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Pedepar:

1. MeTom0 gucepTauiiHoi poOOTH € BCTAaHOBJIEHHS BILJIMBY (PJIEKCOE(PEKTY Ta IOBEPXHEBOTO €KPaHYBaHHS Ha
IOJISIPHI BJIACTUBOCTI, JOMEHHY CTPYKTYPY Ta (a3oBi fiarpamu HaHOPO3MipHUX QepoikiB, 30KpeMa
(depoesIeKTPUYHMX HAHOYACTUHOK Ta TOHKUX IJTiBOK. HayKoBa HOBM3HA OJJ€P>)KaHUX PE3YJIbTATiB MOJISITae B TOMY,
1110 BIIEPILIE YACEIbHO PO3PAX0OBAHO Ta [IPpOaHasi30BaHO a3oBi Aiarpamu i JOMEHHY CTPYKTYPY (PepoeIeKTPUIHUX
HaHOYaCTUHOK SrBi2Ta209, CulnP2S6, Sn2P2S6 i Tonkux niiBok PbTiO3 nis pisHUX TeMmnepaTyp, TOBLIUH ILIIiBOK i
PO3MipiB HAHOYACTHMHOK B yMOBaX HETIOBHOTO €KPaHYBaHHS CIIOHTAHHOI NoJspu3allii. BcTaHOBIEHO BIIIMB
(JIEKCOEIEKTPOXIMIYHOTO 3B'13KY Ta [IOBEPXHEBOI0 €KPAHYBAHHS HA TEMIIEPATYPy HEPOETIEKTPUYHOTO NIEPEXOAY,
PO3IMOIJ CIIOHTAHHOI [TOJIIpU3aLlii Ta BIaCTUBOCTI JOMEHHOI CTPYKTYPU HAHOYACTHMHOK Ta TOHKUX ILIIBOK
¢depoenekTpukis. [TokazaHo, 10 BHYTPIIIHE €JE€KTPUYHE [10JI€ Ma€ CUJIbHUI BIJIMB Ha MOJISIPHI Ta IIPY>KHI

BJIACTMBOCTI le(OPMOBAHUX IITIBOK 3aBASIKY 3B'513Ky HEOJHOPIHMX HANIpy>XKeHb Berapa ta pyiekcoenekKTpuyHOro



edeKry. BUsBI€HO NOSIBY NOJIiOMEHHOI 00J1aCTi B TPUKPUTUYHIN TOYL (Pa30Boi fiarpaMu (pepoeseKTPUIHUX
HAaHOYACTHHOK Ta ii po3ImnpeHHs 3i 30i7IbIIEeHHIM JOBXUHY IIOBEPXHEBOI'O €eKpPaHyBaHHS IJ1s1 pajiiyca YaCTUHKHY,
6i71bIIOTO HiXXK KPUTUYHUIA. PO3BMHYTO aHAIITUYHUI onic MOp@oJiorii TOMEeHHOi CTPYKTYpH Ta (pa3oBUx JiarpaM
(epoesIeKTPUYHUX HAHOYACTUHOK. BUBeIeHO aHaliTUYHI BUPa3y [1Jis 3aJIEXKHOCTI TEMIIepaTypu
(epoesIeKTPUYHOr0-NapaeaeKTPUYHOrO IEPEXOAY Bifl JOBXMHU [TI0BEPXHEBOTO €KPAHYBAaHHS Ta pafiyca

HaHO4YaCTUHKMU.

2. The purpose of the dissertation is to determine the impact of the flexo effect and surface screening on polar
properties, domain structure and phase diagrams of nanosized ferroics, in particular ferroelectric nanoparticles
and thin films. The phase diagrams of thin films and nanoparticles of different sizes and shapes ferroelectrics were
calculated numerically to succeed achieving of the goal of the work. The analytical expressions for the dependence
of the temperature of the ferroelectric-paraelectric phase transition from the conditions of incomplete screening
of polarization and sizes were derived and compared with similar dependences, calculated numerically and
experimentally measured for nanosized ferroelectrics. The influence of flexo-electrochemical coupling and surface
screening were studied on phase diagrams, the distribution of spontaneous polarization and the properties of the
domain structure of nanoparticles and thin films of ferroelectrics. Object of study - ferroics, in particular
ferroelectric nanoparticles and thin films. Subject of study - phase diagrams, distribution of spontaneous
polarization and properties of the domain structure of nanoparticles and thin films of ferroelectrics. Research
methods - the theory of phase transformations of Landau-Ginzburg-Devonshire, classical thermodynamics and
electrostatics, theory of elasticity and semiconductor theory, variational calculations, analytic and numerical
methods of solving boundary value problems for nonlinear differential equations in partial derivatives. The
dissertation consists of introduction, three sections, conclusions and list of sources used. The introduction
substantiates the relevance of the topic, general provisions, formulation of goals and objectives for achieving it,
describes the used theoretical methods of research and approaches, there is a scientific novelty and practical
significance of the results of the conducted researches. The scientific novelty of the obtained results is that for the
first time we calculated numerically and analyzed phase diagrams and domain structure of ferroelectric
nanoparticles SrBi2Ta209, CulnP2S6, Sn2P2S6 and thin films PbTiO3 for different temperatures, film thicknesses
and sizes of nanoparticles under conditions of incomplete screening of spontaneous polarization. The emergence
of a polydomain region in the tri-critical point of a phase diagram of ferroelectric nanoparticles and its extension
with increasing of surface screening length for a particle radius that is more than critical. The developed analytical
description of the morphology of the domain structure and phase diagrams of ferroelectric nanoparticles. The
analytical expressions for the dependence of the temperature of the ferroelectric-paraelectric transition on
surface screening length and the radius of the nanoparticle are derived. Established the influence of flexo-
electrochemical coupling and surface screening on the temperature of ferroelectric phase transition, distribution
of spontaneous polarization and properties of the domain structure of nanoparticles and thin films of
ferroelectrics. It is shown that the internal electric field has a strong influence on the polar and elastic properties
of deformed films due to the connection of the heterogeneous Vegard stresses and the flexoelectric effect. The
obtained results point to the attractive possibilities of controlling the polar, dielectric and electromechanical
properties of nanoparticles and thin films of ferroics due to the selection of incomplete screening conditions and
the flexo-coupling coefficient that can be very promising for their applications in nanoelectronics, improving
existing ones and creating new nanoscale memory elements based on ferroics for the latest nanotechnology.
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