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S u m m a r y 

The spectrum and the angular distribution 
of the radiation for the system of two iden­
tical two-level centers are investigated, 
one of them being in the excited state with 
an integral spin L and the other in the 
ground state with zero spin. The values of 
energies and widths of collective excited 
states for an arbitrary distances between 
the centers A and B are calculated. The 
energy and angular dependences of the ef­
fective cross-section of the photon reso­
nance scattering on two identical centers 
are obtained. The spin structure of the re­
sonance interaction between the excited 
nucleus (atom) and the non-excited one 
in the case ofEL and ML transitions is 
considered. 

(0 1976 061>eOUHeHHI>IU UHCBUIIIYIII .ROepHI>IX UCCAeOoeaHUU ,4y6Ha 

§I. BeeoeHue 

KorepeHTHble BuneHH.R npu H3nyqeHHH cucTeMhi B03-

6y:>K,neHHhiX MOneKyn, OKpy:>KeHHbiX HeB036y:>K,I:{eHHhiMH MO· 

neKynaMH Toro :>Ke THna, 6blnH unepubie paccMoTpeHhi 

B H3BeCTHoii pa6oTe ,L(HKKe II/. B 3TOH pa6oTe npe,nnona­

ranoch, qyo ,nnHHa uonHbl 4JoToHa ropa3,no 6onhiiie paccTo.R­

HH.R Me:>K,ny MOneKynaMH (.\>>R). IlpOTHBODOnO:>KHhiH npe,nenh­

HhiH cnyqaif A<<R o6cy:>K,nanc.R 3aTeM Ilo,nropeu.KHM H Poii-

3eHOM B paMKaX KnaccuqecKOH TeOpHH OCU.Hnn.RTOpOB, CBJI· 

3aHHhiX non eM H3nyqeHH.R 12/. KaK 6hmo noKa3aHo B pa6o­

Tax1
3-8/, B cnyqae ,I:{BYX O,I:{HHaKOBbiX U.eHTpOB /aTOMOB, 

.R,nep/, O,I:{HH H3 KOTOphiX HaXO,I:{HTC.R B OCHOBHOM COCTOJIHHH 

C HyneBbiM CDHHOM, a ,npyroii - B B036y:>K,neHHOM COCTOJIHHH 

CO CDHHOM 1, 3a,naqa ,L(HKKe ,nonycKaeT TOqHoe aHanHTH­

qecKoe peiiieHHe npH npOH3BOnhHbiX 3HaqeHH.RX napaMeTpa 

RIA: CneKTp H3nyqeHH.R TaKoii CHCTeMbl, a TaK:>Ke 3Hepre­

TuqecKa.R H yrnoua.R 3aBHCHMOCTH 34>4JeKTHBHOrO ceqeHHJI 

pe 30HaHCHOrO pacce.RHHJI 4JoTOHOB Ha ,I:{BYX 6eCCDHHOBhiX 

u.eHTpax 15,7 I nonHOCThiO onpe,nemnoTc.R 3HaqeHH.RMH 3Hep­

ruii H IIIHpHH CHMMeTpHqHbiX H aHTHCHMMeTpHqHbiX ,I:{BYX­

qaCTHqHbiX COCTOJIHHH, OTBeqaro~HX B036y:>K,neHHIO O,I:{HOrO 

H3 U.eHTpOB. CKa3aHHOe OTHOCHTCJI H K CDeKTpy H3nyqeHH.R 

,I:{BYX O,I:{HHaKOBbiX B036y:>K,neHHbiX aTOMOB, KOTOpbiH H3yqanc.R 

B pa6oTe /91. JIBHble Bblpa:>KeHHB ,nn.R C,I:{BHrOB qacTOT H 

IIIHpHH CDeKTpanhHbiX nHHHH Henocpe,nCTBeHH~ cne,nyiOT H3 

TeopHH pe3oHaHcHoro B3aHMo,neiicTBH.R /eM. 3 • 4 •61 /. KTeM 

:>Ke pe3ynhTaTaM npHBO,I:{HT H qHCTO KnaCCHqecKa.R TeOpHR 

MHOrOKpa THOro pacceSHHJI 3neKTpOMarHHTHhiX BOnH Ha ,I:{BYX 

O,I:{HHaKOBbiX H30TpODHbiX OCU.Hnn.RTOpax 151. 
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B u;8T8poaaHHhiX Bhiwe pa6oTax 8 JJ.pyr8x cTaThXX, 

IlOCBXIIJ;eHHblX pa3il8\.fHhiM acrreKTaM rrpo6neMbl ,ll;8KKe /CM., 

Harrp., /lO-l 3/f, IlO)l.pa3yMeBanOCh, 'ITO 3neKTpOMarH8THOe 

83ny'ieH8e HOCHT )l.8Il0ilhHbiH xapaKTep. lJ.enhlO HaCTOXII.\eH 

pa6oTbl xanxeTcx 8CcneJJ.oBaH8e crreKTpanhHhlX 8 yrnoBhlX 

XapaKTep8CT8K H3nyqeH8X H pe30HaHCHOrO pacceXH8X «!loTo­

HOB B cnyqae, KOr)l.a B3a8MO)l.eHCTB8e Me:>KJJ.Y B036y:>K)l.eHHhlM 

H HeB036y:>K)l.eHHbiM u;eHTpaM8 OCyiiJ;eCTBilXeTCX 3a C\.feT 

3neKTp8'ieCK8X 8il8 MarH8THbiX rrepeXO)l.OB Ilp083BOilhHOH 

MYilhT8IlOilhHOCTH. llp8 3TOM HeilOCpe)l.CTBeHHO 0606IIJ;alOTCX 

pe3ynhTaThi pa6oT /5,6/, OTHOCXII.\8ecx K E1-rrepexo)l.aM. 

§2. KoAAeKmueHble eo36yJKOeHHble cocmoJIHUJI 

PaccMoTp8M )l.ByxypoaHeBblH u;eHTP /Harrp8Mep, HJJ.po/, 

B036y:>K)l.eHHOe COCTOHHHe KOTOporo 8MeeT 3Hepr8l0 Es 8 

Cil8H L > 1, a OCHOBHOe COCTOHH8e - 3Hepr8l0 E A 8 Cil8H, 

paBHhiH-HYillO. B 3aB8C8MOCT8 OT OTHOC8TeilhHOH \.feTHOCT8 

cocTOHH8H B u A pacrra)l.y B .... A+ y cooTaeTcTayeT 2L­

rronhHoe 3neKTP8\.fecKoe 8n8 MarH8THoe 83nyqeH8e c qac-

E -E 
TOTOH w

0 
= ~--~. llpe)l.rrono:>K8M, 'ITO JJ.Ba TaK8X u;eHTpa, 

11 

O)l.8H 83 KOTOpbiX HaXO)l.8TCH B B036y:>K)l.eHHOM, a )l.pyroH -

B OCHOBHOM COCTOHH8HX, HeilO)l.B8:>KHO JaKperrneHhl B TO'IKaX 

R 18 R 2 • llp8 OTCYTCTB8H 3neKTpoMarH8THoro B3a8MOJJ.eii­

CTB8H Me:>K)l.y u;eHTpaM8 Mbl 8MeeM 2(2L + 1) BhlpO:>K)l,eHHhiX 

COCTOXH8H \A(l)>\Bm(2)> H \Bm(l)>\A(2)>.3)l.eCh m=0,±1,±2, ... ±L­

rrpoeKIJ;8H CilHHa B036y:>K)l.eHHOrO COCTOHH8H Ha BeKTOp .... .... .... 
R= R1- R2 • 3a C\.feT o6MeHa «!loToHOM rrpo8CXOJJ.8T nepe)l.a\.fa 

B036y:>K)l.eH8H OT O)l.HOrO u;eHTpa K )l.pyrOMY, 8 BhlpO:>K)l,eH8e 

CH8MaeTCH. llerKO B8)l.eTh, 'ITO BB8Jl.Y OCeBOH C8MMeTp88 

H COXpaHeH8H IlpOCTpaHCTBeHHOH '!eTHOCT8 MaTp8'!Hhie 3ne­

MeHThl pe30HaHCHOrO B3a8MO)l.eHCTB8H Me:>KJJ.Y u;eHTpaM8 

A 8 B 8MeiOT CTPYKTYPY 

A A 

<A(HBm(2liVIB ,(l)A(2)> = <E J1lA(2>IV!A<HEm (2)> = 
m m 

(L) 
= nyLUI 

1
<xl8 m mm 

/1/ 

4 

B «!lopMyne /1/ YL - pa)l.8au;uouuax W8p8Ha H30n8poaau­

uoro u;euTpa B, He 3aB8CHIUax OT KBaHToaoro lf8cna m 

(O_::;Imls_L); Ben81f8Hbl uj;J rrpe)l.CTaBmllOT C060H KOMIT­

neKCHble «<!YHKUHH 6e3pa3Mepuoro rrapaMeTpa x 

EB-EA ... -> 

x = k0 R = --- I R 1 - R 2 I . /2/ 
1i.c 

KaK Mbl YB8JJ.8M a )l.anhHeilweM, JJ.nx Elr- 8 ML -rrepexo)l.OB 

«ilYHKU88 U\L 1<x) coarra)l.aJOT. 

C yqef~M: I 1/ KBa38CTau;uouapHhie cocTOHH8H C8CTeMbi 

AE, OTBe'!aiOIIJ;8e B036Y:>K.IJ.eHHIO OJJ.HOro 83 u;euTpoa, JJ.On:>KHbl 

6biTh C8MMeTpH'!Hbl 8ilH aHT8CHMMeTpH'IHbl OTHOC8TenbHO 

nepecraHOBK8 B -:. A 161 : 
(+) 1 

II/I; > = --=- <\ A(1)>1 B m(2)> ±I B m(l)>l A(2)>) • /3/ 
y'l. 

lfx 3Hepr88 paBHbl 

(±) (L) 
E m = E A+ E B ± n YL Re u I m I ( x) ' /4/ 

a paJJ.8aU80HHhie W8p8Hbi 

(±l <1- 21 u<L)< 
y L , m = y L + m I m I x)) . /5/ 

B cooruoweH8HX I 4/ 8 /5/ aepxH8H 3HaK ofHOC8TCH K 

C8MMeTp8'1HhiM KonneKTHBHhiM cocTOHHHHM 1! ~ >, a H8:>K­

H8H - K aHT8C8MMeTpH'iHblM COCTOXH8HM 11/J(-:;-, 0TKilOHeH8X 
m 

pa)l.8aiJ;80HHhlX WHp8H OT 3Ha\.feHH.Il YL CB.Il3aHbl C KOrepeHT-

HhiM 83ny'ieH8eM JJ.BYX u;eHTpOB. ,lJ.aHHhiH MeXaHH3M, 0\.feBH)l,­

HO, He OKa3hiBaeT HHKaKOrO Bil8HH8H Ha Ilapu;8anhHbie 

W8p8Hhl, COOTBeTCTBYlOII.\He Hepa)l.HaiJ;80HHbiM KaHanaM pac­

Ila)l,a. ll03TOMY H3MeHeH8H IlOilHblX 8 pa)l.HaiJ;80HHbiX W8p8H 

paBHbl )l.pyr )l.pyry 8 COCTaBilHlOT 

fly, =y(+) -y =y -y(-)=-2y Imu<L)(xl. 
L,m L,m L L Lm L lml 

/6/ 

Cornacuo /6/, cpeJJ.H8e apeMeua :>KH3H8 KonneKT8BHblX 

B036y:>K)l,eHHblX COCTOHH8H orrpe)l.eilXlOTCX ITO «!lopMyne 

(0) 
(±) __ r ' 

T = (0) 
L,m 1 ± r L'lYLm 

/7/ 
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r,ne T = 1/y fiOJIH. - cpe,nHee BpeMH )J(H3HB B30llHpOBaHHOrO 

B036y)J(,I:leHHOrO :UeHTpa. 0qeBH,I:lHO, qTo cneKTpanLHaH llHHBH 

C qacTOTOH w 0 H UIHpBHOH YnoJIH. paCIUennHeTCH Ha KOMno­

HeHTbl C qacTOTaMH 

(~ Q) 
wL~m = wo ± t\wL,m=wo ± yLReUiml (x) /8/ 

(±) = + ~ 
H UIHpHHaMB Y L ,m (noJIH) Y no.nH. - Y L ,m 

llocKOllbKY OCTaeTCH BblpO)J(,I:leHHe no 3HaKy npoeK:UHH cnu­

Ha, qucno HOBbiX cneKTpanbHbiX llHHHH paBHO 2(L+ 1). 
B ,nanLHeHUieM MLI 6y,neM cquTaTL, qTo H3nyqeHue <lJoToHa 

HBnHeTCH e,nHHCT8eHHbiM KaHallOM pacna,na COCTOHHHB B , 
T.e. YnoJIH = Y L • 

3a,naqa Tenepb COCTOHT 8 onpe,neneHHH H8HOrO 8H,I:la 

<iJYHK:UHH U(~? (x), xapaKTepH3YIOIUHX KOrepeHTHble C80HCT8a 

cucTeMbl )J.8'yx u,neHTHqHbiX :ueHTp08. B qacTHOM cnyqae 

,I:lHnOllbHbiX nepeXO,I:l08 (L=l) COOT8eTCT8YIOIUHe 8blpa)J(eHHH 

6LinH nonyqeHbl 8 pa6oTe /6/: 

U (l) h) = .:L ( _!__ - _!_ - _i_ ) e i x 

l 4 x3 x x2 

(l) 3 (-i-u (x) = -- 2 
0 2 X 

_!_ ) ix 
- e * 

X 3 

§3. Pe3oHaHcHoe e3aUMooeucmeue npu 
EI ,- u ML - nepexooax 

/9/ 

u (L) 
)l.nH BbJqucneHHH KOMnneKCHbiX <iJyHKUHH lJ 1 ' (x) 80C-

1Hl 

nonL3yeMCJI H38eCTHbiM 8blpa)J(eHHeM ,nnH 34J<lleKTHBHOH 3Hep-

rHH 3ana3,I:lbl8aiOIUero 3lleKTpOMarHHTHOrO 83aHMO,I:leHCT8HH 

,n8yx TOK08~ cocpe.IJ.oToqeHHbiX 8 oKpecTHOCTHX ToqeK R 1 u 

R 2/CM. /14/ '/§32.2/ 

' 3.IJ.eCL u 8 cne,nyiOIUHX pa3,nenax npe.IJ.nonaraeTcH, qTo 
8peMH )J(H3HH CHCTeMbl 8ellHKO no Cpa8HeHHIO C 8peMeHeM 
pacnpocTpaueHHH curHana Me)J(,ny .rl8YMH ueuTpaMu: 

~ -+ 4 ~ 

y \R 1-R 21 IR 1-R 2 \ 
fiOJIH. << 1 T >> -----

' (' c 

6 

A 

<B(l)A(2>1 VIA<l)B(2)> = 

i~t o 1; _-;2 I 
(l) ... ... *(2) -> ... e 3-> 3 ... 

jJ j (r - R ) j (r - R ) -----d r d r 
AB 1 1 AB 2 2 1... ... I 1 2 

r -r 
1 2 

/10/ 

-) 

3,necL j-\1!- lpAil'jABl - 4-MepHaH nnoTHOCTL TOKa "nepexo­

.na" Me)J(.z:ly CTa:UHOHapHbiMH COCTOHHHHMH J3 H A, pa3HOCTb 

3HeprHH KOTOpbiX E B-E;\ ,--11Ck O . llepexo,nH K KOMnOHeHTaM 

cl>ypLe 

......... 
. (l) -> • (l) -> -+ - i(K, rrR ~ 3-> 
JAB (K) = f J A B(r 1 - R 1) e d r I . 

/11/ 
. (... ... ... 

.(2)*-+ .(2)* -> -+ 1 K, r2-R2) 3-+ 
J A B (K) = fJ A B (r 2 - R 2 )e d r 2 ' 

MLI MO)J(eM nepenucaTL <lJopMyny /10/ 8 8H,ne HHTerpana 

A 

< B(l)A(2~ vI AH> E(2) > 
/12/ 

(1) ... (2)* ... :'(1) ... :'(2)* ... 
1 pAB(K)pAB (K)- ]AB(K)J AB (K)] 
-f 
2rr2 "" k"" ·o 

I( - 0-1 

i<~.R 1 -it2> 3 ... 
e d K. 

B HHTepeCYIOIUeH HaC 3a,naqe j (I)(;) - j( 2) (;). 
All .\ B 

H3 penHTH-

8HCTCKOH BHBapHaHTHOCTH B COXpaHeHHH TOKa cne,nyeT, 

qTo ecnH CnHH OCH08HOrO COCTOHHHH pa8eH HYlllO, a 803-

6y)J(,I:leHHOrO - L, KOMnOHeHTbl 4-MepHoro TOKa nepexo,na 

npH OTHOCHTenLHOH qeTHOCTH 7] \If"(-} ) L HMeiOT CTpyKTypy 

/CM. / 14/ §25.5, /IS/ §143/: 
1 

p ABm(K) = V~ 
a.+ 1 

L ... 
I( y (.!S.._)Q(3) f(3) (k2-~2) 

Lm K Lm L 0 ' 
(2L -ll!! 

/13/ 
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-; AB m(;) = j 477(L + !2 
L(2L + 1) 

koKL-1 ... ( 3) ... 

(2L-U!! lYLnf;)+ 

+/L i( y (: )}Q(3) f(3)(k2--:2) 
L + 1 K Lm K Lm L 0 

L: l 
Ecnu rJ , (-ll ,To 

\ll 

p AB (;) = 0 
m ' 

/14/ 

-; (->) )477(L+ 1) KL 4 (M)(~) (M) (M) 2 2 
] K = Y - Q f (k - K ) • 

AB m U2L + 1 ) (2L _ 1)!! Lm K Lm L 0 

-> ( 3) : 
B «lJopMynax /13/-/14/ Y (-) 

Lm K 

-.hi) ;· 
H Y

1 
(--) • HOpMHpOBaHHhie 

,Ill k.. ... 
nonepel.fHbie wapoahle aeKTOPhl (,, ii~;). Y (~) - c<iJepu-

\'lJ \t;l} Lm K 
l.feCKaJI. <iJyHKll,HJI., QL

111 
H Ql,rn • COOTBeTCTBeHHO 3JieKTpH· 

l.feCKHi H MarHHTHWi MYJlhTHllOJlhHWe MOMeHTW nepexo,na, 

onpe.nenHIO~He aepoHTHOCTh H3nyl.feHHH peanhHoro <iJoToHa 

/B paCCMaTpHBaeMOM CJiyl.fae BeJIHl.fHHa lh.m He 3aBHCHT 
\')) -> • ·> (M) '' ->2 

OT m /; fL (k 0-K. -) H f L (k 0-K. )-<lJopM<iJaKTOphl, Yl.fHThiBaiO· 

1.1.\He BHpTyanhHOCTh <iJoToHa u y.noaneTaopHIO~He ycnoauro 
fL(()) 1. 

MLI 6y.neM nonh3oaaTLCH npu6nu)f(eHueM T~'{~'~H~Ix ~erT-
POl;' ,H B COOTBeTCTBHH C 3THM Cl.fHTaTh, 'ITO f I (k -()- 1-: -) = \rvv 2 ·) ., _ ., , 
=fL (k 0 -~7-)- 1 H npH 3Hat.JeHHJI.X Z- k(1-K.'-, He paBHbiX 

Hynro ;. . Ilpu Bhil.fHcneHHH HHTerpanoa I 12/ aocnonh3yeMCJI. 

* 3HepreTHl.JeCKOi 3aBHCHMOCTH <iJopM<iJaKTOpOB OT nepe­
MeHHOH 'l- k b -k 2 OTBel.faeT KOHTaKTHOe B3aHMO,neHCTBHe, 
KOTopoe ucl.fe3aeT, ecnu npocTpaHCTBeHHwe pacnpe.neneHHJI. 
TOKOB He nepeKphiBaiOTCJI.. PeaJihHhie aTOMhl H H,npa He HMeiOT 
pe3KHX rpaHHIJ,, H B CBJI.3H C 3THM Hallie paCCMOTpeHHe npH­
MeHHMO npH 3Hal.feHHJI.X f{, cymecTBeHHO npeBhilliaiO~HX 
3tlJ<lJeKTHBHbie pa3Mepbl IJ,eHTpOB. 

pa3Jio:>KeHHeM 

Jle)l(aH.npa 

... (3) ... 2 
\YL (~)\ 

m K 

\Y b\; )\ 2 = I~(Ml; )\2= 
Lm K Lm K 

4 (M) 4 2 
H \'J' (~)\ 

Lm K 
no nonHHOMaM 

/15/ 

2L + 1 (-1} m+ l~ C 2n0 C 2n0 p (coEiJ)., 
477 n=O L IL-l LmL-m 2n 

') (l 
r.ne ( !.~nL-m - Ko3lWJHuHeHTbiKne6wa-rop.noHa, _f) -... yr~n 
Me)f(.ny f! H OChiO KBaHTOBaHHJI. yrnoaoro MOMeHTa R"R 1- Rz. 
KaK H3BecTHo, 

77 iKR cos8 . .f 77 ( 
fPe(cos8)e sm8d8=21 '1/--Jf+lh'KR), 

0 2KR / 16/ 

... . -· 
r .ne " I" ; , B "' : l{ : Je+Vz - <llYHKUHH lieccenH: 

Je + vz (K R> = v ~~ (-l>e <"""~) e <-d-) e 
7T K RdR 

sinK R -----KR 

C yl.feToM /16/ HeTpy,nHo noKa3aTL, 'ITO npu R ;tO H uenwx 

3Hal.feHHJI.X HH,neKCOB n H p(p~ n) cnpaae,nJIHBO COOTHO· 

weHHe 

p 2n (cos e) e i K R cos e 
J ---------------- K 2p d 3 ~ 

K 
2 - k ~- iO 

ik. 0 R 
2 n 2p+l R 2n _'!__) 2n -~---

( 2 ") (- 1) k o ( k- ) ( R d R k o R 
0 

/17/ 

3.necb no.npa3yMeaaeTCJI., 'ITO nocne HHTerpupoaaHHJI. oT-

6pachiBaiOTCJI. Bbipa)f(eHHJI., OCIJ,HJIJIHPYIOI.I.\He npH 6eCKOHel.fHWX 

9 



3HaqeHHHX apryMeHTa; B ~H3HqecKOH CHTyaUHH qneHbl Ta­
KOrO POAa o6pa~aiDTCH B HYllb npH ycpeAHeHHH ITO CKOllb 
yroAHO ManoMy pa36pocy paccTOHHHH R. 

JlerKO BHAeTb, qTo, cornaCHO paBeHCTBaM /13/ H /14/, 
ITOAbiHTerpanbHLie Bblpa)l(eHHH B /12/, COOTBeTCTBYIO~He 
EL H ML -nepexoAaM, oTnH1·IaiDTCH APYr OT APYra qneHoM, 
nponopuuoHanLHLIM K 

2(L-qK 2- k6> . B cuny /17 I BKnaA 

3Toro qneHa a HHTerpan paaeH Hynw * . TaKHM o6pa3oM, 
OKOHqaTellbHhlH pe3yllbTaT He 3aBHCHT OT OTHOCHTellbHOH 

qeTHOCTH cocToHHHH A H B. Ha ocHoae /15/ H /17/ nony­
qaeM 

rAe 

(L) 1 L n+m 2n0 2n0 2n d 2n eix 
Ulml<xl= 2n:o(-1> <2L+UCLlL-PLmL-mx <xdx) ~- = 

L n+m 
-l. i 2 (-1> 
- '2 n=O 

-- (l) 
2n0 2n0 V TT H (x)' 

(2L+UCiiL-ICLmL-m 2;- 2n+~ /18/ 

( ]) 
112 1/. (x) - ~yHKUHH raHKenx nepaoro POAa. PaAHa­

n 1 12 

UHOHHaH WHpHHa /aepOHTHOCTb 21. -nonHoro H3nyqeHHH/, 
BXOAHIUaH B CTpyKTypHble ~OpMynhl §2, HMeeT BHA: 

_ 1 I I 2 k 2L+l 2<L + 1l 
YL .. h- Q Lm d IJ2I~:J)~(2i'~-=t')!! • /19/ 

B qacTHOCTH, npu L , 1 

(l) 1 2 d 2 
U ( x) = [ -- x (--) 

I 2 xdx 

eix ix e __ J, 
X X 

(I) d 2 ix ix 
Uo (x) =- [x2(--) _e_ + ~-]. 

xdx x x 

3TH ~OpMynhl ITOllHOCTbiD 3KBHBaneHTHhl Bblpa)l(eHHHM /9/. 

* B 'laCTHOCTH, a cnyqae 6eccnHHOBhlX ueHTpoa A H B 
(E(Q)-nepeXOA) pe30HaHCHOe B3aHMOAeHCTBHe OTCYTCTByey 
npu n106hlx KOHe'IHhlX R . 

10 

t 

'I 

Cor nacHo /6/, /8/ H /18/, H3MeHeHHH WHPHH H CABHrH 
qacToT cneKTpanLHhlX nHHHH npeACTaBnHIOT co6ou ocuun-

nupywmue ~YHKUHH napaMeTpa x = k 0 R : 

sin X L n+m 2n0 2n0 17 
AyL = yLI--- (2L+ll 2 (-1) CLIL-{LmL-m y -J 2n+~ (xll, 

,m x n=l 2x 

YL cos x L n+m 2n0 2n0 -; 
Aq, m= -I---+ <2L+U 2 (-1) Cl1L-1 CLmL--mv

2
--J_2nJh (xll. 

' 2 X n=1 X 

/20/ 

PaccMoTpHM npeAenLHhle cnyqau ManLIX H 6onLwux pac­
CTOHHHH Me)I(AY ABYMH UeHTpaMH. JlerKO BHAeTb, qTo llpH 

I{ << ,\ (x <:< 1) WHpHHhl CHMMeTpHqHbiX B036Y)I(AeHHhlX 
COCTOHHHH YABaHBaiDTCH, a WHpHHbl aHTHCHMMeTpHqHbJX 

COCTOHHHH ucqe3awme Mallbl <Im ul~·l) (0) ~- L) . IlpOCTbie 
BbJqucneHHH AaiOT 2 

(-) = 2(l + 2L+1 C 20 C 20 (-llm+l ) = 
YL,m YL x 6 15 L IL-l LmL-m /21/ 

- 1 - 6yLx211 + 
2[3m 2- L<L+ 1) ][3 - L<L + 1)] l . 

(2L - 1) L<L+ 1H2L+3> 

-(2L +1) 
CABHrH qacToT npu x<<l nponopuuoHanLHLI x 

C yqeTOM HBHOrO BHAa K03~HUHeHTOB C [ 1,;l-m 

L+m (2L+U![(2Ll!]
2 

1 2L+1 
Aw = (-1> y (---) • 

L,m L (L+m)!(L-m)!(L+U!<I.r-1)! 2x 

/22/ 

IlpH 3TOM I&.!L,m /yL\ 2_1. ):(aHHhlH pe3yllbTaT MO)I(HO 
TaK)I(e nonyqHTb Ha OCHOBaHHH HBHOrO BHAa onepaTopa 
3lleKTpOCTaTuqecKOrO /MarHHTOCTaTHqecKOro/ B3aHMOAeB­
CTBHH ABYX 3lleKTpuqeCKHX /MarHHTHbiX/ 2LnonbHbiX MO­

MeHTOB: 

11 



" L (2L 
V(R) = ~ (-l)L+m -----~----Q *( lQ (2) _1 __ 

m=-L (L+ m)!(L-m)! Lm Lm R ~L+l . 
/23/ 

EcnH X /1, npowe HCXO)J.HTb He H3 COOTHOWeHHH /20/, 
a aocnonb30BaTLC.R ewe JJ.O HHTerpHpoaaHH.R npeJJ.cTaaneHHeM 
wapoaLix aeKTopoa qepe3 d-4JyHKUHH BHrHepa ;.'16/, §16/: 

IY (M) ( ~ )12 
Lm K 

IY(3) (;)1 2 

Lm K 

= 2L+.lr(d(L) (0))2+(d(L) (0))2] 
8rr I m I' I I m 1. -I 

/24/ 

L 
= 2L +__!_ ~ f3 (L,m~cos0)2n 

8rr n =() n 

(L) 
cl>yHKUHH lJ 1 1 (x) MoryT 6LITL 3a.D.aHLI c noMOll.\biO Ko34l4lH-
I.J;HeHTOB rn' {i(L,m). 

n 

(I ) I ) 'Jn i x · ~ 2Lf. 1 ' n (!.,m d- p 
t;. 1 (x) - - --- ~ (-ll {i --- ( -=----) 

~ 111 4 n =' 0 n dx :?n X 
/25/ 

ilpH X 1 OCHOBHOH BKna)J. B HHTerpan /12/ BHOCHT o6naCTb 
ManLIX yrnoa, a KoTopoB: d(~~~ +J (0) _ (~inO):c:m: Till. OTci0-

1 i'-
)J,a cne)J,yiOT aCHMllTOTH'IeCKHe Bbipa)KeHH.R: 

(L) 2L+ 1 
lJ (x)=- ---

IX e (L) 2L 1 ix 
lJ (x) = i--+--L(L+ 1)-e __ 

1 4 X 0 4 2 
X 

lJ (L) 

lml~ 2) 

2L+ 1 =---
2 

e ix /26/ (L+ lm[)! . lml- 1 
- (-I) 

<L-Iml)! L<L + 1) (2x) lml 

* Bbipa)KeHHeM /25/ Y.D.06Ho nonL30BaTLC.R npH He6onL­
WHX L , KOr)J,a 3aBHCHMOCTb d -4JyHKUHH OT yrna HMeeT 
npocToB: BH)J,. B qacTHOCTH, npH L = 2 

(2) 5 d2 d4 eix 
lJ (x) =- -(1 + 3-- + 4-)---

1 8 dx 2 dx 4 x 

? 4 . 4 ' 
( 2) 15 d~ d IX (2) . 5 d LX 

U (x)= -(-- + --)~-. U (x)=- -(1- --)-e-
o 4 dx 2 dx 4 x 2 8 dx 4 x 

12 

§4. 0CH06Hble :Jf}jf}jeKMbl 

a. YzAoeoe pacnpeoeAeHue U3Ay<~eHUJI. BLipa)KeHHe /20/ 
)J,n.R H3MeHeHH.II WHpHH MO)KHO nony'IHTb nyTeM Henocpe)J,­
CTBeHHOrO Bbl'iHCneHH.II BepO.IITHOCTH pacna)J,a KOnneKTHBHbiX 
cocTO.RHHH /3/. B paccMaTpHaaeMOM cnyqae cnHpanLHble 
aMnnHTY)J,LI pacna)J,a HMeiOT BH)J, 

A ( ±) ( 0 "' ) = d ( L) ( 0) i m ¢ b ( ±) ( 0\ 
1m •'I' 1m e '· 

/27/ 
(+) L I (L) ' -+. (+) 

A- (0"')= (-1} + d (e) Jm'l' b- (e\ 
-lm ''~-' 1)AB -lm e 1 ' 

npH'IeM 

b (±) 1 1--;J:J.- k 0 RcosO ko Rcos fJ 
= -- v y, --"'--! exp (i -----· ) + exp (- i -----) l 

2 L 4rr 2 - 2 • 

/27
1
/ 

3,IJ;ech 0 - yron Me)K)J,y aeKTopoM R H HMnynLCOM !lJoToHa 
k'; <baKTop 11 (-l)L+I paaeH +1 )J,n.R ML -nepexo)J,OB H -1 

AB 
,nn.11 EL -nepeXOJJ.OB. JierKo BH)J,eTh, 'ITO y(±) 

L,m 

= 2rr f W (±) (cosO)d(cosO), r)J,e 
-I L,m 

( ±) ( ±) 2 ( ±) 2 
\li 1m<cos0)= IA 1m (8,¢)1· + IA_Im(0,¢)1 /28/ 

(L} 2 (L) 2 )] 
2L+.ly [(d ((:1)) +(d (0)) H1±cos(kcRcosO. 

Srr L Im -lm 

MLI BH)J,HM, 'ITO yrnoBLie pacnpe)J.eneHH.R 3neKTPH<~ecKoro 
H MarHHTHoro 2L -nonhHOro H3ny<~eHH.R O)J,HHaKOBbl. HJny­
'leHHIO 4JoTOHa C BeK10ROM nHHeHHOH non.RpH3ai.J;HH, napan­
nenhHbiM nnOCKOCTH (k,Hl, OTBe'laeT KOM6HHai.J;H.II 

_ _} __ (A(±) ( 0,¢) 
--- lm 

,_/ 2 
A ( ±l ( fJ, ¢ ) ) ' 

-1m /29/ 
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a H3llY'ICHHID ~OTOHa, nonspH30BaHHOrO nepneH~HKynspHO 

llllOCKOCTH (kj{) - KOM6HHa:UHB 
' 

-~_-<A(±J (U,¢)- A(±) (8,¢)). 129 'I 
') lrn -lrn v ~ 

TaK KaK aMnnHTY~bi 127 I ~aKTOPHJYIDTCJI, HHTep~epeHUHJI 
H3llY'ICHHJI ~BYX UCHTpOB, KOTOpag npHBO~HT K yrnOBOH Ja­

BHCHMOCTH cos(k 0Hcos0), He CKa3blBaeTCJI Ha llOllJipH3a:UHH. 

6. Pe3oHaHcHoe pacce.RHUe. 3HaJI 3HeprHH, wupHHbl H 

aMnnHTY~bi pacna~a npOMC)I(YTO'IHblX KOnneKTHBHblX COCTOJI­

HHii, Mbi MO)I(CM HanucaTb JIBHOe Bbipa)l(eHHe ~ng aMnnuTy­

~bl pe30HaHCHOrO paCCCJIHHJI ~OTOHa Ha ~BYX 6eCCllHHOBblX -· UCHTpax. IlyCTb 0 0 H () - yrnbi MC)I(~y BCKTOpOM H H 

HMllYllbCaMH ~OTOHa COOTBCTCTBCHHO ~0 H nocne pacceJIHHJI, 

¢ - a31_1,MyTanbHbiH yron MC>K~Y nnOCKOCTJIMH, npoxo~JIIUHMH 

qepe3 R H HanpaaneHHJI HMnynbCOB na~aroiUero H pacceJIH· 

Horo ~OTOHOB, r u r' - cnupanbHOCTH 41oToHa ~o H nocne 

pacceJIHHJI (r.r'- + 0. Tor~a 

14 

r<L;ce ,e,¢) 
rr 

2L+ 1 ko R cosO k R cosO 
= ~-yL lcos(-----0 )cos( 0 ) x 

0 2 2 

X 

L 
~ 

d (L) (0 ) d (~) ( 0) irncp 
rrn r rn e 

----- + 
m~L w(+) -w-iy(+) 

L,m 2 L,m 

k 
0
Rcos e k R cos e 

+sin(---.£.-) sin(-_Q_ ___ ) x 

L 
X ~ 
m~L 

2 2 

d(L) (8 ) d (~) (e) e im¢ 

~--0-~-----1. 
(-) i (-) w -w- -y 
L,m 2 L,m 

1301 

IlonHoe ce'leHue peJoHaHCHoro pacceJIHH.fl nerKo HaiTH 

C llOMOIUbiD OllTH'ICCKOH TeopeMbl. ~ng HenonJipHJOBaHHbiX 

~OTOHOB 

o(L)= 477 1_1 (f(L)(O 0 0) f (L) (() 0 0)) = 
k 2 m ll o• o' + -1- l o' o ' 

0 131/ 

= -T<2Lt-l)y I cos2( koRcosOo L Y(+) (d<L{e ))2 
k

0 

L 
2 

)~ L,m lm 0 

m=-L(w (+) 2 . 1 ( 
L,m-w) +--(y +))2 

( ) 

4 L,m 

- (L) 
YL (d (0 ))

2 

,m lm 0 ~ I. 

+ 

+ sin 2 ( 
k0R cos80 ) ~ 

2 m=-L (w (-) 
L,m 

- w)2 + l (y (-) )2 
4 L,m 

Mbi J~ecb yqnu, 'ITO }2(1!
0 

\o ))
2 i (d<u (O ))~llpu Ld HJ 

111 1m ll 111 -lrn 0 
~OPMYllbl 1311 Henocpe~CTBCHHO cne~yiDT peJynbTaTbl pa-

60Tblj;,j ~ng peJoHaHcHoro ~unonbHoro pacceJIHHJI. 

Cor nacHo 1301 H 1311, ecnu BeKTOpbl -k H R napan­

nenbHbi I 00- !i unu U 
0 

- rr I, BKna~ B peJoHaHcHoe pacceJIHHe 

~aiDT TOnbKO KOnneKTHBHblC ypOBHH C npOCKUHJIMH CllHHa,. 

paBHblMH +1 HnH -1. 3TO CBJI3aHO C TCM, 'ITO CllHpanbHOCTb 

~oToHa npHHHMaeT JHa'ieHHJI ±1. Bau~y BblpO)I(~CHHJI ypoa­

HeH no JHaKy m B 3TOM cnyqae HMCCM TOnbKO ~Ba pe-

JoHaHca c qacToTaMH wt)l H wt!1u wupuHaMH yt\ H y~~L 
C ~pyroH CTOpOHbl, ecnH Oo ~ ; , B ~OpMynax 1301 H 1311 
HC'ICJaiDT 'lner.~• COOTBCTCTBYIDIUHC aHTHCHMMCTpH<JHbiM 

COCTOJIHHJIM jrp ~ >; npH 3TOM peJOHaHCHbiC 3HeprH~ ~OTO­
HOB, nonJipHJO.BaHHbiX B~Onb H nepneH~HKynJipHO R , paJ­

nH'IHbl. ~eiicTBHTenbHO, HJ caoiicTB d-~yHKUHH cne~yer, 

'ITO npH () -~ ; O~Ha H3 aMnnHTY~ 1291 HnH 129 '/ paBHa 

Hynro. B cnyqae EL-nepexo~oB peJoHaHcHoe pacceJIHHe 

~orouoa, no.JIJipHJOBaHHblX napannenbHO R, onpe~enJieTC.fl 
ypOBHJIMH \lJJ \ +) > C HC'ICTHblMH 3Ha'ICHHJIMH cyMMbl (L +m), 

m -> ~ 
a paCCCJIHHe ~OTOHOB C BCKTOpOM nonJipHJa:UHH e .L 11 -

ypOBHJIMH jt/; (+~ C 'ICTHblMH (L+ m).ECnH peJOHaHCHOe pac-
rn 

ceHHHe CBHJaHo c ML-nepexo~aMH, To Hao6opoT, He'leTHblM 

(L + m) OTBeqaeT BCKTOp nonJipHJa:UHH, nepneH~HKynJipHbiH 

R ,a qeTHblM - napannenbHblH. 
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6. H3/ly~eHue oeyx 6036yxOeHHbiX ijeHmpoe. Ha OCHOBe 

peJynhTaTOB §3 MO)I(HO TaK)I(e onpe.n;enHTh cneKTp H3ny· 

'leHHH .n;syx o.n;uHaKOBhiX B036y)l(.n;eHHhiX ueHTpos B, Haxo­

)l;HIUHXCH B TO'IKax R I H R 
2 

.YpoBHH lt/1(,~} ,cooTBeTCTByJO­

IUHe B036y)l()l;eHHIO O)l;HOrO H3 l.{eHTpOB, HBnHJOTCH B 3TOM 

cnyqae npoMe)l(yTO'IHhiMH. KoHKpeTHhie cooTHoweHHH .n;nH 

lbopMhi cn~Krpa MoryT 6h1Th nonyqeHhi B paMKax pa3BHToii 

B pa6oTe 1 91 
Teopuu KacKa.n;Horo pacna.n;a .n;syx B036y)l(.n;eH­

HhiX aTOMOB, B KOTOpOH Y'IHThiBaeTCH HHTeplbepeHI.{HH )l;BYX­

lbOTOHHhiX aMnnHTy.n;, CBH3aHHaH C HCXO)l;HOH 3KBH)l;HCTaHT • 

HOCThlO CHCTeMhl. JaMeTHM, 'ITO B pa60Te,'9 
1 

npe.n;nonara· 

nOCh, 'ITO B036y)l()l;eHHhie COCTOHHHH He BhlpO)I()l;eHhl, npH· 

'leM H3ny'leHHe HMeeT .n;unonhHhiii xapaKTep. O.n;HaKo o6IUaH 

CTPYKTypa cneKTpa He JaBHCHT OT 3THX .n;onyll.{eHHii. Ecnu 

06a l.{eHTpa HaXO)l;HTCH B O)l;HHaKOBhiX COCTOHHHHX B m CO 

cnHHOM L, cneKTpanLHoe pacnpe.n;eneHHe HHTeHCHBHOCTH 

nocne HHTerpHpOBaHHH no yrnaM BhlneTa lboTOHOB HMeeT 

BH)l; 

(+) (-) 
RL (w)=RL (w) + RL (w), 

,m ,m ,m 

r.n;e 

(±) 1 (3 +~ )( {±) (±) 
RL '-(w)=-(y +~y ){ t- YL m 1-\_ )+bL (w--w ± &u ) 

,m . 4rr L- L,m -----' ,m ,m 0 L,m 

(w-wo ± t.wL )2 + l. (3y,L ± ~YL )2 

+ 

,m 4 ,m 

(±) (±) 
(yL±~YL )(1+aL )+bL (w 0 -w + ,m ,m ,m ±~WL,m)!, 

2 

(±) 
a = 

L,m 

(w 0 -w 2 1 ( + 
± ~w L) + 4 YL- ~YL,m) 

( YL ± ~ y L, ~ )y L (±) 
b = 
L,m 

4(y +~y )~w 
L- L,m L,m 

y 2 + 41w 2 
L L,m 

' 
y 2 + 4~w 2 

L L,m 

/32/ 

(I) ( ) 
<l>yHKUHH R I m UJ OllHChiBaeT BKna.n; CHMMeTpH'IHOro 

~' u J \-} 
npOMe)l(yTO'IHOrO COCTOHHHH \ Y m, ·(-' , a lliYHKUHH RLm(w) 
aHTHCHMMeTpH'IHOrO COCTOHHHH I 1:' m)_, 

16 

H3 /32/ H acuMnToTH'IeCKHX lbopMyn /26/ BhiTeKaeT, 

'ITO, ecnu paccTOHHHe Me)l()l;y u;eHTpaMH senHKO <x~k0R"> D,· 
B ClleKTpe H3ny'leHHH, KaK H cne.n;osano O)I(H)l;aTh, OCTaeTCH 

nHWh O)l;Ha nopeHI.{OBCKaH nHHHH C 'laCTOTOH cu O H WHpH­

Hoii ; L , T. e. o6a u;eHTpa HJny'laiOT He JaBHCHMO. B npoTH­

BOllOnO)I(HOM npe.n;enhHOM cnyqae X << l ClleKTp COCTOHT 

H3 lli!YL HenepeKphiBalOll.{HXCH nHHHH O)l;HHaKOBOH HHTeH" 

CHBHOCTH, O)l;Ha H3 KOTOphiX HMeeT 'laCTOTY C1JO -/\C1JL H ,m 

WHpHHY 4y1 , a .n;pyraH - qaCTOTY w O +'\C1;L H WHpHHY 2y L . 
.. ,nt 

IlpH 3TOM MO)I(HO npeHe6pe'lh BKna)l;OM pacna.n;a CHCTeMhl 

qepe3 cocTOHHHe I «J;(--) > H HHTeplbepeHUHOHHhiM HCKa)l(eHHeM 
Ill 

cneKTpa *. 
Ecnu npoeKUHH cnuHa soJ6y)l(.n;eHHhiX u;eHTpos He paBHhl 

.n;pyr .n;pyry (m 1 lm 2l, cneKTP HJnyqeHHH onpe.n;enHeTcH y)l(e 

'leThlphMH npoMe)l(yTO'IHhiMH ypOBHHMH: \0(±): H \«/;(±) >. 
ml m2 

§5. CnuHoBaR cmpyKmypa pe3oHaHcHozo 
630UM00eUCI/f6UR 

IlpH llpOH3BOnhHhiX CllHHaX B036y)l()l;eHHOrO H OCHOBHOrO 

COCTOHHHH MaTpH'IHhle 3neMeHThl onepaTopa 2L -nonhHOrO 

B3aHMO)l;eHCTBHH aTOMOB HnH H)l;ep Bhlpa)l(aiOTCH qepe3 

BBe.n;eHHhie paHee lliYHKUHH lJ r:~ j< x). B npe)l;CTaBneHHH, OTBe­

'laJOll.{eM Bhi6opy OCH KBaHTOBllHHH CllHHa B)l;Onh BeKTOpa 

H (m ~ m
1 

- m ·~ ~- m ·I - n~ 2 ) , 

A 

<B (l)A (2)\'V(L)\A ,(l)B ,(2)> = 
m 1 m2 m2 m 1 

/33/ 

=hy C Sifll, C s!fli u(L) (x), 
L sAm 2Lm s~ 2 Lm \m\ 

* CTporo rosopH, npH H,:, A Ha nHHHJO c qacToToii c,;o-1\wL,m 
H WHpHHOH 4y L HaKna)l;hiBaeTCH, B COOTBeTCTBHH C /32/, 
Y3KHH llHK, BhiCOTa KOTOporo B )l;Ba pa3a npeBhiWaeT BhiCOTY 
OCHOBHOrO llHKa. 0.n;HaKO BKna.n; Y3KOrO llHKa, COOTBeT· 
CTBYJOIUero pacna.n;y aHTHCHMMeTpH'IHOrO COCTOHHHH, B HH" 
TerpanhHYJO HHTeHCHJ.)lfOCTh nHHHH HC'Ie3aJOll.{e Man /HMeeT 

nopH.n;oK senH'IHHhi y ~-) /y .~ x2 << l I. 
L,m L 
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r~e y L - BepoHTHoeTL 2 L -noJILHoro nepexo~a B-· A+ y B 

e~HHHD.Y BpeMeHH. B qaeTHoeTH, eenu enHH B036y)f{,!J.eHHoro 

eoeTOHHHB: paBeH HYJIIO, a oeHOBHOrO L ( sB =o 0, s A= L), TO 

e~BHrH qaeTOT H H3MeHeHHB: IIIHpHH KOJIJieKTHBHLIX B036y>K­

~eHHLIX eoeTOB:HHH THna /3/, BLipa>KeHHLie B e~HHHIJ,aX 
YL, B(2Lt D,pa3 MeHLIIIe, 'IeM B paeeMoTpeHHOM BLIIIIe eny­

qae sll~ L, sA~ 0. 
C yqeTOM /18/ H /33/, 3JieKTpOMarHHTHOe B3aHMO~eil­

eTBHe Me>K~y B036y>K~eHHLIM H HeB036y>K~eHHLIM u;eHTpaMH 

HMeeT 06Iu;yiO eTpyKTypy 

" " i X A (' 
V =- hyf(x)_;:.__ PAll 

X 
A 

/34/ 

r~e P All - 06~eHHLIH onepaTop, MeHB:IOIIJ;HH MeeTaMH eo­

eTOB:HHJI A H B 6
/, y- pa~uau;HoHHaB: IIIHpHHa H30JIHpoBaHHoro 

u;eHTpa /npH n~pexo~ax eMelllaHHOH MYJILTHOOJILHOeTH 

ycc L Y] I' f(x) - MaTpuu;a B enHHOBOM npoeTpaHeTBe 
L , 

u;eHTPOB A H B, eo~ep>KaiiJ;aB: noJIHHOMLI eTeneHH N:::; 2(s At .t>JI 
no nepeMeHHOH 1/x. TaK KaK eo6eTBeHHLie 3Ha'IeHHH PAll 

paBHLI ±1, KOJIJieKTHBHLie KBa3HeTaiJ;HOHapHLie eoeTOB:HHB: 

Beer~a eHMMeTpH'IHLI HJIH aHTHeHMMeTpH'IHLI no OTHOIIIe­

HHIO K nepeeTaHOBKe A __, B . OHH eooTBeTeTBYIOT onpe~e­

JieHHOMY 3Ha'IeHHIO npoeKIJ;HH eyMMapHoro enHHa eHeTeMLI 
A A A ~ 

S=sA+~B Ha BeKTop R, Ho npu sA,to, sB,lO, Boo6Iu;e 

rOBOpB:, He B:BJIB:IOTeB: eo6eTBeHHLIMH eOeTOB:HHB:MH onepa­

TOpa § 2. HeKmoqeHHe eoeTaBJIB:eT enyqail sA~ s B~~ 1/2 /eM. 

HH>Kej. ~ 

BLIDHIIIeM B:BHLIH BH~ f(x) ~JIB: 'IHeTO ~HllOJILHLIX nepe­
. I 

XO~OB (y=yl ). llpH s 13 = 1, sA= 0 /6, 
A A 

f<x) = F<x> = D <xHSn) 
2

, /35/ 

r~e 
--) -+ 

n = R/R 
' 

F(x)= xe-ix tfD(x)=- }_(l_i), 
0 2 X 2 X 

/36/ 

( ) -ix (I) (I) 3 ( 3i 3 ) Dx=xe (U (x)-U (x))=---1+---. 
I o 4 x x2 

18 

EeJIH sB= 0 , s A=-1 , TO 
A 

" 1 1 -· _, '2 f(x) = - F (x) ~- -- D (x )(S n) 
3 :i 

/35'/ 

B qaeTHOeTH, B ~JIHHHOBOJIHOBOM npe~ene WH~HHLI gneKT­

panLHLIX JIHHHH, eornaeHO /35}', paBHLI )'i+6~y1 _,_/ = ;jYl H 
(-) (-) 2 , , y ~y =--y 
1,0 l, l 3 l 1 

Mo>KHO noKa3aTL, 'ITO B enyqae s.~,- s n =- 2 
~ A A 

f(x) ~ :}-l F (x)[l- 2(S~} 2 
+ S \, 2D (x)[1- <Sn__,l

2
1l /37/ 

B ma6Au14e npuBe~eHLI co6eTBeHHLie 3Ha'IeHHH MaTpHU:LI 

( ±) (+) (-) _T fsM(x)~l,S\1 (~<U Y1,SM (x<<U Y1,SM <x«U _ 

1 1 ~ +1 -F(x) w +- -- --
- 3 0 2 x3 11- -- ---1----

4 
3yl 

2 
:fYl 

0 F( x) + ~ D( x) 

0 0 ~ F( x)+ ~ D( x) 

---·--

yl 

un~ ~ 2yl 

-----+------+-
y 
l 

cuO ± -­
x3 

4 
3yl 

1 
6Yl x2 

2 
-3yl 

/37 I, OTBe'!aiOIIJ;He onpe~eneHHLIM 3Ha'IeHHHM eyMMapHoro 

enHHa S H ero npoeKU:HH M, a TaK>Ke qaeTOTLI H IIIHpHHLI 

eneKTpanLHLIX JIHHHH npH 3Ha'!eHHHX x- k0 H 1 . 3aMeTHM, 

'ITO aHTHeHMMeTpH'IHLIH ypOBeHL C KBaHTOBLIMH '!HeJiaMH 

S == 1, M = 0 npH H 1/k 
0

- r\ HBJIB:eTeB: ~onro>KHBYIUHM 

( (-) c/ Y ) 
yl 10 -· l . 

' Eenu u;eHTPLI He B:BJIHIOTeH Heno~BH>KHLIMH, a qaeTOTLI 

v, xapaKTepH3YIOIUHe ux ~BH>KeHHe, y~oBneTBOpB:IOT yeno­

BHHM <•)
0
.>,·-y, z c'H.BLipa>KeHHe /34/ cne~yeT paceMaT­

puBaTL KaK onepaTop He TOJILKO B CllHHOBOM, HO H B KOOp-
/ . 

~HHa THOM npoeTpaHCTBe ~BYX u;eHTpOB : h • JICHO, 'ITO H3- 3a 

HaJIH'IHB: B /34/ 3KCllOHeHTLI e MHHMLIM llOKa3aTeJieM Bee 

KOJIJieKTHBHLie 3llJllJeKTLI ~OJI>KHLI HC'!e3aTL, eeJIH ~JIHHa BOJI· 

HLI lPOTOHa ropa3~0 MeHLIIIe JIHHeHHLIX pa3MepOB o6naeTeH 

npoeTpaHeTBeHHoil noKaJIH3aUHH H3Jiy'IaTeneB:. B qaeTHOeTH, 

19 



3aMeTHOe H3MeHeHHe BpeMeHH )KH3HH B036y)K,!J.eHHOrO Jl)l." 

pa B KpHCTanne B npHCYTCTBHH HeB036y)K.IJ;eHHbiX JI.IJ;ep TOrO 

)Ke THlla HMeeT MeCTO JIHWb npH YCJIOBHH ,\ " a ,r,ne 
~ "*' - KOJl, 

aK0,1.- aMnnuTy.na Kone6aHHH. -vaKTop no.naaneHHJI J,necL 

TaKoii )Ke, KaK H ,nnB 34><l>eKTa Mecc6ay3pa. AHanorH ... IHaB 

CHTyaD;HJI B03HHKaeT H B cnyqae ,IJ,Byxa TOMHbiX MOJieKyn 

C H30MepHblMH JI,npaMH, CBOHCTBa KOTOpbiX o6cy)K)l,aJIHCb 

a pa6oTe ,'6 I. 

ABTOP Bblpa)KaeT 6naro.napHOCTb B. r .liapLiweBCKOMY 

H M.l1.I1o.nropen;KOMY 3a HHTepec K pa6oTe H none3HLie 

JaMel.faHHB. 
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