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~oHe~ E.~ .• OacRHHHKoa B.n. P7 -80-404 
HccneAOBaHHe HOHH3a~HH nOJ10liiMTeJ11aHbiX HOHOB C, N, 0, Ne, 

Ar, Kr M. Xe 311eKTPOHHbiM YAapoM 

~aHO OOMCaHHe MeTOAHKH H3MepeHHR 3~KTHBHbiXOOnepe4HbiX 

Ce4eHHH HOHH3a~HH OOJ10liiHTeJ1bHbiX HOHOB 3JleKTpOHHbiM YAapOM 
B 3JleKTpOCTaTH4eCKOH HOHHOH JlOBYWKe, o6pa30BaHHOH npOCTpaH
CTBeHHbiM 3apRAOM 3JleKTpOHHOrO ny4Ka. 

npHBeAeHbl pe3yJ1bTaTbl H3MepeHMR 3HepreTH4eCKHX 3aBHCH
MOCTeH yKa3aHHbiX CC4CHHH AJlR BCeX 00110liiMTeJ1bHbiX HOHOB C, N , 
0, Nelsa HCKJ1104eHHeM Ne1+ I a HHTepaane 3HeprHH 3neKTPOHOB 

OT 2 AO 8 -:-1 0 K3 B. ~R HOHOB AI I OT Ar S+ AO Ar 1?+ I nony4eHbl 

3Ha4CHHA 3~eKTHBHbiX CC4CHHH npH 3HeprHH 311eKTPOHOB 11 K38, 
a AJ1R AI 1&1; Ar !6+, Ar 17 - npH 3HeprHH 7, 8 K3B. 

noJJy4eHbl Ka4eCTBeHHbiC pe3yJJbTaTbl no H3~1epeHHIO 3!1lff.KTHB
HbiX ce4eHHH HOHH3a~HH Kr I AO Kr 33+ I H Xc I AO Xe 7+ I. 
3KcnepHMCHTaJlbHble pe3yJlbTaTbl CpaBHHBaiOTCA C TCOpCTH4CCKHMH. 

Pa6oTa BblnOJlHeHa B na6opaTOpHH BbiCOKHX 3HeprHH OHRH. 

npenpMHT 06~eAHHeHHOro MHCTMTyTa AAePHWX HCCneAOB8HHH. Ay6Ha 1980 

Donets E.D., Ovsyannikov V.P. P7 80-404 

A Study .of the Ionization of C,N,O,Ne,Ar,Kr and Xe 
Positive Ions by Electron Impact 

BBE,QEHI-tE B nocneAHHe rOAbl 3aMeTHO eoapoc 

HHTepec K HCCileAOBaHHIO HOHH3a~HH 

nOJ10lKHTeJ1bHbiX HOHOB 3J1eKTpOHHbiM YAapOM. 3HaH~-te BeJ1H4HH 3$$eK

THBHbiX nonepe4HbiX Ce4eHHH HOHH3a~HH HOHOB C 3apRAHOCTbiO 

q(uq~ +t) npH CTOJ1KHOBeHHH C fibiCTpbiMH 3J1eKTPOHaMH B WHPOKOM 
HHTep~ane 3Ha4eHHH q AJ1R MHOrHX 3J1eMeHTOB H 3HeprHH 311eKTPOHOB 

E e Heo6xOAHMO B HacTORI!Iee epeMR A11R A~-tarHOCTHKH BbiCOKOTeM

nepaTypHol1 nna3Mbl paan~-t4Horo POAa o6oeKTOB KaK Ha3eMHoro, 

TaK H KOCMH4eCKOrO npOHCXO>KAeHHR, A11R ycneWHOH paapa60TKH 

HCT04HHKOB MHOr03apRAHbiX HOHOB H np. 

06aop TeopeTH4eCKHX acneKTOB npo6neMbl AaH, Hanp~o~Mep, e noc

neAHHX pa6oTax 6aablneea "' 4~o~6~o~coea / 1,21 • 

,l\0 HeAaBHero epeMeHH OCHOBHbiM MeTOAOM 3KCnepHMeHTaJ1bHOro 

H3MepeHHR 3$$eKTHBHbiX Ce4eHHH Uq~q+l fiblll MeTOA nepeceKaiO

IIIHXCR HOHHOrO H 3J1eKTPOHHOrO ny4KOB / 3 / , 0cHOBHbiM AOCTOHHCTBOM 

3Toro MeTOAa RBnReTCR xopowee 3HepreT~-t4ecKoe paapeweH~-te 141 , 

OCHOBHbiM HeAOCTaTKOM - OTHOCHTellbHO HH3KaR 4YBCTBHTeJ1bHOCTb. 

B peaynbTaTe AO nocneAHero epeMeHH 3Kcnep~-tMeHTanbHO ~o~ccneAo

ean~o~cb npo~eCCbl C y4aCTHeM HOHOB He 6onee ABYX-Tpex3apRAHblx 1 5·7~ 
n~o~wb B 1979 rOAY nORBHJlaCb pa6oTa KpeHAanna 181 H AP·' rAe B 

Ka4eCTBe HOHHOrO HCT04HHKa 6biJ1 HCnOJ1b30BaH HCT04HHK THna neH

HHHra H Ha4aTbl HCCileAOBaHHA HeCKOJlbKO 6onee BbiCOK03apRAHbiX 
HOHOB. 

HacTORI!IaR pa6oTa npeACTaenReT co6ol1 npoAOn>KeH~o~e Ha4aTbiX 

paHee ' 9 · l 2 ~KcnepHMeHTOB KaK B nnaHe COBepWeHCTBOBaHHR MeTOAH

KH, TaK H pacw~o~peHHR 06oeMa HCCJ1eAOBaHHH. 

HHllle npHBeAeHO OnHCaHHe MeTOAHKH H3MepeHHR H pe3yJlbTaTbl A11R 

ecex nono>KHTenbHblx HOHOB C , N, 0 , Ne H Ar a a HCK11104eH~-teM 

N 1~ AI 1+ 2+ e H ' , a TaK>Ke Ka4eCTBeHHble AaHHble AJ1R Kr H Xe. 
npoeeAeHO cpaBHeHHe C TeOpeTH4eCKHMH 3Ha4eHHRMH B TeX Cny -

4aRX, KOrAa nocneAHHe HMeiOTCR. 

1. 06mEE Onl-tCAHI-tE 
HETO,l\1-tKH 

3KcnepHMeHTbl no pa3pa60TKe MeTO

AHKH H H3MepeHHIO 3<1><!>eKTHBHbiX no-

nepe4HbiX Ce4eHHH HOHH3a4HH Bbl

nonHAJlHCb Ha cne~HaJlbHO C03AaHHOM AJ1R HCCJ1eAOBaTe11bCKHX ~eneH 

KpHoreHHOM 3JleKTpOHHO-11y4eBOM HOHH3aTOpe 11 Kp~-toH- 2''1 91, ycTpoH

CTBO KOTOporo B Ofii!IHX 4epTaX nOBTOpReT yCTpOHCTBO HOHH3aTopa 
11KpHOH 11 1 U,J 1.MeTOAHKa npoeeAeHHR 1-13MepeHHH TaK>Ke 6b1Jla paHee 

on~o~caHa ' !1. 12 · no3TOMy HH>Ke np~-t H3110lKeHHH MeTOAH4eCKOro Ma

Tep~-tana OCHOBHOe BHI-!MaH~-te YAeneHO COBepweHCTBOBaHHIO MeTOAHKI-1 

c 4 enbl0 nony4eHHR AOCTOBepHbiX pe3yJ1bTaTOB. 
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nopl.II-1R HOHOB HeeJleAyeMoro 3JleMeHTa BBOAHJlaeb B Ha4aJlbHbl~ 
MOMeHT BpeMeHH B 3JleKTpOHHbiM ny40K 3a nepHOA BpeMeHH, 06bJ4HO 
eoeTaBJlR~~H~ 0,1-1 Me. KaK npaBHJlO, K KOHI..IY HHmeKI..IHH B 3J1eK
TpOHHOM ny4Ke OKa3~Banaeb eMeeb HOHOB e OTHOe!-1TeJ1bHO HI-13KHMI-1 
3apRAHOeTRMH (1 S q S 4) . 

HoH~ YAepmHsan!-1eb s 3J1eKTpoeTaTH4eeKo~ noeywKe H noABepra
nl-1eb 6oM6apAHPOBKe 3J1eKTpOHaMH ny4Ka, I-1Me~~HMH onpeAeJ1eHHY~ 
3Heprl-1~ (Ee) . npH 3TOM 3apRAHOeTI-1 HOHOB yBeJ1H4HBaJ1Heb, H ee111-1 
3HeprHR 3J1eKTpOHOB 6b1Jla AOCTaT04HO BeJ1!-1Ka, TO Bee OHH MOrJll-1 
AOeTHrHyTb RAePHOrO eoeTORHHR. 

3apRAOBbiM eoeTaB HOHOB HenoepeACTBeHHO noene OKOH4aHHR 

BBOAa H3MepRJ1eR eneKTPOMeTpOM, pa6oTa~~KM no BpeMeHH nponeTa 
IBnMCI. ArlR 3Toro 1-13 o6naen1 HOHI!13al.IKK BbiBOAIAJ1Heb Bee HMe~
~JAeeR TaM HOHbl H HanpaBJ1RJ1Heb B BnMC. Ci-1rHaJ1 TOKa 1-10HHoro 

cryeTKa Ha BbiXOAe 1110HH3aTopa HMeJl nonyWJAPHHY 40750 MKe. AnR 
aHaJ1H3a no speMeHH nponeTa BbJpe3aeTeR y3KI-1~ speMeHHbl~ naKeT 

HOHOB - 100 He. no3TOMY AJ1R nony4eHJAR AOeTOBepHO~ 111H¢QpMal.IH111 
0 paenpeAeneHHH 4HeJ1a HOHOB no 3aPRAHOeTRM BO seeM HOHHOM 
cryCTKe 6bJJ10 Heo6XOAKMO 5-6 LIHKJlOB, npH 3TOM KamAbl~ pa3 111CnbJ
T~BaJ1HCb pa3J1K4H~e BpeMeHH~e y4aCTKH HOHHOro CHrHana. BnMC 
o6bi4HO pa6oTaJ1 B TOKOBOM pemHMe, TaK 4TO aMnJ1HTYAa KamAO~ nH
HIAH B cneKTpe 3apRAHOCTe~, perHCTpHpyeMOM Ha 3KpaHe OCI..IHJlJlO

rpa<fJa, 6bJJ1a nponOPI..II-10HaJ1bHa CYMMapHOMY 3J1eKTPH48CKOMy aapRAY 
HOHOB AaHHO~ 3aPRAHOeTH B naKeTe. 

CneKTP 3apRAHOCTe~ TpaHC<!JOpMHpOBaneR B HOPMHPOBaHHOe Ha 
1 pacnpeAeJ1eHJAe 4HCJ1a HOHOB B crycTKe no aapRAHOCTRM l3apR
AOBOe pacnpeAeJ1eHHel CJleAY~~HM o6pa30M: 

!... i A (k) 
q k= 1 q 

n = • 
q Qmax 1 ~ (k) 

:£ - """ A 
qmin q k=l q 

qmax 
:£ n ,1, 

Qmin q 

rAe n· -HOpMHpOBaHHOe Ha 1 41-1CJ10 HOHOB aapRAHOCTH q j A ( k) 

- aMnJl~TYAa JlHHHH naKeTa HOHOB 3aPRAHOCTH q B k -oM HCn~-llaHI-1H; 
a -4HCJ10 HCnbJTaHJA~; q min , qma:z: - MKHJAMaJlbHaR H MaKC~1MaJ1bHaR 

3apRAHOCTII1 HOHOB B eryCTKe. 
nony4eHHoe TaKHM o6paaoM aapRAOBoe pacnpeAeneHHe npHHHManocb 

3a HCXOAHOe. B J1~60M MOMeHT epeMeHH, OTC4HT~BaeMoro OT KOHI..Ia 

npo1..1ecca JAHmeKI..IHH (ri) APYroro l.IHKJla IAOHH3al.IHH, aHanorH4HO 
HCXOAHOMY MOmeT 6~Tb H3MepeHO HOBOe 3apRAOBOe pacnpeAeJ1eHHe 

HOHOB B nosywKe 3neKTpOHHoro ny4Ka. BHA 3Toro pacnpeAeneHJAR, 
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npH $HKeHpoeaHH~x AP~r1-1x napaMeTpax, onpeAenReTeR TOJlbKO ee
.J1H4HHOC1 r i , KOTOpaR 3aAaeTCR, H 3<!J<!JeKTHBHbiMH Ce4eHHRMII1 1-10HJA-
38l.IHH, KOTOp~e, eAHHeTBeHHO, OCT8~TCR HeH3BeCTH~MI-1 H H3BJ1e
Ka~TCR H3 pe3yJ1bTaTOB 1~3MepeHH~, 

npl-1 OnHeaHHH KHHeT!-1KK npOI..IeCca HOHH3al.IHI-1 BO BCeX CJ1y4aRX, 
KpOMe I-10HI-1381..1HH MeTaeTa61-111e~, BpeMR HOH-3J1eKTPOHHOrO B381-1MO

Ae~CTBI-1R 'i H nnOTHOeTb nOTOKa 3J18KTPOHOB B ny4Ke j Hrpa~T 
OAHH8KOBy~ pOJlb, no3TOMY B K848CTBe nepeMeHHO~ YA06HO HCnOnb-
30B8Tb <!JaKTOp I-10HH3al.IHH Ur 1 ). 

Ec111-1 npeAnOilOmHTb, 4TO B OAHOM CTOJ1KHOBeHHH 3J1eKTpOHa C 
HOHOM B03MOmHO YAa!leHHe OT 1 AO HeCKOJlbKHX 3JleKTpOHOB, .TO KH
HeTH4eeKOe ypaBHeHHe A!lR 4HCJ18 HOHOB Uq 6yAeT HMeTb eneAy~
~111~ BHA: 

dn q f max r --~ _ :£ max 
d (j r I) - - f= 1 n q a q-> q + f •+ :£ r= 1 

nq-r a q -r-> q 111 

rAe f - 4HeJ10 3J1eKTpOHOB, OAHOBpeMeHHO YA811ReMbiX 1-13 HOHa 3a~ 
PRAHOeTH q , fmax - MaKeHMaJ1bHO B03MOmHOe 41-1CJ10 TaKHX 3J1eK
TpOHOB, a aq->q+f- ce4e~1-1e TaKoro npoQecca; r - 4Kcno 
3J1eKTpOHOB, OAHOBpeMeHHO YA8J1ReM~X H3 HOHa 3apRAHOCTI!1 q -r , 
rmax - MaKei-1M8J1bHO B03MOmHOe 4HCJ10 TaKHX 3J1eKTPOHOB, a 
aq-r->q - ee4eHHe TaKoro npoQeeca. 

B 4aeTHOM eny4ae noeneAOBaTenbHO~ HOHH3al.IHH 

dnq 

d (j T I) 
= -n a + n a 

q q->q+l q-1 q-1->q l1al 

ArlR HaXO>KAeHHR BCeX HeH3BeCTHbiX BeJ1H4HH a , BXOAR~HX B 

ypasHeHHe 111, YA06Ho 3KenepHMeHTanbHO H3MepHTb 3aBHCHMOCTH 

n q =f(j r1) AJlR BCeX BXOAR~HX B ypaBHeHHe q, T. e, nOJ1Y4HTb Kap
THHY 3BOJ1~1..1HH 3apRAOBOro paenpeAeJ1eHHR I33PI. 

Ha pHc. 1 e Ka4eCTBe npHMepa npHBeAeH nony4eHH~~ 3KcnepHMeH
TanbH0~33P HOHOB a30Ta. B KapTKHe 3BOJ1~l.IHH MOmHO CAeJ18Tb 
POBHO.eTOJlbKO BepTHKaJlbH~X Ce4eHH~, CKOJlbKO He06XOAHMO AJlR 

nony4eHHR H3 3KcnepHMeHTa!lbH~x AaHH~x scex K03$<IJH1..1HeHTOB 

dn 
(n ' q ) 

q d(Jr
1

) 
CHCTeMbl x -ypaeHeHH~ I 1 I, ecn~--1 OTbiCKHBaeTcR x 

HeH3BeCTHbiX BeJ1H4HH a , B 3TOM CJ1y4ae CHCTeMa 111 RBJ1ReTCR 
KaHOHH4eCKO~ H eAHHCTBeHHOCTb peWeHHR o6paTHO~ 3aAa4H 1!10HH3a
l.IHH He B~3~BaeT COMH8HHR, HO BeCbMa CJ10>KHO Ha~TH BeJ11!14HHY 

OWH6KH ~a. Ecn111 y4eCTb, 4TO KapTHHa 3BOJ1~l.IHH o6~4HO HaMHoro 
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o-Z A-4 o-6 +-? 

P11c. 1. KapTI1Ha 3Bon~~l111 aapH.QOBoro pacnpe.QeneHI1R 

H"'HHB aaoTa I E·e = 5, 45 K3B/. 

6ora4e, 4eM 3TO HeOfiXO.Q11MO .QnR yKa3aHHOro BbiWe cny4aR, T, e, 
MO>KHO C,QenaTb 60!1bUJe pa3ni14HbiX ee BepTI1KanbHbiX Ce4eHI1M, TO no
RBnReTCH 803MO>KHOCTb COCTaBHTb HeCKOnbKO (M) CI1CTeM ypa8HeHI1M 

I 1 I, npl14eM peweHI1e Ka>K.QOM CI1CTeMbl .QaeT csol:i Ha6op x Hel1a
secTH~x 8eni1411H a. EcnH C4HTaTb ace M CI1CTeM pasHonpa8H~MI1 
npH HaXO>K,QeHI111 Hei13BeCTHbiX a, TO B pesynbTaTe M~ nony4aeM M 
sHa4eHHM A[IR Ka>K.QOM aeni14HHbl a. 3n1 M sHa4eHI1M onpe.QenR~T 
HeKOTopy~ ycpe.QHeHHY~ no sceMy 3Kcnepi1MeHTY /.QnR scex jri I 
Beni1411Hy a 11 aepORTHOe OTKnOHeHI1e f'la OT 3TOa:1 Be!111411Hbl. 

B Ka4eCTBe 11nn~cTpa~~11 MO>KeT cny>KI1Tb 33P asoTa /p11c. 1/, 

KOTOpaH ofipafiOTaHa B MO,Qe!111 nocne,QOBaTenbHOM 110HI13a~l111 B CO
OTBeTCTBI1H C CI1CTeMOM ypa8HeHI1M /1a/. Ha p11c.2 npl18e,QeH~ ri1-
CTporpaMMbl Be!111411H a q->q+ 1 /4HCnO 3Ha4eHI1M Ha 11HTepsan/ 11 

yKasaHbl nony4eHHble TaK11M o6pasoM· sem1411Hbl a + 1 ± l'l a + 
1 

, q-+q q-+q 
o6oaHa4eHHbte a/. 

6. 604eB C COaBTOpaMI1 113 •141paCCMOTpenl1 MaTeMaTI14eCK11e MO,Qe!111 

MHOrOKpaTHOM 110HI13a~l111 n0!10>KI1TenbHbiX 110HOB 3neKTpOHHbiM Y.QapOM 
B 110HHOM noeywKe. np11 peweHI111 o6paTHOM 3a,Qa411 HaXO.Q11TCR TaKOM 

Ha6op a , KOTOPbiM, fiYAY411 nocTaBneHHbiM B YC!10BI1e npRMOM 3a,Qa4H, 
,QaeT Hai1MeHbWee OTKnOHeHI1e BOCCTaHOB!leHHOM TaKI1M o6pa30M Kap

TI1Hbl 380!1~~1111 sapR.QOBOrO pacnpe,QeneHHH OT 3KCnepHMeHTanbHOM 
KapTI1Hbl. Haxom.QeHI1e npH6ni1>KeHHoro peweHI1R o6paTHoR sa.Qa411 

6o4eB 6. 11 COaBTOPbl OcymecTBnH~T Ha OCHOBe perynflpi130BaHHblX 
11Tepa~HOHHbiX npo~eccos Tl1na raycca-Hb~ToHa ll51. ,ll,nR nony4eHHH 
Ha 36M 411CneHHbiX pe3ynbTaTOB aBTOpaMI1 pafiOTbl I 14'<:os,QaHa npo-
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P11c.2. rHCTOrpaMMbl seni1411H aq->q+l 

I E e = 5, 45 K3B/. 
A[IH f.10H08 a30Ta 

rpaMMa CHARGE, I 16 17 I ocHoBaHHaR Ha nporl?aMMe COMPIL • . Cnom-
HOCTb 8 3TOM CJ1y4ae 803H11KaeT np11 .QOKa3aTe!1bCTBe eAMHCTBeH
HOCTM peweHI1fl, K KOTOPOMy CXO.QHTCR perynRPI130BaHH~R 11Tepa~I10H

HbiR npoqecc. 

Ha pHc.2 /o6osHa4eHHe 6/ np11se.QeH~ HaR.QeHH~e no nporpaMMe 
CHARGE peweHHR o6paTHoR sa.Qa411 HOHI13a~MH asoTa Ha ocHoee 3Bo
n~~HM pHC.l B MO.QenH nocne,QOBaTenbHOR HOHI13a~HI1. M~ BH.QHM, 
4TO peweHI1R a/ 11 6/ a npe.Qenax owH60K coana.Qa~T. · 

B~6op MO,QeJlH MOHH3a~HI1, B KOTOpOR Be,QeTCR peweH~e o6paTH0R 
3a,Qa4H, B Ka>K,QOM KOHKpeTHOM cny4ae MO>KeT HMeTb CBOe OfiOCHOBa
HI1e. Ho, KoHe4HO, 11.QeanbHbiM 6blno 6bt peweHHe Ha116onee o6111eR 
CI1CTeMbl ypa8HeHHM /1/ CO BCeMI1 3HepreTH4eCKI1 pa3peweHHbiMI1 

fmax , rmax • npH 3TOM OTCYTCTBHe B TOM 11n11 11HOM C!1y4ae 3aMeT
HOrO BKna,Qa ,QByx-, Tpex- /H 6onee/ 3!1eKTPOHHOM 110HH3a~l111 8 
3B0!1~~M~ 3apR.QOBOrO pacnpe,QeneHI1R COOTBeTCTBOBano 6bt 6nH30CTH 
K 0 COOTBeTCTBY~I!Iero 3~~eKT118HOrO nonepe4HOrO Ce4eHMR. 

B 3Kcnepi1MeHTanbHbiX 11Ccne.QoeaHHRX 6blno o6HapymeHo, 4TO B o6-
llleM cny4ae npo~ecc HOHI13a~l111 XapaKTepl13yeTCH HeKOTOpoR CKOpOCTb~ 
nOTepb 110H08 113 !10BYWKH. npH4eM 4eM BbiWe CKOpOCTb noTepb, TeM 
Me.QneHHee 3Bon~LII10HI1py~T sapH.QOBbte pacnpe.QeneHHR. Y4eT 3T11X 
RBJleHI1M 11MeeT nepBOCTeneHHOe 3Ha4eHI1e np11 aHanl13e 33P C ~eJlb~ 
113BJle4eHHR H3 H11X 3~~eKTHBHbiX nonepe4HbiX Ce4eHI1M MOHM3a~l111, 

3KcnepHMeHTaJlbHO 6~J10 ycTaHOBJleHO, 4TO CKOpOCTb noTepb pe3KO 
B03paCTaeT np11 np116m1>KeH1111 3Ha4eHI1H 3JleKTPOHHOrO TOKa ny4Ka 
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(Kp 
(I e) K HeKOTOpOMY Kpli1TI!14eCKOMy 3Ha4€Hii110 (I e ) 111 CKOpOCTb noTepb 

6onbwe np111 6onbweM ypoeHe KOMneHca~li1H npocTpaHCTBeHHoro 3aPHAa 

::~neKTPOHOB 1!10HHbiM npocTpaHcTBeHHbiM 3apHAOM (7J). B CBH31-1 c 

3TIAM nony4eHI!1e KapT1!1H 33P ecerAa aenocb np111 I < I (Kp) , a 3ae11-. e e 
CI-1MOCTb 33P OT CTeneHH KOMneHCa~l-111 cne~HaflbHO li1CCfleAOBanacb. 

B 4aCTHOCTI-1, 6binH nony4eHbl KapTHHbl 33P 110HOB a3oTa np11 E e == 
=5,45 K3B B WHPOKOM, HHTepeane H3MeHeHI!1H Ha4aflbHO~ CTeneHH KOM-

neHca~HH 1J Tj =0 

~?-J• 
~J. 

2 4 ~ 'l...:o 

PHc.3. 3aeHCIAMOCTb eenH41AH 

(k) 
a·q-+q+l OT 7Jri=OAnfl HOHOB 

a3oTa /Ee = 5,45 K3B/. 

CeMe~cTeo KapTIAH 33P 

Aflfl pa3fli14H~X 1Jr
1

=o 
6blflO o6pa6oTaHo no Mo

AeilH nocneAOBaTeilbHO~ 
1!10HH3a~l!11!1 c ~eiJbiO 113-

ene4eHHR Kamy~HXCR ee-

flH4HH a(k) • Ha 
q->q+ 1 

PIAC.3 nOKa3aH~ 3aBI!1-

CHMOCTI-1 
a(k) 

q-> q+ 1 

=f(TJr.=O ). 
I 

4TO BeiJH41AH~ 

M~ BHAHM, 

a(k) 
q-+q+ 1 

B03pacTaiOT npH yMeHb-

WeHHH Tfri = O , aCHMnTo-

TH4eCKH np1!16nHmaRCb K 

HeKOTOpWM 3Ha4eHHRM npH 

1Jr
1

=0 =0. B ycnoBHRX, 

KOrAa a (k) yme 
q ... q+ 1 

npaKTH4eCKH He 3aBHCeiJH 

OT Tfri =0 /npH 71ri =0= 

= 10-2 /, 6~na H3MepeHa 

CKOPOCTb noTepb HOHOB 

113 IlOBYWKH B npo~ecce 

HOHH3a~HIA. AIJR 3TOrO 

B OTCYTCTBHe $OHa 6b1Ill1 

H3MepeHbl 3aBIACHMOCTio1 

cyMMapHoro IAOHHOro 3a-

Pf1Aa B IlOBYWKe (Q+) 1!1 cpeAHe~ 3aPfiAHOCTIA HOHOB (~ 
OT BpeMeHH HOHH3a~MIA (r i ) . 0Ka3aiJOCb, 4TO OTHOWeHI-ie Q + /q, 
npeACTaBilfiiO~ee C060~ 4HCI10 HOHOB B IlOBYWKe, COXpaHHeTCfl B Te-

4eHHe BCero npo~ecca HOHH3a~HH, T.e. noTepH HOHOB OTCYTCTBYIOT 

/pHc.4/ • 
TaKHM o6pa30M, 6biilH Ha~AeHbl ycnoBHfl, np1-1 KOTOpbiX 33P cf>opMH-

pyeTcfl onpeAeiJeHHbiMH nop~HfiMH HOHOB, B KOTOPbiX Bee HOHbl OT 

MOMeHTa Tj =0 AD KOH~a npo~ecca HOHI!13a~HH HaXOARTCfl B HOHHOH 

6 

Ill. 

• 

_Q+ 
I I I I I I I I II I I 1 I I I I~~~-

2,0 

1,5 

~- Q5 
I. I I 

10° 2 4 6 8 101 2 4 6 'ttfni:) 

PHC. 4. 3aBI1CI1MOCH1 HOHHOIO sapfiAa B flOBYWKe (Q +- X) 
cpeAHe~ 3aPfiAHOCTI1 .I'IOHOB (q- 8) 11 41'1Cfla I'IOHOB (Q+jq'- o) 

-2 
OT T. npl-1 1] O = 10 , 

1 r1 = 

IlOBYWKe 1-1 B3ai1MOAe~CTBYIOT C ny4KOM 6biCTpbiX 3JleKTpOHOB. nony-

4eHHble B TaKI1X YCilOBI'IfiX 3Ha4eHI'Ifl o q-+ q+ l ecTeCTBeHHO C41'!TaTb 

11CTI'IHHbiMI'I 3Ha4eHHRMI'I 3$$eKTI18HbiX nonepe4Hb1X Ce4eHI'I~ HOH1!13al.\l'll'l 

nonomHTenbHbiX 110HOB 3neKTPOHHbiM YAapoM. 

Bee np~>~BeAeHHble HHme 3KcnepHMeHTailbHble peaynbTaTbl no 1!13Me~ 

peHHfiM a q-+ q+ r AflR acex 1-iOHOB, 3a ~>~CKJ1104eHHeM 110HOB Kr 1-1 Xe, 
nony4eHbl B TaK11X yCIJOBHRX. 

2. 3KCnEPHMEHTAflbHWE 

PE3YflbTATW 

1/. YrnepoA, asoT, KHCilOPOA, 

HeOH. AJlR, HCCileAOBaHHR MOHH3a-

~~~~H B Ka4eCTBe pa604HX Be~eCTB 

HCnOflb30BaiJHeb, KaK npaBHilO, MOJleKYilRPHble ra3bl, B 4aCTHOCTI1, 

Aflfl HOHH3a~HI'I yrnepOAa I'ICnOilb30BaJlCR MeTaH CH4· no3TOMy npl'! 

aHaill-13e KapTHH 33P 3a HCXDAHble npHHI-1Mafli!1Cb sapRAOBble pacnpe

AeneHI-11'1, B KOTOPbiX MOileKYil.RPHble HOHbl yme nOilHOCTbiO OTCyTCTBO

Baill-1. 

Bee KapTHHbl 33P yKa3aHHbiX ::~neMeHTOB o6pa6oTaHbl no MOAen~>~ 
nocneAOBaTeflbHOH HOHI!138L\HH. YAOBileTBOPI-1TeJlbHOe COBnaAeHHe 

3KCnepi1MeHT8IlbHbiX 33P 1!1 BOCCTaHOBJleHHbiX npl-1 COOTBeTCTBYIC~eM 

Ha6ope BeiJH411H aq-•q+l r9B0p111T 0 TOM, 4TO 3Ta MOAeflb 8 06l!leM 

npaBHJl~HO nepeAaeT npOL\eCC nepeXOAa HH3WI!1X sapRAOBbiX COCTOR

HHH e Bb1CW11e /eM. pHc.1/. Ha pHc.5,6,7 111 8 cooTaeTCTBeHHO AilR 

C , N , 0 111 Ne npHBeAeHbl nony4eHHble om1caHHO~ eblwe MeTOA~>~Ko~ 
3Kcnepi1MeHTailbHble 3aBI'ICI'I~OCTIA Beillo141'1H Oq->q+l OT 3Heprl-11!1 6oM-

6apAI-1PYIOl!IHX 3IleKTpOHOB. 
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npH AeTanbHOM paCCMOTpeHHH PHC.1 SaMeTHW HeKOTOpWe CHCTe

MaTH4eCKHe OTnH4WR BOCCTaHOBneHHWX 33P OT 3KCnepHMeHTanbHWX, 

xapaKTePHble TaKlKe H AnR APYrl-1x 33P asoTa H APYrHx 3neMeHTOB. 

0Tn~4HR COCTORT B TOM, 4TO 3KCnepHMeHTanbHWe T04KH nolKaTCR, 

KaK npaeHno, HeCKOnbKO BbiWe COOTBeTCTBYIOII.IHX KPHBWX llq=f(jri)BOCCT. 

B o6nacTRX 3Ha4eH~H jri, COOTBeTCTBYIOII.IHX nORBneHH~ B 

cneKTpe HOHOB C sapRAHOCTbiO q, H B o6naCTRX 3Ha4eHHH jr 1 , 

npH KOTOPbiX 3aKaH4~BaeTCf! npOI.IeCC 
11

BblrOpaHHR
11 

3TH X HOHOB. 

3TO MOlKHO paCCMaTpHBaTb KaK CB~AeTenbCTBO HanH4HR npOI.IeCca 

ABYX3neKTpOHHOH HOHH3al.IHH, T.e. nony4eHHR HOHOB sapRAHOCT~ 

q HenocpeACTBeHHO H3 HOHOB sapRAHOCT~ q - 2. B cny4ae, 

KOrAa B KapTHHe 33P nony4aeTCR BCR KpHBaR nq = f(j r l ) AO 

npaKTH4eCKH nonHero 11 BblrOpaHHR
11 

HOHOB 3apRAHOCT~ q., npOI.IeCC 

ABYX3neKTpOHHOH HOH~3al.IHH HS-sa OTHOCHTenbHOH ManOCTH Ben~-
1 

4~HW ce4eHHR Oq-e~q He CKa3WBaeTCR Cyll.leCTBeHHO Ha Ben~-

4~HaX aq- 1 -+q M aq-+q+ 1 H MOA,enb nocneAOBaTenbHOH HOHH-

3al.IH~ npae~nbHO nepeAaeT secb npo1.1ecc nepexoAa HHSWHX sa

PRAHOCTeH B BWCWHe. Ho ecnH KapTHHa 33P o6pwsaeTCR Ha 3Ha-

4eHHRX jri , npM KOTOPWX TOnbKO Ha4HHaeTCR nORBneHHe HOHOB 

C SapRAHOCT b~ q B cneKTpe, 4TO COOTBeTCT eyeT, KaK npas~no, 

n -2 
TOMY, 4TO q >> 1 , TO npOI.IeCC ABYX3neKTpOHHOH HOHH3a1.1HH 

n q- 1 

MOM<eT B TOH HnH HHOH CTeneHH HCKa3MTb peaynbTaT· npH nony-

4eHHH aq-l-+q s MOAen~ nocneAOBaTen~HOH ~OH~Sal.I~H. C APY

roH CTOPOHbl, Ha4ana KpHBWX nq =f(jr i) MOryT 6WTb HCnOnb30BaHbl 

AnR nony4eHHR senH4HH aq-r-+q • B 4aCTHOCTH, Ha pHc.9 AnR 
HOHOB HeOHa noKa3aH KOHe4HWH y4aCTOK KapTHHW 33P, Ha KOTOPOM 

dn 10 
TaKlKe np~BeAeHa 3aB~CHMOCTb d(' ) = f(j T.), KOTOpaR He 

JT i 1 . 

nonHOCTb~ noAo6Ha KPHBOH n 9 =f(jr 1 ). 3To pasnH4He 'e KPH~blx 

MOlKeT 6b1Tb 06"bRCHeHO BKnaAOM B o6pasoBaHHe HOHOB Ne 10-'1\,AaBa

eMbiM -~·enocpeACTBeHHO Ne 8+. AHanHs noKaSbleaeT, 4TO npH a· 8 ... 10 = 
3 · 10 a 8 _. g H yMeHbWeHHOM Ha 10% 3Ha4eHHH a 9 ... 10 :HOT 

y4aCTOK 3KCnepHMeHTan bHOH KapTHHbl 33P MOlKeT CTaTb 6onee co

rnacosaHHbiM C BOCCTaHOBneHHOH KapT~HOH 33P. 0AHaKO AnR yee

peHHOrO HaXOlKAeHHR sen~4HH 3c)>¢eKT~BHbiX ce4eH~H ABYX3neKTPOH

HOH HOH~3al.IHH 3AeCb He06XOAHMO ysenl-14HTb T04HOCTb H3MepeHHR 

Ha4anbHblX y4aCTKOB KpHBbiX nq = f(jr 1), 

Ha pl-1c.5,h ~ 7 ~ npHsenl-1 TaKlKe pesynbTaTbl HeAaBH1-1X 3Kcne

pHMeHTOB KpeHAanna 1-1 Ap. 181 e HHTepsane 3Hepr~l-1 3neKTPOHOB, 

6nl-1lKaHweM K ~ccneAOBaHHOMY HaMH. B~AHO, 4TO npH 3KCTpanonR-

1.1Hl-1 Ha OTHOCHTenbHO He6onbWOH HHTepsan Ee /700 3B/ HaWJ-1 AaH

Hble 1-1 AaHHble KpeHAanna cornacy~TCR APYr c APyroM, HeCMOTpR 

Ha TO, 4TO nocneAH~e nony4eHbl MeTOAOM nepeceKai011.11-1XCR ny4KOB, 

. 9 



3To cornac~e MOmHo paccMaTp~eaTb KaK He3ae~c~Moe no~TeepmAe
H~e TOrO, 4TO pa3pa6oTaHHaR HaM~ MeTO~~Ka ~3MepeH~R 3$$eK
T~BHWX nonepe4HWX Ce4eH~~ ~OH~3a~~~ nonom~TenbHWX MOHOB 

' 
'',',,, 

'T'l-.T'I'I 'I'T.-11 3neKTPOHHbiM y~apoM AaeT 

Ne KOn~4eCTBeHHO npaB~nbHWe 

pe3ynbTaTbl. 

P11c.8. 3HepreT~4eCKMe 3a
BMCM~OCT~ eem-14MH aq->q+l 
Anfl MOHOB HeOHa: 0 -HaUl~ 

I 1211 ~aHHble' I--- - noTL.\ 
1---1- C3non 1221 • 

~-~~f---
8 

PMc.9. Y4aCTOK KapTMH~ 33P 
~oHoB Ne. 1---1 - 3Kcne
P~Me~TanbHI-Ie nq, (n 10 Yl0), r.~~8• 

tii_- -~ ·"""~~ • l ~ 
/( - --v----1 ____ 9+ 
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21 AproH. ATOM aproHa c 18 3neKTpOHaMM e o6ono4Ke npe~
CTaBnReT C060~ yme ~OBOnbHO cnomHyiO CMCTeMy, B KOTOPO~ 41-1CnO 
B03MOmHWX nyTe~ ~OH~3a~~~ B03paCTaeT. 8 CBR3~ C 3TI-1M KapTM
HW 33P nony4ani-1Cb ~ o6pafiaTweanMCb e Tpex pa3nM4HWX HHTep
eanax q 1-1 COOTBeTCTBeHHO j r 1 : I 2 ~ q <;;. 12 ; 8 ~ q.:;. 15; • 
15<q< 181 npM E = 11 K3B M 4aCTI14HO np~ E =7,8 K3B, - - e e 
B CBR31-1 C TeM, 4TO KapTMHa 33P npl-1 11 K3B AnR nepeoro 1-13 
yKa3aHHWX MHTepeanOB q yKa3WBana Ha npMCYTCTBMe 3Ha4MTenb
HOrO BKna~a OT ABYX3neKTpOHHO~ MOHM3a~MM, 4TO paHee OTMe4a
nOCb to:, o6pa6oTKa 3TO~ KapTMHW eenacb e npeAnonomeHMM B03-
MomHOCTM KpOMe OCHOBHbiX TaKme cne~YIOli\I-1X nepeXO~OB: Ar 4+-> Ar 6~ 
Ar 5+ ... Ar 7+, Ar 6+ ... Ar8+; Ar 7+ ... Ar 9+·. ,l\nR ocTanbHbiX I-1HTepeanoe 
6bma npMMeHeHa Mo~enb nocneAOBaTenbHOCl !-10HI-13al\MI-1 . 
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.Ar 

1 I 1- ~~ t II H IZ II fll /I It 11 

' P1-1c. 10. 3Kcnep~MeHTanbH~e ee
nM41-1Hbl aq-+q+l• aq->q+-2 
AJlfl MOHOB Ar pa3ni-14HblX 3apf!A
HOCTeC1 q . I-- I a q .. q + 1 -
noT111211 C3non 12311---1 a -... ' ' q-> q +2 
noT4 121 ~ C3non 1231 • 

3KcnepMMeHTanbHwe pe-
3ynbTaTw AnR 3HeprMI-1 
3neKTPOHOB 11 K38 npe~

CTaeneHbl Ha p1-1c. 10. 
3AeCb me M3o6pameHbl pe-
3ynbTaTbl Hawe~ nepeo~ 
pa60Tbl / 10 ~ ~nR KOTOPbiX 
He yKa3aH~ OWI-10KI-1 M3-
MepeH!-1R. npM Ee=7,8 K38 
nony4eHbl cne~YIOli\Me 3Ha-
4eHMR ce4eHM~: a b5-> 16 = 
=11,40±0,211·10-2 cM2, 
0 16->17 =11,75±0,251· 

-21 2 • 1 0 CM , a 
17

-> 
18 

:o/7, 4 ±D, 91. 1 o-22cM 2 • 

31 Kp~nTOH,KCeHoH . 
npM I-10H!-13a~!-1M Krl-1 Xe 
!-1cnonb3oean!-1cb ecTecT
eeHH~e cMeCI-1 M30Tonoe. 
.l\nR Kr 6blna nony4eHa 
KapT!-1Ha 33P np1-1 E 6 = 
=8,5 K3B 11 6:s_ q ~34/18;' 
AJlR Xe -TaKme npM E 

6 
= 

=8,5 K3B H 9$. q $. 44/l8/ 

1-1 np1-1 Ee = 18 K3B 1-1 
9 :s_ q::: 48 1191• XapaKTep
HbiM AnR cneKTpa 3apR~
HOCTe~ B 3TMX cny4aRX 
6btno HegocTaT04HO xopo
wee pa3peweHMe ni-1H!-1C1 AnR 
q > 10-;.15. B CBfl31-1 c 
3TI-1M 1-13 KapTMH 33P nony-

11 
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~ 
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4alli-!Cb rpa$1-1KI-1 3aBI-1CI-1MOCTI-1 CPeAHeH 3apf1AHOCTI-1 I-10HOB q OT $aK

TOpa jri' 

P1-1c.11. 3KcnepHMeHTanbH~e _eeni-1-

4~Hw 3<!>$eKTMBHWX 3Ha4eH!-1~ 

aq-+'q+ 1 Afll'l HOHOB Kr /•-Ee= 

=8,5 K3B/ 1-1 Xe /0 -Ee = 8,5K3B, 

! - E = 18 K38/ pa3ni-14Hb1X 
e - -

3apRAHOCTeVI q , 

Ecn~-1 C41-1TaTb ycnoeHeM yee

nl-14eHMf1 cpeAHe~ 3aPf1AHOCTH 

HOHa Ha eA1-1Hi-1~Y COOTHOwe

HHe a- - (~j T j) = l , 
q-+ q + 1 

03Ha4a~~ee eA~HI-14HY~ eepo-

RTHOCTb CTOflKHOBeHI-1l'l 3neK

TpOHa C I-10HOM npi-1 3$$eK

TI-1BHOM nonepe4HOM Ce4eHI-11-1 

a q-> q + 1 1 TO 1-13 TaKMX 

rpa$HKOB nerKo nony4MTb 

3aBMCMMOCTM a q-> q + 1 OT q. 

Pe3ynbTaTbl Anl'l Kr 1-1 Xe 

npeACTaeneH~ Ha p1-1c.11. 

KoHe4Ho, npH TaKOM noAXOAe 

B 3Ha4HTenbHO~ Mepe TepA

~TCl'l HeperynRpHOCTI-1, CBA-

3aHH~e c HanH4MeM o6on64eK. 

KpoMe Toro, nony4eHH~e 

3Ha4eHMf1 3$$eKT!-1~HWX Ce4e

HI-1~ MOHH3a~MH He~yT B ce6e 

HeT04HOCTI-1, CBA3aHHWe C 

HenonHOTO~ MOAefll-1 I-10HI-13a

I.IMI-1. TeM He MeHee 3Ha4eHMf1 

a q ... q + 1 Aflfl CTOflb 6onb

woro 4HCna BWCOK03aPAAHWX 

!-10HOB Kr H Xe nony4eHbl 

3KCnepMMeHTanbHO H MOryT 

npeACTaBnflTb onpeAeneHHY~ 

4eHHOCTb B nepey~ 04epeAb 

Afll'l AanbHe~wero pa3BHTMfl 

pa60T no HOHH3a~HH. 

3. AHAnH3 PE3YnbTATOB, 

CPABHEHHE C TEOPHE~ 
HHTepecHo cpaBHI-1Tb nony4eHH~e 

HaMM 3KCnepHMeHTanbHble KPI-1BWe 

3HepreTI-14eCKHX 3aBHCHMOCTe~ ce-

4eHH~ MOHM3a~!-11-1 BOAOPOAOnOA06HbiX I-10HOB C, N, 0, Ne M Ar c 

TeopeTM4eCKMMH, Ha~AeHHWMM MeTOAOM K60 ' 20 's paMKax aaBMCMMOCTM 

Z 4
a 18 ... K=f(Ee/l), T'Ae 1- nOTeH~Man i-10HI-13ai.IMM BOAOPOAO-

nOA06Horo MOHa M3 COCTORHI-1R 18 1 Z - 3apRA RApa. 

Ha pMc. 12 cnnowHo~ nMHI-1e~ noKa3aHbl pe3ynbTaTw pac4eTa Me

TOAOM K60 AflR Z =128. 3AeCb »<e HaHeceHbl ace nony4eHHWe e AaH

HOI1 pa6oTe 3Kcnep1-1MeHTanbHble T04KI-1 ce4eHH~ 18 ... K -nepeXOAOB 

AnR BOAOPOAOnOA06HbiX MOHo a yKa3aHHbiX 3neM~HTOB. BHAHO, 4TO 

!-1MeeTCR Hennoxoe KOfll-14ecTeeHHOe cornacHe 3KcnepHMeHTa H Teop!-1H. 
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P1-1c. 12. 3aeHCI-1MocTb 

npHBeAeHHOrO Ce4eH!-1R 

HOHH3a~HH BOAOPOAO

nOA06HbiX MOHOB OT 

3Hepr!-1H 3neKT,POHOB: 

0 - C 5+ , • - N6+ , 
A 7+ 9+ 
u :.. 0 , ! -· Ne , 

o - Ar 1 7+, l-- / -

-pac4eT 1201 AnR Z = 128. 

Ho Ha6n~AaeTCR H He

KOTopoe cpeAHee AnR 

ecero MaccHea 3Kcne

PHMeHTanbHbiX T04eK OTKnOHeHMe B CTOpOHy 60nbWHX 3Ha4eHHi1 eenH-

4HH Z 4 a 18 ... K' Ha BeflH4HHy ~ 1 OWH6KH, 

YpoeeHb T04HOCTM 3KcnepMMeHTanbHWX T04eK He no3eonReT e 

HaCTOR~ee BpeMR M3Bne4b 3aBMCHMOCTb npMBeAeHHOrO Ce4eHMR OT 

3apRAa RApa. 0AHaKO 3aAa4a 3KCnepMMeHTaflbHOro MCCfleAOBaHMR 

3TOH 3aBHCHMOCTM MO»<eT 6b1Tb nocTaeneHa M peweHa. ,l\nR 3TOrO 

He06XOAI-1MO B nepey~ 04epeAb yeenM4MTb T04HOCTb H3MepeHMR Ha-

4aflbHbiX y4aCTKOB KpMBbiX U z =f(jr i) 1 4T06bl MO»<HO 6bin0 y4eCTb 

ABYX3neKTpOHHY~ MOHM3ai.IM~ renHenOA06HWX HOHOB M TeM CaMWM yee

nM4MTb T04HOCTb M3MepeHMR a lS -> K. 

.l\nR renMenOA06HbiX M APYrMX MOHOB ennOTb AO 6oponOA06HWX 

Ha6n~AaeTcR xopowee cornacMe 3KcnepHMeHTanbHbiX T04eK c Bbi4Mc

neHHbiMM no $OpMyne noT~a /21/3Ha4eHMRMM BeflM4MH a q-> + 
1 

M 3a

MeTHOe oTnM4Me oT pac4eToe C3nona1221• 3To 03Ha4aeT ,q 4TO AflR 

yKa3aHHbiX MOHOB B paccMaTpMeaeMOM 11HTepeane 3HeprM~ MOAenb 

nocneAOBaTeflbHO~ OAH03fleKTPOHHO~ MOHM3a~HM AOCTaT04HO T04HO 

OnMCWBaeT npouecc nepeXOAa HM3WMX 3apRAOBWX COCTORHMH B ewc

WJ.1e, Ho AflR MOHOB C 4MCflOM 3fleKTPOHOB B 060fl04Kax 6onee 5 Ha-

6n~AaeTCR CMCTeMaTH4eCKOe 0TflM4Me 3KCnepMMeHTanbHWX pe3ynbTa

TOB B CTOPOHY 6onbWI-1X 3Ha4eHMH 1 KOTOpoe MO»<eT 6b1Tb YMeHbWeHo 

y4eTOM BKnaAa ABYX3neKTpOHHOH MOHM3a~MM. 

4To KacaeTcR Kr M Xe , TO nony4eHHble 3KcnepMMeHTanbHo ee

nM4MHbl aq-... q+ 1 npeACTaBnRIOT HeKOTOPble Aei1cTBY~IJIMe 3Ha4eHMR, 

KOTOpble npaBHflb_!:IO OnHCbiBa~T AHHaMMKY ABM»<eHHR HaH6onee BepORT

HOro 3Ha4eHMR q BAOflb OCH j T j B npo~ecce MOHM3a~MM. 3Ti-1 3Ha-

4eHMR MoryT Mcnonb30BaTbCR AflR pa3flM4HOro POAa Ol.leHOK Heo6XOAM

MbiX 3Ha4eHHI:\ $aKTopa f.10HH3a~MI-1 ANI nony4e.HMR HOHOB COOTBeT

CTBY~IJIMX 3aPRAHOCTe~. 

B cny4ae o6pa6oTKH KapTHHbl 33P MOHOB Ar e6nM3M q = 8 Mbl 

npMMeHMflH MOAeflb ABYX3neKTpOHHOH HOHM3a~HM, 4TO Aano B03MO»<HOCTb 
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1.1a111-1Cb rpa$1-1KJ.1 3aBJ.1CJ.1MOCTJ.1 CPeAHei1 3aPRAHOCTJ.1 J.10HOB q OT $aK

TOpa jr1• 

2 

2 

11! 
6 

1 4 

~2 

20 .JO 1,() 

P1-1c.11. 3Kcnepi-1MeHTanbH~e seni-1-

I.IHH~ 3¢$eKTJ.1BH~X 3Hal.leHJ.1i1 

Ecn1-1 C41-1TaTb ycnos1.1eM yse-

nl-14eHI-1fl cpeAHe~ 3aPfiAHOCTJ.1 

J.10Ha Ha 6AJ.1HI-1~Y COOTHOWe

HI-16 a- - (/\j T i) = 1 , 
q-+ q + 1 

03Ha4a~~ee eAHHI-14HY~ sepo-

fiTHOCTb CTOnKHOBeHI-1fl sneK

TpOHa .C J.10HOM npl-1 3¢$eK

TJ.1BHOM nonepe4HOM C646HJ.1J.1 

a q-+q+ 1 Anfl I-10HOB Kr I • -Ee= 

=8,5 K3BI 1-1 Xe IO-E 8 = 8,5KsB, 

A - E = 18 KsBI pa3ni-14Hb1X 
e v -

a q-+ q + l , TO 1-13 TaKJ.1X 

rpa$1-1KOB nerKo nony1.11-1Tb 

3aBJ.1CJ.1MOCTJ.1 a q 4 q + l OT q. 

Pe3yilbTaTbl Ailfl Kr 1-1 Xe 

npeACTasneH~ Ha p1-1c.11. 

KoHe4Ho, np1-1 TaKOM noAXOAe 

B 3Ha4J.1TenbHO~ Mepe TepR

~TCfl HeperyilflpHOCTI-1, CBfl-

3aHHbl6 c Han1-1•meM o6ono4eK. 

KpoMe Taro, nonyl.leHH~e 

3Ha4eHJ.1fl 3$$eKTJ.1~H~X Cel.le

HI-1~ J.10HJ.13a~J.1J.1 HeCyT B ce6e 

HBT04HOCTJ.1, CBfl3aHH~e C 

HenOilHOTO~ MOAenl-1 J.10HJ.13a

~HJ.1. TeM He MeHee 3Ha4eHHfl 

o q-+ q + l AJlfl CTOilb 6onb

woro 4HCJla B~COK03apf!AH~X 

J.10HOB Kr H Xe nony4eHbl 

3KCnep!.1MeHTaJlbHO H MOryT 

npeACTasnRTb onpeAeneHHY~ 

~eHHOCTb B nepBy~ 04epeAb 

AJlfl AanbHei1wero pa3BHTHR 

pa60T no HOHH3a~HH, 

3apflAHOCTel-1 q • 

3. AHAnH3 PE3YnbTATOB, 

CPABHEHHE C TEOPHE~ 
HHTepecHo cpaBHHTb nonyt.~eHH~e 

HaMH 3KCnep!.1MeHTanbHbl6 KPI-IB~e 

3HepreTH4eCKHX 3aBI-1CHMOCTei1 ce-

46HH~ HOHH3a~HH BOAOPOAOnOA06HbiX HOHOB C, N, 0, Ne 1-1 Ar C 

TeopeTH4eCKHMH, Ha~AeHH~MH MeTOAOM KSO ' 20 's paMKax 3aBHCHMOCTH 

Z 4 
a 18 ... K = f(E e I I) , rAe I - noTeH~Han HOHH3a~J.1H BOAOPOAo

nOA06Horo HOHa H3 COCTOfiHHfl lS , Z - 3aPRA fiApa. 

Ha pHc. 12 cnnowHo~ JlHHHe~ noKa3aHbl pe3yllbTaT~ pac4eTa Me

TOAOM KSO AJlf! Z =128. 3AeCb )l<e HaHeceHbl see nonyl.leHH~e B AaH

HO~ pa60Te 3KCnepHMeHTaJlbHbl6 TOI.IKI-1 Cel.leHH~ 18 -+ K -nepeXOAOB 

AJlfl BOAOPOAOno.,c(o6HbiX J.10HOB yKa3aHHbiX 3JleMeHTOB. BHAHO, 't.~To 

HMeeTCfl Hennoxoe KOnl-14ecTseHHOe cornac1.1e 3KcnepJ.1MeHTa 1-1 TeOPHH. 

12 
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P1.1c. 12. 3aBHCJ.1MOCTb 

np!.1BeAeHHOrO Ce4eHJ.1fl 

J.10HH3a~J.1J.1 BOAOPOAO

nOA06HbiX J.10HOB OT 

3Hepri-1H 3Jl6KTPOHOB: 

0 - C 5+ , • - N6+ , 
!\ :.. 0 7+ , A -· Ne~ 
o - Ar 1 7+, 1--/ -

-pacl.leT 1201 Anfl Z = 128. 

Ho Ha6n~AaeTCfl H He

KOTopoe cpeAHee Anfl 

scero MaccHea SKcne

PHMeHTanbHbiX TOI.IeK OTKJlOH6HHe B CTOpOHy 60nbWHX 3Ha4eHH~ BeJlJ.1-

4HH Z 4 a lS-+ K' Ha senHI.IHHy ~ 1 OWH6KH. 

YposeHb T04HOCTH SKcnepHMeHTanbH~x TOI.IeK He no3sonReT e 

HaCTOfl~ee BpeMfl H3BJle4b 3aBJ.1CJ.1MOCTb npHB6A6HHOrO Cel.leHJ.1fl OT 

3apRAa flApa. 0AHaKO 3aAal.la 3KCnepHMeHTanbHOro HCCJleAOBaHHfl 

3TO~ 3aBJ.1CHMOCTH M0)1<6T 6b1Tb nocTaBJleHa J.1 P6W6Ha. ,/J,nf! 3TOrO 

He06XOAJ.1MO B n6pBy~ 04epeAb YB611J.14J.1Tb T04HOCTb H3MepeHJ.1fl Ha-

4aJlbHbiX yl.laCTKOB KPI-1BbiX n z =f(jr 1) , 4T06bl MO)I<HO 6bin0 yl.leCTb 

ABYX3n6KTpOHHY~ HOHJ.13a~H~ reJll-1enoA06HbiX J.10HOB J.1 TeM CaMbiM yse

IlH 4HT b T04HOCT b H3M6peHHfl a 18 -+ K · 

,/J,nR r6IlJ.1enoA06HbiX H APYrl-1x J.10HOB snnoTb AO 6oponOA06HbiX 

Ha6n~Aa6TCfl xopow6e cornacH6 3Kcnepi-1MeHTaJlbHbiX TOI.IeK c Bbi4Hc

Jl6HHbiMH no (f>OpMyn6 noT~a /21/3Ha46HHflMJ.1 B6Jli-14HH a q-+q+ 
1 

J.1 3a

M6TH06 aTili-14He oT pac46Tos Csnona 122Z 3To 03Ha4aeT, 4To Allfl 

yKa3aHHbiX J.10HOB B paccMaTpi-1Ba6MOM I'!HTepsane 3HeprHi1 MOAenb 

nOCJl6AOBaT6nbHO~ OAH03n6KTpOHHO~ HOHJ.13a~J.1H AOCTaTOI.IHO T04HO 

OnJ.1CbiBa6T npo~ecc nepeXOAa HH3WJ.1X 3apRAOBbiX COCTOfiHH~ B BbiC

WI-16. Ho AJlfl J.10HOB C 4HCJ10M 3n6KTPOHOB B 060Jl04Kax 6onee 5 Ha-

6n~AaeTCfl CJ.1CT6MaTJ.14eCKOe OTnl-141-16 3KCn6pJ.1MeHTanbHbiX pe3yJlbTa

TOB B CTOPOHY 60JlbWJ.1X 3Ha46HH~, KOTOpOe MO)I<6T 6~Tb yMeHbWeHO 

yl.leTOM BKilaAa ABYX3JleKTpOHHO~ HOHJ.13a~J.1J.1. 

4To KacaeTcfl Kr 1-1 Xe , TO nony4eHHbl6 3Kcn6pHM6HTanbHO se

Jli-141-1Hbl a~ q+ 1 npeACTaBnfiiOT H6KOTOPbl6 A6i1CTBY~~He 3Ha46HJ.1fl, 

KOTOpble npaBHnb_!:IO Onl-1Cb1Ba~T AJ.1HaMHKY -ABH)I<eHJ.1fl HaH6onee B6POflT

HOro 3Ha4eHJ.1fl q BAOJlb OCI-1 j T i B npo~6CCe J.10HJ.13a~HH. 3TJ.1 3Ha-

4eHHfl MoryT J.1cnonb30BaTbCfl Ailfl pa3nH4HOro POAa o~eHOK Heo6XOAJ.1-

MbiX 3Ha4eHJ.1~ (f>aKTOpa J.10HJ.13a~HJ.1 Anfl nonyl.leHHfl HOHOB COOTBeT

CTBYIO~J.1X 3apflAHOCTei1. 

B cny1.1ae o6pa6oTKJ.1 KapTHHbl 33P J.10HOB Ar e6ni-13H q = 8 Mbl 

npJ.1MeHHJlJ.1 MOA6nb ABYX3neKTpOHHO~ HOHH3a~J.11-1, I.ITO Aano B03MO)I<HOCTb 
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nony41-1Tb TaK>Ke 3Ha4eHJ.-tfl a 4 ... 6 , a 5 _, 7 , a 6 ... 8 • 3To OKaaanocb 
B03MO>KH~M npl-1 H~HeWHeM ypOBHe T04HOCTJ.1 J.13MepeHJ.-ti1 J.13-3a OTHOCJ.-t
TeJlbHO 6oJlbWOIO BKJlaAa B€p0flTHOCTJ.1 B03HJ.1KHOBeHJ.1fl BaKaHCJ.1i1 B 
L -o6ono4Ke s ce4eHJ.-te J.-tOHJ.-t3al\J.-tl-1 Ar 4+, Ar 5+ 1-1 Ar 6+. Ho AJlfl 

CJ.1CTeMaTJ.-t4eCKOIO J.13y4eHJ.1fl MHOI03JleKTpOHHOA J.10HJ.13al\J.11-1 Heo6xo
AJ.1MO ysenJ.14eHJ.1€ T04HOCTJ.1 np~-1 nony4eHJ.1J.1 3KcnepJ.1M€HTaJlbH~X Kap
TJ.1H 33P 1-1 aBTOMaTJ.-t3al\J.-tl-1 npo1.1ecca J.13MepeHJ.-tfl. 0AHaKo y>Ke ceA4ac 
Mbl MO>K€M OTM€TJ.1Tb, 4TO B6JlJ.13J.1 60JlbWJ.1X 060Jl04eK peaJlJ.13yeTCfl 
CJ.1TYal\J.1fl, npl-1 KOTOpoA aq-+q+'1 MO>KeT OKa3aTbCfl MeHbWe, 4eM 
aq+l-+q+ 2 , 1-1 Aa)f(e MeHbwe, 4eM a q-+q+ 2 • 06bRCHeHJ.-te 3TOMy RB-
neHI-110 MO>KeT 6btT b AaHo B cny4ae cnpaseAni-1BOCTI1 MOAenl1 C3nona 1231, 

yKaaaswero, 4To YAaneHI1e 3neKTPOHa 1-13 L-o6on04KJ.1 s KOHTI-1HYYM 
np11 BOAJ.1T C 6on bWOA BepOflTHOCT biO K Bb15pocy €11.!€ OAHOIO 3JleKTpOHa, 
ecn11 1-1x B M o6ono4Ke 2 11111-1 6onee. Ha p1-1c. 10 AaHbl Bbi41-1CJleHHble 
no ()JOpMyne noTI.\a J.1 11CnpaBJl€HHble C y4eTOM cnpaBeAJ1J.1BOCTH MOAe-
1111 C3nona B€1111411 Hbl a ... q + 1 I cnnowHafl 111-1 Hl1fl/ 11 a q... + 

2 
/npepbiBI1cTaR Jli-1HJ.-tfl/. CneAyeT oi"MeTJ.-tTb AOCTaT04HO xopo~ee cor
nacJ.-te ~Kcnepi1MeHTa 11 pac4eTa. B pac4eTe He Y4TeH asTOI10HJ.13a-
l\I-10HH~A npo4ecc np~-1 soa5y)f(AeHJ.-tl-1 L -3neKTpoHoe. 

B aaKJ1ro4eHJ.-te asTOPbl C41-1TaiOT CBOJ.-tM npi1RTH~M AOJliOM no6naro
AapJ.-tTb B.r.AYAHJ.-tKosa, B.B.CanbHJ.-tKosa 1-1 A.n.Cycnosa sa y4aCTJ.-te 
B noAI010BKe 1-1 nposeAeH111-1 I-13MepeHI1A, a TaK)f(e C.B.KapTawosa aa 
y4aCTJ.-te s o5pa5oTKe 3Kcnepi1MeHTaJlbHoro MaTepJ.-tana. 
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TEMATWIECKHE KATErOPHH flYBJIHKAUHA 

OBnE~EHHOrO HHCTHTYTA ~PHYX 
HCCJIE,nOBAHHA 

HH.zleKC TeMBTJIJta 

1. 3KcnepHMeHTanbHaR ¢H3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaR ¢M3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTpOHHaR ~3HKa 

4. TeopeTH4ecKaR ¢M3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. ~AepHaR cneKTpOCKOnHR H paAHOXHMHR 

7. ¢M3HKa TR*enwx HOHOB 

8. KpHoreHHKa 

9. YcKopHTenH 

10. AaToMaTH3a~HR o6pa6oTKH 3KcnepHMeHTanbHWX 
AaHHwx 

11. Bw4HCnHTenbHaR MaTeMaTHKa H TexHHKa 

12. XHMHR 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

1~. HccneAOBaHHR TBePAWX Ten H *HAKOCTeH 
RAePHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaR ¢M3HKa RAepHwx peaK~HH 
npH HH3KHX 3HeprHRX 

16. ~03HMeTpHR H ¢M3HKa 3a~TW 

17. TeopHR KOHAeHCHpOBaHHOrO COCTORHHR 

18. Hcnonb3oaaHHe pe3ynbTaToa H MeTOAOB 
~YHAaMeHTanbHWX $H3H4eCKHX HCcneAOBaHHH 
B CMe*HWX 06naCTRX HayKH H TeXHHKH 


