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Pedepar:

1. O6’eKT mOCimKeHHS: peJIaKCallifHi MpoLecH MicJist 30BHIMIHIX BIIMBIB, 10 MPU3BOIATH IO OOOPOTHUX Ta
HEeOoOOPOTHUX 3MiH BJIACTUBOCTEN IT€30eJIeKTPUYHUX KEPaMiYHUX €JIEMEHTIB Ha OCHOBI TBEPIUX PO3UMHIB
Pb(Zr,Ti)O3; MexaHi3Mu, 1110 TPUBOAATD 40 HEJiHINHUX 0COGIMBOCTEN peJylakcalilHUX MpolieciB. MeTa: po3B’si3aHHS
aKTyaJIbHOTO HAayKOBOTI'O 3aBJIaHHS, SIKE MOJISITa€ y BCTAHOBJIeHHI (i3MYHOI TPUPOAM Ta 3aKOHOMipHOCTEN
peJlakcaliliHuX IpoLieciB, sIKi BiOyBalOThCs MTicssl IPUNMHEHHS BIUIMBY 30BHILIHIX YUHHUKIB Y TBEPAUX PO3UMHAX
Pb(Zr,Ti)O3 Ta nobyznosa (piznyHoi Mofei Lux npoleciB. MeToau: BUMIp NeTesb JieneKTpuyHoro ricrepesucy P(E)
B KBaszicTarnyHomMy pexxumi (f = 2:10-2 I'n) 3a cxemoro Coitepa-Tayepa; BUMIp TeMIlepaTypHOi 3a71€XKHOCT]
nienexkrpryHoi mpoHuKHOCTI 0(T); BUMip TemnepaTtypHoi 3asnesxkHocTi nosspusauii P(T); peHTreHOCTPYKTYpHi
IOCJIiI)KEeHHS], IPOBEEeH] 3 BUKOPUCTaHHSIM peHTreHiBcbKoro audpakromerpa JPOH-3; MiKpOCTPYKTYpHi
IOCJiIKEeHHS], IPOBEAEHI 32 METOOM PacTPOBOi eJIeKTPOHHOI Mikpockoriii (Selmi PEM-1061); Bumip
IieNeKTpUYHUX BJIACTUBOCTEN (eMHicTh C, TaHTEHC KyTa JieJIeKTpPUYHUX BTpAT tgo) Ha 4acToTi 1 K[' npu aMIumiTy i

BHMipIOBaJIbHOTO 110J151 4.3 B 3a MmocToBuM MeTonioM (E7-8); BuMip m'e3opezoHancHux BiactuBoctei (fr, fa, fr.3)



METO/IOM MaCUBHOTO YOTUPHUIIOIIOCHUKA; BUMIP I'€30€IeKTUYHOrO Moy d33 CTaTUYHUM METOJIOM;
BMMIipIOBaHHSI peJlakcallii BIacTUBOCTE B IIpOLieCi cTapiHHS Micis IPUIMHEHHS [ii 30BHIIIHbOrO BIUBY O(t), fr(t).
TeopeTnyHi i IpaKTUYHi pe3yJbTaTh, HAYKOBA HOBMU3HA: 1. 3HAMIIIN [TOJANIBIIUI PO3BUTOK YSBJIEHHS IIPO TE, 110
peJlakcalisi B OJIKPUCTAIYHUX CETHETOEJIEKTPUYHUX MaTepiajiax BilOyBaeTbCs 3a IOrapu@pMiuHIM 3aKOHOM. Lle
€KCIIepUMEHTAJIbHO NTOKAa3aHO Ha NPUKJIAJi pesakcalii AieIeKTpU4HOI MPOHUKHOCTI cerHeTokepamiku Pb(Zr,Ti)O3
micig Jii TeMIepaTypy, €JIeKTPUYHOTrO I10J1, MEXaHIYHOTO HANpyKeHHs. Taka [oBeAiHKA MOJKJIMBA 32 HAsABHOCTI
CIIEKTpa YaciB pesakcauii y noJliKpucTaniyHuX TBepAux po3unHax Pb(Zr,Ti)O3 , mo MicTsaTh CTPYKTYypHI fedeKkTu 3
pi3HOI0 eHeprielo akTuBalii. 2. Briepiie BCTaHOBJIEHO, 1O M/ MPUIIMHEHHS YaCTKOBOI IIepenoIspu3anii
MOCTITHUM €JIEKTPUYHUM TOJIEM i Ienosapu3allii HarpiBaHHSM MIBUIKICTb peJlakcallii Aies1eKTPUYHOI IPOHUKHOCTI
Mae MaKCHMMaJlbHe 3HAa4E€HHS [IPY 3HAYEHHSX [10J14 i TEMIIEPATYPH, SIKi HY)K4€ KOEPLUTUBHOTO I10J1 i TEMIIEpaTypu
touku Kropi BignosigHo (Exp < Ec, Tkp < TC). [Tone Exp i Temneparypa TKp € rpaHUYHMMU [J151 0OOPOTHUX
npouecis. YV intepsaii nosuis Ec -Exkp , i temnepatyp TC -Tkp Bin0yBaeTbcs HEOO0POTHA ME€PENOsIpU3ais i
IenoJIIpu3aLlis 3pa3ka — B IIPOLieCi peslakcaliii ieseKTpUYHa IPOHUKHICTh He IIOBEPTAETHCS 4,0 BUXIIHOTO
3HAYEHHS, [IPY LIbOMY BiJIOyBa€ThCs 3MiHA JOMEHHOI CTPYKTYypH. 3. Briepiie nokasaHo, mo inrepsanu Ec -Exp i TC
-TKp 3poCTaloTh NpU Nepexoi 3 pomboenpuyHoi obs1acti PpaszoBoi Aiarpamu TBepaux po3uunHis Pb(Zr, Ti)O3 B
TeTpParoHasbHy, 110 MOSICHIOETHCS OL/IbII BUCOKMMY 3HaY€HHSIMU OJHOpiAHOro napamertpy gedopmarii
TETParoHaJIbHOI CTPYKTYPU y NOPiBHSIHHI 3 poMboeipuyHO10. 4. Briepiie BCTaHOBJIEHO, 110 HeJliHilIHA 3a/1€5KHICTh
peJlakcaliiHMX XapaKTePUCTUK IT'€30€JIEKTPUYHOI KepaMiku Ha ocHOBi Pb(Zr,Ti)O3 Big amIiTyi1 30BHIIIHIX
YMHHUKIB BUBHAYA€ThCS [1€peOYL0BOI0 JOMEHHOI CTPYKTYpH. 5. PO3p0o6ieHa MOiesib MeXaHi3My JOBrOTPUBAJIO]
peJiakcaliii, B OCHOBI KO JIeXXUTb 3MiHa 3apsiOBOro CTaHy Je@eKTiB KpUCTaJiYHOI peliTKY (KUCHeBUX BaKaHCIl
VO), sixa BigOyBaeThCs 32 TAKMMU CTAZisIMU: — 3MEHIIEHHS 3aJIMIIKOBO] [10J1sIpM3allii Ta BUMisIeHHS
HEKOMIIEHCOBAHOTO 3apsily Ha IIOBEPXHi B IPOLIECi 30BHIIIHIX [ill, yTBOPEHHs F-LIeHTPiB (3apsA’KeHUX KUCHEBUX
BakaHciy) o mexaHisamy VO +e 0 F +, VO + 2e 0 FO ; - nopyuieHHs e1eKTPUYHOro 6aaHcy, SKuil 6yB 10 30y KeHHS,
Ta [NOPOPKEHHSI €JIEKTPUYHOTO I10J18, SIKE€ HAIIPAaBJIEHO IPOTH MOJISIPU3allii, HOBUM PO3IOMiI€HHSIM 3apsiIiB; —
3BOPOTHUI JOBrOTPUBAINM [IEPEXif, MiCsIsl IPUIIMHEHHS 30BHIIIHIX il 30yI)KeHuX cTaHiB 1o cxeMi F+oVO +e ,FOn
VO + 2e Ta 06yMOBJIEHA HUM JOBrOTPMBAJIa PejaKcallisi I1'e€30€JIeKTPUYHOTrO0 3pas3ka 0 OCHOBHOI'O CTaHYy.
[TpakTuyHe 3HaYEHHS!: pe3yJbTaTy, OTPMMaHI B XO[li BUKOHAHHS JucepTalifiHOi poOOTH, pO3MIKPIOIOTh iCHYI0YI
ysIBJIEHHS [1po i3UyHi pouecy, 1o NPOTiKaloTh B CETHETOEJIEKTPUYHUX I'€30KepaMiyHMX MaTepiasax Micis
IIPUINIMHEHHS [ii Ha HYUX 30BHILIHIX YMHHUKIB. Jlorapnu(MidyHUI 3aKOH peJjiaKcallii, KU 3a00BiJIbHO OMUACYE
€KCIIePUMEHTAJIbHI 1aHi, Ja€ MOXKJIMBICTb IPOTHO3YBATH MOBEIIHKY BJIACTUBOCTEN 3Pa3KiB y IIPOLIECi CTapiHHA.
Bu3HayeHHS rPaHUYHUX aMILIITY/, SKi IPU3BOJATD 10 3BOPOTHUX a60 HEOOOPOTHUX 3MiH BIACTUBOCTEN, Jlae
MOXJIMBICTb 30iIBIIMTY TEPMIH €KCILTyaTalii Te€30KepaMiuHUX €JIEMEHTIB, 5IKi € Y CKJIaZi pafioeneKTPOHHOI
anaparypu. Cdepa BUKOPUCTAHHS: 3alIPONIOHOBAHNUI B pOOOTI MeXaHi3M IOBrOTpUBasIoi pesakcaii nmiciszii gae
MO>KJIMBICTb IIPOBOJIUTH 1IiJIECTIPSIMOBAHUI MOIIYK HOBUX BUCOKOE(MEKTUBHUX IT€30€JIEKTPUYHMX KEPAMiYHUX
Marepiasis.

2. Object of the study: relaxation processes after external influences, which lead to reversible and irreversible
changes in the properties of piezoelectric ceramic elements based on solid solutions of Pb(Zr,Ti)O3 ; mechanisms
that lead to nonlinear features of relaxation processes. Objective: to solve an urgent scientific task, which is to
establish the physical nature and patterns of relaxation processes that occur after the cessation of external factors
in solid solutions of Pb(Zr,Ti)O3 and build a physical model of these processes. Methods: measurement of dielectric
hysteresis loops P(E) in the quasi-static mode (f = 2-10 -2 Hz) according to the Sawyer-Tower scheme;
measurement of the temperature dependence of the dielectric constant o(T); measurement of the temperature
dependence of the polarization P(T); X-ray structural studies performed using an X-ray diffractometer DRON-3;
microstructural studies performed by scanning electron microscopy (Selmi REM-1061); measurement of dielectric
properties (capacitance C, tangent of dielectric loss angle tgn) at a frequency of 1 kHz at an amplitude of the
measuring field of 4.3 V by the bridge method (E7-8); measurement of piezoresonant properties (fr , fa, fr.3) by the
passive quadrupole method; measurement of the piezoelectric module d33 by the static method; measurement of
relaxation properties during aging after cessation of external influence o(t), fr(t). Theoretical and practical results,



scientific novelty: 1. Found the further development of the idea that relaxation in polycrystalline ferroelectric
materials occurs by the logarithmic law. This is experimentally shown by the example of relaxation of the dielectric
constant of ferroceramics Pb(Zr,Ti)O3 after the action of temperature, electric field, mechanical stress. Such
behavior is possible in the presence of a spectrum of relaxation times in polycrystalline solid solutions of
Pb(Zr,Ti)O3 , which contain structural defects with different activation energies. 2. It was found for the first time
that after cessation of partial repolarization by a constant electric field and depolarization by heating, the
relaxation rate of dielectric constant has a maximum value at field and temperature values below the coercive field
and Curie point temperature, respectively (Ecr < Ec, Tcr < TC). The field E cr and temperature T cr are the limits
for reversible processes. In the range of Ec - Ecr fields and TC - Tcr temperatures, the sample undergoes
irreversible repolarization and depolarization; in the relaxation process, the dielectric constant does not return to
its original value, and the domain structure changes. 3. It is shown for the first time that the intervals Ec - Ecr and
TC - Tcr increase during the transition from the rhombohedral region of the phase diagram of solid solutions
Pb(Zr,Ti)O3 to tetragonal, which is explained by higher values of the homogeneous deformation parameter of
tetragonal structure in comparison with rom. 4. It was first established that the nonlinear dependence of the
relaxation characteristics of piezoelectric ceramics based on Pb(Zr,Ti)O3 on the amplitude of external factors is
determined by the rearrangement of the domain structure. 5. A model of the mechanism of long-term relaxation is
developed, which is based on the change of the charge state of the crystal lattice defects (oxygen vacancies VO ),
which occurs at the following stages: - reduction of residual polarization and uncompensated charge on the
surface during external actions; charged oxygen vacancies) by the mechanism VO + e o F+, VO + 2e o FO ; - violation
of the electric balance, which was before excitation, and the generation of an electric field, which is directed
against polarization, by a new distribution of charges; - inverse long-term transition after termination of external
actions of excited states according to the scheme F+ 0 VO + e, FO 0 VO + 2e and the long-term relaxation of the
piezoelectric sample to the ground state caused by it. Practical significance: the results obtained during the
dissertation work expand the existing ideas about the physical processes occurring in ferroelectric piezoceramic
materials after the cessation of external factors. The logarithmic law of relaxation, which satisfactorily describes
the experimental data, makes it possible to predict the behavior of the properties of the samples during aging.
Determining the limiting amplitudes that lead to reversible or irreversible changes in properties makes it possible
to increase the service life of piezoceramic elements that are part of electronic equipment. Scope of application:
the mechanism of long-term relaxation of the aftereffect offered in the work gives the chance to carry out
purposeful search of new highly effective piezoelectric ceramic materials.
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