O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0520U101692
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpamnii: 02-12-2020

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. JIygeuko AHppiit [leTpoBuy

2. Luchechko Andriy P.

KBasigikanis: k. ¢.-m. ., 01.04.10
InenTudikarop ORCID ID: He 3acrocosyerbcs
Bup, pucepranii: nokrop Hayk
AcnipaHTypa//IOKTOpPaHTypa: Hi

IIIndp HayKoBOi crieniaIbHOCTI: 01.04.10

Ha3Ba HayKoOBOi CIIEeNiaJIbHOCTI: ®i3uKa HaMiBNPOBIAHUKIB i lieeKTpuKiB

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

Jdara 3axucry: 11-11-2020

CreniaJIbHICTh 32 OCBiTOIO: Qizuka

Micue po6oTH 34,00yBayva: JibBiBchKuii Hal[iOHAIBbHWI yHiBEpcHTET iMeHi IBana Gpanka

Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: BYyJI. YHiBEpCUTETCHKA, Oy, 1, M. JIbBiB, JIbBiBCbKa 0061., 79000, YxpaiHna

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYU€HOI pagHy (Pa30Boi Creniaai30BaHOl BYEHOI pagu). [1 35.051.09
IloBHe HalMeHYBaHHSI IOPHUAHUYHOI 0COOH: JIbBiBCHKUMIT HAL[IOHAIbHMI yHiBepcuTeT iMeHi IBana Gpanka
Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: ByJI. YHiBEpCUTETCHKA, Oy1. 1, M. JIbBiB, JIbBiBCbKa 0651., 79000, YKpaina

dopma ByracHoCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10
BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0COOM: JILBiBCHLKMII HALliOHALHYI YHiIBEpCUTET iMeHi IBana Ppanka
Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: ByJI. VHiBepcuTteTchbka, 6ya. 1, M. JIbBiB, JIpBiBChKa 00651., 79000, YKpaina

dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TeMaTHYHHUX PyOPHK: 29.19

Tema gucepranii:
1. HepiBHOBaXHi €JIeEKTPOHHI (POTO- Ta TEPMOCTHMMYJIbOBAHI IIPOLIECH B OKCUIHUX MaTepiaax PyHKLUiOHAIbHO]

€JIEKTPOHIKM Ha OCHOBI raJlilo Ta aJaloMiHil0

2. Non-equilibrium electronic photo- and thermally stimulated processes in oxide materials of functional
electronics based on gallium and aluminum

Pedepar:

1. Incepraniiina po60Ta IPUCBIYEHA BUPIIEHHIO aKTyaJIbHOI HAYKOBOI MPO6JIEMHU — 3'SICYBAaHHIO OCOOJIMBOCTEN
($OTO- Ta TEPMOCTUMYJIBOBAHUX €JIEKTPOHHUX IIPOLIECiB, 30KpEMa, BCTAHOBJIEHHIO MEXaHi3MiB JIIOMiHeCIeHLii Ta
IepeHeceHHs eHeprii 30yIKeHHsI, BUBYEHHIO [IPUPOJY PiBHIB 3aXOIJIEHHS Ta LIeHTPiB peKOoMOiHallii HOCIiB 3apsny B
OKCHJIaX Ha OCHOBI TaJjiilo Ta ajloMiHilo, 1leroBaHux ioHamu nepexigHux (Cr3+, Mn2+) Ta piakicHozemenpHux (Tb3+,
Eu3+, Yb3+) meTaniB. BcTaHOBIEHO pOJIb CTPYKTYPHUX I€(EKTIB Ta JOMIMIKOBUX iOHIB y (POpPMyBaHHi LIEHTPiB
JIIOMiHECIeHL1lii, CTBOPEHHI IVINTKUX Ta IJIMOOKKUX PiBHIB 3aXOIJIEHHS €JIeKTPOHIB, IIEpEHECEeHHI 3apsly Ta eHeprii
IIO LIeHTPiB CBiueHHs. Bu3HaueHo eHeprii TeMIepaTypHOTro raciHHs JioMiHecLieHIlii Ta [IMOMHY 3aI9raHHs NacTOK.
3arpoIrOHOBAaHO 30HHY MOJEJIb JIOKAJIbHMX €HEPreTUYHYMX PiBHIB B MOHOKpUCTanax 0-Ga203, gKa [OSICHIOE
CIIOCTEPEKYBaHi 3aJI€KHOCTI BUXOAY JOMILIKOBOTO CBiY€HHS, MEXaHI3MU TEPMOCTUMYJILOBAHOI
mominecueHuii(TCJI) Ta dporonposigHocTi. [TokasaHo, o rasaty Marxiio Ta UUMHKY (Zn,Mg)Ga204, ofHO4YacHO



JierosaHi ionamu Eu3+ Ta Mn2+, MO>KHa BUKOPHMCTATH SIK JIIOMiHOMOPH B CBITJIOAI0[aX OCKiNIBKY BOHU JO3BOJISIIOTh
KepyBaTH KOJIbOPOM CBiU€HHS 32 paxyHOK 3MiHU JOBKWHU XBUJIi 30y/I>K€HHSI Ta/ab0 KOHLEHTpalLlii akTuBaTopa.
BcTaHOBJI€HO BIUJIMB TeXHOJIOT cuHTe3y kpucTtanodpocdopyGd3Gas012: Th3+ Ha epeKTUBHICTb HOro
doTtosomineceH1ii B 3es1IeHiN AinsgHLI crieKTpa.3anponoHOBaHO MEXaHi3MU raciHHs (GOTOMIOMIHECeHIIii
Y3AI5012: Yb3+ y 6mmkniit I4 ginguui cnektpa. BctaHoBieHo, mo BUCOKoTeMiepaTypHi makcumymu TCJI B okcnpaax
Ha OCHOBI raJiilo, IIOB'13aHi 3 KUCHEBUMM BaKaHCigMU. [TokazaHoO, IO IIIMOO0KI IaCTKU € CTabiIbHUMU B 4Yaci Ta
MOJXYTb BUKOPMUCTOBYBATHCh [JIs JO3UMETPIi i0HI3yI040r0 BUIIPOMiHIOBAHHS. [Ipy LIbOMY IIJIMTKI ITACTKU €
BiZI[TOBiAZIBHMMU 33 TPUBAJIE MIiCIISICBIYE€HHS rasiaTiB. 3Ha4yHa yBara lpufijieHa BUBYEHHIO SIBUIA ONITUYHO-
cTuMyJiboBaHoi yoMiHecteHLii (OCJI) B raslaTax Marsiio i IMHKY, a TaKOX opToasoMiHaTy iTpito (YAIO3),
aKTMBOBaHMX ioHaMy Mn2+. [Toka3aHo, 10 mif, Jieo i0Hi3yI040ro BUIIPOMIHIOBaHHS B MaTepiasax reHepyThCs
€JIEKTPOHHU i [IipKH, 5IKi 3aXOIIIOIOTHCS HA IMIMOOKUX NACTKaX. 3YMTYBAHHS 03U OIIPOMiHEHHS 3[iiCHIOETLCS IPU
ONTUYHIN CTUMYJISILIi B HeTlepepBHOMY a60 iMITy/IbCHO-MO/lyJIbOBAHOMY pekuMi. BenmunHa curnany OCJI
IIporopLiiiHa norauHeHiN 1o3i. OTpumani B po60Ti pe3ysIbTaTi MO>KHA BUKOPUCTATH [J1s1 IPOrHO30BaHOI
mogu@ikauii JIoMiHECLIEHTHUX Ta €J1IEKTPUYHHUX BJIACTUBOCTEN OKCUJHUX MaTepialiB PyHKIiOHAIBbHOI €JIEKTPOHIKI
Ha OCHOBI TaJIilo Ta aJIOMiHil0 MIJIIXOM 3MiHM Je(EeKTHOI CTPYKTYPH, TUITy Ta KOHLIEHTPaLii JOMIIIOK, 110 €

BaKJIMBUM [J1 TIPAKTUYHOTI'O 3aCTOCYBaHHA.

2. The dissertation is devoted to solving an important scientific problem related to clarifying the photo- and
thermally stimulated electronic processes features, in particular, establishing the mechanisms of luminescence
and excitation energy transfer, studying the nature of trap levels and recombination centers of charge carriers in
gallium and aluminum oxides doped with transition (Cr3+, Mn2+) and rare-earth (Tb3+, Eu3+, Yb3+) metals. The
spectroscopic characteristics of Cr3+ ions in 0-Ga203: 0.05 % Cr3+ single crystals were studied in detail in a wide
temperature range of 4.50300 K. It was demonstrated thato-Ga203: Cr3+ single crystals is the perspective material
for non-contact temperature monitoring within the range 30-250 K. It was shown that the position of the maxima
of thermally stimulated conductivity in 0-Ga203 crystals in the temperature range 85-400 K correlates well with
the position of TSL maxima of undoped gallium oxide crystals, which indicates the electronic nature of charge
carrier trap centers. A model of local energy levels in 0-Ga203 single crystals, which explains the observed
dependences of impurity luminescence yield, mechanisms of TSL and photoconductivity occurrence was
proposed. It was established that the emission of Cr3+ ions is presented in all TSL maxima of Gd3Ga5012: Cr
polycrystals and the spectral composition of the thermostimulated luminescence coincides with the PL spectrum
recorded at the corresponding temperature. This indicates that the radiative recombination under the condition of
the release of carriers from the trap centers occurs through the same centers of Cr3+ as in the modes of PL and
stationary radioluminescence. It was demonstrated that the effect of annealing in oxidizing or reducing
atmospheres on the luminescence intensity of Gd3Ga5012: Cr, Mg single-crystalline films is associated with a
change in the ratio of Cr3+ and Cr4+ ions in the octahedral positions of the garnet structure. The luminescent
characteristics of Bi3+ ions, which are included in the single-crystalline films Gd3Ga5012, Gd3Ga5012: Cr and
Gd3Ga5012: Cr, Mg as components of the flux under the film growth, are analyzed. It is established that the
relative intensity of Tb3+ emission in the green spectral region (5D407Fj transitions) prevails over the emission in
the violet-blue region (5D307Fj transitions) for the concentration of Tb3+ activator 1 mol.% in micro- and
nanoceramics of Gd3Ga5012: Tb3+.The luminescence efficiency in the green spectral region in Gd3Ga5012: 1
mol.% Tb3+ nanoceramics increases approximately threefold comparison with the intensity of activator
luminescence in polycrystals, which is important when used such nanoceramics as phosphors of green
luminescence. Mechanisms for IR photoluminescence quenching in Y3AI5012: Yb3+ epitaxial films and
nanopowders are proposed. The influence of annealing in the air on the kinetic characteristics of Yb3+ ions was
studied and the IR photoluminescence quenching concentrations in Y3AI5012: Yb3+ nanopowders were calculated.
It was revealed that the coordination polyhedron around Eu3+ ions is rather distorted or asymmetric, ie Eu3+ ions
occupy positions with low local symmetry without the center of inversion in the spinel lattice of MgGa204: Eu3+,
Mn2+ and ZnGa204: Eu3+, Mn2+ polycrystals. An orange glow with dominant 5D0n7F1 electric dipole transitions in
Eu3+ ions at 593 nm was detected in Lu3(Ga, In)5012: Eu3+ epitaxial films under the UV excitation. It indicates high



symmetry of the local environment of Eu3+ ions in such films. It has been shown that magnesium and zinc gallates
doped with Eu3+ and Mn2+ ions can be used as phosphors in LEDs because they allow controlling the color of the
emission by changing the excitation wavelength and /or the concentration of the activator. It is shown that deep
traps in MgGa204:Mn2+ and ZnGa204:Mn2+are stable and can be used in dosimetry. At the same time, shallow
traps are responsible for the long afterglow of gallates. Considerable attention is paid to the study of the
phenomenon of optically stimulated luminescence (OSL) in magnesium and zinc gallates, as well as yttrium
orthoaluminate (YAIO3), activated by Mn2+ ions. The irradiation dose readout can be realized by optical
stimulation in continuous-wave or pulse-modulated modes. Dose dependence of the integrated signal of time-
resolved OSL of the YAIO3: Mn2+ single crystals demonstrates that the dose-response remains linear at radiation
doses up to almost 1 kGy, which is important for practical application of yttrium orthoaluminate doped with Mn2+
ions in the dosimetry of ionizing radiation. The results obtained in this dissertation can be used for the predicted
modification of luminescent and electrical properties of oxide materials of functional electronics based on gallium
and aluminum by changing the defective structure, type, and concentration of impurities, which is important for
practical application.
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