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B 3amuTe oT amMbIKaHKil Ha 3eMJTI0 KOMIIEHCHPOBAHHMBIX ceTell, OCHOBaH-
HOH Ha HAJOXEeHHH HAa CeTb TOKA ¢ YacTOTOH, OTJAHYAMIIEHCT OT YacTOTIA
CeTH, BaXKHEHIIHM 3JIeMEHTOM $BJISeTCA HCTOYHHK BCIIOMOTaTeNbHOro (KOHT-
ponbroro) Toka (UKT). Ocofble TpeGoBaHHS K 3TOMY HCTOUHHKY ONpefe-
ASIIOTCSL IJIAaBHBIM 0OPA30M TeM, YTO NPH 3aMblKaHHM Ha 3eMJIIO B 3aBHCHMO-
CTH OT cnoco6a BKJIOUCHHSI €ro K HeNTpa/u OH OKAashiBaeTcd MOJ IOJHHM
¢$asubiM HanpsKeHHeM CeTH WJIH Yepe3 Hero IpPOTeKaer MOJHBI TOK AYro-
racamel Karywku. [Ipu stom BHyTpenHee conporusienve HKT k Ttoky
HPOMBIIIJIEHHOHA 4acTOTbl JOMXKHO ObITh TaKOBO, YTOOK! CONPOTHBJEHHE B LIeNH
HedTpaJH H3MEeHAJOCh He3dHauuTeJbHOo. Takue Tpe6OBaHHﬂ k UKT ob6ycao-
BHJH B psijle CJyuaeB BLINOJIHEHHE er0 B Bu[e HEJHHEAHOrO CONPOTHUBJEHHS,
BKJIIOYAaEMOTO B LEINb Hempanu i1]. Takoli HCTOUHHK reHEpHPYET KOHTPOJb-
Mbii TOK HOBBINIEHHOH YaCTOTbI TOJbKO IHpPH [IPOTEKAHHH MO HEMY TOKA
APOMBIINIEHHOH YacTOThl, TO €CTb NpPH 3aMBIKAHHH HA 3EMJIO TOYEK CETH,
NOoTeHUHaJ KOoropbix He paBeH (. BbinoJHeHHBII TakHM 00pas3oM HCTOUYHHK
NPHHIMNHAJBHO BJHMSET HA BeJHMUMHY TOKA HelTpa/iH, TAK KAaK HCTOYHHKOM
3HEPTHH JUIA NOJyYeHHs KOHTPOJIbHONO TOKa SIBJSETCA HMEHHO caM TOK,
nporekaloyil B nend Hedtpaau. K Tomy ke Kosddunuent npeoGpa3oBanus
TOKa NepBOH rapMOHHKH B TOKH BbICLUMX FAPMOHHK BCETAA MeHbLUE ‘e IHHUILBI,
70 ectb Ha HeauHedHoMm HMKT nossasiercs Takke HEKOTOpOe HampsiKeHHE
flepBOH TapMOHHKH NPH IOCJAEAOBATE/NbHOM  BKJIIOUEHHH U OTBETBJSETCH
8 HEro HEKOTOpAasl 4acTb TOKa NpH MapaJJesibHOM BKJIIUEHHH. DTHM 00BsC-
usiercsi, ri1aBHbiM 006pa3oM, 3aMeTHOe BJAUAHHe HeauHehHbix MKT na Ttox
sieiitpann, OTCyTCTBHe KOHTPOJBHOTO TOKa B HODMAJbHOM pEXHMe H MNpH
3aMblKaHHH BOJIH3H HEHTPa/bHbIX TOUEK I'eHepaTOpOB JHILAET 3aAUIUTY C Ha-
AOXKEHHEeM Ha CeTh KOHTPOJIbHOTO TOKA BAXXHOI'0 MpPeMMYILeCTBa — BO3MOXK-
#Hoctd ocyuiectBiaeHua 100%-Ho# 3aLUHTE OT 3aMblKaHHH Ha 3eMJIQ TeHe-
paTopoB. '

[lo-HaiiemMy MHeHHIO, 3allMTa € HaJOXXEHHEM Ha CeTb KOHTPOJBHOrO
TOKa OyjeT MOJHOCTbIO KOHKypeHTHOcnocoOHa, ecan UKT Gyxer ynosnaerso-
PATb CAeAyIOlIUM TpeOOBAHHAM.

l. Hanps:xenne HCTOYHHKA KOHTPOJBHOTO TOKa MOJXKHO OCTaBaThCsl MO-
CTOAHHBIM MPH 3aMbIKAHHH B /1000 TOYKe 3JE€KTPHUECKH CBSI3aHHOH CETH.

2. Braowenne MKT B uenp gyroracsiliel KaTyLIKH He LOJXHO HPHBO-
ZUTh K 3aMETHOMY H3MEHeHHI0 CONPOTHBJEHHS B LENH HEeHATpalH K TOKY
MPOMBILJIEHHOA YaCTOTHI,
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Ucnonbsosanne MKT B 3HepreTHueckoil yCTaHOBKE KakKk MacCOBOTO
ycTpoiictBa TpebyeT TakxkKe BbiIOJHEHHs] TpeOOBAHHS BHICOKOA HAJAEXKHOCTH,
MPOCTOTH H3TOTOBJEHHsST H HACTPOAKH.

Otum TpeGoBAHHAM B 3HAUHUTEJNBHOH CTENleHH YAOBAETBODAET 3JeKTpo-
MATHUTHHIH TIApAMETPHUYECKHH MAeJWTeNb YaCTOTH C COOTBETCTBYIOIUHM 06-
PasoM BbIGPAHHBIMH NapaMeTPaMH H HEKOTOPBIMH H3MEHEHHSIMU CXEMbl TIp#
MOCJAEN0BATENBHOM BKJKUYEHHH €ro BHIXOAHOH 0OMOTKH B LeNb Ayroracsiues
katymwxku. K Tomy Xe, Kak nokaszaHo B [2], a Takxe B [3], 3amuTa Ha yacroTe
HHXKe TNPOMBILJEKHON o0Jajaer JAYYUIHMH CBOHCTBAMH MO CPaBHEHHIO
C 3alIUTOl Ha MOBHILIEHHOHW uacToTe. A MpH MCNOJb30BAHHWH ee 1Js1 TeHepa-
TopoB,paboraioilux B 6J0Ke ¢ TpaHCHOPMATOPOM, NpHMEHEHHe NOBLIIIECHHON
yacToThl HOpuH nocaemoBatenbHoM  BkalodedHu  MKT -~ npunuunuanbho
HEBO3MOXHO. ‘

Henutenn yactotsl B KauectBe KT paboraer B oco6bIX YCAOBHAX, TaK
KaK MPH 3aMbIKAaHHM HA 3eM/I0 B CETH 4epe3 Hero NPOTEKAEeT NOJHBIH TOK
ayroracsiiedi KaTywkH. [1pu 3Tom TpeGoBanue (1) He MOJXKHO HapylaTbed,
T. e. KoJe6aHus NOJOBHHHOH YaCTOThl AOJIXKHbl COXPAaHATLCA NPH NPOTeKaHHH
10 BHIXOJAHBIM 0OMOTKaM AejauTessi O0/bLION0 TOKA MPOMbIIIIEHHOH 4aCTOTH.

CxeMa ZejuTess 4acTOTbl H CIOCOO ero BKJIOYEHHs B LeNb Jyroracs-
Hled KaTYIIKH [I0Ka3aHbl Ha pHC. 1.
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O6MoTKa KoseGatenpHoro KouTypa W, u BbixoxHas obmorka W,
HMEIT MeXAy co00# TpaHchopMaTOpHYIO CBfi3b, a OOMOTKA BO30OYXKIEHHSA
Wios mpenHasHaueHa AJi NEepHOAHYECKOr0 H3MEeHEHHs MArHUTHON NpPOHH-
LLAEMOCTH MaTepHaJia CepAeyHHKOB AeHTe]s.

B cBsi3n ¢ 3TMM cXeMy 3aMellleHHs] JeJHTeasl MOMKHO MPelcTABHTL Kak
cXeMy 3aMelleHusi TpaHncdopmaropa, HHAYKTHBHOCTb BeTBM HaMarHuuMBa-
HHSl KOTODOTO MeHsieTCsi NepHoanuecki ¢ yactotoit 650 ey (puc. 2). Ilpu 3a-
MBIKAHHH HA 3eM/I0 TOK MPOMbILIEHHON YaCTOThI [50 PA3BETBJAACTCH MEXKAY
BeTBbIO HaMarHuuuBanusi Xy H COMPOTHBJEHMEM KOHIEHCATOpa X.. Ot
TOKH o6o3HaueHbl [y U /.. B Takom peXuMe CONpPOTHBJEHHe BETBH HaMmar-

HHYHBAHHA fABJsETCA (YHKUMeHd TOKa pabouell 4acTOTHI W MYJbCHPYIOLLETO
TOKa B030yxjeHus I,.

[lpouecc AeneHHsi 4acTOThl COXpaHAETCA AO TeX HOP, NIOKAa HamNpsXeH-
HOCTb HOJIA, CO3JaBaeMas 4acThio TKa pabouyeii 4acTOTH, OTBETBJSIOLIEHCH
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B BETBb HAMADHHYHBAHHUSA, He JOCTHTHET TAKOH BeJHUMHB, NPH KOTOPOA ¢y«

IHECTBEHHO H¢ HAPYIUETCs] IEPHOAMYECKHH 3aKOH H3MEHEHHs X y.
Jaxe 6e3 HCNOJNB30BaHHSI CMELHAJbHBIX Mep JAEJHTeJNb MOXeT ObiTh.
ncnoan3osan kak MKT, 6iaarogapst Tomy, 4TO BETBb HAMArHUUHBAHUS CHJIb-

HO INYHTHPYETCs COHNPOTHBJIEHHeM KOHJeHcaTopa X ., Tak Kak Ha 4acrore
1

X .
50 2y 7}‘ =4. CooTHOLIeHHe COTMPOTHBJEHHH BBITEKAeT M3 TOTO, UTO peae-
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HaHCHAg YACTOTa KOHTypa, o6pa3oBaHHoro X, H X: , Gausxa k 25 ey.
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Puc. 2

HanpsKeHHOCTb IIOCTOPOHHEro N0/ B CepAEYHHKAX JEJNHTENs 4acro-
TH paBHA

/ y - (1)
cp
rae K, — kos(pbuuuent pacnpejnenenus TokoB mMexay Xy u Xc;

W g — 9HCJI0 BHTKOB BolXOgHOH OOMOTKH;

[.p— NJHHA cpefHel CHJAOBOH JMHUU OJHOFO CEeDJIeUHHKA JEJAUTEAs

YACTOTHI. i

Uucao BUTKOB BBIXOAHOH OGMOTKH MOXKHO BHIPA3HTh CAEAYIOIHM COOT-

HOUIEHHEM: '

W= —Y—, (@)
» K Bys-q
rae K, — ko3pduuUHEeHT NPOoNnOPUHOHAALHOCTH;
B,y — MHAYKUHS C 4aCTOTOH 25 2y, NMpHHUMaeMas CHHYCOHWIaJbHOI;
g — IJION /b NONEPEYHOTO CEUEeHHUs] OQHOTO CEepAeUHHKA ACJAUTEqasH
yacT:.Thl; .
U — uinpsxenne ¢ 4acToTodl 25 24 Ha BBIXOAHOH OBMOTKE AeauTe-
Jf, OHpeseJseMoe 1.0 YCJI0BHI CO3:1aHHA HeOoOXOIUMOH BeJu-
YUHBI KOHTPOJBHOTG TOKA LIPH METAMAHYCCKOM 3aMbIKAHHMU.
IMoacrasue () B (), moayuum

. Kl H.';OB?E) lcpq: KPIOOU (3)
B (%) ipoussenennte /1,5-Byy- .- HPONOPUHOHAILHO O6BEMY CEPAEYHHKOB
AeJUTeas1 YacTOThHl, T. €, €ro PacueTHOH MouHocTa [4].
Sp:K2H50 stlcp'q' (4)
18



U3 (3) u (4) noayuum

Sp:l&ﬂu?’, : (5)

” 3
rae Ky =K;-K-. -
®opmyay (5) MOXKHO BBIPA3UThL Uepe3 BENHUHHY TPeGYEMOTO KOHTPOJb-
MO0 TOKA H JIMHEIHOe HalpsiZkeHue CeTH
KP ]'r UJ!
SP - a ’ . (6)
Ky, 1V3 ‘
rae [, — TpeGyemasi BeJIHUHHA KOHTPOJLHOTO TOKA, a Hanpsxenuwe U
cornacHo cxeMe puc. | 3aMeHeHo najeHHeM HanpseHdud Ha
yroracgmeﬂ KaTyuke oT TOoka /..
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2;/315,,

Benuunna kosdduunenra K, /K, 6bita onpenenena nyTeM HCILITaHHS
RETUTEJIst YACTOTH C PacuyeTHOH ’VIOL[IHOCTth 40 sa no cxeme puc. 1, Iru
HCNILITaHUS MO3BOJHIH VCTAHOBHTb, 4TO JeJHTeAb HaAeHO paboTaer, eciH
K, /K. =0,5.

* H3 (6) BUIHO, 4TO MOIMHOCTb NEJHTENsT MOXKeT ObITb CHHXKEHa 6.)181"0-
Raps ymenbiiennto K ,.

CHuxenne K, 6e3 HapylueHH$si YCJNOBHSI pe30HaHCA Ha yacToTe 25 2y
MOXKHO JOCTHTHYTb IIYTeM 3aMeHbi' KOHAEHCATOPA B AeJHTee 4acTOThH HelNblo
U3 MOCJeR0BATEJbHO COEXMHEHHBIX JHHRHHON KaTYIUKH HWHAYKTHEHOCTH (L)
W koHzaeHncaropa (C), mopobpaHHBIX TaK, yTOObl peakTHBHOE CONPOTHBJIEHUE
mceil BHeUIHeH Lemd KOHTYPHOH OGMOTKHM, VIOBJETBOPAJO CJAEAYIOLIUM
YCAOBHSM: '

¢

~ Ha uactote 50 ey X =0; - A(7)
HA YacTOTe 25 24 X = 2 ; . (8)
wC, .
Tae '
o = 2xf,
f - 50 2”3
C, —eMKOCTb, YAOBJETBOPAIOWAA YCJAOBHIO PE30OHAHCA HA vACTO-
. Te 25 24. ‘ _ ,
Packpuisas (7) u (8), moayuum
w? L i
2= b (9)
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Cootrnomerus (9) u (10) sBasIOTCA pacquHbIMH JJs1  ompeneseHust
L n C. Ilpu stoMm sicHo, uTo cHHxerHe K, Oyler TeM Bhillle, YeM Bhilie A0G-
POTHNCTh KATYMIKH HHAYKTHBHOCTH L.

C TOYKH 3PEHHS BJHAHUA [EJHTE/]s YacTOThl HAa TOK AYroracsllel Ka-
TYWIKH BaKHa BeJWYHHA CONMPOTHUBJEHHsI OTHOCHTENbHO 32XKUMOB BLIXOXHOI
o6MOTKH. 13 cxeMmbl pHAC. 2 ero MOXHO CUHTaTh NPHMEPHO PaBHBIM

Zy=Zy+ Zu+ Zion

rae 7, — NOJHOE CONPOTHBJACHHE BLIXOAHOH 06MOTKH;~ .

7.« — NOJHCE CONPOTHBJIEHHE KOHTYDHOA OOMOTKH, TpHBEAEHHO®
. K YHCJY BUTKOB BBIXQJHOH OOMOTKW;
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Zon — TOJHOE CONPOTHBJICHHE BHeLIHEH LEeNH KOHTYPHOH OOMOTKH,
IpUBENEHHOE K 49HCAY BUTKOB BHIXOMHOH OOBMOTKH
Conporus/ienne Z, Yy peasjbHBIX JeJHTeNell 4aCTOTH], BLINOJHEHHBIX Ha
OpPOHEBBIX HJH CTepXKHEeBbIX CepAeYHHKAaX, 3HAUHTEJbHO MeHbllle CONPOTUBJE-
mHA Jyroracsilieidl KaTYLIKH, eCAH UX MOLLHOCTb onpejpenaena no (6).
Bnaronapﬂ MaJIOCTH Z, BKJIIOU€HHe AEeJHTENsl 4acTOTbl B LeNb nyrora-
csefl KaTYWIKH NPaKTHYECKH He H3MeHs1eT TOKa KOMIIeHCALHH.

HerpyaHo Takxke yCcTaHOBHUTb, UTO ZPE 13, TAK Kak
W,=U=1I, a Z,=W;. (11)

H3°(6) u (11) caeayer, yTo MOUIHOCTb HEJTHTENS YACTOTHI H €r0o BJHS-
HHe Ha peXHM KOMIEHCAalWH TeM MeHblle, ueM MeHbmie [, T. €. ueMm BbllUE
4yBCTBHTEJbHOCTh YaCTOTHO-H30MpPaTeNbHBIX PeardpyiolHX OpPTaHOB.

Jlns mpoBepKu CKAa3aHHOTO Bblile ObLI IPOBEIEH OMBIT CO CXEMOi HO
puc. ‘1. Hcno/sb3oBancg neanTenb MOUIHOCTBIO 7 8@ ¢ HAaNpSKEHHEM TNOJO-
BUHHOH 4acTOThl Ha BLIXOAHOH o6moTke 78. ComportuBjienue Xy, HMMHUTA-
pyolee Ayroracsiyio Katymky, pasHanock 20 ox. Ilpn Bk/IIOUeHHHM Aenu-
Tesis TOK [50 M3MEHHJICH He3HauuTenbHO. Ilpollecc meseHuss 4acTOTHI Hapy-
wancs npu Toxe lso=2a. Ilpn BkJIOYeHHH BMecTO KoHIeHcaTopa C uemd
L—C c napamerpamu, onpenenenusiMu no (16) u (17), npouecc nenenus
YacTOThl COXpaHAJcA NpH Toke [so= 18+ 20 a. CocraBasionlas Hanpsxe-
HHsl MOJIOBHHHOH YaCTOTHl NPH 3TOM NpaKTHYeCKH He M3MeHsinach. To ectb
Terepb BelHYHHA K03bdHuuneHTa K, Ky Moxer 6biTbh cumxena go 0,05+ 0,06.

ITpn samene kompeHcartopa uenbo L—C BidsHHe nenuTenss Ha TOK
Ayroracsiliel KaTyUIKH CTAHOBHTCA BO MHOTO pa3 MeHblle, TaK KaK B 3TOM
clyvyae peakuus LeNuTens K Toky 50 ey aHaJjoruuna peakuud Tpancpopma-
Topa, BTOPHYHAs 0GMOTKa KOTOPOrO 3aMKHYTa HAKOPQTKO.

Onga wnmoctpauuu mnpHeeaem COOTBETCTBYIOIIHE MapaMeTphl JeJuTe-
JeH 4acTOThl, YCTAaHOBJEHHBIX B KOMIEHCHPOBAHHON ceTH Ha 6 kB. Baprayiis-
ckoii TLL-2 ¢ ueabr OCYIECTBJEHHS 3alIHTH OT 3aMBIKAHMH Ha 3eMJIO
KabeJIbHOR ceTH. .

JBa neautes, BKAOYCHHbIe B LeNM ABYX AYroracsillux KaTyLIeK, HA-
CTPOEHHHX Kaxkjaad Ha 60 a, oGecrnednBalOT KOHTPOJBHBLIHA TOK 1,2 a.

PacueTHass MOIIHOCTbL AejuTesel onpeneisnach Ges yuera uenn L—C
H paBHa 600 sa. Uncao BUTKOB KOHTYpHOI o6MOTKu paeHo 1000, a Bbixoi-
"Ho#i — 15. Emkoctp, obecneunBaloilas pe3oHaHc Ha vuacrore 25 2y, paBHA
7 mK¢. TlpnBenenHoe K UHCNY BHTKOB, BBIXOLHOH OOMOTKH CONPOTHBJEHHE
KOHZeHcaTopa Ha uactote 50 2y X = 0,1 om.

‘TlonHoe conpoTHB/AEHHE KOPOTKOIO 3@MbIKaHHS MEXAY KOHTYDPHOH H BhI-
XOZHOH OOGMOTKaMH, MPHBEJECHHOE K YMCJIY BHTKOB BbIXOJHOH OGMOTKH,
Ze =225-10-' om. ConpotupienHe Ayroracsilliux KaTylleK BO MHOTO pas
Gosiblue 3THX COMPOTHBJAEHHH (Ha uactote 50 ey—60 ox). ITlpu 3aMene
KOH/leHCcaTopa uenbio L—C conpoTuB/eHHe JeJHTEIs CTAHOBHICH elle
MeHblI€, TaK KaK B lleH KOHTYPHOH 06MOTKH Ha uactore 50 ey BOCNpHHH-
MaeTcsi TOJBKO aKTHBHOE CONpPOTHB/IEHHE, KOTOpoe, OYAY4YH MNPHBEAEHHbLIM
K YHCJTY BHTKOB BBIXOZHOH 0OMOTKH, paBHO 2,7-10 -3 onm.

‘HaGnonenue 3a paboroit genutenefl NpoBOAKUIOCH NPH HCKYCCTBEHHBIX
3aMBIKAHHAX HA 3€MJI0 B ynoMaHyToi ceTH. HMamenenns toka ayroracauled
KaTYIUIKH OT BKJIOUEHHs Je/HTe/led, H3MepsieMOTo aMIepMEeTpPOM C KJaccoM
TOYHOCTH 0,2, ecTecTBeHHO, 3aMeyeHO He GblJ0.

Hanpskenne mo/sIOBHHHONR YacTOTH Ha BHIXOXHOH 0OMOTKE TaKikKe He HUS-
MEHHJIOCh HH O BeJHYHHe, HH no ¢aase.
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Jennutenn HaxoAsSTcs B ONBITHOH 3KCHJIyaTalluH B TeYeHHe ONHOrO roia.

3a 3710 BpeMms B ceTH Gblio okoJo 10 3aMblKaHHi Ha 3emalo. Hapynienns
B paGoTe fesauTeNell 3aMeUeHO He OblIo.

Boisoanl

1. IIpu ocyuiecTBIeHHH 3aUIHTH OT YCTOHUMBBLIX 3aMBIKAHHH HA 3EMJIO
KOMOEHCHPOBAHHBIX CeTefl MYTeM HaJOXKeHHS Ha CeTh TOKA C YacToTOH 25 &y
BO3MOXKHO HCIOJb30BaHHe NapaMeTPHUECKOTO JeNHTeNst 4acTOThl B KayecTBe
HCTOYHHKA 3TOTO TOKa, BKJIOUEHHOrO BbIXOJHOH OOMOTKOH HeNoCpeACTBEHHO
B IleNb Ayroracsiueil KaTyLIKH.

2. BausiHHe feJWTeJNs] 4acTOThl Ha CONPOTHBAEHHE LENH HeATpaJH NpH
onpefe/eHHH ero pacyeTHOH MOIIHOCTH 10 (6) He3HaUUTEJbHO.

3. JlocTHraetcs cyllecTBEHHOe CHHXXEeHHe DACUeTHOH MOIIHOCTH REJHTe-
Jisi U ero BJHMSIHUS Ha CONPOTHUBJEHHe LiellH HEATpAJIH NPH 3aMeHe KOHIEHCA-
Topa xoJeGareabHoro KoHTypa uenbio L-—C ¢ mapameTpami, BbIOpaHHBIMH
no (9) u (10). '

4. ITosiyyeHHbie BHIBOABI XOPOILO TOATBEPKAAIOTCA ONBITAMH, NPOBEJeH-
HLIMH B J1a00paTOPHH H B NPOMLIIIJIEHHbIX YC/IOBHSX.
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