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(Ln — Y, La, Nd, Sm)

IIpeacraBieHbl pPe3yabTaThl HCCICAOBAHUS (DU3MKO-XMMHYECKUX CBOWCTB CETHETOAIEKTPHYECKO-MOIyPOBOIHH-
KOBOH KepaMHKH Ha OCHOBe MeratuTaHata Oapus (Bai.Lny)TiOs, roe 6apuil 4acTHYHO 3aMeIIaeTcs penKo3eMelb-
HeIMU 2neMeHTaMu (Ln — Y, La, Nd, Sm). MeronoM KOMIJIGKCHOTO HMIIeaHca HCCIeNOBaHbl 3aBUCHMOCTH COTI-
POTHBIICHHUS 3epHA, BHEIIHETO CIIOS M TPAHHUI] 36PeH KEpaMUKH OT HPHUPOJBI U KOHUEHTPALUH PEIKO3eMETbHBIX
anemeHToB (P3D). YcTaHOBIEHO, YTO B UTTpHICOEpKAIICH KepaMUKe OCHOBHO# BKIad B 3()(GEKT MOI0KHUTEIBHOTO
temnepatypHoro koadouimenta conpotusieHus (IITKC) maroT anekTpodusnueckue CBOWCTBa TpaHHUIl 3epHa. B TO
K€ BpeMs B JJaHTaH-, caMapui- U HEOANMCcOAepKaleil kepaMUKe OH 00YCIIOBIJIEH 3JIEKTPO(PH3UIESCKUMHU CBOHCTBaAMH
KaK TpaHHIbl 3¢pHa, TaK U BHEIIHero cios. [ToBBIIEHHE CTENCHN 3aMelleHHs] HOHOB Gapus monamu P33 B uccie-
JIOBAaHHOW 00JTaCTH KOHIEHTPAUWil NMPUBOJUT K MOHMKCHHIO BEIMYMHBI MOTEHI[MAIBHOTO Oapbepa Ha IpaHHIE 3e-
PEeH U, COOTBETCTBEHHO, K YBEIMUYCHHIO BapUCTOPHOro 3ddexra.

OCHOBO# COBPEMEHHBIX AKTHBHBIX 3JICMEHTOB
SIIEKTPUIECKOTO 0OOPYIOBAHUS U DIEKTPOHHBIX CXEM
(maTYMKKH KOMMYTAIUH, CHCTEMbI TOKOBOM U TEILIO-
BOH 3alIMTHI) SBJISIFOTCS CETHETORIEKTPUUECKHE-TIO-
JIYIPOBOJHUKOBBIE MaTEpPHalbl Ha OCHOBE METATH-
TaHaTta O6apus 6narogaps 3hPexTy moNoKUTENbHOTO
TEMIEPATYPHOTO KOIPPUIIMEHTA COMPOTUBICHHS
(IITKC) [, 2]. TanHbIe MAaTEPUAIIBI MOXHO MOJYYHTh,
HAMpUMep, TE€TCPOBAJICHTHBIM 3aMEIICHHEM Oapus
penkosemenbHbIME daementamu  ((Bay_.Ln )TiO,,
rae Ln —Y, La, Nd, Sm), npu kotopom obpasyercs
MOJIYIPOBOHUKOBBIN TBEPJIBINA PACTBOP, C MOCIEY-
IOIIMM OKHCIEHHEM TPAHUI] 3€peH NpU CICKaHUU
KEepaMHKH Ha BO3JyXe, YTO MPUBOJUT K (Hopmupo-
BaHUIO MOTEHIHATIbHOTO Oapbepa [3, 4]. Ha sddext
IITKC Bauser xumudeckasi, a, CI€IOBATEIbLHO, U
SIIEKTPOPHU3NUECKAST HEOTHOPOTHOCTh 3epHA: TOIY-
MPOBOJHUKOBBIM 00BEM 3€pHA, JUIICKTPHUYCCKUE
TpaHMIIBl 3€pEH W BHEIIHMH CIIOW 3€pHa, KOTOPBIH,
HAaXOJICh MEX/y IPAHUICH 3€pPHA U CAMUM 3EPHOM,
MOJKET UMETh KaK MOJIyITPOBOJAHUKOBEIE, TAK U JIUD-
JekTpuyeckue cpoiictBa [5—7]. Uudopmanuo 06
SIIEKTPOPUIMUECKUX CBOUCTBAX OTICIBHBIX 00Jac-
Teil 3epHAa KEPAMHKH MOHO MOJYYUTh METOIOM
KOMILUTEKCHOTO uMnenanca [8, 9], koTopsliii mo3BOJIS-
€T OIEHUTHh BKJAJ Pa3UYHBIX OoOJacTeil 3epHA B
addext IITKC.

I{enp maHHOW PabOThI — HCCIENOBAHHUE DIIEKT-
PODU3MIECKUX XaPAKTEPUCTHK 3€PHA, BHEIIHErO CIIOSI
W TPAHHUI[ 3€pHA CETHETOIEKTPUUECCKOU-TIOIYIPOBOI-
HUKOBOW KE€paMUKH Ha OCHOBE METAaTUTaHaTa Gapus

(Bay_,Ln)TiO3 (rme Ln — Y, La, Nd, Sm) u onenka
BKJIaJla Kaxaoil obmactu 3epHa B 3ddext IITKC.

HWccnenoBaHus BHITIOIHEHB! HA KEPaMUUECKHX 00-
pasmax CerHeTodJIeKTPUYECKOTO-TI0JIYITPOBOIHUKO-
BOTO MeTaTuTaHaTa 0apus ¢ pa3IMYyHON KOHIEHTpa-
IUel penKo3eMeNbHBIX IEMEHTOB, TIOJIY4YeHHBIX Me-
TOZOM TBepA0(da3HBIX peakuuii. B kauecTBe Mcxon-
HBIX pearcHTOB UCMOJIb30BaJIU KapOOHAT Oapus, Au-
OKCHJI TUTaHa M OKCHJIBI PEIKO3EMEIIbHBIX JJIEMEH-
TOB KBaluukanuu oc.4. CTeXHoMeTprIecKre KOoJu-
YecTBa MCXOJHBIX PEareHTOB CMEIIMBAIN U TOMOTe-
HU3MPOBaJlM Ha BUOPOMENBHHIIE C HCIIOJIb30BaHH-
eM OHIMCTHIUIMPOBAHHOW BOJBI M MaTEpPHaJIOB, MCK-
JFOYAIONMX HaMoJI. [10JydeHHYIO IIUXTY BBICYILIMBA-
JIM, TPOCEUBAJIN Yepe3 KarnpoHOBOE CUTO U CHHTE3U-
posanu mipu »1150 °C. B cHHTE3UPOBAHHYIO LIUXTY
BBOJIMIIM CBsI3yIolIlee, 00pasIbl IPeccoBaii U 00KH-
ranmu npu »1360 °C.

PeHTreHoBcKHe MccaenoBaHus POBOIWIN Ha JU-
dpaxromerpe JIPOH-4-07 (CoK,-uznydenue), moji-
KIIIOYEHHOTO 4epe3 nHTepdeiic kK KommbioTepy. CheM-
Ky PEHTTE€HOTpaMM OCYLIECTBIISUIN B IIOLIATOBOM pe-
xuMme B uHTepBane 20 = 10—150° ¢ marom D2q=
0.02° u skcnosunueit 10 ¢. B kavecTBe BHEUIHUX CTaH-
naptos npumensan SO, (crammapt 2q) u Al,O4
(craHmapT WHTEHCHBHOCTH).

Jis uccnenoBaHus 3IEKTPO(U3NIECKUX CBOMCTB
WCIIOJIB30BAJIM WIMHAPH AuaMerpoM 10 MM u TOI-
muHO# 1 MM. B KadecTBe 3MeKTpOI0B MPUMEHSIIH aJTko-
MHUHHH, KOTOPBIH HAHOCHIIM, BXXHTas allOMHUHUEBYIO
nacty. Vi3amepeHus mpoBOIOMIIM TIPU TeMIepaType
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Taonummoma 1

Kpucrannorpagudeckue u 3JjeKTpou3nvecKHe CBOWCTBA CErHETO3JEKTPHYECKOMH-I0/IyIPOBOJHUKOBOH KepaMHKH

(Ba;_Ln)TiO3 rme Ln —Y, La, Nd, Sm

(Bal—xYx)TiOB

(Bay,La)TiOg

(Ba, Nd,)TiO, (Ba,_,Sm,)TiO,

[Tapamerp BaTiO4
x=0.004 | x=0.005 | x=0.001 | x=0.002 | x=0.001 | x=0.002 | x=0.001 | x=0.002
[Mapamerpsl amemMeHTapHOU staeiiku P4mm
a A 3.9941(2) 3.9930(1) 3.9931(2) 3.9931(1) 3.9928(1) 3.9929(1) 3.9927(1) 3.9929(1) 3.9927(1)
c A 4.0337(2) 4.0362(1) 4.0355(2) 4.0348(2) 4.0365(1) 4.0359(2) 4.0370(2) 4.0359(2) 4.0370(1)
v, A3 64.349(5) 64.354(3) 64.345(5) 64.334(4) 64.352(4) 64.345(4) 64.356(4) 64.345(4) 64.356(4)
®aKTOPBI JOCTOBEPHOCTH
Rg, % 4.04 331 2.86 3.65 4.15 4.68 3.37 3.36 4.35
R;, % 2.78 2.66 1.87 3.83 4.16 4.80 4.69 3.58 5.19
DiekTpoduznIeckue mapamMeTpsl
Poem T/ om® 5.42 5.24 5.49 541 5.26 5.39 5.30 5.29 517
Pp — rlem® 6.022 6.012 6.010 6.020 6.018 6.019 6.018 6.019 6.019
logocy Omxm > 108 50 100 80 300 80 500 25 245
F max! " min — 3.4 33 31 2.8 4.0 37 33 3.0
KBap, % — 11 6.5 31 6.8 3.3 6.4 31 6.3
d pr MKM 20 69 70 45 40 55 48 70 68

IlpumMedaHHe Pyen — WIOTHOCT 00pasua, U3MEpeHHas MHUKHOMETPUYECKAM METONOM; Ppenr — pEHITEHOBCKAS
IIOTHOCTH 06pasua; f200c — yaensHoe conpotusiaenre o6pasia npu 20 °C; F max/T min — KPaTHOCTh M3MEHEHHS COTMPO-

TUBJICHUS,

Keap — K03dunuent Bapucroproro sddexra; dep — cpenHuit pasmep 3epeH.

20—320 °C Ha mOCTOSIHHOM TOKE, a TAK)KE B YaCTOT-
HoMm auanazone 100 'm—I1 MTI'n npu momomu 1260
Impedance/Gain-phase Analyzer (Solartron Analyti-
cal). KpaTHOCTh U3MEHEHHUS COTIPOTHUBIICHUS B 001ac-
tu IITKC onpenenanu kak COOTHOLICHHE MAaKCH-
MajbHOTO YJENLHOTO cConpoTuBienus (I, ) K Mu-
HuMansHOMy (I ). Koaddumuent BapucropHoro
sthdexra (KBap) onpenensim no popmyne In(r ¢ /r )/
(E;—E)), rme rg u rg — ynensHOe conpoTusife-
HHE 06pasua NpH HANPDKEHHOCTAX HIEKTPHUECKOTO
nons Eq u E, coorBercTBenHo. Onpenenenne >KBu-
BAJICHTHOM DJIEKTPUYECKOM CXEMbI M 3HAUYEHHI ee KOM-
MOHEHTOB MPOBOJIMIN MPU TOMOIIH KOMIBIOTEPHO
nporpamMmer Frequency Responce Analyser 4.7.
VYcraHOBIEHO, YTO HauOobIIas KPaTHOCTh U3-
MeHeHHUsl conpoTuienus B oomnactu 3dpdexra [ITKC
HaOmonaercs B kepamuke (Bay,Y,)TiO3z mpu x=
=0.004—0.005, a B xepamuke (Bay_4Lny)TiO3 rae
Ln — La, Nd, Sm, — npu 3Hauenusx x=0.001—
0.002, xoTtopsle U ObLTM BBIOpaHBI IS MCCIEAOBA-
HUS DJIEKTPO(DU3MUECKUX XapaKTEPUCTHUK 3epHA,
BHEIIHETO CII0s, TPaHUI] 3epHA W OLIEHKU BKJIaJa Ka-
xaou obnmactu 3epHa B dddext ITTKC.
PeHTreHoBckue uccieoBaHUS MOKa3ald, 4TO

KepaMHUuecKie 00pa3ibl B HCCIEAYEMbIX THAMA30HAX
X SIBISIFOTCSL OTHO(Da3HBIMU M XapaKTepU3YIOTCS TeT-
paroHaabHO-UCKAKEHHO# MEPOBCKUTHON CTPYKTY-
poii (mpoctpancTBeHHasi rpymma P4mm (99), mosu-
UM U KoopauHatel atomoB Ba(lb) 1/2 1/2 7, TilM
(1) 000, 01 (1a) 00 Z, O2 (20 242 0 Z, uroO co-
riacyercst ¢ nuteparypubeiMu ganubsivu [10]. Kpuc-
Tajuiorpagpuueckue U 3JIeKTpo(U3NIECKUe mapaMer-
pBI HCCIEIYEeMbIX CHCTEM MpHBeNeHbl B TaOu. 1.
Ha temmepaTypHBIX 3aBHCHMOCTSAX YICTHHOTO
conpotusinenus kepamuku (Ba, LN, )TiO5 (rze Ln
— Y, La, Nd, Sm) npu pasiuuHbBIX 3HAYCHHIX X
spdexr [ITKC nHabmonaercs B UMHTEpBaJEC TeMIIe-
patyp 120—200 °C. Tlpu yBelW4eHMH 3HAYCHHUS X
MOBBILIACTCS YJCTHHOE COTPOTUBICHUE B CETHETO-
MIEKTPUUECKOH 00JIACTH TeMIepaTyp, CHIKAETCS Kpa-
THOCTh H3MCHEHHSI COMPOTHBICHHS, PACIIHPICTCS
TemnepaTtypHas obsacts 3¢ppekra IITKC, a taxke
MOBBIIIACTCS BapHCTOPHBIH dhdexT. Kak mokazanu
uccnenoBanus [11], Ha M3MEHEHUs TAHHBIX JIEKTPO-
(GU3UYECKUX CBOWCTB CErHETOMIEKTPUUICCKUX-TOIY-
MPOBOAHUKOBBIX MaTepHaoOB HA OCHOBE METAaTHUTa-
HaTa Gapusi CYLIECTBEHHO BJIHSCT CPEAHUN paszmep
3epeH kepaMukd. OIHAKO B HCCIEMYEMBIX THANa30-
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HaX 3HAYEHUH X CPEIHHI pa3Mep 3¢peH KEpaMUKH He
u3menstercst (cM. Tabi. 1). JIyist BeISCHEHUST TPUYHH W3-
MEHEHHS 3JIEKTPOPHU3NIECCKUX CBOMCTB KEPAMHUKU B
3aBHCUMOCTH OT TMPHUPOJIBI U KOHIEHTPAIIMU PEAKO3e-
MEJIBHOTO 3JIEMEHTA METOJ0M KOMIUIEKCHOTO HMIIe-
JIAHCA HKCCIIENOBAaHBI JIEKTPO(dU3NUECKUe CBOICTBA
MaTEpUagoB B MIMPOKOM TEMIIEPATYPHOM H YacTOT-
HOM HMHTEpBaJax.

JleralbHO METOJI0JIOTHS MCCISIOBAHUS CETHETO-
SIIEKTPUIECKOU-TIOTYITPOBOHUKOBOM KEpaMUKU Ha
OCHOBE MerTaTuTaHaTa Oapus omucaHa B pabote [14].
IMepBOHAYAIBLHO PE3YIBTATHI YACTOTHBIX HCCIEIOBA-
HU# GBLTH MOJTy4YeHBI B Buje 3aBucumocreii Z"'=f(Z")
(rme Z" w Z' — peiicTBUTENbHAS M MHHMAasi 4acTh
KOMILIEKCHOTO MMIIEIaHCa COOTBETCTBEHHO). JlaHHOE
MpeNCcTaBICHUEe YAOOHO s OMPENCNICHHUs COCTaBa
SIIEKTPUIECKO U IKBUBAJICHTHOM CXeMbl. J[J1s1 aHamm3a
PE3yNbTAThI UCCACIOBAHUI KOMIJIEKCHOTO MMITEIaH-
ca ObUTH TPEICTAaBJICHBI TAKXKE B BHIC YACTOTHBIX 3a-
BUCHMOCTEH MHHMMBIX YacTeil KOMILIEKCHOTO HMMIIe-
naHca Z'' ¥ KOMILIEKCHOTO SJIEKTPHUYECKOTO MO IYJIsI
M’. DTo MO3BOJISIET HATJIAHO MPOCIEAUTH TEMIIe-
paTypHbIe H3MECHEHUS BEJTMYMHBI KaXKIO0T0 U3 KOMITO-
HEHTOB 3JIeKTpuueckoil nenu [5—7, 12, 13).

Ha puc. 1 mpencraBieHbl YacTOTHBIE 3aBHCH-
moctu Z” u M’ obpasuos cucrem (BayY,)TiO;

Puc. 1. YacroTHbie 3aBucumoctu Z" u M” kepamuku (Bag oY g 0oa) TiO5
(@); (Baygg5Y 0.005)T1O3 (0); (Bag 9995Mp001) TIO3 (6); (B 9955Mp g) TIO5

(¢) npu pasnMuYHBIX TemmepaTypax.

ISSN 0041-6045. YKP. XMM. XXYPH. 2007. T. 73, Ne 9

u (Ba,_,Sm,)TiO; (3aBuCUMOCTH 171 KEPAMUKH CO-
CTaBOB (Bal_XLnX)TiOs, rae Ln — La, Nd, umeror
noJ00HBIH XapakTep), MCCIENOBAHHBIX B TeMIepa-
TYpHOM [Hamna3oHe, B KOTOPOM MPOSBISIETCS (-
¢ext IITKC. B naHHOM TeMmmepaTypHOM Juamaszo-
He Ha kpuBbix Z''(f) HaGnromaercs 0MH MakCHMyM,
a Ha kpuBbix M”(f) — nmBa mMakcumyma: omMH — B
obyacTu CpeIHMX 4acToT, HAmpuMep, s obpasia
(BaOOQ%YO.OOA)TiOS MaKCHMyM M’ maGnromaercs npu
140°C ma wacrote f » 10" T'u. Bropoi#t MakcuMym
M’ Bo Bcex ucciemyeMmblx oOpasnax HaOmomaercs
B BBICOKOYacTOTHOU ob6macru (f > 108 I'u). U3mene-
HUE BEJIUYMHBI U TIOJIOKECHUSI MAKCUMYMa Ha KPUBBIX
Z"(f) cBsI3aHO C M3MEHEHUEM BIIEKTPO(DUIUUCCKUX
CBOMCTB TpaHHIBI 3epHA. VI3MEHEHHE BEIMYHHBI H
noJjoxeHus: makcumyma Ha kpusbix M''(f) B obnac-
TH CPEIHHX YacCTOT CBSA3aHO C M3MEHEHHEM DIIEKTPO-
(bU3KYECKUX CBOMCTB BHELIHErO CJI0sI 3epHa, a B obac-
mn >108T — ¢ u3menennem IMEKTPO HU3UICCKHUX
CBOUCTB 3epHa [3—D5].

Ha ocHOBaHMHM MNOJYYEHHBIX JKCIEPUMEHTA-
JbHBIX JaHHBIX PACCYMTAHBI 3HAYCHHS COMPOTHB-
JICHHs 3epHa, BHEIIHEro CIOsl U IPaHUIl 3epHa Kepa-
muku cucrem (Bay,Y,)TiO; rae x=0.004—0.005,
u (Ba,,Lnx)TiOg rae Ln — Y, La, Nd, Sm; x=
=0.001—0.002 n wux TtemmepaTrypHble H3MEHEHUS
(puc. 2). B cucreme (BayY,)TiO;
npu x=0.004 BenuurHa U XapakTep
TEMIIePaTypPHBIX 3aBHCHMOCTEH COTI-
POTHBIICHHS BHEILHETO CIOSI U 3epHa
KEepaMHUKH HMEIOT MOJIYIpPOBOJHUKO-
BbIli xapakrep (puc. 2, a, kpusbie 1 u
2), ocuoBHoii Bkaan B addext IITKC
BHOCAT M3MEHEHHsS dNEKTpodu3ndec-
KHX CBOWMCTB IpaHUIIBI 3epHa (CM. pHC.
2, a, xpuBas 3). Ilpu yBemuueHUn
sHauenus x 10 0.005 snektpodusudec-
KHE CBOWCTBA 3¢pHA MPAKTHYECKH HE
HU3MEHSIOTCS, B TO BpEMs Kak BKJIaj
B a¢pdext IITKC narot anextpodusu-
YEeCKHE CBOMCTBA TI'PAaHUIBI 3epHA U
BHEILIHETO CJiosi 3epHa (CM. puc. 2, 6,
kpuBble 2 U 3). OTnu4neM KepaMHUKH
cocraBos (Ba_,LNn,)TiO5 rae Ln —
La, Nd, Sm, sasiserca 1o, 4ro He3a-
BHCHMO OT COJICpKaHHUsS pemKo3e-
MEJBHOTO JIEMEHTa, 3aMETHBIN BKIIAJ
B3ddext IITKC narot anekTpodusu-
YecKHe CBOMCTBAa TIpaHMIBI 3epHA U
BHEIIIHErO CJ0st 3¢pHa (CM. puc. 2, 6,2).

JInst BBISICHEHHSI MPUYHHBI U3-
MEHEHUsI JIEKTPO(DUIUIECKUX CBO-
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HCTB (CHIKECHHME KPATHOCTH W3MCHEHHS COTPOTHB-
JIEHUS, pa3MbITHE TeMIIEpaTypHOil oOnacru a¢dexra
IITKC u noBsllicHue BapUCTOPHOTO 3ddekTa) mo-
suctopHoit kepamuku (Ba_ Ln)TiO, rae Ln — Y,
La, Nd, Sm, npu mOBBILICHUH COJICPKAHUSI TETE
POBAJICHTHOT'O MOHA NPOBEJEH pacyer BEeIWYHMHBI HO-
TEHLMAIbHOTO Oapbepa Ha rpaHule 3epeH. M3MeHe-
HUE COTPOTHUBIIEHHS B CErHETORIEKTPUYECKON M T1a-
pasneKTpU4eckoil 00JacTsAX TeMrepaTyp OIHUCHIBaA-
ercst ypaBHeHusmu [12, 17):

| 1
(= ro>e(EankT); 1l g (B T) (

0 €

iy =1 1)

rac rO nu ro — KOHCTAHTBI JJId TUTaHaTa 6ap1/1$1

Puc. 2. TemmepaTypHas 3aBHCHMOCTH COTIPOTHBIICHUS 3eP-
Ha (1), BHemHero cios (2) U rpaHuubl 3epHa (3) KEpaMHUKH
(Baggo6Y 0009 TI03 (@) (BggsY o) TiO3  (0);
(B2g,9995M0 001) TIO3 (6); (Bay g9gSMp 002) T1O3 ()-

Taonwuma 2

[15]; EL u Eg' — DHEprus aKTUBALUHU NMPOBOIUMO-
CTH B CETHETOZJIEKTPUUYECKOM M INapa’aeKTPUYECKOU
obracTsax TeMIepaTyp COOTBETCTBEHHO; K — moc-
tosinHas bonbimana (13840 232:[>K/K = 862407 5B/K).

W 3MeHeHHE COMPOTUBICHUS B 00JIACTH TeMIIe-
patyp, rae nposiBagerca 3¢gdext IITKC, o6bruHO
OMHUCHIBAIOT, UCXOMAs U3 Mozaenu XeitBanra [12]:
(@y(T) T) , )
rae a — (akTop reoMeTpUYecKoil KoH(Urypanuy,
@y — BBICOTA TOTEHIUAIBHOTO Oapbepa Ha TPaHHU-
[[aX 3EpeH:

r = arge

eznD b?
2e(T)e,

Dy = (©)
e — 3aps] ANEKTPOoHA (1.602>10_19 Ku); np — o6bem-
Has KOHIIEHTPAIs 1eKTPOHOB; b — Tommuna mo-
TenuanbHOro 6apbepa (20 = ndnp, rae Ng— nosepx-
HOCTHAsl KOHIIEHTPAIUs aKIENTOPHBIX COCTOSHHIA);
§(T) — 3HaueHMe AMITEKTPUUECKO TPOHUIIAEMOCTH
3epeH, KOTOpasi B CErHETORIEKTPUKAX M3MEHSAETCS T10

3akony Kropu—Beiieca: g(T) = (rne C — mo-

T-Q
crosunas Kiopu; T¢ — temneparypa Kiopu (s
tutanata Gapus C= 1.740°K; Q = 110 °C [17)).
Pe3yabTaThl pacuyeroB MOKa3bIBAaIOT, YTO B Ke-
pamuke (Ba,_,Ln,)TiOz rne Ln —Y, La, Nd, Sm,
C MOBBILICHHEM Cojiep)aHusi P3D B CErHETORIIEKT-
pHUYECKON 00JIaCTH TEMIEpaTyp CONPOTHUBICHUE 00-
pasua (r 'O) YBEITUYMBACTCS, TIPH 3TOM YMEHbIIAETCS
SHeprusi akTHBauuu nposoaumocru (EL); B mapa-

Bimsmne P33 Ha cBOicTBA cerHeT03/1eKTPHIECKOi-TIOTyPoBOIHIKOBOI Kepavuku (Bay_ L n)TiOg rae Ln— Y, La, Nd, Sm

(Bay_,Y,)TiOg (Ba,_La)TiOg

(Bal—dex)Tio3 (Bal_xSmx)Tios

[Tapamerp
x=0.004 | x=0.005 | x=0001 | x=0.002 | x=0.001 | x=0.002 | x=0001 | x=0.002
rl?, Om 15 2.1 0.26 0.32 0.48 0.87 0.27 1.0
E, oB 0.09 0.07 0.037 0.01 0.031 0.01 0.024 0.019
4n§/nD,cM‘1 9.140° 9.840° 5.740° 5.9640° 5.2240° 1.340° 1.0840° 1.1240°
r%", Om 107 115 101 106 102 125 103 124
E)', 5B 0.2 0.4 0.43 0.60 0.38 0.57 0.36 0.69
| o el
I1 puMedaHHUeC. rO — COHpOTI/IBHCHI/IC 06pa3ua B CETHETOJJICKTPUUCCKOU OGIIaCTI/I TeMmneparyp, Ea — DJHEPrus
aKTUBallUU MOPOBOIAUMOCTHU B CeI‘HeTOZ)JICKTpI/I‘IeCKOﬁ OGIIaCTI/I TCMHCpaTyp; 4n§/nD — COOTHOULICHUE MOBCPXHOCTHBIX
KOHIIEHTPANUH aKIENTOPHBIX COCTOSHUH Ns M 00BEMHON KOHIEHTPANMH 3JIEKTPOHOB Npy; I'g' — COMPOTHBIIEHUE 00pasna
B TeMmIepaTypHO# obmactu, Haxoxasmieics Berme d¢¢exra [ITKC; Ea' — sHeprus akTuBanmuu mpoBOJUMOCTH B TeMIIe-

patypHOil oOsactu, Haxoxasuielics Beime 3¢dexra [TTKC.
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SIIEKTPUYECKON O0JIACTH TEMIEpPaTyp COMPOTHBIIE-
Hie obpasmua (r 81) W SHEPTUs aKTHUBAIMK TPOBOJIH-
MOCTH (E?) noBbIIATCs (Tadm. 2). C moBbIIICHHEM
conmepxkanus P3D B CErHETORNIEKTPUUECKOM -TIOTY-
MPOBOJHUKOBOW KEPaMUKE BEIMYMHA IMOTEHIIUATb-
HOrO Oaphepa Ha TPAHWIC 3€pPHA CHIDKAETCS, Y4TO W
00BSCHIET U3MEHEHHE DIIEKTPO(DU3UUCCKUX CBOMCTB
matepuana. Ciaeayer OTMETHTh, YTO C MOBBILIICHHEM
COJICPIKaHUS TETEPOBAIIEHTHOTO MOHA CaMapus B Ke-
pamuke (Ba;_,Sn,)TiO; BennunHa NOTEHIUATBHO-
ro 0apbepa H3MEHACTCS CHIbHEE MO CPABHEHHUIO C
HU3MEHEHHUEM BEJTUUUHBI MMOTEHI[HAILHOTO Oapbepa Ha
rpanune seped kepamuku (Bay_ Ln,)TiOs rae Ln
— La, Nd, uto cBsI3aHO CO 3HAYUTEIBHBIM YMEHb-
[IEHHEM COMPOTHUBIICHHUS TPAHMI[ 3€PHA.

PE3IOME. IlpencraBieHo pe3ylbTaTH JOCIIKEH-
HA (I3UKO-XIMIYHHX BIJIACTUBOCTEH CETHETOENeKTpHUY-
HOI-HaNiBNIPOBIJHUKOBOI KepaMikM Ha OCHOBI METaTH-
tanaty Gapito (Ba,_ Ln )TiOg ne Gapiil wactkoso 3a-
MimeHuil piakicHo3eMenbHUMH enementamu (Ln — Y,
La, Nd, Sm). MerogoM KOMIUIEKCHOTO iMIIE€IaHCY J10-
CITIJPKEHO 3aJIeKHOCTI OMOpPY 3€epHA, 30BHIIMIHBOTO IIapy
Ta TPaHUIb 3€peH KepaMiKH Big HPHUPOIH | KOHIIEHT-
pamii pigkicHoszemensuux enementis (P3E). Bcranos-
JICHO, IO B ITpi€BMICHIA Kepamilli OCHOBHUH BKJIaa B
e(eKT MO3UTUBHOTO TEMIIEPaTYypHOTO KOedilieHTy oTmo-
py (ITTKO) nmarwoTth enekTpodi3uvHi BIACTHBOCTI rpa-
HHIb 3epHa. B To# xe wac B maHTaH-, camapiii- Ta Heo-
NiMBMIiCHIH kepawmini momitTHHH Bkiax B edext IITKO
aloTh eJNeKTPOQi3M9IHI BIACTHBOCTI SK T'PaHUIL 3EpeH,
Tak 1 30BHIMIHIX mmapiB 3epeH. IliABHUIOIEHHS CTymeHS
3aMimeHHss HWoHIB Oapito Homamum P3E mpuBoauts no
3HIDKEHHS BEIHMYMHHU MOTEHIIHHOTO 0ap’epy Ha TrpaHHIi
3epeH i, BIAMOBINHO, 301MBIIEHHS] BADUCTOPHOTO e(eKTy.

SUMMARY. Electrophysical properties of ferro-
electric-semiconductor ceramics based on barium tita-
nate, (Ba,_.Ln )TiO; where rare-earth elements (Ln =
Y, La, Nd, Sm) partially substituted for barium, have
been investigated. Resistances of grains, outer layers
and grain boundaries of ceramics as a function of natu-
re and concentration of rare-earth elements (REE) ha-
ve been studied using method of complex impedance ana-
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lysis. It has been determined that in yttrium-containing
ceramics, the electrophysical properties of grain bounda-
ries give the main contribution to the effect of positi-
ve temperature coefficient of resistivity (PTCR). At the
same time, in lanthanum-, samarium- and neodymium-
containing ceramics, the electrophysical properties of
both grain boundaries and outer layers of grains give
the notable contribution in PTCR effect. The increase
in degree of substitution of REE for barium decreases
the value of potential barrier at grain boundaries and,
as a result, increases the value of varistor effect.
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