
H .JI .3anJianm . C .J.1.'lecHosa 

BAPYIAHT 

CDDfilllBHMR 
DfibBAMHBHHOrO 

MHCTMTYT8 
RABPHbiX 

MCCIBADB8HMI 

AYfiH8 

J'h- 8D 
pg - 12832 

TPAHCOOPTHOM Ct1CTEMbl t1H)I(EKUt1t1 OY'IKA 

8 CYOEPUYIKJIOTPOH 



3annaTHH H.n., 4ecHoea C.H. pg - 12832 

BapHaHT TpaHCnOpTHOH CHCTe~ HH~eK~HH ny4Ka 
B cynep~HKnOTpOH 

npHBOA~TC~ pe3ynbTaT~ pac4eTa eapHaHTa HH~eK~HH ny4Ka 
npOTOHOB, Kor,qa . nHHeHH~H YCKOPHTenb HaXOAHTC~ B~We CeKTO
pOB MarHHTHOH CHCTeM~ cynep~HKnOTPOHa.CHCTeMa TpaHCnOpTHpoe
KH HH~eKTHpyeMOrO ny4Ka paCC4HT~Banacb no nHHeHHOH TeOpHH 
c Hcnonb30BaHHeM nporpaMM~ TRANSPORT. Hccne,qoeanocb enH~
HHe npOCTpaHCTBeHHOrO 3ap~,qa Ha napaMeTpbl TpaKTa. ny40K 
annpOKCHMHpoeanc~ COBOKynHOCTb~ paBHOMepHO 3ap~~eHH~X 
3nnHnTH4eCKHX ~HnHHAPOB . YpaeHeHH~ orH6a~Hx ny4Ka /ypae
HeHH~ Bna,qHMHPCKoro-Kan4HHCKoro/ HHTerpHpoeanHCb 4HcneHHO 
Ha 3BM . Pac4eT~ noKaaanH, 4TO npH 3MHTTaHce ny4Ka £ = 
= 0,5 TT CM.Mpa,q H TOKe 100 MA pa3Mepbl OrH6a~IIIHX B CHCTeMe 
TpaHcnopTHPOBKH He npee~wa~T 4 eM, aaaop~ e MarHHTax 
COCTaBn~~T -/2+3/ CM. 

Pa6oTa B~nonHeHa B na6opaTOPHH ~,qepHbiX npo6neM OHRH. 

Coo6WeHHe 06'bellHHeHHOrO HHCTHTYTS SlllepHbiX HCCnellOBSHHII. lly6Ha 1979 

Zaplatin N.L., Chesnova S.l. pg - 12832 

A Beam Transport Line for Proton Beam Injection 
to the Supercyclotron 

The results of calculating the beam transport line for 
proton injection to supercyclotron with the LINAC posi
tioned above the magnetic system are presented. The beam 
optics were calculated by using the linear theory and 
TRANSPORT computer program. Space charge effects on the 
channel parameters were studied. The beam was approximated 
as a totality of elliptical cylinders with a uniform charge 
distribution. Beam envelope equations (Vladimirski-Karpinski 
equations) were numerically solved by computer program. 
The calculations indicated that for the proton current of 
100 rnA and emittance 0,5rr cm.mrad the envelope is not 
more than 4 em, the magnet gaps are-( 273) em. 

The investigation has been performed at the 
Laboratory of Nuclear Problems, JINR. 
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BBE,QEHHE B na6opaTOPHH ~,qepH~X npo6neM OHRH 
npOBOAHTC~ Hay4HO-HCCne,qoBaTenbCKa~ 

pa6oTa no CHnbHOT04H~M ~HKnH4eCKHM 
ycKopHTen~M c 3HeprHeH ,qo 1 f3B. PeaynbTaToM 3TOH pa6oT~ 

~BHnOCb npe,qno~eHHe 0 C03,qaHHH cynep~HKnOTPOHa C ~eCTKOH 
<)>oKycHpoeKoH Ha 3Hep rH~ npoToHoe - 800 M3B npH HHTeHCHBHoCTH 
ny4Ka ennoTb ,qo 100 MA l t! . B Ka4eCTBe HH~eKTopa npe,qnonara
eTc~ HCnOnb30BaTb nHHeHH~H YCKOpHTenb C B~COK04aCTOTHOH 
Kea,qpynonbHOH <l>oKYCHPOBKOH, pa6oTa~IIIHH npH 4acToTe 50 Mf~12/ 
OcHOBH~e napaMeTp~ ny4Ka Ha e~xo,qe H3 nHHeHHoro ycKopHTen~ 
cne,qy~He 1 3 1 : 3HeprH~ H TOK npoToHoe WP = 50 M3B, Ip = 
= 100 MA, HOpManHaoeaHH~H 3MHTTa.Hc /e eAHHH~ax {3 • x. f- I 
Fx =Fy = /0,5+ 1/ CM.Mpa,q, paa6poc no HMnynbcaM ~0,3:& , <Pa
aoea~ AnHHa crycTKa-0,5 pa,q, ,qnHHa -15,3 eM. 

B HaCTO~II.IeH pa6oTe paccMaTpHeaeTc~ eapHaHT HH~eK~HH ny4Ka 
npOTOHOB, B KOTOPOM nHHeHH~H YCKOPHTenb HaXOAHTC~ B~We ceK
TOPOB MarHHTHOH CHCTeM~ ~HKnOTPOHa. ny40K npOBO,qHTC~ KBa,q
pynonbH~MH 3neMeHTaMH AO BepTHKanbHOH OCH MarHHTHOH CHCTeM~, 

a aaTeM ABYM~ 90-rpa,qycH~MH MarHHTaMH TpaHcnopTHpyeTc~ 
B Me,qHaHHY~ nnOCI<OCT b H ,qanee BBOAHTC~ noBOpOTHbiM Ma rHHTOM 
H 3neKTpOCTaTH4eCKHM HH$neKTOPOM B l<aMepy YCKOpHTen~. 

BM60P H OnTHMH3AUHR 
nAPAMETPOB TPAKTA 
HH>KEKUHH 

npH npOei<THpOBaHHH HOHHo-onTH-
4eCKHX CHCTeM TpaHcnopTHPOBKH 
ny4KOB 06~4HO HCnonb3Y~T MHHH-
ManbHO B03MO~Hoe 4Hcno 3neMeH
TOB B TpaKTe, CTaH,qapTH~e 

KBa,qpynonH H npOCT~e no I<OHCTPYK~HH MarHHT~ C ManoH anep
TYPOH. Bee BbiWeHano~eHH~e npHH~Hn~ 6~nH nono~eH~ e ocHoey 
npe,qnaraeMoro eapHaHTa TpaHcnopTHPOBI<H ny4Ka OT HH~ei<Topa 

AO I<Onb~eeoro YCI<OPHTen~. noKa3aHHa~ Ha PHC. 1 HOHHO-onTH-
4eCI<a~ CHCTeMa COCTOHT H3 Tpex OCHOBH~X 4aCTeH, HMe~II.IHX 

paanH4Hoe Ha3Ha4eHHe. Ha nepeoM y4aCTI<e nposo,qKa ny41<a ,qo 
MarHHTa M1 ocyll.leCTsn~eTc~ TPHnneTaMH T1, T2, T3. BTopoH 
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P~c. 1. CxeMa ~HmeKLt~~ ny4Ka e KOnbLteBo~ Lt~KnoTpoH. 
• 

W•fDII• 

P~c. 2 . CxeMa TpaKTa ~HmeKLtHM a LteHrpanbHO~ o6nacTH cynep
LtHKnoTpoHa . 
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y4acTOK - c~MMeTp~4HaR c~cTeMa ~3 ABYX MarH~Toe M1 , M2 
~ AY6neTa QlQ2 - npeAHa3Ha4aeTCR AnR nepeeoAa ny4Ka e Me
A~aHHY~ nnocKOCTb yct<op~TenR. TpeT~~ y4aCTOK, cocTOR~~~ 
~3 MarH~Ta M3 ~ AY6neTa Q3 Q4, HaxoA~TCR e LteHTpanbHo~ o6-
nacT~ KOnbLteeoro Lt~t<noTpoHa /p~c. 2/ ~ RBnReTCR Ha~6onee 
Ba*H~M B C~CTeMe, Tal< t<aK cny*~T AnR noeopoTa ny4Ka Ha BXOA 
~H¢net<Topa H cornacoeaH~R ¢a3oe~x o6aeMOB ~H*eKT~pyeM~x 
~ 3axeaT~eaeM~x e pe*~M yct<opeH~R ny4KOB, nonHaR An~Ha 
c~cTe~ - 25 M. reoMeTp~4ecK~e napaMeTp~ MarH~TOB - yron 
noeopoTa a, paA~YC t<p~B~3H~ oceeo~ Tpaet<Top~~ p, a Tal<*e 
Tpe6ye~e np~ 3TOM ~HAYKLI~~ nonR B - np~BeAeH~ e Ta6n~Lte. 

Ta6n~1.1a 

MarH~Tbl a p B 
/rpaAf /M/ /Krc/ 

M1 90 1 10,3455 
M2 90 1 10,3455 
M3 85 0,8 12,932 

AnR Taro, 4T06bl OLteH~Tb Tpe6oeaH~R K ¢oPM~poeaH~~ ny4Ka 
TpeTb~M y4aCTKOM TPaKTa, 6bln~ npoBeAeHbl paC4eT~ Tpaei<TOp~~ 
e 30He ~HmeKLt~~ e ~.tenRx onpeAeneH~R nponycKHO~ cnoco6HOCT~ 

~H¢neKTopa.B 3T~x pac4eTax ~cnonb3oeanocb pacnpeAeneH~e nonR, 
nony4eHHOe Ha MOAen~ MarH~HIO~ C~CTeMbl cynepLt~KnOTPOHa 
B MaCwTa6e 1: 15 ! 41. PacCCTORH~e MemAY coceAH~M~ op6~TaM~ 
4acT~Lt e Lt~KnOTPOHe np~ Ha6ope 3Hepr~~- 2 M3B 3a o6opoT 
COCTaBnReT- 4 CM, 4TO AOCTaT04HO AnR o6XOAa nnacT~Hbl ~H¢J1eK
TOpa. AnR Bbt6paHHO~ cxeMbt npoBOAK~ y ron Me*AY ocbto ~HmeK
T~pyeMoro ny4Ka ~ paaHoeecHo~ op6~Toi1 np~ 3Hepr~~ W =50 M3B 
cocTaanReT -15°. O~.teHK~ noKa3b1Ba~T, 4TO AJ1R noeopoTa ny4Ka 
Ha paBHOBeCHyto op6~TY Heo6XOA~Ma HanpR*eHHOCTb 3J1ei<TP~4eCKO

ro nonR -75 KB/cM np~ AJ1~He ~H¢net<Topa -100 eM. Ecn~ e~6paTb 
paCCTORH~e MemAY nnacn1Ha~ /1 ,5+2/ CM, TO TaKOi1 ~H¢11eKTOp 
cnoco6eH nponyCT~Tb ny40K C paAHaJ1bHOi1 paCXOAHMOCTbto 
-/15+20/ MPaA. 

CHCTeMa TpaHcnopTHPOBK~ HHmeKT~pyeMoro ny4Ka pacc4~T~Banacb 
no nHHei1Hoi1 TeopH~ 1 5 1 c Hcnonb3oaaH~eM nporp~MMbt TRANSPORT 16/ 
AJlR o6naCT~ HH~eKLt~~. rAe BJ1~RHHe Kpaeaoro nOJ1R CTaHOB~TCR 

3Ha4~TeJ1bHbiM, npOBOA~n~Cb paC4eT~ TpaeKTOpHi1 Ha 38M no T04-
Hb1M ypaeHeHHRM AB~meH~R. B Ka4eCTBe ~CXOAHOro Hcnonb3oeancR 
ny40K C 3MHTTaHCOM f X- f y=0,5.1T • CM •MpaA /p~C. 3/. ¢OpMa 
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x,y'J (l'lpaa> 

!I 

r,y(lflf) 

PHc. 3. 3MHTTaHc HH
*eKTHpyeMoro ny4Ka. 

B~6paHH~X 3nnHnCOB nOA06Ha nony4eHH~M 3KCnepHMeHTanbHO 
Ha B~XOAe nHHeAHoro yCKOPHTenR C KBaApynonbHOA B~COK04aCTOT
HOA $OKYCHPOBKO~ YPAn-15, npeACTaBnR~~ero coooA Ha4anbHY~ 
4aCTb HH)!{eKTopa AnR 6ycTepa npoTOHHoro CHHxpoTpoHa H$83

1 7
•
8

/ 

Pac4eT~ no onTHMH3a~HH TpaKTa HH*eK~HH npHBenH K CHCTeMe, 
noKa3aHHOA Ha pHc. 4 I r x , r y - paAHanbHble H aKcHanbH~e 
orH6a~~He ny4Ka B KPHBOnHHeAHoA CHCTeMe KOOPAHHaT X , Y , 

S C Ha4anoM Ha BbiXOAe nHHeAHoro yCKOpHTenRI. $oKyCHPOBKa 
ny4Ka Ha BXOA MarHHTa M1 TpHnneTaMH nepsoro y4aCTKa o6ecne-
4HBaeT Manble pa3Mepbl orH6a~~HX B MarHHTax I- 2 CMI. npH 
3TOM rpaAHeHT~ KBaApynoneA s TpHnneTax He npes~wa~T 
0,5 KrclcM. Ha BTopoM y4aCTKe ny4oK npoBOAHTCR MarHHTaMH 
M 1 , M2 c OAHOPOAH~M non eM H KBaApynon bHbiM AY6neToM Q 1 Q2 , 
pa6oTa~~HM KaK BepTHKanbHO-$OKyCHPY~~aR nHH3a C rpaAHeHTOM 
0,2 KrclcM. 0TKnOHeHHe ny4Ka H $OPMHPOBaHHe ero Ha BXOAe 
HH$neKTOpa OCy~eCTBnReTCR Ha nocneAHeM y4aCTKe TpaKTa AnH
HOA- 3 M, rAe npHMeHeHHe AY6neTa Q3Q4 c rpaAHeHTaMH nonR 
-1,0 KrclcM n03BOnReT CKOMneHCHPOBaTb BnHRHHe paCCeRHHOro 
nonR yCKOPHTenR H nony4HTb ny40K Ha BXOAe B HH$neKTOp C 
pa3MepaMH 2rx= 0, 7 CM H 2ry= 0,8 CM H paCXOAHMOCTRMH 
2r; = 7 MpaA H 2 r ~ = 8 MpaA lpHc. 461. YsenH4eHHe pa3Me
pa ny4Ka B KOH~e CHCTeM~, o6ycnosneHHOe nHHeAHoA AHCnepcHeA 
MarHHTOe,COCTaBnReT B CpeAHeM 40%. 
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2. 

r9UCN> ~ 

ceiCmop 
ljCICO,PU.meiiJI 

Qffl2 IIJIJit II 
rfi u • u~u 

a) 

'S(II) 
Z5 

nil~ 

lj 

-~ y lA + f X,!f(Cif) 

-If d) 

PHc. 4. 0rH6a~~He H $a3os~e 3nnHnc~ Ha KOH~e TpaKTa npH I =0. p 

A,nR CHnbHOT04HbiX ny4KOB npH npoeKTHPOBaHHH TpaHCnopTHbiX 
CHCTeM He06XOAHMO y4HTbiBaTb 3$$eKT~ npOCTpaHCTBeHHOrO 3apRAa. 
Y4eT 3neKTPH4ecKoro noTeH~Hana co6cTseHHoro nonR crycTKa 
B npeHe6pe*eHHH ero MarHHTHbiM noneM npHBOAHT K cneAy~~eA CHC
TeMe ypaBHeHHA ABH*eHHR 4aCTH~ / g / : 

d 2x e v e . a TT 
---::-2 =- -- • B ( x, y, z)- -- • -- , 
d t m0 Y Y m0 y 3 a X 

111 
2 
~=~B (x y z)- _e_, au 
dt 2 ffi 0 y X ' ' m0y 3 a y ' 

2 
d z =- _e_. au 
d't"2 my 3 az . 

0 

B pa6oTe 1 10 1 6~no noKa3aHo, 4TO ecnH annpoKCHMHposaTb ny-
40K COBOKynHOCTb~ paBHOMepHO 3aPR*eHH~X 3nnHnCOHAOB C nony
OCRMH rx , r y , P, TO ennoTb AO rx i Y =0,5; ryl f = 0,5 none
pe4Hble KoMnoHeHTbl co6c.TBeHHoro nonR ny4Ka OYAYT cna6o 3asH
ceTb oT AnHHbl crycTKa. B paccMaTpHsaeMoM cny4ae AnR HH*eKTH-

pyeMoro ny4Ka rx / Y =0.15; ry i Y = 0,1 . B 3TOM cny4ae MO*Ho 
npeACTaBHTb ny40K B B~Ae 6eCKOHe4HO An~HHOrO 3nn~nTH4eCKOrO 
~Hn~HAPa c noTeH~HanoM 

277 ('0 2 
U (x, y) =- --- ( 1 ,.x 1 r x y 2 ) , 

r + r · 
121 

X ':/ 
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rAe nnOTHOCTb aapRAa 

P = ei 
0 77{3cyr r 

X y 

I I - n11 K08bll'1 TOK/. 
B np116n11~eH1111 ni1He~Ho~ aa811CI1MOCTI1 8HeWHI1X c11n K(s).x 

11 K ( s) • y oT nonepe4HbiX paaMepo8, 4TO 11MeeT MeCTO AnR 3ne
MeHT08 110HHO-onTI14eCKI1X CI1CTeM C AOCTaT04HO~ T04HOCTb~, 
ypa8HeHI1R A811~eHI1R B KP11BOni1He~HO~ CI1CTeMe KOOPA11HaT ·npi1HI1-
Ma~T 811A: 

d 2x [ ] --+ K (s)-C (s) .x .. 0, 
ds2 x Y 

d2 
_Y_ +[ K (s)- C (s)]. y=O, 
d s 2 y y 

131 

rAe C/s).x= (g i , CY(s)·Y= (g , - Ae<I><>KYCI1PY~llt11e 
rx rx+r r r +r 

. y y X 

Cl1nbl KynOH08CKOrO pacTanK11BaHI1R B Ka~AOM Ce4eHI111 ny4Ka, 
4I 4 7 

g=7J"yt
0 

• Io~ 3,1 ·10 A /AflR npoToHoe/. 

.l\nR pacl.feTa or116a~ut11x ny4Ka rx 11 ry 113 ypa8HeHI1~ /3/ Mo
ryT 6b1Tb nony4eHbl ypa8HeHI1R Tl1na BnaA11MI1PCKoro-Kan411HCKo
ro 111 1: 

(2 
_x_=O, ~ - 3 ~+K(s)rx-r+r rx 2 

X X Y ds 

2 2 
d ~ g fy 
-:-:Jr- + KyCs)ry- ---- .,-~o 
ds rx +ry ry 

nocneAHI1e ypa8HeHI1R 411CneHHO 11HTerpl1poeani1Cb Ha 38M 8 ~e
flRX aHan113a 8fli1RHI1R npOCTpaHCT8eHHOrO 3apRAa Ha napaMeTpbl 
ny4Ka. Pacl.feTbl not<aaan11, 4TO AflR 11ccneAYeMoro ny4Ka c TOKOM 
npoTOH08 Ip= 100 MA /ni-1K08bl~ TOK I= 1 ,3 A/ Ae<I><>KYCI-1P08t<a 
OT npocTpaHCT8eHHOrO 3apRAa 3Ha411TenbHa 1-1 COCTaBnReT -20% 
OT cpeAHe~ 8efli-141-1Hbl ' l)>ot<yCI-1PY~ute~ Cl1nbl 8 Tpat<Te, 4TO npi180-
A11T K 6onbWI1M OTKnOHeHI-1RM OT Orl-16a~uti1X, paCC411TaHHbiX AflR 

Hyne8oro Tot<a, K nepeA81-1~eHI-1~ Kpocco8epo8, y8enl-14eHI1~ Tpe-
6yeMo~ anepTypbl 3neMeHT08 1-1 paccornaco8aHI-1~ ny4Ka /p11c. 5/. 
.l\nR I<OMneHca~l11-1 8ni1RHI-1R 3~eKT08 npOCTpaHCT8eHHOro 3aPRAa, 
Kat< noKa3anl1 pacl.feTbl, Heo6XOAI-1MO y8eni141-1Tb ~eCTKOCTb l)>ot<y
CI-1p08K11 8 CI-1CTeMe. Ha nep8oM yl.facTKe Tpat<Ta e aaHoeo co
rnacoeaHHO~ CI1CTeMe /p1-1c. 6/ 3TO AOCTI-1raeTCR y8enl-14eHI-1eM 
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rc~~ 0 u LJ f RtH 
2 I \jj 
1 I 

2 

3 
lt ll~ 

r9tcclf) 

,, 
I \ 
I \ 

\ 

Ill mnl~' 
-1•0 
--- I•fOOHA 

·& S(H) 

P11c. 5. npi1Mep paccornacoeaHI-1R B CI1CTeMe npl1 yl.feTe npocTpaH
CT8eHHOro 3apRAa . 

4f, 

5 - ·s(..,) 

n 
ty(cH)JIDyl(lf) a) 

-1 

.2;y~(..,paD) 
t 

•1 . "x,!J(CH) 

0) 

P11c. 6. Or116a~ut11e, A1-1Cnepci1R, YAni-1HeHI-1e crycTKa 11 ¢aaoBble 
3nnl1nCbl Ha KOH~e cornacoeaHHO~ CI1CTeMbl np11 I = 100 MA. p 

rpaA11eHT08 KBaApynone~ e Tpl1nneTax 8 cpeAHeM Ha 40 %, Ha 
BTOpOM 11 TpeTbeM yl.faCTKaX 3¢¢eKTI-18HbiM OKaaanOCb B8eAeHI1e 
rpaA11eHTHOi1 ¢ot<ycl-1p08KI1 8 MarHI1Tax M1, M2 (n == 0,5) 11 aHat<o
nepeMeHHOro cna6o¢ot<yCI1PY~utero rpaA11eHTa e M3. Beni1411Hbl 
or116a~uti1X 8 CI1CTeMe TpaHCnOpTI-1p08KI1 yeenl141-18a~TCR np11 3TOM 
B cpeAHeM Ha 15%. Kat< noKa3aHO Ha PI1C, 66, 8 KOH~e Tpat<Ta 
c¢opMI1POBaH ny40K C pa3MepaMI1 2rx=0,8 CM, 2r y = 1,2 CM 
/A11cnepc11R 1Dx l=1 ,.., 11 1Dzl=2 M y8eni-1411BaeT 3TI-1 paaMepbl 
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Ha 0,3 1-1 0,6 CM/ H paCXOAHMOCTRMH 2r~ 2 8 MPaA, 2r~ = 
= 6,5 MpaA, 4TO HaXOAHTCR B npeAenax nponyCKHOH cnoco6HOCTH 
HHc)>.neKTOpa. YAnHHeHHe cryCTKa COCTaBnReT f1f "' 4 CM 1-1 MO
meT 6~Tb CKOMneHCHPOBaHO nOCTaHOBKOH Ae6aH4epa nepeA Mar
HHTOM M1. 

3AKJJ104EHHE nony4eHHaR CHCTeMa TpaHcnopTHPOBKI-1 
MOmeT 6~Tb OAHHM 113 B03MOmHbiX eapl1aH
TOB npOBOAKI-1 ny4Ka OT 11HmeKTOpa AO 

cynep~HKnOTpOHa. npl-1 3MHTTaHCe ny4Ka £: 0,5 TT • CM •MpaA 1-1 TOKe 
100 MA pa3Mep~ OrH6a~~HX B CHCTeMe TpaHcnopTHPOBKI-1 He npe
B~Wa~T 4 CM, 4TO n03BOnHT HCnOnb30BaTb CTaHAaPTH~e Mano
anepTypH~e KBaApynonbH~e 3neMeHT~. 3a3op~ a MarHHTax co
CTaBnR~T -/2+3/ CM, no3TOMy aMnepBI1TKI1 B HHX AOCTHra~T 
pa3yMHOA eenH41-1H~. 

HccneAOBaHHe anHRHHR npocTpaHCTBeHHoro 3aPRAa Ha napaMeT
P~ TpaKTa noKa3ano, 4TO Beni14HHa Ae¢oKYCI1py~eH Cl1n~ Kyno
HOBCKOro paCTanKI1BaHHR COCTaBnReT -20% OT cpeAHeH eenH4HH~ 
$0KyCHpy~eH Cl1n~ H MOmeT 6~Tb CKOMneHCHPOBaHa ysenH4eHHeM 
meCTKOCTI-1 B CHCTeMe. 
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