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Pedepar:

1. Po6oTa mpucBsiueHa LiJeCIpsIMOBAaHOMY NOIIYKY Ta BUBYEHHIO BIACTUBOCTEN €(PEKTUBHUX CUIMHTUJISLINHUX i
TEPMOXPOMHUX MaTepiaslis, sIKi MOXXyTb OYyTU BUKOPUCTAHI JJ1s1 peecTpaliii ioHi3aliliHoro BUIIpOMiHIOBaHHSI, Ha
OCHOBi BUBUEHHSI IPUTAaMaHHUX IM TEPMIYHUX i pagjialiiiHO CTMMYJIbOBAHUX IIpoleciB. OcobinBa yBara 6ysa
NpuUisieHa JOCHiIKEeHHIO CUUHTUIALINHUX XapaKTEPUCTUK OCOOJIMBO YUCTUX i MaKCUMaJbHO 6e31e(deKTHUX
MOHOKPHCTAaJIIB SIK UyTJIMBUX MaTepiasiB AJisl KPiOTeHHUX JEeTEKTOPiB 1J1s1 3a06e31e4eHHs! CIIPUSITIMBIX YMOB
peautizatlii Bj1acHOi eKCMTOHHOI JoMiHecLieH1ii. ToMy KJII040BOIO YaCTUHOIO 1€l fucepTaliiiHoi po60TH CTajo

BMBUEHHS MaTepiasiB, Takux sK opup uesito (Csl), Tenypun uuHKy (ZnTe), Bonbdpamat kamnblito (CaWO4).



BonHouac A ontyuMisauii napameTpiB JoMiHecLeHLii BoabdpamaTy UUHKY (ZnWO4) 6yB BUKOPUCTaHUI
aJIbTepHATMBHUM METO]] 1IiJIeCIIPSIMOBAaHOI 0 BBEJIEHHS TOMIIIKM-aKTUBaTopa. TakoK 3HayHa yBara OyJia npufineHa
BMBYEHHIO TEPMOXPOMHUX MaTepiajiB, 30KpeMa Ha OCHOBI JueTunaMinTeTpaxyopkynpary [NH2(C2H5)2]2CuCl4
(DEACC), siKi xapaKTepHU3yIOTbCS 3TATHICTIO 3MiHIOBATH CBOi OIITUYHI BJIACTUBOCTI Mif, BIVINBOM TEMIIEPATYPHUX
3MiH, 110 J03BOJIsSIE BUKOPUCTOBYBATH iX y CEHCOPHIN TEXHIli, 30KpeMa, AJ1s peecTpallii ioHi3aliiHoro
BUINIPOMIiHIOBaHHS. X042 MOHOKPUCTAJIYHi CHMHTUJISITOPU Ta TEPMOXPOMHI MaTepiasin BUKOPUCTOBYIOTD IJIs1
BUpIlIEHHS Pi3HUX 33724, MOXKHA BBa’KaTH, 1110 BOHU B3aEMHO JOMOBHIOIOTh OJVH OJHOTO, 110 BiTKPUBA€ HOBI
MOSKJIMBOCTI 17151 BIOCKOHAJIEHHSI CUCTEM pafiallifiHOi 6e3MeKy Ta AeTeKTyBaHHS iOHi3aliiHOTO BUIIPOMIHIOBaHHS. B
PEe3yJbTaTi JOCIiIKEHD CIIEKTPIB PEHTIE€HOJIIOMIHECLIEHII]] Ta iXHBOI KOpEJIALil 3 TEPMOCTUMYJILOBAHUMU
IIpoliecaMmu nifgTBepa)keHa npucyTHicTb Vk- ta H- 1eHTpiB B YMOBHO YMCTOMY KpUcTasli Hopuny uesito (Csl),
BiZJ[IOBiJAJIbHUX 332 CMYTY PEHTTEHOJIIOMIHECLEHIIi i TEPMOJIIOMIHECLIEHILi], @ TAKOK BCTAaHOBJIEHA IPUPOJA i0HHOI
IIPOBIZHOCTI y 1bOMY Marepiai. [IpoBeeHo JOCHiIKEHH TEPMOCTUMYJIbOBAHOI JIIOMIHECLEHIIii B KOMIIJIEKCI 3
aHaJIi30M CIIEKTPiB PEHTTE€HOJIIOMIHECLIEHIIii Ta KPUBUX 3araCaHHs CUUHTWIALINA Y HOMIHQJIBHO YMCTOMY KPUCTaJ
CaWO4. TlokaszaHo, 10 MeTogoM HYoxpasbChKOTO 3 CHPOBUHU MaKCHUMasbHOI yuctoTtu (99,99 %), orpumaHoi
METOAO0M TBEPI0(]a3HOr0 BUCOKOTEMIIEPATyPHOTrO CUHTE3Y, BUpOLIeHO KpucTtanu CaWO04 3 MaKCUMaJIbHOIO
IHTEHCHUBHICTIO BJIaCHOI JIIOMiHecLeHLii. YBeneHHs B CHUHTUIATOP ZnWO4 nomimku Li20 npuBoguTs 10
3pOCTaHHs iIHTEHCUBHOCTI CMyru JoMiHecueHii npu 2,59 eB, 1m0 cBiguUTh PO NepCleKTUBHICTb 10ro
3aCTOCYBaHHS y CEHCOPHUX NPUCTPOsIX. OTPMMAHO NIaTEHT Ha KOPUCHY MOJIeJIb HA OCHOBI CLIMHTUJISILIIHOTO
marepiany ZnWO4, BHOCKOHAJIEHOTO 32 JOIIOMOIOK0 YBEIEHHS Y KPUCTAJI ITOMilIKU JIiTio. Lle gasno 3mory
NiABUILMTY CBITJIOBUII BUXIJ JIIOMiHECLeHIlii Ta 3MEHIINTY 3aI1aCaHHS CBITJIOCYMHU IIPU PEHTTE€HiBCbKOMY 30y IKEHHI
Ha r7IM0OKUX PiBHSIX 3aXOIJIEHHS. BCTaHOBIEHO, 1110 ONTUMAaJIbHUMU CUUHTUJISIIINHUMU XapaKTEePUCTUKaMU, CEpe],
IOCJIIPKyBaHUX KPUCTAJIB, BOJIOAiI0Th Kpuctanu ZnTe ta CaWO4. Hesnerosanuut ZnTe nposisiisie
KOHKYPEHTO3[JaTHE 3HaY€HHS CBITJIOBOTO BUXOMY, sIKE CTAaHOBUTH 117 + 20% Bif, BiANIOBiAHOI XapaKTepUCTHUKU
cuuHTUgTOpa CaWO4 nipu NopiBHSIHO KOPOTKOMY 4aci 3aracaHHs CUMHTUIIALIN, 10 Ilepenoadae 3aCTOCYBaHHS
TeJIlypULly UUHKY, SIK UYyTJIMBOTrO €JIeMEHTa TPAOULiiHMX CUAHTAJISLIMHUX IE€TEKTOPIB, sIKi IPaLIOI0Th IPU
temrepatypi pinkoro azory (T = 77 K). Oco6arBo npuBabiInBUM L€l MaTepiaa MOXKe BUSIBUTHCS [J1S1
NiATBEPAKEHHS] MOKJIMBOCTI CIIOCTEpEsKeHHS NOBifHOTro 6e3HeTpruHHOro 6era-poanany OollbP B sigpax 130Te, mo
BXOZSITh [10 CKJIQZly CUMHTHUJISITOPA. 3allPOIIOHOBAHE MTOSICHEHHS BUSBJIEHO] HAJ[3BUYAMHO BUCOKOI Yy TJIMBOCTI
TEPMOXPOMHMX BJIACTUBOCTEM MiIKDOKOMIIO3UTIB HAa OCHOBI KpUCTaJliB JueTunaMinreTpaxaopkynpaty (DEACC) no
BiJHOCHO HM3bKUX 103 iOHI3aLiHOTO BUITPOMIHIOBaHHS, SIKMH MOJISITaB Y 3HAYHOMY 3MillleHHI TEMIIEPATypU
TEPMOXPOMHOro $a3oBoro nepexony, OTpMMaHoi 3 neress ricrepesucy D(T), y 6ik HUK4Kx 3HaueHb. KintoyoBui
MOMEHT Y BIIJIUBI BUIIPOMiHIOBaHHA IOB'S3aHUH 31 3MiHAMU Ha MeXKi MibK MaTpULEIo Ta MIKpOKPUCTAJIOM. 3MillleHHS
TeMrepaTypu ¢$a3oBoOro nepexopy Iis i€ BifHOCHO HU3bKUX [103 OIIPOMiHEHHS MOSICHIOETHCSI PO3PUBOM XiMiYHUX
3B’513KiB MiX ITOJIIMEPHOIO MaTpUIIEIO Ta MiKpOKpUCcTasaMu. Po3pobieHa TeXHOJIOTisl BUTOTOBJIEHHS
TEPMOXPOMHOTO iHIMKaTOPa Ha OCHOBI NoJlikpucTasniyHoi rmiBku DEACC, BKpUTOI I10JIIMEPOM, SIKY MOKHA
BUKOPUCTATHU JJIs1 BUTOTOBJIEHHS YyTJIMBUX €JIEMEHTIB CEHCOPIB Ta AJ1s peaisallii cnocoby BUMipIOBaHHS 103U

i0HI3aLiITHOTO BUIIPOMiHIOBaHHSI.

2. The work is dedicated to the targeted search and study of the properties of effective scintillation and
thermochromic materials that can be used for ionizing radiation detection, on the basis of investigations of the
inherent to them thermally and radiation stimulated processes. Special attention was devoted to study of the
scintillation characteristics of maximally pure and defect-free single crystals as sensitive materials for cryogenic
detectors to ensure favorable conditions for the realization of intrinsic excitonic luminescence. Therefore, a main
part of this dissertation work was devoted to study of the materials such as cesium iodide (Csl), zinc telluride
(ZnTe) and calcium tungstate (CaWO4). At the same time, an alternative method of the targeted introduction of an
activator impurity was used to optimize the luminescence parameters of zinc tungstate (ZnWO4). Significant
attention was also devoted to study of the thermochromic materials, particularly those based on diethylammonium
tetrachlorocuprate [NH2(C2H5)2]2CuCl4 (DEACC), which are characterized by the ability to change their optical
properties under temperature variations, enabling their use in sensor technology, particularly for ionizing



radiation detection. Although the single crystalline scintillators and thermochromic materials are employed for
different purposes, they can be considered complementary to one another, opening up new opportunities for
enhancing radiation safety systems and ionizing radiation detection technologies. As a result of study of X-ray
luminescence spectra and their correlation with the thermally stimulated processes, presence of Vk and H centers
responsible for the X-ray luminescence and thermoluminescence bands was confirmed in nominally pure CsI
crystals. Additionally, the nature of the ionic conductivity in this material was established. The thermally
stimulated luminescence in combination with the analysis of X-ray luminescence spectra and scintillation decay
curves in nominally pure calcium tungstate crystals was investigated. CaWO4 crystals with maximal excitonic
luminescence intensity were grown using the Czochralski method from the raw materials of the highest purity
(99.99%), obtained using solid-phase high-temperature synthesis. These crystals are promising for the
development of cryogenic scintillation detectors. The introduction of LinO impurities into ZnWOn scintillator leads
to increase in the luminescence band intensity at 2.59 eV, that implies its potential use in the sensor devices. A
patent for a utility model has been obtained concerning the scintillation material based on ZnWOu crystal, improved
by doping with lithium. This modification allowed increasing of the luminescence light output and a reduction of
the light sum accumulation at deep trapping levels during X-ray excitation. Among the studied materials ZnTe and
CaWOn crystals possess the optimal scintillation characteristics. Undoped ZnTe exhibits a competitive light output
value of 117 + 20% in respect of that of the CaWOu scintillator, with a relatively short scintillation decay time. This
implies the potential use of zinc telluride as a sensitive element in the traditional scintillation detectors operating
at the liquid nitrogen temperature (T = 77 K). This material may be particularly attractive for confirming the
possibility of observation of the neutrino-less double beta decay (OuDBD) in the 130Te nuclei, which are the part of
the scintillator. The proposed explanation of the observed extremely high sensitivity of the thermochromic
properties of the microcomposites based on diethylammonium tetrachlorocuprate (DEACC) crystals to relatively
low doses of ionizing radiation involves a significant shift in the thermochromic phase transition temperature
determined from the D(T) hysteresis loops, towards lower values. The key factor in the radiation effect is related to
changes at the interface between the matrix and the microcrystal. The shift in phase transition temperature under
relatively low radiation doses is attributed to the breaking of the chemical bonds between the polymer matrix and
the microcrystals. There was developed the technology for producing of the thermochromic indicator based on a
DEACC polycrystalline film coated with a polymer, which can be used for fabrication of the sensitive elements for
sensors including those used for measurement of the doses of ionizing radiation.
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