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BBEAEHHE 

TpaHcnopTHwe CBo~cTBa KBasHoAHoMepHwx MeTannOB npHBneKa~T 

B nocneAHHe rOAW Bce 60nbwee BHHMaHHe KaK TeopeTHKoB, TaK 
H 3KCnepHMeHTaTOpOB. B 4aCTHOCTH, 6wno o6Hapy*eH0 1 U aHOManb
HOe TeMnepaTypHOe nOBeAeHHe 3neKTpH4eCKOrO COnpOTHBneHHR BWWe 
TeMnepaTYPW na~epnCOBCKOrO nepexoAa Tp ' a HMeHHO: AnR CHCTeM 
THna TeTpaTHO$ynbBaneH-TeTpa~HaHXHHOAHMeTaHa(TTF-TCNQ)~ AnR 
KOToporo Tp = 58 K, 3neKTpH4eCKoe conpOTHBneHHe saBHCHT OT 
resmeparypa T KBaApaTH4HO B 06nacTH 100 I< < T.< 250 K npu aT
Moc$epHoM AaBneHHH/2.3~ ~H3H4ecKHe npH4HHW TaKoro nOBeAeHHR 
WHpOKO 06cY*AanHcb B nHTepaType / 4- 8/ , 

B IIn H6 pOHH0 ll1 TeOPHH" /41 He06bl4Hoe nOB'eAeHHe conpOTH8neHHA 
06bRCHReTCR c noMo~b~ MexaHHSMa pacceRHHR 3neKTpoHoB MoneKY
n~pHWMH MOAaMH, KOTopwe CBR3aHW K8aApaTH4HO c ABH*eHHeM 3neKT
pOHOB BAonb 4en04e~. He06xOAHMO ~aMeTHTb, 4TO KBaApaTH4HaR 
3neKTpOH-$OHoHHaR CBRSb B conRX THna TTF-TCNQ npHBOAHT K pac
C~RHH~ 3neKTpOHOB KaK Ha nH6pOHax /Bpa~aTenbHWX CTeneHRx CBO
60Abl/, TaK H Ha r paucnouax /TpaHCnRl.\HOHHbIX c r eneasx CB060
'Abl/ /6.9/. npH 3TOM õuno noxaaaao , 4TO 06bl4HaR nHHell1HaR anexrpou
$OHOHHaR C~RSb He AaeT BKna&a B 3neKTpH4ecKoe conpOTHBneHHe 
Hs-sa oc06eHHOCTe~ $OHOHHoro cneKTP'10~12~B MOAenH KBaApaTH4

/ 8 1 HO~ 3neKTpOH-$OHOHH0Il1 CBflSH nOMHMO 3neKTpH4eCKoro conpOTHB
neHHR p Bb/4HcnRnHCb TepMC'3AC S H K03$$H4HeHT Xonna RH H õuno 
nonY4eHO xopowee Ka4eCTBeHHoe /B HHTepBane 100 K < T < 250 K/ 
H KonH4eCTBeHHoe /npH T = 200 1</ cornaCHe c AaHHWMH AnR cone~ 

TTF-TCNQ. 
Apyroll1 HHTepeCHWII1 Bonpoc, He nonY4~BWHII1 nOKa peweHHfI, CO

CTOHT B nOBeAeHHH conpOT~BneHHR B, TTF-TCNQ npH TeMnepaTypax 
asuue 250 K. B 3TOM cny-rae OKaSbIBaeTCR, 4TO npu aTMoc$epHoM 
AaBneHHH P> T 2.3. OAHaKO 3TO OTKnOHeHHe OT KBaApaTH4Horo noae
AeH~R CHHMaeTCR npH YBenH4eHH~ AaBneHHR/ 1•3/. EcnH *e 06pasel.\ 
HaxoAHTCR npH nOCTORHHOM 06beMe, TO conpOTHBneHHe MeHAeTCR npH 
HSMeHeHHH r e-meparypu n04TH no nHHell1HOMY SaKOHy/13~ PaHe/ 1, 10.14/ 
aucxaauaanoc s npennonoxeaue , 4TO npH4HHO~ r axor-o paauoro no
BeAeHHfI conpOTHBneHHR Aon*Hw cnY*HTb aHrapMOHH4eCK~e 3$$eKTW 
Kone6aHHIIi KpHCTannH4eCK0ll1 peweTKH. 

B HaCTOFl~ell1 pa60Te npeAno*eHO MHKpOCKonH4eCKoe 06bRCHeHHe 
pasnH4Horo TeMnepaTypHoro nOBeAeHHR conpOTHBneHHFI npH $HKCH
pOBaHHOM AaBneHHH HnH 06beMe B KBaSHOAHOMepHWX MeTannax • 
B paSA.1 BBeAeHa MOAenb c y4eToM aHrapMOHH4eCKHx 3$$eKTOB. 
B pa an i Z ua OCHOBe T~14W. -aWl=íiilpMºH!1Ue'KI4'S KpHCTannUB BblYHcneHO 

8tn~elUii1ê'lmW-a ~HCmyr I 1 
st":1~!~~X..~C·C3e1l10~ai!mJ 



conpOTHBneHHe, TeMnepaTYPHOe nOBeAeHHe KOTOpOrO npH nOCTORHHOM 
AaBneHHH H 06beMe HCCneAoBaHO B pa3A.3. Pe3ynbTaTbl paC4eTOB 
CpaBHHBa~TCR C 3KCnepHMeHTanbH~MH AaHHWMH AnR cone~ TTF-TCNQ. 

1. MOAEnb H HEKOTOP~E onPEAEflEHHR 

PaCCMOTpHM raMHnbTOHHaH ABYX30HHO~ MOAenH: 

/la/H =H e + H e-ph + H ah + H ext • 

~ a+ a • /16/He = ~ e k v kv kv
k,v 

/lB/H = L g k k a k 
+ 

a kv Aq A q ,
e-ph k: v ' +q 1+q2'v +q 1+ q2'v 1 2 

qlq2 

H = L T + 1- L cP.(R n-R n_ 1) . /lr/ 
ah n=O· n • 2 n=l 

N 

N N . 

/lA/H ext = T (RN-Ro) == T n~l (R n-Rn_ 1) , 

+ + +
r Ae A q= b q+ b_q. Oneparopu a kv(a kv) H b q(b q) - oneparopu PO>K-
AeHHR /YHH4TO>KeHHR/ HeB3aHMOAe~CTBY~~HX 3neKTpOHOB B 30He v 
H $OHOHOB c BonHOBWMH BeKTopaMH k H q. CnHH ~'H nonRpH3aUHR 
nH6pOHHblX HnH TpaHcnOHHblX MOA P. BKnio4eHbl B HHAeK~bl k H q 
coOTBeTCTBeHHO. 

AnR TTF-TCNQ 3neKTpOHHbl~ cnexrp B npH6nH>KeHHH CHnbHO~ CBR
/ 151 3~ MO>KHO npeACTaBHTb B BHAe 

v=Q:' e kQ=-( .:Wci/2) coSkb AnR u.en04eK TCNQ /2a/ 

v = F: e kF=(W +80 AnR ueno-re« TTF, /26/
F/2)coskb 

rrie b - noCTORHHaR peurerku anons npOBOAR~HX Uen04eK, WQ , WF 
WHpHHbl 3neKTpOHHblX aoa , ~o - 3HepreTH4ecKH~ cABHr, onpenenae
~w~ ycnoBHeM nepece4eHHR ABYX 30H npH 3HeprHH $epMH (F 

1161 
C k F Q= k, F = k F • 

He _ Ph 1B/ OnHCwBaeT B3aHMOAe~CTBHe Me>KAY 3neKTpOHaMH H $0
HOHaMH /n~6pOHaMH H TpaHcnOHaMH/, rAe KOHCTaH~a C8R3H HMeeT 
BHA I 41 

llGv 
gk-.k+ql+ q2'v::: N(ú.lql(í)~)h- K (k,ql,q2 ). /3a/ 

rAe 

K (k.Ql' Q2)= coskb- cos(k+Ql)b - cos(k +q2)b + cos(k+ q 1+ q 2) b 7 /36/ 

2 

AnR TpaHCnOHOBc , = {J,/,T /Mv 
. /3B/ 

AnR nH6pOHOB.J v,L/I v 

J;." T (Jv,L ) - KOHCTaHTbl B3aHMOAe~CTBHR 3neKTpOHOB ~3 30Hbl v 
C TpaHCnOHaMH /nH6pOHaMH/, Mv (Iv) - MaCCa /MOMeHT HHepI.4HH/ MO
nekyn , 4HCnO KOTOPblX B CHCTeMe paBHO N. H noennonar-eerca , 4TO 
B Ka>KAO~ 3neMeHTapHO~ R4e~Ke HaxoAHTCR OAHa _MOneKyna~~ 

raMHnbTOHHaH /lr/ OnHCWBaeT aHrapMOHH4eCKHe Kone6aHHR nH
He~HO~ Uen04KH AnHHO~ L. COAep>Ka~e~ N+l OA~HaKOBWX >KeCTKHX 
MoneKyn Macco~ Mv H MOMeHTOM HHepUHH Iv. nepBbl~ 4neH B /1 r / 
onHCWBaeT KHHeTH4eCKY~ 3HeprH~, BTOPO~ - nOTeHI.4HanbHY~ C nOTeH
UHanO'M B3aHMOAe~CT.BHR Me>KAY 6nH>Ka~WHMH coceARMH cP (R n - R n-l). 
BBeAeM CMe~eHHR OTHOCHTenbHO paBHoBeCHwx nOnO>KeHH~ MoneKyn . 
B Uen04Ke: u n-u n_ 1 =(Rn-Rn_l)-(R~-R~_l)= Rn -R n_ 1 - b • 
OnepaTop H ah c nOMO~b~ npeo6pa30BaHHR $YPbe MO>KHO npeACTaBHTb 
-repea oneparopa pO>KAeHHR H YHH4TO>KeHHR $OHOHOB b~. bq '. 

raMHnbTOHHaH /1 A/ onacuaaer Ae~cTBHe BHeWHHX CHn, r ae T

HaTR>KeHHe, Ae~cTBy~~ee Ha KOHUW uen04KH. npH $HKCHpoBaHHoM Ha
TR>KeHHH nOCTORHHY~ peweTKH b MO>KHO BW4HcnHTb c nOMO~b~ ypaB
HeHHR 117,18/: 

T J::: - J._ <a,/.. (R - R 1 ) / aR >. /4/ 
"
" 2 ~ n n- n 1

rAe - f3 (Hah + H ext) 
e

.<•••> = Sp(p .... ), P = -~.....----:---- • 
ph ph ph Sp(e-p(Hah + :H ex t) 

raMHnbToHHaH /1/ B OTnH4~e OT raMHnbToH~aHa, BBeAeHHoro 
si 41, COAep>KHT ABe ,30Hbl H aHrapMOHH3M Kone6aHH~. Mbl 3AeCb He 
Y4HTWBaeM Me>K30HHOe B3aHMQAe~CTBHe, T.e. paCCMaTpHBaeM He
83a~MOAe~CTBY~~He Uen04KH. AnR TTF-TCNQ 3TO' npeAnOnO>KeHHe Bnon
He npHMeHHMd 15.1.91. Àanee, nocxons KY Mbl HHTepecye~cR TeMnepa

TYPHblM HHTepBanOM OT 100 AO 300 K, TO anonae onpaanauo npH6I1H
>KeH~e OAH04aCTH4Horo pacceRHHR B MOAenH /1/, B KOTOPOM He pac
CMaTpH8a~TCR 3$$eKTbl xonnexraeaoro pacceRH~RI20,211 H no-cana
3aUH~ 1221.. 

AnR BWYHcneHHR conROTHBneHHR B MOAenH /1/ MW Bocnonb3yeMcR 
cneAy~~e~ $opMyno~ I 23/: 

RQRF fi 
R = ------- • R v = -2"--"'2---'< Fv ;Fv > . /5a/ 

RQ+ R F e Ne rr,v 

< Fv;Fv>- «opoenauaoaaaa $YHKU~R: 

00 -TJ t f3 
<Fv; F > ::: lim .r dte r d,\Sp(pFv(t-ibA) ..F ).v v

TJ-+ o o-00 

/56/
p = exp (- f3H ) / Sp [ exp( - (1 H)1• 

3 



rAe F (t-ih À) - oneparop Cl-1Ilbl B npep,CTaSIleHI1\11 re~3eH6epra, 
v

{3 =(k BT)-l ,O - 06beM CI1CTeMbl. 3$epeKTvIBHOe LJI1CIlO 3IleKTpOHOB 
/TCNQ ~en04KI1/ \IIIl\ll p,~ROK /TTF ~en04K\II/ OnpeAeIlReTCR KaK 

{3 
N rr = m- 1 r d ÀSp( pP v (-in À)opv)' /6/

e ,v O 

B /6/ P - onepaTop nOIlHoro \IIMnYIlbca HOC\IITeIle~ sapRp,a B SOHe v:v 

+ a -1 /7/
P = fi z, v kv a k v kv' v kt> :::: h af leI.' la k , 

v k 

r p,e m - Macca HOC\IITeIlR aapana , J],IlH oneuarooa C\IIIlbl Fv = i [H, Pv l/h 
nOIlY4aeM 

i + xoF. ::: _o -- m 2. g (v - V k ) a k v h k,k+Qrf-q2'v k+q1+ qz'// v +q1+ q2 ,v 
k,q1q 2 /8/ 

x a A A
kv q 1 q2 

B epopMYIle /5/ MW npeHe6perIl\ll KoppeIlR~\IIOHH~M\II epYHKQ\IIRM\II, on\llcw
Ba~~I1M\II ~ep$eKT nepeMeW\IIsaH\IIR 30H, 4TO cooTseTcTsyeT npeHe6pe~e
H\II~ Memuen04e4Horo, \IIIl\ll MemSOHHoro, B3a\llMOp,e~CTBI1R B raM\IIIlbTO
H\IIaHe /1/. TeM He MeHee Q:l0pMYIla /5a/ np\IIMeH\IIM8 S cIlY4ae cIla6oro 

S3a\llMOp,e~cTBIIIR. 

2. B~4WCnEHWE COnpOTWBnEHWR AnR AHrAPMOHW4ECKOR MOAEnW 

4T06bl'nOIlY4\11Tb 3IleKTp\ll4eCKOe COnpOT\IISIleH\IIe /5a/, HaM Hap,O 
Ha~T\II KoppeIlRU\IIOHHY~ Q:lYHKU\II~ /56/ \11 3Q:l$eKTI1BHoe 4\11CIlO HOC\IITe
Ile~ 3apRfJ,a /6/ B npep,eIle cna6oro paCCeRH\IIR. B 3TOM cnY4ae KOp
peIlRU\IIOHHWe Q:lYHKQ\II\II /56/ \11 /6/ MorYT 6WTb BW4\11CIleHW B H\IISWeM 
nopRp,Ke no TeOp\ll\ll BosMy~eH\II~ OTHpC\IITeIlbHO He_p~ B peSYIlbTaTe 

MW noIly4aeM 

o TJt {3 4m2 [2

<F ; F > = Iirn ( dt e r d M -i:- 2. Ig k,k+q 1+q2'V x
 

v v TJ-+ o -00 o 1J k ,q 1q 2 
/9a/. 

ia (Ek+q -t-q2- sk)
 
x E k•k+ q 1-t- q2 e 1 <Aq la)A -qiPh <A Q2(a)A_ q2> ph'
 

rp,e 

2 
+q =(V k + -t-q --V k ) °fk+q+q2(1-fk) /96/E K k + q q, 1 2 1 2 1 , 

\11 a::=: i(t-inÀ)/n ; f k - Q:lYHKQ\IIR pacnpep,eIleH\IIR <bepM\II. np\II au-

sone 19/ õuno \IICnOIlb 30BaHO cnenyouiee np\ll6Il\llmeH\IIe: 

<A q (a)A q (a)AqA_q-q1-q2>Ph 
,. 1 2 

4 

"" <A ql(a)A-qiPh<A q2(a )A_ q2 > (8q' _ Q1 + 8 q.-q 2 ). 110/ 

3TO npl-16IlI1~eHl1e 3p,eCb, nOAo6Ho APyrlllM clIIcTeM8M / 24<snoIlHe onpas
p,aHO, nocicons xv OHO «acaer cn $OHOHHOi~ nOACI1CTeMbl, cnaõo CSfl3aH
HOH c ~~IleKTpoHHO~ nOAC\IICTeMo~. npI16I1I11w.eHl-1R B oõeux nOp,C\IICTeMaX 
MomHO Bw611paTb HeaaBI1CHMO. 

TaKI1M 06pasoM, He06xoAHMO 8~4~CIlHTb $OHOHHYID KoppenRUHOH
HYIO epYHK4!111O '<Aq(a)A q>Ph' AJ1f1 uero Mbl eocnons sveaca r eopaeã

- /17 18/ . 
caMocorIlaC08aHH~X ~OHOHOS '. CorIlacHo cneKTpaIlbH~M Teope

/ 251 
MaM 

-icLla 

<A (a) A > =: J_ j -~~~·o-- Iím i o (cu+i 8) -G (cu Mui 8)1 • /11/ 
q --q ph 2·rr .-00 l_e- P OJ ~o q q 

/ 18 1 
@YH!(L.tlftfl rpHHa Gq(cu) B TeopHIII caaocornecoaenaax IPOI-I0I-I08 VlMeeT 

BI1A 

2cuG (cu) =~< A \A »== .••_9...- 0_ , / 12/ 
q q - q cu ú> 2 _ co 2 - 2 (u ~ (cu)

q q q 

rne ~ q(cu) - c06cTBeHHo-3Hepn:~TVlqecKj;ti1 onepa rop , KOTOpbt~ MQ)I(HO 
npeAcTaBMTb B SHAe CYMM~ Ae~CTBI1TeIlbHO~ !li MHHMOA 4acTeA: 

lim 2.q (co + i ô) == L'lq (cu) + irq (cu ). /"3/
ô-.o 

AI1R OAHOMepHO~ peweTKH 4aCToTa KOIle6aHH~ onpeAeIlReTCR ypaBHe
HVlRMj;t 1 17/: 

(~== ú>~ + 2CUl~q(( q). /14a/ 

2 /146/cu 2 ::=: f (T , b) cu / f , 
q oq 

A g2(T .b)
uq(CU)==--- 1- 2. 8 , (+) /14B/

8f 1:To.b) . N pp' p+p -q. o cuq ~ cup,[B (p I P '00, ,cu}

- B
( -)

( p .P, OI cu )1• 

(±), Np ± Np ' cup ± cup'o /14r/B (P.P, or ) =: -..---- ------------ •
2 cu 2 _(cu .. )2p±cu p 

cup (p 
Np = - cth ---- /14A/

€p °02kBT ' 

r ne (iJOq VI f - 4aCTOTa KOIle6aHII1~ 111 CII1IlOSaR nOCTORHHaR 8 rapMOHII1
4eCKoM npIl16IlH)I(eHl-1I11. Bem14HHbl f(T,b), g(T. b)- aHrapMOHII14eCKII1e CII1
IlOBwe nOCTORHHMe: 

'11 ,. 

5 



1/ 2 /15a/f(T,b)="2.<B2rP(Rn-Rn_1) a ,Rn>Ph' 

1 3 / 3 
o 

/156/g (T. b) == 2·<B rP (R n-R n_ 1) a.Rn>Ph

3aTyxaH~e $OHOHOB onpeAenHeTCR MH~MO~ 4aCTb~ Co6CTBeHHO-3Hepre
T~4eCKoro onepaTQpa: 

l7g 2(T. b)r. (cu)=cu ---.-!. 8 ~_ cu cu ~ X 
.q q 8 Nf 3 (T., b) PP ~ p+P q .o P P 

N +N ~ 2 2 Np - Np ~ 
x [P P ( cu + cu ,) 8( cu - -(cu + cu ~) ) - ----( cu - cu ~ ) x

2 p P P P 2 p p 
/1,6/ 

x 8( cu 2 - (cu _ cu ~ )2)] • 
P P 

,Q.nH BbI4~CJ1eH~R KOppenHI..\~oHHbIX <t>YHKI..\~~ /11/ c nOMOl1\b~ ypaa
~eH~~ /12/-/16/ Bocnonb3yeMcH .CBO~CTBaM~ CHMMeTp~~: Ae~cTB~

TenbHaH 4aCTb co6cTBeHHo-3HepreT~4ecKoro onepaTopa C~MMeTpHqHa 

no cu. MHHMaH 4acTb - aHT~CHMMeTp~4Ha. B pe3ynbTaTe nonY4aeM 

iacu - iacu 
2 CUq 

00 

.e e
<Aq (a)A_ q>Ph== -~ r deu L (cu,€ q (cu).rq1(cu))[-::rr- + -[.i"--.l. /17a/

1 1 17 o 1 1 _ e -pco e tJCU -1 

rAe 

_ . 2cuq1rq1 (cu) 
/176/L (cu • e q (cu), rq1 (cu)) = --2--2--'2---2--

• 1 (cu 2 -€ q1 (cu)) + 4cuq1 r q1 (cu) 
o 

<t>YHKI..\H~ /176/ npeACTaB~M B B~Ae pa3no~eH~H/26/: 

2 2 cu q 1 r q 1 (eu)
L ~ 178(cu 2 - € (cu q )) + ------2- + 000. /18/

q1 1 [cu 2 _ ( 2 (cu )]
q1 q1 

B~nonHHH ~HTerp~poBaH~e no À ~ t B /9/ ~ np~MeHRR npo~eAYPY 

B~4~CJ1eH~~, npeaJ10~eHHY~ B/8,27? nonY4aeM AnH KOppenRI..\~OHHO~ 
<t>YHKI..\~~ .<F ; F v>BblpÇl~eH~e:v 

<Fv ;Fv > = Fv R +FvD • /19a/ 

rAe nepBoe cnaraeMoe CBH3aHO c 3<t><t>eKTaMH nepeHopM~pOBK~: 

2 CUqj_~~_ x rn ~ I' 12E x -- F R ~ 8 17 f3 ~ k g k,k+ q -+- q 2'v k,k+q1+q2 
v 11 kq 1q2 1 f q1 €q2 

/196/ 

.:[ 0q10 q2O(f+.+)+ o q1(o q2 +1)o(€ +, _ )1., 

6 

a BTopoe cnaraeMoe 06ycnoBneHo 3<t><t>eKTaM~ 3aTyxaH~H B H~3weM 

nopanxe no r q1: 

2 2( 2
F == 217{3 ~ ~1?L- !. I g 1 E 
vD fi Nf 3(T.b) kq1q2 k.k+qtq2 ' v k.k+ql+q2 

k 1k 2 
3cu q cu k cuk cu q

1 2 + .+ (+) ) 1 2 
x ----------- 'nq18k1+k2-q2'0 {D [H (k 1k.2)8«(+.+ + 

eq1 
/19B/ 

(+) . (+) - - (-) .
+[H çkl'k 2)+118«(+.... )1 + ,D [11 (k 1,k2)o«(+,+)+ 

.(-) (-) I l + [ H tk l' k2) +118 (€ +._ ) j. 

± Nk1)/[(CUk1-CUk2)2_(~1~ /19rlD± (k 1.k 2' €q)=(Nk 2 

E -E±€ ±€ /19A/
€ ± , ± == k+q1+ q2 k q1 q2 

. 
e (±) - E + + ( + ) /1ge/

±, ± - k+q1+ q2- Ek - € q1 - cu k1 - cu k 2 • 

+. _1 
/19~/0q --~f31uu 

1
q-1 H - (k'i' k2) = --8h (~1 ±CU k2) -1 

' e 

B CBoeM paCCMoTpeH~~ M~ orpaH~4~MC~ KnaCC~4eCK~M npeAenoM
 
BbICOK~X re-meparvp , xor'na Np s::I 2( I3n cu p )-1, H±(k l' k ~::::s (3n(cu k1± CUk2)
 
~ 1+ 0q s::I (l3bcu q )-~ B 3TOM np~6n~>KeH~~ peHopM~poBaHHble 4acToTbI
 
Kone6aH~~ MoneKyn ~p~H~Ma~T B~A
 

e 2 == y2 ( T •b) CU 2 , /20a/q oq 

rAe 

2 f(T,b) . g 
2 

(T.b) 
y (T.b)==--[1-kBT--·~-.-L /2061

'2f 3(T.b)( 

npeHe6peraH TeMnepaTYPHo~ 3aB~c~MoCTb~ pacnpeAeneH~H <t>ep

M~/8/,nonY4aeM ~3 /196/, /19B/:
 

2 517 m2n 3 (k BT )2 2 
F R == --------- ----- Gv . (I 1 + I 2 ), /21 a/
v (l7ac)3h3N2 y4(T.b) 

2 417 rn 2n3 3 g2(T.b) 2 
F D == ------------ (k T) ---- G . (I1 + I 2 ). /216/ 

v 9 (l7ac)3tl 6'N 3 B f3(T.b) 11 

7 



rAe 

17/b-2kF K 2 (k pq 1'- 2kF,- q1)
 
I = r dq --~----1	 . 1 2 ú)i:;
 

-17/b CUoq 1 o, - 2k F - q 1
 

/21e/ 

17/b K 2(-kF. Ql. 2kF-ql)

1 2 = rdq 1 -----------••- •
 

-17/b+2kF cuGq1. cu~.2kF-ql 

.o.1U:I Neu v I-1cnoIlbayeM cnpaaennaeoe B cnyuae cnaõoro BaaI-1MOAe.:1cT
BI-1~ COOTHOWeHI-1e / 81 

mWv fi_b__l sín k b], /22/FNerr,v= i 2 (17 a c) 

4T06~ nOIlY41-1Tb ~BH~e B~pameHI-1R, BocnoIlb3yeMcR CIleAym~I-1MI-1 

npIll6IlI-1>KeHI-1~MI-1: (q =: cu q 1-1 cu k + cu ± 2k F-ql -k ~ 2cu ±2k r+ q l •1 1 
3aMeTI-1M, 4TO AIl~ 8~4I-1CIleHI-1~ I-1HTerpaIlOB B /21s/ HeT He06xOAI-1MO
CTI-1 I-1CnOJlb soaars npeanonoxeaae o nIlOCKOM cnexrpe (cu o q ... cu' L ). 

KaK 3TO õsmo CAeJlaHO B pa60Tax / 4,6 ,8 / . MHTerpaJlbl 8bII.lI-1CJlRiOTC~ 
1-1 AIlR AI-1cnepCI-101-lHOrO COOTHOWeHI-1R sl-1Aa cu o q =.: cu m·sin (qb./2 ) /CM. 
ri'PHIlO>KeHllle/. 

B peaYIlbTaTe M~ nOIlY4aeM AIl~ 3Ile~Tp1-14eCKOro conpOTIIIBJleHHR 
cIleAYiO~ee B~pa>KeHl-1e: 

R =R	 [.Q..~L + _!.3T.b_~-(k 
BT)3].	 /23a/

0. ,y4(T.b) 18 f atT. b ) 

rAe 

29 ni 11 1 ' G 2 Ti - k jtb 
R.o = -a cbS- . -e 2 • W2 +- W- 2 ('";'2) -'s-i-n~2-k-b /236/ 

F Q m F 

fiE - 06beM 3IleMeHTapHO~ ~4eHKI-1, a ,b , c - nOCTORHHble peWeTKI-1. 
KaK 1-1 B!SI. Mbl nonarana GF = G Q = G . KaK BHAHO H3 /23/, Y4eT 
aHrapMOHI-1SMa MeHReT TeMnepaTYPHYiO aaBI-1CIIIMOCTb 3IleKTpl-14eCKOro 
COnpOTI-1BIleHHR. OT TeMnepaTYP~ 'saBI-1C~T CIIIJlOB~e nOCTOAHH~e y(T,b), 
f (T ,b) VI g (T , .b), a TaK>Ke nOcTORHHa~ peWeTKI-1 b . nepBbl~ 4JleH , 
B /23/ npeACTaBJlReT c060~ nceBAorapMOHIII4eCKoe nPH6IlIII>KeHl-1e ~8,~9~ 
BTOPO~ 4IleH, nponopuaouans auã (k nO~BIlReTCR B peayns r a reBT)3,
Y4eTa 3~$eKTOB saTyxaHI-1R. 

AIl~ saAaHHoro nOTeH~lIIaIla BaaI-1MOAe~CTBI-1R. TepMOAI-1HaMI-14eCKaR 
nepeHopMHPOBKa nocIleAHero B TeopHVl caMocorIlaCOBaHH~X $OHO
HOB/1~18/I-1MeeT BMA 

00 -x 2/ 2 r.-
< cp (R - R n-l » .., <p (b , T ) "" {-L dx e <p (b + x V Ü'2 ('1',b )). /24a/n 

'l rne KOppem::II.~1-10HHble $YHKI.4I-114 CMeU\eHIII~ 6IlI-1>Ka~WI-1X coceneü 

-	 2 ~ J cuu2'(T, b) ee < (u - u ) > =··--...........-<2: -~-:N ,	 /246/

J\	 n n-! f (b •T) q. 2: q 

BocnoIlbayeMc~ MOAeIlbH~M nOTeH~l-1anoM Mopse 

1> (b) = D [(e --a;(b-r~1)2 -11 • /25/ 

rAe D - rIly6HHa nOTeHlIlllaIla, 1"0 - cpeAHee paCCTO~Hl-1e Me>KAY co
ceAH~M~ MOIleKynaMH B rapMOHI-14eCKOM npIll6Il~>KeH~III. rapMOHI-14eCKaR 
CIIIIlOBa~ nOcTORHHaR f= Da2 . nOAcTaBnR~ /25/ B /24a/, nOIlY4aeM 
caMocornaCOBaHH~~ nOTeH~l-1aIl B BHAe 

cp (b, '1') = D I e - 2a (b - r o ) 2y -a(b-r o) Y/2e -2e e I,
l	 /26/ 

rAe Y =a2 ~2(b, '1'). 

3.1.	 COnpOTI-1SneHllle npH nOCTORHHOM AaBneHI-1~ 

PaccMoTPHM CI-1CTeMY npl-1 nOCTORHHOM 8HeWHeM HaTRmeHl-1111 r=const. 
nplII 3TOM ee AIl~Ha MOHeeT MeH~TbCR B SaSI-1CI-1MOCTH OT TeMnepaTYP~o 

npl-1 HyneBoM HaTRmeHl-11-1 paBHOBeCHaR nOCTORHHaR peweTKIII b o onpe
AeIlReTC~ ~3 YCIlOBI-1~ f' (bo)=O 11I I-1MeeT BI-1A 

bO = 1"0 -t- 3 y / 2a . /27/ 

B CIlY4ae HeHynesoro HaTR>KeHI-1f1, I-1IlIII AaBIleHI-1R p = 3a r/f, 6YAeM 
nonarars , 4TO kBT«D. Torna y «1 1-1 

b = b O - P (1 -+- Y ) / 3 a .	 /28/ 

CI-1IlOS~e nOCTO~HH~e npl-1HI-1Ma~T BI-1A 

); f ('1' , p) = f (1- y + p ).	 /29a/ 

3. TEMnEPATYPHOE nOBE.o.EHHE conpOTHBnEHMR 
'11 g ('1' ,p ) = '-3a f (1 -+ Y + 7 p / 9 ). /296/ 

4T06i?1 nOIlY4111Tb reaneoarvouyo SaBI-1ClIfMOCTb COnpOTI-1BIleHHA 
HeQPXOAI-1MO Bbl41-1CIlIIITb canosue nOCTORHHble f (T • b ) 1-1 g ('1', b) 

/23/, 
/"5/ 

B B~pa~eHIIII-1 AIlR conpOTVlBIleHI-1R /23a/ nepsoe 
peSYJlbTaT nceBAorapMOHI-14eCKOro npI-16IllllmeHI-1~, a' 

CIlaraeMoe eCTb 
BTopoe CIlaraeMoe 
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B03H~KaeT c Y4e~OM 3$$eKTOB 3aTyxaH~R. ~nR CaMOCOrnaCOBaHHOCT~ 

B~4~CneH~~ CpeAHeKBaApaT~4HOe CMe~eH~e y TaK~e B~4~Cn~M B 3T~X 

ABYX np~6n~~eH~RX. B pe3ynbTaTe B B~COKOTeMnepaTypHOM npeAene 
k T»1ku nOnY4aeM/ 17,29/

B 

y 1 = (k BT / D ) (1 + k BT / D - p ), /30a/ 

y 2 = (k BT / D ) (1 + 11k BT / 2D - p ).	 /306/ 

Hcnonb3YR /23/, /30/, nonY4aeM B~pa~eH~e AnR conpOT~BneH~R 
np~ nOCTORHHOM AaBneH~~: 

2 
R = -R O [ __-1.. :+ ~~:1.~:_I~!_~_C!lt!{g2 ]. 

/31/p (l- Yl +p)2 2(1-y 
2+p)3 

3.2.	 ConpoT~BneH~e np~ nocToRHHO~ 06beMe 

PaccMoTp~M 4en04KY c $~KC~pOBaHH~M~ KOH4aM~. B 3TOM cnY4ae 
An~Ha uenouxa /06beM/ $~KC~poBaHa: L= const, Hanp~Mep b =fO • 

C~nOB~e nOcTORHH~e Ten~pb onpeAenR~TCR B~pa~eH~RM~ 

f (T , b = f d= f (1 + 7 Y/ 2 ). /32a/. 

g (T. b = f O) =- 3a f (1 + 15 Y/ 6 ).	 /326/ 

CpeAHeKBaAPaT~4Hble CMe~eH~R ~Me~T B~Ah7,29/ 

y1 =	 (ltB T /D )(1 - 7 k BT /2D ), 133a/ 

Y2 = + kBT/D).	 /336/(kBT/D)(l 

B peayns r are c nOMO~b~ /23/, /33/ nonyuaex Bblpa~eH~e AnR co
npOT~BneH~R np~ nocTORHHO~ 06beMe: 

2	 1 (1+15~/6)2(kBT/D)R = R (k T) [ --------- -+ ----- .... ].o	 /34/
v B (1 +7~/2f 2(1+ 7~ /2)3 

3.3.	 TpaHcnopTH~e CBO~CTBa TTF-TCNQ 

06cYA~M TpaHcnopTH~e CBO~CTBa TTF-TCNQ c nOMO~b~ nonY4eHH~X 

$OpMyn AnR conpOT~BneH~R /31/, /34/ ~ KoppenR4~oHHO~ $YHK4~~ 

/19a/~ /21 / • 
Ha p~c.1 nOKa3aHa 1eMnepaTYPHaR 3aB~C~MOCTb conpOT~BneH~R 

np~ nOcTORHHOM AaBneH~~, B~4~cneHHaR no $OpMyne /31/ np~ pa3
n~4H~~ 3Ha4eH~RX napaMeTpa D, onpeAenR~~ero c~ny aHrapMOH~3Ma. 

~pyr~e napaMeTp~, cOAep~a~~eCR B Ro /236~ 04eHeH~ ~3 3Kcnep~

10 

...l 
~	 PRc.I. TeMrrepaTYPHafl gaBH


CHMOCTb corrpOTHBneHHfl npH
~	 1,2 
nOCTOflHHOM AaBneHHH: Po = I	 1,0 
= O,	 Pl = O~ 1, P2 = 0,2,! .	 P3 = 0,3. Dl = 0,29 3B, ~ qa 

\	 D2 = 0,43 3B, = 0,43 3B,! D3 '~ 06
 
Do - rapMOHHqeCKOe rrpHõnH c.. •
 ) ~eHHe/S( TO~KH - 3KcrrepH a:: 0,'
 
MeHTanbHwe gHa~eHHH/l/ . q2 

'./	 100 150 200 250 275 300 T,K 

MeHTanbHblX AaHH~X AnR TTF-TCNQ /CM-. pa60TY /s/ /. B Hawe~ reopa« 
~MeeTCR TonbKO OA~H cB060AH~~ napaMeTp - KOHCTaHTa 3neKTpOH
$OHOHHOro B3a~MoAe~cTB~R G. KOTopaR onpeAenRnaCb ~3 AaHH~X no 
_conpoT~BneH~~: Rp = 550 MKOM.CM np~ T = 200 K. 

np~ aTMOC$epHOM AaBneH~~ (p"", O) TeMnepatYPHaR 3aB~C~MOCTb 

conpOT~BneH~R R p oTKnOHReTCR OT KBaApaT~4Ho~ /nonY4aeMo~ B rap
MOH~yecKo~ Teop~~ /s4 c POCTOM TeMnepaTYP~: np~ T < 220 K 3TO 
OTKnOHeH~e npaKT~4ecK~ He3aMeTHo, 4TO ~ Ha6n~AaeTcR B 3Kcnep~
MeHTax/1.3/. ~nR 3Ha4eH~R rny6~H~ noreauuana Dl = 0,29 3B, KaK 
B~AHO ~3 p~c.1, nonY4aeTCR BeCbMa YAOBneTBop~TenbHoe cornac~e. 

n03TOMY 3TO 3Ha4eH~e Dl ~cnonb30BanOCb B AanbHe~w~x pac4eTax. 
np~no~eH~e BHeWHero AaBneH~R p> O K CWCTeMe"BAonb HanpaBne

HWR HawB~cwe~ npoBoA~MOCTH, KaK BHAHO H3 pHc.1, npHBoAHT 
K YMeHbweHH~ conpoTHBneHHR. KpOMe Toro, c pOCTOM AaBneHHR 
YMeHbwaeTCR ~ OTKnOHeH~e OT KBaApaTH4Hor~ 3aKOHa, 4TO Ta~e 
XOpOWO cornacyer cs c 3KcnepHMeHTaMH /1,3/. 

3aMeTHM, 4TO npHMeHeHHe BHeWHero AaBneHHR OKa3~BaeT BO~Ae~CT

BHe He ronsko Ha peurer xy , Ho H Ha 3neKTpOHHY~ nOACHCTeMY 30/. 
npHH~MaR BO BHHMaHHe 3aBHCHMOCTb WHPHH 3neKTpOHH~X 30H OT AaB
neHHR, MO~HO nOKa3aTb/27<4TO 3TH 3$$eKT~ He MeHR~T nonY4eHH~X 
3AeCb pe3ynbTaTOB. 

~a pHc.2 npeAtTaBneHa' TeMnepaTypHaR 3aBHCHMOCTb conpoT~B

neHHR npH nocTORHHOM 06beMe Rv npH pa3nH4HblX 3Ha4eHHRX D. 
I BHAHO, 4TO AnR TeMnepaTYP, 60nbwHx 200 K, Rv 3aMeTHO YMeHb

waeTCR no cpaBHeHH~ CR p, nOKa3aHH~M Ha pHc.2 nYHKTHpHO~ n~HHe~.{ 
BHAHO TaK~e, 4TOR v HMeeT RBHY~ TeHAeHU.H~ K n~He~Ho~ 3aBHC~MO

CTH OT T. 4TO cornacyeTcR c 3KcnepHMeHTanbH~MH AaHH~MH AnR 

Ij
 TTF-TCNQ /13/.
 
Ha pHc.3 nOKa3aHa TeMnepaTypHaR 3aBHC~MOCTb R p ~ R v HOPMHI 

poaaausrx Ha 3Ha4eHHe Rp npa T = 300 K /3~ Peayns r aru paC4eTOB 
cpaBHHBa~TCR c 3KcnepHMeHTanbH~MH AaHH~MH AnR TTF-TCNQ. nOKa
3aHH~MH Ha pHCYHKe T04KaMH. 

TaKHM 06paaoM, pa3BHTaR B AaHHO~ pa60Te TeopHR aHrapMOHH4e
-CKHX 3~eKTOB B KBa3HOAHOMepH~X MeTannax n03BonReT 06bRCHHTb 
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, rAe z = qb ,a ==k F b , 3aMeTl1M, 4TO npa saMeHe z -+ -z nonyvae«:%: .

U ,-- -'""!	 ,PHc Q 2 . TeMnepaTYPHaH 3aBMCH 1 =	 1 == 1. Hcnonb3YR COOTHOUJEú'f~e Cos(a-{3)=cos(a+I3)+2sinasin/3 •.2 ,~ MOCTh conpOTHBneHHH rrpH nOCTORH 1/Rp{D,) nonY4aeM>a:: HOM	 o6~eMe. Dl = 0,29 3B, D 2 =I1,2 17-2a . 2 . 'I 

I = 0,43 3B~ D3 = 0,72 3B. ITYHK	 = Ú);;;4f (dz/b) -~!C!~,j-z.j..?~iJ)":'~L&.>.,_._ _ 8{17- aJo 
-- cu 4b	 IA3!THpHaR KpHBaa - Rp rrpn P = P o	 -17 sin2 (z/2) sin 2(a+z /2)Iio ,I

I 

°3 H D=D 1 •	 
fi 

I
 
I
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OBnE~HHEHHOrO MHCTMTYTA H~EPHMX 

HCCJIE~OBAHHA 

HH,neKc TeMaTHKa 

1. 3KCnepHMeHTanbHaR ~H3HKa B~COKHX 3HeprH~ 

2. TeopeTH~ecKaR ~H3HKa e~cOKHX 3HeprH~ 

3. 3KcnepHMeHTanbHaR He~TpOHHaR ~H3HKa 

4. TeopeTH4eCKaR ~H3HKa HH3KHX 3HeprH~ 

5. MaTeMaTHKa 

6. RAepHaR cneKTpocKOnHR H paAHOXHMHR 

]. ~H3HKa TR*en~X HOHOB 

8. KpHoreHHKa 

q. Yct<nowTemo~ 

10. AeToMaTH3a~HR o6pa6oTKH 3KcnepHMeHTanbH~x 
AaHH~x 

11. B~4HCnHTenbHaR MaTeMaTHKa H TexHHKa 

12. XHMHR 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. HccneAoeaHHR TBePA~X Ten H *HAKOCTeH 
RAepH~MH MeToAaMH 

15. 3KcnepHMeHTan&HaR ~H3HKa RAePH~x peaK~HH 
npH HH3KHX 3HeprHRX 

16. ~03HMeTpHR H ~H3HKa 3a~HT~ 

17. TeopHR KOHAeHCHpOBaHHOrO COCTORHHR 

18. Hcnon&30BaHHe pe3ynbTaToB H MeTOAOB 
~YHAaMeHTanbH~X ~H3H4eCKHX HCcneAOBaHHH 
B CMe*H~X o6nacTRX HayKH H TeXHHKH 

19. oHO$H3HKa 

illHrrnep B., qRnna 3., AKceHOB B.IT. Pl7-86-62 
3~~eKThl aHrapMOHH3Ma H 3TieKTpH~eCKOe COTipOTHBTieHHe 
B KBa3HOAHOMepHb~ MeTannax 

C y~eTOM aHrapMOHH~HOCTH KOne6aHHH pemeTKH Bhl~HCTieHO 

3TieKTpH~eCKOe COTIPOTHBTieHHe B MOAeTIH KBa3HOAHOMepHOrO MeTan
na B&~e TeMnepaTyphl nafiepncoBcKoro nepexoAa.YcTaHoBneHo TeM
nepaTypHoe TIOBeAeHHe COTipOTHBTieHHH npH TIOCTOHHHOM AaBTieHHH 
H o6beMe. Pe3ynbTaThl xopomo cornacyroTca c 3KcnepHMeHTanbHb~H 
AaHHb~H ATIH conefi TTF-TCNQ. 

Pa6oTa B&monHeHa B ITa6opaTopHH TeopeTH~ecKoH ~H3HKH 
mum:. 

Coo6UleHHe 06bemmeiHIOf0 IHICTHTyra smepHblX HCCJIC,[lOBaHHH. ily6Ha 1986 

llepeBOA O.C.BHHorpaAOBOH 

Schiller W., Chilla E., Aksenov V.L. 
Anharmonic Effects and Electric Resistivity 
in Quasi-One-Dimensional Metals 

Pl7-86-62 

The electric resistivity in the model of quasi-one-di
mensional metal above Peierls-transition temperature is cal
culated with taking into account anharmonisity of lattice 
vibrations. The temperature behaviour of resistivity is ob
tained at fixed pressure and volume. The obtained results 
are in good agreement with experiments on TTF-TCNQ. 

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