BIATI'YK
odiiHHOrO OMOHEHTa Ha JUCepTalliiHy po6oTy
Bbopnnaao Lnai OaexcanapoBnya
Ha TeMy «CTpyKTYpHO-IapaMeTPpHYHHH CHHTE3 3ropTKOBHX
HeHPOHHHX Mepex B 3alaYaX aBTOMaTH3alil BAPOOHHYHMX NpoueciBy,
NpeAcTaBleHy Ha 3100yTTs CTyIeHs HoKTopa ¢imocodil
B rajry3i 3HaHb 15 « ABTOMaTH3allis Ta MPWIaA00y AyBaHH
3a crietiabHicTIO 151 «ABTOMaTH3allisA Ta KOMIT FOTEpHO-iHTErpOBaHi
TEXHOJIOT11»

AKTyaJbHICTh TEMH JHCEpPTANIT

B ymoBax mudpoBoi TpaHchopmMarii MpOMUCIOBUX CHCTEM ITiABHILYETHCA
IIONKUT Ha MeToaUu 00pobKM rpadiyHUX, CEHCOPHMX 1 YAaCOBHX JaHHX y PEXHMIi
peapHOrO 4acy, IO 3HaXOAWThH BiOOpakeHHs Yy BHPOOHUYIM aBTOMAaTH3allil,
CHUCTEMax KepyBaHHS, Bi3yalbHiM HaBirauii Ta po3mi3HaBaHHI 00’ €KTiB.
3roptkoBi HeHpoHHi Mepexi (3HM) Ha choromHi € HaleheKTHBHIIIMM
iHCTpyMEHTOM s Takux 3amad. OJHak iX ycIIilllHe 3aCTOCYBaHHSA MOTpebye
PETENBHOrO HaJlalITyBaHHA CTPYKTYPH Ta HapaMeTpiB, III0 BHMara€ 3Ha4YHHUX
€KCIIEPTHUX PecypciB.

3anponioHoBane bopunpo [.O. pimedHs npobieMH CTPYKTYpPHO-
napametpuyHoro cuHtesy 3HM 3 BHKOpHCTaHHAM OaraToOKpHUTEpiaJbHOIO
FeHeTUYHOIO QJITOPUTMY [O3BOJSE aBTOMATH3yBaTH IIPOLEC CTBOPEHHS
apxiTeKTyp, aJalTOBaHMX JO BHMOI KOHKPETHHX BHpOOHMYMX 3ajad.
Oco6nmuBy aKkTyalbHICTH MAHCEPTallii Ha0yBa€ B KOHTEKCTi 3aCTOCYBaHHS
Helipomepexk y VR/AR cucremax, Ae KpUTHYHMMH € Taki (akTopu sK
LIBUAKOAIA, obuucIioBajibHA e(eKTUBHICTh, aAalTUBHICTh IO CEpelOBHILA Ta
iHTepdeiicHa iIHTEPaKTHBHICTb.

Tak¥M 4YHHOM, TeMaTHKa JUCepTalil Ma€ BHCOKY HAayKOBY i NMpPaKkTHYHY
3HAYYIIICTh i MOBHICTIO BiAMNOBIa€ CyYaCHUM TpeHJaM PO3BHTKY IIPOMHCIIOBOI
aBTOMaTHu3allii, IHTENEeKTyalbHHX CHCTeM o00pobku  iHpopMamii Ta
HelipomepexeBUX 009HCIIEHb.

Ouinka oOOIpYHTOBAaHOCTI HAYKOBHUX pe3yJbTaTiB Aucepramii, ix
JAOCTOBIPHOCTI T2 HOBH3HH
VY mucepraniitHiii po60Ti OTpUMaHO TaKi HOBI HAyKOBI pe3yJIbTaTH:
e Brepiue:
o Po3pobmeno  Meton ~ 0OaraTOKpUTEpialbHOIO  CTPYKTYpHO-
napaMetpuaHoro cuntesy 3HM i3 BHKOpHCTaHHAM MOAM(iKOBaHHX
IeHETHYHHUX AJMOPUTMIB, Ji¢ 3alPOIIOHOBAHO OCOOIMBHH MeXaHi3M



MyTallll, KOAyBaHHA CTPYKTYpH Mepexi Ta ¢iTHec-QyHKI[IO 3
yPpaxyBaHHSAM TOYHOCTI, IIBHAKOII Ta pecypcHOi e(eKTHBHOCTI.

o Peani3zoBaHO aNrOpUTMiYHYy CHCTEMY, IO IHTETPYE CHHTE30BaHY
3HM y cepepnoBuiiie BipTyaibHOi peanbHocTi Unity3D, 3 MOMXIIHBICTIO
pealibHOTO pO3Mi3HaBaHHS JKECTIB KOPUCTYBaya.

¢ YIOCKOHAaJIEHO:

o Ilimxim mo dopmyBanHs apxiTekTypu ribpuanoi 3HM muisxom
BUOOpY Ta KoMOiHamil cydacHuX cTpykTypHHX 6iokiB (SCConv, SE,
DenseBlock, CRU, Tom1o) B 3ajiexHOCTI BiJl (yHKIiIOHAJIBHOI POJIi.

o AnroputM O6araToKpuTepiaJbHOI ONTHUMI3alii 3 ypaxyBaHHAM
cnenu(dikd BHPOOHMYMX TIpOLIECIB Ta CHCTEM BIpPTyaJllbHOI i
JIOTIOBHEHO1 peaIbHOCTI.

e Habynu nogansiioro po3BUTKy:

o Meromu iHTerpauii cuHTe30BaHMX 3HM y BHCOKOIpPOIYKTHBHI
0o04YHCITIOBaNIBHI CepeIOBHIIa Ta MOOUIBHI NMPHUCTPOI 3 OOMEKEHUMH
pecypcamu.

o Teopetuune oOIpyHTYBaHHA BIUIMBY IlapaMeTpiB HaBYaHHS Ta
CTPYKTYpHOI KOH(irypaliii Ha reHepai3alio Ta MBHIKOIII0 Moaeei
3HM.

JIOCTOBIpHICTP OTpUMaHHX pe3YJbTATIiB MiATBEPIKYETHCA YUCIEHHUMHU
O0YHMCIIOBAIBHUMHM ~ €KCIIEPUMEHTAaMH Ha CTaHAApTHUX Habopax IaHHX,
BUKOPHCTAHHAM HE3Je)XHUX TECTOBHX BHOIPOK, a TaKOX IOPiBHAJIBHUM
aHami3oM 3 icHyrounMH NAS-Metomamu. Metoau anpo6oBaHO mpu peaiizauii
(GYHKIIIOHATBHOTO MPOTOTHITY cucTeMH VR-kecToBOI B3aeMO/Iil KOPUCTYBayva.

O6rpyHTOBaHICTH HayKOBHX pe3yNbTaTiB i ATBEPIKYETHCSA
BIIPOBA/DKEHHAM METO[iB, aJfOPUTMIB Ta migxoniB B HisbHicTh II «BO
«KUIBITPAJIA T».

HaykoBi mosio)keHHS, BUCHOBKH Ta peKOMeHjallii € y IOOCTaTHii Mipi
o61pyHTOBaHUMH. BOHH 6a3yl0ThCS Ha CyYaCHHX BITUM3HSAHHX Ta 3apyOi’KHHX
HAayKOBUX JIKepelaX, a TaKOXX KOPEKTHO BHKOPHCTOBYIOTH METOJOJIOTIIO
MallMHHOTO HaBYaHHS Ta &ITOPHTM CTPYKTYPHO-NAPaMETPHYHOIO CHHTE3Y
3rOPTKOBUX HEHPOHHUX MEPEXK.

Y nmuceprtariii 3100yBad OTpUMaB HOBI HayKoBi pe3ynbTaTd. OCHOBHUMHU 3
HHUX € aJITOPUTM CTPYKTYPHO-TIapaMeTPHYHOI'O CUHTE3Y 3rOPTKOBUX HEHPOHHHX
MepeX, IO MO3BOJMB CHHTE3YBaTH ONTHMAlbHY MOJeNb JUIA aHali3y Ta
06po6KH KecTiB pyK kKopucTyBada. OTprMaHa Mojienb Oyna iHTerpoBaHa i3
3aCTOCYHKaMH BipTyalbHOI pealbHOCTI I MOAANIBIIOrO BHKOPHCTAHHSA B
BUPOOHMYHMX IpoLiecax.

Ormxe, B AucepTaliifHiii poOOTI MocTaBIeHe HAYKOBE 3aBAaHHA BHKOHAHO



MOBHICTIO, 3700yBayY IIOBHOIO MipOI0 OBOJIOAIB METOHOJIOTIEI0 HAayKOBOI
JISJIBHOCTI.

Oninka 3micty aucepramii, il 3aBeplieHiCTb Ta JOTPHMAHHSA
NPHHIMIIB aKageMidHol J06poYecHOCTI

3a cBoiM 3MicTOM JIucepTaliiiHa pobGora 3m00yBava bopuamo I.O.
NOBHICTIO BiamoBimae CraHmapTy BHINOI OCBITH 3 Traimy3i 3HaHb 15
«ABTOMAaTH3allis Ta NPUIaN00yIyBaHHS» BIAMOBIOHO IO OCBITHBOI IpPOrpamMH
cnenianbHOCTI 151 «ABTOMaTH3a1lig Ta KOMII IOTEPHO-IHTETPOBaHi TEXHOJIOTII».

Hucepraniiina po6ota € 3aBepIIeHOI0 HayKOBOIO Mpalelo i CBITYUTH MPO
HasBHICTh 0COOMCTOr0 BHECKY 3/100yBava Y HAYKOBHH HampsaM « ABTOMaTH3aIliA
Ta NpuiIago0yayBaHH».

Po3rnsHyBIIM 3BIT MOAIOHOCTI 32 pe3ynbTaTaMH NepeBipkH JucepTaliiHol
po6OTH Ha TEKCTOBi CIiBIAAiHHA, MOXHA 3pOOHUTH BUCHOBOK, 110 AUCEpTalliiiHa
pobora bopunno Imni OnekcanzpoBuya € pe3yslbTaTOM CaMOCTIHHUX
AOCHiIKeHb 3100yBaya 1 He MICTHTh eleMeHTIB (anbcudikamii, KOMIUIALIL,
¢dabpukauii, miariaty Ta 3ano3ud4eHb. BHKOpPUCTaHI iJel, pe3yJabTaTH i TEKCTH
IHIIMX aBTOpPIB MalOTh HaJlleXKHI IOCHJIaHHA Ha BIANOBiAHE Keperno.
BusiBneHud BiACOTOK CIiBHAOiHb MMOSCHIOETBCS CTaHAapTaMH OG(OPMIIEHHS
OUcepTaliiHuX poOiT. Jucepralis HamWcaHa 3 JOTPUMAaHHSM IPUHIIMIIIB
aKaZieMI4HOl JOOpOYeCHOCTI.

MoBa Ta CTHJIb BHKJIQICHHS pe3yJbTaTiB

Hucepranifina poboTra HamucaHa YyKpaiHCBKOIO MOBOI TIPaMOTHO, 3
BUKOpDHUCTaHHAM  (axoBOi  TepMiHONOrii B  ramy3l  HelpoMmepex,
OOYHCITIOBAILHOIO MOJIEIOBaHHS Ta aBTOMAaTH3alii. Pe3ynbratu HOCTiIXeHb
BUKJIQJIEHO MOCJIZOBHO ¥ JIOTiYHO, aBTOp [E€MOHCTpYE ITHOOKE pO3yMIHHS
npeametHoi o6nacti. CtpykTypa po6GoTH BiAmoBijae Jjorini HayKOBOIO
OOCTII)KEHHA, 3 YiTKHM BHKJIQJEHHAM TEOPETHUYHHUX OCHOB, pPO3pOOIEHHX
aJITOPUTMIB i IPOBEIEHUX €KCIIEPUMEHTIB.

JlvcepTallisi CKIAmA€TbCsAd 3 aHOTalii, BCTymy, 4 pO3ALIIB OCHOBHOI
YaCTHHH, BUCHOBKIB, CITMCKY BHKOPUCTaHHX Jkepel i noaatkis. [ToBHui obcsar
aucepTalii cTaHoBUTEL 151 cropinky, i3 Hux — 140 ocHOBHOro Tekcry. Po6ora
MicTUTh 20 pUCYHKiB, 4 Tabnuii, 4 JOOATKH.

Y Berym 4iTko chOpMyIbOBaHO MeETy, 3aBAaHHsA, O0’€KT, mpeaMer
IOCHIIKEHHS, a TaKOXX BH3HAYEHO HAYKOBY HOBH3HY Ta IIPAKTHYHE 3HAYEHHS
OTPMMaHHX PEe3yNbTaTiB. ABTOp OGIPYHTOBY€E aKTyalbHICTh TEMH y KOHTEKCTI
PO3BHTKY iHTEJIEKTyallbHAX CHCTEM aBTOMATH3allii Ta 3a3Ha4ac OCHOBHI
HanpsMH PO3BHUTKY CTPYKTYypHO-TIapameTpudHoro cuatesy 3HM.



Ilepmmii po3Ail NPUCBAYEHO aHANI3y CY4acHOrO CTaHy mpobieMu
CTpyKTypHOro mnpoektyBaHHia 3HM. Po3srmsHyro KkiacMuHi Ta CydacHi
apxitektypu 3HM, Meromum moOUIyKy apXiTe€KTyp, BHKOPMCTAaHHS OIIOKOBHX
KOMIIOHEHTIB, a TakoX ocobmiBocti 3actocysamHs 3HM y VR/AR.
V3araipHeHO BIJOMi MiIXOOW OO TEeHETHMYHHX QJITOPUTMIB y 3aJaydax
MalIMHHOTO HaBYaHHS.

Jpyruii pos3zin auceprauil NpUCBAYEHO aHamizy 3actocyBaHHs 3HM vy
CHCTeMaX BIpTyalbHOI Ta JIOIIOBHEHOI peaJbHOCTi. ABTOpP OGIPYHTOBYE
HEeOOX1IHICTh BUKOPUCTaHH: ONTHMizoBaHMX Mojenei 3HM B yMoBax BHCOKHX
BHUMOT 10 LUIBUAKO[iI, MIHIMAIBHOI 3aTPUMKH Ta OOMEKEHHX 00YMCIIOBAIBHUX
pecypciB. HaBeneHo TOpIBHSNBHHMN aHami3 TpaOWUiMHHUX Ta CydYacHMX
apXiTeKTyp HeHPOHHHX MepeX LIOAO0 IXHbOI MPHUAATHOCTI 0 BUKOPMCTAHHS Y
VR-cepenoBumax. Y po3nini mNpencTtaBieHO apXiTEKTypy MPOTrPaMHOIO
KOMIIJIEKCY /U1l 0OpOOKY BiJIEONOTOKY Ta pO3Mi3HABAHHSA JKECTIB KOPHCTYBaya,
sKa BKJIIOYa€: MOAYIb 3aXOIUIEHHs 300pakeHb, OJIOK MomnepeaHboi o6poOKwH,
CerMEeHTallif0, 3TOPTKOBY HeHpoMepexy s Kiacudikarii jKecTiB, a TaKoX
iHTerpauito 3 cepemoBumeM Unity3D. [leTanpHO OIKMCAaHO IIOCIiZOBHICTH
oOMiHy JaHUMM MiX MOIYJISIMH, YMOBHM BHKOHAHHs OGYHCIIEHb Y PEalbHOMY
4aci, BAMOTH 10 TOYHOCTi Ta IPOXYKTHBHOCTI.

YV TperhoMy poO3Iimi JeTaJbHO TIPEACTABIEHO MpOLEC peaizalii
OaraTokpuTepialbHOTO TeHeTHYyHOro cuHTesy 3HM. Aprop omucye
(GopMyBaHHS XpOMOCOMH, IO KOAye MmociimoBHicTe Gnokie 3HM, crparerii
BimOOpy, KpocoBepy i MyTallil, a TaKOX 3aCTOCYBaHHS aJalTHBHOI (iTHec-
dyHxuii. B po3aini 6yno HaBeIeHO aJITOPUTMIUHI CXeMH Ta TEOPETHYHI AeTai 3
peamizaiii  3alpONIOHOBAHOTO  AITOPHTMY  CTPYKTYPHO-NAPaMEeTPHYHOTO
CHHTE3Y.

YeTBepTUil pO3/i NPUCBAYEHO MPAKTHYHOMY 3aCTOCYBaHHIO OTPHMAaHHX
MoJeNnel y cHucTeMax BIpTyallbHOI pealbHOCTi. PO3MISHYTO apXiTeKTypy
iHTerpanii cuHTesoBanoi 3HM y rpadiune cepemoume Unity3D 3
BUKOPDHCTaHHSAM MeEXaHi3My pO3Mi3HaBaHHA MeCTiB pYyKH KOpPHUCTyBaya.
JetanpHO onKMcaHO CTPYKTYypy OOMiHY JaHUMH MiX MoAayneM iHTepdeiicy, VR-
CEpEeIOBHIIIEM Ta iHTEpIpeTaTopoM HelpoHHOI Mepexi. HaBeneHo TexHidYHi
acTleKTH peajlizallii Ha amapaTHOMY piBHi, BKJIIOYAIOUYM BHMIPIOBaHHS 4Yacy
peakiii CHCTEeMH, 3aTPUMKH OOpOOKH Ta IpOMyCKHy 3aaTHicTb. OkpeMo
NpOaHaTi30BaHO ONTHMI3allil0 MOJAET M 3amycKy Ha IpPUCTPOAX i3
0OMeXEeHUMH OOUYHCIIOBAIbHUMH peCcypcaMH, Takux fAK VR-II0JI0MH, IO HE
MalOTh IOBHOIHHOrO rpadidHoro mpucKoproBada. ExcrepuMeHTanbHi
pesynbTaTd  IIATBEPUKYIOTh TPUOATHICTE  po3poOieHoi  Mozem 710
BUKODHCTaHHS B pealsHOMy uYaci. HaBeneHO pe3ylbTaTd YHCIEHHHX



00YKCIIIOBAIBHUX €KCIepUMEHTIB Ha BiAKpUTUX Habopax 306paxenr CIFAR-
10, CIFAR-100 Ta ImageNet, 3 nemoHcTpaui€to crabinsHoro npupocry Top-1
TOYHOCTI TIOPiBHSAHO 3 €TAJIOHHUMH MOJAEISAMH. 3Ha4yHy YBary TMpHIUIEHO
aHayli3y BIUIMBY NapaMeTpiB MyTalii Ha 301XKHICTh alropuTMmy, 1moOyIZOBaHO
rpadiku IMHAMIKH TOYHOCTI, 3MiHH KiJIbBKOCTI MMapaMeTpiB Ta 4acy iHdepeHcy.
INMopiBHsuTbHUE aHami3 i3 cydyacHuMH NAS-metomamu (Bkmrouaioun DARTS,
AutoKeras) 103BoJisi€ OLIIHUTH e(heKTHBHICTH 3aIIPOIMIOHOBAHOTO ITiIX01Y.

Hucepraniiina po6ora opopmiieHa BiAMOBiAHO A0 BUMoOr Hakazy MOH
Vkpaiau Big 12 ciuas 2017 p. Ne 40 «IIpo 3aTBepIKeHHS BHMOI' [0
odopMIIeHHS AUCEpTaLlii».

OnpuiawaHeHHS pe3yJbTaTiB JHcepTaliiiHOT po6oTH

HaykoBi pe3ynbTaTH AucepTalii BHCBITIEHI Yy II'STH HayKOBHX
nyOmikamisx 3m00yBava, cepel SKHX: TPH CTarTi Y HAyKOBHX BHIAHHIX,
BKJIFOUEHUX Ha JATy OmyOJiKyBaHHS IO MNepeliKy HayKoBHX (paxOBHX BHAAHBb
VYKpaiHM Ta ABI B MDKHApOAHMX BHJAHHAX Scopus. Takox pe3ynbTaTH
nuceprtalii 0ynu ampoOoBaHi Ha ceMH HayKOBHX (haXOBHX KOH(EPEeHLIX.

HaykoBi myOuikanii 3m100yBavya MarOTh BHCOKHMH HAyKOBHH piBEHB 1
MPOMIILTH BiAMOBigHE pelieH3yBaHHA. Y KOXHY myO6iikauito 3100yBayd 3pobus
BarOMUi OCOOUCTHH BHECOK, fAKHH OyB BHKOPHUCTaHMH IIpH IiATOTOBLI
aucepraniiiHoi poborn. Yci myGmikanii O6ynu HamucaHi 3 JOTPMMaHHIM
NPUHIUIIB aKageMiyHoi J0OpOYecHOCTI Ta CKIQJaloThCs 3 BIIACHHX
IOCIiIKeHb 3100yBaya Ta CI1iBaBTOPIB.

TakuM YHMHOM, HAyKOBiI pe3yJbTaTH OIKMCaHI B [uMcepTamiiHiii poboTi
TIOBHICTIO BHCBITJIEHI Y HAYKOBHX MMyOJiKkalisx 3000yBaya.

HenoJiiku Ta 3ayBakeHHs 10 AucepTaniiHol poGoTH

Jlo 3ayBakeHb 110 JUcepTaliiiHii poOOTI MOXXKHA BIIHECTH HACTYIIHE:

1. V posnini 2 HeAOCTaTHBO NMPHIINEHO yBard Cy4aCHHM TEXHOJOTiAM
low-power inference (Hampukiaz, quantization-aware training, pruning), sKi €
Ba)XIHBHUMH Tpu peanisauii mopener y VR/AR cepemoBHinax, Tak sk BOHH
0COOIHBO YYTIIHBI J0 MOTPed B pO3paxyHKOBUX MOKIMBOCTHX.

2. V posmini 3.3 OGaxano Oyno 6 [eTanbHille MOACHHTH BIUIUB
KOHKPETHHX CTPYKTYPHHX Ta (QYHKIiOHAIbHMX OJIOKiB Ha e(eKTUBHICTH
oTpuMaHux apxitektyp 3HM. :

3. SIkicHe TmOpIBHAHHA 3 ICHYIOYHMMH alI'OPHTMaMH CTPYyKTYypHOTO
cunresy (mampukinag, DARTS) y posgini 4 HaBeleHO OOMEXeHO, IO JeIIo
yCKIIaHIOE€ 00’ €KTHBHY OLIIHKY IlepeBar 3alipOIIOHOBAHOIO METOAY.



4. VYV [peskux miApO3[inax BUSABICHO CTWIICTHYHI MOBTOPEHHS, IO
IiAJIAral0Th peAaryBaHHIO.

BBaxkaro, III0 BHCIIOBJIEHI 3ayBaK€HHsS He € BH3HAYaJIbHUMH 1 He
3MEHIIYIOTh 3arajbHy HayKOBY HOBU3HY Ta NMPaKTHYHY 3HAYMMICTh pe3yJIbTaTiB
1 He BIUTMBAIOTh Ha ITO3UTHUBHY OIIIHKY JUCEpTallifHOl poOOTH.

BucHoBok npo Aucepraniny podory

Huceprauiiina po6ora bopunmo Imni OnexcannpoBuya «CTpyKTYpHO-
napaMeTpUYHHM CHHTe3 3rOPTKOBHX HEHPOHHMX MepeX B  3ajJadax
aBTOMaTM3allii BHPOOHMYHMX  IpOLECIB» €  3aBEpPUIEHMM  HAyKOBHM
JOCIHIKEHHAM, ' III0 MICTHTh HOBI HAyKOBi pe3ylNbTaTH Ta Ma€ ICTOTHE
TEOpeTHYHE 1 IPUKJIaIHe 3HAYESHHS IJIS1 PO3BUTKY HalpsMiB aBTOMaTH30BaHOI'O
NPOEKTYBaHHS HeHpoMepex Yy IPOMHCIOBHX 3aCTOCyBaHHAX. Pobota He
MOpYIIIy€e TPHUHIIMIIB aKaJeMivyHol J0OpOYEeCHOCTI Ta IMOBHICTIO BiJMOBIJA€E
BMMOraM YMHHOTO 3aKOHOJABCTBa YKpaiHM, o nepeabadeHi B m. 6-9
«[Topsaxy nmpHUCYHKEHHS CTyIeHs JoKTopa (imocodii Ta ckacyBaHHS pilUEHHA
pa3oBol CIelliali3oBaHol BYEHOI palad 3aKiagy BHIIOI OCBITH, HayKOBOI
YCTaHOBU MPO TPHCYIXKEHHS CTyIeHs JoKTopa ¢inocodii», 3aTBEpIKEHOro
[ToctanoBoto KabGinery MinictpiB Ykpainu Big 12 ciunsg 2022 p. Ne 44, a 11
aBTOp 3aClyrOBye€ Ha MPHCYDKEHHS CTyneHd JoKTopa ¢imocodii 3a
crenjanbHicTIoO 151 « ABTOMaTH3aIlis Ta KOMIT FOTEPHO-IHTETpOBaHi TEXHOJIOT1D»
raiysi 3HaHb 15 « ABTOMaTH3aIlis Ta NpUIago0yayBaHHM.

Odiniiinuii ONOHEHT: .
ITpodecop kadeapu KoM IOTEPHUX
iHTeJIEKTyaJIbHUX TEXHOJIOTIH 1 cucTeM
XapKiBCHKOT0 HallilOHAJILHOTO
YHIBEPCHTETY paIiOeIeKTPOHIKH,
IOKTOp TEXHIYHUX HayK, Ipodecop Muxkona KOPABJIbOB

IMinnuc 3acBiguyio: :
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