O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iIKOBHI HOMeP: 0826U000438
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 03-03-2026

Craryc: 3amanoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. [Ipuiimak Tapac Bosogyumuposuy

2. Taras V. Pryimak

KBasmigikamis:

InenTudgikarop ORCID ID: 0000-0001-8600-9097

Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HayKoBOi crIeniaIbHOCTI: 105

Ha3zBa HayKoBoi creniaJbHOCTI: [TpukiajgHa disvka Ta HaHOMaTepiany

T'anyss / ranysi 3HaHb!

OCBiTHbo—HayKOBa nmporpama 3i CreniaJbHOCTI: ITpuknanHa Gisuka Ta HaHOMaTepiau

JlaTa 3axHcCTy:
CreniaJIbHICTh 32 OCBITOIO: Biojoris
Micue po60oTH 34,00yBava: YropHULBKUIA JliLeit

Kopg 3a €IPIIOY: 20558885

Micuesnaxo,szeHHa: Bysmus TornosnuHa, c. YropHuky, KosmoMuricekuit p-H., 74692, Ykpaina

dopma BiracHoOCTI: KomynanbHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HayKy YKpaiHu

InmenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYU€HOI pagH (pa30Boi creniaai3oBaHOi BYEHOI pajgu). PhD 178

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI 0COOHM: KapnaTchKuil HaLiOHAIbHMIA YHiBEPCHUTET iMeHi Bacuiis
Credanuka

Kopg 3a €IPIIOY: 02125266

Micue3HaxoaKeHHS: ByJ. llleByeHKa, IBano-®pankiBcek, 76018, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTudikarop ROR:

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

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI 0COOHM: KapnaTchKuil HALiOHAIbHUIA YHIBEPCUTET iMeHi Bacuiis
Credanuka

Kop 3a €IPIIOY: 02125266

Micue3HaxoaKeHHSI: By [lleBuenka, [Bano-Ppankisebk, 76018, Vrpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

InmenTudikarop ROR:

V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koy TeMaTHYHHX PYOPHK: 34.17.43

Tema guceprauii:
1. Tpancdopmariis iMrnegaHCHUX CIIEKTPiB 6i0JOTIYHMX TKAHUH IIifl BIJINBOM JECTPYKTUBHUX (HaKTOPIB.

2. Transformation of the impedance spectra of biological tissues under the influence of destructive factors.

Pedepar:

1. O6’eKT moCiIKeHHs - 6i0€JIEKTPUYHUI IMIIEJaHC SIK IHAMKATOP CTYNEHS AECTPYKLii Ta iHCTPYMEHT BUBYEHHS
IPUPOIM CTPYKTYPHUX JedopMaliiil TKaHuH. [IpegMeT focimkeHHs - e TpaHcdopmallii iMrne1aHCHAX CIEKTPIB i
BiZJTOBIJHUX €JIEKTPUYHUX €KBIBAJIEHTHUX CXEM IIiJ] BIVIMBOM arpeCUBHUX YMHHUKIB, BIUIUB Pi3HOTO CTYIIEH
IeCTPyKIii Ha MapaMeTpy €KBiBaJICHTHUX CXEM Ta YaCTOTHA JUCIIEPCisi KOMIVIEKCHUX €JIEKTPUYHUX [1apaMETPiB.
JJ11 [OCSATHEHHS [TOCTaBJIEHOI METU BUKOPHCTAHO B3a€EMOJOIOBHIOBAJIbHI Ta B3a€EMOKOHTPOJIIOBAJIbHI METOIH:
iMIlelaHCHY CIIEKTPOCKOIIiI0, OITUYHY MiKpocKoriio, metor, Koyna-Koya, 3acobu Bidyasnizauii Ta MaTeMaTH4HOI
00pOOKY eKCIIepMMEHTaIbHUX NaHux (ZView, Origin). EkcriepyuMeHTasnbHi JOCTiI)KeHHs] BUKOHAHO 3
BMKOPHMCTaHHSIM iMNieaHCHOro criekrpomerpa Autolab PGSTAT, caitioBoro mikpockona Micros Austria MC300 Ta
udposoi kamepu ToupCam 5.1M UHCCD Sony 3 apantepom ToupTek Photonics AMAQ75 (mporpamue

3abesnevyeHHs ToupView v.3). Y pe3ysbTaTi 4OCTiIKeHHs ONITUMI30BaHO METOAUKY OTPUMAaHHS iMIIeJaHCHUX



CIIEKTPiB TKAHUH Yy J1abOPAaTOPHUX YMOBAX, PO3POOJIEHO KOHCTPYKIiI0 BUMiPIOBAJIbBHUX KOMIPOK T2 BU3HAYE€HO
reoMeTPUYHi TapaMeTpH iHTaKTHUX i eKCIIEpUMEHTANbHUX 3Pa3KiB 7151 3a6e3Med4eHHs BilTBOPIOBAHOCTI Ta SIKOCTi
CIIeKTpa/IbHUX JaHuX. Ha ocHoBI giarpam HaiikBicTa BCTAaHOBJIEHO CTPYKTYPY €JIEKTPUYHUX €KBiBaJIEHTHUX CXEM
3pasKiB i MpoaHani30BaHo ix TpaHcdopMalii Mif] BIVIMBOM IE€CTPYKTUBHUX (PaKTOpiB. BCTaHOBIEHO IMOBIpHY
BiZIIOBIJHICTb MIXX €JIEMEHTAMU €KBIBaJIEHTHUX CXEM i CTPDYKTYPHUMU KOMIIOHEHTaMU TKaHUH. [TokasaHo, 1m0 3i
3POCTaHHSIM TEMIIEPATYPU Ta YaCy €KCII03MLlii 3MEHIIYIOTbCS 3HAaYEHHS AiMICHOI Ta ySIBHOI YaCTUH KOMIIJIEKCHOTO
OIIOpY, L0 CYNPOBOIPKYETbCS 3HUKEHHSIM OIOPIB i EMHICHUX XapaKTePUCTUK. [Ipu TemniepaTtypax, 6JIU3bKUX [0
IleHaTypaLiliH1X, eJIEKTPUYHA €KBiBaJleHTHA cxeMa BTpadae CPE-R y1aHKy, 0 CBiAYNTL IIPO HE3BOPOTHI CTPYKTYPHI
3MiHM. BCTaHOBJIEHO, 1110 pyHHYBaHHSI [1J1a3MaTUYHOI MEMOPaHU 3YMOBJIIOE TIepeXil, CUCTEMHU 3 aHi30TPOIIHOTO B
i30TPOIHUI CTaH, 1O NPOSBILETHCSA 3POCTAHHAM IIPOBiAHOCTI BHACJIILOK IiABUIIEHHS PYXJIMBOCTI iOHiB.
[ligBUIIEHHS] TEMIIEPATYPU CYNIPOBOIPKYETHCSI 3pOCTAHHSM TAaHT'€HCA KyTa AieJIeKTPUYHUX BTPAT i pE30HAHCHO]
4aCTOTH, L]0 NIOB’A3aHO 3i 30i/IbLIEHHSIM KiJIbKOCTi €(DEeKTUBHUX JUIIO0JIiB. BUsBIEHO, 1110 TOBTOPHE BUKOPUCTAHHS
4acTOTHOTO Aiana3ony, 3okpema 100 kHz, Moxxe iHIyKyBaTH CTPYKTYPHi 3MiHM KJIITUHHOI MeMOpaHu. [TososkeHHs
MaKCHMMyMiB YaCTOTHUX XapaKTE€PUCTHUK 3MilllyeTbCS 3aJIEXKHO Bifl pO3Mipy 3pasKa Ta CTYIEeHsI CTPYKTYPHHUX 3MiH,
TOJi SIK MiHIMYM y IinsgHui ~1 'y 3amimaeTbest CTabiIbHUM i MOKE PO3IJISIIATUCS SIK MapKeP [epexony Mix
IIPOBiIHMMU pexruMamu. OTpUMaHi pe3yJIbTaTy CTBOPIOIOTh IEPENYMOBH IJIs1 BUKOPUCTAaHHS iMIIEJaHCHOTO
niAxony y HeiHBa3uBHIl [iarHOCTHULIi CTYIIE€Hs MOMKOKEHHS TKaHWUH (OIiKY, ileMmisi, HeKpo3), OLliH1li
SKUTTE3IATHOCTI 6ioMaTepiasiB Ta MOHITOPUHTY €(PEKTUBHOCTI TEPMIUYHOrO 4M XiMiuHOro BIIMBY. HoBU3HA: ynepuie
BCTaHOBJIEHO 3aKOHOMIPHOCTI TpaHcdopMaliii iMIe1aHCHUX CIIEKTPiB 6i0JI0rYHUX TKAaHMH Pi3HOI MOPQOIIOTii Mif
BILJIMBOM TeMIlepaTypH, Yacy eKCIO3u1lii Ta IOBTOPHUX BUMipIOBaHb i [10Ka3aHo, 10 Lii 3MiHU BiLOOPasKalOThCS Y
nepebynoBi CTPYKTYpPHU €JIEKTPUYHUX €KBiBAJIEHTHUX CXeM, 30KpemMa y BrpaTi CPE-R-71aHOK [IpU LOCSTHEHHI
TeMIepaTyp JgeHaTypauii. OGIPyHTOBAHO CTPYKTYpPy 6araToeIeMeHTHUX €KBiBaJIEeHTHUX CXe€M iHTaKTHUX i
[IOIIKOKEHUX TKAaHMH Ta BCTaHOBJIeHO iHdpopMmaTuBHi napameTpu (R, CPE-T, 4acTOTHi ekcTpeMymu), 9yTIUBi 1O
CTYyIIEHS CTPYKTYPHOI ferpaganii. BusBieHo TeMnepaTypHO-4acoBi Ta TeOMETPHUYHI 3aKOHOMIPHOCTI 3MiHM
KOMIIJIEKCHOTO OIOPY, MOB'$13aHi 3 MOPYIIEHHSIM MEMOPaHHOI 11iliCHOCTI Ta IepPeXO0M [0 i30TPONHILIOrO CTaHy
poBigHOCTI. [IpakTUYHE 3HAYEHHSI N10JISITa€ Y PO3POOJIEHHI CTPYKTYPHO-YYTJIMBOrO MigX04y 0 aHali3y
iMIlelaHCHUX CIIEeKTPIB i onTUMizallii MeTOIMKY BUMIPIOBaHb €X Vivo, 110 3abe3Ievye BiATBOPIOBAHICTh Pe3yJIbTaTiB i
MOXKe OyTY BUKOPUCTaHe JJ1s1 KiIbKiCHOI OLIiHKM CTYI€HS MOIIKOPKEHHSI TKAHMH Ta PO3PO0JIEHHS NialrHOCTUYHUX i

MOHITOPUHIOBUX CUCTEM Ha OCHOBI iMIIEJAHCHOI CIIEKTPOCKOIIii. ['a/1y3b BUKOPUCTAHHS: MEOVLIMHA, TACTPOHOMISL.

2. The object of the study is bioelectrical impedance as an indicator of the degree of tissue destruction and a tool
for analyzing the nature of structural deformations. The subject of the study includes transformations of
impedance spectra and corresponding electrical equivalent circuits under the influence of aggressive factors, the
effect of various degrees of destruction on circuit parameters, and the frequency dispersion of complex electrical
characteristics. Complementary and cross-validating methods were employed, including impedance spectroscopy,
optical microscopy, the Cole-Cole method, and mathematical processing and visualization of experimental data
(ZView, Origin). Experimental measurements were performed using an Autolab PGSTAT impedance spectrometer,
a Micros Austria MC300 optical microscope, and a ToupCam 5.1IM UHCCD Sony digital camera with a ToupTek
Photonics AMAQ75 adapter (ToupView v.3 software). An optimized methodology for obtaining tissue impedance
spectra under laboratory conditions was developed. The design of measuring cells was proposed, and geometric
parameters of intact and experimental samples were established to ensure reproducible and high-quality spectral
data. Based on Nyquist plots, the structure of electrical equivalent circuits was determined and their
transformations under destructive influences were analyzed. A probable correspondence between equivalent
circuit elements and tissue structural components was established. It was shown that increasing temperature and
exposure time lead to a decrease in the real and imaginary parts of complex impedance, accompanied by
reductions in resistance and capacitance. At temperatures approaching denaturation thresholds, the electrical
equivalent circuit loses the CPE-R branch, indicating irreversible structural damage. Destruction of the plasma
membrane initiates a transition from an anisotropic to an isotropic state, resulting in increased conductivity due to

enhanced ion mobility. Temperature rise is also associated with an increase in the dielectric loss tangent and



resonance frequency, attributed to an increased number of effective dipoles. Repeated exposure to specific
frequency ranges, particularly 100 kHz, may induce structural alterations in the cell membrane. The position of
frequency maxima shifts depending on sample size and structural condition, whereas the minimum near ~1 Hz
remains stable and may serve as a marker of transitions between conductive regimes. The obtained results provide
a basis for applying impedance-based approaches in non-invasive diagnostics of tissue damage (burns, ischemia,
necrosis), assessment of biomaterial viability, and monitoring of thermal or chemical treatment efficiency. Novelty:
For the first time, the regularities of transformation of impedance spectra of biological tissues with different
morphology under the influence of temperature, exposure time, and repeated measurements have been
established, and it has been shown that these changes are reflected in the restructuring of the corresponding
electrical equivalent circuits, in particular in the loss of CPE-R branches at temperatures approaching membrane
protein denaturation. The structure of multi-element equivalent circuits for intact and damaged tissues has been
substantiated, and informative parameters (R, CPE-T, frequency extrema) sensitive to the degree of structural
degradation have been identified. Temperature-time and geometric regularities in the variation of complex
impedance have been revealed, associated with membrane integrity disruption and transition to a more isotropic
conductive state. Practical significance: The study develops a structure-sensitive approach to the analysis of
impedance spectra and optimizes the methodology of ex vivo measurements, ensuring reproducibility of results.
The proposed approach can be applied for quantitative assessment of tissue damage and for the development of
diagnostic and monitoring systems based on impedance spectroscopy. Field of application: medicine, gastronomy.
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