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Pedepar:

1. Papmrok IaBsno. IndopmauifiHa TeXHOJIOTiSl paHHBOTO JiarHOCTYBaHHS THEBMOHII 3a iHIUBiAyaIbHUM Min60poM
napaMeTpiB Moesli Kiacudikanii MeAuuHNX 300pakenb JiereHs. — KpasigikauiiHa HaykoBa IIpalis Ha IIpaBax
pykonucy. Jlucepratis Ha 3000yTTsI HAYKOBOTO CTyIEHs JOKTopa (Qinocodii 3 ramysi 3Hans 12 Indpopmaniiizi
TeXHOJIOTiI 3a crenjanpHicTO 122 — Komm'ioTepHi Hayku. — XMeJIbHULPKWI HalliOHAJIbHUI YHIBEPCHUTET,
XmenbHULBKUH, 2021, [JucepTauiiiHa poboTa NpUCBsUY€Ha PO3B’I3aHHIO aKTyaJIbHOI HayKOBO-TIPHKJIAHOI 3a4a4i
aBTOMAaTHU3allii mpoLecy AiarHOCTYBaHHS BipyCHOTO THEBMOHIYHOTO 3aMlaJIEHHS 32 MEIUYHUMU 300PKEHHSIMU
JiereHb yepes po3pobieHHs iHDOopMaLifiHOI TEXHOJIOTi paHHBOTO AiarHOCTYBaHHS THEBMOHII 32 iHOMBigyaIbHUM

nigbopom napameTpiB Mopesi kinacudikauii MeguuHIX 300paskeHb JlereHb. Y poOOTi BUBHAYEHO aKTYyaJIbHICTh



3aCTOCYBaHH iH(POPMALIIIHUX TEXHOJIOTIN y rajys3i 4u@pOoBOro AiarHOCTYBaHHS 3aXBOPIOBAHb JIETEHD 32
MeIUYHUMU 300paKeHHSIMU IPYIHOI KIITUHY. 32 aHasli30M Cy4acCHUX IifIX0MiB, METOiB Ta iHpopmMmaliitHux
TEXHOJIOTIM [/ [IiarTHOCTYBaHHSI 3aXBOPIOBAHHS JIET€Hb Ha PaHHIX CTaJisX 32 MEIUYHMMU 300PKEHHSIMU IPYIHOL
KJIiITUHU OOI'PYHTOBAHO NOTPEOY B CTBOPEHHI iH(OPMaLiliHOI TEXHOJIOTI paHHbOTO AiarHOCTYBAaHHS THEBMOHII.
HaykoBa HOBU3HA I TEOpPETUYHE 3HAUYEHHS AUCEPTALiliHOI pOoOOTH I10JIArae B TOMY, 110: 1) yriepuie po3po6ieHo
HelpoMepesXeBY MOJIesIb MEIUYHOTO 300payKeHHs JiereHb 3 O3HaKaMy ITHEBMOHIYHOTO 3anajleHHs [J1sl
ineHTH(ikauii THeBMOHIi Ha paHHIX CTafisX; 2) yIIOCKOHAIEHO METOZ, Mif00PY KBa3iONTUMAaJIbHUX rilleplapaMeTpiB
HellpoMepeskeBoi Mogesi A inenTudikalii NTHEeBMOHII Ha PaHHIX CTaisX 32 MEAUYHUMHU 300PXKEHHSIMU IPYIHO]
KJITUHY, IKAU DIPU3HAYEHUN [J151 JIOKai3allii Ta BUSBIEHHS PO3CisIHUX O3HAK THEBMOHIYHOTO 3anajeHHs, 10
BiATIOBiAIOTh iHIWBINyalbHUM OCOOJIMBOCTSIM JIET€Hb JIIOJWHY; 3) YAOCKOHATIEHO METO], Bi3yaJIbHOTO ITOJAHHS Ta
[IOSICHEHHS Pe3yJIbTaTiB MEAUYHOIO IiarHOCTYBaHHS, IKUH, HA BiIMiHY Bill BifJOMUX MiIXOiB, IPYHTYETbCS HA
dbopmMyBaHHi KapT akTHBalii kKaciB Ha OCHOBI cepegHbO3BAKEHUK I'PATiE€HTIB, IO J1a€ MOXJINBICTb OXOIIUTH BCIO
0071aCTh iHTEepecy Ta 3abe3redye BUPaXKeHY Bi3yasibHY JIOKasli3allilo aHOMaJIbHUX 30H Ha MeIMYHOMY 300pakeHHi; 4)
PO3p006JI€HO HOBY iHPOPMaLiliHy TEXHOJIOTiI0 PAaHHBOTO JIiarHOCTYBaHHS [THEBMOHII 32 iHIMBifyaJbHUM Mif60pPOM
nnapameTpiB Mogeri Kiacudikalii MeJUYHUX 300pa’keHb JIeTeHb. Pe3ybTaT eKCIIEPUMEHTAILHOTO TECTYBaHHS
3aIPOIIOHOBAHOI iHpopMaliiiHOi TeXHOoJIorii foBesu ii CIPOMOSKHICTh po3B'sI3yBaTy MOCTaBJIeHHI 3anayi. Taxk,
po3pobieHa iHpopMalliiiHa TEXHOJIOTis IepeBepllInia aHaJIOTy 3a TOKa3HUKOM TOYHOCTI Kinacudikanii Ha 0,58 % Ta
1,95 % 3a Hab6opamu nanux CheXpert Ta PadChest, BinnoBigHo; 3a nokasHUKOM BiaydHOCTi Ha 0,02 % 3a PadChest; 3a
OKa3HUKOM 1oBHOTHU Ha 0,69 % Ta 1,64 % 3a CheXpert Ta PadChest, BinnosigHO; 32 TOKa3HUKOM OLIiHKY IIJIOLI] i,
ROC-xpusow Ha 1,08 % 3a PadChest; 3a mokasHMKOM HMOBIpHOCTI NOMUJIKY Apyroro poay Ha 0,64 % ta 1,64 % 3a
CheXpert ta PadChest, BianoBigHo. Bucoki 3Ha4eHHS CTaTUCTUYHUX [TOKA3HUKIB CBiAYaTh SIK PO BUCOKY TOUHICTh
BUSIBJIEHHS] THEBMOHIYHOIO 3allaJIEeHHs, TaK i 3Ha4YHY BJIYYHICTh MOJEJI MMl Yac ineHTudikanii 3aXxBOproBaHHS
siereHb. [IpakT4He 3HAUEHHSI OTPUMAHUX Pe3yJIbTaTiB I10JIIra€e B po3pob6JieHHI TPOrpaMHOro 3abe3neyeHHs
iHopmaliitHoi TeXHOIOrii paHHBOTrO JiarHOCTYBaHHS THEBMOHI] 32 MEAMYHUMU 300p>KEHHSIMU I'PYIHOI KJIITUHU
JIIOJVHU. 3aCTOCYBaHHs iH(pOpPMaLifHOI TEXHOJIOTii paHHBOTO AiarHOCTYBAaHHS THEBMOHIi fae 3Mory: 1) BAKOHYBaTU
eeKTuBHY ineHTrudiKalilo MTHEBMOHIYHOrO 3arajeHHsl 32 PEHTTeHiBCbKUMHU 300pa’KeHHSIMY JIETeHb Ha MaJlux

004N CII0BANIbHUX IPUCTPOSIX; 2) BpaXOBYBaTH iHAUBIIyaIbHI OCOGIMBOCTI JIereHb KOXKHO] JIIOAVHN Ha MEIUYHOMY
300pa’KeHHi; 3) BAKOPUCTOBYBATH IIPOCTUIH Ta 3p0O3yMiINI KOPUCTYBaLbKUi iHTEpQEC 17151 BUSBJIEHHS C1a00
BUPKEHUX MHEBMOHIYHMX O3HAK paHHbOI CTaii 3axBopioBaHHs. OTXKe, pe3yabTaTy €KCIIePUMEHTAIbHUX
TECTYBaHb i3 BUKOPUCTAHHSIM PO3PO6JIEHOr0 IIPOrpaMHOro 3a6e3nedeHHs MiATBePAXKYIOTh BipHICTb HAYKOBUX
M0JI0>KEeHb 3aIIPOTIOHOBAHOI iHGOpMAaIIiliHOI TEXHOJIOTI, OCKiIbKY BIIPOBaiKeHHs iHdopmaliliHOi TexHoJIorii fae
3MOTY MiIBUIIUTY JOCTOBIPHICTb BHSBJIEHHS] O3HAK THEBMOHIYHOTO 3allaJIeHHS 33 MEAUYHUMU 300paXEHHSIMU Ha
0,58 %-1,95 % Ta 3HN3UTH NMOBIpHICTh BUHUKHEHHS [TIOMUJIKY I1if1 9ac ineHTudikanii 3axBopoBaHHs Jereds Ha 0,64
%-1,64 % y NOPiBHAHHI 3 BiOMVMMM aHajIoramMu. Pe3yibTaTy BUKOHAHUX JOCiIP)KEHb BUKOPUCTAHO B HAaBYaJIbLHOMY
nporeci XMesIbHALIBKOTO HalliOHAIbHOTO YHIBEPCUTETY Ha Kadepi KOMITIOTEPHUX HayK Ta iHQopMaLifHUX
TEXHOJIOTIN y MPOLLEC] BUKJIAAHHS HABYAJIbHUX AUCLUILIIH «MOIEI0BAaHHS CUCTEM», «[JOCIIII)KEHHS OlepaLin Ta
OCHOBU TeOpii IPUNHATTSA pillleHb», «|HTeJeKTyalIbHUN aHAi3 NaHux» Ta «[IpuKinafgHi MaTeMaTU4HI IakeTu JJ1s
aHasli3y pe3yJbTaTiB HayKOBUX [IOCIIiI>)KeHb». Po3po6iieHi B qucepTallii 0JI0KEHHS 3HANIIN [IPAaKTUYHE
3aCTOCYBaHHS B PO6OTi peHTreHosoridHoro BiagineHHs KI1 «XmenpHuipKa Micbka jikapHs», TOB «Haykoso-

TexHiuHa ¢ipma «IHpocepBic» Ta B HaBUYAJIbHOMY ITpoLieci XMeJIbHUIBKOTO HalliOHAJIbHOTO YHIBEPCUTETY.

2. Radiuk Pavlo. Information technology for early diagnosis of pneumonia by the individual selection of parameters
of the classification model by medical images of the lungs. - Manuscript copyright. The thesis is on obtaining a
scientific degree of Doctor of Philosophy in the field of knowledge 12 Information Technologies by specialty 122 -
Computer Science. - Khmelnytskyi National University, Khmelnytskyi, 2021. The presented thesis is devoted to
solving the current scientific and applied problem of automating the process of diagnosing viral pneumonia by
medical images of the lungs through the development of information technology for the early diagnosis of
pneumonia by the individual selection of medical parameters. It was defined in the dissertation that applying
information technologies was highly topical in digital diagnostics of lung diseases on medical images of a thorax.



According to the analysis of modern approaches, methods, and information technologies for diagnosing lung
disease in the early stages based on medical images of the chest, the need to create information technology for the
early diagnosis of pneumonia is substantiated. The scientific novelty and theoretical significance of the
dissertation is that: 1) for the first time, a neural network model of a medical image of the lungs with the
pneumonic inflammation features was created to identify pneumonia in the early stages; 2) the method of
selection of quasi-optimal hyperparameters of the neural network model for identification of pneumonia in the
early stages by X-ray images of the lungs was improved; the improved method of selection of quasi-optimal
hyperparameters of the neural network model according to the convolutional architecture is intended for
localization and detection of the scattered signs of pneumonic inflammation corresponding to individual features
of lungs of the person; 3) the method of visual presentation and explanation of medical diagnosis was improved,
which, unlike known approaches, is based on the formation of activation maps of classes based on weighted
average gradients; 4) new information technology for early diagnosis of pneumonia by the individual selection of
parameters of the classification model by medical images of the lungs was developed. The results of experimental
testing of the proposed information technology have proven its ability to solve problems. Thus, the developed
information technology surpassed the analogs in terms of classification accuracy by 0.58% and 1.95% in the
CheXpert and PadChest datasets, respectively; according to the hit rate of 0.02% according to PadChest;
completeness index of 0.69% and 1.64% for CheXpert and PadChest, respectively; according to the indicator of the
area under the ROC-curve by 1.08% according to PadChest; by a second-error error rate of 0.64% and 1.64% for
CheXpert and PadChest, respectively. High values of statistical indicators indicate both the high accuracy of
detection of pneumonia and significant accuracy of the model in the identification of lung disease. The practical
significance of the obtained results lies in software development for the early diagnosis of pneumonia based on
medical images of the human chest. Using the information technology for early diagnosis of pneumonia allows: 1)
performing effective identification of pneumonic inflammation on X-ray images of the lungs on small computing
devices; 2) extracting the individual characteristics of each person's lungs on the medical image; 3) using a clear
and straightforward user interface to detect mild pneumonia in the early stages of the disease. Thus, the results of
experimental testing using the developed software confirm the accuracy of the scientific provisions of the
proposed information technology, as the introduction of information technology can increase the reliability of
detection of pneumonia by medical images by 0.58%-1.95% and reduce the probability of error during
identification of lung disease by 0.64%-1.64% compared to known analogs. The results of the research were used in
the educational process of Khmelnytskyi National University at the Department of Computer Science and

Information Technology in the teaching of disciplines "System modeling," "Operations research and fundamentals

of decision theory," "Intelligent data analysis," and "Applied mathematical packages for analysis of research results."
The provisions developed in the dissertation have found practical application in the work of the radiology
department of KP "Khmelnytskyi City Hospital," LLC "Scientific and Technical Firm" Infoservice" and in the
educational process of Khmelnytskyi National University.

Jep>kaBHHHM peecTpaniiiHuii Homep [iP:

IIpiopuTeTHHH HaNIpSIM PO3BHTKY HayKH i TEXHIKH:
CrpareriyHu# NpioOpHTETHHUI HAIIPSIM iHHOBaLiMHOI AiSJILHOCTI:
ITizcyMKH JOCTiI>KEeHHS:

Iy6sikaii:

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
ConiasiIbHO-€KOHOMIYHA CIIPSIMOBAaHICTh:

OxopoHHi goKymeHTH Ha OIIIB:



BrnpoBaakeHHS pe3yJIbTaTiB AHCepTalii:

3B'SI30K 3 HAYKOBHMH TEMaMH:

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHHUKIB (KOHCYJIbTAaHTA)

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. bapmak OnekcaHzp Bosogumuposud

2. Barmak Olexander Volodymyrovych

KBasigikamis: n. 1. 1., 05.13.06
InenTudikarop ORCID ID: He 3acrocosyetscs
JopaTrkoBa indpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiriHHSL:

ImenTudikarop ROR: He zacrocoyerbcs

VII. BizomocTi npo odiniiHHX ONIOHEHTIB Ta PELeH3€HTiB
OdiuiiiHi OTIOHEHTH
Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. JInTBuHEHKO Bosogumup IBanoBUY

2. Lytvynenko Volodymyr Ivanovych

KBasigikanis: 1. 1. 1., 05.13.23
Imentudikarop ORCID ID: He zacTtocoyeTrbes
JoparkoBa iHdpopmamist:

TloBHe HaliMeHYBaHHS IOPHIHNYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma BracHoOCTi:

Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:

1. ®enopoB €BreH €BreHOBUY



2. Fedorov Eugene Yevhenovych

KBasmigikamis: 1. . 1., 05.13.05
ImenTudikarop ORCID ID: He zactocoyerbcs
JoparkoBa iHdopmamist:

TloBHe HaliMeHYBaHHS IOPHIHUYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma BiracHocTi:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

Peuensentu

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. CaBenko Osier CraHic1aBOBUY

2. Savenko Oleh Stanislavovych

KBasigikamis: 1. . 1., 05.13.05
InenTudikarop ORCID ID: He 3acrocosyetscs
JoparkoBa indpopmamnist:

IloBHe HallMeHYBaHHS IOPHIHNYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma BaacHoOCTI:

Cdepa ynpasitiHHS:

InenTudgikarop ROR: He zacrocosyerscs

BaacHe IlpizBume Im's I1o-6aTbKOBI:
1. JInucenko Cepriii MukoJsiaiioBud

2. Lysenko Serhii Mykolaiovych

KBasigikamis: 1. r. 1., 05.13.06
InenTudikarop ORCID ID: He 3acrocosyerscs
JopaTrkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €1PIIOY:

Micue3Haxoa KeHHSI:

dopma ByracHoCTI:

Cdepa ynpasiriHHS:



InenTudikarop ROR: He zacrocosyerscs

VIII. 3ak1104YHi BiZOMOCTI
BaacHe IlpizBuiie Im's ITo-6aTbKOBI
TOJIOBH pagu

BiacHe IIpizBuie Im'sa I1o-6aTbKOBi
TOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUI 3a HiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peecTpallilo HayKOBOi

OisSIIBHOCTI

l'oBopywmenko TetgHa OsiekcaHpiBHA

l'oBopymenko TetsgHa OnekcaHgpiBHa

IOpuenko T.A.



