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1. AHOTALIA TTonosud M.B. CTpyKTYpHI BJIaCTUBOCTI Xa/lbKoreHigHux crexon Ge-As-S, Ge-As- Se-ta Ga-Ge-Te. -
Kgasnigikaniiina HayKoBa npalisl Ha [paBax pyKonucy. JlucepTraiis Ha 3100yTTsl HAyKOBOTO CTYII€HsI JOKTOpa
dinocodii 3 ranysi 3Hanb 10 [TpuponHuyi Hayku 3a crietianpHicTio 105 [TpuknanHa $isuk Ta HAaHOMaTepianu.—
IHcTuTyT (Pizuky HaniBNpoBiAHUKIB iM. B.€.Jlamkapbosa HAH Ykpainu, Kuis, 2025. CydacHi TeXHOJIOTii B ONTHULL,
(OTOHIL, ONITOENIEKTPOHILi Ta 3anucy iHPpopmalii TOTpe6yITh HOBUX Ta €(EKTUBHUX PillleHb, 1€ KIIOYOBUM
HaIpsSIMOM € Po3po6Ka HOBMX QYHKIIOHAJIbHUX MaTepiasiB. XaJbKOreHiiHI CTeKIIa € OIHUMH i3 TaKUX, SIKi
XapaKTepU3yIOThCs YHIKaJIbHUMU (i3MYHUMU BIACTUBOCTIMU. Taki maTrepiany nmpo3opi y BUAMMIN YacTHHI i
6mvokHiN Y 0671acTi CriekTpa, MaloTh BUCOKY CBITJIOUYTIMBICTD i ONITUYHY HEJIiHIMHICTE. 1]e poouTs ixX 1jikaBuMU
Marepiazamu J1J14 3aCTOCYBaHb B aKTyaJbHUX HANIPSIMKAX i 3a06e3revye yChillHe BUKOPUCTAHHS XaJIbKOT€HiIHNX

crekoJ1 (XC) niis B pisHOMaHITHUX IPUCTPOSIX. XIMIYHUI CKJIa/l, BBEJEHHS JOMIIIOK, BUIIPOMIHIOBAHHS i



TEMIIEPATypPa 3MIHIOIOTh iX ONTUYHI [IOKAa3HUKY 3aJIOMJIEHHS i Kpall OIITUYHOTO IOTJIMHAHHS Ta iHIII BJIACTUBOCTI. B
CBOIO YEPTy BUBYEHHS CTPYKTYPHUX BacTUBOCTEN XC LO3BOJIUTD Kpallie 3pO3yMiTH NPOLIECH YTBOPEHHS
(OoTOCTMMYJIbOBAHOI B3aeMOJii Ipy GOpMyBaHHI NOBEPXHEBUX Pejbe(diB HA TOHKUX IJIiBKaX XaJbKOT€HIZHUX
CTEKOJI Ta 6araToLapOBUX XaJIbKOT€HIJHNX HAHOCTPYKTYPax i pO3MMPUTD Ta IOKPALIUTb XapAKTEPUCTUKU JAaHUX
MarepiasiB B B IPAaKTUYHUX 3aCTOCYBAHHSX. [I7151 BUpilIeHHs psiy PyHIAMEHTaJIbHUX NIpo6seM (izuku
HEeYIIOPSIKOBAaHOI'O CTaHy JeTajlbHe BUBUEHHS JIOKAJIbHOI CTPYKTYPH, K QPYHKLIi XiMiuHOrO cKany HeobXigHe ais
BCTAHOBJICHHSI METO/IiB KEPYBaHHS [IapamMeTpaMU JIOKaJIbHOI CTPYKTYpH i (pisnunumu BaactuBoctsimu XC i nyst
YAOCKOHAJIEHHS [TapaMeTpiB MPUCTPOIB Ha iX OCHOBI. 3 MeTo10 AucepTaliliHoi po60TU € BCTaHOBJIEHHS BIJIUBY
CKJIaJly Ha CTPYKTYPHi BJIACTUBOCTI 06'€MHMX XaJIbKOT€HIIHUX CTEKOJI. Y nucepTallii 6yJ0 OTpMMaHO HACTYIIHi
HAyKOBi pe3yJsbTaTy: 0 3'1COBaHO, 110 B NOCiI)KeHUX cKaanax crekon Ge-As-S, Ge-As-Se npu 3miHi Komro3ulii
BiJHOCHMII BMIiCT OCHOBHUX CTPYKTYPHMX OJJMHHULb T HECTEXiIOMETPUYHUX MOJIEKYJIIPHUX (PPAarMEHTIB
3MiHIO€TbCS. O BusiBneno, mo s crexod (As2S3)x(GeS2)1-x kopesisuii MiX MO3uULisIMU 6030HHOTO iKYy Ta NEPIIOTO
roctporo nudpaxuiiiHoro niky Hemae. 0 OTprMMaHi 3Ha4€HHsI KOOPIOMHALINHUX Yucest: 6JIM3bKO YOTUPbOX AJ1s Ge i
TPU 1714 As BKa3yloTb Ha TeTpaeapu GeS4 i mipaminy AsS3 K OCHOBHI CTPYKTYPHI OJJMHHLI (C.0.) y MaTpulii cKia
(As2S53)x(GeS2)1-x. o [TokasaHO 10 CTPYKTYpa AOCHIIKEHNX cTeKOoJ Ge-As-Se 3a3Ha€ 3MiH IIpU 3MiHi CKJIaLy:
MOJIOKEHHS MePIIoi KoopAnHaiiHoi cdepu rl 3miHoBanmcs 3 2,32 1o 2,45 A 3i 36inpIIeHHAM BMicTy Ge. o [TokazaHo,
o s crexkos Gall.7Gel4.1Te74.2 napameTpy 6JMXHBOTO MOPSIAKY CKIATAIOTh: PaiiyCy Neplioi KoopAUHALHO]
chepu rl - 2,67 A ta apyroi r2 - 4,27 A | s3nauenns kyra 38'a3ky ? = 106° . [[pakTUyHE 3HAYEHHS OflEP’KAHUX
pe3ysbTaTiB OTpUMaHi pe3ysbTaTi JOCiIPKEeHb JJOKaJIbHOI CTPYKTYPH XaJIbKOT€HIHUX CTEKOJI 3a0€CIeUy0Th
HayKOBe MiJI'PYHTS IJ1s1 BCTAHOBJIEHHS B3a€MO3B'SI3KYy CTPYKTYPHUX Ta iHIINX (Pi3uKo-XiMiuHUX BacTuBocTell. Taki
B3a€MO3B'SI3KM J1al0Th MO>KJIMBICTb ONTHUMi3allii BUKOPUCTaHHS XaJbKOTEHIJHUX CTEKOJI i CTPYKTYP Ha iX OCHOBI B
Pi3HOMaHITHUX MPAaKTUYHUX 3aCTOCYBaHHSIX Yy (POTOHULLi, iIHTErpasbHill ONTHUL, €JIeMEHTIB punagis I4 onTuky,
rosiorpadidyHOro Ta ONTUYHOrO 3aIKCy. Y BCTYIIi BUBHAYEHO HAIIPSIMU Ta 00'€KT JOCiIKeHHs, CPOPMYIbOBAHO
METY i 3aBJIJaHHS, BUBHAUYE€HO METOU OCIiI>)KeHHs, OOIPYHTOBAHO aKTyaJIbHICTh Ta HAYKOBY HOBU3HY
IYCepTalifiHOi poOOTH, IPAKTUYHY LiHHICTh OLEP>KAHMX 4 pe3yJIbTaTiB Ta HaBEJEHO AaHi Mpo nyb6sikauii Ta
anpoballilo JucepTaliiiHuX qOCliIpKeHb. [lepmunii po3ais NpUCBIYEHO OIJISAY Ta aHA3y JliTepaTypHUX JAHUX 10
TeMi AucepTauliiiHoi poooTu. Po3risHyTi po60TU CTOCOBHO CTPYKTYPHUX Ta ONTUYHUX BJIACTUBOCTEH i IPAaKTUYHUX
3aCTOCYBaHb XaJIbKOTE€HIJHUX CTEKOJI IIOKA3aJ/IX POJIb CTPYKTYPH, 30KpEMA, OJIMPKHBOTO NOPSAKY Ha Pi3nKo-XiMivHi
MaKpPOCKOIIiYHi B1IacTUBOCTI. [I0Ka3aHO NEPCNEKTUBHICTb BXKe iCHYIUNX Ta MOXJIMBUX B Mali0yTHbOMY IIPAaKTUYHUX
3aCTOCYBaHHb XaJIbKOTE€HITHUX CTEKOJI i CTPYKTYp Ha ix ocHOBi. OBrpyHTOBaHO BUOIp MaTepiasiB AJisl JOCiIKeHHS
Ta c()OPMYJIbOBAHO METY Ta 3aBIAHHS JOCiIpKEHHS. Y IpyroMy po3ziji HaBeJjeHO OCHOBHI METOJ1 OTPUMAaHHS
00‘eMHMX 3pa3KiB XaJIbKOT€HIAHUX CTEKOJI, METOAMKH, 110 BUKOPHUCTOBYBAJIUCD IJIs1 NOCIIiIPKEHHb:
PEHTreHOCTPYKTypHuUil aHaii3 (PCA), MeToz, eHeprogucnepciiiHoi peHTreHiBcbKoi cnekTpockomnii (EDX),
CIIEKTPOCKOIIis KoMbOiHaliiHoro po3cisiHHs cBitya (KPC), po3mupeHoi TOHKOI CTPYKTYpH CIIEKTPiB IIOTJIMHAHHS
peHTreHiBcbKoro BunpominioBaHHs (EXAFS). Y TpeTbomy po3aisi HaBe,eHO pe3yJbTaTy JOCiI)KeHb CTPYKTYPHUX
BJIACTMBOCTE 3 BUKOPUCTAHHSIM PEHTT€HOCTPYKTYPHOTO aHali3y Ta KOMOIHALITHOTO PO3CisiHHSA CBiT/Ia cTekos Ge-
As-Se. [ln14 BCiX JOCIJI)KEHUX CKJIAMiB CTEKOJI KyTOBI 3aJIEXKHOCTI pO3CiSIHOTO PEHTT€HIBCLKOTO BUITPOMIHIOBaHHS

aHaJIOTiyHi — MalOTh MIMPOKI MiKU (rajio), 0 CUCTEMATUYHO 3MillleHi.

2. SUMMARY Popovych M.V. Structural properties of Ge-As-S, Ge-As-Se and Ga-Ge-Te chalcogenide glasses. -
Qualifying scientific work, the manuscript. PhD thesis in the field of knowledge 10 Natural Science in specialty 105
Applied Physics and Nanomaterials. - V.Lashkaryov Institute of Semiconductor Physics, Kyiv, 2024. Modern
technologies in optics, photonics, optoelectronics and information recording require new and effective solutions
where the key direction is the development of new functional materials. Chelcogenide glasses (CS) are one class of
such materials that have unique properties. Such materials are transparenct in VIS and IR spectral range, have high
photosensitivity and optical nonlinearity. All these makes them perspective materials for various practical
applications. Physical and chemical properties of chalcogenide glasses can be changed by doping and composition
change. In turn, the study of the structural properties of CG enables to better understand processes of the
photoinduced interaction during surface relief formation using thin films of chalcogenide glasses and multilayer



chalcogenide nanostructures and improve characteriatics of such media in practical applications. In order to solve
some fundamental problems of the non-vrystalline state physics it is necessary to study interconnection of atomic
structure and local, integral physical properties of chalcogenide glasses which determines the actuality and
practical value of given work. The aim of this thesis work was to establish influence of the composition on the
structural properties of bulk chalcogenide glasses. Next scientific results were obtained in this thesis: o It was
established that when the composition changes in investigated compositions of Ge-As-S, Ge-As-Se glasses the
relative change occurs of the content of the main structural units and non-stoichiometric molecular fragments. 9 o
It was found for the (As2S3)x(GeS2)1-x glasses there is no correlation between positions of the boson peak and first
sharp diffraction peak. o The obtained values of the coordination numbers: about four for Ge and three for As
indicate that tetrahedra GeS4 and pyramids AsS3 are main structural units (s.u.) in matrix of (As2S3)x(GeS2)1-x
glasses. o It was shown that the structure of studied Ge-As-Se glasses changes with the change of composition:
position of the first coordination sphere r1 was changed from 2,32 up to 2,45 A with the increase of Ge content. o It
was shown that for the Gall.7Gel4.1Te74.2 glasses the parameters of the short range order consist: radia of the first
coordination sphere rl - 2,67 A and for second r2 - 4,27 A , value of bond angle ? = 106° . The obtained results
practical significance ¢ The carried out research broadens the scientific basis for understanding the structure of
chalcogenide glasses, provide data for the optimization of the surface relief formation processes on thin films and
multilayer chalcogenide nanostructures with the perspective of the use of such media in photonics, integrated
optics, information recording and optical elements fabrication. In the introduction of the dissertation, the
problems are highlighted, the object and directions of research are determined, the work relevance and scientific
novelty are substantiated, the purpose and objectives are formulated, research methods are iyzyceys, the practical
value of the obtained results and their approbation forms of are outlined. The first chapter analyzes reference
sources on this topic. An overview of works on structural and optical properties of chalcogenide glasses is
presented. Different interconnections between structure and macroscopic physical properties are shown. The
existing and possible in the future practical applications of chalcogenide glasses, thin films and nanocomposites
based on them are given. On the base of results of 10 reference sources analysis, the purpose of the study was
formulated and the objectives were set. The second chapter describes the main methods for obtaining bulk
samples of chalcogenide glasses. The methods used for the study are given: X-ray diffraction analysis (XRD),
energy dispersive X-ray spectroscopy (EDX), spectroscopy of Raman scattering of light, extended X-ray absorption
fine structure (EXAFS), atomic force microscopy (AFM).
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