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lloHeu E.ll., OscHHHHKOB B.n. P7 - 10780 

Yl OHH38UHH nonO)KHTenbHb!X HOHOB 830Ta, KHCnOp01l8, HeOH8 
H aprOHa BneKTpOHHNM yllapOM 

npH HCnonb30B8HHH BneKTpOHHO-ny4eBOrO HOHHOro HCT04HHK8 
"KpHOH-2 • nony'leHbl BKCnepHMeHTanbHO KapTHHbl BBOniOUHH cneKTpOB 38-
pmlHOCTeii cnenyiO!llHX HOHOB a3oTa, Kr1cnopoua H aproHa B cneay!OillHX 
o6naCTHX BHeprHH HOHH3Hpy!Oil1HX aneKTpOHOB !\+ 2 ~N+7 , 0,6 < E < 5,5 K38 
o+ 2 ~o+R '1,8SEe:;; 5,1 K3B;Ar+ 2 ~Ar+ 1 ~ 2,0s_E c; 6,8 K;Br; HeOHa 
N+ 2 ~Ne+ 10npH Ee = 2,5 K3B. 

3KcnepHMeHTanbHbie ll8HHble o6pa60T8Hbl Ha 38M C HCnOnb30B8HHeM 
MOilenH nocnellOBaTenbHOH HOHH38UHH. noK838HO, 'ITO 3Ta MOilP.nb YllOBneT
BOpHTenbHO OnHCc!B8eT OCHOBHOH npoueCC HOHH38UHH llnH BCeX cnyqaeB, 
3a HCKniO'IeHHeM cny'laH 3neKTpoHoB M -o6ono'IKH Ar , rae rpe6yercH yqer 
MHOr03neKTpOHHOH HOHH38UHH, 

nony'leHW 3HepreTH'IeCKHe 38BHCHMOCTH Ce'leHHii OllH03nBKTpOHHOii 
HOHH38UHH YK838HHWX HOHOB H npOH3BeaeHO Cp8BHeHHe C TeOpHeii, 

Pa6ora BLmonHeHa B fla6opaTopHH BhiCOKHX 3HeprHH 01151:1. 

npenpBHT 06 ... eJIBHeHHOrO BHCTBTYT& BJlepHWX BCCneJIOB&HBi . .Ay6H& 1977 

Donets E.D., Ovsyannikov V.P. P7 - 10780 

Ionization of the Positive Ions of N , 0 , Ne , 
and M by Electron Impact 

Using the electron beam ion source "Krion-2" the 
evolutions of the N , 0 and Ar ion charge state distribu
tions have been measured for the following ions in the 
following regions of an electron energy Er: N+ 2 c-N+7 

0.6:.. F,.·- 5.5 KeV; 0+ 2 ~ o+R 1.8-: E 5.1 KeV;At 2 ~Ar+ 18 

2.0:_ E,. ·_ 6.8 KeV and also for !\e+Z~N'~,.ICJions under E""' 
2.5 KeV. The experimental evolution functions were 

handled by means of computer in the single electron ioni
zation approximation. It was found that this approxima
tion reflects adequately the main ionization process for 
1\- and L-shalls of the elements under investigation. 
The process of Ar M- shall ionization is more complicat-
ed and there is the necessity to use the muli-electron 
ionization approximation. 

The cross section functions of the N , 0 and Ar posi 
tive ions have been determined. The experimental cross 
section functions are compared with the theoretical ones 
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I . BBEilEHV1E 

llo H8t:l8BH8f'O BpeMeHH OCHOBHbiM M8TOt:lOM H3MepeHH£1 

~~eKTHBHhlX nonepeqHhlX ceqeHHA HOHH38UHH nonO*HTenh

HhlX HOHOB sneKTpOHHhlM ynapOM 6wn MeTOt:l nepeceKaiD

lliHXC£1 HOH-sneKTpOHHbiX nyqKOB /1/. B nocnenHee necSITH

neTHe ycneWHO pa3BHB8IDTC£1 npyrHe M8TOt:lhl, OCHOB8HHhl8 

H8 HCDOnh30B8HHH sneKTpOCT8THqeCKHX noByWeK, AnSI yBe

nHqeHH£1 s¢¢eKTHBHOf'O Bp8M8HH B38HMOt:leACTBH£1 sneKTpo

HOB C HOHHOA MHW8HhiD /2-4/. B 9TOM cnyqae DOSIBnSieTC£1 

B03MO*HOCTh HCCnet:lOB8Th npOU8CChl CO 3H8qHTenhHO M8Hh

WHMH nonepeqHbiMH ceqeHHSIMH H HCDOnh30B8Th 6onee Bbi

COK038pSit:lHhl8 HOHhl B KaqeCTBe MHWeHeA. 

B OV1.HV1 pa3BHBaeTcSI MeTOAHKa HOHH38UHH nono*HTenh

HhlX HOHOB sneKTpOHHhlM ynapOM DpH ynep*BHHH HOHOB 

UpOCTp8HCTB8HHbiM 38pSit:lOM DpOT£1*8HHOf'O nnOTHOf'O 

aneKTpOHHoro nyqKa/S,6/ • CoanaHHbie Ha ocHoBe sroro 

npHHUHDa sneKTpOHHO-nyqeBbl8 HOHHbie HCTOqHHKH "KPV10H-1" 

H "KPV1 OH-2" npoH3BOASIT HOHbT BeChMa BbiCOKHX aapSinHoc

reA. V1 MnynhCHbiA XapaKTep pa60Tbl HCTOqHHKOB D03BOnSieT 

H3MepSITh ceqeHH£1 HOHH38UHH HOHOB aneKTpOHHbiM yna-

pOM. B qacTHOCTH, paHee coo6manoch o6 HCCnenoBaHHH 

HOHH3aUHH HOHOBC,N
171

1i Ar/8/ Ha HCToqHH:Ke "'KPHOH-1" 

npH ¢HKCH:poBaHHbiX sHeprliSIX sneKTpOHOB. HH*e naHo 

Kp8TKOe H3n0*8HHe T8KiiX HCCnet:lOB8HHA, BhlDOnHeHHhlX H8 

HCTOqHHKe "KPV10H-2" /
9/. 
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II. 3KCTIEPI1MEHTAnbHAH YCTAHOBKA 

H a pH c. 1 a rrpencraBneHa cxeMa BHyrpeHHeR qacTH 
HCTO'IHHKa "KPYI OH-2" H Macc-crreKTpoMerpa no BpeMeHH 
rrponera. 3neKrpoHHaH rryrnKa 1., CHCTeMa rpy6oK npeR¢a £., 
aneKTpOHHh!l KOnneKTOp ;!, Bh!THPHBaJOmHR aneKTpon i H 
aneMeHThl MaCC-CITBKTpOMeTpa Q_ C HOHHbiM KOnneKTOpOM 

§_ pacrrono*eHbi Ha OCH ¢oKyc»pyiOmero coneHoHna l· Ha 
Bxone B Macc-crreKrpoMerp HMeercg norronHHTenbHhlR rron
BH*HhlR HOHHhll KonneKTOp ~ 

t 

a) 

\ 

v 
6) 

7'7 3 

c 
~·"\ 

~··"" \ ,., 
. B ., 

. \ A '- . -· -=-..:..-=:=·-=- ~ e ' \-. -=-- .. ( . 
d. 
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PH C • 1. a) CXeMa BHyTpeHHeA 'I8CTH HCTO'IHHKa "KPYJOH-2" 
H Macc-crreKrpoMeTpa no BpeMeHH rrponera. 6) cxeMa pac
rrpeneneHHH ITOTBHUHanoB BUOnh OCH aneKTpOHHOPO rryqKa. 
ToqKa d - Mecro rrpoxo:>KneHHH aneKTpOHHoro rry'!Ka qepea 
o6nacTh raaa HCcnenyeMoro aneMeHra. 

Pa6oqHA UHKn HOHHOPO HCTOqHHKa cnenyJOmHR: 1) BKnJO
qeHHe aneKTpOHHOPO rryqKa; 2) BBOll HH3K03apHUHh!X HOHOB 
HccnenyeMoro aneMeHTa B aneKTpOHHhlR rryqoK (0,&1 Me); 
3) YllBP*8HHe HOHOB B rryqKe H HX HOHH38UHH (0,17500 Me); 
4) H3BneqeHHe HOHOB H3 aneKTpOHHOPO ITY'IKa B rrpononhHOM 
HarrpaBneHHH (10750 MKc); 5) aHanH3 CITBKTpa 38pHUHOCTeR 
HOHOB no BpeMeHH nponera; 6) BhlKnJOqeHHe aneKTpOHHoro 
rryqKa. YnpaBneHHe rrpoueccoM BBona HOHOB, HX ynep*aHHeM 

4 

H llBH*BHHBM B aKCHanhHOM HarrpaBnBHHH ocymeCTBnHeTCH 
ITpH ITOMOmH TpeX pa3nHqHhlX pacrrpeneneHHR aneKTpHqeCKOPO 
ITOTBHUHana BllOnh OCH aneKTpOHHOPO rryqKa, KOTOpbiB 3a
naJOTCH BHBmHHMH HCTOqHHKaMH ITHTaHHH, COBllHHBHHhiMH C 
ceKUHHMH Tpy6KH npeR¢a (pH c. 16). P acrrpeneneHHe A 
COOTBBTCTByeT BBOUy; aneKTpOCTaTHqeCKaH nOBYillKa C03Ua
eTCH rrpaKTHqeCKH Ha BCeR nnHHB aneKTpOHHOPO rryqKa, 
BKnJOqag MeCTo ero rrpoxo*neHHH qepea o6nacTh raaa pa-
6oqero aneMeHTa. p acrrpeneneHHe B COOTBBTCTByeT HOHH-
3aUHH: MBCTO BBOlla HOHOB OTCeqeHO ITOTBHUHanbHbiM 6apbe
pOM OT aneKTpOCTaTHqeCKOR noByillKH, conep*ameR HOHhl 
HccnenyeMoro aneMeHTa. PacrrpeneneHHe C coorBeTCTByeT 
8KCTpaKUHH HOHOB: BCB HOHhl H3 nOBYillKH ITOKHlla!OT ee B 
HarrpaBneHHH BhlXOlla H3 HCTOqHHKa H rrorranaJOT B CHCTBMY 
aHanHaa. 

0CHOBHbiB rrapaMeTpbl HCTOqHHKa "KPY!OH-2" cnenyJO-

mHe. 

3HepPHH HOHH3HpyiOmHX aneKTpOHOB 
ilHaMeTp aneKTpOHHOPO ITy'IKa 
flnOTHOCTh aneKTpOHHOPO rryqKa 
BpeMH B3aHMoneRCTBHH HOHOB 
C aneKTpOHHhiM ITY'IKOM 
nHHeiHhlA pa3Mep rrpocTpaHCTBa 
HOHH3aUHH 
MarHHTHoe none cpoKycHpyiOmero 
coneHoHna 
ilaBneHHe OCTaTO'IHOPO raaa 
B o6naCTH HOHH3aUHH 
MaKCHManhHOe 3Ha'IeHHe 
rrpOH3BBllBHHH ITnOTHOCTH ITOTOKa 
aneKTpOHOB rryqKa j Ha BpBMH 
HOH-aneKTpOHHOPO B3aHMOUeACTBHH 
r paBHO 
flponeTHaH 6aaa Macc-crreKTpoMerpa 

0,5 < E < 7,0 K8B. 
- e -

~ 0,3 MM. 
j < 200 A/cM2 • 

e -

0,1 < T < 500 MC. 

L-100 CM. 

B =2,25 Tn. 

-12 P 'S. 10 · Top. 

-3. to2° CM - 2 • 

-330 CM. 

8 HCTOqHHKB HOHOB nng nonyqeHHH CBepXHH3KHX naBne
HHR H OllHOpOUHOPO MaPHHTHOPO rrong C BhlCOKHM 3HaqeHHBM 
HHllYKUHH HCITOnh3yeTCH KpHOPBHHaH TBXHHK8. 
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III. 3KCnEPYIMEHTAflbHbiE PE3YflbTATbi 

1. nepBif"iH851 HHlfJOpM8UH.H 

nepBH'IHbiM 8KCllBpHMBHTanbHbiM MaTepuanoM smn.HnHCb 
OCUHnnorpaMMhl CfiBKTpOB 3apAAHOCTBA HOHOB ll8HHOrO 
BneMBHTa, nony'IBHHhlB 'IBpB3 pa3nH'IHhlB llpOMB*YTKH BpeMe
HH nocne Ha'Iana npouecca H OHH38UHH. CneKTpbl aap.HaHo
cTeA perHCTpHpoaanucb ¢oTorpa¢HpoaaHHeM c BKpaHa oc
uunnorpa¢a. Ha ocHoae nepBH'IHoro MaTepuana aenanocb 
fiOCTpOBHHB K8pTHHbl 8BOniOUHH CfiBKTpa aapA.QHOCTeA B 38-
BHCHMOCTH OT KOnH'IBCTB8_8nBKTpH'IBCTB8 BneKTpOHOB 1 llpO
WB.QWHX '1Bpe3 HOHHYIO MHWBHb ( q ) . 

e 
Ha pH c. 2-4 npHaeaeHbi rrpHMBpbl saoniOUHA crreKrpoa 

aapsaHocTeA HOHOB N , 0 H Ar , nony'IeHHbJe npu cooT
aercrayiOWHX BHeprH.HX sneKrpoHoa. Konu'Iecrao sneKTpH
qecTBa sneKTpoHoa ( q e) H3Mepsmocb a eaHHHuax A •Me. 
1 A•Mc cooTBeTcrayeT rrpoxo•aeHHIO 7,6·1018 sneKTpOHOB 
'Iepe3 1 CM 2 HOHHOA MHWBHH. no OCH OpAHH8T H8 pHc.2-4 
OTnO*BHhl BenH'IHHhl pi - KOnH'IBCTBa HOHOB ll8HHOA 3ap.Ha
HOCTH a cneKTpe (a aonsx eaHHHUbi}. B repXHHX 'IBCTAX 
pH C. 2-4 .QBHbl HnniOCTpBUHH rrepBH'IHOrO BKCllBpHMBHTanbHO
ro Marepuana - ¢oTorpa¢uu cneKrpoa aapsaHocreA; crpen
KBMH YK838Hhl COOTBBTCTBYIOWHB HM ll03HUHH H8 OCAX 
a6CUHCC. H a tPOTOrpalfJH .HX Hae HTHtPHUHpOBBHbl 3ap A.QHOC TH 

nuHuA MaKCHManbHbiX aMrrnurya. Cneayer y'IeCTb, 'ITO yae
nu'IBHHe aapsaHoCTH nHHHA rrpoucxoauT cnpaaa Haneao. 

3aoniOUHH CfiBKTpOB 38p.HAHOCTBA 6hlnH rrony'IBHhl 8KCllB
pHMBHTanbHO llpH IIBCKOnbKHX 3H8'IBHHAX 8HeprHH HOHH3H
pyiOWHX sneKrpoHoa B cneayiOWHX o6nacT.HX SHepruA~ N 
0,6 ::;_ Ee:::; 5,5 KBB; 0 - 1,8 :::_ Ee:::_ 5,1 KsB; Ar 
2,0 S. Ee ::;_ 6,8 KBB; Ne - Ee= 2,5 KSB. 

2. Moaenu rrpouecca uoHuaauuu 
H H8XO*ABHHB BtPlPBKTHBHhlX 
norrepe'IHhlX CB'IBHHA 

ECTBCTBBHHO C'IHT8Tb, 'ITO BBOniOUH.H CITBKTpa 38pA.QHQ
CTeA HOHHOA MHWBHH, H8XO.QAWBACA B sneKTpOHHOM rryqKe, 
HenocpeaCTBBHHO CBA38H8 C y'IaCTBYIOWHMH B rrpouecce 
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MeX8HH3M8MH HOHH38UHH H BenH1HI:H8MH HX nonepe'IHbiX 

Ce'leHHH. 

EcnH He HHTepeCOB8TbCSI JleTanHMH MeX8HH3Ma HOHH38-

UHH, TO, nonb3YSICb o6menpHHSITbiMH o603H8'1eHHSIMH, npo

uecc yaenHqeHHH aa aenH'IHHY k aapSIJlHOCTH HOHa x+i aanH-

CbiBaeTcH cneJlyiOIIlHM o6paaoM: ' 

+i +(i+k) 
X + e ... X + ( k + 1 )e • 

KapTHHa aaoniOUHH cneKTpa aapSIJlHOCTeii, nonyqeaaag 

npH 38Jl8HHOM aaaqeJIHH E e , COJlep}I{HT HH«l!opMaUHIO o6 ~«P

«PeKTHBHbiX nonepeqJibiX Ce'leHHSIX yaenHqeHHSI Ha 'IHCnO k 
38pSI,IlHOCTeH acex y'laCTBYIOIIlHX B Jl8HHOH 9BOniOUHH HOHOB 

(a .. k ) • 1-;t..l+ 
llOCKOnhKY 9KCnepHMeHT8nbHO H3MepSIIOTCSI «l!YHKUHH 

pi = f( j T ) 1 TO 38Jl8'18 o6pa60TKH CBOJlHTCSI K H8X0}1{Jle-

HH10 TaKoro Jia6opa a i ... i + k , KOTOpbiH JlaeT cornacHe 

BOCCT8HOBneHHOH 9BOniOUHH H nony'leHHOH 9KCnepHMeJITanbHO 

C H8HMeHbWHM OTKnOJieHHeM no BCeM TO'IK8Mo 

B npocTeiiweM cnyqae nocneJlOBaTenhHOH HOHH38UHH 

k=l H x+i + e ... X +(i+1 ~ 2e ), KOI'Jla Ha K8}1{,1l0H 

CTyneJIH YJlBnSieTCSI nHWb OJlHH aneKTpOH, KHHeTH'IeCKOe 

ypaaJieJIHe, onHCbiBaiOmee npouecc, HMeeT npocTeHWHH 

BH,Il: 

dPi 
= P a -P a 

i-1 i-1->i i i->i+1 d( j r) 

Ha ocJioBe H3BeCTHOH nporpaMMbi peweJIHSI JienulleHHbiX 

CHCTeM ypaaJieHHH /10/ 6hma paapa6oTaaa no,llnporpaMMa 

H8XO}I{,IleHHSI CeqeJIHH no MO.IlenH nocne,llOBaTenbHOH (O.IlHQ

aneKTpOHHOH) HOHH38UHH. 0Ka3anOCb 1 'ITO 9KCnepHMeJITanb

Hbie KapTHHbl 9BOniOUHH cneKTpOB 38pSI,IlHOCTeH .llnSI BCeX 

HOHOB a_aoTa, KHCnopo,lla, H HeOHa, a T8K}I{e HOHOB aproaa, 

oT Ar+8 
llO Ar+17 

, xopowo coana.llaiOT c aoccraJioanea

HbiMH npH HCnOnb30B8HHH npOCTeHWeH MO,IlenH O,llH03neKT

pOHHOH HOHH3aUHH. Ha pH c. 5-7 .llnR N , 0 H Ar cooTaeTcr

BeHHo nOK838Hbl cnnOlliHbiMH KpHBbiMH BOCCI'8HOBneHHbie 

Kapl'HHbl 9BOniOUHH cneKI'pOB 38pSI,IlHOCI'eH, nony'leHHbie npH 

COOTBeTCI'BYIOIIlHX Ha6opax a«P«PeKI'HBHbiX Ce'leHHH a i.., i + 1 
B MO,IlenH O,llH09neKI'pOHHOH HOHH38UHH. Ha6niO,IlaeTCSI xopo-

10 

~ 

~ @r: J 

:l § J 

•-J (.Q li) 
Q a' a' 

......... 
u 
I: 

~ ~ Q) 

cr ('I) 

~ 
0.. 

~ , 

t;)~' ~ 
F-t 
:.: 
(I) 

X+ C"\J 1::: 
(.) 

= 

~)\ 
= . ::1 ~ 

Q !2 + 
~ t:: ·~ 

0) 0 t 
Ill ·~ <o (1) c 

!'.... 
:Q>::s:: 

(.Q = = lr. :s: = F-t (J) 

-..:t 
o..:r 
~ ~ 
:.: ~ 

f't') 
>::s:: (J) 
0 0.. = 0 

"' 
..Q\0 
t:: ~ 

~ = = ~ 
I (J) (J) 

~ s 
~ 5.!2 0) (J) » 
<o 1::: Ill 
!'.... () F-t 

:.: () 
(.Q (1) F-t 

li) 
(J) 

0:: Ill 
:s: F-t 

-..:t = 0 
(I) 0 

f't') 
1:( () 
(J) 
Ill :s: 
('I) 0.. 
:s: 1::: 

"' 0 
0..~ 
1::: F-t 

0 \ 0/ II\ ... I () 0 
0 C') 

N Ill ~ 

€91\ e1 a~ 
O..l!l 
(I) 0 
l = = 0 o..= 

C:.::s;: 
• (I) 

It) F-t . () 

C"\J 
() g 

-..:t f't') ~ :s: 1:( 

a' a' a' a' 0... ~ 

11 



-tv 

-w 

Pi 

0,7 

0,6 

0,5 @ 

0,4 
;( (!)! 

) 
:f 

2 3 4 56 7891J-1 

pH c. 6. DpHMep aocnpoH3 aeneHHSI aKcnepHMeHTanhHOH KapTHHhi a~oniOUHH cneKrpa 3apSin

aocTei1: HOHOB KHCnopona npH COOTBeTCTBYIOWeM Ha6ope 3HaqeHHH ai~i+l' 

Pi 

0,5 
@ 

0,4 

0,3 @ 
@ 

0,2 

O,f 

3 4 5 6 7 8 9 fO-Z 2 3 4 5 6 7 8 91()-f 2 3 4 5 6 7 8 9f)0 2 3 4 5 CJ.e(Amc) 

PH c. 7. DpHMep aocnpOH3aeneHHSI aKcnepHMeHTanhHOH KapTHHhi aaoniOUHH cneKTpa 3a
P5IIlHOCTei1: HOHOB aproaa npH COOTBeTCTBYIOWeM Ha6ope 3HaqeHHH ai~i+l' 



mee BOCnpOR3BeAeHHe 3KCnepHMeHT8flhHbiX Jl8HHbiX ( 3KCne

pHMeHT8flhHbie TO'IKH npaKTR'IeCKR nmKaTC51 H8 KpRBbie 

pi BOCCT .= f( j T ) ) BO BCeX cnyqa5JX, KpOMe cny'l851 HOHH38-

UHR M -o6ono'IKH aproaa. 3ro o3aaqaeT, 'ITO Monenh onao

aneKrpoaaofi ROHR38URH aneKB81'HO OTpaMaeT OCHOBHOR npo

UeCC ysenaqeHR51 3ap5IAHOCTR ROHOB N , 0 , Ne R Ar B 

L - R K-o6ono'IKax. HeynoBneTBOpHTenhHoe cornacHe pac

C'IRTaHHbiX R 3KCnepRMeHT8flhHbiX K8pTHH 3B0fl!OUHR Jlfl51 liD-

HOB Ar + 2 -:- Ar+7 yKa3biBaeT aa aeo6xonRMOCTh ycnoMHeHH51 

npennonaraeMOR MonenH ROHR38UHH 3a cqer yBenH'IeHR51 k , 
'ITO nonraepMnaeT BbiBOAhi, cnenaHHbre B pa6ore /8/. ITpo

rpaMMa o6pa60TKH 3KCnepHMeHT8flhHhlX A8HHhlX no T8KOR 

MonenH B aacTo5Imee BpeM51 pa3pa5aTbiBaeTC51. Oaa MOMeT 

6biTh npRMeHeHa Afl51 H8XOMAeHii51 ai->i+k Up!i n1060M 

aa6ope aaepreTH'IeCKH pa3pemeHHbiX 'IHCen k 

3. 3 He p r e T H q e c K H e 3 a B H c H M ocT H a. . = f( E ) 
I->1+1 e 

Ha pRc.B-10 npencraBneHhl aaepreTR'IeCKHe 38BHCR

MOCTH ai->i+1 =f(E e) nn51 HOHOB a3ora, KHcnopona 11 aproaa 

cooTBercrBeHHo. CnnomHhre KpliBhie npoBeneHbi qepe3 3KC

nepHMearanhHhle TO'IKH. Cnpaaa y KaMnofi KpHBOR yKa3aHa 

38p5IAHOCTb HOH8-MiillleHR. 

YKa3aHHhle omR6KH onpeneneHH51 3KcnepHMeHTanhHhlX 

TO'IeK npencraBn5IIOT co6ofi aepo5ITHbre orKnoaeHH51 aenR'IHH 

COOTBeTCTBYIOWHX ai->i+ 1 npH H8HMeHbllleM CpenHeM OT

KflOHeHHlf BOCCT8HOBneHHbiX KpliBblX pi BOCCT~ f( jr) OT BCero 

M8CCHB8 3KCnepHMeHT8flhHhlX TO'IeK H8 3KCnepRMeHT8flhHhlX 

KPRBbiX P i3Kcrr.= f(j r ) • B nporpaMMY pac'IeToB a i .... i + 1 
6binH BBeAeHbl OWH6KH, onpenen5IIOWHe HeTO'IHOCTb H3Mepe

HH51 pi npH naHHOM jr , CB5138HHYIO C o6pa60TKOH nepBH'I

HOrO 3KCnepHMeHT8flhHOrO MaTepRana. npyrHe Bep05Il'Hhle 

HCTO'IHHKH OlllR60K, B '18CTHOCTH, HenC~HOe CUenneHHe ROH

HOR MHllleHH C aneKTpOHHbiM ny'IKOM Hfllf pa3flH'IHbie 3cf>!peK

THBHOCTH cuenneHH51 HOHOB pa3nH'IHbiX 38p5IUHOCTeR C aneKT

pOHHbiM ny'IKOM, MOryT 6biTh HCCneUOB8Hbi, If HX BflH5IHHe 

aa 3KcnepHMeHTanhHbie pe3ynhT8TbJ B 6ynymeM yqreao, 

ecnH TaKOBOe 6yner o6aapyMeHo. 

lliTpHXOBblMH fllfHH5IMH npencTaBneHbl pacqeTHbie 38BH

CRMOCTH a. .+1 = f( E ) nn51 cooraercrayiOWHX aneMeHTOB, 
J-) 1 e 

B351Thre H3 pa6oTbi A.Canona /11/, nony'IeHHbie aa ocaoBe 
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pH C. 9. 3HepreTH'IeCKHe 38BHCHMOCTH Ce<JeHHH OJlHOSneKT

pOHHOH HOHH38UHH HOHOB KHCnopona. 
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nonyKnaccaqeCKOH TeopHH UBYX8neKTpOHHbiX CTOnKHOBeHHH 

(BE A-reopaa). Bo scex cnyqaSix aa6monaeTcSI aerrnoxoe 

cornacae 8KCnepaMeHTanhHhlX u TeoperuqecKaX KpHBhlX B 

rex o6nacTSIX E" , KOTOpbie SIBnSIIOTCSI o6IUHMH anSI TeopiiH 

a sKcnepaMeHTa. Cnenyer oTMeTHTb, onaaKo, qTo npa oT

aocarenbHO HH3KHX 8HepraSIX 8neKTpOHOB ( Ee< 3 K8B) 

8KCITepHMeHTanbHbie KpHBbie CHCTeMaTaqeCKH HUYT BbiUie 

TeoperaqeCKHX. 3TO He OTHOCHTCSI K ceqeHHSIM anSI KHCnO-
pona a(,_,

7 
a a

7
_,

8 
a ceqeHHSIM anSI aproaa c a 8 _, 9 

no a 12-> 13 , rue coBnaneaae Teopaa a 8KcnepHMeHTa ne-
*HT B rrpenenaX 8KCllepHM8HTanbHhlX OW!i60K. 

3KcnepaMearanhHbie AaHHbie anSI aproaa npaE <· = 6,8 K8B 

nonyqeHJ,J Ha OCHOB8 OUHOKpaTHOIO H3MepeHHSI Cll8KTpa 38-

pSIUHOCTeH ( CM. pH C. 11) H npeUCTaBnSIIOT C060H BeCbMa 

CHnbHO 38HH)!\eHHhJe 3HaqeHHSI a l s-> l (i 
0

1o->l7 "
0

J7_,J8 

-tG +X 
C 0 <PoH y 

t I I I 1 

A; 18 t!t'6 ~•s .. 1~ 

P a c. 11. CneKTP 3apSIUHOCTeli 

HOHOB aproHa, rronyqeHHhlH 

npH E,. = 6,8 K8B. 

B CBSI3H c 3THM nuaaa 

orna6oK a a pH c. 10 anH 3TH X 

HOIIOB He 38Kpb1Tbl. 

ilnH HOHOB HeOHa B H8CTOH

Ill88 BpeMH H3MepeHbJ cnenyiO

IUHe BenuqaHbJ! a
2

_,,
1 
~ 590. 

a 
3

_,
4
=260, u445 =120 ,a')_,(i = 45, 

u .,=22,a =10.rr -2, 
6->, 7->8 8->9 

a9->10 -1. 

B enaauuax 1 o- 20 eM 2 anSI 3HeprHu 2,5 K8B. 
Ha pac.8 u 10 rpeyronhHHKaMa rroKa3aHbJ pe3ynbT8Tbi 

BblilOnHeHHbiX paaee H3M8p8HHH ceqeHHH HOHH38UHH anSI CO

OTB8TCTBY!OIUHX uoaoB a3oTa/7 I H aproaa/8/ rrpH qmKcHpo-
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saaawx 3HepruSIX 3neKTpoaos. Cosnaneaae paaee nonyqeaawx 

senHqHH ceqeHHH C HOBhlMH BCIOUY Xopornee 3a HCKnJOqeHaeM 

a
3

_,
4 

H a
4

_,
5 

anSI a3oTa, rue pa3HHua swxonHT 3a npe-

nenw UBOHHOH OWH6Ka. 

IV • 3AKfllOY:EHI1E 

AsTOpbi paccMaTpHBaiOT H3no*eHHbie Bbirne pe3ynbTaTbi 

KaK oqepenaoli 3Tarr aa rryTH accnenosaaali aoHa3a~HH rro

no*HTenbHbiX HOHOB 3neKTpOHHbiM ynapOM 1 HaqaTb!X B 06'be

UHHeHHOM HHCTHTyre SIUepHbiX accnenoBaHHH C HCITOnb30Ba

HHeM M8TOUHKH, OCHOB8HHOH Ha IIpHMeHeHHH 3neKTpOHHO

ny"leBbiX HOHH3aropos, a TaK*e aa rryTa coseprneHCTBOba

HHSI caMoli MeTOUHKH. B aacroHIUee speMSI MO*HO ce6e 

rrpeUCTBaHTb cnenyiOIUHe OCHOBHhle HanpasneHHSI pa3BHTHSI 

accnenosaaali. 

1. PacrnHpeaae nHana3oHa 3Heprai1 HOHH3HpyiOIUHX 8neKT

pOHOB KaK B o6naCTb HH3KHX (no UeCSITKOB 88), TaK H B 

o6naCTb BhlCOKHX (no COTeH K38) 3Heprai1. 

2. l13yqeaae HOHH3aUHH HOHOB 6onee TH*enbiX 3neMeHTOB, 

B "laCTHOCTH Kr a Xe • B aacroHIUee BpeMSI rrony"leHbi 

8KCIIepaMeHTanhHO Ha HCTO'IHHKe "KPI10H-2" HOHbl no 

Xe+37 • 06naCTb 3apSIUHOCTei1 HOHOB MHUleHeH B 6nH*ai1rnee 

Bp8MSI MO*eT 6hlTb paCIIpOCTpaHeHa UO Xe+43 1 a B nanh

H8HllieM, ITO Kpai1Hei1 Mepe, UO Xe+Sl • 

3. Pa3pa6oTKa MeTOUHKH o6pa6oTK» 3BoniOuai1 crreKTpa 

38pHUHOCT8H ITpli n1060M B03MO*HOM Ha6ope 3Ha'!eHHH 'IHCna 

OUHOBpeMeHHO ynanSieMb!X 8neKTpOHOB - k , 'ITO UaCT 

B03MO*HOCTb CHCTeMaTH'IeCKH accneUOBaTh pa3nH'IH010 

pona o*e-KacKanw. 

4 . .11ccnenosaHHe B03MO*H010 BnHSIHHSI MeTaCTa6anhHhlX 

COCTOSIHHH HOHOB-MHWeHeH Ha 8BOniOUHIO CITeKTpa 3apSIU

HOCTei1 ITyTeM H3M8H8HHSI cpeUHGrO BpeMeHH Me*UY HOHH-

3aUHOHHhlMH CTOnKHOBeHHSIMH npa H3M8HeHHH B llilipOKHX 

rrpenenax rrnoTHOCTH 8neKTpoaaoro ny"!Ka. 

KpoMe roro, oco6wi1 HHTepec rrpencTaBnHIOT HccnenoBa

HHSI rrpoueCCOB neHOHH3aUHH BbiCOK038pHUHbiX HOHOB, B "la

CTHOCTH, SIUep llpli CTOnKHOBE'HHSIX, HallpHMep, C MOneKynaMH 

HnH a1·oMaMH sonopona/12/ 
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B aaKnroqeHlie aBTOphl Bhl~a*aiDT rny6oKyro 6naronap
HOCTb E.W.EoqeBy aa orrpeneng~mliil BKnan B paapa6oTKY 
nng 38/V\ rrporpaMMbi H8XO*ll8Hlig BenliqHH a i--+ i +] 

ITyTeM 8H8nH38 9KCrrepHM8HTanbHO rronyqeHHhlX K8pTHH 
9BOniDUHH CITeKTpOB 3apgllHOCTeH HOHOB. 
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