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1. HayKOBO-TE€XHiYHi OCHOBM OTPUMAaHHS OKCUIHUX CUMHTUIALIMHUX KPUCTAJIB HA OCHOBI TBEPAYX PO3UYVHIB

3aMillleHHS

2. Scientific and technical basics of obtaining oxide scintillation crystals based on substitutional solid solutions

Pedepar:

1. PoboTy npucBsiueHo po3po6Lii HAyKOBO-TEXHIYHMUX OCHOB LIiJIECIPSIMOBAHOTO OTPUMAaHHSI BUCOKOE(EKTUBHUX
HEOPraHiYHUX CUMHTUJIALIMHMX KPUCTAJIIB HA OCHOBI TBEPIUX PO34MHIB 3aMileHHA. JlOCIigKeHi CTPYKTYPHI,
JIIOMIiHECLI€HTHI Ta CUMHTUJIALINHI BJIACTUBOCTI OTPUMAaHUX OKCUIHUX KpUCTaiB. [IpoIeMOHCTPOBaHO HASABHICTh
IIPOCTOPOBUX MiKpOHeoHHopigHocTel po3amipamu 1-3 MkM B Lu2-xGdxSiO5:Ce BHacifnok ¢aykryauii BMicTy Lud+ i
Gd3+ B KpucTasli, a TaKO>X HaHO-PO3MipPHUX HEOJHOPIAHOCTEN Yy BUIJISA] MIJIOMH Ta CTOBOLIB, 10 c(pOPMOBaHi Ipu
CeJIEKTMBHOMY 3aMimleHHi ioHiB Lu3+/Gd3+ B LGSO:Ce Ta Al3+/Ga3+ B YAGG:Ce y BignoBinHUx
KpucTanorpadiyHux MO3ULisIX B rpaTLi. BusHaueHo KOHLeHTpaLiliHi iHTepBaIy, ONTUMAaIbHy WBUAKICTH (0.5 - 2
MM/TO[1), TETIJIOBi yMOBY BUPOLLYBaHHS BEJIUKOrabapUTHUX OKCUJTHUX KPUCTAJIIB TBEPAMX PO3UMHIB METOIOM
Yoxpanbcbkoro: Y3A15-xGax012:Ce (0<x<5) niametpom 1o 35 MM i moBxkuHO0 10 150 MM; YAIl-xGaxO3:Ce (0<x<0.1)
niameTpoMm 110 25 MM i oBxuHO0 10 100 MM. Bu3HaueHo ckiiajl, ONTUMasbHY MBUIKICTD (3-60 MM /TOx), TETLIOBI

YMOBU BUPOLILYBaHHS OKCUJHUX KPUCTAIIYHMX BOJIOKOH TBEPAUX PO3UMHIB METOLOM MiKpPOBUTSATYBaHHS Lu2-



xGdxSiO5:Ce (0<x<1.6) i3 nepeTuHOM 710 2X2 MM i 10BXUHOIO 10 100 MM; Y3Al5-xGax012:Ce (3<x<5) miameTpom 2
MM Ta JBOBXHUHOIO 10 70 MM. CpopmysibOBaHO 3araibHUIN (EHOMEHOJIOTIYHUI MHifIXiT, [0 11iIeCIIpsIMOBAHOTO
OTPUMAaHHS OKCUJIHVX KPUCTAJIIB i3 [TOJIINIIEHNM CBIiTJIOBUM BUXOZIOM, 30KPEMA, BU3HAYEHO TEHIEHLIII0 10
3POCTaHHS CBITJIOBOTO BUXOMy TBEPIOr0O PO3UMHY IIPY 3aMillleHHi aTOMIB 3 BilHOIIEHHSIM iOHHUX pafiiyciB RA/RB B
nianazoHi 1.07-1.15, pisHuLeo mupruH 3a60pOHEHOi 30HN KOMIIOHEHTIB TBEpAOoro po3dnHy deltaEg>0.2 eB, pisHuueo
eJIeKTpOHeraTuBHoOCTel 3aMintyBaHux aTomis 0.3-0.6. KntouoBi cyioBa: PyHKIIOHANIbHI MaTepianu, CUUHTUIISITOPH,
TBEPAi PO3YMHU, OKCUAHI KPUCTaJHU, CBITJIOBUI BUXiMl, CTPYKTYPHI BJIACTUBOCTI, OIITU4HI BIACTUBOCTI.

2. The work is devoted to the development of science and technical basics of targeted obtaining of high efficient
inorganic scintillation crystals based on substitutional solid solutions. Structure, luminescent, and scintillation
properties of the obtained crystals have been studied. The presence of spatial inhomogeneities of 1-3 pm size in
Lu2-xGdxSiO5:Ce has been shown due to fluctuations of Lu3+ i Gd3+ content in crystals, as well as nanosize
inhomogeneities in the form of planes and columns formed at selective substitution of Lu3+/Gd3+ ions in
LGSO:Ce, and Al3+/Ga3+ ions in YAGG:Ce in corresponding crystallographic sites were illustrated. The
concentration ranges, optimal rate (0.5 - 2 mm /hour), thermal conditions of large-size oxide crystal growth by the
Czochralski method has been determined: Y3AlI5-xGaxO12:Ce (0<x<5) with the diameter of up to 35 mm and the
length of up to 150 mm; YAl1l-xGaxO3:Ce (0<x<0.1) with the diameter of up to 25 mm and the length of up to 100
mm. The compositions, optimal rate (3-60 mm /hour), thermal conditions of oxide crystalline fiber growth by the
micro-pulling down (u-PD) method have been determined: Lu2-xGdxSiO5:Ce (0<x<1.6) with the cross-section of
up to 2x2 mm and the length of up to 100 mm; Y3Al5-xGax012:Ce (3<x<5) with the diameter of up to 2 mm and the
length of up to 70 mm. The common phenomenological approach to targeted obtaining of oxide scittillation
crystals with improved light yield has been formulated, in particular, the tendency has been noted to the increase
of light yield of solid solutions at substitution of atoms with the ionic radii ratio RA/RB in the 1.07-1.15 range, the
difference in bandgaps of solid solution components deltaEg>0.2 eV, the difference of electronegativities of
substituted atoms 0.3-0.6. Keywords: functional materials, scintillators, solid solutions, oxide crystals, light yield,
structure properties, optical properties.
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