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PacCMCYrpeH8 B03MO)J(JIOCTL YJl)"lllleHHll napaMerpOB YCTaHOBKH TBH-HT3<I> npH BBe.QeHHH B 

HaKOrutTeJlLHOe KOJ1l>~O V-IO CHCTeMLI 3neKTpOHHoro OXJl3JKAeHHJI HaKaIlJlHBaeMhIX HOHoa. OCHOBHU 

'l1>Y.QHOCTb npHMeHeHHJI MeTO.Qa A/UI TBH 3llKJlJOIJaeTCJI B :lKeJ1aTeJlLHOCTH He H30Tp0IIHoro oXJJ8)fCJ{eHHJI, a 

TOJlbKO B npoCTplUICTBe npo.n:OJ1bH.blX HMnym.coB. Bemf1JHHLl 3MHTfaHC8 H8K81IJ1lfBaeMoro nyanca 
onpe.zteJUllOTClI BeJlK'DIHllMll ){onyCTlfMOro C,!{BHra qaCTOT 6eT8.'tpOHHLlX KOJIe6aHHil H no 3TOH nplf'lHHe He 

Mmyr 6blTb CHJIbHO YMeHbllieHLJ. nOKa3aHO, 'ITO. IlpH BLlnonHeHHH PAAa .QonOJlHHTeJILHhIX yCJIOBHil, 

MO)f(ffO nonYLJHTh YCT09'lHBYJO CHCTeMy C T])C6yeMLIMH napaMCTp8MH no 4'830BOM)' 00beM)' H IIO 

HMnyJlbCHOMY cneKTpy. 

Prospects of using an electronie cooling for TWAC in ITEP 

D.G.Koshkarev 

Considered possibility of perfecting of the TWAC parameters at the introduction to accumulator ring V-I 0 
the electronic systems for the cooling ofaccumulating ions. Main difficulty of using a method for TWAC is 
concluded in desirability not isotropic cooling. but only in the space of longitudinal momentum. Values an 
emittance of accumulating beam is dermed by values of possible frequency shift of betatronic oscillations 
and for this reason cannot be powerfully reduced. Shown that, when perfonning number of additional 
conditions. possible get a firm system with required parameters both on the phase volume, and on the 
momentum spectrum. 

P~c. - 2, en~COK ~~T. - 4 Ha~M. 
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OCHOBHOA lleJIbIO reppaBaTHoro HaxonHTeml B HT3<D (TBH-HT3<D) eJl2eTCJl nonyqeaHe 

nyqKOB TJlJKeJII>IX BOROB C MOID;BOCThIO nopJlZUCa 1 TBT Da 6Me cymecTByI<nQero yCKOpH

TeJIbHOro KOMILneXC8 [1]. BLlIIOJIHeHHLle B paOOTe [1] pac1:JeTbI nOX83IlJ1H, 1ffO TaKWi M01I(ll0CTb 

MO:lKeT 6hITb AOCTBrHyTa B rrytIKe HOHOB CO+27 rrpH HCn0JIh30BaHBH JIa'3epHOrO HCT01JHHKa 

C08MecmO C nepe3apJI)J;HL1M HaKOllJIeHHeM B KaMepe Y -10 yCKOpeHHbIX AO 3UepI'KH 40 f3B 

HOHOB CO+27 • O,ll;HaKO, H3-3a 60m.moro BpeMeHH HaICOIIJIeHWI ( -1000 ceK), BHYTPHIIy1IKOBoe 

pacceJIHHe MOllCeT CHJThHO .ll:e4>OPMHpOBBTh pacnpe.ll:eJIeHHe HOROB B npocrpaHCTBe llpOAOAbHoro 

HMnyJlLC8., tITO IIpHBO,lUIT K 3HatUfreJIbHOMY orpaHH1:JeHHJO B03MO)I(HOrO Ko~4>HIUleHTa 

npoAOJThHOH KOMIIpeccBH. 

B CBJI3H C BLIlIIecK83aHHbIM B03HHKJIO npeAJIOiKeHHe 0 ueJIeC006pMHOCTH HCn0Jlh30BaHIDI B 

YCTaHOBKe TBH-HT3et> 3JIeKTpOHHoro OXJIaxc,neHIDI. Duo .n0JDI(H0 BbIlIOJUlHTb 3.necb 

OpHfBHaJIbH)'IO 4»~ no~eHIDI TeMIIepaTyphI ~ B rrpo)J;OJIbHOM Harrpa8JIeHHH H npa 

nOM 06ecrreqJffh nOJIY'leHHe AOCTaTOIffiO 6oJIbillOH BeJIB'lMHhI 3MHTI'aHCa nyqKa, 1:JT0. B CBOIO 

Oqepetu>, 06ecrre1:JHT MaJIyIO Be.JlH1:JHHY KYJlOHOBCKOro C,lUlHra 1:JaCTOT 6eTaTpoHHhIX KOJle6amdi. 

YpaBHeHIDI, onpe)J;eJUllO~e nOBe.ll:eHHe napaMeTpOB rryqxa .f(IDI yCTaHOBKH TBH-Kf3<b IlpH 

HaJIINHH 3J1eKTpOHHoro mrn8:lK,ll;eHIDl, MOryr 6Lrrb 38I1HcaHLI B cne)J;}'lOm;eM BH,lle: 

dE. h 1 1 1 1
-'-=-+----- (1) 
E",hdt ijp< i at i pi i coo! 

dup 2 1 1 
-=---+- (2) 
(J"pdt i pi i,w! ij{k 

B (1) H (2) s",h - 3MHITaHCbI nyqKa COOTBeTCTBeHHO B BepTHI<aJILHOM H B roPB30HTaJThHOM 

HanpaBJIeHIDIX. 

OJ, - cpe,llHeKBa,lij>aTHYlHbIii p836poc OTHOCHTCJIbHOH BCJIH'IHlIbI npoAOJIbHoro HMuyJIbCa HOHOB 

B nyqKe (.nanee aa pHc.2 Gp 0603Ha'iaeTCJl qepe3 (l\p/p)rms ), 
£;/11- xapmcrepHoe BpeMJI caMopa3orpeaa ny'IKa H3-3a KYJlOHOBCKOro pacceJIHIDl BOBOB, 

iw - xapaKTepuoe 8peMJI pa30rpeBa 1I0Ilepe~lHoro)J.BH)J(eHHSl HOH08 no)J. .ll:eHCTBHeM CHCTeMbl 

myMOBOro B036~eHIDI6eTaTpOHm.rx KOJIe6aHBii. 

ipl - IIJl83MeHHoe BpeMJI pe.1IllKCaIJ,HH. 

icool- XapaKrepHOe BpeMJI CUCTeMId 3neKTpOHHoro OXJIaxc,neHIDl. 

Hac mrepecyer cTaIUioBapHLIH c.JI}'1:J8ii, Kor.na Ev 5: &h = canst H op = const. 113 (1) H (2) 

nOJIY'laeM YCJIOBHJl CT8.I.lHoH8pHocm: 

ij~ + i ~ = 'l";: + i ~ , (3) 

2· i;,} + i;~ = i;~ (4) 

B COOTBeTCTBHH C pa60TOA [2] nocTYJIHpyeM, tITO ii/11=F-ipl. Tof,lJ.a, H3 (4) IIOnyqHM 
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(2+F- 1
).,;: ='~I , (5) 

F 
HJIH 'Ccool = 'pl· 2F +1 (6) 

COOTBeTCTBeHHO, H3 ypaBHeIDlll (3) onpe.neJDIeTCJI BeJIH1mHa t'ext: 

2F+l 
(7)'ex! ='cool' 3F + 2 

PaclfeT napaMeTpoB CHeTeMbl 3JlekTpoHBoro OXJI~eHB. 

IIapaMeTphl CHCTeMhI 3JIeKTpOHlIOro OXJIa>IC,lleHIDI MO)I(HO orrpe.neJIHTh H3 ypmmeHlUl (4) nOCJIe 

no.nCTaHOBKH BblpWICemm ,llIDl Tcool 8 t'pl 83 pa6on.I [3]: 

3A2 (T T J%
'rcoo/ = ~ 2 2 -_1-+~ ' (8) 

8,,2n . Z r" rpLcn"c( Ampc
2 

m"c 

3A2 (T)% 
t'pI 8&.Z4r;L n c Am:c2 ' 

(9) 
c l 

rAe Ti,e - TeMnepaTYPa HOHOB H 3JIeKTpOHoB B 3HeprernQeCKHX e,IlHHln~ax , 

Z - 3apSUJ; UORa, 

A - MaCca BOHa B e,IlHHHUax aTOMHOH Macchi, 

re.p - P8JlHYC 3JIeKTpOHa 8 npoTOHa, 

Le - ICYJIOHOBC:KH:H JIOrap8epM, 

C - CKOPOCTh csera, 

ne,/ - IIJIOTHOCTh 3JIeKTJ>OHOB II 80HOB, 

c; - .nOJIJI CeKIlHB 3JIeKTpORHoro OXJI8JIC,lleHIDI B ,IlJIlIUe KOJIbua yCKOpHTeIDI. 

TIo,llCTaBJUDJ (8) 8 (9) B (6) B nOJIanuI T.lmee2<TIAm"e?, Haii:.ll:eM npocroe coomomeHHe 

Me*J{y IIJIOTHOCTSIMB HOHOB H 3J1eKTpOHOB: 

Z2rp {1 +2F) 
ne = . ni • (10)

Arelf 
)VuI onpe.neneHIDI F - epaKTOpa MOJKHO UCll0Jlb30BaTh BblIIOJU:leHm.Ie A.E. boJIbmaKOBhIM 

rrpHMeHHTeJILHO K KOJlb~ Ha 6a3e Y -10 pac'leThI ,!J,JIJl CJl)"IaJI, Kor.na B HatI8Jle npol\ecca HMeeT 

Mecro CRJILHaJI aHB30TpOIIIDI B pacnpe,IleneBHH 3HeprHH no creneIDIM CBo6o.Dl>1, a HMeHHO: 

5:... == .2 » .i. .u (ll)
P. Ph y2 P

2
• 

YCJIOBUe (11) Hapymaer ycnoBHe 3proJnllDlOCTH pacnpe~eJIeHIDI 3HepI1lH, KOTOPoe B HameM 

cJIY'I'le .llOJDKHO HMeTb BH.ll 

6:(1) -= 6Z(I) =(~.uo)2 (12)
Pv Ph y p 

3Ha'IXOM "0" 0603Ha'leHhI paBBOBeCHble 3Ha'leHH.JI napaMeT})OB nyqKa - &v, &h, OJ, • MO>KHO 

noJIY'lHTh :maqeHHe 6era-4lymaum .MJI Bamero KOJIhUa, I10CTYJIHPYJI 1.lT0 ycnoBue (12) 
BhIIIOJIHJIeTCJI B TO'IKe nepem6a cPymm:uif &v(t) II Gilt) (CM. puc. 1), T.e. IlpH 1= 45 ceK, f.lle &V';:!; 

&h '::!:: 1.5.10-5 
M, a up ~ 1.5·10-6 . Tax KaK r= 1.83 (npH T= 780 M:JB/H)'KJIOH), TO fl. ~ Ph =5.6M. 

YpaBHeHHe)lJlJl Up B c.rryqae, KOf,ZJ;a HMeeT Mecro HepaaeHCTBO O"p« apO , MOxmo 3arIUCaTL B 

BH,lle 
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dup 2 1 1 
--::::-+-::::- (13) 
up ·dt T pJ TiPS 1:" 

COOTBeTCTBeHHO, ypaBHCHHC AWl op B 06rraCTH. r.lle BbIDOJIHSlet'CSI HepaBeHCTBO op > 0-; HMeeT 

BBJI 

do-p =_1_::::~
 
0-pdt rips T"p 

(14)
 

KOM6H1lHpyg paseHCTBa (13) H (14), noJIY'IHM BldPIDIreBHe .llIDI epYHKIlHH F: 

F (15)=0.5. (r2 
• T~ -1) . 

T, Tpl 

r.lle T~2 - IlJI83MeHHOe BpeMg, COOTBeTCTBeHHO. CJIeBa H cnpaBa OT TOIJKH paBHOBecIDI. B HameM 

c.rryqae T[= 20 ceK. '1= 165 ceK. '~/ .~ =2.5%/ 3% =0.76 H. CJIe.llOBaTeJThHO. 

F =2.64 . (16) 
3HlUI BeJIHtmHy cl>aKTOpa F. MO~O onpe.n;emrrb OCHOBHble napaMeTpbI CHCTeMhl 3JlClcrpOHHoro 

OXJIIDIC.IleHHJI ,WlSI HaKOnHTeJIbHOro KOJIhIla, nOCTpOeHHoro Ha 68.3e Y-10, a HMeHHO. BeJIH1mH}' 

3JlelcrpOHHoro TOKa, ronmy oXJIIDImalOmeii ceKllHH II XapaKTepHOe BpeMJI OXJI3)lC,l\eHIDl. 

llpu N; = t013, p= 5.6 M, 6v = ~= 5.10-5 
M·pa.A, Z = 27, A = 60 (K06am.T) 11 F= 2.64 nOJIY1UleM 

3ne = 4.6.108 
CM- npH r; =1.21251= 4.78.10-3 .llpH 3HeprHH HOHOB 780 M3B/H)'ICJIOH 3HepIlUl 

3JIelCTpOHoB COCTaBlIT 424 K3B. npH TOKe Je = 3.5 A H AJIHHe ceKnHH oXJIIDK)J;eHIDI 102M 
xapaKTepHoe BpeMJI OXJIax<.AeHBJI , 'cool, COCTSBlIT 1.3 ceK. 

HcnoJIb3YJl COOTHOmeUHe (7) JUDI T~.H Haii:.r(eHHoe 3HaQeHHe,cool' nOJI)"lHM '£Xi =0.915 ceK. 

TeXHHQeCKH, C03~e CTOm. cJIa60il CHCTeMbI myMOBOR pacKa'fKH He npe.n;CT8BJUleT CKOJIbKO

HB6y.llI> 3aMenIoA npOOJIeMbi. 

HCCJleAOBaHHe ycrOii'lHBOCTII CRCTeMLI 

YCTOHIJHBOCTb CHCTeMLI onpe.lleJDIeTCg B3atlMo.lleACTBHeM napSMeTpOB nyqxa C cHCTeMoH 

3J1eKTpOHHoro OXJIa>I<,lleHIDI npH H8JIlIq}{H BHenmeit IIIyMOBOB pacKa'tIKH nonepeQHbIX Kone6amIA 

nytOOL 

llpu ,D;H4l4lepeHQIIPOBaHHH ypaBHeHWI (1) no & yq.TeM, 'ITO Tpl ~ ll2 , Tcool = til} ,Text ~ &', ror.na, 

d&e =[_5(1_1.)_~+_3_]&C =x && . (17)
&·dt 2Tpi F Tar 2Tcool & & 

YCToittmBOCTL pemeHIDI AWl Ltdc06ccne'IHBaeTCSI yCJIOBHeM X < 0, H1IH ycnoBHeM JVIJI "n": 

5re:a (F -1) Jrutn>-- -- +-~ (18)
2Tpi F 2.cooJ 

YcnoBHe (18) MO)J(HO nepellHCaTL C yqeTOM paaeHCTB (5), (6) H (7) B BH,Ile 

5(F -1) 3(2F + 1) F-2 
n > + =: --r---:- (19)

2(3F +2) 2(3F + 2) 2(3F + 2) 

llo,nCTaBilllJl B (19) 3HalJeHHe F= 2.64 , HaxO,IJ)lM. tlTO 

n>1.363 . (20) 
OKOIf<laTeJIbHO. AJUI BRemHeR pacKatDGI nonyqaeM ypaaHeHHe 
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dE =K(EO)\.5, (21) 
E·dt ,E 

rAe &0 = 5-10.5 7t.y.pa,n , K = 1.0929 ceK-\ • 

YpaBHeHHe (21) 03HBlJaCT, lffO Bq CHCTeMB myMoBoii p8CICa'DCH IIy'IKa B llOllepe'IHOM 

HaIIpaBJIeOHH ,ltOJDKHB npoH3Bo.z:tHTJ> 6emm myM C CHJIoit, 3aBBcxm;eH OT p83Mepa nyqKa ®, KaK 

r-3 
• TaIGUI 3aBHCHMOCTI> MO>KeT 6hI'ID C03,naHa Ha OCHOBe CBCTeMbI o6pamoH CBJI3H no pa3Mepy 

IlyqKa. 

Em,e O,nHOK np06neMoH SlBJUleTCfI npo6neMa CTa6wn.HOCTH nyqKa C MaJILIM HMnyJIbCHbIM 

pa36POCOM IIO OTHomeHBIO K npo,D;om.HhIM MHKpOBOJIHOBhIM Hecra6wn.ROCTBM. ~hBeCTHbIM 

KpHTepHeM MHKpOBOJIHOBOH HeC'fa6IDJJ,HOCTH (CM. [3]) DIDleTCfI 
2 

I ~ 1Zi4p2r 1TJIUpmo , (22) 
4ZRm 

rAe 1- HOHHLdt TOK, 
2 2Up =me / e - H8.1IpJDKeHHe IIpoTOHa, 

A , Z - Macca B 3apJl,lJ; BOHa, 

p, r -pe.lUlTHBBCTCKHe napaMeTpLI, 1'7\ = lr -2 - r;21 ' 
Rm m-8JI rapMOHHKa npoAonLHoro HMne.n8.HCa BaKyyMHOH KaMepbI.w 

,nrur HamHX llapaMeTpOB ( I =45A, t5 =3 ·10-4 ) ypaBHeRHe (22) onpe,neIDIeT ycnoBHe 

CTa6IDThHOCTB B BH){e R 1m < 3.50 . 3To YCJlOBHe MO)fCeT 6hlTb 38MCTIlO YJIY'IDIeHo, ecJIH Bm 

nponecce HaKOllJIeHHfI HOBOB HCn0.JTh30BaTh C,D;BHf 3Heprnu Mexmy yxce HaIc:OIUIeHHLIM:H H 

nOCJIe,D;OB8:rem.RO HB>KeKTDpyeMhIMH HOHaMB. 3roT C){BHr o6ecne'IHT B03HHKHOBeHHe HeKoero 

<<XBOCTa» B q,)'HKIUfH pacnpe,lteneHIDl HOROB no HMIIy.JThC3M, 'ITO II03BOJIBT Ha nop~OK 

yseJlll'Dll'l> .llonyCTHMylO Be.JllltIHHY HMne){8Hca BaKyyMHOH KaMepbl. CTOJJl> 60JILIIIaJI BeJIH'lHHa 

HMne,naHca ( ~35 {} ) , nO-BH,ltHMoMY, n03BOJIHT peIIIHTL npo6JIeMY ycroAtmBOCTH 

HaKanJIHBaeMoro cryCTKa no OTHOmeHHIO K MHKpOBOJIHOBOit HeycroitllHBOCTH. 

3KcnepBMeBTaJlbULle pC3YJlbTaTbi no OXJI8*.LleaalO aB yeTaaORKe ISR~SI 

3KcnepHMeRTbl no oXJIaX<,nenmo HOHHbIX nyqxoB Ha YCTaHOBKe ISR llp080,muIHCL B yCJlOBlUIX 

AOCTU>KeHIDI CTll.I:{IIoHapHoro COCTOJlHHSI npH COBMecTHOM .neHCTBHH IBS H 3JIeICTpOHHoro 

OXJnUK,lJ,eHHJI. B RameM cJIY'Iae, T.e. )!JlJI yCTaROBKH TBH-:HT3<b, YCJIOBHe 3pro,lJ;H"'lHOCTH }
3aBe,ltOMO He BLlTIOJIIDIeTCg H, nonoMY, ~8.)J(e B CTauHOHapHOM cnyqae HaJIIH napaMeTpbI AOJDKHl>l 

CHJlbHO OTJIHlJaTCJI OT Tex, lffO 6h1JlH no~eHbI B OSI. IIpeJK,l{e Deero .llIDI TBH· 6Y~eT 

cymecTBeHHO 60JIhmeii Be.JIWmHa 3MHTaHCOB HOHHOro nY'JIGl npH MeHl>meH BeJIH'flIHe 

HMIlYJILCHOrO pa16poca. 

,lVul OneRKH lIOCTH)l(HMOH Be.lJ.H1lHH1>I HMnym.cHoro pll36poca B nyqKe CpaBHHM BeJIHlJHHhl 

mmefi:HLIX IUIOCKOCTeH 3apJUla.lJ,.JUl TBH ( HORl>l Co+27
, N=10J3

, Lie =250 AI ,Z=27 ) H .nmr GSI 
(Tj+l1; lIHCJlO HOHOB B 6aIPIe, Nb =109 

;'IHcno 6aHtIeit nb=35; Lie =108 AI ;Z-22). B nepBOM 

cnyqae JIHHeHHWI nJIOTHOCTh COCTaBHT 1.1.1010 
elcM , DO BTOpoM 8.108 e/cM, 'ITO COOTBeTCTByeT 

nONHIUlany (U) B nyqxe 120 BOnLT. 

ECJIH npe,ZUIono>I<HTb, 'ITO TeMneparypa HOHHOro nycn<a onpe.neIDleTCJI HMeHHO npo.uOJILHOH 

TeMllepa'fYPOit :}JIeICTpOHoB, TO .n0CTIDICJlMbJH p836poc no HMUyJIbcaM B HameM cnyqae COCTaBHT 

(0",,)_ ~ (0",,)=- JUnm = 5.5-10" _ (23) 
UGS/ 
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T8.KWI BemllDlHa n03BOIDleT noJIY'lHTh 10-TII KpaTH}'IO KOMnpeccHlO n)"lK~ "lITO COOTBeTCTByeT 

npoeKTHbIM napaMeTpaM YCTaHOBKR TBH-lIT3c1>. 

. f 

! 

e X.9 [cm"'mradj 

1.60 
!'.'1.59 

.............
1.58 

.,(&'1.51 

.,/~.,~..1.56 

1.55 \, .
~" .* ~•• 

1.54 

........"... . .
1.53 
':1-. . 

1.52 

1.51 

1.50 

10 20 30, 40 50 60 10 80 90 100 

T[sec] 

PRe. 1 3aBHCHMOCTh BeJIH'iHH 3MHTTaHCOB OT BpeMeHH. 
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T[sec) 

PHC. 2 3aBHCHMOCTb HMIIyJIbCBoro p836poca OT BpeMeHH 

IiJIarop;apaOeTB 

ABTOp Bb.tp2)f(aeT rrry60KyJO npH3HareJlbHOCTb AE.lionbIIIaKOBY 3a paCqeThI ~tfleKTOB ms AillI 

yCTaHOBKH TBH-HT3<1) no llpOrpaMMe [4] H AH.TaJIhI3HHY Ja nOne3HhIe JaMe1iaHIDl H 

TeXHlI'lecK}'lO nOJ.UJ;epJKKY pa.6oTI.l. 
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