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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau TemaTHYHHUX PYOPHK: 61.69.37

Tema guceprauii:
1. «OTpuMaHHS CUMHTWISLIMHUX MOHOKpUCTaNiB ZnW0O4, MgWO4 Ta TBepux po3duHiB (Zn,Mg)WO4».

2. Obtaining of ZnW0O4, MgWO4 crystal scintillators and solid solutions (Zn,Mg)WO4

Pedepar:

1. Y nuceprauiiiHiil po60Ti BUKJIA[IEHO PE3Y/IbTaTA KOMIIJIEKCHUX AOCJiIPKEHb OTPMMAaHHS IONOBAaHNX KPUCTAJIiB
ZnWO4 Ta BIIJIMBY AOMIIKOBUX AedeKTiB Ha IXHi ONTHUYHI Ta COUHTWIIALiIHI BiacTuBocTi. OfiepikaHi pe3yabTaTu
IO3BOJIMJIN PO3POOUTU TEXHOJIOTIYHI YMOBY OTPUMAHHS KPYIIHOrabapuTHUX CLUMHTUIISLIMHUX MOHOKPUCTAJIIB 3
NOJINIIEHUMU XapaKTepUCTUKaMU: CBITJI0BUM BuxozioM 15 000 ot / MeB, eHepreTH4HOI0 po3JiNbHOIO 3aTHICTIO
- 8,5% npu 30yAKeHHi raMMa-KBaHTaMU 3 eHeprielo 662 keB, piBHeM nicssacitinas yepes 20 mc - 0,002% Ta
BJIACHUM pagianiitHum ¢poHoM anbda- BunpominosanHs 0,18 MBk/kr. Yiiepiue B CBiTi OTpuMaHO 06’eéMHI KpucTanu
MgWO4 onTu4HOi SKOCTi Ta CUCTEMHO IOCJIIKEHO iXHi ONTUYHI I CUMHTUJIALINHI BJIACTUBOCTI B MIMPOKOMY
TeMIIEpaTypPHOMY [1ialla3oHi, a TAKOXX NIapaMeTpU BJIACHOTO pafialiiiHoro ¢oHy. BupomeHni kpucranu manu
HACTYIIHi IapaMeTpu: CBIiTJIOBUH BuXif BimHOCcHO CAdWO4 ckiaB 6113bKo 35%, micisacBitTinHag 4epe3 20 mc - 0,035%,

3arajibHui pafiauifiHuil QoH anbdan-BUIPOMIHIOBaHHS CKJIaB 5,7 MBK/Kr. OTpUMaHO HOBUY CLMHTUJISLIMHNN



MaTtepiasn TBepaux po3unHiB (Zn,Mg)WO4. Po3pobsieHo Ta BIIPOBAI)KEHO TEXHOJIOTiI0 BUPOILYBaHHS ONITUYHO
SIKiCHUX MOHOKPHUCTAJIB METOLOM HYOXpasbChKOT0. BCTaHOBJIEHO, 1[0 MOHOKpUCTaNM ZnxMgl-xWO4 npu x = 0,2 - 1
MalOTb MOHOKJIIHHY CTPYKTYPY TUIly BOJIbpamit. JlociiKeHHs 3a71eXKHOCTi IapaMeTpiB KPUCTAaJiYHOI CTPYKTypU
3MillaHux KpucTasis (Zn,Mg)WO4 Bix BifHOCHOI KOHLIEHTpallii KaTiOHiB I0Ka3aJy JliHilHe 30iJbIIEeHHS 00’ eMy
€JIEMEHTAPHOI I'paTKu [pu nepexomi Big MgWO4 no ZnWO4. JlocigKeHo 3a1eXHIiCTb 3pOCTaHHS CBITJIOBOTO
BUXOJY Bif cKilany 3MillaHUX KpUCTaniB (Zn,Mg)WO4, sika Mae MakCUMyM IIpY CHiBBigHOLIEHH] Zn /Mg 6J113bKO0
oJMHUL. BesnunHa CBiTI0BOro BUX0OAy Aj1s Kpuctana Zn0,5Mg0,5WO04 B ~ 1,5 pasu nepesuiye Taky ajst ZnWO4 i
B ~ 2,1 pasu gyt MgWO4. 3aBasaku 36inbueHOMY CBiTIOBOMY Buxony 10 22 500 ¢ot / MeB rnoka3aHa MOKIIMBICTb
BUKOPUCTAHHS CUUHTUIISLINHUX IEeTeKTOPiB HA OCHOBI MOHOKPHUCTAJIIB TBEPAUX PO3YMHIB 3aMiCTh TOKCUYHOTO
CdWO4. Kito4oBi cs10Ba: MOHOKPUCTAJ, BOJIbpaMaT LIMHKY, BOJIbpaMaT MarHiio, TBEpAUI po3unH, METO],

YoxpaJibCbKOT0, ONTUYHI BJIACTUBOCTI, CUUHTUJISITOP, CBITJIOBUM BUXi]l, JIIOMiHECLIEHIIis.

2. The work is devoted to obtaining of high efficient inorganic scintillation crystals ZnWO04, MgWO4 and solid
solutions (Zn,M@)WO4. Structure, luminescent, and scintillation properties of the obtained crystals have been
studied. ZnWO4 crystal scintillators of large volume (up to 055x150mm) with advanced scintillation properties and
reasonable mechanical characteristics were developed. It was achieved thanks to optimization of growth
conditions and initial composition by doping ZnWO4 charge with metals of the first and second groups, as well as
by elements with high electric negativity. The best one-centimeter samples shown energy solution at the level of
8,5 % for 662 keV o line of 137Cs. Low level of afterglow (0.002%, 20 ms after excitation) was obtained with one of
ZnWO4 scintillators. Developed a technique for the growing MgWO4 crystals by pulling a seed from the melted
flux solution, and used this to produce > 1 cm3 crystals of good optical quality. The optical and scintillation
properties of this new crystal scintillator were systematically studied for the first time. The crystal shows a broad
emission band with a maximum at 470 nm under X-ray excitation. The afterglow of the crystal is found to be
0.035% 20 ms after termination of X-ray excitation. The relative photoelectron output was found to be 35% that of
CdWO4. The relative intensity and scintillation decay kinetics were investigated over the temperature range 7-305
K. The relative scintillation efficiency of MgWO4 is found to be 033 % that of ZnWO4 at T = 7 K. These results
demonstrate that MgWO4 has a good prospect as a scintillation detector for particular applications, such as rare
event searches that require a range of different cryogenic scintillators. Mixed crystals (Zn,Mg)WO4 were first
grown by the Czochralski method. Structure, luminescent, and scintillation properties of the obtained mixed
crystals have been studied. It is shown that the light output of ZnxMgl-xWO4 solid solutions has a maximum at x =
0,5 under X-ray excitation. Presented results allow to consider (Zn,Mg)WO4 as a new and promising scintillating
material. Keywords: single crystal, zinc tungstate, magnesium tungstate, solid solution, Czochralski method,
optical properties, scintillator, light output,
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