT npefenbHON KPaTHOCTU MEepPBUMYHOTO Toka Kio—
—h/huow npu ycnoBuwu, 4YTO NOMHAf MNOrPELIHOCTb € TpaHcopmaTopos
Toka He npesblwaet 10 %. Mpwn norpewHoctn B 10 % TpaHchopMaTop TOKa
paboTaeT B Hayane HACbILLEHHOW 4YacTW KPWMBO HamarHuumBaHws. MorpeLu-
HOCTb TpaHchopmaTopa TOKa TeM Bbllle, 4eM 6O/bLUe MepPBUYHbINA TOK.

OG6bluHO TpaHcgopmaTopbl ToKa UAbTPa HyneBOM MOCNef0BaTeNbHOCTM
npy KOPOTKUX 3aMblkaHWAX pPaboTaldT B HEHACLILLEHHOW 4acTW XapakTepu-
CTUKW. [py 3TOM TOKM TPeTbel TFapMOHWKM Manbl W, clefoBaTeNbHO, TOKOM
HebanaHca TpeTbeil rapMOHMKM MOXHO npeHebpedb. Torga

Puc. 11.12. Cxema 3aWuTbl OT 3aMblKaHWIA Ha 3eM/t0:

a—npuHuMnuanbHas, 6 —passepHyTas
32*
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Kmax’ (11.12)

roe JlotH — ko3I MEHT OAHOTUMHOCTY XapakTepuCTUK TpaHcOopmMaTopos
ToKa (punbTpa; 06bIYHO JlogH= 0,5-*-1; e — norpewHoOCcTs TpaHcHOopmMaTopoB
TOKa; 17" ax — MakcMManbHOe pacyeTHOe 3HayeHMe Toka TpexchasHoro K3
BHayane CMEeXHOro y4vactka (AnHuwn).

Tok Cpa6aTb|BaHI/IH pene oueHuBaeTCA NO ABYM YC/IO0BUAM:

/\:,p lebmaxi
lcp < 3/amini & >
rne 3lomin — MUHUMaNbHOE 3Ha4YeHue CyMMbl TOKOB Hyneaoﬁ nocneposa-
TENbHOCTU NPU KOPOTKOM 3aMblKaHWW B KOHLE CMEXHOro y4dacTka.

OnpefenstoLmMM ABNAETCS NepBoe YCNOoBUeE; MPK 3TOM

1c,p — Jlote 1H6Tax> (11.13)
rae Jlore=1,3-r 1,5.

YyBCTBUTENBbHOCTL 3aLLUTbl NMPOBEPAETCA MO BblpaXeHUo

BblfepXK1 BpeMeHW 3aliMT BbIGMPAKOT MO CTYyNeH4YaTOMy MPUHLMMY,
yBENMYMBAA MX MO Mepe NPUOBAMXKEHWS K WCTOYHMKY TOKOB HyneBoi nocne-
[0OBaTeNbHOCTM (HeliTpanb TpaHcopmaTopa).

PaccmoTpeHHas 3aliMTa He pearMpyeT Ha KOpOTKME 3aMblkaHWsA 3a
TpaHchopmaTopamu ¢ coefuHeHuneM o6MoTok YO/A. [103TOMy BbIAEPXKM
BPEMEHM 3aliMT OT 3aMblKaHWI Ha 3eMI0 MPUHLMUAWANBLHO MEeHbLUe BblAep-
XEK BPEMEHM MaKCMMafbHbIX TOKOBbIX 3aLLWUT TeX XXe 3/eMEHTOB CETU.

Korga B ceTM MMeeTcss HEeCKOjbKO TpaHC(OpPMaTOpOB C 3a3eM/EHHbIMM
HeliTpanaMuy, YCTaHOBMEHHbIX Ha Pa3IMYHbIX MOACTaHLMAX, 3alimMTa OT 3a-
MbIKaHWA Ha 3eM/t0 BbIMOMIHAETCA HanpaBfeHHOW. [ 6GbICTPOro OTKAHOYe-
HMA 3aMblKaHWIA Ha 3eMK0 NMPUMEHSIOTCA TOKOBble OTCEUYKM HYNeBOW mocne-
[0BaTeIbHOCTH.

Ha NuHMAX BLICOKOTO W CBEPXBLICOKOTO HanpsXXeHWW Kpome mnepeyuc-
NEHHbIX Bbllle TUMOB 3alWWMT AOCTaTOYHO LUMPOKO WMCMOMb3YHOT AUCTAHLMOH-
Hble, a TaKXe HamnpaBneHHble 3alWTbl C BbICOKOYACTOTHOW 610KMPOBKOA U
BbICOKOYACTOTHbIe AudhdhepeHLnanbHO-hasHble 3aliuTbl. ITW 3allUTbl 3feChb
He paccmaTpuBatoTCs,



§ 11.9 TlloBpexAeHMa U aHOpMaibHble PEXXMUMbl TeHepaTopoB

B. 3AWLNTbI TEHEPATOPOB

11.9. NOBPEXAEHNA W AHOPMAJIbHbLIE PEXWMblI TEHEPATOPOB

B reHepatopax MOTYT BO3HWKHYTb CRefyloliMe MOBPEXAEHMS:

a) MexaydasHble KOPOTKME 3aMblKaHWS, BbI3blBalOLLME MOBPEXAEHMA
06MOTOK 1, pexe, CTaM MarHMTONpoBoAa CTaTopa;

6) 3aMblkKaHWS MeXAy BUTKaMW OAHOW (hadbl (0ObIYHO OHM MepexoasTt
B MeXAy(hasHble 3aMblKaHWA WM B 3aMblKaHUA Ha 3eMI0);

B) 3amMblKaHWA OfHOW (hasbl Ha KOpMyc (3eMt0), MPU KOTOPbIX TPK
3aMblKaeTcs 4epe3 CTanb MarHuTonpoBoga. lccnefoBaHus Mokasanu, 4To
npu Tokax 6onee 5 A BO3HMKAIOT OMacHble BbDKWraHUA (BbIMAaBneHNs)
cTanu cTaTopa, TpebylolMe KanWTanbHOrO PEMOHTa reHepaTtopa C Mepe-
LLIMXTOBKOW MarHutonposoga. Mo3aToMy MPWHATO, YTO Mpu Tokax 6Gonee 5 A
3aWmMTa AO/MKHa [eiicTBOBAaTb Ha OTK/IHOYEHWe reHepaTopa, a MNpU TOKax
MeHee 5 A —Ha curHan;

r) [BOWHble 3aMblKaHWA Ha KOpnyc (3emMnt0) B LeNM pPOTOpPa, Bbl3bl-
BalOLLMe Meperpes poTopa, FOpPeHWe M30MALUKM, a Takxe BUOpaLUtO TeHepa-
Topa (0COGEHHO Yy SABHOMOMKOCHBIX MalUWMH) BCNEACTBME BO3HMKAOLLEN He-
CMMMETPMM MarHMTHOTO MOTOKa poTopa. [1BOWHOMY 3aMblKaHWIO Ha Kopnyc
npejLecTByeT 3aMblkaHWe Ha KOPMyc B OAHOM TOuke. MO3TOMy Ha ruapo-
reHepatopax W KpYMHbIX CUHXPOHHbLIX KOMMeHcaTopax YCTaHaB/lMBalOT 3a-
WWTY, CUTHANU3UPYIOLLYIO O MOSIBIEHWM 3aMblkaHWA B OfHOW To”ke. Mocne
NOfBNEHNUS CUTHaNa MallMHY OCTaHaBMMBAalOT AN OTHICKAHMS W YCTPaHeHus
nospexpaeHus. Ha Typ6oreHepaTopax YCTaHaBMMBAaKOT 3alLUTy OT ABOMHbIX
3aMblkaHMI Ha Kopnyc. [leXypHblii MepcoHan BKAKOYaeT 3Ty 3aluTy npu
nosBneHnn (0BHapYXXeHWW) 3aMblKaHWA Ha KOpMyc B OAHOM TOuKe.

K aHopMaNbHbIM pexumam reHepaTopoB OTHOCAT:

a) CBEPXTOKM (TOKW, MpEeBbILIAOLNE HOMUHANbHBIA TOK reHepaTopoB)
npy BHelHWX K3. HopManbHO BHewHMe K3 [A0/KHbI OTKIOYATbCA 3alluTa-
MV MOBPEX/AEHHbIX 3/1EMEHTOB, OAHAKO Ha C/yyaid OTKasa 3TWX 3aluT re-
HepaTop AO/MKEH UMeTb COGCTBEHHYIO PE3EPBHYHO 3alLUTY;

6) neperpysku Mo TOKY, BO3HMKAlOLLME MPW OTKIKOUYEHUM YacTu mapant
nenbHO paboTatolMX reHepaToOpOoB, W3MEHEHUWM CXeMbl CETW, MOAKIHOUEHUN
HOB'bIX Y3/10B Harpysku, camo3anycke fsurateneid, chopcuposke BO36yxfae-
HWA TeHepaTopoB, MoTepe BO36YXAeHWs W T.M. [ns BCex reHepaTopos
AOMNYyCKatoTCA HOPMasibHble AAUTENbHbIE MEPerpys3ku Mo TOKy cTaTopa He
6onee 5 % NpW CHWKEHWM HanpsXeHMs cTaTopa He 6osmee uyeM Ha 5 %.
ABapUiiHble Meperpyskn UMUTUPYHOTCS 3aBOAOM-WU3TOTOBUTENIEM  OTAENBHO
AN KaXAoro Tunma reHepatopa. [ns TreHepaTopoB C HEMOCPEACTBEHHBIM
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(dbopcmpoBaHHbLIM) OXNaXAeHWEM [OMNYCKAOTCA MeHbLUME MNeperpysku, 4Yem
NS TeHepaToOpOB C KOCBEHHbIM oxnaxpeHwem (Tabn. 11.]).

[aHHble Ta6n. 111 nokasbiBatdT, 4TO ANA TeHepaTOPOB AOMYCTUMbI
npojomXnTeNnbHble neperpyskn B 20—30 % Kak Mo TOKy cTatopa, Tak U Mo
TOKY poTopa.

OueBMAHO, YTO MpU TaKMX Meperpyskax reHepatopbl He AOJDKHbI OTKIO-
yatbCf OT CeTw,

B) HECMMMETPUIO TOKOB CTatopa, BO3HUKAKOLLY MpU HECUMMETPUYHE
KOPOTKMX 3aMblKaHMAX B CETM W MPU HenonHOMasHbIX pexunmax (06pbiBax
thasbl). MosBaslOWMecs NPU HECUMMETPUM TOKM O6GPaTHON nocnefoBaTesb-
HOCTW CO34at0T MarHUTHbIA MOTOK, BPaLLatoLLUiACs OTHOCWUTENbHO poTopa C
[BOVWHOW CUHXPOHHOW CKOPOCTbIO, CMEACTBMEM YEro MOXET ObiTb MOBbILLIEH-
Hbli Harpes W BuMGpaLMa poTOpa, a TakXe MOBbILEHHbLIA Harpes 06MOTKU
BO36YX/AeHUA.

Tabnuuya 111

[0nycTUMble 3HAYEHWS U AANTENBHOCTW aBapuii-

LonycTUMble 3HAYEHUA U ANUTENb- HbIX Meperpysok Typ6oreHepatopos
HOCTW aBapuMHbLIX Meperpysok re- Tvnos TB®, TBB, TI'B (c HenocpecTBEHHbIM
HepaTopoB M CUHXPOHHbIX KOMMEH- oxnaxjeHumem)

caToOpoB C KOCBEHHbIM MOBEPXHOCT-
HbIM OXNaXAEHWeM Mo TOKY cTa- Mo Toky cTatopa Mo ToKy poTopa
Topa M TOKy poTopa

t, MuH tn, muH

“own
R

AHom M /1 wH g 3 g S 2 @
[ = H [ -
i 60 11 60 60 10 1,06 60 60 10
1,15 15 1,15 15 15 e 1,2 4 4 4
1,2 6 12 6 6 4 15 — 1 1
1,25 5 1,25 5 5 3 1,7 1 —
1,3 4 1,3 4 4 2 2 0,5 0,33 0,33
1.4 3 14 3 2 — — — =
1,5 2 1,5 2 1 1 —_ —_ - —
2 1 2 1 — — — — - —

Kak 6bi10 oTmMeveHO paHee (cMm. rn. 4), pnuTtenbHaa paboTta Typbo-
reHepaTopoB fONycTMMa Mpu HecummeTpumn /r//rsom He 6Gonee 5 °/q a rug-
pOreHepaToOpoOB M CUHXPOHHbIX KOMMEHCATOPOB NPV HECUMMETpUKM He Gonee
10 %. [onycTumMocTb paGoTbl Mpu Gosblieli HECUMMETPUU MpPOBEPSETCA MO
BbIpaXeHW o
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rAe *mon— AonycTuMas MpPOAO/KUTENbHOCTh HECUMMETPUYHOTO PeXuMa, C;
/2=/2//rHoM — fONycTUMbIA TOK 06paTHOl MocnefoBaTeNlbHOCT, OTH. €f.;
*

A — KOIPULMEHT, YUMUTHIBAIOLLNIA KOHCTPYKLMIO TeHepaTopa (yka3blBaetcs
3aBOJ4OM-MOCTaBLULMKOM); ANA ruaporeHepatopos A=40; ana Typ6oreHe-
patopoB: Tuna TB-2 A=24, tuna TB® A=15 Ttmuna TrB-300 /=385,
Tnuna TrB-500 J1=5;

r) NOBbLILLEHNA HaMNPsXEeHWs, BO3HMKalOLLMe NpU pesknx cbpocax
rPy3KW, KOrja 4actoTa BpalleHUs MaluHbl BO3pacTaeT MpW MNPakTUYecku
HEM3MEHHOM HanpsXXeHWM Ha 06MOTKe BO36YXAeHUA. Y TypboreHepatopos
MMeKTCA aBTOMaTbl 6e30MacHOCTW, MOMHOCTHIO MNpekpalaroLine BNycK napa
B TYpOWHY Npu yBenWuYeHWW 4acToThl BpalleHWs arperata Ha 10 % Y rug-
pOreHepaTopoB PErynaTopbl CKOPOCTW He MOryT o6ecrneuntb 6bICTpOe 3a-
KpbITWE HanpasnAloLWMX annapaToB, MO3TOMY MpW pe3KoM cOpoce Harpysku
4yacToTa BpalleHUs rugporeHepatopa MOXeT Bo3pacTy mHa 40—60 %, a
HanpsxeHne —Ha 30—50 %. Y Typ6oreHepaTopoB MOBbILLEHME Hampsxe-
HWUA NWKBMAMPYETCA CUCTEMAMM aBTOMATUYECKOrO perynmpoBaHUA CKOPOCTM
(APC) wn aBTOMAaTM4eckoro perynmposaHus Bo36yxaeHus (APB); Ha rua-
poreHepaTopax [AOMOMHUTENbHO YCTaHaBNWBAeTCA CMeuManbHas peneiHas
3aliMTa OT MOBbILLIEHUS HAMPAXEHWNS.

11.10. NPOAO/IbHAA ANPDPEPEHLUVNANBHAA 3ALWLNTA

OCHOBHOM 3aWMTON OT MexAydasHbIX KOPOTKMX 3aMblkaHWI reHepa-
TOpPOB ABNAETCA NPOAONbHas AuddpepeHuManbHas 3awWmTa, CXema KOTOpOM
faHa Ha puc. 11.13.

Pene TOKa BKIKOYAlOTCA Ha PasHOCTb TOKOB TPaHC(OPMATOpPOB TOKa
TAI n TAW, ycTaHOB/IeHHbIX CO CTOPOHbl OCHOBHbLIX BbIBOAOB reHeparopa
N CO CTOPOHbI HeilTpanu. [py 3TOM 30HA 3aLLUTHI  HAXOAUTCA MeXAy
ABYMS KOMMJeKTaMu TpaHCopmMaToOpoB TOKa, ANA ee YBENUYEHUS OAUH
KOMMNEeKT TpaHCc)OopmMaToOpOB TOKa YCTaHaB/MMBAeTCA BO3MOXHO OnAMXe K
BblKNtOYaTeNnto. 3almnTa felicTBYeT Ha OTK/IOYEHWe TreHepaTopa W aBToO-
maTa raweHus nons (ATTl), a Takxe Ha OCTAaHOBKY TYypOMWHbI.

Mpu BHewHem K3 TOK B MepBUYHbIX 06MOTKax TpaHCGOPMaTOpOB TOKa
TAl n TAIl oAnHaKkoB, a TOK B pefie paBeH pPa3HOCTM BTOPMYHbLIX TOKOB
9TUX TpaHcopMaTopoB TOKa, T.e. TOKy HebanaHca. Mpu BHYyTpeHHMX K3
TOKM B MepBUYHLIX 06MOTKax TpaHccopmaTopoB Toka TAlI u TAW pas-
NINYHbI; NpU 3TOM TOK B pefie paBeH CyMMe BTOPMUYHbIX TOKOB TpaHcdop-
MaTopoB TOKa. 3awuTa He [OMXHA AelicTBOBaTb MpW BHeWHUX K3, noatomy
ee TOK cpabaTbiBaHUA LO/KEH YAOBNETBOPATb YCNOBUIO:

"3 IH6Tax-

3HayeHMe TOka HebanaHca 3aBUCUT OT NAEHTUYHOCTN XapaKTepUCTUK
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TpaHchOpPMaTOpPOB TOKa, COMPOTMBIEHWIA Mfey 3aliuThl, @ TakXe OT TOKOB
B MepBMYHbLIX 06MOTKax TpaHCOpMaTopoB Toka (yBeNMUMBaeTcs C WX yBe-
NNYEeHneMm).

MpakTuyeckn TOK cpabaTbiBaHWA 3alWUTbl HAXOAWTCA MO BbIPAKEHUIO

/c,3 B ID0Tc IDa IH6Ta X bKOTC %a EO,qH e'Kra.c’ (11.15)

roe Jlote = 1,2 — ko3hhMLMEHT OTCTPOLiKK; Jla— KO3(hpULMEHT, yunTbiBalO-
WWA Hannume anepuopmyeckoi cocTtasnswouwiein B Toke K3; JIH=0,5-H1—
KO3 PMLMEHT OLHOTMNHOCTM XapaKTepUCTUK TpaHCOpMaTopoB TOKa;, € —

NOrpeLHoOCTb TpaHCOpPMaToOpoB  TOKa;  "Kraax—Hambonblluee HayvanbHOe
[eiicTBytoLLee 3HaYyeHMe Toka TpexdpasHoro K3 reHepatopa npu K3 Ha ero
BbIBOJAX.

Puc. 11.13. Cxema npofonbHON AndrchepeHUManbHOW 3alinMThl reHepaTopa:
a — npuHUMnuanbHas; 6 — passepHyTas

OnddpepeHymanbHan 3auimMta ABnseTcAs ObICTPOLENCTBYIOLLEA 3aLUTONR,
paboTatoLeii 6e3 BbIjePXKU BPEMEHW; CEeNeKTUBHOCTb ee fAelicTBMA obecne-
YmBaeTcs CaMOM cxemol 3awuTbl. [Nf MOBLILLEHNS YYBCTBUTENLHOCTU 3a-
WMTbl pene TOKa BKNKOYAlOT yepe3 ObICTPOHACHILLalOLLMeCs TpaHCopmMaTopbl
Toka (BWT), npakTMyecks 3anuparoline 3awuty, ecnm B Toke K3 ecTb
3HauMTeNbHaa anepuojuyeckas coctasnatowas. Mpu 3TOM MOXHO NPUHATb
fa=1 Hannume B cxeme BHT no3sonser 3peKTMBHO OTCTPOUTLCA OT
6pockoB TOKa HebanaHca npu BHeWwHMX K3, HO MPMBOAWUT K YBENUYEHUIO
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Ha 1—15 nepuoga BpemeHW f[eiicTBMA 3awWiuTbl nNpu BHYTpeHHMX K3. TMpo-
MbILLIEHHOCTb NoOCTaBnfeT pene Tuna PHT, coctoswme u3 6bICTPOHACHI-
LatoLerocs TpaHcdopmatopa € AudpepeHLNansHOR,  BbipaBHUBAKOLL MMM,
KOPOTKO3aMKHYTOW W BTOPUYHOA O6MOTKaMW W TOKOBOTO pejie MTHOBEHHO-
ro fileiictens. BbipaBHMBalOL e OOGMOTKM MO3BONSIOT CKOMMEHCMPOBaTb He-
paBeHCTBO TOKOB B Nevax AnddepeHLanbHON 3alyuThl.

3almnTa, TOK cpabaTbiBaHWS KOTOpoi onpegeneH no (11.15), MoxeT
NOXHO paboTaTb Mpu 06pbIBaX MPOBOAOB B ee MNjeyax, Tak Kak MNpu 3ToM
B penie OfHONW (hasbl MOABNAETCA TOK, COOTBETCTBYIOLUMI TOKY Harpysku re-
Hepatopa. Ecnum npusHaHO Uenecoo6pasHbIM OTCTPOUTLEA OT pexuma 06-
pbiBa BTOPUYHBIX Lieneid, TO TOK cpabaTbiBaHWUsA 3aliWTbl, BbIMOAHEHHOW C WC-
nonb3osaHnem pene PT-40, onpefenatoT No BbipaxXeHUo

1¢,5— 1>3/r,HOM- (11.16)

ECTecTBEHHO, 4TO YYBCTBUTENbHOCTb 3alMTbl MPU 3TOM CYLLECTBEHHO
ymeHbLuaeTcs. Mpu ncnons3oBaHuK B 3alute pene PHT-565

/c;3— (0,5—0,6) /pHOM'

YUyBCTBMTENbHOCTL 3alMTbl MPOBEPAOT MO TOKY AByxdasHoro .K3 Ha
BbIBOAAX OTK/IKOYEHHOTO OT CeTW reHepaTopa. CornacHo Y3 Heo6xoaummo,
YTOObI

bg — *ktnin/*c3 > 2

Mpn BbIGOpe TOKa cpabaTbiBaHMA no (11.16) 3awmrta AOMOMHSAETCA
TOKOBbIM pefe, cpabaTbiBalOLMM B c/iyyae oGpbiBa NMPOBOAOB W [eliCTBYIO-
LUM Ha CUrHan.

CnegyeT OTMeTWUTb, YTO NpoAonbHas AudddepeHUManbHas 3alyuTa re-
HepaTopa He [AelicTBYeT NpW 3aMblKaHUAX MeXAy BWUTKaMu OfHON U Toi
Xe basbl, a Takxe npu TpexdpasHbix K3 B6AM3M HeliTpann reHepartopa
(mepTBas 30Ha). OfHaKO B MpaKTWUKe 3KcmayaTauMu He Habnofanocb no-
BpEXAeHUI wu3onauumM BOGAW3M HeliTpanu reHepaTopoB, 4TO, MO-BUAMMOMY,
06bACHAETCA He3HaUMTeNbHbIMM pabouuMy  MOTeHLManaMu B 3TOW  4acTu
06MOTKM. V13-32 3TOrO B OTEYECTBEHHOW MNpakTUKe He WAYT Ha YyBenM4eHue
UyBCTBUTENLHOCTU_ . ANchchepeHLManbHOl 3anThl C LieNbio COKPALLeHUs MepT-
BOW 30HbI.

11.11. 3AWUTA OT 3AMbIKAHWUA MEXAY BWUTKAMW OAHOW
DA3bI

Takas 3aliMTa YCTaHaB/NIMBAETCA HA MOLLHbIX reHepaTopax, Yy KOTOpbIX
o6MOTKa cTatopa WMeeT [Be MapanfiefibHble BETBW. PacnpocTpaHeHue no-
fiyynna cxema 3alluTbl, NpuBefeHHas Ha puc. 11.14. -
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Pene Toka KA 3awWwuTbl NOAKMHOYEHO 4Yepe3 (oMIbTP TOKOB OCHOBHOM
4acToTbl K TpaHchopmaTopy TOKa, YCTaHOBNEHHOMY Ha MepeMbluke MeXxay
HeTpanamMu ABYX NapanfiefbHbiX BETBE CTaTOPHON 0OMOTKM. B HOpManb-
HOM pexume W npu BHeWHUX K3 B nepembluke MMEHOTCA TONbKO TOKM rap-
MOHMK, KpaTHbIX TPeM, OOYCNOBMEHHble HECMHYCOMAanbHOCTbIO (HOPMbl WH-
OAYKLUW B BO3AYLUHOM 3a30pe MallWHbl W HecMMeTpueil dhasHbix TokoB K3.
®unbtp KAZ He nponyckaeT 3TV TOKM B UeMb 3alWuUTbl. BUTKOBble 3aMbl-
KaHWS COMPOBOXAAlOTCA MOABNEHWEM B KOHType MOBPeXAEHHOW ha3bl
(puc. 11.14) ypaBHuTenbHbIXx IAC Eyp u Toka /yp OCHOBHOWM 4acToThbl, a B
pene Toka | f=Iyp/Ki.

Puc. 11.14. Cxema mnonepeyHon AndpdepeHLMansHON 3aliuThl  reHepaTopa:
a —npuHUMnManbHas, 6 — passepHyTas

Ecnn /yp>/c;3, TO 3awmTta cpabatbiBaeT. YUem MeHblUe YMCNO 3aMK-
HYBLUWMXCA BWTKOB, TEM MeHblUe YypaBHUTE/bHbIA TOK. 3aliMTa, Cneposa-
TeNbHO, MMeeT MepTBYHO 30HY. TOK cpabaTbiBaHMA pefe OTCTpauBaeTcs OT
MakCMManbHOro TOKa HebanaHca npu BHewHWX K3. [paktnyeckn 6epyt
/c,3~ (0,2-7-0,4) /r HM

3almTa MOXeT NIOXHO paboTaTb MNPU [ABOWHbLIX 3aMblKaHMAX Ha 3eM-
N0 B LEeNn.potopa, KOrja HapyLllaeTcs MarHWTHas CMMMETpPUA napanfienb-
HbIX BEeTBE CTaTOPHOW OOMOTKM. NS WCKNKOYEHMS NOXHON paboTbl 3a-
WWTbI MPU HEYCTOMYMBLIX [BOMHBLIX 3aMblKaHMAX B LMW poTopa B 3aliUTy
BBOAMTCA pene BpemMeHu KT ¢ Bbigepxkoit £=0,5-"1 c. TpaHcdopmatop
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TOKa B MepemMbluke MeXAy HelTpanamu napanfiefibHbIX BETBEA [OMKEH 6biTh
AMHAMUYECKM CTOEK MpU MaKCUManbHbIX TOKax B repembiuke. Ero koadpdu-
LUMEHT TpaHcchopmaumm 06bIYHO BbiGMpaeTcd paBHbiM [/=0,25/r,BoM/5.

11.12. BAWLNTA OT CBEPXTOKOB BHELWHWX K3 W OT NMEPEIPY3KU

Cxema KOMOWHMPOBAHHOM 3aluMTbl OT CBEPXTOKOB BHeWHWX K3 un oT
neperpysky npueefeHa Ha puc. 11.15.

Mpn cummeTpuuHbix K3 yBenmuuBaeTcs TOK reHepatopa W yMeHblua-
eTCcd ero HanpsXXeHwe, B TO BPeMsA KaK Mpu neperpyskax YBe/MYUBAeTCA
TO/IbKO TOK MNP MPaKTUYECKM HEW3MEHHOM HanpsXxeHun. IT0 06CTOATENb-
CTBO WCMOJIb3YeTCA NPU BbLIMOAHEHMM 3aALLUT OT CUMMETPUYHbLIX K3 un or
neperpysku.

3awmMTa OT CBEPXTOKOB cuMMeTpuyHbix K3 ocyuiectsnsetrca ¢ no-
mouwbto pene KA2, KV, KL1, KT2, KH un KL2. lpn BO3HUKHOBEHUU KO-
POTKOro 3aMblKaHWA OAHOBPEMEHHO cpabaTtbiBaloT pene Toka KA2 U MUHK-
ManbHoe penie HanpsxeHus KV, npu 3TOM 4Yepe3 KOHTaKTbl MPOMEXYTOY-
Horo pene KL1 o6pasyeTcq Lenb Ha pene BpemeHn KT2, obecneumsatoLlee
CEeNeKTUBHOCTb [eNCTBMA 3alWMTbl. 3awmra f[eACTBYeT Ha OTK/IOYEHUe Bbl-
Kntoyatens Q reHeparopa u Ha AlTI.

HanpsxeHue cpabaTbiBaHMA 3alWUTbl paBHO  *

AOTC KB
a TOK cpabatbiBaHMs pene KA2 HaxofaT Mo BblpaXeHMWto

NOTC ~CX /r,HOM (11.17)
roe iorc= 1,1 + 1,15.
Bblgepxka BpeMeHu pene KT2 npuHUMaeTcs paBHOM

"2 = ~npuotasc "b Al, (11.18)

rae /uprc max — Hambonbllas BbIJEpPXKa BPEMEHM 3allWUT Ha MNpucoeauHe-
HUAX K LUMHAaM reHepaTtopa.

3awmta MOXeT HenpaBuAbHO cpaboTaTb MNpu 06pbiBe Leneid Hanps-
XeHns pene KV BO Bpems neperpysku reHepatopa. Bo usbexaHue 3Toro
3aliMTa MMeeT CUrHaNM3aUuMi0 O HapyLleHUW LUeneil HanpsxeHus pene KV.
OHa ocylLecTB/seTcs C MOMOLUbHO BTOPOro KoHTakta pene KL1.

CummeTpuyHaa neperpyska reHepatopa KoHTponupyetcs pene KAL
CurHan o neperpyske fJaeTcs C BblAepXKol BpemeHu t\, co3gaBaemoii pene
KT1:

ti= *MT,3+ At= B+ Alj (n.19)
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rae /M, T,a—B-blA€PXKa BPEMEHN MaKCUMaNnbHOW TOKOBOW 3aljuUTbl OT CBEpPX-
TOKOB BHeLLHUX K3.

Tok cpabatbiBaHMg pene KAl onpegensietcd no BbipaxeHuto (11.17),
r4e A4NS MNOBbILLEHUA YYBCTBUTENIbBHOCTM 3aliuTbl Gepetcs &Qac= 1,05.

3almTa OT CBEPXTOKOB HecMMMeTpuuHbIX K3 ocyuiectsnsercd unbT-
poBOIi 3aWMTOl 06paTHOW (OTpULATENbHON) nNocnefoBaTeNbHOCTU. PUNLT-
poBas 3auiuTa 06bIYHO COCTOWUT W3 [BYX KOMMEKTOB pene, MepBblii U3 KO-
Topbix (pene KA3, KT2, KH n KL2) pgeiicTByeT Ha OTKIHOYEHWE FeHepaTo-

CBEPXTOKOB BHELIHUX 143 1 OT Meperpysku: OTknoyeHne AT
,
a — NpuHUMNuanbHas; 6 — pasBepHyTas 0)

pa n AlTl, a BTopoii (pene KA4 n KT3) —Ha CUrHan C BbIJepXKOW
BpemeHW. lMyckoBble opraHbl 060mx komnnektoB (pene KA3 n KA4) Bknto-
YeHbl Ha (MAbTP TOKOB 06paTHOM MocnegoBatenbHocTM ZA2 W, CnefoBa-
Te/lbHO, He pearnpyrtoT Ha cumMmeTpuyHble K3 u neperpysku. Mepsblii Komn-
NeKT o6ecneymBaeT OTK/IOYEHME TreHepaTopa MpW BHELIHUX HEeCUMMETpMWY-
HbIX K3, BTOpOW (4yBCTBMTE/IbHbLI KOMMMEKT) — CUTHaNM3MpyeT O nepe-
rpy3Ke reHepatopa Tokamu 06paTHOl NOCnefoBaTeNbHOCTH.

Tok cpabaTbiBaHUs pene KA3 BbIGMpalOT ¢ y4yeTOM BpemeHw /gon, fO-
nycTUMOro N reHepaTopa NO YC/OBMIO Harpesa TOKOM 06paTHOM nocne-
[0BaTeNbHOCTU W COMNacyloT MO YYBCTBUTE/IBHOCTM € 3aliMTaMM CMEXHbIX
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37eMeHTOB (TpaHchopmatopa CBS3W, OTXOASLWMX NIMHWIA); COOTBETCTBEHHO
TOK cpabaTbiBaHWA 3alUThl AO/KEH YAO0BNETBOPATL ABYM YC/OBUAM:

J7A”
/c3 <Y /T HOM, (11.20)
r A

/c,3 > ~oTvc/rpacuy; (11.21)
rae h pacy— pacuyeTHbll TOK 06paTHON NOCNef0BaTeNbHOCTM reHepaTopa B
ycnosuax K3, korga 3awuTbl CMeXHbIX 3/1eMEHTOB HAaXOAATCA Ha rpaHuue
cpabaTbiBaHMA; Aorc= 1.1.

Mpn 3TOM Heo6x0AMMO, 4TOGLI 06ecreumBancs KOIPULNEHT YyBCTBU-
TeNbHOCTM K4=hminllc,3= 1,2

Bbifepxka BpemeHu pene KT2 pomkHa yAoOBNeTBOPATb [BYM YCNOBM-
AM: AOMKHA 6biTb 6ONbLUE BbIJEPXEK BPEMEHM 3aLLUT CMEXHbIX 371eMeH-
TOB, T. €.

= ~npuctax "b (r.22)
rae /npucraB — MakcMmanbHas BblJepXKa BpeMeHW 3aWuT U JOMKHA OblTb
MeHbLUe JOMYCTUMOro NS reHepaTopa MO YCNOBWAM Harpesa BpPEMEHW BO3-
[JencTBMA TOKOB 06paTHOlM nocnefoBaTenbHOCTM npu AByxdpasHom K3 Ha
BbIBOJAX reHeparopa, T.e.

A Ao (1*-23)
Tok cpabaTbiBaHMA BTOPOr0 KOMMEKTa [O/KEH YAOBNETBOPSTh YCo-
BUAM:

/c,3 3 /H6 (11 -24)

/c3 N /rpon, (11.25)
rae /H6 —TOK HebanaHca (hunbTpa TOoka 06GpaTHOW MOCNeaoBaTeNlbHOCTH.

[MpakTNyeckn NPUHUMAKOT /c,3= (0,14-0,12)/ 1, Hom-
Bbigepxky BpemeHn pene KT3 npuvHMMatOT paBHO

t3=t2+At. (11.26)

11.13. BAWNTA OT 3AMbIKAHN HA 3EMJIIO

3awmMTa BbIMOMHAETCA C MCMOMb30BaHWEM TPaHC(HOPMATOPOB TOKa HYy-
neBoit nmocnegosaTenbHocTM KabenbHoro (TMH) wam  wmHHOro (THILL)
TNa, CepAeYHMKM KOTOPbIX OXBaTblBalOT BCe TpW chasbl; TpaHCHOPMATOPbI
YyCTaHaBMMBAKOT MeXAY TFEeHepaTOPOM W ero Bblikawouatenem. TOK HyneBol
nocnesoBaTeNlbHOCTY B MEPBUYHON 06MOTKe TpaHcchopmaTopa HyneBoii mocne-
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[0BaTe/IbHOCTM 3aBUCUT OT MECTOPACMONIOXKEHWUS TOUKM 3aMblKaHWS Ha 3eM-
mo. Mpu 3aMblKaHWAX BO BHELLHel ceTu (Hampumep, B Touke K1 Ha puc.
11.16) uyepes TpaHchOpmaTop HyNesoi MNocC/ne4oBaTeNbHOCT NPOXOAWUT eM-
KOCTHbIIi TOK reHepatopa /c,f, a Mpu 3amblKaHUM Ha BbIBOAAX reHepaTopa
(B Touke K2) — pa3sHOCTb MeXAy MONMHbIM EMKOCTHbIM TOKOM CeTU reHe-
PaTOPHOr0 HanpsmXeHUs U eMKOCTHbIM TOKOM reHepatopa, T.e.

Puc. 11.16. EMKOCTHble TOKW B TpaHC)OpMaTOpe HYyNMeBOW MNOC/ieaoBaTeNb-

HOCTU TreHepaTtopa NpW 3aMblKaHWAX Ha 3eMIK0 B Pa3/IMYHbIX TOYKax

A= —"C,r1,
npuyem
lcs ~ 3Yp“Cj
"
lc,r= 3" “Cp,

roe C2 —eMmkoCTb (pasbl CeTM reHepaTOPHOro HanpseHus; Cr— eMKOCTb
chasbl CTaTOPHOW 06MOTKM reHepartopa.

B cnyyasx pas3BeTBNeHHON kKabenbHoit cetm /C2»/c,r. [pu 3TOM
YCNOBUW y[aeTca BbINOAHUTL 3(PEKTUBHYIO 3aliuUTy reHepatopa OT 3ambl-
KaHWI Ha 3eMt0, KOTOpas He felCTBYeT MPW BHELUHUX 3aMblKaHUAX Ha 3eM-
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N0 W MpU BHEWHUX MexaydasHbix K3 n B TO Xe BpeMs AOCTaTOYHO 4YYyB-
CTBUTENbHA K 3aMblKaHWAM B reHepaTope.

Cxema 3aWwuTbl faHa Ha puc. 11.17. 3awimrta COCTOUT U3 ABYX KOMMJIEK-
ToB— 6onee yyBcTBMTENbHOrO (pene KA2, KL1, KT, KH2 n KL2) n meHee
yycTBMTeNnbHOro (pene KA1, KH1 un KL2). Bonee 4yBCTBMTENbHbIA KOMM-
NnekT paboTaeT MpW 3aMblKaHUAX B reHepaTope; Npu BHewHUX Xe K3 oH
BbIBOAMTCA W3 [AeWCTBMA 3aLMTON reHepaTopa OT CBEPXTOKOB.

Puc. 11.17. Cxema 3aWiuTbl reHepaTopa OT 3aMblkaHWIA Ha 3emnto!

' a —npuHUMNuanbHas; 6 — passepHyTas

Tok cpabaTbiBaHWS 3aliMTbl OTCTPaMBatOT OT TOKA, BO3HUMKAOLLEro Mpw
3aMblKAHUM Ha 3eM/I0 B OfHON TOUKE BHELUHel CeT U OfHOBPEMEHHOM 3a-
MbIKAHUW MeXAy APYTUMU (hazaMu B APYroii TOUKe BHELLHeW CeTu, T.e.

.,

c,3 (®otc ~C,r ~oTc H6.pacy,)’
Kz}

rae k0JC=2-i-(i nmpy Hanuuuwn y 3awWwuTbl BblAepPXKW BpemeHn t=05-4-1 c;
Km ¢= 1,3-7-1,5; /H6.pacu— TOK HebanaHCa TpaHcdopmaTopa Hynesoil nocne-
[0BaTeNbHOCTM (OTHECEHHbI K MEepBUYHOM Lienn) Mpu pacyeTHOM TOKe Ha-
FPy3KW reHepatopa, MMelLeM MecTO B MOMEHT OTK/IOYeHWUs [ABYX(asHoro
K3, Korga ¢ 3aumTbl cCHMMaeTcs 6n0kMpoBka Ha pene KLI1.

3a pacuyeTHbIii TOK reHepaTopa MOXeT 6biTb NMPUMHAT TOK BO3BpaTa 3a-
WNTbI OT cBepXTOKOB. Hanuune Ha pene KT Bbifepxkn BpemeHn /—05-H 1 ¢
NO3BOMIAET He OTCTpamBaTb 3allMTy OT OGPOCKOB EMKOCTHOIO TOKa reHepa-



512 PeneiiHas 3awmrta u aBtomatuka . 11

TOpa B MEPEXOfHOM MNpOLecce, BO3HMKAKOLLEM MNPU 3aMblKaHUM Ha 3eM/I0 BO
BHeLLUHeld ceTW. YyBCTBMTENbHOCTb 3aLiUTbl MPU 3TOM MOBbLILLIAETCS.

MeHee 4yBCTBWUTENbHbIA KOMM/EKT OTCTPauBalOT OT OGPOCKOB €MKOCT-
HOroO TOKa B MepexofHOM mfpoLecce Npu BHewHeM K3 ¢ y4yeToM Hambonb-
LLero pacyeTHoro Toka He6anaHca TpaHchopmaTopa HyneBoi nocnefoBa-
TeNbHOCTW. 3a pacyeTHbIl BWUA NOBPEXAEHMA MPUHUMAOT OfHOBPEMEHHOE
04HOha3HOe 3aMblKaHWe Ha 3eMI0 B OAHON TOUKE BHELUHENW CeTm W fABYX-
thasHoe K3 B Apyroii Touke BHewlHel ceTu. Mpu aTom

Nn:3 ~ ~otc ~C,T “b "oTCc /HOMax’

roe /H6 max — MakCUManbHbli TOK He6anaHca Npu BHeWHUX K3.

MpakTnyeckn npuHumarot/c,3~ 100 A.

CnepyeT OTMeTMTb, 4TO 3aliuMTa reHepaTopa OT 3amMblKaHWI Ha 3eMI0
nMeeT MepTBYHO 30HY B6NM3M HelTpann reHepatopa. OTO OOBACHAETCA TeMm,
YTO TOK 3aMblKaHWUf MNPOMOPLUOHATEH [0fie 3aMKHYBLUMWXCH BUTKOB.

B. SAlLNTBI TPAHCO®OPMATOPOB

14.14. NMOBPEXAEHNA N AHOPMA/IbHBIE PEXWMbI
TPAHC®OPMATOPOB

©

TpaHcchopMaTopax MOTYT WMMeTb MECTO C/efytollne MOBPeXAeHUs:
) mexgydhasHble K3 BHyTpu 6aka ¥ Ha BBOAAX;

) 3aMblKaHWA MeX[y BWTKaMu OfHON (hasbl (BUTKOBbIE 3aMblKaHUA);
) 3aMblKaHWA Ha 3eM/il0 0OMOTOK;

) MepekpbITMe WM30MALMM BBOAOB;

L) yTeuyka macna u3 baka.

ABapuiiHaa cTaTMCTMKa MOKa3blBaeT, 4YTO Hambonee 4acTo MPOMCXOAAT
BMTKOBbIE 3aMblKaHWUS W KOPOTKUE 3aMblKaHWUS Ha BBOAaX.

K aHopManbHbIM pexumaMm TpaHchOpMaToOpoB OTHOCAT:

a) paboTy co cBepxTOKamMu MNpW BHelHUX K3 U npu KayaHusax B 3Hep-
rocucteme;

6) neperpysku, Bbl3BaHHble CamM03amycKOM [ABUTaTeNieil, MOAKMHOUEHNEM
LOMONMHUTENbHOW Harpysku npu pa6oTe YCTPOWCTB aBTOMAaTUYECKOTO BK/HO-
YeHMs pe3epBa, a TakXe TOMNYKOOOpasHOW W yAapHON Harpyskamu;

B) MOBbILUEHWE HaNpsXXeHWs Ha BbiBOAax. OHO BbI3bIBaeT BO3pacTa-
HMe HamarHW4MBaKOLLEro M BMXPEBbIX TOKOB TpaHcdopmatopa. CneAcTBueM
TAaKOr0 pexuma MOXeT 6biTb MeperpeB 06GMOTOK U CepfevyHUKa TpaHcgop-
MaTopa, MOBPEeXAeHWEe M30NAUMU U «MoXap >Xene3a» cepfedyHuKa. HoBbl-

- W O
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KreHU HanpskeHUs MOTYT BO3HMKHYTb, HarpuMep, B CETAX HanpsxeHUeMm
330—750 kB npv OAHOCTOPOHHEM OTKMHOYEHUWN [L/IVHHBIX 3N1EKTPUYECKUX Nn?
nuiA, 06NnafatoLLLNX 3HAYMTENbHON pacnpefeneHHOW eMKOCTbIO.

11.15. ANDPPEPEHUNANBHASA 3ALWNTA

OndybepeHumnanbHas 3aWuTa ABAAETCA OCHOBHOW  3aLMTON  MOLLHbIX
CUNOBLIX TpaHCHOPMaTOpPOB OT BHYTPEHHMX MNOBpexaeHMin. OHa paboTaer
npy KOPOTKUX 3aMblKAHWUAX BHYTPW 30Hbl, OFPaHUYEHHON [ABYMA KOMMEK-
TaMy TpaHcHOpMaTtopoB TOKa, W He MMeeT Bbi4epXKW BpemeHW. 3aliuTa
MOXeT BbIMOMAHATLCA KakK AnddepeHLManbHas oTcevka wan Kak audpdpepeH-
unanbHas 3awmrta. B nocnegHem cnydvae OHa BbINOMHAETCA C GbICTPOHACHI-
warowmnmncs TpaHcdopmatopamu TLA wnam ¢ pene ¢ TOpMOXeHMeM. 3awyun-
Ta ¢ 6bicTpOHAcbILLaOWMMUKCA TpaHchopmaTopamMy nonyyuna HavmbonbLiee
pacnpocTpaHeHue MK3-3a MOBbILLEHHOW YYBCTBUTENIbLHOCTM MNPW AOCTaTOYHOM
6bICTPOAENCTBIN.

Cxema audbdepeHLManbHOM 3aWwmMThl AByX0OOMOTOUYHOro TpaHcdopmaropa
¢ coeguHeHnem o6moTok YO/A nokasaHa Ha pwuc. 11.18.

Puc. 11.18. Cxema pudhdepeHUManbHOM 3aliMThl ABYXO6GMOTOYHOrO TpaHC-
chopmaTopa:
a — NpuHUMNuanbHas; 6 —pasBepHyTas
33—516
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OndpepeHuymanbHas  3awmTa  TpaHCOpMaTopoB WMMEeT HeKoTopble
0COOEHHOCTM MO CpaBHEHWIO C AuchbdrepeHUnanbHol 3aWMTOn  reHepaToposB.
370 06ycn0BNEHO PAAOM MPUYMH: TOKM Ha CTOPOHAX BbICLLEr0 W HU3LIEro
HanpsxeHWi TpaHcdopmaTopa pasMyHbl Kak Mo 3HayeHuto, Tak 1 no case
(caBur pasbl 3aBMCUT OT CXeMbl W FPYyMnbl COEAMHEHMS TpaHcdopmaTopa);
BK/IFOYEHMA W OTKMHOYEHUS TpaHcdopmaTopa COMPOBOXAAKTCA 3HAUUTENb-
HbIMW 6pOCKAMX HaMarHWYMBAKOLLEro TOoKa C GONbLUOW, MeANleHHO 3aTyxalo-
e anepuvoAMYeckol COCTaBAAKOLLEA; KOMMNEKTbl TpaHCOpMaTopoB TOKa
HaXOAATCA Ha 3HAuYMTENbHOM YyAaneHUW Apyr OoT Apyra W OT MecTa ycTa-
HOBKM 3alUTbl (OT MaHenn PeneiiHoW 3aLiuTbl).

OG6blY4HO O6MOTKM CWUNOBbIX TPaHC(HOPMATOPOB COEAUHEHbI MO CXeme
Yo/[. Mpu 3TOM KOMMeHcauus YrnoBoro cAsura Mexgjy BTOPUYHbIMK TO-
KamMy TpaHCcOpMaTOpPOB TOKA, YCTAaHOB/IEHHbIX C Pa3HbIX CTOPOH CW/I0BOrO
TpaHcdhopmaTopa, 06GecrneynBaeTcs COOTBETCTBYIOLLE CXeMOW COeAMHEHUs
BTOPMYHbLIX OOMOTOK TpaHchOpMaToOpoB TOKa: y TpaHCopMaTopoB TOKa,
PacrnofoXeHHbIX CO CTOPOHbI 3BE€3[bl CWIOBOTO TpaHcdopmatopa, BTOPUY-
Nble 06MOTKW COEAUHAIOT B TPEYrofibHWK, & CO CTOPOHbI TPEYyronbHWKa — B
3ge3qy. CoefuHeHWe B TPEeYrofibHUK OLHOr0 KOMMJeKTa TpaHcdopmaTopoB
Toka (puc. 11.18) no3Bonfer, Kpome TOro, UCKIKOUUTL BO3MOXHOCTb J10X-
HOW paboTbl 3alUTbl MPU BHELUHWX KOPOTKUX 3aMblKaHMAX Ha 3em/t0. Cxe-
Ma COefWMHeHW TpaHCOPMATOPOB TOKa B TPEYroNbHUK [O/MKHA B TOYHO-
CTW COOTBETCTBOBATb CXEME COefMHEHMUS B TPeYrofibHUK OOMOTOK HU3LLEro
HanpsXXeHWs CWUI0BOro TpaHcdopmaTopa, a CXema COefUHeHMs TpaHcdop-
MaToOpOB TOKa B 3Be3fy AO/KHAa ObiTb TaKOW Xe, KaK U OO6MOTKMU BbICLUIErO
HanpsXeHWs TpaHcopmaTopa.

MHorme cunosble TpaHchOpPMaTopbl WMET OTBETBAEHWUA ANA Perynum-
poBaHMs KoapdmumMeHTa TpaHchopMauuyM B OTKNHOUYEHHOM  MOJIOXEHUU B
npegenax 5 wam £2X2,5 %. Y TpaHc)OpMaTOpPOB CO CheunanbHbIMUA yCT-
poicteamn PIMH (perynupoBaHue nOA Harpy3koi) BO3MOXHO W3MEHeHue
KoappuumeHTa TpaHcchopmaumm B npegenax [/im= +£9-5-16 %. EcTecTBeHHO,
YTO 3aliMTa He AO/KHA paboTaTb He TOMbKO MPW BHeWHWX K3, HO u npu
WPEryNMpoBaHnM KosduumeHTa TpaHcopmaLumn cCUNoBOro TpaHchopmatopa,
NMO3TOMY TOK cpabaTbiBaHWA 3alWMTbl OTCTPaMBalOT OT MakCMManbHOro0 TOKa
He6anaHca npu BHeWHMX K3 € y4eTOM BO3MOXHOCTM W3MEHEHWUs KO3hdu-
LUMeHTa TpaHcopMaLMm CMI0BOro TpaHcdopmaTopa:

1¢,3> ”H6,T,T ~b "H6.per =
= "QOH8”Kmax + ~nT max ~ SNoAH ATT) ~KTax’ 0 NAT)

TAe | rox “— MakcumanbHoe 3HaueHWe TOka BHELHero TpexcdasHoro Ka3;
/He,T\.T—TOK HebanaHca OT TpaHC)OpMaTOpoOB TOKa;, /HO,per —TOK Heba-
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NaHca U3-3a PerynmpoBaHus Ko3dhhuLMeHTa TpaHCGOpMaL MU CUI0BOrO TPaHCe-
thopmatopa; M0gH— KO3ChPMLMEHT OAHOTMMHOCTM TpaHcPOpPMaTOpPOB TOKa.'-

B uLensx ymeHblleHWs Toka HebanaHca /Hb,T.T KoadpdpmumeHTbl TpaHcdop-
Mauumn TpaHCcOpMaTOpPOB TOKA «i.i W ki,n NOAOMPAIOT Tak, YTO6LI 0becne-
UMTb MO BO3MOXHOCTW paBHble TOKU B Mieyax AUdihepeHLMansHOM 3alnThl:

~.homV/"3
5 =

TpaHcopmaTopbl TOKa BbIGUPAOT MO KPWUBbIM MpefenbHONM KpaTHOCTH;
MpyM 3TOM Y4YWUTBIBAKOT, YTO TPaHCOPMATOPbl TOKA, Y KOTOPbIX BTOPWUYHbIE
0OMOTKM COeAMHEHbl B TPEYrofbHWK, OKa3biBaloTCA 60nee HarpyXeHHbIMU.

. Hanbonbwyro TpygHOCTb MpeAcTaBNfeT OTCTpoika AunchdepeHLnanbHo
3aliMTbl OT 6GPOCKOB HaMarHW4MBalOLLErO TOKAa WM OT TOKOB HebanaHca npw
BHeWHUX K3. 3awmTta BOCNpMHMMaeT 6POCKM HaMarHW4YMBAKOLLEro TOKa, BO3-
HMKaloLLMe NpWU BKAKOYEHUWU TpaHchopmaTopa Ha XOMOCTOM XO04 W Mpu OT-
KNOYeHUM TpaHchopmaTopa OT CeTW, Kak KOpPOTKMe 3aMblKaHWA B TpaHC-
¢opmatope, T. €. B 3aljWLLaeMO 30He. OTO OOBLACHAETCA TeM, UYTO BCMef-
CTBME  HaCbILLeHWs MarHMTONpoBOja TpaHchopmaTopa B  NEPeXOAHOM
npouecce 6poCKM HamarHu4ymparollero Toka gocturaoT (5—10) /T,MoM B TO
BPEMA KaK B HOPManbHOM Harpy3o4HOM pexume TOK HaMarHW4MBaHUA He
npesbiwaer 3—6 % /-,Hov HamarHmumsarowwmnini TOK BO Bpema 6Gpocka copaep-
XWUT 3HAYUTENbHYIO anepuofUYecKyl0 COCTaBAAKOLLYI0, KOTOpas MeANeHHO
3aTtyxaeT (2—3 c). [Ans OTCTPOWKM OT GPOCKOB HaMarHWM4YMBAKOLLEr0 TOKa
paHblle cpegu ApYrux cnocoboB MPUMEHANOCL 3aMeAneHWe 3aliUTbl Ha Bpe-
M8 npumepHO 1 ¢, O4HAaKo Mpu 3TOM TepsnoCb OCHOBHOE LOCTOMHCTBO 3a-
WKUTbl — 6bicTpoaelicTBue. MO3TOMY B HacTosfillee BPEMS [aHHbIA cnocob
OTCTPOWKM He peKoMeHAyeTcs.

3alimTa MOXEeT BbINOMAHATLCA C OTCTPOMKOW OT HayanbHOro 3HayeHus
(6pocka) HamarHM4MBatOWeEro Toka (gudpdpepeHumanbHas oTcedka). [pu
Ha/lMuMn B CXEMEe BbIXOAHOrO MPOMEXYTOYHOIO pene C COBCTBEHHbLIM Bpe-
meHem gelicteua 0,03—0,06 ¢ ans TakoWh 3aWuThl MApuHMMalOT /c3=
= (3-5) /THOM YyBCTBUTENbHOCTb 3aliMTbl BbIOMpalOT He MeHee 1,5 npm
KOPOTKOM 3aMblkaHWM Ha BbIBOAAaX TpaHcdopmaropa (C MPWEMHOR CTOPO-
Hbl). PaccMoTpeHHas 3aliMTa 06nafaeT HefOCTaTOYHON YyBCTBUTENbHOCTbLIO,
NO3TOMY Hallfa MPUMEHeHMe TONbKO Ha TpaHCdopmaTopax Manoil MOLLHO-
cTH.

Kak yka3blBanocCb Bbille, OCHOBHON CxeMOi AndpdhepeHLMaibHON 3alu-
Tbl fBngetTca cxema ¢ TLA (puc. 11.18). Hannume TLA nossonseT addhek-

33*



516 PeneliHasa 3awuTta n aBTomMatuka [n. U

TUBHO OTCTPOUTbCA OT GPOCKOB HamMarHWYMBAOLLEro TOKa W TOKOB HeGanaH-
ca npu BHelwHUX K3; TLA npakTWYeckn 3anupaeT 3aliMTy NpW Hanuuum ane-
pvoanyeckolt cocTaBnstoLWeil B TOKe AndpcdhepeHuManbHOM Lenn. OTCTpoiika
3alMTbl NO3TOMY MOXET NMPOU3BOAMTLCA OT YCTAHOBMBLUETOCS 3HAYeHWUs Mne-
proamyeckoli cocTaBnsatoLLeid Toka HebanaHca, UYTO 3HAUYMTENIbHO MOBbILIAET
UYBCTBUTENbHOCTb 3aLLUTI.

Mpn cywecTBEHHOW pasHWLEe MexAy TOKaMu B nneyax 3aliuTbl Mc-
Nonb3ylTCA BbipaBHUBaKOLWLME (ypaBHUTeNbHble) 06MOTKM TLA. Ywncno BuT-
KOB ypaBHUTENbHbIX U AndbepeHUManbHOM 06MOTOK noabupaeTcs Tak, 4To-
6bl Mpu ckBO3HbIX K3 06Gecrneumsanoch ycnoBue:

h aypi-/uKypn+ (/i - /n)wg = 0- (r-28)

MpakTnyeckn Tok cpabaTbiBaHUA AndpchepeHumanbHom 3awutel (¢ TLA)
ABYXOOMOTOYHbIX TpaHccopmatopoB 6e3 PMH Bbi6MpatoT paBHbIM /c,3=
“ (12 /THM

Tok K3, KaKk ¥ TOK HamarHM4uMBaHWA, COAEPXMWT anepuoimnyeckyto co-
CTaBNAKOLLYI, HO OHa 3aTyXaeT 3HauYUTeNbHO GbiCTpee, YeM anepuogmyeckas
cocTaBnAlOLLan HamarHu4mBarowiero Toka. Hanmuve TLA 3amepnset paboty
andbdpepeHumancHoii 3awutel npu K3 B TpaHcdopmatope nuwb Ha 0,01—
0,03 c. Ha TpaHcdopmaTtopax ¢ PIMH n Ha MHOroO6MOTOYHbLIX TpaHcqopMa-
Topax TOK cpabaTbiBaHMA 3awmTbl ¢ TLA Hepegko NPUXOAMTCA YBeNU4YU-
BaTb A0 (3—4) /THOM, 4TO CYLLECTBEHHO CHMWXaeT YyBCTBUTE/IbHOCTb
3alnThl

Bbicokass 4yBCTBMTENbHOCTb AndhepeHUManbHOW 3auTbl MOXET 6bITb
COXpaHeHa Mpu UCNO/Mb30BaHWUM creunansHoro pene tuna A3T ¢ MarHUTHbIM
TOPMOXEHUWEM, CXeMa BK/IKOYEHUA KOTOPOro mnokaszaHa Ha puc. 11.19, a. Ta-

Puc. 11.19. Pene ¢ MarHUTHbIM TOPMOXeHWeM:
a —cCxeMa MOAKNOYeHUs pene; 6 —cpaBHUTeNbHaA XapakTepucTvka pene O3T
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Koe pene 0COGEHHO Lienecoo6pasHO, ecnM BO3HMKAIOT TPYAHOCTU OTCTPOMKK
3alNTbl OT TOKOB HebanaHca, Bbi3BaHHbIX BHEWHUMKU K3. [py BHeWHMX K3
TOKM TOPMO3HbIX O6MOTOK CO37at0T MarHUTHbI/ MOTOK, HACbILAOLLMIA Kpaii-
HMe CTEPXHW MarHMTOMPOBOAA, WM TOK cpabaTbiBaHWA pene Bo3pacTaeT MNpo-
NMOPUMOHaNbHO TOKY /T B TOPMO3HbIX 06MOTKax (puc. 11.19,6). MNpu K3 B
30He 3alunTbl (BHyTpeHHMe K3) Tok B paboueii 06MOTKe /P(BT,K) 3HauuTe-
NeH U 3aluTa, HeCMOTPS Ha HeKOTopoe MOAMarHW4MBaHUe, cpabaTbiBaer.
MMpOMBbILLNEHHOCTL OCBOMAA BbIMYcK pene Tuna A3T ¢ BblpaBHUBaOL UMUK
M C OQHOW WA Tpems TOPMO3HbIMM O06MOTKaMu. Pene ¢ HeCKONbKMMMK TOp-
MO3HbIMW OGMOTKaMU WCMOMb3YeTCa A8 BbIMOMHEHMS 3aliUTbl MHOTO06MO-
TOYHbIX TPaHCCHOPMATOPOB.

B oTanume oT audpdhepeHumanbHOl 3awWuThl reHepaTopa AvdigepeHumn-
anbHas 3aliMTa TpaHcgopmatopa [AeliCTBYeT NpWM BUTKOBbIX 3aMblKaHWUAX B

TpaHC(bopmaTope, OlHaKO €ee 4YyBCTBUTE/IbHOCTb 3aBUCUT OT A0/ 3aMKHYB-
LLINXCA BUTKOB.

11.16. TOKOBAA OTCEYKA

Ha TpaHcdopmaTopax He60NbLWOW MOLHOCTU 3(PIEKTUBHO WCMOMb3Y-
eTcqa Hambonee npoctaq GbICTPOAEICTBYIOLLAS 3aliMTa — TOKOBas OTCeuKa.
3awmnTa NoAkIKYaeTcs K TpaHcopmaTopaM TOKa, YCTaHOBMIEHHbIM C K-
Taloulell CTOPOHbLI CMNIOBOrO TpaHcgopmatopa. Tok cpabaTbiBaHWA Takoi 3a-
L MThI

/c,3 = "oTC /K,BLUTax> (11.29)

roe Aotc=1,25 ana pene tuna PT-40 w £0tc=15 ana pene tuna PT-80;
1K,BWTaxX — MaKCMManbHOe [AeicTBYyHOLLee 3HauyeHWe MepuoOAMYEcKOil cocTaBs-
naoweil Toka TpexdasHoro K3 3a TpaHcdopmaTopom.

TokoBass OTCeYKa [O/KHA ObiTb TakXe OTCTpPOeHa OT 6pocka Hamar-
HMUMBAIOLLIETO TOKAa TpaHcdopmaTopa. 30HA [eACTBUA OTCEUKM OXBaTbiBaeT
OLUVMHOBKY, BBOAbl TpaHcOpMaTopa M uyacTb OGMOTKM C NuTatowel CcTo-
POHBbI.

11.17. SBAWNTA OT CBEPXTOKOB BHELUIHMX K3

3aWMTa npegHasHayeHa ANA OTKAOUYEHWUS TPaHCOPMATOPOB MPU BHELL-
HUX K3, ecnim 0TKa3blBalOT 3alMTbl NPUCOEAMHEHWIA UMM COOPHBIX LUMH. OHa
TakXe ABMSETCA Pe3epBHON 3alMTOW OT BHYTPEHHUX MOBPEXAEHWI B TpaHC-
bopmaTopax. 3awmMTa BK/OYAETCs HAa TPaHCOPMAToOpbl TOKA CO CTOPOHbI
WCTOUHMKA MNUTaHWA. B cnayyae MHOrOO6MOTOUHBIX TPaHCOPMAToOpOB 3a-
WKTa 0BbIYHO YCTAHABAMBAETCA B LMK KaXAOW OGMOTKM C [AeiicTBMEM Ha
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COOTBETCTBYHOLMNIA BbIKNOYaTeNb. [pW 3TOM 3awWyMTa BLIMOMHAETCA Hampas-
NEHHOM, ecin UMeeTCs HeCKO/IbKO MCTOUYHMKOB MUTAHWUA.

3almTta AByX06MOTOYHOIO MOHMXKAKOLLEro TpaHchopmaTtopa, Cxema Ko-
TOopoii nokasaHa Ha puc. 11.20, coctout un3 pene KA2, KA3, KA4, KT2,
KH n KL. Tok cpabaTbiBaHUS pene ToKa OMpefenstoT MO BblPaXEHUIO

noTe | Pa6max

lep — (11.30)
rae /paete* — MakCMMaNbHbIA TOK [/IMTENIbHOTO Harpy304HOro pexuma c
yyeToMm paboTbl ycTpoiicts ABP; i» — Ko3thdMLMEHT 3anycka 31eKTPOABU-
ratenei; Nore= 1,1-5-1,5.

J M U H
Puc. 11.20. Cxema 3aliuTbl ABYXO6MO- KLo 'OTKMtoYeHVe 0.1
TOYHOr0 MOHMXaKLWEro TpaHcopmaTo- : )
pa OT CBEPXTOKOB W OT Meperpysku: OTSK;WH"'GO'Z

a — npuHUuMnuansbHas; 6 — passepHyTas

KoathhULMeHT UYyBCTBMTENLHOCTW 3alliMTbl MPU MUHUMANLHOM Toke K3
B KOHLLE CMEXHOro MPUCOeAMHEHUS [OMKeH 6biTb He MeHee 1,3. Bbigepxka
BPEMEHW 3alyWTbl BbIGUPAETCS Ha CTyneHb 60Mblle BbiAEPXeK BPEMEHW Mak-
CUMa/IbHbIX TOKOBbIX 3aLUT CMEXHbIX NMPUCOEANHEHNUIA, T. €.

t= tnpucra (11.31)

Ha nosbiwakowmx TpaHcdopmaTtopax 3aliuTa, BbIMOSHEHHas MO CXeme
puc* 11.20, MOXeT OKa3aTbCA HeAOCTAaTOMHO YYBCTBMTENbHOW. B Takom cny-
4yae WCMONb3YKT KOMOMHWPOBAHHYHO 3alMTy, CXeMa KOTOpOlM MokKasaHa Ha
puc, 11.21.
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Mpu TpexdasHbix K3 paboTaeT MakcMManbHas TOKOBas 3alimMTta ¢ ny-
CKOM MWHMManbHOro Hanpsxenus (pene. KA2, KV, KT2, KH, KL,- Mpu
HecMMeTpUYHbIX K3 paboTaeT 3awmuta o6paTHOM NOCnefoBaTe/lbHOCTH, Ny-
CKOBbIM OpraHOM KOTOPOW fBnfeTCH pene Toka KA3, BK/IIOYEHHOE Ha huibTp
TOKOB 06paTHOI mocnegoBatenbHocTn (ZA2).

Tok cpabartbiBaHUA 3alUTbl OT TpexdasHolx K3  onpegensioT no
{11.30), a BbigepxKy BpemeHn — no (11.31). HanpsxeHue cpabaTbiBaHUA
pene KV onpefensioT Mo BbIpaXeHUIo

- "Pabmin
uc,V— B k Kr *
B OTC

Tok cpabaTbiBaHus pene KA3 (punbTpoBOW 3aliMTbl OTCTpamBaroT OT
MaKCUMManbHOro 3HayeHus Toka HebanaHca uabTpa WM COrNacoBbIBAOT MO

Puc. 11.21. Cxema 3awuTbl [BYXOOMOTOYHOrO MOBbILIAKOLWETO TpaHcdop-
maropa:

«a— NpUHUMNUanbHas, 6 —pasBepHyTas
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YyBCTBUTENBHOCTM C MaKCMMa/ibHbIMM TOKOBBIMW 3aliMTaMu CMEXHbIX Npu-
COefHeHNA. TpakTUyeckn TOK cpabaTbiBaHWUA (DUABTPOBOW 3aLUTbl BbIOM-
patoT paBHbIM /c,3= (0,5-5-0,7) /T,HOm

11.18. SAWWNTA OT MNEPEIPY3KU

CornacHo MOCT 14209—69 cunoBble TpaHcopmaTopbl He3aBMCUMMO OT
CUCTEMbl OXNaXAEHWs [ONYCKalOT aBapuiiHyr0 Meperpysky, Kotopas 3aBu-
CWUT OT ANUTENbHOCTU MeperpysKu:

Harpyska, fONM HOMUHaNbHON 1,3 145 16 1,75 2 3
[Jonyctumas  ANUTENbHOCTb ne-
perpysku, MuH 120 80 45 20 10 15

Kak BUfAHO, Ans TpaHcOpMaTopoB AOMYCTUMbI L/WTeNlbHble Meperpys-
K. MOo3TOMy 3alWmMTa OT NEeperpysku BbINOMHAETCA C LEACTBMEM Ha CUrHan.
Takas 3awimMta cocTouT m3 pene Toka KAL u pene BpemeHn KJ1 (cm. pwuc.
11.20 n 11.21). Tok cpabaTbiBaHWS pene ONpPeaenstoT Mo BbiPaXEHUIO

, 60Te /T.HOM s 50,
/c-P— kBK, ' (11.32)
roe &rtc= 1,05.
BblgepxKy BpemMeHW 3awuTbl BbIGMPAOT Ha CTyneHb 60MblUe BblAepX-
KN BPEMEHW 3aLUTbl OT CBEPXTOKOB:

t= ™Mm13 At (11.33)
rae tMr3 — BblepXKa BPEMEHU MaKCUManbHOW TOKOBOM 3aluThbl.

11.19. 3AWMNTA OT 3AMbIKAHUM HA 3EMIO

Takas 3aliMTa BKMKOYaeTcs Ha (UbTP TOKOB HYy/eBOl nocnefoBaTeNb-
HocTu. Ha puc. 11.22 nokasaHa cxema 3aluTbl, MPUYeM [aHbl ABa BapuaH-
Ta MOAKNHOYEHMS TOKOBOrO pene. BKtouyeHWe 3aliMTbl Ha TpaHcdopmatop
TOKa B HEATpanu CWUMOBOro TpaHcopmaTopa MPeAnoYTUTENbHEE, TaK Kak
npy 3TOM B 30HY 3alUTbl BXOAWUT OOMOTKA BbICLUEr0 HAaMPsXEHWs CWUI0BOrO
TpaHcpopmaTopa. [103TOMy AaHHas CXeMa peKoMeHAyeTcs B KayeCTBe OC-
HOBHOWA.

Tok cpabaTbiBaHWSA 3alMTbl COrnacyeTcs MO YyBCTBUTENbHOCTU C 3all K-
Tamu, HyNeBOW MocnefoBaTeNlbHOCTU OTXOAAWMX NINMHWIA:

/c,3 —™otc 3/0,pacu> (11.34)

rae /opacd —TOK HyNeBOW MOCNefOBATeNbHOCTM B TpaHcqopmaTope npu
BHellHeM K3 Ha 3emi0, Korja 3auiuTa CMeXHOTo 3/7eMeHTa, C KOTOpoit
NPOUCXOANT COrNacoBaHue, HaXOAMTCS Ha rpaHuLe cpabaTbiBaHUS.
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Puc. 11.22. Cxema 3awiuTbl TpaHcpopmaTopa OT 3aMblKaHWA Ha 3emAto:
a —npuHUMNuanbHas; 6 — passepHyTas

KoathcpuumeHT yyBCcTBUTENLHOCTM 3aWMThl NpU K3 B KOHLE OTXOAALLUX
NVHWIA [OMKeH BbiTb He MeHee 1,2,

BblgepXKa BpeMeHW 3alMTbl COracyeTcs C BblAEPXKaMU BpeMeHU aHa-
NOTUYHbIX 3aLLWT NPUCOEAUHEHWIA JAHHOW ceTu

A= npuctax 4*“
Ha MHOroo6MOTOYHbIX TpaHC(*)OpMaTOan C HECKONIbKUMW 3a3EMJTIEHHDbI-

MU HeﬁTpa]’lHMVI yCTaHaB/INBaeTCA HanpaeneHHaa 3alluTa HyﬂeBOI7I nocne-
[0BaTe/IbHOCTU.

11.20. 3AWUTA OT 3AMbIKAHUA HA KOXYX (BAKOBASA 3ALLUTA|

Onqa TpaHcdopmaTopoB, paboTaloLMX C 3a3eMNEHHOW HeiTpanbio, Mo-
XeT OblTb BbINOSHEHA NpocTas, GbICTPOAEWCTBYIOLLLAA W YYBCTBUTENbHAA 3a-
WMTa OT 3aMblKaHU! Ha KOXYX. Cxema BKNOUEHMA TakoM 3aliuTbl U TOKO1
pacnpefeneHve Npyu KOPOTKUX 3aMblKaHMAX Ha 3eM/0 U KOXYX MOKasaHbl Ha
puc. 11.23.

TpaHcthopmaTop YCTaHaBNMBAKOT Ha Xene30b6eTOHHOM (yHAaMeHTe M
ero KOXYyX C MOMOLLbIO 3a3eMNIAIOLLEN LUMHBI COEAMHAOT C KOHTYPOM 3a3eM-
NeHns nofcTaHuun. CONpoTMBIEHME 3a3eMNAlOLLel LWWHb cocTaBnfer 0,5—
1 Om, a conpoTuBneHWe W30MALMM KOXYXa OTHOCUTENbHO 3emin — 15—

20 Om. 3awmTa He fo/MkHa paboTaTb NpU BHeWHUX K3 Ha 3emat0, No3Tomy
Heo6X04MMO, YTOObl BbINOAHANOCL YCNOBME:

A3 N

rae /)T — TOK HyneBoil MocnefoBaTeNbHOCTM B 3a3eMAsIOLLEel WWHE Npu
BHELLHEM KOPOTKOM 3aMblKaHUW. r
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Puc; 11,23. Cxema BKIHOYEHMA 3aWWTbl OT 3aMblKaHWIA Ha KOXYX W pac-
, npejeneHve TOKOB MNPU KOPOTKWUX 3aMblKaHUAX:

a -y-mpy BHeWHMX K3 Ha 3emM/t0; 6 —npu NepekpbITUM BBOZOB TpaHchopmatopa

O6bl4HO TOK 3 /0T HesHaumTeneH. Mpu nepekpbITUX BBOAOB 4Yepe3 pene
3alMTbl NPOXOAUT MPaKTUYECKW MOMHbIA TOK 3aMblKaHWA Ha 3eMA0 W. 3a-
Wwunta cpabartbiBaeT.

11.21. TASOBAA 3AWNTA

Bcé TpaHcdopmaTopbl MowHocTblo 1000 KB-A u 6onee MMelOT raso-
BYIO 3alUMTy, KOTOpas pearupyeT Ha Bce BMAbl BHYTPEHHUX MOBPEXAEHUI
TpaHchopmaTopa, a TakXe AecTByeT NpuU yTeuke macna u3 6aka.

Mpn KOPOTKMX 3aMbiKaHWUAX B TpaHcopmaTope pasfaraloTcs Macno u
M30N9LMOHHbIE MaTepuanbl. O6pasyroLLmecs rasbl YyCTPeMAAOTCA B pacluu-
putenb. VIHTEHCUBHOE ra3oBblfeNleHNe BbI3blBAET [BMXKEHME Macna u npu-

BOAWUT B [elicTBMe ras3oBoe pe-

Ne, KOTOpPOe ycTaHaBNMBaeTCA Ha

Ha curnan naTpybke, coeguHslOWeM  6ak

TpaHcthopmaTopa € paclimpuTe-
nem (bak  TpaHcdopmaTopa
yCTaHaB/AMBaeTCa C  YKNOHOM
15—2 % B CTOPOHY paclumpute-
n4). TpOoMbILNEHHOCTb BbINyCKa-
'w £ | — eT rasosble pene tuna Mr-22 c
OBYMS MONMaBkaMn W PTYTHbIMU
KOHTaKTamu, a TakKXe pefe Tu-

9ar/ YATL
02 L-I

Puc., 11.24. MpuHUUNManbHas cxema ra-
30BOIi 3alMTbI TpaHChopmaTopa na PrY-65.
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Mpn ucnonb3oBaHuu pene Tuna MNr-22 cnaboe raszoobpasoBaHWe CONPO-
BOXAAaeTCA HaKOoMIeHWeM rasoB MNof KpblLKOW pene 1 BbITECHEHWEM OTTyAa
Macna. B pesynbTaTe 3TOro BepxXHUI MNONMNAaBOK 3aMblKaeT CBOW KOHTaKT
KSG.1 B uenu curHana (puc, 11.24). Mpn KOPOTKOM 3aMblKaHWW BO3HMKaeT
TypOyneHTHOe ABUXEHWe Macna, MO3TOMYy 3aMblKalTCA KOHTaKTbl HUMXHEro
nonnaska KSQ.2 u 3awmta 6e3 BbIAEPXKM BpEMeHU OTKI4YaeT BblKIkOYa-
Tenn. 3amblkaHuUe HWKHEro nonjaBka MOXeT ObiTb KpaTKOBPEMEHHbIM, Mno-
3TOMy B CXeme 3aliuTbl MnpegycMaTpuMBaeTcs caMoyAepXXvMBaHue MNpPOoMeXy-
TOYHOrO pefnie A0 OTKAYeHMs 06ouxX BbikIuaTeneli TpaHchopmaTopa. Ans
npegoTBpaLlleHns fOXHOro cpabaTbiBaHWA ra3o0BOW 3aliuTbl MPU BHELIHUX
K3, korga Takxe BO3HWKaeT [ABWKeHMe Macna B 6Oake TpaHcdhopmaTopa,
4yBCTBUTENILHOCTb HWXHero [lonnaeka pene perynupyloT Tak, 4To6bl OH pea-
rMposan AnWb NpU CKOPOCTU ABWXKeHUss macna 50— 160 cm/c u Bbille.

Mocne pemoHTa TpaHctopmaropa, AOMMBKM Macna, a Takxe npu BKLO-
YeHMM B paboTy HOBOro TpaHcopmaTopa rasoBas 3awuTa AO0/HKHA BKIKO-
yatbca (Ha QABa-TpW AHA) C AeicTBMEM TONbKO Ha CUrHan. B npoTuBHOM
cnyyae BblOeNAWMACA M3 Macna BO34YX MOXET Bbl3BaTb JIOXKHOE OTK/IO-
YyeHne TpaHcopmartopa.

fasoBoe pene Tuna lMM-22 HedoOCTaTO4YHO BMOGPOCTOMKO. Jlyuyline xapak-
TEepUCTUKN nmeeT pene Tuna Pry-65, paspabotaHHoe B YensbaHepro. 31O
pene vMeeT ABe aNlOMUHWEBbIE YallKW, LUAPHUPHO COeAMHEHHble CO CTOWKOMN.
B HOpManbHOM pexume Yallky MnnasalT B Mac/le U yAepXWBakwTca B Bepx-
HEM MONOXEHUN MpyXuHamu. HUXHAA yallka MMeeT fonaTky, CO3AaroLlyto
[OMONHUTENbHbIE MOMEHT Npu ABWMXEHWW macna. B ocTanbHom paboTa uva-
wek pene TMna PFY-65 nopmobHa paboTe nonaaBKkoB pene Tuna Mr-22.

[a30Ban 3awWmnta — eOuHCTBEHHasd 3awmTa, pearvpylouias Ha yTeuky
Macna u3 6aka TpaHcopmaTtopa. lNpu yTeuke macna OMnyckaeTca HWDKHWUIA
nonnasok (4awka), 3awmTta cpabaTbiBaeT M OTKAOYaeT TpaHchopmaTop OT
ceTn. Fa3oBas 3awWmTa He AelicTBYeT MpU KOPOTKUX 3aMblKaHMAX Ha BbIBO-
fax TpaHcdopmaTopa, MO3TOMy OHa AononHseTcs AnddepeHumnansHol 3a-
WNTOAN WNAN TOKOBOW OTCeYKOW (Ha TpaHcopmaTtopax He60MbLIOW MOLLHO-
cTn) .

r. 3AWNTLI 3NIEKTPOABUTATENEN

11.22. MOBPEXAEHNA N AHOPMAJIbHbBIE PEXWVMbI
9NIEKTPOABUTATENEN. NMYCK N CAMO3ANYCK ABUTATENEN

B aCMHXPOHHbIX aneKTpoaBuraTensax MOrytT MMeTb MeCTO creaytouime no-

BpeXaeHus: MexaygasHbole K3; 3amblkaHWs CTATOPHOM OBMOTKM Ha 3eM/o;
BHTKOBblE 3aMblKaHMS.
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: AHOPManbHbIMU peXumamMy 3MeKTpoABUraTeneli SBNAIOTCA MeperpysKku,
Bbi3blBaeMble TEXHO/OrMeli MPOu3BOACTBa, MOBPEXAEeHVWEeM MPYBOAUMOIO Me-
XaHu3ma, 06pbiBOM (hasbl ABurarens, AAUTesbHbIM MYCKOM WM camo3sanyc-—
KOM' ABUraTens npu MOHMKEHHOM Hanps>xeHun B ceTW. CneunduyHbIM ANS
CUMHXPOHHbIX 3/leKTpoABuraTenieii ABNAETCA AaCUHXPOHHbLIA PeXnM, KOTOpbIl
MOXeT BO3HUKHYTb MPW 3HAUMTE/IbBHOM CHWKEHUW HanpsikeHus B ceTu, a
TakXe npu notepe BO36YXAeHUS.

Hanbonbluee pacnpocTpaHeHWe Ha 3M1eKTPUYECKMX CTaHUMAX U NoACTaH-
LMSAX MOMYyYnIN aCMHXPOHHblIE KOPOTKO3aMKHYTble anekTpoasurarenu, obna-
paloline CcpaBHUTENIbHO BbICOKOM HafeXHOCTblo paboTbl B Pas3fiMyHbIX pe-
XMUMax U MpU pasinyHbIX, MOPOI BecbMa TSXEsblX, YC/MIOBUAX OKpYXXatoLei
cpegpl.

dnekTpoasBuratenm — OAWH U3 HambONee MaccoBbiX 3/IEMEHTOB 3Hepro-
CMCTeMbl, MO3TOMY WX 3awmta Ao/DKHa 6blTb MO BO3MOXHOCTWU Gonee mnpo-
cToli 1 AeweBoid. MpuU BbINOMHEHUN 3alUTbl ACMHXPOHHBLIX 3MeKTpoAaBurarte-
neii HeO6XOAMMO CUMTATbCA C OCOBEHHOCTAMU WX PEXMMOB Mycka WM camosa-
nycka.

Mpu nycke gsuratens noTpe6nseTr u3 cetm 6O0MbLIOA (4—8 /Hom) MYCKO-
BOIi TOK, Mpuyem npu pasBopoTe ABUrartens OT CKOJbXeHus s=1 go kpwu-
TMYECKOro CKOMbXeHUs SHD TOK ocTaeTcs MOYTU HeusmeHHbIM. [pu ganb-
HelilleM YMeHbLUEHNN CKOMbXEHUs TOK Pe3Ko yMeHbLuaeTCs [0 HarpysouHo-
ro toka. Takol XapakTep MW3MeHeHWs Toka O6YyC/noB/fieH COOTBETCTBYIOLL el
3aBMICMMOCTbIO BXOZAHOFO COMPOTUB/AEHUA ABUraTens OT CKOMbXeHusa. OTme-
TUM, 4TO MaKCMMyM Bpallalolierocs MOMeHTa ABUratens MMeeT MecTo npu
paBeHCTBE aKTUBHOW W WHAYKTMBHOWM COCTaBASIOLWMX BXOLHOFO COMpOTUBIE-
HVS aBuraTens.

Kpome nepuoanyeckoin cocTasnstowein /u,Myck MyckoBOW TOK COOEPXUT
6bICTPO3aTyXalLlylo anepuoanyeckytlo cocTasfsoLyto. Mo3ToMy HauyalbHoe
3HaYeHVe MyCcKOBOro TOKa C Y4eTOM arnepuoamyeckoil cocTasnsioLleil paBHO

NycK — (l>6; 1>&/_|1.ny0k—

ANuTenbHOCTb Nycka HOpMasibHO He npesbiwaet 10— 15 c.

B ycnoBuax akcnayatauuu gBuratenn MoryT neperpyxartbcs. B o6liem
c/lyyae AonycTyMMas Mo YyC/O0BUAM Harpesa crartopa AJ/INTe/IbHOCTb Meperpys-
KW ABuUratensa onpenenserca no BbipaXeHuto

T 2
Hay

THOM

(11.35)

rae Tsém — npeBbilleHVe TemnepaTypbl 06MOTKM cTaTopa B HOPMabHOM pe-
Xume; TOon — AOMyCTMMOE MpeBbilleHVe TemrepaTtypbl O6MOTKM cTaTtopa;
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/HOM — HOMWHaNbHas MJOTHOCTb TOKa B CTaTOpHOM o6moTke; K — kpart-
HOCTb TOKa cTatopa Mo OTHOLUEHWIO K HOMWHalbHOMY ToOKy; Kwwm — kpat-
HOCTb TOKa cTaropa Mo OTHOLUEHMI0 K HOMMUHa/IbHOMY TOKY [0 Hauvana ne-
perpy3ku; ks — KoatpuLMeHT, yunTbiBaloWmMii yBenMueHne COMnpoTUBEHUS
06MOTKWN BCNeACTBUE BbITECHEHWA TOKa; T — MOCTOSHHas BPeMeHU Harpesa
06bMOTKM cTaTopa.

Ha ocHoBaHun (11.35) gonycTvMoe Bpems Mnycka ABuratens uU3 Xonog-
Horo cocTosiHusA (KHau=0) npu & »1,05 paBHO;

15071
nol— 2 2 > (11.36)
wHom J1
roe TX — [AONycTUMOe rpeBbllleHVe TemnepaTypbl OBMOTKM cTaTopa npu

Nnycke n3 XonogHoro coctoAHuA.

BBuay anuM30AMYHOCTU TakKOro pexuma MOXHO NpuHATL TX=200°C.
JonycTumoe Bpemsi camo3anycka (nycka) M3 TropsYyero COCTOAHUSA
(KHau=1) paBHO:

150tr

roe Tr~135°C — ponycTuMoe npesbilleHe Temrepatypbl 06MOTKU cTaTopa
npu Mycke M3 rops4yero COCTOSAHUA.

B oT/Mume OT pexmma fnycka pexum camosanycka (OH HacTynaeT nocne
OTK/IIOYEHNA KOPOTKOrO 3amblkaHWA B CETU WM MpU MNepekstoveHnn ABura-
Teneil Ha pe3epBHbIi WCTOYHUK MUTAHWS) MPOMCXOAUT, KakK Mpasuio, npu
CHVKEHHOM HamnpshKeHUM Ha 3axumax asuraresiel 1 nosTomy sABnseTca Ans
HMX YacTo 6onee TAXeNbIM PEeXMMOM C TOYKW 3peHus HarpeBa. Yem 605ib-
e Bpems repepbiBa MUTaHWA, Tem 6Osiblle TOPMO3ATCA 3/1eKTPOoABUraTenu
W, cneposateflbHO, TeM 6o0siee TAXE/bIM CTAHOBUTCA PEXUM camo3sarnycka.

Myck n camo3anyCck BO3MOXHbI, €CM B Auana3oHe OT Haya/bHOro [o
pabouero ckonbxeHus cobnogaetcsa ycnosne Masi> M G rae ML — 3anekTpo-
MarHuTHbIA MOMEHT ABuratens (MOMEHT BpaljeHus); Mc — MOMEeHT conpo-
TUBNEHNA NPUBOAMMOrO MeXaHun3ma.

Ans 60ONbLUMHCTBA aCUMHXPOHHbLIX 3NeKTpoaBurareneli MakCMmasibHbIi MO-
MEHT MpYMepHO B 2 pa3a 60sblue HOMWHa/IbHOIO MOMeHTa. OAHako MOMEHT
OBUratens npornopumvoHasieH KBagpaTy MPUIOKEHHOTO Hanps)keHus, T. e.
Mau~U2 TMosTomy ycToiiumBas paboTa anekTpoasuraTenein coxpaHseTcs,
ecnn HanpsXeHue B CeTU He CHWxaeTca 6onee yem go 0,7 Umu B cnyvae
npvBofa MeXaHW3MOB C MOCTOSHHbIM MOMEHTOM COMPOTMBNEHMUS (LIAapOBble
MenbHuubl) n o 055 £/,ov B cnyyae npumeBoga MexXaHUW3MOB C MOMEHTOM
COMPOTUB/EHMSA, 3aBUCALLUM OT CKOJIbXEHUSA (BEHTUNATOPbLI, Hacockl U T. A4.).
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MpW KOPOTKOM 3aMblKaHMM B MNUTAIOLWLE CeTU ABurates, KpaTkospe-
MEHHO rMocbilaeT K Touke K3 TOK, KOTOpbIi B Mpegene MOXeT 6biTb paseH
NyCKOBOMY TOKY.

11.23. 3AWNTA ACUHXPOHHbIX 3MEKTPOABUTATE/EN
HATMPAXEHWMEM BbILLIE 1 kB

OCHOBHOW 3aluTOl anekTpoasuraTteneii ot mexaydasHbix K3 sasnsetcs
MakcMmanbHas TokoBas 3awmTa 6e3 BblAEPXKM BpemMeHn (TOKOBas OTceu-
Ka). Ha pgBuratensix MouwiHocTbio 2 MBT n 60/ee TOoKoBasi OTcevyka MOXeT
oKasaTbCA HeAOCTaTOYHO 4YyBCTBUTENbHOW. B TakoM cnyyae npuMeHsaoT aud-
hepeHUManbHYO 3alWunTy; ee TOK cpabaTtbiBaHMA BblGUpalT paBHbiIM h,3—
= (1,5-H2) /pHow, raoe /pHOM — HOMWHasbHBLIM TOK Auratens. NpuMeHeHue
TakoW 3aliuTbl BO3MOXHO,—~ TakK KaK MOLHble 3neKTpoaBuratenn umerT
WwecTb BbIBOAOB CTaTOPHOM OOMOTKM. Ha pgBurarensax MoOWHOCTbio 5 MBT
n 6onee yctaHoBKa andpepeHunanbHOM 3almnThl 66a3aTensHa.

Puc. 11.25. Cxema MaKCUMas/lbHOW TOKOBOW 3aliUTbl aCUMHXPOHHbLIX ABUTa-
Teneun:

a — Ha nepemMeHHOM oOMnepatuBHOM TOKe; 6 — Ha MNOCTOSIHHOM onepatMBHOM TOKe (I'IpI/IH-
umnuanbHas cxema); B — Ha MNOCTOSHHOM oOMepaTUBHOM TOKe (pa3BepHyTas cxema)

MakcumanbHas TOKOBas 3aliuTa MOXeT BbIMOMHATLCA Ha MNepeMeHHOM
onepaTMBHOM TOKe C [ellyHTMpPOBaHWEM KaTyL KW OTKIuYeHus  (puc.
11.25,a) nmanm Ha MNOCTOSHHOM oOnepaTtMBHOM Toke (puc. 11.25, 6, B). 3awwuTa
06bIYHO BbINOMHAETCA MO OAHOPeneliHOl CxemMe C BK/IYEeHWEM TOKOBOro pe-
Nle Ha pa3HOCTb TOKOB ABYX ha3. Mpn HeaoCTaTOYHONM 4yBCTBUTENbHOCTU 3a-
WwmMTa BbINOMHAETCA MO [ABYyXpenelriHon cxeme C OBYMSA TOKOBbIMU pene. B
cxeme, MokKasaHHOW Ha puc. 11.25, a, ucnonb3yeTca WMHAYKLMOHHOE pene ¢
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nepexogHbIMM KOHTakTaMu Tuna PT-80. lMpu cpabaTbiBaHUW pene MNpoucxo-
AUT rnepekngka ero KOHTakTOB 6e3 paspbiBa Lenv TpaHchopmaTopoB TOKa,
3/1IeKTPOMAarH1UT OTK/IIOYEHUS BbIK/AOYaTeNa OelyHTUPYeTCa W BbiK/louyaTesb
oTkNoYaeTca. Tok cpabaTbiBaHUA 3aluUTbl OTCTpaMBaeTCcAa OT MaKCMMabHO-
ro 3HayeHuss NyCKOBOro TOKa, T. e

/c,3 — £0oTCc /nyck’ (11-38)

B cxeme, mnokasaHHoOW Ha puc. 11.25, 6, MCNONb3yeTcsi MPOMEXYTOUYHOE

pene ¢ BpemeHeM pencteua 0,04—0,06 ¢, uTo NO3BONSET OTCTpauBaTb 3a-
WUTY TONBKO OT MEepuUoANYecKO COCTaBNsAloLLeli MyCKOBOro TOKa:

1C3 — ~OTC | n.nyck* (11.39)

Puc. 11.26. Cxema 3awmTbl asuratens OT 3amblkaHuWii ofHOM hasbl  Ha
3emto:

a — npuHuunuansHas; 6 — pasBepHyTas

Ha pgsuratensx MOLWHOCTbIO A0 2 MBT npu TOKax 3aMblKaHWA Ha 3eM-
no /3>10 A n Ha gBuraTensx MOLWHOCTb0 2 MBT u 6onee npu Tokax 3a-
MblKaHMa /3>5 A ycTaHaBnIMBalT 3alMTy OT 3amblKaHUA OAHOW hasbl Ha
3emnto. Cxema TakKoW 3awuTbl npuBegeHa Ha puc. 11.26. 3awmTta AeicTeyeT
6e3 BblAEPXKM BpemeHU. TOK cpabaTbiBaHUA 3alinTbl onpeaenseTcs Tak Xxe,
KakK TOK cpabaTbiBaHUA aHas/IoOrMyHOM 3alunTbl reHepartopa.

Ha anexktpogsuratensax, MnoABepXeHHbIX TEXHONIOMMYECKUM neperpyskam,
a TakXe Ha Aurarensax, camosanyCck KOTOpbIX HOpPMaibHO He obecneynBa-
eTcs, ycTaHaBAMBAKOT 3aliMTy OT neperpysku. XapakTepucTvka 3awiuTbl
OO/MKHA MO BO3MOXHOCTU MPUBAMKATLCA K XapaKTepUCTUKe Mneperpy3oyHoin
cnocobHocTn aBurartens, onpegeneHHol no (11.35).

3awmrta OT neperpysks [O/HKHa [elicTBoBaTb Ha OTKAKYeHue, ecnun
camosanyck apurarens He obecneyvMBaeTCs WM eCNN Henb3s CHATb TEXHOJOo-
rMYecKylo neperpysky € MpuBOAUMOro mexaHusma. Ecnm xe TexHonoruue-
CKYIO Meperpysky MOXHO CHATb BPY4YHYK WAM aBTOMaTU4yecku, 3almTa co-
OTBETCTBEHHO BbLIMOJMIHAETCA C AEACTBMEM Ha CUTHa/T WM Ha pPasrpysky
MexaHu3ma. B oTAenbHbIX cnyyasx 3awmuTa BbIMOMHAETCA C ABYMA BblAepXKKa-
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MW BPEMEHW: C MeHblUeli OHa AeCTBYeT Ha pasrpys3ky MexaHusma, ¢ 60/ib-
wei — Ha OTK/OYeHWe ABurarens.

Nlydwyto 3aWUTHYH XapakTepUCTUKY MOXEeT MMeTb 3awmTa C TepMo-
pene. OOHAKO W3-3a CMIOKHOCTM 3KCMyataumMm v TpyAaHOCTU nog6opa Xa-
PaKTEPUCTUK CYLLECTBYIOLUX TUMOB Tepmopesne (B YCNOBUSAX WU3MEHSOWER-
cA Temnepatypbl OKpyXalouieli cpedbl) 3awuta OT Meperpysku asurarteneii
HanpshkeHneM Bble 1 KB OCywecTBisieTcs C UCMOMb30BAaHWEM TOKOBbIX

CurHan

Puc. 11.27. Cxembl 3alunTbl ABUraTens oT MNeperpysku:

a — NpuHUMNUanbHas cxema 3alWuThl C 3aBUCMMON BbIAEPXKOW BpemeHu; 6 — pasBep-

HyTas Ccxema 3alWuTbl C 3aBUCMMOI BbIAEPXKKOV BPEMEHUW; B — MPUHLMUNMANbHAA CXe-

Ma 3aWuTbl C HE3aBUCUMON BbIAEPXKOW BpeMeHU; I — pasBepHyTas Cxema 3alunTbl
C He3aBUCMMOW BbIAEPXKOM BpemeHu, paboTatowas Ha OTKIUYEHUE

pene. BapnaHTbl CXeMbl 3aliUTbl C 3aBUCUMOWN U HE3aBUCUMOW BblAepXXKamun
BPEMeHN npuBeAeHbl COOTBETCTBEHHO Ha puc. 11.27, a, 6 U B, I. B cxewme,
nokasaHHoM Ha puc. 11.27, a, ucnonb3yeTcs WHAYKUMOHHOE pefie Toka Tuna
PT-84 ¢ ABymMA He3aBMCUMbIMW Mapamy KOHTAKTOB. JNeKTPOMarHuUTHbIN ane-
MEeHT pefie (OTCeuKa) MCMOMb3yeTCA B KavyecTBe 3alliuTbl OT MexAydasHbiX
K3; KOHTaKTbl 3TOro anemMeHTa [AeliCTBYIOT Ha OTK/IIOYEHMEe BblK/OYaTeNS.
VMHAYKUMOHHBIA 3M1eMeHT pefie MUCMO/Mb3yeTcs B KayecTse 3aluTbl OT nepe-
rPy3KW; ero KOHTaKTbl AeNCTBYIOT Ha CUrHasl, Ha pasrpy3ky MexaHu3ma wum
Ha OTK/oYeHWe aBurartens,
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B cxeme Ha puc. 11.27, B NCNONb3YKTCA 3NEKTPOMArHUTHbIE pesie TOKa
1N pene BpemMeHW. 3aliuTa TakXe OeNCTBYeT Ha CUrHas, pasrpys3ky MexaHus-
Ma WKW Ha OTKIKYeHWe ABurartens.

Tok cpabaTbiBaHWS 3alKUTbl OT MNeperpyskn oTcTpanmBaeTcs OT HOMWU-
Ha/lbHOro TOoKa aBuratens /pgHm

14.Hom (11.40)

KVf N T

LA Ag A

*) ~T
Puc. 11.28. CxemMa MUHUMaNIbHOW 3alinTbl HanpsXXeHUsN:

a — npuHuunuansbHas; 6 — pasBepHyTas: A — OTBETCTBEHHble 3nekTpogsuratenu; b -
HEOTBETCTBEHHbIE 3NEKTpOABUTaTENN

Ana Toro 4to6bl 3aWmTa He cpabaTbiBana nNpu nyckax AsuraTens, Bbl-
LepXKa BpPeMEHN MHAYKUMOHHOro pene (puc. 11.27, a) B He3aBUCUMOW 4acTu
XapaKTepPUCTUKN [O0/MKHA OblTb He MeHee 12— 15 c. o TOW Xe MNpUYnHe B
cxeme, rMokasaHHoOW Ha puc. 11.27, B, NpUHUMAaETCH BblAEpPXKa BpPEMEHU
12—20 c.

MpyY NOHMXEHUN HaNPSAXeHUs B CeTU 4acTo He yaaeTcs obecneynTb ca-
MO3anyck BcexX ABurartenieli ysna Harpy3ku. B Takux cnydasx MPUMEHSIOT,
OTK/NOYEeHWEe HEeOTBETCTBEHHbLIX [ABuUraTeneit ¢ Tem, 4TO6bl obecneunTb ca-
MO3anyck OTBeTCTBEHHbIX Apurarteneii. OTKAYalOT Takxe W asurarenu, ca-
MO3anycK KOTOPbIX HeAOMNyCTUM MO YC/MOBUAM TEXHOMOMMM NPOU3BOACTBA WU
Nno ycnoBuMaAM TexXHUKM 6e3onacHocTU. OTKIOYeHWe ABurateneil OcyLLecTBNSA-
eTCqd MWHMMaNbHOW 3alunTon HanpsxkeHus. CxemMa 3aluTbl nNpuBedeHa Ha
puc. 11.28. Ana ob6ecneyeHUs HafeXHOM paboTbl 3awmTbl NpU 06pbIBE Lie-
34—516
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neli Hanps)XeHUs ycTaHaB/MBalOT ABa MUHUMAasIbHbIX pesie HanpsXXeHUs, KOH-
TakTbl KOTOPbIX COEAMHSOT nocnefosaTenbHO. HanpshkeHue cpabaTbiBaHMA
3almnThl NpUHUMatT paBHbiM f/cB8= (0,55-5-0,7) Umm ¢ Tem 4TOGbI ABUrate-
NN He OTKAYannCb NPU HOPMasbHOM camo3anycke. Bbigepyka BpeMeHu npu-
HUMaeTca B 3aBUCMMOCTW OT Has3HayeHus 3awuTbl: £=0,5 ¢ gna 3awut, oo™
neryawwmx camosanyck OTBeTCTBEHHbIX apuratenent; f=6-MO ¢ gnsa 3awuT,:
KOTOpPble AO0/MKHbI MO YCNOBUAM TEXHONOrMU MNPOU3BOACTBA U TEXHUKM 6e3™
OMacHOCTM OTK/0YaTb 4acTb ABUraTefieil NMpu CHUXKEHUW HamnpsHKeHUs B CETU.

11.24. 3AWNTA ACUHXPOHHbBIX 3/IEKTPOOBUIATENEN
HAMPAXEHMEM OO 1 kB

3awmTa afekTpoasurarteneii HanpsbkeHHelh Ao 1 KB oT mexaydasHbiX
K3 [p[o nocnegHero BpeMeHW OCYyL,ecTBAsAMAach, KakK npaswio, npeaoxpaHu-
Tenamu. Mpu 3TOM MUHUMaNbHasA 3aljuMTa HanpshkeHus asurarenein 1 3a-
wmuTa OT MNeperpyskn OCYLLECTBAANINCL MarHWTHLIMW MycKaTensmu C Temne-
paTtypHbiM pene. TunoBas cxema TakKol 3awWuTbl npueefdeHa Ha puc. 11.29.

Puc. 11.29. Cxema 3aliuTbl aCMHXPOHHOrO 3NeKTpoABuraTens Hanps>XeHu-
em 0o 1kB

BkntoyeHve ppurarenein (Npyv BKIOYEHHOM PYOGUIbHUKE) OCYLLEeCTBNSA-
eTcs kHonkoii SBC. Mpwu atom kaTywka marHUTHoro nyckatens KM okasbi-
BaeTCs MoA HanpshkeHWeM, MarHuTHbIA nyckaTenb cpabaTbiBaeT UM CBOMMMU
rnaBHbBIMW KOHTaKTaMu 3aMblKaeT Lenb ABUratens; OAHOBPEMEHHO BCMOMO-
raTesibHbIMWU KOHTakTaMV OH LUYHTUPYeT KOHTaKTbl KHOMKM BKAOYeHus. OT-
K/lYeHVe ABuUraTens npu Heo6XOAMMOCTU OCYLLECTB/SETCA KHOMKOUM OTK/to-
ueHuss SBT. Mpu MCYE3HOBEHWMU UM MPU 3HAUYUTENIBHOM CHWKEHUW Hanps-
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XEHUA B nNuTalolleli CceTu SKOpPb 3MeKTpoMarHuta MarHUTHOro nyckartens
oTNaZaeT u Apuratenb OTKAoYaeTcs. [py BOCCTAHOBEHUN HaMNpPsKeHUs B ce-
TW ABUraTenb BHOBb BK/IIOUUTCS TONbKO B TOM c/lyyae, ecnm 6yaeT HaxaTa
kHonka SBC wunm ecnu ee uenb 6yAeT 3amMKHyTa [AMCTaHUMOHHO (Ha puc.
11.29 nokasaHO MYHKTMpOM). [pu BO3HUKHOBEHUW Meperpy3kn cpabaTbiBa-
toT anektpoTennosblie pene KK1 n KK2 (06biuHO pene BkntouaroTcs B hasbl’
A 1 C); uenb KaTylWKW 3M1eKTPOMarHUTa MarHUTHOrO MyckKaTens paspbiBa-
eTcsi U ABuratefls OTKAuaeTcA. Y ABurateneid, 3alMlieHHbIX npegoxpaHn-'
TeNAMU, YacTO BO3HUKAET PeXMM o6pbiBa (hasbl BCNeACTBUE MeperopaHus on-
HOro npegoxpaHuTens.  O6pbIB

hasbl conpoBoXxgaeTcs W3MeHe-

HMEM  3/1eKTPOMarHUTHOro Mo-

MeHTa npsiMoii nocnefoBaTesb-

HOCTU W MOSIBIEHWEM  MOMEHTa

obpaTHOW  nocnenoBaTelbHOCTU.

Mpun ckonbXeHun S—1 3T Mo-

MeHTbl paBHbl Apyr apyry. Cne-

fosarefsibHO, npu obpbise asbl

aBuratesls He MOXeT OblTb 3any-

eH 6e3 BHELWHEro MexaHuyec-

KOro Tonuyka. [lpu cKonbXeHuwn

s=0 MOMeHT o6paTHOA nocne-

L0BaTENbHOCTU GNN30K K Hy”io,

anpu ckonbxeHnax 0<s<| oH

MeHblle MOMeHTa MpsMol nocne-

[oBaTeNbHOCTU.  MaKcuManbHbI

MOMEHT U KPUTUYECKOE CKOJlb-

XEHNEe OKasblBalTCA NPUMEpPHO : !

B 2 pasa MeHblle MaKCUMa/sibHOr0 MOMEHTa W KPUTUYECKOTO bKOMbXeHUs
LBuUratens, paboTalLllero B HOPMasbHbIX YCMOBUAX U MPU HOMWHA/IbHOM Ha-
NpsbkeHUM Ha 3axmmax. O6pbiB hasbl Ha paboTaloliem ABurartene NpUBOAUT
K BO3pacTaHuIO CKOMbXeHUs apuratens (ecnu asuratens Boo6Glie He ocTa-
HOBUTCSH), BO3pacTaHWO Toka cTtatopa go (1,5—2) /m¥bwm n, Kak cneactseuve,
K neperpesy ABuratensi, paspyleHWio WM BO3rOpaHWIO ero usonsumu, T. e.
K MOBPEXAEHUI0 ABUraTens.

M3-3a HeAOCTATOYHOW 4YyBCTBUTENILHOCTWU 3aliUTbl OT Meperpyskn Ha
LBUTaTeNsax MPUMEHSIOT creLnanbHyo 3almuTy OT o6pbiBa asbl. MMpeanoxe-
HO HECKOJIbKO CXeM 3alluTbl, OCHOBaHHbIX Ha Pas3/IMYHbIX MNPUHLUMNAX, oAHa
M3 KOTOPbIX npusBedeHa Ha puc. 11.30.

Mpun o6pbiBe asbl Ha WCKYCCTBEHHOW HelTpann, 06pa3oBaHHON eMKO-
ctamn Cl, C2, C3, nosensertca HanpsxeHue, KOTOPOE BbINPAM/SETCA U Mo-
naetcs K KofoBoMy pene. KonoBoe pene pasmblKaeT KOHTaKTbl B LIENM Ka-

34*
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TYWKN 3MEeKTPOMarHuTa MarHUTHOrO nyckatens. 3awmuTta 4yeTKo paboTaer
TONbKO MpY HEBOJbIINMX CMELLEHUSX HelTpanu B nutalowel cetu. Cneayet
OTMETUTb, YTO B MOC/EdHee BPeMs MOAK/YeHMe aurateneli K cetu cranm
NpPOn3BOAMTL C MOMOLLBI0 aBTOMATUUYECKUX BbIK/tOUATENel; 3TO MPaKTUYECKM
MCK/I0YaeT BO3HMKHOBEHME pexuma o6pbiBa (dasbl. Ha aBTOMaTUYECKUX Bbl-
K/ouaTensx ycTaHaB/MBAETCs BCTPOEHHAas 3awuTta OT MexaydasHbix K3.

11.25. OCOBEHHOCTU 3AWWNTBI CUHXPOHHbIX
ANEKTPOABUTATENEN

Ha CUHXPOHHbIX 3neKTpoABuratTenax ycTaHaBAMBAKTCA 3aliuTbl OT
MexaygasHbix K3, OT 3amblkaHW ofHOM hasbl Ha 3eMa, OT Mneperpysku,
OT aCMHXPOHHOIO XO0A4a W OT MOHWXEHUS HanpsxeHus. 3TU 3awuTbl B 3Ha-
YNTeNbHOW cTeneHn noAo6HblI aHaNoOrn4YHbIM 3alinTaM acUHXPOHHBLIX ABUra-
Teneli. B oT/Mume OT HUX MaKCMMasibHas TOkKOBas oTceuka (Mav guddepeH-
umanbHaa 3awmTta) CUHXPOHHOrO [ABuratens pAelricTByeT He TOJ/IbKO Ha OT-
KNoYeHne BbIKAlOYaTens, HO M Ha OTkAw4veHue ATTl. 3awmta OT nepe-
rpy3ku BbINOMHAETCA C AelcTBMeM Ha curHan (/c,3=1,25/p4,,0M) wnnm xe Ha
curHan (6onee 4yBCTBUTE/IbHbLIA KOMMMAEKT) M Ha OTK/IOYEHME [MeHee 4yB-
CTBUTE/NIbHBLIA  KOMMJIEKT, WMelWwuii  TOK  cpabaTbiBaHus  /c3—(1>5-*-
-W,75) /pHoM]. Mo BpeMeHM 3awimnTa OT Meperpysky OoTcTpavmBaeTcsi OT Bpe-
MEHW Mycka Aurartenen.

3awmTa OT MOHWKEHUA HanpshKeHUs ycTaHaBnBaeTcs:

a) Ha HeOTBETCTBEHHbIX 3neKTpoAsuratenax Ansa obneryeHuss camosa-
nycka pasurateneil OTBETCTBEHHbIX MexaHu3moB. [lpu 3tom t/¢,3=(0,5-b
-f~-0,7) Jlavun <=tt,5 c;

6) Ha anekTpogBuraTensx, camo3anyck KOTOpbIX HEBO3MOXeH. B 3aTom
cfiyyae Mo YC/0BUSIM YCTOWuYMBOW pa6oTbl Asurateneii npuHumatrot Uc,3=
=0,5 Uhomun *=0,5 c;

B) Ha OTBETCTBEHHbIX 3MEKTPOABUraTesnifiX, Camo3arnyck KOTOpbIX Heao-
nycTMM MO YCNOBUAM TEXHOMOrMM MPOU3BOACTBA WM TEXHUKM 6Ge3onacHo-
ctn. 3aeck npuHumatot HC3=0,5 Unmu t>1Bub, rae *BbB — BpeMs Bblbera
aneKkTpoasurarens.

XapaKTepHOV ANS CUHXPOHHbLIX ABurarteneli sBnseTcs 3awmrta OT acuH-
XPOHHOIO peXxuma, CBA3aHHOrO C BbliNageHwem Apurateneil u3 CUHXPOHU3MA.
Mpn BO3HMKHOBEHMM ACMHXPOHHOIO pexuma MOABAATCA Mybcaumm Toka
cTaTtopa, MepeMeHHblli TOK B 06MOTKe poTopa W BuMbpauus asurarens. ACUH-
XPOHHbI pexum gasuratens ¢ Harpyskon, npesbiwatowen 50 % HoMUHaIb-
HOW, cuMmTaeTcs HeAoMyCcTUMbIM MO YC/OBUAM HarpeBa Aguratens. 3awurta oT
ACUHXPOHHOIO pexuma pearupyet Ha nynbcauumn Toka ctatopa (puc. 11.31).
Ha puc. 1132, a, 6, B, I npuBeAeHbl ABe CXeMbl Takoli 3awmuTbl. B cxeme,
npeacrasneHHoi Ha puc. 11.32, a u 6, Mcnonb3yercs MHAYKUMOHHOE pene C
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3aBMCUMON XapaKTepuUCTUKOM U C 3amMefileHHbIM BO3BPATOM MOABUXHOWN Cu-
cTeMbl, a B cxeme puc. 11.32, BU r — pefie TOka MrHOBEHHOro AelicTBUA U
NPOMeXyTo4HOe pefie C 3aMef/leHMeM Ha Bo3BpaTe. 3aliuTa, OAHOBPEMEHHO
ncnosb3yemas B KavyecTBe 3alliuThbl
OT neperpysku, cpabaTbiBaeT npu
NOSIBIEHNN AaCMHXPOHHOIO  pexuma,
ecnv Bpema Bossparta tOm Tokoso-
ro pene B cxeme Ha puc. 11.32,a un
NPOMEXYTOYHOrO pefie B CXeme Ha
puc. 11.32,B 6onbwe At (cm. puc.
11.31). B 3aTom cnyvae nocne onpe-
[EeneHHON BbIAEPXKN BPEMEHU 3a-
LWnTa OTK/OYaeT BbIKIOYaTeNb. Bbl-
[epXKa BpemMeHW 3aluTbl MpUHUMa-

Puc. 11.31. Mynbcaumm TOKa CTa-
eTcs 6ofblle BpemMeHW Mycka [BU-

TOopa CUHXPOHHOro aneKTpoasura-
ratens. TOK cpa6aTb|Bava 3aun- Tens npy acuHXPOHHOM  pexume
Tbl MPUHUMAETCA  paB'HbIM  /c,3=

= (1,3-b 1,4)/a,HOM*

Ona Toro uto6bl At 6bII0O Mano, MakCUMasilbHOe 3HauyeHue Toka Mnyfb-
caumini [OMKHO 6bITb B 2—3 pasa 6onblle Toka cpabaTbiBaHMA 3aliuUThbl.
CkonbxeHune, %, MNpy KOTOPOM 3aluTa AelicTByeT, HaxoauTcs Mo Bblpa-
XEHUIO:

Kttf LW

Puc. 11.32. CxeMbl 3alnTbl CUHXPOHHbLIX ABUraTenen . oT acCMHXPOHHOro
pexunma:

a — npuHUMNnanbHas cxema C WCMONb30BaHMEM WHAOYKLUMOHHOIO pene, 6 — pas3BepHy*

Tas cxemMa C WCMNOJNIb30BaHWEM WHAYKLUMOHHOrO pefne; B — NPUHUUNUanbHad cxema C

MUCMNoO/sib30BaHNEM 3M1EKTPOMArHUTHOro pene; r — pa3BepHyTad cXema C WUCMOJIb3OBaHMEM
3NIEKTPOMAarHUTHOro pene
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s= — v (11.41)
*otn
Ana 3awmTbl OT aCMHXPOHHONO pexuma B MpUHUUNE MOXeT OblTb Bbl-
Nno/HeHa TakXe 3aliuTa, pearvpylowas Ha nosBleHne rnepeMeHHOro Toka B
Lenu poTtopa.

. BOMPOCHI ABTOMATU3ALUUN 3MEKTPUYECKUX CTAHUUA 1
SNEKTPUYECKNX CUCTEM

11.26. OBBEM ABTOMATUIALNN y

dnekTpuyeckme CcTaHUMM U Tem 6Gonee 3HEepProcuUcTeMbl ABMAKTCA C/OX-
HbIMU KOMIM/IeKCaMm, COCTOALLMMU U3 GOMBbLUIOrO Yucia pasHOOGpasHbIX B3au-
MOCBSI3aHHbIX MO PEeXUMy pPaboTbl 31€MEHTOB. [MOBbILUEHNE HALAEXHOCTU pa-
60Tbl 3NEKTPUYECKUX CTaHLUMIA M 3HEProcucTeMm, MOBbILEHWE KauyecTBa 3/eK-
TPO3HEPrun, ynyyweHme TEXHUKO-3KOHOMUYECKMX TMoKasaTeneil paboThbl
3MEKTPOCTaHLNI, MOBbILIEHWE MPOU3BOAUTENLHOCTU TpyAa PabOTHUKOB 3HEpP-
rocucTeM B HacToslee BPEMS HeMbICIMMbl Ge3. Bce 60/ee LUMPOKOro BHeape-
HUA YCTPOWCTB aBTOMaTUKM U aBTOMAaTM3MPOBAHHbLIX CUCTEM YynpasBieHUs
(ACY). YcTpoiicTBa aBTOMaTMKM MNOMOralwT O06CnyXuBalwLwemMy MnepcoHany
BECTU 3a[aHHbIi TEXHOMNOIMYECKUi pexunum paboTbl 3NEKTPOCTaHLUMA U 3Hep-
rocucTeM; MOBbILWAKT YCTOMUYMBOCTL PaGOThHl 3HEProcUCTEM U HaAEXHOCTb
3/1eKTpOCHabXeHns noTpebuTenen; yCKoOpaloT Mpouecc NMKBugauum asBapuid.
PaccMOTpeHHble Bbllle YCTPOWCTBA peneiHol 3awuTbl, MO cyTW Aena, ABNA-
l0TCA cpeacTBaMy 3alUMTHOW aBTOMATUKW.

YcTpoicTBa aBTOMaTUKM MOXHO pa3fenntb Ha ABe TPynmnbl: YCTPOUCT-
Ba CTAHUWOHHOW aBTOMAaTUKM WU yCTPOMCTBA CUCTEMHOW aBTOMAaTUKW.

, OCHOBHbIMW YCTPOIACTBaMW aBTOMAaTUKW, BHEAPEHHbIMW Ha 3/1EeKTPOCTaH-

unsAx, ABNATCA:
) aBTomMaTuka TOM/IMBOMPUIOTOBMEHUSA U TOMIMBOMNOAAYUN;
) aBTOMaTuKa MPUroTOB/IEHUS XUMUYECKM OUYULLIEHHOV BOAbI;
B) aBTOMAaTMKa BeAEeHMs 3a[laHHOr0 pexuma KoTna v TYpOuHbI;
r) aBTOMaTWKa Mycka WM OCTaHOBa arperaTos;
[l) aBToOMaTuyeckass CUHXPOHM3aLMA reHepaTopos;
e) aBTOMaTMyecKoe peryinpoBaHne BO36YXAEHUA CUHXPOHHbIX MallvH;
) aBTOMaTu4yecKkoe ralleHue Mo CUHXPOHHbLIX MallnH;

o &

3) aBTOMaTWyeckoe pacnpefeneHve akTUBHOW W peakTUBHOW Harpys3ok
MeXAy reHeparopamu 31eKTpOCTaHLmK;

M) aBTOMaTMYeCKOe BK/IOYEHMEe pesepBsa.

K cucTteMHOl aBTOMaTMKe MOXHO OTHECTU:
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a) aBTOMAaTMYecKoe pacripefiesieHVe Harpysku Mexnay 3/1eKTPOCTaHLMsMU
3HEepProcucTembl;

6) aBTOMATMYECKOe PerynvMpoBaHMe 4acTOTbl B 3HEProcuUCTEME;

B) aBTOMaTUYeCKoe pPeryfvpoBaHME HaMnpsXXeHUs B Y3/I0BbIX TOUYKaX
3HEPTrOCUCTEMBI;

r) aBTOMaTM4YeCKOe MOBTOPHOE BK/IOYEHUVE;

L) aBTOMaTUYECKYH pas3rpysKy Mo 4acToTe;

€) aBTOMaTM4ecKoe BK/HOYEHWE pe3epBa Ha MoACTaHLMSX.

Huxe paccmaTpuBaloTCcs MPUHLNMGI BbIMOMHEHUS HEKOTOPbLIX YCTPOIACTB
aBTOMAaTUKMN.

11.27. ABTOMATUYECKAA CUHXPOHU3ALNA TEHEPATOPOB

FeHepaTopbl BKAOUAOTCA Ha NapannenbHylo paboTy C 3/EKTPUYECKOIA
CeTbl0 METOAOM TOYHOW CUHXPOHM3ALUM UM METOAOM CaMOCHMHXPOHM3aunnl
B nepBoM cflydyae HEO6XOAUMO BbIMOMHUTL YCOBUS:

dipi? By
U NpY 3aMblKaHUWM KOHTAKTOB BblK/lOUaTens
ort—(ct= 61;0.

Mpwn BKIOYEHUM reHepaTopa METOAOM TOYHOW CUHXPOHMU3AUMU OeXyp-
HbIi [epcoHan NOArOHseT HamnpsXXeHue W 4acToTy reHepaTopa K Hanpsxe-
HUIO © yacToTe ceTu (CUCTeMbl), Aasee Mo CUHXPOHOCKOMY onpenenser yc-
nosve cUHMA3HOCTU HaMNpsXXeHWi reHeparopa W cetn (C yyeTom cO6CTBEH-
HOro BpemMeHun BKAK4YeHUA BbIKﬂIOLIaTerIFI) N BK/KOYaeT BblK/lOYaTes/lb reHe-
patopa. pu TOYHOM BbINONHEHUU YKa3aHHbIX YCMOBWUIM  CUHXPOHWU3aLMN
BK/IOYEHME reHepaTopa B ceTb NMpoucxoauT 6e3 Tonyka Toka. Bo msbexaHue
HeAOoNyCTMMOro BK/KOYEHUS reHepaTtopa C pasHOCTbio a3 unm 3HayveHwui Ha-
NPsXXeHWi reHepaTopa WM ceTn npegycmaTpuBaeTca YCTPOKCTBO 6/10KMPOBKU
OT HECMHXPOHHOFO BK/OYEHUSA. YCTPOMCTBO COCTOUT M3 pene HanpsXxeHus,
pasMblKaloLwero CBOW KOHTaKTbl B LEMW BKIOYEHUA BbIKAKOYATENS MNpU He-
cobnogeHnn  (c,, AOMYCTUMbIMW  OTK/IOHEHUAMW)  YCNOBUA  CUHXPOHU3aLMN.
BkNtoyeHMe reHeparopa B CeTb METOAOM TOYHOM CUHXPOHM3aLMWM OONyCcKaeT-
Cd, ecin Hanps>XeHne reHepatopa OT/M4aeTCsa OT Hanps>XeHuAa ceTu no cbase
He 6onee yem Ha 15° (3n. yron), no mogynto — He 6onee yem Ha 20 %,
a no yactote — He 6onee yem Ha 0,1 %, wam 0,05 Iu.

Mpn aBTOMaTMYECKOW TOYHOW CUMHXPOHWU3aLMWN YCTPOWCTBA aBTOMaTUKWN

5B oTAenibHbIX caydaax MOXeT OblTb  MCMNO/Ib30BaHO HECUHXPOHHOEe
BK/IIOYEHME, €eCnu pacyeTbl MoaTBepXXAalT ero AonycTumocTb. 1
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[0BOAAT HanpshkeHMe 1 4yacToTy reHeparopa A0 MX 3HavYeHwi B ceTwu, ynas-
nmMBardT MOMEHT CI/IHd)a3HOCTVI H&I'Ipﬂ)KEHI/II7I 1N BK/IlOYAKT reHepatop B CeTb.
PacnpocTpaHeHue mMony4ynnan aeBToOMaTUYeCKUe CUHXPOHU3ATOPbl C MOCTOSAH-
HbIM BPEMEHEM OrepexeHuns.

Cnoco6 caMOCMHXPOHM3aUMM reHepaTopa 3ak/il4aeTcs BO BK/IOYEHUN
ero B ceTb 6e3 BO36YXAeHWS (C OTK/IOYEHHbIM aBTOMAaTOM ralleHus Mnons)
npu NOACUHXPOHHOW 4YacTOoTe BpalleHMs poTopa C nocnepylowein nogayen
BO36YXJEeHNA; B MOMEHT BK/IOYEHWS reHeparopa B CeTb Ha BblBOAAaxX CU-
CTeMbl BO3OYXAEHUA [OMKHO OblTb HanpsXeHue, COOTBETCTBYOLLEE BO3OYX-
[EHWI0 XONOCTOro Xoga reHepatopa. YCTpPOICTBO aBTOMAaTUKW BO3AeNcTByeT
Ha TypbuHy, AOBOAMT 4YacTOTy BpalleHus arperara A0 NOACUHXPOHHOW (pas-
HOCTb 4YacTOT reHepartopa W CeTU He AO/kKHa npesBbiwaTtb 1 My, wm 2 %),
3aTeM BK/OYaeT HeBO30OYXAEeHHbI reHepaTop B CeTb M MNofaeT Ha Hero BO3-
6yxaeHve. BO3HMKalOWMWNA B MepBblii MOMEHT BK/HOYEHWUA ACUHXPOHHBbIA MO-
MEHT MOATArMBaeT 4acTOTy BpalleHWs reHepatopa K MOACUHXPOHHOWM, a no-
ABNAKOWMNICA Npu nogade BO3OYXAEHUS CUHXPOHHBLI MOMEHT ob6ecneyvBaeT
BTArMBaHMWe reHepaTopa B CUHXPOHW3M. B MepBblii MOMEHT BK/IHOYEHUS FeHe-
paTopa B CeTb MO MeToAy CaMOCUHXPOHWU3aLUW Habn[aeTca 3HaunNTeNbHbIN
6pOCOK TOKa cTatopa W pe3koe W3MeHeHMe MOMeHTa Ha Bany arperara. Me-

TO4 CaMOCUMHXPOHM3aLUM CuYUTaeTcs AOMNyCcTUMbIM, ecnm cobnwaaeTcs ycno-
Bue:

/BKN= — . I < 3/r Hov> (11..42)
V H X+ x)
roe UC 1 XC — COOTBETCTBEHHO HarpsKeHWe W conpoTuenieHve cetn; Xd —
CBepXnepexofHoe CONPOTMB/IEHME FeHepaTopa.

Bk/loyeHWe reHeparopa B CeTb METOAOM CaMOCVMHXPOHM3auun TpebyeT
MeHbLLE BPEMEHU, YeM BKIHOUYEHME METOAOM TOYHOW CUMHXpOHM3aumn. MoaTo-
My MeTOf, CaMOCUHXPOHM3aLMM PeKoMeHAyeTCs MPUMEHATb MPU NMKBUAALUN
aBapuii B 3Heprocucteme, a MeTof, TOYHOW CUHXPOHU3aLMMK B HOpMaJib-
HbIX YCNOBUAX Pa6oThl.

11.28. ABTOMATUYECKAA PA3IPY3KA TNO YACTOTE

OCOGEHHOCTbIO pexunma paboTbl 3IHEProCUCTEM SIBASETCA PAaBEHCTBO B
KaXAblA AaHHbIA MOMEHT CYMMapHOl MOLLHOCTW, Pa3BUBAEMOW MCTOYHUKAMM
3Heprvn, cymMMe MOLLHOCTel Harpysku 1 notepb:

Pr = PHr 4{-Pnor, (11.43)
roe PT — mowHocTb Harpysku; Prnor — MOLWHOCTbL MoTepsb.

M3MeHeHVe Harpysku TpebyeT COOTBETCTBYHOLWErO W3MEHEHUs reHepu-
PYOLWMX MOLLHOCTEN; B NPOTUBHOM C/lydae MPOUCXOAMT 6GOJbluee WN MeHb-
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Lee U3MEHeHWe 4acToTbl B CUCTeMe, TaK Kak 6GanaHc MoljHocTell obecneuu-
BaeTCcA MNpU HEHOMWHaNbHOW 4acToTe. YBeNnuMyeHWe Harpysku npueBoauT K
YMEHbLUEHUIO 4acTOTbl W, HAaO60POT, YMeHblUeHMe Harpy3ku Bbi3biBaeT YyBe-
NNYeHne yacToTbl. Ana noanepXaHus HOMWHaIbHOW 4acToTbl B HOpMasib-
HbIX YC/IOBUSIX CAyXaT YCTpoOlicTBa aBTOMaTUYECKOro perysMpoBaHus ua-
ctotbl (AYP). B aBapuiiHbIX YCNOBUAX MPOUCXOAAT PE3KMe U 3HAUMTENbHble
M3MEHeHUs1 Harpysku, Mnpuv 3TOM B OTAE/IbHbIX YacTAX 3HEepProcucTemsl MOryT
BO3HUKHYTb W30bITKU WM AeuunTbl reHepupyowmx MOLHOCTEN. HenpuHsa-
TMe ObICTPbIX N 3MPEKTUBHLIX Mep MNPy aBapUiHOM CUTyauum MOXeT Mnpwu-
BECTM K HapyLUEHWUI0 YCTOMYMBOCTU YacTe SHEPrOCUCTEMbI, OTK/IOUYEHUIO psaa

Puc. 11.33. BanaHC MOLLHOCTEN B 3HeprocucreMax

3N1eKTPOCTaHLUMIN 1 Yy3N10B Harpy3ku, T. €. K CUCTEMHOW asapun. YcTpoiicTBa
aBTOMaTU4ecKol pa3rpysku no yactote (AYP) npeaHasHayeHbl 418 GLICTPOro
BOCCTaHOBNeHNs 6GanaHca MOLLHOCTel Harpysku W reHepatopos mnyTem OT-
KNIOYeHNs 4acTW MeHee OTBETCTBEHHOIM Harpysku npu 3Ha4YUTESlbHOM YCTOW-
YMBOM CHUXEHWUW 4acTOTbl B 3HEpProcucreme.

PaccMoTpuM cxemy, MokasaHHyi Ha puc. 11.33, B KOTOpOW [ABe 3Hep-
rocucTemMbl CBA3aHbl JIMHWEA MeXCUCTeMHOW cBa3n. [MpeHebpexem B nep-
BOM MPUGAVXKEHUN MOTEPSMU 3HEPrnm B ceTaX M ByAem cunTaTb, YTO B HOP-
manbHom pexume f=fmov n Poa+Pce=Psara+Puws, rge Pc,n — wmouwy-
HOCTb, BblaBaemasi cuctemori A; Pc,B — MOLLHOCTb, BblaBaemMas CUCTEMOI
B, npuuem Pc.,a> prc,B. Torga Pc,B<Pnr,B-

MpeanonoXmM, 4To Ha JIMHUM MEXCUCTEMHOW CBA3M BO3HWUKNO K3 un nu-
HUA oA, AeicTBMEM pefieliHol 3awuTbl OTKAYMNack. locne OTKAYeHUs
NMHUN 13-3a HepaBeHCTB MOLLHOCTE yacToTa B 06emx cucTtemMax W3MeHseT-
ca: B OOHOWM cucTeme yBenMymBaeTCs, a B APYron — yMeHbluaeTcs.

B cucteme A 6GanaHc MoOLWHOCTE, a CfenoBaTeflbHO, M HOMUHasbHas
4acToTA, MOryT 6blTb GbICTPO BOCCTAHOBMEHbI aBTOMaTM4YeCKMMW YyCTpolicTsa-
MKW, YMeHbLUAWMMN BMYCK ABUXYyLWero ¢akropa (napa uam BoAbl) B Typ-
6VHbI, BpallatowmMe reHepatopbl. B cucteme B ycnoBus BoccTaHOBMEHUs Ho-
MWHa/IbHOM 4acTOTbl CyLWeCTBEHHO Xyxe. EcnvM B HOpMasbHOM pexume re-
HepaTopbl CUCTEMbl OblM  3arpy>XXeHbl A0 HOMUWHa/IbHbIX MOLLHOCTeNl," To
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eANHCTBEHHbIM CPeACTBOM BOCCTAHOBMIEHUS YacTOTbl OCTaeTcs OTK/YeHue
4yacTu Harpysku.

Cxema ycTpoiictea AYP npuBegeHa Ha puc. 11.34. YCTPOWCTBO COCTOUT
H3 Heckonbkux komnnektos pene dactothl (KF1, KF2, KF3) u npomexy-
TouHbix pene (KLI, KL2, KL3)-, kaxAblii KOMMAEKT MpuxoauT B AeicTeve
npy CHWXEHUU 4acToTbl OO0 OnpedeneHHOro YpoBHA. BepxHuii npegen 4a-
CTOTbl, Npn kKoTopoM AUYP npuxoauT B AelicTBue, coctaBnseT 48,5 Iy, HUX-
HWi — 45 Tu. OO6bLIYHO KOMMMAEKTbl WMMEKT YCTaBku, OTAnvalolmecs Ha
01 My (48; 47,9; 47,8 Ty U T. 4.). NMIOMUMO 6bLICTPOAEACTBYIOLMNX KOMMIEK-

Puc. 11.34. Cxema ycTtpoiictBa AYP:

* — npuHUMNUanbHas, 6 — pasBepHyTas

T0B8 (0,1—0,5 C) Ha HEKOTOpbIX CTYNEHsX 4YacToTbl MOrYyT ycTaHaBnMBaTbCH
KOMMEKTbl C BblAEpPXKOW BpemMeHn 1—20 c. Ons Toro 4tobbl yactoTa ANuU-
TeNbHO He OCTaBaslaCb Ha HU3KOM YPOBHe, ycTaHaBnMBaeTCA KoMMaekr AYP
C ycTaBKoW B 48,5 Ty 1 BblaepxKol BpemeHn 5—90 c¢ (pene KF3, KT, KL3).

OuepeAHOCTb OTK/IOYEHMA NoTpebuTenei yctaHaBNMBaeTCs Ha OCHOBa-
H/M pacyeToB PeXMMOB paboTbl 3HeprocucTemsl. B 3aBucMMocTM OT MecT-
HbIX yCnoBuii ycTtpolictBamm AYP oxBaTbiBaeTcd A0 30—50 % Harpysku
aHeprocucteM. Ha npakTuke pasnuuatot yctpoiictea AUYP-I n AYP-M. YcT-
porictea AYP -l ocyuw,ecTBnAlT ObICTpOAECTBYIOLYIO pas3rpy3ky. OHU ume-
10T pasfinyHble YCTaBKM MO 4acToTe W npeAHa3HayeHbl A8 MNPUOCTAHOBKM
CHWMWXEHMA 4acToTbl B 3Heprocucteme. Yctporictea AUYP-T1 npegHasHayeHbl
ANnA noAabemMa 4acToTbl nocne aelicteua AYP-l, a Takxe And npeaoTBpalleH
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HUA MeA/IEHHOrO CHWKEHUA U 3aBMCaHUA 4acToTbl Npu AeduumnTe reHepupyto-
wer MOLWHOCTU. 3TW yCcTpoilicTBa MMET eauHYyl0 YCTaBKy MO 4actoTe W
pas/inyHble YCTaBKU MO BPEMEHMU.

CHUXeHne 4acToTbl O6bIYHO COMPOBOXAAETCH CHVDKEHWEM HanpsXeHus
B y3nax Harpysku. Mpun 3Tom MOryT Npuiitm B AelicTBUE MWHUMaslbHble 3a-
WNTbl HanNpPsKeHUs U OTKAIUYNTb MeHee OTBETCTBEHHble MNOTpebuTenu, 4to
cnoco6CcTByeT BOCCTAHOBAEHUIO HOMWHA/ILHOW 4acTOTbl W HanpsXeHus B
sHeprocucteme. OTMeTMM, 4TO ycTpoilictBa AYP, TakK Xe KakK U MUHUMasb-
Hble 3aluTbl HanpsXXeHWs, aBTOHOMHbI, T. €. WX AelicTBUE 3aBUCUT OT W3-
MEHEHNSi KOHTPONMPYEMOro rnapamMeTpa /iib B TOM Y3/1e Harpysku, rae OHu
BK/THOYEHbI.

11.29. ABTOMATUYECKOE TNMOBTOPHOE BK/THOYEHUE

lMpakTka aKcnayatauum 3HeprocMcteM rnokasana, 4Y4TO 3HauuTenbHoe
4YNCNO KOPOTKUX 3aMblKaHUM B BO3AYLIHbIX U KabenbHbIX 3/M1EKTPUYECKMX Ce-
TAX VUMeeT HeyCTOuMBLIA, NPOXOAALNA XapakTep. MNpu CHATUN HanpsXeHus
C MOBPEeXAEHHONM uenn anekTpuyeckas MPOYHOCTb WU30ONALUW B MecTe Mo-
BpeXAeHns O6bICTPO BOCCTaHaBNIMBAETCA W Lenb MOXET OblTb BHOBb BKJ/IHO-
yeHa B paboTy 6e3 ocmoTpa U peMoHTa. Moatomy B CCCP (BnepBble B Mu-
pOBOI MpakTuke) 6blM pas3paboTaHbl U BHeAPEHbI YCTPOMCTBA aBTOMartuye-
CKOro mnoBTOPHOro BktoYeHus (ATIB) OAHOKpPaTHOro W ABYKPaTHOro Aewn-
cTBMA.

YcnewHocTs Aenicteus ATMB oAHOKPaTHOro AENCTBMA B BO3AYLUHbLIX Ce-
Tax gocturaeT 60—80 %, a B KabenbHbIX CeTAX — OKo/o 50 %. YcnewHocTb
AenicTens BTOporo uukna ATMB [ByKpaTHOro AencTBMA, €CTeCTBEHHO, Cylue-
CTBEHHO HMXe W cocTaBnseT npumepHo 15 % Bcex cnyvyaeB paboTbl BTOPOro
unkna 3tux AMB. [lMpumeHeHne ATB TpexkpaTHOro [OelcTBUS OKasanocb
HelLenecoobpasHbiM, Tak Kak YCMelWHOCTb AeliCTBUA ero TpeTbero umkna He
npesbiwaet 1—3 %.

YctpoiictBa AlB pa6oTalT B eOUHOM KOMMEKCe C peneiHol 3almTom
(pyc. 11.35). Mpu BO3HUKHOBeHUM K3 Ha nuHum WL cpabaTtbiBaeT peneiiHas
3awmTa 3TOW NMHMKM K OTKoYaeT BbikAovaTens QL. Yepes HeKOTOpbIi Mpo-
MexyTok BpemeHn tANB ycTpoiictBo AMB BHOBbL BK/lOYaeT NNHUIO. Ecnu Ko-
pOTKOE 3aMblKaHWe CaMONNKBUANPOBANIOCH, TO BK/AOYEHWE NUHUK ByaeT yc-
newHbIM 1 OHa OCcTaHeTcsa B paboTe. ECnM e KOPOTKOe 3aMblkaHWe OKa3sa-
IOCb  YCTOWUMBBLIM, TO roOcne BKIOYeHUs BbikAovaTens QL nAvHMA BHOBb
OTK/II0YaeTCa peneriHOM 3alMTON M OcTaeTcA B OTK/AOYEHHOM COCTOSAHUU 00
yCTpaHeHus MOBPeXAeHUss PEeMOHTHbIM MepcoHaioM. B cnyvae ycTaHOBKU
Ha nuHun ATIB [BYKpaTHOro [OelcTBMA MPOU3BOAATCA [ABe MNOMbITKWU BKO-
unTb ee B paboTy. Mpu Takom ATIB K npuBoAy BbIK/IOYATENSA- U K KOHCI—
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PYKUMW caMOro BblK/touyaTesns, ecTeCTBEHHO, NpeabsaBnaloTca 6onee >XecTkue
TpeboBaHus, Yyem Npu AlMB oAHOKpaTHOro AEeNCTBUS.

AK MB

o 0 wt
a a) g- W3

ti

HBCenBKTUBHXS i*L .
y oTceuka o t77 AL

*) !
Puc. 11.35. CoBmecTHasa paboTta peneiHol 3awmtbl U AlB:

« — noscHsawwWas cxema; 6 — guarpamMma BblAEPXEK BPEMeHU 3awuTt

Yctpoiicteo ATB A0MKHO UMETb BblAEPXKY BPEMEHW, OTCTPOEHHYHO OT
BpeMeHW AenoHusauuun cpedbl /A.c, T. €. *ans>"acC>a TakKxXe OT BpPeMeHun
rOTOBHOCTW BbIK/lOYaTeId K MOBTOPHOMY BK/OYeHUto. Mo paHHbIM Bceco-
l03HOro Hay4HO-u1CCe0BaTeIbCKOro VHCTUTYTa 3/IeKTPO3HEPTeTUKN
(BHWNW?3) Bpema pevoHusaumn cpegpl (MUHMManbHoe Bpems ATB) 3aBu-
cUT OT TokKa K3 ©n HanpsXeHua SneKTPUYecKowr AvHWW (OAVHbI TUPNAHAbI
N30NATOPOB); 3TU 3aBUCMMOCTM npencTaBneHsl Ha puc. 11.36. O6bIMHO NpuU-
HumarT *ans =0,5-5-1c.

Hannune AMB no3sonsetr cHU3UTbL Bpemsa oOTkNouveHuUs K3 B cetun. Tak,
Hampumep, Ha rOIOBHOM Yy4yacTKe paauanbHoi cetm (puc. 11.35, @) MoxeT
6bITb YCTAHOBMIEHA HeCeNekTMBHaA OTCeyka C 30HOW [OeWNCTBUS, OXBaTbliBalo-
weit He Tonbko nNuHM0 WL, HO n cmexHble nuHum W2, W3 un 1. a. MNocne
AelicTBUA HeceneKTUBHOW OTceukn (YCKopeHue 3awmtbl ao ATB) pa6oTaer
ATIB, BOcCcTaHaBnuMBas 3/1eKTpPOCHabxeHue notpebuteneir. MNpu HeycnewHom
ATIB oTKI0YEHME MOBPEXAEHHOro y4yacTKa MpPOu3BOAAT MaKCUMaslbHble TO-
KOBble 3alnTbl. B cxeme ycTpoiicte AMNB MOXeT npegycmaTpmsBaTbCa Takxe
BO3MOXHOCTb YCKOPEHUs AelicTBUSA 3aluTbl nocne HeycrnewHoro ATMB, T. e.
nocne BK/IOYEHUS Ha ycTonumsoe K3.

YcTpowictea AMNB BBOAAT B paboTy cneumasibHbIM MepeknvaTenem npu
BK/IIOYEHHOM TOJIOXKEHUWN BbIKAOYaTENs NNHUK. ToToBHOCTb ATB K AeicT-
BUIO HacTynaeT 4yepe3 10—20 c nocne BBoAa ero B paboTy. 3TO Bpems on-
peaensieTcs BpeMeHeM 3apafa eMKOCTW YCTpoiicTea, obecneuvBarolieil oaHO-
KpaTHOCTb AeicTeusa AlB.
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Ha nuHMAX ¢ ABYCTOPOHHUM nuTaHvem ycTtpoiictea ATB npu Heob6xo-
ANMOCTU BbINOMHAIOT C KOHTPO/IEM CUMHXPOHMU3Ma HanpsXXeHwui ¢ obemx CcTO-
POH BbIK/lOYATENS, BKAKOYAEMOro nocnegHum. Ha TOW CTOPOHe NvHWUW, rae
BblK/tOYaTe/Ib  BK/OYAETCA MepPBbIM, MPOBEPSAETCA OTCYTCTBME HanpsXeHus
Ha IMHUKW, @ C APYroli CTOPOHbl JIMHUU OCYLLECTBASETCA KOHTPO/lb CUHXPO-
HMU3Ma HanpsXeHuli ¢ AByX CTOPOH OT BblK/lOYaTens.

B ycnosusax askcniyatauum MOryT MNPUMEHATLCA U HECUHXPOHHblE aBTO-
mMaTtnyeckme NOBTOPHble BKAoYeHus (HATB). Mo pgaHHeiM BHUW W3 Takune
BK/IIOUYEHUS [ONyCcKalTcA, ecnn B o6wem cnyvyae Tok /HEBKT M MOMEHT
MHC.BKN MpY HECUHXPOHHOM BK/IHOYEHWUU
reHepatopa MeHblle COOTBETCTBEHHO
Tokar mmMmomeHTa MKF npu Tpexdas-

HOM K3 Ha ero BbiBOAax, T. €.

)I/HC,BKH/‘(?,}ﬁ in MH(:,Bl(n}Oll'lv|<|(‘,"2f>s 1

/HcBkn/'r.Hom < 0,625/n".

3T ycnosms Moryt 6bITb 3anuca-
Hbl B APYyromMm Bufe:
ONS TMAPOreHepaTopos

Puc. 11.36. 3aBMCMMOCTbL Bpe-

\m/xd>24; MeHV [eMoHM3aLmn cpefsl OT
TOKa KOPOTKOrO 3aMblKaHUA U
[ANs Typ6GoreHepaTopoB HanpPsHXKEHNS  3MeKTPUYECKON
NMHAN
\ Ixd> 16

OTMeTM, 4TO 60nee >XXecTKMe orpaHuyeHmss Ha BO3MOXHOCTb HATIB
HaknagbliBaeT [AOMNYCTUMOE 3HayeHMe BO3HMKAKWEro npu HECUHXPOHHOM

BK/IIOYEHMMN 3MIEKTPOMArHMTHOrO MOMEHTA, AeliCTBYIOLEro Ha reHepartop, a
He A0MyCTUMbIA TOK.

11.30. ABTAaMATWNYECKOE BKJ/TFOYEHWE PE3EPBA

YcTpoicTBa aBTOMaTU4eCKOro BKOYeHUs pesepsa (ABP) Hawnu wwn-
pOKOe MpUMeHeHWe B CUCTeMe COOCTBEHHbIX HYXJ 3/1eKTpOoCTaHuuii u Ha
noacraHumsax (Ha HanpshkeHun 6— 10 kB). YcTtpolicteBo ABP  A0MXHO
NOAKIYaTb Pe3epBHbIi UCTOYHMK NUTaHusA (TpaHchopMmaTtop, SIMHWUI0) Npu
MCYE3HOBEHUM MO /060N MpuuMHe nNuUTaHus OT paboyero MCTOYHMKA. Mcyes-
HOBEHME HanpsHXXeHUs Ha LUMHaX Harpy3kn MOXeT ObiTb  BbI3BAHO  KOPOT-
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KAMW 3aMblKaHUAMW B MNUTatOLeli CeTU BbICLLIEro HanpsXeHus, B paboyem
TpaHchopmMaTope, Ha ero LuHax HU3LWero HanpsXXeHns u B npucoegmHeH-
HOV K LWuWHam pacrnpefenuTenbHOM ceTu, a TakXe MNPOU3BOJIbHbIM OTK/KO-
YeHMEeM OfHOro BblK/KOYaTeNna pabovero TpaHcdopmaropa. BknwueHue pe-
3epBHOrO0 MCTOYHWKA [OO/MKHO MPOUCXOAUTL MNOCNe AenoHu3aunn cpefbl B
c/lyyae HeyCcTOMYMBOrO KOPOTKOFO 3amMblKaHUA Ha COOPHbIX LUMHAX, NO3TOMY
TpebyeTcs, UTO6bLI *ABP >*p,c. BpemMsi nepepbiBa NUTaHUA, OA4HAKO, A0/HKHO
6bITb He 60blue AONYCTUMOro MO YC/NOBMAM camo3anycka AgsuraTenen Bpe-
MeHU *nop.c,3» T. €. *A3p *n10on,o,3*

MpakTuka akcnnyataymn nokasana, YTO MepBoe ycrnoBue B ceTax 3--
10 KB BbIMONHAETCA aBTOMATUYeCKM, TaK KakK COOCTBEHHOe BpeMms BK/tOue-
HUA BbIKNOYaTeNen aTux ceten npe-
BblLLAeT BpPeMs AenoHM3aumn cpegsbl.
Ha pwuc. 11.37 nokasaHO W3MeHeHue
HanpshkeHns, Toka WM 4acToTbl Bpa-
LEeHNA aCMHXPOHHOro ABurartens npu
nopaye HanpsyXeHus OT pe3epBHOro
MNCTOYHMKA MrHOBEHHO  nocne OT-
KtoUeHua TpexdasHoro K3  (MyHK-
TUPHbIE NMHMW) U NPU nopadve Ha-
npsXeHns ¢ onpegeneHHor 3agepx-
KOl (CM/IOWHbIE IHUWN).

YcTpoiictBo ABP  [O/MKHO KOHT-
pPONMpOoBaTh HaNNMYMe HanpsXeHns Ha
pPe3epBHOM WCTOYHMKE, OTK/IHOYEHHOE
COCTOsIHME paboyero UCTOYHMKA W
6bITb OTCTPOEHHbIM MO BPEMEHU OT
MaKCMMasibHbIX TOKOBbIX 3alinT Mnpu-

Puc. 11.37. W3meHeHne Hanpsa- coequHeHWN. Mpu BKAKOYEHUW pesep-
KEHUA, TOKa U HacToTbl Bpauie- BHOFO MCTOYHMKA Ha ycToliumeoe K3
HnA - acuHXponHoro  /Asurarens eneriHaa 3awmTa A[oskHa obecne-
npu K3 1 nocnegytowein pabo- P W A

Te ycTpoiictea ABP UNTb €ero OTK/YeHne OT MOoBpex-

[EeHHOro y4yacTtka, 4TOo6bl COXpaHu-

Nocb NUTaHWe Apyrux npucoeanHe-
HWIA. BapuaHT NpUHUMNWAaNbLHOW cxembl YycTponctsa ABP  Ha AByXxTpaHc-
opmaTtopHOW noacTaHUMM gaH Ha puc. 11.38.

Mpu BK/OYEHHOM MOMNOXEHUN BblKOYaTENS Q2 NMPOMeEXyTouyHoe pene
KL HaxoauTcsi Mo TOKOM U [AepXWUT CBOM KOHTaKTbl B 3aMKHYTOM COCTOS-
HUM. Mpu oTKNYeHUM Bbikayatena QL wmnm Q2 cxema ABP  obecneun-
BaeT BK/IOYEHME CEKLMOHHOro BblkouaTens 6e3 BblAepPXKN BpPeMeHU: yepes
pasmbikaloLle BCMOMOraTesibHble KOHTaKTbl BblkitouaTens Q2 u KOHTaKThbl
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pene KL nonyvaetr nuTaHve KaTyllKa MNPOMEXYTOYHOro KOHTaKTopa Cek-
LUMoHHOro Bbikntovatensa YAC3. Mpu BHeapeHun cxem ABP BbiCKasbliBanMCh
onaceHWs O TOM, 4YTO MpU ObICTPOM BK/IHOYEHMUU CEKLMOHHOIO BbIKtOYaTens
MOryT O6bITb 60/sblIME 6GPOCKM TOKOB B camoO3anycKalwlwmnxcs Aasurarenax,
OflHaKO 3TV OMaceHVs B LE/IOM OKasa/lvMCb HeomnpaBfaHHbIMU K3-32 OTHOCU-
TeNbHO 6O/LLIOrO BPEMEHW BK/OYEHUS W OTKIHOYEHUS COBPEMEHHbIX Bbl-
Knoyatenei.

Puc. 11.38. Cxema ABP Ha AByXTpaHc(OpMaTOpPHOM noacTaHLuu;

a—npuHuyunnansHas; 6— passepHyTas

Mpu oOTKIYeHUM BbikNoyaTens Q2 paspbiBaeTca LUeMnb MUTaHUA Ka-
TYWKN NPOMeXyToyHoro pene KL, ooHako ero KOHTakTbl pa3mbliKaloTcsi C
BbI,EPXKO/ BpeMeHW, [O0CTAaTOYHOW A1 HafeXHOro BK/IOYEHUS CeKLMOH-
HOro BblkntouyaTens. Pene KL ob6ecneunmBaeT oAHOKpaTHOCTb Aeicteus ABP,
Tak Kak He MNOo3BO/sieT ABaXAbl BK/IKOYATb CEKLMWOHHLIA BbIK/IOYATeslb Ha
ycToiumsoe K3.

B cnyuyae ucue3HOBEHUsi HanpskeHWst Ha cekumu 1 cOOpHbIX WUH cpa-
6atbiBaloT pene HanpsxeHms KV1 u KV2. Mpu Hanmunm HanpsxeHus Ha
cekumm 2 oHWM 3anyckawT pene BpemeHn KT. KOHTponb Hanuuua Hanps-
XXeHUa ocywecTBnaeTca pene HanpsxeHums KV3. TlMocne 3amblKaHWA KOH-
TaKTOB pesie BPEMeHW OTK/ouaeTcs Bblknouatens Q2 v ganee ycTpolicTBO
paboTaeT TakK Xe, KaKk M B MEPBOM c/lyyae. YCTaHOBKa pefne HanpsKeHus
KV1l un KV2 c¢ nocnepgoBaTenibHO COeAMHEHHbIMW KOHTaKTamMu Bbl3BaHa He-
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06XOANMOCTbIO UCKIOUYMUTL 3anyck cxembl ABP npu neperopaHun npeno-
XpaHuTeneli B LUenax TpaHcopmaTtopa HanpskeHus. BbigepXka BpemeHun
ABP BbibupaeTcs Nno ycnosuio:

Nagp = *M,T.3 +

roe +w,r,s — Hambosbllas BblAEepXKa BPeMEHUM MaKCUMasibHbIX TOKOBbIX 3a-
LNT OTXOAALWMNX JIMHWIA.

MpakTnyeckn okasbiBaetTca *aABp =1.54-2 c. YcTaBka Ha MUHUMaslb-
HbiXx pene HanpsxeHua KY1 u KV2 pomkHa ucknwouyaTb paboty ABP npu
camo3anycke fapuraTener, NO3ToMy HanpskeHue cpabaTbiBaHWUS pene 06bly-
HO MPUHUMAKT PaBHbLIM 0,25y Howm.

fnasa fgBeHapuatas

SALLNTA INEKTPUYECKMX YCTAHOBOK .
OT NMEPEHAMNPAXEHUWN. 3A3EMNAIOWME YCTPOWCTBA

12.1. OBWME CBEAEHWA

M30n5LMa  3NeKTPOYyCTaHOBOK [JO/DKHA HaAexHo paboTaTb Kak npwu
ANNTENbHO MPUAOXKEHHbLIX pabounx (B TOM uncne HambosnblnX paboumx)
HanpsKeHUAX MPOMbILWIEHHOW YacToTbl, TaK W MPU BO3HUKAKOLMX B 3KC-
nayataumMm KpaTKOBPEMEHHbIX MepeHanpsXXeHnsaX rpo3oBOro WaMm KoMmyTa-
LIMOHHOTFO XapakTepa.

Mopa nepeHanpsKeHWsMW MOHMMAKT OMacHble AN U30NALMU 3NEKTPO-
YCTAHOBOK TMOBbIWEHUSA HanpsbkeHns. [Po30Bble MNepeHanpskeHUs BO3HU-
KalT npy nNpsiMOM yAape MOSHUW B 3/1eKTPOYCTAHOBKY (NMepeHanpskeHus
npsMoro ypaapa), a Takxe Mpu yaape MOMHWM B 3eM/Il0 UM B MNpeaMeTbl
N 06beKkTbl, Haxogfuimecs BO6AN3M 3NEKTPOYCTAHOBKM (MHAYKTUPOBAHHbIE
nepeHanpshkeHus). KommyTauMOHHble (BHYTPEHHME) nepeHanpskeHnUs BO3-
HUKaT MNpyY PasIMYHOro poja KOMMYTaLUAX Leneidi B HOPMasbHbIX 3KC-
nayaTauMoHHbIX YCNOBUSX, a TakXe MNpuM KOMMYyTauuax, CBA3aHHbIX C BO3-
HWKHOBEHMEM W NUKBUAALMEN aBapUHbIX PEXMMOB W MOBPEXAEHUR B 3nek-
Tpryeckoli cucteme.

HapexHas paboTa 2/1eKTpOycTaHOBOK oOb6ecrneunmBaeTcs TONbKO B TOM
cnyvae, ecnM MNPOYHOCTb WCMO/b30BAHHOW W30MSLMA MNPEBbLILLIAET BO3MOX-
Hble MaKCMMaJslbHble YPOBHM HaMPsXKeHWA Ha M30MSAUMM B NMPOAOMKUTENbHbIX
paboumx pexumax K npu nepeHanpsikeHusx. [MPOYHOCTb U30MALMM Xapak-
TepusyeTcs 3HaYeHWSIMU MPOBMBHOIO HaMpPsHXKEHWs MPWY BO3AENCTBUM Ha K30-
NAUNI0 HanNpPsHKEHWIA MPOMbILNEHHOM Y4acTOTbl U UMMY/bCHbIX HamnpshKeHWNA.
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COOTBETCTBEHHO A1 U30MALMUN 3M1EKTPOYCTaHOBOK YCTaHaB/IMBAKOTCA WCMbI-
TaTesibHble HanpsHXKeHUs MNPOMbILLNEHHON 4YacTOTbl U WMMY/bCHbIE UCMbITA-
TeNbHble HanpPsXeHUs MOMHbIM W Cpe3aHHbIM FPO30BbIM WMMMY/bCOM, a Tak-
K€ KOMMYTauMOHHbIM WMMMY/bCOM, KOTOpble ONpefensoT rapaHTUpPOBaHHY
MPOYHOCTb M30MAUUN. VICNbITAHUIO KOMMYTALLMOHHbLIM  UMMY/bCOM  Hanps-
XXEHUA MOoANEXUT M30NAUUA 31eKTPOYCTAHOBOK HanpskeHunem 330 kB wn
Bbiwe (Tabn. 12.1— 12.6).

M3onaumsa anekTpoobopynoBaHUA MnoApasfenseTca Ha BHELLHIoW, pa-
60TaloLWyl0 Ha OTKPbITOM BO34yXe, U BHYTPEHHIol, paboTawolyo B Macns-
HOWM, rasoBOW WNW WHOW cpefe, 3alMULEHHOW OT BO3AeNCTBMA BHELUHWX aT-
MochepHbIX YycnoBuii. Kak BHELWHAA, TakK U BHYTPEHHSA W30M1AuMA 3M1eKT-
pPo06OpPYAOBaAHNA UCMbLITLIBAETCA WMMMY/NbCHBIM HanpsXKeHWeM TOW WAn WHOM
nonspHoctn. O6bemM U NOPSAOK UCMbITAaHWA ycTaHoBAeHbl TOCT 1516.1—76
n 1516.2—76. TonHblAi rpo3oBo mmMnynbc (puc. 12.1,a) [O0MKEH WUMETb
AONNHY hpoHTa 7= (1,2+0,36) MKC M AnnHY umnynbca Fm=(50+10) wmKc,
a cpesaHHbIli rpo3oBoii mmnynbc (puc. 12.1,6) pomkeH uvMmeTb npeapas-
pagHoe Bpems Tc He MeHee 2 MKC. MpW UCNbITAaHUW BHYTPEHHEN u3onauuun
CUNOBbLIX TpaHCcHOPMaTOpPOB, TPaHCHOPMATOPOB HaMPSHKEHUA U MaCNSHbIX

Puc. 12.1. HopmupoBaHHasa ¢opmMa WMMYbCHbIX WCAbITATENIbHbIX Hanps-
XeHuM

35—516
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Ta6bnuuya 123

o HopmupoBaHHble MCMbITaTe/lbHble HAMPSXKeHUs KOMMYTaLMOHHbIX MUMMY/bCOB,
KB (MakcumanbHble 3HauyeHwus)
a, o o
R BHYTPEHHEWN usonsaumn BHELUHEN n3onsauyumn
5
MeXAy KOH-

= TaKTaMu OfHO-
s Mexay anekTpoo6o-  Mexay ¢ha- ro u TOro Xe
20: 3N1eKTpo- mMexay KOHTaKTa-  nynopapus o7-  38MM Cu- nonca BblK-
Ex o6opypao- thazamn MW OfHOTO HOCUTE/IBHO NOBBIX novatens (8
c §— B%I—éMReOT- cm;ocsbg( M TOro xe 3emMam B cy- TpaHcgop- CYyXOM cocTos-
gs ':m Q;Mﬂ: T?na':omosp nosntoca XOM COCTOSHMM MAaToOpoB B HUM U MOA A0X-

8 p BbIKNOYA- nop noxaem cyxom AeM) n pasbe-
8o Teneit COCTOSIHUN AvHuTens (B
E g CyXOM cOCTOfi-

Q HUN)
330 950 1425 1250 950 1300 1250
500 1300 1950 1730 1300 1800 1730

peakTopoB TpebyeTcs, 4uTOGbLI NpegpaspsagHoe Bpems 6bi10 2—3 MKe. [Mpun
MCMbITAHUM UN30NALMN 3NEeKTPOOBOPYAOBaHUA MPUMEHAIT cneaytowme dop-
Mbl KOMMYTaLMOHHOro MMMynbca: anepuoguueckuini (puc. 12.1, B) n koneba-
TenbHbln (puc. 12.1,r). CTaHgapTHbIA anepnoanyeckuii - KOMMYTaLMOHHbIA
uMnynsc umeeT Bpems nogvema TIMH—(250+50) MKC U AAUTENbHOCTb WUM-
nynsca 7/= (2500+ 1500) Mkc. CTaHOapTHbIA KonebaTesnbHbIAi KOMMyTaLu-
OHHbI/A MMMYNbC B 3aBUCMMOCTM OT TMNa M30MAAUMW MMeeT BpeMs nogbema
Tn= (504-4000) MKC W AgnuTenbHOCTb umnynbca I n= (5004-7500) MKc.

CornacHo FOCT 1516.1—76 n FOCT 1516.2—76 BHeLWHAA WU30MALUSA
3/1eKTpoobopyA0BaHNA A0/MKHA WCNbITbIBATLCA Ha MPOYHOCTb B CYXOM CO-
CTOSHUM W NOA, AO0XAEM HanpsXKeHMeM MNPOMbILIEHHOW 4YacTOTbl MAaBHbIM
noabeMOM HanpsXXeHns [0 ycTaHoBNeHHbIX TOCT wucnbiTatenbHbIX Hanps-
XEHW. BHYTpPEHHAs u301AuMA [0/DKHA BblAepXmMBaTb B TeydeHne 1 MUH
ycTaHoBnieHHble TOCT wucnbiTaTesNibHble HanpskeHus (cMm. Ta6n. 124, 12.5).
Kpome TOro, BHYTPEHHAS M30NAUMA CWUAOBLIX TPaHCHOPMaTOpoOB U peakTo-
poB HanpshkeHMem 220 KB © Bbllle A0/XKHA WCNbITbIBATLCA O/NTENbHbLIM
(14) BO3geNCTBUMEM HaMPSHXXEHWS MPOMbILWIEHHOW 4acTOTbl. YPOBHU OAHO-
4acoBOro WCMbITATENIbHOrO HanpsHXKeHUs OTHOCUTENbHO 3eMAn ANA 3NeKT-
poobopyaoBaHMa KnaccoB HanpskeHuss 220, 330 u 500 kB ycTaHOBMEHbI
COOTBETCTBEHHO paBHbiMU 220, 295 n 425 KB.

MpoyHOCTb M30NAUUN NOBON 3NEKTPOYCTAHOBKM 6E3yCNOBHO A0/KHA
6bITb Bbllle MaKCMMaNbHOro YpPOBHS paboyero HanpsXeHwWs 3Tolh ycTa-
HOBKM, @ TakKXe BO3MOXHOrFO YPOBHSA 60/bLUMHCTBA BHYTPEHHMX MNepeHa-
npsxeHnii. C MOBbILEHNEM YPOBHA MPOYHOCTU U30NALUN CTOUMMOCTb 3MeK-
TPOYCTaHOBOK CyLLEeCTBEHHO Bo3pacTaeT. [M03TOMY OKa3blBaeTCs 3KOHOMU-
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Ta6bnuuya 125

HopMupoBaHHble UCMbITAaTeNbHbIE HAMPSXEHUS U30MSLUU HelTpanu o6MOTKM BH
CMNOBbLIX TPaHC(OPMATOPOB C HEMOMHOM M3onsuneil HeilTpanu, AonycKatoLliei
paboTy C passemneHvem HelTpanu

© XORS E ORGP 0 G

KpaTKOBpeMeHHbIe UCNbiTaTe/IbHble HanNps>XeHunda NpoMblll-

NeHHOW yYacToTbl, KB (aelicTBylouiee 3HayYeHue)
NcnbiTaTensHoe

HanpaxeHuwe non-

S

O[HOMUHYTHOE Hanpsxe- HanpsbkeHune (nNpu nnaasHOM HOrFO rpPO30BOrO

HWe BHYTPeHHel unsonsuun nojbeme) BHeLLHel nsonaymun MMnynbca BHYT-
PeHHell 1 BHeluHel

nsonaumn HeTpa-

. B CyXOM coC- noa AoXaem nn 1 BBOAA HEW-

BBOZa HelTpa- TOSHUN Tpanu, kB (mak-

HeitTpani N, MCNbITbI- cvManibHoe 3Haue-

BaemMoro oT- Hue)

HeliTpanu un BBOJA HeliTpa-

AensHo W
BBOAA HeilTpa- NN KaTeropum
a _ v pasmeuieHns |
110 100 130 135 110 200
150 130 180 15 155 275
220 200 265 280 215 400
Tabnuuya 126
HOPMMPOBaHHbIE KPAaTKOBPEMEHHbIE UCMbITATENbHbIE HAMPAXEHUs NPOMbILAEHHOM
§ uacToTbl 371€KTPO06OPYAOBaHMA C O6MeryeHHol usonsaumeii, kB (geiicTeylouiee
& 3HayeHue)
f - OA”OM"'“YT“%iL:'MaM”p“’KeH”e n3o- Npu NNaBHOM MNOAbEMEe, BHELIHel W3onaLuu
B
B CyXOM COCTOAHWU noa aoxaem
©
I
o TpaHcthopmaTopos MeX/ly KOHTakK-
% CWUNOBbIX TPAHC-  panpaxeHus u To- Tamn ogHoro u  TPaHcpopwmaro-
a chopmatopos, Ka, TOKOOTrpaHuNuu- TOro xe nonw-  POB Hanpsxe-
S WYHTMPYIOWMX  gaig)nx peaktopos, 371€KTPO-  ca pasneamHu- HMA U1 ToKa,
£X VM AYroracallMx annaparos u mso-  O6OPYAO-  Teneii, npemo-  QNNapatos v
e peakTopos NATOPOB BaHNs xpanuTteneii 130NM1ATOPOB
g5 (Mpw BhiHyTOM  KaTeropum pas-
53 naTpoHe) meuteHuns |
3 10 13 15 18 10
6 16 21 23 27 18
10 24 32 35 42 28
15 37 48 53 62 42
20 50 65 70 85 55

Uecku HeuenecoobpasHbiM Tpe6oBaTb, UYTOGbLI MPOYHOCTL M3OAAUUKU  Bbina
BbllE MaKCMMa/IbHO BO3MOXHOFO YPOBHS BHYTPEHHUX MepeHanpskeHnii u
TeM 60/iee Bbllle BO3MOXHOIrO YPOBHS FPO30BbIX MEepeHanpskeHnii



8§ 122 BHyTpeHHMe nepeHanpsXXeHus

YpoBeHb BHYTPEHHUX MepeHanpsmKeHU’i MOXeT OblTb CHWXKEH nyTem
Hagnexawero Bbibopa pexmma 3azemneHus HenTpaneid (cm. rn. 3), cxem
3MIEKTPUYECKUX COEOUHEHWIM 3NEeKTPUYECKMX CTaHUMA U ceTell, NpUMeHeHu-
eM B BbIK/lOYaTENAX PEe3nCTOPOB, LUYHTUPYIOLLMX KOHTaKTbI.

OT rpo3oBbiIX MNepeHanpsXeHuii, a TakXe OT Ma/lOBEepPOSATHbIX MaKCu-
MaslbHO BO3MOXHbIX BHYTPEHHUX MepeHanpsKeHUn BCe 3M1eKTPOYCTaHOBKWN
AOMKHbI MMeTb creuunanbHyo 3awmuTty. OCHOBHbIM 3/1EMEHTOM 3aliuTbl SB-
NATCHA BEHTU/bHble Pa3pPALHUKA  Pas/IMYHOrO WCMONHEeHWs. Tpu BbiNoONHe-
HUWN 3N1EeKTPOYCTAHOBOK W OCYLLECTB/IEHUN MX 3alinTbl Ba>KHEMLUMM BOMPOCOM
ABNAeTCA KoopAaMHaLUMA M30NAULWMK, T.e YycTaHOBNeHMe W obec-
rneyeHne Heob6XOAMMbIX COOTHOLUEHUA MeXAy MPOYHOCTbIO M3ONALUN 3NEKT-
poobopyaoBaHUA U XapakKTepucTUKaMn 3alnTHbIX YCTPOMCTB OT nepeHa-
npsxeHUn. Mpu BCEX BO3MOXHbIX pexumax paboTbl 3nekTpoobopynosaHus
MPOYHOCTb €ro M30M1AUMN A0/MKHA ObiTb Bbllle COOTBETCTBYHOLMX XapakTe-
PUCTUK 3aLUTHBIX YCTPOICTB.

YpoBeHb PO30BbIX MNepeHanpsHKeHU B KOHKPETHOW 3M1eKTpUYeckon ce-
TW He 3aBUCUT OT €e HOMMHa/NbHOro HanpsXeHus, a YypOBeHb BHYTPEHHUX
nepeHanpsHkeHU, Hao6b0pOT, 3aBUCUT OT HOMWHABHOIO HaMpsXKeHUs CceTwu.
Mo 3Toi NpuunHe BbLIGOP YPOBHA M30MALMM 3NEKTPOOOOpyAOBaHUSA Hanps-
XXeHnem A0 220 KB BKIHOUYMTENIBHO B OCHOBHOM JIMMUTUPYETCA YPOBHEM
rpPO30BbIX MepeHanpsXeHWn, a YpPOBEeHb U30NALAN 3NeKTPoo6opyaoBaHus
HanpsbkeHnem 330 KB u Bbille — ypoOBHEM BHYTPEHHUX MNepeHanpsXXeHWUi.

Ba)XHbIM 3/71eEMEHTOM 3M1E€KTPOYCTAHOBOK SABAATCA 3aseMnsiowme ycT-
poiicTBa, Heo6xoAMMble A8 oOb6ecrneyeHns HOPMasbHbIX PEXUMOB paboTbl
9/1eKTPOYCTAaHOBOK, OCYLLEeCTBNEHUS UX 3aluTbl OT MepeHanps>keHui, a Tak-
Xe ana cosgaHua 6e30nacHbIX YCNOBWI 3KcnayaTauun 31eKTPOYCTaHOBOK.

12.2. BHYTPEHHWE TMEPEHAMPAXEHWA

BHYTpEHHWE MepeHanpsXKeHUsT MOXHO MoApasfenuTb Ha KBasucTaumo-
HapHble U KOMMYTalMOHHbIe. XapakTep, 3HAYeHME U MPUYMHbI BO3HUKHOBE-
HUS 3TUX MNepeHanps>keHuii pasnuuHbl. Tak, KBasuCTaUMOHAapHble MNepeHa-
NPsKEHWS, CYLecTBylOLWMe NPOAO/KUTENbHLIN  Nepuos  BPeMeHW, MOryT
BO3HUKHYTb MPU OAHOMA3HLIX 3aMbIKAHMAX W MPU HEMOMHOMA3HBLIX PEXU-
Max B 3Heprocucrteme, npyv paboTe MPOTHKEHHbIX 3MEKTPUUECKUX NIMHUIA Ha
XOMI0CTOM X0y, MpU KOPOTKUX 3aMblKaHWSX B MOYBOMIHOBLIX W HACTPOEH-
HbIX 3MIEKTPUYECKMX NIMHUSX, @ TakXe Mpu BO3HUKHOBEHWM B cUCTeMe Mnapa-
METPUYECKOro pe3oHaHca WM (eppope3oHaHca Ha OCHOBHOI 4acToTe, BbiC-
WNX WM HUSWNX TApPMOHUKAX. KOMMYyTaUMOHHbIE MepeHanpskeHns MoryT
BO3HUKHYTb MPU BK/IOYEHUN W OTK/IOYEHUM SEKTPUUYECKUX JINHWIA, TpaHc-
(hopMaTOpOB, LWYHTUPYIOLINX W AYroracawmMx peakTopoB, MNPy BO3HUKHOBE-
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HUM NepeMexarolencs Ayrn 3amblKaHWS Ha 3eM/Il0 B CUCTeMaX C He3asem-
NEHHbIMU HelTpanamMn, nNpu KOPOTKMUX 3aMblKaHUSX, KOMMyTaLMaX W npu
KayaHUsX reHepaTopoB 3MEeKTPOCTaHUMA B cucTemax, cogepXawmx AavH-
Hble 3/1EKTPUYECKME JIMHAN Pa3/NIMYHOro Tuna (KOMMEeHCMpOoBaHHbIe, MOyBOJI-
HOBble, HAaCTPOEHHbIE).

BHyTpeHHee nepeHanpsikeHne XapakKTepusyeTcs KpaTHOCTbIO

K ~ Umax|Ud.pab.Ho- (~2.1)
B aHeprocuctemax CCCP € y4yeTOM BO3MOXHbIX YPOBHel nepeHanps-

XEHNIA N TEXHUKO-3KOHOMUYECKUX XapaKTePUCTUK 3NEeKTPUYECKUX JINHUNA
MPUHATBLI NpMBEAEHHbIE HMXXE AO0NYCTUMbIE KPaTHOCTU!

1/.0om kB .... 3 _ 6 10 20 35 110 150 220 330 500 750 1150
~pabH6/~Hom 1.2 1,15 1,15 1,15 1,15 1,15 1,151,151,1 1,05 1,05 1,05
K 52 4,6 4,254,25 3,8 3,2 3 3 3 25 22 18

CornacHo pekomeHpauuam M 3K ypoBeHb n3onauuu AN KOMMYTauUOH-
HbIX MepeHanpsXKeHW [0/MKeH CcOocTaBNATb npumepHo 80 % MMNYILCHOro
YPOBHA u30NAuMN. NPUHATBLI B 3HEpProcmMcTemMax pPexuMm HelTpanei, cxembl,
a TakXe XapaKTepUCTUKWN 3aliuTHbIX YCTPOWMCTB A0/MKHbI obecneumsBaTb pa-
60Ty 3NEeKTPUYECKUX CeTell C KPaTHOCTbIO BHYTPEHHUX MNepeHanpsXeHuin He
Bbllle A0MYCTUMOIA.

12.3. TPO30BbLIE MEPEHATMPAXEHNA

[po30Bble MepeHanpsXKeHUss BO3HUKAKOT MNPV paspsgax MofaHuK. Tok
MOSIHUN UMeeT BWA, YHUMOMSPHOrO anepuoguyeckoro MMMynbca U Xapakre-
pusyeTca amMnauTygon /Mmex, AMHOW mmnynbca TA 1 cpefHeli KpyTU3HOMN
hpoHTa mmnynbca (cm. puc. 12.1, a), paBHOM

a_ [mMmex™ 22
7
roe Np — gnmHa poHTa mmnynbca.
3aperncTpupoBaHbl  aMmnanMTyAbl TOKOB MOJIHAM OT COTeH amnep A0
250 KA co cpefgHeli KpyTu3HoW 2—50 KA/MKC M C ANMHOW umnynbca 20—
80 MKC. BepoATHOCTb MOABAEHWSA MOMHWIA C BEPXHUM MpeaesioM napameTpoB

OTHOCUTENbLHO Masa, MO3TOMy B KauyecTBe pacuyeTHbIX MapamMeTpoB OO6bIYHO
NPpUHNMaloT:

Tmtnax =150 KA; a = 30 KA/MKC; 7'v = 40 MKc.

VIHTEHCMBHOCTb FPO30BOV AeATelbHOCTM XapakKTepusyeTcs 4YUC/IOM rpo-
30BbIX OHeli B rogy nMA win, 4To 60nee TOYHO, YMC/IOM FPO30BbIX 4acoB B
rogy n4y. Tak Kak cpegHss NpoAO/HKUTENbHOCTL FPo3bl cocTaBnset 1—2 4, To
MOXHO MPUHATL, 4TO Nu= 1,5 «A,.
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VIHTEHCMBHOCTb TpO30BOlM [AeATeNbHOCTM CYLEeCTBEHHO  pasnuyHa Ans
pas3nunyHbIX parioHOB cTpaHbl. Tak, B palioHax Coun, EpeBaHa, VBaHO-®paH-
KOBCKa «,,>100, B palioHax BuHHMUbI, Kypcka, batymn ny=80+ 100, B paii-
OHax MockBsbl, HoBocmbupcka, Yntbl N4=40H-60, a B palioHax MypmaHcka,
HapbsiH-Mapa, BepxosHcka, MaragaHa a4<10.

B cpegHem Ha 1 KM2 nsiowaan 3emnn npuxogmtca npumepHo 0,1 yaapa
MOMHMM 3@ OAWMH FpPO30BOlM AeHb. YMCNo yAapoB MOMHUW B oA B OTAENbHO
CTOAWMNIA MONMHMEOTBOA, BbicoTo h (M) c yyeTOoM TOro, 4To OH NpUHMMaeT
Ha cebs Bce yaapbl MOSHWW, KOTOPble MNPUXOASATCA Ha MOBEPXHOCTb 3eM/U,
3aK/Il0UYEHHYI0 BHYTPU Kpyra paguyca 5= (3-3,5)/1, npyMepHO paBHO

N = 0,1s4? sg- 10-e « nhi Ma.0-B. (12.3)

Yncno ypapoB MOMHUM 3a o4, B BO3AYLIHYK 3NE€KTPUYECKYHD SINHUIO
AnnHol | (KM) npu cpefHer BbicOTe MogBeca BepxHero nposoga WM Tpo-
ca hcp(m) npumepHo paBHO:

N = ny NeCp' 104. (12.4)

Mo paHHbIM M. B. KOCTEHKO u4Mcno yaapoB MOJSIHUM B rof B 3/1EKTPU-
YeCcKyl NNHUIO ANvMHOK | Npy ropu3oHTasIbHOM PacrnofioXeHUn MpoBOAOB

paBHO:
ONS MHWA ¢ rpo303alynTHLIMKU Tpocamu

tf = (BhTiICP+ - ~p + &T)/A4-10-%; (12.5)
ANA NMHWIA 6e3 TPOCOoB

o \
5/»ncp+ “ | p + bn) 1IM-10-%*, (12.6)

roe 6T M ba— COOTBETCTBEHHO PACCTOSHUS MeXAy KpalHMMM Tpocamu u
NpoBOAAMU; ftT.cp W /rn,.cp — COOTBETCTBEHHO CpeAHss BbicOTa Mogseca TPO-
COB W MPOBOOB; OHWU MOTYT GbiTb OMpPeaesneHsbl Tak:

~n,cp = g fa

rae hr, hu— cooTBeTcTBEHHO BbiCOTAa MoABeca TPOCOB M MPOBOAOB; /T U
fn— cooTBeTCcTBEHHO CTpefia MpoBeca TPOCOB U MPOBOAOB.

B 3aBMCUMMOCTU OT AJIMHbI 3/IEKTPUYECKON SIMHUM N BbICOTbI OMOP Cpea-
Hee 4YNCN0 yAapoB MOJIHUM B NIMHUIO 3a rog Kone6netcs oT 250 (4Nns NUHWIA
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750 kB) po 5 (ans nuHmin 35 KB). lMpwn OTCYTCTBMWU cheuuanbHOW rpo3o3a-
WNTbl U HELOCTATOYHOW WMMYNbCHOW MPOYHOCTU M30AALUN NUHUA 3TU yaa-
pbl MONHMM B GOMBLINHCTBE CyyYyaeB NPUBOAUAMN Obl K MEPeKpbITUIO N30M5-
UM NIMHUA U NX OTKAKOYEHUIO, YTO 3KOHOMWYECKM He onpasgaHo. JonycTu-
Mble UMMY/bCHbIE HaNpsXXeHUs ANS U301AUUMU 3N1eKTPoo6opyaoBaHMa onpe-
0enalTca rapaHTUPOBaAHHOW MMMNYNbCHOW MPOYHOCTbLIO, KOTOpas ycTaHoBe-
Ha HECKOJ/IbKO HWXe WMMYbCHbIX MWCMNbITaTeNbHbIX HanpsXeHwin (gns wmso-
NATOPOB, 3MIEKTPUYECKUX annapaTtoB W WU3MepPUTENbHbIX TpaHcdopmMaTopos
npumepHo Ha 10— 15%, ANsS CUIOBbIX TpaHcopmaTopoB — Ha 25 %)e

12.4. 3ALLNTA 3JIEKTPOYCTAHOBOK OT MPAMbIX YAPOB
MOJTHNIN

OT nNpsMbIX Yy[apoB MO/HUM 3NEKTPOYCTAHOBKM 3aliuLaloT CTepXHe-
BbIMW U TPOCOBbIMM MOSHWEOTBOAAMU. 3[aHUA C XOPOLLO 3a3eM/IEHHON Me-
TaN/IMYeCcKOW Kpblleld He TpebylT 3aluTbl MOMHMEOTBOAaMU. B OTKPbITbIX
pacnpegenuTesibHbIX YCTporicTBax HanpsbkeHnem 110 KB v Bbile paspelia-
eTcsi yCTaHOBKa MOJIHMEOTBOOB HENoCPeACTBEHHO Ha MeTa//INYeCKUX KOH-
cTpykumsax OPY, a B OPY 35 kB pekomeHpgyeTcs ycTaHOBKa OTAE/IbHO CTO-
AWMX MOSTHNEOTBOAOB.

30Ha 3awWuTbl OAMHOYHOIO CTEPXHEBOro MonHweoTsoga (puc. 12.2) on-
peaenseTca BblpaXeHNem:

K ) , (12.7)
h hx i, hx
h
roe p= 1, ecnm ft<30 m, n p=5,5/|/1r, ecnn /r>30 m.
30Ha 3alWuTbl ABYX CTEPXHEBbIX MOJSIHNEOTBOAOB OAVMHAKOBOM BbICOTbI
(puc. 12.3) HaxoauTcs cnegyloWMM 06pa3oM: BHELIHWE 0611acTM 30HbI — MO
(12.7), BHYTpeHHss 06nacTb 30Hbl— KakK Ayra OKPY>XHOCTW, MnpoxoasLiei

a
yepe3 BepLMHbI MOMHMEOTBOAOB W UMetolleld nepureint h—P~"~eHanmeHb-

was LwuprHa 30Hbl 3aWmTbl 2bX HaxoauTcs MO KPWBbLIM, MNPUBEAEHHbIM Ha
pvc. 12.4.

30Hbl 3alNTbl TPEX U 4YeTblpex CTePXHEeBblIX MOJIHMEOTBOAOB (pwUC.
12.5) HaxopATCA Tak: BHelHMe 0651acTV 30Hbl — KakK M Yy OAMHOYHbIX MOJ-
HMeoTBOAOB, T. €. Mo (12.7), a HauMMeHbluas LWUPUHA 30HbI bX— no Kpwu-
BbIM puc. 12.4. O6bekT BbicoTOM hX, HaxoasWmMicas BHYTPM MHOrOYro/bHUKA,
6yAeT 3aluileH B TOM cflyyae, ecnn BbIMOHAETCA YC/oBMe:

D <8(h — hx) p,

roe D — gnameTp OKPYXHOCTU, MPOXOAsLei Yepe3 BepLUMHbI TPeyrosibHUKa
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Puc.
HOYHOro

12.2. 30Ha 3awuTel oau-
CTEPXXHEBOro MOJ/HUe-
oTBoAa

Puc.

12.3. 30Ha 3awWuTbl ABYX CTEpX-
HEBbIX MOJ/IHNEOTBOAOB OAMHAKOBOW Bbl-

COThbl

(B cnyyae Tpex CTepXHEBbIX MOSIHNEOTBOAOB)» WM Hambonblias Auaro-
Ha/lb YeTblpexyrofisHMka (B Crlyyae 4eTblpex CTepPXXHEBbIX MOSIHWEOTBOZOB).
30Ha 3alWmTbl OAMHOYHOrO TPOCOBOro MOMHMeoTBoga (puc. 12.6) Haxo-

OUTCA, Kak W And  Of4MHOYHOro
CTePXHEBOro MOJIHMEOTBOAA, MO
(12.7), HO C W3MEHEHHbIM KO3-
humeHToOM B uMcnuTene npasoW
yactTn. Tak, Npu BbICOTe MojBeca
Tpoca / K30 M BmMecTO KO3ahdun-
uneHta 1,6 npuvHUMaeTca Koad-
duumeHT 0,8.

BHelwHAs o6nacTb 3aljmThbl
OBYX TPOCOBbIX MOJ/IHNEOTBOAO0B
(pyc. 12.7) HaxoauTca Tak e,
KaK Ans OAMHOYHOrO TPOCOBOrO
MOMHMeoTBoAa. BHyTpeHHsAs 06-
nacTb OorpaHuyvMBaeTcs Oyroii ok-

PYXHOCTKW, npoxopjsweli uvepes
TpoCbl W uMeloweir  nepurei
f—a/4. O6bekT, Haxoaswwmiics

Mexay Tpocamu Ha BbicoTe HX,
6yget 3awumuieH, ecnm cobnio-
naeTca ycnosue:

Puc,
WNTbI

Chrhp
12.4. K onpegeneHuo 30HbI  3a-

OBYX CTEPXHEBbIX MOJIHNEOTBO-
noB
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h— hx > 014.
|-|pI/I Hannynn pAByX CTepXHeBblX MOJIHNEeOTBO40B pa3HOI71 BbICOTbl WN
[BYX TPOCOBbIX MOSIHMEOTBOAOB, PAaCMO/IOXKEHHbIX Ha pasHol BbicoTe (puc.
12.8), 30Ha 3aWUTbl Haxoa4WUTCA creaylowmm 06pa3om: ANsS MOJSIHMeoTBoAa
/ 6onblel BbICOTbI CTpOUTCA 30Ha 3aulunTbl, KakK Ana OAWHOYHOro MOJIHUME-
0oTBOAA, Jasiee MpPoBOAUTCA FOPU3OHTa/Ib Yepe3 BepLUMHY MEeHbLUero rno Bbl-

Puc. 125. 3oHa 3awutbl Tpex (@) u yeTblpex (6) CTEpPXHEBbIX MOSHMEOT
BOJ0B

Puc. 12.6. 30Ha 3awmuTbl OAVHOY- Puc. 12.7. 30Ha 3awuTbl ABYX TpPO-
HOro TPOCOBOr0 MOJIHNEOTBOAA COBbIX MOJIHNEOTBOA,0B

coTe MOMHMeoTBoAa 2 W onpejenseTcs BeplwnHa (UKTUBHOIO MOJSIHMEOTBOAA
3. [JanbHeiillee nNocTpoeHWe BeaeTcs, Kak A8 ABYX MOSHMEOTBOAOB OAU-
HaKOBOW BbICOTbI.

Ha npakTuke 30HY 3alinTbl TPOCOBLIX MOJIHUEOTBOAOB OLEHUBAKT MO
3HAYeHMI0 3alUUTHbLIX Yr0B a, T. €. YINIOB MexXAy BepTuKasblo, npoxoas-
el uyepe3 TPOC, U NUHUEN, COeAMHSIOLWLE TPOC W 3aliuliaembli NPOBOA,
3MIeKTpuYeckor nmHun (puc. 12.9). O6bIYHO npuHMMaT a=20 + 25°.
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3almiLaembllii 06bEKT [O0/MKEH HaxXoAUTbCA B 30He 3aliUTbl MOJSIHWEOT-
Boga (MONHMEOTBOAOB), OAHAKO AON1A WCKIIOYEHUS 06paTHbIX MepekpbITuii ¢
MOJIHMEOTBOAA Ha 3aliMiaemblii 06bLEKT MpU ygape MOSHWWA B MOJSTHMEOTBOZ,
3almiLaemblii 06bEKT pacrnonaratoT Ha HEKOTOPOM PacCTOSHUM OT MOJIHMe-
otBoga. lycTb BbicOTa MO/HMEOTBOAA paBHa A, a BbicoTa obbvekta H (puc.
12.10). MNpwn ygape MOMAHMW B MOMHMEOTBOA, MakKCMMaslbHbI noTeHumnan (kB)
B TOYKE MONHWeOoTBOAa, Haxopsaweics Ha BbicoTe H(m), GyaeT paBeH:

AH,max A lyLmax ~8umn + £~ dH~\p’ (12-8)

roe /?3umn — COMPOTUB/IEHME 3a3eMINTeNss UMMY/bCHOMY TOKy, OM; L -
WHAOYKTUBHOCTb MOMIHMEOTBOA4a OT 3asemMnutena o paccmanMBaemoﬁ TOY-

Punc. 12.9. 30Ha 3awuThbl Punc. 12.10. K onpegeneHunio OonycTtumoro pae-
TPOCOBOro MOJIHMEOTBOAA CTOSIHUA MeXAy MOMHMEeOTBOAOM W 3aliumuia-
eMbIM 06BEKTOM



B58 3almTa aNeKTPUYECKNX YCTAaHOBOK OT nepeHanpsikeHui  Fa.' 12

kn’ Ha BbicoTe H, MKIH; —_—— — cpefgHAs KpyTu3Ha @poHTa TokKa
! v dt ,'ep

MONHUN, KA/MKC.
Mpu pacyeTHbIX NapameTpax Toka MoOAHUM (cm. § 123) u LO=

= 1,7 MKIH/M uMeeMm:
YH,max = 150"3 uMn -f- 50#. (22.9)

Mpn 3TOoM ecnn MpWHATL, YTO AONycTMMas Mo YCNoBMAM Npobos cpea-
HAS HanpsXXeHHOCTb 3/1eKTPUYECKOro nons B BO3Ayxe coctaenset Egdn=
=500 kB/m, TO paccTtosiHMe OT 3alumuiLaeMoro o6bekTa A0 3as3emnauTens, M,
[AO/DKHO OblIThb:

N EE3%3uwn 0O, 144 1210
HO He meHee 4 wm,

m, Ecin K Onope € MOJSIHNEeOTBOAOM Ha BbICOTE H noaselleHbl nposoaa
SI'IeKTpI/I‘-IeCKOI\/'I NNHUN, TO AONA WUMNOYNbCHOrNo paspsagHOro Hanpsa)XXeHua co-
OTBETCTBYROLWNX TUPNAaHA N301ATOPOB A0/MKHO BbIMO/IHATLCA YyCNnoOBUE:

{/vmn.pazp N 150/?3umn - 50//. (12.11)
MaKcuMasnbHbIlii NoTeHUMan Ha 3asemnutesnie Npu yAape MOMHUU PaBeH:

Uatax — IMmax R3,aMa- (12.12)

Ans npefoTBpalleHns MepekpbITUS € 3a3eMINTesNIs Ha 4vacTu 3aliuiiae-

MOro o6bekTa, Haxogsuwivecs B 3emne, MNpu JONyCTUMOW CcpeaHein Hanps-

XEHHOCTW 3nekTpuyeckoro nonsa B 3emne /M3.00on"300 kB/M Heobxoanmo
BbIMOJ/IHUTL YCNOBUE:

Is > 0,5/?3 > (12.13)

HO He MeHee 7 M.

125 3ALNTA 3NEKTPOYCTAHOBOK OT MEPEHAMPSXEHWM

BO/MIHbI FPO30BbLIX MNepeHanpsHXKeHWi, BO3HMKaloWMe BO BpPeMs rpo3bl B
3NEKTPUYECKUX JIMHUAX, PacnpOCTPaHSAIOTCS MO CEeTU U BO3AENCTBYHOT Ha
M30M1ALMI0 KaK caMUX JIMHWIA, TakK W 3/1eKTPOOGOpYyA0BaHUS 3/1eKTPUYECKUX
CTaHUUi 1 noacTaHLUMiA.

3alWmTa 3/1eKTPOyCTaHOBOK OT TFPO30BbLIX MepeHarnpsxeHuii ocyLecTs-
nsetcs paspagHukamun. pocTeiilvM TUNOM paspsaHuKa SBNSETCA WUCKPO-
BOW MPOMEXYTOK, COCTOSIMIA U3 [ABYX 3/MeKTPOAOB, OAWH W3 KOTOPbIX,
rnoAcoeAuHseTcs K 3aliuliaeMoMy O0ObeKTy, a BTOPOI — K 3asemnuTtento,
McKpoBOW MpPOMEXyTOK MNpo6uBaeTcs MNpU MOSIBIEHUN HA HEM HanpsKeHus,
npeBbIlLAOWEero ero WUMMy/AbCHOEe paspsagHoe HanpshkeHue. VICKpoBoW npo-
MeXYTOK Cpe3aeT BOJIHY NnepeHanpsixeHus, NPoXoasLLyto C IMHUX, U TEM CaMbIM
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3awmuiaeT obopyaoBaHME  3NEKTPOYCTAHOBKM OT npob6os wnanm  nepekpsbl-
TMma. OAHaKo paspafgHas XapakKTepucTuka WCKPOBOro MPOMeXyTka HecTa-
61bHA; OHAa 3aBUCUT KaK OT COCTOSHMUA 3NeKTPOAOB, TaK WU OT BHELWHWUX aT-
MocdepHbIX ycnoBuin. Kpome TOro, cpabatbiBaHWE WCKPOBOrO MpOMexyTKa
npMBOAUT K MNOSBMEHUIO OMaCHONO KOPOTKOro 3aMblKaHUA B CeTU W, cne-
[oBartenibHO, TpebyeT OTKNIYEHUS COOTBETCTBYHOLUX 31EMEHTOB 3/1E€KTPO-
YCTaHOBKM, 4YTO HexenaTenbHO. V3-3a 3TOro WCKPOBble MPOMEXYTKU UC-
Nonb3ylTCA OrpaHWYeHHO W TONbKO B KayecTBe [AOMOJSHUTENbHbIX CpeacTs
3aWnTbl M30MAUMMN OT nepeHanps>keHnii. OCHOBHbIM e CPeACTBOM 3aliuTbl
OT [PO30BbIX MEepeHanpPsHXKeHUn ABAAIOTCA rpo3o3aluTHble paspsagHuKn. B
3HeprocmcTemMax WCMNOMb3YOT pPaspagHUKM OBYX TUMOB: Tpy6yaTble U BeH-
TUNbHble. TpybuaTble PaspagHUKU MPOCTbl MO KOHCTPYKUUW U OTHOCUTENIbHO
Aewesbl. OHX ycTaHaBNMBAKTCA Ha /IMHUAX, Ha NoAxojax K MnoAcTaHuusMm
M NCNONb3YTCA AN 3alWnTbl U30AALMU INEKTPUYECKNX NNHWUIA, a TakXe B
KayecTBe [OMNOMHUTENbHbIX CPeacTB 3alWuTbl MOACTAHUMOHHOW  U30M1ALUUN.
BeHTuMbHblE paspsgHUKM ABAAKOTCA 60nee COBEPLUEHHbIMW, HO U 6onee Ao-
porumn annapatamn. OHM MCNOMBL3YHOTCA A4 3aWuTbl  MNOACTAHUMOH-
HOVM M30N5UUM 1N yCTaHaBNMBAIOTCA: Ha COOPHbIX LWMHAX 3M1eKTPOYCTaHOBOK,
ecnm K 3TUM LWKWHaM MNOAK/YEHbl BO3AYLWIHbIE 3M1EKTPUYECKUE JIMHUK; Ha
BbIBOZAAX BbICLIEFO M CpeAHero HanpsXeHus asToTpaHcOopMaTopoB; B Lie-
nAX CUMOBbLIX TPaHC(OPMATOPOB W OTAENbHbIX NNHWIA, ecnu paspsgHuku, yc-
TaHOB/NIEHHble Ha LWWHaxX, He obecneuyvBalT A0/MKHONM 3awWmTbl 060pyAoBa-
HUA; B HelTpansx cunosBbiXx TpaHcdopmaTtopoB 110—220 kB, ponyckato-:
Wwux paboTy C M30/IMPOBAHHOW HEWTPasbHo.

Cnepyet OTMETUTb, YTO MO YC/MOBUAM 3alUTbl U30NALUW K reHepaTo-
pam mouwHocTblo 6onee 15 M B-A M K CUMHXPOHHbLIM KOMMEHcatopaMm MOLL-
HOCTblo 6Gonee 20 M B -A 3anpeljaeTcs HenocpencTseHHoe (6e3 pasgenu-
Te/IbHOro TpaHcdopmaropa) MOAK/IOYEHNE BO3AYLIHbIX 3M1EKTPUYECKUX Nn-
HUNA.

Tpy6uaTbili paspsgHMK COCTOUT K3 rasoreHepupytowlenn Tpybkm ms cub-
pel (y paspsgHukoB Tuna PT) wwm BuHunnacta (y paspsaHUKOB TuHA
PTB), BHYTpPeHHero pAayroracsillero npoMexyTka W BHELIHero  MCKPOBOro
npomMexyTka. [Mpu cpabaTbiBaHUM paspsAHUK MNPOMYyCKaeT He TO/IbKO WM-
NyfnbCHbIA TOK [lepeHanpsXeHusi, HO U COMPOBOXAAIOWMNA TOK MPOMbILLIEH-
HOli uyacToTbl. Pa3psgHMK [A0/MKeH ObiTb CMocobeH moracuTb Ayry BO BHYT-
peHHEM MpPOMEXYTKe Mpy MPOXOXAEHUN COMpOBOXAAIOLIEro Toka 4epes
Hynb. HepocTaTkom Tpy6uaTbiX paspsAHUKOB ABMSETCH Ha/IMuMe HUXKHEro
1N BepxHero npepenos AOMyCTVMOro COMPOBOXAALWeEro Toka, OrpaHuyinBa-
loWmnx o0bnacTb HafEeXHOro raweHus ayru.

Ona 3eKTVBHOM 3alMTbl M30NSLMU 3MEKTPOYCTAHOBOK OT MepeHa-
npskeHuii TpeByeTcs, uTO6bl MMMY/bCHAs BOMbT-CEKyHAHAs XapakTepHei!'
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Ka M30MALMM BO BCEX TOYKaX Jiexana Bbllle COOTBETCTBYIHOLLEN XapakTepHO*
TUKU paspsgHuka. Tpy6uaTble paspagHUKA UMeT KPyTble BOJbT-CeKyHO -
Hble XapakTepucTuku (puc. 12.11) n NO3TOMY He NPUrogHbl ANs 3aluTbl
M30/1ALUN TPaHCOpMaToOpPoB, BbIKOUaTENNE N 3NEKTPUYECKUX MallnH, ume-!
IOWMNX OTHOCUTENIbHO MOMOrMe BOJbT-CeKyHAHble XapaKTepuUCTUKU M300[LuUn.
HeobxoanmbiMn B 3TUX Cyyasax XapakTepucTukamy o06nagalT BeHTU/bHble
paspagHukn (puc. 12.11). Takue paspagHUKUM UMET MHOMOKPaTHbIA MCKPO-
BO/i MNPOMEXYTOK W BK/IOYEHHbI nocnefosaTte/lsHO C HUM pesnucTop 13
BUANTA WU TepBUTA C HENVHEHOW pabouyeil XapaKTepUCTUKOW, MOMELLEH-
HbIi B repMeTU3NPOBaHHbIN apdopoBbIi LUMAMHAP.

“FA000
d 1
| 800
&
§
g HO
3
4 N
o 8 i,MKC
Puc. 12.11. mnynbCHble BOMbT-CEKYHAHblE Xa- Puc. 12,12. Pa6oTa
PaKTEPUCTUKN: BEHTWIbHOrO  paspsg-
1— M30NSUMN  3NEKTPUYECKOW NUHMKU; 2 — Tpy6uaToro HUKa

paspsgHuka; 3 — cWNoBOro TpaHchopmaTopa; 4 — BeH-
TUNLHOTO paspsagHMKa

B 3Heprocuctemax WCMOMAb3YKOT BeHTW/bHble paspsgHUKM Tunos PBG
(pa3psA4HNK BEHTWU/bHLIA  CTAHUWMOHHLIN), PBI  (paspsgHWK BEHTW/IbHbLIN
NOACTaHUWOHHbLIN), PBM (pa3psgHWK BEHTWU/bHbLIA ~ MarHuWTHbIN), PBMT
(pa3psgHUK BEHTWU/bHBLIM C MarHUTHbIM  raweHuem), PBM K  (pa3pagHuk
BEHTU/bHLIW C MarHWTHbIM ralleHnem Ayru, KOMO6UHUpOBaHHbLIN) M PBBM
(pa3paaHMK BEHTUNbHBIM AN BpallaloWmnxcs MalluH).

CornacHo FOCT 16357—83 paspsfHUKU MO0 Ha3HayYeHuto pasfensoT
Ha ueTblpe rpynnbl: | (TSXeNOoro pexuma)— AN4 3alWunTbl OT FPO30BbIX
M KOMMYTaLWOHHbIX nepeHanpsxkeHuid; 11, 111, IV (nerkoro pexuma) — B
OCHOBHOM [/1 3alUTbl OT FPO30BbIX MepeHanpsiXeHNiA.

OCHOBHbIMU MapameTpamu BEHTU/bHbLIX PaspAgHUKOB SBAAIOTCA: WUM-
nyNbCHOE MPO6MBHOE HampsXeHWe WAMM, OcTalolleecs HanpshkeHne Ha pas-
PAOHUKE «OCT MpU MPOXOXAEHUW 4Yepe3 Hero WMMynbCHOro Toka (puc.
12.12), npegenibHOE 3Ha4YeHMe COMPOBOXAAIOLLEro TOKa, KOTOPbIA paspsagHuK
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cnocobeH 06opBaTh, W HanpskeHWe ralweHus t/raw- log, HanpskeHWeMm ra-
WeHNA paspsagHuKa MOHMMAKOT Hambosbluee HanpsHKeHWe MPOMbILLIEHHOM
4acToTbl, NPV KOTOPOM PaspsgHUK HaOEXHO O6pPLIBAET COMPOBOXAAtOLLU
TOK.

OcTaloleecs HanpskeHUe sBMSETCS OCHOBHOW BENYMHOWN NpU Koopau-
HauUM MOACTAHLUMOHHOM M30MsAUMM. PacyeTHOE 3HayeHVe amnanTyAbl BOJHbI
rpo30BOro nepeHanpshkeHUs «pacd (KB), paBHOe rapaHTMPOBAaHHOW MMMYsbC-
HOW MPOYHOCTW U3ONSALMU «MM.rap, AO/DKHO Y/ZO0BMETBOPSATL YC/IOBUIO:

bipacy = Vumn,rap = I»lnocty” (12.14)

MpepensHoe 3HaveHWe conposoxgalwolwero Toka rGNpMax Ana paspsas-
HUKoB Tuna PBC paBHo 80— 100 A, a and paspsgHukos Tuna PBM T —
<250 A.

HanpsykeHne raweHns paspsagHUKOB A1 CeTel C pas/INYyHbIM - pPexu-
MOM HelTpanen A0/KHO yAO0BNETBOPATbL YC/NOBUIO:

Nrawl — N3 HomM-

CeTn ¢ ahheKTUBHbLIM 3a3emsieHvem HelTpaneli umewT K3=0,8, noaTo-
MYy B HUX YCTaHaB/IMBAlOT TakK HasblBaemble 80 %-Hble paspagHuKn. B ceTax
3—35 kB, roe /&3= 1, yctaHaBnuBaT 100 %-Hble paspsgHUKA.

3awmrta 3N1eKTPOoyCTaHOBOK OT BHYTPEHHMX [lepeHanpsXeHwuii ocylue-
CTBNSIETCA C WUCMOMb30BaHMEM pasfIMyHbIX METOAO0B W cpeAcTs. [pexae Bce-
ro ctapatTCs OrpaHNYnUTb 3HAYEHME BHYTPEHHUX MepeHanpsxeHuin. 3To Mo-
XeT O6blTb [AOCTUTHYTO: CXEMHbIMW MEepoMpUATUAMU  (PEXUM  HelTpanen,
ncnonb3oBaHne 6/104HbIX CXeM 6e3 Bblk/louaTesiell Ha CTOPOHEe BbICLUEro Ha-
npsXXeHns, orpaHnyeHre MWHMMaNbHOrO 4YMcNa reHeparopoB,  MOCTOAHHO
NOAK/MIOYEHHBIX K CeTW, yCTaHOBKa pPeakTOpPOB MOMepeyHolr KommneHcauun wu
T. N.); BHeApPEeHWEeM YCTPOWCTB peneriHON 3awuTbl M aBTOMATUKW, OrpaHu-
ynBarLWMX KakK 3HayeHwe, Tak W ANUTENbHOCTb MepeHanpsXeHWin; ycTaHoB-
KOW B BbIKIOYATENAX PE3UCTOPOB, LUYHTUPYHOLWUX KOHTaKTbl (CM. rn. 7),
4YTO NPMBOAMUT K OrpaHWYeHUI0 BHYTPEHHUX MepeHanpskeHun npu nepexon-
HbIX npoueccax. [na 3awWuTbl 3N1eKTPOYCTAHOBOK OT BHYTPEHHUX MnepeHa-
MPSXKEHWI NpU  NepexofHbIX Mpoueccax WCMNoMb3ylT TakXe  BeHTWU/bHble
paspsaHUKN. YCnoBusa paboTbl Takumx paspsgHuMKoB (0ObIMHO KX Ha3biBalOT
KOMMYTaLMNOHHbIMUK) CYLLECTBEHHO OT/MYalTCs OT YC/NOBUMA paboTbl rpo3o-
3alNTHBIX PaspsgHMKOB. KOMMyTaLWOHHbIE PaspsaHUKA AOMKHbI ANTENbHO
nponyckate M 3aTeM 06pbiBaTb TOKM NpPUMepHO 15 KA npu nepeHanpske-
HUAX ycTaHoBMBLUErocsa pexuma (1,5—2)£/p,Hom [po3o3alinTHble pas3psg-
HUKM  [OO/KHbl  OblTb CMAOCOGHbI MPOMYCTUTb KPaTKOBPEMEHHbI  60/bLLOl
MMMNYNbCHBIV TOK M Moracutb Ayry COMPOBOXAAKLEero Toka npu Hanpsxe-
Huax B cetn (1,2—1,3) t/b,o Takmm obpasom, TpeboBaHUA K KOMMyTaLu-
OHHbIM paspsgHMKaM B OTHOLUEHMM WX MPOMYCKHOM W gyroracsiier crnoco6-

36—516
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Han6osnblune [ONYyCTUMbIE PACCTOSHUSA
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35 MopTanbHble OMNO- 0,5 20 30 30 40
pel (B TOM uucne 1.0 40 60 _ 50 100 _

f nepeBsHHble ¢ PT 1,5 60 90 _ — 80 120 _ _
B Hauane nopaxo- 2,0 Wi 110 — — 100 150 —_

Aa)

OpHoCTOeuYHble 1,0 20 30 _ _ 30 40 _ _
onopsl  (MeTannu- 15 30 50 _ - 50 60 _
yeckne U xeneso- 2,0 45 70 F — m 90 _ _
6eTOHHbIE)

110 MopTanbHble OMNO- 1,0 30 50 40 100 50 70 60 120
pbl (B TOM uucne 1,5 50 80 70 150 70 20 RO 160
nepessiHHble ¢ PT 2,0 70 110 90 180 80 120 100 200
B Hauane noaxo- 2,5 0V 165 120 220 95 150 125 7?50
Aa) 3,0 100 180 150 250 110 200 160 250
OAHOCTOeYHbIEe 1,0 15 20 20 50 20 30 30 s
onopbl  (MeTannu- 15 30 55 40 80 40 60 50 100
yeckue wu xeneso- 2,0 51 75 70 120 «l 0 70 150
6ETOHHbIE) 2,5 65 100 90 160 70 115 100 200

3,0 80 140 120 200 8U 140 130 250
! _ 20 66 — 60 100
150— MopTanbHble ono- 2,0
220 pbl 30 70 60 8 5 90 [ 10
E 35 s — 70 140
1 2,5 —- -
40 0 80 100 70 120 90 170
— 80 100 — — 90 170
50 110 90 120 90 150 120 200
- 10 35 b —m  as 60
OAHOCTOEUHbIE 2,0 -
onopsl  (MeTannu- 20 S50 40 6 30 5 5 8
yeckme 1 xeneso-
6eTOHHbIE) . 15 70 _ _ 20
125
30 70 60 80 45 80 80 HO
— - 40 920 - — 85 110
3,0
40 20 85 100 60 100 100 130

MpumeyaHMe. PaccTOfAHMSA [0 CUMOBbIX TpaHcopmaTopoB 150—220 KB ¢
YPOBHEM wuzonsaunit HO FTOCT 1516—73 — B 3HameHartene.
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Tabnuuya 127

OT BEHTU/IbHbIX PaspsfAHUKOB [0 3aluliaemMoro obopyposaHus HanpskeHunem 35 220 kB, m

TpaHcopmMaTopoB
PY c Tpems n 6onee

MOCTOAHHO BK/IOYEHHbIMW
BN

PaspagHunku PaspagHuku

Il rpynnsi Il rpynnbi
/] "
a a % £
[e:3 03 @« ra
a 0, o a
X X X é
35 45
90 120 — -
120 150 — —
150 180 —
40 50 _
60 70 —
90 100 —
70 90 80 125
: 90 110 100 175
110 135 120 250
125 180 135 250
140 200 170 250
30 40 40 100
50 70 60 130

70 100 0 190

. 9 o
9 120 110 140
— 100 150

110 160 .130 190

— 1 1m0

120 200 150 220

= 45 65
50 70 65 ° 80

o 80. @
70 100 95 110

L 100 120
85 10 120 140

A0 ocTanbHOro obopygosaHus

Tynukosble PY

PaspagHunkn
Il rpynnel
" Q
™ 03
O, [e]]
X &
25 40
75 100
100 130
125 150
40 60
60 0
70 120
120 140
140 170
170 200
190 200
200 200
70 90
110 130
120 150
130 200
150 200
90 160
110 180
120; 200
60 920
8a 120
100 160

PaspagHukn
Il rpynnbl
v n
£ £
03 0
a @
X X
[ cu
130 180
150 200
180 220
220 250
250 250
80 110
120 160
140 180
160 230
180 250
100 210
120 250
160 280
el 130
100 180
140 230

PY ¢ gBymsa un 6onee no-
CTOAHHO BK/IIOYEHHLIMU BN

PaspiigHukn
I rpynnbi
"
®
5B
ﬁﬂ X
av
30 50
100 150
125 200
150 200
50 100
80 120
90 150
180 150
200 200
200 200
200 200
200 200
100 130
150 180
200 200
200 200
200 200
150 220
170 280
190 310
90 120
120 160
150 200

PaspagHuku

Il rpynnel

v

S

03 w

[} a

=%
140 190
180 200
200 220
220 250
250 250
120 170
160 200
180 250
200 250
220 250
200 280
253 350
270 400
100 150
140 220
180 300

yposHem wnsonauymmn no NOCT 1516.1—76* ykasaHbl B YnCUTeENEe, M MNOBbILEHHbIM

36*
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HOCTW Bblle aHa/NOrMYHbIX TPeboBaHU K rpo303alMTHLIM paspsgHMKaM.
Fpo303alnTHbIE BEHTWU/bHbIe paspagHukn Tuna PBC ¢ pabouum pesucTo-
poM 13 BUAMTA UMEKT HeAOCTaTOUYHYH MPOMYCKHYIO CMOCO6HOCTb, MO3TOMY
OHM C MOMOLLBIO WCKPOBBLIX MPOMEXYTKOB OTCTPanmBalTCAd OT BHYTPEHHUX
nepeHanpsXeHun. HUXHWI nNpegen NPo6UBHOrO HanpsXeHWs Npu NPOMbILL-
NIeHHOW 4YacToTe ycTaHaBnMBaeTCA He Huxke 2,7 £/pao,Ho.

m MarHMTHO-BEeHTW/IbHble pPaspAgHUKU Ha HanpshkeHuna no 220 kB Bk/to-
YNTENBHO MMEKT MO CpaBHEHMIO C paspsaHvkamu Tuna PBC  6onbwuii gma-
MeTp BW/INTOBbIX [OWUCKOB W COOTBETCTBEHHO BABOE O6OMbLUYID MNPOMYCKHYIO
CrMoco6HOCTb. OHM CMOCOGHbI OrpaHMyMBaTb KakK rpo3oBble, TakK W 6OMbLUNH-
CTBO BHYTPEHHMX MnepeHanpshkeHuii. Ana anekTpuyecknx ceten 330— 750 kB
pa3paboTaHbl MarHUTHO-BEHTW/bHbIE PpaspsaHuUKM C elle 60Mblwei  npo-
MYCKHOM CNOCOGHOCTbLIO. Pabouunii pes3ncTop y HWUX BbIMOMHEH W3 TepBuUTa.
3TN paspsaaHUKM NONYYUIN HasBaHMe KOMOWHUPOBAHHbLIX MarHUTHO-BEHTWU/b-
HbIX pa3pagHuMKoB (Tn PBMK), Tak Kak UMeT KOMOMHMPOBAHHYK BOMbT-
aMnepHy XapakTepucTuKky: npu Tokax Ao 15 KA oHa cOOTBeTCTByeT Xa-
pakTepucTMke KOMMYTALMOHHOrO paspsigHuKa, a npu Tokax 6onee 1,5 KA—m
XapakTepucTnke rpo3os3almMTHOro paspagHuka. Mepexon € OA4HOW XapakTe-
PUCTUKM Ha APYryl OCYLecTBNAeTCA 3a cuyeT AOMNOMHUTENbHOr0 WCKPOBOro
NPOMeXyTKa, LWyHTMpyoLero 4actb (okono 40 %) paboyero pe3sucTopa.
Hannune KOMOGWHMPOBAHHOW XapaKTepPUCTUKW MO3BONSAET paspsfgHuKaMm Tuna
PBM K OAHOBpPEMEHHO BbIMONHATL (YHKUMN KOMMYTALMOHHOIO W rpo3osa-
LUNTHOrO paspsgHunKa.

MaKcuMasibHoe Harnps)keHne Ha MoACTaHLMOHHOM 3/1eKTPO060pyA0BaHNN
NPy rpPoO30BbIX N KOMMYTALMOHHBLIX MepeHanpsmHKeHnaxX 3aBUCUT OT KPYyTU3-
Hbl (DpOHTa HaberawoLleil BOJIHbl, XapakTePUCTUKN pa3psgHuKa, a Takxe oT
paccTofAHUA Mexay paspsgHMKOM W 3alumuiaemMbiM  31eKTPo06opyA0BaHNEM.
CornacHo MY3 HambonbluMe paccTOAHMA OT paspsaHMKOB, ycTaHaBnuvBae-
MbIX Ha COOPHbLIX LUMHAX WAW TpaHCOPMAaTOPHbLIX MPUCOeAVHEHVSX, OO0 3a-
wuaemMoro obopyaoBaHMa He [O/DKHbl MPeBbIlaTh 3HAYEHWUNA, yKasaHHbIX
B Tabn. 12.7— 129.

Ana 3awnTbl 3N1EKTPOYCTaHOBOK OT BHYTPEHHUX W rPO30BbIX MepeHa-
npsXeHuii paspaboTaHbl U B MnocnegHee BPeEMSA LUMPOKO BHEAPANTCA Henu-
HelHble orpaHuuMTenu nepeHanpsbkeHuii (OMH) Ha OCHOBe OKUCKU LMHKA,
MMeloLwme nyyline xapakTepuUCTUKW, YeM BeHTU/bHble paspsgHuKW. Mcnonb-
3oBaHne OMH B PY 110—-750 KB 3nekTpocTaHUU U NOACTaHUWIA MO3BOMN-
N0 CyLecTBEHHO cokpaTtuTb nnowaanm OPY (mao 15—25 %). OrpaHunuuTte-
NN NepeHanpsXXeHU HaxoAAaT Takxe MNPUMEHEHVE B 3M1IEKTPUYECKUX  CeTAX
60nee HU3KNX HanpsKeHWii, B TOM 4UC/ie B CETAX COBCTBEHHbIX HYX[, 3nekK-
TpoCTaHUMI Ana 3alWuTbl 3nekTpoasurateneli oT nepeHanpsxeHun.
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12.6. 3A3EMNAOUWME YCTPOVCTBA

3asemnawme ycTpoiicTBa MNpPeacTaBNAT COOOW 3neKTpPoTeXHUYeckme
yCTpOWCTBa, NpefHa3HayYeHHble A1 CO3A4aHUA HafeXHbIX U obnajatoLmnx
He6Oo/bLIMM COMNPOTMB/IEHNEM 3a3eM/IeHW i OnpefeneHHbIX YacTeill anekTpu-
YeCKMX MaluWH, 3/71eKTPUYECKMX anmnapaTtoB, TOKOMPOBOAOB U MOJSIHMEOTBO-
[0B C LUefblo obecneyeHNss NPUHATBIX PEXMMOB pPaboTbl 3/1€KTPOYCTaHOBOK,
3alKnTbl UX MepcoHana OT MOPaXeHUs 3/1eKTPUYECKUM TOKOM, BbIMONHEHUS
rposo3alinTbl 1 3aWmnTbl OT nepeHanpsxeHuii. COOTBETCTBEHHO pasnunyalT
pabouee, 3alUTHOE U rpoO303aLUNTHOE 3a3eM/IEHUS.

Pabouyee 3a3emneHMe HeobxoouMMoO A5 oGecneyeHuss HopMasibHOU pa-
60Tbl 3N1EKTPOYCTAaHOBKM, ee yacTeli 1 ceTu B COOTBETCTBUMU C MPUHATLIM A4
HUX pexnmMoMm QyHKUMoHMpoBaHua (cMm. 8§ 3.3). K pabouemy 3azemMneHUto
OTHOCATCA 3a3eM/IeHMs HeWTpaneil CunoBbIX TpaHCOpPMaTopoB, reHepaTo-
pOB, peakTOpOB MOMNepPeyHo KOMMEHCaUnn Ha A/IMHHBIX 31EKTPUYECKNX /n-
HUAX, U3MEPUTENbHbIX TPAHC(POPMATOPOB HAaMPSHKEHUA U T. M.

3alnTHOE 3a3emM/ieHVe HeobxoAMmO AN obecrneveHns 6Ge30nacHoCTn
nepcoHana npuv o06CNYXMBaHUM 3NEKTPOycTaHOBKM. K 3alWmMTHOMY 3a3em-
NIEHNI0 OTHOCATCSA 3a3eMJ/IEHUS BHELIHUX MeTa/l/IMYeckKMx vacTtein aneKTpunye-
CKMX MallWH, TPaHCOpMaTopOoB, 3/1EKTPUYECKMX amnnapaTtoB M TOKOMPOBOAOB,
B HOPMa/lbHOM peXuMe He HaxoAswumxcs nof HanpsbkeHueMm. [Mpu 3akcnny-
ataymm K 3TUM 4acTaM MOryT npukacatbCa A04AnN, HECMOTPA Ha TO, YTO npwu
BO3MOXHOM I'Ip0606 n301AUMNM Ha HUX MOXEeT MOABUTbLCA HanpsXeHue. K
3allNTHOMY 3a3eM/IEHNK OTHOCUTCA TaKXe 3a3emM/ieHne B O,CI,HOVI TO4YKe BTO-
PUYHBIX Lenel TpaHCchOopMaTopoB TOKa M HamnpsKeHus.

I po303almMTHOE 3a3em/ieHne Heobxoaumo Ans obecrievyeHns 3eKTUB-
HOM 3alunTbl 3/71EKTPOYCTAHOBOK OT rPO30BbIX MepeHanpshkeHuii. K rposo-
3allMTHOMY 3a3eM/IeHNUI0 OTHOCATCA 3a3eM/IeHNA CTEepPXHEBbIX U TPOCOBbIX
MO/THNEOTBOA0B, MeTa/l/IMYECKNX KPbIL 3,anI/II7I n COOpy)KEHMIZ, mMeTaninye-
CKUX U Xene3obeToHHbIX onop 3NeKTPpUYecKmnx NVHWIA 1 nopTtasioB pacnpege-
NINTENbHbIX yCTpOIﬁCTB, 3a3eM/IeHna NCKPOBbLIX MPOMEXYTKOB U pa3spagHUKOB.

O6bIYHO ANA  BbIMNOMHEHUS BCEX TPEX TUMOB 3a3eM/IeHWi  3nek-
TPOYCTAaHOBKM  UCMOMb3YIOT OAHO 3a3emisiouiee ycTpoiictBo. OHO  co-
CTOUT M3 3a3eMAuTens, HenocpescTBEHHO COMpUKacaloLwWwerocs ¢ 3em-
neid, U cucTemMbl NPOBOAHUKOB, COEAUHSIOWMX 3a3eM/isieMble 3/IeMEHTbl C
3a3eMnuTenem. Pas3nnuyaloT ecTeCTBeHHble U WCKYCCTBEHHble  3a3eM/IUTeNu.
K nepBbiM OTHOCAT: HaxogswMecs B 3eMie MeTa/IMYeckne TPy6oOMpoBoapl,
3a VWCK/OYEHVEM TPYGOMPOBOAOB rOPHOUMX >KUAKOCTEN, FOPHUMX WU B3Pbl-
BOOMACHbIX rasoB; CcTajlbHble W CBUHLIOBble 060/I0UKM Kabeneid, ob6caHble
TPy6bl apTe3nMaHCKUX CKBaXWH, MeTa//Inyeckme n Xene3obeToHHble dyHaa-
MEHTbl 34aHUA N COOPYXeHWA n T. M., UCMONb3yeMble A/ OTBOL4A TOKAa B
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3emMnt0. BTopble npeacTaBNsldT CO6G0OM CheumanbHO  MOMELLEHHble  (3apbl-
Tble) B 3eM/II0 CUCTEMbl XXECTKO CBS3aHHbIX (3/1EKTPUYECKN) BePTUKabHbIX
W rOpu30oHTaNbHbIX MPOBOAHUKOB, CAYXalWX ANsS NPOBeAEeHUs TOKa B 3eM-
to.,: HacTo B 3NEKTPOyCTaHOBKax WMCMNONb3YTCA W Te W Apyrve 3asemnu-
Tenun, BKAKOYEHHblE MapansienbHo.

VickycCTBEHHblE 3a3eMAUTeNn, Kak MpaBuno, BbIMOMHAT KOHTYPHbIMU,
T. €. MX COOpYyXalwT NO KOHTYpPY 3/1eKTPOyCTaHOBKW. Takue 3asemnurenu
ob6s3aTeNbHbl AN YCTAHOBOK HanpshkeHMem Bbllle 1 KB v pekomeHaytoTCs
AN yCTaHOBOK HanpsxeHnem Ao 1 kB. B oTaenbHbIX cnyyasx Ana ycTa-
HOBOK HanpsbkeHnem pgo 1 kB pgo-
nyckaeTca  MCMO/Ib30BaHMe BbIHOC-
HbIX 3a3emnuTenell, CoopyXaeMbix
Ha HEKOTOPOM YyAaneHun OT 3NeKT-
POYCTAHOBKWN, €CU 3TO TEeXHUYECKU
N 3KOHOMMWYECKM ONpaBAaHo.

KOHTypHble  3a3emMnunTenn uwme-
0T BepTUKas/lbHble CTaslbHble 3/ekK-
TpoAabl AnvHoW 2—20 M (B 3aBUCK-
MOCTM OT MECTHbIX YC/IOBWIi), KOTO-
pble pacnonaralT Mo NepuMmeTpy
3/1EKTPOYCTAHOBKM UM pacnpes-
ycTpoiictea (Ha WX Tepputopuu,
06ObIY4HO Ha PpaccTosHUN  NPUMEPHO
3 M OT BHELWIHEro orpaxaeHus ). dnekTponbl 3arnyo6nsatT Tak, 4To6bl KX
BEPXHWUI KOHeL, 6bl1 HMXKe noBepxHOCTU 3emnn Ha 0,5—0,7 m. Ha aTtom xe
YPOBHE K 3/MeKTpoJam CBapkoi NpucoeauHAT NPOBOAHUKM, oObpasyioLine
MeTa/l/INYecKyo CeTKy C warom He 6onee 6 M U3 KPYIr/AblX WX MPSAMOYroO/ib-
HbIX CTaNbHbIX MPOBOAHWKOB. Takasf ceTka npefHasHauyeHa AN BblpaBHU-
BaHUA MOTeHUMana Ha MOBEPXHOCTU 3eMnn B npegenax KOHTYpPHOro 3asem-
nmtens. MY3 pernameHTUPYHOT HaMMeHbluMe pa3Mepbl CTaslbHbIX 3a3eMan-
Teneii 1 3aseMNslWMX MNPOBOAHMKOB, MPOJIOXEHHBIX B 3eMfe, B 34aHUAX U
B HapyXHbIX ycTaHOBKax. Tak, Npu Mpoknagke B 3emne Kpyrible npoBoj-
HUKN OO0/MKHbI UMETb AuameTp He MeHee 6 MM, NPOBOAHUKNA MPAMOYrO/bHOrO
ceyeHUss — ceveHne He MeHee 48 MM2 U TOJWMHY He MeHee 4 MM. TonwmHa
MOMOK YrNOBOW CTannM W TOMAWMHA MPSAMOYrO/bHbIX 3a3eManTenen A0/MKHa
6bITb HE MeHee 4 MM, a TO/IWMHA CTEHOK CTaslbHbIX TPy6 — He MeHee 3,5 MMm.

OcHOBHOe TpeboBaHWe K 3a3eM/INTEsNI0 CBOAUTCA K TOMY, YTOGbI OH npwn
yMEpeHHOW cToMMOCTM 06/11afan no BO3MOXHOCTU 60nee HU3KMM U cTabub-
HbIM (BO BPEMEHM U NPU WN3MEHEHUN aTMOCHEPHbLIX YCOBWIA) CONpOTUBIe-
HVEM pacTeKaHWlo Toka B 3emsie. YeM HuMXe CTalmMoHapHOe COMpoTUB/EHME
R3 n nmnynbcHoe conpoTuBneHue /?3vvn 3asemMnnTens, Tem adgekTnsHee OH
BbIMONHAET CBOM (PYHKUMM paboyero, 3awuUTHOro M rpo303aliMTHOro 3asem-

Puc. 12.13. HanpsxeHua wara wu
NPUKOCHOBEHMA
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NeHniA, TeM MeHblle OKa3blBaeTCs MOTeHUMan 3a3emMnnuTenss Mnpu CTeHaHuu c
HEro Toka. 3TO O6GCTOATENbCTBO, B CBOK Ouyepedb, MPU MPOUMX OOUMHAKOBbIX
YCNOBUSIX BEeAET K CHWKEHMIO LwwarosBoro HanpsbkeHuss Um un HanpshkeHus
NpuUKOCHOBEHUA i/np (puc. 12.13) u, cnepgosaTtenbHO, AenaeT 6oneii 6e30-
nacHbIM O6GCNYyXWUBaHMWE 3N1eKTPOYCTAHOBKU. OAHAaKO 4Ype3MepHOoe CHUXeHne
CONPOTUBNEHUSA 3a3eMNnTeNns, Hanpumep, NyTeM MPOKIaAKM Ha TeppuTopun
NOACTaHUMI CNMIOWHOro MeTa/I/IMYECKOTO NNCTa U yBENIMYEHUS yucna Bep-
TUKa/IbHbIX 3arny6/eHHbIX 3/1eKTPOAOB TEXHUYECKU HelenecoobpasHo’ n He
MOXeT 6blTb OMNpPaBAaHO 3KOHOMWYECKM.
Ona 3asemnuteneil cnpasefMBbl CreAyloliMe COOTHOLLEHWS:

N3, MM =alM1~31 (12.15)
roe coiavm— I/IMI'IyI'IbCHbII‘;I KO3CpC*)I/ILI,VIeHT; Yy CcoCpeaoTOYeHHbIX 3a3emMmnuTte-

nell, K KOTOPbIM OTHOCATCHA 3a3eMIuTenn, UMeloLMe SIMHeWHble pasMepsbl:He
Bbilwe 200—300 M, a/Mi<l1l, y NpPOTAKEHHbIX 3a3emnutenein alivn mosder

6bITb Kak 60nbu.|e, TakK N MeHblle eaAnHNLbI; ]
U3= /3R3 (12.16)
H3.uM* "BUMIN3 MIT (12.17)

Ecnn Aona KOHKPeTHbIX YCNOBWI M3BECTHa pacyeTHas KpuBas pacnpege-
NeHns noTeHumana MNOBEPXHOCTU 3eMAN BOKPYr  3aseMamTens, TO MOXHO
Haiitn 3aBucumoctn Um—F(U3 r) n Unv=ty(Us).

Mpu onpegeneHNn LWAroBoro HanpsHXKeHWs U Hanps>KeHWs MNPUKOCHOBe-
HWS pacyeTHYl AAMHY Lara W pacyeTHOe pacCTOfHWEe uyenoBeka OT Kacae-
MOro mm ob6opyaoBaHMA O6bIMHO MPUHMMAOT pasBHbiM 0,8 M.

Kak BMAHO u3 puc. 12.13, Hanbosblluee Hanps)XeHue Lara uMeeT Mmec-
TO B6/M3M NOBpeXAeHHOro obopyaosaHua. C yyeTOM napamMeTpoB LWYHTU-
pytoLeli uenn o6opyaoBaHMe — YeloBEK — 3eMJISl peasibHble  HamnpsXeHus
MPUKOCHOBEHUSA W Liara, MPUIOXeHHble K Teny 4enoBeka, MeHblle onpege-
NeHHbIX B COOTBETCTBMU C puc. 12.13.

[encteyowme MY3 He HOPMUPYIOT AOMNYCTUMblE HaMNpPsXeHUs npu-
KOCHOBEHWS U1 LWara, HO HOPMUPYKT MakKCUManbHO AO0NyCcTUMOe 3HavyeHue
CONPOTUBNEHMNSA 3a3eMNALWNX YCTPOWCTB (KOTOpoe npu COoCpeaoTOHEeHHbIX
3a3eMIMTeNaX MpakTUYecKn PpaBHO COMPOTMBNAEHUIO 3aseMnnTens). Cornac-
HO MY3 conpoTuBieHVe 3a3eMAWnX YCTpoicTs, OM, AO/MKHO OblTb:

a) B 3M1EKTPOYyCTaHOBKax HanpsbkeHmem Bbilwe 1 KB ceTeli ¢ adphekTms-
HbIM 3a3eM/ieHVeM HelTpann

A3 < 0,5; (12.18)

6) B 3neKTpoycTaHOBKax HanpshkeHuem Bbiwe 1 KB ceTell ¢ se3asem-

NIeHHOI NN pe3oHaHCHO-3a3eM/IeHHON HeliTpanbio

A3< 250//3, (12.19)

HO He 60nee 10 OMm; 3a4ecb /3*—TOK 3aMblKaHUA Ha 3emio, A.
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Ecnn 3asemnsiowiee yCTPOWCTBO OLHOBPEMEHHO MWCMNOMb3YeTCA Takxe
Ana yctaHoBOK Ao 1 kB, 1O

R3 < 125//3; (12.20)

B) B 3/eKTpoycTaHOBKax A0 1 KB ¢ rayxum 3asemneHvem Hentpanm
CyMMapHOe COMpOTMBAEHME 3a3eM/AI0LLEero YCTponcTBa, K KOTOpPOMY Mpu-
coefIHEeHbl HEWTpasM reHepaTtopoB WAM TpaHchopmMaTopoB, [AO/KHO O6bITb
He 6onee 2, 4 1 8 OM B ceTAX COOTBETCTBEHHO 660, 380 u 220 B, npuyem
COMpOTMB/IEHME 3a3eMNTeNs, PacrnosioKeHHOro B6AM3W HelTpain reHepa-
Topa wan TpaHcopmatopa, AO/HKHO 6bliTb COOTBETCTBEHHO He 6onee 15,
30 n 60 OM. [lna BO3AYLHBLIX NVHUA 3TUX HaMNpPsXKeHW aHanornuyHble na-
pameTpbl AOMKHbI 6bITb He 6onee 5, 10, 20 Om n 15, 30, 60 Owm;

r) B 3/leKTpoycTaHOBKax A0 1 KB ¢ He3a3em/ieHHOW HeMlTpabio COnpo-
TUB/IEHME 3a3eMIAI0LWEro YCTPONCTBa [O/MKHO 6biTb He 6onee 4 Om. [pu
eQVUHNYHOW MM CYyMMapHOM MOLLHOCTM reHepaTopoB U TpaHCcopmMaTopoB ce-
™M He 6onee 100 kKB'A conpoTMBAEHME 3a3eMNAIOLWEro YyCTPOMCTBA A0/MHKHO
6bITb He 60nee 10 Om.

B nocnegHee Bpems, OCO6EHHO B CBSI3U C BbIIBUBLUENCA TPYAHOCTbIO
co3faHna (B OTAeNbHbIX pervoHax € yXyALIeHHbIMW napameTpamu FpyH-
Ta — 3eM/M) 3a3eMAALWNX YCTPOMCTB, HOPMUPOBAHHLIX MO AOMYCTUMOMY
COMPOTMB/IEHNIO 3a3eM/IeHUs, BHeCeHbl MPeA/IoNKEeHUS MO WU3MEHEHMIO Kpu-
Tepus KayecTBa 3a3eMAOLWMX YcTpolicTs. lpegnaraeTcs uUxX HOpMUpoOBaTb
no usnyeckn 6onee SICHOMY C TOYKWU 3peHus 6e30MacHOCTM Naeln N Xu-
BOTHbIX KPUTEPUIO — AO0MYCTUMOMY HarpsXKeHU0 MNPUKOCHOBEHUA WM Mpe-
[eNbHO A0MYyCTUMOMY HetUOPUNNALMOHHOMY TOKY.

Ha ocHOBaHWM MHOrOYUC/EHHBLIX MPOBEAEHHLIX WCCNeoBaHU BbisBe-
HO, YTO MOPOroOBbIA, OLWYTUMbIA NIOALMU TOK COCTaB/seT npuMepHo 0,5 MA,
a MoporoBblii HeoTNycKawwWwmii Tok npumepHo 10 MA. Mpu Tokax Ao 10 MA
yefnioBek crocobeH OTAEPHYTb YacTb Tesla, KOCHYBLUYKOCS 3/leMeHTa 3/1eKTpo-
YCTaHOBKW, Haxopaswerocs nog HanpsxeHuem. lNpu Tokax 6onee 10 MA
BM/IOTb A0 MOPOroBOro Toka (MUOPUANALMK Y 4YesioBeKa, KOCHYBLUErocs ane-
MeHTa 3/1eKTPOYCTaHOBKM, HaXOAALErocs nog HanpsXKeHnem, BO3HUKAlT Cy-
[oporn, cxaTme KuCTeli pyK M OH OKa3sblBaeTCA He B COCTOSHUM OTcoeau-
HUTbCA OT 3M1EKTPOYCTaHOBKU. [pu TOKax, paBHbIX WAW 6O/bLUMX MOPOro-
BOrO TOKa, Y 4YefioBeka BO3HMKaeT (ubpunnaumsa (T. e. HeynopsgovyeHHoe
COKpalleHue) cepgua, CyAoporn, OXOrum M MOXeT HacTynuTb KInHWYeckas
cvmepTb. OTcloga 6e3onacHbIM AN flofeii MOXHO npusHaTb TOK B 10 MA
(HekoTOpble wuccnefoBaTeNn CcuMTalOT, 4TO 6e30MnacHblii TOK A1 MY>XUYUH
9 MA, a ANnfA XeHWuH 6 mA).

Cekuus 3nekTpob6e3onacHOCTM Hay4yHOro coBeTa Mo oxpaHe Tpyaa loc-
komuteta CCCP no Hayke M TexHuke m BLCIMC Ha ocHOBaHWU pe3ysnbTa-
TOB WCCNefOBaHW peKoMeH[oBana B KayecTBe OOLLEeCOI3HbIX BPEMEeHHbIX
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HOPM  3HayeHUs nNpefenbHO  AOMYCTUMbIX  He(PUOPUNNALMOHHBLIX  TOKOB
/wepusp W AOMYCTUMbIX HanpsXXeHWi NPUKOCHOBEHUA Unp.aon, YKasaHHble B
Tabn. 12.10.

Tabnuuya 1210

MpoAO/MKNTENLHOCTL BO3AENCTBUS TOKa, C

YacrtoTta Hopmupyemas senu-
cemm. T4 Hnna O 01 02 03 04 05 06 07 08 09 10
, 650 500 250 165 125 100 8 70 65 55 50
~Hedunbp
50
. 650 500 250 165 125 100 8 70 65 55 50
Y np, gon' B
AHeubp’ MA 500 500 330 250 200 170 140 130 110 100
400
" ' - 500 500 330 250 200 170 140 130 110 100
np, gon' B
A 6p" MA - 500 400 340 280 250 230 210 190 165 150
0 (noc- Hedunbp’ ™
TOSIHHbI
TOK)

. - 500 400 340 280 250 230 210 190 165 150
vnp, pgon’ B

Kak BMOHO, B 3MEKTPUYECKUX CETAX MOBbILEHHOW 4acToTbl U B CeTAX
NOCTOAHHOrO TOKa HOPMWPOBaHHblE 3HAYEHWS BENINYMH BbllLe, YEM B CeETU
nepemeHHoro Ttoka 50 U, 0OCO6eHHO Npwu 60AbWNX  MNPOAOSXUTENBHOCTAX
BO3aelicTBMA Toka. M3 Tabn. 12.10 TakXke BWAHO, YTO AOMNYyCTUMOE Hanps-
xenne [PUKOCHOBEHUS PacCUMTaHO NPW YC/IOBUKW, HYTO COMPOTUB/EHME Tena
yenoseka paBHO 1 KOM, YTO MOXeT He COOTBETCTBOBaTb peasibHbIM YC/0-
BUSAM, MOCKO/IbKY MHOrOYUCNEHHbIE 3KCMEPUMEHTbI BbISBUAW AManasoH WU3-
MEHEHWs COMPOTUBNEHMA Tena 4YenoBeka NPU PasNYHbIX  BHYTPEHHUX U
BHELLHNX YCNOBMUSX, cocTaBnawowmm 600 Om — 100 kOm. oaTomy 60nee on-
peaensloWMM Npy HOPMUPOBaHWUW cnegdyeT Mpu3HaTb NpefensHo AonycTu-
MbIA HENOPUNNALNOHHBIM TOK.

VIHTepecHble .unccnepoBaHua nposefeHsl B P no onpegeneHwio Ao-
NYCTUMbIX TOKOB /AON W pacyeTHbIX COMPOTUBNEHUA Tena >XMBOTHbIX R*.
KOHTaKTUPYIOLWNX C 3neKTpoycTaHoBKamu (Taén. 12.11).

Cnepyet OTMeTUTb, 4TO Mepexos K HOPMUPOBaHMIO MapamMeTpoB 3a-
3eMAALWNX YCTPOMCTB MO AONYCTUMOMY 3HAYEHUK HaNpPSaXeHUs MNPUKOCHO-
BEHVS OGBLEKTUBHO BeAeT K CHWKEHW TpeboBaHWli K COMPOTMBEHUIO 3a3eM-
NeHnst 3a3eMALWKnX YCTPOMCTB, YTO AO/HKHO 6biTh TLATE/lbHO YYTEHO U
npoaHanM3npoBaHO C NO3ULMIA 3N1eKTPobe30NacHOCTU :Mpu MNPOEKTUPOBaHUN
1 COOPYXEHUN 3a3eMNALNX YCTPOUCTB.
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Ta6nmnya 1211

CBUHbLU U OBUbI KpynHblii poratblii ckoT Bce XWBOTHble
C
AZIOM. “A Rm, Om w ;NA Ka , Om uTe B
<0,06 950 190 1200 150 180
0,2 750 200 950 158 150
1,0 150 300 225 200 45
4,0 100 300 150 200 30
>10,0 80 300 120 200 24

NMaea TpuHapguaTtas
OQHEPTETUUECKWMNE CUNCTEMbI

13.1. OBLWME CBEAEHWNA

JHepreTUYyeckne CUCTEMbl SBAAKOTCA OCHOBOW 3HeprocHabxeHus Ans
(tonblWIMHCTBA MoOTpebuTeneil aNekKTpUYeckom W TennoBoik 3Heprun. 3apgava
3HEeprocmMcTeM COCTOUT B HafeXHOM, 6ecrnepe6oHOM YyAO0BNETBOPEHUN MO-
TpebHOCTell HapoAHOro XO03AMCTBa W HacefNeHUs B 3/1EKTPUYECKOW W Tenno-
BO/ 3Heprun Hapgnexawero KayecTBa NpY MUHUMaNbHbIX HapOAHOXO3ANCT-
BEHHbIX 3aTpaTtax.

JHepreTuyeckne cucTeMbl noapasfensloT Ha panioHHble (P3C),
ob6cnyxuBawLwme noTpedbuTenen onpeneneHHoro panoHa, U o6beAMHEH -
Hble (O3C), obbveguHsAlOWMe pag NPUMbIKAKLWMX APYr K ApYyry panoH-
HbIX 3HeprocucTemM M obcnyxusalwliMe noTpebutener TeppuTopuanibHO-NPO-
MbILWNEHHOIO Komnnekca. EawnMHas aHepretmueckas cucrtema
CCCP (E3C CCCP), co3gaHue KOTOPOM MHTEHCUBHO MNpPOAO/HKaeTcsi, 06b-
eINHNT BCe 3HEepProcucTeMbl CTPaHbl KaK eBpOMenckoW, TakK W a3naTcKoi
yactu. B HacTosiwee Bpems B CCCP yHKUMOHMPYIOT 97 paiioHHbIX 1 11
06beANHEHHBIX 3HEProCUCTEM.

dHeprocmcTembl YCNOBHO NOAPasAenaioT Ha W36bITOYHblE, AedPULNTHbIE
1 camobanaHcupyloLwmecs B 3aBUCMMOCTUM OT COOTHOLUEHWS YCTaHOB/IEHHOM
(unn paboueil) MOLLHOCTM UX 3NEKTPOCTaHUU 1 cBoeli Harpyskm. OCHOB-
Hble XapaKTepUCTUKM O00beANHEHHbIX 3HeprocucteM n E3C CCCP Ha KoHel,
1980 r. gaHbl B Tabn. 13.1, a CTPYyKTypa 3/1EKTPUYECKUX NIMHUA HanpsKeHUn-
em 110 kB un Bbiwe O3C, BxogsAwmnx B E3C (To e Ha koHey 1980 r.),—
B Tabn. 132
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Ta6numuya 131

OCHOBHble XapaKTepPUCTUKN 06bEAVHEHHbIX
3Heprocuctem n E3C CCCP

YcTtaHoBNeHHas MOLWHOCTb

0o3C
<t| B TOM 4uCre, %, Ha @ (é'_ﬁ

. g 2 1 ¢

! ‘ mT3C | I3C  A3C M :al
LleHTpa 39,2 794 94 11,2 197,2 35,1
CpepHeit Bonru 15,8 .73,8 25,7 0,5 77,8 12,8
Ypana 30,8 91,4 57 29 188,1 26,8
CeBepo-3anaga 25,9 69,2 158 15 130 19,1
lOra 446 854 91 5,5 249,8 34,1
CeBepHoro Kaskasa 10 80,6 19,4 49 7,9
3aKaBKa3sbs 10,5 54,5 37,7 7,8 43 6,7
KasaxcTaHa 8,9 88,2 11,8 -44.4 7,4
Cuéunpu 35,1 46,8 53,2 — 162,7 24
OTAaencHble 3HEProcucTemsl, 2,6 100 10,7 1,9
paboTalowme napannenbHo C
E3C CCCP
MToro no E3C CCCP 223,4 75 19,4 5,6 1152,7 171,7
CpegHeii A3un 18,4 64,8 352 - 71,7 n,1
BocToka 7,2 73,3 26,7 — 27,8 5,0*
MToro no scem O3C 249 74,3 20,7 5 1252,2

* CymMmMa MaKCUMYMOB Harpys3ku 3HEpProcmctemM W 3HepropalioHoB 30HblI . O3C
BocToka.

XapakTepHbIMW A9 3HEprocucTemM SBASAIOTCA credylolme MNOM0XeHUs:
\) paBeHCTBO 4acTOTbl BO BCEX Yy3/1aX CUCTEMbl B JIH06OM MOMEHT Bpe-
MEHU;
2) NpUYHUUNWaNbHOE HepaBeHCTBO MO MOAYM WAM Mo ase Hanpsxe-
HUA PasfIMUHbIX Y3M10B MPU HaIMUMW MeXAY HVMU MepeTOKOB MOLLHOCTM;
3) 6anaHc B KaxAblli OaHHbIAi MOMEHT BPEMEHW aKTMBHbIX MOLLHOCTEN
WCTOYHNKOB U noTpebuTtenein
Pp = PUr + p nor + fCH, (13.1)
roe Pr — akTUBHas MOLWHOCTb, reHepupyemas WCTOYHUKaMW 3/1eKTPO3Hep-
rmun; P T — MOLWWHOCTb, NoTpeb6nsemMas Harpy3kom (noTpebutenamMm 3M1eKkT-
poaHeprumn) ; P,OT — notepy MOLHOCTU B ceTaX; PcH— noTpebneHne moLy-
HOCTU Ha COGCTBEHHbIe HYXAbl 3MEeKTPOCTaHUuii  (TeXHoNornyeckuii  pac-
xon).
YBenuueHne B ONpefeneHHbIX Mpeaenax MOLLHOCTA Harpysku cBepx
pacnofniaraemMoil MOLLHOCTU 3/1eKTPOCTaHUNA BeAeT K CHWKEHUIO 4acToTbl B
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Ta6bnuuya 132

HpOTﬂ)KeHHOCTb ANEKTPUYECKNX ﬂMHMVI, rbIC. KM,

HanpsXeHunem, KB § g—ls
e)c]e} TR -
800 I5E
(ANT)* 750 500 400 330 220 150 110 258
oOc T
LleHTpa 0,23 0,99 689 _ 157 156 I 4896 7428
CpepaHeit Bonru - — 18 — — 5,35 — 22,1 29,25
Ypana _ _ 489 — — 10,91 0,27 46,28 62,35
Cesepo-3anaga — - — 0,08 814 452 212 3258 47,44
lOra 0,25 1,87 0,17 0,55 10,69 4,2 7,2 29,58 54,51
CeBepHOro Kaeka3sa - — 0,49 — 2,16 3,79 — 18,15 24,59
3akaBKa3bs - - 0,38 — 1,07 3,33 —* 9,63 14,41
KaszaxcTaHa — — 27 — — 6,87 — 19,64 29,21
Cuéupn — — 5,8 — — 15,19 — 34,86 55,85
OTaenbHble 3Heprocu- 2,89 7,2 10,07
cTeMbl, paboTatouwune -
napanensHo ¢ E3C
ccce
MToro no E3C 0,48 2,86 2312 0,63 23,63 72,63 9,59 '268,98 401,92
CCCP

* Mepepgaya MOCTOAHHOrNO TOKa.

cucTeme, MOCKOJbKY 6GanaHc mowHoctTu no (13.1) ¢ yueTom perynupytoLie-
ro apdekta Harpyskm HacTynaeT Mpu MOHWKEHHOW yvactoTe. lMpu ypesmep-
HOM YBE/IMYEHUN HArpy3kM MOXEeT 6biTb HapylleHa YCTOWUYMBOCTb paboThbl
OTAEeNbHbIX FEHEePaToOpPOB, 3/IEKTPOCTaHUUI 1 faxe 3HEeprocUcTemsl B LIEIOM.
Mpy yMeHblUEHUN Harpy3kuM uyacToTa B CUCTEME MOXET Bo3pacTaTb [0 Tex
nop, MNoka perynaTopbl 4acTOTbl 3MEKTPOCTaHuulii He o6ecnevatr GanaHc
MowHocTed no (13.1) npu HOMUWHa/IbHOW uYacToTe CeTw;

4) 6anaHc B KaXAbli AaHHbIA MOMEHT BpPeMeHVW PeaKTUBHbIX MOLLK
Telh UCTOUYHMKOB U NoTpebuTenen

Qv = OHr+ &not ~b Qch. 13.2)

YBenuyeHne peakTUBHOM MOLLHOCTUN Harpys3km BefeT K CHUXEeHUo
HanpsXeHna B y3nax CeTW, U HaoBOpPOT, CHUXeHWEe pPeakTUBHOIM Harpysku
BbI3blBAET POCT HamNpsXXeHua B y3nax ceTu. Vmelowmecs B 3Heprocmcremax
perynnpyemblie WCTOYHUKM pPeakTUBHOM MOLLHOCTM [A0/KHbI obecrneynBaTb
nogaepxaHve HanpsXXeHWs B y3nax cetm (MpU U3MEHEHUU WX Harpysku)
B 3a/laHHbIX npegenax, ornpegensembix TPebGOBaHUAMW K KavyecTBy Hanps-
XKEeHUS.

YnpaBneHne 3HepreTUMKOl CTpaHbl B LIESIOM OCYLLeCTBASET COH3HO-pec-
ny6nvkaHckoe MUHUCTEPCTBO 3HepretTvkn n anektpudumkaumm CCCP  (MuH-
3Hepro CCCP). Bo Bcex COW3HbIX pecny6nvMkax WMMeKTCs COOTBETCTBYHO-
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e MUHUCTEPCTBA WAM [NaBHble YMpPaBfeHUs 3HepreTMkM Wn 3anekTpuduka-
umn. OnepaTtnBHOEe YyMpasfieHMe 3HepreTUKON OCyLLeCTBAAIOT AucrneTtyepckue
ynpasnieHns n cnyx6bl, a TakKxe [AexXypHblli MepcoHas 3HeproycTtaHOBOK.
[ucneTyepckoe ynpasfieHne oXBaTblBaeT 4YeTblpe YPOBHA TeppuTopuaib-
HOW mnepapxuu:

a) ueHTpasibHOe AaucneTyepckoe ynpasneHne (U OYE3C CCCP), ocy-
LecTBAAOLWEee yrnpaBneHne eanHol 3HepreTuyeckoli cuctemon CCCP;

6) obbeAuHEHHble AuMcneTyepckue ynpasneHus, ocylecTBasflOWme yn-
paBneHne 06beMHEHHbLIMU 3HEPreTUYecKMMU crucTemMamu;

B) AMCreTyepcKne cnyx6bl 3HEeprocucteM, OCyLLeCTBAAOLIME Yynpasre-
HWe palfioHHbIMW 3HeprocMcTemMamu;

r) AeXypHblii MepcoHan 3neKTpPoCTaHUMA, MOACTaHUMKA, 3NeKTPUYeckmnx
1 TennoBbIX ceTell, obecneumBaloLMii ynpasneHne COTBETCTBYHOLLEN 3Hepro-
YCTaHOBKOVA.

M3-3a CNOXHOCTM, MHOro)akTOPHOCTU M MHOFOCBA3HOCTM 3ajady  yn-
paBneHns 3HepreTUKo B HacToslee Bpems paspabaTbiBaeTcs, onpobyeTtcs
1N BHeJpsieTCs MHOroypoBHeBas aBTOMaTM3MpOBaHHas cucTeMa AucreTyep-
cKOro ynpaeneHus. Ee 3agavyamu, B 4aCTHOCTM, SBAAIOTCA: aBTOMaTuUyeckoe
ynpasneHne (B Temne mpoLiecca); ornepaTvBHOe YyrpaeneHve (MUHYTbl —
CYTKW); KpaTKoCpo4HOe MnaHupoBaHne (CyTKUM — Hefens); [O/TOCPOYHOe
nnaHMpoBsaHue (Mecsl, — Ce30H — rof); MepcrnekTMBHOe MPOrHoO3MpoBaHue
(Heckonbko ner).

CuctemMbl ynpaBneHus, B TOM uuc/le aBTOMATU3NPOBAHHbIE, [O/DKHbI
obecneuvBaTb HaZeXHOCTb PaboTbl WM (PYHKLMOHUPOBAHNA 3HEPrOCUCTEM,
T.e. [O/KHbl obecneumBaTb COXPaHHOCTb 3HepreTMyeckoro o6GopyaoBaHMS,
HaZleXXHOCTb 3HEeprocHabxeHus notpebuTeneil N XuByvyecTb IHEProcuctem u
9HEepProo6veAMHEHVI T MPY aBapuiiHbIX cuUTyaumax. [pu 3TOM [O/MKHO 6biThb
o6ecrneyeHoO' Ka4eCTBEHHOe YyrpaB/fieHne HOPMasibHbIMU, aBapuiiHbIMW U MO-
crneaBapUnHBIMU PeXMUMamMn 3HEProCUCTEM N MX 3N1EMEHTOB.

BaXHbIMM BONpOCaMy MpV MJaHUPOBaHUN PexnmoB paboTbl U obecneve-
HUM KauyeCTBEHHOro (DYHKLIMOHMPOBAHUS 3HEProcucTeM SBAAIOTCA, B 4acT-
HOCTW, cnepytolme:

a) onpegeneHne U1 0O6GecrneyeHne OMNTMMAbHOrO [OOMEeBOr0  y4yacTus
3M1eKTPOCTaHLMIA Pas/IMYHOro TUMa B MOKPLITUM CYMMapPHOI Harpysku aHep-
rocucTem;

6) onpegeneHve pasMepa, oGecreyeHve BBOZA W pacnpefernieHve Mo
3HeprocmcTeMe OCHOBHOW W pe3epBHOW MOLLHOCTEN;

B) ONTWManbHOE pacnpefeneHvie akTUBHOW HarpyskM Mexnay 3/1eKTpo-
CTaHUMAMW 1 UX arperatamu;

r) onTMMasbHOE perynmpoBaHve MepeTOKOB aKTUBHOW W peakTUBHOIA
MOLLIHOCTel Mo ceTu;

37—516
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A) onTMMasibHOe pacnpefernieHVie peakTUBHOW Harpysks Mexay reHe-
pUpYIOLWUMM U KOMMEHCUPYIOLWMMK  3/1IeMEHTaMU  3HEpProcucteM  (MCTOYHU-
KaMy peakTMBHOW MOLLHOCTW) MpU YCNoBUM NoALepXaHua 3adaHHOro
(pacyeTHOro) ypoBHS HaMpsXXeHUs B Yy3/10BbIX TOYKaX CeTu;

e) perynMpoBaHue 4acToTbl B CUCTEME B HOPMa/lbHOM peXuMme;

) obecrneyeHne cTaTUYeCKOW W ANHAMUYECKOl YCTOWYMBOCTM 3SHEpPro-
CMUCTeM, WX YacTell, 3MEKTPOCTAHUMA U OTAENbHbIX 3NeKTPUYECKMX MalluH;

3) o6ecrneyeHVe HOPMUPOBAHHOM HaAEXHOCTM paboTbl 3HEProcucTeMm,
X YacTeld, 3NeKTpPOCTaHUWIA, NoAcTaHUMIi W OTAEeNbHbIX 3/1EMEHTOB B HOp-
mansue x, aBAPURHBIX N MocneaBapuiiHbIX pexunmax;

1) cornacosaHve TpebGOBaHWI 3HeprocncTeM € BO3MOXHOCTAMM WU na-
pameTpaMy yCTaHOB/IEHHOrO B HUX O6GOPYyA0BaHUS.

13.2. YYACTUE 3/IEKTPOCTAHLMM PA3IMYHOIO TUMA B

MOKPLITUM CYMMAPHOW HATPY3KN 3HEPTOCUCTEM

CyMMapHble rpadvku Harpysku 3SHEprocucteM HepaBHOMeEpPHbl. Koad-
(ULMEHT 3anonHeHns rpadmKoB A0BOMLHO HU30K (63,=0,54-0,7) u umeet
TeHAEHUMIO K fanbHelilleMy CHUXEeHWI0 BBUAY MOSIBNEHUS B 3Heprocucre-
Max HOBbIX TUMOB MOTpebuTeneil U NU3MeHeHUs CTPYKTYpbl 3HepronoTtpebrne-
HUA. [lO0 nocnegHero BpeMeHU CYTOYHble rpaukyi akTUBHOW 3neKTpuyeckor
Harpysku 3HeprocucTeM UMENU [iBa XapaKTepHbiIX MaKCMMyMa (AHEeBHOW 1
BeuepHuii) ¢ npeob6nagaHveM BeYepHEro Makcumyma Hag, AHeBHbIM. Kpome
TOro, MakCMMyM Harpysksm B 3WMHWE Mecsillbl MNpeBbilan MaKCUMyM Ha-

rpy3ku B neTHuMe Mecsubl. B nocnegHue

rogpl Mo yKasaHHOW Bbllle MNpUYKHE
Pr.% HameTuMnacb TeHAeHUMs  pocTa  Kak
[OHEBHOIMO CyTOYHOro MakCMMyMa Ha-
rpy3ku, Tak M MakCMMyMa Harpysku B
neTHMe MecsLbl.

PacnpepeneHve Harpysku mexay
OTAeNbHbIMU 3/1eKTPOCTaHLUAMYN c
Lenblo MOKPbITUS CyMMapHOro rpadgm-
Ka Harpysku 3HeprocuctemMbl MNpPOu3BO-
OAT, ncxogs u3 OCOBEeHHOCTel TexHOo-
NIOTMYECKOr0 peXxuma  3/1eKTpoCcTaHLmiA
pasnMuyHOro TUNa, ¢ TEM 4YTOGLI MNONy-
UATb B LIE/IOM MO CUCTEME MOJIOXUTENb-
Pnc. 131 YuacTMe  3M€KTPO-  juiii  HapOAHOXO3ANCTBEHHbIA  3htheKT
CTaHUMi pasnniHoro tuna B no- (pvc. 13.1). Mpwn atom B 6a30BYy0 YacTb

KPbITUM ~ CYMMapHOro rpadguka N
Harpyskum 3HeprocucTemsbl rpacduika Harpysku B HenaBOAKOBbIA

Y4 8 1Z 16 20t4
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nepuog nomewarT A3C, TIL, yactmuHo KI3C, T3C 6e3 BOAOXPaHUINULL,
a Takxe vacTuyHo N'3C c BogoxpaHunuwamn '(BbipaboTka Ha Heob6xoauMoMm
caHUTapHOM npornycke BoAbl). B MNonynukoByi 4acTb rpaduka nomeLiaroT
K3C, a B nukoByw 4vactb — 3C c BogoxpaHunuwamu v FA3C. Bo Bpemsa
nasoAka MowHocTb N3C B 6a30BOM 4yacTu rpaduka ysennumsaeTcs, C TeM
4yTO6bl MNOCNe 3anofiIHeHUs BOAOXPaHWWL, He cb6pacbiBaTb 6ecrnonesHo us-
6bITOK BOAbl 4Yepe3 BOAOC/UBHbIE MNOTUHbLI. Mpu 3Tom 6onbwas gons K3C
M yacTuyHo TO3L, BbITecHsaeTcA B MONYMNUKOBYHD 4YacTb rpaguka Ha-
rpy3Ku.

3Haa rpadmkM Harpysku 3n1eKTpoCcTaHuuii, MOXHO naaHuposatb pe-
MOHT UX o6opyaoBaHusA. Arperatbl M9C, Kak MpaBWIO, PEMOHTUPYIOT 3U-
Moii, a T3C u A3C — BecHOW WM neTtoMm. WM3meHeHwe Harpy3km W yCTaHOB-

Puc. 13.2. /IameHeHWe Harpyskm U1 yCTaHOBJIEHHOM MOLLHOCTU 3HEeprocucTe»
Mbl B TeYeHve roga

NIEeHHOW MOLLHOCTM 3MeKTPOCTaHUWI B CUCTEME B TeyeHue roga B3aMMOCBS-
3aHO, 4YTO BUAHO 13 puc. 13.2, rae P Hp= (1,14-1,2)Pal’ wun PycT> PycT ; 34€echb
Aar n P ycT — cOOTBETCTBEHHO Harpyska 1 ycTaHOB/eHHas MOLLHOCTb B Ha-
Yyasie roga; PHr n PycT— B KOHUe roga.

B aHerpocuctemMe A0/MKHbI ObiTb MNPeAyCMOTPEHbl pes3epBbl: 3KCMnya-
TaUMOHHbIA  (PEMOHTHbIA, PEeXWUMHbIA W aBapuUiiHblii), COCTaBAAKOWMIA npu-
MepHO 10— 12 % ycTaHOBMEHHOM MOLLHOCTU 3HEProcUcTeMbl, W HapOAHO-
XO035ACTBEHHbINV, cocTaBnawowmnii okono 3 %. CumTtaeTcsd, 4YTO ANS HOPMasb-
HOro (PYHKLMOHMPOBAHUSA 3HEProCUCTEMbI ee O6LMIA pe3epB AO0/HKEH COCTaB-
nATb 13— 15% ycTaHOBMEHHOW MOLWHOCTM. Ha npakTuke pasHOCTb Mexay
37*
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YCTAHOB/MIEHHOW  MOLWHOCTbIO  3MEKTPOCTaHUMIi U KX (aKTUYeCcKoln Ha-
rpy3Kol B KaXAbli AaHHbIi MOMEHT He ecTb pe3epBHas MOLLHOCTb 3HEepro-
cuctembl B 0ObIMHOM  MNOHWUMaHuW. [ekcTBUTeNbHO, paboyas MOLLHOCTb
paBHa

~pa6 “ f’yoT — ~opp — ~pasp AKOHC — ~pem = P paon — Ppem> (13.3)
Fae Porp— MOLWHOCTb pPas3IMYHOro poaa OrpaHuyeHuii; P pasp — MOLLHOCTb
pa3pbiBoB; P KOHe — MOLLHOCTb KOHcepBauuu; PpeM— peMOHTHas MOLLHOCTb;
P puen — pacnonaraemas MOLLHOCTb.

PeanbHas >e MOLWHOCTb Harpysku 3n1eKTpocTaHuuii paBHa

AHr — "pab  "pes.xon — P pes,Bp> (13-4)
roe  Ppes.xon — MOLWHOCTb  XOSI04HOro (HeBpalatoLerocs) pesepsa;
P pe3.ep — MOLLHOCTb Bpaulatouierocs (ropsyero) pesepsa.

C y4yeTOM YCTOMYMBOCTU W Ha[EXHOCTU pPaboTbl 3HEProcUCTEMbI MOLLL-
HOCTb Haumbonee KpynHOro arperaTta, Kak MnokasblBaeT OMbIT 3KcnayaTauuwu,
HOpManbHO He Ao/mkHa npesblwatb 1,5—3 % ycTaHOBMNEHHOMA MOLHOCTU
3Heprocuctembl. OTcioga cnefyeT, UTO KpyMHble arperatbl MOLHOCTbIO 500,
800 u 1200 MBT MoOryT yctaHaBnmBaTbCA TOJIbKO B OTHOCUTENIbHO MOLLHbIX
3HeprocmucTemax.

13.3. PACMNPEAE/IEHVE AKTUBHOM HATPY3KN MEXAY
SNIEKTPOCTAHUMNAMW N OTAENbHbIMW TEHEPATOPAMUN

JHepreTnyeckas cucTteMa OGbEAMHSET 3MeKTPOCTaHLMU Pas/IMYHOro Tu-
na, Kaxpgasa M3 KOTOpbIX WMMeeT HEeCKOsSbKO reHepaTtopoB. Tak Kak cymmap-
Has ycTaHOB/EHHAs MOLLHOCTb FeHepaTopoB WM WX paboyas MOLLYHOCTb Mpe-
BbILLAIOT Harpysky 3HeprocuctemMbl, TO BO3HMKaeT BOMPOC O HauBbIrOAHEl-
leM, ¢ TOYKM 3PEHUs TEXHUKO-IKOHOMUUYECKUX MokasaTteneid, pacnpeneneHunm
aKTVMBHOI Harpyskm Mexzy 3/1eKTPoCTaHLMAMN 1 OTAENbHbIMU FeHepaTopaMmu.

PaccmoTpuM 3TOT BOMPOC MPUMEHUTENIbHO K TensoBbiM  3/1EKTPOCTaH-
TVEIVE

Mpn pacnpegeneHun Harpyskum PBer(0 wmexay M WUCTOYHMKamMM  (puc.
13.3) yuuTbIBA€TCA, U4TO KaXAbl -1 UCTOYHUK XapaKTepusyeTcs CBOen

onpeaeneHHol 3aBMCUMOCTbLIO pacxoaa Ton/nBa OT Harpysku
Bi = (Pi).
B KauecTBe KpuTepusi HaMBbLIFOAHEWLLEro pacrnpeaeneHvss akTUBHOMN

Harpyskm mexay WUCTOYHUKaMn B OTeYeCTBEHHbIX 3Heprocucrtemax npuHuma-
T MUHUMYM pacxoga Tonsimea no cucrteme
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npu ycnoBMW MOKPbITUA 3aflaHHOW Harpysku

W. _J PH (t) dt = const, (13.6)

T. €. MUHUMaNbHOe 3HaudeHue QyHKuuoHana B=\) (Pb P2.... Pn) npu 3a-
LaHHOM rpaduke Harpysku (puc. 13.3).

PaccmoTpuMm fgBa MCTOYHMKA C Pas3/IM4HbIMU PacXofHbIMM XapaKTepuc-
Tukamu TonnueBa B=f(P), kKak nokas3aHo Ha puc. 13.4,a (kpuBble 1 un 2).
MycTb Harpyska nepBoro arperata coctaBnsfeT Pb a BTOporo — P2 YBe-
NMYUM Harpysky BTOpPOro arperata Ha AP, a Harpysky nepBoro arperarta
cHu3num Ha [AP. Kak BuaHo u3 puc. 13.4,a, npu atom AB1>ABr. OuyeBufgHo,
onTMManbHOe pacnpefesieHne Harpysku 6yfeT npu ycnosuum, Korga 6yayT

B~ dB2
paBHbl OTHOCUTENbHbIE NPUPOCTLI, T. €. 61= 62, rae?!= dra n 62 3P,

i -pacnpegenerae
yM\Harpysku

\

K-pacnpefenequ.e
YHarpysku

24 t,4
§)

Puc. 13.3. N3amMeHeHMe aKTWBHOW Harpyskum (a) u pacxoga Tonnauea (6) B
JHeprocucTeme

CTPOFO 9TO yC/ioBME MOXHO NOAYYUTb aHaMTUYeCKW C UCNO/Ib30BaHU-
eM MeTOAO0B BapwaLMOHHOro ucyucneHna. [ONnA  HaxoXheHUs MUHUMyMma

n

hyHKUMM B = N Bi muccnegyetca Ha MUHUMYM BCMomoratesibHas (YHKUMs
1A

b= (®i+ &2+ eee+ Bn)+ ("i+ Pi+ mee+ Pn — Pur— [ cetn) >

(13.7)
rgoe Pi+ Pr+...+ Pn—PHr—/lPceTn= 0 — ypaBHeHUe CBA3WU, XapakKTepusyi-
lee faHHYK KOHKpPeTHYyH 3afjayy; K— HeonpefeneHHblli MHOXWTenb Jlar-
paHxa.

Tak Kak
AB;
APk =0, roe k
TO
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. AAPT - i
—K =6+ KQLl—aX =0
. mbi + X—K ap, j ( X=0;
"2 ~bsA(L— cg) = 0
P2 @ — o) 159)
A“;’; e+ (L —<r)

Puc. 13.4. PacxofHble XapaKTepuCTUKW (a) W XapaKTepuUCTUKM OTHOCU-
TeNbHbIX NPUPOCTOB (6) ABYX arperatos

OTcloja ycnoBue HauBbITOAHelLIero pacnpefeneHnss akTUBHOW Harpys-

KM MOXHO 3anucaTb Tak:
b, bu b,,
_1——0] = -IEI_—S-CQ::: 'j_h%)-n (139)

UeM 60/blue NOTEPUM MOLLHOCTW B CETAX NpuM nepefade 3Heprum ot
[AaHHO 3MeKTPOCTAHLMWN, TeM C MeHbLUMM 3HAYeHWEM OTHOCUTENbHOro MNpwu-
pocTa OHa fjo/hkHa paboTaTb MO OTHOLWEHWUID K APYTUM 3/1IEKTPOCTAHLUAM
39HEpProcucTeMbl.

Ecnn npeHebpeyb MNOTepAMU MOLLHOCTM B CeTAX, TO YC/0BUE HaWBbI-
rofjHeiiero pacnpegeneHnsa Harpyskum byger

*l=*2=---=& - (13.10)

3Has pacxofHble XapaKTepUCTUKMW OTAeNbHbIX arperaTtoB, CTPOAT pac-
XOAHbIE XapaKTepUCTUKMW U XapaKTEePUCTUKU OTHOCUTENIbHbIX MPUPOCTOB
3/IeKTPOCTAHUMIA B LenoM. PacnpefeneHne Harpysku Mexgy OTAeNbHbIMM
3/IEKTPOCTAHUUAMMU MNPOU3BOAAT C Y4YETOM YKa3aHHbIX XapaKTepUCTUK KOH-
KPETHbIX 3/IEKTPOCTAHLUIA W XapaKTePUCTUKM OTHOCUTENbHbIX MPUPOCTOB
9HEProcMcTeMbl B Lie/IOM.
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13.4. PACMPEAENEHVNE HABPOCOB AKTUBHOW HATPY3KN MEXAOY
ATPEFATAMW 3/IEKTPOCTAHLN

LeAcTBUTENbHbIA rpauMK Harpysku 3HeprocucTembl He coBnajaeT ¢
3aflaHHbIM fucneTyepckUM rpagpukom. [103TOMY MEpPUOAUYECKN BO3HMKAOT
Te WM WHble HeGanaHcbl MOWHOCTU TYpOGUH W Harpys3oK reHepaTopoB 3fieK-
TpocTaHuuin. CneacTBMeM 3TOro SABNAKOTCA KonebaHUA 4acToTbl B cCUCTeME.
OCHOBHOe YypaBHeHWe 6anaHca MOLWHOCTU AN OTAENbHOr0 arperata ume-
eT BUA:

cPbdb
A.-9 + Pnc+ Fy—  -P d— . 03.11)

rge Pr— akTUBHasi MOLWHOCTb, pa3BuBaemas Tpy6uHoli, OTH. ed.; P —
anekTpuyeckasa (TOpMO3Hast) MOLWHOCTb reHepaTopa, OTH. ea.; Pmor— no-
Tepu B arperate, OTH. ef.; Tj — MoCTOAHHaA WHepuun (MexaHW4Yeckas no-
CTOSIHHasA) BpalialLWmxca macc TypbuHbl W reHepaTtopa, pag; Pd — gemn-
(hepHbIn KO ULMNEHT; 6 — yron, onpeAensoWnii NPOCTPAHCTBEHHOE MO-
NIOXXeHWe MPOoAONbLHOA ocu poTopa reHepaTopa, pag.

MocTosiHHaA WHepuMn TypbUHbI W reHepaTopa, C, onpejenseTca Bblpa-

XKEHUEeM:
GD\ nna GD%
r o 2%
J 91-4P Hom 364P HoMm

rgje «0, «HOM — CMHXPOHHas W HOMMWHa/lbHaaA 4acToTbl BpalieHus; PHoM —

HOMUHaNbHAsA MOWHOCTL arperata; G D\ /4 — cymMMapHblii MOMEHT WHep-
UMM TYp6UHBLI M reHepartopa.

YMHOXEHMEe Ha CUHXPOHHYIO YF/I0BYI0 CKOpPOCTb BpalieHus poTopa o0

fpaet Tj B paguadHax. [peHe6peras B MepBoM MPUGAMXKEHUU MOTepAMYU
MOLHOCTM B arperate v AeMndepHoi MOULHOCTbIO, MOMyHaeMm:

f26
PT= P+ 7V— (13.13)

nnn

br_P = gP==r(/ N U (13,14)

r4e a — yrnoBoe ycKOpeHue BpallalLLuxcs Macc.

BHe3anHble HaGpocbl — c6pPOCbl HArpy3ku BbI3blBAOT TOPMOXEHUE —
YCKOpEHWe poTOpPOB FeHepaTopoB; TeM CaMbiM 3HEPrvs BpallaloLimxcs Macc
yyacTBYeT B TMOKPbITUM KPaTKOBPEMEHHO BO3HMKalOLLero HebanaHca MoLL-
HOCTW.

Topmo3Hass MOWHOCTb W/IW MOLWLHOCTb Harpys3ku reHepaTtopoB 3aBUCUT
OT 4acToThbl:
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"2 12

PeakTMBHasA MOLWHOCTb TakK)e 3aBUCUT OT 4acTOTbl:

Qi (11n

Q@ ~wl/'
npuyem 06bI14HO M= |-f-2. M3MeHeHWe aKTWBHOM W peaKTUBHON MOLLHOCTeN
Harpysku reHepaTtopa C W3MEHEHVWeM 4acToTbl NOKa3aHO Ha puc. bl.o (CM.
Takxe rn. 3).

Puc. 13.5. Vi3mMeHeHWe aKTUBHOW w Puc. 13.6. XapaKTepuUCTUKWN perynsa-
peakTVBHON MoOLLHOCTE nNpu un3Mme- TOPOB CKOpOCTU:
HEHUN YacToTbl B CUCTeEMe 1— acTtaTuueckan; 2 — ctaTuyeckas

MoOLWHOCTb, pa3BuBaeMass TYp6WHONW B MNPOAJOMKUTENLHOM pPexume, 3a-
BMUCWUT OT Mponycka mapa WM BOfbl Yepe3 TypbUHY, KOTOpbI perynupyet-
c PerynsTopoM CKOpPOCTWM TYp6WHbI, HAa3biBAaeMbIM TakKXe MepBUYHLIM pe-
ryNsiTOpoM 4acToTbl. Perynatopbl MOryT uWMeTb acTaTuueckyil (BepHee
KBa3nacTaTUUeCKYyl) WAM CTaTUUeCKyl XapakTepucTuky (puc. 13.6); wux
cTaTU3M XapakTepusyetcs KOap@uULMEeHTOM cTaTuama:

o/ An
Ke--1 [ —E£J] “ >ea’ " 3-,5>
rae
[— f t r—D > - .
* / HOM * *HOM * AHOM

PerynaTopbl CKOPOCTWM  MMEIOT €eCTECTBEHHYI CTaTUYecKyl XxapakTe-
PUCTUKY, OAHAKO C MOMOLWbI [OMOJAHWUTENbHBIX YCTPOICTB, HasblBaeMblX
BTOPUUHLIMU PErynaTOpaMy 4YacTOTbl, MOXHO MOAYUUTb Pe3yNbTUPYIOLLYIO
acTaTUueckylo (KBasMacTaTUUECKYI0) XapaKTepucTuky.
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CnepyeT OTMeTUTb, 4YTO AEXYPHOMY LWWUTa ynpaBfeHWS 3/1eKTPOCTaH-
UMM 6e3 nNoMouwM YCTPOWCTB aBTOMATUKM TPYAHO perynupoBaTb 4acToTy
B COOTBETCTBUM C XeCcTKMMWU Tpe6oBaHusamn MY mn FOCT. [elicTBUTENb-
HO, MYyCTb AOMNYCTMMOE OTK/OHeHuMe 4acTtoTbl A/=0,1 Ty, a cratusm pery-
natopa Kc= 0,05. Torga

o) 0,1
Ke 50-0,05

= 0,04.

Ou4eBMAHO, YTO MO WWTOBOMY NPUGOPY [AEXYPHOMY TPYAHO YCNeAuUTb
3a M3MEHeHMeM MOLLHOCTU reHepaTopa Ha 4 %. .

Kak e pacnpegensieTca MNPOLO/KUTENbHbIA HAaBpoC Harpysku Mexngy
arperatamMm co CTaTUYECKMMW XapaKTepUCTUKaMU PerynsTopoB CKOpPOCTU?

Puc. 13.7. PacnpegeneHue Habpoca Harpysku Mexay arperatamu:
a —nosAcHAILWAan cxema; 6 —XapaKTepUCTUKM arperaroB

MycTb napannenbHo pa6oTawT n arperatoB (puc. 13.7). Mpwu Habpo-
Cce Harpy3oK Ha OTAe/lbHble TeHepaTopbl ﬂ,F;I/I AP2 M T.A. UX YacToThl u3-

MEHSIOTCA B COOTBETCTBUM C BblpaXeHUAMWU (fanee WHAEKCbl * OMYyLLEeHbI):
[/, = AanpPL

Afz = KCAP2;
(13.16)

mAfn —Ken ~Pn-
Tak Kak npu napannenbHoi paboTe reHepaTopoB

ali = 0/2=... = p/n= Af,
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TO
AP =
*cl
ap.= A
*C2 (13.17)
Al
APn = \
HAo»
nosTomy
=Ap.
Ke Kr, P
= 1=1
OTcroga
2_ APF
AP, T—
KciP
(13.18)
S AP,
1=1
APn=

Takum ob6pasom, pacnpefeneHvie NpojoKUTENbHOro Habpoca aKTUBHOM
MOLLHOCTM B NepBblli MOMEHT BO3MYL,EeHWS 06paTHO MNPOMNOPLUOHANBHO KO-
ahunuMeHTaM cTaTu3Ma OTAEeNbHbIX arperaTos.

13.5. MPUHUMM LEACTBWSA PEFY/IATOPA CKOPOCTW TYPBWH

B KauyecTBe MepBUYHLIX PErynsaToOpoB YacToTbl O06bIYHO WCMNONb3YIOT
LeHTpobeXHble MexaHWyeckue perynaTopbl. [MpocTeAwnini  LeHTPo6exHbI
perynatop CKOpPOCTM NapoBoil TypOuHbI WMeeT Crefyloline OCHOBHble 3fie-
MeHTbl (puc. 13.8): u3mepuTenbHbIli opraH 1, BpawialUMACA CUHXPOHHO C
TYp6UHOW, MYy(PTy WU3MEPUTENbHOro OpraHa 2, MacnfaHbIi ABUratenb nNpu-
BOAHOr0 MexaHwsMa 3, 30/10THWK 4, MPYXWHY 5, rnaBHbI KnanaH Typ6u-
Hbl 6 W fABUraTenb perynstopa CKOPOCTU WAW WCMOJIHUTENbHbIA opraH BTO-
PUYHOrO perynatopa 4acToThbl 7.

Mpy n3MeHeHMM 4acTOTbl BpalleHUs Bana TPybuHbl MydTa nepemelia-
eTcAa B Ty WM MHYIO CTOPOHY W CuCTemMa PeryiMpoBaHus MNPUXOAUT B AeWi-
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cTBue. [lelicTBUe perynsatopa CKOPOCTM 3aKaHUYMBAeTCHA, Korga ycunus
NPYXWHbI U W3MEPUTENbHOrO0 OpraHa, fAelicTByloWMe Ha My(hTy, ypaBHOBe-
WwuBawTCA. HOBOMY COCTOSIHUIO PaBHOBECUS CUCTEMbl COOTBETCTBYET HOBOE
NnoNfoXeHne My(Tbl; B pe3ynbTaTe XapaKTepucTukKa perynstopa oKasbiBa-
eTca  cTaTuuyeckoi. Ha puc. 13.9 ycnoBHO NoKaszaHO W3MEHeHWEe MOI0XKeHUs
MYy(Tbl U WAapHUPOB A © B perynaTopa Mpu YBe/IMYEHUW aKTUBHOW Ha-

Y44

uzz
X
< [ >e

Puc. 13.8. TpuHUMnuanbHas cxema NpocTeiillero LEeHTPOBEXHOro pery-
nATopa CKOPOCTM

Map

rpy3ku reHepatopa. B nepBblii MOMEHT BO3MYLLEHWA LIAPHWP A ocTaeTcs
HeMOABMXHBIM. ‘B KOHLe mnpouecca PerynmpoBaHUsi OH 3aHMMaeT MoJoXe-
Hve A'. LWapHup B nocnefoBaTeflbHO 3aHUMaeT MOMOXEHUs B' u B".

OnucaHHbI perynsiTop CKOpoCTU He obGecneyvBaeT NOAAEPXAHWE HOMMU-
HaNbHOW YacToTbl NPW M3MEHEHUWM Harpys3ku, faxe ecnm reHepatop WMeeT
[OCTaTOYHbI PerynupoBOYHbI  AManasoH Mo akTUBHOW  MolHOCTU. [AnA
perynupoBaHus ¥ BOCCTAHOBEHWA HOMWHANbHOW 4YacTOTbl PErynaTopbl CKO-
pocTU 06bIYHO [ONOMHSAT YYBCTBUTENbHbIMW BTOPUYHLIMKU  PEFYyNATOPaMM
YacToTbl, pearvpylLumMu Ha OTK/IOHEHWE YacTOThI.
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BTOpWYHbIE perynstopbl, BO3AeNCTBYS Ha ABUraTeNn Perynsatopos
CKOPOCTM, MEHSIT HaxaTue MPYXUHbl M TeM CcambiM MNepemel,arnT cTaTu-
YeCKMe XapaKTepuUCTUKU PerynsaTopoB CKOPOCTU napasnfesbHo camum ce6e.
MpocTeAiwnit  3aKOH peryiMpoBaHnWs Mo CTaTUYECKUM  XapaKTepucTuKam
nMeeT BUA:

Af+ KcfAd = 0. (13.19)

Mpouecc perynnpoBaHusi 3aKaHuMBaeTcs, Korga Af=Q.

Puc. 13.9. Cxema paboTbl peuynsa-
TO'pa CKOpPOCTU MpU YBENNYEHUU aK-
TUBHOW Harpysku reHeparopa

13.6. PETY/IMPOBAHWE YACTOTbl B SHEPTOCNCTEMAX

PerynupoBaHue 4acToTbl B 3HeprocMcteMax B OCHOBHOM OCYLLECTBASA-
eTca Nno MeTofy Beaylieli 3NeKTpOCTaHUUM € OrpaHWyYeHWem HezonycTUMbIX
NepeToKoB MOLLHOCTU MO TPaH3UTHLIM 3/1EKTPUYHECKUM NNHUAM. [lpu 3TOM
MeTOoAe Ha OAHY 3MeKTPOCTaHUMK BoO3narawTca (YyHKUUW perynmpoBaHusa
4acToTbl B 3HeprocucTeMe (C y4eTOM PerynMpoBOYHbIX BO3MOXHOCTelM 3neK-
TpocTaHuuMmM). 3Ta 3NeKTPOCTaHUMA HasbiBaeTcs Befyliell, a ocTalbHble —
BelOMbIMW. B nepBbli MOMEHT BO3MYLLEHUA pacnpefeneHne Harpyskm Mex-
0y 9NeKTPOCTaHUMAMM MNPOUCXOAUT B COOTBETCTBUMWM C UX CTATUYECKUMU
xapakTepucTukamu. B panbHeiilem perynatop 4acToTbl Befylieli 3/1eKTpoO-
cTaHuMm obecrneuymBaeT MPUHATUE BCe AOMOMHUTENbHOW Harpyskum Ha 3Ty
3NeKTPOCTaHUMI0, 4YTO BeAeT K BOCCTAHOB/EHWIO HOMMWHANbHOW 4acToTbl B
JHeprocucTeme.

Ha pwuc. 13.10 cxemMaTU4YHO rMokKas3aH nMpoLecc PerysmpoBaHUs 4acToTbl
MeTOAOM BeAylLleil 3neKTpoCTaHUMM Ha MpumMepe napannenbHoin pab6oTbl
LBYX 3/1eKTpOCTaHUuWii, M3 KOTOpbIX oOAHa (nepBasd) HABNAETCA BeAyLlei.
Mpu ymeHblleHMM YacToTbl OT [Hm fo f\ gononHWTeNbHble 3arpysku nep-
BOA WM BTOPON 3N1eKTPOCTaAHUMI COOTBETCTBEHHO cocTaBAT AP, n AP2- BTo-
PUYHBLIA pPerynaTop 4acToTbl MepBON 3NeKTPOCTaHUMM CMelwaeT ee cTaTu-
YECKYI0 XapaKTepucTuKy napannensHo camoli cebe, yBenumumBas BNyck napa
B Typ6uHy. Npu 3TOM BOCCTaHaBNMBAaeTCA HOMMWHaNbHas 4YacToTa B 3HEpPro-
cMcTeMe M BTOpasd 3/1eKTPOCTaHUMA BO3BpallaeTCa K pexumy, npejlecTBy-
IoLWemMy BO3MYLLEHUIO.

CnepfyeT OTMETWUTb, 4YTO B 3aBUCUMOCTU OT MOLLHOCTM 3HEProCUCTEMbI,
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ee napameTpoB W CTPYKTYpbl, @ TakXe OT Tpebyemoro fuanasoHa perynu-
poBaHMSA MOLLHOCTU BefyW UMW B Heidk MOryT ObiTb OTAENbHbIA reHepaTop,
3NeKTPOCTAHUNA WAN PAL 3NeKTPOCTaHUUNA.

PerynnpoBaHue 4acToTbl MeTOAOM Bejylieil 3N1eKTPOCTAHLUM BbIMNOMAHSA-
eTCA OTHOCMTEeNbHO NPOCTbIMW W [eleBbIMW CcpeAcTBaMu, OAHAKO Mpu ero
MUCMNONb30BaHUN BO3HUKAKT 3HAKOMNEpPeMeHHble MNepeToOKM MOLLHOCTU MeXAay
BeAylweli U BeAOMbIMU 3N1eKTPOCTaH-

LMAMU W CYLLeCTBEHHble W3MEHEHUSA
NepeTOKOB MOLLHOCTU MO TPaH3nT-
HbIM  3NeKTPUYECKUM  NUHUAM. B
CCCP paspaboTtaH psaf AoCTaTOYHO
3 (PEKTUBHbLIX KOMMMEKCHbIX LEeHT-
pann3oBaHHbIX W [eLeHTpann3oBaH-
HbIX CUCTEM  aBTOMaTU4ecKoro pe-
rynnpoBaHns 4acToTbl, MOLLHOCTN W
nepetokoB (ACPUM wun ), obec
neynBalLWMX aBTOMaTUyecKoe rpyn-

10 Puc. 13.10. PerynupoBaHue 4acTo-
nosoe perynnposatue HacToTh Tbl MeTO4OM BeAyLleli 3/1eKTpoCTaH-
B 3Heprocucreme, perynupoBaHue umn:

MOLLHOCTN — arperatos W perynmpo- 1— xapakTepucTuka MNepBOA 3MeKTPOCTaH-

BaHue NepeToKOB MO 3/IeKTpUYec- uuun; 2 — xapakTepucTuka BTOPOA 3NeKT-
pocTaHuunun

KUM JIMHUSM NPU yyeTe PeXUMHbIX

orpaHuYeHni.

13.7. KOOPAVHALWMA YPOBHEWA TOKOB KOPOTKOIO 3AMbIKAHNSA
B SHEPTOCNCTEMAX

VIHTeHCBHOE pasBUTUE 3NEKTPO3HEPreTUKU, POCT MOLLHOCTEA OTAeNb-
HbIX arperaTtoB, 3/1eKTPOCTAHUMIA W 3HEProcucTem, KOHLUEHTpauusi reHepu-
pPYIOLLMX MOLLHOCTER, POCT MAOTHOCTW CeTeli NopoXAawT pAj npobnem, B
TOM 4ucne npob6nemMy KoOpAMHaALMUW YPOBHel TOKOB KOPOTKOMO 3aMblKaHMUS,
KoTopasi COCTOUT B cornacoBaHuu Tpe6oBaHWI pasBMBaOLUXCA 3HEProcu-
CTeM W MapameTpoOB YCTAHOB/IEHHOr0 U MPOEKTUPYeMOro K yCTaHOBKe 3/1eKT-
poo6opygoBaHus. po6aema OCMOXHSAETCA TeM, UTO 3/IEKTPONPOMbILL/IEH-
HOCTb OTCTAEeT 'C OCBOEHMEM W BbIMYCKOM 3/1eKTPo060pyA0BaHNsA Ha MNOBbI-
LeHHble napaMeTpbl. Kpome TOro, HoBoe 3/71eKTpoobopyfoBaHue Ha MOBbI-
LleHHble napameTpbl WMeeT 3HayuTeNbHO 60/ee  BbICOKME CTOMMOCTHbIE
XapakTepucTuku. OTclofa BO3HMKaeT 3afjadya ONTUMMU3ALUU YPOBHEN TOKOB
K3 Kkak nopsajava onTuMu3auuMu CTPYKTYpbl W napaMmeTpoB 3/1eKTpuyec-
KNX ceTel.

MpumepHo 70,3 % MoOWHOCTW, BblpabaTbiBaeMOn 3N1eKTPOCTAHLUAMM,
notpebnserca Harpyskoi Ha HanpsbkeHum 0,4 kB, 13,4% — Ha Hanpsxe-
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HUM 6—10 kB, 0,36% — Ha HanpsxeHun 35 kB; 7% wupgeT Ha cO6BCTBEH-
Hble HYXAbl 31eKTPOCTAHUMIA (TeXHONOrMYecKuii pacxop) u okono 9 % Te-
pseTca M3-3a MOTepb B CeTAX 06OLW,Ero nofb3oBaHuA.

McTopuyeckn, ¢ y4yeToM pocTa MOLHOCTW reHepaToOpoB, CXembl Bblfa-
UM MOLLHOCTM 3MeKTPOCTaHUWli npownu Tpu 3tana — OT cxeMbl puc. 13.11, 5
K cxeme puc. 13.11,6, a B HacTosAWwee BpemMa [N1A MOLHbIX 3/1EKTPOCTaH-
LUA XxapakTepHoli cTana cxema puc. 13.11,B. pM 3TOM K HacTosLWEMY
BPEMEHM C/oXunacb MNPUMEPHO TaKas CTPYKTypHas cxema BblfayuM W Mo-
Tpe6neHMs MOLWLHOCTWU 3nekTpocTaHumii CCCP, Kak nokasaHo Ha puc. 13.12.

BaXHbIM BOMPOCOM CTAHOBWUTCA AOCTUTHYTbIA ypOBEHb W AMHAMWKaA W3-
MEHEHWS BO BPeMeHW YpOBHeli TOKOB K3 B CeTAX PasnMYyHOro HanpsxeHus
9HEProcUCTEM W COOTBETCTBYHOLLMX MapameTpoB 3/1eKTPoo6opyLOBaHUS.

bh . Wgif Uh

Puc. 13.11. MNpuHUMNManbHble CXeMbl BbIfa4¥ MOLLHOCTU 3NeKTPOCTaHUWUMi

mJOCTUTHYTble YPOBHW TOKOB TpexdasHoro u opHotasHoro K3 B ce-
TAX 35—750 kB aHeprocuctem CCCP npegctaBneHbl B Tabn. 13.3, AuHa-
MMUKa W3MEHeHWS MaKCUMalbHbIX YPOBHeil TOKOB K3 B MOLYHON 3Heprocu-
cteme— B Tabn. 13.4 u Ha puc. 13.13. BaxHOli XapaKTepUCTUKON sBAseTcs
OWHaAMWKa W3MEHeHWs pacnpefenieHns ypoBHeli TokoB K3 no ysnam 3aHepro-
cucteMbl. Takas xapakTepuctuka nnsa cetm 110 kKB 3aHeprocuctembl npuBe-
feHa Ha puc. 13.14. XapaKTep KpuMBbIX pacnpejenieHns ypoBHeli TokoB K3
M AWHaAMWKA WX W3MEHEeHUSA 3aBUCAT OT [UHAMUKW WU3MEHEHUS CTPYKTYpbl
N napaMeTpoB COOTBETCTBYHOLWMX ceTell, W3MEHEHUA WX MJI0THOCTH.

CyuiecTBytowme Tpe6oBaHMA K napameTpam BblKAlo4aTeneil BbICOKONO
Hanpsi)XeHWs W CUAOBbIX TpaHCOpMaTopoB npuBefeHbl Ha puc. 13.15.

AHanui nokasbiBaeT, YTO B pAfe C/Ay4vyaeB napamMeTpbl YCTaAHOBIEHHOrO
B 3Heprocucrtemax 3/eKTpoobopyAoBaHWSA He COOTBETCTBYIOT BO3POCLINM
ypoBHAM TokoB K3. PeweHune BO3HUKLIEA Npo6aemMbl BO3MOXHO Tpemsa ny-
TAMU:



§ 13.7 KoopguHauus ypoBHeil TokoB K3 B aHeprocucTemax 591

500-750-1150 KB

Puc. 13.12. CTpyKTypHas Cxema Bblja4uM MOLLHOCTU B 3/IEKTPUYECKMNE CETU
pasfinuHbIX HaNps>KeHWUi

Puc. 13.13. AMHamunKa M3MEHEHUS MaKCMManbHbIX YPOBHEW TOKOB KOpOT-
KOr0 3aMblKaHWUA B 3/IEKTPUYECKUX CeTAX MNpU cTaynoHapHOM WX [AeNeHUnn:

a — NpuHUUNUanbHble XapakKTepUCTUKN; 6 — M3MeHeHUe MaKcUMalbHbIX YPOBHe To-
koB K3 B ceTax 110—220 kB opHoli u3 aHeprocuctem; 1 — 6e3 geneHus; 2 — C AejleHUEM
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OCBOEHME W NocTaBKa 3HEProcMcTeMaM HOBOFO 3/1eKTPoo6GopyaoBaHUS B
COOTBETCTBUM C BO3POCWIMMW Tpe6OBaHMAMMKM K ero napameTrpam €O CTOpO-
Hbl 3HEPrOCUCTEMBbI;

rny6okoe orpaHuyeHue ypoBHeli TokoB K3 B ceTAX 3HeprocmMcTem ¢ BO3-
MOXHOCTbIO OCTaBfieHUs B paboTe paHee YCTaHOBJIEHHOr0 3/71eKTpoo6opyno-
BaHus;

Komnpomuce, Tpebylownii Kak orpaHu4eHuss TokoB K3 B onpaBpaHHbIX
npegenax, Tak W MocTaBKy HOBOr0 3/1eKTP006OPYAOBAHMA C YNyULIEHHbIMYU
XapaKTepucTukKamu.

Puc. 13.15. MakcumanbHbIA pacyeT-

Hbli ToKk K3 pgns Bbikaouatenei wu

CMNOBbIX TpaHchopmaTopoB (TexHU-
yeckne TpeboBaHMUA):

|—Tpe6oBaHnas MuHaHepro CCCP Ha nep-
CNeKTUBY K BblKaouaTenam; 2 — Tpe6oBa-
HUs MwuHaHepro CCCP Ha 1980 r. u Tpe-
6osaHna T[OCT 11677—75* Kk TpaHchop-
mMaTopam; 3 — TpeGoBaHMA  MuH3Hepro
CCCP Ha 1975 r. K TpaHchopmaTopam;
4—Tpe6oBaHua FOCT 11677—65 u [FOCT
3484—65 Kk TpaHchopmaTtopam: 5 — peko-
MeHpgauun M3K no TpaHcthopmaTopam

MaKcuManbHble YPOBHU TOKOB Tpex(has3Horo u 04HO(HasHOro KOPOTKOro

Bua 3aMblKaHuA, KA, B CeTAX HanpshkeHuem, KB

log K3
35 110 150 220 3a0 500 750

13 36,5 36 23,1 372 31 19 45 7,25
1972

Lo 36,4 27,5 446 324 225 7.4

/%) 39.4 50 27 42 49 229 1
1978

[0 — 52 28,7 52,2 54 255 wu

13 40,9 49 20,9 42,4 41 27 12
1983

A — 54 23,4 54 53 30,9 12

38—516
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Tabnuuya 134

MakcumanbHble YPOBHM TOKOB KOPOTKOro 3aMblKaHUsA, kJ1. B ceTaAX

Hanpsi)eHuem, KB, 04HON 3HeprocucTemMb

roa 110 220 500 750

3 Y 6 WD €3 14
1950 11,6 10,95 7*8 7,05
1955 14,25 10,8 8,15 7,6 _ - _ _
1965 30,6 36,9 16,35 15,3 13,1 13,85 - _
1970 39,5 44,7 32 36,9 16*6 17,16 7,04 7,16
1975 32,6 33,9 27,5 25,6 19,5 18,1 7,55 7,2
1980 34,5 37,2 30,7 29,5 21,78 19,8 10,16 9,8
1984 34,4 40,32 34,89 35,34 26,72 23,11 12 11,31
1985 35,04 41,07 34,59 36,19 26,78 22,83 12,19 11,38

Kak BuAHO, peanusauuns TpeTbero nyTu TpebyeT pelleHMs XapakTep-
HOl 3afjayn onTuMusaLunu.

M3yyeHune Bonpoca Mo3BosigeT PeKOMeHA0BaTb BapuaHTbl JIMMUTUPOBA-
HUS MaKCUMabHbIX YPOBHeil TOKOB K3 B CeTAX pas/IMYHOro HanpskeHus,
yKasaHHble B Tabn. 13.5. Mpu aTom Ansa BapuaHTa 2 MOXeT O6blTb pekKo-
MeHJOBaHa KoOpfuHauuoHHaa Tabnuua mnapamMeTpoB BbiKlO4aTenen, npu-
BeAeHHas B Tabn. 13.6.

Tab6bnuuya 135

MakcuManbHble TMMUTUPOBAHHOE YPOBHU TOKOB KOPOTKOrO 3aMblKaHWs,
KA, B ceTAX HanpsikeHuem, KB, aHeprocucrtem

BapuaHT
35 110 150 220 330 500 750 1150
1 40 40 40 50 63 63 80 80
2 50 50 50 63 80 80 100 100
3 50 63 63 80 100 100 125 125

MpumeyaHwMne. YKaszaHHble 34ecb TOKW OTHOCATCS K BbiKAuaTensam. Mpwu
onpeAeneHU MNepcneKTUBHbIX Tpe6oBaHU K  MHbIM 31eKTPUYECKUM annapatam, a
TakXe K MPOBOAHMKAM, CWNOBbIM TpaHChopMaTopaM U 31eKTPUYECKUM MalMHaM YyKa-
3aHHble TOKM MOXHO MPMHMMATb B KauyecTBe TOKOB / n0>.

Ana orpaHnyeHns TokoB K3 Ha 3/1eKTPOCTaHUMAX U B CeTSAX 3HEProcu-
CTeM MOTYyT ObiTb MCMOMb30BaHbl clegytoline MeTonbl:

oNTUMMU3ALUN CTPYKTYpPbl W nNapaMeTpoB CeTW (CXeMHble peLleHuns)
puc. 13.16;
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CTaLMOHAPHOTO WAM aBTOMATMYECKOro feneHnUs ceTu (COOTBETCTBEHHO
puc. 13.17 n 13.18);

MCNO0Mb30BaHMNSI TOKOOTPAHWUYMBAKOLLNX YCTPOWCTB;

ONTMMU3ALUMN pexnma HelTpaneih aNeKTPUUECKUX CeTeld.

B KauecTBe CpeAcTB opraHuyeHMs TOoKoB K3 MOryT wcnonb3oBaThbCA:

TOKOOrpaHMuMBawLWmne peakTopbl (BKAOYas TaK HasbiBaeMble pPeaKTo-
pbl HyNeBOW MocnefoBaTeIbHOCTK);

TpaHcopMaTopbl M aBTOTpaHCpoOpmMaTopbl C paclienseHHONn 06MOTKOM
HU3LWEro HanpPsKeHUs;:

TpaHcopMaTopbl C MNOBbIWEHHbIM 3HAYeHUEM Hamnps)XeHUs KOPOTKOro
3aMblKaHUS;

Puc. 13.16. CxeMHble pelleHUs

Puc. 13.17. CTaunoHapHOe fefleHMe CeTUM Ha 3/IeKTPOCTaHUMU C OfHUM PY
NOBbILIEHHOr0 HanpsXeHuns

a — ucxogHas cxema; 6 — geneHue pacnpeaycTpoiicTBa Ha f[Be 4acTu; B — CXema ¢
YANVHEHHBIMU 6n10KamMmn
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TOKOOTpaHuumMBalwLiMe YCTpoicTBa pPasAIMyHOro Tuna (pPe3oHaHCHble,
peakTOpPHO-BEHTU/bHbIE, CO CBEPXMPOBOAALLMMW 3/1IEMEHTaMW);

TOKoOrpaHunymBawuine KoMmMmytTaunoHHblIe annapaTtbl;
BCTaBKW NOCTOAHHOIO TOKa,

aBTOTpaHchopmMaTopbl, HOPMaNnbHO BbIMNO/NHEHHble 6€3 TPeTUYHOW 06-
MOTKMW, COEANHEHHON B TPEYrofibHUK;

aBToTpaHcopmaTopbl C pasMbiKaHWeM B aBapuiiHbIX YCMOBUSAX Tpe-
TUYHOW OBMOTKMW, COEANHEHHOW B TPeyrosbHUK;

3ameHa aBTOoTpaHcopmaTopoB cBA3M ceTeli 110—750 KB Ha ABYyX-
06MOTOYHbIE TPaHCPOPMATOPbl CBA3W;

Puc. 13.18. Cxema, nosicHsAwLWasa MPUHLUMN WCMOMb30BAHUSA aBTOMaTU4ecKo-
ro fieNeHns cetu

passemneHue HelTpaneli 4vactu TpaHchopmaTopoB 110—220 KB;

3as3emMneHne HelnTpaneli uvactu TpaHchopmaTtopoB 110—220 kB u4epes
pe3sncTopbl, peakTopbl WM WHble NINHEAHble U HelWHeliHble 3/1eMeHTbl;

yCTpOCTBa aBTOMATUYECKOro [JefleHUs CeTu;

N3MEHEHME CXeMbl COeAWHEHUA reHepaTopoB M 6/104HBLIX TpaHchopma-
TOpOB.

AKTyanbHble [/ COBPEMEHHbIX 3HEepProcucTem BOMPOCbI ONTUMU3ALUU
M NPOrHo3upoBaHusa ypoBHeld TOKOB K3 u30XKeHbI B CneunanbHoi nutepa-
Type.



598 OHepreTuyeckne cucrtembl n. 13

13.8. HALEXXHOCTb N YCTOMUMBOCTb PABOTbI SHEPFOCUCTEM

Bonpocbl HafeXHOCTU U YCTOMUYMBOCTM paboThbl ANSATCA BaxHeLwun-
MU npu pas3paboTKe TMPOEKTOB pasBUTUS W OpraHusauum 3Kcnayatauum
3HeprocucTeM. Bonpocbl 3TW TecHO B3aMMocBsi3aHbl. [10f4 HaAEXHOCTbIO
paboTbl 3HEProCUMCTEMbl MOHMMAKT CBONCTBO 3HEProcUCTeMbl (YHKLNOHU-
poBaTb C 3afjaHHbIMMW 3KCMAyaTalMOHHbIMW nNapameTpamMu pexuma, obecrne-
ynBaa Tpebyemoe 3HeprocHabxeHue noTpebuTeneir. HapexXHoCTb pabdoThbl
3HEpProcucTeMbl 06ycnoBMNBaeTCS 6e30TKA3HOCTbK, PEMOHTOMNPUIOLHOCTbIO
N [ONTOBEYHOCTbK ee 4YacTeidl M 3MeMeHTOB. Pa3nuuyaloT pacyeTHYH M 3Kc-
nnyaTtayMoHHY HafeXHOCTb pa6oTbl 3/1eKTPOYCTaHOBOK. Ko/MYecTBEHHO
HafleXXHOCTb paboTbl 31eKTP006OPYAOBAHUA U 31E€KTPOYCTAHOBOK 3HEPro-
CUCTEM XapaKTepusyeTcsa psjoM nokasaTefeid: napameTpoM MOTOKa OTKa-
30B, WHTEHCUBHOCTbIO O0TKAa30B, BepPOSITHOCTbIO 6e30TKasHoli pa6oTbl, cpej-
Heli HapaboTKOW A0 O0TKasa, CpefHMM BpPEMEeHeM BOCCTAHOBMEHUSA, Ko3pdu-
LLMEHTOM FOTOBHOCTU, KO3(PHULUMEHTOM TEXHUYECKOrO MCMOMb30BAHUA U T. M.

PasnuuyaloT 0TKasbl W MNOBPEXAEHUS 3HEProCUCTEM W WX 3/1eMEHTOB.
OTKa3— 3T0 co6bITUe, COCTOALLEe B HapyleHun paboTocnocobHOCTM, T.e.
B HapyLeHWN CMocO6HOCTU 3HEProCUCTEMbl WM ee 3/1eMeHTOB BbINOAHATb
3aflaHHble (QYHKUMW C YCTAHOBJIEHHbIMW HOpPMaTWBHbIMKM MapameTpamu. [Mo-
BpeXAeHWe 3HEpProcUcTemMbl WM ee 3MeMEHTOB — 3T0 CO6bITME, cOCTOsLLee
B TOM, YTO HapyllaeTcA WCNpaBHOe COCTOSIHWE CUCTEMbl WM €ee 3/1IEMEHTOB
npu coxpaHeHWM wumuM paboTocnocobHocTM (paboToCMOCO6GHOr0 COCTOSAHUSA).

DHEpProcuUcTeMbl COCTOAT M3 GOMbLIOFO YUCNa 3/IEMEHTOB, MO3TOMY ec-
TECTBEHHO, YTO B HWX [OCTATOYHO 4YacTO BO3HWKAKT O0TKasdbl OTAe/bHbIX
31EMEHTOB W MX TPYNn W MeHee 4acTo OTKasbl KPYMHbIX KOMMAEKCOB
(3nekTpocTaHUMA, NoACTaHUWIA, KPYMHbIX Y3/10B Harpysku), 4vacTeil aHepro-
CUCTEM W 3HEprocucTem B LesoM. B npakTuke 3KchsyaTauuMu 0TKasbl MoA-
pasfensioT Ha aBapuum W Gpaku B pa6oTe. Hambonee TAXenbiM BUAOM OTKa-
30B SBMAKTCA CUCTEeMHble aBapuu (0cobble CUCTEMHbIE), NpuBOAALLME K
HapyleHNO 3M1eKTpPocHabXXeHuss 601blWIOro u4ucna notTpebuTteneid (Harpys-
Ka KOTOpbliX npeBblwaeT 10 % Harpysku 3HEProcUCTeMbl) Ha 3HAUYUTESbHOW
TEPPUTOPUN, HapYLIEHWIO HOPMasnbHOW pPaboTbl KPYMHbIX MPOMbILIMEHHbIX
palioHOB ¥ Yy3/10B, OTpacneil HapoAHOro XO03CTBa, KPYMHbIX TOPOAOB W
CeNbCKOX03AMCTBEHHbIX 30H, a TakKXe K MNopye JoporocTosilwiero o6opypgo-
BaHMA. CuUCTeMHble aBapuu, KakK MpaBuo, BO3HWKAKT B pe3ynbTaTe Kac-
KafHOro pasBUTUA MeSIKUX, JI0Ka/lbHbIX O0TKa30B (0TKasbl OTAENbHbIX BU-
noB ob6opysoBaHWS) B aBapuu 3NeKTPOCTaHLUWIA, Yy310B W 4acTeil cucTembl
N fanee B aBapuu BCeil aHeprocucTembl. Pa3BuTue aBapuii CTaHOBUTCSH BO3-
MOXHbIM  MpPXU  HenpaBW/IbHOW paboTe YCTPONCTB pPeneHON 3aWuTbl H
CUCTEMHOM aBTOMaTWUKMW, MPU HeYyeTKON M owmnbo4yHO paboTe [eXYPHOro
9KCNMyaTalLMOHHOro nepcoHana 3/1eKTPOYCTaHOBOK, a TaKXe BCNeLCTBUE
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HEBbIABMEHHbIX MPU MNAaHOBbIX MNPOPUNAKTUYECKNX WCMbITAHUAX [etheKToB
obopypoBaHua. B nocnegHee BpeMs Cepbe3HOe BHMMaHWe yAensieTca BOMpPO-
cam obecrneyeHUs >KMBYYECTW 3HEProcucTem, T.e. MX CMOCOGHOCTM coxpa-
HATb pPaboToCMoCO6HOCTL MOCNe KPYMHbIX BO3MYLLEHWA (OTKAOYeHME OT-
[eNbHbIX 3/1eKTPOCTaHUMIA U MOLHbIX Y3/10B Harpyskum u cnoco6HOCTb fl0Ka-
nn30BaTb CUCTEMHble aBapum).

MoBbIlWeHNe HafeXXHOCTU paboTbl U XKMBYUECTU 3HEProCMCTEM BO3MOX-
HO nyTeMm:

a) noBbIlEHNA KayecTBa W HafleXXHOCTU paboTbl 3HEProo6opypoBaHMS;

6) coBeplLUeHCTBOBaHWS KayecTBa MPOEKTOB CTPOUTENbCTBA W PasBUTUSA
9HEpProycTaHOBOK W 3Heprocuctem B LesoM, obecneyeHUss Heob6xoauMMoro pe-
3epBa MOLLHOCTHU;

B) BHeapeHuWsA 60/ee COBEPLUEHHbIX W 6e30TKas3HbIX CXeM 3neKTpuyec-
KUX COeAMHEHWUI 3NeKTpoCcTaHUMin 1 NoaCcTaHuunii;

r) COBEPLUEHCTBOBAHUA CXEM Bblfayy MOLLHOCTU 3/1EKTPOCTaHLMA, CTPYK-
TYpbl W CXeM OCHOBHbIX CeTeil 3HEepProcucTem;

) onTUMM3aLMM B3aMMHOI0 pasMeLLeHnss 3NeKTPoCTaHUUiA ©  y3noB
Harpy3ku 3HeprocucTeM, a TakK)Xe pe3epBa reHepupyloLleid MOLLHOCTY;

e) pasBMTUA CUCTemMo06pasyloLUX 31eKTPUYECKUX CceTeil CBEPXBbICOKO-
ro n ynbTpasbliCOKOro HanpsbkeHusa (500, 750, 1150 kB);

) MOBBILIEHNSA XECTKOCTU MEeXCUCTEMHbIX CBS3el;

3) MNOBbIWEHNA KayecTBa W 6e30TKasHOl paboTbl YCTPONCTB peneliHon
3aWunThl U CUCTEMHON aBTOMAaTUKMW;

1) noBbllleHNA KBanudakaumMy PEMOHTHOrO0 W [AeXYPHOro 3akcnayarta-
LLMOHHOrO nepcoHana 3HeprocucTem.

Mog ycTouMBOCTbIO pPaboThbl 3IHEProcMCTEMbl MOHMMaeTCs CMOCO6HOCTb
3HEpProcuMcTeMbl COXPaHATb CUHXPOHHYK paboTy ee 4yacTel WM 3/71eMeHTOB
npyv pasfMyHOro pofa BO3MYLLeHUAX. PasnuualoT CcTaTU4ecKyl, AUHaAMWU-
YeCcKyl0 U pe3ynbTUPYIOLLY0 YCTONYMBOCTb.

CTaTuyeckas YCTOMYMBOCTb — 3TO CMOCOGHOCTb 3HEProcucTeMbl BO3Bpa-
WaTbCA K MCXOAHOMY WAU 6/U3KOMY K HEMY pPeXUMYy Npu MaiblX BO3MY-
L eHNAX.

AvHamunyeckas YCTOMYMBOCTb — 3TO CMOCOGHOCTb 3HEProcuCTeMbl Bep-
HYTbCS K YCTAHOBUBLUEMYCS Pexumy, 6/M3KOMY K MCXOJHOMY, mnocie 60/b-
WKX BO3MYLeHWUN. OTOT BWA YCTOWYMBOCTWM MNOAYYMN Takxe 6osee TOYHOe
Ha3BaHWe — CMHXPOHHaA AMHamMuyeckas YCTOWYMBOCTb.

PesynbTupytowaas fjuHammyeckas YCTOMUYMBOCTb— 3TO  CMOCOBHOCTb
3HeprocMcTemMbl BOCCTaHaB/MBATb CUHXPOHHY paboTy nocne KpaTKoBpe-
MEHHOro, AOMYCTUMOro MO YCAOBUSAM 3KCNayaTauuu, acuHXPOHHOro pexu-
Ma npu nprvemneMblx MOKasaTenAax KayecTBa 3/1€KTPOIHEPTrUn.

Ob6ecneyeHne Hagnexalieln ycToAYMBOCTM paboTbl 3HEPrOCUCTEM, UX
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yacTel M OCHOBHbIX 3/1IEMEHTOB SIBMIAETCA BaXKHOl 3ajaveil. [ns ee pewe-
HUSI UCMOMBL3YIOTCA Te e MeToAbl U CPeAcTBa, YTO W yKasaHHble Bbille A/
NoBbILIEHNA HafeXHoCTU paboTbl 3HeprocucTem. Kpome Toro, fokasanu
CBOK 3(h(PeKTUBHOCTL CleAylolUiMe MeToAbl W CpeAcTBa MOBbILWEHWUA YCTOWA-
YMBOCTH:

a) BHeapeHue 60nee COBepLUEHHbIX O6bICTPOAEACTBYOLWNX CUCTEM BO3-
6YXXAEHNSA CUHXPOHHbIX MallMH C aBTOMAaTUYECKUMMW perynsatopaMu BO3-
OyXaeHuns;

6) ObicTpofelicTBylOlee peryinMpoBaHue MepBUYHbIX ABuUrateneir (Typ-
6MH) CUHXPOHHbIX MalLWH;

B) 3/IeKTPOAMHAMMNYECKOE TOPMOXXEHME CUHXPOHHbIX TFeHepaTopoB;

r) MoBbilleHNe 6bICTPOAENCTBMNS BbIKAOYATENe BbICOKOFO Hanpsxe-
HUS;

[) NoBbllleHNe KayecTBa W ObICTPOAENCTBUA YCTPOWCTB peneiiHol 3a-
WNTbI;

e) 6onee WMPOKOE BHeApeHME YCTPONCTB CUCTEMHOM aBTOMAaTUKKM U, B
4acTHOCTMW, YCTPOWCTB AeNMTeNbHON M pasrpy3o4yHOin aBTOMaTUKW;

XX) MNPpUMeHeHWe YCTPOWCTB MNPOAONAbLHOW W MOMepeyHol KomneHcauumn
napameTpoB 31eKTPUYECKUX JINHWIA;

3) npuMeHeHue O6bICTPOAENCTBYIOLMX aBTOMaTUYECKUX WCTOYHUKOB pe-
aKTUBHON MOLLHOCTU, CTAaTUYECKMX KOMMEHCAaTOPOB W APYrUX peryaunpyio-
WKUX YCTPOWCTB MOCNeA0BaTeIbHOrO WAX nNapaniefibHOro BK/IIOYEHUS;

N) BK/OYEHWE NUHENHbIX W HeNWHeWHbIX CONPOTUBMEHWA W YCTPONCTB
B HeiTpanu cunoBbIX TPaHChOpMaTopOB;

K) BBOJ B paboTy aBTOMaTU3WPOBAHHbLIX CUCTEM [UCMETYEPCKOro yn-
pasneunss (ACAY) oTAeNlbHbIMW 3HeprocucTeMamm W eAMHON 3HeprocucTe-
MO/ CTpaHbl B LEOM.

Paspa6oTka u BHegpeHne B CCCP WKMpoOKOro KoMMaekKca MeTOA4OB U
CpeACTB MOBbIWEHNA HafeXXHOCTU U YCTOMUMBOCTM paboTbl 3IHEProCcUCTEM
BbIBE/IN OTeYEeCTBEHHYIO 3HEPreTUKY Ha nepejoBble MO3MLMM B MUPOBON 3Hep-
reTUYeCKOW MNpaKTuke.
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MpunoxeHnsn

MpunoxeHnne TI1. MOKA3ATENN HAAEXHOCTW PABOTHI
3/IEMEHTOB OHEPIFOCUCTEM

1. O6wme NoNoXKeHUS

1.1. MokasaTtenn HagexHoctn (MH) 3nemMeHTOB 3HeprocucTem npegHa-
3HayeHbl AN CPaBHUTENbHbIX PacyeToOB M OLEHOK (Janee — pacyeToBs, oLe-
HOK) HafleXXHOCTU 3HEeprocucTeM, 31eKTPUYECKUX CTaHLWUMA, 3NeKTPUYECKUX ce-
Teli, CUCTEM 3NeKTpPOcHabXeHWs noTpebuTenein M y3noB Harpysku, CpaBHU-
TeNbHON OLEHKN YPOBHSA HafeXHOCTU 3/1eKTPOYCTAHOBOK W 3/1eKTPUYECKNX
NNBUIA B Pas3fINYHbIX CXeMax M YCNOBUAX 3KCNayaTauuu, onpefeneHus Lene-
c006pasHOCTN U 3PHEKTUBHOCTM MepPONpPUATUIA U CPeACTB MOBbILIEHUA Ha-
[eXXHOCTN W COBepLUEHCTBOBAHUA CUCTeMbl MJ1AHOBO-MPeAynpeanTeibHbIX pe-
MOHTOB, HOPMMPOBaHMA pe3epBOoB 060pyAOBaHWSA, MaTepuanos, 3anacHbIX
yacTel. MokasaTenu HafeXHOCTW He cnefyeT WUCMNOMb30BaTb ANSA OLEHKU Ha-
[eXXHOCTN OTAeNbHbIX BUAOB 060pyf0BaHUSA.

MokasaTenn HafeXHocTn paboTbl 3HEPro6/0KOB € MNapPOTYPOUHHBIMU
yCTaHOBKaMM U WX 3/1eMEHTOB MpefHasHayeHbl 418 OLEHKW BAUAHUSA Hafjex-
HOCTW paboTbl 3HepreTMYecknx 6/I0KOB Ha HafeXHOCTb paboTbl 3neKTpuue-
CKUX CTaHLUMWIi N 3HEPrOCUCTEM.

1.2. TokasaTenu HaJeXHOCTU 3/IEMEHTOB 3HEProcucTemM U MokKasaTenu
HafleXXHoCcTn paboTbl 3HepPro6/10KOB € MNapOTyp6UHHLIMW YyCTaHOBKamu no-
3BOMIAIOT YHUGDUUMPOBATb 6aHK WCXOAHbIX [aHHbIX MNPWM pacyeTax W OLeH-
Kax HafexHoCTu.

Mpu pacyeTax Hafe>XHOCTW KOHKPETHbIX 3HEPrOCMCTEM W 3/IEKTPOCTaH-
Ui gonyckKaeTcsa ucnosnb3oBaHue 6osiee MpefcTaBUTENbHbLIX NOKa3aTenei Ha-
[eXHOCTU 3NeKTpoobopyAoBaHWA, MOMYYEHHbIX MO AaHHbIM 3KcnayaTauuu
COOTBETCTBYIOLLNX 3HEPrOCUCTEM.

1.3. B KauecTBe OCHOBHbIX MoKa3aTenen HageXHOCTWU NPUHATDLI:

napameTp noToka 0TKa3oB co, 1/roa;

cpeaoHee BpemMA BOCCTaHOB/EHUA T, 4,

NPOAO/IXXNTENBHOCTL PEMOHTOB (NNAaHOBOr0, KanuTanbHOro, TeKYyLLero)
Tp, 4

yactoTa PeMOHTOB (NNaHOBbIX, KanuWTanbHbIX, Tekywux) u, l/roa.

,ﬂ,ﬂﬂ ANEKTPUYECKnNX NNHUNA NCNONBb3YKTCA TaKXXe MnokasaTtenn Hafex-
HOCTU:

cpegHee 4YMcNo NpefHamMepeHHbIX OTKAWYeHWn U, 1/roa;

cpefiHee BpeMs TMPOCTOA NPU npegHaMepeHHbIX OTK/AKYEeHUsAxX Tp, u.

14. MNokasaTenu HafeXHOCTU MNPUBEAEHblI ANsi TpaHchopMaTopoB, Bbl-
KnouyaTenel, pasbeguHUTeNnen, oTAeNUTeNe, KOPOTKO3amMblKaTenen, CO0pPHbIX
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LWH BO3AYLWHbIX U KabBenbHbIX NUHWIA, aCUHXPOHHbIX 3NeKTpoABUraTenei.
1.5. 0N 3Hepro6/oKoB € NapoTyp6WHHLIMU YCTAaHOBKAMW W WX 3
MEHTOB MpUBEAEHbI CliefyloL e NoKasaTenn HafexXHoCTU paboThbl:
napameTp MoToKa 0TKa3oB o', l/arperaTo-rog;
CpeAHee Bpems BOCCTaHOBMeHWs I8, u;
yAeNnbHoe YMCno OCTaHOBOB 610Ka n, l/arperaTo-rog;

cpeAHee Bpemsi NaHOBbIX MPOCTOEB Tnj, u.

2. MokasaTeNn HafeXHoCTW TpaHC(hOopMaTopoB

2.1. B KayecTBe OCHOBHbIX MoKasaTeneil HajeXXHoOCTU TpaHchopmaTop
NPUHATBI:

napameTp MoTOKa 0TKasoB co, 1/rog;

cpefHee BpemMsi BOCCTaHOBMeHUS T,, Y;

yacToTa TeKylwux pemoHToB |iT 1/rog;

NPOAO/KUTENBHOCTb TEKYLLEro peMoHTa TMT, u.

OCHOBHble MOKas3aTenu HafeXHOCTU TpaHchopmMaTopoB nNpuBefeHbl B
Tabn. Mi.1.

Tab6bnunua nMiil
MokasaTenm HaAeXHOCTW TPaHCOpPMAaTOpOB

5T,HOM, ) KB
M

MB-A n Ho 0), 1l/roa W R
Oo2,5 0—20 0,016 50 0,25 6
35 0,01 40 0,25 6
2,5—7,5 6— 20 0,008 120 0,25 8
35 0,007 65 0,25 26
110 0,018 40 0,25 28
10— 80 35 1 HuXe 0,012 70 0,75 26
110— 150 0.014 70 0,75 28
220 0,035 60 0,75 28
Bonee 80 110— 150 0,075 95 1 30
220 0,025 60 1 30
330 0,053 45 1 30
500— 750 0,024** 220 1 50

0,05%**

* Ha oaunH TpaHchopmaTop.
** Nns ogHodasHbIX TpaHchopmaTopos,
*** Nnsa Tpex(asdHblXx TpaHcQopmMaToposB.
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2.2. YcpefHeHHble 3HauyeHUs nokKasaTeneli HafeXXHOCTU MNpuBefeHbl 14
BCEX TWUMOB TpaHCOOpPMaToOpOB He3aBUCMMO OT MX HasHaudeHus. lMokasaTenu
napameTpa noToka OTKa30B W CPejHEro BPEMEeHW BOCCTaHOBMAEHWA TpaHchop-
MaToOpOB MOJIyYeHbl KakK cpefjHee 3HayeHuWe 3a 6 netr — c¢ 1977 no 1982 r.
Mokasatenn uUT M TPT npuBedeHbl ANA TeKyWWUX PEMOHTOB, BbIMOMHAEMbIX
B COOTBETCTBUM C TpeboBaHMAMU AeicTBYOLWMX MpaBun TEXHUYECKON 3KCMay-
aTauum 3neKTpPUYeckmx cTaHuuii un ceteli (MT3) u MpaBun opraHusaymu
TEXHUYECKOro 06CNyXMBaHUA W pemMoHTa 060pyAoBaHUA, 3faHUA 1 COOPYXe»
HUIA 3NeKTPUYECKUX CTAHUWIA U MOACTaHLMWNA.

3. lMokasaTeNu HafgexxHocTM KOMMYTALUOHHON annapaTypbi

3.1. B KauyeCcTBe OCHOBHbIX NoKasaTefeil HafeXHOCTW BblKAtoYaTenei, Ko-
poTKO3aMblKaTenen, oTaenuTeneii N pasbefuHUTENE NPUHATHI:

napameTp noToka 0TKas3oB co, l/rof;

cpefiHee BpeMs BOCCTaHOBNeHWUA TB, u;

yacToTa KanuTanbHbIX PeMoHTOB jik 1/rog;

NPOAO/KUTENBHOCTb KanuTanbHOro pemoHta MPK u.

OCHOBHble MoKa3aTenu HafeXHOCTW KOMMYTaLMOHHbIX annapaTtoB Mpu-
BeAeHbl B Tabn. M1.2 n M1.3.

3.2. MokasaTenb O MOAY4YeH KaK cpefHee 3HauveHue 3a 6 net (c 1977 no
1982 r.) (B pacyeTe Ha annapat). [MapameTp [B nmonyyeH Kak cpefHee
BpemMs BOCCTAHOBNEHWA Ha OAWH OTKa3 annaparta C NPMBOAOM 3a TOT Xe
nepuog. MapameTtpbl XK n 7p,K npuBefeHHble B Tabn. M1.3, onpeaeneHbl B
cooTBeTCTBUM C TpeboBaHMAMK MTI no «Hopmam BpemeHW Ha KanuTanbHbI
N TeKyLiMA PeMOHTbl U TeXHMW4YecKoe 06CnyXuBaHue 060pyfoBaHUA MOACTaH-
umii HanpsbkeHnem 35—500 kB» (M.: CMO Coto3TexaHepro, 1980) un «Hop-
MaM BPEMEHW Ha PEMOHT W TexHW4Yeckoe 06CNYXMBaHUE 3NeKTPUYecKoro 060-
pyaoBaHua HanpsbkeHuem 750 kB» (M.: CIO Cow3TexaHepro, 1979).

3.3. MapameTp noTOKa OTKa30B pasbeAUHWUTENei npuBefeH U3 nNuTe-
paTypHbIX WCTOYHMKOB. [loKasaTenn HafeXHOCTU OTAenuTeNnell, KOPOTKO3a-
MblkaTeneli n napametpbl TE Ak [p>, pasbeguHuTenein onpepensiiucb aHa-
NIOFMYHO COTBETCTBYHOLW MM MOKasaTenam NS BblKAKYaTenein.

B Ta6n. M1.4 npuBeAeHbl 3HAYEHWA OTHOCUTENbHOW 4acTOTbl OTKa30B
BblK/toyaTenelr aln, nNof KOTOPO MNOHMMAaeTCA OTHOLUEHWe KOoNM4yecTBa OTKa-
30B BblK/lOYaTeneldi Npy BbINOMHEHUN KOMMYTALMOHHbLIX OMepauuii, B TOM
yncne oTkN4YeHMn K3, K o6wemMy KonuyecTBy onepauunii (B pacyete Ha
OAWH annapar).

B Ta6n. M1.5 npuBeaeHbl 3HA4YeHWS OTHOCUTENbHOW 4acTOTbl O0TKAa30B
BblK/OYaTeneli npu oTknw4veHnn K3 ak noj KOTOPOW MOHMMAETCA OTHOLIe-
HMWe KO/NMyecTBa OTKAa30B BblK/luaTene npu oTkaw4deHun K3 K KonumyecTBy
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Tab6bnunua M1.2
*

Bug Bbiknwoyvatenein MHOM- kB Tun u, 1/rog 4 uk, 1/rop -IF_J K
u
ABTOMaTUNYeC- Ao 1 — 0,05 4 0,33 10
Kune
3nekTpomar- 6— 10 B3OM-6, 0,022 n 0,2 24
HUTHbIE B3M-10,
B3-10
Manomacnsa- 10 BMTI-10 0,009 20 0,14 8
Hble Mpoune 0,009 20 0,(4 19,
20 — 0,01 26 0,14 —
35 — 0,02 25 0,14 9
110— 150 — 0,06 20 0,14 30
MacnsHble  6a- t35 - 0,01 30 0,14 12
KOBble 110 — 0,016 40 0,14 23
220 — 0,055 50 0,14 43
Bo3gyLwHble 15—20 —_ 0,04 20 0,2 40
35 - 0,02 40 0,2 29
HO - 0,02 20 0,2 45
220 BBbB 0,02 55 0,2 122
Mpoune 0,02 25 0,2 98
330»** BBbB 0,03 48 0,2 161
Mpouune 0,03 60 0,2 1}3
500*** BBBE 0,15 60 0,2 —
Mpoune 0,15 60 0,2 133
750%** — 0,25 75 0,2 271

* Ha oguB BblIK/OYaTENb.

** OTCYTCTBYeT MpeAcTaBuUTe/bHAsA BblGOpKa AaHHbIX.

*** [lokasaTeNn HaAeXHOCTU BblKAOYaTeneli Ha HanpsixeHue 330—750 kB npu-
BefleHbl 6€3 yuyeTa 0TKa30oB BblK/atuyaTeneit Tuna BHB.
OTKMOYeHHbIX K3. Mpy 3TOM yuuTbiBanuCb 0TKasbl Kak COOGCTBEHHO BbIK/IO-
vyaTtend, Tak M ero npueopfa, Bbl3BaBLUMEe O0TKa3 (*JyHKLU/IOHVIpOBaHI/Iﬂ BbIK/1H0-

yaTesisi, HO He YYNTbIBA/IUCb 0TKa3bl YCTPONCTB pesfieiiHoNi 3awuThl.

4. TokasaTenn HafexXHOCTU CO0PHbIX LUNH

4.1. B KauecTBe OCHOBHbIX MoKasaTeneil HafeXHOCTWM COOPHbIX L
NPUHATBI:

napameTp MoTokKa 0TKa30B co, 1/roa (Ha nMpucoeauHeHmne);

cpeaHee BPemMsi BOCCTAHOBMEHUS Ts, u;
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Annaparsbl

PasbegnHutenun

OTpenutenu

KopoTko3-amblKaTenun

* Ha oguH annapart.

Bug BbikntoyaTtenei

3NeKTpoMarHuTHbIe
ManomacnsiHble

MacnsHble 6aKoBble

Bo3fywHble

AKOM’
KB

35
110
150

220
330
500
750

35
110
220

35
110
220

605

Ta6nuya M1.3

MoKasaTenn HafeXHOCTW pasbefUHUTENEN,
0TAenuUTeNell U KOPOTKO3aMblKaTenei

to, [/rop, re’ 4

0,01 7
0,01 6
0,01 11
0,01 15
0,01 7
0,01 10
0,01 14
0,01 14
0,015 3
0,01 3,5
0,01 3,5
0,01 4
0,01 6
0,01 6
Yeom- KB
6— 10
Ao 20
35
110
o 20
35
110— 150
220
35
110— 150
220
330

500 wn Bblwe

Wk, 1l/rog TPyK' y*

0,166 4
0,166 6
0,166 8
0,166 1
0,166 13
0,166 18
0,166 31
0,166 81
0,33 7
0,33 10
0,33 16
0,33 8
0,33 6
0,33 8

Tabnunua MN14

3HayeHne OTHOCUTENb-
HOW 4YacToTbl 0TKa30B
BbIK/IlOYaTene aQn

0,0022
0,003
0,005
0,006
0,001
0,006
0,004
0,011
0,013
0,004
0,004
0,002
0,007
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Ta6nuuya M1.5

3HayeHne O0THOCK-
TeNbHOM yYacToThl
o A .
Bug Bblknouartenei AOM Tun 0TKa30B BbIK/IOYa-

Teneit npn K3 ak

ONeKTpoMarHUTHbIe 6—10 M 0,027
ManomacnsiHble Ao 20 BMM 0,005
Mpoune 0,002

35 — Of005

110 — 0,013

MacnsiHble 6aKoBble Ao 20 — 0,003
35 — 0,006

110— 150 Y 0,006

Mpoune 0,004

220 Yy 0,009

Mpouwne 0,009

Bo3fywHble 35 — 0,012
110— 150 BBb 0,004

Mpoune 0,003

220 BBb 0,006

Mpoune 0,003

330 BBB 0,006

Mpoune 0,002

500 n Bblle BBB 0,003

Mpoune 0,002

Tab6bnuuya M16

MokasaTtenu HafeXXHoBTU C60prIX WnH

uHom® KB M 1/rog vV 4 Wk*. 1/rog Tp> K*, u
6 0,03 5 0,166 5
10 0,03 7 0,166 5
20—35 0,02 7 0,166 4
110— 150 0,016 5 0,166 4
220 0,013 5 0,166 3
330 0,013 5 0,166 3
500 0,013 5 0,166 5
750 0,01 6 0,166 5

* Ha npucoefnHeHue.

YacToTa KanuTalbHbIX PeMOHTOB LK 1/roa;
NPOAO/IXKNTENbHOCTb KanutanbHOro pemoHTa Ip,*, u.
MokasaTenn HafeXHoOCTU npusedeHbl B Tabn. M1.6.
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4.2. Mpun o06ecToO4eHUN OAHOBPEMEHHO ABYX CWUCTEM LUMH MapameTp no-
TOKa O0TKa30B OMpeAensieTcd YMHOXEHWeM [AaHHbIX, MNPUBEAEHHbIX B Tabn.
M1.6, Ha ko3appuumeHT 0,6 ANA WKH HanpsxeHnem 110—220 kB m Ha Ko-
athuymeHT 0,25 AnA WKH Hanps>xxeHnem 330—500 kB.

MapameTp MNoTOKa OTKAa30B ONpefeneH 1A cXembl PY ¢ gBymsa cucTe-
Mamu LWKUH Npu 06ecTOYEHUN OAHONM cUCTeMbl LWKH. Mpu onpegeneHnn napa-
MeTpa NOTOKAa OTKAa30B YYWUTbIBaNUCb OTKadbl COGCTBEHHO LWWH W 3N1eKTPU-
YecKUX annapaToB, MOAK/IOYEHHbIX HenocpeiCcTBeHHO (6e3 pasbegunHuTenel
N npefoxpaHuTeneii) K LIMHaM, W He YYUTbIBa/IMCb OTKasbl NP OTKIOYEHUU
M K3 Ha nuHuax. lokasaTenb Te paccyuTaH no matepuanam 1O «Co-
I03TEXIHEPTrO» KaK cpeAHee BPemMs BOCCTAHOBJ/IEHUA OAHON CeKUUW LWWH. 3Ha-
YeHUs nokKasaTesid CpefHero BpPeMeHW BOCCTAHOBJIEHUA MNPUHUMAKTCA OAU-
HaKOBbIMW ANS BCEX CXEM COeAUHeHnl PY.

4.3. TIpoJo/MKNTENbHOCTb KanuTasbHOro peMoHTa TMVIK faHa Ha OAHO
npucoeiuHeHMe MO 3KCNEPTHbLIM OLEHKaMm.

5. lMokasartenn HafexXHOCTU 3NEeKTPUYECKUX NNHWIA

5.1. B KayecTBe OCHOBHbIX NOKasaTefleil HafeXHOCTU BO3AYLIHbIX U Ka-
6enbHbIX NMHWIA (Tabn. M1.7) NPUHATHI:

napameTp noTtoka 0TKasoB W, 1l/rog; '

cpefHee BpeMs BOCCTaHOB/EHUA TB, u;

CpefHee 4YMCNO NpefHaMepeHHbIX OTKA4YeHWi L, 1/rog;

cpefHee BpeMs MPOCTOA MNPV MNpefjHamMepeHHbIX OTK/IOYeHUAX Tp, M.

MokasaTenu co 1 7B BO3JYLWHBLIX NNHUIA NpUBefeHbl ANS YCTOWYMBBLIX OT-
Ka3oB.

5.2. lna onpefeneHna napamMeTpa MOTOKa OTKa3oB BO3AYLIHbIX NNHUNA
HanpshkeHnem 35—750 kB c y4yeTom HeycToliuMBbIX OTKa3oB (0)2) 3Haue-

HUA, npuBefeHHble B Tabn. M1.6, cnegyeT AenuTb Ha KO3(hULMEHTbI, Npu-
BeAeHHble B Tabn. M1.8.

B. NMoKasaTenu HafeXXHOCTU aCUHXPOHHbLIX 3]1€KTpO,D,BI/IFaTeﬂel7I

6.1. B KayecTBe OCHOBHbIX ToOKasaTesneli HafEXHOCTU aCUHXPOHHbIX
aneKTpoABuraTeneil NPUHATHI:

napameTp nNoToka 0TKa3oB <o, 1/roa;

cpefiHee BpeMs BOCCTaHOBMeHWA B, u;

yacToTa KanuTaNbHbIX PEMOHTOB |nK, 1/roa;

NPOAONXNTENbHOCTb KanUTanbHOro pemMoHTa Tp,K, u.

MokasaTenn HafeXHOCTW 3MeKTpPoABMUraTenein npueegeHbl B Tabn. M1.9.
6.2. KonuuecTBO O0OTKa30B 3neKTpoABuUraTeneli M nokasaTeNnb CpefHero
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Tun
MUHNK YI-:(OBM. Bup onop
Bo3- fo 1l —
Ayuw-
Has
6— 1O —
35 MeTannu-
yeckue .
XXeneso-
6eTOHHbIE
Aepe-
BSIHHbIE
no MeTannu-
yeckume

Yucno uenei

OfHoueNHble

OTKNI0-
yeHa ofHa
uenb
OByx-

LenHble
OTKNoYe-

Hbl ABe
uenu

OpHouenHble

OTKNI0-
yeHa ofHa
uenb
AByx-
LenHble
OTKNt0-

YeHbl ABe
uenm

OpHouenHble

OTKNI0-
ABYX-  yeHa ogHa
LenHble uenb

Mpuno>keHus

Tab6bnuuya MN1.7

Mokasatenun HajeXHoCcTun

co*
1l/rop

25

0,9

1,06

0,22

0,72

0,81

0,05

1,28

1,68

ANNIEKTPMNYECKNX NNHNI

Ll**, T **
\% 4 1/rop Pq '
1,7 0,17
*hk
5 0,17
9 2.1 16
6 4 13
8 0,3 9
10 1,2 15
9,5 1,3 14
12,4 0,15 13
13 2,5 16
8,8 2,1 14,5
6,9 3,8 14,8



Mpuno>keHunsa

. Tun AHOM’
NUHUK KB Bua onop

Bos- 110 MeTannu-

Ayw- yeckme
Has

XXeneso-
6eTOHHbIe

[epe-
BAAHHbIE

220

MeTannu-
yeckue

XKeneso-
6eTOHHbIE

39—516

609

Mpogon>keHue Ta6n. M1.7

MokasaTenn HafjexHoCcTu
9/1EKTPUYECKUX JINHWIA

yucno uenen
to*, Hxx T o**
1l/rop vV - 1l/rog Pq

OTknw- 0,17 10,3 0,4 19

Asyx- YeHbl fBe
LenHble
uenwu
OpHouenHble 0,66 n 1,6 15,5
OTknw- 1,01 8,4 2,4 12
UeHa ofHa /
uenb
OByx-
LenHble
OTtkno- 0,13 14,8 0,4 13
YeHbl ABe
uenu %
1,44 10,2 3,6 14
OpHouenHble 0,50 14,3 2,8 17
OTkno- 0,63 11,2 3,3 17,4
YeHa ofHa
Lenb
AByx-
LenHble
OTknto- 0,04 14,9 0,5 24
YeHbl Be
Lenu
OpHouenHble 0,36 9,3 1,8 24
AByx- OTkno- 0,47 8,6 1,1 17
LUenHble  YeHa ogHa
uenb
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Tun
nMHUM KB
Bos- 220
ayw-
Hasa
330
500
750
Ka- 6— 15
6enb- 20—35

Haa [o 1

Bug onop

XXeneso-
6eTOHHbIE

JOepe-
BSIHHbIE

MeTtannun-
yeckue

XXeneso-
6eTOHHbIE

MeTannu-
yeckue

XXeneso-
6eTOHHbIE

* Ha 100 Km.
** Ha 04HY NIMHUIO.
OTCcyTCTBYeT npeAcTaBUTenbHas Bbl6OpKa AaHHbIX,
*e** Y KaszaHa NPOAOSIXKMUTENbHOCTbL PEMOHTA.

Mpuno>keHunsa

Mpopgon>keHune Tabn. M1.7

MokasaTenn HafexHocTu
INeKTPUYECKNX NINHUI
Yucno ueneit

<0%, (X**, f
1/rog 4 1l/rog Vq*

AByx- OTknto- 0,03 m7,6 0,3 9,4
LenHble  YeHbl fBe

Lenu
0,57 10,6 5,4 17,9
OpHouenHble 0,55 10,8 3 21
OTknto- 0,9 9.4 7,3 15
YeHa ofjHa
Lenb
AByx-
LenHble
OTtkno- 0,09 4.9 0,3 14,1
YeHbl ABe
uenun
OpfHouenHble 0,3 15,3 2,9 20
OpHouenHble 0,21 14,3 3,1 18
OpHouenHble 0,15 13 3,5 23

7,5 16 0**** 1 2,0
_ 3,2 16 o**** 1 2,
0 24 QF*x* 1 ** N
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Ta6bnuuya M1.8

KoahhMumMeHT yuyeTa HeyCcTONUYMBbLIX OTKa30B

y HOM> KB BN —

35 0,34
110— 154 0,24
220—330 0,25
500—750 0,36

Tab6bnunua M19

MokasaTeNn HafeXHOCTW ACMHXPOHHbIX 3NeKTPOABUTa-

Tenei
UHOM’ kB p HOM- KBT
ra, l/rog v 4 Vn*. 1/rop rpw: 4
o 1 o 320 0,1 50 0,25 i 50
Bbiwe 1 200—800 0,1 50 * 0,25 96
1000— 2000 0,1 90 0,25 164
Bbiwe 2000 0,2 140 0,25 384

* Mo 3KCMepTHbIM OLEHKaM.

BPEMeHW BOCCTAHOBMEHMA MNony4yeHbl No maTepuanam MO «Co3TexaHepro».
MokasaTenb napameTpa MOTOKa OTKa30B paccyuTaH KaK OTHOLIeHWEe KOonu-
yecTBa OTKa30B K KO/IMYECTBY YCTAHOBJIEHHbIX 3N1eKTpoABUraTeneii n ycpeg-
HeH Mo AaHHbIM 3a 5 net (c 1977 no 1981 r.). MNoka3aTenb cpegHero Bpe-
MEHW BOCCTAHOBNEHWA MPUBEAEH KaK CpefHee 3HayeHWe BPEMEHW BOCCTAHOB-
neHns anekTpoaBurateneit 3a 5 net (¢ 1977 no 1981 r.).

6.3. Ans 3nekTpojgBuratenein HanpshkeHnem fo 1 KB MoWHOCTbIO [0
320 kBT nokasatenn <o u I, npuBefeHbl U3 NUTepaTypHbIX fJaHHbIX. [MoKa-
3aTeflb 4acTOTbl KanuTa/llbHbIX PEMOHTOB [X, NPMBEAEH Ha OCHOBaHUM 3IKC-
NePTHbIX fJaHHbIX MOC3Hepro; MNPOAO/IKUTENLHOCTb KanuTasbHOro pPeMoHTa
p,K nonyyeHa B COOTBETCTBUM C «HOpMamum BPEMEHW Ha PEMOHT 3NeKTPO-
nBurateneii NepeMeHHOro M MNOCTOSSHHOro Toka; (M.: CIMO Col3TexaHepro,
1978).

39*
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7. TokasaTenn HafgeXHocTU paboTbl 3HEPro6/0KOB C NapoTypEUHHLIMM
yCTaHOBKaMmM M MX OCHOBHOro 06opyoBaHus

7.1. B kayecTBe nokasaTeneill HafeXHoOCTU paboTbl 3HEPro6/0KoB
napoTypbMHHbIMM ycTaHOBKamMn n ux obopypoBaHusa (ta6n. M1.10 n M.11)

Ta6nuya M1.10

MokasaTenn HafeXHocTU paboTbl 3Hepro610KoB
C NapoTypoMHHBLIMU YCTaHOBKaMu

O6opypgosaHue Prom’ MBT
<0, , Varperate-
1/rog, v 4 " ré’A w 4
SHepro610k 150— 165 5,68 48,8 19 1559
180—210 8,67 45 16 1139
250—300 8,1:6 45 15 1007
500 21,36 70 24 911
800 12,08 74 16 1086
* Ha oanH arperar.
Ta6bnuuya MN1.11
MNokaszaTenu Ha,qI:»(Hocm paboTbl
OCHOBHOro o6opygo!laHnsi 3Hepro6/10KoB
C MapoTypOVHHLIMM YCTaHOBKaMu
O6opyaoBaHme MeT
to**, T/rog v 4
KoTnoarperat 150— 165 4,02 44
180—210 6,14 47
250—300 5,75 38
500 6,59 56
800 9,08 50
Typ6uHa 150— 165 0,97 43
180—210 1,45 45
250—300 2,21 68
500 4,22 85
800 2,66 99
TypboreHepaTtop 150— 165 0,55 91
180—210 0,87 58
250—300 0,59 83
500** 4,48 136
800 0,89 179

* Ha eanHunuy obopynoBaHus.
** Nns Typ6oreHepatopoB Tunos TIB-500 n TBM-500.
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NPUHATBI:
napameTp noToka 0TKas3oB o/, l/arperaTto-rog;
cpeaHee BpeMsi BOCCTAHOBMEHUS Ts, u;
yAeNbHOe 4YMCN0 0CTAHOBOB 6/i0Ka n, l/arperaTo-rog;

cpefjHee BpemMs MniaHoBbix npocTtoeB MM u.

BnouHble TpaHcopmaTopbl CBA3M U 06opyAoBaHWe pacrnpefennTenbHbIX
YyCTPOICTB B cOCTaB 3Hepro6s0Ka He BK/OYEHbI.

PacueTHOl eanHWLUeld BpeMeHU ABNseTcA arperato-rog. B uucno ocrta-
HOBOB 6/10Ka BK/IOYEHbl BCe M/1aHOBble W HEeNNaHoBble OCTaHOBbI, B CpeAHee
BPEMSA MNJaHOBbIX MPOCTOEB BK/IOYEHO BPeMS MAHOBbIX PEMOHTOB, HaXo0X-
[leHVNs B pe3epBe, NPOBefeHUA WCMbITaHWii 1 Ap.

7.2. Onsa npubnmxXeHHOro nepexofa K MnokasaTensM HafeXHOCTU peKo-
MeHAYeTCS WCMOJ/Ib30BaTb BblpaXKEHWUS, NpPuBefeHHbIE HUXe.

YacToTa MiaHOBbIX OCTaHOBOB, 1/rof (eAnHWULE/ BpeMeHU ABNsAeTcA Ka-
NeHfapHbIl rof), onpegenseTcsa rak:

I G L a— ;

arperarto-roj
rae n — yjaenbHOe 4YMCNO OCTaHOBOB 6n0Ka 3a arperarto-rof; o/ — napa-
MeTp MoToKa 0TKa3oB, l/arperaTo-rog.

Mpofo/MKUTENLHOCTL arperato-roga BbIYUCNAETCA MO BbIPpaXXeHUo

~Narperato-rog = 8760 — I'nn — w e

MapameTp NoToKa 0TKAa30B, NPUBEAEHHbI K KafeHfapHOMYy rogy, paBeH

‘arperato-rog
npOAOﬂ)KMTeﬂbHOCTb nnaHoBOro npocrtosdA, npuBeAeHHada K KaneHAaapHO-
My rogy, onpefensieTcs no BblpaeHUO

T
n— o
7.3. LNs OCHOBHOro 060pyAOBaHUSA 3HEPro6/10KOB C NapoTypPEUHHbLIMY
ycTaHOBKaMW yfie/ibHOe YWUC/I0 OCTAaHOBOB W CPeAHee BPEMS MAAHOBbIX MPO-

CTOEB OMpeAensitoTCA YCNOBUAMM 3KCMyaTaLlun 060pyA0BaHUSA B KOHKPETHbIX
aHeprocucTeMax.
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MpunoxeHwne

BE/TINYNH

O603HaueHne BeNUYNHBI

'ya
lavu! /guH
1Bkn< 1BKN

/np, cke> /np, CKB
10rknl 1otkn

It', o

lr’ U
~Tep

/oo

In

Ail *n

la» 'a
/ no
"ao

Alt’ *art

(WM

IB< 1c
In
li> Ir> Jo

Tox

/gon, npoa

«/HOpM, pacy
/npog. pacy

/(P)

Mpuno>keHus

HanmeHoBaHWe BeNUYUHbBI

Tok, felicTByloLlLee 3HaYeHMe

TOK, MFTHOBEHHOE 3Ha4yeHue

TOK KOMMNAEKCHbIA AecTBYOLW N

AMNANTYAHOE 3HA4YeHWe CcUHycoufanb-
HOro TOoKa

Y papHblii TOK

TOK 31eKTPOANHAMUNYECKON CTOWKOCTH

ToK BKOYEHUA

ToK npeAenbHbli CKBO3HOM

TOK OTKIHOYeHUSA

TOK B MOMEHT t n

TOK B MOMEHT T

TOK TepMMUecKoli CTOMKOCTU

TokK ycTaHOBUMBLUMIiCA

TOoK KOPOTKOro 3aMblKaHus
Mepuognyeckass cocTaBnsiowaa Toka
K3

Anepuognyeckasi cocTaBnsilowas Toka
K3

Mepuognueckass cocTaBnsoWas Toka

K3 B MoMeHT =0

Anepuognueckasi cocTaBnsilollaa Toka B
MOMeHT t—0

Mepuognueckas n
cocTaBnswowune
t—x

TOKU COOTBETCTBEHHO (a3 A, B, C

TokK B HeiTpanbHOM MpoBoAe

TOKM COOTBETCTBEHHO MNpsAMON, obpaT-
HOW W  HyneBoW nocneaoBaTeNbHO-
cTel

Tok, 0Xujaemblii B UenM c ToKoorpa-
HUYMBAKOLWMM annapaTtom

TOK CymMMapHblii

JonycTuMbli - TOK
pexuma

anepuogunyeckas
Toka K3 B MOMeHT

npoao/IXUTENBHOIO

PacuyeTHbIi TOK HOPManbHOro pexunma
PacyeTHbI/i TOK MPOAJO/IKMNTENBHOIO pe-
Xnuma

ToK onepaTopHbIii

n2. NPMHATbLIE BYKBEHHbBIE OBO3HAYEHWUA

MpumeyaHune
1= p
ltep — It
1(30 1y
1& — *a
Ilno= 1In, H
Jao —1a, B
In ~ Inur
/pon, npopg=
= /pgon, 4 n~
=/an, gon

Inpog, pacu=
= JlyTax =
~1pa6, H6



Mpuno>keHuns

O603HayYeHNe BENYUHbBI

If> 1q

r
*nn
Jak

A, s, uc

n psb, HO

X
X

NN O

61,5

Mpogon>keHue npuno>kedunsa M2

HanmeHoBaHne BeNNUUHBLI -

CocTaBnsalWMe TOKa COOTBETCTBEHHO
no ocam d M g 31eKTPUYECKOl Mallun-
Hbl

MepexofHbI TOK

CBepxnepexofHblii TOK

Tok nnasfeHns

JKOHOMMYeCcKas MAOTHOCTb TOKa

Hanps)eHue, feiicTBYylOLLEE 3HAYEHUE

Hanps)keHne, MTHOBEHHOE 3HayeHue

HanpskeHne  cOOTBETCTBEHHO a3 A,
B, C

Hanbonbliee paboyee HanpseHue

Hanps)eHue COOTBETCTBEHHO NPSMOWA
o6paTHOn M HyneBOW nocnegoBaTenb-
HOCTeW

MoTeHUMan 3neKTPUYECKUi

Yron casura a3 mMexay HanpsXKeHuem
N TOKOM

KoathhnLMeHT MOLHOCTU MpU. CUHYCOM-
LanbHbIX HanpsXXeHWn u Toke

BoccTaHaBnuBatlolweeca HanpsXeHue Ha
KOHTaKTax BblKlo4vaTenei

CKOpOCTb BOCCTaHOB/EHUA HaNpaXeHUs

Bos3BpalatoLeeca HanpsxKeHue

MoTepsa HanpsaxeHns

JnekTpoaBMXyLaa cuna

YacToTa KonebaHuii 3neKTPUYECKON Be-
NNYUHBI

YacToTa KonebaHWii 3nekTpuuyeckoli Be-
NNYMHBI yrnosas

MowHoCTb nonHas

MoLWHOCTL aKTMBHasA

MoOLWHOCTb peaKTUBHas

3apag aneKTpuyeckuii

MouwHOCTb nonHas, KomnaekcHas

ConpoTusrieHNe aKTUBHOE
ConpoTuBfeHne peaKTUBHOE
[o6poTHOCTb

ConpoTuBieHne NosiHoe

ConpoTuB/eHVEe NOMHOE, KOMM/EKCHOe

ConpoTuBfeHNe  peaKTUBHOE  WHAYK-
TUBHOE

ConpoTuBfieHMe peakKTUBHOE  eMKOCT-
Hoe

ConpoTuB/eHNe BOTHOBOE

MpumeyaHune

s== P+jQ

Q=X/R
Z=Y #2+X2
Z=a+/x
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O603HavYeHne BeINUYUHBI

N> N2> 20

TTIr~4o5 ® XZroe ==

mm

MNa

Kys

Mpuno>keHna

MpogomkeHne npuno>kenuns 112

HanmeHoBaHne BesIMUYUHbI

ConpoTuB/EHWE COOTBETCTBEHHO  MNpsi-
MO, 06paTHOl M HyneBOW nocnegoBa-
TenbHOCTel

DHeprus aneKTpuyeckas

DHeprusa aneKTpoMarHuTHas

MpoBOAUMOCTb 3MeKTpUYeckas

MpoBOoAMMOCTb aKTUBHas

MpoBognMMOCTbL peakTMBHasA

MHOYKTUBHOCTL CO6CTBEHHASA

MHOYKTUBHOCTb B3aMMHas

KoahdpununeHT cBA3n

KoahdununeHT paccesiHus

YpaenbHoe conpoTUBEHNE

YaenbHaa nNpoBOAMMOCTb

TemnepaTypHbIn KO3phuLuneHT

Hanps)XeHHOCTb MarHMTHOro nons

BekTop Hanps)KeHHOCTW  MarHUTHOro
nons

HanpsaXeHHOCTb 3M1eKTPNYECKOro nons

BekTop HanpsaXeHHOCTU 3/1eKTPUUYECKOro
nonsa

MpoHnuaemocTb AnanekTpuyeckaa abco-
NoTHadA

MpoHMUaemMocTb AnM3NeKTpuUecKas OTHO-
cuTeNbHas

MocToAHHaA anekTpuyeckas

MpoHnuaemocTb MarHuTHas abcontoT-
Hasa

MpoHMUaeMocTb MarHuTHas OTHOCHU-
TeNnbHas

MocToAaHHaA MarHuTHas

Temnepatypa B wkane Llenbcus

Temnepatypa B wkane KenbBuHa

MpeBbIlWeHNe TemnepaTypsbl

MocTossHHAA BPEMEHU  3M1eKTPUYECKOi
uenu

Mepuog KonebaHWn 3NeKTPUYECKON Be-
NINYUHBI

[MocTossHHAss BpeMeHM 3aTyxaHusa ane-
PUOANYECKON cocTaBNAtoLen Toka
K3

YpapHbIii Ko3hhuumeHt

MpumeyaHune

Y =V g2+<>2
y:g+P

K=KCs
a= 1— K2
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O603HaYeHne BeNYNHBI
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Mpogon>keHne npunodkeHus M2

HavimMeHoBaHVe BenMUMHbBI

HopmupoBaHHOe cogepxaHue anepuo-

[nyeckol cocTaBfisloWell B OTK/OYae-
MOM TOKe

KoadhuumeHT TpaHcdhopmarmm

OTHOLEeHNe Yncna BUTKOB

Yuncno BUTKOB

KoathdunumeHT TpaHchopmaumm TpaHc-
thopmartopa HanpskeHuUs

KoathduumeHT TpaHchopmaumm TpaHc-
thopmaTopa Toka

MarHuTHbIA NOTOK

Tennosoi NOTOK

MoTokocuenneHne

EMKoOCTb

CKOpOCTb  pacnpocTpaHeHUs  3NeKTpu-
YeCKUX BOJH

CKOpOCTb pacnpocTpaHeHUs cBeTa

[dnnHa 3neKTpOMarHUTHON BOJHbI

MnoTHOCTL TOKa NuHeliHas

CKonbXeHune

CeyeHue nNpoBoAgHUKa

Yuncno nap nostocos

Mnowagb NoBepxHoOCTH

Cuna

YpenbHas TennooTtgava

Moaynb ynpyrocTtun

MoOMeHT nHepuunmn

MoOMEHT CcONpOTMBJIEHNA MNOMEPEeYHOro
cevyeHMs NpPOBOAHUKA

Macca

HanpsaxeHune B maTtepunane

Mpepen npovHocTH

Bpemsa ucnonb3oBaHMA  MaKCMManbHOW
(Hambonblueli) Harpysku

TokK nocnegoBaTeNlbHOW 06MOTKW aBTO-
TpaHchopmaTopa

Tok o6uweli 06MOTKM aBTOTpaHchop-
maTtopa

KoathnumMeHT TUNOBOW MOLLHOCTH

KoathunumeHT 3anonHeHns rpauka Ha-
rpysKu

KoathdnumeHT HepaBHOMEPHOCTU rpadu-
Ka Harpysku

Co6CTBEHHOE BPeMSA OTK/HOYEHUA Bbl-
Knovatens

MpumeyaHne

Puopm= PH

7Tnx==7'n6

ATUN =

"BblU
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Mpopfon>keHne npunookeHunsa M2

OGo3HayeHMe BENNUMHBI HanMmeHoBaHWe BeNUYUHBI Mpumeyanue
B, OTKN MonHoe Bpemsi OTK/OYEHUS BbIKIOUYA-
Tensa
AOTKN Bpems OTK/IOUYEHUS] KOPOTKOFO 3aMblKa-
HUA

MpumeuvaHnwnsa: 1. B ocHoBy o6o3HaueHuit nonoxeH MOCT 1494—77*. «3nekT-
poTexXHUKa. EyKBEHHbIe 0603HaYeHNSA OCHOBHbIX BENUYUH».

2. B nocnepHeid rpae ykasaHbl AONYCTUMble 0603HAYeHUS BEAUYUH, MCMNONb3Y-
emMble B TeXHWYECKOW nuTepaType.

MpunoxeHnne M3. NPUHATBIE MHAOEKCHI ¥ BETMYUH

O603HayeHue
nHaeKca HaumeHoBaHue nHaeKca
HOM HoMnHanbHbIN
HOpM HopmanbHbIiA
HOpM HopmupoBaHHbI
npog MpoaonknTenbHbI
MIH MTrHOBEHHbI
H HauyanbHbIii
y YcTaHOBUBLUMIACS
00 BecKoHeuUHbI
n Mepuognyecknii
a Anepunognueckuii
a ABCONIOTHbIN
Kp Kputnyeckunii
HI Harpyska
BLU BHeLwH®i
BT BHyTpeHHMIi
TCcp, T TepMmuyeckuia
T TpaHchopmaTop
AT ABTOTpaHchopmaTop
r eHepaTop
)il ABuratenb
CK CWHXPOHHbI KOMMEHcaTop
p PeakTop
Hp HenuHeliHbI peakTop
HO Haun6onbwnii
max MakcuManbHbl i
tniti MuHUManbHbIN
il Y papHblii
pacy PacuyeTHbIi
an AnuTenbHbIi

aon [onycTumbl i



Mpuno>xeHusa

0O603HaveHue
NHAeKca
OVH ANeKTPOAMHAMUNYECKNA
3K OKBUBAaNIEHTHbI, 3KOHOMWUYECKUN
a AKTUBHbI

PeaKTVBHbIN

HaumeHoBaHMe MHAeKca

MpunnoxeHwne M4, OBO3HAUEHWNA S/IEMEHTOB

ANNEKTPNYECKUMX CXEM

Buibl anemeHTOB

eHepaTop
NOCTOSAHHOIO TOKa
nepemMeHHOro Toka
CWHXPOHHbIT KOMMNeHcaTop
TpaHchopmaTop
ABTOTpaHcopmaTtop
BbikntoyaTenb B CUNOBbIX LENSAX
aBToMaTU4ecKui
Harpysku
06X0HOW
CEeKLNOHHbI
LUMHOCOEANHUTENbHbIN
AnekTpoaBUraTenb
C60pHble LNHbI
OTpenuTtenb
KopoTko3amblKaTenb
PasbegnHutenb
Py6unbHnk
PasbegnHunTeNb 3asemnsaooLwmnin
JInHns anekTponepegayn
Pa3pagHuk
MnaBkuii npegoxpaHuTenb
PeakTop
AKKymMynaTopHasa 6atapes

KoHpeHcaTopHasa cunoBas b6atapes

3apsAfHbIli KOHAeHCAaTOPHbIN 610K
TpaHcthopmaTop Hanps>KeHus
TpaHchopmaTop Toka

ONeKTPOMArHUTHbIW cTabuausaTop

MpomeXxyTouHbIi TpaHchopmaTop

Hacbllwawwmniica TpaHchopmaTop Toka
HacblLWawLWmiics TpaHchopmMaTop HanpsXeHus
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Mpogon>keHne npunoxxkexHua M4

Buabl anemeHTOB Kog M CTOUHNK
M3mepuTenbHbIn npubop P
amnepmeTp PA
BO/IbTMETP PV 1
BaTTMeTp PW 1
yacTtoTomep PF 1
OMMETp PR 1
BapMeTp PVA
yacbl, U3MepuTeb BPEMEHU PT 1
CYETUMK UMNYNbCOB PC 1
CYETUMK aKTMBHOI 3Hepruu Pl 1
CYETUUK peaKTUBHOM 3Heprum PK 1
Pernctpupytowmnii npméop' PS 1
Pe3ncTopbl R 1
TepMopesncTop RK 1
noTeHuMomeTp RP
LWYHT M3MepuTeNbHbIl RS 1
BapucTop RU 1
peoctat RR
MpeobpaszoBaTenn He3aNeKTPUYECKUX BEUNYUH B INEKTPU- B 1
yeckue
rPOMKOroBopuTeNb BA 1
faTuYnK fgaBneHmsa BP 1
faTyYMK CKOpoCTHn BR 1
faTuYnK TemnepaTypbl BT 1
faTUYUK ypoBHSA BL 1
CeNbCUH faTuunk BC 1
[aTyMK YacToTbl BpalieHnsa (TaxoreHepartop) BR 1
Nbe303/IeEMeHT BQ 1
hoTONPUEMHUK BL 1
TennoBoli AaTyumk BK 1
[eTEKTOP WOHU3MPYIOLWNX 3/1eMEHTOB BD 1
MUKPOGOH BM 1
3BYKOCHUMMaTEeNb BS 1
CUHXpOHOCKON PS 2
KomMmnnekT 3awuT AK 2
YcTpoicTBO 6/10KMPOBKU AKB 2
YCcTpOiCTBO aBTOMATUUYECKOr0 NOBTOPHOIO BK/IOYEHUS AKC 2
YCTpOCTBO cUrHanu3auum ofHodasHbIX 3amblKaHWA Ha AK 2
3eM110
Pene K 1
6/10KNPOBKU KB 2
6M0KNPOBKN OT MHOFOKPATHbIX BK/OUYEHWUI KBS 2
G6NOKUPOBKN OT HapyLIEeHUS Leneil HanpsaxeHuUs KBV 3
BpeMeHun KT 1
rasoBoe KSG 2
naBfeHuns KSP 2
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Buibl anemeHTOB

UMNYNbCHOW cUTrHanmsauum
KOMaH/Abl «BKIHOUUTb»
KOMaH/Abl «OTK/YUTb»
KOHTpONS

cpaBHeHUs a3

KOHTPONSA curHanusayum
KOHTPO/S Lenn HanpsiKeHUs
MOLLLHOCTM

ToKa

HanpsHKeHNsa
yKaszaTenbHoe

4acToTh|

3N1eKTpoTenaoBoe
NPoOMeXyTouHoe
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Mpogonkenue npunoxkeHus M4

Kog MCTOUHMK

X
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HanpsaXeHunda npamoro nenicTBua ¢ BblAEp)KKOﬁ Bpe- KVT

MeHU
(huKcauumn nosioXeHUs BblKAlOYaTens KQ 2
MONIOXEHWNSA BbIK/OYATENSA «BKJIOYEHO» KQC 2
NONOXEHNA BbIK/OYaTENA «OTKIHOYEHO» KQT 2
NOMOXEHNA pas3bejUHUTENs NOBTOPUTENbHOE KQs 2
(huKcaumnm KOMaH/[bl BK/OYEHUSA KQQ 2
pacxopa KSFE 0
CKOpoCTH KSR 2
COMPOTMBEHNA, UCTAHLNOHHAA 3alimTa Kz 2
cTpyn, Hanopa KSH 2
TOKa C HacbllaLWwmMes TpaHcpopMaTopom KAT 2
TOKa C TOPMOXeHUueMm, 6anaHcHoe KAW 2
YPOBHSA KSL 2
KoHTaKTOp, MarHUTHbIN nyckaTenb KM 1
YcTpoiicTBa MexaHW4YeCcKue C 3/1eKTPOMarHUTHbIM NpuUBO- \% 1
oM
3M1eKTPOMArHmuT YA 1
BK/1H0YEHUS YAC 2
OTK/IOYeHUSA YAT 2
TOPMO3 C 31eKTPOMarHUTHbIM MPUBOLOM YB 1
My(pTa C 3/1eKTPOMArHUTHbIM NPUBOAOM YC 1
3/1eKTPOMArHUTHbIA NAaTPOH WM nNauTa YH |
3N1eKTPOMArHUTHbIN K04 6/10KMPOBKM YAB 2
3/1eKTPOMAarHUTHbI 3aMOK 610KUPOBKMU:
pasbeAnHuUTENA Y 2
3a3eMNAOLWEr0 HOXa YG 2
KOpPOTKO3aMblKaTesns YN 2
oTAennTens YR 2
Tenexkun BblkNw4atens KPY YSQ 2
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Mpogon>keHue npunoxkeHus M4

Buabl anemeHTOB Kog NcTouHnk
DUNLTP penie HanpsXKeHns Kvz 2
MOLLHOCTMN kwz 2
ToKa KAZ 2
YcTpoiicTBa KOMMYTaUUOHHbIE B LENAX ynpaBneHWUs, CUr- S |
Hanusaunm v M3MepuTebHbIX
py6UABHUK B Lensix ynpas/eHuns S 2
BblK/lOYaTeNlb WAU MepekaoyaTens (ko.M uenei yn- SA 1
paBnieHus)
KoY, nepeknloyvaTenb pexunma SAC 2
BbIK/lOYaTelb KHOMOYHbIN SB 1
nepekayaTesib 610KNPOBKMU SAB 2
BblK/llOYaTelb aBTOMaTUYeCKMNIi ' SF 1
nepeknYaTeslb CUHXPOHU3aL NN SS 2
BblK/OYaTeNnb, cpabaTbiBalOWMA OT pasIMyHbIX BO3-
nelcTBUA:
OT YypOBHSA SL 1
0T AaBfeHUsN SP 1
OT NON0XeHNs (NyTeBOW) SQ 1
0T 4acToTbl BpaLieHus SR
0T TemmepaTypbl SK 1
nepeknYaTenb U3MepeHuii SN 2
BcrnomoraTenbHbI KOHTaKT BblK/lovaTens SQ 3
BcnomoraTenbHbI KOHTAKT pasbefuHUTENs SQS 3
NcnbiTaTenbHbIi 610K SG 2
YCcTpoicTBa MHANKALMOHHbIE U CUTHANbHbIE H 1
npuéop 3BYKOBOI curHanusauuu HA 1
npubop CBeTOBOW CMrHanM3auum HL 1
NHANKATOP CUMBOJbHbIN HG 1
Ta610 cUrHanbHoe HLA 1
Mpu6opbl 3N1eKTPOBAKYyMHble U NONYNPOBOAHUKOBbIE \Y 1
avopn VD 1
CTabUNUTPOH VD 1
BbINPSIMUTENbHbLIA MOCT VS 2
TupucTop FS 1
TpaH3ucTop VT 1
npueéop 3N1eKTPOBaKYyyMHbI VL 1
Namna ocBeTUTeNbHas EL 1
Nlamna curHanbHas HL 1
c 6enoii NuH30M HLW 2
C 3e/1eHO NUH30M HLG 2
C KpacHOW NUH30M HLR 2
KoHgaeHcaTop c 1
NHAYKTUBHOCTL L 1
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Mpopgon>keHne npuno>keHuns M4

Bugbl 3nemeHTOB

ConpoTuenieHune (AN 3KBUBANEHTHbIX CXeM)
nosiHoe
aKTMBHOE
peakTUBHOE
eMKOCTHOE

WNHAYKTUBHOE
YcTpoiicTBa pasHble

YcTpoicTBO 3apsagHoe

CBA3N

Ycnnuteno

YCTpOlicTBO KOMMEKTHOE (HW3KOBONbTHOE)
nycka ocuunnorpada

I‘Ipeo6pa3OBaTen|/| ANEKTPUYECKNX BE/INYUH B 3N1EKTPUYEC-
Kune

MOAYyNsATop

4emMoaynaTop

AUCKPUMUHATOP

npeo6pasoBaTenb 4acTOTbl, WHBEPTOP, reHepaTop
YacToThbl, BLIMPAMUTENb

CXxeMbl UHTerpanbHble, MUKPOCGOPKM

cxema MHTerpanbHas aHasiorosas

cxema WHTerpanbHas  uugpoBasi, NIOFUYECKWA 3ne-
MEHT

YCTPOICTBO XpaHeHus UHGopMauum

YCTPOWCTBO 3a4epXKu

CoefjMHEHNA KOHTaKTHble

TOKOCbEMHUK, KOHTaKT CKOI'Ib3F|IJ.|,I/II‘/‘I

WTbIPb

rHe3no

coeguHeHne pasbopHoe

COeJVHUTENb BbICOKOYACTOTHbI
JMIeMeHTbI pasHble

HarpeBaTe/fibHbIl 3/IeMeHT

nuponaTpoH
dunbTp Toka 06paTHO nocnefoBaTeNbHOCTMN
DUNbLTP HanNpsXXeHWsA obpaTHONM nocneaoBaTeNbHOCTH

Kog

nB
UR

Ul
uz

DA
DD

NcTouHNK

R NDNONN N 2 N DN

Ll e e e e

w w

MpumeyvyaHue. WcTouHukn: 1, TOCT 2.710—81. O6o3HauyeHUA O6GYKBEHHO-LU-;

poBble B 3IEKTPUYECKNX CXemMaXx.

2. YcnoBHble 0603HayYeHMA B 3NEeKTPUYECKUX cucTemax. M3IU,

3auwunTbol. — M.: OHeproatomusgar, 1984, — 376 c.

1981,—122 c.
3. bepkoBu4y M. A., MonyaHoB B. B., CemeHoB B. A. OCHOBbl TeXHWKWU peneliHOM
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MpunoxeHwne M5 OCOBEHHOCTW OMPEAENNEHWA
AONYCTUMbIX HATPY30K CUTOBbLIX MAC/TAHBLIX
TPAHC®OPMATOPOB OBLWEINO0 HASHAYEHWMA MO
FOCT 14209—85

FOCT 14209—85 pacnpocTpaHsaeTcs Ha CUNOBble MacnsHble TpaHchop-
MaTopbl C cuctemamu oxnaxpgeHua M, O, AL wn L MowHoOCTbO [Jo
100 M B-A BkatounTenbHo. OH, cnepoBaTesibHO, He MOXET O6blTb WUCNO/b30-
BaH MNpu onpefeneHnn [ONYCTUMbIX Harpy3ok 60MbLUMHCTBA CWUMIOBbLIX Mac-
NSAHbIX TPaHCHOPMaTOPOB 3MEKTPOCTAHUMI W KPYMHbIX MNOACTaHUWUA, UMek-
WMX, Kak MnpaBuno, TpaHchopmaTopbl MouUiHOCTbio 125 MB-A un Bbiwe. OH
He pacnpocTpaHseTCcs TaKXe Ha TpaHchopmaTopbl C NPUHYAUTENbHbIM Ha-
npasfieHHbIM MOTOKOM Macna B 06MOTKax.

FOCT 14209—85 coxpaHsieT maTemaTuyeckyt mofens FOCT 14209—69
pacyeTa TemnepaTypbl Macna B BEPXHUX C/0SX, TeMnepatypbl Hambonee Ha-
rpetoli TOYKM OOBMOTKM M OTHOCMTENIbBHOrO W3HOca wusonAuMn. CoxpaHeHbl
Takxe: LWecTUrpagycHoe npaBWAO0 CTapeHWUs M30NALMKU; MaKCMManbHO f0-
nycTuMble TemnepaTypbl Macna B BepXHWX CMOAX MNpU cUCTeMaTUyeCKUX Ha-
rpyskax (+ 95°C) wun npu aBapuiiHbix neperpyskax (+115°C), a Takxe
HOpMMpoBaHHOe (6a30B0e) 3HayeHWe TemnepaTypbl 06MOTKWM B Hawumbonee
HarpeTo Touke (+ 98 °C). CoxpaHeH BuMA TenaoBOW fuarpaMmbl TpaHcdop-
martopa.

Mi3MeHeHNI0 NOABEPr/aNCL CAeAylolie MONOXEHUS.

1. YcTaHoBNeHbl AN (epeHLMpOBaHHbIE OrpaHWYeHUs Ha MaKCUManbHO
[OoNycTMMYIO TemnepaTypy B Haumbonee HarpeToii Touke 06MOTKU:

140 °C — pna cucTeMaTUYeCKUX Harpysok;

160 °C — pgns aBapuilHbIX neperpy3ok TpaHchopmatopoB 110 kKB un
HUXe,;

140°C — gna aBapuiiHbiX Mneperpysok TpaHchopmaTopoB BbliwWeHOKB.

2. YCTaHOBJIEHbl MaKCMMaibHO BO3MOXHble 3HA4YeHUS Meperpysok (Ao-
nycTUMbIe NPU OMNpefeneHHbIX O0r0BOPEHHbIX YCN0BUSAX):

1,5 — npu cmucTeMaTMUeCKUX Harpyskax;

2,0 — npu aBapuiiHbIX Neperpyskax.

3. OaHbl Tabnuubl Ana onpefeneHna [ONYCTUMbIX CUCTEMATUYECKUX Ha-
rpysok npu Xi= 0,254-1,0, pgoxn»3—20-;- +40 °Cn/n=0,54-24 4. OTMeueHoO,
4TO MOXHO gonycTuTb 1,5</Cr<2 no corfacoBaHWIO C W3rOTOBUTENEM.

4. [aHbl Tabnuubl ANs onpejeneHMa JONYCTUMbIX aBapuUiHbIX Meperpy-
30K TpaHcopmaTopoB HanpsbkeHuem Ao 110 kB BKnounTenbHo npu K\ =
=0,25+-1,0 goxn= —20+-+ 40°C wu t,= 0,5m+24 u. [Onsa TpaHchopmaTopos
KfaccoB HanpsbkeHus Bbiwe 110 kB pgonyckaeTtcs MCNonb3oBaHue [JaHHbIX
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Tabnuy npu ycnoBuMu, 4YTO pacyeTHas Temnepatypa oxnaxgjatlulieli cpefbl
6yneT yBenuyeHa Ha 20 °C.

5. NMopsgok npeobpasoBaHMsA peanbHOr0 WAM OXWUAaeMOoro rpauka Ha-
rpysku TpaHchopmaTopa B [BYXCTyneH4yaTbli rpavk B OCHOBHOM coOXpa-
HeH. BHeceHO yTo4dHeHue B onpefeneHue Kr u ta- Tak, ecnm KzS*0,9 Kma*=

—0,9 'I'tax-f cnegyeT npuHMmaTb B pacyeT fAaHHble 3HaveHuUsa Jla. Ecnu
Xe i(2<0,9 Kwa*, To B pacyeTr cnegyeT BBoguTb K2—0,9 Kma*> a panu-

A *
(0,91\Tax)- '

6. B KadecTBe TemnepaTypbl OxnaxjawLlwelh cpegbl npu onpeaeneHun
cucTeMaTUYeCKMX Harpysok pPeKOMeHAyeTcas MNpUHUMaTb CpefHee 3HauveHue
TemnepaTypbl 3a NPOJO/KUTENbHOCTb paccMaTpuBaeMoro rpauka Harpysku,
ecnu npu 3TOM TemnepaTypa MONOXMUTeNbHa W ee U3MeHeHWe He MpeBbllIaeT
12 °C. Ecnu TemnepaTypa oxnaxpjalLl,ein cpeabl 3a BpemMsi MPOJO/DKUTENbHO-
CTN rpadmka Harpysku oTpuuaTesibHa UKW ee U3MEHeHWUs npesbiwaT 12 °C,
TO PEKOMEHAYeTCA B pacyeTbl BBOAWUTb 3KBUBAJIEHTHYIO Temnepartypy, Ans

onpefefieHns KOTOpOW npegnaraeTcs creuyvanbHas Taénauua uM rpaguk Kop-
PEKTUPOBKMN.

TeNIbHOCTb Meperpy3ku tn onpeaensTb Mo BblpaxeHUto: /n=

7. Mpepgnaraetca Tabnuua AONYCTUMbIX aBapuUiiHbIX Neperpysok TpaHc-
opmaTopoB o0 110 KB BKNOUMTENbHO 6€3 y4yeTa HayanbHOU (NpeALlecTBYIO-
Wen) Harpysku, a Takxe Tabnuua [ONYCTUMbIX aBapuitHbIX Meperpysok
TpaHcOpMaTopoB Npu Bbl6Ope MX HOMUHA/IbHOW MOLHOCTU ANSA MPOMbILLJIEH-
HbIX MOACTaHUWI NpW NpejLllecTBYHOLWen Harpyske, He npesblwatoLwen 0,8.

8. PekoMeHAyeTCs NPUOAUXKEHHbIV rpaunyeckuin mMeTofn ONpefeneHns
npeBblILleHNs TeMnepaTypbl Mac/ia B BePXHUX CNOAX W MNPeBbIEHUSA TeM-
nepatypbl 06MOTKM B Haubosiee Harpetoli Touke. [MpUBOAATCA COOTBETCTBYIO-
Lne pacyeTHble rpapukm.

9. PekoMeHjyeTCA MeTofuKa ornpejeneHNss OTHOCUTENIbHOrO M3HOcCa BUT-
KOBOW wu3onauunm TpaHchopmMaTopoB npu aBapuiiHbix neperpyskax. Mpuso-
[OATCA COTOBETCTBYHOLME pacyeTHble Tabnuubl.

10. AinA cTpororo onpegeneHns TemnepaTtyp macna M 06MOTOK, a Tak-
K€ OTHOCUTEeNbHOr0 M3HOCa W30MALMU peKoMeHAyeTcA ucnonb3oBaHne 3BM
1 npegnaratTca o6s3aTe/lbHble BCNOMOraTe/ibHble CXeMbl pacyeTa.

B Tabn. M5 B KauyecTBe npumepa npuBeAeHbl Mpepnaraemble Tabnu-
LUbl ANA OnpefeneHNss COOTBETCTBEHHO MAaKCUMMasibHO [OMYyCTUMbIX CUCTeMa-

TUYECKNUX Harpys3ok W [ONYCTUMbIX aBapuiiHbIX MNeperpysok TpaHchopmaTo-
poB npu goxn=+20 °C.
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