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Pedepar:

1. Incepraris Ha 3006y TTSI HAYKOBOTO CTyIeHs fokTropa dinocodii 3a cnenianpHicTio 132 — Marepiano3HaBCTBO
(rasy3p 3HaHb 13 — MexaHiyHa iHXeHepis). — [HcTUTYT cunHTUNALiHNX MaTepianiB HAH Vkpainu, Xapkis, 2025.
JncepTauist IpUCBsSY€HA BUPIMIEHHIO [IMTaHb MiBULIEHHS pafialliiHOI CTIMKOCTI [IJIaCTMAaCOBUX CLUIMHTUJISITOPIB HA
OCHOBI NIOJTiCTAPOJTY. Y Cyd4acHUX (Pi3UYHUX €KCIIEPUMEHTaX Ha Belmkomy aipoHHOMY KoJlaifepi pagianiiiui
HaBaHTaXEHHS Ha CUUHTUJISITOP MOXKYTb CAraTH AECATKIB Mpaj, ase TpaJullilfiHi J1acTMaCcOBi CUMHTUJISATOPY Ha
OCHOBI IIOJIICTUPOJY, 3a3BM4all, MalOTb HU3bKUM IIOPIr pafialiiHoi CTiMKOCTi. Tak, y BifOMUX KOMEPLINHO

OOCTYIIHUX MIacTMacoBux cuMHTUASTOPIB TUNIy SCSN-81T (Kuraray, fInonis), BC-408 (Bicron, CIIIA), UPS-923A ta



UPS-98RH (Amcrys-H, Vkpaina) pagianifina crilikicts cknazmae nuuie 1-5 Mpaza. ToMy po3po6sieHHSs HiIxoniB
niABUILEHHS pafialiliHoi CTIKOCTI [11aCTMACOBOTO CLUHTUIISTOPY € BRKJIMBOIO 3a5iadelo. Y poboTi 6yyio
IOCJIiIKEHO OCHOBHI IIJIIXY MiABUIEHHS PafialliitHOI CTIMKOCTI JIaCTMACOBOTO CUUHTUIIATOPY. [lepmuit msax -
1€ 3aCTOCYBaHHSI JIIOMiHECLIEHTHUX 100ABOK 3 BEJIMKUM 3CyBoM CTOKCy. Biomo, 10 Mif, BIVIMBOM iOHI3yl040Tr0o
BUINPOMIHIOBaHHS B TPAAMLIMHUX MOJIMEPHUX OCHOBAX I1JIACTMACOBOTIO CLIMHTUIIATOPY YTBOPIOIOTLCS [TACTKU, SKi
edeKTHBHO MOIJIMHAIOTh €HePTilo B Aiana3oHi Big 300 HM 1o 480 HM. [Iy1st CTBOpEHHS €(PeKTUBHOTO
pazianiiiHOCTIKOro Marepiasny NOTPiOHO OMUHYTH Lii IACTKY, 1O i 3a6€3Meuy0Th 100aBKU 3 BEJIMKAM 3CYBOM
Crokcy. Y pamax JaHoro MigxoAy CUHTE30BaHO Psif CUMHTUJISLIIHUX [06aBOK 3 BeJIMKUM 3cyBoM CTOKCY — PTOp-,
deHin- Ta propdeninnoxigHux 3-rigpokcudaaBoHy, IO MICTATb 4O YOTUPHOX ATOMIB QTOPY Y Pi3HUX IOJIOKEHHSIX
MoJiekyu. [TokasaHo, 110 BBeIeHHs aTOMIB PTOpy y MoJsieKyu 3-rigpokcudiaBony Ta 40-deHin-3-
rigpoKcu@IaBoOHY CYTTEBO HE BIMBAE HA iX CIIEKTPaJIbHi BacTUBOCTI. OTprMaHi J06aBKY BUKOPUCTAHO SIK
aKTUBATOPU TI0JTiIMEPHOI OCHOBH TJIACTMACOBOTO CHIMHTUJIATOPY. IX 3aCTOCYBaHHS J03BOJIUIO MABUIUTH
pazianiiiHy CTifiKicTb MaTepiasy Ta OTPUMATHU CLUHTUJISTOP, 4,032 [I0JIOBUHHOTO OCJIabJIeHHS CBITJIOBOI'O BUXOLY
D1/2 sxoro cknapae 49 Mpag, Jpyruil IuisiX I'PYHTY€ETbCSI Ha BBEJIEHHI 10 CKJIafly [1JIaCTMAaCOBOTO CLUHTUJISITOPY
nigcuaoBadiB Audysii, o MigBUILYIOTh PYXJIUBICTb BUIIbHUX PAOVKAJIB i TUM CAMUM 3MEHUIYIOTh ITOIIKOAKEHHS
Marepiany. llei nuisx crpusie nigBUILEHHIO pajlialliiHOl CTIMKOCTI IJIaCTMAaCOBOTO CLMHTUJISITOPY, IIPOTE
MpU3BOIUTH [0 3HAYHOI Jlerpajauii MexaHiYHUX BJIACTUBOCTEN Ta 0 3HMKEHHS TOBrOTPUBAasoi cTabinbHOCTI. s
[IOJ,0JIaHHY LIMX HEIOJIKIB 40 CKIaAy MOJIMEPHOI CUMHTUIIALIMHOI KOMIIO3ULil BBOIATD 3IIMBAIOYUI areHT. Y
POO6OTI 10Ka3aHo, 10 OJHOYACHE 3aCTOCYBAHHS 3UIMBAIOYOro areHTy Ta MifgcuiaoBaya qudysii B 11acTMacoBoMy
CLMHTUJISTOPI MigBUINYIOTh HOTO pafialiliHy CTiMKiCTb [1py 36epekeHHi CBITJIOBOr0 BUXOAY Ta MEXaHIYHUX
BJIACTMBOCTE! Ha PiBHI, NpuaaTHOMY 1J1s1 QyHKIiOHaJIBHOIO 3aCTOCyBaHHs. Tak, OTpUMaHO MJ1aCTMACOBI
CLUMHTWJISATOPH, WO MICTATh NifcuiloBadi qudysii Ta 3mmBatodi areHty, D1 /2 sxux carae 9,7 Mpag. Takox CTBOPEHO
CLUMHTWISLIMHY KOMIIO3UILiI0, [0 OOHOYACHO MICTUTH MifcuioBay nudysii, 31IMBal0OYUI areHT Ta MoxigHe 3-
rigpokcudaBoHy. Take oeJHAaHHS J03BOJIUJIO CYTTEBO MiABUIIMTY pafialiiiHy cTilikicTe MmaTepiany (D1/2 = 37
Mpag). B ocHOBI TpeTbOro 1IsIXy 3HaXOAUTbCSI BUKOPUCTAHHS OibIll pafialiiHO-CTiMKMX IOJIiMEPHUX OCHOB i
JIIOMiHECLIEHTHUX J06ABOK /1J1s1 CTBOPEHHS IJIACTMACOBUX CLMHTUIIATOPIB. Y pOOOTi ZOCTIIKEHO MOKIIMBICTD
CTBOPEHHS PaAialiiHOCTIMKOTO CUMHTUIISTOPA Ha MOJIICUTIOKCAHOBIH OCHOBI. Tak, OTpUMaHO Ta BUBYEHO PSifL
CLAHTUJIITOPIB HA [IOJIICMJIOKCAHOBUX OCHOBAX 3 Pi3HUM BMiCTOM (eHiNIbHUX IPyIl. TakoXX po3pobaeHo
CLMHTWJISATOP Ha 3MilIaHUX OCHOBAX IOJIiCTUPOJI-TIOJi(EeHINMETUICHUIIOKCaH, D1 /2 skoro ckiagae 22 Mpag, Jlo
TOTrO XX [IPOBEAEHO MOIIYK i CHHTE3 aKTUBATOPIB, IPUAATHUX 17151 3aCTOCYBaHHS B I10JIiCUJIOKCAHOBI/ OCHOBI.
OTpuMaHO HOBUII aKTUBATOP [1J15 [JIACTMAaCOBOI'O CLIMHTUATOPY — 2,4,400-Tpu-TpeT-6yTui-1,10:40,100-TepdeHin.
Po3po6s1€H0 N0J1iCUIOKCaHOBI CUMHTUIISLINHI Komno3ulii, D1/2 gxux carae 60 Mpaz. Haykosi pe3ysbrary, 1o
6ysi0 oTprMaHo Brepiue: 1. Po3po6sieHo Ta OTPUMaHO Psifi HOBUX JIIOMiHECLIEHTHUX JOOABOK 3 BEJIMKHUM 3CYBOM
Crokcy - noxigHux 3-rigpokcudiaBony. 2. [TokazaHo, 110 BBeJeHHS OAHOTr0 abo ABOX aTOMIB GTOPY B OyIb-5KY
YaCTUHY MOJIEKYJIN 3-TifpOKCU(IaBOHY Ta HOro 40-(eHiNNOoXiAHOrO He BIIJIMBA€ HA XapaKTep CIEKTPiB
moMiHecneHIii. MakcumyMm JiomiHecneH1ii 3a3Hae 6aTodI0pHOro 3cyBy Ha 5-10 HM JnIIe MicJig 3aMiHUA YOTUPbOX
aToMiB BofHIO Ha GTOp. YacoBi XapaKTepUCTUKYU CLUHTUIISALIMHOTO IMITyJIbCY IJIACTMACOBUX CLIMHTUJISATOPIB,
aKTUBOBAHUX QTOPNOXiTHUMU 3-TinpoKcU(IaBOHY, IO MICTATh OJIMH, [Ba a00 YOTUPHU aTOMU PTOPY, HE 3a3HAIOTD
3MiH, IpPM LIbOMY 4acC 3aracaHHsl AJ1s BCiX 3pa3KiB CTaHOBUTH 7,6 HC. 3. [IpOJIeMOHCTPOBAHO, 110 BUKOPUCTAHHS
¢drop-, penin- ta propdeHinnoxigHux 3-rigpokcru@aaBoHy SIK aKTUBATOPIB IJIACTMACOBOTO CLUUHTUIISITOPY
I03BOJISIE CYTTEBO 301/IBIINTY HOTO pafiialiliHy CTIMKICTb Ta LOCSITHYTU 03U II0JIOBUHHOI'O OCJa0JIeHHSI CBITJIOBOTO
Buxony (D1/2) 49 Mpag.

2. Thesis for obtaining the scientific degree of Doctor of Philosophy in specialty 132 — Materials Science (field of
knowledge 13 - Mechanical Engineering). - Institute for Scintillation Materials of the National Academy of Sciences
of Ukraine, Kharkiv, 2025. The dissertation is devoted to solving the issues of increasing the radiation resistance of
polystyrene-based plastic scintillators. In modern physical experiments at the Large Hadron Collider, radiation
loads on the scintillator can reach tens of Mrad, but traditional polystyrene-based plastic scintillators usually have
a low radiation resistance threshold. Thus, in known commercially available plastic scintillators of the type SCSN-



81T (Kuraray, Japan), BC-408 (Bicron, USA), UPS-923A and UPS-98RH (Amcrys-H, Ukraine) the radiation resistance
is only 1-5 Mrad. Therefore, the development of approaches to increase the radiation resistance of a plastic
scintillator is an important task. The work investigated the main ways to increase the radiation resistance of a
plastic scintillator. The first way is the use of luminescent additives with a large Stokes shift. It is known that under
the influence of ionizing radiation, traps are formed in traditional polymer bases of plastic scintillator, which
effectively absorb energy in the range from 300 nm to 480 nm. To create an effective radiation-resistant material,
it is necessary to bypass these traps, which is what additives with a large Stokes shift provide. Within the
framework of this approach, a number of scintillation additives with a large Stokes shift were synthesized - fluoro-,
phenyl- and fluorophenyl derivatives of 3-hydroxyflavone, containing up to four fluorine atoms in different
positions of the molecule. It was shown that the introduction of fluorine atoms into the molecules of 3-
hydroxyflavone and 40-phenyl-3-hydroxyflavone does not significantly affect their spectral properties. The
obtained additives were used as activators of the polymer base of a plastic scintillator. Their use made it possible
to increase the radiation resistance of the material and obtain a scintillator with a half-attenuation dose of the
light output D1/2 of 49 Mrad. The second way is based on the introduction of diffusion enhancers into the plastic
scintillator, which increase the mobility of free radicals and thereby reduce damage to the material. This method
improves the radiation resistance of the plastic scintillator, but leads to significant degradation of mechanical
properties and a decrease of long-term stability. To overcome these shortcomings, a crosslinking agent is
introduced into the polymer scintillation composition. The work shows that the simultaneous use of a crosslinking
agent and a diffusion enhancer in a plastic scintillator increases its radiation resistance while maintaining the light
output and mechanical properties at a level suitable for functional use. Thus, plastic scintillators containing
diffusion enhancers and crosslinking agents were obtained, the D1/2 of which reaches 9.7 Mrad. A scintillation
composition was also created, which simultaneously contains a diffusion enhancer, a crosslinking agent and a 3-
hydroxyflavone derivative. This combination allowed to significantly increase the radiation resistance of the
material (D1/2 = 37 Mrad). The third path is based on the use of more radiation-resistant polymer bases and
luminescent additives to create plastic scintillators. The work investigated the possibility of creating a radiation-
resistant scintillator on a polysiloxane basis. Thus, a number of scintillators on polysiloxane bases with different
contents of phenyl groups were obtained and studied. A scintillator on mixed polystyrene-
polyphenylmethylsiloxane bases was also developed, the D1/2 of which is 22 Mrad. In addition, a search and
synthesis of activators suitable for use in a polysiloxane basis were carried out. A new activator for a plastic
scintillator has been obtained - 2,4,4oo-tri-tert-butyl-1,10:40,1o0-terphenyl. Polysiloxane scintillation compositions have
been developed, the light output half-attenuation dose of which reaches 60 Mrad. Scientific results that were
obtained for the first time: 1. A number of new luminescent additives with a large Stokes shift were developed and
obtained - derivatives of 3-hydroxyflavone. 2. It is shown that the introduction of one or two fluorine atoms into
any part of the 3-hydroxyflavone molecule and its 40-phenyl derivative does not affect the character of the
luminescence spectra. The luminescence maximum undergoes a bathoflor shift of 5-10 nm only after the
replacement of four hydrogen atoms with fluorine. The time characteristics of the scintillation pulse of plastic
scintillators activated by fluorine derivatives of 3-hydroxyflavone containing one, two or four fluorine atoms do
not change, while the decay time for all samples is 7.6 ns.
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IloBHe HaﬁMeHYBaHHﬂ IOpI/IJ.II/I‘-IHOi 0COOM: [HCTUTYT CUMHTUIIALIMHUX MaTepianiB HanioHanbHOI akageMii

HayK YKpaiHu

Kopg 3a €IPIIOY: 23756522

Micue3HaxoaKeHHS: npocnekT Hayku, 6ya. 60, XapkiB, XapkiBcbkuii p-H., 61072, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpainu

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: AkafemivHui1

VII. BizomocTi npo o@ilifiHuX ONOHEHTIB Ta PELeH3€HTIiB
OdiuiiiHi OIOHEHTH
Bsacue IlpizBuuie Im's Ilo-6aThKOBI:

1. FOp>xeHko Makcum BosogyumMuposuy

2. Maksym V. Iurzhenko

KBasigikamnis: x. 1. u., npodecop, 05.03.06
InenTudikarop ORCHID ID: 0000-0002-5535-731X
JopaTrkoBa indpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI OCOOH: [HCTUTYT etekTpo3BapoBanHs iM. €. O. [Tatona HaujoHanbHOi

aKkazeMii HayKu YKpaiHu



Kopg 3a €IPIIOY: 05416923

Micue3HaxoaKeHH: ByJ1. Kaaumupa ManeBuua, 6yz. 11, Kuis, 03150, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiiHHS: HaujoHanbHa akazeMist Hayk YKpaiHu
Imentudikarop ROR: He zacrocoyerbcs

CeKTop HayKH: AkafemivyHui1

Baacue IlpizBuuie Im's I1o-6aThbKOBI:
1. Kyunip Bonogumup A6pamosud

2. Volodymyr A. Kushnir

KBasidikamis: n. ¢.-m. 1., cTapmmii HayKoBuii CriiBpo6iTHUK, 01.04.20
InenTudikarop ORCHID ID: 0000-0003-2907-1323
JopaTrkoBa indpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# HayKOBUIA 1IeHTP "XapKiBchbkuii (iznko-

TexHiYHuM iHCcTUTYT" HanioHanpHOI akagemii Hayk YKpainu

Kopg, 3a €IPIIOY: 14312223

Micuesnaxon)KeHHﬂ: ByJI. AKazieMiuHa, 6yza. 1, XapkiB, XapkiBcbkuii p-H., 61108, Vkpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1

Penensentu

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Yepruneup Bikrop JleoHinoBu4

2. Victor L. Cherginets

KBasidikanis: 1. x. u., npodecop, 02.00.04
InenTudikarop ORCHID ID: 0000-0002-2308-8979
JoparkoBa indpopmamist:

IloBHe HafIMeHyBaHHﬂ IOpI/I,I[H‘IHO'l' 0Co0M: [HCTUTYT CUMHTUIALIMHUX MaTepianiB HaioHanbHOI akageMii

HayK YKpaiHu

Kopg 3a €IPIIOY: 23756522

Micuesnaxo,rm(eunﬂ: npocnekt Hayku, 6ya. 60, Xapkis, XapkiBcbkuii p-H., 61072, Ykpaina
dopma BiracHoCTI:

Cdepa ynpaBiriHHS: HaujoHanbHa akaziemist HayK YkpaiHu

InenTudikarop ROR: He zacrocosyerscs



CeKTop HayKH: AkafemivyHui1

BiacHe IIpi3Bue Im'sa I1o-6aTbKOBI:
1. 'epacumos fIpocias BitaniiioBud

2. Yaroslav V. Gerasymov

KBasigikanis: . . 1., c.z1., 05.02.01

InenTudirkarop ORCHID ID: 0000-0002-8051-157

JopaTrkoBa inpopmanis:

IToBHEe HafIMeHyBaHHSI IOpH,ZII/I‘IHOi ocoou: [HCTUTYT CUMHTUIIALIMHUX MaTepianiB HanioHanbHOI akageMii

HayK YKpaiHu

Kopg, 3a €IPIIOY: 23756522

Micue3Haxoa KeHHS: npocnekt Hayku, 6yx. 60, Xapkis, XapkiBchkuii p-H., 61072, Vkpaina

dopma ByracHOCTI:

Cdepa ynpaBiiHHS: Haujonanbha akazemis HayK Ykpainu

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: AkafemivyHui1

VIII. 3aKkJII04Hi BiZmoOMOCTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBi
TOJIOBH paju

Baache IlpizBuiie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUIH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpaTtop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallilo HAyKOBOi

OisSIIBHOCTI

Tapacenko Ozer AHaTOJIIOBUY

Tapacenko Ozer AHaTOIIOBNUY

Copokin Onekcangp BacunboBuy

VKpIHTEI

IOpuenko TeTsHa AHaTOJiiBHA



