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E-MEVVA - 6aKYyMHooyz060ii IICmO'lHUK 1I0H06 c 6HeWHIlM 3JleKmpOHHblM nYflKoM U 

Ka1UlJJOM opeu<pa [IJ. Paooma c ypanOBblM KamoooM np0600unacb C 1993 no 1995 2. 
H3YfleHlle cocma6a UOH06 no Y0eJlbHOMY 3apROY BblnOJlHRJrOC& 6 3mux pa60max Ha 
uWlCeKnwpe mR:HCeJlO1IOHH020 yCKopUmellR cOOK(/) THOp-I [I] MemoOoM speMeHu 
npoJlema [2,3,4] u c nOMOup,1O MaZHumH020 aHllllU3amopa [5]. H3MepeHUR 3mu 
nOK03QJlU. .,mo npu pa60me UCmO.,nUKa c 6W1CJl1O'lenHblM 3JleKmpOH1lbl.M n)"lKoM cneKmp 
UOH06 na 8WXooe ulalCtKmopa He CWlbHO OmJl1lllaemCR om cneICmpa IIOH06 zeHepupyeM020 
06W1HbIM ucmormuKoM MEVVA. Opu 6JOl101IeHUU 3JleKmpOHH020 n)"lKa 6 cneKmpe UOH06 
no yOeJ1bHOMY 3apROY npoucxoi}mn cyU/eCm6eHHbIe U3MeHeHUII. Ha OCH06aHUU Cpa6HeUUR 
pe3YJlbm(lm06 nOll)"leHHblX MemoiJoM tpeMeHU npoJU!lflQ c pe3YJlbmamaMU MQ2HUmHOlO 
aH(JJlU3a n01(03aHO, limo Hau60Jlee 6epOJlmHblM cneKmpOM UOH06 no yOeJlbHOMy 3apJldy. 
603HUlCUiUM nod 6030eilcm6ueM 3JleKmpOHH020 n)"lKa, Jl6JlJllOmeJI 1WCJledoBameJlbHOcm& 
nUK06 6 oeyx UHmep6tlJlax 3HQ'leHUii yOeJ1bHblX Macc (06pamHblux Y0eJ1bHblX 3apR(06): 
(5, ...8); (20, ...34), 'lmO coom6emcmByem 06yx (u ooJlee) - 3apRdHblM UOIUlM ymepooa, 
moma U K.uClJopooa. (umnepean 5,... 8) u UOUaM ypaHa c 3apJldOM om 12+ 00 7+. 
(uHmep6QJl20•.. .34). 

THE COMPARATIVE ANALYSIS OF nME-OF-FLIGHT AND MAGNETIC 
MEASUREMENTS OF AN URANIUM IO"NS SPECTRUM AT THE IN..IECTOR 
OUTPUT OF THE ACCELERATOR TIPr-1 WITH THE E-MEWA ION SOURCE. 

V.A. Batalin 

A E-MEVVA - the vacuum arc source ofhigh charged ions with an external electron 
beam and channel of drift - the first time was tested in 1991 by work with the copper 
cathode [I]. The work with the uranium cathode was carried out from 1993 to 1995. The 
study Ofthe spectrum ofions on specific masses was carried out in these works at the heavy 
ion RFQ linac TlPr-I injector [I] by the time-of-flight method (TOF) [2.3A} and by a 
magnetic analyzer [5]. The measurements have shown, that the work of the SOUTce with a 
switched off electron beam gives the spectrum of ions at the injector output not strongly 
differs from a spectrum of ions generated by a usual source MEVVA. When an electron 
beam switch on, in the spectrum of ions on specific masses take place the essential changes. 
The comparative analysis of the time-of-flight and the magnetic measurements of the 
uranium ions spectrum have shown that the moreprobable ions spectrum, as a result ofe­
beam action, consist on the series ofpeaks in two intervals ofspeCifiC masses value (5,..8) 
and (20•...34) . These ones co"espond to the twice and more charged ions of carbon, 
nitrogen and oxygen. (interval 5....8) and of uranium ions with the charges 12+ ... 7+. 
(interval 20•.. .34). 
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BeeiJeHue 

E-MEVVA - BaxyyMHO~OBOH HCT01JHHI< BblCOK03apjJ,WILIX HOHOB C 

BHemHHM ::meKTJ>OHHbIM nyqKOM If KaHarrOM .n.peH«pa - 6bID BIIepBbIe HCIIbITaH B 

1991 roAY IIpH ero pa60Te C Me;mIbIM KaTOAOM [1]. Pa6ara C ypaHOBblM 

KaTOAOM npoBO,ll,HJIaCb C 1993 no 1995 IT. [2,3,4]. l-hyqeBHe cocraoa HOBOB no 

Y~eJIbHOMy 3ap~ BbillOJIIDIJIOCb B 3THX pa60Tax MerO;J;OM BpeMeHH npone-ra 

(Bn) Ha HlDKeKTope TSI)I(eJIOHOHHOro yClCopHTeJISI C IIOK<I>, THIlp-I [1]. 

YhMepeHIDI 3TH nOKa3aJIH, QTO npH pa60Te HCI'OqJfJfi(a C BblKJIIOqeHHbIM 

3JIeICTpOHHhlM nycIl(OM CneKTP HOROB Ha BbIXo;:r;e mnICeKTOpa He CHJIbHO 

OTJIHlIaeTCSI OT CDeICTpa HOHOB reRepHPyeMoro 06bfllHblM HCTOllmncOM 

MEVVA. IlpR BIOIIOqeHHH 3JIeKTPoHHoro nytIKa (3Il) B CDeKTpe HOBOB no 

YJte.JThHOMY 3apMY' (y,n:eJlbHbIM MaccaM) npoHCXOAST cyI:1lecrneHHLIe 

H.3MeHeHWI, B qaCTHOCTH AJUI HOHOB ypaHa 3TH H3MeHeHHSI cocrOJrr B 

CJIe;:r;yromeM: 

1. B cnerrpe HCQe3aIOT mm 3HalJUTeJThHO ( Ha nOPMoK) YMeHbmaIOTcSI IlHKH, 

COOTBeTCTBYJOmue HaH60nee HH3K03apJl,lJ,HbIM HOHaM ypaHa (1 +, 2+, 3+). 

2. flOJmIDllOTCJI HHTeHCHBHbJe rnnm B o6nacm y;:r;eJIbHbIX Macc (5,...8); (10,.. .15); 

(20,...35) (PRc.3 ). 

llpe,nnOJIararrOCb, ~o nOT 3«P4>eKT HBIDIJICI CJIe,n;CI'BHeM y,n;apHOH 

HOHH3aQRH HH3K03apBJtHbIX HOHOB ypaHa 6bICTpbIMH 3JIeKTpOHaMH B KaHane 
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,lJJ)eii4>a H, CJIe.n;oBaTe.JILHO, nepexo,na HH3K03apH,ZJ;HLIX HOHOB B 60nee 

BLlcOK03apXJUlOe COCTmnrne. 

B 1995 ro~ Ha BbIXo.n;e HH:>KeKTOpa yCKOpHTenH: TMnp-1 C 

YCTaHOBJIeHHbIM Ha HeM HCTOTffiHKOM E-MEWA 6LUDI npoBe,neHLI H3MepeHIDI 

cneKTpa HOHOB ypalia c nOMOmbIO MarHHTHOrO aH8JIH3aTOpa [5]. Pe3YJThTaThI 

3THX H3MepeHHH 3acraBHJIH Hac B HeKOTOPOH creneHH nepecMOTpeID KaK 

TOJII(OBaHHe, TaIC H OUeHOlffible BhIBO,nbI npe)I(HHX, BpeMSlIlponeTHhIX 

H3MepeHHii. 

,ltmI Torn, ..-roo.. CTaJlH DomrmLi HalIOI paccy-.neUHB, npHBe~mHe K 

TaKOMY nepecMOTPY, OCTSHOBBMCtI U8 ueKOTOpwx 0c06euHOa1lX H3MepeUHH 

MeTO~OM BpeMeUH DpoJIeT1l. 

MemoiJuKa U3AfepeHUU an 
Ha pHC.l nOKaJaHa cxeMa OCnmmOrpaMMbI nOJIHoro HMnyJILca TOKa 

IJY'UCa Ha BbIXo.u;e HHJKe.J(TOpa IIpH pa60Te HCTOlffiHKa C ypaHOBhIM KaTO,ZJ;OM. 

Bepm:xaJIhBble JIHHHH nOKa3hIBaIOT nOJIOJKeHHe craprOBbIX HMllYJThCOB 

no,ZVKHT'a, (ttr) H 3anyClCa 3ll, (teb). B YCICopmomee none HlDKeKTOpa B pe:iKHMe 

Bn IDMepeHHii nOJ1HbIH nyqoK He nonMaer, TaK Kat< TOpM03HTCJ1 

3aIIHpaIOmHM HanpJllKeHHeM Ha cen<e, pacnOJlO)J(eHlIOH Me:>KJ(y ABYMSI 

3JIeKTpO)J;aMH BbITSImBaJOlIJ,erO ycrpOHCTBa [I). Om.HPaIOn:um. HMItym.c (tib) 

AJIHTe.TI&HOCThIO Otib CBHMaer 3aIIBpaHHe H nponycKaeT nyqoK 1:JaCTHIt B 

YCKOpHTe.m:.. BepTJlKaJIhHble nOJIOCbl Ha pHc.l, CHMBOJIH3HPYIOInHe nOJIO)KeHHe 

H ,IUIBTeJThHOCTh OTIIHpaIOm;ero HMnym.ca, nOKa3LffialOT TaIOKe nOJlQ)I(eHHe DO 

BpeMeHH KopOTICoro HMIIyJThca HOHHOro nyqxa, yCKopeHHoro B HH)J(elCTope H 

npnrO,nHoro ,lI)DI BpeWinpOJIeTHLIX H3Mepemm (Otib = 2, ...5 J.lS) • 3TOT 

HMIIyJILC MQ)J(eT 6LITh nOMem;eH KaK .no, TaK H nocne HMnyJThca teb ,qTO 

CHMBOJIH1:JecKH H306paJKeHO Ra cxeMe (pHc.I). 
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time 

PRe.l CxeMa pacnonO)KeHHSl HMnym.COB
 

IIO,Z:VKHI'a H 3anYCKa 3JIeKTpOHHoro H HORHOro
 

nyqKOB Ha HMnyJIbce IIOJDlOrO TOKa rrytIKa.
 

KaK nOKa3aJIH H3MepeHIDI, CIIeKTp HOHHoro nyqxa 3aBHCHT OT BpeMeHU 

3a,n,ep)KKH Bblpe3aHHOrO nyqxa OTHOCHTe.IThHO MOMeHTa nO,lOKHra (ttr). 

060PY~OBaHHe BpewmponeTHOro MeTO)J;a )J;aeI' B03MO)KHOCTh BbIpelaTh .rouI 

H3Mepemrii mo6yro qaCTb nOIDIoro HMTIyJIbca TOKa IIyqxa. CHI'HaJI 3anycKa 

OTlIHpaIOmero HMllYJIbCHOrO HanpSI)KeHIDl, tib Ha puc.l, onpe.neJISIeI' BpeMJI, 

npOTeKIlIee OT HMrryJIbca IIo~ra ttr , KOTopoe 6y.neM ClIHTaTh HaqaJIbHbIM ttr 

= 0, H cneAOBaTeJIbHO onpe,IleIDIeT MOMeHT nOSIBJIeHIDI TOKa nyqxa HOHOB Ha 

BbIXOAe HH)I(eKTOpa. O}l;HaKO,.n;.IDI onpe,IleneHlUl nOJIOXeHHSI BO BpeMeHH 

Bbl.lleneHHOrO HMTIyJIbca npH pa60Te 3JIeKTpOHHOH nYIllKH, nora 

HeAOCTaTOqHO - He06xo,ll,HMO 3HaTb em;e MOMeHT BKJIIOQeHIUI 3 n teb , KOTOpbIH 

onpe,ZJ;emIer HHTepBarr BpeMeHH ~t = tib - teb, TaK KaK H3MepJleMbIH crreKTP 

CYJI(eCTBeHHO 3aBHCHT OT BeJlHqHHbI dt. Tenepb, nocne onpe,ll,eJIeHHSI dt , 

nOJIO>KeHUe KOpOTKOro HMTIyJIhCa (otib = 2, ...5 fJS) JVUI BpeMJInpOJIeTHOrO 

H3MepeHHJI BnOJIHe onpe.u;eJIeHO BO BpeMeHH. TIpH pa60re 6el 3TI, )l;.IDI 

nonyqeHIDI 3aBHCHMOCTH cIIeKrpa HOHHoro nyqxa Ha BbIXo.n;e HH)I(eKTOpa OT 

BpeMeHH, .u;ocraTollHo 3HaTh BeJIHqJfHY tib . QT06bl nOJIYIfHTb nOJIHyIO 

KapTHHY 3aBHCHMOCTH cneKTpa OT BpeMeHH tib, B 3TOM c.rrylJae AOCTaTOllUO 

npORTH no BceM 3HaqeHIDIM tib ,T.e. OT IIO,l:OKHra AO XBocra IIomlOro 
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HMrrym.ca TOka ny'II<a. ITonyqeHHOe Ha OIlLITe pacnpe,n,eJIeHHe cnelCTpa npH 

H3MeHeHHH tib CXeMaTH1lecJCH nOkaJaHO Ha pHc.2. ITPH pa60Te )Ke C 3IT ny 

npoo;e,n;ypy He06xo,u;HMo npo,nerraTL .IOIJI kaz.noro nOJIO)KeHIDI 3IT, T.e. ,l\lDl 

ICax,n;oro 3HaqeHIDI teb < tib • TOJIl>ko TaI<OH HaOOp H3Mepemm (Ta6.1) 

n03BOJJHT Ha,u;eJICHO onpe,lJ;eJIHTL Ha cfieKTpe HOHOB ~4JeICT OT BI.CJIJOqeHHll 3 n 
H 3aBHCHMOCTL TIoro 34Jc))eIcTa OT nOJIO)KeHIDI HMrryJII>ca 3anYCICa 3IT BO 

BpeMeHH OTHOCHTeJIbHO MOMeHTa no,lJ;)KHra. 

,~~-_ ~'00
...-_ -...- ­

~40 00 0 

to. =100 to. =120 tb =140 tlb=160 

PHc.2 3aBHCHMOCTh cneKTpa Y,lJ;eJlLHLIX Mace HOHOB OT BpeMeHH tib • 

ITollbITaeMa Tenepb Ha ,nOCT)'IIHOM .IOIJI paeeMoTPeHHlI 1I3bIICe (B 

0603PHMOM BH,lJ;e) npe,lJ;CTaBHTL pe3YJlLTaTLI BpeMXIlpOJleTHbIX H3MepeHHii .IOIJI 

E-MEVVA c ypaHOBblM ICaro,nOM. 

PRc.3 CneKTp HOHOB npH pa60Te e 
3J1elCTpoHHhIM fiY'lKoM PIT) H 6e3 Hero. 
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THllH'llibm cneKTP ,!.VUl pa60Thi 6e3 3IT, pHc.3 (fi.rnl teb > tib , CM. pHc.I), 

cocroHT H3 Tpex rpynn HOHOB. 113 HUX rpynna U OTHOCHTCJI K HOHaM ypaHa 

(3apJl,ll;hI 1+,..,4+). 3Ta rpynna OT1J.H1IaeTCJI .JUDI Ka~oro ~aHHoro 3HalJeHIDI 

tib CTa6HJ1hROCThlO no BeJIH'IHHe H nonO)KeHHlO DHKOB. 3asHCHMOCTh OT tib 

HMeeT MOHOTOHHl>m xapaKTep, KaIC 3TO BHWIO H3 CXeMhI pHc.2 (BbIXon 

HH3K03apllAHblx HOROB paCTer C tib). 

COBceM HHalJe Be,.ayI' ce6J1 .nae )JJ)yrHe rpynDbl HOHOB, "H" (H; ,H;) H "e" 
(c;2 ,-,) , KOTopbIe cra6HJIbHhI no caCTasy, HO MeHJllOTCJI OT HMIIYJIbca K 

HMIIYnbCY no HHTeHCHBHOCTH, (a) H (6) pHcA. 

PHcA .aBe ocrumnorpaMMbl cneKTpa HOHOB rpynn "H" H "c" npH 

pa3BepTKe 5 f.l,SIcm H O~aICOBOR qyBCTBHTeJIbHOCTH no BepTHI<aJIbHOR OCH. 

I1HTeHCUBHOCTh Tuna (a) COCTaBJUler npuMepHo 90% Bcex DHKOB, B TO 

BpeMJI KaIC HHTeHCHBHOCTh Tuna (6) B03HHKaer He TaX pe.ax<o, 'lT06hl ClJHTaTh 

ee npOCTO OTKJlOHeHHeM OT cpeJUlero. KOnulJeCTBO nHKOB mrra (6) upH 

H3MepeHHJIX lIBHO He YKJI3,lU>maerCH Ha rayccoBy KpHBYJO. TaICHM 06p330M 

B03HHKHOBeHHe 3THX IIHKOB npenCTaBJISler C060R KBJIeHHe, ,nIDI 06'MICHeHIDI 
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KOropOro nO-BH,lJ)IMOMY TPe6yercSi npHBJIeTh OC06bIH MeXaHH3M reHepaqIDI 

HOHOB. 3KcnepHMeHTaJIbHOrO MaTepHaJIa HeAocraTOqHO AIDI Toro, qT06b1 C 

xopomeii creneHbIO Ha,neJICHocrH YK83aTb TaKOR MeXaHH3M. MO>KHO JIHIIIh 

npe.nnonO)J(HTb, "lITO IIO~uum P83PJI.A no nOBepXHOCTH H30IDITOpa, JIH60 

OCHOBHOH - AYI'OBOH Pa3PSlJ,J; MeJKm1 KaTOnOM H aHOAOM, nepexo,nHT B cra,mno 

BbI3bIBaIOmyIO HHTeHCHBHOe OCB06OJIQ1;eHHe raJa H3 nOBepXHocreii H30IDITOpa 

H 3JIe.KTP0,nOB HJIH HHTeHCHBHYJO Ae3mrrerp~ opraHHllecKHX IIJIeHOK Ha 

3THX nOBepmoCTIlX (opraHHQecme 3arpSl3HeHIDI OT napoB MaCJIa). 

PRC. 5 CueKTp rpynn "R" , "C" H "U" AIDI 06b1lIHOro HCTOqffifi{a THIIa 

MEVVA npH pa3BepTKe 5 J.1S/cm. 

npeXC,Z:le qeM nepeiITH K 06cy)KJl;eHHIO H3MeHeHHii, KOTopLle npoHCXO,ngT B 

CIIeK'q)e BCeX YK83aHHbIX rpyun HOHOB npH BJCJ1IOQeHHH 3fI, OCTaHOBHMCg 

Gonee no.np06Ho Ha xapaKTePe H cocraae rpynn '4H" H "C". Ha pHc.4 nOKa:laH 

yqaCToK cnenpa, CO,l(ep)KamIDi 3TH rpynnhl, CHJlTLIH npH CKOpOcm Pa3BepTKH 

5 J.1S/cm, a Ha pHc.5, nOKa3aH TOT jlCe yqaCToK cneKTp3 )l)llI 06bNHOrO 

Hcr01JHHKa HOHOB THIIa MEVVA. 

EcJm ,lI;IDI rpynIThI "H" COCTaB cnerrpa OQeBH,ll,eH, 3TO HOHLI H+, Hz+, H3+ , 

TO ,n;mI rpytIlIbI "e" COCTaB ClleI<Tpa He TaK SlceH. AHaJIH3 "C"- ITHKOB H3 puc. 4, 

5 nOK8.3bIBaeT, lITO OHH, BepOJITHee Bcero, COOTBerCTByroT Y~eJIbHbIM MaccaM : 

12, 14, 16, 18, 27 (0)l;H03apJl,l(Hble yrnepo,n:, 830T, KHCJIOPO~, Monexyna BO,D;hI H 

amoMHHHii). 
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, .> ,~ ••~ •. ' ~~" ..;l. 

PHc.6 BpeMJUJPOJIeTHbIH cneKTp HOHOB Ha BbIXOAe HlDKeKTOpa npo 

BKJOO"IeHHH 3II: a) pa:JBepnca 5 pslcm, b) pa3BepTKa to J.l.S/crn. 

IIOCMOTpHM reneph KaK MeHlleTCSI 3'1'0T cneKTp npH BKJIJO"IeHHH 3II. 113 

pHc.6 (a, b) BJf,lJ;HO, ~o MeHlIerCS He TOJIhKO COOTIlOmeHHe nHKOB B rpynnax 

"H" H "C", HO H nOJIBJIlDOTCJI HOBbIe rpynmr llHKOB, Ha30DeM HX "C2" 

(y.u;elIbHh1e MaCChI 5 ...8) H "C3 " (y,neJIl,HbIe MaCChI 20 .. .35). IIpH 3TOM 

nmlBJIeHHe IlHKOB 5 ...8 Kopperrupyer C HCQe3HOBeHHeM IIHKOB 12 ... 18 B 

rpynne "C" , a nOJIBJIeHHe 06eHX rpynn "C2,3 " BeerAa CBJl3aHO C 

HC"Ie3HOBeHHeM BeeD: rpynnbI IIHKOB "U". C TO~H 3peHHlI aHaJ1H3a npHtIHH 

TaKOH KoppeJUmHH BHTepecHO paCCMoTperh, KaK pa3BHBaercJl 3'1'0 JlBJIeHHe 

npH B03paCTaHHH 3HeprHH 3JIeKTpOHOB OT 2,2 AO 8 keY, pHc.7. 

KaK BHJJ.HO H3 OCIJ,HJUIorpaMM pHc.7, 3tP!lleKT H3MeHeHHll cneKTPa, 

CBJl3aHHhIH C BKJllO"IeHHeM 3II, HaquHaer npOJIBJIJlTb COOl! npH 3HeprHH 

3JIeKTpOHOB BblI1Ie 4 KeY. IIpH 3HeprHH npeBbIInarom:eH 5 KeY Y:lKe 

npHCyn;rBy:IOT Bee OC06eHHOCTH HOBOro cneKTpa: T .e. nOSlBIDiIOTCJI 

rpymIbI "C2 ", "C3 ", H3MeHlleTCR pacnpe,neJIeHHe JIHHHH cneKTpa B rpynnax 

"H", "COl, a TaK:lKe nO~H nOJIHOCTbJO HC"Ie3aer rpynna "U" (3TO BH,llHO Ha 
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Pnc.7 3aBHCHMOCTh 3IfIljleKTa BKJIlOQeHIDI 3n OT :3HeprIDJ 3JIeKTpOHOB. 
BepXHHii rryq - 6e3 3TI. 

OCJJ;HJIJIorpaMMax aHaJIOrH'lHblX pHc.7 npH pa3Bepn<:e to IJS!cm ). TaICHM 

06paJoM 3aBHCHMOCTb 3TI-cneK'rpa OT 3HeprHH 3JIeKTpOHOB nO.u;rBepJK,ZJ.aer 

Hecrryqaif:HLm xapaKTep ipaHcclJ0pMaU,RH nepBIf'IHOrO cneKipa no~ 

B03~eHCTBHeM 3JIenpoHHoro nY'lKa. MollOfo C 6om.moii creneHblO 

~OCToaepHOCTH yraeplK,WlTL, 'ITO Bo]~eiiCTBHe ny'IKa 3J1eKTPoHoB C 3Hepnteii 

Ee > 5 lOB npHBO,lUIT K HOHH3aQHH HOROB rpynnw "C'" (O,..), T.e. K 
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06pn0B8HHIO HOHOB Cl+ , 0+ , .• (qayooa "Cz") a TalOlCe K HOHH3aQHH HOHOB 

qaynllLl ypaBa U+ , U2+, •• H DOtIBJIeHHIO HOHOB Ut2+ , Ul1+ , •• ,U7+ (qaynna 

"C)") H 803MOZHO 6o.JJee BLlCOK03BP~bIX HOBOB ypaaa, nOlU\lUllOlQRX B 

rpynny "Cz ". 

I1pHBe,n;eM Terrepb rn6JIHIfj1 nOJIBneHml 3<l>l!>eKTa OT BKJIIO"lIeHIDI 30 B 

3aBHCHMOCTH OT BeJIHlIHH teb H tib. 

feb\t ib 
100 110 120 130 140 150 160 170 

10 X,O 0 0 
20 X10 X 0 
30 X X 0 
40 X 
50 X 0 
60 0 X X X X,O 0 0 
70 0 X 
80 0 0 X 

Ta6JIHUa 1. Pacnpe,n;eneHHe 34»l!>eKTa 3I1 no BpeMenaM 1:eb, tib. 

x -HaJDl'lHe ~ena,0 - OTCyYCTBHe 3~a, I
 
Ha OCHOBaHHH AaHHbIX Ta6JIHIJ;hI 1 MOJKHO C,lI,enaTb BbffiO,lI" "liTO 3 II­

3<M>eKT npHcyrCTByer Ha npoTSDICeHHH BpeMeHH rropH,ZU<a 30 J.LS .AJDI cIIeKTPoB 

rronyqeHHbIx npH 6 t= tib - 1:eb = 80 '" 110 J.lS • I1pn 3TOM cneAYer OTMeTHTh, 

"lJTO HaH60nee SIpKO BLIpaxceH 3 n 34>4>eKT, KOTOpbIH rrpe,n;craBJIeH Ha pHc.6 , OH 

HMeer MecTO ,n:JUI 3Ha"lleHHH 1:eb = 40, ... 60 J.lS. )l;IDl H3MepeHHH C MarmITHhIM 

aHamoaTopoM (MA) 6bIDO BbI6paHo BpeWl 3anyCKa 3I1 paBHoe 50 

MHIq>OCeKyH)J;aM , T .e. 1:eb =50 ).IS • 
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06CYJICOeHUe IJ83yn&mam08 U311epeHUU 

npeZ,Ae iteM nepeiTH K KpaTKOMy R3JlOseHHIO pe3YJlbTaTOB M8111HTHIJIX 

R1MepeHHii H epaBHeHRIO HX e pe3YJlbTaTaMH BpeMtlllpOJlerHLIX H3MepeHHH, 

06paTBM B8BMaHBe Ha npHHQRDH8JIbHhle OTJIII'IHB 3T11X.lUIyx MefO,ll.OB. 

1) ITepe3apH,ZI;Ka HOHOBt KOTOpaJI B HameM cnyqae npH nponere HOHOB 

BnO]]]) H3MepHTeJThHOrO KaHana CBO,ZJ;HTOI rJIaBHbIM 06paJOM K yMeHbmeHHlO 

3apJl,IJ;a HOHOB B J>e3YJIbTIlTe npOlleccOB peKOM6HHaI.UIH, no pa3HOMy 

CKa3bIBaeTCJI Ha Pe3YJIbTIlTaX H3MepeHuH. flpH BIT Mero,ne YMeHbmeHHe 3apsma 

HOHOB npHBO~ JIHIIIb K YMeHbwemno Be.JIHIDIHbI TOKa nyqKa naHHOH: 

KOMllOHeHTbI cnelITpa t npH 3TOM nOJIO)I(eOHe llHKa B cneKTPe He MeRJIeTC5I t TaK 

KaK npaJcrH1IecKH He MemIefCSI CKOPOCTb npOJIera HOHOB. flpH ManmTHOM 

aOaJIH3e nOTepJlBInHe 3apJl,IJ; HOBbI C03.IJ;aIOT HOBbIe nHKH B cneKl'pe, KOTopbIe 

llpH nOM H3-3a HH3KOH pa3pewaIOmeit cnOc06HOCTH Hamero cneKTpOMerpa 

TPY,nHO 0J(H03HaQHO HHTepnperupoBaTh. 

2) OCHoBHbIe MA H3MepeHHR npOBO,ZJ;HJlHCb npH nOJIHOH ,II,JIHTeJIbHOCI'H 

HMIIYJlbca TOKa nyqxa (T.e. 6e3 HcnOJIb30BaHIDI CHCTeMM BpeMeHHoH 

Mo,nymnnm HMIIYJThca).3To Morno CKa3aTbOl Ha napaMerpax KaIC nepBlPiHoro 

(HcxO.n;HOro) TaK H BTOpUTffiOro (norryqeHHoro no,n; B03,n;ei'iCTBHeM 3II) nyqxa 

HOHOB. 

3) Pe3YJIbTaTbI MA H3Mepemmt B qaCTHOCTH cneKTpbI HOHOB no. 

y.n;eITbHOMY 3ap.smyt crpOHJIHCL na OCHOBaHHH 60JIbworo quCJIa H3MepeHHii: 

TOKa nyqKa Ha BbIXo,n;e HH:lICeKTOpa, paCT.JIHYTbIX BO BpeMeHH Ha MHorHe 

,n;ecKI'KH MHHYT, Tor,na KaK Bfl·cnerrp B03HHKaJI H3 3KpaHe oCI.UUIJIorpa~a(H 

cPoTorpatj>HpOB3JIa) 3a 0,ll;HH HMIIYJIbC TOKa nyqxa. TaKHM 06pa30M MA· 

cneKTP npeJlCTaBIDIef C060R ycpe):UIeHHbIH no BpeMeHH (no Ha60py 

HMIIYJILCOB) cJteK1p, B TO BpeW! KaK BpeWlIlpOJIeTHbIH: • ecTb MrHOBeHHbIH 

(O)l;HOHMnyJIhCHltm) cneKTP. 
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I1epebeM Tenepb K Kp8TKOMy nepeqHlO pe3YJlbT8TOB H1MepeHHH c MA. Ha 

OlThITe OCHOBHoe OTJIH1IHe MA-cneKTpOB (puc.8,9) IIpH pa60Te c 3Il OT 

cnelCTpOB 6e3 3Il CocrOHT B CJIeAYJO~eM: 

1) Be.JIKlmHa DHKOB, cOOTBerCTBYIOID;HX HH3K03apSI,D;HbIM HOHaM ypaHa 

(I +,2+,3+) B cneKTPe lI}"DCa lIO y.n;eJIbHbIM 3ap~M, cymecTBeHHO (B HecKOJlbKO 

pM) YMeHbmaercSl upH BKJTIOlIeHHH 3Il. 

2) BeJIHlfHHbl nHKOB,ll)UI rpynn "H" II "e" YBeJIHlIHBaIOTCSl. 

3) B cnelCTpe IImlBJDIIOTCJI HOBbIe rpyIlIIbI IIHKOB: "el" (5 ...8), "B" (38 

•. .43), "D" (48 ...57), "E" (63 ...70). 

OTMeTIIM nne,.. COBDMeHHSI H pa3JlBIiRSI NUl ~yx MeTO.Jl.OB H3MepeHHH 

UP" ,a6oTe RCT01faRKa c 3D. 

no nyHl<1'Y (1) HMeel' MeCTO xopomee COBna,neHHe peJyJlbTaTOB. XOTa nIDI 

MA-cneKTpa (pHc.8,9) nOJIHoe HCQe3HOBeHHe HH3K03ap~IX HOHOB ypaBa He 

Ha6mo,lUleTca, 3'1'0 CJIe.n;yer CqjfiaTb 3aKOHOMepHbIM BBH.n;y ycpe,mleHHLIM no 

MHOrHM HMnyJlbCaM Toxa nytlKa ,lJ;aHHblM MA-cneKl'pa. 

3~~KT yBe.JDl1leHIDI "H" H "C" llHKOB B MA-cneKTpe (nymcr 2) aBHO 

COBn3JUleT C pe3YJIbTanUIH an- H3MepeHHH JlWI "H" rpynllbI (puc. 6,7). Ha 

cneI<Tpax B~O, lITO BMecTO IIHKOB C y,n;eJIbHbIMII 3apJl,llaMH 1/2, l/3 

(HORbI H; ,H; ) B03Hmcaer qe'I'KJril npOTOHHbIH llHK. 3m nO-BH,ZJ;HMoMY 

QaCTH1IHO CBJl3aHHO c lIpo~eccoM ~CCoUHanmt MOJlexYJlbI BO,IJ;OpO,lJ;a no,IJ; 

B03,IJ;eHCTBueM 3II. B TO Ee BpeW! nOJlBJIeHHe mma 1/12 B BII-cneKTJ>e He 

CTOJlb JlDHO rrpocne1KHBaercJI Ha cneXTJ>orpaMMax C 3n puc.6,7 BBH,LJ;y 

p33MbITOrO xapaKTepa IIHKa (1/12, ... 1/16) B cneKTpe 6C3 3n. B03MOmlbIH 

MeXaHH3M YBeJDI'{eHBJI lIHKa 1/12 , KOTopbm 4>HKcupyercSl MA- MerO,IJ;OM, 

MOJKer 6bITb CBJI38H C npO~ecCOM pa3pymeHIDI 3nexTpoHHbIM nylJKOM 
..... j 

OpraHH'lecKHX MOJleKyn (napbI (j)opBaKyyMHOrO MacHa). npH 3TOM nOJIBllJIeTCJI 

MHoro aTOMOB BO,IJ;OpO,Aa u yrJlePQ,lJ;a, KOTopble B pe3YJIbTaTe HOHH3~HH HX 
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MOryr 6hITb llpJllmHOH cymecTBeHHoro pOCTa lIHKOB, KOTOpbIe COOTBeTCTBYJOT 

HOHaM 3THX 3neMeHTOB. 

HaH60nee cymecTBeHHbIM OTJDlqJleM ~yx THIIOB (BIT H MA) 3ll­

CIIeICTpOB (T.e. cneKTpOB no)]; B03.n;eBCTBHeM 3ll) SIB.mlerCSI H3MeHeHHe B 

nonOJICeHIIH B BeJIHlmHe HOBbIX JlHl(OB (eM. BbIIlle nymcr 3). 

A) rpynna IIHKOB "C2 It nOSIBIDIerCR B MA-cneK"Ipe, TalC xe KaK H B Bll­

cneKTpe, HO ee n01IBJIeHHe He KoppeJIHPyer c pe3KHM yMeHbWeHBeM H M)f(e 

HClJe3HOBeHHeM IIHKOB "C" B BIT-CIIeKTpe. BOJlee Toro IIHK C Y,lJ,eJIbHblM 

3ap"J);OM 1/12 B MA-cneKTpe ,lUlxe yBeJIHlnIBaerCSI. 

E) rpyrrna CilHBaromHXcX IIHKOB ItC3" (20, ...32) B BIT-cneKTpe 

BbIpO~eTDIB)J.Ba mnca (TJ - 30) H (32 ..34), T.e. npaKTHlIecKH OTcyrCTByer B 

MA-cneKTpe. 

B) 3aTO nOllBJDlIOTC.Sl,IJ.Be rpYJIIIbI MA-rrmcoB , It~n (49, ...58) H "E" H (63, 

...66), KOTopbIe HHKor,na He noJlB.IUIIOTCjl B Bn-cnel<Tpax. 

B03MOZawe 06...KcnelllUl 3THX ,lUlIIIIbIX. 

)1JlR (A) . Xo~ 3aBHCHMOCTb 3HepmH 3nexTpOHoB OT BpeMeHH, B 

lIacTHOCTH IIMeHHe 3HeprHH OT ee MaKCHMan:&HOro)1,O 3HalleHIDI MeHee 4KeV 

3a BpeMSI nop~a 10 JJS. C03,llaer npeHMymecTBo nIDI reuep~ npOTOHOB H 

HOHOB yrJIepo,na no OTHOWeHHIO K reHep~ BbICOK03apH,D;Hb1X HOHOB 3a 

BpeMJI AJlI{TeJIbHOCTH 30. B pe)J(HMe MA- B3MepeB:Hii (Anmnlble HMIIYJIbCbl 

TOlCa .nytIICa) 31'0 npeHMyIIJ,ecrBO peanmyerCJI B CBR3H c 6oJIbilloii 

AJlI{TeJIbHOCTbIO HMnyJIbca 3 n, npnrO,nHoro ,ItJUI reuepa.wm 0,lJ.H03apH,lJ,HbIX 

HOHOB. B peXGIMe BIT- H3MepeHHii B Bb~eneHHOM KOpOTKOM HMnyJIbce Toxa 

nyqKa :no npelfM}'mecTBO npaJCTH1Iecm He MOJKeT 6bITb 3aMeTHbIM, T3K XaK 

KOpoTI<Hii HMIIyJIbC HacrpaHBaerCJI ua BbmeneHHe BbICOK03apJl,ZJ;llbIX HOHOB. 
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J/,]lR (E) u (B). Y.n;oBJIerBOplITeJIhHbIM 06'bSICHeHMeM B 3TOM cnyqae MO)l(eT 

6bITb npo.u;ecc 1I0TepH 3apsm;a BbIcoK03apSl)UlbIMH MOHaMH B H3MepHTeJlbHOM 

KaHane MarHHTHOrO aHaJIlUaTOpa B pe3YJIbTaTe peKoM6HHa~M 3THX HOHOB 

npH npOXOJK,D;eHHH rmCTKa H3MepmeJIbHOrO KaHana C OTHOCHTeJIbHO IIJIOXHM 

BaKYYMOM (Ha 1I0PAAOK xyJKe, qeM B yexOplITeJIbHOH TPy6Ke). B cnyqae 

npO.u;ecCOB peKoM6HHaQHH HOBbI H3 rpynnbl "C3" B pe3YJIhTaTe 3aXBaTa 

M/z 

Put-8 MA- aJeKTp C 3IT 

MI2. 

Pac.9 MA-eneKTp 6e3 3lI 

HeexOJIbKHX 3neKTpOHOB lIepeXO):(Wf B rpyrnIbI It,l{lt H "E". ,l\IDI BIT MerOna 

TaKoe H3MeHeHHe B cneKTpe HOO:myrHMO, Tax KaK CKOPOCTb nOTepBBIllHX 3apB,ZJ; 

HOHOB npaxmqecrrn: He MeIDIeTCSI. TaKliM 06paJOM HaHoo.r.ee BePOiITHblM 

pe3YJlbTIlTOM )l.eiiCTBHR 3D NIB HOHOB ypaHa, nO.llTBep~eHHblM )l.ByMB 

MeTO)J.aMlf H3MepeHHii , CJleJJ.YeT CIIfIf11lTb nOSlBJIeHHe rpyonLI HOBOR "C3", T.e. 

nORBJleHHe HOHOB U12+, U11+, •. ,U7+. 

CpSSHeHue iJaHH&'X paC'IemHo-meopemU'IecK02o U3y'lSHUR 

npoqecco8 aeHepaquu UOH08 8 E-MEWA u aHanoaU'IH&'X C 

HSU ycmpoucmeax C c}aHHblMU Hawux U3MepeHUU. 

MbI y6eAWIHcL, qTO pe3YJThTaThI H3MepeHHH no cOCTaBY cneK'rpOB 

y,1le.ITbHbIX 3apH,1l0B HOHOB Ha BbIXO,1le MH)KeKTOpa ,l1.IDI UByx MeTOD;OB H3MepellllH 
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qaCTHlffiO COBIIMaIOT, a pa3JlHlI.HH Me)J(Jfj' HHMH HaXO,WIT pa3yMHoe 

06'MICHeHHe. B TO )ICe BpeMB: HMeercs IleJlbrli PM 3cllclleKToB, COnpOBO)J(,Aa1OIIUiX 

pa60Ty HCTOlIHHKa E-MEVVA, KOTopble He BnOJIHe yxn~maIOTCXB npocryro 

KOHIlenqmo YAaPHOH HOHH3anmI. 3'ro npe)K,l(e Bcero onpe.nerreHHoro po,na 

Hecra,6H.JThHOCTH. flO3TOMY lKerraTCJIbHO no,nBepmyTb cpaBHHTeJIbHOMY 

aHamoy .n;aHHLle pacqemo-reopet'WlecKOro H3yqeHIISI HCTOlJllHKa E-MEWA H 

aHanOrHlIHbIX E-MEVVA ycrpOHCfB Ha npe,llMef OThICK8.HIDI HCT01JHHKOB H 

06'MlcHeHIDI IIpHlIHH HeKOTOpLIX THIIOB Hecra6HJThHocrdi npH pa60Te 

HCTOtIHHKa E-MEVVA. 

llpe)J()l;e Bcero 0603HalIHM B03MOXBLle napaMeIpLI IUIa3MbI B KaHane 

,npeiiepa B onp~errHM BpeMeHa penaxcmum npOIleCCOB YCTaHOBneHIDI 

paBHOBecHoro COCTOmmJI .nIDI 3JIeKTpOHROH H HOHHhIX COCTaBIDlIOmHX :nOH 

MHOrOKOMlIOHeHTHOH CHCTeMhI, a TaK}](e mrs: npollecca BblpaBHHBaHHjI 

TeMDeparypbI B ReB:. 

BpeWl peJIaK~ ,IODI 3JIeKTPOH - 3JIeKTP0HHbIX CTOJIKHOBeHHH (B 

ceKyHJJ;ax) 

(1) 

r,n;e p - DpHBe.neHHag CKOPOCTh qaCTBlJ" Te - TeMIIepaTYPa B IPaAYcax 

KeJThBHHa, je - IUIOTHOCTb TOKa qacnm B AlCM2 , InA - KyJIOHOBCKHii 

JIorapHcllM. 

BpeMeHa peJIaxcamrn ,IJ;JIjI O.n;H03apJl.InlbIX HOB - HOIIHbIX CTOJIKHOBeHHH H 

,Z:UllI npo~ecca BbIpaBHHBaHIDI TeMIIepaTYP npH rrpOllHX PaBHbIX yCJIOBIDIX 

CBjJ:3aHbI C BpeMeBeM tee crre.nyIOID;HMB COOTIIomeHlfjlMH: 

-/fi t m
t. = t _. t = ~_I t

IJ till , Ie 2 ee (2) 
me me 
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TaKHM 06Pa30M,llIDI Ol~eHI(H: BpeMeH penaKC3.IUlH Heo6XO,IUIMO 3HaTb CKOpOcrb 

,z:q>e:ncPa cocraBIDIIOIUHx nna3MbI, HX TeMIIepaTYPY H nnOTHOCTh TOKa qaC'I'Hn 

xaJIC,IlOH H3 coCTaBmno~HX. 

)J.IDI IIJIa3MbI HCXO,wIII(en: 83 KaTO}l)lOrO IDITHa nrrOTIlOCTb TOKa ,lJ)UI 

3neKTpOHOB H TII)JCeJIbIX TJa~ COCTaBIDleT BeJIH1IBHY 60nee 100 AlCM2 

(nnoTHoCTb 1I3CTIm = ( 1.6.1021 TJiCM2)/ CKOpOCTh APeii<l>a IDIa3MeHHoii CTpYH) , 3 

tee < 10-8 C, TaK lITO ny llJIa3MY MO)KHO ClIHTaTb paBHOBecHOH B6JIH3H 

K3TO.n;HOrO IUITHa. Ha HeKOTOpoM paCCToBHHH OT KaTO.na IIJIa3MeHHa9: crpy9:, 

pacnmpSlSlch no 3aXOHy 06paTHbIX KB(Uij)aTOB, TepSier CBOHCTBO P3BHoBecnoH 

CHCTeMLI. B KaHane ,z:q>ei$a nrra3MeHHbIe CTPYH OT Pa3.JllP1HbIX KaTO,D;HhIX IDITeH 

CMeIDHBaIOTca, 06pa3ySI HOByro CHCTeMY 3apJl)KeHHbIX lIaCTH"Q. Ilonp06yeM 

o~eHlITL ee napaMerpbI, OCHOBblBIDICb Ha ,naHHbIX OIThITa [l ,2]. M3Mepell:ml 

IIOKa33JIH, 'liTO CKOPOCTh O,lUf03apJl,lUlbIX TSI)I(eTIJ:,IX HOHOB Ha BLJXo~e 83 KaHana 

A]Jeii:cPa COCTaBIDIef BeJIH1IHHY nop5l,ll;Ka 3·1 ()4 WC, TO ecTL l3 = 10-4. ):{IDI ou:eHKH 

IIPHMeM je = 0.05 A, lITO COOTBefCTByer Ha6mo,n;aeMoMy H3 OllbITe TOKY HOHOB, 

paBHoMY 0.5 A (IDIOTHOCTb qaCTHD; = 2.7.1013 qJCM2 ); Te = 55000 K (nopSlwca 

5 eV). BpeMB penaKcaI.Ulli AIDl3neKTpoHoB 6y~er B 3TOM cnyqae tee =(3.6)10-6 C, 

a ti ~ O,ll;H03apSI)J;HhIX HOHOB B ~ pa3 60JThme • TaKHM 06pa30M, TaK KaK1j-;;;: 

BpeMB npone.ra 808aMB KaHana .zqJeii4>a He npeBblmaer 30 J.!S, B KaHane ):g>eii:<I>a 

TOJIbKO 3neKTpOHHaJI cocraBIDIlO~asr IDIa3MLI, COrryrCTBYJOI:D;aSI TR)KeJIbIM 

HOHaM, MOJKeT HaXO,lUlTCR B paBHoBecHOM cocroaHHH (.nruI HOHOB C 3apH,llOM 

Ze BpeMR Pe.rraKcaIUfH tjJ =tu Z -3 ,TO ecTL B Z3 pa3 MeHLme, qeM t6, O)l,HaKO, 

TOK BhICOK03apJl)J(eHHLIX HOHOB CJIHIIIKOM HeBemnc WUI Toro, TJT06LI HMeTb 

Marroe BpeWl penaxcaI:(HH). 

):{illl IIPOJIeraIOm;erO CKB03L KaHan .z:q>eii<l>a 6LICTpOrO 3JIeKTPOHHorO 

nyqxa, HCXO,lUIDl,ero H3 3neKTpOHHOH nyIIIKH, clUIa ,UHHaMHTJecxoro TPeHIDI AID! 

3JIeKTpOHOB , KOTOpIDI 06paTHO nponOpUHOHa.rr:LHa TpeTheH creneHH Pa3HOCTH 
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CKOPOcreH, HHqTOJICHO Marra, TaX lffO e,AHHCTBeIlllbIM MhICJIHMLIM napHblM 

BJaHMO,lleHCTBHeM 6bICTphlX 3HeKTpOHOB ny'IKa JlBIDIerCJI paccemme (ynpyroe H 

Heynpyroe) Ha qa~ax COcraBmno~ IIJIa3MY. 3'1'0 03Haqaer, lffO Hame 

npep;nOJIO)KeHHe 0 npO:Qecce cryneJlllaTOH HOHH3a~ B KaHane ,Lqleii<lla 

)l;ocraT01JHO 060CHOBaHO. BMecre C TeM B pe3YJIbT3Te Heynpyroro pacceBHIDl, 

3BallHTeJIbH3.SI qaCTb 3JIenpOHOB llOTOxa TepJler 3Heprmo H B03MO)l(}{O 

BCTyIIaeT B 33MerHOe B3aHMo,u;eHCrBue C 3nelCTpoBaMH H HOH3MH IUIa3MbI. 3TOT 

nponecc B HepaBHOBecHOH CHCI'eMe Oqelffi TPYAHO onellH'Th nyreM pacqera. MbI 

MO)l(eM nOIlbITaTbCJI BbUlCHHTb, Ha OCHOBaHHH ~HllhIX 3xcnepHMeHTa, 

RMeIOTCX JIH Ha6JlIOMeMbIe Ha OIIhITe OJIeHID! cBH,nereJII:.CTByrom;ne ° TaKOM 

xapanepe B3aJ1Mo,neHCTBIDI. KpOMe TOro crreAYef OI.-eHHTb B03MO)l(HYJO 

HeycrOj{qJmocrb nna3MeHHOrO H 3JIeKTpOHHOro nyqKa npH HX XOIDIeI<THBHOM 

B33HMO.n;eHCTBHH (nyqxoBbIe HeYCTOH'lHBOC1'H Dn33MhI). Ba:lKHbIMH 

napaMerpaMH,ll.IDI TalCOH 0~eHI<H XBJUIIOTCH: COOTHomeHHe IDIOTHOCTeH qa~ 

B IIna3Me H 3JIeKTPoHHOM fi}"IKe, HX ,lle6aeBCKHe Pa,zJ;HYCbI H IUIa3MeHHbIe 

qacroThI. 

IImrraocn. Ton B 3D. BeJllflIlIHa TOKa 3ll H3MepeHHaH H3 BblXo.n;e 

3JIeKTpOHHOH DyIIlICH KOJIe6JIeTCll B Dpe,lleJJax OT 10 11.0 50 A. ,L(mI BbIXO,lI,HOrO 

OTBepCTIDI B nynnce I.... 1,5 lIM 1UI0THOC'lD TOKa B o6naCTU OTBepCTWI TaKHM 

06p83oM COCTaBIDIef BeJIH'nuIY B npeAeJIax OT 1000 AO 3000 AlCM2 • XOTII }:ODI 

napaMerpoB nyunm (Ua =1000 V, 1.- 1 MM) IDIOTHOC'Tb TOKa orpaHlfqeHHOrO 

06'beMHbIM 3ap.smOM He ,ll;oJDICHa npeBbnnaTb 10 AJCM2 , )J)U.I MHKPoWIa3MemlOrO 

KaTO,na, npHMeHSIeMoro B nymxe, HymiO }"leeTh, qTO npe,ZJ.eJIbHbIH TOX 

nepBHq}{b1X 3JJetcrpOHOB B nnOTHOM YCTOHIIHBOM IIJI33MeHHOM nyqxe MO)I(eT 

npeBbICHTh TOX fIHpca 6oJIee, qeM Ha ABa nop~BeJIHlJHHbl [6). BMecre C reM 

HeJlb3S1 HClOlIOllHTb H 06pC130BaHHe B 3JIeJcrP0HHOH IIyIIIKe BHPJYaJIbHOrO 

KaTO,lta, XOTOPbrH H MO)I(er OHThCll npHllHHoii Ha6moAae~oHHeycroHllHBOCTH 

B pa60re 3JIetcrpOHHOH nymKH. rIPH yCKopeHHH 3JIeKTPoHoB B yCKopmomeM 
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3a30pe Oe =3 CM) YCKOPSIIODJ;HM HanpSDlCeHHeM Ve « 10 kV) B BbICOKOM 

BaKYYMe COXpaHHThCJl TaI<asI IUIOTHOCTb MO)l(er TOJIbKO B ycnOBIDIX 

B03HHKHOBeHIDl BHPTY3JThHOrO teaTO,ZJ;a (nyJIDcHpymmero BO BpeMeHH)t TO ecn, 

B HeyCfOiilfHBOM pex<HMe paOOTbI C nyJIbcHpymmeii BO BpeMeHH nnOTHOCTbIO 

TOKa (qaCTOTY nyJThcanHH TPYJnlO Ol~eHHTb). B CTaD;HOHapHOM pe)KHMe 

IDIOTHOCfb ,ZJ;OJDKHa ynaCTL,ZJ;O BeJIR1IHHLI < Ot25 AlCM2 • BMecTe C reM B 3TOM 

YCKOpm.o~eM 3a30pe BaKY}'M H3 nOpJI.U:OK xyJKe, qeM B 06naCTH yCKopeHIDJ 

HOHOB, TaK lITO B 3TOM 3330pe MOJKer B03HlfKHYTb JIJIa3Ma B pe3YJIbTare 

HOHH3~ raJa CaMHM 3ne.KTJlOIllIbIM nyqKOM. TaKKM 06pa:JOM 

COOTBeTCTByrom;ee YBeJlHlieHHe npe.lI.eJThHOrO Toxa Hero IlJIOTHOCTH 

npOH30ii,neT H Ha nOM yqaCTKe nym nOTOKa 3JIeI<TpOHOB. Ha ytIaCTKe ,Apeiicl>a 

3ll OT yCKopnoIIlero 3nerrpOM ,Ve , ,ZJ;O BXO,ZJ;3 B HOHHbm HCTOqHHK 

npe,neITbHbm TOX 311 onpe.l'(eJlSIeTCJI BbrpaxceHHeM [6] : 

vJ 
) 

II =133·10~ 0 R (3,nCCb HanpsDKeHHe Vo -B BOJIbTaX, TOK, II - B aMnepaxt 
1+21n­

Q 

a -PMHYc nytIKat R - pa,n;uyc KaHaJIa) [6]. ,JJ;IDI Ve = 10 kV:lTO Aaer BeJIH1IHHY 

II= 133 A npH a =R . 

34>rPeKTHBHyro nnomoCTb TOKa 3ll B KaHaJIe )JJ>eiirPa MOJKHO O~eHHTb no 

3KcnepUMeHTaJIbHLIM AaHHLIM npHBe)J,eHHbIM Ha pHc.6t B qaCTHOCTH no 

rrmlBJIeHHlO HOHOB C 2+ B CIIeKTpe no,IJ; B03,D;eHCTBHeM 3ll. CeqeHHe HOHH3a:QHH 

C+ B C2+ WUI 3HeprHH 3JIeKTpOHOB 5 keY COCTaBIDIeT BeJIHIlHHY nopJI)].ICa 

10-17 CM2 [7]. 3m ,D;aef ,lJ)UI <l>aKTOpa HOHH3aIJ;HH BeJIHIlHHY 1017 CM-2 , qTO ,w.uI 

ronrreJlhHOCTH 3n ~teb == 5.10-5 C cocraBIDIeT Be.JIH1DfHY nopSlJlKa 500 AlCM2 )l)llI 

IUIOTHOCTH TOKa 3ll (IDIOTHOCTb qaC'I'Hll =10}} qJCM2 ). TaKWI >Ke nrrOTHOCfh 

no nopg.n.xy BemNlDlhl Tpe6yercSI ,lI,IDI nmlBJIeHIDI B ciletcrpe (rpynna C3) HOHOB 

ypaHa (12+....6+) npH crynetfllaTOH HOHH3aI.{HH HH3K033Pjf,l{HbIX HOHOB ypaHa 

[7]. KaKHM 06pa30M COOTBerCTBYJOmHe napaMerpbI 3TI B03HKKaIOT H 
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no.a.nep)l(lfBaIOTCa npH pa60Te E-MEVVA npe,nCTOHT BbUICHlITb Ha OIIblTe, B 

lIaCTHOCTH Ha OCHOBaHHH ynyqmeHIDI CHCTeMbl ,IJ;HarHOCTIlKJi 3£1. 

113 llpe)I,bmymero paCCMOTpeHIUI CJIe.nyer, q-ro ocnOBHLle HeycroH'lHBOCTH 

pa60Tb1 HonHoro HCTOQHHKa MOryI' 6bITb CBa33HbI C Hecra61f.1ThROCTaMH 3ll, 

3aJIO:ICeHHbIMH B KOHCTPyI<UHH 3neKTPOHHOH IIymKH H KaRMOB 

TpaHCnopTHpOBKH anerrpOHOB. BJIIDlHHe 3IT H3 nJIa3MY B KaH3JIe .zq>eHcPa He 

MOIer 6bITh 3H3l1HTeJThHbIM BBJmY HH3KOH nnOTHOCTH lIaCTIfQ B HeM no 

OTHomemno K nrrOTHOCTH QaCTHU B IIJIa3Me. 

pac.l0 PlUnaoemre oepaIrUIWX JIJIIIIIi merrpa 

DOJlltdieTBlIeM 3D (........ JIY"I). 

B HeKOTOPbIX peXCHMax paGOTa 3ll "pH BKJllOlJeHHH 3n BMecre C 

nOJIBJleHHeM HOBbIX JIHHHH B cnercrpe (a HHor,na H BMeCTO nOOJIeHIDI HOBbIX 

.JIHHHii) npOHCXOAAT U ,Zq>yrHe H3MeHeHIUI B CDeKTpe HOHOB, B lIaCTHOCTH 

pa3,II,BOeHHe nepBHlffibIX JIHHHH: (U+l , U+2 ). XOTjJ: 3TOT 3(j>(j>eKT MO)KeT 6bITb 

CJIeJl;CTBHeM Hecra6HJThHOcm napaMerpoB 3n (H3MeHeHHe IDIOTHOCfH TOKa 3II 

II 3Hepnm 3JIeKTPoHoB) HeJIb3jJ: HCKJIIOlIHTb H BJIIDlHHe 3JIeKTpOHOB 

B03HHKaIOJIUIX lIplf HeynpyroM paccenmH nepBH'IHOrO 3 II Ha UORax IDIaJMbI. 

3TH eneHHg lpe6YJOT Gonee BRHMaTeJIbHorO H3yqeHIDI. 
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