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. KaK H3Becnio, .nm1. onnca_HiiJI caMbIX HH3KHX B036ym

,neHHbIX COCTOJIHHH tteTH0 • tteTHblX a T0MHblX JI,nep JJ:0CTa T0tfH0 

yttHTLrna Tb He6onbmoe · ttncno • cTer'leHeii ·cao60,nb1 JI,npa. • 3To 

YTBepm,neHHe . CTaH0BHTCJI, 0JJ:HaK0, Hecnpaae,nnHBblM ,nnJI 
COCTOJIHHH, :rneprHH. B036ym,neHHJI K0T0PbIX npeBblUiaeT ae

nHtfHHY YJJ:BOeHHOH 3HepreTHtfeCKOH menn /2C/. lix CTpyK
Typa yme He TaK npocTa H 6blcTpo ycnomHJieTcH no Mepe· 

B03pacTaHHJI 3HeprnH' B036y>I<,neHHH .!1l. O,nHoii H3 npHtfHH 

TaKoro ycnomHeHiiJI CTPYKTYPhl C0CTOJIHHH JIBnJieTCJI B3a· 
HMO,neiicTBHe JJ:BYXKBa3HtfaCTHtfHblX H Kone6aTenbHblX B03· 
6ymAeHHH. . 

B HeI<OTOPhl,X JI,npax 'cBH3b 3THX JJ:BYX pa3nH4HbIX THilOB 

JJ:BH)KeHHJI HatfHHaeT ·npoHBnHTbCJI yme B CBOHCTBaX C0CT0JI• 

HHH, 3HeprHJI K0TophIX paeua 1,5· - 2,5 M3e. TaK, B 06-
3ope ·Ii/, r.ne -TUiaTenhH0 npoaHanH3HpoeaH 3KcnepnMeH· 

TanhHhIH MaTepnan o cneKTpax · · Bo36ym,nennii ·· e H,npax 

C z < 50, HeOJJ:HOI<paTHO yKa3bIBaeTCJI Ha JJ:BOHCTBeHHOCTb 

ceoiicTB MHontx ypoeHeii e Cd n Sn , Ha cyII.tecTeoaa1tne 

B HX CTpyKType npHMeceii kat< KonneKTllBHblX, TaK H ,neyx

KBa3HtfaCTHtfHblX K0Mil0HeHT. 3Ha4HTenbHoe K0nHtteCTB0 4+, 
2 \ 0 + COCTOHHHH B o6nacTH 3Heprllii B036y)K'.,neHHJI 1,5 + 
2,5 · M3e, · pJIJJ:· 3KcnepnMeHTanhHhIX .nanHbIX no, {3 -pacna- · 

,ny /2, 3/ /B Sn, Cd . / TaKme. He MomeT· 6btTh noHJIT e paM· 

Kax T0nbK0 BH6paunoHHOH HnH T0nhK0 JJ:BYXKBa3HtfaC.THtfHOH 
KapTHHbl cneKTpa 3THX JI,nep. B,.ne<t>opMHpoeaHHblX tteTH0· 

tteTHblX JI,npax Mbl, nomanyii, He HaiiJJ;eM CTO.Tlb 0,!l;H03HatfHblX 

yKa3aHHH Ha B3aHMO,IJ;eHCTBHe Kone6aTenbHhix H HeKonneK· 

THBHblX BeTBeii B036ym,neHHH. Ceiittac 3,nech eCTb nHlllb 

nepBble ,naHHble 0 CYII.teCTB0BaHHH ,neyx4>0HOHHblX C0CT0JI· 
HHH / 4/. O,nHaKO 3HeprHJI,. TaKHX COCTOJIHHH 6nH3Ka K 3Hep

rHII .JJ:BYXKBa3H'4acTHtfHblX B036'ym,neunii, H3 ttero M0)KH·o 
npe.nnonomHTL; · ttTo BblUieyKa3aHHoe B:JaHMo,neiicTBHe 6y,neT 

eamHblM H B 3T0M cnyttae. 
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CymecTnyeT TaKme H pHn TeopeTn 1-1ecKHX pa6oT, rne 
HJyqanocb BJIHHHHe B3aHMO,IIeHCTBHH KOJIJieKTHBHhIX H He· 
KOJIJieKTHBHhlX B036y)K,IIeHHH Ha CBOHCTBa YPOBHeii qeTHO· 
qeTHhIX Hnep. K HHM OTHOCHTCH, HaIIpHMep, pa60ThI-AnarH 
H ero coTPYJlHHKOB f sl.oHn ncrronLJYIOT cpeHoMeHonornqec
KYIO Monenh. Eonee rrocnenonaTenLHoe orrncaHHe HHTepe
cyIOIUHX Hae 3cpcpeKTOB MO)KeT 6bITh rronyqeHO B rronyMIIKpo
CKOIIHqecKOM IIO,IIXO,Ile. BrrepBbie 3TO 6hIJIO cnenaHO Co
JIOBbeBbIM IIPH HJyqeHHH necpopMJP?aHHhIX qeTHo-qeTHhIX 
Hnep I 6, 7 I ·. 3aTeM n pa6oTax 8

•
9 aHanorHlfHoe nccne

nonaHHe 6Lrno nponeneHo .IIJIH HeKoTophIX ccpepnqecKHX 
anep. 

Heo6XO.IlHMO, 0,IIHaKO, HeCKOJihKO YTOqHHThBHJlBOJIHOBOH 
cpyHKUHH, KOTopaH ncnoJih30Banacb B pa6oTax 16 , 81. 3To 
CBH3aHO C cymecTBOBaHHeM B HeKOTOpbIX Hnpax nnyxKna
JHqacTHqHbIX . COCTOHHHH C O.IlHHaKOBbIMH ] 1T /HJIH K 1T /, 

3HeprHH ~OTOphlX 6JIH3KH. B3aHMO,IleHCTBHe KBaJnqacTHU 
c (pOHOHaMH 6yneT npHBO,IlHTb K CMeunrnaHHIO TaKHX COCTO· 
HHHH. CMeIIJIIBaHHe MO)KeT OKa3aThCH B PH.JJ.e cnyqaen 
B8.)KffbIM KaK. JlJIH npaBHJlbJIOro OilHCa.HHH CTPYKTYPbl BOJI· 
HOBOH cpyHKUHH, TaK H .IlJlH OIIHCaHHH :rneprttii: nnyxcpoHOH· 
HOro TpHIIJieTa /HJIH KBHHTeTa/. 

Mbl 6yneM HCilOJib30BaTb raMHJlbTOHHaH, BKJIIOqaromnii:, 
IIOMHMO cpenHero IIOJIH, OCTaToquoe B3aHMoneii:CTBHe, npn
BOAHIUe_e. K riapHbIM KOppeJIHUHHM cnepxrrpOBO~HIUero nrna, 
a TaJ<)Ke KnanpynOJib ·KnanpyIIOJibHOe H OKTYIIOJib • OKTy· 
IlOJibHOe OCTaToqm~Ie B3aHMO,IIeii:cTBHH. TaKOH raMHJibTOHHaH 
npn COOTBeTCTBYIOIUeM BbI6ope 'napaMeTpOB B3aH¥oneii:
CTBHH 06ec.neqnnaeT·, B nepBOM IlpH6JIH)KeHHH xopornee OilH· 
caHne nByx1<na3nqa.ciu<im',1x n onHocponoHHbIX 'cocroHHHii .. 

·· Bun 3Toro raM~Jib~O~'IHana,· ecJIII ero 3anucaTb ·qepe3 
onepaTOPbI, POf~eHHH H YHHqTO)KeHHH K:i3a3nqa·cTnµ (a+, a ). 
II (pOH9~~B _ ( Q , .Q) ," ~Jie.IIYfOIUHH: . _ _ 

_a/ .IlJIH c<flep~qecKux H.IIep · · 
, '... ' •. 

/la/. 

H = •:s· ri-B(j) 
I .. ·c , ,. 

.......£_ ·• :s-~ 2,\ + 1 .. 1 1 . ··,.. ... ,- . -•• X ;.__ f • X 

2,f'I ,\;;;,, . KA yY(Ai) vY0f''J 

4 

+ + ,\-µ 
x(Q,\ ,,. +(-) Q~ .. -, 

-µ1 ''t'-1 · J(Q ,\µi 

1 

2 y2 
+ 

I _r r Ji i 2 >i. n I ro ,\ µ ' 
i1 i2 ,\; 

+ Q,\-µt )-B(j
1

j
2

>t.-~) + h.c.l 

6/ .D.JIH .necpopMHPOBaHHbIX H.JJ.ep 

1 1 
H= It B(q) -- _I . 1 

,\-µ Q . ) -
(-1) + __ ,\-µ i 

,\-µ 
(-1). + 

1 . X 
q q 4 gii' 2K,\ vY CiiiJ · v Yrni'J 

·+ + 
X (Q- + Q- ) (Q- , + 0- , ) - /16/ g; g_i g i g i 

1. + . . - - . 
- I, l(Qg + Qg)[r(q,q',g)B(qq'J+r(qq'g)B(qq')]+h.c.l. 
4 gqq 

3necb MM ·cnenyeM~ n ocHOBHOM, 0603nalfeHHHM, rrpnHHTbIM 
B /to/.YKameM TOJibKO, qTo j H. q - '.JTO KBaHTOBbie qHCJI~ 
yponHeii cpe.nHero noJIH a ctiJepuqecKoM II necpopMuponaHHOM. 
6a3HCax COOTBeTCTBeHHo; g SE Aµ i , H I 'Cc ,\µ - KBaHTOBbie 
qncna cpoHoHa B .necpopMuponanHoM H11,pe. KpoMe Toro, 

ru
1 

i
2
,\iJ = 

A 
I i1i2 VJ 112 -Vy (Ai) 

,\µ , I , V qq qq 

, r(qq'g) = J.Y(g) , 

r(qq'gJ = 
-~ 1~ 

_£_ qq_'_v_q-:-q-' -- , B (j) = B (jj<XJ )x (2j + 1) 

yY(g) 
B(q) = B(qq). 

5· 



f,\µ, f.,\. - 3TO 
-- -7 • 1112 · 
onepa Topa B .rrecpop-

B 3THX cpopMynax, ,TaK )Ke KaK H B /lo/, 
MaTI)HqHhie .JneMeHTbl MYJihTHTIOnhH0ro 
MHp0BaHHOM H ccpepuqecK0M 6a3ttcax COOTBeTCTBeHHo.v i1i 2' 
Vqq' - H3BeCTHhie KOM6nnaunn u, v - K03cpcpnuuenTOB npe
o6pa3oBaHHH Eoromo6oBa. 

B raMHJlhTOHHaHaX /la/, /16/,\ = 2,3. Mbl He BKJIIOqHJIH 
c10.rra qnenhI, neo6xo.rrnMh1e npn onncamm o+ ·Bo36y,K,neHuii, 
T.K. OHR nae B ,naJibHeiimeM HHTepecoBa Th He 6y,nyT. 

Ilpu onncannn cocToHnnii npoMe)KyToqnoii Jneprnn Bo3 • 
6y,K,neHHH Ha.no HCTIOJlb30BaTb, KaK npaBHJIO, BeChMa cno,K
HYIO BOnHoByIO cpynKUHIO /l I, KOTopa,i: co.rrep,KHT 6onhmoe 
qncn,o MHOrOqJOHOHHhIX H MHOrOKBa 3H'-laCTH'-IHhIX' KOMTIOHeHT. 
PacqeT CTPYKTypw TaKoii BonHoBoii cpynKunn Jneprnn cd
CTOHHHH, KOTOpoe ona onHCbIBaeT, - nenpocTaH 3a,na'-1a. 
O.rrnaKO TI.PH _HHT_epe_<::yIOU{HX nae 3HeprHHX B036y,K,neHHH 
B BOnHOBOH cpyHKUHH .rrocTaTO'-IHO coxpaHHTb KOMnoneHThl 
THna a+ a+, Q +, Q+ Q +· H a +a +o·!, Y)Ke BKJia,n KOMn7nen7 

nocnenHero copTa 6y.rr~T Man, KaK JTO noKa3ano B 8 •
10 

, 

a BKJia.rr '-leTbipeXKBa3tt'-laCTHqlfhIX KOMnoneHT -.· H BOB0e 
necymecTBeHHhIM. 3aMeTHM, qTo -npn OTIHCaHHH 2 +II 3- co
CTOHHHH /B .rrecpopMHpOBaHHhIX H,Upax 2 +,. 3 -, 2 - , I-, o
COCTOHHHH/, Mhl MO,KeM nonb30Ba Th_CH ,H3hIKOM TOJibKO 
<1ioHonHh1x Bo36)',K.rrennn. · . 

I- - . 
TaKHM o6pa30M, npn H3y'-leHHH 2 H 3 COCTOHHHH 

➔· - - - -ccpepn'-leCKHX ,i:,nep /2 , 3 , 2 , I ·- , 0 .uecpopMIIPOBaHHhIX/ . 
Mhl t3r.rreM ncnOJih30BaTb BOJIHOBYIO fPYHKUHIO cne,nyIOU{ero. 
BH,na: 

,a/. B ccpepn•IeCKHX _H.Up~x 

+ ,\2 i2 
'Jl(JM)=I~ CiQJMi +It...,\1i1(])<,\1µ1,\2µ2lfM>x 

l 

+ -· + . 
x Q Q - · Ix I 0> · 

,\ 1 µ 1 i 1 )!•2:µ2 i 2 ph ,. . /2a/ 

6/ B .rrecpopMHPOBaHHhIX ,i:.upax 

1l + 
'JI (K ) =II C. Q :::- . 

l s J 
0 

+ I 
gl g2 

g - ·-+ . + 
t... 

2 
(g ) 0" . -o I I O> h ' /26/ g O gl g2 . P · · 1 

6 .. 

'.Ii 

r.rre I O>ph - cpoHOHHhIH BaKyyM,. a cyMMiipoBanne no i1, i 2 
BKnIOqeHo npoCTO pa.un y.uo6CTBa, BKJia.n KOMnoHeHT c 
i 1' i2>l 6y.rreT, KaK y)i(e rOBOpHJI0Cb, Man. 

HopMHPOBKa BOJIH0BblX ¢YHKUHH: 

2 ,\2 i 2 2 
I Ci+ 2I[t...,\ i (])] =· 1 
i · 1 1 

/3a/ 

2 g2 - 2 
I Ci + 2I [ t... ( g )] = 1. 

gl . 0 /36/ . 

113 Tpe6oBamrn MHHHMH'JaUHH cpe.nnero 'JHa'-leHH.11 raMHJib· 
TOHHaHa /la/ no COCT0HHHfO /2a/ rrptt BhITIOJIHeHHH .rronon
HHTeJibHOro ycnOBH.11 Ha.Ko1rprpHUHCHThl BOJIHOBOH cpyHKqnu 
/3a/ Mbl TIOJIY'-IHM CHCTeMy ypanHCHHH Ha C; , '\ .. H 3HeprHIO 
COCTOHHH.11 1/ J. /.rrn.11 .uerpopMHpona1111b1X R:XCP ana.rrorH'-IHO/. 
Ycnosne pa3pemHMOCTH 1TOH c11cTe\1b1 p.nR Ci H A 3anw 
cwsaeTC.11 B BH.IIe ypasneHHR 0TH0CIITCJlbH0 o.unoto HCH3· 
BeCTHoro - :rneprttn C0CT0RJllfR 7/ J ' 

det :, : ( ui - . - T/ ) v .. , - K (ii') I I . g1 g 1l ', 0 /4/ , 

+ rne <,i°,i; - 3HeprnR ¢ottoHa Q ;n; B crpepn'-lecKoM .11.rrpe rro.n g 
nano noHHMaTb TOnhKO M0MCHT qJOHOHa J; 

BeJIH'-lttHa K(ii') BhirJIRllHT cne:rymll{HM o6pa3oM: 
a/ .nnR c(jieptt'-ICCKoro Rllpa 

K(ii') - .!._ I 
- 2 ,\2 i2 

,\ 1 i1 

,\ ' ,\ . 
u 2 _12 (Ji) u 2 ~2 (Ji') 

,\1 11 ,\1_11 .. 

w , + w · . -71 
,\1 11 >i.2 12 J 

>-.2 i2 

u ,\ . (Ji) 
1 11 

1 ' 
../2 J(,2,\1 +1)(2~2+ i//.2 (->"'1+,\2+] X 

_/Sa/ 
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x,. I, 
;1 ;2 j 3 

. >-1>-21 

[f'(jlj2Ji)I j2jlj3 

>-1 '1 

}('P l~il 

>-2 i2 
cl> . + 

l 2 13 

>-2 '2 A1i1 · >-1 >-2 J >-2 i2 Ji 
+ 'P 

1
·. ct>. 

1 
>+ ro

1
il 1i1)l; ; ; l(lJl 1 •1 'I' 1 1 213 13 1 · 3 2 1 3 1 2 3 

_>.2;2 Ji ,, >-1 >-21 
+ ct>. ct> . J + ro11:?2 i 2 > 1.1 .. 1 x 

1311 1213 . 11312 

+ 

.. · >-1 i1: .. Ji 
X (IJI ,· . 'J1: . 

'>.1i1 .. Ji 
+ cl> . . • ,cl> J • )]. /Bal 

. ' 213. 1311 121 3 . 31 1 

6/ nm1 .qecpopMHpoBaHHoro. 1i:npa 

g2 - . • IZ2 ., u,. (g 0 t)Ug (g 0 1) 
SJ 1 · 

K (ii') 
1 

I, 
2 

g1g2 Wg +Wg -TJ 
1 2 

/56/ 

g .' 
u2(gi)=I. 

gl O , 
qq V 

r , mg2 a1 
(qq g }(T . , cl> , .+ 

· o qV vq 

m g2 lTI gJ ;;; g2;;: g J ;;: g2 ;;; g 1 
+'¼', "l' --r '¼' ,-'¼', "l' )+ 

qv vq qv vq · q v vq 

. - , . g2 - gl - iZ 2 g 1 g 2 - g 1 - Ei2 g 1 
+ r( qq io )(cl> qV 'Pvq' + cl> qV 1{J Vq' - 'J1 q'v cl> Vq - 'J1 q'v cl> V q ) + 

e1 · '.IZo ·i1 'o - 111 - 11 0 
+ r(qq'g2J('I' ,'P . + ct> , ct> • - ct> , ct> vq qv vq ~ vq qv 

8 .. 
·,. 

A 

I 

1,/ 
,l 

_ g - g a1 . a2 
'P ~ lJI O) + (gl-;::!. g2) + r(qq'g2)('P ''P +. 

vq qv · vq qv 

a1 - i1o - '11 go - i11 go 
+ cl> , W - cl> ' 'P v · ~ cl>q'v cl> qv ) + ( g 1 ;= g2) • 

q V qv q V q 

3.nech H nanee, ~C~H HHDeKC j BC~peqaeTCH B o603Haqe

HHHX 6j -cHMBonoB{ ~
1

·,~
2

~ 3 l HnH K03!pqJ~u~eHTOB Kne6~~-
, 1 213 

rop.Il,OHa <i1 ml i2 m2 i >.µ>, OH o6oJHaqaeT nonHhIH yrnOBOH 

MOMeHT Toro O.Il,HoqaCTHqHoro COCTOHHHH, BCe KBaHTOBhie 

qffcna' KOTOporo paHee 6bIJIH 0603H8.treHhl j. BcTpeqaromeeCH 

B cpopMyne /66/ o6oJHaqeHHe (g1 ;::! g 2 ) no.npaJyMeBaeT 

H.D.YmHe nepe.n HHM B qiopMyne cnaraeMhie c neQ_ecTaBneH

HhIMH HH.Il,eKCaMH g I H g2, BennqHJihl 'P, cl> H '11, cl> - aMnnn

TYDhl .D.BYXKBaJHqacTHqHhIX COCTOHHHH, BXO.Il,Hl.QHX 7 BOnHOBYIO 

<PYHKUHIO-(pOHOHa; HX BHD MOif<HO Haiint B f/6oTe' 
101. - ' 

BhmmueM Bh1pa:>1<eHHH .nnn ·C1 H /1 / (g
0
Jqepe3 UH K: 

. 1 . . . 

f½ -. 1 . 1 ~ - . / 
11 g (g·) =-

2 
• . . -I. C U (g0 i) 

1 .. 0 w gl + w ~ - TJ g~ i ~ 
/7/ 

M ii 

K , , ' 1/2 C = d~ MSSM s s ] 

dr,_ 
[ I, ( M ss) 2+ .J. I, 

s · 2 ss '. 

/8/ 

M.88
-~ COOTBeT,CTBYIOI.QHH· MHHOJ) MaTpHUhl B ypaBHeHHH /4/. 
OnncaHHe COCTOHHHH, MOMeHThl H qe:rHOCTH KOTOphlX' 

OTnnqffhl OT 2 +H 3-/ 2 +, 3 -,. 2 -,. 1-:-, 0 -; , npoBO.Il,HTCH TeM 

:>Ke caMblM cnoco6oM. Ho TaK KaK Mhl He HMeeM 0.l:(HO(pOHOH

HhIX cocTOHHHii ·c ] 77 I, 2f. 3 - /K 77
/: 2 -~ 3 -, -2-, l -, 0 -;, 

TO BH.Il, BOnHOBOH <PYHKIIHH 6yneT .npyrHM: 
. . 

+ >-2½ 
'P(JIJ) = { I. C 01 i 2 )A (i1 i:/MJ + I. D . . >. (J)x 

•" ' j j' 
1

1
1

2 1 
1 2 
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X <>..1111>..2µ2IIM> Qt2µ2i2 ~+01_i2>..1111 J + /9a/ 

A2 i2 + + 
+2~,\. (])< A1fl1A2fl2IIM>Q,\µ i Q,\µ, i IIO>ph IO>qp 

11 1 · 111 222 

3TO B ccpeptt4eCKHX Hnpax. B neqiopMHPOBaHHhlX •e .H)lpax 

TT 1 + + 
'P(K )=l-::::2C(p p )0 a.· a + ' y2 ·. 1 2 ala2 Pt.al P2ai 

+~20 Dg , +_ + + 
. ,-2 a 1 a 2 q a q a a q a· a q a Q g + /96/ 
V 1122 11. 22 

. g2 + + 
+ 2 .. A ,. ( g. ) Q )< Q ,. 1 I 0> Io> 

ISJ O SJ "'2 ph qp 

i 0> qp 060311a4aeT .B cpopMynax /9~1. 96/ KBa1tt4aCTH4HbIH 

BaKYYM; a. - 3HaK rrpoeKUlfH MOMeHTa KBa 1H4aCTHllbl Ha 

ocb CUMMeTpttn neqiopr.rnpoaamioro fLJpa 

+ . + 
A (jlj2.\µ) = 2 <j1mlj2m2\.\µ>cij'm 

+ 
a; m 

ml m2 . 1 1 2 2 

0 = 

8 al a 2, eCJlH K = KP + KP 
1 2 

a1a2 
- a • 8 e CJIH K == I K · - K · J 1 a-a p· p 

· 1 2 1 2 

3aMeTHM, 4TO B Ati1-i2.\µ).\"l,,2,3,T.K. 2+H 3-_COCTO.HHH.H 
Q + Q 1-

BXODHT. KUK 0.IlHOqJOHOHHble 2µi, . 3µi. YpaaHeHH.H .IlJiR. 
K03qlqJHUIJeHTOB B: /9a.6/ 1\fO)KfJO TT0!1\'4HTb, ITOBTOPHB npo

ue.IlYPY,OTTHCaHHVIO DJIH 2 n 3 cocnrnnnii.· Mo•no nocTynHTb_ 

HH8,1-Ie H IlOJly4~Tb HY*Hble ypaBHeHH+.H np.HMO H3 /4/, HC.

IlOJlb30BaB npe;Je7Jlbllb!H nepexo.:i Q ·• . a+ a+., KaK. 3TO', 
/7 3 Q + . +( . . \ ) nponenaHo B • TOT nepex:o.cl OT >.µr ➔,\iA 11 12 1\µ 

3KBHBaJieHTeH 3aMeHe BO BC ex cpopMyJiax <lJ s l s2 = U, 

>.,; . ·.. . irJi+l . . . 
'l's1s2=0s1i18s2j2+(-) os1i2ost1•~=€i1 +\. Ilpu 3TOM DJI.H 

IQ 

ceKyJI.HpHoro ypaBHeHIIH H BXOD.Hll{HX B Hero KO 3cpcpuuneHTOB 

nonyqaroTc.H cne)lyromue Bh1pa•eHHH: 

det 11( f . + f . - TJ ) o . . , 
lz 12 ]. 1111 8 j 2 J; 

j 1 i2 
- K ( ., ., ) II 

1112 
0 

/10/ 

1 
i1 h J = · , s . . , J 

A2i2 >i.2;2 
Us s >i. (1"

1 
i
2

J)Us s .\ o;i2']) 
1 2 1 1 2 1 

.K(.,., 2(1+8;;1 1212 
1112 1 

.\2i2 ,\ i 

[ I 
s s 
.1 2 

f s +€ s + w A. • - TJ 
1 2. : 21 2 

- 2 
,\2 i2 

u.\1 i1 01 i2 JJu,\) / o; i; n ______ ..;:_,;_ ____ ], /Ila/ 

,\ 1 i 1 

rne 

W\. +W\ •. -TJ 
1\1 11 1\2 12 

.\2i2 1 . 1/2 .\1 +>i.2+J 
UA. i (j j ]) = - [(2,\1 +1)(2;\2+1)] (-) x 

1 1 1 2 y2 
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BepxHHH JHaK U g± cooTBeTCTByeT cnytJaro : K = K + K , 
HH:>KHHii - K = I K _ K I . P1 Pa 

P1. P2 
. B BOJIHOBhIX . myHKUHHX /9a/ n /96/ Mhl YtJHTbIBaJIH 

+ f- + BKJia,II, tJJieHOB a a Q , XOTH HeCKOJihKO paHee yKa3bIBaJIH 
7T 

Ha TO, lJTO OH MaJI. ,lleno B TOM, lJTO .IJ,JIH HeKOTOphIX J HJIH 

K" I HanpHMep, .IJ,JIH 3 + - cocTOHHHH cqiepntJe CKHX H.IJ,ep/ 

B BOJIHOBOH qiyHKUHH 6y,neT OTCYTCTBOBaTh .IJ,BYXqJOHOHHhIH 

tJJieH H TOr.IJ,a oKameTCH Heo6xo,nHMhIM coxpaHHTh qneHhI 
+ + + , ,, ,.; 

THila a a Q ' HeCMOTPH Ha HX MaJIOCTh. ,llJIH COCTOHHHH 

/2a/, /26/ TaKaH CH,TyaUHH He MO:>KCT HMCTh MeCTa. 

KoJqiqimi:neHThI C,D,t,,. MhI.BhIIlHChIBaTh'He- 6y.IJ,eM, T.K. 

OHK nerKO nonyqa,iOTCH r 3 /7 /, /8/ npH IlOMOIII:H npe.IJ,eJI,h -

Horo nepexo.IJ,a Q ➔ a a • 
YpaBHCHHH /4/ n /,10/ OlJCHh CXO.!J,Hhl c ypaBHCHHeM, 

nonytJeHHhIM a pa6oTe 1/ Ii/ .!J,JIH HetJeTHblX .IJ,eqiopMHPOBaHHblX 

H.IJ,ep, KOr.IJ,a B BOJIHOBOH qiyHKJlHH YtJHTbIBaCTCH CMCIIIHBaHHe 

pa3JIHlJHblX O,IlHOKBa3HtfaCTHlJHblX KOMilOHeHT C O.Il,HH;lKOBhI· 
TT /12/, · 

MH K • TaK )Ke KaK 3TO C,UeJiaHO B pa6oTe 'MO)KHO 

IlOKa3aTh, lJTO HC,UHarouaJihHbIC K(ii') MHOro MCHhlll~ 

.IJ,HaroHaJihHbIX, H OCHOBHOH BKJia,Il .IJ,aIOT B6JIH3H IlOJIIOCOB 

ypaBHeHHH /4/, /10/. Bee nonroca 3THX .UBYX ypaBHeHHH -

nepBoro nopH,nKa. Ponh He.unaroHanhHhIX qneHoB JaKJIIOtfa • 

eTCH B TOM, lJTO OJIH o6e'cne.tIHBaIOT npaBHJibHOe pacnpe,uene

HHe CHJihl ,II,ByXKBa3HtfaCTHlJHOrO HJIH .IJ,ByXqJOHOHHOro, HJIH 

KaKoro-nu6o .n,pyroro COCTOHHHH no HCTHHHhIM ypoBHHM 

H,II,pa. Ecnn npeue6petJh K(ii') npH i ,ti' TO peIIIeHHe /4/ 
HJIH /10/ CBe.IJ,eTC'H K peIIIeHiIIO HCCKOJihKHX ypaBHCHHH THila 

w 'gi - 1J - K (ii) = O /14/ 

13 



JlJIJI pa3HblX i . IlpH JTOM IIOHBITfllOTCH nmnime COCTOHHH.11, 

H cyMMapHhIH Birna,n, HarrpHMep, .llBYXliiOHOHHOro COCTOHHHH, 

B CTPYKTYPY Bcex pemeHHH /14/ JlITH pa3HhIX i 6y,neT 

6onbme 1, qTo JaBe.lloMo HeBepHo. KoHeqHo, B p.11,ne cityqae·B 

4lHJHqecKa11 CHTyaunn: TaKoBa, qTo MO)KHO orpaHHqHThC.11. 

pemeHHeM ypaaHeHHH THIIa /14/' HO 3TO Ha.no ,nenaTh 

C OCTOpO)KHOCTblO. YqeT He.llmiroHanhHhIX qneaoa ncnpaB· 

nn:eT cnTyaunro. 

IlpHMeCb HeKonneKTHBHblX COCTOHHHH rrpHBO.llHT K rro

JIBneHHIO eme 0.llHOro HHTepecHoro 34l4leKTa. KaK H3BeCTHO, 

·IIPH OIIHCaHHH .llBYXliiOHOHHbIX COCTOHHHH Ha 113hIKe TOIThKO 

KonneKTHBHbIX BH6paunii c yqeTOM· B raMHITbTOHHaHe aH· 

• rapMOHHqecKHX qneHOB He Bblllie TpeTbef_O rrop,t,nKa no 

qncny 4IOHOHOB, IIOJlyqaeTCH )KeCTKO 3a)laHHaH II0CITe)lOBa· 

TenbHOCTh ypoBHeii, B MYITbTHrrneTe. B __ qacTHOC:I"H, JlITH 

KBa,npynonb ·-Kaa,npyrronhHOro TpmineTa -E 2+ > E 4+ > E 0+. 3To, 

KCTaTH, nerKO BH.lleTb . H3 ypaBHeHHH /4/, eCITH B HeM 

orpaHnqHTbCJI BO Bcex qneHax A=2 H i=l.Tor,na 11 2+ > 2cu21 , 
a 3HeprH·11 4 t B .llBYXliiOHOHHOM rrpH6ITH)KeHHH 6y,n2eT 2 w21. 
BKnroqeHHe me B ypaBHeHHe /4/ qneHOB c i > 1 MomeT BbJJ· 

Ba Th IIOHBneHHe pemeHHH T/ 2 + < 2cu 21 • IloKa)KeM, 3TO 

Ha rrpocTOM npnMepe, KOr.lla ·
2
i=:1,2. B 3TOM cnyqae ceKy

nn:pHoe ypaBHeHne /4/ MO)KHO JamicaTh B cne,ny10111eM.BH.lle: 

' 1 
k 2 · · k 2 

[Ue (1)] .(<u22 -11J+[Ue (2)] (cu2z-11) 

(cu - TJ)(cu -11) - - I, 
. 21 . 22 · 2 

k 2 
. r cue (1Jl . 

+-l I·. . X I, 
4 k·. a"cu + cu -71 kn 

, ·' t. k ... £, , t. 

cuk ~"'£ - 1J 

k 
c u·e r2Jl 2. 

<u +cua-r; !c. (. . 

[ I, 
··k,f 

. r,;oJu ;,r2J t l = F(11J = o' -
cuk + cu£ - 1/ 

Ir,£ = ;\ 1 il • ;\2 i 2 /15/ 

·14 

EcnH aHrapMOHHqeCKHH IIO.llXO.ll Boo6111e HMeeT CMhICn, T .e. 

aHrapMOHHtJHOCTh He aHOMaJibHO CHJibHan:, TO .llOJl*HO cy

meCTBOBaTJ, pemeHne /15/ ua -HHTei:rnane O < 1/ < w 21 _,IIPH+ 

tJeM F (w 21 )< 0. 3TO pemeuHe HHTeprrpeTHpyeTCH ~aK 2 

C0CTO.IIHHe~ EcnH Terreph CU22 > 2Ci) 21., TO JlOCTaTOqHhIM 

ycnoaHeM cyme CTBOBaHHH BToporo pemeHHH /15/ IIPH T/. <2 <,)21 
6y,neT. · lfm F(71) > 0 .Ilpn 1J ➔ 2cu :li' 

··-11 ➔ 2w21 

1 
F,(11) == - 2 . 

1 2 · I 2 cu, (l)] (w2a -11)+[Ul (2)]. ("'21 :--TJ) 

2 "'21 - ~ . 

I 2 .· 1 2 
OTCIO)la BH.llHO, qTo rrpn[U1(1J] (cu22-2CU21J<[u, (2)] "'u 
BTOpoii KOpeHh /15/ HH)Ke 2cu 21 fl:OJIBJIH~TpH. Benn 

cu 22 <2cu 21 , To .acer.na cyme.cTByeT pemeHne HH*e 2cu21 • 
TaKHM o6pa30M, MhlBH.llllM, tJTO B IIpHHUHIIe B03HHKaeTB03"' 

MO)KHOCTh . .nnn: H.3MeileHHH IIOl)H.llKa ycnoBH~ B TpiirrneTe. 

3T0T pe3ynhTaT IIO.llTBepm,naeTCH pacqeTaMH 13/. 

Mbl paccMoTpenH B03M0)KHOCTb OIIHCaHHH B3aHMO,neii

CTBHH qJOHOHffblX H .llBYXKBaJHqacTHqHblX B036ym,neHHH B 

qeTHo•qeTHhJX aTOMHhlX H)lpax. Ilo- BH.llHMOMY, Ha 3TOM 

IIYTH B03MO)KH0 rronyqHTh xopomee OIIHCaHHe KaK 3Heprnii 

COCTOHHHH, TaK H uenoro PH.lla HX CBOHCTB, KOTOPhie 

CBH3aHhl C HeKonneKTHBHhIMH rrpHMeCHMH B BOJIHOBbIX liiYHK·. 

UHHX. JICHO, qTo B0ITHOBbie liiYHKUHH /2a, 26/ H /9a,6/ 

6y,nyT rO.llHThCH He BO acex 11,npax' B cnyqae OtJeHh HH3KHX 

3HeprHH 2 + YPOBHeii Mhl .He rronyqnM C TaKHMH BOITHOBhIMH 

llJyHKUHHMH xopomHx peJynbTaTOB. lieJycnoBHO, Heo6xo,nHMhl 

qHcneHHbie pacqeThl JlJIH Toro, qT06bI OKOHqaTeJihHO rrpoHC· 

. HHTh B03MO)KHOCTH rrpeimomeHHOro IIO.llXO)la. 3Ta pa6oTa 

ceii:qac Be.lleTCH, H ee peJynbTaTbl 6y,nyT ony6nHKOBaHhl. 

3aKaHqHaan:, Mhl IIPHHOCHM rny6oKyro 6naro,napHOCTh 

B.r.CoJIOBheBy Ja IIOCTOJIHHOe BHHMaHHe, rrone3Hhle o6cy)K• 

)leHHJI H COBeThl. Mhl IIPH3HaTeITbHbl TaKme P .B .,!()KOJIOCy 

3a IIJIO.llOTBOpHhie o6cym)leHHJI. 
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