
OI>'hE,il;HI:IEHHbIH HI:ICTHTYT .H,Il;EPHbIX HCCJIE,[t;OBAHHH 

BOEPHKOB 
HBaH AHaTOJibeBIIq 

14-2012-56 

Ha npaBax pyKonHcH 

YW538.91 

CTPYKTYPHOE l1 MAfHHTHOE ME30CKOI1I11IECKOE 
<I>A30BOE PACCJ10EHHE B CJIO)KHhIX OKCH,ll;AX 

ITEPEXO)J;HhIX METAJ1JIOB 

Cnen;HanbHOCTb: 01.04.07 - <jlH3HKa KOH,n:eHcHpoBaHHoro 

COCT05IHH5I 

ABTOpe<t>epaT .n.rrccepTaUHH Ha COHCKaHrre Y'IeHOil CTerreHH 

KaHJJ.HJ].aTa <PH3HKO-MaTeMarnqecKHX HayK 

,/fy6Ha 2012 



Pa6oTa BhIIIOJIHeHa B Jla6opaTOpm-1 Heti-rpOHHOH cpH3HKH HM. H.M. <l>paHKa 

06'be,D;HHeHHOro HHCTHT)'Ta 11,nepHbIX HCCJie,D;OBaHHH (r. ,IJ;y6Ha, MocKOBCKaH o6JI., 

PoccH11). 

HayqHbIH pyKoBO,D;HTeJib: 

O<jl:ini;HaJihHhle orrrroHeHThI: 

Be,D;ym;a11 opraHmaQH11: 

,D;OKTOp <jlH3HKO-MaTeMaTHqecKHX HayK, rrpo<jleccop 

l>aJiarypos AnaToJiuii MuxaiiJiosuq 

IlJiaKH,D;a HnKoJiaii MaKcUMHJrnauosuq, ,D;OKTop 

cpH3HKO-MaTeMaTfiqeCKHX HayK, rrpocpeccop, 

Jia6opaTOpmr TeopernqecKoif cpH3HKH OI1ill1, 

rrraBHbIH HaytIHbIH corpy,nHHK 

Ca,D;bIKOB PaBHJib AcxaTosuq, KaH,D;H,D;aT cpli3HKO

MaTeMaTHqecKRx HayK, Jia6opaTOpilll 

HeiirpoHHI>IX Hccne,n;oBaHHif M.fil1 P AH, 
3aBe,n;yrom;Hii CeKTOpOM KOH,l(eHCHpOBaHHI>IX 

cpe,n; 

HHQ «KypqaTOBCKliii HHCTHT)'T», OT,nerremrn 

CHHXpOTpOHHO-Heii-rpOHHhIX HCCJie,D;OBaHHH 

3am;HTa COCTOHTC11 "_" HlOHH 2012 r. B - qacOB Ha 3ace,n;aHHH ,D;HCcepTaQHOHHOro 

COBeTa ,II; 720.001.06 npH Jla6opaTOpHH Heii-rpOHHOH <jlH3HKH H Jla6opaTOpHH 

11,n;epHhIX peaKIJ;HH 06'be,D;HHeHHOro HHCTHTYTa 11,D;epHhIX HCCJie,D;OBaHHH (141980, 
r. ,IJ;y6Ha MocKOBCKOH o6rracrn). 

c ,D;HccepTaIJ;HeH MO)l(HO 03HaKOMHTI>C11 B 6H6JIHOTeKe 06ne,D;HHeHHOro HHCTHTYTa 

11,n;epHhIX HCCJie,D;OBaHHH. 

ABTOpe<jlepaT pa3ocrraH "_" ____ 2012 r. 



06m;aH xapa1nepHCTHKa pa6oThI 

AKTyaJihHOCTb pa60T1>1. CJimKHbie OKCH.[(bI rrepexo,n:HbIX MeTaJIJIOB 

rrpe,n:cTaBJUIIOT co6oii mI:IpOKI:IM KJiacc coe,[(HHeHHM, rrpI:IrOTOBJieHHbIX Ha OCHOBe d

MeTaJIJia (Mn, Cu, Co .. ) H ern;e o.n:Horo HJIH HeCKOJibKHX KaTHOHOB. B HacToHrn;eii 

pa6oTe paccMOTpeHbI CJIO)l(Hbie OKCI:I.[(bl K06aJibTa H Maprami:a c o6ni:eH: XHMWieCKOM 

qmpMynoH: A 1_xA'xB03, r.n:e A - pe.n:Ko3eMeJibHbIM 3JieMeHT (HHor.n:a KOM6I:IHaui:rn 

pe.n:Ko3eMeJibHbIX 3JieMeHTOB), A' - rn;enotIHo3eMeJibHbIH 3JieMeHT, 0 < x < 1, B =Mn, 

Co. 11HTepec K TaKOMY THIIY coe,[(I:IHeHHM CB513aH c OTKpLITHeM B CJIO)l(HbIX OKCH,n:ax 

MapraHua (MaHraHHTax) B Hatiane 1990-x fO.[(OB 3tj_Jtj_JeKTa KOJIOCCaJibHOro 

MarHeTocorrponrnnemu1 (KMC). CyTb 3<P<PeKTa COCTOHT B TOM, l!TO 3JieKTpHtieCKOe 

corrpoTHBJieHHe MaTepHaJia pe3KO yMeHbIIIaeTC51, eCJIH Ha Hero HaKJia,[(bIBaeTC51 

BHemHee MarHHTHOe IIOJie. TipwmHOM yMeHbIIIemrn corrpOTHBJieHH51 5IBJI5IeTC51 

tPa30Bblll rrepexo.n: 113 .[(H3JieKTpHtieCKOf0 B MeTaJIJIHtieCKOe COCT05IHHe, TeMrrepaTypa 

KOToporo ( o6bI1IHO OHa Jie)l<HT B .[(HaIIa30He OT 100 .[(O 200 K) MO)l(eT 6bITb C.[(BHHyTa 

HaJimKeHI:IeM MarHHTHoro rroJIH (cM. o63op [l]). Cpe.n:H MaHraHHTOB co crpyKTypo:H: 

rrepoBCKHTa y)l<e HaH:.n:eHbI cocTaBbI, KMC-3tj_Jtj_JeKT B KOTOpbIX .n:ocTHraeT 104 H 

6oJibIIIe [2]. TexHonorHtieCKI:Ie rrpHJIO)l<eHmr TaKHX coe.[(HHeHHM MoryT 6bITb secbMa 

pa3Hoo6pa3HbI H 3tj_Jtj_JeKTHBHhI. B qacTHOCTH, paccMaTp1maeTc5I B03MO)l(HOCTh 

rrpHMeHeHH5I MaHraHHTOB H B HOBOM pa3BHBa10meH:c5I BeTBH 3JieKTpOHIIKH -

CIIHHTpOHHKe, r.n:e CITHH :meKrpOHa 5IBJI5IeTC51 HOCHTeJieM HHtj_JopMaIJ;HH [3], [4]. 

B CJIO)l(HbIX oKcI:I.n:ax Ko6aJibTa KMC-3tj_Jtj_JeKT He3HatIHTeJieH. EoJihIIII:IHCTBO 

rrpaKTI:ItieCKHX rrpHJIO)l(eHHH 3THX MaTepHaJIOB, OCHOBaHo Ha TaKHX HX CBOMCTBax, KaK 

BbICOKa51 3JieKTpOHHa51 I:I HOHHaa rrpoBO,[(HMOCTI:I H KaTaJIHTHtiecKa51 aKTI:IBHOCTb. 

Ko3tj_Jtj_J11u11eHT HOHHOM .[(HtPtPY3HH B Ko6anbTHTax Ha HecKOJibKO rrop51.[(KOB Bbime, tieM 

B MaHraHHTax, tITO c03,n:aeT JIYtIIIIHe rrpe.n:rrocbIJIKH .[(JI51 ra3oBoro TpaHcrropTa. TaK, 

OKCH.[(bl K06aJibTa HaXO.IVIT rrpHMeHeHHe B TBep,ri:oTeJibHbIX OKCH,[(HbIX HCTO'l{HHKax 

IlHTamrn, KHCJIOpO.[(HbIX MeM6paHax, ycTpOMCTBax KaTaJIH3a, MeM6paHHbIX peaKTOpax 

.[(JI51 OKHCJieHH51 r11.n:poyrJiepO.[(OB, fa30BbIX ceHcopax H TepM03JieKTpH1IeCKI:IX 

ycTpOHCTBaX [5]. 

0.n:HaKO He TOJibKO MHOroo6pa3HeM npaKTHtieCKHX rrpHMeHeHHM o6'b5ICH5IeTC51 

CTOJib 60JibIIIOH HHTepec HCCJie.[(OBaTeJieM K 3THM coe,[(HHeHH5IM. c TOtIKH 3peHH51 

tPH3HKI:I MaHraHHTbI H K06aJibTHTbl HHTepeCHbI, rrpe)l(,[(e Bcero, TeCHOM B3aHMOCB513blO 

H:X 3JieKrpOHHOM, perneTOtIHoii H cnHHOBOH rro.n:cHcTeM. CeH:IIac y)Ke otieBH.[(HO, tITO 

HCKJIIOtIHTeJibHO Ba)l(HYIO pOJib B tPH3HKe MaHraHHTOB HrpaIOT HeO,[(HOpO.[(Hbie 

COCT05IHH51, IIp05IBJI5IIOIUHeC51, HarrpHMep, B cocyrn;ecTBOBamm B KpHcTaJIJie 

.n:Byxtj_Ja3HhIX o6nacTeH: Me30CKOIIHIIecKI:Ix pa3MepoB ( -2000 A) c pa3HbIM THIIOM 

3JieKrporrpOBO,[(HOCTH, HO c O.[(HHaKOBOH cpe.n:HeM 3JieKTpOHHOH IIJIOTHOCTblO. 
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HarrpIIMep, o,n:HIIM H3 y,n:IIBIITCJihHhIX 5IBJieHnii, o6Hapy)KCHHbIX B xo,n:e IIHTeHCHBHbIX 

nccne,n:oBaHHH rrepOBCKIITHbIX MaHraHIITOB 5IBn5ICTC5I KHcnopO.I!;HbIH H30TOIIHl!CCKHH 

3cpcpeKT, rrp05IBJ15IIOII(HHC5I B 3HatIIITenbHOM H3MCHCHIIII TCMIIepaTypbI rrepexo,n:a H3 

rrapaMarHIITHOrO-,Il;H3JICKrpIIqecKOfO B cpeppoMarHIITHOe-MeTanJIHqecKoe COCT05IHHe 

IIpH 3aMeHe H30TOIIa 160 Ha 180. 0Ka3aJIOCb, qTo B ero OCHOBC JIC:tKHT ,n:ByXcpa3HOCTb 

OCHOBHOro COCT051HH5I H rrepKOJ15IU:IIOHHbIH rrepexo,n:, corrpoBO:tK,IJ;aIOII(HHC5I pe3KHM 

YMCHblIICHHCM o6'beMa cpeppoMarHHTHOH MeTaJIJIIItieCKOH cpa3bl B ITOJ1h3Y 

,Il;II3JieKrpHtieCKOH aHTHcpeppoMarHHTHOH cpa3bl. 0,n:H03HatIHOro OTBeTa Ha Borrpoc 0 

rrpHtIIIHax B03HHKHOBCHH5I TepMO.IJ;HHaMHqecKH CTa6HJibHOro CMeIIIaHHOfO COCT05IHH5I 

co CTOJib 60JiblllIIMH xapaKTCpHbIMII pa3MepaMH o6nacTeii ITOKa HeT II, 

COOTBCTCTBCHHO, HCCJie,IJ;OBaHH5I KaKHM-TO o6pa30M IIp05ICH5IIOII(He cnryau;IIIO 

rrpe,n:cTaBJI5IIOTC5I CBOeBpeMeHHbIMH II BeCbMa aKTyaJibHbIMH. 

B HacTo51m:eii ,n:nccepTaQIIOHHOii pa6oTe HeKOTOpbie oco6eHHOCTH 51BJieHH5I 

cpa30BOfO paccnoeHII5I H3ytieHbI Ha rrpHMepe HeCKOJibKIIX COCTaBOB MaHramITOB II 

Ko6anbTIITOB ( (La/Pr)o.7Cao.3Mn03, (Sm/Nd/Tb ) 0.sSr0.5Mn03, Pr0.5Sr0.5Co03), 

,n:eMOHCTPIIPYIOIIt:HX He TOJibKO o6m:IIe 3aKOHOMepHOCTII 3TOfO 5IBJICHII5I, HO II 

HHTepeCHbie HH.Il;HBH,IJ;yanbHbIC cpII3IIl!CCKHe 3cpcpeKTbl H aHOManIIII, rrpncym:IIe TOJibKO 

3TIIM COCTaBaM. B tiaCTHOCTII, OKa3aJIOCb, l!TO B03HlII<:aIOII(IIe B KpHCTanne 

Me30CKOIIIIl!CCKHe o6nacTH c pa3HbIM THIIOM 3neKrporrpOBO.IJ;HOCTII, o6na,n:aIOT H 

pa3HbIM THIIOM MarHHTHOH CTPYKTypbI, qTo ,n:ano OCHOBaHII5I IICKaTb rrp05IBJICHHe 

paccnoeHH5I 11 B aTOMHoii cTpyKType. CBe,n:eHIIJI o CTPYKType KpIIcTannoB 11 ee 

II3MCHCHII5IX rro,n: ,n:eiicTBHeM BHeIIIHIIX cpaKTOpOB rronytieHbl c IIOMOII(bIO ,Il;IIcppaKU:HH 

HeiirpOHOB H CHHXpOTpOHHOro II3JiyqeHH5I, rrpIIqeM 3KCrrepMMCHTbl BbIIIOJIHJIJIHCb Ha 

,n:11cppaKTOMeTpax, o6na,n:aIOII(IIX BbICOKOH CBeTOCIIJIOH II, rnaBHOe, BhICOKOH 

pa3peIIIaIOm:eii crroco6HocThIO. IIocne,n:Hee OKa3anocb IICKJIIOqIITeJibHO Ba)KHbIM, T.K. 

BeJIIIqIIHa crpyKTypHbIX 3cpcpeKTOB paccnoeHMJI KpHCTanna Ha cpa3bl OKa3bIBanacb, KaK 

rrpaBIIJIO, OtieHb MaJIOH. 

OcuoBHhie u;eJIH H 3aJJ:aqH pa6oThI. OcHOBHOH u:enbIO pa6oTbI JIBJIJIJIOCE> 

HCCJie,IJ;OBaHRe MarHHTO-crpyKTYPHhIX Me30CKOITHl!CCKH paccnoeHHbIX COCTOJIHIIH B 

cno:>KHhIX OKCH,n:ax rrepeXO.[(HhIX MCTaJIJIOB, BbI5IBJieHIIe o6m:nx rrpHl!lIH HX 

B03HHKHOBCHH51 If oco6eHHOCTeit rrp051BJICHH51 B KOHKpeTHhIX COCTaBaX MaHraHHTOB H 

Ko6anbTIITOB, CB513h Heo,n:Hopo,n:HOCTH cTpyKTYPhI n rnraHTCKoro M30TorrnqecKoro 

3cptj:>eKTa, o6Hapy)KeHHOfO B HeKOTOpbIX H3 HHX. 

~J151 ,Il;OCTIDKeHH51 yKa3aHHOH u:en11 6nrnH IIOCTaBJICHhI 3a,n:atI11: 

1. IIonytIHTb MaKCHManbHO IIOJIHYIO HHcpOpMaU:IIIO 06 aTOMHOH H MarHHTHOH 

crpyKType CJIO:tKHbIX OKCII.IJ;OB rrepeXO.IJ;HbIX MCTaJIJIOB (B tiaCTHOCTH 

(Nd/Tb )o.sSro.sMn03, Smo.sSro.sMn03, Pro.sSro.sCo03) c rroMOIIt:bIO ,n:11cppaKU:IIH 
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HeMT}JOHOB H CHHXpOTpOHHOro H3JiyqeHJUI BI:iICOKoro pa3perneHHJI B IIIHpOKOM 

.n:Harra3oHe TeMnepaTyp. 

2. HccJie.n:oBaTI> MHKpocK01rnqecme CTPYKTYPHI:iie oco6eHHOCTH corryTcTsyrorn;He 

B03HMKHOBeHHIO cpa30BOro paccJIOeHHJI B pH.n:e CJIO)l<HbIX OKCH,Il;OB MapraHI.J;a 

((La/Pr)o.1Cao.3Mn03, (Nd/Tb)0.5Sr05Mri03) M Ko6aJII:iTa (Pr0.5Sr0.5Co03). TioKa3aTI:i 

CBJI3I:i MeJK.n:y HeO,Il;HOpO,Il;HI:iIM COCTOJIHHeM H niraHTCKHM H30TOJUiqecKHM 

3$cpeKTOM B Srno.5Sr0.5Mn03. 

3. Orrpe.n:eJIHTI> MarHHTO-CTPYKTYPHI>Ie rrpHqHHDI yrrpyro-MarHHTHo:H: aHoMaJIMM, 

Ha6Jiro.n:aiorn:eiicH B cocTaBe Pr0.5Sr05Co03 rrpH T;::::; 120 K. 

IIoJio*eHHH, BLIHOCHMLie Ha 3aw:uTy: 

1. CTpyKTypHoe H MarHHTHOe cpa3oBoe paccJioeHHe B R0.5Sr0.5Mri03 (R =Sm, Nd/Tb) 

rrpH HH3KHX TeMrrepaTypax. 

2. Oco6eHHOCTH 3BOJIIOD;MM MHKpOCTPYKTYPI>I B COCTaBax (Nd/Tb )o.sSro.sMn03 

H3MeHeHHe c TeMrrepaTypo:H: xapaKTepHI:iIX pa3Mepos KorepeHTHI:iIX o6JiacTe:H: II 

MHKpOHarrp.HJKeHHM B HMX. 

3. TiepKOJI.HIJ;HOHHaJI rrpnpo.n:a «rHraHTCKOfO H30TOIIttqeCKOfO 3cpcpeKTa» B 

Srn05Sro.sMn03. 

4. 06nHCHeHHe rrpHpo,n;I>I yrrpyro-MarHHTHo:H: aHOMaJIHH B Pr05Sr0.5Co03 (PSCO) rrpH 

HH3KIIX TeMrrepazypax (T;::::; 120 K) H oco6o:H: poJIH Pr B C'fPYKTYPHOM cpa30BOM 

rrepexo.n:e. 

HayqHaH HOBH3Ha. Bee rroJiyqeHHI>Ie HayqHI:iie pe3yJII>TaTI:iI JIBJIJIIOTCJI HOBI>IMH 

,Il;JIJI cpH3HKH CJIOJKHI:iIX OKCM,Il;OB rrepexo,n;HI>IX MeTaJIJIOB. ,[(JIH Bcex 113yqeHHI:iIX 

cocTaBOB orrpe,ri;eJieHI:iI aTOMHaJI H MarHMTHa.H CTPYKTYPI>I H IIX H3MeHeHMH c 

TeMrrepaTypo:H:. BrrepBDie ,n;ocToBepHo ycTaHOBJieHa CBJI3b Me)l<,ri;y H3MeHeHHHMH 

MHKpOC'fPYKTYPI>I KpHCTaJIJia H B03HHKaIOIIJ;MMM B HeM Heo,ri;Hopo,ri;HI>IMH 

COCTO.HHII.HMH. ,[(mr COCTaBOB c IIOJIOBHHHbIM .z:i;orn1poBaHHeM ycTaHOBJieHa CBJI3b 

pa3H0f0 THIIa HCKa)l\eHMH KIICJIOpO,D;HbIX OKTa3,Il;pOB c THIIOM MarHIITHOfO 

yrropH,z:i;oqeHHH. B cocTaBe c Ko6aJII>TOM HaH:.n:eHa HOBaH CTPYKTypHa.H cpa3a, c 

B03HHKHOBeHHeM KOTOpo:H: CBJI3aHa HMeIOrn;aJIC.51 B HeM MarHHTHaH aHOMaJIMJI. 

HayqHaH 11 npaKTHqecKaH 3HaquMOCTL pa60T1>1. TioJiyqeHHoie B 

.n:nccepTaU:HOHHOH pa6oTe 3KCIIepHMeHTaJibHI:iie pe3yJII>TaTI>I Ba)KHI:il ,Il;JIJI 

cpopMHpOBaHHJI npe.ri;cTaBJieHHM 0 pOJIH cpa30BO-paccJIOeHHbIX HeO.rJ;HOpO,Il;HI:iIX 

COCTO.HHHM B $H3HKe CJIO:>KHI:iIX OKCH,IJ;OB. B pa6oTe HarJI.H,IJ;HO rrpo.ri;eMOHCT}JHpOBaHI:iI 

HOBI:iie B03MOJKHOCTH .ri;ncppaKIJ;IIH HeHTIJOHOB II CHHXpOTpOHHOfO II3Jiyqemrn: ,Il;JIJI 

C'fPYKTYPHOfO aHaJIII3a Heo,ri;Hopo,ri;HI:iIX COCTO.HHHM. TioJiyqeHHI:iie 

3KCIIepHMeHTaJibHLie pe3yJILTaTI:iI BaJKHbl ,IJ;JIH TeopeTHqecKoro aHaJIH3a cpH3UC!eCKMX 

CBOMCTB CJIOJKHLIX OKCH.ll;OB H HX CB.H3H co CT}JYKTYPHI:iIMH rrapaMeTpaMH H ,Il;Jl.H 
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nocne.ny10rn:ero CTpyKrypHoro ,IJ;H3aHHa cpyHKII;HOHaJihHhIX MaTepHaJIOB c 3a,IJ;aHHhIMH 

CBOHCTBaMH. 

JiuqHhIH BKJia,!J; aBTopa. Bee pe3yJII>TaTI>I, npHBe.neHHI>Ie B .n11ccepTan;1111, 

nonyt:IeHI>I caM11M aBTopoM HJIH npH ero Henocpe.ncTBeHHOM yqacTHH. ABTop 

yqacTBOBaJI B nocTaHOBKe 3a.I(a1:I, pernaeMhIX B paMKax ,IJ;HCCepTaII;HOHHOH pa60ThI, 

caMOCT051TeJibHO npOBO.I(l1JI OCHOBHbie 3KCIIep11MeHTbI H o6pa6aTbIBaJI pe3yJibTaTbI, 

rrpHHHMaJI yqacnre B HHTepnpeTaII;HH nonyt:IeHHbIX ,IJ;aHHhIX, ocymecTBJI51JI 

no.nroTOBKY CTaTeH K rry6JIHKaII;HH. ABTOp He yqacTBOBaJI B CHHTe3e o6pa3II;OB H 

H3y1:IeHHH HX MaKpOCBOHCTB (TeMneparypHa51 3aBHCHMOCTh corrpOTHBJieHH51, 

HaMarHH1:IeHHOCTH, MO.IJ:YJI51 I0Hra). 

Anpo6au;nH pa6oTbl. OcHOBHI>Ie pe3yrrr,TaTbI .n11ccepTan;1111 6r,m11 

npe.ncTaBrreHbI Ha cne.ny10m11x pocc11ll:cKHX 11 Me)K.nyHapo.nHbIX KOHcpepeHn;1rnx: XVIII 

CoBern;aHHe no n:cnorrI>30BaHHIO pacce51HH51 HeHTµOHOB B HCCJie.I(OBaHH51X 

KOH.I(eHCHpoBaHHOro COCT051HH51 (3ape1:IHhIH, 2004), XIX CoBell(aH11e no 

HCIIOJih30BaHHIO pacce51Hl151 HeHT}JOHOB B HCCJie.I(OBaHH51X KOH,IJ;eHC11pOBaHHOrO 

COCT051HH51 (06Hl1HCK, 2006), x Me)K,IJ;yHapo.nHhIH, Me)l<,IJ;HCII;HIIJIHHapHbIH CHMII03HYM 

«Ilop51.I(OK H 6ecrrop51.IJ:OK B 0Kc11.nax» (Jioo, 2007), eBponell:cKa51 rnKorra «4th Central 

European Training School on Neutron Scattering» (Ey.nanernT, BeHrpmr, 2007), XII

oii Hayt:IHOH KOHcpepeHII;l111 MOJIO,IJ;bIX yt:IeHHbIX H crren;HaJIHCTOB (,I(y6Ha, 2008), xx 
CoBern;aHHe no 11crroJII>30BaHHIO pacce51HH51 Hell:TpoHOB B 11ccne.noBaH115Ix 

KOH.I(eHc11poBaHHoro cocT051Hl151 (faT1:IHHa, 2008), Advanced Workshop on «Neutron 

probing for compositional and structural characterisation of materials and biological 

samples» (H11.neprraH.I(hI, 2009), «International Conference on Neutron and X-ray 

Scattering» (Marrali31151, 2009), «Me)K.nyHapo.nHoll: KOHcpepeHu1111 no 

cyrrepnpoBo.n11MocT11 11 MarHeTl13MY» (Typu1rn, 2010), «International Conference on 

Neutron and X-ray Scattering» (Tall:BaHI>, 2011), Me)K.nyHapo.nHoe pa6ot:Iee 

COBern;aHHe «COBpeMeHHhie 51,D;epHO-cpH3111:IeCKHe MeTO,IJ;bI 11CCJie.I(OBaHl151 B cpH3HKe 

KOH.I(eHc11poBaHHhIX cpe.n» (M11HcK, Eerropycc115I, 2011), Hayt:IHOH lIIKOJie «Phase 

transition» (lllBeih~ap115I, 2011). 

IIy6JIHKao;HH. no MaTep11anaM .I(HCcepTal(HH orry6rr11KOBaHO 6 pa6oT B 

pecpepupyeMhIX )l<ypHanax [Al-A6]. 

CTpyKrypa )J;HCcepTa.D;HH. ,I(uccepTal(H51 COCTOHT H3 BBe.I(eHH51, II5ITH rrraB, 

cnHCKa COKpameHHH H o603Ha1:IeHHH, 3aKJII01:IeHH51, CIIHCKa l(HTHpyeMOH JIHTepaTypr,1. 

,I(MccepTal(H51 co.nep)KHT 116 CTpaHHI( MalIIIIHOnHCHoro TeKCTa, BKJII011a51 48 

pIICYHKOB, 11Ta6mI1(II114 6116rrMorpacp1111eCKIIX CChIJIOK. 
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Co,IJ,ep~auue ,IJ,uccepTau,uu 

Bo sse,IJ,euuH ,JJ,atto 06ocH0Bam1e aKTYaJJhHOCTH pa6oThI, cqmpMymrposaHbl 

u:en11 11 3a,1l,all11, pe3yJII>TaTbI, BhIHOCHMhie Ha 3a~11Ty. ,II,aeTC51. xapaKTep11cTH.Ka 

Hayqttoii HOBM3HhI u,eHHOCTl1 rmnylleHHhJX pe3yn1TaToB. KpaTKO M3JIO:tl<eHa CTPYKTypa 

H CO,JJ,ep:11:<aHHe )J,HCcepTa11mi. 

IlepsaSI rJiaBa TIOCB51.~eHa o63opy JIHTeparypHbIX HCTOqHHKOB TIO CBOMCTBaM 

HCCJie,1l,yeMbIX coe,JJ,.HHeHl1M. ,II,aeTC51. KpaTKl1M 3KCKypc B l1CTopmo B03Hl1KHOBeHH51. 

HayllHOro HHTepeca K CJIO)l(HblM OKCl1)J,aM rrepeXO)J,HhIX MeTaJIJIOB. lfanaraIOTC51 

HeKOTOpbie OCHOBHhie CBe,JJ,eHirn no aTOMHOM 11 MarH.HTHOii CTPYKType MaHraH.HTOB l1 

K06aJ1bTHTOB, a OCHOBHOe BHHMaHHe B o63ope Jl.HTepaTypbl y,JJ,eJieHO rrpHpO,JJ,e 

HeO,JJ,HOp0,1l,HbIX COCT051.Hl1M, B qacTHOCTH Me30CKOIIl1lleCKOMY <i_Ja30BOMY paccnoeH.HIO, 

T.e. 51.BJieHl1IO, Herrocpe,JJ,CTBeHHO CB513aHHOMY c OCHOBHOM TeMoii ,1l,HCCepTa111m. 

PHc. 1. I1pHMep Me3ocKorrw-1ecKoro paccnoeHH5I B Lao.2sPro37sCao_375Mn03 Ha FM 

MernmrnqecKyro cpa3y ( TeMHhiii u.seT) H AFM ,LJ,H::ineKTpHqecKyIO ( csern11i1 u.seT ). 

l13o6pa)KeHH:e nonyqeHO c IIOMOlll,hlO 3JieKTpOHHOH MHKpOCKOilHH B pa60Te [ 6]. 

Bo BTopoii rJiase 01rncatta MeTO,JJ,11Ka Cl1HTe3a o6pa31IOB. A TaK)l<e l13JimKeHhI 11x 

OCHOBHhie MaKpOCKOIIMlleCK.He <i_J11311qecK11e CBOHCTBa. B Ta6n11u:e 1 rrp11Be)J,eHbl 

113yqeHHbie COCTaBhl, l1X o603HalleHH51. 11 HeKOTOpble 3Hall.HMbie xapaKTepHCTHKH. 

06pa3U:hI c11HTe3nposanHch Ha X11MnlleCKOM <i_JaKyn1TeTe MfY, H30TOrrHqecKoe 

3aMellleH11e BhIIIOJIHeHo B HI11J, «KypllaT0BcK11.H 11HcT11TyT». ,Il,n51. coe,JJ,11Hett115l. (Nd1_ 

y Tby)o.5Sr0.5Mn03 (NTSM) c y = 0.456 ( 06pa3eu, S2, <r A> = 1.221 A) co,II,ep)l<am1e Nd 

n Tb rro.n,fo1panoch ,II,JI51. Mo.n,en11posaH115l. csoifcTB Sm0.5Sr0.5Mn03 (SSM), 

rrpo51.BJI51.IOlllero rHraHTCKMM H30TOnHqecKHM 3<i_J<i_JeKT - cpe.n,HHii pa.n,Hyc A KaTHOHa B 

NTSM-S2 TaKoii )Ke, KaK B cocTaBe SSM. Heo6xo,JJ,11MocTb CHHTe3a 06pa311a Ha 

octtoBe Nd/Tb ,ll,JI51. MO,JJ,en11poBaH115l. csoifcTB SSM BhI3BaHa orpatt1111eHHhIMH 
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B03MmirnocT51Mll CMHTe3npoBaTb SSM c H30TOIIOM 152Sm B ,n:ocTaToqHoM KOJJH:qecTBe 

,n:rr51 rrpoBe,n:eHll51 rrpeUH3MOHHbIX HeiiTpoHHbIX 3KcrrepH:MeHTOB. EcTeCTBeHHa51 cMecb 

M30TOIIOB Sm HMeeT oqeHI> 6orrI>IIIoe ceqeH:He rrorrrmueHH51 HeiiTpoHoB, tITO ,n:erraeT 

HeB03MO)l(HbIM Heo6xo,n;nMI>Ie HeiirpoHHI>Ie nccrre,n:oBamrn. 

Ta6mni:a 1. CocrnB, o6o3Haqemre B TeKcTe, TeMnepaTypa KropH Hccne,zi:oBaHHI>IX o6pa3l(OB. 

B rrpHMeqamrn IlOKa3aH THII rrpoBO,[(HMOCTH no IIOBe,ri:eHHIO TeMnepaTypHOM KpHBOM 

:meKTpHqecKoro corrpoTHBJieHH.H. 

CocrnB 06o3Haqemre Tc, K ITpHMeqaHHe 

(Lao.2sPro.1s)o.1Cao3Mn1603 LPCM-16 110 ITJIOXOM MeTaJI 

(Lao.2sPro.1s )o.1Cao3Mn 1803 LPCM-18 H30JI.HTOp 

Smo.sSro.sMn1603 SSM-16 90 IIJIOXOM MeTaJI 

Smo.sSro.sMn 1803 SSM-18 H30JIHTOp 

(Ndo.772 Tbo.22s)o.sSro.sMn03 NTSM-Sl 170 H30JI.HTOp 

(Ndo.s44 Tbo.4s6)0.sSro.sMn03 NTSM-S2 70 H30Jl.HTOp 

Pro.sSro.sCo03 PSCO 226 ITJIOXOM MeTaJI 

Ha pHc. 2, ,n:rr51 rrpHMepa, rrpMBe,n:eHbI TeMrrepaTypHoie 3aBHCMMOCTll 

3rreKrpnqecKoro corrpoTMBrremrn n MarHHTHoii BocrrpnnMqHBOCTll cocTaBa SSM, 

o6oraru:eHHOro pa3JIMlJ:HbIMll ll30TOIIaMll KllCJJOpo,n:a. 

p, OM· c::..1 
105 .-----....,-----.---.,----.---...-----. 

a 

10 

1 

0.1 '----'------'---.!...---'-----'---'""---' 
0 50 100 150 200 250 300 

:\i CM 3 /MO.lib 

15 .----....,----,.----.--....,---...----. 

10 

5 

() 

6 

1/~, MO.llb/CM 2 

30..----.----,..--,-, 

SSM-16 

20 

10 

0 100 200 300 
'T, K 

50 100 150 200 250 300 

~K ~K 

PHc. 2. TeMrrepaTypHI>Ie 3aBHCHMOCTH 3JieKTp11qecKoro conpoTHBJieHMa (a) H MarHHTHoli 

BocnpHHMqHBOCTH (6) ,zi:n.s: Sm0.sSro.sMn03 (SSM) c 160 H 180 H30TonaMH. 3aBHCHMOCTI> 

lly.JT) .z:t:AA SSM-16 IIOKa3aHa Ha BCTaBKe [7]. 
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CHHTe3 OKCH,[(OB K06aJ1bTa 5IBJUieTC51 HerrpOCTOH XHMH11eCKOH 3a,na11eli oco6eHHO 

c TOl:JKH 3peHH51 3a,naHHOH CTeXI10MeTpHH IIO KHCJIOpo,ny. ,Il;JIJI rrpoBepKH B03MO)KH0f0 

BJIHJIHHJI rrpou;e,nypDI CHHTe3a Ha Hali,neHHbie CBOHCTBa, CHHTe3 rropoIIIKa 

Pr0.5Sr0.5Co03 (PSCO) 6bm rrpoH3Be,neH B ,n;Byx pa3m111HbIX Jia6opaTopH5IX (HIIQ 

HAH/EeJiapycb n LDM PSl/llIBe:H:u;apnH). IIocJie,nyIOm;ne HeiirpoHHhie 

3KCrrepHMeHTbI o6Hapy)l<HJ1H IIOJIHYIO H,D;eHTHl:JHOCTb OCHOBHOH cpa3bl 

CHHTe3HpoBaHHbIX o6pa3U:OB PSCO. 

Ha pncyHKax HH)Ke IIOKa3aHbI 3aBHCHMOCTH HaMarHHl:JeHHOCTH H Mo,nym.1 lOHra 

OT TeMrreparypnI ,D;JIJI ::noro coe,nnHeHHJI (pHc. 3). B PSCO rrponcxo,nJIT ,nBa 

MarHHTHbIX rrepexo,na rrpn Tc;::::; 226 Kn TA;::::; 120 K [8, 9]. Ha pnc.3 BH.D:HO, 11TO rrpn 

TA c}:>eppoMarHHTHaJI CTJJYKTypa coxpaHJieTCJI, HO IIOBe,neHHe HaMarHHl:JeHHOCTH BO 

BHeIIIHeM MarHHTHOM rroJie HOCHT aHoMaJibHbIM xapaKTep. IIpH Tc H TA Ha KpHBOM 

I0Hra BH,[J;Hbl aHOManHH yrrpyrHX CBOHCTB, qTo YKa3bIBaeT Ha rrepeCYpOHKY 

KpHCTaJIJIHl:JeCKOH CTpyKTYPhI. 

7 
Pr05Sr0.5Co03 .............................. 

6 ··•·· .... 
~ 

5 FC 

4 H= 1000e 
8 
<!.) .._, 
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0 50 100. 150 200 250 300 350 
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PHc. 3. C!teea 3aBHCHMOCTb HaMarHHtieHHOCTH PSCO OT TeMrrepaTypnI. IlpH T ::::: 120 K 
BM,I(HO aHOMaJihHoe rroBe,n:eHHe KpHBOH HaMarHffqeHHOCTM [9]. Cnpaea 3aBHCHMOCTb Mo,n:ym1 

I0Hra ,n:m1 PSCO OT TeMrrepaTypnI [9]. AHOMaJIHH yrrpyrnx cBolicTB coBrra,n:aroT c 

MarHHTHbIMH aHOMaJIH5IMH. 

BTopan r JiaBa rrocBJIIU;eHa orn1eaHHIO 3KcrrepHMeHTaJibHbIX MeTo,noB, 

HCIIOJib30BaHHbIX )];JIJI rrony11eHm1 pe3yJibTaTOB, JierIIIHX B OCHOBY pa60TbI. 

ITpe,ncTaBJieHbI cxeMhI H rrapaMeTphI 3KcrrepnMeHTaJihHhIX ycTaHOBOK (HeliTpOHHbIX H 

CHHXpOTJJOHHbIX ,D;HcppaKTOMerpoB ). 

OcHOBHbIM 3KcrrepHMeHTaJibHbIM MeTO.D:OM B .LJ:HCcepTa11;110HHo:H: pa6oTe 

JIBJIJIJiaCb ,nnc}:>paKU:HJI TeIIJIOBbIX HeHYpOHOB BbICOKOfO pa3peIIIeHM51 - OHa 

o,nHoBpeMeHHO II03BOJIJIJia Hccne,nosaTb KpHcTarrm1qecKyIO H MarHHTHYIO CTPYKTYPY 

coe,[(HHeHHH, c 6oJibllIOH T01IHOCTbIO orrpe,neJIJITb IIOJIOJKemrn aTOMOB KMCJlOpo.z:i:a. 

,Il;orroJIHHTeJibHO K HeHT}JOHHOH ,[(HcppaKI:J;HH HCIIOJib30BaJiaCb .z:i:mppaKU:HJI 
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c:rrnxpoTpOHHOro lBJiyqemuI. 0Ha no3BOJIJiIJia ,I.(OIIOJIHJiITl> JiI npoBepMTl> pe3yJII>TaTI:il 

no rrapaMeTPaM KpHCTaJIJIHqecKoil peIIIeTKM CTPYKTYPHI>IX cpa3, a TaIOKe c 6on:r:.IIIoi1: 

TOqHOCTbIO onpe.n:eJIHTb TJiln JiI KOJIWieCTBO npHMecei1: B o6pa3u;ax. 

OcHOBHI>Ie pe3yn:r:.TaTb1 no KpHcTanrrw:iecKoil CTPYKType coe.n:ttHeHHH 6:r:.rnH 

nonyqeH:r:.1 Ha <l>JI;BP (<l>yp:r:.e-.n:ttc}:>paKTOMeTP BbICOKoro pa3peIIIeHM5I, peaKTop HEP-2), 

pa6oTaIOm;ero c Hcnon:r:.3oBaHHeM MeTo.n:a BpeMeHH nporreTa [ 10]. JI;aHHbie no 

MarHHTHbIM CTPYKTypaM H .n:onoJIHHTeJibHbie ,z:i:aHHbie no KpMCTaJIJIHqecKHM 

CTPYKTypaM o6pa3U:OB 6oIJIH nonyqeHbI Ha HeilTpoHHbIX ,z:i:ttc}:>paKTOMeTpax c 

rrocT05IHHoi1: ,z:i:rrMHOH BOJIHbI HRPT H DMC Ha HCTOqHHKe SINQ/PSI [11]. IlpHBe,n:eHo 

cpaBHeHHe pa3peIIIaIOm;ei1: crroco6HOCTH ,z:i:ttcppaKTOMeTPOB BbICOKoro pa3pemeHJiI5I 

<l>JI;BP H HRPT (pMc. 4). IloKa3aHo, qTo Ha <l>JI;BP MmKHo 3Ha"CJ:ttTeJibHO ToqHee M 

yBepeHHee orrpe,n:eJI5ITb napaMeTPbI 3JieMeHTapHOH 51qei1:KH npHCYTCTBYIOI.1(HX B 

o6pa3u;e cpa3 B cnyqa51x ,I.(Byx- MJJM MHorocpa3Horo cocT05IHM5I. Jl;McppaKTOMeTP HRPT 

nyqIIIe no,z:i:xo,z:i:MT ,I.(JI5I orrpe;::i:eneHM5I CTPYKTYPHbIX xapaKTepHCTHK KpMcTarrna 

(Me)KaTOMHbIX paCCT05IHHH H BaJJeHTHbIX yrJIOB) nocKOJibKY B o6JiaCTH MaJibIX dhkl 

cocpe.n:oTO"CJ:eHO 60JJbillOe "C!HCJIO ,UHcppaK[(HOHHbIX nHKOB, a pa3pemeHJile <t>,[J;BP B 

3TOH o6nacTH xy)Ke, "CJ:eM y HRPT. 

0.005 

0.004 

;g 0.003 

tO 
0.002 

0.001 

0 
1 2 3 

~A 

HRFD 

4 5 

Prrc. 4. CpaBHemi:e cpyHKU:Hii pa3pememur JJ:JUI .nncppaKTOMeTpoB HRPT n <D,D;BP (HRFD). 

Pa3pemeHne <D,D;BP rrpaKTffqecKH He 3aBHCHT OT Me)KIIJIOCKOCTHOro paccT05IHH5I. 

B TpeTbeH rJiaBe KOHKpeTH3HpoBaHbI IlOCTaBJieHHbie 3a,I.(a"CJ:H HCCJie,I.(OBaHH5I JiI 

rrpe,n:cTaBJieHbI pe3yJI0Tar:r:.1 HeHTPOHHbIX H CHHxpoTPOHHbIX 3KcnepHMeHTOB no 

orrpe.nerremIIO KpHCTaJIJll'.IqecKHX H MarHHTHbIX cpa30Bl>IX COCTO.S:IHHH 

rrepoBCKMTono,n:o6HbIX MaHraHMTOB (Lao.25Pro.7s)o.7Cao.3Mn03 H Reo.sSro.sMn03 

(Re=152Sm, Ndo.n2Tbo.22s H Ndo.s44Tbo.4s6). 

IIpoBe.n:eH ,n:eTaJibHbIH crpyKrypHbIH aHaJIH3 cocraBa (Lao.2sPr0.75)0,7Cao.3Mn03 

(LPCM-75) c H30TOIIOM 160, B KOTOpOM paHee B pa6ore [12] 6I:iIJIO ycraHOBJleHO 
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cocy:rn;ecTBOBamrn ,n:Byx MarHHTHbIX cpa3 rrptt T ~ 110 K H Haii,n:eHhI KOCBeHHhie 

CBH,I(eTeJinCTBa, tITO HX KpHCTaJIJIHtiecKa51 cTpyKTypa He o,nttHaKOBa. IToKa3aHo, tITO 

pa3JIHtIH51 B aTOMHoii CTPYKType 3TMX cpa3 CJIMIIIKOM He3HatIHTeJihHhI H Harrp51MYIO He 

MoryT 6nITb Bhl5IBJieHhI. 0,nHaKO Haii,neHHhie ,I(OITOJIHHTeJihHhie KOCBeHHble rrpH3HaKH 

- YIIIHpeH.He ,[(HcppaKI(HOHHhIX ITMKOB rrp.H TeMrrepaTypax MarHHTHOfO cpa30BOfO 

paccJioeH.H51 - rro,nTBep)K,naIOT .HX cy:rn;ecTBoBaHtte. IToJiytieHHhie pe3yJI1>TaThI 

rrocJiy)KMJIM ocHoBaH.HeM ,I(JI51 rrpo,nomKeHH51 rrottcKa CB.H,neTeJihCTB CTPYKTYPHhIX 

pa3JIHtIHH cocy:rn;ecTByIO:rn;Hx cpa3 B MaHraHHTaX. 

B pe3yJinTaTe ttccJie,noBam1ii Re0.5Sr0.5Mn03 6nrno Haii,neHo, tITO rrptt HH3KHX 

TeMrrepaTYpax B 3THX COCTaBaX rrpoHCXO,I(MT paccJIOeHHe Ha ,[(Be KpHCTaJIJIHtieCKHe 

cpa3hI Pl M P2, KOTopbie HMeIOT o,nttHaKoByIO rrpocTpaHCTBeHHYIO CHMMeTpHIO, HO 

pa3JIHtiaIO:rn;MeC51 TMI1bl 51H-TeJIJiepoBCKMX HCKmKeHHH OKTa3,I(pOB Mn06 H MarHHTHOfO 

yrrop51,[(0tieH.H5I aTOMOB Mn. y crrexy CTpYKTYPHOro aHaJIH3a crroco6cTBOBaJIM BbICOKa51 

pa3peIIIaIO:rn;a5I crroco6HOCTh HeiiTpOHHhIX lI CHHXpOTpOHHhIX ,[(HcppaKTOMeTpOB 

(p.HC. 5), Ha KOTOpbIX BeJI.HCh 3KCIIep.HMeHThI. 

<!>a3a P2 B03HHKaeT B NTSM-Sl rrp.H T;:::: 250 K, a B NTSM-S2 rrpH T;:::: 150 K. 

,ll;JI5I SSM-16 TeMrrepaTypa rro5IBJieHM51 cpa3bI P2, rrpe,nrroJimKHTeJihHO, coBrra,naeT c 

BeJIMtIHHoii, rronyqeHHOH ,n:JI5I cocTaBa NTSM-S2. 

Sl sample 
T=lO K '(202)1 

d 
:::> 

.e 
(';I 

.~ 
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II I 11 

JO 1 II I I 
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Prrc. 5. C!leea ,n::mppaKu;rroHHbIH crreKTp NTSM-S 1, H3MepeHHbIH Ha <I>,[(BPMEP-2 rrprr 

T=lO K rr o6pa6oTaHHI:.IM no Mero,n:y PrrTBenr,,n:a. BepTHKaJibHbie rnrprrxrr yKa3bIBaIOT 

pacct.J:rrTaHHbie rrono:>KeHrr51 ,n:mppaKu;rroHHbIX IIHKOB ,n:Byx crpyKrypHbIX cpa3. Ha BKrra,n:Ke 

IIOKa3aH yt.J:aCTOK .n:rrcj:>paKI(HOHHOro crreKTpa, Ha KOTOpOM t.J:eTKO BH,n:eH BKJia,lJ; ,n:syx 

crpyKrypHbIX cpa3. Cnpaea 3BOJIIOU:H51 yt.J:acTKa .n:rrcJ:>paKu;rroHHoro crreKTpa NTSM-Sl, 

oro6pa:>KeHHOro Ha BKJia,n:Ke rresoro prrcyHKa, rrprr rrepexo,n:e OT o,n:Ho - K ,n:syx$a3HOMY 

COCT05IHHIO rr BH.D:HO II05IBJieHrre HOBOM crpyKTypHOH cpa3I:.I rrprr IIOHmKeHHH TeMrrepaTypbI. 

YKa3aHbI rrH,n:eKCbI Mmrnepa c rrprrHa,n:ne:>KHOCTbIO K rrepso:H: rr KO BTopo:H: <)?a3e. 
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<l>a3a Pl <PeppoMarmITHa H Mn06 OKTa3.[(pbI JIHIIIb cnerKa rrcKa:>KeHbI. CVa3a P2 

aHTH$eppoMarHHTHa (A-nm yrrop51.[(0'l!eHrr5I), B He:H: Mn06 OKTa3.D;pbI CHJibHO C)KaTbI B 

arrHKaJibHOM HarrpaBJieHrrH. 0THOCHTeJibHbie o6neMbI, 3aHHMaeMbie $a3aMrr Pl rr P2 B 

KpHcTanne, 3aBHC5IT OT cpe.z:i;Hero pa.z:i;wyca A-KaTrroHa H rrpH 3aMem:eHHH 160 Ha 180 

.D;JI51 cocTaBa SSM rrepepacrrpe.D;eJrnIOTCJI B rroJib3Y $a3bI P2. Ilony'l!eHHbie .z:i;aHHbie 

0.[(H03Ha'l!HO CBH.D;eTeJibCTBYIOT 0 rrepKOJI511(HOHHOH rrpttpo.D;e rrepexo.n;a MeTaJIJI

H30JI5ITOp B coe.D;rrHeHHH c Sm rrpH Krrcnopo.z:i;HoM H30TOIIH'l!eCKOM 3aMem:eHHH, 

BCJie.D;CTBHe pe3KOro ( c 65 % .D;O 13 % ) yMeHbIIIeHH51 ,[(OJII'.l <PeppoMarHHTHOH 

MeTaJIJIH'l!ecKoii <Pa3bI Pl. BerrH'l!HHa yrrop51,n;o'l!eHHoro MarHHTHoro MOMeHTa Mn B 

$a3ax Pl H P2 H3MeH5IIOTC51 OT 1.7 .n;o 3.5 µB BO BCex H3yqeHHblX COCTaBax. qTO 

roBoprrT KaK 0 tiaCTllqHOM, TaK H, B HeKOTOpbIX cnyqa51x, IIOJIHOM yrrop51.[(0tieHHH 

HO HOB MapraHI(a BO BCeM o6neMe o6pa31(a. T .K. B COCTaBaX c TIOJIOBMHHbIM 

.D;OIIHpOBaHMeM m:eJIOl!H03eMeJibHbIM 3JieMeHTOM COOTHOIIIeHMe Mn3+/Mn4+=1/1, TO, B 

cnyqae rronHoro yrrop51.D;oqeHM51 MOHOB MapraHI(a, BeJIM'l!MHa cpe,n;Hero 

yrrop51.z:i;oqeHHOro MOMeHTa Ha O.D;HH HOH MapraHI(a COCTaBHT 3.5 µB. 
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PFic. 6 . .[(orrFI cpa3 Pl FI P2 B o6pa31(e NTSM-Sl KaK cpyHK1(FIFI TeMrrepaT)'p:or. BepTFIKa.JibHa.H 

JIFIHirn YKa3bIBaeT TeMrrepaTypy B03HHKHOBeHirn .n;a.rrbHero FM rrop.H,n:Ka. 

IlpH aHaJIH3e MHKpocrpyKTYPHbIX xapaKTepHCTHK .D;Byx$a3HOro COCT05IHH51 

o6pa31(0B NTSM y.D;anocb orrpe.z:i;enrrTb TOJibKO cpe.n;mrn BemrqHHbI .[(JI51 

MHKpOHaIIp5I:>KeHHH II pa3MepoB 6rroKOB. Ilpll Bcex TeMrrepaTypax MHKpOHaIIp5I:>KeHll51 

B o6eHX $a3aX rrpaKTHqecKH COBTia,[(aIOT ll, TIOCJie CllJibHOro yBeJIHqeHH51 B6mi3H 

TeMrrepaTypDI $a30BOro rrepexo.D;a, CTpeM5ITC51 K BeJIHqHHe 6JIM3KOH K HMeBIIIeHC51 rrpll 

KOMHaTHOH TeMrrepaType. Pa3Mep 6noKoB B $a3e P2 MO)J<eT 6bITb 01(eHeH c xopoIIIe:H: 

ToqHoCTbIO, a HMeHHO, OH cocTaBJI5IeT OKOJIO 500 A rrpH Bcex TeMrrepaTypax HH:>Ke 

160 K (.D;JI51 NTSM-Sl). 3KcrrepHMeHTaJihHbie 3Haqemrn pa3Mepa 6noKOB B <Pa3e Pl 
orrpe.z:i;en5IIOTC51 c 6oJibIIIHM pa36pocoM, cocTaBmrn: B cpe.D;HeM OKOJIO 1000 A. 
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IloJiyqeHHbie B pe3yJinTaTe I1CCJie,ll;OBamur .n:aHHbie 06 3BOJIIOU:I1I1 

MI1KpOCTpYKTYPHbIX xapaKTepHCTHK rrpI1 <l>a30BOM rrepexo.n:e B paccJioeHHOe 

COCT05IHI1e CBI1,ll;eTeJibCTBYfOT 0 TOM, qTo KaK I1CXO,ll;HbIH pa36poc B pa.n:Mycax A

KaTHOHOB, TaK I1 BHyTpeHHHe MMKpoHaIIp5I)l(eHI15I OKa3bIBaIOT KpMTJiqecKoe BJII15IHI1e 

Ha <PopMHpoBaHJie Me30CKOrrHqecKoro <Pa3oBoro paccJioeHI15I. 

B mnoii nrnBe I13JIO)l(eHbI pe3yJinTaTbI JI3yqeHI15I MarHHTHOM I1 

KpI1CTaJIJIJiqecKoH: cTpyKTypnI MeTaJimrqecKoro <PeppoMarHeTJIKa Pr05Sr0.5Co03, 

rrpo5IBJI5IIO.m:ero MarHMTo-yrrpyry10 aHoMaJIJIIO B paifoHe T ~ 120 K. 

II pH rroHH)l(eHHH TeMrrepaTyphl OT 1100 K .n:o 15 K PSCO HCIIbITbrnaeT p5I.ll: 

CTPYKTYPHbIX rrepexo.n:oB. IlpH BbICOKJIX TeMrrepaTypax CTpYKTypa 3Toro coe.n:JIHeHH5I 

COOTBeTCTByeT H,ll;eaJibHOMY rrepOBCKI1TY (rrp. rp. Pm3m). Ilepexo.n: B 

poM603,ll;pHtiecKyIO <l>a3Y (rrp. rp. R3c) rrpoHcxo.n:HT B paifoHe 800 K (rrpHMep 

H3MepeHHOH .n:H<l:>paKTorpaMMbI Ha pHc. 7). IlpH T ~ 330 K HaqJIHaeTc5I rrepexo.n: B 

poM6HqecKyIO CTPYKTYPY. HmKe 150 K II05IBJI5IIOTC5I rrpI13HaKH HOBOH 

HH3KOCHMMeTpHqHQH <l>a3nl, KOTOpa5I 6nma H,ll;eHTH<i>HU:HpOBaHa KaK TpHKJIHHHa5I. 

IloJIHa5I .n:HarpaMMa CTPYKTYPHDIX cpa3 KpHCTaJIJia rrpHse.n:eHa Ha pHc. 8. lfa Hee 

BH,ll;HO, qTo rrepeXO,ll;Hbie o6JiaCTI1, B KOTOpbIX cpa3bl cocymecTBYIOT, 3aHHMaIOT 

,n:oBOJibHO mHpOKHe HHTepBaJibI TeMrrepaTyp (- 100 K). 

573 K, R 

T= 573 K 
290K,O+R 

200K, 0 

120K,O+T 

llOK,O+T 

IOOK,T+O 

90K,T+O 20i 
lllU I II II I II I H H I a H I 

-2~ 
0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 15 K, T 

1.0 2.0 2.1 2.2 
d (A) d (A) 

PMc. 7. C!leea HeiiTpOHHbIH ,n;mppaKIJ;MOHH:OIH crreKTp Pro.sSro.sCo03, M3MepeHHbIH Ha 

<l>,[{BPMEP-2 rrpH T = 573 K M 06pa60TaHH:o1H: no MeTO,DY PMTBen:o,n;a. BepTHKaJI:OHbie 

IIITpIIXII YKa3:0IBaIOT paccqMTaHH:Oie rronmKeHM5I .n:mppaKIJ;MOHH:OIX IIIIKOB B cpa3e R 3c. 
Pa3HOCTHa5I KpHBM HOpMHpoBaHa Ha crnH,n;apTHoe OTKnoHeHMe B ToqKe. Cnpaea yqacToK 

.n;HcppaKIJ;MOHHoro crreKTpa PSCO, M3MepeHHoro rrpH pa3JrnqH:oIX TeMnepaTypax. Ha 

KapnrnKe o6o3HaqeH:oI TeMnepaTypa (oT 15 ,n;o 573 K) M cTpyKTypH:oie cpa3bI (R = R-3c, 

0 = Imma, T = I-1). 
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Pnc. 8. Co.n:ep)l(aHne p33mPIHbIX CTPYKTYPHbIX cp33 Pro.sSro.sCo03 - TpHKJIHHHOM, 

poMfoiqecKOH ll poM603,npnqecKOH - B ,nHaTI330He OT 10 .n:o 480 K. ,[(narpaMMa TIOCTpoeHa no 

.n:aHHbIM, nonyqeHHbIM Ha <P,[(BP Ha o6p33u;e, CHHTe3npoBaHHOM B HAH/Eenapycb. 

Ky6w1ecKa5I cp33a B03HHI<aeT npH HarpeBaHHH ,n;o T;:::; 800 K. 

MaKCHMaJII>HI>Ie pa3Jrnqmr MeTp11K11 pemeTKH HOBoH: cpa3oI OT opToroHaJioHoH: 

( OCHOBHa5l cpa3a rrp11 KOMHaTHOH TeMrrepaType) Ha6mo,n:aIOTC5l B HHTepBarre 

TeMrrepaTyp OT 150 ,n:o 100 K, Tor.n:a KaK HH)Ke 80 K OTJrn:qHH ynrnB OT 90° He 

rrpeBI>IrnaeT 0.2°. TaKMM o6pa30M, ocHOBHbIM Bap11aHTOM o6pa6oTKM 

,n:11cppaK1J;MOHHbIX crreKTpoB rrpn: T < 150 K HBJIHJiaco KOM611Hau;n:H rrpoc'I'paHCTBeHHbIX 

rpyrrrr lmma + PI c rrpn:MepHo o.n:n:HaKOBbIM o6neMOM 3JieMeHTapHoIX 51qeeK. Jl,JIH 

pacqeTOB BMecTo PI n:crroJio30BanacI:i HecTaH,z:i;apTHaH rpyrrrra II. I1crroJio30BaH11e 

TaKOH rpyrrrrbl ,n:orrycKaeTC5I, T._K. OTCYTCTBYIOT KaKMe-JI1160 rrpH3HaKH IIHKOB ch + k + 
l f- 2n. CT'pyKTypHoe cpa3oBoe paccnoeHHe coxpaH5IeTCH BIIJIOTb .n:o 50 K ,ll;JIH cocTaBa 

PSCO, CHHTe311poBaHHoro B HAH/Benapyco. ,D;n5I PSCO, CHHTe311poBaHHoro B 

PSI/IllBeH:u;ap115I, ocTaTKH poM6n:qecKoH: cpa3oI BH,ll;HbI H rrp11 6onee HH3KHX 3HaqeHH5IX 

T. P33Hm:.i;a B TeMrrepaTypax n:cqe3HoBeHH51 poM6HqecKoH: cpa3bI MmKeT 6oITb 

o6bHCHeHa pa3HOH CTerreHbIO XHMHqecKoll: o,n;Hopo,n;HocTH cocTaBoB PSCO 

CHHTe3HpoBaHHbIX B pa3JIJ1qHbIX na6opaTOpI15IX. 0,n;HaKO pa3JI11q11H: B TeMrrepaTypax 

CTIJYKTypHbIX rrepexo,n;OB, CHMMeTplrn KpHCTaJIJII'.lqecKHX H MarHHTHbIX cpa3, 

BeJIHq11Hax Tc 11 TA ,ll;JIH o6on:x o6pa3D;OB PSCO BbI5IBJieHO He 6I:iIJIO. rnaBHbIM 

CTPYKTYPHI>IM pa3nwrneM cocymecTBYIOID;HX rrpH HH3KHX TeMrrepaTypax cpa3 

5IBJI5leTC5I KOHcpHrypau;H5I aTOMOB KHCJiopo,n;a BOKpyr rrpa3eO,n;MMa (pHC. 9) H, B 

HeKOTopoll: CTerreHH, K06aJII:iTa. 

<l>eppoMarHHTHaH CT'pyKrypa B PSCO (µc 0 ~ 1.7 µ8 rrpH 1.5 K) B03HHKaeT rrpH 

234 K c MOMeHTOM, Jie)l<a:W:HM B 6a3MCHOH IIJIOCKOCTH CTpyKTYPI:iI, Tor,n;a KaK HH)l(e 

130 K B03HHKaeT KOMIIOHeHTa B.D:OJib ,ll;JIHHHOH OCH 5l"LJ:eHKH. 3aBHCHMOCTL OT 
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PHc. 9. 3aBHCHMOCTb OT TeMrrepaTyphI cpe,n:Hero paccT051HIHI (Pr,Sr)-0 B Ky6ooKTa3.D;pe 

(Pr,Sr)012 B poM6Ht.IeCKOM (lmma) H TpHKJIHHHOM (ll) cpa3ax. ~JI5I HH3KOM TeMrrepaTypbI 

rroKa3aHbI ,n:Ba BapHaHTa o6pa6oTKH ,n:aHHbIX - Imma + /l (KBa,n:paTbI) H 14/mcm + Imma 

(KpeCTbI). y CJIOBHa51 rpamu.i;a Me:>K.ri;y cpa3aMFI IIOKa3aHa rryHKTFipHOH JIFIHHeii. 

TeMrrepazypbI yrrop51.l::i:Ot.IeHHoro MarHMTHoro MOMeHTa Ko6aJibTa M ee orr:acamre 

cpeHOMeHOJIOrM"l!eCKOH cpopMyrroii µ(1) = µ(0)[1 - (T!Tc)q]~ IIOKa3aHO Ha prrc. 10. 

Bo3HMKHOBeHMe HOBoii cTpyKrypHoii cpa3bI M cMeHa opHeHTa[(MM MarHMTHoro 

MOMeHTa o6'.h.5ICH.5IIOT aHOMaJIMM cpH3MqecKMX M MarHMTHbIX CBOHCTB 3Toro 

coe;::i;nHeHM.5!, Ha6JI10;::i;aBI1mec.H paHee rrpn TeMrrepaTypax ~ 120 K. 

"' :i 

1.5 

l 
0 1.0 a 
0 ., 

::;s 0.5 

50 JOO 150 200 250 

T,K 

PFic. 10. 3aBrrcrrMOCTb OT TeMrreparypbI cpe,r:i:Hero (.ri;m1 .LJ:Byx cpa.3) yrrop51.z:i:oqeHHoro 

MarHFITHOro MOMeHTa K06aJibTa Fl ee OIIFICaHrre cpeHOMeHOJIOrHl.JeCKOH cpopMyJIOH µ(T) = 
µ(O)[l - (T/Tc)q]~ c rrapaMerpaMH: µ(O) = 1.74 µB, Tc= 233.8 K, q = 1.79, p = 0.31. 
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B 1aKJnoqeunu ccpopMyJI11poBaHI>I ocHOBHI>Ie pe3yJII>TaTI>I pa6oTI>I. 

OcHOBHble pe1yJILTaT1>1: 
1. HeitrpoHHI>Ie 11 CHHxpoTpOHHI>Ie .n:mppaKUHOHHDie 3Kcrrep11MeHTDI c 

MaHramnaMH Re0.5Sr0.5Mn03 (Re = Sm, Nd/Tb) rroKa3aJIM, 1IT0 rrpn HH3Ko:H: 

TeMrrepaType B HMX B03HHKaeT paccnoeHHe Ha ):(Be KpHCTaJIJIHqeCKHe cpa3DI, 

CTPYKTypa KOTOpbIX MMeeT O):(HHaKOBYIO rrpocTpaHCTBeHHYIO CHMMeTpmo, HO 

pa3JI11qaJOI.qMeC5I THITbI 5.lH-TeJIJiepOBCKHX MCKa)l<eHHH OKTa3.n:poB Mn06 M MarHHTHOfO 

yrrop5I.n:oqeHM5I aTOMOB Mn. BrrepBI>Ie y.n:aJiocn rrpoBeCTH .n:eTaJII>HI>Iii C'fPYKTYPHI>Iii 

aHaJIH3 cocyrqeCTBYIOI.qH:X cpa3. I10Ka3aHO, qTo O):(Ha 113 HHX cpeppoMarHHTHa5I H 

MeTaJIJIHqecKa5I (FM-M) H Mn06 OKTa3):(pbl B Heii JIMillb CJierKa HCKa.JKeHbI. ,[(pyra51 

cpa3a aHTHcpeppoMarHHTHa5I 11 ,n;M3JieK'TpMqecKa5I (AFM-1, A-nm yrrop5I.n:oqeHH5I), B 

Heil Mn06 OKTa3):(pbI CHJibHO C./KaTbl B amIKaJibHOM HarrpaBJieHHH. 

2. IIonyqeHbl ,z:i;aHHbie ITO 3BOJIIOUHH MHKpOC'fPYKTYPI>I COCTaBOB 

(Nd/Tb )0.5Sr0.5Mn03 - mMeHeHHIO c TeMrrepaTypo:H: xapaKTepHbIX pa3MepoB 

KOrepeHTHbIX o6JiacTeii H MHKpoHarrp5I.1KeHHH B HHX. I10Ka3aHO, qTo ,ll;JI5I 06011x 

o6pa3UOB MHKpOHarrp5I)KeHH5I rrpaKTMqecKH O):(HHaKOBbl B cocyrqeCTByIOIIJ;HX 

C'fPYKTypHbIX cpa3ax rrpH HH3KOH TeMrrepaType H ):(OCTHraIOT CBOHX MaKCMMaJibHbIX 

3HaqeHHii rrp11 TeMrrepaType B03HMKHOBeHH5I MarHHTHoro rrop5I):(Ka. Pa3Mepn1 

KorepeHTHbIX o6nacTe:H: CTIJYKTYPHbIX cpa3 MaJIO H3MeH5IIOTC5I ITOCJie TOqKH rrepexo,z:i;a 

M cocTaBJI5IIOT rrp116JIH3MTeJII>HO 1000 A ):(JI5I FM-M cpa3DI 11 500 A ):(JI5I AFM-1 cpa3I>I. 

3. Ha cocTaBe c Sm H3yqeHo BJIH5IHHe 3aMeHI>I H30Torra KHCJiopo.n:a 160 Ha 180 

11 ycTaHOBJieHo, qTo oHa rrpHBO.lJ:HT K yMeHnrneHHIO ):(OJIH ofo,eMa, 3aHHMaeMo:H: FM-M 

cpa3oii c 65% .n:o 13%. CTOJII> pe3Koe yMeHI>rneHHe ofo,eMa rrpoBO.lJ:5IIIJ;e:H: cpa3bI 

rrepeBO):(HT BeI.qeCTBO H3 MeTaJIJIHqecKoro B ,ll;H3JieKTpHqecKoe COCT05IHHe, T.e. 

"rHraHTCKHH H30TOITHqecKHH 3cpcpeKT"' OTKpbITbIH paHee B MaHraHMTax, HMeeT 

rrepKOJI5IUHOHHYIO npHpo.n:y. 

4. IloJiyqeHHI>Ie no 0Kc11,z:i;aM MapraHua cTpyKTYPHI>Ie 11 MHKpocTpyKTYPHI>Ie 

.n:aHHI>Ie rro3BOJI5IIOT yTBep.JK.n:aTI>, qTo B cpopM11poBaHHII TepMO.lJ:IIHaMaqecKII 

CTa6HJibHOf0, Me30CKOIIHqecKH paccJIOeHHOro ):(Byxcpa3HOro COCT05IHH5I B MaHramnax 

KJIJOqeByIO pOJib HrpaIOT ):(Be npIIqHHbl - XHMHqecKIIe cpJiyI<TyauHH COCTaBa, 

rrpHB0):(5II.qHe K cpJiyKTyaUII5IM KBaHTOBOMexaHHqecKHX xapaKTepMCTiiK, 

yrrpaBJI5IIOI.qIIX T}JaHCIIOpTOM 3JieKTpOHOB, H cJiyqaifHoe IIOJie MHKpOHarrp5I)KeHHH, 

B03HIIKa10mee Ha rpaHauax FM-M II AFM-I o6rracTeli Bcrre,z:i;cTBHe HX CTIJYKTypHoro 

HeCOOTBeTCTBII5I. 

5. 06n5ICHeHa np11po.n:a Heo6n1qHoro rroBe,n;eHH5I Pr05Sr0.5Co03 (PSCO) rrpH 

HH3KHX TeMrrepaTypax (T-;::;:, 120 K). YcTaHOBJieHo, qTo HIIJKe 170 KB PSCO HaqIIHaeT 

cpopMIIpOBaTbC5I HOBa5I HH3KOCIIMMeTplP:IHa5I CTpyKTypHa5I cpa3a H rrpH TeMrrepaTypax 
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B palioHe 120 K ee o6T,eMHaJI .n;oJI51 Ha111rnaeT y)Ke 3aMeTHO rrpeBbIIIIan, .z:i;omo 

Mcxo.n;Holi poM6:a11ecKoli tjla3hI. B CTPYKTYPHOM OTHorneHMH cocymecTBYIOIIlJie tjla3hI 
OTJIH1IaIOTC51 KOH<jlMrypau;Heli KMCJIOpo.z:i;a BOKpyr (Pr/Sr) H, B HeKOTOpo:H: CTerreHH, Co. 
MarHHTHa51 CTPYKTypa HOBoli tjla3hI ocTaeTC51 tjleppoMarHMTHOH, HO c ,n;pyrHM 
HarrpaBJieHMeM yrrop51)];01IeHHOI'O MOMeHTa OTHOCHTeJihHO KpMCTaJIJIOrpatjlMqecKMX 
oce:H:. 
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