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OBIIASA XAPAKTEPUCTHUKA PABOTbBI

AKTyaJqbHOCTh TeMbl. IHTepec K pa3pabOTKe HOBBIX JUAJIEKTPUUECKUX
MaTepHaloB BO MHOI'OM CBSI3aH C TpPeOOBaHUSIMU COBPEMEHHOW D3JIEKTPOHMKH, TIJiE
HE0OXO0IMMBI CUCTEMBI C TIOBBIIEHHOW IJIOTHOCTBIO 3a11aCAEMOM SHEPTUU U CTAOMIIBHBIMU
XapaKTEepUCTUKAMU IPpU paboTe B KECTKUX YCIOBUAX. TpaaulMOHHBIE KepaMUYECKHE
JOUBJIEKTPUKHA B 3TOM OTHOIIEHUU OOJaJAI0T PSAAOM OTpaHHUYEHUM: UX 3P(PEKTUBHOCTD U
YCTOMYMBOCTh CHWJKAIOTCA IIPU  BBICOKHUX DJJIEKTPUYECKUX TIOJIAX U IOBBIMIEHHBIX
TEMIIEpaTypax, 4YTo CACPKUBAET PA3BUTUE BEICOKOMOIIHBIX KOHAEHCATOPHBIX YCTPONCTB.

OmuH M3 NMOAXOAOB, IMO3BOJISIIOIIMX IPEOJOJETh 3TH OrPaHUYEHHs, CBSA3aH C
WCIIOIb30BAHMEM KOHIIETIIMM BBICOKOOHTPOIIMMHBIX MaTEpPHAIOB, NPEANonIararoniei
BBEJCHUE HECKOJBKUX PA3JIMYHBIX KATUOHOB B OJHY KPHUCTALIMYECKYIO MOAPEMIETKY. B
cllydae MEePOBCKUTHBIX OKCHJIOB 3TO MPHUBOJUT K (POPMHUPOBAHUIO MHOTOKOMITOHEHTHBIX
CUCTEM C BBICOKOM KOH(PUTYpallMOHHOM 3HTpomnuel. Takoe ycnoKkHEeHHe cocTaBa, C OTHON
CTOPOHBI, CHOCOOCTBYET CTaOWIM3allMM CTPYKTYpbl, a C JpPYyrod — OTKpBIBAaET
JOTOJHUTEIBHBIE ~ BO3MOXXHOCTH  JUIsl  BApbUPOBAHMS  JHIJIEKTPUYECKUX U
CETHETOIEKTPUUECKHX CBOMCTB. BMecTe ¢ TeM, HeCMOTpsI Ha 3aMETHBIN POCT yucia padoT
B 3TOH 00JacTH, OCTAa€TCs OTKPBITHIM BOIPOC O TOM, KaKMM 00pa3oM XUMUYECKUUI
OecrnopsiioK,  JIOKaJIbHbIE  CTPYKTYpHbIE  OCOOCHHOCTH M MaKpOCKONUYECKUI
JUDIEKTPUYECKUNA OTKIIMK B3aUMOCBS3aHbl B MHOTOKATUOHHBIX [IEPOBCKUTAX.

CI0)XHOCTh 3aKJIFOYAETCS B TOM, YTO JIaK€ B BBICOKODHTPOIIMWHBIX CHCTEMAaxX HE
UCKJIFOUYEHO CYIIIECTBOBaHHE OJIMKHETO0 KAaTHOHHOTO MOPSIIKA U JTOKAJIBHBIX CTPYKTYPHBIX
UCKAKEHUU, KOTOpbIE MOTYT NPHUBOJUTH K OOpa30BaHMIO HAaHOPa3MEPHBIX oOOJacTei
pa3nuyHoro tumna. IMeHHO 3TH 0COOEHHOCTH BO MHOTOM OIPEAEISIOT (DyHKIIMOHAIbHbIE
cBoiicTBa MarepuanoB. OJHAKO HMX JKCIEPUMEHTAIbHOE OOHApyXEHUE M KOppEKTHas
MHTEpIIpEeTanys BO3MOKHBI TOJIBKO IPU KOMIUIEKCHOM NPUMEHEHUH PA3IUYHBIX METOJIOB,
BKJIIOYasl TaKUE KAK PEHTICHOCTPYKTYPHBIM aHaIu3, PEHTICHOBCKAs CIEKTPOCKOIUS
norJoleHus, MéccOayspoBcKasi CIIEKTPOCKOMUS U APYyTHE.

Heopranudeckre OKCHABI CO CTPYKTYypO#l Tuma mepoBckuTa, Takue kak PbTiOs,
Pb(Zr,T1)O3, PbMg13Nb2303, PbSc12Nbi1203 u PbFei2Nb1203, sBASIOTCS W3BECTHBIMU
CETHETOAIEKTPUKAMH, pellakcopaMu JIMO0 MyJIbTHU(EPPOUKAMHU, XOPOLIO H3yYEeHHBIMHU
Kak ¢ (yHAAMEHTAbHOM, TaK U C MPUKIAAHONU TOYEK 3peHUs. «BBICOKOIHTPOMUNHBII)

moaxod K CO3JaHUI0 MATCpHAIOB IIO3BOJIACT MOJYYHUTb HAa HX OCHOBC MAaTCpPHAIIBI,
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OTJIMYAIOIIHMECS] HOBBIMU WJIM YJIYUYIIEHHBIMA CBOMCTBAMH, UYTO OOYCIOBIMBAET €r0
3HAYUMOCTh KaK C TMPUKIATHOW, TaKk M ¢ (yHAAMEHTaIbHON Touek 3peHus. OcoOblit
MHTEPEC MOXKET NPEICTABIIATE BEIOODP CIEAYIOIUX KaTHOHOB B-moxpemérku: Sc**, In”,
Fe3', Nb°*, Ta>', Ti*, Zr*" u Sn*', mockonbKy OHM CYIIECTBEHHO Da3IMYarOTCS IO
BAJICHTHOCTH, HWOHHBIM paJlycaM U BIUSHHUIO Ha JIOKAJBbHYIO KPUCTAIMYECKYIO
CTPYKTYpY. Takoe COUYETaHUE MIO3BOJIIET L[EJICHAIIPABJICHHO U3MEHSATh
KOH(QUTYpPAIlMOHHYIO JHTPOIHKI0, oOOecreynBas OJHOBPEMEHHO BBICOKHI ypPOBEHB
KOH(UTYpAIMOHHOTO Oecropsiaka, JoKaldbHble (GIyKTyalluu 3apsga u jaedopmanuu
KHUCJIOPOJHBIX OKTa’JpPOB, YTO CO3/aET MPEANOCHUIKH s (POPMUPOBAHUS PaA3TUYHBIX
TUIIOB KATHOHHOTO YIOPSAOYEHHUS, KOHKYpPEHIMU (a3 U BO3HUKHOBEHHUS MOJISIPHBIX
COCTOSTHUHM U PeNlakKCOpPHBIX CBOMCTB. KpoMe Toro, BrIOpaHHbIE KATHOHBI BXOJIAT B COCTaB
psla M3BECTHBIX CETHETORIEKTPUUECKUX U PEIAKCOPHBIX MEPOBCKUTOB, YTO MO3BOJISET
paccMaTpuBaTh HCCIEIOBAHME OSTUX MHOTOKOMIIOHEHTHBIX CHCTEM KaK pa3BUTHE
MpEeACTaBICHUN O B3aUMOCBSI3U COCTaBa, CTPYKTYPhI U CBOMCTB 00Jie€ MPOCTHIX CBUHEII-
COZIepKalIUX COCITUHEHUI.

[ToaTOMy wHcCClIEIOBAHME MHOTOKAaTUOHHBIX CBUHEL-COAEPKAIIUX TEPOBCKUTOB
dbopmansHoro cocraBa Pb(Sc,In,Fe,Nb,Ta,Ti,Zr,Sn)O3 u BbIACHEHHE OCOOCHHOCTEH
dbopMUpOBaHUS UX KPHUCTAIUIMUECKOW CTPYKTYPHl U JUAJIEKTPUYECKOTO OTKIIMKA
MIPEACTABISAET 3HAYUTEIIbHBIN HayYHbIM U MPAKTUYECKUN UHTEPEC, SBISISCH AKTYAJbHOM
dyHaaMeHTaNbLHON 3aja4veil QU3MKM KOHIACHCHPOBAHHOTO COCTOSIHUSA, KOTOpas Ha
JTAHHOM JTare HaXOJUTCS B HAYaJIbHOW CTAJUU CBOETO PEIICHUS.

IIpenmeToM wuccieI0BaHUSI  SBISIOTCS  OCOOCHHOCTH  KPUCTALTUYECKOU
CTPYKTYpbl ¥  3JEKTPOPHU3NYECKUX CBONCTB MHOTOKAaTHOHBIX Pb-comepxkammx
MIEPOBCKUTOB CJIOkKHOTO cocTaBa Tumna Pb(Sc,In,Fe,Nb,Ta,Ti,Zr,Sn)O3

Leabp padoThl: yCTAaHOBUTH OCOOEGHHOCTH (DOPMHUPOBAHUS KPUCTAIUTUYECKON U
JIOKaJTbHON aTOMHOM CTPYKTYpbI, KATHOHHOTO YMOPSA0YCHHUsI, T€PEKTHBIX COCTOSIHUN U
JUAJIEKTPUUYECKOTO OTKIIMKA B CPEJHE- U BBHICOKOIHTPOMUUHBIX COCIMHEHUSX CIIOXKHOTO
coctaBa Pb(Sc,In,Fe,Nb,Ta,Ti,Zr,Sn)O3 co cTpyKTypoOii THUIIa IEPOBCKHUTA.

Jlnst peanu3any TMOCTaBICHHOW MeMH OBUTHM CHOPMYIHPOBAHBI  CIEIYIOIIHE
3agaum:

- ONpENENUTh KAdYeCTBEHHBIH W KOJIMYECTBEHHBINH (Da30BBIH COCTaB KEPAMUYECKHX
00pa3I0B MHOTOKAaTHOHHBIX COEIMHEHHI CO CTPYKTYpPOIl THIIAa IEPOBCKUTA,
- YCTaHOBUTb OCOOEHHOCTH KPHUCTAJUIMUECKON CTPYKTYpPbI OJYyUYEHHBIX COeIMHEHUN;
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- BBISIBUTH CTPYKTYpHbIE HW3MEHEHHMs] W BO3MOXHBIE (Da30Bble MEPEXOAbl IO
BO3/ICHCTBUEM TEMIIEPATYPHI;

- YCTaHOBUTH OCOOCHHOCTH JIOKAJIbHOTO KAaTHUOHHOTO pACHpENENieHUs] U BaJICHTHBIE
COCTOSIHUSI;

- BBIBUTH HAJIMYHME U THUIl CBEPXCTPYKTYPHI, a TaK:Ke poJib AePEeKTOB B (OPMUPOBAHUU

CTPYKTYPHI;
- ONpEACIIUTD TEeMIIepaTypHO-4YaCTOTHBIE 3aBUCUMOCTH JUAJIEKTPUIECKON
MIPOHUI[AEMOCTH U YCTAHOBUTH XapaKTEp AUDIECKTPUUECKOTO OTKINKA.

O0beKThI HCCJIeIOBAHUA: KepaMHU4ECKUe o0Opas3iibl BBICOKO- u

CPEHEAPHTPONUNHBIX  CIIOKHBIX ~ OKCHJIOB CO CTPYKTypOH THUIa TEpPOBCKHUTA:
PbSci4Fe1aNbi4Ta403 (PSFNT), PbFe14lni1sNbi14Ta1403 (PFINT),
PbFeisInisNbissTaisTisOs  (PFINTT),  PbScisFeisNbisTaisTisOs  (PSFNTT),
PbSci/sIni;sNbisTaisTisO3  (PSINTT),  PbScislnisNbisTaisZrisOs  (PSINTZ) w
PbSci/7In1/7Nb17Tar7TirZr17Sn1703 (PSINTTZS).

Metoabl  ucciaenoBanusi. J[ns  pemieHWS  MOCTaBICHHBIX  3adad  ObUTH
WCIIOJIb30BAHBl  COBPEMEHHBIC  JKCIEPUMEHTAIBHBIC  METOJBI  HCCIICIOBAHUS
KPUCTAJUTMYECKON CTPYKTypbl M (U3MUECKHX CBOWCTB TBEPABIX Tel. MeTonom
MTOPOIIKOBOM PEHTTEHOBCKON nudpakiuu Kak B Ja0OPAaTOPHBIX YCIOBHSX, TaK M C
MCIIOJIb30BAHUEM CHHXPOTPOHHOTO U3JIYUYCHHS, C TOCIEAYIOIUM YTOUYHEHUEM CTPYKTYPbI
MeTooM PutBenbaa ompenemsuich (a3oBBI COCTaB M KPUCTAIMYECKAs CTPYKTypa.
MeTo/10M pEHTI€HOBCKOM AU(PPAKIIUU B ITUPOKOM TEMIIEPATyPHOM JIMANa30HE U3y4allach
TEMIIEPATYPHAs] ABOJIIOIMS CTPYKTYPHI B (ha30BbIe Mepexoabl. MeTo0M CKaHUPYIOMICH
AEKTPOHHOW MUKPOCKOITHH OTPEACIIIIach MUKPOCTPYKTYpa KepaMUIeCKUX 00pasIoB, a
JJIEMEHTHBI  COCTaB  OMPENENSIICS C  HCIOJIb30BAaHUEM  DHEProJIMCIIEPCHOHHOTO
PEHTIEHOCTIEKTPAILHOTO aHanu3a. MeTtonoM MéccOayspoBcko criektpockonuu (°'Fe)
HCCIIEIOBATIOCh JIOKATBHOE OKPYKEHHE HOHOB Kejie3a M €ro BaJIGHTHBIE COCTOSHUSI.
Metogom EXAFS-cnektpockonuu B o6nactu K-kpaéB MOTIIOMICHHS KeJie3a U HUOoOus, a
Takke L3-KpaéB TaHTaja U CBUHIIA OTIpe/ieNicHa JOKAJIbHAS aTOMHAs CTPYKTYpa 1 OMKHUAN
MOPSJIOK.  METoJIOM — AMAJIECKTPUYECKOW  CIIEKTPOCKONUU B IIUPOKOM  JTHAIIA30HE
TEMIIEPATYP U YaCTOT U3YYAIUCh JUDIICKTPUUICCKHE CBOMCTBA 0OPA3IIOB.

Hayunasi HOBH3HA NOJIyYeHHBIX Pe3yJIbTATOB:

1. COBOKYIMMHOCTh ~ JKCIICPUMEHTAIBHBIX  JIAHHBIX O  CTPYKType U
TDIIEKTPUIECKUX CBOMCTBAx HOBBIX MHOTOKaTHOHHBIX MIEPOBCKHUTOB:

PbSciisFe14Nbi4Ta1403, PbFei/sIn14Nbi4Ta1/403, PbFei/sIn1sNbisTaisTii503,
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PbScisFe1sNbisTaisTisO3, PbScislnisNbisTaisTisOs, PbScissingsNbisTaisZrisOs u
PbSci/7In17Nbi7Ta17Tii/7Zr1/78n1703.

2. [Tokazano, 4To B cpeHEeIHTpONHMitHOM TiepoBckuTe PbSciisFe14Nbi4Tai403
OMVKHUM KaTHOHHBIN MOPSI0K (hOpMUPYETCS B HAHOPa3MEPHBIX 00JacTsIX, 000TaEHHBIX
oo B**- mbo B’'-katmomamm, a 3apagoBas  KOMIEHCAlMs OTUX 00IacTeit
oOecrieunBaeTcsi 00pa3oBaHHEM BaKaHCHI CBHHIIA INOO KUCIOPO/A.

3. [Ipennoxena (benomMeHoIornYecKas MOJIENb TUTSE OTHUCAHMUS
CETHETOANIEKTPUIECKOro (ha30BOTO Tepexofa MEPBOrO POAa B BBICOKOAHTPOIMUHBIX
nepoBckutax PbSciisFe1sNbisTaisTis03 u PbSci/sIinisNbisTaisTisOs.

4. OmnpenensitomM ~ ()akKTOPOM  CTPYKTYPHBIX HCKaXKEHHH H  XapakTepa
TVRIEKTPUIECKOTO OTKIIMKA BCEX MCCIETyeMbIX MHOTOKATHOHHBIX COCTUHEHHH SIBIISCTCS
XUMHYECKasi TMpUpoja U  CErHETOAKTUBHOCTh B-KaTHOHOB, a HE BEJIMYMHA
KOH(UTYpAIIMOHHON YHTPOTIHH.

TeopeTnueckasi 3HAYUMOCTb MOJYYEHHBIX Pe3yJIbTATOB B TOM, YTO OHH BHOCAT
3HAYMMBIN BKJIaJ] B pa3BUTHE (PH3UKHM MHOTOKATHOHHBIX MEPOBCKUTOB. B mepoBckuTax ¢
BBICOKOM KOH(UTYPAITMOHHON SHTPOIUEH MOTYT BO3HHKATh CIIOKHBIE HEPaApXUUYECKUE
CTPYKTYpPHBIE COCTOSIHHS, BKJTIOYATOIIINE COCYIIECTBOBAHHE rJ100aIbHO
BBICOKOCUMMETPHUYHOW CTPYKTYPHl C JIOKAaJbHBIM KATHOHHBIM YIOPSAOYCHHUEM U
ne(QeKTHON KOMIIeHCAIe aTOMOB KHCIopojaa M cBUHIA. OOHAapyKeHO, 4TO Jaxke B
YCJIOBUSAX CHJIBHOTO CTPYKTypHOro Oecrnopsiaka ¢GopMupyercs ONMKHUNA MOPAIOK B
pacroyioKeHU aTOMOB B B-MOApEnI€TKe, YTO YTOUHSET MPEICTABICHUS O XapakTepe
KaTHOHHOTO pacripeneicHus. BrisBneHHAs posib 1e()eKTHOW CTPYKTYPHI B CTAOMIA3AIAN
JIOKAJNbHO YMOPSAOYSHHBIX O0MacTeld pacmupsieT QyHIaMEHTAIbHbIC MPEICTABICHUS O
MEXaHU3Max 3apsI0BOW KOMIICHCAIIMH M WX BIMSHUU Ha KPUCTAUTHUECKYIO CTPYKTYPY
MHOT'OKaTHOHHBIX IIEPOBCKUTOB. DB3anMOCBSA3M MEXIy pEaJbHOW CTPYKTYpoH U
IUDIIEKTPUYECKUMU  CBOMCTBAMH  UCCIICIOBAHHBIX  MAaTEPHAJIOB  YIIIyOJSIFOT
MIPECTABICHUS O TIPUPOJIE PEITAKCOPHOTO COCTOSIHUS U X CTPYKTYPHBIX (DITYKTyaItuii.

[TonmyueHHble  pe3yabTaThl MOKAa3bIBAIOT, UYTO OMNPEICNAIONIYI0 pPOJb B
(GOpMHUPOBAaHUH CTPYKTYPHBIX HCKQXCHUH M XapakTepa IUAJIEKTPHUYECKOTO OTKIIMKA
UTPAIOT XUMHYECKasi TPHUPOJA W CETHETOAKTHMBHOCTh B-KaTMOHOB, TOTJa Kak
KOH(UTYpaIlMOHHASI SHTPOIIHUS, TJIABHBIM 00pa3oM, BIHSAET Ha (a30BYH CTAOMIBHOCTh U

oOpa3oBaHue BTOpUUHBIX (a3. B 1enom 3Tu pe3ynbTarhl AOMOJHAIOT MPEICTABICHUS O
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CTpYKType, JAe(exTax ¢ JIUHAMHKE KPUCTAUIMYECKOM pEImETKH BBICOKO- U
CPEIHEPHTPONIMIHBIX OKCHUAHBIX II€POBCKUTAX IPU BHEIIHHUX BO3ACUCTBUAX, 4YTO
COOTBETCTBYET 3ajayaM (PU3MKH KOHAECHCHUPOBAHHOIO COCTOSHHSI 10 H3YUYEHHIO
CTPYKTYPBI U CBOMCTB MOAOOHBIX CIOXKHBIX TBEPIBIX TEJl.

IIpakTHYecKasi 3HAYMMOCTDH MOJIYYECHHBIX Pe3yJIbTATOB COCTOUT B TOM, YTO OHU
MOTYT OBITh NIPHUMEHEHBl IpPHU CO3JaHMHM HOBBIX JUIIEKTPUUYECKUX MAaTEpHANIOB C
TpeOyeMbIMH  (YHKIMOHAJIBbHBIMU  cBoicTBaMu. [loka3aHo, 4YTO BapbHUpOBaHUE
KOH(UTypallMOHHOM 3HTPOIUH, COCTaBa B-MOAPEIETKH U A1e(PEKTHON CTPYKTYPhl MOXKET
ynpaBisiTh (pa30BOi CTaOMIIBHOCTBIO, CHUMMETpUEH U JAUIIEKTPUUYECKHM OTKIMKOM
MHOTOKaTHOHHBIX MEPOBCKUTOB. JTO, B CBOI OYEPEIb, IO3BOJSET IIEJICHAIIPABICHHO
pa3pabaTblBaTh MaTE€pHaJbl C PEIAKCOPHBIMH CBOMCTBAMHM, XapaKTepU3YIOIIHECs
pa3MbITBIMU ~ (pa30BBIMH  TE€PEXOJAMH M BBIPAXKEHHOM 4YacTOTHOM Jucnepcueit
IURJIEKTPUYECKOM MPOHUIIAEMOCTH B IIIMPOKOM MHTEPBAJIE TEMIIEPATYP.

BrIsiBIIEHHBIE 3aKOHOMEPHOCTH, CBS3BIBAIOIINE JJOKAJIbHBINA KATHOHHBINA MTOPSAOK U
NeQEeKTHYI0  CTPYKTYpYy C  JOUDJEKTPUUYECKUMHU  CBOMCTBAMH  HCCIIEJOBAHHBIX
MHOT'OKaTHOHHBIX IIEPOBCKUTOB MOTYT CIY’KUTb OCHOBOH ISl HAIIPABIEHHOTO ITOMCKA U
ONTUMU3ALMHU YHEPrO-HAKOIIUTEIBHBIX TUAJIEKTPUUECKUX MAaTEPUAJIOB HA UX OCHOBE.

[IponemMoHCTpUpOBaHHAs ~ BO3MOXKHOCTb  CTAOMIM3UpPOBaTh  OAHO(DA3HYIO
MEPOBCKUTHYIO CTPYKTYpY IMyTEM MOBBIIMICHUS KOHPUIYPALMOHHON SHTPONUU HMEET
BBICOKYIO 3HAYMMOCTb JUIsl CO3/1aHMsI TEXHOJIOTMYECKH YCTOWYMBBIX MHOTOKATHOHHBIX
MaTepuaIoB, OTINYAOIINUXCS BBICOKOW CTPYKTYPHOU OAHOPOIHOCTBIO.

Pe3ynbrarel paboThl MPUMEHUMBI TIPU pa3paboOTKe TUIIEKTPHUUECKUX MATepUaIOB
JUISL UMITYJIbCHBIX KOHJIEHCATOPOB, YCTPONCTB HAKOIIJICHUs SHEPIUU U IPYTUX HIEMEHTOB
(GyHKUIMOHAIBHON AJEKTPOHUKH, a TaKXke JJII CUHTE3a HOBBIX COCTABOB NEPOBCKUTHBIX
OKCHJIOB C PETYJIUPYEMBIMUA CBOUCTBAMU.

ITos10:keHMsl, BLIHOCHUMBbIE HA 3ALUTY:

1. CpennesnTtponuiinelii nepoBckuT PbSci4Fe14Nbi4aTa1403 xapakrepusyercs
BBIPDQ)KCHHOM JIOKaJbHOM aTOMHOM HEOAHOPOAHOCTBIO, KOTOpas CoIjacyercs ¢
KaTHOHHBIM yropsifjoueHueM Tumna 1:2 B B-noJpemérke 1 MOKeT ObITh ONMCaHa MOJIENIbIO
YepeOBaHMs JIOKAIBHBIX 00JACTE ¢ pa3sNTUYHBIM COOTHOIICHUEM B* u B> KaTHOHOB,
3aps0Basi KOMIIEHCAIUsl KOTOPBIX OCYILECTBISIETCS KOPPETUPOBaHHBIMU JedekTamu Pb-

1 O-noApemeToK.
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2. IIpu nepexone OT YETHIPEXKATUOHHOM CPEAHEIHTPOIINUHON B-NOAPEmETKN
coenuHennii PbSciusFeiaNbi1/4Ta1403 u PbSciulniuNbisTa 403 Kk  nATUKAaTHOHHOU
BBICOKOSHTpONUKHHON  B-nogpemérke coeaunennit  PbScisFesNbisTaysTiisOs  u
PbSci/sInisNbissTaisTisOs  coxpaHseTcs aroMHOE YHOpsSaoYeHHWEe Tuma 1:2, dro
YKa3bIBaeT Ha KOHKYPEHIIMIO M COCYIIECTBOBAHHME SHTPONMHIHOTO Pa3yMOPSAOYCHUS U
HHEPTreTUYECKH BBITOJHOTO JIOKAJIBHOTO XHMHUYECKOTO TMOpsAKa B CJIOXKHBIX Pb-
COJIepIKaIUX TEPOBCKUTAX.

3. Beenenne PbTiOs B cpennesnTponuiineie Pb-conepikaniye nepoBCKUTHI
PbSci/4ln14Nb14Ta1403, PbSciaFe1aNbisTa403 u PbFeisInisNbisTa403 nmpuBoauT k
TMOHIKEHUIO CAUMMETPHUH KPUCTAJUTMIECKON PEMIETKH OT KyOMUYECKOH K pOMOO3prudIecKon
B PbSci;sFe1sNbisTaisTiysOs u PbScisinisNbisTaisTiysOs 1 Kk TeTparoHalbHON B
PbFei;sIni;sNbisTaisTis03, 4To maer BO3MOXKHOCTH OOHApYKUTh MOP(POTPOINHbIE
(hazoBwie rpaHullbl B TBEpAbIX pacTBopax (1-x)PbSci4M14Nbi4Ta1403 — xPbTi03 (M=Fe,
In) u (1-x) PbFeiulniuNbi4TaisO3 — xPbTiOs, Bkitouas TpaHHIBl MEXIY
poMOO03IpUYECKON U TeTparoHaJbHOM (ha3amMu, a TAaKKe I'PAHULBI MEXKIY KyOWYecKuM
PENaKCOPHBIM U POMOORAPUYECKUM/TETPArOHAIIBHBIM ~ CETHETORJIEKTPUYECKUM
COCTOSIHUSIMHU.

4, Cpenne- PbFei/sInisNbi/sTai403 u BBICOKOOHTPOIIUHHBIE
PbFei/sInisNbisTaisTiysOs, PbScisFeirsNbisTasTiusOs, PbScissinysNbisTaisTiisOs,
PbScisInisNbisTarsZrysOs u PbScizlnisNbisTaisTiisZr17Sn1703 mepOBCKUTSI
JEMOHCTPUPYIOT ~ Pa3MbIThle MaKCHUMYMBbI  JTUDJIGKTPUYECKOM  IMPOHMUIIAEMOCTH, a
OOHapyXEHHBIN TEMIIEpaTypHBIA THUCTEPE3UC AUDIICKTPUUYECKON MPOHUIIAEMOCTH,
yKa3bIBaeT Ha KOHKYPEHIUIO MEX/Ty PEeTIaKCOPHBIM COCTOSTHUEM 1 (Da3aMu ¢ TOHMKEHHON
CUMMETPHUEH.

JloCTOBEPHOCTh  MOJIYyYEHHBIX PpPe3yJbTaTOB M  BBIBOJOB oOecrieueHa
UCIIOJIb30BAHUEM COBPEMEHHBIX HW3MEPHUTEIbHBIX MPHOOPOB BBICOKOTO DPAa3pELICHHUS,
CTaHJAPTU30BAaHHBIX W OOIIENPUHATBIX METOJIOB HCCIICOBAHUS, COMOCTABICHUEM
MOJIYYCHHBIX JKCIIEPUMEHTAIBHBIX PE3yJIbTATOB C JIMTEPATYPHBIMH JTAHHBIMH, a TaKKe
BOCTIPOM3BOJIMMOCTBIO  OKCIIEPUMEHTAIBHO  TOJYYCHHBIX  JaHHBIX. HanaéxHOoCTh
MOJIYYCHHBIX ~ PE3YyJbTAaTOB  IOATBEPKIACTCS UX COOTBETCTBHEM COBPEMEHHBIM

KOHICIIIIUAM (1)I/ISI/IKI/I KOHACHCHUPOBAHHOT'O COCTOSAHUS.
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Anpobanusi pa6oTbi: OCHOBHBIC PE3YJIBTATHI IUCCEPTAITMOHHON PAaOOTHI JOKIIAIBIBATTHCH
1 00CyXJaJIMCh HA BCEPOCCHICKHUX U MEXAyHapoIHbIX KoHpepeHmsx: 10(15) MexayHapoaHbIi
cemuHap «Pusnka cerneTolnacTukoBy (Boponex, 2025); XXI Exerognas moyioaé&xaas HaydHas
koH(pepennust «Hayka FOra Poccun: moctmkenus u nepcrnektuBbl», (PoctoB-nHa-/lony, 2025) ;
XXIV Bcepoccuiickast 1Ikoia-KOH(EPEHIIUS MOJIOABIX YUYEHBIX «AKTyallbHBIE TMPOOJIEMBI
Heoprannueckoir xumum» (KpacnoBumoso, 2025); X MexnyHapoaHas Hay4yHas KOH(epeHUus
CTYJICHTOB, AaCIUPAHTOB U MOJIOABIX YUYEHBIX «XHUMHUYECKHE MPOOIEMBbl COBPEMEHHOCTH
(Hdoneuk, 2026).

JInuHbIii BKJIAJ aBTOPA COCTOUT: B aHAJIM3€ HAYYHOU JIUTEPATypPhI 110 TEME JAUCCEepPTaIHH,
B M3MEPEHHIX METOJIAMH 3JIEKTPOHHONW MHUKPOCKOIHUH, PEHTTEHOBCKON TU(PPAKIINHU, PA3IUIHBIX
CHEKTPOCKOMUYECKMX METOAOB — JUAJIEKTPUYECKOW crHekTpockonuu, MeéccOayrpoBcKoit
CIEKTPOCKOIUU U PEHTI€HOBCKOW CIIEKTPOCKOINH MOTJIOLIEHUS, a TAKXKe 00pabOTKe MOTyUEHHBIX
nanHblx. [locTaHOBKAa WenM M 33Jad  UCCIENOBAaHMs, IUIAHUPOBAHUE HKCIEPUMEHTOB,
UHTEpOpETalMsg W Pe3yJbTaTOB HCCICNOBAaHUSA, (OPMYIHMPOBAHHE HAYYHBIX ITOJIOKEHHMH,
OCHOBHBIX pE3yJbTaTOB M BBHIBOJOB, MOJATOTOBKA HAYYHBIX CTaTel K MeYaTh MPOBOJUIIHCH
COBMECTHO C Hay4HbIM PYKOBOJIUTEJIEM U COABTOPAMHU.

Asmop svipasicaem 21yO0KYI0 NPUSHAMENLHOCHb HAYYHOMY pYKo8ooumeto 0.¢.-m.H. B.I'.
Bnacenko 3a pykosoocmeo pabomoii u noodoepxcKy Ha 6cex 3manax ucciedosauus. Aemop
onazooapum 0.¢h.-m.u. H.B. Tep-Ozanecsina u 0.x.H. U.B. Jlucnesckyro 3a yenHvle pekomeHoayuu,
KOHCYIbmayuu u oocyxcoenue pe3yibmamos pabomsl. Taxowce evipasicaemcs 61a200apHOCMb
I Ulenmyny, A.A. 3abonomnomy, E.C. Kynuxosoi, E.B. Xpamosy u A.FO. Cepezcuny 3a nomouyb
8 NposedeHUU IKCNEPUMEHMOE U HayuHble 0bcydcoenus. Aemop npusnamenen Kypuamosckomy
KOMNJIEKCY CUHXPOMPOHHO-HeUmpouHulx ucciedosanuti HUL] « Kypuamosckuii uncmumymy 3a
npeodocmagiienHoe ny4Ko8oe 8pPeMsi.

Hayunble mnpoektnl: JluccepranmoHHas paboTa OCHOBaHa Ha  pe3yJbTaTax

UCCIIEIOBaHNM, BBIMIOJIHEHHBIX IIPU MOAIEPKKE TPaHTa, B KOTOPOM aBTOP BBICTYIA] B KAUECTBE
ucnonuutens: [Ipoekt rocynapctBeHHOro 3a1anusa MuHoOpHayku PO, peructpaiinoHHbIil HOMep
'30110/26-05-Ud (FENW-2026-0010) «3neKTpoHHOE, aTOMHOE CTPOCHUE, XMUMHYECKUU |
($a30BBIN COCTaB TOMOJOTMUYECKUX H3OJSATOPOB, METAIOBEPXHOCTEH, OKCHIHBIX CHCTEM, HAaHO-
KOMIIO3UTOB U KOMIUIEKCOB 3d-METajuIOB JUIsl MCHOJb30BAHUS B CHUHTPOHUKE, (DOTOHHKE U
karanu3e». Cpoku BeinonHenus: 01.01.2026-31.12.2028r.

IMyonukanuu: OcHOBHbIE pe3ylbTaThl auccepTanuu onyOnukoBaHsl B 10 pabotax, u3
KOTOPBIX 5 cTaTel — B peLieH3upyeMbIX HayuHbIX KypHaiax u3 [lepeuns BAK Muno6puayku PO,
pedepupyembix B 6a3ax maHHbIx Web of Science u Scopus: Ceramics International (Q1), Materials
Science and Engineering: B (Q1), Heoprannueckue marepuans (Q4), Kpucramiorpadus (Q4),
Kypnan crpykryprHoit xumuu (Q3) w 5 TE3uCOB JOKIANOB B TPyJax MEXKIYHAPOIHBIX W
BCEPOCCUNUCKUX KOH(PEPEHIHH.

Crpykrypa m o0bem padorbi: [luccepramusi COCTOMT W3 BBEACHHS, 6 pa3enos,
3aKJIFOYEHUS, CIIUCKA JTUTEpaTypbl U3 132 UCTOUYHHUKOB, ABYX MPUJI0KEHUHN, U3TT0KEHHBIX Ha 123
CTpaHHIaX, BKIo4as 8 Tabmuip m 23 pucyHka. B KkoHIe nuccepranuy TpUBEAEH CIHCOK

nyOnuKanuil aBTopa, OTMEYCHHBIH TUTEPON «A.
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OCHOBHOE COIEPKXAHUME PABOTHBI

Bo BBeneHum jaHo o0OCHOBaHHE AKTYaJbHOCTH TE€MbI HCCIEIOBAHUS, YKa3aHBI
nenb M 3a7add  paboThl, CPOpPMYJIHpPOBAHbl Hay4dHas HOBU3HA, TEOpETUYECKas U
IpaKTHYecKasi 3HAUUMOCTh PE3yJIbTaTOB pabOThI, IPUBECHBI MOJI0KEHHU S, BBIHOCUMBIEC Ha
3alUTy, a TaKKe CBeleHUus 00 ampobOauuu, o0beMe U CTPYKType AUCCEPTAMOHHON
paboTHL.

B nepBom pa3nene npuBeaéH 0030p INTEPATYPHBIX JAHHBIX IO TEME TUCCEPTALIIH.
Cnenan  moapoOHBIM  aHalMM3  COBPEMEHHBIX  MpPEACTaBIEHUH O  CpelHe-,
BBICOKOPHTPOIUUHBIX U MHOTOKOMIIOHEHTHBIX IIEPOBCKUTAX, BKJIFOYAs JAHHBIE O BIUSIHUU
KaTHOHHOIO Oecnopsika, JIOKaJbHOW CTPYKTYpbl M J€(PEKTOB Ha pPEIaKCOpHbIE,
TUAJIEKTPUYECKUE W DHEPro-HAKONMUTEIbHBIE  CBOMCTBA  CBUHELCOAEPKAIIMX
KepaMUYECKUX MaTepuasoB.

Bo BTOopoM  pa3nene  mpenactaBieHbl  OOBEKTHI  HUCCIENOBAaHUS  —
MHOTOKOMIIOHEHTHBIE ~ CBUHEL-COJIEp/KAIlMe TEPOBCKUTHBIE KEPaMHUKH, OIHMCAHbI
METOJIMKa WX TBEPAO(]A3HOTO CUHTE3a U IKCIEPUMEHTAIbHBIE METOJIbI UCCe0BaHus. B
paboTe TPHUMEHSUIMCH: TOPOIIKOBAas PEHTIeHOBCKas udpakivs Ha Ja0OpaTOPHBIX
ycTaHOBKax W Ha cuHXpoTpoHHoi ctaHiuu «PCA/benox» HUIL| «KypuaTtoBckuii
WHCTUTYT», CKAHUPYIOIIAsl OJJIEKTPOHHAS MHMKPOCKONUS C HSHEPrOAUCIEPCUOHHBIM
aHAJIU30M, PEHTIeH(IYOPECUEHTHBIM aHaiu3, JUAJIEKTpUYECcKass CIEKTPOCKOMus,
MéccOay3poBCKasi CIIEKTPOCKOIUS M PEHTTEHOBCKAas! CIIEKTPOCKOIUS MOTJIOMECHHS.

B TpeTnhem pasneie npeacTaBieHbl pe3yJbTaThl UCCIEI0BAHUS KPUCTATITMYECKOM

U JIOKQJIbHOM AaTOMHOM CTPYKTYpbI

110

o g
CPEIHEIHTPOIHITHOTO IIEpPOBCKHTA
5000 g

8

PbSci4Fe14Nb14Ta1403 (PSENT) L
4000 g

JIEMOHCTPUPYIOIIETO JIOKaJIbHOE .

211

KaTUOHHOE yIopsiaoueHne tuma 1:2.

MHTEHCUBHOCTDb, OTH. e,

MeTo10M TOPOLIKOBOM PEHTIEHOBCKOM

IUpakuy yCTaHOBIEHO (pUCYHOK 1),

260, rpap.

YTO MNpH KOMHATHOM TEMIIEpAType
Pucynok 1 — ludpakrorpamma nopoika
PSFNT npu komMHaTHO# TeMIieparype, Ha

(mp. Tp. Pm3m, a = 4.0466(1) A). Ha  BCTaBKe — 06IaCTh OIIKHUX YITIOB; CHMBOJIOM
¢ 0003HaYEHBI CBEPXCTPYKTYPHBIE pe(IICKCHI.

PSFNT umeer kKyOM4ecKyrO CTPYKTYpy

nudpakTorpamme OOHapyKEHBI



ciabbie CBEPXCTPYKTYPHBIE

pedIiIeKChl, CBHACTEILCTBYIOIIHE O
HAINYAUA JTOKAJIBHBIX 00JIacTed ¢

ynopsigoueHueM 1:2 B B-noapeméTke

BHYTPH CTaTUCTUYECKHU
pa3ynopsI04EHHOM MaTpPHLIBI.
Pesynbratsl pPEHTITEH-

(bnyopecueHTHoro dHaJIn3a IIOKa3aJIn
Onu3Koe K 9KBUMOJIIPHOMY

coAcpIKaHue B-kaTtnoHoB pu
3ameTHOM nedurute cBuHIA (Pbosse),

4YTO YKa3bIBACT HA HAJIUYIUC 3apsAT0BO-

KOMIIGHCUPYIOIIUX  JepEeKTOB B
CTPYKTYpE.

Jnst  0oOBACHEHUS  TPHUPOJBI
JIOKaJIbHOT'O yHOPSAI0YEHUS
npoBeneHsl  uccaegoBanuss PSEFNT
metogoM °>'Fe  MéccbayspoBcKoii
CIIEKTPOCKOIIHH. YcraHoBiaeHO
HAJIN4ue B CIIEKTpE TpEX

MapamMarHuTHBIX 1y0JIeTOB (PUCYHOK 2
u Tabmuma 1), COOTBETCTBYIOIIHMX
JBYM THUIIaM JIOKaJIbHOT'O OKPYKEHUS
nonoB Fe**: oxrasnpuueckomy FeOg u
KOOpJMHAIMOHHO- neUIUTHOMY

FeOs. Cpennee KOOpAMHAIMOHHOE

‘ag ‘:1 .
g il s |
g 996 W/ | -
5 [ =]
99,4 i =
3 u g
[=% TA
= 99,2 ¥y ~
99,0 Jisyabin b huaribdiiadiiet |
4-3-2-101234 00 02 04 06 08 10

v, MM/C A, MM/c

Pucynok 2 — MeccOayspoBCKHil CIIEKTpP MOPOIIKA

PSENT npu 298 K (a). UaTepnperamnus ciekTpa ¢
MOMOIIBIO (DYHKIIMU PACHpEACTICHUS

KBaApymnoJyibHOTO pacuieruienus P(A) (0).

(a) (6)
PSENT 141 c
144 T c . ——LNT
o ——PFN o P
L I PET D €12 B PSFNT
E 121 B £
o R o
i B o 1,0
£ 1.0 S
E ; 5
2 08 L EO'Bi
2 205
500 ]
o 064 2 "R
Q 20 004
g 0.4+ g
-4 Som -4
E g E
5024, f = 5024
o o £0,00 o
- z T3 76 7119 T2
0,0 4==f=7 - Sopnm28 0,04 ; ; : |
7110 7120 7130 7140 7150 18960 19000 19040 19080 19120
OHeprus, 3B SHeprug, aB
(8) (r)
3,0+ 1.2+ )
5 N . —— PbTiO,
- ——pPsFNT ——PpPsFNT C
25 : 1,04
5 < £h B
g e
@
& 2,0 $08
E) T
- 3
S 154 go,a-
8 =
= (]
o L i
§ 1,04 % 04 A
i H
5 i
B 05 %0.2—
o
0,0 T . . . 0.0+ T T T
9860 9880 9900 9920 9940 12990 13020 13050 13080
SHeprus, 3B OHeprus, sB

Pucynok 3 — Hopmupoanssie ciekTpbl XANES
nornomenus: a — K-xkpast Fe PFT, PFN u PSFNT;
0 — K-xpast Nb LiNb;»Ta1203 u PSFNT; B — Ls-
kpast Ta PFT u PSFNT; r — L3-kpast Pb PbTiO3 u
PSFNT.

YHCIIO JKeJe3a cocTaBisieT 5.44, 4TO CBUAETENBCTBYET O NMPUCYTCTBUM KHUCIOPOJIHBIX

BAaKaHCUM U JIOKATbHOU Je()EeKTHOW HEOTHOPOIHOCTH.

Jnsa onpeneneHus neraned JIOKAIBHOW aTOMHOM CTPYKTYPBI M paclpelecHus

katnoHOB B PSFNT ucrnosib30BaH METO/1 pEHTT€HOBCKON CIIEKTPOCKOIMH MOTJIOIIEHHUS Ha

Fe K-, Nb K-, Ta L;- u Pb Ls-kpasx. Ananu3z XANES (pucyHnok 3) mokasai, 4to )eje3o,

HUOOMH, TaHTal M CBUHELl HAXOAATCS B BaJIEHTHBIX cocTosHusx Fe*', Nb°*, Ta’" u Pb*",
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COOTBETCTBEHHO. YCTaHOBJIEHO, YTO JIOKAIbHOE OKpyxkeHue Fe’" xapakrepusyercs
TIOHWYKCHHON CUMMETpHUEH U 3HAUNTEIIbHBIMHA CTATUYCCKUMH UCKAKCHHUSIMH, CBSI3aHHBIMHU
C XUMHUYCCKUM OCCIOPAIKOM U JieheKTaMu KUCIOPOIHOM MOAPCIIETKHA. ITO MPOSIBIISICTCS
B YBEJIMYCHUU MHTCHCUBHOCTU TPEIKPACBOr0 MUKAa U M3MEHCHHH (HOPMBI CIIEKTpa IO
CpaBHEHHIO cO cTaHAapTHbIMH coenuHeHusMu PbFeinNbi»O3 (PFN) u PbFeinTai»203
(PFT) (pucyHok 3a).

Ta6muna 1 — [TapameTpsl MéccOHayIPOBCKOTO CIIeKTpa Ha sapax > Fe nopomka PSFNT npu
KOMHATHOM TeMIeparype, TJe 0 — U30MEPHBIN CIBUT, A — KBaIPYIIOJILHOE PaCIICIIIICHIE
napaMarHUTHBIX KOMIIOHEHT, [” — mupuHa TUHUH, A — IJI01aAb KOMIIOHEHTHI.

Ob6pazen Kommnonenra 0, MM/C A, MM/c I', Mmm/c A, %
D1 0,33 £0,01 0,14 +£0,02 18+£2

PSFNT D2 038+ 0,01 0,50 + 0,02 0,36 + 0,02 44£2
D3 0,33 £0,01 0,92 + 0,02 38+2

B ormmume or kene3a, moHbl Nb " u Ta’" 3anmmaror cpaBHMTENHLHO CIabo
MCKaKEHHBIE OKTa’ApUUYECKUE MO3UIHNH, 4TO nmoAaTBepkaaeTcs popmoit XANES u Huzkoi
WHTEHCUBHOCTBIO TPEIKpaeBbIX ocoOeHHocTel (pucyHok 30,B). Ananu3 Pb Ls-kpas
nokasan (puCyHOK 3r), 4ro HOHB Pb?>" coxpaHsiOT monOKeHHE, OIU3KOE K
[EHTPOCUMMETPUYHOMY B A-TIOJpeméTKe, 0e3 BBIPAKEHHBIX CETHETOAIEKTPUUECKHX
cmenieHui. [lonydeHHbIE pe3yabpTaTbl CBHUIETEIBCTBYIOT O JIOKAJIbHO-HEOJHOPOIHOMN
ctpykrype PSFNT, B  KOTOpoW  3HAQUYUTEIbHBIE HCKAXKECHUS  JIOKAJIM30BaHbI
IPEUMYILECTBEHHO B OKpykeHun Fe’*, Torma xak oxrasapel NbOs u TaOs ocrarorcs

MPaKTHICCKHU HE UCKAKEHHBIMU.

a o 8
04 - 0,35
' G [ e =
A PSFNT 0,30 7 Nb-O PSENT 04 # 70 PSFNT
{ ' 1y [
o ol ~ I o Ty
' 03] : g D :
: \ 025 ' !
= ;o < | < 03 i “
= { l‘ = 0,201 [' ':‘ = ." |
X 021 i B ;oA g N Ta-M/O
= \ = 0,151 d 4 = 021 I
T E | ] Nb-M/O & g ! &
0,1 \ Fe-M/O 0,101 J (S i o § £ %
“ L ye A 1
% /\ 0,051 / \/’\ g \_/ '-,‘(
VA~ N\~ : N— "\,
0,04 : : : : : 0,00 i , : . = 0,04 : : : : .
0 1 2 3 4 5 6 0 1 2 3 4 &: 6 0 1 2 3 4 5
r, A r A r, A

Pucynok 4 — MOIT EXAFS-cnekrpoB K-kpas Fe (a), K-kpas Nb (6), L3-kpas Ta (B) PSFNT:
CIUIOIIHASI IUHUS — DKCIIEPUMEHT, IIyCThIE KPY>KKH — TEOPHSI.

KonnuecTBeHHBIE XapaKTCPUCTUKHU JIOKAJIIBHOT'O aTOMHOT'O OKPY’KCHHUA KATUOHOB B

PSFNT onpenenenst u3 ananuza EXAFS nccnenoBaHHbIX KpaeB MOTIOMIEHUS (PUCYHOK
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4, tabmuna 2). Ananu3z EXAFS Fe K-kpas mnoka3an yMeHblleHHE 3()PEKTUBHOTO
KOOPJIMHALIMOHHOTO 4YHCJa JKeje3a 10 ~5.5 1O CpaBHEHHIO C OKTa3JIpUYECKUM
OKpYy>XeHHEeM B 3TalioHHOM coeanHeHuu PFN (pucyHok 4a), 4TO CBUIETEILCTBYET O
HAJIMYUU KUCJIOPOJHBIX BAKAHCUW U CHIIBHOTO JIOKAJBHOTO CTPYKTYPHOIrO Oecropsiika.
WT-ananu3 EXAFS BbIIBHII U3MEHEHHE COCTaBa BTOPOM KOOPAMHALIMOHHOM cdepbl B
PSFNT no cpaBrenuio ¢ PFN, cBs3anHOE ¢ IpUCYTCTBHEM G0JIee IETKUX KATUOHOB Sc’™.
[lonydyeHHble pe3yiabTaThl XOPOLIO COIJACylOTCSl € JaHHBIMH MEccOay’pOBCKOU
CIEKTPOCKOIINH, MOATBEPKAAOIIUMHU cyliecTBoBaHHe FeOs-nonusipos.

Anamu3 EXAFS-criektpoB Nb K- u Ta Ls3-kpaéB (pucyHok 40,8 u Tabiuima 2)
nokasai, 4ro WoHbl Nb>* m Ta’" 3aHUMAOT CpPaBHHUTENBHO CJ1a00 HCKaKEHHBIE
OKTa’JpUYECKUE TMO3ULHUHU, TOrA KaK JIOKaJbHas HEOJAHOPOJAHOCTh MPEUMYIIECTBEHHO

CBA3aHA C OKpyKeHueM Fe’'.

Tabmuua 2 — [MapameTpsl TOKaIbHOTO aTOMHOTO OKpYyxeHus Fe, Nb, Ta, mony4yeHnsle u3
MozaenupoBanus criekTpoB EXAFS mist PSFNT u coenunenuii-crangaptoB PEN, LNT, PFT,
rae R — paauyc nepBoii KOOpAMHALMOHHOM cdepbl, N — KOOpIMHALMOHHOE YUCIIO, G2 —
dakrop [ebas—Yomrepa, CS — koopauHanmonHas chepa, Q — QyHKIHS KauecTBa MOATOHKH,
M — metamn. "Ar = 0,8-1,9 A Fe K-xpait, Ar = 0,95-3,5 A Nb K-kpaii u Ta L3-kpaii.

CoenuHeHus N R, A o, A? CS 0 %
PFN 6,0 1,99 0,0060 Fe-O s
Fe K-kpaii 2,0 3,56 0,0065 Fe-M/O ’
PSENT 5,5 1,99 0,0060 Fe O o
Fe K-kpait 22 3,63 0,0065 Fe-M/O ’
INT 3,0 1,90 0,0040 Nb-O
Nb Koo 3,0 2,14 0,0040 Nb-O 72
P 6,0 3,71 0,0060 Fe_Ta/Nb/O
3,5 1,91 0,0055 Nb-O
NES}{F_I;ITaﬁ 2,5 2,09 0,0055 Nb-O 8,7
P 6,0 3,67 0,0060 Nb-M/O
PET 6,0 1,97 0,0062 Ta-O
Ta Lo 7,0 3,46 0,0070 Ta-Pb 4,1
a L-Kpan 4,0 4,00 0,0070 Ta Fe
5,8 1,94 0,0062 Ta-O
T:ETTaﬁ 8,0 3.30 0,0070 Ta—Pb 8,2
37KP 6,0 4,05 0,0070 Ta-M/O

COBOKYITHOCTh  DKCHEPUMEHTAIBHBIX JIaHHBIX TI03BOJISIET HWHTEPIPETUPOBATH
JIOKaJIbHOE KaTUOHHOE yrnopsnoueHne tuna 1:2 B B-noapemérke PSFNT kak cnencrsue
(opMUpPOBaHUS HAHOPA3MEPHBIX 00IACTEH, 000raEHHBIX 1100 B> - 6o B> -kaTnonamu
HAaHOpa3MEpHBIX 00NacTAX, 3apsaoBas KOMIICHCAIMsl KOTOPHIX 00eCIeYnBaeTCs

o0pa3oBaHMEM BaKaHCHUiIl CBMHIIA JTHOO Kuciopona. TakuM oOpa3oMm, yCTaHOBIIEHO, YTO
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cpenHesHTponuiiHelil nepoBckuT PSFNT npencrasisier co00i J10KaJIbHO HEOJAHOPOJHYIO
KPUCTATUYECKYIO CTPYKTYPY C HAHOMACIITAOHBIM KATUOHHBIM YIIOpsiIoueHneM Tumna 1:2.
3apsiioBasi KOMIIEHCaLMsl 00JacTei, 000TallEHHBIX TPEX- U MSTUBAJIEHTHBIMU KaTHOHAMU,
OCYILECTBIIAETCS 3a CYET BAKAHCHUM CBUHIIA U KUCTIOPOAA, YTO COTIACyETCs C IPOSBICHUEM
pPEIaKCOPHBIX CBOMCTB B JAHHOM COCTABE.

B 4yerBépromM pasgesie 1MOKa3aHbl pPe3yibTaThl HUCCIEAOBaHUS CTPYKTypa U
IUBJIEKTPUYECKUE CBOMCTBA cpenHedHTponuiHoro PFINT u  BBICOKO3HTPONHUIHOIO
PFINTT MIEPOBCKHUTOB. COM-ananus MoKasal dbopmupoBaHHe IJTIOTHOU
MNOJMKPUCTAIUTNYECKON MUKPOCTPYKTYPHI C pazMepoM 3€peH mopsiaka 1 MM ams obenx
KepaMuK, 1pu 5toM Beeaenue Ti*" B PFINT npuBoauT K yMEHBIIEHHIO CPEHETO pazMepa
3EpPEH U MOBBIIICHUIO CTeNeHU yiutoTHeHus 1yt PFINTT.

PeHTreHOCTpYKTYpHBI aHalu3 TmokKa3zal (PUCYHOK 5), 4TO MpU KOMHATHOM
temneparype  cpenHesHTponuitHeii  PFINT  kpuctammmsyercs B KyOWuecKo
IIEPOBCKUTHOH CTpykType Pm3m ¢ mnpuMecHO# IHPOXJIOpHOH (azoit (~16%),
COXpaHsIOIIeicss W Tocle  JIOTOJHUTENbHOW  TepMooOpabOTKH, TOoraa  Kak
Bbicoko3HTponuiiHbll PFINTT mnpeacraBnsier coboit onHO(a3HBI TeTparoHajibHO-
HACKAKEHHBIN MIEPOBCKUT P4dmm c rnapamMeTpamu
a=4.0289 A, ¢c =4.0567 A u c/a = 1.0069. YcranoBnero, uro BBegenue Ti*" u pocTt
KoHurypaunonHoit 3HTponuu (0T Sconf = 1.38R mns PFINT nmo 1.61R mis PFINTT)

CIOCOOCTBYIOT cTaOUIM3aIMU O0JTHO(A3HOM MEPOBCKUTHON CTPYKTYPhI U TIOHIKCHHIO €€

CUMMCTpPHUH.
Yobs 6000 - o Yobs b
—Ycalc
e o :;f)‘sc\lcalc A Yobs-Y calc
5000 3ragg position Pmar Bragg positio
| Bragg position Fd3m -~
= 5 4000 -
o 4000- El
2 3000 2
172} s g
$ 2000 of . . B § 2000 :
c g 3z 83 S8 <
= 1000+ . t 38 303 s E3 A i
\--L._LJJ il‘k’l SRS A J | A | S 8 R T
9 | | | | | 0+ 1 | ] ’ ' ] 1] " n " [ [l "
_1000,';“” IIM I a8 I |‘E T T O T T O B -.ﬂ-—«v(—«-chw«—»,--ﬁ..A_.._—\..J‘-wu.—v.—%w-m-.-m._.
20 40 60 80 100 120 20 40 60 80 100 120
20, degree 26, degree

Pucynok 5 — Pentrenorpammser mopommkoB (Yobs) PFINT (a) u PFINTT (b) u
yrounenue 1mo meroay PutBenbna (Y caic). JIMHUS (Yobs-Y calc) TOKA3BIBAET PA3HUILY MEKTY
Ha0II0/1aeMOi U MOJIeTTbHOW MHTEHCHUBHOCTSIMU. BepTHKanbHble THHIUH — OpITTOBCKHE
otpaxkenus. CumBosioMm (€) o603HaueHa MpuMecHas (asa.

W3 pe3ynbTaToB AUAIEKTPUUECKUX U3MepeHuil ycranoBieHo, uto PFINT obnanaer

PCIaKCOPHBIM OTKJIIMKOM C Y4CTOTHO-3aBUCUMBIM MAKCHMYMOM I[HBJ'ICKTPH‘-ICCKOﬁ
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npoHunaeMocT npu Im = 325-339 K, remneparypoit bépuca 78 = 459 K u napamerpom
muddy3znocta Y = 1.88 (onpenenéHHBIMU, COOTBETCTBEHHO, MO OTKJIOHEHHIO OT 3aKOHA
Kropu—Beiicca u u3 monudunmnpoanHoit popmsl 3akoHa Kropu—Beiicca), Torna kak amns
PFINTT wmakcumym €' cmemaercss B o00macTh 0Oojiee BBICOKMX TEeMIIEpaTyp
(Tm = 440-455 K), comnpoBoKIaeTcsi BbIpa)KEHHBIM TEMIIEPATypHBIM THCTEPE3HCOM B
untepBaie 250—450 K u 6onee Bbicokoit ctenenbto nuddysznoctu (Y = 1.92) (pucyHox 6).

Taxum o6paszom, Beenenue Ti*" B PFINT npuBoaut Kk yBenuueHUo Im, T (10 ~598 K) u

Tew (10 ~504 K), u yBenuuenuto napamerpa auddysHoctu y ¢ 1.88 10 1.92.

50T Trme, g © 100Hz - 250Hz 500Hz - 750kHz 1kHz
« 500Hz + 750kHz -« 1kHz 2.5kHz 5kHz i (b) 12} 2.5kHz 5kHz 7.5kHz 10kHz 25kHz

7.5kHz 10kHz 25kHz + 100kHz 25} 1 100kHz 250kHz 500kHz 750kHz 1MHz
+« 250kHz +« 500kHz + 750kHz + 1MHz H v (d)
7 ol Ve

Lh 6 e

" Loss Tangent

\> %100 200 0 00 500 &0 700 solC)[—="
\ K : / / 41

o UeIM) | | L | | |

100 200 300 400 500 600

100 200 300 400 500 600 700 800 T K 100 200 300 400 500 600 700 800
T.K ’ T.K

- T4

0
100 200 300 400 500 600 700 00,
T.K

Pucynok 6 JleiictBuTenbHas 4acth qudiekrpudeckoit nponunaemoctu €'(T) PFINT (a) u
PFINTT (d). Ha BctaBkax k (a) u (d) mpuseaens! tgd(T). €'(T) npu HarpeBe u oxJaxJIeHUU Ha
gacrore | MI'ny mst PFINT (b) u PFINTT (e). OOpartnast iusiiekTpayeckas IpOHUIIAeMOCTh
1/¢' (T) na wacrore 1 MI'u qyist PFINT (¢) u PFINTT (f). Ha BcraBkax x (c) u (f) npuenena
anmnpokcuManus MoaupuIupoBaHHbIM 3akoHOM Kropu—Beticca.

OnnoBpemenHo B coenuHeHnn PFINTT Bo3HuKaeT TeTparoHajibHOE HMCKaKEHHE,
CBSI3aHHOE C OJIM30CThIO K MOPGOTPOITHOM (ha30BOM rpaHUIIe TICEBI0-IBOMHON CUCTEMBI
PFINT-PT. HaOnromaemoe NOHMKEHHE CUMMETPUM IpH KOMHATHOM TemIepaType
CBUJICTEIBCTBYET O  CTA0MJIM3alMUd  CETHETOAJIEKTPHUUECKOTO  COCTOSHUS B
BBICOKOAHTponuitHOM coctaBe PFINTT.

Takum 06pa3om, yBenudeHHue KOH(GUTYPaIMOHHONW SHTponMu M BBeneHue Ti*" B
PFINT cmocoOcTByoT crabuiu3anuu  oJHO(pAa3HON  TeTparoHalbHO-UCKAKEHHON
MIEPOBCKUTHOU CTPYKTYPBI, N3MEHEHHUIO TUAJIEKTPHUECKOTO OTKJIHMKA U (DOPMHUPOBAHUIO
COCTOSIHUSA, Oym3Koro Kk MopdorponHoi (azoBoii rpanune. [lockonsky PFINTT mosxer
ObITh MpeACTaBlIeH Kak nceBaoOuHapHbiid TBEPABIN pacTBOp (1—x)PFINT-—xPbTiO3 npu
x = 0.2, mabmogaemoe TeTparoHalibHOe wHCcKaxkeHue c/a = 1.0069 ykaspiBaeT Ha
cymecTBoBaHue MopdoTpornHoi  (a3oBOW  TpaHUIBI MEXKIYy KyOHMYEeCKOW U

TeTparoHanbHOM pazamu BOIM3M x <0.2.
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B nsroii pa3mesie wuccienoBaHbl

(110)

BBICOKOBHTpOHPIfIHI)Ie IICPOBCKUTLI 4000 +

PSINTT u PSFNTT. U3 COM- u DJIC-

Intensity, a.u

3000 4

aHaJIM3a 06Hapy>1<eH0, 4TO KCEpaMHUKHU

PSINTT u PSFNTT oOnamaroT miIoTHOM

4 L ] 10 12 14
24, degree

PSENTT
—— PSINTT

2000 +

(200)

Intensity, a.u.
211)

MEJIKO3EPHUCTOMN OJHOPOIHOU

1000

MUKPOCTPYKTYpOH W OJM3KHUM K

3KBUATOMHOMY pacnpeeseHuI0 T T
10 20 30 40 50
B-kaTHOHOB TIpH YMEpPEHHOM JACPUIINTE 20, degree
CBHHIIA, qTO IIOATBEPKIAET Pucynok 7 — [Mopomikosbsie poduim
o CUHXPOTPOHHOM JU(PPAKIIHKA KEpaMHUK
¢popmuposanne BBICOKOSHTPOIIMMHOUN PSINTT (uepnsrit) u PSENTT (cepsrit),

IIOJIy4YEHHBIE IIPY KOMHATHOM TEMIIEpPATypE.
Nupexcsl Musuiepa npuBeieHbl OTHOCUTEIBHO
[lo [maHHBIM  CHHXPOTPOHHBIX OTpaXXeHUIl MPOCTON KyOnuecKon
IIEPOBCKUTHOM CTpYKTYyphl Tuna ABOs.

CumBoiioM () 0003HaYEHBI

IIEPOBCKUTHOU CTPYKTYPBHI.

pEeHTreH-TU(PPAKIIMOHHBIX UCCIEIOBAaHUMN

npu KOMHATHOIA TeMIepaType CBEPXCTPYKTYPHBIC OTPAKCHUSL.
—350K —— 350K
ycTaHoByieHO, 4yT0 kepamuku PSINTT u (@ § =« (c) § —=
8 —ZggK ~ —— 200K
PSFNTT KPHMCTaJLTU3YIOTCS B —M E JJ@
®© >
OMHO(a3HOM IIEPOBCKUTHOM CTPYKType 2 %L gl
c N o / A
g /) E
0e3 mpumecHbIXx (a3 M OTHOCATCS K £ i
BBICOKOIHTPOITHIHHBIM cucTeMam . — a——
37'.0 37I.5 37;45 38]40
(Sconf = 1609 R), HpI/I 9TOM B 06HaCTI/I 20, degree 20, degree
—— 350K —— 350K
MabIX YIJI0B OOHapy»KeHbl  claldble by _ o (d) —=
e ~——— 200K
2 —— 150K s 200K
CBEPXCTPYKTYPHBIE OTpaxeHms, f——— ——2 3 e
L I S
- = e SN
COOTBETCTBYIOIIHE YIpOEHHI =2| | 2 —
. . st A El o
>JIeMEHTapHoi fueiiku (as=3a =12.201 A E—— — [~ ]
'\l/\v
mist PSINTT u as = 3a = 12.083 A ans e W e e
44.0 445 45.0 44.5 45.0 45.5
PSFNTT), uto yka3bIBaeT Ha COXpaHEHUE 20, degree 26, degree

JIOKQJIBHOT'O KATUOHHOT'O YIIOPAAOYCHUA B PI/ICYHOK 8 HpO(I)I/IJ'II/I III/I(I)paKLII/IOHHBIX IUKOB

B-nozpeméTke (PHCyHOK 7). B TemnepatypHom auamnazone 100-350 K,
COOTBETCTBYIOIINX OTpakeHusM (222) (a, ¢) u
PentrenandpakuoHHblie UCCIEN0- (410) (b, d) npu pa3nuuHBIX TEMIIEpaTypax

st PSINTT (a, b) u PSFNTT (c, d).
BaHUs, BBINOJHEHHBIE B  JUaNa3oOHE

temnepatyp 100-350 K, nokazanu, 4to cBepXcTpyKTypHble oTpaxenus B PSINTT u
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PSFNTT coxpassitorcsi BO BCEM HCCIIEIOBAHHOM HWHTEpBaje TEMIIEpaTyp, TOrja Kak
pacmierieHue pedaekcop tumna (222) u (410) mpu OXJTaXJIEHUH CBUICTEILCTBYET O
POMOO3IPUYECKOM HMCKAaXEHUU CTPYKTYpbl W peanu3anuu (a3zoBOoro mnepexona ¢
dhopmupoBanueM pombodapuueckoi (aser R3m (pucynok 8). s obGomx o00pas3ioB
PSINTT u PSFNTT ycTaHOBJI€HO, YTO yMEHBIICHUE TEMIIEPATyphl COMPOBOXKIACTCS
yBEJIMUEHUEM CMeIIeHH aToMoB Pb 1 ycunennem poM0O031pudyeckoro HCKaxeHusl, TOTa
KaK CBEPXCTPYKTYPHBIE OTPAXKEHHUS CBSI3aHBI C JIOKAJTbHBIM KaTHOHHBIM YIOPSI0YCHHEM
U HE ONpENENSAIOT MOHWXKEHHE CUMMETpuH. TakuM o0pa3om, JOKaIbHOE KATHOHHOE
ynopsnodeHue u pomoosapuaeckoe uckakenne B PSINTT u PSFNTT umerot paznudayro

(hU3UYECKYIO IPUPOY.

3 25(e) Hystorosis |
- 100Mz - 200Hz - 500Hz - 1kHz kHz - GkHz :

- 0kHz - 20kHz - SOkHz - 10DkHz - 200kHz - 500Kz H
- MHz =

(d)
PSFNTT

12((B)
- 100Hz 200Hz B00HZ - 1KkHz 2kHz
16+ - SkHz 10kHz - 20kHz - S50kHz 100kHz 10
200kHz - 500kHz MHz

“‘j(a)
PSINTT

“ PSENTT

2_
PSINTT o

1! (x10%)

100 200 300 400 500 600 700

1 |
300 400 500 600 700
o 0 s i e e s T K
T.K T.K :

1
00 200

100 200 300 400 S0 600 70D

Pucynok 9 — [lefictBurenbHas yacth quaiektpuueckoit nponunaemoctu €'(7) PSINTT (a) u
PSFNTT (d). Ha BcraBkax k (a) u (d) npuBenenst 3apucumoctH tgd(7). €'(T) nmpu HarpeBe u
oxnaxaenun Ha yactore 1 MI'm PSINTT (b) u PSFNTT (e). O6partHas musnexTpudeckas
nponunaemocts 1/¢'(T) na yactore 1 MI't PSINTT (c) u PSFNTT (f). Ha BcTaBkax k (¢) u (f)
IpUBe/IeHa anmnpoKcuMaIus MoaupuupoBaHHbIM 3akoHOM Kropu—Belicca

Pesynpratel nuanexktpudeckux usMmepeHuil nokazanu, yto PSINTT mpossaser
peIaKkCOpHBIE CBOMCTBA, O YEM CBUIECTEIBCTBYET 4YaCTOTHAS 3aBUCUMOCTbH TEMIIEPATYPbI
pPa3MBITOTO MaKCUMyMa JUAJIEKTPUYECKOW NpoHUIaemMoctd, toraa kak PSENTT
XapaKTepU3yeTcsi  pa3MbITBIM  MaKCUMyMOM  JM3JIEKTPUYECKOM  IPOHULAEMOCTH,
TEeMIepaTypa KOTOPOro MPAKTUYECKH HE 3aBUCUT OT 4acTOThl (pUCYHOK 9). Jlns oboux
COCTaBOB HAOMIOAArOTCs Cialblil  TeMIepaTypHbI THUCTEPE3UC JTUDIICKTPUUYECKOUN
IIPOHMULIAEMOCTH, OTKJIOHEHHE OOpAaTHOM AMAIEKTPUYECKOW NMPOHMIIAEMOCTH OT 3aKOHA
Kropu—Beiicca u Bbicokue 3HaueHHUs napameTpa Iud@y3HOCTH 7y, onpeleiaéHHbIEe MPU
anmpokcuManuu MoauduuupoBanueiM 3akoHoM Kiopu—Beiicca (y = 1.91 qna PSINTT u
vy = 1.87 nmna PSFNTT), Onuskue K 3HaYEHUSM, XapaKTePHBIM JUISl KJIACCHYECKHX
penakcopHeIx cucteM (y = 2). Temnepatypsl bépHca coctaBunu 7s ~ 621 K ayig PSINTT

n I = 539 K gna PSFNTT. VYcraHOBiI€HO, 4YTO TNOHMKEHHME TEMIIEpaTypbl
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COIPOBOKJAETCS YBEIUUYEHUEM CMEIIEHU aToMOB Pb u ycuiennem poMO031pudecKoro
HCKAKEHUS CTPYKTYPBI, & TEMIIEPATYPHASI 3BOJIOLNS pOMOO3IPUYECKOTO YIIa & XOPOLIO
OINMCHIBAETCS OJTHOKOMITIOHEHTHON (DEHOMEHOJIOTMYECKON MOJIENBI0 (Pa30BOro mnepexosa
IEPBOTO  poja, B  KOTOPOWM  SJIeKTpUYecKas mnoysipusauus P, =P, =P, =P,
IpONOpLUUOHANIbHAS P~ Z MOJNIIpHOMY CMEIICHHIO z aToMOB Pb Bosib poM0Oo3aprueckoi
OCH, SIBJIIETCS COOCTBEHHBIM IApaMETPOM IMOPSAKA, a CIIBUTOBbIE KOMIIOHEHTHI TEH30pa
nepopmanuii  Uyy, = Uy, = Uy, = U~90° — a, omuceiBaomme poMOOIAPUYECKUE
UCKAKEHUS, MHIYLUPYIOTCS KaK HECOOCTBEHHbIE. PasnokeHne TepMOJMHAMHYECKOIO

MIOTEHITMAJIa IO MECTON CTEIIEHH 110 CTEIICHSIM Z 3aITUCHIBACTCS B BH/JIC:
A b 1 q
O ==z 4+-z"+=2%+ Kkz?U + 2 U?, (1)
2 4 6 2
rne A =a(T —Tc), a>0, b, k u ¢ — peHoMeHoIOrHUECKUE KOdPPuUIMenTsl, a T¢ —

TeMIiepaTypa, npu KotTopoit koapduimeHnt A mensiet 3Hak. Toraa

2 _ 1 _p 2 a2\ _ __k 2
2% =1 b+q+\/( b+q) 4a(T Tc)), U=-%2, @)

¥ Pe3ylnbTaThl aNIIPOKCHMAamMu & Tpu mapamerpax mis PSINTT a = 1.8 - 10710 K-,
Tc =366.7K, b=-3.73-10"° k=-62-10"1° u q=10"'2, ans PSFNTT
a=4-10"1K! T.=3554K, b=-155-10"% k=-16-10"° u q=10"12

nokaszaHbl Ha pucyHke 10.

4.0715 — r . v T T 90.00 4.0310 — T T T T T 90.00
(a) PSINTT (b) PSFNTT = ., )
4.0710} ~  Jesse
| F— 4.0305}
o, HOTCH s : {8992
e [+]
=< S | —_— °3:: 40300} 3
@ " . 189.88
4.0695 40205}
9.88 189.84
4.0690
i N S 40200 v L . 89.80
100 150 200 250 300 350 400 100 150 200 250 300 350 400
T (K) T (K)

Pucynok 10 — TemnepaTypHasi 3aBUCUMOCTb pOMOO3APHUECKOT0 MapaMeTpa peréTku U
pombo3puueckoro yrina st PSINTT — (a) u PSFNTT — (b). CrutourHast tunus —
anmnpoKcUMalusi poMOO3ApUYECKOTo yriia MpH MOMOIIX (EHOMEHOIOTMYECKOW MOJIEIH.

O6e Bbicoko3HTpoOmnUiiHbIE Kepamuueckue coeauHeHuss PSINTT u PSENTT
XapaKTEPU3YIOTCS PA3MBITBIMM MaKCUMyMaMH JUAJIEKTPUYECKOM ITPOHUIIAEMOCTH U
ca0bIM TeMIepaTypHbIM THCTEPE3UCOM JTUAIEKTPUYECKON MNPOHULIAEMOCTH, YTO B
COBOKYIHOCTH C pe3yJbTaTaMH CTPYKTYPHBIX HCCIEIOBAaHUA U (PEHOMEHOJIOTHIECKOTO

aHalm3a CBUICTENBCTBYET O peanu3anuu (Ha3oBoro nepexoia nepBoro poaa. Pazmmuus B
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IUBJIEKTPUYECKOM OTKJIMKE B ITHX COEJUHEHUSAX OOYCIIOBJIEHBI Pa3IMYHON CTENEHBIO
JIOKQJIbHOTO CTPYKTYPHOT'O pa3ymnopsiioueHuss U BenuyuHoil Pb-cmemenwmii. bonee
kpynHble Katnouel In*" B cocraBe PSINTT yCHIMBAKOT JIOKaIbHBIE HCKaKEHHS B-
HOJPEMETK U CIOCOOCTBYIOT IOBBIIMIEHUIO HEOJHOPOJHOCTH JIOKAJIbHBIX CMEIICHUMN
noHoB Pb?", 4To cormacyercs ¢ MposBIEHHEM PENTAKCOPHBIX CBOKMCTB. 3aMemenue In®" na
Fe’" B PSFNTT yMeHbIIaeT CTENeHb JOKAIBHOTO CTPYKTYPHOTO Pa3yNnopsa0ueHHs, YTO
COrJacyeTcsi € OTCYTCTBUEM BBIPAKEHHOM YaCTOTHOM 3aBUCUMOCTH TeMIEpaTyphl
MaKCHMyMa JAUAJIEKTPUUYECKON MPOHUIIAEMOCTH.

[TokazaHO, YTO HECMOTPS Ha BBICOKYI0 KOH(QUI'YPALMOHHYIO 3HTPOIIUIO,
0o0yCJIOBJIICHHYIO CWIbHBIM xuMuueckuMm Oecrnopsiakom, B PSINTT u PSFNTT
COXPAHSIOTCS NPU3HAKHU JIOKAJIBHOIO KaTHOHHOTO YIOPSAOYEHHS, KOTOpBIE Hapsay C
JIOKANbHBIM  CTPYKTYPHBIM  Pa3ymlopsiOYEHUEM  OINpEAeNaioT OCOOCHHOCTH  UX
JIMDIIEKTPHYECKOTO MOBENEHMs. Boslee BhIpakeHHBIE CMelIeHUs MOHOB Pb?" u Gonee
BbIcokas Temriepatypa bépuca B PSINTT ykazbiBatotr Ha (hopMUpoBaHUE TUHAMUYECKUX
MOJIAPHBIX HaHOOOJacTel mpu Oosiee BBICOKUX TeMIeparypax mno cpaBHeHuto ¢ PSFNTT.
[TomyueHHbIe pe3ynbTaThl MO3BONSIOT paccMarpuBaTh CUCTEMBI (1—x)PSINT—xPbTiO3 u
(1-x)PSFNT—-xPbTiO3 kak nepcrneKTUBHbIE BHICOKOIHTPOIMHHBIE aHATIOTH KIIACCUYECKUX
MOpP(QOTPONHBIX CHCTEM, B KOTOpbIX npu x > 0.2 BO3MOXHO (QOpMHpOBaHHE
poMO03IpUYECKU—TETparoHaIbHOU MOP(OTPONHON (a30BOI rpaHUIIbL.

B mecroi pasgeine npencraBlIeHbl PE3yJbTaTbl HCCIENOBAHUSA CTPYKTYpbI U
IUDJIEKTPUYECKUX CBOMCTB HOBBIX BBICOKOAHTponUiHbIX nsATH- (PSINTZ) u cemu-
kaTHOHHBIX (PSINTTZS) mneposckutoB. CormacHo panHeiM COM, kepamuyeckue
coemuuenuss PSINTZ wu PSINTTZS o06namaroT  MENKO3EPHHCTONM  MOPUCTOM
MukpocTpyktypou. Ilo cpaBuenuto ¢ PSINTZ, kepamuka PSINTTZS xapakrepusyercs
Oonee BBIpa)KEHHOW MOP(OIOTHUECKON HEOJHOPOJHOCTHIO M YKPYHHEHHUEM 3EpPEH, 4TO
coriacyercs ¢ 6oyee CI0KHBIM KATUOHHBIM COCTaBOM B-TIOJIPEIIETKH.

[To naHHBIM peHTreH-ITUGPAKIUOHHBIX HccleAoBaHui (pucyHok 11) mpu
KOMHATHOM TeMIepaType YyCTaHOBJIEHO, YTO 00a COCTaBa KPUCTAJUTM3YIOTCS B KyOHMUeCKOn
CTPYKType THUIA MEPOBCKUTA C NPOCTPAHCTBEHHOM rpymnmnoii Pm3m, npu srom PSINTZ
sBisieTcss oaHo(dazHbiM, Torma kak PSINTTZS coaepxut HeOONbIIOE KOJUYECTBO
NpUMECHOW mHUpOXJOpHOH ¢a3zel ~ 4.6 %. Ilpu3HakoB nanbHET0 KaTHOHHOTO

yHopsioueHus: B B-noapemérke He 0OHapYyKEHO. Y CTAaHOBJICHO, UYTO YBEJIMYEHUE YHCIa
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B-KaTHOHOB NMPUBOAUT K YMEHBLIEHUIO MapaMeTpa 3jieMeHTapHou sueiiku ot 4.107 no
4.082 A 1 pocTy KOHGUTYPAITMOHHOM SHTPOITHHU CUCTEMBI (OT Scont = 1.609 R st PSINTZ
10 Scont = 1.946 R i PSINTTZS).
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Pucynok 11 — PeHTreHorpaMMbl mopoImkoB mpu komHaTHOU Temmeparype (Yobs) PSINTZ (a) u
PSINTTZS (b) u yrounenue o merony Putenbaa (Ycalc). JIMHUAS (Y obs-Y calc) TOKA3BIBACT
pasHUIly MeXAy HabI01aeMON U MOJIEIbHON MHTEHCUBHOCTSIMU. BepTuKanbHbie TMHUH —

OparroBckue orpakenus. CuMBosoM (*) o0o3HaueHa mpuMecHas aza
CO CTPYKTYpPOH THIA MUPOXJIOPA.

20000 ottt = - - = T T T T
i\ ——1kHz (a) 15000 | o= ! Tichiz (d) %
oot A 10k Hz 5 A —— 10k Hz
150004 ==} ¢ \ 100K Hz B ~——— 100k Hz s
1M Hz MHz
0 W0 20 30 40 S0 80 70 10000 | o
\ T.K
~ 10000+ \ PSINTZ —— Heatng(1 MHz) W PSINTTZS 16000
wW \ 16000 | —— Coolingi Mz} \ =
\ Heatngi100 kHz)
\ Coolingi* U0 kHz) i \ 12000 | Cool ng(100 kHz:
\ 12000} (c) 5000 \ |
5000 = h
meooo ! ©8000
- ! \_,‘
i . —~.
0 — 4000 0 i " " " . s N -
0 100 200 300 400 500 600 700 80C 0 100 200 300 400 S00 600 700 80C
TK Hesteresis TK Hesteresis

0

0

240 270 300 330 360 270 300 330 360 390 420
BK T.K

Pucynoxk 12 — JleiicTBuTenpHas 4yacth audekrpudeckoi mponumaemoctu €'(T) PSINTZ (a) u
PSINTTZS (d). Ha BctaBkax k (a) u (d) nmpuBenens 3aBucumoct tgd(T). ObpaTHas
nuanekTpuaeckas mponuraemoctsb 1/€'(T) va wactote 1 MI'y nnst PSINTZ (b) u PSINTTZS
(e). Ha BcraBkax k (b) u () mpuBeseHbl apOKCUMALUs 10 MOAU(PHUIIHPOBAHHOMY 3aKOHY
Kropu—Beticca. €'(T) npu Harpese u oxnaxaenuu Ha yactore 1 MI'n juist PSINTZ (¢) u
PSINTTZS (f).

JusnexTpudyeckue U3MEpeHusl oKas3ain, 4To kepamuueckue coeauHenus PSINTZ
u PSINTTZS o0nanatoT peakCOpHBIM OTKIMKOM C HIUPOKUMHU YaCTOTHO-3aBUCHMBIMU
MaKCUMyMaMH JIHUAJIEKTpUUECKO mpoHumiaeMoctd mpu Im = 355 K nmns PSINTZ u
Tm = 400 K gns PSINTTZS na uwactore 1 MI'1 (pucynok 12). [{ns oboux cocTaBoB
HAOIIOJAIOTCST OTKJIOHEHHE OOpaTHOM AMANIEKTPUYECKONM MPOHMIIAEMOCTH OT 3aKOHA
Kropu—Beiicca nmxe temneparypsl bépaca (78 = 478 K ana PSINTZ u 7s = 531 K nns
PSINTTZS), BbicOKMe 3HaueHMs] NapaMmerpa AUPGY3HOCTH 7Y, ONpeneiEHHbIe MpU
anmpoxkcuManuu MoauduuupoBanueiM 3akoHoM Kropu—Beiicca (y = 1.70 qna PSINTZ u

v =1.81 na PSINTTZS), a Tak>xe cnabblii TeMriepaTypHBbI THCTEpE3UC AUAIEKTPUIECKON
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nponunaeMoctd B uHrepBanax 240-330 K mnsa PSINTZ u 280420 K ana PSINTTZS.
VY CTaHOBIEHO, YTO YCJIOXKHEHHE KATHOHHOTO COCTaBa B-NMOAPEIETKH CONPOBOKIAETCS
MOBBIIIEHUEM  TEMIEPATypbl  MaKCUMyMa  JUAJIEKTPUYECKOHM  MPOHUIAEMOCTH,
TemnepaTypsl bépHca, mapamerpa AU(GQPY3HOCTH U pacIIUPEHUEM TEMIEPaTypHOTO
MHTEpBaJIa TUCTEpE3Nca TUAIEKTPUUECKON IPOHUIIAEMOCTH.

Taxum oOpasom, yBEJIMYEHUE KOH(UTYpaLlMOHHOM SHTPOIUU B
BBICOKO3HTponuiHbIX nepoBckuTax PSINTZ u PSINTTZS cnocoOctByeT cTabunuzanuu
KyOW4YecKOW TEepPOBCKUTHON CTPYKTYphl M YCHUJIEHHIO NPOSBICHUN PEIaKCOPHOTO
HIOBEJICHUSI, YTO BBIPAXKAETCs B CMEIEHUU TeMIIepaTypbl MAKCUMyMa JIUAJIEKTPUYECKON

MPOHUIIAEMOCTH B 00J1acTh Oo0jiee BBICOKMX TEMIIEpaTyp MU YBEIWYEHUU IMapaMerpa

muddy3HOCTH .
OCHOBHBIE PE3YJIBTATBI U BBIBO/1bI

1. [Tokazano, 4yTo yBenMYeHHE KOH(PUTYpAallMOHHON DSHTPONUU B COYETAHHH C
W3MEHEHHEM KaTHOHHOTO COCTaBa B-MoApeméTku crnocoOcTByeT GopMHUpOBaHUIO OqHO(A3ZHON
MIEPOBCKUTHON CTPYKTYPBl W CHIDKEHHUIO JIOJIM BTOPHYHBIX (a3. Tak, B CPEeTHEIHTPOIHITHOM
cocraBe PbFei4lnisNbisTa1403 (PFINT) ob6Hapyxeno 16 % mpumecHO# MUPOXIOpHOH (aswl,
COXPAHSIONICHCS Jake TOCJE JMOTOJHUTEIBLHOW TepMooOpaboTku. [Ipyu BBEeIEeHWUU TUTaHA |
nepexoie K  BBICOKOdHTpomuiiHOMY  coctaBy  PbFeisInisNbisTarsTisOs;  (PFINTT)
dbopmupyercss onHOGA3HBIN MEPOBCKUT C TETParoHaIbHBIM HCKaxeHueM mpu c/a = 1.0069.
bruzkuit s ekt Ha0I01aeTCs u TUISt CEMHKOMITOHEHTHOTO cocraBa
PbSci/7In1/7Nb1/7Tai7Tii7Zr1/7Sn1703 (PSINTTZS), B K0TOpOM cojiep:kaHue MUPOXIOPHOH (a3bl
cymectBeHHO Hmke, 4eM B PFINT, 4To cBUAETENnbCTBYET O MOJIOKUTEIBHOM BIIHMSHUU
YBEIMUCHUS KOH(PUTYPAIIMOHHOW SHTPOITUU B COUYSTAHUH C U3MEHEHHEM KaTHOHHOTO COCTaBa B-
MOJIPEIIETKH HA CTAOMIIM3AIUIO TIEPOBCKUTHOM CTPYKTYPHI M CHIDKEHUE COJICPIKAHHSI BTOPHYHBIX
bas.

2. C HCronb30BaHUEM CHHXPOTPOHHOW PEHTTeHOBCKON AMQPAKIMK OIS COCTaBOB
PbSci4Fe14Nb14Ta1403 (PSENT), PbSci/sFe1sNbisTai5Ti1503 (PSENTT) u
PbScisInisNbysTaysTisOs  (PSINTT)  oOHapykeHBI  CBEPXCTPYKTYPHBIE — OTPaXKeHMS,
COOTBETCTBYIOIIME YTPOSHUIO DJIEMEHTAPHOM SUYEHKHU, MIPUUUHON KOTOPOTO SBISIOTCS Pa3IudHs
3apsA0B M XHUMHYECKOH TPHPOABI B-KaTHOHOB, B YAaCTHOCTH, JJIGKTPOOTPHIATCIHHOCTh W
AJIEKTPOHHOE CTPOEHHE BHEUIHMX O0O0O0JI0UeK, YTO YyKa3blBa€T Ha COXpaHEHHE OJMKHEro
KaTHOHHOTO YIOPSI0YCHHUS.

3. Hnsa cocraBoB PbScisInisNbisTarsZrs03 (PSINTZ) u PSINTTZS npusnaku
JAIbHETO  yHOPSAOYCHHs HE BBISBICHBI, UYTO CBHUJETEIBCTBYET O JIOMHUHHUPOBAHUU
CTaTHCTUYECKOTO pacmpeeneHus: kaThoHoB. Hanmune npusnakoB ynopspouenus B PSINTT u ux
oTcyTcTBHE B poacTBeHHOM cocTaBe PSINTZ mpennonokuTenbHO CBS3aHO C YBEITHYECHHUEM
MapaMeTpoB DJIIEMEHTApHON SYEHKWM TMpH 3aMeHe TUTaHAa Ha IUPKOHWIA, YTO, BEPOSITHO,
CIOCOOCTBYET OOJIBINCH TMOJBIKHOCTH B-KAaTHOHOB M WX CTATUCTHYCCKOMY pacIpeesiCHUIO.
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OrcyrcrBue mpusHakoB ynopsanodeHuss B PSINTTZS, kak MOXHO MpPennooXuTh, SBISETCA
CIIEICTBUEM €TO MHOTOKATHOHHOCTH.

4. [Ipupona ONMKHEr0 KAaTHOHHOTO YIOPSAIOYEHHUS B B-mojapemérke BIEpBHIE
JeTanbHO puBeAcHa Il iepoBckuta PbScisFeisNbi4Ta403 (PSFNT) u ycranosneno, uro 1:2-
YIOPSAI0YCHHE MIPOSBISIETCS. B BUJE JIOKAIBHBIX 00JIACTEH C Pa3IMYHBIM COOTHOIICHHEM TPEX- U
MSATUBAJICHTHBIX ~ KATHOHOB:  00NacTH, OOOTami€HHbIE  MATUBAICHTHHIMH  KaTHOHAMH,
KOMIICHCUPYIOTCSl BAaKaHCHSIMM CBHMHIA, TOTJAa KaK OOJACTH C TOBBIILIEHHBIM COJIEpPIKaHUEM
TPEXBAJICHTHBIX KATHOHOB — KHCJIOPOJAHBIMH BakKaHCHAMHU. 3apUKCUpOBAaHHBIC 3HAYCHUS
nedunura cBuHIA Pbogis W KOOpAMHAIIMOHHOTO 4YHCIAa JKeine3a 5.44 corjacyrorcs ¢
MIPEIJIOKEHHOM MOJIENBIO 3apsA0BOM KOMIIEHCAIIMH M YKa3bIBAIOT, YTO JaXKe MPU 3HAUUTEIHHOM
XUMHUYECKOM OECIopsiIKe BO3MOXHO CYIIECTBOBAHHUE JIOKATbHO KOPPEIUPOBAHHBIX COCTOSHUM,
OKa3bIBAIOIINX 3aMETHOE BJIMSHUE Ha CBOMCTBA MaTepuasia. AHAJIOTHYHBIN THI YIOPAI0YEHUS
nposisisiercss B PSFNTT u PSINTT.

5. CHHXpPOTPOHHBIE  PEHTI€HOAU(PPAKIMOHHBIE MCCIEIOBaHUNH B  JMAala3oHE
temneparyp 100-350 K mnokazamu, urto coctaBel PSFNTT wu PSINTT coxpanstor
POMOOSIPUUECKYIO CTPYKTYpPY C MPOCTPAHCTBEHHOM Tpymnmoil R3m BO BCEM auara3oHe
temreparyp. Ilpu TOBBILIEHMM TeMIeparypbl HAOJIOAAeTCd  yMEHbIEHHWE CTENEHU
POMOOIIPHUUECKOTO HUCKaXEHHUSI CTPYKTYPBI, COMPOBOXKIAIOIIEECS YMEHBIICHUEM CMEIIeHUN
aTOMOB CBUHIIA U3 LIEHTPOCUMMETPUYHBIX MOJIOKEHUN W MPHUOIMKEHHEM POMOO3APUYECKOTO
yraa o k 90°. TemneparypHas 3BOIIOLUS pOMO03IPHYECKOT0 UCKAKEHUS XOPOIIIO OMHCHIBACTCS
B paMmkax (peHoMmeHoyorn4eckoii monenu (azoBoro mepexona mepBoro poxa. s cocraBa
PFINTT npu xoMHaTHOHM Temriepatype HabIogaeTcsl TeTparoHaibHoe uekaxenue c/a = 1.0069,
YTO yKa3bIBaeT HA eTro 0JM30CTh K MOpdoTpomHoii (azoBoii rpanuie B cucteme (1—x)PFINT—xPT
mpu x = 0.2.

6. JIMdIeKTpUUeckue M3MEPEHUsT BO BCEX CEMH HCCIEIOBAHHBIX COEIUHEHUSX
MoKa3aJiv, YTO OHU 00J1a/1at0T 11U (Hy3HBIMU MAKCUMYMaMH JTUAJIEKTPUUECKON POHULIAEMOCTH C
BBIPQ)KEHHOW YaCTOTHOM 3aBUCHUMOCTBIO, YTO XapaKTEpHO Ul PETaKCOPHOTO OTKJIMKa U
YCTaHOBJIEHO, YTO HX (OPMHpPOBAHUE ONIpENENseTcs COYeTaHHMEM KaTHOHHOro Oecropsjka,
JIOKQJIBHOTO YHOPSAOYEHUS U Je(EeKTHON CTPYKTypbl, a HaJIM4YUE JOKAJIBHO YIOPSIOYEHHBIX
oOyacTel U CTPYKTYPHBIX (UIYKTyaliii MPUBOAUT K BOZHUKHOBEHUIO MOJISIPHBIX HaHOOOIacTel 1
oOycnoBnuBaeT AU Qy3HbIN XxapakTep (pa30BbIX NEPEXOJI0B.

7. Jlnisi BBICOKOAHTPOIUIHBIX CHCTEM BBISBIEHA CBSI3b MEXIY KOH(PHUIYyparMoOHHON
SHTPOIHUEN U AUINEKTPHUUECKUMH XapaKTEPUCTUKAMU: C €€ pOCTOM YBEIMUYUBAIOTCS TEMIIEPATYPhI
MaKCUMyMa U JIEKTPUUECKOW MPOHMIIAEMOCTH M Temneparypa bépHca, Torna kak sHeprus
aKTHBAIlMM DPEJaKCAllMOHHBIX MPOIIECCOB yMEHbIIaeTcss Oojiee yeM B JBa pasa, a mapameTp
mudGy3HOCTH Y BO3pACTaeT, MPUONMKASCh K 3HAUYEHHUSM, XapaKTePHBIM JUIsl KJIACCHUYECKUX
pENIaKCopOB, YTO YyKa3bIBae€T Ha TMOBBIIICHWE MOJBMKHOCTH IMOJISIPHBIX HaHOoOJacTel mnpu
YBEJIMUYEHUU YKCIa KOMIIOHEHTOB.

8. B coBokymHOCTH TOJTydeHHBIE PE3yJbTaThl MO3BOJIMIN YCTAHOBUTH B3aUMOCBSI3b
MEXIY CTPYKTYpPOH, JIOKAJIbHBIM KATHOHHBIM YIOpPSIOYEHHEM, IC(PEKTHBIM COCTOSHHEM U
JURJIEKTPUYECKUMHU CBOWCTBAMHM HMCCJIEIOBAHHBIX MEPOBCKUTOB. Iloka3aHo, 4TO yBenuyeHue

KOH(I)I/IF ypaHI/IOHHOﬁ OHTPOIINHU CHOC06CTByeT CTa6I/IJ'II/ISaI_II/II/I OI[HO(I)aSHOFO COCTOsIHUSA, IIPU OTOM
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OJVDKHUH MTOPSIZIOK MOYKET COXPAHATHCS TAKe B YCIOBHUSX CHIIBHOTO XUMHYECKOTO Oecropsiaka, a
nmapaMeTphl PeJaKCOPHOTO OTKJIMKA OKa3bIBAIOTCS UYBCTBUTEIHLHBIMH K YHCIY KOMIIOHECHTOB
cucreMbl. Hannume CEerHeTOdNeKTPUYECKHX WCKAKEHUH B psjie COCTaBOB CBS3aHO C
NPUCYTCTBUEM CETHETOAKTUBHBIX KatioHoB (Ti*", Zr*", Nb**, Ta>").

9. [lonmyuyeHHble pe3ynbTaThl, Ha TNPUMEPE H3YUYEHHBIX COCTABOB, DACIIUPSIOT
NPEJCTAaBICHUS O TOBEJCHUM MHOTOKOMIIOHEHTHBIX OKCHJHBIX CHUCTEM M BHOCST BKJaa B
pa3BuTHE (PU3MKH HEYMOPSAJOYCHHBIX TBEPIBIX CUCTEM, W TOKA3aHO, YTO BBHICOKOIHTPOIHITHbIC
MIEPOBCKUTHI 00pPa3yrOT 0COOBIN KilacC MaTepHAJIOB CO CIIOKHOM CTPYKTYPHOH opraHu3anueil, B
KOTOPOH COYETAIOTCS XUMHUYECKUH OeCHopsIoK, JIOKAIIbHOC KATHOHHOE YIOPSIOYCHHE |
CETHETORJICKTPUYECKHE  WCKAKEHUS.  YCTAHOBIICHHBIE  3aKOHOMEPHOCTH  MOTYT  OBITh
WCIIOJIb30BaHBI IPU pa3pabOTKe AUAICKTPHUSCKUX MATEPHAJIOB C 3aIaHHBIMHU XapaKTEPUCTHKAMHU
3a cu€T ynpaBieHHUsS KOH(DUTYPAIIMOHHOW SHTPONKEH, COCTABOM M OJM30CTHI0 K MOP(HOTPOITHOM
(hazoBoii rpanHHIIe.

10.  Takum o00pa3oM, YCTaHOBJIEHBI  B3aMMOCBSI3M MEXIY CTPYKTYpOoH U
TUDJIEKTPUYICCKIMHE CBOMCTBAMH MHOTOKAaTHOHHBIX TIepoBCKUTOB Pb(Sc,In,Fe,Nb,Ta, T1,Zr,Sn)O3
C pa3IMYHON KOH(PHUTYpPAIIMOHHON SHTPOIHEH, YTO COOTBETCTBYET COBPEMEHHBIM HAIPaBICHUSIM
UCCIIeIOBaHMi B (PU3HUKE KOHJICHCUPOBAHHOT'O COCTOSIHUSI.
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  P m  3 - m


  q =  10  − 12


  𝜅 = − 1 . 6 ⋅  10  − 9


  b = − 1 . 55 ⋅  10  − 6


    T C = 355 . 4


  a = 4 ⋅  10  − 11


  q =  10  − 12


  𝜅 = − 6 . 2 ⋅  10  − 10


  b = − 3 . 73 ⋅  10  − 5


 


  a = 1 . 8 ⋅  10  − 10


  𝛼


  U = −   𝜅  q   z 2 ,


    z 2 =  1 2  ( − b +   2   𝜅 2  q +     ( − b +   2   𝜅 2  q ) 2 − 4 a  ( T −   T C ) ) ,


  A = a  ( T −   T C )


  Φ =   A 2   z 2 +   b 4   z 4 +  1 6   z 6 + 𝜅   z 2 U +   q 2   U 2


    U  x y =   U  y z =   U  x z = U ~ 90 ° − 𝛼


    P  x =   P  y =   P  z = P
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