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Cratba noctynuna B pegakuuio 20 noHa 2017 ropa

H3yuenvl macHummuvle HeOOHOPOOHOCMU, 803HUKAIOWUe 68 Maneanume aanmana LaMnOs
npu crabom 1ecupo8aHuu e20 UOHAMU GUCMYMA Bi’", memooom usmMepenus memnepa-
MYPHLIX 3A6UCUMOCHIEN MHUMOU Yacmu OUHAMUYECKOU MACHUMHOU 80CIPUUMYUBOCU
x(T). Hanonopowxu cocmasog BiLa; .MnO3; (x = 0.0, 0.025, 0.05, 0.075 u 0.1) cunme-
3UPOBAHBL 30b-2€1b MeMmOoOoM. M3 nux noayuenvi 0OHO@asHvle 0ObeMuble 00pazybl,
umerowue CMmpyKmypy neposcKuma ¢ pomMooI0pULecKUMY UCKAX CEHUAMU. YcmanoeneHo,
YMo 3HAYUMENbHBIIL POC PA3MEPA 3ePHA C YBETUYCHUEM CIMENeHl Ie2UpoB8anUs A6asaen-
cs cneocmeuem 00veMHol Oupgysuu uornos B’". U3 sasucumocmeii x"(T) cnedyem, umo
npu memnepamypax eviute 130 K BiyLa; .MnQOj sensemcs craboneoOHopooHviM heppo-
MACHEMUKOM, COOepAHCAuUM HeCKOIbKo heppomacnumubix (OM) ¢az ¢ memnepamypa-
mu Krwopu 6 unmepsane om 150 0o 170 K. Dmom memnepamypmwiii Ouanazon npakmuue-
cKu He 3a8ucum om xonyenmpayuu Bi. Oonaxo npu memnepamypax nuosice 130 K nabnio-
oaemcs nepexo0 8 COCMOsIHUE CHUHOB020 CMEKIAd C MeMNepamypol 3amep3anus mae-
Humnolx momernmos PM-xnacmepoe Ty~ 115 K.

N 3+

KuoueBble ciioBa: cnaboerupoBaHHBIN MaHTAHUT JIAaHTaHa, HOHBI Bi~ ', HAHOTIOPOIIIKH,
o0bemHast moHHAs AUQPPY3HI, MUKPOCTPYKTYpa, MarHUTHBIE HEOIHOPOJHOCTH, MHUMAs
4acTh TUHAMHYECKOW MAarHUTHOW BOCTIPUUMYNBOCTH, CITTHOBOE CTEKJIO

BBenenune

Manranutr LaMnO;3 siBnsieTcss OCHOBOM 1171 MHOTOYHMCIIEHHBIX TBEPABIX pac-

2+

TBOpOB cucteMbl La; A, MnOs (rae A — nOH 1IeI0YHO3EMENBHOT0 MeTauia St
2+ 2+ 3+ 2+

Ca” wnm Ba™ ) [1-4]. Ilpu 3amenienuu nona La”™ , Hanpumep, HOHOM Str™ BO3HHU-

KaeT JIbIPKA Ha eg,-opOuTani Mn, 4TO NPUBOIMUT K MEPEXOMy MOHa Mn U3 Tpex- B

YETHIPEXBAJICHTHOE COCTOsIHUE. TpaHCIIOPTHEBIE CBOMCTBA U 3P (HEKT KOIOCCATHHO-

IO MarHUTOCOMPOTUBJICHHUS] B MApTraHIIEBbIX MEPOBCKUTOMOIOOHBIX OKCHIaX 00b-

. . 3+ 4+
SCHSAIOTCSI C TOUKU 3PEHUS ABOMHOrO OOMEHHOro B3aumMozencTteus Mn™ —Mn' u
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penakcanuen siH-TEeUIEPOBCKUX MCKAXKEHUIN KPUCTAIIIMYECKON CTPYKTYphI. 3ame-
LIEHUE HOHOB La’" B LaMnOs3 sBrisieTcst T1aBHBIM (PAKTOPOM, OMPEACIISIONINM
M3MEHEHUE AIIEKTPUUECKUX U MarHUTHBIX cBOMCTB B La; A, MnO3 [5-9].

Kpome Toro, sTuMm CII0KHBIM NEPOBCKUTAM MIpPHUCYIIAa TEHACHIMS K (a3zoBoii
cermapauuu [10—-17] Gnarogapsi KOHKYPEHIIMH HECKOJIBKHX CYIIECTBYIOIIMX B HUX
B3aUMOJICCTBUH, TaKUX Kak aHTH(eppoMarHUTHeIA (ADPM) u GpeppomMarHuTHbIC
CBEpXOOMEH M JBOMHON OOMEH, 3apsioBO€ W OpOMTAIbHOE YHOPSAOYEHUS U
SIH-TEJJIEPOBCKasl MpUpoa HOHA Mn®".

B HacTosiiiee BpeMsi MOBBIIIEHHBI WHTEPEC MPUBIIEKAIOT TBEPJIBIE PACTBOPHI
Ha ocHOBE MysbTH(eppornka BiMnO3 u manranuTa tantana LaMnQOj3, mOCKOIbKY
OHH SBJIAIOTCS IPUMEPOM CHUCTEM C CHUJIBHON B3aMMOCBSI3bI0 MArHUTHBIX U DJIEK-
TpUUYECKUX CBOMCTB [18-21].

BiMnO3; — mynbetudeppouk ¢ temmneparypamu ®M-ynopsnoderus 7¢ = 100 K
u peppoaniekTpuaeckoro ynopsgoderus 750-780 K [22-24]. VckaxeHus nepoB-
CKUTHOU CTPYKTYypbl BiMnO3 BbI3BaHBI CUIILHOM MOJSPU3AIKMEH HOHOB BUCMYTA U
SIH-TEJIJIEPOBCKOM NPUPOJON aKTUBHBIX HOHOB MapraHIa.

LaMnO; siBsieTcst AUAJIEKTPUKOM M CIIOUCTHIM aHTH(EPPOMarHETUKOM C TEM-
neparypoit Heenst 7Ty = 140 K, B kotopom cocennre @M-ciion HOHOB Mn®" ymo-
psiioueHbl aHTU(EPPOMArHuTHO (CTpyKTypa A-Tuma). Benencrsue HecTexnomer-
pUH 10 KUCIOPOAY 4acTh MOHOB Mn’" B LaMnOs3,s KOHBEpTUpPYETCS B Mn4+, a
AIIEKTPOHHBIN ABOMHHON 0OMEH Mn" " Mn® IIpU OINIPEIEICHHBIX COOTHOLIEHUAX
KOHIICHTpALUi TPEX- U YETHIPEXBAJICHTHBIX HOHOB MapraHiia JAejiaeT dJHepreThie-
CKH BBITOAHBIM (popmupoBanre ®M-¢aszpr [25-27].

Jloxanu3oBaHHbIE MATHUTHBIE HOHBI MapraHiia B CTPYKTYpE MEpPOBCKHUTA CBS-
3aHbl IIOCPEACTBOM MOHOB Kuciopoja. B cucreme cBsazeit Mn—O-Mn cyiectBy-
10T JiBa TUITAa OOMEHHBIX B3aWMOJICHCTBUIA: JBOIHOW 0OMEH U cBepxoOMeH. B ku-
HETUYECKOM JIBOMHOM oOMeHe [26], 00yCIOBICHHOM JIeIOKaIU3aluen IeKTpoHa
(IBIPKH), YYaCTBYIOT pa3HOBAJICHTHBIC HOHBI MapraHia Mn4+—O—Mn3+, IIPU 3TOM
JIBOMHON OOMEH OBbIBaeT TOJNIBKO (peppomMarHUTHBIM. B CBEpXOOMEHHBIX B3aUMO-
neiictBusix, cormacHo upaswiaMm ['ynenada—Kanamopu [28], 3aneiicTBoBaHbBI
OJIMHAKOBbIE MOHBI MapraHia Mn’"~O-Mn ” IIPUYEM U3 TPEX BO3MOKHBIX Bapu-
aHTOB CynepoOMEHa OJIMH SBJseTCs (eppOMarHUTHBIM, a JBa — aHTHU(EppoMar-
HUTHBIMU. 3a GopmupoBanue antudeppomarnerusma A-tuna B LaMnOs oTBet-
CTBEHHBI CTATHMYECKHUE SH-TEJUIEPOBCKUE HMCKAXKEHUs, NPUBOJASIINE K YIOPAIO-
YEHHOMY PACMOJI0KEHHUIO dzz -opOuTaneil HOHOB Mn®* U, KaK CIIE/ICTBUE, — K JIBY-

MepHOMY xapaktepy PM-0OMEHHBIX B3auMOJICCcTBUI. B pamkax mojaenu cBepx-
oOMeHHBIX B3ammojeicTBuii ADM-OM-niepexon B MaHTaHHWTax, HaOIOHaro-
mmiicss B LaMnOs3, cBsA3bIBaeTCsA ¢ pa3pyLIEHUEM CTATHUYECKOTO YIOPSIOYEHHUS
dzz -opOuTaneii HOHOB Mn®" [28]. DTO MOXKET MPOMCXOAUTH NPU BHECEHUU Jie-

dexroB B cTpykTypy LaMnOs3 [29], a Takke BCIeICTBUE HECTEXHUOMETPUU 110 KH-
3+ 4+
ciopofy, npudeM yacte HoHoB Mn™ B LaMnOj3,5 kouBepTupyerca B Mn . Ilpu
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OIPEEIIEHHBIX COOTHOUIEHUSX KOHLEHTPAaLUN TPEX- U YETBIPEXBAJEHTHBIX HO-
HOB MapraHIia 3JIeKTPOHHBIN JBOWHONW 0OMEH Mn"" e Mn’" JeJaeT SHepreTuye-
CKH BBITOHBIM (hopmupoBanne ®M-daser [26].

CrnoxxHoe opOUTanbHOE yropspoueHue, ooHapyxeHnoe B BiMnOj3, BbI3BaHO HC-
KQKEHUSMH, 00YCIIOBICHHBIMH HAJIMYMEM W30JMPOBAaHHBIX IIAp MOHOB BUCMYTa [22].
CylecTByIOT Tpy HEIKBUBAJIEHTHBIE MO3MLIMU Mn " M IECTD BO3MOKHBIX CBEpX-
o0MeHHBIX Mn—O—Mn-cBsi3eid, YeThIpe U3 HUX SBISIOTCS (DeppOMArHUTHBIMH U JIBE
— a"ntudeppomarauTHbIMU. [Ipeobnagannem urcina @M-cBsizeil 00bsCHACTCS HAIU-
yre ®M-ynopsinodenus B BiMnOs.

Takum 00pa3oM, ¢ TOYKM 3PEHHUS MPOCTPAHCTBEHHOM OpHEHTALUU dzz -op-

ouraneli HOHOB Mn3Jr kak BiMnOj3, Tak 1 LaMnO3 sBASIOTCS yIOPSI0YEeHHBIMHU
COCTMHEHUSIMU, OJTHAKO XapaKTep 3TOr0 YIMOPSIOYCHUS MPUHIUIUAIBHO Pa3iu-
yeH. Ha puc. 1 nokazanbsl opOuTanbHO yrnopsigodeHHuble cTpykTypsl LaMnOs (a) u
BiMnOs (6) [22]. Manraaut LaMnO3 xapakrepu3yercss OpOUTaIbHBIM yIIOPSII0-
yeHueM 2d-tuma, B To Bpems kak BiMnO3 — 3d-tunom ynopsimouenust [22]. Opu-
eHTaIus dzz -opOuTaneil HOHOB Mn3+, MOKa3aHHas Ha PUCYHKE YEPHBIMHU OTpE3-

KaMH, COBIIQJIa€T C HaIpaBJICHUEM YJIMHEHHS OKTa’aApoB MnOg, 4TO TUIUYHO
JUTSL STH-TEJUIEPOBCKU MCKaXKEHHBIX d"-xaTromos B NIEPOBCKUTHBIX CUCTEMAX.

Kak mokazanu uccienoBaHMsl, MPOBEACHHBIE B MOCIEIHUE TOJbI, OONIbIIOE
3HayeHue B (OpMHUPOBAHUM CBONCTB MaHTaHUTOB MUMEIOT HEOJHOPOIHOCTH, MPO-
SIBJISIIOLMECS B HAJIMYMU MAarHUTHBIX NoJisipoHOB, ®M-kanens B AOM-maTpuiie
npu ciabom jerupoBanuu u 1.1. [7,8,10,12,16,29,30]. CocymiectBoBanue ®M- u
ADM-pa3 xapakTepHO IS PEIKO3EMENbHbIX MaHraHUTOB. COIJIACHO MOJENN
Haraesa [12] da3oBoe pacciioenne o0ycCIOBIEHO T€M, YTO JJisi CBOOOTIHBIX HOCH-
teneit 3apaaa OM-ynopsiioueHue MarHuTHBIX MOMEHTOB 0oJiee MPeanOYTHTEb-
HO 0 cpaBHeHUIO ¢ ADM-ynopsimouenuem. [Ipuannoit popMupoBaHus Kiacte-
poB sBIIsSIETCSI 0Opa3oBaHKe Map WOHOB Mn " u Mn +, B3aUMOJICUCTBYIOIIMNX MO-
cpeactBom @M nBoiiHoro oomena. Iloka KOHLEHTpaIMs KJIacTEpOB HEBEIHUKA,
OHHM HE B3aMMOJICHCTBYIOT MEXKIy co0oii. [ToaToMy 0OMEHHBIC MarHUTHBIC B3aH-
MOJIEHCTBUSI BO3MOXKHBI TOJIBKO BHYTpHU KiacTepoB. ADM-ynopsioueHue B Mat-
puiie ¢opmupyercst 6maromgapsi oOMeHy Mn3+—Mn3+, Ooree cnabomy 1o cpaBHe-
nuto ¢ ®M-o6menom Mn* —Mn” " B KJacrepax.

[Tpu mpumecHOM (XMMUYECKOM) pasjeiieHuu (a3 BCISACTBUE HEOTHOPOIHOTO
pacnpeeneHuss MPUMECH MO0 KPUCTAJULy NMPUMECHBIE aTOMBI B3aUMOJEHCTBYIOT
MeXay coOOH, U B TO K€ BpEMs OHM MMEIOT TEHJICHIIUIO K TOMY, YTOOBI COOU-
patbesi B 00J1aCTSAX ¢ M3MEHEHHBIM MAarHUTHBIM yrnopsiouenueM [14]. KymnoHos-
CKHME CWJIBI IPU 3TOM HE BO3HHMKAIOT, OJTHAKO U B TAKOM CIIy4ae SHEPreTUYECKU
0oJiee BBITO/IHO TIepeMenuBaHue (a3, HO TOJIBKO ¢ 00pa3oBaHUEM Topaso Oosee
KPYIHBIX X 00JIacTe, ueM IpH 3JIEKTPOHHOM pasziesieHuu (a3: nepeMeriuBaHmue
MOHMIKAET YNPYTYK SHEPIUI0 CUCTEMBl. B MarHMTHBIX KpPUCTAJUIaX HEOJHOPOA-
HOCTb B PacIpeAesICcHUH MPUMECH AOJKHA MPUBOJIUTH K HEOAHOPOJHOCTH Mar-
HUTHBIX CBOMCTB [14].
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. 3+
Puc. 1. [Ipoctpancrsennas opueHTauus d_, -opoutaneil HoHOB Mn™  (IIOKa3aHbl CIUIOLI-

HBIMH 4YepHBIMH oTpe3kamu) [22]: a — 2d-opOutanbHoe ymopsaoueHue LaMnOs;
6 — 3d-opburansHoe ymopsimouerre BiMnOs

B u3y4yeHMHn MarHUTHBIX CBOMCTB MaHT'aHUTOB 0CO00OE MECTO 3aHUMAET METOJ
WU3MEPEHUS] MHUMOM 4YacTH JAMHAMUYECKOM MAarHUTHOM BOCHPHUMMYMBOCTH KakK
CHoco0 TUarHOCTUKU OTKJIMKAa CIMHOBOW MOJCHCTEMBI Ha BHEITHHE BO3/ACHUCTBUS
MIPY Pa3HBIX YACTOTaX MPUIOKEHHOTO BHEITHETO MarHUTHOTO moJs [31,32].

HecmoTpss Ha GombIOi MHTEpeC K TBEPAbIM PACTBOPAM Ha OCHOBE MYJIBTH-
¢deppouka BiMnO3; u antudeppomarnernka LaMnQO3, odenp mano paboT, MoCBsi-
IICHHBIX CcJa00JeTupPOBaHHBIM coeAMHEHUSIM. OCOOEHHO 3TO KacaeTcsl U3yueHus
BIIMSIHUSI JICTUPOBAHMS MaHTaHHUTA JIAaHTaHA JIETKOTUIaBKOM g00aBkoit BiyOs.

Lenbto paboThl SIBISETCS YCTAHOBJICHHE 3aKOHOMEPHOCTEH TpaHchopMmanuu
MarHuTHOro cocrosHuss LaMnOs3 mpu ero cmabom jerupoBaHud MOHaMHu Bi +,
W3Y4YEHUE BO3HUKAIOIIMX MPHU 3TOM MArHUTHBIX HEOJAHOPOJHOCTENW METOJOM W3-
MEpEHUS TEMIIEPATypPHBIX 3aBUCUMOCTEH MHUMOM 4aCTH JUHAMUYECKOU MarHuT-
HOM BOCTIPUMMYHUBOCTH.

1. Cunre3 o0pa3nos

Pa3mep wactui, ux MopdoIOTHs, YUCTOTa UCXOMAHBIX MAaTEPHUAIOB M XUMHYE-
CKHMIl COCTaB CHUJIbHO BJIMSIOT Ha CBOMCTBA MOJMKPUCTALIMYECKUX MAHTaHUTOB.
Kpome Toro, npu ciabom JieripoBaHUU TPEOYeTCs TOCTHKEHUE TOCTATOYHOM OJ1-
HOPOJIHOCTH pachpeielieHus JISTUPYIOIeH N00aBKH 1Mo 00beMy oOpasma. 301b-
rejib METOJIOM MOJKHO TOJIy4aTh MaTepHUalibl B BUJE HAHOPAa3MEPHBIX MOPOIIKOB.
HcxonHpIMU BelIeCTBAaMH JJISI WM3TOTOBJICHHS cepuu coctaBoB BiyLa; ,MnOj
(x = 0.0, 0.025, 0.05, 0.075 u 0.1) cayxunu okucibl MmetauioB Lay,Os, Bi,O3 u
Mn30O4 mapku «OCU», B34ThIE B CTEXUOMETPUYECKOM COOTHOIIEHUU. C HCTIOJIb-
30BaHMEM CMECH YKCYCHOW KHCJIOTHI M TEPEKHCH BOJOPOJA IJisi PACTBOPEHUS
LayO3 u Mn30Oy4, a30THOM KUCTOTH — 7151 Bi;O3 momy4yanu KOJUIOUIHBIN pacTBOP
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(301p). B xagecTBe reneo0pa3yoIIero areHTa UCIob30Balld PACTBOP MOYEBUHEI.
[Ipn nanpHelinieM HarpeBaHWU MPOUCXOIWIM TOJMMEpPHU3alus U 00pa3oBaHUE
refsi, YTo 00ecIeYrBaIo BHICOKYIO TOMOT€HHOCTh HCXOTHBIX KOMIOHEHTOB [33].

B pesynbTare ObUIM HM3rOoTOBIIEHBI HaHOpa3MepHble mopouku Bila; MnOj
(£ 40 nm), KOTOpBIE COTTIACHO PEHTTEHOCTPYKTYPHBIM HCCIEAOBAHUSAM SIBIISUIUCDH
0JTHO(a3HBIMH U UMEJH NICEBAOKYOUYECKYIO CTPYKTYPY.

[ToyueHHbIE TOPOIIKU CIPECCOBLIBATIN B OpPYCOUKH pazMepoM 5 X 5 X 15 mm
(mpu nmaBnenun B mpecc-popme P = 0.2 GPa) u cnekanu mpu Temmeparype
1100°C B Teuenune 30 h. [Tocne Takoir 0OpabOTKM KpUCTAIMYECKAsT CTPYKTypa
MOJUKPHUCTAIIIMYECKUX 00pa3IoB BCEX COCTABOB ObLIAa MACHTHU(HUIMPOBAHA Kak
CTPYKTypa MEpOBCKUTA, UMEIOasi poMOOdIpUUECKUI THUI MCKa)KEHUsl KpHUCTai-
JTMYECKOH peweTkH (IIpocTpaHcTBeHHas rpymmna R3¢ [33]).

2. MeTOAUKH IKCIIEPUMEHTA

MUKpOCTPYKTYpPHBIE HCCIICIOBaHUs ObLTH MPOBEICHBI C HCITOIB30BAaHUEM CKa-
HUPYIOILETO 3JEKTPOHHOTO MuKpockona JSM-6490LV (JEOL, fnonus). Ha
pHC. 2 TpeCTaBICHBI PE3yabTaThl H3YYCHUsT MOP(HOIOTUU TIOBEPXHOCTH H3JIOMa
obpasnos Bi,La; ,MnOj3 (0.0 < x < 0.1), CHHTE3UPOBAHHBIX 30JIb-T€Ib METOIOM
[33]. 3aBucuMOCTh CpenmHero pasMepa 3epHa d,y OT COAEP)KaHUsI BUCMYTa ClIabo-

nerupoBaHHbIX oOpasnoB BiLa; ,MnOj3 (0.0 < x < 0.1) nmpuBenena Ha puc. 3.
MUKpOCTPYKTYpHBIC HCCIEIOBAaHUS BBISBUIN 3HAUUTENBbHBIN (Oonee dYeM B
20 pa3) pocT pa3Mepa 3epHa C YBEITHYCHHEM CTEIICHH JISTUPOBAHUS BHCMYTOM.

Puc. 2. Mopdonorus moBepxHocTH uziioma o0pasnos cuctemsl BiyLa; MnO3, cuaTe3m-
pOBaHHBIX 30yb-Tenb MeTogoM: a —x = 0.0, dyy = 0.5 um; 6 —x =0.025, dyy =1.5 um;
6—x=0.05,dyy =5 pm; 2 —x=0.075, dyy = 10 um; 0 —x = 0.1, dy = 12 pm
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Puc. 3. 3aBucumocTh cpenHero pasmepa
g 8r 3epHa dyy CIA0O0JIETHPOBAHHBIX BHCMYTOM
o~ 6F cocraBoB Bi,La; . MnO; (0.0 < x < 0.1),
CHUHTE3UPOBAHHBIX 30JIb-T€JIb METOJOM, OT
coJiep)KaHUsI BHCMYTA X

d
S N A
T

0.00 0.02 0.04 0.06 0.08 0.10
X

JIns1 TakuX MarHUTHO-HEOJHOPOJHBIX CHCTEM IMPSMOM METOJ M3MEPEHMS Mar-
HUTHOW BOCIIPMUMMYMBOCTU HEIOCTATOYHO UYBCTBUTEJIEH [JIS BBIABIEHUS BCEX
BO3MOXKHBIX @M-da3. ['opazgo 6onee nHOOPMATUBHBIM SIBISIETCS METOJ U3MEPE-
HUs TEMIIEPaTypPHBIX 3aBUCUMOCTEM MHHUMOM 4aCTH MarHUTHOW BOCIPUMMYHMBO-
ctu x"(T) [31]. Mukpockonuyeckasi MOJEb NIl KOMIUIEKCHOM MarHUTHOW BOC-
NPUAMYHUBOCTH YUUTHIBACT BPEMs PEIaKCALMU T, KOTOPOE MOKa3bIBaeT, KaK ObIC-
TPO cHcTeMa MPUONIMKAETCS K PABHOBECHIO TOcie BO3MylleHUs. Pesynbrupyio-
111€€ BBIPAYKEHUE JIJIs1 KOMIUIEKCHON MarHUTHOW BOCIIPUMMYHUBOCTH UMEET BUJL

X0 roem
=Ko ___pr 1
Y drion T M)

IJie ¥o — CTaTUYeCcKass MarHUTHAsE BOCIIPUUMYHUBOCTD, (® — YaCTOTa BO3MYINAIOIIE-
'O TOJISL.
U3 (1) cnenyer
X 1 ' ot @)
TPV RN
%o 1+(@0)°  Xo 1+(w1)

MHuMas yacTb MarHUTHOM BocpuuM4uBOCTH ¥"(7) UMeeT MakcUMyM B 00JacTu
TEMIEPATyp, IPU KOTOPHIX BPeMsl pelaKcallly T IOCTUraeT 3HaueHus 1/o.

J1yist BBISIBIIEHUSI BCEX BO3MOXKHBIX MAarHUTHBIX (a3 HEOJAHOPOIHOTO COCTOSIHUS
MaHTaHUTOB HCIIOJIb30BAJIM METOJ] M3MEpPEHUS MHUMOM 4acTH MarHMTHON BOC-
npunmuuBocTH [31,33]. Msmepenus x"(7T) mpoBoauIH MOIYISIIMOHHBEIM METOIOM
B TemreparypHom uHtepBaie 77 < 7 < 300 K Ha MHIYKTHBHO-4aCTOTHOM ycCTa-
HOBKe (pabouas yacrtota ~5 MHz) B nuana3zone yactotr moayssituu 133—1273 Hz.
AMmuTyaa Moayaupyromero nosst Hyog = 10 Oe.

OO0pa3ipl moMeIIany B BRIHOCHYIO KaTyIIKy HHIYKTUBHOCTH, KOTOpasi (pUKCH-
poBaJiach B TeMIEpaTypHOil suelike. Bo3aelicTBue BHENTHErO NEPEMEHHOTO Mar-
HUTHOTO TOJSI NPUBOAUT K M3MEHEHUIO MAarHUTHOTO COCTOSHHS oOpasma. 1o
CIILY’)KMUT MOAYJIHMPYIOIIUM CHUTHAJIOM JUJISl U3MEPUTEIHLHOTO YCTPOMCTBA. AMILIH-
TyJla MOAYJISIIMH MPOMOPIIMOHATbHA MHUMOM YaCcTH MarHUTHOW BOCIIPHUHMYHBO-
CTH uccieayemoro Bemectsa (4 ~ "), moatomy xox 3aBucumoctu A = f{T) 3KBH-
BaJICHTEH X0y TEMIIEPATypHOU 3aBUCUMOCTH BocipuuMuuBocTu y" (7).
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Ha puc. 4 npuBeneHsl TeMeparypHble 3aBUCUMOCTH MHUMOW YaCTH MarHUT-
Hoi BocripunmuuBocTH " (7) obpasuos cuctemsl BiLa; ,MnO3 (x = 0.025, 0.05,
0.075, 0.1), cuHTE3UPOBAHHBIX 30JIb-T€b METOJIOM, TIPH TPEX YACTOTAX MOJIYJIS-
un, Hz: a —192, 6 — 333, 6 — 970. Ha BcTaBKax K puc. 4 moka3aHbl TeMIeparyp-
Hble 3aBUcUMOCTH " (T) «uucroro» LaMnOs nist coorBeTcTBYIOMUX YacToT. Kak
cnenyer u3 pucynkoB, LaMnOj; uMmeeT Ba Y3KMX MaKCHMyMa, COOTBETCTBYIO-

IIUX JIBYM 4€TKO BbiAeieHHbIM ®M-(azam ¢ Temneparypamu Kiopu Tc ~ 113 nu
~ 127 K [33]. 3aBucumoctu " (7) 11 pa3HbIX 4aCTOT MOJIYJIMPYIOLIETO MarHUT-

HOIr'o moJjisi CBUACTCIIBCTBYIOT 00 OTCYTCTBHUHU IIPU3HAKOB CIIMHOBOI'O CTCKJIa B

LaMnO3, xak u B padote [31].

v - v [
4: 100 ": r
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a o
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i | MHUMOH YacTH MAarHUTHOM BOCIIpH-
2 Lo 2o 10 5 AMYUBOCTH " 0OpasioB CHCTEMBI
= LK $IVe .3 . _
= Y N Bi,La;,MnO3 (x = 0.025 (o), 0.05
: dv ¢ e
© ir ¢ ;'i (o), 0.075 (e), 0.1 (¥)), cunTEe3UpO-
S - f s 3 BaHHBIX 30JIb-T€b METOJIOM, TIpH
=>< 1§ s T gacToTax Moxyisiuu, Hz: a — 192,
i f EF‘ODO ':3 .'.% — — : -
T R 6 — 333, 6 — 970; aMuMTYy1a MOTYTH
. . . . . . pytommero monst 10 Oe. Ha BcraBkax:
100 120 140 160 180 200 3aucuMocTt (1) ANS  «9IHCTOTO»
T, K LaMnO3 npu cOOTBETCTBYIOIIMX 4Yac-
TOTaX MOJYJISIIIA
8

st 06pasioB, comepkammx T00aBKU Bi3+, Bun 3aBucumocten y"(7) xapau-
HanbHO MeHsercs. Ilpu temneparypax Hmxe 130 K HabnromaroTcss MakCUMYyMBbI
x"(T), monoxeHre KOTOPBIX COBMAAAET C TEMH, KOTOpPble UMEIU MECTO B «UHC-
toM» LaMnQOj3. Ammntyna makcumymoB npu 7' < 130 K yMeHnb1iaercs ¢ yBenu-
YeHueM cojiepkanus Bi B cocraBe MaHranuTa. JlONMOJHUTEIbHBIE HCCIEIOBAHUS
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BOCIIPUMMYHMBOCTH Ha Pa3HbIX 4acTOTaxX MOAYJIUpYMOLEero nois (puc. 4) nokasa-
JIM, YTO C YBEJIMYEHUEM €ro 4actoTbl oT 192 no 970 Hz ammiuTyna ykazaHHBIX
MaKCUMYMOB P€3KO YMEHbIIAeTCs. DTO SBJICHUE HAOIIOZAaeTcs Ui BCEX Coaep-
XKalux BUCMYT coctaBoB Bi,La; ,MnOj3; (x = 0.025, 0.05, 0.075 u 0.1) u 00b14HO
XapaKTEPHO JI1 COCTOSHUS CIIMHOBOTO cTeka [36].

deppoMarHUTHOE YMOPSAJ0YCHHE 00pa3LlOB BCEX BHUCMYTCOAEPIKALIMX COCTa-
BOB NPOHMCXOIUT Ipu Oojiee BBICOKMX TemmepaTypax, ueM y LaMnOs;. Kpome
makcumymoB npu 7 < 130 K, na 3aBucumoctsx x"(7) Bi,La; ;MnO3; umerorcs
BBICOKOTEMIIEpATYpPHbIE MAKCUMYMBI, PACIONI0KEHHBIE B JMala30He TeMIepaTyp
150 < 7' < 170 K. Ilpu 3TOM TeMnepaTypHbIil Iuana3oH JaHHBIX MaKCUMYyMOB
NPaKTUYECKH HE 3aBUCUT OT KOHLIEHTpauuu Bi.

3. Pe3yabTaThl 3KCIePUMEHTA U 00CyKIeHHe

3.1. 3aeucumocms pazmepa 3epHa om cOOEPHCAHUA BUCMYMaA
6 C11a001e2uPOBAHHBIX MAHZAHUMAX IAHMAHA, CUHM E3UPOBAHHBIX
30/1b-2€71b MEeMmoooMm

B [34,35] moka3zaHo, 4TO TONy4YeHHE MOJIUKPUCTALUTNIECKOT0 MYIbTUdEp-
pouka BiFeO3 Bbicokoii pa30BOl YMCTOTHI CBSI3aHO C UCIOJIE30BAHUEM MCXOTHBIX
BEILECTB B BUJE HAHOJMCIIEPCHBIX MOPOILIKOB C Y3KUM pacHpeAesICeHHEM 10 pa3-
Mmepy 3epeH. [Ipu B3aumopeiictBun Bi,O3 u Fe,O3 mpoucxoauT mperumyIecTBeH-
Has nuddy3us Bucmyrta B yactuiy Fe,Os [34]. Kceporenb npencrasiser coOoit
OJIHOPOJIHYIO cMech HaHodacTuil [35], B koTopoi mudy3rMOHHBIA MyTh CyIIle-
CTBEHHO COKpAILEH.

B Hamewm e ciydae, MO-BUAMMOMY, IIPOUCXOJUT MpPEUMYILIECTBEHHAs AUD-
¢by3usa BucMyTa B HaHodactuily Mn,O3. C oHOM CTOPOHBI, CIIEKaHUE B OJIMHAKO-
BBIX YCJIOBUSIX IPUBOJUT K TOMY, YTO COCTaBbI C OOJBIIUM COJEPKAHUEM BUCMY-
Ta UMEIOT 0oJiee HU3KYIO TEMIIEPATypPy PEKPUCTAILTU3ALINH.

C npyroit cTOpoHBI, COCTaBbl ¢ OONbIICH KOHIIEHTPALlUEel BUCMYTa, BEPOSTHO,
uMeloT Oosiee HU3KYIO TeMmIepaTypy IUIaBlIeHUs (CaM OKCHJ BUCMYTa IUIABUTCS
npu temneparype HemHoro Bbie 800°C), u, cienoBaTeabHO, IPOLECC CIIEKAHUS
MOXKET TPOXOJUTh C ydacTueM kuakou ¢azel. Ha puc. 2 mus coctaBa ¢ x = 0.1
BUJHBI CJIebl MPUCYTCTBUS >KUIAKOW (hazpl: OONbIIME YaCTHIBI SIBISIOTCS He-
CKOJIBKO OIJIaBJICHHBIMH, 0€3 4eTKON OrpaHKH, B TO K€ BPEMs YaCTUIIBI COCTaBOB
¢ x = 0.05 u 0.075 umerotr Bua MHOrorpaHHUKoB. lIpucyrcTBue xuakoil ¢asbl
CIOCOOCTBYET MEPEHOCY BEIIECTBA MEXAY 3€pHAMH U TEM CaMbIM O00ECIeUYHBaET
Oonee monHOE MpoxoxkaeHue peakiuu [34]. [Ipu cToap ManbIX 3aMEIIEHUSX Yac-
TUYKM HAHOIOPONIKOB, COJAEp)Kalue Ooybllleé MOHOB BHCMYTa, MOTYT HMETb
Oonpmmii pazmep. IMEHHO OHM MOTYT CIYXHTh LIEHTPAMU PEKPUCTAIUIM3ALUU
NPy CIIEKAaHWU HaHOpa3MepHBIX mnopomkoB BiLa; ,MnOj3, cuHTE3MpOBaHHBIX
30J1b-T€JIb METOI0M.

Takoe moBeieHuE MUKPOCTPYKTYpPbI 00pa3I0B, CHHTE3UPOBAHHBIX MPH OJUHA-
KOBOI1 TeMIieparype, MOXHO OOBSICHUTH cleayroumm oopazom. Poct rpanyn npu

108



®du3uKa M TeXHHKA BbICOKHX AaBJjaenuii 2017, tom 27, Ne 3

CIEKaHUM HaHOIMOPOIIKOB OOYCIOBJIEH TJaBHBIM 00pa3oM OOBEMHOW HMOHHOM
muddy3uelt HOHOB Bi’". Criexanne B OJIMHAKOBBIX YCIIOBUSAX IPUBOAUT K TOMY,
YTO COCTaBBI C OOJBIITUM COZIEP)KAaHUEM BUCMYyTa UMEIOT 00Jiee HU3KYIO0 TeMIlepa-
Typy PEKpUCTaUIM3aLuH (B TOM 4Yucie U Onarojaps Ooyiee HU3KOW TemIeparype
IUTaBJIEHUS ), a Mpolecchl AUPPY3UN U YKPYIHEHUS TPaHyJI B HUX SBJISIOTCS Tep-
MUYECKH aKTUBUPOBAHHBIMH.

[Ipu oguHAKOBOW BaJIEHTHOCTH BHUCMYTA W JIaHTaHa (+3) U OJIM30CTH BEIUYWH
ux HomHbIX pammycos (H(Bi*') = 1.24 A u r(La>") = 1.22 A) crpoenue ux srem-
HUX DJICKTPOHHBIX O0OJOYEK CYIIECTBEHHO pa3iuyaeTcs. B oTiuume oT MoHa
La’" non Bi’" umeer na BHemmeit 3JIEKTPOHHON 000JI0UKE CTEPEOXUMHUUECKHU aAK-
TUBHYIO M30JIMPOBAHHYIO Mapy 6S2-3HCKTp0H0B, BCJIE/ICTBUE YEro IPH 3aMelle-
HUU JIAaHTaHA BUCMYTOM MOJKET MPOUCXOIUTH CMelleHHe A-KaTHOHOB BJOJb Ha-
npasnenus (111) kyouueckoit siueiiku [22]. DT cMelIeHUs MPUBOAAT K JIOTIOTHH-
TENbHBIM MCKa)KEHUAM KpUCTAIMUecKod pemerku LaMnOs, xapakTepHbIM JUIs
BiMnO3, a Benmmunna kodddurmenta quddys3um, kak mokazano B [37], mis ten ¢
MCKaXEHHOW KPUCTAJUNIMYECKON PEIIETKON B 10-10° pa3 OoJibllie BEIMYUHBI 3TO-
ro ko3 duuumenta A Tea ¢ uACATHHON KPUCTAIUTMYECKON PEIIeTKO.

Cronp mainble 100aBKU €lle HE MPUBOAIT K M3MEHEHHUSM KpUCTaNINYECKOU
cTpykTyphl (BiIMnO3 nmeeT MOHOKIMHHYIO CTPYKTYpy C2 B oTimure ot LaMnOj3
CO CTPYKTYpOii R3¢), IOCKOIBKY HOHHBIC PagHYChI La’" u Bi' " 6musku 1o pas-
Mepy U TIpU 3aMEIICHUH JIAaHTaHA BUCMYTOM 3HAYUTENbHBIEC UCKAKEHUSI KPUCTA-
JUYECKON peleTKu He JOKHBI Bo3HHKaTh. CoctaBel BiLa; ,MnOj3, Tak ke kak
U «aucThiiiy LaMnOs3, xapakTepu3yroTcss poMOO3IpPUYECKIUM THIIOM MCKaKEHUH
KPUCTAJUTMYECKOW PEMIETKHU, YTO COOTBETCTBYET pesynbTaTam padot [20,38,39].
Ycranosneno [39,40], uro mpu OONBIINX 3aMENICHUSIX JaHTaHA BUCMYTOM (x < 6)
B cucteme La;_Bi,MnOs.5 IpOUCXOAUT yBETMYECHHUE Pa3MEPOB SJIEMEHTAPHOM
KPUCTAJUTMYECKOU SYEHKHU, YTO COMPOBOXKAAECTCS YCUIICHUEM JIOKAJIbHBIX UCKaXKe-
HUN KPUCTAUIMUECKON PELIETKH C POCTOM COZAEpKaHUS BUCMYTa, BHI3BAHHBIX, B
yacTHOCTH, 3¢ dexkrom SAna—Tennepa [40].

s oObsicHeHUs akTa 3HAUUTEIHHOTO YBEJIMYEHHs pa3Mepa 3epHa ¢ POCTOM
CoJIep KaHUs JIETHPYIOLIEH 100aBKH MOXHO MPEATNOJIOKUTh, YTO B IAHHOM Clly4ae
peanu3yeTcs claeayolas curyanus. BHenpeHue MOHOB B’ B A-y3ne1 LaMnOj3
mo00HO BHECEHHIO 1e(PEKTOB B ero CTpyKTypy [29]. IIpu oOpa3oBaHun TBEPIbIX
pactBopoB Bi,La; MnO3; Ha BHemHEeH 3JIEKTPOHHON 000JI0UYKE BHEAPEHHOTO HO-
Ha Bi3+, B OTJIMYKE OT MOHA La3+, OCTaeTCA U30JIMPOBAaHHAS Tapa 6S2-3J'ICKTpOHOB.
[NockonbKy BHEPEHHBIE HOHBI BUCMYTA UMEIOT TEHACHIUIO K THOPHIU3AIUHN CBO-
ux 6s2-0p6HTaJIeI71 c 2p6-0p6I/ITaJIHMI/I HMOHOB KHCIJIOPOJIa, CMEILEHHE MOHOB Bi’"
Boyib guaroHanu (111) kyOwdyeckod NEpOBCKUTHON stuekku [22] HEM30eKHO
JOJKHO TPUBOJAUTH K CMEIIEHUSM ONFKAWIINX aHWOHOB — MOHOB KHCIOPOJA.
BoszHukaronye npu 3ToM HanpsHKeHHUs] KOMIIEHCUPYIOTCS BOJHON MOCIEAYIOLINX
CMEILCHUI MOHOB, 3aXBaTHIBAIOIIEH HECKOIBKO KOOPAWHAIIMOHHBIX c(ep.
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3.2. Bausanue c1a0020 1e2uposanus 6UCMymom Ha MazHUmMHoe
cocmosnnue cucmemsl Bi,La;_MnQO;

Jaxe npu HauMmeHbllleM gonupoBaHuu (2.5% Bi3+) Ha0II0JAaI0TCSA HOBBIE BBI-
cokoremiieparypubie ®M-¢asel, orcyrcrByromue B LaMnOj;. Bo3HukHOBEeHHE
CTaTMYECKUX CMEIICHUM, 3aXBaThIBAIOIINX HECKOIbKO KOOPAMHALIMOHHBIX cep U
HOCSIIIIUX CTATUCTUYECKUI XapaKTep, HeM30EKHO JOJDKHO IPUBOIUTH K pa3pylie-
HUIO KOOIIEPAaTUBHOTO SIH-TEJIIEPOBCKOrO YIOPSAOYECHUS HCXOAHBIX CTPYKTYPHBIX
nckakennii B LaMnOs3 [29]. Takum 00pa3om, 3aMelIeHHE JIaHTaHAa BHUCMYTOM
MPUBOJIUT K CTAOMIHM3AIMH JOKAIBHBIX CTPYKTYPHBIX MUCKAXCHHHA C APYTUM Op-
OUTaIBHBIM YHOPSI0YECHUEM dzz -opOuTaneii moHoB Mn ° XapaKTEpHBIM IS

BiMnOj3 [22]. OTBETCTBEHHBIMH 32 TaKO€ KIIFOUEBOE Pa3NIUYMe MOTYT OBITH Clie-
nyrorue (axropsl [22]: 1) 6onee koBasieHTHBIE cBsi3u Bi—O 1o cpaBHEHHIO C
La—O moryt BauaTh Ha B3aumozeiicTBuss Mn—O-Mn; 2) u3zonupoBaHHbIE MapBI
6S2-3JI€KTp0HOB Ha BHEIIHEH AJIEKTPOHHOW 000JI0YKE HOHOB Bi*" IIPUBOJAT K
CMENIeHUI0 A-KaTHOHOB BOJb HampaBieHuid (111) mepoBCKUTHOW KyOW4yecKou
SYCHKH, YTO HECOBMECTHMO C JIBYMEpPHBIM OpPOMTAIbHBIM YHOPSJI0YECHUEM, Xa-
paktepHbiM 1t LaMnOs3;. U, kak cienctBue, ABYMEpHBIH XapakTep OOMEHHBIX
DOM-B3aMOACUCTBHI CMEHAETCS TPEXMEPHBIM.

Taxkum oOpa3om, JerupoBaHUE WOHAMU Bi*" HEO0OXOAMMO paccMaTpUBaTh Kak
BBEJICHUE JOMOJHUTEIBHBIX Ne(peKTOB B cTpYKTypy LaMnOj3. [TonoOHas kapTuHa
HaOmronanack B [29] npu BBeIEeHUH B CTPYKTYpY cTexuomerpuyeckoro LaMnOj
AQHTHY3€JbHBIX Je(EKTOB, CO3/IaHHBIX MTyTeM 00JydeHUs ObICTPHIMU HEUTPOHAMH.
[Ipn 3TOM HE HM3MEHSUIOCH BAJIEHTHOE COCTOSIHME MAaHIaHUTA JIaHTaHa U OTCYT-
CTBOBAJIa HECTEXHUOMETPHSI IO KUCIOPOIY, YTO OOBIYHO MPUBOJUT K BOSHHUKHOBE-
Huto @M nBoifHOro oOOMEHa MeX1y pa3HOBAICHTHHIMH HWOHAMH MapraHia
Mn®" < Mn"". B srom clay4ae IPOUCXOAWIO pa3pyLICHUE KOOIEPATUBHOIO
SIH-TEJIJIEPOBCKOTO B3aUMOJICHCTBUS, KOTOPOE OOBIYHO MPUBOAMUT K B3aUMHOMY
ADM-pacnonoxkennto OM-miockoctei MOHOB Mn © Kak CJIIEICTBUE TaKOT'O
paspylIeHHs] BO3HUKAET MEXKIUIOCKOCTHOe obOmeHHoe @OM-B3aumoneiicTeue
Mn—-O-Mn ¢ yriaom cBsi3u, 6au3kuM K 90°, KOHKYpHPYIOIee ¢ BHYTPHUILIIOCKOCT-
HBIM CBEPXOOMEHOM. Y TBEpKAeHUE aBTOPOB [21] 0 TOM, 4TO JIOKaJIbHBIE UCKaXKe-
HUSl OKTa3/pOB, CBSI3aHHBIEC C TEHACHIMENW K THOpUIU3alUU opOUTaseil n30aupo-
BAHHOM Mapsl 652-3J'I6KTp0HOB HOHA BUCMYTA C 2p -OpOUTAISIMA MOHOB KHCIIOPO-
Ja, CHOCOOCTBYIOT CO3/aHUIO (PYCTPHUPOBAHHBIX CBs3eH, OOYCIOBIMBAIOLINX
BO3HUKHOBEHHE CIIHH-CTEKOJIBHOIO COCTOSIHUS, BEPHO TOJIBKO OTYACTH.

ITpu T' < 130 K B cabonerupoBanubix cocraBax Bi,La; MnOj3 neiictBurens-
HO Ha0JII0/1aeTCsl COCTOSIHUE CIIMHOBOIO CTEKJa, HO B TO YK€ BpeMs CYILIECTBYIOT,
10 MEHbILEH Mepe, TpH BbICOKOTeMIieparypHbie @M-da3pl. Habmrogaemble Mak-
cumyMbl Ha 3aBucuMocTsx " (T) mpu 150 < T < 170 K cBUACTENBCTBYIOT O BO3-
MOXXHOM CBsI3M 3TOTO (hakTa ¢ TeMm, 4To B CcTpykType BiMnOj cymiecTBytoT Tpu
HES3KBUBAJICHTHBIC MO3HMIIMM MOHOB MapraHila M IIECTh BO3MOXHBIX CBEPXOOMEH-
HBIX Mn—O-Mn-cBsizeli, YeThIpe U3 KOTOPBIX SBISIOTCS (peppOMarHUTHHIMHU.

110



®du3uKa M TeXHHKA BbICOKHX AaBJjaenuii 2017, tom 27, Ne 3

BHenpenHble HOHBI BUCMYyTa UMEIOT TEHJEHIUIO K THOpUIN3allii CBOMX 652-op614-
Tajen ¢ 2p -opoutanssMu MOHOB Kuciopoxaa [21,22]. CMemenrue noxa Bi*' pu-
BOJUT K U3MEHEHHUIO PACCTOSIHUNM MEX]y HOHOM BHUCMYTAa U MOHAMH KUCJIOPOJA.
[Tpu 3TOM BO3HUKAIOT JIpYTrHe JIOKAJIbHbIE UCKAXKEHUS KUCIOPOIHBIX OKTa’3JIpOB,
xapakTepHbie 11 BiMnO3, u3MeHsI0TCS HE TONBKO paccrossuusg Mn—O, HO u
yriasl ¢Ba3u Mn—O-Mn.

[Ipu temmneparypax Hmwke 130 K crmabGonerupoBaHHBI BUCMYTOM MaHTaHUT
JIAaHTaHA MEPEXOJIUT B COCTOSIHUE CIIMHOBOTO CTEKJIA C TEMIIEPAaTypOol 3aMep3aHust
MarHuTHBIX MOMeHTOB ®M-knactepoB Ty~ 115 K (Temneparypa cOOTBETCTBYO-
IIMX MaKCUMYMOB %"). DTOT BBIBOJ CleIyeT KaK M3 OOIIMX MPEACTABJICHHH O
CIIMHOBOM CTEKJIE, TaK M U3 MHOTHX JKCIIEPUMEHTAIBHBIX padoT, rae ObUIo MmoKa-
3aHO, YTO C MOHWXEHHEM TEeMIIepaTyphl MEPeXo/ B CIIMHOBOE CTEKJIO BO3MOXKEH
HE TOJIbKO W3 MapaMarHUTHOIO, HO U M3 MAarHUTOYNOpsiAoueHHbIX DOM- win
ADM-coctostamit [36]. [Tonaras, yto makcumymsl ¥(7), COOTBETCTBYIOIINE TEM-
TnepaType 3aMep3aHusi CIIMHOBOTO CTEKJa [, ONPENENAOTCS MAarHUTHBIM MOMEH-
ToM PM-K1acTepoB, MOKHO MPEANONIOKHUTh, YTO CHIKEHUE aMIUTUTYAbl MHKOB
y" B quanazone temnepatyp Hwke 130 K (cm. puc. 4) 00ycIoBIeHO YMEHBIICHU-
€M MarHMTHOTO MOMEHTa ¢ yBenuueHueMm x B Bi,La; ,MnOs.

Ha ocHOBaHuM uCCaeAOBaHUM 3JIEKTPOHHOIO COMHOBOIO pe3oHaHca [39,41] B
mupokoM uHTepBasie Temneparyp (110-370 K) kax i kepamMuuecKux oOpasioB
[39], Tak u mns obpasua Big g7sLag9osMnO3 U3 maHHO# cepuu, N3TOTOBICHHOTO
30J1b-TreJib MeTOA0M [41], cienan BbIBOJI O COCYIIECTBOBAHUU MPHU HU3KUX TEMIIE-
parypax mapamarHuTHOil U ®M-(a3, yTO rOBOPUT O BO3MOKHOCTH peaH3aluU
COCTOSIHUSI CIIMHOBOTO CTeKJIa. BO3MOXXHOCTH CYHIECTBOBAHMSI HECKOJBKUX
OM-da3 B nepextnom La,MnO3 nokazana B [31] merogom SAMP Mn™. C YBEJIH-
yeHneM cternenu aedextHoctu (u3menenue x ot 1.0 mo 0.815) obpasiel craHo-
BATCsSI 0OJiee MarHUTHO-yropsaoueHHbIMU. [Ipu 3ToM PM-COCTOSIHUE CHUCTEMBI
MOCTENEHHO U3MEHSETCA OT CMEIIAHHOI0, B KOTOPOM COCYIIECTBYIOT U30JIUPYIO-
mas (ocHoBHasA) M Metaundeckas @M-daszsbl (s x = 0.97 u 1.0), 1o unucro me-
taumaeckoro ®M-cocrosaus (st x = 0.815 u 0.90). Meronom SIMP Mn55 [31]
MOKA3aHO, YTO KaK METAJUTMUecKas, Tak U u3onupyromas OM-das3sl HeogHOPO-
HBI, ¥ KakKJ1as U3 HUX COCTOUT U3 JIBYX (a3 ¢ pasHOW AMHAMHUKOW SJEPHBIX CIH-
HOB U pa3HbIMU Temneparypamu Kropu.

[IpencraBieHHble pe3yabTaThl MO3BOJSIOT CIIENATh BBIBOJ O TOM, YTO HAUYHE
Bi B coctaBe LaMnO3 npuBOIUT K N3MEHEHUIO MATHUTHOTO COCTOSTHUSI MaHTaHH-
ta naHrtaHa [33]. [Ipu Temnepatypax Boiie 130 K BucMyTcoaepskammii MaHraHUT
JaHTaHa SIBISETCS CIAOOHEOAHOPOIHBIM (heppOMArHETUKOM, COZAEpXKAllUM He-
ckonpko ®M-da3 ¢ remneparypamu Kropu B unrepsaine ot 150 no 170 K (Temme-
paTypa COOTBETCTBYIOIMX MakKCUMyMOB Y"), a Hmwxke 130 K MarHuTHOE COCTOsI-
nue BiLa; . MnOj3 (x =0.025, 0.05, 0.075 u 0.1) xapaktepusyercs Kak CIHHO-
BO€ CTEKJIO C TEMIIEPATypOU 3aMep3aHMsi MarHUTHBIX MOMEHTOB DM-knacTepos
Ty~ 115 K.
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3akjao4YeHue

JI1s1 TMarHOCTUKM MarHUTHBIX HEOJHOPOAHOCTEH B clab0JernpoBaHHOM BHC-
MyTOM MaHTaHUTE JIAHTaHA MPUMEHEH METO]I BO3JCHCTBHS BHEUIHUM IEPEMCH-
HbIM MarHMTHBIM IIOJIEM Ha €ro CIHMHOBYIO MOJCUCTEMY — METOJ H3MEpEeHUI
MHUMOM 4acTH JUHAMMUYECKON MarHUTHOW BocnpuumuuBocTu y"(7) npu pa3HbIX
4acTOTaX MOAYJIMPYIOIIETO MOJIS.

Cepus obpasnoB Bi,La; . MnOj3 (x = 0.0, 0.025, 0.05, 0.075 u 0.1) cunte3upo-
BaHa 30Jb-T€JIh METOJIOM, TIOJyYEHHbIC HAHOMOPOIIKH CIPECCOBAHBI U CIICUCHBI
npu 1000°C (30 h). O6pa3upl ObuH 0HO(MA3ZHBIMH U UMEIIA CTPYKTYPY TEPOB-
CKHTa C pOMOORIPUYECKIUMH HUCKAKEHUSIMHU.

3HAYUTENbHBI POCT pa3Mepa 3epHa C YBEIUYECHHEM CTENEeHH JIeTHPOBAHUS
BUCMYTOM B 00pa3sliax, CHHTE3UPOBAHHBIX 30Jb-T€Ib METOAOM, SIBISETCS CIEH-
cTBHEM 00BeMHOM U dy3un HOHOB Bi’".

[Tockonbky BHEApPEHHBIE MOHBI BUCMYTa UMEIOT TEHACHIUIO K THOPUAM3AINU
cBOWX 65 -pOuTaneit ¢ 2p -opOUTaIIMU NOHOB KUCJIOPO/Ia, CMEIIEHHEe NOHA Bi*"
B1oyIb nuaroHanu (111) kyOudeckoi MEepOBCKUTHON SYCHKH MTPUBOJMT K CMEIIIe-
HUSM OJIMKAWIINX aHMOHOB — MOHOB KHcIopoja. [Ipu 3TOM BO3HHUKAIOT JIOKATb-
HbIC MCKa)XCHHS KUCJIOPOJHBIX OKTa’JpOB, XapakTepHbie s BiMnOs, n3MeHs-
I0TCSI HE TOJBKO pacctosiuus Mn—O, HO U yriibl cBsizu Mn—O—-Mn. D10 Hen30exX-
HO JIOJDKHO TIPUBOJUTH K Pa3pyLICHUIO KOOMEPATHBHOTO SH-TEIJICPOBCKOTO YIIO-
PAIOYEHUS] UCXOJHBIX CTPYKTYpHBIX HcKaxkeHuMM B LaMnOs. U, kak cieactsue,
JTBYMEPHBIN Xapaktep oOMeHHbIXx PM-B3aumMonencTBuii (2d-opOuTanbHOE YIOps-
noyenne LaMnOs) cmensercs TpexmepHbIM (3d-opOuUTanbHOE YIOPAJOYCHHE
BiMnO3) B ®M-knacrepax.

Temneparypubie 3aBucumoct y"(7) «uuctoro» LaMnOj3; umeroT nBa y3KHX
MaKCHMyMa, COOTBETCTBYIOIIUX ABYM YETKO BbiAeleHHBIM DM-dazam ¢ Temme-
parypamu Kropu T¢c ~ 113 u ~ 127 K. 3aBucumoctu y"(7) mns pa3HbIX 4acTOT
MOJIYJIUPYIOMIET0 MAarHUTHOTO TOJISI CBUIETEILCTBYIOT 00 OTCYTCTBUH IMPU3HAKOB
cnuHOBOrO cTekiaa B LaMnOs.

st 06pasnos, comepkaimux 100aBKU Bi3+, BHU/I 3aBUCUMOCTEH KapJIUHAIBLHO
u3mensiercs. Ilpu Temneparypax nmxke 130 K nabmomarorcs makcumymst " (7),
MOJIO’KEHNE KOTOPBIX COBIAJAeT C TEMH, KOTOpble HaOIIONAINCh B «YHCTOM)
LaMnOj3;. AMImuTya 3THX MaKCUMYMOB YMEHBIIAETCS HE TOJBKO C YBEJIMYECHU-
eM cojiep>kaHusi Bi B cocraBe MaHTaHHWTA, HO M C POCTOM YacTOTHI MOJYJIHPYIO-
Iero Mojsi. DTO sBIICHHE HaOmromgaeTcss s BceX coctaBoB BiLa;_MnOj
(x = 0.025, 0.05, 0.075 u 0.1) 1 0OBIYHO XaPAKTEPHO I COCTOSIHUSI CITUHOBOTO
crexyia. Hannuue HECKOIbKMX MakcUMymoB Ha 3aBucumoctsx x'(7) mpu 150 <
< T <170 K, BeposTHee BCero, CBSI3aHO C TeM, 4TO B CTpYKType BiMnOj3 umeror-
Csl TPU HEOKBUBAJICHTHBIE NMO3UIIMKM MOHOB MapraHiia U IIECTh BOZMOXHBIX CBEPX-
ooMeHHbIX Mn—O—-Mn-cBsizeil, YeTbIpe U3 KOTOPBIX SABISAIOTCA (eppOMarHUTHBIMU
[22]. [TosTomy B 0Opa3iax Bo3HUKatOT OM-KitacTepsl C pa3HbIMU 1 U Pa3HBIMH Ha-
MIPaBJICHUSIMA MarHUTHBIX MOMEHTOB (3d-opOutansHoe ynopsaouenue BiMnO3).
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Taxum obpazom, uccienoanue 3apucumoctd x”'(7) mokasano, 4To Ipu TEMIIe-

parype Bbime 130 K Bucmyrconepkamuii MaHranut nantana BiLa; MnO;
(0.025 < x £ 0.1) sBasieTcs ci1aOOHEOTHOPOIHBIM (PEeppPOMArHETHKOM, COJEpIKa-
muM Heckoibko ®M-da3 ¢ remneparypamu Kropu B unrepsaie ot 150 no 170 K.
Opnako npu Temriepatypax Hrwke 130 K naGmromaeTcss mepexoa B COCTOSHUE
CIIMHOBOTI'O CTEKJAa C TEMIIEPATYPOU 3aMep3aHusl MArHUTHBIX MOMeHTOB DM-kiia-
crepoB Ty~ 115 K.
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T.N. Tarasenko, V1. Valkov, V.V. Burkhovetskii,
Z.F. Kravchenko, V.I. Kamenev, A.S. Mazur

MAGNETIC INHOMOGENEITIES IN LaMnOg3 LIGHTLY DOPED (< 10%)
BY THE Bi** IONS: DIAGNOSTICS BY MEASUREMENT OF THE
IMAGINARY COMPONENT OF MAGNETIC SUSCEPTIBILITY

Magnetic inhomogeneities appearing in lanthanum manganite LaMnO3 lightly doped by
the bismuth ions Bi®" are studied by measuring temperature dependences of the imagi-
nary component of dynamical magnetic susceptibility x"(7). The nanopowders
BiyLa;MnO3 (x = 0.0, 0.025, 0.05, 0.075 u 0.1) are synthesized by zol-gel method. They
are the basis for production of single-phase bulk samples characterized by perovskite
structure with thombohedric distortions. It is found that the growth of the grain size re-
lated to increased degree of doping is a consequence of volume diffusion of Bi’" ions. It
follows from the y"(7) dependences that at the temperatures above 130 K, Bi,La;_,MnOs
is a weakly inhomogeneous ferromagnetics that contains a number of ferromagnetic (FM)
phases characterized by the Curie temperature within the range from 150 to 170 K. This
temperature range does not almost depend on the Bi concentration. However, at the tem-
peratures below 130 K, a transition to the spin glass state is observed. The freezing point
of the magnetic moments of FM clusters is 7y~ 115 K.
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Keywords: lightly doped lanthanum manganite, ions of Bi3+, nanopowders, volume ionic
diffusion, microstructure, magnetic inhomogeneities, imaginary component of dynamical
magnetic susceptibility, spin glass

Fig. 1. Spatial orientation of d , -orbitals of the Mn®" ions (marked by solid black seg-
ments) [22]: a — 2d-orbital ordering in LaMnQOs; 6 — 3d-orbital ordering in BiMnO3

Fig. 2. Morphology of the fracture surface of the Bi,La;_MnO3 samples synthesized by
zol-gel method: @ —x=0.0, day =0.5 um; 6 —x =0.025, dyy=1.5 um; ¢ —x = 0.05,
day=5um; 2—x=0.075, dpy = 10 um; 0 —x = 0.1, dpy = 12 um

Fig. 3. Bismuth content x dependence of the average grain size d,y of weakly bismuth-
doped compounds Bi,La; ,MnO3 (0.0 <x <0.1) synthesized by zol-gel method

Fig. 4. Temperature dependences of the imaginary component of magnetic susceptibility

x" of the Bi,La;_.MnQO3 samples (x = 0.025 (o), 0.05 (o), 0.075 (e), 0.1 ('¥)) synthesized
by zol-gel method, under the modulation frequency, Hz: a — 192, 6 — 333, 6 — 970; ampli-
tude of the modulation field is 10 Oe. The insets: "(7) in «pure» LaMnOs; at the same
modulation frequences
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