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Metoaom TBepaoha3HOro CUHTEe3a MOJy4eHbl ofHOMa3HbIe KepaMuuecKre oOpa3ibl HOBBIX COCTAaBOB
(Na, _ ,Sr) sBiy 5TiO;3 (x = 0—0.5), B TOM uncie MonuduurpoBaHHbIE fO6aBKaMH oKcunos SiO, u ZnO,
U U3YYEHBI UX KPUCTALIMYECKAs! CTPYKTYpPa, MUKPOCTPYKTYpa, IURJIEKTPUYECKUE, HEJTMHEUHBIE ONTUYE-
CKME U JIOKAJIbHBIC TThe303JIEKTPUUECKHE CBOMCTBA. YCTaHOBJIEHBI (DOopMUpOBaHUEe (pa3bl CO CTPYKTYPOIi
MEPOBCKUTA C IICEBAOKYOMUECKOM 2JIeMEHTapHOM sTYeiiKoil BO BCeX CMUHTE3MPOBaHHBIX 00pa3liax 1 yBeJIn-
yeHue oObeMa STUCKU B pe3yIbTaTe YaCTUYHOTO 3aMellleHUsI KATUOHOB CTPYKTYPHI IEPOBCKUTA. BhIsiBie-
HO CHUXXEHHUE TeMIIepaTypbl CETHETOINEKTPUUECKUX (Da30BbIX MEPEXON0B, MOATBEPKIACHHBIX METOJaMU
IUBJIEKTPUYECKOIN CIIEKTPOCKOIMU U TeHepallMy BTOPOi TapMOHUWKM JIa36PHOTO M3JIYYeHUs], B TeTparo-
HaJIbHYIO MapasieKTpudeckyto ¢da3zy. s CMHTe3upOBaHHbBIX 00Pa3LOoB B PEXUMeE MEePEKITIOUEeHUS OIS~
pM3alMU TTOJTyYeHbl OCTaTOUHBIE METIN Mbe303JIEKTPUUYECKOro TMcTepe3nca, MoATBEPXKIatolmne nepeKiio-

YCHUEC CeFHGTOBHCKTpM‘{GCKOﬁ IIoJapu3alviu.
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BBEIAEHME

O0ecrieyeHre NUOMPYIONIUX ITO3UIUNA B BIIEK-
TPOHHOI Ke€paMMUYECKO MHIAYCTPUM NpEeaycCMaTpu-
BaeT MHTEHCU(UKALIUIO IIPOU3BOICTBA AUIICKTPU-
YeCKMX M ITbe303JIeKTpUIeCKIX MaTepuaioB. OmHa-
KO IIMPOKO HCIOJb3yeMass B TaKUX MaTepuaiax
CBHUHEILICOAepKalllasi KepaMMKa Ha OCHOBE IIMPKOHA-
Tta-TuTaHata cBuHua Pb(Zr,Ti)O; (IITC) u npyrux
CJIOXKHBIX OKCHAOB CBMHIIA IIPEICTABIISIET PEATbHYIO
YIpo3y OKpyKalollieil cpeae BBUAY BEICOKOI TOKCHUY-
HOCTM CBHUHIA. [oGasbHbIE ONpOOJAEeMbl SKOJOTUU
WHULMAPOBAJIM MOUCK M CO3MaHUE 3KOJOTMYECKU
0e30MacHBIX HE CoAepKallluX CBUHEL ITbe303JIeKTPU -
KOB, (byHKIIMOHAILHEIE ITapaMeTPhl KOTOPBIX ObLIN
OBl CPaBHUMBI C XapaKTePUCTUKAMM MPUMEHSIEMBIX
Ha MPOTSLKEHUU HECKOJIBKUX AECATUICTUI CBUHELI-
coIepxkalx MaTepuajioB. beccBMHIIOBbIE MaTepHra-
JIbI TIPU3BaHbI MPAKTUYECKU MOJHOCTHIO 3aMEHUTh
CBUHELICOAEPKAIYI0 KepaMHUKY B LIEJIOM psiIe ee
MIpUMEHEHUII: B aBMa- U KOCMHMYECKOM TEXHUKE, B
aTOMHOM 1 aBTOMOOMJILHOM MMPOMBILIIICHHOCTH, M€ -

IVIMHE U MHHOPMALIMOHHOU cepe AesITeTbHOCTH.
I1be3057eKTPUKN HOBOTO TTOKOJICHUS TOJIKHBI YI0-
BJICTBOPSITH CJIEAYIOIINM TPEOOBAHMSIM: XapaKTepr-
30BaThbCsl BBICOKUMM 3HAYCHUSIMU TeMIIEpaTyphl
Kropu (T > 650 K), ocTaToqHOM TMOJSIpU3aIIN 1
MMbE303JIEKTPUIECKIX XapaKTePUCTHUK, a TaKXKe BBI-
COKO1 cTaOUIBHOCTHIO (DYHKIIMOHAIBHBIX MTapamMeT-
pos [1-5].

B Hacrosiee BpeMs K YUCITy aKTUBHO HUCCIIETye-
MBIX 6ECCBUHIIOBBIX KEpAMHUK OTHOCSITCS COCTaBbI Ha
OCHOBe TUTaHaTa Hartpusi-BucmyTa (Na, sBi,5)TiO;,
Huobara kanus-Harpusi (K,Na)NbO;, Huobara
cTpoHUUsI-0apust Sty sBa, sNb,Og, TUTaHaTa Gapus
BaTiO;, Huob6ata Hatpusi NaNbO;, depputa BUCMYy-
ta BiFeO; u apyrue [6—12]. OmHuM u3 HauboJjee
MEePCIEKTUBHBIX KaHAUIATOB, CIIOCOOHBIX 3aMEHUTH
CBHUHEIICOMEPKAIITYIO MTbE303IEKTPHUECKYIO KepaMUKY,
SBJIsSIeTC TUTaHAT Hatpus-BucMyta BijysNajsTiO;
(NBT). DTOT CclTOXXHBII OKCHUA OBLT OTKPBIT TPYIIITOMN
I'A. CmomeHckoro B 1960 r. [13]. Coenmnenne NBT
SIBJISIETCSI CETHETOJIEKTPUKOM C BBICOKOI CITOHTaH-
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HOIi MoJsIpu3aleil Ipyu KOMHATHOM TeMIlepaTtype C
OTHOCUTENILHO OOJIbIIIMM 3HAYCHUEM OCTaTOYHOI
noaspusauuu (P, ~ 38 MxKii/cM?) 1 BLICOKMM 3Haye-
HueM Temrepatypbl Kiopu T ~ 600 K. NBT xapak-
TEepU3YyEeTCSI POMOO3IPUYECKON KPUCTAJUIMYECKOM
CTPYKTYypoOii Tuma mepoBckura. Ilpm Temmeparype
493 K cerHeroanekrpuueckas (CD) pombosnpuue-
cKasl KpUcCTaJlIndyeckasli CTpyKTypa TpaHChOpMUpPY-
€TCSI B aHTUCETHeTORJIeKTpuiecKyo (ACH) teTparo-
HaibHYI0 U IpU T = 593 K — B napasiyieKTpuyecKyo
TeTparoHaJIbHYIO (a3zy, 3aTeM Ipu TemrepaTtype 793 K —
B KyOudeckyto. OmHaKO IIpaKTUYeCKOe IIPUMEHEeHNE
TaKOW KepaMUKU 3aTPYJHEHO BBULY OOJIbLIMX BEJIU-
YUH KOAPLUTUBHOTO noJist (E, ~ 73 kB/cM) u anek-
TponpoBogHocTu. Kepamuka cocraa NBT TpyaHo
MOJISIPU3YETCSI U XapaKTEepU3yeTCsl XYIIIMMHU I1he30-
BJIEKTPUYECKMMU CBOMCTBAMU B CPaBHEHUM C Kepa-
muxkoit LHTC [14—16].

C 1Le/IbIo YAYYIIeHUs MThe302IeKTPUUECKX CBOMCTB
kepamuku NBT ucnonb3oBaid XUMUYECKOE MOIU-
dunpoBaHue, 3akiaoyawlieecs B GOpMUPOBAHUU
tBepabix pactBopoB NBT ¢ BaTiO;, (K, sNa,s)NbO;
u NaNbO; [17—22]. Bo3MOXHOCTb yIy4llIeHUS TThe-
302JIEKTPUUYECKUX CBOMCTB OECCBUHIIOBBIX TBEPABIX
pacTBOPOB 0OyCIOBIeHA HATUYUEM MOPGHOTPOITHBIX
dazoBbix rpanul (M®PI) BBUAY TOro, 4TO MPEBOC-
XOJHbIE ThE302JIEKTPUUECKNE CBOMCTBA, BbIpaxKkalo-
muecs B HauboJsiee BbICOKUX 3HAUYCHUSIX MTbE302JI1eK-
Tpuyeckoro kKoapouuueHrta dy; U KoaphuumreHra
2JIEKTPOMEXaHUUECKOI CBA3M k, MPUCYIIIM COCTaBaM
n3 ooactu M®I. Cpenu uccieayeMblx OMHAPHBIX CH-
cteM cinenyet Boiaeautb cucteMy NBT—SrTiO;. B 06-
mactu M®PI' kepamuka coctaBa 0.75Bi,sNa, sTiO;—
0.25SrTiO; oTnMyaeTcsl TAKUMU ThE303JIEKTPUIECKU-
MU U 3JIEKTPOKATIOPUYECKUMU CBOHCTBAMU, KOTOPhIE
MO3BOJISIIOT €€ paccMaTpUBaTh KaK MepCrneKTUBHYIO
B IJIaHE pa3BUTHUS (DYHKIIMOHAIbHBIX MAaTEPUAJIOB.
B yacTHOCTH, BeIMYMHA MbE303JIEKTPUIECKOTO KO-
sddunmreHTa d;; 3HAYUTEBHO NPEBBILLACT ds; UHBIX
omHapHbIx cucteMm ¢ NBT [23, 24]. Kpome Toro, Kepa-
muka cocrana 0.7Bi, sNa, s Ti0;—0.3SrTiO; xapakrepu-
3yeTcsl OTJIWYHON TeMIepaTypHOii CTaOWIbHOCTHIO
aHeprocOeperarolx CBOMCTB B 1Mana3oHe OT KOM-
HaTtHo Temmiepatypsl 7o 400 K, 94T0 OTKpBIBaeT M-
poKUe BO3MOXHOCTU €€ MPUMEHEHUs] B CUCTEeMax
OXJIAXJIEHUSI U B3HeprocobepekeHusi B yKa3zaHHOM
TeMIIEpaTypHOM MHTEpBaJIe.

ApyruM BapyaHTOM XMMHUYECKOTO MOAUDUITUPO-
BaHMs SIBJISIETCSI 3aMelleHUE KAaTMOHOB HCXOTHOTO
cocraBa. B psine paboT nsydyayiu BIUSHUE TOHOPHBIX
M aKLOENTOPHBIX 3aMeleHUil B A- W B-TIO3UIIMIX
CTPYKTYpPBI epoBcKUTa Ha cBoiictBa NBT [25—28].
ITonTBepkaeHO, YTO aKlenTOpHbIE 3aMelieHus B NBT
WHIYLIUPYIOT KUCJIOPOIHbIE BaKAHCUU, YTO MPUBO-
JIUT K BBICOKMM 3HAaYE€HUSIM MOHHOM TTPOBOAUMOCTU
[28]. I1pu TOM IIpU MTOBBIIIIEHNH KOHLICHTPALIMY aK-
LIEMITOPHBIX KAaTMOHOB BO3pacTaeT KOHILIEHTpalus

MMOABVKHBIX KMCIIOPOMHBIX BaKaHCHUI1, YTO HAXOIUT
CBOE OTpaxkeHHE B CYIIECTBEHHOM U3MEHEHUU MOH-
HOIi MPOBOJIMMOCTH, 3a4acTyIO B IMpeaeaax HECKOb-
KHX MIOPSAIKOB BeIUYUHEI [26]. Bosee Toro, yBenmye-
HUE KOHIEHTpAllMM KUCIOPOMHBIX BaKaHCUIT obec-
IeYrBaeT yaydlleHne Ipolecca aug@y3un aTOMOB,
CITOCOOCTBYSI YIIJIOTHEHUIO KepaMuKu [27], 4To nme-
€T CyIIECTBEHHOE 3HAaYCHME B CBETE MPAKTUYECKOIO
MIPUMEHEHUSI KEPAMUUIECKMX MaTEpHAJIOB, TIOCKOJIb-
Ky BBICOKOIUIOTHAsl KepaMuKa OO0yCIOBJICHA MaKCH-
MaJIbHBIMU 3HAYeHUSIMU (HYHKIIMOHAJIBHBIX Xapak-
TePUCTUK.

OTMETUM, YTO OTHOCUTEJIbHO HEJABHO B HECTE-
XUOMETpUYECKOM coenHeHUr Na, sBij 49Ti0; ¢g5 ObLIa
oOHapyXeHa BbICOKasi MOHHasl MPOBOIUMOCTD [29],
YTO OTKPBIBACT IIUPOKHUE TIEPCIICKTUBHI €T0 UCITOJb-
30BaHMS B KauyecTBE IMEPCIEKTUBHOIO MaTepuasa
BJIEKTPOIUTA JJIs1 TBEPAOOKCUAHBIX TOTIJIUBHBIX BJ1e-
MeHTOB. [loguepkHeM, UTO CyIIECTBYIOT ABa TUIA
coctaBoB coeauHeHuit NBT, cymiecTBeHHO pa3iu-
YalIIUXCS XapaKTepoM 3JIEKTPUUECKHUX CBOMCTB.
K nmepBoMy TUITy OTHOCSITCSI COCTaBbl, OJU3KHUE K
CTeXHOMETPUYECKOMY TUTAHATY HATpUsI-BUCMYTa
Na, sBij sTiO;. CoearHeHus1 5TUX COCTaBOB XapaKTe-
PUBYIOTCSl 2JIEKTPOHHOM TMTPOBOJUMOCTBIO C SHEPTU-
eil aktuBauuu £, ~ 1.7 3B u 9Bns10TCH AU3IEKTPUKA-
Mu. Ko BropoMy Tumy cienyet otHectu Bi-neduumr-
HbIE COCTaBbl, MPOSIBJSIONIME BBICOKYIO HOHHYIO
npoBoauMocCTh. B obmactu remmieparyp Hike 800 K
SHEPrusl aKTUBALIMU MTOHUXKAETCs 10 3HaueHult £, <
< 0.9 3B, 1 MpoBOAMMOCTH MOBBIIIACTCS OOJiee YeM
Ha 3 mopsaKa BeMWIUHBL. DdPEKT TepeKITIoYcHUS
MEXIy BJIEKTPOHHOU M MOHHOU MPOBOAMMOCTHIO B
NBT unayumpyeTcss HECTEXMOMETPUEN Ha YpOBHE
<2 aT. % B A-TIO3ULIUSIX CTPYKTYPhI TEpOBCKUTA (Ka-
tnoHoB Na n/wimm Bi). YuuteiBas sToT (hakT, Biams-
HYE HEeCTeXHMOMETPUU MO KaTMOHAM B A-TIO3MLIUSIX
Ha DSJIEKTPONMPOBOASIINE W MbEe303JIEKTPUUECKUE
cBoiictBa kKepamuku NBT uccinegoBanu B [30—33].
M3yuyeHo BiIMSIHME YaCTMYHOTO 3aMelleHUs] KaTUO-
HOB BUCMYTa Ha IByXBJIEHTHbIE KATUOHBI M?T = Ca?*,
Sr’* 1 Ba?" KaK B CTEXMOMETPUYECKOM COEAMHEHNU TH -
TaHaTa HaTpus-BucMyta (Na, ;Bi;5)TiO;, Tak 1 B He-
crexruoMeTpuueckoM Na, sBiy ,,M 3, Ti0, 975 [34]. YeTa-
HOBJIEHO, UTO yKa3aHHOE aKIIeNTOPHOE TOMUpOBa-
HUE TPUBOIUT K YBEJIUYECHUIO MPOBOAMMOCTH Ha
MOPSIIOK BEJIMYMHBI BCJIENCTBUE MOBBIIIEHUS] KOH-
LIEeHTpallrii BAKaHCU KUCJIOpOJia B HECTEXUOMETPHU-
yecKoM coequHeHUU Nay sBij 47 M 3, Ti0, o75. Cnena-
HO 3aKJIIOYEHUE, YTO U3 U3YUYEHHBIX JTBYXBaJE€HTHBIX
JIOTTAHTOB KaTMOHBI CTPOHIINS HanboJiiee 3(pHeKTUB-
Hbl B I[UIaHE OMNTUMU3ALUMU (YHKIMOHATbHBIX
CBOIMCTB BBUIY COUYETaHUSI MEHBIIIETO HECOOTBET-
CTBUSl BEJIMYMHBI MOHHOIO pamuyca Sr’" MOHHOMY
panuycy KaTuoHa Bi*™ 1 MeHbl11ero 3HaueHUS JJTMHbBI
CBSI3U C KMCJIOPOJIOM B CTPYKTYpPE B CDABHEHUU C Ka-
tnonamu Ca>" u Ba?*.
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CTPYKTYPA, MUKPOCTPYKTYPA U CBOMCTBA MOJIUOUILIMPOBAHHOMU

Llenp HacToOsIIEH PAaOOTHI — ITOJIyYEHUE METOIOM
TBepao(a3HOro CUHTe3a KepaMUUEeCKUX 00pa3lioB HO-
BBIX MEpPCHeKTUBHBIX cocTaBoB (Na,_Sr)qsBiysTiOs
(x= 0-0.5), B ToM uynciae MomupuUIUPOBAHHBIX JO-
6aBkamu okcuioB SiO, u ZnO, u u3yyeHne BIUSHUS
YaCTUYHOTIO 3aMelleHUsI KATUOHOB HATPUsI Ha KaTH-
OHBI CTPOHIIMS, a TakKKe MOIUGULIMPYIOIINX T00a-
BOK Ha MapaMeTpbl KPUCTAJUIMYECKON CTPYKTYPHI,
MUKPOCTPYKTYPY, HEJIWHEWHbIE OINTUYECKUEe, IU-
DJIEKTPUYECKUE W JIOKAJIbHBIE IThe303JICKTPUIECKIE
CBOIiCTBa TUTAHaTa HATPUSI-BUCMYyTa. OTMETUM, YTO
BBeJeHME OKCUIHBIX 10OABOK B HEOOIbIIIOM KOJINYE-
CTBE CBEPX CTEXUOMETPUU SIBJISIETCS OMHUM U3 Hal-
oonee 3PPEKTUBHBIX ITOOAXOAOB K OINTUMU3AILINU
(GYHKIIMOHAJIBHBIX CBOCTB OKCUIHBIX MaTEpUAaJIOB,
B YaCTHOCTH OOecrneurBaeT MTHTEHCU(DUKAIIVIO IIPO-
necca pazoobpa3oBaHusI, COXpaHEHNE CTEXUOMETPUH
cocTtaBa, (GOPMUPOBAHUE ONTUMAIBHONH MUKPOCTPYK-
TYPBI 1 yIy4llIeHe CBOMCTB Kepamuku [35—38]. Heo6-
XOIMMO ITPUHUMAaTh BO BHUMaHME U TOT (haKT, YTO BBU-
Iy HEKOHTPOJIMPYEMbIX ITOTEPb OKCHIAa BUCMYTA B IIPO-
Iecce BBICOKOTEMIIEPAaTyPHOIO CHUHTE3a CJIOXKHON
3a7adeil ocTaeTcsl BOCIPOU3BOAUMOE IIOJyYEeHUE
onHoda3HbIX 00pa3uoB. IloguepkHeMm, 4TO dazke
HEe3HauYuTeJIbHOE KOJMYECTBO IIPUMECHBIX (pa3, pe-
TUCTPUPYEMBIX B KepaMHKE 3aJlaHHOTO COCTaBa,
HEraTUBHBIM 00pa30M OTpaxkaeTcsl Ha KaueCcTBe Ke-
paMUKU U ee (PYHKUIMOHAJIILHBIX XapaKTepUCTUKAX,
MO3TOMY ITOTy4eHHEe OJHO(Ma3HBIX 00pa3oB HOBBIX
COCTaBOB MMeEET CYIIECTBEHHOE 3HAUYCHHUE.

OKCITEPUMEHTAJIbHAA YACTDb

Kepamuueckue oopasiinl B cucteme (Na,_,Sr,), sBiy s 1105
(NSBT) (x = 0-0.5), B ToM urcie MonuuIIupoBaH-
Hble fo6aBKaMu okcuaoB SiO, u ZnO, nojryyeHbl Me-
TOJIOM TBepao(a3HOro CUHTE3a OBYKPaTHBIM OTXM-
roM. B KkauecTBe MCXOOHBIX PEAKTUBOB MCIIOJIbL30Ba-
Jiu kapooHatsl Hatpusd Na,CO; u crpoHuust SrCO;
KBaMpukauuu “v.n.a.” u okcuael Bucmyra Bi,O; u
tutaHa TiO, “oc.4.”. [oMOreHu3npoBaHHbBIE CTEXUO-
METPUYECKHE CMECU TIPECCOBAIU U OTXKUTAJIM B WH-
TepBajie Temrepatyp 1073—1498 K ¢ mpomexyTou-
HBIMHU TIEpEeTUPAHUSIMU B Cpele STWIOBOIO CIIMPTA.
O6pasubl 6azoBoro coctaBa (Na; _ ,Sr,),5BijsTi0;
(x = 0—0.5) cunresupoBayu nipu 7; = 1073 K (6 ).
TemnepaTypa M IJIMTEIbHOCTh IIEPBOIO OTKMIA CO-
OTBETCTBOBAJIM TPAOULIMOHHON TEXHOJIOTUH ITOIy4Ye-
HUSI OKCUIHBIX KepaMUUeCcKUX marepuajoB. Ilocie
IICPBOT0 OTXHUTA B IIUXTY BBOAWIN CBEPXCTEXUOMET -
pudeckue 1o6aBku okcuaoB SiO, u ZnO (“oc.u.”) B
kosmyecTBe 1 u 1.5 Mac. % cCOOTBETCTBEHHO, MEPETH -
paIu U TIpeccoBajy B AUCKY AuaMeTpoM 10 MM U ToJT-
muHoit 1—1.5 mMm. Temmeparypy M IJIUTEIbHOCTh
CIIeKaHMUsI Ha BO3[lyXe 00pa3lioB BApbMPOBAJIU B IIpe-
nenax T, = 1423—1498 K (2—4 4) c uenblo onpeaene-
HUSI ONTUMAIILHOIO peXuMa IIOJIy4YeHHs omHodas-
HBIX BRICOKOIUIOTHBIX 00pa31oB. BBumy Toro 4ro TeM-
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rneparypa W JUIUTEIbHOCTb CIIEKAHUSI Ha BO3IyXe
HCClieAyeMbIX KEpaMUUeCKUX 00pa3lioB OMPEnesstoTCs
BJIUSTHUEM MOAU(DULIMPYIOLIMX 100aBOK oKcuaos SiO,
n ZnO Ha Tpolecc BBICOKOTEMITEPATypPHOTO OTKWTA,
TeMnepaTypy 1 JJIUTETbHOCTh BTOPOTO OTXKUTa paHee
He CMHTE3MPOBaHHBIX 00Pa31I0B TakXKe BapbUpOBaI
B nuana3oHe 7, = 1423—1498 K (2—4 4) c uenbio onpe-
JIeJIeHUS ONITUMAJIBHOTO PeXXrMa MojTydyeHust omHohas3-
HBIX BBICOKOTLJIOTHBIX 0OpPa31IoB.

MdazoBIil cOCTaB M CTPYKTYPY KEpaMUK U3ydaau
MPU KOMHATHOM TeMIlepaType METOIOM PEHTTeHO-
dazoBoro anamusza (P®A) (JPOH-3M, Poccus,
CuK,-u3iyyeHue, peXuMbl CbeMKU IU(HPAKTOrPAMM:
mrar 0.02°—0.05°, Beiaepxkka 1—10 ¢ B uHTEpBaJie yr-
J0B 5°—80°). MHCTpyMEHTaIbHbIe MONpPaBKX ObLIN
cAeJaHbl C TTOMOIIBIO KOPYHIOBOTO CTaHIapTa.

MuKpOCTPYKTYpy KOHTPOJIMPOBATA METOIOM
pacTpOBOM BIEKTPOHHONH MUKPOCKOIUH BBICOKOTO
paspeuieHusi (POM BP) ¢ ucnonb3oBaHuEeM MUKPO-
peHTreHocrnekTpajbHoro ananusatopa (JEOL
JSM-7401F, Analysis Station JED-2300, SInoxHust).

MeTton reHepaliiy BTOpOii TapMOHUKY JIAa3€PHOTO
n3nyyerus (I'BI') npuMeHsu nj1si KOHCTaTalluy He-
LIEHTPOCUMMETPUYHOCTU CTPOEHUST TIoJlydaeMoit
MPU CUHTE3€ KEPAMUKH, & TAKXKE IS OOHAPYKEHUS
BO3MOXHBIX MEPEXOJ0B U3 HELIEHTPOCUMMETPUUHO-
IO COCTOSIHUSI B LIGHTPOCUMMETPUYHOE, TIe CUTHAJ
BTOPOIi TApMOHUKU JINOO OTCYTCTBYET, TUOO 3HAUM-
TenbHO ocnabieH. Uccnegosanuss I'BIT mpoBoanam
10 KJacCu4eckKoMy “ropoinkoBoMy” metomy Kypiia
u ITeppu [39], B KOTOpOM, OJHAKO, perucTpaius u3-
JIy4deHUsI BTOPOM TapMOHMKU OCYIIECTBJISUIACh I1O
cxeMe “Ha oTpaxeHHMe”, a He “Ha mpocBeT”’ KakK B
[39]. OTa cxeMa uMeeT NMPenMyIeCTBO, TaK KaK M03-
BOJISIET MCCJIeIOBaTh HEMPO3payHble KepaMUYECKUe
o0Opaslibl, a B ciiydae MOPOIIKOOOpPa3HBIX OOBEKTOB
YCTpPaHSET 3aBUCUMOCTb CUTHajla OT TOJIIUHBI 00-
paslia, KOTOpbIM 3[ech CUMUTAETCs IOJyOecKOHed-
HbiM [40]. B KauecTBe MCTOYHUKA WU3IYYEHUS] UC-
noabs3oBasiu MAI: Nd-nazep Minilite-1 ¢ minHoit
BOJHBI A, = 1.064 MKM, paGOTaOIIHii B PEXKUME MO-
IyJS1MU  1OOPOTHOCTU C 4YacTOTON TTIOBTOPEHUS
10 I'm, momrHOCTBIO MMMybca ~0.1 MBT n ninTenb-
HOCTBIO ~3 HC. OKCUIHBIN coCcTaB 0OPa3IOB U OTCYT-
CTBHME B HEM IIEPEXOMHBIX BJIEMEHTOB OOECTIeUMUIN
0eClBETHOCTh KEPAMUKHU Y MCKIIOUWIN HEOOXOMU-
MOCTh BBOJMTH MOMpPaBKy Ha TOMIOIIEHNEe CBeTa Ha
JUTMHE BOJIHBI U3JIyYeHUsI BTOPOM FapMOHMKHU A, =
= (.53 MxM. MUKpOHHEBII pa3Mep 3epeH KepaMUKU
Jesiajl 11ejiecooOpa3HbIM MCIOJIb30BaTh B KayecTBe
3TaJIOHa CpaBHEHUsI MOPOLIOK (-Si0, ¢ AUcIepcHo-
cTblo 3—5 MKM. M3yyeHbl TeMrepaTypHbIEe 3aBUCH-
MOCTU BTOPOM TapMOHUKM JIa3€pPHOTO U3JIyYEHUS,
U3MepsieMblii curHai Kotoporo g = 1,,/1,,(Si0,), roe
,,(Si0,) — VMHTEHCUBHOCTb BTOpPOI TapMOHUKH
JIa3€pHOTO U3Jy4YEeHUs MEJIKOTOo MOopolliKa KBaplia
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Puc. 1. Judpakrorpammsl 06pasziioB NSBT c x = 0.1 (7), 0.2 (2), 0.3 (3), 0.4 (4), 0.5 (5) (a) u uBMeHeHMe MMapaMeTpa MceBao-

Kyouueckoii stueiiku oopas3noB NSBT ¢ x = 0.1-0.5 (6).

(0-Si0,), MponoplLMOHaNIeH BEIMYMHE CIIOHTAHHOM
noaspusaryu Ps: ¢ ~ P [39].

JvsnekTprudecKre CBOMCTBA KepaMHMK HM3ydajiud
METOIOM IOUBJIEKTPUYSCKON CIIEKTPOCKONHNU (MOCT
nepemeHHoro Toka LCR-meter Agilent 4284 A (fI1o-
Hus), 1 B) BatMocdepe Bo3ayxa B MHTepBaJie TeMIle-
patyp 300—1000 K Ha mepeMeHHOM TOKE B IMANa30-
He yactoT 100 [1—1 MTI11. B kauecTBe 371eKTpOaOB Ha
00pa3lbl KepaMUK TOIIIUHON 1—1.4 MM 1 guaMeT-
poM 8—9 MM HaHOCHJIU COZIepPXKaIIlyIo cepeOdpo macTy
Leitsilber 200 (Hans Wolbring GmbH).

JIoMEeHHYIO CTPYKTYpPYy M HPOLECCHl IEPEeKII0de-
HUS “MaKpOCKOITMYECKOM” MOJISIpU3aluU MOJIUPO-
BaHHBIX oOpa3uoB kepamuku NSBT ucciaemoBanu
METOIOM CWJIOBOII MMKPOCKONHMHU ITh€300TKIMKA
(CMII) Ha MHOTO(YHKIIMOHAIbHOM CKaHUPYIOIIEM
30HA0BOM MuKpockorie MFP-3D Stand Alone (Asy-
lum Research, CIIIA) B pexxume CMII ¢ ucnonb3oBa-
HueMm KaHTwieBepa Asyelec-02 (Oxford Instruments
Asylum Research, CIIIA). M300pakeHust JOMEHHOM
CTPYKTYPBI B JIOKAQJBbHOM PEXNME IIOJYYEHBI IIPU
MPUJIOXKEHNM K KaHTUJIEBEPY ITEPEMEHHOIo Harps-
XeHus ¢ amrumutyngoit 5 B u yactoroit 27 kI, Ocra-
TOUHBIE IIETIU ITb€303JEKTPUIECKOTO THUCTepe3nca
nmonydeHbl B pexkume DART-PFM BOM3u KOHTAKT-
HOIO pe30HaHca CUCTEMbI “KaHTUJIeBep—oOpasel”
(~1.1 MI1), mocie 4yero ObUIM CKOPPEKTUPOBAHBI C
MOMOILBIO MOJEIU TPOCTOr0 TAPMOHUYECKOTO OC-
uuanaTopa [41, 42]. AnuTenbHOCTh UMMyJIbca “3aru-
cu” M “cuMThIBaHMsI” CHUTHaja NIbE300TKIIMKA CO-
CTaBJISIIIN 25 MC, TIepeMeHHOe HarnpsokeHue — 3—5 B.

PE3VIIBTATHI 1 X ObCYXIEHUWE

CornacHo janHbeIM PDA nipoliecc pazoobpazoBa-
HUs B U3YYEHHBIX 00pa3iiax mpoTeKaJl OMHOTUITHO

¢ bopMHpoOBaHNEM OCHOBHOM (ha3bl CO CTPYKTYPOI
MepoBCKUTA B Mpollecce NepBoro orxkura npu 7, =
= 1073 K (6 4). B pe3ynbTaTe criekaHus 00Opa31oB 6a-
30BOT0 COCTaBa, a TakXe MOAUGUIIMPOBAHHBIX J0-
6aBkamu okcuaoB SiO, u ZnO nipu TemrepaTypax
T, = 1473 (3 u), 1423 (3 u) u 1448 K (3 4) cooTBeT-
CTBEHHO MOJyYeHbl OfHOG(a3HbIe TBEPAbIE PACTBO-
pHI, XapakTepu3yolmecs TCEBIOKYONYECKOM
CcTpyKTypoii (puc. la). Cienyer oTMETUTb CHUKEHUE
TeMIlepaTyphbl ClieKaHUs1 0Opa31loB KEpaMUKU, MOJIU-
duipoBaHHbIX 1ob6aBKaMu okcuaoB SiO, u ZnO,
a TakKe 0oJiee BBICOKME 3HAYEHUSI TNIOTHOCTU TaKMX
00pa3loB B cCpaBHEHUU C oOpasliamMu 6a30BOro co-
CTaBa, O YeM CBUAETEIBCTBYIOT 00Jie€ BbICOKUE 3HA-
yeHMs ycaaku oOpasuoB. Ha puc. 16 npencraBieHa
3aBUCUMOCTb ITapaMeTpa MceBIOKYOUUeCKOM STYeKr
nepoBckuTa oopasoB KepamMmuk NSBT ¢ x=0.1-0.5,
JIeMOHCTpUpYIOIasi yBeJUYeHUe oO0beMa STUCHKM B
COOTBETCTBUU C COOTHOIIIEHHUEM PaJINyCOB KATUOHOB
B noapemerkax A u B CTpyKTypbl NEPOBCKUTA MpU
3aMeLIEHUM YaCTH KaTUOHOB B roaperrerkax A (Na*,
Bi*") kaToHaMu ¢ GOJIBIIMM MOHHBIM paguycoM (Sr2t).

MUKpOCTPYKTYPY CUHTE3UPOBAHHBIX KepaMMude-
cknx obpasuoB m3ydanu metogomM POM BP. Ha
puc. 2 ripencTaBieHbl MUKpogoTorpacduu odopas3ioB
KepamMuku 0a3oBoro coctaBa NSBT u kepamuku,
MoInUIIMPOBaHHOM 1o0aBKoit okcuaa ZnO. OTtMme-
THM, UTO CUHTE3UPOBaHHOI KepaMUKe CBOMCTBEHHA
OgHOpOOAHAsET MUKPOCTPYKTypa C 3epHaMHu KyOude-
ckoit popMbl pazmepamu ~3—5 1 ~8—10 MKM B 00-
pa3siax 6a3zoBoro coctaBa ¢ x = 0.1 U B monmupoBaH-
HBIX ZnO o6Opas3uax ¢ x = 0.1 COOTBETCTBEHHO
(puc. 2a, 20). I1o Mepe yBeau4YeHUS ComepKaHus Ka-
TUOHOB CTPOHILIYSI B JONMMPOBaHHBLIX ZnO obpasiax
pasMep 3epeH yMEHbIIAeTcsl OO0 3HaYeHUil ~4—6 u
~2—4 MKM B IOITMpOBaHHBIX obopa3nax c x = 0.2 u 0.4
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Puc. 2. Muxkpoctpykrypa o6pasiioB NSBT ¢ x = 0.1 (a) u NSBT, nonmupoBanHbix ZnO, ¢ x = 0.1 (6), 0.2 (B), 0.4 ().

COOTBETCTBEHHO (puc. 20—2r). CpaBHMUTEIbHBIA
aHaJIM3 CHUMKOB TTONTBEPXIaeT (popMUpOBaHUE OIT-
THUMaJTbHON MUKPOCTPYKTYPHI B TOIMMPOBAHHBIX 00-
pasiax, 4YTo BbIpaxkaeTcsl B 6oJiee MJIOTHOM yaKOBKe
3€pPEH U METKO3EPHUCTOUN MUKPOCTPYKTYPE.

Henunelinble onThyeckue CBOMCTBa 00pa3loB
obrutu n3MepeHnl MmetogoMm I'BI. Kak u nipeanosnara-
JIOCh, YCTAHOBJICHO, YTO BCE CUHTE3MPOBAHHBIE 00-
pasIibl MpUHAIIEXAT K TTOJIIPHOMY KJIACCY BEIIECTB.
N3yyeHHBIe 00pa3libl XapakKTepU3YIOTCS HaIUIMeM
curHana ['BI, mpomopuuoHaibHOrOo BeIWYUHE
CIIOHTAHHON TIOJIIPU3alliK, B IIMPOKOM TeMIlepa-
TYPHOM WHTEpBaJie, TPpU 3TOM MHTEHCUBHOCTb CUT-
Hana I'BI" g = I,/ 1,,(Si0,) o6pa3iioB kepaMuku 6a-
30Boro coctaBa NSBT npu koMHaTHOI TeMIiepaTrype
BapbupyeTcs B IIpeneiiax 5—12 B 3aBUCHMOCTU OT
YCIIOBUI TIOJTyYeHUsI, a CIEMOBATEIbHO, TDIOTHOCTH U
MUKPOCTPYKTYpbl KepaMuku (puc. 3). B obGpasiax
NSBT, nonupoBaHHbIX Si0,, UHTEHCUBHOCTb CUTHa-
na I'BI' g = 1,,/1,,(Si0,) moBbIIaeTcs 10 3HaYeHU
20—30 B muTepBane 3HayeHuit x = 0—0.1, B To Bpems
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Puc. 3. KoHlleHTpalmoHHBIE 3aBUCUMOCTH MTHTEHCUBHO -
ctu curHanos I'BI" g = I,/ 1,,(SiO,) o6pasuos NSBT u
NSBT, MmonuduumposaHHbBIX 1o6aBKaMK oKcunos SiO,
u ZnO.
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Puc. 4. TemrniepaTypHble 3aBUCAMOCTH OUNIEKTpUYECKOi nponuniaemoctu £(7) (a), auanekTpuueckux norepb tgd(7) (6) u
anekTponposonHoctu Igo(1/T) (B) obpasuos NSBT ¢ x = 0.1 (/), 0.3 (2), 0.5 (3), uamepennsble Ha yactotax f = 1 (/), 10 (2),

100 (3), 300 I (4), 1 MI (3).

Kak B oOpasuax, Moau(pUIMPOBaHHBIX T00aBKOI
ZnO, maTeHcnBHOCTH curHaia I'BI' MoHOTOHHO T10-
BBILIAETCS OO0 3HaYeHUs ¢ = 50 1o Mepe yBeJIndeHU s
cofiep>KaHusI KaTUOHOB CTPOHIIMS B 00pasiiax (puc. 3).
Takmm o6pa3oM, B MOOTU(PUIINPOBAHHBIX TO0OaBKAMM
SiO, u ZnO oOpa3uax CrioOHTaHHasl MOJISIpU3alvs Mo-
BBIIIAETCS, TTO-BUAVMOMY, BCJICACTBHUE BO3MOXHOTO
YBEJIMUEHUS pa3Mepa NoISIPHbIX 00J1acTei.

TemniepaTrypHble 3aBucuMocTU curHaia I'BI' B
mupokoM mHTepBaiie Temneparyp oT 300 mo 700 K,
U3MEpEeHHBIC KaK B peXKMMe HarpeBa, Tak U B peXXrume
OXJIaXXAeHMSsI, TTIOATBEPXKIAIOT (aKT CYIIECTBOBAHUSI
IBYX (Da30BHIX TIEpexonoB. B n3ydeHHBIX 0Opa3iiax B
3aBMCHMMOCTHY OT COCTaBa IIpu TeMiiepaTtypax ~380—
450 K COD pombosgpuyeckas KpHUCTaJUIMIecKast
CTpyKTypa TpaHcopmupyercss B ACD TeTparoHab-

HYIO 1 TIpH TeMItepatypax ~520—600 K ACD TeTparo-
HajgbHas dasza TpaHC(HOPMHUPYETCS B MapasIeKTpH-
YEeCKYI0 TEeTParoHaJbHYIO, YTO COOTBETCTBYET 3aHY-
neHuto curHana I'BI.

B pesynbTaTe AM31eKTpUIECKUX U3MEPEHU I B UH-
tepBajie temmneparyp ~400—450 K Ha Temmepatyp-
HBIX 3aBUCUMOCTSX €(7) BBISIBJIIEHBI CTYyII€HBKOOO-
pa3Hble aHOMAaJluu, COOTBETCTByloIIME (ha30BOMY
nepexony Mexay COD pombosapudeckoii 1 ACDO Ter-
paroHaJibHON hazamMu, BBIpakeHHbIE MaKCUMYMBI
BOM3M Temrieparypsl ~600 K (temnepatypsr Kiopu
Tc) ¥ COOTBETCTBYIOIIIIE MUHUMYMBI Ha TeMmIiepa-
TYPHBIX 3aBUCHMOCTSX ITURJEKTPUUECKUX II0TEPh
tgd(7), coorBercTByOIIME CD $ha3oBOMy ITEPEXOLY B
napasIieKTpU4eCcKylo TeTparoHajabHy1o a3y (puc. 4).
ITo Mepe yBenmIeHMSI coflepKaHUsI KATHOHOB CTPOH-
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OddexTuBHbI d33, TM/B
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Puc. 5. Curnan nbe3oajekTpuyeckoro otkinka kepamuku NSBT ¢ x = 0.4 mocnie mossipyzaluy HoJoxuTebHbIM +30 B
(cBeTnast obnacte) 1 orpuniateTbHbiM —30 B (TeMHas 06s1acTh) HaNpsikeHUEM (), JIOKATbHBIE TIETIIN MbEe303JIEKTPUIECKOTO

ructepesuca kepamuku NSBT (0).

Ms1 B 00pas3iax HaOogaeTCsl CHIKEHE TeMIIepaTy-
pol (pazoBoro mepexoga n3 CHD poMOO3IpUIECKOM
dazbl BACDO TeTparoHaJIbHYIO M TeMnepaTyphl (ha3o-
BOIO Ilepexonaa 13 TeTparoHaiabHoit ACD B TeTparo-
HaJILHYIO ITapal’ieKTpUIecKylo a3y (TeMiepaTypbl
Kiopu 7)) B muanazonax ~450—380 u ~600—520 K
COOTBETCTBeHHO. HuskoreMIieparypHblii (pa30BbIid
nepexon ASMOHCTPUPYET BRIPAXXEHHOE PEIaKCOPHOE
MoBeeHue, XxapakTepHoe s coctaBoB NBT, o0y-
CJIOBJICHHOE IIPUCYTCTBUEM NOJISIpHBIX CD-00macTeit
B HETToNsIpHOM MaTpulie [43]. AHajiornaHast TeHICH-
LY TIpOcexXrBaeTcs B cepusix oopa3noB NSBT, mo-
IUGUIMPOBaAHHBIX T00aBKaMu oKcuioB Si0, u ZnO.

PC3YJ1bTaTbI NU3MEPCHUA TUBJICKTPUYCCKUX ITapa-
METPOB IIpY KOMHATHOM TeMIlepaType JeMOHCTPUPY-
10T MOBBILIEHWE 3HAYEHUI AMBJIEKTPUUECKON IIpOo-
HUIIaeMOCTH € oOpa3ioB KepamMmuku NSBT. B atoit
CBSI3U OTMETUM, YTO IIOBBIIICHUE 3HAUYECHUI € IIpU
KOMHATHOI1 TeMIepaType MOXeT CBUIETEIbCTBOBATh
O TIOJIOKUTENbHOM 3(@eKTe OCYyIIEeCTBJIEHHOIO B
JIaHHOI paboTe MOTM(MUIIMPOBAHMUS COCTaBa Ha IIbe-
303JIeKTpruueckue cBoiictBa Kepamuku NSBT, pu-
HUMasi BO BHUMaHHE CYIIECTBYIOIIYID WU3BECTHYIO
KOPPEISLNIO BeJIMYUH AU3JIEKTPUICCKOI MpOHMIIA-
€MOCTH TIpU KOMHATHOI TeMIlepaType 1 Mbe303JIeK-
Tpudeckoro koadduunenrta ds; [44].

[ n3ydeHns: IpolecCoB MePEKITIOUeHUS OIS -
pu3aluu Obljla co3MaHa MHAYLIMPOBaHHAs TOMEHHAas
CTPYKTypa ITyTeM TIPIIIOKEHUSI TIOCTOSTHHOTO HAIIPsI-
XKEHMsI Ha KaHTWJIEBEP CKAHUPYIOLIETO 30HIOBOIO
MUKPOCKOIIa, KOTOPBI BBIMOJHSET POJib BEPXHETO
MOIBIZKHOTO 3JieKTpoma. OTMETUM, YTO KepaMHKa
XOPOIIIO TTOJISIPU3YETCS TIOCTOSTHHBIM HaIpsDKeHUEM
+/—30B, 0 yeM CBUIECTEILCTBYET BhISIBJICHHAS TTpaK-
THYEeCKN IIOJHAs W ONHOPOMHAs 3aroJIIpU30BaH-
HOCTb IT0 IuIo1aau (puc. 5a), 4To UMEET CYIIeCTBEH-

KPUCTAJIJIOTPA®US Ne 5

TOM 68 2023

HOE 3HA4YCHUE ST €€ MPaKTUISCKOTO IPUMEHEHUSI.
OCTaTOYHBIN MbE30OTKIMK COXpaHSIETCSI B TCUCHHE
OoJiece yeM 2 4, OMHAKO MHTEHCUBHOCTb CUTHAaJIa 10~
JISIPU30BAaHHBLIX O0OJIacTell YyMEHBIIaeTcs Oojiee 4eM
Ha 50%, 94TO MOXKXHO CBSI3aThb C PEJIAKCOPHOI IIPUPO-
noit kepamuku NSBT [45].

Ha puc. 56 moka3zaHbl JJOKaJIbHbIE METIU MbE30-
BJIEKTPUYECKOTO THUCTepe3rca, ITOATBepPKIaIOIINe
TepeKIIoYeHNe TIOJISIpU3alliy Ha HaHoMacITabe.
M3 nonydyeHHBIX TIeTellb TUCTepe3rca pacCUYUTaHbI
CJIeyIONINe TTapaMeTphl: HaIIpsKeHNE TIepeKITioue-
aug (V) (puc. 6a, kpuBas 1), HanpsoKeHUE CMeTIie-
Hus (build-in v BHyTpeHHEE JIeKTpUYECKOe TT0JIe,
Vs) (puc. 6a, xpuBas 2), Mbe300TKIUK ITPU MaKCH-
MaibHOM (PR, ;)3) U MUHUMAJIBHOM HAaIpsKEHUU
(PR_;yp), U3 KOTOPBIX OINpeAeeHa BeIUYUHA CyM-
MapHOIo Mbe300TKIMKAa APR = PR, 35 PR 53
(puc. 6a, kpusast 3). [lepBbic 1Ba mapaMeTpa paccau-
TBIBAIM 110 (DopMysiaM, TIpeACTaBIeHHBIM B [46].
B [47] mapameTp APR uHTeprnipeTupyeTcs KaKk MakK-
cUMaJibHasl TiepekiodaeMast Tojsipusauus. OTrme-
THM, 9TO METJIN IThe303JIEKTPUIECKOTO THCTEepe3nca
aCCUMETPUYHBI 110 OCH HampsDKeHUs (KpoMe X =
=0.01), 4TO rOBOPUT O HAUTUYUU BHYTPEHHUX TOJEI
CMeEIICHUS.

Ha puc. 6a npencraBieHbl KOHLIEHTPALMOHHEIE
3aBMCUMMOCTU IapaMETPOB, PACCUMTAHHBIX U3 ITETEb
OCTAaTOYHOIO IThE€303JICKTPUYECKOTO THCTepe3uca.
HampstkeHue mepekiniouyeHust BapbupyeTcs oT 9.5 no
13.5 B (xpuBas /) c muanmymoM 11t x = 0.01 u Ham-
OosbIIMM 3HaYeHueM s x = 0.25. MakcumalibHOe
HanpstkeHue cmeleHus (Vg, KpruBast 2) MOHOTOHHO
yMeHbIIaeTcs oT KoHueHTpauuu ¢ x = 0.01 mo x =
= (.25, 11pu KOTOPOI1 MpUHMUMAET 3HAaUYeHUE, paBHOE
—7.1 B, u ganee HabiomaeTcss HEOOIbIIOE YBEJINYE-
HUE 3HadYeHWU. AHAJIM3 3aBUCHUMOCTEH mapaMeT-
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Puc. 6. KoHIlleHTpallMOHHBIE 3aBUCUMOCTH, PAaCCYMTAHHBIE U3 METeIb TUCTEPE3Kca: a — HATIpsDKeHUe MepekiodeHus (/), Ha-
MpsDKEHUEe cMellleHUsI (2) 1 CyMMapHBIH TTbe300TKIINK (3); 6 — KOppeJIsilivst MeXIy HalpsoKeHreM rnepekiodeHus (/) 1 Ha-
MpspKeHueM cMelieHust (2) OT BEeJIMYMHBI CyMMAapHOTO IMbe300TKINKA. CIUIONIHBIC JIMHUM — aIlpOKCUMAIUs JMHEHHON

GYHKIIMEH.

poB Ve, Vg u APR oT cocTaBa KepaMUKU MO3BOJISIET
3aK/IIOYNUTh, YTO OHM KAYECTBEHHO COIIACYIOTCSI C
pesyJibTaTaMU UCCJIeIOBaHUSI OOpas3lioB METOAOM
I'BI (puc. 4). KpoMe Toro, B MccClieIyeMOi KepaMUKe
HaOJII0JaeTCsl MPaKTUYeCKU JIMHEHHOE YMEeHbIIIeHHUE
HaIpPSDKeHUST TIEPEKITIOUSHUST M HATIPSDKEHUST CMe-
IIEHUS C YBEIUUYCHUEM BEJIMIMHBI CYMMAapHOTO Mbe-
300TKJIMKA (pHC. 66), YTO MOXHO CBSI3aTh C HEOCEBOIt
OpUEHTALIMEN 3epeH, B KOTOPBIX ObLIM ITPOBEICHBI
SKCITEPUMEHTHI MO JIOKAIbHOMY TEePEKITIOUEHUIO MO0~
JITpU3aliuy (MeTAU Mbe303JIeKTPUUECKOTro TUCTepe-
3uca). PakTUYECKU TaHHbIC 3aBUCUMOCTH OTIUCHIBA-
10T ACCUMETPUYHbBII BUJ METENb TUCTEpe3uca OTHO-
CUTEIBHO OCei HamnpsskeHusT U 3¢PEPHEeKTUBHOTO
IMbE€300TKJIMKA COOTBETCTBEHHO.

SAKJIIOYEHHME

CuHTe3MpoBaHbBl OmHOMAa3HBIE KepaMUJecKue
0o0pasibl HOBbIX cocTaBoB (Na; _ St,), sBiy sTiO; (x =
= 0—0.5), B TOM yncie MoaubulMpoBaHHbIE 100aBKa-
MU okeunoB SiO, u ZnO, co CTPYKTYpoil MEPOBCKUTA.
YcTaHOBJIEHO, UTO YaCTMYHOE 3aMelleHUEe KaTUOHOB
HaTpHYsl HA KAaTMOHBI CTPOHIIMSI TPUBOIUT K yBeJIMUC-
HUIO 00BbeMa IICEBIOKYOMUYSCKOM 3JIeMEHTapHOM sTueii-
KA B COOTBETCTBMU C COOTHOIIIEHWEM PaIMyCOB
KaTHMOHOB B ITonpenreTkax A u B CTpyKTyphI EpOB-
CKMUTa TIPW 3aMeIIeHWN YacTH KaTUOHOB B TOIpe-
merkax A (Nat, Bi*") katmonamu ¢ 60/1b1IMM MOHHBIM
panuycoM (Sr>"). BbIBIIEHO, YTO BBEIECHUE CBEPXCTE-
XUOMETPUUYECKUX A00aBOK okcunoB SiO, u ZnO
WHTEHCU(ULIMPYET Tpolecc hazoodbpa3zoBaHUs, CIIO-
COOCTBYET YIUIOTHEHUIO KEPAMUKHU U CHIDKEHUIO TEM-
TepaTyphl CIIeKaHWsI.

I[To mepe yBeaudeHUsT comepKaHUs KaTHOHOB
CTPOHILIMS B 00pa3liax HaOIIoAaeTCsl CHIDKEHWE TEMITe-
paryp ¢a30BbIX NEPEXOAOB U3 CETHETORIEKTPUUCCKOM
poMOo3IpuyecKoit ¢da3bl B aHTHUCETHETOJIEKTpUUEC-
CKYIO TE€TparoHajbHYIO, 3aTeM B TeTparoHaJIbHYIO Ia-
pasnekTpuyeckyto ¢a3zy. IlomydeHHBIE pe3yibTaThl B
COYETAaHMH C MOBHIIICHUEM 3HAYCHUI TUAJICKTpUYe-
CKOM MMPOHUILIAEMOCTU U BBISIBJICHHOM IMOJIHOM U OI-
HOPOIHOM IOJISIPU3yeMOCThIO KEpaMUKI HOBBIX CO-
CTaBOB MOATBEPKIAIOT MEPCIEKTUBBI MCIIOJIb30Ba-
HUS TaKuX MOIN(UIMPOBAHHBIX MaTepUajoB Ha
OCHOBE TUTaHaTa HaTpUs-BUCMYTa JJIsI pa3pabOTKU
HOBBIX 3((PEeKTUBHBIX 0€CCBUHIIOBBIX MAaTePUAJIOB C
MMbE302JIEKTPUUYECKUMU U 3IJIEKTPOKATOPUIECKUMU
CBOMCTBaMU.

Pabota BeimosHeHa npu nomuepxke Poccuiicko-
ro ¢oHaa pyHaaMeHTadbHbIX UcciaenoBaHuit (I1po-
eKkT Ne 21-53-12005) u 3a cueT cyocunuu MuHoOp-
Hayk, BeiaeseHHo UL XP PAH Ha BeInoJiHe -
HUE TrOCYJapCTBEHHOro 3aJaHus To0 TeMme
“HaHoCTpyKTypHMpOBaHHBICE CUCTEMbl HOBOTO IIO-
KOJIEHUSI € YHUKaJbHBIMU (DYHKIIMOHAJILHBIMU
cBoiictBamMu” (Ne 122040500071-0) u roc3amaHwus
DOHUL “Kpucramnorpadpuss n doronuka” PAH.
HMccnenoBaHust MeTogaMu CKaHUPYIOIIE 30HI0BOM
MUKPOCKOIUH BBIITOJIHEHBI Ha o6opynoBaHuu LIKIT
“MarepuanoBeneHiue u wMeranyprus’ HUTY
“MUCuC” npu ¢dpuHaHCOBOI mopaepkke MuHM-
CTepCcTBa HayKM U BhICIIEro obpazoBaHus PP (mpo-
ekT Ne 075-15-2021-696), a Takke B paMKax rocymap-
CTBEHHOTO 3a7aHus (PyHIaMeHTaJIbHbIE UCCISI0Ba-
Hus, mpoekt FSME-2020-0031 (0718-2020-0031)).
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