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Ha Ar4cepraqifiHy po6ory

MPAKA BACI4Ig EOTAAHOB I,II{A
METOAI4 TA 3ACOEI4 PO3IT3HABAHH'

P YX OMI4X OE' C KTI B B TEIIEK OMYHI KA W%ILII1IX C I4C TE MAX
B PEAJIbHOMY MACIIITABI I{ACY

npeAcraBneHy ua :406yrT, HayKoBoro cryrreH, AoKropa sinocosii
s rany:i 3HaHb l7 < ErexrpoHixa ra reJreKorvryuirauii >

sa cneqiaruHicrro 172 <<TercrcovryHixauii ra pa4iorexHixa>

A xmy aa o ruic mo mett u d ucep ma qii

[[sI'IAxI'Ifi po3BI,IroK rexHoJlorift crnoproe norpe6y n pospo6qi ra nupona4Neuui

e$err:unuHx cplcreM aBroMarzsaqii upoqecin niAeocnocrepexeHHq ra iAeurusixauii
o6luqqr oco6n.

CyracHi cI'IcreMI4 siAeor\,Iouiropranry BuKopr4croByrcTbc, He Jrgrrre .unfl

craHAaprHoro HarJIflAy, ane it lttx ananisy none4iuxoBr.rx [arepuin, [porHo3yBaHHf,

norenrlifiuux 3arpo3 Ta uaeit nnfl ynpaaniunr roroKaMr4 nroAefi. 3asAaHus

posnisHanaHHt p)D(oMLIx o6'ercrin y rar(oMy KoHreKcri crae ule cKJraAuiuruu qepe3

uocrifiuo sNaiurosaHi y*ronu cepeAoBr4ur&, B rKoMy Airorr qi czcreuu. Kpi1,r roto,3HaqHo

3pocrarcTb BHMorr4 Ao roqHocri ra urs[Axocri aHzuri:y.

Kouu'rcrepnufi sip, nocurenufi MeroAaMr{ uu6oxoro HaBr{aHH-s, nponoHye

innonauiftHi pirueHna Mfl qux upo6reu, Ao3BoJrflrcq[ crBoproBarr.r crrcreMr4, rrlo

npa{lororb y peEIJrbHoMy qaci s uiHirraanruvMLr 3arpvtMKaMa. Ue Halssaqafiuo BaxJrr4Bo

Nrfl raKLrx cSep, {K AepxasHa 6esneKa, TpaHcuoprui rraepexi ra Haniu posApi6ua

ropriux. Taxuru qr,rHoM, pospo6xa HoBr.rx MeroAis i :aco6is

o6'exrie e HarirJrbHoro HayKoBo-[paKTr.rr{Horo 3aAaqero,

BAocKoHannru icHyro.ri cHcreN,rr.ro aJre fi sua.{Ho nilsuuHrr,r

6esuexz y cf{acHoury cniri.

po:uiauaaaHH, pyxoMr{x

flKa 3AaTHa He JILIUe

x pinenr KoHTpoJrro ra



3o'nsox podomu i HoyKosuMu npozpoJttanu, nnauottu, metioJltu.

flr.rcepraq ifi ne Ao cl igxenua n poBoAr.rJr oc r :riguo 3 rrJraHaMu HayKoBo-4ocli4uux

HauioualsHoro yuiaepcureryra HaBqiLJrbHr{x po6ir Ka$eApr4 reneKoMynixauiil.

<JIreiBCbKa norirexsixa>. 3oxperraa - B Mexax aepx6roaxersoi HayKoBo_4ocni4Hraqrxoi

po6oru, ,Ka BI4KoHyBanac, ra$eaporo reneKoMyHixaqifi <Po:po6neHH, inuosauifiHax

MeroAis ra saco6iB po3ropraHus inrereKry€LnbHoi iusoprvrarliftHoi iuQpacrpyKrypr.r AJry

noAsifiuoro BI,IKopI{craHH{ B yMoBax qusponoi rpaHcooprr,rauii Yxpa[rra> , (2024-2025

pp.), Na Aepxpeecrpauii 0123U 1 00232.

Hayxooa Ho6u3Ho pqynbmomio ducepmoqiilruoi poflomu

Brleptxe 3arlponoHoBaHo MoAeJrb posni:nanaHHfl o6ruvvr,3acHoBaHa Ha BurB-rreHsi

pyxy y cl4creMax nigeocnocrepexeuan, xxuit 3ocepeAxyerbc, He Jrarue Ha erarrax

BI'If,BJIOHHT ra posui3HaBaHH, o6luuvr, €Lrre BKJrrcqae B[qBreHH, pyxoMr4x o6'exrir,

rrlo 3MeHruye o6car AaHr.rx, rxi uorpi6no o6po6urw. l{efi uiaxia Mae pflA rrepeBar,

TaKI4x rK: 3MeHIrIeHHfl o6crry AaHI{x, niAsarqeuH, trrBr.rAKocri uprEftHqru piueuua,

3HlIxeHHs cnoxzBaHHr eueprii, yuinepcaltuicrr, [oKparrleHH, npoAyxrusHocri.

BzqsreHH, pP(oMI4x o6'exris Ao3BoJrfle o6po6nau4 Jrr{ue ri .{acruHra so6paxeHHr,

ae sia6ysarorbcq :uiHlz, ulo 3HaqHo 3MeHruye o6cxr ilaHt4x, sxi norpe6yrors

o6po6xra;

ua6y'n rIoA€LJIbIxoro po3BIarKy MeroA Br,rsBJreHH, 4uuauiuuax o6'exris Ha

sireonocrigonuocrax, ocnosaH[fi Ha €urropr4TMi ViBe, sxuit noeAHye B co6i

BAocKoHtulelf.uir ViBE ra BLIKopI4croBye KyMynrrr4BHe cepeAH€ 3HaqeHHq ra

MexaHisN,I [iApaxyHxy nixcenie Ars rxBr.rAKoro ycyHeHHr upunra4in, i a4anrusHr.rfi

ViBE, r.r<uir o6.Iucrroe siluosigHui4 pagiyc 3arrexHo ni4 srraiHu Sony. I-{e 4osnolre

nirnnururz eQexrunnicrr Br{rBJreHHtua6,5Yo n nopinHauHi s eigouuna MeroAaMr,r;

3a[ponoHoBaHo MeroA Ailfl ourprrraisaqii ni4eouoroxin, 3Hrrr4x KaMepaMr{

n igeoc locrepexeH Hq s o6 N,IeNeHr4 M pec ypc oM, trcuit B r.rKop r,r croBye aH an i : pyxy anr

nepeaavi qepe3 reneKoMyHixauifiuy Mepexy JrHrrJe sN,riuu n xa4pi i peroncrpyxuii

rloBHoro KaApy na npufiuanruifi cropoui, ruo Ao3BoJrre 3MeHUJurv HaBaHTaxeHH,

Ha Mepexy rc 30o/o B 3arexHocri eil xinrxocri pyxoMr{x o6'exris y KaApi.



Cmyniruo odrpynmooanocmi HayKorux noJtoilceHo i oucruooxio ducepmat4ii ma k
docmoeipnicmo

Hayxori rroJroxeHHf, Ta BlrcHoBKlr, uo Micrsrbcq B Ar.rceprauifiniil po6ori, e

TeoperplrlHo o6rpyHToBaHIzMI,I i ui4raepAxyrorbcr rrpaKTuqHoro peanisauiero niA .rac

BI4KoHaHH{ HayKoBo-Aocniluux po6ir, anpo6aqiero Ha HayxoBr.rx rraiNnapogHnx

xouSepenlliflx i HayKoBI,Ix cerraiuapax. Aaexnaruicrr pospo6neHux Merolis i arroprarrvrin

ui4raep4xy€Tbcfl p e3yJrbraraMa eKcrrep r,rMeHTarrbHrrx Aocr iAxeus.

IfpaxmuuHe 3HaveHHfl

OlparvraHi aBropoM uayxoni rloJroxeHH, ra npaKrpr.{ui pe3ynbrarr,r Moxyrb 6yru
nuropucraui rpn no6yaoni inrenerryaJrbHrlx cr4creM nigeoHarlx4y. Ilpaxrvvny
qiunicrr HayKoBHx pesymrarin, sxi orpuuaui B alaceprauii, ni4rnepgNeno ix

BrpoBaAxeHH{M i rnxopncraHH.rrM y BAT (yKPTEJIEKOM), TIOB (fIfAI_[EHTp
yKPAIHA>, TsOB (MAKCITEX), a raKox ra y HaBrrzurbHoMy rpoqeci xa$eapra

ren eKoMynixaqifi HauionalbHoro yn iaepcurery "JlrniBcbKa nolirexH ixa".

Iro eH o mu o np un ru d He H Hfl p uyfl b mamie d uc e p ma qi iltt oi p o 6om u

Pesyrrrarv ,;vceprauifiHoi po6oru Mpaxa B.E. aouosiAanucq i o6ronoproBaJrHCs

Ha uiNHapo4Hr,rx HayKoBo-npaKTr4r{Hprx

Br4ruraAeHi y l l HayKoBHx ny6nixarlirx, 4e

4ucepraqii, 3 Hr4x orpr.rMaHo earoMufi

ra Hayr(oBo-Texuiqnux rcou$epenuirx ra

nosuicrro ei4o6paNeHi ocHoeui pesynrrarn

uayxonuft aopo6ox acnipaura y sprrsAi

ouy6nixonaHplx 8 crarefi y HayxoBrrx Saxonrax Br4AaHHrx YxpaiHu; 1 crarrfl y HayKoBlrx

nepio4uuul4x BI{AaHusx iuulux AepxaB, rrlo BKJrroqeni Ao Hayr(oMerpr4r{Hux 6az lanux;2
re3r4 Aorron raefi xoHQepeHrlifi .

Kopomrcuit utto"tis cmpyKmypu ma suicmy ducepmaqiilruoi podomu

lucepraqifiHa po6ora BrrKJIaAeHa Ha 165 cropiHKax ra cKJraAaerbc, s anoraqii,

euicry, uepeaixy cKopor{eHb, Bcry[y, rrorr,rpbox ocHoBHzx pos4inin, n lxux rr,ric'rurrcq

42pncyuxin, cnucxy BI4I(oprICraHprx Axepen s 165 Hafiuenynaur. 3a crpyKryporo, MoBoro

Ta crI4JIeM BI4KJIaAeHHI 4uceprauia siAnoeilae Br.rMoraM MOH VxpaiHra. Po6ora

HaIIucaHa rpaMorHoto yxpaiucrrcoro MoBoro 3 Br4KopHcraHHrM cyracuoi uayxonoi

repuiuolorii, a crI,IJIb BIIKJIaIeHHa uarepiaily e nocli4oaulrM Ta rori.{Hur\a.



Y ncryni o6rpyHroBaHo altry€LrlbHicru reuz Alrceprarlifiuoro AocriANeuus ,

[porpaMaMr.r Ta reMaMr.r,

npaKTurrHy qinnicrr ra

Y nepruoury pos4ini posrnaHyro npilHrlr4rr4 uo6y4onrE ra Syuxqiouynauur rx
craHAaprHHx cr4creM aigeocuocrepexeHHr, TaK i CZCreu,

Naoxrusocri siAeoauariruxu. Eyno [poAeMoHcrpoBaHo, trlo

po3Br{rKy iHsoprraaqifiHux rexuolorifi Br4KOpr4CTAHHfl Ct{CTeM

Br,rxJrroqHo ana $ixcauii noaifi e HeAorrirbHr.rM.

V 4pyrorvry po:4ini 3arlporloHoBaHo esextuouafi zurropuru niAuiNaauuq Sony,
sacHosauHfi Ha rvrero4i ViBE, agauronanufi Arrfl, cKJraAHr.rx yMoB. Bin Brurroqae

BAocKoHuureruuit viBE, rrxuit Br.rKopr.rcroBye Nrexauisi\,r uiapaxynxy uixceris i

KYMYJI'TI,IBHE CEPCAH€ IN' IXBI4IKOfO BIIIAIICHHfl <<IIPUBKIAiN>, A TAKOX ANA'ifl]]|,rJLIU1I

ViBE, qo Br43Harrae sNriuuufi pa4iyc 3€LrrexHo sia Souonux grr,riu. Taxox 6yno
3alpo[oHoBaHo aIrropI4TM crI'IcKaHHq siAeo AJL KaMep s o6NaexeHr4M]i pecypcaMvt, nxui,t

3aBA.rrxr.t auani:y pyxy Br,rAiurre :afiei nixceni Ta r(aApr4.

3anponouoBaHo Hoelrfi MeroA posuisuanagH, o6luu, sxuit 6asyerrcx Ha

BI4'BJIeHHi pyy, IIIo Ao3BoJIre He rilrxz Br4flBrrflTu ra iAenrraQixynaru o6ruvur, ane fi
3MeHuryBaru o6csr AaHr,rx 4nr o6po6xrz.

Y rperrorvry po:4ini 6ylo tlpoBeAeHo recryBaHH, anropr4rMy ViBE Anq cKnaAHrx

$ononux )rMoB, a raKox orlinxy crifixocri uo4erefi 4o pisnnx uonoporin o6ruuu.r, sryrigu

ftoro posuipy ra qacoBux BI,Irpar. Haftxparqi pesynrraru [oKa3aJrr4 ruroAeri

RetinaFaceResNetl25, DSFD i RetinaFaceMobileNet}.25, sr<iskrssurr.r Bt4cor(y ro.{Hicrs
()0,e; rpPI BI'I3HaqeHHi o6ruq 3 rroBoporaMu B Mexax [a5;45], ,uo e npufiHarHr.rM Arry

cl4creM 6e:nexu. TaxoN lytulocriANeHi ueroAu crr.rcKaHHq eiAeo: o6uexeHprx r(aMep

ra nopinuflHo Merogu posni:HaBaHHq o6ru.r.
y qerBeproMy po3AiJIi ArL crBopeHH, 3acrocyHr(y Br{Kopr4croByBang MoBt4

qxi Br4Kop14croByrorb

Ha cyqacHoMy erani

ni4eocuocrepexeHHfl

cQoprr'rynroBaHo Mery AocliANeHHfl ra HayKoBo-rpurua4Hi 3aBAaHHs, ueo6xiAni anq ii
AOCflrHeHHr, tIOKit3aHo 3B'fl30I( nocninxeHHq 3 HayKoBHMr{

HaBeAeHo HayKoBy HoBr.r3Hy orpr4MaHr,rx pesy*rarin, ix
oco6acruft snecox :4o6ynavxH.

rporpaMyBaHH, Python pa3oM s 6i6rioreKaMr4 OpenCV, TensorFlow ra pickle. Bouu
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AonoMorJII4 po3po6I4TI4 KOMIIoHeHTI{ cHcreMH, f,r(i 3MeHruyrorb HaBaHTaxeHHfl Ha
reJrexoMynixaqifiHi rraepexi ra

i4euruQixaqii o6nnv.

ni.uslaulyrcru e$ex:rznHic.rr posni:uanaHH,

y 3araJlbHrrx BHcHoBKax Al'Iceprauifinoi po6orn c6opuynroBaHo ocHoeHi
pe3yJlbrarr.r Ar,rceprauifiuoi po6orz, sxi y3roAxyrorbcs 3 Meroro Ta 3aBAaHHrMr.r

Aocri.uxeHHrMpr.

3ayoatceHHn mo ducryciiuti noaouceruun t4odo suicmy ducepmaqii
v po6ori cnil 6inrtt,e yBarI'I upu4inaru o6ueNeHHrM 3alporroHoBaHr.rx naeroAie.

Hanpzrura4, rxi cKJIaAHoIrIi rr,roxyrr Br.rHr.rKarr4 niA qac ix npaxrnr{Horo Br,Kopr4craHH,
B yMOBaX peaJrbHoro qacy a60 ua pecypco3ulrrexHr,rx llplacI]pof,x.

Y po6ori He po3rnrHyro rIHraHH{ 6esuexu si6pauux ra o6po6JreHr{x siAeoAaHHx,

oco6Dtso B KoHTeKcri xonQiaeuqiffnocri Ta 3axr{cry aia uecaHxqioHoBaHoro

Aocryny.

Y'racrzHi, Ae posrrsAaerbc, eKc[epHMeHTaJrbHa qacrr,rHa, 6axano .Hararw 6i-rrrrue

crarl'IcrplrrHl'Ix AaHI4x An.'I Kpalqoro po:yrrainHr po:no4iny uoxz6ox i pe:ynrraris.
v 'rerneproMy po:4ili, Ae onl4cyerbc, rrpofpaMHa peani:aqir, Heo6xiAHO AOAarLr

6inrure rexuiquux Aer€rnefi upo apxirexrypy cncreMr,r, uoAeni [porpaMyBaHH, i
KoHKperHi piruenua uoAo onrurraisauii.

3anponononaui MeroAt4 onncasi Ha BucoKorvry pinHi, are 6paxye MareMarr4r{Hr,rx

uoAelefi a6o o6qpyHryBaHb e$erruanocri xouxperHux €rJrropr{rMin. Eyno 6 xopr,rcuo

AOAarrr 6 inr rue Q op N,ranilurx Mare Marr4r{ Hr4x B 14 Kn aAOK.

Y sucHosxax Ao .[pyroro ra Tperboro pos4inin 3a3HaqeHo, trIo 3arrponoHonaui

piruenHx Ao3BoJI{rcTb 3MeHIrILtrv HaBaHTaxeHHfl Ha reJreKorrayniraqifiHy Mepexy Ao
90o/o e 3anexHocri sia rilrrocri pyxoMlax o6'exrin y xa4pi, [pore 3 reKcry cauoi
Axceprarrii oqesrAHo rrlo ftAerrcs flpo 3MeHrxeHHfl HaBaHTaxeHH, lo 30oh.

B AI{ceprauifiuifi po6ori 6yno 6 Aorrinruo HaBecrr4 rpr4KJraAr4 3acrocyBaHH,

pospo6neuoi nporpaunoi uoAeni posnisuaaaHH, ra iaenra0ixaqii o6luq 3

BpaxyBaHHqM xapaKTepHcrllK pezl[bHoro o6ra4eaHts, a raxox HaBecrr4 upaxrzuHi
peKoMeHAauii uo ii eaxopueraHHro.

7.



8. llpu Br{KJraAeHi srvricry 4ucepraqii AucepraHr AorycKae oxpeuri ueroqHocri
repuiuoloriquoro i crunicrur{Horo turaHy, sycrpiuarorbctr rpaMar[.{Hi rroMr,rJr1r,r.

cnh 3a3Har{I4TH, IIIo 3a3HaqeHi 3ayBaxeHH.g He 3Hl{xyrort gara6soi nogrrusHoi
ouiuxu Ar{ceprarlifiHoi po6oru.

Bucuooxu

AracepraqifiHa po6ora Mpaxa Bacurq EorAauosuqa <Mero4u ra sacoOh

po:ui:nanaHH, pyxoMl{x o6'exria B TenexoMyuixaqifinnx c[creMax B peaJrbHoMy

uacu[a6i qacp) e 3aBeplueHolo HayKoBoro [parlerc, flKa [peAcraBJreHa ua s4o6yrra
HayKoBoro cryreHH, AoKropa $inocoQii sa cneqialruicrro 172 <<Tercxouynixauii ra
paAiorexHira> (ranysr 3HaHb 17 <Enexrpouixa ra reJreKorvryuixaqib>) ra sa cnoiM
suicroiu, crpyKTypoto, o6cltotr,t, HayKoBoro HoBr,r3Horo ra [paKTr.rr{HUM 3Har{eHHrM

sirnosiaae nacropry cueqianruocri 172 <<Tercxorraynixaqii ra pa4iorexHira>, Br{MoraM

<Ilopr4xy rpl4cyAxeHH, cryreH, AoKropa Sinoco$ii ra cKacyBaHua pirueuua pasoeoi

cneuianisosaHoi palu 3aKJraAy Br4utoi ocniru, uayrconoi ycraHoBt4 npo rpucyAxeHH{

AoKropa QinocoSii), 3arBepAxeHoro rocraHoBoro Ka6iuery Minicrpin Vrcpa fuu sil 12

ciquq 2022 poKy Ns44 :i sN,riHaNaz sriAHo : flocraHoeoro KM Nb9s4 Lw 2l .03.2022, a i
aBTop, Mpax Baculr Eor4aHou.Irl, 3acJlyroBye [pucyAxeHHf, fiorray HayKoBoro cryneHt

BIT

Map'ru KI4PI4K

AoKropa QinocoSii sa cneqialruicrro 172 <<Tercxorvrynixarlii ra pa4iorexuixu.

OQiqifiuufi peqen:eHr,

AoKTop rexui.{u[x HayK, upoSecop,

npo$ecop xa$e4pra reneKoMyu ixaqifi

HarrioHan bHoro yu iaepcrrery

<Ilr,siBcbKa nol irexsi rca>

<flilnac A.r.H., upo$ecopa Ku xa M.I.

Bqeuraft ceKperap

HaqionanbHoro yHiae

3acBuqyro):

'.^\*-/ -:. u'Uy*W

<JlrniscbKa nolirexn Poprau BPVIIIIHCbKVIVI


