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ITonyrrpoBOLlHIIKOBb!e Bb!IlpSIMIITenII C LlIICKpeTHb!M perynIIpoBaHIIeM Bbl -

IlpSIMneHHOI'O HarrpmKeHIISI HaXOLlSIT IIpIIMeHeHIIe B rrpeuII3IIOHHbIX CIICTeMax CTa-

5IInII3aUIIII TOKa ( HarrpmKeHIISI). Bb!IIOnHeHHb!X no cxeMe LlBOHHOI'O perynIIpo

BaHIISI /ti' a TaK)Ke B rronyrrpoBOLlHIIKOBblX Bb!IlpSIMHTenSix C KOM5IIHHpoBaH

HbIM perynIIpOBaHIIeM / 2/. 

B pa5oTe / 1/ o5Cy)KLlaeTCSI 0LlHOqJa3Hblll Bb!IIpSIMHTenh ·c JlIICKpeTHb!M 

perynIIpoBaHHeM Bb!IIp.lIMneHHOI'O HaIIpSI)K9HII.lt, IIOCTpoeHHbIM Ha 5aae TpaHC

q>opMaTopHO-TIIpIICTOPHOI'O perynSITOpa rrepeMeHHOI'O TOKa, rrpeanO)K9HHOI'O B/S/. 

3TOT perynSITOP o5ecrreqIIBaeT LlIICKpeTHOe H3M9H9HIIe rrepeMeHHOI'O HarrpSI)Ke

HHSI Ha Bxoae Bb!IIpSIMIITenhHOI'O MOCTa rryTeM KOMMyTau:nfi o5MOTOK CIInOBOI'O 

TpaHcq>opMaTopa, ocymecTBnSieMb!X C IIOMOmhlO THpIICTOpHb!X rrepeKn10qaTenefi 

rrepeMeHHOI'O TOKa, nocTOIIHCTBaMII TaKOI'O BapIIaHTa TpaHcq>opMaTopHO-TIIpnc

TOpHOI'O perynSITOpa SIBnSIIOTCSI Bb!COKoe 3HaqeHIIe K,II,Ll, II K09Qlq>IIUII9HTa Mom-

HOCTII cos cp , a TaK)Ke H93HaqIITenhHb!9 IICKa)KeHIISI q>opMbl HaIIpSI)KeHHSI H 

TOKa Ha Bb!XO)le perynSITOpa. 

PaccMaTpHBaeMOMy ycTpOHCTBy rrpHcymH cneJlylOmHe H0JlOCT8TKH: 

a) Tpe5yeTCSI 5onhlli09 Kon:nqeCTBO yrrpaBnSieMb!X BeHTIInefi, 5) IIMeeTCSI BO3~ 

MO)KHOCTh KOpOTKIIX 3aMb!KaHHll o5MOTOK qepea TIIpIICTOpb! rrpn HeHcrrpaBHO

CT.IIX B cxeMe yrrpaBneHHSI, 

8 HaCTOSimeil: cTaTbe OIIIICb!BalOTCSI 0LlHOq>a3Hblll II Tpexq>a3Hblll Bb!IIpSIMII

TenII C LlllCKp9THb!M pe!'ynIIpOBaHIIeM BbIXOLlHOI'O HaIIpSI)K9HIISI. 8 rrpeanaraeMb!X 

ycTpOHCTBax IICKn10qeHa BO3MO)KHOCTh 3aKopaqIIBaHIISI o5jv!OTOK cnnOBOI'O T~_aHc-
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cpopMaTopa qepe3 THpllCTDpI.Ib!e rrepeKmoqaTenH, yMeHbllJeH0 K0nHqeCTB0 yrrpaB

mieMb!X BeHTnneii, OrrncaHHbJe ycTpOHCTBa, KpoMe yrr0MHHYT0I'0 BbI!Ile rrpHMe

HeHHH, MoryT 6b!Tb HCII0nb30B8Hbl KaK HeCTa6HnH3HpoBaHHble JlHCKpeTH0 pery

nnpyeMwe llCToqHllKll II0CT0HHH0I'0 T0Ka JlnH llllTaHHH IIOTpe6nTenefi cpenHefi 

n 6onblllOfi M0ll!H0CTH, 

CxeMa OJlHOcpa3HOI'O rronyrrp0B0JlHllK0B0I'0 BblllpHMHTeng C JlllCKpeTHblM pe

rynnpoBaHneM Bb!llpHMneHnoro HarrpH*eHnH rrp:rrBeneHa Ha pnc, 1, C:rrnoBoii 

TpaHccpopMaTop Bb!llpHMHTenH nMeeT n BTopnqHhlX o6MOTOK, rrpoHyMepoBaH-

Hb!X uncppaMll 1, 2. • • n • B uerrn Ka)K)lOfi o6MOTKll llMeeTCH TllpllCT0pHblH 

rrepeKmoqaTenb rrepeMeHH0I'0 T0Ka ( TIT) ll Bb1IIp51MllTenbHblfi M0CT ( 8); 9TH 

aneMeHTb! BMeCTe C o6MOTKOfi 06pasy10T Bb!IIpHMHTenbHYIO ceKUHIO, TnpncTop

HblH 11epeKn10qaTenb Bb!II0nHeH no cxeMe BCTpeqHo-rrapannenbHoro coeJlHHeHHH 

TllpHCT0p0B ll cny)l(llT JlmI II0.llKn10qeHll5l o6MOTKH K Bb!llpHMHTenbH0My M0CTy. 

Bee BblllpHMHTenbHbie M0CTbl coe)lHHeHbl rrocne.ll0BaTenbH0, 

O6MOTKll CHn0B0I'0 TpaHCqJOpMaTopa Bhlll0nHH!OTCH TaKllM o6pasoM,qTo6hl 

Harrpg)Kemie Ha 38)1(llM8X ,rrepBofi BTopnqHofi o6MOTKH u l 6bmo paBH0 E2 +us, 

Ha 3a)KHMax BTopoii - U2 = 2 E 2 + Us , Ha sa)KHMax n -ofi o6MOTKH - Un 
n-1 

= 2 E 2+ Us, 3.lleCb E2 - .lleficTBy10mee 3HaqeHne aarrpH)KeHRH rrepBofi 

BT0pnqHofi o6MOTKll rrpn llCII0nb30BaHllll 11epeKn10qaTeng 6e3 II0Tepb, 3HaqeHHe 

E 2 orrpe.llenHeTcH ns cooTH0!IleHnH E 2 = 1, 11 Ed (.llnH HH.llYKTHBHo-aKTHB-

Hoil: Harpy3Kll llpH H)leanbH0M Bb!llpHMHTene ) Ed - Tpe6yeMa5l Bennqnna llla

ra ( CTyneHbKH) Bb!llpHMneHH0I'0 Harrpg)KeHllH rrpn .llllCKpeTH0M ll3MeHeHHn; Us -

)leficTBy10111ee sHaqeHne rra.lleHHH Harrpg*eHng Ha TnpncTopHPM rrepeKn10qaTene, 

PaccMOTpeHHb!H BapnaHT pacrrpe)leneHHH Hallpg)l(eHHH rro o6MOTKaM HBnH

eTCH caMb!M llp0CTbIM ( HO He e)lllHCTBeHHb!M) I 06ecrreqnBa10111HM paBH0MepHoe 

ll3MeHeHne Bb!X0.llH0I'0 narrpg)KeHHH, 

ITpn rro.llKn10qeHHH rrnTa10111eil: ceTn K rrepBnqHoil: o6MoTKe cnnoBoro ~paHc

cpopMaTopa HarrpH)KeH:rre Ha Bb!X0)le BblllpHMHTeng u d 6y)leT pai:iaa Hyn10, 

ecnn 0TcyTCTByeT 0TIIHpa10111ee HarrpH)KeHne Ha yrrpaBnH!OlllllX aneKTpo)laX Tll

pllCT0P0B, ITpn II0)laqe 0Tllllpa10111ero Harrpg)KeHll5l Ha yrrpaBm110111ne aneKTp0.llbl 

TllpllCT0p0B rrepeKn10qaTeng TIT 1, o6MOTKa 1 OKa)l(eTC:51 !10.llKnJOqeHH0il: K Bb!llpH

MHTenbH0MY M0CTy B 1. Ha Bb!X0)le M0CTa B 1 1105lBllTC5l rrynbCHpy10111ee narrpH

)l(eHne, K0T0poe qepe3 rrocne.ll0BaTenhH0 coe)lllHeHHb!e BeHTllnH M0CT0B B2, ••• 
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PHc. 1. CxeMa onHo<paaHoro nonynpoBonHHK0B0ro Bb!IlpSIMHTem1 C i:tHCKpeTHbIM 
perynHp0B8HHeM Bb!IlPSIMneHH0ro HanpmKeHHSI. 
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B n 6yaeT rrpnnO)K9HO IS, HarpysKe, TaK KaK Bee BeHTHnn IIO OTHOllI9HHIO K 

8TOMY HaIIpSI)K9HHIO BKnIOtJ9Hbl B IIpS!MOM l rrpoBOllSIUieM} HarrpaBneHHH. b cnn 

ansi IIpOCTOTbl C'IHTaTb I BeHTHnll naeanbHbIMH, TO IIOCTOSIHHaSI COCTaBJIS!IOlllaSI 

BbIXOllHOI'O HaIIpH)K9HHSI BblIIpS!MHTensi u d 6yaeT paBHa Ed 

ITpn rroaaqe OTIIHpa10mero HaIIpS!)K9HHH T01IbKO Ha yrrpaBJIHIOUille aneKTpo

llbl THpHCTOpOB rrepeKnIO'laTensi TIT2 K BblIIpS!MHTenbHOMy MOCTY B2 6yaeT 

II01lKn10tJeHa o6MOTKa 2 H BbIXOllHOe HaIIpS!)K9HHe BblIIpS!MHTensi u d 6yaeT 

paBHO 2 Ed ( rro. H3nO)K9HHbIM Bbillle coo6pa)KeHHSIM). 

ITpn OllHOBpeMeHHOll rroaaqe OTIIHpa10Uiero HaIIpSI)K9HHS! Ha yrrpaBJIHIOlllHe 

:aneKTpOllbI TnpncTopoB rrepeKn10qaTenefi TIT 1 n TIT2 U d = 3 Ed H T.ll. 

KonnqecTBO BK1IIO'l0HHbIX o6MOTOK H oqepellHOCTb rrepeK1II0'19Hll£! 3allBIOT

C£! cxeMOii yrrpaBneHllSI, KOTopasi Bbipa6aTbIBaeT KOMBHllbl ll1ISI aBTOMBTH'leCKoro 

IIOllll9p)K8HHSI Tpe6yeMOI'O OTHOllI9HHSI M9)KllY u d H u on ( orropHbIM HaIIp£!

)K9HHeM), 

llnsi IIHT8lUHl. IIOTpe6nTenefi 601IbllIOll MOlllHOCTH uenecoo6pa3HO ncnonb-

30BaTb Tpexcpa3Hblll BapnaHT BbIIIpS!MHT91ISI C llHCKpeTHblM perynnpoBaHneM, 

yrrpomeHHasi 'cxeMa KOToporo rrpeacTaBneHa Ha pnc, 2. CnnoBofi Tpexcpa3Hhrfi 

TpaHcc!JopMaTOp ycTaHOBKH coaep)KHT n KOMIIJieKTOB BTOpH'IHbIX o6MOTOK, KO

TOpb!e c IIOMOlllb!O THpHCTOpHbIX rrepeKnIO'laTenefi nepeMeHHOI'O TOKa MOI'YT 6b!Tb 

IIOllKnIO'l9Hbl K Bb!IIpS!MllTenbHb!M MOCTaM B pasnH'IHbIX KOM6HHBUHSIX, o6ecne

'IHBaSI TeM caMbIM H3MeHeHHe HanpSI)K9HHSI Ha BbIXOlle Bb!IIpS!MHTensi. KonnqecTBO 

MOCTOB paBHO KonnqeCTBy KOMIIneKTOB BTOpH'IHblX o6MOTOK, MOCTbl coearrneHbl 

apyr c apyroM rrocneaoBaTenbHO n cornacuo. nnsi ocymecTBnemrn KOMMyTaunfi 

Heo6XOllHMO HMeTb n 

TOKa. 

Tpexcpa3HbIX THpHCTOpHbIX nepeK1IIO'l8Tenefi nepeMeHHOI'O 

Ka)KJ:lblll KOMIIneKT BTOpH'IHblX o6MOTOK COCTOHT H3 Tpex OJ:lHHaKOBb!X 

o6MOTOK, npHHaane)Kamnx COOTBeTCTBeHHO cpasaM A,B,C. 06MOTKH KOMrrneKTa 

MOI'YT 6hITb coeanHeHbl saesaofi H1IH TpeyronbHHKOM ( Ha pnc. 2 IIOK83BHO 1IHIIIb 

C091lHH8HH8 3B93J:lOfi) • nnsi rronytJeHHSI OJ:lHHaKOBbIX no BenH'IHHe CTyrreneK BO 

BC8M ananasoHe perynHpOBaHHSI Heo6xo11HMO, 'IT06bI HaIIpSI)K8HH8 Ha 38)KHMBX 

Ka)KllOH o6MOTKH nepBOI'O KOMII1I8KTa ( cpa3HOe HallpS!)K8HHe) u 1 <p 6binO paBHO 

E2cp + u., HaIIpSI)K8HHe Ha 38)KHM8X o6MOTOK BToporo KOMIIneKTa U2cp 

= 2 E2 4> + us ' HanpSI)K8HH8 Ha 3a)KHMax o6MOTOK n - ro KOMnneKTa 
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Un 
n-1 

=2 E zji+ Us • 3.oec1? E 2qi - .oeii:cTByromee 3H8'1:0Hlle HaIIpSI)K0HllH Ha 

38)KllM8X BTOpilllHOH DOMOTKll rrepBoro KOMIIneKTa IIplI llerronh30B8Hllll ll.Oeanh

Hb!X rrepeKmo'l:aTeneii: _t5es' IIOT9ph, 3H8'19Hll9 E 2q> orrpe.oem1eTeS1 eooTIIOIII9HII9M 

E ap = B Ed , r.oe f d - Tpet5yeMaH Benll'lllHa 11Iara ( eTyII9HhKll) Bb!IIpHM-

neHHOro H8IIpH)K9HIIH rrpll ero .011eKpeTHOM perynnpDB8HllII, B - K09qlqlIIUil9HT 

Bb!IIpHMneHHDro HaIIpS!)K9HllH; Us - .oeii:CTByromee 3H8'19Hll9 .rra.oeHllH H8IIpH-

)K9HIIH Ha TllpIIeTOpHOM rrepeKnro'l:aTene, IIpllB9.09HH09 K BTOPll'IHOH OOMOTKe. 

Tpexq>a3Hb!9 TIIplleTDpHb!9 rrepeKnroqaTenll rrepeMeHHoro TOKa, IIpllM9HH9-

Mbl9 B ycT8HOBK9 (pile. 2), MoryT Ob!Th BbIIIDnHeHhl no pa3nII'l:HbIM exeMaM. 

HecKOnbKO BapnaHTOB cxeM TaKilX rrepeKnro11aTeneii: paCCMOTpeHO B /4/. 

B eeKUllHX yeTaHOBKll p11e. 2 ueneeoot5pa3HO llerronh30BaTb. 9KDHOMll'l:HbI9 

Tpexq>a3Hbl9 TllplleTOpHbl9 rrepeKnro'l:aTenll, BbIIIOnHeHHb!9 Ha Tpex TllplleTopax. 

ITpn 9TOM, 0.0HaKo, ene.oyeT Y'lllTbIBaTb ynenll'l:9HII9 rrynheauIIii: BblIIPHMneHHD

ro narrpH)KeHIIH sa c11eT acllMMeTp~II TaKnx rrepeKnro'l:aTeneii:. Bcne.ocTnne 

yKasaHHOft aellMM0TplIII B erreKTpe Bb!IIpHMneHHDrb HaIIpH)K9HllH, KpoMe rapMo

HllK e IIOpH.OKOBbIMII HOMepaMn, KpaTHbIMII IIIeeTII, Il.OHBnHIDTeSI rapMOHllKll C 

rropH.OKOBbIMII HOMepaMII, KpaTHbIMII TpeM. 

CxeMa eeKUIIll yeTaHOBKll e rrepeKnro'l:aTeneM na Tpex TllplleTopax IIOKa-

38Ha Ha pile. 3. Cpe.oHee 3Ha'l:eHIIe ToKa qepes nrot5oii: TIIplleTop rrepeKnro'l:a

TenH I a = 0,5 ,.d , arrnIITy.oa ToKa 'a ma,F Id (rrpll llH.OyKTllBHOH Ha -

rpysKe); s.oecb I d IIOCTOHHH8SI COCTaBnsIIOIUBH Bb!IIpSIMnennoro TOKa. 

PaeeMoTpeHHh!e BblIIpS!MllTenhHb!9 yeTpoii:eTB8 ot5ecrre'lllBaroT CTyrrenqa

Toe perynIIpOB8HII9 Bb!IIpHMneHHOro HaIIpS!)K9HIIH OT HynH .00 MaKellManhHoro 
II 

3H8110HIIH u d max , paBHoro ( 2 - 1) Ed • ITpn 6onbllIIIX 3H8'10HIIS!X 

DTHOIII9HIIH LJd max/ Ed Bb!IIpHMllTenbHbl9 YCTpoii:eTBa T8KDrD TllIIa IIM9IDT 

t5onhllI00 KOnII'l:9eTBO ceKUIIH, 'ITO HBnHeTeH IIX cymecTB9HHbIM He.ooeTaTKOM. 

B YK838HHOM cnyqae uenecoot5pa3HD IIpIIMeHHTb BblIIpHMIIT9nhHbI9 yeT8HOBKII 

.OllCKpeTHoro .oeii:CTBIIH e KOMOllHllPOB8HHb!M perynIIpOB8HII0M. 
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A 

PHC, 3, CxeMa ceKUHH Tpexcpa3Horo BbinpS!MHTem1 C 9K0H0MlftlHbIM nepeKmo
qaTeneM Ha Tpex THpHcTopax. 
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