O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0826U002751
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpauii: 22-06-2026

Craryc: Haka3 npo Bugady gumnioma

PexBi3utu Haka3y MOH / Haka3y 3aKjazgy: Hakas JTHY im. [Bana ®panka N2 893 Biz
10.07.2026 p.

I1. BimomocrTi nipo 3400yBaya

Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. Kosas (ITponax) Mapig BitaniiBHa

2. Mariia V. Koval (Protsak)

KBasigikamis:

InenTudikarop ORCID ID: 0000-0001-6942-0095

Bupa, pucepranii: nokrop dinocodii

AcnipanTtypa/JIOKTOpaHTypa: tak

IITu¢p HayKoOBOi creniaJbHOCTI: 105

Ha3Ba HayKoBOi CIeniaJIbHOCTI: TIpukianHa ¢isuka Ta HaHOMaTEpiau

T'anmy3sp / ranysi 3HaHB!

OcBiTHBO-HAayKOBa NMporpama 3i creniajgbHOCTI: [IpukianHa disuka Ta HaHOMaTepianm
Jara 3axHCTy: 23-06-2026

CrneniaJbHICTh 32 OCBITOIO: Mikpo- Ta HaHOCHCTEMHa TeXHiKa

Micue p060TI/l 3n06yBaqa: JIbBiBCHKMI HalliOHANBHU YHiBepCcUTET iMeHi IBana OpaHka
Kopg 3a €IPIIOY: 02070987

Micue3Haxoa KeHHS: By YHiBepcuTeTchbka, JIbBiB, 79000, VkpaiHa

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYU€HOI pagHy (pa30Boi creniaai3oBaHOI BYEHOI paju). PhD 13828
IloBHe HalMeHYBaHHSI IOPHUAHUYHOI 0COOH: JIbBiBCHKUMIT HAL[IOHAIbHMI yHiBepcuTeT iMeHi IBana Gpanka
Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: ByJI. YHIBEPCUTETCHKA, JIbBiB, 79000, YKpaiHa

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

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. YHIBEPCUTETCHKA, JIbBiB, 79000, YKpaiHa

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
Koau TeMaTHyHHX PyOPHK: 29.19, 29.31, 29.41

Tema gucepranii:
1. DopmyBaHHS Ta ONTUYHI BIACTUBOCTI HAHOCTPYKTYP Ha OCHOBI HITpUAiB radHilo Ta rajito.

2. Formation and optical properties of nanostructures based on hafnium and gallium nitrides.

Pedepar/anoTamis:

1. Incepraniiina po60Ta IPUCBIYEHA EKCIIEPUMEHTATIBHOMY JIOCIIiIKeHHIO (POPMYBaHHS HAHOCTPYKTYP Ha OCHOBI
HiTpuay radHito (HfN) ta HiTpuay ranito (GaN), a TaKOK BUBYEHHIO iXHiX CTPYKTYPHUX, OITUYHUX Ta
eJIeKTpo(Pi3anyHMX BlIacTUBOCTEN. HiTpuan nepexigHux MeTaliB 3aiMaloTh [IPOBiAHE Micle cepel QyHKIiOHAIBHUX
HaHOMAaTepiasiB 3aBAsSKN BUCOKIiY TEIJIONPOBIAHOCTI, MEXaHIUHIM MILIHOCTI, €JIEKTPOIIPOBIIHOCTI Ta YHIKaJILHUM
ONTUYHUM BJIACTUBOCTSIM. MeTOI0 pOOOTH € BCTAaHOBJIEHHS BIIJIMBY METO/IB Ta YMOB OflepKaHHs Ha GOpMYyBaHHS
cTpykTypy HaHo4acTUHOK HN i ToHkux niiBok GaN, foCliIpKeHHs iXHiX ONITUYHUX Ta €J1eKTPOi3nIHNX
XapaKTEPUCTUK i cTBOpeHHs e(eKTUBHUX MaTepiaJiB [ijis po30poi eneKTpoHiku. Hanouactunku HfN cuHTe30BaHO
METOJ,0M ra30arperoBaHoi CUCTEMHU KJIACTEPHOTO J)KepeJla 3 PEAKTUBHUM MarHETPOHHUM PO3IUJIEHHSM.
[TokaszaHo, 110 3i 36inbiIeHHSIM BMicTy NO MOopdoJI0ris 4aCTMHOK 3MiHIOETHCS Bif] 6araTrorpaHHux yacTuHOK Hf 1o
Ky6iuHnxX HaHO4YacTMHOK HIN i3 BUCOKOI0 KPUCTaNiYHICTIO Ta CTEXIOMETPUYHOIO CTPYKTYypoIo (fcc). XPS-aHarnis
BUSIBUB (POPMYBaHHS OKCUJIHMX OOO0JIOHOK IIPYU KOHTAKTI 3 MOBITPSIM. BUsIBJIEHO JI0Kai30BaHUI [10BEPXHEBUI

nya3MOHHME pe3oHaHc (LSPR) y 6imokHil iHdpayepBoHil obsacti (~970 HM) i3 uyTiusicTio 166.0 HM-RIUD!, mo



nepeBepIlye IOKAa3HUKYU 30JI0TUX CeHCOoPiB. IIpu Binnasni y HanBrucokoMy BakyyMi 1o 750 °C HaHOYACTUHKU

36epiranu mopdoJioriio 6e3 KoanecueHIlii 3 TOKpameHHsIM KpucTaivHoCTi. ToHKi rmiriBku GaN oTprMaHO MeTOJ0OM

BY ioHHO-T171a3MOBOr0 pO3NUJIEHHS Ha MifK/IanKax i3 KBaply Ta candipy 3 oypepaumu ninmapamu MgAInOn, AN i

ZnO. TlniBKK (HOPMYIOTHCS 3 HAHOKPUCTAJIITIB cepeiHiM po3mipom 14.3 HM. HaliMeHIi KpUCTasIiTH i Hall6isbIi
MEXaHiYHi HalpyKeHHs BUSIBJIEHO Yy IUIiBKAaX Ha KBapLOBUX MiK/IaKax i3 nigmapom MgAInOo. JleryBanHs Mn

30isbliye cepeniHil AiameTp 3epeH 3 85 1o 166 HM YHACIiZlOK aHOMaJIbHOTO POCTY BTOPUMHHUX 3€PeH, TO/i SIK

seryBaHHs Tb cripuunHse e 6inbie iX 3pOCTaHHS Yepes3 BeJIMKUY ioHHui pagiyc Théo. OntuyHa mupuHa

3aboponeHoi 30Hu 11iBok GaoooAloN 3poctae Bif 3.28 no 3.58 B npu 36inbmenHi BmMicTy Al Bif, 0 1o 7 M0J1.%. 3CyB Kpaio
IIOTJIMHAHHS 3yMOBJeHuit edpekrom Bypiiteiina-Mocca, a fioro popma aripoKCUMY€EThCS ITpaBUiIoM Ypbaxa.
JocigKeHo eeKTPOIPOBiAHICTE ITiBOK GaN 3aJIe’KHO Bif] YMOB OCAIKEHHS; BCTAHOBJIEHO JOHOPHUM TUIL

IIPOBiIHOCTI, 16 OCHOBHUMHU Je(peKTaMu € BakaHcii azoTy VN.

2. The dissertation is devoted to the experimental investigation of the formation of nanostructures based on
hafnium nitride (HfN) and gallium nitride (GaN), as well as the study of their structural, optical, and electrophysical
properties. Transition metal nitrides occupy a leading position among functional nanomaterials due to their high
thermal conductivity, mechanical strength, electrical conductivity, and unique optical properties. The aim of the
work is to establish the influence of synthesis methods and deposition conditions on the structure formation of
HfN nanoparticles and GaN thin films, to investigate their optical and electrophysical characteristics, and to
develop effective materials for transparent electronics. HfN nanoparticles were synthesized using a gas
aggregation cluster source system with reactive magnetron sputtering. It was shown that with increasing No
content, the particle morphology transforms from multifaceted Hf particles to cubic HfN nanoparticles with high
crystallinity and stoichiometric structure (fcc). XPS analysis revealed the formation of oxide shells upon exposure
to air. A localized surface plasmon resonance (LSPR) was detected in the near-infrared region (~970 nm) with a
sensitivity of 166.0 nm-RIUn!, exceeding the performance of gold-based sensors. Upon annealing in ultra-high
vacuum up to 750 °C, the nanoparticles retained their morphology without coalescence, while their crystallinity
improved. GaN thin films were deposited by RF ion-plasma sputtering on quartz and sapphire substrates with
MgAInOg, AIN, and ZnO buffer interlayers. The films consist of nanocrystallites with an average size of 14.3 nm. The
smallest crystallites and the highest mechanical stresses were observed in films deposited on quartz substrates
with an MgAloOo buffer layer. Mn doping increases the average grain diameter from 85 to 166 nm due to abnormal
secondary grain growth, while Tb doping causes even greater grain enlargement owing to the large ionic radius of
Tb®n. The optical bandgap of Gal-xAIxN films increases from 3.28 to 3.58 eV as the Al content rises from 0 to 7
mol.%. The absorption edge shift is attributed to the Burstein-Moss effect, and its shape is well described by
Urbach's rule. The electrical conductivity of GaN films was investigated as a function of deposition conditions; an
n-type (donor) conductivity was established, with nitrogen vacancies VN identified as the dominant donor defects.
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