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np~ YCKOpeH~~ T~~en~X ~OHOB B ~~KflOTPOHaX ~HTeHC~BHOCTb ny4Ka 
MO~eT CH~~aTbC~ KaK ~a-aa HapyWeH~~ BpeMeHHOH ~ npocTpaHCTBeH
HOH ycTOH4~BOCT~ AB~~eH~~ 4acT~~. TaK ~ scneACTB~e nepeaap~AK~ 

~OHOB Ha OCTaT04HOM raae KaMep~ YCKOP~Ten~. 
B HacTo~~eH pa6oTe npeACTasneH KpaTK~H o6aop TeopeT~4ecK~x 

~ 3Kcnep~MeHTanbH~x ~ccneAOBaH~H ce4eH~H nepeaap~AK~ T~~en~x 

~oHos Ha raaax ~ AaH~ o~eHK~ sen~4~H cpeAH~x ~HTerpanbH~x ce-
4eH~H nepeaap~AK~, nony4eHH~x Ha ocHose 3KCnep~MeHTanbH~x aas~
c~MocTeH ~HTeHC~BHOCTeH ny4KOB ~OHOB, YCKOpeHH~X Ha ~~KflOTpOHaX 

n~P OH~H, OT AaBneH~~ B KaMepe YCKOP~TeneH. 
Ton~~Ha raaosoH M~weH~ An~ ~~pKyn~py~~ero s ~~KnoTpoHe nY4Ka 

np~6n~~eHHO onpeAen~eTc~ s~pa~eH~eM: d [ Mon/cM 2
] = 3,55·10 16 x 

x L[cM] x P[Topp] , rAe L- An~Ha nyT~ ~oHa, P - AasneH~e s Ka
Mepe YCKOP~Ten~. 3~~eKT~BHOCTb YCKopeH~~ ny4Ka AO KOHe4HOH 3Hep
r~~: lj=l/1 0 = exp(-a), rAe Io, I- Ha4anbHoe ~ TeKy~ee 3Ha4e
H~~ ~HTeHC~BHOCT~ ny4Ka COOTBeTCTBeHHO; a= d· at , Ot- nonHoe 
ce4eH~e ~3MeHeH~~ aap~Aa ~oHa s npo~ecce ycKopeH~~. BKn~4a~ee 
ce4eH~e noTep~ ~oHoM 3neKTPOHa of ~ aaxsaTa oc. 

B~paa~B An~H~ nyT~ 4epea 3Hepr~~. AasneH~e - 4epea aTOMHY~ 
KOH~eHTpa~~~ 0 i) 1-oH KOMnOHeHT~ OCTaT04HOr? raaa, MO~HO no
ny4~Tb cneAY~~ee s~pa~eH~e An~ a: 

a= K '£ n(i) f(w), 
i 

/1/ 

rAe n(i) = 
9,66-10181L(il.J:lil . 
-------, 1L (I)_ 4~Cfl0 aTOMOB B MOfleKyne OCTaT04-

T 

Horo raaa, T -a6con~THa~ TeMnepaTypa CTeHOK YCKOP~Ten~, p<il -

nap~~anbHOe AaBneH~e i -oH KOMnOHeHT~ OCTaT04HOrO raaa; 

9·10 5A2 
K = 2 , rAe 

K w•Z i • VglKB] • lii.K1] 
A- Macca, Zi - 3aP~A ~OHa COOTBeTCT-

BeHHO, vg- Hanp~~eH~e Ha AYaHTe, H - 3Ha4eH~e cpeAHero MarH~T-

~0 M Horo non~, K w = 4sin-- - Ko3~~~~eHT, aas~c~~~~ OT HOMepa rapMo-
2 

H~K~ YCKOP~~ero Hanp~~eH~R n ~ aa~MyTanbHOH npoT~~eHHOCT~ AYaH
w 

k (') -
TOB ¢ 0 B ABYXAYaHTHOH C~CTeMe; f(W)= f o/ (W,Z 1 ,Z)v'WdW. 

0 

OnpeAeneH~e 3Ha4eH~R a a.aTPYAHReTCR TeM ~aKTOM, 4To ce4eH~e 
nepeaapRAK~ ~sn~eTcR cno~HOH ~yHK~~eH 3Hepr~~ ~ aap~Aa ~oHa Zi, 

Of)~t<iillWii IIHC'IIlJY1 I 
Ueplllil IK<" JltiDII~nf. 

61E.JtkGTEH.A_ 
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3apRAa RApa 'aTOMOB ra30BOH M~WeH~ ZT, 3aPRAa RAPa YCKOpReMOH 4ac
T~Libl Z, T.e. u 1 = u(W, Z;, ZT' Z). 

3Kcnep~MeHTanbH~M~ ~ TeopeT~4eCK~M~ eonpocaM~ on~caH~R ~OHH~X 

3aPRAOBbiX COCTORH~H, KOTOP~e B03H~KaiOT np~ ~oH-aTOM~X CTOnKHO
BeH~RX, 3aH~Man~Cb MHOr~e ~ccneAOBaTen~. 6opOM ~ fl~HAXaPAOM 
e 1954 roAY /I/ nony4eH~ aHan~T~4eCK~e e~pameH~R AnR ce4eH~H no-
Tep~ uf ~ 3axeaTa uc 3neKTpoHa np~ npoxomAeH~~ ~oHoM ra3oeoH 
cpeA~= 

uf = 773 2 • z-.3 • (~ )2 • z2/3 z4/3 
0 I v T • • 

12! 
u =1732. z~ • (~)3. z l/3 

c 0 I V T , 

-9 8 
rAe 3 0 = 5,291x10 CM - 6opoBCK~H PaA~YC, v0 = 2, 188x10 CM/c, 
V- CKOpOCTb ~OHa. 0AHaKO AanbHeHW~e 3KCnep~MeHTanbH~e ~ TeopeTH-
4eCK~e HccneAoBaH~R noKa3anH, 4To AaHHoe npeACTaeneHHe oKa3~ea
eTcR cnpaseAn~BbiM TOnbKO B orpaHH4eHHOH o6naCTH OCHOBH~X napa
MeTPOB. 1-13 pe3ynbTaToe 3KcnepHMeHToe/2~/ cneAyeT, 4TO e u ( Z.)-

c I 
a 

c 
-Z; I 3Ha4eH~e ac 1 ~3MeHReTCROT ac

1
:::.3,8/HOHbl Br13,9M3B/ 

AO a ,., 5, 1 I W = 25 M3B/ ~ cna6o 3aB~CHT OT copTa raaa ( Z T). 
cl • 

a_ 
8 BblpameHioH1 Uc ( V) - V -z 3Ha4eHHe a <;2 yeenH4HBaeTCR MOHOTOHHO 
OT H-2 npH v/v0:::.1 AO 4~6 npH v/Vo-:::.4,;. npH4eM BenH4~Ha a c

2 
yee

nH4HBaeTCR HaH6onee cHnbHO e nerK~X, 4eM e TRmen~x raaoe~x MHwe-
ac3 

HRX. 4To KacaeTCR aae~CHMOCT~ uc (ZT)- ZT •'JO e pa6oTax AaT-
l.la/2/ H MoaKa/ 3/ nony4eHO OTHOWeHHe Ce4eHHH Uc 1:1,9 AnR ~OHOB 
Br c 3HeprHeH 13,9 M3B Anfl renHeBOH H aproHOBOH MHWeHeH COOTBeT
CTBeHHO H 1:1,4- AnR HOHOB J /110 M38/ B TeX me ra3aX. 0TC10Aa 
cneAyeT 3Ha4HTenbHaR 3aBHCHMOCTb ac3 KaK OT 3HeprH~ ~OHOB, TaK 
H OT 3aPRAa RAPa aTOMa ra30BOH MHWeHH. 

06~aR $YHKLIHOHanbHaR 3aBHCHMOCTb Ce4eHHR 3aXBaTa 3neKTPOHa 
HOHOM MomeT 6~Tb npeACTaeneHa B BHAe: 

a cl 
Uc = KcZi 

a c 2 
v 

ac3 
ZT /3/ 

rAe Kc- KOHCTaHTa, ac 1 = 4~5, ac
2 

= -/2~5/, ac 3 = 0,15~0,4. 
Ce4eH~e noTep~ HOHOM 3neKTPOHa ar yMeHbwaeTCR AnR ~oHOB c 6onee 
BbiCOKHMH 3aPRAOB~M~ COCTORH~RM~, H 3TO npORBnReTCR CHnbHee B ner
K~X ra3ax, 4eM e TRmen~x, 4TO cneAyeT ~3 p~c. 1, rAe np~eeAeH~ 
3KCnep~MeHTanbH~e 3aBHCHMOCT~ ~="z./ 7~/ AnR HOHOB a30Ta C 3Hep
r~eH 0,3 M3B/HyKnOH B pa3n~4H~X ra3ax (He,N,Ar). 3Ha4eHHe ar 
2 

~,iof,C, 

10-16 

to·" 

f0-
16 J__2~--.:,:----i,4 

5 ! 

PHc.J. 3aBHCHMOCTb ceqeHHH TIOTepH 

OAHOrO 3neKTPOHa HOHaMH a30Ta 
c 3HeprHeH 0,3 M3B/HyKnoH B pag

HhlX ra3ax. 

Ha p~c.2-5 np~BeAeH~ 3Kcnep~MeHTanbH~e 3aB~c~MOCT~ ~HTeHc~e
HOcTeH ny4KOB ~OHOB no paA~YCY OT AaBneH~R B KaMepax LI~KnOTPOHOB 

flRP, OCHOBH~e napaMeTp~ KOTOp~x, Heo6XOA~M~e AnR OlleHK~ Ce4e
HHH nepeaaPRAK~ ,cneAYIO~He:Y-300- ¢0 = 180°, vg = 120 KB, 
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lOTH. lOTH. 
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R90 

R120 
R135 

0~--~----------~--~--~~~----------~--~-------
10 P·U~MM pr cr. 5 10 P·1Cr~ MM pT. cT. 5 

~ 
PHc,2, 3aBHCHMOCTH HHTeHCHBHOCTH ny~KOB HOHOB Ar 40 
H Ar!~ Ha pasHb~ pagHycax ycKopeHHH ~HKnOTpoHa 
Y-300 OT ~aBneHHH B KaMepe ycKopHTenH. 

lOT~.~ -----
I or~-~ - ................ 

' ' 

0.5 0.5 ·9 
Xe95 
'~. 

1- P•l3·10- 6 

2- P= 5.4-10- 6 

3- P• 9.2 ·10-6 

1- p. 3.5·10-6 

2-P = 5.4 ·10-6 
3- p = 9.3 ·10-6 

'-2 

0oo±----1~00----1~10----1~20----13~o--~R~[~C-M~] 0~9o----~1o-o--~11-0---1~~----1~3o--~R=r~c-M~l~ 

+4 
PHc,3, 3aBHCHMOCTH HHTeHCHBHOCTH ny~KOB HOHOB Ne22 

H Xei~6 OT pagHyca ycKopeHHH ~HKnoTpoHa Y-300 npH 
pasnH~HWX ~aBneHHHX B KaMepe ~HKnOTpOHa, 

H 1 6 7 3 +4 +6 + 7 v = , K , 110Hbl Ne 22 , Ar 40 , Ar 40 ycKOPRJ111Cb Ha ocHOBH011 

rapMOHI1Ke BbiCOK04aCTOTHoro HanpR>KeHI1R (n = 1 ), 110Hbl XeH6 - Ha 

TPeTbei1 (n = 3); Y-400 - ¢
0 

= 45°, v .8 = 75 KB, H = 21 K3, Mg!~ -
n = 2. Y-200 - A. = 45° v = 75 KB H =20 K3 xe+26 - n = 2 

, '1'0 ' g ' ' 132 • 
B nocneAHeM cny1.1ae ~11KJ10TpoH Y-200 11CnoJ1b30BaJ1CR e Kal.lecTee 
nOCTYCKOPI1TeJ1R TaHAeM-~11KJ10TPOHOB n~p/7 /, rAe 11H>KeKTOpOM 110HOB 

RBnRncR ~11KJ10TPOH Y-300. 
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PHc.4, 3aBHCHMOCTb HHTeHCHBHOCTH 

ny~Ka HOHOB Mg;: OT p~Hyca ycKo
peHHH ~HKnoTpoHa Y-400 npH pasnH~
Hb~ ~aBneHHHX B KaMepe YCKOpHTenH, 

0 
2 l ' P-10~,MMPfCT 

6~ 
1 UOM 

If 
a 
6 ~

', 

PHc.5. a/ 3aBHCHMOCTb HHTeHCHBHo
CTH ny~Ka HOHOB Xet~~ Ha pa3Hb~ 
pagHyCax YCKOpeHHH ~HKnOTPOHa 
Y-200 oT ~aBneHHH B KaMepe ycKo
PHTenH; 6/ 3aBHCHMOCTH pac~eT
~/lO/ H 3KCllepHMeHTanbHb~ 3Ha~e
HHH 0 ll~KOB HOHOB Xe OT KOHe~HOH 
3HeprHH ~aCTH~bl, 

10-16 
8 
6 
~~· 

6) 

~ 1:~'+--c-c~~~~-,-r~~~~--
0 1 2 J 4 s 6 7 w,,MJI¥M 

il·v'!Mo 

~-ut:~ 

15 

10 

~ 
" ~ s 7,5 ° ~ 5 7,5 

~.r.t3EVH W...,lob~ 

PHC,6, 3aBHCHMOCTH Cpe~HHX HH
Terpanb~ ce~eHHH nepesapH~KH 

HOHOB Ne 22 , Mg 26 , Ar 40 oT Ko
He~HoH: 3HeprHH ~aCTH~, 

noJ1y4eHH~e 3KCnepi1MeHTaJ1bH~e 

3aBI1C11MOCTI1 a= F(Wk) /pl1c.56,6/ 

n03BOJ1R~T CAeJlaTb npeABaPI1TeJ1b

H~i1 B~BOA 0 TOM, 4TO 11HTerpaJ1bH~e 

Ce4eHI1R nepe3aPRAK11 TR>KeJl~X 110-
HOB (Ar) yMeHbWa~TCR C 3Heprl1ei1 

-05 
KaK W k ' , 11 C 3aPRAOM I-10HOB 
npi16J111311TeJ1bHO KaK z.·(0,3.;.1). 

I 
CneAyeT saMeTI1Tb, 4TO e nocneA-
HeM cny1.1ae oco6oi1 peryllRPHOCTI1 
He Ha6J1~AaeTCR, BepoRTHO, 113-sa 
orpaHI14eHHOCTI1 3KCnepi1MeHTaJ1bH~X 

AaHH~X. npl-1 cpaeHeHI111 3aBI-1C11MO

CTei1 a AJ1R 110HOB Ar~~ 11 Ne~~ 
BI1AHO, 4TO 3Ha4eHI1R a npRMO npo

nop~I10HaJ1bH~ saPRAY RAPa 110HOB. 
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3KcnepHMeHTanbH~e 3Ha4eHHR Ce4eHHA nepe3aPRAKH ~ 04eHHBa
nHCb AnR cny4aR, KOrAa AaBneHHe 8 KaMepe YCKOPHTeneA 8 OCHOBHOM 
onpeAenReTCR a30TOM, 4TO npaKTH4eCKH cnpaBeAnHBO npH nony4eHHH 
H3 HOHHOrO HCT04HHKa TaKHX HOHOB, KaK Mg. 0AHaKO npH yCKOpeHHH 
HOHOB ra3oo6pa3HbiX 3neMeHToe (Ne, Ar, Kr, Xe) 4aCTH4~ HCnbiT~-

ea~T nepe3aPRAKY KaK Ha aToMax a3oTa, TaK H Ha aToMax pa6o4ero 
ra3a HOHHoro HCT04HHKa (Ne ... N,Ne; Ar->N,Ar H T.A. 3aBHCH
MOCTb me Ce4eHHA nepe3aPRAKH OT COpTa ra3a (ZT) 3Ha4HTenbHa, KaK 
yKa3~Banocb e~we. 

H3MepeHHe nap4HanbHoro AaeneHHR KOMnoHeHT ocTaTo4Horo ra3a 
a KaMepe 4HKnoTpoHa Y-400 npH ycKopeHHH ny4Ka HOHoe Ar4~ noKa-
3ano, 4TO cneKTp OCTaT04HOro ra3a AOBOnbHO WHPOK, HO AnR 04eHOK 
MOmHO 6blnO npHHRTb, 4TO OCHOBHbiM KOMnoHeHTOM RBnReTCR a30T 
1-70%/. 

nononHHTenbHOH norpeWHOCTb~ npH 04eHKe BeDH4MH MHTerpanbH~X 
Ce4eHHA nepe3aPRAKH RBnReTCR HenOCTORHCTBO pacnpeAeneHHR AaBne
HHR no PaAHYCY 4HKnOTPOHa, KOTOpoe MaKCHManbHO 8 4eHTpanbHOH 
o6naCTH 4HKnOTpoHa /3•5x10~ MM PT.CT./, 3aTeM cnaAaeT AD 
1 •1 0"'6 K KOHe4HOMY paAHYCY /IS/. 

nony4eHH~e 3KcnepMMeHTanbH~e AaHH~e no ce4eHHRM nepe3aPRAKM 
ny4Ka Ha ra3e Ha 4MKnoTpoHaX n~p YAOBneTBOPHTenbHO KoppenMpy~T 
C TeopeTH4eCKHMM, 4TO no3BOnReT C XopoweA HaAemHOCTb~ 04eHHBaTb 
yposeHb Tpe6yeMoro pa6o4ero AaBneHMR a KaMepax npoeKTHpyeM~x 
4HKnOTPOHOB, npe/}Ha3Ha4eHHbiX AnR YCKOpeHHR 04eHb TRmenbiX MOHOB 
snnoTb AD ypaHa 91. . 

nnR nony4eHMR 6onee T04HbiX 3Ha4eHHH ce4eHMi:i neoe::l<'IDRnKL-1 nyu
KOB TRmen~X HOHOB Ha ra3aX 8 AanbHeHweM nnaHHPY~TCR AeTanbH~e 
HccneAOBaHMR 3Toro npo4ecca Ha B~BeAeHHOM ny4Ke 4HKnoTpoHa Y-300 
npH HCnOnb30BaHHH ra30BOH R4eHKH C KOHTpOnHpyeMbiM AaBneHHeM no
CTyna~~ero ra3a onpeAeneHHoro copTa H cneAY~~ero 3a HeA MarHMTa 
c 6onbwoA pa3pewa~~eA cnoco6HoCTb~ no 3aPRAaM. 

B 3aKn~4eHHe asTop e~pamaeT 6naroAaPHOCTb npo$eccopy ~.U.Ora
HeCRHY 3a nOCTORHH~H MHTepec K pa6oTe , a TaKme 
rpynnaM 3KCnnyaTa4HH YCKOpHTeneA n~p 3a nOMO~b B npoBeAeHMM 3Kc
nepHMeHTOB. 
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HET nM nPOBEnOB B BAWER BMBnMOTEKE? 
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H3AaTenbCKHA OTAen OObeAHHeHHoro HHCTHTYT8 RAePHbiX HccnenoaaHHA 

Kos110a C.H. 9-83-268 
0 ce~eHHRX nepesaPRAKM TRJ(aRWX MOHOB Ha raaax 

PaccMaTpMaaeTCR nPQ6neMa, CBR38HHaA C noTepeA ~aCTM~ MS-Sa nepesapAAKM 
Ha OCTaTO~HOM rase KaMepW YCKOPMTenA. 4aH KpaTKMH o630P TeopeTM~eCKMX 
M 3KCnepMMeHTanbHWX pa6oT no onpeAeneHMD 388MCMMOCTeH BenM~MH ce~eHHH nepe
SaPAAKH TRJ(enbiX MOHOB OT SaPRAa RAeP ~aCTM~W H aTOMOB raSOBOH MMWeHH, SaPRAa 
MOHa M ero 3HeprMM, Ha OCH088 3KCnepMMeHTanbHWX SaBMCMMOCTeH MHTeHCMBHOCTM 
ny~KOB TRJ(aRWX MOHOB OT paAMYCa YCKOpeHMR npM aapbMpoaaHMM AaBneHMA 8 Ka
MePBX ~MKnOTpoHoa nAP Y-200, Y-300 M Y-400 npoMSBeAeHa o~eHxa aenM~MH 
CPBAHMX MHTerpanbHWX ce~HMH nepesaPRAKM ~aCTM~ Ha rase. nony~eHHwe pesynb
TaTw, XOpowo KOppenMpy~Me C TeopeTM~eCKMMM SHa~eHMRMM, nosaonRDT C AOCTa
TO~HOH H8AeJ(HOCTbO O~eHMBaTb Tpe~yeMWH A"R BWCOK0~8KTM8HOrO YCKOpeHMR 
TRJ(aRWX MOHOB ypoBeHb pa~o~ero AaBneHMR 8 KaMepaX ~HK110TpoHOB. 

Pa~oTa awnonHeHa 8 na6opaTOPHH AAePHWX peaK~HH OHRH. 

Coo6oieHMe 061oeAMHeHHOro MHCTMTyTa AAePHWX MCcne,poaa- ii . AY~Ha 1983 

Kozlov S.l. 9-83-268 
On Cross Sections of Heavy lon Charge Exchange on Gases 

The problem connected with the loss of heavy Ions ~celerated on the 
cyclotrons due to charge exchange of particles on the residual gas of the 
accelerator chamber Is discussed. A short review of theoretical and experi
mental papers dealing with charge exchange cross sections of heavy ions 
passing through gas is presented. On the base of experimental dependences 
of the intensity of heavy Ions beam on the accelerating radlu~ when varying 
the pressure In the chambers of the U-200, U-300 and U-400 cyclotrons the 
estimation is made of average value of charge exchange cross sections of 
Ions on gas. The experimental results having a reasonable agreement with 
theoretical ones give the possibility to estimate pressures In cyclotron 
chambers which are_ required to accelerate heavy Ions with a desired reliabi
lity. 

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