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OEIUAH XAPAKTEPHCTl1RA PAEOTll 

AKTya~hHOCTh TeMU. l1cc~e)lOBaH11e (j)a30BUX nepeXO)lOB (~IT) HB~HeTCH 

O)lHOH .113 Ha116o~ee aKTYa~bHl:lX 3a)la
0

'l 13 (j)l1311Ke _TBep,llOI'O Te~a. l13y•1eH11e 

~IT Ha'l11HaercH 061:l'lHO c· pa3B11Tl1H (j)eH0Metto~or11'lecKott reop1111, KOTopas 

OCHOBaHa Ha aHa~113e Cl1MMeTpl1HHl:lX CBOHCTB 11cc~e)lyeMOH Cl1CTeMU. . 
B. ,lll1CCepra~1111 pa3B11T_a lf)ettoMeHO~OPH'leCKaH· TeOpl1H CTPYKTYPHl:lX J.1 

M3I'HJ.1THl:lX. ~IT B KPl1CTa~1ax La2B04 (B=Cu,Ni,Co). 3TH coe,llttHeHirn . 

3aMe'laTe~hHH TeM, 'lTO np11 'l3CTJ.1'lHOH 3aMeHe. La.Ha s~eMe~Tl:l Ca, Sr, 

Ba, 06ttapyl1t11Ba!OT BUCOKOTeMnepaTypHylO csepxnpoBO)lttMOCTb. ITp11po)la 

MeXaHtt3Ma Bl:lCOKOTeMneparypHOH. cMpxnpoBO,lll1MOCTl1 B HaCTOHUlee apeMH 

He TTOHHTa. 3Kcne~11MeTa~1Hue ,llaHHl:le YKa3UBalOT Ha B3al1MOCBH3h 

qil1311'leCKl1X CBOHCTB KPl1CTa~~l14eCKOH pemeTKl1 11 Maf'HttTHOH. TTO)lCl1CTeMU 

C HB~~HlleM caepxnpOBO)ll1MOCTl1 •. BallCH~H :3a)la 'la' TTOSTOMY. COCTOl1'1' B 

· 11sy1JeH1111 qi113111Jec1<11x cao»cTa (j)ottoiittoil » MarHl1THOi1 no)lcl1cTeM, B 

IJaCTHOCTH, CTPYKTYPHHX 11 MaI'Hl1THUX ~IT. 

B 1982 rO.llY 6u~ OTKPUT cynep110HHui1 nepexo,ll B BO.llOPO.llOCO)lepzaU111X . . ' 

KPl1CTa~~ax AH X04, I',lle A=Cs,Rb,NH3; X=S,Se 1111X ,ll.ei1Tep11posaHH1/X 

aHa~orax A'D X04. 3~eKTponpoBO,llHOCTh B 
0

Hl1X OCYUl8CTB~HeTCR 3a CIJeT 

TpaHC~H~l10HHOI'Q )lBl1llCeHl1R 110HOB' BO,llOpo)la 11~11 ,lleHTepHR TTO 

onpe)le~eHHUM 00311~HHM B KpttCTa~~ttlJeCKOH pemeTKe. CyUleCTBeHHOH 

oco6eHHOCTblO.COe)lttHeHl1H HB~HeTCH TOT (j)aKT, IJTO BO)lOPQ)lHl:le CBH311 B 

KPl1CTa~~ax o6pasyl0fCH _B pe3Y~bTaTe CKOppe~11poaaHHUX OOBOJ)OTQB . .llBYX 

rerpas,npos X04 (X=S,Se). RpoMe TOI'O, 1111Tepec K HCC~e)lOBaHm.l 

cynep110HIIHX npOBO)lll11KOB c1\'R3aH C B03MOJIHllMl1 npaKTH'leCKHMH 

np11MeHeHl1HMl1 . 1;1a11oo~ee BallCHOI'O 11X CBOHCTBa - BUCOKOH 110HHOH 

npoBO.llHMOCTl1_B cynepHOHHOH (j)ase. 

j • ~- • • ' ' J~_z:-~~~:,,~:l __ ,}}q i 



UeJJblO pa60Tbl HBJlHJlOCb!_ 

1. nocTpoem-1e 11 attaJJl13 cBo6oAHOi1 :mepr1111, KOTopaR om1c1rnaeT - 4'Il 

B KPI-IC'l'aJJJJax La
2

Bo4 (B;cCu,Ni,Co) 11 Kpl1cTaJIJiax T11na · CsHso4• 

2. Onpe,JieJJett11e TeMnepaTYPHOH saB11c11MOCTl1 napaMeTpa · llOPHAKa · (TITI} 

11 KOMnoHeH'l' Tettsopa cnoHT3HHOH ,lie(flopM3lU111. 

HaXOll:)J.eH11e CKa4KOl3 KOS(p(pl1U.11eHTOB ll:eCTKOCTl1 KPl1CTaJJ.na.np11 ,i,n. 
Onpe,lieJJeH11e BCeX B03MOllCHhlX CTPYKTYPHlilX '1>Il,_-CBH3aHllllX C BOJIHo-· 

BlilM B_eKTOPOM B T04Ke X Ha rpatt11u.e 30HU Ep11JIJIIOSHa 11 Cl1MMeTpl1Hlll:!H 

attaJil-13 lf,OHOHOB B . KPl1CT3JJJlaX La~O 4 ( B=CU, Ni ._go) ~ 

3. 

4. 

IlpoBeAe,.Hl1e Cl1MMeTp11HHOrO 3H3Jll133 )iJUI ._ no.Jiy4eHl1H Bcex ' B03MOllHUX 

MarJH-!TtlUX CTPYKTYP B. SKCnep11MeHT3JibHO' Ha6JIIO)iaerJi1x KPl1CT3JlJil14eC!rnX 
5. 

• • • < ' ' • 

(flasax Cmca · 11 P4
2

Jncm AJIH coe.!(l1Hett1-1ii, La2Bo4 (B:=Cu,Ni,Co}.: 

6. Onpe)ieJiett11e tta1160J1ee c11MMeTp114ttOn ~asu (npa(flasu} 11 on11catt11e 

MeTo,l!,a !-tJ1acc11q111Kau1111 BostXoJtHhlX cynepMoirnux (flas .l(JJH Kp11cTaJIJ10B Tuna 

CsHS04• 

Hay4H3H HOB113Ha·pa6oTU. 

-Pa3B!--1Ta e,li11HaH qieHOMeHOJJOrl1'1ecKaH TeOpMH CTPYKTYPHllX 1-1_ MarHllTHllX 

,i,n 1l KPl-lCTaJIJlaX La2B04 (B=Cu,Ni,Co)~ 
I • . 

-BnepBHe TeopeTl-!'leCKl1 ripe,ll,CK333Ha MarHl-lTHaH CTPYKTypa B 

coe;i:,rnemm La
2

coo 4 B 1-Jl-lSKoTeMnepaTYPHOH TeTparoHaJibHOH (flase 

P42/ncm, 
-BnepBUe - yKa3aHO Ha B03MOllti/OCTh cnl-lH-:-nepeop1-1eHTau.110HHOrO ,1,n B 

KPl1CT3JJJiaX La2C004 l1 La2Ni04 ((flasa Cmca) B MarHvlTHOM noJJe Hz~ 

HanpaBJleHHOM nerneHAl-lKY.flHPHO 6as11cHHM · n.noci<ocTHM B02 ( B=Ni ,Col •. 

-B coe.n.1rne1rn.Ax ·Ha ocHoae · 1a
2

cuo4 (B · cJJy4ae pe~J11-1sau1111 Kp11cTaJJ-

J1W1ecKoH ¢a311 -P4,.,/ncml 13osMoJ1teH cn11u~nepeop11eHTau.i10HHHil · <tin B ~ . . 

MarHHTHOM no.~e 

-Ha OCHOB€ 

Hz, 
BKCnep11MeHT3JlhHHX 

nroc.'l'pJHCTBeHHOii Cl!MMeTpl11l 
D19 

4h 
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,ll,aHHHX" 

"i 
~ C2h' 

OTHOCHTeJlbHO ll3MeHeHl1H 

n pe,ll,.lC."f.eHa ,t,eHUMeEC.•JiOf'_\1-

48CKaH T80Pl-l.fl cynep110HHoro 4'TI 

- X=S,Se. 
B KPl1CTaJIJJax . Cs(H,D) XO 4' r;i:e 

--BnepBHe .l\JJH 1<p11cTaJJJIOB T1-1na -- CsHso4 yKasaHa npa(flasa. Ha ocHoBe 

npe,ll,JJOllteHHOH -npaqJa3bl omfoatt M8TO,ll, K.nacCl1qJl-lKau.1-rn B03MOl!CHblX 

cyt1ep1-10H11hlx ~as )IJl.fl Kpl-lcTaJJJJOB Cs(ff,D}X04~ r,ll,e X=S,Se. 

IlpaKT114eCKaH 3H~': 411MOc'Tb. ¥oJJy_48HHHe B ,ll,l1CC8pTau1111 pesyJJI,TaTH 

- · MOlltHO l1cnoJib30BaTi, B ,ll,aJJbHeflmlix, TeopeTl148CKl1X 11 SKcnep11Me~Ta.flI,HbJX 

_'11ccJiejoeaH11.flx Bl:lCOltOTeMnepaTypHl:lX CBepxnpOBOAHI-IKOB Ha .oc1:1oae 

La.2CUO 4 1-1 - cynepl10HHUX npoBO)lf111KOB T.lma CsHSO 
4

• Ilpe,ll,CKa3aHHaH 

MarHl1THa.A CTPYK_Tyga 11_ cn11H-nepeop11eHTau.110HHbli1. 4'TI B __ La2C004 

B3l!tllbl AJJH 11HTepnpeTa.U1111 SKCnep11MeHTaJJbHl:lX ,ll,aHHl:lX. 

TIO~Ol!t8HI-IH, BHHOCl1Mble Ha·sam11Ty: _ 

1. _ Pa3BttTa 8,ll,11H8H . qJ8llOMeHOJJOI'l1t{ec1ta.fl T80Pl1.fl CTPYKTYPHlilX l1 

. MaI'Hl1THblX 4'TI" B KPl1CT8JIJiax La2B94 (B~Cu,Ni,Co). 

2. Ilpe,ll,CKasaHa Martt1-1THa.A CTPYKTypa_B KPMCTaJIJJe La2Co04 'a Hl13KO-

TeMnepaTYPHOtt TeTparOH3JibHO~ (flase P42/ncm. 

3. YKasatto Ha B03MOl!tHOCTI, COl1H-nepeopl1eHTau.1101rnoro 4'Il B Kp_11c-

TaJJJJaX _ La2C004 11 La2Ni04 (waM _ Cmca) B Marttl1T!IOM noJJe, 

HanpaBJiem-JOM nepneHAl1KYJl.fljJHo 6a311CHl:lM nJIOCKOCTi!M B0
2

· ( B=Ni, Co)• 

4. Ilpei(JiollteHa qJ8HOMeHOJlOrl-!48CKa.A Teop11H cynep110HHOI'O <PIT .B Kp11c-

TaJ1JJax Tlma · .CsHSO 
4

• 

· 5. · ,ll;~ Kp11cTaJI.noa. T11na CsHso4 _ yKasaHa npawasa ( np. rp. oi> 11 Ha 

ee·OCHOBe on1-1caH MeTO,ll, KJJacc111fJ1-1Kau.1111 B03MOlltHl1X CY!"J8Pl!OHHHX (flas •. 

Anpo6au1-1.A pa6oTH. 

IlpeACT~BJJeHHHe Pe3YJil>T3Tl:l )iOKJJaAUBaJil1?I,. · 11 o6cyJK,ll.aJJl1Cb ', Ha ~I 

BcecOJOsHou · KOH(flepeHu1-111 no qJl13HKe _ certteTosJJeKTP11lWB . ( llepHoBu!i, 
1986), - IY BcecorosHmi IIIKOJJe- C8Ml-!Hape no certteTos.nac"T1-1kaM 

-3-·. 



( .lltt,enponeTpoacK, 1988) , Ha . Pa601J11x coae111aHttllX no • 11ccJJe,noaaHttJO 

l<OH.l{eHcttpoaaHH!lX cpe,n Ha peaKTope MEP-2 (.RY6Ha~ 1988, 1989), Ha 
' ' 

BcJcoJ03HllX CeMttHapax no ClfMMeTpttilHHM MeTo,lJ,aM B W1131fK'e; ( 06HlfHCK; 

1988,1989,1990), Ha·BcecOI03HHX ceMttHapax no cynepttOHHHM npoBO,lJ,HlfKaM 

C .Ry6Ha, 1987, 1990) , Ha Coae111aH11Rx no 11cnoJJ1,soBaH1110 Hei!Tpottoa a 
' ' ' 

lf)tt3ttKe TBep,noro TeJJa (Caep.l{JioacK- 3apetJHuil, · 1989; faTtJttHa, 1991), 

H1' · C11Mno3nyMe no. 11ccJJe,noaaH1110 .. KOH,nenc11poaaH_HHX · cpe,n R.l{epHUMtt 

MeTO,naM11 (JIY6Ha, "'· 1991), Ha Me:uyHapO,lJ,HOil KOHfl)e~eHU111f no BTCil 
' 

(maeiluapliR~ 1988), Ha XYIII MeJC.l{YHapO,lJ,HOM KOJJJJOKBlfyMe no 

TeopeTlfKO-rpytmOBHM MeTO,lJ,~M B fl)lf311Ke . (MOCKBa, 1990) '· Ha ceMttUapax 

B .l!Ti OM.!IM. 
. ' . ~· . ·,:i ';._, . ' ' 

Ily6J111Kau11u. Ilo 0 pe3YJJbTaTaM .n11ccepTau~11 ony6JJHKoaaHo 8 pa6oT. 

061,eM If CTPYKTYPa .ltlfCCepTaUlflf. Jl»ccepTaum:1 CO~TOl1T_ 11~ BBe,lJ,eHttll, 

tJeTHpex rJJaB, 3aKJJIOIJeHttll 11 ,nayx np1-iJiozeH11ll •. Otta lisJJoJCetta Ha 158 

CTpaHIIUaX TeKCTa~ BKJIIOIJaJOl!llfX• 10 plfCyHKOB~ fiplfJIO~eHHll ·co,n.epll!aT 31 

Ta6J111uy. CnttcoK JrlfTepaTypu cocTottT 11;:i 150 Ha11MeHoaaH11il. 

COJIEPJKAHME PAEOTU 

Bo BBe,lJ,eHlflf noKa3aHa aKTyaJJbHOCTb 1136paHHOil·TeM~, l13JIOJCettu ueJ111 . ' 

If 3a,D,a4tt pa6C)Tll, KpaTKO Ofll1CaHo CO.l{epzaH11e -,lJ,11ccepT3U110HHOil pa60TH H 

nplfBe,lJ,eHH OCHOBH!le pesyJ11,TaTu. 
-..., 

B rJiaBe I. on11caHH OCHOBH!le noJioxeHHll fl)eHOM€HOJIOrlftJecKoil Teop1111· 
. ) . . 

.llaH.nay . in 11 npe.ncTaiiJJeuu TeopeT11Ko-rpynnoaue. MeTo.l{u, KoTopue 
. . . •. . . . ,,.. 

11cnoJib3YIOTCll 13 ',lJ,11CCePT~Ulf11 ,l!,Jlll aHaJJl13a iiin B KPlfCTaJJJiax. -

B rJJaBe II npttBe,lJ,eHH. SKCnep11MeUTaJibHHe ,lJ,3HH!le . OTHOCW,reJJbHO 

CTPYKTYPHHX ,· <l>Il B, KPlfCTaJJJJax · La2B04 (B=CU,Ni:,Co). Kp11CTaJJJJlflleC­

Kal'I cTpyKTypa 3Tttx coe.n11ueu11il .noKasaHa Ha puc~ 1. _.Ra.nee pase11Ta 

(fieHOM8HOJIOT"lf4eCKall TeopHl'! CTPYKTYPHOro ,i,n .· 113 . BHCOKOTeMnepaTYPHOil ' 

-4-·. 
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· Puc. j. a). . 3JJ8MeHTaPHail Sl48ilKa CO€)ll1H8Hl1H La 2BO 
4 (B=Cu~Ni,Co). · Ii rerparouaJibHol1 !4/mmm • JI OPTOPOM6H4ecKol1 

fl)asax · Cmca · ( ,lJ,JJsi lf)a31:l . Cmca noKasauu J111ru1,: n.noc1tocr11 B0
2

>. 
6). 1/2 · 'laC'l'l, 30HU liPl1JJJJ!OSHa .D.Jlil ABYX ~s: .lleKapTOB!le 
CHCTeMu -KOOl)AHHai .• B. T8TP~rou:i.n1,uoi1 · (X:p Yt, Zt) I! 

poM6J111ec1<0il (XO, Yo, Zo) (flasax. ' . 

-5-



TeTparottaJJhHOH IV33ll Cl1M_MeTp~11 14/mmm .· B poM6114eCKYIO ifia3y Cmea •. 

CTPYKTYPHllH · .PIT . npo11cXO,lJ,l1T C BOJIHOBllM IiekTOPOM B TO'!Ke X · . Ha · 

rpaHttL(e 30Hll EpttJJJI_I03Ha. 3B83,lJ,a BOJIHOBOro .. BeKTOpa ttMeeT .n;Ba JJy~a. 

UeJIUH pau110HaJJ}iHllH 6a311C. ·1-1HBap11aHTOB .n;JJ.H . Bcex Henp11BO,ll;l1MllX 

npe.n;cTaBJieHttj:j ( HII) rpynnu. BOJil!OBOro BeKTopa COCT011T 113 ,lJ,BYX 

l1HBap11aHTOB: 
.0 0 

I1= C'i + C2 0 2 . 
I2= C1°C2 .. ( 1) 

r,n:e {Ci} - ,ll;BY~KOMnOHeHTHUH ITII, CB.H33HHUH C ,ll;BYM.H JIY43Ml1 3Be3,JJ,ll 

BOJIHOBOrO_B~KTOpa. 

Pa3JIO:f.e/rne CBOOO,ll,HOH 3Hepr1111 'no rrn 3an11IlleM B CJ18,lJ,:f-IOll\eM B11,JJ,e: . 

Fe = 112. r 11 ~ n~
1

11(2n+2) tin r~+\ +· 

. . h 
-+ I 4n/(4n) vn+1I2 

n=1 

' n m 
+ t: 4m/(2n+4m)_ wrim Ir I2·· 

n,m=1 
. '(2) 

r, Ui), V n 11 Wnm-' 1V8HOMeHOJ!Orl1lJec1rne KOHCT3HTU. )leifJOPM31.ll10HHUH 
. . , . . 

BKJia,J\ B CB060,lJ,HYJO 3Hepr11IO, ,JJ,JI.H Kpl1C'I'3JlJll14eCKOH pe!lleTKl1 C TeTparo-

11MeeT eTatt,n:apTHllH B11,lJ,;. H3JlhHOl1·CHMM8Tl)118H, 
0 

F
8 

= 1/2 c11( e1 
2. .· . · .. 

+ 82 > + P12 e1e2· + C13 (' 81e3 + 82e3.) + · 
. 0 • 2 2 .· 2 0 

1/2 c33 e3 + -11~ c44( e4 +_ ~5 ) + 112 c66e6 
(3) 

3)\8Cb 11cno.Ub30B3HU COKP3ll\8HHUe o603HatJettl1.H .Poi'.irTa, _cij K031Vqll1:_ 

l.\118HTH JKeCTKOCTl1 11Jll1 ynpyr11e. noeTOiiHHUe :KPl1CTaJI:11a,_ ei- KO~noHeHTU 

T8H30J)a cnoHTEJ.HHOH ,lJ,eifJopMalJ,1111~ l.1JI8H\,I i::13al1MO,lJ,eHCTBl1R liH3Iill1X nop.H,JJ,KOB 
I • ~ • . • • 

no napa1.1eTpaM c1 H _. ei . 11MeJOT . a11.n.': _ . 

. Pee = ra
1 

(e
1 

+ e
2

) + a3 e:? (c1 + C~) .+ 'a6 e6(ct-:· C~) (4) 

. 3.n;ech ai :--: . ,tieHOM8HOJIOrl14eCKl18 KOHCTaHTIJ. TaKl1M o6pa30M~ . noJJHOe 

pa3JJOlf:eirne MOlltHO. san11eaTb: 

Fz.t. = Fe + Fee·+ Fe 
(-5) 

-6-

8Kcnep11MeHTaJ1bHO tta6JJro.n;aeMui1 .PIT 14/mmm ➔ Cmca npOl1CXO,lJ,11T B 

pe3yJI&TaTe KOH,lJ,eHcau1111 eJ1e.n;y10m11x KOMDOHeHT ITII: 

c1¢o,.c2=o · 11J111 c2¢o, c1=o (BTopoi1 JIY'lesoA .n;oMett) ( 6) 

CpasHeH11e 3Kcnep11MeHTaJ1bHO onpe,lJ,eJJeHHUX CMel!18Hl1H 3TOMOB B M.HrKO.fi 

MO.n;e C 6a311CHUMl1 IVYHKI.{llS!Ml-1 HIT flOKa3UBaeT, 'lTO OTB8TCTB8HHUM HIT; 

110 KOTOpOMy npol1CXO)J.11T nepexo.n;, RBJIHeTCH 'i:3• 
. . . .. 

)-13 c11cT.eMu ,ypaBHett11i1 cocTo.HHHl'I BF~ff/oC =O, oF
8

ff/oei=O, i;1, 

2,. 3 _· 11 6, noJJyi.iaei.i TeMnepaTypttue '3aBl1~11MOCTl1 ITIT. 11 . KOMnoHeHT 

.n;eipopMau1111: 
2 • N . 

C =- r / u1,. 

e1~e2= A(ai) c2, ei-:B(a1) c2, e6=-a
6

1c
66 

c2, (7) 

3,lJ,8Cb BBe.n;eHH CJ1e.n;yrom11e o603H3lJ8Hl1H _: 
N ' . , . ·2 . 
u 1 .= u 1+4a 1A(a1)-2a3B!ai)-2a

6
1c

66
, 

. . . . . : 2 
A(a1)= (a3C13-a1C33)/[C33(C11+012>-2013J, 

.B(ai)= a3/C33 + .2 A(ai) 013IC33, C33((j11+012>r'2cf3 

(8) 

R09\\llIJl1i.(11eHTU ll!eCTKOCTl1 KP11CTa.11JJa · Cij B TO'lKe il>II 11CDUTUBaIOT · 

cKa4Koo6pa3HUe · 113MeHett11si. CorJJactto onpej\eJ1eH111iJ, 11MeeM: c
1

j . = 

dXi/dej~ r,ne xi - noJJe·conpl'!ll!eHHOe .neitiopMau1111 ei: Xi= BFeff/oei. 

Tor.n;a JJ;JJR tiCij =Cij1T>T
1
-:-Ci;j1T<T

1
(T1-TeMnepaTypa nepexo.n;a) 111.1eeM: 

tic11 = tic 1;= 2af 1u1, tiC 13= 2a 1a31u,. Ac
33

= 2a§lu
1

, 
. 2 . 

tic66= 2_a6.1u1, tic
44

= O 
(9) 

,!laJJe~ . IlOJJ¥48HHUe pesyJ1M'aT11 cpaBHl1B3IOTC.H C 9Kcnep11MeHTaJlhHl1Ml1 

.aaHHUMH~ 113 9KCnepHM8HTaJ!bHUX 3H348Hl1i1 KOMnotteT Tei-J3opa cno11Tattttoii 

CJJe,nyeT, 'lTO CB060,JJ,Hal'! ·sttepr11:n (5) ,n:eipopautrn: e1=e2>0, e
6

>0 

1-lMeeT_ MeHhillylO_ I)8Jll1'HlHY, ecJJH · a1 < O, a6 < o. RoM:'ottewra e
3

. np11 
,m . . . ' < . · MeHHTCH _cJJa6o. B coe.a11H\:'H1111 La 1 _85

sr
0

(
15

cuo4 · e
3 

N o 11, 
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CJJe.n.oBaTeJJbHO, a3>0, _a B 
. , . 

La2~xBaxouo4 (x=0.118),_ e3 NO 11 a3<o. 
113 iitiopMyJJ ( 9} _ HaXO)lHM, lJTO 011' 012• 033, 05~, npi1 nepexo;te B 

HH3KOCl1MM8TPHYHYIO tlJa3y, CKalJKOM YM8HhIDaIOT CBOIO BeJi11ii11Hy. 

J{ositiif!HI-IH8HT C44 OCTaeTCH noCTOHHHHM, a 013, no-:Bl1,ll.11MOMY, CKalJ!{OM 

YB8Jl_11lfl1BaeTCH B coe,ll.l1H8Hll11 La1.a5Sro.150U04, )l.JIH KOTOJ)OI'O a3>0 11 

YM_eH1maeTCH B La2.:.xBaxouo4 ( x=O. 118}, r.n.e a3<0. B Ha.cTomnee apeM8 

cJ(atJKl1 mmitiiti111-t11eHTOB lleCTKOCTl1 :mcnep11MeH_TaJJbHO He. onpe)leJJeHH. !13 

3aBl1C11MOCTl1 napaMeTpOB kpHCTaJJJJl1lf8CKOH pemeTKl1 . La 1.asSro.150U_O 4 -

OT TeMnepaTypH MOllCHO 01.\8Hl1Th 3HatJeHl1H · KOMOOH8T . T8H3opa COOHTaHHOH 

. ,n.etIJopMaLtl111 npH HYJJeBOil ~ TeMnepaType. ,llaJJee, HCnOJJh3YH 113MepeHHU8 

3HalJeHHH ynpyr11x '~OCTOHHliU_X La1: 86sr0.j 4Cu04 -B iJla3e -!4/mmm~_-no 

itiopMyJJaM · ( 9), Mmu10 pacctJi!TaTh OTHOCl1TeJJhH_iie c1<a,11t11 Kositiitiuu11eHTOB 

J1CecTKocr11 B ·La2_xsrxouo4 (x"'.0.15) · np11 nepexo.n.e !4/mmm ➔ Cmca: 

- llC12=llC22=~C 11 , . tic13=0. 45· LIC 11 , AC66=0. 8: LIC11 • . 113 - 113Mepett11il 

npO)lOJJhHOH CKOPOCTl1 3ByKa B 6a~l1CHOH 1:JJJOCKOCTH. La 1 • 88Sr O. 12Cu0 4 

Ol.\eHl-lM. cKalfCJK LIC11 se 0.2· 1012 ,ll.HH/cM2• Tor)la n~.JJylJa~M: llC12=llC22se 

12 ~. 12 . - - ' · 12 - - 2 2 
0.2· 10 , tio13se 0.1· 10 •. tic66 :s,Q. b·W )ll1ij/CM , u1=2a_1/LIC 11 "' 

· 10•af 111012, ; 1"" _5.S•af 111012 ,n.~H/cM2~ Ilpe.n,noJJaraH, lJT_o np11 

H3MeHeH1111 TeMneparypu or Nsoo .no o K nn .113MeHHeTcH ii l1HTepBaJJe 
'·.-,· . , . , . 

CO, 1 J ~B cooraeTCTBHl1 c itiopMyJJoil ( 7)-, noJJytiaeM tJl1CJJettliue 9LteHKH_. 
• •. . 9 • . 9 . . . 9 N • 

KOHCTaHT: a1""7.4·10, a3""3:3·10, _ a5o;6.7•109, ll1"-0.55·10, :_U1"-. 

0.3• 109 )l11Hlc,.i2, a
1

se 0.4· 1022 1/cM3• . . . 

AHaJIOI'l1~HHM ()6pa30M. npoaHaJ111311poBaHU_ .8KCnep11MeHTaJJbHUe .)laHHHe 

)lJIH coe,n11HeHHH L_c:2-xBaxCU04. 

KpoMe _Toro, Bo aropoii rJJaB~ H3YYeHa _ nocJJe)loi3aTeJJhHocTh <Iiil: • 

!4/mmm ➔ • Cmca · ... P42/ncm, _. KOTopaH . Ha6JJJO)laeTcfl - B coe)lH.HeH11Hx 

La2-xBaxriuo4 (0_.05<x<0.20) ,_ . . · La2CC14. • 11. La2Ni04+~ np11 noHHllC8Hl111 

TeMneparyp1-1. 3Tl1 - : <llil_ 061,HCHHIOTCH TTOCJJe,n9BaTeJJLHO_H KOll)l8HCal(11eil 

KOMTTOl!f!IIT nn Cl1MMeTpl1l1 . 1:..,: Ilepexo)l .., . I 4/mmm ~- · _Cmca HBJlf18TCH 

no;(f'pynnOllllM nepeY.O)lOM I} o6ycJJoB_.Tiell 1:0H}\8J1CaLt11eii o.n.11oii 113 KOMno1ie11T 

-:-8-

qn: Cf;iO; - Cj=O. Cmca ➔ P~2/ncm flBJlf18TCfl Heno.n.rpynnOBHM nepeXO)lOM 

nepBOI'O PO)la~ , npH KOTOPOM .Ilil Ci;iO,, _ 9j=0 _ CKa•JKOM. MettHeTCH Ha 

c1=c2to _(no.11rpynnos11M nepexo.110M HBJJHeTcH <Iiil 14/minm .. , P42lncm)_. 

TeopeT11Yec1<11ii attaJJ113 nocJJe.n.osaTeJJhHOCTH · <l>Il 14/mmm ~ Cmca ➔ 

P42/ncm. C)leJJaH Ha OCHOBe pa3JJOllCeHl-1H CB060.11Hol1 '8Hepr1111 (5)~ 

IloJJy'lettu · TeMneparypHue ,3aa11c1-1MocTH nn 11 KOMITOHeHT TeH3opa 
. . 

.llet!JOpMal.(1111 1-1 onpe)ieJJeHa 3aBl1Cl-1MOCTh ynpyr1-1x TTOCTOHHHHX KPl-1CTa~JJa 

np1-1 <!Jil. IlOJJYlfeHHHe tlJOPMYJJl:l RBJJfllOTCfl 0606uie1rneM (!JOPMYJJ (7) 1-1 (8). 

TeopeT1-1Ko-rpynnOBHMl-i MeTO)laMH npoa11aJJI-13l1POBaHU npe)lJJOlKeHHHe B 

Hay<iHOl1 JJl1TepaType pa3JJl1'-IHl:le sapnaHTl:l )J,JIH . MeXaH113Ma CTPYKTYPHOI'O 

nepexo)la. _ Ilpe.11craaJJe~mie pe3YJJhTaTH ony6.JJ111<0Battu B pa6oTax .. [ l,2J. 

B rJJaBe III pa3B1-lT3 qJeHOMeHO.iIOI'_HlfeCKaH Teop11H Mal'Hi-lTHUX 

nepexo.n;oe · ~- KPHCTaJJJJaX La2B04 ( B=Cu, Ni;Co). Bo BBE:)leHHH K I'JlaBe 
. . ' 

np11ae.11eHH 8KC□ep11MeHTaJJblll/e .n;aHHl.-le - no _MaI'HHTHHM CTPYKTypaM 11 

M3I'Hl1THll.M • <l>Il. MJJee □0,JIY'l8HO pa3JJOJK8H11E: CB060)iHOH SHepr~m, KOTOpoe 

on11cuaaeT l{aK CTPYKTYPHHe, TaK _ 1-l MaI'HHTHHe <llfl . B · . La2B04 . 

· (B=Du,Ni,Co)·. · B 1<aYecrae rpynnu c»MMe'i'p1-1w napaMarHl-1Tttoro KPl-1CTaJJJia 

au6paHa cepalJ rpynna n1~ 1'. Otta HB,qfleTc!i npHMUM npo11sse.n;em1eM _ -· 

npocTpattriTBeHHol1 rp_ynnu (np.rp.) n1t Ha rpynny 06pa114emm cni111a 

R= (1, / )', r)le 1, - opepau,11,1 06pameH1-1H cn1-1Ha. Hil cepo11 rpynnu 

D1~1' CTPO~TCH 1-13 Hil. np.rp. 11 Hil Tpynnll 06pameH11fl cmiHa. B 

.n,aHijOM ·cJJy'lae STO 6y.n;eT )lB011HOii Ha6op Hil np. rp. lJeTIUIX 1-1 HelJeTHUX 

"' OTHOCHTe.JihHO onepau1-111 o6pal!(eHHil cmrna. 

. ' .llJiH on11ciattirn_ MaI'lil1THOl1 CT~YKTYPH BocnoJJh3YeMCH nceB)lOBeKTOPHliM 

aTOMHHM 6a3JicoM. RpoMe 'l'Oro, 6y)leM _11cnoJi1;soaaTh Hil np.rp., 11MeH B 

B_H.llY, lJTO . BeKTOPHHe B8JJl1lfl-1HH npeo6pasyJOTCH -· no ~eTHUM~ a 

nceB)lOBeK'l'OPHUe - no HelfeTHl:lM . Hil COOTBeTCTBY!Olf4el1 cepoli rpynnu. 

Pa3JJO~eHHe ncea.n;oBeKTOPHOI'O npe,nCT.:lBJ1emrn Ha Y3Jl3X Me.ll.11, ( HHKe.,H HJll-l 

K06aJJbTa) no. Hn rpynnu BOJJHOBOI'O BeKTOpa JfMeeT· Bil.I.: 1:3 @ 't5 @ 1:7-

. MarHHTHUe CTPYKTYPU {l8H3aHU C BOJJHOBHM BeKTOl}OM 8 TOlfKe _ X - Ha 
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rpaHHl.l,e 30Hll Epl-lJIJII03Ha, -KaK ·»·AJIH CTPYKTYpHoro. ~n •. ,naa Jiy4a _3B83)tll 
. ➔ ➔ • . 

B0JIH0B0ro B8KT0pa 0603H3~1-!M kx( 1) H k/2). C00TB8TCTBY!OIUl-l8 

6a31-!CHlle IPYHKl.l,1-11-1 3an1-1CHBaTCH:. . 

·{sz<_cu)k ( 1) ·· {(2)-
112

~s-x<cuj + SY(Cu)J;'_,n • 
'C7 ~ X 't'5 "' 1/2 . X· 

· Sz(Cu) ➔ ·. (2)- [Sx<cu) - syecu)J ➔_: 
. kx(2) _ . _ • · . kx(2) 

{

. < -112 < l ·c l .. 
'C :_, 2) ·. [Sx Cu - - Sy Cu J kx' 1) 

3 · . (2)--112rs (Cul + s ccu)l➔ 
. X y · . k (2) 

... . X. 

(.10). 

0603Ha41-!M KOMnoHeii"Tu MarHI-ITH0ro :nn Cl-l~M8TPI-IH . 'C3 4epe3 .. s'1 1-1 
I . t" ' . . \ . 

S2, a CI-IMM8TPI-I_I-I 'C5 4epe:a S1 1-f. S2· 

M3 3KCnepHM8HT3Jl.bHHX ,naHHHX CJie,llyeT, 4T0 MarHI-ITHHe . in B 

La
2

Ni0
4 

· 1-1 La
2

coo
4 

npo1-1cxo.nHT B · pOM61-14ecK011 ipase Cmca, · np1-14eM 

MarliHTHaH CTPYKTypa B .no,'.!eHe I (C1;ici,c;=;o) ormcuaaeTCH _nceSA0BeK­

TOpHoif 6a31-!CH0M itiYHKl.l,Heli (2)-112csx(Cu)~ Sy(Cu)]k (2) (-M~rHlmiaH 
. . .. X '· . , . 

cTpyxT:,,,pa CHMMeTl)HH . -c1' · pHC. . 2) •. · _Ea3HCHHe · IPYHK!.1,1-11-1 
-1 /2 ,., · ➔ • · • ) -1 /2 S ( ) ( ) ] .. · 6 {(2) . [Sx(Cu)+..:>y<Cu) lk/ 1), (2 [ x Cu -:By Cl~ .kx< 2)} npeo_ I>a..-

3YIOTCH no~ Hil 1:5 (cM. (10~). CJiaraeMue_ F8 ·»: F88 irnaJIOrH4Hll 

· F
0 

1-1 Fee (CM. (2) l1 (4)) c_ saMeHOH Ci .. _.Sj, i;ij, a1:• ➔ bi .1-1 

nepeo603Ha'!eHl18M '1)eH0M8HOJIOrl148CKl1X 'KOH_CTa~T: r, . u1 , •• • · · -+ · r S' 

us 1'... . KpoMe Toro, _11M8IOTCH CM81UaHHl18 i1HBap11aHTH: 
2 . 2 2. 2 2 2 · 2 2 

Fcs= d1 ( C1 + C2)( S1 + S2> + d2'C1 - C2HS1 - Sz) . . 

(.11) 

.. TaKMM o6pa30M, -pa3JI0X8Hl18 CBo6o,nH0l1 sttepr11H . )tJIH on11caHl1H 

CTPYKTYPH0ro 11· K0JIJIHHeapHoro MarHltTHoro ~n. 11MeeT B».n: 

F.·:=_ F.st·+ Fm, r.ne Fm =•Fs + Fse + Fcs. 
: ( 12) 

_CTPYKTYPHHH ·in .14/mmm➔cmca npo1-1cxo~1-1T a·pe3yJibTaTe K0HAeHCal.1,1-11-1 

. c.r.e.11.YIOU(I-IX KOMnoHeHT IIIl: C1;i0, C2=0, -Si=0 _1-!JII-I 0:/0, C1=0 Si':,Q •. ,nJIH 

MarHHTH0r0 ~n Tl-In "pemeHlrn: C1;i0, S2;i0,C2=S1=0 l1Jll1 G2tO,_ S1;iO,. 

-I~ 

l 

-•·"'~·••. I J 
. I I 
. . . l • 

I 
.'-.'!" 
~~~1· 

. I --~- . :.,;...·"e,...:-._ 
, 0. 0,.,_ 

"-,·i0 .... i-- .. 

:t; 
J _;J~ ·• ·e 

:-c ~ 10·: 

'·--r·-_ --_•1_ ,-_ .... 1 , .• 
.· ,.l 

- .11,l~ 

.. ·-•J::~~ri ?.~/~)l .•... ,~ 
•· : . I . 

-" 

. Ai,;._ B5,_. 2.B2, . _ 2B11 · 

I 
\~ ... @~-.,... 
<0 10:>: ·-~0.v.· 

-~: - el 0 .: ' i,.. 

~)., . ,-,.~ 
··0 . ~,;,, > 

• -,~, 0 W-·, f•, ·-- · . 

x., 
·.·f0 
'I : 

I 

·-r--/~1---7~t-1. . , G' I~ 
'-~0~> ,,.., ... '. ,._ I 

'":_~: 
, "" ' '. e 0 

I· 

'l_ -~-1F __ ~ '0t f ·:··_ .. 

,. : ·I .. 

. ;_. -t~ 
>~@,, 0 ;x 0 ,0 ·~@~, ·J · 

! A , 

P11c. 

'[3 _rr, • · · " 2rrr zrrs 

2. Ea311CHi1e !PYHK1.\l!l1 Henp1-1B0)ll1MHX npe)lcTaBJJem111 nceB)l0Bef(­
Topnoro npe,1J;cTaBJJeH1-1.f! A.fl.fl f-Totm11 ¢asu Cmca. 

0 , ®· . - CMemeHHH aTOMOB KHCJJ0P0.lla, C00TB8TCTFem10, BBepx H 
BHl13. 

:-!I-

... 



C1~S2=0. PemeHl1ff Cl1CT8MLl ypaBH8Hl1tt COCTOffHl1ff 3an11cuBaJOTCff: 

;e1=e2= A(ai)c2 + A(bi)s2, e3=-B(ai)c2 - B(bi)s2, 
2 · 2· 

:e6=-a61c66 C . - b61c66 S ( 13) 

Be.nwmmt . A( bi) 11 B( bi) HaXO,!lffTCff lf3 · rlJOPMYJJ ( 8) . C .nOMOll\blO 

3aMeHLt KOHCTaHT: ai ➔ .bi. B (13) c2 11 s2 onpe,!leJJRIOTCff 113 iflopMy~: 

/ 
2

·· -r[u8t+D1(bi)J + ri2d+D(bi)J 
'C=------- (14~) 

[µ1+D(ai)J[_u81+D1(bip - [2d+D(bi)H2d+D1(ai)J 

-r8 [u1+D(ai)J + r[2d+D1-(ai)J 
s2= . . ( 146) 

[U1+D(ai)][us1+D1Cb{)J - [2d+?(bi)J[2d+D1<ai)] 
., .. 

3,!l8Cb [u1+ D(~i) Hus1+ D1(bi) J;,![2d+D(bi) H2d+D1(ai) J, d=drd2, a 

KOHC'.I'aHTLl {D,D1} onpe,!leJJeHllCJ18,!lYIOll\J,fM _o6pa30M: 

2ta1<e1 +_e2> + a3e3.+ a6 e6J·= D·(bi) s2 + I! (ail c2 

. . .. · . 2 . 2 
. 2 [b1<e1 +_ e2> + b3e3 + b5 85) = P1Cbi) S + D1(ai) C · ( 1.4B) 

i, 

M3Meliem1si Kos(lJ(lJ»u11ettT0B llteCTKOcT11 ttaXO.!lflTCR Hs (lJopMy.n: 

tic11=tic12= 2a1CoCJ_oe 1+2b1SBS/oe1, tic13=:2a1CoC/lle3+2b1SoS/oe3, 

ti_C33= 2a3C8C/oe3+2b3S0S//Je3, . tic~6~ 2a5CBC/Be5+2b5S8S/Be5: 

tic44= 0 · •. . ( 15) 

3,!l8Cb C&C/Oei~( ai Us1-2bid) /(u1 Us1~4d2),. SBS/oei =( bi ur2ai d) / 

(U1Us1-4d
2
); i~1,;3,6. TaK»M o6pasoM, np» TeMnepaTypaX Hl1llC8 T8Mne-: 

Il,'lTYPLl MarHHTHOPO . $TI, K03ipipl1U11eHTll ·llteC'l'KOCTJ,f Kp»cTaJJJJa 11cnLtTUB'1IOT 

,!lOOO.ill!J,fT8JlbHlle J,f3M8H8Hl1H. 

HeIco.n.n11tteapHyJO MarHHTHYIO CTpy:cTypy . La4Cu0 4. ( Marttl1THaH CTPYKTY- . 

pa . Cl1MMe:rp1111 . 2t5, p11c. 2) MOJKHO noCTPOl1Tb J,13. nceB,D.OB8KT';>PHl:lX 
. . . 

6a311CHUX IPYIIKUHtt Ha ys.nax Me,D.11 '_)J.Jlfl ,!lBYX pa3.Rl11JHUX Hil. ,llJJH ,!lOMe11a. 

I' 3Tl1M»· $YHKlll15IMl1 BBJIHIOTC.H . ( 2)-112rnx( Cu)+ Sy( Cu)] C BOJJHOBllM_ 

-r~...,. 

,j 

( 
ii 
i. 

"f 

I 

r :, 

B8KTOPOM kx(2) 11 Sz(Cu) C BOJlHOBLlM B8KTOPOM kz• CyMMa BOJIHOBUX 
➔ ~ ➔ 

B8KTOPOB ,!lJlff CTPYKTypHoro 11 Marttl1THoro . <llTI kx( 1) + kx( 2) + kz 

3KBl1BaJJeHTHa B8KTOPY o6paTHOi-i peUieTKl1. CTPYl,TYPHLlH nepexo,1.1; 11,!leT no 

O,!lHOMY J,13 . .n;ayx JJY'lei-i 3B83,!lU {kx}, a Martt»Tttui-i nepexo.!l ».n;eT no 

,!lpyroMy JJY'lY 3TOii·JKe 3B83,!lll BOJJH?Boro BeKTOpa. ConYTCTBYIOll\HH nn, C 
➔ 

o.n;tto.ny'leBuM neKTopoM kz, npeo6yasyeT?H 1<a1< KOMnotteHTa sz. 

Pas.noJKett11e cao6o)rnoii sttepr»11 no .!lBYXKoMnoHeliTHOMY t.iarl.l»THOMY nn 
{S~ } i=1,2,. npeo6pasy10ll(8MYCH no HIT 13', aHaJJOI'l-l'lHO Fm B ( 12), 

c saMettoil (1JeH0Metto.nor111Jec1<»x KOHCTaHT Ha . mTp11xoaaiiH11e ~ Si ➔ s~. 
TaK»M o6pasor.i, noHBJJHIOTCH l1HBap11aHTU: 

Fm . = F s' + F s' e + .Fcs' ( 16) · 

I I 

Ms 6a311CHUX 4iYHKl.\»H C1StJz. » C2S1Sz, c BOJIHOBHM B8KTOpoM· B · r 
TOIJKe,. MOJKHO COCTaBl1Tb HHBap11aHT: 

Fcs's·= d3( C1s;sz - b2s~sz > 
z 

AHa~OI'l1~HO BllpaJKeHH~ (4), no~y1JaeM: 

( 17) 

, , 
:Fcs's 8= L<X1Ce 1 +. e2 ) +rse3 J ( C·1s2sz- c2s1sz) +. (18) 

z . . . 

+ <X5e5 CC1S~Sz + C2S~Sz), Fsze = tf3;Ce1 + e2) + f33e3l s~. 

TipottsBe,!leHl1ff KB3,!lpaT68 ·nrr TaKJKe COCTaBJJffIOT l1HBap11aHTU: 

·. · F. · - ct'cc2 c2)' 62 ·F -·a·cs' 2 · s' 2, s2 (19> 
· csz -. 4 1 + 2 °z• s' sz- 5 1 + 2 z 

_? 
Pas.noxeH11e cao60.n;11on sHeprn1-1 no conyTCTBYi01UeMy nrr san11cirnaeTcH: 

. "') 

P8 = 112 r; s~ 
z . 

B (20) . noJJaraeM, · 'lTO conyTCTBYJOIUHl1 

qieHOMeHOJJOI'J,!IJ8CKaff KOHCTaHTa r; 

(20) 

nn He HBJJHeTCH MH~l!!I. 11 

He 3aBi1Cl1T OT re,.mepaTypu, 

no3TOMY o"rpaHtt'll-lBaeMCH KB3.ll.P3Tl1'IHUM 'lJJeHOM. Pa3JJOJ:eHHe CBOOO.l\HCiii 
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3Hepr1111 np111111MaeT B11,n: 

F = F3t +-F~ + F'~g 
r.ll.e F'mg = ,Fcs'sz+ Fcsz + Fs'sz+ Fsz+ Fcs'sze +Fsze 

3,nech itlE:HOMeHOJIOr11t1ecK11e · KOHCTaHTll np11 KBa,llpc\Tax 

(21a) 

(216) 

nn . 11Me10T 

cJie)l.y!OmYIO :reMnepaTypHylO 3_1lBl1Cl1MOCTh: r ~<T - T1), r~ N(T :=- Tn)• 

r; =const;, T1 11 T!l - COOTBeTCTBeHHO, TeMilepaTypu CTPYKTyp11oro, 11 

aHTrnlJeppoMar1111T11oro <I>Il. . 
CfpyKTYP'lllH nepexo,n cooTBeTcTBYeT_ cJie,nyiomeMy T1my peme111111: ClO, 

, ' . , 
C2=Si=Sz=O_ 11Jlll Cito, C1=Si=Sz=O. Ilp11 TeMnepaType Hllllte TeMnep~TYPll 

HeeJI.fl, (T < Tn) 11Me10;c.H c·JJe,ny10m11e _T~nH peme~11i1: C1;iO, · s;;iO, Sz;iO, 

C2= S1=0 11.Jlll CilO'l S1;iO, Sz;iO, c 1= S2=Cl'. 

T04Hlll1 aHaJil13 3itlitieKTIIBHOro TI?Te11u11aJJa (21) MOJll:110 npoBeCTII 

TOJlhKO 411CJJeHHO. . J{a4ecTBel1HOe l1CCJJe,l\OBa1111e Cl1CTeMll ypan11e1111i1 

COCTO.flHH.fl noKa'sunaeT. lJTCi' MarHl1THUH tlill MOllCeT 611Tb nepexo,noM 
' . ,· 

nepaoro po,na. B cJJytJae npene6pexe1111.fl BKJJa,noM conyTCTBYJOll\ero nn Si• ·. 
3q1itJeKTIIBHHtt TIOTe:11.\l-laJJ ( 21 ) fIO)I.06eH BHpaXeHIIIO ( 12) 11 aHaJJll3. 

ITOJJHOCTblO. nOBTOpSJeT 1toJiJJ1111eapHHH CJIY.tJaH, 3TO .. MOllteT OKaSaThC~ 

xopom11M np116Jill%eH11eM, T.K.' no,npemeTOtJIIUH Mat'HIITHUH MOM8HT B 

6a311CHOl1 nJJOCKOCTII ~0,~ µB, .a neprieH)I.HKYJJ~pHO TIJlOCKOCTl1 ~0,002µB, 

r11,e µB - MariieToH -Eopa •. 

.llJil'I paccM0Tpe1111.fl c111rn-nepeop11e11Tall,110HHoro t!>Il B Mar1111T110M noJJe, 

nanpaBJieHflOM nepneH)I.HKYJJ.flp!IO · 6a3HCHUM nJJOCKOCT.flM, B pa3JJO:atell1111 
. . - ' -

cBo6o.nHoi1 :rnepr1111 Heo6xo,n11Mo y4eCTh IIHBapmiHTI-J, BKJ110tJa1011111e R ~e6H 

KOMnOH811TY 11aMarHlltJ8l1HOCTII · Mz. 3a~eH.fl.fl .sz ➔ Mz , s; ➔ S2 , 

S1 11 onycKaH m~•p11x Y rpe110MeHOJl0rl14eCKl1X KOIICTaHT, noJiytJaeM_ 
, ~ . . ' , ·-. . . , ' ' 

11eo6x9.n11Mue 111rnap1mHT!i, K0Topu2 no CTPYKType no,no611u F' mg 

( 216): 

<::' ➔ ··2 

see 

B 

Fmg. _= Fctm/ FCHZ + FSHz + Fi,jz+FCSMze + FHze 

P.1m11meM B .flBHOM P.11.ll,e TO~l:-KO nepMe CJJaraeMOe B (22a): 

(22a) 

· ..:.r4-

~ 
h 
' 

1 

l 
I 

-~ 
½I-

•• 

FCSM = d3 <0181Mz - 0282Mz) 
z ' 

RpoMe Toro, 11eo6XO,l\llMO ,no63B11Th 4Jlel!. C _MarHIITHHM TIOJJeM: 

F = 
HzHz - Mz Hz 

(226) 

(23) 

r.ne H -z neJ111tJ11Ha n11elll11ero Mar1111T11oro n9JJH, 11anpaBJJe1111oro nepnett.1I11-

·KYJJ.HPH_O 6a311CHHM TIJlOCKOCT.HM. TaKIIM o6p_a30M, noJJl!Oe Pii3JlOJ.Wlllle 

CB060,n11011 s11epr1111, KOTOpa.H onliC!:lBaeT' CTPYKTYPHHe II M3rHl1THHe t!>fl B . 
' . . ' 

coe.n11He1111.HX La2B04 (B=:Cu,Ni,Co),, m,ieeT Bll,lJ,: 

F = F st + Fm + F nig + F~ + F~g _- + F M.,,Hn ( 24) 
. u LJ 

Eas11c11ue ilJYHKl.\1111. (2)-112csx(Cu)-Sy(Cu)Jk ( 1) 11 (2)-112csx(Cu)+, 
X 

SY ( cui J k ( 1 ) OTHOC.HTC.H K o6MeHHOMY · MY JihTl1.TIJJeTY, nosTOMY cno60,1J,1111e 
. X 

' . ' 
s11epr1111 F s II' F s' npll6Jlll311TeJihHO paBIIH no B8Jll1tJl!He. Ilp11 MarH~THOM 

fl!Il B boe.n11HEiH11.Hx ta2Bo4 (B=Ni,Co) neps11M KoH,ne11c11pyeTc.H · nn 
c11MMeTp1111 ,.5, a B ta2cuo4 - nn · c11MMeTp1111 ,.

3 
11, B pesyJJhTaTe 

B3allMO)l.ettCTBII.H (17), conyTCTBY~ll\1111 qn. Sz;iO. 
·, • ~ . - i 

Bo BHellllleM M3rHIITIIOM noJJe Hz TIOHBJl.HeTC.H 11aMarH11tJeHIIOCTh Mz;tO, 

a 113-3a B3allMO,neficTBII.H (226); B ,n0Me11e i (Ci;iO, Cj=O, i;ij,. 

i,J=1 ;2) nos11111<aeT' oTJJlltJHasi oT · HYJJ.H K0Mno11e11Ta, · · nn Si. Iltm 

JtOCTaTOtJHO 60JJblllOfi BeJJlltJirne noJJH Hz .. B1111rp1-1m B cno60,n11011 311epr1111, 

Sa CtJeT 'IJleHa ( 23), Mollie-r oKasaThc.H 6oJJbl!le pas11ocT11 ,F:s - F s' II 
B03Hl1KaeT . cn1111-nepeopHeHT3llllOHHHfi tj)fl 113 ()OCTO.HIIII.H sio· Ci;iO, 

i;ij ( MarHIITHa.H CTPYKTypa CIIMMeTPIIII 2't5~ p11c. 2) B COCTO.HHlle 

Ci;iO, Mz;tO ( CHMMeTp11si 2B2g, pi-lC; 2). TaK KaK. c,UMMeTpll.H nn 
· s ·pasJ111tJ11a, cn1111-nepeop11enTau1101111u~ t!>IT . .HBJJ.HeTc~ nepexo,lJ,oM 

Sz;i,O, 

Si;t(J, 

S' 11 

nepnoro po.na •. 3TOT' il>Il . 3Kcriep11MeHTaJlhHO Ha6JJJO,ll,aeTC.H B, La2CU04,, 

B coe.nm1e1111.Hx La2Bo 4 · ( B;,,Ni·, (kl) c11Tyau_11H noBTOp.HeTc.H. Bo 

BHemHeM no.ne Hz. B03Hl1lt3IOT OTJlll4Hl1e OT HYJl.H KOMITOH81JTH Mz H · Si 

( B ,l(OMeHe i) •, Pa3Ji11411e COCTOIIT B TOM, tJTO npa M3rHllTHOM t!>Il B 

La2B04 _ (B;=Ni,Co) KOH,l\ellc11pyeTCH ltoMTIQHeHTa nn sj (B ,lJ,OMei1e 'i). 

-15-. 



CJJe,ll,OBaTeJJhHO, B nepBIJH M0~18HT B03Hl1KaeT npOM8lltYT01-!Hafl CTPYKTypa 

SiiO, SjiO, MziO, B KOTOPOH o6e· KOMflOHeHTIJ ,ll,BYXKOMflOHeHTHOro 

Martt111·.Horo rrrr Cl1MMeTpl111 'C5 OTJ111l!li!J OT HYJJfl. MOlltHO npe,llnOJJOJKl1Tb, · 

tJTO. KOHetJ.Hirn Marttl1THaH C'l'PYKTypa 6y ,ll,eT TaKoi1. xe, '!TO 11 B · La
2

cuo 4: 
SiiO, CiiO, MziO (Cl1MM8TPl1l'I 

·(fiaKTa, 'ITO ,llJlfl MarHl1THIJX 

2B2g• Pl1C •. 2). 3TO .cJJe,llyeT l13 TOf'O 

iI>IT; np11 KOTOPHX. He M8HfleTCfl o6'beM. 

npl1Ml1Tl1BHOH fltiei1im ( T. K. M"iO), STa MarH11THaa CTPYKTypa flBJifleTCfl ., 
8,ll,l1HCTBeHHOH. 

)la.~ee B .n.119cepTau,1111 paccMOTP6HO l13MeHeHl1e MarHl1THOH CTPYKTYPH B 

La2C~04, o6fCJIOBJieHHOe CTPYKTYPHIJM tl>IT Cmca➔P4 . .,/ncm. 3-roT nepexo.n. · 
'-

CB.fl3aH C KOH,ll,8HCau,1iei1 CTPYKTYPHOro flII: C1=C2=C;,!0. Ilp11 .M3l'Hl1THOM <!>II 
\ ~ 

( B · KPl1CTaJIJil1lJeCKO~ qiase Cmca), B ~o'e,ll.11H8H11l'IX La2B04 ·. (B;::Ni,Co) 

KOH)l,E:HCHpyeTCH rm Cl1h\MeTp1111 'C5. Y.lJl1TIJB3}1 8Tl1 il)aKTH, 113 (2~) 

noJIY'!aeM \:Jgiq1e1<Tl1BH1Jtt· noTeHu,v.aJI, on11cuaa10m11i1 Martt11·rHui1 ,iin 
. . 

npol13BOJihHYIO MarHl1THYJO CTPYKTYPY C11MMeTp:m1 -r5: . 

Fef~= r c2 +1/2 (u1+v2 > c4 + 2(a1(e1 ·~·e2 ) + a3e3J c2 + Fe + 

. +· 112r;rnfTs~) + 1/4~~1CSj+S~) + ·112~s2s1~ +.[b1<e1+e2> .+ 

• · < 2 2> < 2 2> .· c2< 2 2> · + b3e3J . s.1+S2 + b5e5 S2-S1 + 2d1 S1+S2 + 
+ ct3 c Mz cs1-s2> + 2_ ct4 c2 Mf + ct5 M~ 'csf+s~) + 112 r 1M~ + 

+ [111(e1 + e2 ) + 11se3J C Mz (S1-:S2) +116e6 G Mz (S1+S2 ) t 

B 

. . .· ~ . . . . 

+ [ /31~ e1 + e2) + /33e3J ~~ ( 25) 

Kp11cTaJIJJl1lJeCKai'I ipasa . P4;/n7m l1MeeT TeTparoHaJibHYJO. Cl1MMeTPl1!0. 

Ka4eCTB8HHHi1 · aHaJil13 Cl1CTeMN ypaaHeHl1H COCTOflHl1l'I .z(Jifl S(p(p8KTHBHoro · . " .. ;,. . . , . 

noTeHu,11aJJa 

.n,eipopMau,1111 

( 25) no1<as1maeT, ttTo KoMnotteHTH · TeHsopa cn6ttTaHHoi1 

e1=e2iO 11 e3;,!0 , 11' STO He. HapymaeT TeTparclH3JlbHOH 

Cl1MMeTp1111 KPl1CTaJIJia. TOJihKO KOMDOHeHTa e610 . . MOllteT np11aecT.11 K · 

nor111JKeH1110 · c11MMeTp1111 1<p11cTaJIJ11111ec1<oi1 pemeT1<11 .no poM6i1ttecKoi1. . B 

.n.aHHOM CJIY'lae; 

•es = - 1/055 (S1+S2) [ -b5(S1-S2) +· ¾ iJ Mz ] 

ConyTcTByro11111il nrr san11cuaaeTcH: 

"".I6-: 

(26) .· 
() 

C (S1-s2)(d3+2111e1+iX:3e3) + a6e6C(S1+s
2

) 
M = - . . 
z · 2 2 ~ · . 

r 1+4d4C +2d5(S1+s2)+2(2.B1e1+/33e3) 
(27) 

· 113 c11cTeMu ·ypaatteH11il ·cocTORHl1H, Ylll1TllBaR (26). 11 (27), cJie,l\yeT, 

'!TO B03MOlltHH c.ne)\yKJll(lle TllnH pemeHHil! a) S1;,!S2;,!0, Mz;,!0, e6:;,!0; C>) 

S1=S2=SiO, Mz=O, e5=D; B) S1=-S2=S;lO,. Mzio,· 85~0. 8K'cnep11MeHTa.IlbHUe 

11CCJJ8,ll,0B3Hl1H · noKa~.11BaJOT, '!TO. np.11 CTPYKTYPHOM nepexo.n.e B ipa3y 

P42/ncm, B KOTOpoil ·. e5=0, 11cxo.n.~afl MarHl1TH3fl CTPYKTypa Si;,!O, Sj=O. 

( Cl1MMeTpl1l'I i:1·, p11c •. 2) MeH,leTCl'I. Mar)111THUe CTPYKTYPll Cl1MMeTp1111 

B2g 11 2A~g• noKa3aHHlle H~. p11c •. 3, COO'J'.B8TCTBYJOT pemeHl1.flM 6) H 

B). 3Ti1 M3I'Hl1Tljlle CTPYKTYPH ryoflBJlfllOTCfl B KPl1CT3JJJll148CKOH. ipase 

P42/ncm. TepMO,ll,11H3Ml148CK11il .noTeHU,11aJI ,ll,Jl~ pemeHl1l'I B) 11MeeT ME:HblllYlO 

BeJJ11.'ll1HY,, lJeM ,11,Jlfl pemeHllfl .. 6) , : T. K~ B BTOM CJiylJae · 11MeeTC.fl 60.nbrnee 

'll1C.Il0 CKOH,l\eHc11poBaBllll1XCl'I rrn. c ¢11s114ecKoil TOYK11 speHttH BTo 

:osHalJaeT·, 'lTO Cl1CTeMa, . 11Mel011(3.fl 60JibDJee 'll1C.Il0 CTeneHeH CB06o.n,u, 

.nyl!me no,11,cTpa11BaeTcH no.n BHemH11e. ycJJ6B11fl. TaK11M o6pa3oM, Ha1160Jiee 
. . . . 

aepoflTHOH M3I'l!l1THOH CTPYKTYPO» La2C004 (11J111 · La2Ni04l .B 

• Kp»cTaJIJil14ecKoil ipase P42/ncm_ HBJIHeTcfl Martt11THaH CTPYKTYPa c11MMe.Tp1111 

·~A2g• CM •. P11C. 3; 

B;coe,11,11HeH1111 La2_xBaxcuo4 · TaKJKe o6HapyxeHa Kp11c'TaJJJ111ttecKa.fl il)a3a. 

P40 /ncm. 0,1\HaKO HOCl1Tei11 TOKa, B03H11K3IOll(l1e H3-33 Jier11poBaHl1S! 110H3MH 
~ . 

Ba
2
\. paspymaIOT ,ll,3Jll,lll1H Mar!H1TH!li1 DOP.fl,11,0K. MOlltHO npe)lDOJIOllCl1Th, llTO 

JJer11poaam1~ 110HaM11 · q aa.JieHTHOCTbJO Tp11 nJiroc 11 11Me1011111M11 l10H!fHi1 pa,l\11yc 

· np116J111s11TeJibHO paBHH» • HOHHOMY . pa,11,11-ycy Ba2+, MOJKeT np11BecT11 K 

CTPYKTYPHOMY nepexo.n,y· Cmca ➔ P42lncm 11 coxpaHeH11ro ,l\aJJbHero 

Martt11Tiloro nopii,11,Ka. ·3aMeHl'll'I B YP3BH8H1111 ( 25) . ipeHOMeHOJIOr1148CKl1e 

KOHCT3HTU, CBl'l3aHHHe C M3f'Hl1THl:IMl1 ITH, Ha IllTPl1XOBaJiHl:le· 11 B1 ➔ S2, 
. s ,.., 

2 ➔. 0 1 .11 Mz· ➔• sz, noJJylJaeM s¢qieKTl1BHHil noTeHU11a.JI 0011CHBalOU\11il 

cmrn-nepeop11eHTaU,l10HHUH •NJ B COCTOl'IHlle CO "c.na6l:IM" aHTHqJeppoMar­

HeTl13MOM s;= Si;lO, .ci=Cj:=CfO, SztO ,(Cl1MM8TPl1H_ 2B1g• PHC. 3). B 
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fl!C. '3_ 6a311CHHe IPYll.KU1111 Henpl1B0/MMUX npe.p:cTaBJJ8H11H nceB,llOBeK-
TOPHOro npe,nCTi!B.U8ll11fl .l\JJR r-TOYKl1 tpasu P4,,/ncm. 
0 - uecMell!e1111ue aToMu 1<11c.nopo.na; © ; @. ~ cMell(ett11e Bllepx 
11 BHU3, C(•O'l'DeTC1'U81fHO. 

-I8-

' t:11 

.. 

noJJHoi1 attaJJor1111 co cn11H-nepeop11ettTau11ottHUM . il!Il a Marttl1THOM noJJe 

liz•. 11a6JJIO,B;aeMl1M B La'2CuO 4 . B KPl1CTa.nJJl148CKOH qiase Cmca. B .n:aHHOM 

. CJl~Yae ( KPl1CTa·JIJll14eCkaR itiasa . P42/ncm', npe.n:noJiaraeMoe coe,n:11HeH11e 

L~2-yXyCU04, X - TpexaaJieHTH!:IH 110~) .,lJ;oJJireH TaKJte npo11cXO,ll.l-1Tb 

cn11H..:nepeop11eHTau110HH!:IH <I>Il B COCTORHl1e co "cJia61:1M" !lleppoMaI'He­

.Tl13MOM. ·s1=-S2=S;l~, ·ci=Cj=CiO,. M-z';,!O (_Cl1M~~TPl1fl 2A2g• , p11c. 3) •. 

Ilp11ae,11,eHHHe a .rJJaae pesyJJbTaTu ony6J11:11<oaatt11 a pa6oTax C2-6J. 

B r.llaBe IY .·, . Ha: OCfJ._OBe SKcnep11MettTa.nbHl1X. ,naHHllX OTHOCI-IT8JlbHO 

1-1si.!ettett11R ripocTpattcTaenttoii c11MMeTpl11-1 1<p1-1cTaJIJ1a · oJ~ ... c~h' pasa1-1Ta 

ill8HOMeHOJIOI'l1'18CKaR· Teop11R cynepl-lOHHOI'O il!Il B -KPI-ICTaJJJlaX THna 

CsHS04. B
00

STl1iC,K.PI-ICTa.nJJaX tlpl-1 TeMnepaType_ Tc"' 400 K npo1-1cXO)J,l1T 

~n / 1-13 cynepl-lOHHOH. TeTparo~a.nbH~H qia311 DJfi B HenpoB0.11:flll(YlO 

MOHOK.nHHHYIO iiiasy C~h· B11coKaR 11o_tttta.fl npoao,ll,HMOCTh B itiase D lfi 
06ycJ10BJ1e11a T_paHCJJRU110IIHHM ,nBHlKen1-1e~ '1-1ottoa ao.nopo,na (npoT011oa) 1-t.n11 

,!l8HTep11R. no KOHKpeTHHM n0311U11fl~ 'B KPI-IC')'a.JIJJl1'18CKOH pemeTKe.: B. 

Ka~ecTae Ta1<1-1x nos1-1u1-111 B HaYllttoH · JJl1TepaType npei(.nara.lll-lCh 8e- 11 

1611~ · _nos»u111-1. Ha p11c. 4 ooKasatta i<p1-1cTa.nJ11-1l!ecKaR CTPYKTy'pa 

coe.n11tteHHH B cynep11ottHOii ill~3e If B03MOllCHHe no3111.(1-111 BO,nopo,na. 

. Cynepl-lOHHl111 il!Il. . CBR33H C BOJIHOBHM BeKTQpoM B TO'IJ<e X Ha 

"rpatt11ne . 30ijH EpHJJJJIOSl!a. 3Be3)1,a BOJJHOBOI'O B8KTopa COCTOI-IT 113 ,n:ayx 

JJYlleii, rpynna BOJIHOBOI'O l'ieKTopa HMeeT ,naa ,nay~epHllX Hil. 

0JJ8,!lOBaTeJiblfO, nn RB.nfleTCR '18TH})eXKOMnotteHTHblM! {Ci}_, i=1, 2, 3, 4. 

B STOM c.nytiae, l.(8JJblH pan1-1ottaJJbHllii 6as11c mtaap11aHTOB san11c11aaeT.9R: 
· :~ 2 2 2 2 _ 2 2 2 2 _ 22 2 2 · ~ 2 2 2 2 
IrC1+C2+C3+C4, l2-C1C2+C3G4, I3-C1C3+C2C4, l4-C1C4+C2C3, 

2 2 2:2 2 ·2 2 2· · · 2 2 2 2· . . . · 
. 15=(~1+C2)C1c2 + (C3+C4)c3c4, I 6=:=c 1c2c3CJ4• (28) 

PasJ10:1ettl1e. cao6o,ntto,il sttepr1-111. no~ nn: · 
·.. . . . . . 2· 
Fc=t/2 r 1 11 + 1/4 u1(I 1 -212-213 -214) 

"-+ 1/4-v1.J5+:.~ 

+. 1/2u2 12 + 1/2 u3 I3+ 

(29) 

.ae~OpM3Ul10HHUH BKJ1°a,ll. B CBOOO.llHYIO snepr1110 HMeeT BH)I. ( 3). '1.neHU 

-r~· 
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Pttc. 4. 3.neMeHTapHaH ,w1eihta KPl1CTaJJJJcl CsHS04 B cynepl10HHoi, 

·· 19 ,(\ n · · 
ipa3e I41/amd ~D4h)' ~; 111 - so4.-~-.-•" 16hnSe~. 

. • · n03HLH1tt. 
,..20- ,, 

• 
B3aHl,JO,llettcTBl1H napaMeTpOB Ci l1 ei sanHCblBaJOT.cH: 

' ·~ 2 ° 2 Fee =[Q'./2(e1+e2 )+fl/2 e3 J 11 + f/2 e
6 

(C1+c
2
-c3-:c

4
) + 

+ 6 t(c1c2-c3i::4 )Ce4-ei,)J • (30) 

TaKHM ?6pasoM, pas.noxeHHe.CBO?O.ll~Oii SHepFHH npHHHMaeT BH,ll: 

~ = Fe+ Fee+ Fe (31) 

HsMeHeHHe • npocTpa».:~TB8HHOii CHMl,\8TPHH D19 . 
0
s 

. 4h ➔ 2h , CBH3atto , c 

KOH,llettcautteii c.ne,llYIOlllHX KOMnoHeHT HIT: C
1
=C2r'O, C3=C

4
=0 HJIH C1=C2=0, 

C3,;C4r'9 (BTopoii Jl¥'.4eBofi ~OM8H) ~ 34Jlf)eKTHBHll11 n~T8HU~aJi, Ofll1C!JBaIOl!lH» 

~rr B.MOHO~OM8HHOe COCTOHHHe, HMeeT BH,ll: 

F8ff=1/2 r c2 + ·1/4 u c4 + 1/6. v ·c6 + a(e1+e
2

) c2 + · 
. · 2 2 . · 2 

. + fl e3 G + '( e6 C + 6(e4-e5) c + F
8 (32) 

. ~eHOMeHo.riorn~ecK~-e KOHCTaHTli r, U ;11 ·.V-: 04_8Bl1,llHllM o6pa30M C~fl3aH!l C 

~ 1• ui 11 v 1 11s ( 29). H2 ypa1mett11fi cocTOHHHH rio.ny4aeM:· 

(flC13:-aC33)C2 

e1'=e2=. . 2 . 

C33C C11+C12>-:-2C13 
·e5=-e4=· ao21c44 , e

6
~-rc21c

66
, 

: 2 
· . · · (.13C13-«C33)C 
e3=:.. flC2/C33- (20131033) . . . 

' ' 0 

033CC11+C1zl-2013 

YpaJ:!H8HHe ,llJIH. rrn HMeeT BH,n: 

r C + ~-c3 + v·c5· =O 

r~e u -: ·nepeHOPMHPOBaHHaH 3a C4eT B3a11MO,llettcTBl1H 

,llelf)opMau11HMl1 J<OHCTaHTa · u: 

(33) 

(34) 

rrn c 

N • • < .6C13-aC33> C flC13-<XC33l . 
u=u +4a . . ~ . -2fl~IC33+(2C13IC33> . . . . . J-

- C33CC11+012>-2c13 C33(C11+0 12>-2cf3 
-2r21c66 - 4 a21c44 - (35) 
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nei\eHOPMl1POBKa yMeHblllaeT KOHCTaHTY u. Tip11 u < 0 ITPOl1CXO,lll1T 
I 

ne~exo,n I po.na. B.aT0!,1 cJiy4ae, np11 TeMnepaType <r>n T
0

, B03Hl1KaeT 

CK'?'IOK nn: 6C
2 = - ~Iv. Hs (fiOPMYJI (33} 811,llHO, '!TO npol1CXO,llllT 

TaKllCe cKa4Kl1 .neqiopMau11i1 e1, e2 , e3 , e4,·e5 11 e
6

'. 

. .UJIH. CKa'!KOB KOS(fiqJl1J.ll1eHTOB llteCTKOCTl1 HaXO.lll1M: 

6C 11=6C12::6c22= 2 cx.21cu+2v c2), 6C 13= 2 aj3 /(u+2v c2), (36) 

1:;c33= 2 1321cu+2v c2>, tic44= 2 ci21cu+2v c2>, tic
66

= 2 r21cu+2v c2> 

.. ..., N ·. 

ITo,ncTaBJillll 3Ha4eH11e cKa4Ka rrn: t:;C<-=-u/v B !fiOPMYJIH (36) ~ MOllCHO 

Hai1Tl1 l13MeHeHl1ll pa3Jll1'1Hl:IX .Kosq,(fJ11u~eHTOB llteCTKOCTl1 KPllCTa,JIJia B TO'!Ke 

nepexo.na. 

3Kcnep11MeHTaJ1bA1:1e 
. 

pesyJihTaTH noKa3HBalOT, ·4To np11 <r>n B 

Hl13KOC11MMeTp114;iy10 (fiasy l1POTOHH ·ynbpll.Jl0411BalOTC.fl B HanpaBJieHl1llX THna 

[111) Ha ceTKe BO.ltOPO.llHUX CBll3ett, KOTOPall o6pasyeTcll: B pesyJibTaTe . ' .· . . . 

l<OH;J,eHcau1n1 ITOBOP?THHX CMell(eH11i1 6J1l1l1Cattm11x TeTpas,iipoB · XO 
4 

( X=S, Se) • 
. . 

B CBll311 C STl1M, MOJl[HO npe.nnoJIOlKl1Th, 4TO nll '7>11 on11c1:1B·aeT 

YITOPll.ll04eH11e np6TOHOB. ..nei1CTBl1TeJibHO; 113 Jll1Hei1Hoi1 KOM611Haun11 

683l1CHHX qiy1muni1 OTBeTCTBeHHOI'O Hn; ·no_ l<OTOPOMY TTP011CXO,Jtl1T : llll1, 

MO:UlO ITOJIY411Tb ilJYHl<ll11!0, KOTOP8ll OITl1CHBaeT ynopil.Jl04emie ITPOTOHOB B 

HanpaBJiemm ·nma n11]. B STOM. CJIY4a~. 0,llHaKo, 11MeIOTCll IT0311lll111, 

koropHe He saTpanrnaiorcH . ¢11 ( TaK H;s1:1aaeM11e "cepue" nos11u1m) • .llJill 

11sMeHeu.m1 uepoHTHOCT11 · sanoJ111emrn sr11x "cep1:1x" nos11u11i1 tteo6xo.nnMo 

BBeC_TII ,llOITOJlll11TeJlbHOe B3al1MO,llettCTBl1e. B ,llaHHOM CJly4ae,. ,JtettCTBHTeJ!.b-
• ? . . 

HO, 11MeeTCll B3al1MO,llei1cTBl1e ·B11,lla : C""· 1), r.ne COITYTCTBYJO!l(l1i1 • _1111 1) 

npeo6pasyercll no Hl1 Eg T04e4HOi1 rpynnu D4h• !Joc~e KOli,JteHcau1111 
. ') 

nn C, B3811MO.l\8HCTBl1e c<-'. 1) · np11BO,lll1T I{ IWH,lleHcau~m COITYTCTByromero 

Illl . TJ, IWTOpui1 OITl1CUBaer ll3MeHeH11e neponrH6CTll "cep11x" IT0311l.\11M:-. 

TairnM o6pa3QM,. Teoper11,iec1rni1 aH,1JlH3 cynepttOHHOro 4,n. ITOK33H-

Baer, 4to npe.n.c:rasJ101111an reop11H J1>11i11, B r.namrnx Yeprax on11cHBaeT. <tin. 
130J!i::e . ITOC.ijCJl<,;RaTi:>J11,HaH T•30Pllfl . )1,O.Tilli:Ha . 11CXO.l\11T1, · M,J . pa3Jimcemrn_ 
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(;, 

TepMO,lll1HaMH4eCKOro noTeHUHaJJa B11,lla. (31), a TaKxe Bl<JJ!04aTb.O)l11H 11.Jlll 

)laJJCe ){Ba COITYTCTBYIOII(l1X nrr. !IOCJJe)lHllH Cl1Tyau11.fl B0311111CaeT B CJ1y4ae 

He06XO,lll1MOCTl1 Y4eTa qJOIIOHHUX CTeneHei1 CB060AU. 

31<cnep11MeHTaJ1hHHe )laHHHe no1<a3HB~roT, 4TO ·cynep11ottttaH ·(fia3a He 

.flBJIHeTCll O,llHOP(_).llHOM (fia30i1- KPl1CTa.ii.1 . pa3611BaeTCll Ha 6JJOKl1. Ilpu 

11CCJle,D,OBaH)111 _ (fia30BOM ·.n11arpaMMU :n;aa~eHl1e- TeMnepaTypa, B COe,llJ1HeHl111_ 

6HJ!l1 o6HapyllCeHH . )lBe . ionoJIHHTeJlbHUe cynep110HHUe 11 ,D,Be CsHS04 

HenpoBO.ll.flllltte (fia3H. . -3TJ1 Sl<CITepttMeHT_a.JlbH_Ue pesyJJbTaTH MOllCHO 

HHTepnpeT11poBaTb Tak11M o6~a3oM, 4TO cynep110HHaH qia3a • DJfi He 

HBJllleTCH Hatt6oJJee C_l1MMe·rpl14HOi1 tfJa30i1 ,ll,JJH cce,D,l!Hem1i1 TMna ·CsHSO 4• 

H3 p11c. 4 B11,ll,HO, .4TO coe,D,11Helll1ll T11na CsHS04 6YJJ.YT J1MeTb 6oJJee 

BUCOl<YIO Cl1MMeTp1110, ec,n11 TeTpa3,JJ,p S04 (')y,lleT 3a.H11MaTb ueHTP,. a 

6.l!11JKai111111e 4ewpe TeTpas.npa so4-: _HeKoTopHe .aep11rn111i Ky6a. Toi'JJ.a 

rpynnu S04, . 1<aK ·ueJJoe, 06pasy10T npocTpaHCTB8HHY!O .. CTPYl<TYPY 

. IT'?.ll06HYIO 1<~11CTaJIJJY aJ1t.(a3a . ( np. rp. 0~ ">. Ta1<all. I'l1ITOT8Tl14eCKaH ijJasa 

Ha31:lBaeTCH npaqia3o.i1., Be 11 . 16h-D0311lll111 . BO,llOpo,aa B (fla:ie oli 
· 11H.ll,'l\11PYIOT 13 npa/tla3e,· 'COOTJieTCTBeHHQ; 12 · 11 ?4-KpaTH!le ll03l!Ul111 ( B 

·pac4e-re lia np11M11Tl1BHyro lll!ettKy). CJJe,JtoBaTeJJI>HO, ,D,JJH onpe)leJ1eH11H acex 

B03MOlltHUX. cynep110HHUX (fia3, :: He06XO,l(l1MO · nocTpOl1Tb pa3Jll14HUe 

ITOC.i!e.l{OBaTeJlbf:IOCTH <l>Il, ,ITp011CXO,JtHll(l1X 113 npaif)a3U: 

. '· 07 
h 

I 
n19 

. 4h , .. 
I 
I 

' 

I 
o3 

I 

,,, . 

. I 
T2 

d 

Heo6XO}l.11MO TOJlbKO CJie,D,11Th 3a TeM, IJT06tl BepOi!Tl!OCTll ~1anOJ1Hemrn 
. . 

IT0.311lll1M BO_.l(opo,JtOM 611JJH CTporo MeHbl!le·e.n111111uu, T.e. 411CJ;O IT03Ulll1,i Ha 

nl)11Ml1Tl1BHY!O ll4ei1KY 6HJIO 60Jiblll8 4HCJia HOHOB BO,nop0,,!!,3 •• 

.. TaKl1M .. o6pa30M, 3a.n,a4a J<JlaCCr!i}lliKaltlllf . cynep110HHUX 
. . ~ ' 

¢a3 t1 

onpe,aeJiemrn HX np.rp. CBO,llHTCil K 3a,na4e nepe411c.ne11irn r,83JIWIHUX Hfl; 
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BXO,l\Hlll11X B. C0CTaB nepecraH0!l0lJH0ro npe,n:cTaBJJeHlrn. 

ITp11ae,n:eHHl1e B rJJaBe pe3YJJhTaTl1 oryy6J!lfKOBaHl1 B pa6oTaX [7,8). 

B np11JJ0J1CeH1111 I co6paH11 Ta6Jil1lJHl1e )l,aHHlle. B np11JJ0Jt(eH1111 II 

np11Be)l,eHll pe3YJJhTaTl1 9l1MMeTpl1~Horo aHa.Ji113a fP0H0H0B C B0JJH0Bl1M11 

. BeKT0PaM11 B HeK0T0PHX Cl1MMeTpl1lJHl1X T0lJKax 11 .· Cl1MMeTpw-m1:1x 

ttanpaaJJett11Hx soH11 Ep11JJJJl03Ha AJJH TeTparoHaJJhH01i · ( U/mmm) 11 

poM611'1ecKoii (Cmca) ipas KPHCTaJJ;I0B La2Bo4 (B=Cu, Ni,Co); 

OCH0BHHE PE3Y~bTATH PAE0TH. 

1. Pa3Bl1Ta'" e,n:ttHaH qJeHOMe'HOJJOrl1lJeCKclH TeOpl1H CTJJYKTYPHl1X 11 MarHl-lT-

HHX 1Pasoa11x nepexo,n:oa (1$>IT} B KPl1CTaJIJJax La2Bo 4 (B.:Cu, Ni, co,) • 

0npe)l,eJJeHa Cl1MMeTPl1H napaMeTpa n0p.fl,lJ,Ka' (ITIT) 3Tl1X il!IT. 

2. Haii,n:eHa TeMnepaTypHa:1 33Bl1Cl1MOCTh nn, KOMTTOHeHT TeHsopa CTT0H-, 

TaHHOH ,n;e(!iopMau1111 11 y:npyr11x MO,ll,Y JJeii l(Pl1CTaJJJJa np11 it'll. 

3. C noMOll\_hlO Cl1MMe~pl1i1Horo attaJ1113a onpe,n;eJJem,1 B03MOJICHHe MarH11Tmie · 

CTPYKTYPH B xp11cTaJJJJ11tJecKoii q,ase P4,,/ncm ( CM. p11c. -3): 06ttapyxeHo, · 
. L. . . .. . . 

'ITO B Kp11cTaJJJJe La2~oo4 MoryT peaJ111soBaTbCl'I Martt11Ttt11e CTPYKTYPl1 

c11MMeTp111-1 . B2g ·. . 11 2A2g. nocJie,n;HHn . CTPYKTypa co,n;epirnT ).\Be 

He3aBIICl1MHe 6a3l1CH!:le fPYHKl.(tll1 11 .flBJJHeTCH Ha116o~ee BepO.flTHOii_ •. 

4. PaccM0TpeH CTTl1H-nepeop11eHTau110HHl1H ¢IT . B MarHl1THOM no.ne,_ Han-
·/ ' . 

paBJJ8HHOM nepneH,lJ,11KYJlHPIIO 6a311CHHM nJJOCKOCT.flM B02 (B~Cu,Ni,Co). B . 

LatF~D4, 

nepexo,n; 

CTPYKTYPY 

npe,n;cKasaH 

Cl1MM8TPl111 

B MarH11TliOM noJJe, HMeeT M~CTO cn11ti-:-nepeopHeHTaUl10HHHii 

113. MarHIITHOii C'I'PYKTYPl1 Cl1MMeTPHl1 . \. 2't'5, B . MarH11TllYlO 

c11MMeTp1111 · 2Big• B Kp11c-raJJJ1ax .• La2Bo4 CB=Ni,Co) 

cn11H_:nepeop1-1eHTat1110HHH_ii nepexo.n; 113 MarHHTHOH CTPYKTYPl1 

t 1 a MarHl1THYJO CTPYKTYPY c11MMeTp1111 2B2g .< CM. p11c.· 2) / 

5. Ha 0CH0Be 3KCne.im_MeHTaJJ·hHllX .n;aHHllX OT~O_CHTe.JJhH0 l13MeHeHl-m npoc-

. TpaHCTBeHHOii Cl1MM6TPl!l1 . 141/amd wlfi> ➔ : P21/c (c~h) I npe,n;J19lJteHa 

· · · · · <l>fi · · · B. ~pilcTaJJJJax Ti-ma 
. . q,ettoMeHoJJorw-rncKaH -reopirn · cynep110HHoro. 

CsHSO 4• · Cl1MMeTpHiiHUii attaJJl!3 cyrreptt0HHoro. <l>IT noKasuBae-r, . 4'TO 
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Heo6xo)l,11Mo nocT·poeH11e 6oJJee nocJJe)l,oBaTeJJbHoA Teop1-m cynep110Httoro 

nepeXQ)l,a, KOTopaSJ ,ll;OJIJKHa, TT0-Bl1,ll;l1MOMY, Ylfl1THBaTI, eme 0)1,HH HJll-1 ,lJ,allCe 

)!,Ba COTTYTCTBYlOllll1X nn. 

6. JlJJH KPl1CTa.1IJJOB Tl1TTa CsHS04 npe,lJ,JJ0JICeHa nparpa3a CIIMMeTp1111 Fd3m 

(0~) 11 Ha ee ocHose on11catta cxeMa KJ1acc111JJ11Kau1111 B03M0JICHHX 

cynep11otttt1:1x qia3. 
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