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coeBoi oJ1ii (AESO) Ta BCTAaHOBJIEHHIO B3a€MO3B'sI3Ky MK KiIHETUYHMMU NapameTpamu (oTomoliMepu3saliii,
CTPYKTYpPOIO MOJIiIMEPHOI CiTKM Ta QYHKIiOHAJIbHUMU BIACTUBOCTSIMU MaTepiaJiB [J1s 6i0CeHCOPHUX 3aCTOCYBaHb.
JocigyKeHHs! BUKOHYBAJIMCh i3 32CTOCYBAaHHSIM KOMILJIEKCHOTO CITIEKTPOCKOIIIYHOTO MiAXOAY, IO [T0E€IHYE
€JIEKTPOHHUI NapamarHiTHuil pe3oHaHc (EIP), 6imrkHIo iHppayepBoHy criekTpockorito (BIY) Ta no3uTpoHHy
aHiringuininy cnekrpockorito (ITAC). OTpumMaHi pe3ybTaTi € BaXJINBAUMU [J151 PO3YMIHHS PyHIAMEHTaIbHUX
3aKOHOMipHOCTel popMyBaHHSI [10JIiIMEPHOI CiTKU Mifg 4ac ¢poTomnosiMmepusanii Ta MOKYTb OYTH BUKOPUCTAHI 11715
ONTUMi3allii TEXHOJIOTIYHMX PEXXUMIB BUTOTOBJIEHHS! (PYHKIIIOHANBHUX 06i0NI0JIMEPHUX MaTepiasiB, 30KpeMa
HaHOCTPYKTypPOBaHUX MEMOPaH, IIOKPUTTIB Ta iMMOOGii3aliiiHuX MaTpullp a8 6ioceHcopiB. OTpuMaHi pe3ysibTaTu
ynbTpaHaHoingeHTyBaHHs (UNHT) neMOHCTPYIOTh BIVIUB HEOHOPIAHOCTI CiTKM, 3yMOBJIEHOI HEOJHOPITHUM
nolmurpeHHIM QPOHTY peakliii, iHilifloBaHOTO y1bTpadioseTOBUM CBITJIOM, HA MEXaHiYHi BJIACTUBOCTI 3aTBEPJiloro
[OJIiIMEPY Ha HAHOPiBHi. 3'51COBaHO, 1[0 METOJ, HAHOIHAEHTYBAaHHA 3 yibTpaHaHOTBepgomeTpom UNHT € noTyKHUM
iHCTpYMEHTOM [7151 BUBYEHHS (POTOCTUMYJIbOBAHNX CTPYKTYPHUX 3MiH y ITOJIiMepax Ta BUSIBJIEHHS HE3HAYHUX
BIUJIMBIB Ha BJIaCTUBOCTI MaTepiany. JlocaimkeHo BIIKB (oToiHiliaTopa Ha 1apaMeTpU BiJIbHOTO 00’eMy I10JIiMEPHOI
ciTku Ha ocHoBi AESO 3 gob6aBkamu BaHiningumerakpuaary (VDM) ta BaHiningiakpunary (VDA), AESO:VDM Ta
AESO:VDA. Bukopuctosyioun mogesb Tao-Engpyna, po3paxoBaHO pO3MipH BiJIbHUX 00'€MIB 17151 TOCTIIKyBaHUX
3paskiB pu 20°C ta -100°C. Ha ocHOBi IOPiBHSIHHS 06'€MIB 3a LIUX [IBOX TEMIIEPATYP BUSBIIEHO, [0 3HI)KEHHS
temnepatypu Ha 120 K y Bcix 3pa3kax IpUBOLUTS [0 3MEHIIEHHS pO3Mipy BiJIbHUX 00'€MiB IpU6IM3HO B 2,1-2,5
pasu. BumipioBaHHsI 4aciB )KUTTS aHirinsauii nosutpoHis (PALS) 3anexxHo Bif Temnepartypu (23-150°C) 103BOJISIIOTH
BU3HAYUTU TeMIepaTypy ckiyBaHHs Tg 3a nepernHom Ha rpadikax n3(T). [Tokasano, mo go6aska VDA i VDM no
AESO He BIIMBae Ha po3Mipu BiIbHUX 00’eMiB, TOAI SIK momaBaHHs doToiHiiaTopa Pl Binnosizae 3a 3MiHu po3mipiB
BislbHUX 00’emiB Buie Tg. Bcranosneno, mo 3pasku AESO:VDA ta AESO:VDM y 0ocifpKyBaHUX KOHLEHTPaLlisx
XapaKTepU3yIOThCA MOTiOHOI0 MOPQOJIOTI€IO0 MO0 PO3Mipy Ta PO3IOiNY BiIbHOTO 00'eMY, TOZi SIK JOLAaBaHHS
doroininiaropa DMPA (3 moi. %) o AESO ta cymimeii Ha ocHOBi AESO 103BoJIsIE CYTTEBO 3MIiHUTH CTPYKTYPHY
MopoJiorito Ta BifibHI 06'eMU Ha HaHOPiBHI. OTpUMaHi pe3yybTaTy CJIifi BpaXx0BYBaTH IIPY KOHCTPYIOBaHHI
noslimep-6a30BaHNX 6i0CEHCOPIB BiAOBIIHO 10 NOTPed aHalidy. Po3pobieHa MeTOL0JI0risl KOMILJIEKCHOTO
CHEKTPOCKOIIYHOTO MOHITOPUHTY MOKe OYTH 3aCTOCOBaHa Jij1s1 ONTUMi3allii TeXHOJIOTIYHMX TapaMeTpiB
BUTOTOBJIEHHS (POTOIOIIMEPHUX MaTepiajliB 3 KOHTPOJIbOBAHOIO HAHOCTPYKTYPOIO 11Jis1 60CEHCOPHUX 3aCTOCYBaHb,
30KpEMa: TPEKOBUX MEMOpPaH 3 33/1aHOI0 TIOPUCTICTIO Ta (PYHKIIOHAI30BaHOIO [IOBEPXHEIO [1J151 CEJIEKTUBHOIO
TPaAHCIIOPTY iOHIB; MOJIMEPHUX MaTPULb 1Ji iMMOOGisi3aLii 6ioMOJIeKys1 3 ONTUMI30BAaHUMM MEXaHIYHUMU Ta
Iny3iHUMHN XapaKTepUCTUKaMU; POTOYYTINBUX IIOKPUTTIB JIs1 MiKPO- Ta HAHOCTPYKTYpyBaHHS 6i0CEHCOPHHUX
nnatdopm Metogamu ¢otrositorpadii. Kitouosi coBa: nosimepu, KOMIIO3UT, HAaHOMaTepiai, 1udysist, CTPYKTypa,
BJIACTMBOCTI, OIIPOMiHEHHSI, KIHETUKA, (POTOCTPYKTYPHI IEPETBOPEHHS, (POTONOIIMEepU3allisl, €JIEKTPOHHUI
IapaMarHiTHUM pe30oHaHc, iHppadyepBOHa CIIEKTPOCKOIIisl, TO3UTPOHHA aHIrijALis, HAaHOIHEeHTYBaHHS, TBEPiCTh,
6ioceHcopU.

2. SUMMARY Matskiv O.I. Kinetics of photo-stimulated structural transformations in epoxy polymer materials for
biosensor applications. - Manuscript. Dissertation for the degree of Doctor of Philosophy in specialty 105 - Applied
Physics and Nanomaterials (10 - Natural Sciences). - Drohobych Ivan Franko State Pedagogical University of the
Ministry of Education and Science of Ukraine, Drohobych, 2026. The work was carried out at the Department of
Physics and Information Systems of Drohobych Ivan Franko State Pedagogical University during 2022-2026. The
dissertation is devoted to the theoretical and experimental study of the kinetics of photopolymerization processes
in biopolymeric epoxy systems based on acrylated epoxidized soybean oil (AESO) and to the establishment of the
relationship between the kinetic parameters of photopolymerization, the structure of the polymer network and
the functional properties of materials for biosensor applications. The studies were performed using a
comprehensive spectroscopic approach combining electron paramagnetic resonance (EPR), near-infrared
spectroscopy (NIR) and positron annihilation spectroscopy (PAS). The results obtained are important for
understanding the fundamental regularities of polymer network formation during photopolymerization and can be
used to optimize the technological modes of manufacturing functional biopolymeric materials, in particular

nanostructured membranes, coatings and immobilization matrices for biosensors. The obtained



ultrananoindentation (UNHT) results demonstrate the influence of the network heterogeneity caused by the
inhomogeneous propagation of the reaction front initiated by ultraviolet light on the mechanical properties of the
cured polymer at the nanoscale. It was found that the nanoindentation method with the UNHT ultrananohardness
meter is a powerful tool for studying photostimulated structural changes in polymers and detecting minor effects
on material properties. The effect of the photoinitiator on the free volume parameters of the polymer network
based on AESO with vanillin dimethacrylate (VDM) and vanillin diacrylate (VDA) additives, AESO:VDM and
AESO:VDA, was investigated. Using the Tao-Eldrup model, the sizes of the free volumes were calculated for the
studied samples at 20°C and -100°C. Based on the comparison of the volumes at these two temperatures, it was
found that a decrease in temperature by 120 K in all samples leads to a decrease in the size of the free volumes by
approximately 2.1-2.5 times. Positron annihilation lifetime spectroscopy (PALS) measurements depending on
temperature (23-150°C) allow to determine the glass transition temperature Tg from the inflection in the n3(T)
plots. It is shown that the addition of VDA and VDM to AESO does not affect the size of the free volumes, while the
addition of the photoinitiator PI is responsible for changes in the size of the free volumes above Tg. It is
established that the AESO:VDA and AESO:VDM samples at the studied concentrations are characterized by similar
morphology in terms of size and distribution of the free volume, while the addition of the photoinitiator DMPA (3
mol %) to AESO and mixtures based on AESO allows to significantly change the structural morphology and free
volumes at the nanoscale. The obtained results should be taken into account when designing polymer-based
biosensors according to the needs of the analysis. The developed methodology of complex spectroscopic
monitoring can be applied to optimize the technological parameters of the manufacture of photopolymer materials
with a controlled nanostructure for biosensor applications, in particular: track membranes with a given porosity
and a functionalized surface for selective ion transport; polymer matrices for immobilization of biomolecules with
optimized mechanical and diffusion characteristics; photosensitive coatings for micro- and nanostructuring of
biosensor platforms by photolithography methods. Keywords: polymers, composite, nanomaterial, diffusion,
structure, properties, irradiation, kinetics, photostructural transformations, photopolymerization, electron

paramagnetic resonance, infrared spectroscopy, positron annihilation, nanoindentation, hardness, biosensors.
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InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

Biacue Ipizsume Im's I1o-6aTbKOBI Cronspuyk Irop Mutposny
rOJIOBH pagu

ByiacHe IIpizBumie Im's ITo-6aThKOBI Cronapuyk Irop IMuTpoBn

rOJIOBYIOYOTO Ha 3aCiflaHHi

BigmoBigasbHUH 32 MiATOTOBKY IBax CBiTs1aHa

00JIiIKOBHX JOKYMEHTIB



PeecTpaTop IOpueHko TetsiHa AHaToOJiiBHA

KepiBHuk Bigginy YKpIHTEI, mo €
BiZITIOBiZAaILHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisIIbHOCTI




