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8 ~OHH~X ~CT04HHKax, np~MeHReM~X Ha 4~KnOTpOHax. B03MomHO 
06pa30BaHHe ~OHOB pa3H~X 3neMeHTOB C 6n~3K~M OTHoweHHeM Macc~ 
K 3apRAY. On~T ~KcnnyaTa4HH nOKa3an He06xoAHMOCTb pa3AeneHHR 
B np04ecce YCKopeHHR TaKHX ~OHOB. 8 AaHHoH pa60Te npOBeAeH8 
04eHKa B03MOmHOCTH pa3AeneHHR B 4HKnQTPQHH~X C~CTeMax HOHoa 
C 6ml!3KHM OTHOWeHJ.1eM MaCCbl K 3apRAY, npHBeAeHbl 3K<;,nepHMeHTanb
H~e AaHH~e, nony4eHH~e Ha 4~KnOTpOHax Y-200 H Y-400. 

MarHHTHaR CHCTeMa ~30xpOHHoro 4HKnOTpOHa HaCTpaHBaeTCR YPOB
HeM B036ymAeHHR OCHOBHO~ OCMOTKH H paAJ.1anbH~MH KOppeKTJ.1pY~~HMH 

KaTYWKaMH B H30XPOHHbl~ pemHM, COOTBeTCTBY~HH MHHI'1ManbH~M (j)a-
30B~M nOTepRM nY4Ka npH YCKopeHHH. W3MeHeHHe MarHHTHoro nonR 
OTHOCHTenbHO 3Toro COCTORHHR COOTBeTcTeyeT YMeHbweHH~ HHTeHCHB
HOCTH nY4Ka. Pe30HaHCH~e KpHB~e 4MKnOTpOHa Y-4rO nPMBeAeH~ Ha 
pHc.l. 4~KnoTpoHa Y-200 - B pa60Te /l/ . IUHPHHY nHKa pe30HaHcHoH 
HacTpo~KH 88 KrC Ha nonYB~COTe MomHO 04eHMTb no (j)0pMyne 

fm '" 
I 
3" n· 

A 
Z II! 

B - 8"r'11.{~Hu cpeAHero MarHl-1THorO n::mR IKrc/. Von - Haf'op no
TeH4Hana 3a 060POT IMBI, R - paAHYc YCKopeHMR 1"1/, n - HOMep 
rapMoHHKH, A,Z - MaCCOBoe 4Hcno 14 3apRA YCKopReMoro MOHa. 

Ha pHc.2 npHBeAeH~ pac4eTH~e 14 3KcnepHMeHTanbH~e 3aBHCH
MOCTH WHPHHbl pe30HaHcHbix HaCTpoeK ICM.pHc.l1 MarHHTHoro nonR 

4HKnoTpoHoB Y-200 14 Y-400 AnR 

1.0 

O.S 

10m" 

/,1 

H 

R 

R 

2') 2. 
Ne 

'::/-1.00 

21,300 2PSO 8 (KrC) 

2600 2650 rAJ 

pa3nH4H~X paAHycoB YCKopeHHR 
14 HeKOTOp~X THnOB HOHOB. 

Ha p~c.3 npHBeAeH~ 3aB~CH
MOCTH ypOBHe~ OCHOBHorOMarHHT
Horo nonR 4HKnOTpOHOB Y-200 
14 Y-400 14 AH<p<pepeH4HanbH~e 3a
BHCHMOCTH MarHHTH~x none~ OT 
TOKOB B036ymAeHHR OCHOBH~X 06

TOI< OCHO'YHOU o(5MomKu Ma~HUma 

PHc.l. 3aBHCHMOCTh TOKa nyqKa 
Ha pa3Hb~ paAHycax UHKnoTpoHa 
y-400 OT TOKa OCH0BHOH OOMOTKH 
MarHHTa. ' 

Ii.V:lbiittn.~!;';il KKCli.HTl7I.' 
UoeSfflWI 'KC·.~~J10l.ilthJJ 

6HSJI~!:JTSH~ 
••• I!~ _.' 

1 



Y-400 H Y-200 /6B/ B 3aBHCHMOCTH OT pBAHyca YCKopeHHH. 	 A2)AB B1 -	 ;~ 2 K· f Z2 . 
/3/ 

MomHO nony4~Tb All AnA ~OHOB.o6naAa~~MX OA~HaKOBwM OTHO
weH~eM aTOMHoro 4~cna K 3apAAY. HO oTn~4a~~~xCA OTHoweH~eM 

b 

"0 

20 

o 
50 100 150 R(cMI 

PHC. 2. IIIHpHHa peSOHaHCHOH 

'::1-400 

\ 
\ 

\ 
\ .-"OAr"

\ 	 1'-20Ne2 + 

0- 1081+'" 
Pacyem /' " "- "" ; 

t:. MOTOK MarH~TOB. Ben~4~Ha BoaMomHO~ paoo4e~ HeCTa6~nbHOCT~ Mar
H~THoro nonA ~~KnOTpOHa AonmHa 6~Tb B HeCKonbKO paa MeHbwessiwcl 	 ':1- 200 

It W~p~Hbl peaOHaHCHO~ HaCTpO~K~. lila A~$$epeH~~anbHbIX aaB~C~MOCTe~ 

MomHO onpeAen~lb,4TO Heo6xOA~MaA cTa6~nbHOCTb TOKOB n~TaH~A 
(J \ OCHOBHO~ 06MOTK~ AonmHa COCTaBnATb BenH4~HY He xyme 10-4 , 

\ a cTa6~nbHOCTb n~TaH~A KamAO~ ~3 10 nap KoppeKT~py~~~x KaTY
100~ weK - He xyme 10- 3/ 2/. CneAyeT oTMeT~Tb, 4TO B cnY4ae CH~meH~A 

YPOBHA MarH~THoro nonA ero 4YBCTB~TenbHOCTb K TOKY n~TaH~A Mar
\ H~Ta B03paCTaeT B HeCKonbKO pa3, 4TO TP yny4weH~A cTa6~n~-22NeS " 

\.~ 6 12 C 3- 3a~I-1~. 
t:. 

a "He 1 O~eH~M pa3pewa~~y~ cno COf'HOC Tb ~~ KJ10TpOH a, TO ec Tb B03Mom
HOCTb pa3AeneH~A B npo~ecce YCKopeH~A Ha OAHO~ 4aCTOTe ABYX0"50~ ~ " nY4KOB ~OHOB C pa3HMMM OTHoweH~AM~ A/2.POcyem 

IiIcXOAA ~3 	~~KnOTpOHHoro COOTHoweH~A'-, 
"'-. " ~ B K·f· ~ , 	 /2/

Z 
0L------_-~--------4---~ rAe f - 4aCTOTa o6pa~eH~R ~OHOB /Mr~/. B cpeAHee MarH~THoe25 50 75 

none B aa30pe /KrC/. K = 0,651213 - K03$$~~~eHT. Pa3AeneH~e 
ABYX ny4KoB ~OHOB ro MarH~THoMY non~ paBHO 

HacTpoHKH 	MarHHTHoro nOJU! 

BlK!C) NOD M!:jl'tl 
~ 20 B.I(Krc) ,:/·200

20 \ 


20 


"8.15r \/ 	 -115 19 

18 

lOr f \ -110 


17 

r "- -- J
16dB. 

dIM 
15 

I I 	 I I 
500 1000 	 1500 2000 ~(A)0 	 0 500 1000 1M (A) 

PHc.3. 3aBHCHMOCTb MarHHTHoro nonH B ~eHTpe uHKnoTpoHoB 

Y-200 H Y-400 H AH~~epeH~HanbH~e SaBHCHMOCTH JTHX noneH 
OT TOKOB B OCHOBHb~ 06MOTKax. 

Maccw K aapRAY ~3-3a Ae$eKTa Mace AAep: 

6B 11M2 ) 	 LlM2) • 
----r::t :: 931 5B M1 . 2 , A1 11.2 

np~ ycnoB~~ BI, B2 :: B, Ml , M2 - MaCCbl AAep /B M3B/, LlM1 , LiM2 
Ma6wToK Mecc~ AAep no WKane 12C = 12 /e M3B/. ~nA pa3AeneH~R 
ABYX n~KOB Heo6xoA~MO. 4T06bl paCCTOAH~e MemAY n~KaM~ OblDO 6onb
we W~p~H~ 	KamAoro n~Ka liB ~ 8B, KaK nOKaaaHO Ha p~c.5. Pa3pe
wa~~y~ cnoco6HoCTb ~~KnoTpoHa no MaccaM MomHO o~eH~Tb no cne
Ay~~e~ $opMyne: 

M B 3n(BR)2 Z 
/4/'" 11M B U A06 

Ha p~c.4 np~BeAeHH paC4eTH~e 1-1 3Kcnep~MeHTanbH~e 3aB~C~MOCT~ 
OT paA~yca YCKopeHI-1A pa3pewa~~e~ cnoco6HoCT~ ~~KnoTpoHoB Y-200 
1-1 Y-400. 

~ 
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PHc.4. Pa3pema~ma~ cnoco5HoCTb ~HKnoTpoHoB Y-200 

H Y-400 B 3aBHcHMQCTH OT pagHyca YCKopel-lHR. 


Ha PHc.5 np~BeAeHw xapaKTepHwe saBHCHMOCTH TOKa nY4Ka 

Ha BHYTpeHHeM npo6H~Ke Y-400 OT 

_[>8_ 

1 I, 


I,OI_lL"l!' 'OAr·' 10e'· 

21,3 

B Ta6n~~e AnA ~~KnOTpOHa Y

A = 7,8.9.10, ~x Hs6wTOK Maccw Ha eA~HH~Y Maccw - ~ Z A 

fiM1H pasH~~a B Hs6wTKax Macc RAep ( A - 6AM2)/3/. PaMKaM~ B~Ae
1 2 

neHW HOHW, KOTopwe OTAenA~TCA APyr OTHOC~TenbHO APyra Ha KOHe4 \
HOM paAHyce YCKopeHHA. B cnY4ae BWBOAa nY4Ka ~OHOB ~s ~~KnOTpo
Ha H TpaHcnopT~pOBKH ero Ha YAaneHHy~ ~~sH4ecKY~ M~weHb np~ J 
nOMO~H CHCTeMW KBaAPynonbH~X n~HS H nOBopOTHWX MarHHTOB w~pHHa 

" 

ypOBHR MarHHTHoro nonA np~ OA
Ho~peMeHHOM YCKopeHHH 40Ar4+ 
~ 10Bl+. B AaHHoM cnY4ae BenH

fiM2 6M14~Ha --- - --- = 2,2 M3B/HYK
M2 M1 

nOH. 

PHc.5. Pa3geneHHe HOHOB 40Ar4+ 

H lOBl+ npH ogHoBpeMeHHOM HX YC

KopeHHH B nHKnOTpOHe Y-400. 


np~BeAeHW rpynnw HOHOB 

n~Ka peSOHaHCHOH HaCTpO~K~ YMeHbwaeTCR ~, cneAOBaTenbHO, pas
pewa~~aR cnoco6HOCTb Bce~ CHCTeMbl YBenH4HBaeTCR AnR YCKopHTenA 
Y-400 C 3600 AO 5400, AnR YCKopHTenR Y-200 C 1500 AO 2500. 

Ta5nH~a 

A/Z 7 

0,2 iO.~ (\,2 

0,1 O,2~,1 (l,l I 

0,1 (1,0 (J,e 

-0,1 -O,! 

0,0 

A/Z 9 

npHMeHeHHe nepeSapRAKH Ha TOHKHX MHWeHRX np~ B~BOAe nY4Ka 
HS ~HKnOTpOHa nOSBOnReT paSAenHTb HepaSAenA~~HeCR BHyTpH ~H

KnOTpOHa ny4KH ~OHOB BcneAcTB~e paSn~4HO~ KpaTHOCT~ nepeSapRA
K~. Hanp~Mep. HepaSAenR~~~eCR BHyTp~ ~HKnOTpOHa Y-400 ~OH~ 
4BTi6+ ~ 56Fe7+ paSAenR~TCR np~ B~BOAe nY4Ka MeTOAoM nepesa
PRAK~, TaK KaK ~Me~T HeCOBnaAa~~e Ben~4~Hbl KpaTHOCTH nepesa
PRAK~. 

Ha L\HKnOTpOHe Y-300 C 3neKTpOCTaTH4eCKHM BblBOAOM npHMeHeH~e 
nepeSapRAK~ B CHCTeMe TpaHCnOpTHpOBKH np~BOAHT K paSAeneH~~ 
nocne nOBOpOTH~X MarH~TOB HepaSAenR~~~XCR B npOL\eCCe YCKope
H~R ~OHOB 1 4C 3+ ~ 14N3+/4/. 

BWCOKaR Hs6HpaTenbHaR CnOC06HOCTb K Macce H SapRAY YCKopRe
MWX ~OHOB B L\HKnOTpOHHWX C~CTeMax nOSBOn~na Ha ~X OCHOBe CO
SAaTb YCTaHOBKH Cne~HanbHO AnR paSAeneHHR 4acTH~/5/. B TaKHX 
YCTaHOBKaX npHMeHR~TCR CneL\HanbH~e Mepbl AnA nOBwweH~R paspewa
~e~ cnoco6HOCTH, BbiTeKa~He ~S ~opMyn~ /4/. 
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fynb6eKHH r.r., fHKan B.H. P9-87-92 
Pagpemaw~aH cnoco6HOCTb no MaccaM ycKOpHeMb~ 
HOHOB QHKnOTpOHOB TIHP 

PaccMaTpHBaeTCH B03MO~HOCTb pasgeneHHH B npoQecce ycKo
peHHH B QHKJJOTpOHe HOHOB, pa3nH'.JaiD~XCH OTHOIDeHHeM MaCChi 
K sapHgy. PacqeTHbiM H 3KcnepHMeHTanbHbiM nyTeM noKasaHo, 
qTO paspemaiD~aH cnoco6HOCTb no MaCCaM YCKOpHeMb~ HOHOB 
QHKnoTpOHa Y-400 cocTaBnHeT OKano 3600, QHKnoTpOHa Y-200 -
OKano 1500. npHMeHeHHe nepesapHgKH Ha TOHKHX MHilleHHX gnH 
BbiBOga nyqKa H3 QHKnOTpOHa gononHHTenbHO n03BOnHeT pagge
nHTb nyqKH HOHOB, He pasgenHID~HeCH BHyTpH yCKOpHTenH 
BCnegCTBHe pa3HOH KpaTHOCTH nepe3apHgKH. 

Pa6oTa BbillOnHeHa B na6opaTOpHH HgepHb~ peaKQHH OHHH. 

Coo6meHHe 06'be.D;HHeHHOrO HHCTHTyTa R.D;epHhiX HCCJle.D;OBaHHH. ,lly6Ha 1987 

nepeBOg aBTOpOB 

Gulbekjan G.G., Gikal B.N. 
Mass Resolution of Accelerated Ions 
of LNR Cyclotrons 

P9-87-92 

The possibility of separating cyclotron accelerated 
ions with different mass-to-charge ratios is considered. 
The calculations and experiment have demonstrated that 
mass resolution of accelerated ions for the U-400 cyclo
tron is approximately 3600; for U-200 cyclotron, approxi
mately 1500. Ion beags which have not been separated in 
the cyclotron may be separated during beam extraction 
by means of the charge exchange method. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1987 


