BIAT'YK
odiniftHoro onoxeHTa
Ha qucepraniiiny po6oty OJIEKCIS Aprypa Onerosuua
«Meroau Ta nporpamHi 3aco0u aHaJIi3y aKyCTHYHUX CUTHAIIB
Ha OCHOBI HEHPOMEPEKEBHX MOJIENIEH»,
peJCTaBleHy Ha 3100y TTs HayKOBOTO CTyIIeHs JOKTopa (inocodii
B raiy3i 3Hasb 12 — [ndopmariiini Texsomorii |

3a crenianbHicTIO 121 —IHXeHepist mporpaMHOro 3abe3neveHHs

AKTyaJIbHICTh T€MH JHCEPTALii.

3pocTaHHs IHTEpeCy 10 aHali3y aKyCTHYHHX CHTHAJIiB MiIBOJHOTO CepeNOBUINA
00yMOBIIeHE HEOOXiIHICTIO e(heKTUBHOTO BUSBIEHHS, Kiacu(ikallii Ta oGpoOKH miIBOIHAX
3BYKIB Y PI3HHX Taly3sX — Bill MOPCHKOT GiOJIOTii Ta €KOJIOTi9HOr0 MOHITOPHHTY 1O HaBirawii
aBTOHOMHHX IiZIBOJHMX amapariB i 3a0e3NedeHHs HaliOHAIbHOI Ge3nexu. BHCOKHl piBeHb
IIyMOBOIO 3a0py[HEHHs B TPUPOJHMX BOJOMMAX, a TaKOX CKIAIHICTh aKyCTHYHHX
XapaKTEePUCTHK IJABOJAHOTO CEPEIOBUINA CTBOPIOIOTh 3HAYHI BUKIMKA U TPAIMI{iHHAX
METO/iB OOpOOKH CHTHAIB.

P03BUTOK ITIMOMHHOIO HaBYaHHSI BiIKPHB HOBI MOXJIMBOCTI IS ITiABHIIIEHHS TOYHOCTI
aHaJIi3y MiJBOAHMX aKyCTHYHHX JaHUX. I'eHepaTHBHO-3MarajibHi HelipoMepexi TO3BONSIOTH
e(peKTUBHO NPUTHIYYBATH LIyM i BiIHOBTIOBATH CHTHAIIM, TOJ 5K 3rOPTKOBi HEHPOHHI Mepesxi
31 Creniali3oBaHUMH MEXaHi3MaMH JIEMOHCTPYIOTh BHCOKY e(eKTHBHICTH y Kiacudixarii
aKyCTUYHHUX CUTHAJIB.

HesBaxkaroun Ha 3HayHUHM mporpec, 0araTo Cyd4acHHX METOMIB 3aMINAIOTHCS
YyTJIMBAMH JI0 BapiaTUBHOCTI CEPENOBHUINA, MAIOTh BUCOKY OOUHCTIOBATBHY CKIaMHICTh 260
HE 3a0e3MedYyloTh [0CTAaTHBOI y3arajbHEHOCTi Il OOPOOKM DPi3HOMAHITHMX aKyCTHYIHHX
crenapiis. Lle 3yMoBiI0e HEOOXiHICTh ITONATBIIOr0 PO3BUTKY METOIIB i MPOrpaMHKX 3aC00iB
JUlA aHalli3y aKyCTMYHMX CHUTHAJIB Ha OCHOBI HeMpoMepeKeBHX Mopelel, 1o T03BOIHTh
i ABUIIUTH TOYHICTb, aaNTUBHICTb 1 IIBUAKOIi0 0GPOOKH CHIHAIIB y CKJIAQOHHUX ITiIBOTHHUX

yMOBaX.
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Ouinka o6rpynToBanocti HAyKOBHX pe3ysIbTaTiB AucepTamii, ix AOCTOBIpHOCTI Ta
HOBH3HH.

I'onoBHuit HaykoBwHii pesynbTaT pobotu mossirae y po3pobui 3106yBayem apXiTexTypu
TPOTPaMHOro  3a0e3NeYeHHs, PO3BUTKY HEHPOMEpEeREBOro Metoxy mis Knacugikanii
AKYCTHYHUX CHIHAJIB IiJBOJXHOIO CCPENIOBUINA Ta NpPHUAYIIEHHS IIymiB i1BOJIHOTO
CEpENOBHILA.

Ynockonaneno meron KIacuikarii akyCTHIHUX CHrHATIB IiZIBOJTHOTO CepeIoBHINA Ha
OCHOBi 3TOpPTKOBOY Herpomepexi SOP, sxa Ha BiZIMiHy BiJ OpHriHaIBHOI Helpomepexi
MICTHTB GaratomacruraGay 3roptky. Lle mosBomsie Bunyuarn XapaKTEePUCTUKH 3 Pi3HOIO
PO3IUIBHOK  31aTHICTIO, CepeNHil MmysiHT, MmO SMCHIIY€E PO3MIPHICTh BXiIHHX NaHWX.
MonudikoBano noBHO3B’ s3HMi map 3 Qynkniero axtuBamii Rel,U 3aBIISIKM  ITAKETHOT
HOpMartisarii, mo 3abesneuye BUIIlY y3arajlbHIOIOYY 31aTHICTB.

Meron npunywenns ponosux IIYMiB aKyCTHYHUX CHIHAIIB MIBOJHOTO CepenoBHIa
OTPHMaB MNOJATBIIMN PO3BUTOK HA OCHOB] Helipomepesxxi UWAR-GAN s BUJIyYEHHs]
CHTHAILy BOXHOTO Cy[HA IUISXOM TMPHLIYyIIEHHS $OHOBUX ImyMiB BomHOrO cepesoBUIa y
3alllyMJICHOMY CHTHAJI. ‘

Briepme  pospo6ieno apXITeKTYpy —IporpamHoOro 3abe3neyeHHs s a”amizy
AKyCTUMHHMX CHTHAJIiB BOIHOTO CEpeOBHINA, II0 iMITeMeHTYye Mo (DiKOBaHUH mAabIoH
“®abpuka”, sxuii nependavae aBTOMaTH30BaHe CTBOPCHHSI HEHPOMEPEKEBUX MOJIeei.
[Iporpamue 3abesnevenns mae mosMBiCTE BUKOHYBAaTH NpPUIyLIEHHS (OHOBHX IIyMiB y
3alIyMIIEHUX BXIiIHHUX CUTHAJax i3 3aCTOCYBaHHAM HEHPOHHHX Mepex s Kiacudikarii
BXIIHUX CHrHANiB y BOMHOMY cepenoBuii. Takoxk, mporpamme 3a0e3NevyeHns Hajae
MOJKJIMBICTh TPEHYBATH 3alpoINIOHOBaHI HelpoMepexi mis NPUIYINEHHS Ta aHaTi3y GOHOBHX
IIyMiB BOJHOIO CEpeNOBHINA Ha pi3HMX BHOipKax naHux, aHalli3yBaTH o6paHi cemIumn
aKyCTHYHHX CHTHAIIB BOJHOTO CepeloBHINa, BUBOJSYM Di3Hi XapaKTepucTHKH o0paHux
CUT'HAJIIB.

Hocrosipricts  oTpuManux Yy poboTi HaykoBux Pe3ynbTaTiB  Ta BHCHOBKIB
320€3M1e9yeThCS  BUKOPHCTAHHAM  K/IaCHIHIIX METOMIB JIOCIiKeHb Ta i ATBEPIKYEThCS
CKCIEpUMEHTANBHO. B minomy cykymmicrs Pe3YJIBTaTIB JOCTiIKEHD € inopmaTuBHOWO i

Y3IrOKYETHCH 3 Cy4YaCHUMU TCOPETUYHUMHU ITOJIOXKEHHSIMU.
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Orske, HAyKOBi pe3yJbTaTH JMCEPTALAHOL poGOTi O6TpYHTOBaHi, JOCTOBIpHI Ta
XapaKTepH3yIOThCsA HayKOBOIO HOBU3HOIO. 3706yBay MOBHOO MipOIO OBOJIO/IIB METOJIOJIOTIE0

HAyKOBOI [[isUTBHOCTI.

Ouinka 3micty aucepranii, il 3aBepuIeHiCTh T2 A0TPUMAHH NPUHLMITB
aKaeMiuHoi 100pOYeCHOCTI.

3a cBoiM 3micTom, mucepTamis Ouekcis Aprypa OneroBuya TIOBHICTIO BiJIOBIJA€
CTaHmapTy BUIIOT OCBITH y raiy3i 3HaHb 12 — TudopMariiini TexHoorii 3a cnenianpHicTio 121
— TmKeHepis TporpaMHOro 3abesredeHHs Ta HampsAMKam JOCIIKEHHS BiJIOBIIHO IO
OCBiTHBOT Iporpamu «IHXKeHepisi IPOrpaMHOro 3a0e3MeveHHs.

Jluceprariiina po6oTa € 3aBEepPUICHO0 HAYKOBOIO NPAICIo i cBimuMTH PO HASBHICTH
0CcOOHCTOr0 BHECKY 3700yBava y pPO3BUTOK Ta peajrizanilto HEHPOHHHUX MeEpeX Y chepi
{EKeHepii TporpaMHOro 3abe3neueHHs.

PO3IISHYBIIM 3BIT MOJIOHOCTI 32 pe3ylbTaTaMu nepeBipKku aucepTaniiHoi podoTH Ha
TeKCTOBI CIIiBIAIHHS, MOYKHA 3pOOUTH BUCHOBOK, IO AMCEepTallifHa po6ora Onekcist ApTypa
Onerosrya € pe3yyibTaToM CaMOCTIHHUX JOCTi/DKeHp 3700yBaya i HE MICTHTh €JIE€MCHTIB
danscudikanii, xommsnil, Qabpukarii, mariaty Ta 3alO3W4Y€Hb. BukopucTati i€f,

pe3yJIBTaTH i TEKCTH {HIIMX aBTOPIB MAIOTh HaJIe)KHI TOCUIaHHs Ha BiIOBiIHE JHKEPeo.

MoBa Ta CTH/Ib BHKJIAJEHHSI Pe3y.JIbTaTiB.

Tuceprauis Onekcis Aprypa OJleroBrua HamucaHa yKpaiHCHKOIO MOBOIO, € 100pe
cTpykTypoBaHoto. ObopMIIeHHS POGOTH € TOCIIIJOBHAM Ta 9iTKO IIKPECIIOE HaWBaXXJTUBIIII1
pe3yJbTaTy, mo Oyiu orpumani. JlEceprailisi CKIafa€TbCs 3l BCTyIly, YOTHPBOX PO3JLIB,
BHCHOBKIB, CIIMCKY BUKOPUCTAHUX JUKEPEI Ta JIOATKiB.

Jluceprariisi TPUCBSYEHA NOCIIUKEHHIO METOIIB aHaTi3y aKyCTUYHHMX CHIHAIIB Y
BOJHOMY CEpEOBHIIi 32 JOMOMOrOK HEHPOHHHX MEPEi. I[Tpo6nema O0OpOOKH ITiABOTHUX
AKyCTHYHMX CUIHAIIB yCKIIaJHIOETHCS 3HATHIM piBHEM ITyMy Ta HH3bKMM CIIiBBiTHOIICHHM
curnas/myM (SNR). TpanuuiiiHi MeTOmM HE 3aBXKIH e(eKTHBHI, TOMY BHKOPHUCTaHHS
[IMGHHHOTO HABYAHHS, 30KpeMa 3TOPTKOBUX HEHPOMEPEX (CNN) T1a reHepaTUBHO-

smaragpHEX Mepex (GAN), H03BOJISE IIOKPAIIUTH SKIiCTh aHATI3Y.
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Tlepmmii po3ain aHamizye JUKepesna IIyMy Y MOPChKOMY cepeloBUIIli, iX BIUIMB Ha
00pOoOKy MifBOAHUX aKyCTHYHHX CHTHAJTIB T2 MOJEITi BUIPOMiHIOBAHHSI LIyMiB HAJBOIHKX i
migBomHEMX 06’ekTiB. PO3MISHYTO TepeBard Ta OOMEXEHHs Cy4acHOro MporpamHOro
3a6e3TedeH s IS TifipOaKy CTHIHOTO aHali3y, TaKHX fK SpectraPLUS, Sigview Ta DaViS, B
yMOBax HHM3bKOTO CIIiBBiAHONICHHS curtan/myMm (SNR). OxpeMO BHCBITICHO MallMHHE
HABYAHHA U OOpPOOKM aKyCTHYHHX CHTHAJIB, BKJIFOYAOUH 3TOPTKOBI, PEKYPEeHTHi
HefipoMepexi Ta aBToeHKonepu. OcobnuBy yBary TIIPUJILIEHO 3TOPTKOBHM MEpEeXaM 4epe3
iXHIO eeKTUBHICTh Y BHIITEHHI XapaKTepUCTHK CHTHAJTIB. 3aBEpIIy€eThCS PO3JILT aHATi30M
HePOMEPEKEBAX METOJIB MPUIYIICHHS myMmiB, Takux sk aBToemkozmepu Ta GAN, i
06TPYHTYBaHHSM BEOOPY MOJIeNeH Ul MOAIBIIAX JOCITiKEHb.

VY apyromy po3fiii po3IisHyTO MaTeMaTU9HiI MOJENi IpeICTaBIECHHS aKyCTHYHHX
CUTHAJIIB Y 9acOBil, 4aCTOTHiH Ta 4acOBO-YACTOTHIN 06IaCTsIX, 30KpeMa rnepeTBopenHs Dyp'e
ta CQT. Omumcano 3ajadi Kmacudikauil Ta MpuTyIeHHs ITyMiB, METPHUKH OLIHKHA TaKi 5K :
accuracy, precision, recall, F1-mipa, a TaKoX BHUKJIHKH, OB’ S3aHi 3 BapiaTUBHICTIO LIyMY.
OKpeMO PO3IIISIHYTO MaTeMaTHYHi acTIeKTH moneni UWAR-GAN s npu/IyLIeHHs LIyMiB,
BKJIIOYAIOUH apXiTEKTYpY, GYHKIIT BTpAT Ta alrOpuT™ onrumizanii. HaBeneno dopmarrizariro
CNN-SOP, sixa 3acTOCOBYE GaraToMacIiTabHy 3rOpTKy Ta ITyJIiHT APYTroro MOPSKY, a TaKOX
TIOKpallleHi MeXaHi3Mu HOpManizauii Ta aKTUBalii. 3aBepUIyEThCs PO3IiT  OIMKMCOM
norepe/IHb0I 0GPOOKH BXiHUX TaHUX JUIsl eQEeKTHBHOTO aHaNi3y aKyCTUYHHX CUTHAIIIB.

V TpeThoMy PO3/iJii OIMCaHO CTBOPCHHS JaTaceTiB aKyCTUYHHUX CUIHAIIIB, BKIIOYAI0O9H
mTy4He GOpMyBaHHs LIYMIB Ta KOMOiHyBaHHs 3 CUTHaJaMu CyjeH. HaBelieHO pe3yIbTaTi
HapuanHs HelipoMepexi U-net i3 pi3HUMH NapaMeTpamu, orineHi 3a merpukama RMSE, SNR
Ta cranmapTHe BimxwieHHs. IIpoaHanizoBaHO nin6ip rinepnapamerpis CNN-SOP, 3o0kxpema
rIHOUHY Mepexi, KUIbKICTh GiIbTpiB Ta crparerii perynspusanii. [IpoBeieHO MOPiBHATLHUHA
afaiTi3 TouHOCTI Kinacudikartii 0 i micist IPUIYIeHHs WyMiB, 3 rpadiyHAM IPECTABICHHIM
dyHKIiM BTpaT Ta iHIIMX KIIOYOBAX METPHK. 3aBepIIyeThCsl PO3/T BUCHOBKaMHM IIOJIO
e(eKTHBHOCTI METOJIiB, fKi IOKa3alH migBuImeHHs TouHOCTi Kiacubikamii Ha 3% Ta A
HelpoMpexi s TPy IIEHHS IIyMiB ITiABUIICHHS piBHst curHany Ha 10 1b.

V uyeTBepTOMY PO3/iIi ONMHACAHO PO3pOOIEHE MporpamHe 3abe3neuenHs Ha Python i3
sacrocyBanHsM (peiimBopky Flask, mo Birouae MOIyJIi IJIsl TPeHYBaHHs 000X HEHPOMEPEK,

NpUIyLIEeHHs IIyMiB i xracudikanii curHamie, Ta anamisy. B po3aiii € apXiTeKTypHe Ta
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aJIrOpMMiYHE TIPEJCTaBIICHHs 3allpOIIOHOBAHOro 3abe3nedeHHs. Takoxk, OOIPYHTOBaHO
HAayKOBY HOBH3HY IIPOrPaMHOr0 3a0e3leYeHHs 3a paxyHOK 3aCTOCYBaHHs IaTepHiB. B kiHmi
3p0o0JIEHO BUCHOBKH CTOCOBHO PE3yJIbTATiB BUKOHAHOI POOOTH.

V BHCHOBKAaXx npencraBneHi 3arajibHi peE3yJIbTaTH IIOCJ'[iH)KeHHX Ta ix HayKOBa HOBHU3HaA.

OnpuTioIHeHHS pe3yJIbTaTiB AucepTaliifHol podoTH.

HayxoBi pe3ynabTaTé aucepralii BUCBiITJIeHI y 4 HayKoBHX IyOmikaisx 3m00yBaua,
cepen skuxX: 4 crarTi y (paxoBUX HAyKOBMX BUAAHHSIX YKpaiHu kateropii «b». Takox
pe3yJbTaTé qucepTalii Oyau anpo6oBaHi Ha 7 HAyKOBUX (paxoBHX KOH(MEPEHIIISX.

Vei my6mikariii 3m00yBadya MaroTh BUCOKHM HayKOBUH PiBE€Hb, B HUX JOCTaTHHO IIOBHO
OIKCaHi TOJIOBHI HAyKOBi 3M00yTKH, NpejacTaBieHi B auceprarii. [lopymeHHs npuHIMIIIB
aKaZieMigHoi JoCcTOBipHOCTI He BUsBIeHi. OcoOucTHil BHECOK 3100yBada O BCiX HAyKOBUX
myOTiKaIliif y criBaBTOPCTBI, € BATOMUM.

TakuM dYHHOM, HAyKOBi pe3yJbTaTH ONMCaHI B JAWCEepTalilHiil poOOTI IOBHICTIO

BUCBITJIEHI Y HAYKOBHUX ITyOJiKaIisx 3100yBaya.

Henogiku Ta 3ayBajkeHHs 10 AucepTauiiHoi podoTu.

1. ¥V nepmomy po3auli HEIOCTaTHbO OOIPyHTOBaHI BHMOTH [0 IIPOrPaMHOIO
3a0e3neyeHHsl.

2. 'V apyromy po3zii KOPHCHO PO3IIISHYTH ajJbT€pHATUBHI METpUKH Kiachikarii,
taki six Cohen's Kappa a6o Balanced Accuracy.

3. 'V TperboMy pO3AiJIi BiICyTHI MOPiBHAHHSA 3 IHIIMMH METOIAMU IIyMO3aryIIeHHs,
IO JO3BOJMJIO OM OOIPpYHTYBaTH II€peBard 3allpollOHOBaHOro Meroxy. He s Bcix
HeWpoMepeX BKa3zaHi 3HAUEHHs ONTMMAJIbHMX TilleprapaMeTpiB, IO MOIJIO OH CIPOCTHTH
BiITBOPIOBAHICTh PE3yJIbTATIB.

4, YV uerBepTOMYy pO3IiTi JOLUUIBHO YTOYHUTH, YU IependadeHa MOKIUBICTh
MacITabyBaHHs [TPOrpaMHOro 3a0e3NedeHHs Uil PoOOTH 3 BEIUKUMH OOCATaMH JJaHMX.

BBaaro, 1110 BUCJIOBJIEHI 3ayBa)X€HHS HE € BU3HAUAIbHUMU, HE 3MEHIIYIOTh 3arajibHy
HAayKOBY HOBH3HY Ta NPAaKTHYHY 3HAYMMICTh Pe3yNbTATiB 1 HE BIUIMBAIOTh HA IO3UTUBHY

OILIIHKY qucepTaiiiftHoi poOOTH.



BucHoBok npo aucepTauiiiny pooory.

BBaxaro, mo aucepraiiitna podora Onekcis Aptypa OneroBuya, 3700yBada CTyIIEHs
noktopa ¢inocodii B ramysi 3Hanb 12 — [HbopmaniiiHi TexHOJOTrIT 3a cremianbHicTioO 121 —
[mxeHepiss mporpamMHoro 3abe3nedyeHHs Ha TeMy «MeTomu Ta mporpamHi 3aco0HM aHaTi3y
aKyCTUYHMX CHTHAQJIIB Ha OCHOBI HEHPOMEpEeXEeBHX Mojelei» BUKOHAHA Ha BHCOKOMY
HAyKOBOMY piBHi, He IOPYIIy€ MPUHLUIIB aKaaeMidHOl HOOpPOYECHOCTI Ta € 3aKiHUEHHM
HAYKOBHUM JIOCTIiDKEHHSM, CYKYIHICTb TEOPETHYHHUX Ta IMPAKTHUYHUX PE3YJIbTATIB SIKOTO
PO3B's3y€e HAyKOBE 3aBJIaHHS, IO MA€ ICTOTHE 3HAYeHHs s raimy3i 3HaHb «IHdopMarriiHi
TexHoJorii». JucepramiitHa po6oTa 3a aKTyalabHICTIO, MPAKTHYHOO IIHHICTIO Ta HAYKOBOIO
HOBH3HOIO TIOBHICTIO Bi/IOBIJa€ BUMOraM YAHHOI'O 3aKOHOABCTBA Y KpaiHy, 10 epeadaveHi
B 1.6 - 9 «IlopsiaKy HpUCyKEHHS CTymeHs NoKTopa ¢imocodii Ta ckacyBaHHS pillleHHs
pa3oBoi crenianizoBaHOi BUEHOI paJM 3aKjiagy BHINOI OCBITH, HAYKOBOI YCTaHOBH IIPO
NPUCYIDKEHHST CTYINeHs JoKTopa ¢inocodii», 3arBepmkeHoro IlocranoBoro KabGinery
MinictpiB Ykpainu Big 12 ciuns 2022 p. Ne44.

3no0yBau Onekciit Aptyp OneroBuy 3acilyroBy€ Ha MPHCYIKEHHS CTYIEHS JIOKTOpa
dinocodii B ramysi sHanp 12 — Inpopmaniiini TexHosorii 3a cnenianpHicTIO 121 — IHXeHepis

MIPOrpaMHOTr0 3a0€3MeYeHHS.

Odiniiinuii onoHeHT:
JlokTop i3uKo-MaTeMaTUYHUX HAYK,

npodecop kadenpu iHPOpMAIITHUX CHCTEM Ta MEPEK

HarmionansHoro yHiBepcureTy «JIbBiBChKa noni*rexnixa»ﬁ Powman ITEJIEIIIAK
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