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06hIt.JHhIM H30XpOHHhIM ~HKJIOTpOH r eaepapyer nOtITH aenpepsraasre 
nYtIKH HOHOB, n03TOMY HCnOJIh30BaHHe ero B KatIeCTBe HH)f(eKTOpa lJaCTH~ 

B HaKOnHTeJIhHoe KOJIhUO HJIH CHHXpOTpOH MaJI03~~eKTIffiHO,T.K. CYI.I.J;eCTBY

lOI.I.J;He MeTO,AhI H:H)f(eKUHH nyxxa B 3TH YCTaHOBKH B OCHOBHOM HMnYJIhCHhIe, 

eCJIH, KOHelJHO, ne npennonarars nepesapanayio cxevry HH)f(eK~HH /1/. 

HMeeTCH pH,A MeTO,AOB, n03BOJIHlOI.I.J;HX OCYI.I.J;eCTBHTh HaKOnJIeHHe lJa

CTH~ na KOHetIHhIX PMHYCax H30xpOHHoro ~HKJIOTpOHa. OHH CBH3aHhI C 

H3MeHeHHeM xaparcrepa ,ABH)f(eHHH HOHOB B pan;HaJ1hHO-~a30BOM npOCT

paHCTBe. 

Hanpnr-rep, BBe,AeHHe 6HnOJIHpHOrO H3MeHeHHH pacnpezieneaaa Cpe,AHe

ro MarHHTHoro .nOJIH na KOHelJHhIX panaycax H30xpOHHoro ~HKJIOTpOHa 

(pHC. la) n03BOJIHeT CMeI.I.J;aTb nYlJOK no rpaae TaK, lJTO Ha60p 3HeprHH aa 

060POT HOHOM ysreasuraerca, a pa,AHaJIhHaH nJIOTHOCTh lJaCTH~ YBeJIHlJHBa

eTCH. 3,AeCh npennonaraercn naxornrrs nOpHJJ,Ka 100 060pOTOB rryuxa B 

mrrepaane PMHYCOB 2 -:- 3 CM /1,2/. B03MO)f(HO, O,AHaKO, lJTO B ,AaHHOli 

cxevre nOHBHTCH TpY,AHOCTH, CBH3aHHhIe C npOCTpaHCTBeHHOM YCTolitIHBOCThlO 

,ABH)f(eHHH HOHOB, nOCKOJIhKY CYI.I.J;eCTByIÓT onpeneneansre OrpaHHlJeHHH na 

BeJIHlJHHY ,AOnYCTHMoro rpanaeirra cpenaero MarHHTHoro nOJIH. 

TIpH npyrovr cnoco6e /2/ HCnOJIh3yeTcH BHelllHHH HH)f(eK~HH nyxxa 

B ~HKJIOT~OH C perYJIHpOBaHHeM ~a3hI crYCTKotJ OTHOCHTeJIhHO YCKOPHIO

I.I.J;erOCH BhICOKOlJaCTOTHoro uanpasceaaa TaK, lJTO nOCJIe,AOBaTeJIhHhIe 

crYCTKH 'qaCTH~ OKa3hIBaIOTcH'\Ia KOHellHOM panayce YCKopeHHH, conepuias 

paanoe lJH~JIO 060POTOB O,AHOBpe-

MeHHO, T.O. MOiKHO naxonars no A!:!I a 16 
H5006opOTOB. 

PerYJIHpOBaHHe pacnpenerrenaa 

xacrau B panaarrsao-cpaaoaor-r npocr
pancrae na KOHetIHhIX panaycax 

YCKopeHHH H30xpoHHoro UHKJIOTpO

na MO)f(HO oCYI.I.J;eCTBHTh MO,AH~HKa

UHeM <POpMhI (npocrpaacraeaaoü, 

BpeMeHHoli) pacnpe,AeJIeHHH YCKO

paioI.I.J;ero nOJIH. TaK, HanpHMep, 

H3BecTHo, lJTO BBe,AeHHe ,LI,OnOJIHH

TeJIhHhIX ,LI,YaHTOB, pa60TaIOI.I.J;HX Ha h~ 
lJaCTOTe B ,ABa HJIH TpH pa3a 60JIh

llle, lJeM OCHoBHhle, n03BOJIHeT nOJIY r"~
/rr;y~"J r~ l

tIHTh pe)f(HM YCKopeHHH lJaCTH~ Ha 

nJIOCKOM lJaCTH BOJIHhI YCKopRlOI.I.J;e

ro HanpH)f(eHHH (T.H. pe)f(HM ~JIaT- Puc. 1 
... FI'"IO\)1~C.!\ lI·.(~ribrlg gHC'lln-yT t©c 061.eromeHHbIH ~x~'1ro1tÂ~~ BalIHH ,ny6Ha, 1987 
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ronnanra) / 3 t. 3TO naer B03MO)KHOCTb B 3HatIHTeJIbHOM Mepe ynyxunm; 
3HepreTHtIeCKYIO HeO,n:HOpO,n:HOCTb B YCKOpeHHOM nyxxe. 

3cPcPeKT pacnrapeaaa cPa30BOM npOl'H)I(eHHOCTH crYCTKa na KOHel.lHbIX 
panaycax YCKOpeHHH B I:(enHX YBenHtIeHHH K03cPcPHI..J;I1eHTa aanormeaaa 
nYTeM	 npHMeHeHHH nonormarern-aoro Correxrpona (pHC. 16) acnorrsayer
CH B p~,n:e CHHXpOIUiKJIOTpOHOB 141. TIpH 3TOM panaansaoe 3JIeKTpHtIeCKOe 
nOJIe Cvanercrpona, 3aBHCHI..Qee OT BpeMeHH TaK, tITO npOH3Bo,n:HT rpeõye
MbIM cPa30BbIM cnanr-, YBenHtIHBaeT pa.n:HaJIbHYIO nnOTHOCTb ny-nca. 

C1>a30BaH urapana crYCTKa tIaCTHI:( na KOHellHbIX pannycax 3aBHCHT 
OT, pacnpeneneaaa asmnarynsr YCKopHIOI..Qero 3neKTpHtIeCKOro nona no 
pa,n:HYCY. Ilonyseaaoe B paõore 751 COOTHOllleHHe Me)K)J;Y l\1aKCHMaJIbHbIM 
Ha60pOM 3HeprHH H" <pa30M tIaCTHI:(bI ,n:JIH ,n:BYX pa.n:HYCOB YCKopeHHH RI H 
~ ~ tJ.W 2' sin cP (R 1) == tJ.W R2,· sín cP (R2 ) - norcaasraaer, tITO ripa YBe
JIHtIHBaIOI..QeMCH no pa,n:HYCY YCKopHIOI..QeM HanpH)I(eHHH (tJ. WR 2 > ~WR1) npo
HCXO,n:HT C)I(aTHe crycrrca HOHOB no cPa3aM, npn YMeHblllalOI..QeMCH - pae
unrpeaae. Tax, yvrensurenaa naõopa 3HeprHH tIaCTHI:(eM sa 060POT MO)KHO 
nocrarnyrs H3MeHeHHeM no pa.n:HYCY <pH3HtIeCKOM a3HMYTaJIbHOM npOTH
)l(eHHOCTH nyanroa cPA (pac, La) . IlOCKOJIbKY -npapocr 3HeprHH 3a '060
pOT tJ.W ~ sin{n cP A 12 ) , rrre n - HOMep rapMoHHKH ycrcoparouiero .nanpa
)l(eHHH, TO 3HatIeHHe t!.W na panayce HH)I(eKI:(Hl1' MaKCHMaJIbHO (n == 4, ~A == 

== 45°) , a B KOHI:(e YCKopeHHH (cP A == 90°) paBHO HYJIIO. 
KOMnpeccHIO nysxa na KOHetIHbIX panaycax asoxpomroro HaKÓnHTeJIb

/ 51 aoro KOnbI:(a npennonaraerca OCYI..QeCTBHTb c nOMOI..QblO pesonaropoa, 
pa60TaJ()i..I:(Hx na nonosaae ,n:nHHbI nornrst (pHC. Ir), xorna acnorrsayerca 
BHelllHHH HH)I(eKIUiH nytIKOB HOHOB H -Ha HatIaJIbHbIM panayc (r H ), narree 
nepesapamca na MHllleHH, 3aTeM crrenyer YCKopeHHe HOHOB H + no KOHetI· 
aoro paznryca (r K) H aar-tenrrenae ,n:o rH ' nOTOM I:(HKJI nOBTopHeTCH. OI:(eH
KH noKa3bIBalOT , tITO B03MO)l(HO aaxormesàe nyxxa B mrrepnane panay
COB dP == 0,04. (r K - r) c oxeas BbICOKOM HHTeHCHBHOCTblO. Flpaxre-

H 
HeHHe aroro cnocoõa orpanasasaerca I:(HKnOTpOHaMH c pasnerremrsnaa 
cercropaxra, nOCKonbKY aKCHaJIbHbJfa3~epbI acnorrsayexn.rx pe30HaHC

C f + h 
HbIX norrocreã 3HatIHTenbHbI (f == ;ZEn ,c - CKOpOCTb CBeTa, ,n;nH 
f == 50 MrI:( f == 3,5 M, h == 6 M). C TOM xce uensro npHMeHffiOTCH -xer
aeprsaomrom.re pesoaaropsr B YCKoplnenbHO-HaKOnHTenbHOM xorrsue 
ASTOR/ 6 / 

, cnY)I(aI..QeM npOMe)l(YTOtIHbIM 3BeHOM' Me)K)J;Y H30XpOHHbIM I:(HK
norponosi SIN H 6bICTP0I:(HKJIHtIHbIM CHHXpOTpOHOM. • 

Cnerrars axmmrryny YCKopHIOI..QerO HanpH)I(eHHH cnanaronreã no panay
cy ,n:o °B 06naCTH KOHetIHbIX pa.n:HYCOB YCKopeHHH na 'H30XPOHHOM I:(HKnO
TpOHe CO crrrromasna nOJIIOCOM MO)KHO c nOMoI..QblO peaoaaropa na 
3/4 ,n:nHHbI BOJIHbI (pHC. 2). B ,n:aHHOM paõore HCCJIe,n:OBaHHe npoueccar 

narconneaaa' HOHOB B tIeTblpeXMeTpOBOM H30XpOHHOM I:(HKnOTpOHe npone
neno WJH tIaCTHI:( C OTHOllleHHeM A/Z = 10. Pacnpenerrenae MarHHTHoro 

.norra 6bIDO cne,n:YIOI..QHM: H(r,O)= H(r)(l-f cos4 ...8). H(r) = Hol 
Ivr::-fJF" , H == 19300 3, f ° = 0,25. CTapTOBobIMH ycnoBHHMH )J.JIH HHTero 
pHpOBaHHH ypaBHeHHM ,n:BH)I(eHHH cnyscana KOOp,n:HHaTbI H CKOpOCTH tIaCTH

2 

I:(bI, cooTBeTcTBYIOI..QHe ee paBHO R,eM
necnoâ opõare. YCKopHIOI..QaH CH

CTeMa I:(HKJIOTpOHa COCTOHT H3
 
,n:BYX 45 O" ,n:YaHTOB, YCTaHOBJIeH 170
 
HbIX B ,n:BYX npoTHBOnOnO)KHbIX
 
,n:OJIHHax H B036Y)K)J;aeMbIX KO
 I 
aKCHaJIbHbIMH pesoaaropavm C
 
,n:nHHoM aormsr 3/4 TaK, tITO HY


591neaoe 3HatIeHHe HanpH)I(eHHH npn
I 

XO,[(HTCH na pannyc R H = 168 CM
 
(pHC. 2) . 3TO cooraercrayer YCKO
peHHIO nsrõpaaasrx HOHOB na 15-M
 
rapsroaaxe Bq-HanpH)I(eHHH (f ::. 16&
 

= 45 MrI:().
 
113 pHC. 2, rne npencraa


rrena 3aBHCHMOCTb cpezmero pana

yca nOCJIe.n:OBaTenbHbIX Op6HT
 

167~	 --- ~ 
o 100217 rs.oo.

(R = 'i:- f r de) OT tIHCJIa 060po Puc.2 
170 

TOB HOHa, cnenyer , tITO CMeI..QeHHe 
06naCTH HaKOnneHHH, XapaKTepH3YIOI..QeMCH 60JIblllOM nnOTHOCTblO Op6HT 
(0,1 MM/06.), OT R

H 
, 3aBHCHT OT aMnJIHTy,n:bI pannansrrsrx KOJIe6aHHM, T.e. 

OT rny6HHbI BapHaI:(HH MarHHTHoro nOJIH f O. 3BOJIIOI:(HH nauarrsaoro pazra

aJIbHOrO <pa30Boro npOCTpaHCTBá, 
d.o,Mpa.nl~53aHHMaeMoro nYtIKOM OKOJIO PaB- d.,pa.Q
 

HOBeCHOM Op6HTbI C Rp.o. = 164 CM,
 
B npouecce narconneaaa xepea 100,
 
150, 200 060POTOB noKa3bIBaeT OfJl5
 
(pHC. 3), tITO nopaztrca 100 060

pOTOB nyxxa I:(HPKYJIHpyeT B HH

repnane pa.n:HYCOB 169 -:- 1 71 CM
 
H 3HeprHM 201 -::- 203 M3B (,n:JIH
 "\O,CflO 
HOHOB A+4~ ). Hcnorrsava ,n:aHHbIM
 
I:(HKJIOTpOH B rcauecrae nocrycxo

pHTeJIH, xorna B ero I:(eHTpaJIb

HOM 06JIaCni YCTaHOBneHa cPH3H


0p65tI~~aH .MHIlIeHb, npoH3Bo,n:HI..QaH C 

Ar,MM

20006 

nOMOI..QblO HH)I(eKTHpyeMoro nyxrca 
OT ,n:PYforo YCKopHTenH nponyx

(..", 

TbI H,n:epH~Ix peaKI:(HM, MO)KHO oCY
I..QeCTBHTb YCKopeHHe H aaxonneaae "IVO" I........	 R,CM


170 171 
(	 

BTOPHlfHhIX tIaCTHI:(. 3TOMY cnocoô- -'---~ 
crnyer H ôonsuroá npHpOCT anep
rHH sa ,060pOT B 3TOM 06JIaCTH, 

Puc.Bn03BOJIHIOI..QHM 06XO,n:HTb nYtIKOM 
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cPH3HtIeCKYIO MHllleHb. B 3TOM xce CJIYtIae nOCTYCKOpHTeJIb HCnOJIb~yeTCH' 

KaK MOI.I..UibIH aHaJIH3aTOp BTOpntIHblX nYtIKOB ppiK)J.~IlUiXCH HO~OB no 

oraoureaaro A/Z. 
)ljIHTeJIbHbIH npouecc HaKOnJIeHHH (tIHCJIO 060POTOB' N ~ 200) , .Bbl

COKaH rapMOHHKa ycxoprnontero HanpHiKeHHH (n ) HaKJIa):(bIB31OT. .u;OBOJIbHO 
iKeCTKHe OrpaHHtIeHHH na TOtIHOCTb cTa6HJIH3aIJ;HH ypOBHH ManrnTHoro 
nOJIH H OTKJIOHeHHH peansaoro pacnpeneneaaa cpenaero nOJIH OT H30f{pOH
noro (~H < 1 3), nOCKOJIbKY CMer.ueHHH no cPa3e HOH~ - ~sin<p ~ 

~±21TnN(Ml/H) • 
Ycxopeaae H HaKOnJIeHHe HOHOB c .u;PyrHMH OTHOllleHHHMH A/Z .u;OJIiK

HO npOH3Bo.u;HTbCH npa BapbHpOBaHHH ypOBHH H COOTBeTCTBYlOmeM H3Me
He~HH pacrrpeneneaaa cpenaero MarHHTHoro nona no P~HY.CY 6e3 nepe
CTpOHKH tIaCTOTbl ycxopmoutero HanpRiKeHHR, T.K. HIlatIe 3TO õyzrer CBH
3aHO co CMer.ueHHeM ayneaoã TOtIKH (R H) . 

,llJIH acex paCCMOTpeHHblX cnocoõoa HaKOnJIeHHR tIaCTHU na KOHetI
HblX panaycax H30XPOHHblX UHKJIOTpOHOB xapaxrepaa onaa npoõneera 
ycnososaerca rrpouecc BbIBO}J;'a nysxa H3 YCKPpHTeJIR H3-3a MaJIOrO npa
pOCTa panayca nyxxa sa 060pOT. Pa.u;HaJIbHbIH paar-rep aaxonneaaoro nyx
xa B r-rauraae onpezienaer H Tpe6yeMblH panaansasrã. saõpoc nysxa B Ka
HaJI nerpnexropa HJIH MarHHTHblH KaHaJI. 

3necb MOiKHO acnonsaoaars pereaeparaaasrâ cnocoõ pacxa-nca pa
/ 7

naansasrx Kone6aHHH I , npHtIeM pa60nUOI..UHH HMnYJIbCHo. llnR C03naHHH 
rpeõyer-rsrx panaansasrx rpanaearoa B036ynHTeJIR H pereaeparopa MOiKHO 

r - r 
npHMeHHTb T.H. a - KaTYlllKH (H = H (1 - a o + ..• », npenCnlBJIHIOo r o 
uiae C060H TOKOBble crron, n03BOnHIOI..UHe B036YiK}J;aTb xaanpyrtorrsayio 

KOMnoHeHTY MarHHTHoro nona He06xo.u;HMOH BeJIHtIHHbl. 
BbIBO.u; HaKOnHTeJIbHOrO nysxa THiKeJIblX HOHOB raxace MOiKHO ocy

,	 191 
uiecraars MeTonoM nepesapanxa tIaCTHU aa TOHKOH MHllleHH . 'I'ax, 
;LVIR HOHOB A 4~, YCKOpeHHblX no KOHetIHOrO panayca paccvrarpaaaer-roro 
UHKJ10TpOHa, paBHOBeCHblH sapan nysnca nocne npoxoscneaaa MHllleHH 
cocraaar +16. Bsrrrycx raxoro nyvxa nepesapanxoã aHaJIOrHtIeH HCnOJIb
3yeMOMY B aacromnee BpeMH .u;Byx060pOTHOMY asrsony sacran aa ,H30
XpoHHOM UHKJIOTpOHe Y-400 1101 . HMnYJIbCHblH peiKHM asraona razcensrx 
HOHOB B 3TOM CJIYtIae BbmOJIHHeTCR apautasouieãca c COOTBeTCTBYIOr.ueH 
tIaCTOTOH nepesapanaoã yrneponaoã MHIlleHblO. TaKHM 06pa30M, ytIHTbmaR 
õonsurae B03MOiKHOCTH UHKJ10TpOHHOro cnocoõa B nOJIYtIe~HH ~bICO,KO

HHTeHCHBHbIX nYtIKOB TRiKeJIblX HOHOB H MeTo.u;OB HaKOnJIeHHH uacran 
aa KOHellHbIX P~HYCax YCKopeHHR, xoropsre, KOHetIHO, ae OrpaHHtIHB31OT
CR npaaeneaasrvra B naHHOH paõore, npenCTaBJIReTC1,I 060CHOBaHlfblM RC'
nOJIb30BaTb UHKJIOTOOH B KatIeCTBe HHiKeKTOpa rrymca HOHOB B aaxonarerrs
HO-YCKopHTeJIbHOe KOJIbÚO. 

1
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HET JIH nPOEEJIOB B BAlliEA EHBJIHOTEKE? 

8bi MO:>KeTe OOilY'iHTb no OOliTe nepe'IHCJleHHbie HH:>Ke KHHrH, ecJJH OHH He 6biJlH 3a
Ka3aHbl paHee. 

ll13-84-63 

ll2-84-366 

ll1.2-84-599 

ll17-84-850 

llll-85-791 

ll13-85-793 

ll4-85-851 

ll3,4,17-86-747 

.::n .Z-86-668 

ll9-87-105 

ll7-87-68 

ll2-87-123 

ll4-87-692 

ll2-87-798 

,ll14-87-799 

Tpy.!l&I XI ~elK,!lyHapoAHoro cHMnoJHyMa no a)lepHOH 
JneKTpOHHKe. EpaTHcnasa. 4exocnosaKHII, 1983. 

TpyJl&I 7 Me:>KJlyHapoJlHoro coBeiUaHHII no npo6neMaM 
KBaHTOBOH TeopHH OOJlll. AnywTa, 1984. 

TpyJlbi VII MelK,!lyHapoAHoro ceMHHapa no npo6neMaM 
lPH3HKH Bb!COKHX 3HeprHH. ,lly6Ha, 1984. 
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Ko3JIOB C.H. 9-87-896 
HaKonneHHe 'laCTHQ B H3oxpoHHOM QHKJIOTpoHe 

flpe)J;CTaBJleHbl pe3yJlbTaTbl 'IHCJleHHOrO MO)J;eJIHpOBaHHH npo
Qecca HaKOllJleHHH 'laCTHQ Ha KOHe'IHbiX paAHycax H30XpOHHOrO 
QHKJlOTpOHa C HCllOJlb30BaHHeM yCKOpHIDmeif AyaHTHOH CHCTeMbl, 
B036y:>K,D,aeMOH KOaKCHaJibHbiMH pe30HaTopaMH Ha 3/4 )J;JlHHhi 
BOJIHhi TaK, 'ITO HYJib ycKopHIDmero HanpH:>KeHHH npHXOAHTCH 
Ha PaAHYC BbiBO)J;a. nony'leHHbie pe3yJlbTaThl yKa3hiBaiOT Ha B03-
MO:>KHOCTb HaKonneHHH 6onee tieM cTa o6opoTOB ny'IKa B paAHaJib
HOM HHTepaane 15 MM. JIICllOJlh3YH BbiBOA ny'IKa HMllYJlbCHbiMH 
KaTyUIKaMH HJlH BpamaiOmeHCH nepe3apH)J;HOH MHUieHblO, MO:>KHO 
llOJlY'IHTb HHTeHCHBHbiH HMllYJlbCHhiH ny'IOK, npHrO)J;HbiH )J;JlH HH
:>KeKQHH B HaKOllHTeJlbHO-yCKOpHTeJlbHOe KOJlbQO. 

Pa6oTa BhmonHeHa B Jia6opaTopHH H)J;epHbiX peaKQHH OH.HH. 

Coo6weHHe 06"benHHeHHoro HHcnrryra .IIJlepHbiX HccneJlOBaHHH. ,lly6Ha 1987 

TiepeBOAO.C.BHHOrpaAOBOH 

Kozlov 8.1. 9-87-896 
Particle Storage in Isochronous Cyclotron 

Results of numerical simulation of storing process of partic
les on the final radius of the isochronous cyclotron are presented. 
The accelerating dee system excited by coaxial three quarter wave 
short-circuit line which has zero of accelerating voltage on extrac
tion radius was used. The obtained results demonstrate a possibi
lity of storing more than hundred turns of a beam in a 15 mm ra
dial interval at the extraction radius. Extraction of this stack with 
fast coils or by the rotating stripping foils produces an intense pul
sed beam. This beam is suitable for a further injection into the sto
rage-accelerating ring. 

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