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OO0mas xapakTepucTHKA padoThl.

AKTYyaJIbHOCTD U CTeleHb Pa3pad0TaHHOCTH TeMbl HCCIe0BAHUA.

B nocrnennee Bpems 0oiblioe BHUMaHHE HcCcCiemoBareneil B o0macTéd (U3MKU
KOHJICHCHPOBAHHOTO COCTOSTHHS IIPUBJIEKAIOT COCIMHEHUS C CIJIBHBIMH 3JICKTPOHHBIMH
koppemstuusamu (CKOC). Hlupokoe pazHooOpa3ne HaOMIOAAIOMIUXCS B TAKHX CHCTEMax
YHHUKAJIBHBIX (QU3MYECKUX SABJICHHI, CPEAN KOTOPBIX (ha30BbIe NEPEXOAbl METAILI-H30JIATOD,
BBICOKOTEMIIEpaTypHasl CBEPXIIPOBOJAMMOCTb, KOJOCCAIBHOE MarHeTOCOIPOTHBIICHHE,
SIBUJIOCH CTUMYJIOM JUISL Pa3BHTHSI KA4€CTBEHHO HOBBHIX (DYHIAMEHTAJBHBIX MOJXOMOB K HX
u3ydeHno (cM., Hampumep, [1,2]) u yBenWdeHHs dYHCIa HCCIENOBAaHHUM, MOCBALICHHBIX
HOBbIM BujaM CKOC. B Tom umcre, cieayer 0co60 OTMETHTh PabOThI, MOCBSIICHHBIC
uccrnenoannto MarHeroconporusieHus (MC). Hecmorps Ha mnpocToTy U3MepeHHMit
3apsAI0BOTO TPAHCHOPTA, (HU3MYECKHE MEXaHU3MBI, JeKalue B OCHOBE 3((PEeKTOB
nonoxwurensHoro (mMC) w®  oTpumarensHoro MarHerocompoTuBieHus (oMC) B
KOHKPETHBIX MaTepHaJlaX MOTYT OBITh Ype3BBIYaiiHO CIIOKHBIMH M pa3sHO0Opa3HbIMU. Tak,
3¢ (PeKT KOIOCCATBHOTO OTpULarelbHOro MaraeroconportusieHus (KMC) oGHapyxeH B
CaMBIX Pa3HbIX [0 XUMUYECKOMY COCTaBY CHCTEMax ¢ MarHUTHBIMU d - 1 f - HOHaMH, Takux
Kak MaHraHuThl [3], rekcabopunabl [4] u napyrue. [lomumo sddexta KMC mns stux
COCIMHEHNH XapaKTepHBI TaKke pa3lHYHbIe TUIBI HEOAHOPOAHOCTEH, Takme, Kak
KOMIUIEKCHl BaKaHCHUI B KPHUCTAUIMYECKOM peILIeTKe, BOJHBI 3apsiIoBOM M CIUHOBOM
IUIOTHOCTH, (ha30BO€ pAacCIOCHHE, CTPYKTYypHass W DJIEKTPOHHAs HEYCTOWYHBOCTH,
o0pa3oBaHME MArHUTHBIX KJIACTEPOB, a Takke (OPMHPOBAHWE HU3KOPA3MEPHBIX
anekTpoHHbIX (a3 [5]. Hanmmuwe B NPOBOAHMKAX pas3iMYHBIX KJIACCOB  CXOXKHX
OCOOCHHOCTEH  KPUCTAJUIMYECKOW M MAarHUTHOM  CTPYKTYpbl, B  YacTHOCTH,
COCYIIECTBOBAHUE PA3yNOPSIOYEHHON U YHOPSTOYSHHOH (a3, MO3BONSET MPEAIOIOKATH
Hay4re obmiero Mexann3mMa Bo3HHKHOBeHMsT KMC. IToMHMO HEeTpHBHAIBHOTO TTOBEAECHHS
MC, pnaHHBIE CHCTEMBI 3aYacTyl0 TakXKe O0NaJaloT CJI0KHOH MarHWTHOW (ha30Boil
muarpammoit (D). K Hambosiee XapakTepHBIM TPENCTaBUTEISAM TAKHX COCAMHEHHH
OTHOCATCS MaHTaHUTHL. B 0030ope [5] mnpuBeneHEI MHOTOYHCICHHBIE ITPUMEPHI
TEMIIEPATYPHO-KOHUECHTPALTUOHHBIX T-x AuarpaMM MaHI'aHUTOB, BKIIFOYAKOMIWX, B PAIC

CJIy4acB, N0 MIECTHU PA3JIMYHBIX MArHUTOYNOPAAOYEHHBIX (bas. Hcnons3oBaHue B KauecTBe
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JOMOJIHUTEIBHOTO YIPABISIONIEr0 MapaMeTpa BHEMIHETO MarHUTHOTO TOJS 3HAYUTEIBHO
pacIupsieT CHeKTp HaOIoAaronIuXcst (Ha30BBIX MEPEXOJ0B, CYLIECTBEHHO YCIOXKHSAS BUJ
O/1. Ilpu sToM, Onaromapst BO3SMOXXHOCTH BO3JIEHCTBOBAaTh Ha MAarHHUTHYIO IIOJICHCTEMY,
BHEIIHEE MArHUTHOE II0J€ II03BOJACT, INIPU (PUKCHPOBAHHOM COCTaBE MAaHIAHMTA,
OpraHM30BaTh TEPECTPOMKY MAarHUTHOM CTPYKTYpBI, M3MEHHTh XapaKTep MarHHUTHOTO
ynopsitodenuss. Hampumep, HeTpuBmanbHass MarauTHass H-T-X ¢asoBas amarpamma B
MaHTaHUTaX caMapus, B 3aBUCHMOCTM OT KOHIeHTpauuu npumeceidi Ca, Xoporo
WUTIOCTPUPYET TEPeKNIIOUeHHE MEXIY Ppa3UYHbBIMH PEKHUMaMU  CYIECTBOBAHUS
(eppOMarHUTHBIX KJIACTEPOB BHYTPW aHTH(eppoMarHuTHOH Martpuusl [6]. Cruemyer
OTMETHTb, YTO, HECMOTpPS Ha €CTECTBEHHOE IPE/NOJIOKEHHE O HAIMYMM MArHUTHOH
AQHMU30TPOINH B COEIUHEHUSIX CO CTOJNIb CIOKHBIMU D/ 1 MHOr00Opa3ueM BO3HHKAIONINX B
HHUX MarHATHBIX CTPYKTYP, JIMIIb HEMHOTHE HCCIIEOBATENHN YISISIFOT BHUMaHHE H3YYESHUIO
UX TaJIbBAHOMArHUTHBIX CBOMCTB NP Pa3IHYHBIX KOHPHUTYpAIUsIX H3MEPUTEIHLHOTO TOKA U
BHEITHET0 MarHuTHOro momsd. Ilpm 3ToM, OOBIYHO aBTOPBI  OTPAHUYUBAIOTCS
(UKCHPOBAaHHOW OpHEHTAalell MarHUTHOTO MOJS BJXOJb OJHOTO WM HECKOJBKHX
OCHOBHBIX KpHUCTaJUIOrpaUyecKuX HalpaBieHWH, NMpHUYEeM TaKhUe HCCICJOBAHUS Yalle
BCETO TIOCBAIIEHBI TOHKMM IUICHKAM M IPAaKTHIECKH HE 3aTParuBaloT aHW30TPOIIHIO
CBOWCTB B 00BbEMHBIX KpHcTayuax [7].

ITpu m3ydeHny GpyHIaMEHTATBHBIX MEXaHM3MOB, JIeKaIUX B ocHOBe 3ddexra KMC
n (HOPMHUPYIONINX OCHOBHOE COCTOSHHE B MAHTAaHHTAX M MOJOOHBIX MM MaTrepHaiax,
HpeNICTaBIsIeTCS YOOHBIM HCIIOJIB30BaTh Oojiee MPOCTHIE KaK IO COCTaBY, CTPYKTYpe H
CBOIfCTBaM, TaK M IO METOJHMKE CHHTE3a MOJE/IbHbIE COSITUHEHHUS, B KOTOPBIX BO3MOXHO
HaOmozneHne TORXOOHOTO MHOrooOpasmsi MEXaHH3MOB 3apsIOBOTO M MAarHUTHOTO
YIIOPSIIOYEHH S, TPUBOJSIIINX K CIOKHBIM MarHUTHBIM (pa30BEIM auarpamMMaM. B kadectse
TaKMX MOJENBHBIX CHUCTEM B JUCCEPTALMOHHOI paboTe NPEIOKEHO HCIOIb30BATh
COEINHEHUS PEeIKO3eMENTbHBIX bi (01 (S:€:161073) 291 (0):] HoxLu1-xB12. OcobeHHOCTH
KPHCTAIIMIECKOH CTPYKTYPHI TAKHX COSIMHEHHMH, COUYeTAIOMmeH B cebe CBOMCTBA KECTKOTO
KOBaJICHTHOTO OOpHOTO Kapkaca M pasylopsAOueHHOH mozapeneTku P3-HOHOB, naroT

BO3MOXHOCTh HCCJICOOBATh BIIMAHUC CprKTypHOﬁ u BHCKTPOHHOﬁ HeyCTOfI‘IHBOCTH,



nogo0HbIX HaOmomatomuMmcs B Oonee cnokHblx CKOC, Ha CBOHCTBa 3IEKTPOHHOUW M
MarHUTHOMU IOACUCTEMBI B OTHOCUTEIBHO IIPOCTOI MOJEIBHOM CUCTEME.

IIpn wccnenoBanmm ocoOeHHOCTEH paccessHHS HOCHTeNei 3apsiga B MarHUTHBIX
peaKo3eMeNbHbIX D0AeKabopuaax B MPUCYTCTBHU CTPYKTYPHOH HeycToiunBOoCTH OOpPHOTO
Kapkaca IpeAcTaBisieTcss yIOOHBIM HauyaTh ¢ HEMarHUTHOW cucteMsl LuBiz, mocrenenHo
3aMellasi HOHBI JIFOTELHsl MAarHUTHBIMU HOHAMH C YaCTHYHO 3arojHeHHOH 4f o6onoukoii. B
JaHHOH paboTe MpeNIOKEHO HCIOIb30BaTh B KAdeCTBE MPHMECH 3aMEINEHUS TOIbMHMH.
Takoit momxon mo3BoJisieT wHcchenoBate Ha mpuMmepe HOxLUixBiz memsiit  psin
MarHUTOPE3UCTHBHBIX SIBJICHUH, XapaKTepHBIX JUIl IPOCTPAHCTBEHHO-HEOIHOPOIHBIX
CK9SC. B gacTHOCTH, BO3HUKHOBEHHUE H POCT 3dekra oMC BOIM3H MAarHUTHOTO (a30BOTO
mepexona aHTH(EeppOMarHeTHK-ApaMarHeTHK, KOTOPhIE CBSI3aHHBI C  PacCesTHUEM
HOCHTENeH 3apsia Ha KiIacTepax MarHUTHBIX HOHOB. OTMeTHM, 4YTO IOCIIeIHHE
HCCIICZIOBaHUSI HEMarHUTHOTO coexuHeHus LuBi2 [8] BBIABHINM CHIIBHYIO aHH30TPOIHIO
MarHeTOCONPOTHBIICHUS, 3aBUCSIIYI0 OT HAIPaBICHHS W3MEPHUTEIBHOIO TOKa depe3
obpasell ¥ OpPHEHTAIMH BHELIHETO0 MarHUTHOro mHoiisi. ABTOphl [8] cBs3biBaroT nanHOE
sBieHHe ¢ ¢opmupoBanneM B LuBi2 BBICOKOYACTOTHBIX TPOBOASINMX KaHAJIOB -
IUHAMHYECKHX 3apsanoBbiXx crpaiinoB B I'LIK pemerke momexabopunma. B cBs3um ¢ atum,
JOTIOJIHUTEIBHBII ~ MHTEpeC  NPEACTaBIseT TAaKXKe  HCCIEeIOBAaHHE  AHWU3OTPOINHUH
marHeroconporuBienus B HoxLuixBiz B mnpucyrctBum  anexrponHoro  dasosoro
paccnoenusi. Takum o00pa3oMm, BBIOOp B KadecTBe OOBEKTa HCCICIOBAHUA TBEPIBIX
pactBopoB 3amemieHuss HoxLuixBiz B coueraHmM ¢ METOOMKON MNpPELN3HOHHBIX
HHU3KOTEMIIEPAaTypHBIX ~ M3MEPEHUIl  MarHeTOCONPOTHUBICHHS B  MarHUTHOM  IIOJie
TIPEIOCTABIAET BO3MOXKHOCTh HM3YYHTh OCOOEHHOCTH paccesHHs HOCHTeneil 3apsjia Ha
HEOJHOPOMHOCTSIX  DJEKTPOHHOH ¥  MAarHUTHOM CTPYKTYpPEl B  PEIKO3eMENbHBIX
noaexabopuaax, a TakKe MPOCICIUTh M3MEHEHHE XapakTepa pPacCesiHUs HOCUTENeH ¢

YBEJIIMYEHUEM KOHICHTPAIUN MarHUTHBIX NOHOB B HCXOAHOM COC€AMHECHUHN LuBu12.

Ileau u 3apa4u vccie0OBaAHUS.
Lempro manHOW pabOTHI SBISIOCH BBIICHEHHE B3aMMOCBS3H MEXAY CTPYKTYpOU

OJIMKHET0 MAarHUTHOTO nopsika — MArHuTHBIMU KJIACTEpaMH P3-HOHOB W MarHuTHOM
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CTPYKTYpOH MATHHTOYMOPSJOYEHHONH (a3bl, C OTHOH CTOPOHBI, U OCOOECHHOCTSIMHU
paccesiHMsT HOCUTENel 3apsja B CHCTEMaX C SJICKTPOHHBIM (a30BBIM PACCIOCHUEM, C
JpYToi, Ha IpUMepe MOJETBHBIX TBEPABIX pacTBopoB 3amenieHuss HOxLU1-xBi2 ¢ momomnrsro
JETANBHOTO HCCICNOBAHUS MAarHUTOPE3UCTHBHBIX M TEIUIOBBIX CBOMCTB, a TaKKe
U3MEPEHUH HAMAarHMYEHHOCTH MOHOKPHUCTAJUIOB JAHHBIX COCAMHEHHH B IIMPOKOM
JMaTia30He TeMIeparyp, KOHIIEHTpAallMd aTOMOB TOJIBMHUS M HAIPSHKEHHOCTH BHEIIHETO
MarHuTHOro mois H g pasnuuHbIX  HampaBieHME H  OTHOCHTENBHO TIJIaBHBIX
Kpuctauorpadpuyeckux oceil. s IOCTMKEHHS MOCTaBJICHHON Ledd ObUIM ONpeeseHb
CIEAYIOIIHE 3aJa4H:

1. HccnenoBanne HaMarHUYeHHOCTH u TermoeMkoctH HoxLuixBi2 (X > 0.5) B
aHTH(epPOMArHUTHOI (ase 1711 HaNpaBICHUsS MArHUTHOTO TI0JIs BAOJb TPeX
OCHOBHBIX KPHCTAIIOTpaMYEeCKIX HANIPaBICHUI.

2. U3mepeHne ¥ aHAIUTHYECKOE OIMCAHME AaHH30TPOIMU TEIUIOEMKOCTH
HoxLu1-xB12 B penene Manoll KOHIEHTpalMu MarHuTHON npuMmecu X =~ 0.01
B nmapamarautHoit (IIM) daze B quanazone temnepatyp 0.1 — 300 K.

3. MHccrnenoBaHue yIEIBHOTO CONPOTHBICHHS M MarHeTOCONPOTHUBIICHHS
HoxLui-xB12 (0.01 < x < 1) B Temneparyprom amamazore 1.9 - 300 K B
MarHUTHBIX TOJsiX 710 80 KD mpH pa3nuyHON OpMEHTAIlMH MarHUTHOTO MOJIS
OTHOCHTENBHO TJIaBHBIX KPHCTAIOrpadUueCKUX HaAIPaBICHHH.

4. AHanmu3 C pasJeleHHEM IOJIOKUTENIbHBIX M OTPHIATENBHBIX BKIAJOB B
marneroconportusienne HoxLuixBiz (0.01 < X < 1) B mapamarHuTHOH u
antudeppomarautHoi (AD) dazax.

5. KoiuuecTBeHHOE OMHCAHHE aHM30TPOIHMH MHKPOCKOIHMYECKHX MapameTpoB

BKJIaJOB B MAarHe€TOCOIIPOTUBIICHUE B 3aBUCUMOCTH OT TEMIICPATYPhI.

Hayunasi ¥ npakTHYecKasi 3HAYMMOCTDH PadoThI.

[MonyyeHHbIe B TUCCEPTAIIMOHHOM paboTe pe3yabTaThl CIIOCOOCTBYIOT BBISICHEHUIO
MEXaHHU3MOB, Jekanx B ocHoBe 3¢ dekta KMC B OKpECTHOCTH MarHUTHOTO (a3oBOro
mepexofa aHTH(EeppOMArHETHK-TIADAMArHETHK, a TakKe [JalbHEHWIIEMY Ppa3BHTHIO

(yHIaMEHTaIBHBIX TIPEACTABICHUI O MPHPOAE CHIBHBIX JIEKTPOHHBIX KOPPEIIuii,
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OTIpeeNAIOIMNX aHOMATHH (PU3NIECKUX CBOWCTB M OCOOCHHOCTH (YOPMHUPOBAHHS CI0KHOTO

MarHUTHOTO OCHOBHOT'O COCTOSIHHSI COCTUHEHHUH C TSHKEIIBIMU d)epMI/IOHaMI/I.

HayuHnasi HoBM3Ha padoTbl.

1.

Brepsrie oOHapy»XeHa CUJIbHAA (1o 32%) AHU30TPOIUS
MarHeTOCOIPOTHBIICHHSI B ITapaMarHUTHOM COCTOSIHUHM B (ha3ze KapKacHOTO
crexta B HoxLuixBiz (0.1 <X <1). B paMKkax mpeaoKEHHOH MpPOLEAYpPHI
pasnenenus BkiaagoB B MC BIepBble IOKa3aHO, YTO OTPHILATENbHBIN
HU3KOTeMIlepaTypHbli Bkiag B MC B HeynopsmoueHHoit I[IM  daze
HoxLuixBiz (0.1 <x<1) sBasercs H30TPONHBIM, TOrga Kak 3(OeKr
aan3oTpornuu MC ompenensercs MONOKHUTENbHBIM BKIagoM. [lokaszaHo, 4To
aQHM30TPOIHUS CBSI3aHA C pacCessHUEM HOCHTENed 3apsjia Ha IMHAMHYECKUX
3apsIoBBIX cTpaiinax B P3 moaekabopunax.

BriepBele mocTtpoens! yriaoBele H-@-X (a3oBele auarpaMMbl M IHArpaMMBbl
paccesiHUsS HOCHTENel 3apsaa B mapamarHutHod u AD ¢asax HoxLui-xBiz
(0.5 <x<1). ObHapyxeHO, 4TO MarHUTHbIE (a3oBbie H--X quarpamMmsl B
9THX aHTH(EepPpOMAarHeTHKaX HMEIT (OpMy MaIbTHHCKOTO KpecTa,
BBIZIEJIEHB MarHUTOYyNopsigoueHHble (a3bl B AD-COCTOSIHUM, YCTAaHOBICHBI
COOTBETCTBYyIOIIME MM (ha3oBble rpaHunbl. [IpemnoikeHa HWHTEpIIpeTaIys
MONYyYeHHBIX  pe3ylbTaTOB, OCHOBaHHAas HAa  NPEACTaBICHHH O
nepeHopMupoBke  KocBeHHOTo PKKHM-oOMeHHOTO  B3aMMOICIHCTBUS B
YCIOBHSIX  JIEKTPOHHOTO  (pa30BOrO  paccioeHus 3a CYeT Iepexoia
3HAQUUTENIBHOM YacTH JJEKTPOHOB TPOBOAMUMOCTH B JAWHAMHYECKHE
3apsOBBIE CTPAMNIIEL.

B pesynbrare pasgenenus BkianoB B MC BrepBble MOKa3aHO, 4TO 3G dexT
anmsoTporin B A®d-paze HoxLuixBiz (0.5<x<1), B o0oCHOBHOM,
OIpeneNnseTCs] yYMEHBIIEHHEM INPHOMM3UTETbHO B 3 pa3a aMIUIUTYBI
JIMHEWHOTO MOJIOXKUTENBHOTo BKiIaga B MC ¢ pocTOM BHEIIHEro MarHUTHOTO
nons B uHTepBase 5-20 kO. IlomydeHbl KOJIMYECTBEHHBIE XapaKTEPHCTHKU

BKJIAOB, IPEJIOKEHA UX UHTEPIIPETALIUA.

7



4. B kapkacueix crekitax HOxLuixBiz (Xx~0.01) BmepBbie oOHapyxeHa
3HAYUTENbHAs aHU30TPONHUS TeII0eMKOCTH (10 20%) B CHIIBHOM MarHUTHOM
nmone s Hampasnenuit H || [001] u H | [111]. B pamkax wmojenu
KpUCTATHYECKOro 3jekTpuueckoro mois (KOII) kyGudeckoit CHMMETpUH, ©
Y4E€TOM CBEPXTOHKOTO B3aUMOJACHCTBHS, IPELIOKEHO KOJIMYECTBEHHOE

omucanue Teroemkoctd C(T,H) st H || [111]. AuusoTponHblii BKiag B

TEIJIOEMKOCTh CBSI3BIBACTCS C B3aWMOJICHCTBUEM 3apsAa0BbIX CTpaﬁHOB C

TIONIEPECYHBIM BHCITHUM MAarHuTHBIM IIOJIEM.

MeToabI HecIeIOBAHMS.

OCHOBHBIM JKCIEPUMEHTAJBbHBIM METOJOM HCCICAOBaHHS B JaHHOW paboTe
SIBJISIIOCH u3MepeHue HOIEePEYHOT O MarHeTOCOIPOTHBIICHUS OJIHOJIOMECHHBIX
MOHOKpHUCTaJUIMYeCKuX ~ o0pasmoB  HOxLuU1xBi2.  UWsmepenms MC  mpoBoamiuchk
YEeTHIPEXKOHTAKTHBIM METOJOM Ha MOCTOSIHHOM TOKE C KOMMYTAlledl HAmpaBIeHHs TOKa
yepe3 o0Opaseln B IOCTOSHHOM BHEITHEM MarHUTHOM Ioje H Ipu pasinyHoi opHeHTannuu
BekTOpa H OTHOCHTENBHO TJIaBHBIX KpHUCTauorpapuueckux HampasieHuil. C 1enbio
YTOYHEHHSI U JOTOJIHEHHs MOJYYSHHBIX MArHUTOPE3UCTHBHBIX NAHHBIX OBLTH IPOBEICHBI

TaKXE UBMEPCHUA TCIIJIOEMKOCTH U HAMarHU4Y€HHOCTH.

IMosoxeHus1, BLIHOCHMBbIE HA 3aIIUTY:

1. B xapkacHbix crexmax HOxLUi-xBi2 B mpememe Mmanmbix KoHIEHTpamwmit
romemusi (X = 0.01) BrepBble oOOHapy)keHa 3HAYMTENbHAas aHU3OTPOIHS
TermioeMkocTH (10 20%) B CHIBHOM MAarHHTHOM IIOJIE, IIPEANONIOKHUTETHHO
CBSI3aHHAs C (OPMHPOBAHWEM AWHAMHIECKHX 3apsAAOBBIX CTPAaHIIOB B
Mmarpuie JaoaekabopumoB. B pamkax MomenpHOro rammiabronnaHa KOII
KyOH4IecKo CHMMETPHH, C YYeTOM CBEpPXTOHKOTO B3aWMOACHCTBHS U
spdexra 3eeMaHa, NPELIOKEHO KOIMIECTBEHHOE OIMCAHHUE ITOBEICHHS
HHU3KOTEMITEPATYPHO! TEIUIOEMKOCTH ISl HAalpaBiieHus! BHenHero mosst H ||

[111].



Bnepssie moctpoensl H-T-¢ nuarpammbsl paccesHusl HOCUTeleil 3apina B
[IM-c¢a3ze mpu HU3KHUX TeMIepaTrypax B IIUPOKOM IUANa3oHe KOHIEHTpaIUi
rombmuss (0.1 <x<1), oOHapyxeHa 3Ha4yWTeNbHAs  AHHU3OTPOIHUSI
MmarHeroconpotusieHust HoxLuixBi2 B mapamarnutoit dase (no 32% mms
HoBi12). VYcranoemreno, uro B HOxLuixBi2z marmerocomporuBneHue B
HeymopsAnoveHHoH  (ase  kapkacHoro crekna mpu T <T =60K
ompenensercs  ABYMS ~— OCHOBHBIMH  BKJIAJaMH:  IOJIOKHUTEIbHBIM
KBaJpaTHYHbIM N0 H M OTpULATENbHBIM BKJIAJOM, MPOHNOPLHOHAIBHBIM
kBanpary ¢ynkuuu JlamkeBeHa. B mapamarautHoM cocrostHun HOxLU1-xBi2

IIPY HU3KUX TeMIepaTypax BIEPBBIC BBIABIEH ckeiimHr MC B KoOpAMHATax

p~ f( i H? /TZ), IPH 3TOM OTpHI@TEIbHBINA BKiIagx B MC okasbiBaeTcs

MPaKTHYECKH H30TPOIHBIM.
[pennoxena uHTepnperanus aHm3oTporrud MC B mapaMarHuUTHOH (ase,
CBS3aHHAas C  QHU30TPONHEil  IOJOXKHTENBHOTO  BKJIA#a,  KOTOPBIH
ONpENEeNSIeTCSl paccessHUeM HOCUTENeH Ha JUHAMHUYECKHX —3apsIoBBIX
cTpaiimax B momepeyrnom MarauTHOM mone H || [001]. B cBoro ouepens,
oTpunatenbHblid Bkiaag B MC B [IM-dase oTBeqaeT paccestHAIO HOCHTENEH Ha
MarHuTHBIX ~4f-MOoMeHTax HaHOKIacTepoB (oOmacteii A®D  GuKHEr0O
nopsaka)  uoHoB  Ho®*.  C  TOBBINIEHMEM — KOHLEHTPallMH B
HoxLui1-xBi2 romemuss B muamazone 0.1 <X <1 oOHapyXeHO 3aMeTHOE
HU3MEHEHHE  aHM30TPONHMU  JApei(oBOil  MOIBIKHOCTH  HOCHUTENeH
pp(H||[001]) / uo(H|[[111]) mpu remueBbIX TemIepaTypax, MPHHHMAOIIECH
3HaueHus B AuamasoHe 1.5-3.9.

Ha ocHoBe JaHHBIX I/ISMepeHHI\/'I Mard€ToCOINpPOTUBIICHUA, HAMAarHUYC€HHOCTH
U TEIIoeMKOCTH KapkacHbiXx crekoi HoxLuixBiz (0.5 <x<1) mocrpoens
MarHuTHele (Qa3oBeie H-T-X (aszoBele auarpaMMbl Uit BHEIIHETO
marautHoro nosst H || [001], [110] u [111]. TToctpoenst H-T-¢ auarpammsbl
paccesinus HocuTeneit 3apsana B AD daze HoxLui-xB12 (0.5 < x < 1). Buiepsbie

obHapyxen ckeitmuar kpuBeix MC B A®D daze B KoopamHATax



p~f (H / T). Brrsasnena 3HAYUTEINIbHAS aHU30TPOIIHS

MarHeTOCONPOTHBICHAST M (a30BBIX AMarpaMM B (OpMe MaIbTHHCKOrO
kpecta B AD-¢aze, koTopast 00ycIOBI€HA PE3KHM YMEHBIICHHEM PACCESHUS
qutst HarpasyieHnst H || [111] B momsix 5-15 k2.

5. VYcraHoBineHo, 4TO B MarHuroymopsgoueHHoH ¢aze MC wmoxer OBITh
ONMHUCAaHO CYMMOH JABYX BKJIAJIOB: IOJIOXKUTENBHOrO JuHeHHOro mo H u
OTpHIaTeNIFHOTO KBajparmuHoro 1mo H. B pamkax mnpennoxxeHHON
HHTEpIpeTalny JHHEHHBIH NooKUTenbHbIH BKiIag B MC B AD-¢ase cBs3an
C paccessHUEM HOCHTENEeW 3apsiia Ha BOJHE CIMHOBOW IUIOTHOCTH,
c(OpPMHUPOBAaHHON M3 MHOTOYaCTHYHBIX CITHH-TIOJSIPH30BAHHBIX COCTOSTHUH
5d-371eKTpOHOB 30HBI IPOBOAUMOCTH. KBaapaTHUHbIN OTPHUIATENIBHBII BKIIAI
B MC B A®d-daze ompenensercss paccesHHEM HOCHTEIICH Ha HAICHTPOBBIX

nokanbHbIX 4f-50 CIMHOBBIX (QIIYKTyanusx B OKPECTHOCTH HOHOB TOJIBMHSL.

CTeneHb A10CTOBEPHOCTH U aNPodanus pe3yabTATOB.

JIOCTOBEpHOCTh ~ PE3YJbTATOB  AUCCEPTALHOHHOW paboThl  MOATBEPIKAACTCS
BBICOKMM  Ka4eCTBOM  WCIIOJB30BABIIMXCS UL M3MEPEHHH  OJIHOJOMEHHBIX
MOHOKPHCTAJUTMYECKUX 00pa3IoB, HAJEKHOCTBIO M TOYHOCTHIO HCIIOJIb30BABILIECTOCS B
paboTe OSKCHEPUMEHTAJIFHOTO OO0OPYNOBAaHMS, a TaKKe CpPaBHUTENBHBIM aHAIHU30M
MONyYeHHbIX B pabOTe OPHUIMHAJBHBIX PE3yJbTaTOB C IPEICTABICHHBIMH B Hay4HOM
nurepatype gaHHbIMH. ChopMynupoBaHHBIE B pabOTe BHIBOJABI OBUIM ampoOWpOBaHBI HA §
MEXIYHAPOAHBIX U 4 POCCHHCKUX HAay4HBIX KOH(EpEeHIMIX, B TOM yHciie: Ha MOCKOBCKOM
MEXAyHApOAHOM cuMIo3uyme 1o marHetusmy (MISM-2014, 2017), MexmyHapoaHoit
koH(peperimu mo mMaraetusmy (ICM-2015), UexocnoBaikoii KOHQEPEHIMH 110 MATHETH3MY
(CSMAG-2013, 2016, 2019), MexayHapoaHod  KOH(EPEHIUH MO  CHIBHO
KOPPENUPOBAHHBIM 3JICKTPOHHBIM CUCTeMaM (SCES-2017), MextyHapoTHOH
KOH(epeHInH «AKTyalbHbIe TeMbl MarHeTH3Ma M CBepXmpoBoaumocTh» (AToOMS-2014),
MexIyHapoHOM CHMIIO3UyMe MO CrnuHOBBIM BosHam (SW-2018), MexmyHapomHom
cummnosuyme 1o 6opy, 6opunam u ux coeaunenusm (ISBB-2014, 2017), MexxyHapoaHoii

Kongepenunn «Hosoe B Marnerusme nu Marautaeix Matepuanax» (HMMM-XXI11 2018),
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koHpepeHnH «CHIPHO KOPPEIMPOBAHHBIE O3JICKTPOHHBIC CHCTEMbl W  KBaHTOBBIC
kputnueckue sieiaeHus» (2017, 2018, 2019). O60CHOBAaHHOCTH BHIBOJOB M PEKOMEHAAINA
MOATBEp)KICHA ITyONUKANMsIMU pPE3yJIbTaTOB B PEHEH3UPYEMBIX HAayYHBIX W3NaHMAX,
pexomeHgoBaHHBIX BAK P®.

Bcero mo pesyaprataM [guccepTanud omyOnukoBaHo 39 medaTHBIX paboT,
BKJIOYast 7 craTedl B KypHanmax u3 cnucka BAK u 32 Tesnca moxianoB Ha POCCHHCKHX H

MEXTyHapOAHBIX KOH(EPEeHIUX.

JIn4ynbli BKJIAJ aBTOpPA.

ABTOpDOM JIMYHO BBIMONHEHBI HM3MEPEHUS] YACIbHOTO CONPOTHBICHUS U
MarHeTOCOIPOTHBICHHS HoxLu1-xBiz, MIPOBEAEHBI o0paboTka u aHanm3
JKCIIEPUMEHTABHBIX TaHHBIX HAMarHMY€HHOCTH, TEIUIOEMKOCTH M MarHeTOCONPOTHBICHHS
HoxLu1-xB12. ABTop mpuHHMMAaN y4acTHe B MOATOTOBKE MOHOKPHCTAIUIMYCCKUX OOPas3IioB
HoxLu1-xB12 Kk MarHUTOPE3UCTUBHBIM M TEILUIOBBIM HCCIICAOBAHHSM, a TAKXKE B IMOJTOTOBKE

TMOJIYYCHHBIX PE3YJIbTAaTOB K Hy6J’II/IKaHI/II/I W HaITUCAHWH CTaTeH.

CTpyKTypa 4 00beM qucCepTALMM.
Pabora cocrouT W3 BBeIEHHs, NATH TJaB M 3aKilodeHus. [lomHBIA 00BEM
JHccepTanuu coctaBisier 166 crpanun, Bkmodas 67 pucyHkoB m 1 tabmuiy. Crnmcok

uTepaTypsl conepkut 202 HaMMEHOBaHHUS.

Copaepxanne padoThbl.

Bo BBegeHMH 000CHOBaHA aKTyaJlbHOCTh TE€Mbl JUCCEPTALUM, cHOPMYIHpOBaHa
[eNTh ¥ apryMEeHTHPOBaHa HAyYHAs] HOBH3HA MCCIIEOBAHMH, IPEACTaBICHB! BEIHOCHMBIE Ha
3aIIUTY Hay4YHbIE TTOJI0KEHHMS, ONHCAaHa CTPYKTYpa AUCCEPTAIHN.

IlepBasi raBa mpeacTaBiseT co0oil TUTepaTypHBI 0030p OCHOBHBIX CBOICTB
Hanbonee m3BecTHBIX CKOC cC 31eKTpOHHON ¥ CTPYKTypHOH HEYCTOWYMBOCTBIO —
manranutoB, BTCII-kynpatoB u depponnuktiios (§1), Hexoroppix Mmoxeneit MC u
pe3yabTaToB MX mpuMeHeHus ais omucanust cBoiictB CKDC (§2), a Takxke CBOWCTB

penxosemenbHbIX gonekabopunos RBi12 (§3). B uwactHocTn, B mocnenHeMm mnaparpade
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paccMaTpUBalOTC  OCOOCHHOCTH  KPHCTAUIMYECKOH  CTPYKTYPBI  PEAKO3EMENBHBIX
nonexkadbopuoB RBi2, 00ycI0OBICHHBIE IEPEXOJIOM B COCTOSIHHE «KapKACHOTO CTEKJIa» U
A30THBIX TEMIEpaTypax, HX BIWSHHEC Ha (HU3HYCCKHE XapaKTEPUCTHKU HCXOHBIX
MozenbHbIX cucteM LuBi2 u HOBa2.

Bropasi riaBa CONCPKMT OIMCAaHHE METOJAMKH POCTa MOHOKPHCTAIIOB
HoxLu1-xB12 u moaroroBku o6pasioB K 3KCIEPUMEHTaM, OIHCAHHE SKCHEPUMCHTAIBHBIX
YCTaHOBOK,  HCIIOJNB30BABIIMXCA B  paboTe Il HCCICNOBAHMUI  TEIIOEMKOCTH,
HAMAarHM4E€HHOCTH M  TaJIbBAaHOMAarHWTHBIX  M3MepeHuil.  M3MepeHHs  yAENBbHOTO
COMPOTHUBJICHUSI U monepedynoro MC MpOBOIMIKCH YETHIPEXKOHTAKTHBIM METO/IOM Ha
MOCTOSIHHOM TOKE € KOMMYTAIlMCH HampaBJeHHsI TOKa 4epe3 obpasel] B MOCTOSHHOM
BHEIIIHEM MarHUTHOM I10JIe HampsDKEHHOCTHIO 10 80 k3 B TemmeparypHoM auamnaszone 1.9 —
300 K. Iy mcceoBaHusi aHM30TPOIIMH MAarHETOCONPOTHUBIICHHS HCIIOJIB30BaJIaCh BCTaBKa
C BpAIIAOIINMCS CTOJIMKOM-ZEpXKaTesieM o00pasia, mo3poiuBmias u3Meputs MC mnpu
Pa3IMYHON OpHEHTALMH BeKTOpa H OTHOCHTENBEHO KPHCTAILIOrpadMUeCKUX HANpaBICHUH B

HoxLu1-xB12.

——T B Tpertbeii riaaBe npencTaBlIeHbI

10F . 40k2 ' -
" 20k3 s -
N o pe3yabpTaTel  M3MEPEHHH  TEIUIOEMKOCTH
g ad 4
- at 4 -
X S N TBEpIBIX pacTBOpoB 3amerneHus HoxLui-xB12
- o
2 5 1 o ¢ KOHUeHTpanuii npumeceid roasmus 0.01 <
o . &
g J
*é " ! X < 1 BO BHeIIHEM MarHuTHOM moje a0 90
y q
= b" %050, ﬂf”“““uoniuu. aga KD.
o
I3 ]
%“’ ol Bl IIpuBeneHO CpaBHEHHE TEMIOEMKOCTH
y
&l
o HoxLu1-xB12 B OTCYTCTBUM MarHMTHOTO HOJIs
pbb.lr»M
. : ja—— [ TETUIOEMKOCTBIO MTOJIBEPTHYTOTO
2 4 6 8 10
T (K) BBICOKOTEMIIEPATYPHOMY

Puc.l. Temneparypusle 3aBucumocts ~ TOMOTeHM3Mpyiomemy — omkury — LuBia,

anmsotporuy Teroemkoctn AC,, (T, Ho) ITokazano, yto /i1 KoHUeHTpamuid X < 0.2
= C(T,H, [I[001]) — C(T,H, [I[111]) 3aBUCUMOCTH TETJI0EMKOCTH Ut
COEIMHEHHUS H0o.01LUo.99B12 npu N

HoxLui-xBi2 ¢  BBICOKOW  TOYHOCTHIO
Pa3IMYHBIX 3HAYCHUAX HANPSHKCHHOCTH
MarHUTHOTO TTOJISL. COBIIAAAIOT ¢ KpuBoii LUB12 B mupoxom
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Puc.2. Maruutheie ¢asobie H-T
nuarpamMmel HoosLuo2B12 st H ||

nuanazoHe Temmeparyp 1T > 10 K, a mpm
KoHUeHTpauusx X > 0.3 B auamazone T > 100 K.
IIponeMOHCTpHPOBAHBI CYIIECTBEHHBIE OTIMYUS B
noBeneHun Huskoremmepatypuoir (T < 5 K)
MarHUTHOX  4YacTH  TEMJIOEMKOCTH  KPUBBIX
HoxLuixB1z ¢ X = 0.01 u 0.1 B orcyrcTBum
BHEIIHETO TI0JIsI, BKJIIOYAsi Pa3audMs B aMILTUTYJE,
MUPUHE U TIOJNOXKEHUH HHU3KOTEMIEPaTyPHBIX
[IUKOB TeIJIoeMKOCTH B auamnasoHe 0.1 - 0.4 K.
BBuny Manoil BenmMuMHB MarHUTHOTO BKJIaJa Ipu
T =2 10 K

TeMIeparypax HPEIOKEHO

paccMaTpuBaTh  TEIJIOEMKOCTH  OTOMOKEHHOTO
LuB12 B kauecTBe HeMarHUTHOW (KoJ1e6aTeIbHOM 1
JNEKTPOHHON) 4acTH TertoeMKocTd HoxLui-xBiz.
Berunranne C(LUB12) u3 Tterutoemkoctu HoxLui-
xB12 (X = 0.01 u 0.1) MO3BOJIMIIO yCTAHOBHUTH, YTO
o0muit BHJ HU3KOTEMIIEPATypHOH MAarHUTHOM
TEIJIOEMKOCTH JJIsI 9THX COCTaBOB B moysix H = 5 —
90 kD mpencraBiseT coOOH KPUBYIO C ABYMs
NHMKaMH, TEpBbIH M3 KOTOPBIX HaOIomaercs B

muanaszone T < 0.4 K, a BTOpoit pacmonaraercs B

[001] (a), [110] (6) m [111] (B).  wmurepBane 1 — 10 K B 3aBucumoctu ot H. Takoe
Pumvckumu mmdpamMu  0603HaYSHBT

Ad-dazi, TIM — mapamarnutHoe MOBEJCHUE NpPU HU3KHUX Temrepartypax T <20 K
COCTOSIHHE. COOTBETCTBYeT ~ HW3MEHCHHI0O  BO  BHEIIHEM

MarHUTHOM TIOJIE JHEPTHHU 3JIEKTPOHHO-SACPHBIX
MyJIbTHILIETOB, OTBEYAIOLINX TIOJTHOMY MOMeHTY F=5/2, 7/2 u 9/2 (F=I+1) mynprunnera ®lg

nona Ho%. MaruuTHBIN BKIAJ B TEIIOEMKOCTh ATMIPOKCHMHUPOBAJICS MOJIENBHON KPUBOIi,

MONYyYeHHOH MyTeM YHCIEHHOrO pacyeTa TEIUIOEMKOCTH  HEMOCPEACTBEHHO U3
raMHJIBTOHHAHA!
H = B, (0 +50;) + 7B, (O — 2107) + AJl + g, 1,BJ (1),
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T7ie TIepBBIe [Ba ClaraeMbIX omuchBaroT moreHuuan KOII kybudeckoit cummerpuu (cM.,
Hanpumep, [9]), mpuyem 3HaueHus: KOHCTAHT Bs = -1.03 cm! u Bs= -16.2 cm! BEIGpans! Mo
pe3ynbTaTaM HeIaBHHX SKCIEPUMEHTOB IO paccesHuro HelTpoHoB B HOB12 [10]. Tpetse

cjaracMoe AJl OTBCYACT CBEPXTOHKOMY B3aHMOHeﬁCTBHIO C TIOCTOSTHHOM

A =0.02633 cml. Tlocnennee cnaraemoe @,4,BJ npexncrasnser coboil 3eeMaHOBCKYIO
SHEPruI0 B3auMojeicTBus 4f >1eKTpoHOB MOHOB HO ¢ MarHMTHBIM 1OJEM, TAE fy -

marHetoH bopa, gi =5/4 — axrop Jlanne.
Jst coctaBa ¢ MUHUMAJIBHBIM coJiepkaHueM roybMust Hoo.01lUo.99B12 Oblia BBISBIEHA

3aMeTHast aHu3oTpommu Ternoemkoctn B IIM  dase:  AC, (T,H,) =C(T,H, ||[001]) -
C(T,H, ||[111]) < 10 m/Tx/(Monp*K) mpy 3KCHEPHMEHTaIBHOM MOrPEIHOCTH H3MEPEHHI

menee 2 MJx/(mons*K) (cm. puc.1).

Ha puc.2 mns npumepa nzobpaxensl @/, mocTpoeHHbIE Ha OCHOBE W3MEpPEHHI
terioeMkoctd Hoogluo2B12 B AD-cocrosiauu (cM. 0003HaueHus: Ha puc.2B). BumaHo, 4To
npuseneHHble ®J] 111 Tpex OCHOBHBIX KpUCTAJLTOrpadUYecKHX HarpaBlIeHHI 3aMeTHO
OTJIMYAIOTCS JPYr OT Jpyra, 4YTO COOTBETCTBYET CHIIBHOW aHm30Tpormuu A® ¢asbl B
HoxLu1-xBi2 ¢ X > 0.5. C nenplo yro4HeHHs] HOCTPOCHHBIX (ha30BbIX AMArpaMM, HaMH ObLIH
BBITIOJTHEHBI TAKOKe M3MEPeHUs] HAMarHWYE€HHOCTH W MarHETOCOIPOTHBICHHS COSANHEHHN

HoxLui-xBi2 ¢ X > 0.5. OtBevaronme ocobeHHOCTSIM HamarHumdeHHOCTH U MC (a3oBsie

16 q nepexoAnl Takxke nokazanel Ha OJI 11 cocTasa ¢ X
eyl
520
Ly = 0.8 (cM. 0603HaueHUs Ha PUC.2B).
3 . B i 6
*; 1.2 X, P C 4eTBEPTOl rjaBe  OOCYXAArOTCS
.t el gl
Q L 4 g Ppe3ynbTaThl U3MEPEHHH YIeIbHOTO CONPOTUBIICHUS
= .
ZO-B p” ¢ ] U TIONEPEeYHOro MarHerocomnpoTusieHuss HoxLui-
5 ,
Q _
.T xBi2 wa mocrosmmom Toke | |[110] s
o4 . ® 0
02 04 06 08 10 HanpaBJIeHUs] BHELIHErO MarHuTHoro momst H ||
x(Ho) . .
[001] B mapamarHuTHOW W aHTH()EPPOMArHUTHON
Puc.3. 3aBUCHMOCTH OCTATOYHOIO
comporuieHnss HoxLuixBiz or  dasax, MPOAEMOHCTPHPOBaHA nporuesypa

KOHICHTpAUUKW TOJbMHS X IIpU

pa3zieneHus IOJOKUTENIFHOTO U OTPHUIATENHEHOTO
temmeparype To= 10 K.

BkmagoB B MC, o0oOCYyXHAarOTCs  MEXaHHU3MBI
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paccestHisl HOCUTEIIeH 3aps/ia, OTBEYAIOLINe JaHHBIM BKJIaJaM, IPUBOJSTCS TEMIIEPATyPHBIE
M KOHIEHTPAllMOHHbIC 3aBUCUMOCTH MHKPOCKOIHMYECKHX I1apaMeTpPOB. V3yuenue
TemmeparypHbix 3aBucumocteit  p(T,X) ymenabHoro comportuBieHus HOxLUi-xBiz B
IIMPOKOM JAMANa30He KOHLEHTPALMil MOKA3aJ0 HalM4he 3aBUCUMOCTU MEPKOJSILIHOHHOTO
THMa A1t octaTo4Horo conporusieHus py(X) = p(T, =10K, X) ¢ moporom mpoTexaHust X ~
0.23 (cM. puc.3). OCHOBBIBasICh Ha aHAIHM3€ JKCICPUMEHTABHBIX JAHHBIX, MPEIJI0KEHO
paccmatpuBath HOxLU1xBi2 mpu HH3KMX KOHUEHTpammsx X < 0.1 kak cucremy
n3onupoBanHbix JIMM moHOB rombMmusi, Toraa kak B mHTepBane 0.1 < X < 0.23 B RB12
BO3HHUKAIOT OJWHOYHBIE KIAacTephl HOHOB TOJNBMHS HaHOpasMepa W mpu X > 0.23
Gbopmupyercst  OSCKOHEYHbBIH  KJacTep MArHHTHBIX HOHOB. Hanmuue momoGHBIX
HEOJHOPOIHOCTEl B TBEPIOM pAcTBOPE OKa3bIBACT OINPEACIIONIEE BO3/ICHCTBHE Ha
XapaKTep paccesHHMs HOCHTENIeH 3apsiia M, KakK CICACTBUE, NPHBOAUT K CIOXHOMY
HOBEACHUIO MarHETOCOIIPOTHBIICHHS.

B cooTBercTBUM C KOHIENIMEH, NpemiokeHHod B pabore (cm. [Al]), MC

napaMarHuTHOH ¢assr HoxLu1-xB12 mpencrasmsier co60it cymMMy Tpex aAIUTHBHBIX BKJIAIOB!
(Ap/p)exp = (Ap/p)+ +(Ap/p)_ = (yéHz +aH )fCL2 (yeﬁ H /T) (2),
e (Ap/ p)exp ,(Ap/ p)+ ,(Ap/ p)ﬁ - 9KCcriepuMeHTaNbHas kpuBasi MC, ONOXKHUTETBHBIH U
orpuuarenbHbiii Bkiagsl B MC, COOTBETCTBEHHO, (i, - JpeldoBas MHOIBHKHOCTD
HOCHUTEJICH, L(,ueff H /T) =coth(x) -1/ X - ¢ynkuus JlamkeBeHa ¢ X =ty tsH /(K T)

Lo - SOOEKTHBHBIA MarHUTHBIA MOMEHT KiacTepoB uoHoB HO%, a u C — 3aBucsmme ot

TeMmeparypsl ko3¢ GunueHTs. [Ipr 3ToM, B MajbIX MOMSX OTpHUIATENbHBIA BKiIag B MC

OKa3bIBaeTCS MIPOTIOPINOHATIEH KBajpary MarHUTHOTO TIOJIS:
2 2

(Ap/p)_ =—cL (;teﬁ H /T) ~—H?®, ugro xopomo coriacyercst ¢ (HEHOMEHOJIOTHIECCKUM

moxxonoM Ha ocHoBe Mozenn Mocunsl [11-12], B paMkax KOTOPOTO paccessHHE HOCHTEINCH

3apsaa Ha JIMM npuBomut k 3¢dexry OMC, nponopunoHaIbHOMY KBaApaTy JIOKAIBHOM

namarauaennocti: (Ap/ p) ~-Mg ~ yo H?. Takum oGpasom, peannsosanHas B paGore

nporeaypa pasaenaeHus Bkiagos B MC B mapamarautHoii dase (cM. (2)) cocrout u3 (i)
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Puc.4. 3aBucumMoctu Ipei(oBOH MOABMKHOCTH 4 OT TEMIIEPAaTypbl HPH Pa3IUYHBIX

KOHI[EHTpAUUsIX TroibMust (maHenb a). JImsi cpaBHEHUs MOKa3aHbl TAkKe TeMIIEpaTypHbIC
3aBUCUMOCTH  XOJUJIOBCKOH MOABWXHOCTH (maHenb ©0) [Al]. JluaumsamMu mnokasaHa
anmpoKCUMaIs IpeiioBol M XOJJIOBCKOW TOJBMKHOCTH CTCIICHHON 3aBUCHMOCTBIO

-a
Moy =T
anmpoKCHMAIMK  KBaapaTHuHOH 3aBucumocthio MMC (Ap/p), B cuibHOM moONE C

MOCTE/yIONMM BBIMUTAHUEM TONOKUTENLHOTO BKIaga 4>H® W3 SKCIepUMEHTAmbHOM
kpuBoii u (ii) ammpokcumanuu ocratka B wuHTepBaie H <40 kD cymmoil nuHeiHOro
2
TIOJIOKHUTEIFHOTO M OTPHULATENEHOTO BKiIagoB aH —cl ( HaH /! T) . Yka3zanHas mporenypa
OblIa MpoBe/ieHa IS BceX U3MEPEHHBIX B paboTe coctaBoB HOxLU1-xB12 mpu Temnepatypax
B 00JacTH CyIIECTBOBAHMUS MTApaMarHuTHON (asbl. [loiydeHHbIe B paMKax BbIpakeHHs (2)
3aBUCUMOCTH JIpeiipoBoif MOABMXHOCTH M 3(PEKTHBHOTO MAarHUTHOTO MOMEHTa OT
KOHIIGHTpPALlMA TOJBbMHS M TeMIepaTypsl mnpuBeneHsl Ha puc.4-5. Xomi-dakrop

N, =g/ fp IS TOJNYYCHHBIX 3aBUCHMOCTEH MOABIKHOCTH TPH H3MEHEHHH X
Bappupyercs B nuanazone rH = 0.53-1.06, a mokasaTenpb cTerneHn 3aBUCHMOCTH Aper(oBoOit

HOIBIKHOCTH 4ip ~T “ B pamamasone Ttemmeparyp T > 40 K nexur B mpenenax

a = 0.61-1.17. Kak BunHO U3 puc.5, BenuunHa [, oOnacTeil paccestHus HOCUTeNeH 3apsa
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OKa3bIBaeTCst 3HaunTenbHo Menbmie L(Ho®*) = 10.6 pg (us - Marueton Bopa) u MoxeT ObITh
COMOCTABIICHA MAarHUTHBIM MOMEHTaM KJIacTepOB HOHOB roipMus ¢ A®d 0OMeHHBIM
B3auMmoyielicTBieM. C YMCHBIICHHEM TEMIIEPATypbl H YBEIHYCHHEM KOHLECHTPALUH

TOJIbMUA BCIMYHHA Sq)(beKTI/IBHOFO MaroMTHOro MOMCHTA [ MAariuMTHBIX KJIACTCPOB

noHoB HO% 3HaumTensHO ymeHbmmaercs. YuutbiBas AD xapakTep 0OMeHa BHYTPHM TaKHX
oOmacteli OJIDKHETO MOPSIIKa, TAKOE MOBEJCHUE CBSI3BIBACTCS B pabOTe ¢ KOMIIEHCAIMEH UX
MOMEHTa NpH YMCHBIICHHW BIMSHHUS TEMIICPAaTypHBIX (IIYKTyalluii W  yBEJIMYCHUH

TEOMETPHYCCKUX PA3MEPOB MAarHUTHBIX HAHOKJIACTEPOB (CM. puc.5).

0/ 0Wi——————————————
a4+
10} u,(Ho™) 107-:‘ ) ]
l\\\ m T=205K
] 3_‘\‘ \ e T=42K
e A T=65K
. — \‘\ \\\
2 12 6 e i :
= - L AN e
= = \ ~ A
1 4l "o~ P ]
s SLe -
n S -
LN ~--e T
] 2, -
a 6
0 i I i 1 i U s i ! i
2 4 6 8 10 0.2 04 0.6 0.8
T(K) x(Ho)

Puc.5. 3aBucumoctu 3G(HeKTHBHOTO MarHUTHOTO MOMEHTA i, OOmacteit 6mikHero Ad
MOpsZIKa OT TEMIepaTypbl NPH PA3MYHBIX KOHIEHTPAUWSX TONbMHs (IaHENb a) W OT
KOHIIEHTpAINH NPH (HUKCHPOBAHHBIX TEMIIepaTypax (IaHemib 0).

Jnst anammza tMC u oMC BkitanoB B HOxLU1-xB12 B MarHuToynopsimoueHHOM
COCTOSIHUM OBLI MPEJIOKEH TOJXO0, OMMCHIBAIOIINNA MarHETOCONPOTHBICHUE B IpeJesax

TOJIeBBIX HHTEpBanoB B AD-dase B Buie CyMMBI BKIIA/IOB:

(Ap!p), = AH-BH? @),
rne Ai u Bi — 3aBucsmme ot TemmepaTypbl kodddunments, i=L,M,H — wunzekc,
orBevaromuii annpokcuManun MC B auanazone mansix (L, 0-15 kD), cpennux (M, 15-45
kD) win Gonblunx MarHuTHbIX moseit (H, 45-80 kD), cooTBercTBeHHO. [10OXUTENBHBIH
JMHEWHBIH BKJIax B mpaBoil wactu (3), mo aHamoruu ¢ onucaHueM 3ddexTa IuHEeHHOro

nonoxxurensaoro MC B A®-daze B xpome (cM., Harpumep, [13]), cBa3bIBaeTCs ¢
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Puc.6. VYrinossle 3aBucumoctu MC B
napamarouTHOH ¢aze HoxLuixBiz B
mone H=80kD g1ma pasnuyHBIX
KOHIIEHTpaIHi 0.1<x=<1 npu
temreparype 1 =2.1 K. 3aBucumocTts
MC mns LuBi2 (X =0) mpuBenena mpu

temneparype T = 4.2 K.

paccestHHEM HOCHTENeH 3apsia Ha BOJHE
cnrHoBoi mioTHOCTH (BCII) mpu yBennueHun
ee  aMIUIMTYJsl C  pPOCTOM  BHEIIHEro
MarHUTHOrO Tois. Brtopoe, oTpunarenbHoe
KBaZlpaTU4HOE cnaraeMoe B (3) mpencraBisieT
coboit HH3KOIIOJICBOH BKJIa
JIAHXKEBEHOBCKOTo TUMa (CM.(2)) OT paccestHus

HOCHUTEIIE Ha JIOKAJIbHBIX HaIlCHTPOBBIX

CIMHOBBIX  (IIYKTyalMssX B OKPECTHOCTH
MarHuTHBIX uoHOB HO03*.  Becmopsmox B
PacIoNoxKEeHIN HOHOB TOJIBMUS B

KyOookaTaApax B2s4 B COCTOSIHMM KapKacHOTO
CTEeKJIa MPUBOMNT K CYIECTBCHHOMY pa3dpocy
napameTpoB 00OMEHHOTO PKKI
B3aMMOJICHCTBHS, @ CHIIbHBIC JoKanbHbIe 4f-5d
CIUHOBBIC (IIYKTyallid, B CBOK Ouepe/p,
BBI3BIBAIOT

CIHMHOBYIO monsipu3anmio  5d

COCTOSIHMM  30HBI  NPOBOAMMOCTH. Takum

o0pa3oM, pe3ynbTaThl aHaliu3a KOMIIOHEHT

MC nmpuBOIAT K BEIBOLY O TOM, YTO OCHOBHOE

COCTOSTHHUE HoxLu1-xB12 B Ad-paze
HEO0OXO0IHUMO paccMarpuBaTh Kak
KOMOHMHAIHIO MarHHTOYIOPSIOYEHHOTO
COCTOSIHUSL  JIOKQJM30BAHHBIX ~ MArHUTHBIX

MomenToB 4f-060710uky MoHOB HO®* M NOKANIBHBIX CIMH-TONAPU30BAHHBIX obmacTei (5d

COCTOSIHUS), ydacTBylomux B (opmupoBannu BCII (cM. onmcaHme MarHUTHOH TPYKTYpHI

HoB12 B [14]).

IIaTass raaea MOCBsAIIIEHA ACTAJIbHOMY M3YYCHUIO AaHU3O0TPOIUU YAEIBHOI'O

COINPOTUBJICHUA W NOHNEPEHYHOI'0 MArHe€TOCONPOTUBIICHUA HoxLu1-xB12 JUIsL HallpaBJICHUS

toka ||| [110] mpm pasnmunoif OpHeHTAIMM BEKTOpa BHEIIHEr0 MarHuTHOro moius H
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OTHOCHUTEIBHO TJABHBIX KpHUCTAIIOrpauIecKHX HaNpaBleHHH, a TaKKe HCCIeIO0BAHUIO
AQHM30TPOIHBIX BKJIAJ0B U BBIICHEHHIO POJM MEXaHH3MOB PAcCesTHUS HOCHTENeH 3apsjia,
oOCyXIaBImIMXcss B 4YeTBepTod riaBe. lMcmonp3oBaHWe H3MEPHTENBHONH CXEMBI C
BpAIlAafOIMMCS BO BHEIIHEM MarHUTHOM IMOJ€ O00pas3loM IO3BOJIMIO HCCIEN0BaTh
n3meHerne MC B mIMpoKoOM auama3oHe yrioB ¢ = H”n mexnay BekropoM H 1 HOpManbio
N x moBepxHocTH oOpasma (110). B wactHOCTH, OBUIM NPOBEIEHBI M3MEPCHUS ITOJIEBBIX
3aBHCHMOCTEH MAarHeTOCONPOTHBICHUS MPH pPa3IMYHBIX yTIJIaX, a TaKKe YIJIOBBIX
3aBUCUMOCTEH TIPH PA3NUYHBIX 3HAUYEHMSIX BHEIIHero momnsd. B pabore ycTaHOBIEHO, 4TO
yIJIoBasi 3aBHCHMOCTH yxaenbHOro compotusieHuss 1 MC HoxLui-xBi2 B mapamarHuTHOM
(haze okazpIBaeTCsI MOZOOHOM ISl Pa3HBIX COCTaBOB X, MpUueM (hopMa KPHBOW IPAKTHUECKU
HE 3aBUCUT OT KOHIIEHTPALlUH MarHUTHBIX IpHMeceil (M., Harpumep, puc.6). Kak BuaHO U3

puc.6, Aplp(pH,) Tpu TerMEBRIX TemmepaTypax MpENCTABISET COGOM KPHBYIO C
MaKCHMyMOM B oOKpecTHocTH Hampaeienuss H || [001], a Taxke mmpokoro WHTEpBaia

yriooB Mexny Hampaeiermsmu H || [111] u H || [111], oTBevaromuMu MHHHMAIBHBIM
3HAUSHUSIM yJeIBHOTO CONPOTUBIEeHUs. B paboTe moguepkuBaeTcsi, 4To NOBEICHUE KPHUBBIX
MC xa4decTBeHHO HE MEHsAeTCs M B HeMarHuTHoM LuBi2 BImoTs 70 TemmepaTypsl mepexoaa
B COCTOsTHHE KapkacHoro ctexia T+ = 60 K (cM. Taxxke [A4]).

JleTanpHBI aHANM3 AHWU3OTPONUM, MPEUIOKEHHBIH B paboTe, OCHOBaH Ha
HpencTaBIeHuH BceX AaHHbIX o MC Ha ofmiedt quarpamme, MO3BOJISIONIEH MPOCIETUTh
SBOMIONWIO MAarHeTOCONPOTUBICHUSI B 3aBUCHMOCTH OT a0COIIOTHOH BENMYHHBI U OT

Hampaenenuss nons H. B yactHoctH, Ha puc.7 wusoOpaxena H-¢ nuarpamma

marneroconporusnenns  Ap/ p(p,H) B mnomspmsx xoopmumHatax (@,H) mpn

temneparype 6.5 K gmns cocraa HoosLuo2Biz B TIM-¢aze. ITockombky 3¢dexrt
MOTIEPEYHOr0 MAarHeTOCONPOTHBIEHHST B IOCTOSIHHOM BHEIIHEM MarHutHoMm moie H

NOJIHOCTBIO ONPEHALCIIACTCA XapaKTEPOM PACCEIHUSL HOCHTEIIeH 3apsgaa B JaHHOM 06pa3ue,

IpHBECHHAS JMarpaMMa B TOJNSPHEIX KoopiuHatax (@=n”"H,H), ¢axruaeck,

npeacTaBiaseT coOOW AumarpaMMy paccesHusi HocuTeded 3apsma. Ee  kitoueBBIMH

ocobeHHOCTsIME sIBIsFOTCSE: (1) 00acTh mpakTHyecku notporHoro oMC B nenTpe (mosns H
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< 45 D), (ii) mmpokas 007acTh HAUMEHBINMX aOCOMIOTHBIX 3HaueHHH OMC st
nanpasiexus H || [001].
IIpemnoxkenHoe B paboTe  MacmITaOMpOBaHHWE IOJEBBIX  3aBHCHMOCTEH

MarHeTOCONpOTHBIEHUsT B  mapamMarHuTHOM  ¢ase HoxLuixBiz B  koopamHaTax

P~ f(,u:ffHZ/ Tz) MOATBEPAMIIO HAJTM4YME IBYX OCHOBHBIX BKIagoB B MC Bo BceM

nana3one yriaos 0-360°.

o Komnonenra oMC,
0 HOUBLUD2B|2
App(T=65K)  HaliJIeHHAsI ISt Pa3IHIHBIX
] -0.002
ol o051 HarpaBJIeHHUI BHEIITHETO
2 0080 MarHMTHOTO TIOJsI, OKa3bIBaeTCs
& -0.089
2o P MIPAaKTUIECKH U30TPONHOH |
20- 0147 CBsI3aHAa C paccesHueM HocuTelen
-0.176
a0 [ 3apsaga Ha MOMEHTax KIacTepoB
60 0:283 nonoB Ho®*. Ksagpatuunelii mo
-0.262
o 55 TIOJTIO BKJIaJ oMC B
Puc.7. H-¢ pamarpamma paccesHusl HOCHTeJedl  IapaMarHUTHOM taze
3apsaa B HooslUo2B u temneparype T = 6.5 K
DA 0.81-0.2512 TIp paryp MIPE/ICTABISCTCST  OOYCIOBICHHBIM
(ITM-da3a).

paccesHHEeM HOCHUTeNeH 3apsia Ha
JMHAMUYECKUX 3apsIOBBIX cTpaimax, Qopmupyromuxcsi B HoxLuixBiz B wnHTepBane
TeMIepatyp HIKe Imepexoga B cocrosaume kapkacHoro crekna (T <T* =60K) Bmoms
HarpaBnienust [110] BcnencTBre KoonepaTuBHOTO AnHamMu4eckoro sddexra SJna-Temrepa B
OopHoii moapenieTke (cM., Hanpumep, [A6,A7]) u CBSI3aHHOU ¢ 3THM MOIYJISIIUCH CTETICHH
rubpugu3aiun  5d-2p  cocrosHuiE, (QOPMHUPYIOIIMX 30HY IPOBOAMMOCTH. AHamm3
nonoxxurenbHoro Bkiana B MC B mapamarHWTHOH (aze B pamMkax COOTHoOIIeHUs (2)
MO3BOJIMJI IOCTPOHUTH YIJIOBBIE 3aBUCHMOCTH JAPeH(OBOil MOABMKHOCTH HOCHUTENEH 3apsaa
uo(¢). IIpn sToM HaiineHHas BEeMMYMHA aHU30TPOIHY ApeiioBoif MOABMXHOCTH HOCUTENEH
puo(H||[001]) / uo(H|[[111]) B HoxLu1-xB12 (0.1 <x<0.8) mpu Ttemmeparype T= 21K
MeHsiercst B tuanaszone 1.5-3.9 ¢ pocrom X B unrepsaie cocrasos 0.1 - 0.8.
Kak BumHO ™3 pe3ynbTaToB, TIPEACTaBIEHHBIX HA puc.8, mepexox B

aHTHq)eppOMaFHI/ITHOC COCTOSIHHUE CYIIECTBECHHO MCEHACT BHJ JAUarpaMMbl pPaCCEeIHUSA
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HocHTenel 3apsiaa. B wactHocTH, B momsix Hibke nepexoga AD-ITM dopMupyercst ciaoxHast
aHu3oTponHas kaptuHa MC B ¢opMe MambTHHCKOrO KpecTa cO MHOXKECTBOM MAarHHTHBIX
(a3 (cm. puc.8).

OO6nacTs JOMHHUPOBAHUS JTUHEHHOTO MOJIOKUTEILHOTO MarHETOCONPOTUBIICHUS,
aHanornyHo ciny4aio IIM-daser ¢ kBagpatuudbiM 1o momo nMC, JeXHT BIONb

nanpasienust H || [001], npu stom, must konuentpauuii X=0.8 u X=1 oHa OKa3bIBacTCS
3aKITIOYEHA TOYHO MEX Ty HampasieHuamu [112] - [112]. OtmeTM, 4To B 06714CTH MaJTbIX

moneir (H < 12 kD) na H-¢ daszoBoit guarpamve AD ¢asel HabGmromaeTcs 007acTh

0 MIPAKTUYECKH H30TPOITHOTO
80 . 330° 1 ) 30° H(/)osLu_o 2B12K p p

- R oofp(l:=2. 1K) MarHeTOCOIPOTUBIICHUS (cm.
60 - = ", , 0.910
o 0.823 LIEHTPaJbHYI0 YacTb AHArpaMm
20 0.698 paccestHust Ha puc.8).

0812 ®OopMUpOBaHUE JTHHAMHYECKUX

H (k3)

0.447 o
20 3aps/oBBIX  CTpPalloOB  BAOJIb
0.321

40- HaIpaBJICHUS [110],

0.196

60 | MPUBOJAIEE K  IMOJABICHUIO

PKKU 00OMEHHOI0

0.070
80 -
-0.055

o Bt B3aUMOJCUCTBHUSI, M BBICOKaA
' Ap/p(T =4.2K)

80 330°

gyBcTBHTENFHOCTE  BCII &

60 | . 0.286
40 & g 0.234 HaIpaBJIEHUIO u BEJIMUYNHE
20 L8 MAarHNTHOTO TIONA  SBIAIOTCS
@ s T 0.083
2 0270 e g0 KJIIOYEBBIMU (hakTopamu,
T 4 0.008
2051 KOTOpbIE 00yCIaBInBaOT
-0.068
40
o0 s BO3HUKHOBCHHE CHIIBHO
60 v v
; \ 0219 AHM30TPOIHOK MarHuTHOW H-
80 210° — 150° .
ol -0.294 ¢da3oBoii auarpamMMbl B (opme

Puc8. H-¢ ¢asossic muarpavmer HooslUozBiz mpu ~ MAIBTHHCKOTO  Kkpecta B A®

temreparypax (@) T = 21 Kn (0) T = 42 K. cocrostuun (em. puc8) m
JIMHUAMH € OTKPBITBIMH CHMBOJIAMH  OTMEYCHBI

(a3osble TpaHuIBL. PuMcKUME mU(paMu 06o3Hadensr — AHU3OTPOIHON Anarpammel
HOMepa pasM4HbIX (a3 (cM. Takxke puc.2). paccesinst  Hocuteneii B IIM
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dase (cm. puc.7). Ananus Bkaago B MC HoxLuixB1z (0.5 <X < 1) B anTHhEeppOMarautTHOR
¢dasze B pamkax cooTHoureHus (3) MO3BONMI TaKKe MOCTPOUTH TEMIIEPATypHbIE
3aBucuMoct koddduuuentos Ai(@,T), Bi(p,T) (cm. (3)), Mt opHeHTald MarHUTHOTO
TOJISL BAOJB TPEX OCHOBHBIX KPHCTALIOrpadHIecKUX HATPABICHUH U YIIIOBbIC KPHUBBIE IS

temmeparyp T =2.1 KuT=42K.

B 3aki1l0ueHNH IPUBEIEHBI OCHOBHBIE PE3YIbTaThl AUCCEPTALHN.

B pabote BBHIMONHEHO KOMIUIEKCHOE MCCIEIOBAHHE YAEIBHOTO CONpPOTHUBICHHUS,
HOIEePEYHOT 0 MarHeTOCOIPOTUBIICHUS u TEIIIOEMKOCTH OJTHOJIOMEHHBIX
MOHOKPHUCTAJUTMYECKHX 00pa3oB KapkacHbIX crekod HoxLuixBi2 ¢ koHmeHTpanmeit
aromoB rompMmus 0.01 <x<1 B Temmeparypuom amamazone 1.9-300 K Bo BHemHem
MarHuTHOM monie 10 80 kKD mpH pa3IUYHOW €ro OpPHEHTalMH OTHOCHTEIHHO TIJIaBHBIX
KPHCTAIIOT pahHIECKIX HAaIpaBJICHUH. Tlomyuennsie pe3yIbTaThl HaXOHmAT
MOCJIEIOBAaTEebHOE M COTJIACOBAHHOE OOBSICHEHHE MpPH ydeTe SH-TeIUIEPOBCKOI
HeycTouMBOCTH Mojekyn1 Biz, koropas npuBomuT K BO3HHKHOBeHHIO B HOxLU1-xBi2
KOOTIEpaTHBHOTO IUHaMH4Yeckoro sddekra Sna-Temrepa. SH-TeIepoOBCKHE HCKAKEHUS
T'IIK cTpykTypsl M CBsfi3aHHas C HUMH KOJUIEKTHBHAs MOJa, B CBOIO OYePEeib, BBHI3BIBAIOT
konebanuss P3 wmoHoB LU m HO OTHOCHTENBHO IEHTPOCHMMETPHYHBIX HOJNIOXKEHHH B
yCeueHHBIX KyOookrtasapax Bzs u oOycmasmusator monyisiimioo 50-2p ruGpuamsanuu
COCTOSIHMH 30HBI NPOBOAMMOCTH. [Ipm mepexome B COCTOSHHE KapKacHOTO CTEKNIA IIpU
temneparypax T < T~60 K, nauusiii s¢pdexr npusoaur B HoxLU1xB12 k Gpopmuposanuro
JIMHAMHYECKUX 3apsJ0BbIX CTpalnoB Baojb HampasieHus [110], u, BcieacTBue 3Toro, K
CHJIBHON aHM3OTPOIIHH PACCEsHHs HOCUTENeH 3aps/a Kak B aHTH()EeppOMarHUTHOM, Tak U B
napamarHuTHOH  ¢a3zax. OCHOBHBIE BBIBOABI  JTHCCEPTALMOHHON  pabOTHI  MOXKHO
copMyITHpOBaTh CIACAYIOLIMM 00pa3oM:

1. B xapxkacHbx crexnax HOxLUi-xBiz B mpemene ManbIx KOHIEHTpamuil roibMus

(x=0.01) BrepBbic OOHApY)KEHA 3HAYUTENbHAS AHU30TPOINHS TEIIOEMKOCTH (10

20%) B CWJIBHOM MarHUTHOM IIOJIe, MPEIINOJOKUTEILHO CBSI3aHHAs C

¢opmupoBaHneM  (GUIAMEHTAPHOW  CTPYKTYpHl  INPOBOASAINNX  KaHAJIOB

(IMHAMHUYECKHMX 3apsAAOBBIX CTPAHIIOB) B Marpuile xoiekadbopuaoB. B pamkax

MOJCJIBbHOI'O raMuJIbTOHHAHA KPUCTAJIIMICCKOTO QJICKTPHUYECKOI0 IoJIA
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KyOUYeCKOH CHMMETPHH, C YY4ETOM CBEPXTOHKOTO B3aMMOACHCTBUA U 3ddexra
3eemana, HPEII0KEHO KOJIMYECTBEHHOE olMcaHue MOBEICHUS
HHM3KOTEMIICPATYPHOH TEINIOEMKOCTH JUIsl HampaBieHHs BHemHero mons H ||
[111].

Ha  ocHOBe  M3MepeHHil  MarHeTOCONPOTHMBIICHHSA,  TCIUIOEMKOCTH |
HaMarHM4eHHOCTH aHTH(eppoMaraeTnkoB HoxLui-xBiz (0.5 <X < 1) moctpoeHst
MarHuTHble (a3zoBbie H-T-X anarpaMMsbl A1 OPUSHTALMY BHEIIHET'O MAarHUTHOTO
nosst H || [001], [110] m [111].

VYCTaHOBNIEHO, YTO MAarHeTOCONPOTHUBICHHE B PA3yHNOPSIOUYCHHOM COCTOSHHU
HoxLu1-xB12 mpu T < T" = 60 K ompenensieTcst CyMMOH JIByX OCHOBHBIX BKJIAJIOB:
TOJNIOKUTENBHOTO ~ KBAPATHYHOTO 1O  MarHuTHOMy momo  (upH)?  u
OTpPHUIATEIBHOTO BKJIAJa, MPOIOPIMOHAIBLHOIO KBajpary (GyHKIHMH JlamkeBeHa.
TlocTpoeHbl TemmepaTypHble M KOHIIGHTPAIL[OHHBIE 3aBHCUMOCTH Apel(oBOi
MOABMKHOCTH HocuTened 3apsma (up=250-1100 cm?Bicl) m addexrusroro
MarHMTHOTO MOMEHTa KJacTepoB HOHOB HO%* (pef=2.7-8.7 ug). ITokazaHo, 4To
orpunarenbhblil Bkiag B MC B [IM-dasze onpenensercs: paccestHHeM HOCHUTEINeH
Ha MarHMTHEIX 4f-MoMenTax A®-HaHOKIACTEPOB HOHOB HO%,

OOHapyKeHa  3HAYHMTENIbHAs (mo 32% VTSt HoB12) aHM30TPOITHUS
MarHeTOCONPOTHBIICHUS B MapaMarHUTHOI (ha3e TBEpAbIX PACTBOPOB 3aMELICHHS
HoxLu1-xBi2 mpm Hu3kux Temmeparypax, BIEPBBIC ITIOCTPOCHBI JIHATPAMMEI
paccesHuss Hocutened B IIM-ase B mmMpoxkoM janama3oHe KOHIEHTpaLWid
roneMmust (0.1 <X <1). B ¢a3e kapkacHOro CTEKIa B MapaMarHUTHOM COCTOSIHUH
BIIEpBBIE BHIABICH ckeitmuar MC B koopauHartax p ~ f(uZH%/T?), mokasano, uto
orpumarenbubii Bktax B MC B IIM-dase B mpenmenax dSKCIepUMEHTAIBHON
TOYHOCTH M30TponeH. Haiaeno, uro aHuzorponuss MC omnpexnensercs
nonokutensEbM  BKIagoM (upH)?. O6HapykeHO 3HAYMTENHLHOE W3MEHEHUE
BeanuuHbl  Up(H||[001])/uo(H|[[111]) aHu30TpomMu npeidoBO# MOABHKHOCTH
Hocutener B HoxLuixBi12 (0.1 <X<1) mpu remueBeIXx TeMIEpaTypax,
MpUHUMAIONIeH 3HaueHus B auanazoHe 1.5-3.9 c moBbllIeHHEM KOHIEHTpalHUu

ronemusi B uHTepBasie 0.1 <X <1. IlpeanoxkeHa WHTepIpeTalusi aHU30TPOIUHU
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MC B napamMarHuTHOI (paze B TEpMHHAX PACCESIHUS HOCUTENEH Ha TUHAMHYECKUX
3apsIOBBIX cTpaiimax BAOJdb HampasieHus [110], Bo3HMKaOIIUX B pe3yibTaTe
KOOTIEpPaTHBHOTO AUHaMHIecKoro sddekra Sna-Temrepa B O0pHOH moapemeTke.
Iloctpoenst H-T-¢ ¢a3oBble auarpaMMbl B TUarpaMMbl paccesHUs HOCHTENCH
sapsga B AD dase HoxLuixBiz (X>0.5), ycraHoBieHbI (ha30Bble TIPaHHUIIBI
Pa3IMYHBIX MarHUTOyHopsmodeHHBIX (a3 B Ad-cocrosHmn. HaiineHo, dto
NPUYNHONW aHM30TPONUM (Da30BBIX IuarpamMMm B (opMe MaJbTHHCKOrO KpecTa M
AQHM30TPOIIHOTO paccestHUsl Hocutened 3apsma B Ad-¢aze sBugercs peskoe
ymenblreHne paccestaust it H || [111] B momsix 5-15 kD. Briepeele oO0HapyxeH
ckeitmuar MC B A® dase B koopaunarax Aplp ~ f(H/T). YeranosneHo, uro B
MarHuroynopsaodeHHor ¢aze MC, B OCHOBHOM, OMpEHETSAETCS CYMMOM
MOJIOKUTENBHOTO JIMHEHHOTO W OTPHIATENbHOIO KBAJAPATHYHOTO IO IIOJIO
BKJIa/I0B.

IIpennoxkena uHTEeprperanusi, B paMKax KOTOPOH JMHEWHBIM IOJIOKUTENbHBIN
BKJIAJl OIpeneNseTcsd paccesHHeM HOCHUTeNell 3apsja Ha BOJIHE CIIMHOBOM
mwiotHoctd  (BCII), cdopMupoBaHHOW W3  MHOTOYACTHYHBIX  CITHH-
HOJISIPH30BaHHBIX 50-COCTOSIHUI 30HBI MPOBOAUMOCTH, TOT/Ia KaK KBaApPaTHYHbIH
OTpHLATEIbHBIA BKJIAJ ONpEAEIsIeTcsl paccesiHueM HOCUTeNed Ha HaIleHTPOBBIX
nokanbHbIX 4f-5d criHHOBBIX (QUIyKTyalusx B OKPECTHOCTH MOHOB rosibMus. [Ipu
9TOM, HOAABIICHHE OOMEHHOTO MAarHWTHOTO B3aMMOJIEHCTBHS depe3 INIEKTPOHBI
npoBoguMocty (PKKM MexaHu3M) B HamlpaBleHUHM AWHAMUYECKUX 3apsJOBBIX
crpaiiios  (H ||[110]) sBisercst TaBHBIM  (AaKTOPOM,  OTPEIENAIOIIUM
BO3HMKHOBEHHE BBIICNICHHBIX HAIPaBICHWI MAarHUTHOH (a30BOI JuarpamMMsl B

MOZENBHBIX aHTu(eppomaraeTnkax HoxLui-xBiz.
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