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Pedepar:

1. MenpHuyyk T. K. OnTHYHi BIaCTUBOCTI CKJIONOIiOHYX CIJIABiB YTBOPEHUX GiHAPHUMMU rajloreHifamMu Ta
cynbdinamu AgCI(I), Ag2S, Ga(La)2S3, GeS2, Sb2S3 nerosanux epbiem i Heogumiem. — Kpamidikaiiliina HaykoBa
Ipaisl Ha IpaBax pykonucy. [lucepratisi Ha 3000yTTs CTyneHs fokropa ¢inocodii 3 ramysi 3Hanb 10 IIpuponHuyi
Hayku 3a crenjanbHicTio 104 disnka Ta acTpoHOMisl. — BosnHchKkuil HallioHanbHUE yHiBepcuTeT iM. Jleci YkpaiHky,
Jlyupk, 2025. lucepraliis IpucBIYeHa BUBYEHHIO ONITUYHUX BJIACTUBOCTEN CKIIONOAIOHUX CIJIABiB, BILJIUBY
KOMIIOHEHTHOTO CKJIJly Ta JIOKAJIbHOI CTPYKTYPH CKJISTHOI MaTPULi Ha IIPOLIECU ITOTJIMHAHHS / BUIIPOMIHIOBAaHHS
CBiTJIa, BUHUKHEHHS 30YI)KEHUX CTaHiB i pesakcauii ioHiBEr3+, Nd3+ y xasbKoreHifHuUX i XanbKorajaoreHigHux
HaIliBIPOBiIHUKAX. Y IIEPLUIOMY PO3Lii AucepTallii OKpeCI€HO TEOPETUYHI aCIIEKTH IIPOLLECIB BUIIPOMIHIOBAHHSA Ta
IOTJIMHAHHS B XaJIbKOT€HITHUX CKJIONOAIOHUX cIaBax. HaBeJeHo MOPiBHSJIbHY XapaKTePUCTUKY XaJIbKOT€HiIHUX

CTEKOJI i KpUCTAJiB, MPOaHaIi30BaHO iX CTPYKTYPY, OIITUYHI Ta €JIEKTPOHHI BIIACTUBOCTI. BU3Ha4€HO poJib



XaJsbKoreHiB (S, Se, Te) y popMyBaHHi CKIOYTBOPIOIOYMX CUCTEM Ta BIUIUB MOIU(DIKYIOUNX NOMIIIOK (AS, Sb, Ag

TOIL[0) HAa ONTUYHY aKTUBHICTb, TEPMiYHY CTabiIbHICTb Ta CIIEKTPaJIbHY YyTJIMBICTh CIIIaBiB. OKpeMy yBary

IIPUAINIEHO JIIOMIHECLIEHTHUM BJIACTUBOCTSIM XaJIbKOT€HITHUX CTEKOJI, JIETOBAHUX iOHaMU PilIKiCHO3€MeJIbHUX

MeTaJIiB, 0 06GYMOBJIEHO BHYTPIilleHTPOBUMU €JIEKTPOHHUMU Nepexojamu y 4f-o060s10H11i. BcTaHOBIEHO, 110

HU3bKa €Hepris (POHOHIB Y XaJbKOTE€HITHMX CTEKJIAX CIIPUSIE 3MEHIIEHHIO HEBUIIPOMIHIOBJILHUX BTPAT Ta

IiIBUIIEHHIO KBAHTOBOI €()EKTUBHOCTI, 10 € BaXKJIMBUM YNHHUKOM J1JI5] iX 3aCTOCYBaHHS B JIa3epax, ONTUYHUX
IificCK/I0Bavax Ta ONTOBOJIOKOHHUX CUCTEMax. Y IPyroMy po3fini «TexXHooriss CUHTe3y CTeKOJl, METOJIMKA Ta

TexHiKa eKCIIepUMEHTAIbHUX AOCiIKEHb» AUCEPTALINHOI pO60TU JeTaJIbHO OMKMCAHO TEXHOJIOTII0 OTPUMAaHHS
CKJIONOAi6HMX ciaBiB ckiany GaoSo-LaoSo, GanSo-GeSo-SboSno, AgCl(I)-GaoSo-LaoSo sieroBaHUX ep6ieM Ta HEOIMOM.
MeTonom peHTreHiBChbKOi fudpaxiiii, miaTeepakeHo aMop¢HMil CTaH YCiX CKIIONOAIOHUX 3Pa3KiB i BilCyTHICTb
KPUCTaIiYHUX BKJIIOUYeHb. MiKpOCTpyKTYpHi gocaimkeHHs SEM /EDS nigTeepanayu ogHOPigHICTb CIIABiB Ta
BiZIIOBIZHICTb OlEP>KaHMX 3Pa3KiB PO3paxOBaHOMY CKilazy. Y PO3Ziji JeTanbHO ONKUCAHO EKCIIEPUMEHTAIbHI

YCTaHOBKY | METOJMKU: OIITUYHOTO IIOTJIMHAHHS, PpoTooMiHecLeHIIii, kombiHaLiliHOro po3citoBaHHs CcBiTIa. Y
TPeTbOMY PO3#isi «ONTUYHE NOTJIMHAHHS Ta KOMOiHalliflHe PO3CilOBaHHS CBiTJla XaJIbKOTaJIOTeHifiB i

XaJIbKOT€HIAHUX CKJIONOiOHUX CIIJIaBiB» AOCIII>KEHO ONTUYHE NOrIMHaHHSA cucteM GanSo-GeSo-SboSno, AgnS-SboSo-Ges
AgCl(I)-GaoSo-LaoSo neroBaHux epbiem Ta HeoguMieM. [TpoaHai3oBaHO CIIEKTPU [IOTJIMHAHHS Y [liarla30Hi
550-20000uM a1 crekos1 GanSo-GeSo-SboSn, neroBanux(1-4o) % Er ta 20% Nd. OLiHeHO onTUYHY IKMPUHY 3a60pOHEHO]
30HU CTEKOJI Ta BCTAHOBJIEHO il KOHLIEHTPALIiHY 3aJIEXXHICTD Bifl BMiCTy ep06ito. JIOCIIiI>KeHO BILJIMB rajoreHimiB

AgCI(I) Ha onTUYHI BIACTUBOCTI CKJIONOAiOHMX cI1aBiB GanSo-LanSo seroBanux ep6ieM. [IpoaHani3oBaHO CIIEKTpU
IIOTJIMHAHHS Y BUTMMOMY Ta 6;113bkoMy [U-nianasoHi ass crekos GanSo-LanSo-EroSo i, B sxux BBegeHo AgCl(I). Metogom
PaMaHiBCbKOi CIIEKTPOCKOIIii BCTAHOBJIEHO CTPYKTYPHI (PparMeHTH CKJIONOAIOHUX CIIaBiB. AHaJi3 CIIEKTPIiB
KOMOIHALITHOTO PO3CilOBaHHS CBiTja CyabpigHux cTekos GanSo-GeSo-SboSo (3 40m051.% Er, 20M051.% Nd) cBigyats po
IOMiHyBaHHS TeTpaenpiB [GeS4] Ta TpuroHanpHux nipamiz [SbS3]. ExcrieprMeHTasnbHi CrieKTpy KOMOIHALiITHOTO
poscitoBaHHs cBiTsa KpucTtany o0-GaLaSo:Er nopiBHioBanucs 3i creknamu GaoSo-LaoSo-EroSo nogi6Horo ckiany. Y
YETBEPTOMY PO3iJi «BUTPOMiHIOBaHHS CKJIONOAIOHUX CIUIABiB y BUIMMOMY Ta iHPpauepBOHOMY Jialla30Hax»

[I0/IAHO Pe3yJIbTaTU JOCHiIKeHHS POTONOMIHECIEHTHUX BJIACTUBOCTE XaJIbKOT€HIIHNX, Ta XaIbKOraJoreHiZHIX
CKJIOTIONiOHUX CILJIABiB JIerOBaHUX iOHaMU pifKicHO3eMenbHuX MeTaitiB Ersno ta Nd3no. [JocimkeHHS OXOILTIOE CUCTEMU
GanSo-GeSo-SboSo Ta AgnS-GeSo-SboSa, a rakosx AgCl(I)-GanSo-LanoSo. Tlokazano, 1o seryBaHHs crekos ioHamu Er®oi N
00yMOBJIIO€E TIOSIBY iHTEHCUBHUX cMYT (oToMIOMiHecIeH i 3 Makcumymamu ripu 660, 810, 860, 980, 1070, 1350,

1540, 1700 i 24900HM, sIKi Bif[IOBinaoTh €J1IeKTPOHHMM IepexonaM y f-o6osonkax ioHiB Er3+ra Nd3+. BctaHoBIEHO,

110 36inbieHHs] KoHLeHTpauii Erd+ npu3BoauTh 1o NpUrHiueHHs eMicii, sika nos’s3ana 3 Nd3o BHaC/IioK

e(eKTUBHOTO [IePEHECEHHSI €Heprii MK ioHaMu-I0HOpa Ta akuenTopa. JocigkeHo GOTONOMIHECLIEHTHI

BiacTuBocTi B cucremax AgCl(I)-GanSo-LanSo neroBanux epbiem Ta MoHOoKpucTaii 0-GaLaSo:Er, 30kpema BIiuB 0-
OINPOMiHEHHS Ha CIIEKTPaJibHi XapaKTEPUCTUKU. BUSIBII€HO, 110 0-ONPOMiHEHHS iCTOTHO He BIJIMBA€E Ha CIIEKTPU
(doTromoMiHecLeHIIii XaJIbKOT€HITHUX CTEKOJI, 10 CBiTUMATD IIPO iXHIO BUCOKY pPafiallifiHy CTilKiCTb, HA BiMiHY Bif,
KPUCTAJIiB, Jle iHTEHCUBHICTb 3MEHILIYETHCSI BHACIILOK YTBOPEHHS Ne(eKTiB iHAyKOBAaHMX pafiali€elo.

2. Melnychuk T. K. Optical properties of glassy alloys formed by binary halides and sulfides AgCI(I), AgoS, Ga(La)oSn,
GeSn, SboSo doped with erbium and neodymium. - A qualification research thesis submitted as a manuscript.
Dissertation for the degree of Doctor of Philosophy in the field of 10 Natural Sciences, specialty 104 Physics and
Astronomy. - Lesya Ukrainka Volyn National University, Lutsk, 2025. The dissertation is devoted to the study of the
optical properties of glassy alloys and the influence of their compositional makeup and local glass matrix structure

on the processes of light absorption/emission, the formation of excited states, and the relaxation dynamics of Er’o

and Nd®o ions in chalcogenide and chalcohalide semiconductors. The firstsectionoutlines the theoretical aspects of
emission and absorption processes in chalcogenide glassy alloys. A comparative analysis of chalcogenide glasses

and crystals is provided, examining their structure, optical, and electronic properties. The role of chalcogens (S, Se,

Te) in glass-forming systems is defined, along with the influence of modifying dopants (As, Sb, Ag, etc.) on the

optical activity, thermal stability, and spectral sensitivity of the alloys. Special attention is given to the luminescent
properties of chalcogenide glasses doped with rare-earth metal ions, which are governed by intra-center



electronic transitions within the 4f shell. It is established that the low phonon energy in chalcogenide glasses

contributes to reduced non-radiative losses and enhanced quantum efficiency, which is crucial for their

application in lasers, optical amplifiers, and fiber-optic systems. The second section of the dissertation presents a
detailed description of the technology used to synthesize glassy alloys with compositions GaoSo-LanSn, GanSo-GeSo-Sbao!
and AgCl(I)-GaoSo-LaoSo doped with erbium and neodymium. X-ray diffraction analysis confirmed the amorphous
nature of all glassy samples and the absence of crystalline inclusions. Microstructural investigations using

SEM/EDS techniques verified the homogeneity of the alloys and the consistency of the synthesized samples with

the calculated compositions. The chapter also details the experimental setups and methodologies used for optical
absorption, photoluminescence, and Raman scattering measurements. In the third section explores the optical
absorption characteristics of GanSo-GeSo-SboSno, AgnS-SboSo-GeSn, and AgCl(I)-GanSo-LaoSo systems doped with erbius
neodymium. Absorption spectra were analyzed in the range of 550-2000onm for GanSo-GeSo-SboSo glasses doped with
1-40% Er and 20% Nd. The optical ban d gap of the glasses was evaluated, and its dependence on erbium content was
established. The influence of halides (AgCl(I)) on the optical properties of GanSo-LanSo glasses doped with erbium was
also studied. Absorption spectra were analyzed in the visible and near-IR range for GanSo-LanSo-EroSo glasses with
AgCl(I) additives. Raman spectroscopy was used to identify structural fragments in the glassy alloys. The Raman

spectra of GanSo-GeSo-SboSo sulfide glasses (with 4omol.% Er and 2omol.% Nd) revealed dominant [GeSo] tetrahedra and
[SbSo] trigonal pyramids. Experimental Raman spectra of o-GaLaSo:Er crystals were compared to those of glasses with
similar GanSo-LaoSo-EroSo compositions. In the fourth section of the dissertation presents the results of studies on the
photoluminescent properties of chalcogenide and chalcohalide glassy alloys doped with rare-earth metal ions Er®n

and Nd®o. The research covers the systems GaoSo-GeSo-SboSo and AgnS-GeSo-SboSn, as well as AgCl(I)-GanSo-LanoSo. It
shown that doping the glasses with Er®o and Nd®o ions results in the appearance of intense photoluminescence

bands with maxima at 660, 810, 860, 980, 1070, 1350, 1540, 1700, and 24900nm, corresponding to electronic

transitions within the f-shells of Er®o and Nd®o ions. It was established that increasing Er®o concentration suppresses
Ndio-related emission due to efficient energy transfer between donor and acceptor ions. Photoluminescence

properties of AgCl(I)-GanSo-LaoSo systems doped with erbium, as well as the o-GaLaSo:Er single crystal, were
investigated, with particular focus on the influence of o-irradiation on spectral features. The study revealed that o-
irradiation has negligible impact on the photoluminescence spectra of chalcogenide glasses, indicating their high
radiation resistance. In contrast, the intensity of emission in crystals decreases due to the formation of radiation-
induced defects.
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