PELLEH3ISI
Ha aucepraitiitny poboty
Menbuuuenka Aprema BacuiiboBuya
Ha temy: «MeToau Ta nporpamHi 3ac00M MiZBUILEHHS UIBUKO/IT MOJIENEH
po3nizHaBaHHs 00pa3iB Ha OCHOBI MALIMHHOTO HABYAHHAY,
npeJcTaBiieHy Ha 3100yTTs HayKOBOro CTYINEHs JIOKTOpa dinocodii
B rany3i 3HaHb 12 — [ndopmantiiini TexHomorii
3a crienianbHicTio 121 — [HkeHepis mporpamnoro 3abe3ne4eHH:

AKTYaJIbHICTb TEMH AucepTauii

V enoxy mMopoBoi TpaHcdopMmauii, HeHpOHHI MepexXi CTald KIYO0BOO
TeXHOJIOTi€l0 iHHOBALIHUX pillleHs B 6aratbox cdepax, Bil MEAHIMHHA 110 aBTOMOOLIBHOL
npomuciosocti. He3BaXkarouu Ha IMPOKUH CNEKTP 3aCTOCYBAaHHA Ta BHCOKI MOKa3HUKH
TOYHOCTI HEHPOHHMX MEpEX, 3aCTOCYBaHHs] [aHOI TexHoJorii BHCYyBa€ BHMOTH [0
0OUYHCITIOBAILHUX PECYpCiB, 3HAYHO YCKJIaJHIOIOYH iHTErpalito HEHPOHHMX MEpEX y
npucTpoi 3 OOMeXeHMMH pecypcamu. TpeHyBaHHA HEHPOHHHX MEpEX BHMArac
BHKOPHCTAaHHS JOPOTHMX 1 MOTYXHHX TrpadidHHX npouecopiB (GPU). BukxoHaHHS
He{POHHIX Mepesk Ha KIHIEBHX PUCTPOSIX, IO HE MIiCTATh rpadivHMX IPOLIECOPIB YacTo
HeMOXCTHBE 260 % CIIPUUMHAE BEUKY 3aTPUMKY, IPH 1IbOMY BHKOPHCTaHHS HEHPOHHUX
MepeX B CHCTEMaX «pPO3yMHOro» JIOMy, nepudepifiHix OGYUCIEHHAX Ta MOOLIBHUX
3aCTOCYHKAX MOIJIO 6 3HaYHO NOMIMPHUTH AOCTYIHICTh TEXHOJIOTII.

Y BiANOBiZb HA TaKi BUKJIMKH Ta CTPIMKHi pOSBH:l‘OK HEMPOHHUX Mepex HaOyIu
NMOIIMPEHHs MeTONM OOpi3KH i 30LIbIICHHS [BUAKOMIT HeHpoHHUX Mepex. [IpyHiHr,
KBaHTW3allis, lepeHeceHHs HaByaHHs (transfer learning) € eheKTMBHUMU METONAMH, LIO
JIO3BOJISIOTH PO3LIMPUTH 3aCTOCYBAHHS HEHPOHHMX MCPEX 1 3MEHLUMTH BUMOTH N0
06uYMCITIOBAILHUX pecypeiB. BTiM, 4acTo 0OMEKEHHAM JaHUX METOJIiB € BTpaTa TOYHOCTI
260 XK CKJIQJHICTh B IMILUIEMEHTAllii.

Mertoro uceprallii € 36iiblIeHHs eeKTHBHOCTI MO/l HeHPOHHUX MEpeX, a
came 3MEHLICHHS 3MeHIeHHs BTPaTH TOYHOCTI MpW 30iIbLIEHHI WBMAKOAL, nics
3aCTOCYBaHHA METOJIB ONTHMi3alil Mozesiell rIMOMHHOIO HABYaHHs, CTBOPCHUX AL
BUpILLIEHHS 3a/1a4 KOMII'JOTEPHOr0 30py.

BpaxoBylouu BHILE CKa3aHe, aKTyalbHUM € po3podKa METOJIB Ta MpPOrpaMHUX
32c06IB NiIBUILEHHS IBUAKOLIT Mojiesel po3nizHaBatHst 00pa3iB Ha OCHOBI MALIMHHOTO



HaBYaHHS, WO JIO3BOJIUTL 30UILIINTH [IPOJIYKTUBHICTL HEHPOHHUX Mepex Ta HalaTu
TEXHOJIOTIT OUTBIIOrO NOMIKPEHHS | JIOCTYITHOCTI.

Ouinka  oOrpyHTOBaHOCTI  HAYKOBMX  pe3y/bTaTiB  aucepramii, ix
NOCTOBIPHOCTI | HOBH3HH

HaykoBa HOBHM3Ha pe3yJbTaTiB [IMCEPTALIMHOrO [OCITI[UKEHHS T[OJIArae B
HACTYTHOMY:

1. VYnockoHaneHo Mozenb HEHPOHHOI Mepexxi 11 BusiBeHHs 0b6auy RetinaFace,
sIka Ha BIIMiHY BiJl iCHyIOUMX BUKOPHCTOBY€E MeTo/ npyHinry SNIP mwis ontumisauii, mo
J03BOJIsIE BAKOPHUCTOBYBATH PO3pPiKEeHi MaTpHULli [y 30epiraHHs i BUKOHaHHS Mepexi 3
METOIO MOAATBLION0 yIOCKOHAJIEHHS Ta 301JIbIIEHHs IIBUIKOIT;

2. VYpockoHaneHo Meton npyHiury SNIP mns Mopgeni BHsBIEHHA 00144
RetinaFace, sxuif Ha BiAMiHY Bifl iCHyrOuMX MNependayae MOXJIMBICTb BHKJIIOYEHHS
KOHTEKCTHMX MOYJIIB 3 MpoLeCy NpyHiHTy. BrockoHaneHui METOA N03BOJISE NOCATTH
OLTbIIOT TOYHOCTI MPU HE3MiHHI# KiIbKOCTI BUKIIOYEHHX MTAapaMeTpiB;

3. Bnepme po3pobneHO MeTon NpYyHIHTY Ilepell HaBYaHHSAM [UId MOJeNeH
apXiTeKTypd TpaHcdopMmep, sSKUil Ha BiMiHy Bill ICHYIOUHX BpaxoBy€ BaXUIMBICTB
MeXaHi3My «yBaru». BUkopucTaHHS po3poOJIeHOro METONY N03BOJISE€ 3HAYHO 30UIBIIMTH
TOYHICTh KiIacH(ikalii KiHIeBoi MozieNi B MOpiBHAHHI 3 MeTonioM SNIP;

4. Brmepume po3po0JieHO apXiTeKTypy IIpOrpaMHOro 3a0e3Ne4eHHs uis
MOJIe/IFOBaHHA Ta JOC/iPKEHHS METO/IIB IPYHIHTy NIepe/l HaBYaHHIM HEHPOHHUX MEpEeXx,
AKa Ha BiAMiHy Bill iCHYIOYMX MO3BOJISE NMPHBOJWTH MATpHILI BaroBHX KOEQILI€HTIB
Mepexi 10 po3pimkeHoro ¢GopmaTy, BHKOPMCTOBYIOYHM 3aNpPONOHOBAHMH MeEXaHI3M
OLIHKM BaTMBOCTI BariB.

JIoCTOBIpHICTh HAYKOBHUX pe3yJIbTaTiB 3a0€3Meuy€eThCsl €KCIEPUMEHTAIbHUMH
JOCJIUKEHHAMH, NPOBEAEHHX i3 BUKOPUCTAHHSAM Cy4yacHoro obnaguanHs. Haseneni y
pobOTi HAayKOBi IOJIOXKEHHs, BHCHOBKM Ta MPAKTH4HI PEKOMEHALll N0CTAaTHBO
obrpyHToBadi, 6a3yloTbcsi Ha (AKTHYHUX MHAHWX, sKi TNpeacTaBleHi y podori B
TabJIMYHOMY Ta rpadiyHOMY BUIIIS/LL HayxkoBi foc1ipkenHs 6y/i BUKOHaHi 3100y BaueM
Ha kadeapi iHxeHepii mporpamsoro 3aGesneuenHs B enepretuui «KIII im. Irops
Cikopcbkoro» B pamkax HJIP «Meroau i anroputmu ontumizaiii po3nisnaBats oOpasis
Ha OCHOBI METO/IB MAaUIMHHOrO HaB4YaHHs» JlepXaBHUH peecTpaliiHUi HOMep:
Ne 0121U109207, mo BukoHyBanuch B HalioHaJbHOMY TEXHIUHOMY YHIBEPCHUTETI
Yxpainn «KuiBchkuii nositexnivnuii incruryr imeni lropst Cikopcbkoron.



PesynbTaTi I0CiDKEHD TPRiinsTi 10 Briposajvketts B TOBapuCTBi 3 00MEKEHOIO
Bimnosinanbuictio «BOTUYE I (Akr Bix 20.10.2023p.), 1110 MiATBEPIIKEHO BiANOBIIHAM
AKTOM BIIPOBAJDKEHHS.

OTxe, B aucepTaliiiHiii po6oTi nocraseHe HayKoBe 3aBIaHHs PO3pOOKH HAYKOBO-
MeToMuHoro anapaty Ta [13 s MojenioBaHHs i ONTHMI3alii NMpolecy HaBYaHHA Ta
3aCTOCYBAHHS HEHPOHHHX MEpeX JUlsl BUPillIeHHs 3a/1a4 Po3Mi3HaBaHHs 06pa3iB 3 METOKO
NiABMLIEHHS WIBUAKO/IT Mozeneii po3nizHaBaHHs 06pa3iB BUKOHAHO MOBHICTIO, 3100yBaY
TIOBHOIO MipOIO OBOJIOIiB METOOJIOTIEI0 HAyKOBOT Jis/IbHOCTI.

Ouinka 3MicTy qucepTauii, if 3aBepIeHiCTh Ta A0TPUMAHHSA NPUHLHUIIB

3a cBOIM 3MicTOM, ucepTauis MenbHudyeHka A.B. MOBHIiCTIO BinoBia€
CTaHaapTy BHIIOI OCBITH 3i criemianbHocTi 121 — [HkeHepis IporpaMHOro 3abesnedeHHs
Ta HampsMKaM JOCITiDKEHHs BiANOBITHO [0 OCBITHROI IPOrpamH ImxeHepis
IIPOrpaMHOTro 3a06e3MeYeHHs.

Jluceprariitna po60Ta € 3aBepLIEHO0 HayKOBOKO NMPALEIO 1 CBITYHTE PO HasBHICTh
0COGMCTOr0 BHECKy 3100yBaua y HayKOBHH HampsAM pO3pOOKH HpOTrpaMHOro
3abe3neueHHs LI « THOOKUX HEMPOHHHX MEPEX».

PO3MISHYBIIH 3BiT MOAIGHOCTI 3a pe3yJIbTaTaMH [EPEBiPKH AMCepTalliHHO poboTH
Ha TEeKCTOBi CIIIBMAMiHHS, MOXKHA 3pOOMTH BHCHOBOK, ILIO MHCepTaliiiHa poboTa
MenpHuyeHka ApreMa BacuipoBAYa € pe3yNbTaToM CaMOCTIHHHMX —JOCII/DKEHb
3106yBaya i He MiCTUTB eNeMeHTIB danbcudixawii, Kommisuii, ¢abpukarii, nariaty Ta
3amo3uyeHb. BUKOPUCTaHi inei, pe3yJIbTaTH i TEKCTH iHIIMX aBTOPIB MAIOTh HaJIeXH1
[IOCWIaHHA Ha BiamoBimHe kepeno. [IpuHUMIKM aKaJeMiyHOi JOOpOYECHOCTI He Oyiu

NOpYLUEHI.

MoBa Ta CTH/Ib BUKJIAJEHHS Pe3y/IbTATIB aKaaemMiuHol 100pouecHocTi

Jlucepralis HanMcaHa yKpaiHChKolo MoBolo. Jluceprauis MenbHHYCHKA AB. €
CTPYKTYpOBaHOIO, Marepiajl BUKJIaIeHO IOCIIJOBHO, Y HayKOBOMY CTHJII MOBJIEHHS 13
JOTPUMAHHAM CyYacHOI 3arajbHOMPUHHSATOI TEPMiHOJIOTIT. Jlucepraliisi CKIala€ThCs 3
BCTYIly, YOTHPLOX PO3JIiJIiB, BUCHOBKIB, CIHCKY BHKOPHCTAHMX JUKEPEN Ta MONATKIB.
3arajipHuil 00CAT AMcepTauii CTaHOBUTh 179 CTOPIHOK, 3 SKUX 145 CTOPIHOK OCHOBHOIO
TeKcTy, 3 10/1aTKu Ha 19 cropiHkax, Ta MicTHTb 53 pucyHkH, 24 hopmyJl, 9 TabNULb.

Y BCTymi po3risJacrbesi akTyalbHICTh JMCEPTALIHHOrO NOCIIIKEHHS, 3B'A30K
po6OTH 3 HayKOBAMHM [POrpaMamu, IUlaHaMM Ta TeMamHu. (POpMyJIIOETbCs MeTa,
3aBJlaHH4, 00'€KT Ta MpeJAMET JIOC/1DKEHHS, HayKOBa Ta PaKTHYHA HOBU3HA OTPHMAHHX



pesynbTatis. [IpuBoasATLCS BijtoMocti npo ocobucTHil BHECOK 3106yBaya Ta anpobailiro
pe3yabTaTIB McepTaltii.

V nepuiomy po3aini 3poGieHo orisil Ta aHajli3 CyqacHUX IMiJIXO/iB 10 BUPILIEHHA
3a/1a4 PO3MNi3HaBAHHA 00pa3is, MeTojiB 0Opi3KKM Ta METOIIB 30UIbIIEHH IBUAKOIIT
HEMPOHHUX Mepex. OOIPyHTOBYETHCS aKTyallbHICTh 00PaHOTO Kjlacy METO/IIB AK OIHOTO
3 00pI3KH MHOOKUX HEHPOHHUX MEPEK.

V npyromy poszini BUKJIAIeHO OIMMC apXiTeKTypu HeilpoHHOI Mepexi RetinaFace
ANs BUSIBIEHHS 00ONMY, MeTOH INpyHiHry mnepen HaByaHHAM SNIP Ta pesynbrary
€KCIIEPUMEHTIB 13 3aCTOCYBaHHS METOLY A NPYHIHIy JaHOi MepekXi 3 MOJalbLIOK
momudikamiero. [ po3pobku Mopudikauii MeToxy 3poONE€HO INpPUITYIIEHHH, IO
KOHTEKCTHI IIApH apXiTEKTYPH € OLIbII BOKIMBUMH, TOMY BapTO HalaTH iM OUTbIIY Bary
1pu 06paxyHKy KpUTepito BaxuBocTi. Takox, NpoaHani30BaHO albTEPHATHBHAA METO
onTHMi3aNii MoJeneH, mo sABIAe cO600 AOAaBaHHs 0 apXiTeKTYPH MOJEN JOAaTKOBAX
BUXOJIIB 33Ul Kpallloi 3[aTHOCTI y3aralbHEHHs 3HaHb, SKHH He MOKa3aB 30UIbLICHHS
TOYHOCTI YM IIBHUAKOII.

YV TpeThOMy pO3ZiTi BHKIQfEHO ONMC apXiTeKTypH HEHPOHHOI Mepexi
«Tpanchopmep» s Kiacudikanii 300paxeHsb, po3pobIeHME METON NpYHIHTY 3
BHKOPHCTAHHSAM KPHUTEPIiB BaXJIUBOCTI BariB, 110 BpaXOBY€ MEXaHi3M CaMOyBary B aH1i
apXiTeKTypi HEMpOHHOI Mepexi, Ta pe3yJbTaTH EKCIIEDUMEHTIB 13 3aCTOCYBaHHS
MOIM(iKOBAHOrO METOXY ANA NpYHiHry nanoi mepexi. Takox, Oyno 3anpOnOHOBaHO
Oigxin o NigBUINEHHS MIBMAKOMII IPH BUKOPUCTaHHI MOJU(IKOBAHOTO METONY, SAKHH
BUKOPHCTOBYE po3pi/pkeHi MaTpuuli ¢popmary 2:4 1isi IPHIIBUAIEHHS O0YUCIEHb.

Y yeTBepTOMY PO3AiTi OMHCaHO Po3pOOJIEHY apXiTEKTypy MPOrpaMHOI CHCTEMH
U1 JOCTIiIKeHHs e(eKTUBHOCTI METO/IiB IPYHIHI'Y HEHPOHHUX MEPEX Mepe/l HaB4aHHAM
3 BUKOPUCTaHHAM XMapHHUX TEXHOJIOTiH Ta MiKpOCEPBICHOTO MiAXO.Y.

Y JlogaTkax HaBOAATHCA aKTH BIPOBAIDKEHHs Ta MPOrpaMHUH KOJ pO3POOIEHUX
KOMIIOHEHTIB /I IPYHIHTy Ta MPOBEJEHHs eKCIIEPHUMEHTIB.

Jluceprauiiina po6ota odopmiieHa BifnosiaHo 1o BuMor Hakasy MOH Ykpalhu
Biz 12 ciung 2017 p. Ne40 «ITpo 3aTBEpIKEHHS BUMOT 10 O(OPMIICHHS McepTaLii».

OnpujioAHeHHs pe3ybTaTiB Auceprauiiinol podoru

Haykosi pe3ynprary aucepraiii BUcBiT/ieHi y 3 HayKkoBHX IyOilikauisx 3100yBaya,
cepesl AKMX: 3 cTarTi y ()axoBHX HayKOBHX BHIAHHAX YKpaihu kareropii «b». Takox
pe3ynbTaTi auceprauii 6y anpoboBani Ha 7 HayKOBUX (paXOBHX KOH(pEpEHLLsX.



Yci ny6nikauii 3100yBaya MaroTh BUCOKHH HaYKOBHi piBEHb, B HMX JOCTaTHHO
MOBHO ONHCaHI rOJIOBHI HAayKOBi 3100yTKH, NpeacTaBlieHi B auceprauii. IlopymeHHs
NPHHLHMIIIB aKaJeMi4HOi NOCTOBIpHOCTI He BUsBNeHI. OCOOUCTHIA BHECOK 3100yBaya 10
BCIX HAYKOBHX MyOiKaLii, omy6iKoBaHHX y CMiBaBTOPCTBI, € BATOMHM.

TakuMm yKMHOM, HayKOBi pe3ynbTaTH ONMCaHi B AMCEPTaliiHii po6OTi MOBHICTIO
BUCBITJIEH] Yy HayKOBHX MyOiKawisx 3100yBaya.

Henxoaniku Ta 3ayBaxcenus 1o auceprauiiinoi po6orn

1. 3n06yBay HaBOOUTH B aKTYaIBHOCTI TEMH BUKJIMKH B 32CTOCYBaHHS HEHPOHHHUX
Mepex Ha MOOLILHMX NMpUCTPOsX Ta y cdepi [oT, npu upoMy npoBeneHi eKCriepuMeHTH
HE BKJIIOYAIOTh 3aMipiB Ha JaHHWX NpPHCTPOsX. Byjao 6 AOULIPHO BKIIOYHTH 3aMipH
IUBUJIKO/III T2 €HEPrOBUTPAT Ha TAKUX MPUCTPOSIX;

2. Po3spobneHi MeTomu, omucaHi y po3ainax 2 i 3, 6a3yloTbCA Ha pO3paxyHKY
KPMTEpIIO Ta MOPIiBHIOThCs Jmie 3 metogoM SNIP. Byno 6 IOLUIBHO pO3MIMpHTH
nepesik MeTOiB AJIs MOPiBHAHHS;

3. Po3pobneHi MeToaM BpaxoBYIOTh YHIKaIbHI OCOOJMBOCTI HaBEIEHHX
apXiTeKTyp, BTiM He 3p0O3yMiJIo, Y4 MOXKHA MOIIMPHUTH 3aCTOCYBaHHs JaHHX METOIB Ha
1HIII Mepexi;

4. BuOip xiacy MeTOHIB NpPYHIHTy Nepel HaBYaHHAM MOTpeOye M04aTKOBOIO
obrpyntyBaHHi. He3posymino, 4oMmy aBTOp (OKYCyeTbCsi camMe Ha MpYHIHIY Mepen
HaBYaHHAM, i He IPOBOAUTD MOPIBHAHHA 3 METOAAMH NIPYHIHTY IiC/Is HABYAHHS,

5. V derBepTOMY pO3MiJi OMMCAaHO pO3POOJIEHY apXiTeKTypy IS XMAapHOTO
cepenoBulla Azure Ta BHKOpHCTaHO @peiimBopk PyTorch, mpu unsomy He 6yno
NpOBeJIeHO NMOPIBHAHHA 3 iHIIMMU (QpeMBOPKaMU i XMapHUMH CepeIOBUILAMH, TAKAMH
sk Tensorflow Ta AWS/Google Cloud.

BBaxalo, 110 BUCJIOBJEHI 3ayBaXX€HHS He € BU3HAYAJIbHUMH i He 3MEHIIYIOTb
3araJibHy HayKOBY HOBU3HY Ta [PaKTHYHY 3HAUYUMICTb pe3yJIbTaTiB Ta He BIUIMBAIOTH Ha
NO3UTHBHY OLIIHKY JUcepTaliiiHol poOOoTH.

BucHoBok npo aucepTauifiny poéory

BBaxaio, wmo auceprauiifiHa pobora 3n00yBaua cTyneHs AokTopa (inocodii
MenpHuyedka Aprema BacunboBHua Ha Temy «Mertoad Ta nporpamHi  3aco0u
MiABMILEHHS LIBMAKOAII Mopened posnizHaBaHHs oOpa3iB Ha OCHOBI MAlLHHHOIO
HaBYaHHA» BHUKOHAHA HAa BHMCOKOMY HAyKOBOMY PpiBHi, He MOpYlly€ TpPHHLHIIB
aKa/IeMiyHOl J00pOYECHOCTI Ta € 3aKiHYEHHMM HAYKOBHM JOC/IIUKEHHSM, CYKYIHICTb



TEOPETHYHUX Ta NPAKTHUHUX PE3yJibTaTiB SIKOr0 po3B's3ye HayKOBe 3aB/IaHHA, 110 Ma€e
ICTOTHE 3HAYEHHS JUIs rany3i 3naun ludopmantiitni rextonorii. [lucepraiiina pobora 3a
AKTYANBHICTIO, NPAKTHYHOIO WIHHICTIO Ta HAYKOBOIO HOBM3HOKIO TOBHICTIO Bi/NOBiAa€
BUMOTAM YMHHOTO 3aKoHonasctBa Ykpainu, 1o nepeiabauveni B 1.6 - 9 «llopanxy
MPUCYIDKEHHS  cTynens  jokropa  (isocodii Ta ckacyBaHHs  pillleHHA pa3zoBoi
crenianizoBadol  BYEHOI paju 3aKiiajly BHILOI OCBITH, HAyKOBOI YCTaHOBH PO
NPUCYJ/DKEHHs CTyNeHs jaoktopa dinocodiin, 3arBepmwkeroro INocranosorwo Kabinery
MinictpiB Vkpainu Bin 12 ciuns 2022 p. Ned4.

3n00yBay MenbHu4YeHko ApTteM BacunboBHY 3aCiTyroBy€ Ha MpHUCYIAKEHHA
cTynmeHs noktopa ¢inocodii B ramysi 3map 12 - Indopmariitni Texwosorii 3a
criewianbHicTIO 121 — [H)KeHepis nporpaMHoOro 3abe3neyeHHs.

Penensent:

B.o. 3aBinyBaua KadenpH iHxeHepii mporpaMHoro 3abe3neveHHs B €HEPreTULl
HaBYaIbHO-HAyKOBOT'O IHCTUTYTY aTOMHO] Ta TEIUIOBOI EHEPreTUKU
HamioHansHOro TEXHIYHOTO YHiBEpCUTETY Y KpaiHH

«KHiBChbKHI MONiTEXHIYHUM iHCTUTYT iMeHi Irops CikopchKoro»
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