BIAI'YK
o(iIIITHOrO OMOHEHTA Ha JUCEPTaLliiHy poOOTY
Apomenka Makcuma OnexcanpoBuya
Ha TeMy «MoaudikoBaHUM HEHPOMEPEIKHUI METOI peUTPECUHTOBOI abepomeTpii
OKa»,
110 MpEJICTaBICHA Ha 3I00YTTs CTyNeHs JoKTopa dimocodii
B rajiy3i 3HaHb EJeKTpoHiKa Ta TeJIeKOMYHIKaIlii
3a crierianbHicTIO 172 TenekoMyHikalii Ta paaioTexXHiKa

AKTYaJILHICTh TeMH JAMCePTAaLii.

AbGeparlii — BUKPUBJICHHS ONTUYHOTO IUISAXY CBITIA — MOXYTh CIPUYUHSATH TaKi
npo0iemMu, SIK PO3MUTICTh KOHTYpIB, Tajio, TOJBOEHHS 300pa)KEHHA Ti 1HIII
CIIOTBOPEHHS, 10 3HUXKYE KOM(OPT Ta 30poBy roctpory. Lle Moxke BruMBatu Ha
MPOAYKTUBHICTh Y MpodeciiiHiil qisSIbHOCTI, CTBOPIOBATH TPYAHOII 11T 4YaC BOJIHHS
aBTOMOOUIA, a TaKOX YCKIIQTHIOBATH MOBCSAKIECHHY B3a€MOJII0 3 HABKOJHIIHIM
cBiToM. CaMe TOMYy JOCHIJPKEHHS METOJIB JIarHOCTUKM Ta KOpPEKUli abepariii
3arajoM 3aJIMIIAETHCSA aKTYaJIbHUM JUIsl CydacHOi 0(hTaabMOJIOTi.

CyyacHi o(TaabMOJOTIYHI JIIarHOCTUYHI CHCTEMU MNOTPEOYIOTh MiABUILICHOI
TOYHOCTI (accuracy), OCKUTbKM HEKOPEKTHO MiAI0OpaHi mapaMeTpH JIa3epHOi KOPEKIIii
a00 ONTUYHUX JIIH3 MOXKYTh HE JIWIIIE HE YCYHYTH MPOOIeMy, a i MOTIPIIUTH 30pOBE
cupuiHATTA. OAHUM 3 HAaWKpalUX € METO/ pEHTPECUHTOBOI a0epoMeTpii, KUl Ma€ B
OCHOBI TOKPOKOBE CKaHyBaHHS OKa Ja3epHUM MpoMeHeM. Takuil mociiIOBHUN
MIIX11 Ha/la€e repeBary y 301IbIIeHOMY J1alia30H1 BUMIPIOBAHUX a0eparliil HOpIBHIHO
3 IHIUMH MeTofamu abepometpii. OmHaK, dyepes 1ie, peai3allis METOAY CTUKAEThCS
31 CKJIAJIHOIIAMH, SK-OT HEOOXIJHICTh Y CKaHYBaHHI BEJIMKOi KUIBKOCTI 31HUYHHX
KOOpJIMHAT 3a OOMEXEeHH mnpoMiKOK dYacy. CrnpoOu 3aJOBUIBHUTH I TEXHIYHI
BUMOTM Ta OOMEXKEHHS MOXYTh NPHU3BOJUTH 1O 3HWIKEHHS TOYHOCTI Ta
npenusiiHocTi. JlogaTkoBO mocTae moTpeda y BUKOPUCTaHHI OUIbII BapTICHOTO
oOnagHaHHS AJI1 ONTUYHOI CUCTEMHU PEUTPECUHTOBUX a0EPOMETPIB.

3 orysiy Ha CKJIQIHICTB peaizalili peuTpeiCMHIOBOro METOAy Ta MOro moTpedy
y WIBUAKOMY OOJIaJIHaHHI, BIPOBAPKCHHS HEUPOMEPEKEBUX MIAXOIIB €
MEePCIEKTUBHUM  MIISXOM  JI0  MMABUIICHHS  €(QEKTUBHOCTI  JIarHOCTHKH.
BuxopucranHs MmMTydyHUX HEUPOHHUX MEpEeX B abepomeTpii BIAKpPHBAE HOBI
MOMJIMBOCTI ISl TIJBUINEHHS TOYHOCTI JIarHOCTUKHU. 30KpeMa, HeWpoMepeKeBi
METOJY MOXKYTh ONTHMI3yBaTH MPOIEC aHATI3y XBHIBOBOTO (DPOHTY, CKOPOTHTH Hac
BHUMIPIOBAHHS, @ TAKOX KOMIIEHCYBATH MOXJIMBI MOXMOKHM TPaJAMIIHHUX ONTHYHHX
CUCTEM.



TakuM 4YMHOM, aKTyallbHICTh I[LOTO JOCTIIXKEHHS MOJSIrae B YIAOCKOHAJCHHI
TEXHOJIOT1 abepoMeTpii uepe3 MoeAHaHHs PEUTPECUHIOBOIO METOLY 3 HEHPOHHUMHU
MepekaMu, 110 3a0€3MeUnTh MBUANTY, TOYHINTY Ta JOCTYIHIILITY A1arHOCTHKY.

Ouinka OOrpyHTOBaHOCTI HAYKOBHX pe3yJbTaTiB  aucepramii, ix
JAOCTOBIPHOCTI TA HOBU3HHU.

HaykoBa HOBHM3HAa pe3ylbTaTiB JUCEPTALIHHOTO JIOCHIDKCHHS IIOJIATAE B
HACTYITHOMY:

1) HaOyB momaibIlOro PO3BUTKY PEHTpEHCHHIOBUI METO abepoMeTpii oka
nuBsiXoM Mopudikaiii 13 3aCTOCYBaHHSIM HEMPOHHMX MEpEeX Ha PI3HHUX
eranax (yHKI[IOHYBaHHS METOHy: TMiepuie HAOMMKEHHS BU3HAUYCHHS
XapakTEepUCTUK alepalid, yTOYHEHHA pe3yJbTaTy Ta OLIHKa alepariiil
BUIIIMX TMOPAJIKIB. 3amporoHoBaHa MoAuQiKalisl J03BOJSE€ MIABUIIATH
TOYHICThb, 3HH3UTH BHMOTIM J0 ONTHYHOI CHCTEMH, HEOOXIJHOI IS
peamizamii mpuiaaay, NPUIIBUIIIMTA TPOIEC BUMIPIOBAHHS ILISAXOM
OJIHOYACHOTO CKaHYBaHHs, a TaKOX HaJla€ MOXJIMBICTh IMPOTHO3YBATH
3HaueHHs KoedirieHTiB LlepHike BUCOKUX MOPSAKIB HA OCHOBI KOE(IIIEHTIB
abeparliii HKYUX TOPSJIKIB.

2) HaOyno momanblmioro po3BUTKY T€HEPYBaHHS aO0CPOMETPUYHHMX JTaHHUX Y
BUISIAI BEKTOpIB KoedimieHTiB LlepHike, 1m0 AOCATHYTO pO3pOOKOI0 B
paMKax poOOTH r'eHepaTUBHO-3MAarajbHOI HEMPOHHOI Mepexi. Po3pobiienuii
METOJl MPUAATHUNA JO CHHTE3a JaHHWX, IO MAalTh PO3MOMALI, CXOXHU 3
HABYaIOUO0I0 BUOIPKOIO, 1 K1 OJTHOYACHO HE € KOMIEI0 PeaIbHUX MPUMIPHUKIB
Ta IPUMIPHUKHU SIKUX € PI3HOMAHITHUMHU.

3) 3ampornoHoBaHO MOAM(IKAIII0 PEUTPEHCHHIOBOTO METOAY abepoMeTpii st
OJIHOYACHOTO  CKAaHyBaHHS  JCKUIbKOX  3IHUYHUX  KOOpAWMHAT 13
3aCTOCYBaHHSIM  MAaCHBY JIa3epHHUX  BHUIPOMiHIOBauiB.  Pe3ympTaTom
3acTOCyBaHHA MoAuQIKalii € 3MEHIIEHHS [IOBIPYOrOo IHTEpBANY, LIO
MO3UTUBHO BIJIMBAE HA MIPELU3IAHICTD.

[TinTBEpHKEHHSIM JIOCTOBIPHOCTI Ta OOTPYHTOBAHOCTI PE3YNIbTATIB AUCEPTALi €
MepeBipka  Mpare3aTHOCTI  pO3pOOJEHUX  PIlIEHh CHUMYJSIISIMH B PI3HUX
nporpamaux cepepopumax: MATLAB, Google Colaboratory, Zemax ta Kaggle i3
BUKOPUCTAaHHSAM O010710TeK (PYHKIN, 10 cTaiu Je-(pakTo CTaHAAPTOM IHIYCTPIi:
TensorFlow, SciPy ta iH.

OT1xe, MOCTaBJICHE HAYKOBE 3aBJIaHHS BHUKOHAHO IMOBHICTIO, 3100yBa4 MOBHOIO
MIpPOIO OBOJIOJIIB METO0JIOTIEI0 HAYKOBOT A1SIITbHOCTI.



Ouinka 3micTy amucepraiii, ii 3aBeplIeHICTh Ta JOTPMMAHHS NPUHIMIIB
aKaJieMiqHoI 100POYeCHOCTI.

3a cBOIM 3MICTOM JucepTailiiiHa podoTa 3100yBaua Spomenka M.O. moBHICTIO
BianoBigae CTaHAapTy BHUINOI OCBITH 31 crnemiagbHocTi 172 TenexkoMmyHikarii Ta
pajioTexHiKa Ta HampsAsMKaM JOCJIKEHb BIAMOBIJIHO JIO OCBITHBOI MpOorpamu
TenekoMyHikarii Ta paaioTeXHiKa.

Huceprartiiiina poboTa € 3aBEpIICHOI0 HAayKOBOIO Mpalel0 1 CBITYUTH MPO
HAsIBHICTh OCOOMCTOTO BHECKY 3700yBaua y HaykoBui Hampsm «lHdopmarliiiai Ta
KOMYHIKAI[Ii{H1 TEXHOJIOTIi».

PosrnsHyBImM 3BIT TOAIOHOCTI 3a pe3ysibTaTaMU IEPEBIPKU JIHUCEpPTAIiiHOT
poOOTH Ha TEKCTOBI CHIBMAJiHHSA, MOXKHA 3pOOMTH BHCHOBOK, IO JHMCEpTaIliiiHa
pobora Spomenka Makcuma OrekcaHApoBHYAa € PeE3yJbTaTOM CaMOCTIMHHMX
JTOCITIDKeHb 3J00yBaya 1 HE MICTUTh eleMeHTIB (anbcudikaliii, KOMITUIAILII,
dabpukarrii, muariaTy Ta 3armo3u4eHb. Bukopucrani 1/1€i, pe3yabTaTh 1 TEKCTU THIINX
aBTOPIB MaIOTh HAJICXKHI TIOCHJIAHHS Ha BIAMOBIAHE THKEPEIIO.

Moga Ta cTH/Ib BUKJIAJEHHS Pe3yJIbTATIB

JuceprarttiiiHa po60Ta HalMCaHa YKPAaiHChKOIO MOBOIO.

TexcT aucepTalii XapakTepU3y€eThCsl CMUCIOBOIO 3aBEPILIEHICTIO, JOCTYIHICTIO
BUKJIQJCHHSA, € IUIICHUM Ta JIOTIYHOK TOCHIIOBHUM. B nmuceprarii goTpumaHo
CYy4aCHOTO HAyKOBOTO CTHJIIO, IO CKJIABCA B TEXHIYHMX HayKaX Ta, B OCHOBHOMY,
TEPMIHOJIOTi, fIKa € MPUUHITOI Yy HAYKOBOMY HAMNpPSAMKY, O SIKOTO BIIHOCHUTBHCS
JUcepTallis.

Jucepraiiisi CKIIQJaeThesl 3 BCTYIY, 9 PO3JUIIB, BACHOBKIB, CIIUCKY JITEpaTypH
Ta JOAATKIB. 3arajJbHUM 00csT AucepTallii ckiaaae 151 cTopiHky.

VY BcTym OOTpyHTOBaHO aKTyaJbHICTh AMCEPTAIIHHOI pPOOOTH, BHUCBITIEHO
3B’SI30K pOOOTH 3 HAYKOBUMHU nporpamamu, miianamu ta TeMamu HJIP KIII im. Irops
Cikopcbkoro. ChopmyibOBaHO METY Ta BKa3aHi 3a7a4i, BUPIIMICHHS SKUX Tepeadadae
JNOCSITHEHHSI METH JOCHIJDKEeHHsA. BuszHaueHo o00’ekT, mnpeaMeTr Ta METOAU
JOCIIJKEHHS, HaJlaHO 1H(QOpMalLl0 PO HAYKOBY HOBU3HY Ta MPAKTUYHE 3HAUCHHS
OTpMMaHUX pe3yibTaTiB. HaBeneHo 1HQopMaliio MpO BHUCBITIEHHS pe3yJbTaTiB
poOOTH B MEpPIOAUYHMX HAYKOBMX BHJAHHIX Ta IX amnpoOalfito Ha HayKOBHUX
KOH(epeHIisX.

[Tepmmii po3ain MPUCBAYEHUN aHAI3y PEUTPEHCHHTOBOTO METOY abepoMeTpii
OKa, floro nepesar Ta oOMexeHb. OTrys TiTepaTypHUX HKepe BUSBUB MEPCIEKTUBU
HOro BJOCKOHAJICHHS, a TaKOXX MOTEHLINHHI MpoOJeMH, 110 MOXYTh BUHUKHYTH B
nporieci JoCHipKeHHs. BuzHaueHO KIIOYOB1 3aBAaHHA, CHpPsIMOBaHI Ha PO3pOOKY
MOJIU(PIKOBAHOTO HEHPOMEPEKHOTO METOTy abepOMETpii.

Hpyruii  po3ain omucye po3poOKy METoy TreHeparlii o(TaJTbMOJOTTYHUX
a0epOMETPUYHMX JaHUX Yy BHUTJSAI HaOopiB koedimieHTiB [lepHike 3a H0OMOMOTOIO



reHepaTUBHO-3MarajibHOi HEHPOHHOI Mepexi. 3 Orfisigy Ha OOMEXKEHY HaBYaJIbHY
BUOiIpKy (50 HabopiB) 0COOMMBY yBary mpHUAUICHO MOMIYKY CIEIiali30BaHUX METOIIB
ayrMeHTalli JaHuX JUIsi TOKpalleHHs Tpolecy HaBuaHHA. [l oiiHKuK
npare3aTHOCTI MOJIENI CTBOPEHO apXITEKTypy reHepaTHBHO-3MarajibHOI HEMPOHHOI
MEpexXi Ta MPOBEACHO i HABYAHHA, a OTPUMaHI pe3yJbTaTH MPOAHATI30BAHO 3a
METPUKaMH TBOPUYOCTI, CIIaJKOBOCTI Ta PI3HOMAHITTSI.

Tperiit po3ain omucye MoaudiKaIio peHTPEHCHHTOBOTO METOAYy abepoMeTpii
Ui OJHOYACHOTO CKAaHyBaHHS KUIBKOX TOYOK 3I1HMIN 3a JOMOMOTOI0 MAacHUBY
BUNpoMiHtoBaviB. [IpoOieMy HEKOPEKTHOTO 3iCTaBJICHHS KOOPAWHAT BIIOWTKIB Ta
IIPOMEHIB BHUPIIICHO 4Yepe3 KiacudikaiiiiHy HEUPOHHY MEpPEXy Ta YropChbKHM
anroput™. Bukopucrtano mapu mnoBroi koporkoyacHoi nam’sti (LSTM), npoeaeHo
HAaBYaHHS MEpEeXl Ta HaBEJEHO OIIHKY pe3yJbTaTiB. BpaxoByrouu BUSBIEHI
0oOMEKeHHs, OOIPYHTOBAHO HEOOXIJAHICTh aJbTEPHATHUBHOIO MIAXOAY 3 1HILIOIO
ONITUYHOIO CHCTEMOIO.

YerBepTuil po3[l1 ONUCYE ONTUYHY CUCTEMY I peasizaiii HeHpoMepex HOi
MoauQiKalii peUTPEeHCUHIOBOrO METOJly, AJITOPUTM IMEPBUHHOI OOPOOKHM NaHUX Ta
PO3paxyHOK MEpIIOro HaOMMKEHHs alepauiid 3a JTOIOMOTOI0 HEHPOHHOI Mepexi.
[IpencraBiaeHO areHT Ta CEpeNOBHILE HABYAHHS 3 MIAKPIIUICHHSAM JUIsl YyTOYHEHHS
pe3ynbTatiB. ONMrUcaHo CUMYIIAIIIO Y CIEellaTi30BaHOMY ITPOrpaMHOMY 3a0e3MeUeHHl,
110 BKJIKOYA€E aJITOPUTM aHaji3y (opMH CBITIOBHUX IUISIM Ha JeTekropax. [IpoBeneHo
HABYaHHs HEUPOHHUX MEpEX Ta HAaBEACHO HOTO pe3yabTaTH.

[I’sTuii po3auT omMcye METOJ Ha OCHOBI 3aCTOCYBaHHS IITYYHOI HEMPOHHOI
Mepexl Il HapO3AUIbHOI 31aTHOCTI XBWJIbOBUX (PpOHTIB. P0O3p00ieH0 3ropTKOBY
HEHPOHHY MEpEeXy JJI MPOrHO3yBaHHS BUIIMX MOPsAAKiB KoedimieHTiB LlepHike Ha
OCHOBI HWXYMX, TPOBEIEHO ii HABYaHHS Ta OI[IHEHO pe3ylnbTatu. Bubipka
chopmoBaHa 3 300pakK€Hb XMapHOro Heba, ¢parMeHTH SKUX HOPMaJIi30BaHO Ta
NEPETBOPEHO Ha 300pa)K€HHS XBUJIBLOBUX (PPOHTIB JJISi PO3PAXyHKY KOE(IIIE€HTIB
LepHike, 1110 BAKOPUCTOBYIOTHCS] Y HABUaHHI HEMPOHHOI MEPEKI.

HucepTartiitna podoTta odopmieHa BiANOBIIHO 10 BuMor Hakasy MOH VYkpainu
BiJ 12 ciuns 2017 p. Ne 40 «IIpo 3aTBepixeHHs: BUMOT 10 O(POPMIIEHHS AUCEPTALIII.

OnpuwiaHeHHs pe3yJbTATIB JUCEPTALIIHOI po00oTH

HayxoBi pesynbratu pgucepraniii BUCBITIEHI y 4 HAyKOBHX MyOIiKaIisax
3no0yBava, cepel SIKMX: 4 CTAaTTl y HAYKOBHX BUAAHHSIX, BKJIIOYEHHMX Ha JaTy
omyOIIKyBaHHS JI0 MEpeiKy HAyKOBUX (paxOBUX BUJAHb Y KpaiHU;

Takoxx pesynapTaTu aucepraiii Oyiau ampoOoBaHi Ha 5 HayKoBUX (axoBHUX
KOH(epeHIIsX.

B HaykoBuX myOJiKalisix pe3yjbTaTH AUCEPTALIMHUX JOCHIIKEHb BUKIIAJIEHO
MOBHO, 3 JIOTPMMaHHSIM MPHUHIMUIIB aKaJeMiuHoi noopouecHocTi. g myOmikamiil y
CIIBaBTOPCTBI BHECOK 3/100yBaya € BarOMUM.



Takum yuHOM, HAYKOBI pe3y/IbTaTH ONMKCAH1 B JUCEPTALliiiHIil poOOTI MOBHICTIO
BHCBITJICH] Y HAYKOBHX MyOiKaIisx 3100yBaya.

HenoJuiku Ta 3ayBaskeHHsI 10 JUCEPTALiITHOI poOOTH.

1. HaykoBy HOBH3HY JOIIBHO OyJI0 BUKJIAJCTU 3 3a3HAUYCHHAM MOAUDIKaIlii
BIIOMUX METOAIB Ta IX yJOCKOHAJEHHS. A TaKOX YITKO BH3HAYUTH BHECOK
c(hOpMyITHLOBAHUX MYHKTIB B PO3BUTOK TEOPETHUYHUX TOJIOKCHB Ta YSIBIICHb.

2. JouinsHo Oyno 6 chopMyBaTH MPaKTUYHI peKOMEHAAIl1, aKki Oynu 6 AOIIbHI
[IPU MIPOBEJICHHS METOY MPAKTUKYIOUHMH JIKapSIMU-KIIHIIIICTaMHU.

3. B po6oTi HaBe/IeHO GaraTo pyTHHHHX TOJIOKEHDb Ta TEXHIYHUX JETaJICH 111010
HelipoMepekeBoi 0OpOOKH JTaHMX, aje HaBEACHO BIIHOCHO 3aMallo UTFOCTpaIlii, sKi
CB1/TYaTh MPO MIIBHUIICHHS JOCTOBIPHOCTI METOAY abepomeTpii.

4 He HaBeleHO MOPIBHSAHHS PE3YyJbTATIB 3 ICHYIOUMMH METOJaMH abepoMeTpii
Ta iX peaizalisiMu.

5. BucHOBKM MawTh BIIHOCHO HeOAaraTo peKOMEHJAIlll g MOJaIbIIoTo
PO3BHUTKY 3alPOMOHOBAHOTO TIAXOMy, a JIWIIE KOHCTaTYIOTh pe3yiIbTaTH BKE
BUKOHAHOiI POOOTH.

6. Pobora cyuacHa, aie pe3ynbTaTH ii He OMmyOJiKOBaHI Y HAYKOBUX BHUJIAHHSIX,
AK1 THIEKCYIOTbCS Y BIIOMUX HAYKOMETPUYHUX 0a3zax, Takux sik Scopus ta WoS.

BBaxato, 1110 BUCJIOBIICHI 3ayBaKCHHSI HE € BU3HAYAJIbHUMHU 1 HE 3MEHIIYIOThH
3arajbHy HayKOBY HOBH3HY Ta MIPAKTUYHY 3HAYMMICTh PE3Y/IbTATIB Ta HE BIUIMBAIOTh
Ha MO3UTUBHY OLIIHKY AMCEPTaLIiHOI POOOTH.

BucHoBoK npo gucepramniiiny poooty

BBaxato, mo amcepramiitHa po6ota 3700yBadya CTymeHs AokTopa (inmocodii
Apomenka Makcuma OnekcanapoBuda Ha TeMy «MoaudikoBaHUN HEWpOMEpeKHUN
METO/i PEUTPECUHIOBOI abepoMeTpii OKa» BUKOHAHA HA BUCOKOMY HayKOBOMY PiBHI,
HE TOpYUIye MPUHIMIIB aKageMIuyHO1 JOOPOYECHOCTI Ta € 3aKIHYEHUM HAyKOBUM
JOCITIKEHHSAM, CYKYITHICTh TEOPETHYHUX Ta TMPAKTHYHUX PE3YJIbTaTiB SKOTO
pO3B'sI3ye HAayKOBE 3aBJaHHsA, 10 Ma€ ICTOTHE 3HA4YeHHS JUIs Tally3l 3HaHb
Enextponika Ta TemekomyHikaiii. JlucepramiitHa poboTa 3a aKTyalbHICTIO,
MPAKTUYHOIO I[IHHICTIO Ta HAYKOBOIO HOBHU3HOIO TOBHICTIO BIJIMOBIJIa€ BUMOTaM
YUHHOTO 3aKOHOJABCTBAa YKpainu, 1o mnependadeni B m.6 — 9 «llopsaky
OPUCY/UKEHHSI CTyNeHs JoKTopa ¢inocodii Ta CKacyBaHHS pIlIEHHS pPa30BOi
CIellaJli30BaHOI BYEHOI pajJM 3aKjajy BHIINOi OCBITH, HAyKOBOi YCTaHOBH PO
NPUCYKEHHS CTyNeHs H0KTopa dinocodiin, 3arBepaxeHoro [loctanoBoro Kabinety
MinictpiB Ykpaiau Big 12 ciunst 2022 p. Ne 44,



3n06yBau Spomenko Makcum OmnekcaHAPOBUY 3aCIYTOBYE Ha MPUCYIKEHHS

CTymeHsi JAoKTopa ¢imocodii B ramys3l 3HaHb EnekTpoHika Ta TeleKOMyHIKalli 3a
crietianpHicTIO 172 TenexkomyHikarii Ta pagioTeXHika.
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