IIucema B MATD, Tom 82, BrIN. 7, c. 498 — 500

© 2005r. 10 oxTAGPA

O npupoje HU3KOoTeMIepaTypHbIX (pa3oBbiX nepexoaoB B CaMn;Oq»

0. Boaxrosa, I0. Apaurot, H. Tpucrau™, B. Kataest, E. 'yaunun, JI. Mestep*, T.Jlopenn*, B. Bioxnept, A. Bacuines

MockoBcKkHit rocyaapcTBeHHbIH yHUBepcuTeT uM. M. B. JlJomoHocoBa, 119992 MockBa, Poccua

+ HucTuTyT dpH3urH TBepgoro Tena, Jpesnen D-01171, MepmaHua

*II ®usndeckuii HHCTHTYT, YHUBepcuTeT HenbHa, KenbHn D-50937, 'epmanusa

Iloctynuna B pegakuuto 17 aBrycra 2005r.

HoBrle JaHHBIE N0 KCCIEIOBAHUIO TEIIOEMKOCTH, TEIIOBOIO pacHIMpeHNA M HaMarHW4eHHOCTH (asbl
CaMn;0O;2 TpeGyIOT mepecMOTpa CIOMBIIEHCA KOHLENIUY IOCIeJOBaTEIbHOCTU (Ha3oBbIX INpeBpalleHuil B
3TOM coequHeHUU. YcraHoBieHo, yto upu Ty = 49 K B CaMn;012 npoucxomut nepexon B ¢asy CHMHOBOro
cTeKna, Torja kak npespameHnue npu T's = 89 K umeer yepTs! (hasoBoro nepexoja nepBoro poja, 4To No3BoIdeT
MPEINON0KUTE €ro CTPYKTYpHoe npoucxoxaenne. B unreppane Ty < T < T's coegunenue CaMn7Q12 oGaa-
JaeT OTPUIATEILHBIM TENIOBHIM PacUIMpPEHUEM, UTO TaKKe CBUAETEILCTBYET 0 CTPYKTYPHBIX U3MEHEHUAX.

PACS: 65.40.—b, 75.47.Lx

Cpenu mMaTepualoB ¢ KOJOCCATLHBIM MarHUTOCONpPO-
THUBJIEHMEM OJIHUM M3 HAMBBHICIIMX IIOKasaTelell B cla-
6bIX MarHUTHBIX MOJAX B IIMPOKOM UHTepBale TeMIepa-
Typ o6nagaet TBepablit pacTBop Ca(Cu,Mnjz_,)MnysO12
[1,2]. [lauHoe coegvHeHWEe MPUHALIEHKUT CEMENCT-
By MCHKaeHHBIX IBOMHBIX MEPOBCKUTOB C obImel ¢op-
mynoit AC3B4012, rme mosunusa C 3aHumaercd fH-
tennepockumu Katuonamu (Cu?t, Mn3t),
oud A MoeT HaxoOUThCA NIOGOM KaTHMOH JOCTaTOY-
Ho Gonbmoro paguyca (Na+, Ca?t, P33%t), a nosu-
nuio B 3aHMMalOT KaTMOHBI, HaXOAAI[MECA B OKTad[-
pUYECKOM KHUCIOPOJHOM OKpYeHHH U (PopMUpYIOLIUe
MeTalI-KUCIOPOIHBIA KapKac cTPyKTypsI [3]. B mua-
He MarHUTOCONPOTUBIEHUA 3TH MaTepHualbl KOHKYPH-
PYIOT ¢ TpaguLMOHHBIMU NepoBckuTamu Lag —, A MnO3
(A=Sr [4-6], Ba[7], Ca [8,9], nupoxaopamu AsMn,O7
(A=TI1[10], In, Y [11]), u wnuneaamu Fe;_,A,CrsS4
(A=Cu [12]). [lna Bcex sTMX MaTepHalOB BaiHO JO-
CTUMEeHMe BhICOKOM TemnepaTypsl Kiopu, npu 3Tom Mar-
HUTHOE YNOpAJoYeHMe MPOUCXONUT MOJ JelCTBUEM Me-
XaHU3Ma JBOMHOro 06MeHa MPH YacTUYHOM 3aMelleHUH
La3t B neposckurtax u Fe?t B mmunensx Ha KaTHOHBI ¢
MeHbIIE CTeNeHbIO OKUCIEHNA, TO €CTh PU JIerupoBa-
HUU MeTall-KUCIO0POJHOro KapKaca aleKTPOHaMU U BO3-
HUKHOBEHUM Pa3HOBANEHTHLIX KATHOHOB B ENOYKAX Me-
TaJl1 — KUciaopod. B mupoxiopax u MoiHOCTHIO 3aMellleH-
HBIX ABOWHBIX MEPOBCKMTAX MOHBI NMEPEXOAHBIX MeTal-
JIOB C MEepPeMEeHHO# BalleHTHOCTBIO OTCYTCTBYIOT, a BBI-
cokas Temnepatrypa Kiopu mocTuraercs 3a cueT cBepx-
o6MeHHoOro B3aumopeiicteusa [13].

B II03U-

BazoBbiM coeguHeHMeM B ceMedCcTBe JBOMHBIX MC-
rameHHbix nepoBckuToB AC3B4012 caymur CaMn; 012
(nnn e CaMnzMnyO12) [14]. dT0 coexuHeHne NpH BbI-

COKUX TeMIlepaTypax UMeeT KYOHMUYeCKYIO0 CUMMeTpHIO,
a ¢ noHw;KeHueM TemnepaTypsl npu Tco = 450 K ucnni-
ThIBaeT Mepexo] B poMGosapuueckyio ¢asy, NpocTpaH-
cTBenHnan rpynna R3 [15]. JBuyimeit cunoii aToro nepe-
XoZa AIBIAETCA yNOPAJOUYEHUE 3apAN0B B OKTa’JpHyec-
Koit mo3unuu B, rje comepaTca pasHOBaleHTHbBIE UOHBI
Mn3t u Mn*t B cooTHomenuu 3:1. B ncesmorBaipat-
Hoit mosunuu C HAXOAATCA TONbKO MoHBl Mn3t.

Ceenenusa o MarHuTHbBIX cBoiicTBax CaMn; Q5 Bech-
Ma NpoTHUBOpevYnBhl. B paGoTax mo M3ydeHWUIO MarHUT-
ubix cBoiictB CaMn;0;2 oTMewanoch, UTO 3TO COeaU-
HeHHUe TepeXoiuT B aHTHU(hEepPpPOMarHUTHO YNOPAJOYEH-
Hoe coctoanue npu 21K [2], 45K [16] unu xe npu 85K
[17]. B uurme pa6or [18—22] Ha ocHOBaHMM HeHTpOHO-
rpadMYeCKUX U CHHXPOTPOHHBIX UCCIEI0BaHUM yTBep: -
nanockb, uto B CaMn;Q12 B untepsaie 2-49 K cocymect-
BYIOT JIBe MOAYIUMpOBaHHble MarHuTHele ¢asel o U (3, a
B uHtepBaine 49-90K cocymecTByoT eppuMarHuTHas
¢aza a u mMogynupoBanHaa ¢aza (3. I[lapamerpsnl 3THX
(a3, ogHaKO, yCTaHOBIEHbI HE ObLIN.

PasnoGoit MHeHuUit B omnpefeneHuN GUUYECKUX
cBoiictB CaMn;Q0;2, MaTepUHCKOro COeAMHEHUA IiIA
Baj{HOT'O0 CeMeiicTBa MaTepHaloB C KOJOCCAIbHBIM
maruuroconporusiennem Ca(Mnsz_,Cu,)MnysOq2 cTu-
MYJIHpOBal NPOBeJeHNE HACTOAIETO MCCIEN0BAHUSA.

Kepamuuecrkue o6pasns:t CaMn;Q;5 Gbiiu momyue-
HbI TBepaodasHbiM cunTe3oM u3 CaCO3z, Mn, 03 B Toke
rucnopojga npu I' = 950°C nyTem oT:;ura roMoreHu-
3UpoBaHHON cMmecu B Teuenue 724. @a3zoBwIil cocTaB
KOHTPOJKPOBAICA METOJOM pPEeHTreHo(a30BOro aHalu-
3a. TenmoemrocTs ofpasua uM3Mepsnack B HHTEPBale
5-250K ¢ momomeio KBasmagmabGaTUUYECKOro pelaKca-
IIUOHHOTO KamopuMmeTpa “Tepmuc”, HAMarHMYEHHOCTH B
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untepBaine 5-250RK uamepanace CHBU]J marnetomert-
poM “Quantum Design”, TennoBoe pacuupeHue usMe-
pAnock B uHTepBaine 5—150 K nunaTomerpuueckum meTo-
noMm. Bemmumna g-garTopa [j1A MccleJOBaHHOTO COefu-
HeHMA Oblla ompejeleHa NPU KOMHAaTHON TeMmmepaType
METOZIOM 3JIEKTPOHHOI0 NapaMarHMTHOrO0 pe3oHaHca.

Bce ¢usuueckne BeIWuYMHBI, HMCCIeJOBaHHbBIE B Ha-
crofmeil paboTe, NOKa3alu YEeTKO BhIpasieHHbIE aHOMa-
mum npu 49 K u 89 K.

TemnepaTypHble 3aBUCUMOCTY HamarHu4eHHoctn M
B CaMn7012, u3MepeHHble B pexUMax OXJa;KJeHUA B
orcytcTBue MaruutHoro nonf (ZFC) u B npucytcrBum
maruutHoro nons (FC) npencrasnens: na puc.l. Husme

FC
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Puc.1. TemnepaTypHble 3aBUCHMOCTH HaMarHM4eHHOCTU
CaMn;QOj12 B pemuMax OXIa;KJeHUA B OTCYTCTBHe Mar-
HuTHOro noasa ZFC (e) 1 B mpucy TCTBMM MarHMTHOI'O IOAA
FC (o), H=0.01Tx

Ty = 49 R nabmomaeTca moBelieHNe, XapaKTepHoe s
CIMHOBOTO CTEKNa, TO €CTh NPUCYTCTBYeT T'UCTEPe3Uc
saBucumocteit M (T) B pesmumax FC u ZFC. IIpu T >
49 K »Tu 3aBUCHUMOCTHU COBHNAmalOT Memxay coboif, npu-
yeM 06e OHM JEMOHCTPHPYIOT AHOMAaNbHBIH WU3JIOM NpU
Ts = 89 K. llpu T > 89K moBeneHre HamMarHM4YeHHOC-
TU nopuunHnAercA 3akony HKiopu-Beiicca ¢ apperTUBHBIM
MarHUTHbIM MOMEHTOM g = 15.1 up U TemmnepaTy-
poit Beiicca © = —85 K. Ilpu sxcnepuMeHTanLHO ycTa-
HOBIEHHOM (paKkTope CHEKTPOCKONMUYECKOro pacuiemnie-
HuA g = 2.133, pacueTHoe 3HaueHue 3(PPeKTUBHOr0 Mar-
HUTHOI'O MOMEHTa ANA 3TOr0 COeAMHEHUA COCTaBlfAeT
14.9 HUB-

TemnepatypHasa 3aBucumocThk Temioemioctd C B
CaMn; 0, norasana na puc.2. llpu T, u T's Ha 3T0#t 32a-
BHCHMOCTY BHAHBI 0COGEHHOCTH, XapaKTepHbIle AnA (da-
30BBIX IIEPEX0J0B BTOPOro poja.

TemnepaTypHble 3aBUCUMOCTHU TEIJIOBOr0 pacuIupe-
uua AL/L B CaMn;01, noxasans! Ha puc.3. C moBbI-
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Puc.2. TemnepaTypHad 3aBUCHMOCTb TEIIOEMKOCTH

CaMn;0;2
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Puc.3. TemnepaTypHasa 3aBUCUMOCTh TEILIOBOTO paciiupe-
Hua CaMn;0;»

ImeHueM TeMIepaTypbl 00beM obpaslia yBelMuMBaeTCA,
onuaro npu Ty, HabniomaeTcA pe3Kuil U3JI0M, B UHTEp-
Bane oT Ty mo T's nmpoucxoaut ciaTtue ob6pasna. Ilpu
Ts BUJIEH TaKe CKAYOK TEIIOBOr'0 pacIlMpeHud. YKa-
3aHHble 0cOGeHHOCTHU emle Goliee AIPKO NPOABIAIOTCA Ha
TeMIepaTypHONl 3aBUCUMOCTU KO3(Q(PULMeHTa TerioBo-
ro pacuiMpeHua ¢, MmokasaHHoit Ha puc.4. OcobGeHHOCTH
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Puc.4. TemnepaTypHaa 3aBucUMOCTE Ko3ddunueHTa Tem-
noBoro pacumpenusa CaMn7QOq2
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500 0. BonxkoBa, I0. Apanro, H. Tpuctan u ap.

npu Ty, xapakTepHa And $a30BOro nepexoja BTOPOro po-
Ia, Torja Kak aHomanus npu T's MMeeT YepThI epexoa
KaK MepBoro, Tak U BTOPOTO poja.

B HeitTpoHorpapuyeckux ucciegoanuax [18,19] no-
fIBIEHUE HOBBIX NMUKOB paccefiHUA MpPH JBYX TeMIepa-
typax, Tpru Tg, unHTepnpeTupoBanock Kak (GopmupoBa-
HUE BYX Pa3iUYHBIX MarHUTHBIX cTPyKTyp. OTmeua-
J0Ch, YTO mepuoj] (peppUMarHUTHON CTPYKTYpHI, o6pa-
sytomieiica npu T'g, coBnajaeT ¢ NEPUOAOM 3IeMEHTap-
HOU AYEMKM U He 3aBUCUT OT TEeMIEpaTyphl, a MEpH-
0l MOAYIWPOBAaHHOM MarHUTHOW CTPYHKTYphI, o6pa3y-
tomeiica npu Ths, 3aBUCUT OT TemnepaTyphl. HKauect-
BEHHO pa3nuyaluch TaKkKe TeMIEepaTypHbIe 3aBUCHMOC-
TU TONYIMUPUH JONOTHUTENLHBIX MUKOB, BOSHUKAIOIINX
npu Ty u Ts.

IlonyueHHble HaMU SKCOepUMEHTalbHble JaHHEBIE
MO3BONAIOT NPEJNON0MUTE Pa3NUYHYIO0 DPUpORy (azo-
BeiXx mepexonoB npu Ty u Tg. Tar, Bo3HUKHOBEHHE
COCTOAHUA CIIMHOBOI0 CTEKJIa, XapaKTepHOe IJf pas-
YIOPANOYEHHBIX MAarHUTHBIX CHCTEM, BHUIHO TOJBKO
npu T < Th. Cunabaa aHoManua B TEMIOEMKOCTH M
CHaYoOK K03 ¢uINEHTa TEMIOBOI0 pacHIUPeHUA IpHU
Thrr, xapakTepHble 1A (a30BOro nepexofa BTOPOTrO
poja, MO3BONAIOT NPEANONOHUTEL, YTO UMEHHO NPU 3TOM
TeMIepaType NPOMCXOJUT MarHUTHOe yHNOPAJOYEHUE B
CaMn7012.

OTcyTcTBHE CNUH-CTEKONBHBIX 3P(HEKTOB B UHTEP-
Bane Ty < T < Tg, Gonbliag BemuyrMHa aHOMAalUU Ha
sapucuMmoctd C(T) ¥ CKAYOK TEMIOBOrO pacUIMpeHU
AL/L npu Ts roBopaT, cKopee, 0 CTPYKTYPHOM IpO-
HCXOMJEHNU 3Toro ¢dasoBoro mepexona. B oTcyTcTBuUE
JeTanbHOl CTPYKTYpHOI nHbopManuu o ¢paszoBoM mepe-
xozne B CaMn;Q12 npu 3Toit TeMnepaType MO#HO TONb-
KO IpeanonaraTh ero NpoucxojaeHue. B anemMeHTapHO
fAveiike 3TOro coelMHeHNA AH-TelLIepoBCcKkUe HoHbl Mn3+
coleps;xaTcA B JBYX HESKBUBANIEHTHBIX KPHCTANIOrpa-
¢uueckux nozunuax. Cxems! pacimennenus d-o6010YKU
Maprasia B ICEBJOKBaipaTHON U OKTa3JpUUYECKOi N03U-
UAX pa3nuyaloTcA MeAy co6oil, 0fHAKO OHU He CoJep-
AT YaCTUYHO 3aMONHEHHBIX BBIPOKIEHHBIX YPOBHEIA.
JTo He no3BoAAeT paccMaTpuBath 3 dert Ana—Tennepa
B KauyecTBe JBIKYINel CUNbI JaHHOrOo nepexona. Ta-
KOBOH, OIHAKO, MOKET ABIAThLCA MPUMEIIUBAHUE K OC-
HOBHBIM BOJIHOBBIM (DYHKUMAM d-3IE€KTPOHOB BONHOBBIX
¢yHRIUI Gollee BBICOKO PACIONOMEHHBIX DHepreTuyec-
KUX YpOBHeil. JTO MOeT NPUBECTH K HEKOTOPOil pas-
HOBUJHOCTHU op6uTansHoro ynopaxodenusa B CaMn;Oq,.

Tarkum o6pasoM, COBOKYNHOCTB MOJNYYEHHBIX 3KC-
NepUMeHTaNbHbIX JaHHBIX IO UCCIEJOBaHUIO TepMOIU-
Hamuueckux cBoiicTtB CaMn;(Q;2 nmo3Bonger mpennono-
JKUTH Pa3lUYHYIO NpUpPOAy (Ha30BBIX MEPEXOIOB B 3TOM
coenunenuu npu Thy = 49K u Ts = 89 K. Bce ocoben-

HocTU nepexona npu 49 K orBevaioT npennonoskeHuIo o
€ro MarHUTHOM HpoucXoaeHuu. [nA BbIACHEHUA NpPU-
poxs! azoBoro nepexona npu 89 K neo6xoxumo nubo 3a-
HOBO MHTEPNpPeTHPOBaTh NaHHBle N0 yNPYroMy pacces-
HUIO HEUTPOHOB, MUOO NMPOBECTH HOBBIE M3MEPEHUA Ha
MOHOKpHCTalInueckoM obGpasie.

Hacrosamasa pa6ora nmoaneps;xaHa rpantamu Poccuii-
croro ¢oHJa byHIaMeHTalnbHbIX UccienoBanuit # 03-02-
16108 u # 04-03-32183. VM3mepeHusa TenioBoro pacuiu-
peuus B Kennne noagepsanst DFG rpantom SFB 608.
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