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OEIJJ.A51 XAPAKTEPMCTMKA PAEOTbl 

Aicryam,HOCTL TCMLI. IlpHMe11eu11e HUK0llHTenbHblX ,· Koneu TSI)Kenb!X 

3ap»)KCHHblX 'IUCTHU - np0T0H0B, UHTH11p0T0H0B, H0H0B HrpaCT a' HaCT0JU~ee _ 

BpeMH ~U)KH}'IO ponb B 3KCnepH,MCHTanbHblX ttCCilC,llOBUHHSIX B »,nepH0H 11 

aTOMHOH cpm111<e, qi11J111<e 3neMeHTapHhIX 9acr11Q. TT1m 3T0M orpoMHOe JHatJeH11e 

111\leeT Ka'!CCTB0 nonytJaCMbIX_B HUKOllHTen»X ny'IKOB. Tpe60BUHl1R KUK MO:>KH0 

6onee Hli3KOH TeMnepaTypbl 11 BbICOKOH HHTeHCHBHOCTl1 no_cnC,llHHX ,uano T0illJ0K 

pa3B11Tl1IO MCT0,ll0B, oxna)K)];CHml 3ap»)KCHHblX 'IUCTHU H, B 'IUCTH0CTH, MeTo.z:ia 

3ne1<Tp0HHoro oxna)K,ueli11si. IIpe.nno)KeHHbIH r.II.Ey,n1<epoM eme a 1966 ro):{y 

Meio.n 3ne1<Tp0Huoro oxna?J(.nemrn, c 1<0Hua 80-x ro.no:s cTaH0BHTC» 'Ha116onee 

3Ha•IHMblM cpe,uCTBOM cpopMHpOBUHHSI ll HaKonneHl151. ny<iKOB 3ap,1)KCHHbIX 

'IUCTl1U C 6onbllIOH pn0TH0CTblO npocTpaHCTBCHHOrO 3ap~,na: MeTO,A 1103:SORSICT. 

C03.llUTb B ny'IKC TSl)l(Cllb!X ll0H0B 3q>q>eKTHBHOC TpeHHe,' yMeHbIIIa!Oniee. ero 1 

cpa30Bblii o6beM (31\fHTTUHC) .H pa36poc ero 'IUCT11U 110 3HeprnH. ·11,ueH MCTO,na 

3IleKTpOHH0fO oxna)K)];CHl1SI 3UKillO'IUCTCSI .B cJie)];yIOIIICM. Henocpe,nCTBCHHO Ha 
' \ .... . - ' . ',· : ,· . ..,. -:- " ' { ..,. 

np»Mon11ttel1H0M Y'l_UCTKC .HUK0IIHTensi C03,UaeTCSI l1HTeHCHBHblll 3neKTp0HHblll 

nytJoK, 06na.na10m11ii ManbIM pa36,pocoM nonepetJHbIX CKopocTett, a'' cpe,nH11'e 

c1<opoci11 ttouoa 11 3neKTpouoa Bb1611pa10Tc» paBHhIM11'. TTp11 KynoHOBCKOM 

B3aiJMo,neiiCTBl1l1 'IUCTHU np0HCXO.llHT Bb!paBHHBaH11e TCMnepaTyp , H0H0B H 

X0JIO,llHblX .. 3~CKTpOHOB, B pe3ynbTaTe tJero HOHHblH IIY'I0K 'c:>i<~MaCTC:51 H 

M0HoxpoMarn3npyeTc». TTp11 3T0M cymecrneHHble Tpe6oaa1msi npe.ni»BIDIIOTC» K 

pa6otJHM napaMeTpaM 3neKTp0HHoro nytJKa. ,nm, 6onee 3cpcpeKTl1BHOro 

oxna)K.lleHHSI ,pe6y10Tc» M0H03Heprn'!HbIC 3neKrpoHHbie ny'IKH c npe~e.rrbHOH 

nnornocTblO. ToKa n MHHnManbHOtt nonepetJHott -reM~epaTypott. Ilo3TOMY 

ueHTpanbHOH npo6neMOH B MeT0,ne 3neKTp~HHOro oxna)K.lleHHSI, onpe.ne~romett 

0,llH0 H3 ero HanpaBnCHHH pa3~HTHSI, S!Bn»CTCSI !pOpMttpPBUHHe xcino,n;Horo· 

3IlCKTpOHH0ro nytJKa B:b!COKOH HHTCHCHBH0CTH. B CB0IO O'lepe,nb Tt!MnepaTypa 

3neripoHOB cymecTBCHHO 3UBHCHT OT cnoco6a cpopMnpoaaHmi 3TICKTpOHJIOro 

ny'!Ka 11 CBOHCTB Bbi6paHHOH Ol1T11'1eCK0H CHCTCMbl. B nociie,nHee BpCMH nptt .. 
110CTpoeHl1H HCT0'IHHK0B 3ne1<Tp0H0B" HC110Ilb3YIOT TUK HU3b!BUCMYIO 

a,u11a6aTtt'ICCKYIO cxeMy 
·. \ 

ycKopeHH», Kor.na HatJanbHoe qiop1,mpoaaH11e 

3nCKTp0HH0ro nytJKa npo113ao.nuTc» B 3neKTpOHHbIX nyIIIKUX C 

3nCKTp0CTUTH'leCKHM ycKopeHHCM 110)]; ,llCHCTBHCM MC,nnCHHO MeHSIIOIIICHC,I Cllllbl. 

,l.\n» Bbm0nHeHH» ycnoansi a.n11a6an1tJHOCTH MaCIIITa6 HJMeHemrn KOMIIOHCHT 

,·:::~~~it;~:i~: -l 
___ .,,. ....,_rt;:;...:::~, .. ,"1',,, -
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:meKTpll'-IeCKOrO nom1 ,[(OJDKeH 6b!Th ropa3,[(0 6onbIIIe ,[(JIHHbl napMopOBCKOH 

CnHpaJIH :3JieKrpOHHOii: TpaeKTOpHH. TipH onn-IManbHOM Bb16ope, rem.1eTp1m 

:meKTpOHHOH nyIIIKH nonepeqHaH CKOpOCTb :meKTpOHOB, onpe.[(enHeMaH 

OnTJIKOii: nyIIIKII, MHOro MeHbIIIe .[(peii:qJOBOii: CKOpocrn, .. xapaKTepHOH ,[(JIH 

'.'3apm1<eHHoro" nyqKa, .[(BIIiKYlllerocH B conpoBo)K,[(aromeM MarHHTHOM none. 

. TaKJIM o6pa30M, . ~lOCTpoeHJie :meKTp0HHO-OnTJiqecKH2' , ycTpOiiCTB_. 

n03B0JIHIOll{IIX n013blCIITb 3<p<peKTIIBHOCTb MeTo,na 3neKTPOHHOrO oxna,K,[(eHHH H 

paCIIIIIPIITb, o6naCTh ero npIIMe~eHIIH, HBmieTCSI. aKTYaJibHOH TeMOH, _<pHJJiqecKliX 

IICCne,[(OBaHJiii:, 

C03,[(aHJie :meKTpOHHblX nyIIIeK HOBOrO nOKOneHHH noTpe6oBano 
' . ' . . , ! , 

O,D.HOBpeMeHHOro pa3BIITIIH MeTO,[(IIK II3MepeHIIH.TeMnepaTypbl :meKTp0H0B. TipII 
,-- ; - ~ . 

3T0M BblCOKaSI IIHTeHCIIBHOCTb ,3neKTp0HHblX nyqK0B Tpe6yeT pa3DIITHH paHee 

II3B~CTHbIX II C03,[(aHIIe; H0BbIX cnoco6oB II3MepeHJIH. CoOTBeTCTBYIOlllIIe ' 

pa3pa90TKII no pa3DIITIIIO -~IIarnocTJIKII IIHTeHCIIBHblX 3neKTp0HHblX nyqKQB 

. TaK)Ke C0CTaBIInH 'laCTb ,[(aHHOH pa6_oTbl. 

OcuOBULie U,eJIH pa60Tbl. Pa6oTa. n0CBHll{eHa Ja,[(aqaM C03,[(aHHH 

3neKrp0HHbIX nyIIIeK HOB0ro; n0K0neHJIH II IIJyqeHIIH MeT0,[(0B H3MepeHJIH IIX 

3neKTpOHH0.._::OnTJil'-IecKJIX xapaKTepHCTIIK II IIMena cne.nyromHe rn,aBHbie uenJI: 

I .CoJ.[(amrn amrn6aTIIqecKoii: 3neKTpOHHOH nyIIIKII MH CIICTeMbI 

3ne1np?HHOrO OXJia)K,[(eHJI~ HaK0nIITensi LEAR (QEPH) (pile. I), n03BOnHK>ll{ett 

nonyqaTb _ 11yqKJI 3neKTp0H0B C II3Mettsie~bIM nepBeaHC0M B ,[(IIana3oHe .[(0; 5 

µA/B312, qrn B W ·pa3 npeBhIIIIaeT npe,KHe~ 3Haqem1e; c 3~eprneii 2.5+30 K3B, 

TOKOM ,[(0 3 A II_ C TeMnepaTypoii 3neKTp0H0B MeHee 0:3 3B B 0THOCHTeJibH0. 

HII3K0M MarnHTHOM none (;:i;o_ 600rc). 

2.Pa3pa6oTKa ripoeKia 3neKTp0HHoii nyiuKn .[(JlH cHcTeMbI 3neKTp0HHor6 

oxna)K,[(eH~H yc~op~TeJihHO-H~KonnTeJibHoro KOMnn~Kca K 4-K IO '(pnc.2) .. · 

3.PaJBIITHe . MeTO,[(HK H3MepeHHSI nonepeqHOH . CK0p0CTH_ . qaCTHll B 

HHTeHCIIBHOM 3neKTpOHHOM nyqKe C pa3peIIIaromeii cnoco6HOCTbIO no yrnoBoMy 

· p~36pocy 3neKTP()HOB 2' Mpa.[(; · .,, 

4.Tiony9eHne C nOMOll{bIO pa3pa6ornmioii 3neKTpOHHOH nyIII1(11. 

· 3<p<peKTHBHOrO OXJia)K,[(eHiiSI aHTIInp0TOHOB H H0HOB CBHHl{a. B pa6oqeM. 
'.,, ,· . . ' - ,, 

,[(Hana30He napaMeTp0B_HaKonnTeJIH LEAR_ (QEPH). 
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Pnc. l .KoHCTPYKllHH 3neKTpOHH?ii nyI,UK~ LEAR. r - cpoKycIIpyroiunii 3neKTpo.[(, 

2 - ynpaBnSIIOll{HH 3ne1apo,[(, 3 - aH0,[(, 4 - 13blCOKOB0nbTHbie 

MeTannoKepaMHtlecKne HJOnsnophl, 5_ - KaToi o - Hacoc_ ;IIna :,HepacnhlnHeMblii 

rerrep". 

2 0 50 100 150 mm 

Pnc.2.CxeMa 3neKTpOHHoii nyIIIKH HaKOnIITeJIH K~4: L - 'i<aTO.[(, 2 - KaMepa 

ynpaBn}IIOlllero 3neKTpo,[(a, 3 - H30JIHTOp noTeHl{HaJia , ynpaBnHIOll{ero 

3neKrp0,[(a, 4 - aH0,[(; 5 - ynpaBJIHIOll{HH_ 3neKrpO.L(, 6 - . lf30Jiil'TOp KaTO,L(HOro .. 

noTeHunana. 
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HayquaH HOBII3113 II 311aq111\1OCTb pa60Tbl. Om,caHHbie B ,naHHOH pa6ore 

3JieKTpOHHbJe nylllKH, uapH,ny C nepeqHCJieHHbIMH BbJllle, ,na!OT Ka'IeCTBeHHO 

HOl3bJe-B03MO)l(HOCTH B pa6ore CHCTeMbl 3JieKTpOHHOro OXJia)K,ne111rn: 
?,-

. ♦ norryqettHe TOKa . 3JieKTpOHHOrO nyqKa B _npe,nerrax .!l_O 3 A npH 

<l>HKCHpOBaHHOH 3tteprnH; 
• • • :: : • ' ' ' >' ' ~ i 

♦ ynpaBrrettHe TOKOM 3JieKrpoHH~ro nyqKa B npouecce oxrra)l(,neumI: .. 

~ pa6ora ii OTHOCHTeJibHO HH3KOM conpOBO)l(iiaromeM Mar~HTHOM noi1e 

(.no:600 re) C HH3KbH ~onepe'IHOH,TeMn;p~rypoii 3JieKrpiuoa. 

)J,aHHbJe B03MO)l(H0CTH o6ecneqirnaJOTCSI HaJIH'IHeM ynpaBJISIJOII(ero 3JleKrpo,na, 
,; . ·. - ' . . ' ,, ' ' 

.lIBTUIJOIUeroc.ll oco6eHHOCTb!O npe,nno)l(eHHOH KOHCTPYKUHH a,nna6aTH'IeCKOH 

nyrnKH. 

Ilpaic-mqecKaH .UE!.HIIOCTb pa60Tbl. O,nua lf3 pa3pa6oraHHbIX 3JleKTpOHHblX 

nyrneK B HaCTOj_llUee BpeM.ll .lIBJI.lleTC.ll IIITaTHbIM 3JleMeHTOM CHCTeMbl 

3jieKrpouuoro ~XJia)l(.!l_eHHH aurnnporouuoro ttaKoninen.s1 LEAR (QEPH) 11 
);. -., : . ,. - , . . . 

npaKTH'IeCKH HCnOJib3YeTCSI .rem HaKonneHH.ll MOH03tteprH'IHblX npoTOHHbIX, 

aunrnpOTOHHhIX nyqKoB If 

I1ocrre.n111ie npe,nnonaraerc.s1 

Mttoro3ap.s1,ntthIX HOHOB CBHHUa 'Pb52++Pb54+. 

11cnoJib30BaTb B npoeKTe LHC, KOTOpb1ii 

npe,nycMaTpHBaer norryqeuue BCTpe'IHbIX npoTOH·HOHHblX If HOH-HOHHbJX 

nyqKOB. HcnOJib30Baillfe _CHCTeMbl 3,rieKTpOHH_oro oxrra)l(.!l_eH1rn C .!l_OCTHrHYTbIMH 

napaMerpaMH 3JieKTpOHHOH nyrnKtt: nepBeaHCOM ,no 5 µA/B 312 H yrnOBblM 
" ' ' . ~ , J 

pa36pOCOM 3JieKTpOHOB Me'uee 3 Mpa.n B MarttttTHOM none- 600 re, n03BOJISleT 
• ,1' ; ' I 

norryqIITb rpe6yeMoe BpeMSI OXJia)l(.!l_eHH.ll HOHOB CBil!!Ua B npoe,nerrax 0.1 c npII 

uaqaJibHOM 3MIITTattce IIOHHOrO ny'IKa 401t MM·Mpa,n H BbIC?KY!O CBeTIIMOCTb 

KOJIJiaii,nepa :LHC:-
Pa3pa6oratt · TaK)l(e npoeKT 3JieKrpouuoii nyrnKlf, 4>opMI1pyromeii 

'· 
3JieKTp0H_I:fbIH, nyqoK C 3Hep;I1ett ,no 100 K3B, TOKOM .!l_O 5 A, ,l:IIlaMeTpOM 3 CM II 

yrJIOBbIM pa36pOCOM nopSl,l:IKa 1 Mpa,n B MarHIITH0M none C ~anpSl)l(eHHOCTb!O 

, . .1""2 Krc. )J,aHHbTH npoeKT pa3pa6oraH ,nJISI CIICTeMbl 3JieKTpOHHOrD OXJia)l(.!l_eHHSI 

ycKOpllTeJibHO~HaKonIITeJihHOro ~oMnrreKca K4-K10 B 0115111: _3TOT KOJ1,rnJ1eKc, 
. ' . ' ,, . . . , 

n03BOJIH'f · 3HaqIITeJibHO . paCIIIIIPIITb B03MO)KHOCTH . HCCJie,noBaHHH .s1,nepttofi. 
, "• > ' • ' ,. t- - ,' ' 

<l>H3JIKH T.ll)KeJiblX: 'IIOHOB 3a C'IeT yBeJIIl'IeHHSI 3HeprnI1 II cyuiecrneHHCfrO 

yrryqrneHil.ll napaMerpoB nyqKOB HOHOB. 
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Annpo6auna pa60Tbl. Marep11aJ1bl, nOJIO)KeHHbie B OCHOBY ,n11ccepraumI, 

npe,ncr_aBJISIJIHCh Ha Me)l(,nynapo.nuoM c?sema111111 · no . Mero.naM oxna_)KlleHHH 

nytJKOB (MoHrpe,. ll1Beiiuapm1, 1993); ua 4 EBponeiicKoii ycKop11rerrbttoii 

KOH<pepenu1m (Jlon.nou. 1994): Ha 14 (1-M Bcepocc11iicKoM) c0Bemau1111 no 

ycKOpHTeJISIM (flpOTBHHO, 1994); ua Me)K,nynapo,nHOH ycKOpHTeJibHOH 

KOH<pepenu1111 ()J,annac, ClllA. 1995): a TaK)Ke 06cy)K,nan11cb na nay'ItthIX 

ceMHHapax B Bcepocc11iicKOM 3J1eKrporexH11'Iec1<m.11rncrnryre (MocKBa. 1994): B 

<l>H3HKO-TeHOJ10rH'IeCKOM ueHrpe 11HCTHTyrn '~i.nepuoii <pH3HKH co PAH 

(J111neuK, 1994): B O6be,!lHHeHHOM 11HCTHTyTe .s1.nepHblX HCCJie,noBaHHH ()J,y6_ua, 

1995): B EBponeiiCKOM ueHrpe S1,nepHbIX 11crne,n0Batt11fi ()l{eueBa, 1994). flo l'~Me 

,n11cceprnuim ony6!111KoBaHo 12 pa6or. 

Crpyirrypa II o6bel\1 pa6oTLI. ;t11cceprnu11S1 COCTOHT 113 Bse,neHHSI, nHTII 

rnaB tt 3aKnJ0•1eH11S1. TeKcr·.n11cceprau1111 11JnO)KeH Ha 10_8 CTP<!HHuax, · BKnJO'IaH 

.56 p11cyHKOB H 10 rn6n11u. CnHCOK J111Teparypbl co.nep)KHT 65 HaHMeHOBaHnii; 
~ 

CO)J,EPiKAHHE P AliOThl 

Bo Bee.neuun . .naeTCSI KparKoe omIcaHne ponu HaKomITenhHhIX Koneu 

TSl)KenbIX 3apH)l(eHHblX qa_CTHU C 3neKTpOHHbIM oxna)KlleH1IeM B COBpeMeHHOH 

.s1.nepuoii 4>nJI1Ke ~u. 4>opMyn11pyrorcsi 3a,na'II1 nccrre,nosa1111ii, Borne,n11II1X B 

.nnccepra1..1I1JO. 

B nepeou rnaee o6cy)l(.!l_a!OTCSI OCHOBHbie nono)KeHIISI <pH3HKH 

3neKTpOHH_OrO OXJia)l(.!l_eHHSI II rpe6oBaHHSI K napaMeTpaM OXJia)l(.!l_a~mero 

3JieKrpoHHOro ny'IKa, . onpe.nerrHJOlllile Kp11rep11I1 nocrpoeuirn 11croq_1111KOB 

3neKTpOHOB. l13nO)l(eHbl TaK)l(e . cymecT~Y!OlllHe . cxeMbl 4>opM11poBa111rn 

3JieK~pOHHbIX ny'IKOB B ycrpoiiCTBax 3neKTpOHHOro · oxna)l(.!l_eHHSI H 

npe,nCTaBJieHbl HX cpaBHHTeJibHble xapaKrepHCTHKH ~a npHMepax Kpyn!leiirnux 

,neiicrnyIOIUHX HaKOnHTeJieii MI1pa .. 

Bo BTopou. rnaee OnHCbIBaJOTCSI MeTO,l:lbl II pe3ynhTaTbl npoeKT11poBaH1rn 

3neKTpOHHblX ny!,lleK, : 4>opM11pyromnx HHTe';)CHBHble 3neKTpOHHble nOTOKII 

HH3KOii TeMneparypbl B ,l:IOCTaTO_'IHO cna60M_ conpOBO)l(.!l_aJOmeM MarHIITHOM 

none. OnIICaHbl <paKTOpbl, OKaJbIBa!O{Ulle BJIIIS!Hlle HU BeJill'IIIHY nonepe'IHOH 
' ' ,. ' ·, , 
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CKOpOCTli •3JieKTpOHOB H onpe.n.eneHbl ycnoam,, CHH)KUIOI.11He ee: OnTHMUJlbHbIH 

BbI6op reoMeTpHH H pacnpe.n.eneHml noTeHUIIUJIOB 3JieKTp0.D.0B nyrnKH • .L{aHO 

o60CH0B8HHe BbI6opa amrn6aTHlJeCKOH OnTHKH nyrnKH, n03B0Jll!IOI.lleii· B 

llIHpOKOM .D.HanaJoHe nepecTpaHBUTb' 3HeprHIO 3JieKTpOHHOrO nr1i<a 6e3 

cyiuecTBeHHOro CHH)KeHHll ero KatJeCTBa. O6cy)l(.D.aIOTCll nonytJeHHbie 

lJHCJieHHblMH MeTO,D.UMH peJyJibTUTbl MO,D.ennpoBUHHll reOMeTp1111 nyrneK II 

paClJe'tbl HX xapaKTepHCTIIK.' 

B -rpeTLeii rnase co.n.ep)KIITCll KpaTKO; onHCUHHe cy1.11ecrnyIOI.11IIX MeTO,D.OB 

.D.HarHOCTIIKH 3JieKTpOHHOro nytJKa: ,MHKpOBOJIHOBOro II JIU3epHoro. OcHOBHOe 

BHIIMUHHe y.n.enl!eTCll paCCMOTpeHIIIO pa3BHTOr0 . B pa6oTe H Ha116onee 

3'qicpeKTIIBHOro OnTHlJeCKOro MeTona ll3Mepemrn TeMnepaTypbl IIHTeHCIIBHoro 

3JieKTpOHHOro nytJKU. .L{aHa qJH311lJeCKal! HHTepnpernu,rn MeTO,D.a .·· H cxeMa 

OnTutJeCKOro . aHanHJaTopa nonepetJHOH CKOpOCTH; 3Kcnep11MeHTaJibHO 

HCCJie,D.OBUHa ee 3UBHCHMOCTb · OT pa,D.HUJlbHOH KOOp.D.IIHa'[bl 3JieKTpOHOB, 

napaMeTpOB 3JieKTpOHHOro nytJKa H MarHHTHOro nOJill. .L{nl! 3neKTpOHHbIX 
.._____. . , 

nytJKOB c nepaeaHco~ I +5 µA/B312 u 3Heprueii .n.o· 12 K3B 113MepeHHa5i aenH•rnHa 

nonepetJHOH 3Hepru11 COCTaBnl!eT 0.1 +0.3 3B B MarHHTifOM none 600 re (puc.3). 

" 
0.30 ~ 

0:25 l 
0.20 j 

m ~ 3 (') ~ 

• 0.15jj 1/' .., , 

<l ⇒ 
0.10 -i 

1 
~ , 

0.05 ·~ 
i 

o.ool. . .,....., 
0.0 · 0.5 1.0 1.5 2.0 2.5 

l,A 

Pttc.3.3aBHCHMOCTb pa3HOCTH nonepetJHOH 3HeprHH .D.Jlll OCeBblX H KpaeBbIX 

3neKTpOHOB OT TOKa nytJKa; cpopMupyel\!Oro nyrnKoii LEAR B MarnHTHO~ none 

· B=600 re, 3KcnepttMeHT: I ; eo=5.7 K3B (nepaeaHc oi 0.35 .n.o 5.45 µA/B312), 

2 - eo=l3 K3B (nepaeaHC OT 0.35 .no 0.7 µA/B312); pactJer: 3 - e~=5.7 K3B. 
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TTpoaHanH3upOBUHb! peJynbTUTbl 3KCnepHMeHTa C uenbIO. onpe.n.eneHH.SI 

TOlJHOCTH MeTO,D.a. Ha.n.efl{HO HJMepl!eiCll yrnoBOH pa36poc, BenHlJHHa KOTOporo 

COCTaBnl!eT 2+3 Mpa.n.. 

B 'leTB~pToii rnase OnHCaH . Me'tO.D. H3MepeHH.SI noriepe•rnoii CKOpOCTli 

(3Heprnu) H pa36poca npo.n.onbHOH 3HeprnH 3JieKTpOH~B; OCHOB8HHblH, Ha 

aHanHJe IIX npo.n.onbHOH 3Hepnm B • TOpM03l!IUeM 3neKTpHtJeCKOM none. 

Oco6eHHOCTb HCnOnb30B8HH.SI Mero.n.a B .n.aHHOH pa6oTe COCTO.l!Jla B TOM, 

lJTO HJMepeHHll npOBO.D.HJIHCb B HHTeHCHBHOM nytJKe . C nepBeaHCO!"f 

1+5 µA/B312 ' B KOTOpOM cy1.11ecrneHHO BnHllHHe npocTpaHCTBeHHOrO 38p.S1,D.a. 

TTpHBO.D.IITCll CXeMa aHanHJUTOpa 3HeprHH, o6cy)l(,D.aIOTC.ll pa3perna10iua.S1 

cnoc06HOCTb MeTo.n.a H BnH.SIHHe pa3nH'IHbIX ,· qiaKTOp6B, npHBOAS!!UHX : K 

CHH)KeHHIO TOlJHOCTH HJMepeHH.SI. Hccne.n.osaHbl B03',,IO)KHOCTH HCiiOJib30BaHHll 

attannJaTopa ,D.Jlll H3Mepemrn nonepetJHOH 3Heprnn H pa36poca \ npO,D.OJibHOH 

3HeprnH· B HHTeHCHBHblX BbICOK03HeprHlJHbIX. nytJKaX. TTpuae,o;eHbI 

cpiiBHHTenbHbie xapaKTepHCTHKH · 3HeprerntJeCKOro H onTntJeCKoro Me'tO,D.OB 

HJMepeHHll nonepetJHOH 3Heprnn 3neKTpOHOB. 

B '- nnToii rJiaBe npIIBO,D.l!TC.SI onHCaHH.SI 3KCnepnMeHTanbHOrO CTeHJ:{a 

"PeKynepaTop" n cncTeMbI :JneK~ponttoro ·oxna)l(.D.eHH.ll LEAR, Ha KOTOpbIX 

npOBO.[!HnHCb 0CHOBHbJe 3KCnepHMeHTbl no HJMepennIO pa60lJlIX napaMerpoB 

HOBOH nyrnKH. Hccne.r:ioBaHbl ycnoBH.SI B03HHKHOBeHH.SI pa3p.S1.[!a TTenmrnra npn 

TeCTHpOBaHHH nyllIKH Ha CTeH.r:ie · "PeKynepaTop" u o6cy)K.[laeTC.SI Me'tO;'J; . TaK 

Ha3bIBaeMOH BbICOKOBOJibTHOH . TpeHHpOBKH, . ycrpaH.SIIO!UHH ero BJIH.SIHHe. 

.. O6cy)l(.D.aercll: npo6neMa_ nonytJeHHll nonHoro nepneaHca nyIIIKH npn pa6oTe c 

nOJIO)KHTenbHbIM OTHOCHTenbHO 3eMnn· ynpaBnllIO!UHM .3nerpO.D.OM H cnoco6, 

nOJBOnll:IO!UHH ycTpaHUTb HaKonneHue B nyrnKe BTOpHlJHbIX ,3JieKTJ)OHOB; ' 

npHBOMIUllX K CHH)KeHHIO nepseanca nyrnKH. TTpHBOMTC.SI .. • OCHOBHbie 

mtpaMerpbI anTunpoTonnoro HaKO!'IHTM.ll LEAR H MeTO;'J;bI • ;:i;_narnocTHKH 

oxna)K,[leHHOrO nytJKa C ncnonbJOBanneM ClfCTeMbl 3.)IeI<TpOHHOro oxna)K.[leHHll:. 
• . t-. ,.. '. .-

H3JIO)KeHbl 3KcnepnMeHTaJibHbie peJyJibTUTbI no 3qiqieKTHBHOMy' oxnai!(,l],eHuIO 
' - . ' . -' . ~ ' 'i' 

npOTOHOB H HOHOB . CBHHUa, no;:i;rnep)K.[laIOIUHe DbICOKOe •. KalJeCTBO 

OXJia)K.[laI<?IUero nytJKa 3JieKTpOHOB. 
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B 3aKJIIO'ICHUU npnBeAeHbl OCHOBHbie pe3ynhTaTbl m1cceprn1.1noHHOH 

pa60TbI: 

I. MeTOAOM 'IUCJieuuoro MOAenupoBaum1 uai1AeHa onTUMaJihttm1 

reoM_eTpm1 3ne1<Tpouuoi1 nyllIKH c aAna6aT1111ecKoi1 onTHKOH. 

2.CnpoeKTHpoBaua Tpex3neKTPOAHaH aAna6aTnqecKaH 3neKTpOHHaH 

nym1~a LEAR, n03Bonmo11.1aH' nonyqaTb ny'IKH 3neKTpOHOB C H3MeHHeMbIM 

nepBeaucoM B JJ.Hima3oue 0.125+5 µA/B 312, c 3ueprneii 2.5+30 K3B, TOKOM AO 3 A 

H C TCMnepaTypoi1 3neKTpOHOB Mettee 0.3 3B B OTHOCUTenbHO HU3KOM 

irnrnHTHOM none (Ao 600rc). 
3.C03,n:au '3KCnepHMeHTaJibHblH ' CTeHA "PeKynepaTop"' ua KOTOpOM 

npoBeAeHbl U3MepeHH51 pa60'IHX napaMeTpOB pa3pa60TaHHOH nyllIKn: 

/J.OCTHrHyThI paC'leTHbie 3Ha'leHU51 napaMeTpOB nyllIKH. 

4.3Kcnepm~1euTanbHO HCCJieAOBaH" MeTOA 'BbICOKOBOnhTHOH' TpeuupOBKU 

pa3pHAa IleuuHura npH TeCTHpOBaHHH nyllIKH LEAR. 

, 5.C03Aaua ycrnuoBK·a '.'Auanu3aTop" JJ.JIH npoBeAeHHH 3KcnepHMeHTOB ho 

:H3Mepeumo 3neKTpOHHO-OnTH'leCKHX xapaKTepHCTHK 3neKTpOHHOH nyllIKH 

LEAR. 

Pa3BHT OilTH'l.eCKHii MeTO,D; H3MepeHUH nonepe'IHOH CKOpOCTU qaCTULI B 

HHTeHCHBHOM 3neKTPOHHOM ny'IKe c pa3pelllaro11.1eii cnoco6uocTbIO no yrnoBoMy 

pa36pocy ineKTpOHOB 2. Mpa,o:. 3Kcnepm.ieurnnhtto H3Mepeub1 nonepe'lttb1e 

CKOpOCTH H, COOTBeTCTBeuuo, nonepequaH ' TeMnepaTypa • nyqKa, 

ccpopMnpoBauuoro nyllIKOii LEAR. B pe)l(HMax c nepBeaucoM 1+5 µA/B 312 ,.oua 

COCTaBJIHeT 0. J +0.3 3B B MarnHTHOM none 600 re. 

6.MOAepHU3HpOBaH ·MeTOA H3MepeHUH nonepe'IHOH 3HeprnH H pa36poca 

npOAOnbHOH 3HeprHH 3neKTpOHOB, OCHOBaHHbIH Ha auanU3e 3Heprnu 6bICTpbIX 

3neKTpOHOB B TOHKHX nyqKax, Bbipe3aHHblX' H3 OCHOBHOrO, AUacpparMOH C. 

OTBepCTHHMH 0.03+0.2 MM .. 

IlpoBe.tieHbI H3MepeunH · TeMnepaTyphl 3neKTpouoB B uuTeucnBHOM 
,·· ' . 'I 

3neKTpouuoM ny'IKe c 3ueprnei1 I+ IO K3B H TOKOM AO 3 A. Y crnuoBJietto;'1iTO 

TeMnepinypa COCTaBnHeT 0.3.:,_ I 3B .wrn ny'IKOB i;' nepBeaHCOM', 1+5 µA/8 312 '; B 
i" ' ' 

MarnHTHOM none 350+450 re. 

7 .Pa3pa6oniu'uaH nyllIKa BBeAeHa B · AeiiCTBHe u Hcnonh3yeTcsi 
1 

, KaK 
. ' ' ,' ,·,· ;, ' ' ' '\' '' 

llITaTHbIH 3neMeHT CHCTeMbl 3neKTpOHHOrO. oxmi)l(JJ.eHHH HaKOilHTeJIH LEAR 
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,i 
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(U.EPH)._ C noMOlllhlO ,3TOH nywKn nonyqeuo 3cpcpeKT1rnuoe oxna)l(JJ.euue 

aunmpOTOHOB " UOHOB CBUHl.la B pa6011eM AU!l,na30He napaMeTpOB u·aK()nHTenH. 
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