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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

BB po3mipHuX e(eKTiB Ha e1eKTPoQi3nyHi BIaCTUBOCTI rpapeH-CerHeTOeeKTPUIHUX HAHOCTPYKTYP

Ha3sBa po6oTH aHIJIilICbKOIO:

The influence of size effects on the electrophysical properties of graphene-ferroelectric nanostructures

Pedepar yKpaiHCBKOIO:

B pesysnbTati BUKOHaHHA 4-ro eTany HTP npoaHanizoBaHo Kopeslii eneKTpodisnyHoro ctany rpadeHis Ta,/abo
rpadeHO-TNI0i6HMX HU3bKOBUMIpHUX (2]]) HaniBNPOBiAHKKIB 3 AMHAMIYHUMU 3MiHAMU JOMEHHOI CTPYKTYpH
CErHeTOeJIEKTPUKa-MyJIbTU(EPOiKa y KOMILTIEKCAX rpadeH-CerHeToeNeKTprK. OCHOBHI HOBI pe3ysbTatu: 1)
BusiBjieHO Ta IpOaHali30BaHO KOPEJILii eJ1eKTPONPOBiAHOCTI rpadeny Ta rpadpeHo-nogi6Horo 2J1-
HaliBNPOBigHMKAa M0S2 3 AHaMIYHUMU 3MiHAMU TOMEHHOI CTPYKTYPY HAHOPO3MIPHUX CETHETOEIEKTPHUKIB-
MyJIbTUQEPOIKiB, TakuX sIK HaHoYacTUHKU (epuTiB Fe304, oprodeputis LuFeO3 Ta Bil-xSmxFeO3, Ban-nep-
BaasnbciBcbkux ¢epienexrpukis CulnP2S6 ta kpeMHiii-cymicHux ragpHatis HfO2-y 3 BakaHCisIMU KUCHIO Ta
nomimkoro Y. 2) BctaHoBIEHO, 10 CTpiuKam LIapyBaTOro BaH-Jep-BaasbciBebkoro cerneroesnekrpruka CulnP2S6
[IpUTaMaHHi iHAYKOBaHi IPOrMHOM i30CTPYKTYPHI ITepEX0AM JOMEHHOI CTPYKTYPH, HACIIIIKOM SKUX € [1€PEPO3NOIi
€JIEKTPUYHOTO I10J151 Ta [0JIsIpy3allii, MexaHiYHUX Halpy>KeHb Ta gedopmauiil. EnexTpornposigHicTs rpadeny
Ta,/abo rpadpeHo-nogibHoro 2Jl-HaniBnpoBigHMKa MoS2 Kopesoe 3 AMHAMiYHUMU 3MiHaMU JJOMEHHOI CTPYKTYpH
CTPiYOK BaH-7ep-BaanbciBcbkUx (pepieneKTpukiB. 3) BcTaHOBEHO, 110 36iblIEeHHS BMICTY BaKaHCill KUCHIO (SIKi B
OCHOBHOMY PO3TalllOBaHi Ha IIOBEPXHI Ta M106JIM3y 10BEPXHi HAHOYACTUHOK) IPUBOJUTH 10 TIOSIBY OPTOPOMOIYHUX
da3 (cepey sikux € nossipHa ¢asa Pca2l) y HaHouacTunkax HfO2-y, npuyomMy BMiCT OpTOpoMOiYHUX (a3 3pocTae
Bule 80 % y MPUCYTHOCTI BUCOKOI KOHII€HTPaLlii BAKAHCIi KUCHIO («y» 6izblie 3 — 5 %). EneKTponpoBinHICTb
rpadeHy y KoMIIeKCi 3 HaHoyacTuHKamu HfO2-y Kopesoe 3 [uHaMiuHMMU 3MiHaMU IOMEHHOI CTPYKTypHU
HAaHOYACTUHOK. 4) 3anIPOIIOHOBAHO HAO6IIbII IEPCIIEKTUBHI 3 JOCTIIKEHUX rPaeH-CEerHeTOeJIEKTPUYHNX
HAHOCTPYKTYP Ta iX KOMILJIEKCiB, 30KpeMa HAaHOKOMIIO3UTH, IO MiCTSITh HAaHOYACTUHKY Bil-xSmxFeO3 (ximiununit

cKkyaz 5 % < x < 15 %) y nosiMepHUX MaTpPULSIX.

Pedepar aHIJIiHCBKOIO:

As a result of the 4-th stage of the project, correlations of the electrophysical state of graphene and/or graphene-
like low-dimensional (2D) semiconductors with dynamic changes in the ferroelectric-multiferroic domain
structure in graphene-ferroelectric complexes were analyzed. Main new results: 1) Correlations of the electrical
conductivity of graphene and the graphene-like 2D semiconductor MoS2 with dynamic changes in the domain
structure of nanoscale ferroelectrics-multiferroics, such as nanoparticles of ferrites Fe304, orthoferrites LuFeO3
and Bil-xSmxFeO3, van der Waals ferrielectrics CulnP2S6 and silicon-compatible hafnia oxides HfO2-y with
oxygen vacancies and Y impurity, were identified and analyzed. 2) It was established that the ribbons of the layered
van der Waals ferroelectric CulnP2S6 exhibit deflection-induced isostructural transitions of the domain structure,
which result in the redistribution of the electric field and polarization, mechanical stresses and deformations. The
electrical conductivity of graphene and /or graphene-like 2D semiconductor MoS2 correlates with dynamic
changes in the domain structure of van der Waals ferrielectric ribbons. 3) It has been established that an increase
in the content of oxygen vacancies (which are mainly located on the surface and near the surface of nanoparticles)
leads to the appearance of orthorhombic phases (among which is the polar phase Pca21) in HfO2-y nanoparticles,
and the content of orthorhombic phases increases above 80% in the presence of a high concentration of oxygen
vacancies ("y" more than 3 - 5%). The electrical conductivity of graphene in a complex with HfO2-y nanoparticles
correlates with dynamic changes in the domain structure of nanoparticles. 4) The most promising of the
investigated graphene-ferroelectric nanostructures and their complexes are proposed, in particular
nanocomposites containing Bil-xSmxFeO3 nanoparticles (chemical composition 5% < x < 15%) in polymer matrices.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zsa HTII ykpaiHCBKOIO: Teopis BIuMBy po3mipHux ebeKTiB Ha es1eKTpodisnyHi, MOIAPHi, MarHiTHi Ta

MarHiTO€JIEKTPUYHi BJIaCTUBOCTI rpadeH-CcerHeToeNeKTpUIHUX HaHOCTPYKTYp (CEHC).

Ha3zpa HTII auri#icbKo0: Theory of influence of size effects on electrophysical, polar, magnetic and

magnetoelectric properties of graphene-ferroelectric nanostructures (GFENS).
HTII, sixy nepen6a4asiocsi CTBOPUTH:
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l'asy3s 3acTocyBaHHS: 72.19

PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: Bcranosneno, mo crpiykam mapyBaToro BaH-jiep-BaasbCiBCbkoro cerneroesiekTprka CulnP2S6
[IpUTaMaHHi iHAYKOBaHi IPOrMHOM i30CTPYKTYPHI ITepEX0AY JOMEHHOI CTPYKTYPH, HACIIIKOM SKUX € [1€PEPO3NOIi
€JIEKTPUYHOTO I10JI51 Ta NOJIsIpy3allii, MEXaHIYHUX HalPY>KeHb Ta Aedopmaiil. ElekTponposigHicTs rpadeny
Ta/ab6o rpadeHo-nogioHoro 2/1-HaniBnposigHuKa MoS2 KopeJioe 3 AMHAMI{YHUMU 3MiHaMU JJOMEHHOI CTPYKTYPU
CTpiuOK BaH-Aep-BaasnbciBCcbKUX (pepiesieKTpuKiB. BcTaHOBIEHO, 1110 361/1blIEHHS BMICTY BaKaHCiil KUCHIO (SIKi B
OCHOBHOMY PO3TalllOBaHi Ha IOBEPXHI Ta MO6JIM3Y NOBEPXHI HAHOYACTUHOK) IPUBOJIUTD 10 MOSIBU OPTOPOMOIYHMX
da3 (cepep skux € nossipHa ¢asa Pca2l) y Hanovactunkax HfO2-y, mpuyomy BMiCT opTOpoMOiYHUX (a3 3pocTae
Buiie 80 % y NpUCYTHOCTI BUCOKOI KOHILIEHTPallii BakaHCiil KUCHIO («y» 6inblie 3 — 5 %). EnekTponpoBigHicTb
rpadeHy y KoMILIeKCi 3 HaHodacTuHKamu HfO2-y kopesoe 3 nnHamMiyHUMU 3MiHaMU JOMEHHOI CTPYKTypU
HAHOYACTUHOK. 3alIpOIIOHOBAHO HAMO1/IbII NEPCIEKTUBHI 3 BOCiIKEHNX rpadeH-CEerHeTOeIeKTPUYHUX
HaHOCTPYKTYP Ta iX KOMILJIEKCiB, 30KpeMa HAaHOKOMIIO3UTH, IO MiCTSITh HaHOYACTUHKY Bil-xSmxFeO3 (ximiunuit
cxiag 5 % < x < 15 %) y nosiMepHUX MaTPULIX, B IKOCTi 6a30BUX €JIEMEHTIB HAJUyTJIUBUX CEHCOPIB Ta
NiA3aTBOPHUX Ji€JIEKTPUKIB 117151 [IOJIbOBUX TPAH3UCTOPIB, O MICTATh rpadeH abo 2/1-HamiBNpoBiniHUK MoS2 B
SIKOCTi KaHajty. Y IiICyMKy 3aIIpOIIOHOBaHi HOBI MOXKJINBOCTI CTBOPEHHS 6araTro(pyHKLiOHAIbHUX IIPUCTPOIB Ha 6a3i
mapysatux Ta komnosutHux [CEHC. HaykoBa npopnykuis. 3a 4-i1 etarn HTP ony6sikoBaHo 3 cTaTTi y )XypHayax AIP
Advances (Q3), Molecular Crystals Liquid Crystals (Q4), Ta IEE proceedings (Scopus), 1 cTaTTIo NpUIHATO IO IPYKY
y xypHan Semiconductor Physics, Optoelectronics and Quantum Electronics (Q3) Ta mogaHo npemnpinT no ArXiv:
Condensed Matter - Material Science, ony6sikoBaHo Te3u MibkHaponHoi KoHpepeHLii «<HAHO-2024» Ta 3pobieHa
OJIHOVIMEHHA YCHa JOIOBifp Ha Lill MDKHapo Hil kondepeHuii. [TonaHa 3asBKa Ha KOPUCHY MOZEJb

«HAHOKOMIIO3UTHUI MYJIbTU(PEPOIK [J151 CEHCOPIB» (AeKJapaliliHNii IATEHT).
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3aKiHYeHHs eTamy:
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IlpaBa, 0 HaAAIOThCS iHBECTOPY MiCJIsA 3aBEPLIEHHSI POOOTH:
HasaBHicTb 6i3Hec-IJIaHY:

TexHiKO-eKOHOMiIYHE OOrpyHTYBaHHSI:

IloTeHuiaIbHUI 00CAT IPOJAXKY, THC. TPH.:

OuikyBaHHI TepMiH OKYIHOCTi (pPOKiB):

JoapaTrkoBa iHdpopmawist:

IX. Bi6siorpadiuyHuii onuc

O. M. Fesenko, L. V. Fesych, A. V. Bodnaruk, A. D. Yaremkevych, M. Rallev, I. V. Zatovsky, E. A. Eliseev and A. N.
Morozovska. Temperature-Induced Hexagonal-Orthorhombic Phase Transition in Lutetium Ferrite Nanoparticles.
AIP Advances 14, 095124 (2024), https:/ /doi.org /10.1063 /5.0225063

M. Rallev, O. Fesenko, Ye. Leonenko, A. Yaremkevych, O. Lavrynenko. Fe304-Ag nanohybrids as novel SEIRA and
SERS substrate for Thymine detection. Molecular Crystals and Liquid Crystals (2024),
https://doi.org/10.1080 /15421406.2024.2434336

E. A. Eliseev, I. V. Kondakova, Y. O. Zagorodniy, H. V. Shevilakova, O. V. Leshchenko, V. N. Pavlikov, M. V. Karpets, L.
P. Yurchenko, and A. N. Morozovska, The origin of the ferroelectric-like orthorhombic phase in oxygen-deficient
HfO2-y nanoparticles. Accepted to the Semiconductor Physics, Optoelectronics and Quantum Electronics (2025),
https://doi.org /10.48550 /arXiv.2412.01632

A. N. Morozovska, H. V. Shevliakova, L. M. Korolevych, V. Khist, Y. M. Vysochanskii, E. A. Eliseev. Strain-polarization
coupling in the low-dimensional Van der Waals Ferrielectrics (2024), IEEE proceedings of 42-nd International
Conference on Electronics and Nanotechnology (ELNANO), Kyiv, Ukraine, 2024, pp. 83-87 (2024),

https:/ /doi.org/10.1109 /ELNANO63394.2024.10756948

O. S. Pylypchuk, V. V. Vainberg, V. N. Poroshin, A. V. Terebilenko, A. S. Nikolenko, V. I. Popenko, M. V. Olenchuk, A.
S. Tolochko, O. Bezkrovnyi, G. I. Dovbeshko, T. Sabov, B. M. Romanyuk, A. N. Morozovska, and S. V. Kolotilov. The
effect of formation temperature and flexo-chemical strains on the electrophysical properties of the molybdenum-
disulfide-oxide nanoflakes (2024), https://doi.org/10.48550 /arXiv.2411.00603

Morozovska A.N., Eliseev E.A., Zagorodniy Y.O., Fesych L.V., Yaremkevych A.D., Rallev M.1, and Fesenko O.M. Phase
diagrams and polar properties of Bil-xSmxFeO3 nanoparticles. 12th International Conference "Nanotechnologies
and Nanomaterials" (NANO-2024), Uzhhorod, Ukraine, 21 - 24 August 2024. p. 174. https://nano-
conference.iop.kiev.ua/en/

I""M. Mopo3oscska, C.O. [Tununuyk, 1.0. Crenenko, O.B. bepesnikos, M.B. Panes, O.M. ®eceHko.
HanoxomnosuTtHuit MyssTudepoik 1151 ceHcopis (2024). 3asiBKa Ha KOpUcHY Mozenb u202405926 3apeecTpoBaHO
Jlep>kaBHOIO opraHizariielo «YKpaiHChbKUI HallioHaJIbHUM O0dic iHTeeKTyanbHOi BIACHOCTI Ta iHHOBaLlii

(YKPHOIBI)» (exnapauiiHuil IaTEHT)



X. 3aKJIlI0YHi BiTOMOCTI

KepiBHHK I0pHAHYHOI 0COOH

IlepeJtik 0CiO-BHKOHaBILiB

bogHapyk AHzpint BacniboBud
(x. d.-m. H., 01.04.07)

JleoneHko €BreH BonoguMuposuy

(k. x. H.)

Mopo3osceka 'anHa MukosaiBHa
[Innumayk Onekcangp CepriiioBud
(k. ¢.-m. H.)

Pasnnes Makcum BitaniiioBud
Crapuneup Ceprii Muxannosud
Txadenko Biranin CepriioBny

decenko Onena Map'sHiBHa
(k. d.-m. H.)
SpemkeBnd AHApii IMUTPOBUY

(o.dpinocod)

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB
Tenedpon

Peectparop

KepiBHuk Bigginy YKpIHTEI, mo €

BiZIIOBiZaJIbHUM 32 peecTpallilo HayKOBOi

OisIIBHOCTI

Boupap Muxano BitanifioBuy

I.d.-M. H.

Marmkina B.JI.

+38 (044) 525-55-79




