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BBE,OEHI1E 

W~pOKoe paCnpOCTpaHeH~e nony~~n~ C~CTeMbl BHeWHe~ ~H~eK4~~ 

B 4~KnOTpOH~/1-71 , KOTOp~e Aan~ HOB~e Ka~eCTBeHH~e B03MO~HOCT~ 
MHor~M YCKop~TenAM. 3TO - eA~HCTBeHH~~ nYTb nony~eH~A B 4~Kno

TpOHax YCKopeHH~X nY~KOB nonAp~30BaHH~X ~OHOB; npaKT~~eCK~ 

nonHOCTbO pewaOTCA BaKYYMH~C npo6neM~ np~ YCKOPCH~~ oTp~4a

TcnbHWX ~OHOB H- . .0-. PAA npe~My~ecTB C~CTeMa BHewHe~ ~H~eK

Ll~~ nY4KOB ~MCCT ncpeA BHyTpeHH~M ~C TOlHi~KOM AnA uuxno t pouo a 

TA~l'fl['IX ~OIlOB: 
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B~60P 3nEMEHTOB TPAHCnOPTHPOBKH
 

CHCTEM~ AKCHAnbHO~ HHmEKUHH nY4KA B Y-200
 

KaHan BHewHe~ ~H~eK~~~ nY4Ka paCC4~TaH Ha Tpacc~pOBKY 

~OHOB C A/Z= 2,8+ 5, ~MeeT axcenrauc oxono 1000 MM.M pan C ra

KHM oacve rox, 4T06bl 6blna B03MO~HOCTb HcnOllb30BaTb ~CT04HHK ~O

HOB n~6oro THna. 

B pa604eM COCTORHHH MarHHT ~HKJ10TpOHa Y-200 HaXO,CIHTCR B 

HaCblll~eHHOM COCTORHHH, 4TO npHBO,CIHT K ,CIOBOllbHO C~llbHOMY pacce

RHHOMy nOll~ B aKc~allbHOM OTBepCTHH MarH~Ta. H3MepeHHR ~ paC4e

Tbl noxaaana , 4TO 3TO none Mo~eT 6blTb HcnOllb30BaHO ,CIllR 4>OKYCH

POBKH ~H~eKTHpyeMoro ny-uca 18. 91 • 

B Ka4eCTBe perYll~PyeMblx $OKYC~PY~~HX 3lleMeHTOB Bbl6paHbl ll~H

3bl IMnl ~ cOlleHO~,CIbl 14>CI C npO,CIollbHblM MarH~THblM nOlleM. nOBOpOT 

nY4Ka H3 aKCHanbHoro KaHalla B Me,CIHaHHY~ nllOCKOCTb ~HKnOTpOHa 

C nOClle,CIYIO~HM BbIBO,CIOM Ha nepBYIO OP6HTY YCKopeH~R oCYlJ.leCTBllR

eTCR 3lleKTpOCTaTH4eCK~M 3epKanOM - HH$lleKTopOM, KOTOPbl~ OTn~

4aeTCR OT ,CIPyrHx THnOB ~H$lleKTopOB IcnHpallbHoro ~ r~nep60llH4e

cKorol npOCTOTO~ KOHCTpYK~~~ ~ 60llbW~M aKcenTaHCOM.npOBe,CIeH

Hble paC4eTbl C Y4eTOM KOHKpeTHblX YCllOBHA n03BOll~llH Bbl6paTb reo

MeTpHIO ~H4>lleKTopa/81 , KOTOPbli1 noxaaan 3$4>eKTHBHYIO pa60TY 1101 . 

AnR coxpaHeHHR TpaeKTopHH ,CIBH~eHHR 4epe3 ~H4>lleKTop HOHOB 

C pa3HbiM OTHoweHHeM MaCCbl K 3apR,CIY Tpe6yeTCR, 4T06bl napaopoac
KHi1 pa,CIHyc p B nOlle B He H3MeHRllCRo 
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3KcnEPHMEHTAJlbHbiE PE3YJlbTATbI 

Ha 3Tane aanycKa C~CTeM~ aKC~anbHOA ~HmeK~~~ ny4Ka B ~~KnO
TpOH Y-200 ~CnOnbaOBant~ B~COK04aCTOTH~A ~CT04H~K ~OHOB/l11 
KaK Ha~60nee npocToA no KOHCTPYK~~~. ~a KOToporo 6bln nonY4eH 
ny40K 4He 1+ C ~HTeHC~BHOCTb~ AO 100 MKA ~ 3M~TTaHCOM 
130 MM"MpaA. C ero nOMO~b~ npo~aBeAeHa HanaAKa C~CTeM~, nony
4eHbI He06xoA~Mble cTa6~IlbHOCT~ ~CT04H~KOB n~TaH~~ <l>OKYC~PY~~~x 

3neMeHTOB aHan~a~py~~ero MarH~Ta, ~H<l>IleKTopa. 3Hepr~~ ~HmeK

~~~. Pa604~e pem~M~ 3IleMeHTOB TpaHcnopT~pOBK~ np~BeAeH~ B 
Ta6Il. 1/ 11. 01 • 

3aMeT~M. 4TO AonYCT~Mble cTa6~IlbHoCT~ nonyueua An~ C~CTeMbl 

B OTCYTCTB~e 6aH4~poBK~. 

BaKYYMHa~ C~CTeMa aKc~aIlbHoA ~HmeK~~~ n03Bon~eT nOIlY4aTb 
AaBIleH~e B KaHane 7-9.10-6 Top, np~ KOTOpOM Tep~eTC~ He 60Ilee 
10% ny4Ka 4He l + Ip~c. 2/. nOTep~ 60Ilee T~men~x ~OHOB He npe
BblCHT 20% 1121 • 

3Kcnep~MeHTanbHo ~aMepeHHaH TpaeKTop~H AB~meH~H nY4Ka 4e
pea ~H<l>IleKTop XopOWO cosnana C pac4eTaM~ Ip~c. 31. Xopowo 

c<l>opM~poBaHH~A ny40K B ~eHTpe 
II oma eO 
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PHe. 3. TpaeKTopHH ABH~eHHH rryq
Ka B ueHTpanbHoH 06naCTH UHKITO
TpOHa. B TOqKaX 1-7 AaHbI H3Me
peHHwe rrpo~HnH rryqKa B rrnOCKO
CTH, rreprreHAHKYITHpHOH ero ABH~e
HHW. 
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ny4Ka OT cenap~py~~ero MarH~Ta AO KOHe4HOrO paA~yca YCKopeH~R 

8-10% • 

B 4~KnOTpOHe Y-200 A~ana30H YCKopReM~X ¢a3 COCTaBnReT OKO

no 30-40°!ll3! , ,llnA YBen~4eH~R K03<tx1>~4~eHTa 3aXBaTa 6bln ~c

nons aoaax AByx3a30pHbli:1 6aH4ep Ha nepaoci rapMOH~Ke B4 HanpRlKe

H~R, pacnonolKeHH~i:1 Ha paCCTORH~~ 3,8 M OT ~H¢neKTopa, B Ha

weM cny4ae nony4eHo YBen~4eH~e ~HTeHC~BHOCT~ yCKopReMoro 

ny4Ka B ABa pa3a /p~c, 4/, 3¢¢eKT 6aH4~poBK~ B C~CTeMe aKC~
anbHoi:1 ~HlKeK4~~ Ha Y-200 Tpe6yeT 60nee AeTanbHoro ~3Y4eH~R, 

B 4aCTHOCT~, B CBR3~ C Bn~RH~eM npOCTpaHCTBeHHoro 3apRAa B 

npOAonbHOM HanpaBneH~~, KOTOp~i:1 C YBen~4eH~eM TOKa ny4Ka np~

BOA~T K YMeHbweH~~ 3¢¢eKT~BHOCT~ 6aH4~poBK~!3!, 

Bn~HH~E npOCTPAHCTBEHHoro 3APHnA 

.anA nonY4eH~A ~HTeHC~BHbIX ny-ucoa B C~CTeMe aKc~anbHoi:1 ~H

lKeK4~~ ~cnonb30BaH Ayonna3MaTpOH, ~3 KOToporo 6~n nony4eH ~ 

~ccneAOBaH ny40K 4He 1+ C ~HTeHC~BHOCTb~ AO 1 MA. XapaKTepHoi:1 

oc06eHHocTb~ np~ TpaHcnopT~pOBKe ~HTeHC~BH~X ny4KOB AB~nOCb 

~3MeHeH~e pelK~MOB ¢oKyc~py~m~x 3neMeHTOB B 3aB~C~MOCT~ OT 

TOKa nY4Ka, 4TO, nO-B~A~MOMY, CBA3aHO C Bn~RH~eM npOCTpaHCT

nCHHoro 3apRAa. CYmecTBY~m~M~ 3neMeHTaM~ TpaHcnopT~pOBK~ YAa

'IOCb r p accapo aa r i, nY40K c ~HTl'HC~BHOC T b~ Ao 1)00 MKA 6C3 ~3

MI'HeH~R 3¢xtl(,KT~BH()CT~; flP~ AanbH(,~W('M nOFlhIlUI'H~~ TOK<1 ~HlKl'K

l~PYCMoro IlYllKd [1.JAl'H~H Kln(I)<tJ~IIW'HT<1 r o.uunon I ~ponK~ wl(le

It<dlb HI' YJI,HIOCh, I<lK KdK JIB<1 ~:J lj('rblpcx <tJOKYL~PYIOIl\~X :Hll'MI'H
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Ta6nHIJ;a 2 

K Kyx 

p;peH«p o o 

nOBopoTHbIH
 

MarHHT l/l o
 

(aB/2p)2 (qB/2P) 2cone HOHP; 

M~CC~~ ~HmeKT~pyeMoro nY4Ka. YpaBHeH~A KB B np~cYTcTB~~ npo
AonbHoro MarH~THoro nonA cnpaBeAn~B~ AnA aKc~anbHo-C~MMeTp~4
H~X ny4KoB, 4TO B AaHHoM cnY4ae npaKT~4ecK~ 06ecne4~BaeT Kpa
eBaA ¢OKyc~poBKa cenap~py~~ero MarH~Ta. 
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0,3 0;4 ZI A
 

I Ie-1 PHC. 8. B03MO~HOCTH HC

10'6 TOqHHKOB ECR H PIG no 

HHTeHCHBHOCTRM nyqKOB gnR 

paansrx ZI A • 

1d5 

TanbHY~ ~H¢opMa~~~ 06 3¢
¢eKT~BHoCT~ TpaHcnopT~1d 4 
POBK~ nY4KOB T~men~x ~O

HOB	 np~ ~HTeHc~BHOCT~ ~3 

~CT04H~Ka csuure 10L5 c-1 • 
10

13 
3T~	 pe3ynbTaT~ n03Bon~

~T OTBeT~Tb Ha Bonpoc 0 
<, TOM, HaCKonbKO uenecoo6

10'2 pa3HO C03AaH~e C~CTeMM 

aKc~anbHO~ ~H~eKU~~ C 
~CT04H~KOM T~na PIG Ha1011 , I! I • I I •
 
u~KnOTpOHe Y-400. OueHK~
(\1 0,2 
nOKa3~Ba~T, 4TO ecn~ np~ 

~HTeHC~BHOCT~ ~HmeKT~py

eMoro nY4Ka 5' 101:, c- I cyMMapHaR 3¢¢eKT~BHoCTb COCTaB~T Aamc 
1-3{'" TO CC c03AaH~C Ita Y-400 onpOBAaHO, TaK KaK ~cnonb30Ba
HI-1C BHCWlterO ~CT04HHK<1 nc)3BOn~T aa C4CT ynY4w(,H~A BiH<YYMa c 
l' 10-6 Top AO 3.10-7 TOD CHH3~Tb nOTcpH nY4K<1 ~3-3a ncpC3apAA
K~ C 30- 70",( AO 10".: '16 ' • .1 TdKmc ynYllwHTb 3Kcnnya r;lll~()HHblC' x.r-
P,lKT(!P~CTHK~ U~KIHlT POH,). 

I1cnonb 30f]aH~C .1 Kc ~.l n b ltoi1 ~Hm(' KU~~ c ~c T()4H~KOM T~n<l Ecr Ha 
qHKlIorpOIH' y-I'OOH npV1 p.l(iorl' r-ro B ilATOItOMllOM PI')l(V1Ml' n03AOflHr 
H ')flDI'/wnf'IIItOM lIV1dn.J ..lollt' 11'lllylJdrb nYlJKH Lo10ItOR. KOrOpbll' npl'H
1l0J1,UaerCH uonyu.i r ], n It~KJlorpOItHOM KOMflnC'K(' y-I,OO , y-/~OOH. 
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nY'H'HHt' ltd y-IIOOM 1\ dlllOItOMItOM r)l'm~Ml' nYllK()(J ~101tOIJ O! HJoRt 
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TEMATHqECKHE KATErOPHH llYBnHKAUHR 

OB~E~HHEHHOrO HHCTHTYTA ~EPHYX 

HCCJIE~OBAHHR 

Ha.neKc TeMaTHKa 

1. 3KcnepHMeHTanbHaR ~H3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaR $H3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTPOHHaR ~H3HKa 

4. TeopeTH4ecKaR $H3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. ~AepHaR cneKTPOCKOnHR H paAHOXHMHR 

7. $H3HKa TR*enwx HOHOB 

8. KpHoreHHKa 

9. YcKopHTenH 

10. ABTOMaTH3a~HR OOpaOOTKH 3KCnepHMeHTaflbH~A 

AaHHWX 

11. Bw4HCnHTenbHaR MaTeMaTHKa H TexHHKa 

12. XHMHR 

13. TexHHKa $H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHR TBePAWX Ten H *HAKOCTeH 
RAePHWMH MeToAaMH 

15. 3KcnepHMeHTanbHaR $H3HKa RAePHWX peaK~HH 

npH HH3KHX 3HeprHRX 

16. Ao3HMeTpHR H $H3HKa 3a~HTW 

17. TeopHR KOHAeHCHPOBaHHOrO COCTORHHR 

18. Hcnonb30BaHHe pe3ynbTaTOB H MeTOAOB 
$YHAaMeHTanbHWX $H3H4eCKHX HCCneAOBaHHH 
B CMe*HWX o6naCTRX HayKH H TeXHHKH 

19. 6HO$H3HKa 

BorOMOHOB c.n. H AP· P9-88-641 
MccneAOBaHHe CHCTeMhl aKCHanbHOH HHEeK~H HOHOB 
B ~KnOTpOH Y-200 

llpHBeAeHhl pesynbTaThl 3BnYCKa CHCTeMhl aKCHanbHOH HH
EeK~HH HOHOB B ~KnOTpOH Y-200. 3~eKTHBHOCTb TpaHCnop
THPOBKH nyqKa OT cenapHpYID~ero MarHHTa AO KOHeqHoro pa
AHYCa ycKopeHHH cocTaBHna 8-10% 6es 6aHqHpOBKH nyqKa. 
Mcnonb30BaHHe B CHCTeMe 6aHqepa ll03BOnHHO yBenHqHTb HH
TeHCHBHOCTb ycKopeHHoro nyqKa B ABa pasa. PaccMoTpeHo 
BnHHHHe npOCTpaHCTBeHHOro 3apHAa B KaHane BHemHeH HHEeK
~H npH TpaHcnopTHpOBKe nyqKa c HHTeHCHBHOCTb~ AO I MA 
IAnH A/Z = 4/. 

Pa6oTa BhlilOnHeaa B ITa6opaTOPHH HAepHhlx peaK~H OHHM. 

npenpHHT 06'1te,IUIHeHHOro HHC'111TyTa RJlepHbiX HCCne~oaaHHH. ,lly6Ha 1988 

ITepeBOA O.C.BHHorpaAOBOH 

Bogomolov S.L. et ·al. P9-88-641 
Investigation of Ion Axial Injection System 
for the U-200 Cyclotron 

The results of the startup of ion axial injection 
system for the U-200 cyclotron are presented. Effici
ency of beam transmission from separating magnet to 
final accelerating radius is 8-10% without beam bun
ching. Utilization of bunching system permitted to in
crease the accelerated beam intensity by a factor of 2. 
The influence of space charge in the transport system 
with the beam intensity up to I mA (for A/Z = 4) is 
considered. 

The investigation has been performed at the Labora
tory of Nuclear Reaction, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1988 



BBE,llEHHE 

illHpOKOe pacnpOCTpaHeHHe nony4HnH CHCTeM~ BHeWHe~ HHmeK~HH 
B ~HKnoTpOH~/l-7/ , KOTOp~e ,qanH HOBble Ka4eCTBeHH~e B03MOmHOCTH 

MHOrHM YCKOPHTenRM. 3TO - e,qHHCTBeHH~~ nyTb nony4eHHR B ~HKnO
TpOHaX YCKOpeHH~X ny4KOB nonRpH30BaHHbiX HOHOB; npaKTH\.IeCKH 
nonHOCTb~ pewa~TCR BaKyyMH~e npo6neM~ npH YCKopeHHH OTPH~a

TenbHbiX HOHOB H-, .n-. PR,q npeHMYIJleCTB CHCTeMa BHeWHe~ HHmeK

~HH ny4KOB HMeeT nepe,q BHyTpeHHHM HCT04HHKOM ,qnR ~HKnOTpOHOB 

TRmen~x HOHOB: 

1. MomeT 6~Tb Hcnonb30BaH HOHHbl~ HCT04HHK n~6oro THna I PIG, 
ECR, EBIS, ,qyonna3MaTpoH/. 6onee Toro, Ha.o,qHoM ycKopHTene Mo

ryT npHMeHRTbCR HeCKOnbKO THnOB HCT04HHKOB, KOTOpble B CYMMe 
,qa~T B03MOmHOCTb nony4HTb WHPOKH~ ,qHana30H HOHOB, He,qOCTHmHM~~ 

Ha KaKoM-nH60 OAHOM. 
2. BaKyyM a KaMepe ~HKnoTpoHa a pa6o4eM pemHMe MomeT fwTb 

yny4WeH B HeCKOnbKO pa3, TeM CaMWM yMeHbWeHW noTepH ny4Ka H3-

3a nepe3apR,qKH Ha OCTaT04HOM ra3e. 

3. npe,qsapHTenbHaR cenapa~HR ny4Ka B KaHane BHeWHe~ HHmeK
~HH npHBO,qHT K CHHmeHH~ Harpy3KH Ha 84 CHCTeMy, CHHmeHH~ Bepo
RTHOCTH npofiOR C ,qyaHTOB. 

4. C¢opMHPOBaHHbiH sHe ~HKnoTpoHa ny40K o6ecne4HBaeT BbiC.OKoe 
Ka4eCTBO ycKopeHHOrO ny4Ka, 3¢<l>eKTHBHWH BbiBOA H TpaCCHPOBKY no 
KaHanaM. 

5. 3a C4eT 6aH4HPOBKH H BbiCOK03¢¢eKTHBHO~ CHCTeMbl aKCHanb
HO~ HHmeK~HH eCTb B03MOmHOCTb yaenH4HTb K03¢¢H~HeHT HCnOnb30Ba
HHR ny4KOB,reHepHpyeMWX HOHHWM HCT04HHKOM,OC06eHHO BWCOK03apR,q
HWX HOHOB, KOTOpwe, KaK npaBHnO, HMe~T HH3Ky~ HHTeHCHBHOCTb. 

6. CHHmeHHe o61JlHX noTepb ny4Ka a npo~ecce ycKopeHHR se,qeT 

K CHHmeHH~ aKTHBa~HH Y3nOB ~HKnOTPOHa. 
7. HecpasHeHHo MeHbwe cpa6aTwBa~TCR ,qeTanH a ~eHTpe ~HKno

TpoHa, T.K. OTCyTCTByeT 6oM6ap,qHpOBKa MOIJIHWM ny4KOM nonyTHWX 
HOHOB. 
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~60P 3nEMEHTOB TPAHCnOPTHPOBKH 
CHCTEMbl AKCHAnbHOf.l HHJKEKUHH nY4KA B Y-200 

KaHan BHewHe~ ~H~eK4~~ ny4Ka pacc4~TaH Ha Tpacc~poeKy 

~oHoe c AIZ= 2,8+ 5, ~MeeT aKcenTaHc oKono 1000 MM.M paA c Ta
K~M pac4eTOM, 4T06~ 6~na B03MO~HOCTb ~CnOnb30BaTb ~CT04H~K ~a

HOB mo6oro T~na . 
B pa6o4eM cocTORH~~ MarH~T 4~KnoTpoHa Y-200 HaxoA~TCR e 

HaC~~eHHOM COCTORH~~. 4TO np~BOA~T K AOBOnbHO C~nbHOMY pacce
RHHOMY non~ e aKc~anbHOM oTeepcT~~ MarH~Ta. H3MepeH~R ~ pac4e
T~ noKa3an~, 4To 3TO none MO~eT 6~Tb ~cnonb3oBaHo AnR $oKyc~
poBK~ ~H~eKT~pyeMoro ny4Ka /8, 91 • 

B Ka4ecTee peryn~pyeMbiX $oKyc~py~~~x 3neMeHTOB e~6paH~ n~H-
3~ /Mn/ ~ coneHO~Abl /$C/ c nPOAOnbH~M MarH~THbiM noneM. ·noeopoT 
ny4Ka ~3 aKC~anbHOrO KaHana B MeA~aHHy~ nnOCKOCTb 4~KnOTpOHa 

C nocneAY~~M B~BOAOM Ha nepey~ op6~TY ycKopeH~R ocy~eCTBnR
eTCR 3neKTPOCTaT~4eCK~M 3epKanOM - ~H$neKTOPOM, KOTOp~~ OTn~-

4aeTCR oT APYr~x T~noe ~H$neKTopoe /cn~panbHoro ~ r~nep6on~4e

cKoro/ npOCTOTO~ KOHCTPYK4~~ ~ 6onbW~M aKcenTaHCOM.npoBeAeH
H~e pac4eT~ c y4eToM KOHKpeTH~x ycnoe~H no3eon~n~ e~6paTb reo
MeTp~~ ~H$neKTOpal8/ , KOTOp~~ noKa3an 3$$eKT~BHy~ pa6oTyllO/ . 

AflR COXpaHeH~R TpaeKTOp~~ AB~~eH~R 4epe3 ~H$neKTOp ~OHOB 
C pa3H~M OTHOWeH~eM Mace~ K 3aPRAY Tpe6yeTCR, 4T06~ napMopoec
K~~ paA~YC p e none B0 He ~3MeHRnCR 

p ~ = J 2 UHHliC .--;:;:;: 

Ze Bo elmo 
-. B 

0 

1 

rAe B0 - MarH~THoe none e 4eHTpe 4~KnoTpOHa, P0 - ~Mnynbc ~oHa, 

Ze ~ Am0 - 3aPRA ~ Macca ~oHa, UHHll< - HanpR~eH~e ~H~eK4~1-1. 

06~4HO MaKCI-1ManbHOe HanpR~eH~e B~6~paeTCR paBH~M 0,2+ 0,3UA 
/UA- aMnn~TYAa HanpR~eH~R Ha AYaHTax/, 4TO o6ycnoeneHo ycno
e~eM 4eHTPOBK~ op6~T Ha nepe~x paA~ycax ycKopeH~R 1-1 T~noM ~c
nonb3yeMoro ~H$neKTOpa - 3epKana. np~H~MaR /UHHli(/Mai(C = 20 KB' 
nony4aeM cneAY~~~e napaMeTp~ AnR ecero A~ana3oHa ycKopReM~X 
~OHOB! 

A/Z =2 ,8 + 5, 
B0 = 19,4 ~ 19,8 Krc, 
p = 1 , 7 4 CM = const, 
UHHliC= 19,6+ 11,5 KB, 
B p= 33,8 + 34,5 Krc·cM, 

P
0
/Z= 10,13+10,34 M3B/c. 

° CxeMa c~cTeM~ aKc~anbHO~ ~H~eK4~~ ny4Ka e 4~KnoTpoH Y-200 
noKa3aHa Ha p~c. 1. 

2 

,. 

I 
PHc. I. CxeMa CHCTe~ aKcHanbHOH HHXeKqHH nyqKa B qHKITO

TpoH Y-200. MTI - MarHHTH&Ie nHH3&I, 4>C - $oKyCHPYIO~e co

neHOHAf>I, KM - KoppeKTHpy~e MarHHTbi, B.[! - 6noKH AHarHo

CTHKH. 
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3KCnEPI1MEHTAilbHbiE P E3Y Ilb TA Tbl 

Ha 3Tane 3anycKa CHCTeM~ aKcHanbHO~ HHmeK~HH ny4Ka e ~HKno

TpoH Y-200 HCnOnb30BanCR B~COK04aCTOTH~~ HCT04HHK HOHOB/11/ 
KaK HaH6onee npOCTO~ no KOHCTPYK~HH, H3 KOTOporo 6~n nony4eH 
ny40K 4 He 1+ c HHTeHCHBHOCTb~ AO 100 MKA H 3MHTTaHCOM 
130 MM 'MPaA• C ero nOMOlilb~ npOH3BeAeHa HanaAKa CHCTeMbl, nony-
4eH~ He06XOAHM~e CTa6HnbHOCTH HCT04HHKOB nHTaHHR $OKYCHPY~liiHX 

3neMeHTOB aHanH3Hpy~ero MarHHTa, HH$neKTOpa, 3HeprHH HHmeK
~HH. Pa6o4He pemHM~ 3neMeHTOB TpaHcnopTHPOBKH npHBeAeH~ e 
Ta6n. 1/llO/ . 

3aMeTHM, 4TO AOnyCTHM~e CTa6HnbHOCTH nony4eH~ AnR CHCTeMbl 
B OTCYTCTBHe 6aH4HPOBKH. 

BaKYYMHaR CHCTeMa aKCHanbHO~ HHmeK~HH n03BOnReT nony4aTb 
AaeneHHe e KaHane 7-9·10-6 Top, npH KOTopoM TepReTCR He 6onee 
10% ny4Ka 4He 1+ /pHC. 2/. noTepH 6onee TR*en~x HOHOB He npe
B~CRT 20% /l2/. 

3KcnepHMeHTanbHO H3MepeHHaR TpaeKTOpHR ABHmeHHR ny4Ka 4e
pe3 HH$neKTOP xopowo coenana c pac4eTaMH /pHc. 3/. Xopowo 

I 1 DmH. ea. 
1,0 

~ 
0.5 

0 1~ 10 

PaCio'Udl: pexHM u""* 
ACicon~Hoe saaqeaae 15,0 KB 

HsMepeHHall 
aecTaCiHJibHOCTb 4· 10-4 

.l{onycTHMall 
HeCTaCiHJI&HOCTb I·I0-3 

4 

P, Top 

u"""' 
12,7 KB 

4' 10-· 

3·10-2 

C$0PMHPOBaHH~~ ny40K B ~eHTpe 
~HKnOTPOHa HMen He6onbWHe noTe
pH I - 16%/ npH ycKopeHHH BHYTPH 
~HKnOTPOHa. , 

nocne onTHMH3a~HH pemHMOB pa-
6oT~ ecex 3neMeHTOB TpaHcnopTH
poeKH ny4Ka nony4eHa MaKCHManb
HaR 3~eKTHBHOCTb TpaHCMHCCHH 

Pwc. 2. 3aBHCHMOCTb HHTeHCHBHo
CTH nyqKa HOHOB 4 Hel+ Ha BXOAe 
B HH$fleKTOp OT AaBneHHH B KaHane 
HHEeK~HH. UH"* = 15 KB. 

Ta6nw~a I 

r,..n, 1r.on2 ICIJC1 1«1Jc2 I •r.o...ao 
370 A 330 A 390 A 450 A 6,94 A 
4 Krc 3,7 Krc 1,1 Krc 1,28 Krc ~,68 Krc 

4·10-3 5·10-3 2•10-$ 3·10-3 5•10-4 

3'10-3 4-J0-2 2·10-2 1·10-2 1·1o-3 

/oyoHm ( 

I,MKA 
1,5L. 

1,0 

0.5 

00 90 

----7 

1CM -

180 

Pwc. 3. TpaeKTopwH AB~eHHH nyq
Ka B ~eHTpaiTbHOH o6naCTH ~HKnO
TpOHa. B ToqKax l-7 AaH~ wsMe~ 
peHHbie npoqmnw nyqKa B nnocKo
CTH, nepneHAHKYnHpHOH ero ABHEe
HHJO, 

270 360 'P(apa6) 

Pwc. 4. 3aBHCHMOCTb HHTeHCHBHOCTH ycKopeH
Horo nyqKa B ~HKnOTpoHe OT ct>asbi Bq-HanpnEe
HHH Ha 6aHqepe npH OTITHManbHOH aMnnHTYAe. 
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ny4Ka OT cenap~py~~ero MarH~Ta AO KoHe4Horo paA~yca ycKopeH~R 
8-10%. 

B ~~KnoTpoHe Y-200 A~anaaoH ycKopReM~x $aa cocTaenReT oKo
no 30-40°113/ • AnR yeen~4eH~R K03~~~~eHTa aaxeaTa 6~n ~c
nonbaoeaH ABYX3a3opHbl~ 6aH4ep Ha nepeo~ rapMoH~Ke 84 HanpR~e
H~R, pacnono~eHH~~ Ha paCCTORH~~ 3,8 MOT ~H$neKTOpa. B Ha
WeM cny4ae nony4eHo yeen~4eH~e ~HTeHc~BHOCT~ ycKopReMoro 
ny4Ka B ABa pa3a /p~C. 4/. 3$$eKT 6aH4~POBK~ B C~CTeMe aKc~
anbHO~ ~H~eK~~~ Ha Y-200 Tpe6yeT 6onee AeTanbHoro ~3y4eH~R, 
B 4aCTHOCT~, B CBR3~ C Bn~RH~eM npocTpaHCTBeHHOrO 3aPRAa B 
npOAOnbHOM HanpaeneH~~. KOTOP~~ C yeen~4eH~eM TOKa ny4Ka np~
BOA~T K yMeHbWeH~~ 3$$eKT~BHOCT~ 6aH4~POBK~/S/. 

BnH~HHE nPOCTPAHCTBEHHOrO 3AP~AA 

AnR nony4eH~R ~HTeHc~BHbiX ny4KOB B c~cTeMe aKc~anbHO~ ~H
~eK~~~ ~cnonb3oBaH AYOnna3MaTpoH, ~3 KOToporo 6~n nony4eH ~ 

~ccneAOBaH ny40K 4He 1+ c ~HTeHc~BHOCTb~ AO 1 MA. XapaKTepHo~ 
OC06eHHOCTb~ np~ TpaHCnOpT~pOBKe ~HTeHC~BHbiX ny4KOB RB~nOCb 
~3MeHeH~e pe~~MOB $OKYC~py~~~X 3neMeHTOB B 3aB~C~MOCT~ OT 
TOKa ny4Ka, 4TO, no-B~A~MOMy, CBR3aHO C Bn~RH~eM npOCTpaHCT
BeHHOrO 3aPRAa. Cy~ecTBY~~~M~ 3neMeHTaM~ TpaHcnopT~poBK~ YAa
nocb Tpacc~poeaTb ny4oK c ~HTeHC~BHOCTb~ 'AO 500 MKA 6e3 ~3-
M~I-IPI-IIACJ ~tf'vh.::.VTIACUnf""TIA • nr"'IA "_.,"l U1""11":.1nn•• ,...,...n, ,.,,,....,,, .. , .. ..,._,,_ - - .... --r-r-·····-··---···1 ,.,.. .. M'-'"••-··-••--•·• ,,...., ... ..,,.....,_,,,.,,., ''-''"''-" 

. ~ ........... ~-
JI'IIIII\-1\. 

T~pyeMoro ny4Ka naAeH~R K03$$~~~eHTa TpaHcnopT~poBK~ ~36e
~aTb He YAanocb, TaK KaK ABa ~3 4eT~pex $oKyc~py~~~x 3neMeH
ToB AOCT~rn~ npeAenbHoro pe~~Ma /p~c. 5/. 

TeopeT~4eCK~ o~eHK~ en~RH~R npocTpaHCTBeHHoro 3aPRAa npo
BOA~n~cb no ypaeHeH~RM Kan4~HcKoro-BnaA~M~pcKoro 113 • 141 

2 
X"+ KXX - -~- - 5:.!_ ~ 0, 

x + Y xa 
( *) 

E-2 
Y"+K 1 Y-

2Q --- - ..::.L ~ 0. 
X+Y y3 

AaHH~e ypaeHeH~R on~c~ea~T AB~~eH~e or~6a~e~ ny4Ka, He 
o6naAa~~ero aKc~anbHO~ c~MMeTp~e~. 3AeCb Kx,y y4~T~Ba~T BHew
H~e $OKyc~py~~~e nonR, Q Y4~T~eaeT co6cTBeHH~e nonR, E- x,y 
npeACTaBnReT C060~ 3M~TTaHC KOHe4HOH een~4~H~: Q - nepeeaHC 
HepenRT~B~CTCKOrO 3apR~eHHOrO ny4Ka: 
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HHJKeKnrpyeMoro nytiKa npH OUTHMaJlbHbiX yCJIOBHHX TpaH

cnopTHpOBKH, 

I (Amo )1'2 

u312 • 4y'2"lo(Ze)112 

rAe I - TOK ny4Ka, U - noTeH~~an ~H~eK~~~. 

B nporpaMMY pac4eTOB BBOA~n~cb K03$$~~~eHT~ Kx,y AnR APe~
$a, noeopoTHoro MarH~Ta ~ coneHo~Aa /eM. Ta6n.2/, TaK~e Y4~
T~ean~cb Kpaee~e nonR MarH~Ta. PeweH~e c~cTeM~ A~$$epeH~~anb
H~x ypaeHeH~~ (*) npoBOA~npcb MeTOAOM PyHre-KyTTa 4-ro no-
PRAKa. 1 

Ha p~c. 6 npeAcTaeneH~ or~6a~~e ny4KOB 4He1+ c ~HTeHc~e
HOCTRM~ 11 =165 MKA, 12 =231) MKA, 13 =600 MKA, 14 =770 MKA, np~ 

3TOM MarH~TH~e nOnR BHeWH~X $OKYC~py~~~X 3neMeHTOB np~BeAe
H~ B Ta6n. 3. 

npeACTaeneHH~e Ha p~c. 7 peaynbTaT~ noKa3~Ba~T YAOBneTBQ-. 
p~TenbHoe cornac~e TeopeT~4ecK~x ~ 3Kcnep~MeHTanbH~x AaHH~x 

no en~RH~~ npocTpaHCTBeHHoro 3aPRAa Ha K03~~~~eHT~ TpaHc-
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Ta6nHn;a 2 

Kx Ky 

,n;pe:Hq, 0 0 

llOBOpOTHbJH 
1/l MarHHT 0 

coneHoH,n; (aB/2P) 2 (qB/2P) 2 

MHCCHH HH~eKTHpyeMoro ny4Ka. YpaaHeHHR KB a npHCYTCTBHH npo
AOnbHoro MarHHTHoro nonR cnpaaeAnHB~ AnR aKcHanbHo-cHMMeTpH4-
H~x ny4KOB, 4TO B AaHHOM cny4ae npaKTH4eCKH o6ecne4HBaeT Kpa
eBaR $OKYCHPOBKa cenapHpy~~ero MarHHTa. 

1 

1 

I I I I 
I I I I 

lru4 lg>Cj: BX011. 
I I I I B~<n. rr--1 I 'I I I I I II I I I, 
~ I 

I L I 
I I I • h I I I I I 

0,5 1,0 \5 2P 2:5 3,0 3,5 4P 4:S Z;M 

PHc. 6. 0rH6aiD~He nyqKa npH pasnHqHhlX HHTeHCHBHOCTHX. 
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Ta6nHn;a 3 

MJI-2 <I»C-1 <I»C-2 
/Kfc/ /Krc/ /Krc/ 

IHH)K. MJl-1 
/MKA/ /Krc/ 

165 3,8 2,5 I , 2 I, 15 

235 3,5 2,7 I , 15 I ,3 

600 -3,7 -3,1 0,8 -I ,4 

---------·--·---~--

770 -3,7 -2,7 I , I -I ,4 

1 
~ "k 
Ia.!H)I( ' 

o - 3KCnEf'l.1t.1EHT 

lC - PAC'iET DnA (J)A30BOrO 3AXSATA (30!4o•t 

10k 0 
0 

0 

¥ 

! I 
I ~~ 

5 

o~~~~--~---L--~--~--~--~~--
o 200 400 . 600 800lu~1MKA 

PHc. 7. 3aBHCHMOCTb K03clxl>Hn;HeHTa TpaHCMHCCHH nyqKa 
OT ero HHTeHCHBHOCTH. 

I 

3AKJ1104EH14E 

C03AaHHaR CHCTeMa aKCHanbHO~ HH~eK~HH OTKp~~aeT HOB~e 803-
MO~HOCTH AnR 4HKnoTpoHoe JlRP. Ee 6nH~a~wee pa3BHTHe Ha 
4HKnoTpoHe Y-200 c HcnonbaoeaHHeM BMecTo AYOnnaaMa-
TPOHa HCT04HHKa THna PIG noaeonHT nony4HTb 3KcnepHMeH-
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PHC. 8. B03MO~HOCTH HC

TOqHHKOB ECR H PIG no 

HHTeHCHBHOCTHM nyqKOB AUH 

pa3HbiX Z/ A • 

TanbHY~ HH¢QpMa~H~ 06 3~
~eKTHBHOCTH TpaHCnOpTH
pOBKH ny4KOB TR~en~X HO
HOB npH HHTeHCHBHOCTH H3 
HCT04HHKa CB~We 1015 C-l . 

3TH peaynbTaT~ noaeonR
~T OTBeTHTb Ha BOnpOC 0 
TOM, HaCKOnbKO ~enecoo6-
pa3HO C03AaHHe CHCTeM~ 
aKCHanbHOH HH~eK~HH C 
HCT04HHKOM THna PIG Ha 
~HKnoTpoHe Y-400. O~eHKH 
noKaa~ea~T, 4TO ecnH npH 
HHTeHCHBHOCTH HH~eKTHpy-

eMoro ny4Ka 5 ·1 o15 c-1 cyMMapHaR 3~eKTHBHOCTb COCTaBHT Aa~e 
1-3%, TO ee C03AaHHe Ha Y-400 onpaBAaHO, TaK KaK HCnonb30Ba
HHe BHeWHero HCT04HHKa n03BOnHT 3a C4eT yny4WeHHR BaKyyMa C 
1 ·10-6 Top AO 3·10-7 Top CHH3HTb noTepH riy4Ka Ha-aa nepe3aPRA
KH C 30-]0Z AO 10/o'~e', a TaK~e yny4WHTb 3KCnnyaTa~HOHH~~ ~d

paKTepHCTHKH ~HKnOTpOHa. 
Hcnonb30BaHHe aKCHanbHOH HH~eK~HH c HCT04HHKOM THna ECP Ha 

~HKnOTpoHe Y-400M npH pa6oTe ero e aBTOHOMHOM pe~HMe noaeonHT 
B onpeAeneHHOM AHana30He nony4aTb ny4KH HOHOB, KOTOp~e npeA
nonaraeTCR nony4aTb e ~HKnoTpoHHOM KOMnneKce Y-400 + Y-400M. 
npH cy~eCTBY~~eM ypoBHe pa3BHTHR ~CT04HHKOB ECR B03MO~HO no
ny4eHHe Ha Y-400M B aBTOHOMHOM pe~HMe ny4KOB HOHOB OT 16 08

+ 
AO 132 Xe 26+ (A/Z = 2 .;- 5 ) c 3HeprHRMH 120-20 M38/HyKnoH H HH
TeHCHBHOCTRMH 3. 1 oto - 1 o9 c:-1 I PHC. 8! IlL 7,18/ 
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BorOMOnOB c.n. H AP· P9-88-641 
MccneAOBaHHe CHCTeMbi aKCHanbHOH HH~eKqHH HOHOB 
B qHKnOTPOH Y-200 

llpHBeAeHhl pe3ynbTaThl 3BnYCKa CHCTeMhl aKCHanbHOH HH
~eK~HH HOHOB B qHKnOTpOH Y-200. 3~eKTHBHOCTb TpaHcnop
THpOBKH nyqKa OT cenapHpyro~ero MarHHTa AO KOHeqHoro pae 
AHYCa yCKOpeHHH COCTaBHna 8-10% 6e3 6aHqHpOBKH nyqKa. 
Mcnonb30BaHHe B CHCTeMe 6aHqepa U03BOnHnO ysenHqHTb HH
TeHCHBHOCTb ycKopeHHoro nyqKa B ABa pa3a. PaccMoTpeHo 
BnHHHHe npOCTpaHCTBeHHOrO 3apHAa B KaHane BHemHeH ~eK
~H npH TpaHcnopTHPOBKe nyqKa c HHTeHCHBHOCTbiD AO 1 MA 
IAnH A/Z = 4/. 

Pa6oTa BhlnOnHeHa B ITa6opaTOpHH HAePHbiX peaKqHH mum. 

npenpHHT 06'beAHHeHHoro HHCTHTyTa R.llepHbiX HCCne~OaaHHH. Jly6Ha 1988 

ITepeBOA O.C.BHHorpaAOBOH 

Bogomolov S.L. et al. P9-88-641 
Investigation of Ion Axial Injection System 
for the U-200 Cyclotron 

The results of the startup of ion axial injection 
system for the U-200 cyclotron are presented. Effici
ency of beam transmission from separating magnet to 
final accelerating radius is 8-10% without beam bun
ch}ng. Utilizatfon of bunching system permitted to in
crease the accelerated beam intensity by a factor of 2. 
The influence of space charge in the transport system 
with the beam intensity up to 1 rnA (for A/Z = 4) is 
considered. 

The investigation has been performed at the Labora
tory of Nuclear Reaction, JINR. 
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