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- OE~AfI XAPAKTEPHCTMKA PAEOTbI 

AKl)'WibHOCTL TeMLI. YMeH1>meHHe mecrnMepHoro (pa3onoro 061,er.m - 3MIITraHca H pa36poca tm HMIIYJibCY H0HHbIX II)"IK0B, nn:pKyJrnpyt0~ B HaKomrrerre, - o.zum Hl 0CH0BHLIX npo6JieM npH ,D;0CTIDKeHHH T{)e6ye:r.mii CBernMocm C II0M0IIU,IO pa:mwrn.LIX MeT0,D;0B oxna)K'AeHllil. BcryruieHHe n crpoii H0Boro n0K0JieHIDI YCICOpIITeJThHO-HaK0IIHTCJII,HLIX KOJieu; TIDKCJII,IX H0H0B n KOim:e 80-x ro,ri;oB on-cpLIJI0 nepcnCKTHBLI B HCCJI~0BaHIUIX no 51,U;epHOH H aTOMHOii 4)H3HKC", q>H3mce np0MC)KY'I'0trabIX 31Ieprnii H (pH3KKC IlyqK0B. C HX Il0IDl!IemieM CTaJI0 B03M0jI(ffbIM npone,ri;eHHe rrpeu;n3H0HHLIX 3KcnepHMeIITOB C M0H0Xp0:t.IaTil1'ICCIWMH II0HHLIMH nyqKaMH Ha cnepXT0HKIIX BHyrpCHHHX MHIIICIDIX, ocymecnmeHHC Mace- CileKIJ)0MerpHH cnepXBbICOK0ro· p.npemeHWI, mucoI1IIe1me ,z:i;onroxamymmc. H3oTonoB H 1~0Mepon. Hccne,ri;onaHBe roanJ1,fO,!J;eikrnm1 0XJia)K,I\eHHbIX H0H0B C 3JieKTpOHaMU H aT0MaMII II03B0JllUIO onp~CJIHTI, Ha HOB0M Ka1IecrneHHOM ypoBHe ceqemui: ~JieKTpOHHOH H pa,zumu;nOHHOH peKOM6HHal~H:ii:, ,ri;ano TOJI'I0K K pa3BHTHIO Jia3epHoro o.,ma)K,I\eHIDI. B03HHK1IO H0B0e HanpaBJICHHC B qJH3HKe nyqK0B - 1<pncra.rum11ecme nyqirn . ,llIDI cpopmq>onamm Monoxpm1am11ecxux noum,ix nyqK0B n HaK0ilIITeruIX r.M. Ey.zncepoM npe,ll.lI0JiCeH MCT0,D; 3JICK'TJ}0HH0r0 oxnaxr,neHIDI. OcHOBOH MeTO,ri;a :meicrpoHHoro OXJia)K,I\eHIDI XDIDieTCH Teru1006MeH MeiK,ey nyq:KOM H0H0B, nnpKymq>yrom:eM n HaK0nHTeJie, H nyqKOM 3JICKTJ)OHOB, ,IJ;BIDKyIIUIMCH c TOH :>Ke CK0p0CThIO. B pe3YJII,TaTe TaK0ro Teruioofo.,feHa, BLI3Bamioro KYJI0H0BCKHM BlaJU,IO,D;eHCTBHeM qacr~, H0HbI OXJia>K,ll;aIOTCH JJ.O TeX nop, II0Ka IIX TeMnepa-rypa He CTaner paBHOH 3qJ(pek'"TIIDHOH TeMnepaTY,Pe 3JieKTp0H0B. 
Bpewi: oxnaXQJ;eHIDI H paBH0BCCHaJI TeMnepaTypa 0XJia)KJJ;CHH0ro H0HHoro nyqKa onpeJJ.e.mn0TCSI napaMerpaMH JJieKTp0HHoro nyirna: ero 3Hepmeii, IlJIOTH0CTLIO T0Ka, npo,ri;om,Hoii II uorrepe'IHOH TeMrrepaTypOH JJieKTp0H0B. Enaro,ri;apH "crunom:eHHocrn" q>ym<l\HH pacnpe.[(eneHHH 3JICKTp0H0B n HX saManmqeHHocm, B03M0)KH0 rny6oKoe oxna;r-c,n;eHHe H0H0B ,ri;o npOJJ.OID,HOH TeMileparypbI 3JieKTp0H0B Tu~l0-4 3B. <l>opr.mponanne mrreHCIIBH0ro 3JieKT{)0HH0r0 II)"IKa C MaJII,IM yrJI0BbIM II 3HepreTII'IeCKHM pa36pocoM - rnanHaSI npo6JieMa B MeT0,D;e 3JieKTp0HH0ro 0XJia)Ii,Zl;eHIIH. O,zumM II3 0CH0BIII,IX HanpaBJieHIIH pemeHH.H 3TOH 3a,JJ;a'III HBIDlefCH Bb16op 0IITHKH 3JieKTpOHHOH nyIIIKH, K0T0pa5I crroco6na o6ecnetJIITL qmpMnponaHHe HIITeHCHBH0ro nyqxa c MaJII,rM yrn0BbIM pa36pocoM. BTopaH npo6JieMa CBH3aHa C 3HeprerII'ICCKHM pa36poCOM 3JleKTp0H0B nyqKa no pa,unycy, B03HHKaIO~HM H3-3a rrpoBncamrn norenu:nana B ,ri;peihposoii KaMepe nCJie,ucTBne rrpocrpaHCTBeHHoro 3apsma nyqica. Ee pemeHne B03M0)KH0 rrpH 
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Heihpa,JlH3aQHH npocrpaHCTBeHH0ro 3ap.sJ,ZJ;a H0HaMH, B03HHKa10IIUIMH IlpH 
H0HH3aQHH aT0M0B OCTaTOIIH0ro ra:Ja 3JieKTpOHaMH Il)"IKa. 
<l>opMHpOB3Hlle HHTeHCHBHblX 3JleKTpOHHblX Il)"IK0B orpa~HIIeHO 
pa3BHTIIeM Il)"IKOBO- .zq,eiicponoii HeyCTOHIIHBOCTII. Co3.n;aHHe aKTHBHLIX 
MeT0,!1;0B no.n;aarremm 3TOH HeyCTOH11IIBOCTII - o.zura H3 aicryam.HLIX 3a,D;a<J. 

<l>opMHpOBaHHe CTaUH0HapHLIX 3JieKTp0HHLIX Il)"IKOB B CHCTeMe 
3rreKTpOHHoro oxrraiK,ll;eHIDI pearrmyercg B peEIMe peKynepaQHH Hx 
3HeprnH. O.zuroii H3 OCHOBHI,IX xapaKTepHCTHK B 3KCilepHMeHTax no 
peKynepaQHH 3HeprnH HBJIHeTCH TOK IlOTepb 3JieKTp0HOB n)"IKa. B CHCTeMe 
3rreKTpoHHoro oxrraiK,ll;eHHH BeJIHIIHHa TOKa narepo AOIDKHa 61,ITb Mettee 
104 OT T0Ka · Il)"IKa. 3To HaKJia,!J;I,IBaeT lKCCTKHe Tpe6oaaHIDI Ha 
3cpcpeKTIIBHOCTh KOJIJieKTopa 3JieKTpOH0B, oco6eHHO ,!1;JIH ~HTeHCHBHbIX 
IIIIIP0KoaneprypHLIX Il)"IK0B C nepneaHCOM 1- 5 µA/B 312• Pa3pa6oTKa 
BI,ICOK03cpcpeKTIIBHOro KOJIJieKTopa HBJIHeTCH aKTyarrLHOH 3a,n;a11eii B MeTO,n;e 
3rrercrpo11ttoro oxrraiK,ll;eHIDI; n CBq - CHCTeMax, npH pemeHHH npo6rreM1,1 
ynpaBJIHeMoro TepM0SI,n;epHoro CHHTe3a. 

~arrLHeiimee pa3BHTHC H,n;eH cl>opMHponamm HHTCHCHBHbIX 
3JieKTpOHHI,IX II)"IKOB C' MaJII,lM yrJIOBblM H 3HepreTHIIeCKHM pa36pocoM, 
npeMO)KeHHOH B nepBbIX pa6orax no 3JieKTpOHHOMY ' oxrraiK,ll;eHHIO 
a IUI<I>. CO , PAH HM. Ey.n;xepa, 61,mo pearrmoaatto npII coJ,n;aHHH 
3JieKTpOHHO-OnTH11eCKoii CIICTCMLI 3JieKTpOimoro . oxrraiK,ll;eHIDI 
aHTHnpoTOHHOro HaKOnHTeJIH LEAR (QEPH). Haii,lteHHbie cpH3HIIecKHe 

. , pemeHIDI no cpopMHpOBaHHIO X0JIO,!J;Hl,IX MOH03HeprH1IHLIX II)"IKOB 
Il03BOJIHJIH ,* 0CytQeCTBHTh 3lplpeKTHBHOe OXJIIDK.l{CHHe Ha LEAR KaK 
aHTHilp0TOHHI,IX H IlpOTOHHbIX II)"IKOB, TaK H HOHOB CBHHUa, Tpe6yeMI,IX 
,!1;JIH LHC. AKTyarrLHOCTh 3THX pa6oT CBH3ana C peamoaUHeii npoeKTa no 
ncn0Jlb'.3-9namno LEAR a noHHOM ycKopirrem,noM xoMnrreKce UEPH ,!1;JIH 
.q;rna)KJJ.eHIDI H HaKonrreHIDI H0HHbIX Il)"IK0B CBHHUa, <IT061,1 )J;OCTH1Ib 
rpe6yeMoii CBeTHM0CTH B LHC. 

OxrraiK,ll;eHHe H0H0B HHTeHCHBHbIMH 3JieKTpOHHblMH nyIIKaMH, 
HeihparrmoBaHHbIMH no npocrpaHCTBeHHOMY 3apg,n;y, nrraHHpyeTCH npH 
pearrH3aUHH npoeKTa CHCTCMI,I 3JieKTpOHHOro 0XJiaiK,ll;eHH.SI ycK0PHTeJibH0-
H3KOilHTCJibHOro KOMDJieKca OIUIJ1 K4-Kl0. C 3T0ii nerr1,10 coJ.z:,;aH p.sJ.ZJ; 
rrp0TOTHil0B OCH0BHblX ee. 3JieMeHTOB, rrpone,n;eHbl 3KCIIepHMeHTaJibHI,Ie 
HCCJie,n;oaamm C HeUTpaJIH30BaHHbIMH 3JieKTp0HHbIMH II)"IKa~m C 
rrapaMeTpaMH, C0OTBeTCTBYJOII\HMH rrpoeKTHbIM. 

Oc110011ble QeJIH paooTLI. 
'I. Pa3pa60TKa MeT0,n;a ' cpopMHpoBaHHSI HHTeHCHBHbIX 3JieKTp0HHbIX 

rryIIK0B C MarrLIM yrJIOBbIM H 3HepreTH11eCKHM pa36pOCOM B MeTO,n;e 
3JieKTJ)0HH0f0 OXJia)K,ZJ;eHHSI. 
2. Co3,D;3HHe CHCTeMbl 3JieKTp0HH0ro 0XJia)K,ZJ;eHIDI HOBoro IIOK0JieHIDI, 
BKJII0113IOII\eii 3JieKTp0HHYJ0 IIYJIIKY C rrepecrpansaeMbIM nepaeaHC0M 0, 1-
5 µAJB312 , BblCOK03<l><l>eKTnBHLiii KorrrreKTop 3JieKTpoHoa c T0K0M n0Tep1, 
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' CHCTeMy Heiirparr11JaUHH H ,n;narH0CTHKII rrpocrpaHCTBeHHoro 
3apSl)];a ny11Ka. 

3.Pa3pa6oTKa aKTHBH1,1x MeTo,n;oa no.z:,;aarreHmI nyIIKoao-,n;peii<f>oaoii 
HeyCTOHIIHBOCTH, orpaHIIIIHBaIOII\eii <fiopMHpOBaH:ae HHTeHCHBHblX 
HeiiTpaJIH30B3HHblX nyqK0B. . 

4. PearrH3aQIISI pa3pa60TaHHbIX MeT0.D;0B (n.1-3) B CHCTeMe 
3JieKTpOHHoro oxrra)K,ZJ;eHIDI HaKOITHTeIDI LEAR npn oxrra)K,n;eHHH nyIIKoB 
aHTHITpOT0H0B, np0T0H0B II H0H0B CBIIHQa HHTeHCHBHl,IMH 3JieKTp0HHblMH 
ny11KaMn. 

Hay•man noemna. 
Pa3pa60T3Hbl MeTO,D;bl <fiopMIIpoaamrn HHTeHCHBHbIX 3JieKTpOHHLIX 

nyIIKOB C M3JILIM yrrrOBblM H ::mepreTHIIeCKHM p336pocoM. Ha HX OCHOBe 
C03,D;aHa CHCTeMa 3JieKrpOHHOro OXJiaiK,ll;eHHSI HOBoro ITOKOJieHIDI B 
.n;ttanaJOHe 3HeprHii 2-30 K3B, TOKOB 0.01-3 A, nepaeaHcoa nyIIKa O,l-
5µAIB3t2. 

ITpeAJio)KeHa cxeMa nmpoKoanepzypHoii • 3rreKTpoHHoii nyrnKH 
(,lJ.H3MeTp ny11Ka 50 MM) C 3,l).Ha6aTiflieCKOii OITTHKOH B MarHHTH0M none 
HII3Koii Hanpg)KeHHOCTH (600 I). Ha ee octtoae p33pa6oTaHa 3JieKrpOHHa5I 
nymKa c H3MeH5IeMblM nepaeaHCOM 0,l-5µA/B3l2, 3Heprneii 3Jiek'TJ)OHOB 
2-30 K3B. ITOK333HO, 11TO nepaeanc nyIIIKH orpaHHIIeH BJIH!IHHeM 
BTOPII11Hb1X 3JieKrpOHOB, B03HHK3IOII\HX npn HOHII33UHH 3TOMOB 
OCT3T011H0rO raJa. Hau,n;eHbI crroco61,1, IT03BOJimOII\He H36e)KaTb 
CHH)KeHIDI rrepaeaHca rryIIKa II3-3a o6oeMHOro 33pH,ll;a BTOPHIIHLIX 
3JieKTpOHOB B o6rraCTH IIyrrIKH. C 3TOH neJibIO HCIIOJib30BaH reHepaTop 
("blower"), c IIOMOII\bIO KOToporo rrepHo,n;n11ecKH rro,n;aaarroc1, 
OTPHU:3TeJibHoe Hanpg)KeHHe Ha ynpaBJimOII\Hii 3JieKTpo,n; H 
OCyll\eCTBJISlJIOCb y,n;arreHHe BTOPiflIHbIX 3JieKrpOIIOB H3 IIYJIIKH. 
Pa3pa6oTaH cnenHarrLHbIH ynpaBJISIIOII\HH 3JieKTpo,n; C rrorrepeIIHblM 
3JieKTpH11eCKHM rrorreM, HCKJII0113IOII\IIH H3KODJieHIIe BTOpHqHI,IX 
3JieKrpOHOB. 

PaJBHTbl OIITHIIeCKHH II 3HepreTH11eCKHH MeTO)];I,I ,n;narHOCTHKH 
rrorrepeqHoii TeMnepaTypbI 3JieKTpOHOB B HHTeHCHBHbIX Il)"IK3X C 
nepaeaHC0M ,n;o 5 µAJB312 H 3Heprrieii 3JieKrpOH0B ,n;o 15 K3B. 

P33pa6oTaH BbICOK03<fi<fieKTHBHblH KOJIJieKTop 3JiercrpoHOB THna 
U:HJIHH,n;pa <l>apa,n;esr C rrepaeaHC0M 20 µAJB312 IIpH OTHOCHTeJibHOM TOKe 
IIOTep1, 3* I 0-6-10-4, Il03BOJimOIIUfH peKynepHp0B3Tb mHpOKOarrepTypHbie 
3JieKTP0HHble IIYIIKU ,ZJ;H3MeTpOM 50 MM C rrepaeaHCOM .n;o 5 µAJB312• 

P33BHT MeTO,D; <fiopMHp0B3HH5I HHTeHCHBH!>IX 3JieKTpOHHbIX nyqKOB, 
HeiirpaJIH30B3HHbIX ITO npocrpaHCTBeHH0My 3apg,n;y, B YJibTP3BbICOKOM 
BaKyyMe I0-11 

Topp. ~JIH 3Toro coJ,n;aHa cHCTeMa HeiirprurnJanHn, 
BKJIIO'laIOII\351 B ce65I 3JieKrpOCT3TH11CCKHe rrpo6KH, ,n;narHOCTHKy 
HeiirparrH30B3HHbIX 3JieKrpOHHblX nyIIKoB: BpeMSI-nporreTHbIH MeTO,n;, 
)].HarHOCTHIIecKHH 3JieKTpOHHbIH nyqoK, lliOTTKH-)].HarHoCTHKy. 
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PaJpa6oTaHhI MeTO.W,I no.n;asrreHIUI nyqKOBO-,n;peiiq.iosoii~ HeycroiiqJIBOCTJI, orpaHJiqJismomeii npe,n;errhHhIH TOK HeHTPaJIJI30BaHHOro nyqKa: oqJICTKa BTOpJiqHbIX 3JieKTPOHOB cneumUII>HhIMJI 3JieKTPO.D;aMJI, HarpeB JIOHOB B nonepeqHOM BhICOKoqaCTOTHOM :meKTPJiqecKOM none (meiiKep ), HarpeB JIOHOB npJI B036y)K)J;eHJIJI npO.D;OJihHhIX BOJIH. . 
3KcnepJIMeHTaJihHO noKaJaHO, . qTO JICnOJih3OBaHJIC. B CJICTeMe 3JieKTPOHHoro oxrra)K,l];emrn LEAR :meMeHToB, coJ,n;aHHhIX Ha· bcHoBe p33pa60TaHHhIX MeTO,D;OB, nO3BOJUleT ocymecTBJITh OXJia)K,l];eHHe JIOHOB cBJIHUa, TPe6yeMhIX .n;mr npoeKTa LHC, 3a speMx MeHee 100 · MCeK, o6ecneqJIBaIOmee HY)I<HyIO CK0pOCTh JIX HaKonrreHJIH. 

IIpaKTHqecKaH IJ,CHHOCTb pa6oTbl. 
ITpose,n;eHHhIC JICCJIC,D;OBaHHH no q.iopMJipOBaHHIO JIHTeHCJIBHhIX 

XOJIO,lUihIX nyqKOB 3JICKTPOHOB C nepBeaHCOM .D;0 5 µAJB312 OTKphIBaIOT HOBhIC BO3MO)I{HOCTH no 6bICTPOMY oxrra)K)J;CHJIIO JIOHHhIX nyqKOB C BhICOKJIM HaqaJihHhIM 3MJITTaHCOM. B xo.n;e nepBbIX 3KCnepJIMCHTOB no oxna)K)J;CHJIIO JIOHOB CBJIHUa Pb54+ c 3Heprneii 4.2 M3B/H Ha LEAR, ,D;OCTJirHyTI,I .n;ocraToqHO MaJihIC BpCMCHa oxrra)K)J;eHHH ( MCHee 100 MCCK) JI npo,n;eMOHCTPJIPOBaHa pearrhHOCTh npoeKTa no JICITOJih3OBaHJIIO · aHTJinpoTOHHoro HaKonJITeJUI LEAR .n;mr JIX oxrra)K)J;CHJIH JI HaKorrrreHJIH B 
JIOHHOM KOMIIJ1CKCC LHC. 

Hatt.n;eHHhie q.JJI3JiqecKJie pemeHHH no q.JOpMJipOBaHJIIO JIHTeHCJIBHhIX 3JICKTPOHHhIX nyqKOB. C MaJlhIM yrrrOBhIM JI 3HeprerJiqecKJIM pa36pocoM pearrmoBaHhl npJI CO3,D;aHJill 3JieKTPOHHO - onT11qecKoii CJICTeMhI 3JICKTPOHHoro_oxrra)K)J;eHHH aHTJinpoTOHHOro HaKonJITCJIH LEAR, monoqa10meu KOJIJICKTop 3JieKTPOHOB, . 3JieKTPOHHyro nymKy, CJICTeMy HCHTPaJIJI3aUHJI JI ,n;HarHOCTJIKJI npoCTPaHCTBCHHoro Japx.n;a nyqKa. PaJpa60TaHHh1e Mero.ro,1 no.n;asneHJIH nyqKoBo-.n;peiiq.iosoii Heycroiiqm)OCTJI npaKTnqeCKJI Ba)I{Hhl . KaK B . MeTO,n;e 3JieKTPOHHOro OXJiaX{,ZI,eHJIH, TaK JI ,l1;.ill[ JIOHHhIX JICTOqHHKOB C 3JieKTPOHHhIMJI ~yqKaMJI. 

Anpo6au,uH pa6oTLI. 
Pe3yJihTaThI, .. H3JIO)I{eHHhIC B ,n;HccepTaUllll, AOKJia.W,IBaJIHCh Ha: Me)I{,D,)'Hapo,ruiou KoHq.iepeHUIIJI "3neKTPOHHOe oxrra)K)J;eHJie JI Hosax 3JICKTPOHHaH TCXHHKa". (Jlernapo, 11TarrHH, 1990); Ha Me)I{,D,)'HapO,n;HOll KOHq.iepeHUJIJI "Oxrra)K)J;eHJie nyqKoB JI conyrcrsyromJie rrpo6neMhI" (MOHTPe, illseiiuapHH, 1992); Ha Me)K)J;yHapo,ruIOH KOHq.JepeHUHJI "<l>JI3JiqeCKHe 3KCriepHMCHThI . JI nepBbie PC3YJihTaThI Ha HaKOITJITeJIHX TH)I{CJihIX JIOHOB C 3JieKTpOHHhIM oxrra)K)J;eHHeM (CMOJieHJIUe, CnoBaKJIH 1992); Ha Me)K)J;yHapo,n;HOM·CeMHHape no q.JH3HKC TH)I{eJihIX HOHOB ~y6Ha, 1993); Ha II Me)I{,D,yHapo.n;HOM · cJIMno3uyMe ".51.n;epHax q.JH3JIKa B HaKOnJITCJibHhIX KOnhuax" (CaHKT- I1erep6ypr, 1994); Ha IV EsponeiicKoii ycKopHTCJibHOii KOHq.iepeHUJIJI (JloH,n;oH, AHrnHH, 1994); Ha XIV-XV cosemaHHHX no yCKOpHTCJIHM 3apH)KeHHhIX qaCTJIU (ITpoTBmio, 1994,1996); 
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Ha Me)KJ(yaapo.n;aoii ycKop1nenhHOtt KOH<pepeHuun (j(annac, CWA, I 995); Ha V EsponeiicKoii ycKopHTCJihHOtt KOHq.iepemmu (Eapcenoaa, l1cnaHHH, 1996); Ha I I Me)KJ(yHapo,n;HOM COBemaHHH ICFA " Mero)],bl 0XJia)KJ(eHHH H no;:i:aBneHHH KOJie6aHHH nyqKoB 3apH)KCHHhIX qacrttu" (MocKBa-Htt)KHHI1 HoBropoJJ.,1996), a TaK)Ke o6cy)KJI,annch Ha HaytJ:HhIX ceMHHapax OfrhCJJ.HHeHHoro l1HCTHTyra x.n;epHhIX ttccneJJ.oBaHuii, L{EPH, l1HCTHTyra HJJ.epHoii <PmnKH HM. EyJJ.Kepa CO PAH, <l>muKoTexHonorntJ:ecKoro ueHTPa l15I<I> • CO PAH, BcepoccniicKoro 3JieKTpOTCXHnqecKoro HHCTJITYTa. 
no TeMe )],HCCepTaUJIH ony6mIKOBaHO 39 pa6oT. 

~uccepTaUHH COCTOHT H3 BBe)],CHHH, ceMH rnaB If 3aKmoqeHHH. TeKCT )],HCcepTau1m H3JIO)KCH Ha 269 CTPaHnuax, BKJI!0qaer 112 pucyHKOB, 27 Ta6nuu If cnHCOK JIHTepaTypbl H3 127 HaHMeHOBaHHH. 

CTpy1.."Typa u o6'beM pa60Tb1. 
~nccepTaUHH COCTOHT H3 BBe,D;CHHH, CCMH rnaB H 3aKJIIO'leHHH. Bo BBC)J;CHHH o60CHOBaHa aKTyarrbHOCTb TCMbl )],lICCCpTaum1, )].aH KpaTKHii aHaJIH3 npo6rreM, pernaeMhIX B JJ.HccepTaQHH, H c<fJopMym1poBaHhI QeJIH HCCJIC)],OBaHHM, B0llie)],llIHX B pa6oTy. · 
B nepeou rnaee o6cy)K)J,aIOTCH 0CHOBHbJe npHHUHIIbl <fJH3HKH 3JieKTP0HHoro oxrra)l{,Zl;eHHH (§I. I), npe,n:craBJieHbI TPC6oBaHHH K napaMeTpaM HHTencHBHhIX 3neKTPOHHhIX nytJK0B (§ I .2). TaM )KC o6cy)KJ(aercx BJIH.HHHC nonepe11HOH TeMnepaTypbl 3JieKTpOHOB H HX neM0HOXpOMaTHqH0CTH, . o6ycJIOBJieHHOH npocrpaHCTBCHHbIM 3ap}I)WM nytJ:Ka, Ha 3<fJ<fJeKTHBHOCTh 3JieKTpOHHoro oxrra)KJ(CHHH. 
OnncaHa CHCTeMa - 3JieKTPOHHoro oxrra)KJ(eHHH aanmporoHHoro HaKOnHTCJIH . LEAR B L{EPH (CM §1.3). TTpnBe)],eHbI napaMeTphI HHTCHCHBHhIX 3JieKTpOHHhlX nyqKOB B peKOHCTPYHPOBaHHOH CHCTCMC 3JICKTPOHHOro oxrra)KJ(CHHH. O6cy)KJ(aIOTCH OCHOBHhIC 3JieMeHTbl BHOBb C03)],aHHOJf 3JieKTP0HH0- OIITHtJ:eCKOH CHCTCMhl 3JieKTpOHH0ro oxrra)KJ(emrn: 3JieKTPOHHa.H nyruKa C II3MCHHeMhIM nepBeaHCOM, KOJIJICKTOP 3JICKTpOHOB, cncreMa HettTPann1aunn npoCTPaHCTBCHHoro 1ap.H,n;a 3JICKTPOHHOro nytJ:Ka H CHCTCMa ero JJ.HarHOCTHKH. 
B §IA npnBe,n;eHhI ocnoBHbie napaMeTphI aHTnnpoTOHHoro HaKonuTeJIH LEAR u paccMaTpHBaIOTCH ocH0BHhie nanpaBrremrn q.Jlf3HqecKHX 3KCnepHMCHT0B C oxrra)K)J,CHHhlMH aHTHIIp0T0HHblMH II H0HHbIMH nytJ:KaMJI. 3)].CCb )KC o6cy)KJ(aerc.H B03M0)KH0CTb HCil0Jib30Bamrn LEAR .n;mr oxrra)KJ(eHHH H HaKonneHHH H0H0B CBHHI~a Pb54+ c 3Heprneii 4.2 M3B/H,.Tpe6yeMhIX .n;mr ycKopurerrhH0ro K0MnrreKca LHC. 
ITpoeKTHbJC napaMeTpbl ycK0pHTCJibH0-HaK0IIHTCJibH0ro K0MIIJICKCa Ol15Il1 K4-KIO c pa,n:uoaKTHBHhIMH noHHhIMH nytJ:KaMH npeJJ.CTaBJICHhI B §1.5, 3.D;CCh )KC npHBC)],CHhl npoeKTHbIC napaMeTpbl CHCTCMbl 3JICKTP0HH0ro oxrra)!{)].CHHH K4. 
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Bo BTOpOH rJiaBe o6cy)K)].aIOTCH MeTO)],bI cpopMttpOBaHHH HHTeHCHBHbIX ny'!KOB :meKTpoHoB c Manoii nonepe'IHOM TeMnepinypoii · s cttCTeMax 3neKTPOHHOro oxna)K)],eHHH HOBOro ITOKOneHtt.sl. ITpe)],CTasneHbI cpaBHHTenhHhie xapaKTepttCTHKH 3neKTpOHHbIX nymeK OCHOBHbIX HOHHbIX HaKOnHTeneu ( §2.l). B §2.l OUHCaHbI cpaKTOpbI, BnHHIO~He Ha senn~mHy nonepe'IHOH TeMnepaTypbI, H onpe)],eneHhI ycnOBHH; CHH)KaIO~He ee. B nepsyro oqepe)].h, 3TO OITTHManbHbIM BhI6op OITTHKH nymKH. ,ll;aHO o6ocHOBaHtte BbI6opa a)],tta6aTH'IeCKOH OITTHKH llIHpOKoariepTypHOM 3neKTPOHHOii nymKH (,lJ,HaMeTP nyqKa 50MM), no3soID110~eii s mttpOKOM )],Hana30He nepecTPaHBaTh TOK ny'!Ka H 3HeprHIO 3neKTpOHOB 6e3 ysenH'IeHHH HX nonepe'IHOH TeMnepa-rypbI B OTHOCHTenhHO HH3KOM MarHHTHOM none (600 [). 06cy)K)],aIOTCH pe3ynhTaTbI 'IHCneHHOro MO,lJ,enttpoBaHHH reOMeTPHH nymeK LEAR (Pttc.l) H K4 (Pttc.2) ( §2.2). 

\ . 
\ 

\ 
\ _ _!__ 

1 2 3 rr-·-r··-
, r I 

I I I r r · I I 

I I r , 

\ 
\ 
\_~_ 

Pttc. l • KOHCTPYKU:tt.sl 3neKTpoHHoii nymKH LEAR. 
l - cpoKycttpyro~Hii 3neKTpo,lJ,, 2 - ynpaBMIO~Hii 
3neKTpO)],, 3 - aHO)],, 4 - BbICOKOBOnhTHhie 
MerannoKepaMH'IeCKHe H30nHTOpbI, 5 - KaTO)],, 
6 - Hacoc Tttna "HepacnLmHeMhIH reTTep". 

'• 

-r._,'' 

<I>opMuposaHHe HHTeHCHBHbIX 3neKTPOHHbIX ny'IKOB C nepBeaHCOM )],0 
5 µA/B312 Hmrna)],brnaer • ~itte TPe6os_annH Ha onTHKY 3neKTPOHHoii nyllIKH. ,ll;nH nonyqenm1 ITY'IKOB TaKOH HHTeHCHBHOCTH Heo6XO)],HMa BbICOKaH nanpH)KeHHOCTI, 3neKTpH'IeCKOrO nonH. 0)],HaKO, OHO He )],On)KHO 
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npttBO)],HTL K pocry rrorrepe'!Hoii TeMrrepaTyphr 3neKTponos rryqKa, yposem, KOTopoii )],On)KeH COCTaBIDITI, 0,1-0,2 3B. 

0 50 100 150 mm 
2 

✓I~ ........ f-........ . 

4 I . 3 

Pttc.2.CxeMa 3neKTpOHHOii rrymKH HaKOIIHTeIDI K-4: 
l - KaTO,lJ,, 2 - KaMepa yrrpasnHIO~ero :meKTpo)],a, 
3 - H30nHTop rroTeHu;ttana yrrpasnHIO~ero 3neKTp~))],a, 
4 • aHO)],, 5 • yrrpasmno~HH 3neKTpO)],, 6 • H30nHTOp 
KaTO)],HOro IIOTeHu;nana. 

B §2.3-§2.5 paCCMOTPeHbI oco6eHHOCTH reHepau:1m HHTeHCIIBHbIX rryqKos 3neKTpOHOB )],JUI cttCTeMbl 3JieKTpoHHoro oxna)K)],eHHH LEAR: 3HeprHH 2-30 K3B, rrepBeaHC )],0. 5 µA/B 312 B OTHOCHTenLHO HH3KOM MarHHTHOM none )],O 600 r. ToK 3JieKTpOHHOro IIyqKa B TPeX3rreKTpO,l{.IIOH rrymKe LEAR onpe)],erui:ercH ycKopKIO~nM Harrp.SJ:)KeHneM Me)K)],y KaTO)],OM H yrrpasmno~HM 3JieKTpO)],OM, a 3Hepnrn 3neKTpOHOB • IIOTeHQHaJIOM KaTO)],a OTHOCHTenLHO. 3eMJUI; IlymKa II03BOIDleT l}>opMHpOBaTh IIyqKH C 3a)],aHHOH 3Heprneii 3JieKTpOHOB H rpe6yeMLIM TOKOM. 
ITpn IIOJIO)KHTenbHOM IlOTeHQHarre ynpasmno~ero 3JieKTpO)],a OTHOCHTenLHO 3eMJIH B IlymKe B03MO)KH0 HaKOilJieHne BTOPH'IHbIX 3neKTpOHOB. I1x npOCTPaHCTBeHHbIH 3apH,ll; npHBOART K CHH)KeHHIO TOKa IIyqKa. TeoperwieCKHH amtJIH3 )],aHHOH npo6JieMbI CO)],ep)KJITC.SJ: B §~.4. 
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3xcnepttMeHThI no <popMHpoBaHHIO . HHTeHCHBHhIX . 3neKTJ)OHHhIX 
nycn<:oB Ha creH,D;e 3neKTpOHHoro oxrra)l('AeHHH npttB.eAeHhI B §2.3, a 
HCCJieAOBaHtte BJIIUIHHH BTOpHqHhIX 3neKTpOHOB onttcaHO B §2.4. TaM )Ke 
o6cy)l('AaeTcH: MeTOA, no3BOJIIDOIIUiii ycrpaHHTh 3To Bn-iuIHtte, ,z:vrn qero 
ucnonh3YeTCH: cneii:ttarrhHhIH reHepaTop, noAaIO~Hii ttMnynhc 
OTPmi:aTeJihHoro HanpmKeHHH Ha ynpaBJIHIO~Hii 3neKTpOA. B pe3ynhTaTe, 
npOIICXO.n;HT YAaJieHHe BTOpHqHhIX 3neKTpOHOB H3 nyIIIKH. 

B §2.5 npeACTaBneHhI pe3ynhTaThI no cpopMupoBaHHIO HHTeHCHBHhIX 
nyqxoB c 3Heprneu 3neKTPOHOB 7 K3B, TOKOM AO 3 A B cucreMe 
3neKTpOHHoro oxrra)l('AeHHH LEAR. TioxaJaHo, qTo B ycrroBHHX 
YJihTPaBhICOKOro BaxyyMa LEAR 10·11 Topp, nepttOA crreAOBaHHH 
HMnynhCOB cocraBJIHeT OKono 10 MHHYT, qTo AOCTaToqHo ,z:vrn npoBeAeHHH 
3KCnepttMeHTOB no oxrra)l('AeHHIO HOHHhIX nyqxoB. 

~pyrou cnoco6 ycrpaHemrn BTOpllqHhIX 3neKTPOHOB - HX oqucrxa B 
nyIIIKe cneQHaJihHOH KOHCTpJKQHH C "pa3pe3HhIM" ynpaBJIHIO~HM 
3neKTpOAOM (§2.6). B o6naCTH ynpaBJIHIO~ero 3neKTpOAa C03AaeTCH 
AOnOJIHHTeJihHOe nonepeqHoe none, KC>Topoe npHBOAHT K 6hICTpOMy 
YAaJieHHIO BTOpu_qHhIX 3neKTpOHOB H3 CHCTeMhI. BnHHHHe IIOIIepeqHoro 
3neKTpttqecxoro norrH Ha yrnoBhie xapaKTepttCTHKH nyqxa B 3TOM pe)KttMe 
pa60ThI nyIIIKH B HaCTOHxtje~ BpeMH: e~e He uccneAOBaHO. 

B TpeTLeii rnaee npeACTaBneHhI pe3ym,TaThI IIO H3MepeHHIO 
nonepeqHoii TeMnepaT}'PhI 3neKTpOHOB nyqKa. OHa onpeAerrHeTCH TPeMH 
cocraBJIHIO~HMH:·TeIInOBhIM ABmKeHtteM 3neKTpOHOB Ha KaTOAe, ApeiicpOM 
B C06CTBeHHhIX nOIDIX nycn<:a _ll .npOAOnhHOM MarHHTHOM none, a TaK)Ke 
onTHKoii 3neKTpOHHoii IIYIIIKH. 3m OAHa H3 '. ocHOBHhIX xapaKTepucrttK 
KaqecrBa nyqxa B MeTOAe 3neKTpOHHOro OXJia)l('AeHHH. 

<I>opMttpoBamie craii:ttoHapiihlx nyqKOB c npo.zionhHoii 3Heprneii 
3neKTpOHOB 10-50 K3B H HX nonepeqHoii 3Heprneii 0,1-0,2 3B IIOTPe6oBarro 
pa3BHTHH CIIeQHaJihHhlX MeTOAOB .n;HarHOCTHKll MH H3MepeHH5.I nonepeqHoii 
3Heprntt 3neKTpOHOB (§3.1). O,n;HHM ll3 npOCThIX H HaAe)I{HhIX MeTOAOB 
H3MepeHHH 5.IBJIHeTCSI OIITHqecKHH MeTO,D;, npeAJIO)I{eHHhlH B IUl<I> HM. 
EyAKepa (Pnc.3). OH OCHOBaH Ha H3BeCTHOM npttHQttne MarnHTHoii: 
qJOKYCHPOBKJI: qaCTHIJ:hl B MarHHTHOM none, crapryio~tte H3 O.n;HOH TOqKH 
C paJJIHqHhIMH nonepeqHbIMH CKOpOCTH:MH, qepe3 nepno.n; QHKJIOTPOHHOro 
Bpa~emci: BHOBh co6ttpaIOTCH: B Toqxy. Ka)l('Ahle nonnepHOAa 
mo6pa)KeHMe Toqxn HMeeT MaKCJIMaJihHhlH pa3Mep. B §3.2 ,n;aHa 
qJH3JiqeCKaH JIHTepnpeTaQHSI MeTO,D;a JI o6cy)l('AaeTCH cxeMa OnTHqecKoro 
aHaJIH3aTopa. B HeM H3 3neKTpOHHoro "•nyqxa C IlOMO~hIO ,ri:IIacpparMhI 
Bhlpe3aeTCH TOHKJIH nyqoK .n;HaMfTPOM 30 µM, KOTOphlll _3aTeM 
aHarrH3npyeTcSI Ha ocHoBe npnHQHIIa MarHHTHOtt cpoxycupoBKH. B ,ri:aHHOii: 
pa6oTe YAaJIOCh qeTKo npoaHaJIH3HpOBaTh OIITJiqecxoe H306pa)KeHHe 
Bhlpe3aIO~ero OTBepCTHH, nepeHOCJIMOrO Ha JIIOMHHecQeHTHhIH 3KpaH 
3neKTPOHaMJI nyqKa, H pa3nHqHTh 3<pcpeKThI, Il03BOnHBIIIJie JI3MepHTh 
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nonepeqHyIO 3HeprHIO 3neKTPOHOB nyqxa, o6ycnoBneHHYJO OilTHKOH 
nyIIIKH, H HeKorepeHTHhlll yrrrOBOH pa36poc, CBH3aHHhlH C TeMnepaTypoii 
KaTOAa. 

2 3 4 

RI ~ \ 7 

"·· 0/ t· l "-

5 

~ 

Pnc.3.CxeMa onTnqecxoro aHanmaTopa: I - KaTo,ri: nyIIIKH, 
2 - ynpaBnHIO~HH 3neKTPO.zi, 3 - Bhipe3aIOui:asi 
.ri:irncpparMa, 4 nIOMHHecii:eHTHhIH 3KpaH, 
5 - MHKpOCKOn, 6-coneHOH,ll:hl, 7- KaTyIIIKH nonepeqHoro 
MarHMTOrO nonSI. 

0.30 7 

~ 

0.25 ~ 
~ 

0.20 ~ 
m ' .., 1 

--9.15 ~ 
.. j 

<:1 j 

0.10 ~ 

0.05-; 
1 

;:?' 
0.00 -h-.~ 0.0 ------~-------

1.5 0.5 1.0 

l,A 

3 

2.0 2.5 

Pnc.4.3aBHCHMOCTh pa3HOCTH nonepeqHoii :meprnn ,z:vrn 
oceBhIXH KpaeBbIX 3JieKTPOHOB OT TOKa nyqKa, 
cpopMnpyeMoronyrnxoii LEAR e MarHHTHOM none 
B=600 r, 3KCIIepHMeHT: 1-Eo = 5. 7 K3B, 2 - Eo = 13 K3B; 
pacqeT: 3 - Eo = 5. 7 K3B. 

B §3.3 npttBe,ri:eHbl CTCH,ll:OBhie 3KCnepHMeHThl no H3MepeHHIO 
nonepeqHOH TeMnepaTypbI B HHTeHCHBHbIX 3nCKTJ)OHHblX nyqKax C 
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nepBeaucoM JI.O 5 µA/B312, <j)opMnpyeMhix nyrnKoii LEAR. H3MepeuuaH 
BeJmqnua nonepequoii 3Heprnn coCTaBJrner 0,1-0,3 3B wrn nyqKoB c 
3Heprneii 3neKTpOHOB .u:o 12 K3B B MarttttTHOM none 600 r (Pnc.4). 3JI.eCh 
)Ke npoauarrtt3ttpoBaHa TOqHOCTb pe3ynhTaTOB 3TMX 3KcnepttMeHTOB M 
pmperneune Mero.u:a. Ha.u:e)KHO mMepaercH nonepeqttaH TeMnepaTypa, 
Berrnqnua KOTopon cocraBnHer 0,1 3B. 

B §3.4 npeJI.CTaBneu 3ueprernqecKttH MerOJI. mMepeuna nonepequon n 
pa36poca npOJI.OnhHOH 3Hepmn, npell.JIO)KeHHhIH B 1151<1> HM. Eywepa co 
PAH n pa3BHThiii B pa6orax, npeJI.CTaBneHHhIX B JI.ttcceprnu:nn. MeroJI. 
OCHOBaH ua auarrn3e npOJI.OnhHOH 3Heprun 3neKrpOHOB B TOpM03HI.IJ.eM 
3neKTpnqecKOM none. Oco6euuoCTh ncnonh30BaHttH MerOJI.a B .u:attuoii 
pa6oTe COCTo.ima B TOM, qTo H3MepeHHH npoBeJI.eHhl B 3HeprnqHhIX 
HHTeHCHBHblX nyqKaX C nepBeaHCOM 1-5 µA/8312, B KOTOpbIX cyrn:eCTBeHHO 
BnHHHMe npocrpaHCTBeHHOro 3apHJI.a nyqKa H 3<j)<j)eKTOB 
ueaMa6aTnquoCTH ll.BM)KeHHH 3neKTpOHOB . B TOpM03H1.IJ.eM 
auarrmttpyrorn:eM none. 

CxeMa 3ueprernqecKoro auarrmaTopa npttBeJI.eHa B §3.5. Pacqerbl 
BOnhT-aMnepuoii xapaKTepttCTHKH auanmaTopa npeJI.CTaBnetthI B §3.6. B 
§3:7 o6cy)KJI.aercH · pa3perna10rn:aH cnoco6uoCTh MerOJI.a H BnMHHtte. 
pa3nnqHblX <j)aKTOpOB, npttBOMI.IJ.HX K CHH)KeHMIO TOqHOCTH H3MepeHHH. 
Pe3y.rihTaThl ! 3KcnepuMeHTOB no m"MepeHHIO rionepequon 3Hepmn B 
MHTeHCMBHblX BbICOK03HeprnqffbIX nyqKax npeJI.CTaBneHhl B §3.8 

3KcnepttMeHTbl no H3MepeHHI0 nonepequoii 3Hepmn 3neKrpOHOB 
uenocpe,u:CTBeuuo ua LEAR BhmonuetthI c noMOI.IJ.bIO auarrmaiopa 
6hICTphIX aTOMOB BOll.OPOJI.a, o6pa3yIOI.IJ.HXCH npn peKOM6HHau:nn 
OXJia)KJI.eHHblX npoTOHOB H 3neKrpOHOB nyqKa. Ilo pe3ynhTaTaM H3Mepeunii 
CKOpOCTH peKOM6HHaU:HH, nonepeqHaH TeMnepaTypa 3neKTpOHOB nyqKa 
COCTaBnHer Mettee 0,2 3B (CM. §3.9). 

B lfCTBeprnu rnaee npeJI.CTaBnetthI pe3ynhTaTbl no peKynepau:nn 
IllHPOKOanepTypHbIX nyqKOB 3neKrpOHOB B CHCTeMe 3neKTpOHHoro 
oxrra,KJI.eHHH (§ 4.1). .L(ITH <j)opMttpOBaHHH crau:ttouapHblX :JneKrpOHHblX 
nyqKOB MaMerpOM 50 MM C nepBeaucoM ll.0 5 µA/8312 B pe)KlfMe 
peKynepau:nn MX 3Hepmtt pa3pa60TaH BbICOK03<j)<j)eKTHBHhIH KOJIJieKTop 
3neKTpOHOB {Pttc.5) C nepBeaHCOM 20 µA/B312 npH OTHOCHTeJibHOM TOKe 
noTeph 3* 10-6- 104 <Pttc.6). Pearrmau:ttH MerOJI.a 3neKTpOHHoro oxrra)KJI.eHHH 
B ycrrOBHHX ynhTpaBbICOKOro BaKyyMa LEAR (10-11 Topp.) BnepBbie 
norpe6oBarra pa3pa60TKH KOJIJieKTopa C TaKHM ypOBHeM noTepb wrn 
HHTeHCHBHbIX 3neKTpOHHbIX nyqKOB C nepBeaHCOM JI.O 5 µA/8312 (§ 4.2). 
KoJIJieKTop cttCTeMhI 3neKTpouuoro oxrra,KJI.eHHH LEAR npeJI.CTaBnHer 
co6oii u:nnttttll.P <l>apaJI.eH c cynpeccopHhIM 3neKTpOll.OM (peneJIJiepoM). Ou 
KOHCTpyKTHBHO npocr, ero 3<j)<j)eKTHBHOCTb onpeJI.eJIHe'rCH MarHHTHOH 
npo6KOH Ha BXOJI.e B KOJIJieKTOp " 3neKTpOCTaTnqeCKHM 6apbepOM, 
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C03JI.aBaeMbIM cynpeccopHbIM 3neKTpO,ll;OM H rrpocrpaHCTBeHHI,IM 3apH,ll;OM nyqKa. 
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Pnc.5. CxeMa KOJIJieKTopa: 1 - conetton,n;; . 2 - BaKyyMHb!ii 
um6ep; 3 - KOJIJieKTOpHaH KaTyuma; 4 - MarHHTHbIH 
3Iqmu; 5 - BaKYYMHaH KaMepa; 6 -penerrrrep; 7 -
no,n;,n;ep)KlfBarorn:nii H3oIDITop; 8 - KOJIJieKTop; 9 -
BaKYYMHhiii H30JIHTop; 10 - cncreMa Bo,wmoro 
oxrra)KJJ.eHnH; 11 - KaTyuma Berpeqttoro rroITH. 

8 3KCrrepnMeHTax C HeiirparrH30BaHHbll\UI 3JieKTpOHHhIMH nyqKaMH 
Ba)KHyIO pOJib Hrpaer IlJIOTHOCTb 6bICTpbIX BTOpnqffbIX 3JieKTpOHOB, 
orpa)KeHHbIX OT KOJIJieKTopa. Cyrn:eCTByIOT ,n;Be rpyrrm,I TaKHX 3JieKrpOHOB: 
3JieKrpOHbI, COBepmarorn:ne MHOrOKpamble KOJie6aHMH Me:JKl1.Y nymKOH II 
KOJIJieKTOpOM, H 3JieKTpOHbl, B03Bparn:a10rn:necH B KOJIJieKTOP nocrre 
rrepBoro orpa)Kemm OT rroTenU:HaJibHoro 6apbepa B o6nacm nyIIIKn. 
IlapaMerpbl BTOpHqffbIX 3Jie.KTpOHOB o6cy)K,ll;aIOTCH B § 4.3. 

Pe3yJibTaTbI qn:cneHHoro .MO,n;e.impoBaHMH II BbI6op reoMerpHH 
KoJIJieKTopa LEAR co,n;ep)KaTcH B § 4.4. .L(aHHbie 3KcrrepHMeHTOB no 
peKynepau:n:n mupoKoarrepTJPmix ·nyqKOB ,n;uaMerpOM 5 CM c :meprneii 
3JieKTpOHOB ,n;o 30 K3B, TOKOM ;ll,o 3 A Ha crett,n;e H Ha LEAR rrpHBe,n;eHhI B §4.5 - §4.6. 3cpcpeKTIIBHOCTb peKynepau:im no TOKY IIOTepb nyq:rca 
COCTaBJIHer 10 -4 - 3 J0-6. Ilpe,n;eJibHblll TOK IIOTepb B 3THX 3KCIIepHMeHTax 
onpe,n;eJIHerCH HOHH3au:neii 3JieKTpOHaMH IIyqKa aTOMOB OCTaToqHoro rma. 

Hn3KaH 3cpcpeKTHBHOCTb npe)Kffero KOJIJieKTopa LEAR no TOKY noTeph 
10·3 6hma He,n;ocraToqHa wrn o6ecrreqeHHH BaKyyMa 10·11 Topp H HBJIHJiaCh 
o,n;ttoii H3 npnqnH ttecra6HJibHOH pa60Th1 CHCTeMhI 3JICKI'pOHHoro 
oxrra)KJI.eHHH. YcraHOBKa H0BOro KOJIJieKT0pa B 1991 r. II03BOJIHJia 
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HCIIOJih30BaTh 3JieKTpOHHOe oxna)I{Jl.eHIIe B "IIITaTHOM" pe:lKHMe npH rrpoBeAeHirn 3KCnepHMeHTOB C rry11KaMH aHTHIIpOTOHOB C HMIIYJihCOM HH)Ke 
308 M3B/c. 

JI 1,00E-03 
Q. s 
C 
~ 

~ 1.00E-04 
>S 
jj 
:z: 
JI 

~ g 1,00E-05 
j!: ~ 
0 ~ . 

~. 

1/ 
1,00E-06 ,--,~~r-t-~~~+---~~-~~--r-" 

0 10 20 

UO,KB 

30 40 

Puc.6. 3aBHCHMOCTb TOKa IIOTepb B CTettAOBbIX 
3KCrrepHMeHTax OT IIOTeHQHaJia KaTOAa WI5I rryqKa C 
rrepBeaHCOM 0.52 µA/B3l2; 

1) Harrpa)KeHHOCTh MarHifTHOrO IIOAA B BaKyyMHOll 
KaMepe B = 420 r, Harrpa)KeHHOCTh MarHHTHOro IIOAA B 
KOJIJieKTOpHOll KaTymKe Bmax. = 828 r, P=2.4xI0-8 + 
1.5xl0-7 Topp; 2) B.,= 516 r, Bmax = 1050 r, P=l.5xl0-8 

Topp; 3) B = 516 r, Bmax = 1050 r, P=5xl0-8 + 6.7xl0-7 

Topp. 

B UHTOH rnase o6cy)K,ll.ae-rca Me-fOA q>opMHpOBaHHH HHTeHCHBHbIX 3JieKTpOHHblX rryqKOB C MaJihIM 3Hepre-ruqecKHM pa36pocoM, 
npe,D;JIO)KeHHblll B nepBblX pa6oTax IIO 3JieKTpOHHOMY ' OXJia)K,ll.eHHIO. 
TipoCTpaHCTBeHHbIH 3ap5IA 3JieKTpOHHOro nyqKa npHBOAHT K npOBHCaHHIO IIOTeHQHaJia B Apeiiq>OBOH KaMepe CHCTeMhI oxna)K,ll.eHHH H K 3aBHCHMOCTH 
3HeprnH 3JieKTpOHOB OT PMHyca HX rpaeKTopuii. . BCJieACTBHe 6e-raTpOHHhIX KOJie6aHHH Heoxna)I{Jl.eHHble HOHbl nyqKa B3aHl\,10AeHCTBYJOT C 3JieKTpOHaMH nyqKa C pa3HOH 3Heprneii II Ha pa3HOM pacCTOHHHH OT OCH. 
3To, B KoneqnoM cqe-re, rrpHBOAHT K c~eCTBeHHOMY YBeJIJiqenmo BpeMeHH oxna)K,ll.eHHH HOHOB ttHTeHCHBHhIMH 3neKTpOHHhIMH nyqKaMH (cM. §5.1). ,n:na HeHTpaJIH3aQHH IIpOCTpaHCTBeHHOrO 3ap51Aa 3JieKTpOHHOrO nyqKa 
ncnoJih30BaHhI 3JieKTpocraTn~ecKne "rrpo6Kn TiapxoMqYKa". 3neKTpOAbI rrpo6oK npeACTaBAAIOT ABa rronyQHJIHHAPa, Me)I(AY KOTOpbIMH BCTaBJieHO 
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rrpOBOAHil{ee CTeKJio. K 3JieKTpOAaM npHJIO)KeHO IIOJIO)KHTeJihHOe 
HanpH)KeHne pa3HOH BeJIJiqHHhI, TaK qTo B npocrpaHCTBe Me)I{Jl.y HHMH B03HHKae-r norrepequoe 3JieKTpnqecKoe none. Tipo6Kn 3arrnpa10T HOHhI, 
o6pa3yIOil{HeCH npu HOHII3aQHH 3JieKTpOHaMH rryqKa aTOMOB OCTaToqHoro 
ra3a, H YAaAAIOT BTopnqHbie 3JieKTp0HhI. <DopMHpOBaHne HeHTpaJIH30BaHHbIX 3JieKTpOHHbIX nyqKOB C IIOMOil{blO 
3JieKTpOCTaTnqecKHX rrpo60K paCCMOTpeHO B §5.2. 

,z::i:nttaMHKa rrpOI.(eCCOB HettTpruiH3aQHH o6cy)I{Jl.ae-rCH a §5.3. 
HeiiTpaJIH30BaHHhIH 3neKTpOHHhiii nyqoK a cucreMe 3JieKTpoHttoro 
OXJia)K,AeHHH npeACTaBJIHer qerbipeXKOMIIOHeHTHYIO CHCTeMy, COCTOHil{YJO H3 3JieKTpOHOB nyqKa, HOHOB OCTaToqnoro ra3a, BTOpHqffbIX 3JieKTpOHOB H 
BOJIH, B036y)KAaeMbIX nyqKOM. nonepeqHhie 3JieKTpOH-HOHHbie Kone6aHHH 
(CM. §5.4) onpeAeJIHIOT KaK napaMeTpbI CT'dQHOHapnoro COCTOHHHH 
3JieKTpOHHOro IIY'IKa (CM. §5.5), TaK JI ero npeAeJihHbIH noporOBhIH TOK. B036y)I{Jl.eHne nonepeqnhIX 3JieKTpOH-HOHHhIX KOne6annii npH 
onpeAeJieHHbIX ycnOBHHX MOiKer npnaecrn K pa3BHTHIO KOHBeKTHBHOH 
(CHOCOBOH) rryqKOBO- Apeiicpoaoii HeyCTOH'IHBOCTH. Ona nepeXOAHT B 
a6COJIIOTHYIO HeyCTOH'IHBOCTb npn HaJIJilIHH .o6paTHOH CBH3H. OAHHM H3 KaHaJIOB o6paTHOH CBH3H HBJIHIOTCH BTOpH'IHhie 3JieKTpOHbI, OTpa)KeHHhie 
OT KOJIJieKTopa. TiapaMeTphI BTOpHqHbIX :meKTpOHOB B CHCTeMe C 
3JieKTpocraTnqecKHMH npo6KaMH o6cy)I{Jl.aIOTCH B §5.6. 

,n:nH AHarHOCTHKH HeUTpaJIH30BaHHhIX 3JieKTpOHHblX ny'IKOB 
pa3pa60TaH PHA Me-fOAOB: AHarHOCTH'IeCKHll :meKTpOHHhlll nyqoK, apeMHnponerttbill Mel'OA, oxna)I{Jl.eHHhIH noHHhIH nyqoK. HAeH AHarttocrnqecKoro rryqKa (Puc. 7) OCHOBana Ha H3MepeHHH ero a3nMyranhHOro CMell{eHHH IIOA 
AeHCTBHeM 3JieKTpH'IeCKOro IIOJIH OCHOBHOro IIY'IKa (§5. 7). 

--==a~-----~~ocHOBHOHIIY'IOK ,N--
3 

~ 
2 

. 1 

• '=>I A[.tn 

LtAn 

Puc. 7. CxeMa H3MepeHHH crenenn HenTpann3aQHH c 
IIOMOil{blO AHarH0CTH'IeCKoro 3JieKTpOHH0r0 IlY'IKa. I -
nymKa AHarH0CTH'IeCK0ro ny'IKa, 2 - 3JieKTp0AhI 
KoMnettcupy10IQero nom1, 3 - KonneKTop 
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C :noii ueJibIO BAOJib OCHOBHoro nytJKa Ha HeKOTOpOM paccrmrnnn OT 
ero ocn HHX<eKTnpyercSJ ,nnarttocrwiecKnii 3JieKrpOHHhIH nytJOK. C 
n0MOIUbIO :noro MeTO,na .nnarHOCTHKH H3MepSieTCSJ cyMMapHbIH 3apSI,n 
qacrnu, HaXOMIUHXCSJ BHYTPH UHJIHH,npa C ,nHaMerpOM, Ha KOTOpblH 
CMeIUeH ,nHarHOCTHtJeCKHH nytJ0K. ,l(HarHOCTHtJeCKHH nytJ0K 3<p<peKTHBHO 
HCnOJib30BaH B creHAOBblX H3MepeHHSJX creneHH HeiirpaJIH3aUHH.Bo speMSJ 
-np0JieTHOM MeTO,ne (§5.8), npe,nrroX<eHHOM s 1151<1> HM.by.n;Kepa, 
H3MepSieTCSJ pa3HOCTb cpa3 MeX<,ny ABYMSJ nHKan ·3JieKrpo,naMH npH 
MOAYJISJUHH TOI<a nytJKa. BeJIH'IHHa pa3HOCTH <pa3 onpe,neJISJeTCSJ CKOpOCTbIO 
3JieKrpOHOB, a Ta, B CB0IO oqepe,nb, 3aBHCHT OT npOBHCaHHSJ noTeHUHaJia B 
,npeii<pOBOH KaMepe. BpeMSI-npOJieTHbIH MeTO,n 3<p<peKTHBHO HCnOJib30BaH 
KaK B 3KcnepHMeHTax Ha CTeH,ne 3JieKrpOHHOro oxrraX<,neHHSJ, TaK H B 
3KCnepHMeHTax Ha LEAR. 3aMeTHM, 'ITO KaK ,nttarttocrnqecKnii 
3JieKrpOHHbIH nytJOK, TaK H BpeMSI-npOJieTHbIH MeTO,n n03B0JISJIOT 
onpe,neJISJTb HHTerparrbHyIO creneHb Heiirpa.rrnJaunn, ycpe,nHeHHyIO no 
pa,nttycy nytJKa. JloKaJihHaSJ creneHh tteiirparrHJauntt B 3KcnepnMeHTax Ha 
LEAR H3Mepetta oxrraX<,neHHbIM HOHHbIM nytJK0M c noMOIUbIO 
.nnarnoCTHKH illOTTKH (CM. §5.9). 

PeJyJihTaTbI 3KcnepnMeHT0B no nccrre,nosaHHIO Heiirpa.rrH3oBaHHoro 
COCTOSJHHSJ 3JieKrp0HH0ro nytJKa npu YJibrpaBbIC0K0M BaKyyMe 10·11 Topp 
npe,ncrasrreHbI B §5. I 0. (Ta6rrnua I, pnc.8) • 

Ta6rrnua 1. TTapaMerpbI tteiirparrHJosattttoro 3JieKrp0HHoro nytJKa s 
LEAR 

3HeprHSJ 3JieKTPOH0B, K3B 27.5 11.5 3.2 
ToK nVtJKa, A 1.5 0.5 0.13 
CTeneHb Heiin>a.rrmaunn n 0.9 0.85 0.75 

neoseaHc nytJKa, µA/B3t2 0.32 0.41 0.65 
MarHHTHoe none, r 600 _ 

B xo,ne 3KcnepuMeHT0B Ha LEAR norrytJeHbI Heiirpa.rrmosaHHhie 
3JieKrpOHHhie nytJKH c 3Heprneii 3JieKrpoHOB 2,5- 2_7 K3B, TOKOM 0,03-l,5A, 
nepseattcoM 0,35-0,6 µA/B312 co creneHbIO Heiirparrmauttu ri=0,75-0,9~. 
3,necb X<e npHBO,nSJTCSJ pe3yJibTaTbl 3KCnepuMeHT0B no cpopMupoBaHHIO 
Heiirpa.rrU30BaHHbIX nytJK0B C 3Heprneii 3JieKrpOHOB 2,5-10 K3B, T0KOM 
nytJKa 0,0l-2,5A Ha CTeH,ne 3JieKrpOHHoro oxrraX<,neHHSJ JI51TT npH 
.nasrreHHH 10·7-10·9 Topp. Pe3yJihTaTbl 3KCnepnMeHT0B Ha creH,ne H B 
cttcreMe 3JieKrpOHHoro oxrraX<,neHHSJ LEAR HaX0MTCSJ B xoporneM 
cornacttu ,npyr c .npyroM. 
B §5. l l npose,neH aHa.rrH3 npoueccos Heiirpa.rrmauuu u ycrotttJHBOCTH 
Heiirpa.rrH30BaHHbIX 3Jiei<rpOHHblX nytJKOB B CHCTeMax 3JieKrpOHHOro 
oxrraX<,neHHSJ LEAR II MOCOJI, a TaKX<e s H0HHhIX ncrotJHHKax c 
3JieKrpOHHhIMH nytJKaMH, TaKHX KaK KPI1OH. 
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3,necb o6cyX<,naIOTCSJ OCHOBHbie <pH3H'leCKHe, npouecChl, BJIHSJIOIUHe Ha 
napaMerpbI craunoHapHblX neiirpa.rrmoBaHHbIX IIY'IICOB H HX 
ycroiitJnsocrh. Otto, B 3HatJHTeJIHOH Mepe, onpe,neJISJIOTCSJ nrroTHOCTbIO 
3JieKrpOHOB nytJKa (107-108 cM·3 ·MOCOJI u LEAR, 1011-1012 cM·3 -
KPI1OH) n ,nasrrettueM ocraTOtJHoro raJa (10·10 Topp - MOCOJI, 10·11 

Topp -LEAR, 10·12 Topp - KPI1OH). B pe3yJibTaTe pa3JIHtJilll napaMerpos 
3THX ycraHOB0K, pea.rrH3yIOTC51 pa3Hbie MexaHH3Mbl Harpesa HOHOB. Ecrrn B 
3KcnepttMeHTax KPI1OH n MOCOJI" 0CHOBHbIM MexaHH3MOM Harpena 
SJBJISJIOTCSJ KYJI0H0BCKHe CTOJIKH0BeHHH HOHOB C 3JieKrp0HaMH nyqKa, TO Ha 
LEAR 3T0T MexaHH3M Harpena nprucrntJeCKH BhIKJIIOlJeH. Harpes H0H0B 
J,necb npoucxo,nnT npH so36yX<,nemm nonepetJHhIX 3JieKrpoH-HOHHhIX 
Korre6attnii. · 

3aMeTHyIO pOJib B 3THX rpex CHCTeMax HrpaIOT H0H·HOHHhie 
CTOJIKH0BeHHH. Oco6eHHO 0HH cym;eCTBeHHhI B 3KcnepnMeHTax MOCOJI n 
KRION. B pe3yJihTaTe CHJibHhIX noH-H0HHhIX croJIKHonettuii B03M0X<eH 
yxo,n HOHOB npn TeMneparype, B 5-10 pa3 6orree , HH3KOH, lJeM 3HeprHH 
noTeHUHaJibHOro 6apbepa. Yxo,n H0H0B 3,necb CBSJ3aH C 6hICTPblMH 
qacrnuaMH, HaXOMIUHMHCH B XBOCTax <pyHKUHH pacnpe,nerreHHH HOHOB 110 
3Hepmn. B 3KcnepuMeHTax KPI1OH uoH-H0HHhie CT0JIKH0BCHHH 
HaCT0JibK0 CHJibHbl, 'ITO npHBO,LVIT K c'ra6nmnau1m neycrottlJHB0CTett 
Heiirpa.rrH30BaHHbIX 3JieKrp0HHbIX nyqK0B. 

0,7958 
0,7956 
0,7954 

N 0,7952 ::c , 
:i: 0,7950 
..: 0,7948 

0,7946 
0,7944 
0,7942 

0,36 0,38 0,40 0,42 0,44 0,46 0,48 0,50 

l,A 

Pnc.8. 3aBHCHMOCTb tJaCTOTbl o6pam;eHHH np0T0HHOro IIyqKa 
OT TOKa 3JieKrp0HH0ro nyqKa. B=600 r,HanpHX<CHHC Ha 
3JICKrpo,nax npo6KH u,r1=U,r3=6 KB, U,r2=U,r,,==o. Ii -
HeiirpaJIH30BaHHhIH nyqoK, Ill - 3apm1<eHHhitt nyqoK. 
Uo=I 1.7 KB. 
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illecran. rnaoa rrocBHID;eHa rrpo6rreMaM HeirrpaJIHJaQnn, rryqKoBo
~eiicpoaoii Heycroiiqnaocm II aKTHBHblM Mero,n;aM ee rro,n;aanemrn. 
PaJBIITne rryqI<oBo-~eiicpoaoii HeycroiiqIIaocm o6ycnoarreHo 
B036y:xmeHJieM rrorrepeqHbIX :meKTpOH-IIOHHbIX KOJie6aHHH. B §6.1- §6.2 
o6cy:xmruoTcH TeoperIIqecKHe Mo,n;enn rryqKoBo-~eiicpoaoii 
ueycroiiqIIBOCTII II rrpnBe,n;eH aHaJIH3 3KCrrepuMeHTaJibHbIX ,n;aHHblX no ee 
nccne,n;oaamuo. PeJym.TaTbI KOTOporo · IIOKa3bIBaIOT, qTo aerrnqnHa 
rroporoaoro TOKa B 3KCIIepHMeHTax MO)Ker cym;eCTBeHHO OTJinqaTbCH rrpn 
BbICOKOM BaKyyMe ,ZJ;ml CIICTeM 3JieKTpOHHOro oxrra)K,ZJ;eHHH C Hll3KHM TOK OM 
IIOTepb B KOJIJieKTope H 3KCIIepHMeHTOB, r.n;e BaKyyM OTHOCHTeJibHO 
HeBbICOK 10·5- 10·7 Topp, a TOK IIOTepb ,ZJ;OCTaToqHo BeJIHK 10·2-10·3. 

AMIIJIHTy,n;Ho-qaCTOTHbie xapaKTepHCTHKH CB060.ZJ;HbIX H 
BbIHy)K}];eHHblX rrorrepeqHbIX KOJie6aHHH rrpe,n;CTaBJieHbl B §6.3 - §6.4. 
PeJoHaHcHaH qaCT0Ta KOJie6aHHH HaXO}];IITCH B ,ZJ;HaIIa30He 150-450 KrQ ll 
cooTBerCTByer H0HHbIM KorepeHTHbIM qacroTaM. Oun He 3aBHCHT OT 
crerreHH HeHTpaJIH3aQHH ll orrpe,n;eJIHIOTCH IIJIOTHOCTblO 3JieKTpOHOB rryqKa, 
3apHJJ;OBbIM COCTaBOM HOHOB Z/ A H BeJIIIqHHOH HarrpH)KeHHOCTH 
MarHHTHOro IIOJIH. OTHOCHTeJibHaH IIlllpHHa crreKTpa ,n;mI CTa6HJibHbIX 
HeHTpaJIH30BaHHblX IIyqKOB COCTaBJIHer 0,05-0,15. TTpn pa3BHTHH 
Heycro:iiqHBOCTH OTHOCHTeJibHaH IIlllpHHa CIIeKTpa B03pacraer ,n;o 0,2-0,5: 
O,n;HOH H3 0CH0BHbIX xapaKTepHCTHK norrepeqHbIX BOJIH HBJIHeTCH HX 
K03(p(pHQHeHT ycIDieHHH B,ZJ;0Jib pacrrpoCTpaHeHllil rryqKa. B CTeH,ZJ;OBbIX 
3KCrrepHMeHTax BennqnHa K03q:>(pHQHeHTa ycIDieHllil aMIIJIHTY.ZJ;bI 
rrorrepeqHbIX B0JIH Ha pe30HaHCHbIX qaCT0Tax COCTaBJIHeT 10-15 Ha ,n;JIHHe 
1,7 M. no pe3yJibTaTaM HeIIpHMbIX H3MepeHIIH BeJIHqnHa K03(plpHQHeHTa 
ycnrreHIDI Ha LEAR cooTBerCTByer 20-50 Ha ,n;rrnue 3,2 M ,n;mI cra6IDihHbIX 
HeHTpaJilI30BaHHbIX rryqKOB. TTpH pa3BHTHH HeyCTOll'IIIBOCTH He 
3aperHCTpHp0BaHO yaerrnqeHHe aMIIJIHTy,ZJ;bl rrorrepeql{blX B0JIH B 
3aBHCHMOCTII OT npo,n;OJibHOH K0Op,n;nHaTbl. 

TTpn ToKe rry11Ka BbIWe rroporoBoro aMrrrrttry.n;a rrorrepequblx 
Korre6am1ii 6bICTpO B03pacraer BO BpeMeHH. ,Ll;JIHTeJibHOCTb BCIIbIIIleK 
HeycroiiqHBOCTH COCTaBJIHer 0,05-0,2 MCeK II lpaKTnqeCKH onpe,n;eJIHerCH 
,n;eKpeMeHT0M 3aTyxaHHH JlaH,n;ay. Berrnqnua noporOBOH IIJI0TH0CTH TOKa 
orrpe,n;eJIHerCH CO0THOIIIeHHeM 

v2B • e 
J neurr ~ kLc , 

3.n;ecb L - ,n;JIHHa o6rraCTH HeiiTpaJIH3aQHH, B - HaIIpH)KeHHOCTb MarHHTHOro 
IIOJIH, Ve - CKOpOCTb 3JieKTpOHOB IIyqI<a, k - qncrreHHblll K03(plpHQHeHT, 
nerrnqnua KOTOporo 3aBHCHT OT K03cp<lmQHeHTa o6paTHOH CBH3H, ,n;aBJieHmI 
OCTaToqHoro raJa n p5I,ZJ;a ~yrnx rrapaMeTpOB. BennqHua qncrreHuoro 
K03(p(pHQHeHTa k OKa3bIBaerca pa3JIHqHOH KaK B pa3HbIX TeopernqecKHX 
Mo,n;eJIHx (k=8 (HeJJIHH M:B.); k=2 (Eor,n;aHKennq JI.C., Pyxa,n;Je A.A. ); 
k~2-3 (EypoB A.B.)), TaK n rrorryqeuuaH B pe3yJibTaTe 3KcnepHMeHTaJihHbIX 
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nccrre,n;onaHnii (k=8 -12 (He3JIHH M.B.); k=3.8 (MOCOJI); k=l.2 (HATT -
M)). 

AHaJIII3 3KCnepuMeHTaJibHbIX pe3yJihTaTOB C HeiiTparrH30BaHHblMH 
nyqKaMH u o6cy)K}];eHue npo6rreMbl nyqKOB0 - ,n;peiicpOBOH HeycroiiquBOCTH 
npe,n;CTaBJieHbl n §6.6. 3.n;ec1, o6cy)K,ZJ;aercSI OCHOBHbJe cpmuqeCKHe npoQeCCbl, 
BJIHSIIOIQHe Ha ycroiiquBOCTb 3JieKTpOHHbIX nyqKoB B 3KCnepuMeHTax Ha 
LEAR, Ha creH.n;e OIUil1, Ha KPl1OH u MOCOJI . 

.D:JIH CTa6HJIH3aQHH HeHTpaJIH30BaHHbIX nyqKOB B 3KCnepIIMeHTaX Ha 
LEAR u CTeH,n;e :meKTpOHHoro oxna)K}];eHHSI 0115111 pa3pa60TaHbI 
aKTHBHbie MerO)].bl ITO)].aBJieHHSI ny'IKOBO- ,n;peiicponoii HeyCTOH'IHBOCTH. 
OHn noJnomnoT no,n;HITTb noporon1,1ii TOK B 2-4 pa3a (Pnc.9,Ta6nnQa 2). 

500 I • I+ .. .. 
400 

lb, mA 300 
200 
100 

~Jot 111 
• 

0 
0 10 15 20 ' 25 30 ! 5 

~------- ---~P~1~e~-~~ Torr __ - ·--- , 

Pnc.9. 3anncnMocr1, noporonoro TOKa Ha creH,n;e OT 
,n;anneHHSI OCTaTOlJHOrO ra3a: 0- C npo6KaMH, 6e3 
HCIIOJib30BaHHSI aKTHBHblX MeTOJJ.OB HeycroiiqnBOCTH; C 
npo6KaMH n aKTHBHblMH , , Mero,n;aMH rro,n;anneHHSI 
HeycroiiqnBoCTn: 
i:.- quCTSIID;HMH 3JieKTpOJJ.aMH, ■ - pa3pe3Hb!M 
ynpaBJISIIOIQHM 3JieKTpO,ZJ;OM, ·- 'IHCTSIIQHMH 
3JieKTpOJJ.aMH H weiiKepoM, + 'IHCTHIQHMH 
3.f!eKTpo.n;aMH 11 npo,n;orr1,Hoii MOJJ.YJIHQneii. 

Ta6nnQa 2. OTHOWCHHe IIJIOTHOCTH noporoBoro TOKa, norryqeHHOll B 
pa3nnqH1,Ix 3KcnepnMeHTax, K pactJerHoii nrroTHOCTH noporosoro T0Ka, no 
He3mrna · · · · 

3KcnepHMCHT J1hre:rh Jx,.,sbn 

3KCIICPHMCHTl,I He3JIHHa 0.7-1 
HATT- M 4 

.· MOCOJI 2.1 
LEAR, naccHBHhIH pe)l(HM 0.2-0.3 

CTeH,n; 0115111, naccuBHhIH oe)l(HM 0.7-1.4 
LEAR, aKTHBHhIH pe)l(HM I 

CTCHJJ. 0115111, aKTHBHhiii pe)l(HM 3.2 

K qncrry TaKHX MeTO,ZJ;0B, OTH0CHTCH YJJ.aJICHHe BT0pH'IHbIX 3JICKTP0H0B 
'IHCTSIIQHMH 3JICKTP0JJ.aMH (CM. §6.8, puc.10); HarpeB H0HOB KHKepoM C 
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rapMOHnqecKHM 3JieKTpH'IeCKHM IIOJieM B rrorrepe'IHOM HarrpaBJieHHH 
(meiiKep) (§6.9); HarpeB HOHOB rrpH rrpO,l1,0JibHOH MO.lJ.YJI.HQHH ny11Ka H 
B036y)KJJ.eHHH rrpO,l1,0JibHbIX BOJIH (§6.10). B §6.11 o6cy)K)J;aIOTC.H rrpH'IHHbl 
IIO,lJ,aBJieHH.H . ny'IKOBO-,l1,peiiqioBOM HeyCTOH'IHBOCTH npn HCIIOJib30BaHHH 
TpeX3JieKTpOAHOH nymKH c "pa3pe3HbIM" ynpaBJI.HIOIQHM 3JieKTpO.lJ.OM. B 
§6.12 npoBe,lJ,eHo cpaBHeHHe pe3yJibTaTOB 3KcnepnMeHTOB Ha LEAR " tta 
crett,lJ,e, a TaK)Ke Ha KPJ1OH " MOCOJl c pe3yJihTaTaMH pacqeroB, " 
C,lJ,eJiaH aHaJIH3 OCHOBHbIX npoQeccoB, onpe,l1,eJI.HIOIQHX neiiTpaJIH3aQHIO H 
YCTOH'IHBOCTb 3JieKTpOHHbIX ny'IKOB B YCJIOBH.HX YJibTpaBbICOKoro BaKyyMa. 

·'2_ 

2 

Puc.IO. qHCT.HIQHe 3JieKTpOMI. I - 3rreKTpO.l1., 2 - npoBOA,HIQee 
creKJio, 3 - KaTymKa norrepeqnoro MarHHTHoro nom. 

B CC,lJ,LMOii masc npe,lJ,(TaBJJeHLI pe3yJibTaTbl 3KCIIepnMeHTOB no 
oxrra)KJJ,eHHIO HOHHbIX ny'IKOB Ha LEAR HHTeHCHBHbIMH nyqKaMH 
3JieKTpOHOB. B §7. I npHBe,n;eHbl 3KcnepnMeHTbl no OXJia)KJJ.eHHIO 
aHTHIIPOTOHHLIX n: npoTOHHhIX rry'IKOB c 3Heprneii ,n;o 50 M3B 
3JieKTpOHHbIMH IIyqKaMH C nepBeaHCOM 0,5 µA/B312 B craH,D;apTHbIX .l1.JI.H 
LEAR pe)K11Max. Opn: oxrra)KJJ.eHHH aHnrnpoTOHOB c Ha'IaJibHbIM 
3MHTTaHCOM 40 7t MM Mpa,n; H OTHOCHTeJibHbIM rrpo,n;OJibH_bIM pa36poCOM 
I 0·3 BpeM.H OXJia)KJJ,eHH.H ,D;0 paBHOBeCHOro 3MHTTaHCa 2-4 7t MM Mpa,n; 
COCTaBJI.HeT HeCKOJihKO ceKytt,n; (Pn:c.11 ). 3,l),eCb )Ke rrpmie,n;eHbl 3aBHCHMOCTH 
BpeMeHII OXJia)K,ll;eHH.H H paBHOBeCHOro 3MHTTaHca oxrra)KJJ.eHHOrO rryqKa OT 
TOKa 3JieKTpOHHOro H HHTeHCHBHOCTH HOHHOrO IIyqK0B. 

3KcnepnMeHTbl no OXJia)KJJ,eHHIO rrpOTOHHbIX _ nyqKOB 
HeHTpaJIH30BaHHblMH 3JieKTpOHHhIMH rryqKaMH TaK>Ke npe,n;craBJ1eHbl B §7 .1 

<t>opMHpoBaHHe HHTeHCHBHhlX 3JieKTpOHHhIX ny'IKOB C rrepBeaHCOM ,n;o 
5 µA/B312 na LEAR o6ycrrosrreHo Heo6xo;:uIMOCTbIO 6h1CTporo oxrra)KJJ,eHH.H 
HOHOB CBHHQa Pb54+ c 3Heprueii 4,2 M3B/H, Tpe6yeMhIX .l1.JI.H LHC. 
CrnHAapTHa.H cxeMa ycKopHTeJihttoro KOMnrreKca HOHOB CERN B 
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HaCTO.HIQee BpeM.H He 06ecrre1111BaeT Tpe6yeMoii .l1.JI.H LHC CBeTIIMOCTII. ~JI.SI 
,ll;OCTU)KeHH.H Heo6xo,n;HMOH BeJIH'IHHbl CBeTHM0CTH npe,n;norraraeTC.H 
HCIIOJib30BaTb OXJia)KJJ.eHue H HaKOIIJieHHe HOHOB CBHHQa B HaKOIIHTeJie 
LEAR. BpeM.H oxrra)KJJ.eHII.H ,n;OJI)KHO 6hITb ,n;ocraTO'IHO 6hICTJ)bIM n 
COCTaBJI.HTb OKOJIO 0.2 ceK. nocrre 2 ceK CTeKHpOBaHII.H Tpe6yeMa.H 
HHTeHCHBHOCTh ,D;OJI)KHa COCTaBJI.HTb 1.2* I 09 HOHOB. 

"" 

8,---------------------, 
7 

5 6 

~ 5 ; 
!f 4 

~ I 3 

m 2 

0-t-----t-----t-----t-----t-----i 
0 0.5 1.5 

TOKflY'IU,A 

2 2.5 

Pnc.11. 3aBHCHMOCTh ropH30HTaJibHOro BpeMeHH 
OXJia)K,ll;eHII.H IIpOTOHOB OT TOKa 3JieKTpOHHOro IIyqKa. 
Uo=27.8 KB, Np=l09 rrpOT0H0B. 

PeJyJibTaTh1 3KcrrepHMeHTOB no oxrra)K,ll;eHHIO H0H0B CBHHQa Ha LEAR 
HHTeHCIIBHhIMH 3JieKTp0HHbIMH rryqKaMH 06cy)K,ll;aIOTC.H B §7 .2. Ha'IaJibHblH 
3MHTTaHC H0HHoro ny11Ka paBeH: Ev = 7 7t MM Mpa.n;, Eh = 50 7t MM Mpa,n;. 
3Murrauc 0XJia)K,ll;eHHOro H0HH0rO IlyqKa paBeH E~ Eh ~2-3 1t MM Mpa,n;. 
BpeM.H OXJia)K,ll;eHH.H HOHOB CBHHQa B nonepe'IHOM HanpaarreHHH npn T0Ke 
3JieKTpOHHOro ny'IKa 350 MA (3HeprII.H 3JieKTpOHOB 2,5 K3B, nepBeaHc 
IIyqKa 3 µA/B312) COCTaBJI.HeT Mettee 0,1 ceK (Pnc.12). BpeM.H OXJia)K,ll;eHH.H 
HOHOB B npo,n;OJibHOM ·HanpaBrreHHH TaK)Ke paBH0 Mettee 0,1 CeK npn: 
OTHOCHTeJihHOM Ha'IaJibH0M pa36poce HMnyJibCOB 2* 10·3 H ero 
paBH0BeCH0M 3Ha11eHHH 2* 104 (Pnc.13). 

~OCTHrHYTbie BpeMeHa 0XJia)K,ll;eHH.H HOHOB CBHHQa MeHbme, qeM 3T0 
paCCMOTpeH0 B npoe:r-.,-e LHC. 3aMemM, 'ITO HHTeHCHBH0CTb HOHHOro 
IIyqKa a HaCT0HIQee BpeM.H HH)Ke B 10-100 pa3, qeM npoeKTHa.H BerrH'IUHa 
HHTettcnattociu:, nocKOJibKY pe)KIIM MHoroo6opomoii HH)KeKQHH n 
CTeKn:poBaHII.H HOHOB B cryCTKH B HaCT0.HIQee BpeM.H eme He pearrH30BaH. 

~eTa.JThHbie HCCJie,D;0BaHHH BpeMeHH OXJia)K,ll;eHII.H HOH0B CBHHQa .l1.JI.H 
pa3JIH'IHOH 0IITHKH LEAR npnBe,l),eHhI B §7 .2. OnTHMaJibHOH .l1.JI.H 
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OXJia)K)J;eHIDI HOHOB CBHHQa .HBIDH!TC.ll OilTHKa c 6era- qlyHKQHett n ceKQHH 
oxna)K,ZJ,eHIDI nop.H,[(Ka J3 ::::: 5 M. 

8 0.141 

~ 0.12 T 
A f 0.1 .. 

f '" j I. 

§ 0.06 II 

8. A II 8 0.04 
II I 0.0: t A 

• II • • • 
0 . 50 100 150 200 250 

l'OKIIY'tka,MA 

Pnc.12 3aBHCHMOCTb o6paTHOro 
notton cnnttu;a Pb54+ OT TOKa 
pe)KIIMOB onTIIKH LEAR 

Ap/p, 1 0e-3 
1,4 

A 

l ♦ OOTHKa4 II 
IIDnTHKa1 
Aonrn1<a7 

• 

300 350 

npeMeHII OXJia)K,ZJ,eHII.H 
rryqKa ,wm pa3nnqHblX 

... 

50 100 150 

't, MC8K 

Pnc.13. 3aBHCIIMOCTb rrpo.n;onhHOro llMIIyITbca IIOHOB 
cnnttu;a Pb+54 OT npeMeHn. 1=120 MA. 

C-ran.n;ap-rHhltt QHKIT pa6oThl LEAR B rrpoeKTe LHCrro oxrra)KJ];eHHIO, 
HaKorrneHIIIO H ycKopeHIIIO noH0B canttu;a .n;on)KeH coCTaBIT.HTh 3,5 ceK. B 
CB.H3ll C 3TIIM, BpeM.H )KII3HII HOHOB CBHHQa B HaKOIIHTene ,n;OIT)KHO 6h1Tb 
cym;eCTBeHHO BhlIIIe, qeM ,n;ITHTenbHOCTb QHKITa. . 3KcrrepuMeHTbl no 
H3MepeHHIO BpeMeHH )KH3HH HOHOB rrpe,n;craaneHbl B §7 .3. BpeM.H )KH3HH 
HOHOB cnuttu;a B 3HaquTeITbHOH Mepe orrpe.n;emerc.a ux peKoM6uttau;ueii c 
3ITeKTpOHaMH rryqKa. AHOMaITbHO BbICOKHH K03qlqlHQIIeHT peKOM6HHaQHH 
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3aperHCTpttponaH .n;n.a HOHOB Pb53+. Ott B 30 pa3 npeai,nuaer pacqerttoe 
3HaqeHtte. Ko3qlqlHQHeHT peKoM6HHaQHH .n;n.a HOHOB· Pb52+, Pb54+, Pb55+ B 
5-6 pa3 HH)Ke, B pe3yIThTaTe apeM.H )KJI3HH HOHOB CBHHQa M.H HHX 
COCTaBmleT . OKOITO 15 CeK, qTo BnonHe rrpneMITHMO ,wm npoeKTa 
LHC.Hccne.n;onatturo npeMeHn oxrra)l(J].ettn.a noHoB cBHHQa 
HeHTpaITH30BaHHhIMH 3ITeKTpOHHbIMH nyqKaMH nOCB.Hll{eH §7.4. 3.n;ecb 
IlOKa3aHO, qTo npn "qacrnqHOM BbIKnroqeHnn" npoCTpaHCTBeHHOrO 3ap.a.n;a 
nyqKa npeM.a oxrra)K,ZJ,eHH.H cHtt)Kacrc.a. TaK, npn oxrra)l(J].eHnn qacrnqHo 
He11-rpanH30BaHHbIM 3ITeKTpOHHbIM nyqKOM C TOKOM 150 MA, BpeM.H 
oxna)l(J].eHH.ll 61,mo CHH)KeHO B 1,5-2 pa3a n COCTaBHITO Mettee 0,2 ceK. 

B 3aKJIIOlfeHHH npttBe,n;eHbl OCHOBHhie pe3yIThTaTbl .n;nccepTaQHOHHOH 
pa60TbI' BbIHOCHMbie Ha 3aID;HTy: 

I. Bnepnhie pa3pa6oTaH MeTO,n; cJ>opMnpoBaHH.ll HHTeHCHBHOro 
nrnpoKoarrepTypHoro nyqKa 3neKTpOHOB C MaITbIM yrnoBhIM H 
3HeprcrnqecKHM pa36pocoM a .n;naha3oHe 3Hepmii 2-30 K3B, TOKOB O,Ol-
3A, nepaeattcon 0, 1-5 µA/B312 , ncnon1,3yeMor_o .n;n.a 61,1c-rporo oxna)l(J].ettn.a 
HOHHblX nyqKOB C BhICOKHM HaqanhHblM 3MHTTaHCOM B HaKOilHTemx. 

2. C03,n;aHa H BBe,n;eHa B .n;eiicrnne, Ha OCHOBe pa3pa60TaHHOro MeTO,n;a, 
3ITeKTpOHH0 - OilTJiqecKa.H CHCTeMa 3ITeKTp0HHoro oxna)l(J].eHH.H 
aHnmpoTOHHoro HaKonnTen.a LEAR n ·CERN, no3aonnnIIIa.a 
HCilOITh30BaTh 3TOT MeTO,n; oxna)K,ZJ,eHH.H B KaqeCTBe IIITaTHOH onepaQHH npn 
pa6oTe ua 3KcnepnMeHT no qlH3HKe aHnmpoTOHOB a 1991_-1996 r.r .. 

3. B YKa3aHHOM .n;na~a3oHe napaMCTp0B i-Iaii,n;eHhl HOBhie ¢U3HlfeCKHe 
pernemrn, peanH30BaHHhle npu C03.n;aHHH OCH0BHbIX 3ITeMeHTOB CHCTeMhl 
3ITeKTpOHHOro OXJia)K,n;euu.a HOBoro IlOKOITeHH.H, H npn pa3BHTHH MeT0,/J;OB 
.n;uarHOCTHKH 3ITeKTpOHHbIX nyqKoB: 

3.1 illupoKoanepTypHa.H 3ITeKTpOHHa.H riyrnKa C a.n;na6aTH'leCKOH 
OOTHKOH H ynpaameMhIM nepneaHCOM 0,125-5 µA/B312, TOKOM nylfKa 
O,Ol-3A, .n;naMCTpOM nyqKa 50 MM, 3Hepmeii 3ITeKTp0HOB 2-30 K3B. 

3.2 KonneKTOp 3ITeKTPOHOB C OTHOCHTeITbHbIM TOKOM noTepb I 0-4-I0-5' 
nepseaHcOM .n;o . 20 µA/B312, npe.n;tta3uaqeHHhIH .n;n.a peKynepaQnn 
HHTeHC_HBHbIX IllffpOKOanepTypHbIX nyqK0B. 

3.3 Mcro,n;bI H YCTpOHCTBa ;i,narHOCTHKH napaMCTpOB 3ITeKTpOHHOrO 
nyqKa: onTnqecKHH H 3HeprcrnqeCKHH aHanH3aTOpbI. 

4. Pa3BHT MeTO.n; q)opr.mpoaaHH.ll HeHTpaITH30BaHHOro HHTeHCHBHOro 
nyqKa JneKTpOHOB n aaKyyMe .n;o I 0-11 Topp. 

4.1 Co3.zi.aua cncreMa ueii-rpanu3aQnn npoc-rpattcrneimoro 3ap.a.n;a 
JneKTp0HHoro nyqKa Ha uaKonnTene LEAR. 

4.2 Pa3pa60Tatt1,1 n pa3BHTbI MeT0,/J;bI .nnaruoCTHKH uettTpaJIH3onauttoro 
nyqKa: .n;uarHOCTHqecKHH 3ITeKTpOHHhlH nyqoK, BpeM.H - nponeTHblH Mero.n;, 
oxna)K,ZJ,eHHhIH HOHHhIH nyqoK. 

4.3. Bnepa1,1e 3KcnepnMettTanbHO uccne.n;oaaHa ueii-rpamnaQ1rn 
npoc-rpaHCTBeHH0ro 3ap.a.n;a IIIHpOKOanepTypHoro 3JleKTpOHHOro nyqKa 
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npH ynhrpaBhICOKOM aaKyyMe 10·11 Topp. TTonyqeHhI tteiirpanmoaaHHhie 
3JieKTpOHHbie nyqKH c 3tteprneu 3JieKTpoHoB 2,5- 27 K3B, TOKOM 0,03- I ,SA, 
nepaeaHCOM 0,35-0,6 µA/B 312 co creneHhIO HeiirpaJIH3aQHlf ri=0,75-0,95. 

4.4. BnepBbie pa3pa6oTaHhl If peanmoBaHhl aKTHBHhie MeTOJJ;bl 
IlO.[(aBJieHHH nyqKOBO-.[(pettq>OBOH HeycroiJqlfBOCTH, Il03B0JISIIOIQHe 
IlO.[(HHTb B 2-4 pa3a noporoBbIU TOK nyqKa: oqlfCTKa BTOpHqHbIX 
3JieKTpOHOB cneQHaJibHbIMlf 3JieKTpO,[(aMH, HarpeB HOHOB B nonepeqHoM 
BblCOKoqaCTOTHOM none, B036y)KJ].eHJie npO.[(OJibHbIX KOJie6aHHU nyqKa 
npH npO.[(OJibHOU MO.[(yJISIQHH ero TOKa. TTonyqeHbI CTa6HJibHhie 
HeUTpaJIH30BaHHhie nyqKif C 3Heprtteu 3JieKTpOHOB. 2.5 K3B, TOKOM 0.3 A, 
.[(HaMerpOM 50 MM, nepaeaHCOM 2.5 µNB 312 ' co CTeneHbIO HeUTpaJIH3aQHH 
ri=0,4 ( LEAR) H nyqKH c 3Heprneu 3JieKrpottoa 2.5 K3B, TOKOM 0.5 A, 
.[(HaMerpOM 30 MM, nepaeaHCOM 4 µNB312 , co CTeneHbIO ttenrpanmaQHH 
T)=0,6 (CTeH.[(). 

4.5.Bhl.[(eJieHhl II HCCJie,[(OBaHhl OCHOBHhie MexaHH3Mbl H YCJIOBHH, 
onpe.[(eJISJIOIQHe np0Qecch1 HeurpanmaQHH H ycrouquaoCTH 
nrnpoKoanepTypHbIX 3JieKTJ)OHHbIX nyqKOB B yCJIOBHHX YJihTpaBhICOKOro 
BaKyyMa 10·9-10·11 Topp. TTocrpoetta o6IQasi KapTHHa npoQeccoa 
HenrpanmaQHH If ycronqHBOCTH If IlOKa3aHO, qTo pa3H006pa3He 
pe3yJibTaTOB, nonyqeHHblX B 3KCnepHMeHTax, MO)KeT 6bITb OilHCaHO B 
paMKax e.[(HHhlX npe.[(CTaBJieHHU. 

5. MeTO,[(bl, npe.[(CTaBJieHHbie a (n.3-4), peanmoBaHbl a CHCTeMe 
3JieKTpOHHoro oxna)K,[(ettmi HaKonttTeJISJ LEAR nptt oxna)KJ].eHHH riyqKoB 
aHTHilpOTOHOB, npOTOHOB H HOHOB CBHHQa HHTeHCHBHbIMH 
nrnpoKoanepTypHbIMH nyqKaMH 3JieKTpOHOB C nepaeaHCOM ,[(O 3 µA/B312 : 
TTptt oxna)KJ].eHHH ttouoa CBHHQa Pb52+ - Pb55+ c 3Heprneii 4,2 M3B/u, 
rpe6yeMhIX MH LHC, nonyqetto apeMH oxna)K,[(eHHSJ B npo.[(OJihHOM 
uanpaaneHHH 80 MCeK, a nonepeqHoM - Meueel00 MCeK. 

OcHOBHhie pe3yJihTaTbI ,[(HCCepTaQHOHHOU pa60Tbl ony6JIHKOBaHhl B 
pa6ornx: 
I. Bosser J.,, Ley R., Tranquille G., Bykovsky V., Funtikov V., Meshkov I.; 

Poljakov V., Rogosin A., Selesnev I., Sinitsky V., Smimov A., Syresin E. 
The new electron beam collector for LEAR. Proc. Workshop Electron 
Cooling and New Cooling Techniques, Italy, 1990 

2. Eoccep )K., obIKOBCKHH B.<I>., Jleii P., MellIKOB M.H.,. TToJIHKOB B.H., 
Poro3uu A.H., CeneJHeB M.A., CnHHQKHn B.E., CMnpHOB A.B., 
CbipecHH E. M., TpaHKBHJib )K., <l>yHTHKOB B.IT. HOBbIH KOJIJieKTop ,[(JISl 
3JieKrpouttoro oxna)K)J.eHHH JIMP. TTpenpHHT USl<I> CO AH CCCP 91-
25, Hosoctt6ttpcK, 1991 

3. Oganessian Yu. Ts., Malyshev O.N., Meshkov I. N., Parkhomchuk V.V., 
Pororny P. , Sery A.A., Stepantsov S. V., Syresin E. M., Ter-Akopian G. 

22 

M., Timakov V.A. The project of the heavy ion storage ring complex K4-
K10 an possibility of producing storing and cooling radioactive ion 
beams. Zeitshrift fur Physika A. Hadron and Nuclei, 1992, V.341,p.217 

4. Bosser J., Tranquille G., Meshkov I., Poljakov V., Seleznev I., Smimov 
A., Syresin E., Zapunjako A. Project for a Variable Current Electron Gun 
for The LEAR Electron Cooler. Preprint CERN/PS 92-03 (AR), Geneva, 
Switzerland, 1992. 

5. 3anyHHKO A.M., MellIKOB M.H., floJIHKOB B.H., CeneJHeB M.A., 
CMttpHOB A.B., Cbipecutt E.M.; Eoccep )I<., TpaHKBHJib )I<. 
3JieKTpOHHaSI nyllIKa c peryJIHpyeMhIM TOKOM nyqKa .[(JISl CHCTeMbl 
3JieKTpOHHOf'O OXJia)KJ].eHHSI HaKOilHTeJISJ LEAR. flpenpttirr l1HCTHTyra 
si.u;epuou q>H3HKH CO PAH 92-40, Hoaoctt6ttpcK, 1992. 

6. ArnrneB C.A., ohIKOBCKHU B.<I>., 3aBpa)KHOB M.A., 3anyttHKo A.M., 
JianHK P.M., MernKOB M.H., flaBJIOB C.H., flapxoMqYK B.B, floJIHKOB 
B.H., CeneJuea M.A., CMHpHOB A.B., Cb1pecttH E.M. CttCTeMa . 
3JieKTpounoro oxna)KJ].euusi KOMnneKca K4-Kl0. B Kn. "HaKonHTenbHhIU 
KOMilJieKC TSJ)KeJibIX HOHOB K4-K10", ~y6Ha, 1992 r., c.87-99. 

7. Malyshev O.N., Oganessian Yu.Ts., Rodin A.M., Sidorchuk SJ., Sokol 
Ye. A., Stepantsov S. V., Ter-Akopian Q. M., Timakov V.A., V.I., 
Parkhomchuk V. V., Sery A.A., Shiltsev V.D., Meshkov I.N., Syresin E. 
M., Belov V.P., Makarov A.A., Shuckeylo I.A., Severgin Yu.P., Tarovik 
M.N. Structure and main functions ofK4-KlO storage ring c.omplex K4-
KIO storage ring complex for heavy ions, P9-92-15,Dubna, 1992. 

8. Golubev V., Meshkov I., Poljakov V., Seleznev I., Smimov A., Syresin E. 
The Optical Analysis of The Electron Beam Temperature: Workshop on 
Beam Cooling and Related Topics, 1993, Montreux, Switzerland, 
p.159-163. 

9. Lapik R., Meshkov I., Mozgunov V., Poljakov V., Seleznev ·1., Smimov 
A., SyresiiJ. E., Zavrazhnov M., Bosser J., Tranquille G. The 
Measurement of Transversal and Longitudinal Velocities of an Electron 
Beam. Workshop on Beam Cooling and Related Topics, 1993, Montreux, 
Switzerland, p.164-168. 

IO.Bosser J., Caspers F., Chanel M., Ley R., Maccaferri R., Maury S., 
Meshkov I.,.Mohl D., Molinary G., Syresin E., Tranquille G., Varenne F. 
Neutralisation and servo-system on the LEAR electron cooler. Proc. 
Beam cooling and related topics, Montreux, Switzerland,1993, p.175 

11.Gorshkov V.A., Malyshev O.N., Oganessian Yu.Ts. Popeko G.S., Rodin 
A. M., Sarantsev V. P., Sidorchuk S.I., Sokol Ye. A., Stepantsov S. V., 
Ter-Akopian G. M., Timakov V.A. , Averbukh I.I., Cherepanov V.P., 
Dementiev Ye. N ., Kalinin A.M., Kudelainen V.I., Parkhomchuk V. V., 
Scrynsky A.N., Zelenin A.M., Byckovsky V.F., Lapik R.M., Meshkov 
I.N., Syresin E. M., Belov V.P., Makarov A.A., Shuckeylo I.A., Severgin 
Yu.P., Tarovik M.N. K4-Kl0 Project. TREBLe: two rings exotic beam 

23 



laboratory. Proc. Beam cooling and related topics, Montreux, 
Switzerland,1993, p.422 

12.Bosser J., Ley R., Tranquille G., ., Meshkov I., Poljakov V., Seleznev I., 
Smirnov A., Syresin E., Zapunjako A. The first results of electron cooling 
at LEAR with the variable current electron gun. Proc. Beam cooling and 
related topics, Montreux, Switzerland,1993, p.169 

13.Jiarnrn: P.M., MernKOB 11.H., TToIDIKOB B.H., Cene3HeB 11.A., CMHpHoB 
A.B., CbipecHH E.M., Eoccep )K., Jleii P., TpaHKBHJih )K_ 3neKTpOHHa5I 
nyrnKa C peryJIHpyeMhIM TOKOM. CTeH)J,OBhie HCilhITaHml H nepBbie 
3KcnepHMeHThI. TTpenpHHT I1HCTHTYTa 51,Il;epHOll q>H3HKH co PAH 
93-78, HoBocn6npcK, 1993. 

14.CTynaKOB r.B., Cb1pecnH E.M: <l>opMHpoBaHne o6naKa 
ocu;ummpyrom,nx 3JieKTpOHOB B ,Il;IIO,Il;e C TOHKOU aHO,Il;HOU q>OJihrOii. 
<l>n3HKa TTJia3MhI, 1986, T.12, NI 

15.Bosser J., Meshkov I., Mohl D., Parkhomchuk V., Syresin E., 
Tranquille G. Neutralisation of the LEAR-ECOOL electron beam space 
charge. CERN PS/AR Note 93-08, 1993 

16.3aBpa)KHOB M.A., Jlarnrn: P.M., MernKOB 11.H., TTonlIKOB B.H., 
Cene3HeB 11.A., Cl\rnpHoB A.B., ChlpecnH E.M., Eoccep )K., TpaHKBIIJih 
)K_ l13MepeHHe nonepe•rnoii 3Heprnn 3JieKTpOHOB B HHTeHCHBHhIX 
xorro,Il;HhIX nyqKax. TTpenpnHT I1HCTIITJTa 51,Il;epttoii q>H3HKH CO PAH 93-
103; HoBocn6npcK, 1993. 

17.MernKOB 11.H., TToIDIKOB B.H., Cene3HeB 11.A., CMHpHOB A.B., 
ChrpeCHH E.M. KoJIJieKTop THna U:IIJIHH,Il;pa <l>apa,Il;elI c 
rpaHcnopTnpoBoqHhIM 3JieKTpO.D:OM. TTpenpHHT 1151<1> CO AH CCCP 
93-79, HoBOCH6upcK. -

18.Agishev S.A., Bykovsky V.F., Meshkov I.N., Parkhomchuk V.V., 
Poljakov V.N., Seleznev I.A., Smirnov A.V., Syresin E.M., Zapunyako 
A.M., Zavraznov A.M. -Electron cooling system of the K4-KIO complex. 
Heavy ion Physics Scientific report 1991-1992, JINR Dubna: 1992,E7-93-
57,Dubna. 1993, p.311 

19.Malyshev O.N., Oganessian Yu.Ts., Rodin A.M., Sidorchuk S.I., Sokol 
Ye. A., Stepantsov S. V., Ter-Akopian G. M., Timakov V.A., VJ., 
Parkhomchuk V. V., Sery A.A., Shiltsev V.D., Meshkov I.N., Syresin E. 
M., Belov V.P., Makarov A.A.; Shuckeylo I.A., Severgin Yu.P., Tarovik 
M.N. Present ·status and future dev~lopment of the K4-KIO Heavy ion 
Storage ring Complex Heavy ion physics. Scientific report 1991-1992. E7-
93-57, Dubnal993, p.303, 

20.Gorshkov V.A., Malyshev O.N., Oganessian Yu.Ts., Popeko G.S., 
Rodin A. M., Sagaidak R.N., Sarantsev V. P., Sidorchuk SJ., Sokol Ye. 
A., Stepantsov S. V., Ter-Akopian G'. M., Timakov V.A., Averbukh I.I., 
Cherepanov V.P., Dementiev Ye. N., Kalinin A.M., Kudelainen V.1., 
Parkhomchuk V; V., Skrynsky A.N., Zelenin A.M., Byckovsky V.F., 
Lapik R.M., Meshkov I.N., Syresin E. M., Belov V.P., Makarov A.A., 

24 

Shuckeylo I.A., Severgin Yu.P., Tarovik M.N. K4-Kl0 Project. TREBLe: 
two rings exotic beam laboratory. Proc. Inter. School - seminar on heavy 
ion physics, Dubna, 1993, vol.2, p.417 

21.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.I, p.1211-1213. 

22.Malyshev O.N., Meshkov I.N., Oganessian Yu.Ts., Rodin A.M., 
Sidorchuk S.I., Sokol Ye. A., Stepantsov S. V., Syresin E. M., Ter
Akopian G. M., Timakov V.A .. One ring mode of the storage ring 
complex K4-Kl0. Proc. EPAC. London, 1994, vol.I, p.52 

23.ohIKOBCKHH B.<l>., JlanHK P.M , MellIKOB 11.H., ITom1KoB B.H., 
Cl\rnpttoB A.B., CTenallIKHH O.r., Chrpec1rn E.M., Eoccep )K., Jieii P., 
TpaHKBHJih )K_ Pa3BHTHe. TeXHHKH 3JieKTpOHHOro OXJia)K,Il;eHHlI. Tpy,Il;hl 
14-oro coBem,aHHlI no ycKopnTeJilIM. ITpoTBHHO, 1994, T. l, c.5. 

24.Malyshev O.N., Meshkov. I.N., Oganessian Yu.Ts., Rodin A. M., 
Sarantsev V. P., Sidorchuk S.I., Stepantsoy S. V., Syresin E. M., Ter
Akopian' G. M., Timakov V.A., Parkhomchuk V. V., Skrynsky A.N. K4-
Kl0 Project. TREBLe: two rings exotic beam laboratory. Proc.II Inter. 
Symp. on nuclear physics and storage rings. S.Petersburg, 1994 

25.Syresin E. Comments about November 94 LEAR experiments and CAPT 
Test Bench experiments. CERN/PS/AR Note 94-24, Geneva, Switzerland, 
1994 . 

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

27.Bosser J., Lapik R., Ley R., Meshkov I., Poljakov V., Seleznev I., 
Smimov A., Syresin E., Tranquille G., Zapunjako A., Zavrazhnov M. 
The 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. 

28.Bosser J., Mauri S., Meshkov I., Mo.hi D., Mustafin E., Syresin E., 
Varenne F., Zenkevich P. Stability condition for a neutralised electron 
cooling beam. Proc. PAC. Dallas, USA, 1995, CERN/PS/AR 95-18 

29.Bosser J., Ley R., Molinari G., Tranquille G., Varenne F., Meshkov I., 
Poljakov V., Smimov A., Syresin E. Electron Cooling With Neutralised 
Electron Beams. Heavy ion physics. Scintific report 1993-1994 of 
FLN .Dubna, 1995 

30.E. Syresin The secondary electron in the electron cooling system. 
CERN/PS/AR Note 95-14, 1995 

31.Bosser J., Korotaev Y., Ley R., Maccaferri R., Meshkov I., Molinary G., 
Smimov A., Syresin E., Tranquille G., Varenne F. The experimental 

25 



study of. the electron beam neutralisation. The 11 th International 
Advanced ICFA Beam Dynamics Workshop on Beam Cooling & 
InstabilityDamping. p.14 Dubna, 1996 

32.Baird S., Bosser J., Carli C., Chanel M., Ley·R., Maccaferri R., Maury 
S., Meshkov I., Mohl D., Molinary G., Syresin E., Tranquille G., 
Varenne F. Injection, Storage and Cooling Test of Pb53+,54+ and 55+ Ions in 
LEAR. Geneva, 1996. Preprint/ CERN/PS/AR/Note 96-08. 

33.Meshkov I., Mustafin E., Syresin E., Zenkevich P. Stationary parameters 
of neutralised electron cooling system; The 11 th International Advanced 
ICFA Beam Dynamics Workshop on Beam Cooling & Instability 
Damping. Dubna, p.15 , I 996 

34.Kopornes IO. B., MernKOB 11. H., TTerpoB A. JI., CMHpHOB A.B., 
Cb1pecHH E.M., 6occep )I(., Jieii P., TpaHKBHJih )I(. Mero,l],hI no,ll,aBrreHHH 
nyqKOBO ,ll,peiiq>OBOH HeycroiiqnBOCTH B HettTpaJIH30BaHHOM 
:meKTpOHHOM nyqKe. xv CoBern:aHHe no YCK0pHTeJI51M 3apH)KeHHhIX 
qacrmi:, c.64. TTpoTBHHO, 1996 

35.Baird S., Bosser J ., Broere J ., Carli C., Chanel M., Ley R., Lombardi A., 
Maccaferri R., Maury S., Meshkov I., Mohl D., Molinary G., Mulder H., 
Syresin E., Tanake E.; Tranquille G., Varenne F., Recent results on lead
ion ·accumulation in LEAR for the LHC. The 11 th International 
Advanced ICFA Beam Dynamics Workshop on Beam Cooling & 
Instability Damping. Dubna, p.21 ,1996, Preprint/CERN- PS/97-03, 1997 

36.Caspers F., Korotaev Y., Meshkov I., Petrov A., Rao Y., Smirnov A., 
Syresin E., Varenne V., Yang X. Diagnostics of the neutralised beam on 
the JINR test bench. The 11 th International Advanced ICF A Beam 
Dynamics Workshop on Beam Cooling & Instability Damping. Dubna, 
1996 . . 

37.Bosser J., Korotaev Y., Ley R., Maccaferri R., Meshkov I., Moehl D., 
Molinary G., Smirnov A., Syresin E., Tranquille G., Varenne F. The 
active methods of instability suppression in a neutralised electron beam. 
The l l th International Advanced ICFA Beam Dynamics Workshop on 
Beam Cooling & Instability Damping. p.15 Dubna, 1996 

38.Syresin E. The parameters of the secondary electrons in the electron 
cooling system. The 11 th International Advanced ICFA Beam Dynamics· 
Workshop onBeam Cooling &Instability Damping. p.16 Dubna, 1996 

39.Bosser J., Korotaev Y.; Ley R., Maccaferri R., Meshkov I., Molinary 
G., Smirnov A., Syresin E., Tranquille G., Varenne F. The Experimental 
Study of the Neutralised Electron Beam for Electron Cooling.5th EPAC, 
p.l I 93, Barselona, Spain, I 996 

PyKonHCb nocTynHJia B H3JlaTeJibCKHtt OTJICJI 
25 MapTa 1997 ro11a. 

26 


