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B HaCTOHIIJ;ee BpeMH na UHKJlHtIeCKOM HMrrJIaHTaTOpe TH)f(eJIbIX HOHOS
\, ;';1'\\ 

I1U-I00 oCYIIJ;eCTBJIeHO YCKopeHHe HOHOB no aaeprna ~ 1 M3B/HYKJIOH>J,J 
ih B )J)1ana30He A/Z = 5,33 -:- 6,00 (A - Macca HOBa, Z - sapan HOHa) OT 
\ 

12C +2,n0 40 Ar +rl c HHTeHCHBHOCTHMH BHYTpeHHHx nY4KOB 7,5'10 13 -:
r:~ 

-;- 1. 1012c -1 ! 11 . 
-I ,/'ill 

BhIBO,n HOHOB 113 U;HKJ10TpOHa ,0cYll.J,eCTBJIeH ABYMH cnocoõaxnr: c nó" ",1' l 
MOIIJ;blO 3JIeKTpOCTaTHQeCKOrO nedinexropa H 'MeTo,nOM 06,ll,HpKH na yr.neI!'; 
pO,ll,HOH rponsr'e. Cxevra nsraona npencraarreua ua pHC. 1. QHCJIeHHOe.,. 

A 
""'\1' J, MOAem1pOBaHHe asraona nysxa ocymecrroranocs na 3BM nYTeM peWeHI1H 

ypaBHeHHH ,ll,BH)f(eHHH HOHOB 12/ B peaJIhHOM MarHHTHOM norte MeTO,LI,OM 
PYHre-KYT'ra qeTBepToro nopnznca. Pannarn.aoe pacnpenenenae r-rar-aarnoro 
nona MU-lOO aa KOHeQHbIM pa,nHYCOM YCKopeHHH rrOKa3aHO na pHC. 2.f 

li ,\ ~ Ilerpnercrop, KOHCTPYKIJ,HH xoroporo npencraanena na pHC. 3, c yrJIOBOH 
npOTH)f(eHHOCTbIO 28° H ~a,ll,HanhHOÜ aneprypoü 10 MM pacnorroacea B nonari )~ ti,:c'~t 
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PHc. 1. Cxexsa nsraona HOHOB H3 UHKJIO
6TpOHa HU-I00.,~~ ). 
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2,J;~ _I.PHC. 2. PaAHaIlhHOe pacnpenenenae pac- ~ ~~~, ! ,
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PHC. 3. KOHCTpY!<=lJ,HH anercrpocra'ravecrcoro nerpnerc-ropa: 1 - norennaam.aaa 
nnaCTliHa, 2 - 3a3eMneHHaH nnacrnna, 3 - necyumâ H30nRTop, 4 - llITOK 
neperaeureaaa BbIXO,D.a nerpnercropa, 5 - H30JHITOp BBO,D.a OTKnOHRlOmerO 
aanpaxceuua, 6 - BblcoKoBonhTHhIM BBO,D., 7,8 - cercropa, 9 - <l>naHelJ, tear-te
psr lJ,HKnOTpoHa, 10 - BXOAHOH 3KpaH. 

ne UI1KJIOTpOHa, OCh KOTOpOH rrepneH,lJ;I1KYJIRpHa OCI::I pe30HaHCHOH CI1CTeMhI. 

BepTI1KaJIhHhlH rrporpans rrOTeHUl1aJIhHOH 11 3a3eMJIeHHOH nJIaCTI1H nsrõpaa 
IlJIOCKI1M, a I1X panaansnaa KpliBI13Ha cooraercrnyer I(pI1BI13He ueHTpaJIhHOH 

TpaeKTOp1111 ny-nca 110HOB B ztedinercrope. BCJIe,lJ;CTBl1e MaJIOH yrJIOBOH rrpo

TH)I(eHHOCTI1 rredinercropa Kpl1BI13Ha ero rmaCTI1H B rOpl130HTaJIhHOH IlJIOCKO

CTI1 c ,lJ;OCTaTOqHOH TOllHOCThlO Onl1ChIBaeTCR nyraraa OKpY)I(HOCTeH paanycar-ra 
( p o + 5 ) MM 11 (p o - 5) MM, rne p o - panayc o ceaoü TpaeKTOpl111110HOB 

B ziedinercrope. IloTeHUl1aJIhHaR 11 3a3eMJIeHHaR nJIaCTI1Hhl BhmOJIHeHhl 113 

JII1CTOBOH Me,lJ;11 TOJIIUI1HOH 5 ~ 1,5 MM COOTBeTCTBeHHO, nsrcora nOTeI-!Ul1aJIh

HOH nJIaCTI1Hhl COCTaBJIReT 35 MM. MI1HI1MaJIhHhlH B03MO)I(HhIH paMYC YCTa

HQBKI1 nedinexropa - 425 MM, naanason nepeMeIUeHI1R rro panaycy -150 MM. 

BCJIe,lJ;CTBl1e MaJIOH paCCel1BaeMOH MOIUHOCTI1 BO,lJ;RHoe OXJ1a~eHl1enerpnerc

Topa OT~YTCTByeT. BCR KOHCTPYKUI1R CMOHTl1pOBaHa na dinaane BaKYYMHOH 

rcawrepi.r, 41'0 rr03BOJIReT OrrepaTI1BHO 113BJIeKaTh nedinexrop ,lJ;JIR OCM01'pa 

11 peB1131111. 

til 
B xasecrae I1CT04HI1I(a asrcorcoro rrOTeHUl1aJIa I1CnOJIh30BaHa BhmpRMI1

TeJIhHaR YCTaIfOBKa BC-50-50. Ee OCHOBHhle TeXHI14eCKI1e napaxte-rpsr: 
,	 Ilpenensr perYJIl1pOBaHl1R BhmpRMJIeHHOrO HarrpH)I(eHI1R 0-;-.50 KB 

HOMI1HaJIhHhlH TOK HarpY3KI1 50 MA 

T04HOCTh nJIaBHOH perYJIl1pOBKI1 (01' MaKC. HarrpR)I(eHI1H) , 1 % 
IlYJIhcaUI1R BhmpHMJleHHOrO HarrpR)I(eHI1H ± 5 % 
Orr1'l1MaJIhHOe nanpnxcenae ,lJ;eq)JleK1'Opa npa nacrpoürce na MaKCI1MaJIh

HYlO I1HTeHCI1BHOCTh B IlJIOCKOCTI1 -06JIY4eHI1R HaXO,lJ;I1TCR B .npenenax (30---;-. 

-;--35) KB. Tlpa 3TOM TOK YTeqKI1 COC1'aBJIHeT BeJII1411HY (0,5-;-'1,5) MA. .1lnR 
KOppeKIJ;1111 nOJIO)KeHI1R Op611Thl nY4Ka na BXO,lJ;e B ,lJ;e~JIeKTOp B npOTI1BOnO

JIO)l(HOH 01' nero ,lJ;oJ;II1He YCTaHOBJIeHa napa a311MYTaJIhHhlX KOppeKTl1pYIOIUI1X 

rcaryurerc. Ka)K)J.aR KaTYI1lKa COCTOI1T 113 256 BI1TKOB r-rennor-o npouona, 
naraoraauor-o na OXJla~aeMhlH BO,lJ;OH Me,lJ;HhIH xapxac. nJIR nl1TaHI1R Ka1'Y

iuerc I1CnOJIh30BaH cTa611JII1311pOBaHHhlH I1CTO.4HI1K (L\.I/I = 10 ....5) c MaKCI1

MaJIhHhlM 1'OKOM 15 A npn HOMI1HaJIhHOM HanpH)I(eHl111 15 B. OnTI1MI13aUl1R 

BhIBO,lJ;a c nOMOIUhlO a311MY1'aJIhHhlX rcaryuiex nOBhlCI1JIa I1HTeHCI1BHOCTh 

nY4Ka, .IIpoBe,lJ;eHHOrO xepea ,lJ;e~JIeKTOp, ua (15-;-.20-) %. BCH I1HTeHCI1BHOCTh 

OTKJIOHeHHOro nY4-Ka, 113MepeHHaR na nsrxozie 113 nedinexropa (T04Ka 1 na 
pac.L) , YKJla,lJ;hIBaeTCR B rcpyr naar-rerpor-r ~ 8 MM. 3~~eKTI1BHOCThnpoxoxc
,lJ;eHI1R nY4Ka 4epe3 nerpnexrop COCTaBI1JIa BeJII1411HY ~ 7 0%. 

B pane npaxnannsrx sanau, B TOM 411CJIe npu np0I13BO,llCTBe H,lJ;-epHhIX 

~I1JIhTPOB. rpefiyerca 06JIY4eHI1e nY4KOM TR)KeJIbIX 110HOB Wl1pOKI1X (,lJ;0 

HeCKOJIbI(I1X ,lJ;eCHTKOB CaHTI1MeTpOB) MI1WeHeH. llnR 3TOH UeJII1 06hl4HO 

npl1MeHHIOT ,lJ;onOJIhHO cnoxcar.re 11 rpOM03,lJ;1(l1e CI1CTeMhl CKaHl1pOBaHI1H 

nYQKOM /3,4/. B nauror-r CJIY4ae- õsuro peuieno I1CnOJIh30BaTh i-moH cnocoô. 
KaK BI1,llHO 113 pnc. 1 11 2, nocne nerpnercropa nY40K npoxcrurr paccroanae 

Me)l(,lJ;Y T04KaMI1 2 11 3 B pacceHHHOM MartII1T-HOM rrorre UI1KJlOTpOHa c BhICO

KI1MI1 pa,lJ;l1aJIhHhlMI1 rpazmcnrawa ~ 5-0 T IM. IlpoXO,lJ;H B Ta.KOM norte, nY40K 

ncm.rn.nsaer CI1JIhHOe panaansno-nerpo xycapyrouree B03,lJ;eHCTBl1e. Ha pnc. 4 

'npe)l,CTaBJIeHO pazmansnoe pacnpenerreane I1HTeH--CI1BHOCTI1 OTl<JIOHeHHOrO 

nyxxa B T04Ke -3 (CM. pnc. 1) )lJ.IH paarnrsasrx BeJII1411H OTKJIOHRIOIUero na
rrpH)K-eHI1H. B 3TOM MeCTe nYl.JOK yxce I1MeeT rOpl130HTaJIhHhlH pa3Mep(30-;-' 

-;-.50) MM, a B nJIOCKOCTI1 06JIY4eHI1H (T04Ka 4), na paCCTOm-l1111 0,-5 M 01' 

BhIBOJ],Horo ~JIaHua rcar-tepsr 
U,I-fKJlOTpOHa, ero rOp1130H

1'aJIhHhIH paavtep rrpeasnuaer 
300 MM. Ilpn 31'OM BepTI1KaJIh

.I.OKB 
HhlH paar-tep nYQKa OC1'ae1'C}I B 

o 36KB 
npenerrax 10 MM. o 30KB 

o 2l.KB 

PHC. 4. Pa,D.HaJlhHOe pacnpenene

HHe HHTeHCHBHOCTH OTKnOHeHHO

ro nysnca B TOllKe 3 (CM. pHC. 1)
 
AJIR pana OTKnOHRlOmHX nanpa
 •• -- . 5/. 

>KeHHH aa necpnercrope. 

3 
2 



Ilpoaenenasre H3MepeHHH nOKa3aJIH, qTO HOHbI, HMelOIUHe B TOqKe 3 
(CM. pHC. 1) pa,ZJ;HaJIbHYlO Kqop,ZJ;HHaTY R> 53,5 CM, ne nonanaror B BbIBO,ZJ;

HOM narpyõorc, qTO, eCTeCTBeHHO, CHmKaeT 3qJ<peKTHBHOCTb BbIBO,ZJ;a. BBe,ZJ;e

HHe B OTKJIOHeHHbIH nyuox TOHKOM yrJIepO;z:J;HOH <pOJIbI'H npHBeJIO K ,ZJ;OBOpO

TY qaCTH nysrca B BbIBO,ZJ;HOM narpyõox BCJIe.z:rcCTBHe ee 06,ZJ;HPKH H YMeHbllIe

HHH pazrayca KpHBH3HbI TpaeKTOpI-UI.. Ilpa 3TOM HHTeHCHBHOCTb nyxxa 
B nnOCKOCTH 06JIyqeHHH YBeJIHql1JIaCb na (15-;-20) % H COCTaBHJIa BeJIHqHHY 

"'50% 01' HHTeHCHBHoéTH BHYTpeHHero ny-nca UHKJIOTpOHa. 

Ha UHKJIHqeCKOM HMnJIaHTaTOpe HCCJIe,ZJ;OBaHa rarose B03MO)f(HOCTb 

H ocymecrnnea BbIBO,ZJ; HOHOB MeTO,ZJ;OM 06,ZJ;HPKH na TOHKOM yrneponaoã 
MHIlleHH. ,UJIH pacxera ero napar-rerpoa õstna acrronssoaaaa nporpar-rwra, 
aarracaanaa nna HCCJIe,ll;OBaHHH asmona HOHOB H3 UHKJIOTpOHa Y-400. Me

TO,ll;HKa pacxera nO,ZJ;p06HO OnHCaHa B paõore /5/. 

BbIBO,ll; MeTO,ll;OM 06,ll;HpKH H3 UHKJIOTpOHa I1U-100 HMeeT oc06eHHOCTH, 

aanaratoutae OrpaHHqeHHH aa naxarrsnsie ycnoaaa. TaKOBbIMH HBnHlOTCH: 

- xrarrax 3HeprHH HOHOB H, KaK cnencrnae, Manble K03<P<PHUHeHTbI 

06,ZJ;HPKH (rcoadxpauaear 06,ll;HpKH q::: Z 2/2 l' rne 2 1 H ,Z2 - 3apHA HOHa 

no H nocrre 06,ll;llPKH; KaK H3BeCTHO, B OCHOBHOM 3aBHCHT 01' 3HeprHH HOHa, 

a TaK)J(e MaTepHana H TOJIIUHHbI 06,ll;HPOqHOM MHIlleHH /6/), 

- ManbIM PaAHYc BbIBoAa, 

- ManaH yrnoaaa nporaacenaocrs ,ll;OJIHHbI (34
0 

) , 

- ManbIM BepTHKaJIbHbIH3a30p Me)f()l;y cercropar-ra (20 MM) • 

.uononHHTenbHbIM orpanaaeaaevr na aasansasre YCJIOBHH HBHnOCb TO; qTO 

HaKJIOH rpaercropaa asrsenenaoro nyxrca K BbIBO,ll;HOMY <pJlaHUY BaKYY~OM 

xar-iepsr »cenarensno õsrrro nonyxars ~45°, qTO cooraercrayer HaKnoHY 

rpaexropaa nysxa HOHOB, BhIBeAeHHbIx c rIOMOIUblO 3Jl~KTpOCTaTHqeCKOrO 

ztedmexropa, TO ecrs acnonsaoaars 1'01' )J(e rcanarr asraona. 
MaTeMaTHqeCKOe MO,ll;enHpOBaHHe asraona MeTO,ll;OM 06,ll;HpKl1 H3 I1U-100, 

c yneroxr YI(a3aHHbIX oc06eHHOCTeH H -orpaaaseanã, norcasarro, qTO HOHbI 

c K03cP<PHUHeHTOM 06,ll;HPKH q < 1,85 BCne,ll;CTBHe OTHOCHTeJIhHO õorrsmoro 
panayca KpHBH3HbI rpaercropaa B ,ll;aHHOM MarHHTHOM nOJIe '''rH6HYT'' B uen
rpansnoã 06nacTH UHKJlOTpOHa na HOHHOM HCTOqHHKe. 

,llnH q > 1,85 na BbIBO,ll;HOH dmaaeu nonanaior rpaercropan HOHOB, y KO

TOpbIX a3HMYTaJIbHOe nonoacenae 06,ll;HPOqHOH <po'JIbrH 112 o~ cP q, ::; 1190 

(yron epq, OTC~TbIBaeTCH 01' OCH pe30HaHCHOH CHCTeMbI no qaCOBOM crperr
xe, CM. pHC. 1). BMeCTe c TeM npn <P~ < 117 0 

rpaercropaa ofionpaaasrx 
HOHOB nepecercaror rpaHHUY cercropa 83 B ,ll;BYX TOqKaX, npaser-r yrrrsr 
nxona H asrxona H3 cercropa HBJIHlOTCH <POKYCHPYlOIUHMH B panaam-nor-r 

H ,ll;e<pOKYCHPYlOI.I.UIMI1 B aKCHanbHOM HanpaBJIeHHH. 31'0 npHBO,ll;HT K 3Ha

~TeJlbHOMY YBenHqeHHlO axcaansnoro pasr-repa nyxrca B CeI(TOpe H K ero 

norepe. TaKHM 06pa30M, B03MO)l(HbIM. pa60~M naanasoa nOJlO)J(eHHM 06,ll;H

pO~OM $OJlbrH OKa3bIBaeTCH B npenenax 117 o :S cPq, .::; 1190 
• KaK BH,ll;HO 

H3 pHC. s, HaKJlOH BbIBe,ZJ;eHHoM TpaeKTOpl1H K IDIOCKOCTH BbIBO;z:J;Horo rpnaa

ua ztna cP 4J :; 1~ 7 o COCTaBJlHeT yron "'450 
• 31'0 norroxceaae 06,ll;HP0ÍlHOM 

OueHI(H HeKOTopbIX napar-terpoa 06,D;HPOqHOM MHIlleHH, a TaIOKe napa

MeTpOB nysxa 060ApaHHblx nOHOB no <p0pMynaM, npaaeneaasn-r B paõo
Te /7/ t naror cnenyronrae peaynsrarr.r. PaBHOBeCHaH TonIUHHa yrneponnoâ 
MHIlleHH 

X MKr/cM 2 :; 5.9 + 22,4.W _l,13.W,2 , 

rne W - 3HeprHH aaneraiomero HOHa ~. M3B/HYKJlOH. ,Una HOHOB c aaepraeã 
"'1 M3B/HYKJIOH 3Ta rornnana pasna """'30 MKr/cM2 . Cpenaexaanparauasrã 
yron pacceanaa rrpn 3TOM COCTaBHT BenHqJ1HY () 1/2 '" 1,2 Mpa,n, a anepre
THqeCKHM pa36poc HOHOB OW/W B nyqKe nocne 06,ll;HpKH YBenHqHTCH Ha 

~

}:
, 0,08%. 

BpeMH )J(H3HH yrneponaoâ <pOJIbrH non ny-ncowr caxrstx TH)J(enblX H3 

naanasoaa ycrcopemnax HOROB 40Ar+7 COrJIaCHO <popMyne 

3 W 
~ 6.10 ---,T~ Z2 . 

o' J 

rne W - 3HeprHH naneraioutero HOHa B M3B/HYKnoH, 2 o - 3apH,1J. H,1J.pa 

HOHa, i - rmOTHocTbuyqKa na MHIlleHH. p. MKA/CM 2, npa 3HeprHH 

1,15 M3B/HYKnOH H nnOTHOCTI1 nysxa na MHll1eHH "'1 P: MKA/CM2 COCTaBH

no BenHqHHY orcono 20 uacoa, qTO npH6nH3HTeJlbHO cooraercrayer BpeMeHH 

JKI13HHHOHHoro HCTOtIHHKa. 

B raõnane npaaenensr napasrerpsr 06,ll;HpKH HOHOB 113 nnanasoaa YCKO

peHHbIX na 'I1U-100, rne A - Macca HOHa, Z1 - sapan 110Ha no 06,1J.HPKH, 

Z2 - paBHOBeCHbIM sapan HOHa Taõnuua 
nocne 06,lJ;HPKH, W - 3HeprHH 

naneraroutero HOH~, K - conep
)J(aHHe 110HOB ,ll;aHHOH aapazmocra 
B nysrce nocne O 6,ll;HPKH. 

Cexeaae BbIBe,ll;eHHOrO nyxxa 
na paCCTOHHI1I1 0,5 M 01' nnOCKOCTI1 

BbIBO,ll;HOrO cPJIaHua (TOqKa 4 na 
pHC. 1) anacsrsaerca B rcpyr 

naasterpor-r 30 MM, qTO anornre 

nparonao nna ero I1CnOJlb30BaHHH 

IDIH nansaeãmeã TpaHCnOpTHpOB

KH. 3<p$eKTHBHoCTb BbIBO,1J.a )1)IH 

rcaxcioro copra HOHOB COOTBeT

crayer K03ep<pHUHeHTY K, YKa3aH

l--10H A/Z, W 
fotbB ~H 22 K % 

.12 C+2 6.00 13,4 1,1 
+4 
+5 
+6 

15 
70 
15 

16 0+3 533. 19,5 1,2 
+5 
+6 
+7 
+8 

5 
45 
45 
5 

22N "e4 
5.50 26.9 1,2 

+7 
+8 
+9 

22 
50 
22 

4°Af7 5,71 .46,3 1,1 
+12 
+13 
+14 
+15 

25 
25 
15 
4 

HOMY B Ta6JIHue.l ABTOpbI nsrpaxcaror HCI(peHHlOIO 6J1arO,ll;apHOCTb axaneraaxy r .H.<Pne

i. POBY aa nOCTOHHHbIM anrepec H BHHMaHHe K paõore. 

epOJlbrH 6bUIO BbIÕPaHO B xaxecrae paõoaero. 
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I'ym.6eKRH r .r. H AP· 
00JJy11eHHe BhJBeAeHifldX Dy'IKOB Ha UHI<JtiAecKOM 
HMI'UIIUITilTOpe TmteeJJidX HOHOB HU-100 

9-86-785 

B Jla6oparopHH JrAepH&IX peaKUHii OHRH 38BepmeHo C03A&HHe UHI<JIH· 
qecxoro HMIDiaHTaTOpa TSOKeJIIdX HOHOB Hll-100. BhiBoA ycxopeHH&IX nyq
xoa ocyJUeCTBnfi!H ABYM.II cnoco6aMH: c Hcnom.30BaHHeM :tneKTpocTaTIAec
xoro AeclmeKTopa H MeTOAOM o6A&pKH Ha yrnepoA&oA MHWeHH. Oonyqem.J 
B~eHHWe HJ'UGI HOHOB PJIA8. 3neMeHTOB OT 12C OT <&OAr C 3Hepmeit' 
1 + 1,2 MaB/HYI<JtOH. 3q$eKTHBHOCTh sneKTpoCTaTIAecKoro BhJBO.tla COCT&B· 
JIJiel' BeniAHHY 60%. )la.Ho OnHCaHHe KOHCTPYKUHH sneKTpoCTaTIAecKoro 
JieclmeKTOpa. fipHBeAeHhl OCHOBHhle napaMeTphl sneKTpoCTaTIAecKoro 
BhlBOA& H BhJBO,Ila MeTO,IlOM 06nHpKH. . 

Pa6oTa BhlnOnHeHa B na6opaTOpHH JrAepHhiX peaKUHii OHRH. 

Coo6weHHe OO.e.IUIHeiDioro IDICTHT)'Ta uepawx m:c:neAoaaHHil. Jb'&q 1986 

Oepeaon O.C.BHHorpanoaoA 

Gulbekian G.G, et al. 9-86-785 
Production of Extracted Beams on IC-100 Cyclic Implantator . 

The creation of heavy ion cyclic implantator has been completed at the 
Laboratory of Nuclear Reactions, JINR. The extraction of accelerated beams 
was realized by two methods: with the use of the electrostatic deflector and 
b~ stripp~ of carbon target. The extracted ion beams of elements from 
1 C to ~ 0 Ar with 1-1.2 MeV/nucleon energy have been received. The effi
ciency of the electrostatic extraction is about 50%. The constraction of elec
trostatic deflector is described. The main parameters of electrostatic and 
stripping extraction are presented. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1986 




