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AMHea A. 

HarHMTOOnTM~ecKaR CMCTeMa nepeaoAa ny4Ka M3 THC 
B CMHXPQ$a30TPQH B npoeKTe YKTH 

9 - 12351 

npeAnaraeTCR aapMaHT MarHMTOOnTM~eCKOH CMCTeMW AnR nepeBOAa ny4-
Ka M3 TR*enDMOHHOrO CMHXPQTpoHa /THC/ B CMHX~a30TpOH B npoeKTe 
YcKOPMTen~HOrO KOMnneKCa TR*enwx MOHOB /YKTH/. 

Oco6eHHOCT~D npoeKTa YKTH R&nReTcR OAHoapeMeHHoe ycKopeHMe a THCe 
cneKTpa MOHOB 3apRAHOCTeH +69, +70, +71, ~TO HaKnaAWBaeT •ecTKMe 
Tpe6oa~HMR Ha axpoMaTH~HOCT~ CMCTeMW nepeBOAa.CMCTeMa nepeBOAa 
BKnD~eT B ce6R y~aCTOK nepeaapRAKM HOHOB C nocne~eH cenapa~MeH 
TOn~KO nonHOCT~D HOHM3MPQBaHHWX MOHOB ypaHa, a TaK*e y~aCTOK COrna
COBaHMR nonepe~HWX $a30BWX o6~eMOB AnR OAHoo6opoTHoH MH*eK~MM 
B CMHXPQ$a30TPQH. 

Pac~eT CHCTeMW nepeBOAa CAenaH npM no~ nporpaMMW AnR 38H 
TRANIII'ORT. 

P~6oTa awnonHeHa a na6opaTopMM awcoKMx 3HeprMH OHRH. 

Coo6meaae O«h.euaeaaoro aacraryra llllepa~o~x accneaoaaaal. Lly6aa 1979 

Dlnev D. 9 - 12351 

Magneto-Optic Beam Transference System from 
the Heavy lon Synchrotron to JINR Proton Synchrotron 
in He~vy ton Accelerating Complex Project 

A variant of the magneto-optic beam transference system from 
the heavy ton synchrotron to JINR proton synchrotron in Heavy lon 
Accelerating Complex Project (HIAC) Is proposed. The main require
ments to the tr~nsference system are presented. Its characteristics 
is simultaneous acceleration of + 69, +70, +71 ion charge spectrum 
which put on high requirements on the achromatism of the transfe
rence system. The latter also Includes the ton recharge section 
with the following separation of completely Ionized uranium ions, 
and the section of accordance of transverse phase volumes for 
singlethread Injection Into the synchrophasotron. The transference 
system calculation was made using a TRANSPORT computer program. 

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

Communication af the Joint Institute for Nuclear Research. Dubna 1979 

C) J97f ~-UJ,l/1 BBC'rflfT/' IIIIBpiDU BCCR811.0IUIU6 /J.y6Ba 

1 . BBE,l\EHI-1E 

,l\nR ~ccneAD8aH~~ 8 o6nacT~ penRT~8~CTCKo~ RAepHo~ $~3~
K~, ~3y4eH~R aHOManbH~X COCTORH~~ aTOMH~X RAep /C8epxnnoT
H~e RAPa, He~TPOHH~e RAPa ~ AP·/ 8 flB3 OHRH npoeKT~pyeTcR 
ycKOp~TenbHbl~ KOMnneKC TR>KenbiX ~OH08 /YKTI-1/ /l/. npeAnona
raeTCR ycKOPRTb 8 YKTH ~OH~ 8Cex RAeP 8nnoTb AD ypaHa. 
CTpyKTypa YKTH A8YXCTyneH4aTaR. nep8aR CTyneHb npeACTa8nReT 
co6o~ TR>Keno~OHHbl~ C~HXpOTPOH /THC/. /lnR n08b1WeH~R ~HTeH
C~8HOCT~ ny4Ka 8 THCe npeAnonaraeTCR ycKopRTb DAH08peMeH-
HO cneKTp ~OH08 3apRAHOCTe~ +69, +70 ~ +71. npeAyCMOTpeH~ 
C~CTeM~ MeAneHHOro ~ 6~CTpOrO 8~80A08 YCKOpeHHOrO ny4Ka. 
C~cTeMa MeAneHHOrO 8~80Aa paCC4~TaHa Ha 8~80A ny4K08 ~OH08 
ypaHa c 3Hepr~e~ 250 M3B/HyKnoH, a 6~cTporo - 342 M3B/HyKnoH. 

ny40K ~3 C~CTeM~ 6~CTporo 8~80Aa Hanpa8nReTCR 8 3KCne
p~MeHTanbH~~ 3an, a TaK>Ke ~H>KeKT~pyeTCR 80 BTOpy~ CTyneHb 
YKTH - cy~eCT8y~~~~ H~He c~Hxpo$a30TpOH. Ycn08MR 8aKyyMa 
8 C~HXpO$a30TpOHe n0380nR~T YCKOPRTb TOnbKO nonHOCTb~ 
MOH~3~po8aHH~e RApa. B C~Hxpo$a30TPOHe ~OH~ 6YAYT YCKO
pATbCR AD 3Hepr~~ 3,4 r3B/HyKnOH. 

B HacTOR~e~ pa6oTe npeAnaraeTCR 8ap~aHT MarH~ToonT~4ec
Ko~ c~cTeM~ AnR nepe80Aa ny4Ka ~3 THCa 8 c~Hxpo$a30TPOH. 

2. OCHOBHWE TPE60BAHHR K CHCTEME nEPEBO,l\A 

1. KaK y>Ke OTMe4anocb, AnR y8en~4eH~fl MHTeHCM8HOCT~ 
ny4Ka npeAYCMaTp~8aeTcA ycKopATb 8 THCe OAH08peMeHHO MOHbl 
C TpeMR 3apRAHOCTRM~ Q =+69, +70 ~ +71. 0THOC~TenbH~A 
pa36poc no 3apRAHOCTflM, TaK~M o6pa30M 1 COCTaBnHeT ~q/q =1,4%, 
T.e. OH cn~WKOM 6onbWO~. no3TOMY BO ~36e>KaH~e 6onbW~X 
anepTyp e n~H3ax ~ MarH~Tax see noAc~cTeMbl ADn>KHbl 6b1Tb 
axpoMaT~4eCK~MM. 

2. 1\nR Taro 4T06~ c~cTeMa ~H>KeK~~~ e THC ~ c~cTeMa, 
TpaHcnopT~py~~afl ny40K OT C~CTeM~ MeAneHHOrO B~BOAa ~3 
THCa 8 3Kcnep~MeHTanbHbiA Kopnyc, Morn~ ceo60AHO npoXOAMTb 
nOA KOp06KoA BaKyyMHOA KaMep~ C~Hxpo$a30TpOHa B 30He ero 
npRMOn~HeAH~X npoMe>KyTKOB, ypoBeHb MeA~aHHOA nnOCKOCT~ 
THCa pacnonaraeTCR Ha 70 eM H~>Ke MeA~aHHOA nnocKOCT~ CMHxpo
$a3oTpoHa. 3To, B CBO~ 04epeAb 1 HeMHOrO ycnO>KHfleT C~CTeMy 
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nepeBOAa, Tpe6yR, 4T06~ B HeH 6~n y4aCTOK, rAe ny40K nOAHH
MaeTCR C YPOBHR MeAHaHHOH nnOCKOCTH T~Ca Ha 70 CM,AO YPOBHR 
MeAHaHHOH nnOCKOCTH CHHXPO$a30TpOHa. 

3. KaK 6~no OTMe4eHO, H3-3a nnoxoro BaKyyMa B CHHXPO$a-
30TpOHe fiYAYT YCKOPRTbCR TOnbKO nonHOCTb~ HOHH3HpOBaHH~e 
RApa, T.e. q=+92. AnR 3TOrO HOH~ C 3apRAHOCTRMH q=69, 
70 H 71 HanpaenR~TCR Ha nepe3apRAHY~ MHWeHb, rAe npOHCXOAHT 
HX OfiAHpKa. npaKTH4eCKH MO~HO C4HTaTb, 4TO Ha B~XOAe H3 
nepeaapRAHOH MHWeHH ny40K 6yAeT COCTORTb H3 HOHOB C 3apRA
HOCTRMHq=90, 91 H 92. ~OH~ C 3apRAHOCTRMH 90 H 91 AOn~H~ 
6~Tb oT6poweH~ H3 ny4Ka H noToM noraweH~ e nosywKe, a c aa
PRA~OCTb~ 92 AOn~H~ npOHH~eKTHPOBaTbCR B CHHXpQ$a30TpOH. 
CneAOBaTenbHO, CHCTeMa nepeBOAa AOn~Ha BKn~4aTb B ce6R 
y4aCTOK cenapa~HH, rAe npOHCXOAHT nonHOe pa3AeneHHe HOHOB 
C aapRAHOCTRMH 90, 91 H 92. 

4. npeAnonaraeTCR npOH3BOAHTb OAH0060pOTHY~ HH~eK~H~ 
B CHHXpO$a30TpOH. CneAOBaTenbHO, CHCTeMa nepeBOAa AOn~Ha 
BKn~4aTb y4acTOK cornacoeaHHR nonepe4H~x $aaoe~x o6DeMos 
HH~eKTHpyeMoro H ~HpKynHpy~~ero ny4KOB. 

5. npeAYCMaTpHsaeTCR B03MO~HOCTb TOro, 4T06~ ny40K 
C 3apRAHOCTRMH q=69, 70 H 71, HAY~HH H3 T~Ca , MOr 6~Tb 
npOTpaHcnopTHPOBaH, MHHYR nepeaapRAHY~ MHWeHb H CHHXpo$a30T
poH, B 3KcnepHMeHTanbH~H Kopnyc 16. AnR 3TOrO He06XOAHMO 
pa3BeTBneHHe CHCTeM~ nepeBOAa Ha ABe 4aCT~: OAHY, OCy~eCT
BnR~y~ nepeaapRAKY, cenapa~H~, cornacosaH~e ~ HH~eK~H~ 
B CHHXpo$a30TpOH, H APyry~, OCy~eCTBnR~y~ TpaHcnopTHpOBKy 
HOHOB C aapRAHOCTRMH q=69, 70 H 71 B CTOpOHy 3KCnepHMeH
TanbHOro Kopnyca 16. 

3. OoiJIMI CXEMA C~CTEMbl nEPEBOAA 

06~aR cxeMa CHCTeM~ nepeBOAa noKa3aHa Ha pHc. 1. 0Ha 
nOCTpOeHa Ha MOAYnbHOM npHH~~ne, T.e. COCTO~T H3 nOACHC
TeM, Ka~AaR ~3 KOTOp~X B~nonHReT CaMOCTORTenbHble ¢YHK~HM. 
nepsaR nOACHCTeMa- AXPOM-1 .. 0Ha KOMneHCHpyeT A~Cnepc~~ 
ny4Ka, HAY~ero ~3 _T~Ca. 

~anee cneAyeT noACHCTeMa AXPOM-2 - nOAHRTHR ny4Ka AO 
YPOBHR MeAHaHHOH nnOCKOCTH C~HXpO$a30TpOHa, np~ nOMO~~ 
MarHHTa 5M2 ny40K 3aBopa4HBaeTCR BBepx, a 3aTeM BTOpOH 
MarH~T 6M3 CHOBa B~BOAHT ero Ha ropH30HTanb, HO y~e B 
MeAHaHHOH nnoCKOCTH C~HXpO$a30TpOHa. CHCTeMa CHMMeTpH4Ha 
H axpoMaTH4Ha. Ha B~XOAe AXPOM-2 pacnonaraeTcR nepeaa
PRAHaR M~WeHb nM. 3AeCb ny40K HOHOB C 3apRAHOCTRM~ q=69, 
70 H 71 OfiAHpaeTCR, nocne 4ero OH 6yAeT COCTORTb npaKT~4eCKH 
H3 HOHOB C 3apRAHOCTRMH q=90, 91, 92. 
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P1-1c. 1. 06lllafl cxeMa o1creMbl nepeeoAa. 

TperbR noAc!-1creMa - 3TO noAC1-1CTeMa cenapa~~-1~ CEnAP. np~-1 
noMOll\1-1 cenapl-1PY~ll\ero MarHI-1Ta 5M4 oHa ocy~ecrenReT nonHoe 
pa3AeneH!-1e 3aPRAHOCTe~ q=90, 91 1-1 92 s nnocKOCTI-1 cenap~

PY~ll\ew ll\en~-1 Clll. 
nocneAHRR nOAC1-1CTeMa - 3TO COrnAC, OCyll\eCTBnR~~aR corna

cosaHI-1e nonepe4Horo ~asosoro o6beMa !-1HWeKTI-1pyeMoro ny4Ka 
C aKcenTaHCOM Cl-1HXpOQ330TpOHa. 

nocne MarHI-1Ta 5M3 ny40K passersnReTCR no sepT1-1Kan1-1 
/pl-1c._~/. B OAHOW 4acr1-1 ~l-1Knos ny40K l-1AeT Ha o6Al-1PKY 1-1 l-1HmeK
~l-1~ B Cl-1HXpo¢a30TpOH. Bo BTOpOW 4aCTI-1 - ny40K, Ml-1HYR 
B~Kn~4eHH~~ MarH~T 5M3, l-1AeT B~We, nOTOM np~-1 nOMOll\1-1 MarHHTa 
52M1 B~BOAHTCR Ha ropM30HTanb M HanpaBnReTCR B CTOpOHY 
Kopnyca 15. 

4. PACYET CHCTEMW nEPEBOAA 

CMcTeMa nepesoAa pacc4MT~sanacb np~ noMOll\M nporpaMM~ 

AnR 3BM TRANSPORT 121 

npM pac4eTe nOACHCTeM~ AXPOM-1 Y4MT~Banacb Heo6XOAMMOCTb 
CKOMneHCMpOBaTb AHCnepcM~ Ha B~XOAe M3 THCa. nnR KOMneHca
~MH AMCnepCMH MCnOnb3yeTCR KB3ApynonbHaR nHH33 5¢~ , rpaAHeHT 
M nonomeHHe KOTOpOW B~6MpanMCb TaK, 4T06~ Ha B~XOAe KOMneH-
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4111/l I HA f'IEIIEWIJW(Y M 
lftll~lattQO
CMaOlPOH 

PHc.2. PaseeTBneHHe CHCTeM~ no eepTHKanH, 

cHpyiOU(ero MarHHTa 6M1 T Xta = T x 23 =0. Pacxo,qRUIHHCR e o6e
HX nnOCKOCTRX ny40K nOCTynaeT B nO,qCHCTeMy no,qHRTHR no B~Co
Te AXPOM-2. AnR AXPOM-2 6~nH onpo6oeaH~ paaH~e eapHaHT~ -
TpexnHH30BaR CHCTeMa C noneeo.:\ nHH30H, CHCTeMa CBeHCOHa H 
T.,q., H~ Bee OHH npHBO,qHnH K 6onbWHM anepTypaM B nHH3aX 
H MarHHTaX. 0KOH4aTenbHO ,qnR 3TOH no,qCHCTeM~ 6~na B~6paHa 
axpOMaTH4eCKaR CHMMeTpH4HaR, TpHnneTHaR CTpyKTypa. rpa,qHeH
T~ B nHH3aX 6~2, 6~3, 6~4 B~6HpanHCb TaK, 4TO B nnOCKOCTH 
CHMMeTpHH CHCTeM~ 6~n pacnonomeH ABOHHOH KpOCCOBep, ax=ay= 

=O,H, KPOMe Taro, y,qoeneTeopRnHcb ycnoBHR axpoMaTH3Ma Ty
13

= 
=0. Ha e~xo,qe AXPOM-2 ny40K cxo,qHTCR e o6e11x nnocKOCTRx, 
4TO 04eHb eamHo ,qnR ,qanbHe.:iwero TpaHcnopTHpoeaHHR ny4Ka 
K 3KCnepHMeHTanbHOMy KOpnycy 16, a TaKme ,qnR pa_3MeUleH11R 
Ha e~xo,qe AXPOM-2 nepe3apR,qHo.:i MI1WeHH. 

no,qci1CTeMa pas,qeneHHR sapR,qHocTe.:i q =90, 91, 92 nocne 
nepesapR,qK11 co,qepmHT cenapHpy~Ul11H MarHI1T 6M4 11 Kea,qpynonb
H~e ni1H3~ 6~8, 6n9, 6~10. rpa,ql1eHT B ni1H3e fi~8 B~611pancR 
TaK, 4T06bl exo,qHOH ny40K 11Men Kpoccoeep no X, pacnonomeH
H~H KaK MOmHO ,qanbwe OT BXO,qa B 6M4. noTOM TPI1nneTOM, 
o6pa30BaHH~M 113 ni1H3 6a9 11 6•10 11 HaKnOHHOrO BXO,qa B MarHI1T 
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P11c.3. OrH6a~11111e B CHCTeMe nepeeo,qa. 

6M4, ~opMHpoeancR Kpoccoeep ny4Ka no X c 04eHb ManeHbKHM 
ni1HeHH~M pasMepOM B nnOCKOCTH cenapHpy~UleH UlenH, B TO me 
epeMR o6ecne411BancR npHeMneM~H pasMep ny4Ka no Y. Pas,qene
HI1e no 3apRAHOCTRM B nnOCKOCTH cenapHpy~UleH 111en11 noKa3aHO 
Ha PHC. 4. 

nocne,qHRR no,qcHcTeMa cnym11T ,qnR cornacoeaHHR ~asoeoro 
o6beMa HHmeKTHpyeMoro ny4Ka C aKcenTaHCOM CI1HXpo~a30TpOHa. 
CornacoeaHHe 4>asoeb1x o6'beMoe npoH3BOAI1TCR 4eT~pbMR nHH3aMI1 
6a11, 6~12, 6a13, 6~14. Hx rpa,ql1eHT no,q6HpancR 113 ynOBI1H, 
4T06bl Ha e~xo,qe COrilAC napaMeTpbl a , f3 , y , a , f3 , y 

X X X y y y HMen11 HYmHble 3Ha4eHI1R. 

npe,qnonaraeTCR npOH3BOAI1Tb OAH0060p0THY~ 11HmeK~I1~ B CI1H
Xpo~a30TPOH. Hs-sa o4eHb 6onbworo 3Ha4eHI1R ~x HeeosMomHo 
OCYUleCTBHTb cornacoeaHHY~ no 11MnynbcaM HHmeK~11~. 3To Tpe6o
eano 6bl 04eHb 6onbWI1X anepTyp B MarHI1TaX, OCYUleCTBnR~UIHX 
11HmeK~11~. 

3neMeHT~ TpaKTa 11HmeK~I1M 11 OrH6a~UlaR ny4Ka B 3TOM TpaK
Te noKasaH~ Ha p11c. 5. 3To cenTyM-MarHI1T CM, pacnonomeH
Hbl.:i B npoMemyTKe Mem,qy 1 11 2 KBa,qpaHTaMI1 YCKOPI1TenR, 11 
y,qapH~H MarHI1T YM, pacnonomeHH~H e npoMemyTKe Mem,qy 2 11 3 
KBa,qpaHTaMI1 YCKOPI1TenR. 
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PVIc.4. 
~en111. 

X,CM 

ct=92 
8,Mpa~ 

Pa3AeneHV!e no 3aPRAHOCTRM B nnocKoCTVI cenap111py~~e~ 

z ~ 

q I KBA.QPAHT D KBAllPAHT ~ i1I KBAaPAHT 
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P111c. 5. 3neMeHTbl rpaKra ~HlKeKI..IVIVI s c~Hxpo(j)a30TPOH 111 or1-16a~~1-1e 

ny4Ka. 

8 

I 
I 

~ 

napaMeTp~ Bcex 3fleMeHTOB C~CTeM~ nepeBOAa ~3 THC B C~H
xpo(j)a30TpOH AaH~ B Ta6n~t.~ax 1 ~ 2. 

B 3aKn~4eH~e xo4y s~pa3~Tb 6naroAaPHOCTb H.6.Hcc~H
CKOMy, B.A.M~xa~nosy, 6.B.Bac~n~w~HY ~ B.H.4epH~Kosy 3a 
nnOAOTBOpHoe COTPYAH~4eCTBO. 

Ta6n~1..1a 

» LM B Krc 131 ao f32 
6M1 2,9 18,0 0,0 30,0 0,0 
6M2 1 '0 5,0 0,0 2,9 0,0 
6M3 1 '0 5,0 0,0 2,9 0,0 
6M4 2,9 18,0 45,0 40,0 0,0 
YM 1,27 0,5 0,0 0,485 0,0 
CM 3,75 10,0 0,0 28,6 0,0 
62M1 1 '0 5,0 0,0 2,9 0,0 

L -An~Ha MarH~Ta, B- none, {3 1 - yron BXOAa B MarH~T, a
yron nosopoTa, {3 2 - yron B~XOAa ~3 MarHVITa. 

Ta6n~1..1a 2 

No L CM B Krc a CM 

6(j)1 0,5 6,57 10,0 
6,[12 1 '0 -7,76 10,0 
6(j)3 1 '0 10' 1 10,0 
6,[14 1 '0 -10,0 10,0 
6,[15 1 '0 -10,0 10,0 
6<!>6 1 '0 10' 1 10' 0 
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npoAonmeHVIe Ta6nf1L\bl 

5.07 1 '0 -7,76 10 '0 

5.Q8 1 '0 -2,5 10 '0 

5.09 1 '0 -7,0 10 '0 

Ei¢110 1 '0 6,43 10,0 

5.Q11 1 '0 -7' 11 10 '0 

5¢112 1 '0 9 '73 10 '0 

5.013 1 '0 -12,0 10 '0 

Ei¢114 1 '0 1 n ,o 10 '0 

52¢11 0,5 0,5 10,0 

52.02 0,5 -1 ,67 10 '0 

L- Anf1Ha nf1H3bl, B - none Ha nontoce, a - paAVIYC anepTypbl. 
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