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1. AHOTAIIS 3y6puupka O.B. ITinnoporosi pazianiiini epekry y nojiMepHUX MaTepiazax Ha OCHOBI CO€BOI 0JIii. —
Kgasnigikaniiina HayKoBa npalisl Ha [paBax pyKonucy. JlucepTraiis Ha 3100yTTsl HAyKOBOTO CTYII€HsI JOKTOpa
dinocodii 3a cneunianpHicTio 105 - [TpuknanHa ¢izuka Ta HaHoMaTepianu (10 - [IpupogHUYi HAyKK). —
JporobuipKuil fep>xaBHUM NlefjaroriyHuil yHiBepcuret imeHi IBaHa dpanka MinicrepcTBa ocBiTU i Hayku YKpainuy,
JIporo6uy, 2026. [Jporo6ubKuii Aep>kaBHUI Ne1aroriyHuii yHiBepcuTeT iMeHi IBana @panka MiHicTepcTBa OCBiTH i
Hayku YKpainy, Iporobuy, 2026. PoboTa BukoHaHa Ha Kadenpi ¢izuku ta inpopmauifiHux cucteM Jporoounpkoro
Ilep>KaBHOTO IeIaroriyHoro yHisepcurety imeHi IBana @panka y 2021-2026 pokax. MeTonu pagiauiiiHoi ¢izuxku
VCIHILIHO 3aCTOCOBYIOTbCS AJ1 Mogu@ikalii Ta mociigkeHHs matepianis. TpaauuiiHo yBara npuginsiacs
BUIIPOMIHIOBaHHSIM BUCOKUX €HEpriil, ie 1e(eKTU YTBOPIOIOTbCS BHACIIOK NPYKHUX 3iTKHEHb. OHaK CTPYKTYPHI
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nignoporosi paaianiiizi edpexru (TIPE), sKi BUHUKAIOTh BHACILOK €J1eKTPOH-(OHOHHOI pesakcaltlii. Ko gis
HaMiBIIPOBIIHUKIB Ta AieJIeKTPUKIB Lii TPOLiecy BUBYEHI IOCTATHBO [JINOOKO, TO AJIS [10JIiMepiB, YyTIUBUX 10
HU3bKOEHEPTeTUYHOrO BIJINBY, BOHU 3aJIMIIAJIMCS MAJIOLOCIIKEHMMU. Y NIPEICTaBJIEHIN AucepTaljii Brepie
BYBYEHI MiJINOPOroBi paiauiiizi epeKkTy y nojJiMepHUX MaTepiasax Ha OCHOBI aKpUJIOBAHOI €MIOKCH0BAHOI COEBOI
oiii (AESO), sKi ciry>kaTh MaTPULSIMU 17151 HOBITHIX aMIIepOMETPUYHMX 6ioceHcopiB. OCHOBHI pe3yJbTaTu
nocnimkeHHs: 1. JloBeneHo, mo B3aeMofis YO-BUIPOMIHIOBaHHS 3 MOJIiMEpaMU MA€ SICKPaBO BUPAKEHUI XapaKTep
IiANoOporoByx pafgiauiiHux epexriB. EHepris 30y KeHMX €JIeKTPOHIB [1IepeaeTbCsl aTOMHIN NifcucTemi,
BMKJIMKAIOUM OJHOYACHI pouecu QpoTomosimepusalii Ta KOHTpoIbOBaHOI (poToaerpaganii (OKUCI0BaIbHO]
nectpykuii 3 yrBopeHHssM C=0 ta O-H rpyn). 2. BusiBneHo crneuudiyHi TemnepaTypHi edexTu i, yac KiHeTUKU
peaxliiil: y1aBHe 3pOCTaHHs TeMIIEpAaTypH I1py 6e3nepepBHOMYy YD-0onpoMiHeHHi («aTOMHaA TeMIlepaTypa») Ta piski
TeMIIEpPaTypHi CTPUOKY NIpU [IepEpPUBYACTOMY OCBITJIEHHI («€JIEKTPOHHA TEMIIepaTypa»). 3. BctaHoBieHO
(dyHIaMEHTaJIbHY POJIb BiJIbHOTO 06’'eMy (HAHOIIOPOKHMH) Y CTPYKTYPHUX [€PETBOPEHHSIX. [IpoileMOHCTPOBAaHO
IIpSIMY KOPEJIALil0 MK IapaMeTpaMH BiJIbHOTO 00’eMy I10JIiMEPHOI MaTpHuLi Ta €/1eKTPOXiMIYHUMU
XapaKTepUCTUKaMU 6ioceHcopiB. 4. ExcriepuMeHTanbHO 3a(iKCOBaHO BIJIUB pafiallifiHO-CTUMYJIbOBAaHOI AnQy3ii
BiJIbHUX PaJIUKaJIiB, sIKa BiZiOyBa€THCS B3[IOBX IPOCTOPOBOTO TPaJli€eHTa, YTBOPEHOTO BHACIOK HEOTHOPITHOTO
noramHaHHS YO-BUNIPOMIHIOBAHHS B TOBIi 3pa3ka. [IpakTuyHe 3HaYeHHs: 3'sICyBaHHS MEeXaHi3MiB MiZTIOpOroBux
pazianiiinux eeKTiB y ojgimMepax BaXJIMBeE [Jis NiABUILEHHS pafialiliHoi CTIKOCTI 11os1iMepHUx MaTepiasis i
IIpuUJafiB; BCTAHOBJIEHHS OCOOJIMBOCTEN €J1IeKTPOH-PELIITKOBYX B3a€MO/i y IIOJIiMEPaxX BKJIMBO M1 PO3YMiHHS
IIPUPOJY aKTUBALITHUX MPOLECIB B iHIIMX MaTepiasax; BUCHOBKU LIOJO POJIi BiIbHOTO 06’eéMy B aKTHUBaLlinHUX
Ipolecax y noJjiiMepax MOXYTb OYTH 3aCTOCOBHI IpY PO3IJIsi pafialliffHOI CTIMKOCTI iHIMX MaTepialis;
3aCTOCOBaHI MiAX0Y IIPU AOCIIIKEHHSX ITO3UTPOHHOI aHIrISILiMHOI CIIEKTPOCKOITii MOKHA BUKOPUCTATH 1010
BEJIMKOTO KOJIa MaTepiasiB; MOXJIMBOCTI pafianifiHoi moaudikalii nosiMepy y IHUPOKUX MeXKax JI03BOJIsIE 3HAYHO
yIOCKOHaNUTU NapaMmeTpu 6ioceHcopa. LlinecnpsimoBaHa moaudikauis MopdoJIorii oiMepHUX CiTOK 3
ypaxyBaHHSM BUSIBJIEHUX IiANIOPOroBux e(peKTiB J03BOJIMIA CYTTEBO NiABUIMTY €(PEeKTUBHICTb iMMOObii3alLii
(depMeHTy (11aKkka3u). CKOHCTPYHOBaHi 6i0C€HCOPU IPOJEMOHCTPYBAIU MiABUILIEHY 0 2,2 pa3y YyTIUBICTb Ta
BUCOKY CIIOPiIHEHiCTb 110 cyb6CcTpary (katexosy, ABTS) nopiBHSHO 3i cTaHZAPTHUMU IOKPUTTSIMY, IO BilKpUBae
HOBi MOXXJIMBOCTI JJ151 €KOJIOTTYHOTO MOHITOPUHTY CTiYHUX BoZ,. Kit04oBi cji0Ba: mosiMepu, oripoMiHeHHs, JedeKTy,
KiHETUKA, BJIACTUBOCTi, MOP(OJIOTisl, CTPYKTypa, KOMIIO3UTH, N1(y3is, IO3UTPOHHA aHIrijsLis, iHppadepBoHa

CIIEKTPOCKOIIis], €JIEKTPOHHUI NapaMarHiTHUI pe3oHaHc, poTonosiMepusalis, GpoTtogerpagalis, 6ioceHcopu.

2. SUMMARY Zubrytska O.V. Subthreshold radiation effects in the soybean oil-based polymeric materials.
Qualification scholarly paper: a manuscript. Thesis submitted for obtaining the Doctor of Philosophy degree in
Natural Sciences, Speciality 105 - Applied Physics and Nanomaterials. Drohobych Ivan Franko State Pedagogical
University, Ministry3 of Education and Science of Ukraine, Drohobych, 2025. Drohobych Ivan Franko State
Pedagogical University, Ministry of Education and Science of Ukraine, Drohobych, 2026. The work was performed
at the Department of Physics and Information Systems of the Drohobych Ivan Franko State Pedagogical University
during 2021-2026. Radiation physics methods are successfully used for the modification and study of materials.
Traditionally, attention has been paid to high-energy radiation, where defects are formed as a result of elastic
collisions. However, structural disorders can also occur at energies below the threshold of elastic displacement of
atoms - these are the so-called subthreshold radiation effects (SRE), which arise as a result of electron-phonon
relaxation. While these processes have been studied in sufficient depth for semiconductors and dielectrics, they
have remained poorly studied for polymers sensitive to low-energy effects. In the presented dissertation,
subthreshold radiation effects in polymeric materials based on acrylated epoxidized soybean oil (AESO), which
serve as matrices for the latest amperometric biosensors, were studied for the first time. Main results of the study:
1. It has been proven that the interaction of UV radiation with polymers has a pronounced character of
subthreshold radiation effects. The energy of excited electrons is transferred to the atomic subsystem, causing
simultaneous processes of photopolymerization and controlled photodegradation (oxidative destruction with the
formation of C=0 and O-H groups).Specific temperature effects were detected during the kinetics of reactions: a
smooth increase in temperature under continuous UV irradiation (“atomic temperature”) and sharp temperature



jumps under intermittent illumination (“electronic temperature”). 2. The fundamental role of free volume
(nanovoids) in structural transformations was established. A direct correlation was demonstrated between the
parameters of the free volume of the polymer matrix and the electrochemical characteristics of biosensors. 3. The
effect of radiation-stimulated diffusion of free radicals, which occurs along a spatial gradient formed as a result of
inhomogeneous absorption of UV radiation in the thickness of the sample, was experimentally recorded. Practical
significance: Elucidation of the mechanisms of subthreshold radiation effects in polymers is important for
increasing the radiation resistance of polymer materials and devices; establishing the features of electron-lattice
interactions in polymers is important for understanding the nature of activation processes in other materials;
conclusions regarding the role of free volume in activation processes in polymers can be applicable when
considering the radiation resistance of other materials; the applied approaches in the study of positron
annihilation spectroscopy can be used for a wide range of materials; the possibility of radiation modification of the
polymer within wide limits allows for significant improvement of biosensor parameters. Targeted modification of
the morphology of polymer networks taking into account the identified subthreshold effects allowed for a
significant increase in the efficiency of enzyme (laccase) immobilization. The designed biosensors demonstrated
up to 2.2 times increased sensitivity and high affinity for the substrate (catechol, ABTS) compared to standard
coatings, which opens up new opportunities for environmental monitoring of wastewater. Keywords: polymers,
irradiation, defects, kinetics, properties, morphology, structure, composites, diffusion, positron annihilation,
infrared spectroscopy, electron paramagnetic resonance, photopolymerization, photodegradation, biosensors.
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IBaHa ®paHka

Kopg 3a €IPIIOY: 02125438

Micqeanaxo,qx(eﬂna: ByJ. IBana ®panka, Jporobuy, [Iporo6unpkuii p-H., 82100, Yrpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im'st I10-6aThKOBI:
1. Ky3uk Ozner BacuiboBuy

2. Oleg V. Kuzyk

KBasigikanis: k. ¢.-m. 1., gor., 01.04.10
Imentudikarop ORCID ID: 0000-0002-8474-444X
JoparkoBa iHdpopmamnist:

IToBHE HaﬁmeHyBaHHH Iopn,zmqﬂoi 0oCcooH: Jporobuiipkuii Jep>xaBHUM NleJaroriYHuil yHiBepcuTeT iMeHi
IBaHa ®paHka

Kopg 3a €IPIIOY: 02125438
Micue3HaxoaKeHHS: ByJ. IBana ®panka, Jporobuy, [Iporo6unpkuii p-H., 82100, Yrpaina

dopma ByacHOCTI: [lepxasna



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi

ByiacHe IIpizBume Im's I1o-6aThKOBI BipT Irop CrenanoBuy
TOJIOBH pajgu

Byache IlpizBuie Im's ITo-6aTbKOBI Bipt Irop CrenaHosud
rOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasbHUMH 3a HiATOTOBKY IBax CBiTslana
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaTOJIiBHA

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

OisSIIBHOCTI




