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1. Incepraliito NpUCBSYEHO MUTAHHIM OTPMMAHHS METOJOM aJJUTUBHUX TEXHOJIOTIH (3D-IpyK) KOMOIHOBAaHUX
CLUMHTUJISTOPIB, 30KpeMa y BUTJIS] KOMIIO3ULiHUX, 6araTomapoBUX Ta FeTEPOreHHUX CLUHTUISATOPIB. B po6oTi
PO3p0o6JIeHO MaTepianu, AOCIiIKeHO TeXHOJIOTIYHI ITpolecy i crnocobu GopMyBaHHS B €JUHOMY TEXHOJIOTIUHOMY
uukili 3D-gpyky merogom FDM (Fused Deposition Modeling) KoM6iHOBaHUX CLUMHTUJISITOPIB 3 BUKOPUCTAaHHSIM
Marepiais 3 pisHUMHU (PYHKLiOHAJIBHUMU BJIACTUBOCTSIMU. ICHYIOYi CII0COOM BUTOTOBJIEHHS CUMHTUIISITOPIB MAlOTh
0COOJINBOCTI, SIKi 3HUKYIOTb TPOJYKTUBHICTb iX BUDOOHUITBA, TEXHOJIOTIYHY FHYUYKICTb i EKOHOMIUYHY €(DEKTUBHICTb.
TpanuuiiiHi MeTOAHU, SIKi I'PYHTYIOTbCS Ha BUPOOHUIITBI IETEKTOPIB MIJIIXOM BUPi3aHHS 3 MOHOKPUCTATIB,
noTpebyIoTh 6araTo yacy, CKJIagHOrO €eHEPrOEMHOI0 TEXHOJIOTIYHOTO rpouecy. CTBOPEHHS TOHKOIIAPOBUX
IlETEKTOPIB 3 MOHOKPUCTAJIIB YCKJIaAHEHO, OCKIJIbKY TaKi MaTepiajiy XapaKTepU3yIOThCS BUCOKOIO KPUXKICTIO, BasKKO

IiAaoThCsl MeXaHivHii 00po0OLii Ta MalOTh OOMEXEHHSI B CTBOPEHHI BUPOOiB CKJIaIHOI KOHCTPYKLiIHO]



KoHiryparii. IHmoo npo6semoro cydyacHUX TPAOULINHUX CITOCODIB BUTOTOBIEHHSI KOMOIHOBAaHUX JI€TEKTOPIB, sKi
[IOENHYIOTH Pi3Hi QyHKIIOHAIBbHI MaTepiaiyi Ta KOMIIOHEHTU 3 Pi3HUMU BJIACTUBOCTSIMU (HaIIPUKJIAL, [10IAPOBI
CLMHTUJISLIMHI eJleMeHTH, FeTeporeHHi getekropu tumy «lamank» ta «CeHnBiu») € Te, 110 BOHU IOTPEOYIOTh
TPYZOMICTKOT0 6araToCTafiitHoro BUPpOOHUIITBA, IOYMHAIOYHY Bifl CTBOPEHHS OKPEMUX €JIEMEHTIB 3 Pi3HUX
MarepiasiB 10 CKJIaJHOrO 30MpaHHS OKPEMUX LIAPiB B €4UHUI IeTeKTOP. B naniit po60Ti 1151 BUpillIeHHS LIUX
11po6JieM IIPOIIOHYETHCSI BAKOPUCTAHHS Cy4YaCHUX alUTUBHUX TEXHOJIOTIN. 3D-ApyK 03BOJIsI€ BUKOHYBATH LIBUKE
IIPOTOTHUITYBaHHS AETEKTOPIB Pi3HOTO CKJIaAy 32 KOPOTKUM LIMKJI BUPOOHULITBA, [IOYMHAKYU 3 GopMyBaHHS 3D-
Mogesi HeooxinHoi KoHgiryparii i 3akiH4youn IPpyKOM rotoBoro Bupoby. Meron FDM ae MOXKJIMBICTb BUKOHYBAaTU
3D-ppyk pisHUMU QYHKIIOHAJBHUMU MaTepiajlaMu B €MHOMY T€XHOJIOTIYHOMY LIMKJII, 10 PO3LIMPSIE MOXJINBOCTI
CTBOPEHHS YHiBEPCaJIbHUX CLMHTUIISTOPIB i3 KOMOIHOBaHUMMU BJIACTUBOCTSIMU. AIIUTHBHI METOIY BUPOOHUIITBA
MaIOTh BUCOKY €KOHOMIYHY €(DEKTUBHICTb 3aBJIIKM IPOCTOTI Ta BUAKOCTI BUKOHAHHS, BiZICYTHOCTI TPYJOMICTKHX
Ta EHEPrOEMHUX INIPOLECIB i MOKIMBOCTI BUKOPMCTAHHA KOMIIO3ULIIMHMX MaTepiajiB, CTBOPEHMX Ha OCHOBI
MMOPOIIKOBUX MaTepiasliB Ta TEXHOJIOTIYHUX 3aJUIIKiB BUPOOHUIITBA KPUCTAJIIYHUX HEOPraHiYHUX CUUHTHUIISATOPIB.
3D-npyk meTogom FDM e eKosoriuHO 6€31e€4HUM, OCKiJIbKY BiH (PaKTUYHO HE CTBOPIOE HENlepePOOHUX BiIXOiB
3aBISKMA TEPMOIIJIACTUYHUM MaTepiaam, sIKi JO3BOJISIIOTH iX IOBTOPHE BUKOPUCTAHHS. [1py IbOMY BUKOPUCTaHHS
metony FDM 3D-npyKy [ CTBOPEHHS CUMHTWISILIMHUX AETEKTOPIiB He € JOCTaTHbO PO3po6sieHUM. ICHyI0Ui
POOOTH CTOCYIOTHCS 31,€06iJIbIIOr0 JINIIE APYKY OPraHiYHUX IJIaCTMACOBUX CLUHTUIIATOPIB. [lJ1s1 po3mupeHHs cpepu
3acrocyBaHHg FDM Ha BUTOTOBJIEHHSI KOMOIiHOBaHUX AETEKTOPIB, 30KpeMa y BUIJISII KOMIIO3ULIIMHUX Ta
faraTrolapoBuX reTePOreHHUX CLUHTUIISITOPIB, HEOOXiIHA PO3pOOKa BiNOBIIHMUX MaTepiasiB Ta C1ocobiB
CTBOPEHHS 3 HUX (PinaMeHTiB, SIKi BiANoBigaoTh BUMoramM BukopucrtaHHs y FDM 3D npuntepax. Taka poboTa
BKJIIOYA€ aHaJli3 PaHyJIOMETPUYHOIO CKJIay IOPOIIKiB HEOPTraHIiYHUX CLIMHTW/ISILIITHMX MaTepiasis Ta ninbop
MOJIIMEPHOTO CIIOJTYYHMKA BiNIOBIZHO N0 (PYHKLIOHAJIBHOTO IPU3HAYEHHS KOMIIO3ULIHMX MaTepianis. Hanpukiag,
CLMHTWISLIMHI Ta CBiTII0NPOBiIHI MaTepianu 11 3D-IpyKy oTpebyioTh IPO30POCTi; abCOPOLIiliHI Ta
CBITJIOBiIOUBAIOYI, 1J1s1 SIKUX HEOOXilHa MaKCMMaJbHA HAallOBHEHICTh TBEPAUMU IPaHyJlaMU — €JIaCTUYHOCTI;
Marepianu Ajis IPpyKy TOHKOIIAPOBUX CUUHTUIISITOPIB — IPY>KHOCTI, TOWO. 17151 3a6€e3ne4eHHs] €(pEKTUBHOCTI
BUKOHaHHS HaJIPYKOBAaHUM J€TEKTOPOM IOCTaBJIEHUX 334a4 HEOOXiHO NOCJIiIP)KEHHS BILJIMBY TEXHOJIOTTYHUX
napametpiB 3D-1pyKy Ha QyHKIiOHA/IbHI Ta FTeOMETPUYHI BJIACTUBOCTI HAPYKOBAaHUX €JIeMEHTIB. B nuceprauiiHii
po60Ti po3p06I€EHO METO/, BUTOTOBJIEHHS] KOMIIO3ULIHMX CUUHTUIALIMHUX QisTaMeHTIB i3 BUKOPUCTaHHSIM IPaHyJl
HEOpraHiYHUX CUMHTUIIALIAHNUX MaTepiaiiB (ZnSe:Al, GOS:Pr, GAGG:Ce, CsL:Tl, ZnS:Ag (3 KoHBepTOpamu Ta 6e3)),
IVCIIEProBaHuX y nojimepHux marpuusx (PS, PMMA). [1pu uboMy MOXJIMBE BUKOPUCTAHHS ITOPOMIKOBUX
MaTepiajiB Ta TEXHOJIOTIYHUX 3aJIMIIKIB BUDOOHUIITBA TPAAULINHUX KPUCTATIYHUX CIIUHTUISITOPIB [IJ1s MMiTBUIIEHHS
€KOHOMIYHOi €(pEKTUBHOCTI Bi[INIOBiAHMX BUPOOHUIITB. 3 KOMIIO3ULiMHOro MaTtepiany metogom FDM 3D npyky
BUTOTOBJIEHO 3Pa3KKU TOHKOLIAPOBUX CLIMHTUIIATOPIB. Ha Npukiazi HaApyKOBaHMX KOMIIO3ULIIHUX CLIMHTUIIATOPIB
Ha OCHOBI ZnSe:Al oka3aHo, 110 IPU peecTpaliii peHTTeHiBCbKOr0 BUITPOMIHIOBAHHSI MAaKCUMAJIbHUM CBITJIOBUN
BUXiJl 3a6e3reuyeTbCsl IpY po3Mipi rpanys HaroBHIoBava (100 140) MKM 3 MacoBoio KoHIeHTpauieto (50 60) % i
TOBUIMHOIO 3pa3KiB (0,8 1,0) MM. [x BimHOCHMI1 CBIT/IOBMIT BUXiJ 1O BiHOIIEHHIO 10 MOHOKpHUcTay ZnSe:Al
CTaHOBUTD 72 %. BimHOCHMI CBITJI0OBUIA BUXif, [IpU peecTpallii 0 BUTPOMIHIOBaHH4 carae 94 % npu po3mipi rpany
(20-63) MkM Ta KoHUeHTpaljii 50 % npu ToBUMHI 3pa3kis 0,2 MM. BinHOCHUII CBiT/I0BUII BUXiT, IpU peecTpaLii 0-
BUIIPOMIHIOBaHHS csirae 98 % mpu po3mipi rpanya (100 300) MkM Ta KoHLIeHTpaLii 50 % npu TOBIIKHI 3pa3KiB 1 MM.
2. The thesis is devoted to the issues of obtaining combined scintillators using additive technologies (3D printing),
in particular in the form of composite, multilayer and sampling scintillators. This work develops materials,
investigates technical processes and methods for forming combined scintillators using materials with different
functional properties in a single technological cycle of 3D printing using the FDM (Fused Deposition Modeling)
method. Existing methods for manufacturing scintillators have features that reduce their production productivity,
technological flexibility, and economic efficiency. Traditional methods based on the production of detectors by
cutting from single crystals require a long time, complex energy-intensive technological process. The creation of
thin-film detectors from single crystals is complicated, since such materials are characterized by high fragility, are
difficult to machine and have limitations in creating products with complex structural configurations. Another



problem with current traditional methods of manufacturing combined detectors that combine different functional
materials and components with different properties (e.g., layered scintillation elements, sampling detectors of the
"Shashlik" and "Sandwich" types) is that they require labor-intensive multi-stage production, ranging from creating
individual elements from different materials to the complex assembly of individual layers into a single detector.
This work proposes the use of modern additive technologies to solve these problems. 3D printing allows for rapid
prototyping of detectors of various compositions in a short production cycle, starting with the formation of a 3D
model of the required configuration and ending with the printing of the finished product. The FDM method makes
it possible to perform 3D printing with various functional materials in a single technological cycle, which expands
the possibilities of creating universal scintillators with combined properties. Additive manufacturing methods have
high economic efficiency due to their simplicity, speed of execution, lack of labor-intensive and energy-intensive
processes, and the possibility of using composite materials created on the basis of powder materials and
technological residues from the production of crystalline inorganic scintillators. FDM 3D printing is
environmentally friendly as it produces almost no non-recyclable waste thanks to thermoplastic materials that
allow for their reuse. However, the use of the FDM 3D printing method to create scintillation detectors is not
sufficiently developed. Existing works mainly concern only the printing of organic plastic scintillators. To expand
the scope of FDM to the manufacture of combined detectors, in particular in the form of composite, multilayer and
sampling scintillators, it is necessary to develop appropriate materials and methods for creating filaments from
them that meet the requirements for use in FDM 3D printers. Such work includes the analysis of the particle size
composition of powders of inorganic scintillation materials and the selection of a polymer binder in accordance
with the functional purpose of the composite materials. For example, scintillating and light-conducting materials
for 3D printing require transparency, absorbent and reflective materials, which require maximum filling with solid
granules, require elasticity, materials for printing thin-layer scintillators require elasticity, etc. To ensure the
effectiveness of the printed detector in performing the tasks set, it is necessary to investigate the influence of
technological parameters of 3D printing on the functional and geometric properties of printed elements. In the
thesis work, a method for manufacturing composite scintillation filaments using granules of inorganic scintillation
materials (ZnSe:Al, GOS:Pr, GAGG:Ce, CsL:Tl ZnS:Ag (with and without converters)) dispersed in polymer matrices
(PS, PMMA) has been developed. At the same time, it is possible to use powder materials and technological
residues from the production of traditional crystalline scintillators to increase the economic efficiency of the
relevant productions. Samples of thin-layer scintillators were made from composite material using the FDM 3D
printing method. Using the example of printed composite scintillators based on ZnSe:Al, it is shown that when
registering X-ray radiation, the maximum light output is ensured at a filler granule size of (100 140) um with a mass
concentration of (50 60) % and a sample thickness of (0.8 1.0) mm. Their relative light output compared to a
ZnSe:Al single crystal is 72 %. The relative light output when registering o radiation reaches 94 % with a grain size of
(20-63) um and a concentration of 50 % with a sample thickness of 0.2 mm. The relative light output when
registering o radiation reaches 98 % with a grain size of (100-300) um and a concentration of 50 % with a sample
thickness of 1 mm.
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dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im's I10-6aThKOBI:
1. Yepruneunp Biktop JleoHimoBu4

2. Victor L. Cherginets

KBasigikamis: n.x.u., npodecop, 02.00.04
InenTudikarop ORCID ID: 0000-0002-2308-8979
JoparkoBa iHdpopmamnist:

IToBHE HaﬁmeHyBaHHH Iopn,zmqﬂoi 0oCcooH: [HCTUTYT CUMHTUIALIMHUX MaTepianiB HanioHanbHOI akageMii

HayK YKpaiHu

Kopg, 3a €EIPIIOY: 23756522

Micue3HaxoaKeHHs: npocnekt Hayku, Xapkis, XapKiBcbKuii p-H., 61072, Vkpaina
dopma BaacHoOCTI:

Cdepa ynpaBiiHHSA: HaujonasnbHa akajieMis HayK YKpaiHu

Imentudikarop ROR: He zacrocoyerbcs

BaacHe IlpizBume Im'st I10-6aThKOBI:
1. JIazapes Irop BikropoBud

2. Thor V. Lazariev

KBasmigikamis: k. 1. 1., 05.02.01
InenTudikarop ORCID ID: 0000-0002-7572-1764
JoparkoBa iHdpopmamnist:

IToBHE HaﬁmeHyBaHHH Iopn,zmqﬂoi 0oCcooH: [HCTUTYT CUMHTUALIHUX MaTepianiB HanioHanbHOI akageMii

HayK YKpaiHu
Kopg, 3a €IPIIOY: 23756522
Micue3Haxoa KeHHs: npocnekt Hayku, Xapkis, XapKiBcbKuii p-H., 61072, Vkpaina

dopma BaacHOCTI:



Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZOMOCTi

Bnacwue IpizBume Im's [1o-6aTbKOBI Cinnrenpruii Oser Liezapesuy
rOJIOBH pagu

Biacue IpizBume Im's I1o-6aThKOBI Cinnrenpruii Osner llesapesuy
rOJIOBYIOYOTO Ha 3acCiiaHHi

BinmoBimaibHUH 32 MiZTOTOBKY Copoxkin Onekcanap BacuiboBud
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaTOJIiBHA

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




