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Pedepar:

1. Inceprarnis Ha 3000YTTSI HAYKOBOTO CTYIEHS JOKTOpa Pisnocodii 3a cnenjianpHicTio 132 - Marepiano3HaBCTBO
(raymy3b 3HaHb 13 - MexaHiuHa iHXeHepis). - [HCTUTYT cuMHTUIALiHUX MaTtepianiB HAH Vkpainu, Xapkis, 2025.
JucepTalis NpuCBsYeHa BUPiIEHHIO IUTaHb HiABULIIEHHS pafialliiHOI CTIMKOCTI IJIaCTMAaCOBUX CLUIMHTUJISITOPIB HA
OCHOBI nosticTupoty. ¥ cydacHuUx (pisMyHMX eKCIIepUMEHTax Ha BesmkoMy afpoHHOMY KoJlaiiiepi pafiallifizi
HaBaHTaXEHHS Ha CUUHTUJISITOP MOXYTh CAraTH AECITKIB Mpaj, aje TpaaulliliHi 11acTMacoBi CUUHTUNSITOPU Ha
OCHOBI IIOJIICTUPOJTY, 3a3BMYall, MalOTb HU3bKUM NOPIr pajfiiallifiHoi CTilKOCTi. Tak, y BiOMUX KOMEPLINHO
IOCTYIIHUX IJIacTMacoBux cuMHTWIISTOPIB TUNy SCSN-81T (Kuraray, SInoxis), BC-408 (Bicron, CIIIA), UPS-923A ta
UPS-98RH (Amcrys-H, YkpaiHa) pagianiiiHa cTiiikicTs ckiagae auuie 1-5 Mpaa. Tomy po3po6seHHs Nigxoais
niABUIEHHS pafialiliHoi CTIMKOCTI [171aCTMACOBOTO CLUHTUJISTOPY € BRKJIMBOIO 3a5iadelo. Y poboTi 6ysio

IOCJIiIPKEHO OCHOBHI IIJIIXY MiABUIIEHHS PAafialliitHOI CTIMKOCTI JIaCTMACOBOTO CUUHTUIISATOPY. [lepmmuit msax —



1€ 3aCTOCYBaHHS JIIOMiHECLIEHTHUX 100ABOK 3 BEJIMKUM 3CyBOM CTOKCY. Biomo, 10 Mif, BIVIMBOM iOHI3yl040Tr0O
BUINIPOMIHIOBaHHS B TPAAMLINHUX OJiIMEPHUX OCHOBAX IJIACTMACOBOTO CLIMHTUJIATOPY YTBOPIOIOTLCH [TACTKY, SIKi
edeKTHBHO MOIJINHAIOTh €HEPTilo B Aiana3oHi Big 300 HM 10 480 HM. 171t CTBOpEHHS €(PeKTUBHOTO
pazialifHOCTIMKOro Marepiany NOTPiOHO OMUHYTH Lii IACTKY, 1O i 3a6€3MeuyI0Th 100aBKU 3 BEJIMKAM 3CYBOM
Crokcy. Y pamax JaHoro Migxoay CMHTE30BaHO Psif CUMHTUJISLIHUX 106aBOK 3 BeJIMKAM 3cyBoM CTOKCy — PTOp-,
deHin- Ta propdeninnoxigHux 3-rigpokcudaaBoHy, IO MICTATb 40 YOTUPbOX aTOMIB PTOPY Y Pi3HUX IOJIOXKEHHSIX
MoJieKyau. [TokasaHo, 110 BBEIEHHS aTOMIB (PTOPY Y MOJIEKYJIM 3-TigpokcuiaBoHy Ta 40-¢peHin-3-
rigpoKCU@IaBOHY CYTTEBO HE BIMBAE Ha X CIIEKTPaJIbHi BacTUBOCTL. OTprMaHi J,06aBKY BUKOPUCTAHO SIK
aKTUBATOPU T0JiIMEPHOI OCHOBH TJIACTMACOBOTO CHMHTUJIATOPY. IX 3aCTOCYBaHHS 03BOJIUIO MHABUIUTH
pazianiiiHy CTifiKiCTb MaTepiajnly Ta OTPUMATH CLUHTHUJIISTOP, 4,032 II0JIOBUHHOI'O 0CJ1abJIEHHS CBITJIOBOI'O BUXOLY
D1/2 axoro cknapae 49 Mpag, Jpyruil Iuisix I'PYHTY€eTbCSI Ha BBEIEHH] 10 CKJIafly [1JIACTMACOBOTO CLUUHTUJIITOPY
nigcumoBadiB gudysii, o MigBUILYIOTh PYXJIMBICTh BiJIbHUX PALUKAJIB i TUM CAMUM 3MEHIIYIOTH ITOIIKOAKEHHS
Marepiany. Lle migx crpuse NifABUIIEHHIO pafiallifiHOI CTIMKOCTI MJIaCTMACOBOTO CLIMHTUIIATOPY, IIPOTE
MpU3BOIUTH A0 3HAYHOI Jlerpafallii MexaHiYHUX BJIACTUBOCTEN Ta 0 3HMKEHHS NOBFOTPUBAJOi cTabinbHOCTI. [I71s
NIOJIOJIAHHS LIMX HEJOJIIKIB 10 CKJIay I10JiMEPHOI CUMHTUIISLIMHOI KOMIIO3ULIil BBOASTD 3MIMBAIOYUN areHT. Y
POOOTi NMOKa3aHo, 10 OAHOYACHE 3aCTOCYBAHHS 3IIMBAIOYOr0 are’Ty Ta Migcumosaya Audysii B 171acTMaCOBOMY
CLMHTUJISTOPI MigBUINYIOTh HOTO pafiialiliHy CTIMKICTb 1py 36€pekKeHHI CBiTJIOBOrO BUXOAY Ta MEXaHIUYHUX
BJIACTMBOCTE! Ha PiBHI, IpuaaTHOMY 1151 QyHKIIOHAJIBHOTO 3aCTOCyBaHH:. Tak, OTpUMaHO MJIaCTMACOBI
CLUHTWJISTOPH, 11O MiCTATh migcuioBavi nudysii Ta 3umBaiodi arenty, D1 /2 axux carae 9,7 Mpag. Takosk CTBOpeHO
CLMHTWJISLIMHY KOMIIO3UILi10, 1[0 OJHOYACHO MICTUTH MifcuiloBay nudysii, 31IMBaOYUI areHT Ta noxigHe 3-
rigpoxkcudaBoHy. Take oegHaHHS JO3BOJIUJIO CYTTEBO MiABUIIMTY pafialiiiHy cTilikicTe maTepiany (D1/2 = 37
Mpag). B ocHOBI TpeThOro MIISIXy 3HAXOAUTHCSI BUKOPUCTAHHS OibIll pafialliiHO-CTiKMX MOJiMEPHUX OCHOB i
JIIOMiHECIIEHTHUX J06ABOK T1JIs1 CTBOPEHHSI IJIACTMACOBUX CUMHTHUJIATOPIB. Y POOOTI HOCIiIKEHO MOKIIUBICTb
CTBOPEHHS PaAialifHOCTIMKOTrO CUMHTUIISITOPA Ha MOJIICUIOKCAHOBIN OCHOBI. Tak, OTpYMaHO Ta BUBYEHO PSiLL
CLMHTUJIATOPIB HA MOJIICMJIOKCAHOBUX OCHOBAX 3 Pi3HUM BMiCTOM (peHiNIbHUX IPyIL. TakoX po3pobeHo
CLUHTUJISITOP Ha 3MilIaHUX OCHOBAaX NoJicTupos-nosideHinmeruacunokcay, D1 /2 akoro cknanae 22 Mpag, Jlo
TOrO XX [IPOBEAEHO MOIIYK i CUHTE3 aKTUBATOPIB, IPUAATHUX JJIs1 3aCTOCYBAHHS B I10JIiCUJIOKCAHOBI/ OCHOBI.
OTpumaHO HOBUII aKTUBATOP [1J18 MJIACTMACOBOTO CLIMHTUNATOPY — 2,4,400-Tpu-TpeT-6yTui-1,10:4n0,1o0-TepdeHin.
P03p06s1€HO NOMICUIIOKCaHOBI CUMHTWIIAL{NHI KoMnio3uii, D1 /2 gxux carae 60 Mpag. HaykoBsi pesysbTaTi, 110
OyJsio oTprMaHno Brepire: 1. Po3po6ieHo Ta OTPUMAaHO Psifi HOBUX JIIOMiHECLIEHTHUX JO0ABOK 3 BEJIMKHUM 3CYBOM
Crokcy - noxigaux 3-rigpokcudiaBony. 2. [lokasaHo, 110 BBeJeHHS OJHOTr0 abo ABOX aTOMIB GTOPY B Oyb-5KY
YaCTUHY MOJIEKYJIN 3-TifpOKCU(IaBOHY Ta HOro 40-(EeHINNOXiAHOTO He BIIJIMBA€ HA XapaKTep CIEKTPiB
moMiHeceHIii. MakcumyMm JromiHecneH1ii 3a3Hae 6aTogI0pHOro 3cyBy Ha 5-10 HM JinIIe MicJIg 3aMiHU YOTUPbOX
aToMiB BOJIHIO Ha ¢Top. HacoBi XapaKTepUCTUKY CLUHTUIISLIMHOIO IMITyJIbCY I1JIACTMACOBUX CLIMHTUJISTOPIB,
aKTUBOBAaHUX QTOPHOXiTHUMU 3-TiApOKCU(IIABOHY, 10 MICTATh OJIMH, 1Ba a00 YOTUPHU aTOMU (PTOPY, HE 3a3HAIOTD
3MiH, IpYU LIbOMY 4YacC 3aracaHHs [J1s BCiX 3pa3KiB CTaHOBUTS 7,6 HC. 3. [IpoeMOHCTPOBAHO, 1110 BUKOPUCTaHHS
drtop-, deHin- Ta propdeninnoxigHux 3-rigpokcudIaBoOHy K aKTUBATOPIB IJIACTMACOBOTO CLIUHTUIISITOPY
II03BOJISIE CYTTEBO 301/IBIIATY HOTO pajiialiiiHy CTiMKICTb Ta OCSITHYTU 03U II0JIOBUHHOTO OCJabJIeHHS 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 4o-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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dopma ByracHoCTI:

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VII. BizmomocTi npo odimiiHuX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
BaacHe IlpizBume Im's I1o-6aTbKOBI:

1. FOp>xeHko Makcum Bosogyumuposuy

2. Maksym V. Iurzhenko

KBasigikamnis: n. 1. u., npodecop, 05.03.06
InenTudgikarop ORCID ID: 0000-0002-5535-731X
JopaTrkoBa indpopmamnist:

IToBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT etekTpo3BapioBanHs iM. €. O. [Tatona HaujoHanbHOi

aKkazgeMii Hayku YKpaiHu
Kopg 3a €IPIIOY: 05416923
Micnesnaxo,zm(eﬂm:: ByJ. Kaaumupa Manesuua, Kuis, 03150, Ykpaina

dopma BaacHOCTI:



Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. KymHip Bonogumup A6pamoBud

2. Volodymyr A. Kushnir

KBasidikamis: 1. ¢.-m. 1., cTapumii HayKoBuiA CriiBpo6iTHUK, 01.04.20
Inentudikarop ORCID ID: 0000-0003-2907-1323

JoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHu# HayKOBUIA 1eHTP "XapKiBchkuii (izuko-

TexXHIYHUH iHcTUTYT" HanionanpHOI akazemii Hayk YKpainu

Kopg, 3a €IPIIOY: 14312223

MicueBHaxo,ereHHﬂ: ByJI. AKazieMiuHa, XapKiB, XapKiBCbKUM p-H., 61108, YkpaiHa
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YKpainu

InenTudikarop ROR:

Penensentu

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Yeprunenp Bixtop JleoHinoBu4

2. Victor L. Cherginets

KBasidikanis: 1. x. 1., npodecop, 02.00.04
ImenTudikarop ORCID ID: 0000-0002-2308-8979
JoparkoBa indopmamist:

IIoBHe HaﬁMeHyBaHHﬂ lOpI/I,ILH‘IHO'l' 0COOM: [HCTUTYT CUMHTUIISALIVHMX MaTepiasiB HanioHanpHOI akagemii

HayK YKpaiHu

Kopg 3a €IPIIOY: 23756522

Micue3Haxoa KeHHs: npocnekT Hayku, Xapkis, XapkiBcbKuii p-H., 61072, Vkpaina
dopma ByracHoCTI:

Cdepa praBJIiHHﬂZ HanjionanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. 'epacumos fpocias BitaniitoBud
2. Yaroslav V. Gerasymov

KBasigikanis: . . 1., ¢.z1., 05.02.01

ImenTudikarop ORCID ID: 0000-0002-8051-157



JoparkoBa iHdpopmamnist:

IIoBHe HaﬁMeHyBaHHH lopn,zmqﬂoi 0COOM: [HCTUTYT CUMHTUIIALIVHYX MaTepiasniB HanioHanbHOI akagemii

HayK YKpaiHu

Kopg 3a €IPIIOY: 23756522

Micue3Haxoa KeHHs: npocnekT Hayku, Xapkis, XapkiBcbkuii p-H., 61072, Vkpaina
dopma Bi1acHoCTI:

Coepa ynpaBiiHHS: HaujoHanbHa akazemist HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZoMOCTi
BaacHe IlpizBume Im's [10-6aTbKOBI Tapacenko Oser AHaTOJiHOBUY

rOJIOBH pajgu

Biiacue IlpisBumie Im's ITo-6aThKOBI Tapacenko Oer AHaTOIHOBIY

rOJIOBYIOYOTO Ha 3aCiflaHHi

BigmoBizasibHU 32 MiATOTOBKY Copoxin Osnekcanap BacuiboBud
00JIIKOBHX JOKYMEHTIB

PeecTpartop IOpuenko TeTtsiHa AHaToJiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKOBOi IOpuenko TeTsHa AHaToiiBHA

OisSIIBHOCTI




