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Hccne.n;OBaH npouecc np0.lJ;OJIbHOH KOMnpeccRH HOHHoro nyqKa AIDI YCTaHoB­
KH TBH-HT3<1> (TWAC) CYlJeTOM BITHSlHHSI KynoHoBcKHX CHn. Pe3ynbTaTbI 
TeOpeTRQeCKOrO pacqera HqaCrreHHoro MOneJIHpOBaHRSI nOKa3aJIH. 'ITO onTH­
MaJIbHaSi BeJIHqHH3 HanpSl)KemtSl OCHOBHOH rapMOHHKH BlJ-noJUI COCTaBJISleT 
120 -:- 140 KB , a KyrroHoBcKHe CHJIbI HMelOT cym:eCTBeHHOe 3HaqeHHe TOJIbI<O 
,lVUI :u:eH'TpaJIbHOii lJaCTIi nY1JKa BKOH:u:e npo:u:ecca I<OMnpeccHH. 

The longitudinal ion beams compression for TWAC-ITEP set. 

A.V.Barkhudaryan,D.G.Koshkarev,A.N.Talyzin 

The longitudinal compression process for TWAC-ITEP parameters with taking 
into account Coulomb forces have been studied. The results of theoretical ana­
lyze and numerical simulation show that the optimal value of the main harmo­
nic ofHF-field is 120 + 140 kV and Coulomb forces have essential significance 
only for a central part of beam at the final compression stage. 
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ilpli pactIere KOMnpeccliH CliJlbHOTOtIHblX MOHHblX nytIKOB Heo6XO,ll.HM ytIeT 
KOJUIeKTHBHOr03JleKTPOMarHMTHOrO nOllilIiOHOB.ilp0,AOJIbHaSl COCTaBJISIlOmaSI 

CKTlbI KOJIneKTMBHOrO nOJISI B npM6JIIix<eHIUf 3KpaHHpOBKIi HMeer BH,ll. 

g(Ze)2 dA(W) 
3M' = 41l" dw (1)8oy 2 

r.n.e	 J(w) - JIMHeHH8SI llJIOTHOCTb IiOHOB B nytIKe, 

W - OTKJIOHeHlie OT ueHTPaJIbHOrO celJ.eHHSl rrylJ.K8. 

Ze - 3apSl,ll, HOHa, 

l<> - ,D;H3JIeKTPHLJeCKaSI npOHHuaeMOCTb BaKyyMa, 

r - peJISlTHBHcrCKIiR $aKTop. 

g - reOMeTpHtIeCKHH lP8KTOP 3KP8HHpOBKH.

,allil UHJIlilmPHLJeCKOM K3MepbI g=l +2 /n(b/a),rJJ.e h,a - COOTBerCTBeHHO ,ZUI8­

MerpbI I10nepetIHbIX CeqeHl,rH K8Mepblli nytIKa. YpaBHeHHSl np0,ll.OJIbHOrO ,D;BH­

)l(eHIiSl HOHOB B KOJIhue IiMeIOT BMlJ. 

(2) 

B (2) S H Ps • COOTBeTCTBeHHO, n)'Th, npoR.aeHHbIH paBHoBecHoM qaCTIiII.eH, H ee 

HMnyJIbC; '1- K03cP¢mUHeHT ynnoTHeHHSI Op6HT, '1= (Iff - a) ; a= din L / din p; 
R - pa,zmyc H3KOmneJIbHoro KOJlhu;a ; VI - aMIDIIiTY,ll.a OCHOBHOH rapMoHHKIi 

HanpHxceHHSI BhICOKOtIaCTOTHOro nOIDI; h • tIMCnO rapMOHIiK, KOTopoe Heo6xo.zm· 

MO AJISl o6ecrreqeHHSl .n.oCTaTOtIHOH JIHHeHHOCTH nOIDI; q - KpaTHoCTb qacroTbI 

nOIDI no OTHOllIeHMIO K tIaCTOTe o6pallI,eHHSl HOHOB B KOJIbue; ro -KJIaCCHtIeCXHH 

palJ.liyc npoToHa: 'If - $33a nOIDI. 

I1.JISI qHCJleHHOrO 8H3mna CIiCTeMhl ypaBHeHHH (2) Yllo6HO nepeHTIi K 6e3pa3­

MepHbIM nepeMeHHbIM x, If/, y : 
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x == so.o/ f3c 

'1/ = -qw/ R 
(3)

Y = 1]qfJc. p- ps 
Rno Ps 

B (3) n 0 - qaCTOTa MallhIX np0,LJ.OJlhHbIX Kone6aHHH: MOHOB B nyqKe B OTCyTCTBRC 

KynoHoBcKHX CHll, 
I 

n _( ZeqU\17 ) 2 • jJc 
o - 2trp2 y . Amoc2 R' (4) 

3anHcaB JIHHeiiHylO IUlOTHOCTb B BH)l,e A = 2~' f(lf/,x) , cue N - rrOJIHoe QRCJ10 

HOHOB B KOJIhQe, M, yqHTHBaSl, qTO f( '1/, 0) == 1 rrpH x =0, nonyqHM H3 CHCTeMbl 

(2) HOBYlO cMCTeMY ypaBHeHHH, 

I 

1

If/ =-y
 

, h (_l)k-l . df
 
y =L .sm(klf/) + X'­(5) 

k=I k d'll 

B (5) llITPHX 03Ha~IaeT.lVf<p!}>epeHL(HpOBaHHe 110 x, X - KynoHoBcKHH napaMerp, 

(6) 

1= ZeNfJc/ 21(R - cpeJl,HHR HOHHhIH TOK B KOllbQe, 20 = (coC)-l - BonHOBoe 

COnpOTHBJleHHe B8l<yyMa. C nOMO~bIO lfHCJIeHHOrO aHallH3a CHCTeMbl ypaBHe­

HHH (5) HaXO,LJ.HTC5I 3aBHCHMOCTb KyJIOHOBCKoro napaMcrpa X OT K03!}>!}>HUReHTa 

KOMnpeccHH liOHHoro nylfKa, 3aTeM 113 paBeHCTBa (6) 3C1BHCHMOCTb aMnJIHTY.LU>l 

OCHOBHO" rapMOHH.KH HanpHJKeHHSI BblCOKOqaCTOT-Horo rrOJISl VI OT K03cP<PHUH­

eHTa KOMnpeccHH H cpenHero HOflHoro TOKa I. TIpOCTyro oueHKy 3aBliCHMOCTH 

UI OT 3THX BeJIWIHH MOIKHO rrorryqHTh np" nHHeapH3aUHH cHcreMbl ypaBHeHHii 

(5) c BbI60pOM nnapa60JIHqeCKOrO" pacnpe.n;erreHHSI,lI,lISI cPYHKU"H f( '1/), 

. 3 ( '1/2)
f ('IF) = 4~ 1- ~2 , rne q(x) - onl6alOllla}( cPa30BbIx .KOJIe6aHliH: HOHOB. 
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Tor~a CHCTeMa ypaBHeHHH (5) npHMeT BH,lJ, 

(7) 

B (7) npHHSlTo, 'ITO BHelliHee 3JIeKTPH"tleCKOe none mmeapH30BaHo C nOMOInblO 

,ll,OCTaTOlJHOrO qHCna rapMoHHK. 

It (_l)k-l I
L .sin(k'I'") == -;:fII (8) 
k=l k 2 

113 (7) cne.nyer ypaBHeHHe .lVUI orli6alOIlJ,eH. 

(9) 

B (9) & = -!i-II dy. dlf/ - npO,lJ,OnbHbIH ¢>a30BbIH o6beM HOHHoro nylfKa B nepe­

MeHHblX If/, y . C nOMOlIJ;hlO ¢>OPMYJI (3) nony-qaeM BbIpaJKemte. CBH3blBalOm;ee Be· 

miqHHY & C HaqanhHhlM pa36poCOM MOHOB no HMnynhcaM (L1p/p)o. 

(10) 

IlepBhlU' HHTerparr ypaBHeHHH (9) HMeeT BH,Il 
2 

(;')2 1 ;2 3% 8 C+- +-+-=
2 ;;2 1 (11) 

DOJIaraH Ha"IJaJIbHble YCJIOBHH B BH,U,e ~o=1(, fo=O . nonYllHM 

2 2 
tr 3% 8

C =-+-+- (12)
I 2 tr tr2 

Cne)l,OBaTeJIhHO, nepBblH HHTerpaJI npHMeT BH,Il 

/:' 2 7r
2 

- q2 ( 1 1) 2( 1 1 ) 
(~) = +31' --- +8 --- (13)2 1( ~ 1(2 ~2 
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YCJIOBHe KpOCCOBepa, q' =0 , BbmOrrRSleTCSI npH ; =~ c ; 

1[2 - ~; ( 1 1) J (1 1 ) --:.~+3Z --- +G'- --- ::0 (14)2 Jr C;c Jr2~; . 
KOMopeccHSI HOHRoro nytIKa B K pa3, T.e. qc =nlK, 03Haqacr BblflonHeHlfe 

YCJIOBIDl 

3X(K --1) + c
2 
(K: -1) =~(1- K-2) 

(15)
Jr Jr- 2 ' 

r.n;e 

Z = Jr. g~o10 £2 = 32Jrp2rl77lAtnoC2 .(~p)2 1
Ro;= -;= 377 OM. (16)

P'r VI Z·eUJ P () soc 
vh (15) H (16) HaHJJ.eM l!>opMyrry )l)UI onpe):(erreHHSI VI: 

u = 6K2 
gRolo + 64K2r1111p2 Amoc

2 
• (~')2 

1 Jr2 (K + I)Pr 2 Jr3Ze p ) 0 (17) 

,D;IDI YCTaHOBKH TBH-HT3cD (TWAC) napaMeTpbl TaKOBbI: 

K =10 . In = 50 A • g =: 2 . Z =TI • ( ~) 0 = 5·10'" (18) 

OKOHQaTeJIbHO, .ruUI aMruIHTYJJ.bl nepBoH rapMoHHKH VI norrY'lHM 

VI =94 KB+ 40 KB = (1307 140) KB . (19) 

,nIDI yrO'lHeHIDI pe3ynbTaToB TeopcrnqeCKOrO aHaJIH38 6blJlO BbTnOnHeHO qHC­

neHHoe Mo):(eJIHpOBaHRe npo,n:orrbHot{ KOMnpeccHH HOHHoro nyqKa. PaCqerbI 

nOKa3aJIJ.{, 'ITO KynoHoBcKRC CHJIbI HMeIOT CYID;ecTBeHHoe 3HaqeHHe TOJIbKO B 

UCHTpe nyqKa Ii TonbKO npH MaKCHMaJIbHOM CJKaTHH, T.e. B KOHue npouecca 

KOMnpCCCHH. 

OrMeTHM TaK)l(e, 'ITO YBeJIHqCHHe aMnJIHTY.n;bI OCHOBHOH rapMOHHKH Bl.J - nOIDI 

OKa3bIBaeTCSI 60nee 3c1>tI>eKTHBHbIM MeTO,n:OM KOMnpeCCHH no cpaBHeHIflO C yBe­

nHlIeHHeM qHCna BbICIDHX rapMOHHK. DPH YBeJIHqeHHH 'lHCrra rapMOHHK yrryq­

maeTCSI mrneRHOCTb Bq-noIDI, HO np" 3TOM Ta )l(e BCJIH·qHHa KOMnpecCI'IH JI.OCTH­

raeTCSI npH 3HaQHTenbHO 60JIbIIIeif (::ZB 2 pa3a) BeJlWUiHe Hanp}l)l(eHHSI Bll-noM. 

KpoMe Toro CHCTeMa C 60JIbillHM 4HcnOM rapMOHHK CnOJKHee B H3rOTOBrreHHH H 

HaJIaJJ;Ke, qTO YMertbllIHT Ha.ue)I{Hocrb ee pa60TbI. 

PactIemaSl BeJIHqHHa HanpSl)l(eHHSI Bl.J-noIDI OKa3aJlaCb 6mnxa X TeOpeTH4ec­
KOMy 3HaQeHHIO. BTa6n. 1npe.n;craBrreHbI pe3ynbTaTbI paCqeTOB KOMupeCCHH 
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npH VI = 120 KB ~JHI Tpex 3H31.JeHHH H31.JanbHOro CpeJl,HeKB3)l.paTHtIHOrO 

pa36poc3 no RMnyJIbcy HOHOB B TIy1.JKe (ero) . ,LJ.anbHeHllIee YBeJIHqeHHe 

Harrpa:)KeHHSI alI-noAA OKa3hIBaeTCS: Mano3<p<peKTHBHbIM. 

B Ta6JI. 2 npel(CTaBlIeHbI pe3YJIbT3TbI paClJerOB KOMnpeccRR ~JUI 

erQ = 10-3 H TPex 3Ha1.JeHJdi VI. 
Ha pHCyHK3X 1 H 2 H306pa)KeHa 3aBRCHMOCTb MOIIlHOCTH nylfKa OT BpeMeHH, 

- j 

OTCl:IHTLIBaeMOro OT 'ueHTpa nylfKa )JJIR VI = 120 KB H Tpex 3HatIeHHH <:10 •
 

CnrromHaSl JIHHHSI cooTBerCTByer 3Ha1.JeHHIO 5·10-4 . ,lJ)UfHHbIH nYHKTHp ­

10-3 , KOPOTKHH nYHKTHp - 1.5.10-3 .
 

Ha Pl1c. 3 H306pa)KeHa Ta iKe 3aBHCHMOCTb )US! aD = 10.3 R Tpex 3HaqeHHH VI.
 
Cn1l0mHa>1l1HHJUl COOTBeTCTByeT 3Ha1.1eHHIO 240 KB, l(JIHHHbrH TIYJIKTHp ­

160 KB,KOpOTKHH nYHKTHp - 120 KB.
 

Pe3YJIbT8Tbl lJHCneHHoro Mo.n.eJIHpOB3HHSI nOJl,TBep>K.Il:3IOT TeOpeTH1.JecKHH 

paC1.JeT: OnTHM3JIbHaSi BeJUf1.JHHa HanpSliKeHHSI OCHOBHOH rapMOHHKH BLJ-noJISI 

HaxOAHTCa: B npe.z:r;eJlax 120.;. 140 KB. 

Ta6JIHua 1 

<:10 K Pmax. TBT (L\p/p}max 
5·10'~ 10 0.5 8·}O-3 

1.10-3 7 0.33 9-10-3 

1.5-10-3 5 0.27 10-2 

Ta6JIHlJ,82 

UI.KB K Pma.'i. TBT (Ap/p)max 
120 7 0.33 9.10-3 

160 8 0.39 1.10.2 

240 9 0.46 1.2.10-2 
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PRC. 1. 3aBHcHMoCTb MOUUlOCTH ny'lKa OT BpeMeHH. OTC'UfTbIBaeMoro OT QeHrpa 

nyqKa JUISI VI=120 KB H Tpex 3HaqeHHH 0'0; cnnOillH3S1lli1HIDI ,ll;JllI 5· t 0-4 , 

)l)lHHHbI"H TIYHJ<THp - 10-3 • KOPOTKHH nYHKTlip - t .5.}0-3 . 

O.4-t-~---t-

0.2 -f--+---+-+-++---~-

i: 0.3 

D.­

0.1 

O-l---+----!---j.---1f----4---!----+-~ 

..().2 -0.15 -0.1 -0.05 0 0.05 0 1 0.15 0.2 

t,mes 

PRe. 2. 3aBHcHMoCTh MOUJ,HOCTH nylJKa OT BpeMeHH. OTCQHTbIBaeMOro OT QeHTpa 

nyqKa )\TI.Sl U,=120 KB H Tpex 3HaqeHHH ao; cruIOillHas JIHHHSI AJUI 5·10-4 . 
,lPIHHHLIH nYHKTHp - 10-3 • KOPOTKHH nYHKTHp - 1.5.10-3 • 
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t,mcs 

PHC. 3. 3aBHCI1MOCTb MOUJ:HOCTM nyQKa OT BpeMeHH, OTClJHTbTBaeMOro OT ueHTpa 

nyqxa }J.IDl 00 =10-3 H Tpex 3HaqeHHH UI; CTIJIOillHaH JUIHHSI COOTBeTCTByer 

3HaQeHHIO 240 KB. ,lJ,JIHHHbIH nYHKTHp - 160 ICB, }WPOTKHH nyHK- THp • 120 ICB. 




