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1. BBE,llEH~E 

~CCl1eAOBaH~e nepoacxarononoõaux CoeA~HeH~~ L&..2 -xMxCU04_a(M = 

= Ba, Sr) BeAeTcR Y>Ke B Te4eH~e pRAa 11eT 1CM. /1 /1. B nocnen­
Hee BpeMR ~HTepec K H~M 3Ha4~Te11bHO B03POC B"CBR3~ C OTKp~T~­
eM B H~X BblCOKOTeMnepaTYPHOH CBepxnpOBOA~MOCT~ 12,3 I .. KaK no­
Ka3blBalOT CTpYKTypHble ~cC11eAoBaH~R 14-6 /, Kp~CTa1111 La 2Cu04 npa 
r eaneparypax T < To :::: 533 K ~MeeT opTopot-\6M4ecKYIO CTPYKTYPY 
Inp. rpynna D~~ -" Omea), a np~ T = To ~cnblTblBaeT CTPYKTYPHblH 
~a30B~H nepexoA Ic~nl B TeTparOHa11bHYIO ~a3Y co CTPYKTYPOH T~­

D~~ -I4/mmm). np~ BBeAeH~~ np~MeceH SrnaK 2 Ni F4/np.rpynna
TeMnepaTypa c~n To nOH~>KaeTCR n04T~ 11~He~Ho c KOH~eHTpa~~e~ 

np~Mece~ x ~ 06paU4aeTcR B H011b npa x :: 0,2;- 7 I .. C~11bHoe B11~R­
H~e Ha 3Ha4eH~e To OKa3b1BaIOT TaK>Ke BaKaHC~~ K~c11opoAa, KOH­
~eHTpa~~R KOTOp~X 8 3aB~C~T OT cnoc06a np~rOTOB11eH~R 06pa3­
ua1 1 I .. 

~HTepeCHO OTMeT~Tb, 4TO MaKC~Ma11bHaR TeMnepaTypa CBepxnpo­
BOARU4ero nepexona Te ::: 35 K 181 B La 2 _

X 
Sr

X 
Cu04 TaK>Ke. Ha611IOAaeT­

CR np~ x ::0,2. nOM~MO ~3MeHeH~R 311eKTpoHHOH 30HHO~ CTPYKTYPbl 
npa aaxeae La 3+ Ha &2+ ~11~ Sr 2+ ICM.l9 ,10 1 I, nORB11eH~e CTpYK­
TYPHO~ HeycTOH4~BOCT~ np~' To ::: O A11R x = 0,2 MO>KeT TaK>Ke np~~ 

BOA~Tb K nOBblweH~1O Te' KaK 3TO HeOAHOKpaTHO 06cY>KAa110Cb B 11~­
Tepafype. B 4aCTHOCT~, B pa60 Tax / 111 6~110 ~CC11eAOBaHO 811~RH~e 
c~n Ha TeMnepaTYPY Te B paMKax aHrapMo~~4ecKo~ MOAe11~ cBepx­
npOBOAH~Ka. B pa60Te 1121 Ha OCHOBe 3TOH MOAe11~ 6b111a npoBeAeHa 
O~eHKa Te A11R coeA~HeH~H La - Ba - Cu - ° ~ Y- Ba - Cu - O_ 
B CBR3~ C 3T~M npeACTaB11ReT ~HTepec 6011ee AeTa11bHo ~CC11eAoBaTb 

c~n B La2Cu04 ~ nocTpo~Tb ero MOAe11bHoe on~caH~e. 

KaK nOKa3b1BaIOT 3Kcnep~MeHTa11bHble/4-61 ~ TeopeT~4eCK~e 1131 
~CC"11eAOBaH~R, cen Di~ -+ D12~ B La 2Cu 04 06YC110B11eH KOHAeHca~~'eH 
B T04Ke X 30HbI 6P~1111103Ha MRrKOH MOAbl, CBR3aHHOH c BpaU4eH~eM 

OKTa3APOB Cu06. B HaCTORU4eH pa60Te, Y4~TblBaR 3TOT MexaH~3M 

~a30Boro nepexOAa, npeA110>KeHa M~KpOCKon~4eCKaR MOAe11b c~n 
_, B La2Cu04, OCHOBaHHaR Ha npeACTaB11eH~~ 110Ka11bHOH HopMa11bHOH 

KooPA~HaTbI A11R MRrKO~ MOAbl, nOA06HaR MOAe11bHa~ Teop~R A11R MRr­
K~X MOA C~MMeTp~~ R25 ~ Ma A11R Ky6~4ecK~x nepoBcK~TOB T~na 

SrTi03 paccMaTp~Ba11acb Et 114,15/. 

B pa3A.2 BBOA~TCR raM~11bTOH~aH MOAe11~ ~ onpeAe11RIOTCR 110­
Ka11bH~e HopMa11bHble KooPA~HaTbl A11R MRrKo~ MOA~. B pa3A.3 B~4~C­
11eHa 4acTOTa MRrK~X ~OHOHOB, TeMnepaTypa c~n To ~ n011Y4eHO 
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ypaBHeH~e AnR napaMeTpa 
HaR 3Hepr~R ~ Ha~OA~TCR 

B pa3A.5 AaeTCR o~eHKa 

H~e np~Mece~ Ha c~n, a 

2. MOAEnb 

nOpRAKa. B pa3A.4 B~4~CnReTCR CB060A­
ee pa3nomeH~e no napaMeTpy nopRAKa. 

napaMeTpOB MOAen~ ~ 06cymAaeTcR Bn~R­
TaKme ponb 3neKTpOHOB B c~n. 

H3BeCTHO õonsuioe 4~cno c~n B nepoackarononoõaux coeA~HeH~­
RX (A~X)n ABX 3 / CM. , Hanp~Mep/lal I, oõycnoaneuaux MRrK~M~ po r a­
~~OHHbIM~ MOAaM~ Ha rpaaaue 30Hbl 6p~·nnJ03Ha. 3T~ MOAbl npencraa­
nRJOT c060~ Bpa~eH~e AOCTaT04HO meCTK~X OKTa3APOB BX6 B R4e~Ke, 

06pa30BaHHo~ KaT~OHaM~ cop~a A. AnR on~caH~R TaK~X c~n AOCTa­
T04HO paCCMOTpeTb TonbKO Kone6aH~R aH~OHOB copTa X B meéTKO~ 

peweTKe OCTanbH~X ~oHdB. B cnY4ae La 2Cu04TeTparoHanbHaR
CTpYKTypa MomeT 6~Tb npeACTaBneHa KaK HanomeA~e CMe~eHH~X cno­
es OKTa3APOB CuOa. OA~H TaKO~ OKTa3AP B oKpymeH~~ ~OHOB La 
npeAcTaBneH Ha p~c.l. HMeJOTCR ABa He3KB~BaneHTH~x nonomeH~R 

~OHOB K~cnopOAa, 0603Ha4eHHblX KaK.O 1.2 ~ 0 3 COOTBeTCTBeHHO. 
l,2)PaCCTORH~e	 B nnOCKOCT~ xy, paaaoe a:/2. cytqeCTBeH­rI(Cu-o

HO MeHbwe, 4eM paCCTORH~e : r3(Cu-0 3) BAonb OC~ z (r 1 :::; 1,9 Ã 
~ r3 z 2,4 Â cooTBeTcTBéHHO/. HOHbl 0 1,2 ~MeJOT CBR3b c ABYMR 
6n~ma~w~M~ ~OHaM~ Cu B nnOCKOCT~ xy, a ~OH 0 3 CBR3aH c ~OHOM 
CU ~ ~OHOM La ~3 coceAHero cnOR. TeTparoHanbHaR R4e~Ka La2Cu04 
/np. rpynna 1Y41 I onpenenaerca napaMeTpaM~ a, == b::::::: 2T ~ 3,8 f !. 
c ::::::: 2TZ = 13,24 A, a np~M~T~BHaR R4e~Ka /coAepma~aR OAHY ~op­
MynbHY~ eA~H~~y, z = 1/ 3aAaeTCR BeKTopaM~ TpaHcnR~~~: 

/1/= (-~ ., T, T ), a2 = (T, -T, T = (T, T , - Tz' ).al Z	 Z)' 
a3 

KaK noxaaaaae'r c~MMeTp~~H~1IJ aaanas 113/. cen D~~ ~ Dl~h npouc ­
XOA~T c YABoeH~eM np~M~T~BHO~ R4eIlJK~ ~ onpeAenReTCR ABYXKOM­
nOHeHTH~M napaMeTpOM nopRAKa (c l, KOMnOHeHT~ KOToporoc2)
COOTBeTCTBYJOT OAHOMepHOMY Henp~BOA~MOMY npeACTaBneH~JO (T3 ,) 

... (~~ )Ha AByxnY4eBO~ 3Be3Ae Ql,qZ BonHOBoro BeKTopa B T04Ke X 
30Hbl 6p~nnJ03Ha: 

~ 17 ~ 17	 /2/
ql =	 a-{l,l,O), q2= T(-l,l,O). 

I" 
~~3~4eCKO~ pean~3a~~e~ napaMeTpa nopRAKa RBnReTCR Bpa~eH~e OK­
r asnpa ceo, soxpyr oca [1.1, O] AnR nY4a rii ~n~ [1,1, O] AnR ny­
4a q~ B /2/. Ha pnc . 2 nOKa3aH nOBopOT aoxpyr oca [-1, 1 , O ] , 
KOTopbi~ np~BOA~T K auxony ~OHOB 01, 2 ~3 6á3~CHO~ nnOCKOCT~ 
BAonb OC~ z ~ CMell.leH~JO ~OHa 0 3 B HanpaBneH~~ [1, I, O ] . Cy~ecT­
BeHHO OTMeT~Tb, 4TO TennOB~e ~aKTop~ AnR ~OHOB K~cnopoAa B TeT­

:# 
2 

z	 PMc.l. ~parMeHT TeTparOHanb­
HOa CTPYKTYPM coeAMHeHMH 
La2Cu04. B ~eHTpe PKTa3Apa 
Cu Oa noxemea HOH MeAH. C'rperr­
KaMll noxaaaasr CMe~eHHH MOHOB 
KMcnopoAa npH COOTBeTCTBYID~ 

- Bpa~eHMHX OKTa3Apa. 

y 

a 
PHc.2. rrono~eHHe HOHOB KHcnopoAa ~
 

B 6a3HCHoA nnocKocTH_ npa noaopor e ,
 
OKTa3Apa aoxpvr OCH [1, 1, o ]. qep­

HbIMM TOllK8MH nOK8saHbI HOHbl MeAH, xep-:
 
HMMH / CBeTJ1bIMH/ KPntKaMH - HOHbl KMC­

rropona , cMe~eHlÍbIe no /npOTHB/ OCM OZ.
 

parOHat1bHOH ~a3e HMelOT aHOMat1b·HO õonsurae 3Ha4eHHR:B ..l,5 112 / 4 / . 
~ CHt1bHO aHH30TponHW: MaKCHMat1bH~e 3Ha4eHHR HMelOT Bz z( Ot ,2 ) 
H Bxx (OS) • By y (0 3 ), 4TO YKa3b1BaeT Ha 3Ha4H aMnnHTYAY 

lTenbHYlO 

Kot1e6aHHH HOH08 KHCt10pOAa B YKa3aHHOH MRrKOH MOAe. 
Y4HTIIIsaR npH8eAeHHwe 3KcnepHMeHTanbHble AaHHble, AnR on~caH~R 

AH,HaMHKH HOHOB KHcnopOAa B MRrKO~ pOTa~~OHHOH MOAe MO)KHO BOC­
n0t1b30aaTbCR MOAet1bHblM raMHt1bTOHHaHOM 

m ·2 1
H.	 I-X (f,k)+-2 I ~kk .( f , r' )x (f , k ix (f' , k ') +

f,k 2 f,f ',k,k ' . 

+ t I B X 4( f, k ) • 

/3/ 

f,k 

3AeCb X(t, k ) - Z' - KOMnOHeHTIII cMe~eHH~ HqHOB Ok (k - 1, 2 ) 
,,;	 8 npHMHTHIiIHOH R4eHKe f. .QBH)KeHHe ~OHOB THna 0 3 B pOTaLlHOHHOH 

MOAe Yl.fHTWBaeTcR .c nOMocqblO nepeHopM~pOBK~ Maccw: m - mo ( 1 + 
+ (rs:/rt )2) :;"~.8mo' .rne mo - Macca K~cnopOAa. B3aHMOAeHcTBHe 
cMellleHHH O1.2 li- npHMHTHBHblX R4eHKax f ri f' Y4HTWBaeTCR B r ap­
MoHH4eCKOM npH6nH)KeHHH c nOMOIIIblO c~noBo~ nOCTORHHOH ~kk~f,f'). 

,3 



AHrapMOH~4eCKpe Baa~MOAe~CTB~e B3~TO B nOKanbHOM ~p~6n~meH~~
 
~ On~e~BaeTe~ KOHeTaHTO~ B.
 

BBeAeM Aanee nOKanbH~e HOpManbH~e KOoPA~HaT~ RÀ(f), on~e~­
BalO~~e nOBOpOT OKTa3Apa CuO	 BAonb oca À = x , y /ep. e /14,151a 

1 1 -+ -+ -+ -+ -+ 

X(f,k) =·_·-=:::Jeit X(R(f +&Çk,)-R(f)]z /4/ 
2 v'2m 

...	 -+ 
rne Çl = (1 ,O ,O ), Ç2=(O,1,O). CneAOBaTenbHO, 

·1 -+-+
X(i ,1) 2 v'"2m (Ry (e + a ti ) - Ry ( ê» , 

/4a/ 
1 -+ -+ -+ 

X( f , 2) "" _( a, (f + a ç 2 ) - Rx (f » . 
2 v' 2m 

raM~nbTOH~aH B HOB~X KooPA~HaTax 3an~weTe~ B B~Ae 

H I ~ ·KÀÀ (f ,f') PÀ (f) PÀ (f') + 
f,f',À 

+	 ~ ~ rÀÀ (f ,f')( RÀ (i) - RÀ (f,»4 + /5/e, f, À 

+	 I ~UÀÀ,(e.f')RÀ(f)RÀ,(e'),
 
i, f' ,À,À ,
 

rAe 

1KÀÀ (tI~ 1/8ÀÀ (q ), 8 ÀÀ (q) = "4 (1 - FÀ (q», 

r ÀÀ (q) r ' 'FÀ (q ), F (q) = cosqy&, F y (q ) cosqx a, /6/
o	 x 

2r; = B/64 m , PÀ = I 8 ÀÀ (f , f' ) R À (f' ) • 
. f' 

MaTp~4a UM' (f -f') aenocpenc'raeaao cenaaaa e ~kk'(f - f'} 
~ ~MeeT eBo~eTBa: 

UÀÀ ' (q O·)	 I U ÀÀ ' (f - f ' ) O, /7/

f'
 

4TO n03Bon~eT paeeMaTp~BaTb 3TY pOTa4~OHHYIO MOAY KaK aKyeT~­
4eeKYIO MOAY, nOAo6HYIO MOAe R25 ~n~ M3 B Ky6~4eeK~x nepOBCK~­

Tax /eM. ~4,15/ /' np~ 3TOM 6YAeM e4~TaTb, 4TO 
I~ 

4 

U ÀÀ ' ( q 1) = li ÀÀ,( q 2 ) - A 8ÀÀ ' '< O.	 /7a/ 
~ 

COOTBeTeTBYIO~a~ ABYXKpaTHO B~pomAeHHa~ MOAa Kone6aH~~ e OTp~­
uarensuoã rapMOH~4eeKO~ 4aeTOTO~ ú)~ = - A/m ~ onpenenaer c<I>n 
B To4Ke X An~ BonHOB~X BeKTopOB /2/. KOHAeHea4~~ 3TO~ MOAbl 
np~ T < To np~BoAa-tT K eTaT~4eeK~~ eMeU4eH~RM 

iql f
 
la\ .. < lix (f) > = < R y ( e) >' = c1 e , /8/
 

~n~ -+ 

iq2 f
 
< R x (f ) > :K - .< R y (f ) > • "" c 2 e
 

rAe (c 1,c 2 ) - KOMnOHeHT~ napaMeTpa nop~AKa B <l>eHoMeHonor~4ee~ 
KO~ Teop~~ '/13:1, CornaeHo/ 1 3!/ BoaMomH~ peureuaa c1 ::1 O , c 2 = O 

~n~ c1 = O , c2 =! O; «oropue eOOTBeTeTBYIOT ABYM BoaMomH~M AO­
MeHaM B OPTOpOM6~4eeKO~ <l>aae. 

3. M~rKAR <l>OHOHH~ MOAA ~ nAPAMETP nop~AKA 

An~ onpeAeneH~~	 4aeTOT~ M~rKO~ ~OHOHHO~ MOA~ B MOAen~ /5/ 
paC~MOTp~M ypaBHeH~e An~ <l>YHK4~~ rp~Ha 

GÀÀ'J\. f', t - t ',) = «rÀ (e • t); rÀ ' (e " t ' .) >:> , /9/ 

rne r À ( e) = RÀ (Q ) - < R À(f) > ~ np~H~Tbl 06~4Hble ~60aHa4eH~~ 
B MeTOAe AaYXBpeMeHH~X aanaaA~BalOU4~X ~YHK4H~ rp~Ha /eM., Ha­
np~.Mep, /17 / /' Y4~TbIBa~ ypaBHeH~~ An~ oneparopoe 'R À (e, t) 
B npeAeTaBneH~~ re~3eH6epra e raM~nbToH~aHOM /5/ An~ ~YHK4~~ 

rp~Ha B «i., (() )-npenc'raaneaaa , nonY4~M 

ú) 2 GÀÀ ,(q , (() = K ÀÀ'(q}[ 'SÀÀ ' +	 ~ UÀA (q ) GXÀ ' (q'" cu) + 
À 

/10/ 
+	 12 r (DÀ + 2 R 

2 
) (1 - FÀ (q )} . G ÀÀ ' (q , ú) )] • o 

3Aeeb 6~no ~enonbaOBaHO np~6n~meH~eft\ 
<< r ~ (f ); rÀ ,(f ' ) >t "" 3 < r: > G ÀÀ ' ( e- e" ú) ).. 
~ BBeAeHa Koppen~4~oHHa~ <l>YHK4~~ 

-+ -+ -+-+ /11/DÀ < rÀ (f) • [ r À (f ) - rÀ (f + açÀ ,)] > (À' =I À')':r::: 

5 
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2npH 3,TOM R 2= 1'<RÀ(f» 1 • CMeU4eHHR HOHOB 0 1, 2 CBRSaHbI cornec­ nnR onpeAelleHHR TeMnepaTYPbl c~n To BocnollbsyeMcR ycnoBHeM
HO /4/.c ~YHK4HeH /11/ COOTHoweHHeM' 0 (To ) = O, xoropoe npHBOAHT K ypaBHeHHIO

0 

<u 2(f. k»'=	 _l_DÀ• u(f,k) = X(f,k) -<X(f.k», /12/ 
4m A 2To -2 3

--', =DÀ(To)"",-I O,.,.(To·k) = 2To ( - 2- ') , /1/
2.4ro N k wBBOAR co6cTBeHH~e BeKTOp~ e~(q,) H 4aCTOTbI O~(q) COrllaCHO ypaB- n 

HeHHIO 
rAe npH611HmeHHoe paBeHCTBO sanHcaHO B KllaCCH4eCKOM npeAelleuO:,(q)e~(q) I. <l>ÀÀ'( q) eÀ "q i.	 /13/ 'e; AllR /15a/ H BBeAeHa cpeAHRR /Ae6aeBCKaR/ 4aCTOTa wn ' onpeAe­J


À ' • 
llR~~aR cpeAHlO1O AHcnepCHIO MRrKOH MOAbl /16/. 

rAe YpaBHeHHe A~R napaMeTpa nopRAKa R MomHO nonY4HTb HS YCll0BHR 
2 paBHoBecHR: (d/dt) < PÀ(f .t) >' = O, KOTOPO~ nPHBoAHT K ypaBHe­

<l>ÀÀ ' (q) = UIU'( q ) + aÀÀ " 12ro (DÀ + 2 R )(1 - FÀ( q ». HHIO: 

AnR ~YHK4HH	 rpHHa B /10/ 'nollY4HM BblpameHHe 16 RS r o + 24 r o D,\ - A "" o /19/ 

~ u" 2 2 ~1
?1U,(q.w)::I;- eÀ(q)eÀ,(q)·(w -n~(q» • /14/	 npH T < To • AnR T >: To H~eeM R = O . TeMnepaTyptiaR saBHCHMOCTb 

napaMeTpa nopRAKa npH T < To onpeAellReTcR corllaCHO /19/ COOT­
HoweHHeM' 

Y4HTblBaR HSBeCTHble COOTHoweHHR Me*AY KoppellR~HOHHblMH ~YHK~HR­
2 2 24~	 2

MH H ~YHK4HRMH rpHHa /CM./!7/, A11R /11/ nOllY;4aeM	 R (T) = Ro(l'-'A:,D À(T» "" Ro(l - T/To >' /20/ 

1	 ,.,. u 1 ntt( q ) rne R~ - (A' /16 ro ) xapáKTepHsyeT MaKCHMallbHoe CMe~eHHe HOHOBDJ\ = - I (1 - FÀ(q »e À (q ) e À (-q) coth :. (15/ 
N q ,,.,. 20tt (q) 2T	 KHcllopoAa: x =R /.J.2m npH T ... O.o o 

,.,. 
CorllacHo /7a/ B ypaBHeHHH /13(e À (ql) ='~À~ ....nO~TOMy B /15/ 4. CB060AHAR 3HEPrH~ 
YAo6HO nepeHTH K HOBblM BOllHOBWM BeKTopaM k = (q - Ql)' nonaraR 
e~ (q ) '= ~ (Q1) H FÀ (q ) == F>t ~1) = - 1. B 3TOM npH611HmeHHH AnR cornacso cl>eHoMeHonorH4ecKoH 'reopHH C4>n B La 2 Cu04 /13/ CBo6oA­
/15/ nonY4aeM HaR 3HeprHR	 F HMeeT BMA: 

F ,.. + Fel + F f1 1	 Fc 
D "" - I /15a/ 
~ N'"

k °u(k) /21/I' 2 2 1 2 2 1 4 4... Fc 2' r ( C 1	 + C2) + 2' Ut Ct C2 + 4" u 2 ( C 1 + C 2 ) • 
npH 3TOM A11R 4aCTOTbI MRrKOH MOA" npH Ik I .... O MOHCeM aocnoneac-

::li 

BaTbCR pasno*eHHeM 
rne FCf H Ff - BKJ1aA AeCl»opMa~Hl-t, KOTopaR SAeCb He paccaarpa­2 2 2 2 2	 /16/

O~(k) 0 o	 :+- 8 1 k,.,. + S2kÀ~~ + 83~" BaeTCA.::I	 

'\ lfT06w nonY4HTb MHKpoCKonH4eCKoe BblpameHHe AnR napaMeTpOB 
rne ~ x( Y). ,\ ::I Y(x ). AHcnepCHR ClX>HOHOB BAOllb OCH Bpa~eHHR paS110HCeHHR B /21/, Bbl4HcnHM cBo6oAHYlO 3HeprHIO Fl AllR raMHllb­:I 

OKTa3APOB ,.,. 06w4HO Mana: 81 « 8 2. B CHllY Cll0HCTO'i CTpYKTYPbl TOHHaHa /5/ C n0Jl40UUllO BapHa~HOHHoro npHH4Hna /181. 
KpHCTaMa Mana TaKme AHcnepCHR H ISAOllb OCM Z: 8 3 ,« B2' lfa­

'F = F • + .< H -:H >:,	 /22/CTOTa MRrKo'i MOAbI B T04Ke X onpeAellReTCR BellH4HHo'i	 t o o 

2 2	 rAe H -. npo6Hw'i rapMoHH4ecKH'i raMHll~ToHHaH, F = 
::I	 

/17/ o o00 24ro (D,\ + 2R ) - A. -80/T 
a - Tln [Sp I e 11. "oBw6epeM B clleAy~eM BHAe: 

6 
:

\ 
:~	 
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KaK B~AHO, a(~) = O, 4TO cornacye'rca c onpenerreaaea To \lt3 YC­
JlOB~R /18/ 0o(To) = o. napaMeTp v(T) B /28/ on~C~BaeT BKJlaA 

+ AJl~HHOBOJlHOBblX <l>JlYKTya~~~ ~ np~ T -+ To v (T -+ To ) ::::: (T - To flh!. i-KÀÀ (f,f')PÀ (f)PÀ (f')Ho / CM. 1181 / .Y4eT 3T~X ~JlYKTya~~~ /B OTJl~4~e OT np~6Jl~>KeH\ltR MO-
t, f ',À ./14i'/231 JleKYJlRpHOrO nOJlR B / np\ltBOA~T K c<I>n 1 poaa: b( To) = - 32r <O,o 

+!. 1 U , ( L f') r À (f ) r À ( ~ ') +. 4TO CBR3aHO c np~HRTblM np\lt6Jl~>Ke~~eM caMOCOrJlaCOBaHHblX <l>OHOHOB. 
ÀÀ 

f,f' ,À,À , 2 C nOMOU\blO /27/, /28/ MO>KHO Bblpa3~Tb <l>eHoMeHOJlOr~4eCK~e napa­
MeTpbl pa3JlO>KeH~R 4epe3 napaMeTpbl MOAeJl~: 

~ TÀÀ(f ,f') rÀ (n rÀ,(f')" •!.+ 1 1 r 2v /30/
f, f', À :Fr r = 24 r o DÀ - A, -2 u 2 = 6 + 24 r -1--· o o-v 

6. . (1 - F À(k )) . AJlR Fo nOJlY4~M
rAe T ÀÀ (k) TaK~M o6pa30M, npeAJlO>KeHHaR HaM~ MOAeJlb n03BOJl~eT paccMoTpeTb 

~ TepMOA~HaM~4eCK~e xapaKTep~cT~K~ c~cTeM~ np~ c<I>n.O (k)
 
!. In 12 sin h tL l ,
 F = 2T/N

o k 
1241 5. 3AKJ1104EHHE 

2 2 2 
O~ (k) = - A + 2 t. + 8 1 k~ + 8 2 k>.,1 ~ +8 3 k z • npeAJlO>KeHHaR B HacToRU\e~ pa60Te A~HaM~4eCKaR MOAeJlb /3/,'., /5/ c<I>n D~7h -+ D~~ B La 2Cu04 n03BOJlReT caMOCOrJlaCO.BaHHbIM o6pa­

30M onpeAeJl~Tb 3aB~C~MOCTb 4aCTOTbI MRrKO~ pOTa~~OHHO~ MOAbl 

PaC4eT <H - Ho > AaeT /17/ ~ napaMeTpa nopRAKa /20/ OT TeMnepaTYPbl np~ He6oJlbWOM1251 
4~CJle 'MOAeJlbHblX nepaae'rpoa , HCnOJlb3YR axcnepaaearane aae AaH­

<H _ H o >' = 8 r o R + 6 r o D À + 24 r o R "DÀ - 6.. DÀ
, . -4 2 2 

Hble:/4.6.71 AJlR TeMnepaTYPbl c<I>n To ::::: 530 K ~ xapaxrepaor-c 3Ha­


4eH~R cMeU\eH~~ ~OHOB o B' H~3KoTeMnepaTYPHo~ <l>aae x o = Ro/v2m~
 
l-13 Bap~a~~oHHoro YCI10B\ltfl aF 1 /a 6. = o CJleAyeT ::::: /0,2-;'- 0,3/ A, MOlKeM oueaars cpeAHlO1O BeJl~4~HY A~cnepC\It~ <l>OHO­


2 HOB B /18/ w5 = 9/2 (To /mx~), 4TO naer Wn:::: 100 M3B. 3Ta O~~H­
6. = 12 r o (D À + 2 R ), 1261 Ka YKa3b1BaeT Ha aHa4~TeJlbHOe YBeJl~4eH~e 4aCTOTbI MRrKo~ MOAbI 

np~ YAaJleH~~ OT T04K~ X B 30He 6P~JlJlI03Ha, KOTopoe COrJlaCHO 
" 2 2 T 0ll ( k ) 4 2 2 /16/ AOJl>KHO npo~CXOA~Tb TOJlbKO B onpeAeJleHHblX HanpaBJleH~RX.Fi (R ) = _ !. In 12 sin h _-:l + 8 r R -: AR - 6 r o DÀ • 

N k 2T o 06Cy,q~M BJl~RH~e np~Mece~ Ba " Sr Ha c<I>n. nOCKOJlb KY aaenexae 
np~Mece~ He np~B~A~T K Jl~He~HblM no RÀ(f) 4JleHaM B raM~JlbTOH\lta­

2 2 He /5/, 4TO HenocpeACTBeHHO CJleAyeT ~3 C~MMeTp~~ MRrKO~ pOTa­
npoBeAeM pa3JlO>KeH~e F1 (R ) no R ': ~~OHHO~ MOAbI ~ JlOKaJlbHO~ C~MMeTp~~ AI1R yaJlOB La /CM. p\ltc.l, 21,1271 

2 2 1 4 TO CJleAyeT O>K~AaTb, 4TO Ha~6oJlbWee BJl~RH\lte np~ 3aMeHe L.a 3 + 
Fi(R ) = a.( T ) R + 2"'b ( T ) R + .•• Ha 8-&2+ /~Jl~ Sr 2+1 6YAYT ~cnblTblBaTb KBaApaT~4Hble 4JleHbl no 

R,\(f) B /5/. nOCKOJlbKY, COrJlaCHO 3Kcnep~MeHTaJlbHblM AaHHblM 17 /.C nOMOU\blO /26/ onpeAeI1~Ma (T) ~ b( T) : 
To (x) ",. To (1 - a x), r ne a "'" 4, TO, Y4~TblBaR COOTHOWeH~e /18/ 

a( T) = 24 r D
À

- A = O 
2
o (R = O), 1281 /B KJlaCC~4eCKO~ 06JlaCT~/. MO>KeM np~HRTb A(x) "'" A'o(l - a x). 

o npeAnOJlaraR, 4TO KaK aHrapMOH~4eCKoe Baa~MoAe~CTB\lte B /o6y- , 

2v CJl0BJleHHOe KOpoTKoAe~cTBYIOU\~M OTTaJlK~BaH~eM/, TaK \It Baa~MO­

b(T) 16ro + 24ro . - , Ae~cTB~e cMeU\eH~~ ~OHOB O B pa3Jl~4HblX R4e~Kax (wn) cJla60 3a­l-v • B~ÇRT OT BBeAeH~R np~Mece~. np~ 3TOM YMeHbweH\lte To(X)c pOCTOM 
r~e x np~BOA~T K POCTY 4aCTOTbI MRrKO~ MOAbl ao (x) .. O o (1 + f3 I) 

1 2 OI! (k) 1 u,(k) 291 ~ YC~JleH~1O pOJl~ HYJleBblX KOJle6aH~~, cTa6~Jl\lt3~PYIO~~X peweTKY. 
v(T) = 24r IN 1:. (.:.-..---(l-coth ,) - coth 11.1 TaKaR 3aB~C~MOCTb 4aCTOTbI MRrKO~ MOAbl n03BOJlR,eT Ka4eCTBeHHO 

o k 4TO~ (k ) 2T 20: (k) 2T R= O 

~ 9 

o 



I~ .
F 
~ 

l'06DRCH~Tb ~ 3aB~C~MOCTb TeMnepaTYP~ CBepXnpOBOAR~erO nepexoAa 
Te (x) B La2 _ x s-, Cu 04--8 :/8 ~ COrJlaCHO 11/ Ha~6oJlee C~JlbHO MeTaJl­ li

n 

Jl~4eCK~e CBO~CTBa 3TO coeA~HeH~e npORBJlReT np~ 0.16 ~ x .~ 0.5. 
:.1 

a Te (x) nocrar-aer caoer-o MaKC~MYMa npa x = 0,2, KorAa To(x)::::I o. lj
nOM~MO pRAa oco6eHHocTe~ B 3JleKTpOHHOM cneKTpe 3Toro coeA~He­
H~R np~ x = 0,2 ICM~/10:/ I. 3Ha4~TeJlbHOe YBeJl~4eH~e Te cornac­ 12 

l 

HO aHrapMoH~4ecKO~ MOAeJl~,/12/ MomeT npo~CXOA~Tb 3a C4eT C~Jlb­

HO aHrapMoH~4ecK~x KOJle6aH~~ B CTPYKTYPHo-HeycTo~4~BO~ peweT­

Ke. npH x >' 0,25 3Ta HeycTo~4HBOCTb 6~CTpO ~C4e3aeT
 

(-A (x >' 0,25) > 01), 4TO np~BOA~T K POCTY 4'aCTOTbl MRrKO~ MOAbI
 
0o(x) ~ pe3KOMY YMeHbweH~1O KOHCTaHTbI CBR3~ À::::I 1/0 o(x). 

~HT~peCHO~ oco6eHHOCTblO paCCMaTpHBaeMO~ C~CTeMbI ~BJlReTCR 

B03MomHOCTb nORBJleHHR B He~ KJlaCTepOB 6JlHmHerO nopRAKa ~ He­
3proAH4eCKoro nOBeAeH~R B6Jl~3~ c~n/19,20/. nORBJleH~~ TaK~X 
KJlaCTepOB cnoto6cTByeT BblCOKaR CTeneHb aH~30Tpon~~ MRrKO~ MO­
A~ /16/ H HaJlH4He npHMece~ B c~cTeMe. nOA4epKHeM, 4TO CTeKJlO­
nOAo6Hoe nOBeAeHHe B TaKO~ He3prOAH4eCKO~ CHCTeMe He CBR3aHO 
C HaJlH4HeM npHMece~ T~na 'iCJlY4a~HOe none", 

Pa3BHTaR MOAeJlb MomeT 6b1Tb 060~eHa AJlR paCCMOTpeH~R B3a~­

MOAe~CTBHR 3neKTpOHOB C MRrK~MH MOAaMH, 4TO npeAnOJlaraeTCR 
CAeJlaTb B OTAeJlbHO~ pa60Te. OTMeTHM 3AeCb JlHWb, 4TO CorJlac­
Ho/131 M~rKaR pOTa~~OHHaR MOAa, paCCMOTpeHHaR B AaHHO~ MOAeJl~, 
MomeT B3a~MOAeHCTBOBaTb C nOJlHOCHMMeTpH4HO~ t1AblxaTeJlbHO~'1 

(breathlng) MOAO~ TOJlbKO npH Y4eTe aHrapMOHH4eCK~X 4JleHOB. no­
3TOMY c~n Dl~ .... 0128h, 06YCJlOBJleHHWH pOTa~~OHHO~ MOAO~, He CBR­
3aH C naHepJlCOBCK~M CTpYKTypHWM nepeXOAOM B T04Ke X 
/cM./19, 10/ I C npOAOJlbHO~ BOJlHOH 3apRAoBOH nJlOTHOCTH, ~MelOU4e~ 
C~MMeTpH~ "AWXaTeJlbHO~1I MOAW. npH KOHAeHca~H~ pOTa~HOHHOH MO­
Aw'MomeT, OAHàKO, B03HHKHYTb nonepe4HaR BOJlHa 3apRAOBO~ nJlO~­
HOCT~ B pe3YJlbTaTe nepepacnpeAeJleH~R 3JleKTpOHOB B 6a3HCHOH 
nJlOCKOCTH Ha Op6~TaJlRX P z ASlR O.(z). 
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TEMATHqECKHE KATErOPHH llYBnKKAUHR 

OB~E~HEHHOrO HHCTHTYTA ~EPHYX 

HCCJIE,l\OBAHHR 

Ha,neKc TeMaTHKa 

1. 3KcnepHMeHTanbHa~ ~H3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKa~ ~H3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHa~ HeHTpOHHa~ ~H3HKa 
4. TeopeTH4ecKa~ ~H3HKa HH3KHX 3HeprHH 

5. HaTeMaTHKa 

6. ~AepHa~ cneKTPOCKOnH~ H paAHOXHMH~ 

7. ~H3HKa T~•enwx HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 
1n Aa•nu~.-u'S!Steue ,.,::,rt.s"n•w•A . ·-. -· ·-. ··---.···· -- ... --- ...... ~V~RARYUAU •• RLUUV 

-··-· ·-r"'''' ·-· .. -··-· ·-·· 

AaHHwx 

11. BW4HCnHTenbHa~ MaTeMaTHKa H TeXHHKa 

12. XHMH~ 

13. TexHHKa ~HSH4ecKoro 3KcnepHMeHTa 

14. HccneAoBaHH~ TBePAWX Ten H *HAKOCTeH 
~AePHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHa~ ~SHKa ~AePHWX peaK~HH 
npH HHSKHX 3HeprH~X 

16. ~3HMeTpH~ H ~3HKa Sa~HTW 

17. TeopH~ KOHAeHCHpoaaHHoro cocTO~HHR 

18. HcnonbsoaaHHe peaynbTaToa H MeTOAOB 
~YHAaMeHTanbHWX ~HSH4eCKHX HCCneAOBaHHH 
B CMe*HWX o6nacT~X HayKH H TeXHHKH 

19. 6H~HSHKa 

0 

AKceHOB B.n., llnaKHAa H.M., ~nax C. 
MHKpOCKOnHqecKaR MOAenb CTPYKTypHoro 
~asosoro nepexoAa B La2Cu 0~ 

P17-87-444 

TipeAnOEeHa AHHaMHqecKaft MOAenh CTPYKTypHoro ~a30BOro 

nepexoAa B La2CuO~. MoAenb ocHoBaHa Ha npeACTasneHHH Mnr­
KO~ pOT~HOHHO~ MOAM• TionyqeHa cornaCOBaHHaR CHCTeMa ypaB­
HeHH~ AnR onpeAeneHHR qaCTOThl MHrKO~ MOAhl H napaMeTpa no­
PRAKa. BhlqHcneHo pasnoEeHHe cao60AHO~ 3HeprHH no napaMeTpy 
nopRAKa H nonyqeHhl BhlPaEeHHR AITR napaMeTpoa 9Toro pasnoEe­
HHR qepes napaMeTphl MOAenH. Oocy~aeTCR BnHRHHe npHMece~ 
Ha ~a30Bb~ nepeXOA H CBR3b CTPYKTypHoro ~a30BOrO nepeXOAa 
C nepeXOAOM B CBepxnpOBOAR~ee COCTORHHe. 

Pa6oTa BbiDOnHeHa B na6opaTOpHH TeopeTHqecKO~ ~H3HKH 
H na6opaTOPHH He~TpOHHO~ ~H3HKH OHHH. 

Coo6IUeJfHe 06'be,llHHeHHoro HHCTHTyTa .R}lepHbiX HCCJie}lOB8HHH. ,ny6Ha 1987 

TiepeBOA aBTOPOB 

Aksenov V.L., Plakida N.M., Flach S. 
A Microscopical Model of Structural 
Phase Transition in La2Cu0~ 

P17-87-444 

A d~amical model of structural phase transition 
DZh- D~g in La2CuO~ is proposed. It is based on the rep­
resentation of a soft rotational mode associated with 
Cu06-octahedra rotations. A self-consistent system of 
equations determining the soft mode frequency, the order 
parameter and the free energy in obtained. The connection 
between the structural phase transition and the supercon­
ducting transition in La2-x(Ba,Sr)xCuO~ is discussed. 

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