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B npoeKTe HaKOnHTeJUI T~)KenbIX HOHOB (npoeKT TBH-l1T3<l» HaKonneHHe HOHOB 
npOH3BOl{HTC~ BKaMepe npoToHHoro CHHXpoTpoHa Y-lO l1T3<I>. 3Hepru}1 HaI<onneHHoro ny~IKa 
onpel{emleTC~ 'lHCnOM HaKonneHHbIX HOHOB, KOTopoe, B CBOfO Ollepel{b, 3aBHCHT OT pa1Mepa 
l{OcTynHoro ~ l{BH)I(eHHH HOHOB $<ooBoro npoCTpaucTBa - 3MHTTaHca. B l{aHHoH pa60Te 
Cl{ellaHa nOnbITK8 YBenHQ8Tb.· 3MHTTaHC nYQKa nOl{aBJIeHHeM pe30HaHCOB Ha QacTOTax 9,33 H 
9,25, B03HHK3fOIlJ,HX B pa60tJeH KneTKe tJaCTOT 83-'3a pa36poca HenHHeHHblx KOMnOHeHT B 
MarHHTHbIX nonSix E-6noKoB Y-10. TIOl{aBneHHe pe30HaHcHbIX rapMOHHK, 28-0H Ami 
KBaApaTH'mOH HemmdtHocTH, 37-0H M}1 Ky6H'ieCKOH HeJIHHeHHOcTH H 65-oH l{n~ 
HenHHeHHocTeH mecToH cTeneHH, ocymeCTBJUleTcSI nepecTaHOBKoii mrm E 6noKoB a TpH E 
6noKa coxpamHOT CBOe MeCTO Ha Konbue Y-lO. B HOBOM pa3MemeHHH 3TH rapMOHHKH 6y.llyT 
3HaQHTeflbHO ocna6neHbI - 28-SI rapMOHHKa oCna6mleTC$[ B 25 Pa3, 37-11 H65 BSPa3. 

Optimization of the magnet structure U-I0. 

D.G.Koshkarev, A.V. Barkhudaryan, AE.Bolshakov. 

[n the TWAC-lTEP project the accumulation ofthe heavy ions is produced in the vacuum chamber 
of the proton synchrotron lTEP U-IO. The beam energy is defined by accumulating ions, which 
depends on the emittance - the available value of the phase space for the stored ions. In given 
work we try to enlarge the emittance by suppression of the resonances for tunes of working point 
9,33 and 9,25. These resonances take place in the working tune cell because of the nonlinear 
components in the magnetic field of the E-type magnets. Suppression of resonance harmonics 
(28~th for the square nonlinearity and 37-th for the cubic nonlinearity of the magnetic fields and 
65-th nonlinearity of the sixth degree) is realized by the transposition five E~magnets from the 
eight. In the new accommodation these harmonics were decreased: 28-th in 25 times and 65-th and 
37-th in 5 times. 

PHC.2, cnHCOK .IIHT. 6 Ha8M. 
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1. BBe,neHHe. 

ilPH peKOHCTpYKUHH rrpOTOHHOrO CHHXpoTpOHa HT3<t> H3 MarHHTHOH 

CTPYKTYPbI CHHXpOTpOHa 6bIJ1H y.naneHbI 14 CPOKYCHpYfOlllHX X 6JlOKOB, H3-3a lfero 

S03HHK ,AeqnrUHT (POKYCHpYfOlllHX 6JlOKOB, KOTOPbIH 6bIJ1 YCTpaHeH nepe.neJlKoH 

BOCbMH JlHllIHHX C 6JlOKOB B CPOKycHpyrolllHe 6JlOKH 3aKpbIToro nma, TaK 

Ha1bIBaeMble E 6JIOKH [1]. O,AHaKO, Kat.feCTBO MarHHTHoro nOJI~ Ha HOBOH 

pasHosecHoH op6HTe B 3THX 6JlOKax OKaJaJIOCb 3Ha4J1TeJIbHO xY)Ke, lfeM B 

CTaH,AapTHblx C 6JIOKax. 

nOcJIe nepeBO,Aa YCI<:opJ1TeJI» Y-10 H3 pe)KHMa YCKopeHH» B pe:JKHM HaKOllJIeHH1i 

HOROB no npoeKTY TBH [2] HM3Koe Kat.feCTBO nOll1i B E 6JlOKaX CTaJIO orpaHHlfHBaTb 

KOJIHlreCTBO HaKOTmeHHblX HOROB [3]. B )1,aHHOH pa60Te paccMoTpeHa 

B03MO)KHOCTb YBeJIHt.feHH.sI ,AHHaMHt.feCKOH arrePTYPhI BaKYYMHoH KaMepbI Y-10 C 

nOMOIll.MO nepecTaHoBKH E 6ll0KOB. HOBoe pa1MemeHHe no,n6HpaeTc» TaK, l.IT06hI 

BellHt.fHHbI 28-011 rapMoHHKH KBa,ApaTHllHoH HeJlHHeHHOCTH MarHHTHoro nOIl7l., 37
oli rapMOHHKH Ky6Hl:.!eCKOH HeJIHHeHHOCTM M 65-oH rapMOHMKM OT HemmeHHocTH 

llIeCTOH CTeneHH C03,AaBaeMble HeJIHHeHHbIMH KOMnOHeHTaMH MarHHTHoro nOll» E 
6JIOKOB CTami 6bI 3HalfHTenbHO MeHbllIe. npH 3TOM nO,AaBJl.sIfOTC.sIHaXO,A1irn:Hec~ Ha 

t.faCTOTax 9,33, 9,25H 9,286 B pa60tJeii KJ1eTKe qaCTOT HeJ1HHeiiHhle pe30l-iaH'ChI, 

"lITO, HeCOMHeHHO, ,AOll:JKHO rrpHseCTH K yseJIH'4eHHlO ,AlmaMHQeCKOH anepTyphI B 

KaMepe HaKOnHTeJ1~. 

2. XapaK'TepHCTHKH MarHHTHoro nOJIB B E-6J10Kax. 

XapaKTepMCTHKH MarHHTHOrO nOJUI B E 6noKax S31iThI H3 pa60Tbt [4] H B BH,Ae 

K03cpcpHUHeHToB npH CTeneHHOM p}!,Ae ,llJI» OTHOCHTeJIhHhIX oTKlIoHeHHH 

MarHHTHoro nOlI}! ,llaHbI HH)Ke B Ta6J1HI~e 1. ilpHSe,AeHHhle B Ta6mu.(e 1 
K03cp<pHUHeHTbI cooTBeTcTBYfOT: C2 - KBa.n:paTHy.HoH HemmeHHocTH, C3 

Ky61-PieCKOH HeJU1HeHHOCTH H C6 - HemmeMHhlM OTKJIOHeHH}!M llIeCTOH: CTerreHH. 

http:nOMOIll.MO
http:YBeJIHt.feHH.sI
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TaK KaK Cpe,nHee 3Ha'LfeHHe Hem1HeHHbiX KOMllOHeHT ,naeT 8Kna,lJ. TOnbKO 8 
CTPYKTYpHble rapMOHHKH, Ha KOTOpble nepeCTaHOBKa 6nOKOB 8006w.e He BmUleT, 
TO B Ta6JIHue 1 rrpH8e,neHbl TaK>Ke HenHHeHHbie KOMnOHeHTbI «C2», «C3)} H «C6» 
OCTaBmHec~ nocne BbI'LfeTa HX cpeUHHX 3HatIeHHH. 

B Ta6nHue 1 ,naHbI cTapoe H H080e pa3Mew;eHHe E 6noK08, B KOTOPOM TOJIbKO 5 
6noKo15 ,nOJI>KHbl 6blTb nepeCTa15JIeHbI, 8 COOTBeTCTBHH co cxeMOH, nOKa3aHHOH fIa 
pHcYHKe 1. B :noH cxeMe 308 ,408 H 808 6JIOKI1 OCTalOTC.SI Ha CTapblX MeCTax, 
6nOKH - 508 11 708 MeH.SIlOTC~ MeCTaMl1, OCTaJIhHble Tpl1 6noKa UHKJII1QeCKH 
rrepeCTaBn.SllOTC.SI - 108 c,nBHraeTC.SI Ha coceUHee 208 MeCTO, 208 6JIOK 
nepeCTaBJUleTC.sI Ha MeCTO 608-ro 6noKa, KOTOPhIH nepeHOCI1TC.SI Ha MeCTO 108. 

TaOJ1Hua 1. 

N!! 6JIOK08, 
no 4laKTY. 

C2 
(m·3

) 

«C2)} 

(m·3
) 

C3 
(m'4) 

«C3» 
(m-4) 

C6 
(m'7.10B) 

«C6l> 

(m,7.108) 
OIlTHManbHoe I 

Pa3Mew.eHHe 
6noKoB 

108 I,ll 0,397 82 30 1,208 0,548 608 
208 1,16 0,447 88 36 1,033 0,373 108 
308 0,71 ·0,004 -9,5 -61,S 0.1758 -0,484 308 
408 ·0,29 -1,004 -29,S -81,5 -1,164 -1,824 408 
508 0,52 -0,193 -24,S -76,5 -1,208 -1,868 708 
608 0,70 -0,014 136 84 2,417 1,757 208 
708 0,91 0,196 69 17 1,340 0,680 508 
808 0,89 0,176 106 54 1,472· 0,812 808 

HOBoe pa3Mew;eHHe .SIBJI.sIeTC}l OnTHMaJIbHbIM, TalC lCaK OHO MI1HI1MI1311pyeT 
Beml'LfHHhI pe30HaHCHhIX rapMOHHK HeJIHHeHHOCTeH MarHHTHbIx nOJIeHE 6JIOKOB, 
HCnOJIb3y~ npM 3TOM TOJIbKO CBOHCTBa CHMMeTpMH 3THX rapMOHHK. TIo,naBJTeHMe 
pe30HanCHb1X rapMOHMKIIPMBO,ll,MT K YBeJIM'LfeHMIO pa3Mepa ,ll,OCTYrrHoro ,ll,JI~ nyqf(a 
MeCTa B KJIeTlCe 6eTaTpOHHbIX qaCTOT 11 K 3Hat::nneJIbHOMY' YBeJIHl.JeHMlO aKcenTaHca 
BalCYYMHOH KaMepbI HalCOnHTeJT.SI. 06a 3TH <i>aKTopa, B KOHe'LfHOM C'tJ.eTe, npMBO,ll,.SIT K 
3aMeTHOMY YBenHQeHHlO HHTeHCH15HOCTH HaKOnJIeHHOrO MOHHoro nyqKa. 
113 Ta6mu,.(hI 1 BH,ll,HO, 'LfTO HOBoe pa3MemeHHe E 6JTOKOB no cpaBHeHMIO co cTaphIM 
YMeHbwaeT 28-10 rapMoHHKy KBa,ll,paTHl.{HOH HeJIHHeHHOCTM: B ~ 25 Pa3, 37-10 
rapMOHHKY Ky6Ht.lecI<oH HeJIHHeHHOCTH H 65 rapMOHHKY HeJIHHeRHOCTM meCTOR 
CTeneHH B -5 pa3 Ka')f('.L(YIO. fiona,nalOw;a.Sl B KJIeTKY tIaCTOT 64-}i' rapMOHHKa 
HeJIHHeHHOCTH meCTOH CTeneHH .L(aeT CTpYKT)'PHhIH pe30HaHC Ha qaCTOTe 9,143, H 
no :noH rrpwume rrepecTaHo8KH E 6JIOK08 Ha Hee He BJIH.sIIOT. 

http:fiona,nalOw;a.Sl
http:HalCOnHTeJT.SI
http:nepeHOCI1TC.SI
http:nepeCTaBJUleTC.sI
http:c,nBHraeTC.SI
http:rrepeCTaBn.SllOTC.SI
http:OCTalOTC.SI
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Puc.l 

,lJ,ml nO)l;TBep)I(.n;eHlUI aHaJIHTH4eCKHX paC4e-rOB pe30HaHCHbIX fapMOHHK B 
peaJIhHbIX YCJIOBHSlX npOBe.n;eHbI paCl.fe-rbl .n;HHaMH1.JeCKOH anepTypbI no 

nporpaMMe MAD"[5]," npH 3TOM C4HTaJIOCb, tITO C 6JIOKl1 H,neHTJ1lIH.bI .n;pyr .L\PYry, 

a HX MafHHTHbIe Xapak'TepHCTHKH paCC4HT.blBaJUfCb no nporpaMMe POISSON [6]. 
,I(JISI HaXOJK,nemLSl Q;>H3H1.JCCKH 06ocHoBaHHoro BpeMeHH pac4eTa ytITeM, '"ITO B 

nporpaMMe MAD He yt.IliThIBaeTC5I BJlH5IHHe co6CTBeHHoro nOJI5I nyqKa 11, 1.JTO 

60Jlee Ba)I(HO, He ytiHTbIBaK>TC5I CJlytfaHHble HJIH 3aKOHOMepHbIe C06bITH5I, 

MeH5IIOll(He rpaeKTOpHIO )J,BHJKeHH5I Hccrre.llYCMoro HOHa, K tIHcrry cnyqaHHbIX 

C06bIT11H OTHOCHTC5I paCCe5lHHe Ha aTOMax OCTaTOtfHOrO ra3a, a K 1.JHCJIY 

3aKOHOMepHbIX C06bITHH .; HHJKeKlJ;H5I B KaMepy HaKOrrHTen5I HOBOH nopUHH 11OHOB, 

H~MeHSnOll(ag· napaMeTpbl .llBHiKeHH5I" KaJK)lOro HOHa. TaK KaK HHiKeKUH5I 

npOHCXO,AHT C l.faCTOTOH 1 rU, TO ,AJIHTeJlhHOCTb CtIe-ra He .llOJIlI<Ha npeBbIIllaTh 1c, 

T.e., He .n;OJliKHa npe.BhIUlaTb ",106 
060pOTOBnY4Ka B KaMepe HaKonHTeAA. ,I(n5I 

paCt.leTa .L\HHaMHtJ:eCKO:H: anepTYpbl lJHCJIO 060POTOB nytfKa B KaMepe HaKOnHTeJHI 

6blllO Bbl6paHO paBHbIM 10000, YBeJlHlJCHHe CqeTa .L\O 20000 npaKTHlJeCKH He 

rrOBnH.SIJIO Ha pe3ynhTaTbI paCl.ferOB. 

CpaBHeHHe ,AHHaMHtIeCKOH anepTypbI ~ 8 npM cTapoM pa3Meru:.eHMM E 6JIOKOB H 

npM HOBOM rrpH Pa3JIMtIHhIX 4aCTOTax 6eTaTpoHHhiX KOJIe6aHHH B npe.n;enax 

pa60l.J:eH KJIeTKH qaCTOT, nOKa3aHO B Ta6nH.u,e 2 H Ha pHcYHKe 2. 

http:H,neHTJ1lIH.bI
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Ta6JIHQa 2 

Qx E (MM.Mpa)l) E (MM.M~a)l) E (MM.Mpa)l) 

Qy= Qx+O,07 ·CTapOe HOBoe «H)J.eaJIbHble» 
pa3MemeHHe pa3MellleHHe E 6noKH 

9,05 55 55 65 
9,10 65 65 65 
9.15 50 70 70 
9.20 70 70 70 
9.25 45 65 65 
9.30 -1 60 70 
9.35 30 65 70 
9.40 60 70 70 
9,43 0 0 0 

3aMeTHM, lfTO YMeHI.llIeHHe rapMOHHKH KBa)lpan{tlHOH: HeJIMHeHHOCTH B ...., 25 

pa3 3KBHBaneHTHO yseJIHlfeHHIO ,AHHaMHlfecKoH arrepTYpbI KaMepbI B 3TO JKe lfHCJlO 

pa3. TOf)la 1 MM.MPa.n: )lOJIJKeH 6hIJI 6hl, KaK MHHHMYM, B03paCTH P.o. 25 MM.Mpa).J.. B 
CBOIO Otfepe)lh, YMeHhllIeHHe CHJlhl 65-oA: rapMOHHKH HeJIHHeHHOrO nOJI.H rneCTOH 

CTerreHH B 5 pa3 ).J.OJlJKHO npHBeCTH K YBeJlHqeHHIO ,AHHaMHlfecKoH arrepTYpbl B 1,7 
pa3a. B pe3YJlhTaTe, :no $aKTHQeCKH, H rrpOH30mJlo. . 

OhIn TaKme BhIITOJlHeH paCtfeT )lHHaMHtfeCKOH anepTYpbI ).J.JI» BHpTyanbHofo 

cJlytfajl, B KOTOPOM MarHHTHbIe xapaKTepHCTHKH E 6J10KOB a6COJlRlTHO O)lHHaKOBbJ. 

I10nyqeHHhIH B 3THX pacqetax aKcemaHC KaMepbl npaKTHl.feCKH COBnaJI C 

aKcenTaHCOM, nOJlYlfeHHbIM ,llJIH orrTHMH3HpoBaHHoH paccTaHoBKH peaJIbHblX E 
6110KOB. TeM He MeHee, H3 Ta6J1HQbI 2 BH)lHO, liTO B 30He )leHCTBHjI HeJlHHeHHbIX 

pe30HaHCOB rrpH Qx = 9,3 He60nbllIoH rrpOBan B ,D:HHaMH'IeCKOH anepTYpe ( ......15 %) 
rrpH HOBOH' paccTaHoBKe E 6noKoB, no cpaBHeHHIO C pe3YJIbTaTOM )lJljJ 

«M,D:eanbHhIX» E6J10KOB, BCe JKe ~MeeT MeCTO. 3TOT npOBaJI MOJKeT 6bITb 

CJle)lCTBHeM B03,lteHCTBH» OCTaTKa 65 rapMOHHKH HemmeHHoro nong rneCTOH: 

CTeneHH, C03)lalOmei1 pe30HaHC Ha qaCTOTe9,286. 

TaKHM 06Pa30M, rrpOBe)leHHble paclfeTbl nO)lTBep)lmrH npaBHJtbHOCTb HOBOH 

paCCTaHOBKH E 6noKoB, npH KOTOPOH nO)laBJteRbl caMble 3HaLJ.MMble HenHHeHHble 

pe30HaIicbI B pa60Qen KJIeTKe 6eTaYpoHHbIX lfaCTOT. 
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PHc.2 

BepXillUI KPHBaJI nOKa3.bIBaeT 3aBHCHMOCTb 3MI1TTaHCa nyt.fKa OT nOnO)ICeHI1~ 

l.:JaCTOTbl B pa6otJei1 KlleTKe l.:JaCTOT )J,JUJ. OllTHMH3HpOBaHHOrO pa3MellleHHH E
6nOKOB, HH)lCHHH Kpl1BaH TO )ICe, HO npH CYIlJ,eCTBYlOUJ.eM pa3MemeHHH E-6J10KOB. 

http:CYIlJ,eCTBYlOUJ.eM
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B OTJIWme OT CTapOH paCCTaHOBKH, npH KOTOPOH aKCenTaHC KaMepbl 
OrpaHlfQeH BempulHoH ::;;40 MM.Mpa,[(., nOJIyqeHHbIH B onTHMH3HpoBaHHoM 

BapHaHTe paccTaHoBKH E 6JIOKOB aKcenTaHC 06eCnetIHBaeT Bem1'tfI1HY 3Ml1TTaHCa 

nyqKa;::::: 65 MM.M.pa,Q. Ilocne,QHee 03HatIaeT, tITO, nOCJIe nepecTaHoBKH E 6noKoB B 
COOTBeTCTBHH C YKa3aHHOH Ha pHc.l cxeMoH, B KaMepe Y -10 3aBe,[(OMO MOiKHO 

nonytIHTb npoeKTHblH ypoBeHb 3HeprHH -100 KJ(iK. 3aMeTHM,QTO npH 
cym:ecTBYIOm;eH paccTaHoBKe E 6JIOl(OB npaKTHtIeCKHM npe.n.enoM .n.mI 

HaKOnJleHHOH 3HeprHH ~BJUleTC~ ::::i 35K)l;iK. BbIHrpbIIli B BemftIHHe HaKOrrJIeHHOH 
3Hepnm 06YCJIOBJleH ,QBYMSI $aKTopaMH: POCTOM aKcenTaHca KaMepbl B 1,5 pa3a H 

YBeJIHtIeHHeM B ::::i 2 pa3a ,QorrycTHMoro c.n.BHra 6eTaTpoHHblX lJaCTOT H3-3a 
YBeJIHQeHHSI cB060,[(Horo OT pe30HaHcoB MeCTa B npocTpaHcTBe pa60'tfeH KJleTKH , 
'tfaCTOT 6eTaTpoHHblX KOJle6aHHH. 

B TO iKe BpeMSI, HYiKHO OTMeTHTh, lITO nOJIY'tfeHHe CTOJIh 60JIbiliOH :meprHH 
HOHHoro nytIKa B03MmKHO JIHllib rrpH YCJIOBHH 3HatIHTeJIbHOrO COKpameH.HJI 
BpeMeHH HaKOIIJIeH.HJI. OrpaHHtIeHHe BpeMeHH HaKOnJleHH.sI He06xo'[(HMO ,[(JISI 
OCna6JIeH1UI smUIHH~ npOll.eCca BHyrpHnY'tfKOBOrO paCCeRHH.sI. COKpam;eHHe 
BpeMeHH HaKOllJIeHH$I B03HHKaeT no,[( .n.eHCTBHeM ,[(Byx !f>aKTOpos: H3-3a 
yseJlHtIeHHR 'tfaCTOThI pa60Tbl HHiKeKll.HOHHOH CHCTeMbI H YBemiyeHWI 3HeprHH 
HHiKeKlI,HH. B .n.aJlbHeHllleM, rrpH HCnOJlb30B8HHH 06eHX 3THX .q>8KTOPOB 
(npe,QrrOJIaraerCR YBeJIH'ieHHe Q8CTOTbI pa60TbI HHiKeKTOpa OT lfll. )l0 lOrU (HJII1 

)laiKe ,[(0 5 fu:) H YBeJIHtIeHHe 3Hepn111 HHiKeKUHH OT 1,3 M3MI ,[(0 7 M3s1H) 

HaKOIlJIeHHe -100 K,[(>K B KaMepe Y-10 CTaHOBHTCR BllOJlHe B03MOiKHbIM. 
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