
PEIIEH31SI 
Ha HceprauiHuy poQory 

MenbHHYeHKa ApreMa BacubOBH4a 

Ha reMy: «MeroIH Ta iporpaMH0 3aco6u niFBHUIeHHA LIBHIKOiï MOIesTeH 
po3ni3HaBaHHA oopaziB Ha oCHOBi MaiuHHHOro HaB4aHHA), 

npeFcTaBJICHY Ha 3106yTTA HaykOBOro CTYneHA MOKTOpa þiuocoiï 

B raly3i 3HaHb 12- IHoopMaiGH0 TeXHOJNOriïi 

3a cneianbH0CTKo 121 - IHKeHepi IporpaMHOrO 3aõe3neveHHA 

AKTya1bH0CTL TeMM IHceprauii 
KJIHOYOBOHO y enoxy un¢poBoi TpaHcVopMauii, HeHpOHH0 Mepeki cTanH 

TeXHONOriero iHHOBaui�HHX piueHb B 6araTbox coepax, BiJ MeIHLHHH 10 aBTOMOP1iTBHO0 
npOMHCIOBOCT0. He3BaKaoyH Ha iupoKH� CneKTp 3acTOcyBaHHA Ta BHCOK0 IOKa3HHKH 

TOYHOCTÈ He�pOHHHX Mepex, 3acTOCYBaHHA laHoi TeXHOJIOoriï BACyBae BHMOrH 10 
o64HCIKOBaIBHHX pecypciB, 3HaYHO ycKJIaHOFOYH iHTerpauiIO He�poHHHX Mepex y 
npHcTpoï 3 o6MEKEHAMH pecypcaMH. TpeHyBaHHI HeHpOHHHX MepeK BAMarae 

BHKOPHCTaHHS IoporHx i noTyKHHX rpaiHHX IpouecopiB (GPU). BuKOHaHHA 
HeHpOHHHX MepeK Ha K0HIeBHX IIpHCTPOAX, IIO He M0CTITH rpaiHHX IpOLecopiB yacTO 
HeMOKIHBe abo K cipHYHHAE BeJTHKy 3aTpHMKY, IIpH IBOMY BHKOPHCTaHHA He�pOHHHX 

Mepex B CHCTeMax <«po3yMHOrO» 10My, nepuepiHHHX o64HcneHHAX Ta MOÕiIbHHX 

3acTOCyHKax MOrJIO 3HaYHO nOIHpHTH 10CTyIHICT5 TeXHOJIOrii. 

y BinOB0JL Ha Taki BHKJIHKH Ta cTpiMKH� p03BHTOK HeHpoHHHX MepeX Haoy1H 
noIHpeHHA MeTONH o6pi3KH 0 36iNBMeHHA WBHJKOxii He�poHHHX Mepex. IIpyH0HT, 
KBaHTH3alia, nepeHeceHHA HaB4aHHA (transfer learning) e eoeKTHBHHMM METONaMH, o 
MO3BOJIAIOTH p03IIHPHTH 3aCTOcyBaHHA HeipoHHHX Mcpex i 3MeHIIHTH BHMOTH 10 

o64HcIIIOBAJILHHX pecypciB. Br0M, 4aCTO o6MeKeHHAM AaHHX MeTON0B e BTpaTa TOYHOCTI 

abo x cKJJaH0CTH B 0MIJIeMeHTaLiï. 
MeTOHD HCeprauiï e 3QiNbueHHA eQeKTHBHOCT0 MONeNEH HepoHHHX MepeK, a 

caMe 3MeHIIIeHHA 3MeHIIeHHA BTpaTH TOYHOcT0 npH 30iIbueHH0 WBHAKOii, nic1A 

3acTOCyBaHHA MeTOJ0B onTHM03aiuii MOleJieD rIHÕHHHOrO HaB4aHHA, CTBOPeHHX MIA 

BHpiuueHHA 3a/1a4 KOMII'IOTepHOro 3opy. 
BpaxoByIo4H BHIe CKa3aHe, akTyalbHHM e pozpoPka MeToNB Ta iporpaMHHX 

3acoQiB niNBHU|eHHA IBHAKOM0ï MOJleNeD po3ni3HaBaHHA O0pazi0B Ha oCHOB0 MaIMHHOrO 



HaB4aHHA, IO IO3BOJIHTb 36iblIHTH IpoyKTHBHICTH HeApOHHMX Mepex Ta HanaTH 
TeXHOJOrii 6inbuIoro nouHpeHHA 0 n0cTYIH0CTI. 

OuiHKa oÑrpyHTOBaHOcr0 
n0CTOB0pHocri i HOBH3HM 

HaykOBHX pe3yJIbTaT0B Anceprauiï, 

HaykoBa HOBH3Ha pesyNbTaT0B NHcepraui�HOro n0cinxeHHA IoIAraE B 

HacTynHOMY: 
1. YnoCKOHaNeHO MOIeIb HeHpoHHOÈ Mepexi JIa BHABIEHHA 001HY RetinaFace, 

AKa Ha BiIM0HY Bin icHyIO4HX BHKOpucTOBye MeTOI NpyHiHry SNIP IA oMTHM03auii, mo 
103BOJ1AE BHKOPHCTOBYBaTH pospinKeH0 MaTPuui AuA 3QepiraHHA 0 BHKOHaHHA Mepexi 3 
MeTOKO I1O1aIbIMOrO yIOCKOHaJIeHHA Ta 36iJIbIIIEHHA IIIBHIKOI1; 

2. ynoCKOHaNeHO MeToN npyH0HrY SNIP IA MONeIi BHABJIeHHA 00JTHY 
RetinaFace, aKHö Ha BiIM0HY Bin icHyIoYHX nepenbanae MOKJIHB0cTH BHKJIIOYEHHA 
KOHTeKCTHHX M0IYJI0B 3 Ipouecy npyHiHIy. BÊoCKOHaNeHH� MeTOI 103B0J1AE 10cAITH 

QiTbMoi TOHOCT0 Ipa He3M0HH0} K0JbKocTi BHKIKOYEHHX napamerpiB; 
3. Bnepue pozpo6neHO MeTOI npyH0Hry nepen HaBYaHHAM JIA MOIeNeD 

apxireKTypu TpanchopMep, aKH� Ha BinMiHy Bin icHyIoHX Bpaxosye BaKIHB0cT5 
MexaHi3My <(yBarH». BukopHcTaHHA pozpo6neHOrO MeTOony 103BOJNAE 3HAYHO 3PÜIBIIHTH 
TOYH0CTb KJaCHH0Kauiï kiHUeBoi MONeni B NOpiBHAHH0 3 MeTOIOM SNIP; 

4. Bnep1He pospo6neHo apxiTeKTypy iporpaMHoro 3a6e3neyeHHA 
MONeIIOBaHHA Ta n0cniKeHHA METOI0B IIpyH0HTY nepen HaB4aHHAM HeHpoHHHX Mepex, 
AKa Ha BiJM0Hy Bin icHyIoHX N03BOJIAE npABoIHTH MaTpHui BarOBHX KOeoiuieHT0B 
Mepexi 1o pospiKEHOrO VopMary, BHKOpHCTOBYoYu 3anponoHOBaHnH MexaHisM 

OL0HKH BaKJIHBOCT0 Baris. 

IJIA 

AocTOBipHicT5 HaykOBHX pesynbTar0B 3aQe3neuyeTbea eKenepuMeHTalbHHMH 
n0cHinKeHHAMH, IpoBeneHMX i3 BHKOPHCTaHHAM cyyacHoro o6nanHaHHA. HaseAeH0 y 
poõoTi HaykoBi noN0KeHHA, BHCHOBKH Ta npaKTHYHI pekOMeHAauii 10CTaTHbO 

o6rpyHTOBani, 6a3yioTBCA Ha þaKTHYHHX naHHx, AKi npencraBJIeH0 y po60T0 B 
Ta6nnYHOMy Ta rpaiynoMy BAIAni. HaykOB0 JOcHiMKeHHA PYIH BMKOHaH0 3406y BaueM 
Ha Kadenpi iHKeHepiï nporpaMHOrO 3a6esneueHHA B eHepreTHL0 «KIIl iM. IropA 
CikopcbKoro» B paMkax H/|P «MeToNn i anropwTMH OTHM03aLuiï po31ni3AaBaHHA OPpa30B 
Ha ocHOB0 MeTOn0B MauIHHHOrO HaB4aHHA» epxaBHHÄ peeCTpauiHHM� HOMep: 
No 0121U109207, IO BHKOHyBaJ1HCL B HauioHanbHOMy TeXH0MHOMY yHiBepcATeT0 
yKpaiHu «KuiBCbKHÄ IIOJ0TexHiYHHÜ inCTHTYT 0MeHi Irops CikopcbKOrO». 



Pe3ynbTaTH JOCI0NKEHL npuHAri 1o BIIDOBaJIKEHHA B TOBapucTB0 3 06MeKeHOFO 

BiJnOBiJaNbHicTIO «BOTYEJÞ (AKT B0J 20.10.2023p.), uo ninTBepIKeHO B0IIOBiIHHM 
AKTOM BInpOBaNKEHHA. 

OrKe, B IHCeprauiÄHiG poboTi IOCTaBIeHe HayKOBe 3aBJlaHHA pospoókH HayKOBO 
MeTOJHYHOrO anapary Ta II3 JIA MONenHOBAHHA i onTHM03auiï npouecy HaB4aHHA Ta 

sacTocyBaHHS HeÁpOHHHX Mepex UIA BHpimeHHA 3a1a4 posri3HaBaHHA Oopasis 3 MeTOKO 
niaBHueHHA IBHJKOniï MONeNe� posnisHasaHHA O6pasiB BHKOHaHOo nOBH0CTIO, 3106yBau 
nOBHOKo MipOro OBOJION0B MeTOIOoNorieo HayKOBoi niaIbHocT0. 

OuiHKa 3Micty AMcepraui, iï 3aBepmenicTs Ta norpHMAHHA npHHLHn0B 
3a ceoiM 3M0CTOM, AHceprauia MenbHHYeHKa A.B. nOBH0CTIO B0nOB0inae 

BHnoi ocB0TH 30 CneiaIbHOCri 121 �IHKEHepia nporpaMHoro 3aQesiieYCHHA 
HaripaMKaM 10cI0IKEHHA B0JIOB0JHO oCB0THbOi nporpaMH ÍHXeHepis 

CTaHnaprY 
Ta 

iporpaMHOrO 3aQe3neyeHHA. 
10 

Auceprani~Ha po60Ta ¬ 3aBepieHOKO HayKOBOO Ipauero i CBiJYHTb IpO HaABH0CTH 

oco6ncToro BHeCKY 3106yBava y HaykOBuH HanpaM pospoÐKH IporpaMHOro 
3a6e3neyeHHA JIA «IIHÕOKHX He¯pOHHHX MepeK». 

Po3rasHyBuIM 3BÍT NOMi6HOCT0 3a pesynsTaraMn nepeBipkn MHCepraniiHoi poooTH 
Ha TeKcTOB0 CIiBIaFiHHA, MOKHa 3poQnTH BHCHOBOK, mo AHcepraniäHa poQora 
MeIbHHneHKa ApreMa BacuJbOBHya e pesynsTaroM caMocTriHHHX A0C1iTKEHD 
3noÑysaya i He MicTHTb eneMeHT0B QaIscHQ0Kauiï, KOMT0IALui", þaQpukauii, nnariary Ta 
3ano344eHL. BHKoPHCTaH0 0jei, pesyIbTaTH 1 TeKCTH iHIIHX aBTOpiB MaroT5 HaneKH0 

noCHNaHHA Ha B0nnoBiFHe KepeJi0. IIpuHIHIH akaIeMiYHO0 10QpoueCHOCT0 He QynH 

nopyuieHi. 

MOBa Ta cTHJIB BHKIaleHHA pesyIbTaT0B akajeMiYHOÏ J0op04eCHOCTi 
Auceprauis HanucaHa ykpaïHCBKOIO MOBOID. Aucepra;ia MenbHHYeHKa A.B. e 

CTpyKTYpoBaHOO, Marepiai BHKJIaFeHo IiocJI0NOBHO, y HaykOBOMY CTHJI0 MOBJIeHHA 03 
AOTPAMaHHAM Cy4aCHOd 3aralbHOnpuÄHAToi TepMiHOJIorii. luceprauia CKlaNaETbCA 3 

BCTyny, 4oTupLOx posniniB, BHCHOBKiB, CIHCKy BHKOPHCTaHHX AKepeJn Ta AOAATKiB. 
3aranbHHa oÑcar IHceprauiï craHOBHTb 179 cTopiHOK, 3 AKHX 145 cTopiHOK OCHOBHOTO 

TeKCTY, 3 10aTKH Ha 19 cTopiHKax, Ta MicTHTH 53 pHCyHKH, 24 hopMyJn, 9 TaÑnHUb. 

y Beryni posrusnaerbCA aKTya1BH0CTb AMCepraui~Horo AocHiNKeHHA, 38'A30K 
poooTH 3 HaykoBHMH nporpamaMn, LJIaHaMH Ta TeMaMH. DopMyIIOETBCA MeTa, 
3aBlaHHA, 00'eKT Ta npeAMeT IOCH0KeHHA, HaykoBa Ta ipakTHYHa HOBH3Ha OTpHMaHHX 



pesynbTaris. IlpuBonaTBCA B0NOMOCri npo oco6ucTHÄ BHeCOK 3/106yBava Ta anpobaniro 
pe3ynbTariB AHCeprauii. 

y nepuouy posnini spo61CHO OrIJN Ta ananis cyuacHHx rIiXois 10 BAp0ueHHA 
3anay posnisHaBaHHa o6pasis, MeToJ0B o6pisKH Ta Meronis 36i16IeHHA WBHAKO1i 
HeHpoHHHx Mepex. OrpyrTOByeTLCA aKTyaILH0CTL O6paHOrO KIacy MeTOH0B AK OIHOro 
3 o6piskH rIHÐOKHX HeHpOHHHX Mepek. 

y apyromy posnini BuKNaNEHO OTHC apxireKrypu HeHpoHHOÈ MepeKi Retinaface 
IA BHABICHHA o6nH4, MeTOI IpyH0Hry nepen HaB4aHHAM SNIP Ta pesyIBTaTH 
eKcnepHMeHT0B 03 3acTocyBaHHA METOIy Jii npyHiHry gaHoi MepeK0 3 101TbIIOKO 
MOIHH0Kauieko. A po3poQkA MONHHikauiï Merony 3po6IeHO iparymeHHA, mo 
KOHTeKCTHÈ IMapH apxiTeKTyPH e PiNbI BaKIHBHMH, TOMY Bapro HanarH ÎM PIBuy Bary 
npu oópaxyHKy KpHTepiko BaxIHBOCTi. TakoK, IpoaHai3O BAHO aIBTepHaTHBHn� METOI 
oTHM03aniï MONeNem, IO ABIAE COÕOO JOMABaHHA I0 apxiTeKTYPH MOIeii I01aTKOBAX 
BHXOI0B 3ayIA Kpamoï 3naTHOCT0 y3araTbHeHHA 3HaHE, AKHH He nOkasas 3QilblMeHHA 
TOYHOCTÈ YH IIBHIKOI0i. 

y TpeTBOMY po3niI0 BHKJIaneHO onHC apxireKTypu HeopOHHO0 Mepeki 

«rpaHcjopMep» 11 KIacHþ0kauiï 306paxenb, pospoQneHHÄ MeroA npyHiary 3 
BHKOPHCTaHHAM KPUTepiïiB BaKIHBOCT0 Baris, mo BpaxoBye MexaHi3M caMoyBara B JaHiÄ 
apxireKTypi HeapOHHoi Mepexi, Ta pesynbTaTH eKCnepumeHT0B is 3acTocyBaHHA 
MOJMHÇ0KOBaHoro MeTony IA npyriury ganoi Mepexi. Takox, Qyno 3anponoHOBAHO 
ninxin A niJBHmeHHA IIBHAKoniï npu BHKOpHCTaHH0 MOIH)ikoBaHoro MeTOIY, AKHÝ 
BHKOPHCTOBye pospixxKeH0 MATPHLUi þopMary 2:4 1JIA npAuIBHAMeHHA O64HCICHB. 

y yeTBepTOMY posnini onucaHo pospo6neHy apxirexTypy nporpaMHOi CHCTeMH 
JIA IOCHiIKeHHA epeKTHBHOcTi MeTOIIB NpyH0Hry He�poHHHX MepeX IepeN HaByaHHAM 
3 BHKOPHCraHHAM XMapHux TeXHONOriH Ta M0KpOCepB0cHOrO niNxoNy. 

y lonaTKax HaBonaTBCA aKTH BnpOBanKeHHA Ta nporpaMHH� KoA pospo61eHHX 
KOMIIOHEHT0B IJIA NpyHiHry Ta npoBegenHA eKCHepHMeHT0B. 

AnceprauiÄHa poõora odopm1eHa BianoBinHO AO BHMor Hakasy MOH YxpainH 
Bi. 12 ciYHa 2017 p. No40 «Ipo 3aTBepIKEHHA BHMOr A0 opopMieHHA AHCepTaui». 

OnpuioAHeHHA pesyJIbTaTiB AHceprauiHnoï po00TH 
Haykosi pezynbTaTH AHceprauiï BCB0TIeHi y 3 HaykoBHX nyQnikauiax 3406y BaMa, 

cepen aKHx: 3 crarri y þaxoskx HaykoBHX BHAanHax VKpaiHH Kareropiï «b». Taxox 
pezynsraTH JHceprauiï 6yuu anpo6oBaHi Ha 7 HaykoBux þaxOBHX KOH)epeHuiax. 



Yci nyQnikauiï 3n06yBava MaroTb BHCOKHÄ HayKOBnH piBeHb, B HKX 10CTaTH6O 
nOBHO onHcaHi ronOBH0 HayKoBi 3106yTKH, npencTaBIeH0 B IHCepraiï. IlopymeHHA 
npAHLHni akaneMiuHoi AOCTOBipHocTi He BSBJICH0. Oco6ueTH� BHecoK 3I06yBava no 
BC0X HaykOBHX nyQnikauiH, ony6niKOBaHHx y cniBaBTopcTBi, ¬ BaroMHM. 

TaKHM YHHOM, HaykoBi pezynbraTH OnucaHi B AMcepraui~niG poóoTi NOBH0cTHO 
BHCB0TIEHÈ y HaykoBHX nyoniKauiax 3no6ysaya. 

HexonikH Ta 3ayBaKeHHA AO AHcepraniHHoÏ po6oTH 
1. 31o6yBay HaBonuTB B aKTyaNbHOCT0 TeMH BHKIHKH B 3aCTOCyBaHHA HeipoHHX 

Mepek Ha MOÐiIbHHX npHCTpoAX Ta y chepi loT, npu bOMy npoBeneHi eKcnepuMeHTH 
He BKJIOYaOTE 3amipis Ha jaHnX npHcTpogx. ByIO 6 101iNBHO BKIIOYHTH 3amipu 

WBHAKomii Ta eHeproBHTpaT Ha TaKHX ipHCTPOIX; 

2. Pospo6neHi MeTONH, onHcaHi y poszinax 2 i 3, 6asyoTbCA Ha pospaxyuKY 
KpHTepiro Ta nopiBHIOKOTBCA JIHUIe 3 MeTONOM SNIP. EyIo 6 noninBHO po3HpUTH 
neperiK MeTON0B LIA NopiBHAHHA; 

3. Po3poQneHi MeTOIH BpaxoByIOTE YH0KaTbH0 oco6IHBOcT0 HaBeneHHX 
apxireKTyp, BT0M He 3po3yMiIO, YH MOKHa nOWHpHTH 3acTOCyBaHHA 1aHHX MeTON0B Ha 
iHuui Mepexi; 

4. BuQip KIacy MeTOJ0B NpyHiHry nepen HaByaHHAM NOTpeoye nonaTKOBOro 
oorpyHTyBaHHA. HezposymiIO, YOMY aBTop oKycyeTbCA caMe Ha npyuiHry nepen 
HaB4aHHAM, I He npoBoHTb I1opIBHAHHA 3 METOIaMH IpyH0Hry IicIA HaB4aHHA; 

5. y yeTBepTOMy posnini onHcaHo pospo6neHy apxireKTypy Ma XMapHoro 
cepenOBHUla Azure Ta BHKOPHCTaHO peHMBOPK PyTorch, npH lbOMy He 6yno 
npoBeneHO IopiBHSHHA 3 0HIIHMH peaMBopKaMH 0 XMapHuMH cepenOBHUaMH, TaKHMH 
AK Tensorflow Ta AWS/Google Cloud. 

BBakako, |O BHCJIOBJIeH0i 3ayBaxeHHA He e BH3Ha4aIbHHMH i He 3MeHUIyIOT5 
3aranbHy HaykoBy HOBH3HY Ta npakTHYHY 3Ha4HM0CT5 PpesyIbTaTiB Ta He BIIHBAIOTb Ha 
no34THBHy ouiHKy AncepTauiñHOÈ poÑoTH. 

BucHOBOK npo AHCeprauiany poÑoTy 
BBaxaro, I|0 AHCeprauiaHa pobora 3106y Bava cTyneHA AOKTOPa pinocopii 

MeIbHHYeHKa ApreMa BacuIbOBH4a Ha TeMy «MeTOIH Ta iporpamH0 3acoOH 
niNBHeHHA WBHIKOI0d MONenei posnisnaBaHHA oopaziB Ha ocHOBi MauHHHOrO 

HaBYaHH9») BHKOHaHa Ha BHCOKOMy HaykoBOMy piBH0, He nopyuiye npHUAniB 
akanemisHoÏ 106p04eCHOCT0 Ta e 3akiH4eHHM HaykoBHM 10cniNKeHHAM, CYKyTH0CTb 



noniro 

TeopeTHYHMx Ta npaktHYHMX pesynsrarin AKOro poss'w*ye HaykoBe 3aBiaHHa, IO Mac 
icroTHe 3HaveHHA UIA ranysi 3naHb IHhopmariaui rexHOnoriï. J(ucepraiiHHa po60Ta 3a 
aKTyanbH0cTo, npakTHYHOIO I0HHicTIO Ta HaykoBOIO HOBH3HOKO IOBH0CTHO B0IOB0Ja¬ 
BHMOraM yHHHOTO 3aKOHONaBCTBa Ykpaïnn, I10 IepebaveHi B n.6 - 9 «flopanky 
npucynKEHHA cTyneHA nOKTOpa hinocobiï Ta CKacyBaHHA piuienHA pasoBoi 

cneuiani3OBaHoi BYCHOi panu 3akna1y BHUIOd oCB0TH, HaykoBoi ycraHOBH ipo 

npacyrkeHHA CTyneHA nOKTOPa inocoqii», 3aTBepnKeHOro TlocraHoBOFO KaÑineTy 
MinicTpiB YKpaïHn BiJ 12 ciyHa 2022 p. No44. 

3n06yBay MeTbHHYCHKO ApreM BacuTbOBHY 3acTyroBy¬ Ha ipHcy 1KEHHA 
cTyneHa noKTOpa hinocoqiï B rarysi 3HaHb 12 - IHoopMauiaHi TeXHONOri 3a 
cneuianbH0CTIO 121 - IHxeHepia nporpaMHOro 3abesneyeHHA. 

PeueH3eHT: 

B.o. 3aBiyBava kadexpu inxeHepii nporpaMHOro 3a6esnevCHHA B CHepreTHIi 
HaByaTbHO-HayKOBoro iHCTHTyTy aTOMHoi Ta TerJIOBOd eHepreTHKH 
HauioHaTbHOrO TexXH0YHOrO yHiBepcuTeTy VKpaïnH 
«KuiBCbKH� NOHITexH0YHHÄç iHCTHTYT 0MeH0 Iropa CikopCBKOro» 

1OKTOP TexH0YHEX Hayk, 1pogecop 

Bingin KaApiB 
i apxisoi 
cnpaBu 

Ne 6 ,OJOD 

2024 poKy 

OneKcaHAp KOBAJTb 
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