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l1oBHOBH'I M.n. H np. P9 - 11686 

06 yeenD'ICHHH HOHHOrO TOK8 B KOnnCKTHBHOM yCKOpHTCne 

PaccMoTpeHo MHoroKpaTHOe ucnonbaoeauue aneKTpouuoro KOnbUa nn11 

KonneKTHBHoro ycKopeHHR HORoe. Konbuo coeepwaeT nepHO.'lH'IOCKOe nBnlf<e-

HHe B ReOnROpOnHOM MarHHTHOM none. noK838HO, 'ITO CHHXpOTpOHHOe 

H3ny'leHHe !IB.1l!ICTC!I ocuoeuoJ! npK'IHHOJ! noTepb aneKTponoe KOnbUa. Crrpe

neneHbr ycnoBH!I, npH KOTOpbrX Manbrll pan11yc Konbua cosepwaeT ycToJ!'IKBbre 

KOne68HH!I, J~HOrOKp8THOC RCnOnb30B8HHe KOnbU8 ll03BOn!leT 3H8'1HTCnbHO 

YBCnH'IHTb HOHHbiJ! TOK, 

Pa6oTa BblnonueHa a 0Tnene HOBbrX MeTonoa ycKopeHHH Ol1f!H. 

Coo6tneHHe 06bC!lHHCHHOro HHCTKTyT8 !lllepHbiX KCC.11e!lOB8HKll • .ily6Ha 1978 

Iovnovich M.L. et al. P9 - 11686 

On Increasing of Ion Current in a Collective Accelerator 

A manifold using of electron ring for collective acceleration 
of ions is considered, The ring makes a periodical motion in 
inhomogenous magnetic field, It is shown that synchrotron radiation 
is the main cause of losses of the ring electrons, The conditions 
were determined under which the minor radius of the ring makes 
stable oscillations. The manifold using of the ring allows to increase 
the ion current. 

The investigation has been performed at the Department 
of New Acceleration 'VIethods, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 
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B KOJineKTHBHOM YCKOpHTene HOHOB BpeMJI COJ,ll.aHHJI 

JneKTpOHHOrO KOnbUa 3Ha'IHTenbHO 6onbWe BpeMeHH ero 

YCKOpeHHJI, llOJTOMY )l.nB yaeJIH'IeHHJI HOHHOrO TOKa npe,ll.

CTaBnJieT HHTepec MHOrOKpaTHOe HCflOnblOBaHHe Ka~)l.OrO 

H3 JneKTpOHHbiX KOneull()J.nJI JTOrO 3a y'laCTKOM MarHHT

HOrO nonJI, Ha KOTOpOM npOHCXO)l.HT YCKOpeHHe KOnbUa 

c HOHaMH, pacnonaraeTCJI HapacTaro~ee B npocTpaHCTBe 

MarHHTHOe none, npH )l.BH~eHHH B KOTOpOM )l.nJI HOHOB 

HapywaeTcJI ycnoaue HX y)l.ep~aHHJI B KonLue121. B pe

JynbTaTe TOpMO>KeHHJI KOnbUa HOHbi BbiBO,ll.JITCJI H3 Hero. 

3neKTpOHHOe KOnbUO nocne OTpa>KeHHB B03Bpai.UaeTCJI B 

TO'IKY HH>KeKUHH, r)l.e OHO npOXO)l.HT CKB03b nOTOK He:ihpanb· 

HbiX aTOMOB, 'laCTb KOTOpbiX HOHH3HpyeTCJI H 3aXBaTbiBaeT

CJI KOJibUOM. 3HeprHJI JJieKTpOHOB, KOTOpaJI nepe,ll.aCTCJI 

HOHaM; nononHJieTCJI npH nepHO)l.H'IeCKOM npOXO>K,ll.eHHH KOnb

u;a qepe3 pe30HaTop 131 . T .K. HOHbi HaXO,ll.JITCJI B KOJib:Ue 

TOnbKO Ha O,ll.HOM H3 yqaCTKOB YCKOpeHHJI, npO,ll.OnbHaJI 

WOKYCHpOBKa JJieKTpOHOB B KOJlbl.l;e o6ecne'IHBaeTCJI, Hanpu

Mep, CHJiaMH H306pa:lKeHHJI KOnLua B npOBO)l.JI~eM 3KpaHe. 

Y CKOpeHHe KOnbua C HOHaMH npOHCXO,ll.HT B cna)l.aro~eM 

MarHHTHOM none: B z • B
0 

b(z).B cna6oHeO,ll.Hopo,ll.HOM MarHHT-

HOM none, B KOTOpOM b(z)-1- !._, 3JieKTpOH )l,BH>KeTCJI 
h 

c 2 /2/ 
C nOCTOHHHbiM YCKOpeHHCM, paBHbiM -9 -

-h 
qHCnOHOHOB 

B KOnLue N1 npe,ll.nonaraeTCJI HaCTOnbKO ManbiM, 'ITO HX 

BnHJIHHeM Ha .IJ,BH)KeHHe KOnbua KaK uenoro MO>KHO npe

He6pe'lb. 
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0cHOBIIOH 11pH'IHHOH IIOTCpb 111CK I poHOB JIBJ1JIC1 CJI CHH

xpoTpOHHoc Hl11Y'ICHHe. BLI'IHC11HM noJHHKawmue npu cuu

xpolpOHHOM HJ11Y'ICHHH IlOTCpH 3HCpiHHY11Llpapc11.RlHBHC1-

C 1<0 r·o 3JIC K l p(JHa, }J,BH)I{Yl.UC I'OC Jl H CJJa6ou CO}J,HOpOJJ.HOM Ma I -

Hlfi HOM none. M OlUHOCl b 1101 cpb panua 
4 ,, 2B 2 

2P }'~ T..!, I}J,t' 
- ---,, r 

'ltl!~C ·' 

Ill ) ''· 
2 

- 11 oJJHa .R 
"HICKlpolla 4 · U 

3HCpi'HJI, V(J- a3HMyJaJiblla.R CKOpOClb 

CJ1a60HCO}liiOpO)lJIOM MariiHI HOM HOJlC 
2 

vii~ ,.\; h(z). B CJiy'IaC IlOCl O.RHIIOHl ycKopCIIH.R 7, • d ~ BpCM.R 

2flh 
ycKopeHH.R I<011LUa c noHaMH T 

1 
.. ---.r·.uc 

c 

4h 

{I c - KOHC'IHa.R 

CKopOCTb KOJlhUa. floTepH 3HeprHH 311CKTpOHa 3a 310 BpCM.R, 

Tt 
W 1 • nponopunoHanLHLI f h 3 (z )dt. B pe3y11LTaTe nony'IHM 

0 
4 e2y4 

Wl •3 7J)hJ, r}J,e paJJ.HYC KOJ1LUa B TO'IKC HH)I{CKUHH 

R .. rnyc
2 

eB0 

6 

J • 1 -.(12 +: (i 4-~. fl011HbiC DOTepH 3HeprHH 311CK -

8 e2 4f3(h h )J 
TPOHa 3a nepHOJJ. Kone6aHHB KonLua T: W -- Y + 1 

3 R2 ' 
db -1 

rJJ.e h 1-l-1 ua yqacTKe TopMO)I{eHH.R KonLu;a. BenH'fHHa 
dz 

W 0Dpe}1,CJ1BCT JJ.ODYCTHMOC 'IHCJ10 KOne6aHHH KOJ1LUa, DpH 

KOTOpOM DOTepH 3HeprHH 6y}1.yT MaJ1bl DO cpaBHCHHIO C 

nonuoii 3Hepraeii 311eKTpoHa. 

llepeii}J,eM K DOTep.IIM 311cKTpOHOB DpH pacce.IIHHH Ha 

aToMax B03JJ.yxa H BOJJ.OPOJJ.a/4/ /n cnyqae ycKopeHH.II npo

Touon/, DOTOK DOCJ1C}1,HHX KOJ1LD;O nepeceK&eT B6J1H3H TO'f· 

KH oTpa)l{eHH.II. CeqeHHe ynpyroro pacceJIHH.II 3neKTpoua 

B B03}1.yXe B Z 2 pa3 6om.we CC'ICHHJI B BOJJ.OPO.IJ.C o. BpeM.II 

2 to -1 
cyJ.UecTao:aaHBJI xonLil& paauo L ca(Z D+Do-)1 , r,IJ.e n,n

0 
-

T 
DJ10THOCT. &TOMOB B03JJ,yXa B BO}J,Opo,IJ.a, tO - BpeMJI 3&X

BaT& ICOJU.IlOM BOHOB. 
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PaccMoTpHM 3axnaT K011LUOM aouon. T .K. qacno 3ax

na'feHHbiX HOHOB npe}J,DOJlaraeTC.R MaJ1biM, TO OTDa}J,aCT 

HC06X0}1,HMOCTL B CHCTCMC, o6eCDC'fHBaiOLUCH }1,11HTCJ1LHYJO 

OCTaHOBKY KOJ1LD;a. 3axnaT HOHOB DpOHCXO}J,HT }1,0 TCX DOp, 

DOKa KOJ1hD;O He }J,OCTHraeT CKOpOCTH Vo , KOTOpa.R 6yJJ.CT 

onpeJJ.eneHa HH)I{C. TionuaB 3HeprHB aoua Macchi M panua 

v2 2z2 
M(2 +~+qc}1 az 0), r}J,e z 0 - KoopJJ.HHaTa 3axnaTa, oTC'fH· 

TbiBaeMaB OT D;CHTpa KOJ1LD;a, V - CKOpOCTL KOJ1LD;a B 

MOMCHT 3aXBaTa, 'faCTOTa KOne6aHHH HOHa B KOJ1LD;C 

e _1 N . N R u 6 u CLj_•-v-- •; - 'IHCJ10 311CKTpOHOB, a, - MaJ1biH H OJ1LWOH 
a rrMR · 

paJJ.HYCbi KOJ1LUa, qw~a - yCKOpeHHC KOJ1LD;a /T.K. ua 3TOM 

yqacTKC BbiDOJ1HCHO YC110BHC YJJ.Cp)l{aHHB HOHOB, TO K03$

$HUHCHT q < 1 /. C YBCJ1H'ICHHCM CKOpOCTH o6naCTL KOJ1L

u;a, B KOTOpOH DpOHCXO}J,HT 3aXBaT HOHOB, YMCHLWaCTC.R, 

H DpH CKOpOCTH V O 3aXBa T B03MO)I{CH TOJ1LKO B TO'IKC 

z0.-qa , r}J,e DOTCHD;Ha11LHa.R 3HeprH.R HOHa MHHHMaJ1LHa. 

llpHpaBHHBaB D011HYIO 3HeprHIO HOHa B 3TOH TO'IKC BCJ1H'IHHC 

M w ~a 2 1n - 1- - MaKCHManLuoii 3HeprHH, npa KOTopoii 
qye 

B03MO)I{CH 3axnaT aoua B noTeuu;aanLHYID BMLYCKopeuHoro 

311CKTpouuoro K011Lu;a12 1 , uaiiJJ.eM !v0 l-w 1ayH, r}J,e H .. q 2 + 

1 2yH 
+2ln-. BpeMB 3axnaTa t

0
---. pa3Mep o6nacTH, n KOTo-

qye qwi 
poii DpOHCXO}J,HT 3aXBa T, tuz aH/2q. liiHpHHa DOTOKa HCHT-

panLHbiX aTOMOB paBHa h0 , ero DJ10THOCTL 

Ni 
f • N. ai- ceqeuae HOHH3au;HH aToMa. 

f 
n 0 ---. rJJ.e 

ca1t 0 

B
/5/ u 

DOK&3aHO, 'ITO nepHO}J,H'fcCKHH 3&XB&T H BbiBO}J, 

HOHOB npHBO}J,.IIT K yneJ1H'fcHHIO M&J10rO pa}J,Hyca 311cKTpOH· 

HOrO KOJ1LD;a, T .K. DO.IIBJ1CHHC HOHOB B KOJ1LilC H3MCH.IICT 

qacToTy Kone6aHHii 3neKTpouon. B
161

nonyqeuo ypanueHHe 

}1,11.11 orH6&10lD;CH Dp.RMOrO 3J1CKTpOHHOrO DOTOK& DpH yCJ10BHH 

OTCYTCTBH.R JJ.HCDepCHH DO 'faCTOTe KOJ1e6aHRH BO BHCWHCM 
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'PoKycupyiOu,.eM none ,,) ~VX ..£.., Koropoe ueo6xo.JJ.HMo .JJ.onon
R 

HHTh 'IJICHOM, Y'IHThiBalOU,.HM BJIHJIHHC HOHOB: 

•• 2 2 2 c 
a +- uJ a - v cu F~ _a ___ - 3• 0, 

a 
/1/ 

2 
r.11.e v 2 • e N q•u-1-fy2 , nocTO.IIHHa.ll BCJIH'IHHa F CBJIJaua 

c 2TTRmy 

c cilaJOBhiM o6'LeMoM noroi<a. T .I<. apeMJI Jaxaara u BhiBO.JJ.a 

HOHOB MHOrO MCHhWC BpCMCHH YCKOpCHHJI KOJlhlla /npH'ICM 
BpCMJI BhiBO,!J,a HOHOB npH TOpMO)KCHHH I<OJlhlla MCHhWC 

wi
1 I, npuMeM BCJIH'IHHY f nocTOJIHHoii B reqeuue apeMeHH 

YCKOpeHHJI I<OJlhlla C HOHaMH T l, B OCTaJihHYIO 'laCTh nepuo

)J,a T0 -T-T 1 aenuquua f =0. Ypaaueuue .11.11.11 oru6a10u,.eii 

HMCCT llOCTOJIHHOC peweHHC, B6JIH3H I<OTOporo C llOMOWhlO 

JlHHeapH3allHH ypaBHCHHJI MO)KHO llOJIY'IHTh ypaBHCHHC )1,11.11 
MaJihiX OTI<JIOHCHHH pa)J.Hyca X. B MOMCHT uaqana 11 -oro 

nepuo.11.a Kone6aHHJI I<OJihLla Manhlii pa.JJ.Hyc · paaeu a , a 
II 

CKOpOCTh ero H3MCHCHHJI - V . Bo BpCMJI YCI<OpeHHJI KOJlblla 
n 

C HOHaMH npe)J.CTaBHM MaJihiH pa.JJ.HYC B BH)J,C CYMMhl V: 
llOCTOJIHHOrO peweHHJI a 1 H X, llpH'ICM a 1 -w-~v;u +y v!u 2+F~J!),2 

a OTI<JIOHCHHC X onpe,!J,CJIJICTCJI ypaBHCHHCM KOJie6aHHH 

.. 2 -- .lu 
x +-w 1x-O, r.u.e w -2wyl-p 1, p

1
-+2 . llpu BhiBO.JJ.e 

1 w a 
1 

ypaaueHHJI Kone6auuii aenuquua F2 · Bhlpa)KeHa 'lepe 3 pa.JJ.H-

yc KOJihlla: F 2- a2((u2ai-2v2u ). CKopoCTh H3MeHeHHJI pa
.JJ.Hyca paaua x. ileweuue ypaaueuu.11 Kone6auuii onpe.JJ.enJieT 
BCJIH4HHhl pa,!J,Hyca H ero CKOpOCTH B MOMCHT OKOH'IaHHJI 
ycKopeuuJI: 

r.11.e 

v 
a 1; - a 1 t- (a 11 - a 1) cos ¢ 1 + -

11
- sin cJ> 1 , 

(J) 1 

v
1
; -v

11 
cos¢ 1-u.J 1(a

11
-a1 )sinrj> 1 , 

¢ •w T 
1 1 1 

T .I<. 4HCJIO HOHOB B KOJlhllC MHOrO 

/2/ 

MCHhllJC 4HCJia 

3JICKTpOHOB, TO pa,!J,HYC llOCJie BhiBO)J,a HOHOB H3MCHHTCJI 
MaJIO H C llOMOU,.hiO 3TOrO MCTO)J,a MO)KHO llOJIY'IHTh peWCHHC, 

6 

I 

~ 

cnpaae,L{nuaoe .JJ.JIJI ucero apeMeHH .JJ.BH)KCHHll KOJiblla. B 

OCTaJihHYIO 4aCTh nepHO)J,a KOJie6aHHJI KOJlhlla T0 pa.JJ.HYC 

a z a +X r )J,C aoa w· 1(v2c t-v v4+ F2w2 )Y2 ypaBHCHHC KOJie6auuii )1,11.11 0 , c . , 

OTKJIOHCHHJI pa.JJ.Hyca HMCCT BH)J,: x'+w 2 x •0, r)J,e uJ
0

•2(uyt:i), 
0 0 

v2 Nr R 2 
P0 ... ----C-2 ., •, 3 2 r • -7 Peweuue ypaaueuu.11 Kone6a-

uJ a... 2 11 A y a e me 
0 

uuii c y4eToM Ha4aJihHhiX ycnoauii /2/ noJaonJieT uaiiru 

BCJIH'IHHhl a 11+ 1 , V 11+t B MOMCHT OI<OH'IaHHJI n -oro nepHO)J,a 
I<one6auuii I<OJihlla. B peJyni.rare nony'IHM cucreMy ypaa
ueuuii .11.11.11 pa.JJ.Hyca u ero ci<opocru: 

v 
d - b 1d - cc~ = d(l-cosr/> 0 ), 

llt-1 II '" 1 /3/ 
v 

1 
t- h,p1

0
d - e,1V - cu

0
d sin¢

0
, 

n t- 4.. n ._ n 

r.11.e 

dn-an-al, d =a 0 -a 1<<a0 , b 1 .. _cos¢\coscj>
0

-l'sinrj>
1
sin¢ 0 , 

e 1 .. sin~~ 1 cosrp 0 +-I' cosrj> 
1 
sin¢

0
. b 

2
- cos¢ 1sin¢0 

t- I' sin¢ 
1 
cos¢

0
, 

c 2 -cos¢ 1cos¢ 0 - ~ sin¢ 1sinrj> 0 , ¢ 0 - w 0T0 , I' • 
w1 

cuo 

Ha4aJihHhle ycnoauJI .11.11.11 cucreMhi ypaaueuuii /3/: d 0- d , 
v 0 -0. 06u,.ee peweuue /3/ npe.JJ.craanJieT co6oii cyMMy 

llOCTOJIHHOrO 4aCTHoro peWCHHJI HCO)J,HOPO.JJ.HOH CHCTCMhl 

ypaBHCHHH d
8

, V s H o6u_.ero peweHHJI O,!J,HOPO.JJ.HOH CHCTCMhl: 

d -d 
8

t-Ar 11

1 +Br2
11 

• BeJIH'IHHhl d v onpe.JJ.eJIJIJOTCJI ypaa-
n . ~' s 

HCHHJIMH 

vs 
(1-b 1)d s - c1 -. d(l-cos¢ 

0 
). 

w1 

(1-c
2

)v
8 

t-b
2

w
0
d 8 -w

0
dsinrj>0 . 

r l ,r2 - KOpHH ypaBHCHHJI r 2 - 2 q
0
r 

- ~ (v +-: )sin¢1sinrj>
0

.Kai< H3BCCTHO 

/4/ 

t-1 • O, r.11.e q 0.cosrJ>
1
cos:P

0
-

H3 reopuu ycKopureneii 1~ 1 

ycroiiquaoe peweuue B03MO)KHO, ecnu !q
0

!<1, r.e.q 0~cosrJ>. 
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T.K. JJ.JIJI MaJibiX 3Ha'IeHHH fy2 aeJIH'IHHa v•l + Pa(
1

- 2Po) fy2, 
2 (1- p ) 2 

0 
1 1 -

TO -( v+ __.:_) Mano OTJIH'IaeTcJI oT eJJ.HHHIJ,bi H !q 1 < 1 3a 
2 v 0 

HCKJIID'IeHHeM TOrO cnyqaJI, KOr,Il,a BblllOJIHReTCJI pe30HaHC

HOC ycnoaue: ¢-¢ 1+¢ g•D17, rJJ.e n- uenoe qucno. Bbi'IHc

neHHe aenH'IHH d
8
,v 

8
, A, B noKa3blBaeT, 'ITO oHH MaJibl npH 

MaJIOM 3Ha'IeHHH BeJIB'IHHbl d, eCJIH He BblllOJIHeHO pe3o

HaHCHOe ycnoaHe. TaKHM o6pa30M, MaJibiB paJJ.HYC KOJibiJ,a 

COBepwae1 MaJible KOJie6aHHH OKOJIO paBHOBeCHbiX 3Haqe

HHK, eCJIH He B03HHKaeT pe30HaHC Me>KJJ.Y KOJie6aHHJIMH 

oru6aromeB: H Kone6aTeJibHblM JJ.BH)ICeHHeM KOJibiJ,a KaK ueno

ro: 2w~TeD1T. 3TOT BbiBOA cnpaBe)J.JIHB )J.JI.Ii! d<<a 0 , 

2(1-p ) 
T.e. npu f« -- o 

PoY2 
0TMeTHM, 'ITO BbiBOJJ. pa60Tb/f>/o6 YBCJIH'ICHHH MaJIOrO 

paJJ.uyca KOJibiJ,a co apeMeHeM cnpaae.n,JIHB TOJibKO npu abl

nonueHHH yKa3aHHOI'O BbiWC pe 30HaHCHOI'O YCJIOBHJI. 

B1 71 npoaeJ].eHo o6o6meHHe ypaBHeHHJI I 1/ JJ.JIJI cpeJJ.He

KBa.n,paTH'IHoro pa3Mepa ny'IKa. TaM >Ke noKa3aHo, 'ITO 

yqeT )J.HCllCpCHH flO t{aCTOTe W npH CKa'IK006pa3HOM B3Me

HeHBH ciJoKyCBpyiOill,CH CHJlbl npBBO,Il,HT K B3MeHeHHIO c1Ja30BO

ro 06beMa. B paCCMOTpeHHOM cnyqae OTHOCBTeJibHOe yae

JIB'IeHHe cpe)J.HCKBa)J.paTH'IHOI'O pa3Mepa 3a nepBO)J. KOJie-

6aHHJI KOJibll,a He npeBOCXO)J.BT f2 H, CJIC)J.OBaTCJibHO, yqeT 

J].BCnepCBB He B3MCBJieT llOJIY'iCHHblX pe3yJibTaTOB. 

llpHBe)J.eM HeKOTOpble napaMeTpbl KOJIJieKTHBHOrO ycKO

pliTCJIJI C MHOI'OKpaTHbiM HCDOJib30BaHHeM 3JieKTpOBHOI'O 

KOJibiJ,a: N-3.1013, R =5 CM, a =0,1 CM, y =50, f =10-~A-=0,02, 
a =1 0'24 c..w 2 , BeJIH'IHHa Yt J].JIJI ycKopeHHbiX npOTOHOB paBHa 

2, T =10'7 c, W =0,1 KaB; ecnH JJ.onycTBMaJl noTepJl 3HeprHB 

3JieKTpOHa paBHa 1 M3B, TO KOJibUO MO>KeT COBepWHTb 10
4 

KOJie6aHHB. qHCJIO ycKopeHHbiX npH 3TOM HOHOB paBHO N, 
TO >Ke KOJibUO npH O)J.HOKpaTHOM ycKopeHBH MO>KCT YCKOpHTb 

0,01N' HOHOB. TaKBM o6pa30M, MHOI'OKpaTHOe HCDOJIL30Ba

HBe KOJibD;a fi03BOJIJICT yBeJIH'IHTb HOHHbiH TOK. 

ABTOPbl 6naroJJ.apJIT H.lO.Ka3apHHoBa u 3.A.llepenb

WTeiHa 3a none3Hble o6cy>KJJ.eHHJJ.. 
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