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1. B HaCTOJIIl~eH pa6oTe Mbl npOAOn:>KHM Ha'laToe B /!/ HC
cneAOBaHHe 'leTblpexnOApeWeTO'IHOH MOAenH MOHOKpHCTanna 
reMaTHTa (a - Fe 203 ), npeAnmKeHHOH HeAaBHO rep6epTo~2 • 1~ 
reMaTHT JIBnJieTCJI THnH'IHbiM npeACTaBHTeneM WHpOKOro 
Knacca aHTH$eppoMarHeTHKOB / A<l>M/, o6Hapy)KHBaiOIIJHX 
MarHHTHbiH $a30BbiH nepeXOA "Tuna CMei.QeHHJI", CBJI3aHHhiH 
co cnuHoBoii peopueHTauueii /CP I, npu KoTopoii och nerKoro 
HaMarHH'IHBaHHJI MeHJieT caoe HanpaaneHue npu H3MeHeHuu 
TeMnepaTypbl. 3KcnepuMeHTbl noKa3biBaiOT, 'ITO TaKoe noae
AeHHe npucyme uenoMy PJIAY peAK03eMenhHbiX opTo$eppHTOB 
If xpOMHTOB H PJIAY Kap6oHaTOB nepeXOAHhiX MeTannoB/ 1• ;,j. 
<l>eHoMeHonoruqecKoe o6bJICHeHue CP-$a3oaoro nepexoAa 
B reMaTHTe /$a3oaoro nepexoAa MopuHa/ 6blno anepBble 
AaHO 11.E.,l).3JinOWHHCKHM/6 / Ha OCHOBe TeopeTHKo-rpynno
BOrO TepMOAHHaMH'IeCKOrO liOAXOAa. bblnO noKa3aHO, 'ITO 
cna6hiH 4JeppoMarHeTH3M JIBnJieTCJI BHyTpeHHHM CBOHCTBOM 
yKa3aHHbiX auTu$eppoMarHeTHKOB co CTPYKTypoii onpeAe
neuuoro Knacca CHMMeTpuu/7-IO/. ,l].opa6oT rep6epTa/2, :J/ 
Bhl'IHCneHHe cneKTpa CliHHOBbiX BOnH B reMa THTe OCHOBbiBa
noch ua ABYXHOApeweTO'IHOH MOAenu I II/. qeThipexnoApewe
TO'IHaJI MOAenh rep6epTa JIBnJieTCJI MHKpOCKOnH'IeCKHM 
o6o6meuueM ABYXnOApeweTO'IHOH MOAenH H n03BOnJieT He
CKOnhKO no-HHOMY B3rnJIHYTh Ha MHKpOCKOnH'IeCKHH Mexa
HH3M $a30BOrO nepeXOAa MopHHa, 'ITO Ba)KHO He TOnhKO 
AnJI reMaTHTa, HO u Ami acex Apyrux cna6o$eppoMaruuT
HbiX Bell{eCTB. rep6epT CAenan nonbiTKY 06bJICHHTh $a30Bb1H 
nepexoA MopuHa 3a C'leT HecTa6unhHOCTH HH3Kone)Kamux 
OnTH'IeCKHX MOA /He B03HHKaiOI.QHX B ABYXnOApeweTO'IHOH 
MOAenu/, 'ITO, no aHanoruu co CTPYKTYPHbiMH $a30BbiMH 
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nepeXO)J.aMH, B03HHKaiOll\HMH 3a C'leT MJITKHX $OHOHHbiX 

MO.D./ 12/,.IJ.On:>KHO npHBO.IJ.HTh K CP-$a30BOMY nepexo)J.y. Mo

.D.enh rep6epTa npe.IJ.CTaBmieT oco6wii HHTepec .IJ.ll.ll nocTpoe

HHJI nocne)J.OBaTenhHOH MHKpOCKOnH'IeCKOH TeOpHH, n03BO· 

llJIIOll\eH C e)J.HHOH TO'IKH 3peHHJI HCClle)J.OBaTb MarHHTHOe 

noBe.D.eHue reMaTHTa u .IJ.pyrux cna6oMarHHTHhiX BemecTB 

CO CXO)J.HOH CTPYKTypou. 0)J.HaKO npoBe)J.eHHbiH B pa6o

Tax / 2, 31 aHanH3 'leTwpexno.IJ.pemeTO'IHOH MO.D.enu He nonoH 

H cTpa.IJ.aeT p.ll.IJ.OM HeTO'IHOCTeii. KpoMe Toro, cnuH·BonHo

Ba.ll Teopu.ll, nocTpoeHHa.ll rep6epToM, cnpaBe.D.nHBa TOnhKO 

B o6naCTH HH3KHX TeMnepaTyp; 'IHCneHHble OIJ.eHKH cneKTpa 

He 6bmu npoBe,IJ,eHhi. 

B HaCTOJlll\eH pa6oTe C nOMOll\biO MeTO)J.a .IJ.BYXBpeMeH
HbiX llJyHKIJ.HH rpuHa /l 3,l 4/ HH3KOTeMnepaTypHaJI CnHH· 

BonHoBa.ll Teopu.ll rep6epTa o6o6maeTc.ll Ha cnyqau mupoKoro 

HHTepBana TeMnepaTyp Ha ocHoBe npu6nu~eHHJI xaoTH'Ie

CKHX $a3. Mbl TaK~e !IPOBO)J.HllH 'IHCneHHhie OIJ.eHKH nony

'leHHOrO cneKTpa npu k _. 0. 
2. liy)J.eM HCXO)J.HTb H3 MO)J.ellbHOrO raMHllbTOHHaHa 

rep6epTa/2/,BhlnHCaHHOrO Ha OCHOBe TeopeTHKO·rpynno

BOrO paCCMOTpeHHJI: 

1 ~ f1 1 Jl+ Jl- fl- fl+ JlZ flZ 
}{ =-

2 
_J .. !-

2
<8. S. +S.S. l+S.S. l+ 

ij lj 1 J I j I j 

Y 1 Y+ y- y- y+ Yz yz 
+ J .. !-<S. S. + S. s. lt-S. s. l + 

lj 2 1 J I J 1 ] 

r 1 r+ r- r- r+ rz rz 
+ J .. !-- <S. S . + S. S . ) + s. S · l + 

lj 2 1 J I J I ] 

v 1 v+ v- v- v+ vz v z 
+ J .. !-<S· s. + S·S·l+S· S·l + 

I] 2 I J 1 J 1 I 

11 Jlz JlZ y yz yz 
+ K .. S. S. + K .. S. S. + 

IJ I J 1) I I 

r r z 1 z v t/ z JJ z 
+ K.s. s .. +K .. s. s. + 

I] I J lj I J 

i J1 'Jl+' y- Jl- y+ 
+ --D .. (S . S - S. S. ) + 

2 lj I j I j 

i r r-t 1'- r- ,., 
-t - D .. (8. S. - S S. ) 

2 lj I j I j 
/1/ 
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raMHllbTOHHaH /1/ 3anucaH B nceB)J.OCnHHOBbiX nepe

MeHHbiX, no auanorHH C paCCMOTpeHHeM ,ll;3Jlll0IIIHHCKO

ro I 6/ ; HH.D.eKChl J1 , y , r , v JIBllJIIDTCJI HH,IJ,eKcaMH nceB.p.o-

cnuHOBhiX no.IJ.pemeToK /2/. BenH'IHHhi J P. , K f. , D ~. -
u lj lj lj 

napaMeTpbl 06MeHa, O)J.HOOCHOH aHH30TpOnHH H aHTHCHM-

MeTpH'IHOrO o6MeHHOrO B3aHMO)J.eHCTBHJI, COOTBeTCTBeHHO: 

(s p± Spx ·sPY. . , ) = ±1 ,p=J1,y,r,v,p=J1,T. 

CneKTP MarHHTHhiX ao36Y~.D.eHHH cucTeMhi /1/ 6y,IJ,eT 

onpe.IJ.enHTbCJI noniOcaMH .D.ByxapeMeffHhiX TeMnepa TYPHhiX 

$yHKIJ.HH rpuHa <t:<t-t')=<<S~(t)\S~.f.(t;)»/ 13 • 1,4/ y.paaHeHHJI 
lj I J 

)J.BH~eHHJI ,Il,llJI $ypb~·oopa30B KOTOpbiX 6y)J.yT HMeTb BH)J.: 

pp' . rr p'+ p- p'+ 
uJG .. (w)=-~<[S. ,S. ]>+«[S. ,H]\S. »w . /2/ 

I] 2rr I J I J 

llpu 3TOM, )J.llJI nonyqeHHJI 3aMKHYTOH CHCTeMhl ypaBHeHHH 

Mbl 6y)J.eM o6pb1BaTb uenO'IKY /2/, nOllb3YJICb npu6nH~eHHeM 
cnyqaiiHhiX $a3 /unu o6o6meHHhiM npu6nu~eHueM XapTpu

<l>oKa /l 4/ /: 

yz Jl- fH· yz 11- fl+ 
«S . s Is . » = < s > « s I s . » w 

I [!; j (d g j 
/3/ 

llocne)J.OBaTenbHO 3aiTHCbiBaJI ypaBHeHHJI /2/ H HCnOllb3YJI 

npu6nu~eHHe /3/, nony'IHM 3aMKHYTYID CHCTeMy ypaBHeHHH 

.D.nH $yHKIJ.HH rpuHa G~~ (uJ), G~f(w), G ~r (uJ), G~f (w), 

KOTOpyro Mbl Ha3oBeM "CHCTeMOH no)J.peiiieTKH fl". AHano

rH'IHO nony'IHM "CHCTeMy no)J.peiiieTKH y" H3$YHKIJ.HH rpuua 
flY ( ) YY ( ) ry ( ) vy ( ) " G.. uJ , G.. w , G.. uJ H G.. uJ ,a TaK~e cucTeMbi 
1 j I j lj lj 

no)J.peiiieTOK T H V" 

3anumeM, .IJ.nH npuMepa, "cucTeMy no.IJ.pemeTKH 11 ", 

nepexo.D.Jl K "'ypbe- o6pa3aM no npocTpaucTBeHHbiM nepe-
~ -] , -+ ~ --J! 

MeHHbiM G~P (w) = N l Gf?P ((<J)exp[ik<R. -R. )] : 
k ij 1] 1 J 

J1 ril f1 J1 Y fl fl Tfl . fl VJ1 J1 (a
11

-w)uk (w)+ a12 Gk (uJ)+ a13G k (w)+ a 14G k (w)=c 1 , 

fl flfl J1 y J1 J1 TJl J1 VJ1 f1 a
21

G.,. (w)+<a
22

-w)G .... (w)t-a 23 G .... (w)+a 24 G .... (w) = c 2 , 
J( k · k k /4/ 

J1 cflfl< ) J1 YJ1< ) J1 ) Tfl< ) J1 VJ1< ) f1 a 31 ,. w +a32 G .... w +<a33 -w G .... u> +a34 G ... w = c 3 , 
k k k k 

J1 J1J1 f1 YJl.i J1 Tfl J1 Vfl fL 
a

41 
Gk (w) +a

42
Gk·\u>)+a43 Gk (w)+<a44 -w)Gk (w)= c 4 . 
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Ko3«P<buuuenTLI a1:. H c 1~ JIBnJIIOTCJI ciJyHK.QHJIMH napaMeTpoB 
o6Meua, auu3oTp6nuu, ~Ba3HHMnynLca k u cpe~uux <Spz>, 

(p = 11, y, r, v). Ananoruquo 3anucbiBaiOTcJI u "cucTeMbl no~
peweToK y, r , v ". Ma Tpu.u;a K03«P<buuuenTOB I a ~i - w o ij l 
"CHCTeMbl TIO~peweTKH y" nonyqaeTCJI H3 MaTpH.Qbl K03<1iclJH
.QHeHTOB I a (1. - c,J o .. l "cucTeMbi no~peweTKH fl " nyTeM 

lj lj 

nocne~oBaTeJILHoii nepecTaHOBKH nepBoro u BToporo CTon6-
n;oB, a 3aTeM nepBoii u BTopoii cTpoK. TaK )l(e MaTpu.u;a 

lafj -uJO ij l ~onyqaeTCJI ~3 I a~j -uJOij l nyTeM nepe
CTaHOBKH nepBOH H TpeTbeH CTpOK, a 3aTeM nepBOrO H 
TpeTLero cTon6n;oB; Ia~. - 1o8 .. l nonyqaeTCJI nepecTa-

u I ll IJ " llJ u u HOBKOH B MaTpH.Qe a ij - uJu ij nepBOH H 'leTBepTOH CTpOK 
H,COOTBeTCTBeHHO, CTOn6.QOB. 

3. H3 /4/ ,cne~yeT, 'ITO ypaBneuue ~n" non10coB ciJynK
uuu rpuua Glf (w) JIBJIJieTCJI ypaBHeHHeM 'leTBepToro 
nopJI~Ka H, k Boo6~e roBopJI, HMeeT 'leTblpe pa3JIH'IHbiX 
peWeHHJI. llOCKOJibKY ~eTepMHHaHT MaTpH.Qbl He MeHJieTCJI 
TipH nepeCTaHOBKe CTpOK H CTOn6.QOB, TO 

detla!
1
.-1oh .. l=dctla?'.-ctJO .. l=rldla'.-coo .. l~dPtla~. -1oo .. l, IJ lj IJ IJ lj lj IJ lj 

H TI03TOMY ~OCTaTO'IHO HCCne~OBaTb TIOniOCa CHCTeMbl 
/4/. Cne~yJI pa6oTaM rep6epTa 1 2 • 31,6y~eM npe~nonaraTb, 
'ITO 'leTblpe CTIHH- BOJIHOBble MO~bl pa36HBaiOTCJI Ha ~Be 

rpyTifibi: ~Be MO~bl, KOTOpble rep6epT Ha3biBaeT aKyCTHqe
SJ<HMH, OTIHCbiBaiOT B036y)l(~eHHJI B CHCTeMe CTIHHOB S fl H 

) ' I S. H ~Be MO~bl, KOTOpble rep6epT Ha3biBaeT O!JTH'Ie~KH-
1 T l' 

MH, OTIHCbiBaiOT B036y)l(~eHHJI B CHCTeMe CTIHHOB S . H S . , 
I I 

T .e. Bene~ 3a rep6epTOM OTIYCTHM H3 paCCMOTpeHHJI ciJYHK.QHH 
pp, p 'p , . 

rpuua G ... (c<J) H G ... ((u) r~ep=f!,y H p=t,HTaKoenpe~-
k k ' 

nono)l(euue ecTeCTBenuo BbiTeKaeT H3 TeopeTHKo-rpynno
Boro auanu3a rep6epTa1 2 •3 I, KOTO.Phlii ~~eT cne~yromue 
npe~cTaBnenuJI ~n" nceB~ocnunoB: S 1~ = --== <Sc~ - S fi l 

I \ 2 I I 

->y 1 _,a .... # _,r 1 _,e .... ¢ _,v 1 .... () .... ¢ 
H 8. =--(S. +S· ); s ·= -..=(8.-S .) H 8. = --=<8. +SI. ), 

I v2: I I 1 y 2 I I 1 y2 1 

.... a .... a .... d .... f3 1 .... b .... c .... () 1 -> a -> d 
r~e 8 .= 1 <8.+S.l, 8. = --=-<si +Sil,8 i = -=<si -Si l, 

1 y2 1 1 1 y2 y2 

6 

~l 

( 

->¢ 1 .... b .... c 
S. = -=-(8. - S) ,' a , b, C , d - HH~eKCbl CTIHHOBbiX TI0~-

1 y 2 1 I 

peweTOK. llpH 3TOM H3 /4/ TIOJIY'IHM: 

<J; 1-uJ) G1;( (w) + af2Gt(uJ) = c~ , 

/5/ 
J! Gflfl(w)+(afl-w)GYfl(uJ) = cfl 

21 k 22 k 2 . 

Ko3«P<buuuenThl a~ H c 1t Bbmucanbi B llpuno)Keuuu. Pewe
nue CHCTeMbl /5/ HMeeT BH~ 

ILY .... 1 11 11 fl 11 2 /1 / 1 11 fl 
I<.l,2(kl=2l<al1 +a22l± v<a11+a22l -4(a11a22-a12a21 lL 

/6/ 

l " Ananoruquo naii~eM cneKTp B036y)K~euuu 
Mbl: 

<S.,S. 1 -cucTe-
' I 

' ll' -· 1 fl fl fl fl 2 fl fl fl fl 
El,2(k)=2l<a~3+a44)± v<a.1:J+a44) -4(a:J1aH-aHa1:J ll. 

/7/ 

/l)' 11' 4. O.u;enHM qucneuuo 3Ha'leHHJI cneKTpoo E 1 2 H E 1 2 B 
TO'IKe k =0 H npH T-> O"K. llony'IHM H3 /6/ H /7 i: , 

<EILY <k=Ol2=- 2Kfl(JY-Jill 2(1{f1.)2_.!._ 2(Dfl)2 
12 8 o o o+s o 8 o . 4 

/8/ , 

TU 2 2r .Jl v 11 2fLT v fL 
(EI2<k= ()) =s <Jo-Jol<Jo-Jol-s Ko<Jo+Jo-2Jol+ 

' 
2(~) 2 _ .!.__ 2(D' )2 

+S 0 48 0' /9/ 

, p, 
J p = '}; J .p ; K p = '}; K:,.; D~ = '}; D i ; (p = fl' y' T ' v; p, = fl ' T). 

0 g tg Q g IE g g /10/ 
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3+ 5 
3.IJ;ech s- cnHH HoHa Fe <s= y). TaKHM o6pa3oM, coo:x:-

HomeHHH 181 H 191 noKa~biBaiOT, 'ITO Ha3aaHHe MO.IJ; E I[Y2< k) 
TV ' 

aKyCTH'IeCKHMH, a E 1 ik) - onTH'IeCKHMH, o6ocHoBaHo. 

Bbipa)l(eHHH 181 H 19 I ~oana.IJ;aiOT c Bblpa)l(eHHHMH .IJ;JIH aKyc

TH'IeCKHX H OllTH'IeCKHX MO,IJ;, Bhl'IHCJieHHbiX rep6epTOM B 

paMKax MeTo.IJ;a IIBK. 

~JIH TOrO 'IT06bl HaRTH OUeHKY Bblpa)l(eHHH 

Heo6xo.IJ;HMO CBH3aTh napaMeTpbl Jfg H Kfg , 

18/, H 191, 
DP c na-

113_ 

XX ' XX ' XX, , d) 
paMeTpaMH Jig H K ig , Dig <x,x =a, b, c, · OoMeHHaH 

ex 1 xx'-•X ->X 
qacTh cnHHoaoro raMHJihTOHHaHa }{ = -2 L J.. S. S · B 

lj I J 

nceB.IJ;OCllHHOBbiX nepeMeHHhlX B TeOpHH rep6epTa/
2

•
3

/ 3a

llHChiBaeTCH B BH,IJ;e: 

ex 
1 

Jl-->Jl-->11 y ... y ... y r _,r..,r v __,v..,v 
}{ = -IIJ.. S. S. + J .. S. S. + J .. s.s 1. + J 1· 1·S·1 S 1· l. 1111 

ps 2 ij lj I j lj I j lj I 

Bbipa)l(aH ncea.IJ;ocnHHbl qepe3 o6bl'IHble cnHHbl 

-->p. 1 ->a -->b -->c --> d 
8 . = - <S . - S. - S. + 8 . ) , 

I 2 I I I I 

4 Y 1 -->a -> b 4 c --> d 
8. =-<S. + 8. + S. +S. ), 

I 2 I I I I 

-> T 1 ->a -> b -> c ->d 
8.=-<8.-S. +S. -8.), 

I 2 I I I I 

->v 1 ->a ->b ->c ->d 
S = -<S + 8 - S - S > 

i 2 i i i i 

ex ex 

H cpaBHHBaH Bhipa)l(eHHH .IJ;JIH H H J{ P s 

KpaTKOCTH onyCTHM HH,IJ;eKChl (ij) 1: 
llOJIY'IHM I ,!J;JIH 

Jp. 
1 ( aa bb cc dd ab ac ad ba be 
4 J + J + J +J -J -J +J -J +J 

bd ea eb cd cia db de 1121 -J -J +J -J +J -J -J ), 

8 

I 

1 
i 

y 1 aa bb ee dd ab ae ad ba be 
J = 4(J +J + J + J + J +J +J + J + J + 

+Jbd +Jea+Jeb+ Jed+ Jda+ib+ ie ), 1131 

r 1 aa bb ee dd ab ae ad ba be 
J = -(J + J + J + J - J + J -J -J -J + 

4 
bd e a c b e d d a d b d e 

+J +J -J -J -J +J -J ), 1141 
v 1 aa bb ec dd ab ae ad ba be 

J = -(J + J + J + J + J - J -J + J -J 
4 
bd ea eb ed d~ db de 

- J - J - J + J -J - J + J ) . 1151 

CyMMHPYH B 1101 no .IJ;BeHa.IJ;uaTH 6JIH)I(aHmHM coce.IJ;HM, 

6y.IJ;eM HMeTh: 

Jp. 
0 

Jy 
0 

==- J I + 3J 2 - 3J 3 - 6J 4 ' 

==Jl + :3J2 + 3J3 + 6J4' 

==- Jl - 3J 2 - 3J 3 + 6J1 ' Jf 
0 
v 

J 0 = J l - 3J2 + 3J3 - 6J4 ' 
ab cd ad be eb da 

J I == J ii = J ii ; J 2 == J il == J ij == J in == Jim 
ab de ed ba 

J 3 == Jij = Jin = J ij == J in ; 
ae bd ea ae bd 

J == J.. == J.l = J. == J.l == J .. 4 IJ I lffi I lj 

db ca db 
Jim == Jin == Jin 1161 

- 'leThipe He3aBHCHMhiX napaMeTpa 06MeHa Me)I(,IJ;y 6JIH)I(aH

lliHMH coce.IJ;HMH, BBe.IJ;eHHhie a pa6oTe CaMy3JihCeHa H 

lliHpaHe I 151. ~JIH 3THx aeJIH'IHH B pa6oTe /I 5/, B KOTopoa 

6biJI H3MepeH ClleKTp CllHH- BOJIHOBhiX B036y)I(,IJ;eHHH B re

MaTHTe, ,IJ;aHhl CJie.IJ;ylO~He OUeHKH: 

J 1 ==- 6,0 ± 1,6 K; 

J ==2.l7+20 K· 3 , - , ' 

J2 

J1 

-1,6±0,6 

23,2 ± 1,0 

K; 

K. 
/17/ 
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Ou.eni<H 3TH 6blnH nonyqeuhl nyTeM no.nroHI<H 3KcnepHMeH
TanbHbiX ,naHHbiX K TeopeTuqeCI<HM Bblpa)KeHHJIMH ,nnJI Cllei<T
pa cso6o,nublx cnuuoBhiX sonu.Hcnonb3YJI /16/u/17/,nony
quM ou.eui<H ,nnJJ senuquu /8/ H /9/: 

TV 

E I ,2 (k = 0) 

EflY (k = 0) 
I ,2 

500 K; 

/18/ 
JKO Jo . 

B pa6oTe CaMy3nbceua H Illupaue /Is/ c noMOil\biO ueynpy
roro pacceJIHHJI ueihpouos 6hlna snepBble H3Mepeua onTH
qeci<aJI seTBb cnHHOBhiX sonu co cna6oii .nucnepcueii Bo 
sceii 3oue lipunnJ03Ha c 3Heprueii oi<ono 1125 K B u.euTpe 

30Hbi. Yl.fHTbiBaJI TO o6cToJJTenbCTBO, 'ITO 3I<cnepuMeHTanb
Hble. 3Ha1.feHHJI senH1.fHH J 1 ,J 2 ,J 3,J4 , npuse.neuuble B pa6o
Te I 1 s/ , uocJJT ou.euol.JHbiH xapai<Tep u ue MoryT Cl.JHTaTbCJI 
TBep,nO ycTaHOBneHHbiMH, MO)KHO Cl.JHTaTb OU.eHI<Y /18/ pa-
3YMHOH no llOPJIAI<Y BenH1.JHHbl. Ba)KHO OTMeTHTb, 'ITO B pa-
6oTe /l 5/ ue 6bmo 3aMe1.feuo Teu.neuu.uu I< I<ai<oMy-nu6o 
3Ha1.JHTenbHOMY H3MeHeHHIO 3HeprHH OllTH1.JeCI<HX MOA npH 
no.nxo.ne I< T01.JI<e Mopu.ua. IlpH'-IHHhl 3Toro o6cTOJITenbCTBa 
Mhl o6cy,nHM B cne,nyJOil\eH pa6oTe npu auanu3e B3aHMo.neu
cTBHJI Me)K.ny MaruouaMH. 

B 3ai<mo1.feHHe Bbipa)KaeM 6naro.napHOCTb r .K. llenyp
HbiX, A.Xonacy, H.M.Ilnai<u.ne H B.B.HHTU.Y 3a none3Hble 
06Cy)K,neHHJI. 

flpUAOJICeHUe 

11 1 yz fl Y Y i Y z 11 
all=- z-<S > <Jt -J o- Ko )- 4< S > D k 

all =-.!_<Silz>(Jy -Jil-Kil)_ ~<Syz> Dfl . 
12 2 k 0 0 4 . k . 

11 1 11 z fl 11 11 i yz 11 • a
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=- -<S >(J_. -J 0 -K 0 )- -<S >D ... , 
2 k 4 k 

fl 1 yz )I Y Y i ..Jlz 11 
~2 =- 2<8 >(Jk -J o- K o)- -;(::5 > Dk 

10 

11 1 yz T y y i fl z, !:. 
a =--<S >(J ... -J -K )--<S ?D · 

33 2 . k 0 0 4 k' 

11 1 ,-- f.lZ. ( 1.1 Jf.l Kll) i < yz, T . 
a34=-2-S _, Jk- o- o- 4 .S ...-Dk, 

f.l 1 11Z. T f.l 11 j yz T a =--<S ?(J ... -J -K )- -<S /,D_.· 
43 2 k 0 0 4 k' 

f.l 1 )IZ V )I )I j 11Z T 
a =--<S >(J ... -J -K )- -<S >D ... · 

44 2 k 0 0 4 k' 

cf.l = _j-<Syz> · 
l 2rrN ' 

f.l i f.lZ c = --<S >. 
2 2rrN 
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