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OblCTpoe paaBHTHe peI1RTHBHCTCKO~ RAepHO~ (J>J.1aHKH OnpeAe11H110 

nOTpe6HOCTb B MOAepHH3a~HH cy~eCTBY~~J.1X CHHXpOTpOHOB C TeM, 4TO

\~ 6bl OHH Morl1H YCKOPRTb TR>KeI1b1e 1i10HbI, H B 

pHTel1e~, npeAHa3Ha4eHHblX AI1R 3TO~ ~el1J.1. 

paapeõor ice HOBblX YCKO

OCHOBHOH OTI1H4HTel1bHO~ 4epTO~ CHHXPOTPOHOB, npeAHa3Ha4eHHblX 

AIlR YCKopeHHR TR>K~l1bIX HOHOB, RBI1ReTCR KOMnJ1.eKC Tpe6oBaHH~ Ha 

nepaaerpa , QnpeAeI1R~~He norepa HOHOB B npouecce YCKopeHHR. Bbl60p 

3TH X napaMeTpOB onpeAel1ReTCR ce4eHHRMH nepeaapRAKH HOHOB Ha aTO

Max OCTaT04Horo r aaa , 'K CO>KaIleHIi1~, Ha. cerOAHRWHH~ AeHb AaHHble 

no ce4eHHRM nepe3apRAKH HOHOB BeCbMa pa3p03HeHbI H n03ToMY nOHR

TeH HHTepec K paC4eTHblM ce4eHHRM. nOAo6Hble paC4eTbI npOBOAHI1HCb 

pa~ee/1,2/. B HaCTOR~e~ pa6óTe Ael1aeTCR nonblTKa Ha~TH CBR3b Me>K

AY BeI1H4HHO~ noreps c OAHOH CTOpOHbl H 3HeprHe~ HH>KeKI..\HH, AaBl1eHH

eM OCTaT04Horo r aaa H BpeMeHeM YCKOpe'HHR - c APyroH. Pacveru 
BbmOI1HeHbl c Y4eTOM HMelO~erOCR Ha CerOAHftWHH~ AeHb Ha60pa axcne

pHMeHTa11bHblX AaHHblX no cel.leHHRM nepes apanka J.10HOB. 

~cn0l1b30BaHHble B paõore nonaue ce4eHHR H,3MeHeHIr1R aapaaa 6bICT

pblMH HOHaMH UT = ; Ui,i+ m + ui,l -1 ' rne ui,i+ m - ce4eHHe norepa 

m 311eKTpOHOB /m =1-:-51 , ai,i -1 - ceveuae aaxaar a 311eKTpOHa, P/ãC.i> 

c4HTblBa11Hcb Ha OCHOBe n011Y3MnHpH4eCKHX MeTOAoB, H3110>KeHHblX B '. 
" CY~HOCTb MeTOAa pacver a norepu 311el<TpOHOB Ui.i+m" 3aK11~4aeT-

CR B TOM, 4TO 1.13 1i13BeCTHblX Be11H4HH ul,i+m AI1R pa311H4Hb1X H~HOB 

HaXOARTCR ce4eH"'R norepa OTAel1bHOrO 311eKTpOHa une, ce4eHHR YBe

I1H4eH~s:I aapana Si H OTHOCHTel1bHble eepORTHOCTH Pro YAal1eHHR m 311eK

TpOHOB. 3aTeM 1.13 n011Y4eHHblX Bem14HH unr. ,S i H P m onpeAel1RIOTCR 

ce4eHHR a:i,i+m AI1R APyrHx HOHOB, AIlR KOTOpblX OTCYTCTBYIOT 3KCne

pHMeHTal1bHble AaHH~e. AI1R onpeAel1eHHR Si npH He6011bWHX CKOpOCTRX 

HOHCB V B Ka4eCTse 3Ha4eHH~ u~ 6pa11HCb ae11H4HHbI, n011Y4eHHble 1.13 

axcnepaaeur a , a npH BblCOKHX CKOpOCTRX - 60PHOBCKHe 3Ha4eHHR q1f • 
Corl1aCHO paC4eTaM ce4eHH~ nOTepH 311eKTpOHa 6b1CTPblMH BOAopOAono

Ao6HblMH HOHaMH'5,61, 60pHOBCKoe npH611H>KeHHe CnpaBeAIlHBO npH Bbl

nOI1HeHHH YC110BHR 

v > 2 Zt Vo ' /1/ 
I1 

rAe 

CTH 

8
Zt - 3apRA aTOMa cpeAbI Vo = 2,19·10 CM/C. npH 3TOM B 0611a

CKopOCTe~ V> 3 (In'r. /Io)~ /rAe Inl - 3HeprHR CBR3H YAal1ReMoro 

311eKTpoHa, lo = 13,6 3B/ 60pHoBcKHe Be11H4HHbI u~ AOI1>KHbI y6b1BaTb 

I. c pOCTOM v KaK Cbr. ... V-2. Bonee c11a6aR aCHMnTOTH4eCKaR 3aBHCHMOCTb 

Be11H4HH unf ...v-I, Cl1eAYIO~aR H:f7~ npHBOAHT K 3aMeTHOHY 3aBblwe.HHtO 

ce4eHH~ norepa 311eKTpOHa B' 0611aCTH npenensuo BblCOKHX v. B pa6o
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HJ..1J..1 4epea asor , Hosae 3l<CnepJ..1MeHTaIlbHble ,qaHHble o BeJlJ..14J..1HaX
 

O:i,i+m ,qIlR HaJ..16oIlee TR>KeIlbIX J..10HOB B 06IlaCTJ..1 E'" 8-:-10 M3B/HYI<IlOH
 

/7,8/ nOaBOIlJ..1IlJ..1 BHeCTJ..1 YT04HeHJ..1R B 06IlaCTJ..1 CI<OpOCTeH, r,qe BeIlJ..1

I.lJ..1Ha Ce4eHJ..1H 6nJ..1al<a K MaI<CJ..1MaIlbHoH. 

npJ..1 paC4eTe Ce4eHJ..1~ 3aXBaTa 3Ilel<TpOHa 6~IlO J..1CnOIlbaOBaHO TO
 

06CTORTeIlbCTBO, 4TO ,qIlR J..10HOB C OTHOCJ..1TeIlbHO HeB~COI<J..1MJ..1 J.10HHbl


MJ..1 3apR,qaMJ..1 i aaxaar 3IleKTpOHa OCYlqeCTBIlRIlCR rIlaBHblM oõpaaox
 
B Bal<aHTHOe COCTORHJ..1e 6IlJ..1)Ka~We~ I< R,qPY HeaanollHeHHoH 3IleI<TpOH


J 
HO~ 060Il041<J..1, a ,qIlR J..10HOB C B~COI<J..1MJ..1 aapR,qaMJ..1 i, 6IlJ..1al<J..1MJ..1 I< I 
R,qepHoMy Z, Ce4eHJ..1R ai i-1 cJ1a60 aaBJ..1CRT OT Z J.1 onpenenanrca ,r.
B OCHOBHOM BeIlJ..14J..1HOH ' i. .aIlR OI..teHI<J..1 aHa4eHJ..11i1 O'i,I-1 B 060J..1X 06Ila


CTRX l-1CnOIlbaOBaIlJ..1Cb COOTHOWeHl-1R, cnaõo aaBl-1CRIql-1e OT cpeau l-1 CBR

ablBalOlqJ..1e Ce4eHl-1R O'i,i-1 ,qIlR ~HO~03IleKTpOHHbIX CJ.1CTeM c Ce4eHJ.1RMJ..1
 

0'10 ,qIlR nepeaapanxa npOTOHOB 4,~
 
Ha pl-1c. 1 ~4 npJ..1 Be,qeHbl pac-ier-rae aaBJ.1Cl-1MOCTJ.1 Ce4eHJ..1H nepeaapan


1<J..1 MHoroaapR,qHblX J..10HOB apr'oua , xeneaa , I<CeHOHa J..1 ypaua OT CKO


pOCTJ..1 l-10HOB. Pac-ieru npa aeneua AIlR OCTaT04Horo r as a aaor a , 3Ha


4eHJ..1R Ce4eHl-1H Ha pJ..1CYHl<aX npl-1Be,qeH~ Ha 1 aTOM MJ..1WeHJ..1.
 

Ha OCHOBe 3TJ..1X ,qaHHbIX npo aeneuu pacveru noreps J..10HOB BCIle,qCT


BJ..1e nepeaapR,qI<~ B npo4ecce YCKopeHJ.1H B J..1HTepBaIle OT 3HeprJ..1J..1 J..1H


>KeKIlJ..1J..1 EHH)I( p,o KOHe4HO~ 3HeprJ..1J..1 E K = 760 t13B/HYKIl.
 

Kal< J..1aBeCTHO, I<03$$J..14J..1eHT OCJla6IleHJ..1~ J..1HTeHCJ..1BHOCTJ..1 J..10HHOrO
 

nY4Ka OT nepeaapR,qK~ K MO>KHO npe,qCTaBJ..1Tb ~ BJ..1,qe:
 

~ =N/No = e-a, /2/ 

No - J..1HTeHCl-1BHOCTb B Ha4aIle YCI<OpeHJ..1R, N - J..1HTeHCJ..1BHOCTb B I<OH

lle yCl<opeHJ..1R. 

AIlR Cl-1HXpOTpOHOB c IlJ..1He~HbIM pOCTOM MarHl-1THOrO nOIlR BeIlJ..14J.1HY 

a MO>KHO HaHTl-1 no $opMYIle: 

•1,67·107 P r 
a= - --- . _. J , /3/ 

JEi+2E - JE2 +2ElíE o" HH)j( HH)I( 

P - ,qaBIleHJ..1e B Bal<yYMHo~ l<aMepe CJ..1HXpOTpOHa /na/, EMH)I( - 3HeprJ..1R 

J..1H>KeI<4J..1l-1 /M3B/HYKJl., EI( - KOHe4HaR 3HeprJ..1R l-10Ha /M3B/HYKJl./, 

E o - 3Heprl-1R nOKOR HYI<IlOHa /938 M3B/HYKJl./, r - BpeMR YCI<OpeHJ..1R 

l-10Ha, OT E HH>K,qO EI( /c/, 

VI( 

f vO'(~ dvJ /4/ 
V MH)I(( 1-(: )2 ]3/2' 

v - CI<OPOCTb J..10Ha /CM/C/, O'(V) - nOIlHoe Ce4eHJ..1e nepeaapR,qI<J..12 . 
J..10Ha /CM /. \1 

np~Be,qeHH~e Ha pl-1c.1-4 rpa$J..14eCI<l-1e aaBl-1CJ.1MOCTJ..1 O'(v) annpOI<CJ..1MH ; lai 

pOBaIlJ..1Cb $YHI<4l-1e~ BJ..1,qa: 

~ 

2 
ct+ cep +cSv 

v
O'(V) =Co (--) /5/Vo 

9 
Vo = 3,07·10 CM/ c. 

K03$$J..14J..1eHTbl ci / i =0+3/ ,qIlR l<a>K,qoro IIIOHa Haxo,qIllIlIIICb no npo

rpaMMe FUMILI. 3Ha4eHIIIR IIIHTerpaIla J B /4/ onpe,qeIlRIlIIICb nOCIle 

3Toro 4I11CIleHH~M IIIHTerplllpOBaHllleM B Yl<aaaHH~X npe,qeIlax. Pr 
Ha plllc.5~8 nplllBe,qeHbl rpa$1II4eCl<lIIe aaBIllCIIIMOCTIII oatcropa -a-

OT 3Heprllllll IIIH>KeKIlIIIIII ,qIlR l-10HOB aprOHa, >KeIleaa, KplllnTOHa, KceHOHa 

11I yp aua nplll yCl<opeHlII1II B cpene a30Ta ,qo 3Heprllllll Et< = 760 M3B/HYI<Jl. 

3HaR BpeMR YCKopeHIIIR ,qaHHoro IIIOHa ,qo 3Heprllllll E K=760 M3B!HYI<Il. 

11I ,qaBIleHllle aaOTa B BaI<YYMHo~ l<aMepe CIIIHXpoTpOHa,MO>KHO no $aI<ToPY 

PT_, Hal:1,qeHHoMY lIIa nplllBe,qeHHblx rpa$l-1I<OB, onpeaernrr s BeIllll411HY a 
a ' 
III~ cIle,qoBaTeIlbHo, I<03$$lIIl1llleHT oCIla6IleHIIIR IIIHTeHCIIIBHOCTIII. 

ABTOp~ B~pa>KaIOT nplllaHaTeIlbHoCTb H.E.HcCIIIHCI<OMY 11I H.H.CeMe"
 

HIOWI<IIIHY aalllHlIIl.lllllllpOBaHlllepa6oT~ 11I nOIleaH~e o5cY>K,qeHl-1R.
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~ HET	 ~" npOBEROB B BAlliEH BMBRMOTEKE? 

l!!f:	 BbI MoxeTe nOJlYl:IMTb no novre nepel:lHCneHHhJe HHxe KHHrH,I I	I . I I qdo. 

{/Io.c) ~ U - N2 r./9140 
.-. 1.	 eCJlM OHM H~ 6bJJlH 38K838HbI paaee. 

-A' 
:..-	 P JU1-81-75S TpYAW II He~AYHapoAHoro cMMn03MYMa no M36paHHwM 

j,;'" 5 p. 40 K. 
.., I	 I f 

np06neMaM CTaTMCTM4ecKoH MexaHMKM. AY6Ha. 1981. 
V U~-boo+-+--l P18-82-117i I TpYAY IV COBe~aHH~ no Mcnonb30BaHHO HOBYX ~~epHO

,t. ~M3H4eCKMX M~TOAOB AnR peweHMA Hay4Ho-TeXHH4eCKHXV~ --,,~~ljii40	 1.. 
M HapoAHox03R~cTBeHHwx 3a~a4. ~6Ha, 1981. 3 p. 80 K./V ~k~~~ I~~~ l

1	 . 112-82-568 TpYAW COB~aHMA no MccneAoBaHMR~ B 06naCTM v	 ,.....vv IT 
penRTM8McTCKO~ RAepHo~ ~M3MKM. AY6Ha, 1982. p. 75 K./V"""VV	 y'l0j 
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PHc.8. 3aBMCHMOCTb ~aKTOpa ã OT 3HeprMH HIDKeK~HM AJIfl 

HOHOB ypaHa. 
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26 $eBpan~ 1986 rOAa. 

6 

119-82-664 Tpy~y COBe~aHHR no KonneKTHBHYM 
YCKopeHMR. AY6Ha, 1982. 

MeTo~aM 

3 p. 3D K. 

113 .4 - 8 2 -7 O4 TpYAW IV t\ell<AYHapoAHo~ WKonw no He~TpoHHO~ 
~H3HKe. AY6H3. 1982. 5 P. 00 1(. 

1111-83-511 TpYAY COB~aHHR no CMCTeMaM M MeTOAaM 
aHanHTH4eCKHX BY4MCneHMH Ha 38H M MX npHMeHeHHD 
B TeopeTH4eCKOH ~H3MKe. l1Y6Ha. 1982. 2 p. 50 IC. 

117-83-644 TpYAW Hell<AYHapoAHo~ WKonw-CeMMHapa no ~H3MKe 
TA*enwx MOHOB. AnYWTa. 1983. 6 n , 55 K. 

112,13-83-689 TpYAY pa604ero COBe~aHHR no npoóneMaM ManY4eHMR 
M AeTeKTHpOBaHHR rpaBMTa~HOHHYX BonH. ·l1Y6Ha. 1983. 2 p. 00 K. 

1113-84-63 Tpy~y XI He*AYHapOAHoro CMMn03HYMa no 
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TpYAW IX BceCOD3Hora COBe~aH"R no YCKOp"TenRM
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3aKa3~ Ha ynoMHHy~e KHHrH MorYT 5~Tb.HanpaBneH~ no anpecy: 
101000 MocKBa, rnaBnOQTaMT, n/H 79 

H3naTenbcKHH OTnen OõõenHHeHHoro HHCTHTYTa HnepHhlX HccnenOBaHHp. 



TEMATHqECKHE KATErOPHH llYBnHKAUHR 

OB~E~HHEHHOrO HHCTHTYTA ~PHYX 

HCCJIE~OBAHHR 

HHAeKc TeMaTMKa 

1. 3KcnepHMeHTanbHaR ~H3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaR ~H3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTpOHHaR ~H3HKa 

4. TeopeTH4ecKaR ~H3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. RAepHaR cneKTpocKonHR H paAHOXHMHR 

7. ~H3HKa TR*enWX HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

10. AeToMaTH3a~HR o6pa6oTKH 3KcnepHMeHTanbHWX 
AaHHWX 

11. BW4HCnHTenbHaR MaTeMaTHKa ~ 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. ~03HMeTpHR H ~H3HKa 3a~HTW 

17. TeopHR KOHAeHCHPOBaHHOrO COCTORHHR 

18. HcnonbsoaaHHe pesynbTaToB H MeTOAOB 
~YHAaMeHTanbHWX ~H3H4eCKHX HCCneAOBaHHH 
B CMe*HWX o6naCTRX HayKH H TeXHHKH 

19. DH~H3HKa 

r 
I 

~ 

AMHTpHeB H.C., ITHKHH A.H. 
PacqeT nOTepb HOHOB OT nepesap~AKH 
npH yCKopeHHH B CHHXpOTpOHaX 

P9-86-113 

Ha ocHoBe nonysMnHpHqecKoro MeTop;a paccqHTaHbi noJtHbie ce
qeHH~ nepesap~p;KH T~EeJtbiX HOHOB paSJt~HOH sap~p;HOCTH B cpep;e 
asoTa. Ha OCHOBe STHX ceqeHHH HaHp;eH~ noTepH HOHOB OT nepesa
p~p;KH npH yCKOpeHHH B CHHXpOTpOHaX C JtHH~HHbiM pOCTOM MarHHT
HOrO DOJt~. IToTepH HOHOB paccqHTaHhl npH YCKOpeHHH p;O SHeprHH 
760 NsB /HyKJt., HHTepBaJt sHeprHH HHEeK~H (5 7- 25) M::iB /HyKJt. 
PesyJtbTaTbi npep;cTaBJteHbi B BHp;e rpaclmqecKHX saBHCHMOCTeH a(v) 
H p~a (E ) AJ!H HOHOB aproHa, ~eJtesa, KpHnTOHa, KCeHOHa H HHE . 
ypaHa. · 

PaooTa BhlnOJtHeHa B naoopaTOPHH BhlCOKHX sHeprHH OHHH. 

Coo6meHHe 06be,!U1HeJUioro JUICTHTyra Jl,[l;epHhlX uccneAoBaHHii. lly6Ha 1986 

ITepeBop; 0. C.B HHOrpap;oBOH 

Dmitriev I.S., Pikin A.I. 
Calculation of Ion Losses Due to Recharge 
at Acceleration in Synchrotrons 

P9-86-113 

Basing on semiempirical method the total heavy ion re
charge cross sections of heavy ions of different charges are 
calculated in nitrogen. On the basis of these cross sections 
ion losses have been determined due to recharging at the ac
celeration in synchrotrons with linear growth of magnetic 
field. Ion losses have been calculated at the acceleration 
up to 760 MeV/nucl, for injection energy range (5~25) MeV/nuc 
The results are presented as graphical functions a(v) and 
pr/a (Einjec ) for argon, iron, crypton, xenon and uranium ions 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna' 1986 




