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Pedepar:

1. O6'exT mocaimKeHb — cTaljioHapHe Ta GOTOiHAYKOBaHe ONTUYHE MOTJIMHAHHS, GOTOIOMIHEeCLeH1lis, KiHeTHKa
dopmMyBaHHS POTOXPOMHOTO €(EeKTy, HOTro ONTHUYHE i TEpMiYHE raciHHsI B HOMiHQJIbHO YACTUX i JIETOBaHUX iOHaMU
aJIIoMiHil0, rajiio, 0J10Ba KPUCTAJIax CUJIIKOCUJIEHITIB. MeTa po60TH — BCTAHOBJIEHHS LUIJISIXOM KOMIIJIEKCHOTO
€KCIIEpPMMEHTAJIbHOT'O AOCiI)KEHHS CTalliOHAPHUX Ta (POTOIHAYKOBAHUX CIIEKTPOCKOMNIYHMX a0COPOLIMHUX Ta
doTosnoMiHeCIIEHTHUX BJIACTUBOCTEM KPUCTAJIiB CUJIIKOCUJIEHITIB, JIErOBaHUX JOMIIIKaMU aJlfOMiHilo, Tajiio, 0JI0Ba.
OCHOBHUM €KCIIEPMMEHTAIBHUM METOIOM JOCJiIPKEHHS O0yJla ONTUYHA abcopOLiiiHa Ta (OTONIOMIHECLIEHTHA
CIIEKTPOCKOIIisl KPUCTAJIIB 32 YMOB IIMPOKOTr'O BapilOBaHHS [J03U, €HEPTii KBAHTIB Ta PEKUMIB (iMITyJIbCHOTO i

KBasicTanioHapHoro) GpoToakTyBalii, 3MiHM TemIepaTypH B fianasoHi 85 - 650 K. Jlo HaniBeMnipuyHUX i



TEOPETUYHUX METO/IB i MoZesel 3anyJyanucs: MeTod, [ 71€60BCbKOro 115 BUiJIEHHS iHAVBiTyalbHUX KOMIIOHEHT
CMYT OIITUYHOTO MOTJIMHAHHS; MOZeJsb KOHQIrypauilHiux KOOPAUHAT, PiBHSIHHS Teopii eHepreTuyHoro isomopdismy,
a TaKOK MeTOJI1 BU3HAYEHHsI NTapaMeTpiB JOMIIIKOBUX IJEHTPIiB Ta CUJIU €JIeKTPOH-(POHOHHOI B3aeMo1ii. OCHOBHI
Pe3yJbTaTU pOOOTH MOJIATaloTh B TOMY, 110 B MEXKax TeOpii eHepreTMYHoro isoMop@ismy BCTAaHOBJIEHO JIOKAJIi3allilo
IOMIIIOK QJIFOMIHIIO, rajlilo, 0JI0Ba B KPUCTAJIIYHIN PEILiTLI CUIIKOCUJIEHITIB; BUSBJIEHO CIIiJIbHI TA BiIMiHHI pucu
BIIJIVBY i0HiB aJIIOMiHil0, rajilo, 0JI0Ba Ha CTalliOHapHE ONTUYHE MTOTJIMHAHHS KPUCTAJIIB CUJIIKOCUJIEHITIB B TOBHOMY
CIIEKTPJIbHOMY Jiialla30Hi iX ONTUYHOI IPO30POCTi (CNiJIBHUM € eeKT IIPOCBITIIeHHS I00/IN3Y (PYHAAMEHTaIbHOTO
Kpalo NOTJIMHAHHY; Pi3HMM € BIUIMB Ha [IOIJIMHAHHS Y BUIUMOMY Ta [Y-zianasoHax); ogep>kaHo HOBi BilOMOCTI
IIOZ0 CIIEKTPAJIbHUX XapaKTEPUCTUK (POTOXPOMHOr0 edeKTy B KpUCTalaX CUITIKOCUIJIEHITIB, JIErOBaHUX aIOMiHieM,
rajiieM, 0JIOBOM; BUSIBJIEHO, 11JO €HEPTisl KBAHTIB 3€JIEHOTO CBIiTJIa € HUKHBOIO MEXEI0 PYHKIIi 36yIpKeHHS i
BEPXHbOIO MeXKelo (PYHKIil ONTUYHOrO TaciHHI (POTOXPOMHOIO €(PEKTY (IIOSICHEHHSI 6a3y€eThCs Ha 3aJIEKHOCTSIX
NOTEeHLiabHOI eHeprii cTalioHapHUX Ta POTOIHIYKOBAHMX LIEHTPIB IOTJIMHAHHS BiJl KOHQIrypauiiHUX KOOPAMHAT);
BUSBJIEHO OCLMIALIT (OTOIHYKOBAaHOIO IIOTJIMHAHHS B IIpoLieci pOpMyBaHHS CIIEKTPY GOTOXPOMHOIO e(eKTy B
KPUCTaJIax CUJIiKOCUJIEHITIB, JIETOBAaHUX aJIOMiHieM, IIPU iIMITyJIbCHOMY PEXXUMi (POTO akTHBALLii (OCL UL
MOSICHEHI KOHKYPEHLi€I0 NPOLECiB HAKONUYEHHS i pyHYBaHHS (POTOXPOMHUX LIEHTPIB); OTPMMAHO CIIEKTPU
30yIpKeHHs (POoToIOMiHeCLIeHIIii Ta ClIeKTpY BUITPOMiHEHHS B KPUCTaJlaX CUJIIKOCUJIEHITIB, JIETOBAaHUX aJIIOMIHIEM,
rajiieM, 0JI0BOM; II0OKa3aHo, 1110 (POTOIOMIHECLIeHIIis], 0 30y I)KYEThCS 32 PaXyHOK €JIEKTPOHHUX [1€PEXO/iB TUITY
«BaJIEHTHA 30HA — 30Ha NPOBiJHOCTI» CUJIIKOCUJIEHITIB € peKOMOIHALIIIHOIO, a T4, 10 30YIPKyEThCS B 00J1aCTi
IIOMIIIKOBOTO MOTJIMHAHHSA € BHYTPIIHLO LIEHTPOBOIO; BCTAHOBJIEHO KOPEJIALII0 TEMIIEPATYPHUX MTO3ULLIN MiKiB
TEPMOCTHUMYJIbOBAHOTO CTPYMY 3 MO3ULISIMU ITiKiB IIOXiHUX BiJ] TEMIIEPATYPHUX 3aJIEXKHOCTEN JOMIIIKOBOTO
IIOTJIMHAHHS; KOPEeJIsilLisi 00YMOBJIEHA CIIJIbHICTIO MEXaHi3MiB TEPMOIHAYKOBaHOI 3MiHM KOHLIEHTPallii i0OHi30BaHUX
IOHOPIB Ta/a0b0 aKLENTOPiB; BUSBJIEHO 3HAYHY €JIEKTPOH-(OHOHHY B3a€MO/IiI0, CUJIA SIKOi BUBHAUEHA YEPE3
KOHCTaHTy XyaHra-Puca i BifHOIeHHSs eHeprill OTUYHOI Ta TePMiYyHOI aKTHBaLlii ONITUYHO aKTUBHUX Ae(EKTiB.
HosBiTHiCTb pe3ysbTaTiB JOCIIKEHHS MTOJIAra€e B TOMY, IO BCTAHOBJIEHO KOPEJISILNHI 3B'SI3KUA MIXK
XapaKTEPUCTUKAMU JOMIIIOK aJIIOMiHIIO, Fajlilo, 0J10Ba i 0COOGJINBOCTIMU CIIEKTPAJIbHUX 3aJ1IEXKHOCTEN
($HOTOIHAYKOBAHOTO ONTUYHOTO MOTJIMHAHHS KPUCTAJIiB CUJIIKOCUJICHITIB; BUSIBJIEHO Ta MIOSICHEHO 3 BUKOPUCTAHHIM
MozeJi KOHPIrypauiliHux KoopauHaT 0COOJIMBOCTI 30y IKEHHS i OIITUYHOTO raciHHs POTOXPOMHOrO eeKTy;
BUSBJIEHO OCLUJIALII (OTOIHyKOBAHOTO OIITUYHOIO IOTJIMHAHHS IIPY iMITyJIbCHOMY 30yI’)K€HHI (POTOXPOMHOTO
edexTy y KpucTanax CuaiKOCUIIEHITIB, IETOBAaHUX allOMiHiEM; OTPMMAHO CIIEKTPU 30y KeHHs! GOTOMOMiHeCLeHIii
B 06s1aCTi PyHAAMEHTaIbHOTO OIITUYHOTO [IOTJINHAHHS Ta CIIEKTPU CBITIHHS KPUCTaJIiB CUJIIKOCUJIEHITIB; BUSBJIEHO
CXOJIMHKOBO-CIIa/Ial04i TEMIIEPATYPHI 3aJ1€KHOCTI OIITUYHOTO IIOIJIMHAHHSA Ta KOPEJIALiI0 TEMIIEPATYPHUX ITO3ULIN
CXOJMHOK 13 TIO3ULIiSIMU ITiKiB TEPMOCTHMMYJIbOBAaHUX CTPYMIB JOCIiIPKyBaHUX KprcTaliB. OTpUMaHi pe3yibTaTu
BUKOPUCTOBYIOTbCSI B HABUYAJIbHOMY ITpolieci Ha Kadenpi ¢pizuku TBepAoro Tina i ontoesnekrponiku JHY im. Onecs
['oH4apa rpy npoBeeHHi CeMiHaPChKUX 3aHATh 3 AUCUUILIIHY «DYyHKIIOHAJIbHI Ta iHTeIeKTyanibHi MaTepianu» (s

crieniazibHOCTI 104 «@i3uKka Ta aCTpOHOMIsI»).

2. The object of research is stationary and photoinduced optical absorption, photoluminescence, kinetics of the
formation of a photochromic effect, its optical and thermal quenching in nominally pure crystals of silicosillenites
and doped with aluminum, gallium and tin impurities. The purpose of the work is to establish, by a complex
experimental study of stationary and photoinduced spectroscopic absorption and photoluminescence properties
of silicosillenite crystals doped with aluminum, gallium, and tin impurities. The main experimental method of the
study was optical absorption and photoluminescence spectroscopy of crystals under conditions of wide variation
of dose, quantum energy and modes (pulsed and quasi-stationary) of photoactivation, temperature changes in the
range from 85 to 650 K. To semi-empirical and theoretical methods and models involved: the method of Glebovsky
for the allocation of individual components of optical absorption bands; the model of configuration coordinates,
the equation of the theory of energy isomorphism, as well as the methods for determining the parameters of
impurity centers and the strength of electron-phonon interaction. The main results of the work are that within the
theory of energy isomorphism the localization of impurities of aluminum, gallium, and tin in the crystalline lattice
of silicosyllenites is established; the common and distinctive features of the influence of aluminum, gallium and tin



ions on the stationary optical absorption of silicosillenites crystals in the full spectral range of their optical
transparency are revealed (the effect of enlightenment is near the fundamental absorption edge; different is the
effect on absorption in the visible and infrared bands); new data on the spectral characteristics of the
photochromic effect in crystals of silicosillenites doped with aluminum, gallium, and tin are obtained; it is found
that the energy of quanta of green light is the lower limit of excitation functions and the upper limit of the optical
quenching function of the photochromic effect (the explanation is based on the dependences of the potential
energy of the stationary and photoinduced absorption centers from the configurational coordinates); oscillations
of photoinduced absorption in the process of formation of the spectrum of the photochromic effect in crystals of
silicosillenites doped with aluminum, in the momentum mode of photos of activation (oscillations are explained by
the competition of processes of accumulation and destruction of photochemical centers); photoluminescence
excitation spectra and radiation spectra in crystals of silicosillenites doped with aluminum, gallium, and tin are
obtained,; it is shown that the photoluminescence excited by the electron transitions of the "valence band -
conduction zone" of the silicosyllenite type is recombinant, and that which is excited in the region of impurity
absorption is internally centric; the correlation of the temperature positions of the peak of the thermally
stimulated current with the positions of the peaks of the derivatives from the temperature dependences of the
impurity absorption is established; the correlation is due to the commonality of mechanisms of thermoelectric
induced change in the concentration of ionized donors and/or acceptors; significant electron-phonon interaction,
whose force is determined by the Huang-Ris constant and the ratio of the energies of optical and thermal
activation of optically active defects, was discovered. The novelty of the results of the study is that correlation
relations between the characteristics of impurities of aluminum, gallium, tin and peculiarities of the spectral
dependences of photoinduced optical absorption of silicosillenites crystals have been established; the features of
the excitation and optical quenching of the photochromic effect are revealed and explained using the model of the
configurational coordinates; oscillations of photoinduced optical absorption were found during pulsed excitation
of the photochromic effect in crystals of silicosillenites doped with aluminum,; the photoluminescence excitation
spectra in the region of fundamental optical absorption and the spectra of glow of crystals of silicosillenites have
been obtained; the stepwise-decreasing temperature dependences of optical absorption and the correlation of the
temperature positions of the steps with the positions of the peaks of thermostimulated currents of the
investigated crystals are revealed. The obtained results are used in the educational process at the Department of
Solid State Physics and Optoelectronics of the Oles Honchar Dnipro National University during seminars on
discipline "Functional and intellectual materials" (for specialty 104 "Physics and astronomy").
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