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KJIaCCHlIeCKHH QHKJlOTpOH Y-120 (UI1HI1 AKa,n;eMHH HaYK r .uP) paõo

raer c 1958 r. UHKJIOTpOH acnonsayerca B pe)lCHMe YCKopeHHH neãrpoaoa 
(E = 13,5 M3B), a-lIaCTHU (E = 27,0 M3B) , a TaK)I(e HOHOB nHTHH/ 1 / • 

B 1986 rony õsrna nocraaneaa sanaxa: npa coxpaaeaaa HMelOmHXCH pesca
MOB pa60ThI QHKJIOTpOHa, MO,n;H<pHUHPYH lIaCTHtlHO MarHHTHYIO cHcTeMY, 

oõecrre-nrrs B03MO)f(HOCTb YCKopeHHR npOTOHOB no 3HeprHH E = 12 M3B. 
p 

TIpH 3TOM BbICOKOllaCTOTHaH H npyrae CHCTeMbI UHKnOTpOHa ,n;omKHhI OCTaTh

CH HeH3MeHHhIMH. 

Koadnrrypanaa MarHHTHOH CHCTeMbI neHCTBYlOmero UHKJIOTpOHa noxa
aaaa na pac.L. H~ 3TOM )ICe pHCYHKe npencraaneaa npennonaraeraaa HOBaH 

KOH<pHrypaUHH xpsnuxa xastepsr c lllHMMaMH, a TaK)Ke oõnacrs pa3MemeHIDI 

KOHueHTPHtleCKHX 06MOTOK. Paasrepsr H paasreureaae <peppOMarHHTHhIX 

3neMeHTOB BhI6HpanHCb HCXO,n;H H3 ipe60BaHHH C03,n;aHIDI acxonaoro nona 
(Bo = 1,45 T) 6e3 npHMeHeHHH TOKOBhIX 06MOTOK npa MHHHManbHOM pocre 
nona aa yponae HHJJ.YKJ.J;HH B = 1,0 T/2 

/, lITO COOTBeTCTByeT saepraa nporo
HOB Ep = 12 M3B. <I>opMHpoBaHHe cna,ualOmero nonR Ha HH3KOM ypoBHe 

HH,n;YI,CUHH 6y,n;eT ocymecTBnHTbCR c Hcnonb30BaHHeM TOKOBblX 06MOTOK, 

,IUIH tlero TOnI.UHHa KpbIllleK KaMephI YMeHbllleHa c 72,5 MM ,n;o 66,0 MM. 

TIpe,n;BapHTenbHbIH BbI60p KOH<pHrypaUHH KonbueBhlX lllHMM 6hIJI npOBe

.o.eH c nOMO~1O nporpaMMhI POISCR/ 3 1 paCtleTa MarHHTOCTaTHtleCKOH 

3a,uallH ,IUIH aKCHaJIbHO-CHMMeTpHlIHOrO cnYllaH. PaCtleTHaH cxeMa 

BKJIlOlIaeT BCIO 06naCTb MarHHTonpOBona/4/. CpaBHeHHe paClIeTl~hIXf 

H' 3KcnepHMeHTaJIbHhIX pacnpe,n;eneHHH MarHHTHoro nonH B 3aBHCHMOCTH 
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OT pa.nHyca ,n;JIH HCXOLI,HOH re9MeT

pHH npHBe,n;eHO Ha pHc.2, oTKy,n;a 

cne,n;yeT, lITO MaKCHMaJIbHOe OTlcrIO-' 

HeHHe ,lI,JIH Bo = 1,45 T He npeBhI

lllaeT 0,8% H pOCT nonR npH B o = 
= 1,0 T Ha npe,n;enbHoM pa,uHYce 

YCKopeHHH r li = 530 MM COCTaBnReT 

1,4%. 

Ha pHc.3 nOKa3aHO pacnpe,n;ene

HHe nonH MarHHTHOH CHCTeMbI npH 

pa3nHtlHhIX napaMeTpax BHewHeH 

Puc.l. KOHrPU2ypa14UJ1 Mtl2HUTHOU 

CUCTe.Mbl. SA .BIÚ!WHJlJI UlUMMa, 

SI - BHyrpeHH,RJI WUMMa, SS 
KoppeK1UpYIOU4aJ1 o6MoTKa. ..---------- ·
(hr~'ihd\'UfiWA .-t u© 061.eAHH IW' IUI~ AA.~. cneAOB8IIHH ,lly6Hta, 1987 11
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Puc.2. Pacnpeõeneuue nons OJlJl Ma2HUTHOU 

CUCTeMbl OeUCTeY1OU4eZO 14UKJlOTPOHa. 

r<= -<" I \:\\ 

o 
ucxogHGSl 
~ 2D 

~ 
A 5. 7D 

s~ ã.ao
~ôr 0.10,20 

I 
t~%) 

1 

40 

-1 

-2 

-3 

~ 5A " ..,q2"1l<'113"""" 

~~'~70 

~ 

.'::':"""" _ •. H • ! ~ '\,-1-0 

Al1(%)
Bo 

-1 

-2 

-3 

Puc.S, Pacsemue pacnpeõeneuun no/UI oAR 
pasnuuuux napauerpoe eneuoieü lUUMMbl 

SA. 

lllHMMbI (SA). BHnHO, tITO H3MeHeHHe 

BHYTpeHHero panayca H TOJUUHHbl 

lllHMMbl n03BOJIReT <t>OpMHpOBaTb 

nOJIe I1pH HHnYKUHH B o' = 1,45 T, 

ne H3MeHRR pacnpeneneaaa nOJIR 

npa Bo = 1,0 T. 
BJIHRHHe BHYTpeHHeH KOJIbueBOH 

lllHMMbl (SI) na cnan MarHHTHoro 

nO.lIR npa Bbl6pIDIHbIX paasrepax 

saeuraeã llIHMMbl Rn = 600 MM li, S= 
= (5 x 70) MM2 nOKa3aHO na pHC.4. 

KaK cnenyer H3 3THX paCtIeTOB, 

YMeHbllleHHe aneunsero panayca 

lllHMMHpYIOIIJ;erb KOJIbua na aernrsa

Puc.4. PaClJeTHOe pacnpeàeneuue nons OJlJl 

pasnuunux paOUYCOB BHYTPeHHeu lUUMMbl 

SI, õr = O; 10; 20 MM. 

Puc.5. OTHOCUTe.tlbHOe U3MeHeHue nOM A1B~.530) (0/0) 
e 3aBUCUMOCTU OT nOJlOJICeHUR BHYTPeH I 
Heu KOJlb14eeOU lUUMMbl. .anJl 6, = 10 MM 

npueeõensi eenuuuuu U3MeHeHUJI nOM 
t ; npu sasopax Me:JIC0Y lUUMMOU U nOJlIOCOM 

b = O; 4; 5; 7MM, 6 - sxcnepuueu
ransnue TOlJKU. -1 
HY 6, = 10; 20 MM npHCOXpaHeHH~ 

ero nonepesnoro CetIeHHR YMeHbllla -2 
er cnan nOJIR npa .B =1,45 T 

o
 
H YBeJIHlIHBaeT acnneex nOJIR rrpa . -3
 
B = 1,0 T . na KOHetIHOM panayce.

o
 
ECJIH cnán nOJIR <t>OpMHpoBaTb ny


-~ 
TeM YMeHbllIeHIDI BHYTpeHHero pa


nayca H COOTBeTCTBYIOIIJ;HM YBeJIH


tIeHHeM CetIeHIDI lllHMMbl, TO -5'

I 

O 10 ·20
 
acnnecx nOJIR na HH3KOM ypoaae
 

~Sr(HM) 
HHnYKuHH 3H'atIHTeJIbHO ysenasasa
eTCR. 

113MeHeHHe MarHHTHOrO nOJIR aa panayce r k = 530 MM 6 B/B = o 
= (B (530) - B /B nJIR nBYX YPoBHeH HHnYImHH B 3aBHCHMOCTH OTo) o 
YMeHbllleHIDI aaeuiaero panayca KOJIbueBOH lllHMMbl npa aasope MeJKny 

nOJIIOCOM H lllHMMOH (SI) b = 5 MM nOKa3aHO na pac.õ. Ilpa 6, ;= 20 MM· 

nOJIYtIaeM crran nOJIR nJIR B = 1,45 T, 6JIH3KHH K HCXOnHOMY, npa 3TOM 

OTHOCHTeJIbHblH pOCT nOJIR nJIR 130 = 1,0 T ÇOCTaBJIReT -1,1%. B 3THX .KO

opnaaarax paaaaua MeJKnY cnanasra na nBYX ypOBHRX HHnYKllHH xapaxre
PH3YeT BeJIHtlHHY, KOTOpaR nOJDKHa 6blTb C03naHa c nOMOIIJ;blO TOKOBbIX 

xaryurex. Ha TOM JKe pHCYHKe nOKa3aHO BJIIDIHHe BeJIHtIHHhI aasopa MeJKnY 

nOJIIOCOM li aayrpeaaeã lllHMMOH MR panaansaoro nOJIOJKeHHR 6, = 10 MM. 

BH,lUIO, tITO c YBeJIHtIeHHeM aasopa pasaana cnanoa YMeHblllaeTCR. Ha pac.G 
npaaeneasr H3MeHeHHR nOJIR 'k = 530.MM sa CtIeT aroro sasopa. Pa3HHua 

MeJKnY KpHBblMH cooTBeTcTBYeT YMeHbllleHHIO BeJIHtIHHbI nOJIR, KOTopaR 

nOJIJKHa 6blTb C<t>OpMHpOBaHa c nOMOIIJ;b1O TOKOBblX Ó6MOTOK. TaK, npa 
b = 7 MM 3TO YMeHbllleHHe COCTaBJIReT - 3,7 MT. 

no pe3YJIbTaTaM pacsera 6bma 

H3rOTOBJIeHa MarHHTHaR CHCTeMa 

H npaaenensr H3MepeHHR MarHHT

aoro nOJIR na UHKJIOTpOHe Y-120. 

113 npaaeneaasrx na pac.õ Pe3YJIb

Puc.6. H3MeHeHue MaZIIUrnOzo nons B sa
BUCUMOCTU OT sasopa Me:JIC0Y enyrpenneü 
KOJlb14eBOU lUUMMOU U nOJlIOCO".M na r = - li

o ...........-=:: 1 ri J j 

----=--b(MM>
=530MM. 
~ ""\ 
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Puc.Z. Pacuetuoe U stccnepuuenransnoef<%J 
pacnpeõeaenus nons OJlJl OKOHllaTeflbHOU 

tcotufiueypuuuu MaZHUTHOU CUCTeMbl. 

TaTOB H3MepeHHH BaD:HO, qTO ,n;JIR 
Q. -- I '1 40 B = 1,0 T coananeaae c pacaerovro 

y,n;oBJIeTBOpHTeJIbHOe, a npa B o ~ ]
= 1,45 T H3MepeHHhlH cnan nOJIR 
na 0,5% 60JIbIlle, qTO COOTBeTcTByeT -1 
pe3YJIbTaTaM cpaBHeHHH paCqeTa 
H axcnepar-reara HCXO,n;HOH KOHqm
rypaI.UiH (pnc.Z) . 

~ 
-2 Ha OCHOBaHHH H3JIO)l(eHHOrO asr

me MO:>KHO cnenars BhIBO,n; o TOM,' 
qTO npe,n;JIO)KeHHaR KOH<t:mrYP~HR 

MarHHTHOH CHCTeMbl oõecnesàr B03~_I	 -3b-9.S MO)l(HOCTb YCKopeH~R ,n;eHTpOHOB
8r-20~ H a-qaCTHIJ; no 3HeprHH, norryuaer-rstx
 

B nacroauiee BpeMR, a TaK)I(e nporo

HOB (E = 12 M3B) c acnonssoaa

p	 6 ' HHeM KoppeKTHpYIOrn;HX o MOTOK
 
napasrerpsr KOTOphlX ,n;OJI)I(Hhl 6blTb asrõpaasr.
 

Pe3YJIbTaTbl 60JIee TOHKOH 3KcnepHMeHTaJIbHOH onTHMH3aIJ;HH IllHMNIH

pYIOrn;HX 3JIeMeHTOB npasenensr na pac.?; nJIR OKOHqaTeJIbHOH xoarpar-ypa..
 
UHH IllHMM, npaseneaaoâ aa pHCYHKe, norrysemrsrâ cnan nOJIR OTKJIpHReTCR
 

OT acxonaoro He3HaqHTeJIbHO, H K pa


10t · ,n;HYCY asraona YBeJIHqHBaeTCR no
 

n=-f'f "'" 0,2%. POCT nOJIR npa B = 1,0 T
o 
,n;OCTHraeT BeJIHqHHhl "'"1 ,3%, T.e. 
TOKOBble 06MOTKH ,n;OJI){(Hhl C03,n;a

r aars nOJIe "'" 500 I'c. Pe3YJIbTaThlLLcxogHaR 
.d 3KCn2f!W"l!HTUl1bHO 

KOHTpOJIbHOrO pacxera nOJIyqeHHOH&Jl..i5paHHaf/0.2 reOMeTpHH IllHMM npaaenem.r na 
0.1 TOM xce pHCYHKe (nYHKTHp). 3aBH

CHMOCTb n = - (õB/ar) . (r/B) ztna HC- ~ 

xonaoro H BHOBb C<pOpMHpOBaHHoro 
nOJIR .npencraaneaa na pnc.B. BH,D;HO, 
qTO nOKa3aTeJIH crrana noneá OTJlH
qalOTCR He3HaqHTenbHO. 

.. 

ABTOphl õnaronapar . M.E .KaJIHHKHHY aa nocraaoaxy paCqeTHOH npo
rpaMMbl na 3BM, r.H.Caií<PYJIHHY aa nor-roun, npn 06pa60TKe pe3YJIbTaTOB 
pacsera, I1.BeHCHI'Y H Il.Xaprsraaa aa OKa3~HYlO nosrours npa nO,n;rOTOBKe 
3KcnepHMeHTOB, a TaK)I(e oneparopoa IJ;HKJIOTpOHa 'Y-120 aa noraours npa 
npoaeneaaa 3KCrIepHMeHTOB. 

llHTEPATYPA 

1.	 Dietricli J. et ai. Nucl Instr. and Meth., A241, 1985, p.596. 
2.	 CapKUCJlH JI.A. Tpyõu Me:JfC0YHapOOHOZO pa6011e20 C08ew;aHUJl no texuuxe U30XPOH

uux llUKIlOT{JOH08, Kpaxoe, 1978, c.128.. 
3.	 CERN COMPUTER CENTRE PROGRAM LIBRAR Y, POISCR, T 604, Chr. Iselin, 

1983. 
4.	 Anenuuxuü 1O.r., Sannatun H.H. TPYObl Me:JfC0YHapOOHOZO paõoueeo C08ew;aHWl no 

TexHUK'e U30XPOHHblX 1I.UKIlOT{JOH08, Kpaxoe, 1978, c.257. 
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Puc.8. 3a8UCUMOCTb notcasatens cnaàa 

nons OT paõuyca OJlJl UCXOOHOU U H080U 

tcotufrueypauuú MaZHUTHblX CUCTeM. 
PYKonHCb nocrynana B H3,D,aTeJIbCKHH OT,n;eJI 
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Puc.Z, Pacuetuoe U stccnepuuenransnoef<%J 
pacnpeõenenus nonn OJlJl OKOHllaTeJlbHOU 
«otufiueypuuuu MaZHUTHOU CUCTeMbl. 

TaTOB H3MepeHHH BH.nHO, tITO ,n;JIH 
B = 1,0 T coananenae c paCtIeTOMo 
y,n;oBJIeTBOpHTeJIbHOe, a rrpn B o ~ 

= 1,45 T H3MepeHHblH cnan nona 
na 0,5% 60JIbIlle, tITO COOTBeTcTByeT -1 
pe3YJIbTaTaM cpaBHeHHH paCtIeTa 
H axcnepar-renra HCXO,n;HOH KOHqm

rypa1.UiH (pnc.Z) . 
-2 Ha oCHOBaHHH H3JIO:>KeHHOrO asr

me MO:>KHO cnenars BbIBO,n; o TOM,' 
tITO npe,n;JIO)KeHHaH rcoarpar-ypauaa 
MarHHTHOH CHCTeMbl 06eCnetIHT B03

~ 
~_I -3b-9.S MO:>KHOCTb YCKopeH~H ,n;eHTpOHOB

8r-20~	 H a-tIaCTHI..( ,n;o 3HeprHH, nOJIYtIaeMblX 

B aacroautee BpeMH, a TaK:>Ke nporo
HOB (E = 12 M3B) c HCnOJlb30Ba

p 6 ' HHeM KoppeKTHpYIOIUHX o MOTOK
 

napar-rerpsr KOTOpblX norrscnsr 6blTb Bhl6paHhI.
 
Pe3YJIhTaTbl 60JIee TOHKOH 3KcnepHMeHTaJIbHOH onTHMH3aIJ;HH IllHMMH

PYIOIUHX 3neMeHTOB npaaenensr na pac.?; ,llJIH OKOHtIaTeJIbHOH xoarpar-ypa.. 
UHH IllHMM, rrpaaeneaaoü aa pHCYHKe, nOJIytIeHHhlH cnan nOJIH OTKJIOHHeTCH 

OT acxonaoro He3HatIHTeJIbHO, H K pa

10t ~ ,n;HYCY asraona YBeJIHtIHBaeTCH no 

n=-t·t '"'" 0,2%. POCT nOJIH ripa B = 1,0 To 
,n;OCTHraeT BeJIHtIHHbl '"'" 1 ,3%, T.e . 
TOKOBble 06MOTKH nonxorsr C03,n;a

r LLcxogHaR aars nOJIe '"'" 500 I'c. Pe3YJIbTaTbl 
.d 3KCn2f!!.U'eHTal1bHO 

KOHTpOJIbHOrO pacxera nOJIYtIeHHOH~blÕpaHHQR0.2 reoraerpaa IllHMM npaaeneasr na 
0.1 TOM :>Ke pHCYHKe (nYHKTHp). 3aEH

CHMOCTb n = - (õB/3r) '(r/B) ,n;JIH HC- ' 

xonaoro H BHOBb CcPOpMHpOBaHHoro 

nOJIH .npencraanena na pnc.S. BH,D;HO, 
tITO nOKa3aTeJIH cnana nOJIeH OTJIH

tIaIOTCH He3HatIHTeJIbHO. 

.. 

ABTOphl õnaronapar . M.E .KanHHKHHY aa nOCTaHOBKY paCtIeTHOH npo
rpaMMbl na 3BM, r.H.CaH<PYJIHHY aa nOMOIUb rrpa oõpaõorxe peayrn.raroa 
pacxera, I1.BeHcHry H Il .Xaprseaaa aa OKa3a,HHYIO nOMOIUb npa nO,n;rOTOBKe 
3KcnepHMeHTOB,- a TaK:>Ke oneparopon IJ;HKJIOTpOHa 'Y-120 aa nOMOIUb npa 
npoaeneana 3KcnepHMeHTOB. 

JlHTEPA TYPA J 
1.	 Dietricli J. et ai. Nucl Instr. and Meth., A241, 1985, p.596. 
2.	 CapKUCJlH Jl.A. Tpyõu Me:JIC0YHapOOHOZO paõoseeo c06eU{aHWl no texnutce U30XPOH

uux ijUKJlOT{JOH06, Kpaxoe, 1978, c.128 .. 
3.	 CERN COMPUTER CENTRE PROGRAM LIBRAR Y, POISCR, T 604, Chr. Iselin, 

1983. 
4.	 AJleHUlIKUu lO.r., Gannarun H.Jl. TpYObl Me:JIC0YHapOOHOZO paõoueeo C06eU{aHWl no 

rexuuxe U30XPOHHblX 1I.UKJlOTfJOH06, Kpaxoe, 1978, c.257. 
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Puc.8. 3a6UCUMOCTb noxasatens cnaõa 
nons OT paõuyca OJlJl UCXOàHOU U H060U 
tcotufiueypauuii MaZHUTHblX CUCTeM. 

PYKonHCb nocrynana B H3,D,aTeJIbCKUH OT,n;eJI 
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RET nH DPOBEnOB B BAmEA SHEanfOTEKE? 
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AneHHillam ro.r. " .n;p. 
BLI6op WHMMHPYIOIUHX 3JieMeHTOB 
nHKJIOTpOHa Y-120 (UMHM, r)J.P) 
B .n;Haiia30He HH.ZJ;YKUHH (1-1,45) T 

9-87-491 

Bb16paHbi napaMeTpbi €f>eppoMarHHTHLIX 3JieMeHTOB MarHHTHOH 
CHCTeMbi InfKJIOTpOHa Y -120 ,ZJ;JIR: €f>opMHpOBaHHR: Tpe6yeMOI'O pacnpe
.n;eneHHR: noJIR: ,ZJ;JIR: ycKopeHHR: .n;e:HTpOHOB (E = 13,5 M3B) H a..qac~ 
(E = 27,0 M3B) npn B0 = 1,45 T H npOTOHOB npH yMeHbweHHOM 
ypOBHe fiOJIR: (B0 = 1 T). KoH€f>HrypannR: WHMM BLI6HpanacL pacqey. 
HbiM CfiOC06oM H MO,ZJ;eJIHpOBaJiaCL Ha Mai'HHTe InfKJIOTpoHa B MaC
WTa6e 1:1. 

Pa6oTa BLinOJIHeHa B Jia6opaTopHH .R,D;epHLIX npo6neM OMHM. 

Coo6IUeHHe OOO.emmeHHoro IDICTH'l")rra .ll,llepHhiX HCcneJJ;os&HHH. Jly6aa 1987 

llepeao.n; 0 .C .BHHorpa.n;oao:H 

Alenitskij Yu.G. et al. 
The Choice of U-120 Cyclotron Trim Elements 
in the (1-1.45) T Induction Range 

9-87-491 

The U-120 cyclotron magnetic system iron element parameters are 
chosen for accelerating deuterons (E = 13.5 MeV) and a-particle~ 
(E = 27.0 MeV) at B0 = 1.45 T and protons for diminished field level 
(B0 = 1 T). Th_e trim configuration was chosen by computer calcula
tions and modelled on the cyclotron magnet (scale 1:1). 

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