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npH pa3pa60TKe B~COK04aCTOTHOH yCKOpA~e~ CHCTeM~ CBepXnpO
BOAA~erO MOAenbHOrO CHHXpOTpOHa CnHH npeAycMoTpeHa B03MO~HOCTb 
YCKOpeHHA HOHOB B AHanaaOHe H3MeHeHHA OTHOWeHHA MaCC~ HOHa 
K ero 3apAAY All = 1f34, T.e. OT npOTOHOB AO 7-3apAAH~x HOHOB 
ypaHa, KOTop~e ooecne4HeaeT HCT04HHK neHHHHra. 

Ha4anbHaA 4aCTOTa 06pa~eHHA 4aCTHL.1 no Op61ifTe, onpeAenAeMaA 
HanpA~eHHeM HH~eKTopa 750 KB, ne~IifT B npeAenax OT 38 Kr4 AnA 
U+7238 AO 220 Kr4 AnA npOTOHOB. KOHeYHaA 4aCTOTa 06patqeHIifA, 
onpeAenAeMaA MaKclifManbHblM MarHIifTHblM 1l0neM YCKOPf1TenA 2,2 T, 
COOTBeTCTBeHHO ne~IifT B npeAenax IO,38 f 5,141 Mr4. C 4enb~ cy~e
HHA AHana30Ha MOAynA4HIif 4aCTOT~ npHHATa BO BHHMaHHe B03MO~HOCTb 

YCKopeHHA Ha KpaTH~X 4aCTOTax B 3aBHCHMOCTH OT copTa YCKopAe
MblX HOHOB. Ha Plllc.1 npeACTaBneH~ KpHa~e 3aBHCHMOCTH 4aCTOT~ 
YCKopA~ero HanpA~eHHA f OT HHAYK4HH BeAy~ero MarHHTHoro no
nA "B" AnA HeKOTOp~X KOHKpeTHblx cnY4aea OTHoweHIifA All Iif npHHA
TblX KpaTHOCTAX yCKopeHHA h. H3 PHCYHKa cneAyeT, 4TO MHHHManb
HaA 4aCTOTa, paBHaA 110 Kr4, HMeeT MeCTO y KPHBOH 3 (All = 4, 
h = 1), a MaKCHManbHaA, paBHaA 5,14 Mr4, - y KPIifBOH 1 AnA npo
TOHOB (All = 1, h = 1). C y4eToM HeKoToporo 3anaca pa604HH AHa
na30H MOAynA4lifH 4aCTOTbi npHHAT B npeAenax OT 0,1 Mr4 
AO 5,2 Mr4. 

CTPyKTYPHaA cxeMa B~COK04aCTOTHOH YCKopA~tqe~ CIifCTeM~ npeA
CTaBneHa Ha pHc.2. CIifCTeMa CBA3H 4aCTOT~ YCKopA~~ero HanpA~e
HHA C BeAY~IifM MarHHTH~M noneM no CBoeMY nOCTpoeHH~ BO MHorOM 
aHanorH4Ha pa3pa6oTaHHoH paHee Iif Hcnon b3yeMol:.i Ha cIifHxp0!lla30Tpo
He/ I - 3 /. HH!IlOPMa4HA 0 CKOpOCTIif 1if3MeHeHlifA MarHIifTHoro nonA 6epeT
CA C HHAYK4HOHHOH KaTYWKIif 1 • pa3Me~aeMoH B oxna~AaeMoM renlif
eM AHnonbHOM MarHHTe H3MepHTenbHoro neplifoAa YCKopHTenA, KaTyw
Ka OXBaT~BaeT BC~ pa604y~ 06nacTb MarHHTa, COAep~IifT 520 BIifTKOB 
npOBOAa H 06ecne4l11BaeT HanpA~eHHe 10 8 nplif CKOpOCTIif H3MeHeHlifA 
MarHHTHoro nonA 10 TIc. nepeAa4a HanpA~eHIifA OT KaTywKH AO pe
BepcHBHoro B-Ta~Mepa 3 H ynpaBnAeMoro aTTeH~aTopa ocy~ecT
BnAeTCA ABYX~Hnb~M BHT~M 3KpaHlifpOBaHH~M KaOeneM. 

YnpaBnAeM~H aTTeH~aTOp Ha BXOAe HHTerpaTopa 7 HMeeT 32 4e
n04KIif, n004epeAHO BKn~4aeM~e 3neKTpOHH~MIif Kn~4aMIif K1 , K? ••• K32 • 
nOo4epeAHaA pa60Ta Kn~4eH 06eCne4lifBaeTCA yCTpOHCTBOM 9 , IifMe~

~IifM 32 ~xOAa, HH!IlOPMa4HA 0 MarHIifTHOM none B yCTPO~CTBO 9 
nOAaeTCA OT peBepCIifBHoro B-TaHMepa. B 3TOM TaHMepe, HMe~eM war 
npe06pa30BaHlifA 0,1 MT, Hcnonb30BaH nplifH4lifn ABYX no04epeAHo pa
60T~HX HHTerpaTopOB Ha 6a3e onepa4HoHH~X YCHnlifTeneH Tlifna 
K544Y~2A C KOMneHca4He~ APeH$a M~M-KaHanaMIif. B Ka4eCTBe KOMna-
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PHC. I. KpHBbie SaBHCHMOCTH qaCTOTbl YCKOplllOlll;erO HanpllJKe
HHll "f" OT HH~YKU;HH Be~y~ero MarHHTHoro nOJIll liB" npH 
YCKopeHHM: 1.- npoToHoD (A/Z = I, h = I); 2 - R~ep 
(A/Z = 2, h = I); 3 - HOHOD A/z = 4 nOM h = 1; 4 - HO
HOD eH (Alz = 12, h = 4); 5 - HOHOD Sn~~o (A/z 24, 
h = 8); 6 - HOHOD u~~o (A/z = 34, h = 8). 

paTopOB ~cnOflb30BaH~ M~KpocxeMbl K5S4CA2. Hefl~He~HOCTb xapaKTe
P~CTHKH npeofipa30BaH~~ B-Ta~Mepa B AHana30He H3MeHeH~~ BXOAHO
ro HanpR*eHHR Of±10B He xy*e 1.10-4 . 

AflR Y4eTa OCTaT04Horo nOflR ~cnoflb3yeTcR onopH~H nepMaflfloe
B~H AaT4HK 2 , HacTpoeHH~H Ha 3Ha4eHHe nOflR 10 MT. 

U~~POBOH KOMnapaTop MarH~THoro nOflR 4, nOflY4a~ HH~pMa
~H~ OT onopHoro AaT4~Ka H B-TaHMepa, n03BOflReT YCTaHaBfl~BaTb 
fl~fioe SHa4eHHe MarHHTHoro nOfl~ C T04HOCTb~ 0,1 MT, C KOToporo 
Ha4HHaeTCR pafioTa HHTerpaTopa 7 nocpeACTBOM KOMMyTa~H~ 3fleKT
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PHC. 2. eTpYKTYPH~1ll cxeMIl DbICOKOqaCToTHoi;! YCKoplllOlll;ei;! 
CHCTeMbI: I - HH,lJ;YKl.lHOHHIlR KaTYlUKa; 2 - onopHbl'i;! nep
MMnoeDbIi{ ~aTqHK; 3 - pl~DepcHBHblH B-TaHMep I BbrxOlJ, 
"+" HeceT HH<popMal.lHlO 0 pacTy~eM BO BpeMeHH MarHHTHOM 
none, a D~O~ "_" - 0 qIMalO~eM/; 4 - l~Hi!lPQBOH KOM
napaTOp MarHHTHoro nonfl; 5,6 - 3neKTpOHHbie KI1IOqH HH
TerpaTopa; 7 - HHTerpaTOp; 8 - 3a~ruo~HH reHepaTop; 
9 - YCTPOHCTDO ynpaDneHHfI pa60Toi;! 3neKTpOHHb~H KnlOqa
MH K1 ••• K32; 10 - lUHpoKononocHbm pcrymlpyeMbIH YCHJ1H
Tenb; II - MO~Hbm DbrxO~HoH yCHnHTenb; 12 - YCKOPR~i;! 

3neKTpo~; 13 - 6nOK APY. 

pOHH~X Kfl~4eH 5 ~ 6 H Kfl~4eH K1 .•• K32 aTTeH~aTopa. 3TO CAe
flaHO C ~eflb~ ~cnOflbSOBaH~R MHH~MaflbHoro KOflH4eCTBa ~en04eK aT
TeH~aTopa npH lUHPOKOM AHanaaOHe MOAyflR~HH 4aCTOTbi BBHAY Toro, 
4TO MarHHTHoe nOfle npH HH*eK~HH paSHoro copTa 4aCTH~ HSMeHReT
C~ B fiOflblUHX npeAeflax lOT 37,9 MT AflR npOTOHOB AO 0,221 T AflR 
HOHOB ypaHa/. HHTepBafl~ MarHHTHoro nOflR, B Te4eHHe KOTOp~X no-
04epep,HO pafiOTa~T Kfl~4H K1 ••• K32 , H3MeHR~TCR OT 20 MT AO 0,13 T, 
4TO B COOTBeTCTBHH C pac4eTHoH KPHBOH annpOKCHMa~HH HeflHHeHHOH 
saBHCHMOCTH OTpeSKaMH npRM~X npHBOAHT K MaKC~MaflbHOMY OTKflOHe
HH~ ny4Ka no paAHYCY He fiOflee ±0,5 MM AnR fl~fioro copTa YCKopRe
M~X HOHOB. HHTerpaTop 7 C TepMocTaTHPyeMoH ~enb~ ofipaTHoH 
CB~SH H aBTOMaTH4eCKOH nOACTpOHKOH ApeH~a pa3B~BaeT Ha B~xoAe 
HanpR*eHHe ~ 70 B. CpaBHHTeflbHo B~COKoe HanpR*eHHe HHTerpaTO
pa, nOHH*aeMoe B 10 pas npe~H3HOHH~M AeflHTefleM Ha BXOAe saAa~
~ero reHepaTopa 8, nOSBOflReT cy~ecTaeHHO CHHSHTb WYMoa~e 
H ~HOB~e COCTaBflR~He a 4aCTOTe reHepaTopa. reHepaTop B~nOfl

HeH no cxeMe C npeofipasoBaHHeM 4aCTOT~. 4aCTOTa 4aCTOTHO-MOAY
flHPyeMoro reHepaTopa H3MeHReTCR B npeAeflax 13,6fI8,7 Mr~. 4a
CTOTa KBap~eBoro reTepOAHHa paBHa 13,5 Mr~. PaSHOCTHaR 4aCTOTa 
H3MeHReTCR a 52 pasa OT 0,1 AO 5,2 Mr~. B Ka4eCTBe BapHKanOB 
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HcnonbSY~TC~ KpeMHHeB~e cTa6HnHTpOH~ A814A. CTa6HnbHOCTb 4SCTO
Tbl B Ha4Sne ,qHSnaSOHa ±1· 10- If, B KOH~e ±1· 10- 5. B reHepaTOpe 
npe.qyCMOTpeH~ HSMeHeHHe HS4SnbHO~ 4aCTOTbi OT 0,1 ,qo 0,5 Mr~ 
H BOSMO~HOCTb KoppeK4HH 4aCTOT~ no HH$opMa~HH 0 pa,qHanbHOM H $a
SOBOM ,qBH~eHHH nY4KS •. 

B~COK04aCTOTH~H CHrHan C aMnnHTy,qoH lB nocTynaeT Ha WHpOKO
nonOCH~H perynHpyeM~H YCHnHTenb 10, K03$$H4HeHT YCHneHHA KOTO
poro MO~eT ~SMeHATbCA B 20 pas B S8BHCHMOCTH OT ynpaBnA~~ero 
Hanp~~eHH~, nOCTyna~lI\ero C 6noKs APY 13. a perynHpyeMoM YCT
pOHcTBe HcnonbSOBSH~ noneB~e TpafiSI1CTOp~ THna Kn 303B. C BbIXO,qS 
3Toro YCHnHTen~ no Ka6en~ C BonHOB~M conpOTHBneHHeM 150 OM 
MHHO~ 40 M CHrHan nOAaeTC~ Ha MOII\H~H BbIXO,qtiOH YCHnHTenb 11 
pacnono~eHH~H Henocpe,qcTBeHHo y e~Bo,qa yCKop~~ero 3neKTpo,qa 

12 HS KaMep~ yCKopHTen~. YCKOPR~HH 3neKTpo,q MHHO~ 2,95 M 
HMeeT eMKOCTb OTHOCHTenbHO seMnH 340 n$. 

B~XO,qHOH YCHnHTenb COCTOHT HS cQrnscy~ero KaCKa,qs H AeB~TH 
o,qHHaKOB~X Mo,qyneH, BClCeMb HS KOTOpblX ABnA!OTc~ BbIXO,qH~MH, 

a O,qHH pa60TaeT B KS4eCTBe npeABapHTenbHoro YCHnHTen~, o6ecne
4HBS~lI\erO Ha BXO,qSX TpaH3HCTopOB BbIXO,qH~X Mo,qyneH He06xo,qHMYIO 
SMnnHTY,qy CHrHsna. KpoMe Toro, B COCTaB YCHnHTenA BXO,qHT 6nOK 
TpSHC$opMaTopOB, npe,qHasHs4eHHblH An~ cno~eHHA BbICOK04aCTOTH~X 
CHrHanOB B~XOAHbIX Mo,qyneH H nOnY4eHH~ Ha YCKop~~lI\eM 3neKTpoAe 
Heo6xo,qHMoro HanpA~eHH~ C aMnnHTy,qOH 300 B. Ka~,q~H Mo.qynb o6ec
ne4HBaeT HS npHBe,qeHHoH HarpysKe 8 OM aMnnHTYAY Hanp~~eHHA 
/35+40/ B H npe,qCTaBn~eT co601ii ABYXTSKTHblH YCHnHTenb Knacca 
"AB" Ha 4eTbIpeX TpaHSHCTOPSX THna KT912 /no ,qBa B nne4e/, YCTa" 
HOBneHH~X Ha 0611\eM TennOOTBo,qAlI\eM pa,qHaTope. Oxna~,qeHHe pSAHa
TOpOB - npHHYAHTenbHoe, BOs,qYWHoe C nOMOlI\b~ BeHTHnATopoB. AnA 
yMeHbweHH~ BnH~HHA pas6poca napaMeTpoB npHMeHReM~x TpaHSHcTO
pOB B cxeMaxMo,qyneH npe,qycMoTpeHa OTpH4sTenbHaR 06psTHaR CBASb 
no TOKy. 

onoK TpaHc$opMsTOpOB BblnOnHeH no THny TpaHC$opMaTop-nHHHR. 
AnA paCWHpeHHA nonoc~ B CTOPOHY HHSKHX 4aCTOT npHMeHeH~ $eppH
TOBble Konb~a 2000 HM /16xl0x4,5/. 

AnA npe,qoTBpall\eHHR np060~ B~XO,qHbIX TpaH3HcToPOB OT nepeHa
np~~eHH~ /HanpHMep, npH aBapHtiHoM "06p~Be" HarpYSKH/ YCHflHTenb 
CHs6~eH BCTpoeHHolii 3neKTpoHHOH cxeMoH sall\HTbl, ,qeHcTBY~lI\eH 

Ha sanHpaHHe KacKa,qa npe,qBapHTenbHoro YCHneHHR. BbIXO,qHOH YCHnH
Tenb nHTseTC~ OT cTs6HnHsHpoBaHHoro HCT04HHKS HanpR~eHH~ +25 B 
H nOTpe6nAeT TOK 70 A npH aMnnHTy,qe B.4. HanpA~eHHA Ha yCKOPRIO
lI\eM 3neKTpo,qe 3nn B. 

B annspaType npe,qycMoTpeHa BOSMO~HOCTb ynpaBneHH~ aMnnHTY
,qo:; YCKopA~lI\erO HanpA~eHHA B ,qHanSSOHe /20 .. 300/ B npH no,qa4e 
B 6nOK APY CHrHsns, nponop~HOHsnbHoro CKOpOCTH HapaCTaHH~ Mar
HHTHoro nonA. 

4 

npOBe,qeHHble Hcn~TSHHR nOKassnH, 4TO annapsTypa B. 4. YCKopR~
lI\eH CHCTeM~ y,qOBneTBOPReT TeXHH4'eCKHM Tpe60BSHH~M H 06ecne4H Ba
eT B~COKHe 3KcnnyaTs4HoHH~e xapaKTepHCTHKH, cTa6HnbHOCTb H HS
,qe~HOCTb B pa60Te. 
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H3~8TenbCKHi OT~en 06be~HHBHHOrO HHCTHTYTB R~epHbiX HCcne~OB8HHt 

BrrHHHHKOB H.H. H ~p. 
BbiCOKotiaCTOTHM CHcTeMa ycKopeHHH 
B CBepxnpoBO~H~eM MO~enhHOM CHHXpOTpOHe 

9-87-8I 

Coo6~aeTCH 0 BhlCOKoqaCTOTHOH yCKOPHID~eH CHCTeMe CBepx
npOBOAH~ero MO~enbHOrO CHHXpOTpOHa CTIHH C pa60'IHM ~Hanago
HOM MO~YnHI~HH tiaCTOTbi /0, 1+5,2/ Mfn;.060CHOBaH Bbi60p OllTH
ManhHOrO BapHaHTa YCKOpeHHH HOHOB B npe~enaX H3MeHeHHH OT
HOIDeHHH Maccw HOHa K ero 3apH~Y oT I AO 34. PpHBe~eHa 
CTPYKTypHaH cxeMa H ~aHo OllHCaHHe oCHOBHhlX Y3nOB annapaTy
pbi 3a~a!O~eH sneKTpOHHKH H yCKOPHID~eH CTaHIJ;HH • 

Pa6oTa BbinOnHeHa B Jia6opaTOpHH BbJCOKHX sHeprHH mum. 

Coo6meHHe 06'be.o;HHeHHoro HHCTH'fYTB .ll.llepHbiX pccne.llOBBHHH. ,[{y6Ha 1987 

ITepeBo~ O.C.BHHOrpa~oBoft 

Blinnikov N.N. et al. 
RF Accelerating System at the Superconducting 
Model Synchrotron 

9-87-8I 

The RF accelerating system at the superconducting model 
synchrotron SPIN with operating modulation within O.I upto 
5.2 MHz frequency band is described. The choice of optimum 
ion acceleration variant within the mass to charge ratio 
from I upto 34 is based. The block diagram, basic units 
of the main electronics units and accelerating station are 
described. 

The investigation has been perforilled at the Laboratory 
of High Energies, JINR. 
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