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3micm anomayii. JlucepTailisi TNPUCBSIYEHA BUPIIICHHIO aKTYyaJbHOTO
HAyKOBOTO 3aBJIaHHsI PO3BHTKY METOJIB KJIACHYHOTO, TJITMOOKOTO Ta HAYKOBOTO
MAaIlIMHHOTO HABYaHHS B yMOBaX HEBH3HAYCHOCTI 3 BHUKOPHUCTAHHSIM
MIHIMaKCHOTO ITiJIXO/TY.

VY BcTyni OOTpyHTOBaHO AaKTYaJIbHICTh JOCHIIXKEHHS, HaBEAEHO 3B 30K
pobOTH 3 HAYKOBO-IOCHIIHUMH TEMaMM, BH3HAYE€HO MeETy Ta 3aBJaHHS
JOCIIJIKEHHSI, O0’€KT Ta MpeaMeT AOCTIPKCHHsS, HAaBEICHO NEpeNliK METO/IIB
TOCITIJKEHHS, 110 3aCTOCOBYBAIHMCH JJISI JOCATHEHHS METH JUCEPTAIIHHOI
po6otu. ChopMysibOBaHO HAYKOBY HOBHM3HY, MPAKTUYHE 3HAYCHHS OTPUMAaHUX
pe3ybTaTiB Ta OCOOMCTUI TBOPUMI BHECOK 3700yBaua. [lomaHo BiIOMOCTI 11040
ampo0arrii Ta ormyOIiKyBaHHS PE3YJIbTATIB JOCIIKCHHS.

Y mepmomy po3gini  «MaremaThyHe Ta MporpamMHe 3a0e3nedcHHs
1H(oOpMaIIfHUX  TEXHOJOTIM  3aJay  MAIIMHHOIO HaBYaHHS B  yMOBax
HEBU3HAYCHOCTI (OTJIA[  JITEpaTypu)» MPOAHAII30BAaHO OCHOBHI  00JacTi
BUKOpUCTaHHs 1 MoxxmBocTi Big Data. Po3rissHyTo METOAMKHM aHai3y BEIHMKUX
naHuX. Big3HaueHo, 110 3HAYHOI yBaru 3aciyrOBYE aHaNi3 JaHUX Y CHCTEMHHUX
MEAMYHUX JOCHDKEHSX. Y 3B’SI3Ky 13 3pOCTaHHA OOCATY JaHUX, TaKOX
PO3BUBAIOTHCS TEXHOJIOTT AHAMITUKA BEIUKUX JaHUX HA OCHOBI MAIlIMHHOTO
HaBUYaHHS.

Po3risiHyTO TEXHOMOTIYHI MMTAHHS 33]1a4 MAIIMHHOTO HABYaHHS Ha OCHOBI
XMapHUX OOYMCIICHb. 3JIMCHEHO 3arajbHUNA OIS XMapHUX IaTGopM Ta
PO3IIITHYTO TIApaJuTrMy XMapHUX oOuucieHb. [IpoaHaiizoBaHO CEpBICH XMapHHUX

maTopM Ta HeOOX1IH1 J1i 3 TOYKHU 30py PO3TOPTAaHHS JOAATKIB. 32 OCHOBY B3SITO



Google Cloud Platform Ta iioro cepBic Google App Engine, sikuii mo3Bossie
pO3pOOHWKAM CTBOpIOBaTH MacmitaboBaHl momatku Ha Python i1 Java, a takox
BOJIOJIIE yCIM HEOOXIAHUM JUIs peaiizallii aaroputMmy I1HAYKIID JepeBa
pimens C5.0.

Po3risiHyTo anropuTMiyHI OUTaHHS 3a/lad MAlIMHHOTO HaBYaHHS B YMOBax
HEBU3HAYEHOCTI, 30KpeMa PO3TISHYTO TaKl TUIIOBI allTOPUTMU MPUUHATTS PIIICHb:
JIEPEBO pillieHb, BUMIQJAKOBHI JIiC, aTOPUTM K-cepeiHiX, METO ONIOPHUX BEKTOPIB,
HaiBHUH OaeciBChKHM KiacudikaTop, ancaMOJIeBl METOJIH.

HaBeneHo THTOBI BHIM HEBH3HAYCHOCTCH Yy MEAUYHHX 3aCTOCYBAHHSIX:
ajieaTopHa Ta €MICTEMIYHA, a TaKOX JAaHO BU3HAYEHHS MOHATTS HAyKOBOIO
MaIIMHHOTO HaBYaHHSI.

[IpoBeneHo ornsi pe3yiabTaTiB B raijy3i MallMHHOIO HaBYaHHS Ha OCHOBI
MIHIMAKCHOTO TMiaxoay. OOrpyHTOBaHO MOTpeOy pPO3pOOKKM METOIB Ha OCHOBI
MIHIMAKCHOTO TIIXOMy JO pO3B’A3yBaHHS 3a/Jad KJIACMYHOTO Ta TJIMOOKOTO
MaITUHHOTO HaBYaHHS.

Ha ocHOBI mpoBeieHOT0 aHali3y BU3HAYEHO HAyKOBE 3aBJaHHs, SIKE MOJISATae
y po3poOili MpOorpaMHOro Ta MATEeMaTUYHOTO 3a0e3NedeHHs 1H(pOopMaIliiHUX
TEXHOJIOT1M, TOB’SI3aHUX 13 MPUUHATTSIM PIIIEHh Y CHUCTEMHUX MEIUYHUX
JOCITIJKEHHSX, @ caMe: pealizallis aJlrOpUTMIB MAIIMHHOTO HaBYaHHS HAa OCHOBI
XMapHUX OOYHCIIEHb, PO3POOKA METOIB HAa OCHOBI MIHIMAKCHOTO MIIXOIY 10
pO3B’s3yBaHHS 33724 KJIACUYHOTO Ta TITMOOKOT0 MAIIMHHOTO HaBYaHHS, PO3BUTOK
METO/IIB HAYKOBOTO MAUIMHHOTO HaBYaHHS B KiOEp(I3MUHUX CUCTEMAX MEIUKO-
010JIOTTYHUX MPOLECIB.

Y  apyromy posain  «TexHOJNOTiYyHI TWTaHHA peati3aiii aJaropuTMiB
MaITMHHOTO HABYaHHS HAa OCHOBI XMapHUX OOYHCIICHb Y BHUIAAKYy CHCTEMHHX
MEIUYHUX JOCIIHKEHB» 3IIMCHEHO MaTeMaTUYHEe TPEICTABICHHS 3a/1a4l THAYKITT
JiepeBa pilieHs )i pealizallii Ha xMapHuX 1argopmax. HaBeneno anroputm asis
reHepailii [epeBa piiieHb.

3anponoHOBaHO TPUKIAT peami3aiii IHIYKIii aepeBa pilieHb, M0 €

OPOTOTUIIOM ISl peanii3alii Ha OCHOBI XMapHOi mMmiaaTdopMH, Uisl CUCTEMHHX



MEAMYHUX JOCIIHKeHb. MeTo MpoAeMOHCTPOBAHO HA MPUKIIAJI A1arHOCTYBAaHHS
CEpIIEBOi HEJOCTATHOCTI HAa OCHOBI JaHWX 63-X TaIi€eHTiB  HaBYAJIBHO-
MPAKTUYHOTO LIEHTPY MEPBUHHOI MEIUKO-CaHITAPHOI JOMOMOTH TepHOMIbCHKOTO
HAI[IOHAJTLHOTO METUYHOTO yHiBepcuTeTy iMeHi [.51.I'opbaueBchkoro.

Po3risiHyTo muUTaHHS apXITEKTypU CHUCTEM NPUHHSATTS pIlIEHb HA OCHOBI
CUCTeMHMX MEIWYHUX JOCHiKeHb. [HdopMmaliiHi cucTeMu IIsi MEIUYHOI
NPAKTUKU Ta JOCTIKEHb 37€01IbIIOr0 TPYHTYIOTHCSI HA MOHOMITHIN apXITEKTYpI.
VY cBOIO Yepry MIKpoCepRic — Ii¢ 1HIIIa [Mapaurma, sKka Ciay>KUTh JJIsl opraHizali Ta
BUKOPUCTAHHS PO3MOIUICHUX TIOCIYT.

3M1CHEHO KOHIIENTYyajbHE MPEACTABICHHS 1H(POPMALIMHOI MOJENl 3aaayl
OPUIHATTS PIlIeHb JJIs1 HEBIAKIAIHOT METMYHOI TIOMTOMOTH TPY HACTaHHI CEPIIEBOT
HEJOCTAaTHOCTI Ta MPEJICTAaBICHO MIAX1A JO0 peajizamii pilleHHs 3ajaadl
HEBIJIKJIATHOT MEJUYHOI TOTIOMOTH Ha OCHOBI apXITEKTYPH MIKpOCEPBICIB, MiIX1]
JI0 peanizailii 6a3yeThCsi Ha BUKOpPHUCTaHHI (peiiMBOpKiB Spring, Spring Boot Ta
Spring Cloud frameworks.

VY tperboMy posni «3agadi KJIaCHYHOTO MAIIMHHOTO HaBYaHHS B YMOBax
HEBU3HAUCHOCTI 1HTETPOBAaHI 3 JAaHUMHU 13 CHCTEM 3 BIAKPUTUM KOJOM
CJIEKTPOHHUX MEIUYHUX 3aIHUCIB» PO3TJISTHYTO 3a7ady KIACUMYHOTO MAaITUHHOTO
HABUYaHHS 1HTETPOBaHY 3 JAHWMHU 13 CHUCTEM 3 BIJKPUTUM KOJOM EJIEKTPOHHHUX
MEJIMYHUX 3aMUCIB B YMOBaX BU3HAYEHOCTI. A caMe: 31IHCHEHO MOCTaHOBKY 3aj1aul
MalIMHHOTO HABYaHHS, IHTETPOBAHY 3 JaHUMH 3 CHCTEM 3 BIIKPUTH KOJOM
CICKTPOHHUX MEIUYHMX 3allKCiB; HaBEJICHO MaTeMAaTHYHWUN OMHUC 3ajadi
MaITMHHOTO HAaBYaHHS B MEIWYHUX JOCHTI/DKCHHSX B YMOBaxX BH3HAYCHOCTI;
pO3pOOICHO MOJENh MAIIMHHOTO HABYaHHSA [JII MEIUYHHUX JIOCIHIJKEHb;
PO3TJSIHYTO Ta PO3B’SA3aHO 3a/Jady IMIOPTY JaHUX 3 CUCTEM 3 BIIKPUTUM KOIOM
CJIEKTPOHHUX MEIWYHUX 3alMCiB; PO3TVIAHYTO 3a/ladl 3MEHIICHHS PO3MIPHOCTI
JaHUX Ta KiIacu(ikailii; HaBeICHO Pe3ylIbTaTH €KCIEPUMEHTAILHUX JOCIIKEHb,
10 MOB’s3aH1 3 MPOTHO3YBAHHSM NEPEJIOMIB JJIs )KIHOK CEPEIHbOIO BIKY, 1O € Ha

CHOTO/IHI aKTyaJIbHUM 3aBJIaHHAM MPOQITaKTUYHOT METUITMHH.



VY mporieci excriepuMeHTaTbHUX AOCTIHKEHh OTPUMAHO MOJIEII MAITMHHOTO
HaBYaHHS Ha OCHOBI IT'SITH METOMIB. Pe3ynpTaTi e(eKTUBHOCTI METO/IB OIIHEHO
3a JIOMOMOT0I0 CepeHbOI MOMIIKU HEMpaBUJIbHOT Kiacudikalii. Jlocmimkero, Mo
HAaWTOYHINIO MOJIEIUIIO, BIAMOBITHO O OI[IHKH SKOCTI MPOTHO3YBaHHSI, € METO]
BUIMAJKOBOTO JICy. JlepeBo pillleHb 1HAYKYETHCSI Ha OCHOBI aTpuOyTIB TiCHs
3MEHIIIEHHS PO3MIipPHOCTI.

PosrnsHyTo 3agady KIACMYHOTO MAIIMHHOTO HaBYaHHA B  yMOBax
EMICTEMIYHOI Ta ajeaToOpHOI HEBU3HAYEHOCTI. A came: 3A1CHEHO MaTeMaTUYHUMN
OMHKC 33Ja4yl MAIIMHHOTO HAaBYAaHHS B YMOBAaX HEBHU3HAYEHOCTI; PO3TISHYTO
NUTAaHHS 3MEHIICHHS pPO3MIPHOCTI JaHMX B YMOBax HEBHU3HAYEHOCTI,
3alpPONOHOBAHO MOJU(DIKAIII0 METOAY TOJIOBHMX KOMIIOHEHT IIOJ0 CTparterii
NepeCKpeTH3allli; MPEACTAaBICHO 3arajlbHy OJOK-cXxemMy MOOyJO0BH MOAEIl
MalIMHHOTO HAaBYaHHS HAa OCHOBI MIHIMAakCHOIO KpHUTEpil0O B  YMOBax
HEBU3HAYECHOCTI.

PeanizoBaHo Ha OCHOB1 PO3pOOJIEHOI CXEMH MAIIMHHOTO HABYAHHS MPUKJIIA]
JUISL KapaioJIOTTYHUX JaHuX. ExcriepuMenTaabHe T0CiKEeHHS BKIIIoJae gani 1651
nari€eHTa 3 JiiarHo3oM 1HpapkT Miokapaa. [{imp0BUM aTpuOyTOM MPOrHO3yBAHHS €

TPUBAJICTH KUTTS. JlaHi KO’KHOTO TAaIll€EHTa BKJIIOYAIOTh 97 aTpuOyTiB, 110 MICTSITh

K 4MCJIOBI, TaK i KareropianbHi 3HadeHHs. Posrmsanyro Habip V', mo Bxmouae
MOJIeNIb JIIHIAHOI perpecii, MOAEIb Ha OCHOBI METOAY OIIOPHUX BEKTOPIB Ta
MOJIeNIb BUIIQJKOBOTO JIiCY. Y BHUIIAJIKy CEPEIHbOKBAJAPATUYHOTO BIAXUIICHHS, SIK
MOKa3HWKa €(QEKTHUBHOCTI, MOJIeJb Ha OCHOBI METOJY OIIOPHUX BEKTOPIB €
PO3B’SI3KOM 3ajladyl MAIIMHHOTO HAaBYaHHS HA OCHOBI MIHIMAKCHOTO Mmiaxody. Y
BUIIAJKy Yacy HaBYaHHS, K MOKa3HUKa e(hEeKTUBHOCTI, MOJIEINb JIIHIHHOI perpecii €
PO3B’SI3KOM 3aJ1aul MAIlIMHHOTO HaBYaHHS HA OCHOBI MiHIMAKCHOTO IMiIXOY.

Y uerBepromMy po3aini  «ImmbOoke MalIMHHE HaBYaHHS B yMOBax
HEBU3HAYEHOCTI Ha OCHOBI MIHIMAKCHOTO MiAX0ay Ta po3poOka mozeni SCiML»
MPOTIOHYETHCS pealizallisi apXiTeKTypyu HEHPOHHOI Mepexi Ha OCHOBI IiyibHOI U-
Net mepexi y cepenosuiili Google Collab Ha 3aransHOI0CTYTHOMY HAaOOp1 JaHUX

DRIVE 3 BuxopuctanHsaMm 0i0JioTekr MammHHOro HauaHHs Tensorflow s



CEerMEHTaIlii CyauH CITKIBKM O4YHOTO maHa. [IpemcraBimeHuii 3araiabHU TpOIEC
poboTH HEHpOMEpPEKI.

JJist BU3HAUYEHHSI TOMIJIKH MK peajbHUMU 1 OTPUMAHUMHU pe3yJIbTaTaMu Ta
il MiHIMI3amii B IKOCT1 (QyHKIIIT BTpAT BUKOPUCTAHO OlHApHY Kpoc-eHTpormiro. s
OILIIHKKA METOIY BUKOPUCTAHO TOYHICTh, OBHOTY, MAaTPHULIIO TIOMUJIOK, TUIONTY M1
KpUBOIO MoOMMIOK. [l HopMmamizaiii 300pakeHHsT Oyj0 TOAUICHO Ha TUIMTKU
po3mipom 8x8, 16x16, 25x25, 40x40.

VY Bumnaaky 6iHapHOI KPOC-EHTPOIIIi SIK TOKa3HUKa e(eKTUBHOCTI, Mojienb U-
Net 3 mmTKkamMu 8x8 € PO3B’SA3KOM 3ajJadl MaIIMHHOTO HABYaHHS Ha OCHOBI
MIHIMAaKkCHOTO miixony. Ha mepmomy Kpoll HOpIBHIOEThCS 3HAYEHHS (PYHKIT
BTpaT I BCIX PO3TISHYTHX Moxened. Ha apyromy kpolll BHU3HAY€HO, IO
3HaueHHA OiHapHOi Kpoc-eHTpomii s mozeni U-Net 3 mutkamm 8x8 Oyne
MIHIMQJIBHUM CEpeJl MAaKCUMAJIbHUX XapaKTEPUCTHUK.

VY Bumajky 3 yacoM HaBYaHHS, SK MOKa3HUKa eexkTuBHOCTI, Mosenab U-Net
3 MIATKaMH 25X25 € po3B’A3KOM 3ajadyl MAaIIMHHOTO HABYaHHS Ha OCHOBI
MIHIMaKCHOTO miaxomy. Ha mepmioMy Kpolli TOpIBHIOETHCS 3HAYEHHS Yacy
TPEHYBaHHS BCIX MOJIENEH, 110 PO3TisaaoThes. Ha qpyroMy kpoili BU3Hau€HO, 10
3Ha4ueHHs Jacy jis mozaem U-Net 3 muTkamu 25x25 Oyne MiHIMaIbHHM Cepell
MaKCUMAaJIbHUX TTOKAa3HUKIB.

Posrnspaerbest  kibepdizuuHa Monaenb Ajig OlOCEHCOPHUX CHUCTEM, IO
TPYHTY€ETbCSI Ha MaTEeMaTUYHOMY OMKCI HEMEPEepBHOI TUHAMIKH TOMYJISIINA Y
MOEHAHHI 3 JUHAMIYHOIO JIOTIKOIO, SIKa BUKOPHUCTOBYETHCSA ISl JUCKPETHUX
noaii. JlocmiiykeHHs CTIMKOCTI TPYHTYETHCS Ha aJlTOPUTMI HAYKOBOT'O MAIIMHHOTO
HAaBUYaHHSA, MI0 MPOMOHYE PO3B’S3yBaHHS 3amadi kiacudikamii KideppiaHmX
010CEHCOPHUX CHUCTEM. ANTOPUTM HAayKOBOTO MAIIMHHOTO HABYaHHS BKIIIOYAE B
cebe Taki eramu: O3HAYCHHS KJIAciB TPAEKTOPIM CHUCTEM, TEHEpYyBaHHS MAaTpPHIII
BUITAJIKOBUX TOYATKOBUX 3HAYEHb 3aIMi3HEHHS 4Yacy 1 MmapaMeTpiB IIBUIKOCTI,
3amycK Mojeni 1 kiacudikaiis BXIIHUX JAaHUX, NMOOYyJI0Ba MaTpPHUIll 3B’ A3KIB MIXK

MOYAaTKOBUMU 3HAYCHHSIMU, 3aII3HEHHSIM B Yacl Ta MK MapamMeTpaMH MIBUIKOCTI,



3aCTOCYyBaHHA 1HAYKIIT naepeBa pimeds anroputmy C5.0 10 B3a€EMO3B’S3KY MIXK
MOYaTKOBMMH 3HAYCHHSMH 1 TapaMeTpamMH IIBUIKOCTI.

Cnoci6  103BOJIAE  ONTHUMAJBHMM  YHWHOM  MiaiOpaTd  mapamMeTpu
ki0epdizuyHoi 6i0ceHCOpHOi cucTeMH (TIOYAaTKOBI YMOBH, MIBHAKICHI MapameTpu
Ta yac IMYHHOI BIJTIOBI/I1).

OcHOBHI HayKoOBI pe3ynbTaTd aucepTaiii omyOjikoBanHo y 11 mparsx,
3okpema: nBi cratti [1], [3] y HaykoBux (axoBuX mNEpioJUYHUX BHUIAHHIX
VYkpaiHu; oHa CTATTS Y 3aKOPJOHHOMY (axOBOMY IEpioAMYHOMY BHIaHHI [2];
BHJIaHO OJIMH MATCHT Ha KopucHy monenb [11]; 7 myGmikamiii [4], [5], [6], [7], [8],
[9], [10] y maTepianax MiKHApOJHUX Ta BCEYKPAiHCHKUX HAyKOBHX, HAyKOBO-
TeXHIYHUX KOH(epeHIid. 3 HHUX ojgHa pobOoTa BXOAUTH 10 MIKHAPOIHOI
HaykoMeTpu4aHO1 0a3u Scopus [4], nBi po6otu [1], [3] BX0omsTh 10 MiKHAPOIAHOI

HaykomeTpuuHoi 6a3u Index Copernicus.

Knwouosi cnosa: wmamiviHHE HaBYaHHS, MNPUUHATTA pIIMIEHb B YMOBax
HEBU3HAYCHOCTI, CUCTEMHI MEIWYHI JOCITIPKeHHsI, TJIMOOKEe HaBYaHHS, HAyKOBE

MalllMHHE HaBYaHHSI, MIHIMAKCHUM MiAX1]I, JIEPEBO PillIEHb, XMapHi 0OUUCIICHHS.



SUMMARY

Milian N. V. Models and methods of decision making in the creation of
clinical diagnostic systems. - Qualifying scientific work on the rights of the
manuscript.

Thesis for the degree of Doctor of Philosophy in the specialty 122
«Computer Science». - Ternopil lvan Puluj National Technical University,
Ternopil, 2021.

Contents of the summary. The thesis is devoted to the solving of a relevant
scientific problem of the development of methods of classical, deep, and scientific
machine learning under uncertainties with the use of the minimax approach.

The introduction explains the relevance of the study, discovers the
connection between the work and the research topics, sets the purpose and defines
the research object and subject, lists the research methods used to achieve the goal
of the thesis. The scientific novelty, practical significance of the obtained results,
and personal creative contribution of the applicant are formulated. Information on
approbation and publication of research results is given.

The first section «Mathematical and software information technology of
machine learning problems under uncertainties (literature review)» analyzes the
main areas of use and capabilities of Big Data. Methods of Big Data analysis are
reviewed. It is noted that the analysis of data in systemic medical research deserves
considerable attention. It is observed that due to the growth of data, the technology
of Big Data analytics based on machine learning is also developing.

Technological issues of machine learning problems based on cloud
computing are considered. A general overview of cloud platforms is provided and
paradigms of cloud computing are studied. Cloud platform services and necessary
actions in terms of application deployment are considered. The work is based on
the Google Cloud Platform and its Google App Engine service, which allows
developers to create scalable applications in Python and Java, and also has
everything necessary for the implementation of the decision tree C5.0 algorithm

induction.
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Algorithmic issues of machine learning problems under uncertainties are
considered. In particular, the following decision-making algorithms are reviewed: a
decision tree, a random forest, a k-means clustering, a support vector machine,
naive Bayesian classifier, the ensemble methods.

Typical types of uncertainties in medical applications are given: aleatory and
epistemic. The definition of scientific machine learning is given.

A review of results in the field of machine learning based on the minimax
approach is conducted. The need to develop methods based on the minimax
approach to solving problems of classical and deep machine learning is
substantiated.

Based on the conducted analysis, the scientific task is set. It consists in the
development of software and mathematical software of the information
technologies related to decision-making in the system of medical researches,
namely implementing the algorithms of machine learning based on cloud
calculations, development of the minimax approach methods of solving problems
of classical and deep machine learning, development of methods of scientific
machine learning in cyber-physical systems of medical and biological processes.

The second section, «Technological issues of implementation of machine
learning algorithms based on cloud computing in the case of systemic medical
research», gives a mathematical presentation of the problem of induction of the
decision tree for implementation on cloud platforms. An algorithm for generating a
decision tree is presented.

An example of the implementation of the decision tree induction which is a
prototype for implementation on the basis of a cloud platform for systematic
medical research is given. The method is demonstrated on the example of
diagnosing heart failure based on the performance of 63 patients of the practical
center of primary health care of Ternopil National Medical University named after
I. Gorbachevsky educational.

The issues of the architecture of decision-making systems based on systemic

medical research are considered. Information systems for medical practice and
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research are mostly based on monolithic architecture. Besides, microservices are
another paradigm that serves to organize and use distributed services.

A conceptual presentation of the information model of the decision-making
problem for emergency medical care in case of heart failure is made and the
approach to the implementation of the solution of the emergency medical care
problem based on microservice architecture is presented, the approach to
implementation is based on Spring, Spring Boot, and Spring Cloud frameworks.

In the third section «Problems of classical machine learning under
uncertainties are integrated with data from open-source systems of electronic
medical records», the problem of classical machine learning integrated with data
from open-source systems of electronic medical records under certainties is
considered. Namely, the machine learning problem of electronic medical records
integrated with data from open source systems was set; a mathematical description
of the machine learning problem in medical research under certainties is given; the
machine learning model for medical researches is developed; the problem of
importing data from open-source systems of electronic medical records is
considered and solved; the problems of dimensional reduction and classification
are considered; the results of experimental studies related to the prediction of
fractures for middle-aged women, which is currently an urgent task of
preventive medicine.

Experimental studies have resulted in machine learning models based on
five methods. The results of the effectiveness of the methods were evaluated using
the average error of incorrect classification. It is investigated that the most accurate
model according to the assessment of forecasting quality is the method of random
forest. The decision tree is induced based on attributes after dimension reduction.

The problem of classical machine learning under epistemic and aleatory
uncertainties is considered. Namely, a mathematical description of the problem of
machine learning under uncertainties is provided; the issue of reducing the
dimensionality under uncertainties is considered, the modification of the principal

component analysis method on the resampling strategy is proposed; the general
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block diagram of the machine learning model construction based on a minimax
criterion under uncertainties is presented.

The example for cardiac data based on the developed scheme of machine
learning is implemented. The experimental study includes data from 1651 patients
diagnosed with myocardial infarction. The target attribute of forecasting is life

expectancy. Each patient's data includes 97 attributes that contain both numerical

and categorical values. We considered the set Y, which includes a linear
regression model, a support vector machine, and a random forest model. In the
case of standard deviation, as an indicator of efficiency, the support vector
machine model the solution of the machine learning problem based on the
minimax approach. In the case of training time as an indicator of efficiency, the
linear regression model is the solution of the machine learning problem based on
the minimax approach.

The fourth section, «Deep machine learning under uncertainties based on a
minimax approach and the development of the SciML model» proposes
implementing a neural network architecture based on a dense U-Net network in
Google Collab on a public DRIVE data set using the Tensorflow, the machine
learning library, for retinal vascular segmentation. The general process of the
neural network is presented.

Binary cross-entropy was used as a function of losses to determine the error
between the actual and obtained results and to minimize it. To evaluate the method
we used the metrics - the precision, the recall, the confusion matrix, and the
receiver operating characteristic curve. To normalize the image, it was divided into
8x8, 16x16, 25x25, 40x40 tiles.

In the case of binary cross-entropy as an indicator of efficiency, the U-Net
model with 8x8 tiles is the solution of the machine learning problem based on the
minimax approach. The first step compares the value of the loss function for all
considered models. In the second step, it is determined that the value of binary
cross-entropy for the U-Net model with 8x8 tiles will be the minimum among the

maximum characteristics.
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In the case of training time as an indicator of efficiency, the U-Net model
with 25x25 tiles is the solution of the machine learning problem based on the
minimax approach. In the first step, we compare the training time values of all the
models that are studied. In the second step, it is determined that the time value for
the U-Net model with 25x25 tiles will be the minimum among the
maximum values.

A cyber-physical model for biosensor systems is considered, which is based
on a mathematical description of the continuous dynamics of populations in
combination with the dynamic logic used for discrete events. The study of stability
is based on the algorithm of scientific machine learning, which offers a solution to
classifying cyber biosensor systems. The algorithm of scientific machine learning
includes the following stages: the definition of system trajectories classes; the
generation of a matrix of random initial values of time delay and speed parameters;
the model implementation and classification of input data; the construction of a
matrix of connections between initial values, the time delay and between speed
parameters; the application of the induction tree of the C5.0 algorithm to the
relationship between the initial values and velocity parameters.

The method allows to optimally select the parameters of the cyber-physical
biosensor system (initial conditions, speed parameters, and immune
response time).

The main scientific results of the thesis were published in 11 works,
particularly: two articles [1], [3] in scientific professional periodicals of Ukraine;
one article in a foreign professional periodical [2]; one patent for a utility model
was issued [11]; 7 publications [4], [5], [6]. [7], [8], [9], [10] in the materials of
international and pan-Ukrainian scientific and technical conferences. One work is
part of the international scientometric database Scopus [4], two works [1], [3] are
part of the international scientometric database Index Copernicus.

Keywords: machine learning, decision making under uncertainties,
systematic medical research, deep learning, scientific machine learning, minimax

approach, decision tree, cloud computing.



