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Pedepar:

1. BUKOHAHO TEOPETUYHI PO3PAaXyHKU 3 BUKOPUCTAHHIM (PYHKIIOHAY €JIeKTPOHHOI I'YCTUHY, IICEeBIONOTEeHIiay i3
[epIIKX [IPYHINIIB, BJIACHOTO ITPOrPAMHOI0 KOy 00 OL[iHIOBAaHHS €JIEKTPOHHUX BJIACTUBOCTEN Pi3HUX
HaHOCTPYKTYP Ha 0CHOBI 0-GaZ203. Bu3Ha4yeHO KepyBaJbHi BIJIMBY TOBLIVHY, TUITY BiJIbHOI IIOBEPXHi, MEXaHIYHOI il
CTHCHEHHS Ha TIPOBiTHI BJIaCTUBOCTI HAATOHKUX ITiBOK 0-Ga203. BctaHoBeHO, 10 1J1iBKa 3 oBepxHeo (010)
toBiMHOW 0,304 HM, sIKa TpakTyBayiacs sK 2D-00'eKT, y BUXiTHOMY (HECTHCHEHOMY) CTaHi Ma€ BEJIMYUHY
3a60pOHEHOI 30HM MaiiKe B ITSITh PasiB Gisiblle, HXK y MaCMBHOTO KpucTany o- Ga203. [1y1iBKa 3 HETJIOCKOIO
nosepxHeo (100) ropmuHOW0 1,29 HM nig yac cTucHeHHs A0 30 % Mae BeInuMHy 3a00pOHEHOI 30HH, 110 PiBHA
Hysiesi. [Ti yac cTUCHEHHS HaITOHKUX IIJIIBOK YTBOPIOIOTHCS OpieHTalilHi AedeKTH XiMiYHUX 3B'S3KiB, 110
IIPOSIBJISIIOTBHCS B Pi3Kill Ta HEMOHOTOHHIN 3MiHi IIMPUH €JIeKTPOHHUX 3a00POHEHUX 30H. JlOCIiIP)KEHO CEHCOPHY
YyTJIUBICTb HAHOYACTUHOK 0-Ga203 pizHuX popM (cPepruyHoi Ta IpU3MONoaioHoi) 1o razoBux mosekya CO, NH3,
O3, mo nokanizyBanucs abo 1noo6ausy atomis Ga uyu O. BcTaHOBJIEHO, 1[0 HAHOYACTUHKU 060X GOPM MOXKYTh

CIIYKUTH e(PEeKTUBHUMU Pe3UCTUBHUMU AeTekTopamu mosiekys CO i NH3. Binbm sickpaBa peaxiuist Ha moJiekyau CO



6yna 3adikcoBaHa y ceprUyHOi YaCTUHKY, a 1oA0 MoJiekys NH3 - y npusmonogioHoi yactuHku. [Ipore akTuBHA
IiZIsTHKa HAHOYaCTUHOK, SIK JeTeKTOPIB JloKasizyBasacs 6ins atomiB Ga. Ha mosekysnu O3 edeKTUBHO pearysanu
TiNbKU cepUyYHi HAHOYACTUHKMY, 361/IbLIYIOUN CBOIO NIPOBiAHICTb. BCTaHOBIEHO CUHEPreTUYHI BJIaCTUBOCTI MacUBiB
HaHOJIPOTIB Ha OCHOBI 0-GaZ203 3a JOMOMOr0I0 BUBHAYEHHS CTYIIEHS BIUJIMBY IPOTIB OJWH Ha OJHOTO 3aJIEJKHO Bif,
reOMETPUYHUX IIapaMeTPiB iX B3a€MHOI'0 PO3TallyBaHHS B MAaCUBI 11 €JIEKTPOHHI XapaKTEPUCTHMKU MACUBY APOTIB K
€InHOTrO 1isioro. Macusu npotiB 0-Ga203 nuniHapuyHoi GopMH i HisbIIOro giaMmeTpa BUSBISIOTH OiIbII
KOHTPOJIbOBaHi Ta Pi3UYHO apryMeHTOBaHi CUHEPreTUYHI €JIEKTPOHHI XapaKTE€PUCTUKY, Hi’)K MaCUBU JPOTiB
LUWIiHIPUYHOI (POPMU MEHIIOTO AiaMeTpa Ta Npru3mononioHoi popmu. OniHeHO e(PEeKTUBHICTb JIeTyBaHHS P-TUILY
HAaHOOO'€KTiB Ha OCHOBi 0-Ga203 pi3sHUMU MeTallaMU Ta HeMeTallaMu. BKa3zaHo [epCreKTUBHI JOMILIKY p-THUILY:
aTOMMU JIBOBAJIEHTHUX MeTailiB — Mg, Ca, Zn, 1110 3aMilllyI0Tb aTOMU Tajlilo Ta aTOMU HeMeTaiy N, 110 3aMilllyloTh

Pi3HO MO3MLIMOBaHI aTOMU KUCHIO.

2. Theoretical calculations were performed using the electron density functional, the pseudopotential from first
principles, and our own software code for evaluating the electronic properties of various nanostructures based on
0-Ga203. The controlling effects of the thickness, the type of free surface, and the mechanical effect of
compression on the conductive properties of 0-Ga203 ultrathin films were determined. It was established that the
film with the (010) surface 0.304 nm thick, which was interpreted as a 2D object, in its initial (uncompressed) state
has a band gap almost five times larger than that of a massive 0-Ga203 crystal. A film with a non-flat surface (100)
1.29 nm thick, when compressed to 30 %, has a band gap equal to zero. During the compression of ultrathin films,
orientational defects of chemical bonds are formed, which are manifested in a sharp and non-monotonic change in
the widths of the electronic band gaps. The sensory sensitivity of 0-Ga203 nanoparticles of different shapes
(spherical and prismatic) to CO, NH3, O3 gas molecules near or near Ga or O atoms was studied. It was established
that nanoparticles of both shapes can serve as effective resistive detectors of CO and NH3 molecules. A brighter
reaction to CO molecules is recorded in spherical particles, and a brighter reaction to the NH3 molecules is
recorded in a prism-like particle. At the same time, the active area of nanoparticles as detectors was localized near
Ga atoms. Only spherical nanoparticles effectively reacted to O3 molecules, increasing their conductivity.
Synergistic properties of nanowire arrays based on 0-Ga203 were established by determining the degree of
influence of wires on each other depending on the geometric parameters of their mutual location in the array and
electronic characteristics of the array of wires as a whole. Arrays of 0-Ga203 wires of cylindrical shape and larger
diameter reveal more controlled and physically justified synergistic electronic characteristics than arrays of
cylindrical wires of smaller diameter and prismatic shape. The effectiveness of doping p-type nanoobjects based
on 0-Ga203 with various metals and nonmetals was evaluated. Promising p-type impurities were indicated: atoms
of divalent metals - Mg, Ca, Zn, replacing gallium atoms and non-metal atoms N, replacing differently positioned
oxygen atoms.
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