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YCKOpeHH~e ny4KH T~men~x HOHOB WHPOKO HCnOnb3Y~TC~ An~ 
peweHH~ ~AepHo-c)>H3H4eCKHX H npHKnaAHblx 3aAa4 1 1. 21• BMecTe c TeM 
paMKH Hay4HO-TeXHH4eCKHX nporpaMM OnpeAen~~TC~ B03MOmHOCT~MH 
YCKOPHTen~, a HMeHHO - 3HeprHe~, HHTeHCHBHOCTb~ H BHAOM YCKOp~e
M~X 4aCTH~, 4TO, B CBO~ 04epeAb, 3aBHCHT OT HOHHOro HCT04HHKa 
HnH HH»<eKTOpa. 

0co6~e Tpe6oeaHH~ npeAb~Bn~~TC~ K HOHHOMy HCT04HHKY Ha 
~HKnOTpOHe, rAe HaP~AY C B~COKO~ HHTeHCHBHOCTb~ Tpe6yeTC~ B~co
Ka~ 3ap~AHOCTb HOHH~X ny4KOB. no nocneAHero epeMeHH Ha ~HKnoT
poHe npHMeH~nHCb AYrOB~e HOHH~e HCT04HHKH. nanbHe~WH~ nporpecc 
YCKOpeHH~ HOHOB Ha ~HKnOTpOHaX MOmeT 6b1Tb CB~3aH C HCnOnb30Ba
HHeM HCT04HHKOB HOB~X THnOB, TaKHX, KaK ECR /HCT04HHK, HCnOnb-
3Y~H~ MeXaHH3M Harpeea 3neKTPOHOB Ha 4aCTOTe 3neKTpOHHO-~HKno
TpOHHOrO pe3oHaHca/, EBIS /3neKTPOHHo-ny4eeo~ HCT04HHK/, a 
TaKme na3epH~~ HCT04HHK , KOTOp~e aKTHBHO pa3BHBa~TC~ B HaCTo~
~ee epeM~ 13 • 41 . Bnepe~e ~APa a3oTa H3 ECR-HcT04HHKa 6~nH ycKo
peH~ e Kapncpy3/5/. Ha ~HKnoTpoHe MHc!>H ocy~ecTeneHo ycKopeHHe 
Ae~TpOHOB H3 na3epHoro HCT04HHKa 161 

HccneAOBaHH~, npoBeAeHH~e Ha CTeHAe HOHH~X HCT04HHKOB nRP, 
n03BOnHnH pa3pa6oTaTb KOHCTpyK~H~ na3epHOrO HCT04HHKa MHOro-
3aP~AH~X HOHOB an~ UHKnOTDOHa /7-e/ 

npo6neMa yCKOpeHH~ HOHOB H3 na3epHO~ nna3Mbl, KaK H3BeCTHO, 
CB~3aHa C 60nbWHMH nnOTHOCT~MH 3MHCCHOHHOrO TOKa H3 na3epHO~ 
nna3M~ /6onee 10 A/cMo/ H Man~MH AnHTenbHOCT~MH HOHHoro naKeTa 
I- 1 MKC/. naHHa~ pa6oTa noce~~eHa HCCneAOBaHHIO npo~ecca 3a
XBaTa H YCKOpeHH~ T~»<en~X HOHOB H3 na3epHO~ nna3M~ Ha ~30XpOH
HOM ~HKnOTPOHe nRP OHRH Y-200. 

OnHCAHHE CXEMW H YCnOBH~ 3KCnEPHMEHTA 

H3oxpoHH~~ ~HKnOTPOH Y-200 MO»<eT ycKop~Tb HOH~ c 

/A- Maccoeoe 4Hcno, Z- 3aP~A HOHa/ AO 3HeprHH E~ 

-i,2,8+5,0 

z2 
145 -- M3B. 

A 

aHaMeTp non~ca - 200 CM, KOHe4H~~ paAHYC YCKOpeHH~ - 87 CM, 
cpeAHee MarHHTHoe none e 3a3ope - oKono 20 Krc, Hanp~meHHe Ha 
AYaHTax - 55-:- 75 KB 110• 111 

na3epH~~ HCT04HHK KOHCTPYKTHBHO B~nOnHeH TaKHM o6pa30M, 4TO 
npH ero yCTaHOBKe He Tpe6yeTC~ 3aMeHbl KaKHX-nH60 y3nOB yCKO
PHTen~, OCTaeTC~ HeH3MeHHO~ H ~eHTpanbHa~ o6naCTb ~HKnOTPOHa. 

CxeMa pacnonomeHH~ na3epHoro HCT04HHKa Ha ~HKnoTpoHe npHee
AeHa Ha PHC. 1 • npHMeH~eM~~ C02 - na3ep HMen 4aCTOTy noBTOpeHH~ 

l 
''1 .... •,·,::· 



2 

Puc. I. CxeMa pacnono~eHHH na3epHo
ro HCTQqHHKa HOHOB Ha ~HKnOTpOHe 
Y-200. I - C02 -na3ep, 2 - Mexa
HH3M IDCTHpOBKH 3epKana, 3 - 3€pKa
no, 4 - BaKyyMHWA Hacoc, 5 - OKHO 

~~~~~~~~~ B WTOKe HCTQqHHKa, 6 - WH6ep IDniD3a 
~HKnOTpOHa, 7 - WTOK HCTQqHHKa, 
8 - AYaHTW, 9 - nyq na3epa, 10 -
IDCTHpOBQqHbiA na3ep, 

HMnyllbCOB He 6onee 1 ~~. ny4 C 
3HeprHe~ 0,4 A~ noaopa4HBancH aep
KanoM /3/ Ha yron 90°, $OKYCHpy~
~aH nHHaa, pacnono~eHHaH a ruToKe 
HCT04HHKa, C03AaBana nnOTHOCTb 
MO~HOCTH na3epHOrO H311Y4€HHH Ha 
MHWeHH 10 9 BT/cM2. B Ka4ecTae MH

weHH Hcnonbaoaanacb yrnepOAHaH nnacTHHKa. HaonHpoaaHHaH ceTKa 
np03pa4HOCTb~ 30%, yCTaHOBneHHaH Ha 3MHCCHOHHO~ ~enH, n03BOnH
na KOHTP011HPOBaTb HOHHbl~ TOK Ha BbiXOAe H3 HCT04HHKa • 

Oco6oe BHHMaHHe 6wno YAeneHo aonpocaM cornacoaaHHH pa6oTw 
naaepa, ~HKnoTpoHa H H3MepHTe11bHO~ annapaTypbl. lnaaHoe Tpe6oaa
HHe 3aKn~4anOCb B TOM, 4T06bl 11 BbiCTpen11 na3epa npOHCXOAH11 BO 
apeMH ycTaHOBHewerocH BY-HanpH~eHHR Ha AYaHTax, a annapaTypa 
6blna rOTOBa K perHCTpa~HH HOHOB. 3TO AOCTHranOCb cneAY~~HM 
o6pa3oM: BY-reHepaTop ~HKnOTPOHa pa6oTan e o6w4HOM pe~HMe 
C A11HTe11bHOCTb~ HMnyllbCa- 1,5 MC, 4aCTOTO~ cneAOBaHHH 150 ~~. 
nocne noReneHHR cHrHana "nycK11 OT nepeAHero $pOHTa reHepaTopoM 
HMnynbcoe 15-15 perynHpoeanacb aaAep~Ka Me~AY naaepHwM HM
nynbCOM H 3anyCKOM 3anOMHHa~~ero OC~H11110rpa$a C8-2, KOTOPWM 
perMCTpHpOBanHCb HOHHhl~ TOK Ha BWXOAe H3 HCT04HHKa, CHrHallhl 
c BHyTpeHHero HnH eHewHero npo6HHKOB ~HKllOTpoHa H BY-HanpHmeHHe 
Ha AYaHTax /pHc.2/. KoHcTpyK~HH npo6HHKa noaeonHna npH Hccne
AOBaHHH BhlCOK04aCTOTHWX CHrHanoe yMeHbWHTb CHrHan HaBDAKH B 5-
10 pa3 no OTHOWeHH~ K HMnyllbCY TOKa ny4Ka, 

YCKOPEHHE HOHOB 

HcxOAH M3 B03MomHocTe~ naaepa H ycnoeH~ ycKopeHHH 6wnH ew6-
paHbl HOHW Cf

2
+, yCKOpHeMwe Ha BTOpO~ rapMOHHKe npH 4aCTOTe 

BY-reHepaTopa 15,1 Ml~. 

Ha-aa ManoA 4aCTOTw pa6oTw naaepHoro HCT04HHKa I - 1 1~/ 
pe~HM yCKOpeHHR HOHOB C 3 +oT11a~HBa11CR Ha o6w4HOM AYrOBOM HC-

v 12 
T04HMKe,KOTOpwM 3aTeM 3aMeHR11CR naaepHwM, 

B na3epHOM MCT04HHKe, B OTnH4Me OT AYrOBOrO, He Tpe6yeTCR 
HanycKaTb ra3 B pa3PHAHY~ KaMepy, n03TOMY YAa110Cb nony4MTb pa-
604H~ eaKYYM a ~HKnoTpoHe, paeHw~ 4. 10- 7 Top. TaKMM o6paaoM, 

~ 
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Puc.2. BnoK-cxeMa cucTeMw cornacoaaHHH ~HKnoTpoHa, 
na3epa u H3MepHTenhHorl annapaTypbl. 
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Puc.3. lloTepH nyqKa B npo~ecce 
ycKopeHHR. CnnowHaR nHHHR -
AYrOBOA HCTQqHHK, TOqKH -

",L, --,:::c:----c;-:c:------;',-:-,, --~~-:-,,--;;R:-.. -:-,., na3epHbiA HCTQqHHK • 

noTepRMM 4aCTM~ M3-3a 06AMPKM Ha OCTaT04HOM ra3e MO~HO 6w110 
npeHe6pe4b 1121 

HHTeHCHBHOCTb ycKOpeHHWX HOHOB, M3Mepe~HaR BHyTpeHHMM npo6-
HMKOM Ha paAMYCe 30 CM., COCTaBM11a 4,5•10 9 4aCT./HMn,, A11M
Te11bHOCTb HMnyllbCa no OCHOBaHH~ - 2,5 MKC /1,5 MKC Ha nonyew
COTe/, B pe3y11bTaTe cpeAHMH TOK B HMnynbCe COCTaBMn 860 MKA, 
noTepM 4aCTM~ B npo~ecce yCKOpeHMR COOTBeTCTBOBanM o6w4HhlM 
noTePHM Ha Y-200 /pMc. 3{. BbiBOA ycKopeHHbiX MOHOB npOH3BOAM11CR 
MeTOAOM nepe3apRAKM l C1/-> C~2+ ) M COCTaBM11 OK0110 ]0%. 
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~ PHc.4. Oc~HnnorpaMMW HMrrynhcOB 
~ ycKopeHHoro rryqKa Ha pa3nHqHwx 

paAHycax ~HKflOTpOHa. llepBblli ITHK 
HMITYflbC o6~ero TOKa na3epHOH 
nna3MW, BTOpOH - HMITYflbC YCKQ
peHHOrO nyqKa. 

tiMKCI 
30 

20 

30 40 50 GO 70 80 R ICMI 

PHc.5. 3aBHCHMOCTb speMeHH yc
KopeHHH OT paAHYCa ITPH HarrpH~e
HHH Ha AYaHTax 55,6 KB. CnnowHaH 
flHHHH - pacqeT, TQqKH - H3Mepe
H«P 

T7 
~I 

-+-+-c.ctnp 

PHc.6. 0rH6aiD~aH B~-HanpH~eHHH 
Ha AYaHTe B cnyqae rrpo6oH. 

BwseAeHHw~ ny4oK 6wn nony4eH ~HTeHc~BHOCTb~ 2· 10 9 4aCT~4/~Mn. 
~3MepeHHa~ nonynpoBOAH~KOBwM AeTeKTOpOM 3Hepr~~ ~oHOB pasH~nacb 
108 M3B, 4TO COOTBeTCTByeT 3Hepr~~ Tpex3aP~AHOrO yrnepOAa np~ 
YCKopeH~~ C xopome~ 4eHTPOBKO~ op6~T. 

\ 

I 

R::; 40 CM 
·-....+ 

2,5 MKC R ::; 80 CM 

PHc. 7. Oc~HnnorpaMMbi HMnynhcos ycKopeHHoro rryqKa 
H HarrpHJKeHHH Ha AYaHTax B cnyqae npo6oH BbiTHrHBaiD~ero 
rrpoMe~yTKa. BepXHHH nyq; rrepBhlll ITHK - HMI1YflbC 06~ero 
TOKa na3epHOll rrna3Mbl, BTOpOH ITHK - HMITYflbC YCKOpeH
HOrO nyqKa HOHOB, H~HHH nyq - OrH6aiD~aH B~-HarrpH~e

HHH Ha AYaHTaX. 

I (MKAI 

400 

PHc.8. lloTepH rrpH YCKOpeHHH 
rrpo6oH BbiTHrHBaiO!l\ero rrpoMe~yTKa. 

B cnyqae 

JO 40 

KopoTK~~ naKeT ~oHOB, c$opM~

posaHHw~ B na3epHOM ~CT04H~Ke, 
n03BOn~n ~3Mep~Tb speM~ YCKOpeH~~ 

B 4~KnOTpOHe KaK pa3HOCTb Me~AY 
BpeMeHeM BhlXOAa ~OHOB ~3 ~CT04H~-

Ka ~ no~sneH~eM ycKopeHHoro ny4-
Ka Ha npo6H~Ke 4~KnOTpOHa. ~3MepeH~~ C BhlCOKO~ T04HOCTb~ COBna
Aa~T c pac4eToM, np~BeAeHHwM no ¢opMyne 

E 
rAe f- 4aCTOTa BPaU1eH~~ ~OHOB, 

4 f Ze V Sin cb 0 . 

E - 3Hepr~~ ~OHOB, Z - 3ap~A ~OHOB, V 0 - Hanp~~eH~e Ha 
AYaHTax, cb - $a3a npoxo~AeH~~ ~OHOB ycKop~~U1ero npoMe~yTKa. 

KaK y~e OTMe4anocb s pa6oTe/B/ , ronosHy~ 4aCTb ~Mnynbca 
na3epHO~ nna3Mhl B OCHOBHOM COCTaBn~~T ~OHhl BWCOKO~ 3aP~AHOCT~ 

/p~c.4,5/. B npo4ecce 3KCnep~MeHTa Ha6n~Aan~cb cny4a~ npo6o~ 
c AYaHTOB /p~c.6/. Ha 4~KnoTpoHe npo6o~ c AYaHTOB pa3B~saeTc~ 
C 3aAeP~KO~ 3-4 MKC no OTHOWeH~~ K ~MnynbCY na3epa, ~ Bw3BaH 

5 



B OCHOBHOM H~3K03apRAHOH ~ HeHTpanbHOH KOMnOHeHTaM~ nna3M~. An~
TefibHOCTb npo6oR cocTasnRna 20-30 MKC. ~ccneAoBaH~R noKa3an~, 
4TO B 3TOM cny4ae TaKme B03MOmHO ycKopeH~e ~OHOB AO KOHe4HOrO 
paA~yca /p~c.7/, OAHaKo npo~ecc conposomAaeTCR AononH~TenbH~M~ 
noTepRM~ 4aCT~~, OCHOBHaR 4aCTb KOTOp~X TepReTCR Ha paA~ycax 
MemAY 30 ~ 40 cM, a TaKme ysen~4eH~eM speMeH~ ycKopeH~R s 
~~KnOTpOHe /p~c.8/. npo60H C AYaHTOB HymHO paccMaTp~BaTb CKOpee 
KaK ~CKn~4eH~e, nOCKOnbKY MOmeT 6b1Tb AOCT~rHyT pem~M, np~ KOTO-
pOM OH He Ha6n~AaeTCR. 

3AKn104EH~E 

B 3Kcnep~MeHTe Ha ~~KnoTpoHe YAanocb sneps~e ycKOP~Tb ~oH~ 
~3 na3epHOH nna3Mbl, nnOTHOCTb ~OHHOrO TOKa ~3 KOTOpOH Ha nopRAOK 
s~we no cpasHeH~~ c AYros~M ~cT04H~KoM, a TaKme ~ccneAoBaTb 
npouecc ycKopeH~R nnoTHoro crycTKa ~oHoB An~TenbHOCTb~ s He-

cKonbKO M~KpOCeKYHA• 
YcTaHosneHo, 4TO np~ ~HTeHc~sHOCT~ s ~Mnynbce oKono MA 

MomeT 6~Tb pean~3oBaH pem~M pa6oT~ ~~KnoTpoHa, ~cKn~4a~~~H 
npo6oH ~ noH~meH~e B4-HanpRmeH~R Ha AYaHTax, ~ ocy~ecTsneHo 
ycKopeH~e ~OHOB c o6~4H~MM AnR Y-200 noTepRM~. 

nos~weH~e pa6o4ero saKyyMa s ~~KnoTpoHe np~ pa6oTe c na3ep
H~M ~CT04H~KOM oco6eHHO nepcneKT~BHO np~ ycKopeH~~ B~COK03apRA
H~X ~OHOB, TaK KaK B 3TOM cny4ae cy~eCTBeHHO CH~ma~TCR noTep~ 
4aCT~~ ~3-3a o6A~PK~. 

ltlcnonb30BaH~e ManbiX Kon~4eCTB pa6o4ero Bell\ec 1 t~d t1 Jld::St::1Jt1UM 

~CT04H~Ke n03BOnReT YCKOPRTb peAK~e ~30TOn~. 
AanbHeHw~e nepcneKT~B~ pa3B~T~R na3epHoro ~cT04H~Ka AnR 

~~KnOTpOHOB CBR~aH~ C noB~WeH~eM MO~HOCT~ ~ 4aCTOT~ cpa6aT~sa
H~R na3epa, C onT~M~3a~~eH KOHCTPYKU~~ ~OHHOrO ~CTOH4~Ka. 

B 3aKn~4eH~e aBTOP~ s~pama~T 6naroAapHOCTb r.H.Qneposy 3a 
nocToRHH~A ~HTepec K pa6oTe ~ none3H~e A~cKycc~~. P.U.OraHecR
HY, r.r.rynb6eKRHY- 3a y4aCT~e B o6cymAeH~~ pe3ynbTaTOB 3KCne
p~MeHTa, E.A.Kop4ar~HY - 3a TexH~4eCKY~ noMo~b s noArOTOBKe 

ycTaHOBK~. 
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HET RH nPOBEROB B BAWEA BHBRHOTEKE? 

81>1 MOJKeTe nO.IIY'IMTb no nO'ITe nepe'IMC.IIeHHble HMJKe KHMrM, 

eC.IIM OHM He 6bi.IIM 38K838Hbl paHee. 

113-11787 

1113-11807 

111,2-12036 

111,2-124SO 

1111-80-13 

,n4-80-271 

114-80-38S 

IIZ-tl1-S43 

1110,11-81-622 

111,2-81-728 

1117-81-7S8 

111,2-82-27 

P18-82-117 

112-82-S68 

TpyAW III H~AYHapOAHOH WKOnw no HeArpoHHOH ~3HKe. 
Anywra, 1978. 

TpyAw III H~AYHapoAHOro coa~aHHA no nponop~HOHanb
HWM H APeH¢QBWM KaMepaM. Jly6Ha, 1978. 

TPYAW VI Bcec003Horo coae~aHHA no YCKOPHTenAM aapA
*eHHwx ~aCTH~. Jly6Ha, 1978 /2 TOMa/ 

TpyAw V Me*AYHaPOAHoro ceMHHapa no npo6neMaM ~3HKH 
BWCOKHX 3HeprHH. Jly6Ha, 1978 

TpyAW XII He*AYHapoAHOH wKonw MOnoAwx y~eHWx no ~3HKe 
BWCOKHX ~HeprHH. npHMOPCKO, HP6, 1978. 

TPYAW VII BcecoosHoro coae~aHHR no YCKOPHTenRM sapA
*eHHwx ~aCTH~, Jly6Ha, 1980 /2 TOMa/ 

lPYAW pa6~ero COBe~aHHR no CHCTeMaM H MeTOAaM 
aHai\HTH~eCKHX Bbi'-IHCileHHH Ha 38M H HX npHMeHeHHIO 

8 TeopeTH~eCKOH ~3HKe, Jly6Ha, 1979 

TpyAW He*AYHaPOAHOH KOH¢epeH~HH no npo6neMaM 
HeCKOnbKHX Ten B AAePHOH $H3HKe. Jly5Ha, 1979, 

TPYAW He*AYHapOAHOH WKonw no crpyKrype AApa. 
Anywra, 1980. 

TPYAW VI Me*AYHapoAHoro coae~aHHA no n~o6neMaM KBaH
roeoH reopHH nonA. Anywra, 1981 

TPYAW Me*AYHapoAHOro coaewaHHA no npo5neMaM MareMaTH
~ecKoro MOAenHpoBaHHR B AAePHO-~H3H~eCKHX HCCneAOBa• 
HHAX, lly6Ha, 1980 

TPYAW VI He*AYHapOAHOro ceMHHapa no npo5neMaM ~H3HKH 
BWCOKHX 3HeprHH. lly5Ha, 1981. 

TpyAw I I He*AYHapoAHOro CHMn03HyMa no H35paHHWM 
npo6neMaM CTaTHCTH~eCKOH MeXaHHKH. lly5Ha, 1981. 

TPYAW He*AYHapOAHOro CHMn03HyMa no nonApH3a~HOHHWM 
RBneHHRM B ~H3HKe BWCOKHX 3HeprHH. lly6Ha, 1981. 

TPYAW IV coaewaHHR no Hcnonb30BaHHO HOBWX RAePHO" 
¢H3114eCKI-1X MeTOAOB AfiR peweHHR Hay4HO-TeXHH4eCKHX 

H HapOAHOX03RHCTBeHHWX 3aAa~. lly6Ha, 1981. 
TPYAW coaewaHHR no HCCneAOBaHHRM B o6naCTH 
penRTHBHCTCKOH RA€PHOH ~H3HKH. IIY5Ha, 1982. 

119-82-664 TPYAW coeewaHHR no KonneKTHBHWM MeToAaM 
yCKOpe~HR, lly6Ha, 1982. 

113,4-82-704 TPYAW IV t1e*AyHaPOAHOH WKOnw no He>1TpOHHOH 
~H3HKe, lly6Ha, 1982. 
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3aKa3~ Ha YnOMRHYT~e KHHrH MoryT O~Tb HanpasneH~ no anpecy: 
101000 MOCKBa, fnaBnO'IT3MT, n/R 79 

M3DaTenbCKHA OTpen 06beDHHeHHOrO HHCTHTYT8 HnepH~X HCCnepOB3HHH 

9-83-416 
HccnegoBaHHe npo~ecca ycKopeHHH TH~enwx HOHOB H3 na3epHoH 
nna3Mbi Ha ~HKnoTpoHe Y-200 

Ha ~HKnOTpOHe Y-200 yganOCb BnepBwe YCKOPHTb TH~enbie HOHW 
H3 na3epHoH nna3Mbi. PeanH3oBaH pe~M pa6oTbi ~HKnoTpoHa, HCKmo
qaJO~H npo6oH HnH noH~eHHe Bq-HanpH~eHHH Ha gyaHTax, H ocy
llleCTBneHo ycKopeHHe c o6bJqHbiMH MH Y-200 noTepH!1H qacTH~. 
CpegHHH HHTeHCHBHOCTb BWBegeHHOro nyqKa HOHOB C + , KOTopwe 

9 12 Bw6paHbi B KaqecTBe TeCTOBbiX, cocTaBHna 2 ·I 0 qacT. I c. 

p a6oTa BbinOnHeHa B na6opaTOPHH HgepHbiX peaK~HH OlliiH. 

Gikal B.N. et al. 9-83-416 
Investigation of Heavy Ion Acceleration from Laser Plasma 
at the U-200 Cyclotron 

Heavy ions from laser plasma have been accelerated for the 
first time on the U-200 cyclotron. The operation of the cy
clotron without breakdown from dees and reducing dee voltage 
has been realised. The average intensity of extracting test 
ion beam c~t was equal to 2•J0 9 particle/s. 

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