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1. lonenp B. B. MeTonu i1 mozei ctpaTudikallii eJIeMEHTiB KOMITIOTEPHUX CUCTEM MEIUYHOIO MOHITOPHHTIY Ha
OCHOBI MyJIbTUAreHTHOTO mniaxoxny. — KeasigikaliiiHa HayKoBa npalis Ha [paBax pykonucy. JlucepTrais Ha 3500yTTs
cTyIeHs fokTopa ¢inocodii 3a crienjanbHicTio 122 — Komm'totepHi Hayku (["anysp 3HaHb 12 - ITHdopmaniiizi
TexHOJIOrii). - XapKiBCcbKui HallioHaNbHUE yHiBepcuTeT imeHi B. H. Kapasina, MiHicTepcTBa OCBiTH i HayKu YKpaiHHy,
XapkiB, 2024. luceprauiiiHa po60Ta IpUCBIY€Ha PO3pOOLi METOMIB i Mogenel cTpaTu@ikalii e1eMeHTIiB TaHUX Y
KOMITIOTEPHUX CUCTEMAX MEAUYHOTO MOHITOPUHTY 3 BUKOPMCTaHHSIM MYJIbTUAreHTHOTO miaxoxy. [le crpatudikais
- 1€ IIpollec BU3HAUEHHS MOKJIMBUX CTaHIB NaljieHTiB, ix kiacudikallis Ta BUSIBJIEHHS BIUIUBY 3MiHHUX CTaHy. Lleit
IIpoLieC BKJIIOYAE KJIACTEPU3ALLil0 NaHUX, Kilacudikallilo CTaHy NallieHTiB Ta BUBHAYEHHS BILIMBOBUX 3MiHHUX. [Tif
MYJIPTUAar€HTHUM MiXOJI0M PO3yMi€ThbCsl MiJXi/l €JIiTapHOTro BiAOOPY, 0 peasi3oBaHuil B METO/Ii KJlacTepu3allii Ta

oJIsirae y Binbopi HallKpaIux KJacTepiB, sIKi € areHTaMy B IIPOCTOPi FeHepOBaHUX JaHUX, 32 [IEBHOI METPUKOIO



cepel] BU3HAUYEHUX CTaHiB. [lepunii po3zis MiCTUTE OrJIs], iCHYI0YMX JOCJIIIPKEeHb Y cdepi KOMITIOTEPHUX CUCTEM
MEIVYHOTO MOHITOPHUHIY, BKJIIOUal0YM CUCTEMU Ha OCHOBI HEUiTKO{ JIOTiKM, METOJiB MAIIMHHOTO i TIJIMOUMHHOTO
HaB4YaHHS. Bu3HaueHO, 110 aBTOMAaTUYHUI aHAaJIi3 JaHUX MOXKE [IOKPALIUTH SIKiCTb JIIKyBaHHS, BPAaXOBYIOYN
0OMeXXeHHS KiJIbKOCTi crieniamicTiB. Lleil aHai3 [03BOIMB BUSHAYUTY METY OCJiKEHHS 5K MMiJIBUILIEHHS TOYHOCTI
IiarHOCTMKY CTaHy MallieHTIiB IUISIXOM PO3POOKU MeToAiB i Monesnen crpatudikarii. [I1s 11poro Heob6XxigHO
BUPIIIMTH 3aBJlaHHS KJacTepu3aalii, kiacudikarii Ta Bu3HauYeHHs iHPOPMATUBHOCTI 3MiHHUX cTaHy. Jlasi 3
ypaxyBaHHS 3a3HaY€HOI METU U 3aBaHb JOCIiIKEHHs 6ysia 3alIpOIIOHOBaHa Npoluenypa crparudikaliii, BianosigHo
10 SIKOi OyJ1a po3po6sieHa MOJeJIb KOMITIOTEPHOI CUCTEMU MEIUYHOTO MOHITOPUHTY 3 BU/IIJIEHOIO MiICUCTEMOI0
crparudikanii B Hiil. [TosicHeHa posb KOKHOTO MOZYJISI B MOJIeJli KOMITIOTEPHOI CHCTEeMU MeUYHOTO MOHITOPUHTY
Ta BU3HAUEHO peXXuMu QyHKLiOHYyBaHHS IifcuctemMu crpatvdikalii B 3ayeKHOCTI Bif, HasiBHOCTI iHpopmaliii mpo
MOJKJIMBI CTaHU YU iX KiJIbKOCTi. Y Ipyromy po3zijii onucaHo KOMIIOHEHTH TijcucteMu crparudikalii, a came
MEeTOJY KJlactepu3saliii, kinacudikanii Ta Bu3Ha4eHHs iHQOPMATUBHOCTI. 3aIIpONIOHOBAHO MYJIbTUAr€HTHUI METO],
HeuiTKoi KjlacTepusauii AJ1s1 BUpilneHHs 3ajavi kyjacTepusallii JaHux. [lepeBipKy TOUHOCTI poOOTH SIKOTO
3aIPOIIOHOBAHO 37iIICHIOBATH 32 AONOMOrOI0 MeToay kiacudikauii. [Jami 6yau nokasaHi METOIM HaBYaHHS Ta
KOHQirypatii rineprnapameTpisB MTYy4YHOI HEMPOHHOI MEPEXI IJ1s1 IPUIIBUAIIEHHS CXOIXKEHHS IPAlieHTiB Ta Migoopy
rinepriapameTpis, 110 B 3arajJlLHOMYy MaloTh IiIBULIMTH TOYHICTb Kiacudikarii. A Tako 6yJIu 3alIpOIIOHOBaHi
METOJIM BU3HAUEHHS 3arayIbHOI Ta IOTOYHOI iHpOpMaTUBHOCTI 3MiHHUX cTany. lli MeTony BUpilyOTh IpOobieMu
BU3HAY€HHS MHOKMHU HANO6i/IbII BIVIMBOBUX 3MIHHUX Ta IPUYUH NPUNHATTS pillleHb B KOMITIOTEPHIN CUCTEMI
MeJIMYHOro MOHITOpUHTY. TpeTiil po3zin aHanidye mporpamHi 3acobu peasizatii MeToAiB i Mozesieil ctparudikatiii,
BKJIIOYAIOYM BUKOPUCTaHHS MOBU IporpamyBanHs Python, cynyTHix 6i6s1i0TeK 1151 06poOKM LaHUX Ta MAIMHHOTO
HaBYaHHS, a TaKOX cepey po3pobku. HaBeneHo Habopu JaHUX 1J1s Baslifallii po3po6ieHuX METOIB i Mogenet, o
BKJIIOYAIOTh CTaH/APTHI TECTOBI HA6OPHU AAHUX, JaHI MEIMYHOTO MOHITOPUHTY Ta JaHi 17151 pO3MUPEHHS
dyHKIiOHATY HA NMPUKJIATi IaHUX €eKOHOMIYHOTO MOHITOPUHTY. 3aBepLIEHO TPEeTill PO3iJ i3 KOMIIJIEKCHOIO
MeTopoJiorieto Bepudikaliii po3po6eHoro MporpamMHoro 3abesneyeHHsl, 10 103BOJISIE IEPEBipUTHU SIKIiCThb
(OYHKLIOHYBaHHS HE TiJIbKM METO/IB OKPEMO, a i ix KombiHalii. UeTBepTUIl pO3AiJ pOo3Trisijae pPe3yabTaTu
IIPAKTUYHOTO 3aCTOCYBAaHHS METOB 3 TaHUMU MEJUYHOTO MOHITOPUHTY. B pe3ysbTaTi IpOBEeHHS 3arajlbHOro
TeCTyBaHHS ifcucremu crpatudikanii nokasaHo, o po3pobieHuil MyIbTUareHTHU MeToJ, KjlacTepu3sallii Mmae
3a/I0BiJIbHY TOYHICTb (POPMYBaHHS LIiTIbOBUX KJIACTEPIB HA BUKOPHUCTAHOMY HAabOpi JaHUX MEIUYHOIO MOHITOPHUHTY.
OTpuMaHo, 1110 PO3po6IEHNI METO]], HABYaHHS Ta HAJIALITyBaHHS rinepnapameTpis mogeni IITHM npusBoguTs 1o
BHMCOKOI TOYHOCTI Ky1acudikariii He TiJIbKu Ha TaHUX PO3MiY€HNX METOMIOM KJIaCcTepu3allii, a i Ha OpUriHaJIbHUX
IAHWUX MEIMYHOTO MOHITOPUHTY. [lasi 6ys10 BU3HAUEHO, 110 PO3p006JI€HUI METO BU3HAUE€HHS 3arajlbHOi
iH(popMaTHUBHOCTI 3jaTE€H BU3HAYATHU CIiBCTABHO iH(OPMATUBHICTD [0 HIIMX iCHYIOUAX METOIiB, IPOTE Mae 6ibll
JiHIHY IPUPOAY BU3HAUYEHHS Bar iHPOPMATHUBHOCTI. A MOIM(IKOBAaHMI METO] iIHTErPOBAHUX I'PAJiE€HTIB /1J1s
BM3HAYEHHS IOTOYHOI iHPOPMATHBHOCTI 10KA3aB TOYHI pe3yJIbTaTy BU3HAYEHHS BIJIUBY [1€BHUX BXiIHUX 3MIHHUX
Ha pesysbTaTy Knacudikauii mogesumo ITHM. 1o 3acBifgdye MOKIMBICTb 3aCTOCYBAHHS METO/ly BU3HAYEHHS
IIOTOYHOI iHPOPMATUBHOCTI 1151 OOIPYHTYBAHHS IPUMHSTUX PillleHb B KOMITIOTEPHiN CUCTEMI MEIUYHOTO
MOHITOPYHTY. BU3HA4€HO MOXKJIMBICTh PO3LMIMPEHHS 3aCTOCYBAHHS METO/IIB HA JAaHUX €KOHOMIYHOTO MOHITOPHUHTY.
Taxoxx B KiHIIi po37illy HaBeleHO [TPaKTUYHi peKoMeHallii 111070 BUKOPUCTaHHS PO3PO0JIEHMX METOIB i

nigcucremMu crpatudikaliii B 11iJIoMy B KOMITIOTEPHIM CUCTEMI MEJUYHOTO MOHITOPUHTY.

2. Donets V. V. Methods and models of elements stratification of computer medical monitoring systems based on a
multi-agent approach. - Qualification scholarly paper: a manuscript. The dissertation submitted for obtaining the
Doctor of Philosophy degree in Informational Technology: Speciality 122 - Computer science. V. N Karazin Kharkiv
National University, Ministry of Education and Science of Ukraine, Kharkiv, 2024. The dissertation is devoted to
developing methods and models of data element stratification in medical monitoring computer systems using a
multi-agent approach. Stratification is defined as the determining process of the possible patient states, their
classification, and identifying the influence of state variables. This process includes data clustering, classification
of patient conditions, and variable selection. The multi-agent approach refers to the elitist selection approach,
which is implemented in the clustering method and consists of selecting the best clusters, which are agents in the



space of generated data, according to a certain metric among the defined states. The first chapter contains an
overview of existing research in medical monitoring computer systems, including systems based on fuzzy logic,
machine learning, and deep learning methods. It was determined that automatic data analysis could improve the
treatment quality, considering the limited number of specialists. This analysis allowed us to determine the study's
purpose of improving the patient's condition diagnosing accuracy by developing stratification methods and
models. The tasks of clustering, classification, and determining the state variables informativeness are necessary to
solve for this purpose. Further, taking into account the specified study's goal and tasks, a stratification procedure
was proposed, according to which a medical monitoring computer system model with a separate stratification
subsystem was developed. The role of each module in the model of the medical monitoring computer system is
explained, and the modes of operation of the stratification subsystem are defined, depending on the availability of
information about possible states or their number. The second chapter describes the stratification subsystem
components, namely methods of clustering, classification, and determining informativeness. A multi-agent method
of fuzzy clustering is proposed to solve the data clustering problem. It is proposed to check the accuracy of its
work using the classification method. Next, methods of training and hyperparameters configuration of an artificial
neural network were shown to speed up gradient ascent and hyperparameters selection, which in general should
improve classification accuracy. Methods for determining the general and current informativeness of state
variables were also proposed. These methods solve the problems of determining the set of the most influential
variables and reasons for decision-making in a computer medical monitoring system. The third chapter analyzes
software tools for implementing stratification methods and models, including Python, associated libraries for data
processing and machine learning, and the development environment. The datasets for validation are presented,
including standard test datasets, medical monitoring data, and data for expanding functionality with economic
monitoring data. The chapter concludes with a comprehensive methodology for verifying the developed software,
allowing quality checks of both individual methods and their combination. The fourth chapter presents the
practical application results of methods with medical monitoring data. General testing shows that the developed
multi-agent clustering method forms target clusters with satisfactory accuracy. The developed method of learning
and setting ANN model hyperparameters leads to high classification accuracy on both clustered and original data.
The developed method for determining general informativeness compares favorably with existing methods but has
a more linear nature for selecting informativeness weights. The modified method of integrated gradients
accurately assesses the influence of certain input variables on ANN model classification results. This proves the
method's applicability for justifying decisions in the medical monitoring system. The possibility of expanding the
application of methods based on economic monitoring data has been identified. Also, at the end of the chapter,
practical recommendations are given for using the developed methods and the stratification subsystem as a whole
in the computer system of medical monitoring.
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rOJIOBYIOYOTO Ha 3acigaHHi

BigmoBizasibHHU 32 MiATOTOBKY [llepuenKo AHzpiit OneKkcaHapoBUY

00JIIKOBHX JJOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




