PEIIEH3I
HA JucepTauiiiHy pobory
CrarkeBuya Pomana Bagumosuua
Ha TeMy «MeTton cermeHTari 306paskeHb 3 BUKOPHUCTAHHAM TTHOOKHX
HEWPOHHUX MEPEK»,
NIPSACTABJICHY HA 37100y TTA CTyMeHA KOKTopa (imocodii
B ramysi 3HaHb 12 [Hpopmariini TexHoOri{
3a crieianbHIicTIO 121 [HKeHepis nporpaMHEoro 3abesrneyeHHs

AKTyaJbHICTh TEMH JUCEPTALLT.

B ocranni poxm rimboki He#iporHi mepeski HaGymM BenMKOl MONyJAPHOCTI
3aBJIAKK 30UIBLICHHIO OOYMCIIOBANBHOI ITOTY)KHOCTI Ta HAABHOCTI 3PY4HHX i
JIOCTYTHHX IHCTPYMEHTIB po3pobku. Lle M03BOIUIO 3aCTOCOBYBATH HEHPOHHI MEPEK
Y PIBHOMAHITHHX Taly3fX, TAKHX SIK aHAT3 MEIMYHMX 300paKeHs, CaMOKEpOBaHI
aBTOMOOLI, aHANI3 CyITy THHKOBHX 3HIMKIB, 06pOOKa IIPUPOIHBOI MOBH, IeHePATHUBHI
Mepexi, Tomo. OcoGIHBOrO MOMMPEHHs HaOynmM HeHpOHHI Mepexi i aHamzy
300pakKeHb T4 IHIIMX MyIbTHMEAIMHWMX garux. Haiuactime ans BupimeHHs wiei
BUKODUCTOBYIOTE CaMme€ 3rOPTKOBI HEHPOHHI MEPEexi, sKi LIMPOKO 33CTOCOBYIOTHCA
3aB/IAKH [POCTOTI, BUCOKIH IIBHIKOCTI TPEHYBAHHS Ta BIAHOCHO HEBEJIMKUM 00CITaMm
HaOOpiB MaHMX, HA SKUX MOXIIMBO HATPEHYBATH HEeMpOHHY Mepexy. Pazom 3 mam, y
maHii chepi Bce me iCHye 3HAYHA KUIBKICTH HEBUPIMIEHHX mpobieM, 30KpeMa
TOB’A3aHUX 3 HEOOXIAHICTIO IMOKPAIUEHHA TOYHOCTI PE3yNbTATIE i OmTMMizaLii
BHKOPHCTAHHS PECYPCIB.

30inBIIEeHHS PO3MIPIB HEMPOHHMX MEPEXK Ta OOUMCITIOBAIBHMX pecypels, mo
BUKOPDHUCTOBYROTBCA  JUIA  IX TPCHYBAHHA, [O3BOJIIE€ [OKPAUIMTH DE3yIbTAaTH
MAIIMHHOTO HAaBYaHHA. AJIe J0CI aKTyaIbHUM 3ATMINAECTHCS HATPAMOK MOubiKari
apXITeKTYPH, AKMH y pAAi BHIAAKIB MOXE ICTOTHO MOKPALIMTH NnapamMeTpH
MAIIMHHOTO HaBYaHHA Oe3 301MBLICHHS MOY4ATKOBMX HAaOOpiB JAHMX. 33 OCTAHHI
POKH, OYyJIO CTBOPEHO BEAMKY KiNbKICTh CTPYKTYPHHUX KOMIIOHEHTIB HEUPOHHMX
MEPCK, MOENHAHHA AKHX Y HOBY apXITEKTYPy MOXKE CHPHYHHWTH CHHEPreTHYHUI
eexT NOKpamieHHs pes3ynbTariB knacuikauii HepoHHUMH Mepexamu. JlanHa
mucepTaliifia poboTa IPUCBAYEHa JOCIIUKCHHM CaMe y I5OMY HATPSMKY .

Ouinka  o0rpyHTOBAHOCTI HAYKOBHX  pe3y/IbTATiB amcepramii, ix
NOCTOBIPHOCTI TA HOBHU3HH.

Haykosa HOBM3HA pe3ysbTaTiB aMCEPTALIHHOrO [OCTI/UKEHHS IMONATae B
HACTYTTHOMY::

Briepme 6yno sanpononosano crioci6 niabopy kxoedirienta PO3LIMPEHHS I
apxitekrypu U-Net Ha ocHOBI rineprmapamerpis koediuierra posmuperss R Ta



TIMOUHU Mepexi O, SKUM, Ha BIAMIHY BiJ ICHYIOYMX MMOXOIIB, A03BOJSAE PETYIOBATH
pO3Mipu HEMPOHHOT MEPEski 3a PaXyHOK 3SMEHIICHHS KLIbKOCTI KAHAJB Y 3TOPTKOBHX
orapax Ta 30UIPHIEHHA TTMHOWHM apXiTeKTypPH, TAKMM YMHOM HAAlOYH MOXKIIHBICThH
OTPUMATH MEPEKI MEHILIUX PO3MIpIB, IO MPALFOKTh MIBUAIIE, i JOCATAIOTH TOYHICTh
nependayYeH s, CriBCTaBHy 3 0a30BOI0 apXiTEKTYpO, abo 36imbmruTy rmubuHy Ta
PO3MIp HEAPOHHOI Mepexki B paMKax OOMEKEHHUX PECYPCiB IS JOCATHEHHA OLIBIIO
TOYHOCT] PE€3yJIbTATIB.

Briepme Oyno 3amponoHOBaHO ¢HOCIO TNIHOMHHHX PO3MIIBHHX POMIKHMX
3B’s3kiB (amrn. Depthwise Separable Skip Connections) apxitekrypu U-Net Ha
OCHOBI TTMOMHHMX PO3ALTPHUX 3TOPTOK, SIKMH HA BiAMIHY Bif iCHYIOYHX METOZIB
moaubikamgi apxitektypu U-Net nosonse 30UIBIIMTH TOYHICTH CETMEHTAIN] 3
HabaraTo MEHIIHM MPUPOCTOM KiMBKOCTI HOAATKOBUX mapameTpis (Bix 1% mo 10%),
TAKMM YMHOM BAAJIOCA [OKDALUMTH TOYHICTh CErMEHTAallii 300paxeHHs TIpH
HE3HAYHOMY 30UTBILICHHI PO3MIPY HEHPOHHOI MEpeki.

Iomanpmoro po3BUTKY HAaOyJTH METOAM HAa OCHOBI 3rOPTKOBHX HEHPOHHMX
MEpPEeK THIY «IHPPYBaIbHUK-IeIH(pyBatbHuk» cimeiicrsa U-Net, nio Ha BigMiHy
Bl ICHYIOUMX METO/IB MalOTh MEHIII PO3MIpPH T4 MEHINY KiTBKICTH IIAPiB, a TAKOXK
MalOTh MOIYJNbHY OyJOBY, TAKUM YHHOM JAKOYM MOMJIMBICTD 3aMiHATU KOMITOHCHTH
apXiTEKTypH 3 METOH 30UIbIIEHHS TOYHOCTI CErMeHTalli, Ta JO3BOJAIOTH
BUKOPUCTOBYBATH JaHI HEHPOHHI MEPEkKi B YMOBAX OOMEKEHHX OOGUHCITIOBATBHHUX
pecypeiB.

Hayxosi  mocmimxenns  Oynu  BHUKOHaHi  3q00yBauem Ha  Kadempi
obuncmosamsoi TexHiky KIII iM. Irops Cikopchkoro B pamkax 3aTBEpIKEHOrO
IUIaHy HaykoBoi pobotw kadenpu, mo BpaxoBye po3mopsmkenHs Kabinety
Minictpis Ykpainm Bim 2 rpymss 2020 p. mix kepisauurBom npodecopa kadeapu
obuuCTIOBANBHOI TexHiKkH, 1. §-M. H. ['opaierka FOpis ['puroposuya. 3anpornonosaui
B MCepTallii METOJH BUKOPHCTAHI Y HAYKOBO-AOCITiIHHX [TPOCKTAX

e '"llmarpopma MITYy4YHOTO IHTENEKTY AN BHMABICHHA Ta JIArHOCTHKH
xBopo0 momuHu". Ne2020.01/0490, mpodinancoano HamioHansHum
doHImOM nociKeHs YKpaiHu

* “Knowledge At the Tip of Your fingers: Clinical Knowledge for
Humanity” (KATY) (ykp. «3HaHHS Ha KiHYMKax Bamux mHDambLis:
KIIHIYHI 3HaHHA Ui JroacTBay), Ne 101017453, axuii dinancyeTsca B
pamkax mporpamu Horizon (ykp. “I'opusont” 2020 €Bponeichkoro
Coroay;

Omxe, B mucepTalliiiHiii pobOTi MOCTABIEHE HAYKOBE 3aBJAHHA I1iJBHUIICHHS
TOYHOCTI CEMAHTHYHOI CErMeHTauii 300paKeHb 33 PAaXyHOK 3aIPONOHOBAHUX Y
pobori Mommdikamif  apXiTeKTypH HEUPOHHHUX Mepex THIy "IIugpyBaIbHVK-



JemupyBaIbHUK" HA TIPUKIAm apxitekTypu U-Net BHKOHAHO MOBHICTIO, 3100yBav
HOBHOIO MIPOIO OBOJIOIB METOMONIOTI€F0 HAYKOBOI AISITHHOCTI.

Ouinka 3micTy auceprauii, ii 3aBepmieHicTs TAa JOTPUMAHHSA TPUHIATIB
akagemMiaHoi 106povecHOCTI.

3a cBOiM 3MICTOM auceprauiiiHa pobora 3no0ysaya CrarkeBuya P.B. moBHicTIO
Biamosinae CraHmapTy BHUINOI OCBITH 31 crieuianpHOCTI 121 [MkeHepis nporpaMHOro
3a0e3MeyeHHA Ta HANpsAMKaM AOCHI/DKEHb BIJIMOBIIHO 1O OCBITHBOI IIPOrpamMmu
«ImxeHepia mporpaHoro 3ade3nedeHHs»

Hucepraiiiina poOoTa € 3aBEpPHICHOI0 HAYKOBOIO TMPAICK0 1 CBIAYMUTE MPO
HafgBHICTh OCOOHCTOrO BHECKY 3100yBaua y HaykoBwi HampsaMm 12 Iudopmariiiisi
TEXHOJOTII.

PosrngnyBmm 3BIT moaiOHOCTI 3a pe3yJIbTaraMH TIEPEeBIPKH JAUCEPTALiHHOL
pobOTHM HAa TEKCTOBI CINBIIAJIHHA, MOXHA 3pOOMTH BMCHOBOK, IO JMCEpTaLiiHA
pobora CratkeBuua Pomana BamgumoBu4a € pe3ynbTaToM CaMOCTIMHUX AOCHTIIKEHB
3n00yBava i He MICTUTE eneMeHTiB Qanbcudikarti, koMmrsiii, pabpukari, rariaty
Ta 3am0o3W4eHb. BukopucTaHi i1€i, Pe3yjbTaTH i TEKCTH IHIIHWX ABTOPIB MAarOTh
HAJIE)KHI IIOCHWJIAHHA HA BiATOBIIHE JKEPETO.

MoBa Ta ¢cTHIb BHK/IA/ICHHS Pe3y/JIbTATIB.

Juceprarytina podora Han¥caHa YKpaiHChKOIO MOBOIO.

Tekct nucepraiii BHUKIAAEHHU JIOTIYHO Ta MOCTLIOBHO, HOTO OGOpMIICHHS
BIATIOBIZA€ YMHHMM BHMOTaM. ABTOp IHOTPUMYETBHCS HAYKOBOTO CTHIIO Ta
BUKOPHUCTOBY € 3aralbHONPHUMHATY TEPMIHOJIOTIIO.

Huceprauin cknagaeTrbcs 3 BCTYIy, YOTHPBOX PO3ILTIB, BHCHOBKIB, CITHCKY
JITepaTypH Ta A0JATKiB. 3araJbHu o0car quceprtauii - 157 cTOpiHOK.

Y BCTymi OOIpYHTOBAaHA AKTYyaJbHICTh TEMM JAMCEPTALIMHOTO MOCIHIIKEHHH,
HaBEACHI MOro MeTa 1 3aBJaHHA, BHU3HAYEHO OO0 €KT 1 TIPEeAMET JOCIIKSHH,
HABEICHO HAYKOBY HOBMU3HY pE3YJbTaTiB AUCEPTALUHHOrO MOCHIHKEHHA Ta iX
MPaKTUYHE 3HAYSHHs, BKa3aHO anpodaiio Tta myomkauii,

VY nepmoromy po3aut po3INSsHYTI TEOPETHYHI BLAOMOCTI 3TrOPTKOBUX HEHPOHHMX
MEpPEX AJI1 CerMeHTalll 300pa)keHb, 1X OCHOBHI KOMITOHCHTH, MpobieMaTHKa ix
3aCTOCyBaHHs. PO3INIIHYTO OCHOBHI apXITEKTypPH HEHPOHHMX MEpEeX, INO
BUKOPHUCTOBYIOTBCA U aHAM3y 300pakeHb, OIMMCAHO Ta apryMEHTOBAHO BHOIp
apxiTektyp HeWpomHux wMepex U-Net g mpoBeaeHHsS OOCHIIKEHb 3 METOHO
MOKPAMIEHHA iX pPEe3yNbTariB, PO3TISIHYTO OYyXOBY MOaHOI apxiTEeKTYpH, a4 TaKOX
nommpeHi Monudikamgi. Takok KOPOTKO PO3MIAHYTO Aedki cepd 3acTocyBaHHA
3rOPTKOBMX HEHPOHHMX MEpex Ha MPUKIAL aHali3y MICBKOro CEepeAOBHINA Ta
aHaJTi3y MEAMYHUX 300pakeHb.

Y ApyroMy po3auml 3arpoIlOHOBAHO CHOCOOM MoAM(iKalii HEHPOHHHMX MEPEK
U-Net, Taki sk crnoci® Bapiauii koedilieHTa PO3IUMPEHHA Ta CIOCIO PO3MiNBHMX
NMPOMIMKHHUX 3B S3KIB, @ TakOXK OIMCAHO IX OCHOBHI mpuHumMI. Ha oCHOBI



3aNpPOIIOHOBAHKUX CMOCO0IB, OyNO OMHCAHO METON CerMeHTauii 3 BUKOPHCTAHHAM
Moau(ikoBaHHX HeHpoHHKX Mepex U-Net.

Y TpeTboMy pO3ALTI HABEICHO OITKC BUKOPUCTAHHMX Y pobOTI HAGOPIB JaHHX UTs
CerMeHTalli ABO- Ta TPUBHMIPDHHX 300paxkeHs.  TakoXk OMMCAHO CEPEIOBHUIIE
BUKOHAHHA eKCIICPUMEHTIB Ta Hal0ip TporpaMHMX 3acobiB g peamizamil
3alpOMOHOBAHOTO METOAy. Y JaHOMY PpO3ALTL HABEAECHO OCHOBHI pPE3yNbTATH
CKCTICPUMEHTIB, TPOBEACHMX HA pi3HMX HA00pax AAaHMX, 3 OMHCOM OCHOBHMX
aCMEKTIB  KOXKHOTO ~ €KCTEpUMEHTy  (BHKOpPHCTaHi momepemsi — mommdikarii
TPCHYBAIIPHUX JAaHUX, BUKOpUCTaHHA K-KpaTHOI nepexpecHol Bamiaauii, Tomo).

Huceprauiiina po6orta odopmiena Bianosinto 1o BuMor Hakasy MOH Vipairu
Bix 12 ciuns 2017 p. Ne 40 «ITpo 3aTBepIKeHHS BUMOT 10 OOPMITEHHS AUCEPTALII».

Onpunoanenns pe3y/bTatis Auceprauiitnof poGora.

Hayxosi pesynerate nuceprauii BHCBiTIeHI y 4 HayKOBHX IyOikarisx
3000yBaya, cepex AKMX: 4 Crarti y TEpPIOAMYHMX HAYKOBHX —BWIAHHSAX,
npoingexcosaHux y 6asax nanux Web of Science Core Collection Ta/a6o Scopus, 3
AKMX 3 CTaTedl Y BUIAHHAX, BIAHECEHMX A0 MePLIOTO — TPETHOro KBapTwiis (Q1l—
Q3) Bimnosimmo no kracupikanii SClmago Journal and Country Rank aGo Journal
Citation Reports; '

Takox pesynbratu mucepramii Oymu anmpoGoBani Ha 4 HayKOBHX (PaxOBHX
KOH(pepeHLiaX.

Y HaBeeHMX myOiKaliAX JOCTATHBO IIOBHO MPEACTABIEHO PE3yJIbTATH
auceprauiinoi pobotn. IlopymieHHs axamemidHOi JOOPOYECHOCTI B HHMX HE
BusABIeHO. OcobucTuii BHecOk 3100yBaua y myGInkaiiax, 3a3HaAYeHHUH y qucepTarti,
CBIMHTP NPO HOT'0 aBTOPCTBO Y BiANOBIAHHX HAYKOBHUX JOCSTHEHHAX.

TakiM YMHOM, HAyKOBi pe3yNIbTATH OLMCAHI B AMCEPTALIHHIM POGOT MOBHICTIO
BUCBITJIEHI Y HAYKOBHX MyOnikauisx 3100yBaya.

Henonixm Ta 3ayBaxkenns 1o quceprauiiinot poGorn.

1. TMepumii myHKT HAayKOBOI HOBM3HM CQOPMYNHOBAHMM, Ha MIM mHODL,
HEJOCTaTHBO KOPEKTHO, OCKLIBKH HE BH3HAYEHO [UISL AKUX CaMe PEe3yIIbTaTiB
BIAJIOCS JOCSTTH TTIABHILEHHS TOYHOCTI.

2. Ilpu QopMymoOBaHHI JPYroro IyHKTY HAYKOBOi HOBM3HM BHKOPHCTAHO
TEPMiH, AKWH JOMYCKAa€ HEOMHO3HAYHE TPAKTYBAHHA  PE3YJIBTATY
AOCTI/UKCHHA. 30KpeMa He 3pO3yMUT0, W0 O3HAYA€ TEpMiH “HE3HAYHE
30LTBIIEHHA PO3MIPY HEHPOHHOI Mepeski”.

3. 3 MeTor OTpUMaHHA OiTbII IOPIBHIOBAHMX PE3YNbTATIB PO3II3HABAHHA
300paxeHb BapTo Oyno BHKOPHCTATH WIMPOKOBXHMBAHMH HaOip IaHMX
ImageNet, sxuéi creliagbHO MpPH3HAYEHWI OIS TECTYBAaHHA CHCTEM
PO3ITI3HABAHHA.

4. Mlomymiena nesHa HETOYHICTs y HasBi nyHKTy 4.4  Ta BimmoBigHMX
MY HKTaX JUCEPTaLiiiHol pobotu. ¥V LBOMy myHKTI Ta HOro MY HKTaX



33JICKIIAPOBAHO BUMIPIOBAHHA MIBMIKOMIL, ale NPOBEAEHO BMMiDIOBAHHS
IapamMeTpiB MPOSYKTHBHOCTI.
5.V signosigHocti mo cranmapty JICTY 8302:2015 mpu odopmuesi
TTepaTypHUX JHKEPE 1HiLiann aBTopa po3MINIyI0Th IHCIs TIPI3BHUILA aBTOPA.
BBaxaro, mo BHCIOBIEHI 3ayBaeHHS HEe € BH3HAYANLHUMH 1 He 3MEHIIYIOTh
3arajbHy HayKOBY HOBU3HY Ta MPAKTUYHY 3HAYMMICTh PE3YyJIbTATIB T4 HE BIUIMBAIOTH
Ha TIO3UTUEHY OLIHKY JUCepPTaLifHOl pobOoTH.

BucHoBok npo nucepraniiiny poéory.

Beaxaro, mo muceprauifina pobora 3100yBaua cTymens mokropa disocodii
Cratkepuya Pomana Bamumosuua na Temy «MeTony cermeHrarii 300paxkeHp 3
BUKOPUCTAHHAM ITHOOKMX HEHPOHHUX MEPE» BHKOHAHA HA BUCOKOMY HAYKOBOMY
piBHI, HE MOPYIIye NPHHUMILB aKaneMiunoi NOGPOYECHOCTI Ta € 3aKiHYCHHM
HAYKOBMM [JOCII/DKEHHAM, CyKYIHICTh TEOPETHYHHX T4 NPAKTUYHUX pe3yJIbTATIB
AKOTO PO3B'A3Y€E HAYKOBE 3aBNAHHA, IO Ma€e iCTOTHE 3HAYEHHA JUIA radysi 3HaHb 12
Indopmanitini Texmomorii. Jucepramifina poGoTa 3a aKTyambHICTIO, MIPaKTHYHOIO
UiHHICTIO T4 HAyKOBOK) HOBW3HOK TIOBHICTIO BiAOBiZAa€ BUMOraM YHHHOIO
3aKOHOJABCTBA YKpaiHW, 1o mnepenbaueHi B 1.6 — 9 «llopaaky NpHCyIKEHHS
CTyneHs tokTopa Qinocodii Ta ckacyBaHHs PIlIEHHS Pa30BOi CIEIiATI30BAHOI BYCHOI
pamM 3aKiaxy BHINOI OCBITH, HAyKOBOI YCTAHOBH IIPO MPHUCYIMKEHHA CTYIICHI
noxropa ¢inocodii», sareepmienoro [locraHoBoro Kabinery MinicTpis Vkpainu Bis
12 ciuns 2022 p. Ne 44,

3n06ysa4 Crarkesud Poman BaquMoBuy 3acTyrosye Ha TIPHCYIKEHHS CTYIICHS
nokropa ¢inocodii B ramy3si 3Haus 12 [ndopMaliiisi TEeXHOMOrT 3a CITEIanbHICTIO
121 IrokeHepis mporpaMHOro 3a0e3MeyeHHs.

Peuen3zenr:
ripodecop kadeapu
OOYHMCITIOBANBHOI TEXHIKH
HarjonansHOro TexHiuHoro
YHIBEPCHUTETY Y KpaiHu
“KuiBCBKHI 1OJTI TEXHIYHUI iHCTHTyT ’
imeHi Irops Cikopebkoro”, |‘r';'—_-- —_—
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