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AKKypaToe B.A. H Jlp, 9 - ll224 

HMrrynbCHOe ITHTBHHe CTeHJlB JlnH HCCneJlOBBHHH XapaKTepHCTHK 

HOHHOro HCTQqHHKB yCT8HOBKH ·~• 

0rrHCbiB8eTCg CHCTeMa HMrrynbCHOrO ITHTBHH\1 CTeHJl8 )lnH HCCne)lOB8HHH 

HOHHOrO HCTQqHHKa, CHCTBMB BKnmqaeT B ce611 QB8 MOWHNX MOJlynHTOpa

JlyrH H OTCOCa, C06p8HHb!X HB naMIT8X fM~l-326. 0penycMOTpP.H8 IUHpOK8H 

B03MO)KHOCTb perynHpoeaHHH rrapaMeTpoe HMnynbcoe. B CHCTeMe KOHTponH 

WHpOKO HCUOnb3ymTCH ITpeo6pa30B8TenH B BHJle UOHCB PoroDCKOrO C HHTerpa

TOp8MH, U03BOnHmWHe Ha6nmJl8Tb HMrrynbCbl B UenHx, HBXOJlllWHXCH UOJl noTeH 

UHBnOM OTCOCB 50 KB. 

Pa6oTa BbmonHeHa B na6opaTopHH HJlepH!.rX rrpo6neM, 

Coo6WBHHe 06bBJlHHBHHOrO HHCTHTyTa HUepHNX HCCneQOBBHH~. ily6Ha 1978 

Akkuratov V.A. et a I. 
9 - 11224 

Pulse Power Supplies System for· Studying Ion Sources 

The system of the pulse power supplies for studying ion so
urces is described, It consists of two pulse amplitude mcxiLtldtors 
for the arc current and the beam extraction. Vacuum tetrades are 
'tsed in modulators. A wide possibility is provided for varying puls0 
parameters. In the control system inductive pick-ups. with int<'grators 
for measuring pt~lses of the current under hi<Sh volt. .,~e there are 
used, 

The investigdtion hn.s been at the Lc.tboratory of '\luclcar· 
Problems, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© }(}78 06'be/1HHeHHbiit HHCTHTyT HJiepHb/X HCcneaOBBHBit /1y6Ha 

Tipo6neMa peKOHCTpyKU~~ C~HXpOU~KnOTpOHa na6opaTO

p~~ HJlepHbiX npo6neM OYl.HYl s cunbHOTO'iHbiH ¢a3oTpoH 

(ycTaHOBKY "~") o6ycnos~na HB06XOJl~MOCTb pa3pa60TK~ 
BbiCOK08¢¢eKTHBHOH CHCTBMbl I"'BHepaUHH HOHOB, a T8K)!(B 

CHCTBMbl OTCOCa H ¢opMHpOB8HHH I"'BOMBTpH'iBCKHX H ¢a30BbiX 

xapaKTBpHCTHK nytJ:Ka HOHOB Ha nepBbiX o6opoTax. Ebmo 

H8HJlBH0 1 'ITO B CBH3H C Bb!COKHM 3H8'1BHHBM BMTinHTYJlbl 

yCKOpHIDillBI"'O HaTipH)!(BHHH B yCTBHOBKB "~" uenecoo6pa3-

H0 HCTIOnb30B8Tb HOHHb!H HCTO'IH~K ( YJYJ) C 38Kpb!TbiM 

cTon6oM pa3pHaa ~ oTcacbmamm~il 8neKTpoa-nynnep, ycTa

HosneHHhlil Ha JlYBHTe. 

B c~Hxpou~KnoTpoHe (¢a3oTpoHe) cpeaHHil TOK ycKopeH

HbiX tJ:acT~U np~ oTcyTCTB~~ noTepb B npouecce ycKope

H~H CBH38H C TOKOM, 38XB8TbiB8BMbiM B yCKOpBHHe, cne
JlYIDillHM COOTHOWBH~BM: 

= 1oTCT3 F~¢'/360, ( 1 ) 

rae odJ' 
MOnynHU~H, 

¢a3oBaH npoTH)!(BHHOCTb nytJ:Ka, F - tJ:acToTa 

T 
3 

- BpBMH 38XBaTa tJ:aCT~U B pe)!(HM yCKO-

PBHHH. 

B ycTaHOBKe ·~· rrp~ ~¢=30°, F=600 ru, r3 

10 MKC nnH rronytJ:BHHH CpBJlHBI"'O TOKa B 50 MKA HOHHblll 

~CTOtJ:H~K aon)!(eH reHep~posaTb TOK 6onee 100 MA, 

3KcnepHMBHTbi, rrposeaeHabre B UEPHe aa 1\.Wllenu 
UBHTpanbHOll o6naCT~ C~HXpOUHKnOTpOHa, ITOKa3anH, 'ITO 

anH rronytJ:eH~H TOKOB rropHJlKB 100 MA B reoMeTpH~, aHa

norHtJ:HOil np~HHTOH JlnH ycTaHOBKH "~", TOK~ pa3pHJl8 MO

ryT aocT~raTb 30 A. 
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AMilliHTyna ycKopsnomero aanpsr)KeHHH B ycraHOBKe 

"¢" 6yneT COCT8Bli.HTb 50 KB. nony'leHHe HanpSI)KeHHH 

T8KOA Bellli'lHHhl Ha OTC8ChlB8ID!lleM 8lleKTpone CTeHna Jlli.H 

HCClleJlOB8HI:IH 1111 B Henpepb!BHOM pe)KI:!Me COilpH)KeHO C 

uenbJM psrnoM rpynaocreA, u noaroMy nnsr aKcnepuMeHTanb

aoA ycTaHOBKI:I Uenecoo6pa3HO I:!Cil0llb30B8Tb I:IMITYllbCHOe 

Hanp.H)KeHlie OTCOCa C Jllii:!TellbHOCTbiD I:!MilyllbCa, paBHOft 

BpeMeHli 3aXBaTa, u aMnnurynoA 50 KB. 

EnoK-cxeMa cucTeM HMITYllbCHoro nuraau.H nyru u or

coca 1111 npencTaBneaa aa puc, I. nocKonbKy crean npen

Ha3Ha'leH nnsr uccnenoBaTellbCKHX ueneA, B cucTeMax nura

HHH npenyCMOTpeHhl Illl:lpOKI:Ie B03MO)KHOCTI:I perynupOB8HI:IH 

napaMeTpoB uMnynbcoB, onaaKo qacrora Monynsruuu orpa

HH'leaa 200 repuaMH JlliH CHI:I)KBHI:IH cpenaeA MO!llHOCTI:I 

CI:ICTeM ili:IT8HI:IH H B CBH31:1 C orpaHH'leHHOA B03MO)KHOCTbiD 

paccesrHHH MO!llHOCTI:I OTC8Cb!B8ID!lli:IM 8lleKTpOJlOM 1:1 1:13Me

pi:!TellbHblMI:I llpo6Hf!K8MI:I, yJ CXOJlH 1:13 BbJillel:l3liO)KeHHOI'O 

napaMeTpbl I:ICTO'lHI:IKOB HMITYllbCHOI'O ili:IT8HI:IH vHI Bbi6pa

Hbl cnenyiD!lll:l MH : 

I. AMnnuryna aanpsr)KeHusr HMnynbca 

2, nnuTellbHOCTb I:IMITYllbCa OTCoca 

-:-} 00) MKC. 

UOTC = (0 -'-50)KB. 
'OTc = (20-'-

3, AMnnuryna aarrpsr)KeHusr IIMrrynbca nyru U L\ = (0-:-
-'-3) KB. 

4. AMrrnuryna ToKa nyru In 
5, nniiTellbHOCTb I:IMITYllbCa LlYI'H 

= (0 -'- 30) A. 
= (20 -'- I 50) MKC, 'n 

nnsr ITOliY'lBHI:IH YK838HHhlX napaMeTpoB I:ICITOllh3YIDTCH 

cnenyiDmiie cucreMbJ: 

I. Monynsrropbl nyru u orcoca c nonMonynsrropaMII, 

2, 3anaiDmuA reaeparop IIMrrynhcoB c FMOL\ = (I-:-
-:-200 ) fu, CI:IHXpOHI:I31:1poBaHHblti C BHemaeA II ilpOMb!IlllleH

HoA 'l8CTOTOA, C B03MO)KHOCTbiD illi8BHOI'O H3MeHeHII5I cpa-

3b! liMITYllbCOB OTCOCa OTHOCI:!TellbHO HMyllbCOB LlYI'li, 

3. l13MepuTellbHble CXeMbl TOKOB pa3psrna 1:1 OTCOCa, 
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I. MOllY flHTOPbl Y1 nOllMOllY flHTOPbi 

flnH o6eCIIe':leHIIH He3aBIICIIMOCTII XapaKTepiiCTIIK MQ

nynsiTopa OT COIIpOTIIBJieHIIH Harpy3KII OKOHe':IHble KaCKa.[lbl 

BblflOJIHeHbl Ha )KeCTKIIX JiaMIIaX ITO CXeMe C ':laCTII':!Hb!M pa3-

pH.r:lOM eMKOCTII (p II c.2) ,a BCH CIICTeMa IIOCTpoeHa TaKIIM o6-

pa30M,':ITO IIpli yBeJIII':IeHIIII MO!llHOCTII IICTO'-IHI!KOB IlliTaHIIH 

oHa crroco6Ha o6ecrre'-IIITb rpe6yeMbre rrapai\IeTpbr IIMIIYJib

coB IIpii pa60':IeA ':laCTOTe MO.r:lyJIHUIIII ycTaHOBKII "¢" 

(600 fu) • flnH Y.r:l06CTBa 3KCIIJiyaTaUIIll 3JieKTpU'IeCKIIe 

CXeMbl TpaKTOB .r:lYf'II II OTCOCa cnenaHbl 11.r:leHTI1':1Hb!MII. Mo

.r:lYJIHTOp nyrii pa6oraeT HerrocpencTBeHHO Ha Ka6enb, 

CBH3aHHbrA c pa3pH.r:lHbJM rrpoMe)KyTKOM 11CT0'1HHKa. Corna

cy~ruee (oHo )Ke 11 6annaCTHoe) corrpoTHBJieHI1e ycraHoB

neHo B MonynHTope. MonynHTop oTcoca pa6oraeT Ha rro

BLiwa~runl'I 11MIIyJibCHblll TpaHCcpOpMaTop 1/5. 0KOHe':IHble 

KBCKa.r:lbJ MO.r:lYJIHTOpOB BbliiOJIHeHbl Ha MO.r:lYJIHTOpHblX TeT

ponax fMl!-32E. 

nonMO.r:lyJIHTOpbl nyrH 11 OTCOCa HL!eHTI1'-IHbl (p ll C. 3) 

H IIpencTaBJIH~T C060}J Tl1pHCTOpHbie MO.r:lYJIHTOpb! C qac

Tl!'-IHbll\1 pa3pH.r:lOM HaKOII11TeJibHOil eMKOCTH II ITOJIHbiM 

pa3pH.r:lOM liCKYCCTBeHH011 .[lJiliHHOil JIUHIIU U1llfl). npu pa3-

PH.r:le HaKOIII1TeJibHoA eMKOCTI1 cjlopMupy~TCH rrepenHuil 

tppoHT u BepwiiHa 11Mrrynbca, a rrpu pa3psme ~1nn - 3an

Huil cjlpoHT. AMIIJIIITyna IIMIIynhca - rropHnKa 800 B, Tl1pH

CTOpbi Tuna KY -202 H coenuHeHbi rrocnenoBaTeJibHo. 

BwCOKOBOJibTHhle CTa6UJIII31IpOBaHHhle HCTO':IHHKII IIIITa

llliH IIO.r:lMO.r:lYJIHTOpOB II MO.r:lYJIHTOpOB BbliiOJIHeHbl Ha 

3JieKTpOHHb!X JiaMIIaX /1/. 

Harpy3KoA MO.r:lYJIHTopa cny)KHT BxonHoe corrpoTIIBJie

Hile naMIIbi fMH-32E, KOTOpoe rrp11 M8KCHMaJibHOM B03-

6yil\J:leH111l rrpu6mr)KaeTCH K R H = 80 OM. 

B ucrronb30BaHHoA cxeMe Harpy3KoA Hllfl HBnHeTcH 

ueno':!Ka LR, a He R, KaK B /2~ lleACTBHTeJibHO, 

H3 3HepreTI1':1eCKIIX coo6pa)KeH11A cnenyeT, '-ITO rrpii Manwx 
J:lJIIITeJibHOCTHX IIMIIyAbCa COIIpOTIIBJieHue Harpy3Kli RH 

.r:l0JI)KH0 CTpeMIITbCH K BOJIHOBOMy COIIpOTliBJieHIIID JIHHHH: 

R = IPI =pykr /(r +kr ), 
H O!IT 0 H o 

(2) 
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rae k = ( 1,2 7 1,4) - K03cpcpHUl!eHT H8Jl8)!(HOCTH raUie-

HHH THpaCTOpOB 1 T 
0 

:S 150 MKC- BpeMH BOCCTaHOBne-

HHH THpHCTOpOB, 3TO DpHBOJlHT K CHH)f(8HHID 8MDnHTYJlhl 

uanpH)f(eHHH ua R 11 npHMepuo B 2 pa3a, a c DOBbiUieHHeM 

"!aCTOTbl t\10JlynHUHH ( FMO;l > 100 ru) pa6oTa MOJlynHTOpa 

CTaHOBHTCH HeyCTOH"'HBOH, npa HCDOnb30B8HHH napannenb

HOH ueno"'KH LR cxeMa pa6oTaeT cneAyiDUIHM o6pa30M, 

8 MOMeHT OTKpWTHH THpHCTOpa pa3p5IJl8 HaKODHTenbHOH 

eMKOCTH pa3pHJlHbri"'! TOK npoTeKaeT "!epe3 R "' 3p, T.K. 

uL senHKO. 

Ha nnocKotl: "!aCTH HMnynbca w~O 

Te"lb "!epe3 HHJlYKTHBHOCTb, noa6opOM 

H TOK Ha"'HHaeT 

R H L MO)f(HQ 

nony"'HTb DOTepH aMDnHTYJlbi HaDpSDKeHHSI Ha R paBHbiMH 

CDaJly HaDpSI)f(eHHH Ha HaKODHTenbHOI eMKOCTH 3a BpeMH 

pa3pS!Jla, a aMnnuryaa H:Mnynbca Ha Harpy3Ke cTaHOBH:T

CSI 6nH:3KOH K HaDp5I)f(8HHID Ha HaKODHTenbHOI 8MKOCTI1o 

¥1 LIJI B Ha"!anbHbiH MoMeHT pa3pH)f(aeTCH "!epe3 R = 3p, 
D03TOMY OTpHUaTenbi!Oe HaDp5I)f(8HHe rameHHH B03pacTaeT 

DpHMepHO B 1,5 pa3B 1 DpH"181\I HBDp5I)f(eHHe rarneHHH OCTa

eTCSI HeH:JMeHHJ,JM JlO F MOLl = 500 '- 600 ru, "'TO npHBOJJ.H:T 

K HaJle)!(HOMY 3anHpaHaiD THpucTopoB pa6o"!ero ToKa. CKa-

3aHHoe uarnHJJ.HO rrpeacTaBneHo Ha p 11 c. 4, 

2. 3ALIAIOllU1H fEHEPATOP 

H3 paccMoTpeHHH pa6oTw noaMoJlynHTopos ayr11 H 

OTCOCa cneayeT, "'TO BbiXOJlHOH HMDynbC cpopMH:pyeTCH 

JlBYMH 3anycKaiDUIHMH H:MnynbCaMH: ( HX nepeJlHHMH cppOHTa

MH), a BpeMH M8)f(JlY HHMH OnpeaenHeT ero JlnH:TenbHOCTb, 

EnoK-cxeMa 3aJlaiDUiero reHepaTopa npeacTasneHa Ha 

pH:c.5. 

Yf3 6noK-CX8Mbl BHJlH0 1 "'TO 3anycK ycTaHOBKH MO)f(HQ 

ocyrnecTBHTb "!eTb!pbMH MeTOJlaMH:: pa30BbiM, OT BHell!Hero 

un11 BHyTpeHHero reHepaTopa,H:,HaKoneu,oT reHeparopa, CHH

xpoHH:31ipOBaHHoro c uanpSI)f(eHueM DHTaiDrneA ceTH:, YacToTa 

HMnynbCOB M0)!(8T ycTaHaBnHBaTbCH paBHOI 1,2,10,25,50, 

100,200 ru. CeMupa3p5IJlHbiA C"!eT"!HK HMnynbCOB o6ecne"!H

BaeT KOHTponb n116o "laCTOThl nocwnoK (HMn/c), nu6o 

CYMMapHOrO "'HCna H:MDynbCOB B Te"leHHe 3KCDepH:MBHTB 0 
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BpeMsr, pasnoe 1 c, s Teqenue KoToporo na6upaeTcsr 

UHtPOPM8UU51, onpeaen5IeTC51 qaCTOTOH 1 fu, CUHXpOHU3Upo

BaHHOH C HanpmKeHUeM CeTU, ileK8LlHbie cqeTqUKU, CeJieK

TOpb! U OTt:leJibHLie Tpurrepb! BblilOJIHeHL! Ha UHTerpa.IIbHb!X 
CXeMaX TUna 2TK 171 E 110 TUnOBb!M CXeMaM, 

Bo speM51 uccneaosanui1 saMHo onpeaenuTb onTuMaJib

noe nOJIOMeHue OTCOCa no OTHOilleHUID K UMnyJibCY ayru, 

llng arux uenefi uMnynbc oTcoca UMeer perynupyeMym 

OTHOCUTeJibHO UMI1YJibCa LlYf'H 3aaepMKy, iln51 yao6CTBa 

ua6nmae Hu 1"1 cu Hxpou Mny Jibe 3anycKa oc rmnnorpa¢a onepe

Maer Invmynbc ayru u oTcoca, npuqeM speM51 3aaepMKU 

MOMeT perynuposaTbC51, Bee cxeMLI 3aaepMKU BLIIIOJIHeHLI 

ua u HTerpaJibHLJX cxe Max Tuna 2TK 171 E, npeac TaBJI5IID

illllX co6oii 3aaepMaHHLJe MYJibTusu6paTopbl, 

¢lopMHpOBaTeJIH tfJpoHTOB UMnyJibCOB ayru U OTCOCa 

npeacTasngmr H3 ce6g rpauc¢opMaTopHLre HMYJibCHLie 

yCHJIHTeJIII J\·10illHOCTH 1 BblllOJIHeHHble Ha TpaH3HCTOpaX C 

Tpanc¢opMaTopaMII na ¢eppuToswx KOJibUax noa pa6oqee 

nanp51Menue ao 3 KB. llnuTeJibHOCTb ycu~usaeMwx uMnynb-

cos Tll = 10 MKC, UIIMI[. =5 B, TIP .• [(. =200MA, 
feHepaTop BHyrpel!Hef'O 3anycKa, He CHHXpOHH3UpOBaH

Hblfi C Hanp5I:>!<eH!Iel\,! CeTU, BblllOJIHeH Ha MUKpOCXeMe THna 

2flE015. fpy6aH perynupOBKa qacTOTbl npOU3BOLlUTC51 ne

peKmoqeHI1el\! eMKOCTU, nnaBH851 - H3MeHeHUeM Hanpg:>J.;e

Hl151 nHT8HH51 6a3bl rpaH311CTOpOB MUKpOCXeMbl. 

3, Y!3MEPEWIE TOKOB H HADP5D!\EHl1H 

~IMDY flbCOB llYfH ~I OTCOCA 

CurnanLr c KOHTpoJibHLIX ToqeK BbrseaeHLJ Ha pa3'beMLJ, 

yCTaHOBJieHHhle Ha U3MepuTeJibHO:i1 naHeJIH CTOHKH, LlJISI 

na6moaeHH51 c noMOillbiD ocuHnnorpa¢a. B KaqecTse aaT
qHKOB HanpsrMeHUSI HCnOJib3YIDTCSI aKTHBHLie aeJIHTeJIH, 

ilng H3MepeHHSI HMI1YJibCHbiX TOKOB npo6HHKOB 1 H8XOLlSIIUHX

C51 IIOLl IIOTeHUH8.1IOM 3KCTpaKUHH 1 11pHMeHSieTCSI 6eCKOHT8KT

H8SI CHCTeMa, OCHOB8HH8SI Ha HCI10.1Ib30BaHHH IIOSICa Poros

CKOf'O I 3/. I13MepuTenbHLie KaTyWKH HaMoTaHhi Ha <jlep

PHTOBLre KOJibUeBLie cepaeqHHKH. HaseaeHHhiH asynonsrp

nwA CHf'HaJI yCHJIHBaeTCH H HHTerpupyeTCH MHKpOCX9M8MH 
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KIYT401E (puc.f3). BBaay neaocrarc•ruo BbJCOKoro Bxoa

uoro CODpOTl1BllBH11H Ml1KpOCXBMhl ITllOCKBH qaCTb BOCDpo

!13BOtlHMhlX HMITyllbCOB HMBBT 3HaqaTBllbHhlA CIT8tl (~U 

20%). llnH ycTpaHBHHH 8TOf'O HBtlOCTBTKa DOCT8Bl!BH KaC

K8tl ycuneHHH Ha TpaH3HCTOpe C HH3KoqaCTOTHOA KOppeK

UHBI1. l13MBpHTBllbHb!B ll8T'fHKH 11 CXBM8 yCHllBHHH H HHTBr

p!1pOBBHHH CBH38Hhl 8Kp8HHpOB8HHhlMH DpOBOllBMH llllfiHOA 

llO 30 MBTpOB. flllH ycTpaHBHfiH HBBOllKa HBDpR>KBHHH 50 fu 

npH MBllbiX H3MBpHBMbiX TOK8X Ha BXOllB IIOCTaBllBH Y3KO

ITOliOCHb!A tPHJibT!J. 

Bee cxeMbi ucroq!U!KOB rrMrrynbcHoro rrrrTaHKH IH1 
pa3MB!llBHbl B llBYX CTOHKBX THD8 "BHlllHH" • 

PeaynbT8Tbl npaKTH'fBCKHX HCCl!BllOB8HffA Ha CTBHllB 

DOllTBBpllllllH ll!HpOKHB 8KCDBpHMBHT8llbHbiB B03M0)!(H0CTH 

ycTaHOBKH, 
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