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OEI.IJ;A51 XAPAKTEPMCTMKA PAEOTbl 

AKTyaJibHOCTb TeMbl. HaKonHTCJlbHbie KOJibUa TSJ)KeJibIX 3apH)KeHHbIX 
1.J8CTHU • npOTOHOB, aHTHnp0T0HOB, HOHOB C 3JieKTpOHHhlM oxrra)KJJ.eHHeM 
npenCTaBJISIIOT HOBOe cpenCTBo <pH3H1.JeCKoro 3KcnepHMCHTa C umpoKHMH 
npm,ICHCHUHMH B $m1rn:e BblCOKHX 3HeprHii, H,UepHoii H aTOMHOH $HJHKe, 
<l>H"3m<e ny1.JKOR. ,[\eBSITb TaKHX HaKOnHTeneii, TaK Ha3bIBaCMbIX KyrrepoB -
OllHH aHTHnpoTOHHblH H BOCeMb HOHHbIX, neiicrnyroT B pa3JIH'IHbIX 
na6oparnpm1x MHpa. 

C nommeHHeM KyrrepoB B H.llepHo-<f>n3HqecKHX Hccnenoaamrnx 
0TKphIJIHCb HOBblC B03MOiKHOCTH no npoae.n;emno npeQH3HOHHblX 
3KCnepHMeHTOB Ha nytJKax C MaJibIM pa36pocoM no 3HeprHH (no 10-6) Ha 
CBepXTOHKHX BHyTpeHHHX MHIIIeHSIX, no pa3nerreHHIO H HaKOilITCHHIO 
nonro:>KIIBYIUHX H30TOnOB H H30Mep0B, no MaccneKTpOMCTJ)HH npe.rteJlbHO 
BhICOK0ro pa3perneHHH. CTan nocryneH KaqeCTBeHHO HOBbIH ypoBeHb 
HccnenoaaHHH npoueccoa nepe3apnJlKH, pa,llHaUHOHHoii H JlH3JieKTJ)OHHoii 
peKOM6HHaUHM. Enaro.n;apH pa3BHTHIO 3JieKTpOHHOro 0XJIR)KJJ.CHllil, 
Il0HBHJICH CIIIe O,llHH MeTOn B <f>mHKe Y<;KOPHTerreii - TaK Ha3bmaeMoe 
"na3epHOC oxna)KJJ.CHHe". BoJHHKJIO uerroe HanpaBJICHHC $HJHKH nytJKOB -
KpHCT8JUIHtJeCKHe nytJKH, KOTopoe npenCTaBJISleT 60JiblllOH HHTepec ,lll1JI 

q>H3HKH rnepnoro Terra. 
HoHHbiii nytJoK, HH:>KeKTnpyeMbltt B HaKonIITeJib, HMeeT HatJWibHhIH 

pa36poc CKOpOCTeii H 60ill>IIIOH nonepeqHbIH pa3Mep. ,[\HSI HaKonneHHH 
HOHHblX nytJ.KoB C MaJibIM pa36pocoM CKOpocreii H MaJibIM 3MHITRHCOM 
r.M.Ey,llKepOM 6bUI npe):CIO)KCH MeTOn 3JICKTJ)OHH0ro oxrra)KJJ.CHllil. Me-ro,n; 
Il03BOJISleT C03naTb B nytJKe HOHOB 3<f><f>eKTHBHOe TpeHne, yMeHblllaIOUlee 
ero q>aJOBbIH 061>eM (3MHITattc) H pa36poc ero qacruu no 3HeprHH. Mne» 
MeTona 3aKJIIOqaeTCSI B TOM, 'ITO Ha npHMOJiliHeHHOM ytJaCTKe HaKOilHTeJIH 
BBO.llHTCH HHTeHCHBHbIH 3JieKT])OHHhlii nytJ.oK; o6rranaromHii MaJibIM 
pa36pocoM . CKOpOCTeii. 3a ClJ.eT KYITOHOBCKOro BJaHMO,n;eHCTBllil Me)K,lly 
tJaCTHUaMH TeMnepaTypa 3ITCKTJ)OHOB H HOH0B BhlpaBHHBRCTCH, B 
Pe3YJibTaTe tJ.ero yMeHbIIIaeTCH pa36poc nponoJibHhIX CKOpOCTeii HOHOB H 
nytJOK C)KHMaeTCH. 

MHTeHCHBHbIH 3JieKTpOHHbIH nyqoK B Mernne 3JieKTJ)OHHOro 
oxrra)KJJ.CHllil HMCCT JaBHCHMOCTb nponoJibHblX CKOpocreii 3JICKTJ)0HOB OT 
pa,llHyca nytJKa, 'ITO Bbl3B8HO ,ueiiCTBHeM co6CTBeHHOro 
npoCTpaHCTBeHHoro 3ap.Hl(a nytJKa. B npouecce oxrra)KJJ.eHllil cKopoCTH 
HOHOB no.n;CTpaimaIOTCH non CKOpOCTH :meKTp0HOB. BcnenCTBHC 
6eTaTJ)OHHbIX Kone6aHHii, H0Hhl npH Ka)KJJ.OM nponere 'lepe3 yqaCTOK 
oxrra)KJJ.CHllil B3aHMO.n;eiiCTByroT C 3JieKTJ)0HRMH nytJKa Ha pa3HbIX 
pa,n;nycax, B pe3yJibTaTC 3$$eKTHBHOCTI, oxrra)KJJ.CHIDI YMCHblllReTC.sI. l1pH 
3TOM B03MO)KHa CHTyaullil, Korna qaCTI, HOHHOro nytJKa MO)KeT 6bITb na)Ke 
noTepSIHa B XO.rte oxrra)KJJ.CHIDI. 
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,ll;JUI yMeHI,IIIeHIDI BillfflHllll npocrpaHCTBeHH0ro 3ap.sm;a :meKTp0HHoro 
ny•ma npHMeIDieTC.SI MeT0ll HeiiTpamnaUHH. ,ll;JUI :noro HCil0fil3YJOTC.SI 
3JieKTp0CTRTH'1ec1me npo61m, K0T0pbie ycraHaBJIHBaIOTC.SI B CHCTeMe 
:meKTp0HHoro oxrra)K,l];emrn nocrre :meKTpOHHoii nyIIIKH tt nepen 
K0JDieKTopoM 3JieKTp0HOB. 3JieKTpOCTRTHqeCKHe npO0KH npenoTBpama10T 
yxon 3ap.S1)KeHHhIX noHoB Bnom, octt nytJKa, a HX yxon nonepeK nytJKa 
1aTpy.[{HeH BcnencTBHe 061,eMHoro 3ap.sm;a 3JieKTp0HHoro nytJKa. 

rrraBHOH npo6rreMoii npH $opMHpOBaHHH HeiiTpaJIH30BaHHoro 
HHTeHCIIBH0ro 3JieKTp0HH0ro nytJKa .SIBJUleTC.SI · B03HlfKH0BeHHe TaK 
Ha3bmaeMoii ny'llweo-.iJpeu,Poeoii Heycmoii11ueocmu. HeycroiiqHBOCTh 
npHB0}lHT K pa3pyrneHHIO HeHTpaJ¥13aUHH H, C00TBeTCTBeHH0, K pe3K0MY 
H3MeHeHHIO noTeHuHaJia nytJKa, ~o nerraeT HeB03M0)KHbIM 3$$eKTHBHOe 
oxna)K,l];eHHe H0HHbIX ny':IKOB. 

OcnoenLre u.e.rrn pa6oTLI. ,LJ;aHHa.SI pa6oTa nocmuneHa npo6neMe 
HeHTpaJIH3aUHH H ycToiiqHBOCTH HHTeHCHBHoro :meKTp0HH0ro nytJKa, a 
TaK)Ke pa3BHTHIO MeT0}l0B nonaBJieHIDI ero HeycroiitJHBOCTH. B xone 
3KCnepHMeHTOB C HeHTpaJIH30BaHHbIM 3JieKTpOHHbIM nytJKOM oco6oe 
BH.HMRHHe YJleJUIJI0Cb CJie}lYJOlllHM noJI0)KeHIDIM: 

• HCCJie}l0BRHlfe HeHTpaJIH30BRHHOro C0CTO.SIHIDI HHTeHCHBHoro 
3JieKTpOHHoro nytJKa; 

• my':leHHe ny':IKOBO-.upeii$oBOH HeyCTOH':IHBOCTH npH pa3JIHqHblX 
napaMeTpaX CllCTeMhl; 

• nonaBJieHHe HeycroiiqHBOCTH H noBhIIIIeHHe noporoaoro T0Ka C 
noM0lllblO aKTHBHblX MeT0}lOB B03.}leHCTBIDI Ha nytJOK, 
Harpy)KeHHblH Me}l)leHHblMII lI0HffMH; 

• pa3BHTHe MeT0}l0B }lHarH0CTHKH }lJUI H3MepeHIDI CTeneHH 
1-1eiiTpaJIH3aUHH II K0HTp0JUI 3a ycroii':IHBOCThIO 3rreKTpoH1-1oro 
ny':IKa. 

HaY'IHaH HOBH3Ha H 3H8'1HMOCTL pa60Tbl. HeiiTpaJIH3aUH.SI 
npocrpa1-1CTBeH1-1oro 3ap.sm;a 3JieKTponnoro ny':IKa, nap.SIJlY c 
nepeqHCJieHHblMH BbIIIIe, naeT KaqeCTBeHHO HOBhle B03M0)KHOCTH B pa6oTe 
CHCTeMbl 3JieKTp0HHoro 0XJia)K}leHIDI: 

• cymecTBeHHoe CHH)KeHne apeMeHH oxna)K):{emrn H0HHhIX nytJKoB; 

• B03M0)KH0CTb H3MeneHIDI T0Ka 3JieKTp0HHoro ny':IKa B npouecce 
oxna)K):{eHIDI 0e3 H3MeHeHIDI 3HeprHH 3JieKTpOHOB; 

• CHH)KeHHe npoBHCaHIDI noTeHUHaJia B 3JieKTpOHHOM ny':IKe; 

• yMeI-1bII1eH11e npeii4>0BOII CK0pOCTH :meKTp0I-10B, qrn yrryqmaeT 
KatJeCTBO 3JieKTpOHHOro ny':IKa. 
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IlpaKTH'leCKasl ueuuoCTL pa60TLI. 3KcnepHMeHTbl no myqeHHIO 
neiiTpaJIH3oaannoro 3JieKTpOHHOro nytJKa 0hIJIH npoaeneHb1 Ha CTel-l}le 
"PeKyneparnp" (J151TT OH.5111) H B CHCTeMe 3JieKTpoHHoro oxrra)K):{emm 
HaKonttTeJUI LEAR (CERN). Ha o6ottx ycTpoiiCTBax ycraHOBJieHbI 
3JieKTpoCTaTHlJeCKHe npo6KH. CHCTeMa 3JieKTpOHHOro oxna)K}leHirn: LEAR, 
no cpaBHeHIIIO co CTel-l}lOM, HMeeT PM oco6eHHOCTeii: ym,TpaBbICOKHii 
BaKyyM ~10-11 Topp (Ha CTel-l}le ~10-9 Topp), }lBa noaopOTHbIX 
T0ppOH}laJibHblX MarHHTa, pa}lHyc :meKTp0HHOro nytJKa 2.5 CM (Ha CTel-l}le 
1.5 CM). 

3rreKTpocrnmqecKHe npo6KH }lJUI HeHTpaJIH3a!.!HH 
npocTpaHCTBeHHoro 3ap.sm;a JJieKTp0HHoro ny':IKa B HaCT0.Silllee apeM.SI 
HCn0fil3YJOTC.SI KaK IIITaTHbIH 3JieMeHT CHCTeMhl 3JieKTpOHHOro oXJia)K}leHIDI 
LEAR. Hcnom,3oaaHHe Heii-rpaJIH30BaHHoro nytJKa }lJUI oxrra)K}leHIDI 
noHoB CBHHUa Pb54+ c 3HeprHeii 4.2 M3B/H no3aommo yMeHbIIIHTh apeMSI 
oxna)K}leHH.SI HaKailJIHBaeMhIX HOHOB B nomopa pa3a H COCTaBHJIO 200 MC 
npH TOKe ny':IKa 150 MA H 3HeprHH 3JieKTp0HOB 2.5 K3B. OXJia)K,AeHHble 
HOHbl CBHHUa npennorrarae-rca HcnoJib30BaTh B npoeKTe LHC. 

Anpo6aum1 paOOTLI. MaTepHaITbl }lHCCepTaUHH npe}lCTaBJUIJillCb Ha 
Me)K}lyHapo.[{HOM coaemaHHH no MeTO}laM oxrra)K}leHIDI nytJKoB, MoHTpe, 
II.IaeiiuapIDI, 1993; EaponeiiCKOH yCKopHTeITbHOH KOH$epeHUHH, JlOH}lOH, 
1994; 14 (1-M BcepoccHiiCKoM) coaemamm no yCKopHTeJUIM, TTpoTBHHO, 
1994; Me)K}lyHapo.[{HOH yCKopHTeJibHOH KOH$epeHUHH,. ,ll;aJDiac, CIIIA, 
1995; a TaK)l(e o6cy)K):{aJIHCb Ha aaylJHblX ceMHHapax B ¢H3HKO
TeXHOJI0rHtJeCKOM ueHTpe HHCTHTYTa .sm;epHOH $H3HKH H.51<;1) co PAH 
(JIHneUI<); O61,e}lHHeHHOM HHCTHTyTe .sm;epHhIX HCCJie}lOBRHHH (,n;y6Ha); 
EBponeiicKOM ueHTpe .sm;epHblX HCCJie}lOB8HHii ()KeHeBa). 

CTJ)yKTYJ)a u o6beM pa6oTLI. ,ll;HCCepTaUIDI COCTOHT m BBe}leHIDI, 
qeTh1pex rrraa, 3aKmOqemrn, Tpex npHJIO)Kennii, crn1CKa JIHTepa-rypbI. 
TeKCT }lHCCepTaUHH H3JIO)KeH Ha 126 CTpaHHuax, BKmOqa,SI 66 pHCYHKOB H 9 
Ta0JIHU. CnHCOK JIHTepaTypbl co,nepX<HT 63 HaHMeHOBaHIDI. 

CO)J;EP,KAHHE P AliOTbl 

Bo Bee.i:.euHH ,naeTCSI KpaTKoe onHcaHHe MeT0,na 3JieKTpOHHOro 
oxrra)K}leHIDI H onpe,neJUIIOTC.SI npo6rreMhl, B03HHKaromHe npH oxrra)K}leHHH 
nYtJK0B 3ap.S1iKeHHbIX lJaCTHI.l. <;l)opMYJIHPYJOTCSI 38,Uff'IH HCCJIC,ll;OBffHHH, 
BOUie,ll;IIIHX B }lHCCepTaUHIO, o6cy)K}laIOTC.SI HOBbie B03MO)KHOCTH 
3JICKTpOHH0ro oxrra)K}leHIDI npH HCnOJib30B8HHH HeHTparrH30B8HH0ro 

nytJKa. 
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B nepeou r.i1aee o6cyiK,ZJ;aroTc.si: norro)Kemrn q>IDHKH :me.KTpOHHoro 

oxrraiK,ZJ;eHIDI H Tpe6oaaHIDI K napaMeTpaM oxrraiK,ZJ;ammero 3Jie.KTpOHHoro 

ny1.JKa. ,[{aeTC.SI KatJeCTBeHHOe 061>HCHeHHe npeHMYIUCCTBa HCilOJib30BaHIDI 

HeirrpamnoBaHHhIX 3JIC.KTpOHHhIX ny1.JKOB,IlO cpaBHeHHIO C 3ap.SJ:)KeHHhlMH 

ny1.JKaMH. · qHCJICHHOe MO}leJill})OBaHHC npouecca 3JIC.KTpOHHOro 

oxrraiK,ZJ;emrn ,wm HOHOB Pb54+ Ha LEAR noKa3hmaeT, tJTO Hei'rrparrHJaUIDI 

npoCTpaHCTBCHHoro 3apH]la nytJKa ]lerraCT npouecc oxrraiK,ZJ;eHIDI B 

HCCKOJibKO pa3 6hICTpCC (pHc. l ). 
IlpHBO]lHTCH TeopCTHtJeCKoe OilHCaHHe nyl.JKOBO·JlPCH!pOBOH 

HeyCTOHtJHBOCTH, npHBOJlHIUCH K pa3pyrneHHIO HCHTparrmaUHH 

3JIC.KTpOHHoro ny1.JKa, noporoaoe 3HatJCHHe IlJIOTHOCTH TOKa KOTOpOH j,h 
OilHChmaeTC.SI CJICJlYIOIUHM Bhlp8)KCHHCM: 

. . 2 
. 21, 0 Ve B 

1 rh = k L, k= TJ 
6 .LlnK 

(1) 

r]le Ve - CKOpocn 3JIC.KTpOHOB, B - npo}lOJibHOe MarHHTHOe norre, L -
]lJIHHa y11aCTKa HeHTpaJIH3RUHH, 8.L • MHHMaH tJaCTb ]lH3JIC.KTpHtJCCKOH 

npom1uaeMOCTH 3JICKTpOHHoro nytJKa, Harpy:lKeHHOro H0HaMH, K • 
K03!p!pHUHeHT ycHJieHIUI nonepetJHblX BOJIH. 

12 .g 
"': 10 
g 8 .. ... 
;:: 6 
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P11c.1. PacqeTHRH 3aBHCHMOCTb o6paTHoro 3HR'ICHIUI 

apeMeHH 0XJTa)KJ(CHHH OT TOKa 3JJC.KTpOHHOro ny1.JKa ,wm 
HOHa Pb54+ C 3Hepmeii 4.2 M3B/H, TJ =Zn,/ ne - creneHb 

HCHTpam-13aQHH srreKTpOHHoro nytJKa 

Heo6xo}lHMO 3aMCTHTb, 'ITO ny1.JKOBO·JlPCH4>0BaH HeyCTOHtJHBOCTb B 

0TCYTCTBHe o6paTHOll CBHJH HBJUICTCH KOHBCKTiffiHOH (CHOCOBOH), TO eCTb 

JII06oe B03MYIUeHHe Ha BXO]le nyl.JKa B ytJaCTOK C HCHTpaJIH30BRHHblM 
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npocTpaHCTBeHHbIM 3apH]lOM, 3KCilOHCHQH8.TibHO yc11mmaHCb no ,U.,'Ilrne, 

OCTaeTCH orpaHHtJeHHhlM BO apeMCHH a }laHHOii TOl.JKe. A6comOTHaH 

HeycTOHtJfIBOCTb peaJIH3YCTCH .ffillIIb npH HamI'iHH o6paTHOH CBH3H 

]lOCTaTOtJHOtt BeJIH'UIHhI, KOr}la KOJie6aHIDI H0H0B Ha BhIXO]le ny1.JKa 

nepe]laIOTCH Ha BXO}l. O6paTHaH CBH3b MO)KCT ocymecTBJUITbCH 

3IICKTp0HaMH, OTpa)KCHHbIMII OT KOJIJieKTOpa, KOIBI'ICCTBO KOTOphIX H 

onpe}leJUleT B 3HatJHTCJlbHOtt Mepe nopor HCYCTOHlJHBOCTH. 

IlpHBC,[(CHhl pe3yJibTaThl HCCJie,[(OBaHHH C HeHTpamI30BaHHhlMH 

ny1.JKaMH, BhlilOJIHCHHbIMH ,[(O HaCTOHIUero BpeMeHH. 

Bo BTOpoii mane ,[(aHo OilHCaHHC CTCH]la "PeKynepaTop" H CHCTCMhl 

3JieKTpOHHoro oxrraiK,ZJ;emrn LEAR, Ha KOTOphIX npoBOJlHJIHCL 

HCCJIC]l0BRHHH HCHTpamI30BaHHOro 3JICKTp0HHOro nyl.JKa. OnHCaHa 

CIICTeMa HettTpamI3aQHII npOCTpaHCTBCHH0ro 3apH}la ny1.JKa 

1JJeI<Tp0CTRTHtJCCKHC npo6J<H, npe,UCTaBJIHJOIJ{He CO0OH ,[(Ba n0-rryu11mrn.npa 

C BhIC0K0OMHhIMH npoBO]lHLQHMH CTeKJiaMH MC)K.[(y HHMH. Ha 3JICKTp0,[(l,I 

npo6KH IlO}laeTCH IlOJI0)KHTCJibHOe HanpH)KeHIIe (0+6 KB), pa3IBllJH0e .wm 
Ka)KJ(oro 1rreKTpoJ(a, tJTo co1J(aeT nonepetJHoe 1rreKTpn11ecKoe norre BHYTpH 

npo6KH. Ilpo6KH pacnorrara10TcH nocrre. :meI<TpOHHoii nyrnKH n nepe,u 

I<0JIJieKTopoM 3Jie.KTpOH0B. HeilTpamI3aQIIH ocyLQeCTBJUICTCH 3a ClJeT 

H0HH3aUHH aTOMOB H M0JieKyJI 0CTaTOtJHoro ra3a. l10Hbl 0Tpa)KaIOTCH OT 

IlOJIO)KHTeJibHOro IlOTCHQHaJThHoro 6ap1,epa 3JICKTp0CTaTHlJCCKHX npo6oK 

H HaKanJIHBaIOTCH Ha y11aCTKe Me)K.[(y npo6KaMH, a BTOplltJHhle 3JieJ<TpOHhl 

JlPCH<l>YIOT BHyrpH npo6oK no 3KBHilOTCHQHaJThHblM JIHHHHM 

3JieKTpHtJecKoro IlOJUI Ha npoBO]lHLQee CTeKJIO II Y.UaJUIIOTCH 113 CHCTeMbl. 

-~ 

2 

AL.In 

L.1An 

Puc.2. CxeMa H3MepeHHH CTeneHH HCHTpaJIH3aQHII C 

noMOLQbIO .z:o1aruocn1qecKoro 3JieKTpo1moro nytJKa. 1 -
nyuIKa ]lHarH0CTHlJCCKoro nytJKa, 2 - 3ITCKTp0,[(l,I 

K0MneHcnpyroLQero noJIH, 3 - KOJIJICKTOp. 
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,[(JUI .uuarHOCTHKH 3JieKTpOHHOro ny1IKa Ha CTeH,Ue npHMeHSITCSI MeTO,U 
mmrHoCTuqecKoro :me:icrpoHHoro ny1IKa (puc.2). I1.rreH .lIHarHocruqecKoro 
:meKTpOHHOro ny1IKa OCHOBaHa Ha H3MepeHHH a3HMYTaJibHOro CMe1;1leHHH 
HH3K03HepreTuqHoro 3JieKTp0HHoro ny1IKa, pacnpocrpaHS1IOruerocS1 B 
npO,lIOJihHOM MarHHTHOM norre CHCTeMbl H nonepeqHOM 3JieKTpHqecKOM 
no;ie OCHODHOro ny1IKa naparrrreJlbHO ero OCH. ,[(JIH yrryqIIIeHHH TOqHOCTH 
TT1MepeHHH HCn0JTh3yeTCSI TaK Ha'3hmaeMbIH "Hym,-MeTo,u". 

,UaeTCSI onucam1e MeTO,UOB ,lIHarHOCTHKH ttdiTpaJIH30BaHHoro 
3JieKTpOHHoro ny1IKa, ucnom,3)'IOIUHXCH Ha HaKonuTerre LEAR: npeMH· 
nporreTHbIH MeT0.ll, OCHOBaHHbIH Ha H3MepeHHH CKOp0CTH 3JieKTp0HOB B 
3aBHCHMOCTH OT co6cTBeHHOro npocrpaHCTBCHH0ro 3apH.n;a ny1IKa; 
,!OiarH0CTHI<a C n0M0IUblO OXJia)K,n;eHH0ro H0HH0ro ny1IKa, K0r,[{a 
mMep.srerc.sr pacnpe,ueneHue noTeHuuana :meKTpOHHoro ny1IKa no ero 
pa.n;nycy. O6cy)K,1l;aeTC.SI T0qH0CTh MeT0,UOB ,UHarH0CTHKH, HCII0Jlb3yeMbIX D 
3KcnepHMCHTax C HeHTpaJIH30BaHHblM 3ne:icrpoHHbIM ny1IKOM. 

B TpeTLeii rnaee npHB0.lI.SfTCH pe3yJlbTaThl 3KcnepuMeHTOB no 

H3MepeHHIO CTeneHH HeHTpaJIH3aUHH H onpe,ueneHHIO noporOBbIX TOKOB 
IIY1IKOBO-.upei-iqJOBOH Heycrni-iqHBOCTH, npoBe,UeHHbIX Ha CTeH,Ue 
"PeKyneparnp" H B cuCTeMe 3JieKTpOHHoro oxna)K.lieHHH LEAR. Ha cTeH,Ue 
npoBe,[{eHo H3yqeHne HeHTpaJIH3aUHH 3ne:icrpoHHoro ny1IKa c 3Hepruei-i 

3;JeKTp0H0D 2-10 K3B n T0KOM ny1IKa I 00 MA - 2 A D MarHHTHOM none 
500 re. Ha HaKOIIHTerre LEAR BhlIIOJIHCHbl 3KcnepHMeHTbl no 

Hei-irpamnauuu 3JieKTl)OHHblX ny1IKOB C 3Hepruei-i 3JieKTpOHOB 2.5-27 K3B, 
TOKO~I nyqxa I 00 MA - 2.8 A B MarHHTHOM none 600 r c. ,[(aHO 

TeopeTuqecKoe onucaHHe npoucxommmx npoueccoB. TipHBe,UeH~I 
3aBHCHMOCTH CTCIICHH HCHTpanH3aUHH H noporOBbIX TOKOB IIY1IKOBO
.npei-iqioBOH HeyCToHqlffiOCTH OT pa3Jilf£IHbIX napaMeTpOB CHCTeMbl. 
CTeneHb Hei-irpanmauuu yMeHbIIIaeTC.SI C poCTOM TOKa_ 3neKTpOHH0ro 
nyqxa Ji CHH,KeHIIeM 3Hepnm· 3JieKTpOHOD, H ynem1q1maeTCSI C pOCTOM 
MarHHTH0ro IIOJI.SI CHCTeMhl H ,uaBrreHH.SI OCTaToqHoro ra1a. 

MeTO,[{ C HCnOJlb30BaHHeM OXJia)K,n;eHHOro np0TOHHoro nyqxa 
npHMeHSIJICSI .lIJISI H3MepeHHH pa,n;HaJibHOH 38BHCHMOCTH noTeHUHaJia D 

3JieKTpOHHOM ny1IKe Ha LEAR. Kor.ua npo6Ka BbIKJIIOqeHa, Ha6JIIO.n;aeTCSI 
napa6oJIHqecKoe pacnpe,ueneHHe noTeHuuarra (puc.3a). TipH 3TOM 
.uonoJIHHTeJlbHO HCnOJlb3YeTCSI TaK Ha3bIBaeMblH "rneiiKep" • KOH,UeHCaTop 
C BblCOKoqaCTOTHblM nonepeqHblM 3ne:icrpuqecKHM noneM, II03BOJI.SIIOIUHH 

norry'IHTb 3apH,KeHHblll nyqoK, cno60.lII-lhlll OT HaKonJieHHbIX HOHOB. TipH 
BKJIIOqeHHhIX npo61rnx (pHc.36) pacnpe,uerreHHe H3MeH.SICT CBOH BH,[{: 

CTeneHb HeHTpaJIH3aUHH TJ crpeMHTC.SI K I B ueHTpaJibHOH qaCTH 

:meKTpoHHoro ny'IKa (r~20 MM) H pe3Ko cna.n;aeT Ha KpaIO ny'Il(a 
(20<r<25 MM). 
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Pnc.3. Pacnpem!n:eHI1e noTeHunarra 3Jie:icrpoHHoro nJ'Il{a no 

pa,[{Hycy. l • 3KCIIepHMeHT, 2 _ • pac'IeT, a) npo6KH 
BbIKJIIOqeHbI, 6) npo6KH BKJIIOqeHbI. Ee=27 K3B, 

Ie=l.0 A, P=IO nTopp. 

Ha cTeH,Ue H B cucreMe 3JieKTpOHHoro oxna)K.lieHHH LEAR npoBe,n;eHo 
myqeHHe CB060.lII-lblX nonepeqHbIX 3JieKTpOH·HOHHbIX KOJie6aHHH. KaK 
noKa3amI 3KCIIepHMeHTbl, pe30H8HCHaH qaCTOTa KOJie6aHHH CBH3aHa C 
HH3llleii qacTOTOii KorepeHTHblX KOJie6aHIIH HOHOB: 

j = ✓ f2 + f .i - f B (2) 
P 4 2 

r.ue 1B - UHKJIOTpOHHruI qaCTOTa HOHOB, J;, - nna3MeHHaH qaCTOTa. 
OTHOllleHHe aTOMHOH MaCCbl HOHOB K HX 3apw Ha CTeH,Ue paBHO 

A/Z=l2+14, Ha LEAR - A/Z=2+4. Pe30HaHCHaH 1IaCTOTa KOJie6aHHH 
nOHHiKaeTCSI B TC'ICHHe pa3BHTHSI ny1IKOBO-.upeiiqioBOH Heycroi-iqHBOCTH, 
1ITO.MO)KH0 o6'bHCHHTb yxo.n;oM JICrKHX H0HOB H3 ny'IKa. 

B 3KcnepHMeHTax no onpe,[{erreHHIO noporOBblX T0K0B ny'Il(0B0-
.upeiiqioBoii HeycTOHIIIIDOCTH 61,mo norrytieHO COOTBeTCTBHe c qiopMyJIOH 

(1) (Ta6JIHua 1). Ko3qiq>HUHeHT ycuneHHH nonepel!HbIX BOJIH K Ha CTeH,[{e 

nonyqeH nopH.JU{a 10+15. 
Cne.n;yeT OTMeTHTb, 'ITO kB. q>OpMyJie (I) TaIOKe 3aBHCHT OT ,n;aBJieHHH 

OCTRTOl!H0r0 ra3a. C yMeHbllICHHCM ,n;aBJICHHH noporoBrur IIJIOTH0CTb TOKa 
CHH)KaeTCH. KaqecTBeHHbie pe3yJlbTaThI Ha CTeH,Ue "PexynepaTop" H B 
cucreMe 3neKTp0HHoro oxna)K,n;eHHH LEAR ttaxo,[{.SITCH B xopomeM 

cornacuu. 
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n 

Ta6JJuua 1 
KpHTHtJeCKHe napaMeTphl Hei1TpaJIH30BaHHOro 3JieKTpOHHoro 

nytJKa c BhICOKoii CTeneHhIO HeiiTpaJIH3aQHH 

B CHCTeMe 3Jie.IcrpOHHoro oxrra,KJJ;emrn LEAR 
27.5 I 11.5 I 3.2 
1.5 I 0.5 I 0.1 
0.9 I 0.85 I 0.75 

0.32 0.41 0.55 
MarnHTHoe norre1 re 600 

B 11emepToii rJJaee )laeTCSI OTIHCaHHe aKTHBHhIX MeTOJlOB nonaBJieHHSI 

nytJKOBO•llPeii$oBoii HeyCTOHlJHBOCTH. OcHOBHhlMH npHqHHaMH ee 

pa3BHTIUI SIBJISIIOTCSI cyIUeCTBOBamie 3$$eKTHBHOII o6paTHOH CB.H3H H 

HH3KHH ypoBeHb TeMnepaTypbl HOHOB (6rraronap.H crra6oMy HarpeBy 

OCHOBHhIM :meKTpOHHblM nytJKOM). 

Mnero aKTHBHoro TIO)laBJieHIUI HeyCTOIIlJHBOCTH MO)KHO OTIHCaTb 

crre.uyroIUHM o6pa30M. PaBHOBeCHOe 3HatJeHHe TeMnepaTypbl HOHOB 'rt B 

3aBHCHM0CTH OT CTeIIeHH HeHTpamI3aI.tHH 3JieKTpOHHoro nytJKa TJ M0)KH0 

IIpe,n;CTaBHTb B BI{lle HeKOTOpOII $yHKQHH T,O (pHC.4). TeMIIepaTypa HOH0B 

MOHOTOHHO paCTeT B npouecce HarpeBa HX 3JieKTpOHaMH OCHOBHOro 

ny'IKa. TipH Jl0CTH)KeHHH . HeKoToporo noporoBoro 3HaqeHHSI TJIUl.ftable• 

onpe,n;errSieMoro noporoM IIY1IKOBO-llPeii$oBoii HeyCTOHlJHBOCTH, 

npOHCXO.n;HT BCTihIIIII<a )leHeHTpamI3aQHH. qaCTh HOHOB IIPH 3TOM 

II0KH,n;aeT ny11OK H CTeIIeHb HeHTp8JIH3aQHH CKatJKOM yMeHblllaeTC.H. 

T; 

Tl 
'll&1abie Tl w...tabie 

Pnc.4. ,l\HarpaMMa npoQecca HeiiTprurn3aQHH: TP( TJ) -
paBH0BeCH0e . C0CT0.HHHe TeMnepaTypbl H0H0B B 

3aBHCHMOCTH OT CTeIIeHH HeHTpaJIH3aQHU. TJWl.ftahle • 

noporoBoe 3HaqeHHe cTeneHH HeiiTprurnJaQHH. 

8 

,[\JI.ff CTa6HmnaQHH H3IT M0)KHO BBeCTH JlOIIOJIHHTeJibHJ,IH HarpeB 

HOHOB. ITpH 3TOM CTeIIeHb HeiiTparrmaUHU He JlOCTHraeT noporoBoro 

3HaqeHHSI Tlunrtable H IIY'I0K cyIUecTByeT B CTa6wn,HOM C0CTOSIHHH 

Jl0CTaToqHo Jl]IHTeJIJ,H0e BpeM.SI (TJstahle• pHc.4). YMeHbllleHHe o6paTHOH 

CB.Sl3H npHBOJlHT K C)lBHry BTipaB0 noporoBoro 3Ha11emrn TJIUl.ftable• 'ITO 

II03BOJI.HeT YJ3eJIH'1HTb CTeneHb Heii1J?amnaum1 nytJKa B CTa6HJibHOM 
C0CTO.HHHH. 

l1cnom,30BaHHe 'IHCT.HIUHX 3JieKTpOJlOB (pHc.5) yMeHblllaeT 

K03q>q>HUHeHT o6paTHOH CBSl3H 3a cqeT 0'IHCTKH BT0pHqHblX 3JieKTpOHOB, 

BbL'1eT8IOIUIIX 113 KOJIJieKTopa. KoHCTpYKI.tlIB 'IIICT.HIUIIX 3JieKTp0JlOB 

amurnrH'!Ha K0HCTpYKUHH 3JieKTpOCTaTHqecKHX npo6oK, HO 3JieKTp0Jlbl 

HMeIOT 66m,lllyJO JlJIHHY - 40 CM (B npo6Ke • 10 CM) tt HMeeTC.H nonepeqHoe 

MarHIITH0e Jl]UI K0MIIeHC8lllIII )lpeiiq>a :meKTpOHOB OCHOBHOro nyt:JKa B 

nonepet:JH0M 3JieKTpH1IeCK0M·norre 'IHCTSIIUHX 3JieKTp0JlOB. 

3 

Puc.5. qHCTSIIUHe 3JieKTpOJlbl. 1 - '.meKTp0Jl, 2 - np0BO,n;SIIUee 

cTeKJio, 3 - KaTyllIKa nonepe11Horo MarHHTHoro noJI.H 

OnttcaHhI 3KcnepHMeHTbl no nonaBrreHmo Heycroii•umocrH 

HeiiTpamI3(?BaHHOro 3JieKTp0HHoro ny'IKa C IIpHMeHeHIIeM llleiiKepa, 

ocyIUeCTBJISIIOIUero HeKorepeHTHbIH HarpeB HOH0B HeiiTpaJIH38QIIH. 

l1cnOJib30BaHHe llleiiKepa HeCKOJibKO yMeHblllaeT CTeneHb HeHTpaJIH38UHH 

:meKTpOHHoro nytJKa, HO II03BOJISleT YBeJIIIqHTb noporOBblH TOK 
HeyCToiiqlfBOCTH. 

O6cy,KJJ;aeTCSI B03MO)KHOCTb COBMeCTHOro HCIIOJ1b30B8HH.SI aKTHBHblX 

MeTOJlOB IIOJlaBITeHJrn IIY1IKOBO-JlPeH$onoii HeyCTOH'llIBOCTII, 'ITO 

IIpHBOJlHT K II0BhUJieHmo noporoBoro TOKa B HeCKOJibKO pa3 (pHc.6). 
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Pacc~rnTp1maroTcJ1 cneKTpa'ThHble xapaKTepHcnmH ::meKTpOHHoro 11y1IKa B 
CTa6HJThHOM tt HeCTa6HJibHOM COCTOHHHH. 
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Puc.6. 3aBHCHMOCTI, noporoBoro TOKa OT ,n:aBJieHHJI 
oCTaToqHoro ra3a: 1 <•) -BKJIIOqeHbl TOJibKO rrpo6KH; 2 
( •) - npo6Im H q11cnuu11e :meKTpO.[lb1; 3 ( •) - npo6KH, 
qHCTHmHe '.HJeKTpO,lU,I, mem<ep. 

OnncaHI,I 3KC11epIIMeHThl no OXJia)K,[(eHHIO HOHOB CBHHUa Pb54+ C 
3HeprHeH 4.2 M3B/H HeHTpaJilI30BaHHhIM 3JieKTp0HHhIM ny1IK0M, 
npoBe.UeHHhie B .[leKa6pe 1995 ro.[la Ha HaK0ITHTene LEAR. HcnoJib3oBaHHe 
HeHTpaJIH30BaHHoro ny1IKa 1103B0JIHJI0 yMeHhIIIHTI, BpeMJI OXJia)K,[(eHHJI 
HaKaITJIHBaeMhlX H0HOB B nomopa pa3a H C0CTaBHJI0 200 MC npH T(?Ke 
ny1IKa 150 MA H 3HeprHH 3JieKTp0HOB 2.5 K3B. 

B 3aKJito'leHHH npHBe,ueHbl OCHOBHbie pe3yJibTaTbl .[lHCCepTal.{HOHHOH 
pa6oThI: 

I. Co311aH cTeH.u "PeKynepaTop" JI5II1 OH5IH L{JIH 3KcnepHMeHrnm,
Horo myqem-rn HeHTpaJIH30BaHH0ro 3JieKTp0HH0ro ny1IKa. Pa3pa6oTaHhl H 
BBe,UeHhl B .ueiiCTBHe Ha CTeH,n:e H B CHCTeMe 3JieKTpOHHoro oXJia)K,[(eHHJI 
LEAR ycrpoiicTBa HeHTpaJIH3aUHH 3JieKTpOHHoro ny1IKa - 3JieKTp0-
CTan1qecK11e npo6m1. 

2. Pa1pa60TaH MeTO.n .uttarHOCTHKH HettTpaJIH3al.{HH H yCToiiqHBOCTH 
ny'Il<a - .uttarHocT11qecKHH 3JieKTpOHHhIH nyqoK. 

3. B cuCTeMe 3rreKTpOHHoro oxrra)K.[(eHHJI LEAR npu yJibTpaBhICOKOM 
BaKyyMe .20 nTopp H MarHHTHOM norre 600 re norryqeH 
HCHTpaJIH30BaHHhIH 3JICKTpOHHhIH nyqoK c :meprtteii 2.5-27 K3B, 
nepneaHCOM 0.3-0.55 µA/B 312 H CTeneHblO HeHTpaJilI3al.{HH 0.75-0.9. Ha 
CTeun:e "PeKynepaTop" norryqeu ueiiTpaJnI30BaHHhIH nyqoK npH .uaBrremm 
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3-20 uTopp B MarHIITHOM none 500 re c 3HeprneII 2-10 K3B, nepBeaHcoM 
1.5 µA/8312 H cTeneHLIO HeiiTpaJIH3aum1 0.6-0.9. 

4. Pa3pa60TaHbl aKTHBHble MeTO.[lbl no.uaBJieHHJI HeyCTouq1moCTH: 
HarpeB HOHOB B nonepetIHOM BhlCOKO'laCTOTHOM 3JieKTpuqecKOM none 
("mem<ep") " nyTeM B036y)K.[(eHHH npO.UOJibHhlX KOJie6aHHH ny1IKa 
(MO.llYlliIUHJI noTeHUHaJia ynpaBJI51IOIUero 3JieKTpO.Ua 3JieKTpOHHOH 
nylliKII), O'lIICTKa ny1IKa OT BT0pH'IHhIX 3JieKTp0HOB C ITOMOIUbI0 
cneUHaJibHhlX 3JieKTp0JI0B. C HCl10Jib30BaHHeM 3THX MeT0.U0B y.uanoc1, B 
2-3 pa3a IT0Bl,ICIITb TOK pa3BHTirn HeycTOtt'llIBOCTH. 

5. Pe1yJTbT8Thl HCCJie,noBaHliH 6hIJIH HCTT0Jib10B8Hhl B C0BMeCTHhIX 
3KcnepHMeHTaX CERN - OH51H no oxna)K,Aemuo HOHOB CBHHUa Pb54 + c 
:meprneii 4.2 1.faB/H HeiiTpaJIIf30B8HHI,IM 3JieKTpOHHl,IM ny'Il<0M Ha 
HaKonuTene LEAR. HcnoJib30BaHHe HettTpaJnI3oBaHHoro nyqKa 
1103B0filfJI0 yMeHblIIHTb Bp~MH OXJia)K,[(eHHJI HaKaITJIHBaeMhlX H0H0B B 
nomopa pa3a H COCTaBJ1JIO 200 MC npH TOKe nytIKa I 50 MA H 3Heppm 
3JieKTp0H0B 2.5 K3B. 

OcHOBHhie pe1yJThTaThI .nncceprnuttoI-iHoii pa6oThI mnaranHch B 
cne,zzyromttx pa6ornx: 
l. Bosser J., Ley R., Molinari G., Tranquille G., Varenne F., Meshkov I., 

Poljakov V., Smimov A., Syresin E. Electron Cooling With Neutralised 
Electron Beams. Fourth European Particle Accelerator Conference. 
London, 1994, vol.1, p.1211-1213. 

2. Bosser J., Caspers F., Chanel M., Ley R., Maccaferri R., Mauri S., 
Meshkov I., Poljakov V., Smimov A., Stepashkin 0., Syresin E., 
Tranquille G., Varenne F. Neutralization of the LEAR Electron-cooling 
Beam: Experimemal Results. The Particle Accelerator Conference, Dallas, 
USA, 1995. Preprint CERN/PS 95-17(AR), Geneva, Switzerland, 1995. 

3. MelliKOB H.H., flOJIHKOB B.H., CMHpH0B A.B., CTenaIIIKHH o.r., 
Cb1pecttH E.M. Pa16umue mexnuKu J11em1po1t1to20 0XJ1a:»ede1tu11. TpyMI 
14-oro COBemamrn 110 yCKopHTeJIJIM. flpoTBHHO, 1994, T.1, c.5. 

4. JianHK P.M., MemKoB H.H., IloJIHKOB B.H., CeneJHeB H.A., c~mpHoB 
A.B., C1,1pec1m E.M., Eoccep )K., Jleii P., TpaHKBHJib )K. 311em1po111taJ1 
nymKa c. pezyRupyeMbl.M moKoM. Cme11i)om,1e ucnb1ma1tuJ1 u 11epm,1e 
3Kcnepm1e1tmbl. IlpenpHHT HHCTHTYTa MepHoii $113HKH co PAH 
93-78, HoBOCH611pCK,1993. 

5. Bosser J., Lapik R., Ley R., Meshk:ov I., Poljakov V., Seleznev I., 
Smimov A., Syresin E., Zapunjako A., Zavrazhnov M. 17te variable 
current gun: the parameter tests and the results of the first electron cooling 
experiments at LEAR. Nucl. Instr. and Meth., A355, 1995, p.208-222. 

6. Bosser J., Tranquille G., Meshkov I., Poljakov V., Seleznev I., Smimov 
A., Syresin E., Zapunjako A. Project for a Variahle Current Electron Gun 
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7. 3anyWIKO A.M., MelllKOB H.H., flomrn:o~ B.H., Cene3HeB H.A., 
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