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«Mojesni Ta MeTO¥ CHHTE3y MOB/ICHHSI Ha 0CHOBi HEHDOHHUX CHCTeM 3BHYaMHHMX
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NojaHy Ha 3/00yTTs CTyneHs JoKTopa (inocodii
y rajiysi 3HaHb 11 MaTeMaruka ta CTaTUCTHKA
3i crietiasibHOCTI 113 IlpyknagHa MaTemaTuKa

Hucepraujitina pobota Komienss €BreHa BacuiboBuua mnpucBsiYeHa AOC/II/PKEHHIO
npo0ieMy CUHTe3y MOBJIEHHSI 3a JIOTIOMOIOK) HOBOIO iHCTPYMEHTapito, IOB’A3aHOI0 3
BHMKOPHMCTaHHSIM TaK 3BaHUX CHCTeM HeMPOHHHMX 3BMYalHKX AW(epeHLiia/IbHUX PIBHAHb.

B nepmomMy po3jijii JaeThCs Or/si AOC/iKeHb 38 00paHOr0 TeMaTukor. OCHOBHA
yBara npuziisieTbCs 6a30BUM MOHATTAM Ta MeToJaM 00pOOKY aHa/I0roBUX Ta JUCKPETHHX
CUrHa/liB, a TakOX iX 3aCTOCYBaHHIO [0 MOJEIIOBAHHA TOJIOCOBOIO CHMIHAIy $K
JMHAMIYHOIO TpoLiecy.

Y ApyromMy po3fgili JOCIIKYETbCA SIKICHI B/IACTMBOCTI OAHOIO K/acy CHUCTeM
3BUYAMHUX AudepeHLiiabHUX piBHsAHb. OCKIIbKM MpOLIeC MOZE/IOBAHHS I'0JIOCOBOrO
CUTHAJ/ly JIIOJJUHU € JUHAMIYHUM TPOLIeCOM, SIKMM MPOTIKAe y peajbHOMY uaci i Maeg, sK
MpaBW/I0, XaOTHWYHYy [OBeAIHKY, TO OCHOBHA yBara aBTOPOM IMPHUZIIAETLCS MeTOaM
JOC/Ti/DKEHHsI i TIPOrHO3yBaHHsI XaOTMYHKX TpOLeciB. 3a OCHOBY B po0OTi 0OupaeThCs
MeToA yacoBux psfiB. CyTb LIbOrO MeTO/y MOMAra€ B TOMYy, L0 CIIOYaTKy (B IeBHi
MOMEHTH 4acy) (QIKCyHOTbCs CHOCTepeXyBaHi 3MiHHI, 38 JOIOMOIOK SIKMX OINUCYEThCS



JYMHaMmika [AochifpKyBaHoro mnpoiiecy. [loBegiHka B 4Yaci Takux 3MIiHHHX YTBOPIOE
Bi/IMOBi/IHI YaCOBI pSAU.

3a3Buyai JOC/Ii/PKeHHsI TMOBeAiHKK 4YacOBHX PsZiB 0a3yeTbCsi HA MeTOJax Teopii
WMOBipHOCTI Ta MaTeMaTW4yHOI CTatuCTUKW. IIpoTe TexHonorii aHamisy JaHuX, SKi
BUKOPUCTOBYIOTh CTaTUCTUYHI MiJXO0AM, MAIOTh Psifi HeI0/iKiB. 30KpeMa, Taki MeTo/u, K
MpaBKUJIO, IPYHTYIOTHCS HA yCepeJHEHMX MTOKa3HMKaxX, 38 IKUMUA BaXKKO 3'ACYBaTH peajibHy
MOBeIHKY CHCTEM B OKPeMO B3siTi MOMeHTH Yacy. KpiM TOro, craHfapTHi CTaTHCTHAYHI
MeTO/Id 3a3BUuUail HEeXTYIOTb CIIOCTEPEXEHHSIMH, Ki BUXOJATb 3a PAaMKH CTAaTHCTHYHO
HaJiMHUX: MiKaM{d, aHOpPMa/bHMMHM BigxwieHHsMA 1 T.r. Pasom 3 THM, caMme Taka
MOBe/[iHKa YaCOBUX PsAiB MOKe OyTH BHUPIIIA/JbHOK JJisi NPOTHO3YBaHHS I0AA/IbLIOI
JMHaMiKd TOJIOCOBOrO CWrHaay. Buxofsuu 3 HaBeJeHOro, aBTOP HAja€ IiepeBary
3aJIyUEHHI0O HOBMX METOZIB AOCTi/pKeHHs, siki 6 6asyBaiucs Ha HeiHIMHIM JUHaAMILY,
Teopii karactpod, @pakTanbHiid reomerpii Ta  iHQOpPMAaL[iMHMX  TEXHOJOTifX
iHTenekTyanpbHOro aHamizy ganux (Data Mining). BjacHe OCHOBOKO TaKMX TEXHOJOTIH €
nepexizi BiJj KTACUUHHUX HEMPOMEPEXKeBUX MOje/iel [0 TaK 3BaHMX CHMCTeM HeMPOHHUX
avdepenwianibHux piBHsAHL (NODE). IIpuHIMIOBa CyTHICTL LIbOrO MepexoAy IoJjdra€ y
TOMY, III0 Y OLIBIIOCTI 3a/1a4 MO/ie/IFOBaHHsI HelipoMepeXka CIIPUMMAETbCA K JUCKPeTHa
cuctema, B Toi yac sk NODE € cucTeMor 3BHUYaMHKX HeNiHIMHUX Avi(epeHLiiabHUX
piBHsAHb. HoBM3HA Takoro Takoro MmigxoAy [0 IIPOLIeCYy MOJEMIOBAHHA T'OJI0COBUX
CUTHA/IiB He BHUK/IMKaE CYMHIBiB i mosisira€ B TOMY, L0 TOJIOCOBI CHrHA/JIM MOJKHA
po3r/IsaTh SIK crieldiuyHuii Kac PO3B’sI3KiB BiANOBiAHMX CUCTeM JudepeHLiiaTbHUX
PiBHSHB.

10 OCHOBHHMX pe3y/bTaTiB APYrOro pO3Aily BapTO BifiHECTH 3alpOIIOHOBAHY
aBTOPOM MaTeMaTHuHy Mojenb y (HopMi meBHOI CHCTeMH 3BUYAWHUX JU(epeHLiia/lbHuX
PiBHSIHb, @ TAKO)K HOBWM TUIT aKTUBAL[IMHOI (DYHKLiI [i/1s1 MOZIe/IFOBaHHA IPOLIeCy CHUHTe3y
MOBJIEHHsI. ABTOPOM TaK0>X OTPMMAaHO HU3KYy HOBUX pe3yJ/bTaTiB CTOCOBHO JOC/Ii/PKEeHHS
SIKICHOI MOBEiHKM 3aripoOriOHOBAHOI0 K/1aCy AUHAMIYHUX CUCTEM.

Y TperboMy poO3JisTi PO3I/ISAAETHCS 3a/aua CUHTe3y '0JIOCOBUX CUTHA/IB Ha OCHOBI
3aMpONOHOBAaHUX MOze/iel y GopMi cHCTeM HeHpOHHHX AU()ePeHIiabHUX PiBHAHD.

Ha BigMiHy Bif TpaguLiiHMX MiAXO[iB 4O CHHTe3y MOBMU B 4aCOBili Ta 4aCTOTHIK
obnactsx, B AucepTailii MPOMOHYETHCSI HOBUM Mi/IXiJl, OCHOBAHMM Ha 3a/lyuyeHHi MeTO/iB
HeJTiHIMHOTO aHaji3y /ISl BiITBOPEHHS OCHOBHMX IHBAapiaHTIB, 110 XapaKTepU3yHTb TaK
3BaHi reOMeTPUYHI BJ/IACTUBOCTI TOJOCOBUX CWrHajiB. BjacHe cami 1ii iHBapiaHTH B
MOJA/bIIOMY C/Iy’KaTb OCHOBOIO JJO PO3B’si3aHHsS MpobneMu cuHTe3y MoBU. KirouoBuMm
pesy/nbTaToOM [AaHOr0 PO3Zijly € HOBA TEXHOJIOTis, AKY IPOIOHYETHCS MOK/IACTH B OCHOBY
BiITBOPEHHS IO/IOCOBUX CUTHAIIB.



I1o OCHOBHHUX pe3yJIbTaTiB JaHOi AucepTal{iiiHoi po60oTH 51 OM Bi/IHIC TaKi:

1. 3anporioHOBaHa HOBA MOJenb /Il alnpoKCUMmallii Ta IPOrHO3yBaHHSA
OJIHOBUMIDHHUX He(CTaljiOHAPHUX YacOBUX psAIB 3a JONOMOIOK CHUCTeMH
HelpOHHUX AudepeHIialbHUX piBHSIHb, y SKil Bhepule Oysia 3acTOCOBaHa
y3arajibHeHa CTeleHeBa aKTUBALliMHA (YHKLs, a TaKOX TeopeMu IIpo
00MeXXeHiCThb PpO3B’SI3KiB TakMX CHCTeM Ta 00/1acTi 3HayeHb HAa OCHOBHI
rapameTpH, NpU SIKUX B CUCTeMI BUHUKAE XaOTUYHA MOBe/iHKa.

2. TIpoBe/eHO MOPiBHSUTbHMM aHasi3 HeMpOMepeXXeBUX MOZe/Iel, sKi 3aCTOCOBYIOTh
K/IaCHYHi akTuBaUiiHi GyHKii (curmoiny, rinepboniunuii TanreHc ta ReLU) Ta
cTerneHeBy akTuBal|iiHy (GyHKLit0. [ToKa3aHo, 1110 MO/e/IF0BaHHA i3 CTeleHeBO
aKTHUBAL[IHHOIO (DYHKLII€H0 Ma€ Oi/bIily CTeriHb CXOXKOCTi 3 peajibHAM IPOLIeCOM
B TOPIBHSHHI 3 MO/e/isIMM, sKi MoOy/oBaHi 3a /JONOMOIOK K/IaCUYHHMX
AKTUBALIMHUX (QYHKLiM.

3. JlocnipkeHO 3arporoHOBaHy CUCTeMY HEMPOHHHUX Au(epeHLiialbHUX PiBHSHBD i
TMOKa3aHo ii CyTTeBY BiAMIHHICTh Bif KiacuuHux mogeneid. Came 11 oOCTaBUHA
[I03BO/TM/Ia BUSIBUTU iICHYBaHHS JOCI HEBIIOMMX XaOTMYHMX aTpPaKTOPiB, SIKi He
Mor/ii 6yTu 3reHepOBaHUMH 3a KJIaCHYHHUMU MOJe/ISIMU.

4. Y TpeTbOMy PO3/i/i aBTOp 3arporioHyBaB IpoLieypy CerMeHTallii rojioCcoBOro
curHay (sKiCHi XapaKTepUCTHKH TaKUX CUIHaiB 3a3HAIOTh MOCTIMHUX 3MiH Mij
Yac MOBJIEHHSI), CYTHICTb LIi€l MPOL{e/lypH IOJISITa€ B TOMY, 11100 B MeXax OIHOr0
CerMeHTy TieBHi XapaKTePUCTUKA TaKOro CWrHaay (iHBapiaHTH) MaroTh
3a/IMILATHUCA He3MiHHUMU. Lle [103BOJIM/IO CYTTEBO 3HWU3WTHU OOCSATM mMam’sTi Ta
YaCoBi 3aTpaTy MPH KOMIT FOTEPHOMY MO/Ie/IFOBaHHI CUHTe3y TaKUX CUTHAJIB.

BBaxkaro, 1[0 BCi oTpuMaHi B po60Ti pe3y/ibTaTy € HOBMMU Ta OpUriHaIbHUMU. BoHM
MOXXYTh HalTH CBOE 3aCTOCYBaHHS He JMille B Npo0siemMi CUHTe3y MOBH, ajie i B 6araTbox
iHIIMX 3a7auax (HaMNpUKIaZ, NMpyd MO/E/MOBaHHI 3MiHM MOTOAU UM IIPOLeCiB eBOJIFOLI
OionoriuHux MmomysisiLiiid), Je aHasi3 Ta JOC/TiPKeHHs YaCOBUX DSIZiB € MepiioyeproBUM
3aBJaHHsM. ['0/10BHI pe3yibTaTu AuMcepTariiHoi po6otu 6ymu ony6nikoBaHi y (paxoBoMy
MareMaTUyHOMy >XypHami «Journal of Optimization, Differential Equations and Their
Applications» (kBaptuib Q3). Pesynbrat poOOTHM HeOAHOPA30BO JONOBiAaMMCh Ha
cemiHapax i kKoH(epeHwisix. /lydceprailia odopMieHa y BiANOBIAHOCTI 4O BUMOI, SKIi
BHCYBaIOThCS [0 POOIT Ha 3400yTTs CTyneHs gokTopa ¢inocodii. IlopyieHs akageMiuHOl
JobpouecHOCTI y gucepTallii Ta HayKoBHX Mpausix €.B. Kollens s1 He BUSIBUB.

Pa3oM 3 TUM 3a MaTepiajiaMy AucepTaliii € MeBHi 3ayBa)kKeHHsI Ta NO0aKaHHSI.

1. Ilpu po3pobiii HeilipoMepe)keBMX MO/ie/iell BaroMy pOJb  Bifjirpae
IIBUAKICTh HanamTyBaHHs (a0 TpeHyBaHHs1) Takux Mojesneit. IIpore B
JuvcepraljiiiHid poOOTi aBTOp Hifle He HABOAWTbH KOJHMX AAHUX IOJ0



IIBUJKOCTI Ha/alUTyBaHHS MoOJeneld 3 Ppi3HUMM aKTHUBAL[iMHUMHU
GyHKL[isIMH.

2. Sk Bigomo, npu nobyoBi 6yab-aK0i MOiesi, BU3HaYa/IbHUM (DAKTOPOM €
ii mepeBipka Ha aJEKBATHICTb Ta TOYHICTb BiJATBOpeHHs1 OakaHOrO
curHany. [Ina nporo icHye 6GaraTo HampaijbOBAHMX METPHK TaKMX SIK
HapaxyBaHHs Koe@inienrta Ilipcona, metpuka PSNR uu nonynisipHa HuHi
MeTpUKa CTPYKTypHOI mofgibHocti SSIM. Y Bumagky Mojeni, SKy
TMPOIOHY€E aBTOP AaHOi po0oTH, ii afleKBaTHICTb CYTTEBO 3a/IE)KUTh Bijl
Oaratbox (akTOpiB, BK/FOUarOud BUOIp TMapaMeTpiB BIUIMBY, iX
HaJIALUTYBaHHsI, KOPEKTHICTb PO30MTTSI 3ByKOBOI'O CUI'HA/ly Ha Tak 3BaHi
30HM IHBApIaHTHOCTI i 110 € MabyTb CaMMM OCHOBHHUM — SIKOIO Ma€ OyTu
KIIbKICTb Takvx IHBapiaHTiB (ab0 arpaktopiB) /A KOPEKTHOro
BIZATBOpeHHs1 00paHOro 3BYKOBOro CuUrHamy. IIpore AOC/i/PKeHHIO Lii€i
npobnemMy, BK/IIOUAOUM aHai3 UyT/IMBOCTI Mofeni A0 0oOpaHMX
napamMeTpiB BIUIUBY, IPY/i/IeHO HeJOCTaTHLO yBarwu.

3. Y nApyroMy po3aiii aBTOp [JOC/IKy€ $IKiCHi B/IaCTUBOCTiI pO3B’SI3KiB
OAHOIO KJjacy Ju(epeHLia/lbHAX PpiBHSHb, MpaBi YaCTUHW SIKUX He
MICTATL MiHIMHOI CKagoBoi. PasoM 3 TUM 3 TeKCTy AWceprariii
He3po3yMi/io Je B 334audi CHUHTe3y MOBJIEHHS aBTOP 3aCTOCOBYE Lii
pesyJ/ibTaTu.

4. Xorinocss 6 mnobaunt B poboTi OGinbin JgeTasbHe OOIPYHTYBAHHS
NPUHLMITY BUOOpY BM3HAaUHMX XapakTePUCTHK rosocy. JIo Takux
XapakTepuCTUK aBTOpP BIAHOCUTL MeJI-KelCTpasbHi Koe(illieHTH, sKi
OTPUMYIOTbCA 31 CIleKTpa CWrHajay, 3HaWJeHoro 3a JI0IOMOrOH
nepetsopeHHs ®Pyp’e. IIpore mobpe BijoMO, 1110 CIIEKTP CUTHaMy, SKUA
YTBOPEHO Koe(illieHTaMu BeWBJIeT DPO3BHMHEHHsl, [03BOJISIE TOYHIlle
repe/iaBaTH JIOKa/IbHy MOBE/iHKY 3BYKOBUX CHTHasiiB. BBarkato, 1110 6y/io
0 AOLIbHUM B MOAAIBIIMX JOC/TI/DKeHHSX L€l mpobieMu 3a1yuydTu
ariapar BelB/ieT-IIepeTBOPEHb.

IToripy HaBejeHi 3ayBakeHHs, 51 BBaXKalo, 1110 JjaHa AMCEpPTaLlisi BiJroBiae
BCiM BUMOram, sKi 3aTBep/pkeHi Haka3oM MiHicTepcTBa OCBiTH i HayKu YKpaiHU
Bif 12 ciynsa 2017 p. Ne 40. OCHOBHI pe3y/nbTaTH NMPOMIIUIA JOCTaTHIO arpobaiiito,
a OTpUMaHi B AucepTaLiiHii poOOTi HAyKOBi pe3y/bTaTh € HOBUMH, Ta MarOThb
Ba&K/IMBE [PAKTUYHEe 3HAYEHHS.

Buxopsuu 3 HaBejeHOr0, BBaXKalo, 1110 AucepTaljifiHe AocimpkeHHs Kormess
€.B. Bianosigae Bumoram "[lopsiAKy NpUCy/DKeHHs CTyTIeHs JoKTopa dinocodii Ta



CKaCyBaHHS pillleHHs1 pa30BOl CrieLjia/si3oBaHOl BUYEHOI pajyd  3aKjajy BHIIOL
OCBiTH, HAyKOBOI YCTaHOBM MpO TPUCYAKEHHs CTyIeHs AoKTopa inocodii”,
3aTBepmkeHoro ITocranoBoro Kabinery MinicTpiB Ykpainu Big 12 ciuna 2022 p.,
Ne 44, a ii aBTop --- Kowens €.B. 3aciyroBye Ha NpuCy/HKeHHS HayKOBOI'O
CTyreHs1 JoKTopa ¢inocodii.
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