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l.BBC,D;CHHC 

cospeMeaa~e cosrra,o;aTenLH~e 3KcrrepHMCHT~, onpe,o;enxDWHe TpoHHHe 

,lJ;H~epeH~HaRbH~e CC~CHHX (T~C) HOHH3a~HH aTOMOB y,o;apOM 6~CTp~X 

3ReKTpOHOB, p;a~ B03MO~OCTb OCymeCTBHTb ,lJ;CTaRbHyn UpOBCpKy TeOpHH 

H HCCRC,lJ;OBaTL MeXaHH3M rrpOQCCCa HOHH3aQRH( l). BMCCTe C TCM. (e_,.Ze) 

peaKQHH cny~aT MOmHYM CpC,D;CTBOM p;ng UOny~CHHX HH~pMaQRH o6 
3ReKTpOHHOH CTpyKType aTOMa-MHmCHH(Z) H, B TOM 'IHCne, p;ng H3Y'ICHHX 

XapaKTepHCTHK aBTOHOHH3aQHOHHHX pe30HaHCOB [J, 4 J. 

T.li;C (e,2e) peaK~HH xapaKTCpH3YlYr Mepy BCpOXTHOCTH TOrO, 'ITO 

npH CTORKHOBeHtUf nap;aKJIIIero 3RCKTpOHa 3Hepnm E
0 

H HMIIYRLCa kO C 

MHWCHbKl 06pa3ylYTCX ,D;Ba 3RCKTpOHa C 3HeprHXMH Ea,Eb H HMIIYRbCaMH 

ka, kb' KOTOp~e Hcrrycxamcx B TenecHHe yrRN dna H d~ [pHc.1]. 

Q 
z 

PHc.1. K0 H Ka-Ha'lanLHHH H KOHC'IH~ HMIIYRLC~ nponeTaKJIIIero 

3ReKTpOHa. Kb- HMTIYRLC 3~eKTHpyeMOrO 3RCKTpOHa. 

Q = K0_- Ka -nepe,o;aHHl>lli: HMIIynLC • 8aH Elb- yrn~ paCCCltHHX H J)ICCKQRH 

COOTB~TCTBCHHO. 

06hl'fHO paCCMaTpHBaCTCX peaKQIU B KOMnnaHapHOH reOMCTpH·H, KOrp;a 

perHCTpHpye~e Ha COBITa,D;CHHC paCCCXHHHH H B~6HTYH 3RCKTpOHH HaXO

,lJ;XTCX B O~OH niTOCKOCTH paCCCXHHX. 

8 (e,2e) peaKQHH KHHCMaTHKa npOQCCCa HOHH3aQHH IT0RHOCTLU ODpe

neneHa, Tax xax npH 3a;:x:aHHhiX 3HeprHH E0 H HMDYJILce k 0 na,o;aKJIIIero 

3ReKTpOHa JHeprHH paCCCXHHOrO (Ea) H 3)1CCKTHpYCMOrO (Eb) 

3JieKTpOHOB, a TaK)ICC HarrpaBRCHHX HX HMIIYRLCOB CTpOrO $HKCHpOBaHbl 

ycnOBHXMH JKCrrepHMCHTa. ITO KHHCMaTH'ICCKHM ycnOBHXM {e,2e) peaKQHH 

,Il;CJIXTCX Ha CHMMCTpH'-IHLIC K ac~eTpH'IHHC. PeaKQHH CMMMCTpH'IHOJi: 

rCOMeTpHH COOTBCTCTBYnT Cnep;y~ ycJIOBHXM Ha 3HCprHH H yr~: 

Ea: Eb, ea: eb. B acHMMeTp~awx {e,2e) peaxnHax 6~cTpwe pacce~H~e 

3JICKTpOHH nona,o;aDT rrpeHMytQCCTBCHHO BHYTPL y3xoro xoayca eoxpyr 

HarrpasneHHx rra,IJ;aklUlero ny11xa, a Me.wteKHE>le J:!CeKTHpyeME.~:e JnexTpOm.l 

(Ebc: Ea) BbiXO.IJ;XT ITO)]; 60JtblliJIMH yrJiaMH K na,IJ;aiOOlCM)' IIY'-IKY lt HMe»T 

.I(Ba DHKa B yrnOBOM pae>apC,Il;CJICHHH. 0AJIH Jf3 IDHCOB Ha3blBaJOT 

KBa3HynpyrHM, OH o6yCJIOBJICH npxMWM B3aMMO.I(CiCTBHCM na~~erO 
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3nexrpoua c aroMH~H H uanpaBneu npHMepuo B~Onh nepe~auuoro 

HMilYJibCa Q. JlpyroH: IIHK_, HanpaBJieuHblH flpOTHSOIIOJIOJI(HO BeKTOpy Q, 

Ha3blBaiOT ITHKOM OT~aqH, OH Onpe~eJI.IIeTC.II B3aHMO~eH:CTBHeM~Me,!UieHHOrO 

xcnymeuuoro 3nexrpoua c ocraroqublM HOHOM. 

60JibiiiHHC.TBO 3KCIIepHMeHTOB no aCHMMeTpHqHblM ( e, 2e) peaKQHBM 

npose.ueHbl ua aroMax so~opo.ua [ 5 ' 6 
J , aroMax renHsr [ 7 - 1 1 J H ~pyrux 

6naropO~HblX ra30B[ 1
ZJ. 8 HHX HCCJie~OBaHbl (e,Ze) peaKQHH IIpH 

cpasnHTeJibHO 60JibWHX 3HeprH.IIX nap;amero 3JieKrpoua coTHH 38 H 

MaJihlx 3HaqeuHsx nepe~auuoro HMnynbca E 1 1. OTMerHM, 'ITO npH 
85%) BDICOKHX 3HeprH.IIX na~amero 3nexrpoua 

HOHH3aQHOHHblX C06DITHH: npOHCXO,Il;HT [ lJ] B 

MaiTblM nepe.uauHblM HMIIYJibCOM o~ 1 

Teoper~P~ecxoe paccMorpeuue 

60JibWaSI 

a. e. ) . 

(< 

CTOJIKHOBeHHH c 

(e,ze) 

npOBO,Il;HJJOCb B paMKax IIepsoro 50pHOBCKOrO IIpH6JI~eHHSI 

peaKQHH 

(IIGD) c 
HCIIOJib30BaHHeM pa3JIH'IHblX IIpH6JI~eHHH )UI.II BOJIHOBblX $yHKQHH 

3~eKTHpyeMoro 3JieKrpouaE 1 • 14
• 15 1. npH 3TOM orMe'lanocb pacxo~euue 

3KCIIepHMeuraJibHblX .n;aHHblX H TeopeTHqecKHX OQeHOK T,llC &CHMMeTpHqHblX 

pe&KQHH:[l,gJ. UHJJHH,UpH'IeCKaB CHMMeTpHSI, IIpe~CKa3blBaeMa.ll lllill )UIH 

KBa3HyiipyrOrO IIHKa H IIHKa OT~&'IH T,llC OTHOCHTeJibHO OCH-BeKTOpa 

nepe.n;auuoro HMrrynbca Q, s 3KCIIepHMeuraJibHblX .nauuyx[IO,Il] ue 

Ha6JDJJJ:&eTC.II, 3TH IIHKH, KaK npaBHJIO, CMemeHbl OT OCH Q B CTOpOHy 

60JibmHX yrJIOB 3*eKQHH. llpH 3TOM H3MepeHHblH KB&3HyiipyrHH IIHK HMeer 

a TIHK 

OTHOWeHinO K npe,UCKa3aHHHM B lll>ll. 8 

Jasymeuuble 3Ha'leHHSI no 
psr.ue paGor[5, 14, 16, 17] 

IIpe,!UIO~eHbl MO~H$HKaQHH 060 H IIpO,neMOHCTpHpOBaHa Ba*UOCTb yqera 

3$$eKTOB MHOrOKpaTHOrO paCCe.IIHHSI[ 5 ,l 4 , 16 ] H B3&HMO,UeHCTBHSI B 

KOHe'IHblX COCTO.IIHH.IIX[ 1?). BMeCTe C TeM 6blJIO IIOKa3aHO[l 8 ,l 9 ] 1 qro 

IIpH swcoKHX 3HeprHHX na.o:aomero 3nexrpoua (8 K3B ) 

H BKJia,U BblCWHX IIOpK,UKOB npeue6pe*HMO MaJihl. 

PacqerY, 

npH 3HeprHH 

npose.n;euHHe )UIH pacceHHHH 

600 38[! 6 ), yKa3YBaiOT Ha 

3nexrpouos ua aroMe 

TO, 'ITO o6o6meuuas 

renHH 

CHJia 

OCQHJlJI.IITOpa &CHMMeTpH'IHOH (e,2e) peaKQHH O'leHb 'IYBCTBHTeJibHa K 

Bbl6opy BOJIHOBblX $yHKQHH MHWeHH, OC06eHHO K yqeTy KOppeJI.IIQHH 

3JieKTpOHOB MHWeHH KaK B uaqaJibHOM, TaK H B KOHe'IHOM COCTO.IIHH.IIX. 

KpHTH'IeCKHH auaJIH3 ( 20 ) pe3yJibTaTOB 3KCIIepHMeuranbHbiX H 

TeopeTH'IeCKHX HCCne.o:osaulfH[l0, 2 lJ, IIpOsepeHHbiX IIpH BblCOKHX 

(8 K3B)3HeprH.IIX Ha aTOMe reJIH.II H Bbi3BaBWHX COMHeHHe B IIpHMeHHMOCTH 

B 3TOM CJiyqae IIBU, npHBeJI K BNBO,Uy 0 He06XO,Il;HMOCTH .rt;aJibHeH:wero 

4Jopcuposanmf TO'IHblX 3KcnepHMenros, c reM, 'IT06bl .ueranbHO 

IIposepHTb cymecrsyDmHe MO,D;eJIH. 8 3TOM OTHOWeHHH 

60JibWOH HHTepec IIpe.n;cTaBJI.II~ nposeneH~e He.rt;QBHO noMaMOM-IieHHaHH H 

.UP.( 22 , 23 ) npeQH3HOHHble 3KCnepHMeHTbl nO aCHMMeTplPIHOH: ( e, 2e) peaKQHH 
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ua aToMe renHH ~nH 6onbWHX 3HeprnH na~anwero 3JleKTpoua npn seCbMa 

y3KHX ycnOBHHX KHHeMaTHKH peaKQHH. Enaro~apH TIOBbUJleHm> TOlfHOCTH 

y~anocb 

ua 30%), 

nonylfHTb B TIHKe 

no cpasueHHI) c 

3KCnepHMeHTa ~0 6-7% ) , 3THM 3BTOpaM 

OT.n;aqn JHalfJf.TenbHO JamflKeHHble (npnMepuo 

paHHHMH H3MepeHHHMH ( l O) , ~aHHl:ie, H BbUIBHTb C~eTpHK> T.llC TIO 

nepe,nauuoro MMnynbca Q. HapH~Y c 3THM 6blTlo 

3HeprHHX 4 H 8 K3B T.ll0C0 H T.llC CT3HOBIITCJI 

OTHOWeHHKl 

noxaJaHO, 

K BeKTopy 

lfTO npH 

He13BHCHI\1blMH OT 3HeprHH na~anwero H HX 

3KcnepnMeHT3JlbHble JHalfeHHH cosna~aiOT Me~y co6oM. Eonee Toro, 

3KCTiepHMeHTaJtbHble 3H3lfeHHH 3THX BeJIHlfHH XOpOWO OTIHCblB3K>TCJI(ZZ) 

paclfeTaMH 8 OED. 3TO 03Half3eT, 'ITO OED MO~O ~pHMeHJITb ~JI 

paClfeTOB (e, 2e) peaKUHI:f npH BbiCOKHX 3HeprHHX, r~e Jcj;xpeKTbl BblCWHX 

nopH.nKos rrpeue6pe)KHMO MaJtbl. OpH 3TOM C'lHTaeTCH, lfTO HMenruHeCH 

B 3TH ycnOBHHX 

o6ycnosneHbl CKOpee Hea,c;eKBaTHOCTbiO npe~CTasneHHH BOJtHOBblX lfiYHKUHH 

3TOMa-MHWeHH. B 3TOH CBH3H OTMeTHM, 'ITO OITHCaHHe npeQH3HOHHblX 

,naHHblX, nonyt~eHHbiX noMaMOM- EeHHaHH H .np. (ZZJ, BOJMO)KHO c 

HCUOJlb30B3HHeM JlOCT3TOlfHO TOlfHbiX BOJlHOBbiX lflyHKLtHif aTOM3-MHWeHH B 

H3'l3JtbHOM H KOHe'lHOM COCTOHHHHX, y'lHTblBanruHX 6onee WHpOKHH cneKTp 

HCTIOJlbJyeMble )lJlH OllHC3HHH llOJIHblX 

CelfeHHH HOHH3aQHH. T3KHe TO'lHble $YHKUHH He06XO~HMbl H AJIH OTIHC3HHH 

npoQeCCOB HOHH33UHH aTOMa reJIHH 8 CJIY'l3HX, OTJIH'lHbiX OT YCJIOBHM 

npHMeHHMOCTH OED, B "lf3CTH0CTH, JI;JlH npose,u;eHHH HCCJte~OBaHHH TIO 

np.RI\1blM H pe30HaHCHbiM (e,2e) peaKUHHM Ha aTOMe renHII npH MaJlblX 

3HeprHHX. 

B A3HHOH pa60Te 06Cy~aeTCH BOnpoc 0 'lYBCTBHTeJibHOCTH T.ll0C0 H 

T;J;C aCHMMeTpH'IHOH (e,2e) peaKQHH K pa3JlHlfHbiM 

aTOMa-MHWeHH. Opose,neHbl paClfeTbl T.llOCO H T.llC AJIH 

B 3KCnepnMeHTe(ZZ) H36opos KHHeMaTH'leCKHX 

MOJI;eJIHM CTpyKTYPhl 

BCeX paCCMOTpeHHblX 

xapaKTepHCTHK C 

HCIIOJib30BaHHeM pa3JlH'lHblX MOJI;eneH CTpyKTypbl aTOMa renHH. .llaH 

KOMTIJieKCHblif auanHJ 

3KCllepHMeHT3JlbHbiX JI;aHHblX 

BCeX HMeOWHXCH TeopeTH'leCKHX H 

no acRMMeTpH"lfHOM (e,2e) peaKQHH ua · renHH 

B 06JiaCTH BblCOKHX 3uepn1H na~aDllHX 3JieKTpOHOB H MaJiblX 

Q ~ 1a.e. 3HalfeHHH nepe,u;aunoro HMnynbca. 

B HaWHX paC"lfeTax T.llC H T.llOCO JI;JIH Bbl6HTOrO 3JieKTpOHa 

HCTIOJib3083JIHCb peweHHH ypaBHeHHH Wpe,nnnrepa B KYJIOHOBCKOM, .. 
CTaTHlfeCKOM H CTaTHlfeCKOM C ylfeTOM 06MeHa TIOTeHQH3JiaX. B KalfeCTBe 

~YHKQHH H3lf3JibH0f0 

sapnaHTa[ 9 • 27 - 29 1, 
COCTOHHHH B3HTbl lfeTblpe 

B TOM lfHCJie ~YHK~HH 

p33JIH"lfH~X npH6JIH*eHHblX 

XHnnepaaca[ 29 l, rne 

YtJHTblB310TCH KOppeJIHQHH, 33BHCHU1He OT B33HMH0f0 

* B 3TOM cnylfae Mbl HCDOJ1b30B3JlH nporpaMMy H3 pa60Tbl(Z 4 ) 
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pacnono*eHHK 
))KCKTHpyeMOfO 

3JICKTpOHOB. llORRpH33UHOHHOe 

0CT3TOlfH~ HOHOM, 

B33HMOJI:et:fCTBJ.te 

xoropoe MOJKeT c 
0K338TbCS 3aMeTHblM rrpH HH3KHX 3HeprHKX 3JKCKUHH'," npH 3TOM HC 

YlfHTbi:B3JJOCb. 

Pa6ora nocrpoeua cneJI:ynwHM o6pa3oM. Bo sropoM paJJI:ene HJJIOJKeu 
$QpM3JJH3M, HITOJib3 yeMLrJi: ,ll:JUI OITHC3HHJI HOHH33IU·Bf arOMa 6biCTpb1MH 

3JJCKTpOH3MH B DEll, npHBOJUITCH Bblpa'KemfJI JI.JHI TllOCQ H-·· TllC. 8 

TpCTbCM pa3Jl.CJIC OITHCbiB3CTCH npoueJI:ypa BbllfHCJieHHt:f, npOBOJI:HTCH 

T3K)KC Cp3BHCHHC H3WHX pe3yJibT3TOB C )l3HbiMH H3 pa60Tbf( IS) H HX 

oGcy*.D,eHHe. 
B pa60Te BC3JI:e HCD0Jlh3Y~CK 3TOMHbfe CJI:HHHQbl. 

2. CetfCHHH H 0606WCHHble CHJibl OCUHJIJIKTOpa 

a. TpoHuoe JI:H~epeuuuan&Hoe ceqeuue JI:JIK (e,Ze) peaxuuu s nsn 
MO~O npeJI:CTaBHTb B BHJI:C: 

(1) 

Jaecb aMnJIHTyJI:a nepexoJI:a 

iQr 
Tfi=- 2/Q2 <J~-) I r: e a I<~>> , (2) 

b cx=l,Z 0 

rJ.te senH'fHHbl k.
0 ,ka,kb H Q onpeJ.teneHhl so aseJ.teHHH (pHc.l). B nocneJ.t-

BOJTHOB&MH $yHKQHKMH 

COCTOKHHKX. 6b1Tb 

opTOrOHB..!IbHhlMH, TaK KaK, aoo6we fOBOpB, OHH BBJIKI)TCB pemeHHBMH 

OJ.(HOfO H T0f0 *e ypaBHeHHB WpeJ.(HHrepa: 

<<t> c- > I <~> > = o. 
kb 0 

(3) 

Y'fHTbiBaB TO~eCTBeHHOCTb 3JieKTpOHOB MHmeHH, npeJ.(CTaBHM BOJIHOByD 

$yHKUH0 aTOMa 8 KOHe'fHOM COCTOBHHH B BHJ.(e: 

¢>~-) (rl ,rz) 
b 

noJ.tCTaBJTBB (4) B ( 2) 

'- (-) = 1/"'~2 {<t> 1 s(r 1 )~~ (r 2 ) + (1 ~ 2)}. (4) 

u C'fHTaB opToroHaJibHOH BOJIHOBYD WYHKUH~ 

gneKTpOHa B OCHOBHOM COCTOHHHH OCTaToqHOrO HOHa K ~HKUHH Bbl6HTOro 

gneKTpOHa, MOEHO TIPHBeCTH B~aEeHHH (2) K BHJ.(Y 

Tfi= -zV2;Q2 <1/J~:)(rll e iQr1<<~> 1scr'JI<P0 { r,r )>>. (5) 

ECJIH <l>
0

(r,r
1

)= ~0 (r)~0 (r
1

), TO nepeKphlTHe $YHKQHH B (5) paBHO 
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no cWepu~eCKHM rapMOHHKaM 

r~e jL- WYHKUHH EeccenH H o 1 - Wa3a pacceHHHH. 

B Ka~eCTBe Ue 1 B HaCTOHWeH pa60Te HCU0flb3Y~CH pemeHHH 

pa~HanbHOro ypasHeHHH wpe~HHrepa cne~ynwero BH~a: 

(6) 

2 2 2 2 eo • 1 ' 
d /dr + k -1(1+1)/r -V{r) )Uc 1-J dr W(r,r )Ucl (r )=0 , (8) 

0 
r~e V(r)H W(r,r')-nOKanoHNH H HeROKaJibHNH ITOTeHUHaJIN B3aHMO~eHCTBHH 
BN6HTOro 3JieKTpOHa C HOHOM. Tipu 60flbWHX r $yHKUHK Ucl 

Y~OBReTBOpHeT aCHMITTOTH~eCKOMY YCJIOBH~ 

uc 1 -+ 4II/kr Sin{kbr - 1II/2 + o 1 >. 
TIO~CTaBJIHH (6) H (7) B $QpMyny (5) C y~eTOM YCflOBHH (3), ITOny~aeM 

Tfi ~ - 2 <2;Q
2 E tL(~,QlPL(coseb) 

L 
(9) 

r~e OCb Z BN6paHa B~OJlb BeKT,Opa nepe~aHHOro HMIIYJibCa Q, PL(COSSb)

TIOJIHHOM ne*aH~pa, eb-yro11 Me~y HanpasneaueM seKTOpa k b" oco» z. 

(10) 

rJ>e 
• 

Ie:L(Q) = 1/4II J dr ue:L(r)jL(Qr)<~P18 (r) I~P0 (r,r'>>. (11) 
0 

0TMeTHM, ~TO $yHKUHK ~~-) B BNpa~eHHH (5), a CJie~OBaTeJibHO, H UE:L B 

( 11 ), ~OJI:KHN 6NTb BN6paHN TaK, ~T06N BbliiOJIHHJIOCb YCJIOBHe OpTOfO

HanLHOCTH (3). 

6. .llBOHHas ~Hcp¢1epeHU~IaJibHaH OCO (.U:.U:OCO) CBH3aHa c ~BOHHNM 

~Hcp¢1epeHUHaJibHNM ce~eHHeM HOHH3aUHH CJienynmHM COOTHOWeHHeM: 

f( 2 ) (Q,E) = Kof2KaE .,-( 2 ), (12) 

r~e u< 2 l= d 2ujdOdE - ~soHHoe ~Hcp¢1epeHUHanbHOe ce~eHHe. B npe~ene 
Q -+ 0 JlllOCO B ( 12) 

OCITHJIJIHTOpa f ( 25 • 26 ]. 0 • 

CTpeMHTCH K OITTH~CCKOH (,rviiTOflbHOH) CHJie 

f0 (E)~ Lim f( 2 ) (Q,E)= f(Z) (E)_ 
Q ... 0 
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AHanOrH'IHO COOTHOWCHHI) (12) MO~O onpe.n;enHTh 

(UOCO) ' cHny oc~HnnsTopa 

(3) - 2 2 (3) f (Q,Eb,Bb) - K j2KaE Q u (Ba,Eb,Bb), (13) 

r.n;e u< 3 > (Ba,E,Bb) = d 3u;dEdOadnb - Tpo:Huoe .n;H~epeHQHanhHoe cetfe

HHe HOHH3aQHH, E=E
0

-Ea=E
8

+1 TIOTCpH 3HeprHH nponeTaUWHM 

3ReKTpOHOM, 1-IIOTeHQHall HOHH3aQHH aTOMa renHJL 8 rrepBOM 

6 6 
(3) OpHOBCKOM npH RH*CHHH BCllH'IHHa f (Q,Eb,Bb) He 3aBHCHT OT 

3HeprHH rra.n;aQWCrO 3JleKTpOHa EO ~H ~HKCHpOBaHH~X 3Ha'ICHHH Q,Eb H 

eb. KpoMe Taro, B npe.n;ene Man~x nepe.n;aHH~x HMnyn~>coB (Q -+ O) 

TROCO KaK B KBa3HyrrpyrOM (Bb=O) IIHKe, TaK H B IIHKe OT,D;a'IH (9b=TI), 

CTpCMHTCH K O.n;HOMY H TOMY )Ke npe.n;eny, nponop~HOHallhHOMY OIITH'IeCKOH 

CHne OCQHnRHTOpa f(lOJ, T.e: 
0 

lim f(
3

\Q,Eb' 0) ~ lim f(
3

) (Q,Eb' II) 
Q -+ 0 Q -+ 0 

3j4TI f 0 (El. (14). 

3. npoQe.n;ypa B~HCReHHH H pe3yllbTaTY 

8 pa60Te BW'IHCneH~ TROCO B KBaJHynpyroM IIHKe H IIHKC OT.D;a'IH, a 

TaK)KC TRC C BCIIOJlh30BaHHCM pa3JlH'IH~X npH6nH*eHHH ~.II BORHOB~X 

lj;lyHKQIDf Ha'lallbHOTO H KOHC'IHOrO COCTOHHHH 1p
0 

H ~K • Pa.n;HanhH~e 
b 

lj;lyHKQHH U£l ~H 3)KeKTBpyeMOrO 3RCKTpOHa IIOllY'IeHY nyTeM 'IHCJleHHOTO 

HHTerpnpoBaHHH .o;H¢ldlepeHQHam,uoro ypasueHHH B cny'lae cTaTH'Iecxoro 

IIOTeHQHana, H HHTerpOJJ:Hij;l$epeHQHallbHOTO ypaBHeHHH, KOr~a .D;BK*eHHe 

3JleKTp0Ha paCCMaTpHBaCTCH B HellOKallbHOM TIOTCHQHane C y'leTQM 

o6MeHa. Haps.n;y c 3THM HCIIOllbJOBaHa H KynoaoscKas IPYHKQH.Il. B 

KOHe'IHOM COCTOHHHH B3HTa HeB03MymeHHaH qJyHKQH.Il OCHOBHOrO 

COCTOHHHH OCTaTO'IHOTO HOHa renHH. RnH 3THX qJyHKQHH BBe,D;eM 

0603Ha'leHHSI S,SE,C H U COOTBeTCTBeHHO. Pac'leT~ rrpoBe.n;eH~ c 4 

pa3JlH'IHblMH Ha'laRbHblMH BOllHOBblMH qJyHKD;HHMH : npocTOH BapHaQHOHHOH 

qJyaK:une:H[ 27 ), O.n;HOKOH$Hrypau:noaao:H .o:so:Hao:H JeTa -4Jyaxu:ne:H[ 9 J, 
O.n;HOKOHqJHrypau;HOHHO:H pyTaH-xapTpe-WOKOBCKOH $yHKI.{HeH KllCMeHTH H 

PoeTTH(ZS] H wecTHnapaMeTpH'IecxoH $yHKQHeH XHnnepaaca[ 29 l. 
0603Ha'IHM 3TH qJyHKQHH SV,DZ,CR H 6H cooTBeTCTBeaao. 

KOM6HHaD;HH YIIOMHHYT~X BOJlHOB~X ~yHKQHH Ha'lallbHOTO H KOHC'IHOrO 

COCTOHHHH aTOMa MHWCHH npHBO,ll;HT K pa3JlH'IHLIM MO.z:temiM ,ll;llH OIIHCaHHH 

paccMaTpHsaeMoH HaMH acHMMeTpH'IHOH (e, 2e) peaKUHH. B .n;an&ueHmeM, 

Clle.n;ys TBHJJ:Y H naHrnOHCy(lSJ, BBC,ll;CM ~.II 3THX MO,ll;ene:H KOMTiaKTHYC 

o603Ha'leHHH. B 'IJaCTHOCTH, KOr.D;a B Ka'ICCTBe OCHOBHOrO COCTOHHHII 

aTOMa 6epeTCH $yHKQHH 6H, ~H OCTaTO'IHOrO HOHa IJ?YHKQHH U H ~~~ 

B~6HTOro 3neKTpoua SE, Mbl nonyqaeM Mo.n;enb 6H I U I SE. TaKHM *e 
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o5pa30M, KOMfiHHHpys CR,U H S $yHKUHH, nonyqHM CRjUjS MO~enb; y HaC 

T3KHX KOMfiHH3UHH 12 • 

BORHOB~e $yHKUHH aTOMa B KOHeqHOM COCTORHHH OpTOfOH3RH30B3H~ 

K $yHKUHH OCHOBHOfO COCTORHHR 3TOM3 renHR flO MeTO~y WM~Ta. 

B paC'IeTaX B 33BHCHMOCTJ.I OT BeJJHqHHbl 3HeprHH 3)KeKTHpyeMOfO 

3JleKTpoHa H nepe~aHHOfO HMnynhCa yqHT~B3RHCb OT 6 ~0 12 

napUH3JibH~X BOJlH. TQqHQCTb pacqeTOB KOHTpORHpOaanaCb U03T3UHO 

pa3H~H cnoco6aMH. qHcneHH~e JaaqeHHR Tnoco a MO~enH SVIUIC 

nposepsJIHCb aa coana~eaHe c pe3ynhTaTaMH pacqera no aaanHTnqeCKHM 

Bblpa)KeHHHM(JO). OpH 3TOM fibUIO ~OCTHrHyTO Coana~eHHe 4-5 JHaqaWHX 

UH$p, qTQ ~OCT3TO'IHO .D:JIR omt.C3HHR ~3HHblX 3KCnepHMeHT3. 8 CJly'lae 

DZIUIS Mo~e.llH npoae~eHo TaK)Ke cpaaHeHHe c .n:aaH~H pacqeTOB TBH~a 
H J13HfJIOHC3[ lSJ. 

2-7. 3aBHCHMOCTb TnOCO OT nepe~aHHOrO HMnYJlbC3 npH M3JlblX 3H3'1CHHHX 

3HeprHH 3)KeKUHH cpaBHHBaeTCH C COOTBeTCTBYDWHMH .ll:3HHYMH 

npe~bl,nylUHX 3BT0p0B[IS,ZZ,J 2 ] (CM.Ta6n.). 3HaqeHHH TnOCO B MO~CJIH 
DZIUIS H3 pa6oTbi[IS]H a aaweH DZIUIS OTJlHqaorcH aecbMa 

KOMfiHH3UHH VliUISEP 

Mo~eneH, HCUOJlb30B3HHblX B 

He3H3qHTeJlbHQ. 0pHBe~eHH3R B 

OUHCblBaeT 3KCUepHMeHT( 22 ] nyqwe 

pa6oTaxfl
8

•
22 J. B nocne~aeH MOJI.eJlH B KalfeCTBe Vl H SEP 

HCfl0Jlb30B3Hbl: MHOfOKOH$Hryp3UHOHH3H BapH3UHOHH3R $yHKUHH(lS~ B 

KOTOpoH KOppe.llHUHH 3JleKTpOHOB yqHTb183J13Cb nyTeM BKJI~tteHHH s 2 ,P2 ,d2 

H f
2 

TepMOB, H peweHHe ypaBHeHHH Wpe~HHrepa C UOTeHUH3JlOM, 

CO.Lt.ep)K3UJ.HM CT3THttecKy~, OfiMeHHY~ H U011HpH33UHOHHYIO KOMUOHeHTbl. 8 

T36J1Hll;e T3K)Ke npHBe)l.CHbl .ll:3HH~e H3 pafiOTbl n)KaKOfiCa(JZJ. 

MO.D:eJlH .ll:30T UOXO)KHe 33BHCHMOCTH T~OCO OT 

nepe~aHHOro HMUYJibCa. 8H.D:HO, 'ITO JHatteHHH T~OCO B MO,D,eJlHX 6HIUjS H 

VljUISEP fillH3KH, ocofieHHO 3TO OTHOCHTCH K KB33HynpyroMy UHKy. 

OpH 3HeprHH 3)KeKUHH 19,4 38 H nepe~aHHOM HMnyJibCe 0,8 a. e. ,ll,3HHbiC 

B Mo.n:enHx 6HIUIS H VI IUISEP cnerKa OTllHttaorcH B nHKe OTJI.attH. 
33BHCHM0CTb BeJlH'IHHbl M3KCHMYMOB T~OCO OT nepe~aHHOfO HMUYllbC3 B 

060HX ee UHK3X, a T3K)KC HX OTHOWeHHH, UOllYlfCHHbiC B paCCM3TpHB8CMbiX 

H3MH MO.II.CJUIX, HJOfipa)KeHbl. H3 pHC. 2 M 3 BMeCTe C COOTBCTCTBYDIIHMH 
3KCnepHM.eHT3JlbHbiMH )l.3HHbiMH(

22
) B HHTepB3JlC nepe~aHHOfO MMOYJibCa 

O, 1< Q <0,9. Mo~eJlH CR,DZ,6HjUjS nyqme OflHCbiB3nT 3KCnepKMeHT3JihHble 

.ll:3HHble(
22

)npH 3HeprMM 3)KCKUMH 20 38 (pHC.2a,S M 33,5}, a npM 4,3 

3B nyttmee COfll3CHe ~OCTMraeTCK B 

CR,DZ,6HIUISE (pHc.26,SE M 36,SE}. 

KoM6HH3QHH CR,DZIUIC 

3KcnepHMeHTanhHble ~aHHble (pnc.26,c 

HCUOJlb30B3HHll MO.n;eneH: 

Y~OBJlCTBOpHTCJlbHO OUHCIJIB3nT 

M 36,C).npH 3HeprHH 3~eKUHH 4,3 

38 33BHCHMOCTb OTHOWCHHH R TnOCO OT nepe.n;aHHOfO KMnynhC8 Q BCCbM3 

qyacrsnTenhaa K paJnHqHbiM Mo.n:enHM crpyKrypbl aToMa-MHWCHH (pHc.J6). 
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Ta6nui..ta. TpOHH~e ~H¢$epeHI..tHaJibH~e o6o6~CHH~C CHJI~ OCI..tHJIJIKTOpa, 

B Henpep~BHOM cnexTpe aToMa renux 

2, 7 

Q(a.e.) 

KBa3HynpyrHM OHK 

CRjUjS+ 0,439 0,373 

DZjU[S+ 0,441 0,376 

6Hjujs+ o,456 0,386 

oz[u[s* o,441 o,379 

V1[U[SEP* 0.451 0.396 

A*AKOEC* 0.438 0.383 

llHK OT~a•·!H 

CRIUIS 
DZIUIS+ 
6HIUIS+ 
DZIUis* 
V1[U[SEP* 

llliAKOEc* 

0,322 0,149 

0,322 0,149 

0,335 0.153 

0,322 0,150 

0,309 0.120 

0,296 0,111 

5,4 

0,2 0,8 

0,400 0,472 

0,400 0,476 

0,415 0,487 

0,400 0,478 

0,418 0,542 

0,404 0,493 

0,258 0,116 

0,256 0,115 

0,265 0,117 

0,256 0,115 

0,251 0,113 

0,240 0,087 

10 

0,2 0,8 

0,313 0,554 

0,311 0,558 

0,321 0,572 

0,311 0,558 

0,323 0,540 

0,322 0,580 

0,178 0,079 

0,176 0,079 

0,179 0,079 

0,165 0,078 

0,172 0,085 

0,172 0,059 

19,4 

0,2 0,8 

0,211 0,516 

0,209 0,517 

0,212 0,530 

0,209 0,514 

0,217 0,537 

0,224 0,539 

0,112 0,051 

0,111 0,050 

0,110 0,050 

0,111 0,051 

0,108 0,034 

0,115 0,038 

* B3KT~ H3 pa6oT~(lB). 

3aMCTHM, 'ITO pactfeT~ B MO~CJUIX 6H[UjC H SVjUjSE,S CH.J,lbHO 

OTJIHtfaOTCK OT ~aHH~X )KCnepHMeHTa. 

He06XO~HMOCTb 6onee TOlfHOrO 

nO-BH~HMOMy, )TO yKaJ~BaCT Ha 

KOppeJIKI..tHH 3JICKTpOHOB 

O~HpBpeMCHHO B HatfaJibHOM H KOHelfHOM COCTOKHHKX. 

PaCCMOTpHM llOBe~CHHe TJlOCO B6JIH3H OflTHlfeCKOrO (Q 4 0) npe~e-

Jia. tfHCJieHHble 3HalfeHHH T1{0C0 BO BCeX MO)leJIHX, Ja HCKJIJOlfeHHCM 

6H[UjSE,S,C KOM6HHai..tHM, npH Q -+ 0 BeChMa 6JIH3KH K OllTHlfeCKOMY 

npe)leny( 20 • 32 ], C npaBHJlbHblM BOCCTaHOBJieHHeM OTHOUieHHK (R -+ I). 

O~HaKO MO~O YBH)leTb H HX pa3JIHlfHK B JaBHCHMOCTH OT )HeprHH 

3~eKUHH. npu Q = 0,002 a.e. H 3HeprHH 3~eKI..tHH 4,3 38 lfHCJieHHble 

3HatfeHHK T1{0C0 B CR,DZ[U[SE MO)leJIHX OTJIHtfaOTCH OT 

3KCnepHMCHTaJibHblX ~aHHhlX ( Jl] npHMepHO Ha 0,2%, a npH 3HeprHH 

3~exuuu 20 38 Ha 10-12% . npu 

H 3HeprHH 3"'eKI..tHH 4 1 3 H 20 

TOM ~e JHatfeHHH nepe,llaHHOrO HMDYJibCa 

)8 CR,DZjU[S MO)leJIH OTJIHlfaiOTCK OT 

)KCnepHMeHTa npHMepHO Ha 1,1 H 1,5 npOUCHTOB COOTBeTCTBeHHO. 

CneAOBaTeJibHO, KOMfiHHai..tHH CR,DZ $yHKI..tHM C HCKa"'eHHblMH BOJIHaMH SE,S 

H C B o6weM npaBHJlbHO B0CllpOH3BO~KT OOBe~CHHe TJlOCO B6JIH3H 

onTnlfecxoro npe~ena. np• )HeprHH 3"'CKUHH 4,3 38 MO~eJIH 
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l4.hBI SE 

~ 
.9. 0.4 ~ ·········· 
B ········ 
-0.2 

0,6 I20!BI c 

0,4 

~ 

I4,3JBI s 

14.3)81~ 
-~ 

~~··- . ·-~ ......... . ....................... ~ ........ ···-~ 

0,2 f:~~~: .... . 
''---~~~~~ ... __ ·~·~~·~·;·:~f·!·~·~··~·~>o=·~-"~,-"-~-"-o,-._0._.~ 0 0,2 0,4 0,6 0,8 1 0 (),2 0,4 0,6 0,8 

aJ flepeOallwwW wwnyn~c , Q (a.e.) 61 

PHc.Z. 3aBHCmMOCTL T~QCO OT rrepe~aHHOrO HMDY1IbC8 Q. BepXHHe 

BeTBH COOTBeTCTBYK>'T M8KCHMyMy KB83Hyiipyro IIHK8 (9b= 0), HIDIQUie

M8KCHMYMY IIHKa OT.n;a~H (Bb=IT). 3HeprKH (38): a) E
0

=4106, Ea=4061, 

Eb=20 6) E0=4090, Ea=4061, Eb=4,3; •- 9KcnepuMeuT lloMaMa-BeHH8HH 

H .n;p,(l987). CBll3b Me)IO].y CHMBOJI8MH H MOpemiMH: • , ••• - SVjUjSE,S,C; 

- 6HjUJSE,s,c. a cosna.n;anmHe pe3ynbTaT~ 

CR,DZjUjSE,S,C MO.n;eneH. 

CR,DZIUISE,S a npH 20 38 MO,/J;eJIH CR,DZjUJS "am xopomee 
npH6n~eHHe onTH~ecKoro npe~ena. 

Ha pHCYHKax 4 - 7 noKa3aHN nonspHNe rpa$HKH Teoper~eCKHX H 

3KcnepHMeHranhHblX[ZZ] 3HatJeHH:li- r.n;c .lUIS HeKOTOpNx yrnos pacceHHHK 

npH 3HeprHHX J~eK~HH 4,3 H 20 JB. 

npe)IC,Qe scero 3aMeTHM, 'ITO pyraH- xaprpH-$<>KOBCKax $yHK~HH 

KneMeHTH H POeTTH H ~BOHHaH 3eTa-$yHK~HS B KOM6HHa~HH C Ka)IC,QOH H3 

$yHK~HH HenpepNBHOro cneKTpa ,IVIH 3*eKTHpyeMOrO JReKTpOHa SE,S H C 

~a~ ITO'ITH COBrra~aDWHe Me~y C060H 3HalleHHH B Ka~OM paCCMOTpeHHOM 

HaMH sapHaHTe peaK~HH. KaK )"Ke OTMetJaROCh, rrpocrag BapHaUHOHHaK 

'lJYHKU:HH SV C mo6oJ1: H3 lfJYHK~HH SE,S H C, B ~eROM, rrpHBO~HT K 

OU:eHKaM, 3Ha'IHTeRhHO OTRH'IanmKMCH OT JKCnep:HMeHTa. 
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" 
" 

•• l 
I' o, 

', ____ ., .. , 
Puc.3. OTHOWeH:He R HHTeHCHBHOCTeH T.llOCO B MaKCHMyMax 

KBR3Hyrrpyroro JTHKa (9b=O) H JTHKa OT.UalfH (8b=ll) B 33BHCHMOCTH OT 

nepe,n:aHHOfO MMIIyJihCR Q, 3Hepnm 3)!(eKU:HH: a) 20 3 B,6) 4,3 38. MO.UeJUf 

H CHMBOJihl T3KHe )!(e, KRK Ha pHC.2. 3,necb COBJTa,O:aKlUIHe pe3yJibTaTbl 

CR,DZ,6HIUISE,S,C MOAene~ o6oJHa'leHhl 

SV,CR,DZIUfSE,S,C Mo.neneH --- ••. 

l2038/ 
SE 

· .. '~. .... .. · 
·· ..... ~·--=· 

s 

5 

c 

5 

. . / 
··-.::~.< 

a 

Puc.4. T.llC (B a.e.) KRK $yHKU:H~ yrna 3)!(eKU:MH rrpH Ea=SOOO 3B 

H E8=20 3B. YfJibl pacceKHHK 9a=0,41 H 0,75°, 

CTpeJIKH yKa3biB3~ HanpasneHHe Q. CHMBOJibl H MO.UeJIH TaKHe )!(e, KaK 

HR pHC. 2 H 3. 
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PaCCMOTpHM cnyqaH peaXQHH npH 3HeprHH 3~eKUHH 20 38 (pHC.4 H 

5). BH~HO, 'ITO npH M3J1~X yrnax pacceXHHH ( ~0 1,48° 8KJl~'IHTeJ1bHO) 

TeopeTH'IeCXHe 3Ha'l:eHHH T~C 8 MO~enHX CR DZ,6HIUIS npOXO~K~ qepe3 

3KCnepHMeHT3J1bHhle TO'IXH (pHc.4,S H 5,5,1,48°), a CR,DZIUIC 

XOM6HH3UHU OTIHCbiB3~ 3XCnepuMeHT3J1bHble 

(pHc.4,C M 5). KOM6MH3UHU 

~aHHble C He60J1bWHMH 

OTXJIOHeHMHMH CR,DZ,6HIUISE ITPHBOAHT K 

HeCXOJ1bKO 33H~eHHbiM OUeHK3M B o60HX llHKaX. (pHC.4,SE H 

5,SE, 1,48°). CJ1eAOB3TeJ1bHO, npH 3HeprHH 3~eKUHH 20 38 H M3J1biX 

yrnax pacCeHHHH (Qa~ 1,48°} BOJ1HOB3H ~yHKUHH Bbi6HT0f0 3J1eKTpOH3 B 

CT3TH'IeCKOM TIOTeHUHane B CO'IeT3HUU C ~YHXUHHMH CR, DZ H 6H JlJUI 

ocHosuoro cocTosruusr aToMa renusr seCbMa xopowo onn_c~saeT npouecc 

HOHH33L{HH 3TOMa renHH yAapOM 6hiCTpb1X 3J1eKTpOHOB. 

npn yrne pacceHHHH 2° MOAenH CR,DZ,6HIUISE,C A3DT 3Ha'leHHJI, 

~OCTaTO'IHO XOpOWO OTIHCbiB3nruHe 

ynpy roM nuxe, B TO lKe 

3KCnepHMeHT31lbHble .D;3HHhle B KB33H

MO.D;enH CR,DZ,6HIUIS npHBOAJIT K 

pe3yn&TaTaM, 

(pHC,5,2°), 

0TJ1H'I3100J.HMCSI OT 3XCnepHMeHT3 B 

npH 60JlbWHX 

3H3'1eHHH TnOCO H TnC 33MeTHO BJIHH~ 

PHC. 5, 2°). flO-BH~HMOMy, 3TO 

~ 
SE.-']F ....... 

. : /IQJ6 . 

s 

c 

11 

yrnax pacceHHHH 

B01lH0Bble $YHKUHH 

oco6eHuo B3)KH0 

o6onx nHxax 

(e .. 2°) ua 
a 

3TOM3 -MHWeHH 

npH ODHC3HHH 



KOHe~HOrO COCTOHHHK. MO;lKHO nonaraTb, 

nepe~aHHOrO HMnyn&Ca B THOCO H THC ~OMHHHpyOT ~HTIOflbH~e nepexo~. 

OK33~8aOTCK 

aTOMa-MHWeHH. 

MeHee 'IYBCTBHTeflbHbiMH K s~6opy BOJIHOB~X 

c ysenn~eHHeM nepe~aHHOro HMnyn&ca Q, 

CT3HOBHTC.II cywecTseHHee 3<l$eKT~ KOppeJHIIJ;HH, B33HMO~elfCTBHK B 

KOHe~HOM COCTOKHHH ll 3<l$eKT~ KpaTHOTO CTOJlKHOBeHH.II. 

nepexo~a K cny~aJJ ManoH 3HeprnH J)!CeKL{HH 4, 3 3B ) , MO)KHO 

ysH~eTb 33MeTHOe OTJlH\fMe THC OT CJiy'laSf, KOr~a 3HeprHH B~6HTOrO 

3JieKTpOHa COCT3BJIKeT 20 3B ( PHC. 6 H 7). B npe~eJJaX 

3KCnepnMeHT3JlbH~X OrnH60K MOnenn CR,DZ,6HIUISE npH yrnax pacceaHHH 

0.75°, 1,51°, CR,DZ,6HIUIS npu 1,51°, 2°, a CR,DZ,6HIUIC npu yrne 

o, 75° Hennoxo onuc~saJJT 3KcrrepnMeHT3JI&Hble ~aHH~e s o6oux nux ax 
0 

TJIC. npH M3JibiX yrnax paCCeHHHH (8a:=0,41 ) M He60JiblliHX 3HeprHHX 

B 

33Hif)KeHH~e 00 CpasHeHHK) C 3KCUepHMeHT3JlbHbiMH naHHbiMH 3H3~eHHH 

(pHC.6,SE,S,C,0,4l 0 ). npH yrne pacCeHHHH 2° 3Ha~eHHH TJIC, oco6eHHO 

B UHKe 0T.ll;3~H, OKa3~BaJOTCK 'IYBCTBHTeJibHbiMH K B~6opy BOJIHOBOJ1: 

q>yHKL{HH KOHe'IHOTO COCTOHHHH MHWeHH (puc. 7, SE, S, C, 2°). 

~ 
SE 

s 

c 

Puc.6. To JKe,'ITO H Ha pu:c.4. 
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s 

c . .. . " .·· ~~ YoS·· o.2s' 

.. 

PHc.7. To me, ~TO H Ha 0 pHCP. YrnN pacceBHHX 8a=l,S1,2 

PaC~CTH TnOCO H OTHOWCHHK R B MO~CRHX 

OTIHChiBaiOT JKCnepHMCHTaJibHCIC JI.aHHble ( zz ~ 'ICM B 

3HeprHH 3~eK~HH 2038, a npH 4, 3 38 MOJI.CJib 

CR,DZ,6HfUjS nyqme 
MOACJUl VlfUfSEP IIJ>H 

VI luI SEP .naeT 6o.nee 
6JIH3KHC K JKCnepHMCHTaJibH&M .naHHHM 3Ha'leHHK, 'ICM MOJI.CJIH 

CR,DZ,6HfUjSE. fiOJIKpHble rpa~HKH T~C, ITOJIY'ICHHhiC B MOJI.CJIXX 

CR,DZ,6HfU[S npH JHeprHH 20 38, TaK*C OITHChiBaiOT JKCrrepHMCHTaJI&Hble 

JI.aHHhiC JIY'IWC, HC~CJIH paC'ICThl B MOJI.CJIH Vl[UjSEP, 3TO 3Ha'IHT, 'ITO C 

ysenH'IeHHCM JHeprHH 3*CK~HH JneKrpoHa yMeHbwaercx ponb 06MeHHoH J 
ITOJI$IpH3aiJ;H0HHOii KOMIIOHCHT ITOTCHIJ;HaJia B3aHMOJI.CHCTBHJI 3JICKTpOHa C 

HOHOM reJIHX. C JI.pyroH CTOpOHbl, y'leT ITOJIXpH3aiJ;HOHHOH JI.06aBKH B HOH-

3JICKTpOHHOM B3aHMO~eHCTBHH MO~eT OKa3aTLCg Ba~YM npH ManHX 

3HeprHgx 3*eK~HH. 

6H!UISE OlC:a3hlBaJOTCg HeCKOJILKO 6mDKe K :ncnepHMeHTaJibHIIIM ~aHHblM, 

qeM B VliUISEP MO~eJIH, oco6eHHO 3TO OTHOCHTCg K MaJIHM yrJiaM 
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paCCeJIHHJI. Ha Ham B3TJIJIJJ;, 3TO CKOpee BCero CBJ13aHO C pa3JIH'IHeM 
y<JeTa KOppeJIJIQHH 3JieKTpOHOB B 6H H Vl $yHKQHJIX OCHOBHOr~ COCTOJIHHJI 
aToMa renHa. 

HamH pac<JeTLI ITOJJ;TBep;)K)l;aiOT BLIBO,Il; npe.zu,u:1;yWHX aBTOpOB[ZZ] 0 
npHMeHHMOCTH OliO ,Il;JIJl OTIHCaHHJI He (e, Ze)He + peaKQHH npH 3HeprHH 
na,namero 3JieKTpoHa E

0 
;c 4K3B JVIB 

nepe,naHHOro HMTIYJihCa. 

MaJILIX H cpe,QHHX 3HalJeHHff: 

B HHTepsane nepe.z:x.aHHOrO HMIIYJihCa O, l<Q<0,9 MO.II.eJIH 6HIUISE,S 
xopomo OITHCYBaiOT npo:u:ecc HOHH3aQHH renHa 
3JieKTpOHaMH. OpH 60JihWHX 3HeprHJIX 3'KeKQHH ac~eTpH'IHYO 

He(e,2e)He+ peaKQ~ C XOpomeH TO'IHOCThl) MOfYT OllHCaTh MO.II.eJIH 
6HIUIS H CR,DZIUIS-

.llJIJI OllHCaHHJI peaKQHH IIpH 
nO-BHJJ:HMOMy, Heo6xo,nHMo ynylJmHTh 
COCTOJIHHH, lJTO Tpe6yeT 6onee 

3HeprHJIX 

cflyHKQHH 
TOlJHOrO 

KOppeJIBQHH B aToMe-MKWeHH, a TaK~e 

3'KeKQHH (E :s 4, 3 3B), 
HalJaJihHOrO H KOHelJHOfO 

OllHCaHHJI Me*9JieKTpOHHhiX 
llOJIBpH3aQHOHHOrO 

B3aHMOJJ;eftCTBHJI 3'KeKTHpyeMOrO 3JieKTpOHa C OCTaTO'IHhiM HOHOM. 
~JIJI 60JihWHX yrJIOB pacCeJIHHJI (6 = 2°) 3HalJeHHJI T~C H T~OCO npH 

pa3HbrX 3HeprHHX 3)KeKQHH qyBCTBHTem,Hhl K Bb160py BOJIHOBhiX $yHKQHH 
KOHelJHOrO COCTOJIHHJI aTOMa reJIHJI (pHc.S,2°H 7,2°), 'ITO ITOJJ;lJepKHBaeT 
sa~ocTh npo6neMbl onHcaHHJI CTpyxTyp~:,~ HenpepLIBHOro cneKTpa renHa B 
peKQHJIX ( e, Ze}. 
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