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Jluceprailisi mpUCBSAYEHA BUPINICHHIO aKTyalbHOI HAYKOBO-TIPAKTHYHOI 3a1adl
YJOCKOHAJICHHSI METOA1B aHai3y 010MEeIMYHUX CUTHAJIIB 13 JOKAJIBHO 30CEPEIKEHUMU
O3HAaKaMHM B KapA10JOTIYHUX CUCTEMaX MIATPUMKN TPUIAHATTS PIlLICHb.

Memorw  Oucepmayitinoi  podbomu €  TIABUIIEHHA  €()EKTUBHOCTI
€JIEKTPOKAP/I10JIOTTYHOTO JOCHIKEHHSI MAI[l€HTIB 1 3HWKEHHS PU3MKIB MPUHHATTSA
HEBIPHUX JIIaTHOCTUYHUX PIIIEHb 3a PaXyHOK YJOCKOHAJICHHS ICHYIOUHUX METO/IIB
MOP(OJIOTIYHOTO aHali3y OlOMEAUYHUX CUTHAIIB 13 JIOKAJIbHO 30CEPEIKEHUMHU
O3HAaKaMHM Ta MPOEKTYBAaHHA Kap110J0TIYHUX CUCTEM MIATPUMKH MPUUHATTS pILIEHb HA
OCHOBI IIMX METO/IIB.

06 ’exkmom 0ocnioxcenns € mpouec (HOpMyBaHHS J1arHOCTUYHUX PIIIEHb B
YMOBax CyTTEBOI allpiOpHOi HEBU3HAYEHOCTI HA OCHOBI (DYHKIIIOHAJIBHOI JT1arHOCTHKHU
CTaHy CEpLIEBO-CYIUHHOI CUCTEMH.

Ilpeomemom BUCTYNAIOTh METOJIU Ta 3aco0U MOOY0BU O10MEIMYHUX CUCTEM
OIATPUMKA ~ TPUAHSTTS ~ pIIEHb JJs8  TPOBENEHHA  eJeKTpokapaiorpadiqHoro
JIOCTIIPKEHHS CEPIIEBO-CYTUHHOI CHCTEMH.

VY nepuioMy po3nauli BUKOHAHO ITOCTAHOBKY HAayKOBO-TIPAKTUYHOI 3ajaul
YAOCKOHAJIEHHS METO/IIB aHaTi3y 010MEeTUYHUX CUTHAJIB 13 JIOKAJTHHO 30CEPEKEHUMU
O3HAaKaMH B KapAiOJOTIYHUX CHUCTeMax MIATPUMKH MPUUHATTA pimieHb. JlocmipkeHo
0COOMMBOCTI TOOYAOBH OIOMEIUYHUX CHUCTEM MIATPUMKHA TPUUHSTTS PIIICHb B
kapaionorii. I[lokazana HEOOXIAHICTE y PO3pOOIII HOBUX MOJENEH MPOIeCy
€JICKTPOKAPI10JIOTIYHOTO JIOCTIIKEHHS Ta METO/IIB aHaji3y O10MEIUYHUX CUTHAJIIB 13
JIOKAJIbHO 30CEpPEeIKEHUMH O3HAaKaMU 3 METOI0 3a0e3MeyYeHHs SIKICHOTO JIIKYBaJIbHO-

I[iaI‘HOCTI/I‘IHOFO ImpouecCy Ta 3a1ro0IraHHs moaaJIbllioOMy pO3BUTKY 3aXBOPIOBAHb CCpUs
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Ta CepLEeBO-CYANMHHOI cucTtemMu. OTprUMaHi BUCHOBKH JIaJli 3MOTY C(hOpPMYITIOBATH METY
poOOTH Ta 3a7adi JOCIIHKESHHS.

B npyromy po3aini BHKOHAHO CHCTEMHHMM aHalli3 Mpolecy BHUPOOJICHHS
TIarHOCTHUYHUX PIIIEHb 3 METOI0 BUAUICHHS KPUTHYHUX E€JIEMEHTIB KapAioJjOoTridHOl
CIIIIP, siki MOKYTb MPU3BECTU 10 BUPOOJIECHHSI HEKOPEKTHUX pillleHb a00 BIJIMOBH BiJ]
NPUIHATTS pillieHb, IO J1ajio 3Mory npencraButu npoiec EKT mocmiikeHHs y BUTIISAII
y3arajJibHEHOI MOJeNi, SKa CKIaJaeTbcs 3 (PYyHKIIOHANBHOI, 1H(pOpMaIiiiHOi Ta
ctpykrypHoi mozeneit EKT nocnimkenns. Ha ocHOBI po3po0iieHnx pyHKIIOHAIBHOL Ta
1H(opMalIiitHOT MOJieel 3alPONIOHOBAHO CTPYKTYPHY CXEMY arapaTHO-MPOTPAMHOTO
KOMIUICKCY JJIsl MPOBEACHHS €JIEKTPOKAP I10JI0TTHHOTO TOCT1IKEHHS.

B TtperboMy po3aini po3po0IEHO HOBHMM METOJI aBTOMATHMYHOTO BU3HAYEHHS
EJICKTPUYHOT OC1 ceplis, AKUU 3a 3MIHOIO0 aMIUTITY]] Y 6 CTaHAQPTHUX BIABEIACHHAX BiJl
KIHI[IBOK Ja€ 3MOTy OOUYMCIIUTH IMOJO0KEHHS €JIEKTPUYHOI OCl ceplis 6e3 HeoOX1AHOCTI
MOpGOJIOTIYHOTO  aHajizy  eneKkTpokapaiorpamu. IIpomemMoHcTpoBaHO — poOOTY
PO3pOOIEHOTO METOTy ABTOMATUYHOTO BU3HAUEHHS EIEKTPUYHOI OC1 CepIls A Pi3HUX
BUIIAJIKIB PO3TAIIYBaHHS EJIEKTPUYHOI OCl CepIlsi 1 MaTOJOTIYHUX CTaHIB CEPIEBO-
CYAWHHOI CUCTEMHU.

B derBeproMy po3aini BHUKOHAHO BepUPIKAIIO pe3ybTaTiB PO3PaAXYHKY
CJIEKTPUYHOI OC1 CepIls 3a JOTMOMOIOK0 3alpONOHOBAHOTO B JMCEpTalliiiHiii poOOTI
METOJy 3 BUKOPUCTAaHHSM 0a3u JaHMX eJeKTpokapaiorpaM, o Oyjau 3amucaHl 3a
nomnoMororo  TpancrenedonHoro mudpooro 12-xkanamsHoro EKIT  komrmuiekcy
«Tenexkapay» (BupoOHuuTBo TOB «Komnanis TREDEX», M. XapkiB) 1 po3undpoBaHi
JKapsSMU-Kap10J10raMid KOMYHaJIbHOTO HEKOMEPIIMHOTO MIAMPUEMCTBA XapKiBChKOI
obnacHoi pagu «lleHTp ekcTpeHoT MeANYHO1T JOTIOMOTH Ta METUITMHU KaTacTpod».

Y BUCHOBKax HaBeJIEHO OCHOBHI Pe3yIbTaTH HAYKOBOT pOOOTH 11010 BUPIIIIEHHS
MOCTABJICHUX HAYKOBUX 3aJ1a4 JTOCII1IPKEHHS.

3a pesynbmamamu 00CiOHCEHHI OMPUMAHO MAKI HAYKOGI pe3ylbmamu.

— OJIEpIKaJTH TIOJANBITUN PO3BUTOK METOIM CHCTEMHOTO aHali3y, sKi TOJSATal0Th
y MoOyIOBI y3araJqbHEHOI MOJEII MPOIECY EIEKTPOKAPIOIOTIHHOTO JTOCHTIKEHHS Y

BUTJISAII CYKYIMHOCTI (PYHKIIIOHAJIBHOT, 1H(POPMAIIIAHOI Ta CTPYKTYPHOI MOJENIEH, 110
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Jana 3MOTy BUJUINTH OCHOBHI JDKepena Ta TOTOKM iH(opmarii, KpUTHYHI eTaru
oOpoOku  miarHOCTHYHOI iH(MOpMaIi 3 METO MiABUINCHHS e()EKTUBHOCTI
CJIEKTPOKAPI10JOTIYHOTO TOCTIKEHHS;

— BIIEpIIE  PO3POOJICHO  CTPYKTYPHY  MOJEIb  €JICKTPOKAPI0JIOTIHHOTO
JOCITIKEHHS Y BUTJISIZII TMOBIpHICHO-4acoBOro rpada, 3a JOIOMOTr0k0 K01 OTPUMAaHO
aHAJITAYHI BUpa3H, IO OMHUCYIOTh MPOIEC BUPOOJICHHS IIarHOCTUYHUX PIIICHb Y
pe3yNbTaTi eNeKTPOKAPAIONOTIYHOTO AOCTIKEHHS MPU 33JaHUX MMOYaTKOBUX YMOBAX,
a TaKOXX BHU3HAYEHO KpUTEpli €(EeKTHUBHOCTI MPOBEACHHS EIEKTPOKAPA10JIOTIYHOTO
JTOCIIKEHHS, 110 JIajJ0 3MOTYy BHUKOHATHU aHaJi3 Ta ONTHUMI3allii0 SIK YChOTO MPOIECY
€JIEKTPOKAP/I10JIOTIYHOTO TOCTIIKEHHS, TaK 1 OKPEMUX HOT0 eTalliB,

— BIEpIIE pO3pOOJIEHO METOJ aBTOMAaTHUYHOIO BM3HAYEHHS EJIEKTPUYHOI OCi
ceplsi, IO 3acCHOBAaHMM Ha OOYMCIEHHI IHTErPAJIbHOIO CHUTHAJy 3a IIicThMa
CTaHJApTHUMHU BIJIBEJACHHSIMHU BiJl KIHI[IBOK 1 KJIACTEPHOMY aHalli3i, 10 JaJ0 3MOTY
N1JBULIUTH UMOBIPHICTh TPABUILHOTO OOYHCIEHHS MOJIOKEHHS €JIEKTPUYHOI OC1 cepus
0e3 HeoOX1JHOCTI MPOBOAUTH MOP(OJIOTIUHUNA aHAJI3 €IEKTPOKAPAIOrPaAMH.

Ilpakmuune 3HaueHHA OMPUMAHUX pe3Ylbmamié TOJArae B TOMY, IO
po3po0ieHi B aAMcepTauiidiHii poOOTI MOJAENl NPOLECY ENEeKTPOKAp10JOrTHHOrO
JTOCITIJIKEHHS Ta METOJ] aBTOMATUYHOTO BU3HAUEHHS €JIEKTPUYHOI OC1 CEpIlsl € HAyKOBO-
METOJMYHOI0O OCHOBOIO JUIsl PO3POOKM BIAMOBIIHUX AJITOPUTMIB 1 MPOTPAMHOTO
3a0e3nedeHHs. [[pakTHyHa HIHHICTh OTPUMAHUX PE3YJIbTATIB MOJIATa€ B HACTYITHOMY:

— po3pobJieHO TporpaMHe 3a0e3MedeHHs JIs1 3HAXOJDKCHHS aHAITHYHHUX
BUpa3iB TBIPHOI (yHKII, WMOBIPHOCTI Ta CEPEAHBOrO Yacy MPOBEIACHHS
€JIEKTPOKAP/I10JIOTTYHOT'O TOCIIJIKEHHS 3a 3alIPOIIOHOBAHOIO CTPYKTYPHOIO MOJIEIUIIO;

— po3po0sieHa CTPYKTypHA CXe€Ma amapaTHO-MPOTrPaMHOTO KOMILIEKCY JIs
MIPOBEJICHHS €JIEKTPOKAPAI0JIOTTYHOTO JOCIIIIKCHHS;

— po3po0JICHO TMporpamMHe 3a0e3MeUeHHs IS BU3HAYSHHS CICKTPUYHOI OCi
cepus.

PesynpraTn aucepraniitHoi poOOTHM BIPOBAPKEHO Yy BUIJISAI MOJETEH,
AJITOPUTMIB 1 IPOTPaMHUX MOJYJIB JUI PIIICHHS 33734 MIATPUMKU MPUHHSATTS PIIICHb

y 0lOMEIUYHUX CHCTeMax, IO MiATBEP/KEHO aKTOM IPO BOPOBAKEHHS Ha Kadeapi



5

«Komm’torepra iHXeHepis Ta MporpamyBaHHs» HallloHaqbHOrO  TEXHIYHOTO
YHIBEPCUTETY «XapKiBCHKHM MOMITEXHIYHUN IHCTUTYT» Y HAYKOBO-IOCTIIHIM poOOTI i
HaBYAJIbHOMY IIPOIIEC] ITi/1 YaC BUBYEHHSI TUCHUILTIH «O0poOKa CUTHAIIIB 1 300paKeHbY,
«IIpoexkTyBaHHS KOMIT FOTEPHHX MJIarHOCTUYHUX cuctem», «OCHOBH HayKOBHX
JTOCITIKEHBY», a TAaKOXK Y KypCOBHX 1 JUIUIOMHHX poOoTax OakajaBpiB 1 MaricTpiB 3a
crieniabHicTIO « Komm’toTepHa iHxeHepis» (M. XapKiB).

Knwouosi cnosa: OGlomMenuyHl CUTHAIH, €JIEKTpPUYHA BICh CEpIs, CHCTEMa
MIATPUMKH TPUHAHATTS  PIllIeHb, €JICKTPOKAP/IOIOTIYHE JIOCTIHKEHHS, MOJIEb,

KOMIT FOTEpPHI CUCTEMHU, MEUYHI 1HPOPMAILIIIHI CUCTEMH, JIIarHOCTYBAHHS.

Cnucok my0Jikauniii 3100yBaua

Cmammi vy 6uOaHHAX, AKL BKIIOUEHI 00 HayKomempuunoi ba3zu SCOPUS:

1. Fahs M. Developing an informational model of instrumental examination / A.
Filatova, A. Povoroznyuk, S. Gavrylenko, and M. Fahs // Journal of Physics: Conference
Series. — 2019. — Vol. 1260 (2019) 032017 (BenukoOpuranis, SCOpPUS).

https://doi.org/10.1088/1742-6596/1260/3/032017

2. Fahs M. Evaluating the Effectiveness of Electrocardiological Study Using

Cardiological Decision Support Systems / A. Filatova, |. Skarga-Bandurova, E.
Brezhniev, M. Fahs // CEUR Workshop Proceedings 2711, CEUR-WS.org 2020. — P.
294-308. ISSN 16130073 (CIIIA, Scopus)

Cmammi y nepioOudHux HayKko8ux UOAHHAX, WO VEIUuLIU

00 nepeiKy Haykosux (haxosux sU0ansb Ykpainu:

3. Fahs M. Application of probabilistic-time graphs for evaluating the
effectiveness of the electrocardiological study process / A.E. Filatova,
A.l. Povoroznyuk, M. Fahs // Applied Aspects of Information Technology. — 2020. —
Vol. 3 (1). — P. 405-417. (xypuan kareropii b, Hakaz MOH VYkpainu Ne 1301 Bin
15.10.2019).

https://doi.org/10.15276/aait.01.2020.3

4. Fahs M. Method of automatic determination of the heart’s electrical axis in


https://doi.org/10.1088/1742-6596/1260/3/032017
https://doi.org/10.15276/aait.01.2020.3

6

cardiological decision support systems / Anna E. Filatova, Mohamad Fahs // Applied
Aspects of Information Technology. — 2021. — Vol.4, No.1. (xypnan kareropii b, Haka3
MOH VYxkpaiau Ne 1301 Bix 15.10.2019).

https://doi.org/10.15276/aait.01.2021.1

5. ®axc M. OyHKIIOHAIBHA MOJIEIb €JEKTPOKAP/I10J0TIYHOTO JOCTKeHHs / M.
daxc, I'. €. dinarosa // CucreMu ynpaiiHHs, HaBiraii Ta 3B's3ky. — 2022. — Ne 2. — C.
85-90. (xypnan kareropii b, Hakasu MOH Vkpaian Nel57 Bix 09.02.2021).

https://doi.org/10.26906/SUNZ.2022.2.085

6. Fahs M. Synthesis of an integral signal for solving the problem of

morphological analysis of electrocardiograms / A.Ye. Filatova, A.l. Povoroznyuk, B.P.
Nosachenko, Mohamad Fahs // Herald of Advanced Information Technology. —2022. —
Vol. 5, No. 4. — P. 263-274. (xypnan kareropii b, Hakazu MOH VYxkpaiau Ne 1301 Bin
15.10.2019).

https://doi.org/10.15276/hait.05.2022.19

THwi nyonixauil

7. ®axc M. Hccnenoanue 3(pPEeKTUBHOCTA MPUHATUS PELICHU B mpolecce
aeKTpoKapauonoruyeckoro uccinenoBanus / A.E. ®unarosa, M. ®axc // AkTyaabHbIe
npo0eMbl HHOOPMAITMOHHBIX CUCTEM U TEXHOJIOTHI: MOHOrpadus. / [oa Hayd. pe.
npo@d. B.Beruyxanuna]. — Ogecca: HY «OMAy, 2020. — C. 101-114,

8. ®axc M. Oco0eHHOCTH TOCTPOEHUS OMOMETUITMHCKUX CUCTEM TOJIEPKKU
npuHsaTus pemenuii / M. @axc // Marepianu 27-i MiXkKBY31BCbKO1 CTYI€HTCbKOT HAyKOBO-
npakTuyHOi KoH(pepeHuii "Pons Hayku y po3BUTKY cycniiabeTBa" 18 kBiTHA 2019, M.
XapkiB. — XapkiB: HTY «XIIl», 2019. — C. 39.

9. ®axc M. Onpenenenune napamerpoB IKI -ronorpadoB B KapIu0JIOrHUECKUX
cucTemMax nojaepKku npunstus pemenuii / A.E. ®unarora, M. ®axc // [ndopmarriiini
TEXHOJIOT1i: HayKa, TEXHiKa, TEXHOJOTis, OCBITa, 3M0pOB’s: Te3u aomnoBigeidn XXVII
MDKHApOJIHOT HAayKOBO-TIpakTHyHOi KoHpepeHuii MicroCAD-2019, Y.III. — Xapkis:
HTYVY «XIII», 2019. — C. 56.

10. daxc M. PazpaboTka pyHKIIHMOHATIBHON MOJCIH JEKTPOKAPIUOTIOTUUECKOTO


https://doi.org/10.15276/aait.01.2021.1
https://doi.org/10.26906/SUNZ.2022.2.085

7

uccinenoanus / A.E. @unaroBa, M. ®axc // Marepianu 19-it Mi>kHapogHOT HayKOBO-
npakTuuHoi KoHepenuii «[Ipodraemu indopmaTuku Ta moaemtoBarus» (I1IM 2019) 11-
16 Bepecusa 2019, m. XapkiB — Oneca (Kapanino-byras). — Xapkis: HTY «XIII», 2019.
—C. 82.

11. daxc M. Po3pobka y3araabHEHOI MOJENl EJIEKTPOKAPAI0JIOTIHOTO
oocrexennss / I'. €. ®dinmaroa, M. ®daxc // CyvacHi npobiemMu i1HPOKOMYHIKAIIH,
panioenexkTpoHiku Ta HaHocucteM (CITIPH-2019) : matepianu 1-1 MixkHap. HayK.-T€XH.
KoH(., 14-16 muctonana 2019 p. / Bian. pea. B. M. Kuuak. — Binauis : BHTY, 2019. —
C. 42-43.

12. daxc M. [IpoexkTupoBanue UH(}OPMATMOHHOU MOJENH
aNeKTpoKapauosnioruueckoro uccinepaosanuss / A. E. ®umaroBa, M. ®axc //
[Hdopmarrka, yrpaBiaiHHS Ta IITYYHHUI IHTENEKT : T€3U 6-1 MIXKHAp. HAYK.-T€XH. KOH(.,
XapkiB — KpamaTtopcbk, 27-29 muctonana 2019 p. / vayk. pen. B. JI. JImutpienko ; Harr.
TexH. yH-T "XapkiB. nomitexH. iH-T". — XapkiB : Tapacenko B. I1., 2019. — C. 118.

13. ®axc M. Indpopmarniitna mogens EKI-mocmimxenns / I'. €. ®imaroBa, M.
daxc // [ndopmarriitai cuctemu ta Texnosorii B meaunuai (ICM-2019) : 36. Hayk. mp.
2-i MixkHap. Hayk.-miprakT. koH(., 28-29 muctomana 2019 p. — Xapkis : BL[ "XAI",
2019. - C. 113-115.

14. ®axc M. 3acrocyBaHHs IMOBIpHICHUH-4acOoBUX TpadiB [JIs OIIHKH
e(heKTUBHOCTI MpOILIECY eJIeKTpokapaioyoriyHoro aociipkenHs / I.€. dinaroBa, M.
®axc // [npopmaliifHi TEXHOJIOTII: HayKa, TEXHIKa, TEXHOJIOTIs, OCBITa, 3I0POB’S: T€3U
nonosiget XXVII MixkHapo1HOT HayKOBO-TipakTHUHOI KoH(pepenuii MicroCAD-2020,
Y.II. — Xapkis: HTY «XIII», 2020. — C. 370.

15. ®axc M. Ormenka 3¢GHEKTUBHOCTH TPUHATUS PEIICHUNA B MPOIECcCce
aNeKTpoKapauonoruuyeckoro uccinepaosanuss / A. E. ®unaroBa, M. ®axc //
[adopmartiitai ynpasnsrodi cuctemu 1 rexuosorii (IYCT-2020) : matepianu 9-1 MixkHap.
HayK.-TIpakT. KoH(., 24-26 Bepecus 2020 p. / Biam. pea. B. B. Buuyxanin; Oxec. Har.
noiitex. yH-T. — Oneca : Exonoris, 2020. — C. 146-148.

16. daxc M. Pa3paboTka CTPYKTYpHOH MOJAETM HA OCHOBE BEPOSTHOCTHO-

BpPEMEHHOTO rpada /st olleHKH 3(P(HEKTUBHOCTH MPOLIECCa IIEKTPOKAPAUOIOTUYECKOTO



8

uccinenoanus / A.E. ®unarosa, M. ®axc // Marepianu 20-if Mi>kHapoJHOI HayKOBO-
npakTuuHoi KoHepenuii «[Ipodraemu inpopmaTuku Ta moaemtoBarus» (I1IM 2020) 16-
20 Bepecus 2020, m. XapkiB — Oneca. — XapkiB: HTY «XI1I», 2020. — C. 87.

17. daxc M. AHami3 CTPYKTYpHOI MOJEJI MPOIECY EIEKTPOKAPAi0NIOriuHOTO
nociipkeHns / A.E. ®@inaroa, M. ®axc // Marepianu XV MiKHapoaHIH KOH(DEpeHIil
"KOHTPOJIb 1 yrpaBiiHHs B ckiagaux cucremax” (KYCC-2020) 8-10 sxoBtHs 2020, M.
Binaums. — http://ir.lib.vntu.edu.ua//handle/123456789/30623

18. Fahs M. Evaluating the effectiveness of electrocardiological study using a new
method of signal processing / A.E. Filatova, M. Fahs // «Indopmaniitai cuctemu ta
texHosorii B wmeaunuHy (ICM-2020): wmarepiasm Il MixHapoaHOi HayKOBO-
npakTuyHoi KoHpepenii (26 - 27 nucromana 2020 p., m. XapkiB). — XapkiB : Hair.
aepokocM. YH-T iM. M. €. XKykoBcrkoro «Xapkis. aBiail. 1H-T», 2020.

19. Fahs M. Method of automatic determination of the heart’s electrical axis / A.E.
Filatova, M. Fahs // [ndopmariitHi TexHOJIOTIi: HayKa, T€XHiIKa, TEXHOJIOTIs, OCBITa,
3nopoB’sa: Te3u aonoBiged XXIX MIDKHApOJHOT HAayKOBO-TIPAKTUYHOI KOH(depeHIli
MicroCAD-2021, Y.II. — Xapxkis: HTY «XIIl», 2021. — C. 297.

20. ®axc M. Pa3paboTka MeTo/1a aBTOMaTHYECKOTO pacyeTa dIEKTPHUIECKON ocu
cepaua Uil KapAHOJIOTMUECKHUX CHUCTEM MOAJEpKKH mnpuHstus pewmeHuit / A.E.
®unaroBa, M. ®axc // Marepianu 21-ii MIKHApOAHOI HAYKOBO-TPAKTHYHOI
koH(pepenuii «IIpobnemu iHPpopmatuku Ta moaemoBanHs» (I1IM 2021) 9-14 Bepechs
2021, m. XapkiB — Opxeca. — XapkiB: HTY «XIII», 2021. - C. 17.

21. Fahs M. Automatic determination of the heart’s electrical axis in cardiological
decision support systems / A.E. Filatova, M. Fahs // «Iadopmariiini cuctemu Ta
texHosorii B wMemunu-HI» (ICM-2021): marepianmu IV MixHapogHoi HayKOBO-
npakTuyHOi KoHdepeHuii (25-26 mucromaga 2021 p., m. Xapki). — XapkiB: Harr.
aepokocM. yH-T iMm. M. €. XKykoBcbkoro «Xapkis. aBiail. iH-T», 2021.

22. ®axc M. PoszpoOka iHbopmarliiiHoi MoOAENIl eIEeKTPOKAPIAI0IOTIHHOTO
nocimigxenns / I'.€. ®dinaroa, M. ®daxc // Marepianu [X MixHapogHOI HAyKOBO-
TexHiuHO1 koH(pepenuii "lndopmaruka, ynpaiinas Ta mryuHuil intenext (IYIII-

2022)". — XapkiB — Kpamaropcek, 2022. — C. 133.



9

23. ®daxc M. Amnam3 TTOTOKIB JaHWX Yy  iHGOpMAIiiHIA Mol
eJleKTpokapionoriunoro aocuipkeHas / I.€. ®dinatoBa, M. ®axc // Indopmariitni
TEXHOJIOT1i: Hayka, TE€XHIKa, TEXHOJIOTIS, OCBITA, 370POB’s: Te3u AomoBigeh XXX
MDKHApOAHOT HayKoOBO-TpakTUyHOi KoH(pepeHmii MicroCAD-2022. — Xapkis: HTY
«XIII», 2022. - C. 910.

24. ®axc M. Amnaniz HMOBIpHICHO-4acOBUX XapakTepucTuk rmporecy EKI
nocaimkenns/ I'.€. dinatoBa, M. ®axc // Marepianu 22-if Mi>KHapOJHOI HAYKOBO-
npaktuyHoi KoHpepeHii «[Ipodraemu iHpopmaTuku Ta moaemtoBanus» (I1IM 2022). —
Xapki: HTY «XI1l», 2022. - C. 74.

25. Fahs M. Functional Model of an Electrocardiological Study / A. Filatova, A.
Povoroznyuk, M. Fahs // 2022 IEEE 9th International Conference on Problems of
Infocommunications Science and Technology, PIC S & T 2022 - Proceedings, 2022, pp.
567-572.



10

ABSTRACT

Fahs Mohamad Hassan. Decision support system in cardiology based on the
method for determining the heart’s electrical axis. — Qualifying scientific work on the
rights of the manuscript.

The thesis is submitted to obtain a scientific degree of Doctor of Philosophy,
specialty 123 — Computer Engineering. — National Technical University “Kharkiv
Polytechnic Institute”, Kharkiv, 2023.

The dissertation is dedicated to addressing the current scientific and practical task
of improving the methods of analyzing biomedical signals with locally concentrated
features in cardiological decision support systems.

The purpose of the dissertation work is to increase the efficiency of
electrocardiological patient studies and reduce the risks of making incorrect diagnostic
decisions by improving existing methods of morphological analysis of biomedical
signals with locally concentrated features and designing cardiological decision support
systems based on these methods.

The object of the study is the process of forming diagnostic making under
conditions of significant a priori uncertainty based on functional diagnostics of the state
of the cardiovascular system.

The subject of the study is the methods and tools of developing biomedical decision
support systems for conducting an electrocardiographic study of the cardiovascular
system.

The first chapter formulates the scientific and practical task to improving the
methods of analyzing biomedical signals with locally concentrated features in
cardiological decision support systems. The features of building biomedical decision
support systems in cardiology are investigated. The need to develop new models of the
electrocardiological study process and methods for analyzing biomedical signals with
locally concentrated features is shown, with the aim of ensuring high-quality medical
diagnostic processes and preventing further development of heart and cardiovascular
diseases. The conclusions obtained allowed formulating the purpose and objectives of

the research.
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In the second chapter, a systematic analysis of the process of making diagnostic
decisions is performed to identify critical elements of the cardiological decision support
system that may lead to incorrect decisions or decision rejection. This enabled the
presentation of the ECG study process in the form of a comprehensive model, consisting
of functional, informational, and structural models of the ECG study. Based on the
developed functional and informational models, a structural diagram of the hardware
and software complex for conducting electrocardiological research is proposed.

In the third chapter, a new method for automatically determining the heart’s
electrical axis is developed, which, based on changes in amplitudes in 6 standard limb
leads, allows calculating the position of the heart’s electrical axis without the need for
morphological analysis of the electrocardiogram. The operation of the developed method
for automatically determining the heart’s electrical axis is demonstrated for different
cases of the electrical axis of the heart's location and pathological conditions of the
cardiovascular system.

In the fourth chapter, the results of calculating the heart’s electrical axis using the
method proposed in the dissertation are verified using an electrocardiogram database
recorded with the Telecard digital 12-channel ECG complex (manufactured by LLC
"TREDEX," Kharkiv) and decoded by cardiologists of the Kharkiv Regional Council's
Communal Non-Profit Enterprise "Center for Emergency Medical Assistance and
Disaster Medicine".

The conclusions present the main results of the scientific work on solving the
scientific objectives of the study.

Based on the research results, the following scientific novelty have been obtained:

—methods of system analysis have been further developed, which consist in
building the generalized model of the electrocardiological study process in the form of
the set of functional, informational, and structural models, which made it possible to
identify the main sources and flows of information, critical stages of processing
diagnostic information in order to increase the efficiency of electrocardiological study;

— for the first time, a structural model of an electrocardiological study has been

developed in the form of a probabilistic-time graph, with the help of which analytical
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expressions were obtained that describe the process of developing diagnostic decisions
as a result of an electrocardiological study under the given initial conditions, and criteria
for the effectiveness of an electrocardiological study were determined, which made it
possible to perform analysis and optimization as the whole process of an
electrocardiological study, as well as its individual stages;

— for the first time, a method was developed for automatically determining the
heart’s electrical axis, which is based on the calculation of the integral signal from Six
standard leads from the limbs and cluster analysis, which made it possible to increase
the probability of correctly calculating the position of the heart’s electrical axis without
the need to conduct a morphological analysis of the electrocardiogram.

The practical significance of the obtained results lies in the fact that the models of
the electrocardiological study process and the method for automatic determination of the
heart’s electrical axis developed in the dissertation work serve as the scientific and
methodological basis for the development of corresponding algorithms and software.
The practical value of the obtained results includes the following:

— software has been developed for finding analytical expressions of the transfer
function, probability, and average time of conducting an electrocardiological study based
on the proposed structural model;

—a structural diagram of hardware and software complex for conducting
electrocardiological research has been developed,;

— software for determining the heart’s electrical axis has been developed.

The results of the dissertation work were implemented in the form of models,
algorithms, and software modules for solving decision support problems in biomedical
systems, which is confirmed by the act of implementation at the Department of
Computer Engineering and Programming of the National Technical University "Kharkiv
Polytechnic Institute” in research and educational work the process of studying the
disciplines “Signal and Image Processing”, “Design of Computer Diagnostic Systems”,
“Fundamentals of Scientific Research”, as well as coursework and theses for bachelors
and masters in the specialty “Computer Engineering” (Kharkov).

Keywords: biomedical signals, heart’s electrical axis, decision support system,



13

electrocardiological study, model, computer systems, medical information systems,

diagnosis.
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