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B AaHHO~ pa60Te np~BeAeH~ xapaKTep~CT~K~ MarH~ToonT~4eCK~X 

~neMeHTOB C~CTeM~ TpaHcnopT~pOBK~ BHeWH~X nY4KOB ~30xpOHHoro 

~~KnOTpOHa Y-400, pa3pa60TaHH~e COBMeCTHO na60paTop~e~ 
peaK4~~ OH~H ~ UeHTpanbH~M ~HCT~TYTOM $~3~K~·CPP. 
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Pa3BOAKa BHe~H~X nY4KOB ~OHOB Y-400/1/ npO~3BOA~TCR s MeA~
'aHHO~ nnO-CKOCT~, ~ B ~H~)~eHHO~ Ha- í, 1 M~-a--TciK>Ke 'no'-BepT~KaJ1bHOMY 
KaHany.nepeBOA nYYKa Ha YPOBeHb,napannenbH~~ MeAHaHHO~ nnOCKOCT~, 

aunonaae'rca c nOMOutblO YCTaHOBK~ CH~>KeHHR &ilKoMMYTa~HH(2/, COCTOR
ute~ ~3 ABYX 3neKTpOMarH~TOB c yrnoM OTKnOHeH~R '900 , YCTaHOBneH
H~X APyr nOA APyroM, np~YeM H~mH~~ 3neKTpOMarHHT MO>KeT YCTaHaB- I 

ruraar sca no yrny aoxpyr BepT~KanbHO~ oca B nRTH ~HKCHpbBaHHbIX 

HanpaBneH~~X B rop~30HTanbHO~ nnOCKOCT~. BepTHKanbH~~ KaHan 6a
3~pye~c~ Ha OAHOM nOA06HOM MêrHHTe. 

- - - ..._ - - _. . ' I 

HccneAOBa~~e $OKYC~PYlOut~X CBO~CTB KOMnneKca pa3BOAK~ c ~enb~ 

Bbl60pa napaMeTpOB MarH~~H~X 3neMéHTOB ,npO~3BOAHnOCb no 'nporpaMMe 
TRAN8P0RT/3/ c xapaKTep~CTHKaMH ~HeWHHX nYYKOB Y-400: 

- rOp~30HTanbH~~ 3MHTTaHC - 40n MMiMpaA 
- BepT~KanbH~~ 3M~TTaHC - 16n MM·MpaA 
- MaKC~ManbHaR meCTKOCTb nYYKa -.3,66 T·M 

~eCTKOCTb nYYKa nocne B~BOAa 

, 

ll'~ MeTOAOM nepe3ap~AK~ Ha TOHKO~ M~weH~ - 1,25 T·M 
- Pa36poc no 3Hepr~~ - 1%. 

OnT~M~3a4~~ napaMeTpOB 3neMeHTOB C~CTeM~ TpaHcnopTHpOBK~ nyy
KOB n03~on~na c03AaTb KayeCTBeHHoe $OPMHpoBdHHe\H pa3BOAKY nyy
KOB no ~OHonpOBOAaM 12 HanpaBneHH~. B ~HCTeMe TpaHcnopTHpOBK~ 

np~MeHeH MOAynbH~~ np~~~~n HcnonHeH~R 3neMeHTOB. 

,1'" 

3nEMEHTbI HOHHO-OnTH4ECKOtl 
nY~KOB UHKnOTPOHA Y-400 

CHCTEMbl TPAHCnOPTHPOBKH 

'o/; 

1. KBaAPynonbHa~ n~H3a 

© 06'beAHHeHIIIJIft: HHCTHTYT gp;epHLIX HCcn~OBa.BRA ,[{y6ua. 1985. 
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B C~CTeMe TpaHcnopT~pOBKH BHeWHHX nYYKOB ~HKnOTpOHa Y-400 
.0KYC~py~ut~M 3neMeHTOM B~6paH Ay6neT H3 KBaAPynonbH~X nHH3 
c Kpyrn~M RpMOM /p~c.1/. AnepTy~a KBaAPynonbHo~ n~H3~ 2a = 
= 0.,11 M 06pa30BaHa 4~nHHAP~YeCK~~~ HaKOHeYH~KaM~ c paA~YCOM 
KP~B~'3Hbl nnocxoü nOBepXHOCT~, paBHblM 1, 15a. ~n~Ha normcaoro 
'HaKOHeYH~Ka 0,3 M. PaCCTO~H~e MemAY n~H3aM~ B Ay6neTe - 0,28 
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~3MepeH~R patnpeAeneH~R MarH~tH~x none~ KBaAPyn9nbH~x n~H3 1 .

npoBoA~n~cb AaT4~KoM Xonna ~3 aHT~MaH~Aa ~HA~R/4/~ YCTaHoBneH
.J 

H~M c nOMo~bm cne~~anbHoro KooPA~HaTHoro YCTpo~cTBa c T04HOCTb~ 

nO'paA.~YCY 0,1 MM, 'a3~MYTY. - -;0, An~He - 0;5 MM. 

HOM~HanbHOe 3Ha4eH~~ rpaA~eH~a MarH~THOrO nona p-aBHO 6 T/M 
/p~c. 2/. Hen~HeJ:1HocTb rpaA~eHTa B oõnacra MeHee O, 8a He npeaa
waeT 6,~%, 4TO np~BeAeT K ~acnn~BaH~~ nY4Ka Ha M~weH~ ~e 60nee, 
4eM Ha 1 MM. 3$$eKT~BHaR-An~Ha n~H3~~-cocTaBnReT 0,35 M/p~ç.3/ 
~ xopowo ortacuaaer ca BbIPa>KeH~eM L3$$ = LnonJlJca tO, 9a. 

2. MarH~T OTKnOHeH~~ 

BblBOA TR)I(enblX ~0!"f0B ~3 KaMepbl ~~KnOTpOHa Y-400MeToAoM nepe
~apRAK~ Ha TOHKO~ M~weH~ YMeHbwaeT MarH~THY~ >KeCTKOCTb BHYTpeH

~~ero nY4Ka (BR) B Tp~-4eT~pe pa3a, 4T~ n03BonReT C03AaTb pa3
BeTBneHHY~ C~CTeMY TpaHcnopT~pOBK~ nY4KOB np~ ~cnonb30BaH~~ ~ 

MarH~TOB c OTHOC~TenbHO He60nbwo~ MO~HOCTbID. B c~cTe~e np~Me-t I _ 

...'J..PHC. I. ,n:y6J1eT KBaAPynOJ1bHblX J1HH3. 
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PHc.2. 3aBHcHMoCTb rpa PHc.3. PacnpeAeJ1eHHe HH~ 

AHeHTa J1HH3W KaK ~YHK~HH AYK~HH MarHHTHoro nOJ1H 
PHc.4. 3J1eKTpOMarHRT OTKJ10HeHHH. 

TOKa B03õy~eHHH. no OCH J1HH3bI. 
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~eH~ C-06pasH~e MárH~T~ o OAHQPOAH~M noneM, ~~e~~~e yron nOBO' \,{. po r a 450 , paA~YC - 1 M Ip~c.,4I. W~p~Ha, norncca cocTaBnfleT, 0,25' M,

l' t, B~PT~KanbH~R sasop 0,08 M. B~6paHH~e paC4eT~~M nYTeM yrn~ BXOAa 

J , 
.~ B~XOAa Top~eBWX cpeSOB MarH~Ta, paBH~e 11,70 , n03Bonfl~T ocy
~ec~BnflTb ABORHY~ ~OKYC~POBKY B rop~soHTanbHoR ~ BepT~KanbHoR 

IJ~ nnOCKOCTflX. ~~j
1\ Makc~ManbHoe MarH~THoe none 1,3 T B 3neKTpOMarH~Te cosAaeTcfl' 

np~ TOKe 'Bos6Y)I{AeH~H 470 \A Ip~c. 51. Heonuoponuoc r s MarH~THoro 
nonfl Anfl pa604eR 30H~ w~p~HdR +50 MM OT oceBO~ ~aeKTop~~ COCTaB
nfleTBen~4~HY < 10-3 Ip~c. 61. Top~eBble 4aCT~ nOnlOCOB' anexrpo
MarH~Ta BblnoflHeHbl no npOpl-1fllO PorOBCKO[O/S/, 4TO noaaonae r '06ec
ne4~Tb xopowee coansneuae 3<p<peKT~BHbIX r pauuu MarH~Ta c rpaH~~aM~ 

11", non~COB Ip~c.71 np~ paSHbIX,TOKax B036Y)I{AeH~fl. KOHCTPYK~~~ 3neKTpo
I v . 

l; MarH~Ta ~ ero BaKYYMHO~ KaMep~ n03BonfleT ocy~ecTBnflTb TpaHcnop-

.
T~POBKY nY4Ka uepe a 3ffiK\.e0MarH~T õe s OTKnOHeH'~H, 

li' .BOA~Tb onT~4eCKYIO !Q~f-~\)'Ô~~Y~no YKa3aHHblM IBblwe ABYM 
pnaroAapfl ~CT~POB04HO~ C~CTeMe MO)l{HO YCTaHaBn~BaTb 

, .AaHHOM nOnO)l{eH~~ c T04HOCTbID AO 0,1 MM. nnOCKOCTb 
rop~SOHTanbHa, c T04HOCTb~ AO 1 MpaA. 
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I . 3. KoppeKT~PYlo~~R 3net<TpOMarH~T 

,l " 

a TaK)I{e npoua
HanpaBfleH~HM.
 
MaITH~T B sa


C~MMeTp~~ ero
 

llll";.' KoppeK~~fl nOnO)l{eH~fl nY4Ka B ~oHonpoBoAe np~ TpaHcnopT~pOBKe, 
\ " 

T04Hoe uaueruiaaune ero Ha <p~SIo-14eCKYIO M~weHb ocyuiec r anmcrca KOP''1' 
peKT~PYIO~~M 3fleKTpOMarH~TOM 0-06p~3Horo ~cnonHeH~fl Ip~c.8/. 
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PHc.8. KoppeKTHPYIDmHH 3neKTpOMarHHT. 
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PHC.~O. HenHHeHHocTb Mar

HHTHoro rronR KoppeKTH~yro PHc.II.' PacrrpeAeneHHe rronR
 
~ero 9neKTpOMarHHTa B Me BAonb orrTH~eCKOH OCH KOP
 " 
AHaHHoH rrnOCKOCTH. peKTHpyro~erO 9neKTpOMarHHTao 
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MaKC~ManbHa~ ~HAYK4~~ MarH~THoro non~ 3neKTpOMarH~Ta, ~Me~-, 

~ero pa604~~ 3asqp 0,115 M, COCTaBn~eT 0,04 T np~ TOKe B036ym
AeH~~ 13,5 A /p~c.9/. HeoAHopoAHOCTb MarH~THoro hon~ B pa604e~ 

30He +50 MM - He 60nee 2% /p~c. 10/~ MarH~T n03Bon~eT npO~3BO
A~Tb KoppeK~~IJ nY4Ka B npenênax +0, 460 np~ 34>4>eKT~BHo~ An~He 
non~ca 0,28 M /p~c~'l/. 

4. 3IleMeHTbl BaKYYMHo~ C~.CTeMbl 

TpaHcnopT~poBKa nY4KOB ~O~OB ocy~ecTBIl~eTC~ no ~OHonpOBOAY 

c BHYTpeHH~M A~aMeTpOM 100 MM, KOMnneKTyeMOky ~3 Tpy6 AIl~HO~ 

PHC 012. 3neMeHThl BaKYYMHoH' CHCTeMbI: 1 - cHn.bcPoH-KoMrreH
c a-rop , 2 - 6nOK AHarHoc'THKH, 3 - MOAynb asrcoxor-o BaKYYMa, 
4 - um:6epHhIH 3aTBOp. 
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0,5; 1; 1,5; 2 M. 
nY4KOB B~nonHReTCA c 

C60pKa Bce~ 

np~MeHe~~eM 
BaKYYMHo~ C~CTeM~ pa3BOAK~ 

~eH~p~~y~~~x yn~OTHeH~~ 
,I 

( 
6~cTpopa3beMH~M~ 3am~Ma~~. KOMneHca~~R HeTo4HocTe~ C60PK~ npo~3- t~ 
BOA~TCR C~Ilb<t>oHaM~-KoMneHcaTopaM~ íp~c .-'-2/. BCR C~CTeMa pa3BOAKH 
KaHanOB MOHT~PyeTcA Ha wacc~ WBeIlIlepHOr,o ~cnonHeH~R, n03BonA~

ll\eM ~cnonb30BaTb ero AnR CKPbITO~ npOBOAK~ TOKonOABOAOB ~ BOAO
cHa6meH~R. 3neMeHTbl Kq~TPon~ napaMeTpOB nY4KOB pa3Mell\a~TCR 
B 6IlOKax A~arHOCT~K~ /p~c.12/. OTKa4Ka ~oHonpoBoAa AO AaBneH~A 

1·1 0-6JTOp~ npO~3BOA~TCR nocpencreoa MOAYIle~ aucokor-o BaKYYMa 
/pHC. 12/. HOHonpoBoAbl ocuauieuu 6blcTpoAe~CTBY!9!I!'tM~ /~ ~ 5+2· c/ W~
6epHblM~ 3aTBopa,MH c nHeBMaTH4eCK~M npHBOAOM . /p~c. 12/ . 

MOAynbHaR CTpYKTypa 3IleMeHTOB C~CTeM~ TpaHcnopT~pOBK~ n03BO
IlAeT C03AaTb WHpOKopa3BeTBIleHHYI(') c~cTe~y KaHaIlOB, et>OPM~PYIt>ll\(X 
Ha $~3H4ecKHx MHweHRX nY4KH ~OHOB c B~COK~M~ ~apaKTep~cTHKaM~, 

~ 3$$eKTHBHo HcnOIlb30BaTb YCKopHTeIlb B $~3H4ecK~x ~c~IleA~BaH~Rx 

Ha COBpeMeHH~X 3Kcnep~MeHTaIlbH~x YCTaHOBKax. 

B aaxmoueuae aBTOp~ Bbl'pa)f(aIOT õnaronecaocr s axan , r. H. 4>IlepoBY 
3a nOAAepmKY H BH~MaH~e K pa60Te. ' 
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9-85-1136oHAopeHKO n.r, H AD.
 
HarHMToonTM40CKHO O~DMCHT~
 

CMcTe~ TpaHcnopTHpODKH nY~KOD Y-400
 

npMB8ADHW napaMOT~~ H KOHCTPYKTHBH~e oc06eHHocTH MarHMToonTH4eCKHX 
3neMeHTOD CHCTOM~ TPoHcnopTMpObKH BHeWHHX nY4KOB TR*en~X HOHOB c MaKCHManb
HOH MarHHTHOA _CCTKOCTbn 1,25 T'M M30xpOHHoro UHKnOTpOHa Y-400, a TaK*e 
pRAa BaKYYMH~X YCTpoAcTD, CHCTeM8 Tpa~cnopTHpoBKH BKn~4aeT pa3pa6oTaHH~e 
Ay6neT~ KBoAPynonbHwx nHHS /rpoAHeHT MarHHTHoro nonR 6 T/M, AnMHa non~ca 
0,3 M, anepTYPO 0.11 M/, OTKnOHA~He MarHHT~ /HHAYKUHR MarHMTHoro nonR 
1,3 T, paAHYC "OOOpeTo 1 M, yron OTKnOHeHHR 45°, 3a30p 0,08 M/ H MarHHT~ 
KoppeKUHH /HHAyKUHA MDrHHTHOrO nonR 0,04 T, AflHHa non~ca 0,18 M, 3a30p 
0,115 M/. B CHCTDMO npHMOHOH~ BOKYYMH~e 3aTBOp~ c 6~cTP~e~CTBHeM 0,5~2 c. 
B HacTOR~ee BPCMR COIAOHO H o~eKTHBHo pa60TaeT pa3BeTBn~HHaA CHCTeMa. H3 
AeBRTH MarHHTOOnTH40CKHX KDwnnoD. 

Pa60Ta BwnOnHOHO o nÓ50pOTOPHH RAepH~x peaKUHH O~~~. 

Co06~eHHe O(h,oAHIICmnOro HIIC'l'll1"YTa RAepHlllX HCCJleAOSaRHA. llyfSHa J985 

ne~BOA O.C.BHHorpoAoDo~ 

9-85-113Bondarenko P.G. et aI. 
Hagneto-Optlcal Elcments of U-400 Cyclotron 
Beam Transport System 

The parameters and construction peculiarities of the magneto-opfical 
elements of transporç system of the externaI heavy ion beams with 1.25 T.m 
maximum magnetlc rlgldity of U-400 isochronous çyclotron and of few vacuum 
devices are presented. The transport system consists of the elaborated 
dou&lets of quadrupole lenses (1.3 T/m gradient of the magnetic field, 
the 0.3 m pole length, 0.11 m aperture), deflecting ma~nets (1.3 T magne
tic field induction, 1 m bending radius~ 450 deflection angle, 0.08 m gap) .. 
and correcting magnets (0.04 T magnetic induction, 0.18, m pole length, 
0.'15 m gap~Vacuum locks with 0.5 2 s·speed of response are used in the 
system at present. The beam transpÕrt system of nine maQneto-optical 
channels has been developed and effectively put into operatlon: 

The investigation has been performed at the Laboratory of Nuçlear
 
Reactions, JINR.
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