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"I 

Eenn noMeeTHTb aTOM BO BHewHee Ma~HHTHOe none H TO Te e~o 

eoeTOSIHHSI1 KOTOpbie o6na.QSIOT O.QHHSKOBbiMH 'leTHOeTSIMH p H O.QHHS!COBbiMH 

npOeKUHSIMH nonHO~O MOMeHTS M F 1 nepeeTaiOT 6hiTb eTaUHOHapHbiMH H eMe-

WHBSIOTeSI APY~ e APY~OM, HaaeeTH01 'ITO yKa3SHHOe CMeWHBSHHe H3MeHSieT 

MS~HHTHbie MOMeHTbl STOMOB H BllHSieT Ha npaBHna OT6opa .QnSI onTH'leeKHX 

/1/ 
nepexo.QOB (eM,, HanpnMep, ), 

Eenn SI.Qpo aToMa o6na,~:~aeT Ma~HHTHhiM MOMeHToM, TO MOJKHO e'lHTaTb, 

'ITO STOM HSXO.QHTeSI B MS~HHTHOM none, H ene.QyeT OlKH.QaTb llOSIBneHHH aHa~ 

no~H'lHbiX acj:tcj:teKTOB, TaK KSK B .QSHHOM eny'lae nonHblil MOMeHT F eHeTe

Mbl eoxpaHHeTeSI1 TO .QnH eMeWHBSHHH He06XO.QHMO COBna.QeHHe He TOllbKO 

p M F , Ho TaKJKe 11 F , . noeKOnbKY Beni!'IHHS CMeWI!BaHI!H o6paTHO 

nponopUHOHanbHa paceTOHHHIO MelK.QY eMeWI!BaiOWIIMHeH ypOBHHMH 1 Ueneeoo6-

pa3HO paeeMaTpi!BSTb SHep~eTI!'leeKI! 6ni!3KI!e eoeTOHHIIH 1 o6na.QaiOWI!e 0,1:111-

HSKOBhlMII 3HS'leHHHMH KBaHTOBO~O 'll!ena n 

CMewnaaTbeH MO~yT eoeTOHHHH KaK e OAI!HaKOBhiMII, TaK H e paan11'l-

, CHTYSUHH1 B KOTOpOil CMeWI!-

BSIOTeH ypOBilll, HMeiOWHe O.QIIHSKOBble 3HS'leHI!H op61!TSllbHO~O MOMeHTa1 6hl-

. /2 3 4 5/ • /2 3/ 
na paeeMoTpeHa B pH.Qe pa6oT (eM,, HanpnMep, ' ' ' ) • B pa6oTax ' 

nony'leHhl nonpaBKII K MS~HHTHOMY MOMeHTy el!eTeMb1 1 KOTOpble OKa3ani!Cb 

ni!HeJ!HblMII no eMeWHBBHH!Oj HX Benl!'li!Ha Ha J;IBS nopH.QKa MeHbWe Ma~HHT

HO~O MOMeHTa .HApa. TaM JKe .QOKa3aHo, 'ITO np11 noMewei!HH aTOMa, ao Bile w

Hee MS~HHTHOe none, pa3pbiBaiOillee GBepXTOHKYIO CBH3b 1 .Q06SBKH K Ma.~HIIT-

HOMY MOMei!Ty el!eTeMbl He 11;3MeHSIIOTeH, 
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/4 5/ . 
ABl'OJJOM ' noxaaaHo, 'ITO paccMaTpHBaeMoe CMeWHBaHHe npHBOAHT 

K CH.IITHIO 38npeTOB An.ll HeKOTOpb!X OllTH'IeCKHX nepeXOAOB, 

B HSCTO.I!Weli pa6oTe H3Y'I810TC.II COCTO.IIHH.II C pa3nH'I810IIlHMHC.II 3Ha'Ie

HH.IIMH op6HT8nbHOI"O MOMeHTa, KOHKpeTHO pe'Ib HAeT 06 aTOMe BOAOpOA8 0 TSK 

KSK TOnbKO B STOM cny'Iae COCTO.IIHH.II C pa3nH'IHhlMH MOI"YT 6b!Tb AOCTS-

. TO'IHO 6nH3KHMH, YpOBHH CO 3HS'IeHH.IIMH op6HT8llbHOI"O MOMeHT81 OTnH'ISIO

IIlHMHC.II Ha eAHHHUy, He 6yAyT CMeWHBSTbC.II MSI"HHTHblM noneM smpa, TaK 

KSK OHH o6naA810T pa3HOH 'IeTHOCTb!O, nocxonhKy CnHH npOTOHa I H CnHH 

1 
sneKTpOHS S paBHbl 2 1 CMeWHBSTbC.II MOI"yT ypOBHH C !1£ = 0,2, 'IeT-

HOCTb KOTOpb!X OAHH8KOB8 0 nosTOM_Y" HHTepeCy!OIIlHe HSC S<jJ<jleKTbl MOI"yT HMeTb 

MeCTO TOnbKO llpH n ::?: 3 . 

CpaBHHM paccTO.IIHH.II MelKAY CMeWHBB,JOIIlHMHC.II ypoBH.IIMH B cny'Ia.IIX 

1'1£ =0 H l1f =2. nonh3Y.I!Cb ¢opMynoii (J) x), nony'IaeM B nepaoM cny'Iae 

a2 

8 C=f'' = r <f + 1 >:S Ry 

H BO BTOpOM cny'Iae 

I"Ae a 

TpOHS, 

2 a 
8 . = 3 

f=f '+2 ( e' + 1) (f '+ 2) n 
Ry 

xx) 

- noCTO.IIHHS.II TOHKOH CTpyxTypbl1 
1 m e 4 

. 
Ry=T~ 

e - ero sapsm. BenH'IHHbi 8.f=f' H 8,f=f'+2 

m - Mace a snex-

6_nH3KH apyr K APY-

I"y, llOSTOMY H CMeWHBSHHe B 060HX cny'IaSIX 6yAeT no nOpSIAKY BenH'IHHbl 

OAHHaKOBbiM, 

TaK KSK paCCTOSIHH.II MelKAY CMeWHBB!OIIlHMHC.II ypOBHSIMH MHOI"O 6onbwe 

paCCTOSIHHH MelKAY KOMllOHeHTSMH CBepXTOHKOI"O pacmenneHH.111 TO An.ll OTbiCKBHH.II 

HOBbiX CTBUHOHSpHb!X COCTO.IIHHH MOlKHO BOCnonb30BaTbC.II TeOpHeii B03MyllleHHH, 

llpHHHMS.II 38 Manoe B03MyllleHHe B38HMOAeMCTBHe MSI"HHTHOI"O MOMeHTB .I!Apa C 

MOMeHTOM o6onO'IKH, 

x) 
cf>OpMynhi, 0603HS'IeHIIble pHM.CKHMH UH<jlpaMH 1 B3.11Tbl H3 npHnOlKeHH.IIo 

XX) nsM60BCKHii CABHI" ypOBH.II C f '= 0 . yMeHbWSeT BenH'IHHy 8 
- - f=f'+2 

llpH6nH3HTenbHO Ha 10 %, 

4 

/'-....; 

I"Ae 

Ha 

a 
0 

Bb!pSlKeHHe AnSI :mepi"HH B38HMOAelicTBH.II HMeeT BHA: 

w = a e e; -a e I ; ..: 3(; ;) ~ l i 

-+ 
r 

R -.eAHHH'IHbiH BeK.TOp, HanpaaneHHbili no PSAHycy-BeKTOpy sneKTpo-

';I 2 3( m) 1 R a o = g a a _, -- y , 
L I o . m r3 

. _P 

t2 
~- 6opoacKHii paAHyc, m P - Macca npoToHa, g I - I"HpOMSI"-

HHTHOe OTHOWeHHe SIApa, 3anHWeM BbipalKeHHe AnSI BOnHOBOi! <jlyHKUHH CHCTeMl 

B COCTOSIHHH C Op6HTSnbHbiM MOMeHTciM f 

cp ~t/1 +f3.t/l _.J_,f32t/J 
I I · , 2 2 I {I) 

I"Ae 

t/1
1 

=lsfYIFM>, t/1 =Is f'YiFM>, 
2 

< seYIFM I w Is f\IF:M > 
f3 = . 

Efy-Ef'y' 

Y - nonHbii! MOMeHT o6ono'IKH, tinea BToporo nopsmxa B ¢opMyne { 1) y'I

TeH no COo6palKeHH.IIM 1 KOTOpb!e ·6yAyT SICHbi HHlKe, BonHOBaSI <jlyHKUH.II· COC

TOSIHH.II C Op6HT~nhHbiM MOMeHTOM-. f' 38llHWeTCSI clieAYIOIIlHM o6pa30M: 

cp2 "' _,{3 "' __ 1_· f3 2"' 
2 I 2 2 {1') 

OnpeAeneHHe Kos¢¢HitHeH~a CMeWHBBHH.II f3 CBl'!3aHo c Bbi'IHcneHHeM MaT-

PH'IHbiX sneMeHToa onepaTopa B03MymeHH.II, npiiMeH.II.II ¢opMynhi (II,III,IV.' v, Vll, 

HeTpyAHO nony'IHTb: 
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< sfYIFM I WI sf'Y 'IFM > = 

=-·<a >(-l)I+Y'+2+F {y I FJ {s f Y} f s f. y• 

I y• 1 1 2 1 • 

(2) 
X 

1/2 () 
x[31_(2Y+l)(2Y'+l)s(s+1)(2s+l)l(l+1)(21+1)) x(fltc

2
llf •) 

rAe 

<a >·=g 1 a 2 (~.) f R • ..L R n dr, f· m nL r nL-'2 
p 0 

R~l' -· panuaru.uaa 'I&CT& nonuosoii: ljJyHKnuu. 3ila'leHIHI 9 11 6 - CRMBo- · 
' J • 

IIOB, BXOnHWHX B BblpalKeBHe (2) 1 8 TaKJKe M8Tpii'JHbiX 31IeMeHTOB (f llc2 ll f •) 
3aTa6ynuponaabl. 

8bi'IHCIIIIM Tenep& npoeKIIHIO Mai'~HTHOI'O MOMeHT8 8TOM8 B COCTOHHHSIX 

</>
1 

a 4> 2 aa oe& .z • OnepaTop 

; ~-,. gli -JL (g. 1 + g ; ) , 
-z- _SI . z- 0 L :z s Z 

'-· 
rne g 

8 
1 g f. - rapOM&rHHTHble cjlaxTOpb11 CBSI38HHble C 31IeKTpOHOM, fLO -

MaraeTOa Eopa, llsr - anepmo,di: Mai'HeTou. HaM HYJKHO ycpenuaT& ; z 

no COCTOSIHHIO cf> • llononBBTeii&HbiA M&rHHTHblii MOMeHT, B03HHK81011lUA 

npH CMelllDBaHHB ypOBHeA C OllHHaKOBbiMB f , nponopnuoaanea nepnoA cTe-

neHH fJ • B cny'lae JKe CMewunaHHH yponaeA, o6nanaJOIIlHX pa3Bb1MH op6a-

Tan&HUMII MOMeHTB.MH1 JlOllOnHHTeJibHUH MiU'HHTHbiH MOMeHT OK83biB8eTCB 

ltB8JlP8TH'IHLIM IIO f3 • ilpeae6peraB 'IIIeHaMH IIOpSIAK8 fJ3 • HMeeM: 

1 2 t" t• t-' 2 . p. =<t/J +{31/1 _,_fJ tP p. .p +·fJ,P --fJ .p > = 
z 1 22 }zl 2 2 1 

(3) 

=<1/1
1
1; It# >+fJ

2 l<.P Ill 1~ >·-<1/1 l; liP >I 
zJ 2:z 2 l z 1 

\ 

.· \' 

I. 
.I 

L 
if· 
ll .~ 

~ !; 

; 
I 
': 

... lk· .. 

nepBbiA 'lneH npasoA '18CTH cjlopMynbl (3) npeACT8BnHeT C060A M8I'HHTBNA 

MOMeHT CHCTeMbl 6e3 y'leTa CMeWHB8HHSI1 BTOpOA - AOnonHHTen&BbiA M8I'HHT

Hblil MOMeHT, 06SI38HHblii CBOHM noaeneBH8M B38HMOAeACTBRIO M8I'HRTHOI'O 

nona CnHH8 npOTOHa C MOMeHTOM sn~KTpOHa: 

IL = fJ 
2
1 < "' I ; I "' > -< "' I ; I "' > ., non 2 z 2 1 z 1 (4) 

llna BTOpOI'O COCTOHHRSI nony'IHM: 

2 ~ ~ 

IL e-fJ 1<1/J Ill li/J >-<1/J Ill 11/J >}. 
AOU 2 z 2 I z I 

(5) 

Hcnon&3YH H3BeCTHble cjlopMynbl (II, Ill, IV, V) ,nerJto noAC'IHTaT& 3Ba'leHHH MaT

PH'IHbiX sneMeHTOB1 BXOAHWHX B Bblp&lKeHHSI (4) H (5): 

•-JLo M 

<sfYIFMip !sfYIFM>-= 
z 

[3Y(Y+l)+ f(f+ 1)-s(s+1))[F(F+1)+Y(Y+1)-1( I +0) 

4F(F+l)Y(Y+1) 

(6) 

B cny11ae CMewasauaa yponaeA 3d 3/ 2 C nOIIHbiM MOMeHTOM F = 1 H 3s i/z 

c F = 1 AOnOIIHHTen&Hblii: M8I'HHTHbiA MOMeHT HMeeT cnenyJOIIlYIO BeiiH'IIIIty: 

d 
IL = 1,151' fJ2 

ll.On ° 
6,44 fL g ( ...2!!_ )

2 

o I m 
p 

fL s "'- 1, 15 fL fJ 2 
=- 6,44 ll g ( ~) 2 

• 
non o o r mP 

• 

(7) 

rne 1L .d - AOnOIIHHTen&Hblii M8I'HHTHblii MOMeHT B 
non • 

d - COCTOSIHHH, IL non. 

AOIIonHHTeii&Hblii M8I'HHTHbiA MOMeHT B S - COCTOHHRHo 

CABHI' yposueA 38 C'JeT CMeWHB8HHH T8JtJKe onpenenaeTCH nonpaBKOA 

Ji.Toporo nopanxa a B cny11ae cMewusaHHH yposueA 3d 3f2 a 3s
1
; 2 paaea 

AEeO,l g~ <-!-l2
a

2 
Ry. (8) 

p 
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Ero- senii'IIIHa He . BbiXOaiiT 3a npeaem~I ecTeCTBeHH_oii WIIPIIHbi ypoaHSI. 

BbiSICHIIM .Ten,~pb an11.11H11e cMeWIIBaHIISI ypoaaeii c pa3nii'IHbiMII 3Ha'le

HII.IIMII op611T8nbHOro. MOMeHTa Ha np_aBIIna. OT6opa anSI sneK'!'PII'Ie<;:KIIX allnOnb-

HbiX nepexoaoa. 

PacCMOTPIIM TPII YPOBHSI: A, B II c. nycTb ypoBeHb A - xapaKTepll3y

eTC .II KB8HTOBblMII 'IIICnaMII (n~n ';f=f' + 1; Y =e '+ -t· 1 ·a.- {n=n";f~'IY-f'--1-l, 
. : - 2 . 3 . . 

C- (n=n";f=e'-·2; Y=e'-·-). npll'leM n',.in" 
2 

II f ':: 2 . • nepexoa 

A ... B pa3pewea, noCKOnbKY l'l e = 1 , l'lY= 1 P acCMOTPIIM nepexoa A .... C • 

lln.11 aero l'l f = 3 11 l'l Y = 2 , T.e. liMe eTc .II 3anpeT KaK no TaK 11 no Y. 

OaaaKo ljlaKTII'IecKII nepexoa 6yae'!' IIMeTb MecTo aa11ay Toro, 'ITO ypoaa11 

B 11 C cMewaHbi noneM .11apa. 06o3Ha'IIIM IIHTeHCIIBHOCTb nepexoaa· A ... C 

'lepe3 I AC , Toraa nerKo BllaeTb, 'ITO 

E - E 

---2 (<) AC I • 
I ~ {3 --- AB 
Ac· W AB 

(9) 

rae (L) = 
lk 

ypoaaeii B 

I k 

:t 
II ·c , a 

{3 - Bbi'IIIClieHHblii Bb!We KOSijlljliiUIIeHT CMeWIIB8HIIS!, 

I AB - IIHTeHCIIBHOCTb nepexoaa A .. B • 

8biWe 6btn0 paCCMOTpAHO IIOS!BneHIIe aononHIITenbHbiX MarHIITHbiX MO-

MeHTOB 38 C'leT CMeWIIB8HIIS!, 

B 3aKmo'leHIIe 3aMeTIIM,. 'ITO ecn11 y'leCTb CMeWIIB.aHIIe, TO oKa3biBaeT-
: .. 

CSI, 'ITO aTOM aoaopoaa B 'cocTO.IIHIIII C f ·~ 0 o6naaaeT TaKJKe. OTnii'IHbiM OT 

HynSI KBaapynonbHbiM sneKTpll'leCKIIM MOMeHTOM, l13 TOro, 'ITO onepaTop KBaa-

pynonbaoro MOMeHTa ae a11aroaanea no KBaHTOBOMY '111cny , MOJKIIO 

. 3aKniO'IIITb, 'ITO KBaapynonbHbiii MOMeHT SIBnSieTCSI aenii'IIIHoii nepaoro nopSIA-

Ka no CMeWIIBaHIIIOo 

.AaTop IICKpeaae 11 rny6oKo 6naroriapea npoljleccopy M.H;· noaropeuKo

MY 3a npeaocTaBneHIIe TeMbi, BHIIM8HIIe K pa6oTe II 6onbWYIO nOMOIIlb, AB-

Top 6naroaapiiT: B.r. EapbtweacKoro i:Ja MHOrO'IIICneHHble none3Hbie coaeTbi· 

11 o6cyJKaeHIISI. ., 

.. , 

8 

npllnOJKeHIIe 

8aepr11.11 TOHKoro pacmenneHIISI onp'eaenSieTCSI 113 ljlopMynbi 

2 I 3 1 I 1 . 
f'!.E f =a ----- --Ry. 

" l 4n . 1 · n 3 
~· J+-

2 
k 1 

MaTpii'IHbie sneMeHTbi l}POII3BeaeHIISI onepaTopoa U . 11 
yk2 

(I) 

, 113 KOTo-

pb!X U aeiiCTByeT Ha ljlyHKUIIII, CBS!38HHbie C MOMeHTOM j 1 ' a V- C j 2 

' paBHbl 

k k k 
(yj j :j!![U 1 xV 2

] i!y'j'j' :j'l=y(2j+l)(2j'+ll(2k+l)x 
1 2 1 2 

[

jl 

X ~ j' 
y" 1 

kl 

~; ~'} J J. 
2 

k2 k 

k k 
(yj IIU llly"j')(y"j !IV 211y'j') 

1 I 2 2 } , 

(yj j :jm!(UkVk)!y'j'j' :jm)= 8 ,8 , x 
1 2 l 2 JJ mm 

x{::' j 2 1"1 
j' k 
I 

J2+J; +2k+ J 
( -1) X 

X~ 
y 

(yj II Uklly"j'Hy"j IIVkl!y'j'). 
. 1 l 2 2 ' 

< y.j i : i 11 u k llr' i ' i ' : i ' l = 8 , v' ( 2i + 1) ( 2i' + 1 ) x 
I 2 1 2 J J 
. 2 2 

x{j2 jl j } 

k j, j , 
I 

< y i 
1 

II u k llr 'i ' l · 
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MaTpH'IHble sneMeHThl onepaTopa MOMeHTa 

(I II J II r ) =vI (I+ 1 )(2I + 1) on' (Vl 

UnepaTop B3aHMOAefiCTBHSI MarHHTHOI'O MOMeHTa ·srnpa C MOMeHTOM aneK-

TJ'lOHa MOlKeT . 6hiTb npencTasnea cnenyromaM o6paaoM: 

W = a f ti..:. a f ( s- 3 (sit)~ I I= 

_...... - 1 1 
= a f I - a V 10 X [ c 2 x s 1 ] I ) • 

f f 

. . /6/ 
¢>opMynhl (I) H (VI) B3SITbl H3 pa6oTbl · • <PopMynhl (Il-V) - H3 

. 171 
pa6oTbl 
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