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CTa6unH38TOp ITOCTOHHHOro TOK8 C Tp8H3HCTOpHbiM 

perynupytoiUHM 3neMeHTOM nepeMeHHoro TOKa 

13 - 12134 

OnucaHa cxeMa cra6unuaaropa nocroRHHoro TOKa c rpaH3HCTopHbiM 
perynupyromuM 3neMeHTOM nepeMeHHoro roKa. CxeMa npenHa3HalJeHa nnH 

CT86HnH38UHH 60nhWHX TOKOB npH HH3KOM HBITpR.>KeHHH Ha Harpy3Ke, HaiTpHMep 

B YCKOpHTeHbHOH T8XHHKe. npHB8.U8Hbl pacqeTHble COOTH0lll8HHH, ll03BOn~UOLUH8 
OUeHHTb YCTaHOBOqHyJO MOWHOCTb pei'yllHTOpa. npHBelleHbl TaK>Ke pe3yllbT8Tbl 
MaKeTHhiX ucnhiTBHHii cra6unuaaropa. Hecra6unbHOCTb roKa ne npeDbllllaer 

I· 10-
4 

(nnH OCKOBIIOI'o BapHanra). CxeMa cra6HilH38UHH o6ecne•mBaer LIBan
uaruKparHoe llOllBHneHHe nynbC£HIHH BblllpRMR8HHOrO Jl8I1p5VKeHHH. 

Pa6ora BbmonHeiia B fla6oparopHH HnepHbiX npo6neM Off fHI. 

Coo6menHe 06'bellHHennoro HHCTuryra HllepHbiX HCcneaoBaHHII. ily6na 1979 

Kalinichenko V.V., Komissarov A.G. 

Stabilized Direct Current Power Supply with 
Transistorized Alternating Current Regulator 

13 - 12134 

The stabilized D.C. power supply with a transistorized D.c. 
regulator is described. It is designed to stabilize a large load 
current when a low load voltage is required. The main application 
of the power supply is powering magnet elements of charged 
particle accelerators and of other equipments in nuclear physics 
laboratories. Equations for calculation of an available power of the 
regulator are given. Experimental results are given for a model 
of the power supply. It has a 1.0-4 current stability and 20 time 
attenuation of rectified voltage ripple. 

The investigation has been perfotmed at the Laboratory of 
Nuclear Problems, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 

e 1979 CJ6t.eQB/leBBbl/l BBCTIIfTI' llll8pBbl~ BCCRIIJIOaeU/1 ily6Be 

)J.JI.Il B036y)I(,D;eHHJI MarHHTHblX 3JieMeHTOB, HCIIOJib3yeMblX B liJH-

3HqeCKHX ycTaHOBKaX, qacTO Tpe6ylOTCJI CTa6HJIH3HpOBaHHble HCToq

HHKH IIOCTOJIHHHOrO TOKa Ha e,D;HHHUbl H.liH ,D;eCJITKH KHJIOaMIIep 

jrrpH 3TOM IIOTpe6JIJieMble H3 CeTH MOIUHOCTH 06biqHo ,ll;OCTHralOT 

HeCKOJlbKHX ,D;eCJITKOB HJIH COTeH KHJIOBaTT/. K CTa6HJibHOCTH 

TOKa H aenHqHHe ero IIYJibCaUHB rrpe.D;'bJIBJIJIIOTC.Il ,ll;OCTaToqHo )l(eCTKHe 

Tpe6oaaHHJI: ,ll;OIIYCTHMble 3HaqeHHJI HeCTa6HJibHOCTH TOKa H IIYJibca

UHH o6blqHo ne)l(aT a ,~~;uarra3oHe 10-3 
-'- 10-5 

YKa3aHHblM Tpe6oaaHHJIM B OTHOWeHHH CTa6HJibHOCTH TOKa 

H aeJIHqHHbl IIYJibCaUHB y,D;OBJieTBOpJieT KOMIIeHCaUHOHHblB CTa-

6HJIH3aTop C IIOCJie,D;OBaTeJibHblM TpaH3HCTOpHbiM peryJIHPYIOIUHM 

3JieMeHTOM, pa6oTalOIUHM a JIHHeHHOM pe)I(HMe/ 1.2 ,3/. TpaH3HCTop

HblH peryJIHPYIOIUHH 3JieMeHT, BKJIJoqeHHblH Herrocpe,D;CTBeHHO B uem, 

Harpy3KH, IIpH yKa3aHHblX TOKaX Harpy3KH ,ll;OJI)I(eH CO,D;ep)l(aTb 

OT O,ll;HOB ,11;0 HeCKOJlbKHX TblCJiq TpaH3HCTOpOB, pa6oTalOIUHX rrapan

JieJibHO. l:iOJibWOe KOJIHqecTBO CHJIOBblX TpaH3HCTOpOB CHH)I(aeT 

3KCIIJiyaTaUHOHHYIO Ha,D;e)I(HOCTb TaKOrO peryJIJITOpa, ero 3HepreTH

qeCKHe H aecora6apHTHble IIOKa3aTeJIH, IIOBblWaeT CIOHMOCTb ycT

pOHCTBa. 

BKJIIOqeHHe TpaH3HCTOpHoro peryJIHPYIOIUero 3JieMeHTa Ha rrep-

BHqHOH cTopoae rrpeo6pa3oBaTeJibHoro TpaHci!JopMaTopa, KaK 

IIOKa3blBalOT pacqeTbl, 1103BOJIJieT BO MHOrHX cnyqaJIX CyiUeCTBeHHO 

yMeHbWHTb KOJIHqeCTBO CHJIOBblX TpaH3HCTOpOB B perynHpylOIUeM 

3JieMeHTe. llo3TOMY rrpe,D;cTaBnJieTCJI uenecoo6pa3HblM rrpHMeHHTb 

CTa6HJIB3aTOpbl TOKa BMeHHO TaKoro THIIa ,ll;JIJI IIHTaHHJI 06MOTOK 

)l(eJie3Ho-ToKoaoro KaHana, HCIIOJib3yeMoro a I!Ja3oTpoHe c rrpocT

paHCTBeHHoii aapHauHeB: MarHHTHoro rron11. CTa6HJIH3aTopbl ,D;OJI)I(Hbl 

o6ecrreqHTb/ 4 ·5 i: 

a/ TOK 

6/ TOK 

12 B. 

B OCHOBHOB 06MOTKe - 11 

B KOppeKTBPYIOIUeB 06MOTKe 

KA, Harrp.ll)l(eHHe 12 B; 

3,1 KA, HarrpJI)I(eHae 
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0THOCHTenbHaJI HeCTafiHnbHOCTb H nynbCal{HH TOKa He .l{OIDKHbl 

COCTaBnJITb 6onee 10-3 ,I{nJI 060HX CTa6HnH3aTOpOB llpH CTaH.l{apT

HbiX 3Ha'leHHJIX HeCTa6HnbHOCTH llHTaiOilleH CeTH, H3MeHeHHJI TeMne

paTypbl oxna)I(,I{aiOilleB: BO.l{bl H TeMnepaTypbl oKpy)l(aiOilleB: cpe.l{bl. 

B npouecce pa3pa6oTKH BblnonHeHo MaKeTHpoaaHHe Bb16paHHoro 

THna cTa6HnH3aTopa TOKa. Ha pucyHKe npe.l{cTaaneHa ynpollleHHa.R 

npHHllHllBanbHa.R cxeMa MaKeTa cTa6HnH3aTopa. 

3neMeHTbl H3MepHTenbHOH 'laCTH CTa6BnH3aTopa /.l{aT'IHK TOKa

,L\T H ycBnHTenb CHrHana owH6KH - YCO/ BblnonHeHbl no cxeMaM, 

KOTOpble 06Cy)l(.l{anHCb B pa6oTaX 16 • 7 I. KOHTponb BenH'IHHbl HeCTa-

6HnbHOCTH TOKa B Harpy3Ke llpOH3BO.l{HnCJI C llOMOillbiO H3MepHTenJI 

HeCTa6HnbHOCTH TOKa IS/. 

B uenb BTOpH'IHblx o6MOTOK Tpex,Pa3HOro npeo6pa3oBaTenbHoro 

TpaHcfbopMaTopa Tp BKniO'ICH OCHOBHOH MOCTOBOH Bblllp.IIMHTenb 

B 1, K BbiXO,I{HbiM 3a)I(HMaM KOToporo 'lepe 3 KOMMYTHPYIOillHe H H3-

MepHTenbHble ycTpoB:cTaa no.l{coe.l{HHeHa Harpy3Ka Z 11 • llocne.l{oaa

TenbHO C nepBH'IHbiMH o6MOTKaMH npeo6pa30BaTenbHOrO TpaHcfbop

MaTopa Tp BKniO'IeHw nepBB'IHble o6MoTKB ,I{ononHHTenbHbiX TpaHc

,PopMaTopoa TpA, TpB, TpC. BTOPH'IHble o6MoTKH 3THX TpaHc,Pop

MaTopoB COe,I{HHeHbl 3Be3.!{0H H llO,I{KniO'IeHbl K 3a)I(HMaM nepeMeH

Ho.ro TOKa .l{OllOnHHTenbHOro MOCTOBOrO BblllpJIMHTenJI B2. BbiXO,I{ 

llOCTOJIHHOrO TOKa 3TOrO BblllpJIMHTenJI 'lepe3 TpaH3HCTOpHbiH perr· 

nHpYIOillBH 3neMeHT, KOMMyTal{HOHHble H H3MepHTenbHble ycTpOHCT

Ba TaK)I(e llO.l{COe.l{HHeH K Harpy3Ke ZII . ,L\OllOnHHTenbHble TpaHcfbop

MaTOpbl /TpA, TpB, TpC/, ,I{ononHHTenbHbiH BblllpJIMHTenb /B2/ 

H TpaH3HCTOpHb1H perynHPYIOillBH 3neMeHT /TP3/ o6pa3yiOT ycTpoB:

CTBO, KOTOpOe llpHHJITO Ha3biBaTb TpaH3HCTOpHbiM perynHPYIOillBM 

3neMeHTOM nepeMeHHOrO TOKa. Pe3ynbTHPYIOillHH TOK Harpy3KH 

paBeH CYMMe TOKOB OCHOBHOro H ,I{OflOnHHTenbHOrO BblllpJIMHTeneif. 

llpeo6pa30BaTenbHbiH TpaHcfbopMaTop HMeeT K034llbBllBeHT 

TpaHc,PopMallHH, paBHbiH - 48. TpaHc,PopMaTopbl TpA, TpB, TpC 

BblllOnHeHbl Ha TOpOH,I{anbHbiX cep.l{e'IHHKaX 83 CTanH, HMeiOillHX 

Ce'leHHe S CT =48 CM 
2

, K034llbBllBeHT TpaHC,PopMal{HH Bb16paH paB

HbiM 4 I W lg =80 BHTKOB, W 2g =20 BHTKOB/. B BblnpJIMHTenJix 

B1 H B2 Hcnonb3YIOTCJI aeHTHnH BB-200. BeHTBnH ocHOBHoro 

BblnpJIMHTenJI /B 1/ oxna)I(,I{aiOTCJI BO.l{OH. TpaH3HCTOPHbiH 

perynHpyrolllHB 3neMeHT TP3 awnonHeH Ha TpaH3HCTopax THna 

ll210lll B BH.D;e e,I{HHoro 6noKa c BO.l{JIHbiM oxna)l(,ll;eHHeM, cxeMa 

H KOHCTPYKUHJI KOTOporo KpaTKO o6Cy)l(.l{anHCb paHee191 . YcTpOHCT

Ba nepeKnro'leHHJI Ylll H Yll2 no3aon.RroT BKnro'laTb .l{aT'IHK ToKa 
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nH60 B uenb TOKa Harpy3KH Z 11 /npH nonO)I(eHHH nepeMbl'leK, llOKa-

3aHHOM cnnOWHOH >KHPHOH nHHHeB:/' nH6o B uenb TOKa TP3 /npH 

llOnO)I(eHHB nepeMbl'leK, llOKa3aHHOM llYHKTHpHOH nHHHeif/. 

B III06AUije npHBe,I{eHbl OCHOBHble ,I{aHHble, xapaKTepH3YIOillHe 

pa6oTy MaKeTa cTa6HnH3aTopa B pa6o'leM .l{Hana3oHe perynHpoaa

HHJI TOKa. 3.l{eCb u!<~l - na,I{eHHe HanpJI)I(eHHJI Ha TP3, u H • Ill -

HanpJI)I(eHHe H TOK Harpy3KH, I K - TOK, npoTeKaiOillHH 'lepe3 TP3, 

U mn - pa3Max nynbcauHB: HanpJI)I(eHHJI Ha Harpy3Ke. 

B nocne.l{HeM CTOn6ue TafinHUbl npHBe.l{eHbl napaMeTpbl YCTpOHCTBa 

B pe>KHMe KOpOTKOro 3aMbiKaHHJI perynHpYIOillero 3neMeHTa. B 3TOM 

pe>KHMe pa3Max nynhcauHii: cocTaanJieT - 1200 MB, a npH HopManb

HoB: pa6oTe TP3 - acero nHWb 60 MB. TaKHM o6pa3oM, TP3 

o6ecne'IHBaeT npHMepHo .l{Ba.l{uaTHKpaTHoe no.l{aaneHHe nynbcauHB: 

BblllpJIMneHHOrO HallpJI>KeHBJI. qTO KacaeTCJI BenH'IBHbl HeCTafiHnb

HOCTH TOKa Harpy3KH, TO ee 3Ha'leHHe llpH BKniO'IeHHH ,I{aT'IHKa 
-4; TOKa a uenb Harpy3KH He npeablwaeT 1 ·1 0 3a 7 qacoa/. 

AMllnHTy.l{a OCHOBHOH BOnHbl nonHoro nepBH'IHOrO TOKa ynpaBnJI· 

eMoro BblnpJIMHTenJI cornacHd 
101 

pasHa 

' . 2 ' ' 2 112 
I 1m=[(I8 km 1 cosa+ loam) + (IBkm 1sma+IJlm) J , 

r,I{e k - aMllnHTy.l{a nepBOH rapMOHHKH KOMMyTaUHOHHOH fbyHKUHH, 
ml 

k ml = sin ( rr / m ) I ( rr / m), m - nepHO.l{H'IHOCTb BblllpJIMHTenJI, 

loam H I Jl m - COOTBeTCTBeHHO aKTBBHaJI H peaKTHBHaJI COCTaBnJIIO· 

lllHe ToKa xonocToro xo.l{a TpaHc,PopMaTopa, i 11 - BblnpJIMneHHbiH 

TOK, a - yron OTKpbiBaHHJI. H3 npHBe.l{eHHOrO COOTHOWeHHJI cne
.l{yeT, 'ITO Me)I(,I{y nepBB'IHbiM H BblllpJIMneHHbiM TOKOM CYilleCTByeT 

.l{OCTaTO'IHO ")l(eCTKaJI" CBJI3b. Cne.l{OBaTenbHO, HMeeTCJI B03MO)I(· 

HOCTb BKniO'IHTb ,I{aT'IHK TOKa B nepBH'IHYIO l{eflb BblllpJIMHTen.R 

/Henocpe.l{CTBeHHO HnH 'lepe3 TpaHcfbopMHPYIOillHe YCTpOHCTBa/. 

3TO 06CTOJITenbCTBO fl03BOnJieT HCUOnb30BaTb B KOHType CTa6HnH-

3al{HH ,I{aT'IHKH Ha pafiO'IHe TOKH B COTHH aMnep /aMeCTO ,I{aT'IHKOB 

Ha pafiO'IHe TOKH B e,I{HHBilbl HnH ,I{eCJITKH KA/. 

BenH'IHHa .l{OnroapeMeHHOH HeCTa6HnbHOCTH TOKa Harpy3KH llpH 

BKnro'leHHB ,I{aT'IHKa B uenb TOKa TP3, H3MepeHHa.R Ha o6cy)l(,ll;ae

MOM MaKeTe CTa6HnH3aTopa, HMeeT llOpJI.l{OK 10-.3Cne,I{yeT ll0,!{" 

'lepKHYTb, 'ITO BCe CTOpOHbl BOnpoca 0 BKniO'IeHHH .l{aT'IHKa TOKa 

CHCTeMbl CTa6HnH3al{HH B nepBH'IHYIO uenb CTa6anH3BpOBaHHOrO 

npeo6pa30BaTenbHoro ycTpoB:cTaa Tpe6yroT TeopeTa'leCKoro H 3Kc

nepaMeHTanbHOro Hccne.l{oBaHBJI. 
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Ta6Aut~a 

UK'J ' B 15 20 25 30 35 40 0 

ull ' 
B 6,3 6 5,7 5,3 5 4,7 7' 1 

Ill ' 
A 427 407 384 367 348 325 483 

IK ' A 33,2 32 29,7 28 26,3 24,5 38,6 

Umn• B 70 60 60 60 60 60 1200 

81 

A 

c 

Ynpo~qeHHa.JI cxeMa MaKellfa c•a6uAu3allfopa noclllo.JIHHozo llfOKa 
C llfpaH3UCIIIOPHbiM pezyAUpyiOiqUM 3AeMeHIIfOM nepeMeHHOZO IIIOKO: 
Bl, B2 - ocHoeHoii u (}onoAHU,eAbHblii MOCIII06ble eblnPRMUIIIeAu, 
Tp - cuAoeoii lllpaHc¢opMallfop, TpA, TpB, TpC - (}onoAHUIIIeAbHble 
llfpaHc¢opMalllopbl, TP3 - •paH3uc•opHblii pezyAUPYIOIIIUii 3AeMeHIII, 
,[fT - (}allf'IUK •o~ea, YCO - ycUAu,eAb cuzHaAa OlllU6Ku, Z H - Ha
zpy3Ka, C <P - eMKOCIIIHblii ¢uAbflp, HHT - U3MepullfeAb Hec•a6uAIJ· 
Hoc•u •o~ea, Ylll, YH2 - ycrtpoiic•ea nepeKAIO'IeHU.JI. 
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Bb16pauHaJI CXeMa CTa6HJIH3aTOpa TOICa ll03BOJI.IIeT llOJIY'IHTb 

Tpe6yeMbiH llOPJI.II.OIC BeJIH'IHHbl HeCTa6HJibHOCTH H llYJibCaUHH H MO" 

:lKeT 6b1Tb npHMeHeHa B pa3pa6aTbiBaeMbiX CTa6HJIH3aTopaX .II.JlJI 

llHTaHHJI 06MOTOIC :lKeJie 3HO • TOICOBOrO ICaHaJia. 

llpuBe.ll.eM 3.11.eCb 6e3 BbiBO.II.a pac'leTHble COOTHOWeHHJI, C no· 

MOIUbiO ICOTOpbiX MO:lKHO OUeHHTb MOIUHOCTb, pacceusaeMyJO llOCJie· 

.II.OBaTeJibHbiM TpaH3HCTOpHbiM peryJIHPYIOIUHM JJieMeHTOM .II.JlJI .II.BYX 

HHTepeCYIOIUHX HaC BapHaHTOB BICJIJO'IeHHJI peryJIJITOpa, a HMeHHO: 

a/ TP3 BKJIJO'IeH uenocpe.II.CTBeuuo s uen~o nocTOJIHHoro TOICa 

uarpy3KH, 6/ TP3 BKJIJO'IeH ua nepBH'IHOH cTopoue npeo.6pa3osa

TeJibHoro ycTpoB:cTsa /no cxeMe TpaH3HCTopuoro perynupyJOIUero 

JJieMeHTa nepeMeHHOrO TOICa/. llpH OTCYTCTBHH 4JHJibTpa Ha BbiXO.II.e 

BblllpJIMHTeJIJI H npH 06bi'IHbiX H.ll.eaJIH3Hpy101UHX .II.OllylUeHHJIX, llpHHJI" 

TbiX B npeo6pa30BaTeJibHOH TeXHHICe, OTHOWeHHe MOIUHOCTH, pac· 

ceusaeMOH Ha llOCJie.II.OBa TeJibHOM peryJIJITOpe, IC MaiCCHMaJibHOB 

MOIUHOCTH, llOTpe6JIJieMOH Harpy3KOB, paBHO 

P /P =k(l+m-k), 
per 11 max 

r.11.e pllmax=UIImax" 1 Hmax k=lii/IHmax 1 11 • TOKBHar

PY3Ke~ U11 max , I H max - cooTBeTCTBeHHO MaiCCHMaJibHble 3Ha'leHHJI 

uanp.ll:lKeHHJI u ToKa uarpy3KH, m - ueiCoTopblii: napaMeTp. 3uaqe

uue m JasucHT OT cnoco6a BKJIJO'IeHHJI peryJIJITopa,u .II.JIJI aapuauTa 

uenocpe.II.CTBeHHoro BKJIJO'IeHHJI peryJI.IITopa B uenb nocTOJIHHoro 

TOKa uarpy3KH m=m 0 • 3.11.eCb 

m = ~~a + U K3 .!Iii£/~ U .!LillA!- ' 
o 1-k

11 
-a 

r.11.e UK3 HaC " Hallp.ll)l(eHHe HaCblll(eHHJI TpaH3HCTOpOB peryJIJI• 

TOpa, k
0 

• ICOJ4141HUHeHT llYJibCaUHH BblllpJIMJieHHOrO HanpJI)I(eHHJI, 

a • OTHOCHTeJibHaJI BeJIH'IHHa CHH)I(eHHJI HallpJI)I(eHBJI CeTH. 

)J.JI.R peaJIB30BaHHOrO B MaiCeTe BapBaHTa BKJIJO'IeHB.R peryJI.RTO" 

pam =m_, 3.11.eCb 

kn +a+ 
m --- ? K3 Hac _! C U HJ.ll~lt.-

1-k ..,. a 
n 
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r.D;e c =Ur/ng , n 11 - K03cWlHUHeHT Tpanc4lopMaUHH npeo6pa3o· 

Ba.TeJlbHOrO TpaHc41opMaTopa (n 11 = Wln /W 2!1), Ug • K03cWlHUH· 

eHT Tpauc41opMaUHH ,D;OHOJlHHTeJlbHOro Tpauc41opMaTopa (n =W
1 

/W ). 
g g 2g 

B 3axmoqeu&e aBTOpbl BblpaJKaJOT 6naro,D;apuocTb coTpy.D;HHKaM 

3.K.IiaTManoaoii, JI.H.Haauu&xoaoii, A.B.M&ueeay, X.<ll.CanaxaT

.D;HHOBY, HpHHHMaBWHM Y'laCTHe B H3rOTOBJleHHH Y3JIOB H C60pKe 
MaKeTa CTa6HJIH3aTopa. 
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