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B 1975 ro,qy XopHpa~x, Jly6aH 11 lUTpi1KMaH 111 11eene,qosan11 HOBbl~ 
Tl1n MY11bTI1KPI1TI14eeKO~ T04KI1, Ha3BaHHO~ 11MI1 T04KO~ Jl11~W11~a. 
To4Ka Jl11~w11~a (JL L' 0 L) onpe,qen.ReTe.A KaK peweHI1e e11eTeMbl ypas-

HeHI1~ 

A 2 (p., 0) = 0 2 (JL, 8) = 0 , 

r,qe ~YHK~1111 A 2 11 0 2 .ABll.AIOTe.A K03~~11~11eHTaMI1 e pasno>KeHI111 JlaH

,qay All.A 6onbworo TepMO.Q11HaMI14eeKoro noTeH~11ana 

( 2 4 6 0 p., (;I ; ~) = A 2 (p., 8) 1::!. + A 4 (JL, e) ~ + A 6 (JL, 8) ~ + ... 

2 2 + C 2 (p., O)(gradl::!.) + 0 4 (p., O)(divgradl::!.) + .... 
/1/ 

B. Bbtpa>KeHI111 /1 I 1::!. - napaMeTp nop.A,QKa, p. - XI1M114eeKI1~ noTeH-

~11an 11 0 =ksT- TeMnepaTypa. 

HsseeTeH 11 no,qpo6Ho 113y4eH /eM., Hanpi1Mep/21 11 ~11TI1pyeMyiO 
TaM J111TepaTypy/ 11 ,qpyro~ Tl1n MyllbTI1KPI1T114eeKO~ T04K11 - Tpi1Kpi1-

TI14eeKa.R T04Ka; KOTOpa.R onpe,QeJl.ReTe.R ei1CTeMO~ ypaBHeHI1~ 

A 2 (p., B) = A4 (JL, 0) = 0. 

KOHKpeTHble ~113114eeKI1e ei1'CTeMbl, B KOTOpbiX 11MeeT MeeTO Tpi1Kpi1-

TI14eCKa.R T04Ka, 111111 T04Ka Jl11~w11~a, on11caHbl s pa6oTax /2/ 11 13,4/. 

CoseeM He,qasHo s pa6oTe1 616blno yKasaHo, 4To s HeKOTOPbiX ci1-

CTeMax C 3JleKTpoH-,QbiP04HbiM enapi1BaHI1eM T04Ka JlH~W11~a 11 Tpi1Kpi1-

TI14eeKa.R T04Ka eosna,qaiOT, T.e. p.L=P.T=p.* 11 (;IL .. (;IT=O*.B 3TO~ 

pa6oTe paCCMaTpi1BaJ1C.R TOJlbKO CJ1y4a~ JL/0 << 1 /T.e. o6naCTb, 

HaXOA.Rl!la.RC.A ,qaneKO OT MYllb TI1Kpi1T114eCKO~ T04KI1 (JL *, 0*)/ 11 6bl110 

noKa3aHO, 4TO B TaKI1X e11eTeMax C pOCTOM P. Kpi1TI14eCKa.R o6naCTb 

paewl1p.AeTe.R. B pa6oTe /5/ OTMe4aJ10Cb 0 4TO B Bel!leCTBaX CO CTpyKTy

po~ A-1 5 HeKOTOPble Ha6niO,qaeMble oco6eHHOCTI1 e TeMnepaTypHOM no

se,qeHI111 BOCnpi111M411BOCTI1 11 ClK11MaeMOCTI1 MOlKHO CB.R3aTb C 3TI1M 3~

~eKTOM. 

3aMeT11M, 4TO COBna,qeHI1e T04KI1 Jl11~W11~a 11 Tpi1KP11TI14eCKO~ T04KI1 

npi1BO,QI1T K COBepweHHO HOBOMY KPI1TI14eCKOMY nose,qeHI110 TaK11X Cl1-

eTeM. 

UenbiO ,qaHHO~ pa6oTbl .RBJl.ReTc.A: 1/ Bb1411cneHI1e ,qn.A c11cTeM c 

3neKTpoH-Ablp04HbiM cnap11eaH11eM K03~~11~11eHTOB A;, A 
4

, A
6

, 0
2

, 

11 0 4 s pasno>KeHI111 I 1 I KaK ~YHK~I1~ !L 11 0 eo see~ nnocKOCTI1, 

BKJ1104a.R 11 T04KY (JL*, 0 *); 2/ O~eHKa Wl1pi1Hbl KP11TI14eCKO~ o6nac-

Tl1 £ = 10- (;lc l/8 c BOKpyr TeMnepaTypbl ~a30BOro nepexo,qa (;lc(p.). 

2 

.,. ~ 
l 

PaccMOTpi1M MO,QeJlbHYIO CI1CTeMy, Oni1CbiBaeMyiO raMI1JlbTOH11aHOM 

H ::£ [<a (k) a;,aak,a + < b (k) b :,a b k,a ] + 
k,a 

'V· - 1 
'<' a+ a b +, ~ b , , 

+ " k k + q a " a k -q,a k ,a ' , ' ~' 
q,k,~ 
a,u 

/2/ 

rAe onep~TOPbl ae,a 11 < a(k) OTHOCRTeR K eaneHTHO~ soHe, 'a one-

paTOPbl b k,a 11 3Hepri1.R !b (k) - K 30He npoBO,QV1MOent • .L\ll.R npocTOTbl 

paCCMOTpi'IM CJ1y4a~ 1130TponHbiX 30H C O,Q~-tHaKOBbiMI-1 3(jJ~eKTI1BHbiMI1 

MaccaMI1 rna= mb = m: 

Ea,b(k) oo+k
2
/2m±EF -p., 

!L ~ 0 03Ha4aeT pa3J11-1411e KOH~eHTpa~l1~ 3JleKTPOHOB 11 ,QblpOK B ei1-

CTeMe. Bee pesynbTaTbl nerKo MOlKHO o6o6l!li1Tb Ha cny4a~ ma ~ mb. 
Cl1cTeMa /2/ 11ccne,qoeanacb MHOri1MI1 aeTopaMI1 /eM., Hanpi1Mep,16,7/ 

e CBR311 c npo6neMo~ (jJasoeoro nepexo,Qa e TaK Ha3blsaeMoe 3KC11TOH-

Hoe COCTO.RHI1e /napaMeTp nop.R,QKa 1::!. = v-1 I< a+ b >.;:. 0/. 
k k k 

Ko3~~1-11.ll1eHTbl A
2

, A 
4

, A6 e pasno>KeHI111 /1/ MoryT 6btTb Bbi411Cne

Hbl nyTeM pasnomeHI1.R e P.AA T3~nopa BblpameHI1~ ,Qll.R 6onbworo Tep

MOA~-tHaM~-t4ecKoro noTeH~I1ana, nony4eHHoro e np1161111>KeH~-t11 MOlleKyn.Ap

Horo non.A. Ko3~~111.ll1eHTbl C 2 11 0 4 y,qo6Hee Bbi411Cl111Tb MeTOAOM, 113-

nomeHHbiM e pa6oTe 
181 • 

nocne ,QOBOJlbHO Al111HHbiX Bbl411eJ1eHI1~ nOJ1y4aeM: 

-1 
A 2 (J.L, e) .. [2AN(O)] - ln (w/2m9) + RE'JjJ (1/2 + itl/2rr0) 

::: a (J.L, B c ) (8 - 8 c ) , 

2 -1 
0 ) .. 2N(O) [(J.L/2rr8 ) Imt/r' (1/2 + if.L/2rrB c) + 0 ] , c c . @ 

a (J.L, 

A 4 (p., 8 c ) :::: - [N(0)/8(2rr8 ~) 2 
]Ret/r "(1/2 + ip./2rr8 c ), 

As(J.L, Oc)::: [N(0)/192(2rr8c ) 4 ]Re¢r1V (1/2 + iJ.Lf2rr8c ), 

0 2 (J.1., e·c) = (Ep./m)A 4 (J.1., 8c ), 

0 4 (p., 8 c ) :! (E F I m) 
2 
A 6 (JL, e c ) ' 

131 

/4/ 

/5/ 

/6/ 

171 

rAe t/r(z)- AKraMMa- <!JyHK~I1.A 11 (d(n) /dz (n) )t/r{z) = t/r (n\z). 
np11 nony4eHI111 Bblpa>KeHI1~ /3/-/7/ 11CnOJ1b30BaHO, KaK 06b14HO, 

np1161111>KeH11e N (<) :::. N(O) All.R F~THOCTI1 coc~o.RHI1~ 1-1, KPOMe Toro, 

Oi.. bE~I!lHEHHt-.: •. i ' f 

i-t,:-1 [= -~,'Ht-- !o ' .. 

r-1•r-- nl.a,....._,_,..,. a 

3 
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8 8 
nOPfiAKa e (_£_) 1-1 e (-0-) I w - napa-

w E:r 
onyl!leHbl see 4JleHbl 

MeTp o6peaaHMfl B MOAeJlM /2/ I. Ha Bblpa>KeHMH /3/, !4! 1-1 /6/ cne-
AYeT, 4TO MYJl~THKPHTH4eCKafl T04Ka (~*. e*) noJly4aeTCfl KaK pe-
WeHHe CHCTeM~ ypaeHeHHH: 

[2AN(O)] - 1 - ln (w /2rr0) + Rer,if (1/2 + iJJ./2"()) = 0 , 

Rer,{f "(1/2 + i~/2170) = 0. 

YpaBHeHMfl /8/-/9/ MCCJleAOBaJli>ICb B pa6oTe 1111 B CBR3H 
napaMarHHTHoro 3$¢eKTa a ceepxnpoeOAHHKax. Hcno1lb3YR 
3TOH pa6oT~, nony4aeM 

Jl. * :0 0 61~ 
c ' 0' ()~ ..::o0,3:>A 0 , 

!8!1 

191 

c npo6neMoi1 
peayJlbTaT 

-1 
rAe ~ 0 ., 2w exp [-2>.N(O)] . 
K03¢¢H~HeHT~ Ae H c4 ecerAa 
= 31,96). 

B oKpecTHocnr T04KH (JJ.*• ()*) 
noJlO>K~>~TeJlb Hbl (Rer,{f IV (1/2 + i~* /2rr0

0
"'): 

Paano>KeH~>~e /1/ c K03$$H~HeHTaMH 
H (), Y~OBJleTBOpfi~II\HX ypaBHeHI-1~ /8/ 

/31-171 cnpaee~JlHBO AllR ~ 

H HepaBeHCTBaM 

0 ~ ~/2rr0 ~ ~ * /211() * = 0,304. 

WHpi>IHY KPHTH4eCKOH o6JlaCTH MO>KHO o~eHHTb npH nOMOII\H KPHTepHfl 
fHH36ypra, o6o61!leHHoro noAXOARI!l~>~M o6paaoM. B HaweM cny4ae no
ny4aeM: 

r~e 

(d 0 -d)/k l!/p-2 d/k 
[a(~, Oc )18- 00 11 » K(k, p, d)00 Ap /C k 

p - 2(n + 1), k = 2n 
/10/ 

(n == 1,2, ••• ) , 

) d- k 1-d 1-d/2 -2 p/p-2 
K(k, p, d) .. (d- k oosec(--11) . 2 • rr • k • p (p -· 2)(2/p) , 

k 

d- pa3MepHOCTb npOCTpaHCTBa H d 0 .. ~ - KpHTH4eCKafl pa3MepHOCTb 
p-2 

npOCTpaHCTBa. 04eBH~HO, B~pa>KeHHe /10/ CO~eplKHT KaK 4aCTH~e 
cny4aH o6~4H~H KPHTepHH fHHa6ypra I d =3 J k =2, p =4, d c =4/, KpH
TepHH fHH36ypra e TpHK~~>~TH4ecKoi1 T04Ke 21 I d =3, k =2, p =6, d c = 
=3/ H a T04Ke 11H$WH~a 11 I d =3, k =4, p =4, d =8/. B HaweM 
cny4ae I d =3, k =4, p =6/ e oKpecTHOCTH MY1lbTH~PHTH4eCKoi1 'To4-
KH "!(~*, ()*) HMeeT MeCTO KPHTH4eCKOe noae~eHHe, KOTOpoe cy-
11\eCTBeHHO OTJ1H4aeTCR OT 4HCToro TPHKpHTH4eCKOrO CJ1y4aR /2/ HJ1H 
CJ1y4aR, HCCJ1e~OBaHHOrO B pa6oTe/1/, AnR KpHTH4eCKOH pa3MepHOCTH 
d 0 nony4aeM d c =6, H npH d ~6 KPHTH4ecKHe 3KcnoHeHT~ npHHa~ne-

4 

~ 

1
'1 
... 
' ' ::) 

,( 

'II 

" 

:~ 
I 

! 

I 

>KaT KJlaCCH4eCKOMy TMny. npl-1 d < 6 HOBbiH THn KPHTI14ecKOrO noee
~eHHR HY>KHO HCCJ1eAOBaTb MeTO~OM peHOpMaJlH3a~MOHHOH rpynnbl BHJlb
COHa. 

npH nOMOII\H Bblpa>KeHHR /10/ WHPHHa KPHTH4eCKOH 06J1aCTH MO>KeT 
fibiTb onpe~eJleHa B ABYX npe~eJlb HbiX CJly4aRX: 1) ~/2178 c << 1 
/B 3TOM CJ1y4ae 4JleHbl A 6 H C 4 HeCyll\eCTBeHHbl/, 2/ B OKpeCTHOCTH 
T04KH ·.I(~*, 8*) /a 3TOM cny4ae A4 =0 1-1 C 2 = O). 

Ha e~pa>KeHHH /5/, /8/ H /10/ a nepeoM cny4ae nony4aeM /npH 
d =3/ 

l1)-
c -

2rr4 ()c 4 
. ~-=---) .; 11 I 

[(~/2rr8 0 )lmr,if '(1/2 + ip./2tr80 
) + 1] I Rer,if "(1/2 + ip./2rr0

0
)1 E F 

AnR KP~>~TM4eCKOH o6nacTH CHCTeMbl c o~HHaKOBOH KOH~eHTpa~HeH 3neKT
poHos H ~biPOK /T.e. ~=0/ H3 /11/ HaXOAHM r 0 -10-lLto-1l.H3 
nocneAHeH o~eHKH BHAHO, 4TO WHpHHa KpHTH4eCKOH o6naCTH 4pe3e~-
4aHHO Mana H noKa HeAOCTynHa AJ1R 3KcnepHMeHTa. BenH411Ha r~> 
MO>KeT yBeJ11>141>1TbCR /B CJly4ae ~ f:-0/ sa C4eT MHO>KHTenR Rer,{f "( 1 /2+ 
+ i~/2rr0 c) I a 3HaMeHaTene Bbrpa>KeHHR /11 I, KOTOP~H MOJ!9TOHHO 
CTpeMHTCfl K Hyn~, KOrAa ~/21r8 c ... ~ */2rr8ri • B pafioTe 6biJ10 
OTMy4eHO, 4TO AJ1R HeKOTOpbiX ~ H () fc MO>KeT CTaTb nopfiAKa 
eAHHH~~, 4TO yKa3~BaeT Ha HenpHMeHHMOCTb TeOpHH JlaH~ay B 3TOM 

cny4ae. 0AHaKo AJlR ~/'2fr6c =0,300 nony4aeM IRer,if"(l/2+ 0,300)1• 
= 0, 176, fJ1>-to-l2-10-8 

1-1, CJ1eAOBaTeJ1bHO, Te 3Ha4eHHR J1. H () 0 , 

~nR KOTop~x t ~l) - 1 npHHaAne>KaT o4eHb yaKoi1 o6nacTH I< 1 0-4 I 
BOKpyr T04KH (~*,8*), B KOTOPOH B~pameHHe /11/ HenpHMeHHMO, 

B OKpeCTHOCTH MYJlbTHKPHTH4eCKOH T04KH (~*,()*) BMeCTO /11/ He
o6XOAHMO ~>~cnonbaoeaTb APYroe e~pa>KeHHe: 

818 8/3 
£(2) = 2rr (~) /12/ 

c [(w'2rr8
0 

)IDJ/! '(1/2+iw'2rr0
0 

)+ 1][Rer,if IV (112 + iJJ.f2rr8 
0
)]1/S E F 

KoTopoe nony4eHo /npH d =3/ H3 
=0,304 AJ1fl WHpHH~ KPHTH4eCKOH 
f ~2) - 10 -10- 10 -8 • 

171, 191 H /10/. B T04Ke p}•j2rr() * 
06J1aCTH £~2 ) H3 /12/ HaXO~HM C 

B o6oHX paCCMOTpeHH~X B~We CJ1y4afiX HepaseHCTBO KOH~eHTpa~HH 
3J1eKTpOHOB H A~POK npHBO~HT K yeeJ1H4eHH~ W~pHH~ KpHTH4eCKOH o6-
J1aCTH. XopOWO H3BeCTHO, 4TO B MarHHTH~X CHCTeMaX (t c -10-2 -10-S). 
$nyKTya~HH Mrpa~T 3aMeTHY~ p0J1b B OTJ1H4He OT CJly4aR CBepxnpOSO~
HHKOB If -lo-t&;, KoTop~e xopowo onHc~ea~TCR npH6nH>KeHHeM cpeA-

c w 

Hero nonfl. B~we noKa3aHO, 4TO no CBOHM ¢1lYKTya~HOHH~M CBOHCTBaM 
3KCHTOHH~H ¢a30B~H nepeXOA 3aHHMaeT npoMe>KyT04HOe MeCTO Me>KAY 
MarHHTH~MH H CBepxnpoBOARII\HMH $a30B~MH nepexo~aMH, 

PaccMaTpHeaeMaR 3AeCb MOAenb npHMeHHMa K cneAY~II\HM ¢H3H4eCKHM 
CHCTeMaM: OTMe4eHH~M B~We COeAHHeHHRM A-15 161

, XpOMY H ero 
cnnaBaM/?/ H HeKOTOp~M KBa3HABYMepH~M COeAHHeHHfiM /~HXaJlKOreHH
~~ nepeXO~HbiX MeTaJ1J10B H' HX HHTe.pKaJ11APOBaHHble COe~HHeHHflf/12/, 
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I 

Oco6eHHO 1-iHTepecHbiMI-1 HBilfiiOTCfl KBa31-10AHOMepHble 1-1 KBa3HABYMepHble 
CJ.1CTeMbl, TaK KaK C yMeHbWeHa-ieM pa3MepHOCTI-1 pOJlb c!J11YKTYal!I10HHbiX 
3c!Jc!JeKTOB B03paCTaeT. 

B aaKJ1104eHHe aaMeTI-1M, 4TO XI-1MI-14ecKI-1~ noTeH1..11-1an ~ B MOAeill-1 
/2/ 1-1rpaeT pOilb o6MeHHOrO MarHHTHOro nOJlfl h,Ae~CTBYIO~ero TOilbKO 
Ha CnHHbl 3IleKTPOHOB npOBOAHMOCTI-1 B MOAeill-1 EiKW /eM. /?/,Ia/ 1-1 
ypaBHeHJ.1fl /8/ 1-1 /9/ I. no3TOMY BblpameHI-ifl /11 I 1-1 /12/ MO}f{HO VJC
nOJlb30BaTb, 3aMeHflfl ~ Ha h /4Ilfl OL!eHKVI KPHTI-14eCKO~ o6naCTVI B 
csepxnpoBOAHHKe. Ha /11/ w /12/ cneAyeT, 4TO ponb ~IlYKTYaL!HOH
HbiX 3c!Jc!JeKTOB B CBepxnpOBOAfl~eM c!Ja30BOM nepeXOAe npVI BKill04eHWH 
MarHMTHOrO nOilfl, AeACTBYIO~ero TOilbKO Ha Cni-1H~ 3IleKTpOHOB, soa
pacTaeT. 

AsTop npi-13HaTeJleH H.AHrenecKy M E.XpwcToso~ sa noneaH~e o6-
cymAeHMfl. 
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ToHqen H.C. Pl7-82-567 
0 KpHTHqeCKOM ilODe,[leHHH CHCTeM C 3KCHTOHHblM I!JasOBblM nepeXO,[IOM 

Ha OCHODe ilOJtyqeHJIOro pa3JtOJKeHH.f! ,[IJt.f! 60JiblliOrO TepMO,[IHHaMH
qeCKOrO ilOTe~HaJta ilOKa3aHO, qTO B M~,[leJtH ,[IBYX30HHOrO ilOJtyMe
TaJtJta npH HeKOTOpOM 3HaqeHHH XHMHqecKOrO ilOTeH~HaJta ~ ilO.f!BJt.H
eTC.f! HOBb~ THil MYJtbTHKPHTHqeCKOll TOqKH. Hccne,[IOBaHa mHPHHa 
4l.rJyKTya~HOHHofi o6naCTH BOKpyr TeMnepaTypbi I!Jasonoro nepexop;a 
(}c (~). 

Pa60Ta DbiTIOJtHeHa D Jla6opaTOpHH TeOpeTnqecKOH 4JH3HKH 01-UIH. 

npenpHHT 06~eAHHeHHOro HHCTHTyTa RAePH~X HCCneAOBaHHH. ~y6Ha 1982 

Tonchev N.S. Pl7-82-567 
On Critical Behaviour of Systems with Exciton Phase Transition 

On the basis of obtained expansion for a big thermodynamic 
potential it is shown that in the model of two-zone semimetal 
a new type of multicritical point appears for a certain value 
of a chemical potestial ~- The width of fluctuation region 
near temperature of phase transition 0

0 
(~) is investigated. 

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