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KneHHH B.A., Koanos C.H. 9 -. 10989 

0 B03MO*HOCTH C03li8HHH HB OCHOBe TpeXMeTpOBOrO UHKnOTpOH8 

011 5HI H30XpOHHoro UHKnoTpOHa CBepXTH*enbrX HOHOB. 

naeTCH ~H3HqeCKOe 060CHOB8HH8 B03MO*HOCTH peKOHCTpyKUHH TpeXMeTpO 

BOrO UHKnoTpOHa OHHH B H30XpOHHblH UHKnoTpOH CBepXTH*enbiX HOHOB C nua

MeTpOM nonrocoB 560 CM H KOHequoli aueprueli Ek= (2100-2300) Z 2/A MaB. 

UuKnoTpoH noasonuT ycKopHTb HOHbr oT Ar no U liO aaepruli 12,0- 7,0 MaB/ 

HyKnOH. npHB8li8Hbl OCHOBHbl8 napaMeTpbl UHKnOTpOHa. 

Pa6ora Bbrnonaeaa B lla6oparopuu snepHbrX peaKUuli Ol1HH.. 

Coo6wea•e 06WJUIHeaaoro •acT•TYT& •.aep•wx •ccJJe.aoNB•I· .llY6aa 1977 

Klenin B.A., Kozlov S.l. 9 - 10989 

On a Pos sibilty of Construction on the Basis of JINR 
Three Meter Cyclotron of Isochronous Superheavy Ion 
Cyclotron 

Physical basis is presented for the possibility of construction 
on the basis of the U-300 cyclotron of isochronous cyclotron for 
acce1era tion of superheavy ions with the final energy Ek •(210Q-2300) 
Z 2 /A. The aim is reached by the introduction of :a) new eyelet. 
ron poles 560 in diameter; b) of additional magnetic circuits; c) of 
the gaps in magnetic circuits having magnetic field which cause the 
increase in acceleration radius. The cyclotron consists of a cyclotron
injector positioned between the central poles and a cyclotron with 
divided sectors in the gaps of magnetic circuits. The cyclotron will 
permit to accelerate ions from Ar to U u~to 12-7 MeV/nucleon 
energies with the beam intensity 1014 '-10 I I/s. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, J INR. 
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Coopy)KaeMbiH B na6opaTOpHH MepHbiX peaKUHH qeTbl

pexMeTpOBbiH H30XpOHHbiH UHKnOTpOH /1/ HBHTCSI MHOroue

neBbiM yCKOpHTeneM TSI)KenbiX HOHOBo 0H ll03BOnHT ycKo

pSITb HOHbl B JlH8ll830He Mace 20 ::;_ A !>: 140 JlO SHeprHH l 

.... to MsB/HyKnOH e HHTeHCHBHOCTSIMH ny'!KOB 1014 - 10 t•.l 

C BBOJlOM B eTpoii: UHKnoTpoHa Y-400 cymecTBeHHO 

paCrnHpSITCSI B03MO)KHOeTH HeeneJlOBBHHH KBK B o6naCTH 

$H3HKH TSI)KenbiX HOHOB 1 TaK H JlnSI perneHHSI pSIJla npHKnaJl

HbiX 38JlB'Io 0JlH8KO 6onbillOH HHTepec K ycKopeHHbiM nyq

KBM HOHOB Bee 6onee TSI)KenbiX sneMeHTOB 1 o6ycnoaneHHbiH 

3H8'IHTenbHbiMH ycneX8MH 1 JlOCTHrHyTb!MH B $H3HKe TSI)Ke

nbiX HOHOB 38 nocneJlHHe 10-15 neT /2-8/, H B eBSI3H e 

nocTaHOBKOii: pMa HOBbiX iflYHJlaMeHTanbHbiX aaJla'I, Tpe6o

aan paapa60TKH H C03Jl8HHSI yCKOpHTeneii: TSI)KenbiX HOHOB 

BllnOTb JlO ypaHa. DoeTaTO'IHO H83B8Tb T8KHe H3 HHX 1 K8K 

UNILAC 19( GANIL /lO/, SUPERHILAC Ill/. Bee OHH Hcnonb-

aylOT slflifleKT nepeaapHJlKH JlnSI llOBbiilleHHSI 38p51Jla HOHOB 

a npoueeee yeKopeHHSI. 

flpSIMOH UHKnoTpOHHb!H MeTOJl yCKOpeHHSI smnSieTCSI Tpa

JlHUHOHHbiM JlnSI na6opaTOpHH HJlepHbiX peaKUHH. KpoMe 

Toro, STOT MeTOJl ll03BOnSieT nony'!aTb HaH6onee HHTeHCHB

Hbie ny'!KH HOHOB no epaBHeHHlO CO BeeMH oeTanbHbiMH 

MeToJlaMH. flocne aanycKa ycKopHTenSI Y-400 nosmHTCSI 

B03MO)KHOCTb peKOHCTpyKUHH UHKnoTpoHa Y-300 c uenblO 

e03Jl8HHSI M8illHHb1 1 CllOC06HOH yCKOpSITb HOHbl BllnOTb JlO 

ypaaa. 

B JlBHHoii: pa6oTe npHBOJlHTCSI $H3H'!eeKoe o6ocHoBaHHe 

B03MO)KHOCTH peKoHcTpyKUHH UHKnoTpoaa Y-300 a H3o

xpoHHbrii: UHKnOTpOH C JlHBMeTpOM nonlOCOB 560 CM (Y -560). 
UHKnoTpoH noaaonHT ycKopSITb HOHbi B JlHanaaoHe Mace 
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40$ A :::;,240 ao aaepruii: 12-7,0 MaB/ayKn. l1aTeHCHBHOCTH 
ny"'KOB npH 9TOM COCT8BSIT 1014 - }Q11 c-l 

YCOBEPWEHCTBOBAHI1E 3flEKTPOMAfHI1TA 
UI1KflOTPOHA Y-300 

3neKTpoMarauT Knaccu"'eCKoro UHKliOTpoaa Y-300 SIBliSI
eTCSI aneKTpoMarauToM W-oopaaaoro Tuna, uMeJOIUUM aua
MeTp noliiOCOB 310 CM H B03llYlllHbiH aa:aop Me>KllY HHMH 
42 CM. MaKcuManbHbiH ypoaeHh MarHHTHoro nonS~, coaaaaa
eMbiii B 3830pe, COCT8BliSieT 18,6 K3 npu TOKe B OOMOTK8X 
aoaoy>KaeHHSI -2500 A. 0THOllleHue ce'!eHHSI SlpMa - 2 S H 
K Ce'!eHUJO nonJOCa - S n COCT8BliSieT 2, 1. 

Yaenuqeaie HR aneKTpoMarauTa aocTnraeTcSI: 1 )yMeHh
llleHueM cpeaaero aoaaylllaoro aaaopa ao 200 MMi 2 }ycTa
HOBKoii: HOBbiX nOliiOCHbiX H8KOHe'lJHHKOB llU8MeTpOM 5,6 M ( 1) 
(puc. 1) i 3) BBe]:leHHeM aonOliHUTenbHbiX OOMOTOK (2), B 
peaynbTaTe 'Iero OOIUee KOliU'IeCTBO 8Mnep-BUTKOB aneKTpo
MarHHT8 yaeliH'IHTCSI no'!TU BllBOe H COCT8BUT - 2, 1.10 S. 

flpu 9TOM >Keneao SlpMa oyaeT H8XOllUTbCSI B COCTOSIHUU 
CHllhHoro HBCbiiUeHuSI ( 2 SH IS n =0,65), 'ITO npnaeaeT K 
CHH>KeHUIO ypOBHSI MarHHTHOro nOliSI Me>KllY nOliiOC8MU. Tioa
TOMy Ce'!eHHe SlpMa yBeliH'IHB8eTCSI 38 C'!eT BBeJ:teHHSI ]:lQ
nOliHUTellbHhiX 6anoK u CTOeK ( 3,4), R OTHOllleHue 2 SH IS n 
CTBHOBHTCSI ·paBHbiM 1 ,3. Ha puc. 2 npeacTaaneHbi pacnpe
aeneHuSI MarHHTHoro nonS~ no paauycy, nony'IeHHbie qucneH
HbiM pellleHHeM ypaBHeHHH MarHUTOCT8THKU /12/ llliSI ll8H

HOrO 9lleKTpOMarHHTa. KpHB8SI 2 COOTBeTCTByeT pacnpeae
neHHIO MarHUTHOrO nOliSI llliSI SlleKTpOMarHRTa C nOCTOHH
HbiM 3830pOM 200 MM. llnSI yMeHbllleHHSI cnaaa MarHHTHOrO 
nonS~ no paauycy aenH'!HHa aaaopa yMeHhlllaeTCSI or 300 MM 
a ueHTpe ao 160 MM Ha KOHe'!HOM paanyce. Pacnpeaeneaue 
MarHaTaoro nonS~ nocne KoppeKUHR npeacTaaneao aa pnc.2 
(KpHBbie 3,4). 

Eme oaaoii: aoaMO>KHOCThJO paclllnpeHRSI paooqeii: o6nac
TR MarHRTHoro nOliSI SIBliSieTCSI RCnOllb30B8HRe MBrHRTHOrO 
nOTOKa, npOXOllSIIUero '!epe3 CTOHKH 8lleKTpOMarHUT8, Bhi
nonHeHHbie C B03llYlllHbiMH 3830p8MH H pacnono>KeHHhie B 
OllHOH nliOCKOCTH C OCHOBHbiM 3830pOM. 3TO nOJ:tTBep>KJ:ta-

4 

p H C • 1. C XeMa 9lleK TpOMarHHT8 UHKliOTpOHa Y -560 H8 
OCHOBe 8lleKTpOMarHHT8 Y -300: 1 - HOBbie nOliiOCHbie H8KQ
He'IHHKH, 2,5 - aononHarenhHbie H cymecrayJOIUHe ooMOTKR 

aoa6y>KaeHHSI, 3 ,6 - aononHarenhHbie H cymecrayJOIUHe 
oaliKH, 4, 7,8 - HOBble CTOHKH, 9 - OIIOpHbie CTOHKH H3 He

MarHHTHOrO Marepaana. 
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PH c, 2. PacnpeAeneaue MarHHTHoro nonSI B MeAHBHHOA 

nnOCKOCTH aneKTpOMarHHTa UHKnOTpOHa Y -560, 2 ,3,4 - AnSI 

npo~unefi nonroCOB 2-2, 3-3, 4-4 COOTBeTCTBeHH01 1 - AnSI 

aneKTpoMarauTa UHKnoTpoHa Y-300 c npo~HneM nonroca 

1-1. 
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eTCSI peaynbT8T8MH pacqeTOB H 9KCnepuMeHTOB, npoBeAeH

Hb!X H8 MOAenH aneKTpOMarHHTa UHKnOTpOHa Y -400/13/ , 

DpeAcTaeneHHhle aa puc~,4 HeKoTOphle peaynbTaThl H3Me

peaufi MarHHTHoro nonSI aa MOAenu noKa3biBaiDT, 'ITO npu 

OnpeAeneHHb!X reoMeTpH'IeCKHX COOTHOWeHHSIX 3830pOB MO)KHO 

nonyqHTb OAMH8KOBbJe ypOBHH MarHMTHb!X nonefi ( 19-20 K3) 

Me*AY ueHTpanbHbiMH nomocaMH M nonrocaMH B aaaopax 

CTOeK. 

YCKOPI1TEflb CBEPXTrDKEflbiX l10HOB 

Ha ocaoee on~~:caaaoro BbiWe aneKTpoMarHuTa Ha puc.5 

npeACTaeneHa CXeMa YCKOpHTenSI CBepXTSI)KenbiX HOHOB 

(Y-560), COCTOSIWero H3 UHKnOTpOH8-HH)KeKTOpa l1) M BReW

Hero KOnbUeBOrO yCKOpHTenSI - UHKnOTpoHa C pa3AeneHHb!MH 

ceKTopaMH (2). YrnoBbie npOTSI)KeHHOCTH ceKTopoe (3) MH

*eKTopa H KOnbUeBOrO yCKOpHTenSI COOTBeTCTBeHHO paBHbl 

45° H 90 ° , 4>oKyCMpOBK8 MOHOB OCyWeCTBnSieTCSI 38 C'leT 

KpaeBhlX MarHHTHhlX nonefi aTHX ceKTOpoe. Koae'l:Hhlfi paAH

yc YCKOpeHMSI llHKnOTpOH8-MH)KeKTOpa paBeH 250 CM, a KOnb

ueeoro ycKop~~:TenSI - 350 CM, Dp~~: cpeAHHX MarHHTHbiX no

nSix B 3830p8X 1 paBHhlX 19-20 K3, M8KCHM8nbHhle KOHe'IHhle 

3HeprHH HOHOB B MH)KeKTOpe H KOnbUeBOM yCKOpH:Tene COOT

BeTCTBeHHO paBHbi E =(Il00-1200)Z
2
/A M E =(2100-2300) 

Z 2/A • 
Y cKop~~:Tenb pa6oTaeT cneAyiDlllMM o6paaoM, l1aeneqeHHbie 

H3 HOHHOrO HCTO'IHHK8 HH)KeKTOpa MOHbl yCKOpSIIDTCSI AO ero 

KOHe'laoro paAHyca Rk =250 eM M BbiBOASITCSI aneKTpocTaTH
qecKHM Ae¢neKTOpOM ( 4) H3 BaKyyMHOfi KaMepbl ( 12), 3a

TeM OHH ilOBOp8'1HB8IDTCSI H8 180 ° CeKTOpHb!M 3 neKTpOMar

HHTOM (7), H:H)KeKTHpyiDTCSI H8 paBHOBeCHyiD op6HTY UHKno

TpOHa c paaAeneHHbiMH ceKTopaMM c noMOlllbiD pSIIla AOnon

HHTenbHbiX MarHHTOB (9,10) M aneKTpOCT8TM'IeCKMX HH~neK-
TOpOB ( 11) H Y.CKOpSIIDTCSI AO KOHe'IHoro paAuyca R k = 

= 350 CM, 

nuana30H OTHOWeHHH A/Z HOHOB, yCKOpSieMbiX B CHCTe-

Me HH)KeKTOp+KonbUeBOH }'CKOPHTenb , Bbi6HpaeTCSI paBHbiM 
+8 +12 

16-18. 3To, aanpuMep, TaKHe MORbi, KaK 136 Xe , 208 Pb 
238 u+1•3 KoaeqaaSI 3HeprHSI HX COCT8BHT 9-7 MaB/HyKnOH. 

nnSl yCKOpeHHSI MeHee TSI)KenbiX HOHOB HCnonbayeTCSI TOnbKO 
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PH c. 3. HaMarHfiqflaaHHe 9KcnepHMeHranhHoro 9neKrpo

MarHHl'a Me.lKay ueHrpanhHhiMH nomocaMH ( 1 - h 11 =8 MM, 

h = 0, 2 - h =8MM h =4 MM' 4 - h =8 MM' h =8MM) 
CT 11 ' CT ' 11 ' CT 

fl ll0HIOC8Mfl B Cl'OMK8X 3 - h 11 = 8 MM, h CT = 4 MM; 

5 - h l1 = 8 MM, hCT = 8 MM) • 
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PH c. 4. P acnpeaeneHHe MarHHTHoro nonSI a MeaflaHHoil: 

nnOCKOCl'H 9KCll8pHM8Hl'8nhHOrO 9neKTpOMarHHl'a: 1 - h11 = 

= 8 MM, h CT =4 MM ( C SIBHO Bblp8.lK8HHhiMH noniOC8MH B 

3830pax Me.lKay Cl'OMK8MH), 2 - h l1 = 5 MM, h CT = 5 MM 

( 6e3 SIBHO Bblp8.lK8HHb!X noniOCOB B 3830p8X Me.lKay Cl'OMK8-

MH) o 

UHKnOTpOH-HH.lK8Kl'Op, D.Halla30H OTHOili8HHM A/Z 3aech Bhi-

6Hp8eTCSI paaHhiM 10-13. 3ro fiOHhi 40 Ar+3 , 48 ca+4, 56 Fe+~ 

84 Kr+7 
H r.a. Hx KOHeqHaSI 9HeprHSI cocraaHT 12-7 M9BIHyK

noH. 

D.Hall830Hbl qacTOT a,q, reHepaTOpOB Bhi6paHhl paBHhiMH 

6-12 Mfu anSI HH.lKeKropa H 3-6 Mru anSI KonhueBoro yc

KOpHrenSI. B COOI'B8TCI'BHH C qaCTOT8MH o6p8Ili8HHSI HOHOB 

B HH.lKeKTOpe H KOnhU8BOM YCKOpiiTene, npH Bhi6paHHb!X 

aHana3oHax A/Z , ycKopeHHe a HH.lKeKTope 6yaer ocyllleCTB

nSIThCSI Ha 3-4 rapMOHHK8X B. q, H8llpSI.lK8HHSI C llOMO!Ilh!O 
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PH c. 5. CxeMa uaoxpoHHOro UHKnorpoHa Y-560: 1 -
UHKnOTpOH-HH:)I{eKTOp, 2 - UHKnOTpOH C pa3)leneHHbiMH CeK
TOp8MH, 3 - ceKropHhle HaKnaJlKH, 4 - aneKTpocTaruqecKHA 

Jle¢neKTop, 5 - cTpunnep, 6 - JlYBHThi, 7 - noaopoTHbiA 
CeKTOpHbiH M8I"'HHT, 8 - QJOKYCHpyiOmHe nHH3hi, 9 - nOBOpOT
Hblll M8I"'HHT, 10 - cenTyM-M8I"'HHT, 11 - aneKTpOCT8THqec-

KHe HHQJneKTOpbi, 12 - B8KYYMH8SI KaMepa. 

JlBYX JlyaHTOB l VA =100 KB) yrnoaoA npoTSI)I{eHHOCTbiO 45° • 
B KonbueaoM ycKOpHTene, HMeiOmeM caoiO napy JlyaHTOB 

(VA =150 KB), HOHhi 6yJlyT yCKOpSITbCSI Ha 3 rapMOHHKe. 
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OueHKH noKaaanu, qTo pa6oqHfi aaKyyM a aaKYYMHOfi 
KaMepe UHKnOTpOHa Y -560 JlOn)l{eH COCTaBnSITb 1 o-7 -1 Q -S 

Top. 11 HTeHCHBHOCTH nyqKoB ycKopeHHbiX HOHOB c Bbi6paHHbi
MH JlHana30H8MH OTHOllleHHH A/Z COCT8BSIT 10 14 - 1011 c-1. 
B ra6nHue npuaeJleHhl ocHOBHhle napaMeTphl H30XpOHHoro 
UHKnoTpOHa Y-560. nnSI cpaBHeHHSI Jl8Hhl napaMeTphl Knac
cuqeCKOI"'O UHKnorpoHa Y-300 c JlHaMeTpOM non10coa 310 eM. 

Ta6nHua 

TiapaMerpbi UHKnorpoHOB Y-300 H Y-560 

3neKTpOM8I"'HHT 

nHaMeTp noniOCHhlX H8KOHeqHHKOB (eM) 
KoaeqHhlfi paJlHYC ycKopeHHSI (eM) 
Bee aneKTpoMarHHTa ~ T J 
CpeJlHHfi B03JlYIDHhifi aaaop ( MM J 
qHCnO BHTKOB OCHOBHOH 06MOTKH 
B036y)I{Jl8HHSI 
P a6oqufi TOK B o6MOTKe (A) 
CpeJlHee MarHHTHOe none ( K3) 

Bq- CHCTeMa 

qHCno JlyaHTOB 

HanpSI)I{eHHe aa JlYBHTe (KB) 
nuanaaoH qac TOT reHepa TOpOB ( Mru) 
qucno reHepaTopoa 

flyqKH 

TionaaSI aHeprHSI (MaB) 

3Hepr'HSI HOHOB (MaB/HyKnoH) 

0THOllleHHe MaCChi K aapSIJlY (A/Z) 

Y-300 Y-560 

310 560 
138 250 H 350 

2090 4500 
420 200 

2x224 2x484 
2 400-2500 2200-2300 
18,4-18,6 19-20 

2 
150 
3-6 

1 

4 
lQQ H 150 

3-6 H 6-12 
2 

310Z 2/A 11DD-120.0Z 7A 
H 

2100-2300Z2/A 
5-10 7,0-12,0 
6-8 10-18 

Aaropbi Bbipa)l{aiOT rny6oKyro 6naro)lapHOCTb aKaJleMH
KY f.H.~nepoay 38 DOCTBHOBKY 38JlaqH H nocTOSIHHhiH HH

Tepec K pa6ore. 
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