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Pedepar:

1. Incepranifina po60Ta IPUCBIYeHA BUPIIEHHIO HAYKOBO-TIPUKJIALHOI TPO6JIeMU — BCTAHOBJIEHHIO
3aKOHOMipHOCTEN HOTO-, TEPMO- Ta aICOPOLIITHO-CTUMYJIbOBAHUX €JIEKTPOHHHUX ITPOLIECIB Y HAHOCHCTEMAX Ha
OCHOBIi KpeMHi10. JIoCJIiZIPKEHO CTPYKTYPHI Ta (ppaKTajbHi XapaKTE€PUCTUKUA KPEMHIEBUX HAHOCUCTEM, iX
MOJIEKYJIAPHY CTPYKTYPY. BCTaHOBJIEHO MEXaHI3MU BILIMBY pajialliiHOTO ONPOMiHEHHS i30TONOM 226Ra Ha
doTonmoMiHeCLIEHTHI Ta eJIeKTPUYHi BJIACTUBOCTI IOPYBaTOro KPEMHIIO i IIJIIBKOBMX HAHOKOMIIO3UTIB Ha 1100
OCHOBI. BUBYEHO BIIJIMB Opi€HTallli HAHOKPUCTAJIiB KPEMHIIO Ha OIITUKO-JIIOMIHECLIEHTHI BJIACTUBOCTI CUCTEMU
KPEMHi€BUX HAHOCTPYKTYP Y €MOKCHIHIN MaTpuLi. [IpoieMOHCTPOBAHO MOXJIMBICTb KEPYBAHHS CIIEKTPOM
6aratocmyroBoi GOTOeMicii CTPYKTyp MOpyBaTuil KpeMHil/ZnO MmsSXoM 3MiHM €Heprii KBaHTiB 30y KEHHSL.
BuBueHO 0co61MBOCTI e(PeKTy 110J1s1 y MOPYyBaTUX HaIiBIPOBiTHUKAX 3 LWIiHIPHUYHOIO (pOopMOI0 op. BcTaHoBeHO,
1110 IOBEPXHEBUI NMOTEHIa i AebaeBCbKa NOBXKUHA €KPAaHYBaHHS 3MEHINYIOTHCS 31 301/1bIIEHHSIM KPUBU3HU
noBepxHi. [IokaszaHo, 0 nepeposnoiis HOCIiB 3apsay MOXKe CIPUYMHUTY iHBEPCiI0 TUILY [TPOBiIHOCTI, IIMOMHA SIKO]

3aJIEXKUTD Bifl [YyCTHHY IIOBEPXHEBOI'O 3apsiAy Ta pajiyca rop. 3apeecTpoBaHO YTBOPEeHHS (OTOUYTIIMBUX



eJIEKTPUYHUX 6ap’epiB y CTPYKTypax Ha OCHOBI IOPYBaTOr0 KPEMHII0 BHACIIOK afcoOpOLiiHOTO JIeryBaHHS
[IOPyBaTOro mapy. BusBieHo nifiBuIeHHs e1eKTPOIIPOBiAHOCTI Ta PoToepc, a TAKOXK PO3LUINPEHHS CIIEKTPaJIbHOI
(OTOUYTINBOCTI CTPYKTYP BHACJIIIOK OCAI>)KEHHSI €JIEKTPOIPOBiTHUX MOJIMEPIB i HAHOYACTUHOK MeTaJliB, rpadenHy
ta ZnO. JlocifkeHo npoLecu IEPEHEeCEHH Ta pejlaKcallii 3apsny y ¢pakTajJbHUX CTPYKTYpax MOPYyBaTOro
KPEeMHiI0 i HAHOCHCTeMax Ha M0ro OCHOBI. BUsIBJIeHO CTPUOKOIOAIOHMI MeXaHi3M IIepeHeCeHHS 3apsay yepes
cucTeMy JIOKajli30BaHUX CTaHiB 11067113y piBHg PepMi y TemnepaTypHoMy aianasoHi 12-120 K i aktuBa-LiiHui
MEeXaHi3M MpOoBigHOCTI y AianasoHi 120-300 K. BusHayeHO eHeprilo akTh-Ballii IPOBifHOCTI HEOPraHiYHUX Ta
OpraHiYHO-HEOPraHiYHMX KPEMHIEBUX HAHO-CUCTEM. Ha OCHOBI TeMIIEpaTypPHUX 3aJI€EKHOCTEN CTPYMY
IeToJisipr3alii BU3BHa4€HO €HEPreTUYHNN PO3MNO/iJ IYCTUHU 3alI0BHEHHS JIOKAJIi30BaHUX CTaHIB Ta
ineHTrn-(}iKoBaHO IPUPOY €JIEKTPUYHO aKTUBHUX Ae(eKTiB. BUBY€HO CEHCOPHI Bl1aCTUBOCTI HAHOCHCTEM Ha
OCHOBI TIOPYBaTOro KpeMHilo. [IpoaHasnizoBaHO KOHLIEHTPALilHi 3a/1EXKHOCTI aICOPOLIIHOI Yy TJIMBOCTI Ta BU3HA-
YEeHO YaCOBi XapaKTEPUCTUKN CEHCOPHUX €JIEMEHTIB. [IpoJIeMOHCTPOBAHO MOXJIN-BICTD ineHTUPiKaLii rasy i
BM3HAYEHHS IOT0 KOHLIEHTPAllii HA OCHOBI aHasIi3y CYKyITHOTO BiIKJIMKY iMIIEZJaHCY €JIEMEHTIB MyJIbTUCEHCOPHOI

CHUCTEMMU.

2. Dissertation addresses scientific and applied problem related to the study of regularities of light, temperature
and adsorption stimulated electronic processes in silicon-based nanosystems. Main regularities of the formation of
nc-Si - dielectric, nc-Si - semiconductor, nc-Si - conductor and also hybrid organic-inorganic porous silicon-
based nanosystems with predictable structural, optical and electrical properties were studied to establish the
mechanisms of environmental influence on the electronic processes in silicon nanostructures. Using AFM and SEM
methods structural and fractal properties of obtained nanosystems were studied. Molecular structure and
mechanisms of interaction between the components of porous silicon based inorganic and organic-inorganic
systems were investigated by means of Fourier IR spectroscopy. The mechanisms of influence of irradiation from
226Ra isotope on the photoluminescent and electrical properties of porous silicon and silicon-based film
nanocomposites have been established. The influence of silicon nanocrystals orientation on optical-luminescent
properties of silicon nanostructures in epoxy matrix was studied. It is demonstrated that nanocrystals shape
anisotropy leads to anisotropy in photoluminescence polarization and effective refraction index of the nanosystem
as a whole. Optical properties of the nanosystems are analyzed in the frame of effective medium model with
cylindrical particles shape. The possibility of controlling the spectrum of multi-band photoemission of the porous
silicon - zinc oxide nanosystems by adjusting the excitation energy is demonstrated. Peculiarities of the field effect
in porous semiconductors with cylindrical pore shape were studied. Dependencies of electrostatic potential on the
coordinate were analyzed for different pore radius, interpore distance and surface charge density. It is established
that surface potential and Debye screening length decrease with increasing surface curvature. It is demonstrated
that redistribution of charge carriers not only changes the electric conductivity of the porous layer but can also
cause the inversion of the conductivity type. The inversion depth depends on the surface charge density and pore
radius and can extend even through the entire layer. The possibility of controlling electronic parameters of silicon
nanostructures by means of adsorption of chemically active or polar molecules from vapor or liquid phases was
demonstrated. The formation of photosensitive electrical barriers in porous silicon-based structures due to
adsorption doping of porous layer has been found. The effect of modification of porous layer by metallic
nanoparticles having different inner work function and the influence of ZnO and graphene nanosheets deposition
on electrical and photoelectrical properties of porous silicon structures was studied. It was established that
incorporation of metals and graphene into porous silicon leads to the increase in conductivity and photoinduced
voltage of sandwich structures due to the passivation of silicon nanocrystals and the formation of additional
conductive channels in the porous layer. The expansion of spectral photosensitivity of porous silicon based
structures due to ZnO deposition is revealed. Charge transport and relaxation processes in porous silicon based
nanostructures were studied. Electrical conductivity mechanisms were established for the wide range of
temperatures. Fractal structures based on porous silicon were shown to have several mechanisms of conductivity.
Hopping charge transport via the system of localized states near the Fermi level in the temperature range of
12-120 K was revealed. At higher temperatures, activation mechanism of electric conductivity is dominating which



is characterized by different activation energies in the temperature ranges of 120-200 K and 220-290 K. Activation
energy of the electric conductivity for porous silicon in the low temperature region was found to be around 0.05
eV. The increase in activation energy due to oxide or polymer passivation of silicon nanostructures and graphene
nanoparticle deposition was detected. Energy distribution of the localized states population density in porous
silicon nanostructures was determined by means of thermally stimulated depolarization method. The nature of
electrically active defects was identified and it was established that the change of silicon nanocrystals surface
passivation causes a redistribution of the density of states in different energy ranges. The sensory properties of
nanosystems based on porous silicon have been studied. Dependencies of adsorption sensitivity on the
concentration were analyzed and time characteristics of sensor elements were determined. The possibility of gas
identification based on overall impedance response of the multisensory system was demonstrated.
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