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Pedepar:

1. Ha cpborogHi icHye 6araTo iHCTpYMEHTIB, SIKi l0IIOMaraloTh JliKapsiM IolepeKaTyi abo BUSIBJIATY IPOOIeMU B
poboTi cepusi. OnHUM 3 HAMOLIBII IOMKUPEHUX 3aCO0IB € eJleKTpoKapziorpadis, gKa Halae MOXKIMBICTb rpagidHO
peecTpyBaTH €JIeKTPUYHI SIBUILA 3 Tijla JI0[H, SKi BUHUKAIOTh Y CEPLIEBOMY M's3i Mif 4yac fioro pob6oTtu. Kpusy, siky
OTPUMYIOTH B pe3ysbTari ¢ikcallii Takoi akTUBHOCTI, Ha3UBAIOTh eJleKTpoKapaiorpamoto. Y npoueci ananizy EKT
JliKapi-KapAioJiory 3BepTaloTh YBary Ha XapakTepHi 3MiHU (pOpMU, IHTEPBaJIiB i aMIIiTy]], XBUJIb, 1110 BKa3ylOTh Ha
MOXJIMBI NaTosiorii B po6oTi cepust. KoxkHa xBuiis Ta iHTepBas Ha EKI'-curHasi Bino6paxaloTs NeBHi (pasu
CEpLEBOTO LIMKITY, 32 IKUMH JIiKapi OL[iHIOIOTh CTAH CEPL,EBOro M's13a. OHAK 1J1s1 TOYHOTO AiarHOCTYBaHHS
KapAiosioram HeoOXiTHO MaTu «HaTPEHOBaHE OKO», 1100 BUSIBJISITU HaBiTh MiHiMasbHi BinxuneHHs B EKI'-nipodiri,
SKi MOXXYTb BKa3yBaT/ Ha CepHO3Hi MOPYIIEHHS], TaKi K illeMis, apuTMist a60 NOpyLIEHHs TPOBiTHOCTI. OCKiIbKI
icHye 6araTo TMNiB MOXIMBUX BinxuneHb EKI Big Hopmu Ta Besuki 3a o6csirom EKI'-3anucu (Taki, sIK X0aTepu), TO

npolec ix aHasizy Moxke O0yTH 3aTPaTHMUM 32 4aCOM Ta 3 IMOBIpHMMU IIOMUJIKAMH, 8 HEBYACHO 200 HEIIPaBUJIbHO



IIOCTABJIEHU! [iarHO3 MOXKE MaTU (paTaslbHi HACiOKY AJ14 NalieHTiB. CaMe TOMY [ BUPIII€HHS 3a3Ha4€HUX
Ipo6JieM aKTyaJlbHUM € 3aCTOCYBaHHS METOIB Ta MiAXOiB TYYHOro iHTeneKTy. O6'€KTOM [OCIiIPKEHHS € IIPoLieC
BUSIBJIEHHS MTATOJIOTiN apUTMill Ha eJleKTpokapAiorpami 3acobamMu riM60KOro HaBYaHHSI 3 MO1AJIbIIOI0
iHTeprpeTallielo OTPUMaHUX pe3yJbTaTiB. [IpeamMeToM JOCTiIpKEHHS € MeTOIY Ta 3aCO0U IJIN60KOTr0 HaBYaHHS /1JIst
BUBJIEHHS I1aTOJIOTIN apUTMill Ha eJIeKTpoKapaiorpamMi. MeTO0 IOCIIIIKEHHS € TIOKPaIEHHS TOYHOCTI
K1acudikalii maTosorii apuTMiil Ha eJleKTpOKapaiorpami 3acobaMu rIMO60KOTO HABYAHHS 3 [10JAJIbIIO0
iHTepHpeTalielo OTPUMAaHUX PE3yJIbTaTiB 3a JOIIOMOTrOI0 O3HAK, 110 BUKOPUCTOBYIOTHCS Y MEIUYHIN NIPAKTUL. Y
IYcepTauiiiHiil po6oTi po3pobieHo HoBUiT MeToy, inenTudikanii R-3y6uiB Ha EKI'-curHarti, SKui BiipisHIEeThCS Bif
iCHyI0YMX BUKOPUCTAaHHSIM MOIeJli TTIMO0KOro HaB4aHHsI 3 ABOMA BXimHUMU curHanamu — EKT'-curnasnom Ta,
CHHXPOHHUM 3 HUM, CUTHAJIOM 3 IIPOTHO30BaHUM pO3TallyBaHHSM R-3y0LiB, 110 Aaj10 3MOr'y i BUIIATHA TOYHICTb
inenTu@ikauii. ¥ guceprauiiiHiil po60Ti yA0CKOHaNIeHO MeTo, Kaacu@ikauii natosorii aputmiit Ha EKI'-curnai,
SIKMH BiIpi3HSIETHCA Bif BiTOMUX BUKOPUCTAHHSIM TPiafy KapAiOLUKIIiB, 110 L03BoJIsiE CHOPMYBATU KOHTEKCTHY
iHdopmallito BUHUKHEHHS KapIioluKJly, 115 Iofasbioi kaacudikallii BIOCKOHATIEHO0 apXiTeKTypOIo MOei
r71160KOT0 HaBYaHHS, 1110 JO3BOJIUIIO 30iJIbIIUTU KiNIbKICTh NIATOJIOTIH AJ151 pO3Mi3HABaHHS Ta MiABUIIUTYU TOYHICTb
kiacudikauii. ¥ gucepTauiiiHiil po6oTi Briepiie po3po6JeHO MeTO, iHTepIpeTaliii pe3ysbTatiB knacudikarii
[IaTOJIOTiM apuTMill, oTpumanux 3 EKI'-curnany 3a mozessiMu rIIMO0KOro HaB4aHHs, 1110 1aJI0 3MOTy [TOAATH
pe3ynbTaTi Kiacugikallii 3a 03HaKamu, 110 BUKOPUCTOBYIOTbCSL Y MEIWYHI NpakTuLii. [IpakTuyHe 3Ha4eHHS
OTPUMAaHUX PEe3YJIbTATIB II0JIAra€e B IOBEIEHHI TEOPETUYHMX PE3YyJIbTATiB JUCEPTALiHOI po60oTH 10 peanizauii Ta y
6es3rocepeiHbOMY BUKOPUCTaHHI iX y BifIOBIIHUX MeOUYHUX yCTaHOBaxX. PeasizoBaHa iHdopMaliliHa cuctema Ha
OCHOBi MeTo[IiB nouyky R-3y61iB Ta knacudikauii EKI'-curnany Ha HasBHICTb [IATOJIOTIi apUTMill 3a6e31edyioTh
KOPUCTYBauy MPOrHO31 HAsIBHOCTI NIATOJIOTIN apyUTMii 9 MiATPUMYBaHMX KJIACIB J11 BCiX BUSBJIEHUX KapZiOLUKIIIB,
1[0 HeCe PEKOMEHJALHUX XapaKTep Ta NpUIIBUIIYe poOoTy jikaps B aHaniszi EKI'-curnasny. PeasnizoBana
indopmaniitHa cucTeMa BKJIIOYa€ BUKOPUCTaHHS METOAY iHTepripeTaii pimneHs kinacudikauii maTosoriit apuTmin,
OTPUMAaHUX 32 MOZEJISIMU [JINO0KOTO HaBYaHHS, 103BOJISE [10JATH JIiKapio pe3ysbTaTy Kiacudikalii 3a o3HaKamu,
110 BUKOPUCTOBYIOTbCSI Y MEIUYHIN pakTULi. Takuil Nigxif poOouTs pillleHHsI Mofesel IJIMOOKOro HaBYaHHs GisbIl
IOCTYIIHUMU JJ14 Jiikapsl, 3abe3Me4ylo4y JOoBipy 10 OTPUMaHUX pe3yJibTaTiB. PeanizoBaHa iHdopmaliiiHa cucrema
xiacudikauii naTosoriii apuTMiii Ta iHTeprpeTaii peayibTatiB kiacudikaliii 6aszyeTbcs Ha KilieHT-cepBepHii
apXxiTeKTypi, 110 JO3BOJISIE BAKOHYBATH BCi OOUMCJIEHHS Ha BiJJaJIEHOMY CE€pPBepi 3 IOTY>KHUM 00JIaJHAHHSIM, TO]
SIK KJIIEHT 3[i1CHIOE JIMLIE Nepenady JaHUX, OTPUMAaHHS Ta Bidyasii3alilo pe3yJbTarTiB, IO Ja€ MOXKJIMBICTb
BHUKOPHCTOBYBAaTY CUCTEMY B HEBEJIMKUX KIIiHIKax 3 0OMeXXeHUMU 004YMCIIIOBAJIbBHUMU pecypcamu. PesysbraTu
IYicepTalifiHOi poOOTH BIPOBAKEHO: Y MEIUYHOMY JIiKyBaJabHO-JiarHOCTUYHOMY LieHTPi «Cininig-Citi+» (noBinka
npo BripoBamkeHHs); TOB «AU TI XYT» (10BizKa po BIPOBAaIKEHHS); Y HABYAJILHOMY MPOLECI XMETBHUI[BKOTO
Hal[iOHAJIBHOTO YHIBEPCUTETY (aKT BIIPOBAIKEHHS); IPY BUKOHAHHI JepP>X0I0>KeTHOI TeMU XMeTbHUIKOTO
HalliOHAJIBHOTO yHiBepcuTeTy «Cucrema BusgBieHHS 3[13 Ta KOMII'IOTEPHUX aTaK B KOPIIOPAaTMBHUX MepeXkKax 3

BUKOPUCTAaHHSIM XMOHUX 00'eKTIB aTak Ta nactok» (P N¢ 0124U000980)

2. Nowadays, there are many tools that help doctors prevent or detect problems in the heart. One of the most
common tools is electrocardiography. Electrocardiography makes it possible to graphically record electrical
phenomena from the human body that occur in the heart muscle during its work. The curve obtained as a result of
recording such activity is called an electrocardiogram (ECG). When analyzing an ECG, cardiologists pay attention
to characteristic changes in the shape, intervals, and amplitudes of waves that indicate possible pathologies in the
heart. Each wave and interval on the ECG signal reflects certain phases of the cardiac cycle, which doctors use to
assess the condition of the heart muscle. However, for an accurate diagnosis, cardiologists need to have a “trained
eye” to detect even minimal deviations in the ECG profile that may indicate serious disorders such as ischemia,
arrhythmia, or conduction disorders. Since there are many types of possible ECG abnormalities and large ECG
recordings (such as Holter), the process of analyzing can be a time-consuming and error-prone procedure. As a
result, late or incorrect diagnosis can have fatal consequences for patients. Therefore, to solve these problems, it is
important to apply artificial intelligence methods and approaches. The object of the research is the process of
detecting arrhythmia pathologies on an electrocardiogram using deep learning tools with subsequent



interpretation of the results. The subject of the study is methods and tools for deep learning to detect arrhythmia
pathologies on electrocardiograms. The aim of the study is to improve the accuracy of classification of arrhythmia
pathologies on an electrocardiogram using deep learning tools with further interpretation of the obtained results
using features used in medical practice. In this dissertation, a new method for identifying R-peaks on an ECG
signal was developed, which differs from the existing ones by using a deep learning model with two input signals -
an ECG signal and a signal with a predicted location of R-peaks synchronized with it, which made it possible to
increase the identification accuracy. In this dissertation, the method of classifying arrhythmia pathologies on an
ECG signal was improved, which differs from the known ones by using the triad of cardiac cycles, which allows to
form contextual information of the occurrence of a cardiac cycle, for further classification by an improved
architecture of the deep learning model, which allowed to increase the number of pathologies for recognition and
improve the classification accuracy. In this dissertation, for the first time, a method was developed for interpreting
the results of classification of arrhythmia pathologies obtained from an ECG signal using deep learning models,
which made it possible to present the results of classification based on the features used in medical practice. The
practical significance of the obtained results is to bring the theoretical results of the dissertation to
implementation and to use them directly in the medical institutions. The implemented information system based
on the method of R-peak identification and ECG signal classification for arrhythmia pathologies provides the user
with predictions of arrhythmia pathologies of 9 supported classes for detected cardiac cycles, which is advisory in
nature and speeds up the doctor's work in analyzing the ECG signal. The implemented information system
includes the use of a method for interpreting arrhythmia pathology classification results obtained by deep learning
models, allowing to present the classification results to the doctor according to the features used in medical
practice. This approach makes the decisions of deep learning models more accessible to the doctor, ensuring
confidence in the results. The implemented information system for classification of arrhythmia pathologies and
interpretation of classification results is based on client-server architecture. This architecture allows performing
all calculations on a remote server with powerful hardware. At the same time, the client only transfers data,
receives, and visualizes the results. This allows the information system to be used in small clinics with limited
computing resources. The results of the dissertation have been implemented in (Appendix B): the medical
treatment and diagnostic center “Celicia City+” (certificate of implementation); IT Hoot LLC (certificate of
implementation); in the educational process of Khmelnytskyi National University (implementation act); in the
implementation of the “System for detecting intrusion and computer attacks in corporate networks using false
attack objects and traps” state budget topic of Khmelnytskyi National University (State Budget Project No.
0124U000980).
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