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Y'leHbJH ceKpernpb n 11ccepTau11011110 1 o cone n1 

K3Hl\11.L13T cjJH311KO-MaTeMaT11'1 eCKl1X 11ayK 'I'. 11. I I 1m111<1111a 

OE~MI XAP AKTEPlfCTlfKA P AEOTbl 
AKTyaJJbHOCTb pafioTbI 
nporpeCC B COBpeMeHHOH cjJl1311Ke KOH/leHC11pOB3HHOrO COCTORHHJI ttepa3pb1BHO CB5!33H 

c 11011CKOM 11 11ccnenosa1-111eM HOBblX MaTep11aJIOB, 06nana10m11M11 TeM11 11Jll1 11Hb1Ml1 

¢YHKL1110HaJibHblMl1 csoi1cTsaM11. Ba)l(Hb1e s np11KJianttoM acneKTe cjJ11J11'leCK11e HBJiett11R, 

T3KHe KaK BblCOKOTeMnepaTyptta}f csepxnposon11MOCTb, cerneT03JieKTp11'1eCTBO, 

pa3Jil1'1Hble T111lbl M3rHl1THOro ynopH/lO'leHl1R , CTpyKTypttble 11 M31H11THble cjJa30Bble 

nepexO.Llbl 11 np. - 6b1JI11 06ttapy)l(eHb1 s 0Kc11nHb1x MaTep11anax. 

Cpen11 MHO)l(ecrna CJIO)l(Hb!X OKCl1.LIOB nepeXOl\HblX MeTaJIJIOB oco6blH 11HTepec Ha 

nporn)l(eH1111 MHOrHX neT npe.LICTaBJIHIOT CJIO)l(HbJe OKCl1.Llbl MapraHua: R1 .,A , Mn03, rne R 
- pe.L1K03eMeJibHblH, A - meJIO'IH03eMeJibHbJH 3JieMeHTbJ. TaKoe stt11MaH11e ttay'lttoro 

coo6mecTsa o6ycJIOBJieHO 60JibWl1M pa3H006pa311eM cjJl1311'1eCKl1X 5!BJieH11i1 : 6oraTblM11 

CTPYKTYPHb1M11 11 Mar1111THbtM11 cjJaJOBb1M11 n11arpaMMaM11, 3apHnosb1M11, op611TaJibHbJM11, 

cTpyKTypHblMl1 11 Martt11Tttb1M11 ynopR/lO'leH11HM11, npoHBJIHIO!lll1Ml1CH s 3Tl1X 

coe.z:111Hett11Hx s 3as11c11MOCT11 OT THna 3JieMeHTOB R 11 A 11n11 np11 sap11au1111 

TepMon11ttaM11'lecK11x napaMeTPOB: .z:1asneH11R 11 TeMnepaTypb1. C11JibHaH KoppeJIRUl1R 

MarH11THblX, 3JieKTpOHHblX 11 TpattcnopTHblX CBOHCTB M3Hf3Hl1TOB np11BOl\HT He TOJibKO K 

11X Bb!COKOH 'IYBCTBl1TeJibHOCTl1 K 113MeHeHHIO BHeWHl1X ycnoa11i1: TeMnepaTypbl, 

BHeurnero M3rHl1THOfO 11 3JieKTp11'1eCKOro rlOJIH, BblCOKOro naBJieHHJI [ l- 5], HO 11 K 

B03Hl1KHOBeHl110 HOBblX cp11311'1eCKHX RBJieHl1H. TaK, o6Hapy)l(eHHblH B M31ff3Hl1TaX 

3cjJcpeKT KOJIOCCaJibHOro MarneToconpOTl1BJieHl1R (KMC) .z:1enaeT M3Hf3Hl1Tbl 

nepcneKTl18HblMl1 MaTep11anaM11 ,[\JUI C03/l3Hl15! HOBOro rlOKOJieHl1H 3an11Cb1Ba1om11x 11 

C'll1Tb183IO!lll1X ycTpOHCTB .LIJIR xpatteHl15! 11ttcpopMau1111 11 'IYBCTBl1TeJibHblX .Ll3T'll1KOB 

Marn11rnoro noJIR 11 TeMnepaTypb1 [6] . 
I1ono6Hble CJIO)l(Hble KoppeJIHU1111 Me)l(.LIY pa3Jil1'1Hb!Ml1 Tl1r13Ml1 ynopHnO'IeHHH 

11a6JI10.L1aeTC5! B CJIO)l(Hb!X OKc11nax )l(eJie3a co CTpyKTypoi1 wn11HeJIH - cjieppHTax. 8 3Tl1X 

coen11HeHl1HX Tal()l(e 11a6JI10.L1aeTCR w11pOKl1H cneKTp cjJl1311'1eCKHX 5!BJieH11i1: 3H3'111TeJibH3}1 

HaMartt11'1eHHOCTb H3CbJ!lleHl15!, BbICOKOe yneJibHOe 3JieKTp11'1eCKOe conpOTl1BJie1me, 

Hl13KY!e 3JieKTp11'1eCKHe n0Tep11 11 BbICOKa}f X11M11'IeCK3}1 CTa611JibHOCTb. <l>opM11posatt11e 

Martt11THbIX csoi1cTB cjJepp11ToB T11na AFe204 o6bI'IHO Bbl3Batto nepepacnpe.z:1eneH11eM 

)l(eJie3a Me)l(ny nsyMR He3KBl1BaJieHTHblMl1 Kpl1CTaJIJIOrpacjJ11'leCKl1Ml1 rl0311U115!Ml1 B 11X 

rpatteueHTp11posaHHOH Ky611'1eCKOH (rl.~K) CTpyKType c npocTpaHCTBeHHOH rpynnoi1 

Fd'.3m: Kp11cTannorpaqrn'lecKoi1 no311u11ei1 A c TeTparottaJibHbJM K11cnoponHbIM 

OKpy)l(eH11eM, 11 rl0311U11eH B c OKTa3np11'1eCKl1 KOOpn111111posaHHblM OKpy)l(eH11eM [7]. 
<l>epp11Tbl RBJI5!10TC5! nepcneKTl1BHblMl1 MaTep11anaM11 l\Jl5l np11MeHeHl15! B Cl1CTeMax 

xpatteHl15! 1111cjJopMau1111 [8], MarHl1THblX cepne'IHl1Kax, M3rHl1THblX )1(111\KOCTRX [9], 
norJIOTl1TeJI5!X M11Kp0BOJIH 11 Men11u11HCKOH n 11arHOCTl1Ke [8; 9]. 

B nocnen1111e ronb1 6b1J111 pa3pa6orn11b1 Tex11onorn11 non)"leH11H MaHraH11Tos 11 

cjJepp11TOB B s11ne H3H0'13CTl1Ll [ 4; l O]. 1-faseCTHO, 'ITO B H3HOpa3MepHOM COCT05!Hl111 

CBOHCTBa semecrna MOfYT cymeCTBeHHO OTJil1'13TbC5! OT o6bI'IHOro o6beMHOrO 

COCT05!Hl15!. Kp11CTaJIJil1'1eCKaH, M3rHl1THaH CTpyKTypa 11 cPl1311'1eCK11e CBOHCTBa 

11a110pa3MepttbIX OKC111\0B )l(eJie3a 11 MapraHL(a OCT3IOTCR MaJIOl13Y'leHHblMl1. np11 

yMc 11bwe111111 pa3Mepa 3ep11a 11n11 HaH0'1acT11UbJ no cpastt11Moro 11n11 Mettbwero, 'leM 

Kp11111•1eCKl1H pa3Mep 01\HO.LIOMeHHOH '13CT11Ubl, cnenyeT 0)1(11/l3Tb He CBOHCTBeHHblX 

061>cM11b1M coen1111eH11RM cjJ113114ecK11x Hsne1111i1 11 3cjJcjJeKTOB [11; 12]. KsaHTOBb1e 

fl<l 'IMCj111blC J cpqleKTbl 11 60JibW3}1 nnomanb nosepXHOCTl1 MarHl1THblX H3H0'13CT11U pe3KO 

MClllll()I Mal 1111THbie CBOHCTBa, B CBR311 c 'leM H3H0'13CT11Ubl neMOHCTp11py10T 

cy11cp11apaMarlll1Tllble CBOHCTBa 11 KB3HTOBOe TYHHen11poBatt11e HaMarHl1'1eHHOCTl1, 
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noCKOJlbKY Ka)f(ny10 4acn1uy M0)1(1-f0 p accMaTpHBaTb KaK enHHblH MarHHTHblH .IIOMeH. 

floTeHUHaJJ HCnOJlb30BaHHll TaKHX MaTepHaJJOB c JaBHCllll.lHMH OT pa3Mepa MafllHTllblMH 

CBOHCTBaMH B HOBblX TeXHOJlOrH4eCKHX npHJJO)f(el-fHllX 6bJJl nponeMOHCTpHposa11 BO 

Ml-!OrHX HOBblX H Tj)a.IIHUHOHHblX o6nacrnx, TaKHX KaK xpa1-1e1-111e MarHHTHblX n a11111>1x 

csepXBblCOKOH nJJOTHOCTH [ 13; 14], MarHHTOOnTH'-leCKHe HOCHTeJJH HHcpopMaUHH l 14 J, 

MarHHTHbJe 301-1.Ilbl nJJll MarHHTHO-CHJJOBOH MHKpOCKOnHH [14] , naT'-I HK rHraHTCKOl"O 

MarHHTOCOnpOTHBJleHHll (GMR) [15] , MarHHTOKaJJOpH4eCKHH XOJlO.IIHJlbHHK [9J , 

MarHHT03JleKTpHKH [ 16], KOHTpaCTHO-yCHJlHBalOUIHe areHTbl B MarHHTHO-pe30HaHCllOH 

TOMOrpacpHH (MPT) [9], CHCTeMbl .IIOCTaBKH JJeKapcrneHHblX npenapaTOB c MarHHTl-lblM 

1-1asene~1HeM [ 17], .IIOCTaBKH )],HK H reHOB [ 17], a TaK)f(e cpeppO)f(H.IIKOCTH [9]. )J,nll 

1laJlbHei1wero pa3BHTHJI TeXHOJJOfH'-leCKHX npHMeHeHHH MarHHTHblX HaHO'-laCTHU 

Tpe6ylOTCll neTaJJbl-fble HCCnenosaHHll KaK KpHCTaJJJJH'-leCKOH, TaK H MarHHTl-fOH 

CTPYKTYPbJ 1-1a1-1ocTpyKTyp11posa1-11-1b1x Ma1-1ra1-1HTOB H cpeppHTOB, 'ITO noJBOJJHT 

npoaHaJJH3HpOBaTb xapaKTep H3MeHeHHll QlH3H4eCKHX CBOHCTB npH nepexone OT 

06beM1-1oro K 1-1a1-1opa3Mep1-10My COCTOlll-IHIO BeU1eCTBa, ycTaHOBHTb MHKpOCKOnH'-leCKHe 

MexaHH3Mbl cpopMHpOBaHHll cpH3H4eCKHX CBOHCTB Ha ypoBHe aTOMHOro CTpoeHHll. 

C4HTaeTcll, '-!TO see 1-1a6n10naeMh1e MarHHTHb1e llBJJeHHll KaK s MaHraHHTax, TaK H s 

cpeppHTax, MO)f(HO paccMaTpHBaTb c T04KH 3peHHll 6anaHca MarHHTHblX B3aHMO.IleHCTBHH: 

.IIBOHHOro o6MeHa, CBl!JaHHOfO c Bb1Hfpb1WeM B KHHeTH'-leCKOH 3HeprnH 3a C'-leT nepe1-1oca 

neJJOKaJJH30BaHHblX eg 3JleKTpOHOB B KHCJJOpO.IIHbJX uen04Kax, H cnoco6cTBYIOU1ero 

cpeppoMarHHTl-IOMY (C!>M) ynopll.II04eHHIO MarHHTl-lblX MOMeHTOB HOHOB )f(eJJeJa H 

Mapra1-1ua; H a1-1T11qieppoMarnHT1-1oro (Act>M) csepxo6Me1-1a Me)f(ny MarHHTl-lblMH 

MOMeHTaMH Mn HJJH Fe, ccpopMHposa1-1HblMH cnHHaMH JJOKaJJHJOBaHHbIX ::ineKTpo1-1os [6; 
18] . 

I1ccnenosaHHll npH BbICOKHX .uasneHHllX llBJll!IOTCll e11111-1CTBeHHblM npl!MblM MeTO.IIOM 

KOHTJJOllHpyeMoro HJMetteHHll MarHHTHbJX csoi1cTB 3a C'leT sapHaUHH CTPYKTyp1-1b1x 

napaMeTpos, TaK11x KaK Me)f(aTOMHbie paccTOllHHll 11 sane1-1T1-1b1e yrnb1, 4TO 1-1eo6xon11Mo 

.IIJlll noHHMaHHll npHpO.Ilbl MeXaHH3MOB cpH3H4eCKHX llBJleHHH, Ha6monaeMblX B 3THX 

coenHHeHHllX. 

UeJJblO llBJJl!eTcl! 11ccnenosa1-1He KpHcTanJJH4eCKoi1 H MarHHTHOH CTPYKTYPhI 

o6beMHblX H 1-1a11ocTpyKTypHposaHHh1x MaHraHHTOB La1 .,Sr, Mn03 H cpeppHTOB co 

cTpyKTypoH. wn111-1enH Zno.3Cuo.1Fe1.sGao.s04 H Zno.34 fe2.s30 4 s w11poKOM n11anaJ01-1e 

nasneHHH H TeMnepaTyp. 

)J,J]j{ .IIOCTH)f(eHHll yKaJamlOH UeJJH 6b!JlH nOCTaBJJeHbl CJJe.I1y10U1He 33)J.3'1H: 

• VlccnenosaTb oco6e1rnocn1 KpHCTaJJJJH4ecKoi1 H MarHHTHOH CTPYKTYPhJ, a TaK)f(e 

CTPYKTyp1-1b1e acneKTbl MafllHT1-1oro cpa3osoro paccnoeHHll s 1-1a1-1ocTpyKTypHposa1-11-1b1x 

oKcHnax Mapra1-1ua Lao.12Sro.2sMn03. Lao.63 Sro.J1Mn03 H Lao.s3Sro.41Mn03 npH BblCOKHX 

nasJJeHHllX B WHpOKOM .I1Ha 11 a3011e TCMnepaTyp. 

• YlccnenosaTb 113MCllC11Hll B KpHCTaJJJJH4CCKOH H MafllHTHOH CTJJYKType CJl0)1(110f0 

OKCH.Ila )f(eJJe3a Zno.3C uo.1 Fc1 , Gao , 0 4 B ll1HpOKOM .I1Ha11a1011e TCMncpaTyp. 

• flpoaHaJJH3HposaTb BJll1ll1111C BblCOKOro )l.aBJICllHll 11a fCMllCpai ypy Mal 111111101 0 

nepexona Tc B qieppHTC Zno.JCU1l.7FC1 , Gao , 04 . 

• 1-fa)"IHTb oco6e1111ocTH CTpyK1yp1>1 H xapa1<1cp Ma11111111010 )' llOf)lll<l'ICllllll 

HaHocTpyKTypHpoBa1111oro cJicpp111a Zno14 FC:?>10 .i 1111111p01<0M ; 111a11 :no11l' ll'/l.llll' P:J1 y p 

IlOJJO'.IKCHHH, BbIHOCHMblC 11a 3au111Ty: 

I. BblllBJJCHHe cocyU1CCTBOBat1Hll cJicppoM ~111111111oii 11 a11111cJ>cppo11.1a11111111oi1 1J><t 11 .1 

A-THna B HaHocTpyKTypHposaHHblX Ma11ra11111 ax La1u,1Sro 11Mn01 11 Lao n SnuxMn01 c 

pa3MepOM 4aCHIU 50 HM, a B CJlY'laC llallOC"I pytn ypHp013allll0fO Ma11ra1111 l'a 
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Lao.s3 Sro.41Mn03 c paJMepoM Yacrnu 200 HM cyU1eCTBOB3HHe TOJJbKO cpeppoM3rnHrnoi1 

cpa3bl npH HOpMaJJbHOM nasJJeHHH H HH3KHX TeMnep3Typ3X. 

2. 06113py)f(e11He nonoJJH HTeJlbHOH a1-1rnqieppOM3rHHTHOH cpa3bJ A-rnna B 

H3HOCTpywryp11poB3HHOM M3Hf3HHTe L30.s3Sro.41Mn03 npH BblCOKHX .Il3BJJeHHllX P 2'. 2.1 

rna. 
3. ')cpcpeKT H3MeHeHHll o6neMHOf0 COOTHOWeHHll .uoneH. cpeppOM3fl-IHTHbJX H 

a111 HQlCppoMafl-IHTHblX cp33 B crnpo1-1y nonasJJeHHll cpeppoMarHHTHOH COCTaBJllllOUleH npH 

11p~IJlQ)KeHH H BblCOKOfO .Il3BJleHHll B CTJJYKType H3HOCTPYKTypHpOB3Hl-lbJX M3Hf3HHTOB 

La 1.,Sr , Mn03 (.Illlll x = 0.28, 0.37, 0.47). 

4 . Monenb <rnnpo-o6ono4K3», o6nllCHlllOll.l3ll cpaJosoe p3ccnoeH11e s M3r1111T1-10H. 

cTpyKType H3HOCTpyKTyp11pOB3HHhlX Mattr3HHTOB L31 -xSr, Mn03 (Mll x = 0 .28, 0 .37, 0.47) 

npH HOpMaJJbHOM H Bb!COKOM .Il3BJJeHHH. 

5. Oco6e1-11-1ocT11 cpepp11Marn11rnoro ynopll.II04eHHll B 1-1a1-1ocTpy1<Typ11pos31-11-10M 

cpeppHTe Zno.34fe2.s304 B .IIH3fla30He TeMnep3TYP 5-300 K H HX B3aHMOCBll3b c 

.IIOMHHHpOB3HHeM B3K3HCHH B OKTa3.IlpH4eCKHX n03HUHllX 3TOf0 cpeppHT3. 

Hos11Jua uarrnhtX H npaKTtt"leCKHX peJyJJbT3TOB 

B 1-1a1-10KpHcrnnn114ecK11x M31-1ra1-111rnx L31-xSr, Mn03 6bIJJO ofoiapy)f(etto cxoncTBO 

KpttcTanJJH4eCKOH CTPYKTYPbI c poncTBeHHbIMH MHKpOKpHCT3JIJJH4eCKHMH 

coenH1-1e1-111llMH. B npoT11sonono)f(HOCTh MarHHTHOH cTpyKType MHKpoKpHCTaJJJJH'•ecKHX 

Jl3HT3H-CTpOHUHeBbIX M3HfaHHTOB, npencTaBJJeHHOH npH HOpMaJJbHblX ycJJOBHllX 

MeTaJJJJH4eCKHM cpeppOM3rHHTl-lblM COCTOHHHeM, B M3fHHTl-IOH CTj)yKrype 

1-131-10KpHCTaJJJJH4eCKHX Ma1-1r3HHTOB La1 -xSrxMn03 (x= 0.28, 0.37) cocyU1ecTsy10T nse 

cp33bJ: cpeppoMarHHTHal! 11 a1-1rncpeppoM3rHHTH3ll A-THfl3. B TO )f(e speMll B 

1-1a1-10Ma1-1ra1-1HT3X L30.s3Sro.41Mn03, KOTOpble HMelOT 60JlbWHH p33Mep 43CTHU, 

3HTHcpeppoM3fHHTHOH cpa3bl A-THn3 np11 1-1opManbHOM 11asne1-1HH 11e 061-13py)f(e1-10 . 

DblJJO ycT3HOBJJe1-10, 'ITO B03.Ilei1cTBHe Bb1co1<oro nasne1-111ll npHBO.IIHJJO K nonasne1-1H10 

OCHOBHOfO cpeppoMarHHTHOfO COCTOlll-!Hll H crn6HJJH33UHH aHTHcpeppoMarHHTl-IOfO 

COCTOllHHll B H3HOCTJJYKTYPHPOBaHHbJX M31ff3HHTaX L31 -xSr, Mn03 (x= 0.28, 0.37 , 0.47) . 

B Hccnenosa1-11-1b1x 1-1a1-1043CTHuax qieppHTa Zno.J4fe2.s304 061-13py)f(e1-10 npeo6JJ3.I13HHe 

saKa1-1c1111 B oKTa:>.IlpH4eCKHX no3HUHllX cTpyKTypbI wn111-1enH. Bnepsb1e ycTa1-1osne1-10, 4TO 

K03<pcpHUHeHT Tennosoro p3CWHpeHHll .IIJlll HaHOCTPYKTYPHPOB3HHOf0 coen111-1eHHil 

Zno.34fe2.s304, 3Ha4HTeJlbl-f0 MeHbWe, 4eM .IIJlil COOTBeTCTBYIOlllHX o6beMl-fbJX M3TepHaJJOB . 

C!>eppHMarHHTHOe COCTOHHHC HCCJle.IIOB31-!HOf0 1-!3HOCTpyKTYPHPOB3Hl-!OfO cpeppHT3 

CTafo!JlhHO BO BCeM .IIH3n330l-fe TeMnep3TYP 5-300 K. 
BnepBble 3KCnepHMeHTaJJbHO ycT3HOBJJe1-10, 4TO B03.I1ei1.cTs11e BblCOKOro .I13Bne1-111H 

npHBO.IIHT K necrn6HJJ H33UHH cpeppHM3fl-IHTHOf0 COCTOHl-!Hll B cpeppHTe 

Zno.3Cuo.1 Fe15Gao.s04, a TeMnepaTypa K1op11 yMe1-1bwaeTCH c 63pw1ecKHM 

K03cpcp11u11e1-1TOM dTc/dP "' -19 KJGP3. 

Harma11 11 npaKT11•1ecKaH 3H3"1HMOCTb paooTbt 

r!oJJy4eHHbJe B .IIHCCepTaUHOHHOH pa6oTe 3KCnepHMeHTaJlbHble pe3yJJbTaTbl 83)1(1-lbl 

n1rn pa3BHTHll npencrnsne1-111H. o cTpyKTyp1-1b1x Mexa1-1H3Max cpopM11pos3HHll MarHHTHbJX 

i lBJlCllHH, H36JllO.I1aeMblX B CJlO)f(HbJX OKCHnax MapraHua, )f(eJJe3a H poncTBeHHblX 

Ma iCpHaJJOB. 
I tar11ia51 3Ha4 HMOCTb TaKHX HCCJJenosaHHH 06ycJJOBJJe1-1a 60JJbWHM p33H006pa3HeM 

<Jlii ' lll'ICCKHX ilBJleHHH, npOllBJlillOUIHXCSl B CJJO)f(l-fb!X OKCHnax nepeXO.Ill-fblX MeTaJJJlOB: 

601a1 htMH CTPYKTYPHbJMH H MarHHTHbJMH cpaJOBblMH 1lH3rpaMMaMH, 3apsinoBhJMH, 

op6 111<v11>111>1MH, CTPYKTyp1-1bJMH H MarHHTHbJMH ynopll.IIO'leHHllMH, Me1-1S110U1HMHCS1 B 
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3aBHCHMOCTH OT XHMH1-IeCKOro COCTaBa HJlH npH BapHaU.HH TepMO)J,HHaMWleCKHX 

napaMeTpos: )J.asneHHll H TeMnepaTypbl. 

Hccne)J,OBaHHll CJ10)f(HblX Man-IHTHblX OKCH)J,OB MapraHu.a H )f(eJ1e3a Ba)f(llbl c 

npaKTH'leCKOH TO'-IKH 3peHHll, nocKOJlbKY HMelOT nepcneKTHBHbie TeXHOJlOrH'-ICCKHC 

np11MeHeHID1 B Kal.feCTBe MarHHTHblX HOCHTeJJei1 )J,Jlll xpaHeHHll HHQlOpMaU.HH, 

MarHHTOpe3HCTHBHblX roJJOBOK )J,Jlll C'-IHTb!BaHHfl HHcpOpMaU.HH, CBepX'-IYBCTBeHllblX 

)J,aT'-IHKOB MarHHTHOro nOJlll H TeMneparypbl, nOCTOllHHbIX MarHHTOB, ::rneMel-ITOB 

nonynpOBO)J,HHKOBblX ::meKTpOHHblX npH6opoB. 

Oony'-leHHble 3KCnepHMeHTaJJbHbie pe3yJJbTaTbl n03BOJ1llT ccpopMynHpOBaTb HaYl.JHble 

OCHOBbl )J,Jlll CHHTe3a HOBblX OKCH)J,HblX MarHHTHblX MaTepHaJlOB c B03M0)f(H0CTblO 

KOHTPOJJHpyeMOro ynpasneHHll HX CBOHCTBaMH. 

Anpo6aum1 JlHCCeprny"" 
Pe3yJJbTaTbl, npe.iJ.CTaBJ1eHHb1e B )J,Hcceprnu.Ho1-11-1oi1 pa6oTe, )J,OKJla)J,bJBaJJHCb Ha 

Me)f()J,yHapO.iJ.HblX H pOCCHHCKHX KOH<jlepeHU.HllX, Ha ceMHHapax B OT)J,ene Hei1TpOHHblX 

HCCJle)J,OBaHHH KOH)J,eHCHpOBaHHblX cpe)J, Jla6opaTOpHH Hei1Tp0HHOH cpH3HKH HM. 11.M. 

Cf>paHKa, 3aCe)J,aHHllX nporpaMMHO - KOHCYJJbTaTHBHOro KOMHTeTa no <jJH3HKe 

KOH)J,eHcHposaHHbJX cpe)J, Ol1Jll1 H Ha ceccHH yYeHoro cosern Ol151H. 

Pe3ynHaTbI 6bJJlH anpo611posaHbI Ha cneey10lllHX KoHcpepeHU.HHX: «XIX H XXI 

HayYHall KOHcpepeHU.Hll MOJJO.iJ.bJX yYeHblX H cneu.HanHCTOB», Ol151M, )::(y6Ha, 2015 H 20 J 7; 

«International Conference Condensed Matter Research at the IBR-2», ,[(y6Ha, 2015; 

«CoBelllaHHe H MOJlO)J,e)f(Half KOH<jlepeHU.Hll no HCnOJ1b30BaHHIO paccellHHll Hei1TpOHOB H 

CHHXpOTpOHHOro H3JJy'-leHHll B KOH)J,eHCHpOBaHHbJX cpe)J.ax», HeTepro<jl, 2014; «lliKOJla 

OVl5l<t> no cpH3HKe KOH)J,eHc11poBaHHOro COCTOllHHll, Cf>KC», 3eJJeHoropcK, 2015; 

Me)f()J,yHapO)J.Hall 1-1ay'-1Hai1 KOH<jlepeHU.Hil CTy)J,eHTOB, acnHpaHTOB H MOJlO)J,blX Yl.JeHblX 

«JlOMOHOCOB», MocKsa, 2015; 7th International Student Summer School on Nuclear 

Physics - Science and applications (NUCPHYS-SC&APPL), Poznai'J, Poland, 2015; 

«OepBblH PoccHHCKHH KpHCTaJJJ10rpacpw1eCKHH KOHrpecc OT KOHBepreHU.HH HayK K 

npHpO)J,Ono)J.o6HbJM TeXHOJJOrHHM», B,[(HX, MoCKsa 2016; «17th 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, 20 J 7; Joint Seminar IF A, Bucharest, Romania, 2018; «18th 

International Seminar on Neutron Scattering Investigation in Condensed Mattern, Pozna1't, 

Poland, 2016; 41, 42, 4 7 H 49 ceCCHH nporpaMMHO-KOHCYJlbTaTHBHOro KOMHTeTa no 

<jJH3HKe KOH)J,eHCHpOBaHHblX cpe)J, 0115111 , ,[(y6Ha, 2014, 2015, 2018 H 2019; 118 ceCCHil 

r1eHoro cosern Ol15U1, ,[(y6Ha, 2015. 

fiy6JJHK3Uffff 

Ho MaTepHanaM )J,HCCepTaU.HH ony6JJHKOBaHO 6 CTaTeH B Hay'-IHblX peu.eH3HpyeMblX 

)f(ypHanax, H 16 Te3HCOB )J,OKJJa.iJ.OB Ha pa3JJH'-1HbIX HayYHbIX MeponpHHTHllX. CnHCOK 

OCHOBHblX ny6nHKaU.HH npHBO)J,HTCil B KOHU.e aBTOpe<jlepaTa. 

CTpyKwpa JlHCCeprny"" 
,[(HccepTaU.Hll COCTOHT H3 Bse)J,eHHll, nJ!TH rnaB, 3aKJ1IO'-leHHil H cnHCKa 

JlHTepaTypb1; CO)J,ep)KHT 114 CTpaHHU. TeKCTa, B TOM 'IHCJJe 52 pHCYHKOB H 13 Ta6J1HI~. 

CnHcoK JJHTepaTypb1 BKJJIOYaeT 126 Ha11MeHOBaHHi1. 
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OCHOBHOE CO)J.EPJKAHHE PAl>OTbl 
Bo sseL1eHHH o6ocHoBaHa aKTYaJJbHOCTb TeMbl )J,HccepTaU.HH, ccjiopMynHposaHbJ ee 

U.eJlb H 3a)J,a'IH . 00Ka3aHbl HaYl.JHall HOBH3Ha H npaKTH'-leCKal! 3Ha'-IHMOCTb nOJJY'-JeHHblX 

pe3yJ1bTaTOB, TaK)f(e KpaTKO paccMOTpeHa CTpyKTypa )J,HCCepTaU.HH. 
B nepsoif rJJase co)J.ep)f(HTCll o63op J1HTepaTypb1 no TeMe )J,HcceprnU.HH. 

flpeJ\CTaBJleHbl CBe)J,eHHll 0 KpHCTaJJJlH'-leCKOH H MarHHTHOH CTPYKType CJ10)f(Hb!X 

JJallOKpHCTaJJJlH'leCKHX H MHKpOKpHCTaJJJlH'-leCKHX naHTaH-CTpOHU.HeBbIX MaHraHHTOB H 

clicppHTOB. PaccMaTpHsaeTCil BJ111llHHe BblCOKOro )J,aBJJeHHll H HH3KHX TeMnepaTyp Ha HX 

CBOHCTBa. 
BTopa!I rJJaBa nOCBllllleHa onHCaHHIO ycJJOBHH CHHTe3a Bb16paHHblX o6pa3U.OB, 

3KcnepHMeHTaJJbHOH MeTO.iJ.HKH H npH6opHOH 6a3bl. Oco6oe BHHMaHHe B 

)J,HCCepTaU.HOHHOH pa6oTe y)J,eJllleTCll cneu.HaJJH311pOBaHHblM HefrrpOHHblM 

)J,HQlpaKTOMerpaM )J,Jlll HCCJJe)J,OBaHHil M11Kpoo6pa3U.OB npH BblCOKHX )J,aBJJeHHllX ,[(H-6 H 

)J.H-12 HMnyJlbCHOrO BblCOKOnOTO'IHOfO peaKTopa J;ffiP-2, JlHCf> 0115ll1 (r. )J.y6Ha). ,[(nil 

C03)],aHHil BblCOKOro )J,aBneHHil np11MeHHJ1HCb KaMepbl BblCOKOro )J,asneHHll c 

cancp11pOBblMl1 HaKOBaJlbHi!MH . 
B TpeTbeH rJJaBe npe)J,CTaBJJeHbl pe3yJJbTaTbl HCCJJe)J,OBaHHil CJJO)f(HblX OKCH)J,OB 

Mapra1-1u.a: Lao_12 Sro2sMn03, Lao.6JSro.J1Mn03 11 Lao_s3 Sro.41Mn03. 
YYaCTKH Hei1TpOHHblX )J,IHppaKu.110HHbJX cneKTpos Lao.12Sro.2sMn03 Lao.63 Sro.J1Mn03 11 

Lao.s3Sro.41Mn03 npe)J,CTaBJleHbl Ha p11c. I a, pHc.16 H p11c. I B, COOTBeTCTBeHHO. 
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.Q 
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PucyuoK 1. HeumpOHllbte ou<ppaKl/UOWlbte 

cneKmpbt /taHOMGH2QHUm06 

(a)Lao_72Sro.2sMn01, (6)Lao.61Sro17Mn01 u 

(B)Lao51Sro.~ 7Mn01. U3Mepe1111bte npu 
pa3RU'IHbtX oaBJ1eHuflX 6 wupoKO.M 

Ouana30He meMnepamyp, o6pa6omaHHbte 

no Memooy PumBeflbOa. lloKa3aHbl 

3KcnepuMeHmaJlbllbte mo•tKu u pac•temHbte 

npo<jJUJ1u. Ha6mooaeMbte MG2HUmHbte nuKu 

coomBemcmBy1om rjJeppoMa2Hunmou </JM 

(OJ 2) u a11murjJeppoMa2HumHou A<t>M r/Ja3e 
(J] J). "S" oonOJ/HllmeflbHbtU ntlK om 

MamepuaJta KGMep 6btCOK020 oaBJteuuH. 
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Bo 8CeM 11ccne,11yeMOM ,1111ana30He ,11a0ne~11111 (0 :"::: p :"::: 5.5 rna) 11 TeMnepaTyp ( 10 :"::: T 
:"::: 330 K) coxpaH5IeTcll 11cxo,11Ha5! poM6031lp114eCKa51 Kp11cTann11<1ecKall cTpyKTypa c 
npoCTpaHcrneHHOH rpynnoi1 R3c. 
TiapaMeTPbl 3JieMeHTapHOH ll4eHK11 11 ,!\Jll1Hbl C8l!3el1 Mn-0 yMeHbwamTCll Jll1HeHHO np11 
no0b1weH1111 ,11aBneH11ll. Hx K03cpcp11u11eHTbJ n11Hei1Hoi1 C)K11MaeMOCT11 k; = -(1/ 
a;o)(da;fdP)T np11 KOMHaTHOH TeMnepaType COCTa811J111 ka = 1.21(3)· l0-2 fIJa-1, kc= 
0.45(4)· 10-2 rrra- 1 ,11nll Lao 12Sro28Mn03, ka = 1.148(7)· 10-2 rrra· 1, kc= 0.386· 10·2 (2) rna· 
I ,!\Jlll Lao63Sro.J1Mn03, ka = 1.97(3)· J0-3 rrra·1, kc = 0.77(2)· 10·3 rna- 1 ,!\Jlll 
Lao.s3S ro.41 Mn03. 

Ko3cpcjrnu11eHT n11Hei1Hoi1 C)l(l1MaeMocT11 ,11n11HbJ C8ll311 Mn-0 0 11ccne,1100aHHbIX 
HaHOMaHraHl1TaX COCTa811Jl kMn-0 = 0.91(2) )· 10·2 rna·1 ,!\Ill! Lao.12Sro.2sMn03, k Mn-0 = 
0.97(1)·l0·2 fna· 1 ,11nll Lao.6JSro31Mn03, k Mn-o = 0.135(2)· I 0-2 rna·1 Mll Lao.s3Sro.41Mn03. 
Mo,11ynb 0cecTopoHHero C)l(aT11ll 6brn pacc411rnH ypa0HeH11eM cocTOllHl1ll 6ep4a­
MypHaraHa TpeTbei1 cTeneH11 [ 19]: P =3/2Bo (x 7/3 - x 5 3) [1 + 3/4 (B' - 4) (x- 213 - I)], 
r,11e x =V!Vo - OTHOCl1TeJibHOe 113MeHeH11e o6beMa :)JleMeHTapHOH l1<1ei1K11 , Vo - o6beM 
3neMeHTapHoi1 ll4ei1K11 np11 P = 0, a Bo - Mo,11ynb 0cecTOpOHHero c>KaTHll (Bo = -
V(8P/8V)r) 11 ero npo11300,11Ha5I B' no ,11aBneH1110: B' = (8Bol8P)r. ,[{nll Lao.12Sro.2sMn03 
MO,!\YJib 8CeCTOpOHHero C)l(aTl1ll COCTa811Jl Bo = 156(5) rna, ,!\Ill! Lao63Sro.J1Mn03 Bo = 
127(5) f'ITa, Mll Lao.s3Sro.41Mn03 Bo = 187( 4) rna. 

ITp11 HOpMa.JJbHOM ,11a0neH1111 o6Hapy)l(eH ,!\OllOJIHl1TenbHbJH 8KJia,!\ 8 11HTerpa.JJbHym 
11HTeHc110HOCTb cTpyKTypHoro n11Ka d1ik1- 3.8 A HaHOCTPYKTyp11po0aHHbIX MaHraH11To0 
Lao.12Sro.28Mn03, Lao.6JSro.37Mn03 11 Lao.s3Sro.41Mn03 np11 Hl13Kl1X TeMnepaTypax. 
llocKOJibKY 3cpcpeKT Ha6nm,11aeTCll 0 cpa0H11TeJibHO y3KOM ,1111ana30He Me)l(nnocKocTHblX 
paCCTOllHl1H 11 OTHOCl1TeJibHO Y3KOM TeMnepaTypHOM ,1111ana30He Hl1)1(e TeMnepaTypbl 
Kmp11 , r,11e 0n11HH11e cpaKTopa )le6aH-Bannepa Ha 11HTeHc110HOCTb ,1111cppaKu110HHbIX n11Ko0 
HeJHaLJ11TeJibHO, Ha6nm,11aeMb1l1 3qicj:JeKT YKa3brnaeT Ha 0KJia,11 <DM 0 Marn11rnoi1 CTPYKType 
06pa3uo0. Marn11THhJe MOMeHTbJ Mn <DM cpa3bI paccLJ11TaHbJ 113 ,1111cppaKu110HHbIX ,11aHHblX 
no MeTo,11y P11rnenb,11a. flp11 TeMnepaType 10 K MFM =2.2(2) µ0 ,11nll o6pa3ua 
Lao.12Sro.2sMn03, MFM =2.3(4) µ0 ,11nll o6pa3ua Lao6JSro.37Mn03, MFM = 1.8(2) µ0 ,!\Jlll 
o6pa3ua Lao.s3Sro.41Mn03. 3T11 3Ha4eH11ll cornacymTCll c npe,11cTa0neHHbIM11 paHee 0 [2]. 

B TO )Ke 0peMll, 0 o6pa3uax Lao.12Sro.28Mn03 11 Lao.63 Sro.37Mn03 np11 HOpManbHOM 
,11a0neH1111 11 Hl13KOH TeMnepaType 6b1Jl o6Hapy)l(eH ,11ononH11TeJibHbIH cna6bIH 
cBepxcTpyKTYPHbJH n11K dhkl - 3.5 A. 0cH08bIBal!cb Ha ,11aHHb1x Hei1TpOHHoi1 ,1111cjJpaKu1111, 
MO)l(HO on11caTb ,11aHHbIH MafHl1THblH n11K KaK aHT11cj:JeppoMarttl1THOe (A<DM) 
ynopH,110<1eH11e A-T11na. 8 HaH0MaHraH11Te Lao.s3Sro.41Mn03 np11 HOpMa.JJbHOM ,11a0neH1111 11 
Hl13KOH TeMnepaType c0epxcTpyKTypHblH n11K dhkl - 3.5 A He 6bIJl o6Hapy)l(eH . np11 
,11a0neHl1llX 8bIWe 2.1 rrra 11 Hl13Kl1X TeMnepaTypax Hl1)1(e TN - 250 K Ha HeHTPOHHblX 
,1111cppaKTorpaMMax nOll8JilleTCll ,11ononH11TeJibHblH C8epxcTpyKTypHbIH n11K np11 dhkl - 3.5 
A (P11c. 10), <ITO coorneTcrnyeT ¢opM11po0att11m cocTOllHHll A<J)M A-rnna. 
Pacc411rnHHb1l1 Marn11THb1l1 MOMeHT ,!\Jlll cpa3bI A<DM np11 10 K cocrn0nlleT MAFM = 2.8(2) 

µB. 
Marn11rnh1i1 MOMeHT Mn A<DM cpa3bl np11 TeMnepaType I 0 K cocrn011n: 

MAFM=0.3(3) µ0 ,!\Jlll Lao 12Sro.2sMn03 cnp11 P=O rrra), MAFM= l.6(3) µ0 ,!\Ill! 
Lao.63Sro.37Mll03 (np11 P=O rrra) 11 MAFM = 2.8(2) µ0 ,!\Ill! Lao.s3 Sro.41Mn03 (np11 P=2. l 
rna). 

ITp11 y0en114eH1111 ,11a0neH11ll 11HTeHc110HOCT11 A<DM n11Ko0 yBen114110a10Tcll, 0 TO )Ke 
8pCMll 3cj:>cpeKT <l>M cj:>a3bl no)la8JilleTCll (P11c. la, 16). 
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B l1HTep0ane ,11a0neH11H 0 - 4.5 rna, 8eJil1411Ha <DM ynopll,ll04eHHblX Marttl1THblX 

MOMeHT08 Mn np11 TeMnepaType 10 K yMeHbwaeTCll c 2.2(2) ,110 1.3(4) µ0 ,11n51 

Lao.12Sro.2sMnOJ. c 2.3(3) ,110 1.4(4) µB ,!\JIH Lao.6JSro.J1Mn03 11 c l.8(2) ,110 0.3(4) µ0 ,!\Ill! 

Lao.s3SroA1M n03. 
B TO )Ke 0peMH Martt11THb1e MOMeHTbI A<DM KOMnoHeHTbI A-T11na y0en11<1110a10Tcll 

c 0.3(3) ,110 2.3(5) µB 0 Lao 12Sro2sMn03, c 1.6(2) ,110 2.9(2) ~lB ,11nH Lao.63 Sro31Mn03 11 c 
2.8(2) ,110 3.6(3) µ0 ,11n51 Lao.s3Sro.41Mn03. 3To o6bHCHHeTCll y0en114eH11eM o6beMHOH ,11on11 

A<J)M A-T11na 11 yMeHbWeH11eM <DM ,11on11. 
DbinO pacc411TaHo o6beMHOe cooTHoweH11e <DM 11 A<DM. TaK, cooTHoweH11e )lonei1 

<J)M 11 A<DM ,11nH HaHOCTPYKTyp11po0aHHOro MaHra1rnTa Lao.12Sro.2sMn03 np11 
HOpMa.JJbHOM ,11a0neHl1l1 88(8)%: 12(6)%, np11 P=4.5 rrra 36(8)%:64(9)%, ,!\Jlll 
HaH0MaHraH11Ta Lao.63Sro.J1Mn03 np11 HOpMa.JJhHOM ,11aBneH1111 59(7)%:41 (5)% np11 P=4 
rrra 33(9)%:67(5)%, ,!\Jlll MaHraHl1Ta La053Sro.41Mn03 np11 P=2. l rrra 26(9)%:74(5)% 
np11 P= 5.5 rrra 8(10)%:92(8)%. TeMnepaTypHble 3a811Cl1MOCTl1 MafHl1THblX MOMeHT08 
110H08 Maprattua Mn3+ ,!\Ill! HaHOMaHraHl1T08 np11 pa3JIWIHblX ,11aBJleHl1llX nOKa3aHbl Ha 

p11c. 2, p11c. 3,p11c. 4,cooT8eTCT8eHHO. 
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PucyHOK 2. TeMnepamypHbte 3aeucuJvt0cmu MawumHblX MOMe11moe Mn O!lfl <PM-c/Ja3bt 
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PucyuoK 3. TeMnepamypHbte 3aeucuMocmu MG2HUmHblX MOMe11111oe Mn OJlfl <PM-cpa3bl (a) 

u A<PM-cpa3bl (6) e Lao.61Sro.11Mn01 npu pa3JlU'IHblX oaeJle1tuRX (0 - 4 I'lla). CnnoumaR 

JlU/IUfl - annpoKCUMQl{Ufl 3KcnepuAteHmaJlbllblX OGHllblX. Ouw6Ku He npeeb1wa10m 
pa3Mepoe CUM60Jl06. 
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PucyuoK 4. TeMnepamypnbte 3aeucuMocmu Ma2uumH020 MOMenma Mn ¢epp0Ma211umuou 

<PM-cpa3bl (a) u amnu¢eppoMa211umHou A<PM-cpa3bl (6) 11m1ocmpyKmypupoeamm20 

MGH2GHUma Lao.51Sro.41Mn01 npu pG3JlU'IHblX oaeJleHUflX (0 - 5.5 I'll a). CnnoUl/lGfl JIUHUfl 

- annpoKCUMGlfUR 3KcnepuMe11maJlbHblX oanHbtX. Ouw6Ku He npeebtwmom pa3Mepoe 
CUM60Jl06. 

,ll,Jill Toro, 4T06bJ nony411Tb 1as11c11MOCTb TeMnepaTypbI KI-Op11 Tc JlJ!ll <DM cj:iaJbI 11 
TeMnepaTypb1 Heenl! TNAJill A<DM cj:iaJbJ OT ,11,asnett11ll, ,11,attttbJe 6b1n11 annpoKc11M11posaHbl 
s paMKax Mo,11,en11 MOJieKynllp1rnro nonll [20]: 

_!!_ = B,( J.§__ !:! _ _Tc ), 
M 0 S+l M 0 T 

r,11,e Bs - cj:iyHKU11ll op11JIJll{)3Ha, s - cn11H Cl1CTeMbl (S = 3/2) 11 Mo M3rHl1THbIH 
MOMeHT np11 T=O. 

Pacc411rnttttb1e 3Ha4ett11l! Tc 11 TN nocTpoettbI Ha p11c. 5, p11c. 6, p11c. 7 B 
33Bl1Cl1MOCTl1 OT ,11,asneHHll. 
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310 270 

g (6) :2' P11cy110K 5. Eapu'leCKue 

a_305 267 .. 3aeucuMocmu meMnepamyp K10pu (a) 
~ 

2 .. u meMnepamyp Hee;m (6) 6 .. 
::.: :c: 
~300 264 .. MGl/2GllUl11e Lao. 12Sro.2sMn01. 

c. 
CnJtOU/llbte JlWtUU - annpoKCUMGi/Ufl ~· ~· .. .. 

OGW/blX c. 261 fr :JKCnepuMeHmGJtbHblX 
~ 295 = Jti111eiiHblMU </JyuKt/UflMU. Owu6Ku He ;; :;; ... .. 
I- 258 I- npeebtutmom pa3Mepoe cuMeOJtoe. 

290 
0 I 2 3 4 5 0 I 2 3 4 5 

.Llasne1111e (fna) 

P11cy110K 6. Eapu'leCKUe 
310 

(a) (6) 270 ~ 
3aeucuMocmu meMnepamyp K10pu :2' ~ 
(a) u meMnepamyp HeeJlfl (6) 6 ";' 300 265 ~ c. 

Lao.61Sro.11Mn01. 2 .. 
MQH2GHUme ... 

:; 290 260 :c: 
CnJtoutHbte JlWIUU .. 

c. c. 
annpOKCUMGl/Ufl ~ 255 ~ 

OGHHblX [280 .. 
3KcnepuMe11ma/lbHblX c. .. 250 ~ 
JIUHetiHblMU cpyHKl{UflMU. Owu6Ku 

c: 

~ 270 
:;; .. 

He npeeb1uta10m pa3Mepoe 245 I-

CUM60JI06. 
0 I 2 3 4 5 0 I 2 3 4 5 

.[lasne1111e (fna) 

340 228 
g (a) (6) g PucyuoK 7. Eapu'leCKue 

u330 
227 i-' 

3aeucuMocmu meMnepamyp K10pu 
I- (a) u meMnepamyp HeeJl>t (6) e a. 320 

.. 
~ MG112m1ume Lao.51Sro.41Mn01. 2 .. 

::.: 226 :c: CnJlow11b1e JIU/LUU 
[310 .. 

c. annpOKCUMGl{Ufl 
~ .... ... 

OGHflblX .. .. 3KCnepuMeHmaJlbHblX 
fr300 225 fr 

JlUJteUHblMU if.Jy1tKi/UflMU. Ou1u6Ku c: c: 

~ 290 
:;; 

pa3Mepoe .. He npeeb1wmom 
I- I-

224 CUM60Jl06. 
0 I 2 3 4 5 62 3 4 5 6 

.Llasne1111e crna) 

TeMnepaTypa KI-Op11 yMettburneTcl! npaKTl1LJecK11 n11tteHHO JlJ!ll scex 11ccne,11,osattttbIX 
o6paJuos c 6ap114ecK11M11 K03cpcj:i11u11ettTaM11 dTc/dP =-2.1(1) K·rna- 1 ,11,nll 

Lao12Sro2sMn03, dTc/dP = -8.2(3) K·TT1a 1 ,11,Jill Lao63Sro31Mn03, dTc/dP = -8.1(2) 
K Tna·1 ,11,nll Lao.s3Sro.41Mn03. JllttTepecHo OTMeT11Tb, 4TO ,11,Jill o6beMHbIX Mattratt11Tos 
TCMnepaTypa K1op11 o6bJ4HO nosb1waeTCll np11 BbICOKOM ,11,asnett1111 c T11n114HbIMl1 
111aL1e1111llM11 dTc/dP = 2.1 K·rna ·1 [21]. 

• 
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TeMnepaTypa Heem1 TN nepexo.!\a B A<l>M COCTOHH11e np11 nosb1wett1111 .!\aBJJeH11H 

yMeHhwaeTCll c 6apw-ieCK11M11 K03cpcpm-111eHTaMl1 dT NldP = - l.9( I) K rna I .!\Jlll 

LaonSro.2sMnOJ. dTN/dP = -5.6(3) K · rna- 1 .!\Jlll Lao6JSro31Mn03 . 

TeMnepaTypa HeeJJH TN cp33bl A<l>M A-nma .!\Jlll 1nyYeHHOro MaHraH11rn 

Lao.s3 Sro.41Mn03 He3Ha411TeJJhHO B03pacrneT c 6ap114ecK11M K03cpcp11u11eHTOM dTN/dP = 

0.6(3) K-rna-1. 

AHOMaJJhHoe noBe.!\eH11e cpepp0Marn11rnoi1 TeMnepaTyph1 K10p11 11 CHJJbHhlH pocT 

aHT11qieppoMafHl1THOH cp33bl np11 yseJJ114eHl111 .!\aBJJeHl1ll llBJllllOTCll np113HaKaMl1 

noCTeneHHblX CTpYKTYPHblX MO.!\l1¢11Kau11i1 B o6p33ue, 6onee nO.!\p06HO o6cy)K.!\aeMblX 

HmKe. 

Dp11po.!\a 11 Mexatt113M Marn11THoro cp33osoro paccnoett11H s 

HaHOCTPYKTyp11posaHHb1x MaHraH11rnx, B TOM <mcne La1-xSrxMn03, paHee o6cy)l(.!\aJJl1Ch 

B [ 4; 22). TaK, B HaHOCTpYKTyp11posaHHblX MaHraH11Tax, Cl1HTe311pOBaHHblX B pacnnase 

COJJl1, 3cpcpeKTbl nepeOKl1CJJeHl1ll Bbl3b!BalOT C.!\Bl1r B Xl1Ml14eCKOM COCTaBe Ha nyT11 K 

"nony-nernposaHHhlM" MaHratt11rnM Lao.sSro.sMn03 [23) c aHT11qieppoMarn11THOH 

CTpYKTypoi1 A-T11na. TeM He Mettee, Ha .!\aHHblH MOMeHT He cywecTsyeT npHMblX 

.!\OK33aTeJJbCTB, KaK B03Hl1KaeT 1136blTOK Kl1CJJOPO.!\a B HaH04aCT11uax, noJJy4eHHbIX B 

pacnnase COJ111 [24). KaK KOCBeHHOe nO.!\TBep)l(.!\eH11e MO.!\eJJ11 Kl1CJJOPO.!\HOH 

HeCTeXl10MeTp1111 6b1Jl npoBe.!\eH .!\OnOJJHl1TeJlbHblH 0T)l(l1r, pe3yJJbTaTOM KOTOporo CTaJJO 

yseJJ114eH11e cnOHTaHHOro <l>M MOMeHTa 11 He60JJbWOe yMeHbWeH11e A<l>M MOMeHTa [ 4). 

Ope.!\JJO)l(l1M, 4TO K11cnopO.!\HaH HecTex110MeTp11H Ha nosepxHocT11 HaHO'laCTl1U 

MaHraHl1TOB [4] MO)l(eT 6b1Tb np11411HOH B03H11KHOBeHl1H .!\OnOJJHl1TeJJbHOH CTpYKTypHOH 

¢33bl, Kp11CTaJJJJl14eCKall CTpyKTypa KOTOpOH 11MeeT 6onee Hl13KYIO C11MMeTpmo no 

cpaBHeHl1IO c COOTBeTCTBYIOLU11Ml1 poM603.!\p11'1eCK11Ml1 nopOWKOBblM11 MaHraH11TaM11. 

P3.3tt11ua Me)l(.!\Y 311aYeHHJ1M11 Ko3¢cp11u11cHTOB C)l(11MaeMocT11 HattocTpyKTyp11posaHHb1x 

MaHraHl1TOB, 0 KOTOpOH 33HBJJHJJ0Cb pattee, 11 COOTBeTCTBYIOll\11X nopOWKOBbTX 

MaHralrnTOB MO)l(eT 6b1Tb KOCBeHHblM CBl1.!\eTeJJbCTBOM np11cyTCTBl1ll TaKOH 

Heynopll.!\04eHHOH cp33bl Hl13KOH Cl1MMeTp1111. TeM He Mettee, npllMOe 06Hapy)l(eH11e 

CTpyKTypttoro p33.!\eJJeHJ1ll ¢33 He npe.!\CTaBJJlleTCll B03MO)l(HblM 113-3a He.!\OCTaT04HOH 

p3.3pewa10wei1 cnoco6HOCTl1 .!\11¢paKTOMeTpa 11 yw11peHl1ll nl1KOB 113-3a 113MeHeHJ1ll 

.!\aBJJeHl1ll. 

B cooTBeTCTB1111 co CTPYKTYPHOH cp33osoi1 .!\l1arpaMMOH La1-xSrxMn03 MattraHl1TOB 

[I; 2), Mb! MO)l(eM npe.!\JJ0)1(11Tb CTpyKTyp11y10 MO.!\eJJb, B KOTOpOH Ha4aJJbHaH 

poM603.!\p114ecKaH cTpyKTypa .!lecjiopM11posa1rn TeTparoHaJJhHOH cp33oi1 c 

npocTpaHCTBeHHOH rpynnoi1 14/mcm [I], KOTOpall MO)l(eT .!\aJJee npeo6p330BbIBaTbCll B 

oprnpoM611YecKy10 c np. rp. Fmmm. 

CywecTsosaH11e 3TOH .!\OnonH11TeJJhHOi1 opTopoM611<1ecKoi1 ¢33hl, KocseHHO 

nO.!\TBep)l(.!\aeTcll TeM, 4TO noJJO)l(eH11e A<l>M n11KOB He cosna.!\alOT c napaMeTpaM11 

CTPYKTYPhI poM603.!\p114ecKoi1 H4ei1K11 .!\JJH 06011x 11ccJJe.!\yeMhJX coe.!\11HeH11i1. B 3TOM 

cny4ae, npeo6na.!\alOLU11M MarHl1THblM COCTOllH11eM .!\Jlll 3TOH CTpYKTYPbl .!\OJl)l(Ha 6h1Tb 

A<l>M cp33a A-rnna. Ha OCHOBaH1111 nonyYeHHhlX tteihpottorpacp114ecK11x .!\aHHhlX, a 

TaK)l(e pe3yJJhTaTOB npe.!\hl.!\YLUHX 11ccne.!\OBaH11i1 [ 4 ; I 1; 25), npe.!\JJO)l(eHa cno11cTaH 

CTPYKTypHaH MO.!\eJJh «H.!\po-o6ono4Ka)) [25) Marn11THOro pa3.!\eJJeH11H cpa.3 B 

HaHocTpyKzyp11posaHHhlX MaHraH11Tax. 8HYTPl1 HaH0YacT11U HaX0.!\11TCll 

¢eppoMarn11THoe H.!\pO, YacTo oKpy)l(eHHOe aHT11cpeppoMarn11THhlM cnoeM. CaMall 

sepXHllll 4aCTb 04eHb TOHKall, TaK H33bIBaeMblH HeMarHl1THblH «MepTBblH CJJOH)) [25), 

KOTOpblH no csoei1 np11po.!\e np11cyTCTByeT 113-3a no.!\aBneHl1ll .!\BOHHblX o6MeHHblX 

B3al1MO.!\eHCTBl1H Ha nosepxHOCTl1 4aCT11U 11 4aCTl14HO TaK)l(e CBl!3aH c oco6eHHOCTllM11 
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C11HTe3a HaH04aCT11U MaHraHl1Ta. )J,JJll HaHOCTpyKTyp11posaHHOrO MaHraHl1Ta 

Lao.s3Sro.41Mn03 np11 aTMoc¢epHOM .!\asneH1111 Ha6JJIO.!\aeTCll TOJJhKO cpeppoMarn11THhlH 

KOMllOHeHT, B TO speMll KaK npe.!\nOJJaraeMhJH aHT11cpeppoMarH11THblH KOMTIOHeHT, 

sepOllTHO, np11CyTCTByeT B TaKOM He60JJbWOM KOJll14eCTBe, 4TO OH He 06Hapy)l(11BaeTCll 

Ha HeHTpOHHblX cneKTpax, nony4eHHblX np11 aTMOCCpepHOM .!\aBneHl111. 

Op11no)l(ett11e BbJCOKoro .!\aBJJeH11ll np11BO.!\l1T K nocTeneHHOMY ysen11Yett1110 .!\OJJl1 

nosepXHOCTHOro pernoHa, npe.!\CTaBJJlleMoro opTopoM6114eCKOH ¢330H 11 

coorneTcTBy10LI..1ero A<l>M qi33e A-rnna 11 no.!\asnett1110 Ha4aJJbHOH <l>M cp33bl. 3TOT 

Me30CKOnl14eCK11H CTpYKTYPHhlH acneKT npeo6JJa.!\aeT Ha.I\ M11KpOCKOTil14eCK11Ml1 

3cpcpeKTaMl1 MO.!\eJJl1 .!\BOHHOro o6MeHa [I], 11 Mbl Ha6JJIO.!\aeM He0)1(11.!\aHHble 

cymecTBeHHble 113MeHeH11ll MarH11THblX CBOHCTB HaHOCTpyKTyp11posaHHblX MaHraHl1TOB. 

Cne.!\yeT OTMeTl1Th, 4TO B o6beMHOM MaHratt11Te Lao.1sCao.2sMn03 MarH11THh1e ¢33bl KaK 

<l>M, TaK 11 A<l>M A-T11na MoryT cocyweCTBOBaTb B .!\11aTia30He .!\aBJJeHl1H .1\0 20-30 rna 

113-3a CTpyKTypHblX .!\ecpopMau11i1 [26). 3TOT .!\11ana30H .!\aBneHl1H yMeHhwaeTCll TOJlbKO .1\0 

HeCKOJlbKl1X rna .!\Jlll HaHOCTPYKTyp11poBaHHOrO MattraH11Ta Lao.s3 Sfo.41Mn03, nOCKOJlbKY 

p33Mep cpeppoMarn11THoro H.!\pa cpasH11M c .!\JJ11HaM11 MarH11THblX .!\OMeHOB [27). B 
3aKJJI04eH11e, np11JJO)l(eH11e .!\aBJJeHl1ll MO)l(eT 11CTIOJlb30BaTbCll .!\Jlll nepeKJJl04eHl1ll 

11CXO.!\HOrO cpeppoMarHl1THOro MeTaJJJll14eCKOrO COCTOllH11ll B aHT11qleppoMarH11THOe 

113on11py10LI..1ee. 

B •1eTsepTou rJiase npe.!\CTasneHbl pe3ynhTaTbJ 11ccJJe.!\OBaH11J1 CJJO)l(HOro OKCl1.!\a 

)l(eJJe3a Zno.JCuo.1fe1.5Gao.s04 np11 BblCOKl1X .!\aBneH11J1x B w11poKOM .!\11an33oHe 

TeMnepaTyp. <l>parMeHTbl HeHTpOHHblX .!\11cppaKU110HHblX cneKTpOB cpepp11rn 

Zno.JCuo.1 fe1.5Gao.s04, nonyYeHHhie np11 pa3JJl14HhlX TeMnepaTypax 11 .!\aBneH11Hx, 

npe.!\CTasneHhJ Ha P11c.8. 
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~ 
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ti IJ'V,U"-.1\.....11....J' -- --- ' 
0 
:c 
= = C.J 
:c 
~ 
:c 

:S: I 1111111 I II I 11 

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 4.6 4.8 

d • .,(A) 

~ 1(6) I I I I.,-..---
= ... 
0 -.Q ... 
C.J 
0 
:c 
= = C.J 
:c 
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:c 

::s: 

4.7 r na 

1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.04.5 4.8 5.1 
d • .,(A) 

P11cy110K 8. H ei'impo1111b1e iJucjJpaKi/uo1111b1e cneKmpbt </Jeppuma Zno ;Cuo.7Feu Gao504 (a) 

npu pa3llU'lllblX meMnepamypax iJo 424 Ku nop.ManbHOM iJaene11uu, (6) npu pa3JIU'lllblX 

0G6Jleln/JIX 00 4. 7 I'fla U npll KOA1Ham11oii me;wnepamype. flOKa3Gllbl :JKCnepuMeHmGJlbflble 

mo•1Ku, pacc'lumal/ltbte MemoiJo.M PumeenbiJa npo</Junu u nono;){ce11uJ1 6p:J22oecKux mtKOB 

npu KOM1wm11ou meMnepamype. "<!>EM" 060311a•taem iJu</JpaKi/UOllllbte nuKu (222) u (J 11) 
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C rjJeppuMa211UnlltblM 8KJlaOOM. 5yK8a "S" 0603/la'laJ/a yOaJ/ellltbte OOnOJ/llllme.Jlbllbte nUKU 
u3 MamepuaJ1a R<teuKu 8btCOK020 Oa8J/em/Jl. 

Bo BCeM HCCJJe.[IOB3HHOM .[IHana30He TeMnepaTyp H .Ll3BJJeHHH HCCJJe.[lyeMoe 

coe.[IHHeHHe coxpattl!eT Ky6w1ecKy10 CTPYKTYPY c npocTPaHcrneHHOH rpynnoi1 Fd:fm, B 

KOTopoi1 aTOMbI Fe pacnpeL1eJJll10TCll Me)l(.LIY TeTparoHaJJbHO KOOp.LIHHHposaHHbIMH A 

no3HUHllMH H OKTa3.LlpH4eCKH KOOp.LIHHHposaHHbJMH B no3HUHllMH. 

I1oJJy4eHHble napaMeTPbl KpHCTaJJJJH4eCKOH CTpyKTypbl cpeppHTa 

Zno.JCuo.1fe1.5Gao.s04 B ycJJOBHllX OKpy)f(alOUJei1 cpe.Llbl npHBe.LleHbI B Ta6nHue 1. 
TeMnepaTypHble 33Bl1CHMOCTH OCHOBHblX napaMeTpOB KpHCTaJJJJH4eCKOH H MarHHTHOH 

CTPYKTypbr cpeppHrn 6b1J1H npoaHaJJH3HposaHbl. K03cpcjmuHeHT Tennosoro 061,eMHoro 

pacwHpeHHll paCC4HTaH no cj:>opMyJJe a= 1/v(dV/dT)p .Llllll HCCJJe.[IOBaHHOfO 

coe.[IHHeHHll cocTaBHJJ a = 2.58(1) · 10·5 K·1. 
PacC4HTaHHbIH Ko::icj:>cj:>HUHeHT JlHHeHHOH C)f(HMaeMoCTH napaMeTpa Ky6H4eCKOH 

3JleMeHTapHOH ll4eHKH COCTaBHJl ka=0.0032(2) fTia- 1. )J,aHHbJe BCeCTOpOHHero C)l(3THll 

6b!JlH paCC411TaHbl B COOTBeTCTBHH c ypasHeHHeM COCTOl!HHll Eep4a-MypttaraHa [19]. 

Pacc'IHTaHHoe 3Ha4eHHe Bo = 96.2 (4) rna, xopowo cornacyeTcll c noJJy4eHHbJM pa~rnee 

.Llllll coe.[IHHeHHll C0Fe204 [28]. 

Ta6m1u,a 1. IlapGMempb1 KpucmaJlflU'lecKou cmpyKmypbt rjJeppuma 
Zno.1Cuo_7Fe1.5Gao.50 4, noJ1y<1eflNbte npu llOpMaJ/b/IOM oaeJ1em1u u KOMNanuwil 
meMnepamype. B Ky6u<tecKou cmpyKmype umufleJlbfl020 muna c npocmpaHcmee11f1ou 
2pynnou Fd'3m amoMbt Zn w11uMmom mempa30pu<tecKoe noJ10J1Cef1ue A (118; 118; 118) -
n03UlfUR 8(a), amoMbt Cu u Ga pacnoJ1a2a10mcR e OKma30pu<tecKoM noJ1o:J1ce11uu B (/ 12; 
112; 112) - no3UZfUR 16(d). J1011bt :J1ceJ1ew pacnpeOeJ1J11omCJ1 Me:J1coy noJ1o:J1cefluJ1Mu A u B. 
AmoMbt KUCJ1opooa 0 1taxooRmcR e noJ1o:J1ce1mu (x; x; x)-no3UlfUR 32(e). 

TiapaMeTPbI 3JleMeHTapIWH ll4eHKH 

a,A 8.331 (3) 

ATOMHbre 3ace11eHHOCTH 

A Zn 0.30( I) 

fl03HUHll: Fe 0.68(3) 

Cu 0.70(1) 
B 

Fe 0.82(2) 
no3HuHJI: 

Ga 0.50( I) 

PacC4HTaHHbre aTOMHbre KOOp.LIHHaTbl 

O:x 0.260(1) 

ITpH nosbrweHHH TeMnepaTypbI LIJlHHa CBll3H FeA-0, xapaKTepH3YIOUJall 

KOOPLIHHaUHIO KHCllOPO.Lla BOKpyr TeTpa.3.LIPH'IeCKOfO n03HUHH A, JlHHeHHO yMeHbwaeTCll. 

B npOTHBOno11o)f(HOCTb 3TOMy, CBll3b Fes-0, xapaKTepH3YIOUJal! pacnpeL1e11eHHe 
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KHCJJOPO.Lla s OKTa3.LlpH4eCKOM noJlO)l(eHHH B, yseJlH4HBaeTCll (PHc. 9). Ko::iqicj:>HuHeHTbI 

mrnettttoro YLIJlHHeHHll CBll3ett FeA-0 H Fes-0 pacc4HTaHHbie H3 kFe-O = 

( 1 ) (dlFe-0) I -
1
-- -dT P=O GPa .Llllll ¢epp11rn Zno_3 Cuo.1fe1.5Gao.s04 npH aTMoccj:>epHOM 
Fe-00 

.Ll3BJJeHHH cocrnBHJJH kFcA-o=-0.000271(3) H kFcs-o=0.000234(2) K-1. Yron CBll3H FeA- 0 -

Fes JJHHettHO yseJlH4HBaeTCll c yseJlH4eHHeM TeMnepaTypbr (PHc. 96). 

TipH nosbrweHHH .[lasJJeHHll .LlllHHbl CBH3ett FeA- 0 H Fen-0 coeL1HHe1rnsr 

Zno.JCuo.1fe1.5Gao.s04 JlHHettHO yMeHbWalOTCll (PHcyHOK I Oa). Ko::icj:>cpHuHeHTbl JlHHettHOH 

C)f(HMaeMOCTH Me)f(aTOMHblX CBll3eH paCC4HT3HHble npH KOMHaTHOH TeMnepaType 

COCTaBHJJH kFeA-o= 0.00038(2) u kFen-o=0.0067(4) rrra·1. YroJJ CBll3H FeA- 0 - Fes JlHHeHHO 

yMeHbwaeTCll no Mepe yseJlH4eHHll .Ll3BJleHHJl (PHCYHOK 106). 
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Pucy110K 9. Pm111b1 cemeil FeA- 0 u Fen-0 (a) u y20J1 FeA-0 - Fen (6) umu11eJ1u 
Zno.1Cuo.7Feu Gao.50 4 e 3aeuc11Mocmu om meMnepamypbt. CY1J1ou111bte J1u11uu 
annpoKCUMa!fUR :JKcnepuMeflmaJlbllbtX Oa1t11b1x !lU11eimb1Mu rjJy11KlfURMU. Ou1u6Ku 11e 
npe8blUWIOm pa3Mepoe CUM80J/08. 

• 
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MarnHTHb1e MOMeHTbl HOHOB Fe B no)lpeweTKax A 11 B ynopllilO'leHbl 
aHTHnapaJIJJeJlbHO. I1pH HOpMaJibHOM .uasJJeHHH H KOMHaTHOH TeMnepaType BeJlH4HHa 
MarHHTHblX MOMeHTOB COCTaBHJla: MA=3.9(4)µ B .!lJlll HOHOB Fe, pacnOJlO)l{ellllblX B 
no3Hl\11llX A, 11 Ma=2.1 ( 4)µ 8 ilJlll HOHOB, pacnpe)leJJeHHbJX B noJJoJKeHHll B. 

I1pH 6oJJee BblCOKl1X TeMnepaTypax Ha6JllO.!laJIOCb nocTeneHHOe CHl1)1{eHHe 
11HTeHCl1BHOCTett .u11cppaKuHOHHb1x n11KOB (11 1) npH d1ikt ::::: 4.83 A 11 (222) np11 dhkl ::::: 2.41 
A (P11c. l la), YTO CBH.!leTeJJi,crnyeT o MarHHTHOM cjlaJOBOM nepexo.ue 113 
cpeppHMarHl1THOro COCTOllHl1ll B napaMarHl1THOe. 

PaccY11TaHHoe 3Ha4eH11e TeMnepaTypbl nepexo.ua Tc ::::: 395 K, YTO xopowo 
cornacyeTCll c paHee noJJy1.JeHHbIMl1 )laHHb1M11 [30]. 

KaK noKaJaHo Ha P11c. 116, np11 yseJJHYeHHH )lasneHHll 11HTeHCHBHOCTb MarHl1THbJX 
n11KOB nocTeneHHO yMeHbrnaeTCll. CnnowHall Jl11HHll Ha 3KcnepHMeHTaJibHblX .uaHHblX )lJJll 

FeB npe.ucrnsmieT JJ11HettHy10 annpoKCHMau1110 c Ko::icpcpHUHeHTOM: dM/dPdP"' -1.118(3) 
µ8 /GPa 11 3KcnepHMeHTaJibHble .uaHHble ilJlll FeA 6bm11 annpoKc11M11posaHb1 noJJ11HOMOM: 
M(p) = A0 + A1 p + A 2 p 2

, r.ue Ao=3.106(1) µ 8 , Ai= 0.984(3) µ 8 /GPa, Az = -0.393(2) 
µ 8 /GPa 2

. Ilp11 P=3.8 GPa, MarHHTHbJH BKJla)l B il11cppaKu110HHb1e nHKl1 noJJHOCTblO 
HC4e3aeT. ::hoT cpaKT CBl1)leTeJJbCTByeT 0 TOM, 1.fTO yseJll14eHHe np11JlO)l(eHHOro .uasJJeHHll 
CHl1JKaeT TeMnepaTypy nepexo)la Tc Hl1JKe KOMHaTHOH, np11MepHO Ha 95 K. 3To n03BOJllleT 

oueHl1Tb Ko::icjlcjl11u11eHT )laBJJeH11ll dTJdP"' -19 K/GPa )lJlll Zno3Cuo1fe1.5Gao.s04. 
B 11ccJJe)loBaHHOM )l11ana30He .uasneH11tt, yron FeA-0-Fes, cooTseTCTBy1owHtt 

MeJKpeweT04HblM B3al1MO,!leHCTBHllM, HMelOU(HH BalKHOe 3Ha4eH11e B cjiopMHposaHHl1 
MarHHTHOH CTpyKTYPbl cpepp11Ta, yMeHblIIaeTCll 3aMeTHO np11MepHO Ha 3 rpa.uyca (p11c. 
366), s TO speMll, KaK yrJJbl CBll3H FeA-0-FeA H Fes-0-Fes, cooTseTcrny1ow11e 
BHYTp11peweT04HblM MarHHTHblM B3a11MO,!leHCTBHllM, He3Ha411TeJlbHO H3MeHlllOTCll. 
CornacHo rrpe)lbiilYU\HM pa6ornM [31 ], yMeHblIIeHHe yrna FeA-0-Fes, nYTeM yseJJHYeHHll 
np11JJOlKeHHOro .uasJJeHl1ll, np11se.ueT K ocna6JJeHHIO csepxo6MeHHblX B3aHMO.!leHCTBHH 
FeA-0-Fes. I1p11 onpe)leJJeHHOM .uasneHHH, FeA-0-Fes csepxo6MeHHb1e B3aHMO)lettcTBHll 
MOrYT CTaTb conocrns11MblMH c FeA-0-FeA 11 Fes-0-Fen s3a11Mo.uei1cTBHllMH, YTO yc11JJHT 
MarHHTHYIO cppycTpau1110 B HCCJJe.uyeMOM coe)lHHeHHH 11 cnoco6CTByeT pe3KOMY 
CHHlKeHHIO TeMnepaTypbl MarHHTHOro ynopll)l04eHl1ll [32]. 

TIHTaH l"JtaBa nOCBllU(eHa 11ccne.uosaH1110 Kp11CTaJIJl114eCKOH 11 MarHHTHOH 
cTpy1<Typb1 HaHoKpHCTaJIJJHYecKoro cjieppHTa Zno.J6Fe2.s304. 

KpHCTaJIJJHYecKall 11 MarHHTH351 cTpyKTypa CJJOJKHoro HaHocTpyKTyp11ponaHHoro 

OKCH,!la )l{eJJe3a Zno.34fe2.s30o.1304 6b1Jla 11CCJJe,!lOBaHa MeTO)lOM HettTpOHHOH .u11cjipaKL111H 
B lII11pOKOM ,!lHanaJOHe TeMneparyp. 113MepeHHll o6pa3ua 6b1Jll1 BblnOJlHeHbl B lIIHpOKOM 
.u11anaJ0He TeMnepaTyp OT 15 K AO 300 K. Bo sceM HCCJJe)lOBaHHOM .UHanaJOHe 
TeMnepaTyp HCCJJe.uyeMoe coe)lHHe1rne coxpa1rneT Ky6HYecKy10 CTPYKTYPY c 
npocTpaHCTBeHHOH rpynnott Fd3l11, B KOTopott aTOMbl Fe pacnpe.ueJllllOTCll Me)l{.uy 
TeTparoHaJibHO KOOPill1HHposaHHblMH A no3Hl\HllMH H OKTa3.!lPH'leCKH 
KoOpilHHHposaHHblMH B no3Hl\Hl!MH. 

3anonHeHHe A H B noJJoJKeHHH HCCJJe)lyeMott wnHHeJJH no.upo61-10 orr11cbrnaeTcll 

cpopMynol1 (Fe3+0.s2Zn2+0.1s)[Fe3+1.44fe2+0.21Zn2+0.16Do.l3]04, r)le D 06031-1a<iaeT saKaHcH10 
s B no3Hl\11H, no.urnepJK.UeHHy10 MeTOilOM peHTreHOBCKOH .UHcjlpaKUH11 [33; 34]. 

• 
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YYaCTK11 Hei1TpoHHblX AH<ppaKu110HHb1X cneKTpoB HaHOCTPYKTyp11poBaHHoro 

cjlepp11Ta Zno.34fe2.s3 0 o.1304, nonr1eHHble np11 HOpManbHOM ):laBneHl111 11 pa3JJl1'1HblX 

TeMnepaTypax OT 15 K, npeACTaBJJeHbl Ha p11cyttKe 12. 
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TeMnepaTypHfill 3aa11c11MOCTb napaMeTpoB ::ineMeHTapHoi1 lJL1ei1K11 noKa3aHa Ha , 

P11cyHKe 13 . Ko::icjlcjl11u11eHT TepM11YecKoro pacw11peH11J1 Mll 11ccneJ:10BaHHOro o6pa3ua 

COCTaBl1JJ a = 1.26(2) · 10-5 K- 1. 
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ll'lei1Ka CO;:\ep)Kl1T BOCeMb qiopMyJJbHblX e):ll1Hl1u. ATOMbl Ul1HKa 11 )l(eJJe3a pacnpe;:\eJJeHbl 

Me)l(J:IY TeTpa3J:1p11YeCKl1 KOOpA11H11pOBaHHblM flOJJO)l(eH11eM A (118; 1/ 8; 1/8) - no3Ut(Ufl 
8(a) 11 oKTa3):1p11YecK11 KOOpJ:111H11posaHHblM nos1mKeH11eM B (1/2; 112; 112) - no3u14uJ1 
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32(e). PaccY11TaHHb1e aTOMHb1e 3aceneHHOCTH noKa3aHbl B Ta6n11ue 2. 
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Ta61111u.a 2. flapaMempbt 1<pucmaJtJ1U'lec«ou cmpy«mypbt 1w11o'lacmu14 peppuma 

Zno14Fe2.510o.JJ0-1npu11opMGJ1b1t0M OaeJtem1u u KOM11am11ou meMnepamype. 

ATOMHb1e 3acene1rnocT11 

A site: 
Zn 0.18 
Fe 0.82 

Zn 0.16 

B site: Fe 1.71 

vacancy 0.13(2) 

PaccY.11TaHHb1e aTOMHble KOOP.!IHHaTbI 

O:x 0.257(2) 

)lnl1Hbl H yrnbl Me)l(aTOMHblX CBll3ei1 ):\Jlll TeTparoHanbHOH H OKTa3APH'leCKOH 

KOOpJ:111Hau1111 Kl1CJJOPOAa B 3aBHC11MOCTH OT TeMnepaTypi,1 npe;:\CTaBJJeHbl Ha p11cyHKe 14. 

Ilp11 yseJit1YeH1111 TeMnepazyp&1 AJJHHa CBll311 FeA-0, xapaKTep113y10w_all 

TeTPa3Ap111-1ecKy10 1<11cnopo.11Hy10 KOOpJ:111Hau1110 no311u1111 A, 11 ):ln11Ha CBll311 FeB-0 

K11cnopo.11Hoi1 KoopJ:111Hau1111 nono)l(eH11ll B n11Hei1Ho ysen111rnsa10TCll (p11c. I 4a). 

Pacc<mTaHHbie Ko::icjlcjl11w1eHT1>1 n11Hei1Horo pacw11peH11ll J:IJJll FeA-0 11 Fea-0 

Me)l(aTOMHbIX CBll3ei1, np11 HOpManbHOM ):lasneHl111 H KOMHaTHOH TeMnepaType COCTaBHJ111 

kFeA-o= 0.566(3)- J0-4 K-1 and kFes-o= 0.328(2)· 10-4 K- 1, COOTBeTCTBeHHO. Me)l(aTOMHblH 

yron FeA-0-Fea n11ttei1Ho ysem1Y11saeTcll c ysenw.1ett11eM TeMnepaTypbl (P11cyttoK 146). 
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Te~mepaTypa (K) 

Pucy110K 14. Te.Mnepamyp11bte 
weucuMocmu OJ1w1 cefl3eii Fe-0 (a) 
u y2J1oe FeA- 0-Fea (6) e 

11wt0'lacmu14ax Zno.14Fe2.51Do.1104 
npu llOpMGJlbllOM 0G6J/eflt/U. 
CnJtOUlltbte Jtu11uu - annpOKCUMa14uJ1 
:;1<cnepuMe11mGJ1bHbtX Om111b1X 
JtWteUHblMU py111<14uJ1.Mu. Owu61<11 11e 

npe6blUIGIOm pmMepoe CUM60J/06. 

vl3 attan113a ):laHHblX Hei1TpOHHOH ;:\l1QlpaKu1111 np11 15 K, ycTaHOBJJeliO, 'ITO 3HaYeHl1ll 

MarmfTHblX MOMeHTOB )l(eJJe3a B nsyx pa3JJl1'1HblX flOJJO)l(eH11llX COCTaBJllllOT MA = 3.1 ( 4) 

µs Mll A no311u1111 11 Me = 3.9(4) µa Mll B no311u1111. Marn11THb1e MOMeHTbl B AByx 

pa3JJl1'1HblX fl0311U11llX ynopll.!IO'leHbl aHTHnapanneJJbHO, 'ITO np11BO.!ll1T K o6w.eMy 

MOMeHTY 2Me-MA = 4. 7(9) µa, HeonpeneneHHOCTb KOTOporo, O;:\HaKO, BeJJ11Ka. CnenyeT 

OTMeTl1Tb, 'ITO BeJ111'111Ha CflOHTaHHOH HaMarH11lJCHHOCTl1 , onpe.11eneH1iall MeTO.!lOM 

Marn11TOMeTP1111 - 4 .22 µa np11 5 K, OKa3anaci, 3HaY11Ten&HO H11)l(e [33]. 
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LJ.n51 6onee BblCOK11x TeMnepaTyp Ha6monaeTCJI He3Ha411TeJJbHOe cH11)f(eH11e 
MarHl1THblX 11HTeHCl1BHOCTefl, KaK :no s11nHo Ha np11Mepe n11cj:>paKUl10HHOro n11Ka (111) 
np11 d1ik1 ::::: 4.82 A Ha p11cyHKe 12. Dp11 KOMHaTHOH TeMnepaType 3Ha4eH11J1 
ynopJ1no4eHHb1x MarH11THblX MOMeHTOB cocTaBJJJllOT MA = 2.7(4) µs 11 Ms = 3.6 (4) µs. 
TaKoe MaJJOe yMeHbWeH11e MaI'Hl1THblX MOMeHTOB B w11pOKOM n11a na30He TeMnepaTyp OT 
15 K no 300 K cooTBeTcrnyeT OTHOC11TeJJbHO BbJCOKOMY 3Ha<1eH1110 TeMnepaTypb1 K10p11 
11ccnenyeMoro o6pa3ua. 

B 1aKJit0<1eHuu 113JJO)l<eHbl OCHOBHbJe pe3yJJbTaTbl pa60Tb1 11 np11seneH cm1coK 
OCHOBHblX ny6JJ11Kau11H no TeMe n11cceprnu1111. 
OcHOBHb1e BbIBOnb1 no pa6oTe: 
I. YcrnHoBJJeHo, 4TO Martt11THaJ1 cTpyKTypa HaHOCTPYKTyp11posaHHbJX MaHraH11TOB 
Lao.6JSro_37Mn03 11 Lao.12Sro.28 Mn03 c pa3MepoM HaH04aCT11U 4acT11u 50 HM np11 
HOpMaJJbHOM nasneH1111 11 Hl13K11x TeMnepaTypax npencrnsnJ1eT co6oH cynepno311u1110 
nsyx cj:>a3: cj:>epp0Mant11TH0H 11 aHT11cj:>eppoMarn11rnoH Qla3bl A-T11na. Dp11 3TOM noKa3aHo, 
<1To HaHo4aCT11Ubl MaHraH11rn Lao.s3Sro_41Mn03 c pa3MepoM 200 HM 11Me10T 
cj:>epp0Marn11rny10 cTpyKTYPY np11 HOpMaJJbHOM nasJJeH1111. 
2. 06Hapy)f(e1-ia nononH11TeJJbHlUI aHTttcj:>eppoMarn11rnaJ1 cpa3a A-rnna B 
tta11ocTpyKTyp11poBaHHOM MattraH11Te Lao s3SroA1Mn03 np11 Bb1coK11x nasneH11J1x P 2: 2.1 
rna. 
3. Ha6n10naeMb1H ::iqicj:>eKT Marnttrnoro cpa3osoro paccnoeHHJI B 
ttaHocTpyKTypttposaHHbJX Ma11ra1111rnx La1.,Sr,Mn03 (nnJ1 x= 0.28, 0.37, 0.47) nptt 
HOpMaJJbHOM H BblCOKOM nasne111111 onttcatt c nOMOLUblO MOJJ,eJJ11 ((51JJ,po-o6oJJ04Ka». 
4. 06Hapy)f(eHO 3Ha411TeJJb l-10e 113MeHeH11e o6beMHOrO COOTHOWeHl151 noJJeH 
qieppoMarHHTHblX 11 aHT11cj:>eppoMantHTHblX cj:>a3 B CTOpOHY nonasneHl151 cj:>eppoMarHHTHOH 
COCTaBJJJllOLUeH np11 np11JIO)f(eHl111 Bb!COKOI'O nasJJeHl151 B HaHOCTPYKTYPHPOBaHHblX 
MaHraH11Tax La1.,Sr, Mn03. )l,JJJI MattraHHTa Lao.12Sro.2sMn03 cooTHowe1111e <l>M:A<l>M 
113MeHl1Jl0Cb OT 88%: 12% nptt P= 0 rna no 36%:64% nptt P=4.5 rna, nJJJI 
Lao.6JSro 37Mn03 OT 59%:41% np11 P= 0 rna no 33%:67% nptt 4 rna, .llJIJI 
Laos3Sro.41Mn03 OT 26%:74% nptt p = 2.1 rrra no 8%:92% np11 p = 5.5 rna. 
5. YcTaHOBJJeHO H3JJH411e BaKaHCHH B OKT33np114eCK11X ll0311l(HJIX KpHCT3JJJJl14eCKOH 
CTPYKTYPbl HaHOCTPYKTyp11posa~rnoro cj:>eppttrn u11ttKa, B CBJ1311 c 4eM ero XHMtt4ecKaJI 
cjiopMyna 6b1na 3an11caHa KaK (Fe3+ o.s2Zn2+ o.1s)[Fe3+1.44fe2• o.21Zn2+o 16Do. n]04. Onpenene11 
cpen1111H pa3Mep 4aCTl1U HaHOCTPYKTyp11poBaHHOI'O cj:>eppttTa, KOTOpblH COCT3Bl1Jl dND = 
14 HM. 11ccnenosaHHbJH qiepp11T 11MeeT cj:>epp11Mar1111THy10 CTPYKTYPY B n11a11a30He 
TeMnepaTyp 5-300 K. 
6. 0611apy)f(e110 3Ha411TeJJbHOe yMeHbweHtte TeM11epaTypb1 K1op11 11p11 np11JJO)f(eHtt11 
BblCOKoro nasnettttJI nnil cj:>epp11rn Zno.JCuo 1fe1.5Gao s0 4 c 6ap114ecK11M K03cj:>cj:>11utteHTOM 
dT J dP "'-19 KJGPa. OnpeneneHbl napaMeTpb1 Kp11cTaJLJJtt4eCKOH 11 Mar1111rnoH CTPYKTYPbI 
11ccnenosa11ttoro cj:>epp11Ta B w11poKOM n11ana30He nasneHHH 11 TeMnepaTyp. 
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