


PUC.  2. 3~8llCUM0crb ToKU Ily'4KU YCKOpeHHblX 

uotioe tia K o t i e v n o M  paduyce 4 u l o l o ~ o ~ a  or 
0.5 

1 

Ha 3 T a n e  3 a n y c ~ a  CMCTeMbI ~ K C U ~ J I ~ H O ~ ~  W H ~ e K U M M  n y s K a  M 3  BHeUIHWO 

HCTOsHHKa HOHOB B UMKJlOTPOH Y-200 ( ~ u c .  1) '' MCnOnb30BWlCH BbICOKO- 

~ ~ C T O T H ~ I ~ ~  H c T o s H n ~  M O H O B / ~ / ,  u3  K o T o p o r o  6b1n  n o n y s e H  n y r o K  4 ~ e  '+ c , 

3~eprkiek 20 KB,C MHTeHCMBHOCTbH) A 0  100 MKA H 3MMTTaHCOM 130 MM M p m .  

Pa6osuii p m U M  pa60~b1 B ~ I C O K O ~ ~ C T O T H O ~ ~  CHCTeMbI UUKJIOTpOHa - 
C i ~ n y n b c ~ b ~ f i  CO C K B W O C T b H )  2 %  13/ .  B H ~ u ~ H A ~ ~  MCTOqHHK pa6o~an B He- 

n p e p b I B H O M  p e X k i M e ,  n03TOMY C P ~ A H U ~ ~  TOK YCKOPHeMbIX HOHOB 6 b l l l  o6pa~-  
HO n p Q n o p u u o H a n e y  c m a x -  ; . _dW.--- - 
HOCTM B Y - C H C T ~ M ~ I  UMKJlO- 1 

~ p o ~ o r r  (PAC. 2 ) .  3 + @ e ~ -  
THBHOCTb TPWCnOPTMpOBKM 

H y n K a  ~ a ~ 0 f i  CMCTeMbI OUe- 

HMBaJlaCb no  TOKY B MM- 

n y n b c e .  

PUC. 1. C U C T C A a  a ~ C U L U l b t i 0 l ~  

U K U e K 4 U U  UOHO8 8 4UKflOTPOH 
Y - 2 0 0 .  

I 
1.0 

omn. ea. 

/' 



O O K ~ C U ~ O B K ~  n p K a  B lTpOUeCCe TPakiCIIOPTUPOBKM IIpOU3BOAUJlaCb 1 C n 0 M O U b K l  ~ ~ O H U ~ O B ~ H H ~ I X  nMH3 U COJleHOUAOB (Mn-1 ,  Mn-2, 8C-1,  
OC-2). B n o B o p o T H o M  M a r H u T e  AM-90 nposcxonuna cenapauun n y w a  no 

I 

s a p ~ n a ~ .  M3 B e p T u K a n b H o r o  K a H a n a  B M e n u a w y w  ~ O C K O C T ~  n e p e B o a  nyr- 
K a  OCyIUeCTBJIHJlCH C IIOMOlqbKl U H I $ ~ ~ K T O ~ ~  - 3neKTpOCTaTHY€CKOrO 3 e p K a -  

na. B b I n 0  H3yYeHO BJIRRHRe ~ f X ~ a 6 k i n b ~ 0 ~ ~ e f i  nMTaHMH 3JIeMeHTOB CMCTeMbI 

B H ~ ? I U H ~ ~ ~  HHXeKUUU H a  IIpOUeCC TpaIiCllOpTRPOBKR M YCKOPeHHR n y Y K a .  Ha 
PMC. 3 npeACTtUIneHb1 3aBRCRMOCTH TOKa llYlIKa H a  KOHerIHOM PaAMyCe LWK- 

JIOTpOHa OT TOKOB nRTiLHllR MarHMTHbIX JIHH3, aHWR3RPYIOIUerO MaIXMTa, 

HanpHXeHMH U H I $ J I ~ K T O ~ ~  M 3HeprUkl  MHXeKUUM ROHOB. M C X O ~  H 3  3TRX 38- 

BMCRMOCT~U OnpeAfYIeHbI AOITYCTMMbIe H ~ C T ~ ~ U J I ~ H O C T R  RCTOYHMKOB IIMTa- 

HUH, KOTOPbIe A W b I  B ~ a 6 n .  1. n p M ~ e ~ e H H b 1 e  n a p a M e T p b I  COOTBeTCTBYIoT 

0 l l ~ k i ~ W b H 0 f i  TPaHCIIOPTMPOBKe M YCKOpeHUH) nYYKa B URKJIOTPOHe. 

- 

~ O ~ I ~ C T R M ~ H  

I-IecTa6Hnb- 1 .10-~ 3.10-2 3 . 1 0 - 3  4 .10 -~  2 ~ 1 0 - ~  1.10-2 1 . 1 0 - 3  

HOCTb 

Bb160p H m p R X e H U R  UHXeKIpiH 15 KB JUIH IPJrIKa MOHOB C A/Z = 4 
CAfYIiLH PaCrIeTHbIM l lyTeM,  RCXOAH H 3  y ~ n 0 ~ R f i  ~ I $ I $ ~ K T U B H O ~ ~  TPiLHCnOpTH- 

pOBKM MOHOB, UeHTpOBKki R KarleCTBa n p K a  H a  l l epBbIX o6opo~ax B WKJIO-  

TpOHe. 

2 

ol 
Puc. 3. 3aeucu~ocn  ToKa nywa  ycKopen- 
HblX UOHO8 Ha KOHeVHOM pod~)'Ce I(UKA0- 

rpona O r  ToKO6 8 AUH3U.X Mn-1 (0) .  Mn-2 

01 (61, C O A ~ H O U ~ ~  K - 1  ( 8 ) .  @C-2 ( z j ,  no- 
6OpOTHOM MUZHUTe AM-90 (8) .  HUtlJIR1ITe- 

HU Ha u n g 5 ~ e ~ m p e  (ej  u snepzuu un- 
XeKyuu (x) .  



HI(& PUC. 4. ~ u ~ u C ~ M O C T ~  TOKU nyvKU YCKO- 

pennbrX uottoe na K O H C ~ H O M  paduyce 
guKnoTpona OT HUnp.WeHWI unxelcyuu 
npU PU3HblX YEntlX nOf3OpOTU 3epKMU - 
+ ( + = O  - pacvemoe st iave~ue yzna 
nosopo~a) . 

3 ~ e p r k i R  MHXeKUMH B 3WW- 

~ o f i  CMcTeMe O n p e A e n x e T  p e x n M  

p a 6 0 ~ b 1  BCeX 3neMeHTOB TpaHCnOp-  

TUPOBKH nyma n npeme B c e r o  

m @ n e ~ ~ o p a ,  B K O T O ~ O M  AIIR M a K -  

c ~ ~ a n b ~ o r o  s a x ~ a ~ a  nyma B npo- 
UeCC YCKOPeHMR H ~ O ~ X O ~ H M O  pe- 
r y n M p 0 B a T b  H e  TOnbKO H a I l p R X e -  

m e  H a  s n e K T p o n e ,  HO u n o B o p o T  

3 e p K a n a  B O K P Y r  a ~ c M a n b ~ 0 f i  OCM, 

TaKHM 06pa30~,  9 ~ 0 6 b 1  IIYYOK no- 
5 10 15 U"",,KB nan B u e n b  nynepa M 6bm C U ~ H T -  

POBW H a  n e p B o M  o6opo~e. Ha 
PMC. 4 n O K a 3 a H a  38BHCHMOCTb TOKa n y Y K a  MOHOB H a  KOHeqHOM P W H y C e  

UHKnOTpOHa n p M  OnTMManbHbIX YCJIOBMRX TPaCCHPOBKH H ITOCTORHHOM TOKe 

m x e K T M p y e M o r o  n y n K a  OT H a n p x x e H n R  H H x e K u M n .  A.rm K a m o r o  nonoxe- 
HHR sep~ana  no yrny n o B o p o T a  c y w e c T B y e T  H a n p x x e m e  M H x e K m n ,  npn 
KOTOPOM TOK YCKOPeHHOrO nYYKa MaKCHMWIeH ( ~ u c .  5, 6 ) .  O I I T M M ~ ~ ~ H O ~  

ITOJIOXeHHe 3 e p K a n a  OTnMYaeTCR OT PaCYeTHOrO H a  20" , e M y  COOTBeTCTByeT 

U,,, = 15 KB. I I p o @ k i n b  IIyYKa M TpaeKTOpMR er0 HBMXeHMR Wpe3 HH- 
@ J I ~ K T o ~  6 b 1 n ~  CHRTbI C nOMOLU,bH) T O K O Y ~ B C T B W T ~ ~ ~ H O ~ ~  6 y ~ a r ~ .  Ha PAC. 7 
OHH IIPMBOARTCR B CpaBHeHMM C PaCYeTOM. T o m  n y Y K a  MOHOB ITpM JJ,BHXe- 

HMM IIO K a H U y  ~ K c M U ~ ~ H O ~ ~  MHXeKWM, a T a K X e  B npOUeCCe YCKOpeHMR 

n m b l  B ~ a 6 n .  2. 

Puc. 5. O n r u ~ u b n o e  3nasenue nanpzxe- 
H W I  UKXeK4UU 6 3UFIUCUMOCTU OT 

yzna nosopoTa 3ep  ma. 

PUC. 6. ~ u ~ u c ~ M O C ~ %  TOKU YCKOPeHHO- 

20 nyvKU Ha KOHeVHOM pad~yce  4UKAfi- 

Tpona OT yzna nosopoTa 3 e p ~ m a  npu 
OnTuMMbHOM HUnpJ7XeHUU UHXeK4UU. 

8 4 e H ~ ~ b H 0 f i  06nac~u YUKAOTpOM. 

B rowax 1 - 7 & ~ b i  u 3 ~ e p e ~ w e  npo- 
@mu nyvKa 6 m o c ~ o c m ,  nepne~du-  
~ y m p ~ o f i  ezo deuwcetiwo. 

Ta6nma 2 

I ,  MKA 

BAKYYMHbIE IIOTEPM 

Anma H O H O n p o B O n a  B CHCTeMe a ~ c l l a n b ~ o f i  HHXeKLWH COCTaBflFleT 

6  M. O ~ H H  B a ~ y y ~ ~ b l f i  HaCOC OTKaYUBaeT HenOCpenCTBeHHO H0HHb1fi HCTOY- 

HHK, A B a  APYrHX YCTaHOBJIeHbI H a  6 n o ~ a x  JiHaTHOCTHKZI En-1 I3 E n - 3 .  
m H X R  rlaCTb KaHaJIa OTKaYHBaeTCR Y e p e 3  O T B ~ ~ C T H ~  B M ~ ~ H H T H O ~ ~  n p o 6 ~ e  
OCHOBHbIhUi HaCOCaMU qklKJIOTpOHa. T a ~ m  CHCTeMa OTKaYKH n03BOflI iJ la  

n o n y r H n  s a K y y M  B H o H o n p o B o n e  7 + 9 - 1 0 - ~  ~ o p p .  
~ ~ B K H M O C T ~  TOKa I IyYKa HOHOB 'H& H a  BXOJle B H H @ ~ ~ K T O ~  OT B a -  

K y y M a  B K a m n e  e ~ e r u ~ e i i  m x e K m H  (puc. 8) n o ~ a 3 b l s a e ~ ,   TO B A ~ H O M  

cnysae ~3-3a  nepesap~nm H a  o c T a T o m o M  ra3e T e p R e T c x  H e  6onee 10% 
n y s K a .  

n p H  3HeplWHX HHXeK- HOHOB 4 ~ e  'A OKOnO 15 K ~ B  IIpH CTOIIKHO- 

B e r n  c a T o M a h U i  O m a T o q H o r o  ra3a n o . w H H n p y e T  npouecc s a x ~ a ~ a  s n e K T p o -  

~ a :  nepex0~ 4 ~ e  '+ + He 14/ . &Ix 3 K C n e p H M e H T W H O r O  H ~ M ~ ~ ~ H I I R  

c e s e H I i R  nepesapxnm HOHOB 4 He l+ 6bmu n p o s e z e m l  1 i 3 M e p e ~ u ~  T o K a  

I I y s K a  B En-2 H En-4 B 38EHCHMOCTH OT 233;IeHMR B HOHOnPOBOile. M m e -  
peme W n e H I i R  n p o u m o n m o c b  B 6 n o ~ e  ~ Z I ~ ~ H O C T : I K I ~  6 A - 3 .  Hacoc, npa- 



Puc. 8. 3aeucu~ocm roKa nyvKa uonoe 4 ~ e  
na axode e un$ne~mp or daenenug 6 UOHO- 

npoeode. U,, ,  15 KB. 

, ~ ~ I K O B S U I H ~ ~  K 3TOMY 6 n o ~ y ,  6bm 3a- 
KpbIT,  a naBJIeHHe H3MeHFUIOCb 38 CrIeT 

nonasn ra3a B paiio~e n e p B o r o  6 n o ~ a  
nHWHOCTHKH. Ha PHC. 9 n H B e n e H b I  3a- 
BHCHMOCTH TOKOB nysm he B En-2 
H En-4 OT AaBJIeHHR n p H  3 H e p r H H  

14 K ~ B  B pa3HbIX ra3ax: BOSnYXe,  He, 
Ar. Xe. n o n o 6 a b l e  3aBHCHMOCTH CHIITbI 

01 . . A -  - - .  
5.10' l.10-' 5d~.  T0pp 

Put. 9. TOK npKa wnoe 'He 6 6no~ax  duarnocru~u Efl-2 u 6fl-4 6 3aeucl1~oc~u 
or damenu B uotwnpoeode npu nanycKe eo3dyxa. He, Ar. Xe. 

n O T e p b  H n O T e p b  B OCTaTOrIHOM rase HeH3BeCTHOrO COCTaBa; eXp (-u n. )- 
K O ~ @ @ H ~ ~ H T  n O T e p b  B Hal lyCKaeMOM rase n p H  nJIOTHOCTH n H CWeHHH 

n e p e s a p ~ n ~ n  o . npn H ~ M ~ H ~ H H H  H a  A n  ~ O T H O C T H  H a n y c K a e M o r o  ra3a 
H3MeHReTCII TOK IIyrIKa K a K  B ~ J I O K ~  LIHarHOCTHKH En-2 ( I 22  ) , T a K  H B 

OnHCbIBaeTCR En-4 ( I 42  ) C O O T H O I ~ I ~ H H ~  TOKOB I , I 4 1  , 1 2 2  , - 4 2  
B b I p W e H H e M  

4 1+ 
n o n y r I e ~ ~ b 1 e  TaKHM MeTOnOM CeYeHHII n e p e 3 a p F l q K H  HOHOB He 

n p n s e n e H b r  H a  PHC. 10. K ~ K  C n e n c T B u e  TO~IHOCTH H ~ M ~ P ~ H H I I  B W ~ H H  

TOKa,  n a B J I e H m  H PJIHHbI o r u u 6 ~ a  0 

COCTaI3JIIIeT - 30%. 3 K c n e p H ~ e ~ ~ a J I b -  

H b I e  pe3yJIbTaTbI  B OCHOBHOM COBna- 
6 ccr/omon 

n a i O T  C PaCCrIHTal-IHbIMH TeOpeTHueC- 

KH 1 4 / ,  IIPHHIIT~IMH 38 OCHOBY ~ P H  i -  

npOeKTHpOBal-IHH CHCTeMbI aKCHaRb- $2 

cevenu nepe3a~&~u 'He l+ e eb3dyxe. ,Gq6L . . 
He, Ar , Xe. 10 15 %M,KB 



rrPOUECC YCKOPEHBR B UMKJlOTPOHE 

M ~ X I O J I ~ ~ O B Z ~ H L H ~ I ~  BHeIIlHerO UOHHOI'O UCTOYHUKa n 0 3 B O ~ U n O  n0nyYkiTb 

pa60sEig B a K y y M  BO BCeM YCKOPkiTeJIbHOM 3a30pe H e  X y X e  1 T0pp. 
lTps T ~ K O M  n a B n e H m  n o T e p u  n y s K a  us-sa n e p e 3 a p ~ n ~ n  Ha oeTa-rosHoM rase 
B l l P l J e C C e  YCKOPeHUR AOJ'IXiHbI COCTaBnRTb M e H e e  18%. nWe~+ie HHTeHCHB- 

HOCTH n y s K a  no P W U y C y  LWKnOTpOHa (put. 11) nOKa3bIBaeT,  YTO CyMMap-  

HbIe  Q a 3 0 3 b 1 e  H B a K y y M H b I e  nOTepkI H e  n p e B b l W W T  16% npli YCKOpeHkIn 

OT R = 15 CM no R = 80 CM npu ~ a n p ~ x e ~ s s  H a  A y m T a x  U n  = 60 KB. CHH- 
XeHMe HaIlpflXeHkiJ3 H a  ,iXJCMTaX iIpkiBOakiT K Pe3KOMY YBenHqeHHH) nOTePb 

(PUC. 12 ) ,  r n a B H b I M  06pa30~ U3-3a  TOrO, q T 0  n F O K  H e  MOXeT O ~ O ~ ~ T H  KOH- 

CTPYKTKeHbIe 3neMeHTbl  B I . & ~ H T ~ W ~ H O ~ ~  06llaCTki lJkiKnOTpOHa. 

n p ~  OlTTUMaJIbHbIX YCJIOBWRX ~ @ ~ K T H B H O C T ~  TPELHCnOPTHPOBKU 

n y s K a  OT c e n a p ~ p y ~ o w e r o  M a r H m a  no K o H e s H o r o  panqca qulcno~po- 
H a  COCTaBHJIa 8%. n a p a ~ e T p b 1  CUCTeMbI ~ K C H N I ~ H O ~ ~  wuKeK43.H B Y-200 
B CpaBHeHUH C n p y r U M U  Z l H ~ O ~ ~ b I M H  CHCTeMaMU nELHbI B ~ a 6 n .  3. 

P ~ C C M O T ~ ~ H H ~ I ~  B J ~ ~ H H o ~  pa60l.e HCCnenOBaHkIR 6 b m ~  BbIllOJIHeHbI 

nps o m o c n T e J r a H o  H H J K O ~ ~  HHT~HCHBHOCTH n y w a  HOHOB. O n ~ m e c m e  
3KCnePHMeHTb1, IIpOBOaUMbIe B mP, ~ p 6 y 1 C m  BbICOKOHHTeHCZIBHbIX ny9- 
KOB UOHOB. &Sf U3YrleHWR B03MOXHOCTH TPaCCHPOBKIi n0 KaHaJIy BHeIIl- 

H ~ G  EfHXeKUHU nY¶KOB C IWTelfCUBHOCTbKJ B HeCKOnbKO MHJIJIwaMnep 

B H a m o n w e e  B p e m  co3nae~c~  B H ~ U H ~  HCTO~HWK HOHOB mna nyonna3- 
MOTPOHB. 

4 e H - r ~  ~ ~ Y o K  3~eprw1 B ~ ~ M ~ H T ~ I  Tun h H -  3 @ @ e ~ -  
u H x e K -  a K c u a n b -  m @ n e ~ ~ o p a  sep TUBHOCTL 

UUH, KB H O ~ O  KB- T ~ E L H C ~ O P -  

a H m a  TUPOBKH,% 

'91 
Grenoble - " - 8 + 2 0  

~a r l s ruhe , '  lo '- " - 10 

1 2 L  7 ,  - Gronengen 20 

J7MTEPA TYPA 

1. E a ~ e p e s  B.B. u dp. ONIIN, 9-8 7-3 79, J y 6 ~ a ,  198 7. 
2. P o ~ a n o s  B.A., Cep6unos A.H. - n T 3 ,  1963, NoI, c.27. 
3. f u ~ a n  6.H. u dp. ONIM, 9-83-31 1, J y 6 ~ a ,  1983. 
4. Muller A., Salzborn E. - Ins.Phys. ConJ, 1978. Ser N 38. 
5. fyflb6e~sH f . f . ,  kf8aiieH~0 A.M., f u ~ a n  6.H. - KIT@, 1984, ~ . 5 4 ,  8.7, c.1288-1293. 
6. Clark P.J., Lyt~eis CM. - In.: Proc. l f t h  Intern.Cor~fiotz Cvcl. atid theirAl)pl. K1kj.o. 

1986. p.449. 
7. Bol J L .  et al. IEEE Trans. on Nucl.Sci., 1985, NS-32, No.5, p. 181 7. 
8. Baroti E., Bex L., Bourgarel M.P. GANIL A86-03. Caen. 1986. 
9. Albrand S. et al. - In.: Proc. 11th Cor?f: on Cllcl. and rheirApp1. Tokyo, 1986, p.191. 

10. Bechtold V., Friedrich L., Schulz E - In. : Proc. 10th 1tltem.Cotlf.' on CIY .~ .  atld rlrc.ir 
A ppl. Michigan, 1984. p. 118. 

I I .  Brantigam W. et al. - In.: Proc. 10th In terti. Cotu: or1 Cl1cl. and their Appl. Afichigati, .. 
1984, p. 122. 

12. Van Asselt W.K. et al. - In.: Proc. 10th I~rter~r. Colrf U I Z  C~pcl. atrd theirApp1. .&Iic/ri- 
gun, 1984, p. 1 77, 

4 

P y ~ o n k ~ c b  noc-rynuna B u 3 n a r e n b c ~ u f i  o r Z e n  

1 1 a ~ ~ a p ~ 1 1 9 8 8  rona 




