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1. Keanidikanirina HaykoBa npaus MenpHuuyk T.0., IprcBsYeHa po3B'sI3aHHIO aKTyasIbHOI 3a7a4i
Marepiaso3HaBCTBA — AOCJII)KEHHIO BIUIUBY JIETYBaHHS pifKicHo3emenpHUMU esiemeHTamu (P3E) Ha ¢iznuHi
BJIACTUBOCTI XaJIbKOT€HigHNUX KpucTaliB AgGaGenSen Ta BU3HAYEHHIO IXHbOTO ITOTEHLIiaNy 111 3aCTOCYBaHHS B
ONTOEJIEKTPOHHUX NIPUCTPOSIX. PO60Ta BUKOHAHA y BOJMHCHKOMY HalliOHAJIbHOMY YHiBepCUTETI imeHi Jleci
Ykpainky, JIyipk, 2025. [Tomyk HOBUX (YHKIIOHaIBHUX MaTepiasiB 1iyis iHppayepBoHOi POTOHIKY Ta HeJliHIAHOI
ONTUKHU € KDUTUYHO BaXJIMBUM. [CHYIOUI KOMEPLiliHi KpucTany, Taki sk AgGaSo uu ZnGePn, MaioTb 0OME>XeHHH,
30Kp€eMa HU3bKU MTOPITr JIa3epHOro NMomKomKeHHs. Kpucranu AgGaGenSen € NepCrekTUBHOI0 aJIbTEPHATUBOIO, IIPOTE
BILJIMB JieTyBaHH4 P3E Ha ixHi BIaCTMBOCTI 3a/1M1IaBCs HEJOCTAaTHBO BUBYEHUM. LI nucepralis 3aroBHIOE 1110
IIPOrajuHy, KOMIIEKCHO OCIiIKYI0uM (OTOCTUMYJIbOBAHI [IPOLIECU B JIETOBAHUX KpUCTaIax. MeToo poboTu 6yJjio
BCTAHOBJIEHHS NTOTEHLiaNy 3aCTOCyBaHHs KpucTainiB AgGaGenSen, seropanux ionamu Nd, Dy ta Er, B
ONITOEJIEKTPOHHUX NPUCTPOSIX. [ ii mocarHeHHs 6yu BUpilIeHi ciM KIII0UOBUX 3aBaHb, [0 OXOILIIOBAIN

IOCJIiI)KeHHS BILUIMBY JIETYBAHHS Ha CTPYKTYPHI, KOJIMBAJIbHI, ONITUYHI, POTOEJIEKTPUYHI, II'€30€JIeKTPUYHI Ta



HeJIiHITHO-ONTUYHI BIaCTUBOCTI. HaykoBa HOBM3HA POOOTH MOJISITa€ B HACTYIIHOMY: * Briepiiie poBeieHO
KOMILJIEKCHE JOCJIiIIKeHHs BIIMBY JieryBaHHs P3E Ha Bech criekTp Qi3uyHuX BiacTUBOCTeN KpucTaniB AgGaGenSen. ¢
BcTaHOBJIEHO KifbKiCHI 3aKOHOMIPHOCTI 3MiHU IIMPYHY 3a00pOHEHOI 30HU Ta CTaTUYHOTO PO3YIOPSIKYBaHHS.
3arnporoHoBaHo Qi3MYHUI MeXaHi3M MTOCUJIEHHS JOMIKOBOi (POTONPOBINHOCTI. * [loBEIEHO MOXXJIUBICTh
KEPYBaHHS IT'€30€JIEKTPUYHMMU Ta HEJIiHINHO-ONTUYHNMMU BJIACTUBOCTSIMU LIJISIXOM JIETYBaHHS. [IpakTnyHe
3HAUEHHS Pe3yJIbTaTiB I10J19ra€ B OOIPYHTYBaHHI I€PCIIEKTUBHOCTI BUKOPUCTaHHS LIUX MaTepiasiB /1J1s1 pO3p0oOKU
HOBUX OIITOEJIEKTPOHHUX €JIEMEHTIB, 30KPEMA KEPOBAHUX CEHCOPIB Ta IEPETBOPIOBAYIB YaCTOTH 111 CEPEAHBOTO
[4-nianazony. Y po60Ti BUKOPHCTAaHO KOMILIEKC Cy4YaCHUX €KCIIEPUMEHTAIbHUX METOLMK: CUHTE3 KPUCTAaiB
meTonom Bpimkmena-Crokbaprepa; eJIeKTPOHHA MiKPOCKOITisI Ta €JIEKTPOHHO-30HA0BUY MiKpOaHaIi3 AJ1st
KOHTPOJII0 MOPQOJIOTii Ta XiMiYHOI OJIHOPITHOCTI; CIEKTPOCKOITis KOMOiHAIIfHOTO po3ciloBaHHs Ta iHDpauepBoHa
dyp'e-crieKTpoMeTpist 1151 aHaJi3y ONTUYHMX Ta KOJIMBAJIbHUAX BJIACTUBOCTEN; OCIIPKEHHSI KPAlo ONTUYHOTO
NIOTJIMHAHHY [J151 BU3HAYEHHS IIMPUHU 3a60pOHEHOI 30HU; BUBYEHHSI (POTONPOBIAHOCTI 32 JOIIOMOTOI0
€JIEKTPOMETPA; LOCIIIPKEHHS 1'€30€JIEKTPUYHUX BJIACTUBOCTEN Ta iXHBOI 3aJIEXKHOCTI BiJl TEMIIEPATYPU i JIa3€PHOTO
OIIPOMiHEHHSI; OL[iHKa HEeJIiHITHO-ONTUYHUX BJIACTUBOCTEN (reHepalii pyroi rapMoHiKM) 3a METOJIUKOIO IIOPOLIKY
Kyprua-Tleppi. KommiekcHuii aHasi3 BIUIMBY JIETYBaHHS Ha Qi3nyHi BiacTuBoCTi KpucrasniB AgGaGenSen nokasas
HacTymnHe: jeryBanHs ioHamu Nd, Dy Ta Er He 3MmiHIO€ KpUCTaIiyHOI CTPYKTYpH, IPOTE iHAYKYE JIOKAbHI
CIIOTBOPEHHSI Ta HANIPY>KEHHS B I'PaTlli, 30epiraloun BUCOKY XiMiuHy ofiHOpiAHICTb. 1]i CTPYKTYpHI 3MiHM BIIJIMBAIOTh
Ha KOJIUBAJIbHI BJIACTUBOCTI, X04a OCHOBHi KOJIMBaJIbHI MOJY 36epiratoTecs. JleroBaHi KpUcTaau 306€piraloTb BUCOKY
po30picTs (moHag 70%) y miamnazoni 2-15 mkm. JleryBanus P3E npu3BoguTh 10 3MEHIIEHHS IIMPUHU 3a00POHEHOI
30HH (Bif, 2.25 eB 110 2.20 eB 11 3paska 3 Er) Ta 36is1bl1eHHs] CTATUYHOIO PO3YNOPSIKYBaHHS. [JoCiIKeHHs
(POTONPOBIIHOCTI BUSIBUJIY NIEPEPO3IOiJ iIHTEHCUBHOCTEN Ha KOPUCTb JOMILIKOBOTO MaKCUMYyMY, 110
MOSICHIOETLCSI YTBOPEHHSIM [0JAaTKOBUX AKLIENITOPHUX LIEHTPIB (BaKaHCiN cpibia). [1'e30enexrpuynnii KoedilieHT doo
3pocrae npu jeryBanHi Dy Ta Er (mo 35 nm/B) i Moxe edeKTHBHO KepyBaTHCs TEMIIEPATyPOIO Ta JIa3ePHUM
onpoMiHeHHAM. JleryBanHs P3E 103UTHBHO BIJIMBAa€e Ha HEJiHIMHO-ONTUYHUH BiATYK, MiABUILYI0YM iIHTEHCUBHICTD
re”epauii gpyroi rapmoniku ('), o KopeJsioe 3i 3MEHIIEHHSIM IIMPHUHA 3a60pOHEHOI 30HU Ta NOCUJIEHHSIM
ALEHTPUYHOCTI CTPYKTYypu. [IpoBeneHi OCiI)KeHHs LOBEJY, 110 LiJIEeCIIPSMOBAHE JieryBaHHS KpucrtaiiB AgGaGenSen
ioHaMU PifIKiCHO3eMeJIbHUX €JIEMEHTIB € e(DeKTUBHUM iHCTPYMEHTOM [1J151 KepyBaHHS IXHIMU CTPYKTYPHUMU,
ONTUYHMUMH, II'€30€JIEKTPUYHNMU Ta HEJIIHITHO-ONTUYHUMU BJIACTUBOCTSIMU. BUsiBIIeHE MiJBUIEHHS
intencusHocTi ['/I' y noegHanHi 3 IMPOKMAM BiKHOM ITPO30POCTi B cepegHboMy [YU-niana3oHi Ta BUCOKUM IIOPOTOM
J1a3€pHOTO IOMIKOKEHHS POOUTS i MaTepiajiy IepCIeKTUBHOIO OCHOBOIO 11Jis PO3POOKY e(PeKTUBHUX
MepeTBOPIOBaYiB YaCTOTU. MOXKIUBICTh 3MiHIOBATU IT€30€/IeKTPUYHNM KOoedillieHT Mif fi€to Ja3epHOro
OIIPOMiHEHHS € NPSIMOIO (Pi3UYHOIO OCHOBOIO 111 CTBOPEHHS ONITUYHO KEPOBAHUX CEHCOPIB TUCKY 200 Aedopmaliii.
Kpim Toro, 1151 B1aCTUBICTb, pa3oM i3 pOTOIHIyKOBaHMMH 3MiHaMU (POTOMPOBIGHOCTI, BiIKpHBA€ NEPCIEKTUBU [JIs
PO3POOKU HOBUX MOZYJISITOPiB ONITUYHUX CUTHAJIB. TaKUM YMHOM, Pe3ybTaTh pOOOTU He JUIIe i TBEPIKYIOTh
3arajibHy IIEPCIIEKTUBHICTD JleroBaHux Kpucrasuis AgGaGenSen, ane i1 HaJjaI0Th HAYKOBO OOI'PYHTOBaHY 6azy Jid ix

11i/IbOBOi pO3POOKY SIK AKTUBHUX CEPeOBULL 17151 CydacHOi iHppauepBOHOI (OTOHIKM Ta CEHCOPUKMU.

2. This qualification scientific work by T.O. Melnychuk is dedicated to solving a pressing problem in materials
science: investigating the effect of rare-earth element (REE) doping on the physical properties of AgGaGenSen
chalcogenide crystals and determining their potential for application in optoelectronic devices. The work was
carried out at Lesya Ukrainka Volyn National University, Lutsk, in 2025. The search for new functional materials for
infrared photonics and nonlinear optics is critically important. Existing commercial crystals, such as AgGaSo or
ZnGePn, have limitations, particularly a low laser damage threshold. AgGaGenSen crystals are a promising alternative,
but the effect of REE doping on their properties has remained insufficiently studied. This dissertation fills that gap
by comprehensively investigating photostimulated processes in doped crystals. The aim of the work was to
establish the potential for using AgGaGenSen crystals, doped with Nd, Dy, and Er ions, in optoelectronic devices. To
achieve this, seven key tasks were addressed, encompassing the study of doping effects on structural, vibrational,
optical, photoelectric, piezoelectric, and nonlinear optical properties. The scientific novelty of the work lies in the
following: * For the first time, a comprehensive study of the effect of REE doping on the full spectrum of physical



properties of AgGaGenSen crystals has been conducted. * Quantitative regularities of changes in the band gap width
and static disorder have been established. * A physical mechanism for the enhancement of extrinsic
photoconductivity has been proposed. * The possibility of controlling piezoelectric and nonlinear optical
properties through doping has been proven. The practical significance of the results lies in substantiating the
prospects of using these materials for developing new optoelectronic elements, particularly controlled sensors and
frequency converters for the mid-infrared range. The work employed a comprehensive set of modern
experimental techniques: crystal synthesis by the Bridgman-Stockbarger method; electron microscopy and
electron-probe microanalysis for morphology and chemical homogeneity control; Raman spectroscopy and
Fourier-transform infrared spectrometry for optical and vibrational property analysis; optical absorption edge
studies to determine the band gap width; photoconductivity measurements using an electrometer; piezoelectric
property investigations and their dependence on temperature and laser irradiation; and nonlinear optical property
assessment (second harmonic generation) using the Kurtz-Perry powder method. A comprehensive analysis of the
effect of doping on the physical properties of AgGaGenSen crystals showed the following: Doping with Nd, Dy, and Er
ions does not change the crystal structure but induces local distortions and stresses in the lattice while
maintaining high chemical homogeneity. These structural changes affect vibrational properties, although the main
vibrational modes are preserved. Doped crystals maintain high transparency (over 70%) in the 2-15 um range. REE
doping leads to a decrease in the band gap width (from 2.25 eV to 2.20 eV for the Er-doped sample) and an increase
in static disorder. Photoconductivity studies revealed a redistribution of intensities in favor of the impurity
maximum, explained by the formation of additional acceptor centers (silver vacancies). The piezoelectric
coefficient d33 increases with Dy and Er doping (up to 35 pC/N) and can be effectively controlled by temperature
and laser irradiation. REE doping positively influences the nonlinear optical response, increasing the intensity of
second harmonic generation (SHG), which correlates with the decrease in band gap width and enhancement of
structural acentricity. The conducted studies have proven that targeted doping of AgGaGenSeun crystals with rare-
earth element ions is an effective tool for controlling their structural, optical, piezoelectric, and nonlinear optical
properties. The observed increase in SHG intensity, combined with a broad transparency window in the mid-
infrared range and a high laser damage threshold, makes these materials a promising basis for developing efficient
frequency converters. The ability to change the piezoelectric coefficient under laser irradiation provides a direct
physical basis for creating optically controlled pressure or strain sensors. Furthermore, this property, along with
photo-induced changes in photoconductivity, opens prospects for developing new optical signal modulators. Thus,
the results of this work not only confirm the general promise of doped AgGaGenSen crystals but also provide a
scientifically substantiated basis for their targeted development as active media for modern infrared photonics and

sensing.
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