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MNOBYJIOBA TIA'HOCTUYHOI EKCITEPTHO-ME/JUYHOI
CHUCTEMMH 3 BUKOPUCTAHHAM HEWMPOHHUX MEPE XK

M.M. I'nuboseyw, K.B. Canama, H.A. Tkau

VY crarTi po3rIsSHYTO OCHOBHI METOAM (IepeBa NPUUHATTS pillieHb, INTMOMHHE HABYaHHS, MeTo] K-HallONMmK4nX CyciiB, HEHPOHHI Mepexi)
CTBOPCHHS [IaTHOCTHYHHUX EKCIIEPTHO-MEJUYHMUX CHcTeM. JIus mnpakThdHOI dactuHHM crBopeHHs APl Oymo BimiGpaHo mexinbka
KJIacu(ikaTopiB Ta MPOBEIEHO MOCTIDKEHHs 1X poboThn. A came Oysa0 MOpIBHAHO Kiacu(ikaTopH 3aCHOBAHI Ha HEHPOHHHX Mepexax,
JiepeBax MPUHHATTS pillleHb Ta MeToAl k-HailOmmkuux cyciniB. Bymu ontumizoBani napameTpu ais oOpanux kiacudikatopis. B pesynbrati
Oynu BiniOpaHi mapaMeTpy Ha SIKUX JOCIIKYBAJIMUCh JaHi. TakoxX JOCIIpKeHO 30ipKy JaHWUX MALi€HTIB, SKi Majly CEpIECBUIl HAmAMI, IS
PO3pOOKHU iIarHOCTHYHOI CHCTEMH BH3HAYCHHs HAsSBHOCTI XBOpoO cepis. Omucano miarHoctuaHuid APl 1u1st BUsBIIEHHS XBOpoO cepiit y
Marji€exTa.

Kiro4oBi citoBa: HiarHOCTHYHI CHCTEMH, MEAMYHI €KCIIEPTHI CHCTEMH, HEHPOHHI Mepexi, iepeBa PHIHHATTS pillleHb, AiarHocTraHe APL.

B craThe paccMOTpeHO MeTOIbl (IepeBbsi MPUHATHS pELICHHH, ryOuHHOe oOydeHue, Metoa K-Ommkaimmx coceseil, HEHPOHHbIC CETH)
CO3aHUS AUATHOCTUYECKUX HKCIEPTHO-MEeAUIMHCKHE cucTeM. s nmpakTudeckoil gactu cosznanust APl 6bu1n BeIOpanb! Kiaccu(GUKaTOpsl U
MPOBEJICHO MCCIEAOBAaHUE MX PabOTHI. A MMEHHO OBUIM CpPaBHEHBI KIAaCCU(PUKATOpHI, OasHpyIOIIMecs Ha HEHPOHHBIX CETSX, ACPEBBIX
MPUHATHS pelieHnit 1 Metone K-Ommkaimux coceneil. Beuth oNTHMH3MPOBAHBI MapaMeTpsl ISl THX KiaccH(bHKaTopoB. B pesymbrate
ObLIH 0TOOpaHBI MapaMeTphl Ha KOTOPBIX HCCIEA0BAINCh JaHHbIE. Takke ObLI HCCIEOBaH AaTaceT HHGOPMAHU O MAIUEHTaX, y KOTOPBIX
OBUT CepaeYHbIi IPUCTYIL, IS pa3paboOTKH IPOrPaMMHON CHCTEMBI HArHOCTUPOBAHUS CEpACYHBIX Oone3Hel. ONMUCaHO AMarHOCTHIESCKOE
API onpenenenus cepaedHbIX OONE3HE NalMEHTOB.

KnroueBrie cnoBa: JUATHOCTUYCCKHUE CUCTCMBI, MCIUIUHCKUC CHCTCMBEI, HeﬁpOHHLIB CE€TH, NCPEBbS MPUHATUSL pemeHI/Iﬁ, JAUAarHOCTHYCCKOC
API.

In the article was discussed the methods (decision trees, deep learning algorithms, k-nearest neighbors, neural networks) to create diagnostic
expert medical systems. For practice part were developed diagnostic API based on chosen classifiers that implement the algorithms and a
study of their work was conducted. Namely, classifiers based on neural networks, decision trees and k-nearest neighbors method were
compared. The parameters for the selected classifier were optimized. As a result, were selected parameters on which the data were
researched. In addition, the dataset of information of patients who had heart attack was researched to develop a diagnostic system for
revealing heart diseases. The diagnostic API for revealing patients’ heart diseases is described. Keywords: diagnostic systems, medical
systems, neural networks, decision trees, diagnostic API.
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Beryn

OO0’exkToM JOCHiKeHHsT 1iel poOOTH € aiarHocTH4HI ekcnepTHo-MeanuHi cuctemu (EMC), sxi moxHa
BHKOPHCTOBYBATH UTS IiarHOCTYBaHHS abo oOpaxyBaHHS HMOBIPHOCTI BUHHKHEHHS IEBHOI XBOpOOW y maifieHTa. Y
X041 poboTH OyJ0 MpoaHATi30BAaHO MIIXOJM MO CTBOPCHHS TAKUX CHUCTEM, sIKi 0a3yIOThCS HAa JepeBax MPUHHSITTS
pillleHb, HEWiTKi MaTeMaruili, TIIHOWHHOMY HaBYaHHI, METO/AI K-HaWONMMKYIMX CyCimiB, HEHPOHHMX Mepekax Ta Ha
OCHOBI OCTaHHIX PO3POOUTH NPOTPAMHY CHCTEMY.

OpmHuM 3 TONOBHUX (DAaKTOPIB SKICHOTO JIKYBaHHS € TOYHE Ta MIBHIKE BU3HAUYEHHS XBOpoOuW. s BHpImICHHS
niei mpobmemMn MokHa BUKOpucTOoByBatu niarHoctmuHi EMC.  Hanpukman, IBM Watson Google ta DeepMind
aKTHBHO BHKOPUCTOBYIOTh HEHPOHHI MEpexi JUisl iarHOCTYBaHH:I, IPOTHO3YBAaHHS Ta MOHITOPUHTY CTaHy MAaLiEHTIB y
psni nikapeas  CIIIA ta AHrii.

EMC - 1e 3acHOBaHa Ha TEBHIH MemuyHid 0a3i 3HaHb CHCTEMa, IO Ma€ aHAIITHYHI 3MI0OHOCTI Ta MOXe
JIarHOCTYBAaTH XBOpPOOW TamieHTa ado0 MPOTHO3YBAaTH MOKJIMBICTP BHHHKHEHHS IEBHOI XBOpoOm 0e3 ydacTi Iikaps.
Taxki cHCTEMHU MOJICITIOIOTH MOBEIIHKY JiKaps, HalJacTime 0a3ylvrnch Ha BXKE BiJOMIi IM 3HAHHS JEKITHKOX €KCIICPTIB-
nikapiB. Takok MeAWYHI eKCIIEPTHI CHCTEMH MOXYTh 3MEHIIUTH XHOHI A1arHOCTYBAaHHS XBOP0O. 3a JOITOMOTO0I0 OHi€T
3 MepIINX eKCIIePTHUX cucteM [1], sika Oyna po3poOieHa Ha HEHPOHHINA Mepexi, 3HU3MIH BiICOTOK XUOHO-MO3UTUBHUX
nmiarao3is 1o 4%.

3aranoM Ha TEMEpilIHIM pPiBHI PO3BUTKY MEAWYHI €KCHEPTHI CHCTEMH BHUPINIYIOTh JOCTAaTHBO IMPOCTi 3ajadi.
CucremMy 3acHOBaHI Ha airopuTMax MAalIMHHOTO HaBYaHHS MOXYTh aHaJi3yBaTH pEHTIEHIBChKI 3HIMKH,
€JIEKTPOKapAiorpaMH Ta IHII MEAWYHI aHAi3H, MPH IbOMY TOYHICTh aHATI3y Ha IeBHI maroiorii Outeme HiK 90%.
Taki cuctemMu TOTPeOYIOTh BENNKOT KIIBKOCTI IaHUX a0W HaBYHUTHCS AiarHOCTYBATH Ta MPOTHO3YBaTH XBOPOOH.

ITepmri mennuHi cuctemu Oynu po3pooieni me y 1970x pokax — MYCIN. ¥V 1990x pokax Oyiu cTBOpeHi mepii
HEHPOHHI MepeXi a TakoXX Mepexki 3 BUKOPHCTaHHSIM JITOPUTMIB TIIMOMHHOTO HaBYaHHA. J[0 Cy4acHMX MeEIUYHHX
CHCTEM, SIKi BUKOPHCTOBYIOTh alTOPUTMHU MAITHHHOTO HaBuaHHs Hajexats. IBM Watson Health, Google DeepMind
Health, MoOinbHI HOAATKH JUIs AiarHOCTYBAHHS XBOPOO Ta MOHITOPUHTY JiKyBaHHs (Sense.ly — cumyitoe mMeacecTpy,
BabylonHealth — 38’5130k 3 nikapem Ta monepeaHe BU3HAYEHHS XBOPOO).

OpHoto 3 ocHOBHEX TpoOieM ctBoperHss EMC € moTpeba oTpuMaHHS 3HAHB BiJ JIKapiB Ta aHAi3 BEIHKOL
KUTBPKOCTI JaHWX. B ocCTaHHIA yYac 3HAYHWUN PO3BUTOK JICTaiuy JAOCHimKeHHS 1oOymoBH EMC 3 BHKOpHCTaHHSIM
Heiiporanx Mmepexxk (HM). TpamumiiiHo BHOUIIOTH JEKiNbKa METOAIB cTBopeHHsS HM: MeTon OmopHHX BEKTODIB,
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KJIacTepu3aIlis, caMoopraHizaiiiHa kapra. ['0JoBHUMH TiepeBaraMu BHKOpUCTaHHS HM € MOXIHUBICTH MOPIBHIOBATH
BEIHMKY KUIBKICTh KapTOK TMAIli€HTiB, 0 3abe3medye OUIBIIY TOYHICTH ITOCTAHOBKHM [iarHO3y, Ta UIBHIKICTH
BUKOPHCTAHHSI.

3a TOTOMOTOI0 MEIMYHUX CHUCTEM SKi 0a3yIOThCA Ha aNroOpuTMax TNTMOMHHOTO HABYAHHS MOJKIIMBO aHATI3yBaTH
KoMIT'toTepHi 3HIMKH. Hapasi Gim3bko 70 BifICOTKIB yCiX MEIMYHMX JOCITIDKEHb 0a3yrOThCS Ha TaKUX ajJrOpUTMaXx,
MPOTeE JIMIIE JeKUTbKa 3 HUX OyJIM BIIPOBA/KEHI y KITiHIKH [5].

AHaJui3 migxonis

I'mubrnHe HaBYAaHHS Mae AEKiTbKa MIapiB 3 HENIHIHHAMH OOpoONIIOUMMH OAWHHUIIMHA. Ha KoXHOMY miapi
AHAJI3YIOThCS TIEBHI XapaKTEPUCTUKH 3 MAacHBY JaHMX YTBOPIOIOYM i€papXif0 BiJ] XapaKTEepHCTHK HU3BKOTO PIBHS 10
BHCOKOT'0, BUKOPHCTOBYIOUH QJITOPUTMHU HaBYAHHS 3 BUUTEIEM abo Ge3.

Ha Bimminy Bix HM, rimmOnaHe HaBYaHHS BUKOPHCTOBYE 3HAYHO OUTBIIY KUTBKICTh MIApiB, 31eOLTBIIOTO II€ Bif
10 no 100 mapiB y Toii yac sik y HM 2-3 mapu. Sk Hacninok takoi ocodnuBocti, HM He MOXYTh aHali3yBaTH CKJIaIHI
napameTpu. [ mnOuHHe HaBYaHHS BUMarae OUTBINOI KUTBKOCTI JaHWX JJIS TPEHYBaHHA Ta OUIBIIOT KUTBKOCTI pecypciB
Juist BukoHaHHs. [1lapy MaroTe Ounblie HEHpOHIB, 10 HaJae MOXKIIMBICTD OIPAIOBaHHS OUIBIIOT KUTBKOCTI TapaMeTpiB.
Y wmemunuai HM kpaie XiarHOCTYIOTh XBOpPOOM TaIliEHTIB, TJIHMOMHHE HaBYaHHS Kpalle MOXKe aHalli3yBaTu
peHTreniBebki 3HIMKH, MPT Ta iHIII aHATi31 HaIi€HTIB.

EMC Takox MOXyTh OyTH po3po0JIeHi 3a JOIOMOTOI0 IHIINX AJITOPUTMIB MallIMHHOTO HaBuaHHs. Hanpukian Ha
JiepeBax MPUUHATTS PIIeHb Ta METOY K-HaHOMIKYIHNX CYCifiB.

JepeBa NpHHHATTS pillleHb, aHATI3YIOUYM MEAWYHI KapTKU MAIli€HTIB, BH3HAYalOTh TOJIOBHUH cHUMOTOM abo
03HaKy ITiCIIs Y0TO CTBOPIOIOTH NIEPEBO, SIKE B 3AJICKHOCTI Bill O3HAK IMPUBOIUTH IO TLTKaM IO JIUCTKIB, O3HAK SKi BKE
He MOXyTb OyTH po3niieHi. [Ipouec po3rany:KeHHs TpUBATHME 0 IOCATHEHHS BCiX JUCTKIB [1]. AHami3 TpeHyBalIbHUX
TAaHUX BigOyBaeThCS 3a MPHHIUIIOM «PO3AULIH Ta BoJomapioi». Hampukian, SKmio y marmieHTa € Kamemnb TO JepeBO
MOX€ TPUBECTH JI0 Takoi XBOPOOH SIK rpui, ab0 SKIIO Kalulsi HEMae TO BOHO, NPH NEBHHX IHIIMX O3HAKaX, MOXeE
MIPUBECTH i JI0 IarHOCTYBaHHS y TMAIlIEHTA HCYIIBTY.

VY miarHOCTYBaHHI 3a JOMOMOTOIO JepEBa MPHHHATTS PIlIEHb MAIIEHT OTPHMAE CEPIi0 3alUTaHb. AHANI3YIOUH
BIAMOBINI Ha HUX NMPHUUMAIOTHCS PIIIEHHS IOJI0 O3HAK, SIKI alrOPUTM BHIUIMB. 3anmuTaHHs 1MoOyAoBaHI Bii OLIbII
Ba)KJIMBUX JI0 MEHIIL.

Meron k-HalOmMK4MX CyCifiB BHKOPHUCTOBYETHCS sl Kiacuikamii MeIWYHMX KapTOK y JAiarHOCTYBaHHI
xBopoOu. B xozi aHamizy qaHux, MEIU4YHI KapTKH PO30MBAIOTHCS Ha TPYMH 32 CXOXKUMH MDK co00t0 kapTkamu. Taki
TPy pPENpe3eHTyIoTh Kiachd BHmManakiB. Ilpm po30OHMTTI BKazyeTbes mapameTp K BH3HAYEGHHS KUIBKOCTI TpPYIL.
l'onoBHMMHM TIepeBaramu IIbOro METOJy € Te, IO apryMEHTallisl BiJHECEHHS OKPEMOro BHIAJKy JI0 MEBHOI Py €
3po3yMina excrepraM (MakCHMalbHO CXOXHUIl BUMAIOK 3 BUOIPKH BU3HAYAE HAICKHICTD BUIAIKY PO3IJISAAY OO TPYIIN).
Oxkpim, Teit miAXia CTIMKUI 10 aHOMaJIbHUX BUIAJIKIB.

l'onoBHOIO TIepeBaro0 aITOPUTMIB MAIIMHHOTO HAaBYaHHS € MOJKJIMBICTh BUSBICHHS NPUXOBAHMX 3B S3KIB
(dakTopiB) KOMITOHEHT aHANIi3y Ta BHUSABJICHHS HAHBAXJIMBIIIMX NapaMeTpiB miarHoctuku. HM MaioTh mepeBaru 1o
TOYHOCTI TIOCTAHOBKM Jiartosy. lle miATBEpIKYIOTh JOCTIMKEHHS 3poOiieHi croemiamictramu 3  Kwuraiickkoro
Vuisepcutery Enexrpuunux Hayk Tta Texrounoriii [1]. Born mopiBHAIN BUKOPHCTAaHHS IITYYHIX HEHPOHHUX MEpEX Ha
OCHOBI METOJly OMOPHUX BEKTOPIB, JlepeBa NPUIHATTS pillieHb, MeTO] K-HallONMmK4IuX CyciliB, IIMOMHHOTO HABYAHHS
Ta CHUCTEM HEUITKO{ JIOTIKW, TMpaBmia IS sIKOi OynmM moOymoBaHI Ha OCHOBI AEKIIBKOX alrOPUTMIB cepel SKUX
anroput™M Mamyani ta anroputM Cyreno. Tectu npoBoaniuck Ha nanux MIT-BIH.

AHamizylound i pe3ylbTaTH MH MOXKEMO CTBEpKYBaTH, IO HaiTowHimmMH € HM, mpore mHOTeHHiiHO
ITMOMHHE HaBYaHHS MOXKE PO3BUTH Taky X TOYHICTh. 3a mBujkicTio HM e Hairipmuimu, a o Metoa k-HalOmmKInx
CyCiZiB Ta JepeBa MPUUHATTS PIIICHb MOKa3aJd rapHy MBUAKICT. CHCTEMH 3aCHOBaHI Ha HEYITKIA JIOTIKI IOKa3aiu
CepelHi TOKAa3HWKH MO INBHUAKOCTI 1 TOYHOCTI BITHOCHO IHIIMX aJiTOPUTMIB. 3BHYAHO HEMOXIUBO BU3HAYUTH
HaCKUIBKH JIIOJICBKUN (aKkTOp (SKICTh €KCIIEPTHUX BUCHOBKIB) IUIMBAB HA 110 CUCTEMY.

Axmo 3amadi moTpeOyIOTh BENHMKOi KUIBKOCTI ImapiB, HAmpWKiIan aHaimi3 peHtreHiB, MPT, To xparmie
BHUKOPHCTOBYBAaTH CUCTEMH 3 TIIMOMHHUM HaBYAHHSM.

iaroroska naracery

Hdns nocnipkeHHss MU oOpanu 0a3y nmanux KitiBneHzachkoro yHiBepcuTeTy, sika MicTuth 14 arpuOyriB Ta
MIpU3HAYeHA ISl BU3HAYEHHS XBOPOOHU cepIls JIIoAnHU. 3aranoM 6a3a Mictuth 303 3anucu. ATpuOyTu 6a3u JaHMX Taki:
BiK Mali€HTa, CTaTh MallieHTa, CP — TN 000 y rpyauHi, trestbps — kpo’sHuit Trck, chol — piBeHb XOJecTepUHY y
kpoBi, fbs — piBens 1Hykpy y KpoBi, restecy — pesyipraté enekrpokapaiorpamu, thalach - makcumanbra wactora
CEepLEBUX CKOPOYCHB, eXang — creHokapis, oldpeak — ST menpecis Bukiikana BrpaBami, Slope — vaxui ST cermeHTy
Ha Kapjiorpami, Ca — KiTbKicTh BEMUKUX CyauH nmodapboBanux Ha dmroopockomii, thal — zedekt cepirs, num — giarHos.

3a pmomomoroto Oibmiotek Pandas ta matplot Oymo omparsoBaHo mro 6a3y HaHWX. Y pe3yibTaTi aHali3y MU
BU3HAUWIIM, 10 aTpHOyT BU3HAYCHHS DPIBHS I[YKPY B KpOBi € po3pipkeHHM. ToMy y MOJaibIIMX JOCTIPKCHHAX MU
HOr0o HE BUKOPHUCTOBYBAJIH.

OcCKiJbKH, JaTaceT Mae MpOIyIIEeHI JaHi, MOPOXKHI Micls Oynu 3amoBHEHI HymsMH. Takui miaxim 3HIKYE
BaXJIMBICTh Mapamerpy. [TopokHi MiCIsi MOXXHa OYJIO 3alOBHHUTH CepeHIM 3HAueHHsSM, a00 MElaHOK 3HAueHb
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CTOBITYMKA, TPOTE TaKe 3aTIOBHEHHSI MOXE BIUTMHYTH HAa TOYHICTH POOOTH alITOPUTMY Ta XUOHO 30ITBITUTH BaXKIUBICTh

napamerpy.
Jani Oynu po3noJiiyieHi Ha JBi YaCTHHU: JUIs TPeHyBaHHA KiacudikatopiB — 75 % Ta uis nepeBipkd TOYHOCTI
pobotu — 25 %.

Onuc knacugikatopis

Random Forest Classifier — xmacugikatop 3 6i6mioreku sklearn [8], 1m0 reHepye NeBHY KiTBKICTH IepeB
OPUAHSATTS pillleHb, KA TPEHYETHCS HA JAaTaceTi Ta 3a JOMOMOTOK YCEpeIHEHOrO 3HAYeHHs YCiX JepeB MpuiiMae
pimenHs. Takuii maXig 3HIOKYE MOJKJIHMBICTH TEpeHABUAHHS Ta 30UIBIIyE TOYHICTH 3a JIOTIOMOTOIO yCepeaHEHHS
pe3yabTary. [onoBHMIT mapaMeTp MimOWpaHHS — n_estimators, KUTBKICTh JEPEB, SKi CTBOPIOIOTHCS U MPUHHATTS
piLLIeHHSI.

MLPClassifier — Gararomaposwuii eprienTpoH, 3 6i0miorexu sklearn. I'ooBHI TapamMeTpH, SKi MiXOUPATHCE:

» Activation — akTiByr09a QyHKISI 17151 IPHXOBAHOTO IIapy:
- ldentity — f(x) = x;
. 1
- Logistic - f(x) = v
- Tanh- f(x) = th(x);
- Relu- f(x) = max(0,x).
= Solver — BupimansHa QyHKIS U1 ONTUMI3AIlil Bar:
- Lbfgs — ontumizaTop 3acHOBaHuUi Ha KBa3WHBIOTOHOBCHKHUX METOJIAX;
- Sgd — onTUMi3aTOp 3aCHOBAHMI HA METO/Ii CTOXaCTUYHOIO IPAIi€HTa,;
- Adam — nokparieHuit METo 1 CTOXaCTHYHOTO TPaJIi€HTa.

= Hidden_layer_sizes — Bexrop, 1110 331a€ KiIbKiCTh HEHPOHIB HA KOXKHOMY PiBHI MEPLENTPOHY.

KNeighborsClassifier — knacudixarop 3 6i6miorexn sklearn 3acHoBanuit Ha Metoi k-HalOmmKaux cycigis. Js
TOCTIKEeHHS OyIto 00paHo mapameTp n_neighbors — KUTBKICTB CycCifiB.

MeTpuKkHu nopiBHAHHA KjacupikaTopis

Jus  mopiBHSHHA Kimacu]ikaTopiB, a TaKOX TOPIBHAHHA I1X pOOOTH 3 pI3HUMH TapamMeTpaMd MH
BHKOPHCTOBYBAJIM JIeKUIbKa METPUK: TOYHICTh, IOBHOTA, fl-Mipa.

TouHicTh — LI BiICOTOK MPaBUIILHO BU3HAYEHUX PE3yJbTaTiB. Y XOJi AOCIIHKEHHS BHUKOPHUCTOBYBABCS METO]
BH3HAUECHHs accuracy score 3 0ibmioreku sklearn.metrics.

[ToBHOTa — BOXJIMBUIA MapaMeTp AJsi BU3HaYEeHHS siKocTi po6oT EMC, Bu3Hauyae KiNbKICTh 3HAMICHUX XBOPHX
BITHOCHO YCiX XBOpHWX MamieHTiB. J[s BH3HAUeHHA IMMOBHOTH MH 3acTOCOBYBauM MeTof recall score 3 GibmioTexu
sklearn.metrics.

F1-mipa — 3BakeHe cepeiHE TOYHOCTI Ta MOBHOTH. L{1o0 Mipy Mu 3Haxoamnu 3a nonomoru meroay fl score 3
610mioTexu sklearn.metrics.

VY xo#i TecTyBaHHS KJIaCH(IKATOPH OTPUMYBAIH OJTHAKOBI JTaHi B OJHAKOBIiH KinbkocTi. OcKiTbky B Hac Oymo 5
MOXJIMBHX BapiaHTIiB pe3ylbTaTy MeTOA K-HalOmmK4Ymx cycimiB BigmoBimHO MaB 5 cycimiB. KiacudikaTop
KNeighborsClassifier otpumar onHakoBi pe3ynbTaTi TouHOCTI, moBHOTH Ta f1-Mipu — 0,539.

Hns knacudikaropy RandomForestClassifier My Bupimuny 3poouty nepmuii nporin Ha 10 gepeBax. Merpuku
HaOy/M 0JJHAKOBHMX MMOKa3HUKIB, a came — 0,539.

s mepmioro nporony kinacugikatop MLPClassifier 3amyckaBcs 6e3 mapameTpiB abu OIIHUTH KiIacu(ikaTop Ha
rapaMeTpax 1o 3aMOBUYCHHIO. MeTprKu HaOy/H 0THaKOBUX ITOKa3HMKIB, a came — 0,486.

[epi nporonu knacudikatopis RandomForest Ta K-NN nanu oxHakoBi pesynbratu MeTpuk. [Iporin MLP
Kiacudikaropa TokaszaB TipiIl pe3ylbTaTd METPUK HDK IHINI alropuTMH. Takok y BCiX KIAacH(IKaTOPiB METPHKH
MpHUOIM3HO CHiBIagamd. Mu NPUIYCTHIIH, IO IIe € Pe3yabTaTOM HAasSBHOCTI y JaTaceT NCKUTbKOX KimaciB. Tomy mms
noBHOTH Ta fl-Mipu Oyno oOpaHo BapiaHT 0OpaxyBaHHS «MICrO», IO € TI00ATBHUM 00paxyBaHHSIM IMOKAa3HHKIB 1 s
TMOJIAJIBILINX [TPOTOHIB JIaTaceTy Ha AEKUIbKOX KilacaX BUMIpIOBaJIach TOUHICTb, SIK TOJIOBHA METPHKA.

Pesynabratn MLP knacugikaropy MokHa BHITPaBIaTH THUM, 10 MapaMeTPH 110 3aMOBUEHHIO, SIKI BIH OTPUMYE, €
1 npuxosanwmii map 3 100 HelipoHiB, Ta BUpimAIbHA QYHKILIS «@damy, o Giablre miaX0aUuTh IS BEJIUKUX IaTaceTiB.

VY mopampIroMy aHaizi BaXJIMBUM CTal0 BH3HAYCHHSA KUTBKOCTI nepeB s RF kmacudikatopa Ta KiITBKOCTI
HEHpOHIB Ha KOXXHOMY mpuxoBaHoMmy Immapi MLP xknacudikatopa. OueBHaHO, IO BaXJIUBO OYJIO MPOBOIUTH
JIOCHI/DKEHHS BUPIIaIbHOT Ta aKTUBYIOUMX (YHKIIIH BXKE Ha TaPHOMY JUIS AaTaceTy BEKTOPI MPUXOBAHUX ILAPIB.

Mu mepeBipsuin TouHicTh poboTH RF kmacudikaropy s pizHoi kinmbkocTi aepeB Big 10 mo 100. ITix ugac
MOPIBHSHHS Pe3y/bTaTiB OYyJI0 BU3HAUYCHO, IO HAWKpaiia TouHicTh pocsranacs npu 40 nepeBax — 0,618. Ha puc. 1
MoOXHa 1obaunTH rpadik, SKui BinoOpaXkae TOYHICTb IPH Pi3HIl KUIBKOCTI AepeB.

Huns ananizy MLP knacudikaropa 0ysno oOpaHo 2 nMpHxoBaHi MIapy, OCKUIBKK B I[bOMY BUIIaKy OTPUMYBaacs
OlIblIa TOYHICTh y TIOPIBHSHHI 3 OJHWUM IpPUXOBaHUM IMIapoM. TecTyBaHHS MOKasano, 1m0 NpH 15 HeipoHax Ha
MEePIIOMY TIPUXOBAHOMY Iapi Oyio JOCSATHYTO Haiouibmry TouHicts — 0,605. Bona Oyna mocsrayra npu 14 HelipoHax
Ha JIPyroMy NMpUXOBaHOMY HIapi.
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Puc. 1. Tounicts pobot RF knacudikaropy s pizHOT KiITBKOCTI AepeB

BaxxnmmeuM mapamerpoM st MLP knacudikaTopy BHSBHBCS BEKTOp IIapiB. 3MIHHMBIIHN I BEKTOpP, TOYHICTH
kinacudikaTopy 3HAYHO 3pociia Ta BHIEPEIWIa iHINI Kiacudikaropu. 3 METOH MOKPAIICHHS TOYHOCTI, a TaKOXK
nociipkeHHs iHmuX mapamerpis MLP knacudikaTtopy Oymo 3po0ieHo TecTyBaHHS, Y IKOMY BUKOPHUCTOBYBAJIHCH Pi3HI
aKTHBYIOUi Ta BHpilIajbHa (YHKIIII.

ITix wac mocnmimkeHHs BUpIManbHOi GyHKIii Oyna oTprMana Taka tounicts: Adam — 0,5, Sgd — 0,539, Lbfgs —
0,592. Ha upomy naraceti y pynkuii «Ibfgs» Tounicts Oiniplua HiX y IHIIUX.

AHanizyBaluCsl YOTHPH aKTHUBYIOUI (GYHKII 3arajoM pe3yabTaTd aKTHBYIOUHX (QYHKIIA € MpHOIH3HO
OJJHAKOBHMH, IIPOTE Kpalle 3a iHmmx Oymu pesynsrat QyHKUil «reluy. dymkmii «logisticy ta «tanh» moxazamu
OJIHAKOBHI! pe3ysbTart.

ToMy B TOHANbIIMX JOCITIDKEHHSX OyIyTh BHKOPHUCTOBYBAaTHCH BupimanbhHa ¢yHkiis «lbfgsy ta dymkmis-
aktuBarop «reluy.

MakcuManpHa OTPMMaHa TOYHICTH y MojambmioMy Oyma Omu3zbko 63 %. Ockinbkd, Taka TOYHICTH €
HE3aJ0BUIBHOIO I KOPUCTYBAYiB MEIUYHOT CHCTEMH, aJDKe PH3UK TOTO L0 BOHA BH3HAYHMTH € 3aHAATO BEIUKHM Ta
JIKap-TepareBT B TAaKOMY BHIAJKy Ma€ Kpallli IaHCH BHSBUTH XBOPOOY, TO Ul MEAWYHOI CHCTEMH MOTPIOHO OyJo
ITYKATH Kpale PilllcHHS.

HaiiBaxxnuBinmM (akTopoM, OKpiM mapameTpiB, Uil yCHINIHOT poOoTH Kiack]ikaTopiB € JaHi ONpamroBaHHSL.
Tomy BayJIMBO Oy0 AOCTIIUTH poOOTY Kiacu(ikaTopiB, 3MIHIOIOUH JaHi.

JocaimkeHHsT TaHUX

BaxmuBuM QakropoMm ycmimHOI poboTH KiracudikaTopiB € BelIMKa KUIBKICTh TaHHWX, TOMY IEpII 3a Bce
moTpiOHO Oyi0 i 30LTbImITH. J{7s IIPOTO MU 3HAWIILTY III¢ JBa IOJATKOBI JaTAaCETH 31 CX0XUMH o3Hakamu. LIi maracetu
Oynu 3i0paHi yropchbKMM Ta HIBEHIIAPCHKUM YHIBEpCUTETaMu. JlaraceT yropchbKoro yHiBEpCHTETY MICTHTBH y co0i 294
3amcy PO TMAIEHTIB, MBeHIapcbkuil Mictuth 123 3ammcn. [aracetn OynaM TOe€nHaHI y OOUH Ta 0OpoOGiIeHO
npomnyiieHi 3Ha4eHHs. [1oTiM MU BUKOpUCTanu KiacudikaTopu Ha mapamerpax sKi Oyiu BU3HA4YCHI Y MOIEPEIHbOMY
po3nini. 3arajgpHa KiUTbKICTh 3anuciB y garaceti cranoBuiia 720.

PesynbraTi nepioro Nporony kiaacuikatopis Mmicis PO3MIMPCHHS JaHUX MOXHA MOOAYUTH HA PUC. 2.

07

0.6 1

05 1
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KMeighborsClassifier MLPClassifier  RandomForestClassifier

Puc. 2. Pe3ynpTaTy nepnioro nporoHy kiacu(ikaTopis micis po3MMpeHHs JaHHX
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BHacmigok po3IIHpeHHs maTaceTy Oyilo 3HaYyHO MOKpaiieHo To4HicTh podorm RandomForestClassifier. RF
KkiacudikaTop BimmparoBaB 3 TOUHICTIO Onn3bpko 67 %. MLP 6mu3eko 58 %, mopiBHSHO 3 MOMEPEAHIMU Pe3ylIbTaTaMu
e ripime HiX Oyno, MpoTe Takuil pe3ysibTaT MOXKHA CIUCATH Ha HecTaOLIBHICTH poOOTH Kiacudikaropa, amke Ha
OJHAKOBUX HaHWUX KiacudikaTop NIpH pi3HUX MPOroHax Mae pisHy TouHICTh. Bukopuctamas KNN cranoBuTth
npubim3Ho 51 %, 1m0 € Kparie HiK TONepeHi pe3yIbTaTH.

VY xopi nocnimkeHHs 0yJ10 BUPIIEHO, 0 HACTYITHUM KPOKOM JIJIsl TOKPAILEHHSI TOYHOCTI € HOpMaJIi3allisi JaHuX
— 3aMiHa 3Ha4YeHb O3HaK Ha 3Ha4yeHHsS Bix 0 mo 1. AHami3yroum TecryBaHHS Mu moGauwmny, mo RF kinacugikarop
MOKpAIMB pe3yJIbTaTH MPUOIU3HO Ha OAWH BincOTOK. Pesynbratn podotn MLP xiacugikaropy TakoX MOKPaIIHIKCh,
Ta 30UTbIIITHCh TpuOMuM3HO Ha 3 %. Haiikpame mokpamieHHS TOYHOCTI B JaHOMy ekcrepuMeHTI mae KNN
knacudikarop — 6mu3bko 15 %. Taki pe3yabTaTH AEMOHCTPYIOTH Kpally poOoTy Kiacu(ikaTopiB 3 HOpMali30BaHUMHU
IaHUMH, 0coOmBo 11e BimHOCcHThCS 10 KNN kimacugikartopa.

VY 3B’S13Ky 3 TUM IO B I[bOMY JIaTaceTi pe3yNbTyl04ya 03HaKa MOXKe HaOUpaTH 5 MOXIIMBHX BapiaHTIB, IPH TOMY
110 I1i BapiaHTH HE € OIMCaHi Ta HEBiIOMO, 1[0 caMe KO’KEH 3 HUX 03HAuae€, a TAaKOXK Yepe3 Te IMI0 Y AOJaHUX JaTaceTax
pe3yABTYIOUA O3HAKa MOKE HaOyBaTH JIWIIE JTBOX BAapiaHTIB MU BUPIMIMIH TepedT n0 OiHapHOI Kiacuikaii: XBopa
JIIOZIMHA, 370poBa JoanHa. Kiacudikaropu TecTyBaaucs Ha HOPMaTi30BaHHX Ta HCHOPMaTi30BaHUX JaHHUX.

HenopmanizoBani fmani mand 3Ha9HUA TpHUpICT TowyHOCTI KiacudikaropiB. Hdms RF kmacudikaropy TouHicTh
nigHsack 10 82.7 %, To0TO MOPIBHSAHO 3 MONEPEAHIM Pe3yIbTaToM HigHsack npubdiausno Ha 15 %. Tounicts pobotn
MLP knacudikaropy migasanacs 3 58 no 85 %, mo € Haiikpamum pe3ynpraToM. TouricTs podotn KNN 36inpmmtace 10
69,9 % mpubanzHo Ha 18 BimcoTkiB. Yci kimacudikaTopy 30UIBIIMIM TOYHICT Ta IMOKAa3aIM KpaIllMi pe3ynbTar
MTOPIBHAHO 3 Kaacu(DIKaI[i€ro HA 5 TPyIL.

Ha HopmanizoBaHuX AaHMX KiacH(ikaTopu MOKpaIlMIM Taki pedynasraTd. RF kimacugikarop mokaszaB TOYHICTH
npubnuszno 85,5%, 1o 3HayHO Oinblie HiK Oymo A0 OiHapHOi kimacudikaii Ta nmpubmu3Ho Ha 2,8% Oulblie HDK Ha
HEHOpMAJTi30BaHUX JaHuX. TakuM YMHOM JUTs MOJANbIIOT0 BUKOPUCTAHHS Kpame BukopuctoByBatu RF knacudikatop
3 HOpMalTi30BaHUMU JaHuMu. MLP knacudikarop nokaszas TouyHicts 85 %, BifHOCHO Kiacudikarii Ha 5 rpyn TOYHICTh
3HAYHO 30LUTBIIIIIACh IPOTE BiMHOCHO Kiacu(ikallii Ha HEHOPMAaIli30BaHUX JAHWX TOYHICTH 3aJHUIIUIACH TAKOIO XK 5K 1
Oyna. Tomy, U1t MalitOyTHHOTO BUKOPUCTAHHS MOTPIOHO MEPEBIPUTH HA HEHOPMAJIi30BaHUX Ta HOPMaJli30BaHUX JAaHHX
pe3yibTaTi OiMbIIoi KUTBKOCTI MPOTOHIB Ta TOPIBHATH TOYHICTh @ TaKOXK CTaOUIbHICTh BHKOPUCTAaHHS, ajke MLP
kimacudikatop He € cTaOUTBHUM Ta Ma€ BENHUKHH PO3KUA TOYHOCTI BITHOCHO pi3HHX mporoHiB. KNN xracugikaTop
1oKa3zaB TOYHICTh nprbin3Ho 80 %, 1110 3HAYHO OLIbLIE MONEPEHIX pe3ynbTariB, npuoau3Ho Ha 10 % Ounbie HDXK Ha
HEeHopMalti3oBaHUX NaHuX. Lleil kiacugikaTtop Kpalie BUKOPUCTOBYBAaTH HAa HOPMaJi30BaHUX JaHHX.

Hns nopiBusiHHA pobotn MLP kiacudikaropy Ha HOpPMalli30BaHUX Ta HEHOPMANli30BaHUX AaHUX Oyiio
BHPINICHO 3pOOHTH 1O AECATH MPOTOHIB Ha KOKHOMY BapiaHTI.

[ToOynoBaHi rpadiku mokaszaau, o Ha 000X BapiaHTaX JAaHWX MAaKCHMaJbHA TOYHICTH ITiJ] Yac KiIacuQikaiii €
npubau3no 85 %. HaiimeHIna ToYHICTH Ha HOPMATi30BaHMX NaHUX NMPHOIM3HO 78%, Ha HEHOPMANi30BaHUX AAHUX
Tpoxu Oumbmre HiX 81 %. Taki pe3ynpTaTH MOKa3yroTh HaM, IO MiJ Yac Kiachdikamii Ha HOPMATI30BaHUX JAHHUX
PO3KHU MO TOYHOCTI i Yac PI3HUX MPOTOHIB € OUIbIIKN HDX miJ yac kiacu(ikailii Ha HCHOPMATi30BaHUX JaHUX.
Takox y cepeTHbOMY TOYHICTh Ha HEHOPMAJI30BAHUX JTAHUX € OLIBIIOIO.

BpaxoByroun 1mi pe3ynpTaTd HacTynHi gocmimpkeHHs gius1  MLP  knacudikatopi nmpoBoguiuce  Ha
HEHOPMAJTi30BaHUX JaHUX IJIs SMEHIICHHS PO3KHIY.

ITopiBHSAHHSA 03HAK JaTaceTy

OCKUTEKH JaHi € HallBaXIUBIIIIM (hakTOpOM [T epeKTUBHOT poOOTH Kiacnu(ikaTopy BaXKIMBO 3HATH SIKi came
O3HAKH 3 JIaTaceTy MaroTh HAHOUIBIINI BIUIMB Ha KIacU]iKallilo, a sIKi HaBIIaKK 30BCIM HE MalOTh BIUIMBY. Marouu Taky
iHpOpMaIlil0 MOKHA MaHIIYJIIOBaTH TUM, SKi JaHi [oJaBaTd Ha BXil. TakuM 4YMHOM MOXHa 30UIBIIMTH LIHHICTH
CHUCTEMH aJpKe Ha JAaHOMY eTalli ICIs OTPUMAHHS Pe3yNbTaTiB BCE PIBHO MOTPiOHA KOHCYIBTALIS JIKApsS Ta OUTBII
TOYHE JIarHOCTYBaHHS. B IIbOMy JaraceTi € MEBHI O3HAKH, SKi KOPHCTYBad HE 3MOXE CaM Ji3HATUCh IPOTE €
HMOBIPHICTB, III0 MIHHICTH CHCTEMH BIIaJIe IS HHOTO SKIIO BiH CIIOYATKY Mi3HAETHCS I1i O3HAKHU Y JIiKapsl.

Jns pocnmipkeHHsT O03HAaK Oylio 3poOJIEHO EKCIIEPUMEHT B SIKOMY KOXKHY O3HaKy HOYEproBO BHIIyHaJIM Ta
npoBoamy Kiacudikarito. Knacudikamis mpooamnacs Ha RF knacudikaropi.

BunpoOyBanHsi mnokaszayiu, mo Taki noist sk Haxui ST cerMeHTy Ha Kapziorpami, KpOB’SHHH THCK Ta
MakCHMallbHa YacTOTa CEPIIEBHX CKOPOYCHb Maibke HE BIUIMBAIOTh HA TOYHICTh Kiacubikarii. HalBakaupimmmu
O3HaKaMH UIA Kiacudikamii € Tum 000 y TPyAWHI Ta piBEHb XOJIECTEPHHY Yy KpoBi. [HINI 03HaKH BTpadvaroTh
pubu3HO 1o 1-2 % TOYHOCTI, IO B ACAKUX BUIAIKAX MOXE OYTH HE JyXKe BaXJIHUBO. BpaxoByrO4YH Taki pe3yibTaTH
IUTE MEOUYHOI CHCTEMH MOTPIOHO MPOBECTH EKCIEPHMEHT B SKOMY Oy/Ie CKOPOYECHO KUTBKICTh O3HAK. 3AIMIIATHCS TaKi
03HAKH SIK CTaTh, BiK, TUI OOJIIO y TPY/MHI, pIBEHb X0JECTEPHHY, HAsIBHICTh CTEHOKapAii MiJ Yac HaBaHTaXXEHb. TaKui
Habip 03HAaK O03BOJIUTH O€3 KOHCYINbTAIlii JTIKaps MIBUIKO BCTAHOBUTH HAsBHICTH XBOPOOH.

AHai3 eKCrepuMeHTy IT0Ka3aB, 10 3arajoM Al Kiacu(pikaTopiB TouHicTh Bnaja. HaiiOinbine BoHa 3HH3MIIACH
y KNN xnacudikatopy — 71 %. RF knacudixkarop — 78 % tounocti. MLP knacudikarop mokazae TouHicts 82,2 %.

Bazyrounce Ha pe3ynpTaTrax eKCIIEPUMEHTIB, Al TosoBHOro Moxyns EMC mu 3ynuHMIMCS Ha 3aCTOCYBaHHI
MLP knacudikaropy 3 5 o3Hakamu, abu KOpHCTyBadi MOTJIH 0e3 y4acTi Jiikapsi IepeBipsiTH Y1 XBOPI BOHH, a TakoK RF
knacudikarop skuit Oyne 0a3yBaTHCh HA BCIX 03HAKAX, IS OUTBII TOYHOTO BH3HAYCHHS UM XBOPA JIIOIITHA.
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Onuc JiarHOCTHYHOI CUCTEMH

MenuuHi cMCTEeMH MOXYTh BUKOHYBaTH OaraTo 3ajad4, TOJOBHI cepel HUX II€ A1arHOCTYBAaHHS Ta MOHITOPUHT
CTaHy TalieHTiB. Y xoai poborn Mmu Bupimmim crBoputn Heart Diagnostic API, rojoBHOI0 MeTOI SKOTO €
IIarHOCTYBAaHHS XBOPOO y MAITIEHTIB.

Heart Diagnostic APl mMoxHa BMKOPHCTOBYBAaTH SK 4acTHHY MenuuHoi cuctemu. Ha 6a3i API moxna Oyne
crBoproBatt Web, Mobile, Desktop 3actocysanus..

Heart Diagnostic APl cxiafaeTbcst 3 9OTHPHOX TOJOBHHMX CKIAUOBHX (puc.3): 0a3a maHWX; MOJIYNb, SKHAH
nmiarHoctye 3a gomomoror RandomForest; Moayins, skuii miarHoctye 3a gonomororo MLP; koHTpoep, kUil mpuiimae
3aIHTH.

Monayiae MLP npuiiMae Bif KOHTPOJIEPY 5 03HAK 3a JOMOMOIOI0 SIKUX IMPOBOANTH JIArHOCTYBAHHS Ta BUPIIIYE
9u XBOpa IOAWHA. TakoXX med Momynb 30epirae maHi Ta pe3ynbraT B 0a3i JaHWX, a TakOXX MOKE HaBYATHCh 3a
JIOTIOMOTOI0 THX JaHHX LI0 BXKE € B 0a3i JaHHX.

Monyns RF mpuiimae Bim koHTposiepy 13 0o3HaK Ta HpOBOAWTH MIarHOCTYBaHHSA. BiH MOXe HaBUaTHCH Ta
BimpaBiaTH y 6a3y TaHUX HOBI JIaHi.

baza manux 30epirae iHpoOpMaIlio Ky OTPUMY€E CHCTEMa Ta MOXE BiJl KOHTpoJiepa OTpUMYBaTu iH(pOPMAILLiIO
PO PE3yJAbTATH OTJIALY KOPUCTYBAYIB y JIiKaps aOM NOKPAIIUTH poOOTy CHCTEMH.

Database

Mabile

Web Applications

Puc. 3. Crpykrypa Heart Diagnostic API

baza manmx ckiaamaeTbes 3 4oTmpbox cyrHocted: Medical System, Patient, Card, Extended Card. Kosxwna
CYTHICTh Ma€ CBO1 aTpuOyTH cepel sIKIX aTpHOYT 3a IKAM eK3EMIUTIPH iIeHTH(IKYIOTHCS.

Medical System — cyTHicTh BiANOBiia€e 3a Ti CUCTEMH, SKi MOXYTh BHKOpHcTOBYBaTH HDA, 30epiratoTbest imM’st
CHUCTEMHU Ta iIeHTH]IKATOP.

Patient — cytHicTh Binmosiiae 3a iHhopmallito Mpo marieHTa, ieHTuhikaTopoM € napa inentudikarop cucremu,
3 AKOi OTpUMAaIM Malli€HTa, Ta iAeHTu]iKaTOp KapTkH, sika 30epiraeThcst y 0a3i maHux. Takok MOKJIUBE 30epiraHHs
iH(pOopMarii mpo iM’sI Ta TMPI3BHIIE KITIEHTA, MPOTE IS iHPOpMAIlis He € 000B’I3KOBOO.

Card — cyTHicTh BiamoBinae 3a 30epekeHHs iH(GopMAaIlii Mpo MmarieHTiB, Ma€e iTeHTU(IKATOP, PE3yNbTaT PoOOTH
Ta 5 03HAK IO SIKMM JiarHOCTYETHCS XBOP0Oa, BAKOPUCTOBYETHCA s MoayiiB RF ta MLP.

Extended Card — cyrnicTh BimmoBinae 3a 30epeskeHHs iH(opMallii npo marieHTis, 30epirae iHpopmaiiiro mpo 8
03HaK, siKi He 30epiraroTbes y Card, BukopucToByeThest it Moayins RF moenayroun mani 3 Card.

Jnst po3poOKH  JiarHOCTUYHOTO MOAYNI0 Oyno BHKOpHcTaHO Taki texHounoril: Django, Django REST
Framework, Sklearn, Pandas.

Django — 6e3kortoBHUI HpeiMBOPK 1iist po3poOKH BeO-3acTocyBanb Ha MOBi Python. Bin BukopuctoBye MVC
IabJIoOH TPOEKTYBaHHS BeO-3aCTOCyBaHb, a TakoK Mae BiacHy ORM mis 3B’s3yBaHHs 0a3u jaHMX 3 BeO-
3aCTOCYBaHHSAM. 3a IOMOMOTOI0 Ihoro B Django cyrHocTi 6a3m maHWX omucyroTees Python-kmacamm, 3 skux
reHepyetbes cxema BJ1 [9].

Django REST Framework — 6i6iioreka, sika momomarae crBoproBati APl Ha 6asi cepBepy po3pobiieHOTo 32
noromororo Django.
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Sklearn — Gi6ioreka, y sKiif peanizoBaHi METO 1M MAIIMHHOIO HaBYaHHs MOBOO Python [8].

Pandas — 0ibmioTeka, sika CTBOPIOE MAacCHBH JJAaHUX Ta IHCTPYMEHTH KEPYBAaHHS IUMH [AHUMH peaii3oBaHa
moBoto Python [8].

Hus  BukopuctanHs Heart Diagnostic APl moTpiOHO 3apeecTpyBaTH MeIWYHY CHCTeMy, sKka Oyne
BukoprucroByBatn HDA, abu ortpumaru mocrtym. Ilicns peecrpanii moTpiOHO Oylde OHOBHUTH MEIUYHY CHCTEMY Ta
I01aTH HEeOOXiIH1 3aIUTH 10 HET.

3aranom HAD mnintpumye 3 tunm 3anutiB: o moxymro MLP; mo moaymo RF; Ha migrBepmkeHHS abo
CHPOCTYBaHHS pe3yJbTaTIB.

AOu KopuCcTyBady MEIWYHOI CHCTEMH OTPHMATH MIarHOCTYBaHHS 3a MCHIIOK KUIBKICTIO O3HaK IOTPIOHO
BIANPAaBUTH 3allUT B SIKOMY BIANOBIHO IO3HAYUTH Wi oO3HakW, micast 4yoro HDA omnpamtoe 3amut Ta micns
BimmparmroBanas Moxayiato MLP moBepHe pe3ynapTar n0 MeAW4HOI cucTeMH. [H(opMmariio mpo KopucTyBada MOIYIb
30epexe B 0a3i JaHUX.

Jis  BUKOpHCTaHHS [BOTO  3amMUTy NOTPIOHO B MEOWYHI  CHCTeMi  HalpaBUTH  3alUT  Ha
heartdiagnostic.herokuapp.com/hda/mlp.

VY BUIAJKy KOJM KOPHCTYBau Ma€ IMOBHY iH(GOpMALI0 MO yciM BHIIeoNucaHuM 13 o3HaKaM MOTPIOHO
HAIlPAaBUTH 3aIUT, 3 HUMH O3HAKAMHM HICINI YOro KOHTpOJep MinKIounuTh Moayib RF Ta moBepHe pesynprar. Takox
IICJISL BIAMPAIFOBAHHS MOIYJIb PO3IUIATH O3HAKK Ta 30eperxe iX 0 0a3u JaHUX y Pi3HI CyTHOCTI.

Jis  BUKOpHCTAaHHS [BOTO  3amUTy NOTPIOHO B  MEOWYHIA CHCTEMi HampaBUTH  3alUT  Ha
heartdiagnostic.herokuapp.com/hda/rf.

Jnst minTBepmKeHHST ab0 COpOCTYBaHHS pe3yiabTaTiB pPoOOTH CHUCTEMH MOTPIOHO HAMpaBUTH 3alHUT Ha
heartdiagnostic.herokuapp.com/hda/res, Bxa3aBiiy HOMep Mani€HTa Ta Pe3yJIbTAT IICIs OOCTEKEHHS.

BucnoBxku

VY xoni pobotu Oyia0 AOCHIIKEHO AITOPUTMH Ta METOIM CTBOPEHHS MEIUYHUX CHCTEM, iCHYIOUI MEAWYHI
cucreMu. Byio mpoBeeHO MOPIBHSUILHUI aHalli3 TOJIOBHUX METOJIB Ta aJTOPUTMIB Ha SIKUX 0a3yrOThCs JIarHOCTHYHI
cucremu. [ms mpaktuunoi wactwHH cTBOpeHHS API Oymo BimiOpaHo nekinmbka kiacu(ikaTopiB SIKi peaizyroTh
ITOPUTMH Ta TMPOBEJICHO JOCIIPKEHHS 1X poOoTH. A came Oylio MOpIBHIHO Kiacu]ikaTopy 3acHOBaHI Ha HEHPOHHUX
Mepexax, AepeBax MPUHHATTS pillleHb Ta METOI K-HaOmmKkunx cyciniB. bynn ontumizoBaHi mapameTpu st OOpaHUX
knacudikaropis. B pesynbrari BinibpaHi napamerpy Ha SKUX JTOCTIIKYBAINCH JaHi.

Ilix yac mOCHIMKCHHS OaTtaceTy Oy BHSBICHO, IO I MCSIKHX KiIacu(iKaTOpPIB BaXKIUBY POJIb Ha SKICTh
poboTr rpae HopMmaiizamis ganux. [Ipu npomy uis MLP knacudikaropy HopMaizaiis JaHHX Maja TipIni pe3yapTaT
HDK Ha HCHOPMAaJIi30BaHUX JaHuX. Takok OyJa0 MmpoBeaeHO poOOTY MO 3BEIACHHIO 10 OiHapHOI Kiacu(ikallii, o aano
BEJIMKHIHA TPUPICT TOYHOCTI pobdotn Kinacudikamii. [Ticms goro Oymo mopiBHSHO O3HAKH gaTaceTy. J{iIs KOKHOT 03HAKH
3po0JieHo TporiH 0e3 Hei y naraceTi Ta MOPIBHSHO Te SIK 1€ BIUIMHYJIO Ha TOYHICTH poOoTH KiacudikaTopa. Pesynbrar
TECTYBaHHS JaB 3MOTY 3HU3UTH KUIBKICTh 03HAK HEOOXIMHUX I Kilacu(ikarii.

BukopucToByroun pe3yabTaTH UX JTOCTIIKeHb O0yio po3pobneHo Heart Diagnostic API.

Po3poOnenuii APl Moke ciyryBaTd ©0a3ucoM Ui MOJAIBIIOr0 CTBOPEHHS 0aratb0X CHCTEM Ha PI3HHUX
mwrathopMax, a TaKoK MOXKE BUKOPHUCTOBYBATHCH B JOCIHIIKEHHIX POOOTH KiacudikaTopiB. BakimBoio HiHHICTIO €
MOXIJIMBICTh HAKOTIMYEHHS JaHHX, 110 B TOJANBIIOMY MOXYTh HOKPALIMTH JIarHOCTYBaHHS XBOPOO cepLis.
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