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1 . BBEAEH~E 

B npeAb1AYil.leC1 pa6oTe /l/ HaMill 6btna c¢opMyni11p08aHa Mi11KpocKo
n!l14ecKaR MOAenb AnR Onii1CaHII1R CTpyKTypH~X 111 MarHIIITH~X ¢a308~X 

nepeXOA08 8 Kpi11CTannax ¢TOP111Aa KaniiiR-MapraHL!a (KMnF 3 ). B :noC1 
MOAenill Y4111T~8a~TCR nii1Wb Te HOpManbH~e KOne6aHII1R peweTKIII, KO
TOp~e npi1180ART K MRrKIIIM MOAaM Ci11MMeTpi11111 R25 111M3 , C8R3aHH~M 

C 8pall.leHII1eM OKTa3AP08 MnF 6 , 111 83ai11MOAeC1CT8111e IIIX C Ae¢opMa
L!i11eC1 peweTKIII 111 cn!I1H080C1 nOAC111CTeMoC1. B HacTORil.leC1 pa6oTe 6yAeT 
8~4111CneHa C8060AHaR 3Hepri11R MOAenlll 8 npi116n!l1meHi11111 caMocorna
co8aHHbiX $OHOH08/2/ 111 MOneKynRpHOrO nonR AnR MarHII1THOC1 nOACIII
CTeM~. 3Ti11 np!116n!l1meHi11R n0380nR~T i11CCneA08aTb CTpyKTypH~e ne
peXOAbl, o6ycno8neHHble MHrK111Mil1 MOAaMIII R25 111 Ms•111 aHTVI¢eppoMarHVIT
H~C1 nepexoA 8 cnVIH08oC1 nOACVICTeMe. B OTni114VIe oT ¢eHoMeHonorVI-
4ecKoro nOAXOA~3~napaMeTp~ MVIKpOCKOni114eCKOC1 MOAen111 !11Me~T 
8nonHe onpeAeneHH~C1 ¢VI3V14eCKVIC1 cM~cn 111 MoryT 6~Tb 111Cnonb308a
H~ AnH 8~4VICneHVIH nOArOH04H~X napaMeTp08 8 ¢eHOMeHOnOr!l14eCKOC1 
TeopVIVI. B peaynbTaTe YAaeTcR CAenaTb onpeAeneHH~e npeACKaaa
HVIR 0 83aVIMOAeC1CT8111VI CTPYKTYPH~X VI MarHIIITH~X ¢a308~X nepeXOA08 
8 KMnF 3 . 

B cneAY~Il.leM paaAene nony4eH MV1KpocKOnV14eCKVIC1 raMVInbTOHillaH 
MOAenVI c y4eToM KOHAeHCal!VI111 MOAR 25 VI M3 111 aHTII1¢eppoMarHVITHoro 
ynopRA04eHVIR 8 cni11H080C1 CVICTeMe. B paaAene 3 8~4111CnHeTcR c8o-
6oAHaR 3Hepri11R VI HaXOAVITCR ypa8HeHVIe AnR napaMeTp08 nopRAKa 
8 0611.1eM cny4ae. 6onee AeTanbH~C1 aHanll13 CTPYKTYPH~X VI MarHVIT
H~X ¢a308WX nepeXOA08 6yA~T np08eAeH 8 cneAY~Il.leC1 pa6oTe. 

2. nAPAMETP~ nOPRAKA H rAM~flbTOH~AH MOAEfl~ 

KaK noKaaw8aeT CVIMMeTpVIC1H~C1 aHanVIa 131 /cM. TaKme o6cymAeHM 
8 pa6oTe 111 I, CTPYKTYPHbiC1 nepexoA np111 TR =188, 6 K, o6ycno8neH
HwC1 KOHAeHCal!VIeC1 MOA~~5 ,xapaKTepV13yeTCR TpexMepH~M npeACTa8-
neHII1eM 0AHOny4e80C1 38e3A~ 80nH080rO 8eKTOpa qR =/1/2, 1/2, 
1/2/, a 8TopoC1 nepeXOA npVI TM=91 ,5 K, o6ycno8neHHbtC1 MOAOC1 M3 , 
OnMCbl8aeTCR OAHOMepHbiM HenpV180Ai11MbiM npeACTa8neHVIeM Tpexny4e-
80C1 38e3AW 80nH080rO 8eKTOpa qM C ny4aMVI 

q (t) = (0 1/2 1/2) qC2 ) =(112 0 1/2) q< 3> = (1!2 1/2 0) /1/ 
M ' ' ' M ' ' ' M ' ' • 
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CneAOBaTenbHO, o6a CTPYKTYPH~x nepexoAa xapaKTep~ay~Tcn Tpex
KoMnoHeHTH~MH napaMeTpaMH nOpRAKa, KOTOp~e MOmHO COn38Tb CO 
cTaTH4eCKHMH cMell1eHHRMH - nosop<?TOM Ot<Ta3APOB MnF a. Cornac
Ho111 OHH OnHC~Ba~TCR JlOKaJlbHO~ HOpMaJ1bHO~ KOOPAHHaTO~ RA(C), 
cpeAHee 3Ha4eHHe KOTopo~ HHme~eMnepaTyp ~aaoa~x nepeXOAOB: 

... ... -+(1\) ... 
<RA(0>=AAeiqRf +CAeiqRf , /21 

H OnHe~Ba~T 3TH eTaTH4eeKHe eMell1eHHR. 
8BOAR ~ypbe-paanomeHHe A11R KOOPAHHaT~: ... 
R A ( 0 = 

1 I e ~p RA (q) , 
yN 

131 

rge e- BeKTOp npHMHTHBHO~ R4e~KH KY6H4eeKO~ ct>a3bl, A11R napa
MeTpOB nopRgKa AA H CA nony4aeM npegeTasneHHe 

1 1 (A) 
AA=-=:<RA(qR)>, CA=-::=-<RA(q )> 

yN yN M 
/4/ 

AHTHCi>eppoMarHHTHW~ n~pexog npH TN=88,3 K xapaKTepHayeTeR 
TpexMepHw~ HenpHBOAHMWM npegeTasneHHeM aseagwq ,KOTopoe on

R 
pegenReT napaMeTp nopRgKa BAeornaeHo eooTHoweHH~ 

iliRP r 
<SA(O>=BAe , BA=--<SA(qR)>, 

v'N 
/5/ 

rge BBeAeHo ctJypbe-paanomeHHe onepaTopa ~(f) aHanon14HO /3/. 
noAeTaBHM Tenepb B raMHJlbTOHHaH M0Ae11H /¢OPMY11W /12/-/27/ 
8/1/ I ~ypbe-paanomeHI1R AnR RA(P)H SA(f ), 8btAenRR 8 HHX aa8HeH
MOeTb oT napaMeTp08 nopRgKa AA,CAH ~cornaeHO onpegeneHHRM 
/4/, /5/: 

- _. ... - ... -+(A) 
RA(q) = yNAA~(q-qR) + yNCt.·Mq-q M) +rt.(q), 

SA(q) =iNBt.~(q- qR) + S,\ (q). 
/6/ 

BwnHweM gnR 3Toro eHa4ana nonHw~ raMHI1bTOHHaH MogenH 8 ct>ypbe
npeACTa8neHHH /3/ e y4eTOM TOJlbKO 8Knag08 OAHOPOAHO~ Ae¢opMa-
4HH eaf3' CornaeHo/12/s 111 AilR raMHJlbTOHHaHa peweT04HbtX KO)le6aHH~ 
nony4aeM 

HR = I _l_ PA (q) P A (-q) +~ l vA (q) RA (q) R A (-q) + 
q,A 21 A (q) 2 q,Ail ll 

171 
1 

+-
4N 

I 1\ll ( q 1' q 2 • q3 · q 4 )RA ( q 1) RA ( q 2) R 11 ( q 3) R ll ( q 4)' 
ql ... q 4 

All 
rge MoMeHT HHepl(V.H IA (q) = (1/4) [2+cosqAa 

a- noeTORHHaR peweTKVI; PA(q) =lA(q)RA(q); 

2 

-I cosq al;ll=1 ,2,3; 
ll ll 

vAll (q) - rapMOHw 

I 1~\ 

4eCKaR MaTpHL(a eHJ108biX nOCTORHHbiX, KOTOpaR OnpeAeJ1ReT napaMeT
pbl MOAeJ1VI : 

VAll (q R) =BAll 
2 •WR 

( 
(A) 2 

vAII:qM)=wM<O, 

w2 < 0 
R ' 

;8; 

VI AHenepeH~ MOA R 20 H M3.AHrapMOHH4eeKoe saaHMOAe~eT811e onpe
genReTeR ¢YHKl(l1e~ 

..... .... ...... .,. 
r All < qt · q 2 • q3 • q 4) = ~ < q 1 + q 2 + q 3 + q 4 X 

/9/ 
... ... ... ... . ... 1 _,._.., ·• -+ 

X N 7 rAil (q) e-lqf .<1- e iq lp ) ( 1 - e i q :/ ) (1- e i" :ll' )( 1 - e i q 4 p ) , 

rAe 

r, (q) = 
1
1
6
[r .a, l cosq a +2f' -(1-o, )cosq 0 a]. /9a/ 

"ll 1 "ll af.A a 2 "ll u 

3Aeeb H ganee A, ll· a, {3 npo6era~T 3Ha4eHI1R l, 2, 3, a HHAeKe 
of.,\, of, ll 8 4J1eHaX e ,\f.ll· r

1 
11 1'

2
- napaMeTpbl MOAeJlH, xapaKTepH-

3Y~Ll1He JlOKanbHOe aHrapMOHI14eCKOe B3ai1MOge~CTBI1e npH KOJ1e6a
HI1RX HOROB B nnOCKOCTH rpaHH Ky6a /eM. /15/ a·'1//. 

BaaHMOAe~eTBMe Kone6aHM~ e OA~OPOAHO~ ge¢opMa411e~ eu~ 
onHe~saeTeR ¢opMyno~ /eM. /23/ a· It~ 

HR-e = l eAA ~ I Rt::~RA (q) R A (-q) l y ll (q) + 
A q p.f. A 

+ I R ( q) R ll (- q) [ g 13 y A ( q ) + g 11 y 0 ( q) ]I -
llf. A ll 

-2g 66 l l eAil l RA (q) R 
1 

(-q) y 0 (q) , 
Af.ll q I 

/10/ 

rAe g 12 ,g 13 ,g 11 H g 66 - napaMeTpbt Mogenv., xapaKTepH3Y~Ll1Me 

83aMMOAe~CTBI1e, H ¢yHKL(HR 

1 
YA (q) = ~ (1- cosq,\ a). /lOa/ 

3HeprHR OAHOPOAHO~ ge$OpMal\HH KpHeTanna /CM /35/ 8/t// MMe-
eT BMA 

1 1 2 1 2 
- E e =- c 11 l e ,\A + - c 12 l e" e + c I e, , 
N 2 A 2 A =Ill "" llll 44A,f.ll "ll 

rAe C1t•Ct 2 ,c 44- MOAYilM ynpyrOeTH 8 Ky6H4eCKO~ ¢a3e. 
CnMHOsan eHcTeMa onMewsaeTcn H30TpOnHwM raMHnbTOHv.aHOM 

le~aeH6epra /eM. /7/ s 111!: 

/11/ 
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~ 1 
Hs = -2- }; g (q)Sa (q) Sa (-q), 

q,a 
/12/ 

rAe npeAnonaraeTcH, 4TO g(q~O. Cn~H-¢OHOHHOe B3a~MOAe~cTs~e 
/25/ 8/l/B ¢ypbe-npeACTasneH~~ ~MeeT B~A 

1 ~ ~ ~ ~ 
Hs-R=- }; ~(ql+ q2+q3+q4) X 

Nq1' .. q4 

xl}; SAA(q1,q2)RA(q3)RA(q4)k12 I, dl.t (q3,q4) + 
,\ J!FA 

/13/ 

+ A~~.tSAA(ql,q2)RI.t(q3)RI.t(q4)[k13~A(q3,q4)+kuda(q3,q4)]

- 2k66 A'i;;J.t 8A~.t(ql,q2)RA(q3)RI.t(q4)da(q3,q4)l' 

rAe k 12,k 13 ,k 11 ~ k
6

6- napaMeTpbl MOAen~, 

d A (q, q') = ~ [exp(iqAa) -1] [exp(iq~ a) - 1]. /13a/ 

MarH~TOCTp~K~~OHHOe B3a~MOAe~CTB~e B Ky6~4eCKO~ ¢a3e on
peAenneTCH ABYMH ~Hsap~aHTaM~: 

bt 
Hs-e =-- l SAA (q, -q)[2eAA- k ei!J!) -

2 qA wf. A 

. b2 
--kk e S ( 2 q A f, J! 1\11 A~.t q • - q) 

/14/ 

3AeCb ~ B /13/ BBeAeHO C~MMeTp~30BaHHOe np0~3BeAeH~e onepaTo
pos: 

1 
S, (q,q') =-[S,(q)S (q') +S (q')S, (q)]. 

"/! 2 " 11- It " . 
/14a/ 

noACTaBJlAA Tenepb B raM~JlbTOH~aH /7/, /10/-/14/ npeACTas
neHMe /6/, BWAeJl~M B HeM CTaT~CT~4eCKy~ 4aCTb, 3aB~CA~y~ OT 
nap~MeTpos nopnAKa ~ Ae¢opMa~~~: , 

E 0 = ER (A,\ • C ,\ • e a{J) + E e (e ct/-3) + E S (£l a' e afJ ) + 

/15/ 
+ E RS (A A , C ,\ , £l a ) , 

rAe OTAenbHWe 4neHW ~Me~T CJleAY~U~~ B~A: 

1 12 ~ 1;! 2 --- E ,_, ---c,> ::£ A + ___ ,, ::£ C -· 
N R 2 RA A 2 M A A 

·l 

11 4 4 2 2 
+-- k (A A + CA + 6AA C A ) + 

2 A 

1 2 2 2 2 2 2 2 +-- k (AAA + CA C + 2AAC )+ 2g 12 k 
2 Af. 11 I! I! I! A 

2 2 
8 AA (A A +C A)+ 

+ (gu+g13) }; e (A2x+C~)-2g66 k eA,AAA"' 
A/= I! 1111 Af.IL r ,.. 

1 1 2 
NES = 2-~ (qR) r 8A 

bt 2 b2 
- -- }; B, [2e , , - l e j - - I 8 , 8 e , , 

2 A " 1\1\ wf. A 1111 2 A. f. I! " 11 "fl 

1
N ER

8
=2k 12 }; B}.(A~ +Cf) +(k 11 +k 13 ) I Bf(A~+C!) 

A A/=11 

- 2k 66 l 8AB AAA~.t, 
AI=J.t fJ. 

~ Ee onpeAenReTCR ¢opMyno~ /11/. 

3. CB050AHA~ 3HEPf~~ 

/l5a/ 

/156/ 

/158/ 

AnR onpeAeneHHH c8o6oAHO~ 3Hepr~~ CHCTeMbl socnonbayeMCR 
sapHa~~OHHWM MeTOAOM 5oron~6osa. AnR 3Toro B8eAeM npo6Hw~ 
raM~nbTOH~aH C~CTeMW, OnHCW8a~~H~ ¢0HOHHWe ¢nyKTya~~~ rA(q) 
8 npH6n~meH~~ CaMOCornacosaHHWX ¢0HOHOB H cn~HOBy~ C~CTeMy 
8 np~6nHmeHHH MoneKynRpHoro nonR: 

Ho = HOR + HOS ' /16/ 

1 1 1 H
0 

==- l --P, (q)P,(-q)+- 2, ¢, (q)r,(q)r (-q), 
R 2 qA I A ( q) '' " 2 q "/! " I! /16a/ 

A,J! 
-+ 

i~ e 
H 03 == l hae R S (f)= yN I h S (qR) 

Ea a a aa /166/ 

Bap~al\MOHHble napaMeTpbl ¢AJ1(q) ~ ha HaXOARTCR H3 ycnos~~ CTai~Ho
HapHOCTH npo6HO~ CB060AHO~ 3Hepr~~: 

Fl=Fo+<H -Ho>o' 
/17/ 
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Ho 
F

0 
=-Tln8pexp(- -)= F

0
R + F'

08
, 

• T l17al 

rge < ... > - CTaH1CTW-leCKOe ycpegHeHitte C raM~ttnbTOHittaHOM 1161. 
Bap~tta~lt!OHH~e ypasHeHitt~ MomHo san~ttcaTb a B~ttge 

8F 1 8F 1 
= 0 1181 .--=0 

oh • 8¢A,.,.(Q) a 
lttnl-1 B Blttge 3KBit!BaneHTHbiX lt!M ycnOBitt~ CTa~lt!OHapHOCTitt CB060gHO~ 

3HeprJAJA 
8F1 oF 1 
-- =0, ---- =0. l18al oBa aoA,.,. (q) 

rge BBegeHa KOppen~~lt!OHHa~ $yHK~Itt~ $nyKTya~ltt~ 

DAIJ.(Q) =<rA(Q)r,.,.(-Q)> 0 • 

npo6H~~ rapMOH~tt4eCKJA~ raM~ttnbTOH~ttaH l16al onpegen~eT 4acTo
TY caMocornacosaHH~x $OHOHOB: 

n: ( Q) = l e; ( Q) ¢ f.l( q) e ~ ( Q) • 1 1 9 I 
af3 at-' 

rge eA(Q) = w_\(Q)IIA(Q); w~(q)- nonHbl~ Itt OpTOHOpMittpOBaHHbl~ 
6as~ttc aeKTopos non~p~ttsa~~ttltt, g~ttaroHan~tts~ttpy~~~tt~ MaTpitt~Y .Paf3(q). 
B 3TOM npegcTasneH~tt~tt nony4aeM 

n A c q) 
FoR= T l ln(2sh --), 1201 

qA 2T 

· f3 1 nA(Q) 
l e~ (q) eA (Q) cth ---
A 2HA (Q) 2T 

D a{3( Q) 

1211 

HeTpygHO nposeplt!Tb, 4TO BTOpoe ypaBHeHHe B 1181 npHBOAHT K B~-
palfieHIAIO /21 I . ' · 

Cso6ogHa~ 3Hepr~t~R cn~t~Hoso~ c~ttcTeMw s np~tt6n~ttmeH~ttH MoneKyn~p
Horo non~ JAMeeT CTaHgapTHW~ s~ttg: 

( s. h ) F08 =- NTln!fr --- • 
T 

rge h=(h 2 +h 2 + h 2 ) 1/ 2 H $yHK~H~ 
1 2 3 

28 + 1 1 
!fr s (x) = sh(--· x) Ish(-. x) . 

28 28 

1221 

l22al 

CpegHee 3Ha4eHKe An~ raMHnbTOHKaHa MogenH a np~tt6n~ttmeHHH cpeA
Hero non~ 1161 nerKO BW4KCn~eTCR H npHBOAHT K B~pameHH~ 

<H-H 0 >0 =E 0 -N~haBa+ V 4 (DAIJ.) + " 1231 

6 

t' 

·i 
'' 

Jl 
~~ .. 

1 
+-2 l [vA (q)+LAIJ.(q)-¢A"(q)]DA"(Q), 

qAIJ. fl • r r 

rge cTaT~ttCTJA4ecKaR 3Hepr~tt~ E0 onpegeneHa B 1151. $nyKTya~HOH

Hbie 4neHbi paBHbi 

v 4 coA,.,.) = 4 l [rA,.,. (O) - rA,.,.CQ)l x 
qAIJ. 

x [<Af+ cf)D,.,.,.,.(Q) + 2(AAA ,.,.+ c; a A,.,. J oA,t (q)l + 1241 

+ N
1 

l l rA (q,q')[Du(cV·D (q)+2DA (q)DA (q')), 
A IJ. q q ' 1J. Ill'- 1J. ll 

rge 

rAit (q, q') =I_\,.,. (0) - r AIJ.(q) +I' AIJ.(q-q-+')- I'Ait (q') 

~tt MaTp~tt~a LAIJ.(q) onpeAenReTCR coOTHOWeH~tteM 

-2
1
-Lu(Q) = (g12 8 AA + k12 8 ~) 4 Y11 (q) + 

IJ.f..A 

+ ll ~ A (g 13 e llll + k 13 B ~ ) y ll ( q) + 

2 
+ ll ~ A (g 11 e IJ.Il _._ k 11 BIt ) y 8 ( <!) 

1 . 
2LA;i,.,.{q) 'C"- 2y8 (q)(g 66eAIJ. _._ k66 BA B 11) • 

l24al 

l25al 

12561 

nonb3YRCb Tenepb ycnOBH~Mitt CTa~HOHapHOCT~ ll8al, HaXOAittM 
B~pameHHe gnR Bap~ttaUHOHH~X napaMeTpOB MOneKynRpHOrO nonR: 

1 o< H>o [ ,.. 1 
h = - ---- = 'l (q ) B - b B 2e - - e1.J(3 -

a N 8 B a ' n a 1 a aa f-l ;!,a J 

1261 
- b

2 
l B f.le p + 2B k 

12 
[ 2(A 2 + B 2 ) + l D ({3) (T) l + 

(3 f, a 1-' rzt> a a a {i.;, a a a 

2 '" [ ( 2 2 (a) (8) J 
+ Ba/3/,a k 11 + k 13)(A f3+Cf3) + k 13 Df3(3 (T) +k 11 Df:lf3(T) -

- 4k 66 l'-~a B f3 [ Aa A /i + Da~) (T)] , 

Itt AHHaM~tt4eCKO~ MaTp~ttu~: 

8<Ho'o , 
¢ ( q) = 2 ----- = v A ( Q) + L A (cD + 

All 80 (q) IJ. ll 
All 

+ 88, l [r, (0) - I ', ( q)] (A 2 + C 2 
) + 

"/1 V 1\V 1\l.l V V 

7 



+16.[f'A
11

(0) -f',\ll(q)](AAAJ.l+o,\11 CK) + 

+ a "
11 

• ~ ~ rAv ( q, q' ) D w ( q') + 
q v 

+ ~ :L, r "
11 

c q, q,) o" 
11 

c q,) . 
q . 

/27/ 

B /26/ 1-1 Aanee Hcnonb3YIOTCR cneAYIOU\He Koppenfll.\HOHHble <!JyHK
l\HH: 

D~~ (T) = ~ ~ Ya ( q)DAit (q) • /28/ 

YpasHeHHe Anfl HaMarHH4eHHOCTH nony4aeTCR H3 nepsoro ypasHeHHfl 
/18/: 

1 JFos =

Ba =- iif aha 

ha . -- s . :s ( s . h h s ----) T ' 

rAe BBOAeHa <!JYHKL\Hfl 6pHnni03Ha: 

C/1 d 28+1 2S+ 1 1 X 
J.J 8 (x) = -lncf!s (x) = --- cth(----·X)- -cth(-). 

dx 2S 2S 2S, 28 

/29/ 

/29a/ 

CosMeCTHOe peweHHe ypasHeHH~ /29/, /26/ no3sOnfleT B~4HCnHTb 
Ba(T)npH 3aAaHHbiX 3Ha4eHHfiX A,\' c,\ H e a(3 

4. YPABHEH~E AflR nAPAMETPOB nOPRAKA 

nony4HM ypasHeHHR AnR pasHosecH~x 3Ha4eHH~ napaMeTpos no
PFIAKa A,\,C,\ 1-1 Ae<!JopMai.\HH e a{3• nonb3YRCb ycnosHeM MI1HHMyMa 
Anfl CB060AHO~ 3HeprHH /17/: 

JF1 JF 1 JF 1 
~- = -- = ---- = o. /30/ 
JA>., JC,\ Jea(3 

Y4HTbiBaFI, 4TO F0R /20/ H F os /22/ fiBHO OT A,\. C ,\ 1-1 e a{3 He 3a
BHCFIT, a HeFIBHafl 3aBHCHMOCTb COrnaCHO ycnOBHfiM /18/ BKnaAa 
He AaeT, AnR pasHosecH~x 3Ha4eHHA nony4aeM cneAYIOU\~e ypasHe
HHA: 
a/ J<H>0 /aA>..= o 
1-WH 

8 

A,\ !w 2 + 1 .[2(A~ +0,2) + 3 2: D,(~) (T)] 
R 1 " " a..;,\ "" 

" t 41'
1 

C,\ + 

2 2 (8) " 
+212}:. [Ail+Cil+ D/1/l(T)] + 4(gl2eAA +k L2BA J + 

11 oj>.. 

~ 
/ 

. 
:' ~ 

\H 

I 
. t 

J 

+ 2 IL ~ ,\ [ (g 11 + g 13 ) e llll + (k 11 + k 13 ) B: ]I + 

(8) 
+412 l All D>..ll (T)- 4 l All[g 66 eAIJ +k 66 B,\Bil] =0; 

11-~,\ ,\ ~ 11-

6/ J<H>o/ ao" "'o 
Hm1 

0,\[w~ +11 (2(A~+0;) +3a;A D~~(T)}+411 Af + 

[ 2 2 (8) ] . 2 
+21211-1>.. 011-+Ap. +DfJ.fJ. (T) + 4(g 12e>.,>.,+k 12B>.,) + 

+2 l [(gu+ g 13 )ell-fJ. + (k 11+k 1 :))B~]l =0; 
p.f,>.. 

B/ a<H>o I aea(3 = 0 
HnH 

/31/ 

/32/ 

c 11 eaa + c 12 l e (3(3 = da (T) , /33/ 
{}h 

rAe HeOAHOpOAH~H 4neH 

d (T}= b
1

(B 2- _!_ l 8(32 ] - g 2(2(A2 +0 2 )+ l D ((3)(T}]-
a a 2 1 a a (3/:. a aa 

- (3~ !(g 11 + g13)(A~+C~) + g 11°~~(T) + g 13 oJf] (T)] · 
/33a/ 

Anfl a ~ (3 nony4aeM 

(8) 1 
c 44 ea(3 = g66 [AaA(3 + Da(3(T)! + 4 b 2 · Ba B (3. /34/ 

PeweHHe CHCTeM~ ypasHeHHA /33/ MOMeT 6~Tb 3anHCaHO B 0611\eM 
BHAe: 

1 °12 
eaa = - da (T) + · [2d aCT) - k d (3 (T) J. /35/ 

c~ ce·Ct (3/:.a 

rAe BBeAeHbl K03cjl<!JHL\I-1eHTbl MeCTKOCTI-1 C£"' Cu+2C12 1-1 Ct=C11-C12" 
B <!JopMynax /31/, /32/, /33a/ 1-1 /34/ Hcnonb30oaHo o6o3Ha4eHHe 

D ~~ (T) I 28/ Anfl I<OppenAL\i-10HHbiX <I>YHKL\HA, KOTOpble Bbi41-1CnRIOTcFI 

caMocornacosaHH~M o6pa30M H3 ypaoHeHHR /21/ c y4eTOM onpeAene
HHR 4aCTOT cjloHOHOB /19/ 1-1 npo6Ho~ MaTpHu~ /27/. Y4HT~BaFI Tpex
KpaTHoe B~pOmAeHJ.1e YaCTOT~ <!JOHOHOB B T04KaX R H'M,AnR MRrKHX 
MOA R~ 5 1-1 M 3 nony4aeM cneAyiOUIV1e BblpilmeHHil: 

9 



2 2 2 
O.\(qR) =¢.u(qR)=wR + 4 ·(g128.\.\ +k12B.\) + 

+ 2 /iA[(g11+g13)ef3f3+ (k11 + k 13)B~1 + 1361 

+ 3r1 [2(A~ +C~) + l o~~) (T)l+ 2r2 
l [A2 + c 2 + o (B) (T)J, 

" " al=.\ 1\1\ v.f_.\ J' v vv 

O~(q(.\))=¢ (q(.\))=w2 -w2 +02(q ) /37/ 
" M .\.\ M M R .\ R 

C11eAOBaTe11bHO, s paMKax ~3y4aeMo~ M~KpOcKon~4ecKo~ MOAe11~ Ha

XOA~M, 4TO pa3HOCTb 4acTOT ADR MOA~ M3 
~ R

25
nocTORHHa: 

0 ,2 ( q (.\) ) - 0 ~ ( q ) = lw 2 I - lw 2 I > 0 , /38/ 
" M " R R M 

~ A011lKHa 6b1Tb n0110lK~Te11bHO~ A11R on~caH~R flOC11eAOBaTe11bHOCT~ 

ct>a30BbiX nepexoAOB TR>TM .AHa11or~4HO, y4~TbiBaR /31/ ~ /32/, 

ypasHeH~e A11R napaMeTpa nopRAKa C.\ np~ TeTparoHa11bHOM ~cKa

lKeH~~ MOlKeT 6~Tb 3an~caHO B B~Ae 

2 2 1 2
1 

2 I 2 
C, =A, + -- (\w - \w )> A, . /39/ 

1\ " 4r 1 R M " 

CooTHQWeH~R /38/ ~ /39/ noKa3~sa~T, 4TO s paMKax np~HRToR 

MOAen~ nepexoA ~3 ct>a3bl R(A.\ f 0) 8 ljla3y M(C.\ f 0) MOlKeT fibiTb 

nepeXOAOM T011bKO nepsoro POAa. np~ 3TOM B03MOlKHO KaK flORBileH~e 
11 CMewaHHO.::i 11 ct>a3~ R + M,(A~~ 0 1-1 c.\ I=O),TaK ~ 4~CTOH ¢a3bl M 

(A.\= 0, C.\ I= 0) I CM. · 4 •. I. AnR BbiRCHeH~R 3Toro 80npoca, 

a TaKlKe onpeAe11eH~R TeMnepaTypbl nepexoAa TMs ct>a3y M, Heo6xo

A~Mo nposecT~ cpa8HeH~e CB060AH~X 3Hepr~R 3T~X ¢a3. 3Kcnep~

MeHTa11bH~e AaHH~e o POAe ct>a3osoro nepeXOAa s T04Ke M HeoA

H03Ha4Hbl: s pa6oTe /6/ i;ia6nlllAancR cKa40K napaMeTpa nopRAKa, 

a s171 6b1Il 3a¢~Kc~posaH HenpepbiBHbiR nepexoA ~3 ¢a3bl R s M. 

c!>~3M4eCKaR npi-14~Ha fl011y4eHH~X COOTHOWeH~R (38/ ~ /39/ ne

lKMT s xapaKTepe np~6n~meH~R, CAenaHH~x np~ ¢opMyn~pd8Ke MOAen~ 

8/l~npM y4eTe T011bKO 110KailbHOrO aHrapMOH~4eCKOrO 83aHM0AeC1cy

BHR /eM. /2/ s 111 I He npMHHMaeTcR so BHHMaH~e s3aHMOAeRcTBHe 

CMell.leHHR HOHOB F 8 pa3nM4HbiX npHMHTH8HbiX R4eRKax /8A011b OCM 

spall.leHMFI OKTa3APOB MnF.6 I. no3TOMY KOHCTaHTbl aHrapMOH~3Ma 

/6a/ A11fl MOA R 25 ~ M3,KoTOPble OTilH4a~TCR n~wb ¢a3oC1 yrna noso

poTa OKTa3APOB BAOilb OCI-1 8pall.leHHR, OKa3~Ba~TCFI pa8H~M~ 

(.\) 
rAJ.' (q R) ~ r.\1-1 (q M ) • /40/ 

/HanoMHMM, 4TO no8opoT BOKpyr oc~ .\ A11R MOA~ M3 CBR3aH c 

11Y40M 3se3A~ q(~/cM. /1//. AHa11or~4Hoe 110KanbHoe np~6nHlKeH~e 
AilR cn~H-$0HOH~Oro B3aHMOAe~CTB~R /eM. /25/ B /1//. KOrAa 

Y4~TbiBaeTCR T011bKO CMell.leHHR 6n~lKa~W~X K MarHIIITHOMy MOHY Mn 

10 
.,. 

I ., 
J 
l 

HOHOB F, TaKlKe AaeT paseHCT80 KOHCTaHT CnMH-$0HOHHOrO B3aHMO

Aei1CTBHR /13a/: 
(.\) (.\) 

d.\ ( q R • q R) = d.\ ( q M • q M ) ' /4 1/ 

COOTHOWeH~R /40/ M /41} npM80ART K paCCMOTpeHHOR B~We CMMMeT

p~~ ypasHeH~H Ailfl 4aCTOT MRrKHX MOA /38/ ~ napaMeTp08 nOpRgKa 

/39/. AanbHei1wee yT04HeH~e MOAe111-1: y4eT s3a~Mogei1cTB~R c Ho

HaMH B cneAY~lll~X np~MMT~BH~X R4eRKaX, He AOillKeH cyll.leCTBeHHO 

~3MeHHTb nony4eHHble pe3YilbTaTbl AilR KMnF 3 . TaK KaK s cny4ae 

QJTOP~AOB AOCTaT04HO XOpOWHe pe3yilbTaT~ AaeT T04e4HaR MOgenb 

HOHOB /CM./B/ /, H n03TOMY c11a6~M KY110HOBCKHM B3aHMOgeRCTBHeM 

npH CMell.leHHH HOHOB F B COCeAHHX npHMHTHBH~X R4eHKaX MOlKHO anon

He npeHe6pe4b no cpaBHeHM~ C C~11bH~M KOpOTKOAeRCTBY~ll.lHM OT

Ta11KHBaHHeM s npM6nH>KeHMM 611MlKa.::iwHx cocegeA. BalKHbiM,, ogHaKo, 

MOlKeT OKa3aTbCR KyUH4eCKOe aHrapMOHH4eCKOe B3a~MOge.::icTBHe 

cMell.leHHH HOHOB F H K THna RXX.\• rAe X.\ - cMeU(eHHe HOHOB K. 

6011ee nOAp06H~H aHa11H3 CTpyKTYPH~X mn H 803MOlKH~X THnOB 

MarHHTHOrO ynopRA04eH~R npH aHTHQJeppOMarHHTHOM nepeXOAe 6yAeT 

nposeAeH o C11eAYIIlll.leA pa6oTe. 
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KouBeHT X., ITrraKHAa H.M. CBo6o~HaH 3HeprHH P17-82-220 
H ypaBHeHHH AnH rrapaMeTpOB ITOPHAKa B MHKPOCKOITHqecKOA MOAenH 
CTPYKTYPHbiX H MarHHTHbiX clJa30BbiX rrepexoAOB B KpHcTanne KMnF 3 

Ha OCHOBe rrpeAnOBeHHOA paHee MOAenH HCCneAYWTCH CTPYKTyp
HbJe rrepeXOAbi, o6ycnoBJleHHbie MoAaMH R25 H M3,H auTHclJeppoManmT
HbrA rrepexoA B KpHcT.anne KMnF 3 • Bbi'-mcneua cno5oAHar!' 3Heprmr 
MOAenH B ITpHDJIHBe!IHH caMocornacoBai!HbiX cPOHOHOD AnSI peUJeTOl!HOA 
ITOACHCTeMbl H MoneKynnpuoro rronSI AnH CITHHODOA ITOACHCTeMbl. Ilo
nYl!eHa caMocornacoBauuan CHCTeMa ypaBueuHA ,llJISI rrapaMeTpon 
ITOPRAKa H Ae¢opMa~HA. 

Pa6oTa BbmonueHa B Jla6opaTopHH TeopeTHqecKoi:I qm3HICH OIDIH. 

npenpHHT 06beAHHCHHOro HHCTHTyTa RAePHbiX HCCllCAOBaHHH • ,Qy6tl8 1982 

Konwent H., Plakida N.H. Free Energy ?17-82-220 
and Equations for Order Parameters in a Microscopic Theory 
of Structural and Magnetic Phase Transitions in KMnF3 Crystal 

In the framework of the theory developed by tho outhors, 
the structural phase transitions induced by Re~nnd M3 modes 
and the antiferromagnetic transitions in KMnF3 crystal are 
investigated. The free energy of the modal ls ovoluntcd in 
the selfconsistent phonon approximation for the lnttice sub
system and in the molecular field npproximntion for tho magne
tic subsystem. The sclfconsistcnt system of equations for the 
order parameters is derived and discussed • 

The investigntion hns boon performed nt tho Lnborutory of 
Theoretical Physics, .IIN!L 

Preprint of the Joint lnstltuto for Nuclo~r Roscorch. Dubna 1982 
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