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1. MO,U,CJIIOBaHHH JIOKAJIbHUX TIOJIIPHUX Ta e]IeKTpOMeX&Hi‘{HI/IX BJIACTUBOCTEM CeI‘HeTeJ’[eKTpMKiB Ta pOSMipHI/IX

e(eKTiB y HAaHOCTPYKTypax Ha iX OCHOBI.

2. The modeling of the local polar and electrochemical properties of the ferroelectrics and size effects in
nanostructures based on them.

Pedepar:

1. B pucepTauiiHii poboTi JOCTiIKEHI JIOKaIbHI NOJISIPHI, €J1eKTPOMEXaHIYHI BJIACTUBOCTI Ta PO3MipHi e(eKTH B
HAHOCTPYKTypax Ha OCHOBI CETHETEJIEKTPUKIB. UncebHe MOIE/IIOBAHHS JUHAMIKY HOCIIB 3apsiy Ta KiHETUKU
MoJIsIpM3allii y TOHKUX I1JIiBKaX CETHETOEJIEKTPUKA Ta iI0H-€JIEKTPOHHOTO ITPOBiTHUKA [AaJI0 MOKJINBICTb BCTAHOBUTHU
[IpUpOAY PYLIIMHMAX CUJIL, L0 NPUBOAATD 10 pO3LIapyBaHHA Je(eKTiB Ta BUHUKHEHHS MeXaHiqHoi gedopmaliii.
BcTaHOBIIEHO, IO B HAHO-TETEPOCTPYKTYPax TUIY CETHETOEJIEKTPUK-3a30p-HaIliBIIPOBiAHUK NIPOSIB 6araTbOx
pO3MipHUX edeKTiB HeJliHIHHUM YMHOM 3aJIeXUTh Bif CHiBBiIHOIIEHHS Mi>K TeOMETPUYHNMU [TapaMeTpamMu
reTepOCTPYKTYPU Ta JOMEHHOI CTIHKU CerHeToesieKTprKa. [106y10BaHO TEOPETUYHY MOZEJIb POCTY JOMEHIB Ha Y-
3pi3i KprcTaa HiobaTy JIiTilo Mif, BIVINBOM HEOJHOPINHOIO €JIEKTPUYHOTO I10J151 30HA CKaHYI0YOr0 aTOMHO-
CHJIOBOTO MiKpocKora. [Toka3aHo iCHyBaHHS Ta OSICHEHO IPUYMHY BUHMKHEHHS I[OHAMEHIIE TPbOX IPYI

XapaKTepUCTUYHUX OCOOJIMBOCTEN BULE3TraZlaHMX JOMEHIB: 0OOepHeHe IepeMUKaHHs NoJisipu3allii i3 popMyBaHHSIM



IOMEHY y IPOTUJIEXXHOMY HaNpSMKY; (POPMYBaHHS i30JIbOBAHOTO IOMEHY 6€3110CepeHbO Mifl BiCTpsSM 30HAY Ta
HasIBHICTb 00JIACTI 3 MifiCUIEHUM I1'€30BiAryKoM. [106y10BaHO camMOy3rofpKeHy HesliHiliHy Teopilo GopMyBaHHS
BiAIryKy i0OHHO-€JIEKTPOHHUX HaIiBIPOBiTHMKIB Ha 30y/I’)KEHHS CUJIIbHO HEOJHOPIHUM €JIEKTPUYHMM I10JIeEM 30HA
CKaHYI040ro aTOMHO-CHJIOBOTO MiKpPOCKOILy. Pe3ysibTaTy MOJie/II0BaHHS I0Ka3a/1d 3HAYHU BILJIMB HEJIiHITHUX
edexTiB Ha MeXaHi3M (OPMYyBAHHS BiITYKYy 3pa3Ky y CKaHyIOUill 30HI0Bii1 MiKPOCKOIIii eJ1IeKTPOXiMiYHUX
nedopmarii.

2. This thesis deals with the research of local polar and electrochemical properties of the ferroelectrics and size
effects in different nanostructures based on them. Self-consistent modeling of the electrotransport and
electrochemical response of solid electrolyte thin films was performed allowing for the steric effects of mobile
ions, electron degeneration and Vegard coupling. It was shown that internal electric fields, both built-in and
depolarization ones, lead to a strong accumulation of screening space charges near the film interfaces. Mobile
defects dynamics, kinetics of polarization and electric current reversal are defined by the complex interplay
between the donor, electron and phonon relaxation times, misfit strain, finite size effect and Vegard stresses.
Heterostructure "domain patterned ferroelectric film - ultra-thin dielectric layer - semiconductor" was studied. It
was find out that in such heterostructures multiple size effects appearance and manifestation are defined by the
relationship between dielectric layer thickness, domain structure period and semiconductor screening radius.
Theory of the mechanism of the tip-induced polarization switching at non-polar cuts of uniaxial lithium niobate
crystal was built. Formation and growth of isolated domains on the surface of the non-polar cut of lithium niobate
single crystal was studied systematically. Theoretical calculations and computer simulations by Landau-Ginzburg-
Devonshire model allowed to describe kinetics of formation and growth of the wedge-shaped domain and showed
good agreement with experiments. The self-consistent modeling of dynamic electrochemical strain microscopy
(ESM) for mixed ion-electronic conductors was performed. 2D maps of the strain and concentration distribution
across the mixed ionic-electronic conductor and bias-induced surface displacements for ESM microscopy were
calculated. Results show significant impact of the nonlinear effects on the ESM image formation mechanism. It was
found that Vegard mechanism plays a key role in the mechanisms of the ESM image formation at low voltages less
than 1V, but electrostriction contribution dominates with voltage increase.
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