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Ha Temy «MeTon aganTaiii IUOOKUX HEHPOHHUX MEPEX 10 arapaTHOTO
3a0e3MeyeHHs 31 Celiali30BaHOI0 apXITEKTYPOIO»,
npeCcTaBlICHy Ha 3100yTTS CTyIEeHs JoKTopa (inocodii
B raiysi 3HaHb 12 - [ndopmariiiini TexHosorii
3a cnenianbHicTIo 123 - Komm’toTepHa iHXeHepis

AKTyajdbHicTh TemMu aucepramii. CyyacHuil mnporpec y po3poOI 1
3aCTOCYBaHHI ~ 3ac00iB  INTYYHOTO  IHTEJIEKTY Ta  MAIIMHHOIO  HaBYaHHS
PEBOJIIOIIOHI3Y€E Oarato cdep JI0JCHKOT MISUIBHOCTI, 30KpeMa CTBOPIOIOYHM OCHOBY
JU1s1 HOBOi mpomuciioBoi peBostoii (Ingyctpis 4.0). B 1boMy KOHTEKCTI aKTyalbHUM
1 IEPCIIEKTUBHUM € HAMPSIMOK BIPOBAHKEHHS PE3YJIBTATIB MANTUHHOTO HABUAHHS Y
CHeIlaNmi30BaHUX OOYHUCIIOBAIBHUX  apXITEKTypax, M0 Jal0Th MOXJIMBICTb
e(pEeKTUBHOTO 3aCTOCYBAHHS MOJIEJICH IITyYHOTO IHTENEKTY Ha MOOUIbHUX MPUCTPOSX
(cmapTdoHax, TIUIaHIIETaX, HOCHMIM €JIEKTPOHIIi), Yy BOYyJOBaHUX CHCTEMax
(Embedded Systems — mnpomucioBoMy 00JaJHaHHI 3 YHCJIOBHUM YIPABIIHHSAM, B
IHTEJIEKTyaIbHUX CHCTEeMax Oe3IMeKH, MOHITOPUHTY 370POB’ s, aBTOHOMHOTO BOIiHHSI
TOIIO), y po3mojAuIeHHX cucteMax mnepudepiitnux obuucienb (Edge Computing).
OOMeXeHHST JOCTYmHOi MaMm’ATi Ta OOYUCIIOBAILHOI MPOIYKTUBHOCTI pPa3oM 3
BUMOTaMU €HEeproe(eKTUBHOCTI Ta KOMIAKTHOCTI BU3HAYaIOTh CrielU(pIYHI BUMOTH
70 3aCTOCYBaHHS B TaKMX CHCTEMaX HEWPOHHUX MEPEX TJIMOOKOTr0 HaBYAaHHA —
HANUOUTBII YCHIITHOTO CYYaCHOTO aJIFOPUTMY IITYYHOTO 1HTENEKTY. 3BIAKH BUILJIMBAE
aKTyaJbHICTh PO3POOKM METOJIB ajanTailii HEUpOMEpeKEeBUX MojeNend s
CTICIlai30BaHUX  OOYMCIIOBAIbHUX  apXiTEKTyp IUIAXOM OajaHCyBaHHsS  iX
CKJIQJIHOCTI Ta SIKOCT1 poOOTH. S O BIIMITHB 1Ie OJHY Tally3b, B AKIA Taka ajanTaris
€ HaJ3BUYAaliHO KOPHCHOIO: II€ pPO3pOoOKa XMapHHUX IHTENEKTyaJbHUX CHCTEM.
3acToCyBaHHS CHPOIIEHUX MOJENEH MOXke 3a0€3MeYUTH CYTTEBY €KOHOMIIO Ha IIiHI
OPEHIOBAaHUX PECYPCIB.

Ouinka OOIPYHTOBAHOCTI HAYKOBHMX pe3yJbTaTiB  aucepramii, ix
JAOCTOBIPHOCTI Ta HOBM3HM. [OIOBHMII HAyKOBHU pe3ylbTaT POOOTH TMOJIATAE Y
po3pobsieHOMY 3100yBauyeM HOBOMY KOMIUIEKCHOMY METOAl ajanTailli TIMOOKuX
HEUPOHHUX MEPEX JJIS CIeIiali30BaHUX 00UHUCIIIOBAILHUX apXITEKTYyp, 110 1HTErpye
HACTYIIHI CKJIa/I0BI:

-~ HOBUH METOJ AaJalTUBHOTO ITEPATUBHOIO MPYHIHTY AJS 3MEHIIEHHS PO3MIipy
MoJieJiell, 10 BIAPI3HAETHCS Bl BIJOMHMX aHAJOTIB aJalTUBHUM OalaHCYBaHHAM
TOYHOCTI Ta HMIBUAKOCTI Yepe3 PEryIIALI0 rirneprnapaMerpis;
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— METOJ MIJABUIICHHS €(PEeKTHUBHOCTI (TOOTO MPOIYKTUBHOCTI) Mporecy oOpoOKHU
JAHUX IUIIXOM 3MEHIIEHHS HaKJIaJHUX BUTPAT 3a paxyHOK MiAOOpY mapaMeTpiB
TaKMX, SIK pO3Mip MaKeTy AaHUX, JUIsl IEBHOI anapaTypu;

—  METOJ MiJABUIIECHHS €(EeKTUBHOCTI OOUHMCIIOBAILHOI IHPPACTPYKTYPH 32 PaxXyHOK
nigbopy SKICHHX TmapaMmeTpiB (TUIY ONEpaliiHOl CUCTeMH, 1HTepdeicy
H1IKIIOYEHHS IPUCTPOIO, 010110TEKH TOIILIO).

JIOCTOBIpPHICTh OTPUMAHUX HAYKOBUX PE3YJIbTATIB JOCITIIKEHHS MiATBEp/HKEHA
HAaBEJICHUMHU B Te3ax JAMcepTauii pe3yJbTaTaMy EKCIEpPUMEHTIB 1 MpHUKIagaMu
3aCTOCYBaHHS aJamnTaiii A0 pealbHUX MOJeieil, 30Kpema Mg J1arHOCTHKHU
PEHTIeHIBCbKUX 3HIMKIB, Ta IPYHTYETbCS Ha HaBEJAECHOMY OISl CY4YacCHHX
TeXHOJOTIH Moaudikaiii TrIUOOKMX HEUPOHHUX MEPEX I IiJIBUIICHHS
IPOAYKTUBHOCTI 00poOku manux. [lomani y poOOTI HAyKOBI MOJIOKEHHS, BUCHOBKH
Ta MPaKTU4YHI PEKOMEHJAIl IMOBHICTIO OOIPYHTOBaHI, 0a3ylOThCS Ha (PAKTUUHUX
JaHMX, 1110 MPEACTABICHI B T€3aX Y TAOIUYHOMY 1 rpadiuHOMY BUTIISIIL.

PesynbTatu ogepxani 3700yBaueM MPOUILIUTA PETENIbHY (PaXxOBY €KCHEPTU3Y MIPH
pelIeH3yBaHH1 BIAMOBIIHUX CTaTel B JKypHajax 3 BUCOKHUM IMMaKT-(PakToOpoMm 1 Te3
MDKHApOJHUX  KOH(EpeHIiid, 10 TeX CBIIYUTh MNP0 iX OPUTIHAIBHICTS,
0OTPYHTOBAHICTh Ta JOCTOBIPHICT.

Teopetnune Ta npakTu4He 3Ha4eHHsS poboTu Tapana B.1. monsirae y cTBOpeHH1
3acaj e(EeKTHUBHOTO 3aCTOCOBYBATH MOJENEH HEWPOHHUX MEpeX TIIHOOKOTO
HaBYaHHS Ha PI3HOMAHITHOMY amapatHomMy 3a0e3mneueHHl.  Po3poOnenwmii
KOMIUIEKCHOMY ~METOJ aJanTaiii HeHpPOHHUX MEpeX [0 CHelialli30BaHuX
OOYHMCITIOBAIBHUX apXITEKTYp BHAJI0 TMOEIHYE METOAM NPYHIHTY, KBaHTH3allll,
BUJIAJICHHS 3alBUX KJIACiB 00 €KTIB, IMIABUIICHHS MPOJYKTUBHOCTI IIpoiiecy oOpoOoKu
JAHUX TIEBHOIO MOJIEIUTIO 3 MapasielIbHUM MiJBUIIEHHSM €(EeKTUBHOCTI MPOrpamMHO-
amapaTHOi CKJIaI0BOi IIbOBOI 1H(GPAcTpyKTypu. BapTo BiAMITUTH 1 Takuii CyTO
OPUKIATHUN  pe3ynbTarT poOOTH, SK PO3pOOJIEHUI MpOrpaMHUM KOMIIOHEHT
TIarHOCTUKU JIETCGHEBMX aHOMAliil 3a JaHUMU PEHTTCHIBCHKUX 3HIMKIB IS
criertianizoBadoro npuckoptoBada Coral Edge TPU USB.

OTxe, MOYKHA BIIEBHEHO CTBEP/KYBATH, 110 MOCTABJICHE 3aBAaHHS AOCIIHKEHHS
BUKOHAHO 3/100yBaueM Ha BUCOKOMY HAyKOBOMY piBHI. 37100yBay MpoOJEeMOHCTPYBaB
BIICBHEHE BOJIOJIIHHSI METOI0JIOTIEI0 HAYKOBOT TiSIIIbHOCTI.

Ouinka 3micTty aucepramii, ii 3aBepHICHICTbL TAa JOTPUMAHHSA NPUHIHUIIB
akanemiuHoi noopodecHnocri. Jluceprarmiiina podora Tapana B.l. € 3aBepmieHoro
HAYKOBOIO Mpalelo, 110 32 CBOIM 3MICTOM MOBHICTIO BiamoBigae CTaHaapTy BHILOI
ocBiTH 31 cmemianbHOCTI «123 - Komm’ioTepHa 1HXKEHEpis» 3a HAIpPSIMKOM
JOCHTIKEHb BIJMIOBIIHUM JI0 OCBITHBOI Iporpamu «Komm’roTepHa iHx)eHepis». Tesu
JTUCepTalliiiHOT poOOTH MATBEPHKYIOTh OCOOMCTHI BHECOK 3700yBada y HayKOBUM
HanpsM «[ TMOOK1 HEUPOHHI MEPEKI».



AHam3 TEKCTy AucepTali, 30Kpema, 3BIT MOAIOHOCTI 3a pe3yJibTaTaMu
aBTOMATHYHOI TEPEeBIPKM Ha TEKCTOB1 CHIBHAJIHHSA CBIIYUTH, IO JHUCEpTaIliiiHa
poboTa € pe3yIbTaTOM CaMOCTIMHHMX JOCHIIKEHb 3/100yBada 1 He MICTUTh €JIEMEHTIB
danscudikarii, koM, padpukaiii, mariaty Ta 3amno3udeHb. Bukopucrasi i7ef,
pPE3yNBTATH 1 TEKCTH 1HIIMX aBTOPIB MAIOTh HAJICKH1 TTOCHIIAHHS.

Te3u mauceprariii JOBOJSATH, IO MOCTaBICHE 3aBIAaHHS TOCIIKCHHS BUKOHAHO
3100yBadeM MOBHICTIO, CAMOCTIMHO, 3 JOICPKAHHSIM aKaJIeMI9HOT JOOPOUYECHOCTI.

MogBa Ta cTHIIb BUKJIAJAeHHs pe3yabTatiB. [lucepraniitna pobora Tapana B.1.
€ no0pe cTpykTypoBaHOro. Po3minu Ta migpo3diau Te3 aaeKBaTHO PO3IOIIJIEHI,
BiOOpakatloTh CyTh MPOBEACHUX HAYKOBUX JOCHIKEeHb. BuxmameHHs poOoT €
MOCJTIJOBHUM, YITKO OOIPYHTOBYE OTpHMaH1 pe3yabTaTu. [lucepraiiiss HamucaHa
($axoBOIO YKpaiHCHKOIO MOBOIO.

Jluceprariisi CKJIaJaeTbcs 3 BCTYIY, YOTHPHOX PO3MILTIB, BUCHOBKIB, MEPENIKY
MOCWJIaHb TA OJATKIB. 3arajqbHUN 00CST qucepTallii CTaHOBUTH 152 CTOpIHKH.

VY BcTyni po3riisiaeTbes aKTyallbHICTh AUCEPTALIMHOTO TOCIIHKEHHS, 3B 30K
po0OTH 3 HAayKOBMMH MpOTpaMaMH, IUIaHAMH Ta TeMaMu. DOpMyIIOEThCS MeTa,
3aBJaHHA, OO’€KT Ta MpeIMeT JAOCHTIDKEHHS, HayKoBa Ta IpaKkTUYHA HOBHU3HA
OTpUMaHUX pe3ybTariB. [IpUBOASTHCS BIIOMOCTI PO OCOOMCTUM BHECOK 3700yBaya
Ta anpoOalliio pe3ynbTaTiB JUCepTallii.

VY mepuomy po3auti 3poOJeHH aHaNITUYHO-TIOPIBHSAJIBHUM OIJIA[ Cy4acHUX
CHEI[iaNi30BaHUX OOYMCITIOBAIBHUX apXITEKTyp MJIs 3aCTOCYBaHHS HEHPOHHUX
MEpEeX TJIMOOKOr0 HaBUaHHS, Cy4aCHHMX METOJIB MPYHIHTY Ta KBaHTH3aLli IS
3MEHIIIEHHSI pO3MIpy HelpomepekeBuX Mojeneid. OnucaHl MOMyJspHI HEUpPOHHI
MEpEeKHU IITMOOKOTO HAaBYaHHS Ta TECTOBI KOJICKIIIT TaHUX.

Y npyroMy po3aiii po3rJISHYTO CKJIAMOBI ajanTailii TiIuOOKUX HEUMPOHHUX
MEpeX JUIsl CIeIiali30BaHUX MpUCKOproBadiB. [IpoananizoBaHO 00YMCTIOBAIbHY
CKJIQJIHICTh 3aCTOCYBaHHS MoOJeNel 1 (aKTOpH amapaTHO-MPOTPAMHOTO CEPEIOBHIIA.
3anponoHoBaH1 METPUKHU OIIHKU MPOAYKTUBHOCTI Ta €(DEeKTUBHOCTI afanTarii.

Y TpeThOMy pO3AUTI JAETaJbHO OMNKCAHO 3alpPONOHOBaHMN 3700yBayeM
KOMIUTEKCHUIM METOJT aJlanTallii pa3oM 3 CKIaJoBUMH MeTogamMu. HaBeneHo mpukiian
HOro 3acTOCyBaHHS IS ajanTaiii BiOMOi Mepexki I1HTEJNEeKTYaJlbHOTO aHaji3y
300pakeHb ResNet50 mig tenzopuuii npuckoptoBau Coral Edge TPU Ta omucano
nporpaMmy JiarHOCTUKH JIETEHEBHX aHOMaJiil 3a PEHTIeHIBCBKUMHU 3HIMKaMH, IO
BUKOPHCTOBYE aJJallTOBaHY MOJIEIb.

Y deTBEepTOMY pO3IUII EKCIEPUMEHTAILHO TMPOAHATI30BAaHO PpPE3yJIbTaTH
3aCTOCYBaHHS KOMIUIEKCHOTO METOAY ajanTailii rimOOKMX HEUWPOHHUX MEpPEek Ta
Horo ckianoBux. OIIHEHO CTYIIHb BIUIMBY OKpeMHUX (PaKTOPiB MPOTYKTHUBHOCTI,
JOCTIIKEHO MPOIYKTUBHICTH PO3pOOJIECHOTO MEAUIHOTO JOAATKY.

Hucepraiiitna po6ota opopmiieHa BiinoBiaHO 10 BuMor Hakasy MOH VYkpainu

Bia 12 ciuns 2017 p. Ne 40 «IIpo 3aTBepakeHHs BUMOT 10 O(OPMIICHHS JUCEPTAIliiy.
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OnpuwioHeHHsl pe3yJbTaTiB AucepTaniiiHol po6oTru. HaykoBi pesynbratu
JYcepTallii BUCBITIEHI Y 12 HayKoBUX MyOJTiKalisx 3100yBaya, cepesl skux: 6 crarei
y TIEPIOJUYHUX HAYKOBUX BUIAHHIX 1HO3EMHHX JE€p’KaB MPOIHACKCOBaHHX y 0azax
Scopus / WoS, 3 Hux 1 ctarTs - y BUIaHH1, BIIHECEHOMY J10 Tiepiioro kBapTuiio (Q1)
BianoBiaHo a0 knacudikamii SCImago Journal and Country Rank / Journal Citation
Reports, 6 Te3 y 36ipHHKaxX q0MOBIieH (aXxOBUX HAYKOBUX KOH(EPEHIIIH.

Takum 4MHOM, HAYKOBI pe3yJIbTaTH HaBEACHI B TUCEPTaLIiHIA POOOTI MOBHICTIO
BHUCBITJICHI Y HAYKOBUX ITyOIiKaIlisgax 3100yBaya.

Hepnosiku Ta 3ayBaskeHHs 10 qucepTaniiHol podoru. KoHCTaTytoun BUCOKHUI
HAYKOBHH piBeHb BUKOHAHOTO JTOCIIKSHHSI, CIIi/T 3ayBa)KUTH, 1[0 aBTOPY HE BAAIOCS
YHUKHYTH JICSIKMX HEJIOJIKIB.

1. TlpupomHoro albTEpHATUBOIO aJanTaiii CKIAAHOI MOIENl 10 MEHII
OPOAYKTUBHOI CHCTEMH € KOHCTPYIOBAHHS 1 TPEHYBaHHS MpPOCTImIOi mozem (3
MEHIIIOK KIIBKICTIO, a00 MeHImUM po3MmipoM mapiB). [lopiBHAHHS amanToOBaHUX
MoJieJieil 3 TMOYAaTKOBUMU BapTo Oyno O JOMOBHUTH MOPIBHSHHAMU 3 1HIIMMH
TPEHOBAHMMH MOJIETISIMHU TOTO X PO3Mipy, K anantoBaHi. Lle Oymo 6 KOpHCHO K IS
JIEMOHCTpAIlll TepeBaru ajanTailii, Tak 1 Juis OUTbII 1HTYITUBHOI OINIHKHM SIKOCTI ii
pe3yNbTaTy B KOHKPETHUX €KCTIEpUMEHTAX.

2. 3anpormoHOBaHWN B pOOOTI KOMIUIEKCHMM METOJ ajamnTailii TIMOOKHUX
HEHPOHHUX MEPEXK ISl CIEIlali30BaHNX OOUYMCITIOBAIBHUX apXITEKTYp CKIATAEThCS
3 4 KpOKiB, OCTaHHI JIBa 3 SKHUX MOXXHA IHTEPIPETYBATHU SIK MiA0Op KUIbKICHUX 1
AKICHUX MapaMeTpiB CepeI0BHINA BUKOHAaHHA nporpamu. He 3po3ymino, yomy migdip
KUIBKICHUX MapaMeTpiB Mepeaye maoopy SKICHUX, a He HaBMmaku. MoHa O4iKyBaTu
10 I1i MapaMeTpH B3ae€MO3aJIeXkHl (TOOTO, HANpUKIaA, 3MiHA ONEpaIiifHOI CUCTEMH,
Yy amapaTHOTO 1HTepdeiicy Moxke OyTH MiACTaBOI JJIi BUOOPY IHIIIOTO PO3MIPY
MakeTy BHACHIJOK 1HIIOI JATEHTHOCTI Ta IIBUIKOCTI Mepeaadi JaHuX Ha MPUCTPIN).
Mo>kJIMBO OCTaHHI JIBa KPOKU Tpeba BUKOHYBATH IUKJIIYHO, a00 B3arajii 00’ eqHaTH B
ouH?

3. SIk MOTMOBHEHHS O MOMEPENIHbOTO 3ayBa)K€HHs: Oys0 O MOILIIBHO OMHCATH,
K OpraHizyBaTd (a MOJXJMBO 1 aBTOMAaTU3yBaTH) OaraTo(akTOpHY OINTHUMI3AIliIO
napaMeTpiB CepelIOBHINA, 30KpeMa, I nepudepiitHux o0YnciIeHb y TUHAMIYHOMY 1
reTepOreHHOMY arapaTHOMY CEepPeIOBHIIIL.

4. 3 mpakTHYHOI TOYKH 30py BOXKIUBOIO € CUTYaIlisl, KOJIM MOJIe]Ih HE MOXKe OyTH
COpPOIIEHAa JI0 TaKOro CTYNEHIO, II00 BMICTUTHCh Y TI€BHY OOYHCIIOBAIBHY
apxiTeKkTypy. (AOO Take CIPOIICHHS MPU3BEAC 10 HEMPUUHATHOTO TMAIHHS SKOCTI
00poOku gaHux.) S He 3HANIIOB Y pOOOTI YMOB 1 PELIENTIB JJIs TAKOi CUTYaIIii.

5. IlapHoto 10 3amayi ajmanrarlii HEHPOMEPEKHOI MOENI IiJl CHellali30BaHy
apXIiTEeKTypy € 3ajiada Mmijgdopy OOYMCIIOBAIIBHOI apXITEKTypH Mija Mojeib. byno 0
JOIIJIEHO PO3MITHYTH MPOOIEMY 1 il TAKUM KyTOM.



BucnoBneHi 3ayBaKeHHs He € BH3HA4YalbHHUMH, HE 3alepedyloTb HayKOBY
HOBH3HY i NpPaKTH4YHY 3HAYUMICTh OTPUMaHHX pe3yJbTaTiB Ta He BIUIMBAIOTh Ha
3arajbHy NO3MTHBHY OLIHKY JUcepTaLiiiHOi poOOTH.

BuCHOBOK npo AMcepTauiiiny po6ory. Beaxkaio, mo auceprauidna pobota
3106yBada cTymneHs noktopa ¢inocodii Tapana Bnamucnasa IropoBuya Ha Temy
«Meton amanTauii rMMOOKMX HEHPOHHMX MEpEX 10 alapaTHOro 3abe3nedeHHs 3i
CreLiai30BaHOI0 apXiTeKTYpOIO» BHKOHaHa Ha BHCOKOMY HayKOBOMY piBHI, He
MopylIye NPUHLMIIB aKaJeMi4HOI JOOPOYECHOCTI Ta € 3aKiHYEeHHM HayKOBHM
JOCIIKEHHSIM, CYKYIHICTh TEOPETHMYHHMX Ta MPAKTHYHMX PE3yJbTaTIB SKOTO
pO3B'A3ye HayKOBe 3aBJaHHs, LIO Mae ICTOTHE 3HA4YeHHs [ raiy3l 3HaHb
«Indopmauiitni TexHonorii». Jlucepramiiiia po60Ta 3a aKTyalbHICTIO, MPAKTHYHOIO
LHHICTIO Ta HAayKOBOIO HOBH3HOIO TIOBHICTIO BIANOBIZa€ BMMOraM HYHHHOTO
3aKOHO/IaBCTBAa YKpaiHW, 1o nependaveHi B m.6 — 9 «llopanaky mpucCyAXKeHHS
cTyneHs fokTopa (inocodii Ta ckacyBaHHs pillIeHHs pa30BoOi CHeliaNi30BaHOl BYCHO]
pagM 3akiajy BHILOI OCBITH, HAayKOBOi YCTQHOBH IIPO MPUCYIKEHHS CTyNEH:
noktopa dinocodii», 3arBepmikenoro [Nocranosoro KabineTy MiHicTpis YKpainu Bift
12 ciuns 2022 p. Ne 44,

3n06yBay Tapan Bnagucna IropoBru 3aciyroBye Ha MPHUCYKEHHS CTYINEHS
noktopa Gimocodii B ramysi 3HaHp «12 - Indopmamiiini TexHosorii» 3a
cnewianpHicTiO «123 - KoM 1oTepHa iHXeHepis».

OdiniliHUi OMOHEHT:

3aBigyBay Biaaily

aBTOMaru3alii mporpamyBaHHs Ne 145,
[HCTUTYT KiG€pHETUKH

iMm. B.M. I'mymikoBa HAH Ykpainy,
JOKTOp (hi3MKO-MaTeMaTUYHUX HayK,
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