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Kone6aHHR paaynopsaoqeaaofi aeyxaToMaoA ueno'!!KH 

MeTD.!IDM KorepeaTaoro noTeHuBana Bhi'IHcnen cneKTP 'laCTOT '!!aCTI!'IHO 

ynopg.!IQ'!!eHHOH .!IBYX8TOMHOH ueno'!!KH 0 B KOTOpOH CTeneHb paaynopliAO'!!eH

HOC'I'H onpeaenll eTCH KOHUeHTp8UHeil 8TOMOB O.!IH~-CO·pTa B no.apeweTJ(e 

.!lpyi'DI'O CDPT8o 3aepreTII'!!eCKHe wenH IIC'Ie38IOT 38.!lOni'O .!10 B03HHKHOBeHIIll 

JIOnHOI'O 6ecuopHJJK8. CpaBHHeaeTCll unOTHOCTb COCTOliHI!ll, Bbl'IHCnEIHH8SI 

MeTOJlOM KOrepeHTHOI'O UOTeHUHana, C TO'!!HbiM KOne6aTenbHbiM CIIeKTpOM 

M8pKOBCKOH UeUO'IKII DnR O.!IHHX H TeX >Ke 3H8'1eHHH napaMeTpa 6nlllKHerO 

nopHJJKa. 

Pa6oTa BbiiiOnHeHa B na6opaTOPHH TeoperH'IeCJ(OH <jJH3BKH OHHH. 

flpenpHHT 06'beJlHHeHHOro HHCTHT)'TB g,nepHbiX HCCJie,noBaHHfi 

,ll.y6Ha 1975 

Braeter H., Priezzhev V. B. 
P2 ·- 8697 

Vibrational Spectrum of Disordered Diatomic Chain 

The vibrational spectrum of a linear diatomic chain 
with long range order is calculated in the coherent poten
tial approximation. Defect bands are formed inside the gap 
between acoustical and optical bands and outside the bot
tom of the optical band. The energy gap disappears long 
before the chain becomes completely disordered. The densi~ 
ty of states calculated in the coherent potential appro
ximation is compared with the exact vibrational spectrum 
of the Markov chain for the same values of the short-range 
order parameter. 

ry 
The investigation has been performed at the Laborato

of Theoreti~al Physics JINR. 
P.-eprint ot the Joint institute for Nuelear Researeh 

Dubna 1975 

1. BeeoeHue 

Kone6aTenLHbiB CDeKTp O~HOMepHOB .UeDO'IKa, COCTOJI· 
me:ii a3 aTOMOB ~BYX copTOB, pacnono~eHHbiX B y3nax 
.UeDO'IKa cny'laBHbl" o6pa30M, a3y'lanCJI BO rHorax pa6oTaX 
/eM., Hanp.,/ 1- 6 /. /. B pa6oTe )J;aHa/2 cneKTP non
HOCTLIO pa3yDOpJI~O'IeHHOB ,UeDO'IKH a3 8000 aTOMOB 6bln 
nony'leH B pe 3ynLTa Te TO'IHbiX MaWaHHbiX pac'leTOB, B pa6o • 
Tel 4/ npaMeHJinocL npa6na~eHae KorepeHTHoro noTeH.uaa
na /CPA/. qacTa'IHO pa3ynopJI~O'IeHHaJI .UeDO'IKa C 6na~HaM 
DOpli~KOM /MapKOBCKaJI ,UeDO'IKa/ onpe~enlleTCJI BepOJIT
HOCTbto " (" < ~) HaXO~~eHaJI aTOMa O~HOrO COpTa B y3ne 
C HOMepOM m + 1, DpH ycnOBHa, 'ITO B npe~bl~ymeM y3ne 
c HOMepoM m Haxo~HTCJI aTOM Toro ~e copTa. Kone6aHue 
~ByXaTOMHOB ,UeDO'IKa/ ra3ynopJI~O'IeHHOB TaKHM o6pa30M, 
a3y'lanocL B pa6oTe 7. MeTo~oM )];aHa ~nJI .ueno'IKH H3 
8000 aTOMOB. PacnpocTpaueuae MeTo~a CPA ua 3TOT 
cnyqa:ii He npoa3BO~anOCL. 

qaCTH'IHO pa3ynopJI~O'IeHHaJI ~ByXaTOMHaJI ,ueDO'IKa C 
~anLHaM DOpJI~KOM /HeMapKOBCKaJI ,UeDQ'IKa/ COCTOHT H3 
~BYX DO~peWeTOK a onpe~enJieTCJI BepOJITHOCTLIO c Haxo~
~eHHJI aToMa ~aHHoro copTa B qy~o:ii no~peweTKe. IlpaMe
Henue MeTo~a CPA ~nJI TaKoii .ueno'IKa He CBJI3aHo c npau
.uanaanLHbiMa TPY~HOCTJIMa. Bo3HaKaeT aonpoc o anaJIHaa 
~anLHero nopJI~Ka Ha ~anaMa'leCKHe caoiicTBa pa3ynopJI~o
'leHno:ii .ueno'IKa. B uacToJimeii pa6oTe 3TOT aonpoc pewaeT
cJI B paMKax CPA. CneKTP qacToT HeMapKoBcKoii .ueno'IKa 
Haxo~aTcJI MeTo~oM CPA ~nJI pa3nH'IHbiX 3Ha'leHaii c. 3a
TeM acnonL3yeTcJI CBJI3L Me~y napaMeTpaMa ~anLHero 
a 6nu~Hero nopJI~KOB a npoa3Bo~aTCJI cpaaueHae cneKTpoa 
MapKOBCKOB ,UeDO'IKa, Bbl'lacneHHOB MeTO~OM )];aHa B pa6o
Te /7/, CO CDeKTpOM HeMapKoBCKOB ,UeDO'IKa, nony'leHHbiM 
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a paMKax CPA JJ;nJI pa3HLIX 3Haqeuu:ii c. IIonyTHo npou3ao
JJ;HTCJI BLI'IH,neHHe cneKTpa 'laCTOT B npu6nH>KeHHH cpe.IJ;He:ii 
t -MaTpHu;LI 

8
/. BLI'IHcneHHLI:ii B 3TOM npu6nH>KeHHH cneKTp 

npu Mano:ii CTeneHH pa37nopJIJJ;O'IeHHOCTH cpaBHHBaeTCJI C 
pe3ynLTaTaMH pa60TLI/9 ,B KOTOpO:ii cneKTp 'laCTOT BLI'IHC
llJillCJI JJ;llJI cnyqaJI, KOr JJ;a JJ;Ba a TOMa B ynopJIJJ;O'IeHHOH JJ;Byx
aTOMHOH u;enO'IKe MeHJIIOTCJI MeCTaMH. 

B n.2 onucLiaaeTcJI npu6nu>Keuue cpe.IJ;He:ii t -MaTpHu;LI 
H H3naraeTcJI MeToJJ; KorepeHTHoro noTeuu;uana a npuMeHe
HHH K yKa3aHHOH BLIWe 3a.IJ;a'le. 

B n.3 o6cy>KJJ;aiOTCJI 'IHCneHHLie pe3ynLTaTLI, nony'leHHLie 
ua 3BM. ,lJ;nJI yJJ;o6cTaa cnpaaoK a llpuAoJtCeuuu npuae
JJ;eHLI «iiopMynLI JJ;llJI rpHHOBCKOH «iiYHKIJ;HH ynopJIJJ;O'IeHHOH IJ;e
nO'IKH, HCnOllL3YeMOH B TeKCTe. 

2. Heynop.ROO'I€HHa.R oeyxamOMHa.R ijenO'IKa 

PaccMoTpHM JJ;Be OJJ;HOMepHLie peweTKH c nepuo.uoM a, 
HaXOJJ;JII.IJ;HeCJI Ha OTHOCHTellLHOM paCCTOJIHHH a/2 JJ;pyr OT 
JJ;pyra. 06be.IJ;HHHM napLJ COCeJJ;HHX Y3llOB B JI'Ie:iiKy TaK, 
'IT06LI B OJJ;HOH Jl'le:iiKe HaXOJJ;HllOCL no OJJ;HOMy y3ny H3 nep
BOH H BTopo:ii noJJ;peweToK. HyMepau;uro y3noa 6yJJ;eM npou3-
BOJJ;HTL C nOMOI.D;LIO BenH'IHH R f, a , r,IJ;e f- HOMep Jl'leHKH 
( 1 < e < N) H a - HOMep noJJ;peweTKH. IIyCTL HMeeTCJI JJ;Ba 
copTa aTOMOB c MaccaMH M1 H M 2 noN aToMoa Ka>KJJ;oro 
copTa. Pacnono>Keuue aToMoa MO>KHO onucaTL 'IHcnaMH 3a
nonHeHHJI C~i~ TaKHMH, 'ITO 

_ { l,ecnu a y3ne Rea aToM Mi , 
c(l) ~ 

ea 
0 a JJ;pyroM cnyqae • 

/1/ 

IIycTL B3aHMOJJ;eiicTBYIOT TonLKo aTOMLI, JIBnJIIOIIJ;HecJI 6nu
>KaiiwHMH coce.IJ;JIMH. Cunoayro nocTOJIHHyiO, KOTopyro 6yJJ;eM 
C'IHTaTL He 3aBHCJII.IJ;e:ii OT COpTa aTOMOB,0603Ha'IHM f 
Cl>yHKIJ;HJI rpuua G( w) JJ;llJI HeynopJIJJ;O'IeHHO:ii u;enO'IKH onpe
JJ;enJieTCJI H3 ypaBHeHHJI 

G((u) =P(wl+P(w)(L0 -L) G(w); /2/ 

4 

3JJ;eCL P (w) - «iiypLe- o6pa3 «iiYHKIJ;HH rpuHa ynopJIJJ;O'IeHHOH 
peweTKH, onpe.IJ;eneuuo:ii B llpUAoJtCeuuu, a L 0 H L - JJ;HHa
MH'IeCKHe MaTpHD;LI ynopJIJJ;O'IeHHOH H HeynopJIJJ;O'IeHHOH 
peweTOK, COOTBeTCTBeHHO. IIO onpeJJ;eneHHIO JJ;HHaMH'IeCKOH 
MaTpHD;bl H BClleJJ;CTBHe /1/ HMeeM: 

0 (i) 2 ~ 
(L -L)PC' ,=Lee (M -M.)w oee'o ,. /3/ _ aa i a a 1 aa 

TaKoii BHJJ; B03Myi.IJ;eHHJI ( L
0 

-L) JJ;onycKaeT npeJJ;CTaaneuue 
G (w) B BHJJ;e/lO f: 

G(w)=P((u)+P(w)T(w)P(w), /4/ 

r.IJ;e 

T(w)=l Te = lte (l+P l Te,,) 
e,a a e,a a £',a';6£,a a 

/5/ 

H 

c m (M - M _) w 2 

fu a 1 
t = l -----------· 
r a i 1 - (M - M -) w 2 P oo 

a 1 uaa 

/6/ 

HTepupyJI /5/, nony'IHM: 

T=l te (l+P l 
ea a f'a?£f,a 

tn,+,p l 
La 0 , '=lo 

L, a r ,a 
to, ,p l ton nt-••• ). 
La o, , .1 0 , , L a 

L ,a r r. ,a 

/7/ 

Ycpe.IJ;Heuue /4/ no aceM Kou«<lurypau;uJIM JJ;aeT: 

G(w)= P(w)+ P(w)T(w)P(w). /8/ 

BaeJJ;eM co6cTBeHHYIO 3Hepruro l (w) rpHHOBCKo:ii «iiYHKIJ;HH 
G (w) cneJJ;yiOI.D;HM o6pa30M: 

G(w) = P(w) + P(w)l(w)G(w). /9/ 

H3 cpaBHeHHJI /8/ H /9/ cneJJ;yeT COOTHOWeHHe: 

l(w)G(w)= T(w)P(w). /10/ 
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A. Ilpu6AuxeHue cpeoHeii t - MampUf4bl 

YpaaHeHHB I 41- I 10 I BBJIBJOTCB TO'IHLIMH. llpoae~eM 
TenepL npH6JIH)KeHHoe ycpe~HeHHe T-MaTpHULI, y'IHTLIBaB, 
'ITO aTOMLI M1 H M 2 pacnpe~eJieHLI cJiyqaiiHLIM o6pa3oM 
a Ka)K~oii no~peweTKe: 

T(w) =! tea(w)(l+ P(w) ! Te,~..i_w). 
f'a f'a'f. e' a 

1111 

llpoBe~eHHOe npH6JIH)KeHHe Ha3LIBaeTCB O~HOy3eJILHLIM IH 
6y~eT B ~aJILHeiiweM 0603Ha'IaTLCB BOJIHHCTOH 'IepTOH 
CBepxy, B OTJIH'IHe OT TO'IHOrO ycpe~HeHHB, KOTOpOe 6y~eM 
o6o3Ha'laTL npBMoii qepToii caepxy I. 

lloJIL3YBCL paaeHCTBOM f'a'tfa Te'a'=T-T fa• ypaBHeHHe 
1111 JierKO npHBeCTH K BH~y 

Tea 
tea 

( 1 + P T) /121 
1 + tea Pee aa 

llO~CTaBJIBB /121 B /101 H Y'IHTLIBaB /41, DOJIY'IHM: 
- _ . (ea 
! (w) = ~ aea (w) = ~ -- - • 1131 

ea ea 1 + t n p on 
ra u aa -

HanoMHHM, 'ITO c~eJiaHHoe npH6JIH)KeHHe ~JIB T(u;) cnpaae~-
JIHBO npH MaJILIX KOHUeHTpauHBX npHMeceii/8/. YpaaHeHHB 
/2/, /9 I H I 13/ noKa3LIBaJOT, 'ITO a ~aHHOM npu6JIH)KeHHH 
G(w) MO)KHO HHTepnpeTHpoaaTL KaK cjJyHKUHIOrpHHa j;(cu). 

onpe~eJIBeMyiO 3cjlcjJeKTHBHoii ~HHaMH'IecKoii MaTpuueii L : 
- 0 -
L = L - ~ 0 fa • 

ea 1141 

3aMeTHM, 'ITO H3- 3a KOHcjJHrypai{HOHHOrO ycpe~HeHHB cjJyHK
UHH c ~l H G (w) o6Jia~aJOT TpaHCJIBUHOHHoii CHMMeTpHeii 
ynopB~O'IeHHOH ~ByXaTOMHOH l{eDO'IKH. 0'IeBH~HO, 'ITO Be
JIH'IHHLI cg)= c~i) = C BBJIBIOTCB KOHI{eHTpai{HeH aTOMOB 
COpTa 1 /2/ B DO~peweTKe 2 111. TpaHCJIBUHOHHaB HHBa
pHaHTHOCTL ~aeT B03MO)KHOCTL npoBeCTH cjJypLe- npeo6pa30-
BaHHe ypaBHeHHB 191, KOTOpoe C yqeTOM 1131 HMeeT BH~: 

6 

- 2 -
G dk,w)=PR(k,w)+ ~ P (k,w)a G R(k,w),a,{3=1,2./15l 

afJ afJ y= 1 ay y YtJ 

PewaB 1151 OTHOCHTeJILHO G11 (k, w) H G 22 (k, w) , noJiy
'IHM: 

w2- x2 

M1 

1 
~a2 

1 2 

G (k,w)= w2-X w2 X
1 

_ 0:1°2 
11 2 2- a+--[ 2 -w?. (k) J[c} -w2(k) !- M a1- M 2 M M 

(U 1 1 2 1 2 

w2 _ X
1 

al 
MtM2 

116/ 

G22(k,u>)= w2-X- w2Xt- uta2 
2 ? 2 (J +--[uJ2-w21(k)][c.., -uJ2(k)!- M at- M 2 MtM2 

' 1 2 

-
HHTerpHpoaaHHe cjJyHKI{HH Gll{k, u;) H (;22(k' (J)) BLIDOJIHjf-
eTCB TaK. >Ke, KaK H B H~eaJILHOM CJiyqae /eM. /ll.10, 
ll.ll/: 

w2- x2 - a2 --- -
M1M2 Mt 

) - If- ' I~ ( Z Geftt (c.;,- z~~(z-Xt) 2 (z-X2) X ) % 
T 

H 1171 
(Jj2_ X t 

1 
~- \1 1\12 (Jl 

1/ II 
XT) ;z 

C w) = II X ) '2 ( z 'ee 2 2 , 1 ~ x ) 12 ( z - , 2' z'·(z -, 1 

r~e 
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j 2 2 2 
XT 2w -~ 2 w -X2_ w -X 1 _ 

z = -- + ---) - ---a1 - a 2 + 
2 2 M 1 M2 

0:1 a2 

M1 M2 

E. 1Ipu6AuJKeHue KozepeHIIHozo nomeHt~UaAa 

1181 

PacWHpeHHe TeOpHH Ha cny'laH 60llbWHX KOHUeHTpanHH 
aToMa copTa 1 121, a no~peweTKe 2 111 Ape~yeT npHMe
HeHHJI MeTo~a KOrepeHTHOrO noTeHnHana 4

•
10 

• B n. 2A 
B paMKaX O,IJ;HOy3ellbHOrO npH6llH>KeHHJI 6blna Bbi'IHClleHa 
cpe,n;HJIJI rpHHOBCKaJI lllYHKnHJI G(w). IIpH 3TOM a xaqecTae 
OTnpaBHOrO nyHKTa TeOpHH B03My~eHHH ./II.lll Hcnonb-
30Banacb rpHHOBCKaJI I!IYHKUHJI ynopJI,IJ;O'IeHHoi neno'IKH P(w). 

qT06bl yny'IWHTb O,IJ;HOy3ellbHOe npH6nH>KeHHe, npoBe,IJ;eM 
cne,n;yiO~YIO HTepaUHOHHYIO npone,n;ypy: B03bMeM B Ka'leCTBe 
HCXO,IJ;HOH rpHHOBCKOH I!IYHKUHH I!IYHKUHIO G(l)(w)"' G (w) C 
co6cTaeHHoi 3HeprHeii i <1 ~w) "'i ( w), onpe,n;eneHHYIO paaeH
CTBaMH I 151 H I 131, cooTaeTCTBeHHO. Bbi'IHCnHM a o,n;Ho
y3ellbHOM npH6nH>KeHHH HOByiO ycpe,!J;HeHHYIO no BCeM KOH
I!IHrypanHJIM rpHHOBCKYIO myHKQHIO G (2

)<w). Ha cne,n;yiO~eM 
- (2J 

ware Mid B03bMeM G (w) B Ka'leCTBe HCXO,!J;HOB rpH-
HOBCKOH I!IYHKQHH H T .,IJ;. )l;nJI n -oro war a HTepaQHH MO>KeM 
HanHCaTh: 

G(n) (w)=G(n-1{w)+G(n- 1\w) E(n)(w) G( 0 \w), 1191 
n = 1, 2, ... , 

r,n;eG(O)(w) "'P(w); E 0 )(w)"' f 0 )(w) · 

CHcTeMa 1191 HTepHpyeTCJI ,n;o Tex nop, noxa co6cTBeHHaJI 
3HeprHJI E(nl(w) rpHHOBCKoiii!IYHKUHH (i<n>(w) He CTaHOBHT
CJI MeHLWe 3a,IJ;aHHOB Manoii aenH'IHHid. 

Ilpo,n;enaa HTepanHIO a JIBHOM BH,n;e, nony'IH~ nocne 
npocTidX, HO rpoM03,IJ;KHX npeo6pa3oaaHHii ,n;n11 G ~11 ( w) H 
G Pf i 2 Bldpa>KeHHJI, xoToplde HMeiOT TY >Ke ~!lop My, 'ITo 

r~{ 0 - < 0 I I ~ H llffll ( w) H G er 22 ( w) CM./17/H /18 C TOH nHWL 
pa3HHUeii, 'ITO a~ n) (w) HMeeT TenepL 6onee CllO>KHidB BH,IJ;: 

;:;< n) (w) 
a 

8 

I E(D)(uJ), 
a 

n 
1201 

r~e E(n)(w) 
a 

onpe~eneHa Bblpa>KeHHeM: 

t(n-1) , 
a 1W) 

E(n) (w) = 
a 1211 

1 -t(n-1)( ) G- (n-1) r ; 
+ a w e£aa .w 

npH'IeM 
2 -(n-1\ 2 

M a w - a ' ( w) - M i w 

t"<:-l)(w) = ~ c~i) - . 1221 
I 1-(M w 2 -;;:<n-1~w)-M.w 2 )G(n-l)(w) 

a a · I EEaa 
( n) -( n-1) 

H3 1211 cne,n;yeT, 'ITO E ( w) --> 0 , ecnH t a ( w) .... 0. 
IInOTHOCTL COCTOJIHHB ,n;aeTCJI l!lopMynoii 

2 1 - 1 (i) 
D(ctJ ) =---ImTrMG=--ImTrii!VIiG

11 rrN 77 a i aa 
1231 

BMecTo 1231 MO>KHO HanHcaTL 

D( w 2 ) =-1m ( ! ! c1(iM . Gi:) ITT) ' 
ai a I aa 

1241 

r,n;e G ~ ~) aa - rpHHOBCKaJI I!IYHKUHJI, ycpe,n;HeHHaJI no seeM 
KOHI!IHrypaQHJIM npH ,IJ;OnonHHTenLHOM ycnOBHH, 'ITO B Bld,IJ;e
neHHOM y3ne R1 a Haxo,n;HTCJI aToM copTa ( i) • 

Bo3MO>KHOCTL Bld'IHcneHHJI I!IYHKQHH G< 0 ocHoBaHa Ha 
llaa 

cne,n;yiOLQeM: a npH6nH>KeHHH o,n;Horo y3na L ~eT BHA 
1141; H, cne,n;oaaTellLHO, npH Bld'IHClleHHH_ (J 1~aa Mid 
,!J;Oll>KHid B CHllOBOB MaTpHne B 3lleMeHTe L 11 aa Bld,IJ;e-

2 -neHHoro y3na npocTo 3aMeHHTL (Maw -aa) Ha Mi. Ilo3-
TOMY HMeeM: 

r,n;e 

,...__ 
,(i) -- - (i)-
G llaa = G llaa + G llaa T llaa G Ilaa 

T(i) 
llaa 

M w 2-a -M.w 2 
a a 1 

2 - . 2 -1 - (M w - a -M . w ) G11 a a I aa 

1251 
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Y'IHT~aas paaeHcTao 
~ 

-(i) G (I) 
~ Cta llaa 
i 

H3 /25/ nocne ycpe,D;HeHHs: 

~ C( i) T (i) = 0 . 
i la llaa 

-
G llaa nonyqaeM 

/26/ 

TenepL H3 /24/ H /25/ c y'leToM /26/ cne,D;yeT: 

a -
D ( w 2 ) = lm ( - ~ ( M - _a_ ) G 

11 
I rr) 

a a w2 aa /27/ 

B~pa)l(eHHe /27 I HcnonL3yeTcs ,D;ns B~'IHcneHHR nnoTHOCTH 

COCTORHHB B DpH6nH)I(eHHH KaK cpe,D;Hei t -MaTpH:Q~, TaK 

H KorepeHTHoro noTeH:nHana. 

3. qUC/IeHHble pe3y/lb111QIIbl 

Ha puc. 1 H3o6pa)l(eHa nnoTHOCTL cocTORHHi D(w 2 ) a 
~~-~--

t ,-
1 J.Of---

-;o I 
.1 I 
0 II 

--~~-~~~ 

!/1-rljl 

2.0 

r1rT 

~o~v: ' ' 
' : 
' ' 
' ' 
' : 
: 145 \SO : 
~- ~~~~~-- -- ····-··t, 

I 

L~--~~ 

j 
2.0 3.0 

~1 ~ tO ~---- -~-; 4,0 s.o 
w'-

Puc. 1. llAOIIHOCIIb cociiOJIHuil 6 npu6AuxeHuu cpeoHeil 
t - MallpUflbl M 1 I M 2 = 2 , c = 0, o 5 • 
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l 

I 
t 

npa6na)l(eHHH cpe,D;Heil t -MaTpHn~ npa 3Ha'leHasx M 
1

;M
2
=2 H 

c = 0 ,0 5. KaK BH,D;Ho H3 pacyHKa, B cneKTpe qacToT no sans
IOTCR TpH ,D;ODOnHHTenLHLIX Y3KHX 30H~. fiOCKOnLKY KOH:QeH

Tpa:QHR C Mana, MO)I(HO cpaBHHTL nony'leHH~e pe3ynLTaT~ 

c ,D;aHH~MH pa6oT~ 19 I. B :noi pa6oTe H3y'lanacL ,D;ayxa TOM

HaS ynopS,D;O'IeHHaS :QeDO'IKa, B KOTOpOB HMeeTCR O,D;HH ,D;e

clleKT: 2 aToMa Mace~ M1 H M 2 , Haxo,D;RIIUiecs Ha paccTORHHH 

R, nepecTaaneH~ MecTaMH. B pe3ynLTaTe B cneKTpe 'lac

TOT DORBnReTCR TpH noKanLH~X 'laCTOT~ - O,D;Ha OT~en

nseTCR OT BepxHero Kpas aKyCTH'IeCKOB 30H~, BTOpas -

OT HH)I(Hero ODTH'IeCKOH 30H~ H TpeTLR - OT BepxHero 

Kpas ODTH'IeCKOB 30H~. BenH'IHHa OT~enneHHR noKanLHOB 

qacToT~ OT Kpas 30H~ 3aBHCHT oT paccToRHHR R. Cpaa

HeHHe 3THX pe3ynLTaTOB C pe3ynLTaTaMH HaWeB pa60T~ 

DOKa3WBaeT, 'ITO B cnyqae Manoi KOH:QeHTpa:QHH ,D;eclleKTOB 

,D;eclleKTH~e 30H~ ne)l(aT B o6naCTH B03MO)I(H~X H3MeHeHHB 

cooTBeTCTBYIOIIUIX noKanLH~x qacTOT. H3 pacyHKa BH,D;Ho, 

'ITO CTpyKTypa ,D;eclleKTH~X 30H, nony'laiOIIUIXCR B npH6nH

)I(eHHH cpe,D;HeB t-MaTpH:Q~, Ka'leCTBeHHO COBDa,D;aeT CO 

CTPYKTypoi aKyCTH'IeCKOB H ODTH'IeCKOB 30H. 

Ha puc. 2 H3o6pa)l(eHa nnoTHOCTL cocTORHHi D( w2) a 

~ 10 

0 

2,0 

o.s 
1,0 

\0 2,0 3,0 4,0 

w•
Puc. 2. llAOIIHOCIIb COCIIOJIHUU 6 npu6AUJICeHUU KozepeHII-
HOZO nolleHJIUQAQ dAJI pa3AU~HWX 3Ha~eHUU KOHJieH•paJIUU 
c. M 1 1M2 = 2. 

II 



npHOJIH)KeHHH KOrepeHTHOro ROTeHUHaJia ,AJIJI pa3JIHqHbiX 

KOHUeHTpaUHB H ,AJIJI COOTHOWeHHJI Mace 1\1 1 /M 2 == 2. H3 

PHCYHKa BH.AHO, qTo c yaenHqeHHeM 6ecnopJI,AKa npoHCXO.AHT 

pacwHpeHHe npHMeCHbiX 30H; npH KOHUeHTpaUHH c>O, 3 ll(e

JIB Me)K,Ay 30HaMH HCqe3a.IOT • fipH KOHUeHTpaUHH C == 0,5 
Mbl HMeeM ROJIHOCTLIO HeynopJI,AoqeHHYIO ,AByxa TOMHYIO ue

noqKy. PacqeT D( w 2 ) .AJIJI TaKoii: uenoqKH MeTO.AOM CPA 

npoH3BO.AHJICJI B pa6oTe 14 /. CneKTpbl qacTOT nonHOCTLIO 

HeynopJI,AOqeHHOB uenoqKH H3 O,AHHaKOBOro qHCJia aTOMOB 

.ABYX COpTOB, nonyqeHHble B / 4 / H HaCTOJill(eB pa6oTe, H,AeH

THqHbJ. B pa6oTe /3/ MeTO.AOM ,lJ;HHa /1,2 I 6biJI paccqHTaH 

cneXTp qacTOT ,AByxaTOMHOB qacTHqHo ynopJI,AoqeHHOB ue

noqxH c 6JIH)KHHM nopJI,AXOM, KOTOpblii: onpe,AeJIJIJICJI aepo-

JITHOCTLIO W /eM. BeeoeHue/. .liblna nonyqeHa 3aBHCH-

MOCTL D( w 2) ,AJIJI 3HaqeHHB " = 0,125; 0,25; 0,375 npH 

cooTHoweHHH Mace M 1 /M 2 = 2 Ha puc. 3a,e,c npHBe,AeHbl 

pe 3YJILTa Tbl pa6oTbl /1 I H HaCTOJIIUeii: pa6oTbl .AJIJI O.AHHX H 

Tex )Ke 3HaqeHHB napaMeTpa 6JIH)KHero nopJI,AKa a /eM., 

Hanp/121 /: 
a=(l-2\l) = 1-4c(l-c). /28/ 

t /a/ 

• 3 
0 

1.0 

1.0 2.0 3.0 4.0 
wa----

12 

t /6/ 

;;-
'3 
0 3,0 

2,0 

1,0 2,0 3,0 w 3
-- 4,0 

f /B/ 

-a' 

2 3,0 
0 

2,0 

1,0 

1,0 2.0 3,0 wa --- 4,0 
Puc. 3. Fuc•ozpaMMa - nAOIIIHOCI/Ib COCIIIO.RHUU MapK08CKOU 
fl€nO'IKU U3 pa60IIIbl I 7 I. r AaOKa.R AUHU.R - nAOIIIHOCI/Ib co
CIIIO.RHUU, noAy'leHHa.R e oaHHoii pa6ome npu pa3AU'IHbiX 3Ha
'I€HU.RX napaMempa W. a/ W = 0,125; e/ W = 0,250; c/W = 
= 0,375. 
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KaK BH.D.Ho a3 pacyaKoB, ocaoBable qepTbl 3aBacaMocTa D(ur) 
.nn~ o6eax Mo.nenei aaxo.n~Tc~ B xopoweM cornacaa. 3To 
03Ha'laeT, 'ITO B paMKax CPA ae o6aapy)l(eHo 3aMeTaoro 
BnH~HH~ .nanLae ro nop~.IJ.Ka aa Kone6a TenLHbiH cneKTP aeyno
p~.noqeaaoi .nuyxaTOMHOH ueno'IKa, T .e. Kone6aTenLHbiH 
CDeKTp TaKOH peweTKH onpe.nen~eTC~ B OCHOBHOM 6na)I(HaM 
DOp.ll)J.KOM. 

IIPHJIO)J(EHHE 

Ypauaeaae .nn.11 aaXO)I(.IJ.eHaJI co6cTBeHHbiX qacToT 
H)J.eanLHOH .D.ByXaTOMHOH UeDO'IKH, COCTO~IUeH a3 2N aTo
MOB, HMeeT BH)J.: 

j 2 j 1 -ik Rp 
e (k) uJ. (k) = L ef:)(k) L ___ <llnp' Pe 

a J {3 1 P' c a,_> 
yiMaM{J 

/ll.l/ 

3.necL e~ (k) - BeKTop non.11pa3auaa, <ll PP'a{J - MaTpaua ca
noBbiX DOCTO~HHbiX. 

3aKOH .D.HCDepcaa )J.n~ B3aHMO)J.eHCTBaJI TOnLKO Me)I(.IJ.y 
6na)l(aHWHMH coce.n~MH .naeTCJI !llopMynoi 

wi, 2 (k) = ~ XT± [X~-4X 1 X 2 sin 2 (~·ka)J~. /ll.2/ 

r.ne 

X = 
2 f + ~- · X - 2!_. X - ~ 

T M M ' 1 -M ' 2 -M 
1 2 1 2 

/ll.3/ 

3.necL f - canoua~ nocTo~HHa.ll. 

llnOTHOCTLCOCTO~HHH !IIOHOHOB 

BaTL B Ba)J.e: 

I:Xw2
) MO)I(HO npe.ncTa -

14 

1 X - 2w 2 
T 

ecna 0<w2<X 
1 

7T 

D(w 2 )= 

w(XT-w 2 )~(X .-w 2 )~ (X2-w2'ff 
ana 

ecna 
0 

ana 

X2<w2<XT 

2 X
1
<uJ <X

2 

2, X 
w __, T • 

/ll.4/ 
B !llopMyne /ll.4/ cne.nyeT 6paTL nono)l(aTenLHLie 3Ha'leHHJI 
KOpHei.<l>yHKUHJI rpuua onpe.nen.lleTCJI 06LI'IHLIM o6pa30M / 11( 

(} PP' a f-3 ( t- t ') = ~- 0 ( t - t ') < [ up a ( t) up , f-3 ( t') I > . /ll.S/ 

cl>ypLe- o6pa3 Pep, a f-3 ( co) rpuaoacKoi illYHKUHH u.neanLaoi 
UeDO'IKH ppp, a f-3 ( t) HaXO)J.HTC~ H 3 ypaBHeHHJI )J.BH)I(eHHJI 

, .. 
I o pp ' o a f-3 = p ,--;;I 

2 
lMa(J) 10PP" 0aa"-<l)PP"aa" IPP'Ta(-3 /ll. 6/ 

H HMeeT BH.IJ. 

1 2 
Ppf'a{J ( (J;) ~ Nv'Ma\l(-3j,k 

ej; (k) e}-3 ( k) e -ik iRp- Rp,: ;n. 7 I 
2 . C•J2- coj (k) +If 

Y CnOBHJI OpTOHOpMHpOBaHHOCTH BeKTOpOB TIOn.llpa3aUHH Tip a
BO)J.HT K cne.D.YIOIUaM COOTHOWeHHJIM: 

·* . w: ( k) - x2 
eJ ( k) eJ ( k) = ------

1 
1 2wJ(k)-XT 

•* . 
e ~ ( k) e~ ( k) 

wj
2 (k) -X1 

2wf( k)- XT 

/ll.8/ 
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ika 
. 1 X ) ~ _1 .2:..!__ ___ . ej; ( k) e~ ( k) = 2 ( X 1 2 2 w: ( k ) - X T 

HcDOllb3Y.JI 3TH COOTHOWeHH.JI, DOll}"{HM: 

2 
w - X 2 1 

pf£11 (w) = NM1 -~ [w2-w~(k))[w2-w~(k)] 

P. ( )--1-! 
H22 w - NM2 k 

w 2 - X1 

[w 2 -wi(k)J[w 2 -w~(k)] 

1 + eika 

/11.9/ 

1 x1x2 ~ 
PH12 (w}=lf*£21 (w)=-2N(M

1
M

2
) ~ [w2-w;(k)][w 2-wi(k)] 

3aMeHBB B /11.9/ CyMMHpOBaHHe HHTerpHpOBaHHeM, Hanu
weM 

2 X 2rr /a w - 2 
1 a dk 

P.eeu ( w) = M 1 '2n- ~ [w2-w1_(k)] [w 2-XT+ w1~k) l 

/11.10/ 

X 2 X 1 1 w-2 2 2 
= M f 2 2 2 2 D( w 1) d w I . 

1 o ( w - w 1 ) ( w -X T + w 1 ) 

HuTerpanbl B /11.10/ Bbl1.fHcn.s:IOTCB nyTeM rrpo,IJ,oiDKeuu.s: 
B KOMIIneKCHYIO IlllOCKOCTb C nocne,IJ,yiO~HM KOHTypHblM 
HHTerpupoaauueM. 0KOH1.faTenbHO rronyqaeM 

2 X 1 v 
u.l - - 2 11 2 X ) n 

_ ~ 2_x )12(w T Pf£11 (w)~ M1 w(w 2 ~X,) (w 2 ;n.Il/ 

16 

w2-x1 1 

PH22 (w) = M2 w(w2-Xl)~ (w2 -X2)~(w2- XT)~ 
Kaa,IJ,paTHble Kopuu B /11.11/ cne,IJ,yeT Bbl6upaTb rrono~u
TenbHblMH. 
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