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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

BaratokpaTHO-BUPOKEHi MeTacTabilibHi CTaHU CIIOHTaHHOI NoJIsIpU3aliii HAaHOQPepoiKiB: TEOpPis, EKCIIEPUMEHT Ta

INEPCIIEKTUBY OJIA I_U/I(l)pOBOi HaHOCJ'[eKTpOHiKI/I.

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Manyfold-degenerated metastable states of spontaneous polarization in nanoferroics: theory, experiment and
perspectives for digital nanoelectronics.

Pedepar yKpaiHCBKOIO:

3HaieHi YMOBY BUHUKHEHHS (PEPO-IOHHOIO CTaHy JJ1s1 BUIIaIKy TOHKUX ITiBOK dpepoesekTpuka Znl-xMgxO,
HAaHOYACTUHOK GaraToBicHOro gepoesnekrpuka BaTiO3 y cepenoBuiax 3 pisHOIO €J1eKTPOXiMiYHOIO aKTHUBHICTIO,
HAHOYACTUHOK 6aratoBiCHOro gepoesieKTpuka-aHTudepoesnekrpuka Bil-xSmxFeO3, onHoBicHOTO depoeneKTpuKa-
antudepoenekrpuka HfxZrl-x0O2 3 amcopboBaHMMY iOHAMU Ha IMOBEPXHI, TA HAHOYACTUHOK (PepoesieKTprKa
Sn2P2S6 B ioHHUX BOJHUX PO3UMHAX. Briepiue 3HaliieHa 3a/1e’KHICTh YMOB BUHUKHEHHSI (epOo-iOHHOTO CTaHy
(depiesIeKTpUYHOrO TUITY Ta 6araTOKPaTHO-BUPOIKEHNX METACTAOIbHUX JIA0ipUHTHYUX TOMEHHUX CTPYKTYP Bif,
po3mipy HaHOYacTUHOK Bil-xSmxFeO3 ta HfxZr1-x02, ix xiMiuHOrO CKJIamy «X», KOHLIEHTpalii aicop6OBaHUX iOHIB
Ha [TOBEPXHi YaCTUHOK, [IieJIEKTPUYHUX BJIACTUBOCTEN OTOYYIOUOrO CepeNoBuIILA Ta TeMIIepaTypu. Briepiue
BUSBJIEHO, 1O MIAPY 3apsIKeHUX edeKTiB ioHHOi Npupoau Ha iHTepdeiicax NPUBOIITh 4O YTBOPEHHS
6araToKpaTHO-BUPOIKEHNUX METACTA0IbHUAX CTaHIB JOMEHHOI CTPYKTYPH THUITy «3y06iB IpPAaKOHAa» Y TOHKUX I1IiBKaxX
Zn1-xMgxO 3 6imapoBolo cTpyKTypoo. [IpoBenenunii ananis [Y-crnexkTpis i PamaH-CcrieKTpiB KOMIIO3UTIB 3
HaHoyacTuHKamu BaTiO3 Tta Bil-xSmxFeO3 Ta BcTaHOBIIEH] iX Kopessilii 3 BOJbT-(apajHUMU Ta BOJIbT-aMIIEPHUMU
XapaKTePUCTUKAMU HAHOKOMIIO3UTIB. BusiBiieHO, mo 0co6mBoCTi [U-crekTpiB Ta PamaH-CIEeKTpiB HAHOYACTUHOK
Bil-xSmxFeO3 npu x=0,1 Ta x>0,15 BignosizaoTs $pa3zoBuUM nepexonam Big ¢pepiesekTrprudHoro no
aHTU(epoesIEKTPUYHOTO CTaHy, Ta BiJ, aHTU(EPOeJeKTPUYHOrO 10 HEIOJISIPHOTO CTaHy, BiANoBinHO. Briepiue
BUSBJIEHO €KCIIEPUMEHTAJIbHO PEJIAKCOPO-TIOIiOHY TeMIIEPATYPHY OBEAIHKY [ie/IeKTPUYHOI IPOHUKHOCTI
KOMITO3UTIB i3 BMicTOM HaHOYacTUHOK BaTiO3 6inbine 25% Ta ricrepes3rcHi BOJIbT-aMIIEPHI XapaKTEPUCTUKY [IUX

HaHOMaTepiasiB 3a IEBHUX YMOB.

Pedepar aHr1ilicbKOIO:

The conditions for the emergence of the ferro-ionic state have been found for the case of thin films of the
ferroelectric Znl-xMgxO, nanoparticles of the multiaxial ferroelectric BaTiO3 in media with different
electrochemical activities, nanoparticles of the multiaxial ferroelectric-antiferroelectric Bil-xSmxFeO3,
nanoparticles of the uniaxial ferroelectric-antiferroelectric HfxZr1-xO2 with adsorbed ions at the surface, and
nanoparticles of the ferroelectric Sn2P2S6 in ionic aqueous solutions. For the first time, the dependence of the
conditions for the emergence of a ferro-ionic state of the ferrielectric type and multiply-degenerated metastable
labyrinth domain structures on the size of Bil-xSmxFeO3 and HfxZr1-xO2 nanoparticles, their chemical
composition "x", the concentration of adsorbed ions on the surface of the particles, the dielectric properties of the
surrounding environment and temperature was found. For the first time, it was found that layers of charged
defects of ionic nature at the interfaces lead to the formation of multiply-degenerated metastable states of the
"dragon's teeth" type domain structure in thin films of Zn1-xMgxO with a bilayer structure. The analysis of IR
spectra and Raman spectra of composites with BaTiO3 and Bil-xSmxFeO3 nanoparticles was carried out and their
correlations with the current-voltage and current-voltage characteristics of nanocomposites were established. It
was found that the features of the IR and Raman spectra of Bil-xSmxFeO3 nanoparticles at x=0,1 and x=0,15
correspond to phase transitions from the ferrielectric to the antiferroelectric state, and from the antiferroelectric
to the nonpolar state, respectively. For the first time, the relaxor-like temperature behavior of the dielectric
constant of composites with a BaTiO3 nanoparticle content of more than 25% and the hysteresis current-voltage



characteristics of these nanomaterials under certain conditions were experimentally revealed.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zga HTII yKpaiHCBKOIO: BaraTroKkpaTHO-BMPOIKEH] METACTAGIIbHI CTAHU CIIOHTAHHOI €JIEKTPUYHO]

noJisipu3alii, iHAyKOBaHUX PO3MipHUMHU e(peKTamMu y HaHO(epoiKax.

Ha3zpa HTII anrsi#icbKo0: The multiply-degenerated metastable states of spontaneous electric polarization

induced by size effects in nanoferroics.

HTII, sixy nepen6a4asiocsi CTBOPUTH:
IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:
OTpHMaHi P€3yJabTaTH: Marepianu, MeTtoau, Teopii
l'asy3s 3acTocyBaHHS: 72.19

PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: 3uaiineni Ta npoanasnizoBaHi yMOBU BUHUKHEHHS 6araTOKPaTHO €HEPre TUYHO-BUPOIKEHNX
METacTabiJIbHUX CTaHiB €JIEKTPUYHOI N0JIIpU3allii, iIHIyKOBaHMX PO3MipHMMU e(peKTaMU y HaHO(Pepoikax. 30KpeMa,
BU3HA4Y€Hi yMOBY BUHUKHEHHS ()€PO-MOHHOTrO CTaHy y TOHKUX 6ilIapoBUX ITiBKax Znl-xMgxO Ta HaHOYaCTUHKax
OaraToBiCHUX epoesieKTpukiB-aHTudepoenekTpukis Bil-xSmxFeO3, skomy npuramaHHa 3HayHa KiJbKiCTb
MeTacTabiJIbHUX CTaHiB JTOMEHHOI CTPYKTYpH. BCTaHOBIIEHI ME€XaHi3MU BILJIMBY PO3MIpHOro e(eKTy Ta HeJliHiltHOro
IIOBEPXHEBOT0 €KpaHyBaHHs Ha (pepo-MOHHMIA CTaH y HaHOoYacTUHKax Bil-xSmxFeO3, HfxZr1-xO2 ta Sn2P2S6.
PesysnbTat OTpHUMaHi BIeplle, HE MAIOTh QHAJIOTIB Ta € BAXKJIMBUMHU [J151 PO3BUTKY II€PEAO0BOI CBITOBOI
dyHIaAMEeHTaNbHOI HayKy Ta HOBITHIX 3aCTOCYBaHb Y HAHOEJIEKTPOHIlli B kpaiHax-nigepax, CIIIA Ta €C. Brim wni
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