BIAI'YK
oi1iifHOTO OMTOHEHTA Ha AUCEPTAaLiiHY PoOOTY
[Tyneru Makcuma Bonogumuposuua
Ha TeMy «MeToj Ta mporpaMHi 3ac00M MyJIbTUMOJAIBHOIO aHAI3y MEIUYHUX JaHUX
Ha OCHOBI INIMOOKOTO HABUAHHS,
MpeACTaBICHY Ha 3100y TTS CTYIEHs ToKTopa dimocodii
B raity3i 3HaHb 12 «IHopmaliiiHi TeXHOJIOT1i»
3a creniaibHICTIO 121 «[HXeHepis mporpaMHOro 3a0e3neueHHsD

AKTYaJIbHICTh TEMHM M CEPTAILil.

Haounwmii mporpec y pe3ynbraTax MallMHHOTO HABYaHHS 1 IITYYHOTO 1HTEIEKTY
IPOTSATOM OCTAHHIX POKIB BUKJIMKAJIO 3arajbHUI 1HTEPEC 1 3HAYHY 3alIKaBJIEHICTh y
pI3HUX Tamy3sX ITIOACHKOI MisIBbHOCTI. [lech MITYYHHMIA IHTENEKT BXKE JOCSTHYB
e(DeKTUBHOCTI TPUPOIHBOTO, a JeCh HaBITh TIEPEBEPINYE JIFOACHKI 3TIOHOCTI.
HaromicTtb, po3mmpenHsi cdepu 3acTOCyBaHHS CTaBUTh HOBI 3ajadi, L0 HE
pO3IIJAINCh, YU Maibke He pO3IJIAANUCh KIACHYHOI0 Haykoro. Jlana poGorta
CIpSIMOBAaHA HA OJHY 3 TAKHUX 3a/lay, HOPOJKEHUX MPAKTUYHUMH NOTpedaMu: 3a1auy
MOETHAHHS PI3HOPITHOT 32 XapaKTEePOM 1 JJOCTOBIPHICTIO iH(GOpMAIIil MPpH MAITHHHOMY
HaBuaHHi. Po3po06ienuil B qucepTarlii miaxia 10 po3B’si3yBaHHS 1Ii€i 3arajibHOI 3a7a4i
HA3BaHO MYJIbTUMOJAIBHUM aHani30oM. HaransHa HEOOX1THICTh PO3POOKH piLIEHb II€T
3ajayl - Meplla CKJIagoBa aKTyaldbHOCTI poOoTH. Jpyra ckiiajoBa akTyaJbHOCTI
OB’ s13aHa 3 00JIACTIO 3aCTOCYBAHHS, @ CaMe JIJIsI 3aI00IraHHs BTpaTa 30pH Talli€HTaMH
3aBJIKM OUIBII TOYHOMY 1 CBOEYACHOMY BHSBJIEHHIO O3HAK 1 CTYIEHIO J11a0€TUYHO1
perunonatii. [IpoBefaeHHsT Takoi MiarHOCTUKH HEOOX1HE HE TUIBKW JJIS TAIll€HTIB 3
SBHUMH CHMIITOMaMH, ajieé i B paMKaxX MPOBEACHHS NPOQPUIAKTUIHUX 3aXO/IiB,
CIPSIMOBAHMX Ha paHHE BUSBICHHS 3aXBOPIOBAHHS. ABTOMAaTH3allis 11arHOCTUKH
cupusiTUMeE ii 3/IEMIEBICHHIO 1 MOIMIUPEHHIO, a OTXKE 3MEHIIICHHIO PU3UKIB BTPATH 30PY
Ha TIOMYJIAIHHOMY PiBHI Yepe3 MiABUIIEHHS KUIBKOCTI Ta SKOCTI MPO(UIaKTHIHUX
OIJISI1B.

Ouninka oOOIrpyHTOBAHOCTI HAYKOBHX pe3yJbTAaTiB aAucepTamii, ix
JAOCTOBIPHOCTI T2 HOBU3HM.

HaykoBa HOBW3HAa pe3yJbTaTiB JAUCEPTAIMHOTO JOCTIIHKCHHS TIOJISITaE B
HACTYITHOMY:

1) po3pobiieHo MeToJ MYJBTHMOJIAIBLHOTO aHalli3y JaHWX, KUK Ha BIAMIHY BiJ
ICHYIOUMX METOIB BHUKOPHCTOBYE JOJATKOBY 1H(oOpMallio  (J10AaTKOBI
MOJAQJIBHOCTI) JJIT OOMEKEHHS IPOCTOPY TIOIIYKY pIlIeHHs, IO, 30KpeMa,
JT03BOJIWIIO TIJIBUILUTH AKICTh OAraTokJ1IacoBOi Kiiacu(ikairii;

2) po3poOIIeHO METO I HEACTEPMIHOBAHOTO IMMTYYHOTO JIOMMOBHEHHS METaJaHUX, SIKAN
BIJIPI3HSAETHCS BUKOPUCTAHHIM “BUTOKY JaHMX Ha KpaiHiX 1 MOoAI0HUX Kilacax, 3a

PaxyHOK SIKOTO J03BOJISIE ITIIBUIIMTH SIKICTh 0araTOKIacoBOi Kiacudikarlii;
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3) moOyI0BaHO MaTEeMaTUYHYy MOJIEIb JIJIS OI[IHKH Ta iIHTEPIpEeTaIlii BIUTMBY Ha SKICTh
OararoksiacoBoi kiacudikaiii po3poOieHux MeTonaiB. BractuBocti Mojmeni
JOCTIPKEHO Ta CcTporo noBeaeHo. Llg monens moxe OyTu 3acTocoBaHa 1 10
JIOCIIIJIPKEHHS 1HIIUX METO/I1B MOKpAIIeHHs 0araTokiiacoBoi kiacudikariii.

Buxknaneni y po60Ti HayKOBi IMOJI0KEHHS, BACHOBKH 1 MPAKTUYHI PEKOMEHIAITIT
0OTpyHTOBaHI TEOPETHYHO Ta MiATBEPKCHI HAaBEICHUMH B IMCEPTAIlii pe3yJIbTaTaMH
YHCEJIbHUX E€KCIIEPUMEHTIB 3 JIOCUTh IHUPOKUM CIIEKTPOM YMOB.

JIOCTOBIPHICTh pe3yJbTATIB JUCEPTALli MIATBEPAKYIOTh MyOmiKaili y sIKICHUX
MEepIOIMYHNX HAYKOBHX BHJIAHHSAX, NMPOIHIACKCOBAaHMX Yy 0a3i JaHuX Scopus, IO
MPOMIIIA CTPOTE PEIICH3yBAHHS.

[locTaBnene  HaykoBe  3aBJaHHS  BHKOHAHO  IOBHICTIO,  3700yBau
IPOJAEMOHCTPYBAB BOJIOIIHHS METO/I0JIOTI€0 HAYKOBOI A1SUIBHOCTI.

Ouinka 3micTy Aucepranii, Il 3aBeplIIEHICTb Ta JOTPUMAHHA NPHUHIUIIB
aKkajieMiuyHOi 100po4YecHOCTI.

3a cBOIM 3MICTOM JucCepTaIliiiHa po6oTa MOBHICTIO BiAnoBigae CTaHAapTy BUIIOL
ocBIiTH 31 crienianbHOCTI 121 «IHXeHepis nporpaMHoro 3a0e3neueHHs Ta HalnpsAMKam
JOCHIPKeHb  BIAMOBITHO JO OCBITHBOI mporpamu «lHXeHepis MNpOrpamMHOro
3a0e3meueHHs».

HucepraniiiHa poOoTa € 3aBEpUICHOI0 HAYKOBOKO Mpalelo, [0 BHCBITIIOE
0CcOOMCTHI BHECOK 3/100yBaua y HaykoBuil HanpsiM 12 «IHdopmariiiiHi TEXHOIOT1i».

3BIT NOJAIOHOCTI 32 pe3yJibTaTaMu MEePEBIPKU TUCEPTaLIHHOT pOOOTH Ha TEKCTOBI

CHIBIAQMIHHSA TMIATBEP/KYy€E, 1m0 aAucepramiiiHa poOora Illymerm Makcuma

BonoaumupoBuya € pe3yiapTaToM caMOCTIMHUX JOCIHIKEHb 3/100yBada 1 HE MICTUTh

eneMeHTiB  danbcudikaiii, xommiaAmii, ¢adpukarii, mrariaTy Ta 3amo3W4YeHb.

BuxopucraHi 171€i, pe3yabTaTi 1 TEKCTH IHIIMX aBTOPIB MAIOTh HAJIEXKHI MOCUJIAHHS Ha

BIJIMTOBITHE JKEPEIIO.

MoBa Ta CTWIb BUKJIQ/IEeHHSI pe3yJIbTaTiB

Jluceprariiina po6oTa HamrcaHa rPaMOTHOIO YKPaiHChKOIO MOBOIO.

Ctusb BUKIIQJIEHHS — CTPOTHIA, TIOCIITOBHUH, IOTTYHUHN, BIAMIOB11a€ OUIKYBaHHSIM
BiJI HAYKOBOTO JIOCHTI/DKCHHs. Bukiagaroun matepiall, aBTOp poOOTH BUKOPHUCTOBYE
CyYacHY HayKOBY TE€PMiHOJIOTIIO.

JlucepTarlisi CKIIaa€eThCs 31 BCTYITY, 4 PO3iIB, BACHOBKIB, CIIMCKY JIITEPATypH
Ta J0JIaTKIB. 3arajibHuil 00csaT nucepraiii — 155 cTopiHoK.

Y BcTymi 0oOTpyHTOBaHa aKTyaldbHICTh TEMH, 3B’SI30K POOOTH 3 HAyKOBHMH
nporpaMaMy, IUIaHaMH Ta TemMaMmH, c(opMyJsibOBaHI MeTa Ta 3aBAaHHS, 00 €KT,
npenMeT Ta METOOW JOCII/DKCHHS, HayKoBa Ta MPaKTUYHA HOBH3HA OTPUMAHHUX
pe3ynbTaTiB, HABEJIEH] BIJOMOCTI 3 anpoobarlii Ta myosikaiii pe3yiabTaTiB JucepTalii.

Y mepmioMmy po3miti  pO3TISHYTO OCOOJHMBOCTI BUKOPHUCTAHHS METO/IIB
MaIIMHHOTO HAaBYaHHS B MEIUIIMHI, MPOBEIECHO OIJISII MOTOYHOIO CTaHy 1 mpodiem,

MIPOAHAJTI30BAHO COIIATbHO-EKOHOMIYHI HACTIAKHA BaXKKUX 3aXBOPIOBAHbB.
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Y napyromy po3miii IPOBEACHO aHalli3 3aCTOCYBaHHS TTMOOKOTO HaBYAHHS IS
BUSIBJICHHS 3aXBOPIOBaHb, HACAMIIEpe/I — Ha TPUKIIAAL JiabeTHIHOT pETHHOMATI.

VY TpeTrboMy pO3JiIi PO3TIASHYTO NpoOiemMy OaraTokyiacoBoi kiacudikarii st
OMHOMOJANBHOI Mozem (3a 300pakeHHSIM) 1 MYyJIbTUMOJAIBHUX MoAene (3a
300pakKeHHSAM 1 TEKCTOBHMHU JIONMOBHEHHsIMH). I[liroToBIeHO KijdbKa BapiaHTIB
BX1JTHUX HAa0OpiB TaHUX 1 HEUPOMEPEIKEBUX MOJIEICH Il BUSBICHHS 1 Kiacudikarii
niaberndnoi pernHonatii. HaBeqeHo pe3yiabTaTi eKCepUMEHTATBHOTO JOCTIIKEHHS
BIUIMBY Ha pe3yJbTaTH 0araTokyiacoBoi Kiacudikaiii KiIbKOX BapiaHTIB AOMOBHEHHS
MeTaJlaHuX 3aJIe’KHO BiJ CKiIagHOCTI Moxem. [loOymoBaHO MareMaTHYHY MOJCIHb
TOYHOCTI OaraTokIacoBoi kiaacudikalli Ta Ha i OCHOBI OTPUMAaHO TEOPETHYHI OIIHKH
MOJKJIMBOTO TOKpAIIeHHs. Pe3ynbTaTi MOCHIIKEHHS y3arajJbHEHO Y KOMILJICKCHHN
METOJ MYJbTUMOAAIBHOTO aHAJI3y MEAMYHHX TaHUX Ha OCHOBI MIMOOKOTO HABUAHHSL.

Y derBepTOMYy pO3AUII  HABEACHO pe3yJibTaTH aHaNi3y 3aCTOCYyBaHHS
3aMpOMOHOBAHOTO KOMITJIEKCHOTO METOAYy Ta 3po0JjieHI BHCHOBKH IIOJIO WOTO
€(eKTUBHOCTI B P13HUX yMOBaXx.

Huceptariiiina pobota odopmiieHa BiAmoBIIHO 10 BuMor Hakazy MOH VYkpainu
BiJ 12 ciuns 2017 p. Ne 40 «IIpo 3atBepiykeHHS BUMOT 10 0()OPMIICHHS AUCEPTaLIii.

OnpuiroaHeHHsI pe3yJbTATiB JUcCepPTalliiiHOI po0oTH

HaykoBi pe3ynpTaTi aucepraili MOBHICTIO BHUCBITIEHI Yy 4 CTaTTiIX Yy
NEepIOJUYHUX HAYKOBHUX BUJAAHHSX, MPOIHAEKCOBaHMX y 0a3i gaHux Scopus (1 —y
BuslaHHI Q3) Ta 1OMOBiAIKCh HA 5 PaxoBUX HAYKOBUX KOH(EpEeHIIisX.

B nucepranii Bu3HaUeHWN OCOOMCTHI BHECOK 3100yBava y HAyKOBI ITyOiKaIii
HaIucaHi y CIiBaBTOPCTBI.

Henosiku Ta 3ayBaskeHHsl 10 AucepTaiiiiHoOl po0oTH.

1. 3anmpornoHoBaHMii B TUcepTalii MyJIbTUMOJAIBHUN MIJX1J MOJATae y crnoco0i
MOETHAHHS PI3HUX THUINB 1HGOpMaIlii TpW MAaIIMHHOMY HaBYaHHI. 30KpeMa, y
pPO3MIISIHYTIM 3amadi kiacudikalii TO€IHAHHS BUKOHYBAJOCh Yepe3 OOMEKEHHS
poCTOpy pimeHs Kiacudikaropa 300pakeHb (MEpIIoi MOJAIBHOCTI) HAa OCHOBI
METaJIaHMX, 3alIOBHEHUX 3a pe3ybTaTaMi 00pOOKH TEKCTOBUX aHKET (IPyroi/TpeThoi
MoAaJIbHOCTI). EKCciepuMeHTH po3/iay 3 mpoeMOHCTPYBaIM TO3UTUBHAHN €(DEeKT Bij
JOJTATKOBUX MOJAIBHOCTEH. AJie TMOKpAIICHHS SIKOCTI MAallMHHOTO HABYaHHS 3a
paxyHOK J01aTkoBoi iHdopmMmallii € iHTYITHBHO-3pO3yMIIUM 1 OUiKyBaHUM. Jlms
JIEMOHCTpAIIi] IepeBar 3anporOHOBAaHOTO METOIY BapTO OYJI0 MPOBOIUTH OPIBHIHHS
3 IHIIUMH METOJaMH 3acTOCYBaHHS Ti€l X J0JaTKOBOi iH(opMalii, Harpukiam,
BapiaHTOM J0JlaBaHHS MOJAJbHOCTE O€3Mocepe]Hh0 B HEWPOHY MEpexKy
(mpuImycTIMO, Ha KUTbKa JOJATKOBUX BXITHHUX HEUPOHIB y Jem0 MOau(iKOBaHIN
ResNet50), BapianTom GaiteciBchKoi kiacudikalii 3 pe3yiabTaTaMu HEHPOMEPEKEBOT0
KiacudikaTtopy Ta BUCHOBKIB 3 aHKET Ha BXOJi, BapiaHTOM TO€IHAHHS TPOTHO3IB
OKpEMHUX MOJAIBHOCTEH aHCaMOJIEBUMHU METOJaMH TolIo. Taki ekcriepuMeHTH Oyiu O

KOPEKTHIIIMMH 1 Kpalie JeMOHCTPYBaIH O TiepeBary 3amporoHOBAaHOTO MiIXOTy.
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2. Pe3ynpTatoM TEOPETHYHOTO 1 EKCIEPUMEHTAIBHOTO aHalli3y BHECKY
JIOIATKOBUX MOAQIBHOCTEH Y SIKICTh KJIacu(iKallii € BACHOBOK, III0 YMM TipIIIe MPAIOe
MOJIeJIb, TUM OUIBIIE i1 MOYKHA IOKPALLUTH 32 PaXyHOK Ti€i K JOJJaTKOBOI 1H(pOopMaIlii.
Hy Tak, ajne nieii BACHOBOK — OYE€BUIHUM.

3. Xo4a 3aCTOCYBaHHS €KCIIEPTHHX OI[IHOK B SKOCTI JOJATKOBOi MOJAIBHOCTI
OOTpyHTOBAaHO  METOI0  JEMOHCTpaIii  3ampollOHOBAHOTO Yy  JHCepTalii
MYJIBTUMOIANILHUN TX0/Ty, TpeOa BiI3HAYUTH, 10 1[eH MPUKIIa] — JEII0 yMOBHUMN. Y
peanbHii MeIMYHIN MpaKTUlLll, HABIIAKK, PE3yJIbTaTH MALUIMHHOI 0OPOOKH MEIUYHHUX
300pakeHb 1 OMUTYBAHHS NaIli€eHTa MaroTh (1 OyayTh) BpaxoBaHi eKCIIepTOM (JTIKapeMm)
IIpY BCTAHOBJICHHI J1arHO3Y.

4.V Te3ax € MOCWJIAHHS HA 3aCTOCYBAHHS aHAJI3y TEKCTY aHKET 3 JIOIIOMOTIOIO
LSTM, ane aertanbHO BOHO HE omucaHO. Maro Aesiki CyMHIBH IIOJI0 MPAKTUYHOI
npare3aaTHocTi (200, THITMMU ClI0BaMH, — €()EKTUBHOCTI) TAKOTO MiIXO0Y.

5. BuxopucrtanHs TEpMiHY «HEAETEPMIHOBAaHUI» (Y CJIOBOCIIOIYYEHHSX
"HeeTepMiHOBaHA JlyMKa eKcrepTy', "HejeTepMiHOBaHI MeTajaHi" TOIIO) € JEIIO0
HeBanuM. Mnerscs npo Tepmin "fuzzy", skumii B yKpaiHCBKil TepMiHOJIOTIi 3a3BHyait
nepekiafaTh Sk "HeuiTkuil". Xoya 1 "HeneTepMmiHOBaHMA", 1 "HEUITKUI" BKa3ylOTh
Ha WMOBIPHICHY CKJIQJ0BY, NpHpoAa IN€l CKIaJ0BOi BiIMiHHA. Y BHITQJIKY
HEJICTEPMIHOBAHOT CHUCTEMHU CTaH, MOBEIIHKA, YW BUXIJHUWA CUTHAJT HE MOBHICTIO
BU3HAYAETHCS  BXIIHUMHM  CUTHajamMu/maHuMu. ToOTO  HeneTepMiHOBAHICTh
npuTaMaHHa 00'€KTy IOCHIKeHHs. Y BUMAJKy HEUITKOI JIOTIKM 00'€KT TOCTIIKEHHS
Ma€ TIeBHUHM (IeTepMiHOBAHWI) CTaH, aji€ OIliHKA I[hOTO CTaHy 3a pe3yJibTaTaMu
CIIOCTEPEXKEHb € HE MEBHOI, 3 MOXMOKOI (3a/1aHOI0 IHTEPBAJIOM, UM PO3MOALIOM
rMoBipHOCTI). TlepeBakHa OUTBIIICTh BUIIAIKIB, KOJIH B pOOOTI 3aCTOCOBAHO TEPMiH
"HeZleTepMIHOBaHUI", Ma€e caMme TaKky IPUPOSTY.

6. B Ttekcti Te3 Oarato moBTOpiB. ['amaro, mo ix MoxkHa Oyio 6e300iiCHO
npubpatu, 60 06car po6OTH y MiBTOpa pa3u OUIbLINHN 32 HOPMaTEHO HEOOX1THUI.

BBakaro, 1110 BHCIIOBIICHI 3ayBa)KCHHSI HE € BHU3HAYaJIbHUMH, HE 3MEHIIYIOThH
3arajbHy HayKOBY HOBH3HY Ta PAKTUYHY 3HAUMMICTh PE3yJIbTaTIB 1 HE BILTUBAIOTH HA
MO3UTHUBHY OIIHKY JUCEPTAIliiHOT POOOTH.

BucHoBoOK npo aucepraniiiny pooory

Braxatro, mo guceprariiina poborta 3m00yBava CTymeHs JokTopa dinocodii
[yneru Makcuma BomoaumupoBnua Ha Temy «Meton Ta mporpamHi 3acobu
MYyJIBTUMOJAIFHOTO aHaTi3y MEIUYHHX JaHWX Ha OCHOBI TIIMOOKOTO HaBUYaHHS»
BUKOHaHa HA BHCOKOMY HAyKOBOMY pIBHI, HE TMOPYIIy€ MPUHIIHIMIB aKageMidHOI
TO0OPOYECHOCTI Ta € 3aKIHUCHHM HAyYKOBUM JOCIIJDKEHHSM, CYKYITHICTh TEOPETHIHUX
Ta MPAKTUYHUX PE3YyJbTATIB SKOTO PO3B'A3y€ HAYKOBE 3aBJIaHHS, 110 MA€ ICTOTHE
3HAYCHHS JUIA raiy3i 3HaHb 12 «IHdopmariiiHi TexHomorii». J{uceprarmiitaa podora 3a
AKTYaJIbHICTIO, MPAKTUYHOIO I[IHHICTIO Ta HAYKOBOK HOBU3HOIO MOBHICTIO BIAMOBIIA€

BHMOTaM YHMHHOTO 3aKOHOJABCTBa YKpaiHu, mo nepeadadeHi B m. 6 — 9 «llopsnaky
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NPUCYIKEHHS CTyIeHs JOKTopa Qimocodii Ta ckacyBaHHS pIIMIEHHS pa3oBOl
crenianizoBaHol BYEHOI pajad 3akiady BHINOI OCBITH, HAYKOBOI YCTaHOBH IIPO
IPHCYDKEHHS CTyIEHs JOoKTopa ¢inocodii», 3atBepmxenoro [Toctanosoro Kabinery
MinictpiB Ykpainu Big 12 ciuns 2022 p. Ne 44,

3n06yBau lllynbra Makcum BonoguMupoBHY 3aCIyroBy€ Ha INPHCYIKCHHSI
CTyleHs JOKTopa ¢imocodii B ramysi 3HaHp 12 «IHpopMaIiliHi TexHOIOri» 3a
cnenianpHicTio 121 «IHXeHepis MporpaMHOro 3a0€3MEeUEHHS.

Odinitinuii onoHeHT:

3aBimyBau BIJUTLTY aproMaru3arii
nporpamyBaHHss  Ne 145  Iucturyty
KibepHetnkyd imeHi B.M. I'nmymkosa

HAH Y kpainu, 1.0.-M.H., C.H.C. y A Bamum TYJIBUUMHCHKUA
«__ »ciunas 2024 poky
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