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0.nHoH H3 axTyanbHblX 3a,naq coepeMeHHOH TeopuH xone6aHHH 
KPHCTannuqecKOH peweTKH HBnHeTCH yqeT BllHHHHH noeepXHOCTH. 
OcHOBHble .naHHb1e no 3TOMY eonpocy H3nmtceHbl eh •2!. B coepe
MeHHOH nuTepaType npoxenHJOTCH .nea no.nxo.na x 3a,naqe o noeepx -
HOCTHOM .ne4JexTe. IlepBbIH H3 HHX - BbJqucneHHe cneKTpa H 4iYHKU.HH 
pacnpe.neneHHH 'laCTOT H3 . .nHHaMH'leCKOH MaTpHU.bI, nony'leHHOH Ha 
OCHOBaHHH onpe.neneHHOH MO~enu. IloKa3aTeilbHOH .nnx 3Toro Ha
npaeneHHH xenxeTCH pa6oTa' 3/, r.ne npHeo,nHTCH no.npo6Hbie ccbln
KH. BTopoe no.nxo.n 3aKillO'!aeTCH B HCilOilb30BaHHH ypaeHeHHH 
TeOpHH ynpyrOCTH /CM. HanpHMep/4 •. 5/ /. 

B .naHHOH pa6oTe paccMaTpHeaeTcH 3a,na'la o enHHHHH wepoxo
eaTocTH noeepXHOCTH THna a.ncop6HpoeaHHhlX aTOMOB /a.naTOMOB/ 
Ha xone6aTenhHhtH cneKTp KPHCTanna. )1,nx pewenHH 3TOH 3a,naqH 
npHMeHHeTCH TeOpHH B03MYID.eHHH. 

liy.neM paccMaTpHBaTh MaKpOCKOilH'leCKHH KPHCTann, o.nHa H3 
CTeHOK KOToporo HBillleTCH a.ncop6U.HOHHOH noeepXHOCThlO. Ha.n nee 
C03.naeTCH MOHOMOnexynHpHhlH CilOH co CBOHCTBaMH .neyxMepHoro 
Teep.noro Tena, T.e. xapaxTepHhlM .neH)l(eHHeM .nnx a.naToMoe 
HBnHeTCH Kone6aHHe BOKpyr paeHoeecHoro IlOilO)l(eHHH. IlpHMeM, 
'!TO cTpyxTypa a.ncop6HpoeaHHoro MOHOMonexynHpHoro cnox onpe
.nenHeTcH .neyxMepHOH peweTKOH a • KOTopaH e o6meM cny'lae He 
coena.naeT c .neyxMepHOH peweTKOH KPHCTannH'leCKOH noeepXHOCTH. 

)1,nx. CHn, .neHCTBYIOID.HX Ha a.na TOMhl, H.CilOilh3yeTCH rapMOHH'le
CKOe npH6IlH)l(eHHe. Tor.na raMHilbTOHHaH CHCTeMhl "KpHcTann IlillOC 
MOHOMOileKynHpHhIH CilOH" MO)l(HO 3ailHCaTb B BH,ne 

ff= H0 .+ H ', 

r.ne Ho - raMHilbTOHHaH xone6aHHB KpHCTanna, a H' HMeeT BH.n. 
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/1/ 

3.necb nepBaH CYMMa onHCbIBaeT KHHeTH'leCKYIO 3HeprHIO a,naTo

MOB, BTOpaH - B3aHMo,neHCTBHe 3THX aTOMOB c aTOMaMH KPHCTaJIJia, 

a TpeTbH - B3aHMO,neii:CTBHe Me)K.ny CaMHMH a,naTOMaMH. IlpHHHTbl .. .. , 
cne,ny10111He o6o3Ha'leHHH: m - Mac ca o,nHoro a,naToM_.a, Ra , Ra -
pa,nHyc - aeI<TOpbl y3JIOB B .llBYXMepHoii: peweTKe a, R f3 -pa,nHyc -

BeKTOpbl Y3JIOB peweTKH I<pHcTanna, u 1 I ·i "'1,2,3 I - KOMnoHeHTbl 

cMe111eHHH, y IJ I ,i,j .. 1,2, 3 I - KOMnoHeHTbI · CHJIOBblX TeH3opoB. 

CyMMHPOBaHHe no R.8 , R ' npoHcxo,nHT no BCeM aToMaM cooTB.~n
CTBy10111ero BH,na, I<OT6pble :3aHMo,neiiCTBYIOT c aTOMOM B Y3Jie Ra • 
/IlpH6JIH)KeHHe 6JIH)KaHWHX coce.neii He o6H3aTeJibHO/. 

<l>yHI<UHH c( Ra) onHCbIBaeT CTPYKTYPY MOHOMOJieKyJIHpHoro 

CJIOH. O~a onpe,neJIHeTCH cne,nyIOil.IHM 06pa30M: c(~ ) .. 1 , ecnH 

B y3ne R Haxo,nHTCH a,naTOM, H c( · R )=O B npOTHBHOM cnyqae. · a .~ a 
KoHu;eHTpau;HH c CBH3aHa c c(tca) cne,nylOil.IHM COOTHOWeHHeM: 

c .. 
.. 

LI.c(R ), 
N .. a 

a Ra ...... 

r.ne Na o6o3HatfaeT 'IHCJIO Y3JIOB B peweT1<e a. 
HaJIH'IHe a.ncop6upoBaHHOro CJIOH Ha CB06o,nHOH noBepxHOCTH 

Boo6111e BH,llOH3MeHHeT noaepXHOCTHblH .ne$eKT. H 3TO Be,neT I< H3 -

MeHeHHIO cneI<Tpa I<OJie6aHHH I<pHcTaJIJia. By,neM C'IHTaTb, 'ITO COOT

BeTCTBYIOil.IHe nonpaBI<H BI<JIIO'leHbl B Ho • 
Mbl 6y.neM paccMaTpHBaTb CJiy'laii MaJILIX KOHIJ;eHTpau;HH c« 1 

H OTCYTCTBHe I<oppeJIHUHH B pacnoJIO)KeHHH a.na TOM OB B Y3Jiax pe -

weTI<H a • TaK Kai< nocne,nHHH CYMMa B /1/ co.nep)KHT c(Ra) c (R~)-c2, 
TO ee He 6y,neM y'IHTbIBaTb. 3To 03HatfaeT, 'ITO MbI npeHe6pe)KeM 

B3aHMo,neii:cTBHeM Me)K,ny a,naToMaMH. B CBeTe c.nenaHHbIX npe.nno

JIO)KeHHH 3TO onpaB,naHO. 

IlycTb a+ (q ,s) H ~ q, s) o6o3Ha'laIOT onepaTOPbI po)K,neHHH 

H YHH'ITO)KeHHH $OHOHa c BOJIHOBblM BeKTOpOM q .. Tuna s H c 'lac -

TOTOH COOTBeTCTBeHHO w (q ,s ). Tor.na 
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t 
~ 
l ' I 

r 

( 

~ 
1\ 

... .. [ + .. .. ] H
0 

• .., hw (q,s) a (q, s)a(q,s)+ ..L , 
~s 2 

.. .. h 1(2 
u (Rfl) .. I [ --- ] x 

q, s 2 NM w (q, s) 

-+ .... ... .... .... .... 
x [a (q, s) +a+ (-q, s)] e ( q, ~)exp I - ,; q • R fl ·j • 

/2/ 

3,necb N - 'IHCJio y3JIOB B KpHc'raJIJie, M - Mac ca o.nHoii: 3Jie -

MeHTapHOH JI'leHI<H, ; - BeI<Top nOJIJIPH3aIJ;HH. /HH,neKC, o603Ha'lal0-

11.1HH nOJIO)KeHHe )'3Jia B O,llHOH 3JieMeHTapHOHI H'leHKe, JIBHO He 

BblTIHCblBaeTCH/. 

r.ne 

3anuiiieM H' B cne.ny10111eii $opMe: 

H'.H1 +H2 +H 3 , 

.. .. 
Ht"' I c(R ) H(R ), 

-+ a a 
R 

... a 2 3 

H(Ra)· - .Ji:_ ~t 
2m 

a2 
' - + 

au l tR.a J 
.. ... 

+L 
2 

I I IJ -+ -+ 
y ( R f3 - Ra) u 1 (Ra ) u1 (Ra ) , 

Rfl 1,1..i 

3 1· -+ -+ -+ 
l y 1 ( ~ -R )u (R )u 

.. 
l c(R ) H2 .. ":t a 

R ,ttf:J. 
l,J .t fl a I a J 

... 
( Rf3) /3/ 

a ~ 3 
1 .. 

H = - l c (R ) l 
IJ .. .. ... .. I I 

Y ( R f3 - R a) u,(R fl) u J (R f3 ) • 4 
3 2 -+ -+ a l,Js:1 

Ra, Rfl 

... 
OrrepaTop H(Ra) MO)KHO ,nHaroHaJIH3HpoBaTb. IIo~y'laeTCH Ha-

6op rapMOHH'leCI<HX OCUHJIJIHT-+OpOB C qaCTOTaMH wf (Rf!) (f= 1 ,2,3) ~ 
He 3aBHCJIIl.IHMH OT Ra H c (Ra ). ,ll.JIH ynpo111eHHJI o6o3Ha'leHHH 

6y,neM nHCaTb TOJibKO O,llHH HH,lleI<C: f = 1, 2,. • ., 3 k, r.ne k - 'IHCJIO 

Y3JIOB peweTKH KPHCTanna. CooTBeTCTBeHHO nony'laeM: 

3k .. + .. .. 1 
Ht = l h w n l c (R J[ b n (Ra· ) b n ( R ) + - ) • 

f .. 1 L ; a L L a 2 
a 

+ .. .. 
r,ne bp (Ra) H bf (Ra) o603Ha'lalOT onepaTOpbI pO)K,lleHIU H YHH'ITO-
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I 

:>KeHHJI 4>oHOHa THna f 
Januca Tb B BH,IJ;e 

ByJne 'Ra· AHanoru•rno/2/ ;(Ra) 

... ... 3k ... ... + ... 
u(Ra)= I A0 [b (R )+b (R )]. 

P .. 1 '· f a f a 

MO:>KHO 

/5/ 

H2 + ·H3 6y,u;eM C'IHTaTb B03MYIUeHHeM. Tor.na nonpaBKH, nponop· 
UHOHanLHble c, nony'la10TCJ1 B nepBOM npu6nu:>KeHHH. HJ /2/, /3/ 
H /5/ cne.nyeT, 'ITO H 2 ecTb nuHeiiHaH KOM6HHaUHJI onepaTopoB 
THna ab, a+ b H T.n. Cne.noBaTenbHO, B nepBOM npu6nu:>KeHHH 
TeOpHH B03MYIUeHHH H2, xax nHHeHHblH no CMeIQeHHJIM, .naeT 
Hyneeoii exna.n. 

HJ /2/ H /4/ nony'laeM: 

H.Llc(R)l I 
3 2 ii a ... ... .._, 

3 I} -+ -+ 
I y ( R F:J. -:R ) x 
l,J-1 ,._, a 

u R f3 q •" 
s, s 

-1/; 
x e (q,s)e. (q',s') h [w(q ,s)w(q~s')l 'x 

I 1 2 NM 

x exp I - i ( q ... + q ') R l x 
/-3 

x [a (q, s) a (q ', s' ) +a+ (-q ,s ) a (if ', s ') + 

'· +a(q,s)a+ (-q ',s ')+a+ (-q, s)a+(-q ',s ')I. 

B nepBOM npe6nH:>KeHHH OTnH'IHbl OT HynJI TOnbKO cne.nyroiuee 
MaTpH'IHble :rneMeHTbl: 

<lflJa+(-q ,s)a(q~s'Jllfl >• n(q,s)1\(q+q')i\(s-s') 

<'fl J a(q, s) a+ (- q ', s ')I 'fl>• [n(q,s)+l ]L\(q+q ')L\(s-s'), 

... ... . 
r.ne n ( q, s) 0603Ha'laeT 'IHCno cl>oHOHOB THna ( q, s)' a !'! ( ---). 
e,IJ;HHH'IHaJI Ma TPHUa COOTBeTCTBYIOIUero THna. 

CooTBeTCTBeHHO .nnH nonpaBKH 3HeprHH 4>oHOHHOH cecTeMbl 
KpHCTanna. !'!E!n(~, s)] nony'laeM: 

6 

!'!E [ n ( q, s)] • 
chN 

---"""'"--- x 
2NMw (q""',s) 

I ... 
q ,s 

[ ... 1 ] ... x n(q,s)+T A(q,s), 

r.ne 

... 
A(q,s)= I 

r ... 

I" .... .... ....., 
I y 1 (r )e (q,s)e (q,s). 

i,j.J i J 

... ... ... 
CyMMHpOBaHH! no r ..... R {3- Ra 

it>uxcupoBaHHOM Ra 
Be,u;eTCJI no BCeM r 

Bhlpa:>KeHHe 

... 
... 

!'!w(q,s) = 
c NaA(q,s) 
-----... --
2NMw(q;s) 

npa 

.naeT nonpaBKY K .nucnepcuoHHOMY JaKoHy. CyiuecTBeHHblM B 3TOM 
Bb1pa:>KeHHH .11BnJ1eTCJ1 OTHOWeHae Na / N • Kor,u;aNa!N- "N113>>1 , 
TO !'!w(q, s) HC'le3aroiue Mano. ~nJI axycTH'leCKHX MO.IJ; 3TOTO:>Ke 
cnpaBe.IJ;nHBO. ~eeCTBHTenLHO, xor.na q-;= I q I Mano, TO w (q, s) -
-v/L, r.ne v · cxopoCTb JByxa, a L • .rinuHa 06pa3ua. Tor.na 

!'!w-
cA L -;;::;: o. 
MvNl/3 

Cne.noBaTenbHO, !'!w(</, s) JaMeTHO TOnbKO .nnH o6fa3UOB 
B BH,u;e TOHKHX nnacTHHOK, xor ,u;a, HanpHMep , 'Na IN - 10- • 

TaKHM o6pa30M, npH Manblx KOHUeHTpaUHJIX H OTCYTCTBHH 
KOppenHUHH xone6aHHJI a.naTOMOB .naroT He CBJl3aHHble ,u;pyr c ,u;py· 
roM ocuunn.llTOPbl c O.IJ;HHaKOBblMH 'laCTOTaMH He3aBHCHMO OT MecTa 
HaXo:>K,IJ;eHHJI a.naTOMOB. 3TOT pe3ynbTaT JIBnJleTCJI o6o6IQeHHeM 
H o60CHOBaHHeM npocTOH MO.IJ;enH HeCB.113aHHblX ocuunnJITOpOB, 
KOTopaJI npHMeHJlnacb B 161 ,u;nJI y'leTa xone6aHHH a,u;aTOMOB H HX 
BKna.na f,, TennoeMKOCTH MenKHX 'laCTHU. 06cy:>K,u;eHHe 3TOH pa60Tbl 
.IJ;aHO B 12 /. 

7 



Jlu111epa111ypa 
J 

1. A.Mapaoyou11, 3.Mo11111poAA, ,!1J1C.Beucc. ,au11aMu'lec1<aJ1 111eopuJ1 
1<puc111aAAU'leCl<OU pewe1111<u a 2apMOHU'leCKOM npu6AUJICeHUU, 
"Mup", Moc1<aa, 1965. 

2. A.Mapaoyou11. ,ae,Pe1<111b1 u 1<0Ae6a111eAbHblU cne1<111p 1<puc111aAAoa. 
"Mup", Moc1<aa, 1968. 

3. R.E.Allen, G.P.Alldredge, F. W. de Welte. Phys.Rev., 84, 1648, 1661, 1682 (1971). 
4. H.Ezawa. Ann.Phys., 67, 438 (1971). 
5. Jl.A.HocuAeac1<uu. )!(3T<l>, 61, 2006 /1971/. 
6. J.AMorrison, D.Patterson. Trans.Farad.Sos., 52, 764 (1956). 

8 

PyKonHcb nocTynHna B H3.n;aTenbCKHii oT.n;en 
19 J1HBapJ1 1973 ro.n;a. 

. .. 

.. 


