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IIOJIYYEHHE ¥ CBOMICTBA MYJITU®EPPONKOB
Bi,_,Ca,FeO;_ (x=0,10..0,50; v = 0,05..0,25)

HccnenoBaHbl KPUCTATIHIECKAA CTPYKTYPA, SJISKTPUIECKNE U MArHUTHBIC CBOUCTBA TIOTUKPUCTAITMYCCKIX

TB&pmsIx pactsopos Bip_,Ca FeOs_, (x =0,10..0,50; y = 0,05-.-0,25)- Pe3ynETaThl PEHTIEHOCTPYKTYPHBIX HCCIIENOBAHMI

SUPLS

TIOKa3a/id, YTO MOJIyYeHHble 00pasipl ABIAOTCA 0JHO(A3HEIMY NIEPOBCKHTAMK ¢ OPTOPOMOMUECKUMH NCKAKEHUAMY
anemeHTapHoit suelikn, TeMrepaType! nepexoaa U3 aHTU(eppoMarHiTHOTO B TapaMarHHTHOE COCTOSHUE U 00pa3LoB,
conepxarmx 10 u 50% KaJbiusd, ONpeNeN8HHEIe U3 MarHATHBIX M3MepeHul, cocTasnsaoT 650 1 730 K cooTBeTCTBEHHO.
HauMeHbIre 3HaYeHNs TAaHTeHCa AUNISKTPHYeCKHX II0Teph IIPY KOMHATHOH TeMNepaType UMEIOT TBEPABIE PACTBOPEI,

comeprkatme 10, 15 w20% kansiwa. s naHHeX o0pasuos tgd nmeet 3Hadequs ot 0,01 o 0,02.

Brenenne, B mocnennee BpeMs 3HA9UTEIb-
ec

VVVVVV 4 3VHUCHWIO MATEPWanon,
Ha3BIBAEMBIX MYJIBTH(QEpporKamMu. Ecnu mpu
MCCIIEI0BaHUHY KPUCTAIUINUECKUX TBEPIBIX TEN
OTMEYAETCs COCYIIECTBOBAHIE XOTs OBI IBYX U3
TpEX MmapaMeTpoB MOPsKa — MarHuTHOTO,
MEKTPUIECKOr0 HIIM MEXaHHYECKOT0, — TO Ta-
KH€ TeJla MOTyT OBITh OTHECEHEI K ONPENENEH-
HOMY KJIACCY BEILIECTB, HA3bIBAEMBIX MYJIBTHU-
¢epponkamu. Hazpanue «peppoukmn» CBI3aHO
C HATMYHEM B MX aHIIMHCKOM Ha3BaHUHK 00mIeH
IIPUCTaBKH «(EPPO».

Marepuarnsl, 061a1a0nme OTHOBPEMEHHO
MarHUTHBIM H 3JE€KTPUYECKHM yHNOpsImode-
HHEM, Ha3bIBAIOT CETHETOMAarHeTukaMu. Boz-
MOXCHOCTB C IIOMOILBIO 3JIEKTPUYECKOTO OIS
YIPaBIITh MATHUTHBIMHE CBOHCTBAMHM MaTe-
puana 1, Ha000pOT, OCYIIECTBILTE MOIY/LIIIUIO
3JIEKTPUYECKUX CBOMCTB MATHUTHEIM TI0JIEM,
[I03BOJISAET CYUTATh CEIHETOMArHeTHKH Iiep-
CIEKTHBHBIMH MaTepHalaMK IJIs CO3IaHUs
CEHCOPOB MarHUTHOTO IOJIS (B HCIIOJIB3YEMBIX
B HACTOsAIIEe BpeMs JAaTUUKaxX XOJIa BEICOKH
OMUYECKUE ITOTEPH, TaK KaK HX IPUHIUI fAeH-
CTBHS IPEAIOJIATaeT IPOTEKAHHE JIEKTpUYe-
CKOTO TOKa), YCTPOWCTB 3allHCH/CUUTHIBAHIL
HH(OpMaLXHU (IPY COBPEMEHHEIX CKOPOCTIX
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CUMTHIBAHUS HH(OPMAINK B XKECTKUX JUCKAX
3HAYMTETEHBIMH CTAHOBSTCA IOTEPH HA BHX-
peBbIe TOKH, BO3HUKAIOIIKE B MPOBOISIINX
YyacTaX 37eMeHTOB). [eHepalus CHIBHBIX Mar-
MSATH B IENSX JaTbHEHIEr0 YBETUIEHHS! I1JI0T-
HOCTHU 3anucu uHpopMmanun tpebyeT yBenu-
YEeHHUS TOKOB B KaTYIIKaxX 3allMCH, YTO BIEIET
3a c000 yBeTMUEHNE OMUYECKUX TTOTEPh, pa-
30TPEB U TIEPETOPAHUE SIIEMEHTOB.

BaxHEIM IIpecTaBiIsieTCs UCIOIb30Ba-
HHE MyNbTH(EPPOUKOB B CIUHTPOHUKE —
HOBOM HalpaBJICHUU B MHKPOBJIEKTPOHU-
K€, HCI0JB3YIOMEeM TaKhe KBAaHTOBO-MeXa-
HUYECKHE XapaKTepPUCTHKH 3EKTPOHOB,
Kak cnuH. [IpennmonaraeTcst Ipu 3TOM pe-
meHue B Onmkalinem OyayIneM cieIyronnx
npo6iieM TPagUIIHOHHONH MHUKPOBIEKTPO-
HUKH: 3HEPTrOHE3aBUCUMOCTB, 3HeprocoHe-
peXeHue, yBeJINUECHUE IIJIOTHOCTH JIOTH-
YECKHUX 3JIEMEHTOB U CKOPOCTH 00paboTku
nanHeix [1], [2], [3].

JlJis MCTIONB30BaHUS B IIPAKTHUECKUX Te-
JAX KeNaTeNbHO ONHOBPEMEHHOE HaJIuuue
y CETHETOMArHeTUKOB: 1) BLICOKUX 3HAUYEHUH
TEMIIEPATYp JIEKTPUIECKOT0 ¥ MArHUTHOTO
NEPEXONO0B; 2) OONBIIKMX 3HAYEHUN MarHUTO-
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MB )
snekTpudeckoro addexra | > 12 ;‘;‘5} ; 3) MabIX

2HaYeHUH 3JIeKTPONPOBOIHOCTH NPH KOMHAT-
HBIX TemrepaTypax (o < 0,09 Cm).

OfHyM ¥3 MEePBLIX NEPOBCKUTHBIX CETHE-
TOMArHETHKOB, COYETAIOIINX CETHETONEKTPH-
YecKue u aHTHcpeppomarHHTHme CBOHCTBA
B IIMPOKOM HHTEPBAJIE TEMIIEPATYD, SBIACTCA
(bepput BUCMYTA, __apaKTepﬂzy}omHﬁCH 9IIEKT-
PUYECKUM JUIIOIBHEIM MOPSIKOM IPU TeMIie-
parype < 1103 K [4] u G-tunom antudeppo-

MAarduTHOrO [ 5] IaNpHEro NopsaaKa mpy TeMIre-
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patype < 643 K.

Jls hepprTa BECMYyTa XapaKTEPHBIM SBIIS-
eTcs HaJH4ne MPOCTPAHCTBEHHO MOIYIHPO-
BAHHOH CHHHOBON CTPYKTYPHI (LIMKIOHMIEI)

C mepHOIOM 62 HM, UTO MPUBOIUT K HYJIEBBIM
3HAUEHUSIM CPEIHUX I0 00BEMY HaMarHHYCH-
HOCTH MarHUTOBJIEKTPHIECKOT0 3QdeKTa ¥ Top-

pOH}IEUH:HOTO MOMCHTA.

=

, SIBJLIFOTCS: 1)

HJTBI, COTTIAcHO [6 ] [ pHUIIOXKE-

HUE CUJIBHOTO MarauTHOIO I10J1 (N

2) 3aMelIeHIe HOHOB BUCMYTa PEAKO3EMEIEHBIMH
¥ IPYTUMU HOHAMH.

Peanusanus mepBoro crnocoba 3aTpynHseT
[PaKTHYECKOE HCIIONB30BaHHE MATHUTOIIEKT-
puxa. [ToaToMy HaMM IpEANPHHSTA MOMBITKA
3aMEHUTHh UOHBI BUCMYTa HOHAMHY KaJIbIIKs.

Metoupl nccaenoBanns. Mbl cHHTE3UPO-

Banu o6pasusl cocraBa Bi,_,Ca, FeOs_,
(x = 0,10; 0,15; 0,20; 0,30; 0,40; 0,50;
y=0,05,0,075,0,10; 0,15; 0,20; 0,25). Hamu
IIPOBENEHbI UCCITEOBAHUS KPHCTAILIHIECKOH
CTPYKTYpPbI, MATHATHBEIX U 3JIEKTPUYECKHX
CBOMCTB IIOJNYYEHHBIX TBEPABIX PAacTBOPOB

Bi_,Ca, FeO,_,.

CrHTe3 IPOBOIHIICS 10 OOBIYHOMN KpUCTaI-
JIUUECKOW TEXHOJOTHH [8], IpU 3TOM HCIIOJIb-
3oBayHCh cTapToBble Marepuansl Bi,O,, CaCO,,
Fe,O,, 4ncTOTa KOTOPHIK COCTABIIANA HE MEHEE
99,99%. VicxoaHbie KOMITOHEHTEI, B3STEIE B CTe-

XHOMETPUIECKOM COOTHOIIEHNH, CMELTUBAIACH
B Teuenre 40 MHH B TIaHETapHOW MEIBHHIE
dupmer RETSCH. Cuntes 00pasioB MpoBO/IHI-
cs TIpY pa3MYHBIX TEMIIEpaTypax: ¢ POCTOM
COZIEpIKaHUs Kalblius TEMIEPAaTypa yBeIuqH-
Bastack oT 1 043 K ms x, pasroro 0,1, 1o 1333 K
[uis x, paroro 0,5.

PeHTreHorpaVNBI HCCIieIyeMbIX 00pa3ioB
cHEUMaNHCch Ha gudpaxtoMmerpe JPOH-3M
B CuK -M3JIYUeHUN TP KOMHATHOH TeMIepa-

Type B unTepBase yros 21° <26 <80°. Pent-
rero(a30BbIi aHAIN3 IT03BOJIUII CAENATE BEIBOJ
0 TOM, YTO IIOJYYeHHBIE 00Pa3LBl ABIAIOTCA
0IHO(a3HBIMU TIEPOBCKUTAMH.

V3sMepeHus 3eKTPOEMKOCTH, 3JIEKTPOIIPO-
BOJHOCTH U TaHTEHCa yIJIa IOTeph IPOBOIHU-
JIUCH ¢ UCIOJIL30BAHUEM IU(PPOBOrO U3MEPHU-
tenst E7-12. Tlpu 5ToM Ha TabIeTKy HCCIeaye-
MOTO COCTaBa HAHOCHJIOCH KOHTAKTHOC
BEILECTBO — CepeOpsHBIH KOHTaKTO. Temme-
paTypa u3MepsIach XpoMeJlb-alFOMETIEBOU Tep-
MOIapo#. DNeKTpUUIeCKUe U3MEPEHUS LIPOBE-
IeHEl B quanaszoHe Temmepatyp 77...300 K.
JI71s BBIYHCIICHUS STIEKTPHYECKOH IIPOHUIIAEMO-
¢t 06pasIoB UCIIOIB30BaNack Gopmyna

. 4hC
g, d* ,
e i — TonmuHa 00pasna, M;

C — éMKoCTB, O;

d — nuametp obpasna, M.

Jlins uccnenoBaHUS MarHUTHBIX CBOMCTB
TIOJIyUIEHHBIX 00Pa3IlOB UCIIOIb30BAJICS METO
U3MEPEHUS TOHIEPOMOTOPHOM CHIIBI B TEMITE-
parypuom unTepsane 80...1300 K B mone
0,86 Tn. O6pasi(pl IOMEIIANKCE B KBAPIIEBLIC
aMIIyJIbl cheprdeckoi GopMbl. AMITYIIEI BAKYY-
MUPOBAINCH ¥ 33IaUBAJIHCh.

PesyinTarhbl HeceIoBaHmi, PEHTIeHOCTPYK-
TYPHBIN aHAJIM3 PEHTTEHOIPAMM HCCIICTyeMbIX
HaMH TBEPJBIX PACTBOPOB MO3BOJIMI CJIEIATh
BBIBOZ 00 OPTOPOMOMYECKOM THUIE MCKAKCHUN
nepoBckuTHON sueliku. OnpeeneHs] mapamer-
pBI ¥ 00BEM BIIEMEHTAPHON AYEHKH.

27



ISSN 2309-1339

Becmuux bapl'V. Cepus: ®HIUKO-MATEMATHYECKHE HAYKH. TEXHHYECKHE HAYKH

HccnenoBanust TeMIiepaTypHOH 3aBHCHMO-
CTH yIeNnbHOH HaMarHMUeHHOCTH TBEPAOTO pa-

crBopa BiggCagoFe0,45 mpoBOomMIHCH

B TEMIIEPATYPHOM HHTEPBAJIE OT TEMIIEPATyPEI
sxugxoro azora 77 K o ~ 950 K s mone 0,86 T
(pucynok 1). Ilpu temnepatype ~ 650 K s
TaHHOTO TBEPIOrO pacTBOpa HabmIOmaeTcs
peskull crag yaensHol HaMarHH4eHHOCTH ©
B peXUMe OXJIAXIEHHS ¥ Pe3KUud MoasEM B
pexXkuMe Harpesa.

0,20
0,18

0,16

c.Ic oM/

3aBHCUMOCTE YIIGHBHOfI HaMarou4eHHOCTH

oT Temmepatyphl obpasua BigsoCag 5oFeO, 45

B TOM XK€ TIOJIe TaK)Ke XapaKTepu3yeTcs J0CTa-
TOYHO BBIPAXKGHHBIM MaKCHMYMOM, HO MpH
GoJbIIIEM 3HAUEHIH TEMIIEPATyPEI (DHCYHOK 2).

Anammsupys rpaguku G(T ) JUI COCTaBOB
¢ 10- 1 50%-M 3aMemmenreM BUCMYTa KaJIBIIHEM
TBEpBIX pactBopoB Bi_,Ca,FeO;_, B mome
0,86 Tn, nemaem BBIBOZ O TOM, UTO IAHHEBIE TBEP-
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Pucynox 1 — TemnepatypHas 3aBHCHMOCTE YAEJAbHON HaAMArHHWYeHHOCTH 06 pasna
Biyg,Ca 1 FeO ;o5 B mose 0,86 Ta
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Pucynox 2 — TemneparypHas 3aBHCHMOCTb YAE/IbH O HAMATHHYEHHOCTH .
Bi 5 Ca, 5 FeO, ;5 B nosie 0,86 Ta
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JIBIe PACTBOPBI MOYKHO CIUTATH aHTH(eppoMar-
HEeTHKaMH, IUI KOTOPEIX TEMIIEpaTyphl IEPEXO0-
Ia B MapaMaTHATHOE COCTOSHHE paBHBHI 650
u 730 K cooTBETCTBEHHO.
CroHTaHHas HaMarHHYeHHOCTb MMEET
Tc-om’ Tc-em®

3gayeHue ~ 017—— u ~ 02—
T r

B TBEPABIX pacTBopax BiggCagoFe0,s -

u Bij50Cag5oFe0, 75 cOOTBETCTBEHHO, YKa3bI-

Bas Ha TO, YTO JaHHBIE 00pa3Lbl ABJIAIOTCS aH-
TH(EeppoMarHeTHKaMH CO cabbM eppoMarHe-
tu3MoM. [l IpOCTPaHCTBEHHOHN TPYIITEI
Pbnm, xapakTepHO! JUIf NaHHBEIX 00pasIos,
c1abbIi peppOMarHETH3M HE 3aIPEIEH.

Ty Teépmoro pactBopa Big 70Cag 30Fe0; g

aHoMani Ha TeMIEPaTypHO#l 3aBHCHMOCTH
yembHON HAMATHHYCHHOCTH HE HAOMIONATOCh.
C pocToM TeMmIiepaTypsl OT TeMIePaTyphl XKul-

xoro asora 77 K mo 950 K ynenpHasd HaMarHu--

YEHHOCTh IUIABHO YMEHBIIAETCA.
TemmneparypHbIE 3aBECHMOCTH [U3JIEKTPH-
YyecKol MPOHHIAEMOCTH TBEPIABIX PAaCTBOPOB

Bi,_,Ca,FeO;_, (pucyHOK 3) HONyHICHBI HA

qactoTe 1 MI'm.

OtcyrcTBHUEe aHOMaHi Ha rpaukax s(T)

B TEMIIEPATypHOM HHTEpBase OT TEMIIEPATYPhI
JKPJIKOTO a30Ta 70 KOMHATHOM yKa3bIBaeT Ha OT-
CYTCTBHE CTPYKTYPHEIX ha30BEIX MpeBpaIieHui
IUL BCEX TBEPIBIX PACTBOPOB B TaHHOM HHTED-
BaJIe TEMIEPaTyp. '
KOHIEHTpalMOHHAs 3aBHCHMOCTD [TH3IIEKT-
pHdecKol IIPOHKL[AEMOCTH XapaKTepH3yeTcst Ha-
JTHIHEM MAKCHMYMa, COOTBETCTBYIOIIETO TBEPTOMY

pactBopy Big0Cag30Fe0, g5 MakcumanpHbIe

3HAUEHMS JUAIEKTPHUECKON IPOHHIIAEMOCTH
IS JaHHOTO pacTBOpa COCTaBIAIT ~ 82
u ~ 130 mpu Temmeparype JKHIKOTO a30Ta
Y TIpY KOMHATHOM TeMIIEparype COOTBETCTBEHHO.

3uadyeHns TAHTEHCA AUIIEKTPUIECKUX I10-
TEeph MpU KOMHATHOM TemIleparype COCTaBIIs-
0T BenuunHEl ~ 0,01 m1g TBEPABIX PacTBOPOB
¢ 20- u 30%-M comep)kaHWeM KaJlblHA. JTO

HAUMCHBINHNEC 3HAYCHU . I[IISI APYIrux COCTaBOB
BeIIMUMHEI 6n TLITTe (~ 0506§ nng n6pa'zrm

¢ 10%-M 3aMelieHHEeM BHCMYTa KaJIBIHEM
u ~ 0,062 nna 20%-ro 3aMeIEeHns BUCMYTa

KaJIBIHEM).

3axarouenue. Ha ocHOBaHMM MTOITyYEHHBIX
TIAHHEIX MOYKHO CHENIaTh CIeIYIOLIUE BEIBOIBL:
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Pucynox 3 — TemuepaTypHasi 3aBHCHMOCTH AHIIEKTPHYECKOH NPOHHLAEMOCTH T BEPABIX

pacTBOpOB Bi,__ CaxFe03_y(x =0,10..0,50; v = 0,05...0,25)
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1. BenmunHa AU3IEKTpUYECKOHA IPOHUTIA-
€MOCTH € C POCTOM TEMIIEPaTyphl B HHTEPBA-
Jie TEMIIepaTyp OT TeMIICpaTyphl KHJIKOTO a30Ta

mm BCEX TBEPIBIX PacTBOPOB.

2. Ha KOHIEHTPaIHOHHON 3aBUCHMOCTH
JUBIEKTPHISCKON IIPOHUIIAEMOCTH U IIPH TEM-
Ileparype KHIKOTO a30Ta, ¥ IPH KOMHATHOM

TEMIIEPATYpE MMEETCA MaKCHMYyM, COOTBET-
cTByromumii cocrasy Bigz0Cag30Fe0;gs. Max-

CUMAJIBHOE 3HAYCHUEC )I[HBJICKTpH‘—ISCKOfI IIpoHu-

naemocti coctapmer 82 (upwm T, pasHoit 80 K)

u 130 (mpm 7, passoit 290 K) nyis nasHoro cocrasa.

3. PesynmeraThl HCCIENOBAHUN MarHUTHBIX
XapaKTepPUCTHK MTOKa3hIBAIOT, YTO TBEPIBIC pa-
CTBOPHI ¢ coeprkanneM Kanbrus 10 u 50% 8-
Ts0TCs aHTH(GEPPOMATHETHKAMH CO CNabBIM
(i)eppOMarHeTHBMOM Temneparyps! Heesns misa

BETCTBEHHO. IIJIH cocraBa Big79Cag30Fe0, 5

ofpaTHas MarHUTHAsA BOCIPUUMYUBOCTD C POC-

TOM TEMIIEPATYPHI MOHOTOHHO PAacTéT, He 00Ha-

py’kuBasi aHOMATHI Ha 3aBHCHMOCTH 00paTHON
T

MarHUTHOR BOCIPHAMYABOCTH O

4, HauMeHbIMe 3HAUYSHHS TAaHTEHCA JU3-
JIEKTPUYECKUK ITOTEPh TP KOMHATHOM TeMIle-
paType UMEIOT TBEpIBIE PACTBODEL, COMEPKa-

mue 10, 15 u 20% xanpiud. is JaHHBIX
obpasuos  tgdumeet 3Hadenus 0,01...0,02.

[IpakTHUYeCKH BCE TBEPABIE PACTBOPHI HMEIOT

PasMBITEI MakCUMyM Ha TEMIEPaTypHOU
3aBHCHMOCTH {g®.
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Marepuan moctyrm B peakiuio 06.02.2013 .

The results of studying the crystal structure, electrical and magnetic properties of polycrystalline solid solutions

Bi;_,Ca, FeO,_, (x =0,10...0,50; y = 0,05...0,25) are discussed. The crystal structure of the samples is characterized by

the orthorhombic distortion of the perovskite cell. We have found out that in the temperature range from
80 t0 290 K, the dielectric constant increases linearly with enhancing the temperature for all compositions. The tempera-
tures shift from the antiferromagnetic to the paramagnetic state for samples containing 10 and 50% Ca. Their values are 650

and 730 K, correspondingly.





