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reHeparr{BHrrx 3MaraJrbHux HefipoHHIrx Mepex B yMoBax arraparHo-
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foroeyrovrafi: Cileurco €eren Bircropoeuq, K.T.H., AorreHT, :ani4ynau xa$e4pn
iurerexryzlrrbHr4x inQopvrartifi nrax c[creM.

C experap : Illepyrc Auacracir Bo.n o4u nr up inna, uponi4urafi Saxineur xa$egpra
iurererry€LrrbHr4x in$opuauifi uux cr{creM.

llpzcy'rui Ha 3aclplarurui 22 oco6u (s rrux 9 - Aoxropr4 HayK, 8 - :ria:n1pr1utLt

nponi4nufi Saxineqr xaQeapu

nayx).



CJIYXAJIII:
Aouosiar acuipanra Crprora Onexcau4pa Cepriftonuua Ha rervry

<Ourrarr,risauis reueparr4BHr4x 3Mara[bHrzx uefipoHHr.rx Mepex B yMoBax a[aparHo-
napaMerpr4r{Hr4x o6rrexenu), rroAaHoi ua :go6yru HayKoBoro cryrreHf, AoKTopa

QinocoSii sa cueuianrHicrro 123 - KoMr'rorepua iuxenepir (rany:r suaHr 12

In$opruauift ni rexnonorii).
Teua Ar{ceprauii Crproxa OrexcauApa CeprifioBr4r{a 3arBepAxeua Bqeuoro

PaAoro tlopHorvropcbKoro uaqiouanbHoro yninepcurery irraeHi llerpa Morulu
rporoKon }lb 14 eia 12 Jrl4croraAa 2020 p. Cxopzronauy reMy auceprauii
<OnruNaisaqir reHeparl4BHr4x 3MarilrrbHnx nefipoHHr.rx Mepex B yMoBax a[aparHo-
napaMerpr{rrHux o6rrrexenr>> 3arBepAxeHo BqeHoro PaAoro r{opuorrlopcbKoro

uaqiouarrHoro yuinepcwrery ivreui llerpa Morulu nporoKon I& 9 sia 26 xosrLrs
2023 p.

Hayxonufi xepinuzr - Kou4pareHKo IOpifi llanrenifioBr4rr, A.T.H., npoSecop,
npo $e cop rca$ e4pu iu'rerexryiurbHr{x in Sopuauifi uux cr4creM.

AOIOBTAb 3AOEYBATTA:
lllauosuvfi roJroBo, ruaHoeui yqacHr,rKr4 naixxaSe4pulnbHoro HayKoBoro

ceuiuapy raSe4pra iurerexryarbHL4x iu$opruaqiftnux cucreu! ,{osnolrre
npeAcraBr4rlr pe3ynbrarr4 Ar4cegrarlifiuoi po6oru Ha reMy: <OnruMisaui,
reHepaTLIBHI4X 3Mar€L[bHI4X UefipOUUUX Mepex B yMOBaX anapaTHo-[apaMeTprcr{Hr4x
o6rraexeur>. Po6ora BI4KoHaHa Ha xa$eapi iurelexryarrbHr.rx insoprr,raqifiuux
cl{creM 9opuorraopcbKoro uaqiouarbuoro yuinepcrrery irraeni llerpa Morunu niA
HayKoBI4M xepinuuqrBoM AoKropa rexuiquux HayK, upo$ecopa Kou4pareuxa IOpix
IlaurenifioBt4rra. Ha Barlr po3rurrA 6yae rpeAcraBJreHo rorixy 4ocri4xeuua,
Teoper[t{ui ra eKcrlepuMeHramni pe3ynbrarr4, a raKox [paKTr4uui percouesAarlii,
arptMoBani Ha oururrigaqiro reneparr.rBHr4x 3MariurbHlzx uefipoHHr4x Mepex (f3M)
B yMoBax ar aparHo-rapaMerpl4rlHl4x o 6ueNeHr (AnO ) KopAoHHkrx uprzc'rpoin.

Arcrya.nuuicrr reMrr Aoc"[iAxeuuq
Cy.racHufi po3BI4roK cucreM lxryr{Horo iu'rener<ry (LL[I) AeMoHcrpye

exclloHeHrlianrne 3pocraHHq rapaMerpie urryrrHr4x uefipouunx Mepex (HM) i ix
ganeNHicrr siA xMapHI4x o6.Ilacreur. llpore Anr 3aAar{ peilrrbHoro r{acy r{r4 3
sa6esueqeHH.f,M rou$i4erruifiuocri AaHr4x neo6xiAnicrr rtocriftnoro :n'taxy 3

xMapHLIM cepBepoM e cyrreBr4rra seAonixov. Touy peani:aqi, cucreM uryqHoro
iurererry 6esuocepeAHbo ua uixpoKoMr'rorepax ra KopAoHHr,rx npucrporx e

aKTyanbHoto neo6xi.4nicrro. Pa3oNa 3 TlrM, po3ropraHH, pecypoHotrricrrux
reHepaTI4BHLIx apxirexryp B yMoBax anaparHo-[apaMeTpr.rrrHr4x o6ueNeur
loB'{3aHo g o6.rucrroB€ulbHolo cxraAuicrro ra secra6ilruicrro uas.Iauus HM.

lucepraqifina po6ora rlplaoB{r{eHa erapiureuurc rpaKrr,ruHoi ta4aui pospo6xu
HoBIax rraeroAie ouruMisaqii reneparl4BHlrx 3MariurbHux HeftpoHHplx Mepex, ,K
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cr4cTeM ruTyr{Horo lHTeJIeKry, 3 lx peaJ'n3aulero Ha KopAoHHr4x flpr4cTpoqx Ta

nrixpoxoun'rorepuux urar$opMax B yMoBax anaparHo-napaMerpr4rrHrax o6ueNeur.
iu:rererry, 1X pea,ri:aqiero

IIia qac SyHxqiouyBaHH, o6'exrie Kpr{rprrrHoi iuSoprraaqifiuoi Ta

eueprernuuoi iuSpacrpyKrypu Moxyrb Br4Hr4Karr4 3arpo3r4, uos'sgaHi 3

tropytueHHsrra naAiftuoi ra 6esue.ruoi excnnyaraqii cucreM rur) {Horo inrereKry.
Taxi sarpo3r4 3yMoueui, 3oKpeMa, HeBlr3Har{esicrlo none4iuxu [LlI, ulo Br,rHprKae
qepe3 ftoro uas.{aHHf, Ta recryBaHH, ua o6rraexeHr4x ua6opax lar.ux, a raKox
MoxJrr4Br.rMr4 ni4naonauu rporpaMHo-auaparuoi peanisaqii ft xi6eparaxauu,
crpsMoBaHI4Mu Ha Bpa3nlasocri cl4creM. I{e ua6ynae oco6luuoi xpuruuuocri y
BI4[aAKax BrIKopI{craHH.fl saco6ie IIII s cr4creMax, 4e Harirb rracrKoBa a6o [oBHa
BTpara rrpaue3Aaurocri Mae Br4coV uiuy. f3M gAa'rui AonoBHroBarH icuylovi
lutacerv 3 HeAocrarHboro ximxicrro peulrrbHr4x lat:ax (so6paxeHHr, cr4rHuryper
MepexeBoro rpa$ixy, pisuoruuui sa npupoAoro cLrrHaJwt ra in.) AoAarKoBr4Mr4
[rryrrHprMr,r 3pa3KaMV p.nfl e$errunnoro HaBqa:aHfl. uefipouuux Mepex, a raKox
sAarHi ni4nurqyearr,r sxicrr so6paNenr 3 Hr43bKoro pos4imuoro gAaruicrro,

3aIIryMneHHflMI4 ra niayamuuvrz apre$axral,ru. Cnexrp 3acrocyBaHH, f3M
oxoIIJIto€ KpI4TI4r{Ho eaxrrasi c$epra: eHeprerprquy 6esnexy, uaqionanbHy o6opouy,
oxopoHy :4opon'x, exouor,rircy ra iu. B ocnosi f3M Jrexprrb asrarouicrrar{Ha
nsaerrao4ia ABox nefipounux Mepex (reueparopa (G) i gucxprarraiuaropa (D)), ae G
reHepy€ uoni :pasKl4 Ta uiniui:ye finroeipuicrr ix D-susnrret*fl., a D rrraxcurraisye

sAaruicrr posui:uanaru :reueponaHi laui i eigpisHrrra ix nig pealruux, uo
Ao3BoJI.[e f 3M e S exuanHo H aBr{arlIcf, reHepauii lauux, MaKcr.rMzlJrruo u a6luxeHr4x
Ao peanbulax. flpo're e$exu4BHe Br.rxopr4craHHfl f3M y o6nacrsx eiA ue4uuuoi
4iarnocruxu ra o6po6xH cynyrHl4xoBrrx AaHr4x Ao recryBaHHf, crifirocri
6iortaerpzqHllx cucreM rpora xi6eparax o6rvrexyerbc{ Hecra6insnicto upoqecin
HaBrIaHH, HM ra BucoKI4MI4 BI4MoraMLr Ao cr.rcreMHplx xapaKrepr4crr4K
o6.{racrros€urbHr{x xorr4urexcis.

Axrya-ruruoro 3aAar{ero 3aJII4IUaerbcs ni4nurqeuur irnropr{TMiquoi
e$exrranuocri f3M rrrfl crifiroi rouneprenqii 3Mar€urbHr4x apxirexryp ra
cra6inigauii npoqecin HaBqaHHr. Oco6nusoi rocrporrz ua6ynae neo6xiAnicrr
aAanraqii f3M 4o peani:auii na KopAoHHI4x rpr4crpoflx ra l,rixporovrn'rorepuux
nnarSopuax B yMoBax a[aparHo-napaMerplrrrHux o6uexenr, xxi syruonneui
4e$iqurola o6qlacmosanrHoi [oryxHocri, o6uexeHr4M o6csrou o[eparr4Bsoi ra
nocrifinoi [aM'f,Ti, ale pa3oM 3 Tr4N{ Marorb rrepeBary B HLr3bKoN.{y

eHeprocroxusauui rpl4 excnnyaraqii. IJe ycKJraAHroe 3acrocyBaHH{ f3M B

cllcreMax peaJlbHoro uacy 6e: flonepeAHroi anaparHo-anropr4rrr,ri.ruoi ouruNaisarrii.

lucepraqiftua po6ora crlprMoBaHa rra rroAonaHHfl 3a3HarreHux HeAonixin f3M, ruo
ui4Tnep4xye iT alcyaJlbHicru ra rpaKrr4r{Hy uinuicrb Anfl po3Br,rrKy cyrracHr{x
clzcreM rxryr{Horo iurelercry.



06'ercroru AocriAxeHnq e o6.rucrrosamsi flpoqecr4

$ynrqironaHHs f 3M y n6yaonaHlrx KoMIr' rorepuux cr4creMax.
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HABTIAHH' TA

llpegrvreroru AocniAxeHH, e MeroALt, uoAeni Ta cxeMorexHi.rHi piureuur 4rx
ourrrrrisaqii apxirexryp f3M s peanisaqiero sa KopAoHHr4x rprcrpotrx B yMoBax ix
anaparHo-[apaMerpr,rqHr4x o6uexeur.

Ha c.nafiqi 4 npegcrasreHi rcflroqosi 3aBAaHHq Auceprauifiuoi po6oru,
3OKpeMa:

1. llponecru xovrurexuruft uiNAracquuniHapHzft auaris f3M (rx cr4creM

rxryrrHoro iurenexry) s naeroro po3rur{peHHq o6racri ix gacrocyBaHHfl rrpr.r

peanisaqii na ropAoHHlax [pr4crpof,x i uixpoKoMr'rorepHr,rx unar$oplaax ra
Br43HarreHHfl uanpxiuxia ik MoxJrr.rBoi ouruuisaqii Anf, posn'rsanur
rrpr,rKnaAHr4x 3aAaq reuepaqii uryqHr.rx ra aHarisy i o6po6r<u pealbHrdx

LA}]LTX.

2. Bucsirrvru :rpvla.IHi HeAorixu iurropr4rMiuno-opranigaqifinux rporleAyp
onrrNrisauii I3M ra icuyrouux apxirerrypHrdx napiauifi f3M
(uecra6inrsicrr rpagieurin, KoJrarc MoAr4, Br4coxa vyuunicrr Ao
riuepuaparvrerpin roulo), a raKox BI,I3Har{r4Tr4 rrrJrrxr4 rloAonaHH.rr 3a3HaqeHr4x

neAonir<ie i noAa"nruoro BAocKoHzrleHH, pearisoeauux Ha KopAoHHr4x

npr4crpoflx f3M.
3. O6rpyHTyBarra neo6xi.quicm yui$ixosauoro nigxo4y Ao rrpoeKTyBaHH, f3M

rnfl pisuorunuux rpI{KnaAHI4x 3acrocyBaHb ra QopuaniryButLr 3aAaqy
onnarraigarlii i cra6inisallii f3M B yMoBax anaparHo-rapaMerpr4rrHr4x
o6uexenr p.nfl ni4nvrqeuux e$exrrEeuocri npoqecin ix HaBqaHH, Ta
reueparlii AaHr4x rrpr4 po3ropranui f3M Ha KopAoHHr4x npr4crpoflx.

4. Pospo6I4rLI KacKaAsuir i vryrrruQa:oeuft MeroAr4 ouruMigaqii ra ix ri6pu4ue
xovr6iuyn aHlafl Ars n iAslaueHHq e$ errunno cri Hasq a:aHfl f 3M Ha KopAoHHr4x

lpr,rcrpoflx.
5. Pospo6urra peroH$irypoBaHy aAanrr{BHy apxirerrypy f3M gi

cneuiarisoBaHl{Ml4 peanisauiflMz 1:rr a) cuuresy 6iorraerpr4rrHr4x 4aHux, 6)
peani:aqii MeroAis cyrep-po3linruol s4a'ruocri s N{o6imur.rx nnar$opMax ra
cplcreMax KoM['IorepHoro 3opy, a) Br4flBJreHH, auouanifi 3 [oAoJraHHqM
HeBLI3Harreuocri iu$opuauii na ocHoei sac:rocyBaHH{ He.rirxoi lorixz.

6. Pospo6LITI{ eKcrlepl{MeHranrui spa-:xra f3M, npoBecrr4 eKcnepr,rMeuralrsi
Aocnirxeuu.s i crBopr4rrz SpefinanopK Arrg HaBqaHHfl ra iH$epeucy f3M ua
rr,tixpoxoun'mepax (xx na KopAoHHr,rx rprrcrpor*), 3oKpeMa Ha unarQoprvri
Raspberry Pi 5.

B pe:ynrrari ananigy cyqacHoro craHy po3BurKy f3M BcraHoBJreHo,
ruo BpaxyBaHH, oco6rusocrefi npoeKryBaHH, f3M Ha KopAoHHr4x
lpplcrpoflx ra ix a[aparHo-[apaMerpl4r{Hr.{x o6uexenr Moxe :4ifi curon utucfl
rrrJrrxoM (a) crpyxrypuoi pexou$iryparrii apxi:rexryp f3M, (6) pospo6xu
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HoBrrx i rr,ro4ra$ixoBaHr4x ue'roAin on'ruiraisaqii ra MexauisNain ix ri6pr4AHoro
rola6iHynaHHfl Anfl npoqecin uefipouepexeBoro HaBr{aHHfl f3M ra (a)
anaparHo-opieutorauoi aAanrarlii KoMrroHeHrie o6qucJrroB€urbHr4x npoqecin
i xopAoHru4x rpr4crpoin.
Hosusua HayKoBHx pery"rrrrarin Arrceprauifiuoi po6our rroJrsrae B

HacTylHoMy:
Bueprue pospo6reHo MareMarr4rrHy MoAenb KacKaAHoi onruNrisauii f3M,

flKa, Ha nigvriHy ni4 icuyrouux, 6a:yerbc{ na iepapxi.rHift AeKoMrro3raqii npocropy
riuepnapavrerpin ra BpaxyeaHHi aAanrr4BHoi Ausauixu nas.{aHHfl, rrlo Ao3BoJr.fl€
ga6esue.rrru neo6xi4uy rouuicrr ra runnAxoAiro $yHxuioHyBaHHf, f3M B yMoBax
araparHo-rapaMerpr4rrHr4x o6uexeur KopAoHHr4x upu crpoin.

Bneprue po:po6neHo Mynbrra$asonufi MeroA onrutrisaqii Haeqauua f3M,
txuit, Ha ni4rraiuy sia icuyrouux, 6a:yerucr Ha

aAa[Tr4BHoi xounepreHqii, rrlo Ao3Borse sano6irarra
rpa4ieurie Qyuxuifi Brpar 6es uiAsraqeuus
rporleAypr.r HaBqaHH.rr.

YAocrconaJreHo Naexanisivl aAanraqii f 3M, sxufi rpyHryerbefl Ha ri6plrguoN{y
xoru6iuynauui racxaAHoro ra Mynbrra$a":onoro uero4in B [o€AHanui s anaparoM
neqirxoi rorixu, uIo Ao3BoJIfle KoMtIJIeKcHo niAnuruuru e$errusHicrr HaBqaHHfl Ta
sxicrr renepaqii uryr{Hr.rx AaHVx B 3aAar{ax Br4rBJreHHfl aHoM€urifi, 6iorr,rerpii ra
KoMn'rorepHoro 3opy, 3oKpeMa 3:au3urrv Syuxuilo Brpar reHeparopa y 3,5 pa3kr,
yHHKHyrI4 nepeHaBr{aHHt 4urcxpuuiHaropa (ua pinui -92%o), rpr4cKopr4ru g6ixuicrr
f3M e 7,6 pasin, rloKpalqrru Merpr4xy FID y 2,3 pa3Lr ra Aocf,rrr4 roquocri
BLITBJIeHH, aHoMaJIift AUC : 0,92 is sa6esuer{eHHrM roBHorr4 (Recall) ua pinui 1,0.

Ha6yn roAaJrbruoro po3BrrrKy rrporpaMHo-araparHraff uero4 peanisauii
noBHoro rIr4KJry SynruionyBaHH, f 3M Ha KopAoHHr4x nprcrporx, ,"\!t 6a:yerrcr.
Ha iurerpaqii xnasroBaHoro HaBqaHHq ra alaparHo-opieuronaHor KacKaAHol
on'ruuisaqii, ulo sa6e:nevye peanisaqiro pexouSiryponaHvrx apxirerryp f3M s

BpaxyBaHHsM araparHo-rapaMerpr,rr{Hr,rx o6ueNeHb ra ix $yuxqiroBaHHq n pexuui
peanbHoro qacy si 3MeHrreHnau posuipy irrairarlifiHoi MoAeni e 3,9 pa3v ra
rrpr4cKopeHH{M rrpoqecy iuSepency o 3,2 pmvr.

lnr oqinxv rpoAyKrlasHocri f3M y po6ori 3acrocoBaHo MeroAr4 ximxicHoro
ananisy is BI4KopLIcraHHrM KoMrrnexcy cyqacHrx Merpr.rK (FID, Loss Value,
Accuracy, Epochs to Convergence, Inference Time, Latency, Model Size, AUC,
Recall), ilIo Ao3BoJILIJIo o6'extueuo uopinumu e$errranuicrr pospo6neuux uero4in
: icuytouuuu rexuiquurrau piureuuarrara. Ilpaxrnuua suauyrqic'rr AocliAxeuss
ni4rnepANeHa BnpoBaAxeHHf,M pe3ynbrarin y uayxoni upoexru z CaaptraHAcbKrrM
yuinepcureroM, OPH ra IncruryroM npo6neru rxryrrHoro iurelexry MOH i HAH
Yxpaiuu, a iraKox B Haaqamul4fi npouec tIHy iru. fI. Morulu. Marepianra
Al4ceprallifinol po6oru AonosiAanLrefl Ta o6ronoproBaJrvcfl na 8 uixuapogunx

6araropinHeBoMy MexaHisNai

KOJra[Cy MOAr{ Ta 3Hr{KHeHHTO

o6.{zcmoszurrsoi cxlaAuocri



HayxoBo-rexHiqHux KoH$epeHrlixx (IDAAC S' 202 3, DES SERT' 2023, NfIT' 2020,
AICT'2021, CMIS'2025 m iu.) ra 3 Bceyxpaiucrxux HayKoBrlx xou$epeuqirx ra
ceuiuapax. Marepianv Anceprarrifiuoipo6oru nvceirreHo s 17 uy6nixarlisx,3 flKrdx

11 nxmo.reHi n Hayxo-Merprar{Hy 6azy Scopus.

3AIIITTAHH.fl:
IO. A. Xyron, A.r.H.r npoQecop.
3anurannq 1. r{u po3urflAanoc, Br{Kopr,rcraHHfl 3arrpo[oHoBaHr4x uo4elefi

iltrfl Merponoriquux acnextin, 3oKpeMa AJrr o6po6xn eurraipronalbHprx AaHr,rx,
xani6pynaHHq ra Br4flBJreHHs auoualifi y uerpoloriquux cucreuax?

Bi4noniar. [aryrc 3a 3arrraraHHr.

Y xonrexcri uerponorii Buxopr4craHH.rr reHeparlrBHo-3MararrbHr4x Mepex e

qinrou AoqimsuM, 3oKpeMa lilfl,3aAaq peKoHcrpyxuii Merponoriquux AaHr{x ra
BI4qBreHH, B HHx anouarift. [i uo4eri Aenaoucrpy]orb Br4coKy eSexrueHicrr uil
qac po6orra 3 BeJII4KI4MI4 Mac[BaMr4 HecrpyKTypoBaHr4x AaHr,rx, Ao3Borr]or{r4
BptflBlrflTpt [pr4xoBaHi gaxonouipuocri, Heor{eBr4Aui Anq rpa4uqifiHoro eKcrreprHoro
ananisy. 3acrocynaHHs Merolonorii M'rK[x o6.{racreHr (soft computing) y rlroN,ry
xourerccri Aae 3Mory e$errunuo i4enrra$ixynaru [p]rxoBaHi BiAxraneHHr.
BilnosiAHo, inrerpaqia reneparl4BHo-3MarillbHr4x Mepex Anq aHani3y raKr,rx runin
AaHI{x Moxe ga6egneqnrv Hoei 4ieni uiAxoAn B Merponoriquux AocniAxeHH{x.
O4uax, y Mexax AaHoro Ar4ceprarlifiuoro AocliAxesu.s He 6yno $oxycy Ha
cneqz$i.rurEx Merponoriquwx AaHr4x qu AaHr.rx MepexeBoro rpa$ixy. Atrs
eKcnepuMeHriulbHoi ueperipxra Br4Kopr4craHo Aaracer MNIST, pospo6neuufi
HaqiouanbHlaM iucTu'ryroM craHAapris i rexHonorift CIIIA (NIST). Ha 6agi rlboro
na6opy pyKorrr4cHrax qrQp (ae qu$pa 1 nucryuana er€uroHoM HopMr.r, a\wSpa7 -anouariero) saificHroBilfloc, HaBr{aHH, rraoAeni AJu nepenipxu ropexrHocri
ronqeuqii (proof of concept). Ue Ao3BoJrr.rJro ni4reeprvrt4 iT :laruicrr ycniurHo
eupiurynarra rprIKnaAHi sagaqi Br4qBreHH, ni4xuleur. A6crparyroqr4cb sil
cneqnQixu 6asoeoro Aaracery, 3arpononosaui ra olrr4MisosaHi vroAeli Moxyrb
6yru ycuilxHo aAarroeaHi 4nx o6po6xra ua6opiB Merporroriquux AaHr4x. Uefi uimil
e repc[eKtuBHI4M HarpflMoM gtt rvruit6yruix 4ocniAxeHb ra eKcrrepuNleuris qoAo
3acrocyBaHHf, po3po6leuux uoAeleft f3M y uifi rpeAMerHifi o6naqri.

3anuraunq 2. qv MorJIu 6 Bra uicns 3axr4cry Ar4ceprarlii uilxnroqkrrktcfl [o
poso'a:xy HaIrrI4x peiurbHl4x [paKTurrHr.rx 3aAar{ 3 olpaurcBaHHfl BeJrr4Kr.rx Nracusig
nuuipronarbHl4x AaHr,Ix B KoHTeKcri sussreHH.fl auouanifi 3a AorroMororo f3M,
pospo6neHl4x Ha ocuosi 3a[ponoHoBaHr,rx Baun KacKaAHoro i uyrrrra$asonoro
rraeroAie?

Biauoniar. Tax, ruacurra6yBaHHq pospo6neuux NaeroAis Ha peanuri
in4ycrpianrui Ta uauipronamui lutacerv e rori.{HrN,r BercopoM po3Br,rrKy

Al4ceprauifiuoro AocriAxeuHq. Einuue roro, BlrflBJreHHr aHoMiurifi y eenLrKvrx



Macr4Bax plarzx An, 3a6e3reqeHHr HaAifiHocri cucreu KplrrrrrHoi in$pacrpyKrypr4
e oAHHM is npiopnrerHr4x naupauxin. 3acrocyBaHH{ oururuigoBaHrax f3M Moxe
ga6esneq[ru e$exrranue nupiruenu-fl TaKr.rx [pr4KJraAHr4x 3a,qarr ra orprrMaHHfl
qiusoro eKcrrepr4MeHTzlrrbHoro rr,rarepiany \nfl [oAulnb[roro BAocKoH€LrreHH, f3M-
apxirexryp B pe€LnbHl4x yMoBax eKcrrnyaraqii o6' exrie Kpr4rr4qHoi iu$pacrpyKTypr{.

B. JI. Tnprqenrco, A.r:H., upoQecop.
3auurannq 1. flxuit xpurepifi 3acrocoBy€rbc.s B iraerogi xacxa4uoi

onruMisaqii (cnafign 12-17), sxi cxraAosi e Hroro BxoA.f,rb, rrlo caMe vriniui:yerrcr
ra sxi [apaMerpr4 BXoArrb Ao usoro?

Bianosias. lxrcyro 3a 3arrr4TaHHr.

OcuoeHa iAes uorsrae B iepapxiuuifi pealisaqii xacxaauoi onrurraisarlii, Ae
KJIIoqoBy ponb eigirpae xprarepifi ouruui:aqii, u1o uinitrisyerrcx rpra
uocri4onuouy nepexo4i tuix rproua pieuauu iepapxii ao HarrepeA 3aAaHoro
roporoBoro 3HarreHss. loronHl{M Kp}Irepiena Br{cry[ae ni4cranr @peure (Fr6chet
Inception Distance, FID). Arrn reHeparr{BHo-3Mara-rbHrrx Mepex euuipuvuo
BcraHoBJIeno i AoBeAeHo, Ir1o 3Har{eHH, FID nux,ae 20 oAr.rHr.rrlb cni4urarr upo
rucoxorxicHy s6iNuicu (xounepreuqiro), 3a sxoi MoAenb reHepye a4exnarui
3pa3KI4. BiauoeigHo, qefi roK€I3HrrK 6yno o6paHo f,K xprarepifi ycuiruuoi $iHanrnoi
sariaauii. flxuto Ha rreptuonry pinui Aoctrraerbcq 3HarreHus FID MeHtrre 20, ro
npoqec onrunaisauii seaNaerbc, 3aBeprxeHrau, ocxirbKr4 TaKa s6ixHicrr rapaHTye
BI,IKOHaHHfl feHeparr.rBHoro MOAeJTJTIO rOCTaBJreUOi SaAaqi na qinroiu saAosirbHoMy
pinui. Y nuua4xy, {KIrIo 3HaqeHH{ xpurepiro Ha repuovry pinni repeBr4urye 20,
npouec ourrMisaqii npo4oBxyerbc, Ha HacryrrHr4x KacKaAHr4x pinurx.

3aunrauus 2, W nopiauronarv Bu roquicrr :6ixuocri rvroaeni 3 MoAeJrrMr4
isurux po:po6uuxin, sorcpeMa rIIoAo AaHr4x rro AaKrr4Jrocxonii (cmfigw 20-21)?

Biauoniar. Tax, raxe uopinuauua sAificHrce€Lrocr. Ha MoMeHT uauoi
uepuroi uy6nixaqii n o6nacri f3M y 2021 poqi y nilxplzroMy 4ocryni 6yna
iu$opuaqis rwrue rpo ABa peneBaHrHr4x AocJrigxeuur, [pr4cB{qeHr4x reHepaqii
IIrryqHVx nia6nrxin nanruie. B po6ori arropin S. Minaee ra A. A. Abdolrashidi s

CIIIA BI4KopHCroByBuLracfl apxirerrypa peryrrrpr4sosaHoi rnu6oroi sroprxonoi
f3M, uro sa6esrerruJlo JII4tue qacrKoBy peanicrzuuicm cprHTe3oBaHr4x spa:xin
AaKrl4nofpaM rIpI4 rIoKa3HI{Ky FID y 70.5 (nusrxufi pineur roqHocri reHepaqii). B
po6ori S. Seidlitz ra iu. s HiNaeqqunu 6yno 3acrocoBaHo rpr4 napiarlii f3M
(ProgressiveGAN, StyleGAN, StyleGAN2), uo po6nno raxuir, uiaxia
pecypcoMicrxuu ra cKnaAHI4M 3 Tor{KI4 3opy apxirexrypu. Haure 3aBAaHHr rroJr.rrriuro
B Aoc.rrHeuui aualoriquux a6o szqtax pe3ynbraris is Br4KopprcraHHrM npocriruzx
apxirexryP, trlo no'rpe6yrorb 3Har{Ho MeHrrrr4x o6quclronzlrrbHr4x pecypcin. Toquicrr
s6ixHocri ouinrosanacfl 3a Merpr4Koro qirroro MareMarr4rrHoro xpurepiro @peure
(FID): pe3yxbrar Hl4xr{e 20 oAr4Hr4rlb BBaxaBcs :aAoeimuraNa. logarxono
3acrocoByBaBcr MeroA excnepruoi eisyamuoi incnexuii. Ocxinrxu riA6urnra



I

[€LrrbrliB e crtequ$iqHraMr{ rpaSi.rularuru plaHvMp1 KpLITHtTHo BaxJIuBo, uo6
sreueponaui 3pa3Kr4 6ytru iurepnperoBaHprMr{ Ta nisyanruo KopeKrHr.rMlr lnfl
$axinur-eKcrrepra.

3anuranHq 3.Iloxaxirr cnafiA 8 s NaareMarr.rrrHoro MoAennrc f3M i uoscsirr
if 6inrur AerilrrbHo. 3oxperr,ra, xxui,t rr4rr norapu$rrain ryT BrlKopr4croByerbcr, qe

HarypanbHuir., [ecsrxosufi norapr,rSrvr qu norapl4Qrur s iuuoro ocHosoro? flxuo s

iuuroro, ro s sxorc?
Biauoniau. [rryro 3a 3arr.rraHHr.
Ha cnafili 8 uaeeAeHo KJracr4rruy rtaiuiuaKcHy qinsony $yuxqiro f3M. V uifi

qinrosifi $yHKrrii Br{KoplrcroByerbcs HarypilrrbHufi norapu$u (s ocHoBoro e). B
AaHoMy Brl[aAKy 3acrocoBaHo 3ararrbHofrpvtitune a nireparypi 3 Maru[rHHoro

HaBr{aHH, [o3Har{eHH, log, {Ke MareMarr4rrHo rrpeAcraBnre uarypa;rrurfi

norapu$u. fro.o Br4Kopr{craHHfl 3yMoBneHe rr4M, ruo noxiA ua ln(x) 4opinnroe 1, ,o'x
MaKcraMuurbHo cnpoqye ra npracKoproe o6qucreHH, rpaAienris npr4 3BoporHoMy
uourupeuui noMlrJrKr.r B TeH3opHrrx o6.{r4creHusx. Caua x Sopuyna orrl4cye

onrurtai:aqiftuy 3aAarry: AlrcxpunaiHarop HaMaraerbc, rraaxcrarraisyBarv ro.ruicrr
posuisuanaHH, peiurbHr.rx AaHr4x ra ni4xrareuua 3reHepoBaHux, a reHeparop
uiuirnri:ye qefi QyHxqioHar, HaBrraroqucb crBoproBarlr MaKcr4MaJrbHo peanicrravui
3pa3Kr4.

O. M. Tpyuon, A.riH., npoQecop.
3anurauua l. U{o o3Haqae pineut,20, xxulo Ar4cKperHo 1120, ro ue 3HoBy

iuNeuepHi 5%?
Bianoniar. [xryro 3a 3anr4TaHHr.

lloxasuux 20 - ue a6coruorHe 3HaqeHHf, Merprzxu ni4craui @perue (FID), a

He ni4uocua Berurrr4Ha, ni4corox qv 4ncxperuufi Tr{rr AaHr4x. II-a MerpraKa

MareMarr{rrHo o6qucmoe eiAcraur iuix crarr4crr.rqrrr4Mrr posuo4iravra o3HaK

peaJrbHr4x ra 3reuepoBaHr.rx so6paNeHr. OcxinrKr.r An, reHeparuBHo-3MariurbHr4x

Mepex KJrlor{oBr4M e qxicrr nisyamuoro KoHTeHry, FID Bracryna€ o6'exu.rsuuN4
xpnrepieru ouinru roro, uacximxn :reueponaui 3pa3Kr4 si.{uoeiAarorr
BJracrr4BocrrM oprzriuamuux Aanr4x. Y o6nacri uaurusuoro HaBqau:afl IrIJIrxoM

loporoBpru iuAr.rxaropoM eucoxoi sxocri. [ocarueuH, rroKa3Hr4Ka Hr4xrre ubofo
nopory ceiA.rrarr npo ycuiruuy s6ixuicrb MoAeJri, ea axoi 3reHepoBani apteSaKTLI e

crarucrr4qHo penpe3eHTaruBHLIM:a Ta posui:uarorbcfl ,K rlirxou peanicrr,ruui.

3anurauu s 2. Bami f 3M :a6esueuyrorr ui4nuuleHHr posginruoi sAaruocri
:o6paNeus (ctafitu 22-25)..f,xi uepcneKrr{Br4 3acrocyBanHq f3M raKoro rr4rry B
cyrracHr{x po6ororexsiqnux cucreuax?

Bianosiar. BuxopucraHHr f3M Ans niAnrruleHH.rr pos4imuoi sAarHocri
(Super-Resolution) e Kprrr4r{Ho BaxJrrzBr4M AJrfl aBroHoMHLrx po6otis ra cl4ereM
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KoMn'IorepHoro 3opy, uo npallrcrorb Ha 6a:i xopaoHHr4x upncrpoin. I{e 4osnonxe
orpLIMyBarI{ Bl{coKoAerarisoeani so6paxeHH, 3 HeAoporux a6o ualora6apr4rHr4x
cencopin, Iqo cyrreBo eKoHoMr.rrb anaparui pecypcu. 3orpeua, y cnilrnux
AocniAxeHHflx is CaapnaHAcbKr4M yuinepcrareroM po3rn.rrHyro 3acrocyBaHHfl TaKr4x

ueroAin lnfl Hasiraqii uo6irsuux po6orin: qe Ao3Bonr€ cucreui ro.{Hi[re
igeuru$ixyBarr{ upi6ni o6'errn a6o ae$eKrr4 roBepxoHb y peanbHouy .raci, ue
[epeBaHTaxyrcqu KaHaJIu sn'xrxy flepeAar{erc ((BaxKr4x)> siAeoAaHrax. Taxuvr
r{I4HoM, f3M crarorb KrrorroBr4M eJreMeHToM iurelexryiurbHoro KoHTypy IoT:
nnarSopu y po6o'rorexuiqi.

O. rI. Ioxuil, A.r.H., npoQecop.
3aunrauus l. 9.xa roJroBHa HayKoBa HoBH3Ha po6oru? leralisyfire, 6y4r

JIaCKa, 3ar€LnbHy HayKoBy HoBr43Hy.

Bianoniar. lxryrc 3a 3arr4raHH.rr.

OcHosui rrorupu TyHKTLI uayxonoi HoBlr3Hr4 rpeAcraBnesi ua c:lcLfifi 34.
Ioronsa HayKoBa HoBLI3Ha Al4ceprarlifinoro AocriAxeHHfl roJurrae y po:po6nenui
KacKaAHoro ra uynrtu$a:oBoro iraero4ie onrnui:aqii, MeroAy ix ri6prz4uoro
rou6iuynauufl., a raKox y crBopeuni eiAnoni4uoro [porpaMHo-€LJrropr4Trrai.rHoro

SpefiunopV Ans ix upaxrnquoi ivrunenreuraqii. Eserrraeuicrr 3anporroHoBaHrrx
nilxolie 6yno uigraep4xeno uiA uac nzpiureHH, KoMrrJrexcy rplrKnaAHr4x 3aAar{:
renepaqii 6iorrae:rpurrHl4x spa:xin, niAsuueHua pos4inrHoi sAarsocri so6paxeur
(cyueppesonrouii) Ta B:aflB:l,eHH, auoua.nifi. Y uoAanbruoMy, Ha ocHoBi auanisy
orpl4MaH[x eKcnepI4MeHTaJIbHr,rx pesyrrrarin, 6yno sAificHeHo BAocKoHEUreHH,
npoqecin HaBrraHH, ^raa1arrraqiro pospo6reuux rrroAelefi Ao HoBr4x xracie 3aBAaHb.

3anuraHuq 2. Iloxaxitr i uopinHxfire crafiAz 33 i34.Ili4npecnirr Honusuy
orpl{MaH}rx pe3ynbrarin sa ocHosi rpeAcraBlenoi Ha rlrx crraitilax insopuauii.
r{ouy (HayKoBa HoBr43Ha) rpr4cyrH, B Ha3Bax o6ox qux cnafiAis?

Bianoniar. IlopinntrHHq pe3ynbraris ua ur4x rrnaxarax Ao3Bor{e Haor{Ho
oqiuuru uacrura6 4ocrigNenua: crraitr, 33 AeMoHcrpye HayKoBy HoBrr3Hy
pe3yJlbraris 'rimxu 5-ro pos4iny grcepraqii, a caMe e$exrunuicru npaxru.{Hoi
peanisaqii xacxaAHoro MeroAy Anfl 3aAarr peanbHoro qacy Ha KopAoHHr4x
npl4crporx. BoAuouac clafig 34 yzaratbHroe HayKoBy HoBr.r3Hy sciei 4racepraqii,
ni4rnep4Nytor{t4, IrIo KoMnJIeKcHe 3acrocyBaHH, pospo6nenax uero4in
sa6esnequno npl4cKopeHH, HaBqaHH.fl y 7,6 pa3v,3MeHrrreHHa po:rraipy rraogelefi y
3,9 pasu ra cra6inruy po6ory lla rr,rixpoxorrau'rorepuax rprzarpo{x y peiurbHoMy
.{aci.

3auurauHq 3. Bu c$oxycoeaHo o3Har{urrur aKtyurcuicru po6ora, a,'re qr4 He
Kpalqe 6yno 6 rpo qe roBopHrI,I repeA oKpecneHHf,M ocHoBHr4x 3aBAaHb

Ar4c eprarlifi uoro Ao cn iANesus? -f xa B arua ayrnlra?
Bianoeilr. Aq(yrc 3a 3ayBaxeHHr. gacro Br4KopucroByrorbc, o6aAra

uiAxoAz i rofi, rqo 6yno 3acrocoBano n 4aHift lononi.qi, i rofi, ulo Brz nporoHyere.
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PasoNr 3 Tr4M, BpaxoByrorr4 HoBt43Hy reMarvKr lvcepraqii e o6racri uryuHoro
iurelexry, uinxou uoroAxyrocfl, rrlo rori.rHa uocriAoesictr <ni4 artyamnocri ra
npo6reuuoi curyaqii - ao SopuyBaHH, KoHKperHr4x 3aBAaHr> spo6urb BI4KJIaA

rraarep i any 6 inr ur crpyKTypo BaHr4M Ta rr ep eKo HJIII BI4M.

I. M. XypancsKa, A.T.H., npoQecop.
3auurauuq 1. .f,xi xprarepii onruMisaI1ii srasuaqeHo AJu l,rynmz$asoBoro

MeroAy (cnafi4 l7)? llotcuirr, ,Ka ror{arxona in$opuauix BBoArrrbcx 4o 6,rox-
cxeMr.r ra rrlo Soprrayemcfl. Ha suxoAi?

BianosiAn.,{xryro 3a 3arII4TaHHf, .

,,{na vrynrru$a:onoro MeroAy :6epiraerrcq rofi catrwit xruoqoeufi xparepifi

- eiAcraur @perue (FID). Mynrrra$a:osrft MeroA onruuigaqii nasqann.a f3M
6asyerrca ua 6araropinnenouy rraexauisui aAaurunuoi xoHeepreuqii, Ir1o Ao3Bonse
sano6iraru KoJrarcy MoAra Ta 3HuKHeHHro rpa4ieurin Syuxqifi BTpar 6eg

riAsr.rueuHq o6.{racr}onarsuoi cxraAuocri rtporleAypu HaBrraHHr. Kpiu roro,
3acrocyBaHHfl xpzrepiro @perue 3yMoBneHo rr4M, rrlo rpr4 ri6pra4uouy
xorra6iuynauu i uyrrru $asoeraft MeroA KoHrlenry€LIrbHo inrerpyerbcfl rK euytpiuru ifi
KoMloHeHT KaaKaAHoi ouruui:auii. Xoqa KaoKaAHr4fi ra rraynmuSa:onufi uero4u
sAarHi Synxqironaru aBroHoMHo, upu ri6puAHoMy xorra6iuynauui ruyrrrn$a:onzfi
MeroA Br4cry[ae AorroBHroroqorc cKnaAoBoro KacKaAHoro MeroAy. Hauroro
Hesr,riHHoro Meroro e AocflrHeHH., s6ixuocri vo4eri, 3a sxoi [oKa3HlrK FID
craHoBr4Tr laesrue 20 oAraHr,rrlb. 3a raxux yMoB MoAeJrb reHepye 3pa3KI4, uro

Br4coKoror{Ho ni4rnoprororr cnelcrp xapaKrepl4crr4K peanbHr4x AaHHx. IIpu
cauocrifiHoMy 3acrocynaHui laynrru$a:oBoro MeroAy rroporoBr4fi xpnrepifi ouinxu
FID < 20 zasruruaerbc, seguinuuu, ocximKr{ caMe niH e o6'eKrusuoro uiporo
peanicru.rHocri 3reHepoBauwx apreSaxris. IIIoao 6rox-cxeupl: BoHa HacaMrepeA

ni4o6paxae iepapxi.rHi c'raAii ourzrraisarlii apxirerrypr4. B sxocri iHSopuauii, ulo
nocrynae Ao BxoAy 6rox-cxeur4, 3aAarorrcq eiAuosilHi Ao rrocraHoBKlr saAa.ri

Aaracerr{ Au HaBrraung f3M, [oqarKoBa crpyKTypa ra rinepnapaMerpl4 f3M (ao
onrurraisaqii), rxa niArqrae noAamurifi ourrzrrrisauii. llpoqec po3tloqllHaerbc, 3

iuiuianisauii napanaerpin 6noxis ra croxacrr{rrHoro Soprvryoann.a apxirexrypu
rraepeNi nig xouxperHy 3aAaqy (noai6no Ao roro, sK Ha sxiA reHeparopa s caNaifi

f3M rroAaerba, Br4rraAKoBrafi uryvr). Aani eia6yBaerbc.r ireparuuua ouuMisarlis.
BiAnoeiAHo, Ha sraxoAi orpr4MyeMo ouruuigoBaHy MoAeJrb ra peanicruuni
3reHepoBani aani 3 roKa3Hlrxorr,r FID < 20. Oina"urHnM eraroM e sariAallis: qxqo
pe3ynbrarr4 3aAoBoJrbH.rrorb BcraHoBJre:auit rpurepifi, [poqec ycuiuuo
3aBepuyerbc, - 

qimoea Qyurqix Br4KoHaHa. Ha nuxogi 6nox-cxeMr.r Sopl,ryerrcr
ouruN,risonaHa crpyKrypa f3M, ua6ip H€urarrrroBaHr4x rinepuaparuerpin ra rxryr{Ho
cprHTe3oBaui spasrz o6'eKrie AocriAxeuus.

3auurauHq 2. II-[o raxe 3aBaHraxeuicrr CPU na I50% Ha cxpiuruori
uopiauxuus CPU ra GPU (cruir.t 22)?
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Bianosiar. lxryro 3a 3a[r,rraHHr.
IIefi rpa$ix inrocrpye Merpr4Kr4 xMapHoro cepeAoBr4qa Kaggle, Ae

gAificHrcsaecq noqarxoellfi erarl HaBrraHH, rraoAeli. Iloxasuux y 150%
3aBaHraxeuocri ei4o6paxae cnequSixy posno4iry pecypcin upu 6araronoroKoBr4x
raprlrenbuux o6qucJleHHf,x: rleHrpaJrbuzfi upoqecop (CPU) nuropracroByerbc, Ha

roBHy uoryxuicrr (100%), a AoAarKoBe o6quclron€LrrbHe HaBaHraxeHH,
nepepo3roAirgeucs ua inuri gocrynui tgpa ra rpaQiuuufi npucKoproBaq (GPU).
Ocxinrxu apxirexrypa sauoi uoAeni BuMarae iHreHcrasHr4x [apzlrreJrbHlrx
o6.{ucreHb, €urropurM xMapHoro cepnicy Ar4HaMi.ruo xepye pecypcaMu. Y uexax
Bl4KoplacraHoro cepeAoBl{rqa rpoqec iniqiroeruefl, Ha nipryanruorray CPU, & B

MoMeHTI{ uixoeux HaBaHTaxeHb a6o [pr4 nu.repnaHHi 6asoe[x noryxuocrefi
cl4creMa aBToMarI4tIHo niAxrlo.{ae pecypcr4 GPU. OrNe, ea$ixcoeaunff Ha
cxpiuruori noxasH[r SarrrauHo AeMoHcrpye MoMeHT rraacrura6yBaHHs o6.rracreHr
ra Ar,rHaMi'trtuir nepexi4 Ao Br,rKopHcraHH, rpaSiuuoro npoqecopa. Touy Ha
HaBeAeHoMy cxpiuuroti xuapuoro iurep$eficy roKa3aHo 3aBaHTaxeHHfl CPU
100(CPU) + 50(GPU): l50o (cyvrapuufi noxa^:nux).

3anuraHnq 3. Ha cnafili 2 Bu HaBeJrr{ 3aBAaHHr AocliAxesns.
Ilpo4euoucrpyfire, 6yAr nacxd, le caMe B rrpe3eHTaqii npe4crasreHi pe3ynbrarr4
BI'IKOHAHH' KOlltHOrO S UIaX?

Biauosigr. Crpyrrypa rpe3eHrarlii siluositae noriui Br,rKoHaHH, BocbMpI
nocraBJIeHI4x 3aBAaHb: 1) pe3yJrbrarr{ 3aBAaHHfl 11 (ananis ra Br4flBJreHH,
HeAorixin) npe4c'rauesi ta ctairgax 4-10. flpone4eHo KoMrJrexcuufi auaris f3M,
BI,t{BJreHo o6uexenns ixnroi aJrropr4TMi.rHoi ocHoBrl ra xpurnvni HeAolixu
icuyrovrax apxirerryp; 2) zangauss. 3-4 (yniSixonauuir uiAxiA, $opuanisaqis ra
pospo6xa rtrerogin) - 

qe MareMarl4.{Hi NaoAeri xacxaAHoro ra Mynbru$a:onoro
rraero4in, a raKox NaexauisNay ix ri6puAHoro xou6inyaa;a:r^fl,axi uane4eHi ua ctairgax
Il-17.I{e reopeu4rrHe qApo po6orra; 3) aan4aunx 5 (npuxraAui apxirexrypra) - ue
pe3yJlbrarl4 crBopeHH, MoAeJrefi f3M AJrr peanbHr,rx 3aAar{: reHepauii pyxonucHr4x
qu$p, siA6urxis nalsqin, sa6esueqeHH, cyrep-pos4inrHoi s4aruocri ra Br,rrBJreHHt
auouzurift (nor<asaHi ua claff4ax t8-26); 4) wa crafiAax (27-33) upegcraareui
pe3ynbrarla 3aBAaHHfl 6 (excnepzrraeuramui 4ocli4xeHru, ulrropr.rrMiqno-
ailapa;rnnfi $pefinaropK) y elarrsAi iuueneurauii f3M Ha KopAoHHr4x rrpucrpoflx
(na 6asi Raspberry Pi 5) is 3acrocyBaHHrM ueroAin KBaHryBaHH, NT8 ra
npo$inronaHHfl.

3annrauur. 4.Bu He aKueHTyBa-ru y cnoifi lonoei.{i po:no4in ny6lixaqifi uo
xareropiau. Ili4xpecniru, 6yar JIacKa, sxi caMe uy6nixaqii niguocarrca Ao
ocHoBHr,rx, a r^t<i - Ao AoAarKoBprxra aupo6aqifiHoro xaparrepy?

Bignoniqr. lxryro 3a 3anr{TaHHr.
llpaui 3 ocHoBHrrMI4 pe3ynbrutaMr (5 uy6nircarlifi): cloAu BxoA{rb 2 warli y

rrriNuapo4Hl4x xypHanax (International Journal of Computing, Journal of Mobile
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Multimedia), 1 posain B vroHorpa$ii (Artificial Intelligence in Control and

Decision-making Systems> (Springer, cepia Studies in Computational Intelligence),
ulo inAexcyrorbc, n Scopus, ra 1 cra'rrr y QaxoeoMy BI4Aauui Yxpainu xateropii
nE, (xypuan <Lllryqnufi inrerexr>>). llpaui anpo6auifiHoro xapaxrepy (7 po6ir):
qe uarepi€Lnr.r Aorroeiaefi Ha vrixHapoAHr4x ra Bceyxpaiucrrux HayKoBo-Texuiqnux
xonsepenqixx (ATIT, AICI DESSERT, CMIS, (IIC) ra <MorursHcrxi.rnranHa>),
3 flKr4x 4 ersrrc.reni e Scopus. [o AoAarKoBLIx ny6nixallift (5 po6it) siAHeceuo 1

KoJreKTr4BHy MoHorpaSiro <Crparerix posnrarKy rrryrrHoro iurereKry B Yxpaiui>, 1

pos4in y MoHolpa$ii nraaaBHuurBa River Publishers ra Marepiwru 4ononi4efi, u1o

ni4o6paxarorb acneKrr4 quSponoi esomoqii ra BrpoBaAxeHH, IIII s pisnux r€Lny3flx

moAcrxoi AismHoc'ri.
3anurasuq 5. fl.xwit Baru oco6ucruir BKJIaA n ony6nixoeaHi po6oru?
Bianoeiar. lxryro 3a 3arl4raHHq.

Mifi oco6ucrwitt BHecoK y rpeAcraBJreHr4x ny6nixauif,x rroJrf,rae y nonnifi
MareMarpruHifi $opManisauii KacKaAHoro ra nrynnrH$asoBoro rueroAin onrunaisauii
HaBqaHHs f3M. Carraocriftuo pospo6un nporpaMHy apxirexrypy tuoAelefi
ADCGAN ra EAWGAN, npoein cepiro qr4cerbHr4x eKcnepuMeuris : pi:uraun
na6opaivru AaHux (MNIST, SOCOFing, Birds 400), a raKox BI4KoHaB s6ip ra auanis
crarr.rcrr4r{Hux Merpux FID, AUC, Recall ra inruux. Kpiu roro, MHoto 6yno
npoBeAeHo nosHzfi rrprKn araparHoi iuureuenrauii ra orrl4Misauii po:po6neurax
pirueur lnfl KopAoHHr{x npncrpoin Ha 6a:i rr,rit<poxor,tn'lorepuoi nnarQopl,ru
Raspberry Pi 5 is 3acrocyBaHHrM rue:roAie KBaHryBaHH.fl Bar ra npoSiJIroBaHHr.

Y.racrr cninanropia 6ym c0oryconaua Ha a) cnimHovry o6ronopenni iAefi,
KoHuerrry€LrbHr4x ni4xo4in, rnaHy ra uocriAosuocri AocriAxeHb rpl4 niAroroeqi
po6ir 4o ony6rixynaHu-a; 6) saranrHoMy HayKoBoMy KoHcynbrysaHHi ra HayKoBo-

MeroAr4r{Hifi uigrpurnrui nia qac rpoBeAeHHfl AocriANeHb B paMKax ouy6niKoBaHl4x
po6ir; n) pe4arysauHi uarepia-uie uy6nirauifi.

OEIOBOPEHH.fl:
IO. [I. KougpareHKo, A.T.H.r upoQecop (Hayrconuft rcepinHurc).
BiAsHa.{eHo, u1o po6ora e aKTya-rrbHoro, Mae HayKoBy HoBr43Hy, rrpaKT}rqHy

:uauyruic'rr, e 3aBeprxeHoro ra B[rKoHaHoro cauocrifiuo. Ilepea yqacHr4KaMr,r

cerr,riuapy Br4aryrr4B Br4coKoKBani$ixonauuft cueqianic:r y ceoifi rary:i, rxufi yNe
rpueatmfi, qac (nonag 10 poxin) rpaurce B c$epi IT-iuaycrpii. 34o6yaau €

Br4[ycKHr4KoM rlopHoruopcbKoro saqiosamHoro yuiaepclrrery ivreni llerpa
Moruru He Jrr4ue s acuipaHTypv, vraricrepcrxuft Ar{[noM Taxox orpr{MaHo caMe B
rrboMy yHinepcureri. Ili4xpecreuo, uo rporflroM ycboro uepio4y po6orra B

acnipaHrypi HaA Auceprauiero y s4o6ynaua cuocrepirancx Hai,Bu\Juia pieeur
AucrluuiHoBaHocri, Haftnuuqrzft pineur siAuoniAitrrbHocri ra uafisurlui,r pineHr
KoMlereHTHoro ni4xo4y sanirr Ao rl4x HoBr4x frr.ITaHb, qxi AoeoAI,IJIocf, Bneprue
pospo6nxru qh uouu6moBarut. [o ncix 3aBAaHb eiH craBr4Bc, HaAsnraqafiuo
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cKpynyJrbo3Ho, [parcrur{Ho BCi 3a[JraHoBaHi eTaflu Br4KoHyBaB

BcraHoBJreHi TepMiHr4. Pesyrrraru po6oru npofiuura
/BaB KpoK 3a KpoKOM y
rxiury aupo6aqiro Ha

laixuapo4urax xou$epenqiax ra B HayKoarax uy6nixaqisx. Y 6a:i Scopus HaBeAeHo

1l fioro po6ir, iuAexc Xipura craHoBr.rm 7. Biaovro, tqo iuAexc Xipura sanexuu siA
riruxocri rlr4ryBaHb. Y Scopus HapaxoBaso 155 qurynaur s pisuux xyrour<in cniry
caMe Ha rli po6oru, [pucBflrreni reuepau4BHo-3MarilrrbHr4M MepexaM, nafixpaulrna
BrrlaAKaM ix gacrocyBaHnfl, anouarisu, ue.rirxifi noriqi ra iuuruna cyrvrixuurrr
TeMaM. Yce qe :uafiruro ni4o6paxeHHq B ur{x ur4ryBaHHxx. Oxpenao ni4:uauy
cxumsicrr OrexcasApa Ao rreAaroriqnoi po6o'rr.r. Biu 6pan aKrr{BHy yqacrb y
HaBqiurbHoMy npoqeci Harrroro Saxynrrery: oco6ucro rpoBoArrB neruii Ta

[paKTLItIHi po6orra, pospo6ur sr<icHi vrarepia-rru AJrfl clrcreuu Moodle is .rirxtal,rra

xpurepiruu oqiHroeaHHq lnfl Kypcy <Iurerexryanrui rexHororii s cr4creMax
ni4r:puuxu npui,nttma piureus>. OrexcanAp 4o6pe npaurce 3 ayAr4Topierc i :4o6ye
loBary f,K oepeA cryAeurin, TaK i cepe4 KoJrer-Br4KraAa.{is. lli4rpecneHo, uro ue
JIroAr4Ha cepftosua, Br4coKorriAroroereHa ra Br4coKoKBaniSixonasa. BnaNaerbcfl, ulo
siH uonHicrro Aocrofi:auir rpr4cBoeHHr HayKoBoro cryreHq AoKropa $inoco$ii.

O. B. Kor.non, A.r.H., npoQecop (nuyrpiruuifi peqenreur).
Y cnoeuy nracryni 3a3Harrr4B, rrlo Aerillruo oguafioMr4Bc, 3 lpeAcraBneHorc

po6o'roro ra HaAaB oqinrcy ocHoBHr4M pe3ynbraraNr siAnosiluo Ao Br4Mor gracepraqii
pimrx PhD. Xaparcrepll3yroqr axryamHicrr o6panoi reMrr, HarolrorueHo Ha

nepcneKT[eHocri BrIKopI4craHH, reHeparr{BHr4x 3MarullbHr4x uefipouuux Mepex An,
nupirueuur cKJIaAHrrx 3aBAaHb y rtury3{x rraeAu.{uoi 4iaruocruxu, 6iorrre'rpii,
asrolaarlagaqii ra xi6ep6euexrz. 3auponouoeaHi aBropoM uoAeni ra MeroAr4

Ao3Bonqrotr sa6esnerryBarr4 eSexrueHicrr uefipoMepex raKoro rr.r[y B yMoBax
o6uexeuux o6qucrloBaJrbHr,rx pecypcin, a raKox e$exrranuo Aonarr{ npo6neuy
uecra6inrsocti HaBr{aHHfl ra eSexr Konalcy MoAr4. Anani:ylor{r4 HayKoBy HoBr43Hy

rlpeAcraBneHl4x pesyrsrarin, ni4xpecreuo, uo cSopuynronaHi rroJroxeHHr B

cyKylHocri rrapiuryrorb HoBe HayKoBe 3aBAaHHr, BaxJruBe An, rany3i gnaur 12 ta
cneqianrsocri 123. Po6ora rticrpmr paHiure He3axr4uleni uayxoni noloNeuH, ra
uoei o6rpyuronaui pe3ynbrarl4, cepeA f,Kprx oco6rrsoi ynaru 3acJryroByrorb
crpyKrypHo-Syur<qioH€LllbHa MoAeJIb yniaepcanbHoro iepapxivuoro $pefiMBopKy
f3M, xacxaAulafi i uyrrru$a:oeufi MeroAr4 onruuigaqii nas.raHH, ra uoAeni
alan'raqii f3M Anfl 3aAatr 6iovrerpii, KoM['rorepHoro 3opy ra Br4rBJreHHs auorraalifi.
Ourosui ryHKrI4 nayxonoi HoBI{HI,I rroBHoro lriporo ni4o6paxeui y ny6nixaqirx
:4o6ynaua B HayKoBI,Ix uepio4IauuHx BrzAaHHflx. Cryninr o6rpyu:rosarrocri
HayKoBI,Ix noJloxeHb, BIlcHoBKin i pexorreulaqifi oqiseuo rK Aocraruro nucorufi,
nlo niArsepAxy€Tbc, Kopel<rHurvr Qoprr,rynroBaHH{M Merr4, 3aBAaHb AocniANe :ltfl, a
TaKox o6rpynroBaHl4M nrz6opou uero4in i rraoAeneff. Bracorraft pineur BprKoHaHH,
HayKoBoro 3aBAaHH.rr AoAarKoBo ni4rnep4Nyerbc, 38'fl3KoM AocliANesss 3

upiopurerHl4Ml{ HarlpflMKaMr.r HayKoBo-AocniAruax po6ir r{Hy iu. llerpa Morulu ra
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Iucrnryry upo6nela Ixryr{Horo inrenerry HAH i MOH Yxpaiuu, 3oKpeMa B Mexax
Br.rKoHaHH, aepx6roaxernoi reMarr4Kr4 ra uixuapo4Horo rpoeKTy DAAD-
Ostpartnerschaftsprogramm is CaapnaHAcbKr4M yuinepcra'reroM. Hayxoorafi 4opo6ox
s4o6ynaua npeAcraBreur.rfi y 17 npal1f,x, 3 flKr4x 11 inaexcyrorbcfl y 6a:i Scopus,
3oKpeMa 3 crami y xypHarrax Apyroro KBaprI{n, (Q2), 2pozgir:rz y MoHorpa$irx ra
6 rraarepianin uixuapo4uzx ronSepeuqifi. Bucoxuft pineur ny6nixaqifinoi
aKTHBHocri ra [poxoAxeHHr perenbHoro peueH3yBaHHr cni4uau rpo Aorpt4MaHH,
npuuqunie axaAer\aiuHoi 4o6poqecHocri. Pesynrraru po6orr{ raKox BnpoBaAxeui y
HaBrrarrbHuft upoqec rpr4 Br4KJraAaHni 4erinrrox Alrcur4nriu, n r..{. (Hefipouepexeni
MeroAr4 o6qucmonilrrbHoro iurerexry>. Ilopx4 is garanrHoro rro3r4Tr{BHoro oqiuxoro
6yro BprcJroBJreHo Hr43Ky 3ayBaxeHb, 3oKpeMa rrloAo uaguipuoro onr4cy
3araJrbHoBiAouprx qimosnx Syuxuifi'ra ueroAiB HaBqaHHfl y Apyrouy po:4ini. Y
rperboMy posaini 6yno peKoMeHAoBaHo rrpeAaraBrlrr4 po3po6neui MeroAr4 y uarnxgi
qirxoi uocri4oenoc'ri eranie ra Ao[oBrktrLr 6ror-cxertauu ri MeroAH, AJr, .rrxrzx

BoHr4 ei4cyrni, Harpr4KnaA An, Mynbrra$a^:oeoro MeroAy. Taxox 6yno BKa3aHo Ha

ni4cyruicrr AocrarHboro o6rpyuryBaHH, Br4Kopr4craHH, He.{irxoro
xnacr.rSixauiffnoro posuo4iny rplr Br4{Breusi auouanifi y qerBeproMy po3Aini ra
sasnsicrr oKpeMI{x cr[ricru.rHr{x Herorrsocrefi i a6peniaryp 6es posruu$pyBaHHf,.
B niacyuKy 3a3HarreHo, rqo exa3aui 3ayBaxeHHfl He 3Hr4xyrom sr,rcoxufi uayxonufi
pineus, HayKoBy ra rpaKrur{Hy qiuuic'rr gucepraqii. Po6ora e 3aBepueHlrM
calrocrifiuuru AocniAxeHHrM, uro Brzpiruye axTyanbHy HayKoBo-Texuiuuy 3aAarry.

BucroereHo rroBHy ni4rpnruxy Ar4ceprarriftnifi po6ori Ta 3aKJrr4KaHo KoJrer Ao
auarori.rHoro piureuux.

€. B. CigeHrco, K.T.H, AoueHT (nuyrpiruuifi peqeuseur).
Bucrynun Ha ni4rprarur<y Ar4ceprarlifiuoi po6oru ra 3a3Har{r,rB, rrlo

AocniANeHHfl crrpf,MoBaHe ua po:n'x3aHH, aKTyarbHoi uayxono-[pr4KnaAnoI gaAa.ri

niAnrulenuq eSexrranuocri reHeparr4BHo-3MararrbHr4x Mepex (GAN/I 3M) B

yMoBax xopcrKr4x a[aparHo-[apaMerpr4LrH[x o6ueNeur, TaKr4x flK ae$iqrar
o6.Iucrrosarsnoi rroryxHocri, o6cxry uau'sri Ta eHepro6ro4Nery, s opieuraqiero
ua n6yAoeaui ra edge-nrar$opura. Y upe4craBJreHr4x marepianax .{irxo Br4rpr4MaHo

KoMtI'torepno-inNenepnufi $orcyc, ulo oxornrce anaparuo-rporpauni o6uexeHHr,
eueproeQexr[eHicrb, npoAyKrueHicrr ra uaAifinicrr cucreM. 3aqereua pospo6xa
yuinepcanbHoro iepapxiunoro $pefinrnopxy 3 KacKaAHoro yui$ixauierc
HarlalxryBaHb Ma€ oco6nuny uinnicrr Ars iuxenepii, ocxilrxu 3anpo[oHonauuft
uiaxia opieuronasufi ue Ha oKpeMi Ha6opn AaHr.rx qr4 MoAeni, a na ga6e:neqeuus

KepoBaHocri npoqecy npoeKryBaHH{ a qilovry. Excnepuueuralrui pe3ynbrarrr
ri4rnep4xyrorb e$exruauicm :auporroHoBaHrax pirueub, 3oxpeMa saSixcoBaHo
3HI4xeHHr BTpar reHeparopa y 3,5 pa3v, cra6inigaqiro 4ucxpuuiuaropa na pinui
6rusrxo 92oh (zawricrr 100%o rryu ilepeHaBr-rauui), a raKox cyrreBe rpr4cKopeHH,
g6iNuocri npoqeciB HaBqaHuq f3M :i cxopoueHHrM ximxocri erox HaBqaHHfl 3
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1300 ao 170. BaNnwBrtv. cKJIaAHI4Koiu KoMr'rorepHo-iHNeHepHoro 6noxy po6orra e

rpaKrrqHe po3ropraHH{ lao4enefi ua unar$opui Raspberry Pi 5 is 3acrocyBaHHflM
INTS - xs aHTyBaHHr, rrlo Ao3BoJrr,ur o 3MeHrrrr.rrr4 posuip rr,toAeni z 2,14 ME ao 0,55
ME ra rpl4cKopllru iu$epeHc y 3,2 pazu - Ao 0,61 rtrc. llparru.rue 3Har{eHH,
pesynrrarin ni4xpinneHo MoxJII{BocrrMr{ ix 3acrocyBaHH, y 6iouerpii Aru
crBopeHH, 3axr4uleHr,rx AaHr4x, rrao6inrrroruy uoxpaqeuHi :o6paxeur, lererqii
auorraanifi y cplcreMax xi6ep6e3reKn ta $iuaucoBoro uoniropuHry, a raKox y
HaeqauHi Ta posroprauui cr4creM Ha rvrixpoxorvrn'rorepax. Po6ora upofturna
HarlexHy anpo6aqiro Ha ulasqi iraixuapo4urax xoH$epeuqifi IEEE ra sucsirreHa y
niAnoeiluux uy6nixaqiqx. Pasorvr 3 Tr4M, 6yno Br4cJroBJreHo 3ayBaxeHH, ruoAo
troAeni BI{rBJIeHH.fl aHoMtl[ifi, le rroKa3Hr.rK'roqsocri (precision) anq aHoMtlrrbHr.rx

spa:xin craHoBI4Tb 0,12, uo BKa3ye Ha 3HaqHy xirrxic'ru x[6HouosvrrprBlr4x
clpaqloBaHb ra crna4uicrr posuisHaBaHH, HopMilnbHr{x AaHr4x. Ue e cyrr€Br4M
rpaKrr4rrHuM o6uexeuusu rpu noaraqioHyaauui pirueuua rnfl uorpe6
xi6ep6e:uexr.r, ToMy peKoMeHAoBaHo [poBecrrr nopinuanux ig KJracr4qH[Mr4

baseline-lereKTopaMtr, a:ae Jrrrrre: niAxoAaMr4 Ha ocHoai f3M. Taxox HaroJrorrreHo
ua ueo6xiAnoc:ri AonoBHeHHx nopinHsJrbHoro auanisy aJropr4TMis ourraNaisaqii
eilnosiAHo Ao HaBeAeHoi y po6ori ra6nerqi 8. lucepraqiftua po6ora ra pineur
KoMllereHtuocri :4o6yaaua noeHicrro siluosilarorb craH AaWy nnuroi ocsirrr gi

cueqialruocri 123 Kouu'rorepHa iuNenepia ranysi 3HaHb 12 IuSopuauifiHi
rexHoJrorii ans rperboro (ocniruro-HayKoBoro) pinnx srruoi ocsirtl.

O. [I. foxufi, A.r.H., npoQecop.
loNzft Onexcaugp llerponrau nigrpuuan grcepraqifiuy po6ory. Bin

ei4suauur, ulo po6ora Br4KoHaHa rxicuo, fiovry cto4o6a.naca, xoqa rroAaqa
ua'repiany Aelqo He3BI4r{Ha, ocximxr4 aKry€Lnbuicrr reMr4 6yna posrn flHyra nicrq
nepenircy ocHoBHI4x 3aBAaHb Arlceprallii, are qe nerKo B HacryrrHifi 4onoeili Ha
saxucri Al4ceprallii cxopuryButu. lIloao 3ayBaxeHr - ix ue6araro, i nouu ue
cymeni. Oxpevro 3ynI4HIaBct rua rry6.nixarlisx: 3apEB uaAifiurnu rporo3r4rlii rqoao
orIoHyBaHHr ABox po6ir s pisHux periouin Yxpaiuu, y pisuux yninepcnrerax ro-
pisuouy o$opunrolorb crr[cxz ony6nixonanux rr,rarepianiB, iure ue He rpuHuprnoBe
IIIITaHHT. loroeue - ny6nixaqii e, BoHr4 saroNai Ta cyrreBi. Bnaxae, ulo KoMrrporraic
B npe4craueuHi crl4cKy ny6nixaUifi 6yAe suafiAeHo. Ilo4xxynan 3a yBary,
ITIaHoBHI4M KoJIeraM, i oco6racro OrexcaHApy Crpror<y 3a rpyHroBHy Aorosilr.

I. M. )KypancrKa, A.T.H., upoQecop.
Xypancrr<a Ipuua MuronaisHa BI43Ha.r&, trIo po6ora uosHicrrc 3aBeprrreHa,

eilnosilae cneqiamnoc'ri 123 - KoMr'rorepua iuxeuepix i e roroBoro Ao 3axr4cry.

.{na locnJIeHH, eilnosiAHocri cneqianrnocri 3arrponoHyBana AoAarr4 4o uayxoaoi
HoBI43HH KoHKperHi qucelrui noxzusuxa (ax qe:po6neHo B 3pa3Kax iHurzx po6ir):
B [yHKTax HoBI,I3HIz Matorb uictltrucr qlrSpu, Hanpr{KJraA, H& cxilrxu eiAco'rxie qu
pasin ni4ualqeuo eSexrunuictr, cra6inrsicrb rorrlo. 3a:uauula, uo e rexcri
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Br4Kopr4craHo repMiu <ueroAororix>>, €ure Hacrpan4i n po6ori [peAcraBJIeHo He

MeroAonoriro (rxa xapaKTepHa \nr, AoKTopcbKr4x Ar4ceprarlifi), a po3Br4roK rreBHr,rx

lreroAis ra Bnepue 3anpo[oHosaHi MeroAr4. 3aupououyBuru neperJrrHyru

$opvrynroBaHHr, uepefirn eia (MeroAonorii> Ao (BI{cyHeHH{ ueroAin> a6o
(po3Br4TKy MeroAis), uqo6 :6eperrr4 rpaButrcruuir 6arauc. Eesnepevuo ui4rpranrye
po6ory i nnaxae, Iqo if cni4 pexoMeHAyBarlr Ao 3axr,rcry. ,{oaarKoBo B o6ronopeuui
6yno uigxpecneHo ueo6xilnicrr qitroro Soprr,rynroBaHH, o6'exra AocriANeuss
situosiAHo Ao craHAapry PhD-123, wo6 riu xopenroBaB g o6'errauu Aismuocri
caMe n ranysi KoMr'rorepuoi iuNeHepii. 3anponoHoBaHo ni4xopurysaru cilafi.^u ra
3aBAaHHr, rqo6 BoHr4 siAnosiAanu oAHe oAHorvry, a KoxHe HayKoBe 3aBAaHH,

po3Kpr4B€Lnocr siAuoeiAuraNru ctafip.awu. Y 6nox-cxeui peKoMeHAoBaHo AoAarlr
oBaJrr.r nor{arKy ra riuqr, [apilflenorpaMr4 An, BBeAeuur/nune4eHH.f, AaHIax (:ri4uo
gi craHAaproM ISO 5807), 3MeHrurzrrr posrr,rip yMoBHI4x oueparopin (pou6in),
rpoHyMepyBatv eci 6noxu. IIIoao cxpiuurora 3aBaHraxeuocri CPU,
3a[ponoHoBaHo 6inrur Aer€LrrbHo norcHr4Tr.r 3HarreHHs <d50o >>, ocximxu BoHo He

siluosilae rpaAr.rqifinouy ni4xogy 3 MaKCr4Ma-rrbHr4M 10002-sua.reHH{M, i rpe6a
qirxo aKueHryBarr4 rpo uepexig na GPU qepe3 HeAocraruicrr roryxHocri CPU.
lleperir nireparypLr ra ouy6nixonaHr4x rpaub cni4 po:4itrwru Ha rpr qacrr4Hr4

siAnoeiffro Ao HaKasy MOH J\l'e 40 (2017 p.): ny6nixauii, Ae BVKnaAeHo ocHosni
uayrori pe3ynbraru; rr.rarepiarrr4, uro :acni4uyrorr anpo6alrirc (xoH$epeuqii rouro);
AoAarxosi uy6nixaqii.

IO. A. Xtyrcon, A.r.H., npoQecop.
Xyxon IOpift lauunonuu HaroJrocprB, rrlo 6aqurr y po6ori BenraKy

nepcneKTrzBy ra npaKTr.rqHy uiuHicrr. 3a:saqr,rB, ruo B pea-[bHr4x iu4ycrpiarusprx
yMoBax 6inrruicru 3aMoBHr4Kin, rxnx uixae[rr uiAsr{ueHHr ror{Hocri, saAifiuocri
Ta iurepuperaqii pesynrrarin ouruipronaHr, 3 Hpr3xr4 rprr{HH (xorvrepuifiurzx,

6esuexosux rorrlo) yHr4Karorb a6o cyr,eeo o6NaeNyrorb Br{KopprcraHHfl xMapHr4x

pecypcin. Cavre roMy 3 roqKr4 3opy KoMn'rorepHoi iuNeuepii oco6nuso uixaeo
3acrocoByBarr4 n6yAonaui cucreuLr ra roxamni o6qvcruosanrni pecypcl4 4.nfl

crBopeHH, clrcreM KoHTponrc 6esnexz - rexuiqsoi, exououiuuoi, upouucroeoi
Torrlo. Taxi cl{creMr4 Ao3BoJr.flrorb KoHTponroBarlr o6'exru 3a AorloMororc
iucrpyrvreura-rbHr.rx saco6in, sa6esneuyrcrrr4 BurIHfi pineur 6esuexr iu4ycrpianbHr4x
o6'ex'rin, KoHTponbuux uolriropio ra iuruux Kpr4T[r{Hr,rx eJreMeHrin. 3anpoloHyBaB
qirxirue ni4xpecnrarr4 B AorrosiAi o6'eKTr4 KoMn'rorepnoi iuNeHepii, tqo6 [ocr4Jrlrrlr
upaxruuHr.rfi acrreKT i upaxruuuy qiuuicrr. BeaNae po6ory 3aBeprxeHoro, a

Orexcau4pa Crproxa xnani$ir<oBaHlrM :4o6yeaueu, r.xuirr 3acnyroBye BqeHoro

cryneH, Aorcropa Sinoco$ii sa cneuiarsuicro 123 Konrn'rorepua iuNeuepix.

Excneprn3a Ar4cepraqii Crprora OrercaHApa Ceprifioeuqa ra rroBHorr.t

ny6rixaq ii o cuonur.rx pe3ynbrarin Aoseonae spo6 uua raxuft
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3 A TAJI b H.VIuI B II C H O B O K :

lucepraqia Crprcrca O.uercauApa Ceprifionurra Ha reMy <Ourunisauiq
reHeparr{BHux 3MaraJrbHHx nefipouunx Mepe}K B yMoBax alaparHo-
napaMerplrqHux o6ruexeub)), Ha s4o6yrrx HayKoBoro cryreH, AoKTopa $inoco$ii
sa cneqiamsicTro 123 - KoMn'torepna iuxeuepix (rary3b 3HaHb 12 IuQopuaqifiui
TexHoJlorii) e caruroc'rifiunu, 3aBeprxeHuna, qilicru4M HayKoBHM AocJri4xeuuau, u1o

nosuicrro siAnoeiAae craHAapry eruoi ocniru si cneqialrsocri 123
xouu'rotepua iuNeHepix. O6csr ocHoBHoro reKary cKJraAae 5,2 aBTopcbKLrx

apxyuri.
Arcrya.nruicrr reMrr ra iT rs'qsor is rrJraHaMu HayKoBux po6ir ycraHoBr{.
Cyuacruuia po3BI4ToK cLIcreM IxryrlHoro iurenexry (n r.u. reHeparr{BHux

3MarillbHl4x Mepex, cl4creM posuisuananHfl, xnacra$ixaqii, cemreHTauii, o6po6xu
rlpupoAHoi Mosz ra iu.) AeMoHcrpy€ eKcroueHqiamue 3pocraHH{ rapaMerpin
lrryr{Hux uefipoHHnx Mepex i saneNHicrr ix nia xMapHr4x o6qucreur [pr4
3acrocyBauui y KpI4rI{qHo BaxJrI{Br4x c$epax. Ilpore An, po3B'fl3aHHfl. 3aAarr B

peaJlbHoMy .{aci (aerouor,rua uasirallis rorqo) a6o 3aAaq s ga6egueqeHHflM

xou$i4euqifiuocri AaHI4x (ueluquua, o6opoua) ueo6xiAuicrr nocrifiHoro se'lsxy
3 xMapHI{M cepBepoM e cyrreBuM seAorixou. Torvry peanieaqis iurelexryanbHr,rx
cllcreM 6esuocepeAHbo ua uixpoxoun'rorepax ra iraixponpoqecopHlrx i xopAonuux
npl4crpoflx (Edge AI) e aKryaJlbHoro neo6xilnicrro. Pasopr 3 rr4M, raKe po3ropraHHfl
pecypcHonaicrxux reHeparplBuux apxireKryp B yMoBax araparHo-rapaMerpr4r{Hr4x
o6ueNeur e6yAonauvx ra uo6inruux rprrcrpois uauroBxyerbcfl ua npo6leuu
o6q[cffosa-nrsoi cuagHocti Ta secra6imuocri nefiponaepexeBoro HaBrraHHr.
llo4olauur urx npo6reu BI4Marae pospo6xra ra yAocKoH€LneHHf,
pecypcoe$exrunHlEx uerogin onrurrai:aqii, u1o sa6e:ueuyrorr aAauraqiro Ao
grauauixz HaBrraHHr, apxirercryp uefipouHux Mepex ra napauerpie CPU-
opieHronauux nnar$opu. ,.{uceprauiftna po6ora npr4cBsr{eHa nupirueuHro
nparruunoi saAa.{i po:po6xu ra BrpoBaAxeHHq HoBr4x MoAelefi i Nrerolie
[poeKTyBaHH, Ta ouruNaisaqil reHeparr4BHr4x 3MaraJrbHr4x uefipouuux Mepex
(f3M), ,K cr4creM rxry{Horo iurerexry, 3 ypa)ryBaHHflM araparHo-rporpaMHr{x
o6ueNeur,
ni4rpuuxra

eueproe$eKTr4BHoro Br4Kopr4cra:a:nfl o6qucffosa^rrbHlrx pecypcin,
npoAyxrr4sHo cri'ra u aAifi H o cri xop,uoHHr4x crcreM. f 3 M :a6esnevyrorr

AoIIoBHeHH{ icnyrouux na6opie AaHI4x (,Uaracerie) Ao.qarxoBHMr4 rxryrrHr4Mr4
3pa3KaMI4 gn-a eSexrl4BHoro HaBrraHH, uefipouuux Mepex B yMoBax seAocraruroi
xilrrocri peaJIbHI,Ix AaHux ra uiAsuueHH, qxocri icuyrouux :o6paNeHb 3 Hr43bKoro
pos4inruorc gAarHicrro, 3aIuyMneHHf,MV ra ni:yamunura apre$aKTaMr4. Cnexrp
3acrocyBalrHq f3M oxoflJlroe KpI4Tr4trHo saxr[si c$epra: eHeprerr{r{uy 6e:nercy,
uaqioualruy,o6opoHy, oxopoHy 3AopoB'fl, eKoHoMixy ra iu. B ocHoei f3M Jrexr,rrb
aurarouicrr4trHa nsaeuo4ia ABox uefipouuux Mepelr( (reueparopa i
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Ar{cKpr4MiHaropa), Ae reHeparop crBoproe HoBi 3putsKl4 :ra uiniuisye firvronipuicrr
Br4flBJreHH, ur,rx ruryr{Hrlx AaHr4x 4rlcxprauiHaropoM, a AI,IcKpI{Minarop uaxcutuisye
sAarHicrr posuisnanarr4 3reHeponaui ruryuni aani i ni4pisuxrra ix eil pezLIIbHI4x

spa:xin, uo Ao3BoJIre f3M aBroMarl4qHo HaBr{arl4ct reuepaqii AaHI4x,

MaKcr{M€urbHo na6luxeHrax Ao peanbHlrx. IIpu IIboMy, f3M sa6eeneuyrorr
BrzcoKoroqHe $opuynanHr crarr{crr4qHoro posno4iny AaHI4x, Iqo e KpI4TI4trHo

BaxJruBr{M rnfl renepaqii pearicruuuux apasxia y AoMeHax s o6NaexeHI4MpI

nu6ipxanu (aurn. low-data regimes), 3oKpeMa, upu po:n'xsauui [prrKJIaAHLIx 3aAaq

y o6lacrrx si.{ MeAra.{uoi AiaruocruKu ra o6po6xra cynyrHI4KoBI,Ix AaHpIx Ao
recryBaHHr crifixocri 6iouerpr4lrHux ar4creM rrporr4 xi6eparax, Ae orpl4MaHH.fl

peaJrbHrax [aHLrx e ycKJraAHeHr.IM a6o HeMoxJII,IBHM. llpore e$exrunue
Br{Kopr4craHH, f3M y qnx rany3flx o6vrexyerbcr Hecra6inruicrro HaBr{aHHfl Ta

Br4COKr4Mr4 Br,rMOraMr4 AO Cr,rCTeMHI4X XapaKTepr4cTrrrK O6.IIACIrOB€LIIbHLIX rONAUIerCiS.

Axryamuoro 3aAarrero raKox 3aJrr{ruaerbc{ nupimeuur npo6neu niAslaueHHs
zlnropr4rMi.{Hoi e$errunnocri f3M [ilfl sa6esne.IeHHs criftroi xoHsepreHuii
3MarilrbHr4x apxirexryp ra cra6inigaqii 4uuauiuuux npoqecin HaBqaHHr.

Oco6nr.reoi rocrporu rualyeae neo6xilnic:rr aAanraqii f 3M .qo peanisauii e yMoBax

anaparHo-rapaMerpr4rrHnx o6ueNeus, axi syuosreHi ae$iurarou o6qucruosamHoi
rroryxHocri, o6ueNeHr4M o6cqroNa o[eparr4Bsol ra uocrifiuoi nana'sri, a raKox
cneqra$ixoro eHeprocnoxr4BaHHfl KopAoHHr.rx npncrpoie, urixpororun'rorepuux
unar$oprta ra n6yAonauux iurerex'rya-rbHr4x cI4creM. I-\e ycKnaAHro€ rpqMe
3acrocyBauus f3M B cr4creMax yrpaBriuus ra nigrpuuxz npufiHrru pirueHr y
peanbHoMy qaci 6es uonepe4uroi araparHo-rapaMerpuunoi ouruNrisaqii ra
yAocKoHaneHH-r cneqiarigoBaHr4x rraeroAin o6qucrenr. .{ucepraqifiua po6ora
crpflMoBaHa Ha noAonaHH.rr 3a3HarreHrlx neAorixie f3M, Iqo ni4rnep4Nye iT

axryanrHicrb ra [paKTr4rrHy uinnicrb Anfl po3Br4TKy cyqacHux iurelex:ryilllbHl4x
CI,ICTEM.

3s'qsor po6oru 3 HayKoBI{MlI nporpaMaMll, rlJraHaMrr, TeMaMrI.

lncep'raqifiue AocliAxesus Br4KoHaHo B paMKax HayKoBpIx rporpaM,
c[prMoBaHr4x Ha po3Br4ToK Ta nignuuleuHa e$exrunuocri cLIcreM [rryrlHoro
iurenerry (tm) ra ix 3acrocyBaHHq B pi:uux rany3fx. 3oxpeua, po6ora eiAnoeiAae

lporpaMaM, uro crocyrorbcr pospo6xu innonaqifiuprx NreroAie Malrl4HHoro

HaBqaHHs (MH) i rnu6oxoro HaBqaHua (fH) 4na o6po6xu serlaKux AaHI4x ra
ga6egueqenna iuSoprraauiftnoi 6esnexu. OuroeHi pe3ynbraru po6oru anpo6onaui na

sirqusHrHLrx ra uixHapo4urax xou$epeuqixx, uro uiAreepAxye if niruosiAuicrr
aroy€LJrbHr4M HayKoBLrM HanpflMaM. lracepraqifiui locniANeuus rpoBoArlnucr: (a)

eiAuosiAHo Ao npiopureruux Haupxrraxin HayKoBo-AocliAHux po6it
r{opuonropcbKoro sarliouarbHoro yuinepcu'rery irr,reHi llerpa Morulu (uayxoei
iniqiarprsui ra$egpanrni reuu: <Cucreiuu i naeroAu llrpwitruxrtr, piurenr B )rMoBax
neqirxocri ra nesu3Har{eHocri 4auux>, 01.01.2022 - 01.01 .2025; <MoAeni ra
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MeroAr4 po3B'r3aHH{ 3aAarr ruryrrHofo inrerexry, MaIrII,IHHoro HaBrraHH{, cncreM
KepyBaHHr ra upufiuxrra piueur>, 01.01.2025 - 01.01 .2028); B paMKax (6)

AepxaBHoro HayKoBo-AocniAuraubKoro rpo€KTy Iucruryry npo6lervr uryrlHoro
iurelexry GIIIIII) Haqiouanrsoi araAeuii nayx Yxpaiura i MinictepcrBa ocsiru i
HayKr4 YxpaiHra (MOH) YxpaiHu <Creopeuua crparerii po3BHrKy ruryqHoro
iurerexry n Yr<paiui> (2020-2022 pp.) Ha 3aMoBJIeHns MOH YxpaiHu (Nl !P
0 l20lJ 1 0229 9) m (e) rrriNuapoAHoro rpo eKry DAAD - O stpartnerschaft sprogramm
s CaapnaHAcbKr4M yuinepcnreroM, Caap6proKKeH, Hinre.r.{uHa (2018-2020 pp.),

crpqMoBaHoro Ha po:po6rcy iurer exryaJlbHl4x r,to6 imsrax po6 orin.
O6rpyurosaHicrr i AocrosipHicrr HayKoBrrx froJroxeHb, nucuonrcin,

peKoMeHAauifi, qrci raxuuax)Tbcfl.
O6rpynrosaHicrr Ar4cepralliftnoro AocriANeHuq

Br4Kopr{craHHrM Teoperr4r{Hux i ueroAororiqsux ocHoB, ,

rroJroxeHb ra upranqunin xoun'rorepuoi iuxeuepii, [paub

sa6e:ueuy€rbc,

$yu4auenraJrbHLrx

sapy6ixHr4x yqeHI,Ix.
@oplrynroBaHH.f, HayKoBr4x 3aBAaHb, HoBe nupiueuus flKlrx [peAcraBJIeHo B

graceptaqii, ni4rnep4Nyerbcfl TeoperlrKo-eKcnepr4MeHTa-[bHr4M o6rpynryBaHHflM
pe3ynbrarie locrilxeHH,; Br4KoplrcraHHrM rpu rpoBeAenni Aocni.qxeHHs eeruxoi
ximxocri anariruquux uarepianin i pi:nou4rrHr4x rr,reroAie AocriANeuHs;
anpo6aqiero pesynrrarin AocriAxeHHq Ha rpaKTr4qHrrx xon$epeuqirx pisuux
pinHin i ceuiuapax.

Y 4ucepraqii naeeAeHo reoperr4r{ue o6rpynryBaHHf, fi eueprue pospo6neni
MeroAr4 rrloAo yAocKoHaneHH, icuylouux ui4xo4in Ao ouruMisaqii f3M Ha

KopAoHHr{x nplrcrpoflx B yMoBax ix anaparHo-[apaMerpr.rqHlrx o6rueNesr .

Hayroni ronoxeHHf, po:po6neui oco6ucro :4o6yeaueu, ix HoBlr3Ha

Br43Har{aemcs oco6ucrr4M BHecKoM y nnpiureHHfl aKTyanruoi upaxrr.r.rHoi gaAa.{i e
ranysi xorun'rorepuoi inxenepii, Uo rroJrsrae B y:aramneuui ra pospo6ui
npaKrr4r{Hux rraero4iB Ta peKoMeslauifi uloAo yAo cKoHaJreHHs npoqe cin ourrzMisaqii
f3M B yMoBax araparHo-rapaMerprrrHux o6uexeur KopAoHHr4x npucrpoin.

Y aocnilNeuui Br.rKopr4craHo KoMlJreKc MeroAis HayxoBlrx AocriAxeur,
3oKpeMa: MeroAr4 Marxr4HHoro ra uu6oxoro HaBr{aHHr An, po3po6xu i TpeHyBaHHt
reHeparlrBHr4x 3MaraJrbHr4x Mepex; MeroAr4 o6po6xra :o6paNeHb lnfl auanisy i
rloKpar.ueHus sxocri ruryr{Ho cl4HTe3oBaurzx :o6paxeHb; MeroApr reopii ueqirxux
MHoxr.rH ra ueqirxoi norixu Ans oqinxu ra iurepuperaqii pe3ynbraris nrsereuHs
anouanift; pisuorunui anroplrrMrr ourmaisauii \nfl pospo6xra KacKaAHoro i
uynrru$asoBoro uero4in onuaNrisarlii rpouecy HaBrraHH.fl f3M; MeroAr4

KBaHroBaHoro HaBrraHHfl Ta recryBaHHr uo4erefi na 6asi MNIST Ars iurerpaqii ra
y3roAxeHH.rr iuropr4rruie f3M 3 aflaparHrauu o6uexeHHflMlr KopAoHHr4x upncrpoin;
a raKox MeroAr4 crpyKTypuoi oprauisaqii ra cr{Hre3y IoT-cucreM ra n6yAonauux
cI4CTeM.

BITqI43HflHHX TA
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Oco6racrnfi BHecoK s4o6ynaua noJrflrae y pospo6ui ra oupona4xeuui
KacxaAHoro, MyJrbrlr$a:onoro Sa:onoro ra ri6pra4Horo MeroAin outuuisallii f3M,
pospo6ui BAocKoHilreuoi apxireKrypr4 aAarrrr.rBHoi ura6oxoi sroprrosoi f3M, a

TaKox y pospo6ui Hosux uiAxolis Ao noKparrleHHs sxocri so6paxenb, BI4xBJIeHH,

auorraalifi Ha ocHoBi f3M, nupona4xeuui rrroAereft ra uetogie HaBr{aHH, Ta

po3ropraHng f3M Ha KopAoHHrdx rpr4crpof,x. Po6oru ouy6nixonano sgo6yBarreM flK

cauocriftuo, raK i y cninanropcrni; :go6yeaueM rlpoBeAeHo aHaris cyqacHl4x

cr.rcreM rxrytrHoro iurerexry, 3oKpeMa reHeparI4BHI{x MoAerefi, r:a 3aflpo[oHonaui
uiAxoAa .qo uiAszrrleHH{ ix e$exrunuocti; po3ruIrHyro crpyKrypy ra ocHosHi
nporpaMHi rounoneHTr4 reHeparr4BHlrx 3MarilrrbHrax Mepex [pu s[xouaHHi
npaKTprqHr4x 3aAarr 3 reHepyBaHHs peanicrzuHr{x 3pa3Kin pyxonucHlrx curtrnorin,
uiAsraqeHua posginrsoi gAaruocri, cr4HTe3yBaHH, rxryqrtllx ni.q6urxie namqin,
Br{.rrBJreHH-rr anouanift y 6ararorpurepiamuux AaHprx; HaBeAeHo MeroAra Ta

y3aranbHeHy crpareriro araparHo-rapaMerpuqsoi onrrzrvrisaqii f3M Anfl
Mynbrr4MoAilrrbHoro c[eKTpa 3acrocyBaHH{ Ha KopAoHHr4x [prtcrporx B ytuonax ix
anaparHo-napaMerpur{Hr,rx o6rraeNenr; po:po6neHo EporpaMHi saco6u xeponauoro
HaBqaHHfl Ta cprHTe3y spasxie 3a AoloMororo reHeparr,rBHr4x uoAenefi
6e:no cepe4Hbo Ha KopAoHHr4x rrpr4crpo{x.

Pesylrrarv Alr,ceq auift Hoi po6orn BrpoBaAxeni upu Br4KoHaHHi nayxonoro
rpoeKry InmI MOH i HAH Yxpaiurz (Ns AI' 01201J102299), nixuaposuoro
DAAD-Ostpartnerschaftsprogramm rpoeKry B paMrax ar<a4euiuuoi cnienpaqi
(rIHy, Yxpaiua - CaaptaH4cu<ufi yuinepcurer, OPH> ra B HaBqatrc:auit rpoqec
t{HY irra. flerpa Moruru.

Hayrcone 3HaqeHHq po6oru. Hayr<one 3Har{eHHr po6our norqrae B

posn'rsauui arryanbHoro HayKoBoro 3aBAaHHfl y ranysi KoMr'rorepuoi inNeuepii,
Teoperr4Ko-MeroAoJrori.rHrax rroJroxeHb raIqo 6asyerrcr Ha o6rpyntyeaHHi

pospo6ui rpaKrnr{Hlrx MeroAin i peroueuaaqifi uroAo ouruMisaqii f3M B yMoBax

alaparHo-n apaMerpr4r{Hr4x o6rraeNenr KopAoHH r4x npu crpoin.
Hayrcona HoBr{3Ha orplrMaHlrx pesy.nsrarin Bpr3Haqaerbc, oco6ucruu

BHecKoM aBTopa y arapiureHHfl aKTyanbHoro HayKoBoro 3aBAaHHr rany:i zuavt 12

Iu$opvrauiftui rexnororii, flKe rorr{rae B crpyxrypuifi pexou$irypauii apxirerryp
f3M, pospo6ui MeroAie onrrMigaqii ra NaexauisN,rin ix ri6puAHoro roru6iuynaHHfl

Arllr rrpoqecis uas.raHrr, f3M ra araparuo-opieurosanifi aAanraqii KopAoHHr4x

npucrpoin ra ruixpoxoun' rorepuvx KoMrroueurie.
Hafi6inrur 3HarryuruMr4 pe3ynbraraMu 4ocrigxeuHa, ruo craHoBJrrrb

HayKoBy HoBr43Hy, po3Kpr4BarcTb cyrb po6oru ra Br.rrrocrrbc, Ha 3axr4cr, e raxi:
Buepure po:po6neHo MareMarr.rrrHy MoAenb KacKaAHoi onruMisauii f3M,

fllrta, Ha ni4rraiuy eig icHyrouux, 6asyerbc, ua iepapxiqnifi AeKoMno3uqii npocropy
rinepnaparrrenpin ra BpaxyeauHi aAarrrr4BHoi Auuauix[ HasqaHH{, rqo Ao3Bonre
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3a6e3re.{urr4 Heo6xi4Hy rouuictr ra ursraAxoAiro $yuxuioHyBaHHs f3M B yMoBax

alaparHo-[apaMerpurrHr4x o6ruexeur KopAoHHr4x upu crpoin.
Bneprue po:po6neHo Mynbru$asonufi MeroA onruuigaqii nas.{anng f3M,

6araropirHeBoMy Nrexauisr\ai

Konalcy MoAr4 Ta 3Hr4KHeHHlO

o6qucruoeamuoi cxraAsoc'ri

lxxwit, Ha ni4irainy eil icuyrouux, 6asyerrca Ha

aAarruBHoi xounepreuqii, ulo Ao3Borge gano6irarn

rpa4ieurin $yHxqifi Brpar 6eg uignurqeuux
flpoueAypr4 HaBrraHH.fl .

YAocrcouaJreHo rraexauisu alanraqii f3M, sxuir, ri6pra4uorrayVAocrcouaJreHo MexaHl3M aAanraqu I 3M, sxuu rpyHTyerbcflr.a rrOpra4uorray

xou6iuyaauui xacxaAHoro ra MyJrbruSa:onoro NreroAie B rroeAHauui : araparoM
seqitxoi roriru, uo Ao3BoJI{e KoMtrJreKcHo uiAsrauuru eSexrranuicrr HaBr{aHHfl Ta

sxicu reuepaqii ruryr{Hprx IaH:aX B 3aAaqax Br4qBJreHHq aHoMzl[iff, 6iorraerpii ra
KoMr'rorepHoro 3opy, 3oKpeMa 3Hpr3LrrLr SyHxrliro Brpar reHeparopa y 3,5 pa3u,
yHlIKHyrr4 rrepeHaBqaHHr gracxprauiHaropa (ua pinni -92yo), rrpr4cKopnru s6ixHicrr
f3M a 7,6 pasin, rIoKpauII4rpI Merpl4xy FID y 2,3 pa3pr ra Aocqfrr4 ro.rnocri
BIaqBreHHq auol,rarifi AUC : 0,,92 is sa6esneqeHHrM rroBHoru (Recall) ua pinui 1,0.

Ha6yn noAaJrblrroro po3Brrrny nporpaMHo-araparHufi rueroA peanieauii
rloBHoro III{Kny $yuxqiouyBaHH, f3M Ha KopAoHHr{x rrpr4crpof,x, sxuit 6asyeruca
Ha iurerpaqii xnau'roBaHoro HaBr{aHH, Ta a[aparHo-opieuronauoi xacxaAsoi
ourrl4isauii, rqo sa6esueuye peanisaqiro pexonSiryponaukrx apxirerryp f3M s

BpaxyBaHHrM aflaparHo-[apaMerp[trH[x o6uexenr ra ix SyuxqironaHH, n pexrarrai

pe€LnbHoro r{acy si 3MeHrrreHnau po:rraipy ivriraqiftuoi MoAeri s 3,9 pa3tr ra
rrpr4cKopeHH{M rrpoqecy iu$epeHcy n 3,2 pa3Lr.

Ars oqiuxl4 rlpoAyKTunHocri f3M y po6ori 3acrocoBaHo MeroAr4 ximxicuoro
aua,ri:y is Br4KopucraHH.f,M KoMnneKcy cyqacHux Merpr,rK (FID, Loss Value,
Accuracy, Epochs to Convergence, Inference Time, Latency, Model Size, AUC,
Recall), uro Ao3BoJIt4JIo o6'exrvsHo uopimraru eSexrueHicrr pospo6neuux uero4in
is 6asoelaNal,I riAxoAauu. Ilparruuua suauyuicrr AocriAxesus ui4rnep4Neua
BnpoBaAxeHHrM pe3ynbrarie y Hayroei rpoexru z CaaptaHACbKr4M yuiaepcu:reroM
OPH ra Iucruryrovr npo6JreM rxryquoro isreneKry MOH i HAH Yrpaiura, a raKox
B HaBqaJlbuIafi npoqec r{HY iu. lI. Moruru. Marepianv luceprauifiuoi po6orr,r

4ouoeigalucr ra o6roaoproBaJrurcr Ha 8 uixuapo4uux HayKoBo-Texui.{Hr,rx
r<ouSepeuqixx (IDAACS'2023, DESSERT'2023, NIIT'2020, AICT'2021,
CMIS'2025 ra in.) ra 3 Bceyxpaiucrxux HayKoBr4x xoH$epeuqisx ra cetriuapax,
ony6nixonaui s 17 nayxonux rpaqrx.

llparcru.ure 3HaqeHHs ra Br{Kop}rcraHHs pery.nrrarin po6oru.
floroxenns po6oru e aKTy€LJrbHlrMH rnfl Br4Kopr4craHH, y ranysi 3HaHb 12

Iu$opuaqifiui rexnororii, a raKox Marorb rrpr4KJraAHuft xaparcrep, ulo po6urr ix
qiuuuuu l.rfl [paKTI4rIHoro BrrpoBaAxeHH, B peaJrbHr{x IoT-cucreuax ra
n6yAonaul4x KoMrIoHeHTax cucreM KouTpoJrlo, ynpauiuHfl,Ta upufiuxr,x pirueHr, a
TaKox rpz :acrocynauui y HaBr{iulbHo-ocnirHrouy npoqeci. Ilparruuua
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3Harryulicrb AocniAxeHH, rroJr.rrae y po3po6qi aJropr4TMiuuo-auaparHoro

$pefiueopxy AJrr HaBrraHHfl Ta po3ropraHHs f3M Ha KopAoHHr{x rpucrpoflx 3

BpaxyBaHH-rrM ix o6.rracrrosulrrbHr,rx ra apxirercrypHr4x o6urexenr. 3asAsxra

3acrocyBaHHro rraeroAis KBaHTyBaHH.s Bar (INT8) ra npo$inronaHH,
o6.rucmon€urbHux rpa$in AoBeAeHo uoxruricrr ctifixoro Synxqiouyeauux f3M y
pexulri peanbHoro qacy ua 6asi rr,rixpoxorran'rorepuoi unar$oplrra Raspberry Pi 5.

I{e Ao3BoJrre iurerpynaru pospo6neni uoAeri f3M flK 6azor,vrit eJreMeHr

iurenerryarrbHoro KoHTypy aBToHoMHrax IoT:-nnar$opvr, rqo NaiHiN,risye roxamHe
alaparHe HaBaHraxeHHs ra ycyBae Kpr4Tr4rrHy 3anexuicu inSpacrpyxrypu ni4
xMapHr4x o6qucreur. TeoperH.{Hi uoroxeHH, Ta [paKTuuni pexorvreuAauii, sxi
o6rpyuronaHo B Ar4ceprarlifinifi po6ori, BrrpoBaAxeui e uayxoso-rexHiqni pospo6xu
r{Hy iu. llerpa Mornra, Caapnau4cbKoro yuinepcurery, OPH ra IIIIII HAH i
MOH Vxpaiuu, a raKox B HaBqarbnrafi npoqec IIHY irr,r. flerpa Morurz y xogi
ri4rororru Saxinuie 3a ocsiruro-xna.ni$ixaqifinranau pinnxvru <6axa.naep> ra
<uaricrp>, 3oKpeMa Br4Kopr4croByrorbc, rtpu nuxra4auui gucquuiu
<flpoexryBaHHr iurerexryarrbHr4x CIIIIP), <Heftporr,repeNeni MeroAlr

o6qucffoezlrbHoro iurerexry> ra <Fuzzy models and methods for computational
intelligence)), a raKox y AurnoMHoMy rpoeKryBauHi Ars cneqiamuocrefi I23 -KoMr'rorepua inxeuepir ra 122 - KoMr'rorepui uayxra. Pesyrrrarrz AaHoi po6oru
rrloAo reHeparr{BHr4x 3MariurbHr4x Mepex eeifirxrr Ao rpoeKry <Crparerii posnurxy
rxryqHoro iurerexry a Yxpaini)), ulo nigo6paNeHo B KoJreKrr.rBuifi nonorpa$ii.

flosuora BuKraAeHHq naarepia.nin lucep'rauii B ny6.nircaqirx ra
oco6ucrufi euecorc y Hlrx aBTopa. 3aranrni rroJroxeHHs AocniAxeHH, srcsirreHo
n 17 uayxonrax uy6niraqirx, 3 Hr{x: 3 crarri n uiNuapoAHprx Qaxonux xypuatax,2
crarri y HayKoBr4x $axoeux Br4AaHHrx Yxpaiuu (rxi BxoArrb Ao rrepeniry MOH
Vxpaiuu), 2 pozgiru B aHUroMoBHrrx uouorpa$iax, 1 KoJreKrprBHa MoHorpa$ir, 6

rvrarepianin Aouosileft Ha nixuapo4uux HayKoBo-rpaKrr4r{Hr4x rcon$epeuqixx
(IDAACS',}}23, DESSERT',Z}Z3, N1rT',2020, AICT'2021, CMIS',2025 .ra in.), 3

re3 AonoBiAefi na B c eyxpaiHcbKlrx H ayKoBo - rpaKrr4r{Hr4x xou S epeuuiqx.
Ocuosui iaei ra pospo6rn, sAiftcueui B paMKax Ar4ceprauifinoro

AocriANeHH.rr, y roMy qucri ri, u1o xapaKrepr43ylorb HayKoBy HoBr43Hy i npaxruuue
3HaqeHH.f, pe3ynbr€rrin, c Sopuyrronaui i orpnuau i sgo6yaa.r eu o co6u cro.

Buecox aBTopa KoHKperrr3oBaHo y uepenixy ouy6nixoBaHr4x npaub.

cIII,IcoK orryEJrrKoBAHHx rrPArIb 3A TEMOTO ApTCEPTAIIIi
Ilpaqi, B nKrrx ony6.nixoeaui ocuonui Hayrconi pery.rrrrarvr gucepraqii:

1. Cmpnrc O. C., Kou4pareHxo IO. lI. MeroAra rrpr4KnaAHoro 3acrocyBaHHfl
reHeparLrBHr.rx 3Mara.rbHr4x Mepex npra o6po6qi rpa$iqHrrx AaHr{x. IUmyuuuil
iumeaercm, 2023. Ns 3. C. 154-161. DOI:

h[puldq"r-e"gllQ_.15491_1iaj**-23.Q3*_1_5*4". (ISSN 2710-1673) (Kareropin E)
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4.

5.
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(O co6ucmuil eu ecox : p e3ynbmamu nopirHnJtbHo zo au ailsy 
^4 

emod i e

npuxa adu o z o 3 ac mo cy 6 aHHn z eH ep amurHl,tx 3M az a fl b Hl.tx M ep eilc npu o 6p o 6 4i
zpafuiuuux dauux ua ocuoei npoeedeuux oco6ucmo eKcnepuJveHmaibHl,tx

docnidctceuu.)
URL : http s : //j ai . in. ua/index.php/apxie ?p ap er_num: I 6 0 6 .

Striuk O., Kondratenko Y. Generative Adversarial Neural Networks and Deep
Learning: Successful Cases and Advanced Approaches. International Journal of
Computing, 2021. Vol. 20, No. 3. P. 339-349 . DOI:
hfipil//dpi *qre/ 1 Q,$ 7 I 3 9/_li q.? Q. 3 . 2 2 7 I . 0 SSN t7 27 -620e) (S cop u s)

URL:hgp.-s_/1p_o_mputingonline.neVp-pmputindartiplg/yiew/2278.
Striuk O. ,S., Kondratenko Y. P. Generative Adversarial Networks in
Cybersecurity: Analysis and Response. Artificial Intelligence in Control and
Decision-making Systems. Studies in Computational Intelligence. Cham:
Springer, 2023. Vol. 1087. P. 373-388. DOI: hjjpp;/delp:g/*|0,180719_78:3---031"":

257I?:9_18. (Scopus)
URL : https ://link. springer.com/chapter/ 1 0. I 007/978-3 -0 3 1 -2 5 75 9-9*1 8.

Striuk O., Kondratenko Y. Implementation of Generative Adversarial Networks
in Mobile Applications for Image Data Enhancement. Journal of Mobile
Multimedia, 2023. Vol. 19, No. 03. P. 823-838. DOI:
htlps*1ldgi."o1g1"_l-0_,1"_3_0_52/i$m_155-0-:_4_6{6_._1938. GSSN rss0-4646) (Scopus)

URL:https jouf.n.al.*riverpublishe-rS,com/index.p-.tur/JMlWafliql-q/:z_iew/15053.

Striuk O., Kondratenko Y. Optimization Strategy for Generative Adversarial
Networks Design. International Journal of Computing,2023. Vol. 22, No. 3. P.

29 2-3 0 1 . D oI : dpr=sd_Lq-a7$9lijs2,3 .3 ?:?3_ . G S S N t7 27 420e) ( S c o p u s )
URL: h!tps*:/ico_tnputingonline.pet/coqrp-ujin&larticle/vied.3_*2_2.3.
Hayrconi upaqi, srci saceiArtyrorb aupo6aqiro naarepia.nin Aucepraqii:

Generative Adversarial Neural Network for Creating Photorealistic Images /
Striuk O., Kondratenko Y., Sidenko I., Vorobyova A. Information Control
Systems & Technologies (ATIT 2020):Proceedings of the 2nd IEEE International
Conference on Advanced Trends in Information Theory Kyiv, 25-27 November,
2020. Kyiu, 2020. P. 368-371. DOI: 10.1109iATIT50783.2020.9349326.
(Scopus)

URL: hfipgli e326l.
Adaptive Deep Convolutional GAN for Fingerprint Sample Synthesis I Striuk O.,
Kondratenko Y. Information Control Systems & Technologies (AICT 2021):
Proceedings of the 4th IEEE International Conference on Advanced Information
and Communication Technologies, Lviv, 2114 September,2021. Lviv, 2021.P.
1 93-1 96. DOI: 10. 1 109/A1CT52120.2021 .9628978. (Scopus)

URL : http s : //ieeexplore. ieee. org/document/9 62 8 97 8 .

7.
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8. Cross-Domain Reconfigurable GAN with Fuzry Components for Anomaly
Detection I Striuk O., Kondratenko Y. Dependable Systems, Services and
Technologies (DESSERT 2023): Proceedings of the l3th International
Conference, Athens, 13-15 October, 2023. Athens, 2023. P. 1-5. DOI:
10. 1 109/DESSERT6 1349 .2023 .10416521 . (Scopus)

URL:h$p_s"ftpe%p*1qrc;ese.e_rgidqc_ume:tVlgfl 6521.
9. Gradient-Penalty GAN Framework for High-Fidelity Fingerprint Synthesis /

Striuk O., Kondratenko Y. Computer Modeling and Intelligent Systems (CMIS
2025): Proceedings of the 8th International Workshop, Zaporizhzhia, 5 Muy,
2025. Zaporizhzhia,2025. P. 175-188. (ISSN 1613-0073) (Scopus)

URL:hltpil/ccu-trus.-o:g/Vo1-CMlS-2a25ipapsr,pdf .

l0.Marevrarr4qHa MoAenb reHeparr4BHo-3Mar€L[rnoi rurepexi / Bopo6fiona A. I.,
Cmpnx O. C. Mozuanucaxi qumauun - 2020: ,(oceid ma meudeuqii' poseumxy
cycninacmea e Yxpalui: zno6anuuuit, uat4iouaauuuil ma peziouaauuuit acnexmu:
laarepianra XXIII Bceyrpaiucrxoi HayKoBo-npaKrl4t{Hoi xouSepeurlii, M.

Muxorain , 16-20 rrplcroraA a 2020 p., Mnrol ais, 2020. C. 134-137 .

URL:httpsJldspap-e.phm-nu.eduudiEplllhandlell-23567824!5.
ll.llpuxnar:aa rliHuicrr f3M {K cl4creM luryqHoro iurelerry I Cmprcrc O. C.

Iumenexmyanuui iuQoptvta4iuui cucmeMu'. laarepianu Bceyxpaincrxoi HayKoBo-

npaxruuuoi xon$epeuuii MoJroAr4x BrreHr,rx, acuipanrin i cryAeu'rin, M.

Muroraie,2S-31 ci.{Hq 2020 p., Muxorais,2020. C.35-38.
URL : hfip/u_u_ul+rih[ Y10.

12.Po:rop'raHHr ra iuNeuepHa o[Tr4Misauis feHeparr4BHllx 3MariL[bHI,Ix Mepex Ha

KopAoHHr.rx clrcreMax I Cmprcx O, C. Iumenexmyanuui iu$opnra4iuui cucmeMu:

rraarepianu Bceyxpaiucunoi HayKoBo-npaKrr4r{Hoi xoHSepeuqii uonoAl4x BqeHI4x,

acuipaurin i cryleurin, ru. Muxonaie, 4-5 rpyAH, 2025 p., Muxorais,2025. C.
I 04-1 06.

URL: h_ttp_s"./ldspase.qlmn"ueduuqljspuiiharrd"lstl_2_3_4"5_67391il54.
Hayrconi npaqi, qrci AoAarKoBo niqo6paxax)Tb uayroei pe3yJrbrarrr

4ncepraqii:
l3.llles.reuro A. I., Eapanoscrxrfi C. B., Binoxo6umcrxufi O. B., Kou4pareuxo

IO. lI., Kosros O. B., CiAenxo e . B., Cmporc O. C.'ra iu. Cmpamezia poseumxy
rumyuHoeo iumenercmy e Vxpaiui: rvtoHozpa$ia I 3a 3ar. peA. A. I. [[eeqeHra.
Kuin: IIIIIII, 2023 . C. I -307 . DOI : 1 0.1 5 407 ldevelopment_strate gy _2023 .

(Oco1ucmuil euecorc: nidzomoaneui donoeueuun do posdinie I <l1apaduzua)), 3

<Mema i saedauun>, B <HayKo6e, rcodpoee ma Mamepianuue sa6esneraeuun

ua4iouaaauoi' exocucmerttu IUIr, I0 <llpuxiuqeei nonoltceHun>; nidposdinie:
2.2 <Ocuoeui uanpnuu docnidcrceua IUI> posdiny 2, 7.1 olfll y cSepi 6esnexu

ma o1opouu Yrcpaiuu,!, 7.4 (IIII 6 npowuctoeocmi ma eHepzemutli>, 7.7 <IIJI y
cinacurcouy zocnodapcmei > posdiny 7.)
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URL:b{ps:1/j-ai,i"u-udindex,ghp/en/issu_e_s?pap_er_num=lI{5.
l4.Tendencies and Challenges of Artificial Intelligence Development and

Implementation / Kondratenko Y., Shevchenko A., Zhukov Y., Kondratenko G.,
Striuk O. Intelligent Data Acquisition and Advanced Computing Systems:

Technolog,t and Applications (IDAACS 2023): proceedings of the 12th IEEE
International Conference, Dortmund, 7-9 September, 2023. Dortmund, 2023. P.

221-226. DOI: 1 0. I I 09/IDAACS58523.2023.1 0348800. (Scopus)
URL : h6pg : (ie*Qgxp lore. i eee. org/docum ent/ I 0 3 4 8 8 00.

l5.Analysis of the Priorities and Perspectives in Artificial Intelligence
Implementation / Kondratenko Y., Shevchenko A., Zhukov Y., Kondratenko G.,
Striuk O. Systems, Services and Technologies (DESSERT 2023): Proceedings of
the 13th Intemational Conference, Athens, 13-15 October, 2023. Athens, 2023.
P. 1-8. DOI: 10. 1 109/DESSERT6l 349.2023.10416432. (Scopus)

URL:hIpr/rsgexgl_o-rg.lgqe_Bg/_do*cunrelVl04_l_6_432.
l6.Kondratenko Y. P., Zhukov Y. D., Shevchenko A. I., Zhukova O.Y., Striuk O. S.

AI and Digital Evolution in the Education System of Ukraine. AI in Education
Systems: Successfttl Cases and Perspectives. River Publishers, 2026. P. 47-74.
(Scopus)

URL: htps_lwun6ry_e_rpublis[ers.cam/baok_details.p .

lT.Shevchenko A. I., Lande D. V., Bilokobylsky O. V., Kondratenko Y. P., Kozlov
O. V., Sidenko I.Y., Striuk O. S. et al. Regarding the Draft Strategy Development
of Artificial Intelligence in Ukraine. Artificial Intelligence (lllmyuuuu
iumen exm), 2022. Il'e 1 . P. 8- 1 5 7. DOI : h[ps/ldp;q_M"1*q0 8_.

(ISSN 2710-1673) (Kareropin E)
(Oco6ucmuil euecorc: nidzomolneHo uamepiaau ryodo Krtottorux uanpauie

docnidaceuu llII y cSep.i 6esnercu ma o6opoHu, npoMucnoeocmi, eHepeemut4i ma
c inucuxouy zocnodopcmei Vxp,aiHu.)

URL:https_:(lai.r_&Jdj4dex,plplsn/_is_ucsJp_app_Lpum=1492.

Crpyrcrypa ra o6cqr Auceprauii n[sua.raerbcfl Meroro, 3aBAaHHrMr,r ra
rpeAMerou AocriANeHH, i xoNauosrqifino cKJraAaerbcr ia ncryuy, n'rrrox posginin,
ruo l,ricrarr y co6i BrdcHoBKr{, 3ararrbHoro clr4cKy BlrKopncraHr.rx Axepen ra
AoAarxin.

Oqiurca MoBH Ta crrrJrro glrcepraqii'. Tercr gucepraqii Br{KnaAeHo

rpaMorHoro MoBoro, roriuuo ra nocri4oBHo. Marepia.nu AocniAxeHHf, euxra4eui s

AorplrMaHHrM Br4 Mor HayKoBoro orrrJrlo. lrceprauia oSopurneua sriAHo 3

Br.rMoraMr4 Miuiurepcrna ocsira i nayxra Yxpaiuu.
Xaparreprrcrrrra ocobucrocri rgo6ynaqa. IIia qac HaBrraHH{ B acnipanrypi

Crpror O"uerccauap Ceprifiosuq 6pan yqacrb y Br4KoHaHni uayxono-AocriAurzx
po6ir, uo rpoBotrlz.nvcb xa$e4poro inrerexryiurbHr4x inSopuaqifinrax clrcreM, Hr4M



27

6y:la ycniuruo Br4KoHaHa aKaAeMi.rua qacrr4Ha [porpaM]r HaBqaHH.f,, He

nopy[ryBanr{cb repuriuu BuKoHaHH, 3arrJraHoBalaux iu4rani4ya;rbul4M rrJraHoM
gaxoAis, rroKa3aB etacortafi pineHr reoperlrquoi niAroroBKr{, sAarHicrr crar,utu ir
TBopqo uiAxoAuru 4o nupirueHH, cKJraAHr4x [paKTr4qHr4x 3aBAaHb, caMocrifino
Becrr4 nayxonnft ilorxyK Ta rpoBoAr,rrr4 AocriAxesss. Ilopr4 is HayKoBlrM

noreuqiarou, Crprox O. C. Mae Bl{paxeni gai6nocri Ao reAaroriqnoi po6orz. Biu
6pan axrnBHy yqacrb y HaBrranbHoMy upoqeci Saxynrrery rouu'rorepHr4x HayK.

3go6yna.reu [poBeAeHo rrlrKJrr4 nexqifiuux ra [paKTr4qHr4x 3aH{Tb, a raKox
po:po6neno HaBq€rrrbHo-MeroAr,rrrHe sa6esue.reHHs Lrfl clrereMr4 Moodle (is
.{irxurvrra xpurepiaur oqiuroeannx) Anr ilvrcqlauniuu <Iurenexryanrni rexuolorii n

cl4creMax ui4rplauxu npuitrruxrtx piureur>. 3an4xxu npo$ecionanisvry
Kopr4cryerbcfl. saclryxeHoro [oBaroro cepeA cryAeurin ra HayKoBo-[eAaroriquoro
KONEKTI,IBY.

Oco6rcruMz flKocrfllau Crprorca O.nercaHApa Ceprifionuqa e ezcoxufi
pineur iurererry, qinecnpxuosauicru Ta HarroJreuunicrr B oBonoAiHui HosraNara

3HaHHflMr4, nopxguicrb, Br4cora opranisoeauicrr ra niguoriAalrue craBJreHH, Ao
po6orra.

YXBAJIIIJIII:
1. 3areepiluru Br.rcHoBoK rrpo HayKoBy HoBr43Hy, Teoperr4qHe ra npaKTraqHe

3HarIeHH, pe3ynbrarie 4zceprauil Crprorca O.nerccaHApa Ceprifionuqa Ha reMy
<Onruuirauiq reHeparuBHrrx 3MaraJrbHrrx uefipouuux Mepex B yMoBax

anaparHo-[apaMerpllrrHux o6nrexeHr,>.

Bnaxaru, tr1o 3a axryalrHicto, cryleHeM HoBr43Hrr, o6rpyHroeaHicrro,
HayKoBoro ra rlpaKrl4r{Ho}o qiHuicrro s4o6yrux pe3ynbrarin gucepraqir Crproxa
OnexcasApa CepriftoBl4r{a nosnicrro siluosilae cneuialsuocri 123 <xorrau'rorepua
inNenepia)) ra BI4MoraM llopa4rcy nigroronxu sgo6yrauis suuoi oceirz cryreHfl
AoKropa Qinoco$ii ra Aox'ropa HayK y Braurr4x HaBrrilrrbHr4x 3aKJraAax (uayxonrax

ycraHoBax), :araepAxeHoro rocraHoBoro Ka6inery Miuicrpie Yrpaiura sit 23

6epesux 2016 poKy J\b 261 (I: evriuaMpr, BHeceHr.rMr4 sriAHo g llocrauoBaMra KM }lb
283 sia 03.04.2019 p., JYs 502 sia 19.05.2023 p., Ns 507 aia 03.05.202a p.). Taxox
niAnositae BI4MoraM <flopx4ry npr4cyAxeHHfl cryneHf, Aorcropa $inocoSii ra
cKacyBaHHr piruenua pasoaoi cneqianisonasoi nqeHoi palu 3aKnaAy srauoi ocniru,
uayroeoi ycraHoBt4 rpo rpr4cyAxeHH, cryneHs AoKropa $inoco$ii>,
3arBepAxeHoro llocrauosoro Ka6inery Miuicrpin Yxpaiur.r J\b 44 efu 12.01.2022 p.

(Is suiuauu, BHeceHuNru sriAuo s llocraHoBaMr KMy Ns 341 eia 21.03.2022 p.J\b
502 nia 19.05,.2023 p.l\b 507 eia 03.05.202a p.).
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2. PerouesAyButv 4ncepraqiftny po6ory Crprorca O.rrexcangpa

Ceprifionuqa Ha reMy <Onrnnrirauiq reHeparr{BHux 3MaraJrbHux uefipoHHlrx

Mepex B yMoBax araparHo-rapaMerpuqHllx o6prexeHb)), roAaHy Ha 3Ao6yru

cryrreHfl AoKropa Sinoco$ii ga cueqiamnicrro 123 Koun'rolepua iuxeuepir, 4o

3axr{cry y pasonifi cueuiarisonanifi s.reuifi paai.

3. Ilponouynaru Bqeuifi paai 9opuorraopcbKoro uauionalbHoro

yuinepcurery irrleHi lle'rpa Mornru KJronorarr4 trpo rpI43HarIeHH, cKJla.try pasonoi

cneqianisonasoi n leHoi pa1u y raKoMy cxnaAi:

forosa:
Ioxufi O.nerccanAp llerpoBuq, Aoxrop rexuiquwx HayK, upoSecop, upoSecop

xa$e4pu iurenexryzlrrbHr4x iuSopuauifinprx cl4creM r{opuouopcbKoro

uauiouamuoro yuinepcl4rery irraeui llerpa Morulu, ru. Maxolain, Yxpaiua.

Peueurenr:
Xtypancsrca Ipuua MurconaiBHa, AoKrop rexuiuHl,Ix HayK, upoQecop, :ani4ynauxa

xaQe4pra KoMr'rorepuoi iHNeuepii r{opnorraopcbKoro saqionarbHoro yuinepcurery

irraeui llerpa Moruuu, u. Muxolain, Yxpaiua.

Peueureur:
Tpynon O.nercaHgp Mrarco.nafioBrrq, Aol<rop rexui.ruux HayK, npoSecop,

upo$ecop xa$e4pra aBToMarrzsauii ra KoMr'torepHo-iurerpoBaHllx rexuolorifi
rlopuorraopcbKoro uaqioualbHoro yuinepcurery iueui llerpa Morulu, M.

Muxoraie, Yrpaiua.

O$iuifinufi onoueur:
EoAsucrrufi €sreHifi Bo,uoAu*rupoBl{q, Aoroop rexsiqnux HayK, npoSecop,

npoQecop xaQeapu ruryqHoro iurerexry Xapxincrxoro nauioualruoro
yuieepcurery pa4io eJlelopoHiru, u. Xapxiu, Yxpaina.

O$iqifiuufi ouoneur:
Onauaceurco Bo.noAuMrrp MuxorafioBnrr, AoKTop rexHi.{Hux HayK, npo$ecop,

sari4ynau eiaainy trixpoupoqecopnoi rexuixu J\lb 205 lHcuaryry xi6epHeuaxra

Haqionanruoi axaAeuii uayx Yxpainu, u. Kuin, Yxpaina.
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Pe:ynrraru roJrocyBaHHtr npv cyrnix Ha saci,qaHui 4oxropin HayK ra
KaHAr4Aarie nayx:

Bcboro: (3A) 
- 17, (IIPOTI4) 

- 0, (yTPI4MAJIOC-f,)) 
- 0.

PeqenseHru:
AoKrop rexsiqnnx HayK, npo$ecop

KaHAlrAar rexsiqnrax HayK, AoueHT

Io.nonyroqlrfi na sachaHui:
KaHAr{Aar rexuiquux HayK, AoIIeHT,
:ani4ynau xa$eapu iurenerry€LrlbHnx
iu$opvrauifi HHx cr4creM

Cercperap raciAaHnq:
nponi4uufi Saxineur xaSegpn
inrenexryil[bHllx inSopvrauifi nux cLIcreM

Ko:ros O. B.

Cilenxo e. B.

CileHxo e. B.

IIIepyx A. B.
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