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Ha3sauue: «YCKOPEHHE TIY1IKOB T.IDKEnhIX HOHOB c 

MACCOBhIM lJHCnOM EOllEE 100 B CBEPXTIPOBO,[(JIII(EM 
CHHXPOTPOHE HYKnOTPOH» 

AKmya.nbnocmb 

Pa3BHTHe cymecTByromero ycKopHTeJihHOro KoMrmeKca HyKJioTPOH (rrpoeKT 

HyKJioTpou-M) paccMaTPHBaeTCH KaK KJIIOqeBall qacTh rrepBoil: CTa)l.Irn peanH3aumr 

HOBOro ycKopHTeJihHoro rrpoeKTa OIUIH - rrpoeKTa NICAIMPD (Nuclotron-based 

Ion Collider fAcility and Multi Purpose Detector). U:enhIO rrpoeKTa NICA HBJIHeTCH 

rrpoBe)l.eHHe B 6nmKail:urne 5-7 neT 3KcneprrMeHTOB no myqeumo CHJihHoro 

B3aHMO)l,eHCTBIDl B rop51:qeil: H IIJIOTHOH KBapK-fJIIOOHHOH MaTepmr, IIOHCK 

B03MO)KH0f0 o6pa30BaHIDI "cMeIIIaHHOH cpa3hl" TaKOH MaTep1rn, a TaK)Ke 

KpHTnqecKHX TOIIeK. OcuoBHhIM 3JieMeHTOM HH:>KeKUHOHHOH uenoqKH KOJlJlail:)l.epa, 

pa6oTaromero B pe)KHMe uaKonHTeJIH, HBJilleTC5! cnuxpoTPOH HyKJIOTPOH, KOTOphril: 

)l,OJI)KeH o6ecnetJ:HBaTh ycKopeune nyqKoB HOHOB Jl.O 3Hepnrn 3KcrrepHMeHTa. 

fnaBuoil: 3aAaqeil: rrpoeKTa HyKJIOTPOH-M HBJ1HJlOCh pa3BHTHe M a)l,aIITaUHH 

OCHOBHI:.IX CMCTeM ycKOpMTeJIH )l,JIH ero HaAe)KHOH 3KCIIJiyaTaUMM B COCTaBe 

rrpoeKTHpyeMoro ycKopMTeJihHoro KOMIIJieKca NICA. 

Ba)KHOH tJ:aCThIO rrpoeKTa HyKJIOTPOH-M 5IBJ1HJ1ach MO)l.epHH3aUHl! BaKYYMHOH 

cMcTeMhI CHHXPOTPOHa, ueo6xo)l.MMa5! )l,JIH o6ecneqeHHl! B03MO)KHOCTH ycKopeHHll 

T51)KeJihIX HOHOB c MMHHMaJihHhIMH noTepHMH. ,[VrH 3Toro TPe6oBanOch YMeHhlIIMTh 

KOHUeHTPaUHIO MOJieKyn OCTaTOtIHOfO fa3a B ofrheMe nyqKOBOH KaMepbl AO 

BeJIWIHHhl IlHe :'.S 1·10 8 CM-3, T.e. YJIYtJ:IllMTh BaKyyM npHMepHO Ha )],Ba IIOPHAKa. 3Ta 

3a)l,atia 6nma ycnernuo perneua. 

,[Vr5I ycKopeHHl! 51)],ep T.ll:JKeJihIX 3JieMeHTOB AO MaKCHMaJihHOH 3HeprnM 

HyKJIOTPOH IIJiaHMpyeTCH HCIIOJlh30BaTh B KatJ:eCTBe KOHetIHOfO KaCKa)l,a B 

HH)KeKU:HOHHOH ueIIOtJ:Ke KOrreu: KOJIJiail:)l.epa, BKJIIOtJ:aIOmeil: B cefo1. HOBhIH JIMHeHHhlH 

ycKopHTenh H 6ycTepm.1il: CMHXPOTPOH - EycTep, KOTOphIH HBJIHeTc5! Ba)KHeHillHM 

3neMeHTOM KOMIIJieKca NICA. 3a)l.atJ:aMH EycTepa l!BJIHIOTC5!: uaKoIIJieHMe HOHOB 
197Au32+ )l,0 2·109 HOHOB; ycKopeHMe )l,O 3Hepnrn 600 M3B/H, KOTOpoil: AOCTaTOtIHO 

)l,JIH IIOJIHOH 06AHpKM MOHOB rrpH BhlBO)l.e; CHH/KeHHe TPe6oBamrn K BaKYYMHI>IM 

ycnoBHllM B HyKJIOTPOHe; <j>opMHpOBaHHe ueo6xoAHMOro 3MHTTauca IIYIJ:Ka c 
IIOMOmhIO CMCTeMhl 3JieKTPOHHOfO OXJia)l<)l,eHHl!. B MaTepManax ,llMCCepTau:1rn 

rrpHBOJl.llTCH pe3yJihTaThI Kouu:emyanhuoro npoeKT!ipOBaHH51 EycTepa M ero 
OCHOBHI:.IX CHCTeM. 

Ocnoaubte l(eJZu pa6ombt 

,[(auHall pa6oTa HMena u:enhIO pa3BHTHe H MO)l.epmnau;HIO cBepxnpoBOJl.Hmero 

ycKopHTeJihHoro KOMIIJieKca HYKJIOTPOH )l.J1H rronYtJ:eHHl! IIYIJ:KOB T51)KeJihIX HOHOB. 

,[(oBe)l,eHHe BaKYYMHOH CHCTeMhl ycKOpHTeJIH )l,O napaMeTPOB, He06XO,llHMhIX )l,JIH 

pa6oThI HyKJIOTPOHa B cocrnse co3)l,aBaeMoro KOMIIJieKca NICA. 
Pa3pa6oTKa KouuenTyannuoro rrpoeKTa csepxnpoBOJl.Hlllero CHHXPOTPOHa 

EycTepa, HBJIHIOmeroCH O)l,HHM H3 Ba)KHeHillHX 3JieMeHTOB HOBOfO ycKOpHTeJihHOro 

npoeKTa Ollfili - NICA/MPD. 



Ha 1aw,umy BblltOCRmca: 

1. KoMrIJieKc pea.rrH30BaHHhIX TeXHH'IeCKHX pemeHHH no Mo,11;epHH3an:mi: 

CHCTeMhI OTKatIKH nyqKOBOH KaMepbI HyKJIO'IpOHa. 

2. Pe3yJihTaThI YMeHhmeHiur KOHU:eHrpan:mr MOJieKyJI ocTaTOtIHoro ra3a B 

o6oeMe nyqKoBoii KaMepbr HYKJIOTPOHa. 

3. MeTO,!l;HKa HacrpOHKH U:HpKyJI.RJJ,HH H ycKopeHIDI nyqKOB TJDKeJibIX HO HOB Ha 

npHMepe npoBe,[l;eHHOro 3KcnepHMeHTa no ycKopeHHIO HOHOB KCeHOHa Ha 

HYKJiorpoHe. 

4. KoHQemya.rrhHhIH npoeKT MarHMTHoii OIITflt{eCKOH crpyKTyphr EycTepa 

HYKJIO'fPOHa. 

Hay•mll.R 11oau111a 

0TJiflt{HTeJihHOH oco6eHHOCThIO csepxnpoB0,11;5lmei1 6bICTpOU:HKJIHpyIOmei1 

MarHHTHOH CHCTeMhl HyKJioTpOHa }IBJI5leTC5l HCIIOJih30BaHHe MarHHTOB c 5IpMOM THIIa 

«OKOHHOH paMhl)) H o6MOTKOH H3 «rpy611aTOfO)) CBepxnpoBOMmero Ka6eJI5I, 

pa3pa6oTaHHhIX H .H3fOTOBJieHHbIX B nB3 Oll5II1. J1CITOJih30BaH.He 

CBepxnpoBO,!l;Jim.HX MarH.HTOB c o6MOTKaM.H, OXJia)Kp;aeMhIM.H nOTOKOM KHII5Imero 

reJIIDI, npeJJ:'b5IBJI5IeT onpe,neJieHHJ>Ie rpe6oBaHIDI K BaKYYMHOH CHCTeMe ycKOp.HTeJIJI 

COCTOJimeil: H3 p;syx nO,!l;CHCTeM: ll30IDIU:HOHHOH BaKYYMHOH CHCTeMhl Kp.HOCTaTa H 

BhICOKOBaKyyMHOH C.HCTeMhI IIyqKOBOH KaMepbI. 

B KaqecTBe npe.nnpoeKTHhIX Meporrp.H5ITHH no MO,nepHH3aQHll BaKYYMHOH 

cwcTeMhI Ha HyKJiorpoHe 6hm rrpose,neH p5IJJ: 3KcnepHMeHTOB no H3MepeHHIO 

HHTerpaJihHoro 3HaqeHIDI BaKYYMa B nyqKosoil: KaMepe. On:eHKa npoH3BOp;HJiach 

nyreM H3MepeHIDI TeMna noTepb .HOHOB pa3Jiflt{HhIX copTOB B npon:ecce U:HpKYJIJIQHH 

HJIH ycKopeHIDI. B pe3yJihTaTe 3THX pa6or 6hm pa3pa6ornH KOMnJieKc TeXH.Ht{eCKHX 

Mep no yJiyqmeHHIO BaKyyMHhIX ycJIOB.HH B nyqKOBOH KaMepe ycKOpHTeJI5I. 

B xo.ne MO,nepH.H3aU:.HH BaKYYMHOH C.HCTeMhI p;aBJieHHe OCTaT01IHOro ra3a B 

nyqKoBoii KaMepe HyKJiorpoHa y,11;anoch YMeHhIDHTh np.HMepHo Ha p;sa nopJI,nKa, qro 

no3BOJIHJIO ycKOp5ITh TJI)KeJihie .HOHhI c MaCCOBhIM 1IHCJIOM 6oJibIDe 100. 
IlpeJJ:JIO)KeHa .H 3KCnep.HMeHTaJihHO onpo6oBaHa Ha np.HMepe HOHOB KCeHoHa 

MeTO,UHKa HacrpOHK.H pe)KHMOB U:HpKYil5IU:HH (nerKHe HOHhI aHaJIOr.H1IHOH KpaTHOCTH) 

H ycKopeHIDI II)"IKOB HH3KOH HHTeHC:.HBHOCTH. BnepBbie B 6hICTpOU:HKJIHpyromeM CIT 
C.HHxporpoHe HOHhI KCeHOHa 6bIJIH ycKopeHbI JJ:O peMT:.HBHCTCI<HX 3HeprHH. 

Pa3pa6ornHa OITTflt{eCKa5I crpyKrypa, cwcTeMhI BBo,na, BhIBOJJ:a H KoppeKU:Hll 

OIDH60K MarH.HTHOfO noJI5l EycTepa, BnHCaHHOro B HHcppacrpyKrypy KOMTIJieKca, 

II03BOJI5IIOmaJI ocymecTBHTh ycKopeHlle .HOHOB 30JIOTa AO :mepmH, ,!l;OCTaT01IHOH JJ:JI5l 

3cpcpeKTHBHOH 06,11;npKH .H HH)KeKU:llH B HyKJiorpoH. 

IIpa«mur1ecKaR u,e1111ocmb paoombl 

Pa3pa60TKa .H peanmaQll5I KOMTIJieKCa Mep no MOp;epHH3aU:llll BaKyyMHOH 

cttcTeMhI rro3BOJIHJIH BnepBhre ocymecTBJIJITh ycKopeHtte B HyKJiorpoHe TJI)KeJihrx 

HOHOB c MaCCOBhIM 1IHCJIOM 6oJiee 100 c qaCT.Ht{HO 3anOJIHeHHbIM.H 3JieKrpOHHhIMH 

060JI011KaMll. 
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IlepBaSI rnaBa nOCBHIIJ,eHa orrn:camno MeTO,L(OB H no,L(XO,L(OB K peIIIeHHIO 

npo6JieMbI nonyqeHIDI Tpe6yeMoro BaKYYMa B TiyqKOBOH KaMepe, .uaeTCH OTIHCaHHe, 

H IIpHBO,L(HTCll pe3yJihTaTbI 3KCnepMMeHTOB no H3MepeHHIO HHTerpaJibHOro 3Ha1IeHHJ1 

BaKyyMa H COCTaBa ocraTOqHoro ra3a B nyqKOBOH KaMepe HyKJIOTpOHa. 

BaKYYMHall CHCTeMa HYKJIO'IpOHa COCTOHT H3 ,L(Byx TIO,L(CHCTeM: BaKyyMHOH 

CMcTeMbI Kpn:ocTaTa cBepxnpoBOMIIJ,HX CTPYKTYPHhIX MarHHTOB (H30JIHI.J,HOHHhIH 

BaKYYM) H BbICOKOBaKyyMHOH CMCTeMbI nyqKOBOH KaMepbI ycKOpHTeJill. 

BhrcoKoBaKyyMHM KaMepa HYKnorpoHa mroTOBJieHa H3 Hep)l(aBeIOIIJ,eil: CTaJIH 

TOJIIIJ,HHOH 0,5 MM no TeXHOJIOrHH, pernaMeHTMpOBaHHOH ,L(Jill BbICOKOBaKyyMHbIX 

H3,L(eJIHH (rrpOMbIBKa H oqncTKa TIOBepXHOCTH, o6e3ra)l(HBaHHe B BaKyyMHOM TieqH). 

06neM KaMepbI OKOJIO 1.8 M3, CyMMapHaH IIJIOIIJ,a,L(h CTeHOK OKOJIO 80 M2• c TOqKH 

3peHMJ1 TeMTiepaTypbI CTeHKH H JIOKaJibHOro 3HaqeHIDI BaKYYMa, KaMepy o6IIJ,eH 

,L(JIHHOH OKOJIO 252 M ycJIOBHO MO/KHO pa3,UeJIHTb Ha HeCKOJibKO yqacTKOB: 

- 8 yqaCTKOB KaMepbI ,L(JIHHOH TIO 1,5 M Ka:>K,L(bIH (KpnoreHHbie HaCOCbI) HMeIOT 

pa6oqyro TeMTiepaTypy CTeHoK 4,5 K - 5 K; 
- 6 yqaCTKOB ,L(JIHHOM TIO 3 M Ka/K,L(bIH (ycKOplIIOIIJ,He CTaHI.l,HH), HMeIOT 

TeMTiepaTypy CTeHOK OT 80 K .uo 300 K. 
Ha ,L(Byx yqacTKax ,L(JIHHOH TIO 3 M CTeHKH KaMepbI HMeIOT KOMHaTHYJO 

TeMTiepaTypy (3JieKrpOCTaTHqecKHH cemyM H «TeTIJibIM» yqacTOK c BHyrpeHHeil: 

MHIIIeHbIO ). 

Ha OCTaJibHbIX yqacTKax o6IIJ,eil: npornJKeHHOCTblO OKOJIO 200 M TeMTiepaTypa 

cTeHKH KaMepbI H3Memi:eTCH OT 10 K .uo 30 K B 3aBHCHMOCTH OT H3MeHeHIDI 

napaMeTpoB I.J,HKJia MarHHTHOro TIOJIH B HyKJiorpoHe. Ha 3THX yqacTKax KaMepa 

OXJia)l(,L(aeTCll 3a cqeT TeTIJIOBOfO KOHTaKTa ee CTeHOK C )l(eJie3HbIM lipMOM MarHHTOB H 

JIHH3 perynllpHoil: CTpYKTYPhI ycKopHTeJIH. CeqeHHe KaMepbI HMeeT cpopMy 3JIJIHTICa c 

pa3MepaMH 110 MM (ropH30HTaJibHbiil:) H 55 MM (BepTHKaJibHbIH). 

,ll;o MO,UepHH3aI.J,HH BaKyyM B o6'beMe nyqKOBOM KaMepbl B pa6oqHX ycJIOBIDIX 

TIO,L(,L(ep)l(HBaJICJI TOJibKO 3a cqeT KpHOOTKaqKH Ha XOJIO,L(HbIX TIOBepXHOCTHX ee 

CTeHOK. ,ll;onOJIHHTeJibHbIX cpe,UCTB OTKaqKH KaMepa He HMeJia. Cpe.uHee 3HaqeHHe 

BaKyyMa B nyqKOBOM KaMepe HyKJIO'IpOHa COCTaBJIHJIO p :s l,2· 10"5 Ila. 

0THOCHTeJibHO BbICOKOe .n:asneHHe B KaMepe 06bHCHHJIOCb B nepBYJO O':Iepe,Ub 

HaJifiqHeM B Hell yqacTKOB c TIOBbIIIIeHHbIM HaTeKaHHeM ra:3a. 

,ll;o Ha':IaJia pa6oT no MO,UepHH3an;HH BbICOKOBaKYYMHOH CHCTeMbI 6bIJI rrpoBe,L(eH 

pH,U 3KCnepHMeHTOB c ueJibIO H3MepeHHH HHTerpaJibHOro 3Ha':IeHHH BaKyYMa Ha 

op6HTe TiyqKa. H3MepeHIDI npOBO,L(HJIHCb TIO TeMny noTepb UHpKYJIHpYJOIIJ,HX HOHOB 

pa3JIH':IHbIX copTOB. 0.L(HaKO ,L(O Haqana MO,UepHH3aUHH ycKOpHTeJIH H ycraHOBKH 

,L(OTIOJIHFITeJihHOH ,L(HarHOCTH':IeCKOH aTinapaTypbI, a HMeHHO napaMerpnqecKoro 

rpaHccpopMaTopa TOKa nyqKa, oueHKH cpe.ri:Hero ypoBHH BaKyyMa no speMeHH )l(H3HH 

nyqKa HOCHJIH JIHIIIh KaqecTBeHHhIH xapaKTep. Cpe,L(Hee 3HaqeHHe saKyyMa B 

nyqKoBoH: KaMepe HyKJiorpoHa .uo Mo.uepHH3aun:H oueHHBanoch Ha yposHe 

p :s 1,2·10·5 Ila. 3TO COOTBeTcTByeT cpe,UHeH: KOHU:eHTpauHH MOJieKyJI B KaMepe no 

a30TY nN2:s3,2·10 9 CM-3 HJIH no reJIHIO llHe :s 2,2· 1010 CM-3, ecnH yqecTb ':ITO 

OCHOBHbIMH KOMTIOHeHTaMH OCTaTO':IHOro ra3a HBJIJ1IOTCJ1 rem1il: ll BO,n:opo.u. IlpH 

TaKOH KOHI.J,eHTpaU:HH MOJieKyJI OCTaTOl{HOro ra:Ja TJI)KeJihie HOHbl c OCTaBillHMHCJI 

3JieKrpOHaMH Ha nocne,L(HHX o60JIO':!Kax (He noJIHOCTbIO 060.upaHHhie) 6y.uyT 
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IIOJlHOCThIO TepHThC.ll B rrpouecce ycKopemrn. ,il;JJH ycKopeHIDI T.ll>KeJihIX HOHOB c 

OTHOIIIeHHeM A/Z = 0,3 n noTepHMH MeHee 30% B HyKJIOTPOHe TPe6oBaJIOCh 

YMeHbllIHTh KOHUeHTPaumo MOJieKyJl OCTaTOqHoro ra3a )J,0 llHe :::: I· I 08 CM-3' T.e. 

ynyqIIIHTh BaKyyM Ha )],Ba nopH)J,Ka BeJlH'IHHhI. 3TO H 6bIJlO OCHOBHOH 3a)J,aqeii 

MO)J.epHH3aUHH BaKyyMHoil: cHcTeMhI HYKJIOTpOHa. 

Ilocne HaIJ:aJia pa6oT no peam13au;m1 npoeKTa MO)J.epHH3aurrn BaKYYMHOH 

CHCTeMhl (HOH6pb-)J,eKa6pb 2007 r.) cpe)J,Hee )J,aBnemi:e OCTaTO'IHOfO fa3a B IIyqKOBOH 

KaMepe HYKJJOTpOHa 6hmo oueHeHo no H3Mepemno BpeMem1 >KH3HH HO HOB H 2 + Ha 

«CTone» MarHHTHoro nonH HH>KeKUHH B ycKopinenh. OcHOBHhIM npoueccoM, 

onpe)J,eJlHIOJI(HM IIOTepH 3THX HO HOB, HBJUieTCH RX )J,HCCOUHaUIDI npH CTOJIKHOBeHIDIX 

c aTOMaMH OCTaTO'IHOro ra3a, ceIJ:eHHe KOTopoH: M3BeCTHO c )J,OCTaTQqHO xopoIIIeH 

TOIJ:HOCThIO. Ha Pttc. I. noKa3aHa HmpopMaUHH c 3KpaHa MOHHTopa, OTpa>KaIO.JI(aH 

mrnaMHKY HHTeHCHBHOCTH UHPKYJIHpyiomero nyqKa HOHOB H 2+ B TeIJ:eHne nepBhIX 

Tpex MHJIJJHceKyH.n. H3MepeHHoe xapaKTepHoe speMH >KH3HH HO HOB H 2 + cocTaBHJJO 

BeJIH'IHHY oKono I 0 MHJIJlHCeKyH.n, 'ITO npH ce11eHHH pa3BaJia HOHOB H 2 + Ha a30Te 

npH :meprnH 5 M3B/eyKnOH, rrpHHHTOM paBHhIM ~ 10·16 cM2, )J,aeT oueHKY cpe)J,Hero 

BaKyyMa B KaMepe HyKJIOTPOHa Ha ypoBHe ~ 2,8 I 0-6 Ila. 

0 3Z0 fl'i0 960 1Z80 1600 l~Z0 ZZ10 <:568 zaae 3ZEl0 NKC 
ToK HH (~): 38.365 Hanp. pad. 1111 (J<ll):iB.6300 3aACpmKa 1111 (MKc): 380 

Pttc. I. UHpKynHUUH HOHOB H 2+ c :meprueH: 5 M3B/eyKJioH B KaMepe HyKJIOTPOHa 

B IlOCTOHHHOM MarHHTHOM llOJie. 

Eme O)J,Ha He3aBHCHMaH oueHKa BeJJHIJ:HHhI cpe)J,Hero BaKyyMa B HyKJioTpoHe 

6hma c)J,eJiaHa 110 BpeMeHH YMeHhIIIeHIDI HHTeHCHBHOCTM U:HpKynHpyiomero 

)J,eHTpOHHoro nyqKa Ha cTone HH>KeKUHH. OcHOBHhIM npoueccoM, npHBoMmHM K 

IlOTepHM )J,eHTPOHOB, HBJlHeTCH O)J,HOKpaTHOe pacceHHMe Ha YfJlhl, COOTBeTCTBYJOJI(He 

aKceIITaHcy KaMepbI. ):Vrn KaMepbI 3JlJlHllTHIJ:eCKOfO ceIJ:eHIDI xapaKTepHoe BpeMH 

>KH3HH MOHOB c 3apH.nOBhIM IJ:HCJIOM Z; n c MaccoBhIM IJ:MCJIOM A; 11pn pacceHHHH Ha 

a30Te npH KOMHaTHOH TeMIIepaType oueHUBaJiaCb 110 <jlopMyne: 

/33r2. (A; I Z;)2 [c], 

ToJ1J11111c Ri 1,7 · /i.P(-l-+ _l _) 

AH I ;r Av I Jr 

r)J,e AH, Av - ropH30HTaJihHhIH n sepTHKaJihHbiil: a1<cemaHChI (;r ·M"pa)J.), fJ -
npHBe)J,eHHa.ll CKOpOCTh, y - peAATHBllCTCKHM <jlaKTop, p - )J,aBJleHil:e (Topp), A -
cpe)J,H.ll.ll Benwnrna 6ern-<jlyHKU:HH B MeTpax. 

,il;JIH HyKJioTpoHa (A= 8 M, AH = 40 · 10"6 ;r ·M·pa)J., Av= 45·10"6 n"M·pa)J.) BpeMH 
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)l(H3HH .n:eihpoHOB c :rneprne:H 5 M3B/H)'KJIOH OKOJIO 1, 1 c COOTBeTCTByeT .n:asnemno 

a30Ta p - 2· 1 o·6 Ila, qTQ HaXO.I(HTC5I B cornacnn c oueHKOH no BpeMeHH )KH3HH HOHOB 

H 2 + B TaKHX ycnoBH}IX. 

Mo.n:epHH3aUH}l BaKYYMHOil: CHCTeMbI nposo.n:HJiach B HeCKOJihKO 3Tanos. Ha 

nepsoM 3Tane 6bmo cymecTBeHHO YMeHbrrreHo cpe.n:Hee 3HaqeHHe .n:aBJieHH}l B KaMepe 

3a c11eT ynyqrneHHH BaKYYMa Ha «IIpo6neMHhIX» yqacTKax. Ha KaHane HH)l(eKUHH 

Il)"lKa H3 HY-20 6b1Jia pa3pa60TaHa H yCTaHOBJieHa 6bICTPO.I(eMCTByrom:aa BaKYYMHaH 

3aCJIOHKa, II03BOJIHBIIIM qacTmHO OT,I(eJIHTb «TeIIJiyro» qacTb HOHOIIpOBO,I(a 

(p < 1·10-5 Ila) OT «XOJIO.I(HbIX» yqaCTKOB II)"lKOBOH KaMepbI KOJlbUa H 3HaqHTeJibHO 

YMeHI:.IIIHTh Mnrpaumo rrapos B BhICOKOBaKyyMHhIH o6neM. 

IlonHoCThIO peKOHCTPYHpOBaH yqacToK BHYTPeHHeH: MHrneHH - «TeIIJibIH» 

np5IMOJIHHeil:m.rM npoMe)l(YTOK. 3aMeHeHbI BCe 3JieMeHTbI KaMepbI, He OTBeqa10ru;He 

BbICOKOBaKyyMHhIM TPe6osaHHHM, ycTaHOBJieHhr HOBhre BhICOKOBaKyyMHhre rrrn6epa, 

Typ60MOJieKyJI5IpHbIH Hacoc H BaKYYMHbie .n:a~HKH. y CTaHOBKa TaH,I(eMa H3 .n:syx 

Typ6oMOJieKyJI5IpHbIX HaCOCOB Ha KaMepy 3JieKTPOCTaTH1IeCKOro .n:eqmeKTOpa 

Il03BOJIHJia yBeJIH'lHTb K03<pqlHUHeHT C)l(aTH}l JierKHX ra30B H cymecTBeHHO 

IlOBbICHTb 3cpcpeKTHBHOCTb OTKaqKH reJIH5I H so.n:opo.n:a H3 KaMepbI. 

Ha BTOpOM 3Tane o6oeM Il)"lKOBOM KaMepbI KpOMe KpHOreHHOH OTKaqKH 6bIJI 

CHa6)KeH .I(OIIOJIHHTeJibHbIMH cpe.n;CTBaMH OTKa'lKH - Typ6oMOJieKyJI5IpHbIMH H HOHHO 

- rerrepHbIMH BaKyyMHbIMH HacocaMH, qTQ II03BOJIHJIO yMeHbIIIHTb HHTerpaJibHOe 

3Ha1IeHHe ,n:aBJieHH}l B IIyqKOBOH KaMepe HYKJIOTPOHe .n:o p :S 7·10"8 Ila. Propa60TaHa, 

CMOHTHpOBaHa H 3anyru;eHa IIOJIHOMacrrna6HM CHCTeMa aBTOMaTH3HpOBaHHOro 

KOHTPOJI5I H ynpaBJieHH}l napaMeTpaMH MO,n:epHH3HpOBaHHOM BaKYYMHOH CHCTeMOH 

HyKJIOTPOHa, KOHCOJib KOTOpo:H YCTaHOBJieHa Ha IIYJibTe ynpaBJieHH}l nY - 20. 
CxeMa pacrrOJIO)l(eHH}l o6opy.n:oBaHH5I IIOCJie MO,n:epHH3aUHH BaKYYMHOH CHCTeMhI 

II)"lKOBOH KaMepbI npHBe.n;eHa Ha PHC. 2. 

BDBBO• 

[JJ=1~00 
€) oot'&'l,MB'IJI 

G ;'l~isMB'IJI 
" X.JmllaH 

--- neperopQAIW. 
m•a4J 

[O SlleKtpDq, 
IIBTIIBU 

Pnc. 2. CxeMa pacnono)l(eHH5I o6opy,n:osaHHH saKyyMHOH CHCTeMhI HyKJIOTPOHa. 

6 



B xop;e 41-ro ceaHca rrpoBep;eH pHA 3Kcrrep1rneHTa.JihHbIX HCCJiep;oBaHHH 

IIOBep;eHHH p;fIHaMH'IeCKOro BaKyy~m rrpH pa3JIH'IHbIX napaMeT})aX U:HKJia 

MarHHTHOro TIOM H peJirnMaX pa60Tbl )'CKOpHTeJIH. IlpH pa6oTe )'CKOpHTemI c 

HOHaMH KCeHOHa 6hIJIO rrpoBe)J;eHO KpaTKOBpeMeHHoe OTKJIIOqeHHe cpep;cTB OTKaqKH 

nyqKoBoii KaMepbI HyKJIO'fPOHa, ycTaHOBJieHmrx B xop;e Mop;epml3aU:HH BaKyyMHOH 

CHCTeMbI. 3TO rrpHBeJIO K yBeJIH'IeHHIO AaBJiemrn OCTaTOqHoro ra3a npHMepHO Ha 

nopHAOK B reqeHHe 5 MHH)'T. B pe3)'JlbTaTe pe3KO B03pOCJIH TIOTepH HOHOB, qTQ 

rrpHBeJIO npaKTHqecKH K ITOJIHOii rH6eJIH nyqKa Ha Haqa.JibHOM 3Tane npou:ecca 

ycKopeHHH. 

Pe3)'JihTaTbl H3MepeHHH p;aBJieHHH OCTaToqHoro ra3a c TIOMOIIlbIO BaKY)'MeT})OB 

HaxOAHTCH B xoporneM COOTBeTCTBHH c ou;eHKOH cpep;Hero p;aBJieHHH Ha op6HTe 

)'CKOpHTeJIH, cp;eJiaHHOH Ha OCHOBaHHH H3MepeHIDI BpeMeHH Jl(H3HH ycKopeHHOro 

nyqKa HOHOB KCeHOHa, H BpeMeHH JKH3HH nyqKa p;eiiTepmI Ha CTOJie HHJKeKIJ;HH. 

B ceaHce Ng43 (MapT 2011 rop;a) nocTOHHHM BpeMeHH JKH3HH nyqKa p;eHT})oHOB 

U:HpK)'JIHp)'lOII1ero Ha TIOJie HHJKeKU:HH AOCTHrna 35 - 40 CeK)'HA (PHC. 3), qTQ 

COOTBeTCTByeT cpep;HeMy CTaTH'IeCKOMY p;aBJieHHIO rrpHMepHO p ~ 7·10"8 Ila 

(3KBHBa.JieHT p;aBJieHHH a30Ta rrpH KOMHaTHOH TeMrreparype). 

15.03.2011 13:29:08 
0,4 Se+10 

0,3 
j HHTeHCHBHOCTh nyqKa I 60+10 i 

/ -~ ..0 
ti 

0)-
c:; 0,2 

0 
c:: 

0.1 

00 

4e+10 ~ 

I I 

} MarHHTHoe rroJie I 
I I 

2<>+10 

I I .•. I 
0 

1000 2000 3000 4000 5000 6000 7000 sooo 
BpeMR, MC 

PHC. 3. 3aBHCHMOCTb HHTeHCHBHOCTH nyqKa p;etl:T})OHOB OT BpeMeHH npH 

U:HpK)'JIHIUiH Ha ((CTOJie» MarHHTHOro ITOJIH HHJKeKQHH ( ~ 293 fc). 

~ ... 
::i:: 
:s: 

Mop;epHmauHH BaKyy~rnoii cHcTeMbI rro3BOJIHJia yMeHbIIIHTh p;aBJieHHe 

ocrnToqHoro ra3a B rryqKOBoii KaMepe HyKJIO'fPOHa 6onee qeM Ha p;Ba rropHAKa. 

TaKHM o6pa30M, T})e6oBaHHH K p;aBJieHHIO ocTaroqHoro ra3a B nyqKoBotl: KaMepe 

HyKJIOT})OHa, orrpe,ueneHHbie OCHOBHbIMH peJKHMaMH pa6oTbl )'CKOpHTeJIH B COCTaBe 

KOMIIJieKca NICA, 6hmH BhIIIOJJHeHbI. 06ecrreqeHhI T})e6yeMoe yJiyqmeHHe 

BaKy)'MHblX )'CJIOBHH B KaMepe H IIOBhIIIIeHHe Hap;eJKHOCTH pa60Thl o6opyp;oBaHHH. 

Bo BTOpoii r.JiaBe OITHCbIBaJOTCH MeTOAHKH HaCTPOHKH U.HpK)'llilI.UlH H ycKopeHHH 

rryqKa THJKeJibIX HOHOB HH3KOH HHTeHCHBHOCTH. 

,[l;eMOHCT})aQHH B03MO:>KHOCTH ycKopeHHH TH)!(eJibIX HOHOB B HyKJIOT})OHe 

paccMaT})HBaJiaCb KaK KOMTIJieKcHaH rrpoBepKa Bcex OCHOBHbIX CHCTeM 

)'CKOpHTeJibHOro KOMITJieKca. 0CHOBHbIMH rrpo6JieMaMH, KOTOpbie He06XOAHMO 6bIJIO 

peIIIHTb ,!(AA ycrreurnoro ycKopeHHH TH:>KeJiblX HOHOB, HBJIHJIHCb o6ecrreqeHHe 

BhICOKOii HHTeHCHBHOCTH rryqKa rrpH HIDKeKQHH, AOCTaTQqHQH AJIH HaCT})OHKH 
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pe:amMoB u;ttpKyJrnu:iu1 H 3axBaTa rryqKa B rrpo:u:ecc ycKopemrn:, a TaKlKe 

MHHMMH3a:U:IDI IIOTepb HOHOB Ha rrporn:a<eHHH Bcero :U:HKJia ycKopeHml. 

OcHOBHbie TIOTepH T.IDKeJibIX MOHOB B npo:u:ecce ycKopemrn CBH3aHbI c MX 

B3aMMO)J,eHCTBHeM c aTOMaMH OCTaTOqHoro ra3a, rrpHBOMIUMM K M3MeHemno 

3apH)J,OBoro COCTOHHRJI HOHOB. ,[(Jrn TH:a<eJibIX HOHOB Ha HaqaJibHOM yqacTKe 

ycKopeHRJI rrpeBaJIMpyeT npo:u:ecc 3aXBaTa 3JieKTPOHa, a npM BhICOKOH 3HepmM -

npo:u:ecc 06)],HpKH. TaK, IlOJIHOe cetieHMe IlOTepb HOHOB 124Xe42+ Ha a30Te COCTaBJIHeT 

npHMepHO 10"16 CM2 IIpM 3Hepnrn HH:a<eK:U:MM M CHH:a<aeTCH )J,0 HeCKOJihKMX e,n:HHM:U: 

10·19 CM2 npH YBeJIHlleHHM 3HeprnM p:o 1 r3B/HYKJIOH. TipM TaKOM ypOBHe cetieHMH H 

npH TeMrre poem IIOJIH 0,6 Tn/c MO:a<HO paCClJHTbIBaTb Ha ycKopeHMe HeCKOJihKMX 

npo:u:eHTOB OT HallaJibHOH HHTeHCHBHOCTM rryqKa npM p:aBJiemm OCTaTOqHoro ra3a He 

BhIIIIe HeCKOJibKHX HaHo Topp, I103TOMY caMoe cepbe3HOe BHMMaHHe 6oIJIO yp:eneHO 

pa3BMTMIO cpe)J,CTB P:HarHOCTHKM IlYlJKOB HH3KOH MHTeHCMBHOCTM. MMHMMM3a:U:RJI 

IIOTepb MOHOB B rrpo:u:ecce ycKopeHIDI 6I>ma )J,OCTMrHYTa B OCHOBHOM 3a ClleT 

MCIIOJlb30BaHIDI u;mppOBOH CHCTeMbI ynpaBJieHIDI tiaCTOTOH ycKopHIOmero IIOJIH, 

BBe)J,eHHOH B OilbITHYIO 3KCIIJiyarn:u:mo B XO)J,e 40-ro ceaHca. 

,[(Jrn KOHTPom1 TOKa rryqKa rrpH HH)KeK:U:HM B HyKJIOTpOH 6I>ma npoBe)J,eHa 

MOP:HQJI1Ka:U:IDI tieTblpex BTOpMlIHO 3MMCCMOHHblX MHOronpOBOJIOlJHhIX 

npoqmnoMeTPOB, paCIIOJIO)KeHHhIX Ha yqacTKe MH)KeKI.J,MM M no rrepMMeTPY KOJlhI.J,a. 

EI>IJIH pa3pa6oTaHhI H 1nroTOBJieHD1 crreu;narrmMpOBaHHDie BhICOKOlIYBCTBMTeJII>HhJe 

npe)J,yCHJIMTeJIH, a 60 IT030JIOlleHHDIX BOJibcppaMOBbIX HM.Tell npocpHJIOMeTPa, 

)J,MaMeTPOM 50 MKM Ka:iK)J,aH, 6oIJIM o6oe)J,HHeHhI )J,pyr c )J,pyroM, 'ITO II03BOJIHJIO 

npOH3BO)J,HTh HaCTPOHKY pe)!{MMOB MH:a<eK:U:MM IIYlJKOB TH:a<eJiblX MOHOB npe;:i:eJibHO 

HM3KOH MHTeHCHBHOCTM. EbIJia cp:eJiaHa peBM3MH H Mop:epHmaI.J,HH HOHM3aI.J,HOHHOro 

)J,aTtIHKa, II03Bomnomero orrpep:eJIHTh rrono:a<eHHe H TeMrr rroTepo I.J,MpKYJIMpyromero 

rryqKa KpaiiHe HM3KOH HHTeHCIIBHOCTM no 3cpcpeKTy MOHH3aIJ;MM OCTaTOlIHOro ra3a. 

)J;o 41-ro ceaHca ycKopeHHe MO HOB c qi A = 1/3 Ha HyKJIOTPOHe He npoBO)J,MJIOCo, 

a )J,OCTMrHyTaH HHTeHCHBHOCTb IIYlJKa TH:a<eJiblX MOHOB He I103BOJIHJia npoBeCTH 

HaCTPOHKY I.J,MPKYJIHI.l,HM H KoppeK:u:mo op6MTbl c HCITOJlb30BaHMeM cymeCTByrDIUMX 

cpe)J,CTB )J,HarnocTHKH. Tio3TOMY pa6orn B ceaHce 6I>ma Hallam c Jia3epHhIM 

HCTOlIHHKOM. TiepBOHalJaJibHO rrpoBepKa ynpaBmnomeii M p:HarHOCTMtieCKOH 

arrrrapaTypbl M HaCTPOiiKa I.J,HPKYJIHI.J,MH npH HH>KeKI.J,MM 6I>IJIM rrpoBe)J,eHbl Ha rryqKe 

)J,eiiTPOHOB. Tiocne 3TOro 6bm ocymecTBJieH nepexop: Ha ycKopemre IIYlJKa HOHOB 

C4\ HHTeHCHBHOCTb KOTOpOrO P:OCTaTOlIHa )J,JIH IIpOBe)J,eHHH HaCTPOHKM YCKOpMTeJIH. 

Heo6xo)J,MMOCTo OIITHMM3aUMH pe>KMMOB pa6oThr HyKJioTpoHa Ha MOHax yrnepo)J,a 

6I>IJia BhI3BaHa TeM, 'ITO IIOJie B )J,HTIOJibHbIX MarHHTax npH HH:a<eK:U:HM MOHOB c 

qi A = 1/3 B rroJITopa pa3a Bonue, tieM npH ycKopeHHH )J,eiirpoHOB M npoTOHOB, 

COOTBeTCTBeHHO, rpe6oBarraCb rrepeCTPOHKa MCTOlIHMKOB IIMTaHHH KOppeKTMpyrDIUMX 

MarHHTOB, rrapaMeTPOB IIHKJia MarHMTHOro IIOJIH H 3aKOHa M3MeHemlH ycKOpHI-OIUero 

Bq IIOJIH. 

fIOCJie HaCTPOHKH Ha HOHaX C4+ 6I>IJia I1pOH3Be)J,eHa 3aMeHa Jia3epHOro MCTOlIHHKa 

Ha MCTOlJHHK KpHOH-2 I1 HatiaTbl pa60ThI ITO ycKopeHmo HOHOB KCeHOHa. 

TiepBOHalJaJibHO npo:u:ecc ycKopeHIDI 6oIJI HaCTPOeH rrpH Tex >Ke pe)KHMax, 'ITO H npH 

YCKOpeHHH yrnepop:a (aMITJIMTy)J,a IIOJIH COCTaBJIHJia 5250 re). J:faMepeHMe 

OTHOCMTeJibHOH HHTeHCMBHOCTH IIYlJKa B rrpo:u:ecce ycKopeHMH rrpOM3BO)J,HJIOCb 
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HOHH3aUHOHHbIM JJ;aTqHKOM (cM. PHc.4). ,Z\nn ynpaBJieHIDI qacToToli B1I 
HCilOJib30BaJiaCb urr<jlpoBaH CHCTeMa, a IIOJIO)l(eHIIe pa6oqeH: TO'IKli COOTBeTCTBOBaJIO 
MHHliMYMY IIOTepb. ITo BpeMeHH )Kli3Hli ycKopeHHOro rryqKa liOHOB KCeHOHa Ha 
«cTone» MarHFITHoro rrona 6brna cJJ;eJiaHa oueHKa cpeJJ:Hero BaKYYMa Ha opfone 
nyqKa, OKa3aBrnaHCH Ha ypoBHe (3,5 - 5} 10-7 Ila, 'ITO 6bIJIO o6ycJIOBJieHO BaKYYMHOH 
Te'IbIO, OTKpbIBIIIeHCH B XOJJ;e ceaHca Ha yqacTJ<e Bb!BOJJ;a rryqKa. 

...... 
H 

I'.wanoe 
.naznumnoe no.w 

T 

~ ;~~<~!:t:·.'..:.:.~;.:~.'..'.'.~;:·~.'..:::;:~::::::·:~::::·~<;~::.~.:::.:!.;~:::.:.~~ 'P-::Ou;;~-;;;;; 
s 
I 
T 
v 

-35 

25 R 

15 A 

5 I) 

-5 I 
-15 A 

-25 L 

-35 

5:16!14 
3/9/2010 

PARAMETERS 
nort1. off 
T:20000 

(t\ksec> 
T _D: 50 

Ct1sec> 
Z...nuc: 42 
A...nuc= 124 

P: 6 

T t1sec 

Puc. 4. y CKopeHrre 124Xe +42, ypoBeHb CTOJia MarHliTHOfO IlOJIH 5250 re. 
Ha none 7,9 Kfc, 'ITO coorseTcTsyeT :.rnepnrn rroHoB 124Xe42+, paBHOH 

1 f3B/HyKJioH, 6bIJI ocyw;ecTBJieH Me,[(neHHhlll Bb!BOJJ: HOHOB KCeHOHa li3 KaMepbl 
HyKnorpoHa. HHTeHCliBHOCTb BbJBeJJ;eHHoro rryqKa Ha BbIXOJJ:HOM <jlnaHue 
ycKoprrTena 6hina oueHeHa Ha ypoBHe HeCKOJihKHX TbJcaq rroHOB 3a UFIKJI. Ha 3Toli 
3Hepmrr 6blnrr rrposeJJ;eHbI MeTOJJ;rrqec:rme HccneJJ;oBamrn: no pemcrpaurrrr rroHoB H 
npoBe,[(eHo o6nyqeHrre MliIIIeHli no nporpaMMe «3Hepma + TpaHcMyrauIDI». B 
3aBeprneHHe ceaHca c rrcTO'IHliKOM KpHOH-2 6brno ocyw;ecTBJI.eHo ycKopeHrre HOHOB 
KCeHOHa AO 3Hepmrr 1,5 f3B/H. 

TpeTLH rnasa Ha11rrHaeTca c ofoopa pa3pa6oTaHHbIX H npoaHaJIH3FipOBaHHbIX 
paHee saprraHTOB OIITffqeCKHX crpyKTyp 6ycTepa HyKnorpoHa c nepFIMerpaMrr 60, 
84, 150 H 21 OM, B03MO)l(HOCTeM ero pa3Mew;eHliH li KOMnOHOBKli. B Ka'IeCTBe 
aJibTepHanIBbl IIpliMeHeHHIO CBepxnpOBOMIIIHX MarHliTOB TliIIa «OKOHHaH paMa» JJ:JIH 
6ycTepa, npHBOMTCH KOHUenuIDI H pe3yJibTaTbl MOJJ;eJIHpOBaHIDI CBepxnpOBOMIT(ero 
MafHliTa THna COS 0 Ha liH.[(YKUHIO 4 TJI C o6MOTKOH li3 nonoro CBepxnpOBOMI1Iero 
Ka6ena. ,n:aercn o6ocHoBaHrre BbI6paHHoro c yqeTOM rpe6osaHHH npoeKTa NICA 
BapHaHTa pa3Mew;eHliH, onTH'IeCKOM crpyKTYPbl H THIIa crpyKTypHbIX MarHHTHbIX 
3JieMeHTOB. 

EycTep NICA - 3TO csepxnpoBOMIIIHH rnJKeJIOHOHHbIH CHHxporpoH c 
nepHMerpoM op6HTbI 211,2 M, MaKCHMaJibHOH MarHFITHOil: )l(eCTKOCThIO 25 TJI·M H 
TeMnOM pocra IIOJIH 1,2 Tn/c, 'ITO COOTBeTcTByeT OIITHMaJibHOMY pe)l(HMY pa60Tbl 
scex 3JieMeHTOB HH)l(eKUliOHHOH u;eno11KH KOMIIJieKca NICA. I1pH ycKopeHirn HOHOB 
3onorn 197 Au32+ MaKCHMaJibHaa 3HeprIDI cocTaBHT 600 M3B/H. EycTep npeJJ;Ha:rnaqeH 
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Alli HaKOilJieHIDI, OXJia>K,n:eHIDI H ycKopeHIDJ. Il)"IKOB TIDKeJiblX HOHOB c 

nocne.n:yroru;HM o,n:Hoo6opoTHbIM B:hIBo,n:oM, 06.n::HpKoii H nepeso,n:oM B HyKJIOTPOH. 

TaK>Ke OH MO)KeT 11cnoJI1>3oBaT:hCH KaK caMOCTOHTeJI:hHhiii CHHXPOTPOH MH 
ycKopeHIDI H OXJia>K,I(eHIDI Il)"iKOB HOHOB OT .n:eiiTepHH .n:o ypaHa npH npose,n:eHHH 

Me,n:HKo-6HOJIOI'H'leCKHX H IlpHKJia,I(HblX HCCJie,n:oBaHHii c HCil0Jlb30BaHHeM 

B:bIBe,n:eHHbIX Il)"IKOB. 

MarHHTHaH CHCTeMa EycTepa pa3Meru;aeTCH BffYTPH HpMa 3JieKTPOMarHHTa 

C11HXpo<l.>a30TPOHa, a npHMOJIHHeiiHh1e npoMe>KJTKH coBna,n:ruoT c 

cooTBeTcTByroll(HMH npoMe>KYTKaMH MarHHTa CHHXpo<l>a30TPOHa. 

IlrraH pa3Meru;eHHH EycTepa H <l.>parneHT rrorrepe11Horo ce11eHIDI 3,n:aHIDI 

ycKopMTeJIE>Horo KOMIIJieKca npHBe,n:eHbI Ha PMc. 5 11 PMc. 6. 

,. I ... 
I 

\ 1 I 
........ L.LJI ... ~ ,, " : ~ ,, ~ 

O II _ __ K~'jyc 1 __ _ 
IV 

i i 

KaHan !1e';BOAa r 
KOMaMAe/ 

PMc. 5. PacnoJio>KeHHe ocHOBHbIX CHCTeM Bycrepa B cyru;ecTByIDll(HX 3,n:aHHHx: 

- caTeJIJIHTHbIH pe<l.>pH>KepaTOp H H3MepHTeJI:bHbIH IIOJiyrrep110.n:; 2 - 3JieKTPO­
CTaTH'leCKH:H cerrryM H cenryM-MarHHT CHCTeMbl BbIBO,n:a rryqKa B Kopnyc lE; 3 -
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cttcTeMa 6hICTporo BI.IBO.Ila 11 1<amm nepeBo.ua B HyI<JIOTPOH; Bq - yc1<opmoII1aH 

CTaHIIttH; 30 - ceKIJMH 3JieKTPOHHOro mma)l(,ZleHMH. 

Puc. 6. PacnoJio)l(emre 3JieMeHTOB MarHttTHhIX c11cTeM EycTepa 11 HyI<JIOTPOHa. 

Onmu'lecKcm cmpyKmypa KO!lb'lfa. 

Onnwec1<aH cTpyKTypa EycTepa pa3pa6ornHa Ha ocHoBaHtttt cne.uyroII1ttX 

TPe60BaH11ii: 

,ZlOCTtt:>KeHtte MaKCllMaJibHO B03MO)l(HOM 3Hepmtt ycKopeHHbIX llOHOB nptt 

3a,ZlaHHhIX pa3Mepax KOJibIJeBoro TOHHeJIH BHYTPH )l(eJie3Horo HpMa 

CHHXpocpa3oTpoHa; 

TIOJiyqeHtte HHTeHCHBHOCTll .llO 2· 109 yc1<opeHHbIX HO HOB Au32+ 3a IIHKJI 

yc1<opeHMH; 

o6ecrreqemre BbICOKOM 3cp<!>eKTHBHOCTll BbIBO,U:a nyqKa B nrnpOKOM ,IJ,HaTia30He 

3Hepmii; 

BbI6op MHHHMaJibHO B03M0)1(HbIX pa3MepoB anepTyp CBepxnpoBOMIIIHX 

3JieMeHTOB KOJihIJa H HX rrorrepeqHbJX ceqeHHH B 11eJIHX CHI1)1(eHHH 

3HepronoTpe6neHHH; 

HCTIOJlh30BaHHe B KaqecTBe HH)l(eKTOpa BHOBb C03,ZlaBaeMoro JIHHeiiHoro 

yc1<op11TeJIH TH)J(eJiblX HOHOB. 

CTPYKTypa EycTepa, <PO}:(O rrepno.unqHoCTH, cocTOHT H3 4-x cynepnepHO.llOB, B 

Ka)l(,ZlbIM H3 KOTOpbIX BXO.llHT 5 peryJIHpHbIX nepHO.llOB H O,ZlllH nepHO,ll,, He 

co.uep)l(aIIIHM .ZlHTIOJihHhIX MarHHTOB. PerynHpHhIM nepno.u BI<JIIOqaeT B ce6H 

<!>oKyCHpYIOIIIYIO H .ue<1>01<yCHpYIOIIIYIO KBa,n:pynOJibHbie JIHH3hl, ,ZlBa .ZlHIIOJihHbIX 

MarnttTa H qeThipe MaJibIX cB060.llHbIX npoMe)J(yTKa. CooTBeTCTBeHHO, Ka)l(,U:bIH 

cynepnep110,n: BKJIIOlJaeT B ce6H .uecHTb ,U:HIIOJibHbIX MarHttTOB, weCTb 

<!>01<ycttpyroII1HX H wecTb JJ:e<!>o1<ycnpyroII1HX JittH3. B 11eHTPe Ka)l(,n:oro 

rrpHMOJIHHeiiHoro npoMe)l(yTKa pacrronaraeTCH KBa,n:pynOJibHaH JIHH3a, KOTOpaH ,ZleJIHT 

ero Ha ,n:Be ceKIJHH ,n:mrnoi1 4 M Ka)l(.uaH. KpoMe CTPYKTYPHhIX MarHHTOB H JIHH3 

MarHHTHaH CHCTeMa BI<JIIOlJaeT B ce6H MYJihTHIIOJibHbie KoppeKTOphl ,ll,JIH 

KOMTieHCaIJHH norpellIHOCTeli H HeJIHHeMHOCTeii MarHHTHOfO ITOJIH. 
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T 6 a n~a 1 0 E CHOBHhie napaMeTPhl •YCTepa 

06m11e ,ll.aHHhie 

3Hepnrn HH)l(eKu,1111, M3B/eyKJioH 3 

MaKC11MaJihHaH 3HeprIDI HOHOB Au32+, M3B/eyKJIOH 600 

MarHHTHaH )l(eCTKOCTI>, Tn·M npH HH)l(eKIJ,1111 I MaKCHMaJihHaH 2,2 I 25,0 

Ilep11Merp, M 211,2 

KynoHOBCKHii npe.D;en no MHTeHCHBHOCTH, 11acT/U,HKJI 2,5· 109 

KpMTHl:JecKaH 3Hepnui:, f3B/HYKJIOH 3,8 

CrpyKrypa .11 MarHHTHhie 3JieMeHThI 

KonH"leCTBo cynepnepHO,ll.OB I nep.110,ll.OB THna <I>O,[(O 4 /24 
,ll.HnOJihHhIX MarHHTOB 40 
KBa,D;pynOJihHhIX JIHH3 48 

MarHHTHOe none B ,ll..11non1H1>rx Marnrrrax, Tn 1,8 

fpa,ll.HeHT B JIHH3ax, TJI/M 19,7 I -20,3 

,[(HHaMITTeCKHe xapaKTepHCTHK.11 crpyKTyphI H ny"lKa 

lfacTOThI 6eTarpOHHhIX KOJie6aH.11H 5,8 I 5,85 

XpoMaT.11qHOCTh !J.Qx/(!J.p/p) I !J.Qz/(!J.p/p) -6,8 /-6,5 

Ko3cj>c)>HU:MeHT yTIJioTHeHHH op6m, a 0,04 

3MHTiaHC nYl:JKa, 7t·MM·MpaA npH HH)l(eKD;.11.11 Ex, z 10 

B KOHll,e ycKopeHIDI Ex I Ez 1,7 I 2,0 

KoHcmpyKZ{WI. cmpyKmypHblX Ma2Humoe u llUH3. 
3neMeHThI Marn.11TH0H: cHcTeMhI EycTepa NICA TIJiaHHpyeTCH nocrpoHTh no 

aHanornH c MarHHTaM.11 ,ll.e:il:cTByromero 6brcrpou,.11KJI11pyromero CBepxnpoBoMmero 

ycKop.11TeJIH HyKJiorpoH. lix KOHCTPYKU,HH OTJIH"laeTcH BhICOKOii 3c)>cj>eKTHBHOCThIO H 

Ha,ll.e)l(HOCThIO np.11 OTHOC.11TeJihHOH npOCTOTe H HH3KHX 3arpamx Ha H3rOTOBJieHHe. 

,[(HnOJihHhIH MarHHT - ceKTOpHbIH, THna "OKOHHM paMa". 0,ll.HOCJIOHHaH 

H30fH)'Ta5l o6MOTKa Marmna H3fOTOBJieHa H3 rpy611aTOro CBepxrrpOBOMIIIero 

Ka6eJIH. j{pMO .113 JIHCTOB 3JieKrpOTeXHHl:JeCKOH CTaJIH TOJIIIIHHOH 0,65 MM, 

CKpeTIJieHHhIX Me)l(,ll.y co6oii CBapHOH o6BH3KOH H3 yroJIKOB H TIJiaCTHH, OXJia)l(,ll.aeTCH 

noTOKOM reJIIDI nocne o6MOTKH. CucTeMa nO,ll.BeCKH MarHHTa B KpHOCTaTe TaK)l(e 

aHaJIOfHl:JHa no,D;BeCKe MarHHTa HyKJIOTPOHa - Ha BOChMH CTep)l(HHX (paCTH)l(Kax) 

(Puc. 7). KBa,ll.pynoJihHhIH MarHHT (nuH3a) perynHpHoii CTPYKTyphr EycTepa TaK)l(e 

aHanornqeH no CBoeM: KOHCTPYKIJ,11H KBa.D;pynonhHOMY MarHHTY HyKJiorpoHa. 

OcHOBHl>Ie napaMeYphI CBepxrrpoBOMIIIHX ,ll.HnOJihHhIX MarHHTOB EycTepa 

npHBe,ll.eHhI B Ta6JIHU,e 2. 
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0 540 

290 

0 0 

0 0 

0 

0 0 

0 0 

PHc. 7. Ce11eHHe JJ:HIIOJihHoro MarHHTa EycTepa NICA B KpHOCTaTe. 

Ta6JIHUa 2. OcHOBHhie xapaKTepHCTHKH )J,HIIOJihHoro MarnHTa EycTepa NICA 

3cpcpeKTHBHaH JJ:JIHHa Marmna, L, M 2,2 

,l0HHa JKeJie3HOro HpMa, M 2,14 

Heo)J,HopoAHOCTh Marn11rnoro nomr, ~BIB Ha R = 30 MM ±6 xl0-4 

AnepTypa II)"IKOBOH KaMepbI, MM 128 x 64 

YroJI noBoporn, rpa)J,yChI 9 

PaAHyc KpHBH3HhI cpe)J,Heii TPaeKTOpHH, M 14,09 

Macca MarnHTa, Kr 850 

ToK npH MaKCHMaJihHOM MarnHTHOM noJie, KA 9,68 

CucmeMa KoppeKlfUU nozpeumocmeu MazHumHozo no;m 
CHcTeMa KoppeKUHH MarHHTHoro nomr EycTepa npe)J,Ha3Ha1IeHa )J,JIH: KoppeKUHH 

paBHOBeCHOH op6IITbl, xpoMaTH'IHOCTH, C)J,BHroB H pa36pocoB 6eTaTPOHHbIX qacTOT, 

6eTaTPOHHbIX pe3oHaHcoB BToporo H TPeTbero nopH)J,KOB. 

KoppeKu1u1, H.JIH mMeHeHHe 11acTOT 6eTaTPOHHblX KOJie6aHHii, ocy1UecTBmreTcH c 

IIOMOIUhIO HCTO'IHIIKOB IIHTaHHH CTPYKTypHbIX KBa,!\pynoJibHbIX JIIIH3. 

,l0H pa3MeIUeHHH KoppeKTHpYIOIUHX :meMeHTOB H )J,FiafHOCTH'leCKOro 

o6opy,11,0BaHHH B EycTepe OTBe,11,eHO 48 MaJibIX CB060)1,HbIX npoMeJKYTKOB B6JIH3H 
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JIHH3. Bcero B KOJibQe ycrnHOBJieHo 44 KoppeKTopa MMHOH 0,3 M, KaJK,U,bIH M3 

KOTOpbIX co,u,ep)!(HT TPH TMIIa TOKOBbIX o6MOTOK: ,ll,Be ,ll,HIIOJibHbie, ,ll,JUI KOppeKQMH 

3aMKHyTOH op6HTbI, H o,u,Ha MYJibTHilOJibHa5!. Tpe6yeMbie aeJIHtIHHbI rroneil: M 

rpa,u,MeHTOB peanmyroTC5! c IIOMOIQblO He5IBHOIIOJilOCHbIX caepxrrpoBOMIQllX 

MYJibTMilOJihH:bIX KoppeKTOpOB c TOHKOCJIOHHbIMM CBepxrrpoBOMIQHMH o6MOTKaMM Ii 

KOCBeHHbIM oxna)!(,U,eHMeM. B KaJK.U.OM Mo,u,yne CTPYKTypHoil: KBa,u,pynoJibHoli JIMH3bI 

pacnOJIOJKeHbI 3JieKTPOCTaTWieCKMe IIMKarr-:meKTPO,ll,bl ( 44 CTaHQllH). 

CucmeMbl UHJ/CeKIJUU u Bbrnooa ny'IKa. 
CacTeMa MH>KeKQITH rryqKa MOHOB B BycTep o6ecneqrrBaeT TPH pe:>KHMa pa6oTbI. 

1. 0,u,HOKpaTHa5! O,ll,H006opOTHa5! HH:>KeKQH5! MllTeJibHOCTblO 9 MKC. 3TOT pelKHM 

5!BmieTC5! OCHOBHbIM rrpH HHJKeKQHH HO HOB 197 Au32+ c HHTeHCHBHOCThlO O:>KH,U,aeMOH 

OT HCTOqmiKa "KprroH-6T". 

2. TpH IIOCJie,U,OBaTeJibHbIX HMrryJibCa O,ll,H006opoTHOH HHJKeKQMll ITO 9 MKC c 

nepHO,ll,OM CJie,U,OBaHH5! 100 MC H HaKOIIJiemieM rryqKa B rronepeqaoM cpa30BOM 

rrpocTPaHCTBe. 3ToT pe:>KHM pa3pa6orna B KaqecTBe pe3epaHoro, M5I o6ecrreqeHHH 

TeXHmecKoro 3arraca ITO HHTeHCMBHOCTll II)"IKa IIpM pa6oTe c llCTOqHMKOM 

3JieKTPOHH0-CTPYHHOro THIIa. 

3. PeJKHM MHoroo6opOTHOH HmKeKQHM MHTeJibHOCTblO 27 MKC c HaKOIIJieHMeM 

nyqKa B <jla30BOH IIJIOCKOCTH ropll30HTaJibHbIX KOJie6aHHH, npe.u.Ha3HaqeH ,ll,Jl5! 

pa6oTbI c KpnoH-6T rr rrcTO'IHMKaMM rroHoB .u.pyroro TMrra. 

HHJKeKQHOHHaH cxeMa BKJIID'laeT B ce6H TPM HMIIYJibCHbIX OTKJIOH5IIOIQHX 

ycTPoil:cTBa co3,u,aromux JIOKaJibHoe cMemeHHe paBHOBecHoil: op6IITbI Ha apeMH 

HHJKeKQIIM, II O.L(llH cemyMHbIH MarHHT (Pnc. 8). 

QD DIP QF QD QF DIP QD 

PHc. 8. CxeMa HH)!(eKQMH nyqKa: QD, QF - KBa.u.pyrroJihHhre JIHH3hI, DIP 

.n.unoJibHhie MarHHTbI, BM 1 + 3 - HMITYJihCHbre OTKJIOAAIOIQHe ycTPOHCTBa, SM -
MHJKeKUHOHHblH cemyMHhIH MarHHT. 

B Ka1:IecTBe HMITYJibCHhIX YCTPOHCTB HCIIOJih3YIDTCH n:mpneKTOpHhie IIJiaCT.HHhI, 

pa3pa6oTaHHhie Ha OCHOBe ,u,opa60TaHHOro IIpOTOTHrra - HHcpJieKTOpHbIX IIJiaCTHH 

cn:cTeMbI HHJKeKQHII HyKJIOTPOHa. 

BbICTPhIH BhIBO.U. rrpe,u,Ha3HaqeH M5! rrepeBo,u,a rryqKa B HyKJIOTPOH. ~ BhIBo,u,a 

rryqKa ncrroJih3yeTcH HMIIYJibCHhIH y,u,apHbIH MarHIIT (KHKep) H ceIITYMHbIH MarHHT, 

pacrroJIO)!<eHHbie B TPeTheil: rrpHMOJIHHeHHOH ceKQHH BycTepa. CxeMa 6hICTPOro 

BhIBO,ll,a (PHC. 9) pa3pa60TaHa ,ll,JIH nyqKa c 3MHTTaHCOM ,ll,O 7,5 1t0 MM0 Mpan H 

pa36pocoM no HMIIYJibcy A pip = ± 10·4. 
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QO O/P QF QO QF O/P QO 

PHc. 9. CxeMa 6r,rcrporo (o,rumo6opomoro) Bhrno,na nyqKa m EycTepa: DIP -

).J;HIIOJibHbie MarHHTbI, QD H QF - cpoKyCHpYIOIIJ.He H .n;ecpoKyCHpYIOIIJ.He 

KBa.n:pyrronhID>Ie JIHH3hI, Kicker - mmynr,cHb1il: y.n;apH1>1il: MarHHT, SM - cemyMHbiii 

MarHHT. 

,!VI5I 06ecrre11emrn rrpHKJia.D:HhIX Hccne,noBaHHii Ha IIY1!Kax EycTepa rrpe.n;ycMorpeH 

Me,nneHHbiil: BblBO).J; H3 CHHXpOTpOHa. CHCTeMa Me,nneHHOro BblBO,[(a ny<IKa BKJIIO'laeT 

B ce65I 3JieKTpOCTaTH'IeCKHii ceIITYM H ceIITYM·MarHHT, pacrrOJIO)KeHHbie BO BTopoil: 

IIp5IMOJIHHeil:Hoii ceKU.HH EycTepa. Hx KOHcrpyKU:H5I aHanorH'IHa KOHCTpYKUHH 

cooTBeTCTBYIOIIJ.HX ycrpoiicTB HyMorpoHa. Br,rno,n ocymecTBJI5IeTc5I 3a c11eT 

cMeIIJ.eHH5I pa6011eii TO'IKH EycTepa B o6nacTb HeJIHHeiiHoro pe3oHaHca 3Qx = 17, 

B036yw:.n;aeMOro 17--oii rapMOHHKOil: ceKCTYIIOJibHOM HeJIHHeMHOCTH. 

BaKyyMHaR cucmeMa. 
IlpH o6meii ).J;JIHHe EycTepa - 211,2 M, ero "xoJIO.D:Ha5I11 qacTb cocTaBJI5IeT 175 M, a 

11TeIIJibie11 IIp5IMOJIHHeMHbie rrpoMe)KyTKH - 36 M. IloBepXHOCTb 11XOJIO,ll;HOM 11 IJaCTH 

IIY1!KOBOii BaKYYMHOii KaMepr,r HMeeT TeMrrepaTypy T:::;; 10 K, "TeIIJioii" - T ~ 300 K. 
IlapU.HaJibHbIM COCTaB OCTaTQqHbIX fa30B c BbICOKOH ,[(OCTOBepHOCTbIO 6y,ll;eT 

CJie.D:yroIIJ.HM: 

- H 2 ~ 90 % H ~ 10 % - CO, CH4, C02 - B 11TeIIJioil:11 11acTH; 

- BO,ll;OpO,ll; H reJIHM - B 11XOJIO,ll.HOH 11 11acTH. 

IlpH BbIIIOJIHeHHil COBpeMeHHbIX rpe6osaHHil: IlO,ll;fOTOBKH nosepxHOCTeii CTeHOK 

IIY1!KOBOii KaMepbI, H3fOTOBJieHHOH H3 COOTBeTCTBYIOIIJ.eii Hepw:aBeIOmeil: CTaJIH M5I 

nOJIY1leHH5I .D:aBJieHH5I p ~ 10-11 Topp, noTpe6yeTC5I ycTaHOBI<a rpex HacocoB c 

IIpOH3BO,ll;HTeJihHOCTbIO 1250 JI/c Ha Ka:>I<,ll;blll «TeIIJiblll}) IIp5IMOJIHHeil:HbIH Y'laCTOK. 

KpoMe Toro, 3TH yqacTKH ,ll;OJI)l(Hbl UMeTh CHCTeMy TepMoo6e3ra/I<HBaHH5I Ha MeCTe 

npH TeMnepaType ~ 300°C. 

B I<pHoreHHoil: qacTH ITY1!KOBOM I<aMephr BeJIH'IHHa ra3oOT,ll;eJieHil5I xonO.D:HbIX 

IIOBepXHOCTeii Ha nop5I,ll.KH MeHbllle 'leM «TeITJibIX», a CKOpOCTb OTI<a'IKH, 3a 

HCKJIIO'leHneM BO,ll;Opo,ll;a H reJIIl5I, Ha rrop5I,ll;KH BbIIIIe. y CTaHOBHB M5I OTKaIJKH reJIIl5I 

H BO,ll.Opo,11.a ,ll;OIIOJIHHTenbHble I<pHOCop6u:HOHHhie HaCOCbI, co.n:ep1KaIIJ.He 

aKTHBll:pOBaHHbIM yroJib, MO)KHO c ysepeHHOCTbIO paCC'IHTbIBaTh Ha ,ll;aBJieHHe 

rrop5I,ll;I<a 1,3 .10-10 Ila. Cpe,ll;H5I5I seJIIl'lHHa CTaTH'IecKoro .D:aBJieHH5I rro KOJihlf.Y B 

3TOM CJIY'lae 6y,ll;eT paBHa p ~ 4· l 0-JO Ila. 
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CHcTeMa H30JDIUHOHHoro o6oeMa KpHoreHHoli qacTH ycKopIITena He Tpe6yeT 
CBepXBbICOKOro BaKYYMa, BTIOJIHe ,!(OCTaTOqHo o6ecneqHTb JJ;aBJieHHe nopH,n:Ka 
1,3·10-4 Ila. ;::{ml npe.D;BapHTMbHOH OTKaqKH :noro o6oeMa JJ;O .n:asneHIDI 
p- l,3·10-2 Ila He06XO,n:HMbI zyp60MOJieKYJUipHbie HaCOCbI c 6e3MaCJDIHbIMH 
qiopBaKYYMHbIMH HacocaMH. Hanwme 6oJiblliOH KpHoreHHo:M nosepXHOCTH (HJ>MO 
MarHHTOB) o6ecneqIIT nonyqeHHe Tpe6yeMoro BbICOKOro BaKYYMa B H30IDIQHOHHOM 
o6oeMe. 

Bb16oob1 

1. B pe3yJILTaTe peanH3arurn: npe.l(Jlo:lKeHHbIX TeXHffqeCKHX pememrn BaKYYM B 
o6oeMe nyqKOBOH KaMepbl HYKJIOTJ>OHa ynyqmeH B CTO H 6onee pa3 JJ;O ypOBHH 
7·10"8 Ila. 

2. HoBbie BaKYYMHbie yCJioBIDI B nyqKosoi:t KaMepe no3BOJIHJIH snepBbie 
OCYIIIeCTBIITb B HyKJIOTpOHe ycKopem1e TH:lKeJibIX HOHOB c aTOMHbIM BeCOM 6onee 
100, HecMoTpa Ha HH3KYJO 3Heprmo HX HH:lKeKn;HH (5 M3B/HYKJIOH). HoHbI 124Xe42+ 

ycKopeHbI ):(0 3HeprHH 1,5 r3B/H)'KJIOH. 
3. IIpeAJio:lKeHHaa MeTO,n:HKa II03BOJIHJia HacTpaHBaTI> pe)l(HMbI pa6oTbI 

HYKJIOTpOHa c nyqKaMH MHOr03apH,n:HbIX HOHOB HH3KOi:t HHTeHCHBHOCTH ypOBHH 
1·104 qacTHn; 3a n;HKJI. 

4. Pa3pa6oTaH KOHD;emyan&HbIH npoeKT omffqecKoii CTpYKTYPhI EycTepa 
HYKJIOTpOHa, OTBeqaJOID;HH BCeM OCHOBHbIM TeXHffqeCKHM Tpe60BaHHHM .l(JIH 

pa6oTI>I B cocTase KOMTIJieKca NICA/MPD. 

0CH06Hble Pi!3YJlbmambl ouccepmau,uu ony6JlUl<06aHbl 6 peu,eH3UpyeMblX 
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