
),,~ft-; - f -£ 
P7 - 8310 

E .,n; .,lJ;otteQ, 8 .M .M;nomettKo 

Ilcx::JIE,lJ;OBATERbHAH MOHM3AI.U1H 
nonOIW!'EnbHblX MOHOB YrnEPO,lJ;A M A30TA 

3.TIEKTPOl-ll-lblM . Y,aAPOM (C 2!.. c3
+- c4!. c~c 6 + 

M N 3~ N 4:.+ N 5:+ N 6~ N7
+ ) 

1974 
l\A60PATOPlllR BblCOHlllX 3HEPr111Lil 

' I 

t ~----""" "', -- · ···I - \ r-----· \ J 
--...---2.o.-- . ------ ---------· - . - -- -· ---·~-



' j 

· · · , r tr n W I. ?ih'tli'r#§rtilf#t'e~ 

PaHr "y6.o~tKauHil 06be)1wHeBHoro HHCTWTyTa HilepHbiX 

»CCJie.aosaH»M 

flpr:npHI!Tbl II C006U11..'11H.R 061>C.iliWCIHIOrO HIICTUTyTa H;lCpllbiX 

HCC;JC,10IWH1tii /0i't5lJ.1/ Hl:iiiHIOTC}J CiJMOCTORTC;\bltbiMH ny6J1HI<i~UIUI:I.!I!. 

Otllt 111.J<uor~.:H H coorncrc1nHH co cr. 4 Ycn1.Ha OH.RH. OT:tH•ot<: 

npcnpHHTOB 01 CoC6lli~I!HH 1UK.'l!O'iaCTCH B T0:-.1, <JfO T!.'I-:CT npcnpUI!Ti: 

t1y.JeT HfiOCJ1.t.:!.1CTrH!fl BOCllpDit'lBt.:.1C!I U Ka~<.:0\1";11!60 tHlY 111JOM il~ypmuo..· 

ILlH ar.~plHLlii'IL'CI<•l\1 C(i(!J1HH!..:~. 

Y1HneKcauua 

rlpt:Jlpll!!Tl>l,C006Uteii!OI ll ,J,CilOHHptHJaHHblC ny6;Htt-:atum 0~15J.t.1 H:O.{CIOT 

<.! J.\1 H YlO JJ;<j::< C T aJOUIYJn no p H:t KO H yto II y M C p:.~ IOIKl,COC T aa.,lH IOUJ.)'IO OOC .. 1C.1" 

HHC 4 UHtPpl.t 11!\.le~>:Ca. 

Oepebtii 1JWK IIH.leJ..:ca • 6yKBCHHhl~i • \fOIKCT 6bJTb npc.J.cTaB.'lCH 

B 3 HapH<llnax: 
•·p•• • WU.aii!IC HU pyCCKOM $1.'3biKC; 

"E'' - \1:3:1iUH11.! l!<t il.llf Jilli!C!>:OM >!Jbn:e: 

"Ll" paUoT:l U_\-6iHl!>:YCTC}I !!a pyCCKOM it aii1".1Hi1C~-;n:.,1 H3b1KaX. 

0penp•1HTb! H COLl6tUCIHOI.. 1\{HOph!C pacCblilU!OTCH TO.'lbKO IJCTpUHbl" 

Y'-li:lCTHI!Uhl 0~-151\1, 6yKBC!!Hb!X HH.l~l\>.:011 lit.• HMC!1H. 

llittflpa, CJlC.1}'101llUH :w l'J}'KHCIIIft.IM '>60:JJIUYCIHH..!]\.-I, onp~.1C.rl.HCT 

TC :..Hl'Til'ICC t-.")"10 KilT l' rll [H110 ..l<tlllt{) ii ll y6,1H t-.:<lLHI !I. lh: fh.: 'it: JJ !o T1..: :..1.1. Ti!•tet: KIIX 

KaTcropuH n1..1Uuuil OY1JIH nepl!o;HI'ICCKii pac<.:bl.1aCTCHIIX no"1Y'I.ilTCHHM. 

YiH.'ll.?KCbl, OOIIC<UIHhiC IlbllliC, OpOCTaB;1HIUTCR li npUB0:\.1 UCpXIICM 

}T,1Y IIU o6JIOiKKC II THTYillol\0~1 jlHCTC KU>K..J,OrO U:J..laiiHH. 

CCb!J1Kl1 

IS 0H6:nnH·p;.H\HIYecKJtx ccL1:n.:ax na npcnpHuTut 11 coo6weHnft OHJIM. 

:..tL-1 p~r:0:.1CIU}'<!:..l y~-:a·3bHlaTL.: HHIIUHil!Jbl H tllaMII!liUO aOTQpa, ,Ua.lleC -

COKPilUlt!llflOC Hili!MC1IOBaH!IC lliiCT•ITyTa~HJ,'lUTC;lft, UH.lCKC, MCCTO U rl)jl 

HJ;llllli!H. 

f1pil.'\1~p 6u6ntt01'pi."l$H'ICCKOit CCbUlKil: 

U.H.J./tJQIIOU. 011!111, P2·49H5, ,4y6ua. 1971. 

©t?7-+ OObeOuiH-!HHhfii llH·-·,;:ln_vn ~OC?pltb1X !JC<:Ili:.'OO!i::l.'-!UiJ ,.J.y6Ha 

-

E .,l~.AoHe~. B J1.llilJOIIIeHKO 

ll~ATEnbHAH HOHH3A~H 

nonOIHTEnbHYX HOHOB YrREPOAA H 

P7 8310 

A30TA 
?. 

3JlEKTPOlniYM Y ,li,APOM 

H 

(c-:.. c3+- c4!. c~c 6 + 

N7+) N 3~ N 4!.. N 5
;_. N 6~ 



I 

S U M M A R Y 

Multicharged ion source CRION is a cryo­
genic version of the electron beam ion sour­
ce.Positive ions are trapped by electron 
beam space-charge fields resulting in elect­
tron-ion collision sequences.With electric 
potential barriers to prevent ion escape 
along the axis of the electron beam during 
an ionization process,high electron current 
density up to 10 .'\.em - 2 and ionizing elec­
tron energy 1;:" in excess of 2 keV, the trap­
ping time can be regulated up to 40 msec. 

A simple model of sequential-impact 
ionization process has been developed. The 
ionization cross sedtions of carbon-ion 
sequence C 2·+-. (:3+_, C 4+_, C :1+_. cr~·~E" = :1500 eV) 

and of nitrogen-ion cne N 3 ~. N4+_, N '>+. N 6+~ N7+ 
( f:e ~ 2100 cV) have been measured and compa­
red with those given by the LOTZ semiempiri­
cal formula and quantum mechanical expres­
sions. The experimental cross sections are 
as follows: carbon -"2_, 3 ~ 200,a3 __ , 4 ~;;7,u 4 _, 5 ~ 30, 

u:) _, 6 = 14 ; rli trogen - a 3 __, 4 = 125 , a 4 -+ 5 = 39, 
a,-· 6 ~ 9, o 6 .• 7 ~ I (in units of J<r2~m:?J. 
Possible sources of the errors are discussed. 

/ -

1. BBEAEHHE 

3KcnepaMeuTanbuoe HJyqeuue nponecca rny6oKoH uo­
HH3al.\BH BCDOHL3YCTCJl ..O.HB nposepKH TCOpCTH"'CCKHX MO.O.e­

neii ueynpyrax coyJJ,apeuuii Japs>KeHHhiX l.f.aCTHU H nonyYeHH.R 
QeHHOH HH$OpMaQHH DO CTpyKType H KBaHTOBWM xapaKTe­
pHCTHKaM aTOMHblX ypOBHe8. 

rny6oKaJI BOHH3aQHJI aTOMOB H HOHOB (Am+ ) 3llCKTpOH • 
HbiM YAapoM Am+ rke ~A"+ +(n-m+k)e xunsercs O.<\HHM H3 
OCHOBHhiX flta3B\fCCKHX npOI.{CCCOB, peJyllbTaTbl KOTOporo 

Y\fHTbiBaiOTCJI npH KOHCTPYHPOBaHHH HOHHbiX HCTO'iHHKOB, 

YCKOpHTeneii TJI)I(CllhlX HOHOB, :lllCKTpOHHbJX nyweK H 'l .IJ. 

npa6opou. 
Oco6euuo cne.Qyer OTMeTHTb nocroxuuo paCTYll\YlO norpc6· 

HOCTb 8 Ha,rte>t<HblX 3KCflepHMCHTanhHb1X JHa\f,CH-HHX CC'iCHHit 

HOHHJau.ua oi a o6nacTu aTOMHOii cPuJHKH 9 iPHJHKH flJJa3Mbl 

H acTprn!JaJHKH. B 6onbWHHCTBe yKaJaHHbJX cnyYaes 
Tpe6yiOTC11 a6coniOTHble 3Ha'ICHH11 o i B WHpOKOM AHanaJOHC 

3Hepraii 6oM6ap.QHPYJOll\HX 3lleKrpoHoa E • . 
O.u.naKo OTCYTCTaue 34MtleKTHBHblX 3KcnepuMeHTanhHhlx 

MCTOAOB npRBeno K TOMY, ~TO B HaCTOH~ee BpeMH TaKHe 
~YH.rtaMCHTanbHblC xapaKTCpHCTHKH npollecca, KaK CC'iCHHH 
a . B HOHBJauaonnwe noTeHu,uanbJ I . , HJBCCTHW .naneKo I I _ 

He MJI DCCX BOHOB 3nCMCHTOB nepHOJlB'iCCKOH CHCTCMbl. 

B 'laCTHOCTH, nonHbJii Ha6op I i HJMepeH TOnbKO .nn.R 

3lleMeHTOB C Z = 1-20 . 
.l{nx 3neMenrou c Z ~21-39 H3aecruw nepawe 4 - 20 

BOHB3al{BOHHbiX DOTCHU.HanOB, .AJJJI JneMCHTOB Z= «}-95 
TOllbKO nepawe I-7 noTeHQHanou 1· 
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Ce'leHHH HOHB3BUBB a; B3Mepeabl TOllbKO P.Jlll nepBbiX 

Auyx·Tpex cTyneaea npouecca nocneAoBaTenLHOB HOHB3a· 

UHB /KB)I()J,BH CTyUeHb COOTBeTCTByeT OTpbiBY OAHOrO 3lleKT" 

poaa B OAHOM coyAapeHHH, T.e. o-m= k = 1 I B OAHOB 

CTyneHH npouecca MHOrOKPBTHOB HOHH3BUBH B OAHOM coy· 

,napeHHH. flpH'"ICM B OTHOCHTCJlbHO Y3KOM .Q,Bana30He 3Hepruii 

E /2/ 
e 

2. BEPOJITHOCTb HOHH3~HH 

BepoBTHOCTb HOHH3BUHB onpeAenaeTCB npoR3BeAeHHeM 

P =a. · J. • r. , rAe j • UUOTHOCTb UOTOKB nepBH'IHbiX 
i 1 e 1 e 

HOHH3HPYIOU\HX 3UeKTpOHOr H r; " HpeMJI HOHB3BUHH. 113-

BeCTHO, 'ITO a. - ( E -I.)- lnE " . , rAe E - 3HeprHll BOHR-
' e 1 f!~ t e 

3HpYIOU\BX 3UeKTpOHOB. 
B ABana3oHe E = ( 0, 1-10 ) K3B, aanpaMep, ce'leHHe 

a(He 0 ~ JielH3MeHli~TCll OT 3500.10-
20

cM2AO 175.l0-
20

cM
2 

2 
T.e. yMeHLlllaeTCB B 20 pa3. BenB'IHHa (jJ = 100 A/eM = .. max: 
= 6.1020 311./CM2 ceK. 3ua'leHne '; onpeAenl!eTCll upeMeHeM 

B3aHMOACiiCTBHJI HOHOB, KOTOpbiC HCflbiTblBalOT Coy,napeHBJl 

C 3JlCKTpoHaMH, B orpaHHY:HB&CTCJI B KOHKpCTHWX MCTO.Q.&X 

HOHH3aJJ.HH paJJIH'-IHblMH TeXHHl.JCCKHMH napaMeTpaMB Ha 

ypoaue S I cer<. 

3. A TOM HAJJ 4>H3HKA 

ATOMHBll ~H3BKB HBllJieTCJI Han6onee BHTepeCHOB o6· 

naCTblO npHMeHeHHll 3~eKTHBHblX MeTOAOB rny6oKOB BOHB-

3BUHH. B uacToBmee apeMJI cna6o H3y'leHbl npoueccbl 

nocneAOBaTenbHOB HOHH3BUBH 0JKe·J~eKT HB BHyTpeHHHX 

3JlCKTPOHHblX 060JIO'IK&X, C'fp.R,XHBaHBC BHCWHHX 3JlCKTpOHOB 

B pe3yUbTBTe pe3KOrO H3MeHeHBH 3~eKTBBHOrO &AePHOrO 

JapJl,na, CBOiCTBa MeTaCT&6HJibHhiX H &BTOBOHH3&UROHHWX 

COCTOliHBH, nponeCCbl peKOM6BHBUBH, nepe3apliAKR, o6· 

ABPKB H pBA Apyrnx npliMblX H o6paTHblX npoueccou c yqac • 

THeM MHOr03BPliAHbiX BOHOB /M311/. 

l13BeCTHO, 'ITO T .H. UOBepXHOCTb lieTe OT06paJKaeT 

BCIO BH~OpMBUBIO UO BeynpyrOMY pacCeliHBIO 3ap&JKeHHbiX 

4 

/' 
:~ 

'IBCTBU B npeAenax nepuoro 6opHOBCKoro npa6naJKeHHH. 

CTPYKTypa 3TOH nouepxHOCTH onpeAenlleTCJI cooTHOllleHHeM 

df ( K 'E.) = F ( E , lo K 2 ) 

dE e 
e 

rAe f(K,Ee )· o6o6meHHBH CHUa OCUHllUHTOpa H K· nepeAa· 

aaeMblii uunynhc. llooepxuocrh liere uccnenosaua JKcne­
'3 " 

paMeHTHnLHo TOULKO AnH aTOMOB H H He·· . 

Eonhmoi HHTepec c T01.fKH 3peHH.11 ~yu.uaMeHranbHhiX 

HCCJIC.IJ,OBaHHii B o6naCTH KBaHTOBOB. JJICKTPO.UHHaMHKH npe.u­

CTaBJIJI.eT B3MepeHHe 3aBHCHMOCTH JIJM60BCKOrO C.UBHra 

B M311 OT HTOMHOro HOMepa JUeMeHTB Z. TaKHe H3Mepeuu• 

BblfiOJIHCHbl B HaCTOJI.UJ,CC BpeMJI. TOJlbKO .UO HCOHa BKJllOYH­

TCJlbHO llO MCTO.D.Y OllTHliCCKOii CllCKTpOCKOflHH llOCJlC 06-
/1 ! 

AHPKH Ha cjJonLre (beam- foil- spectroscopy) · . 

llpB HCDOJlh30BaHHH JTOrO MCTO,lla YCKOpCHHblif .ll.O JHep­

rBH 0,5-2,0 M:JB/Hyr<IIDH ny'loK M311 nOABepraeTc• o6· 

JJ.HpKe ua TOHKOii ~Ponhre H3 yrnepo.u.a unu aniOMHHHH. 0Jl­

HaKo ABJKe npH 3Hepruu 10 M:JB/nyr<IIOH ue ynaeTc• 

YABllHTL 3UCKTpOHbl H3 K ·o6ono'!KH KanLuH• /1 20 ~ 5,5 r<:JB/. 

3.1. Me•oObJ 'uccAeOoeaHUR npoqecca noc/H?Ooeame/lbHOU 

UOHU3Qf4UU nO/lO .. ~Ume/JbHbJX UOHOB .JAeKmpOHHbiM 

yoapoM 

Opouecc nocne.nosaTenuuoH HOHH3au.uu JneKTPOHHbiM 

YABPOM liBnlleTc• ocuoBHbJM npu nonyqeHHH M311 . .Un• ero 

HCCJIC,llOBaHHJI. llpHMCHJI.lOTCJI., B OCHOBHOM, TpH MCTOJla: 

MCTOJI. nepeceKalOll\HXC.R nyYKOB, MCTO.U COBMCUlCHHbiX nyy · 

KOB H MCTOJJ. HOHHOii JIOBYWKH. 

3.1.1. MeTOA nepeceKBIOU\HXCJI UY'IKOB 

YcraaouJ<a .u.ns H3MepeHH..R HOHHJauuoHHhiX KpHawx no 

MCTO,Ily nepeCCKaiOll.lHXC..R OY"'KOB COCTOHT H3 nna3MCHHOrO 

BCTOliHBKa M311 C nepBbiM MarHHTHbiM CCJICl<TOpOM- MOHO­

XpOMaTOpON, JJICKTpOHHOii llYlllKH, BTOporo MarHHTHOrO 

ceneKTopa-MoHoxpoMaTopa B AeTeKTOpoa Allll perHCTpauuu 
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3JieKTpoaoa H M3H / 5(Hoaablii H 3JieKTpoaablii ny'JKH nepe-
0 

CeKBIOTCJI nO)l. yrJIOM 90 , ~BBJICHHe B 06JiaCTH nepeCe'JeHHJI 

ny'JKOB paBHO 10-8 - lo-9 Top. 
+ 2+ 

~JIJI HOHH3Bl(HOHHbiX nepexO)l.OB THna 0 +e ~ 0 + 2 e 

TOK nepBH'JHbiX HOHOB 0+ B 06JIBCTH B3BHMO)l.eHCTBHJI paBCH 

10-9 A, 3neKTpoaablii TOK paaea 10-
3 A a TOK aTopa'JHbiX 

HOHOB 0 2 + · OKOJIO 1000 UOH/CeK/6 (MaKCHMBJILHBJI 3Hep· 

rHJI 3JieKTpOHOB cocTaBJIJ!CT E = 1 000± 1 ,5 3B. B cny'Jae 

nepCXO)l.OB THna 0 2+ + e ·• 0 3+ e + 2 e TOK HOHOB 0 2+ paBell 

10-9 A H TOK HOHOB 0 3+ • OKOJIO 70 UOH/CeK. 

ilo MeTOAY nepeceKBIOlJ.IHXCH ny'JKOB HCCJIC)l.OBBHbl, B 

qaCTHOCTH, HOHH3aUH0HHble UCDOl.JKH Q + --Jo 0 2 + -t 0 3+ / 6 /, 

a TBKJKe c+ • c 2+ B N + ~ N 2
'"" N 3+171anJIOTL )1.0 

Ee= 900 3B. 
3TOT MCTO)l. HMCCT pll)l. )l.OCTOHIICTB npu B3MepeHBH 

HOHH3aUHOHHhlX KpHBbiX • MOHOXPOMaTB\IHOCTb nyqKa nep­

BH'IHblX 3JICKTPOHOB, OTCYTCTBHC B nepBHtfHOM B BTOpH'iHOM 

HOHHhlX nyqxax MCTaCTa6HllbHblX H MOJICKyJI.&pHblX HOHOB. 

C )l.pyroii CTOpOHbl, BCnOJJL3YCMbiH B 3TBX BCCJlC)l.OBBHBJIX 

nJJB3MeHHbiH HCTO'JHHK ileHIIBHra o6ecne'JHBBCT nepUH'JHbiC 

HOHbl C 3BPJIAHOCTLIO He BbiWe 2~ fl3" 3i>. He60JJLWOro K034J· 

ljJBI(BeHTa nepeKpbiTHJI 3JleKTpOHHOrO H BOHHOrO ny'JKOB 

no nJJOUIB)l.H CYUieCTBCHHO YMCHLWBCTCJ! TOK BTOpB'JHbiX 

HOHOB. 

3.1.2. MeTOA coaMemeHHbiX ny'JKOB 

B 1969 ro)l.y il.Maxa)l.CBBH npe)l.JJOlKBJl MCTO)l., B COOT· 

BeTCTBHB C KOTOpbiM nepBH'JHbiH HOHHbiH ny'JOK H ny'JOK 

BOHH3Hpy!OU\HX 3JJCKTpOHOB COBMCU\BIOTCJI Ha OCH )l.J]HHHOrO 

coneaou)l.a. B pe3yJJLTaTe 3HB'JBTCJJLHoro yaenu'JeHHJI 

K03<!><1>HnHeHTB nepeKpbiTBJI no nJJOUIB)l.H H BpCMCHH B3BBM0" 

)l.eHCTBHJI CYUICCTBCHHO B03paCTBCT TOK BTOpH'JHbiX HOHOB" 

npOAYKTOB. 

libiJJH HCCJlC)l.OBBHbl HOHH3BilHOHHbiC KpBBble )l.J]JI peaKnHH 

N++e, N~+e u He+ +e B )l.Bana3oaeEe~300 3BI8~ 
3neKTpOHHBJI nymKa COCTOJIJJB 83 ABYX KBTO)l.OB KOCBCHHO" 

ro no)l.Orpeaa )l.HaMeTpOM 3 MM, paCnOJJOJKeHHhiX y BXO)l.B 

B COJICHOH)l. noll. yrJIOM 20°, ilpH 3HCprHH 3JleKTpOHOB 100 3B 

6 

/ 

TOK ny'JKa paaea 5.l0-5A.llpOAYKTbl peaKnHH nocne Mar­

HHTaoro aaans3a perHcTpupoaaJJHCL B3Y. 

MeTO)l. COBMCU\eHHbiX ny'JKOB BnJJOTL )l.O HBCTOJIUIC ro 

speMeHB He noJJy'JBJJ TaKoro wapoKoro pacnpocTpaueHHH, 

KBK MCTO)l. nepeceKBIOlJ.IHXCJI ny'JKOB. 

3.2. 3Kcnepu.weHMOAbHble u meopemu .. ecKue OOHH&Ie 

no UOHU301jUU UOHOB YZAepoc)o U 0301110 

3.2.1. f!OHH3BDBJI yrnepo)l.a 

B o63ope Ku<W>epa u ~aaaa 12 • 1 pe3yJILTaTbl no ce­

'JCHHJIM BOHH3BilHB a ( C 0 ~ C +)=a 0 ~ I OTCYTCTBYIOT. 

OcuoBHbiM npenJITCTBHeM npu B3Mepeuaa 3Toro ceY.eHH.R 

JIBJJJ!eTCJI Tpy)l.HOCTL B nonyqelf1iu noTOKa HCHTpaJJLHbiX BTO" 

MOB yrnepo)l.a C 0
• Pe3yJJLTBThl pac'JeTa B 6opHOBCKOM 

npH6JJHlKCHBH npHBC)l.CHhl Ha puc. 1 /l 6
-:' CJJe)l.yeT OTMCTHTb 

4.0 

10 

... 
0 

" .!:!.2!1 
10 

LO 

1.5 tO 2.5 10 15 
log,0 Ee (>B\ 

Puc. 1. HoHu30IIUOHHOJI KpueoJI OAJI nepexooo 

4.0 

co~ c +/ 16/ 
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TOT <jJaKT, 'ITO a (2s) = a( 2p) BO BCeM .O,Haiia30He 3Hepruii 
OT MaKCHMyMa .o,o 10 K3B. Opu E = 2500 :JB ce'lenue 
ao~ I= 0,2.l0- 16cM 2 .0cTaJ1bllble ;aHHble CM. B •a6A. I. 
Opnse.o,eHHble aaMH 3KCrrepnMeHTaJ1bHble pe3yJ1bTaTbl nony­
'!eHbi no MeTo.o.y rrepeceKaiOIIIHXCJI rry'IKOB. 

3KcrrepaMeHTaJ1bHaJI HOHB3anHOHHaJI KpHBaJI )l,JlJI rrepe­
XO.O,a C + ~ C 2+ H3Mepena B pa6oTe 17/ B rrpase.o,eua ua 
puc. 2. 11CIIOJ1b3YJI rrpuse.o,eHHYJO aBTopaMH IIOJ1y3MIIBPB· 

xi0-176 

5 

'l 

~ 

~>= 3 
u --.....--

\0 

2 

/II 
·I 
I• 

~·· !I 
~'! 
i I 

0 
IOL_~~~0----5~0---IOOL-~WOL---7500L-~~~ 

~~~ 

+ 2+ /71 
Puc. 2. HoHu3auuoHHaJI KpueaR oAR nepexooa C ~ C · 

'!eCKYIO <jJopMyny, liOJly'laeM .O,Jlll E e = 2500 3B pe3yJ1bTa­
Tbl, yKa3aHHble B ma6A. J. 

3KcrrepaMeaTanbHble H TeopeTa'leCKHe pe3yJ1bTaTbl no 
cel.JeHHHM ocranhHbiX HOHH3a~BOHHhlX nepexo.z:toB annoTb 

.0,0 "ronoro" li.O,pa ( 6+ B JlHTepaType OTCYTCTBYIOT. 

8 
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Ta6nuua I 

axcnepHueuraAbHHe H reopetuqecKHe ceqeHHft nocneAOBarenbHOh 
HOHH3B~X 8TOYOB H HOHOB yrnepOA8 DpH E6 = 2500 aB 

Ce•eHIIH 9xcnepaMeHT PaCQOT DO ~0~- KaaHTOBOWexaHHqec-
(xiQ-2QCM2} My~e ROTUA / I/ KHh pacqer 

Do ---71 - 2500 2200 /:16:} 

01: ---7 2 soo"l 1 ? 1 BIO ?00 I 55 I 

Oz -...3 zoot 300 400 I 5? I 

03--i>4 5? ! 12 120 140 I 5? I 

64 --,> 5 30 ! 7 20 28 I 57 I 

0s --,..6 !4 ! 2 6 9 I 57 I 

Opawe4.aHMe: M:) 3KcrpapoJntpoBaHHoe aaat~eH~ie. B rpa!pe 11 3KcnepwweHT!' 

YK8S8HY CpeAB6KBBAPBTH~HYe OWH6KH OAHO~ cepHH H3ue­

peHH~ 6ea Y4.6T8 CHCTeUBTH4.8CKHX O~H60K H HeOAHOPOA­

HOCTH B pacnpeneneKHM nAOTHOCTH 3n€KTpOHHOrU TOKB Je· 
OwHO:Kn ne YKB3BHbl AJIR ce\leHMt-1, HJwepeHHbiX OJtHOKparno. 

lipHBeneunue Cp€.D.H€KB8ApaTHliH.ble OWK0KM ytrnTbiBBKl'I BKJIB)l 

no6o~Hb1X npoueccoB non~o~aaUHH - oOpaJOBaHHe weracra­

CiHJll>HhiX HOHOB 1 8BTOHOHH38UJol10 1 O:ae-~eKT H T.rt., 8 

'IBK•e W€TO.ZH11.J€CKH€ rtorpeWHOCTH - HeTO~HOCTh H3Mep€HIHI 

nno~aAH ROJt 38PRAOBbiN nHKOM HB OCUHnnorpBWN€ H T.D. 

P€3YJIDT8T~ OJtHOM cepHH H3M€peHH~ B AHBnB30H€ OT 

( .1 e •1'1 l.u.o 
pMC. 6. 

~o ( j e ·'Y i max npencTaBJleHb: nn 

9 



3.2.2. lioHB38UBH 830Ta 

+ 

lioHH3aUHOHHaH ~HBaH ):IJIJI nepexo):la N ° ~ N no-

Ka3aHa Ha puc. 3na .3Ha'leHBe ceqeHHH npH E 0
= 2100 :JB 

llPHBe):leHO B ma6A. 2. 

<,O 

lO 

~. 

0 c 2.0 

b 

1.0 

0 
!D 

l 
! 

! 0 

! t 
11 H1

111 
Ill 

y• 0 j, ·~j,ol 
"o o }q a 

11 

0 

0 

tIl , ___ ,_, _ _l__l__L_L__l______l 

1.5 2.0 

log 10 Ee(aB\ 

I • 

2.3 

0 

I, 
0 •• 

3.0 

+ 12a 1 

Puc. 3. 11oHU3a~uOHHDJi KpuaaJI OAJI nepexooa N° ~N · · 

N
+ _,2 + 

HoHH3aUHOHHa.R KPHBa.H ,u.ns. nepexoJJ,a -+ t., , H3-

MepeHnaa s pa6oTe/17/, noKa3aHa na puc. 4. 3Ha'leHHe ce­

qei!HJI npH E =2100 :JB npHBe):leHo s ma6A. 2. 
e 

lioHH3aUHOHHaJI KpHsaa ):IJIJI nepexo):la N 
2+ • N 3+17 ~IO­

Ka3aHa Ha puc. 5. OcTanbHble pe3ynbTaTbl CM. s ma6A. 2. 

B pa6oTe I 18/ c):lenana nonbiTI<a H3MepeHHJI ce'ieHIIJI 

rrepexo):la N4+ ~ N 5+, O):IHai<o 3KcnepHMenTanbHble pe3YJib" 

Taibi B OKOHt.taTellbHOM BH)le He npBBe,D,eHbl. 

3KcnepHMeHTanbHble H TeopeTH'ieCI<He pe3ynbTaTbl no 

cetteHH.RM OCTallbHblX HOHH3aUHOHHblX nepeXO,IlOB BfiROTb 

.uo ll):lpa N 7+ a nHTepaType oTCYTCTBYJOT. 

10 

Ta6nHua 2 

3KCfl6pBU6H'1'Bn~HY6 R TeopeTH'I6CKHe 06'16HHft fl0CR6AOBBTenDHOh 

IOBBSBUMH 8'1'0UOB H HOHOB 880'1'8 npH E6 = 2100 3B 

CeqeuaB . 
(xro-2Dci) 

3KcnepHM8H'1' Pac'leT no ~~uy- KBautoBouexaHM'Iec-
ne noTUA I 4 7 KKR pBC4eT 

Co --;>"1 40oo" I 56 I 2800 4400* 1 16 I 

~--?>2 ?oo" I I? I 960 IIOO I 55 I 

02 --,..3 400MI?I 410 440 I 55 I 

03 ---74 125 ! 22 180 250 1 57 I 

6'4 ~5 39!? 74 roo 1 57 1 

Os --7 6 9 ! 2 II 21 1 57 I 

~ --,;;>? ~ 4 7 I 57 1 

* Cu. npwueqauae K Ta6nHue I. Peayn~tatw OAHO~ cepMH M3UepeHM~ 

npeAC'1'8Bn6HY HB pHCo 10. 

II 
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Puc. 5. HoHu3aijUOHHaJI KpueaJI OAJi nepexooa N • N 

3.3. Me11100 UOHHOU A06YWKU 

3.3.1. 1-!0HHbiB HCTO'IHHK iliiaMIIH 

·-

B 1957 ro.Liy P .nnaMIIH npe.LIIIOJKHII acnonh Joaa T h • ane­

aae aeiirpanuJauaa npocrpaacTaeaaoro 3aps.Lia JIIeKTpoH· 

HOrO ny'lka .LIIIlt nOBblWeHHlt J<jJ<jJeKTBBHOCTH HOHH3aUHH 

8 CTaH,a;apTHOM HCTO'!HHKe C BOHH3aU.HCii JnCKTpOHHhlM y..u.a~ 

pOM. 3a C'leT 3aXBaTa H HaKonneHHH HOHOB B 3llCKTPOHHOM 

ny'IKe Y.LiaiiOCb UOBbiCHTb BbiXO.LI HOHOB B 10·100 pa3 no 

cpaaHeHB!O C 06bi'IHbiM pelKBMOM O.LIHOKpaTHOB HOHH3aUHH 
11 '!/ 

iliiOTHOCTb JIIeKTpOHHOrO TOKa COCTaBIIJtiia 7·65 MA/CM ~ 

.Jlii>t <jJoKycspoBkH ucnonb30aanocb MarHHTHOe none c H = 

~ 225 rc, .JlHaMeTp JIIeKTpOHHOro ny'IKa 6b1II paBeH 0,2 CM 

npH .JliiHHe 1,2 CM. 

B npou.ecce eccne~osaHuH Ha ceKTOpHoM Macc·cneKT· 

poMeTpe c yrnoM noaopoTa 60° aa6IIlO.JlaiiHCb nHKK 

13 



~ 

I 

M311 PTYTH, HHTeHCHBHOCTH KOTOpbiX OTHOCHnBCb KaK 

Hg +: Hg2+: Hg3+ : Hg4+•:Hg:;., ~1 00 : 62 : 42 : 22 : 1 npa norea­

nHane HOHH3a!.IHH Hg4+ , paBHOM 1.1 = 60 38 H 3HeprBH 

HOHH3HPYIOUlHX 3neKTPOHOB E = 80 38. 
e 

3.3.2. lioHHbiH HCTO'IHHK lieiiKepa H XacTe)l.a 

B HCTO'IHHKe lieiiKepa H XacTe,lla ·IS/ TaKl!<e ocymecr­

BnHnocb y,lleplKaHHe .HQHOB B nBnBH,llpH'IeCKOM 3neKTpOHHOM 

rry<tKe. BpeMH y,llepl!<aHHH M311 B HOHHOH nosywKe .IIOCTHra­

no lQQ MKCeK, llpH HallpjDKCHHOCTH MarHHTHOrO llODH 

H= 1800 rc, ,llasneHHH B KaMepe 10-7 Top, TOKe 3neKTpo­

HOB 50 MKA H rnyfiHHe HMbl 1IpOCTpaHCTBeHHOro 3ap.ll)l.a 

0,1 B. lihlnH H3MepeHbi KPHBble HOHB3anHH Ne+ , Ar+ 

Kr +, Xe + • N; H co+ JneKTPOHaMH c 3Heprueii )10 E e 

= 80 38. 

3.3.3. lioHHbiH HCTO'IHBK Pe.D.Xe,lla 

B 1967 ro,lly fl.Pe)IXe,ll pa3pa6oran HOHHbiH HCTO'IHBK 

C :lDCKTpOCTaTHl.J.CCKOil nOBYWKOii ADS Macc·cneKTpOMCTpa 

C yrnoM IIOBOpOTa 180° H pa,!IHYCOM neHTpanbHOH opfiHTbl 

'l. CM /2-l-2~/ 

CxeMa HCTO<tHHKa npe,llcTasneaa Ha puc. 6. 3MHTH­

pyeMbiH HHTblO 3neKTpOHHbiH ny<toK c nnoTHOCTbto 50 MA/ eM 2 

IlpOXO)IHn <tepe3 nposonO'IHY!O CeTKy(grid) H HOHH3al\HOHHYIO 

KaMepy (ionization box) K aHO.D.Y (anode). liOHbl BbiT.IIrHBa­

nucb H3 JneKTPOHHoro ny<tKa B pa,liHanbHOM HanpasneHHH. 

CeTKa H aHO,ll 6blnH COe)IHHeHbl MelK.IIY co6oii H HaXO)I.HnHCb 

110)1 noTeHnHanOM ·y Til OTHOCHTenbHO HOHB3a!.IBOHHOH Ka· 

Mepbl. floTeHl\H:1.nbHblH 6apbep Ha OKOHe'IHblX y<taCTKaX 

3flCKTpOHHOrO nyttKa He ll0380ll.H.ll HOHaM YXO~Tb B aK· 

cuanLH.OM HanpaaneHHH. 

!iCTO'IHHK pa6oTan B KBa3HCTal\HOHapHOM peliCHMe C 

HeHTpanH30BaHHblM 3neKTpOHHbiM DY'IKOM. <l>OHOBOe )las· 

neHue cocrasmmo 5x1o-IITop, pa6o<tee - 1x10-8 Top. 

B ucTottHHKe 3Toro Tuna 6blnB uccne.u.oaaHbl ua'laDLHble 

y<taCTKH HOHH3al\HOHHbiX KPHBbiX M311 BnnoTb )1.0 He 2 + , 

14 

-- -- ; 

N 5+ Ar 6+ Kr 7+ a XelO+ npu 3Heprau 3neKrpoaos E.< 

' ' -
5./100-200/ 38. 

~- Bb!T. 3JI- J1 

,::~r·~_1=~~r lraHOJl 

rr I _ _l _ _j _ -rKOH. KaMepa 
+ + + 

T--,--r 
aHaJt!fl3aTop 

ceTJ<a aHon 

1 / T lf!OH. J<aMepa 

v, 

L KaTon 

Puc. 6. CxeMa uoHHozo ucmo"<HuKa Peoxeoa 
.r:H/ 

4. <l>H3HKA IIJIA3Mbl 

B ljlH3HKe nna3Mbl 6onbUlYIO neHHOCTb npe,llcrasnKtoT 

3KCHep&MeHTaDbHblC 34MlleKTHBHbiC CeY.C.HHJI HOHHJaUUH 

3DCKTpOHHbiM y.Q.apoM pa3DH"'HblX aTOMOB H HOHOB, KOTOpb.le, 

nona)lall o BH.IIe npHMeceii o HarperyiO .IIO BbtcoKoii reMne­

parypbl BO.IIOPO.D.HYIO nna3MY, oxna>K.D.a!OT ee H reM caMbiM 

cymecroeHHO orpaHH'IHBaiOT B03MO>KHOCTH peanu3anHI! yn­

pasn.aeMoro TepMo.a.o.epHoro CHHTe Ja. OueHKH noKaJblBaK>T, 

'ITO npBMCCb yrnepo)l.a HnB KHCnOpO)Ia B KOnH'IeCTBe 5~ 

.IJ.OCTaTO'IHa .O.nB. TOrO, Y.T06bl OTBCCTH HJnyY.CHHCM BCK> 

31!CprHIO, Bbl)l.enHIOUlylOCJI B BO,liOpO,liHOH nna3Me BO speMJI 

pa3p.ll)l.a. \13ny<teHHe npaMeCHbiX MHOr03apJI,liHblX HOHOB 

C, N B 0 COCTOHT, B OCHOBHOM, H3 Y~·KOMDOHCHT. 

15 
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KpoMe JToro, AIIH onpeAeneHHH HOHHOH TeMnepaTyp~ 

T i ucnonhJYIOTC.Jl TOnbKO ,llaHHhle o WHpuue cneKTpa.JibHhlx 

IIHHHH M311 npHMeCeH /2l/. 

5. ACTPO<l>H3HKA 

B acTpo<!>HJHKe 6on&woe 3HB'ICHHe HMeeT npo6neMa 

KBBH6pOBKH OUTH'ICCKHX CllCKTpOB H3BY'ICHHJI COBHII& H 

3Be3A. ,[\aHHble, nony'ICHHble nps H3Y'ICHHH OUTH'ICCKHX 

CUeKTpOB H3BY'ICHHH BCTpo<i>H3H'ICCKBX 06'bCKTOB, U03BOBJIIOT 

O[ICHHTb XHMH'ICCKHH COCTBB, TCMUepaTypy H PliA APYrHX 

napaMeTpoa. 

llps cpeAHHX TeMnepaTypax -10
6 

K cneKTP conse'IHOH 

KOPOHhl COCTOHT H3 UHHHH c AIIHHBMH BOBH v = 40-400 A. 
AKTHBHbiC o6naCTH

0 
KOpOHbl BfiflHJH COllHCllHblX DJITCH .Q.aiOT 

CllCKTp C v < 20 A, 'ITO COOTBeTCTBYCT H3BY'ICHHIO reuse· 

no.u.o6HhiX uouoa. Conuel!Hbie acnhlWKH conRoao>K.Q.aJOTCJI 
nepexoAHhiMH cneJCTpaMH M311 JKene3a 26 Fe' + - 26 F.,:Z3+c 

v < 14 X /22.', B JCopoue aTOMhl C , N H 0 HOHH3HPYIOTCll 

AO BOAOPOAOBOA06Hh!X H renHeUOA06HbiX HOHOB CO cneKTpa • 

MH H3IIY'ICHHJI c I'= 18-40 A /2:l/. 

6. llPOIJ.ECCbl PA/(HOAKTHBHOTO PACIIA/(A 
C Y'IACTHEM 3JIEKTPOHHOH OEOJIO'IKH ATOMA 

HMCCTCJI. norpaHH\fHaH o6naCTb HCCllCJJ.OBaHBii, CBJI· 

JBHHBH KBK C HACPHOli, TBK H C BTOMHOR <!>R3HKOH. B A&HHOM 

cnyqae peY.h HJlCT 0 BflHJIHHH 3llCKTpOHHOii 060H01.JKH Ha 
napaMeTpbl pB3UH'IHhiX MOA pBAHOBKTHBHOrO paCJI&Aa/19( 

B 1947 rOAY 3.Cerpe B&IABHHYB rsrroTe3y o B03MOJK· 

~OCTH H3MCHCHHJl CKOpOCTH 3llCKTpOHHOrO JaXBaTa B JI.U,pe 

i Be nocpe.a.cTBOM HJMeHCHHJI Tuna XBMH\.fecxoii CBJIJH a yo­

MOB 6epHUUHH B pa3UH'IHbiX XHMH'ICCKBX COeASHeHBJIX. 

B UOCUCAHHC rOAhl BhiUOUHCH 60UbWOH uHKII HCCUeAOBBHBR 

BllH.JlHHJl ,llaBTICHHJI, TCMITepaTyphl, arperaTHOrO COCTOSHHB 

H THIIB XHMH'ICCKOH CBH3H HB CKOPOCTH a- , {3- H y ·paC • 

naAOB. MaKCHMBB&HaJI aenB'IHHa I'. I.! f.., Ha6moA&BWBJICJI 

16 

B JTHX JKCUepHMeHT&X, HC npes~wana 5~. Ha OCHOBBHHB 

nony'leBH~X pe3yUbT&TOB 6~n CAeUaH PHA KB'ICCTSCHH~X 

B~BOAOB 0 BCBH'IHHC JUCKTPOHHOH UUOTHOCTH B6UH3H co· 

OTBCTCTB}'IOUUIX JIACP B 06 H3MCHCHHH JTOH UUOTHOCTH BOA 

BUBJIHBCM pa3UB'IH~X ¢aKTOpOB. 

fipH RaBB'IBH MCTOA& ROHR3BIIBH M311 BIIUOTb AO K·o6o· 

UO'IKB BKHIO'IHTeU&HO MOlKHO 6yAeT H&6UIOABTb B CUy'lae 

3flCXTpOHHOrO 3axsara BCCb JlHaRaJOH B3MCHCHHJI llOCTOJIH• 

HOB paCUBAB A BJIUOTb AO IIOBHOrO IIOABBUCHHJI paCBBAB, 

Afili KOBBepTBpOBBHHhiX y ·rrepeXOAOB • H3MCpHTb aepo • 

JITHOCTb paAft&IIHOHHOrO rrepeXOAB R PliA ApyrHX BCUH'IHHl20_I 

7. PA3BHTHE METO/(OB HCCJIE/(OBAHH.R HOHH3A11.HH 

Paccw:oTpeHHble BbiWe 3a.nalfu nony\feHHJI. H uccneJJ.oaa • 

IIBll csoAcTB M311 He MoryT 6~IT& nonHOCT&IO pewesbl npu 

IIOMOUUI YCTpOHCTB, nepe'IHCUCHIIhiX B fill. 3.1· 3.3. 113 

llpBBeAeHH~X ABHIIbiX CUCAYCT, 'ITO npnMeHJIBWHec• pasee 

MeTO)l.bl BCCJIC.Q.OBaHH.R llOCJIC.QOB&TeJihHOii HOHH3ali,HH xapaK • 

TepR3YIOTCll cymecTBeHHbiMH orpaHH'IeHHliMH no JHeprHH 

BOHH3BPYIOUUIX 3UCKTPOIIOB E e 'llUOTHOCTH ny'IKa 3UCKTpo­

HOB j ~ , BpeMeHB B3&HMO.IleiicTBH.R r i H PJI.U.Y Jl.PYI"HX 

napaMeTpOB. ,[\an&HCRWHH rrporpecc B YKB3BHHOB o6naCTH 

HCCBCAOBBBBB CBJ13BH C pa3pa60TKOH HOBhiX MCTOAOB nony· 

'leHHR M311. 0AHHM H3 HBX liBnseTcs MeTOA sossoA no­

sywxs B sapHBHTe 113JI·KPI10H, pa3pa6aThiBBCMbiH c 1967 

roAa B OHJIH. 

B HBCTOllll.lCC speMH Me TOA HORROR UOBYWKH / 30/ , pea· 

UH30BBHH~B B "TeiiBOM" BapHBHTC 113JI /HOHH3BTOp 

JneKTpoHHony'leaoii/ 131 1 H B KpHoressoM sapsaHTe KPHOH 

/KpHoreHB~R BOHR3&TOp/ /32-33/ o6ecrre'IHBBCT ABHTeUb • 

HOC BpeMJI B3BBMOACRCTBHH 3UC~TpOHHOrO BY'IKH C HOHHOB 

MBWeH&IO T j = 0,05 CeK npB IIUOTHOCTJIX. TOK& 3BCKTpOHOB 

j e =/10-100/ A/cM2ceK H JHeprss E e :; 10 K3B. 
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8. METOA HOHHOH JIOBYJJIKH B BAPHAHTE 

H3JI-KPHOH 

8.1. H3JI 

Pa3pa6oTKa HOHHoro HCTO'IHHKa H3Jl 6blna na'laTa 

a 1967 rony. <l>aKTH'IeCKH H3JI JIBnlleTCJI "TennbiM" sapn­

aHTOM, a KPHOH - KpaoreHHbiM napuaHTOM nonnoii no­

aywKH o,nHoro u roro >Ke Tuna. 

fipHHU,Hn neiiCTBHJI i13Jl HOJICHJICTCJI HB pUC. 7. 

a-@-

.--r~ 
:.~ 
,,~-LJ L 
! 

"IIIL'>. ~ 

2 

l,· ... ··-·····~ 
------

t 

~ -

134 I 

Puc. 7. CxeMa UOHHOzo ucmo~HuKa H3JI · :. 

B npocTpaucTae caepxahlcoKoro aaKyyMa coJ,naerca npo· 

TH>KeHHhlii JJleKTpOHHbiH OYY:OK C Hat.taJlbHOii flJIOTHOCTblO 

TOKB I o /CM. "JneKTpOHHblH TOK 10 HB puc 76 H OTHOCH-

TenbHO nerny6oKy10 noTenu,uanbHYIO JIMY tta puc. 7a/. 

B MOMCHT BpeMeHH I() 1B KOpOTKHH npoMe>t<yTOK f'>.t B 

3JlCKTpOHHhliJ nyY.OK BBU.!lHTCJI onpe.IJ.eneHHOl' :KOJIB'teCTBO 

nono)I(HTenhHhiX oJJ.HOJap.R.J.HhiX HOHOB pa6oY.ero aemecraa. 

Pacnpe.ueneHue JiteKTpHYeCKHX noreuuuanoH BJJ.OJlb ocH 

:JnCKTpOHHOrO ny4Ka TaKOBO, ttTO erO OKOHC H{ble yttaCTKH 

npencTaBnliiOT co6oii 6apbepbl nna nonolKHTencHo 3apJIJKen­

HbiX 'IBCTHu, /eM. puc. 7o, pacnpenenenne noTenu,nanoa, 

18 

oTo6paJKeuuoe cnnownoii nnnneii/. ,[\anee s MOMCHT speMeHH 

t l UHOTHOC'Ib TOKa Jllel<TpOHHOrO llY'U<a B03pacTaeT Jl.O 

j 1 /TOK 1 1 na puc. 76, rny6oKall noTenu,uanbHBJI J!Ma 

na puc. 7a/. llpu 3TOM aMnnHTYnbi pansanbHbiX Kone6anuii 

3axaaqeHBLIX HOHOB YMCHblllalOTC11. Ja BpCMH OT l I )l,O 

t 2 HpOHCXOnHT HOHH3aU,HJI HOHOB pa6o'lero BCU1CCTBB AO 

3apJl.u,HOCTB Z i . B MOMeHT speMeHH r 2 noTeHuRan OAHoro 

H3 OKOHC'lJHbiX yqaCTKOB 3llCKTPOHHOro nyqKa .nenaeTCJl 

OTpBUaTellbHblM flO OTHOlllCHHIO K riOTCHUHany BCCrO flYL{Ka 

/CM. pacnpeneneHHC, OT06paliCeHHOe WTpHXOBOH JIHHHCH 

Ha pUC. 7()/. fipH 3TOM HOHbl HOKHAaiOT noByWKY B BKCHBnb­

HOM nanpasneHHH. 

~ns uccne.u.oaaaus cetteauH nocne~oaaTenhHoa HOHH3a­

U.HH Tpe6yeTcll HMeTb onpenenennoe, perynapycMoe speMJI 

HH>KCKU.BB l\ t, KOTopoe .n.on>KHO 6b1Th MaRbiM no c paBHCHHlO 

C r. . ,[\nll peweHHJI 3TOH 3ana'IH 6bln npe)lnOlKCH MeTOA 
I . 

JllCKTpOHHOrO "perynHpOBI.l.lHKa" /31/. B HOHHOM HCTOYHHKe 

113Jl-l scnonb30Banacb 3neKTponnaJ1 nywKa c MHKponep­

aeaHCOM p p. = 0, 95, CORCHOH,[J, C MaKCHMallhHOii HaOpfnt<eH­

HOCTbiO 4 KTC, H HJ!Tb CCKU,HH npeii$OBOH Tpy6KH nnKHOH 

no 20, 20, 60, 20 H 20 MM, COOTBCTCTBCHHO. CxeMa 

1DCKTpB'ICCKOro. flHTaHHS o6ecne"'HBana HMfiYllbCbl TOKa 

c nanpu<enaeM no 6 KB npu nnnTenhHOCTH no 100 MeeK. 

llpn uanpaJKeHHH nopllnKa 2,2 KB 6binH nonyYeHbl HOHbl 

o8 + ~ N7+a c 6 +, a TaK)I(e Au 19+ /:\5.'. 

B aouuoM HCTO\IHHKe H3JI· 2 ucnonhJoaanca TaKJKe 

"Tennblii" ConeHOHn H Apeii$OBBJI Tpy6Ka C 061.1\eii nnHHOH 

OKano I 000 MM. lihlno noKa3aHo TaKlKe, 'ITO B 3neKTpow 

HOM ny'!Ke MOliCHO HBKOHHTb HOHHblH 3aplln no 10 11 3ne· 

MeHTapawx Japg.o.oa. KpoMe 3Toro, 6blno HaH.neHo, YTO 

npa ucnonLJOBaHHH "rennoro" aapuaHTa He y.uaerc.R non~ 

HOCTb~ &36aBHTbCJI OT $oHa OCTaTO"'HOro raJa HJ~Ja OT· 

CyTCTBHll AOCTaTO'IHO 3cl>cl>eKTHBHblX cpenCTB OTKB'IKH npeii­

$OBOH Tpy6KH. 

8.2. KPHOH 

B HOHHOM HCTO'IHHKe KPHOH /.~ 2 '33 / BMecTo o6bi'IHoro 

conenouna c aonJIHbiM oxnalK)IeuaeM acnonh3yeTCJI caepx-

19 



npoBOJlllfliHH coneHOHJl nnHHOH 1200 MM. 3Ha'leHHe Hanpa­

lKeHHOCTH MarHHTHOrO UOnJI Ha OCH npeiioj!OBOH Tpy6I<H paB· 

HO 15 KFc, MHI<ponepseaHC 3nei<TpOHHOH nyWI<H p < 16, 
HanplllKeHHe I<aTO).{"aHO).\ ).\0 10 KB, naBneHHe BHYTP~ npeii­

,Posoii Tpy6KH - 10-1 1 Top, BpeMJI t 1 - t 2 = r i MOlKeT 
.u.ocrnraTb 1 ceK. Konui.Jecrao uouoa 3a HMnynLc paouo 
1012/Z i npH nnHTeJJLHOCTH 3KCTpaKnHH HOHOB 100 MKCeK 

H IIHKnH'IHOCTH - 1 F1.1 /32/. 
B oTnH'<He oT H3JI, a HOHHOM ucTO'lHHI<e KPHOH Bw­

son HOHOB UpOHCXOJlHT npH ysenH'leHHH UOTeHnHana BHyT· 

peHHHX ceKnHii npeii,PoBoii TPY6KH no ypOBHJI noTeauuana 
aKcHanLHoro JanupaHHll. npeHMY!lleCTBOM Tai<oro cnoco6a 
BbiBO).{a liBnlleTCJI MBHHManLHLIH paJ6pOC aKCHanLHLIX CKO­

pOCTeii 80HOB B npol(ecce BLIBO).{a. 

3KcnepHMe8TanLHOe HJy'le8He nponecca nocnenosa-

TeJlbHOi HOHB3aUBH HOHOB CBOABJIOCb K TOMy, qyo B Ha· 
'lanL8LIH MOMeHT 'BpeMe8H Ja npoMelKyTOK i\ t = 100 " 
500 MKCeK B 3JJeKTpOHHLJH Uy'IOK BBO).{HnOCL -1011 HOHOB 

pa6o'lero Be!lleCTBa. no HCTe'leHHH BpeMeHH r. npOHJ· 
' sonancll BLJBOJl M3H 83 KPHOH 8 ux aHanu3 no BpeweHH 

nponeTa. HoHLI Ha Bwxone BpeMllnponeTsoro cnei<TpoweTpa 

nnHHOH OKOnO 1000 MM perHCTpHpOBanHCL HOHHLIM KOnneK­

TopoM c npenycHnHTeneM, Ko3.P,PuuneHT ycaneHHll KOToporo 

He npeswwan 100. 
B HaCTOll!lleii pa6oTe np8BeneHLJ peJynLTaTw nepBwx 

3KCnepHMeHTOB no H3MepeHHW 

nO'lKaX BnJJOTb ).\0 ll).{ep C 6 + H 

pOHOB E BLIWe 2000 :JB. 
e 

Ce"'eHHi HOHH3aUBB B ~e­
N 7+ npH 3Hepruax :meKT" 

8.2.1. KPHOH B Ka'leCTBe npu6opa nna 

uccne.r:tosauuii ceqeuuii nocne.a.ooa­
TenLHOii 80HH3anHH 

Kax noxa3auo BblWe, ny"'OK nepBBlJHbiX 3JieKTpouoa 
(eP ) 83 JneKTpOHHoii nywi<u npoxonHT BHYTPL npeaojloBoii 

Tpy6I<H, 80HH3Hpya aTOMLI pa6o'lero BeflleCTBa A H OCTa· 
TO'lHoro ra3a /,PoHa/ B. B npouecce HOHH3aliHH H03HHI<awT 

MenneHHLJe 3neKTpOHLI ( e is )· Ha BLIXO).\e HJ COneHOB).\a 
ny'IOK nepBH'IHLIX 3neKTpOHOB paCXO).\HTCll B).\OnL CHnOBLIX 
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nHHHH H 60M6ap).{HpyeT UOBepXHOCTL 3neKTpOHHOrO KOnneK· 
TOpa, npH 3TOM B03HHKaWT BTOpH'lHLie 3neKTpOHhl (e s ), 

KOTOpLJe MOryT nonanaTL BHYTPh ).{peiioj!OBOH Tpy6KH, H3-
MeHllll pacnpeneneHHe 3neKTPH'leCI<Hx noTeHuuanoB. TaKHM 

o6pa30M, B npOCTpaHCTBe HOHH3aUHH HMeeTCll TpH 3JJeKT· 

pOHHblX KOMDOHeHTbl • e p , e is , e 8 H .rtBa CeMeiiCTBa 
BOHHblX KOMDOHeHT - An+ H B m+. 

3nei<TPOHLI e is YXOJlliT non neaCTBHeM 3neKTpH'leCKHX 
noTeHUHanOB K KOHlleBLJM y'laCTI<aM npeiioj!OBOH Tpy6KH. 
H3- 3.a OTHOCHTenLHO HeBLJCOKOH HanpJDKeHHOCTH MarHHT­

HOro nong H = 2,5 - 3,0 KFc a H3JI ua6nwn'!lnocL JHa'<H­
ren&uoe TOKooce,u.auue 3a c'leT 3nexrpouoa e s • B KPHOH, 
rne H =10-20 KFc, TOK 3neKTPOHOB e s npeue6pelKHMO 
Man. Tai<HM o6pa30M, B npocTpaHCTBe HOHH3auuu KPHOH 
HMeeTCJI ojlai<TH'leCI<B TOnLKO KOMUOHeHTa e p • 

OcTaTO'lHLJii ra3 B H3JI cocTOBT B3 H 2 , CO , N 2 . 

B KPHOH BMeeTCll TOnLI<O onHa KOMnoHeHTa ocTaTO'lHaro 

ra3a - H 2 • no nBHBJIM H; B H + MOlKHO npOBO).\HTL KanH6-

poBKY speMJI·nponeTHoro cneKTPOMeTpa. KaK 6yneT no­

Ka3aHo HBlKe, B oPOHOBOM cneKTpe Ha6nwnaeTCll nHWL 
onHa nBHBJI - H + • 

~nll o6ecne'leHBJI OllTBManLHLIX ycnoBBH 3UeKTpOHHOrO 
ojlopMBpOBaHHll BMnynLca HHlKeKliBB BOHOB pa6a'lero Be­

UleCTBa A+ H nocnenYW!lleii BOHB3ai1HH HCUOUL3yeTCll HM­
nynLC JneKTPOHOB ep nBYXCTyneH'laToii ,PopMLJ. HMnynLc 
BHlKeK!IHB BOHOB A+ ojlopMBpyeTCll B Te'leHBe nepBOH CTy· 
neHbKB C OTHOCHTeJlbHO HB3KOi'i: 3Heprueii 3JieKTPOHOB e p , 

npH 3TOM 80HLJ JanonHJIWT OTHOCBTeULHO MenKyw nepBH'l" 

HYW UOTeHnBanLHYW liMY, rny6uHa KOTOpoii pasHa U I H 
panuyc r 1 • AMnnHTyna Kone6aHBii BOHOB A He npeshlwa­

eT r 1 • 3aTeM aMnnHTYna :>neKTpOHHoro HMnynLca anua6a­

Tattecxu uapacraer no 3Kcnoueure 3a apeMB., paaHoe 
HeCKOllbKHM nepBO).\aM BOHHLIX KOUe6aHHH B liMe r ny6HHOH 

ut . 

B I<OHlle 3Toro BpeMeHB HapacTaHHll 3HeprHll 3UeKTpo­

HOB CTaHOBBTCJI paBHOH U 2 > U 1 B panHYC 3lleKTpOHHOrO 
ny'II<a r2•> rl .AMHUHTYna KOne6aHBH HOHOB Ja BpeMll Ha· 

pacTaHBJI cy!lleCTBeHHO He H3MeHJieTCJI npu onHoBpeMeH­

HOM UOBLJWeHBB 3apli).{HOCTB HOHOB. 3aTeM B Te'leHHe Bpe-
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MeHH r i llpOHCXOAHT OOCJIC)l..OBaTeilbHa.R. HOUB3aUB.R. UOJJO>KH ~ 

TeJlbHbiX HOHOB snnoTb )lO An+ . 

Cyll\eCTBCHHO npH 3TOM, l.J.T06hl KOHe'iHax aMnnury.na 

HOIDibiX KOne6aHHH He npeBbllllanar2 , T .K. HOHH3HPYIOUIHB <iJaK • 

Top i r- • r i .non:>KeH 6hiTh nocTO.HHHhiM. BbineT BOHOB Ja 

npe.nenut :JJleKTPOHHoro nyqKa no)]. ,neHcTaHeM noTeHuuana 

HOHHOH cep)l.UCBHIIbl npHBO)I,HT K HCIIH3HpyiOJ.UeMy <iJaKTOpy, 

K • j'" • '; , r)l,e K.::; 1 Y'<HTbinaeT npeMll npe6blnaunll uoua 

3a npe,nenaMu :JneKTpOHHoro nyl..fKa a ToqKax noaopoTa 

HOHHhiX TpaeKTOpHH. 

Cne.nyeT OTMCTHTb, 4TO paccMOTpCHHa.H BhlWC MO,UeJJh 

npouecca uonn3auuu n KPI10H HJyqeua n 3KcncpHMen· 

TaJlhHOM nJiaHe Clll,e )l.anCKO HC A0CTaT04.HO H HCllOJlHO. 

TeM He MeHee, HMCIOTC.R. ycnoau.H .UJJ.H uccne,noaanuR 

nocne]losarenbHoB. HOHH3aUHH HOHOB A+~ A2+~ ... 

... Ant npu HaJlH\.fHH O)l,HOKOMllOHCHTHOro BOJI,OpO,I.\HOro 

4Joua H + H BbiCOKOH 3<1Jq,eKTHBHOCTH y )I,Cpll<aHHll HOHOB B 

JIICKTPOHHOM ny'iKC C HOHH3Hpy10J.UHM <iJaKTOpOM j 0 • r; :5 

:5 10 2 c,w- 2 KaK 6y)leT IIOKa3aHo, cneKTp HOHOB 11a BbiXO)I,e 

HCTOl..fHHKa COCTOHT H3 HC60JlblllOI'O \.fHCna JlHHHii, paBHOrO 

)I,BYM "TpeM B cnyqae HOIIH3aUHH yrnepo)la H a30Ta. 

8.2.2. )J.ocTonncTaa HC'fO'iHHKa KPI10H 

CyJ.UeCTBCHHbiM npeuMyJ.UeCTBOM npe)l,noll<eHnoro cnoco· 

6a uccneAonannll npouecca BOHH3auun /a aapuauTe KPI10H/ 

~BJlHCTC.H. npHHUBllHaJlbHaH B03MO:>KHOCTb nonyqeHHH HOHOB 

BCCX 3JJCMeHTOB npOH380JlhHOft 3apH.O.HOCTH. flo cpaBHCHHIO 

C MCTO.D.aMH,. OllHCaHHblMH B fl. 3.1, r ,LlC MaKCHMaJlbHaJI 3apH,[J, .. 

HOCTb nepBB'iHbiX HOHOB COCTaBnlleT acero +/2·3/, B KPI10H 

MOli<HO DODY'iHTb nl06ble HOHbl BllllOTb )1,0 H)lep BKJUO'iHTCIIb • 

ao. CymecTBCHHo TaK:>Ke TO, \.fTO npu ucnonb30BaHHH 3TBX 

MeTO)\OB yaenn'iel!He 3apll)I,HOCTH IIY'<Ka nepBH'iHbiX HOHOB Ha 

e)IBHHUY conpOBOlK)I,aeTCH YMeHblllCHBCM HH'feHCHBHOCTB B 5· 

10 pa3, 'iTO casJano c oco6ennocTKMB nna3Mennoro nc· 

TO'iHBKa 0CHHBHra. 11HTeHCHBHOCTB BTOpH'iHbiX BOIIHbiX nyq· 

KOB TaK>Ke '"lpC3BblliaiHO MaJibl. 

B KPI10H n3- 3a OTCYTCTBHll no'fepb uonoa a npouecce 
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HOHH3aUBH llpH YBCllHl..fCHHH JapH.D.HOCTH HHTCHCHBHOCTb HC 

H3MCHHeTcH. KpoMe Jroro,1a HCTO'!HHKe nonyl.feHbl 6onD· 

WBe apeMena YAepll<aHHll BOHOB BDIIOTb )1,0 40 MCeK, 'iTO 

CB.H.3aHO C XOPOWHM BaKyyMOM D 06rraCTH B3aHMO.D,e8CTBUB 

1o-10 - to-r3 Top. 

flo CpaBHCHHIO C pauee HCCJlC)lOBaHHhlMH sapHaHTaMH 

nonnoii noayrnKu /n. 3.1.3/ cyJ.UecTaenuo yaenaqena :>nepruH 

H llJlOTHOCTb HOHH3HPY10lll.HX 3JICKTpOUOB e P• 06beM 06JiaCTll 

HOHH3aUHH, a TaK>Ke npHMCHCHhl HOBbie MCTO.IJ.hl HH>KCKUHH 

pa6ottero sew.ecraa a ynpaanenuR noBCJlCHBeM HOHHoii KOM ~ 

IIOHeHTbl BHyTpH )l,peii<iJOBOB Tpy6KH. 

B KPI10H BMee'fCll B03MOli<HOCTb HCCIIC)I,OBaHBH BKna)l,a 

MCTacTa6HJibHblX COCTOHHHH: B llOHH3aUHIO npH OOMOW,l:t 

aapbupoaaHHR r i n j e • r i =const .CpaaueuHe :JKCIIepH~ 

MeHTaJlbHblX H paC"''CTHblX 3aBHCHMOCleii HHTCHCHBHOCTeH 

JIHHHii An+ OT BCJlHY:HHbl j ·r. ll03BOJlHT H.D.CHTH$HUHPOBaTb . ' 
BKna.a.bl a BOHH3al.lHID 3a c\.feT O>tce ~ 3q,¢eKTa u aaTOHOHH 3a ~ 

UHOHHhiX COCTOHHHii:. 

BCCbMa UCHHbiM Ka\.fCCTBOM npouecca HOHHJaUHH B 

KP110H llBnHeTcH TaK>Ke OTCYTCTnne noTepb 3a C'IeT pe­

KOM6nnauun, nepe3apllAKH H APYrHx o6paTnwx npoueccoa. 

YKa3aHHOC CBOftCTBO U03BOJ1BCT IlpOH3BO.D.HTb OTHOCHTCJlb~ 

no npoc'fbie pacqeTbi npouecca nocne)l,onaTenbnoli uonn-

3auuu no ananorua c Mo,nenbiO pacna.na uenottKH pa,!J.Ho~ 

aKTHBIIbiX H.D.ep /36--10/ 

8. 2. 3. He A o c TaT K n u c T o" H u K a K P 11 0 H 

Ha116onee CYJ.UCCTBeHHbiM ne)I,OCTa TKOM npe)l,nO>Kenno­

ro MCTOAa HOHH3aUBH HBJlHCTCH, BCpOHTHO, OTHOCHTCnbHO 

60llbWOB pa36poc 110 3HeprHB 3DeKTpOHOB C p , KOTOpbiH 

liOCHT llpHHU;BDHaJJbHhlii xapaKTep, TaK l<aK CBH3aH C 60Jib­

woii rny6uuoii HMbl npocTpancTacnnoro 3apll)l,a JneKTpouon. 

C )l,pyroii c'foponbl, ny'iOK nonoa a KP110H coAep>KHT 

HC TOJlbKO HOHbl An+ B OCHOBHOM COCTOHHHH, HO H MCTa· 

cTa6HJibHhle HOllbl A *n --t; HCKa:>KalOUJ,He uopManhHYlO ¢lop My 

uonu3auuonnbiX KPBBbiX. KpoMe Toro, a KP110H ue y)l,aeT­

CH, no~ BH.D.HMOMy, BbiJJ,eJIHTb OT,IJ.enhHO BKlla.Ubl B HOHH3a ~ 

UHIO c:r O>Ke .. nepexo.n.os, aBTOHOHH3au,uoHHhlX cocTO.HHHF.i. 
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H OTPI>IBa HCCKOJibKHX BHClllHHX 3JICKTPOHOB B OJIHOM coy­

,llapCHHH. KonneKTHBHI>Ili xapaKTep nocneAHero npotlecca 

npe,liCTaBnBeT 60JiblllOB HHTepec C TO'IKH JpeHHB cjlyH)IaMeH­

TaJibHI>IX HCCne)IOBaHHB 3JieKTPOHHOB 060JIO'IKH aTOMa. 

8.3. HOHHblii UCIIIO'<HUI( HIPAC 

IlepeqacneHHI>IC a nn. 3-6 npo6neMI>I sccne)loaaHHB 

rny60KOB HOHHJa)lHH MO>KHO JcjlcjleKTHBHO pelllaTb C UOMOlllbiO 

T .H. "peaKTBBHOro" BapBaHTR MCTO,Ita HOHHOii JlOBYWKH 

(H!PAC)/ 9/. B KPHOH, KOTOpl.Jli BBJIBeTCJI "aKTHBHI>IM" 

aapsaHTOM, Ka>K,lll.JB HOHH.1Hpyi0111HB 3JieKTpOH npOXO)IHT 

•lepeJ o6naCTb B3aHMOJICBCTBHB O)IHOKpaTHO OT KaTO)Ia 

JneKTpoHHOii nywKH 110 JneKTPOHHoro KonneKTopa. B pe-

3YJibTaTe )IJIJI yCKopeHHB 3JieKTpOHHOrO UY'!Ka Tpe6yeTCB 

JaTpaquaaTb MOlliHOCTb P = 1, · E e. B H!PAC nocne HH>KeK­

UHH B TOpOH)IaJibHOH BaKyyMHOB KaMepe npOHCXOJIHT Ha­

KOUJieHHC HOHH3Hpyi0111HX 3JieKTpOHOB H cjlopMHpyeTCB KOJ!b" 

UeBOe 3llCKTpOHHOe o6naKO, KOTOpOe yaep*HBRCTCR JaTeM 

B TC4CHBC J).llHTCllbHOrO npoMC)KYTKR BpCMCHH Ti BHCW· 

HHMB MarHHTHblMB ll01l.RMH B o6naCTB B3RHMO.zteiicTBHJl, 

B pe3yJibTaTC qero CylliCCTBeHHO YMCHblllaCTCB MOlliHOCTb 

naTaHsll P. 
HoHHI>Iii HCTO'IHHK HIPAC HMeeT TopoHAaJibHYJO aa-

KYYMHYIO KaMepy c npoBOAHlliHMH CTCHKaMH 19- 11 I. Iionb­

woii paJIHYC Topa paaeH 20 CM, MaJII>Iii paAHYC - 3 CM. 

3neKTPOHbl HH>KCKTBpylOTCJl 83 KOJlbUCBOft HBTB HaKana, 

pacnonO>KeHHOii no BHCWHeMy 06BOJIY TOpa. TopOH)IaJibHOC 

3JICKTpOHHOC 06JiaKO COJ)IaCT Ha OCH KaMCpl>l TOUOJIOrB· 

'ICCKYIO JaMKHYTYIO napa60JIH'ICCKYIO UOTCH)lBaJibHYIO BMy, 

s KOTopoii yAep>KsaaiOTCB HOHI>I ocTaTo'!Horo raJa. HIPAC 

HMCCT 100'1o-HYIO "peaKTHBHOCTb", UOTOMY 'ITO HOHBJB" 

PYIOlliHe 3JICKTpOHbl BH)I(CKTspyroTCH OJIHOKpaTHo s JaTeM 

B TC'ICHHC BCCrO npouecca HOHB3a)lHH HaXOJIBTCB BHYTPH 

o6naCTH BJaHMOJICHCTBHJI C HOHaMH. 06"bCM Topa paaeH 

3,6xl0 3 CM 3 , noaepxuocTh - 2,4xl0
3 

cM
2

• MaKcHManhHOe 

3KCUCpBMCHTi!.JibHOC BPCMB y,llep>KaHHB HOHOB COCTaBBJIO 

I ,2 MCel<, nnoTHOCTb JneKTpoaoa - 7xl0 9 
eM -~rny6saa 

IIMI>I npocTpaacTaeuaoro JapBAa JneKTponoa - 170 KB. 
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B 1969 r. 6wnu 

HHIO noae,neHBB 

rpaMMa H!PAC 
na /12,13/ 

BLIDOJJHCHbi 3KcnepaMeHTbl no uccne.n.oaa ~ 

3JICKTPOHIIoro o6naKa a BIPAC. Ilpo­

AanbHeiiwero paJBIITBJI noKa He nonyqu-

9. 3KCIIEPHMEHTAJibHJJE PE3YJibTATJJ ITO 

HOHH3AaHH YTJIEPO,l(A H A30TA 

,1:\ns snniOCTPallBB BOJMO)I(HOCTeii KPHOH a KaqecTae 

nps6opa no sccne)loBaHBIO npo)lecca nocnenosaTenbHoii 

HOHHJRUBH HH>KC npHBCJ],CHbl 3KCRCpBMCHTRllhHble H pacqeT­

HblC pCJYJlbTaTbl, nonyqeHUbJe ,IJ.JlJI BOHHJRU,HOHHblX l.I,CllO"t.CK 

oT C 
2

+ no C 6 + s oT N 3+ no N 7+ nps cjlsKcupoaaHnwx 

JHalleHH.flX 3Heprau HOHH3HPY10W.HX 3neKTpouoa E t! 

2+ 3+ 4+ 5+ 6+ 
9.1. HoHu3aiiUOHHa .. 11en0'<1<a C -• C ~ C -• C ~ C 

H3MepeHHble 3apH.noable cneKTpbl npuae.u.eHbt Ha puc. 8. 

3neprHB nepas'IHI>Ix 3neKTpoaoa pasHa E e ~ /2500 

± 150/ 3B. ToK nyqKa 3JICKTPOHOB 1. = 1,5 Anpu nsaMeTpe 

UY'!Ka 2 MM. B Ka'ICCTHC pa6oqero raJa UPHMCHBJICH 3TH· 

nen C 2 H 4 , no3TOMY, nepOBTHo, JIHHHJI cjloHoaoro nonopoAa 

HMCCT OTHOCBTCJibHo 6onhWYiil aMUJIHTyny Ha BCCX 10 Kan­

pax a nsanaJone r; ~ 2,5 - 19,5 MCeK. HoHHJHPYIOIUHii 

cjlaKTOp paaeH ( j e "'; )max ~ 5.10 I O CM - 2 

Ha nocne)IHsx Kanpax c '; = 16,5; 18,5 H 19,5 MeeK 

Ha6n!OnaeTCB OTpB)laTCJibHI>IH cjlOHOBI>IH JIHK, KOTOpl>lii MQ)I(· 

HO BACHTH<!>HilHPOBaTh no apeMeHH nponeTa, T n = 5,8 MKCeK. 

BepoBTHO, yKa3aHHblii fiHK CBH3aH c BTOpHttHbiMH 3neKTpo­

HaMs, HOJHHKaiOlliHMB llpH 6oM6apnHPOBKC cjlOHOBblMH HOHaMH 

oxpauuoro KOnhua uouuoro KonneKTopa apeMsnponeTuoro 

cneKTpoMeTpa, noTeuu.uan KOToporo paaeu • 7 KB. <l>oHoBhie 

HOHbl B03HHKalOT D o6naCTH :lneKTpOHHOrO KOlllle}(TOpa 

KPHOH Ja cqeT 6oM6apnupoHKH noaepxHOCTH 3Toro KonneK­

TOpa MOll(HbiM llY"'JC'OM nepBH"'HbiX 3lleKTPOHOB. flo Mepe 

nporpeaa a o6e3ra*HBRHHJI nosepxuocru 3neKTpouuoro 

KonneKTOpa aMnnHTyna OTPHilaTenhnoro nsxa npu T 
n 

" 5,8 ,KKCeK YMeHhwaercs. 
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Puc. 8. CneKmpM nocAeooea· 

MellbHOU UOHU30!1UU nOAO.JKUlllellb • 

HbtX UOHOB YZIIepo(Ja 6 KPHOH 

npu E.~2500 3B u ie 

= 2,5•J020 3A/c,w2ceK .. 

)J.JIH paC'!CTa CC'ICHHH llOCJlC.llOBaTCJILIIOH HOHH3al.(Hll 

HCOOJILJOBaJiacL CHCTCMa ypaBHCHHH CllC,llYIOillero BH,lla: 

L\q;/L\r; ~ ie· (ai-l ~ i 

c HOpMHPOBI<OH I q. ~ I • 
i ' 

. q i-1 - a i -JO i + l . q ) 
' 

/1/ 

r .lle q i " .llOJIR HOHOB C 3apJI,llH0CTLIO i /OJIOilla,llL llO,ll COOT· 

BCTCTBYIOillHM llHI<OM Ha OCQHJIJlorpaMMe, .U.CJICHHaJI Ha l /, 

aj-+ i +- 1 .. cel.feHHe nocne.n.oaaTenLHoii HOHH3al(HB AnSI ne · 

pexo~a i --. i +, 1, r. ~ BpeMJI BOHH3al.{HB B CeK. ilOJiylJeH · 

' . 

HL!e 3Ha'ICHHJI CC'ICHHii BMCCTe CO CPC.llHCKBa,u.paTH'IHLIMH 

OWHOI<aMa npaae.u.eaw a ma611. 1 • 

.ll.mt npoaepi<a nony'leHHLIX PCJYJILTaToa, I<OTOphle co· 

OTBCTCTBOBaJIH peweHHIO OOpaTHOH 3a,U.B'IH HOHHJaUHH, T .e. 

onpe,u.eneHHIO CC'ICHHH, HCXO,llH H3 31<CllepHMCHTaJibHLIX 

CllC!<Tpoa JapJI.U.HOCTeil, MLI BLIITOJIHHJIH paC'ICT:W llpJIMOli 

Ja.u.a•IH HoHaJaQHH no nporpaMMe pa6oTbt /.16/. 

11CJIOJib30BBHHL!H BBpHaHT !lpOrpaMMbl paCC'IHThlBBeT 

CC'ICHHJI CllC.llYIOWHM o6pa30M. ATOMHBH CTPYI<Typa yrne· 

po,u.a HMCCT BB,ll ( Js )
2

, (2s) 
2 , (2p) ~ PaC'ICTHL!e CC'ICHHJI 

PBBHbl: 

a ~ 2 '' [ I 1 ( 2 p)] +2 · a [I 3 
( 2 s) ) + 2 • a [ !

5 
( ls) ], 

0 4 l 
' 

a 1 ry 2 ~Ia ( 12 (2p)J + 2-a [ 1
3 

(2s)j + 2· a (1
5 

(ls)J, 

a 2 ~ 3 ~ 2.a[ 1 3 (
2s)j +2·a [ 1

5 
(ls)], 

0 
3.., 4 

a 
4-~~S 

a 
5~6 

l.a[I 4 (2>)] +2-a[J
5 

(ls)J, 

+2·u[l (Is)], 
5 

!.a[ I (Is)]. 
6 

Benn'lnua napQaanLHL!X ce'leaali 6eperc" paaHoii /·II 1: 

4 ,5 • 10 -I 4 , nC 
(f;l=: 

• 

E 
e • I nC 

ln E e /I nP • 

/2/ 
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r.o.e ( nf ~ l.JHCnO 3KBHBaJieHTHblX 3JICKTpOHOB B nP ~noJl,­
o6ono•U<e, In£ - noren~nan nonnJa~HH n£ ·3neKTpo11a. 

flpH 3TOM HCII0llb3YCTCH paC'lCTJibiR na6op HOHH3aUHOHHblX 

!IOTCHUHanoB, npHBe,o;eHHhlii B ma6A. 3. 

Ta6;mua 3 

MoHH3ruQHOHHHe noTeHUHanu yr~epo~ B aB. 

I1oTeHI(ll:M Ir 12 I3 I4 I5 I6 
- -

Pacl!eT 7427 I4 26 46 66 394 490 

3.Kcne.rrMeHT 1 II 24 48 64 392 490 
1,43 

llporpaMMbl paCCl.JHTbiBaeT KOppeKTHO TOJibKO nepBbiH 
qneH CYMMbl BHAa /2/. B 6onee TO'lHOM pacqere aropoii, 

TpeTBil H T .)),. '-IJICHbJ CYMM, T .e. napl.lHaJibHldC Ce'leHH.R, 

AOn>KHbJ CO)J.Cp>t<aTb HC HOHH3aUHOHHbl:ii fiOTCHUHaJI, a 3HeprHIO 

CBR3H E 
0
f. Ha6op 3Heprail CBRJH Elllll a TOMB H M3l-f yrne· 

/•1--1,45/ 
po11a npnaeAeH a ~a611. 4 TaKHM o6pa3oM, ecnn 

npH pac'leTe no nporpaMMC pa6oTbl !
36
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-20 2 
a

1
_,

2 
~ 1·a(26) +2-a(46)+2-a (2394)~650-10 CM 

TO 6onee TO'lHbiH paC'lCT ABeT: 

u 
1 

~ 1 · a (26) + 2 ·a (33) + 2 ·a (322) ~ 810. 10-
20 

'"'
2 

~2 

T.C. OWR6Ka He llpCBbiWBCT 25~. 
He6onhmaJl owu6Ka ao3HHJ<aer rax>Ke H3- 3a Toro, l.ITO 

nepBblM Y.neUOM 3KCnepHMCHTaJibHOH HOHH3aUBOHHOi ue­

no'IKH .RBJUICTCX C2H 0 
, a pacqeruoB ~ C0

. 

Pe3yllbTaTbl pac-l.eTa npliMOR 3BI\H'IH HOHK3B~HH BMCC • 

TC C JKCnepHMCHTBllhHblMH 1\HIIHblMH npHBCI\CHbl !Ia pUC. 9. 

3+ 4+ 5 + 6+ 7 + 
9.2. HOHU3G<4UOHHQJi lj€110'ii<Q N ~ N ~ N ~ N ~ N 

H3Mepeunble cneKrpw 3apRAHOCTeii HOHOB a3oTa npa· 

BCIJ.CHbl Ha pUC. 10. 
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Puc. 9. 3aaucuMocm• q 
E ~2500 3B. .. 

!lr.Mpod, [t=-25orn6 

cz.. cJ~ 

T I 
c•• 

T 
c•• 
T 

J()'l jt·Tr: 

om J • r. 
c ' 

OAJI yz11epooa npu 

3ueprHs nepBH'<Hblx 3net<Tpouoa paaua E c ~ 2100 ± 

± 150 3B. Tot< 3neKTpouuoro HY'IKa I c ~ I A. Mat<cunan .. • 

HbiB HOHH3HPYI0111HB IPaKTOp ( j ,. •T i ) rna, ~ 6,.7xJ0 B CIA"': 2 

B KPH.OH HHJKeKTupoaanuc:o. Monet<ynbl N 2 . lluK <J>o · 

HOBOrO BOJIOpoJ).a HMeeT Ha BCeX 8 Ka)lpax He60llhWY!O 

aMnTIHTYIIY B IIHana3oHe r i ~ 5·39 MCet<. 

PeweHHH o6paTHoH 3a)l.a"'u HOHH3auuu HaXO)J,HJIHCh no 

<jlOpMynaM CHCTeMhl /1/. llony'leHHble 3Ha'<eHHJI Ce'!eHHB 

npuae)leHbl B ma611. 2 . 

B peweuuu npsMoil 3alla'<H HOHH3ai.IHH IITIJI a3oTa He· 

llOJib30BaJicR pacqeTn~H Ha6op HOHH3aUHOHHhlX llOTeHUHa· 

TIOB, npe)ICTaaneHHbiB H ma611. 5. 

Ha6op 3Hepruil CBS3H 3TieKTpouoa a aToMe u M3H 

a30Ta HPHBe)leH B ma611. 6. 

Benuqsua owu6oK B paclJ.eTe ceqenuR .AJUI np.JJ.MoH 

3a)J.aY.H HOHH3aUBH, KaK H B CJiyqae C yrnepo)J.OM, He IlpeBbi · 

waec 25~. Pe3yn:o.TaThi pac'<eTa npsMoil-3a11a'<H HOHH3a· 
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Puc. 10. CneKIIIPbl nocAeooeo· 

JJieAbHOil UOHU30!1UU noAOJKUIIIeAb· 

HbiX uoHoe 030IIIo e KPHOH npu 

Ee= 2100 3B U ie = 1,7• 

•1 020 3A/CM CeK. 

_j_ 

u;uu no nporpaMMe pa6oThl / 36 / BMecTe c JKcnepHMeHTanb­

HLIMH .I1aHHLIMH llPHBe)1eHLI Ha puc. 11. 

~~ 
1110 

fl.wm, £,= 2fOOIA 

QIO 

Puc. 11. 3oeucuMoCmb q . 
E =2100 3B. ' 

e 

0111Jt'•;i 

0 

Jtit. 

OAR 03omo npu 

10. AHAJIH3 IIOJlY'I.EHHblX PE3YJlhTATOB 

1 0.1. Memoou'iecKue oco6eHHocmu 

Ce'!eHae HOHH3aUHH, KaK Bll.IIHO H3 ypaBHeaHii /I/, 

paaao a. = K I j , r.11e K - napaMeTp, onpe)1enseMLiii H3 

' e 
" 

3KCnepHMeHTallbHLIX ClleKTPOB 3apR)1H0CTeR. TipRBeAeHHLie 

BLIWe pacqeTLI llpRMOii R o6paTHOH 3aAa'l ROHH3aUHH BLI· 

nonueHbl B npe.u.nono)l(eHHH, 'iTo j e = canst no BCeMy ce­

'leHaJO 3neKTPOHHoro llY'IKa KPHOH. 0AHaKo, KaK xopowo 

H3BeCTHO, 3neKTp0HHhiB fiY'iOK CO CTOnb BhiCOKHM nepae· 

aHCOM p - 10 RMeeT B AeHCTBRTellbHOCTH CllOJKHyiO CTPYK • 

Typy> If, B lfaCTHOCTH, MO)I(eT 6h1Tb KBa3anonLIM. TaxuM 

o6p210M, C OAHOH CTOpOHLI, AllR YMeHLWeHRJ! aMllllHTYALI 
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' 

paABallbHbiX KOIIe6aHHH 3a C'ICT BCIIOIIb30BaHBll .IIBYXCTy· 

neH'IaTOro BMIIYIIbCB 311CKTpOHHOrO TOKa ,PopMBpyCTCll BOB· 

Hall CCPAIICBBHa, T .e. BOHbl YACplKHBaJOTCll B IICHTpe 311CKT· 

poaaoro ny'!Ka. C Apyroli CTopoHbl, 31leKTPOHHblii ny'loK 

MOlKCT BMCTb KBa3HII011Yffi CTpyKTypy, B pC3YIIbTaTe 'ICrO 

BOHB3HPYffilllliH illaKTOp j • T • YMCHbWaeTCll. 
" . 

)l.n11 H3Y'ICHBII CTPYKTypbl 3neKTpoaaoro ny'!Ka B AanL-

aeiiweM npeAnonaraeTcll BbiiiOnHHTb cnenaanLHble MCTO.D.B­

'ICCKBC 3KCIIepHMCHTbi, a TaKJKe OCYJliCCTBBTb Ha 3BM 

MO.D.CIIHpOBaHBC C npHMCHCHHCM B3BCCTHbiX MaTCMaTH'IeC­

KHX MCTO.D.OB /46 ,47/, 

)l.oCTHrHYTble a aacTol!wee apeMl! napaMeTpbl KPHOH 

ABnllroTcll .D.aneKo He npe.IJ.enLHbiMB. 11MeeTCll Pli.D. B03MOJK· 

HOCTCH .Il.llll 3Ha'IBTCIIbHOrO YBCIIH'ICHBII HallplllKCHHOCTH 

MarHHTHoro nona coneHouna, nnoTHOCTH nyqxa nepauqHMX 

3neKTpoaoa, apeMeHH HOHB~anaa a 3HeprBH E •. 

I 0.2. 4>u3u'leCKaJI uHmepnpemalluJI 

H3MepeHHble HaMB ceqeHHH nocne.u.ouaTenbHOii HOHu­

JaUBB a i ~ i + 1 + 1 cpaaaaaaroTCl! B ma611. I B 2 c pac­

'ICTHblMB .IJ.aHHbiMB. 0pBBC.IJ.CHbl TaKJKC 3KCIIC.pHMCHTanLHblC 

B TeopeTH'ICCKHC pe3yllbTaTbl, IIOIIy'ICHHWC .IJ.llll nepeXO.IJ.OB 

co 4 c+/l6/, c+ 4 c2+ /7/,No 4 N+/2•<N+~ N2+/17/ 

H N 2 + ~ N 3+ /~I 

11ccne.D.OB8HHbiC HaMH BOHB3aUHOHHble UCIIO'IKB Ha'IBHa• 

roTC II c nepexo.IJ.OB C 2+ 4 C 3 + a N3+ 4 N ·1+ , no3TOMY 

B ma611. I B 2 OTCYTCTByroT, K COJKaiiCHBIO, o6Illlle Kana6-

pOBO'IHbiC TO'IKB. 

C .IJ.pyroli cTopoHbl, aa6nro.D.aeTCl! xopowee cornacae 

MC>KJJ.Y B3MefeHHbiMB u i-+ i + l H BblY.HCneHHbiMH flO q,op· 

Myne JlOTUB 
41

/. 
C 

K 6 
I . A 

aK H3BeCTHO, 0 w,ee ceY.eHHe HOHB3aU,BB U =a +a 

rAe a C - CC'ICHBC npl!MOH 3JKCKUBB aTOMHoro BIIH BOHHOrO 

3IICKTpOHB B KOHTHHYYM B a A - CC'ICHHC BOHB3aUBH 38 C'ICT 

OJKe- nepexo.D.oB, conpoBOlK.D.aJOillliX Bo36YJK.D.CHBe 3neKTPO­

HOB Ha BHYTPCHHHX 060IIO'!Kax. PaC'ICTbl CC'!CHBB BOHB3BUBB, 

BblnonaeHHwe npn E. = 20 M3B .IJ.llll Kr /4S/ , Ne , Ar n 

X~ 1491 , noKB3b1BaroT, 'ITO BKna.D. 0JKe-BOHil3BUBB a A B 

34 
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o6u1ee ce'!eHHe a I .D.aJKe B cny'lae HOHOB Ne npeae6peJKn­

Mo Man. TonLKo .D.nll noaoa Ar 3+ - Ar 6+ ce'!CHile OJKe­

BOHH3aUHH a A - a C , DO 3TOMy B Ham eM cnyqae MO>KHO 

C'IHTaTL ace a 
1 

=a C . B ncnLJy 3Toro npe.IJ.nonoJKCHHll 

CBB.IJ.CTCIIbCTByroT TaKJKe pC3YIILTaTbl 110 ,POTOHOHH3BUHH 

BHYTpCHHHX o60nO'!CK yrnepo.D.a H BJOTa iSO/, 

npa 3HeprBJIX E = 4 E. CC'ICHHJI HOHH38UBII K- 3JICKT-

e ' I ' 
POHOB B BTOMax yrnepo.IJ.a H B30Ta pBBHbl aK,C1 = 16,4 X 

X 10-IDc.w2a aK(N)= 8,6 X 10-IDc.w2, COOTBCTCTBeH­

HO /SI/, YKB3BI!Hal! 3HeprBJI (4E i ) COOTBCTCTByeT .D.IIll 

yrnepo.IJ.a E e = 1,2 K3B B .D.IIll a30Ta E e = l, 7 K3B. Ilpa 

nepeXO.IJ.e OT E e = 1,2 K3B K E e = 2,5 K3B Ce'IC!IIle 

aK( C) YMCHLWBCTCl! BCero Ha 15"/o, npa nepeXO.IJ.C OT 

Ee= 2,1 K3B CC'ICHBe aK(N) YMCIILWaeTCll HB - 2"/o. 

H3MepeHHhle HaMu "HOHHble" ceLJeuHa a 
5 

-~f.. (C) =-

= /14± 2/.I0-20c.w1J. a 6~ 7 (N) = /4 ± /.1()-20' cM2 .IJ.OIDK­

Hhl 6blTb MCHbWC COO"fBeTCl'BYJOW.HX "aTOMHblX" Cel.J.eHHii 

B COOTHOWCIIHB, OIIPC.IJ.CII.OCMOM ,PopMynoii KllaCCB'IeCKOrO 

CKelinaara a. E• =f(E./E ,= 4), r.D.e a =2 1521. 113 a11ans3a 

-20 2 
cne.D.yeT, 'ITO a 5 ~ 6 (C)=/14± 2/.10 c.w npeswwaeT 

"ckeiinuur'' • c.eqeuue npuMepuo B 1,5 pa3a. 

)l.nl! ·L-o6ono'IKH Bblnorral!eTcl! ,PopMyna cKeiinuara 

(E /E .. 8 3 1o-16 E-h 2; b 1 "6 lo2 1 
a max e i ='"' = ,_. • CM 3A€Kiti.POH, r.u.e = ,:> , 

O.IJ.HBKO BHB11H3 3BTPY.D.HlleTCJ! TeM, 'ITO B HBCTOlllllee Bpe~.o 

BMeiOTCJI 3JCCnepBM;eHTaDbH·ble .U.aHHble flO 3aBRCBMOCTH o .;:­

= f(E .IE ,), r.D.e a - npsBe.IJ.CHHoe CC'ICHHe, TOIIbKO .D.Jill 

.D.Bana30Ha Ee/E i _:: 18, B TO BpeMJI KBK .D.IIll yrnepo.D.a 

Ee IE 1 - 2 00 , E 0 /E 4 - 40, a .IJ.IIJI a3oTa Ee/E 1 -
140 H 

E./E 5 -21. 
AaanorB'!Hble pe3YllLTBTbl llOllY'IBIOTCJI C 

BO.D.opo.IJ.ono.D.o6aoro ce'!eHHll a ( Ee IE i BaH HeM 

HCllOIIbJO· 

). B 3TOM 

• e • a 
cnyqae a i = 

0 
. 2 , r.u.e ( n p - qacno 3KBHBaneHTHblx 

(E./Ell) 

311CKTpoaoa B ne' -no.D.o6ono'IKe H EH = 13,6 3B ;SJJ_ 

Haa6onee BHTepecHbiM paJBHTHeM nporpaMMbl paccMoT­

peHHbiX 3KCnepBMCHTOB llO rny60KOB HOHH3BIIHH yrnepo.IJ.a 

a aJoTa B KPHOH l!Bnl!eTcl! H3Mepeaae 3BBHCHMOCTeii 

a i ~ , : 1 = f( E • ). HcnonL3Yll nony'leHHble aa ocaoae 
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JKcnepHMeHTanbHbiX AaHHbiX rpaljlm<B EeTe E~ai =f(lnE/1
54

•
55

/ 

MO:>KHO ou,eHHTh BKnaJJ. pa3JIHt.JHhiX npou.eccoa, T .I<., uanpH­

MCp, )J.llH OOTH'-ICCKH pa3pCWCHHbJX )J.HflOJibHhlX nepeXO)J.OB 

a. = .A. In q .. E a !IllS onTH'IeCKH aepa3peweHHbiX 

I E, l t' ' 

B 
a = 

i E • 
B 3aKfl}()\.iCHHC Mbl C\IHTaeM CBOBM npBB.THblM )J.OJirOM 

no6naroAapHTb aawax 6na*aawax Konner A.H.llHKBHa, 

B.ll.OscsaaaKoaa a B.r .)l.yAHHKosa 3a noArOTOBKY acTo'!· 

HHKa KPHOH K nposeAeHHIO JKcnepaMeHTOB no HOHH3aUHH 

yrnepo;~a H aJoTa, a TaK*e COTPYAHHKa JIBTA OHJI.H 

B.H.Ko'<KHHa Ja nporpaMMHposaaae a pac'!eTbi aa 3BM 

li3CM-6. 
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PyKonucb nocmynuAa e u3daJJeAbCKUil o•OeA 
18 or(lu6p11 1974 zooa. 

' 

I 
' 

HeT RH npo6enoB B BarneH 6H6nHoTeKe? 

8bl MO:+::eTe OOJIYllli.Tb no no~Te nepel.{HCJieHHble HH)I(e KHHn1, 

€CJJM OHH He 6b!JJH 3a.K333Hbl paHee. 

16-4888 AoJBMeTpu: HJJ1y'ieHHB H $HJKKa n· 250 ctp. 2 p. 64 K. 

~T~ YCKOpHTeneH Jap~*eHH~X 'iac· 

/1-6004 

~13-6210 

THU . .!J.y6ua, 1969. 

liHHapHwe peaKUHK a.upo~toa npa BbJCO· 

KHX :mepnuu:.. )ly6Ha, 1971, 

TpyAW \l Me*AYH8POJl.IIOro CHMno· 

l&yMa no Jl)lepHoiJ JJlCKTpoHaKe. Bap­

wasa, l97l. 

768 crp. 7 p. 60 K. 

372 crp. 3 p. 67 K. 

,l),]0-6142 Tpy.Ubi Me>KAYIIapO.UHOrO CHMOOJUyt.Ul 564 CTp. 6 p. 14 K. 

no eonpocaM aaroMaTHJaUH~ o6pa6or· 

~-6465 

~-6840 

KH ,ll8HHbiX C OyJblpbiCORblX H HCKpOSblX 

KaMep . .[b6Ha, 1971. 

Me>t<AYHapO)l.Ht\.11 WKOJJa fl\i CTpyt<Type 525 CTp. 

R.llpa. Anyuna, 1972. 

Man~pHanbl \1 Me)KAyuapot:tHOf"O CHM" 398 CTp. 

I103HYMa HO ¢IB3Bt<e Bb!COKIIX :lHepntil 

H "llleMeH"rapuwx <tacntu. WTp6cl\:e 

Oneco, 4CCP, 1972 . 

5 p. 85 K. 

3 p. !J6 K 

.ll.2-7161 HenoKaJJbHble, ttenHHeRHble H HepeHop· 280 CTp. 2 p. 75 K. 

MepyeMble TeopHH non11.. AnywTa, 

1973. 

fny60KOHeynpyrHe II MHO>KI!CTBCHHblt! 507 CTp. 

npoueccw . .LJ,y6aa, 1973. 

P1.2-7642 Me*-.LJ.YHapo.Q.Hall. WKOna MOJJO..!IWX y<te· 623 CTp 

HbU 110 1!BJHKC Bt:.lCOKIU 1HeprHJi. fo· 

Menb, 1973. 

Jll3-76l6 Tpy.LJ.W \"II Me)K.!lYHapo.nHoro CHMno· 37'l CTp. 

JHyMa RO .lACpHOit 3llCKfPOHHKC. &y.na• 

newT, 1973. 

5 p 66 K. 

f p. 15 K 

3 p. 65 ' 


