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c :rneKTpOHHOH sepCHeH )J,11CCepTaI.I,1111 MO)l(HO 03HaKOMl1TbCll Ha ocj.i11u,11aJJbHOM cai1Te 

06be)J,11HeHHOro 11HCTl1TYTa ll)J,epHbTX 11CCJJe)J,OBaH11H B l1Hcj.iOpMau110HHO-TeJ1eKOMMy­

Hl1Kau,110HHOH cern «l1HTepHern no a)J,pecy: https://dissertations.jinr.ru/. C rre'!arnoi1 

sepc11ei1 ,1\11ccepTau,1111 MO)l(HO 03HaKOMl1TbCll B Hay'IHO-Textt11'!ecKoi1 6116n110TeKe 

OHJfVI (r. )J.y6tta, MocKoBcKall o6nacTh, yn. )Jfon110-K10p11, .ll. 6). 

YYeHhTH ceKpeTapb )J,11ccepTau110HHoro coseTa, 

KaH)J,11.llaT cjl11311Ko-MaTeMaT11'1ecK11x HayK f ,c -{ ~.-.:-'"~ T. 11. I1saHK11Ha 

OElll,Afl XAPAKTEPHCTHKA PAI>OThl 

AKryaJJbHOCTb pa60Th1 
Cpe,ll,11 MHO)l(eCTBa coe)l,11HeH11i1 oco6b1i1 11HTepec Ha rrponrn<eH1111 MHor11x JieT 

rrp051Bm!eTCll K CJIO)l(HblM OKCH)J,aM K06aJibTa: R1 -xAxC003 H R1-xA xC003_3, r)J,e R -

pe,ll,K03eMeJihHhIH (P3), A - 111eJIOYH03eMeJibHbIH 1JieMeHThI. 3ro CBll3atto c 6oJib­

lIIHM pa3H006pa3HeM cpH3HlJeCK11X llBJieHHH, Ha6JIFO,ll,aeMhlX B 3THX coe)l,HHeHHllX: 

H3MeHeHHe CllHHOBbIX COCT051HHH 110HOB K06aJibTa, pa3IIH4Hble Tl1!1bl MarHHTHOro, 

op611TaJibHOro 11 1apll.llOBoro yrropll,ll,O'leHHll, CTPYKTYPHhie 11 MarHHTHhre cpa30Bbre 

nepexo,ll,bI, 1cjlcpeKT rnraHTCKoro MarHeToconpOTHBJieHHll. KpoMe Toro, OKCH,ll,hI K0-

6anhTa 51BJ151IOTC51 nepcneKTHBHhlMl1 MaTep11anaMH )l,Jlll npOH3BO,ll,CTBa TBep,ll,OTeJib­

HhlX TOI1JIHBHblX 3JieMeHTOB, MarHHTOpe311CTHBHblX H csepxnpOBO,ll,llll\HX MaTep11a­

JIOB, KaTaJIH3aTOpOB. 

B OTJIHYHe OT MaHraHHTOB 11 KynpaTOB K06aJihTHThJ 06Jia,l],a10T YHHKaJihHOH oco-

6eHHOCThlO - B03M0)1(H0CTH H3MeHeHl151 CI1HHOBbIX COCT051HHH HOHOB Co3+ npH Ba­

p11au,1111 TepMO,ll,HHaMH'leCKHX napaMeTpoB: TeMnepaTyphl 11 ,l],aBJiemrn. B 3aB11c11-

MOCT11 OT 6aJiaHca conOCTaBHMhIX no BeJIHYHHe BHYTpHaTOMHOH o6MeHHOH :rnep­

rHH JH H :rnepr1111 pac111enJieHH5l KpHCTaJIJIHYeCKOro I10JI51 L'icF, MoryT 6bITb pean11-

30BaHhl HeMarHHTHOe HH3KO-CI1HHOBOe (HC) (l2g6, s = 0) H Marn11rnoe npoMe)!(y­

T04HO-CI1HHOBOe (ITC) (t2g5eg1
, s = 1) HJIH BhICOKO-Cl111HOBOe (BC) (t2g4ei , s = 2) 

cocTOllHHll [4, 5]. TaK, B coe,ll,ttHeHHllX La 1- xA xCo03 np11 x > 0,18, Ha6JIIO,ll,aeTC51 

B03HHKHOBeHHe cjleppoMarHHTHOro (<l>M) MeTaJIJIH'leCKOro COCT051Hl151, KOTOpoe 

MO)!(eT 6bITh o6b51CHeHO Ha OCHOBe MexaHl13Ma ,llBOHHOro o6MeHa ,l],eJIOKaJIH30BaH­

HhlX eg 3JieKTpOHOB Me)!(,ll,y 110HaM11 Co3
+ , 1-1axo,ll,5lll\l1XC5l B ITC (t2g5eg1

, S = 1) cocTo-

5IH1111 11 Co4+ s HC (t2ieg0, S = 1/2) cocTOllHHH, nocpe,ll,CTBOM HOHOB KHcnopo,ll,a [6, 
7]. Eonee CJIO)l(HbJe H HHTepeCHbie cpH3H4eCKHe CBOHCTBa 6hIJIH o6Hapy)!(eHbl B KHC­

IIOpO,ll,HO-,ll,ecpttuHTHbIX OKCH)l,aX K06aJibTa R1 xAxC003_3. HaJIH'IHe KHCIIOpO,ll,HbIX 

BaKaHCHH rrpHBO,ll,HT K cjlopMttpOBaHHIO HOBhIX cpa3 H cy111ecTBeHHOMY H3MeHeHHIO 

cjl111114ecK11x csoi1cTB 1T11x coe)l,11HeH11i1. B TaKHX coe,l],111-1emUix o6Hapy)!(eHbI cpa3o­

Bbre nepeXO,ll,bl ,ll,113JieKTpHK-MeTaJIJI, 3cpcpeKT r11raHTCKOro MarHHTOCOrrpOTHBJieHH51 

H MarHHTHhie cpa30Bhie nepexO,ll,bl 113 <l>M B aHTHcpeppoMarHHTHOe (A<l>M) COCTOll­

HHe [ 4, 5]. 
He MeHee HHTepeCHhle cptt3HlJeCKHe 51BJieHl151 Ha6J11-0)l,a10TC5l B HHTepMeTaJIJIH,ll,aX 

Ko6aJibTa, )l(eJie3a 11 HHKeJill R-TM (R =La, Pr, Nd ... Lu, Y; TM = Co, Fe, Ni). B 

HHX o6Hapy)!(eHhl TaKtte 51BJieHH51, KaK 30HHbIH MarHeTH3M, rHraHTCKOe MarHHTOCO­

npOTHBJieHHe, MarHHTOKaJIOpH'leCKHH 3cpcpeKT, a TaK)l(e MarHHToynpyrttH KOJIJianc 

MarHHTHblX COCT051HHH. 3ro )l,eJiaeT TaKHe coe)l,HHeHHll nepcneKTHBHbJMH MaTep11-

aJiaM11 ,ll,Jlll MarHHTHhIX pecjlp11)1(epaTopos, nocTOllHHhrx MarHHTOB 11 T.n. B CB51311 c 

3THM oco6oe BHHMaHtte y,ll,eJI51eTC51 HCCJie)l,OBaHHIO l1HTepMeTaJIJll1,ll,OB . .3T11 cpaBHl1-

TeJibHO rrpOCTbJe coe)l,HHeHM51 51BJI51IOTC51 MO)l,eJibHbIMl1 Cl1CTeMaMH )l,Jlll pa3BHTH51 

TeopeTH4eCKHX KOHI.I,el1l.(HH, OI1HCbIBafOJUHe MarHHTHhie 51BJieHH51 B HHTepMeTaJIJIH­

)l,aX R-TM. Ecn11 R 51BJI51eTc51 HeMarHHTHbIM 1JieMeHTOM, TOr,ll,a MarHHTHoe ynop51-

,ll,04eHHe K06aJibTOBOH I10,ll,pellleTKH )l,OCT11raeTC5l BO BHeWH11X MarHHTHbIX I10Jl51X 

nop51,ll,Ka 75 Tn [5]. B Tex CJIY'fallX, KOr,ll,a R - MarnHTHbIH 1JieMeHT, I1£ H T < Tc 
Ha6JI10,ll,aeTCll ManrnTHOe ynop51,ll,04eH11e P3 , "iio 5 anorosoii nonpew.eroK, KoTopoe f 
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om1cbrnaeTC5I B paMKax MO)J,eJrn 4f-5d-3d [ 16]. B 3aB11c11Mocrn OT T11na R 3JieMeHrn 

MoryT 11MeTb MecTo <l>M 11n11 cjJepp11Marn11THOe ynop5l)J,OL1eH11ll B c11cTeMax RC02. 

J1CCJIC)J,OBaHl151 np11 BblCOKl1X )J,aBJICHl151X 51BJI5110TC51 C)J,11HCTBCHHblM np51MblM Me­

TO)J,OM KOHTPOJI11pyeMoro 113MCHCH1151 MarHl1THblX CBOHCTB 3a C'iCT Bap11au1111 MC)l(­

aTOMHblX paCCT051Hl1H 11 BaJICHTHblX yrnoB, 'iTO Heo6XO)J,11MO )J,Jl51 nOHl1MaHl151 np11-

pO)J,bl MexaH113MOB cp113114CCK11X 51BJICHl1H, Ha6JIIO)J,aeMblX B 3Tl1X COC)J,11HCHl151X. 

803)J,CHCTBl1e BblCOKOro )J,aBJICHl151 np11BO)J,11T K 3Ha'il1TCJlbHOMY 113MCHCHl1IO Mar­

Hl1THblX 11 rpattcnopTHbIX CBOHCTB coe)J,11HeH11H R1-xAxC003. B Hl1X 6bJJIO o6Hapy­

)l(CHO cyw,ecTBCHHOe yMeHbWeH11e TeMnepaTypb1 K10p11 11 HaMarH11L1eHHOCT11, a 

TaK)l(e Cl1JlbHOe 113MCHCHl1e Tpa1-1cnopTHblX CBOHCTB [7-9]. He TaK )J,aBHO B coe.r11111e­

Hl1l1 La0.82Ba0•18Co03 6blJIO o6Hapy)l(etto cpopM11poBaH11e HeKOJIJI11HeapttoH A<l>M 

cpa3bl c BCKTOpOM pacnpocrpatteHl151 [O - 0,5 0,5] [IO]. Tipe.r1nonaraeTC5I, LITO 0051B­

JICHl1e A<l>M cpa3bl CB513aHO c JIOKaJibf-lblMl1 HapyweHl151Ml1 6anaHca MC)l()J,y KOHKy­

p11pyIOW,l1Ml1 <l>M 11 A<l>M B3a11Mo.r1ewcTBl15IM11MC)l(JIY110HaM11 Co3+, ttaxo.r151w,11xc51 

B HC 11 ITC cocT051Hl151X. B TO )KC BpeMll 6ap11L1ecKoe noBe)J,eH11e MarHHTHoro co­

CT051Hl151 K06aJibTl1TOB B Kp11Tl14CCKOH o6naCTl1 x - 0, 18, r)J,e Ha116onee 51pKO Bblpa­

)l(CJ-la KOHKypeHI.11151 MarHl1THblX B3al1MO)J,CHCTBl1H 11 B03M0)1(1-Ja pean113aU,1151 .r1pyrnx 

Tl100B Marn11rnoro COCT0511-11151 MaJIO 113YLICHO. 11ccJie)J,OBaHl151 [11] CTOKa3aJil1 B 

Lao.8Ba0.2Co03 np11 TeMnepaType Hl1)1(e 150 K cocymecrnoBaH11e )J,Byx Kp11cTaJIJI11-

L1eCK11x cpa3: poM603.r1p11L1eCKOH R3c 11 oprnpoM611L1eCKOH Pbnrn c <l>M ynop5l)J,OL1e-

1-111eM Ka)l()J,OH 113 Hl1X. O.r1ttaKO, 11X noBe)J,eH11e no)J, )J,aBJICH11CM OCTaeTC51 HCBbl51C­

HCHHblM. B att110H-.r1ecjJ111.111rnoM K06aJibT11Te La0.5Bao.5Co03.o (8 - 0,2) 11ccne.r10Ba­

H115I YKa3bJBaIOT Ha 1-1an11L111e MarH11THoro cpa3oBoro nepexo.r1a np11 BbICOKOM .r1aBJie­

H1111 [ 12]. B TO)l(e BpeM51, xapaKTep 6ap11L1ecKoro noBe)J,eH11ll TeMnepaTyp Marn11T­

Horo ynop51)J,0L[CJ-11151 11 CTpyKTYPHble MeXaH113Mbl Ha6JIIO)J,aeMblX MarHMTJ-lblX 51BJie­

Hl1H OCTaIOTC51 HC51CHblMl1. 

B 11HTepMeTann11.r1ax RCo2 .r1aBJieH11e np11Bo)J,11T K cMew,eH11IO TeMnepaTypbI 

K10p11 B o6nacTb 6onee Hl13K11x TeMnepaTyp [ 13]. B TO )Ke BpeM51 pe3yJibTaTbl pa6oT 

[14, l 5] YKa3blBaIOT Ha TO, LITO np11 onpe)J,eJieHHOM Kp11Tl14CCKOM 3Ha4Cf-11111 )J,aBJie-

1-11151 B03MO)l(HO no.r1aBJiett11e Marn11T1-1oro nop51)J,Ka P3 11 Ko6anbTOBOH no.r1peweTOK. 

Oco6b1H 11ttTepec npe.r1cTaBJI5leT coe.r111ttett11e ErCo2, B KOTopoM 6bIJIO o6Hapy)l(eHo 

[16] HecornacoBaHHOe noBe)J,eH11e MarHl1THblX MOMCHTOB )J,Byx no.r1peweTOK np11 

B03)J,eHCTB1111 Bb1coK11x .r1aBJieH11H. B pa6oTe [ 17] 6b1JI11 npe.r1crnBJiettb1 pe3yJibTaThI 

11ccne.r10Batt115I BJI115l1-11151 Bb1c0Koro )J,aBne1-11151 Ha Marn11THYIO CTPYKTYPY TbC02 Me­

TO)J,OM ttewrpoHHOH .r111cppaK1.11111 np11 BbJCOKOM .r1aBJieH1111. ,IJ,aHHbie 11ccne.r10Ba1-11151 

003BOJil1Jil1 pa3Jil1L[l1Tb BKJia)J,bl OT Tep611eBOH 11 K06aJibTOBOH no.r1peweTOK B o6w,yJ-O 

HaMarHH'iCHHOCTb Cl1CTCMbl, a TaK)l(C nocrp011Tb 3aBl1Cl1MOCTb Tc OT )J,aBJICHl151 )J,Jl51 

Ka)l()J,OH no.r1peweTKl1. 3Tl1 pe3yJibTaTbl nOKa3aJil1 , LITO l1CCJIC)J,OBaH11e 11HTepMeTaJI­

Jll1)J,OB RCo2 MeTO)J,OM 1-1eHrpOHHOH .r111cppaKu,1111 np11 Bb1coK11x .r1aBne1-11151x .r1a10T B03-

MO)l(HOCTb 6onee no.r1po61-10 113Y411Tb MexaHl13Mbl cpopM11pOBaHl151 MarHCTl13Ma B 

3Tl1X COC)J,11HCHl151X. 

HeHTpOHHa» .r111cjJpaK1.11151 TaK)l(e no3BOJI51eT 113yl.JaTb Kp11cTaJIJiw1ecKy10 cTpyK­

TYPY coe.r111HeH11H, KOTOpb1e co.r1ep)l(aT nern11e 3JieMeHThl 11n11 3JieMeHTbJ c 6n113-

K11M11 a-roMHblMl1 . HOMepaM11, LITO BO ,MHOfl1X cJiyl.Ja51X 3aTpy)J,Hl1TCJibHO C)J,eJiaTb c 
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nOMOUl,blO pettTreHOBCKOH .r111cjJpaK1.11111. 3To O'iCHb Ba)l(f-10 np11 11CCJIC)J,OBaHl111 

CJIO)l(Hb!X OKC11)J,OB K06aJJbTa, r)J,e cpopM11poBa1-111e MarHl1THOro ynop51)J,04CH1151 CB51-

3aHO c KOHKype1-11.111eH ct>M 11 Act>M B3al1MO)J,CHCTBl1H, ocyw,eCTBJI51CMbIX 4epe3 

110Hbl Kl1CJ10po.r1a. 

,IJ,onOJIHl1TCJlbHble 11CCJIC)J,OBaHl151, c CTOMOUl,blO Cl1HXporpOHHOro 113JIY4CHl151 

(CH), )J,aIOT B03M0)1(H0CTb 113y'iaTb Kp11CTaJIJll1l.JCCKYIO crpyKTYPY np11 )J,aBJJCHl151X 

Bbl We 10 rna. 3TO CB513aHO c BblCOKOH 51pKOCTblO CH no cpaBHCH1110 c HeHrpOH­

HhIMl1 11CTO'iHl1KaMl1, LITO 003BOJ151CT cyw,ecTBCHHO COKpaTl1Tb BpeM51 3Kcnep11MeH­

TOB 11 o6beM o6pa3ua. 

lleJJblO )J,11cceprnu110HHOH pa60Tbl 51BJlllCTC51 l1CCJIC)J,OBa1-111e BJll151H1151 BbJCOKOro 

)J,aBJJCHl151 Ha Kp11CTaJIJl11L[CCKYJ-O 11 MarHHTHYT-0 crpyKTYPY CTCXl10MCTPl14CCK11X 11 

HCCTCX110MCTPH4CCKl1X JiaHTaH-6ap11eBblX OKCl1)J,OB K06aJibTa H 11HTepMeTaJIJll1)J,OB 

K06aJibTa. 

,Il,n51 .r1ocT11)1(eH115I yKa3aHHOH uen11 6b1JI11 nocrnBJICHhI cne.r1y10w,11e 3allal.Ju: 

• I1ccne)J,OBaH11e 113MCHCHl1H B Kp11CTaJIJlf1L[eCKOH 11 MarHl1THOH crpyKType CTe-

XHOMCTPl14CCKHX K06aJihTHTOB Lao,s2Bao,1sCo03 11 Lao,sBao.2Co03 MeTO)J,OM 

1-1eHrpo1-1HOH .r111cppaKu,1111 np11 BhICOK11x .r1aBJieH115lx. 

• I1ccJie)J,OBatt11e BJll151Hl151 BhlCOKoro )J,aBJJCHl151 Ha Kp11CTaJIJll1L[eCKYIO 11 Mar-

HHTHYIO cTpyKTypb1 HecTex110Merp11L1ecKoro K06aJihTl1Ta Lao,sBao,5Co02.8 MeTo­

)J,aM11 HeHTpott1-1ow 11 peHTreHOBCKOH .r111cppaK1.11111. 

• J.13yL1eH11e B03)J,CHCTBl151 BblCOKOro )J,aBJJCHl151 Ha Kp11CTaJIJlf1L[CCKYIO 11 MarHHT-

HYIO CTPYKTYPbl coe)J,11HeH11H RC02 (r.r1e R - Dy, Ho 11 Er) MCTO)J,OM HeHTpOHHOH 

)J,HcjJpaKU,1111. 

OoJJoJKeuusi, BbIHOCHMb1e ua JamuTy: 

1. Bo3)J,eHCTBl1e BbJCOKOro )J,asneH115I B La0•82Bao, 1sCo03 np11Bo)J,11T K no)J,asne­

Hl1IO Act>M-cpa3bl np11 )J,aBJICHl111 1,2 rna 11 ee nOJJHOMY 11C'iC3HOBCHl1IO np11 p 2'. 2 

rrra. 

2. B Lao.sBao,sCo02,8 np11 )J,aBne111111 p 2'. 2,8 rna np011CXO)J,11T CTPYKTYPHblH ne­

peXO)J, 113 Ky611L1eCKOH CTPYKTYPhI c c11MMeTp11eH Prn3rn B TeTparoHaJihHy10 cTpyK­

TYPY c npocTpaHcTBeHHOH rpynnoH P4/ rnmm. ,IJ,aHHhIH 11epexo)J, co11pOBO)l()J,aeTc5I 

H3Me1-1e1-1115IM11 B Marn11THOM ynop5l)J,OL1eH1111 113 A<l>M G - T11na B <l>M cpa3y. 

3. Bo3)J,CHCTBl1e BblCOKoro )J,aBJICHl151 )J,0 5 ,6 rna B DyC02 Bbl3bIBaeT Jll1HCHHOe 

yMeHbWeH11e Tc. Marn11THbIH MOMCHT K06aJibTOBOH no)J,peweTKl1 L1aCTl1'iHO no)J,aB­

JJ51CTC51 np11 )J,aBJICf-11111. 

4. 803)],CHCTBHC BHCWHero )J,aBJICH11ll )J,0 4,6 flla Ha H0Co2 Bbl3hIBaeT HCJll1HCH­

HOe yMe1-1bwet111e Tc. MarH11THhIH MOMCHT K06aJihTOBOH no)J,peweTK11 L1acT11L11-10 

no)J,aBJJ51CTC51 np11 )J,aBJICHl111. 

5. B1-1ewHee )J,aBJieH11e s ErCo2 np11so)J,11T K no)J,aBJieH11IO MarHl1THoro MOMeHTa 

K06aJibTOBOH llO)J,peweTKl1. B )J,Hana30He )J,aBJICHl1H OT 0 )J,04,1 rna Tc )J,JI51 3p611e­

BOH no)J,peweTK11 ocrneTcSI noLJTf1 HC113MCHHOH, a Tc Ko6aJihTOBOH no.r1peweTK11 n11-

1-1ewt10 yMeHbwaeTcSI. 

HoBH3Ha uay<IHbIX u npaKTH<1ecicux pe3yJJbTaTOB 

,IJ,nSI Ko6anhTl1Ta Lao.s2Bao.1sCo03 nonyL1eHb1 6apw1ecK11e 3as11c11MOCT11 TN )J,JISI 

A<l>M Qla3bl B )J,11ana30He )J,aBJICHHH OT 0 rrra )J,Ol,2 rna. 
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YcTaHOBJJeHo, YTO MarHHTHruI CTJJYKTypa Lao.s2Ba<usCo03 HBm1eTcH HecTa6HJ1b­
Hoi1 K 803,UeHCTBHl-O .uasneHHH. :::ho CBH3aHO c H3MeHeHHeM cnHHOBblX COCTOHHHH 
HOHOB Co3+ H3 TIC MarHHTHOro Ha HC HeMarHHTHOe. 

B Ko6anbrnTe Lao.sBao.sCo02.s o6Hapy)l(eH CTPYKTYPHbJH nepexo.u H3 Ky6HYe­
cKoi1 cpa3bl c npocTpattcrneHHOH rpynnoi1 Pm3m B TeTJ)aroHanbHYl-0 c npOCTJJaH­
crneHHOH rpynnoi1 P4/mmm, H MarHHTHbIH cpa30BbIH nepexo.u, KOTOpbIH conpo-
80)1(,UaeTCH H3MeHeHHeM OCHOBHOro A<DM COCTOHHHH G-THna Ha <DM. 

)J,nH Lao.sBao.sCo02.s nonyYeHbl 6apHYeCKHe 3as11CHMOCTH TN H Tc .UJIH A<DM H 
<DM cpa3 B ,UHana30He .uasneHHH OT 0 ffia .UO 6 fIIa. 

B HHTepMeTannH.uax DyCo2, HoCo2 11 ErCo2 noCTpoeHbl 6apHYeCKHe 3asHCHMO­
CTH Tc npH pa3JJl14HblX .uasneHHHX .unH Ko6anbTOBOH no.upeweTKH H no.upeweToK, 
o6pa3osaHHhIX P3 MeTannaMH. 

B ErCo2 o6Hapy)l(eHo HecornacosaHHoe yMeHbWeHHe Tc npH .uasneHHH .UJJH no.u­
pewernK Er H Co. 

Bnepsb1e .unH scex coe.u11HeHHH nonyYeHbJ 6apHYecKHe 3aBHCHMOCTH napaMeT­
pos 3J1eMeHTapHOH HYeHKH H llJ1HH Me)l(aTOMHblX CBH3ei1. 

HarrnaH H npaKTHqecKaH JHaqHMOCTb pa6oTbt 
IIonyYeHHbie s .UHCceprnuHOHHOH pa60Te 3KcnepHMeHTaJJbHb1e pe3ynbTaTbI 

Ba)l(!-lbl .UJ1H pa3BHTHH npe,UCTasneHHH 0 CTJJYKTYPl-lblX MexaHH3Max cpopM11posaHHH 
MarHHTHbIX HBJ1eHHH, Ha6J11-0,UaeMblX B CJ10)1(HbIX OKCH,Uax H HHTepMeTaJJJ1H,Uax K0-
6anbTa H pO,UCTBeHHblX MaTepHaJJOB. 

CJJO)J(Hble MarHHTHble OKCH,Ubl H HHTepMeTaJJJ1H,Ubl 11Me1-0T nepcneKTHBHble TeX­
HOJIOrHYeCKHe npHMe1-1e1-11rn B KaYeCTBe MarHHTHblX HOCHTeJleH .umr xpaHeHHH 11H­
cpopMauHH, Man-IHTOpe3HCTHBl-lblX ronOBOK llJIH C411Tb!BaHHH HHcpOpMauHH, csepx­
YYBCTBeHHblX .uaTYHKOB MarHHTHOro nOIIH H TeMneparypbl, nOCTOHHHbIX MarHHTOB, 
3JleMeHTOB nonynpOBO.UHHKOBbIX 3J1eKTpOHl-lbIX npH6opos. 

IIonyYe1-11-1b1e 3Kcnep11MeHTaJJbHb1e pe3yJJbTaTbl MOryT cny)l(HTb oc1-1osoi1 .unH 
TeopeTHYeCKHX pacYeTOB cp113HYeCKHX CBOHCTB .uaHHhIX coe,UHHeHl1H B 3aBHCHMO­
CTH OT cTpyKTYPHblX napaMeTJJOB. '.:ho HMeeT 6onbwoe 31-1aYeH11e .unH pa3BHTHH 
cTpyKTypHoro .UH3ai1 Ha cpyHKUHOHaJJbHbIX MaTepHanos c 3a,UaHHblMH cpH3HYeCKHMH 
CBOHCTBaMH. 

Anpo6auHH llHCceprnuHH 
Pe3ynbTaTb1, npe.ucTasneHHble s .UHccepTallHOHHOH pa6oTe, .UOKJJa.UbIBaJJHCb Ha 

Me)l(,UyHapo.uHblX H pOCCHHCKHX KOHcpepe1-1uHHX, Ha ceMHHapax B OT,UeJJe HeiiTpOH-
1-lblX HCCne.uosaHHH KOH,UeHc11poBaHHblX cpe.u Jia6opaTOpHH 1-1ei1TpOHHOH cpH3HKl1 
HM.11.M. <l>paHKa, 3ace.uaHH.HX nporpaMMHO - KOHCYJlbTaTHBHOro KOMHTeTa no cpH-
3HKe KOH.UeHcHposaHHbIX cpe.u OI1Jl.11 H Ha ceccHH yYeHoro cosern OI1Jl.11. 

Pe3ynbTaTbI 6blJIH anpo6HposaHbI 1-1a cne.uy1-0ll1HX Ko1-1cpepeHuHHx: «XVTII, XIX 
H XXII HayYHaH KOHcpepeHUHH MOJIO,UblX y•1eHbIX H cneuHaJJHCTOB», 0115111, 
)J,y6Ha, 2014, 2015 H 2018; «International Conference Condensed Matter Research 
at the IBR-2», )J,y61-1a, 2014, 2015, 2017; «CoselllaHHe 11 Mono.ue)l(ttaa KOHcpepeH­
llHH no HCilOJ1b30BaHHl-O pacceHHHH HeHTJJOHOB 11 CHHXpoTpOHHOro H3J1yYeHHH B 
KoH.ue1-1cHposaHHblX cpe.uax», IIeTeprocp, 2014; «L lilKona TII1Jl.<D no cptt3HKe KOH-
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.ue1-1cHposaHHoro coCTOHHHH, <l>KC - 2016», 3enettoropcK, 2016; «IIepBblH Pocc11i1-
CKHH KpHCTannorpacpHYeCKHH KOHrpecc OT KOHBepreHuHH 1-1ayK K npHpo.uono.uo6-
HblM TexHonornHM», B)J,HX, MocKsa 2016; «17-th International Balkan Workshop 
on Applied Physics and Materials Science», Constanta, Romania, 2017; «Workshop 
on Condensed matter research by means of neutron scattering methods», Constanta, 
Romania, 2017; « 19-th International Seminar on Neutron Scattering Investigation in 
Condensed Mattern, Poznan, Poland, 2018; 39 11 42 ceccHH nporpaMMHO - Ko1-1cynb­
TaTHs1-1oro KOMHTeTa no cpH3HKe KOH,UeHCHpOBal-!HbIX cpe.u OI1Jl.l1, .lJ.y6Ha, 2014 H 
2015; 115 ceccHH yYeHoro cosern OI1Jl.11, )J,y6tta, 2014. 

Ily6JIHK3UHH 
IIo MaTep11anaM .u11ccepTau11H ony6nHKOBaHo 5 crnTei1 s HayYHblX peueH3Hpye­

MblX )l(yp1-1anax, 11 11 Te3HCOB .UOKJ1a,UOB Ha pa3JIH4HblX 1-1ayYHblX MeponpHHTl1HX. 
Cn11COK OCHOBHbIX ny6n11KallHH np11BO,U11TCH B KOHue asrnpecpeparn. 

CTpyKTypa llHCceprnuHH 
)J,11cceprnu11H cocTOHT H3 Bse.ueH11H, YeTbipex mas, 3aKn1-0•1eH11H 11 cn11cKa 

J111TepaTypb1; co.uep)l(HT 112 CTJ)aHl1U TeKCTa, B TOM 411CJ1e 48 p11cyHKOB 11 12 rn6-
J1Hll. Cn11coK n11TepaTypb1 BKJJI-OYaeT 135 HaHMettosatt11i1. 

OCHOBHOE CO.LI.EPJKAHHE PAI>OTbl 
Bo ssep,ettuu o6oCHoBaHa aKTYaJJbHOCTb TeMbI .u11cceprnu1111, ccpopMyn11posa1-1b1 

ee lleJJb 11 3a.uaYH. IIoKa3aHbI HayYHM HOBl13Ha 11 npaKT11YecKaH 3HaY11MOCTb nony­
YeHHbIX pe3yJJbTaTOB, TaK)l(e KpaTKO paccMOTJJeHa CTPYKTypa .u11ccepTau1111. 

B nepsoif rJiaBe co.uep)l(11TCH ofoop n11TepaTypb1 no TeMe .u11cceprnu,H11. IIpe.u­
crnsne1-1h1 cse.ueHHH 0 Kp11CTaJJJ111LJeCKOH 11 MarHl1THOH CTpyKType CJIO)l(HblX JiaHTaH 
6ap11esb1x OKCH.UOB 11 11HTepMeTann11.uos Ko6anbTa. PaccMaTJJHBaeTcH BJJHHHHe BbI­
coKoro .uasneHHH 11 1-1113Kl1X TeMnepaTyp Ha HX CBOHCTBa. 

BTopaH rJiaBa nocBHllleHa on11caH111-0 3Kcnep11MeHTaJJbHOH MeTo.u11K11 11 np11-
6opHoi1 6a3bl. OcHOBHOH o6oeM .u11cceprnu110HHOH pa60Tb1 Bhmom1eH Ha cneKTpo­
MeTpe )J,H-12 (11MnyJ1bCHb1H BbICOKonoTOYHbIH peaKTOp J1EP-2, JIH<l> OI151l1, r. 
)J,y6tta). )J,JJH o6pa3ua DyC02 11ccne.uosaH11H 6bJJ111 BblnOJIHeHbl Ha HOBOM .UttcppaK­
TOMeTJ)e .D,H-6 (peaKrnp l1.EP-2, JIH<D OI1Jl.l1, r. )J,y6Ha), KOTOpb1i1 C03,Uatt .umr 11c­
cne.uosatt11H o6pa3UOB B KaMepax BblCOK11X .uasneHl1H c aJJMa3HblM11 HaKOBaJ1bHHMl1, 
11 .UJIH o6pa3uos c 60J1bWl1M K03cpcp11uHeHTOM nornoll1eH11H Hei1TpOHOB. TaK)l(e 
6h1J111 npose.ueHbI .uononH11TeJibHb1e 3Kcnep11MeHTbl no 11ccne.uosaH111-0 KpHcTanJ111-
LJeCKOH CTJJYKTYPbI Ko6anbTl1Ta Lao,s Bao.sCo02.s c noMOlllbl-0 peHTreHOBCKOH .u11-
cppaKu1111 np11 BblCOKl1X .uasJJeHl1HX Ha 11CTOYHl1Ke Cl1HXpOTpOHHOro 113JlyYeHl1H 3-
oro nOKOJ1eHHH PETRAIII (DESY, repMaHHH laM6ypr) Ha ycrnHOBKe Extreme 
Conditions Beamline (ECB). 

B TpCTbeii rJiaBe npe.ucTaBJleHbl pe3yJ1bTaTbl 11ccne.uosaHl1H CJIO)J(HblX OKCH,UOB 
Ko6anbrn: Lao,sBao.2Co03, Lao,s2Bao,1sCo03 11 Lao.sBao.sCo02,s. 

YLJaCTKH 1-1ei1TJJOHHbJX .u11cppaKlll10HHblX cneKTpos Lao.sBao,2Co03 npe.ucrnsneHbI 
Ha p11c. J. Bo BCeM 11CCJle,UyeMOM ,Ul1ana30He ,UaBJ1eH11H (0 :S P :S 5,6 ffia) H TeMne­
paTyp (I 0 :S T :S 300 K) coxpaHHeTCH 11cxo.uttaH poM603.up11YecKrui Kp11cTann11Ye-
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CK<UI C'I'pyKrypa Cl1MMeT]Jl111 R3c. IlapaMe'I'pbl 3J1eMeHTapHOH HlJeHK11 11 )J,J111Hbl CBH-
3eH Co-0 yMeHbWalOTCH n11HeHHO np11 nosb1weH1111 )J,asneH11H. 11x K03cpqmu11eHTbI 
J111HeHHOH C)f(l1MaeMOCTl1 ki = -(l/aw)(daJdP)r np11 KOMHaTHOH TeMneparype 
COCTaBl1J111 k0 = 1,5(3)x 10-3 [Qa-1, kc= 2,8(2)x 104 [fla-1, a K03cpcp11u11eHT J111HeH­
HOH C)f(J1MaeMOCTl1 )J,J111Hbl CB5!311 Co-0 kco-0 = 1,0(2) x I 0-3 rrra-1. IIp11 3TOM saneHT­
HblH yron Co-0-Co ysen11Y11saeTcH c )J,asneH11eM (P11c.2). Mo)J.ynb scecrnpoHHero 
C)f(aTl15! 6hrn paCClJl1TaH ypasHeH11eM COCTOHHl15! EepYa-MypHaraHa TpeTbeH CTe­
neH11 [18]: P =3!2B0 (x 713 - X- 513) [1+3/4 (B ' - 4) (x 213 - 1)], r)J,e x =V!V0 - orno­
c11TeJJbHOe 113MeHeH11e o6beMa 3neMeHTapHoH HlJeHK11, Vo - o6beM 3neMeHTapHOH 
HlJeHKl1 np11 P = 0, a Bo - MO)J.YJJb scecrnpoHHero C)f(aTHH (Bo= - V(8P/8V)r) 11 ero 
npo113BO)J,H<UI B' no )J,asneH1110: B' = (8Bol8P)r . .ll:nH La0.8Bao.2Co03 MO)J.yJlb scecTO­
pOHHero C)f(aTl15! COCTaBl1J1 Bo= 178(6) rrra. 

4500 1 , 930~--~ 
6) 

~IJ750 
:i: 
_$ 3000 

~ 2250 
0 
:i: 
~ 1500 
u 
:i: 
~ 750 
:i: 

:s: 

1.2 1.5 1.8 2.1 2.4 2. 7 3.0 
d11k1 (A) 

Puc. 1. Y'laCmKU He1/mpOH/lb/X ouqJpaKZ(ll0/1-

llb/X cneKmpo6 la0./3a0.2Co03, noRy 'leHHbte 

npu OQ6Jlel/l/RX 0, 2,1 ll 4.J I'[fa, npu KOM­

/IQ/11f/Oll u llU3K0ll {OllJl p = 0 rna, T = JO K) 
1110 11nepamypa.x, 06pa60111m111b1e no A1emooy 

P11m6eJ1 boa. Bblpe:JaHHble Y 'taCmKu ua cneK­

mpax Me:J1coy 1. 6 u 1. 7 ;{ coo1116emc mBy10111 

canr/Jup06blM nLIKQM 0111 KQA1epbl 6blCOK020 

oa6J1e11uR. 

• ) 168,81 
1,928 

ci 
1,926 168,78 "' 

~ --? 1,924 168,75 ~ 

~ 1,922 • '-? 
168,72 C? u 

0 1,920 u 
1,918 

168,69 v 

1,9161 ~ I~ r 168.66 

0 2 4 6 0 2 
P(rna) 

Puc.2 3a611c11J11ocmu OJ/UH C6Jl3ezl Co-0 

(a) u 6QJ/e1111111020 y2J1a Co-0-Co (6) 

la0./3a0.2Co03 0111 OQ6JleHUJl npu KOM­

HQ/11H0ll 1110 \1nepamype. 

ilOHBJ1eH11e HOBblX pecjlneKCOB 11J111 .llOCTOJ1Hl1TeJlbHOro BKJ]a)J,a B 11HTerpanbHYIO 
11HTettc11sHOCTb cTpyKTYPHbIX n11Kos so sceM 11ccne)J,yeMOM )J,11ana30He )J,asneH11H 
11 TeMnepaTyp He o6Mapy)f(eHO, lJTO CBl1)J,eTeJ1bCTBYeT 06 OTCYTCTBl111 MarHl1THOH 
cpa3bl B 11CCJle)J,yeMOM o6pa3ue. 0TCYTCTBl1e MarHl1THOH cpa3bl MO)f(eT 6b1Tb CBH3aHO 
c TeM, YTO 110Hb1 Ko6anbTa Co3+ Haxo)J,HTCH s HC cocTOHH1111. 8o3)J,ei1cTs11e )J,asne­
Hl1H np11BO)J,11T K )J,aJJbHeHWeMy ysen11lJeH1110 paCll\enneHl15! Me)f()J,y f2g 11 eg 3Hepre­
Tl1lJeCKl1Ml1 ypoBHHM11, YTO s cso10 OYepe)J,b np11so)J,11T K n0Kan113au1111 110HOB Co3+ 

Ha t2g 3HepreT11lJeCKOM yposHe B HC cocTOHH1111. 
Ha P11c. 3 npe)J.crnsneHbl yyacTK11 )J,11cppaKu110HHbJX cneKTpos Lao.82Bao,1sCo03, 

nonyYeHHbie np11 pa3n11YHb1x )J,asnemrnx H TeMnepaTypax. Bo sceM 11ccne)J.yeMOM 
)J,11ana30He )J,aBJleHl1H (0 :s p :s 4 rrra) 11 TeMneparyp (I 0 :s T :s 290 K) coxpaHHeTCH 

11cxo)J,Ha5! poM603)J,p11YecKrui CTPYKTypa c npocTPaHCTBeHHOH rpynnoi1 R3c. IIp11 
)J,asneH1111 napaMeT]JbI 3neMeHTapHOH »Yei1K11 11 )J,J111Ha CBH311 Co-0 yMeHbWalOTCH 
J111HeHHO C K03cpcp11u11eHTaMl1 J111HeHHOH C)f(l1MaeMOCTl1 k0 = 1,3(1)x 10-3 [Qa-1, kc= 
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1,6(2)x 10-3 rrra-1 11 kco-0 = 1,4( I ) x 10-3 rrra-1. Mo)J.ynb scecTOpOHHero C)f(aTl15! co­
CTaBl1Jl Bo = 150(5) rrra. BaneHTHhlH yron Co-0-Co Mano 3aBl1Cl1T OT )J,aBneHl15!, 11 
ero BeJ111lJl1Ha COCTaBJlHeT <pco-0-Co = 169,9°. 

r 3)1 2,71Jl.,10K 6) p 3 y - ;, ,./, 
400 12.1111 •• 10• uc. . 'iGCl11Kll HeumpowtblX ulhppaK-

~-"O"-,.._,,.,,.... 4' .-"1'! 1111ow1b1x cneKmpo6la
08

,Ba
018

Co03' no-
'_... ...- 1,2111•, 10K , - . 

300 1,21111, IOK 
A4tM 

I 

\111\1 
I 

"m" J1Y'te1111b1e npu oa6J1e11zmx 0, 1,2 u 2, 7 "' I 

200 
~ 

~ 
"". 100 
:i: 

_2, 
..Q 0 1 I 

t; 
0 2 

A<P\1 
I 

AUl\I 
I 

B/ 
~ 375~~~~~~~~ 
:S: l lnla. JOOtl. 
u 
:i: 

~ lorn .. sot.: 
:i: 300 

:s: A¢t.\I 
\¢t\I 
I 

~ 
h1, 10K A4t~I 

A(l>\I I 
I 

"""'-
0 n1111, 290 K 

_, 4"","' 

3.5 4.2 4.9 
rl' 375 

1.2 l"lla, .'tJK 

1\: B;' l;A ' i'\ J'~ .... ::.~/.:\{,_ 

rna. npu KOMHQ/11HOll u Hl/3KOll (T = IO 
K) me.Mnepamypa.x, 06pa6omm111b1e no 

Memooy Pum6eJ1boa. Ma2m11111tb1e nuKu 

A<PM-r/JG3b1 06031w'leHbl, KaK A<PM. B ep­

muKQJ/bHblMU wmpuXQA1l/ 6HU3Y 060311a­

'lef/b/ pacc,wmaHHbte noJ1o:J1cemm cmpyK­

mypHblX nuKo6 npu uopMQJ/bHOM oa6J1e-

11uu. (6- 2) - YBeJ1 ll'lew1b1e rjJpa2.A1eHmb1 

cneKmpo6 La0.8iBa0.18Co0y cooep:J1ca­

u1ue Ma211um11b1e perjJJ1eKCbl. 

01 llJL.stlK A<l>\I 
All>\I I 

225~ 

Ofll:t,,IOK 
A¢t.\I 

I 
150~ 

1.2 rna. ?OK 

A4t\I \Cll\I 
1300 

I I 

~225 

3.5 4.2 4.9 3.5 4.2 4.9 

d11kt (A) 

IIp11 HOpMaJJbHOM )J,asneH1111 11 np11 T < I 00 K Ha cneK'I'paX Ha6n10)J,aeTcH noHB­
neH11e HOBbIX pecpneKcos Ha d 1zkt ~ 4,6 11 3,4 A, YTO yKa3brnaeT Ha cpopM11posa1rne 
A<l>M ynopH)J.OYeH11H. Marn11THbIH BKna)J, s 
)J,11cppaKu110HHb1e cneKTpb1 on11caH c noMo­
ll\blO MO)J,en11 HeKonn11HeapHOH A<l>M 
CT]JYKTYPbl c BeKTOpOM pacnpocTpaHeHl15! 
[O - 0,5 0,5] 11 MarHl1THOH HlJeHKOH 
2ax2ax2c (P11c.4), npe)J,JJO)f(eHHOH B pa-
6oTe [IO]. 3ttalJeH11e ynopH)J.O'leHHoro Mar­
H11rnoro MOMeHTa 110Hos Co s 3TOH A<l>M 
cpa3enp11 T = IOKcocTas11noµc0 = 1,10(5) 
µs, lJTO np11MepHO B 2 pa3a MeHbWe 0)1(11)),a­
eMoro 3HaYeH11H )J,JJH Co3+ (S = 1 ). ::ho yKa-
3brnaeT Ha np11cyTCTB11e 3aMeTHOro KOJ111-
lJeCTBa 110HOB K06anbTa B HeMarHl1THOM 
HC cocTOHH1111 . .ll:ononH11TeJibHOro BKna)J,a 
B 11HTerpanbHYlO 11HTeHCHBHOCTb C'fPYK-

a 

Puc. 4. Cx011amu'leCKOe 11peo cma6J1 e11ue 

MQ21/l/111H0ll cmpyKmypbl K06QJ/b/11l//11Q 

la
0

.82Ba
0

.18Co03. Cmpe!IKU YKCl.3bl6a1om 

TYPHblX n11KOB np11 Hl13Kl1X TeMnepaTypax 11anpaBJ1eHue MawumubtX MOMe1111106 Ko-

tte o6Hapy)f(eHo, YTO yKa3bJBaeT Ha oTcyT- 6QJ/bma. 

CTB11e <l>M COCTOHHl15! B o6pa3ue. 
IIp11 )J.asneHl111 p = 1,2 rrra Ha6mo)J.aeTCH yMeHbWeH11e 11HTeHCl1BHOCTl1 MarHl1T­

HbIX pecpneKCOB. 8 )J,11ana30He )J,aBJ1eHl1H OT 2 )J,0 4 ffla OH11 CTOJlHOCTblO 11ClJe3alOT, 
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4TO cs11.ueTeJibcTByeT o no.uasJieH1111 A<l>M cj:>a3bl. HoBbJX pecj:>JieKcos 11JI11 yseJI114e­
Hl1H 11HTerpaJibHOH 11HTeHc11sHocT11 CTPYKTYPHbIX n11Kos He o6Hapy)!(eHo. 3as11c11-
MOCT11 MarHl1THblX MOMeHTOB 110HOB K06aJibTa Co3+ OT TeMnepaTypbl np11 .uasJie-
1-IHHX 0 11 1,2 rTia noKa3aHbl Ha P11c. 5. 3Tl1 .uaHHble 6blJil111HTepnOJI11pOBaHbl 4>YHK­
u11eH: 

µ/µo - [I - (T/T<l>M(ACl>M))a]~, (J) 
r.ue a= 2,2 11 ~ = 0,30 - pacc411TaHHb1e K03cj:>cj:>11u11eHTbI, <l>M --> Tc, A<l>M -->TN. 

1 .2~---------~ 

1.01 T''i 

\ 

] 08 1 \ 

\ P = 1.2 rna 
•0 0.6 

:{' 
0.4 

0.2 

0.0 
10 20 30 40 so 60 70 80 90 100 

T(K) 

Puc.5. Te.MnepamypHbte 3aeucUMocmu ynopfl­

oo~e1111b1X AWZHU/11Hb/X AWMeH/1106 Co OJ/fl 

A</JM-cj1mb1 e La0_8J3a0.18Co03 npu pl13Jlu~-

11b1X oa6JleHUflX. CnJ/Ol/11/aft J/UHUfl - wm1epno­

J/fllfllfl 3KCnep11.MeHmGJ1bHblX oaHHblX OJ/fl P = 
0 I'na. lllmpuxoeaJ/ J/U//Ufl - O:JICUOGeMGJ/ 

me.Mnepamyp11aft 3aeucu.Mocmb OJ/fl P = 1,2 
rna. 

Mo)!(HO npe.unoJIO)!(l1Th, 4TO cj:>opM11posatt11e Act>M CTPYKTYPbl s 
Lao.s2Bao.1sCo03 CBH3aHo c HaJI11411eM KOttKyp11py1om11x <l>M s3a11Mo,aeHcTB11H CoH 
(TIC) - 0 2- - Co4+ (HC) Me)!(.uy 6JI11)!(aHw11M11 coce,aHM11 11 A<l>M s3a11Mo,aeHcTB11H 
Co3+ (TIC)- 0 2- - Co3+ (HC) Me)!(.uy cJie.uy10w11M11 3a 6JI11)!(aHw11M11 coce.UHM11. Tio­
BbIWeH11e .uasJieHl151 Bbl3hIBaeT 113MeHeH11e cn11HOBOro COCTOHHl151110HOB Co3+ c Mar-
1-IHTHOro TIC Ha HeManmTHOe HC, LJTO rrp11so.u11T K ocJia6JieH1110 KOttKyp11py10w11x 
MarHl1THblX B3al1MO.UeHCTBl1H 11 pa3pyweH11IO .UaJibHero MarHl1THOro nopH,UKa. 

Ha P11c. 6 npe.ucrnsJietthJ y4acTK11 pettTreHOBCK11x .u11cj:>paKu110HHhIX cneKTPOB 
Lao.sBao.sCo02.8, 113MepeHHble np11 .uasJieHl151X p ::; 29 rTia 11 KOMHaTHOH TeMnepa­
Type. Tip11 HOpMaJibHblX ycJIOBl151X .uattHOe coe.u11HeH11e 11MeeT Ky6114ecKy10 CTpyK­
TYPY nepOBCKl1Ta Cl1MMeTp1111 Pm3m. Tip11 .uasJieHl111 p = 2,8 rTia Ha6JIIO,UaeTCH 
pacwenJiett11e cTpyKTyptthIX n11KOB (200) 11 (220) Ha yrnax pacceHHl1H 28 = 8,5° 11 
12,0°. Ha11Jiy4wee on11catt11e cneKTPOB np11 p = 2,8 rTia .uaeT MO.UeJih TeTparoHaJih­
HOH CTPYKTYPhI (np. rp. P4/mmm), KOTopaH coxpaHHeTCH so sceM 11ccJie.uyeMOM 
.u11ana30He .uasJieH11H. 
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Puc. 6. Y<tacmKU pe11111zeH06CKUX oucj1paKl.fUOH­

Hb/X cneKmpoe la0.5Ba0.5Co02.8, noJ1y~e1111bte 

npu pa3llU4HblX oaeJ1emmx u KOM1wnuio1/ me.M­

nepamype, 06pa6omaH11b1e no .Memooy Pum-

6e!lboa. Ha ecmaeKe npeocma6Jle110 pacuienlle­

Hue cmpyKmypHozo nuKa (200) npu cj1moeoA1 

nepexooe U3 ry6u~ecKozl e 111empazo11GJ1b11y10 

rpa3y. 

C)!(11MaeMOCTb napaMeTpos TeTParoHaJibHOH H4eHKl1 Lao.5Ba05Co02•8 Hoc11T aH11-
30TponHblH xapaKTep (P11c. 7). Tip11 yseJI114emrn .uasJieHl151 COOTHOWeH11e napaMeT­
pOB c/a 113MeHHeTC51 c 0,979 .uo 0,991. 3aBl1CHMOCTb ofrbeMa 3JieMe11TapHOH 51YeHKl1 
OT .uasJieHl151 l1HTepnoJI11posaJiaCb ypaBHeH11eM COCTOHHl151 Eep4a-MypHaraHa. Bbl-
411CJieHHblH MO.UYJib BCeCTOpOHHero C)!(aTHH .UJIH Lao,sBao.sCo02,8 Bo = 235(5) rTia 
np11 cj:>11Kc11posaHHbIX 3Ha4eH11Hx B' = 4 11 Vo = 61,3(1) A3. 
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Puc. 7. Sap11<1ecK11e 3aeuc11A1ocmu na­

pG.Mempoe (a) u o6bi!Aw :JJ1e.Me11map-

HOil fl</ellKll, l/H!11epnolll1p06QHHOZO 

ypaeHeHZ1e.M Sep<w - MypHazaHa (6) 

La0_5Ba0.5Co02,s- Ozuu6Ku He npeeb1-

wa1om pa:J.Mepoe Clt.M60JI06. 

Y4aCTKl1 HeHTPOHHbIX .u11cj:>paKu110HHbIX cneKTPOB Lao.sBao5 Co02,8, 113MepeHHbIX 
np11 .uasJieHl151X p ::::: 0 rna 11 Hl13KOH TeMnepaType (T = I 0 K) npe.ucTaBJieHbl Ha 
P11c. 8. 
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T= IOK Puc. 8. Y</QC/11Kll 11ezilnpo1111b/X our/JpaKlfl/Of/­

HblX cneKmpoe La0.5Ba0.5Co0 1.8, noJ1y'leH11b1 e 

npu OG6Jlef/l/5lX 0, 2,2 l/ 6,0 I'fla l/ me.Mnepa­

mype T = JO K, 06pa6omaH11b1e no Memooy 

PumBe/lbOa. XapaKmepHble Awz11umHb1e nuKu 

YKa3GHbl KGK A<PM u </JM. B epmllKGJ/bllblMll 

wmpuxa.Mu o6o3Ha4e11b1 pacc•wmaw1b1e no­

J10:J1CeH11J1 cmpyKmypHb/X nllK06 Ky6u<1eCKOll 

rpG3bl npll 110pA1Gllbl/OM OQ6Jlel/Ull. 

0 

2.0 2.5 3.0 3.5 4.0 4.5 5.0 

dhkl (A) 

Tip11 P= 0 rna 11 T = 150 K Ha6mo.uaeTC51 no­
HBJieH11e Manmrnoro pecj:>JieKca (1/2 1/2 112) tta 
~4,5 l A, xapaKTepttoro .UJIH Act>M cocTOHHl1H G­
T11na c 2ax2ax2a MarHl1THOH no.upeweTKOH 
(p11c.9). Pacc411TaHHoe 3Ha4eH11e MarH11Tttoro 
MOMeHTa 110HOB K06aJibTa Co µ AFM = 1,60(5) µa 
rrp11 TeMnepaType T = 10 K MeHbWe, 4eM 0)!(11.ua­
eMoe .UJIH 110HOB K06aJibTa HaXO.UHwl1XCH TOJibKO 
B BC (S = 2) 11Jll1 nc (S = 1) COCTOHHl151X. 3TO 
yKa3brnaeT Ha rrp11cyTcTs11e 3aMeTHOro KOJI114e­
CTBa 110HOB K06aJihTa B HeMarHHTHOM HC COCT0-
51Hl111. llp11 yseJil14eHl111 .uasJieHl151 Ha6JIIO.UaJIOCb 
3aMeTHOe yMeHbWeH11e 11HTeHCl1BHOCTl1 MarHHT-

11 

Puc. 9. Maz1mm11m1 cmpyKmypa 

Ky6u<1ecK01/ A</JM rpa3bl G muna 

6 la0.5Ba0.5Co01,1;-

• 



HOro m1Ka (I /2 1/2 112). TI pH )J,aBJJeHHH p = 6 rna o6Hapy)l(eHO nOJJHOe HC4e3HO­
BeHHe )J,aHHOfO MarHHTHOfO nHKa H O)J,HOBpeMeHHO 3acpHKCHpOBaHO nOHBJJeHHe 
MarHHTHoro BKJJa)J,a s cTpyKTYPHbie nHKH Ha 2,72 A 11 3,82 A (P11c. 8) . .[{aHHoe 
nose)J,eHtte yKaJbrnaeT Ha H3MeHeHtte Tttna MarHHTHoro ynopH)J.04eHHH s 
La05Ba05 Co02.8 c A<DM G-Tttna Ha <DM no)J. )J,asneHtteM. 

Ha Pttc. I 0 noKa3aHbI 3as11cttMOCTH MarHHTHbIX MOMeHTOB A<DM 11 <DM OT TeM-
nepaTypbl npH pa3JJHl.fHblX )J,aBJJeHlrnX, KOTOpbie 6bIJJH HHTepnOJJHposaHbl c nOMO­
ll.l,blO cpyHKLIHH (I). TeMrrepaTypb1 
HeenH )J.JIH 11cxo)J,HOH A<DM cpa3bJ G­
rnna cocrnBHJJH TN= 215 K (P = 0 

1.61 + ... --...1 

1.4 

rna) H 193 K (P = 2,2 rna). TaK)l(e 'al 1·2 rlr--~ 
6bIJI paCC4HTaH 6aptt4eCKHH K03cp- 2: 1.0 'f' r 

0 

cp11u11eHT dTN!dP = - 12 Klrna. ~ o.8 

TeMnepaTypa K10p11 )J,JIH <DM cpa3bI 
cocrnsttna Tc= 158(5) K npH P = 6 
rna. BeJJHl.fHHa MarHHTHOro MO­
MeHTa Co )J,JIH <DM cpa3bI cocTas11na 

Jl<DM = 1,05(8) µs npH p = 6 rna H T 
= 10 K, 4TO npttMepHo Ha 35% 
MeHbWe no cpasHeHHIO co 3Ha4e­
HHeM )J,JJH A<DM COCTOHHHH npH HOp­
MaJJbHOM )J,asrreHHH 11 YKa3brnaeT Ha 
yseJJH4eHHe KOHUeHTPal..IHH HOHOB 
Co3 + s HC cocTOHHHH nptt BbICOKOM 
)J,aBJJeHHH. 

0.6 

0.4 

0.2 

0.0 +----~-----'--'---.-Lo-----' 
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T(K) 
Puc. JO. Te.Mnepamyp11w1 3aeucu.Mocmb y no­
p11oo'le1111b1x Ma211um11b1x MOMe111noe Co e 

Lao.5Bao.JCo0 2.B 0J111 A<l>M u <PM r/JG3 npu 
pa3JIU'IHblX oaeJ1e11u11.x. Cnnou111b1e J1 U11t1u -
w1mepnoJ1114u11 3KcnepuMeHmaJlbHblX oaHHblX 
cjJy11Kl/lleii (I). 

<DopM11posaH11e A<DM cocTOHHHH G-Tttna s Ky6114ecKoi1 peweTKe 
Lao.sBao.sCo02.s nptt HOpMaJJbHOM )J,asneHHH ocyUJ,eCTBJJHeTCH 4epe3 csepxo6MeH­
HOe B3aHMO)J,ei1cTBHe Me)l()J,y 6JJtt)l(aMwHMH coce)J,HHMH ttoHaMH Co3+ s BC cocTOH­
HHH. Ha6mo)J,aeMoe yMeHbwe1rne MarHHTHOro MOMeHTa Co Ha 35% B )J,HanaJOHe 
)J,aBJJeHHH 0 - 6 [f1a YKa3bIBaeT Ila H3MeHeHHe CCTHHOBOfO COCTOHHilll. HOHOB K0-
6aJJbTa Co3+ s n11paMH)J,aJJbHOM oKpy)l(eHHH Kttcnopo)J.a c BC Ha HC. L{aHHbJH 3cp­
cpeKT, npOHCXO)J,Hll.l,HM Ha cpoHe TeTPafOHaJJbHOro HCKa)l(eHHH KpHCTaJJJJH4eCKOH pe­
weTKH, BbI3bIBaeT no)J,asneHHe A<DM csepxo6MeHHbJX B3aHMO)J,ei1cTBHM Me)l()J,y 
6JJH)KaMWHMH coce)J,HMH H ycttJJeHHe pOJJH <DM B3aHMO)J,eMCTBHH Me)l()J,y CJJe)J.y10-
ll.l,HMH 3a 6JJH)l(ai1wttMH coce)J,HMH, a TaK)l(e Co3+(BC)-Co3+(HC)-Co3+(BC) s3aHMO­
)J,ei1cTBHM B cpopMHposaHHH MarnttTHbIX csoi1cTB La0.5Ba0•5Co02.s. l13MeHeHHe 6a­
JJaHca Me)l(.uy 3THMH KOHKyp11py10UJ,HMH B3aHMO)J,eHCTBHHMH B nOJJb3Y <DM H HBJJH­
eTCH B03MO)l(HOH npH4HHOM HH)J,YLIHposaHHOro )J,aBJJeHHeM <DM COCTOHHHH B 
Lao,sBao.sCo02.s . 

B tJeTBepToii rJlaBe npe)J.cTasneHbI pe3ynbTaTb1 ttccne)J,osaHHH HHTepMeTaJJJJH­
)J,OB RCo2 (r)J,e R = Dy, Ho, Er) npH BblCOKHX )J,asneHHHX. 

<DparMeHTbl Hei1TpOHHbIX )J.ttcppaKUHOHHblX cneKTPOB HHTepMeTaJJJJH)J,a DyCo2, 
nonyqeHHbie npH pa3JJH4HbIX )J,aBJJeHHHX H TeMnepaTypax, npe)J,CTaBJJeHbl Ha 
Pttc. 11. TipH HOpMaJJhHhJX ycJJOBHHX HCCJJe)J,yeMoe coe)J,HHeHHe HMeeT Ky6tt4eCKYIO 

12 

'j 

.\ 

cTpyKTYPY c npocTpaHCTBeHHOM rpynnoi1 Fd3m, r)J,e Dy HMeeT noJJO)l(eHHe 8a (118; 
1/8; 1/8), a Co - 16d (l /2;112;1 /2). 
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Puc. 11. Y•WCl11KU 11e1impOHllblX Oll(ppaKl/UOll/lbl.X cneKmpoe DyCo]. n011y•1ellllble npu oaeJ/e­

HUJIX 0 rna u 5, 6 rna, 06pa60111m111b1e no Memooy PumeeJ/bOG. <PM r/JG3a u.111eem 6KJIGO 60 ece 
cmpyKmyp11b1e nuKu cneKmpa npu T = 4 K. BepmuKaJlbHblMU wmpuxa.11111 6Hll3Y 0603ual/eHb1 
pacc•tumw111b1e noJ1o:J1cemm cmpyKmyp11b1X nuKoe npu T = 290 K. 

TipH HH3KHX TeMnepaTypax HaHJJY4Wee on11caHHe cneKTpOB )J,aeT MO)J,eJib TeTPa­
roHaJJbHOH KpHCTaJJJIH4eCKOH CTpyKTYPbl c npOCTPaHCTBeHHOH rpynnoii 14/ amd, 
r)J,e Dy 3aHHMaeT noJIO)KeHHe 4b (0, 1 /4; 3/4), a Co - 8c (O; O; 0). f1apaMeTpb1 3rre­
MeHrnpHoi1 H4ei1KH H )J,JJHHbl CBH3ei1 Dy-Co 11 Co~Co JJHHei1Ho yMeHhwa10TcH nptt 
)J,aBJJeHHH. 11x K03cpcpttuHeHTbl JlHHeHHOM C)l(HMaeMOCTH COCTaBHJJH CJJe)J,yIOUJ,He 

3Ha4eHHH: ka = 6( I )x I 0-3 rna-1 ' kc= 8( I )x 10-3 rna- 1, kDy-Co = 7,3(1) x 10-3 rna-1 H 

kco-Co = 6,9(1) X 10-3 [f1a-I . 
Tiptt T = 5 K Ha6rr10)J,aeTCH )J,OnOJJHHTeJJb­

HblH BKJJa)J, B HHTerpaJJbHYIO HHTeHCHBHOCTb 
Bcex cTpyKTYPHbIX nHKOB, 4TO yKa3bIBaeT Ha 
cpopMHposaHHe MarHHTHOro ynopH)J,04eHHH 
s 11ccne)J.yeMOM o6pa3ue. MarnHTHaH CTPYK­
Typa DyCo2 o6pa3osaHa )J,BYMH no)J,peweT­
KaMtt: )J,HCnp03HeBOM H K06aJJbTOBOH, KOTO­
pble aHTHnapannerrbHbJ )J.pyr )J.pyry (P11c. 
12). TeMnepaTypHbJe 3aBHCHMOCTH MarnHT­
HbIX MOMeHTOB Dy 11 Co nptt pa3JJH4HbIX 
)J,aBJJeHHHX, KOTOpble 6bIJJH HHTepnOJJHpO­
BaHbl c noMOUJ,blO cpyHKUHH (I), npe)J,crns­
neHbl Ha Pttc. 13. Pac4eT 6ap11l.JeCKHx 3as11-
c11MocTei1 MarHHTHblX MOMeHTOB )J,HCnp03HH 
H K06aJJbTa nOKa3aJJ, 4TO TeMneparypa 
K10pH npH HOpMaJJbHOM )J,asneHHH )J,JJH )J,HC­
npo3Hesoi1 H K06aJJbTOBOH no)J,peweTOK co­
CTaBHJJa Tc-;:::, 138(2) K. f1p11 )J,asneHHHX P :S 
4,8 ff1a Ha6JJIO)J,aeTCH COrJJaCOBaHHOe CMe-

13 

'~ 
b 

Puc. 12. Ma211umua11 cmpyKmypa 
DyC02. /fJ1UHHb1e cmpeJ1KU-MOMe11m 
OUCnp03UR, KOp0111KUe C111peJIKU-.1110-

MeH/11 K06aJlbl11G. 

• 



mem1e TeMneparyph1 Tc .JJ.JJ51 06e11x no)J.peweToK s o6naCTh 6onee Hl13KHX TeMne­
paTyp (P11c. 13) c 0,lJ,11HaKOBhlM K03QJQJ11U11eHTOM dTcldP = - 4,6(2) K/TIIa. 
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Puc. 13. TeMnepamypHbte 3aBucuMocnm 

ynopRdo<1e1111b1x MG2HUll1HblX MOA1eHmoB Co 

(a) 11 Dy (6) npu p11311u<111b1X daBJ1e11uf1X. Jlu­

Huu - 1111mepno!lfllfll5l 3KcnepUA1eHmGJ1bHblX 

da1111b1x </Jy11K11ueii (1). 3aBucUMocmu Tc K0-

6GJ1bmOB01/ u ducnpu3ueBoil nodpewemoK 

om dGB!leHUfl (B). 

IIp11 BhICOKOM ,lJ,asneH1111 s DyCo2 npo11cxo)J.11T yMeHbWeH11e MarH11THbIX MOMeH­
TOB .JJ.BYX f!O)J.peweTOK, COOTBeTCTBYIOl.l(ee 0,lJ,11HaKOBOH TeMnepaType K10p11 (P11c. 
13). CB513aHHhJe c 3Tl1M 113MeHeH115i s nnoTHOCT11 3JJeKTpOHHblX cocT051H1151X 6h1JJ11 
paCCMOTpeHbl B pa6oTe [ 19], r,lJ,e 6hIJJO fl0Ka3aHO, LfTO np11 Bb!COKl1X ,lJ,aBJJeHl151X 
yMeHbwaeTC51 o6MeHHOe pacmenJJeH11e .JJ.Byx IlO,lJ,30H 3d 3JJeKTpOHOB K06aJJhTa co 
Cnl1HOM BBepx 11 Cill1HOM BHl13, LfTO np11BO)J.11T K no,lJ,aBJJeH11IO MarHl1THOro MOMeHTa 
K06aJJbTa. 3Tl1 ,lJ,aHHbie cornacyIOTC51 c JJl1HeHHOH 3aBl1Cl1MOCTblO MOMeHTa K0-
6aJJbTa µco OT 3Heprn11 o6MeHHoro pacmenneH115i, KaK coo6manocb paHee B [20]. 

Yl.facnm HeHTpOHHbJX .JJ.11¢paKu110HHb1x cneKTpos HoC02, nonyLfeHHbie np11 pa3-
JJl1LfHhJX )J.asneH115ix 11 TeMnepaTypax, npe.JJ.CTaBJJeHbJ Ha P11c. 14. Ilp11 HOpMaJJbHhIX 
ycnos1151x 3TO coe)J.11HeH11e HMeeT Ky611l.fecKy10 cTpyKTypy c npocTpaHCTBeHHOH 
rpynnoi1 Fd3m, r,lJ,e Ho 11MeeT noJJO)l(eH11e 8a (1/8; 1/8; 1/8), a Co 16d (112;1/2;1/2). 
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Puc. I 4. Y<wcmKu 11e1/mpo1111b1X du</JpaK­

lfUOHHblX cneKmpoB H0Co2, noJ1y<1eHHb1e 

npu daBJlelll/RX 0 ll 4,8 rfla, npu KOA1-

HG/11H0ll u Hll3Ko1/ (T = 10 K) meAmepa­

mypax, 06pa6omaH11b1e no Memody Pum­

BeJlbda. </JM </JG3a 11Meem BK!lad BO Bee 

cmpyKmypHb1e m1K11 cneKmpoB npu T = 

10 K. BepmuKGJ/bllblMU wmpuxGMu BHU3Y 

0603/IG'leHbl paCC'llllnGHHble nO!IO:JICemm 

cmpyKmypllblX nUKOB npu p = 0 rna u T 
= 295 K. 

KaK 11 B DyCo2, np11 Hl13KHX TeMnepaTypax Ha11ny4wee on11catt11e cneKTpOB ,lJ,aeT 
MO.JJ.eJJh TeTparoHMhHOH Kp11cTanJJ11LfeCKOH CTPYKTYPbl c npocTpaHcTBeHHOH rpyn­
noi1 I4 i/amd, r.JJ.e Ho 3aH11MaeT noJJO)l(eH11e 4b (O; 1/4, 3/8), a Co - 8c (O; O; 0). 
PacnoJJO)l(eH11e aTOMOB Ho 11 Co s no3HUH51X 4b 11 8c. 

Eap114ecK11e 3as11c11MocT11 napaMeTpOB 3JJeMeHTapHoi1 5ILfeHK11 11 Me)l(aTOMHbIX 
paccT051Hl1H npe.JJ.CTaBJJeHbI Ha P11c. 15. IlapaMeTp 3JJeMeHTapHOH 511.feHKH a n11-
Hei1Ho yMeHbWaeTC51 np11 f!OBbIWeHHl1 ,lJ,aBJJeHl1H, B TO BpeM51 KaK B,lJ,OJJh OCH c 11Me­
eTC51 113JJOM np11 p = 1,7 fIIa (P11c.15 (a)). 3TO CKa3bIBaeTC51 Ha 6ap11LfeCKOM nose­
,lJ,eHl1H Me)l(aTOMHhIX paccT051Hl1H Ho-Co 11 Co-Co (P11c. l 5 (6)). Cpe.JJ.H11e 3HaLfeHl151 
Ko3¢¢11u11eHTOB JJ11Hei1Hoi1 C)l(11MaeMOCT11 .JJ.JJl1H CB513ei1 Ho-Co 11 Co-Co cne.JJ.y10-
m11e: kflo-Co = 4(2)x I 0-3 rna·1 11 kco-Co = 2,8(8)x I 0-3 rna·1. 
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Puc. 15. Eapu'lecKue 3GBUCUMocmu napa­

MempoB 3J1eA1eHmap1101/ R'let/Ku H0Co1 

(a) u Me:J1camoMHblX paccmof111w'J: Ho-Co 

u Co-Co (6) npu T = 12 K. Owu6Ku He 

npeBblUIGIOm p0.3.MepoB CWllBO!IOB. 

Cn!IOU/Hbte !IUHUU - mme1/11w1 w1mepno­

!lfll/Ufl 3KCnepUMeHmGJ/bHblX dGWlblX. 

IIp11 TeMnepaType 12 K Ha .JJ.11¢paKu1101rnb1x cneKTpax Ha6JJIO,lJ,aeTC51 pocT 11HTe­
rpanhHOH 11HTeHCl1BHocrn scex cTpyKTYPHhIX n11KOB, LfTO yKa3hrnaeT Ha ¢opM11po­
saH11e MarHHTHOro ynop51.JJ.OLfeHH51 B HoCo2. Marn11THa5i cTpy1<Typa H0Co2 aHano­
rHLfHa DyC02 (P11c. 12). Otta o6pa3oBaHa .JJ.BYM51 no,D,peweTKaM11: roJJbM11esoi111 K0-
6anhTOBOH, KOTOpbie 51BJJ51IOTC51 <l>M 11 aHrnnapanneJJbHhIMl1 .JJ.pyr ,D,pyry. 

TeMneparypHbie 3as11c11MOCT11 MarHl1THbIX MOMeHTOB Ho 11 Co np11 pa3JJWIHbIX 
,D,aBJJeHl151X (P11c. 16) 6bIJJl1 11HTepnOJJ11pOBaHbl QJYHKu11ei1: 

µ<1>M = Bs (_E_ µ<1>M !__ l, (2) 
µ<J>Mo S + 1 µ<J>MO Tc ) 

r,D,e Bs - QJYHKU1151 Ep1111JJJ-03Ha, S - cn11H 110HOB Co 11n11 Ho 11 µ<PMO - MarHl1THbJH 

MOMeHT <l>M QJa3hI np11 T= 0 K. 
TeMneparypa K10p11 ,D,JJ51 roJJhM11esoi1 11 Ko6anhTOBoi1 no,D,peweTKH HeJJ11Hei1Ho 

yMeHbWaeTC51 c ,lJ,aBJJeH11eM (P11c. 17). Tip11 HOpMMhI-IOM ,D,aBJJeHl111 ,l],JJ51 fOJJbMl1eBOH 
11 K06aJJbTOBOH no)J.peweTOK Tc ;:::: 78 K. B .n11ana30He )J.aBJJeHl1H 0 :'.Sp :'.S 4,8 rna 
tta6JJIO,D,aeTc51 cornacosaHHoe cMell.(eH11e TeMnepaTyphI Tc .JJ.JJ51 06e11x no,D,peweTOK 
B o6naCTb 6onee I-1113Kl1X TeMnepaTyp (P11c. 16). IIp11 ,D,aBJJeHHH ,l],0 1,7 rrra Tc 
yMeHhwaeTC51 c Ko3¢¢11u11eHTOM dT cldP = -6,2(8) K/rna. B ,D,11ana30He )J.asneH11i1 
1,7 - 4,8 fIIa Tc yMeHhwaeTC51 c MeHbW11M K03¢¢11u11eHTOM dTJdP = -2,3(5) 
K/fTia. Cpe,D,Hee JHaLfeH11e yMeHbweHl151 Tc cocrns11no dTJdP = -4(1) K/fIIa . 
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PG3J/ll'lltb1X oa611e11111cc Jlw1uu - w1mepno11J1Z/UR 
::JKcnep11Me11mGJlbHblX oawtblX q1y11K11ueii (1). 
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Puc. 17. 3a6uc11Mocmu TcK06Gllbmo601/ 

ll 3p6ue60ll noopewemoK om OG6llellllJ/. 

B pa6oTe [21] 6b1J10 TeopeTH4eCKH noKa:rnHo, 4TO c yseJ111Yett11eM .n:asJieHHll npo-
11cxo,n:11T CMemeHHe no,n:30H 3d 3JieKTPOHOB K06aJibTa, npHBO.ll:lllllee K yMeHbWeHHIO 
nJIOTHOCTH COCTOllHHH B6JIH3H ypoBHll <t>epMH H, COOTBeTCTBeHHO, no,n:asJieHHIO 
MarHHTHb!X MOMeHTOB K06aJibTa. TipH Jl:aJibHei1weM yseJIH4eHHH .n:asneHHll .n:o He­
KOTOporo KpHTl14eCKOfO 3Ha4eHHll (> 5 rTia) MO)l(HO O)l(H.lJ:aTb nOJlHOe no,n:aBJieHHe 
MarHHTHblX MOMeHTOB K06aJibTa. 

Hei1TPOHHbie .n:mppaKUHOHHbie cneKTpbJ HHTepMeTaJIJIH,n:a ErCo2, nonyqeHHbie 
npH pa3JIH4HbIX TeMneparypax H .n:asneHHllX, npe.n:crnsneHbI Ha P11c. 18. Tip11 HOp­
MaJibHbJX ycJIOBHllX HCCJie,n:yeMoe coe,n:HHeHHe HMeeT Ky6114ecKy10 CTpYKTYPY c 
npocTPaHCTBeHHOH rpynnoi1 Fd3m, r.n:e Er Haxo,n:HTCll B noJIO)l(eHHH 8a (I /8; 118; 
l/8), a Co - l 6d (I /2; 1/2; 1/2). 
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Puc. 18. Y•taCJnKU 11e1/mpOH/JblX ouppaKl/11-
0111/b/X cneKmpo6 ErCo2, no11y<1e1111b1e npu 

oa611em11tx 0 rna, 2, I rna u 4,1 rna. (fJM 

¢ma w11eem 6Knao 60 6Ce cmpyKmyp11b1e 
nu Ku cneKmpa npu T = J 0 K, 06pa6oma11-

Hb1e no Memooy Pwn6enboa. Bepm11KGJlb-
11b1M11 wmpuxa.Mu 611ll3Y o6o3HG'leHbl pac­

c•1uma1111b1e no11o:J1cemm cmpyKmypHblX nu­
K06 npu T = 290 K. 

TipH T = I 0 K tta11ny4wee on11caH11e cneKTpos ErCo2 ,n:ai:h Mo,n:eJib poM6o::i,n:p11-
4ecKoi1 KpHCTaJIJIH4eCKOi1 cTpyKTypbI c npocTpattcrnem1oi1 rpynnoi1 R3m, r.n:e 
aTOMbI Er 11Me10T noJJO)l(eHJ.-1e 6c (O; O; z), a Co .n:se no3HUHH: 9e (1 /2; O; 0) 11 3b (O; 
O; I /2), 4TO np11so,n:HT K o6pa3osaHHIO .n:syx tte3KBHBaJieHTHbIX CBll3di Er-Co 11 o.n:­
ttoi1 Co-Co. TiapaMCTPbI 3JJeMCHTapttoi1 ll4eHKH yMeHbWalOTCll mrnei1tto (P11c. 19) 
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C K03cpcpHUHeHTaMH JIHHeHHOH C)l(HMaeMOCTH; k0 = 7,2(2)x 10-4 fTia·l H kc = 
5(\)x 10-3 rna· 1• 

¥13 P11c. 20 BH,n:Ho, 4TO HMeeTCll CHJlbHall aHH30TpOnHll C)l(aTHll CBll3ei1 Er-Co . 
Cpe,n:H11e 3Ha4eHHll K03cpcp11u11eHTOB n11Hei1Hoi1 C)l(HMaeMOCTH ,n:JIHH Me)l(aTOMHbIX 
paccTOllHHH COCTaBHJIH: kEr-Co(3b) = 8(2)x I 0-4 rna· 1 ' kEr-Co(9e) = 2, 7( 6)x I 0-3 rna· 1 H 

k co(3b)-Co(9e) = 3,8(5)xl0-3 fTia· 1
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Puc. 19 Eapu•1ecKue 3G6l1Ctt.Mocmu na­

pG.Mempo6 3J1eMe111nap1101/ J1•1e1/Ku ErCo1 
npu T = I 0 K. Ouw6Ku 11e npe6blll1mom 
pG3Mepo6 Cl/M601106. Cnnow11b1e 111111u11 -

11u11ez/11G.Jl u11mepno11J1Z/UJ1 :JKcnepuMeH­
mGJlbHblX om111b1X. 

Puc. 20. Eapu•1ecKue 3G6UCUMocmu Me:J1camoM-

11b1x C6J/3etl Co3b-Er, Co9b-Er 11 Co9. -COJb 6 

ErCo1 npu T = 10 K. Owu6Ku 11e npe6blU1G10111 

pa3Mepo6 cu.111601106. Cnnow11b1e 11u11uu - 11u-

11e1/11aJ1 u11111epno11J1Z/UJ1 :JKcnepw11e11mGJlbHblX 
OQ/11/b/X. 

Tip11 TeMnepaType 10 K Ha6J110,n:aeTCll 
.n:onOJIHHTeJibHblH BKJla,n: B HHTerpaJib­
HYI-0 HHTeHCHBHOCTb scex CTPYKTYPHbIX 
TIHKOB, 4TO YKa3b1BaeT Ha <J:>opMHpOBaHHe 
MarHHTHOfO ynopll,n:04eHHll B HCCJle,n:ye­
MOM o6pa3ue. Marn11rnall CTPYKTypa o6-
pa3oBaHa .n:syMll no.n:peweTKaMH: 3p611e­
BOH 11 K06aJibTOBoi1 attT11napaJIJieJib­
HbIMH .n:pyr .n:pyry (P11c. 21 ). 

TeMnepaTypttbJe 3as11c11Mocrn ynopll­
,n:oYeHHbIX MarHHTHbIX MOMeHTOB Er H 
Co np11 pa3JJH4HblX .n:asJieHHllX npe.n:­
crnsnettbl Ha P11c. 22. 0HH 6blJIH HHTep­
noJ111posattb1 <J:>yttKUHett (1). TeMnepa­
Typa K10p11 ,n:nll Er 11 Co np11 HopMaJibHOM 
.n:asJieHHH cooTBeTcrnyeT 36 K. Tip11 B03-
,n:ettCTBHH .n:asJieHHll o6Hapy)l(eHO Heco­
rnacosaHHOe nose,n:eHHe Tc ,n:JUI 3p611e­
soi1 11 K06aJibTOBOH no.n:peweToK. Tc .UJill 
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b 

Puc. 21. Ma211i111utaJ1 cmpyKmypa 

ErC02. J(11w111b1e cmpenKu - MOMewn 

::ip6uR, KOp0111KUe cmpenKU -A10Meli/11bl 

K06Gllbl11G. 
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Er ocrneTc51 noYT11 He113MeHHOH, s TO speM51 KaK )l.JJ51 Co CMeLUaeTC51 s o6nacTb 60-

nee Hl13Kl1X TeMnepaTyp c K03cjJ<jJ11u11eHTOM dTc(Co)ldP = - 3,5(3) K/fIIa (p11c.23). 
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Puc. 23. 3ae11c11Mocm11 Tc K06GRM10-

eo1/ 11 3p6ueeo zl noopewemoK Cnnout­
/lb/ e nw1uu - mme1/11aJ1 u11mepnonm1u11 
::>KcnepUMe11maRbHbLX oa1111b1X. 

MexaHl13M 06paJosatt115I MarH11rnoro MOMeHrn K06aJJbTa s ErCo2 np11 HOpMaJJb­

HOM )l,asnett1111 np11 T -S Tc no)l,o6eH TOMy, KaK 3TO Ha6mo)l.anocb s HoCo2 11 DyCo2. 

0)].HaKo no)], )l,asneH11eM nose)l,eH11e Martt11THOH CTPYKTyph1 s ErC02 cyLUecrneHHO 

OTJll1YaeTC51 OT H0Co2 11 DyC02. I1p11 )l,aBJJeH1151X 60JlbWl1X I rna np051BJl51eTC51 He­

CTa611JlbHOCTb MarH11THOH Cl1CTeMbl K06aJJbTOBOH f!O)l,peweTKl1 11 B coe)l,11HeHl111 

Ha6JJIO)l,aeTC51 )],Ba cpa30BhIX nepexo)l,a c pa3JJl1YHblMl1 TeMneparypaM11 K10p11 rcco < 

T/ (P11c. 23). TaK11M o6paJoM, nonyYeHHhie s pa6ornx [22, 23) HeJ111Heiitth1e 3as11-

c11MOCT11 TeMnepaTyphl K10p11 OT )l,aBJJeHJ.151 OTpa)f(a}()T He nose)l,eH11e sc6i MarHl1T­

HOH CHCTeMhl, a KOJIJJanc MafH11THhlX MOMeHTOB K06aJJbTOBOH no)l,peweTKl1 B 11H­

Tepsane Tcc0 -S T -S TcE'. 3KcTpanoJI51UH51 MarH11THblX MOMeHTOB K06aJJhTa, nony­

YeHHblX 113 )l,ttcppaKU110HHhIX )l,aHHblX np11 H113Kl1X TeMnepaTypax, )l,0 µ = 0 µ s np11-

BO)l,l1T K KpHTl1YeCKOMY 3HaYeHl1IO )l,aBJJeHl151 B 9,5 ffla np11 TeMnepaType OKOJIO 10 

K, 4TO cornacyeTC51 c )l,aHHbJM11 TeopeT11YecK11x pac4eTos s pa6oTe [24). ITp11411Hb1 

TaKOfO nose)l,eHl151 np11 )l,asneHl111 K06aJJbTOBOH 11 3p6tteBOH no)l,peweTOK paccMaT­

p11Ba10TC5I s pa6oTe [24), r)l,e Hecornacosam1oe no)l,asnett11e MarH11THhIX MOMeHTOB 

K06aJJbTa c ysen114e1rneM )l,aBJJeimll CBll3hIBaeTCll c MaJJOH BeJl11411HOH 3Ha4eH11ll 

Kp11Tl1YeCKOro BHyTpeHHero MafH11THOro nOJl51, He06XO)l,HMOro )],Jill ycTaHOBJleHl1ll 

MarHl1THOfO ynop51)l,OYeHl151 B K06aJJbTOBOH Cl1CTeMe. 

B 33KJIIO'leHl1H 113JIO)f(eHbl OCHOBHhie pe3yJJbTaTbl pa60Tbl 11 np11se)l,eH Cnl1COK 

OCHOBHbIX ny6J111KaUHH no TeMe )l,11cceprnu1111. 

0CHOBHhie BblBO)J,bl no pa6oTe: 
l. B K06aJJbTl1Te Lao,82Bao.1gC003 B03)l,eHCTBHe BbICOKOro )l,aBJJeHl151 )l,0 1,2 rna 

np11so)l,11T K cyLUecrneHHOMY yMeHbWettmo TeMnepaTypb1 Heen51 11cxo)l,HOH A<t>M 

QJaJhl. ITp11 )l,aBJ1e111151x BhIWe 2,7 f'IIa Ha6JJIO)l,aJJOCh nOJIHOe no)l,aBJ1eH11e A<t>M 

cj:>aJbl. ,L(aHHOe 5IBJ1eH11e o6ycJJOBJleHO H3MeHeH11eM cn11HOBOfO COCTOllHH51 110HOB 
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K06aJJhTa Co3+ c MarHl1THOro rrc Ha HeMarHHTHOe HC, Bhl3bIBalOLU11M ocna6J1ett11e 

KOHKyp11pyIOLUHX MafH11THbIX B3al1MO)l,eHCTBl1H 11 no)l,aBJ1eH11e )l,aJlbHero MafH11T­

HOro nopll)l.Ka. l1.cxo)l.Hm1 poM603)l.p11•1ecKa5I <jJaJa Lao.82Bao.1gCo03 c npocTPaH­

crneHHOH rpynnoi1 R3c coxpattlleTc51 so sceM 11ccne)l.yeMoM )l.HanaJoHe )l,asnett11H. 

2. Y CTaHOBJJeHO, '-ITO np11 )l,aBJJeHl1llX p = 2,8 f'fla B HeCTeXl10MeTPl1YeCKOM K0-

6aJJhTl1Te Lao.sBao.sCo02.8 npo11cxo)l.11T cTpyKrypttbIH nepexo)l. 113 Ky611YeCKOH 

cj:>aJbI c c11MMeTp11eH Pm3m B TeTparoHaJJhHYIO c npocTPattcrne1rnoi1 rpynnoH 

P4/mmm. 3TOT crpyKTyptthIH cj:>aJOBhJH nepexo)l, conpoBO)f()l,aeTcll MarnHTHhIM <jJa-

30BhIM nepexo)l,OM 113 11cxo)l,Horo A<t>M cocTOllHH51 G - T11na B <t>M cocTOllH11e. ,L(aH­

Hoe 113MeHeHHe OCHOBHOro MarHl1THOro COCT051Hl1ll 06ycJJOBJ1eHo KOHKyp11py10LUl1M 

xapaKTepoM A<t>M 11 <t>M csepxo6MeHHhJX B3attMO)l,eHcrn11i1 Me)f()l.y 6J111)f(aHw11M11 

11 cne)l.y10LU11M11 3a 6J111)f(aHw11M11 coce)l,llMH. Eanattc 3THX s3a11Mo)l,eHCTBHH KOH­

TPOJ111pyeTcll crn611n113au11eii tteMarn11Tttoro HC cocT051HH51 HOHOB CoH. 

3. 06Hapy)f(eHO, '-ITO B03)l,eHCTBl1e BhICOKOro )l,aBJJeHl1ll )l,Jl51 11HTepMeTaJJJIH)l,a 

DyCo2 BbI3hrnaeT JJttHeHHoe yMeHbWeH11e Tc )l,Jl51 Dy 11 Co no)l.peweToK c K03<jJ<jJ11-

u11eHTOM dTcldP = - 4 ,6(2) KlrIIa. TaK)f(e tta6J110)l,aeTc5I no)l,asnett11e MarnttTHhJX 

MOMeHTOB Co, KOTopoe CBll3aHO c 113MeHeH11llM11 B nJJOTHOCTl1 3JleKTpOHHhlX COCTO­

llHl1H 3d 3JleKTPOHOB np11 yseJJH4eHl111 )l.aBJJeH11ll, np11BO)l,51LU11Ml1 K yMeHbWeHl110 

3Hepr1111 o6MeHHOro pacLUenneHHll. 

4. y CTaHOBJleHO, 4TO np11JJO)f(eH11e BblCOKoro )l,aBJJeHl1ll Bhl3blBaeT HeJIHHeHHOe 

yMeHbWeH11e Tc B l1HTepMeTanJ111)l,e HoCo2 co cpe)l.Hl1M K03cjJ<jJ11u11eHTOM dT d dP = 
- 4(1) K/fIIa. Marn11THhie no)l,peweTK11 Ho 11 Co 11Me10T CXO)f(11H xapaKTep tt3Me­

Hett11ll TeMnepaTyphI K10p11 OT )l,asneH11ll. Ha6J110)l.aeMoe no)l,asneH11e Marn11THh1x 

MOMeHTOB Co CB513aHO c 113MeHeH11llM11 B nJJOTHOCTl1 3JleKTpOHHhlX COCT051Hl1H 3d 
3JleKTpOHOB np11 yseJJtt4eHl111 )l,aBJJeHl151, np11BO)l,51LU11Ml1 K yMeHbWeHHIO 3Hepr1111 

o6MeHHOfO pacLUenJJeHH51. 

5. 06Hapy)f(eHO, 4TO Bb!COKOe )l,aBJJeHHe np11BO)l,l1T K HecornacosaHHOMY nose­

)l,eHl1lO Tc )].Jill Er 11 Co no)l.peweToK s 11ttTepMeTanJ111)l,e ErCo2. TeMnepaTypa K10p11 

Er no)l.peweTKH He 11JMe1rneTC5I no)]. BhICOKHM )l,asneHtteM, s TO speMll KaK )],Jill Co 

no)l,peweTK11 tta6J110)l,aeTC5I n11HeHHoe yMeHhwetttte Te e Kmcp<jJ11u11eHTOM dTcc0/dP 
= - 3,5(3) K/fIIa. Hecornacosattttoe nose)l.eH11e T c o6ycnosnetto MeHbWttM11 no 

cpasHeH1110 c HoCo2 11 DyCo2 3Ha4eHtt51M11 BHyTpeHHero MarHl1THoro no115I, YTO 

np051BJJlleTcll B cna6oH Koppen51u1111R11 Co peweToK. MexaHH3M no)l,asneHttIO Mar­

Hl1THblX MOMeHTOB Co attanornYeH HoCo2 11 DyCo2. 

CnucoK ny6m1Kauuit no TeMe tlHCcepTauuu 

l. I1o)l,aBJ1eH11e aHT11cpeppoMafHl1THOro COCT051Hl1ll B K06aJJhTl1Te 

La0.82Bao.18Co03 np11 BhJCOKOM )l.asnett1111 I A.B. PyTKaycKac, .[(.II. Ko3neHKO, 

11..0. Tp051HYyK, C.E. K11YaHOB, E.B. flyK11H , E.H . CaseHKO // II11cbMa B )!{3T<t> 

- 2015. -101, N!! 6. -c. 423-428. 

2. I1tt)l.yu11posaHHhIH )l.asnett11eM nepexo)l, aHT11cpeppoMarneT11K- cj:>eppoMarne­

T11K 11 113MeHeH11e cn11ttosoro cocTOllHH51 Co s Lao.sBao.5Co02.8 I .[(. II. KOJ­

neHKo, A. B. PyTKaycKac, H. T. ,L(aHr, H. 0. ronocosa, c. E. K11L1aHOB, n. C. 
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