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CHCTeMa llHTaHHH MarHHTHblX ::meMeHTOB 3JieKTpOHHOA MO,ll.eJIH KOJlbl.(eBOfO 
l.(HKJIOlpOHa (3MKIJ.) 6bJJia COJ,ll.aHa B KOHI.(e WeCTH,ll.eCHTblX fO,li.OB. B CHJibHOTO'IHblX 

HCTO'lHHKax CHCTeMbl B · KatJeCTBe CHJIOBblX npeo6pa30BaTeJieA H peryJIHTOpOB TOKa 

6biJIH · HCllOJlbJOBaHbl , COOTBeTCTBeHHO 1 MOTOp-reHepaTOpbl .. H lpaHJHCTOpHble 

pery.riHTophi (1]. B HatJane ceMH.D.ecHThiX ro.u.os 6bma BhmonHeHa .u.opa6oTKa cuCTeMbl 

llHTaHHH 3MKI.I., B peJyJibTare KOTOpOJ.i O,li.HH HJ MOTOp-reHepaTOpOB 6bJJI JaMeHeH 

cTamtJecKHM npeo6paJoBaTeJieM [2]. O.u.HaKo HecKoJibKo. Morop-reHepaTopos 

OCTaJIHCb B 3KCllJiyaTal.(HH, OCTaJIHCb TaiOKe H lpaHJHCTOpHbie peryJIHTOpbl, 

CO,ll.ep)({all.lHe B o6meJ.i CJIO)({HOCTH 6oJiee ,li.Byx Tb!CH'l CHrrOBblX repMaHHeBblX 

TpaHJHCTOpOB. }lJIH no.u..u.ep)({aHHH 3TOH .TeXHHKH B pa6o1JeM COCT01IHHH 1pe6yeTCH 

DbinOJIHeHHe npo<iJHJiaKTH'leCKHX H APYrHX pa6oT, npoHJBO,li.CTBO KOTOpbiX B yCJioBHHX 
o6HonneHHH cneuHanHcTon H coKpameHHH HX 'IHCJia cTaHoBHTCH TPY.li.HOBhlllOJIHHMoA 

Ja,ll.atJeJ.i. . 
PaJDHTHe B JIJill OlUIM. uccne.zionaHHH no 3tfl<iJeKiy paci.t.nipeHHH JaMKHYThiX 

op6HT o6ycJIODHJIO He06XO,li.HMOCTb COBepweHCTBOBaHHH OCHOBHbiX CHCTeM 3MKI.I. 

[3]. B HacToHmeJ.i pa6oTe o6c~aeTcH HOBhlH · KOMrmeKc · CHfibHon)tJHhiX 

CTa6HJIH3HpODaHHbiX HCTO'lHHKOB llOCTOHHHOrO TOKa CHCTeMbl llHTaHHH MarHHTHbiX 

3JieMeHTOB 3MKU.. KoMnJieKC He co.u.ep~T MOTOpcreHepan:ipoB H CHJibHOTO'IHblX. 

TpaHJHCTOpHhiX peryJifiTOPOB, a TaiOKe CHJihHOTO'IHhiX lllYHTOB c" BOJ.U.YwHbiM HJIH 

MacJIHHbiM oxna)({,ll;eHHeM. · Ha puc.1 npe.u.cniiilleHa ynpo~eHHaH · 6noK~.cxeMa 
o6cy)I(AaeMoro KoMnJieKca CHJihHOTO'IHhiX CTa6mmJHposaHHhi:X • · licTO'lHHKOB 

nocToHHHoro ToKa. KoMnneKc co.u.ep)({HT: 1 - KOMMyrauuoHHhiH' imnapaT, · 2 - 6noK · 

ynpanJieHHH H Jall.lHThl, 3;- CHJIOBOH TpaHc<iJopMaTOp, 4, 5 H 6 .:. CTa6HJij:{3HpOBaHHhie 

£10 TOKY CHJIOBble CTaTH'leCKHe npeo6pa30BaTeJIH, 7, 8 ·H 9 - . HarpyJKH~ 
J1cnOJib30BaHHe O,li.HOfO . CHJIOBOfO lpaHc<iJopMaTopa· : . .ll)IH. llHTaHHH lpeX 

npeo6paJoaai'eneJ.i • 4+6 · •· o6ycJioBJieHo HCKJIIO'lHTeJI.hHO ··' npaKTH'leCKHMH 
co.o6pa)({eHI1HMif:. HaJIH'IHeM cunosoro TIJaHc<iJopMaTopa · Tpe6yeMoii MOil.lHOCTH, · 

DTOpH'limH 06MOTKa KOTOporo BblllOJIHeHa C OTBO,ll;aMH, OT 'Ka)({,ll;OfO DHTKa, 'ITO 
•'' ' ' . ' . ' ' 
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PHc.l. YnpomeHHaH 6JioK-cxeMa Honora KoMnJieKca CHJihHOTO'IHhiX 

CTa6HJIH3HpOBaHHblX HCTO'lHHKOB llOCTOHHHOro TOKa ,li.JIH llltTaHHH 

MarHHTHblX ::meMeHTOB 3Mkl.J,. 
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ll03BOJIHCT . llOJI)"'MTb Tpe6yeMb!C 
: npeo6pa30BaTem!ii 4+6. 

HOMMHaJibHb!C Bbi){OJlHbiC_ HallpH)I{CHHH 

K c""no!loH\.1 

,caT""·-·-· 

Pnc.2. YnpomeHHan·_6JioK~cxeMa 'cra6~M3MPOJ,laHHoro ni>eo6pa3oaaTeJIH · 
\ ., . ,. "". •; .. 

. • CTa6HJiH~HpoBaHHbie·no TOKY ·npeoGpa3~Ba:enM 4:;_-6'"0JlHOTHllHbi lt ~binrin~eHbl 
no 6JIOK-cxeM:e, npHBe.tieHHOH i-ra - PHC.2. Kiui<iihiH HJ : npeo6JJa301iaTeneii 4+6 
COJlepiJ1-f: . 4:1'•,..: . nrpMCTOpHbiH, yllpannlleMbiH BblllpliM1'fTCJib, : 4.2 ·- CHCTCMY 
MMnyJILCHo:-<l>aJonoro ynpaBJieHHll (CM<I>Y); 4.3 - · <I>HJihTP JlJIH :no.LiaBJieHHll, 
nyiib'cauMii BhlllP!!MneHi-Ioro i-ranpli)I{CHIDI, 4.4 - JlarqwK nym>cauuii, 4.5 
H3MCpltTeJJbHO-yCMJIMTCJibHb!H 6JioK; 4.6.- ,llaTqHK TOKa, 4,7 - HCTO'-IHHK onopHoro 
Hanpn)l{eHwH • (110H).' •- PaccMa1}>MaaeMbie npeo6paJonaTeJIM 4+6 HBJiliiOTcll 
CTa6HJIH3aTopaMM llOCTOliHHOfO TOKa KOMllCHCaUHOHHOfO THna. flpHHUHll L(CHCTDHll 
TaKifx cia6HJIJ13aTOpOB OllHCbiBaCTCll, HanpHMep, B (4). 

'_ .... TlipucTopHb.lii ynpaBJIHeMbiH _ BblllpliMHTeJib 4.1 BhlllOJIHeH . no cxeMe 
TpCX<I>aJHOfO MOCTOBOfO BblllpHMHTeJill H COJlCp)I{HT 6 CHJIOBb!X TMpHCTOpOBc .CI1<J>Y 
4.2, (pilc.3) COJlCp)I{HT 6 HJleHTH'-IHhiX KaHaJIOB KJ, ... ,K6, Bb!pa6aTb!Ba!Oll!HX WHPOKHe 
H;_illyJibCbl ynpaBJICHHH (WHpHHa ynpaBJili!Oll!HX HMllYJibCOB 60°) H npeo6pa30DaTCJib 
HanpH)I{CHHe-qacTora (OH'-l). YnpomeHHM 6JioK-cxeMa OJlHoro KaHaJia ynpaBJieHHll 
THpHcTopoM noKaJaHa Ha pHc.4. B KaHane ynpaBJieHMH HMCIOTcH: Y<I> - ycMJIHTCJib
¢opMMponaTenb CHHXpOHMDYJibCOB, · OP - onTH'-ICCKM pa3BH3Ka, CT2 - JlBOH'-IHhiH 
cqerqMK eMKOCTbiO N, T - RS-TpMrrep, OB - OJlHOBH6paTop, Y- ycMJIHTenh, 

K THPHCTOPOH \.lnPab.f1AeMo•o ibblr1PAMHT.,JII ... • l. 

~::1' I' l' I' I' I' 
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PHc.3. YnpomeHHaH 6JioK-cxeMa CI1<I>Y 
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OT - ompoHHhiH. THpHCTop,: R :.- o[paHMlJHTCJibH~I~ pe3MCTop. PaccMaTpHBaeMan 
CI1<I>Y. He coJlep)I{HT · TpaHc<l>opMaiopon, ·_'-ITO . noahullaeT ee TeX!ioJiorJiqjciOcib · 11 
Ha)lC)I{HOCTb. 
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PHc.4. YIIpoi.J.ie~H~n~6n·ol<~cxeiiaKa~aria.··-·-· . . . -. - . 

· B paccMaTpliEiaeMoM napuaine•abmonHCHHH KaHaJia _ ynpaBJieHHH THpHcTopoM 
!]JOpMHpycTCH HMnynbc ynpaBJJCHHn,' HMC!Oll!HH perynifpye.My10 apeMemiyiO 3aJlCp)I{Ky 
ontocHTeJihHo MoMeHTa .. ncpex6Jla cnHxpoHH3HPYIOll!ero. _ (ceTeaoro). Hanpn)l{eHHH 
'Iepc3 HYJib: Oo.iJyqefine perynHpyeMoii apeMeHHoi-1 Jaaep)f(){M ocHoaaHo Ha 
perHCTpauHH HHTepaaJia · npeMel-iu, Hco6xOJlHMoro · .ri.Ju1· .. 3anonHCHHll .. C'-ICT'-IHKa 
HMnynhcaMH, qacToTa cneJloBaHnn KoTopbiX perynupyeTcn a mupoKI1x npeJlCJiax. 
fioJJec noJlpo6Ho pa6oTa CI1<I>Y TaKoro Tuna .o6cy~aeTcll B [5]. TaM )l{e npuneJleHa 
npnHui-tnHaJibHall cxc.Ma o.n.Horo u3 aapHiiHTOD OH'-l. · · · 
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PHc.5, OpmruunnruibHan cxcMa JlUT'-IIIKa ToKa 

- ~\ 

)l.aT'IHK TOKU (pHc.5) DbinOJIHCH HU OCHODC TpaHCtPOpMaTopa IIOCTOHIIIIOfO TOKa 
(TOT). 3JlCCb Mcnonb3onmia, cxcMa TOT, HMC!Oll!all MaJihie nyJibcauim BbiXOL(Horo 
nanpH)I{CHHH [6]. TOT :noro nma paHce 6biJIH • McnonhJonaHbi _ -n 't.ulnlnmbiX 
KOMnapaTopax llOCTOflHHOfO HlKa -~2,7) D KU'-ICCTDC JlCTCKTOpou paJ6aJiaHCa : 
cpaDHHDUCMbiX aMncpDHTKOD. . _ · , . . · 

YJcn TOT co.n.cp)K.th ana TOPOHJlaJihHhiX ManmTOnpono.tia Tl11 T2, mi Ka)K.ll.oM 
113 KOTOpbiX , HUMOTaHbl COOTBCTCTDCHHO .. 06MOTKH D036y)K.ll.eHI1ll .. WI II.·· W2. 
113MCpHTeJibHan W 11 _II Jlonon.HHTCJibHaH W 11 : o6MOTKII liMHIOTCH 'o6mu"m ivm o6o11x 
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Mam11ronponono.n Tl 11 T2 (HaMarhmarorcH Ha c6opKy Manmronpononon Tl 11 T2 c 
y)f(e ·roroBhiM11 o6MorKaMI1 · ·WI -· 11 W2).-' TOT ; conep)f(11T · --ra!OKe ·. c6oP.KY 
nonynpOB011HI1KOBhiX BCHTifJICH VDI+VD4, 6aJIJJ3CTHhiH' pe:i'Hc1'op Rfi 11 3TaJIOHHbiH 
pe311crop R 3T. 

8o36y)f(lleHI1e o6MoroK WI 11 W2 TOT ocymecrBJIHercH HanpH)f(CHI1eM 
npHMOYfOJihHOH 11JII1 CI1HYCOI1,llaJihHOH <!JopMhl, Koropoe Bblpa6aTbiB3CTCH 

. reHeparopoM B036y)f(1ICHI1H fB. 0pi1HUI1n11aJihH3H CXCMa f8 HanpH)I(eHI1H 
npHMOYfOJihHOH <!JopMbLHp11BC.llCHa.B (2). _ . . 

.ll.JIH B036y)f(lleHI1H CI1HYCOI1,llaJibHhlM HanpH)f(CH11CM o6bi'IHO 11CnOJih3YIQr 
nepeMeHHOe HanpH)f(CHI1e 'I3CTOThl 50fu, nonBO.lli1MOC K COornercrBy!Qllli1M Bh!BO.ll3M 
TOT. or .. nropwmoii o6MOTKI1 cneU11aJibHoro rpaHc<!JopMaropa. OepnwmaH o6MorKa 
3Toro rpaHc<!JopMaropa no.llKJIIQ'IaercH K yqacrKy CI1JIOBOH cer11, KoropbiH 
Bbl611p3CTCH 113 YCJIOB11H MI1H11MaJihHbiX _ 11CK3)f(CHI1H 11 . Hecra611JihHOCTI1. 8 
o6cy)f(llaeMoM KoMnnekce · r-icn54iii1KOIJ ·' B036yiireHI1e TOT ocymecrBJIHercJI or 
cneUI1aJihHOH 06MOTKI1 CI1JIOBOro rpaHc<!Jop~aropa 6JIOKa lll1r3H11H,. BXO.llHlllCrD B 
cocran ycrpoiicrna' (iia· 6noK-i:xeMe imc.2 'l-ie 'iwKa3aH). · 3roi nap11aH:r' no:ioy)f(lleHI1H 
no'cra'ro'IHO qacro 11CrroJi63ye'fc5i Ha npaKiiH(e. . ' ., ... ' .. ,. .. .,. 

· · 06cy)f(llaeMhiH' y3e.'I ·.:TOT or.im4~ercH ' or. coornercrnyrom11x. y3non, 
np'11neneHHbiX B [2,6,7), -~aJI!1'IHCM nmloJI~I1.renh'HoH o6MOTKH ·.W ll:, BKJIIQqCfiHOH B 
---: :·· ·.- ... ·· ,l_.. . ., ;· .·. • 

BhiXO.llHYIQ uenb·TOT,nocJIC.llOBareJibHO C R,;.j.. ,llJIH ynpoweHI1H CXCMhl' H3 pi1C.5 

miKa3aH~; 'Iro o6MorKa W ~ BhmonHeHa c ·ornonaMI1. Ha ~aM oM -~ene oHa ~hmonHeH~ 
' • •. - ' ' ,: ' ' • . . • • r •: • . ' : ~ I • • 

B Bl1.llC HCCKOJihKI1X or,llCJihHhiX CCKU11H C pa3Hh1M 'II1CJIOM Bl1rKOB. Op11 3TOM nepBaH 
CCKU11H CO.llCp)f(11r J BI1TOK, BropaH - 2 BI1TK3, rpeTbH - 4 BHTKa, qernepraH - 8 

BI1TKOB, ... , n-aH - 2 11
-l -BI1rKOB. TaKoe I,!hinOJIHCHI1e. 06MOrKI1. W ll n03BOJIHCT 

BKJIIQ'Iarh nro6oe 411cJio imiKon 3roi1 o6MorKI1 B npenenax or 0 no 2" -I c waroM I 
BI1TOK 11 raKI1M . o6pa30M 113MeHHrb B HeKoropb!X npe,lleJiaX Ko3<lJ<lJ11U11eHT 
rpaHc<!JopMaUI111 TOT. · 

8 TOT 11cnoJih30BaHbi Bl1rhie ropol1.llaJibHhie JieHro'IHhie cep,lle'IHI1KI1 113 
nepMaJIJIOH, 11MCIOW11e CJie,llyiQUUie pa3Mepi.i: Hapy)f(Hb!H ,lll1aMerp n H =70MM; 

BHyrpeHH11H .lli13Merp n BH =50MM; BhiCOra. n= I 0MM. Ka)f(llblH cep,lle'IHI1K 33KJIIQ'IeH B 

JalllHTHbiH KapKac 113 nnacrMacchi. 06MorKI1 WI 11 W2 conep)f(aT no 972 BI1TKOB 
K3)f(113H 11 BhinOJIHeHbl npOBO,llOI\1 038-2 ,ll113MeTpOM 0,75MM (pacnpe,lleJieHbl 
paBHOMepHO no nepi1Merpy cep,llC'IHI1KOB). 06MOTK3 W 1\ BhinOJIHeHa TeM )f(e 

npOBO.llOM 11 11Meer 7 OT,lleJibHhiX ceKU11H C 'II1CJIOM Bl1rKOB J, 2, 4, 8, 16, 32 11 64. 
, I13Mepi1TeJibH3H 06MOrKa W 11 BhlnOJIHeHa B Bl1,lle O,llHOfO . npOXO,llHOfO BI1TKa 113 

MenHoii WI1Hbi Kpymoro ce'!eHI1H ,lll1aMerpoM 25MM. HanpH)f(eHI1e B036y)f(lleHI1H TOT 
-88 (neiicrnyromee 3Ha'IeH11e), 50fr.(. HoMI1HaJihHbiH 113MepHeMhiH TOK - IKA, 

flOrPCWHOCrh npeo6pa30B3HI1JI (OTHOCI1TeJibHOe 3Ha~eime) He npeBbiW3CT J0-3 • 

Ko1<P<P11ii11ei-lr rpaHc<!JopMaumi TOT MO)f(er peryn11poaarhcH np11 HaJia,llKe or 972 i:J.o 
1099. .• . . . 

11cro'IHI1K onopHOro HanpH)f(eHI1H (110H) BhinOJIHeH no ,llOCTarO'IHO 
11:inecrHoii' cxeM'e [8) 11 conep)f(11r (pwc.6) M11KpocxeMy DAI, cra611JI11TpoH, VOl 11 
pe311CTOphi Rl+R7. · Harpy3KOH 110H. HBJIHercH JJ.eJIHrenh R6, R7, np11 3TOM B 
Ka'Iecme R7 11cnoJih3yerca 20-o6oporHhiH ren11nor, c' Koroporo 11 cHI1MaercH 
perynupyeMoe onopHoe HanpH)f(eHne U 011 • OyreM noJJ.6opa np11 HaJia,llKe 
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cra6HJII133TOpa K03<lJ<lJnul1eHTa :rpaHc<!JopM3UI1,11,, a T3101\e HOMIIHaJIOB,_ pe311CTOpOB 
R n 1-i R6 MO)f(HO ycraHonwrh ~Ha'IeHIIe, .n;eJreHIIH wruhi :r~niirrora R7 ~ Mai<cuwmhHo . . 
yno6Hoe .llJIWBocnpHHTI1H oneparopoM. 
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'i. 

P11c.1. YnpomeHHaH 6noK:cxeMa <lJIIJihT{ia JJ.JIH noJJ.aBJieHIIH nynhcauiiii: 
BhinpHMJieHHOro HanpiDKCHIIH 

Ha p11c.1 npeJJ.craBJieHa ynpomeHHaH 6noK-cxeMa <Plilihrpa 4.3 JJ.JIH noJJ.aBJieHI1H 
nyJihCai.(HH BhinpJIMJICHHOfO HanpiDKeHI15.!. Cl>IIJibrP :4.3 npeJJ.CT3BJIHeT co6oi1: 
coqeraHI1e nacciiBHoro (JJ.pocceJih L) II aKTI1BHoro $IIJihrpoa [9). AKTIIBHhiR $IIJihrp 
COJJ.CP)f(liT : l10 - IICTo'IimK: niiraHHH nocroHHHoro HanpiDKeHHH, YC .- yciumreJih, 
TP - rpaH311CTOpHhiH perynHTop, R - orpaHII'II1TeJihHhlli peJncrop, Cl II C2 -
KoppeKT11pyrom11e KOHJJ.eHcinophi, S - KOMMyrarop. KpoMe roro, B aKTIIBHhili <lJIIJihrp 
BXO,lli1T raK)f(e JJ.ariiiiK nyJihC3UI1H 6, He BKJIIQ'leHHhiR B. COCTaB 6JIOKa 4.3. 
KoMMyrarop S o6ecneqnnaer noJJ.KJIIQ'IeHIIe IICTO'IHI1Ka lUI B ciiJIOBYIQ uenh 
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Tj)aH3HCTOpHoro perymiTopaTP llpH HH3KHX HanplDKeHH.HX (~em!e -58) Ha Harpy3Ke 
7 .llJI.H coxpaHeHH.H pa6oTocnoco6Hocm aKTHBHoro <iJWih'fPa. · · 

BapHaHThi · npHHUHnHaJihHbiX cxeM yJJIOB 4.3, 4.4 · H 4.5 pa3pa6oTaHbi; 
coorneTCTBeHHO HJroToBJieHbi 3TH YJJihi; KoMnneKc HCTO'IHHKoB, conep)((aiU11H 
HCTO'IHHKH Ha HOMHHaJihHbie TOKH IOOA, 300A H 600A (cooTBeTCTBeHHO Ha 
HOMI1HMhHble Hanp.H)((eHH.H lOB, .158 H 258), sseneH B neiicrs11e; Beni1'111Hhi 

HeCTa6HJihHOCTH TOK~ H ero nyJibCaUHH COCTaBJI.HIOT MeHbiiie '!eM 10-J. 8 npouec~e 
OllbiTHOH 3KCnnYaTaQHH KOMnJieKCa 6YJlYT Bbi.HBJieHbl JlOCTOI1HCTBa 11 HeJlOCTaTKI1 
paJJIH'IHhiX BapliaHTOB BhlllOJIHeHH.H. YJJIOB 4.3+4.5, llOJiyqeHhi.I1X xapaKTepi1CTHKI1 B 
pe)((lfMe .llJIHTeJILHoii pa6oTLI (Hane)((HOCTh, noMexoycroi1'111BOCTh H np.). BLI6paHHLie 

.. TeXHH'IecKHe peiiieHH.H llO 3THM yJJiaM npeJlllOJiaraen:a ony6JII1KOBaTb llOCJie 
• u . J . 

JasepiiieHH.H OllhiTHOH 3KCnJiyaTaUH11. 
ABTopbl Bhlpa)((aiOT 6naronapHOCTh r.TI.JiemeHKO Ja nOMOIUh npl1 nonroTOBKe 

MaTep11aJIOB K ne'lam. 
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