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1 . BBE,l:IEHHE 

npo6neMa B3aHMO,QeACTBHR CTpyKTypHWX H Mar~HTHWX !)>a30BWX 
nepexo,Qos /¢n/ s KpHCTannax npvtsne~aeT s nocne,QHee speMn BHH
MaHvte 6onbworo 4Hcna vtccne,QoBaTeneA. 0,QHHM H3 Havt6onee vtay-

4eHHWX KpHCTannos, HCnWTWBa~~HX nocne,QOBaTenbHOCTb CTPYKTyp
HWX H MarHHTHWX ¢n, RBnReTCR KpHCTann !)>TOpH,Qa Kanvtn-MapraH4a 
K Mn F 3 co CTPYKTypoA neposcKHTa. Hccne,QosaHvte ero noasonneT 
npoc:ne,QHTb 3¢¢eKTbl B3aHMHOrO BnHRHHR CTpyKTypHbiX H MarHHTHbiX 
!l>n Ha npvtMepe OTHOCHTenbHO npOCTOA CHCTeMbl, ,QOCTaT04HO no,Q
p06HO H3y4eHHOA 3KCnepvtMeHTanbHO. npvtBe,QeM ,Qanee OCHOBHWe pe

aynbTaTw 3THX 3KcnepvtMeHTanbHWX vtccne,QosaHHA KpHCTanna KMn~. 
nepswA CTPYKTYPHWA nepeXOA npvt T =186,6 K H3 Ky6H4eCKOA 

!)>a3bl Ofi (Pm3m) B TeTparoHanbHY~ o~{ (14/mcm) o6ycnosneH KOH
,QeHca~vteA MRrKoA MO,QW CHMMeTpHH R25 B T04Ke R 30HW 6pvtnn~3-
Ha /qR =(rr/a)(lll), a - nOCTORHHaR Ky6H4eCKOA R4eAKH/. 3TOT ne
peXO,Q aHanorvt4eH XOpOWO H3y4eHHOMy nepeXO,QY B THTaHaTe CTpOH-
4HR- SrTi03 - npvt T=105 K /cM./1,2/ /. BTopoi1 cTpyKTYPHbiA 

nepexoA npvt TM= 91 ,5 K H3 !)>aabl ol~ s ,Qpyry~, TaKlKe Terpa
roHanbHY~ !)>aay o:h (P4! mbm), csnaaH c HeycToA4HBOCTb~ KpH
CTanna OTHOCHTenbHO MO,Qbl CHMMeTpHH M3 B T04Ke M 30Hbl 6pvtn
n~3Ha ( QM= ( rr/a)(Oll)) /eM _12,S/ I. 06a nepexo,Qa - nepsoro po, ', 

6nvt3KHe Ko BTopoM;{,: Tc-To= 0,5 K121 Ann nepsoro nepexo,Qa (TR) 
H Tc- T0 = 1 , 2 K 
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1 
- ,Qnn sroporo (TM ). ,[Inn ,QanbHeAwero Teope

TH4ecKoro aHanvtaa BalKHO OTMeTHTb, 4TO o6e MRrKHe MO,Qbl R
25 

H 

M3 CBR3aHW TOnbKO CO CMe~eHHRMH HOHOB F B nnOCKOCTH rpaHH 
Ky6a, KOTOpble npvt6nvtlKeHHO MOlKHO npe,QCTaBHTb KaK spa~eHvte OK

Ta3,QpOB Mn F 6 BAonb OAHoA Ha Ky6vt4eCKHX oceA. B nnocKOCTH, 
nepneH,QHKY~RpHOA OCH spa~eHHR 1 nooOpOTW OKTa3,QpOB npOHCXO,QRT 
B npOTHBO!)>aae; B,QOnb OCH Bpa~eHHR nOOOPOTW npOTHBO!)>a3HW ,QnR 

MO,Qbl R25 H CHH!)>aaHbl - AllR MO,Qbl M3 I CM / 1- 31 H pvtcyHoK/. t<one6a
HHR vt6HOB F B MO,Qe R25 CHnbHOaHrapMOHH4HW H npOHCXO,QRT CO 3Ha-
4HTenbHO 6onbweA aMnnHTYAOA, 4eM CMe~eHHR ,QpyrvtX HOHOB/4~ l<aK 
noKa3biBa~T HeATpOHHble 3KCnepvtMeHTbl 12 ,5,0/, 4BCTOTbl Mf!rKHX MO,Q 

R25 H M3 no4TH nHHeAHo yMeHbwa~Tcn c TeMnepaTypoi1 H HMe~T 
nnocKy~ ,QHcnepcvtOHHY~ aasvtCHMOCTb BA01lb HanpaaneHHn R-M. Ma
nan ,QHcnepcvtn ¢oHoHos B,QOnb 3Toro HanpaaneHHn yKaawsaer Ha 
He06bl4aAHO cna6y~ CBR3b MelK,QY OKTa3,QpaMH B,QOJlb OCH spa~eHHR. 
3Ta oco6eHHOCTb Kpvtcranna K MnF 3 npHBO,QHT K KBa3HABYXMepHo
My xapaKTepy ¢n npvt T~,TR, Henocpe,QCTBeHHO Ha6n~,QaeMoMy no 
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AH¢¢yaHoMy paccenHH~ peHrre
HOBCKHX Jly4eA /7 ~ B pa6oTe 161, 

npoBe,QeHHOA C 6onee BbiCOKHM 

paapeweHvteM, 6b1no noKaaa'l-to, 
4TO noMHMO MnrKoA MOAW R25 , 
nepeTOpMOlKeHHOA ylKe ,QaneKO 

,Qo ro4KH <l>n 1 T-TR < 4o K/, 
HMeeTCR KBa3HynpyrHA 4eHTpanb
HWA nHK, KOTOpwA CBH,QeTeJlbCT-

y ByeT 0 Ha11H4HH AOnonHHTenbHO
ro MexaHH3Ma penaKca~vtvt KpH
TH4ecKoA MO,QW B o6nacTH HH3-
KHX 4aCTOT/S~ HHTBHCHBHOCTb 
4eHTpanbHoro nvtKa s KMnF 3 
MBHbWe, 4BM npvt aHanOrH4HOM 

nepexo,Qe s SrTi03 ,Hccne,QosaHH~ 
KOToporo nocsn~eHo 6onbwoe 4Hc
no pa6oT /cM/11 I. 

Hccne,QosaHHe Kpi-1TH4ecKoA AHHaMHKH K MnF 3 MeTo,QaMH nor no-
~eHHR ynbTpaasyKa/9/ n03BOnHnO ycTaHOBHTb, 4TO B KPHTH4BCKOA 

o6nacTH BbiWe TR KpHTH4E!cKan 3KcnoHeHTa Ann Ko3¢¢H4HBHTa no
rno~eHHR HMeer 3Ha4erivte p,.; 1, 87+0, 05 1 a ero 4aCTOTHan aas!-1-
CHMOCTb cne,QyeT aaKOHy c,J

2 . 3TO yKa3biBaeT 1 4TO MO,Qellb, OnHCbl
sa~~an swasaHHOe ¢nyKTYa4HRMH norno~eHHe ynbTpaasyKa, npvtHa,Q
nelKHTb K Knaccy YHHBepcanbHOCTH TpexMepHoA MO,QenH leAaeH6epra 

(n=d = 3), a KpHTH4BCKaR 3KCnOHeHTa ,QnR aHH30TpOnHoro KpOCCO
sepa pasHa ¢=1,26. 3KcnepvtMeHTanbHOe onpe,QeneHvte AHHaMH4eCKoA 
cKeAni-1HrosoA ¢YHK4HH noasonvtno 04eHHTb xapaKrepHoe speMn penaK-
cal.IHH r ynopn,Qo4eHHbiX Kna<;Tepos Bblwe TR I r "' 1 1 4 ·1 0-9 c npvt 

T-Tg= 1 K/ H TeM caMbiM 04BHHTb WHPHHY 4eHTpanbHOro nHKa r=h/27"' 
~0 1 23 MK3B. 

Hccne,QosaHvtn HH!)>paKpaCHbiX 1101 H paMaHOBCKvtx1111 cneKrpos Kpvt
crannos KMnF 3 c npvtsne4eHHBM TeopeTvtKo-rpynnoeoro aHanvtaa 
nO,QTBep~,Qa~T OCHOBHWB BWBO,QW HeATpOHHWX 1-lCCne,QOBaHvtA, HO yKa-

3WBa~T TaKlKe, 4TO CHMMBTPHR !)>aaw HHlKe 91,5 K - D~h - TOJlbKO 
npvt6nvtlKeHHO- cornacyercn .c peaynbTaTaMH 3THX pa6or. 

Hccne,QoBaHvtn craTH4BCKHX csoAcrs KpvtcTannoe K MnF 3 s OK
pecTHOCTH HX CTpyKTYPHWX nepeXO,QOB MeHee CHCTeMaTH4HW. HaMe
peHvtR napaMeTpa nopn,QKa /yrna nosopora OKTa3,Qpos MnF6 I Me
TO,QOM CnOHTaHHOrO ,QBynpenOMJlBHHR HHlKB TR /l 2 / ,Qa~T 3Ha4eHHe 
KpHTH4eCKOrO HH,QBKCa ~ = 0,32+0,01 H noKa3WBa~T, 4TO KpHTH4e
CKan o6nacTb pacnpocrpaHn.ercn-Ao 20 I< HHlKe T04KH nepexo,Qa. 
TaKoe ~Ha4eHvte KpvtTvt4ecKoro HH,QeKca, 6nvt3Koro K aHa4eHH~ ,Qnn 
MO,Qenvt HavtHra (~~ 0,31), a He vt3oTponHoA MO,Qenvt leAaeH6epra 
( ~= 0,38), MOlKeT 6biT b Bbi3BaHO BHyTpBHHHMH O,QHOOCHbiMH HanpnlKE!'.i. 
HvtnMvt, KaK 1-1 a cny4ae Kpvtcrannos SrTi0 3 /cMJ13/ /. Hccne,Qo-

-· 
AJ-.~.:. •• ;·,lr''\'' :·~ ••'I''TUT\1.. \ W~+~¥, ,);II. •'•~o• .. ~ W&U&J D 

!llltf:_ .-~., .~t:c; :mnmu~ 
~ttlr 1~~.~. ~.~rr.~t>. 
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aaH~R TeMnepaTypHolo noaeAeH~R TennoeMKOCT~ Kp~cTannoa KMnF 3 
a oKpecTHOCT~ Tl14•15/ o6naAan~ HeAOCTaT04HO~ T04HOCTbiO AnR 
npoaeAeH~R aHan~aa Kp~T~4ecKolo noaeAeH~R. 0TMeT~M TOnbKO, 
4TO a pa6'oTe/1 5/ ycTaHoaneHO, 4TO aTOpO~ CTPYKTYPHbl~ nepeXOA 
a KMnF 3 np~ TeMnepaType TM RanHeTcR T~n~4HbiM nepeXOAOM 
nepao1o poAa co cKpbiTO~ TennoTo~ nepexoAa t.Q .. 15+0, 5 Am/Monb 
~ cKa4KOM 3HTpon~~ t.S = 0,158.:!:,0,005 All</t~onb.K.-

np~ KOMHaTHbiX TeMnepaTypax KMnF3 RanReTCH napaMaiHeT~
KOM c, 3$$eKT~aHbiM cn~HOM ~oHa Mn+ 2 s z5/2 /op6~TanbHbl~ 
MOMeHT L =0 I, KOTOPbl~ MO>KHO c4~TaTb xopowo noKan~soaaHHbJM11? 1 
np~ TeMnepaType TN= 88,8 K H~~e aTOpOIO CTpyKTypHOIO nepe
XOAa ripo~ckOA~T Mai~~THW~ !J>n aTOpOIO pOAa a aHT~!J>eppoMaiH~T

HYIO !J>aay T~na G c HaMaiH~4eHHOCTbiO noApeweToK aAOnb TeTpalo
HanbHOI-1 oc~-/17.18/. np~ TeMnepaType TF = 81,5 K npo~CXOA~T q,a
aoaw~ nepeXOA nepa010 PoAa~ CMewaHHOIO MaiH~THO-CTPYKTypHOIO 
T~na, a peayn~TaTe KoTopolo MaiH~THwe MOMeHTW noApeweToK no
maTCH a 6aa~cHyiO nnocKOCTb 117 ·181. ~a-sa ~x He6onbWOIO OTKno
HeH~R- oT HanpaaneH~R Kp~cTannolpa!J>~4ecK~x oce~ aoaH~KaeT cna-
6w~ ¢eppoMaiHeT~3M. 

CAenaeM HeCKOnbKO aaMe4aH~~ o MaiH~THWX cao~cTaax Kp~cTan
na KMnF 3 . ~3 3Kcnep~MeHTanbHbiX Aa_HHbJX cneAyeT, 4TO ~x MO>KHO 
on~CaTb a paMKaX ~30TpOnHO~ MOAen~ re~3eH6epla C aaa~MOAe~cT
a~eM 6n~~a~w~x coceAe~. 3To noATaep>KAaeTcH, Hanp~Mep, xapaK
'repoM cneKTpa cn~HOabJX aonH, KOTOpbJ~ co1nacHo /19/ np~ T = 4, 2 K 
RanHeTcH T~n~4HbJM gnA cne1Ka "cxnonHyTolo" aHT~!J>eppoMaiHeT~Ka 
re~3eH6epla C 06MeHHbiM~ ·~HTelpanaM~ ·Me>KAY .nepabJM~ ~ aTOpbiM~ 

coceAHM~, paaHbJM~ cooTaeTcTaeHHo I 1 /kB = 3,80.:!:,0,04 K, I 2 /kB = 
= 0,11.:!:,0,02 K, ~ 3Hepl~e~ aH~3oTpon~.~ EA/kB=0,41.:!:,0,05 K 
/nocne aH~30Tpon~~ HA = 3, 1+0 ,4 K3/. AayxMaiH~THoe pacceRH~e 
caeTa a KMnF 3 

1201 yKa3bJaaeT-;- 4TO OTKnoHeH~R oT ~AeanbHO~ Ky-
6~qecKo~ CTpyKTypbl, RanRIO~~eCH peaynbTaTOM CTpyKTypHblX nepe
XOAOa, cna6o an~HIOT Ha MaiH~THWe cao~CTaa Kp~CTanna, KOTOpWe 
annOTb AO TeMnepaTypw 0,8TN MO>KHO on~cwaaTb, C4~TaA Kp~CTann 
Ky6~4ecK~M. Co1nacHo AaH~~M no Kaaa~ynpyloMy MaiH~THOMY pac
ceAH~IO He~TpOHOa a OKpeCTHOCT~ aHT~!J>eppoMaiH~THOIO nepeXOAa 
/a 3TOM cny4ae TN= 88,06+0,02 K/121 1 Teop~A BaH-Xoaa YAOaneT
aop~TenbHO on~CbJaaeT 3Kc,nep~MeHT a o6nacT~ T_eMnepaTyp 
1,002<T/TN<l,1, a onpeAeneHHbl~ Ha OCHOae !J>OpMynbl 0pHWTe~Ha
UepH~Ke Kp~T~4ecK~~ ~HAeKc aocnp~~M4~aocT~ paaeH y=1 ,33+0,05. 
~3 ~3MepeH~~ abJCOTbl n~Ka ~HTeHC~aHOCT~ pacCeAHHblX He~TpOHOa 
np~ T<TN MO>KHO 6bJno ycTaHoa~Tb, 4ro Kp~rV14eCKV1fi ~HAeKc AnA 
HaMaiH~4eHHOCT~ noApeweToK paaeH fl"' 0.37. Aeram1 aHT~!J>eppoMai
H~THOIO nepeXOAa noaaon~n~ acKpWTb T04HWe ~3MepeH~A MaiH~THO~ 
4acT~ TennoeMKOCT~, npoaeAeHHbJe Ha MOHOKpV!crannax xopowero Ka-
4ecTaa, a KOTOpb!X TeMnepaTypa nepeXOAil OKa3ilnacb paaHO~ TN= 
= 88,19.:!:,0,03 K 12 ~1 B o6nacT~ TeMnepaTyp 4·10-:J< it! < 2·10- 1 , 
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t =(T-TN )/TN , TennoeMKOCTb Kp~cTanna xopowo on~CbJaaeTcA 
!J>OpMyno~ cp =· (.AtfaHIW-a -1) +E t + J3± c OTP~llaTenbHbiM Kp~TW 
4eCK~M ~HAeKCOM- a.= -0,19+0,05 /6bJnO .np~HATO a=-a~ /,·TO· 
eCTb Kp~CTann aeAeT ce6A KaK TpexMepHbl~ le~3eH6epiOaCK~~ )lHT~
!J>eppoMaiHeT~K c 6n~3KOAe~cTa~eM 1231. no Mepe np~6n~>KeH~A K TN 
Kp~T~4eCK~~ ~HAeKC a aoapacTaeT ~ CTpeM~TCA K nonO>K~TenbHOMy 

, 3Ha4eH~IO, KOTOpOe xapaKTepHO AnA C~CTeM, np~HaAne>Kall\i.IX It Knac-
, cy YH~aepcanbHOCT~ TpeXMepHO~ MOAen~ ~3~Hia C 6n~3KOAeMCTa~

eM/23(B pa6oTe np~aOA~TCA Ol.leHKa TeMnepaTypw Kpoc~oaepa 1231 . 
KOTopaA oKasanacb paaHo~ ltx I = 1 , 3 ·1 0 - 2., 

.nPeACTaaneHHwe awwe 3Kcnep~MeHTanbHwe AaHHwe He ~aiOT ~ocTa
T04Ho HCHO~ KapT~HW 0 noaeAeH~~ Kp~cTanna H~>Ke T04eK CTpyKTyp
HQIO ~ ~aiHMTHWX !J>n, Ha cnO>KHWI1 xapaKTep KOTOpWX yKa3waaiOT ~3-
MepeH~A Mai~~THO~ Bocnp~~M4~aOCT~ a OKpeCTHOCT~ TeMnepaTyp 
Mai~~THWX !J>n/24/~ aHOMan~~, Ha6niOAaeMwe 8 aHT~!J>eppqMarH~THOM 
peaoHaHcel25:' ll{_enaTenbHO 6bJno 6bJ npoaeAeH~e AanbHe~w~x ~ccne
AOaaH~~ MaiH~THWX ~ CTPYKTYPHWX !J>n Ha OAH~X ~ TeX >Ke o6pa31.1ax 

/26/ BbiCOKOIO Ka,4ecTaa, KaK 3TO 6bmo CAena.Ho AnA KP~.cTallnoa BaMnF
4

, 

~MeiO~~X HeC0~3Mep~Mble CTPYKTYPI;Ible ~ MaiH~THble !J>n. 
TeopeT~4ecKoMy. on~caHMIO nocneAoaaTenbHOCT~ !J>n a Kp~cTanne 

KMnF 3 no~aA~eHO He6QnbWOe 4~Cno pa60T, B OCHOaHOM !J>eHOMe-
HOnOI~4eCKOIO xapaK~epa. B pa6oTax127/ /eM. TilK>Ke KH~Iy/28/j Ha 
ocHoae c~MMeTp~~HOIO aHan~aa ~ paanomeH~A naHAay AnA cao60AHO~ 
3Hepl~~ 6wn~ ~ccneAOaaHW CTpyKTypHwe nepeXOAW aHanOI~4HO TOMy, 
KaK 3To 6bJno CAenaHo paHee. AnA SrTi0 3 

1291. B pa6oTe 1301 np~-
aoAATCA Ol.leHK~ AnA napaMeTpoa !J>eHoMeHonol~4eCKOIO paanomeH~A 

' a npeAnOnO>KeH~~ 0 penaKCai.I~OHHOM xapaKTepe MAIKO~ MOAW R
25 

. 
nonHbl~ C~MMeTp~~Hbl~ aHan~3 CTpyKTypHblX ~ MaiH~THblX !l>n a KMnF 3 
npeACTaaneH a pa6oTe131 ~ TaM me aan~caHo pasnomeH~e cao6oAHO~ 
3Hepl~~ no napaMeTpy nopAAKa nepaoro CTPYKTYPHOIO nepexoAa ~ 

napaMeTpy nopAAKa aHT~!J>eppoMaiH~THoro nepexoAa 6ea y4eTa aaa~
MOAe~cTa~R ~x c Ae!J>OpMall~e~. B pa6oTe AenaeTcA awaoA, ~To y4eT 
aaa~MOAe~CTa~A MaiH~THOIO napaMeTpa nopAAKa CO CTpyKTypHWM AnA 
MoAw R25 np~aoA~T K pac111enneH~IO MaiH~THOIO $n Ha Aaa: nepaw~ -
c op~eHTa~~e~ aHT~!J>eppoMaiH~THOIO aeKTopa aAonb TeTpaloHanbHO~ 
OC~, a aTOpO~ - nepneHA~KynApHO TeTpaiOHanbHO~ OC~. np~ 3TOM 
B pa6oTe/31/ BWCKa3waaeTCA l~nOTe3a, 4TO aTopo~ CTpyKTypHW~ ne
peXOA C MOAO~ M3 He OKa3bJaaeT CYil\eCTaeHHOIO Bn~AH~A Ha T~n 
MaiH~THOIO ynopAAO~eH~A. 

Kp~T~4ecKoe noaeAeHMe c~cTeMw np~ cTpyKTypHwx nepexoAaX 
c MAIKO~ Mogo~ H~ 1paHV14e abHw 5p~nni03Ha paccMaTp~aanoc~ a pa-
6oTax113•321 Ha OCHOBe 3$$eKT~BHOIO laMMnbTOH~aHa f~H36ypra
naHAay. 0TMeT~M 3Aetb BWaOA pa6oTw 1321o TOM, 4TO ~epBOPOAHOCtb 
nepso1o CTPYKTYPHOIO nepexoAa a KMnF 3 MO>KeT 6wTb o6bACHeHa 
an~AH~eM !J>nyK'rya4~~. 6onbwaA ponb KOTopwx a· 3~oM' K~~~T~rlne 
o6ycnoaneHa aHoManbHO Mano~ A~cnepcMe~ MOAb! R25 8 Hanpasne
HM~ R -M. 
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MwKpocKonw4ecKwR nOAXOA K way4eHw~ saawMOABHCTBH~ cTpyK

TYPHbiX H MarHHTHbiX <!>n 6b1Il npBAilO>KeH B HaWeH pa6oTe1331, rAe 6b1Il 

AaH Ka4eCTBeHHbiH aHanwa nocneAoBaTeilbHOCTH <l>n B KMnF'3 Ail~ 

ynpo~eHHOH MOABilH KpHCTanna. 8 OCHOBB 3TOrO nOAXOAa IlB>KHT npeA· 

CTaBilBHHe 0 B3aHMOABHCTBHH IlOKailbHOH HOpMailbHOilt KOOPAHHaTbl/34,3! 

C MarH~THOH nOACHCTBMOH cn~HOB. 

8 135-38/ 6wn pa3BHT MOAeilbHWH nOAXOA K on~caH~~ CTpyKTYPHWX 

<!>n B KpwcTannax ABX 3 , HHAY4HPOBaHHbiX M~rKHMH MOAaMw Twna R25 
~ M3. B 3T~x pa6oTax 6btilO nony4eHo ~sHoe npeACTasneHwe cMe~e

H~R HOHOB X B nJlOCKOCTH rpaH~ Ky6a 4epe3 IlOKailbHy~ HOpMailbHY~ 

KOOPA~HaTy, on~CWBa~~y~ Bpa~eHwe OKTa3Apa BX6 /CM. HH>Ke <)>opMy

IlY /11//. npw nocTpoeHHH 3<)>$eKT~BHoro raMHilbTOHHaHa Y4HTbiBaeT

c~ IlOKailbHaR CHMMeTpHR nOilO>KeHHR HOHOB H 3KCnepHMeHTailbHaR HH

$OpMa4HR 0 xapaKTepe HX ABH>KeHHR B npHMHTHBHOH R4eHKe. XOTR 

3TOT nOAXOA HOCHT MOAeilbHWH xapaKTep /o CBR3H ero CO CTaHAapT

HOH TBOpHeH AHHaMHKH peweTKH CM./35,39/ /, OH n03BOI1ReT c no

MO~b~ He60ilbWOrO 4HCila MHKpOCKOnH4eCKHX napaMeTpOB, HMe~~·Hx 

npOCTO~ $H3H4eCKHH CMWCil, AaTb eAMHOe onwcaHMe CTPYKTypHWX ne

peXOAOB, CBR3aHHbiX c MOAaMM R25 w M3 , He npwsneKaR 6onbworo 

4MCila nOArOH04HWX napaMeTpOB $eHOMBHOilOrH4BCKOrO xapaKTepa. 

B HacTOR~eR pa6oTe H PRAe nocneAY~~wx $opMynwpyeTcR MHKpo

CKOnM4ecKaR TeopHR CTPYKTypHWX H MarHHTHWX On B KPHCTanne 

KMnF 3 • B HeR HcnonbayeTCR MOABilbHoe onHcaHMe AMHaMMKH pe
weTKM npw CTpyKTypHWX nepeXOAaX, KOTOpWH 6wn pa3BMT s/35-38/, 

M OnHCaHMe MarHHTHOH CHCTeMW cnHHOB Ha HOHaX Mn+2 C nOMO~b~ 

MOABilH reRaeH6epra. Y4eT B3aHMOABHCTBH~ cnMHOBOH nOACHCTBMbl 

C peweTKOK npOBBAeH Ha OCHOBe CHMMeTpMHHOrO nOAXOAa, pa3BHTQ
ro B pa6oTax 140-421. 

B cneAY~~eM paaAene $opMynHpyeTCR MHKpocKonH4eCKHH raMwnb

TOHMaH MOAeilM. 8 pa3ABI1B 3 BBOAHTC~ IlOKailbHaR HOpMailbHaR KOOp

AHHaTa, Om'ICbiBa~~aR spa~eHHR OKTa3APOB MnF6 , C nOMO~b~ KO

TOpOH B AailbHBHWBM MCCileAy~TCR MRrKHe MOAbl R25 M M3 ,Hx B3aMMO~ 

AeHCTBMe c Ae<!>opMa4weR peweTKM, aKycTw4ecK~MH <)>OHOHaMH w Mar

HMTHoA nOACHCTeMOH cnHHOB MOHOB Mn. 8~4HCileHMe CB060AHOH 3Hep

rMM M aHailM3 <l>n 6YAYT npoBeABHW B CilBAY~~MX pa6oTaX. 

2. fAMHnbTOHHAH MOAEnH 

npM nOCTpOeHMM MMKpOCKOnH4eCKOro MOABilbHOrO raMHilbTOHHaHa 

.AilR KpHCTanna KMnF 3 6yABM HCXOAHTb H3 CI1BAY~~MX npeAnono-

>KeHHH, RBilH~~MXCR 0606~eHHBM 3KcnepMMBHTai1bHWX <)>aKTOB: a/ B 

KpwcTanne KMnF 3 MO>KHO B~AenwTb nOACHcTeMy aToMoB-OKTa3APOB 

MnF6 , ABH>KBHMe KOTOPWX CB~3aHO C MHrKOH MOAOH, HHAY4Hpy~-
~eH CTpyKTypHWH <)>a30BWA nepeXOA; AHHaMHKY peweTKH KPMCTanna 

MO>KHO YAOBileTBOPMTeJ]bHO OnMCaTb B paMKax MBTOAa, npBAilO>KBHHQ-

6 

- /35-38/ 
ro B pa6oTax ; 6/ .MarHMTHY~ noACHCTeMy B KMnF 3 MO>KHO 

onwcaTb B paMKaX M30TpOnHOH MOABilH [eC13eH6epra; B/ 83aMMOAeR

CT~He aKTMBH~X B CTpyKTYPHOM nepeXOAB aTOMOB C ynpyrMMM AB~Op

Ma4M~M~ KpHCTailJla M C MarHHTHOH nOACMCTBMOH, a TaK>Ke MarH~To
ynpyrHe B3aMMOABHCTBH~ Mrpa~T Ba>KHY~ pOilb B onpegeneHHH CB?HCTB 

KPHCTannoB; r/ CMMMeTpMH KpMCTanna B BWCOKOTBMnepaTypHOH ~aae 

onpeABilHe'TCR npOCTpaHCTBBHHOH rpynnoH 0~ -Pm3m, ·a MeCTH.a.R 

/noKailbHaR/ CMMMeTpM~ MOHOB K M Mn - T04e4HOH rpynnOH m3m, 
a MOHOB F - rpynnoA 4/mmm. 

J.1CXOAR M3 3TMX npeAnOJlO)!(BHMCi, nOilHbiH raMHilbTOHMaH CMCTeMbl 

aanHWeM B BHAe 

H=HR+He +Hs +HR-e +HR-S +Hs-e /1/ 

B raMMilbTOHMaHe peweT04HWX Kone6aHHA HR npHHMMaeM so BHMMa

HHe TOilbKO CMe~eHHe HOHOB <!>Tapa F B nnOCKOCTH rpaHM Ky6H4e

CKOC1 ~4eHKM: 

2: <f> a~ (P-f') U ( p K ) U {3(f' K ' ) + 
KK a 

1 2 1 
~p (P K) + -- L 
2m a 2 ff' 

~=2 
PKa KK• 

d 
+ _1. 

4 

a/3 
d 

2u 4 (fK)+-2_L 2: u 2 

fKa a 2 f K u/,{3 u 
(fK)U~(fK), 

/2/ 

rAe U (f K) H p (f K) - CMeiJ.IBHHe H HMnyJlbC MOHa F' C HOMepOM K 
a a 

= 1 ,2,3 B f -Ci npHMHTMBHOH Ky6H4BCKOH R4eC1Ke; m- ero Macca. 

06oaHa4aR ocH KOOP/~HHaT a • x, y , z 4H¢paMH 1 , 2, 3 I eM. pMcy-

H~K/, C41.HaeM Ua (f K)=0 AllR a=K. <f>Ka~, (f-f') - rapMOH-w:;ecKa~ 
MaTpH4a CMilOBbiX noCTORHHbiX HOHOB F H d1 , d2 - KOHCTaHTbl no
KaJlbHOrO aHrapMOHH4eCKOrO B3aHMOABCiCTBHR HOHOB F C OCTaJlbHWMM 

HOHaMH peweTKM, KOTOPWB HaXOAHTCR B CBOMX paBHOBBCHWX nOilO>Ke

HHRX. 

raMMilbTOHHaH AilMHHOBOilHOBWX aKyCTH4eCKHX ¢OHOHOB YA06HO 

BWpa~~Tb C nOMOIJ.Ib~ IlOKailbHWX KOMnOHeHT TeH30pa Ae¢OpMa4Hi1 
e ( f ) /35/ 

a{3 

1 •2 n 1 2 a H =-- 2: Mu (•)+ --c11 2 e (< )+ 
e 2 fu a 2 f.a aa 

2 
+ c12 ~ l e (E)e,QQ<f)+2c 44 l l e QU ), 

I a> {3 a a 1-'1-' p a>{1 af-J 

131 

I"Ae c
11

v - K03$$M4MeHTbl mecTKocTw Ky6w4ecKoro Kpt.1CTanna; M -
Macca 3neMeHTapHoA R4ei1KM. BaaMMOAeRcTBMe noKanbHoA Ae~opMa4MI-1 

e rJ..f K) CO CMe~eHHeM HOHa F U (£ K) MO>KeT 6b1Tb aanHCaHO B BMAe 
p~ano>KeHHR 1321: a 

7 



/4/ .HR = i i 0 (:3 ., (K)e (:3(£K)u (f K)U" (£ K), 
-e £K a{:3yo a yu a y u 

rAe TeH3op saaHMOAeHCTBHH Oa(:3yo(K) AfiH Kalt\Aoro HoHa F copTa 
K, HaXOAH14eroc.A a TeTparoHanbHOH no3H4HI-1 4/mmm, a o614eM 
cny4ae HMeeT wecTb HeaaBHCHM~x KOMnoHeHT. Y4HT~BaR orpaHH4e
HHe Ha CMet4eHHH HOHOB F TOfibKO B nnoCKOCTI-1 rpaHI-1 (u (E a) =0), 

a 
a TaKme CHMMeTpl-1~ K nepeCTaHOBKe He3KBHBaneHTH~X HOHOB B Ky-
6M4eCKOH H4eHKe, nony4aeM fiMWb 4 He3aBHCMM~e KOMnOHeHT~ AfiH 

TeH30pa 0 a{:3yo = 0 yfu(:3 

0 11- O 3333 (1) = 0 2222 (1) =0 3333 (2) = 

= O 1111 (2) = O 1111 (3) ,..o 2222 (3) • 

0 12 = 0 2233 (1) = O 3311 (2) = 0 1122(3), 
!51 

0 13= 0 1133 (1)= 0 1122(1)= 0 2211 (2) = 

= O 2233 ( 2) = 0 3311 (3)= 0 3322 (3), 

0 66= 0 2323(l)- 0 1313(2) = 0 1212(3). 

QTMeTMM, 4TO B raMMfibTOHHaHe /2/-/4/ He Y4HT~BaeTCH B3aMMO
AeHC.TBMe CMel!\eHHH HOHOB F CO CMe!4eHHf!MH APYrHX MOHOB, KpOMe 

B3aM~OAeHCTBHf! ~ aKyCTH4eCKHMH MOAaMH. 3TO npH6nMmeHHe nOMHMO 
MOAefibHbiX C006pa>XeHHH MOll<eT 6b1Tb onpaBAaHO 3KCnepHMeHTafibHbiMH 
AaHH~MI-1, HanpHMep14~ cornaCHO KOTOp~~ OTHOWeHMe cpeAHeKBaA
paTH4HbiX TennOBbiX CMe!4eHMH HOHOB F B nnOCKOCTI-1 rpaHM u

11 
(F) 

HaMHoro npes~waeT 3TH cMe!4eHHf! nepneHAHKynf!pHo nnocKOCTM rpa-
HH u 33(F) 1-1 Cf1e!4eHHf! APYrHx .HOHOB, HanpHMep 1-iOHOB Mn,u(Mn): 

u 11(F) u 11(F) 
---"' ----- "' 7. 
~ 3 (F) u (Mn) 

!6! 

50nbWaR Beni-14HHa 3TOrO OTHOWeHHf! n03BOnReT Y4MT~BaTb TOfibKO 
KOne6aHHf! HOHOB F B nnOCKOCTH rpaHH, 4TO M 060CHOB~BaeT npH

HRTY~ MOAenb. 
AnA onHcaHHR cn1-1HOBOH noACHCTeM~, cocrORl!\e~ H3 noKanH30BaH

HbiX Ha 1-iOHax Mn cnHHOB S = 5/2. npH,.,IeM H30TponHy~ MOAenb le~-

3eH6epra, xopowo oriHc~sa~l4Y~ 3KcnepHMeHTanbH~e AaHH~e 119 • 201 

f~ ~j_ ~ J!l'-l" )S (e)S (f' l - 1, ~ Hus ,tl' l. 
2 l'l'"u u a l'u ' 

/71 

8 

~~~ , .. 

rAe sa ( e ) - a -KoMnOHeHTa cnHHa t10Ha Mn B e -A npHMVITHBHOH 

.A4eAKe; J{a - BHewHee MarHVITHoe none. 06t-'leHHbiH HHTerpan J(£-E') 
OnVIC~BaeT KOpOTKOAeHCTBY~!4ee aHTHQJeppOMarHHTHOe B3aVIMOAeHCT
BVIe. 

laMVInbTOHVIaH cnHH-QJOHOHHoro B3aHMOAeHCTBVIf! s KMnF 3 He Me
meT CO,QepmSTb flVIHeHH~X no O~epaTopaM CnHHa 4fieHOB, KOTOp~e 

Cyl!\eCTBY~T B CVICTeMaX CO CnHH-op6HTanbHOH CBf!3b~/40/, TaK KaK 

3neKTpOHW, f!BflR~l!\VIeC.A HCT04HVIKOM MarHVITHOrO MO~eHTa Ha ~OHaX 
Mn, HaXOAf!TC.A B COCTORHI-111 C HyneBWM op6VITanbHhlM MOMeHTOM/l 6/. 
no3TOMY B3aHMOAe~CTBI-1e Cni-iHOB C KOne6aHHf!MI-1 peweTKM MOmeT on
peAenf!TbCf! JlMWb Ci-1MMeTpi-130BaHHhlM npOi-13BeAeH!-1eM onepaTOpOB 
cn1-1Ha: 

s f3 co = ..1.1 s c e ) sf3ce ) + sf3 c e) s c £) 1. a 2 a a /8/ 

KOTOpoe HMeeT Te me TpaHCQJOpMal..lMOHH~e CBOHCTBa, 4TO M T~H30p 
Ae<tJopMaq_MVI peweTKM ea(:3Cf!. Cne,qosaTenbHO, ra'MHilbTdHHaH cnHH
QJOHOHHoro B3aMMO,QeHCTBMf! MOm~T 6MTb 3anMCaH B crieAY~!4eM 06~eM 
BHAe: 

H8 +H = 2: 2: K(:3IK)S 0 (£}u(£K)u,(EK)+ 
-R ·-s-e £ af3yo a yo afJ y u 

/9/ 

+ S S D(:3"'S(:3(£)e 3 (E), 
£ a{:3yo a yu a Y 

rAe TeH30p Ka{:3yo (K) HMeeT Te me CBOHCTBa CMMMeTpHM, 4TO M 
TeHaop Oa(:3yo (K) a jltf M onpe.QenReTCfl nHWb 4eTbiPbMR HeaaBMcM
MbiMM KOHCTaHTaMH kll , k 12 , k 13 M k66 ,aHanorM4HO COOTHOWeHMRM 

!51. TeHaop MarHHToynpyroro saav.MOAeAcTBHR Da(:3yo Afi.A Ky6M-
4ecKoro KpMCTanna MMeeT JlMWb ABe He3aBHCMMble KOMnOHeHTbl, KOTQ
pwe MOmHo nerKo onpeAenMTb, ecnM socnonb30BaTbCR aanMCb~ Mar
HHToynpyroro B3aMMOAeHCTBHf! B BMAe ·pa3nomeHMf! no 6a3MCHblM QJYHK
I..lMRM HenpHBOAVIMbiX npe,QCTasneHVIH T04e4HO~ rpynnbl m 3m /41,42/: 

b 
H =-,-.!.l l3[e (E)-e (E)][S (£)-S (£)]+ 

s -e 4 e 11 22 11 22 

+[2e33(E)-e11(£)-e22(0][2S33(£}-Sll(f}-S22( OJ- /10/ 

b2 
+- l 2 S (:3(C}e (:3 (£ ). 

2 £ wj,(:3 a n. 

CpaBHMBaR /10/ c /9/ M Y411TbiBaR ~soRcTsa CVIMMeTpVIM TeH3opa 

0 a{:3yo = 0 (:3ayo = 0 a..(:38y = 0 yoa{3 • 

9 



-- --------- -·- --------------------------~---------~----------- ----

a TaKme COOTHOWeH~R AJIR ero KOMnOHeHT 

.l.... ou11 + 01122 ~o. 
2 

KOTOp~e cneAyroT H3 YCJIOBHR OTCYTCTBHR TpHBHaJtbH~X HHBapHaHTOB 

S(E)·S(e}-8(8+1) s 191, HaXOAHM cneAyroli\He cooTHoweHHR CHM

MeTp~H AJIR 3TOrO T8H30pa B Ky6H48CKOM KpHCTanne: 

0 uux 02222~ 03333 ~-20 1122 ~-202233 

2D --b • ~- 1133- 1 

0 1212 ~ 0 2323 201313 ~ -
1
-b2 4 

TCIKHM o6pa30M, Mbl nony4aeM MOA8JibHbiH raMHJibTOHHaH 111-141, 
171, 191, COAepmali\HH JIHWb He6onbWOe 4HC.nd MHKpOCKOn~4eCKHX na

paMeTpOB, KOTOpbte MOryT 6btTb I1H60 Bbi4HCJI8Hbl AJIR onpeAeJteHHOH 

MOA8JIH B3aHMOA8HCTBHR HOHOB KpHCTanna, .!11160 onpeAeneHbl H3 

3KCnepHM8HTa. 

3. nPEACTABflEHHE flOKAflbHOA HOPMAflbHOA KOOPAHHAT~ 

H3y48HHe AHHaMHKH peweTKH 1'1 CTpyKTYPHbiX nepeXOAOB MOmHO 

3Ha4HT8JibHO ynpOCTHTb, eCJIH BOCnOJib30BaTbCR npeACTaBneHHeM 

JIOKi3JibHOH HOpMaJibHOH KOOPAHHaTbl_/34,35/, B cny4ae MRrKOH MOAbl 

R 25 HJIH M3 , CBR3aHHOH c spall\eHHeM oKTa3APOB MnF6 • s Ka4eCTBe 

TaKoi1 KOOPAHHaTbt YA06Ho Bbt6paTb seKTop c KOMnoHeH'TaMH RA( f), 

onpeAenRroli\HH nOBOpOT OKTa3Apa OTHOCHT8IIbHO OCH A= 1, 2, J, 
CM8li\8HHe HOHOB U (fK) MOmHO B~pa311Tb C ero nOMOll\bro B BHAe135 ~ , a 

1 -+ -+ --t 

U (fK)~---(I:(K)x(RCf+K)-R(P)] • 
a --~ ~ a 

2y'2ma.: . 
I 11 I 

1 
-""7: ~ e ·' (R,\(f+K)-R.\(P)), 
2-/2m A aK" 

rAe BeKTOpHOe npQH3B8A8HHe BO BTOpOH CTpoKe aanHCaHO C nOMOll\bro 

n9nHOCTbro aHTHCHMMeTpH4Horo TeHaopa nesH-4HBHTa eaBy BeKTOp 

~(K) HM88T KOMnOH8HTbl ~ (K) ~ao H onpeAeiiR8T paCCTOR-
a aK 

HHe MemAY 3KBHBaneHTHbiMH HOHaMH B COC8AHHX npHMHTHBHbiX R4ei1-

KaX, R,\ (£ +K)~R,\ ( f + ~\K )). 
· noAcTaBnRR Tenepb 111./ B raMHIIbTpHHaH 111, nepen11weM ero 

OTA8IIbHbl8 cnaraeMbte. raMHIIbTOHHaH peweT<?4HbiX KQne6aHHH 121, 
onHC~Baroli\HH Bpall\eHHe OKTa3APOB, npHHHMaeT BHA 

:j 10 

!\ 
') 

,) 

1 • • 
HR~2 £E~K 1,\(f,f')RA(f)R,\(r' )+ 

+ .1.. ~ ~ v" , u. r· > 1\ c n R;..,. c r ) + 
2 ff'. ,\A' 1\1\ 

+.!._,~ ~ f\,(L£' )[Rdf)-R,\{r')]
2
[R,\.(f )-R.\,(P')]~ 

4 f£'. ,\,\' "'" 1\ 

rAe BB8A8Hbt: H8JIOKaJibHbiH M0M8HT 11H8PI..IHH 

1 iq(P-r ) 
IAA'(f,f' )~- ~ lA (q)e 

N q 

'3 

I,\(q)~.L[2+Cosq.\a- L cosq a]; 
4 fl= 1 11 

rapMOHH48CKaR MaTpHI..Ia CHIIOB~X nOCTORHH~X 

v cr "')-1 ~ iq(r_r-:) 
,\,\' • r - N q v,\A, (q)e 

( 
1 ..,. ~ , a{3 

v,,, q)= --- ~ ~ ,.J , (q)e ,e13 "' -..: 
1\1\ 8m Kl'.'a{3 KK UKI\ Kl\ 

x[ 1-exp(-iqKa)l{ 1-exp(iqK,a)] 

11 MaTpHI..Ia aHrapMOHH4eCKOrO B3aHMOAeHCTBI1R 

iq(f _f 
lA.\' (l'.f" )= ~ L lA.\' (q)e 

!'", (Q)=LIJ. 8.\.\''2- cosq_a+(1-oM') . .l.!"2cosa a 
1\1\ 16 ,K~A K 8 1< 

3A8Cb 1'
1 

:d
1
/4m 2 • 1'2 =d 2/4m

2 

CooTHOWeHHe 1131 noKa3~BaeT, 4TO 

!A) It'~ A) 1 
!A(qR)=IA(qM )=1. l,\(qM )=2, 

rAe 
( 1) ( 2) (3) 

q M =(rrla)(Oll), q M =(rrla)(101), q M =(rrla)(llO). 

1121 

1131 

1141 

1151 

1161 

MaTp114a v,\,\' (q)/14/ onpeAenReTCR ¢ypbe-KOMnoHeHToi1 rapMOHH4eCKOH 

MaTPHI..Ibl <ll~f,(q) B 121. CornacHo 1141 v,\,\' (q=0)=0, as To4-

II 



KaX R ~ M onpeAenneT TpeXKpaTHO BWpOmAeHHWe MOAW C 4aCTOTaM~ 

w~ 111 w~ COOTBeTCTBeHHO: 

VAX (qR)<=OAA'(JJ~. 
(,\) 2 

v,\,\'(qM )= wMo,\,\'' /17/ 

CTpyKTYPHW~ nepexoA a T04Kax R M M soaH~KaeT npv. ycnos~~ He
YCT0~4M80CTH peweTK~ 8 rapMOHH4eCKOM np~6n~meHHH, T.e. np~ 

(<.Ji<O ~ w1~ < 0. B AanbHei1weM 3TH 4aCTOTbl, KaK H a pa6o-
Tax /35-38/, - paccMaTpH8aiOTCH l<aK noArOH04Hble napaMeTpbl Teo

PHH. AHrapMOHH4ecKoe B3aHMOAei1cTBHe cornacHo /15/ HMeeT ceo~-
... ;\' -> -> (.\) 

CTBa r:\_,\' (q-'!R)=-·f',\,\,_(q) = f',\,\'(q-q M ) H, 8 4aCTHOCTV., 

~) 1 I 8! rAA ,(O) =- r>.>.' _<qR) =-I.\>.' c q M ) = 8 ( r 1 a>.>.-+ r 2 (1- a>.>.,) 1 . 1 

laMMflbTOHHaH B3aMMOAeHCTBHR Bpa~eHV.H OKTa3APOB C ge¢opMa-
4He~ /4/ YA06HO npegcTaBHTb B BHAe 

H = 2: }.; 0 {3, ( £ , £' ) e {3 x 
-"R -e ££' af3A/1. a r'll a 

x[R,\(f) R (£' )+R (E)RA(E')], 
ll . J1. 

rAe TeH30p 83aHMOA8~CTBHR 

G {3' (£,£')=_!._- 2: G {3 "(K)y (f,f'.)e , e" 
a 1\Jl. 4m Kyo a yu K YK"'' UKJl. 

3AeCb BBeAeHa ¢yHK4HH 

1 iq(Le·-> 
y (£ • E' )=- 2. e y (q), 
I( N q K 

y (q) = L(l-cosq a). 
K 2 K 

/19/ 

/20/ 

/21/ 

Y4HTbiBaR csoAcTBa c~MMeTp~H /5/ ANl KOHCTaHT G a{3~ (~<) 
H BBOAfl HOBble nOCTOflHHble: 

g .. = -La .. 
'l 2m IJ 

/22/ 

B3aHMOAeHCTBHe /19/ npeACTaBMM B BMAe 

HR =g12 2: e (E}R (f)R (f') 2. y{3(f, {'') ~ 
-e ff' a aa a a fjo/ a 

+g 2. e (f )y (f, f') 2: R,-1( P)R(J( f' )t 
13 EPa aa a f31a tJ P 

12 

! 
;1_ 
\ ; 
J 

,·1! 
{ ~ 
. J 
~ 

+ g 11 2: e (f ) 2. R{3(C) R{3(f' ) y"' (f, £' ) .-
ff'a aa {3k u /23/ 

-g 2. 2. e{3(f)1R (E)R'/3 (E'}+R (f')R A'f)]Y<:-(f. f' ). 
66 ee, a/, {3 a a a f:S' u 

3AeCb B CYMMaX no {3 f,a HHAeKC 8 ~(a, {3). 0TMeTio1M, '-ITO np11 Bb!BO
Ae /19/ /11n11 /23// 6wno ~o~cnonb3oBaHo np116n~o~meHHe 

.. 1 .. 
e {3( e . I( ) = e {3 ( £ ± - .; (I())"' e {3( .£ ) • 
a a 2 a 

/24/ 

KOTOpoe cnpaBeAn11BO ·ni1Wb Aflfl Ae¢opMa41111, MeAneHHO MeHfliO~eHCfl 

B npOCTpaHCTBe. Anfl Cn11HOBbiX onepaTopoB Sa{3 (e) /8/ npl16ni1>Ke
HI1e /24/ He MOmeT 6WTb 11Cnonb30BaHO, 11 n03TOMy Cni1H-¢0HOHHOe 
saa~o~MoAei1cTs~o~e Hs-R a /9/ He YAaeTCH npeAcTaBHTb a ¢opMe, 
aHanori14HoA /19/. no3TDMY 3an~o~weM /9/, nocne noACTaHOBKH /11/, 
B BI-1Ae OAHOKpaTHOH CYMMW no y3naM peweTKH: 

H R = 2. S (£ ) I k12 2. R (f, {3 ) R ( E , (3 )+ ·-s- Ea aa- {3,f,a a- a 

+ k13 2. R{3(f,a.)R{3(£ ,a)+ k 11 2. R{3(£ ,o)R{3(£ ,8)}-
{3k {3f.a. 

/25/ 

-2~< 6 2: 2. s f3(E)R ce.a)Rf3ce ,o). 
"6 E af.{3a a 

rAe HHAeKC 8f. (a ,{3) 
pbl 

H Aflfl COKpa~eHI1R 3anHCH BBeAeHW onepaTO-

R ( f ,I()= .1._ [ R ( f + l(K )) - R (e)]. a 2 a a. /26/ 

4eTwpe He3aBio1CHMWe KOHCTaHTW B3alo1MOAeHCTBI1R 

1 
kij = 2-; Kij /27/ 

onpeAenRIOTCI'I 113 COOTHOWeHI1H Clo1MMeTpi-1H Anl'l TeH30pa Ka{3y8 (K), 
KOTOpbte lo1MeiOT TOT l'<e BHA, 4TO H COOTHOWeHHI'I /5/ Afll'l KOHCTaHT 
G ij. 

nonHWH raMiolnbTOHHaH MOAenH, onpeAenReMWH ¢0pMynaMI1 /12/, 
/23/, /7/, /10/ H /25/, YA06HO npeo6pa30BaTb K ¢ypbe-npeACTaB-. 
neHHIO, nonb3yRCb pa3nO>KeHI1eM Afll'l COOTBeTCTBYIO~HX onepaTOpOB 
B BHAe 

... 
RA ( f ) 1 ,. i·,~r /28/ = =: - e R (q), 

\ N CJ ,\ 

1 i <if" /29/ Sa<V> c -=--;- L e Sa(q), 
\ :"J q 
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KaX R 1-1 M onpef.leJlfleT TpeXKpaTHO BblpOm{.leHHble MOAbl C 4aCTOTaMH 

w~ 111 w~ COOTBeTCTBeHHO: 

v'AX (qR)d)H,w~' 
(A) 2 

vAA,(qM )"' wMoAA'· /17/ 

CTpyKTYPH~R nepexoA s T04Kax R M M poaHHKaeT npH ycnoBHH He
YCTOH4HBOCTH peweTKH s rapMOHH4eCKOM npH6nHmeHHH, T.e. npH 
(ui<O 1-1 w1i < 0. B AanbHeAweM 3TH 4aCTOTbl, KaK 1-1 B pa6o-
Tax /35-38/, - paccMaTpvtsaiOTCH KaK noArOH04Hble napaMeTpbl Teo
PHH. AHrapMOHH4eCKOe B3aHMOAeHCTBHe cornacHO /15/ HMeeT caoA-

-> ;~: ... ... (A) 
CTBa s_A, (q-'lR)=-.f'M,_(q) = rAA,(q-q M ) H, B 4aCTHOCTVI, 

~> 1 I 8! rA.\ ,(0)"'-r,u, _ (qR) =- ru, (q M )= 8 ( r 1 B,u-+ r 2 (1-B.\A,)]. 1 

laMHflbTOHHaH B3aHMOAeHCTBMfl Bpa~eHHH OKTa3gpOB C ge$OpMa-
4HeH /4/ YA06HO npegcTaBHTb B BHAe 

H = Z: ~ 0 {3, ( E , £' ) e {3 x 
"R -e ££' a{3~ a r'I-L a 

/19/ 

x[R.\(f) R (£' )+R (f)RA(E')], 
I! . J1 

rAe TeH30p B3aMMOf.IBHCTBHH 

0 {3' (E. £') = l__ Z: G {3 " (~<) y (£, £' .) e , e " 
a 1\fJ. 4ffi KyO a yu K YKA VKIJ, 

/20/ 

3AeCb BBegeHa ¢yHK4Hfl 

1 iq(l-t-> 
Y (£ , £' )=- ~ e Y (q), 

K N q K 
/21/ 

y (q) = L(l-cosq a ). 
K 2 K 

Y4HTbiB3fl CBOHCTBa CHMMeTpHH /5/ Aflfl KOHCTaHT 0 a{3,\g (K) 
H BBOAH HOBble nOCTOl'IHHble: 

g .. = -La .. 
IJ 2m IJ 

/22/ 

B3aHMOgeHCTBH€ /19/ npef.ICTaBHM B B~ge 

HR =g12 ~ e (E}R (f)R (E') Z: y{3(f, {'') ~ 
-e ff' a aa a a {Ji a 

+ g ~ e (E ) y (f, f' ) I R,-1( e) R(J( f' J t 
13 EPa aa a f3ia tJ P 

12 

,., 
I ,, 
I I 

'~ 

·1 
I ' 

< ~ 
-~ 

~ 

+ g 11 ~ e (f ) ~ R{3(E) R{3(f' ) y"' (f, f' ) .-
ff'a aa {3k u /23/ 

-g Z: k e{3(f)[R (f)Ra (E'}+R (f')R ..If)]y"'(f, £' ). 
66 ee' a.f; {3 a a fJ a f:S' u 

3AeCb B cyMMax no {3 f. a HHAeKc 8 ~(a, {3). 0TMen1M, "'TO npH Bblso
Ae /19/ /HnH /23// 6~no vtcnonbaosaHo npH6nvtmeHvte 

.. 1 .. 
e {3( f , K ) = e {3 ( f ± - .; ( K})"' e {3( f ) , 
a a 2 a 

/24/ 

KOTOpoe cnpasegnHBO ·nHWb Aflfl Ae¢opMa4HH, MeAneHHO MeHHIO~eHCfl 

B npocTpaHCTBe. AnR cnHHOBbiX onepaTopoB Sa{3 ( r) /8/ npH6nHlKe
HHe /24/ He MOlKeT 6~Tb HCnOnb30BaHO, H n03TOMy cnvtH-$0HOHHOe 
saavtMogeAcTsvte Hs-R s /9/ He YAaeTCR npef.lcTaBvtTb s ¢opMe, 
aHanorM4HOH /19/. no3TOMY aanMWeM /9/, nocne nOACTaHOBKM /11/, 
B BMAe OAHOKpaTHOH CYMM~ no yanaM peweTKM: 

HR= ~S (E){k12 ~ R (f,{3)R (£,{3)+ 
·-g. fa aa. {3,f,a a. a 

+k13 Z: R{3(f,a.)R{3(£ ,a)+k 11 ~ R{3(f ,8)R{3(£,8)}-
{3k {3f.a. 

/25/ 

-2~< 6 Z: Z: S {3(f)R (E,8)R{3(f ,8), 
"6 E af.{3a a 

rAe HHAeKC of. (a ,{3) 
pbl 

M AflR COKpa~eHHR aanHCM BBegeH~ onepaTO-

R (f ,K)= .l..[R (f+l(K))- R (e)]. a 2 a a. /26/ 

4eT~pe He3aBMCMM~e KOHCTaHT~ B3avtMOgeHCTBMR 

1 
kij = 2-; Kij /27/ 

Onpef.leflRIOTCR M3 COOTHOWeHMH CMMMeTpMM AflR TeH30pa Ka{3y8 (K), 
KOTOpble MMeiOT TOT l'{e BHA, 4TO M COOTHOWeHHR /5/ gnR KOHCTaHT 
0 ij. 

nonH~H raMMflbTOHMaH MOAenM, onpegenReM~H ¢opMynaMM /12/, 
/23/, /7/, /10/ H /25/, YA06Ho npeo6pasosaTb K $ypbe-npeACTas-. 
nerJHIO, nOflb3yRCb pa3nO>KeHMeM AflR COOTBeTCTBYIO~MX onepaTOpOB 
B BHAe 

... 
RA ( f ) 

1 ,. j·,~r /28/ = =: - e R (q), 
\ N CJ ,\ 

1 i(i /29/ Sa<V> c -=-·;- L e Sa(q), 

\ :"i " 
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1 iqr" 
e {3 ( C) = e {3 + -=: 'L ·u {3( q) e 
a a \IN q a 

/30/ 

rAe ea{3- T€H30p OAHOPOAHOH A€$OpMa~~~. a 

ua{3(q)=-2i-~ [e~(q)q{3 +e~(q)qa}Qj(q). /31/ 
• ' J 

a 
3geCb e j (q) ~ Qj (q) - BeKTOp nOJlflp~3a~~~ ~ HOpMaJlbHaH KOOpg~-
HaTa Al1~HHOBOJ1HOBbiX aKycT~4eCKf1X ¢oHOHQB c nonRp~aa~~eH i=1,2,3. 

nogcTaBnRR 3T~ ¢ypbe-paanomeHf1R AJ1R onepaTopos a raM~JlbTo
HHaH MOA€J1H, AJ1fl OTA€J1bH~X cnaraeM~X B /1/ nony4aeM CJ1€AY~~He 
B~palK€Hf1fl, raMHJ1bTOH!4aH f12/, OrlHC~Ba~~~H Bpa~eHH€ OKTa3APOB, 

npi4HHMaeT BHA 

HR= L _j_ ~ (q)P,\ C-q) + 1.. L VAJ (q)R,\ (q)R (-q) + 
' q A 2 I,\ (q) ' 2 ql\j1 1 ·- 11 /32/ 

+ _j__ L L £~11 (ql ,q2 ,q 3'q4) R,\ (q t)R'A (qz) R,/q 3) R11 (q 4 ), 
4N ,\11 q1 •.. q4 

rAe 

P'A (q)= I 'A (q) R,\ (q) 1331 

14 B3a14MOA€~CTBM€ 

r c /\ .............. 1 "'""r: 'A_, qt ,q2,q3,q4)= (ql+ Q2+Q3tq4)- "'- "'- >.. (q)x. 
,. N p q '"' 

.... .... ... ... -+ 

r~f -iq I' -iq2f -iq, I' tcj P 
x e (1-e 1 )(1-e )(1-e 3 )(1-e 4 ). 

!34/ 

3AeCb A(q) = 1 AJ1fl set<Topos q, paBHbiX HYI1~ ~>~nH seKTopy o6paTHO~ 
peweTK14, HI'.(Q)=O B OCTaJ1bHbiX CJ1y4aflX. 

3Heprf1fl OAHOPOAHO~ ge¢opMa~HH peweTKH HM€€T B14A 

1 1 "" 2 ~ ,. 2 -H6 =--c11 .... e a+ c 12 ..._ e eao+ 2c 44 - e {3" 
N 2 a a a>{3 aa fJ/J a>{3 cz /35/ 

raMHJ1bTOHMaH, CBfl3aHH~~ C HeOAHOPOAHO~ ge¢opMa~H€~ /31/, 
YA06HO 3an~>~CaTb B BHAe 3HeprMI4 aKyCTH4€CKf1X $OHOHOB: 

H = l: ! _Lp. (q)P. 
u qj 2M J J 

2 Mw.(q) 
(-q) +-~- Q .(q)Q. (-q) I, 

2 J J 
/36/ 

rAe P. (q)= MQ. (q), a 4aCTOTbl ¢oHOHOB onpeAeJlHIOTCfl 143 ypasHeHt.1R 
J J 

{3 
wT (q)ej(q)= ~ g:;a{3(q)ei (q). 1371 

14 • 

• 

' t 
i 
! 

!1 

AHHaMt-~4ecKafl MaTp~~a s AI1HHHOBOJ1HOBOM npegene ~·MeeT BI-1A 

~a{3(q)= ~-!oa{3[2c44 (q2-q!)+cuq! 1+ 

/38/ 

+ (1-oa{3 )(c12+ 2c44)qaq{3l • 

BaaHMOA€HCTB~e R25 MOA~ c ge¢opMa~t-~eH peweTt<~ s~nHweM n~wb 

AJlfl TeH30pa Ug{3(q), nOCKOJlbKY COOTBeTCTBY~~t-~e B3a~MOAeHCT·B~fl 
AJ1fl OAHOPOAHO~ Ae¢opMa~t-~H ea{3 nerKo nony414Tb, nOJ1b3YflCb ¢op-
MaJ1bHO~ nogcTaHOBKOH: ua{3(q) -. vfN ea{3L\ (q). Y4t-~TbtBafl /28/, 
/30/, nony4aeM 

fla_u=-~- L uaa(q)lg12Ra(-ql )Ra(ql-q)L y{3(ql-q)+ 
\/Nq~a Ma 

+ 7 R{3(-q1)R{3(ql-q)[g1Sya(q1-q)+ g11yo(q1-q)l!
f3ra 

- ~2 'L 'L uf3(q)Ra (-qt)Rf3Cqt-q)[yo(qt-q)+yo(q1)l. 
,JN qq 1 a</{3 a 

AnA cnHHOBO~ noACHCTeMw nony4aeM 

1 -H =-- ~ ')(q)S (q)S (-q)-11vN L }( S (0), 
s 2 Cia ' a a a a a 

1.., -.-+-+-+ 
HS-R =- - 1\ (q1 + q2+ q3+q4) X 

N CJr··q4 

X l;; 8aa (q1 'q2) r k12Ra (q3) Ra (q 4)ma d{3(~ ,q4) + 

. 
+ l R{J(q3)R{3(q4)(k13da (q3,q4) + k11do (q3 ,q4 ))]

{3#a 

- 2 k66 l: 8a{3(qt ,q 2)Ra(q 3) R{3(q 4)do(q3,q4 )I, 
a</ {3 

rAe o I (a,{3) 1-1 BBeA€Hbl ¢yHKL11-1H 

8a{3(q1,q2)= ~[Sa (q1)S{3(qz)+S{3(qz)Sa (q1)1. 

da (q, q') = -t [ exp(i~a) -111 exp(i~ a)-1]. 

AnR MarHHToynpyroro saaHMoge~cTBt-~R /10/ nony4aeM 

1 -+<Lz-+ H s =- --- L t. (q + + q ) X 
-u JN 1" 3 

~q2q 3 

/39/ 

/40/ 

/41/ 

/42/ 

/43/ 
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b2 
X~ L 8a{3(q1,q2)ua{3(q3) + 

2 a*f3 

b 
+_J !. S (ql ,q2 H2 uaa(q3) -- ~ u{3{3(q3)]!.. 

2 a aa {3la 

/44/ 

B3a~MOAeAcTB~e c DAHOPOAHOA Ae$opMa~~eA ea{3 on~c~saeTCH 
<!>OpMynoA /44/ np~ nOACTaHOBKe Uaf3(q)-+ yNeaf3t.(q 3 ). $op
Myn~ /32/, /35/, /36/, /39/-/41/ ~ /44/ Aa~T Ha~6onee o6~y~ 
3an~cb raM~nbTOH~aHa MOAen~. 

4. 05CY>K.LlEHI1E 

nony4eHH~A B pa6oTe M~KpOCKOn~4eCK~A MOAenbH~A raM~nbTOH~
aH, COAepma~~A n~wb He6onbwoe 4~cno napaMeTpos, MomeT cnym~Tb 
ocHosoA AnH ~ccneAoBaH~H pa3Hoo6pa3H~X csoAcTs KMnF

3 
: ~3y-

4eH~H CTpyKTypH~X ~ MarHHTH~X $a30B~X nepeXOAOB, HX B3aHMHOrO 
BnHRHHR, H3y4eHHH A~HaMHK~ peweTK~ npH <!>a30B~X nepeXOAaX, B 
TOM 4HCne 3aTyXaHHH ynbTpa3ByKa C y4eTOM cn~H-$OHOHHWX B3aHMO
AeACTBHA, a TaKme npH aHan~3e HeATpOHHbiX 3KCnepHMeHTOB npH 
CTPYKTypHwx ~ MarHHTHwx $a3oswx nepexoAax. HeKoTopwe H3 3THX 
npo6neM 6YAYT paccMOTpeHbl B cneAy~~HX pa6oTax. noA4epKHeM, 41:0 

31/ B OTnH4~e OT $eHOMeHOnOrH4eCKoro nOAXOAa, npHHRTOro B pa6oTe 
AnR onHcaHHR CTpyKTypHoro ~ MarH~THwx $a3oswx nepexoAOB, s Ha
weA MOAenH see napaMeTpw HMe~T snonHe onpeAeneHHwA MHKpocKon~-
4eCKHA CMWCn H He 3aB~CRT OT TeMnepaTypw. 
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PyKonHCb nocTynHna 
23 MapTa 

, 

B H3AaTenbCKH~ OTAen 
1982 roAa. 

~ 

KoHBeHT X. , I1naKup;a H • M. 
MuiCpOCICOilH'IeCICaJI TeOpH.fi CTPYKTYPHbiX H MarHHTHbiX 
<PasOBbiX nepexop;on n KpucTa.nne KMn F3 . 
<!>OpMynHpOB!Ca MO,IJ;enH 

Pl7-82-219 

Tipep;nolKeHa MlmpociconHt~ecicaJI Mop;enb ,r:r,.rur onucaHHR nocnep;o
BaTenbiiOC'l'H C'l'py!CTYPIIbiX H Mari!HTHbJX <iJasOBbiX rrepexop;oB B Kpu
CTanne KMn Fn · Ha ocHone npep;cTanneHHH noKaJibHo.il: HOpManhHo.il: 
KOOp,IJ;HII8Tbl ,Il;JI.fi Mflr!CHX MO,Il; CHMMeTpHH R25 H M3 Y'IHTbiBaeTCH 
BSaUMO,IJ;SHCTDitC 3THX f>IO,Il; C p;eclJopMa~Hefi pe111eTKH H C CHCTeMOH 
aHTH<i>eppoMarnwruo consamlbiX cnHHOB Mapram~;a. Mop;enb cop;eplK:HT 
He60nbiiiOe 'IHCflO MlilCpOCICOIIH'ISCIUIX napaMeTpOB, IIOSBOflHIO~X OIIH
CaTb pasnH'IHbiB ciJHSH'!OCICHC CDOfiCTDa !CpHCTaJina. 

Pa6oTa Dbmon!IOIIO n .11at5opaTopuH TeopeTut~ecKo.il: ¢usuKH Olliii1. 

npenpHHT 061>CAHHCHttOrO HHCTHT)'TO llACPHbiX HCCflCAOBaHHH. ,lly6Ha 1982 

Konwent H., Plakida N.M. 
A Microscopic Theory of Structural and Magnetic 
Phase Transitions in KMnF3 Crystal. 
Formulation of the Modal 

Pl7-82-219 

A microscopic modal for the description of structural and 
magnetic phase tronsltiona in KMnF3 crystal is proposed. 
In the framework of tho local normal mode approach to the soft 
lattice modes of tho aymmotry R2Gand M3, the interactions of 
these modes with tho lattice clastic deformations and with the 
antiferromagnctically coupled spins of manganese ions are 
taken into account. Tho modal includes a small number of micro 
scopic paramataro, whlch allows one to describe various physi
cal properties of KMnF3 cryotol. 

Tho invosttaotlon hao boon performed at the Laboratory 
of Theoraticol Phyolca, J!NR. 

Proprlnt o, tho Joint lnatltuto for Nuclear Research. Dubna 1982 
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