
llllliiiilllll 
o llbO OOb31S9 2 

~ 
:::r.

-1'1 
j 

r
~, 
M
~ 
~ 
'<.-


P13-97-344 

A . .ll.KHPHJ1JIOB, n.H.KoMOJIOB, n.A.p)'KOSITKHH, 
C.A.XOp030B 

nYQKH PE~THBHCTCKHX ~.llEP TPHT~ 

HA YCKOPHTEJ1hHOM KOMllnEKCE JIB3 OHBH 

r-- <:l""..... ,-. ~_ ~".. tI 1\(~t ... t-~, -'.. "'- ;'" -'" 
_J U N 2.i ~998.. 

iJRA~~'"' I 
~ 1997 



1. 

RBJIeHHJI peJIHTMBMCTCKOH JI,lJ,epHOH ¢M3MKM - OCHOBHOH npe,lJ,MeT MCCJIe,lJ,O

BaHMH JIa60paTOpMM BhICOKHX aHeprHH (JIB8). B aTOM KOHTeKCTe 3He:1'-IM

TeJIbHhIH MHTepec BhI3hIBaIOT peaKUMM nepe3apJI,lJ,KM JI,lJ,ep Ha JI,lJ,pax, ':-)KCll('

pMMeHTaJIbHhle MCCJIe,lJ,OBaHMJI KOTOPhIX 06HapYJKMJIM CYlUeCTBOBaHMC cnc

UM¢MqeCKMX JI,lJ,epHhIX a¢¢eKTOB, He CBOHCTBeHHhIX HYKJIOH-HYKJIOHHOMY 

B3aMMO,lJ,eHCTBMIO. RBJIeHMe C,lJ,BHra JI,lJ,epHOrO .6.-nMKa M ero YlliMpeHMC no 

cpaBHeHMIO C nepe3apJI,lJ,KOH Ha npOTOHe, BnepnhIe 06HapYJKCHHOP M MCCJI(,

,lJ,OnaHHOe B JIa60paTopMM Ha nyqKaX 3He [1], n ,lJ,aJIbH('HllICM OhIJIO nO,lJ,TDP}>

JK,lJ,eHO B onhITax C pa3JIMqHhIMM CHapJI,lJ,a:MM M MMllIeHJIMM, npODC,lJ,('HHhIX KaK 

D ,Uy6He, TaK M B ,lJ,PyrMx YCKopMTeJIbHhlX ueHTpax (CM., Hanp., 0630p [2]). 
B JIB8 ,lJ,aJIbHeHllIee pa3BMTMe aTMX MCCJIe,lJ,OBaHMH nOJIyqMJIO D "-)KCKJII03MD

HhIX 3KcnepMMeHTax C MCnOJIb30BaHMCM n KaqpCTDe HClJI('TaIOlUMX qaCTMU 

JIMTMJI-7 M TPMTOHOB [3]. MCCJIe,lJ,ODaHMJI pcaKUMM nQH'3Cll)J1,lJ,RM Ha nyqRClX 

TPMTOHOB npC,lJ,CTaBJIHIOT MHTepec He TOJIbKO nOTOMY 1 qTO JI,lJ,1Hl ;IH HDJIfl

K)TCJI O,lJ,HMMM M3 npOCTeHllIMX JI,lJ,epHhIX OO'bCKTOD, D HllMOOJIblliPM ('T('nPHM 

nO,lJ,,lJ,aIOlUMMMCJI TeOpeTMqeCKOMY HHaJIM3Y, HO M (' M('TO,lJ,MqCCROM TOqKM 31)('

HMH: oopa3YlolUMecH H,lJ,pa :3He MMPIOT HHMOOJI('(' DhIrO,lJ,HO(, ,lJ,JIH MarHMTHoro 

aHClJIM3a ?M JI(TKO M,lJ,CHTM<PMUMpYK)TCfl Hll <l)OHC ,lJ,pyrMx O,lJ,H03apfl,lJ,HhIX 

qaCTMU DDM,lJ,Y yqPTDCP(,HHOM nJIOTHOCTM MOHM3aUMM. 

13 npMHUMnp, nyqKM PCJIHTMDMCTCKMX JI,lJ,ep TPMTMJI MoryT OhITb nOJIY

qPHhI nYTeM HE'nOCpe,lJ,CTBeHHoro YCRoIH'HMJI TPMTOHOD Htl YCROPMTCJIbHhIX 

ROMnJI{,RCClX. ,lJ,onycK<lIOlUMX YCRoI)(,HME' JI,lJ,ep c OTHOllICHMCM ~ = k. Oqe

DH,lJ,HhlMM ,lJ,O(,TOMHCTDaMM TaKMX nyqROD OhIJIM OhI MX xopolliMe rcoMeTpM
1 4q('('RMC napm,{('TphI, DhICOR(:lJI MHT(,HCMDHOCTb M HM3RMM (10-: - 10- ) pa3

opoc no Ml\IIIYJIbCaM. O,lJ,HaKo pCaJIM3aUMJI 3Toro nO,lJ,XO,lJ,a cOnpJIJKeHa c 

('('})bC3HhIMM Tf'XHMqeCRMMM np06JIeMaMM BBM,lJ,y BhICOKOH (r-..J 10
4 

KM/r !) 
,VlI('JIbHOll aKTMDHOCTM TpMTMJI. AJIbTepHaTMBHhIM B 3TOM OTHOIIIeHMM no,lJ,XO

,lJ,<nI flDJIlIPT('fl ll()JIyqE'HMe TPMTOHOB D BM,lJ,C BTOPMqHhIX qaCTMU, 06pa3YIO

lUMX<'lI D IH'3YJIbTaTc B3<lMMO,lJ,dkTBMJI KaKOrO-JIM60 rrepBMqHOrO nyqKa C MM

llIE'HbIO. HaM60JIee 3<p<peRTMBHhIll M BMeCTe C TeM npocToll BapMaHT MOJKeT 

6hITb peaJIM30BaH Ha OCHOBe peJIHTMBMCTCKOH peaRUMM 06LI:MPKM a-qaCTMU 

4He + A ~ 3H + X. CeqeHMe aToH peaKUHM (25 -70 M6 ,lJ,JIH JIefI{MX JI,lJ,ep' 

[4],[5]) npM OnTMMaJIbHOH TOJIlUMHe MMllIeHM 06YCJIaBJIHBaeT BhIXO,lJ, ,lJ,0 5 
JI,lJ,ep TPMTMJI Ha CTO nepBMqHhIX JI,lJ,ep 4He. C POCTOM MMnyJIbCa yrJIOBOH 

pa36poc nyqKa TaKMX CTpMnnMHrOBbIX TPMTOHOD JIMHeHHO YMeHblliaeTCJI, 

BbIXO,lJ, no,lJ, HYJIeM KBa,lJ,paTHqHO paCTeT, pa36poc no HMnYJIbCaM CTpeMHTCJI 



K nOCTOJIHHOii BeJm"tlHHe B HeCKOJlbKO npOI(eHTOB. TIoCJIe.l{Hee, BnpO"tleM, ,lJ,JIJI 

pJI,lJ,a 3a,lJ,a"tl JIBJIJIeTCJI HenpHeMJIeMO 6oJlbmoii BeJm"tlHHOii. OTMeTHM TaKIKe, 

"tlTO HCTO"tlHHKOM 3H MOIKeT C.r.ryIKHTL C06CTBeHHO peaKr(HJI nepe3apJI,lJ,KH 

3He +A -+ 3H +X. XOTJI ee Ce"tleHHe [3], [5] 60JIee "tleM Ha nOpJI,lJ,OK MeHLme 

Ce"tleHHJI peaKI(HH 4He + A -+ 3H + X, Ha ee OCHOBe MorYT 6LITL nOJIY"tleHLI 

nY"tlKH TPHTOHOB C MaKCHMaJlbHOH ,lJ,JIJI ,lJ,aHHoro YCKopHTeJIJI 3HeprHeH: B 

CHJIY COOTBeTCTBYIOIII;HX OTHomeHHH ~ ,lJ,JIJI <pHKcHpoBaHHoro nOJIJI YCKOPH

TeJIJI HMnYJILCLI JI,lJ,ep TPHTHJI, HenOCpe,lJ,CTBeHHO YCKopeHHLIX, no.r.ry"tleHHLIX 

06,lJ,HPKOii 4He H nepe3apJI,lJ,Koii 3He, OTHOCJITCJI, KaK i : 1 : ~ l 

20 10[ 
6v GIBS 

PHC. 1. IIJIaH MarHHToorrTHlleCKoro KaHaJIa .n,JIJI CPOpMHpoBamul rryllKa TpHTHH Ha YCTaHO

BKy rRBe. 0: - Tpacca rrepBHllHoro rryllKa 4He, DO...D7 - .n.y6JIeThI KBa.n,pyrrOJIbHhIX JIHH3, 

M1,M2,M3 rroBopoTHhIe MarHHThI 

2. 

,l(JIJI <pOpMHpOBaHHJI nY"tlKOB peJIJITHBHCTCKHX JI,lJ,ep TPHTHJI Ha YCKopHTeJlb

HOM KOMnJIeKCe JIBS [6] HCnOJlb30BaJlCJI MeTO,lJ, 06.IJ.HPKH YCKopeHHLIX JI,lJ,ep 

4He. ¥cKopeHHLIA B CHHxpo<pa30TpoHe ny"tlOK a-"tlaCTHI( Me,lJ,JleHHO BLIBO
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Ta6JIIn~a 1. IIapaMeTpllI rry'IRa 4He 
,Ullarra30H HMrrYJlbCOB 3 - 18 raB / c 

I1HTeHcHBHoCTh B D;HRJIe * 5· 1010 
1:.JacToTa D;HRJIOB 0.12 rIl, 
,UJIHTeJIhHOCTh BllIBO,ll.a 0.5 c 

Pa3MepllI rrYQRa (O"hor) " 2 - 4MM 

PaCXO,ll.HMOCTh rrYQRa (O"Shor) " 4 - 6 Mpa,ll. 

• I1pH P ~ Pmax/2 

,1l}IJICJI H3 YCKopnTeJIJI H c6paChlBaJICJI Ha MHllIeHh, pacrrOJIO>KeHHYIO B TOllKe 

CThlKOBKH BhlBO,n:HOH CHCTeMhl H KaHaJIa TpaHcrropnrpoBKH llaCTHIl; K 3Kcrre

pHMeHTaJIhHhlM YCTaHOBKaM - cpoKyce F3 ( pHc.l). OCHoBHhle rrapaMeTphl 

TaKoro rrYllKa rrpHBO,LVITCJI B Ta6JIHue 1. 
TPHTOHhl H ,n:pyrne BTopHllHhle llaCTHIl;hl, o6pa30BaDllIHeCJI B pe3YJIhTaT(' 

D3aHMO,n:eHCTBHJI 4He C JI,n:paMH MHllIeHH, 110,4 0 0 3aXDaThlDaJIHCh rOJIOBHhlM 

,n:y6JIeTOM DO KaHaJIa VP-1. Bech KaHaJI HaCTpaHDClJICJI Ha TpaHcrroI>THpoD

Ky llaCTHIl; C 3apJI,n:OM Z = 1 H HMrrYJIhCOM P = ~P(\'. HerrpoD3aHMo,n:eikTDo

BaBIlIHe rrepBHllHhle O'-llaCTHIl;hl, a TaK>Ke DTopHllHhle llaCTHIl;hl C MarHHTHOH 

>KeCTKOCThIO fe, OTJIHllaIOmeHCJI Ha 5% H 60JIee OT HOMHHaJIhHOH, rrOCJIe 

rrpOXO>K.lleHHJI ,n:y6JIeTa DO H rrepBoro IJ()DOpOTHOro MarHHTa Ml Bhl6pachl

DaJIHCh H3 KaHaJIa H rrorJIOmaJIHCh D 3amHTe, pacrrOJIO>KeHHOH Me>K.llY H3Me

pHTeJIhHhlM rraDHJIhOHOM H :>KCrrepHMeHTHJIhHhlM KoprrycoM 205 (Ha pHc.l 

llaCTHllHO OTMelleHa 3allITpHXOBaHHhlMH YllaCTKHMH Me>K,n:y M 1 H D 1 ). 3a

mHTR 06ecrrCllHBaJIa ,n:OCTaTOllHO rrOJIHOe rro,n:aDJIeHHe <lwHa, B03HHKaIOmero 

rrpH rallIeHHH rrcpBHllHoro rryllKR. <I>oHoDhle YCJIODHJI rr03BOJIJIJIH pacrrOJIa

raTh, rrpH H('o6xo,n:HMOCTH, ,n:eTeKTophl YiKC D paHoHe <poKyca F4, He rro,n:

D<'pnlJI HX cym(,CTDcHHOH ,n:orrOJIHHTeJIhHOH 3arpY3Ke. 

ilOJIHOe q>OpMHpoBaHHe TpHTHeDoro rryllKa ocymeCTBJIJIJIOCh Ha Tpacce 

MarHHTHhlX KaHanOB VP-l H 6V o6meH ,n:JIHHOH 60JIee 110 M, BKJIIOllaIOmHX 

D ce6JI TpH rroBopoTHhlX MarHHTa Ml, M2, M3 H ceMh .n:y6JIeTOB KBa,n:py

rrOJIhHhlX JIHH3 DO - D6. COrJIaCHO orrTHlleCKOH cxeMe, Ha KOTOPYIO B ,n:aJIh

HeHllIeM 6y,n:eM CChlJIaThCJI KaK Ha cTaH,n:apTHYIO, JIHH3lJ KaHaJIa VP-l rpyrr

IIHPYIOTCH B TPH RBapTeTa C llepe,n:oBaHHeM rrOJIJIpHOCTH <I>,lI;-,lI;<I> B ropH

30HTaJIhHOH rrJIOCKOCTH. B paHoHe TOlleK F4, F5, F6 cpOPMHpyIOTCJI KpOC

COBeplJ rrYllKa.BTopoH H TpeTHH KBapTeTlJ pa6oTaIOT B pe>KHMaX, 6JIH3KHX 

K 3epKaJIhHO-CHMMeTpHllHOMY. ,L:(y6JIeT D6 rrepeBO.llHT H306pa>KeHHe H3 F6 

Ha MHllIeHh YCTaHOBKH. OCHOBHlJe cpyHIOlHH KaHaJIa ,n:JIJI 3TOH orrTHlleCKOH 

CXeMlJ rrOKa3aHlJ Ha pHc.2. CTaH,n:apTHlJH pe>KHM, a TaK>Ke He6oJIhllIOe pac
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PHC. 2. OCHOBHhIe <i>YH~HH .n.JIJI cTaH.n.apTHoro peJRHMa RaHaJIOB VP-l H 6V. A J1HHeitHble 

OrH6aIOlll,He IIYQRa (20-) B ropH30HTaJIbHoit (X) H BepTHRaJIbHoit (Y) IIJIOCROCTJIX (Ex c::: Ey 

401f MM . Mpa.n., Op = 0). B JIHHeitHaJI H yrJIOBaJI .n.HCrrepCHH 

CTOJI,HHe OT TOl:JKH (F3) paCnOJIOJKeHHH MHIDeHH, reHepHpYIOII.I;eH TPHTOHhl, 

)1.0 BXO)1.a B rOJIOBHOH ll.Y6JIeT DO - 3.2 M - 06YCJIaBJIHBaIOT xopomyIO CBeTO

CHJIY KaHaJIa. PaCl:JeTHOe 3Hal:JeHHe yrJIOBOrO aKcenTaHca )1.JIJI TaKOH KOH

cpHrypa1(HH COCTaBJIJIeT ~n = ~ex~ey ~ 50 Mpa)1. • 18 Mpa)1. = 0.9MCp. B 
Kal:JeCTBe HJIJIIOCTpa1(HH npHBe)1.eM )1.aHHhle no HHTeHCHBHOCTH TPHTOHOB C 

HMnYJIbCOM 6 r3B / C, H3MepeHHoH B YCJIOBHHX, 6JIH3KHX K BhlIDeonHcaHHhlM: 

9
• nepBHl:JHhlH nYl:JOK - 10 a-qaCTH1( C HMnYJIbCOM 8 r3B / C 3a c6poc, 

• MHIDeHb - nOJIHCTHPOJI, 5 r / CM2 , 

• HHTeHCHBHOCTb H)1.ep TpHTHH B KOH1(e KaHaJIa - 5 • 105 3a c6poc. 

Ha pHc.3 npHBe)1.eHhl npocpHJIH nyqKa C HeCKOJIbKHX npocpHJIOMeTpOB, 

pacnOJIOJKeHHhlX B)1.0JIb Tpacchl nyl:JKa. TpeTbH H l:JeTBepTaH 1(apa pacnpe)1.e

JIeHHH cooTBeTcTByeT Bhl)1.eJIeHHoMY nyl:JKy TPHTOHOB. B Kal:JeCTBe npocpHJIO

MeTpoB HCnOJIb30BaJIHCb MHorOnpOBOJIOqHhle Ka~1ephl, pa60TaIOII.I;He B TOKO

BOM pe.JKl:lMe, HMeIOII.I;He HHJKHHH nopor qYBcTBHTeJIbHOCTH no HHTeHCHBHO
6

CTH nYl:JKa nOpH,llKa "-' 10 0)1.H03apH)1.HhlX l:JaCTH1( B ceKyH)1.y. ,L{aHHhle pac

npe)1.eJIeHHH cooTBeTcTBYIOT CTaH)1.apTHoMY pe.JKl:lMy MarHHTHoro KaHaJIa, 

4 
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PHC. 3. <POpMHpoBaHHe nyqRa TpHTHR: Roop.n;HHaTHhle pacnpe.n;eJIeHHR B ropH30HTaJIbHoit 

(X) H BepTHRaJIbHOii (Y) nJIOCROCTRX npH HH 6 raB/c. 1 nOCJIe MarHHTa Ml ("XBOCT" 

nepBHqHOrO nyqRa o:-qaCTHU), 2 - Ha Bxo.n;e B .n;y6JIeT Dl, 3 Ha Bxo.n;e B .n;y6JIeT D3, 4 
B cpoRyce F6. UHCPPhl no.n; fHcTorpaMMaMH: cpe.n;Hee 3HaqeHHeicpe.n;HeRBa.n;paTHqHOe OTRJIO

HeHHe, MM. .LI,Hana30H fOpH30HTaJIbHo:lt llmaJIhl - ±90 MM, rJIa.n;RHe RpHBhle - annpORCHMaUHR 

raYCCHaHOM 

IWTOPhlH HClIOJIb30BaJICJI TOJIbKO B Ha'tIaJIbHOH CTa,n:HH rrpOBO,lI.KH lIy'tIKa. 3a

TeM Heo6xo,n:HMO 6hlJIO YMeHbIllaTb HHTeHCHBHOCTb lIy'tIKa B 10 - 30 pa3: 

OlITHMaJIbHOH HHTeHCHBHOCTbIO ,n:JIJI pa60Thl ClIeKTpOMeTpa rI1BC (CTpH

MepHaJI KaMepa B MarHHTHOM rroJIe) JIBJIJIeTCJI HeCKOJIbKO ,n:eCJITKOB ThlCJI'tI 

'tIaCTHIL 3a c6poc. YMeHbIlleHHe HHTeHCHBHOCTH BhlBe,n:eHHoro lIepBH'tIHOrO 

lIy'tIKa (l'-'tIaCTHIL B TaKOH CTelIeHH 6hlJIO HeIKeJIaTeJIbHO, TaK KaK rrpHBo,n:HJIO 

6hl K yxy,n:IlleHHIO cTa6HJIbHOCTH BhlBO,lI.a, TeM 6oJIee, Kor,n:a HClIOJIb30BaJICJI 

6 eCCTpYKTYPHhlH BhlBO,n: (T.e. BhlBO,n: lIy'tIKa H3 YCKopHTeJIJI lIpH OTKJIIO'tIeH

HOH BQ). I103TOMY HCrrOJIb30BaJICJI CJIe.n.yIOIl(HH lIpHeM: CHJIbHO CHHIKaJICJI 

TOK B rrepBOH JIJiIH3e (<PI') ,n:y6JIeTa D2. 8TO lIPHBO,n:HJIO K CHJIbHOH ,n:e<i>oKY

CHpOBKe lIy'tIKa B ropH30HTaJIbHOH rrJIOCKOCTH H rrOTepJIM Ha Bxo,n:e B CJIe.n.y

IOIl(HH ,n:y6JIeT, KOTOPhlH rro,n:CTpaHBaJICJI Ha HOBhle lIOJIOIKeHHJI HCTO'tIHHKOB. 

BeJIJiI'tIHHa rrOTepb H, COOTBeTCTBeHHO, HHTeHCHBHOCTb lIpOIlle,n:Illero rry'tIKa 

rrpJIMO CBJI3aHhl C TOKOM BO BTOPOH JIHH3e (,lJ;r) .n.y6JIeTa D2. I13MeHeHHe 

TOKa B 3TOH JIHH3e, B03MOIKHOCTb KOToporo HMeJIaCb Herrocpe,n:CTBeHHO Ha 

MeCTe Be,n:eHHJI 3KClIepJiIMeHTa, rr03BOJIJIJIO lIJIaBHO rro,n:CTpaHBaTb HHTeHCH

BHOCTb K HYIKHOH BeJIH'tIHHe H lIpaKTH'tIeCKH YIKe He Tpe6oBaJIO lIO,n:CTPOHKH 

lIOCJIe,n:YIOIl(Hx 3JIeMeHTOB KaHaJIa. 

3. 

RaK YIKe OTMe'tIaJIOCb BhlIlle, He,lI.OCTaTKOM BTOpH'tIHOrO TpHTHeBoro lIy'tIKa, 

lIOJIy'tIeHHOrO HelIocpe,n:CTBeHHO OT MHIlleHH, JIBJIJIeTCJI pa36poc lIO HMlIYJIb

5 
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caM. BeJIMqMHa 3Toro pa36poca)lJIJI peaKUMM 06)lMPKM O:'-qaCTMU orrpe,n;eJIJI

eTCH Cpe)lHeKDa)lpaTMqHhlM 3HaqeHMeM MMrrYJIhCa rrpOTOHa a p• B R)lpe 4He 

M C )lOCTaTOqHO xopOilieR TOqHOCThIO )laeTCR COOTHOIlIeHMJIMM 

aplab a p• 
t)Plab = -R = f< M ' 

lab {JO t 

r)le /30, 10 - CKOPOCTh M JIOpeHU-<paKTOP HaJIeTaIOIIJ;eR O:'-qaCTMUhl B JIa

60paTOpHOR CMCTeMe OTCqeTa, M t = 2.809 r3B/c
2 

- Macca TpHTOHa. 

Ha OCHODaHMM 3KcrrepMMeHTaJIhHhlX )laHHhlX [4] MJIM MO)leJIM [7] ap* = 
160 200 M3B/c. 8TO )laeT, HarrpMMep, )lJIJI rryqKa TPMTOHOB C MMrrYJIh

('OM 9r3B/c vICXO)lHhlR MMrrYJIhCHhlR pa36poc 6 - 8%. B KaHaJIaX VP-1 

M 6V OTCYTCTDYKlT CrreUMaJIhHhle CTaUMOHapHhle KOJIJIMMaTOphl, TaK KaK 

OCHODHoe HH3HaqeHMe 3TMX KaHaJIOB - TpaHcrropTMpOBKa BhlBe,n;eHHhlX MO

HOXIH)MaTMqeCKMX rryqKOD. I1PM (POpMHpOBaHMM BTOpMqHOrO rryqKa Bhl)le

JIPHMC' MMrrYJIhCa rrpOMCXO)lMT Hl1 arrepTypax MarHMTHhlX ':meMeHTOB. Pac

q('Thl rrYTPM MO)lPJIMPOD<lHMJI rrpOXOlli,n;f'HMH OT)leJIhHhlX TpaeKTopMM, )leTaJIM 

KOTOPhlX rrpe)lrrOJIaraCTCJI orrMcaTh D OT)le.llhHOM pa60Te, rrOK<l3hlpaIOT, qTO 

rr}>M CT<lH)l<lPTHOM pelKMMP KaHHJIOD, 7f Ha DXO)le D )ly6JICT D1 COC'TaDJIJIPT 

D<'JIMqMHY OKOJIO 5%, KOTopaH, )laJI<'C, rrOCTerreHHO YMeHhIlIc1C'TCH )lO ypOD

HI! 1.8 - 2.3% D KOHU<' K<lH<lJI<l GV. MHTel)('CHO OTM('TMTh, qTO orrMCHHHCUI 

DhlIlH' .ll<'(l)OKycMIH>DKCl rryqKa D n'lH')lMHC KHH<lJI<l VP-l, H(' rrpMDO)lMT K 3(\

I\f('THOMY M3M('H(,HMlO MMrrYJIhCHOM rrOJIOChl rrpOrrYCKHHMH. LLJIJI PH)lH 3H)laq 

TaK(rH p<136poC rro MMrrYJIhCClM I!DJII!('TCI! CJIMiliKOM 60JIhiliMM. O)lHMM M3 D03

MO>KHhlX rrO)lXO)loD, rro3DoJIJIIOIUMX KOMII<'HCMl)(>DHTh '-}TOT H<')lO(,TaTOK, I!DJII!

CTCH DpeMHrrpOJI{,THO{, M('q('HM(,. TClKClI! I\H'TO)lMKH 6hlJIH 1)('ClJIM30DClHCl np11 

pa60Tf' c rryqKOM TPMTOHOD c l1;\m~'JIhCOM Gr··)D / (' [8]. I1q>DhlH ('qPTq11K 

DpeMRrrpOJIE'THOH C11CT('MhI paCIlO.rraraJICll D (l>oKY("(' F·1. DTOpoii - Ha ('IICI\

TpO:MeTpe rMBC. 8TO pa3l\H'IUf'Hl1<' (,qCTqMKOD 3H)l<lDHJIO rrpOJI<'THYIO OCl3Y 

L '::;; 77 !If. IIpM co6cTDeHHoM DpE'MeHHOM pa31)('IlICHMM at = 0.1 HC HH T<lKOii 

6a3e 06eCIleqMBaJIOCh pa3pellIeHMe rro MMrr,\'JIh('Y bp '::;; :-Joio'2(al(')/ L '::;; 0,27<, 
M3MepeHHoe 3HaqeHMe MMrrYJIhCHOrO pa36poca rryqKH TP11TOHOD OKa3..UIOCh 

paBHhIM 110 1201:bB/c (1.8 2.0%), C qe)'I BrrOJIHC :V:n;ODJI(,TDOPMT<'JIhHO 

cOrJIacYIOTcR pe3YJIhTaThl paCqeTOB. O)lHaKO rrp11 OrpaHMqeHHOH CKOl)()CT11 

rrpMeMa MH<popMaUMM (TaK, Harrp11Mep, cTpMMepHaR Ka:Mepa perMcTpMpyeT 

O,n;HO TpMrrepHoe c06hlTMe 3a UMKJI YCKopeHMR) M OrpaHMqeHHmI BpeMeH11 

Ha60pa, qTO oco6eHHo aKTyaJIhHO B HaCTORIUee BpeMR, Heo6xo)lM).IQ MMeTh 

rryqKM C MeHhIlIMM MMrrYJIhCHhlM pa36pocoM. LLJIJI orrpe)leJIeH11R B03MOIKHO

CTM Bhl)leJIeHMR 60JIee Y3Koro MHTepBaJIa MMrrYJIhCOB B paMKax cYIUecTBy

IOIUeR MarHMTOOrrTHqeCKOH cTpyKTyphl 6hlJIa rrpOaHaJIM3MpOBaHa 3aBMC11
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MOCTb pa3peIIIalOmeH CnOC06HOCTH RaR <PYHRUHH pemHMa H nOJIOmeHHJI Ha 

TpaCCe RaHaJIa. 06bIlIHOe onpe,ll;eJIeHHe pa3peIIIalOmeH CnOC06HOCTH - OT

HOIIIeHHe JIHHeHHOH )l;HCnepCHH (d) R pa3Mepy H306pameHHJI R = IM1 o I x 

(M - RO:::l<p<PHUHeHT YBeJIHlIeHHJI, .6.xQ pa3Mep HCTolIHHRa) - OTHOCHTCII R 

<poRaJIbHOH nJIOCROCTH. )J;JIJI Toro, lIT06bI onHCbIBaTb pa3pCIIIalOm1H' CDOH

CTBa RaHaJIa Ha Bceit ero ,llJIHHe, B RaqeCTBe MepbI HMnYJIbCHOrO pa3pCIIIPHHlI 

MbI paCCMaTpHBaJIH OTHOIIIeHHe JIHHeitHoit ,llHClIepCHH R orH6alOIIIeii HCROTO

poro 9TaJIOHHoro MOHoxpOMaTHlIeCRoro nYlIRa. B RalICCTDe T<:lROrO nYlIlm, 

B HeRoTopoH CTeneHH npOH3BOJIbHO, 6paJIcJI IIYlIOR, 6JIH3RHH no napaM(,

TpaM R nYlIRY, Me,llJIeHHO BbIBe,ll;eHHOMY H3 CHHxpo(1)a30TpoHC1 npH MaKCH

MaJIbHOM HMnYJIbce. B paClIeTax HCnOJIb30DaJIHCb CJIe,llYlOmH(' HaqaJIbHbI(' 

3HalIeHHH 2a-orH6alOmHX B <poRyce F3: ropH30HT<lJIb 5 MM X 8 Mpa,n, DPP

THRaJIb - 10MM x 4 Mpa,ll (Ex ~ Ey = 407rMM' Mpa,ll, ~lJ 0). JIHHeHHbIc 

orH6alOIIIHC Ha pHc.2 H 4 nocTpocHbI ,llIDI ,llaHHbIX 3HHlICHHH. )J;aJIbHPHllI<llI 

exeMa nOHCRa 06JIaCTM ,llIDI BbI,lleJICHHJI HMnYJIbCHOrO HHTqmaml DbIrJIlI,n('JIa 

eJIe,nYlOmHM o6pa30M. CHaqaJIa HCRHJIClI '-)R('TlwMYM pa31H'llIalOm<'H ('no

('06HOCTH, RaR (l)YHRuHH rpa,llHCHTOD JIHH3 (' orpaHHlI(,HHlIMH, RaK Ha D('

JIHlIHHy JIHHCHHOH orH6alOm(,H nyqKCl no <In<'}>TY}>('' TaK H HH IIOJIOIRPHH(, 

TOlIKH '·).I{('TI)(,l\I~!Ma paHoHoM (I)OKycOD F 4 FG, ITO('JIC,llH(,(, CD1I3(lHO (' ,nO

cTynHO(TblO 'HHX l\I('('T ',llIDI pa3l\Wm<'HHlI ,llonOJIHHT<'JIbHOrO o6opY,llODaHHlI 

(KOJIJIHl\IaTOPOD HJIH ,ll('TPKTOpOD). 3aT(';.I Hl\IHTHpODaJIO('b npOXOIR,lleHHe ..tH

CClM6JIH lIa<'THU 1I('IH'3 M<lrHHTHYK> ('TpyKTyPY K<lH<lJIOD H pa('cM"lTpHDaJIHCb 

IHH'np<',ncJI('HHH f(.r, ~ p) D OKI)('(,THo(,TH HClM,llPHHbIX TOlI('R '·H{(TpeMYMoD. 

3aTCl\I 3ClllaDamH'b orpHHHlIHDmOmalI nOJIOC(l ,1'1 ::; ,I' ::; ,1''2 (HJIH HP('I{oJIbRO) 

R 110 II(mYlI(,HHoM DbI6oPKC, npH y(,JIODHH. qTO lI"l('THUbI ,llOlliJIH llO R(>Hua 

I\aHClJIH, P1-l('('lIHTbIDHJI('lI OKOHqaTPJIbHbIH H1IIIYJIbCHbIM pa36poc. 

Ha pHc.5 nOKa3ClHbI O(,HODHbIC (l)YHRUHH, ('OOTDCTCTDYIOIIIHC peJRHMY Ra

HClJIOD VP-l If GV (' )THJIeHHhlM IfMIIYJIM'HhlM pa3pellIeH'HeM (peJRHM 2), 

a THI\iKC M3l\l('HPHH(' IHl3PPllIHIOIUPM cno('o6HOCTH D,llOJIb TpaCCbI nYlIRa llIDI 

('TaHll<t}>THoro IH'iKHl\Ia (1) H ,llD)'X HaH,llCHHbIX pellIeHHH (2,3).B Ta6JIHue 

2 CD<'ll(,HbI HCKOTOPbIP pe3YJIbTaTbI paClIeTOD ,llIDI 3THX Tpex pemHMoB. 

OrpaHHlIcHHC no TpHrrepy (T) 03HalIaeT, lITO YlIHTbIBaJIOCb BbI,neJIeHHe 

nylIKCl, onpe,lleIDIel\We ancpTypaMH DpeMJInpOJIeTHbIX ClIeTlIHROB, pa3MepoM 

50 x 50 l\IM2. pacnOJIOlReHHbIX, RaR onHCbIBaJIOCb BbIIIIe (Zl ~ 31.6 M, Z2 ~ 
2108.8 M). a TaKJRe ClIeTlIHROM, pa3MepOM 60 x 30,MM , 3a,llalOlllHM nYlIOR Ha 

UHllIeHH cTpHMepHoH RaMepbI (z = 110.8 M). )J;OIIOJIHHTeJIbHbIe orpaHHlIe

HHR IIO,llpa3YMeBaIOT npHMeHeHMe 3a,llalOmHX ClIeTqHROB HJIH ROJIJIHMaTOpoB 

cooTBeTcTBYlOmHx pa3MepoB. ITpHMeHeHHe ROJIJIHMaTOpa ueJIeC006pa3Ho B 
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PHC. 4. OCHoBHhle CPYHRUFIH .n;JIJI pemFIMa C YCFIJIeHHhlM FIMrrYJIbCHhlM pa3peIlIeHFIeM. A, B 
JIlmettHhle orFI6aIOIUHe rrY'IRa, JIFIHettHaJI H yrJIOBaJI .n;HcrrepCFIH. C - Pa3peIlIaIOIUaJI crroco6

HOCTb (oTHoIlIeHFIe JIFIHettHott .n;FIcrrepCFIFI R :naJIOHHott JIFIHeHHott orFI6aIOIUett, CM. B TeRcTe): 

1 CTaH.n;apTHhltt pemFIM, 2,3 - BapFIaHThl pemFIMOB C YCFIJIeHHhlM FIMrrymcHhlM pa3peIlIeHFIeM 

CJIyqae pelKHMa (3), TaR RaR lIOJIOCa BhI.n;eJIeHIDI .n;O.lDRHa HaXO.IUITbCH BHyTpH 

UHJIHH.n;pH"tIeCROrO oTBepcTHH B 3al1l;HTe, pa3.n;eJIHlOl1l;eit RaHaJIhI VP-l H 6V. 

IIpolIycKHaJI clIoco6HOCTb (Y) lIpHBe.n;eHa lIO OTHOIIIeHHlO K CTaH.n;apTHOMY 

peIKHMY TOJIbKO lIpH alIepTypHhIX OrpaHHqeHIDIX. MaKCHMaJIbHhIit HMlIYJIbC 

lIY"tIRa TPHTOHOB.n;JIH pelKHMoB (1) H (3), Pmax ~ 11 r:3B/c, OrpaHH"tIHBaeTCH 

lIOBOPOTHhIMH MarHHTaMH M1 H M3, a .n;JIH pelKHMa (2), Pmax ~ 9 n~B/c -

BTOPOit JIHH30H .n;y6JIeTa DO. 
B lIpHJIO)l{eHHH lIPHBO)I.HTCH lIapaMeTphI KaHaJIOB VP-l H 6V .n;JIH Tpex 

pe)l{HMOB pa6oThI. 

,I(aHHaH pa60Ta lIpOBO.IUIJIaCb lIpH co.n;eHcTBHH PoccHitcRoro cpoH.n;a 

<PYH.n;aMeHTaJIbHhIX HCCJIe.n;oBaHHH (rpaHT 96-02-18729). ~ 

8 



IIpHJlomeHHe 

TafiJIHna 3. OCHoBHhle rrapaMeTphl MarHIITOOrrTIIl:J.eCRotl: CTPYRTYPhl RaHaJIOB VP-1 II 6V ,1.1,)]11 

pa3JIIIl:J.HhlX peJKIIMoB. 1 - CTaH,1.I,apTHhltl:, 2,3 - peJKIIMhl C YCIIJIeHHhlM IIMrrYJIhCHhlM pa3pe

lIIeHIIeM. d - ,1.I,JIIIHhl CBofio,1.l,HhlX rrpOMeJ:KYTRoB. OTpiinaTeJIhHhle 3Hal:J.eHIIH COOTBeTCTBYIOT 

nOBopoTY rrYl:J.Ra HaJIeBO ,1.I,JIH MarHIITOB IIJIII ,1.I,e~oRycIIpoBRe B ropIl30HTaJIhHO~ rrJIOCROCTII 

,1.I,JIH JIUH3 

0603H. I 3JIeMeHT d,M 13<t><t>,~ , <p,Mpa.ll. G Tn/] (.lI.nH P = 9 [3Dl 1) 

1 2 
..~ 

f3 3.15 
K200 2.10 8.251 -10.606 8.251 

DO 0.20 

I K100 1.10 -10.016 14.307 -10.016 

I - 1.05 
Ml SP40 1.80 89.0 

9.05 
I 

.~ 

M2 SP57 1.00 ! -22.7 
- 2.26 

K200 2.10 -3.748 -5.234 -3.748 
Dl 0.41 

J 

K200 2.10 .5..577 7.128 .5.577 
9.76 

K200 2.10 5.600 5.221 I 5.600 
D2 0048 

K200 2.10 I -3.620 -3.664 -3.620 
I 11.27 

I K200 2.10 -3.730 -3.493 -3.378 
D3 - 0.40 

K200 2.10 5.630 4.563 4.834 
9.36 

K200 2.10 I 5.570 9.212 6.000 
D4 i 0040 

K200 2.10 -3.700 -5.199 -4.200 i 

- 8.72 
K200 2.10 -3.550 -3.398 ---~-i88() 

D5 0.40 
K200 2.10 4.950 4.990 4.4.50 

I 2.81 
L-. 

M3 SP12 3.20 152.0 
8.15 I 

K200 2.10 .5.663 -5.145 -.5.180 
D6 0.19 I 

K200 2.10 -5.519 5.877 6.053 --
Gibs 9.35 
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Ta6JIHua 2. MMrrYJIbCHhlii pa36poc Iry-QRa TPHTOHOB (op = (]'p / P, %) H OTHOCHTeJIbHaJI rrpo

nYCKHaH clIoco6HOCTh RaHaJIOB VP-1 +6V (Y) .n;JIH pa3JIHQHhlX pelKHMoB. 1 - cTaH.n;apTHhlii, 

2,3 BapHaHThl C YCHJIeHHhlM HMrrYJIhCHhlM pa3perueHHeM. A - OrpaHHQeHHH lIO arrepTy

paM 3JIeMeHTOB KaHaJIa, T OrpaHH'leHHH lIO arrepTypaM TpHrrepHhlX H BpeMHrrpOJIeTHhlX 

CLIeTLIHKOB (CM. B TeKCTe), IT1, IT2 .n;OlIOJIHHTeJIhHOe Bhl.n;eJIeHHe B YRa3aHHoii rrOJIOce 

# OrpaHHQeHlDI bp, % y 

A T TIl TI2 

1 j 2.3 1.00 

1 j j 1.9 0.74 

3 j 1.9 0.53 i 

3 j .; 1.6 0040 
2 j 1.1 0.121 

2 .; j 1.0 0.11 

3 .; j - 5 ::; X ::; 5 MM 

z = 94.0M 

0.7 0.12 

2 j j - 2 ::; X ::; 2 MM 

z = 30.9M 
- 5 ::; X ::; 5 MM 

Z = 92.0M 
0.58 0.06 

2 .; .; - 2 ::; X ::; 2 MM 

z = 30.9M 
5 ::; X ::; 15 MM 

Z = 92.0M 
0.25 0.01 

[1] A6JIeeB B.f. H .n;p., ITHChMa B }KST<I>, 1984, 40, c.:J:'. 


[2J CTPOKOBcKHit E.A., rapeeB <D.A., Panic 10.J1., :=jllAR, 199:3,.24, c.()03. 


[3J ABpaMeHKo C.A. H ,np., ITHcbMa B }l{3T<D, 1992, 55, c.676. 


[4] Abdurakhirnov A.U. et al., JINR, E1-12730, Dubna, 1979. 

[5] Glagolev V.V. et al., Z. Phys., 1993, C60, p,421. 


[6J Issinsky I.B. et al. , Acta Physica Polonica B, 1994, 25, p.673. 


[7]. CzyzW., LesniakL., Phys.Lett., 1'967, B24, p.227. 


[8] ABpaMeHKo C.A., BeJIHKOB IO.A. H .up., OHJH1, Pl-96-281, ,Uy6Ha, 1996. 

PyKonHcL nocrynHna B H3)laTeJlLCKHH OT)leJI 

14 HO.ll6p.ll 1997 ro)la. 
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KHPHJUIOB A.Jl. H JlP. P13-97-344 
nytIKH pemlTHBHCTCKHX smep TPHTHSI 
Ha YCKopHTeJ1bHOM KOMruIeKce nB3 OIUIH 

B pa60Te OllHCblBaIOTCSI llytIKH peJ1SlTHBHCTCKHX smep TpHTHSI, cpopMHpyeMblx 
Ha YCKopHTeJ1bHOM KOMruIeKce na60paTopHH BbICOKHX 3HepmH OH5IH Ha OCHOBe 
peaKUHH 06JlHPKH aJ1bcpa-QaCTHU. npOBOJlHTCSI aHaJ1H3 JleHCTByIOlUHX MarHHTHblX 
KaHaJ10B H JlaIOTCSI pe)KHMbl pa60Tbl, l103BOJ1SlIOlUHe CPOpMHpOBaTb llytIKH TPHTHSI 
C YMeHblIIeHHblM 0lo 0,5 %) HMllYJ1bCHbIM Pa36POCOM. 

Pa60Ta BbmOJ1HeHa BJIa6opaTopHH BblCOKHX 3HeprnH OIUIH. 

C006w.eHHe Om.e)UfHeHHoro HHCTH1)7a lI.nepHblX HCCJ1e.nOBaHHH. )ly6Ha, 1997 

nepeBOJl aBTopOB 

Kirillov A.D. et al. P13-97-344 
Beams of Relativistic Tritium Nuclei 
at the Accelerator Facility of the Laboratory of High Energies, IINR. 

Beams of relativistic tritium nuclei, prepared at the accelerator facility 
of the Laboratory of High Energies, IINR, are described in the paper. The beams 
are based on the alpha-particle stripping reaction. The beam lines used are analyzed 
and the ways of reducing of the beam momentum spread (up to 0.5 %) are given. 

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