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1. Inceprariis npucBsYeHa po3pooLii Ta JOCIIIHKEHHIO METO/IiB MOZEJIIOBAHHS Ta OOPOOKM CUTHAJIIB €JIeKTPUIHO]
AKTMBHOCTI CEPL,EBUX KJIITHH Ta CIIPSIMOBAHA Ha BJOCKOHAJIEHHS METOAUYHOTO Ta aJITOPUTMIYHOTO 3a6€311e4YeHHs
MIKPOEJIEKTPOJHUX CUCTEM. Y NEPIIOMY PO3iJi IPOBENEHO OIJIAL, HAYKOBUX IPKEPEJ CTOCOBHO NOCIIIPKEHHS
eJIeKTpo@isiosiorii KapAiOMIOLUTIB Ta OLiHIOBAHHS KapAiOTOKCUYHOCTI 32 JOIIOMOIOI0 CY4aCHUX TE€XHOJIOTIN. Byso
BCTaHOBJIEHO, 10 METOZ, JIOKaJIbHOI (ikcaliii moTeHjany KIiTHHHOI MEMOPAHU € 30JI0TUM CTaHIAPTOM IJIsl
IOCiI)KeHHS BIUIMBY IIpenapariB Ha KJIiTUHU. [IpoTe, 1Oro BUKOPUCTaHHS MOXKe OYyTU HEONTUMAJIbHUM Y pasi
TPUBAJIVX JOCJiIKEHb Ta MOTPEOU Y BUCOKIN NPOIYCKHiN 30aTHOCTI. CUCTEMU 3 MiKPOEJIEKTPOAHUMU PEIIiTKAMU,
X04a i mpocTilli y BUKOPUCTaHHI Ta MalOTh BUCOKY ITPOITYCKHY 3/IaTHICTb, ajle TEX He 110306aBjeHi oomMexeHb. [To-

nepuie, 3anyCy NO3aKIITUHHYX MOTEHIIIaJiB B CUCTEMAX 3 MIKPOEJIEKTPOAHNMMMU PELIITKAMY € HU3bKOAMIUIITYJHUMU



Ta 3MIIYIOTLCS 3 LIYMOM Bif pisHUX IKepel. [lo-gpyre, HE3MaTHICTb CUCTEM 3 MIKDOEJIEKTPOLHUMU PELIITKaMU
3aKMCyBaTy MOTEHL{aMM il KIiTHH 6e3 3HaYHuX Moaudikalill IPUCTPOI0 0OMEXKy€e MOKIIMBOCTI IJ1s1 HOCIIiIPKEeHb
KJIITHH cepls, a MogudiKoBaHi cuCTeMH, sIKi 3[aTHI 3all1CyBaTH JIOKaJIbHI IOTEeHIianu fii, MaloTh CBOI HELOJIIKH.
MaTteMaTryHa peKOHCTPYKLisl MOTEHLialiB Aii 3 MO3aK/IiTMHHYX [IOTEHLiaJiB MOXKe OyTH BUKOPHCTAHA sIK 6e31eYHa
aZIbTEPHATUBA, SIKA J03BOJIs€E OTPMMYBATH iH(pOopMallilo Ipo noTeHuiany aii 6e3 pisuuHOro BTpyYaHHSs B KJIITUHHY
CTPYKTYPY, 1110 MOXXE CIPUSITH Oi/IbLI TOYHIM OLiHIIi PUBKKY KapiOTOKCUYHOCTI. TakuM YMHOM, OCHOBHUMU
HaIpsIMKaMHU PO3BUTKY METOJMYHOTO Ta AJIFTOPUTMIYHOTrO 3a6€311€4€HHS MIKPOEJIEKTPOJHUX CUCTEM 17151
OLIiHIOBaHHS Kap/li0OTOKCUYHOCTI JIiKapChKUX NPEMNapariB € BIOCKOHANIEHHS CTAHIapPTHUX Ta CTBOPEHHS] HOBUX
METO[IiB OOpPOOKM Ta MOZEJIIOBAHHS CUTHAJIB €JIeKTPUYHOI aKTUBHOCTI CepLieBUX KIITUH. Y Ipyromy posmimi
IIPOBEJIEHO OTJISLH, MAaTEMAaTUYHUX MOJIeJel IOTeHLialiB Ail Ta MifAXo4iB O OTPMMAHHS NO3aKJIiTUHHUX MTOTEHLiaiB.
Cyy4acHi BUCOKOAETai30BaHi MOJEJI KIIITUH HaMararoThCsl BDaXOBYBATH BCi iI0HHI KaHaJy, TPDAHCIIOPTEPHU Ta
IVHAMIKy iOHHMX KOHLEHTpPALil, O JO3BOJIsIE OTPUMATU PEAJIICTUYHI CUMYJIALIL TOTEHLiaiB 1ii Ta
6ioeJIeKTpUYHUX IIPoLIeCiB. 3 METOIO MoJIereHHs Tpolecy ineHTudikalii napameTpis Ta CIIPOLIEHHS PO3paxyHKiB
D711 MOZIEJIIOBaHHSI €JIEKTPUYHOI aKTUBHOCTI BEJIMKOI [TOMYJIsLii KJIiTUH 6yJI0 IPOBEAEHO POOOTY Haf
BJIOCKOHAJIEHHSIM MOJI€JIi apajiesibHuX NpoBinHocTen i3 ctpymamu K, Na i Ca. CTpymu BUCOKOETANi30BaHOI
MogeJii e7IeKTPUYHOI aKTUBHOCTI CUHOATPiaJIbHOTO By3J1a JIIOIUHU 0yJI0 06'€JHAHO y IPYIIX TPhOX 3arajlbHUX
cTpyMiB. [TapameTpu BLOCKOHa/IEHOI Mofesti Oyiu NifibpaHi TaKUM YMHOM, 1106 Mopdosorii ii cTpyMiB Binnosiganu
y3araJlbHEHUM CTPyMaM BHCOKOJ€Tajli30BaHOI Mojeli. B pe3ysbTari, 6ysia oTprMaHa MOJIeJIb, SIKa Ma€ 3HaYHO
MeHIIe nudepeHliaTbHUX PiBHSIHb Ta IapaMeTpiB, ajle 37aTHA CUMYJIIOBATH NTOTEHIianu aii 3 MopdoJIorieto,
HaGIMXEHOIO 0 BUCOKOIeTali30BaHOi MofeJli. [JomOBHEHHSI MOIeJTi apajesbHUX MPOBiIHOCTEN PiBHSIHHIMU
[I03aKJIiTUHHUX [IOTEHLiaJiB Ha OCHOBI Teopii o151 1210 3MOry OTpUMAaTH 6ilOMEHHY MOJIEJIb, 2 BUKOPUCTAHHS
6iTOMEHHOTO MiAX0Ay A03BOJINIO MOJEIOBATH MO3aKIITUHHI OTEHLiad CUHOATPiallbHUX CEPLEBUX KIIITUH
JIIOOVHU. Y TPEThOMY PO3[iJii po3p0o6sieHO METOOMKY PEKOHCTPYKLIi IoTeHIianiB Aii cepleBux KIIiTHH 3 iXHiX
[I03aKJIiTUHHUX [IOTEHLiaJIiB [ CUCTeM 3 6araTbMa esleKTpojaMu. Ll metoauka 6ysia afantoBaHa Aj1st pisHUX
BUIAJKIB, BKJII0Yal04/ CUHXPOHHI Ta aCUHXPOHHI IIOTEHLiaNN Iii, OAHAKOBI Ta Pi3Hi OTEHLiaNn Aii, a TaKOX rPynu
KJIITUH 3 CHHXPOHHMMM Ta OJJHAKOBUMHU NoTeHLjanamu fii. [1lo6 Bupimuty npobaemMy, KOu KijIbKiCTh KITITUH
IepeBUIIYE KiJIbKICTb €JIeKTPOIiB, 6yJI0 PO3PO6IEHO MifXif, 3 OIiOM KJIITUH Ha IPYNH, B IKUX OTEHLiaIu Ii
BB@KAIOTbCSI CHHXPOHHUMMU Ta OJHAKOBUMU. ONMCaHO METOAMKY BU3HAUYE€HHSI CHHXPOHHOCTI I1OTeHLiasiB [ii Ha
OCHOBi METOZly PEKOHCTPYKLii IOTEHLialiB Aii 11 6araTbox KJIIiTUH. OTPUMAHO aHATITUYHUI PO3B'SI30K [JIs1
BM3HAYEHHS BifICTaHEN Bif, €JIEKTPOIiB 4O KJIITUHU B 1-BUMipHOMY Ta 2-BUMipHOMY BUINAJKax Ha OCHOBI
3aIPOIIOHOBAHOr0 6iIOMEHHOTO IiTX0AY Ta TeOMETPii MiKPOeJIeKTPOIHUX PELliTOK. Y 4eTBEPTOMY PO3[iii
[IPOBENIEHO NOPIBHANILHUI aHaJli3 Pi3HMX METO/IB 3HELIYMJIEHHS [T03aKJIITUHHUX ITIOTEHLaiB, BKIIOYal04u BEUBJIET
MIEPETBOPEHHS, METOJ, BJIACHUX MiANPOCTOPIB Ta KOMIJIEKCHUNA METOJ, 3HELTYMJIEHHS. JI0CiI>)KeHHS BUSIBUJIO, 11O
Migxiz, 3 KOMIUIEKCHUM METOZIOM I10Ka3aB HaMKpalli pe3ysbTaTi. bysio MpoaHani30BaHO PU3UK KapAiOTOKCUYHOCTI
JIiKapChKUX IIPENaparis, BUKOPUCTOBYIOYM PEKOHCTPYHMOBaHi NOTeHLianu Aii. 3arIpONIOHOBAHO MiAXif, pO3MUPEHHS
Habopy [aHuX I MalIMHHOTO HaBYaHHS i NPOBeJEeHO Kiacu@ikallilo Mo3aKIiTUHHUX OTEHLialiB 32 rpynamMu
PHU3UKY KapIiOTOKCUYHOCTI Ta KOHIIEHTpAaLlisiMU ITperapary BUKOPUCTOBYIOUN METO[, kK-HalOIKINX CYCifiB.
OuineHo eeKTUBHICTb NapaMeTPiB, 11J0 BUKOPUCTOBYIOTHCS 17151 Kilacugikaliii, i BUsSBIEHO, 10 NOAATKOBI

napaMeTpy, OTPMMaHi 3 PEKOHCTPYMOBAHUX [IOTEHLIaiB [Iii, MOXKYTb IiIBULIYBAaTH TOYHICTb Ki1acuQikalii.

2. The dissertation is devoted to the development and research of methods for modelling and processing of signals
of heart cells' electrical activity and aimed at improvement of methodical and algorithmic support of
microelectrode systems. In the first chapter, a review of scientific sources was conducted regarding the study of
electrophysiology of cardiomyocytes and assessment of cardiotoxicity using modern technologies. It has been
established that the patch-clamp method is the gold standard for studying the effects of drugs on cells. However,
its use may not be optimal for long experiments or when high throughput is required. Although systems with
microelectrode arrays are easier to use and have high throughput, they also have critical limitations. First, the
recordings of extracellular potentials in microelectrode array systems have low amplitude and are often mixed
with noise from various sources. Second, the inability of microelectrode array systems to record cell action



potentials without significant device modifications limits the possibilities for cardiac cell research. Mathematical
reconstruction of action potentials from field potentials can be used as a safe alternative that allows obtaining
information about action potentials without physically interfering with the cellular structure, which can contribute
to a more accurate assessment of the risk of drug cardiotoxicity. Thus, the main directions of the development of
methodical and algorithmic support of microelectrode systems for evaluating the cardiotoxicity of drugs are the
improvement and development of methods for processing and modelling of signals of heart cells' electrical activity.
The second chapter reviews the mathematical models of action potentials and approaches to obtaining
extracellular potentials. Modern cardiac cell models are highly detailed and try to incorporate all discovered ion
channels, transporters and dynamics of ion concentrations. This approach allows to obtain realistic simulations of
action potentials and bioelectrical processes. To streamline the process of model parameter identification and
minimize the computational load of simulating the electrical activity of a large population of cells, a modified
model of parallel conductances with K, Na, and Ca currents has been proposed. The currents of the highly detailed
model of the electrical activity of the human sinoatrial node cell were integrated into groups of three general
currents. The parameters of the modified model were finetuned in such a way that the waveforms of its currents
corresponded to the generalized currents of the highly detailed model. As a result, the obtained model has
significantly fewer differential equations and parameters, but is able to simulate action potentials with a
morphology similar to that of a highly detailed model. Supplementing the model of parallel conductions with the
equations of extracellular potentials based on the field theory made it possible to obtain a two-domain model. The
use of a bidomain approach allowed to model the extracellular potentials of human sinoatrial heart cells for further
study and analysis. In the third chapter, a technique for reconstructing the action potentials of multiple cardiac
cells from their extracellular potentials for multielectrode systems was developed. This technique has been
adapted for different cases, including synchronous and asynchronous action potentials, identical and different
action potentials, and groups of cells with synchronous and identical action potentials. To solve the problem when
the number of cells exceeds the number of electrodes, an approach was developed to divide the cells into groups
in which the action potentials are assumed to be synchronous and identical. The method of determining the
synchronicity of action potentials based on the proposed reconstruction approach is described. An analytical
solution was derived to calculate the distances from the electrodes to the cell in 1-dimensional and 2-dimensional
cases based on the proposed bidomain approach and the geometry of the microelectrode array. In the fourth
chapter, a comparative analysis of field potential denoising methods was carried out, including wavelet transform,
the method of eigen subspaces and the complex denoising method. The study found that the complex method
showed the best results. The cardiotoxicity risk of drugs was analysed using reconstructed action potentials. An
approach to expanding the data set for machine learning was proposed and the classification of extracellular
potentials by cardiotoxicity risk groups and drug concentrations using the k-nearest neighbours method was
performed. An evaluation of the parameters used for classification revealed that incorporating additional
parameters, derived from reconstructed action potentials, could enhance the accuracy of classification.
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Bsacue IlpisBume Im'st [To-6aThKOBI IHapnan Osner Bopucosiy

rOJIOBYIOYOTO Ha 3acCiiaHHi



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

[Inorak Muxanno OjieKcaHapOBUY

VKpIHTEI

FOpuenko TetsHa AHaToJiiBHA



