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BBEAEHUE

ABoiiHble nepoBCcKUTBl Ha ocHoBe Srli0;
(Sr,B'TiOg) SIBASIOTCS 3KOJIOTUYECKU YUCTHIMU BbI-
COKOTeMIIepaTypHbIMU MaTepuajlaMu TepMO3JIeK-
TpuKamMu. B NIBOMHBIX TMEepOBCKUTAX HAOJIOAATHCH
TaKWe SIBJICHUS, KaK KOJOCCAIbHOE€ MarHUTOCOIIPO-
TUBJICHUE, CETHETOJIEKTPUIECTBO, MYJIbTUDEPPO-
WYHOCTD, BBICOKAasI TEMIIepaTypa CBEPXIPOBOISIIETO
nepexona, moseAacHue nmoaymerania [ 1—5]. JIBoiiHbIe
MepOBCKUTHI A,B,0O4 0UEHB JIETKO MTOANAIOTCS MOIU-
dukaMu cocrtaBa, MCHOJb30BAaHUE Pa3JIUYHBIX
MOHOB B B-1o3u1i1y mo3BoJIsieT MEHSTh UX JIeKTpUYe-
CKME, MATHUTHBIE U TEIUIOBBIE CBOMCTBA. DTU MaTepH-
aJIbl UMEIOT KPUCTAJUIMYECKYIO CTPYKTYPY CITOCOOHYIO
BMEIIATh MHOXECTBO KaTUOHOB, BBICTYIAIOIINUX B Ka-
YecTBEe LIEHTPOB paccessHUs (POHOHOB, HEOOXOIUMBIX
IJISI HU3KOH TeTUIONpPOBOAHOCTU pelleTku. Llenbio
JTAaHHOM PabOTHI SIBJISIETCSI CUHTE3 U U3yYeHUEe MarHuT-
HBIX Y TUBJICKTPUYECKNX CBOMCTB HOBBIX IBOMHBIX TIe-
poBckuToB S1,B'B"Oy, 1€ B kauecTBe KatoHa B' BbI-
crymaetT Mn, a B"-mo3unms 3aasara monamu Ti.

BSKCITEPUMEHT

IMonukpucranimyeckie IOPOIIKH TMEPOBCKUTA
Sr,MnTiOg4 6bUIM MOJIyYeHBl TPEKYPCOPHBIM METO-

ooM “solution combustion” ¢ WMCIOJIB30BaHUEM
Sr(NOs),, MnO,, i-Ti(OC;H;), u aBy3amMel1eHHOTO
UTpaTa aMMOHMS B KA4eCTBE KOMILIEKCOOOpa3oBa-
tens1. [1o KonmuecTBy M3olponuiaTa TUTaHA, B3Be-
IIEHHOTO B 3aKPBITOM OIOKCE, PACCUUTHIBAIM COOT-
BETCTBYIOIIIME HAaBECKU OCTaJIbHBIX peareHToB. Jlu-
OKCHJI MapraHia pacTBOpSUIM IIpM HarpeBaHUMU B
a30THOM KUcJIoTe B IpucyTcTBUU 20% NBy3aMelleH-
HOTO LIMTpaTa aMMoHMs1. M3omponuiat TutTaHa rui-
ponuzoBanu 70% pacTBOPOM 3TUJIOBOIO CIIUPTA, 3a-
TeM MOJYyYMBIINICS IIPOAYKT PACTBOPSUIM B a30THOM
Kucjiore. HutpaT cTpoHLMST pacTBOPSIM B TUCTUII-
JIUpoBaHHOI Boje. Bce Tpu pacTBopa cMeliuBaiu,
JTO0ABIISIM OCTaBINMIiCI HUTpaT aMMoHus. Ilomy-
YeHHBII pacTBOP YIIapUBaJIM 10 BO3TOPaHUS peaKIIy-
OHHOI Macchl. [IpoayKT nmupoiim3a moaBeprajiu Tep-
Moo0Opabotke npu 973 K ansa ymaneHust opraHuye-
cKoro BemiecTBa. [anee oOpazen IBaXkKabl OTXKUTAIA
npu 1373 K B TeyeHune 8 4 ¢ IpOMeXyTOUHBIM M3-
MmeabdeHueM. Ilponecc ¢dazoobpa3zoBaHUSI KOH-
TPOJIUPOBAIU PEHTIreHO(Ma30BBIM aHaTM30M. PeHT-
reHOCTPYKTYPHBII aHa/IN3 KPUCTAJJIOB BHIIIOJHEH
Ha nudpakromeTpe Rigaku Smart Lab Ha TpyOKe ¢
Cu-aHOIIOM B JUCKpEeTHOM pexuMme ¢ marom 0.03°.
PenrtrenodaszoBbiM aHaiu3oM (P®A), BBIIOJHEH-
HBIM C MCIIOJb30BaHUEM KpHUCTAJLIOrpadprIecKoi
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Puc. 1. TeopeTnyeckasi, 9KCiepuMeHTaIbHasI U pa3HOCT-
Hasg audpakTorpamMmsl SroMnTiOs g7, M3MepeHns npo-
BelIeHBI IIPY KOMHATHOI TeMIiepaType.

0a3bpl JaHHBIX “ba3a MOPONIKOBBIX CTaHIAPTOB —
PDF2” (ICDD, USA, Release 2009) ycTaHOBJIEHO,
yTOo OOpasell ABJsIeTCS] OMHOMA3HBIM, HE CONEPXKUT
mpuMeceit. O6paboOTKy peHTTeHOTpaMM OCYIIECTB-
Jasumn B iporpamme FullProf 2022.

Ha puc. 1 npencraBieHbl TeopeTUdecKasi, KCIe-
pUMEHTaJIbHasE W pa3HOCTHas AudpaKTorpamMMbl
St,MnTiOg, noayyeHHbIE B pe3ybTaTe pacyera Kpu-
crajuiorpadnyecKkux NapameTpoB UCCIEAYEMOTO OK-
CuJa Ha OCHOBE IMPOCTPAHCTBEHHON Tpymmnbl Pm3m
(No 221). IlomyyeHHBIII mapaMeTp KyOMUYeCKOM pe-
meTku a = 5.4553(2) A, HECKOJIBKO OTIIMYAETCS] OT
3HA4YEeHUs, IPUBEIEHHOrO B pabote [6]. ABTOpHI [6]
MPUIILUIM K BBIBOMAY, YTO OIUCATh IKCIIEPUMEHTAb-
Hylo 1udpakrorpammy Sr,MnTiOg MOXHO Ha OCHOBE
KyOnuecKo stueiiku Pm3m, Tak 1 Ha OCHOBE TeTparo-
HAJIbHOM CUHIOHWUM C IPOCTPAHCTBEHHOM TI'PyNIoOMn
J4/m v napameTpamu ¢ a = 5.4653 A, ¢ =7.7086 A, 1 o
PEHTITEHOBCKUM JaHHBIM HEBO3MOXHO OTHO3HAYHO
YCTAHOBUTb CTPYKTYPHYIO MOIeJb. DTOT pe3yabTar
HEYOIUBUTEJICH, YYMTHIBAsA, 94To KaTnoHBI Mn u Ti
MMEIOT OYEHb CXOXME KO3(GhUIIMEHThl paccesTHUus
PEHTIeHOBCKUX Jiyueid. [{Jsi omHO3HAaYHOro orpee-
JICHWSI TPOCTPAHCTBEHHOM TPYITITEI aBTOPHI [6], TIpH-
BJIEKAsl IIPOCBEUYMBAIOINIYIO BJIEKTPOHHYIO MUKPO-
CKOMUIO, ONMpPEAEeININ MOCTOSIHHYIO PEeIeTKH, COB-
nasiyio ¢ a = 3.8618 A i mpocrpaHcTBEHHOI
rpymnnsl Pm3m, nmpulliin K BBIBOAY, 4TO obpasell
SMTO nemMoHCTpUpYeT uAcalbHYIO CTPYKTYpY Me-
pOBCKUTA, B KOTOpOoM KatuoHbl Ti*t 1 Mn** pacripe-
NeJISIIoTCs cllydaitHbIM 0O6pa3oM. Mbl mpoBesniu obpa-
0O0TKy T paKTOrpaMMbl CUHTE3UPOBAHHOTO OKCHUIA
Sto,MnTiOsg; 1 YCTAaHOBWIIM, YTO MOJZEIb HA OCHOBE
TETPArOHAJIBHON SIYEMKHM MPOCTPAHCTBEHHOM TpyIl-
nbl [4/m He maeT yoOBJISTBOPUTEIBHOIO COIJIACHS
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MEXIy TEOPETUUECKON U DKCIIEPUMEHTAILHON Kpu-
BbIMU. Pa3zHOCTHas1 KpuBasi B 3TOM cClly4ae CHJIBHO
OTKJIOHSIETCSI OT UJeIbHOM, a (haKTOPbl HECOOTBET-
crBust Ry, R, R,, 1 R,,, IMEIOT GOJIbIIINE 3HAYECHUS.
OTanuus B BeJIMUMHE TTapaMeTpa a KyO4ecKoi 31e-
MEHTapHOI siueiiky Halllero oopasiia u JIMTepaTypHBIX
JIAHHBIX MOXHO CB$I3aTh C BO3MOXHOI KHCJIOPOTHOM
HECTEXUOMETpUE o0paslia, BOBHUKHOBEHUE KOTO-
poil BO3MOXHO TIpYM MCIIOJb30BAaHUM Pa3JTUYHBIX
YCJIOBUIA CUHTE3a U TEPMUUYECKO 00pabOTKU.

CopepxaHue Kucjaopoaa B odpasiie onpenaessin
METOIOM TEPMOTPAaBUMETPUUYECKOTO aHajau3a To-
CPEICTBOM BOCCTAaHOBJICHUSI B TOKE BOJIOPO/IA B TeUC-
Hue 6 4 npu Temnepatype 950°C. IIporekaroias npu
3TOM peakuus pasnoxeHus Sr,MnTiOgz MOXeT ObITh
3amnucaHa Kak

SpMnTiOg s +(1-90)H, =
= 2S8rO + MnO + TiO, + (1-06)H,0,

a pa3HULLY MACC UCXONHBIX 1 KOHEYHBIX HABECOK 00-
pasia MOXXHO COOTHECTH TOJIBKO C KOJTUYECTBOM BBI-
JeJUBIIErocs MpU BOCCTaHOBJIEHMHN Kuciaopoza. Ilo
JaHHBIM pacuera ¢hopMyJia MOJyYEHHOTO OKCUAA CO-
otBercTBYeT S1,MnTiOs¢,. B 3TOM ciyyae BajieHT-
HOCTb YaCTH MOHOB MapraHia ¥ TUTaHa JOJIKHA IO-
HUXKaThCS.

M3MepeHus TemnepaTypHbIX 3aBUCUMOCTEM Mar-
HUTHONM BOCIPUMMYMBOCTA W HaMarHUYEHHOCTU
ObLIM MPOBENECHBI HA BUOPAaLIMOHHOM MarHUTOMETPE
PPMS-9 B remneparypHom nuanaszone 2—300 K. Ha
puc. 2 TpUBeIeHbI TEMIIEPATYPHBIE 3aBUCUMOCTH 00-
paTHOl HaMarHUYEHHOCTU, pa3lesIeHHOW Ha Mar-
HUTHOE MoJie u3MepeHus B Kepamuke Sr,MnTiOs g7,
MoJydeHHbIe B IBYyX pexkumax: FC — oxyiaxkaeHue B
MarHuTHoM Tosie, ZFC — oxnaxaeHue B HyJIEBOM
MarHuTHoM Tosie. M3MepeHusT HaMarHUYEHHOCTHU
ObUIM MpoBeneHbl B MarHUTHBIX mojisix 500, 1000 u
10000 B. Kak BUIHO U3 puC. 2, TIpU TeMIepaType
Ty =43 K nabnonaercs $a3oBblii mepexos U3 rnapa-
MarHUTHOTO B YNOPSIIOYEHHOE cocTosiHME. JlaHHbIe
MO0 0GpPaTHOM MarHUTHOU BOCHPUMMYMBOCTU B IMA-
na3zoHe temiieparyp 7' > 150 K ammpoxcumupoBa-
nuck no 3akoHy Kropu—Beiicca ¥ = C/(T + Oqy).
YcranoBieHo, uto Temnepatypa Kiopu—Beiicca ot-
puniatenbHa 0., = —400 * 18 K, uro ykaspiBaer Ha
aHTHU(eppPOMarHUTHbBIH XapakTep U30TPOIMHBIX OOMEH-
HbIX B3aUMOJICUCTBUI MEXIY CTMHAMUW MOHOB MapraH-
na B coenvHeHUM SroMnliOsg;. M3 ycTaHOBIIEHHOM
KoHcTaHThl Kiopu 110 ¢opmyne ObUT paccumTaH 3¢-
(EKTUBHBIN 3KCIEPUMEHTAIBHBIIA MarHUTHBIA MO-

MeHT 1, = /?’]’\‘[—C paBe [1,;= (4.27 %+ 0.09), Teope-
A

THYeCKasi OlleHKa MAarHUTHOTO MOMEHTa ObLIa TIpOBe-
JIeHa, MCXOAs W3 TIPEAIOJOXEeHUs, 4YTO BKJIad B
5 GHEKTUBHBIM MAarHUTHBIA MOMEHT BHOCST TOJIBKO
CIIUMHBI MOHA MapraHua Mn*" co ciuaom S = 3/2, o

bopMyIe Wy, = g4/ S (S + 1) [7], tne g = 2. [omyueH-
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Hasl BeJIMYMHA, paBHas 3.87|lz, MEHbLIE 3HAYEHUS,
OLIECHEHHOTO U3 3KCIEPUMEHTAIbHBIX JaHHBIX. st
00BbSICHEHUSI JAHHOTO HECOOTBETCTBUSI, MBI ITPENTO-
JIOXXWJIN, YTO B 0Opasiie 4acTh MIOHOB MapraHiia u TU-
TaHa UMEIOT BaJIEHTHOCTH 3+: Mn3" co criuHoM S =
=2, ayactb uoHOB Ti** co crimHOM S = 1/2. Tak Kak
5 (EeKTUBHBIIN MAarHUTHBIM MOMEHT ONpeaessieTCs

BBIpaXXEHUEM u;;'f‘"y = g(Z[N,S(S; + D], To ¢ yue-
TOM BKJIaJIOB MIOHOB MapraHla pa3Hoil BaIEHTHOCTU
Mn*" ¢ §=3/2u Mn*" co ciuHoM S = 2, MBI OLIEHU -
JIY o110 “oHOoB Mn*t 1 Mn3* kak 0.8 u 0.2 B 06pas-
LIe, COOTBETCTBEHHO. BTOpasi BO3MOXHOCTb Ipe-
BBILICHUS SKCIEPUMEHTAJIBHOIO 3HadeHUsd 3(P-
(eKxTUBHOTO MarHUTHOTO MOMEHTAa Hal
TEOPETUYECKUM, CBSI3aHA C U3MEHEHUEM BaJIEHT-
HOCTHM YaCTU MOHOB THUTaHa ¢ 4+ Ha 3+, TakXe B
cootHomeHnu 0.8/0.2, cooTBeTCTBeHHO. B 3TOM

cirydae SrzMnggMnngiggTi3§O§;7 3(hGEKTUBHBIN
MarHUTHBIA MOMEHT paBeH 4.17, He3HAaYUTEIbHO
MEHBbIIIE 3KCIIEpUMEHTaJIbHOTO 3HaueHus. M3me-
HeHUe BAJIECHTHOCTHU 4YaCcTW MOHOB MapraHIa MO.I-
TBepXOaeTcs TaHHLIMU TepMOTrPaBUMETPUYECKOIO
aHaim3a.

bt ycraHoBiieH mmapamMeTp ppycTpaliiy paBHBII
OTHOLIEHMIO TeMIlepaTtypbl Kiopu K Temmeparype
YIIOPSLIOUEHHSI, KOTOPBIii cocTaBui f = |Ocy |/Ty =
= 0.3, 4TO TOBOPUT O CJIOXHON KapTUHE OOMEHHBIX
B3aMMOJENCTBUI Mexmy cnmHamMu Mn*t ¢ S = 3/2,
Mn?*" ¢ §=2, Ti*" ¢ S=1/2. Bpa6ore [6] npuBeneHbI
JaHHbIE O TeMIIepaTypHO 3aBUCUMMOCTHA MAarHUTHOM
BOCIIPMUMYMBOCTU, IIOJIy4eHHO B MATHUTHOM MOJIE
500 B. ABTOpHI HAOMIOTAIM N3MEHEHE HAKIIOHA 00-
paTHOM MarHUTHOM BOCIIPUMMYMBOCTH 0K0J10 250 K,
IIPOBEJIM aNMNpPOKCUMALIMIO SKCHEPUMEHTAIbLHBIX
IaHHBIX 1o 3akoHy Kiopu—Beiicca B pa3HbIX UHTEP-
BaJIax TeMIepaTyp, olleHWIN 3(PpHEKTUBHBIC MATHUT -
HbIE MOMEHTBI, KOTOpbIe cocTaBWiIN 4.85U; 1 4.18; B
uHTepBane temnepatryp ot 150 mo 250 K u ot 250 mo
350 K, coorBeTcTBeHHO. TakK:Ke CTOMT OTMETUTD, UTO
BCce 3HaYeHUs rmocrosHHou Kiopu—Beiicca B [6] s1B-
JISTIOTCSI BLICOKMMU U OTpULIATeIbHBIMU —336 1 —417 K
B mrana3oHax oT 150 o 250 n ot 250 mo 350 K, coot-
BeTCcTBeHHO. CpenHee 3HAYEHUE IMOJYYEHHBIX B [6]
BEJIMYMH COINIACYEeTCSl C HAIIMMM 3KCIIEPUMEHTAJb-
HBIMU TaHHBIMU. HeOoublme pacxoXXIeHUs MEXIy
JIMTEPaTYpHBIMM HAHHBIMU U IIOJIyYEHHBIMM B Ha-
el paboTe 3HAYEHUSIMU MBI CBSI3bIBaeM C OCOOCH-
HOCTSIMU CHHTE3a 00pa3loB, U KaK CIEACTBUE pa3-
HBIMU COOTHOIIEHUSIMM MEXIY KOHLIEHTpalUsIMU
TPEXBAJIECHTHBIMA M YeThIpeXBaJICHTHBIMU MOHAMU
MapraHila ¥ TUTaHa B oopasnax. Heoo6xommmo otMme-
TUTb, UTO MpU Temriepatype T = 12 K B KpuBoii Mar-
HUTHOM BOCHPUMMYMBOCTM HaOJIOHAeTCSI WM3JIOM,
MpUPOAY KOTOPOro OymeM oOCyXIaTh HHMXKE, COB-
MECTHO C JAaHHBIMU MO YIEIbHON TEIJIOEMKOCTH.
ConepxXxaHNe NOHOB MapraHiia 1 TUTaHa B TPEXBAaJICHT -
HOM COCTOSIHMM MPUBOIUT B CTPYKTYPE MEPOBCKUTA K
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Puc. 2. TemriepatypHble 3aBUCUMOCTH OTHOIIIEHUSI 00-
paTHOI HAMarHMYEHHOCTU K MarHUTHOMY TIOJIIO B Kepa-
muke SryMnTiOs g7 B 1Byx pexumax: FC u ZFC, name-
peHHbIe B MAarHUTHBIX TT10J1s1X 500, 1000 1 10000 B.

OOJIBIIIOMY 3apsIOBOMY IMCOAIaHCY U HEOOXOIUMMOCTU
KOMIICHCALIM M30BITOYHOIO OTPULATEIILHOIO 3apsiaa
noHoB Mn** u Ti** (no orHomenuio xk Mn** u Ti*")
KMCJIOPOTHLIMM BaKaHCHUSIMU. Takoe KOJIMYECTBO Ba-
KaHCUI MOATBEPKIAETCS TEPMOTpaBUMETPUYECKUM
aHanmM30M. MeTom CMHTe3a JOITyCKaeT BOCCTAHOBIIE-
HHe YaCTU MOHOB MapraHIla, OTYaCTA MOHOB TUTAaHA,
MOKHO OXUIIaTh, YTO MOHBI MapraHiia MOTYT BOCCTa-
HOBUTBCH 10 COCTOSAHUSI Mn?* co criuHoM 5/2, KOTO-
pbie B coenuHeHun SrTiO; MOryT 3ameliarb Io3u-
UIO CTPOHIMUS, YTO HEe TpeOyeT 3apsI0BOil KOMIICH-
canuu. AHanus 3ameleHust Mn B SrTiO; BbIOHEH
B pabGote [8], rme m3ydyaam MeXaHM3M 3aMEllcHUS
MOHaMM MapraHua A- u B-mo3unmii m ycTaHOBWIN
CUJIBHOE BJIIMSTHUE TeMIIepaTyphbl 00pabOTKM, ITapLi-
aJIbHOTO JaBJICHUE KUCJIOPOIa M HECTEXMOMETPUU Ha
MarHuTHbie cBoiicTBa SrTi0;, IerMpOBaHHOTO MOHA-
MU MapraHia. MarHUTHbBIE aHOMAaJINX HaOJTI0gar0TCs
TOJIBKO 117151 00pa3110B, B KOTOPHIX Mn CMeIlleH B IIpe-
JieJlax KaTUOHHOM moapelieTky nepoBckuta SrTiO;,
13-3a HeTIpaBWJIbHOI 00pabOTKM MaTepuraia, BbI3bI-
Balolllee U3BMEHEHUE BaJICHTHOTO COCTOSIHUSL Mn, 4TO
TIPUBOJIUT K 00pa30BaHUIO CTPYKTYPHBIX 1e(DEKTOB 1
HEPOBHOCTH, CBSI3aHHBIE C cerperaiueil u 3apoxiae-
HUEM MATHUTHBIX YacTUIll. ABTOPBl YCTaHOBWJIU,
YTO TOJIBKO NpH 5% Mn JlerupoBaHus EePOBCKUTA
SrTiO; nusmepenuss FC HaMarHu4eHHOCTH TToKa3aiu
HeOobIION cKadyok okojio 45 K. Dra teMriepaTtypa
COBMAnaeT C TEMIIEpaTypoii PeppOMarHUTHOIO Iepe-
xoj1a Mn;0, [9] u yka3bIBaeT Ha TO, UTO JaHHAsSI OCO-
OEHHOCTh BO3HUKAET M3-3a HE3HAYUTEJIbHOTO KO-
yecTBa OcTaToOyHOTOo Mn;0,.
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Puc. 3. TemmepaTypHasl 3aBUCUMOCTb YIEIbHOI TEILIO-
€MKOCTH, U3MepeHHas B Kkepamuke SroMnTiOs g7 B mar-
HUTHBIX TToJIsiX 0, 3, 6 1 9 Tin. CUMBOJIBI — 3KCIIEPUMEH -
TaJlbHble 3HAUEHUs, a CIUIOLIHAS JIMHUSI — TeopeTuye-
CKO€ OINMKMCAHMUE CM. TEKCT.

VaenbHyl0 TEMI0eMKOCTh B Kepamuke Sr,MnTiOg
M3MEPSUIN peslaKCallMOHHBIM METOIOM C MCIOJIb30-
BaHueM PPMS-9 B nuanazone temnepatyp 1.8 < 7'<
<300 K B HymeBoM mMarHuTtHOM 1ojie. Ha puc. 3
MOCTPOEHA 3aBUCUMOCTb OTHOILICHUS YIeJbHOM TeT-
Joemkoctu kK Temneparype C(7)/T xak GyHKIUS
Temrieparypbl 1y kepamuku SroMnTiOsg,. Mccrne-
JIOBaHUS TEPMOIWHAMUUYECKHUX CBOMCTB MOKa3aJiu,
yto nipu 300 K ynenabHasi TEII0€eMKOCTh COCTaBJISIET
200 Ix/(mounb - K) Bce ellie 3HaUMTEIbHO HUXKE OXM1-
JIaeéMOTO BBICOKOTEMIIepaTypHOro 3HaueHUus 3R s =
= 249.3 JIx/(Monb - K), rme R ob6o3HayaeT yHUBEp-
CaJIbHYIO Ta30BYIO IMOCTOSIHHYIO, a § — KOJIMYECTBO
aTOMOB Ha (POPMYJIBHYIO SIMHULY, I (POHOHHOTO
BKJIada, 3adaHHOro 3akoHoMm JrposnonHra—IITu, 4rto
yKa3bIBaeT Ha BKJIad B (DOHOHHYIO MJIOTHOCTh COCTO-
SIHAI BBICOKOJIEXKAIIUX PELLIETOUYHBIX MO/I.

Mpb1 npennonaraeMm, 4to yAaeabHas TeMJI0EMKOCTb
onuceiBaeTcs TpeMs Bkiagamu C = Cy,, + Cy, + yT.
IlepBeolit — o170 BKiIan pewietku Cy,,, 00yCTOBIEHHBII
aKyCTUYECKUMHU U ONTUYECKUMU (POHOHAMU, BTO-
poii — 3To MarHUTHbIH BKaa Cjs, COOTBETCTBYIOLIMIA
TETUIOBO 3aCE€JIEHHOCTHU BO30YXII€HHBIX MATHUTHBIX
COCTOSIHUI Y JIMHEMHBIMA BKJIad, IIPUPOLY KOTOPOTO
obcyxnaeM Huxke. Bknan pemterku Cp,,, ObLT alimpoK-
CUMUPOBAH, CJieAysl CTaHIapTHBIM npolenypam [7] ¢
MUHUMU3UPOBAHHBIM HAabOpOM TapaMeTpoB MO[-
TOHKM, UCTIOJb3Ys TOJABKO CyMMY OIHOIO U30TPOII-
Horo Bkiana Jeb6as (Cp), yYuThIBAIOIIETO 3 BETBU
aKyCTU4eCcKUX ()OHOHOB, Y TPU U3OTPOITHBIX BKJIaaa
OitHTeliHa (Cgy, Cry, Cra).

Crnr = apCp + ag|Cpy + apyCpy + apyCr;. (1
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st nanbHENIIero yMeHbIIeHUST KOJIMIECTBA TTapa-
METPOB aIlMPOKCUMALIMM COOTHOLLIEHWE MEXITY STUMU
YJieHaMU ObLIIO YCTAHOBJIEHO PABHBIM Ol : Oy & Olpy & Olgy =
=1:3:3:3, 41006kl yuecTh 3s = 30 cTeneHeil CBOOOIbI
Ha ¢opMyJIbLHYIO equHUILY. BecoBoe pacnpeneneHue
MEXIy ONTUYECKUMU BKJIagaMu BBIOpAaHO TaKUM 00-
paszoM, 4TOObI CTeNIEeHU CBOOOIBI ObUIM PABHOMEPHO
pacrpeneaeHbl MeXAYy BBICIIMMUA MOJaMU DMH-
wreiiHa. [TonyyeHHast KpuBasi TOATOHKMU (CIIIOLIHAS
JIVHUS Ha puC. 3) ONMUCHIBAET SKCIEPUMEHTAIbHBIE
JaHHbIE YIOBJICTBOPUTEILHO. 711 COOTBETCTBYIOLIMX
temriepatyp debas u DitHiTeliHa Mbl TTOTyIWIu: 0, =
=217K, 05 =275K, 0, =615K, 0, =2000 K mnst xe-
pamuku StroMnTiOsg,. Kak MoxHO BUIETb, cylile-
CTBOBAHME BBEICOKOYACTOTHBIX pexkumoB npu 2000 K
XOPOIIIO COIJIacyeTcsi ¢ TeM (paKTOM, YTO DKCIICPU-
MEHTaJlbHAs BEJWYMHA YOEJbHON TEerI0eMKOCTU
MpUOIMKAETCS K 3HAUCHMIO, 3a]aBAEMOMY 3aKOHOM
HronoHra—IITH TOJBKO HAMHOIO BbIllIE KOMHATHOM
temreparypsbl. [lapaMeTp IMHEIHOrO BKJIaga Mo TEM-
nepatype paBeH Y = 0.02 £ 0.005 Ixx/(monb - K?).
MarHuTHbIi BKJIaJ B YAEJIbHYIO TEIJIOEMKOCTh C),
OBLJT MOJTyYeH KaK pa3HULIA MEXITy SKCIIepUMEHTAIbHO
U3MEPEHHBIMU JAHHBIMU Y pACCYUTAHHBIMM BKJIaTaMU
JHerHbM 1 petetku Cy, = C,,, — Cy,,—YT. Ha BcTaB-
Ke K puc. 3 TIpeacTaBiieH MarHUTHBIM BKJIA/ B yaeIb-
HYIO TEIIJIOEMKOCTb.

B xpuBoii marHutHoro Bkiana C,(7T)/T xepamu-
ku SroMnTiOsg; MaKCMMyMbl MarHMTHOTO BKJaja
Habmonanuchk ipu 7'= 12 u 43 K. IlonyyeHHbIe 3HA-
YEHUSI COBITAIAIOT C COOTBETCTBYIOIIUMU aHOMAJIUSI-
MU B TeMIIepaTypHO# 3aBUCHUMOCTHA OOpaTHOM Mar-
HUTHOU BOCIPUUMYUBOCTU, U3BMEPEHHOU B PEXUME
ZFC opu 500 u 1000 3.

OCHOBHOI BKJIaJl B YIEJbHYIO TEMIOEMKOCTb MPU
TemriepaTtypax Hike 10 K 3agaercst muHeitHON (yHK-
uueit mo remreparype y7. PaHee nuHeiiHy10 3aBU-
CUMOCTb YIEJIbHON TEIJIOEMKOCTU MPU HU3KHUX
TeMIlepaTypax HabaoAaiu B ABOMHBIX MEPOBCKUTAX
Sr,Cu(Tey s W, 5)Og, St,CuTeOy u Sr,CuWOg, rae noiy-
YEeHHbIe napaMmeTpbl Y coctaBwiu 54.2(5), 2.2(2) u
0.7(4) mx/(monb - K?) [10], coorBercTBeHHO. [Ipn
5TOM OTMEYaloT, YTO NOJYYEHHOE 3HAYeHUEe Y B
Sr,Cu(Te, s W, 5)O¢ BOCTATOYHO OOJTBIIOE ST N30SI TO-
pa 6e3 cBOOOIHBIX 2/1eKTPOHOB. CyllleCTBYeT IBE OC-
HOBHbIE BO3MOXHOCTMU ISl OMMCAHUSI JIMHEMHOTO
BKJIaJIa B YACIBHYIO TEIJIOEMKOCTh U30JsiTopa. B oT-
CYTCTBUM CIIMHOBOM 1II€JIM B KBAHTOBOM CIIMHOBOM
KUIKOCTU JMHEUHBINA BKJ1aJl BOSHUKAET B pe3yjibTare
KOJUIEKTUBHBIX BO30YKIEHUI 3aIllyTaHHBIX CIIMHOB
[11]. C apyroii cTopoHbI, TMHEHHBIN BKJIAA B YAEJb-
HYIO TEIUIOEMKOCTb TaKXe SIBJISIETCSI apXeTUIlnye-
CKOM 0COOEHHOCTBIO CIIMHOBBIX CTEKOJI, TIIe aCCOLIM-
UpYyeTCsl C BHYTPEHHUM CIHWHOBBIM OECTOpSIIKOM
[12]. das onpenesieHUs IIpUPOIbl (pa30BOTO ITEpexo-
Jla He0OXOIMMO PacCCMOTPETh, KaK MEHSIeTCS TTOBee-
HY€ JMHEeWHOro BKJIala B YAEIbHYIO TEIJIOEMKOCTb
MpU HAJOXEHUM BHEIIHEeTOo MarHuTHoro mnoJs. ITo-
Ne 3
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MATHUTHBIE U TUBJIEKTPUYECKUE CBOMCTBA

3TOMY MbI MPOBEJIM U3MEPEHUS TeMIEepaTypHOil 3a-
BUCUMOCTU YIEJbHOU TEIIOEMKOCTU KepaMUKMU
Sr,MnTiOs g; B MarHuTHOM TioJie WyH =9 Tn u o6Ha-
PYXKWIH, YTO BEJIMYMHA Y JUHEWHOrO BKJIaga UIEH-
TUYHA TOJIyYeHHOMY 3HAYEHUIO B HYJIEBOM MarHuT-
HOM T10J1e. DTO OTCYTCTBUE 3aBUCUMOCTU OT MarHUT-
HOTO TIOJSI HCKJIIOYAeT COCTOSIHUE CIHHUHOBOTIO
CTeKJIa, MOCKOJbKY KakK yAeJIbHas TEMI0EMKOCTb, TaK
U BeJIMUYUHA 7Y, 3aBUCSIT OT MPUIOXKEHHOIO MarHUT-
HOTO IOJIsI B CMMHOBBIX cTekiax [ 10]. OTcyrcTBuUe 3a-
BUCUMOCTU OT MarHUTHOTO MOJISl YKa3blBaeT Ha TO,
YTO JTMHEHBIN BKJIa B YACIbHYIO TETNIOEMKOCTh MO-
JKET ObITh CBSI3aH ¢ (hepPMUOHHOU MIOTHOCTHIO CO-
CTOSIHUI1, KaK 3TO UMEET MECTO B KBAHTOBBIX CITUHO-
BBIX XUIKOCTSIX. KBaHTOBBIE CMMHOBBIE XUIKOCTU
(QSL) mpencraBiasioT co00il COCTOSTHIE MaTepuu, B
KOTOPOM CITMHBI CUJIBHO 3aIyTaHbl, HO HE YITOPSIAO-
YUBAIOTCSI U HE 3aMep3aloT 1axe B Mpeaesie HyJIeBoi
Temrepatypbl. OJHUM U3 MOAXOJ0B MOJYYEHUS CO-
€AWHEHWI C KBAHTOBOM XUIKOCTBIO SIBJISIETCSI BBEIEC-
HUE TeoOMeTpUUYecKUX (pycTpaluii B cUCTeMy ISl
YCUJIEHUs] KBAHTOBBIX (bJIyKTyalluid, MO3TOMY Mar-
HUTHbIE OOMEHHbBIE B3aMMOICAICTBUS HE MOTYT ObITh
BBITIOJTHEHBI OTHOBPEMEHHO MEXIY Pa3IuYHbIMU y3-
JIaMU pelleTKU, U CTaTUYECKUid MarHUTHBINA TOPSIIOK
3anpeiieH. C Ipyroii CTOpoHbl, B TEMIIEpPaTypHOi 3a-
BUCHMOCTH HaMarHudeHHocTH Tipu 12 K HaGmogaeTcst
HeOOJIbIION MUK, YTO MPOTUBOPEUUT MEPEXOay B CO-
CTOsIHME cNUHOBOM xwuakoctu. [Ipennonaraem, 4ro B
kepamuke St,MnTiOs ¢, Hizke 12 K HabmonaeTcss aHTU-
deppomarHutTHoe ynopsigoueHue. J[1si omTHO3HAYHOTO
orpeesieHUs MPUPOJbl MAaTHUTHOTO (ha30BOTO Iepe-
X0Jla HeOOXOAMMBI JajbHEHIINe UCCIeIOBaHUS Ha-
MarHM4eHHOCTHU Ha TIepeMEeHHOM TOKe.

IMpupomy MarHUTHBIX (pa30BBIX IIEPEXOIOB B Kepa-
Muke Sro,MnTiOg obcykmamu B [6]. AC HaMarHUIeH-
HOCTb IPU HU3KUX TeMIlepaTypax Oblia u3MepeHa KakK
GyHKILIMS TeMIlepaTyphl, TIe B peabHOIl YacTU HaMar-
HUYEHHOCTH YETKO ObUIM 3apeTUCTPUPOBAaHbI IBA MaK-
cumyma nipu 41.2 n 18.1 K, Torna xkak naHHeie miss M
He TIpuBeIcHBI. B TO BpeMsl Kak MaKCUMyM IIpU
18.1 K MeHsieTCsI B 3aBUCMMOCTH OT YaCTOTHI BO3IEHi-
CTBMSI, UTO XapaKTEePHO i1 ppyCcTpUPOBAHHBIX Mar-
HUTHBIX CUCTEM, a MakcuMyM 1ipu 41.2 K He cmera-
eTcd P YBEJIMYEHUU YacTOThI Bo3aeiicTBus. Mazo-
Bblii mepexon mnpu 41.2 B kepamuke Sr,MnTiOg
aBTOPHI [6] CBSI3BIBAIOT C MPUCYTCTBUEM HEOOIBIIIOTO
konmyectBa Mn;0,.

IIpoBeneHHbIE HAMUW KCIEPUMEHTHI CBUIETEIb-
CTBYIOT O (DEeppOMArHUTHOM YHOPSIOOYCHUM IIPU
43 K, ¢ npyroii CTOpoHbI, IIpHUpoOaa MarHUTHOro ¢a-
30Boro 1epexona npu 12 K tpedyeT naapHelmx uc-
cJieJOBaHUWM.

TemriepaTypHble 3aBUCUMOCTH OEMCTBUTCILHOM
YaCTU JIUBJIEKTPUYECKOM IIPOHULIAEMOCTHU €' Ha pas-
HBIX YacToTax MoKa3aHbl Ha puc. 4. IlokazaHo, 4TO
YaCTOTHASI 3aBUCUMOCTH CYIIECTBEHHO 3aBUCUT OT
TeMIIEpaTyphl; € TpaKTUUECKU He MEHSIeTCS Mpu
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Puc. 4. 3aBUCUMOCTb peaIbHOM YaCTH AUIJIEKTPUIECKOI
BOCIIPUMMYMBOCTH OT 4acToThl B SryMnTiO5 g7

300 K, Torma kak mpu MOBBILIEHUN TeMIIEpaTyphl 10
323 K €' yMeHblIIaeTCs IpUMEPHO B IBa pa3a B AUana-
30He yacToT oT 1 mo 10 kI, CrnenyeT nmoguyepKHyTb,
YTO a0COJIOTHOE 3HAaUeHNE pealbHOI YaCTu TUBJIeK-
TPUYECKOU MPOHUIIAEeMOCTh CUJIbHO 3aBUCUT OT pa3-
Mepa KpPUCTaJUIUTOB KePpaMUKHU U KOJIUYECTBEHHOTO
cooTHoweHuss Mexay Mn’* u Mn*" B Sr,MnTiO.
B pa6ore [6], rme pazMepbl KpUCTAIDIUTOB COCTAaBJIS -
Ju 50 HM, TUBJIeKTpUUYecKas BOCHPUUMMYUBOCTb 10~
cTUrajia rMraHTcKux 3HayeHuit 103 mpu 700 K, a npu
KOMHAaTHOIi Temrieparype cocrasuia 5 - 10° u npax-
TUYECKM HE MeHslIach ¢ yactotoil. C Ipyroii cTopo-
Hbl, B MOHOKpuUcTauie Sr, TiMnQOg _ 5, BBIpallleHHOM
METOIOM OINTUYECKON 30HHOM TJIaBKU, NUBJIEKTPU-
yeckas MPOHMUILIAEMOCTh coCTaBisia okosio 10* mpu
KOMHaTHoI Temnepartype [13].

3AKJIIOYEHHME

IlpoBeneHbl UW3MepeHUs] HaMarHWYeHHOCTH,
YIENIbHON TETNIOEMKOCTH U JTUBJIEKTPUUECKOI BOC-
MPUUMUYMBOCTUA KepamMuku St,TiMnOs¢,. CoBMecT-
HbIii aHaIu3 3POEKTUBHOTO MarHUTHOTO MOMEHTA 1
TepMOrpPaBOMETPUUYECKUI aHAIM3 ITOKa3alau, 4TO B
006pasle NMPUCYTCTBYIOT MoHBI Mn3* u Mn*", Ti*" u
Ti** B cooTHoweHUM Kak 0.2 K 0.8, COOTBETCTBEHHO.
IMonyuenHas orpuliaTenbHas Temreparypa Kiopu—
Beiicca —400 K roBopurt o ripeobiaganum aHntudep-
pPOMAarHUTHOTO XapakTepa OOMEHHBIX B3auMOICH-
CTBUII MeXIy CITMHAMY MOHOB MapraHila U TUTaHA.
ITapamerp dpycTrpanimm paBHBII# OTHOILICHUIO TEM-
nepatypsl Kiopu—Beiicca K TeMiiepatype yrnopsiaio-
YeHMsI COCTaBUI f = |®CW| / Ty =9.3. B remnepartyp-
HBIX 3aBUCUMOCTSIX MATHUTHOM BOCIIPUUMYNBOCTHU U
yIeAbHOM MarHUTHOM TEIVIOEMKOCTH HaOII0gaIoTCs
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Magnetic and dielectric properties of Sr,MnTiOsg; double perovskite have been studied. Magnetic phase
transitions were observed at 12 and 43 K in the FC and ZFC curves of magnetization and magnetic heat ca-
pacity, the nature of which is being discussed. From the analysis of the lattice contribution to the specific heat, the
Debye and Einstein temperatures were determined, which were 0, =217 K, 05, =275K, 0, =615 K, 6, =2000 K.
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