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Summary 

The effective electron impact ionization 
cross sections of the Ar positive ions from 
Ar+4 up to Ar +12 have been measured at the 
electron energy of about 2.5±0.15 keV using 
the electron-beam ion source "KRION". The 
experimental values of the total ionization 
cross sections in the l0- 18 cm 2 units were 
found to be: a 4 = 4. 6, as = 3. 5, a 6 = 2. 3, 
a 7 = 1 • 4 , a 8 = 0 . 8 8 , a 9 = 0 . 6 5 , a 1 o= 0 • 4 5 , 
all= 0.30, a 12 = 0.20 the error being of about 

+ 15%. 
- . +S A +6 h For the 1.ons Ar and r t ere were ob-
served one- and two-electron ionizations per 
one collision. The partial effective cross 
sections for both the processes measured 
in these cases are (in the lo-18 em 2 units), 
respectively, as .... 6 = 2.05, as_. 7 = 1.45, 
a .... 

7 
= 0.92, a 6 _. 8 = 1.38 the error being of 

atout ± 15%. For the ions of higher charge 
states one-electron ionization only was 
observed. 

The experimental values of the effective 
cross section were compared with the calcu
lated ones. 

1. BeeoeHue 

lfCCJie)l.OBaHHe HOHH3al.lHH llOJIO)f(HTeJibHbiX HOHOB paJ

JIH'IHbiX 3JieMeHTOB 3JieKTpOHHbiM y.napOM npe)l.CTaBJIJieT 

3Ha'IHTeJibHbiB HHTepec B nepByiO O'lepe,ll.b C TO'IKH 3peHHJI 

llOJiy'leHHJI $yH)l.aMeHTaJibHOB HH$OpMal.lHH 06 3JieKTpOHHbiX 

060JIO'!Kax HOHOB llOCpe,ll.CTBOM H3MepeHHJI BepO.IITHOCTeB 

paJJIH'IHhiX npoueccoB c yqacTHeM HaJieTaiOII.lero JJieKTpoHa 

H 3JieKTpOHOB HOHHbiX 060JIO'IeK B HOHaX paJJIH'IHbiX 3apJI,ll.

HOCTeB. 

KpoMe Toro, JctxbeKTHBHhie nonepe'!Hhle ce'!eHHJI HOHHJa

llHH llOJIO)f(HTeJibHbiX HOHOB HeiTOCpe)l.CTBeHHO MOryT 6b1Tb 

HCllOJib30BaHhl )l.JIJI pellieHHJI pa3JIH'IHhiX Ja)l.a'l B ITJia3MeHHbiX, 

acTpO$H3H'IeCKHX HCCJie)l.OBaHHJIX, pa3pa60TKaX HCTO'IHHKOB 

MHOr03apJI,ll.HbiX HOHOB H np. 

)J.JIJI H3MepeHHJI Ce'leHHB HOHH3al.lHH llOJIO)f(HTeJihHbiX 

HOHOB 3JieKTpOHHbiM y.napoM Tpa)l.Hl.lHOHHbiM JIBJIJieTCJI MeTO)l. 

nepeceKaiOII.lHXCJI HOH- JJieKTpOHHbiX llY'IKOB II/. fipH BCeX 

)l.OCTOHHCTBaX 3TOrO MeTO)l.a OrpaHH'IeHHJI, o6yCJIOBJieHHhle 

OTHOCHTeJihHO HH3KOB 'IYBCTBHTeJibHOCThiO, He ll03BOJIJIIOT 

Hccne.noaa Th 6onee 2 - 3 cTyneHeB: npouecca nocne.noaaTeJih

HOB HOHHJal.lHH. B nocne)l.HHe ro)l.hi paJBHBaroTcJI .npyrHe, 

6onee 'IYBCTBHTeJibHbie MeTO)l.hl, B '!aCTHOCTH, MeTO)l. HOHHOH 

JIOBYlliKH I 2- 51. 
B Jla6opaTopHH BhiCOKHX 3HeprHB: OHJIH pa3pa6oTaH 

KpHoreHHhiB BapHaHT 3JieKTpOHHO-Jiy'leBoro HOHHOrO HCTO'I

HHKa - "KpHOH" 161 , OKa3aBlliHBCJI )l.OCTaTO'IHO JctxbeKTHB

HbiM HHCTpyMeHTOM ,ll..JIJI H3MepeHHJI Ce'!eHHB HOHH3al.lHH llOJIO

)f(HTeJibHbiX HOHOB 3JieKTpOHHbiM y.napoM BllJIOTb )l.O HOHOB, 

HMeiDII.lHX JIHllib rny60KHe JJieKTpOHHbie 060JIO'IKH. )J.JIJI He

KOTOpbiX JierKHX 3JieMeHTOB y,!l,aJIOCb H3MepHTb )l.a)f(e Ce'!eHHe 

y.naneHHJI nocne.nHero 3JieKTpoHa c K - o6ono'IKH 17 I. 
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B uacToxme:H pa6oTe onuchlsaeTcx 3KcnepuMeuTanLuax 

ycTaHOBKa H npHBO)l.JITCJI pe3yJILTaTbl OnhiTOB no HOHH3aUHH 

nOJIO)I(HTeJILHhiX HOHOB aproua npH B3aHMU)l.eHCTBHH C 3JieKT

pouaMH 4JHKCHpOBaHHOH 3HeprHH ""2,5±0,15 K3B. 

2. 3KcnepuMeHma.llbHaJI ycmaHoeKa 

Ha puc. 1a noKaJaua cxeMa suyTpeuueH: 'laCTH ucTo'I

HHKa "Kpuou" c Mace- cneKTpoMeTpoM no speMeuu nponeTa. 

3neKTPOHHhiH ny'IOK, 3MHTTupyeMhiH KaTO.ll.OM /1/ 3JieKT

pouuo:H nylliKH /1,2/, npoxo)l.HT BHYTPH 4JoKycupyro~ero 
COJieHOH)l,a /3/ H Ha BbiXO)l.e H3 MarHHTHOrO nOJIJI perHCT

pupyeTCJI 3JieKTpOHHbiM KOJIJieKTOpOM /4/, K KOTOpOMY 3JieKT

pOHbl ny'IKa npH)I(HMaeT none BhiTHrusaromero 3JieKTPO.ll.a 

/5/. CucTeMa ceKUHH )l.pe:H4JosoH Tpy6KH /6/, BHYTPH KOTO

pOH npOXO)l.HT 3JieKTpOHHhiH ny'IOK, CJIY)I(HT )l.JIJI CO 3)l.aHHJI 

HY)I(HhiX pacnpe)l.eneuuH: noTeuuuana a npocTpaucTBe )l.peH:4Ja 

ny'!Ka. C noMO~hiO MaruuTuoro nomoca /7 I coJ)l.aeTcJI 

ueo6xo)l.HMax Kou4Jurypauux MarHHTHoro nonx ua BLIXO)l.e 

H3 COJieHOH)l.a. HCTO'IHHK pafioqero Be~eCTBa /8/ pacrrono

)l(eH B paHOHe TpeTbeH CeKUHH )l.peH4JOBOH Tpy6KH. 

~JIJI o6ecrre'leHHJI )l.JIHTeJibHOrO BpeMeHH B3aHMO)l,eHCT

BHJI HOHOB C 3JieKTpOHHhiM ny'IKOM B 06JiaCTH HOHH3aUHH 

C03)l,aeTCJI 3JieKTpOCTaTH'leCKaJI JIOBYlliKa )l.JIJI HOHOB: YXO)l. 

HX B pa)l.HaJibHOM uarrpaBJieHHH orpaHH'leH ITOJieM npOCTpau

CTBeHHOrO 3apH)l.a 3JieKTpOHHOrO ny'IKa, a B aKCHaJibHOM ua

rrpaBJieHHH HOHbl y)l.ep)I(HBalOTCJI ITOTeHUHaJibHbiMH 6apbepaMH 

ua OKOHe'!HhiX ceKUHJIX J].pe:H4JoBOH Tpy6KH. 

Pe)I(HM pa60Tbl HOHHOrO HCTO'IHHKa - HMnyJibCHbiH, C qac

TOTOH 1 UHKJI B uecKOJibKO ceKyH)l.. llocne)l.oBaTeJibHOCTb 

npoueccos unmocTpupyeTcx puc. 16 u 2. 
HCTO'IHHK pafioqero semecTBa C03)l,aeT ITOTOK MOJieKyJI 

nOCTOJIHHOH HHTeHCHBHOCTH B J].peu4JoByiO Tpy6Ky. B HCXO)l.HOM 

COCTOJIHHH nJIOTHOCTb 3JieKTpOHHOrO ITY'!Ka HeBeJIHKa, H pac

rrpe)l.eJieHHe rroTeuuuanos ua ceKuuxx /puc. 16, A/ TaKoso, 

'ITO BCe HOHbl YXO)l.JIT H3 Hero B aKCHaJibHOM uarrpaBJieHHH. 

llpH MaJIOH ITJIOTHOCTH 3JieKTpOHHOro ITY'!Ka B MOMeHT spe

MeHH t 1 ua ceKUHJIX C03)l.aeTCJI pacrrpe)l.eneuue noTeuuua-
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Puc. 2. BpeMeHHaJI ouazpaMMa npoijeccoe e ucmo~nuKe 
"Kpuon" u e Mace- cneKmpoMempe. N MOJI - nomoK MOAeKyA 
pa6o~ezo ee111ecmea e opeiifjoeyro mpy6Ky uonnozo ucmo•mu
Ka, I 3JI - 3AeKIIIPOHHbrii IIIOK, zenepupyeMbrii nywKoii, lwoH -

UOHHbiU IIIOK Ha 8biXOOe UCI/IO~HUKa, f1U MOA - pa3HOCI/Ib 
nomenijuaAoe na nAacmunax MOOYAJIIIIopa, I BnMc - IIIOK na 
uonnoM KOAAeKmope BIIMC /pezucmpupyeMbre cneKIIIpbl 3a
p.Ronocmeii uonoe/. 
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nos (B), npu I<OTopoM MecTo nepece'leHH.II Monei<yn.RpHoro 

H :Jnei<TpoHHoro ny'II<OB oi<a3LIBaeTc.ll BHYTPH :Jnei<TpocTaTH

qe CI<OH llOBYWI<H ,!J;ll.ll HOHOB. Ha'IHHa.ll C 3TOrO MOMeHTa, 

o6pa3yiOII.(Hec.R B ny'II<e HOHLI pa6oqero Bell.(eCTBa JaxBaTLI

BaiOTC.II B nosywi<y, paBHoMepHo pacnpe.nen.R.RCL no sceMy 

06'LeMy 3Rei<TpOHHOrO ny'II<a Me)I(,IJ;y ai<CHaRLHLIMH DOTeH

UHallLHLIMH 6apLepaMH. Hai<orrneHHe HOHOB H,IJ;eT B Te'leHile 

perynupyeMoro speMeHH ( t 2 - t 1 ) , I<OTopoe onpe.nen.ReT

c.11 senH'IHHoii noToi<a Monei<yn pa6oqero Bell.(eCTBa, 3Hepruefi 

3llei<TpOHHOrO ny'II<a H Tpe6yeMOH CTeneHLIO I<OMDeHCaUHH 

npOCTpaHCTBeHHOro 3ap.II,IJ;a 3Rei<TpOHHOro DY'II<a HOHHLIM 

3ap.II,IJ;OM B I<OHUe npouecca HOHH3aUHB. 

llocne Toro I<ai< B nosywi<e Hai<onneHo .nocTaTO'IHoe I<o

llH'IeCTBO HOHOB pa6oqero Bell.(eCTBa,B MOMeHT BpeMeHH t
2 

Ha Cei<UB.IIX ,IJ;peii~OBOH Tpy6I<H C03,IJ;aeTC.II pacnpe,D;eneHHe 

noTeHuuanos (C) • llpu 3TOM neBLiii I<paii :Jnei<TpocTaTH'Ie

ci<oii llOBYWI<H CMell.(aeTC.II Tai<HM o6pa30M, 'ITO MeCTO nepe

Ce'leHH.II Monei<ynRpHOrO H 3nei<TpOHHOrO DY'II<OB, HaXO,!J;.IICL 

B o6nacTH ai<cuanLHoro rpa.nueHTa noTeHuuana, oT.nen.ReTC.II 

OT nosywi<H noTeHUHanLHLIM 6apLepoM. Bee BHOBL o6pa3yro

Il.(Hec.R HOHLI pa6oqero sewecTBa YXO,IJ;.IIT B HanpasneHHH 

I<aTo.na :Jnei<TpOHHoii nywi<H, He nona.naR B nosyWI<y. 3ToT 

MeTO,!J; HH)I(ei<UHH pa6oqero Bell.(eCTBa B 3llei<TpOCTaTH'IeCI<YIO 

llOBYWI<Y, Tal< Ha3LIBaeMLIB MeTO,!J; "3nei<TpOHHOro perynHpOB

Il.(HI<a: 6Lin npe,IJ;llO)I(eH paHee /8/, H B HCTO'IHHI<e "KpHOH" 

peanH30BaH BDepBLie. Ocyll.(eCTBll.ll.ll HMDynLCHYIO HH)I(ei<UHIO, 

MeTO,!J; "3Rei<TpOHHOrO perynupOBII.(HI<a" n03BOR.IIeT BapLHpo

BaTL I<OllH'IeCTBO BBO,!J;HMOrO B o6naCTL HOHH3aUHH pa6oqero 

BeJ..QeCTBa B O'leHL WHpOI<HX npe,IJ;enax, Tal< I<ai< BpeM.II HH

)I(ei<UHH MO)I(HO MeH.IITL OT ,IJ;eC.IITI<OB MHllllHCei<yH,IJ; ,IJ;O ,IJ;eCRT

I<OB MHI<pocei<yH,IJ;. B 3I<cnepHMeHTax noi<a3aHo, 'ITO no 

OI<OH'IaHHH npouecca HH)I(ei<UHH pa6oqee Bell.(eCTBO He no

cTynaeT B nosywi<y. OnucaHHLiii MeTo.n HCDLITaH npu pa6oTe 

C 3THlleHOM, a30TOM, HeOHOM, aprOHOM, I<CeHOHOM H renHeM. 

B npouecce HOHH3aUHH B03pacTaeT npocTpaHCTBeHHLiii 

3ap.II,IJ; HOHOB H ysenH'IHBaeTC.II aMnnHTy,IJ;a HX pa,IJ;HanLHLIX 

I<one6aHHii. qTo6LI 3TO He npuseno I< noTepe HOHOB, B npo

uecce HOHH3aUBB DpOH3BO,!J;HTC.II yBellH'IeHHe DllOTHOCTH 

:Jnei<TpOHHoro ny'II<a, B peJynLTaTe qero aMnnuTy.na pa

.nuanLHLIX I<One6aHHB HOHOB yMeHLWaeTC.H. 
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fipH HanH'IHH OCTaTO'IHOrO ra3a B o6naCTH HOHH3anHH 

BpeMJI B3aHMO,neHCTBHJI HOHOB C 3neKTpOHHWM nyqKOM onpe

,nenJieTCJI CKOpOCTbiO KOMneHcanHH npOCTpRHCTBeHHOrO 3a

pJI,na 3neKTpOHHOrO nyqKa npocTpaHCTBeHHbiM 3apJI.Q.OM 

HOHOB ocT a TO'IHoro ra3a. B Hamax ycnoBHJIX .nasneaae 

OCTaTO'IHOrO ra3a B o6naCTH HOHH3aUBH 6wno '=2·10-llTop, 

a K KOHUY 40-i MBnnaceKyH.Q.bl BOHH3aUHH yposeHb 41oHa 

B o6uteM HOHHOM 3apJI.Q.e COCTaBnJin He 6onee 1()~. MaKCH

ManbHOe BpeMJI B3aHMO.IleHCTBHJI HOHOB C 3neKTpOHHbiM 

nyqKOM paBHO ,nnHTenbHOCTH 3neKTpOHHOrO HMnynbCa 

140 MCI, T .e. orpaHH'IeHO TeXHH'IeCKHMH B03MO>KHOCTJIMH 

CHCTeM nHTaHHJI 3neKTpOHHOH nyWKH. Ecna 6bl 3TOrO orpa

HH'IeHHJI He cymecTsosano, TO npa BMeromeMCJI yposHe 4loHa 

nonHaJI KOMneHCal{HJI 3neKTpOHHOrO 3apJI.Q.a HOHaMH 

npoa3omna 6bl 3a "'0,5 c. 

ITo OKOH'IaHHH npouecca HOHH3al{HH C03,Q.aeTCJI nepBOHa

qanbHOe pacnpe.neneHHe noTeHuHanos (A) , np11 JCoTopoM 

BCe HaKOnneHHble B nosymKe HOHbl BbiBO,Q.JITCJI ,nnJI aHanH3a. 

~nHTenbHOCTb HMnynbca HOHHoro ToKa onpe.nenJieTcJI spe

MeHeM nepexo.D;a oT pacnpe,D;eneHHJI noTeHuaanos (C) JC 

pacnpe.Q.eneHHIO noTeHuaanos (A) .3To spew:JI MO)l(eT perynH

posaTbCJI OT 40 .Q.O 500 MKC. 

AHanH3 3apJI,D;HOCTeH HOHOBnpOB3BO.Q.HTCJI Macc-cneKT

poMeTpOM no speMeHH nponeTa I puc. la/ c 6a3oii: 1 M 

IBITMCI. YCKOPHBIIIHCb noneM BbiTJlrHBaJOJUero 3neKTpO.Q.a, 

HOHbl DpOXO,Q.JIT CHCTeMy 3neKTpOCTaTB'IeCICHX nHH3 191 H 

nona.Q.aroT B MO,D;ymiTop KOH.D;eHcaTopHoro THna 1101. Ha 

,D;Byx napannenbHbiX nnacTHHax Mo.nynJITopa c ymecTsyeT no

CTOJIHHaJI,OTKnOHJIIOJUaJI HOHbl, pa3HOCTb DOTeHuaanOB, Bcne.Q.

CTBHe qero HOHHbiH DY'IOK He perHCTpHpyeTCJI Ha BWXO,ne 

BITMC. Bo speMJI 3KCTpaKUHH BOHOB H3 HCTO'IHHKa noTeH

uHanbl nnacTHH Ha KopoTKOe speMJI I"' 100 Hcl ypasHHBaJOTCJI, 

H naKeT HOHOB nponycKaeTCJI K CHCTeMe perHCTpal{HH. B npo

CTpaHCTBe ,npei14la DpOHCXO.Q.HT pa3,neneHHe HOHOB no BpeMeHH 

nponeTa B COOTBeTCTBHH C HX 3apJI.Q.HOCTbiO, H Ha KOnneKTOpe 

1111 BITMC perHcTpapyeTCJI cneJCTP 3apJI,nHocTei HOHOB. 

qyo6bl perHcTpHpyeMble cneKTPbl .nasanH BH41opMaUHJO o6o 

BCeX HOHaX, BbiXO.IlJIJUHX H3 HCTO'IHHKa, B npOCTpaHCTBe 

.Q.pei41a HOHOB HMeeTCJI pJI.Q. 3neKTpOCTaTH'IeCKHX nHH3, o6pa-

30BaHHbiX .Q.pei4IOBbiMH Tpy6KaMH 1121, HaXO.Q.JIJUHMHCJI npH 

pa3HLIX noTeHUHanax, TaK 'ITO Ha HOHHWH KOnneKTOp B OT-
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CyTCTBHe pa3HOCTH nOTeHUHanOB Ha nnaCTHHaX nona,D;aJOT 

npaKTH'IeCKH BCe HOHbi, BbiXO,Q.JIJUHe H3 HCTO'IHHKa. 

llo.D;aBaJI Ha nnacTHHbl MO,D;ynJITopa BITMC ypaBHHBaromHi 

CHrHan B pa3nH'IHble MOMeHTbl BpeMeHH OTHOCHTenbHO Haqa

na nepexo.Q.a KapTHHbl noTeHUHanos (C) B KapTHHY (A) , 
MO)IQ{O H3MepHTb 3apJI,nOBbiH COCTaB pa3nH'IHbiX yqaCTKOB 

HMnyJibCa HOHHOrO TOKa. 0Ka3biBaeTCJI, 'ITO npH MaJibiX 

,D;nHTeJibHOCT .HX 3TOT HMnyJibC- I"' 40-60 M Kcl BHa'lane He

CKOnbKO 6oraqe HOHaMH BbiCOKHX 3ap.H,D;HOCTeH, 'leM B KOHUe, 

'ITO MO)KeT 6b1Tb 06'b.HCHeHO 60nbiiieH DO,Q.BH)KHOCTbiO BbiCOK0-

3ap.H,D;HbiX HOHOB. 0,nHaKO MO)KHO C ,D;OCTaTO'IHbiM OCHOBaHHeM 

C'IHTaTb, 'ITO UeHTpaJibHa.H 'laCTb CO,D;ep)KHT 3ap.H,nOBbiH COC

TaB, npHCYIUHH BCeMy HMDYJibCy HOHHOro 3ap.H.Q.a B uenOM. 

Ilo,D;p06HO KOHCTPYKUHH HCTO'IHHKa "KpHOH", ero KpHO

reHHa.H H MarHHTHaH CHCTeMbl, 41opMHpOBaHHe 3neKTpOHHOrO 

ny'IKa H .Q.pyrue .Q.eTaJIH onucaHbi B pa6oTax /6,9/. 

3. Pe3yAbmambr U3MepeHuii u noAy'leHue 3Ha'leHuii 

3t)¢eKmUBHblX nonepe'lHblX Ce'leHUU UOHU3QijUU 

3KcnepHMeHTaJibHoe H3y'leHHe npouecca HOHH3ai.J,HH no

JIO)KHTeJibHbiX HOHOB aprOHa CBO.Q.HJIOCb K cne.Q.yroJUeMy. B 

Ha'laJibHbiH MOMeHT BpeMeHH 3a HHTepsan, npHMepHO, 100-

150 MKC, B 3JieKTpOHHbiH ny'IOK HCTO'IHHKa "KpHOH" BBO,D;H

JIOCb HeKoTopoe KOJIH'IeCTBO I"' 10 
10 I HOHOB aproHa. 

3aTeM, no npoiiiecTBHH 3a.Q.aHHoro speMeHH, .HBnHIOIUerocH 

BpeMeHeM HOHH3ai.I,HH, npOH3BO.Q.HJIC.H BbiBO.Q. HOHOB H3 3JieKT

pOHHOrO ny'IKa H ux aHaJIH3 no speMeHH nponeTa. Ha 3KpaHe 

ocu.Hnnorpa41a C 1 -42 perHcTpHposanc.H BH.Q. cneKTpa 3ap.H,D;

HOCTeH HOHOB, CBH3aHHbiH C .Q.aHHbiM BpeMeHeM HOHH3al{HH. 

IlpH H3MeHeHHH BpeMeHH HOHH3al{HH 41HKCHpOBaJIOCb H3Me

HeHHe BH.Q.a cneKTpa 3ap.H,D;HOCTeH HOHOB. 

Ha puc. 3 .Q.aHbl npHMepbl cneKTpOB 3ap.H,D;HOCTeH HOHOB 

aproHa, noJiy'leHHbiX 'qepe3 5, 10 H 20 MC HOHH3ai.I,HH COOT

BeTCTBeHHO. Hcnonb30Banc.H 3JieKTpOHHbiH ny'loK npH 3Hepruu 

"'2,5 K3B H TOKe 1 A. BH.D;Ho, 'ITO, nocKOJibKY o6ecne'leHa 

HMnyJibCHa.H HH)KeKI.J,H.H pa6oqero Bell{eCTBa B 3neKTPOHHbiH 

ny'IOK, B Te'leHHe BpeMeHH HOHH3ai.J,HH npOHCXO,D;HT nocne,Q.o

BaTeJibHOe "BblropaHHe" HOHOB HH3IIIHX 3ap.H,D;HOCTeH H nO.HB-
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Puc. 3. CneK111Pbl 3apJH)Hocmeu uoHo9 apzoHa, noAy'leHHble 
3Q 5, JO U 20 MC UOHU3QijUU. 

neHHe HOHOB BCe 6onee BhiCOKHX JapJI,AHOCTeH. IlpH 3TOM 

yposeHh clJoaa OT ocTaToqaoro raJa Man H He npesJ.IwaeT 

101o ~aliCe npH MaKCHManhHOH, peanHJOBaHHOH B 3KCnepH

MeHTaX, ,AnHTenhHOCTH npouecca HOHHJaUHH I"' 40 ..we/. 
113 npHHUHITa pa60Thl 3HeKTpOHHo-nyqesoro HOHHOrO 

HCToqHHKa cne,AyeT, qTo cyMMapHoe qHcno JneMeHTapHhiX 

JapJI,AOB HOHOB B Ka)I(,AJ.IH MOMeHT npouecca HOHH3aUHH He 

MO)I(eT 6h1Th 6onhme qHcna 6hiCTphiX JneKTpOHOB B nyqKe, 

npOCTpaHCTBeHHhiH 3apg~ KOTOporo y,Aep)I(HBaeT HOHJ.I. B 
CBR3H C 3THM B03MO)I(Hhl ~Ba pe)I(HMa pa60Tbl: 1/ B HaqanL

HJ.Ie MOMeHThl BpeMeHH B 3aBHCHMOCTH OT ,AllHTeHhHOCTH HO-

10 

HH3aUHH B nyqOK BBO~RTCR paJnHqHWe KOHHqecTBa HH3K0-

3apS~WX HOHOB, HO TaKBe, qTo6w K KOHUY npouecca HOHH-

3aUHH, He3aBHCHMO OT ero ~HTenLHOCTH, HaKanHHBaHCR 

O~HH H TOT liCe MaKCHMaJILHO B03MOlKHWH CYMMapHwH npo

CTpaHCTBeHHwH Japs~ HOHOB, llpHMepHO paBHLIH npOCTpaHCT

BeHHOMY 3aps~y 6WCTPLIX 3HeKTpOHOB; 2/ KalK~Wii pa3, He-

3aBHCHMO OT ~nBTeHhHOCTB HOHH3aUHH, B nyqoK BBO~HTCR 

0~0 H TO liCe KOHHqeCTBO HH3K03aps~HLIX HOHOB, TaKOe, qTo 

paBeHCTBO npocTpaHCTBeHHWX 3apR~OB BOHOB H 3HeKTpOHOB 

HaCTynaeT nBWh npH 3a~aHHOfi: MaKCHMaHhHOH ~HHTeHhHOCTH 
HOHH3aUHH. 

06a pelKHMa O~HHaKOBO llpHeMneMLI ~nR HCCne~OBaHHR 
HOHH3aUHH, C TOH nBWh pa3HHUeii, qTo B nepBOM cnyqae 

llOCTORHHWM RBnReTCR CYMMapHWH 3aps~ HOHOB, a BO BTO

poM - ax qacno. 

MJ.I npe~noqaTanB Hcnonh30BaTh 1-ii pelKHM, nocKonhKY 

B 3TOM cnyqae qyBCTBHTenhHOCTh swme, qTo cyllleCTBeHHo 

llpH MaHOM BpeMeHH HOHH3aJlHH, KOr ~a qacno HHHHH B cneKTpe 

3aps~HOCTeii BenBKO. 06pa60TKa cneKTpa, COOTBeTCTBYIOlUaR 

onpe~eneHHOMY speMeHH HOHHJaUHH, npe~cTasnsna co6oii aa

xo~eHHe C HeKOTOpoii OWH6KOH llHOlUa~eii no~ llHKaMH, CO

OTBeTCTBYIOlUHMH pa3nHqHhiM 3apR~HOCTJIM; onpe~eneHHe 

KOH}$qeCTBa HOHOB ~aHHOH 3aps~HOCTH B OTHOCHTenLHWX 

e~HHHUaX H, HaKOHeU, llOHyqeHHe HOpMiipOBaHHOrO Ha e~HHHUY 

pacnpe~eneHHJI KOHBqeCTBa HOHOB B 3aBHCHMOCTH OT HX 

3apJI~HOCTH. fiOCTpOeHBe BH~OB yKa3aHHWX pacnpe~eneHHii: 
B 3aBHCHMOCTH OT BpeMeHH HOHH3aUHH ~aeT BpeMeHHYIO 3BO

HIOUHIO cneKTpOB 3apJI~HOCTeii, oco6eHHO y~o6Hyl0 ~HJI onpe

~eneHHJI 34KIJeKTHBHhiX nonepeqHJ.IX ceqeHHii: HOHH3auHH. 

QqesH~Ho, qTo cnyqaii nocne~osaTenhHoii HOHHJaUBH, 

T.e. TOr~a ,KOr~a B KalK~OM aKTe y,AanJieTCJI HHWh O~H op6H

TaHhHhiH 3HeKTpOH, MaTeMaTHqecKH OllHChiBaeTCR TOqHo 

TaK lKe, KaK nocne,AosaTenhHhlii pacna~ HeKoToporo pa~ao

aKTHBHoro BelUeCTBa c nonyqeaaeM Ka~hlii pa3 ~pyroro, 

TaK)I(e pa~HOaKTHBHOrO, llOKa, HaKOHeU, He o6pa3yeTCR 

CTa6Hnhaoe BelUecuio, aaanoroM KOToporo s aameM cnyqae 

JIBnJieTcs s~po, nonaocThiO nameaaoe JneKTpoaos. Onacaaae 

TaKoro npouecca ~aao, aanpHMep, B MOHorpaclJaa 3.Cer

pe/Io I. B H:aweM cnyqae ponh nocTOJIHHoii pa~soaKTHBHoro 
pacna~a arpaeT 3cllclleKTHBHoe ceqeaae HOHH3aUHH, a ponh 
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BpeMeHH - npOH3Be)J.eHHe nnoTHOCTH nOTOKa 3ITeKTpOHOB 

nyqKa j Ha BpeMH HOHH3ai.J,HH T , 

IJnOTHOCTh nOTOKa HOHH3HPYIOI1\HX 3IT8KTpOHOB j onpe

.nenJleTCJI HaMH KaK cpe)J.HJIJI no ny'"IKY H paBHa: j =6,2·1018{/SK, 
r.ne I - TOK 3ITeKTPOHHoro nyqKa a aMnepax, S K - nno

ma.IJ.h KaTO)J.a 3ITeKTpOHHOR nylliKH B CM 2 • 3TO COOTHOllleHHe 

cnpaBe)J.ITHBO, T.K. HCnOITb3yeTCJI MarHHTOnorpy*eHHaJI 

3ITeKTpOHHaJI nywKa a none ~ 1,2 T, TaK '"ITO nnoll\a.IJ.h 

3ITeKTpOHHoro nyqKa .na*e TaKoro BhiCOKoro nepaeaHca, 

KaK '" 8·10- 6 A/B 312 npH HanpH*eHHH 2-3 KB cne

.nyeT C'"IHTaTh paBHOR nnoma.IJ.H 3MHTTHpyromeR noaepXHOCTH 

KaTo.na. 

Ha puc. 4 npe.ncTaaneHa 3BOniOI.J,HJI cneKTpa 3apJI.IJ.HOCTeR 

HOHOB aproHa B 3aBHCHMOCTH OT BeiTH'"IHHhi npOH3Be)J.eHHJI 

j r. 3KcnepHMeHTanhHhie TO'"IKH npe.ncTaBnJIIOT co6oR nony

qeHHoe KOITH'-le CTBO HOHOB )J.aHHOR 3apJI)J.HOCTH n z npH 

HOpMHpOBKe o6mero '"IHCITa HOHOB Ha e)J,HHHI.J,Y. Hccne)J.OBaHa 

HOHH3ai.J,HJI aproHa OT Ar+ 4 
.no Ar+ 12 

B HHTepaane 3Ha-

'-leHHR jr OT 0,6 )].0 4,5.1018 CM -2. 
B cooTaeTcTBHH c /t 0 I peweHHJI KHHeTH'-leCKHX ypaa

HeHHR, npe)J.CTaBITJIIOll\He C060R 3aBHCHMOCTb '"IHCna HOHOB 

n K (jr) onpe.neneHHOR 3apH.IJ.HOCTH K oT jr, B cnyqae 

nocne)J.OBa TeiThHOR HOHH3al.I,HH HMeiOT BH)J.: 

npH 

H 

-a jr -a jr -aK jr 
nK(jr) = AKl e l + AK2e 2 + ... + AKI( 

AK, i = AK-1, 
__ aK- l__ 

aK - ai 

° K ( O) = AK l + A K 2 + .. ' + A K K ' 

r.ne ai - 31}KlleKTHBHOe ceqeHHe HOHH3ai.J,HH HOHa 3apJI)J.HOCTH 

i C o6pa30BaHHeM HOHa 3apJI)J.HOCTH i + l · 
lihma npe.nnpHHJITa nonbiTKa HaRTH TaKOR Ha6op 3Ha'-leHHR 

31}KlleKTHBHbiX ce'-leHHR )J.JIJI I.J,enO'"IKH 

+4 a4 +5 as 
Ar --> Ar ~ •• • -+ 

A +l2al2 
r --> 

12 

.t 
J 

1 
t 

hl 
0,45 

0,40 

0,~5 

0,30 

0,25 

0,20 

0,15 

0,10 

0,05 

• +Lf 
v +5 
• +!I 
0 +i 
e +8 

Gl + 9 
• +10 
0 +11 
g +12 

0 I """ I ~ I V'-1- I I I IU 18 I ~. 
1,0 I,S 2.,0 2,5 3,0 3,5 11,0 10 em J '( 

Puc. 4. 3BOA10ijUJI cneKmpa 3ap.ROHOCmeil UOHOB apzoHa 8 
3a eucuMocmu om jr. 

jT.e. B npe.nnonO*eHHH, '"ITO Ha K~)J.OR CTyneHH HMeeT 

MeCTO ITHWb O)J.H03ITeKTpOHHaH HOHH3al.I,HJI/, '"IT06hl 3KCnepH

MeHTaJihHble TO'"IKH. nernH Ha pacqeTHhle KpHahle. O.nHaKo 

TaKOR Ha6op 3Ha'-leHHR a i HaRTH He y.nanOCh. )J;JIJI 

y.noaneTaopHTenhHOro cornacHH pacqeTHhiX H 3KcnepHMeH-

TanhHhiX KpHBhiX llj = f(j T) He06XO)J.HMO 6hiiTO BBeCTH 

)J.JIJI 3apJI.IJ.HOCTeR Ar + 5 H Ar +6 
HapH.ny c 

O)J.H03ITeKTpOHHOR TaK*e H .IJ.BYX3JieKTpOHHyiO HOHH3a:I.J,HIO. 
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Ha puc. 4 noKa3aHhl pacqeTHLie KpHBLie n i = f ( jr) .D.DJI 

H306pa~eHHOH HH~e nocne,IJ.OBaTenLHOCTH nepeXO,IJ.OBHOHOB 

HH3WHX 3apJI,IJ.HOCTeH B BhiCWHe: 

,. Ar+6 .,. 
A +5 A +8 A +9 A +10 A +11 A +12 r J. r-> r ->r ->r ->r .. ,. Ar+4 -> 

Ar+ 7 

npH cne,IJ.yJOII(eM Ha6ope nonHLix H napuHanLHhiX nonepe'IHhiX 

Ce'leHHH HOHH3ai{HH Ia e,IJ.HHHI{aX 10-18 CM 2 1. 

a4 "'4,6, 

a = 3 5 ( a - 2 0 5· a - 1 45) 
5 ' 5->6- ' ' 5->7 - ' ' 

a6 = 2,3 (a6 _.7 =0,92; a 6 _. 8 =1,38), 

a7 = 1,4, a 8 = 0,88, a9 = 0,65, 

a
10 

= 0,45, a
11 

"'0,30; a
12 

"'0,20. 

Cpe.IJ.HHe owH6KH onpe,IJ.eneHHJI nonHhiX H napuHanbHhlx 

ceqeHHH Ol{eHHBaiOTCJI HaMH B ±15~. 

,l(n.ll HOHOB Ar +? H BbiWe He Tpe6yeTCJI BBe,IJ.eHHJI 

~BYX3neKTpOHHOH HOHH3ai{HH ITpH HMeiOII(eMCJI ypoBHe Toq

HOCTH 3KCITepHMeHTanbHLIX pe3ynLTaTOB. l.ITo KacaeTCJI 

HOHOB Ar+4 
, TO 3KCnepHMeHTanLHhiM pe3yllLTaTaM He 

npOTHBOpe'IHT TaK~e HaDH'IHe .D.BYX3DeKTpOHHOH HOHH3ai{HH 

C a 4 _. 6 "'1 ,5 ·10- 18 CM,20,IJ.HaKO HHIIJOpMai{HJI 0 BhlrOpaHHH 

3THX HOHOB CDHWKOM Mana, a ero CKOpOCTb B CpaBHeHHH 

C ,IJ.pyrHMH BenHKa npH OTHOCHTenbHO ManoM HaqaJILHOM KO

JIH'IeCTBe HOHOB Ar +4 • 

3TO npHBO,I\HT K cna60MY BDHJIHHIO BBe,IJ.eHHJI .D.BYX3neKT· 

pOHHOH HOHH3ai{HH •Ar + 4 Ha ,IJ.allbHeHWYIO ,IJ.HHaMHKy 

CITeKTpOB H, C TOqKH 3peHHJI o6pa60TKH, BBe,IJ.eHHe B paCCMOT· 

peHHe 3Toro npouecca He JIBnJieTc.ll Heo6xo,IJ.HMhiM. C 4JH3H

qecKoi TO'IKH 3peHH.II TaKoi npouecc, KOHeqHo, cne,IJ.yeT 

,IJ.onycTHTb. 

,l(n.11 npe,IJ.CTaBneHHH 0 TOqHOCTH COrnaCHJI 3KCITepHMeH· 

TanLHLIX H pacqeTHLIX lnpH yKa3aHHOM BbiWe Ha6ope ceqeHHii 
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HOHH3ai{HH/ KpHBbiX 3BOniOI{HH CITeKTpOB 3aBHCHMOCTb n 9= f{j r) 
,IJ.aHa npH OTKnOHeHHH a 9 Ha 12o/o B CTOpOHY 60JILWHX 3Ha· 

qeHHH I n 9 - wTpHxoBaHI. 

Ha puc. 5 H3MepeHHLie ceqeHHH HOHH3aUHH I nonHoe H 

napl.UiaDbHLie ,IJ.nJI O,IJ.HO· H .D.BYX3neKTpOHHOH HOHH3ai{HHI 

npe,IJ.CTaBneHLI B 3aBHCHMOCTH OT 3apH,IJ.HOCTH HOHOB. 

G"' 
cm2 

10-~8 ~ \ 
.(5 

oG"(t\ 

X 0(2) 
4 

3 

2 

O 4 5 . o 1 B 9 10 it 12 

Puc. 5. 3aeucuMocm& cet~eHuii uoHu3alJUU uoHoe apzoHa 0111 
3ap.RoHocmu I a - nO.IlHOe cet~eHue, a( 1) - cet~eHue ooHo-
3AeKmpoHHOii UOHU3QijUU, a( Z) - cet~eHUe 06YX3A€K111POHHOU 
UOHU3QijUU/. 
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4. 06cyxoeHue 3KcnepuMeHmaAbHbiX pe3yAb111amoe 

' 
KoH<llBrypau.HJI 3neKTPOHHbiX o6ono'leK a ToMa aproHa, 

cornacHo o6IIJ,enpHHJITbiM o6o3Ha'leHBJIM, cne~yroiiJ,aJI: 1S 2 , 

2S 2 2P 6 3S 2 3P 6 • B ma6A. 1, B3JITOH B3 pa6oTbJill/, npa-' , ' 
Be~eHbl ~nJI BCeX BOHOB aproHa KOH<iiHrypall,BB 3neKTpOHHblX 

no~o6ono'leK H pac'leTHhle noTeHu.aanhl HOHB3aiJ,HB. BH~Ho, 

'ITO B HaWeM cnyqae llpH 3HeprHB 3neKTpOHOB 2,5 K3B B 

npou.ecce HOHH3aiJ,HH MOryT yqaCTBOBaTb BCe 3neKTpOHhl 

Ja HcKmo'leHHeM 3neKTPOHOB K- o6ono'IKH. 

a/~BYX3neKTpOHHaJI HOHH3aiJ,HJI 

EcTecTBeHHO npe~nonmKHTh, 'ITO ~BYX3neKTPOHHaJI uo

HH JaiJ,HJI HOHOB Ar +4 , Ar +S H Ar +6 B O~HOM CTOnKHO

BeHHH JIBnJieTcJI peJynhTaToM noJianeHHJI aaKaHCHH B L -

o6ono'IKe npa nepexo~e o~Horo H3 L- 3neKTPOHOB na6o B 

o6nacTb HenpephlBHoro cneKTpa, na6o Ha o~H B3 BhlCOKo

ne)l{aiiJ,HX ypoBHeii. ABTOpbi pJI~a pa6oT, B qacTHoc TH, 

A. Canon /1 2/, C'IHTaiOT, 'ITO npu noJianeHHH aaKaHCHH B 

L -o6ono'IKe H npH HanH'IHH B M -o6ono'IKe ~ayx H 6onee 

3neKTpOHOB BepOJITHOCTb ~BYX3neKTpOHHOH HOHH3aiJ,HH paB· 

Ha 100%, B TO BpeMJI KaK ~nJI HOHa Ar+? HJ•Ja COOT· 

BeTCTBYIOIIJ,ero JanpeTa B03MO)I{Ha, B OCHOBHOM, nHWb O~HO· 

3ne KTpOHHaJI HOHH Jal.J,HJI. 

TaKHM o6pa3oM, Haw peJynbTaT MO)I{HO paccMaTpHBaTb 

KaK 3KCllepHMeHTanbHOe llO~TBep~eHHe 3THX TeopeTH'Ie· 

CKHX B033peHHH. KpoMe TOrO, H3 3KCnepHMeHTa cne~yiOT OT· 

HOCHTenbHhle BepOJITHOCTH H a6COniOTHhle 3Ha'leHHJI 3<il<ileK· 

THBHhlX ceqeHHii noJianeHHJI aaKaHCHH B L- o6ono'IKe Ar+6 

c nepexo~oM L- 3neKTpoHa oT~enhHO B o6nacTb aenpephla

aoro ClleKTpa H Ha BbiCOKOne)l{aiiJ,He B036y)l{~eHHhle ypOBHH. 

~eHCTBHTenbHO, 3KCnepHMeHTanbHOe 3Ha'leHHe 3<ll<lleK· 

TBBHOrO Ce'leHHJI HOHH3al.J,HH Ar +8 , HMeiOIIJ,ero nonHhlH 

aa6op L-3neKTpoaoa, paaHo 0,88·10-18 cM2. ~nJI 
Ar+6 

34l4leKTBBHoe ceqeaae y~aneHHJI 3neKTpoHa H3 L-

o6onO'IKB B o6naCTb HenpephlBHOro ClleKTpa MO)I{HO C'IHTaTb 

6nH3KBM K 3TOMY JHa'leHBIO. TionpaaKa o6ycnoaneaa TeM, 

'ITO 3HeprBJI CBJI3B 2S H 2P 3neKTpOHOB ~nJI HOHOB Ar +6 

aecKonbKO MeHbWe, 'leM ~nJI Ar +8 • Mhl He pacnonaraeM 

~aHHhlMH 06 3HeprBJIX CBJI3H 3neKTpOHOB B BOHHhlX ll0~060-
noqKax aproHa. O~HaKo B TeopeTH'IecKoii pat)oTe /1 3/ noKa-

16 

Ta6naua 1 

KoH$arypauaa anexTpOHHbiX o6onoqeK H noTeHuaaJihi 

HOHH38UBH HOHOB aprOH8 pa3JIB'IHbiX aapgnHOCTeH 

3apMHOCTb K oH$Hrypaua g lloTeHUH8JI HOHH38UHB {aB) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

3P6 
3P5 
3P4 
3P3 
3P2 
3P1 
3S2 
3Sl 
2P6 
2P5 
2P4 
2P3 
2P2 
2P1 
2S2 
2Sl 
lS 2 
1St 

16,0 
32,3 
48,7 
65,0 
81,6 
98,0 

133,2 
152,5 
396,4 
468,9 
54t,4 
613,8 
688,6 
761,6 
872,6 
939,0 

3947,0 
4264,0 

+8 +10 
Jaao, 'ITO ~JI cooTBeTCTBYIOIIJ,BX HOHOB Ca B Ca pac-

CMaTpBBaeMaJI pa3HBIJ,a 3HeprBH CBJI3B COCTaanJieT 10~. 
B COOTBeTCTBBB C 3TBM, BCnonb3YJI B3BeCTHYIO 3HepreTB'Ie· 

CI<yro 3aBBCBMOCTb Ce'leHBJI BOHB3aiJ,BB, nony'laeM 10~ no· 

npaaKy. Tai<BM o6pa30M, 341<lleKTBBHOe ceqeaae ~ayx3nexT

poHHoii BOHB3aiJ,BB, JIBnJIIOIIJ,eiicJI pe3ynhTaToM nepexo~a o~

aoro B3 L- 3neKTpOHOB B aoae Ar +6 B o6nacTb HenpephlB· 

aoro cneKTpa, paBHO "'0,96 .10-18 eM 2, anepexo~aaaao3· 
6y~eHHhlii ypoaeHb - "'0,42 -10 - 18 eM 2 

• HacKom.xo 

npBeMneM TaKOH pe3ynbTaT C TeopeTH'IeCKOH TO'Il<B 3peHBJI, 

noKa)l{eT oT~enbHoe sccne~oaaase. 
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Puc. 6. 3aeucuMocm& napijuaA&Hozo /Ha 1 3AeK111poH o6oAo'I
'IKU/ Ce'leHUJI OOH03AeK111POHHOU UOHU3QijUU UOH08 apzoHa 0111 

3apJIOHOC111U. 

18 

He CKOJibKO 6oJibJUee 3Ha 'leHHe CC'IeHHJI ~BYX 3JICI<TpOHHOB 

HOHH3ai.Uill ~JI BORa Ar +S COOTBCTCTByeT ,naJibHeiimeMy 

yMeH&WeHHIO 3Hepraii CBJI3H L- 3Jiei<TPOHOB B cpasHeHHH 

c Ar+ 6 . 

WO~H03Jiei<TpoHHaJI HOHH3a~HJI 
B CBJI3H c TeM, 'ITO .nns HOHOB Ar +4,5,6 y,naneHHe 

3JieKTPOHa H3 L-o6oJIO'IKH npaso~T K,nByX3JieKTpoHHoiiao

HH3a~HH, B CC'IeHHe O,nH03JICKTpOHHOB HOHH3a~H 3TBX HOHOB 

BHOCJIT BKJia,n JIHWb 3P B 3S 3JICI<Tp0Hbl. KpoMe TOro~ 

ecJIH C'IHTaTb, 'ITO ce'leHHe y.naneHHJI3JieKTpoHaH3 L -o6o

JIO'IKH BORa Ar+7 llpHMepHO paBHO Ce'leHHIO HOHH3a~HH 
Ar +8 , TO oKa3biBaeTCJI H3BeCTHbiM H ce'ICHHe oTpbiBa no

cne.nHero 3S 3JieKTpoHa. TaKHM o6pa30M oxa3biBaeTCJI Bo3-

MO)J(HbJM onpe,&eJIHTb nap~HaJibHOe Ce'leHHC an , npHXO~JIIQe

eCJI Ha 13JieKTpOH M- H L-o60JIO'IKHBHOHaX COOTBCTCTByiO

UUIX 3apJI~HOCTeii. Ha puc. 6 npase.neHa 3aBHCBMOCTb an OT 

3apB,nHOCTH HOHa. BH,nHo, 'ITO a y6blsaeT nnasHo B npe-
n 

,nenax O~HOH 060JIO'IKH H yMeHbWaeTCJI CI<a'IK006pa3HO npH 

nepexo.ne OT M- K L-o6onoqxe, 'ITO cooTBeTCTByeT xapax

Tepy H3MCHeHHJI llOTeHU:HaJIOB HOHH3aU:HH. 

,l].JIJI pacqeTa napu:HaJibHbiX Ce'ICHHH Ha o,nHH n f - 3JICKT

poH o6&I'IHO ucnoJib3YIOT 4>opMyny ReTe I 12/ 

K E 
a = --fn--
nf E I I ' 

r.ne K - KOHCTaHTa, E - KHHeTH'IecKaJI 3HeprHJI 3JieKTpo-

Hos; I - 3HeprHJI CBJI3H 3JieKTpOHa B COOTBCTCTBYIQmeii 

nf -no,no60JIO'IKC. 

B ma6A. 2 npe,ncTaBJieHbl JHa'leHHJI KOHCTaHTbl K ,no-

Jiy'leHHble H3 YCJIOBHJI HaHJIY'IWero COrJiaCHJI 3I<CnepHMeH

TaJibHbiX H pac'leTHbiX Ce'leHHH O,nH03JieKTpOHHOH HOHH3a~HH 

COOTBeTCTBYIOIQHX HOHOB. 
-14 2 2 

BH,nHo, 'ITO 3Ha'leHHe K = 6. 10 3B CM 
MO)I{CT C ycnexOM npHMeHJITbCJI ,nJIJI paC'IeTa CC'ICHHH HOHH-

3a~H HOHOB npH ,naHHOM ypOBHe TO'IHOCTB. 

3TO 3Ha'leHHC 6JIH3I<O K TOMY, I<OTOpoe llOJIY'ICHO paHee 

JioTu:eM/14/ 1 K=4,5-lo- 14 3B 2 cM 2 /. 
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4. 3aKA10'leHue 

HaH6onee HHTepeCHhiM pa3BHTHeM .I{aHHOH pa6oTbi 6biJIO 

6hl H3MepeHHe 3HepreTHqeci<HX 3aBHCHMOCTeH H3MepeHHbiX 

ceqeHHH npH Mai<CHMaJibHO B03MO~OH TOqHOCTH 3I<CnepH

MeHTaJibHbiX pe3yJibTaTOB, a Tai<)Ke pacnpOCTpaHeHHe HCCJie-

- +l +3 13 l 7 
.I{OBaHHH Ha HOHbi Ar - Ar H Ar - Ar • llonHaJI 

peaJIH3al.I,HJI 3TOH nporpaMMbl B03MO)I(Ha, O,I{Hai<O Tpe6yeT 

B HaCTOHII.I,ee BpeMH ITOJiyqeHHH 6oJiee ITJIOTHbiX 3Jiei<TpOHHbiX 

nyqi<OB B HCTOqHHI<e "KpHOH". 

B 3ai<moqeHHe aBTOpbi Bbipa)KaJOT 6naro.I{apHOCTb 

B.I1.0BCHHHHI<OBY 3a pa3pa6oTI<Y 3Jiei<TpOHHOH nyrni<H, Hc

noJib30BaHHOH B 3I<CnepHMeHTaX, a Tai<)Ke JI.A.)J.H.I{eHI<O 3a 

pacqeTbi Ha 3BM. 
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