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1. Y puceprauii po3po6sieHO MOJesli Ta METOAM iHTEIEKTYaIbHOTO aHai3y MOP(OJIOTiYHUX i pPUTMIYHUX O3HAK
€JIEKTPOKaplioCUTHaJIiB Ha OCHOBI Teopii IUKJIIYHMX BUIIaJKOBUX MIPOLIECiB. AKTyasIbHICTb POGOTU 3yMOBJIEHA
HEJIOCTATHIM ypaxyBaHHSIM LMKIIIYHOI IPUPOLU €JIEKTPOKAPiOCUTHAIB Y ICHYIOYMX MTifX0[aX, BiICYTHICTIO
KOMIIJIEKCHOTO aHaJli3y MOP(MOJIOTiYHUX i pUTMIYHUX O3HaK, a TAKOXXK 0OMEKEHMMU MOSKJIMBOCTSIMU 1S aHAJi3y
aMILIITYgHOI BapiabesbHOCTI B 33/1a4ax aBTOMATHU30BaHOI KapAioAiarHOCTUKY. Y IIepPIIOMY PO3ii IIPOBEeAEHO
IeTaJIbHUY aHaJIi3 JIiTepPaTypPHUX [IKEPEJI i3 TEMAaTUKU AOCiIKeHH. [IpoaHani3oBaHoO KIliHiYHE 3HAaYEHHS
€JIEKTPOKAPIiOCUTHAJIIB Ta IX pOJIb Y HEIHBa3UBHIN MEIWYHIN HiarHOCTULI. PO3IJIAHYyTO TpaguLiiiHi nigxonu 1o
OTIPAIIOBAHHS eJIEKTPOKapIioCUTHaiB — QisbTpaliio, feTeKwilo R-3y61iB, BUMipIOBaHHS iHTEPBaJliB — a TAKOX

Cy4acHi X0y i3 3aCTOCYBaHHSIM METO/IiB MAIIMHHOIO HaBYaHHS. BUKOHAaHO NOPiBHAJIILHUN aHAaJi3 iCHYIOUNX



MaTeMaTUYHUX MOJieJIel eJIeKTPOKApioCUrHaiB, BU3HAUEHO iX OOMEXXEHHS Ta HEJOJIKY, 110 1ajlo 3MOTY
cpopMyII0OBaTU METY i 3aBIaHHS IUCEPTALiIHOrO JOCiIKeHHS. Y IpyroMy po3zii Ha OCHOBI Teopii UUKIIIYHUX
BUIIaJIKOBUX IIPOLIECIB PO3POOIEHO MAaTEMATUYHY MOJI€JIb €JIEKTPOKAPAiOCUTHATTY i3 CErMEHTHOIO 30HHOIO
CTPYKTYPOIO, sIKa BpaxOBYy€ K MOP(OJIOTivHi, TaK i pUTMiuHi XapaKTEPUCTHKU CUTHATY Yyepe3 QYHKII0 PUTMY
T(t,n). 3anporoHOBaHO MaTeMaTU4YHy MOZeb PYHKIi aMIIITYAHOI BapiabeIbHOCTI 3yOLiB €/1eKTPOKapAiOCUTHATY
(P, Q, R, S, T) sk pi3HULi aMILTTyIHUX 3Ha4€Hb OJHOMMEHHUX 3Y0LliB Y IIOC/iJOBHUX KapJioLMKaX, a TaKOX
MaTeMaTu4Hy MoJesb QyHKIiI 4acoBoi BapiabesIbHOCTI, 110 OIIMCY€E YaCOBi iHTepBaiy MK OHOMMEHHUMU 3yOLISIMU
y MOCJIiIOBHUX Kapaionukiax. OXapakTepu30BaHO METO[ OLIiHIOBaHHS (PYHKIil pUTMY Ta METOU CTAaTUCTUYHOTO
OTIPAlI0OBaHHS LIMKJIIYHOIO BUMIATKOBOTO MPOLECY 3 YPaxyBaHHIM QYHKIii pUTMY, 30KpeMa OLIiHIOBaHHS
MaTeMaTU4HOrO CIOAiBaHHS Ta JucIiepcii B MexXax LUKIY. Y TPeTbOMY PO37ijli PO3PO6IEHO CTPYKTYPHY CXEMY
iHpopMaLiifHOI TEXHOJIOTi IHTE€JIEKTYalIbHOTO aHali3y MOPQOJIOTiYHUX i PUTMIYHUX O3HAK €JIEKTPOKAPIiOCUTHAJIIB.
3IifCHEHO CIIEKTPaJIbHUM aHajli3 MaTEMaTUYHOrO CIIOiBAHHSA Ta AUCIIEPCil €JIEKTPOKaPAiOCUTHAIIIB Y MeXKaxX
OJIHOTO LJMKJIy METOJOM po3kiany B psig Oyp’e, 110 a0 3MOTY BUSIBUTU XapaKTepHi CIIeKTpasibHi 1iarHOCTUYHI
[aTEePHU [JIs1 PI3HUX TUIIB KapAioJIOriYHMX NATOJIOrIH. [IpoBeeHO CTaTUCTUYHY Baliallilo MATEMAaTUYHUX
Mogeel PpyHKLil aMniTyqHOI Ta 4acoBoi BapiabesibHOCTI Ha AaHux 204 3anuciB e1eKTPOKapAiOCUTHAIB 3 623U
PhysioNet, 1110 0XOILTIOIOTH ileMito Miokapaa, HAAUUTYHOYKOBY apUTMIl0, IIJIYHOUKOBY TaXikapilo Ta HOpMaIbHUI
putM. [TepesipeHo cranioHapHicTh QyHKIiHM BapiabesbHOCTI 32 KpuTepismu Kosmoroposa-CmipHoBa Ta [liki-
dysnnepa, a TAKOX BiANOBIIHICTD HOPMAJIBHOMY PO3MOALNY 32 TECTOM AHZepCOHa-/lapJliHra, KpuTepisimu
Jlinniedopca ta lllanipo-Vinka. ¥ yueTBepToMy po3aisi 0O6IpyHTOBAaHO METOIM NPUMHATTS AiarHOCTUYHUX PillleHb Ha
OCHOBI ifeHTH}iKoBaHMX MOPQOJIOTIYHUX | pUTMIYHMX O3HAK €JIEKTPOKapiOCUTHAY i3 3aCTOCYBaHHSIM Cy4YaCHUX
aJITOPUTMIB MAIIMHHOTO HaB4YaHHS. JJoCiIKeHO e(pEeKTUBHICTb YOTMPbOX aJITOPUTMIB BUSIBJIEHHSI aHOMaJIi -
OneClassSVM 3 RBF-simpom, Isolation Forest, 1okanbHoro ¢akropa sukuny (LOF) ta enintudnoi o6osouku (Elliptic
Envelope) - nyis knacudikauii eeKTpokapAiocurHasis rnauieHTiB i3 ¢pibpusiieio Ta TPINOTiHHAM Iepecepib.
BcraHoBseHoO, 1o nomnepenHs o6podka Metogom StandardScaler i3 moganpmum 3HKEHHSIM PO3MIpPHOCTI 3a
nornomoroio PCA no3BoJisie iABUIIUTY TOYHICTb Kiacudikauii MopdosoriyHux o3Hak 3 52-83 % no 98-100 %, npu
ubomy Meto LOF 3a6e3nedynB HalBUILy TOYHICTb 47151 Gibpuisnii nepeacepap. [y po3mMpeHHs 1iaTHOCTUYHUX
MO>XJIMBOCTEH NPOBeLieHo Kilacudikallilo YOTUPbOX TUIIB CEPLIEBO-CYIUHHUX 3aXBOPIOBAaHb HA OCHOBI J1€CSITU
CTaTUCTUYHUX AECKPUINTOPiB PYHKLIi aMIIiTy1HOI BapiabeIbHOCTI 3 BUKOpUCTaHHIM IaTdopmu AutoML PyCaret.
3a pesyJsibTaTaMy NOPiBHSJIBHOTO aHAJI3y JeCSITU aJIFTOPUTMIB HAallKpalui pe3yJibTaT NPpoA4eMOHCTPYBaB Random
Forest Classifier (Accuracy = 0,9187, AUC = 0,9433, F1 = 0,9186). [lns inTeprpeTauii kinacudikaniiiHux pimeHb
3actocoBaHo SHAP-aHasi3, sSKuil BCTAaHOBUB Ha I7106a7IbHOMY Ta JIOKaJbHOMY PiBHSIX, IO aCUMETPisl Ta eKkclec
(YHKILiI aMIIiTyJHOI Bapiabe/IbHOCTI € KJIIIOYOBUMU [iarHOCTUYHUMU O3HAKaMU MOP(OJIOTiYHMX 3aXBOPIOBAaHb
MioKapga.

2. The dissertation develops models and methods for intelligent analysis of morphological and rhythmic features of
electrocardiographic signals based on cyclic random process theory. The relevance of the research is determined
by the insufficient consideration of the cyclic nature of electrocardiographic signals in existing approaches, the
absence of comprehensive joint analysis of morphological and rhythmic features, and the limited capabilities for
amplitude variability analysis in automated cardiac diagnostics. The first chapter presents a detailed review of the
literature relevant to the research topic. The clinical significance of electrocardiographic signals and their role in
non-invasive medical diagnostics are analyzed. Traditional signal processing approaches - including filtering, R-
wave detection, and interval measurement - as well as modern machine learning methods are examined. A
comparative analysis of existing mathematical models of electrocardiographic signals is performed, their
limitations are identified, and the research objectives are formulated. The second chapter develops a mathematical
model of the electrocardiographic signal with a segmental zone structure based on cyclic random process theory,
accounting for both morphological and rhythmic signal characteristics through the rhythm function T(t,n).
Mathematical models of the amplitude variability function of ECG waves (P, Q, R, S, T), defined as the difference
between amplitude values of corresponding waves in successive cardiac cycles, and the temporal variability
function, describing time intervals between corresponding waves in successive cycles, are proposed. Methods for



estimating the rhythm function and for statistical processing of the cyclic random process - including estimation
of the mean and variance within a cycle - are characterized. The third chapter presents the structural scheme of
the information technology for intelligent analysis of morphological and rhythmic features of electrocardiographic
signals. Spectral analysis of the mean and variance within a single cycle using Fourier series decomposition is
performed, enabling identification of characteristic spectral diagnostic patterns for various types of cardiac
pathologies. Statistical validation of the amplitude and temporal variability function models is carried out on 204
PhysioNet electrocardiographic recordings covering myocardial ischemia, supraventricular arrhythmia, ventricular
tachycardia, and normal rhythm. Stationarity of the variability functions is verified using the Kolmogorov-Smirnov
and Dickey-Fuller tests, and normality is assessed using the Anderson-Darling test, the Lilliefors criterion, and the
Shapiro-Wilk test. The fourth chapter substantiates methods for diagnostic decision-making based on the
identified morphological and rhythmic features using modern machine learning algorithms. The effectiveness of
four anomaly detection algorithms - OneClassSVM with RBF kernel, Isolation Forest, Local Outlier Factor (LOF),
and Elliptic Envelope - is investigated for classifying electrocardiographic signals of patients with atrial fibrillation
and flutter. It is established that preprocessing with StandardScaler followed by PCA dimensionality reduction
increases morphological feature classification accuracy from 52-83% to 98-100%, with LOF achieving the highest
accuracy for atrial fibrillation. Classification of four types of cardiovascular diseases based on ten statistical
descriptors of the amplitude variability function is performed using the AutoML PyCaret platform. Among ten
compared algorithms, Random Forest Classifier demonstrated the best performance (Accuracy = 0.9187, AUC =
0.9433, F1 = 0.9186). SHAP analysis is applied to interpret classification decisions, revealing at both global and local
levels that skewness and kurtosis of the amplitude variability function are the key diagnostic features for
morphological myocardial diseases.
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InenTudikarop ORCID ID: 0000-0002-2405-4930
JopaTrkoBa indpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: TepHOMiNbCHLKMI Hal[iOHAILHUI TeXHIYHMI1 yHIBEPCUTET iMeHi

IBana Ilymos

Kog 3a €IPIIOY: 05408102



Micue3HaxoaKeHHS: By/1. Pycbka, TepHorinb, TepHOMiNbChKUIA p-H., 46001, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buine Im'sa I1o-6aTbKOBI
TOJIOBH paju

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOrO Ha 3acigaHHi
BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTparop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZasIbHUM 3a peecTpallilo HayKOBOIi

OisIIBHOCTI

JlutBuHeHko fpocias BomogumMuposuy

JlutBuHEHKO fpocias BosiogumupoBuy

Maptunsk Ipuna OnexkcangpiBHa

Opuenko Tetsana AHaTosiiBHa

FOpuenko TetsiHa AHaTOJiiBHA



