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B HacTORiri;ee BpeMH 60J1hll!OH 1rnTepec rrpe,n.cTaBJIHIOT ::mcrrepn:

MeI:ITIJ C rryq1rnMll pa,n.n:oaKTHBHhlX n:,n.ep, OTKphlB~IO~n:e HOBYIO 06J1aCTb 

H,n.epHo:ti: <pn:3n:Kn:, a KpOMe TOro, o'6ecrreqn:~aroni;H~ ,Zl;OIIOJIHHTeJII,Hhl~ n:c~ 
• I J • •• • • ,i ' '•' .. , 1c'• 

cne,n.oBaTeJlbCKn:e B03MOlliHOCTH ,ZJ;JIH HeKOTOphlX HarrpaB.rieHn:n, TaKn:X KaK 

<pn:3,HR!i ~OH,n.e~,cn:p~BaH~mc cpe,n., <pn:3n:Ka TBep,n.oro T~.ria, aTOMHM <pn:-

3Il:Ka, H,n.epiIM Me,n.mi;n:Ha n: pHti ,n.pyrn:x: ·· Bo MHornx yrnopn:Ten1,:an1x 

ii;eHTpax ocyni;eCTBJIHIOT'C~ 'iui~ pa3pa6a;hlBaIOTCJI aKcrrepri:MeHThl C. pac 
,Zl;HOaKTHBHhlMn:' rry1rna.MH .... , .. : . ' , . . •.·. ,. ' . ,· . < .. · 

Cyni;ecTBYIOT ,D.Ba OCHOBHhlX -~eTo,n.a rro~yqeHIIH pa,n.n:oaK~n:~~~x nyq-
K~B [1,2]:_ . ,_ ·' .. •. . . ' .. ·' ,·•·. 

• ToncTyro ropHqyro ~n:IlleHb 6oM6ap,n.n:pyroT rryqKoM rrpoTOHoi HJIH 

nemn:x JI,n.ep C aHeprn:e:ti: ,n.o 500 MaB /HyRnoi. '"'<1>1rnn:'11ec~~M~ n: 
,: ' ' ; , 1]' '. \ <: '' ' • , , -., ; • ,·., ': 

xn:Mn:qecKn:Mn: MeTo,n.aMn: Bhl,ZJ;eJIHIOT Il:3 MHilleHn: rrpo,n.yKThl H,n.epHhlX 

peaKii;n:n n: Harrpaim.iIIOT' B HOHHhlH nci'oqHn:K; r,n;e OHR · n:oHn:-

3n:pyroTCH .•. 13n1,n;eJ1eHHYIO rrpn: Il()M9ni;n: Ma~c-.'.'.ceirapaTOpa: <ppaK

n;n:10 B ,iiaJibHeiiIIIeM ,zioyc':RopJIIOT
0 

n: rionyqaroT nyqoK. pa,n;:rioaKTH

BHhlX H,n;ep '[3,4]. ·,.ztaHIIhlll MeT<),ll; peann:3yeTCH B TaKiIX: npoefrTax, 

KaK ARENAS (Ben1,rnJI), SPIR~L (<I>paHIJ;n:H), ISOLDE-PRIMA 
(U:EPH) n: pH,n.e ,n;pyr:ix; · ·· 

• YcK~peHHhlH nyqoi< TSDKCJihl~ HOHOB c·::meprmtMH 30 + 1000 M:::iB/iiyK

. JIO~ npm:i:ycKamT qepe3 TOHKYIO MHJIICHh. 3a cqeT peaKD;HH ¢parMeH

TaD;HH B nyqKe 06pa3y10TCSI pa3JIHqHhle paAnoaicTHBilhle .sIApa. Heo6-

XOAHMYIO .· cj)paKD;HIO . BhlACJI.sIIOT npu '. IlOMO~H MaC~:-ce~apaTopa 

n cj)opMHPYIOT a nyqoK [5,6 ]. PMHOaKTHBHhle nyqKH -IlOJtyqaIOT 

c ucnoJih30BaHHeM :noro MeTOAa 11a RIKEN (.SlnoHH.sI), GSI (fep

Man~si), GA.NIL (<I>pJkn;u.sI), NSCL (CIIIA). 

06a .aTHX MeTO,n;a llMeIOT CBOH npen:Myni;ecTBa n: .He,n.ocTaTKII. He
. IIOJlb30BaHn:e peaKii;n:; <ppar~eH'.Fau;n:H. JIBJIH~TCJI 6~nee npoCThlM crroco-

6oM, HO IIOJ1y11aeMhlll pa,n.;Joa~TR,BHhlll rryqoK n:MeeT 60J1blllOH aMllTTaHc 

ll pa36poc aHeprn:u. H/ ii;n:Kno~poHe Y-400 M [7], co3,n;aHHOM B Jla

. 6opaTOpn:n: JI,n;epirnx peaKii;un n:M. <I>nepOBa 06'1,e,z(11HeHHO~o n:HcTnTyTa 

JI,n;epHhlX. llCCJle,n;oBaHn:it, . IIOJ1y11aIOT .rryqKll pa,n;n:qaKTllBHhlX JI,n.ep rrpu 

B3aHMO,n;eitcTBHH. rryqKa TJIJKeJlhlX HOHOB C aHepmeit 50 1'4aB/HYK.JIOH, 
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BhlBO,Zl;lIMOro MilTHHTHhlMH ,riecprieKTOpaMH. [8] lIJIH MeTO,Zl;OM rrcpe3apJI,n;RH 

[9], C TOHKOti MHIIIeHbIO. IlpH 3TOM BO3HH_KaeT Heo6XO,Zl;HMOCTI, ,n;Ba.JR,Zl;hl 

cpopMllpC>BaTb rryqoK: IIpH BhlBO,n;e H3 yrnopHTeJIR H IIOCJie MHIIIeHH. 

B ,n;aIJHOti pa6oTe rrpe,n;:rrar~eTCJI_ MeTO,Zl; IlOJiy'IeHHH IIY'IRa pa):(HOaR-

THBHhlX HOHOB 3a cqeT peam::i;HH cpparMeHTa:a;HH rrpH B3aHMo,n;eficTBHH ,. · 

rry~Ka TJI.JReJihlX lIOHOB C 3HeprHHMU ,n;o 50 M3B/HYKJIOH C BH)'TpeHHeil: 

MHiIIeHI>IO, · pacrr~JIO.JReHHOti B6JIH3~' l{OHeqHI,IX pa,n;uycoB. Pa,n;HaJibHOe 

,Zl;BH.JReHHe o6pa3yIOIIJ;HXCJI IIOCJie MHIIIeHH pa,n;HOaRTHBHhlX llOHOB JIBJIJI- ! 
eTCH Heyd.rofiqlIBhl~, qTo MO.JReT 6hlTI,. HCIIOJib3OBaHO ,n;JIJi HX BhlBO~a H3 

KaMephl ycKopHTeJIR. TaRott crroco6 rronyqeHHJI pa,n;uoaRTHBHhlX rryqROB 

CHHMaeT pH,n; orpaHuqeHllii Ha KaqecTBo BHyTpennero rryqKa, HaKJia,n;hl-

Ba~M~x Tpe6crnaHHJIMH CHCTeirn ~hl~o,n;a, qTQ II03BOJI11eT ,Zl;OCTHraTI, 6onee 

BhlCOK~x HHTeHCHBHOCTett inopuqHoid rryqmi.. 

· nccne,n;oBaHHe . BO~MO~HOCTH IIpHMeHeHHJI rrpe,n;Jio.JReHHOro MeTO,n;a 

,n;JIR D;HKJIOTp~Ha Y--400 M ocyIIJ;eCTBJIRJioci, qucneHHhlM Mo,n;enupoBa

HHeM no .rrporpaMMe "STRIPEX", p.a3pa6oTaHHOil: ,n;JIR ,n;anHoil: 3a,n;aqu. 
. .. . . . . . . . 6 

P,aCCMaTpHBaJICJI BapHaHT B3aHMO,n;e:iicTBHJI uyqKa HOH~B 0{s C 6epHJI-

JrneBoti MHIIIeHI,IO •.. IlpH 3TOM rrpe,n;rronaraJIHCI, cne,n;yIOIIJ;He YCJIOBHJI, 

xapaRTep1rne ,n;JIR peaR:a;HH cpparMeHTa:a;HH [2]: 

• 9neprHJI Ha HJKJIOH pa,n;HOaRTHBHhlX HOHOB, o6pa3yIOIIJ;HXCJI 3a 

cqeT p~aRD;Im cpparMeHTa:a;,HH, pa~na' 3HeprHH TJI.JReJihlX HOHOB B 
< ., \ • , ',' ' ' ' ' 

HaJreTaIOIIJ;eM rryqKe; 

' . • Pa,n;HaJII,Hhlii H aKCHaJII,Hhlii pa3Mephl rryql{a IIOCJie MHIIIeHH coxpa

HJIIOTC.ffj 

e p a,n;HoaRTHBHhle llOHhl .. HMeIOT Y3ROe , HarrpaBJieHHOe BIIepe,n; 

pacrrpe,n;eneHHe yrnoB BhlJieTa rrocne MHrireHHj 

• TJI.JReJihle HOH:i:r TepHIOT qaCTI, , 3HeprHH IIpH • rrpo~o.JR,n;eHHil qepe3 

MHIIIeHI>, a Tal{ RaK peaK:a;HJI cpparMeHTa:a;im'rrponcxo,n;HT Ha pa3HO:ti 

rny6uHe MIIIIIeHH, TO 3TO rrpHBo,n;HT K ,n;orromiiITeJI1>HOMY pirn6pocy 

3HeprHH pa,n;HoaKTHBHhlX HOHOB B rryqKe. 

lliicneHHhle pactieThl rrpoBO,Zl;HJIHCI, ,n;JIR peaJibHhlX . rrapaMeTpOB 

. yCKopiITelliI: lfaoxpoHHhlii D;HKJIOTpOH Y--400 M • HMeeT; 4 CIIHpaJII>HhlX 

.:; 
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Puc.I. TpaeRTOpHH pa,n;uoaRTHBHhlX HOHOB rrocne MHIIIeHH. 

1 - paBHoBeCHaJI op6HTa ,n;JIJI Of8
6 (W = /50 M3B /HyKnoH ). 

Pa,n;HOaRTHBHhle llOHhl: 2- c+6
• 3- Li+3. 4- He+2

, 5- He+2 
. 9 '· 11, 8, ... 10 

CeKTOpa H 4 ,n;yaHTa. B CBJI3H C TeM, qTo rrpocTpaHCTBO Me.JR,n;y CeKTOpaMH 

3aHJITO, MHIIIeHI, rrpe,n;rronaraJIOCb ycTaHaBJIHBaTI, B O,Zl;HOM ll3 CeKTOpOB. 

IlpH 'IHCJieHHOM Mo,n;ennpoBaHHH ,n;nHaMHRH pa,n;noaKTHBHoro rryql{a IIO

CJie MHnieHH 6MJIO orrpe,neJieHo, 'ITO nan6onee ~IITHMaJII>Hoe rrono.JRemre 

MHIIIeHH B6mi:3H rpaHHD;hl "ceKTOp-,Zl;OJIHHa". 

Ha puc.l rroKa3aHa cxeMa :a;HRJIOTpona· Y--400 M H Tpaei{TopHH -He-
. +2 ·+3 · +6 KOTOphlx HOHOB ( H e8 10 ; Li11 ; C9 ), 06pa3yroIIJ;HXCJI rrpu peaR-

D;HH yCKopennora" rryq~a HoHoB Of8
6
. c ~neprneit W=50 M3B/HyRnoiI 

C 6epHJIJIHeBoit MHIIIeHI>IO, ycTaHOBJieHHOit Ha a3HMyTe 20°. .Il:JIR IIO

JiyqaeMhlX HeiiTpOHOH36hlTO'IHhlX HOHOB pa,n;uyc KpHBH3Hhl TpaeRTOpHH 

yBeJIHqHBaeTCJI, a ,n;JIR HeiiTpono,n;ecpn:a;HTHhlX -- yMeHI,IIIaeTCJI. Bn,n;no, 

'ITO HMeeTCJI rrpHHD;HIIHaJII,HaJI BO3MO.JRHOCTI, BhlBO,n;a pa,n;noaRTllBHhlX no, 
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HOB H3 yc1wpHTeJIR. l13MeHeHHe HarrpaBJieIIHJI BhlBO,D;a rryqRa ocyrn:e

CTBJIReTCR BapbHpoBaHHeM pa.n;HaJibIIOro H a3HMyTaJibHoro IIOJIOJReHHR 

MHIIIeHH. 

,UJIR 6oJiee .n;eTaJibHOro HCCJie,Zl;OBaHHR 6:i:m Bhl6paH BapHaHT rroJiyqe

HHR nyqRa pa.n;noaRTHBHhlX no~oB H et2
• Ilpn pa3pa6oTRe ROHRpeTHoro 

BapHaHTa BhlBO,D;a Heo6xo.n;HMO yqnTbIBaTb ROHCTPYRU:HIO U:HRJIOTpoHa 

Y-400 M. ,UJIR BhlBo.n;a Heih:poHOH36hlToqHhlX HOHOB MHIIIeHb JReJia

TeJibHo ycTaHaBJIHBaTb Ha RpaIO ceRTOpa, 'IT06hl nepBonaqaJibHO HOH 

,Zl;BHraJICR B 6oJie~ cJia6oM MarHHTHOM rroJie n, cJie.n;oBaTeJibno, CHJibHee 

OTRJIOHRJICR. BhlBe.n;eHHiilll H3 RaMepbI JCROpHTeJIR HOH 4oJIJReH IIOHaCTb 

Ha BXO,Zl; CHCTeMhl TpaHcnopTHpOBRH IIpH R=285: CM Ha a3HMJTe 151 °. 

IlpoBe.n;enHhle p~cqeThl noK~3aJIH, qTQ ~JIB BhlIIOJIHeHHR .n;aHHhlX Tpe-

60Bamri:t Heo6xoi(nMo ,ycTaHOBHTb MHIIIeHb Ha a3HMJTe 20° H pa.n;Hyce 

R=l61 CM,' qTQ COO;BeTcTByeT paBHOBeCHOfi TpaeRTopim HOHa ots6 C 

::rneprHett W=43 M3B/HYRJIOH. Ha pHc.2 noRa3aHa TpaeRTOpHR noJiy

qeHHoro Ha MHIII~HH HOHa H et2
• 

Bee npe.n;M.n;y~He pacqeThl upo:se.n;eHhl .zi:iiR o.n;Hott qacTHIJ;hl. IlpH MO

.n;eJinpoBaHHH ,Zl;HHaMHRH Bcero BhlBO,Zl;HMOro nyqRa HCIIOJib3,0BaJIHCb CJie

.n;y10rn:ne napa~eTphl pa~HOaRTHBHOro nyqRa IIOCJie MHIIIeHH: 

• BbIBO.n;RTCR pa,D;HOilKTHBHhle HOHM, HanpaBJieJme '131,rneTa ROTOphlX 

imcJie MHIIIeHII orpaHiiqirnaeTCR TeJieCHhlM ymoM 0, 7 MCTj 

·, . • Pa.n;HaJibHhlH pa3Mep nyqKa 4 MM, pa,n;HaJibHhlfi 3MHTTaHc 

tr = 20 7r MM•Mpa,n;; 

• BepTHRaJibHhlfi pa3Mep rryqj{a lQ MM, aKCHaJibHhlit\MHTTaHC 
tz = 50 7r MM•Mpa,n;; . . 

• ;l(JIR MHilleHH 'C Toiirn:HHOH 100 Mr/ CM2 pa36poc 3HeprHH COCTaBHT 

• npH6mrnHTeJibHO 5 M3B/HJRJIOH, npHqeM MaKrnMa.llbHM 3Hep

rHn 'paBHa· 3HeprHll nepBHqHoro nyqKa. ,UJIR Harnero cJiyqan 

3HeprHR HOHOB H ef2•·B ,nyqRe 6y,n;eT HMeTb pa36poc B ,Zl;HaIIa3oHe 

· 43+38 M3B/HYKJIOH, qTQ cocTaBJIReT ±6% npn cpe,n;Heii 3Heprnn 

40, 5 M3B/HYRJIOH. 
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Pnc.2. Tpa~KTO~HH ~~HOB He,t2
· c paaHhl~ri ·3HeprHRMH'. 

f - 'p~BHOBec:s:aR o':p6HTa ,Zl;JIJI ots6 (W = 43 M3B/ayKJIOH); 

2,3,4 -TpaeKTOpHH HOHOB H et2 C 3HeprHRMll 

W = 43, O; 40, 5; 38, 0 MaB/HYKJIOH 

Ha pnc.2 m:rna,3aHhl TpaeKTOpHH HOHOB H et2 C 3HeprHRMH w = 

38,0 ; 40,5 H 43,0 M3B/HYRJIOH. BhlBe,D;eHHhl:tt nytic>R HMeeT CHJibHJIO 

pacxo,n;iIMOCTb no pa.n;nycy' Bhl3hlBaeMyIO 6oJibIIIHM 3HepreTH.,j~CRHM P?3-

6pocoM II BJIHRHHeM KpaeBoro MarHHTHoro noJIR., B CBR3H c 3THM B03HH

KJia· Heo6xo.n;HMOCTb HCIIOJib30BaHHR cp0Kycnpy10rn;ero KaHaJia ,Zl;JIR cpop

MHpOBaHIIR KaqecTBeHHOro nyqKa Ha BXO,ZJ;e B CHCTeMy TpaHCIIOpTHpOBKH. 

B pe3JJibTaTe · aHaJi:n3a ,ZJ;HHaMHKH nyq,Ka, 6bIJI Bhl6paH BapnaHT c ,n;BJMR 

cp0Kycnpy10rn:HMH KaHaJiaMH a3HMJTaJibHOH npoTRmeHHOCTblO 20° H 7° 

H rpa,n;neHTOM 15 T /M. fPa.n;H!lJibHaR H aKcHaJibHM orn~a10rn;ne BhlBO.n;H

Moro . nyqKa. npn HCIIOJib30BaHHH BbI6paHHbIX cp0Kycnpy10rn;nx KaHaJIOB 

no~a3aHhl Ha pnc.3. Pa,n;HaJibHhlii H aKCIIaJibHhlii pa3MepbI nyqKa Ha 
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Pn:c.3. Pa,n;n:am,Ha.a H aRcn:am,Ha.a orn:6aro:ru:n:e 
nyqRa pa,n;n:oaRTHBHhlX IIOHO~ H et2 

BXO,D;e B CllCTeMy TpaHcnopTHpOBRll HMeIOT BeJIH'lllHY nopJI,n;Ka 15 CM. 

TaR~IM ,o6pa~oM, npoBe,n;eHHhle n:ccne,n;oBaHHJI IT03BOJIJIIOT c,n;enaTb 
cne,n;yroni;IIe BhlBO,n;nI: _ 

• IloRa3aHa B03MOJKHOCTb IToJiy'leHHJI pa,n;n:oaKTHBHoro ITY'lKa 3a 
C'leT B3aIIMO,n;eitCTBllJI_ ITY'lRa TJIJKeJihlX IIOHOB C BHyTpeHHeii Mll
rneHblO ll nocne,n;yro:ru:ero BhlBO,D;a 06pa3yro:ru:IIXCJI pa,n;IIOaKTIIBHhlX 
JI,n;ep II3 ycKopn:TeJIJij 

• PacclJHTaH Bapn:aHT nony'leHHJI ITY'lKa pa,n;n:oaRTHBHhlX IIOHOB 
Het2 c 3Heprn:eit 40,5 M3B/HYKJIOH Ha D;IIKJIOTpoHe Y-400 M. 
YroJI 3axBaTa pa,n;n:oaKTIIBHhlX HOHOB ITOCJie MHIIIeHll 0,7,McT, pa3-
6poc 3Heprn:n: B ny1IKe 8W = ±6%. Ha pa3pa6aThlBaeMoi1: B Jia-
6opaTop1m 'JI,n;epHhlX peai<:u;n:tt IIM. <I>nepOBa ycTaHOBKe "COM-

-- BAS" ,n;JIJI nonyqeHIIJI pdn:oaKTIIBHhlX ny'IKOB Ha BhlBe,n;eHHOM 
iJy,rne TJI}l{eJihlX HOHOB- COOTBeTCTByIO:ru:IIe napaMeTphl IIMeIOT Be
JIH'lllHhl 6,4 MCT ll ±6%. ' 
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Heo6xo,n;IIMo OTMeTHTb HeKOTOphle TeXHH'lecKne Tpy,n;HocTn B pa3pa-
6oTKe n pa3Me:ru:emrn .q>oKycnpyro:ru:nx KaHaJioB c Tpe6yeMhlMn ITapa
MeTpaMn .. B Ha~ToJiru;ee BpeMJI pa3pa6aThlBaIOTcJI_ KOHCTpyK:a;nn: MHIIIeHn 
Il KaHaJIOB Il roTOBHTCJI ITpOBe,n;eHne 3KCITepIIMeHTa. 
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