PELEH3IS1

Ha Jucepraniiiny po6ory Cuzonenxo Onexcanapu [AMuTpiBHN HA TEMY
«P03p06.1eHHs TeXHOJIOrIT TA MPOrpaMHuX 3aco0iB BHSIBICHHS Ta
posnizHaBauust 00’ €KTIB Y PeKHMI PeajibHOr0 Yacy», IPeJICTABICHY Ha
3/100yTTS HAyKOBOI'O CTyIIeHs! JJokTopa hinocodil 3a crienianibHICTIO
121 TeskeHepist MporpaMHOro 3ade3neyeHHs

AKTyaqapHicT, Temu auceprauii. Y cydacHoMy cBiTi icHye Oararo
MPAKTHYHUX 3aj1au PO3ITi3HaBaHHs 00 €KTiB y PeKuMi peasbHOro 4acy, HOCTIHHO
3pocTae KimpKicTh cdep MAMLHOCTI, y SKUX CYTTEBY JOMNOMOIY HalarTh
0e3miyoTHI JeTabHi araparu (briJIA), HAIPUKIAJ, 3pOIICHHS
CLIBCHKOrOCIIOAAPCHKUX YTijlb, aciHusl MOXKEK, JOCTABKA BAHTAKIB, MOLIYK Ta
TOPATYHOK JIHO/ieH, MOHITOpHHI' PaifOHiB, i HaBiTh mix 4ac GoHosux aid. OnHak,
TOYHE Ta IUBMAKE BHIBJICHHS, pO3I3HABaHHS Ta BiACTe)XKeHHA O00'CKTIB Y
BifleomoTomi JaHMX B PEXHMI pEaIbHOro dYacy 3alMIIacTbes AaKTyalbHHM
HANPSMOM JIOCII/DKeHb, KUl noTpedye MoabIioro BIOCKOHAICHHS.

Iuceprauiiina po6oTa npucBsteHa po3pobieHHIO eeKTUBHOI Ta MBHIKOL
i opMAaIiHHOT TeXHOMOTII Ta IPOIPAMHOro 3aco0y BHSBICHHS, PO3II3HABAHHS Ta
BiflcTeskeHHs 06 €KTIB y P&KHMi pealbHOro 4acy Ha OCHOBI METO/IB ITMOHHHOIO
HaBYaHHS.

AKTYalBHICTh TeMH JOC/IIKEHHS MOIArac y TOMY, IO [OTOYHH PO3BUTOK
Mozeneil [MOMHHOTO HABYAHHSA JUIS KOMITIOTEPHOrO 30py HAUUICHHH Ha
NiIBUIIEHHS TOYHOCTI BHSIBJICHHS, PO3Ili3HABAHHS Ta BijcTexKeHHs 00’ €KTiB, 1IpoTe
NpaKTHYHKH ACTeKT BUKOPUCTAHHS TAKMX AIrOPUTMIB Mac psii npodieM, azke
iIBHIIEHHS TOYHOCTI, B 3arajbHOMY BHIIQJIKY JOCArA€TLCS LIIAXOM 3HHKCHHS
mBuakonii. ToMy pospobieHHss Ta JAOCTIUKCHHS €(QEKTHMBHOCTI ~HOBHX
YHIBEpCAILHUX AITOPUTMIB, TEXHOJIOIH Ta NPOrPaMHUX 3ac00iB, 1110 OpraHivHO
MOEIHYIOTh BIACTMBOCTI KJIACHYHMX METOJIiB, alrOPHTMIB MAIIMHHOIO HAaBYaHH:
Ta Mojeiell TMMOMHHOrO HABYAHHS i Ha IX OCHOBI IOOYJ0BaHMX BiANOBIAHHMX
TIPOrpaMHHX 3aco0iB, — € aKTyaJIbHOIO, SIK B TEOPETUIHOMY TaK i B IPUKJIaHOMY
3aCTOCYBaHHI.

HaykoBa HOBH3HA OTPHMAaHHX AaBTOPOM pesyabrariB. OTpuMaHi
pe3yibTaTh JAUCepPTalliiHOro JOCIHI/DKeHHS JI€MOHCTPYIOTH HACTYIIHI HAayKOBI
JOCSITHEHHS:

1. Brmepue po3pobieHo apxiTeKTypHe PpilleHHsS [00yl0BH HeHpOHHOT
3rOPTKOBOI Mepeki 3ajadi BUSABJICHHS, PO3II3HABAHNS Ta BijCTeKEHHs 00'€KTIB B
PEXMMi pEallbHOIoO 4Yacy, IO BiPI3HAETHCA BiJl ICHYOHUOIO pIIIEHHS THM, LIO
BHKOPHCTOBYE Gillblily KibKicTs GIOKIB po3nizHaBanHs 00'cKTiB pi3HOrO PO3MIpY,
SIKe € ONTHUMI30BAHMM TS 33/1a4 KOHKPETHOT Ipe/IMEeTHOT 00acTi.

2. Brnepuie OOIrpyHTOBaHO MOMIMBICTE BHKOPHCTAlHS B po3po0IieHii
rexnosorii PFNB-6II0KY, sIKuif 6asyeTbest Ha apXiTeKTypHOMYy pitueHH] F aster-Net,
o BHKOPUCTOBYye OaraTomacmTabmy Mepexy o0’enHaHHs O3HAK  JUIA
JIeMOHCTDAIl] TIOKPAICHOI TOYHOCTI po3NisHABAHHA y NOPIBHSHHI 3 0a30BOIO
TEXHOJIOTIEIO.



3. Briepiie cpopMoBanyii Bracuuii Hallp JaHUX JUIS anpo0atiii po3podIeHol
TeXHONOr], TOUMHAIOMH 3 eTary posilisHaBanus 00'€KTIB Yy Bi/I€OTIOTOL, KM
BKMoYac 00'eKTH Ppi3HOro Macurraby BU3HA4YEHOI npeamerHol o0nacti, IO
nifTBepIUKy€e e(eKTHBHICTE PO3POOICHOT MO/IEL.

4. Briepiie 3arlpONOHOBAHO apXiTEKTYpY xpocriaTGopMHoi Gi0moTeKH st
peaizailii TeXHOJIOrIT BUSBIIEHHs, PO3III3HABAHHA Ta BiyicTesKeHHsT 00'€KTIB, sKa €
M'STHMACIITAGHOIO CTPYKTYpOIO i MicTHTh Mexanism ysarn BiFormer 3 maioio
0BUMCIOBAJILHOIO MOTYXHICTIO (3Menmrye posmip mojeni na 0,4 Mb Ha
HeBEMKOMY HAGOpi JaHuX), 1O A03BOJISE HOKPAIMTH TOYHICTh BUABJICHHS MaIlHX
06'ekTiB Ta IOKpallye yBary M0 KIo4oBoi iHQopmaili Ha kapti 00'eKTiB i
361nb1ye mAPS0 na 0,5%.

5. Briepiie NpOBEAEHO MOJENIOBAHHS MOPIBHAILHUX EKCIICPUMEHTIB Ha
YOLO v9 Ha HeBejMKoMy HaGopi JaHHX, SIKi BIIPI3HSAIOTHCS BHKOPHCTAHHSIM
pi3HHX BUJiB QYHKIH BTpaT npu 30epiraHHl IHIUMX yMOB HABYAHHS HEe3MiHHHMH,
mo roKa3zano BUKOpHCTaHHs  (yukuii  perpeciiinux  BTpar WIloU v3
HaiteeKTHBHIMOO st 100yIoBaHOi Monell i 3HaYCHHA mAP Mojeni mpH
suxopuctanni WloU v3 Ha 0,7% Bulue, HIXK NPH sukopuctanui CloU.

6. Brepiie NMpoBeeHO MOJICMIOBAHHS €KCIEPUMEHTIB IpU JOJaBaHHl 10
Gasosoi mozmeni Giokis merexrTysamus Tpynu PFNB, sixi o6'eauyiors apiOmi
0c0GIMBOCTI 1IapiB HEHPOHHOT 3roPTKOBOT MEPEKi, 1O 30UIBbLIYE HA HEBEIMKOMY
Habopi sanux 3HadeHHs MAP Ha 4,3% Ta 1pH iX 0JIHOYACHOMY BHKOPHUCTAHHI
po3mip Mozeni 1 KiTbKiCTh IIapaMeTpiB 3MEHIIY€ETLCS SMEHIIYETHCA Ha 5% (1 MB)
i KLTBKiCTB MapaMeTpiB 3MEHILIYEThCs OlIbLIIe HIK Ha 7,2% (0,8%1076).

7. Buepuie IIPOBEICHO MOJEIIOBAHHA eKCIIEpUMEHTIB Ha IOKpAlleHii
moneni YOLO v9 P, sika Biapisuserses Bix 6azosoi moneni YOLO v9 QyHKLIEO
BTPAT, METO/IOM 3JIUTTS Ta MOJAU(PIKOBAHOIO apXiTeKTypoIo GJIOKY po3Iii3HABaHHs,
0 Ha HEeBEIMKOMY Habopi JaHHX JI03BOJIMJIO OTPHMATH IMOKpAIICHH: 3HAUCHDL
mAP na 7,7% i AP Bin 2,5% yo 14,1%.

[IpakTuuHe 3HAYEHHSI pe3y]bTaTiB poGoru. VY jucepraniiHiii po0oTi
CTBOpEHO iH(OpMALiHy TeXHOIOr0 Ta nporpaMHuil  3aci0  BHSBJICHHS,
pO3ITi3HABaHHA Ta BiICTEKEHHA O0’€KTIB Y PEKHUMi PEaNbHOro 4acy Ha OCHOBI
YJIOCKOHAIEHHs. ~ CYYacHMX — METOJIB rIMOMHHOrO  HaB4yaHHs Ta  HOBHX
ApXiTeKTYPHUX PIIICHb.

Cdopmosano Habip AaHMX Julsl anpodaiii pe3yJIbTaTiB  PO3Mi3HABAHHS
o0'exTiB y Bij€OIOTOL|, SIKUH BKJIOYae 00'€KTH pisHoro maciraby BU3Ha4CHOL
npenMeTHOT 00IacT.

Pospobieni B jmcepraniiiniii poori TeXHoJoTil Ta NporpaMHi 3aco0H
OTpUMAJI BIIPOBAJUKEHHS Y misusrocti TOB  «KAHBOH  THOKMHIPIHI Y,
30KpeMa y Ipoleci po3poOKH TPOEKTY «FridgeEye», mo [103BOJIsIE NPOBOAUTH
posmizHaBaHHs ~O0'€KTIB Yy  peallbHOMY yaci Ta BUKOPHUCTOBYBAaTH B
{HTeJIeKTyalTbHIX CHCTEMAX, 110 € 0OMEKCHHMHU 38 PECypCaMH.

Takox pe3yipraTH poOOTH OTPUMAJIM BIPOBALKCHHS B OCBITHIM Ipouec
Kadeapu MaTeMaTH4HOro  3abesreqeHHs EOM  dakyinbTeTy —NPHKIAIHOL
MaTeMaTHKu J{HIPOBCHKOrO HALIOHAILHOIO YHIBEPCUTETY imeni Onecs ["onvapa
MpH  BHKJAJAHHI JMCHHIUIH «AJIIOpHTMHU anajgizy Ta METOJAM OHpaliOBaHHI



300paskenb», «CHCTEMH IITy4HOIO intenexTy», «[MOMHHE HaBYaHHI» Ta
BUKOHAHHI KBaTipikaiiHux poGiT 3100yBadiB.

OGrpyHTOBaHICTH | JOCTOBIPHICTH HAYKOBHX MOJIOKEHD, BUCHOBKIB |
pekoMeHaaUil, SIKi 3aXHIIAIOTHCS. Jlucepraiifina po0ora BHKOHAHA Ha
HANe)KHOMY piBHI 1 BiIOBiAa€ BHMOraM JOCII/DKeHb TPETHOro  (OCBITHBO-
HAyKOBOI'0) PiBHSI BULLOI OCBITH.

BBaskaio, 10 OJlepKaHi pe3yJIbTaTh B JOCTaTHiH Mipi € 00rpyHTOBAHHMH i
nocroBipHUMH. 1le 3a0€e3medyeThest CTPOricTIO Ta KOPEKTHICTIO MOCTAHOBKH 3a/a,
3aCTOCYBAHHSM TCOPETHYHO OOIPYHTOBAHMX AJTOPHTMIB, METOAIB Ta TEXHOJIOTT
imKeHepil mporpamMHOro 3abe3e4YeHHs, IPaKTHYHOIO arpobartiero 3arpornoHOBaHOl
TeXHOJIONI, a TAKOK BIANOBIIHICTIO OTPMMAHHX PpEe3yJIBTaTiB [0 BIIOMUX
pe3yJIBTATIB IHIIHX aBTOPIB i3 BIAKPUTHX JUKEPEIL.

OcobucTuii BHecok 300yBaua. Jluceprauiiina pobora € CaMOCTIIHOIO
HAYKOBOIO Tpalelo, B sKill BHUCBiT/IeHi BiacHi 1zel i po3pobku asropa, IO
JO3BOMIIM BHUPIMIMTH MocTaBjieHi 3apianHd. OCHOBHI IIOJIOXKCHHS, BUCHOBKH,
pe3yJBTATH AOCILUKEHHS i PeKOMEHaLIT, 110 MicTsITBCS! Y JiMcepraniiinii pobori
Ta BHHOCSTHCS HA 3aXMCT, OTPUMAHO 3/00yBadeM 0coOUCTO Ta 3a 0e3110cepeIHBO0
yuacTio. BukopucTani B jucepranil iiel, HOJI0KEHHS 1K rinoTe3u iHIIKX aBTOPIB
MAIOTh BUUTOBIZAHI IMOCHIAHHS | BHKOPUCTaHi JIMINE JUIs TIAKPIILICHHS inent
3J100yBaya.

OnpuioiHeHHsi  pe3yJibTaTiB nuceprauiiinoi  podorn.  OcCHOBHI
matepiany JucepraliiiHol po6oTH BifoOpakeHo y 9 HAayKOBHX nyonikaumiax: 4
CTATTi y BITYM3HSIHUX (AXOBUX BHJIAHHIX kareropii B, 5 mMarepiainiB BITYH3HAHUX
KoH(epeHLiH.

OCHOBHI pe3y/bTaTH AHCEPTalifHOro  LOCHiDKCHHS 00roBOpPEeHO HA
MIXHApOJHUX Ta BCEYKPaiHCBKHX HAyKOBHX kon(depenuisnx: «MareMaTuuHe Ta
rmporpamue 3a0e3NeyeHHs IHTENEeKTYalbHUX CHCTEMY, (MPZIS-2021-2023) (M.
Huimpo, 2021-2023 p.); BceykpalHChKa HayKOBO-METOJMHYHA KOH(EpeHLis
«[TpoGieMH MaTEeMATHYHOTO MOJIEIIIOBAHHSY (M. 27 Kam'sucbke, 2022 D.);
HayxoBa KoH(epeHLlid 3a MiACyMKaMH HAYKOBO-0¢JIIHOT po6oTH J[HIIPOBCHKOTO
marionanpHOro yHisepcurery imeni Ounecst I'onuapa 3a 2022 pik (M. [ninpo,
2022 p.).

Crpykrypa Ta o0csir auceprauii. Jluceprauiiina poGoTa cKJIaaeThes 13
aHOTALIiT, BCTYITY, TPHOX PO3/ILIB, 3arajlbHUX BHCHOBKIB, IIepelliKy BHKOPHCTAHUX
niTepaTypHuX Jokepen i3 47 HalMEHYyBaHb. Marepiamu puceprauiiiaoi podoTH
suKyaneHi Ha 172 cTopiHKax, MicTsTh 58 pHCYHKIB Ta 14 TabmHIb.

Y ecmyni OBIpyHTOBaHa AaKTYalbHICTb HaHOI auceprauiiinol podoTH, a
TakoX cgopMylbOBaHa 11 MeTa Ta 3aBIaHH:. Busznaueni o00'exr, npeaMeT Ta
METOIOJIONI0 JOCIiKeHHs, BiJ3HAYeHA HAyKoBa HOBM3HA Ta MpaKTHYHA
3HAUYILICT OTPUMAHMX PE3YIBTATIB. Tpencrasienuii 0coOMCTHH BHECOK aBTOPA Y
BHKOHAHOMY JOCII1UKEHHI.

V nepwiomy po30ini HaJaHO ONMC ICHYIOUHX pillleHb, NPOBEIEHO aHAI3
niTepaTypH, PO3IISHYTO Cy4acHUH CTaH JOCTiIKeHDb 1 TMePCIeKTUBH MMOJAJIBIIOr0
PO3BUTKY. 3 ypaxXyBaHHSIM aKTYyaJlbHHX po0JeM, BHUSBJICHHX Y IPOBEACHOMY
OCITLDKeHH], BU3HAUEHO OCHOBHI 3aB/1aHHs POOOTH.



Y dpyeomy po30ini HABEEHO TOCIIIOBHHI OTIUC metofiB cimeifctea YOLO
ta Faster R-CNN Ta nposeaeHo ix npakruune nopisusuus. Ha OCHOBI OTPUMAHMX
pe3ysibTaTiB OOIPYHTOBAHO BHKOPUCTAHHS aJIIOPUTMY cimetictea YOLO jurs
NOJANBIIAX JOCHiKeHb. Takok B LbLOMY PO3/il HaBeleHO AETAaJbHUH OIHC
anropur™y YOLOV9, ta BUCBITIEHO BUCYHYTI aBTOPOM MOKPAILCHHS.

Tpemiii po30in NpucBsiueHui 1Ipollecy PO3POOICHHS TEXHONOI] peasnizaiii
MporpaMHOro 3aco0y poO3Ni3HABAaHHA Ta BiAcCTeXeHHs 00’ektiB. B HbOMY
PO3IVIAHYTO IPOLEC MIArOTOBKH HAbOpy JaHMX, BHOOpPY CepelloBHINA Ta
TEXHOJIOTIH po3pOGIEHHA IPOrPAMHOIO TIPOAYKTY, TOTOBHX MPOrPaMHHUX MOZLYJIiB
Ta pe3yJIbTaTiB €KCIIEPHMEHTY.

YV gucnogxax TiABENEHO MIiACYMKM MOCHIIDKEHHS, sKi BimoOpaxaroTh
OCHOBHI JOCSATHEHHS Ta pe3yJIbTaTH HayKoBOi poOOTH.

Hepenix  suxopucmanux Odceped MICTHTH TIOBHY iH(opMaLio 1po
niTepaTypHi Ta iHpopMaliliHi pecypcH, 3aiydeHi 10 HOCIiLKEeHHS.

MoBa Ta CTHAbL BHKJaZeHHs pesyabraTiB. Juceprauis HamucaHa
yKpaTHCHKOIO MOBOIO, IO 3abe3nedye 1T JOCTYNHICT s HAYKOBOI CIHUJILHOTH Ta
MpakTHKiB B Ykpaini. Mosa € 3posymijiowo, npogeciiiHoo Ta BIITIOB1/IHOKO
HAyKOBMM CTaHjapraM. TepMiHOJIOrisi BUKOPUCTOBYETHCA KOPEKTHO 1 Biamosinae
CydacHHM HAyKOBHM CTaHJapTaM. 3arajoM, aucepTaliiina po6ora mae p00pe
opragizopaHy CTPYKTYpY, WiTKuii i npodeciiinuii cTuiIb BUKIIAJIEHHS, 110 CIPUIC
TIOBHOMY i IIPaBHJILHOMY CIIPHIHATTIO PE3yJIbTaTiB AOCII[KSHHS,

Jucxkyciiini nUTAHHS 1 32y BasKeHHsl.

1. Y mepmomy po3Jiiii Ha cTOpiHIi 58 BKa3aHO, 10 HOBIIIOIO MOJEILIIO
YOLO ¢ YOLOVS, npore fani y muceprauii posrisinaersest Mozens YOLOVY.

2.  He nywe 3posyminuM € BuOip anroputmy Faster R-CNN B
MOPIBHSIBHOMY aHaJi3i, a/pke [eH anropuT™ BIIHOCHTBCS 110 ABOCTAIHMX METOIB
JeTeKIil i 3aBigoMa IMpalfoe IOBIUE, 10 POOHUTL HOro He JAyie NpUAaTHUM VI
posmizHaBaHHs y pealbHOMY 4aci. MOXKIHBO JoUiIBHIIIE Oyiio O NOPIBHIOBATH
OJIHOETaIlHI METO/IH.

3. Ilpu posryismi NWTamHs 3MCHINCHHS LIyMy Ha 300paKeHHSX I03a
YBArolo 3aJUIIHJIMCh METOM MITMOMHHOIrO HABYaHHS, HANPHKIA], aBTOCHKONEPH,
[0 € JOCUTH aKTYaJIbHUMH Ha IIOTOYHHHE MOMEHT.

4. HackiibKi e(peKTHBHOIO IIpH NPAKTHYHOMY 3aCTOCYBaHHI € OTpUMaHa
SKICTH PO3ITI3HABAHHS?
5. Ha jiesikiX CTOpiHKaX poboTH HasiBHI JAPYKAPCHKI TOMHIIKH.

3asHaueni 3ayBaKeHHs He BIUIHBAIOTH HA 3arajibHUil PiBEHb I0J@aHOI Ha
pelieHsiio poGoTH, He CTABIATH TMif CyMHIB HAayKOBY HOBHM3HY Ta NPAKTHAHY
HiHHICTH pe3yNbTaTiB JOCITi/UKEHHs 1 HE BIUIMBAIOTh Ha 3arajbHy IO3UTHBHY
OL{HKY JICepTalliiiHoi poOOTH Ta PiBHs KBaTi(iKaLil 3100yBaya.

Jaraapui BucnoBku. Jlucepramiiina po6ora Cumzonenko OnexcanIpH
JIMuTpiBHE Ha TeMy «P0o3po6IeHHs TeXHONOrIT Ta NPOrpaMHIX 3ac00iB BUSIBJICHHS
Ta PO3Mi3HABAHHS 00 €KTIB Y PEKUMI peabHOr0 4acy» NpeACcTaB/IcHa Ha 3100y TTsI
cTymenst Jokropa Qizocodii 31 crniejanpHocTi 121 [HXeHepis MPOrpamMHOrO
3a6esreueHHs € aKTYalbHOIO 3a 3MICTOM 3aBepIICHOI0 HAYKOBOIO Npall€lo, MICTHTB
HAYKOBY HOBH3HY T4 TPAKTUYHY LIHHICTD. OcHOBHI pe3y/bTaTH Ta BUCHOBKH



poGori oOrpynToBaHi i JOCTOBIpHI. Odopmitenns:  mucepTanii BiImoBiA€
BIMOTaM, 3aTBEp/DKEHHX Haka3oM MimicTepcTsa OCBITH i nayku Yxpaing Ne 40
gix 12.01.2017 poky. Meroauunuil piBeHb, HayKOBa HOBH3HA 1 mpaxTH4He
3HAUEHHs], PiBEHb ONPUJIOIHEHHS Pe3y/IbTaTiB PELeH30BAHOI poboru Bianosizae
BEMOraM 0 AMCepTalliil crymeHs jokropa (irocodii 3riIH0 3 BHMOI'AMH
INocranosu KaGixery Minictpis Yipainu Bija 12 ciuns 2022 p. Ne 44 (31 3Minamn)
«ITpo 3aTBepIKeHHs MOPAAKY MPUCYLKCHHS CTYNEHS IOKTOpa ¢inocodil Ta
CKAacyBaHHs pilIEHHS Pa3oBOi Cleliali3oBaHol BUEHOI paaM 3aKjany BHIIOI
OCBITH, HAYKOBOI YCTAHOBH IIPO IPHUCYKEHHS CTYIEHS NOKTOPa dbinocodiin, a II
aprop Cuzonenxo Ounekcanzapa JIMMTpiBHA 3aCITYTOBYE IPHCY/UKCHHS HAYKOBOTO
crynens gokropa ¢imocodii B ramysi 3HaHb 12 Tndopmariiini TeXHONOTI 3a
cremiansaicTio 121 TmkeHepist IporpaMHOro 3ade3rnedeHHs.
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