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Pedepar:

1. AKTyasIbHiCTb CTBOPEHHS CUCTEMU BUABJIEHHS aPUTMIll CEPL HA OCHOBI METO/IIB MAIIMHHOI'O HAaBYaHHS
BU3HAYA€TbCSI HEOOXIHICTIO BUPIlI€HHS MPO6JIeMU MiIBULIEHHSI TOYHOCTI PAHHbOI IiarHOCTUKU Ta TPOTHO3YBaHHS
MIOPYLIEHDb CEPLIEBOrO PUTMY, 5Ki MAIOTh BUCOKY YaCTOTY I1OSIBY i MOXKYTb BUKJIMKATH TSDKKI YCKJIQZHEHHS, 8 TAaKOX
HEJIOCKOHAJIICTIO TEXHIYHOrO Ta iH(popMaLifiHO-aJIrTOPUTMIYHOrO 3a0e31e4eHHs KapAioJoTiYHUX CUCTEM [JIs
IiarHOCTUKU CEPLIEBUX apUTMill. MeTOI0 JOCiIKEHHS € po3poOKa CUCTEMU BUSBJIEHHS ceplieBUX apuTMmiil Ha EKT
3 BUKOPUCTaHHAM METOJIiB MalllMHHOTO HaBYaHHS, B OCHOBY $IKOi IIOKJIaJIEHO CTBOPEHHS MOJZEJIe HEMPOHHUX
MepeK, BIOCKOHAJIEHHsI METO/IiB IoTlepeIHbOi 0OPOOKYU CUTHAJIB, BUIiJIEHHsI O3HAK MAaTOJIOTiN, 3MEHIIEHHSI
PO3MipHOCTI JaHUX, 110 3a6e3nevye MiABULEHHS TOYHOCTI, YyTJIUBOCTI I CIer(iuHOCTI, @ TAKOXK NPULIBUIILIECHHS
aBTOMAaTH30BaHOI AiarHOCTUKY CEPLEBUX APUTMiil B yMOBax KJIiHIYHOTO 3aCTOCYBaHHS 3 06MeKeHOI0 KinbkicTio EKT

curHaniB. O6’ekT gociimkeHHs: CUTHAIM eJIeKTPUYHOI akTUBHOCTI cepus. [IpegMeT mocimkeHHs: Metoau



06po6KH Ta Ki1acu@ikalii eseKkTpokapziorpadiyHUX CUTHAJIIB B HOPMi Ta 3 HASBHMMU IIATOJIOTISIMU CEPLEBUAX
apuTMii. HaykoBa HOBM3HA OTPUMAaHUX pe3ysbTaris: 1. Po3po6eHo komIieke KiacudikaluiiHux Mmozesei
CiaMChKUX HEPOHHUX MEPEesK, 0COOUBICTIO SIKUX € BUKOPUCTAHHS 3TOPTKOBUX MIAPiB 1JIs MapajieibHOi 06pOOKU
IBOX TUIIIB (PParMeHTiB JaHUX: yCEPEIHEHOr0 KapAiOLUKIy 3 NeTaJbHUMU MOP(OJIOriYHMMY XapaKTepUCTUKAMU Ta
EKT'-curnany, mo Bifo6paskae BapiabesIbHICTb CEpPLEBOTO PUTMY, @ TAKOXK 3aCTOCYBaHHS PO3PO0IEHNX €TAJIOHHUX
BEKTOPIB O3HAK I1aTOJIOTi 171 BUSIBIEHHS apUTMil, CYIYTHIX MTaTOJIOTIYHUX CTAHIB CEPLIEBO-CYJUHHOI CUCTEMU Ta
Ii3HIX OTeH1jaliB MITYHOUKIB i nepencepap Ha EKI' B yMoBax 06MeK€HOI KiJIbKOCTi TPEHYBaJIbHUX JaHUX. 2.
P0o3po61€HO HOBY afalTUBHY (PYHKILI0 aKTUBAllii, BiIMiHHICTIO SIKOi € HeJliHiliHa 3aJIe>KHICTb 3 BJaCTUBICTIO
CTHCKAIOYOT0 BiloOpakeHHs, 1[0 Ha OCHOBI 3MeHIIeHHs Ipo6jieMy BUOYXY Ta 3racaHHs IPalieHTiB Iif Jac
3aCTOCYBaHHS B [IOCJIJOBHUX LIapax HEMPOHHUX MEPEX CIIPUsi€ PO3Ii3HABAHHIO HU3bKOAMILTITYJHUX CKJIaJJOBUX
EKT', a TakoX 32 JOIIOMOTOI0 3alIpPOIIOHOBAHOT'O METOJY BUSIBJIEHHS «HAJJIMIIKOBUAX» MIAPiB IPU3BOJUTD 10
niABUIEHHS WBUAKOCTI po6oTy HM 6e3 BTpaTu TOYHOCTI. 3. PO3p0671eHO MeTO1 3MEHIIEHHSI PO3MIPHOCTI 03HaK
EKT curnany Ha OCHOBi HeipoOMepesKeBOro aBTOEHKOlepa 3 BUKOPUCTAHHSIM 1Iapy yBary, 3ajMIIKOBUX 3B'SI3KiB Ta
CIIiJIbHUX Bar 1apiB HEIPOHHOI Mepexi, 0 Ja€ MOXJINBICTb CTBOPUTH CKOPOYEHUI BEKTOP, KU
XapaKTEPU3Y€ETbCSI BUCOKUM CTYIIEHEM CTUCHEHHSI OPUTiHAJIBHOTO CUTHAJY Ta 30€PEKEHHSM [IiarHOCTUYHO
3HAUYIMX O3HAaK. 4. BIOCKOHaNIEHO MeTO/I BEMBIIET-TIepeTBOPEeHHS sl aHanidy EKI' curnasnis 3a 10omMorormo
BBEJI€HHS1 KOCMHYCHOI NIOJIiGHOCTI Ta 3allpOIIOHOBAaHOI MaciuTabyo4oi PyHKIil, 0COGIUBICTIO SIKOi € IOCUJIEHHS
HU3bKOAMILUIITYHAX KOMIIOHEHTIB, 110 4O03BOJIS€ MiIBUIIATYA TOYHICTh BUSBJIEHHS I1i3HIX [TOTE€HIialiB Iepencepab
Ta LIJIYHOUKIB. [IpakT4HE 3HaYE€HHS OTPYMMAaHUX pe3ybTatiB: 1. Ha 0CHOBI 3anIpONIOHOBAaHUX METOIB IIOTNIEPEAHBO]
00pOOKY Ta yIOCKOHAJIEHOTO METOJy YCepeIHEHHs KapHioLUKIliB po3po0JIeHo alropUTMidHe 3a6e3ledyeHHs
CHACTEMH, 110 [03BOJISIE MiJBUMIUTYA TOUYHICTh aBTOMATU30BAHOIO BUSIBJIEHHS! HU3bKOAMILIITYJHUX O3HAK [1aTOJIOTIN
Ha EKT, 30kpema ni3Hix NoTeHujiasiB IJIYHOUKIB Ta nepeacepab (Ha 10-30% B pe3ysbTaTi OLiHIOBAaHHS [TI0KA3HUKIB
[IO/IiGHOCTI 3 €TAJIOHHMUMHU ITi3HIMYU MTOTEHIiaJlaMu 3 aMIUIiTyoto 5 MKB). 2. Po3po6sieHo anroputmiuse
3a0e3ne4yeHHs 151 CUCTEMU BUSIBJIEHHSI apUTMill Ha OCHOBI KjlactepHoro aHanidy EKT napameTpis 6e3 BuuTes, 10
IO3BOJIsIE BUSBIISITU IPUXOBAHI IPyNY PU3UKY PO3BUTKY CEPLIEBOi HEJOCTATHOCTI y NAL[ieHTiB Ta HeOEe3eYHi 11
JKUTTS CTaHU (PYHKLIOHYBaHHS cepls. 3. Po3po6seHo miaxiz, 0 BUKOPUCTAHHS 3TOPTKOBUX HEPOHHUX MEPEX [J1s
BUSIBJIEHHS] TIOMUJIKOBO JE€TEKTOBAHUX 200 3aIIyMJIEHMX KapIiOLMKIIiB, IO JA€ MOXJIMBICTb BUJAJISTYA CIIOTBOPEHI
¢dparmentu EKT curnany Ta nifBuiyBaTy TOYHICTb BUSIBJIEHHS Mi3HIX IOTEHIialiB MIJTYHOUKIB i nepencepap Ha 19%
Ha OCHOBI aHaJIi3y OKa3HMKa NOAiOHOCTI AMHAMIYHOI TpaHCcOopMallii 4acoBOi IIKaIM B IOPiBHSHHI 3
BUKOPUCTAHHAM KiacuyHoro EKI' getexTopa. 4. 3anipOrOHOBAaHO aJIrOPUTMU BUIiJIEHHS NiarHOCTUYHO 3HAYYLIUX
03HaK i3 BUKOPUCTaHHIM IOCJIiJOBHOCTI MEeTOIiB onepeaHboi 06pobky EKT' curHasiis, sIKi IpyHTYIOTbCS HA aHalizi
KOJIUBAJIbHUX MPOLIECIB KapIiOLMKIIiB 32 JOTIOMOTOIO BEMBJIET-TIEPETBOPEHHS, 110 O3BOJISIE 3a0€3M1eUUTU
BUSIBJIEHHSI TaxiapuTMmiil i natosoriynux popm QRS-KomIekcis. 5. PO3po6s1€HO CTPYKTYpPY, aITOPUTM
(YHKIIOHYBaHHS Ta CIIOCi6 3aCTOCYBaHHS B KJIIHIYHUX YMOBAaX CUCTEMU BUSIBJIEHHS ceplieBux apuTMiit Ha EKT,
0COOJIMBICTIO SIKO] € BUKOPHCTaHHS pO3pO0JIEHUX METO/IiB MAIMHHOTO HaBYaHH, N10IlepeAHbOi 06POOKY CUTHAJIIB
Ta MOJeJIEN HEMPOHHMX MEPEX, IO Ja€ MOKJIIMBICTh PAHHBO]I [IiJarHOCTUKY apUTMIN Ta CYITyTHIX N1aTOJIOTIM.
Kutto4oBi cy10Ba: MiKpO€JIEKTPOHHI CUCTEMU, MAIIMHHE HABYaHHS, YACTOTHA XapaKTEPUCTUKA, TTIMOOKEe HaBYaHHS,
Kacudikaliis, mi3Hi MoTeHIiaau, eJeKTpoKapaiorpama, ajlanTUBHI MeTOIU, MOZa, HEHPOHHI Mepexxi, aHani3 EKT,
aHaJli3 MeIMYHUX JAHUX.

2. The relevance of creating a system for the detection of cardiac arrhythmias based on machine learning is
determined by the need to solve the problem of improving the accuracy of early diagnosis and prediction of heart
rhythm disorders, which have a high occurrence rate and can cause severe complications, as well as by the
imperfection of the technical and information-algorithmic support of cardiological systems. The aim of the
research is to develop a system for the detection of cardiac arrhythmias on ECG using machine learning methods,
which is based on the creation of neural network models, the improvement of signal preprocessing methods, the
extraction of pathology features, and the reduction of data dimensionality, which ensures an increase in accuracy,
sensitivity, and specificity, as well as the acceleration of automated diagnosis of cardiac arrhythmias under
conditions of clinical application with a limited number of ECG signals. Object of research: Signals of the electrical



activity of the heart. Subject of research: Methods for processing and classification of electrocardiographic signals
in normal conditions and in the presence of cardiac arrhythmia pathologies. Scientific novelty of the obtained
results: 1. A complex of classification models based on Siamese neural networks has been developed, the
peculiarity of which is the use of convolutional layers for parallel processing of two types of data fragments: an
averaged cardiocycle with detailed morphological characteristics and an ECG signal reflecting heart rate
variability, as well as the application of developed reference feature vectors of pathologies for the detection of
arrhythmias, accompanying pathological conditions of the cardiovascular system, and ventricular and atrial late
potentials on ECG under conditions of a limited amount of training data. 2. A new adaptive activation function has
been developed, the peculiarity of which is a nonlinear dependence with a compressive mapping property, which,
by reducing the problem of gradient explosion and vanishing when applied in successive layers of neural networks,
contributes to the recognition of low-amplitude ECG components, and, also by the proposed method for detecting
“redundant” layers, leads to an increase in the speed of neural network operation without loss of accuracy. 3. A
method for reducing the dimensionality of ECG signal features based on a neural network autoencoder using an
attention layer, residual connections, and shared weights of neural network layers has been developed, which
makes it possible to form a reduced feature vector characterized by a high degree of compression of the original
signal while preserving diagnostically significant features. 4. The wavelet transform method has been improved by
introducing a scaling function and cosine similarity, which makes it possible to increase the accuracy of detecting
low-amplitude pathological features on ECG. Practical significance of the obtained results: 1. Based on the
proposed preprocessing methods and the improved cardiac cycle averaging algorithm, algorithmic support of the
system has been developed, which makes it possible to increase the accuracy of automated detection of low-
amplitude pathological features on ECG, in particular ventricular and atrial late potentials (by 10-30% as a result of
evaluating similarity measures with reference late potentials with an amplitude of 5 pV). 2. Algorithmic support for
an arrhythmia detection system based on unsupervised cluster analysis of ECG parameters has been developed,
which makes it possible to identify hidden risk groups for the development of heart failure and life-threatening
conditions of cardiac function. 3. An approach to the use of convolutional neural networks for detecting
erroneously detected or noisy cardiac cycles has been developed, which makes it possible to remove distorted
ECG signal fragments and increase the accuracy of detecting ventricular and atrial late potentials by 19% based on
the analysis of the similarity measure of dynamic time warping compared to the use of a classical ECG detector. 4.
Algorithms for extracting diagnostically significant features using a sequence of ECG signal preprocessing methods
have been proposed, which makes it possible to ensure the detection of tachyarrhythmias and pathological forms
of QRS complexes. 5. The structure, algorithm of functioning and technique of application in clinical conditions of
a cardiac arrhythmia detection system have been developed, the feature of which is the use of the developed
machine learning methods, signal preprocessing techniques, and neural network models, which enables early
diagnosis of arrhythmias and accompanying pathologies. Keywords: microelectronic systems, machine learning,
frequency response, deep learning, classification, late potentials, electrocardiogram, adaptive techniques, mode,
neural networks, ECG analysis, medical data analysis.
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IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit
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VIII. 3aKkJII04Hi BiZoMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBi
TOJIOBH paju

BaacHe IlpizBuiie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasbHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 pEeECTpallil0o HAyKOBOIi

OisIJIBHOCTI

Hacrenko €Bren ApHOIbA0BUY

Hacrenko €BreH ApHOJIbIOBUY

Mueseupb AHTOH Bosnogumuposud

Opuenko TersiHa AHaToJIiBHA

Opuenko Tetsana AHaTosiiBHa



