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J1ccnenyeTCSI MOlle.I'Ib S.I'I_eKTpOHOB, B381!MOlleHCTBYJOliiiiX C .cpOHOH8MII, 

KOTOpaH D cny'Iae npocTOH Ky6n'IeCKOll (OK) II o6~eMHO-UeHTp11pOB8HHOll KY-
6n'IeCKOH (QUK) perneTOK B np1!6.1II!)I{eHI!II CI!.1IbHOCBH38HHbiX S.I'IeKTpOHOB o6-

Hapy)I{HB8eT cjlaaoBhlii nepexon MeTann-nnsneKTpnK. OpnseneHo cTporoe no
KaaaTenbCTBo cyrneCTBOB8HIIS! TO'IHOrO B TepMOitiiH8MI!'IeCKOM npenene perne

HIIH. 

npenpKHT 06'he,llKHeHHOrO KHCTKTyTa H.QepHbiX .KCCJie.QOBaHKit 

,ny6Ha, 1974 

Brankov J.G., Zagrebnov V.A., Tonchev N.S. P4 - 7917 

An Exactly Solvable Model for Metal-Insulator 
Phase) Transition 

A simple model of elec·trons interacting with phonons 
which displays a metal-insulator phase transition in the 
case of simple cubic (.s.c.) and body centered cubic(.b.c.c. 
tight-binding bands is studied. A proof is given that the 
model is exactly solvable in the thermodynamic limit. 
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PacCM8TpltiB86TCH MO,l\6Jll> aneKTpO~OB 1 B38HMO;n;eiiCTBYIO!lli1X C 

Kone6am1HI.!ll peweTKH, KOTopaH B cnyqae y31h1x: aoH H 11K, OUK-pe

meTOK onHCb!BaeT (j)aaoBllii nepexo;n; MeTann:..;n;HaneKTPIIIK~:lloitaaauo, 
J, ' 

'ITO STS MO;ZJ;6Jll> HM66T TOqHOe pemeHHe B.TepMO;ZJ;HH8Ml1'l6CKOM npe

)1;6JI6. 

,.:;: 

. ' B HSC~OH1ll6ti pa60Te HCCJie,llyJOTCH TepMO.ztH!IB~mqeCKHe CBOliCT

BS Mo.nenH, onHC!1BBJ01llet1 <JJaaoBhlli nepexo.zt MeTann-;n;lianeKTptm, 

KOTOpaH paCCM8TpHB8JI8Cl> B pa60.T8X/l, 2 t 3/ •. · Ey.zte~' ~CXO,lllt!Tl> _H3 

raJ&It!Jll>TOHHSHS ~~peJIHX8 ,ItJIH aneKTpOHOB 1 B38ltiMO,lleldCTBYI!llllHX -c:. ItO- · 

ne6aHHHI.!H peweTKH: 

. + ,,; L~ ~(~) [ at.~.tbai<,6~'1. + a.c. J 

:Jt .;. L ( t\-.f )a.~~ ak,G + L ii.w(q_}g~£,_ + 
k,4> . 'J. : . . . ... 

~(I) 

vN .. k,~.tj. . . . 

r)l;6 at,6, Qk,t. H g~, ~'\.- onepaTOpll SJI6KTPOHOB Itt ~HOHOB • COOT-: 

B6TC~B6HII~. Kait ltlllB6CTHO, )l;Jlli criy'lSH ~pOCTOli Ky6aqecKoit (ilK) 
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H o6~eMHO~U6HTpllpOB8HHOl1 (OUK) pemeTOK B npn6nH~6HHH CHnl>H0!1 

CBH3ll ~nH sneKTpOHOB H yq~Te nHmi> 6nHESHIDHX coce~eii 3HepreTnqe-

CKHi1 Cfl6KTp o6na~aeT CBOl1CTBOM: 8 k+Q = - E.k • r~e 

Q. :, ! (±I, ±I, ±I) ll a. - flOCTOHHHSH pemeTKH. B pa6oTaX 

/I •2/ noxa3aHo, qTQ B38HMO~ei1CTBite aneKTpOHOB C MO~OH u) (Q) 

npHBOAHT K HeyCTOiiqHBOCTH pemeTKH, KOTOpaH Be~eT K HCKSE6HHD 

KpncTannnqecKow crpyxrypH(Tnna y~BoeHHH nepno~a) H nepexo~y 

MeTann-~HaneKTpHK. Cne~OBST6Hl>HO, MO~a uJ(Q) B raMHHl>TOHHSHe 

(I) nrpaeT oco6ym pon~n qacTI> Baanuo~eiicTBHH, co~ep~aman ~oHo

HH C BOHHOBUM B6KTOpOM ~ , HCCne~yeTCH OC06o: 

:Jet(= L ( €"-}'-) a~,<> a".~ + iiwCQ) g:£Q ~ 
k,cb 

+ ~(Q)'{lf ( J: ~Q+J~~~) (2) 

r~e J+Q=(JQ.)+=.N-1Lat+Q(,Qkt:. . Cne~yeT ~rueTHTI>, 
Kb ' ' t 

qTo onepaTophi. Jt 'J a ' orpaHuqeHH no Hoplde: IIJaR=IIJQ\\ ~ 2.. 
HnEe 6y~eT noKasaao, qTo uo~eni>, onnc~>~BaeMaH raMHni>TOHHa

HOM(2),nMeeT TOqH06 pemeHH6 B TepMO~HHSMHqeCKOM npe~ene. C Ma~ 

T6MSTHqec;toi1 TQqKH .3P6J:!HH 'JeQ SHanorHqeH M0~6Hl>HOMY raMMl>

TOHHaHy nnKKe, KOTOPHH ncnoni>3yeTCH npH uccne~OBSHHH TeopHH 

Masepa/4/. 8To nosBonH'l' npu pemenuu sa~aqu (2) Bocnoni>soBBTI>CH 

T6XHHKOi1, pa3B.I1TOi1 SBTOpaMl'! B pa60Te/4/. Heoc5XO~HMO OTM6THTI>, 

qTO 3TS T6XHHKS HBnHeTCH 060c5Ul6HHeM M6TO~a H.H.Eoronm6oBa· (Mn) 

/S/ na cny~aii·Mo~eni>HHX CHCTeM, co~e~alllHX HeorpaHHqeHHUe_one-

paTopl>! (B HameM cnyqae £~ , g a ) • 3~eci> Ml:l usno~M JiliiDI> 

OCHOBHH6 nyHKTH ~OK838T6Hl>CTBa, ~eTaJIH MOryT 6HTI> JierKO BOC-

CTSHOBH6HH C flOMO~l>~4/. . 
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Bo-nepBux,<npMCTaBHM raunnuonnaH (2) B BH~ecyMiil>l 

Jt~ = .Jto(1l~) +:J.£1 (Gl~), r~e Ji0 (~~) - annpoKCHMHPYDUllli1 

raMrml>TOHHSH: 

JtoC1lQ) ""L (6~<-r)a.~,(.ak,~ + kw(~) ~; ~Q-
. k,& 

2. • • (3) 

~ (Q)l{ ( J+ d1 +:J 'OJ* -111 12.) . 
Q L~ • Q ·lQ l~ · ' 

+ (rr)·+ o+ 8CQ);,~ * 
c ~q_ =- o~ = OQ + 1i.w(Q.) 'D/.Q ' a ~I ('ZQ) HM66T 

BH~: 

.. :JtrC1la) = ~(Q)_N:2.(J~ -~:)~Q + 3.C. 
. I • 

(4) 

IIapaueTpl>l 'fl_Q., 1l_: · onpe~ennm:zocn us ycnoBHH MHHHMyMa 

flJIOTHOCTH CB060~HOii 3Hepr.11H annpOKCHMHPYDill6rO raMHJil>TOHHaHa 

(3): 

mtv; {-~~ tYL T~ ~xp [-~ ],0 (1{&)]} ~ ~1f [~oC1lQ)] 
(1211 i!Q) . 

r~e f1~ 8 - TeMIIeparypa CHCT6MH. HeTpy~HO ~,BM6THTI>, qTO 

:lio C'qa) c roqg£~T_eD ~o raMHn~TOHHaua nepeHOpMnpoBaHHUX 

!f!OHOHOB "\iw(Q)_ta~~ , . BKna~ KOTOpl>IX B TepMO~HllSMHKY. 
CHCT6MH HM66T nopH~OK . 0 (.tf-i) , COBfl8~aeT C M0~6Hl>llHLl 
rau:nni>TOHHSHOII · MaTTuca-Jiaarepa/I/ x). Hccne .n.oilaaue.tl~'! J.N [ :1fo<'¥Q)] _ 
flOK83HB86T, tiTO.CHCT6l&8 l1CflHTHB86T !fl830Bhl!1 nepexo~ LI6T8Jiii-· 

~H3JI6KTPHK, KOTOpHtt no~poc5HO paCCMOTpeH B/I,2/. 

B/I/ CBH38H C · napaY~TpOM nopH~Ka 
X- SCQ). I 

- "ft.w(Q) 71_~ I 
(3) x) TiapaMeTp X · l'4lal 

COOTHOW6HH6M: 
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ITo Teopeue Eoronro6oBa ~na .paaaocTH nnoTHOCTOH cBo6o~HllX 

auepr.11H, cooTBOTCTBYID!lll1X :Jl.Q H XoC'azQ),. nonyt~aeu 
HOp8BOHCTB8! 

}:, < :lf/ll&)) 4 t, [:lfQ]- tJ [Jto("lQ)] ~ }j <XrC~~)>o, {5) 

r~e ( .. ,) 11 ( ... ) 0- TOpMO~.IIH8M.IIti6Cime cpe~H.II6 COOTB6TCTB6HHO . 

no XQ u ::fto(OfQ) • 11a rpa~ueHTHoli uHBapuaH!_Hoc~ at0Cl2Q) 
OTHOC>tT61l:bHO npeo6p830B8H.IIfl. 003e-onepaT~pOB gQ , €Q. 
cne~yeT, liTO npaBafl qaCT:b (5) paBH8 Hynro. ~nH neBOH qaCT.II (5) 

c nouom:r,ro aepaBencTBa H.H.Eoronro6oBa nonyqaeu o~eHKy: 

~ l<ltrt¥ZG)>k 2.I~(Q)\[Lv"+I~(Q)I.M.1.hjx 
' it 

X [<(J~-<J:>)(JQ-(JQ>)>] ~, 
· o+o 2 

r~e L < oo - Bepxaaa· rpaHH~a ~nH .t.J-1< t)Q OQ), a M =II jQII :. 

{6) 

~nyKTYB~.II.II, CTOH~.II6 B npaBOH qaCT.II (6),HeTpy~HO B~p83.11TY, t~epe3 

n~O.II3BO~Hb16 nnOTIIOCT.II CB060~H;il 3H6prHH tr [ :!tq,.)] 
-no BHOU!Iil1M .IICTOqH.IIK8M! :JtQ,.):jtQ.+JV('I)J; +v•JQ). /5/. 

TaKuM o6paaoM,nonyqaeu: 

o ~ t~ [df.o,.J(~Q)] -~.~~ [ ~tQ,~] ~ 2.l~lQ)I(L¥i~ iscQ)IM.%)x (?) 

x.{ ~(_ -o:r.J~~[~Q.~]) + · Rif(v) r_ -a'J, [aeQ,,])"~_ !!.Jih .. 
· N \. ro ... n,o* .N:I.fa \. 'l>vov* J · . ., 

s~ec:r, Re-v) - Bepxaaa rpaan~a J(na 2<[:re~,.),::!~J[~,JtQ,"]2 
KOTOPBfl He 3BB.IIC.IIT OT J{ .II KOHOtiHB npH ni060J4 tlJHKCHpOBSHHOM 'ltq,~ · · . . . IM 

V • ~anee, ncnon:r,aya MO~H~ll~.llpOB8HHYIO ua~opa~.IIOHHYID TBXHHKY , 
-., ~ ...... 

noJtyqaeM, · HBKOHB~, 0~6HKY! 

,. 
0~ J.~~[JtoC~&)]-!#[X~] ~ O(.N-¥11) ·(8) 

e 
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TeM caMh!M J(OKaaaHa Tepuo~nHaMnqecKaa aKB.I!BanenTIIOCT:b raunn:r,To-

HHaHaJi Q. n annpoKCHMupyro!llero rau>tn:r,Touuaua Jto C~) , 
T.e. 38~8118 (2) p6U186TCH 8C.I!MnTOTUti6CKU TOqHO. 

B 38Knroqeuue OTMOTHM,. BO~nepBllX, qTO. Ji0 (~Q) COOT-

B6TCTBY6T T6pMOJ(UH8M.IIqecKl1 '3KBHBaneHTHb!ii. raMUn:bTOHU8H C a;_MieK

Tl1BHhiM 3Jr6KTpOH-31!6KTpOHHIDA npHTHlK6HU6M!" 

. . . . .. 2 . • 

. Je:f~= "Ce~<-u )a.t~a~_~··.:_,l-9 (Q) .N<J~JQ 
.... - . ~ J. , . '_ . n.w(Q) 

J • A> 

.. (9) 

Bo-BTopux, ua. npuBeJ(eHHoro :shlme .ztoKaaaTen:r,cTBa cpaay cne.ztyeT, 

qTo rauunuouuau. ~.(~Q)+[Jt-1tQ1 TepMOJ(HHauuqecKn 

SKB.I!BaneHTBH HCXOJ(HOMY raMHn:bTOH.IISHY (I), KOTOphlii CO.zt6plKHT 1 

KPOI.Ie Q. ·, 6eCKOHeqH06 qucno KBa3U,l{UCKp6THb!X !.!OJ(. KaK OTMeqa'

noc:r, paa~ef6/, ;aKHM u CBOiiCTBOM "aJ(,n;HT.IIBHOCT.II11 oc5na~aiOT ueKo

TOphle M8rHHTHhl6 Cllllll0Bb!6 CHCTe!JU C. J(8H:bHO~el1CTB.II6!.1. 
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