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B pa6oTax aeTopa 11• 31 11ccne.qoeanocb BJ111RHI1e 3HepreTI14ecKoro 

cneKTpa KOJ1JleKTI1BI1311pOBaHH~X BaJleHTH~X 3JleKTpOHOB /KB3/ Ha 

<)>OpMI1POBaHI1e 11 yCTOH411BOCTb KPI1CTaJ1J1114eCKOH CTPYKTYPbl MeTan

JlOB. B pa6oTe/4/ c noMO~b~ <)>peHKeneecKol1 Mo.qe1111 113Y4anocb 

113MeHeHI1e 3HepreTI14eCKOrO cneKTpa <)>OHOHOB 11 CB060.qHOH 3Heprl111 

peweTKI1 np11 nal1epncoecKoM CTPYKTypHOM nepexo.qe. B pa6oTe1 ~ 
aBTOp 11CCJleAOBaJ1 TeMnepaTypHy~ 3aBI1CI1MOCTb A113JleKTpl14eCKOH 

npoH114aeMocT11 KB3 e61111311 TeMnepaTyp~ na11epncoecKoro cTpyKTyp

Horo nepexo.qa. O.qHaKo ocTancR HeRCHbiM eon poe o po1111 3aBI1CI1Mo

CTI1 MaTpi14HOrO 3JleMeHTa noTeH411a11a 3JleKTPOHHO-<)>OHOHHOrO B3ai1MO

.qeHCTBI1R OT BOJlHOBbiX eeKTopoe KB3 11 <)>OHOHOB e oT.qenbHOCTI1, Ko

TopaR 11MeeT MeCTO B np1161111meH1111 CI1JlbHOH CBR311. 

l..leJlb HaCTOR~eH pa60T~ COCT011T B TOM, 4T06bl 11CCJle.qoBaTb BJ111R

H11e 3JleKTpOHH0-3JleKTpOHHOro 11 3JleKTPOHHO-<)>OHOHHOrO B3ai1MO

.qeHCTBI1H Ha 3HepreTI14eCK11H cneKTp <)>OHOHOB B OAHOMepHOM OAHO

BaJleHTHOM MeTanne, Kor.qa 3HepreTI14eCKI1H cneKTP 11 noee.qeHI1e 

KB3 T04Hee on11c~ea~TCR e np1161111meH1111 CI1JlbHOH CBR311. 0Ka3~Ba
eTcR16~ 4TO BCJle.qCTBI1e cne411<)>114eCKOH HeJlOKaJlbHOH 3aBI1CI1MOCTI1 
MaTpi14HOro 3JleMeHTa noTeH411a11a 3JleKTpOHHO-<)>OHOHHOrO B3ai1MO

.qeHCTBI1R OT BOJlHOB~x eeKTopoe KB3 11 <)>OHOHOB e oT.qeJlbHOCTI1 noRe

JlRIOTCR HeKOTOPble OC06eHHOCTI1 B <)>opMyJlaX ,Oni1Cb1Ba~~l1e 3KpaHI1POB

Ky 3JleKTpOHHO-<)>OHOHHOrO B3ai1MO.qeHCTBI1R 11 nepeHOPMI1pOBKy <)>OHOH

HOrO cneKTpa, KOTOp~e OTCYTCTBY~T B np1161111meH1111 CJ1a60H CBR311. 

~JlR .qanbHel1wero 11ccne.qoeaH11R epcnonb3yeMCR cne.qy~~I1M ra

MI1JlbTOH11aHoM A11R KB3 e np1161111meH1111 CI1JlbHOH CBR311 16"
91
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H=~£ a+ a +-~(J a+ a +J a+ a ). /1/ 
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3.qecb En - 3HeprHR KB3 B o.qHOM 1130J111poeaHHOM 110He, a Jn+Ln -
MaTpi14H~I1 3JleMeHT nepexo.qa KB3 113 n y311a e n+1 y3eJ1. B 11CKa

meHHOH peweTKe 113MeHReTCR paCCTORHI1e Mem.qy 61111maHWI1MI1 Y3JlaMI1 
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AnR nepeXOAa H3 y3noaoro OnHCaHHR raMHnbTOHHaHOM 
nynbCHOe MOmHO BOCnOnb30BaTbCR ~OpMynaMH 

/1/ B HM-

H 

rAe 

=_!_I a eikRn a+= _1_ I a+ e-ikRn 
ana - na ' na - na yN yN 

~ iqR0 x
0

= .. xqe , 

X = q 
}-Ji=(bq 

2Mwo 
+ b + -q ) . : 

13/ 

/4/ 

3AeCb He06XOAHMO OTMeTHTb, 4TO noKa Mbl He y4nH 3KpaHHpOBKy, 
Heo6xOAHMO nonbaoaaTbCR MOAenb~ 3~HWTe~Ha c nnaaMeHHO~ 4acTo-

41TN z2 e 2 
TO~ HOHOB w

0 
= y -----, KaK 3TO CAenaHo a /4/. Ae~cTBHTenb-

M 
HO, nHWb nocne Y4eTa 3KpaHHpOBKH MOmeM nony4HTb B~pameHHe 

w2q2 
w2 = __ o __ ' /5/ 

q K 2 + q2 

KOTOpoe npH q2 «K 2 nepeXOAHT B ~OpMyny oOMa H CTe~aepa 1101: 

[i-- ~ _ w0 11N z2 e2tF 2ZEF 
w = -\q\ = --------\q\ = --- jqj. /6/ 

q K •· 611e2 NzM ~ 

nocne nOACTaHOBKH /3/ H /4/ ~ /1/ npH y4eTe paanomeHH~ /2/ 
B nHHe~HOM npHfinHmeHHH MOmHO aanHCaTb 

H =I t 0 a;aaka - IJ(1 + oos(ka))a:aaka + 
171 

+ + 
+I g(k, q) ak+qaaka(bq +b_q ) , 

rAe J~,n ±1 = J~±1, n = J • 

ag(k,q) =a} 't ___ -_l~-(sin(ka+ qa) - sin(ka)]. 
2Mwo aa 

/8/ 

qTOfi~ B~~HCnHTb H3MeHeHHe 3HepreTH4eCKOro cneKTpa ~OHOHOB 
acneACTBHe 3neKTpOHH0-3neKTpOHHOrO KynoHOBCKOrO H 3neKTpOHHO
~HOHHOrO B3aHMO~e~CTBH~,HeOfiXOAHMO K raMMnbTOHHaHy /7/ npHfia
BHTb 3HeprH~ $OHOHOB H KynOHOBCKY~ 3HeprH~ 3neKTpOHH0-3neKT
POHHOrO B3aHMO~e~CTBHR.TaKHM o6pa30M,nony4aeM nonH~~ raMHnbTO
HHaH KB3 H ~oHoHoa: 

H=I(t
0
-J(1+00S(ka))]a+k ak +I\wn(b+b + l.) + 

u a " q q 2 
+ + 1 + + 

+I g(k,q) ak ak (b + b )+-I V(q) ak ak alt ak +qa a q -q 2 +qa 1 -qql lal a 

/9/ 

2 

1/ 

G 

1: 

li 

YpaaHeHHR ABHmeHHR AnR onepaTopoa pomAeHHR a~a H YHH4To
meHHR aka KB3 HMe~T cneAY~IIIH~ BHA: 

.+ aata + + + ~ g( q) + ( + ) In---=-£ a -Ia V(,q)a a - .. k, a b+b , at k ka k+qa kt-qalktal k+qa q -q 
a /lOa/ 

ffi-~~-=£ a +Ia+ ak V(<Va +Ig(k-q,q) ak (b +b+ ), 
dt k ka k1-qq 1a1 k-qa -qa q -q 

a /106/ .4 ak-pa + + + lh-at--- = -!k-p ak-pa - Iak -p +qaV(q) a k 1-qat kl al- I 1 Oa/ 

-I g(k-p, q) a~-p+qa (bq +b~q). 
C noMOI!Ib~ ypaaHeHH~ ABHmeHHR /10/ H a npH6nHmeHHH cny4a~H~x 

~aa MOmHo nony4HTb cneAY~111ee paaeHcTao: 

+ V(p)(nk-p-nk) g(k-p,p)(nk-p-nk) + 
a a = -------- p + ---------(b + b ) J 11 I k -pa ka 1i p + P -p 

t -£ - w t - t - n w k-p k k-p k 
nocne cyMMHpoaaHHR no k H neperpynnHpoaaHHR 4neHoa H3 /11/ 

nony4aeM: (k ) n - n g -p,p k-p k + 
p =I ------ · -------- (b + b ) • /12/ p 4 p ~ 

k 1-V(p)x(P) tk-p -tk -nw 
H3 /12/ BHAHO, 4TO BMeCTO /11/ He06XOAHMO HanHcaTb: 

+ g(k-p,p) nk-p- nk + 
a a = -------- . --------- (b + b ) • 

k-pa ka 1- V(p) )((p) Ek-n -£ k -itw p -p 
/13/ 

Ae~cTBHTenbHo, ecnH npocyMMHpyeM /13/, TO cpaay nony4HM 
/12/. Ha /13/ BHAHO, 4To KynoHOBCKoe aaaHMOAe~cTaHe MemAY KB3 
npHBOAHT K 3KpaHHpOBKe KOHCTaHT~ 3neKTpOHHO-~OHOHHOrO B3aHMO
Ae~CTBHR g(k-p,p),npH4eM 

K (P) = 1 - V(p) xCP) • · /14/ 
ecnH 

nk-p-nk 
X (p) = I -------- . 

Ek-p - £k -'tw 
/15/ 

noACTaBHB /12/ B /10/, MOmHO nony4HTb 
+ 

...,aaka + V(q)Q:q) + + 
m- =-£ a -I(----+g(k-q,q))a (b+b )/16a/ at k ka 1 _ V(<V x(q) k+qa q -q 

ffi~~= £ a at k ka 
rAe /6/ 

+I (_:{_(q)~+g(k-q,q))a (b +b+)/166/ 
1- V(q) x(q) k-qa q -q 

Q:q) =I -~~=-~~-(nk-q-nk) ------- /17/ 
£k-q -£k -hw 
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<J>opMyJla 1171 RBJlReTCR o606UleHHeM <J>OPMYJlbl 1151 AJlR CJly4aR, 
KOrAa MaTpi-14H~A 3JleMeHT 3JleKTpOHHO-<J>OHOHHOrO B3aHMOAeACTBI-1R 
g(~q) 3aBHCHT oT BOJlHOsoro BeKTopa k KB3. 3Ta 3aBHCHMOCTb 
g(k, q) OT k MewaeT B~HeCTI-1 MHO>KHTeJlb g(k- q,q) 1-13-nOA 3HaKa 

CYMMHpOBaHHR, KaK 3TO CAeJlaHO B 1151. no3TOMY B 1161 M~ He 
MO>KeM 06beAHHI-1Tb o6a 4JleHa B CK06Ke. 0AHaKO AJlR CJly4aR qa=rr, 
T.e. npl-1 HCKa>KeHI-11-1 C YABOeHHeM nepHOAa peweTKI-1, 3JleKTpOHH0-
3JleKTpOHHOe KYJlOHOBCKOe B3ai-1MOAeACTBHe He AaeT BKJlaAa B 3JleKT

POHHO-<J>OHOHHOe B3ai-1MOAeACTBHe.AeACTBI-1TeJlbHO,eCJll-1 nOACTaBHM 
181 B 1131, TO no11y4aeM AJlR a~-qa aka CJleAY~Illee s~pa>Ke-
HHe: 

+ o aJ Iii:- ( Sin(ka) - Sin(ka+ qa) on k-n- 0 k + \ a = 1 -- J -::'~ · ------------------- o ___ _.... _____ ( b + b Jl1 8 I 
-qa ka aa ~~WO 1-V(q)x(q) fk-q-Ek-tw q -

TaK KaK qa=rr,TO sin(ka)- ~n(ka+rr)=2sin(ka). npl-1 Bbl6o-
pe Ha4aJla oTc4eTa 3HeprHH KB3 TaK, 4T06bl £ k = -J ros(ka), B 
OAHOBaJleHTHOM MeTaJlJle HMeeM ~=0. no3TOMY BMeCTO 1181 MO>KHO 
3anHcaTb: 

~ 0 Jcos(ka) 
aJ v M=-· sm(ka) th(~~> 

a: -qa aka= 2i-a;_- · -1-_:-~~Q}-~-( q) --- 1;;:;_:-2.J C:;(ka) (b q + b ~q ) • · I 191 

noc11e cyMMHposaHHR no k 1-13 I 191 noJly4aeM: 

[ 2t th(-;!~s~:2_) 
aJ Mwo . 2ko T + 

o , = 2i-- ------~---· -· :£ --------- sin(ka) (b + b ) ./70/ 
II{ a, 

aa 1-V(q)x(q) hw-2Jcos(ka) "" 

TaK KaK B 1201 CYMMHpOBaHHe npoHCXOAHT B 06JlaCTI-1 -1TI2<ka<rrl2, 
TO 3HaK apryMeHTa ka MeHReTCR. Ho np~-1 3aMeHe ka Ha -ka- Tonb

Ko Sin(ka) MeHReT 3HaK Ha -sin(-ka), TaK KaK oos(ka) =OOs(-ka). 
no3TOMY 1-13 1201 CJleAyeT, 4TO aMnJlHTYAa BOJlHbl 3aPRAOBOA nJlOT-
HOCTI-1 pI =0 ,xoTR aMnJlHTYAa HCKa>KeHHR b 1 + b +1 ~ 0. A 3To 

11 a 11, a 77 a · 

03Ha4aeT, 4TO B npH6JlH>KeHI-11-1 CHJlbHOA CBR31-1 11 HCKa>KeHHe C YA
BOeHHeM nepHOAa peweTKI-1 He B~3~BaeT BOJlH~ 3aPRAOBOA nJlOTHOCTI-1; 
21 KYJlOHOBCKOe 3JleKTpOHH0-3JleKTPOHHOe B3ai-1MOAeACTBHe He 3KpaHH
pyeT 3JleKTpOHHO-<J>OHOHHOrO B3aHMOAeACTBI-1R npl-1 HCKa>KeHI-11-1 C YABOe
HHeM nepHOAa peweTKI-1, TaK KaK 3KpaHHPOBKa KB3 c ka > 0 KOMneH
cHpyeT 3KpaHHPOBKY KB3 c ka < 0. 

Op~-1 Bb16ope fk = -J COS(ka) B OAHOBaJleHTHOM MeTaJlJle BMeCTO 
1151 HMeeM 

J oos(ka) 
th (-----) 

2koT 
X ( !!_, w) = :£ -----·-------------'· 

a hw - 2J oos(ka) 
1211 

TaK KaK noseAeHHe x("la, w) 1-13 121 I y>Ke HCCJleAoBaJloCb s I 51 

aBTOpOM, TO 3AeCb Mbl He 6yAeM 60JlbWe Ha 3TOM OCTaHaBJlHBaTbCR. 

4-

,t 

li 

AllR Bbi4HCJleHHR 3HepreTH4ecKoro cneKTpa <I>OHOHOB Mbl socnoJlb-
3yeMCR ypasHeHHRMI-1 ABH>KeHHR AJlR onepaTopos (b q + b_::q) 1-1 (bq- b_::q). 

ihL(b + b + ) == hw0 (b - b +q) , 
at q -q q -

/22al 

0 a + + + 
1h--(b - b ) == hw0 (b + b ) + 2:£ g(k -q) ak ak at q -q q -q ' -cp a 12261 

H3 1221 MO>KHO noJly4HTb: 

•2 a2 + 2 + ~ + -n 2 (bq+b_q)==(hU1:J) (bq+b_ql+2nw0 :£g(k,-q)ak-qaaka 
at 

1231 

Ec111-1 npeAnOJlO>KHTb, 4TO 

1 "" iwt 
b (t) = ~ r bq(w)e dw, 

q 2r -oo 
1241 

TO 1-13 1231 1-1 1241 CJleAyeT: 

+ 21lw0 + 
b (w) + b (w) = --------- :£ g(k,- q) ak a k • q -q ~ 2 A 2 -qa a 

~nw) -~nwo) 
1251 

C nOMOUlb~ 1251 1-1 1131 noJly4aeTCR CJleAY~Ulee ypaBHeHHe: 

+ 2hw0 g(k,-q)g(k-q,q) (nk- -nk) 
(b (w) + b (w))( 1- -------- :£ -------------- o ;.. ____ q__ ______ ) =0. 

o -n .1. • o -' . o •.. . , ~ , 
\.IIW} -\liWOJ .L- V\4JX\4J \fk-q-fk-ll'<J/ 126/ 

TaK KaK b (w) + b + (w) ~ 0 , TO 1-13 1261 cJleAyeT, 4TO <I>OHOHHbiA 
q -q 

cneKTp w(q) MO>KHO B~41-1CJli-1Tb C nOMOUlb~ paBeHCTBa 

(6) 2 = (\lw
0 

) 2 -2tw
0 

I -~~~-=~2~-~-:~~P._ o :-r:!.::..<J.::::~! ____ . 1271 
1-V(q)x(q) £k-q-Ek -1iw 

B TOM, 4TO paseHCT80 
npeHe6pe4b 3a81-1CI-1MOCTb~ 
6oA C8R31-1 HMeeM llLl~: 

1271 npaBHJlbHO, MO>KHO y6eAHTbCR, eCJll-1 
g(k, q) oT k. TorAa B npH6JlH>KeHHI-1 c11a-

0 477ze 2 - NrN- 8 g(q) = 1---- .,; __.. ___ . /2 I 
q 2Mwo 

477Nz2 e2 
3AeCb w0 == 1/---M--- nJla3MeHHaR 4aCTOTa HOH08. C nOMOI!lbiO /28/ 
HMeeM 

~w g(q) g(-q) = J.~:~ 2z:~~: ___ . 
o Mq2 /29a/ 

Opa8yl0 cTopoHy 8 /29a/ MO>KHO nepenHcaTb 8 CJleAy~eM 8MAe: 

~!!~~=- .. :-~~:!_e_:_ tt 2 == V( q) w2't 2 •. 
q2 .\. 0 . /296/ 
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eM: 
nocne no,qcTaHOBKH 12961 B 127 I 1-1 cyMMHpoeaHI1fl no k nony4a-

w2= w2 +w2 
0 0 

V(<Vx(q) w~ -----:= ---. 
1 - V( q) x( <V 1 - V( q) X ( q) 

1301 

B~pameHHe 1301 coena,qaeT c B~pameHI1eM 151 ,qnfl TpexMepHoro 
MeT anna B npH6nHmeHI1H cna6or:1 CBfi3H npH q << 2k F • 

C nOMO~b~ 181 1-13 1271 MOmHO nOJ1Y4HTb: 

4b2 aJ 2 2 $w0 g(k,-q) g(k-q, q) = --(~-) [ sin(ka) - sin(ka- qa)] 1311 
~1 aa 

nocne TaKoro npeo6pa3oBaHHfl 11 y4eTa Toro, 4TO B 1271 npo
Hcxo,qHT CYMMHpOBaHHe KaK no ka>O, TaK 1-1 no ka<O,I-13 1271 1-1 1311 
HMeeM: 

w 2 = w 2 + j_(.?L) 2 (1- co!(qa)) 2 __ .x_(_~----- + 
o M aa 1 - V(q)x(<V 

8 
+-

1\1 
~s(~~!.:-~-~qa)) oos

2
(ka) (nk-q-nk) 

1- V( q) ( q) --- ~ ---------... ---- · X (Ek -£ -hw) -q k 

1321 

Ecn~-1 onATb e~6epeM c k = -Jcos(ka), TO ,qnfl o,qHoeaneHTHoro Me
Tanna, Kor,qa f.L=O 1-1 qa=rr, cyMMa nocne,qHero 4JleHa npHHHMaeT BI1A 

2 Joos(ka) 2 J sin(ka) 
oos (ka) th(--mt;;:-r--) sin (ka) th(-2k T--

~ Q "'"" 0 /?"]I - ct(t) ~iT ~~It-a))--- ~ -ct:--=-21-~~(k;)) ____ • I JJI 

TaK KaK OC06eHHOCTb B 3HaMeHaTene CYMM~ 1331 HMeeT MeCTO 
npH 2J sin(ka) "' hw, TO MHOmHTeJlb sin2 (ka) B 41-!CJlHTeJle cyM-
Mbl CHJlbHO yMeHbwaeT ee nonHoe 3Ha4eHHe. Aer:1cTBHTeJlbHO, np~-1 

T = 0 K 3aMeHa cyMMbl HHTerpanoM ,qaeT HaM cne,qy~~ee 3Ha4eHHe: 

N 1 x2 dx N rra a 2 1 +Ji-::=-;2 
-J- r ------==== = J-[ 1 + -2- + ----::::=.=ln(--------)],134al 

17 0 (x-a)y1- x2 17 /i -a2 a 

r,qe a= ttwl 2J,. A B np1161111meHHH sin X"' X BMeCTO 134al HMeeM 

_l!_ "? -x2_<!.~- = .!'! [ _:r_: + ~ + a 2ln ( ...!...:-~)] 
2J o x-a 2J 8 2 2a 

13461 

3aMeHa cyMMHpoeaHHfl HHTerpHpoeaHHeM B 121 I npH T = 0 K ,qaeT 
HaM 

N 1 dx N 1+Ji~;2 - r ---------- = ------ ln (----------) • 
rr.J 0 (x-a) v't-:.---;2 rrJ~-;2 a 

A B npH6nHmeHHH sin X"' X BMeCTO 135al HMeeM 
rrl 2 

.B._ r ---~!- = _1-J_ ln ( .:r-=-~ ) . 
2J 0 x-a 2J 2a 

6 

l35al 

13561 

:.l rJ 

J 

CpaeHeHHe 1341 c 1351 noKa3~eaeT, 4TO BJlHfiHHe 4JleHa 134/ 
C HeJlOKaJlbHOH 3aBHCI1MOCTb~ MaTpH4HOrO 3JleMeHTa noTeH~HaJla 
3JleKTpOHHO-<!>OHOHHOrO B3aHMO,qer:1CTBHfl g(k,q) OT BOJlHOBOrO BeK
TOpa KB3 k B <t>opMyne 181 cna6o 11 HH B KoeM cny4ae He MomeT 
cpaBHHTbCfl c BJlHfiHHeM ocHOBHoro 4JleHa 1351. Aer:1cTBHTeJlbHO, 
HaJ1H411e paCXO,qfl~erOCfl MHOmHTeJlfl X(q) B 3HaMeHaTeJle TpeTbero 
4JleHa npaBOH 4aCTI1 paBeHCTBa 1321 CBO,qi1T Ha HeT BJlHfiHHe KOHe4-
HOrO 3Ha4eHHfl CYMM~ 1331, TaK KaK BO BTOpOM 4JleHe paBeHCTBa 
1321 npHCYTCTByeT paCXO,qfi~HHCfl MHOmHTeJlb X(q) KaK B 3HaMeHa
TeJle, TaK 1-1 B 41-!CJlHTene. no3TOMy B CJ1y4ae, KOr,qa H3-3a pacxo
,(IHMOCTI-1 x(q, w) npOH3Be,qeHHe V(q) x(q, w) HaMHOro 60JlbWe 1' <t>o
HOHH~H cneKTp w(q) onpe,qeJlfleTCfl CJle,qy~~HM paBeHCTBOM: 

w 2 = w 2 - 16(~!/ sin
4
j_qal2)-. 1361 

0 aa MV(q) 

TaKHM o6pa3oM, nony4aeM, 4TO 4aCTOTa <!>OHOHOB B TOl.lKe q=2kF 
MOmeT aHHYilHPOBaTbCfl TOJlbKO npH B~nOnHeHHH HepaBeHCTBa 

2 4rrN z 2e 2 160o 4k~ aJ 2 4 qa w = ------- < ----------(--) sin (--). 1371 0 M - 4rre 2 M aa 2 

TaK KaK sin 4 (qal2) .:Sl.To 1-13 1371 MOmHo nony4HTb ycnoeHe ,qnfl 
nepBOH npOH3BO,qHOH MaTpH~bl nepexo,qa aJ/aa, npH KOTOpOH B03MOm
HO aHHYilHPOBaHHe <!>OHOHHOH 4aCTOTbl BCne,qCTBHe 3JleKTPOHHo-<!>O

HOHHOro B3ai1MO,qer:1CTBHfl: 

' {JJ ' 4 ...... 2 
" I -- I .> at Fa ------ • 

aa - 0 0 16k~ 
/ji:!J/ 

C nOMO~b~ COOTHOWeHHfl 3rr 2 Z = 0
0 

k 3 npaey~ CTOpOHy 1381 Mom-
6 w F 

HO npHBeCTH B onee Harnfl,qH~I-1 BH,q: 

a I a.J_I > ~ (-e
2
-.!!!-) ~~-~t. 

aa - 3rr 'fl2 2m 1391 
1i2 

Ecn~-1 y4eCTb, 4TO --2 - = a 0 ecTb pa,qHyc 6opa 1-1 no3TOMY a>>2a0, 
me aJ 

TO 1-13 1391 cne,qyeT, 4TO npOH3Be,qeHHe al--l ,(IOJlmHO 6b1Tb HaMHO-
aa I 13/ aJ -

ro 6onbwe 3HeprHH <l>epMH EF. Ecn~-1 npHMeM o6o3Ha4eHHe 1-...!....l = 1.1o J, 
TO BMeCTO 1391 6y,qeM HMeTb aa 

4£ - > F 
qo~J -a;-- 1401 

B pa6oTe161 npHBe,qeH~ cne,qy~~He 3Ha4eHHfl KOHcTaHT: J 
1 , 6 3B, a q

0 
a

0 
= 1,32. · no3TOMY eepxHflfl rpaHH~a ,qnfl c F H3 I 401 

HMeeT BnOJlHe pa3yMHOe 3Ha4eHI1e 4,6 36. 
M~ ,qo CHX nop HHTepecoeanHCb TOJlbKO B03MOmHOCTb~ aHHYJlHpo

BaHHfl <!>OHOHHOH 4aCTOT~ w(q), HO npeHe6pera11H TeMnepaTypHOH 
3aBHCHMOCT b~ X( (j, w). Anfl B~fiCHeHHfl BJlHfiHHfl TeMnepaTyp~ HaM He-
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06XOA~MO B~4~Cn~Tb HHTerpan 

I th( Jsinx) 
rr2 i&T 
f-·-'t-dx.: 

o a- sinx 
1411 

To4Hoe B~4~cneH~e 3Toro ~HTerpana HeB03MOmHo ~3-3a Han~4~R 

B HeM th(~!_),Ho Mbl MOmeM CAenaTb YA06Hyl0 ~ XOPOWYIO ~HTepno-
2ko T 

nR~~IO: 

sinx x 2 2 x 
th(-)"' tg(-) I v 8 + tg (-), 

28 2 2 
1421 

rAe 8=koTIJ.TorAa BMeCTO 1411 HaM He06XOA~MO B~4~Cn~Tb ~HTer
pan 

rrl2 tg(x/2) dx 
f ----------------------------------~~--- . I 4 3 I 

0 J82+tg2(x/2) oos2(x!2) (a(1+tg 2 (x!2)) -2tg(xl2)) 

nocne 3aMeHbl nepeMeHHoi1 tg(x/2) = t ~3 1431 nony4aeM 6onee 
npocToe BblpameH~e : 

tl 2tdt 
r ------------ = 

0 vt2+82[a(l+t 2) -2t] 1441 

a t1 t dt 1 1 
= -· _____ , r -. ---- £ --------- + ------- 1 

Vl-a2- 0 j82+ t2 . at+ jf:-~2-_, 1 Ji-=:-;41- at . 
Q6a 11HTeroa.na B /44/ MOmHO D~IIIIATh TOl.lHO C': nOMOIIIhiO ::lrlMPHhl 

nepeMeHHoi1 t = 8 tgcf>. TaKHM o6pa3oM, ~3 1441 nony4aeM: 

2 z1 dz z1 dz 
-----£" r ------------ -·~ r ----------1. !451 
~ o 2z - v (1 - z2) o 2z - ~ (1- z2) 

rAe 

v = 
_r_ y = 1+ /1 -a2 ~ z 1=/i:-82 -8. e= ~ 
a8 y8 

nocne HecnomHbiX npeo6pa3oBaHHi1 1113 /45/ MOmHo nony41ATb: 

1 V ( 1+ '177 ~-1 + VZl ) ----1--- ln(-~_..-1".!'..:.) - ln ( -----------) 
~ Jl:--;2." J1+ v 2 -1 ..{1:;2-+1- vz 1 

/46/ 

~ . 1 + /1:-72 . /1 + ~ 2 - 1 + ~ z 1 
- -----[ln(----------) -ln( ---------------)]1. 

.[l:e 2 ' J 1 + ~ 2 - 1 J1 + ~ 2 ~ 1 - ~z 1 

C nOMO~biO o6paTHOH noACTaHOBKIA AnR v lA e BMeCTO /46/ IAMeeM 

1 y . a8+/v2+a2lJ2 -----·1 -------[ 2ln(----t---) 
Jt-:;,2 /y2+ ~8 2 y 

8 

r 

I 

I 
i 
# 
( 

t 

I 

Jy2+a2-;2 -a8 + Y\A +8 2-- y8 
-ln(------------------------- )] -

Jy 2 + a 2 8 2 + a8 - y vf:-82+ y8 

a y8 + J a 2 + y2 8 2 
- -------( 21n (------------) -

Va2 + y282 a 
/47/ 

[a2 +;282~ y8 + av'i-:-82 - a8 
- ln ( ------------------------}] l . 

ya2 + y2 8 2 + y8 - a v 1 + 82 + a8 ----

npiA 8 .. 0,KOrAa y>>a8 lA no3TOMY yy 2+a28 2,.y, IAMeeT MeCTO 
paBeHCTBO 

Jy2-; a 2 8 2- a8 + y /i-~82 - y8 2y 
--------------------- :::::: ------ .. /48a/ 
/;2 + a 28 2 + a8 - y ~82" + y8 8 (y +a) 

A npiA a >>y8,KorAa /a2+y28 2 =a•IAMeeT MecTo paeeHCTBO 

[a 2+ y'"282-_ y8 + a /1:82-- a8 2:z 
---------------------- ;:::;: -----. /486/ 
Ja2+y282+ y8 - av"1:82- + a8 8(y +a) 

TaKIAM o6pa3oM, np111 8 .. Q nepBbiH 111 TpeTIAH 4neHbl B /47/ aHHy
niApyiOTCR, a BTOpOH lA 4eTBepT~H AaiOT KOHe4HOe B~pameHIAe 

1 . a ) 
r.=---=ln( -- · /49/ 

y1-a 2 y 

Ecn111 y4eCTb, 4TO y = 1+ ~~To cpaeHeHIAe /49/ c /35a/ noKa-
3ueaeT, 4TO np111 8 .. 0 e~pameH~e /47/ nepexoAIAT e e~pameHIAe 
/35a/ 6e3 KaKIAX-niA60 OC06eHHOCTei1. no3TOMY B03MOmHOCTb aHHy
niApOBaHIAR /CMRr4eHIAR/ $OHOHHOro cneKTpa w(~, KOTOpaR RBnReT
CR cneACTBIAeM CIAnbHOrO 3neKTpOHH0-$0HOHHOro B3a~MOAeHCTBIAR,He 
MeHReTcR cy~eCTBeHHO np~ IA3MeHeHIA~ TeMnepaTypbl. A 3TO 03Ha4a
eT, 4TO $OHOHHbiH cneKTp MeHReTCR cna6o np!A IA3MeHeHIAIA TeMnepa
Typ~ 111 He IAMeeT HIAKaKIAX oco6eHHOCTei1 np~ T .. 0 K. 

lhaK, cne~IAanbHbli1 BIAA MaTpiA4HOro 3neMeHTa 3neKTPOHH0-$0HOHHO
ro B3a~MOAeHCTB~R B np!A6n!AmeH~IA CIAnbHOH CBR3~ He AaeT HaM B03-
MOmHOCTIA IACnOnb30BaTb HeKOTOp~e ynpo~eHIAR, KOTOp~e IAMeiOT MeCTO 
B np!A6n!AmeHIAIA cna6oi1 CBR31A, CAenaHHoe HccneAOBaH~e noKa3biBaeT, 
4TO OTCYTCTB!Ae KaKoi1-n~60 CBR31A MemAY MaTpiA4H~MIA 3neMeHTaMIAKy
nOHOBCKOrO 3neKTpOHH0-3neKTPOHHOrO lA 3neKTpOHHO-$OHOHHOrO 
B3aiAMOAeHCTBIAR AaeT B03MOmHOCTb nORBneH~R noKanbHOrO MIAHIAMyMa 
B 3HepreTIA4eCKOM cneKTpe $OHOHOB.0AHaKO CTeneHb CMRr4eHIAR $o
HOHHOrO cneKTpa cna6o 3aBIACIAT OT TeMnepaTyp~,IA n03TOMY 3TOCMRr-
4eHIAe Henb3R nyTaTb C npORBneH~eM MRrKOH MOA~ npH nal:iepnCOB-
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CKOM CTPYKTypHOM nepeXOAe.Cne4HanbHbl~ BHA MaTp~4HOrO 3neMeHTa 
HenoKanbHOro 3neKTpOHHO-$OHOHHOrO B3aHMOAe~CTBHR npHBOAHT K 
H3MeHeHH~ CBR3H MemAY aMnnHTYAO~ HCKameHHR peweTKH H aMnnHTy
AO~ eonH~ aapRAOBO~ nnoTHOCTH Prr/a /13/,a TaKme K H3MeHeHH~ aa
BHCHMOCTH 3Hepre'rH4eCKOrO cneKTpa $OHOHOB w(q)oT KOHCTaHTbl 
3neKTPOHHO-$OHOHHOrO B3aHMOAe~CTBHR /27/.~0pMyna /16/ nOKa3~
eaeT,4TO aHanHTH4ecKoe npeACTaeneHHe /8/ MaTpH4Horo 3neMeHTa 
3neKTPOHH0-$0HOHHOrO B3aHMOAe~CTBHR g(k,q) o6ecne4HBaeT nonHy~ 
KOMneHCa4H~ 3KpaHHPOBKH KB3 c ka>O H ka<O npH ga=rr. 3TH oco6eH
HOCTH 3aCTaBnR~T Hac nepeCMOTpeTb HeKOTOp~e 06~enpHHRT~e co
OTHOWeHHR, KOTOp~e nony4eH~ B npH6nHmeHHH cna60H CBR3H AnR 
KB3 npH HX npHMeHeHHH e cny4ae, KOrAa 3HepreTH4eCKH~ cneKTp 
H noeeAeHHe KB3 ny4we onHc~ea~TCR e npH6nHmeHHH cHnbHO~ CBR3H. 
3To 04eHb eamHo, TaK KaK noeeAeHHe KB3 eo ecex HHTepMeTannH-
4eCKKX COeAHHeHHRX C BbiCOKHMH KPHTH4eCKHMH TeMnepaTypo~ H Mar
HHTH~M noneM OnHCbiBaeTCR B npH6nHmeHHH CHnbHOH CBR3H C RpKO 
B~pameHHbiMH OAHOMepH~MH CBO~CTBaMH OAHOBaneHTHOrO MeT anna. 
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PaHrenoa A.H. P17-82-16 
nepeHOPMMpo8Ka ¢oHOHHOrO CneKTpa 8 OAHOMepHOM OAH08aneHTHOM MeTanne 
8 npM6nM*eHMM CMnbH~ C8R3M 

HccneA08aHO 8nMRHMe npM6nM•eHMR, 8 KOTOpoM onMCW8aOTCR 3HepreTM~eCKM~ 
cneKTp M no8eAeHMe KB3, Ha MaTpM~HW~ 3neMeHT 3neKTPOHHo-¢oHOHHoro 83aMMo
Ae~cTBMR. noKa3aHO, ~TO 8 npM6nM*eHMM CMnbH~ C8R3M, KOrAa noTeH~Man 3neKT
poHH0-4QHOHHOrO 83aMMOAe~CT8MR MMeeT HenoKanbHWH 8MA,803MO*HO nOR8neHMe HO
BWX CBR3eA, KOTOpwe He MMeOT MeCTa 8 npM6nH*eHMM cna6o~ CBR3M.HccneAOBaHO 
noaeAeHMe aonHW 3aPRAOBOH nnOTHOCTM,3KpaHMpoBKa 3neKTpoHH0-4QHOHHOro B3aMM0" 
AeACTBMR KYnOHOBCKMM 3neKTpoHH0-3neKTpoHHWM B3aHMOAe~CTBMeM M nepeHOpMMpoB
Ka 4QHOHHOrO cneKTpa Sa C~eT 3neKTPOHH0-4QHOHHOro B3aHMOAe~CTBMR. 

Pa6oTa 8wnonHeHa 8 na6opaTopMM TeopeTM~ecKo~ ~3MKM OHRH. 

Cooa..HMe ~HeHHOrO MHCTMTyTa RAePHWX MCCnBAOBaHM~. 4yGHB 1982 

Rangelov J.H. P17-82-16 
Renonnallzatlon of the Phonon Spectrum In One-Dimensional One-Valence 
Metals within the Tight Binding Approximation 

The Influence on the matrix element of the electron-phonon Interaction 
of ,the approximations used to describe the energy spectrum and the beha
viour of CVE Is Investigated. It Is shown that within the tight-binding 
approximation, when the electron-phonon interaction potential has a nonlo
cal character, the appearance of new relations which do not occur in the 
nearly free electron approximation becomes possible. The behaviour of charge 
density waves, the screening of electron-phonon interaction because of 
electron-electron Coulomb Interaction and the renormalizatlon of the phonon 
spectrum as a result of the electron-phonon Interaction are Investigated. 

The Investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 
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