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1. BBE,IlEHHE 

B pa6oTax11
- 31 HaMH 6~na c~pMynHpo8aHa MHKpocKonH4ecKaR 

MOAeflb, OnHC~8a~aR nocneA08aTeflbHOCTb CTPYKTypH~X H MarHHT
H~X ~a308~X nepeXOA08 /~n/ 8 KpHCTanne KMnF 3 • Ha OCH08e 
CaMocornaC08aHHOH CHCTeM~ ypa8HeHHH AflR napaMeTp08 nopRAKa 
CTPYKTypH~X H MarHHTH~X ~n H Ae~pMa~HH, nony4eHH~X 8 pa6o-

/2/ 6 /3/ 6 Te , 8 pa OTe ~flH paCCMOTpeH~ CTpyKTYPH~e nepeXOA~, C8R-
3aHH~e c MRrKHMH MOAaMH CHMMeTpHH R25 H M3 /nepeXOA~ 8 T04-
Kax R H M 30H~ 6pHnno3Ha/. B HaCTOR~eH pa6oTe, cneAYR pe3ynb-

/t-3/ TaTaM , M~ paccMOTPHM MarHHTH~e nepeXOA~ H 8flHRHHe Ha HHX 
CTPYKTYPH~x nepexoA08. 

B KpHcTanne KMnFs , KOTOP~H C4HTaeTcR reH3eH6epro8CKHM 
aHTH~eppoMarHeTHKOM /A~/ c *eKTH8H~M cnHHOM S .. 5/2 IAnR 
063opa MarHHTH~X C80HCT8 CM., HanpHMep,/1/, H ~HTHp08aHHYO TaM 
flHTepaTypy/, Ha6nOAaOTCR A8a MarHHTH~X ~n: 1/ nPH TeMnepaType 
TN 1a88,5 K npoHCXOAHT nepeXOA 2-ro poAa H3 napaMarHHTHOH ~-
3~ /n/ 8 aHTH~eppoMarHHTHYO ~a3y /A~ 1/ THna G,c 803HHKHOBeHH
eM HaMarHH4eHHOCTH noApeweTOK 8AOflb TeTparoHaflbHOH OCH /T.e. 
8AOflb Hanpa8neHHR napaMeTpa nopR.QKa CTDVKTypHorn n'O'pexo,qa/, 
L/ npH TeMnepaType T 2 =- 81,5 K npoHCXOAHT ~n 1-ro PDAa, 8 pe-
3YflbTaTe KOTOporo MarHHTH~e MOMeHT~ nOApeWeTOK no.aTCR 8 6a-
3HCHY0 nnocKOCTb TeTparoHanbHOH R4eHKH /~a3a A~ 2 HflH A~3/. 
B 3TOH ~a3e npH y4eTe He6onbworooTKnoHeHHR HaMarHH4eHHOcTeH 
nOAPeWeTOK OT Hanpa8neHHH KpHCTannorpa~H4eCKHX OCeH, nOR8flR
eTCR cna6~H ~eppoMarHeTH3M /C~/. 

noR8fleHHe A8YX MarHHTH~X $n R8flReTCR CfleACT8HeM 83aHMOAeH
CT8HR CnHH080H nOACHCTeM~ C MRrKHMH MOAaMH, HHAY~HPY~HMH 
CTpyKTypH~e ~n. B paMKax npeAflO*eHHOH HaMH MOAenH MO*HO onHCaTb 
nepexoA~ 8 ~a3y A~ 1 H A~ 2 /HnH A~i· OnMcaHHe nepexoAa 8 ~a3y 
C~ Tpe6yeT HeKOTOporo o6o6~eHHR MOAeflH M 6yAeT pacCMOTpeHO 8 
OTAenbHOH pa6oTe. 

nepeXOA~ 8 ~a3y A$1 H A~2 HflH /A~s/ MO*HO OnHCaTb 8 paMKax 
~eHOMeHOnOrH4eCKOH TeOPHH/4/,ocH08aHHOH Ha pa3flO*eHHH C8o6oA
HOH 3HeprHH no napaMeTpaM nopRAKa, 8 KOTOpOM K03¢$H~HeHT~ pa3-
flO*eHHR C4HTaOTCR noArOH04H~MH napaMeTpaMH. TaKoe •e pa3no•e
HHe MO*HO nony4HTb, npH onpeAeneHH~X npH6flH*eHHRX, H 8 paMKaX 
HaWeH TeOPHH, npH4eM K03~H~HeHT~ pa3nO*eHHR 8~pa•aOTCR 4epe3 
MHKpOCKOnH4eCKHe napaMeTp~ MOAeflH. 3TO n0380flReT COnOCTa8HTb 
MHKPQCKOnH4eCKHH H ~HOMeHOnOrH4eCKHH nOAXOA~, 4TO 6yAeT TaK*e 
paCCMOTpeHO 8 HaCTOR~eH pa6oTe. 
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B pa3Aene 2 nony4eHa cHcTeMa ypa8HeHHH AflR MarHHTHoro napa
MeTpa nOpRAKa C y4eTOM BflHRHHR CTpyKTypH~X nepeXOAOB B T04KaX 
R H M no3eonR~~aR npoaHanH3HpoeaTb THn~ MarHHTHoro ynopRA04e
HHR H ~eMnepaTypHy~ 3aBHCHMOCTb HaMarHH4eHHOCTH. B pa3Aene 3 
paCCMaTpH 8a~TCR npH6flH~eHHR, npH80AR~He K pe3yflbTaTaM ~eHOMe
HOnOrH4ecKOH TeopHH. B 4aCTHOCTH, K03~~H~HeHT~ ~eHoMeHonorH4e
CKOH CB060AHOH 3 HeprHH B~pa•a~TCR 4epe3 MHKponapaMeTp~ MOAeflH, 
AflR pa3H~X 4aCTH~X Cfly4aeB BflHRHHR CTpyKTYPHbiX <!ln Ha M~rHHT
H~e ~n. npH80ARTCR pe3yflbTaTW HCCfleAOBaHHR npH6flH~eHHOH C80-
60AHOH 3HeprHH. PaaAen 4 coAeP*HT KpaTKOe o6cy~AeHHe peaynbTa-

TOB pa6oT~. 

2. YPABHEHH~ ,lln~ nAPAMETPA nOP~AKA 
MArHHTHbiX t!>A30Bb1X nEPEXOAOB 

6yAeM HCXOAHTb H3 CHCTeM~ ypa8HeHH~ AflR napaMeTpOB nopRAKa 
cTpyKTYPHbiX ~n 8 T04Kax R H M I A>.. H C >..I, Ae~opMa~HH (e >..11 ~· 
MOneKyn~pHOrO nonA (h)l.) H napaMeTpOB nOpRAKa MarHHTHWX ~n 
(B>,.), nony4eHHWX s pa6oTe 131/ypasHeHHR /5/-/11/ H3

131 
/. TaK 

KaK MarHHTHble nepeXOA~ npOHCXOART npH TeMnepaTypax 6onee HH3-
KHX, 4eM c T pyKT ypHwe nepeXOAbl (T 2 <TNt < T M < T R ), cneAyeT 
paccMoTpeTb nepexOAbl e c)la3e R + M, KOrAa 

/1/ 

B 3 ToM cny4ae TeTparoHanbHoro HCKa~eHHR KpHcTanna HeAHaroHanb
H~e KOMnOHeHTbl TeH30pa Aec)lOpMa~HH paBHbl HYfl~, eA~Il=0, a OTflH4-
H~e OT HyflR e AA "'e >..f. Q, H, B006~e roeopR, H3-3a MarHHTOCTpHK-
~HH, e 

1 
/. e 

2 
~ e

3 
. n peHe6peraR nepeHOPMHpOBKOH. ~OHOHHOrO cneKTpa, 

MO~HO npeAnOflO~HTb AflR KOppenR~HOHHWX ~yHK~HH noKanbHWX HOp-

MaflbH~X KOOpAHHaT 

D 
2 
(T) .. D 3 (T) 

121 

/CM. /3/ H /30/-/32/ H3 pa6oT~/S/ /. npH 3THX npeAnono~eHHRX 
CHCTeMa ypaBHeHHH /5/-/11/ H3/S/ npHHHMaeT BHA 

/3/ 

fo-:.bf:Qit1hfl;llhJ~7: ~,,,,.:' r 

1 rl. ~~ ... ·11.~J.J: . / ! j:,-" 
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4 

+ 2[(a+4{3)e1 +(a-2f3.)(e2+e
3

)] + 

+2[2k 1~~+ (k11+k 13 )(B:+B~)l=O, 
~ 2 3 2 4tl 

e1=2 [3Bl-IBI!]-(..!!.+~)[A2+C2+0(T)]-
c t 1-1= 1 Cf c t 1 1 1 

2 (a 2{3 - Cf- c;>02(T), 

_!!,. . [ 2 3 2 a 2{3 2 2 
eAic-1 - 2c aB A-~ Btl)~(- --)[A1 + C 1 +0 (T)]-

t tl= 1 c e c t 1 

-2(..!!. + ~)0 (T) 
c~ c t 2 • 

3 
h1=B 11J(qR)-b1 [3e 1 -~;1etl )+4k 12 [A;+c;+0

1
(T)]+ 

+ 4(k 11+ k 13 )02(T)I • 

3 

/4/ 

/Sa/ 

/56/ 

/6a/ 

h A!. 1 = B A I J ( q R ) - b 1 [ 3e ' - ~. e ,, ] 2 (k k ) f A2 2 " + 1 1 + • n • + C . + 0 JT)l.._ ,.-. -- -~ . • '/66; 
+ 2(2k12 + k 11 + k 13 )0

2
(T)I. 

BA=-h"s. ~8 (~). h= I~ h2 1% 
h T ll= 1 I! ' 

~g(x) = 22SS+1 cth( 22SS+1 •X)- -L.cth(-~) 
2S 2S . 

17/ 

/8/ 

HcKill04eH~e Ae<I>OpMa~l1i1 113 BblpalKeHI1i1 AJlR KOMnoHeHT 
ro nOJlR /6a,6/ np~BOA11T K CileAY~I1M pe3yJlbTaTaM: 

2 3 
3b 1 2 2 2 2 

h 1 =B 1 .JJ(qR)---[3B1 - I Btl]+p 1(1l 1 +C 1 )+ 
2ct tl=1 

+ p1 0 1 (T)+ 2p~ 2(T) I. 

3b
2 

2 3 2 2 2 
hM 1 =BAIJ(qR)- ~[3BA- I Btl]+ p 2(A 1+C 1 )+ 

2c t tl= 1 

191 

/10/ 

/11a/ 

/116/ 

0TMeTI1M, 4TO B 3TI1X BblpalKeHI1RX 4JleH~, COAeplKa~l1e KOppeJlR~I10H

Hble <I>YHK~1111 0 1 (T) 11 OiT), onpeAeilRIOT TeMnepaTYPHYIO nepeHOPMI1-
poaKy o6MeHHOro B3ai1MOAei1CTBI1R 11 B03H11Ka10T KaK pe3yJlbTaT Cn11H
$OHOHHOrO B3ai1MOAei1CTBI1R AalKe B OTCYTCTBI1e CTPYKTYPH~X <J>n 
(A1=C1 =0). 

HcKnl04aR 113 a~palKeHI1i1 /11a,6/ napaMeTp~ AA 11 CA np11 noMo~l1 

ypaaHeHI1R I 8! 11 Y4~T~aaR, 4TO, cor nacHo onpeAeileHI110, J (q R) <0 
AilR h A , nony4aeM CileAYIO~~e <J>opMy Ilbl: 

/12/ 

/13/ 
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/14/ 

/15/ 

/16/ 

B~pameHH~ /12/-/16/ BMecTe c ypaBHeHHeM /7/, cBR3~Ba~~HM 
BA H hA,onpeAenR~T THn MarHHTHoro ynopRA04eHHR 1-1 TeMnepaTyp

HYIO 3aBHCHMOCTb HaMarHH4eHHOCTH noApeweTOK B A(T). Ii (T) (i =1,2) 
HMeiOT CM~Cn 3$$eKTHBH~X 06MeHH~X HHTerpanoB. TaK KaK OfiMeHHOe 
B3aHMOAeHCTBHe B KpHCTanne KMnFa MHoro 6onbwe, 4eM CnHH-
$OHOHHOe B3aHMOAeHCTBHe, TO eKnaA I J (q R )I B I i(T) RBnReTCR 
onpeAenR~HM 1-1 MOmHo C4HTaTb, 4TO I i(T)>O. 113 $OpMyn /12/-/16/ 
CneAyeT, 4TO B peaynbTaTe B3aHMOAeHCTBHR CnHHOB C MRrKHMH MO
AaMH H a$$eKTOB MarHHTOCTPHK~HH noRBnReTcR 3$$eKTHBHaR aHH30-
TponHR o6MeHHOrO B3aHMOAeHCTBHR: OfiMeHHOe B3aHMO~eHcTAWP rn~
HOB BAOnb OCH TeTparoHanbHOrO HCKameHHR I l(T), H B HanpaeneHHH, 
nepneHAHKynRpHOM K 3TOH OCH, liT), BOOb~e roBOpR, pa3nH4H~. 

AononHHTenbHO K o6MeHHOH aHH30TponHH noRenReTCR 3$$eKTHBHaR 
aHH30TpOnHR OAHOHOHHOrO THna, CBR3aHHaR C ~yHK~HRMH ¢A(B) 
/CM. /13//1-1 OnHC~eaeMaR KOHCTaHTaMH a 1 , a 2 , aa H a 4 /16/. 
113 I 16/ cneAyeT, 4TO a 1 > 0 1-1 a a> 0. 3HaK a 2 H a 4 3aBHCHT oT co
OTHOWeHHR MemAY CnHH-$QHOHH~M B3aHMOAeHCTBHeM H MarHHTOCTPHK
~HeH. 

113 yKa3aHH~X B~we CBOHCTB MarHHTHOH aHH30TpOnHH H ypaeHeHHH 
/12/-/16/ B~TeKaeT,4TO B03MOmH~ cneAy~He THn~ MarHHTHOrO yno
PRA04eHHR: 

a/$a3aA$t:8ti<O .. 8 2 =8a=0, 
6/ $aaa A$ 2: 8 1.82=0, 8ai<O HnH B 1 =Ba =0, 8 2 ~ 0, 
e/ $aaa A$ a: 8 t•O, B ~ 8 a-"' 0. 

B $a3e A$1 MoneKynRpHoe none HMeeT OAHY OTnH4HYIO OT HYnR 
KOMnOHeHTy: 

/17/ 

6 

noApeweToK HanpasneHa BAOnb TeTparoHanbHO~ HaMarHI-14€HHOCTb 
OCI-1 

h B 1 ~- _l. B, 
h 

/18/ 

/19/ 

~a 3~ ;n; s ~a3y A~ 1 ~sn~eTc~ 
np1-1 TeMnepaType TNl' onpeAe-

/20a/ 

T. e. 

/206/ 

none HMeeT TO~e OAHY oTnl-14HYIO OT B ~a3e A~ 2 MoneKynRpHoe 
HYJl~ KOMnOH€HTy: 

2 
h 1 ~h 2 =0. h 3 =-B 3 1I 2(T) +a 3B3 1. /21/ 

neHa nepneHA1-1Kyn~pHO TeTpaHaMarHI-14€HHOCTb noApeweTOK Hanpae 

ha 
8 3 2---B, 

h 

a6co "IOTHO€ 3Ha4€H"€ onpeAenReTCR 1-13 ypaBH€Hl-1~ a ee " •• 
3 

,1) Sji 2(T)B+a3 B I) 

/22/ 

/23/ 
B 2 S • n 8 (- T • 

KoTopoe l-'!MeeT HeHyneBble peweHH~ np1-1 TeMnepaTypax T -:TN 2 • r~e 
T onpeAenReTcR aHanorl-14HO /20a/ 1-1 ~enReTCR peweHI-1eM ypas 

N2 
H€Hl-1R 

weM. 

7 



B $a3e A$ 3 MoneKynRpHoe none 11MeeT ~se oTn114H~e oT HynR 
KOMnOHeHT~: 

1251 

a HaMarHI14eHHOCTb no~peweToK HanpasneHa no ~HaroHanH 6a3HCHO~ 
nnOCKOCTI1: 

h 
B 2 =--2B h • 

r~e B onpe~enReTcR H3 ypasHeHHR: 
3 

B =S. !Bs ( S[I 2(T)B ;(a3+a4)B /~] ), 

1261 

1271 

KOTopoe HMeeT peweHHR B ,l 0 np11 T< TN 2 , r~e TN 2 RBnReTcR TaK
me peweHHeM ypasHeHHR 1241, T.e. TeMnepaTyp~ 3aTpaB04H~x $n 
2-ro po~a s $a3~ A$2 1-1 A$3 cosna~a~T. nepexo~ 1-13 A$

1 
s A$3 

RBnReTcR nepexo~oM 1-ro po~a 11 npo11cxo~11T npH TeMnepaType T3 , 
onpe~enReMO~ 1-13 ycnoBHR paseHcTsa cso6o~H~x 3Hepri1H $a3 A$ 1 
1-1 A$3 • B KpHcTanne KMnF3 peanH3Y~TCR, no-B11~HMOMy, $a3bl A$ 1 
1-1 A$ 2.$a3a A$ 3 He noRBnReT~R 151 • _ 

0:-:;::::,:;:::;;;:;;j,;;:. lo;;M""'I-'diYIJ .L N1 H .1N 2 /cp. /L.U/ 11 /'1.4//, a TaK
me HCCne~OBaHHe TeMnepaTypHOH 3aBI1CHMOCTH HaMarHH4eHHOCTH no~
peweTOK B(T) B pa3H~x $a3ax lypaBHeHI1R 1191, 1231 1-1 12711, Tpe-
6y~T B~4HCneHHR TeMnepaTypHO~ 3aBHCHMOCTH 3$$eKTHBH~X 06MeHHbiX 
HHTerpanoB li(T) lcp. 1141 1-1 11511, KOTOpaR OCy~eCTBnReTCR 4e
pe3 KoppeJ1R4HOHHble $YHK4HH DA(T) I cp. 131 H3 131 I. t\IIR Bbi4HC
neHHR nocne~HHX HymHo onpe~enHTb caMocornacosaHH~M o6pa30M 
cneKTp 4aCTOT MRrK11X MO~ fla(q), 4TO MOmeT 6~Tb npOBe~eHO TOnb
KO 4HCneHH~M o6pa30M. no3TOMY ~nR npe~BapHTeJlbH~X 04eHOK 4ene
C006pa3HO paCCMOTpeTb 6onee rpy6oe npH6nHmeHHe, KOTOpOe npi1BO
~HT K TeM me pe3yllbTaTaM, 4TO 11 $eHOMeHOnOrH4eCKaR TeOpHR. 3Ta 
3a~a4a npe~CTaBJlReT 1-1 caMOCTORTenbH~~ 11HTepec, T.K. n03BOnReT 
B~pa3HTb K03$$H4HeHT~ pa3nomeHHR CB060~HO~ 3HeprHH B $eHOMeHo
JlOrH4eCKO~ TeOpHH 4epe3 MHKPOCKOnl14eCKHe napaMeTpbl MO~en11. 3TO 
np116111-1meH11e paccMaTpHBaeTCR B cne~y~~eM pa3~ene. 

3. COnOCTABflEH~E C $EHOMEHOfl0f~4ECKO~ TEOP~E~ 

6y~eM HCXO~I1Tb 1-13 ypasHeHI1R 171 ~nR BA. 1-1 o6~1-1x BblpameHHH 
~JlR KOMnOHeHT MOJleKyllRpHOrO nOilR hA_ 1121, 1131. no~cTaBJlRR 

B 171 pa3nomeHI1e B pR~ $YHK411H 6pHiln~3Ha 

8 

BA .11- - 1-S(S+l)[IA(T} +¢A(B}l+ 
3T 

t- I A (T) 11 (S). [ S~~l) ]
3
[ I ~(T)B~+ I:(T)(B~ + B

2
3 )ll=O, 

/291 

/311 
T = 1-1 J ( q R ) I s (S + 1) 

m 3 
Mar H .. THoro $n 2-ro po~a B npH6nHme-- 3aTpaso4HaR TeMnepaTypa •• 

HHH MoneKynRpHoro nonR. AanbHeHwHe npH6nHmeHHR OTHOCRTCR K sbi-
4HcneHH~ o6MeHHbiX HHTerpanos I i (T) 11 K03$$H4HeHTOB npH B A • 

M CI1CTeMy ypasHeHHH 1291 C npem~e 4eM paCCMOTpeTb HX, 3an11We 
y4eTOM npHHRTbiX npH6J1HmeHI1H B BH~e: 

2 2 21 
B21a2(T)+y1B1+f32B2+y2B3 =0, 1321 

2 2 21 0 B31a2(T}+y1B1 +y2B2+f32B3 = • 

9 



1341 

1351 

nepe~AeM Tenepb K npH6nHmeHHOMy B~4HCneHH~ 3~~eKTHBH~X o6-
MeHH~X HHTerpanoe li(T} 1141, 1151. PaccMOTpHM cny4a~, KOrAa 
Y4HT~eaeTCR enHRHHe ABYX cTpyKTYPH~x ~n e T04Kax R H M Ha 
MarHHTH~e ~n. AnR conocTaeneHHR c ~eHoMeHonorH4eCKo~ TeopHe~, 
B B~pameHHRX AnR KOMnOHeHT MOneKynRpHoro nonR hA 111a,61 cne
AYeT OT6pocHTb ~nyKTya~HOHH~e 4neH~, nponop~HoHanbH~e D ,\(T}. 
0HH npHBOART K TeMnepaTypHO~ nepeHOpMHpOBKe 06MeHHOro B3aHMO
Ae~CTBHR, He CBR3aHHO~ CO CTpyKTypH~MH nepeXOAaMH. npH 3TOM, 
OAHaKo, coxpaHReTCR 3aBHCHMOCTb hA oT napaMeTpoe nopRAKa AA 
H CA. 3To npH6nHmeHHe npHBOAHT K cneAY~~eMy e~pameHH~ AnR o6-
MeHH~x HHTerpanoe 1141, 1151: 

p. 
li (T} "' I J (q R } 1-~( lwi I+ lw~ I}+ 

s rl. 
4 r. 

+ 2piDtT} + 3 -.}..pi D2(T}, i =1,2. 
rt 

1361 

AnR KoppenR~HOHH~x ~YHK~H~ DA(T}, KOTOp~e 6yAeM c4HTaTb l-lao
TponH~MI-1, npHMeM B~COKOTeMnepaTYPHOe no1-16n1-1~eHHP /rn. /17/ 
H3i.>i 1: 

D 1 (T} .. D 2 (T} .. ~ , I 3 7 I 
no 

rAe no- xapaKTepHaR 4aCTOTa AnR MOA~ R25' CornacHO AaHH~M 
pa6oT~ 161, e KPI-ICTanne KMnF 3 : lw~l •lw: 1. AnR TeMnepaTyp~ Ta 
nepeoro CTPYKTypHoro ~n I-IMeeM cneAY~~Y~ o~eHKY lcp. 1191 
H3/3/ 1: 

2 2 
T ... _lwalf!o 1381 

R - -2(ar1 +2.-; > 

npHHHMaR BO BHHMaHHe 1371 H 1381, AnR Ji(T} nony4aeM 

lj(T) •I J (qa>l + Pi 
r A(T-TR ), 1391 

ar1 
rAe 

lw~ I 
rA= ---. 

Ta 
1401 

10 

~· 

0TMeTHM, 4TO 3AeCb TR- TeMnepaTypa CTPYKTYPHOro ~n, B~41-1C
neHHaR c y4eTOM eaaHMOAe~cTBI-IR MRrKoH MOA~ R 25 c ynpyrHMI-1 
Ae~opMa~HRMH KpHcTanna. 

nony4eHHY~ o~eHKY o6MeHH~x HHTerpanoe I i(T} "'cnonb3yeM 
Anfl Bb14HcneHHfl TeMnepaTyp TN i (i..1,2 }, onpeAeneHH~x aHanorH4-
Ho.I20I H 1241: TNt =[(1/3)S(S+l}]li(TNi }. HecnomH~e B~4Hcne
HHR npHBOART K peaynbTaTy: 

1411 

1421 

Y4HT~Bafl 1391 H 1411, M~ MomeM B~4HcnHTb K03~~H~HeHT~ ai (T} 
1331, a TaKme npHHHMafl eo BHI-IMaHHe onpeAeneHHfl aj 1161, e~
nHcaTb B FIBHOM BHAe K03~H~HeHT~ 8i H Yj. B HTOre nony4aeM: 

1431 

1451 

ocTanbH~e napaMeTp~ onpeAeneHbl e 191 H 1101. 
TaKHM o6pa3oM, M~ nony4HnH npH6nH~eHHY~ CHCTeMy ypaeHeHH~ 

1321 Anfl onpeAeneHHfl THnoe MarHHTHoro ynopfiA04eHHfl H TeMnepa
TypHo~ 3aBHCHMOCTH HaMarHI-14eHHOCTH nOApeWeTOK, B KOTOpOH K03~

~H~HeHTbl aj(T} , 8i H Yi B~pa*eH~ 4epe3 MHKponapaMeTpbl MOAe
nl-1. 3Ta CHCTeMa HMeeT TOT ~e BHA, 4TO H aHanorH4Hafl CHCTeMa 
ypaBHeHHH ~eHOMeHonOrH4eCKO~ TeOpHH 141. no3TOMy, COnOCTaBnfiR 
"'X, MO*eM B~pa3HTb ~eHOMeHOnOrH4eCKHe K03~H~HeHTbl 4epe3 MHKpO
napaMeTpbl MOAenH. YpaeHeHHfl 1321 fiBnfi~TCfl ycnoBHFIMH cTa~HoHap
HOC TH oF laB A= 0 CB060AHO~ 3HeprHH F BHAa 141: 

11 



1 41 4 4 1 22 2 
+ 4{31 B 1 + :{{:3 2(B 2+B i3) + 1fY1 B1 (B 2+B 3)+ 

/46/ 

1 2 2 
+2y2B2.B3. 

3aMeT~M, 4TO noAo6Hoe s~pa~eH~e MO~Ho noDY4~Tb a paeeMarp~sae

MOM np~6D~~eH~~. een~ ~3 o6~e~ $OpMyD~ ADA eBOfiOAHO~ 3Hepr~~. 
noDy4eHHO~ a pa6ore 131 /eM. /48/ ~3 131 I, ~eKDI04~Tb napaMeTpbl 
nopAAKa erpyKrypHbtx $n (A 1 ~o. A 2 =A 320, C 1 ~ 0, C 2 =C 3 ~0) 
~ Ae$opMa4~~. np~ 3TOM Fo(T) ~MeeT eM~eD eso60AH0~ 3Hepr~~ 
napaMarH~THO~ $a3~ ~ ADA 4aerHoro eDy4aA 6yAeT onpeAeDeHo a 

AaDbHe~weM. 
TaK~M o6pa30M, M~ B~BeD~ eso60AHYIO 3Hepr~IO B B~Ae, KOTOp~~ 

~enoDb3yereA np~ on~eaH~~ MarH~TH~x $n B paMKax $eHoMeHoDor~-
4eeKo~ reap~~ /$opMyD~ /40/-/46//. B~pa~eH~e ADA eso60AHO~ 
3Hepr~~ /46/ e y4eToM onpeAeDeH~A K03$$H4HeHTOB /40/-/45/ y4H
TbtBaer B3dHMOAe~eTBHe napaMeTpa nopAAKd MdrH~THOrO $n e napa
MeTpaMH nopAAKa erpyKrypH~x $n B T04Kax R H M, npoHexoAA~~x 
npH reMneparypax, Bbtwe TeMneparyp MarH~THbiX $n: T R > T M -,TN i , 

npH 3TOM Y4HT~BaiOTeA TdK~e 3¢¢eKT~ B3a~MOAe~eTBHA MArK~X MOA 
R 

2
;, H M 3 e ynpyr~MH Ae¢opMa4HAM~ Kp~eraDDa, np~BOAA~He _K 

n~peHOpMHpOBKe KOHeTaHT aHrapMOHH4eeKOrO B3aHMOAe~eTBHA (' 1 ~ 
I z /eM. /~//. jaMeTHM, 4TO y4eT MdrH~TOeTpHK4HH ABDAeTeA 
cy~eeTBeHH~M, TaK KaK B HaWeM eDy4ae OHa ABDAeTeA HeT04HHKOM 
Ky6H4eeKO~ MarHHTHO~ aH~30TpOnHH: 3dTpd804H~e KOHeTaHT~ MdrHHT
HO~ dHH30Tpon~~ /45/ e y4eTOM MarHHTOeTpHK4~~ v 1 ,jv 2 , a 6e3 ee 

y4era v 1 =llo = v2 . 
KpoMe 3Toro Ha~6oDee o6~ero eDy4aA ~), paeeMoTpHM e~e ABa 

6oDee npoeTbiX np~6D~~eH~A: (II) -y4HTbiBdeTeA B3aHMOAe~eTB~e Mar
HHTHOro $n TODbKO e OAH~M eTpyKTypHbiM $n B T04Ke R e BKDI04e
HHeM B3aHMOAe~ers~A MOAbl Rz;; e ynpyr~M~ Ae<!JopMa4~AMH, H (III)
e npeHe6pe~eHHeM noeDeAH~X. npeAeTaB~M TODbKO pe3yDbTaT~ He
eDeAOBaH~A eDy4aeB (II) ~ (Ill), KOTOpoe np~BOA~T K He60DbW~M ~3Me
HeHHAM <!JopMy D /39/, I 41 I, I 4 3/ ~ I 44/ ADA eDy4aA (I). B eDy4ae 
(II) B 3T~X <lJOPMYDdX eDeAyeT npOH3BeeTH 3dMeH_y: 3 f\ • 2 r O : 
,. 2[1'

1 
-(3a 2/cp )-(2413 2/ct)l, a a eDy4ae (III): 3r1 -+ 21\ H AOnon-

H~TeDbHO aaMeH~Tb p
1

-• p(O)= 4k , p 2 -+ p(0l=2(k +k ) , TR_,.T" = l - 12 2 - 11 13 R 

= [l,u~!!1~ /2(3r
1 

+ 2r2 )] /eM. /10/ ~ 13811, r.e. npeHe6pe4b 

nepeHOpM~pOBKO~, eBA3aHHO~ e B3a~MOAe~eTB~eM MOAbl R25 e ynpy
r~M~ Ae$opMa4~AM~. PeayDbTaT~ Bbi4HeDeH~~ K03$<ll~4~eHTOB a i(T) , 

/3i , Yi ~ TeMnepaTyp TNi• onpeAeDAIO~~X eao60AHYIO 3Hepr~IO /46/, 
ADA eDy4aes (I)- (III) npeAerasDeH~ a ra6D. 1. 
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B cny4ae (III) Mbl MO>KeM BbiBeCTI-1 nOilHYIO CBOfiOAHYIO 3Hepri-110 
Ci-1CTeMbl B B!-1Ae, KOTOpbiH paccMaTp!-1BaeTCfl B paMKaX $eHOMeHOilO
rl-11.1eCKOH TeOpi-11-1/4/, C 3TOH ~eilbiO !-1CnOilb3yeM pa3IlO>KeHI-1e /~~ofioA-
HOH 3Hepr 1111 no na~aMeTpy AA, nony4eHHOe HaMI-1 e pa6oTe · 
/$OpMyila /48/ 113 3/ /, B KOTOpOM AOnOilHHTeilbHO npoBeAeM pa3-
IlO>KeHHe MarHHTHOH 4aCTH CBOfiOAHOH 3HeprHH /$OPMYilbl /22/, /23/ 

11 /29/ 113 12/ 1 no napaMeTpaM BA ,npeHe6peraR npH 3TOM e3aHMO
AeRcTBHeM MflrKOH MOAbl c ynpyrHMH Ae$OpMa~HRMH, HO Y4HTbiBaR 
MarHHTOCTpHK~I-110. npHHHMaR BO BHHMaHI-1e Te >Ke npHfiilH>KeHHR, 4TO 
1-1 npH BbiBOAe /46/, nony1.1aeM 

1 I w~ I 2 2 2 1 4 4 4 
F =-. -·(T-TR )(A 1 + A2 +As)+ ..A.f'l. (Al +A2 +As)+ 

2 To 2 

2 ~ 2 2 2 2 1 I J (qR)I 2 2 2 
+I' ·(A A +A A +A A)+--· (T-Tm)(B 1 +B 2+B 3 )+ 

2 1 2 2 3 3 1 2 Tm 

+.!_ v (B4+B
4

+B 4 )+J.- v2 (B~B~+B~B~+BiBi)+ 4 1 1 2 3 2 

/47/ 

+ ~ A1Jj3Jj 1 J, 

rAe K03$$1-1~HeHTbl v 1 1-1 v2 onpeAeneHbl e /45/ · 
0TMeTHM '-ITO CBR 3b K03$$H~HeHTOB pa3IlO>KeHHfl CBOfiOAHOH 3Hep

rHH /47/ c' K03$$H~HeHTaMI-1 pa3IlO>KeHHfl CBOfiOAHOH 3Hepri-1H B $eHo
MeHOilOrH4eCKOH TeOpHH/ 4/ CileAYIO~aR: 

v 1- u2 + u 6' 

/48/ 

2(kl1+ kts>=us ' -4kas =U4 • 

lw2 I 
~.,. r A_.. 1. Ta 
Ecn11 H3 ceo60AHOR 3HeprHI-1 /47/, e cny1.1ae, KOrAa Al-l. 0 • 

A
2

=Aa ,.,o, HCKI1104HTb npH noMo~H ycnoeHR (aF/aA 1)-0 napa-
MeTp nopRAKa A1, TO nony4HM Bblpa>KeHHe /46/ c K03$$H~HeHTaMH 

(T) {3 11 npeAcTaeneHHbiMH e KOilOHKe III Ta6n. 1 , 1-1 AOnon-
ai ' i Yj• . 
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HHTeilbHO 

1 [rA (T-T~)] 2 
F (T) =- - ------

0 4 2r 
1 

rAe rA onpeAeneHo e /40/. 

/49/ 

TaKHM o6pa3oM, HaM YAanocb AilR cny4aR, KOrAa Y4HTb1BaeTCR 
BilHRHHe TOilbKO OAHOro CTpyKTypHoro nepeXOAa B T04Ke R Ha Mar
HHTHble ~n H He Y4HTbiBaeTCR B3aHMOAeHCTBHe MOAbl R25 C ynpyrH
MH Ae~opMa~HRMH, BOCCTaHOBHTb nOilHYIO CBOfiOAHYIO 3HeprHIO CHCTeMbl 
B BHAe /47/, a TaK>Ke CB060AHYIO 3HeprHIO B BHAe /46/, AOCTaT04-
HOM AilR HCCileAOBaHHR MarHHTHbiX ~n.AnR HCCileAOBaHHR /46/ MOlKHO 
npHMeHHTb CTaHAapTHble MeTOAbl. 0CHOBHble pe3yilbTaTbl 3TOrO HCCile
AOBaHHR npHBeAeHbl B Ta6n.2. 

CAenaeM e~e HeCKOilbKO AOnonHHTeilbHbiX 3aMe4aHHR. B T04Ke 
nepexoAa 1-ro POAa T 2 H3 ~a3bl A~ 1 e ~a3y A~2 npOHCXOAHT cKa-
40K HaMarHH4eHHOCTH: 

B;(T2) f3t ~ 
--·=(-). 
Bf(T2) {:32 

/50/ 

CKa40K HaMarHH4eHHOCTH npH nepexoAe A~ 1 -+A~ 3 
npH TeMnepaType 

T3 paeeH 
2 2 

~~('~> )+ B3(T3 ~- = ( 2f:3 1_,1h 

H'i(Tg) {:32+Y2. 
/C: 1 I . _, ., 

PaccMOTpHM TaK>Ke 6onee noAp06Ho noeeAeHHe napaMeTpa nopRAKa 
CTpyKTypHOrO ~n A1(T) B OKpeCTHOCTI-1 TeMnepaTyp MarHHTHbiX ~n 
TN l , T 2 H T3 , AilR Cily4aR (II) /pe3yilbTaTbl AilR cny4aR (III) no-
Ily4aiOTCR 3aMeHoR ro -+I' 1 ' T -+ T ~I. ilpHMeHRR o~eHKH Ail" KOp-
penR~HOHHbiX ~YHK~HR e BHAe /37/ 1-1 /38/, AilR A~(T) nony4aeM 
CileAYIO~ee Bblpa>KeHHe: 

2 !w;! Pt 2 
A1 (T) =---._ ·(TR -T)- -B 1 -

210 TR 2fo 
/52/ 

Y4HTb1BaR 3TO Bblpa>KeHHe 1-1 AaHHble Ta6n.2, 3aMe4aeM, 4TO npH TeM-
nepaType TNt , A1(T) RBilReTCR HenpepbiBHOH ~YHK~HeR, HO ee 
npoH3BOAHaR npeTepneeaeT pa3pb1B 

· dA~(T) dA; (T) _a; 
(- ) -( --) = _., /53/ 

dT TNto dT 'JNcO {3 1' 
T. e. Al (T) HMeeT H3IlOM npH T =TN 1. noA06HbiM >Ke MeTOAOM MOlKHO 
noKaaaTb, 4To npH TeMnepaTypax T 2 1-1 T3 A~(T) npeTepneeaeT 

15 



1-n 
~ 0 0 ~~ co 1\ !1 

N >9c 0 /\. ~ d.. 
o:l Ill ;I ... " t...-:-J 

~ g 0 0 Ald.. ~ ~ r-~" 1:! III 1\ f\ 0 1!' ~ r--71 

'g i'i! '--4 I 1\ ;J:,~ ~j_ 
E-< >S X + 

0 IJ ~ "' ++r-~ ri ~ l$~~ lS' ifr~ ~ C' ,& <!~ <']_ ~ ~ 
:>, .... «) ~ rl 
u: 0 0 0 ._., ~ <{)__ 

~ " V I 1 1 I -o ...,. ...,. r-l V I 
~ l'S ~ 1S 1S"l ... 1:$- d' ~ 
~ -- -- ---~--- -------- ~ 

II ~ !==' ...-... 
A-111 1- I ~ f-- ..J 
~;:.., '~ ~ '. ~ 
~l':l IXl 1-z !:::.. 'k>-<'1 ~ + 
""'"" II~ II. __.<'I 
t::: ~· -~I ~ -·~I "* II <'I ~--~ ~ g ~- 'd ~L 7:D""l ll .n_ r1 N - 'rl 

f-i :.. ~ -- --.: -- -- ~11____ -~ -~-- ~'!_____ ___ _ 

2 ~ u: ,z f-- z'l 
(1J I I 1-= "'""' 
~~ ,......_ 1 ~ I t:, I ~ ~ 
0 H J-- ,., ri- ~ r-1 ~ __, ~ ~~~~ '--' s,-lSI-il t:,-tS~I~- I c. ~-:1~ 
G <Ti :J. II u . .:· I~ -k I ~ ~~~ I u...? " 1 

I 
--·----

~ ~ .~~ 
~ <'I ,.....__ Nr-- -

~ 13 <'I ~-:i 
~ ~ ~- . 
IV -.....;--.. ..,.."4. 
t.~ ~~ ~- Ji. -!:;-=- al dl:_ __, --..;. -
Cl) ~t .... r-- ii ~--
f-4 o ~)I «1 c:iL -- r•\ ~ ~ >< -<: H <'-1 --~ 0 co ...___,,-. 
:5I Q) 0 9 crl --:: - < 1==:{ ---.. --

m ~ t P.. ..: ~ -~ -'d"l t 8. -~ ~ 
~t t...: 0 H t P.._"''- -..;;;. -~ 
o t:... . ll' I 0 _of ~ 
I>! I :z 0 ~ I H t:... -.s -
t) r·..: N E-i H ~~ I -=:-" .f., I ~ ~ l 

I 
C-. 0 I ·~ 1-1 I ~ 

;:; I C.: H ~ l ~1 

~ -- [___ [ - ~I --~~- - ---- ~~~ 
I I· ( j I II 0 

I 
,.., 0 C) .,._ 

!1 111 II --,._ 1 t<"l 
U) I "' "" I ,q 

!1 11 o£J r11 1 11 
,,, ~~I ' ~i II "-J _.. I r<~'\ N 

L I' I I H N E)o CJ I . ~ >11 
m 1 ·fl1 ~ rQ ct:: 11 .c1: _ .. 

I 
. (\J CJ 

II • . II II u IXl I II -... II ' ... -I 

l H .,... H I ·~ 
l IXl IXl IXl 

16 

CKa4oK, paBH~H, COOTBeTCTBeHHO, 

2 2 
A1 (T2 -0)- A 1(T2 +0) = 

J!iL:_r~:P~ ( f!i~L;j.(.Tl!J.-TN2) 
1-(a2 I al )(~1 ~~ 2) 

2 2 
A 1 (T3 -0)-A1(T3+0),. 

"' [,2aV2!.Q~.2+~>:,g~,[P~-;-!t (~2+ Y~ /2: t>'l! ](TN 1-TN2) 

l - (a 2 Ia 1 )(2 ~ 1 I~ 2 + Y 2) 

/54/ 

/55/ 

HawH HCCfleAOBaHHR nOATBepmAa~T OCHOBH~e peaynbTaT~ ~eHOMeHo
norH4eCKOH TeOpHH/ 4~ 0TMeTHM, OAHaKo, 4TO HMe~TCR paanH4HR B 
HeKoTop~x ~opMynax H B~BOAax. B 4aCTHOCTH, He coenaAa~T ~opMy
n~ AnR TeMnepaTyp~ ~n 1-ro poAa H3 ~aa~ A~ 1 e ~aay A~ 2 I T

2 
H3 Ta6n.2 H T~ 1161 Ha 141 I H AflR eenH4HH~ cKa4Ka A~T) npH 
TeMnepaType T 2 /cp. /53/, /54/ H /19/, /20/ H3/ 4/ /. 8 OTnH-
4He oT/41, H3 HawHx HccneAOBaHHH cneAyeT, 4TO ~aa~ A~ 1 H A~ 3 HMe~T o6~y~ o6nacTb ycTOH4HBOCTH. 

4. 06CYlKtiEHHE 

Pa3BHTaR B HaCTOR~eH pa6oTe MHKpOCKOnH4eCKaR TeOpHR MarHHT
H~X ~n e KpHcTanne KMnF 3 noaeonReT npH peweHHH caMocorna
coeaHHOH CHCTeM~ ypaBHeHHH /3/-/7/ onpeAeflHTb OCHOBH~e XapaK
TepHCTHKH ~n e ~aa~ A~ 1 H A~2 /HnH A~3 /. HccneAOBaHHe cna6oro 
~eppoMarHeTH3Ma e ~aaax A~ 2 /HnH A~ af Tpe6yeT HeKoToporo o6o6-
~eHHR MOAenH. B 6onee npocT~x npH6nHmeHHRX {1)-(111) /cM.Ta6n.1/, 
KOTOp~e COOTBeTCTBY~T ~eHOMeHOflOrH4eCKOMy OnHCaHH~ ~n, YAaeTCR 
nony4HTb 3aMKHYTY~ CHCTeMy ypaBHeHHH AflR napaMeTpa nopRAKa Mar
HHTH~X ~n H B~4HCflHTb CB060AHY~ 3HeprH~ B BHAe /46/ HflH /47/, 
COBnaAa~~eM C peaynbTaTaMH ~eHOMeHOflOrH4eCKOH TeOpHH/4~ 0CHOB
H~e peaynbTaT~ HCCfleAOBaHHR MarHHTH~X ~n B 3THX npH6nHmeHHRX 
(I) -{III) npeACTaeneH~ B Ta6n. 1 H 2, COAepma~HX, B OTflH4He OT 
~eHoMeHonorH4eCKOH TeopHH141• nHWb He6onbwoe 4Hcno napaMeTpoe 
MHKpOCKOnH4eCKOH MOAenH. t\anbHeHWHH aHaflH3 nony4eHH~X peaynb
TaTOB, COnOCTaBneHHe HX C 3KCnepHMeHTanbH~MH AaHH~MH H onpeAe
neHHe MOAenbH~x napaMeTpoe, a TaKme 6onee nocneAOBaTenbHOe 4Hc
neHHoe peweHHe HCXOAHOH caMocornacoeaHHOH CHCTeM~ ypaBHeHHH 
/3/-/7/ npeAnonaraeTcR npoeeCTH e OTAenbHOH pa6oTe. 
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KouaenT X., llnaK~a H.M. PI7-82-439 
MarHHT~e wasoawe nepeXOAW B MHKpOCKonuqeCKOH MOAenH 
KpucTanna KMnF 3 

Ha OCHOBe paSBHTOH panee aBTOpaMH MHKpOCKODH~eCKOH TeO
PHH paCCMOTpeow aHTHWeppoMarHHTUWe wasoawe nepeXOAW B KpHCTan
ne KMnF8 C yqeTOM BnHRHHR Ha HHX CTpyxTypowx nepeXOAOB, 
cansauuwx c MOAaMH R 25 H M3, H AewoPM<mHH pemeTKH. B onpeAe
neu~ npH6nHieHHRx nonyqeuo BYPaEeHHe Ann cao60AHOH sneprHH 
B B~e, npHHRTOM B WeHoMeHOnoruqecKOH TeOpHH. flpoBeAeH aHanHS 
B03MOI~ THnOB aHTHWeppoMarHHTHWX was H HX OCHOB~ XapaKTe
PHCTHK, 

Pa6oTa awnonnena a na6opaTOPHH TeopeTuqecKOH WH3HKH OHHH. 

Kuuw~n~;: ii., riakioa N.M. Pl7-82-439 
Magnetic Phase Transitions in a Microscopic Model of KMnFs 
Crystal 

The antiferromagnetic phase transitions in KMnF 8 crys
tals are considered in the framework of the theory recently 
developed by the present authors. The influence of the struc
tutal phase transitions, induced by the soft mode of symmetry 
R 25 and Ms and of the elastic strains on the antiferromag
netic phase transitions is discussed. By the use of appropri
ate approximations the expression for the free energy in the 
form accepted in a phenomenological theory is derived. The 
analysis of possible types of antiferromagnetic ordering and 
its principal characteristics is presented. 

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