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CucTeMa BbiCOKoeonbTHoro nuTaHHSI aneKTpocTaTuqecKoro 

ne<jlaeK rop a 

PaceM a TpueaeTCSI cucreMa BbiCoKoeonhTIIOro nuTaHHSI aneKTpocraTH

qecKoro ne<jJ.IeKTopa uuKnorpona Y-120M, oTJlH'lHTenbHOll oco6eunocTbiO 

KOTOpOll SIBJlSeTCSI B03MOlKIIOCTb rny6oKOrO H UJl8BHOrO (90%) perynHpOBSHHS 

BbinpSIMfleHHOrO HanpSIJKeHIISI Upll COXpaHeHHH BbiCOKOll ero CTa611JlhHOCTH, 

llnSI Ull TSIIHSI yMHOlKIITeflhiiOll KOJlOHIIbl, co6paHHOil DO OllHOTSKTHOll 

cxeMe na Manora6apu THhiX BbmpHMIITenhHbiX cron6ax 2111 06f 11 Konnenca

ropax KJ5-4, IICI!Oflb3YIOTCSI TpaH311CTOp!Iblll npeo6paaoearenb H UOBblWS!OlllHil 

Tp8HC¢opM8TOp opurHH8JlbHOll KOHCTpyKUHH H8 pa30MKHYTOM <jleppHTOBOM 

cepJle'lHUKe, llnH UODbiWCHIISI K03<jlci>HUHeHT8 Tp8HC<jJOpM8UHH H UOJly'leHIIH 

R8UpS1lKeHHSI CHHYCOIIJl8JlbHOli <jlopMbl 'l8CTOT8 IIpeo6pa30D8TenH Bbl6paH8 

p8BHOI\ '18CTOTe UOCnellOB8TeJlhHOrO pe30H8HC8 HHilYKTHBHOCTH pacCeSIHHSI 

rpauc<jlopMaTopa c exonnoll eMKOCThiO KonoHHbi, CucTeMa cra6unuaauuu, 

COCTOSI!llSH 1!3 llBYX KOJlelt o6paTHOll CBSI3H, U03BOJlHJl8 COBMCCTHTh r:ty6o

KYIO nnaeHyK> perym1poaKy BbiDpHMnennoro nanpHJKeHIIH H ero cTa6unuaaUHIO 

C Bb!COKOil TO'liiOCThiO. 

Pa6oTa Bhmonnena e lla6oparopuH HnepHLIX npo6neM OHHH. 

npenpHHT 06bellHHeHHOrO HHCTKTyTa SIJlCpHblX HCC.'leAOB8HHil, lly6Ha 1978 

J~kkuratov V.A, et al. P9 - 11344 

High Voltage Supply System for Electrostatic Deflector 

A system of high voltage supply of the electrostatic deflector 
of the U-120M cyclotron is considered. Its characteristic feature 
is a possibility of precisely regulation of the voltage in wide li
mits (90 percent) by saving its high stability, As a primary supply 
for 1·ectifier a transistor convertor and transformer with discon
nected ferrite core was used. For increasing secondary voltage 
on the transformer a series resonance of dissipation inductivity 
with a capacity of rectifier was used, The stabilization system 
with two circles of feedback provided a possibility of deep and 
precise voltage regulation. 

The investigation has been performed at the Laboratory 
of Kuclear Problems, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06be.QHHeHHbl/l HHC'I'HTy'l' R.QepHbiX HCCnellOBBHHil Jly6H8 

B UHKnH'IeCKHX ycKopHTemlx HaH6onLWaJI 3cWleKTHBHOCTL 

BLIBO,IJ.a yCKOpeHHLIX 'laCTHU ,IJ.OCTHraeTCJI B TOM cnyqae, 

KOr,IJ.a B Ka'leCTBe ronOBHOrO 3neMeHTa BLIBO,IJ.HOB CHCTeMLI 

HCDOnL3yeTCJI 3neKTpOCTaTH'IeCKHB ,IJ.e4JneKTOp. 3TO H o6yc

nOBHnO HX WHpOKOe DpHMeHeHHe Ill. 

CHCTeMa BLICOKOBOnLTHOrO DHTaHHJI ,IJ.e4JneKTOpa ,IJ.OIDKHa 

o6ecne'IHBaTL HanpJI>KeHHe .IJ.O 100 KB np& MaKCHManLHOM 

TOKe nopJI,IJ.Ka 1 MA. KpoMe Toro, ,IJ.nJI nony'leHHJI BLICOKoro 

Ka'leCTBa BLIBe,IJ.eHHOrO DY'IKa 'laCTHU He06XO,IJ.HMO CTa6HnH-

3HpOBaTL BLICOKOe HaDp.II>KeHHe H HMeTL ManLIB ypoBeHL 

nynLcan&ii. 

Ba>KHoii oco6eHHOCTLID JIBn.lleTCJI TaK>Ke TOT 4JaKT, 'ITO 

ManLiii ypoBeHL nynLcan&ii >KenaTenLHO o6ecne'IHBaTL np& 

Manoii 3anaceHHOii 3HeprHH /ManLix eMKOCTJIX BLinpJIMH

Ten.ll/, C TeM 'IT06LI npH Dp060JIX He DpOHCXO,IJ.HnO pa3py

WeHHJI 3neMeHTOB .IJ.e4JneKTOpa. )l(enaTenLHO TaK>Ke, 'IT06LI 

ra6apHTLI 6LinH DO B03MO>KHOCTH MeHLWHMH. 

)J;nJI Y.IJ.OBneTBOpeHHJI yKa3aHHLIM Tpe60BaHHJIM B Ka

'leCTBe BLICOKOBOnLTHLIX BLIDp.IIMHTeneii HCDOnL3yiDT yM

HO>KHTenLHLie KOnOHHLI, DHTaeMLie OT nonynpOBO,IJ.HHKOBLIX 

HnH naMnOBLIX npeo6pa3oBaTeneii 
121 . 

H3aecTHo, 'ITO ,IJ.n.ll yMeHLWeHHJI aMnnHTY.IJ.LI nynLcan&ii 

BLIDp.IIMneHHOrO HaDpJI>KeHHJI Heo6XO,IJ.HMO YMeHLWaTL 'IHCnO 

KaCKa,IJ.OB YMHO>KHTenLHOB KOnOHHLI HnH yaenH'IHBaTL qac

TOTY nepBH'IHoro Hanp.II>KeHHJI. B cnyqae naMnoaoro npe

o6pa3oBaTenJI /reHepaTopa/ nerKo MO>KeT 6LITL nony'leHo 

nepBH'IHoe HanpJI>KeH&e .IJ.OCTaTO'IHO BLICOKoii awnnHTY.IJ.LI 

H 'laCTOTLI, O,IJ.HaKO nonynpOBO,IJ.HHKOBLie BLIDPJIMHTenLHLie 

CTOn6LI BBH.IJ.Y HH3KOrO 'laCTOTHOrO DOTOnKa He D03BOnJIIDT 

HCDOnL30BaTL 'laCTOTHLie B03MO>KHOCTH naMDOBOB CXeMLI. 
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Hcnonb3osau&e lKe saxyyMHWX .u;uo.u;os npHBO.D;BT I< .u;onon
HBTenbHWM TeXHB'IeCI<BM Tpy.D;HOCTSM B yxy.u;maeT 3I<Cnnya
T&IJ;BOHHWe xapaxTepBCTBI<B. He.u;ocTaTI<OM naMnosoii: cxeMw 
SBn.ReTCS ee OTHOCBTenbHaJI CnOlKHOCTb, rpOM03.D;kOCTb B 
Manwii: KII,D;. 

llpBMeHseMwe TpaH3BcTopuwe npeo6pa3oBaTenu .u;ns 
noswweHBJI Kll,D; pa6oTaiOT B I<niO'IeBoM pelKBMe. Harpy3-
xoii: ssnseTcs noswwaiO~Bii TpauccllopMaTop, xax npasuno, 
Ha cllePPBTe, BTOpB'IH&JI OOMOTI<a I<OTOporo nBT&eT YMHO· 
lKBTen~>HYIO xonouuy. ,II;nJI noswweHBJI xo3cllcllB.u;BeHTa nepe
.D;&'IB B nony'leHB.R HanpJilKeHBJI CBHYCOB.D;&nbHOI cllopMW 
c .u;enbJO yMeHbweuus nyn~>ca.u;ul ucnonlt3yeTCJI napannen~o
uwi pe3oHa&c BHAYI<THBHocTB o6uoTI<H c napa3BTHol eM
I<OCTitiO B sxo.u;uoi eMI<OCTitiO xonouuw I puc. 1 a/. IlpB 3TOM 
M&kCBM&nltHWB k03cllcllB.u;BeHT nepe.D;&'IB TpauccllopMaTopa 

Um2/Uml""Kol::nRH /(Rin2 +RH), 

r.u;e n • W 2 /W l - OTHOWeHBe BBTI<OB OOMOTOI<, R H
conpoTBBneuue uarpy3I<B, R 1 - BHyTpeuuee conpoTBBneuue 
BCTO'IHBI<a /npu RH-+oo, K

01 
.... n /. HecMOTp.a ua npu-

HSTBe cne.u;uanltHWX Mep no yMeHitWeHBJO napa3BTHOH eM
kOCTB, 'I&CTOTY T&I<Oro pe30H&HCa BBB.D;y 3H&'IBTenltHOI 
uu.u;yxTBBHOCTB o6MoTI<B Tpy.u;uo c.u;enaTit .u;ocTaTo'IHO sw
coxoii:, oco6euuo npu lKenaHBB nony'IHTit 3H&'IBTen~ouwl 

k03cllcllBUBeHT nepe,u;a'IB. 3TO 3aTpy.D;H.ReT .D;OCTBlKeHBe He
OOXO.D;BMWX napaMeTpOB BWnp.RMneHHOrO Hanp.RlKeHB.R. 

H3BeCTHO, 'ITO H& BWCOI<BX 'I&CTOT&X B TpaHccllopM&To
pax ua6niO.u;aeTc.a BTopol - nocne.u;osaTen~ouwi /napa3BT
uwii!/ pe30H&HC napa3BTHOH eMI<OCTB B eMI<OCTB Harpy3I<B 
c BHAYI<TBBHOCTitiO pacce.auu.a I puc. 16/. Ko3cllcllB.u;BeHT 
nepe.u;aqu ua qacToTe 3TOrQ pe3oHauca K02 CB.R3aH c 
k03cllcllBUBeHTOM K01 COOTHOWeHBeM 

K 02,. K 0/dv'1-d 2/4, 

r.u;e d - senB'IBHa, o6paTua.a .u;o6poTHOCTB nocne.u;osaTenlt
uoro I<OHTypa Ri , L 8 , C2, eMI<OCTit I<oToporo 3awyHTBpo
aaua conpoTHBneuueM RH (npu R H .... oo , d,..l/Q,.,Ri/v'Lgl<;i/>· 

HcxyccTseuuo ysenB'IBBa.a BH.D;YI<TBBHOCTit pacce.auas 
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npB yMeHbWeHBB nap&3BTHOH eMI<OCTB nyTeM C03.D;&HBS 
TpauccllopMaTopa cne.u;uan~>uoii: I<OHCTPYI<.u;BB I puc. 1e/ B 
YMeHhW&S BHyTpeHHee conpOTBBneHBe BCTO~BI<anBT&BBS, 
'ITO neri<O .D;OCTBraeTCS B TpaH3BCTOpHWX CXeM&X, MO»ffiO 
c.u;enaTb d .u;ocTaTO'IHO uanw:w. Taxuu o6pa3ou, npu Tex 
lKe ra6apBTax TpauccllopMaTopa B coxpaueHBB CBHycoB,D;anb
uoii: cllopuw uanpSlKeuu.: npu pa6oTe uanocne.u;osaTen~ouou 
pe3ouauce cpa3y pewaJOTcs .u;se 3a.u;aqB: 

1. YsenuqusaeTc.a BTopuquoe uanp.:lKeHBe, 'ITO no3Bo
n.aeT yueHbWBTb xonuqecTBo xacxa.u;os B yuHOlKRTen~ouol 
xonouue. 

2. Bo3pacTaeT paooqas qacToTa. 3To, B cso10 oqe
pe.u;b, npBBO.D;BT I< yMeHbWeHBJO raoapBTOBI<OnOHHWByMeHit• 
weuBJO nyn~>ca.u;uii: swnpsuneuuoro uanp.:lKeHBS. 

.linoi<- CXeMa CBCTeMW BWCOI<OBOnbTHOrO nBT&HBS npe.u;
CT&Bneua ua puc. 2. 

Oco6euuocTbJO cucTeuw nuTauus 3neJCTpocTaTB'Iecxoro 
.u;ecllnei<TOpa B30XpOHHOrO IJ;BI<nOTpOHa Y -120M13; .D;n.R I<OTO
poro oc~ecTsneua uacTo.a~a.a pa3pa6oTxa, .asn.aeTcs ue
o6xo.D;BMOCTb 3Ha'IBTen~>Horo /10-:80 KB/ JI3Me~t..:HH• ua
npslKeuus ua.u;ecllnexTope,'ITO CB.R3aHo c ycxop~lideM pa3-
nB'IHwx 'laCTBIJ; B rny60I<BM perynupOBaHBeM kOHe'IHOI 
:mepruu. ,D;ns o6ecneqeuus T&I<ol r '3MO»ffiOCTB npu co
xpaueuuu BWCOI<BX TpeOOB&HBii: k CT&CiiJlbHOCTB BWnpJIM• 
neuuoro uanpslKeHBs /10-3 I cxeua perynuposauu.: B cTa-
6unB3a.u;uu swnonueua .u;syxxouTypuoii. Ilepswii: I<OHTYP sw
nonueu no cxeMe cTa6BnB3aTopa uanpSlKeuus c perynupYJO
~M Tp&H3BCTOPOM, .u;enBTeneM BWCOI<OBOnbTHOrO HanpJI• 
lKeHBs nocne yMHOlKBTenbuoii: xonouuw B ycunuTeneu no
CTosuuoro TOI<a YilT 1 . Bo BTopoii: I<OHTYP BXO.D;BT perynu
PYJO~ii TpaH3BCTop nepsoro I<OHTypa B perynupye:wwl 
TBpBcTopuwii: swnpsMBTem. c YIIT2 .IlpBH.u;Bnuanbuas cxe:wa 
Bcero BWCOI<OBOnbTHOrO BCTO'IHBI<a nBT&HBJI npBBe.D;eHa 
ua puc. 3,4. BwcoxosonbTHWii: TpauccllopMaTop npeo6pa3o
BaTens swnonueu ua He3&MI<HYTWX clleppBTOBWX cep.u;eq
HBI<ax M600 npsMoyron~>uoro ce'leHBJI. Ilepsu~a• o6-
MOTI<a BMeeT 10 BBTI<OB p.R.D;OBOH H&MOTI<B, BTOPB'IH&JI -
2000 BBTI<OB c xouycoo6pa3uoii uaMoTxol. Taxa.a uauoT
xa yMeHbWaeT napa3BTHYIO eMI<OCTb B ynpo~aeT B30nJI.u;BJO 
BWCOI<OBOnbTHOrO BWBO.D;a /puc. 16/. 
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TpaHc!IJopMa Top pacnonmKeH B Henocpe,ncTBeHHOH 6nH-
30CTH OT YMHO>KHTenbHOH KOnOHHbl H Ha paCCTOJIHHH 30 M 

oT npeo6pa3oBaTenJI. Pa6oqaJI qacToTa npeo6pa3oBaTenJI, 
onpe.nenJieMaJI L 8 u C2 ,paaHa f = 15·10 3 Tt~. Ilpu 3TOM 

C2 = 300 • l0- 12ct>. BTopH"'HaJI o6MOTKa BLmonHeHa npo
ao,noM d = 0,1 MM, ee conpoTHBneHHe r = 1030M, a 
3KBHBaneHTHOe conpoTHBneHHe xonocToro xo.na Harpy3KH 
npeo6pa3oaaTenJI 

2L2 
' w s R = 

2 
., 70 OM, 

~) r. n 
r.ne 

L ~---1-. 
s 2 c' w 2 

HanpJI>KeHue nHTaHHJI npeo6pa3oBaTenJI npHHJITO paBHblM 
En= 50 B, TOK xonocToro xo.na npeo6pa3oBaTenJI paBHJieT
CJI 0,7 A, a MaKCHManbHblH TOK npH TOKe Harpy3KH I H = 
= 1 MA cocTaBnJieT 

I H- IH • Ky • n = 2 A . 

r.ne K Y = 10 - K03cWIHn.HeHT yMHO>KeHHJI KonoHHbl. IlonHblH 
TOK, nOTpe6nJieMblH OT HCTO"'HHKa nHTaHHJI, C yqeTOM no· 
Tepb COCTaBnHeT I

11 
= 3A, a K03cWIHIJ.HeHT none 3HOrO ,neil· 

CTBHJI ycTaHOBKH npHfinH>KaeTCJI K 700/o. 
Ilpeo6pa30BaTenb HanpJI>KeHHJI BblnOnHeH no MOCTOBOH 

.cxeMe Ha TpaH3HCTopax KT-908A, pa6oTaJOUUIX B pe>KHMe 
HaCblll.{eHHJI. ,l],nJI B036y>K,IJ;eHHJI npeo6pa30BaTeJIJI HCnOnb· 
JyeTCJI TpexKacKa,nHblH ycHnHTenb c Ja,naJOIIJ.HM reHepaTo
poM·MynLTHBH6paTopoM. 

IlepBblH KOHTyp CTa6HnH3aiJ.HH BblnOnHeH Ha perynupyJO· 
meM TpaHJHCTope II-210A u ycunuTene nocTOJIHHoro TOKa 
YIIT-1 Ha MHKpocxeMe KlYT40lli. HanpJI>KeHHe o6paTHOH 
CBJI3H nOCTynaeT C ,nenHTenJI BblCOKOrO HanpJI>KeHHJI, KOTO • 
pbiH KOHCTPYKTHBHO pacnono>KeH B 6aKe KOnOHHbl. OnopHOe 
HanpJI>KeHHe no.naeTCJI OT .nuo.na ,ll,-818E qepe3 MHoroo6o
poTHbiH noTeHIJ.HOMeTp, JIBnJIIOIIJ.HHCJI O,IJ;HOBpeMeHHO perynJI· 
TopoM BbiXO.IJ;Horo BbiCOKOBOnbTHOro HanpJI>KeHHJI. Pery
nHPYIOll\HM 3neMeHTOM BTOpOrO KOHTypa CTa6HnH3aiJ.HH JIB· 
nJieTCJI THpHCTOpHbiH WeCTH!IJa3HbiH BblnpJIMHTenb, KOTOpbiH 
CTa6HnH3HpyeT HanpJI>KeHHe KOnneKTOp·3MHTTep TpaH3HC· 
Topa II- 210A H3 nepaoro KOHTypa cTa6unu3aiJ.HH. ,ll,nJI yn-
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paaneHHJI yrnoM OTKpblBaHHJI THpHCTOpOB B Ka>K,IJ;OH 4Ja3e 
npHHJITa aepTHKanLHaJI cxeMa c YIIT-2, BblnonHeHHblM Ha 
TpaH3HCTope Mil- 38A c KonneKTOpHoB: Harpy3KOH B au.ne 
TpaH3HCTOpHoro KnJO"la Mll251i, ynpaBnJieMoro HanpJI>Ke
HHeM COOTBeTCTBYJOIIJ.eH 4Ja3bl BblnpJIMHTenJI. HanpJI>KeHHe 
nunhl, CHHMaeMoe c eMKOCTH Harpy3KH KnJO"la, .nanLwe 
npeo6pa3yeTCJI B KOpOTKHe HMnynbCbl 3anycKa THpHCTOpOB. 
B HCTO"'HHKe npe,nycMoTpeHa 3neKTPOHHaJI cxeMa JaliJ.HTbl 
no MaKCHManbHOMY TOKy. KoHcTpyKTHBHO onucaHHaJI3neKT· 
pOHHaJI qaCTb HCTO"'HHKa pa3MeliJ.eHa B .IJ;BYX 6noKaX CTOHKH 

"BHWHJI" jpuc. 5/. 
YMHO>KHTenbHaJI KOnOHHa co6paHa no O,IJ;HOTaKTHOH cxe· 

Me. TaKoB: Bbl6op ,nHKTyeTCJI KOHCTPYKIJ.Heil BbiCOKoBonLT· 
HOrO TpaHc!IJopMaTOpa, HMeiOIIJ.ero O,IJ;HH BbiCOKOBOnbTHbiH 
BbiBO,IJ;, H >KenaHHeM HMeTb MaKCHManbHO KOMnaKTHYIO KOH" 
CTPYKIJ.HIO, T.K. B KOHKpeTHOM cnyqae ,IJ;nJI nHTaHHJI3neKTpo· 
CTaTH"leCKOrO ,ne!IJneKTopa IJ.HKnOTpOHa Y ·120M Tpe6yiOTCJI 
TpH OT,nenbHbiX BblCOKOBOnbTHbiX BblnpJIMHTenJI. 

KoHCTPYKIJ.HJI yMHO>KHTenLHOH I<onoHHbl noKa3aHa Ha 
pUC. 6. KonOHHa COCTOHT H3 nJITH I<aCKa,IJ;OB, co6paHHblX 
Ha 10 KOH,IJ;eHCaTopax Kl5·4 HOMHHanoM 2200 nfP Ka>K.IJ;blH, 
u Ha 20 .nuo.nax 2Ul06r, coe,nHHeHHblX nocne.noaaTenLHO 
no ,naa. B KaqecTBe Kopnyca ,nnJI yMHO>KHTenLHoB: I<onoHHbl 
HCnOnb3yeTCJI KOpnyc 'OT cepHHHO BblnycKaeMblX BblCOKO • 
aonLTHblX MacnoHanonHeHHblX KoH,neHcaTopoB HMH -110-
0,022, BHeWHee o!IJopMneHHe KOTOpblX paCC"'HTaHO ,nnJI pa6o· 
Tbl c HanpJI>KeHHeM nopJI,nKa 100 KB. 

Me>K,ny BblCOKOBOnbTHblM Bblxo.noM yMHO>KHTenLHOH Ko
noHHbl H BblCOKOBOnbTHblM BblBO,IJ;OM /I<pblWKa I<Opnyca/ 
nocne,noBaTenbHO BKnJO"leHO conpOTHBneHHe, COCTOJIIIJ.ee H3 
14 pe3HCTopoB BC-5 HOMHHanoM 680 KOM, coe,nuHeHHblX 
nocne.noaaTenLHO. BKnJO"leHue ,naHHoro conpoTuaneHHJI no-
3BOnJieT npe,noxpaHHTb 3neMeHTbl YMHO>KHTenbHOH KOnOHHbl 
B cnyqae npo6oeB BblCOKOBOnbTHoro I<a6enJI. 

B pa6oqux ycnoauJix Ha yci<opuTene Y-120M nonyqeHo 
nnaBHOe H3MeHeHHe HanpJI>KeHHJI Ha BblXO,IJ;e YMHO>KHTenL· 
HOB I<onoHHbl oT 10 .no 100 KB, ocymecTBn.KeMoe c noMoiQI>IO 
o,nHOH py"'KH MHoroo6opoTHoro noTeHn.HoMeTpa, npu eTa· 

6Hni>HOCTH He Xy>Ke 10-3 . 
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