O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0526U000291
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 18-09-2026

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. KaBeupkuit Tapac CrenaHoBuY

2. Taras S. Kavetskyy

KBasidikamis: k. ¢.-m. u., nouenr, 01.04.10
InenTudikarop ORCID ID: 0000-0002-4782-1602
Bup, pucepranii: nokrop Hayk
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HayKoBOi crieniaIbHOCTI: 01.04.07

HasBa HayKoOBOIi crieniaJIbHOCTI: isuka TBepzioro Tina

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

JlaTa 3axHcCTy: 15-10-2026

CnenianbHICTB 32 OCBITOIO: Maremaruka Ta pisuka

Micue po6oTH 34,00yBayva: JIporo6uibKuil iep>kaBHUMIA IIEaroridHmil yHiBepeuTeT iMeHi [BaHa Opanka

Kopg 3a €IPIIOY: 02125438

Micue3HaxoaKeHHS: ByJ1. IBana ®paHka, Jporobuy, [Iporo6uipkuii p-H., 82100, Yrpaina

dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HayKy YKpaiHu

InmenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYEHOI pagH (pa30Boi CIeliaJai30BaHOi BYE€HOI pagu): [l 26.207.01

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI OCOOH: [HCTUTYT IPO6IIEM MaTepianosHaBCTBa im. 1. M. dpaniesnya

HaujonasnbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05416930

Micqesnaxo,szemm: ByJs1. OMersHa I1pinaka, Kuis, 03142, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudikarop ROR:

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaiMEeHYBaHHSI IOPHUAUYHOI 0COOH: [lepkaBHuii 3aknaz "[liBIeHHOYKPAiHChKUIL HALLIOHAILHUIA

nemaroriyHum yHisepcuret iMeHi K. JI. YimmHcpkoro”

Kopg 3a €IPIIOY: 02125473

Micue3Haxoa>KeHHs: By CtaponoprodpaHkisckka, Ozieca, 65020, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

InmenTudikarop ROR:

V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koy TeMaTHYHHUX PYOPHK: 29.29.43

Tema guceprauii:

1. ledexTHa CTPYKTypa MOJIMEPHUX KOMIIO3ULiTHUX MaTepiasiB Ta ii 38’130k 3 eseKTpodisnuHNMU [TapaMeTpamu
6ioceHcopiB

2. Defect structure of polymer composite materials and its relationship with the electrophysical parameters of

biosensors

Pedepar/anoTamis:

1. lucepranist npucBsYeHa KOMILJIEKCHOMY Qi3UYHOMY JOCIIiIKEHHIO AedeKTHOI CTPYKTypU TUIIOBUX IIOJIMEPHUX
KOMIIO3ULiIIHNX MaTepiajiB Ta MeXaHi3MiB BIVIMBY HAHOPO3MipHUX BKJIIOUEHb Ha ixHi esneKTpodi3nyHi Ta
TPaHCIOPTHi BJIACTUBOCTI. Y po06OTi BIeplile 3aCTOCOBaHi e(peKTUBHI MigX0oay MO3UTPOHHOI aHIriIsaLiiHOl
criektpockortii (ITAC) nis po3p’s3aHHs 33124 Gi3VKM HEBIOPSAKOBAHMX CUCTEM Ha CyOHAHOMETPOBOMY PiBHI.
JocninKyBaHi HojliMepHi MaTepiaiu po3risgaloTbCsl Yepes IPU3MY JIOKAJIbHOTO BijIbHOTO 00’emy (JIBO), sxuit
BUCTYIIA€ BJIACHUM CTPYKTYPHUM Ae(PEKTOM, 0 BU3HAYa€e AU(Y3iliHi BJaCTUBOCTI MaTpHLi Ta MPOLECU
IIEpEHECEHHs 3apsly Ha MiXX(a3HUX rpaHulsix. JJoBeeHo, mo xapakrepuctuku JIBO pyHIameHTanbHO BU3HAYAKOTh

eeKTUBHICTb MacOIIePeHOCY Ta eJIeKTPOPi3nyHi 1apameTpu aMIepoOMETPUYHUX 610CEHCOPHUX CUCTEM.



3acTtocoBaHo TexHiKy [TAC 17151 BUBYEHHSI MiKPOCTPYKTYPHUX OCOOGIMBOCTEN JIOKAJIbHOTO BiJIBHOTO 06'€My.
BeraHoBsieHO ¢Qi3nyHi 3aKOHOMIPHOCTI (pOpMyBaHHSI HAHOIIOPOKHMH Ta BUHUKHEHHS eHepreTUYHO-HePiBHOBXKHUX
obsacreil (iHTepdeliciB) npu nonyBaHHI MaTpuLb (HagioHy, ypeacuinis, GpOTONOJiMepiB) HAHOYACTUHKAMU Pi3HO]
MopouJiorii. BuB4eHo edexTu BIIMBY HAHOBKJIIOUEHD Ta (POTOIHIl[iaTOpa Ha npouLecH 1e(eKTOyTBOPEHHS Y
nosliMepHUX ciTkax. CTBOpeHO HOBUII reTepOoreHHN I KapOOHOBHUIA MaTepiaJl i3 KOHTPOJIbOBAHUM PajliyCOM IOP,
IOTIOBaHUI reMiHOM Ta HAHOYaCTMHKAaMU 30J10Ta 200 MiKpOYaCTMHKaMU I1JIaTMHU. BCTaHOBJIEHO, 11O TaKa
CTPYKTypa 3abe3nedye epekTUBHE 6€3MeliaTOPHE IIEPEHECEHHS €JIEKTPOHIB Ta NPOSIBJISIE AHOMAJIBHY
€JIEKTPOKATAJIITUYHY (IepOKCUAA30MNO0Ai0HY) aKTUBHICTb, 1[0 CYTTEBO MOKPAILy€ XapAaKTE€PUCTUKU CEHCOPIB.
JoBeneHo epeKTHBHICTb 3aMUKaHHS 00ipBaHUX XIMIYHMX 3BS13KiB i IOCUJIEHHS TPAHCIIOPTY 3apsiy B ypeacuJIbHUX
KOMIIO3UTax 32 BUKOPMCTaHHS METaJIeBUX HAHOYACTUHOK. Briepie focigpkeHo KiHeTUKy ¢poTonosiMmepusalii in-
situ metomamu ITAC 17151 3pa3kiB Ha OCHOBI aKPUJIOBAHOI €MTOKCUI0BAHOI coeBOi oJ1ii (AESO) Ta
BaHiningumeTakpuiary (VDM). 3’acoBaHo (isnuHi mexaHiamu GOpMyBaHHS [IOJiIMEPHHUX CITOK: BCTAHOBJIEHO, 10
nonyBaHHsS VDM Tta HasgBHICTb (oToiHiliaTopa pi3sHOCIPSIMOBAHO BIIMBAIOTh HA KiHETHKY 3IIMBAHHS, IIPOTE
0/IHaKOBO 3MEHIIYIOTh PO3Mip IOPO>KHUH BiJIbHOTO 00’eMy, 0OMEXYI0UM NpoLecu MaconepeHocy. KepyBaHHs 1Mmu
TOIOJIOTIYHMMU NIapaMeTPaMHU Ja€e 3MOT'y KOHCTPYIOBAaTU ONTUMAJIbHI (i3WyHi MaTpuULli AJ1s1 yTPUMaHHS
6iomosiexyJl. BctaHOBIEHO MexaHi3MU (POTOIHAYKOBAHMX CTPYKTYPHUX [1I€PETBOPEHb [10JIiIMEPHUX MaTpHULb.
KomnnekcHe nocninxxenHs meronamu ITAC ta IY-cnexkrpockorii BUsiBuio nuHamiky ¢otonerpagauii AESO:VDM
iz yac foBrorpusanoro YQO-onpomineHHs. 3a¢ikcOBaHO NPOLeCH KOHTPOJIbOBAHOI (POTOIHAYKOBAHO]
OKHMCHIOBAJIbHOI Jlerpajarii, ki CynpoBOpKYIOThCS FeHepallielo Ta IMO0JaJIbIlol peKOoMOiHALIi€I0 BiIbHUX PaUKaJliB,
110 6e310cepeHbO BIIMBAIOTh HA €BOJIIOLLiI0 BijIbHOrO 06'eMy MaTtepiasny. BctaHoBieHO PyHAAMEHTaIbHUN
XapakTep KopeJsislii MK TOIOoJIoTi€lo NoIiMEepHUX MaTpULlb (PO3MiIPOM HAaHOIIOPOXKHUH, T'YCTUHOIO 3MIMBAaHHS) Ta
eJ1eKTpoPi3sNYHNMU TapaMeTpPaMU aMIePOMETPUYHUX 6i0CceHCOPiB. [JoBeIeHO, 10 30i/blIeHHSI BiTbBHOTO 00'eMy
KOPEJIIOE 3i 3pOCTaHHSIM YyTIAUBOCTI (piznyHOro TpaHcaykropa. O6IpyHTOBAHO TOIOJIOTIYHI Ta XiMiUHI MexaHi3MHy,
1110 TOSICHIOIOTH BILIMB MOPQOJIOTii MaTpulli Ta HAHOHOCIIB Ha npouecy Audysii it nepeHeceHHs 3apsny. BussieHi
3aKOHOMIPHOCTI peasi3oBaHO [IPAaKTUYHO: CTBOPEHI HA OCHOBI ypeacusiB, (POTO3MUTUX N1OJIIMEPIB Ta JONOBAHUX
KapOOHOBUX BOJIOKOH 0610€JIEKTPOY I€MOHCTPYIOTb IIMPOKi MEXi JIiHIITHOCTI Ta BUCOKY UyTJIMBICTb. Lle po6uTs ix
[IepCIIEKTUBHUMU [1J151 MOHITOPUHTY E€HOJIY, €TaHOJIy, IJII0KO3U Ta L-J1akTaTy B peajibHUX YMOBax €KOJIOTIYHUX i
6ioMeMYHUX 3acTOCyBaHb. [lifcyMOBYylOouM, nucepTallis IpeJCTaBisie KOMIIJIEKCHE PO3B's13aHHS IPOOJIEMU BILJIMBY
nedeKTHOI MiIKpOCTPYKTYpH MoJliMepiB Ha e(PeKTUBHICTb e1eKTpodi3nyHuX Npusamis (bioceHncopis). InTerpyoun
PEe3YJIbTaTH NOCiIKEeHb OPraHiuYHO-HEeOPraHiYHUX Ta (POTO3UIUTHX M0JIiMEPIB, TPOAEMOHCTPOBAHO MOCIIiIOBHY
KOpeJIALilo MK IapaMeTpaMH BiJIbHOTO 00'eMy Ta IIPOLieCaMy MacOIlepeHOCY i TPAHCIIOPTY 3apsiay.
3anponoHOBaHO y3arajabHEHY (Pi3sN4Hy KOHLEMILiI0, B Kill BiJIbHUI 06'€éM BUCTYIIA€ KJIIIOYOBUM NTAPAMETPOM, 11O
IIOB’13y€ HAHOPO3MipHY TOIIOJIOTiI0 TBEPIOTO Tijla 3 10r0 MAKPOCKOIIIYHMM €JIEKTPOXiMiYHMM Bifrykom. Le
BiIKpMBA€ HOBI HJISIXU [J151 LiJIECIIPSIMOBAHOI iH)KeHepii MaTepialiB CEHCOPHOI €JIEKTPOHIKU 3 ONITUMi30BAHUMU

XapaKTEPUCTUKAMMU.

2. The dissertation is devoted to a comprehensive physical study of the defect structure in typical polymer
composite materials and the mechanisms underlying the influence of nanoscale inclusions on their electrophysical
and transport properties. In this work, effective approaches of positron annihilation spectroscopy (PAS) are
utilized for the first time to solve the problems of the physics of disordered systems at the sub-nanometer level.
The studied polymer materials are considered through the prism of local free volume (LFV), which acts as a native
structural defect that determines the diffusion properties of the matrix and charge transfer processes at the
interfaces. It is proven that LFV characteristics fundamentally determine the efficiency of mass transport and the
electrophysical parameters of amperometric biosensor systems. The PAS technique is used to investigate the
microstructural features of local free volume. The physical patterns of nanovoids formation and the emergence of
energy imbalance areas (interfaces) upon doping matrices (Nafion, ureasils, photopolymers) with nanoparticles of
different morphology are established. The effects of nanoinclusions and photoinitiators on defect formation
processes in polymer networks are studied. A novel heterogeneous carbon material with a controlled pore radius,
doped with hemin and gold nanoparticles or platinum microparticles, has been created. It is established that such



a structure provides efficient mediatorless electron transfer and exhibits anomalous electrocatalytic (peroxidase-
like) activity, significantly improving sensor characteristics. The effectiveness of passivating dangling chemical
bonds and enhancing charge transport in ureasil composites using metal nanoparticles is proven. For the first
time, the kinetics of in-situ photopolymerization is investigated using PAS methods for samples based on acrylated
epoxidized soybean oil (AESO) and vanillin dimethacrylate (VDM). The physical mechanisms of polymer network
formation are elucidated: it is found that VDM doping and the presence of a photoinitiator exert multidirectional
effects on crosslinking kinetics, yet both identically reduce the size of free-volume cavities, thereby restricting
mass transport processes. Controlling these topological parameters allows for the engineering of optimal solid-
state matrices for biomolecule immobilization. The mechanisms of photoinduced structural transformations of
polymer matrices are established. A comprehensive study using PAS and IR spectroscopy reveals the dynamics of
AESO:VDM photodegradation during long-term continuous UV-irradiation. Processes of controlled photoinduced
oxidative degradation are recorded, accompanied by the generation and subsequent recombination of free
radicals, which directly affect the evolution of the free volume of material. A fundamental correlation between the
topology of polymer matrices (nanovoid size, crosslinking density) and the electrophysical parameters of
amperometric biosensors is established. It is proven that an increase in free volume correlates with enhanced
sensitivity of the physical transducer. Topological and chemical mechanisms explaining the influence of matrix
morphology and nanocarriers on diffusion and charge transfer processes are substantiated. The discovered
patterns are implemented practically: bioelectrodes developed on the basis of ureasils, photocross-linked
polymers, and doped carbon fibers demonstrate wide linearity limits and high sensitivity. This makes them highly
promising for monitoring phenol, ethanol, glucose, and L-lactate in real environmental and biomedical
applications. In summary, the dissertation presents a comprehensive solution to the problem of how defect
microstructure in polymers affects the performance of electrophysical devices (biosensors). By integrating the
results of organic-inorganic and photocross-linked polymers, a consistent correlation between free-volume
parameters and the processes of mass and charge transport is demonstrated. A generalized physical concept is
proposed in which free volume acts as the key design parameter linking the nanoscale solid-state topology to its
macroscopic electrochemical response. This opens new avenues for the targeted engineering of sensory
electronics materials with optimized functional performance.
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