PEIIEH3IA
Ha qucepralliiiny poboty 3emisiHoro Onekcis JIMHTpoBHYa Ha TEMY
«Po3po0sieHHs METO/IIB Ta ITPOrpaMHOro 3a0e3nevYeHHs IHTEIEKTYalbHOro
iMITyTyBaHHS MPOITYCKiB JaHUX», MPeCTaBIeHy Ha 3100yTTA CTYIEHs T0KTOpa
dinocodii B ramysi 3Hans 12 [HdopMmalliiiHi TeXHOOTIT 3a creLjianbHICTIO

121 InxeHepis mporpaMHOro 3ade3nevyeHHs

AKTVAJBbHICTH TeMH JHCepTaLli

CrpiMKuii po3BUTOK iHQOpMaLiHHUX TEXHOJOTriH, METOAIB MaIlWHHOIO
HABYAHHS Ta IHTEJIEKTYaJIbHOIO aHali3y JAaHUX 3yMOBIIIOE 3pOCTaHHSA BUMOT J10
SIKOCTi Ta MOBHOTH iH(GOpMALLil, 110 BUKOPUCTOBYETHCA [UIs OOYyAOBH Mozesei
kiacu(ikanii, TPOrHo3yBaHHS Ta MIATPUMKH NPUHHATTA pimeHb. OnHiero 3
HaOLIBII TOMKMPEHUX POBIEM CydYacHUX iH(pOpPMaLifHIX CHCTEM € HAasABHICTH
NpOIYLIEHHX 3HaueHb y Habopax /JaHuX, 0 MoXe OyTH CHpHYHHEHa
0cOONMMBOCTAMH TIporieciB 300py, nepenaBaHHs Ta 30epiranHs iHdopmailii.
HenoBHOTa JaHMX HEraTHBHO BIUIMBAE HA JOCTOBIPHICT Pe3yBTaTiB iX aHasi3y,
3HHMIKYE TOYHICTH aJrOPHTMIB MAllMHHOTO HaBYaHHsA Ta 0OMEXye MOXKJIMBOCTI
3aCTOCYBaHHSA CYYacHHMX METOlIB OOpOOKHM [JaHUuX Yy KPHTHYHO BaXKJIMBHX
NpUKIagHUX raimy3sx OcobnuBoi akTyalnbHOCTI mpobiema  iMITyTyBaHHS
nponyckie HaOyBae B yMOBaX BHUKOPHCTaHHS BEJMKHX OOCATIB DPi3HOPIIHMX
JAHHX, IO XapaKTepPU3YIOThCS CKJIAAHUMH CTPYKTYPHHMH Ta CTaTHCTHYHHMH
3aJIe)KHOCTSMH MDK O3HaKaMH, a TaKoX PI3HMMHM MEXaHi3MaMH BHHUKHEHHS
MPOMNyLIEHNX 3HayeHb. Hes3pakarouu Ha 3HAYHY KiNBKIiCTh iCHYIOUMX METOJIB
IMIyTyBaHHsi, THUTaHHA pO3poONieHHs YHiBepcalbHUX, OOUYHMCIIIOBAIBHO-
e(eKTHBHMX Ta aJaliTUBHUX WiIXOMiB, 3JaTHUX BPaXoByBaTH OCOOIMBOCTI
npeaMeTHOl 00nacTi, TUIMM JaHUX Ta IaTepHH MPOMYCKiB, 3aJHILIAETHCS
aKTyaJbHUM HAyKOBO-TIpHKJIAJHUM 3aBJaHHAM. He MeHII BaXJMBHUM €
3a0e3nedyeHHs: MOXKJIHBOCTI iHTerpallii TakKuX METO/IB 10 Cy4aCHUX IPOrpaMHUX

miarpopM  aHaylily JaHUX i3 JOTPUMAHHAM TPUHLMIIB  [OBTOPHOTO
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BUKODUCTAHHS IPOrpaMHUX KOMIIOHEHTIB, MOIYJIBHOCTI Ta CYMICHOCTI 3i
CTaHIapTHUMH KOHBeEpaMU 00pOoOKHU JaHMX.

Huceprauiiina po6ora 3emnsnoro O.[]. € 3aBeplIeHUM AOCIIDKEHHAM, Y
AKOMY pO3po0OneHi MeTOAu Ta MporpaMHe 3a0e3NeyeHHs iHTeeKTYalbHOIO
IMIyTYBaHHsI MPOMYCKIB AaHUX.

AKTYAJIbHICTDh TeMH J10CTI/ZKEeHHS

IIpobsema IMIyTyBaHHS NpPOMYIUIEHHX 3HA4Y€Hb € CKIQJHOK Ta
0araroacreKkTHOK, OCKUIBKH €(EeKTHUBHICTh 1 PO3B'A3aHHSA 3HAYHOK MIpOIO
3aJIeKUTh Bil MeXaHi3MiB BUHHKHEHHS IPOIYCKiB, THITIIB JaHUX, HAsABHOCTI
KOpeJISILIHHUX 3aIe)KHOCTEl MidK O3HaKaMH Ta OCOONMBOCTEN MpeaMETHOT
obnacri.

Huceprauiiina po6ora 3emusiHoro O.J. NpuCBiIYEHA PO3POOJIEHHIO
METOIB Ta IPOrpaMHOrO 3a0e3NeyeHHs] IHTEeJEeKTYaJbHOrO IMITyTyBaHHS
MPOINyCKiB JaHMUX, SKi TIOEIHYIOTH MIJXOHHM HA OCHOBI Kiacuikarlii,
perpeciifHoro aHanisy, eHTPONIMHHUX Ta KOPEIALiHHUX 3aJIeXKHOCTEH. BaskinBoo
IIEpeBaro0 IPOBEAECHOIO [JOCJIKEHHS € He JIMIIe CTBOPEHHS HOBHX Ta
YIOCKOHAJIeHHs] ICHYIOUMX METOiB iMIyTyBaHHs. 3arnponoHOBaHi MiaXomu
J03BOJIAIOTH MIABHIOUTH SAKICTh IMITyTYBaHHS MpPOMYILIEHHWX 3HA4YeHb Ta
e(eKTHBHICTh MOAANBUION0 BUKOPHUCTaHHS JaHHMX y 3aja4yax kiacudikaiii Ta
IPOTrHO3yBaHHs, 110 BHU3HA4Ya€ HAyKOBE Ta IpaKTHYHE 3HAYEHHs OTPHUMAaHUX

pe3yJIbTaTiB.

3B’s130K pOﬁOTIfl 3 HAYKOBHMH INporpaMamMmHi, iJiaHaMHu, TeMaMH

Hucepranifina po6oTa BUKOHYBaIACch y BiINOBITHOCTI 3 iHAMBIAyaIbHUM
TJ1aHOM TiIFOTOBKH acmipaHTa kadeapy iHxkeHepii nporpaMHOro 3abe3neyeHHs
Ta iHhopMaliiHuX TexHomorii JIHINPOBCHKOrO HAI[iOHAIBHOTO YHiBEPCHTETY
imeni Omnecs ToHwapa. JlocimiJykeHHs 3[iMCHIOBAIOCh B paMKaxX HAyKOBO-
nocnianoi po6otu Ne @ITM-2-22 «Po3pobrieHHs mporpaMHOro 3abe3rneyeHHs

aHaji3y Ta Kiactepusauii yacoBuX psisy 2022-2024 pp. HoMep AepikKpeecTparii



01220001465 Ta Ne 58 — ®IIM-2-25 «Po3pobnenns iHdpopmariiiiHoT TeXHOIoril
00poOKM  cTarMCTHYHUX  JaHux» 2025-27pp. HoMep  JepskpeecTpallii
0125U002280. MocnimxkeHHs Oyno 4acTkoBo npodinaHcoBaHe MiHicTepcTBoM
3aKopaoHHMX cripaB Yecepkol Pecry6iiku B Mexxax npoekty Ne 24-PKVV-UM-
011 «Ilocunenns cranjaapriB BHKIaJaHHS, AOCII[DKEHb Ta MIiXKHAPOTHOIO
criBpoOiTHUITBA B JIHINPOBCHKOMY HALliOHATBHOMY YHiBepcuTeTi iMeHi Onecs
Tonyapa (JIHY)», peanizosanoro Kapnoum yHiBepcuretom i JTHY: Project
«Strengthening the Standards of Teaching, Research and International
Cooperation at Oles Honchar Dnipro National University (DNU)» granted by the
Ministry of Foreign Affairs of the Czech Republic 2024, Registration Number
24-PKVV-UM-011, Activity 2.1.4: Providing mini-grants for research and
publication activities of DNU researchers, project name — Imputation of gaps in
hydrological monitoring data.

PopmMyIIOBAHHS HAYKOBOI 3a/1a4i, HOBe BHDillIeHHsI SIKOI 0/iepKaHe B

fen

IHCEPTALl
HayxoBa 3aa4a auceprauifiHOro 1o KeHHs oJIsrae y po3pobienni Ta

BJIOCKOHAJIEHHI METOJiB iHTEJeKTyaJIbHOr0 iMITyTYBaHHS MpPOINYCKIB JaHHMX 1
NporpaMHOro 3abesMneyeHHs g X peanmizamii, 37aTHUX 3a0e3Me4YuTH
MIABUIIEHHS TOYHOCTI BiJHOBIIEHHS NPOIYINEHWX 3HAYeHb y Pi3HOPiIHUX
Habopax [aHUX LUISXOM ypaxyBaHHS MeXaHi3MiB BHHHKHEHHS IIPOITYCKiB,
CTPYKTYPHHX Ta CTaTHCTUYHUX 3aJIOKHOCTEH MK O03HAKAMH, a TaKoX
ocobmiBocTel nmpeaMeTHOT obnacti. Po3B's3aHHs NMoOCTaBIeHol HAYKOBOI 3aaui
nependayac CTBOPEHHS aaNTHBHUX, OOUMCIIIOBATBHO-e(DEKTHBHUX Ta CYMiCHHX
i3 Cy4acHMMH NTPOrpaMHUMH IU1aTGopMaMu MeToiB 06pOOKH JaHHX, TPUIATHHX
JUIs iHTerpamii [0 CTaHJApTHHX KOHBEEPIB MALIMHHOIO HABYaHHA Ta
IHTEJIEKTYa/IbHOIO aHaMi3y HaHUX. 06 'ekmom 00Cnidxcen s € TIpoLiecH 06poOKH,
aHajlizy Ta MiArOTOBKM JAHUX B CUCTeMax MOHITOpuHrY. [Ipedmemom

docniddicentss € METOOM AITOPUTMH Ta MpPOrpaMHi 3aco0M iHTENEeKTyaabHOIO



iMITyTyBaHHs IPOITYIIEHUX 3HAaYeHb Y BUOIpKax [yIs MiIBHIIEHHS e(EeKTHBHOCTI
00poOKH JaHUX B CUCTEMaX MOHITOPHUHTY.

OCHOBHI 3aBIaHHS OCIIJDKEHHS:

1. ITpoBecTH aHali3 iCHYIOUMX METO/IiB IMITyTYBaHHS Ta BUSIBUTH NlepeBark
Ta 0OMEXeHHsI HasiBHUX MiAXO/IB.

2. Po3poOuTH HOBI MeTOOM Ta AITOPUTMH IMIIyTyBaHHs, a came
3aNpOIOHYBAaTH HOBI MiAXOAM, OPI€HTOBaHI Ha Pi3HI TUNM NaHMX 1 3aB/IaHb,
30KpeMa MeTOM Ha OCHOBI Kiacudikawii Ta perpecii, eHTpomniiiHoMy miaxoni Ta
riOpu/IHi METOMIH, 110 TTOEAHYIOTh EHTPOMiHHMHM i perpeciiiHuii miaxoau.

3. Po3pobuTH ajropuTMH Ta TmporpaMHe 3a0e3MEeYEeHHs METOMIB
iMIyTyBaHHs Ha MOBi mporpamyBaHHs Python BinmoBiaHO 10 apXiTeKTypHHX
npuHLUITIB 6i0mioreku scikit-learn.

4. OuiHuTH e(EeKTUBHICTH HOBMX METOJIB 3a TOYHICTIO IMITyTYBaHHs Ta
yacoMm 00poOKH Ha JaraceTax MEAMYHOIO Ta I'iJPOJIOriYHOr0 MOHITOPHHTY.

5. IIpoanasti3yBaru BIUTHB HOBHX METO/iB iMITyTyBaHHs Ha AKICTh MOZI€JIeH
k1acudikanii Ta NMPOTHO3YBaHHS [UIS JaHMX MEIWYHOTO Ta TIiJPOJIOTiYHOro
MOHITOPHHTY.

HaykoBa HOBH3HA OTPHMAaHHX ABTOPOM pe3yJbTaTiB

HaykoBa HOBHM3HA OIEp)KaHHX pe3yJbTaTiB IMOJATac y po3pobneHHi Ta

BJOCKOHAJIEHHI METO/iB iHTEJIEeKTyalbHOro iMITyTYBaHHS TIPOIYCKiB JaHHUX i
TnporpamMHoro 3abesnedeHHs [Uis iX peasisalii, sKi 3a0e3MeuyroTh MiABHILEHHS
TOYHOCTI BiZIHOBJICHHS MPOMYIIEHNX 3HAYEHb, 00UHCITIOBATIBHOT €(DEKTUBHOCTI iX
06po6KH Ta MOKpaIeHHs AKOCTI Mojened knacudikamii H MPOrHO3yBaHHS.
OCHOBHHMHM  HAyKOBHMH  pe3yibTaramH, 110  BH3HA4YalOTh  HOBU3HY
JHECEPTaLifHOrO JOCIiKEHHS, €:

1.  VnockoHaneHo Meron iMmyTyBaHHS NoNa IUISAXOM pO3poOieHHs
metony UnifiedClassRegrimputer, sikuii moeHy€e BUKOPUCTaHHA Kilacupikaropa
Ta perpecopa 3 ypaxyBaHHAM THIIIB O3HaK, MaTePHiB BUHUKHEHHS MPOMYCKIB Ta

3MIHHOTO TMOPAAKY 1X 0OpOOKH 3aJIeXHO BiJ KiBKOCTI BiJICYTHIX 3HAY€Hb, IO
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JI03BOJIUJIO T ABUILUTH TOYHICTH iMITyTyBaHHS Ta e)eKTHBHICTh BHKOPHCTAHHS
AaHUX Y 3a/1ayax KiacHikallii Ta mporHo3yBaHHs.

54 Briepuwie  pospobneHo  Meron  iMmyTyBaHHS Regrimputer,
0COOMMBICTIO SIKOrO € 3aCTOCYBaHHs perpeciiiHoro MiAXOAY 3 YTOYHEHHSAM
3Ha4YeHb JUIS KaTeropialbHUX JaHUX, [0 3a0e3reuye MifABHINeHHS [BHAKOIT Ta
TOYHOCTI BiHOBJIEHHS MPOIYIIEHWX 3HAYeHb MOPIBHAHO 3 ICHYIOYHMH
MmiIxXonamu.

3; ViockoHaneHo eHTpomiiiHuii  MeTox Entropylmputer musxom
peanizauii OIHOKPOKOBOI Ta iTepauilfiHOi NpoLELYp 3MEHIIEHHS YMOBHOT
CHTpOMIi O3HAK i3 MiATPHMKOIO MOCIIIOBHOTO Ta MAPANENBHOTO BHKOHAHHS
AITOPHTMIB, IO CTIPUSIE MiABUINEHHIO 06YMCIIOBATBHOI e(heKTHBHOCTI Ta SKOCTI
IMITyTyBaHHS JJaHHX.

4, Brepuie  pospobneno  ribpumHmii  Meton IMITy TyBaHHS
HybridRegrEntropyImputer, sikuii ananmuBHO TO€HY€E eHTpOMiiHui Ta
PerpeciiHuii MiaXoam 3aleXHO BiL THMIB JaHMX | NATEPHIB BUHHUKHEHHS
MPOITYCKiB, 3a0e3MeyyIoun MiJBUIIEHHS TOYHOCTI iIMITyTyBaHHS Ta LIBHIKOMIIL
allrOPUTMY.

5. Briepie pospoGieno Merton iMmyTyBaHHS CorrelationImputer,
3aCHOBAHMH Ha aBTOMATM30BaHOMY BHOOpI Hal6inbll mpUAaTHOT Mozei
3aJIEXKHOCTI MDK O3HaKaMu cepeli JNiHIHHUX Ta KBa3imiHiHHMX Mozesiei, 1o
IO3BOJIA€ MiJABUIIUTH TOYHICTh BiJHOBJICHHS JaHMX Ta MOKPAIIUTH Pe3ylbTaTH
MPOTrHO3yBaHHS YaCOBHX PsJIiB.

6. Brepme 3anponoHoBaHo miaxin A0 iMMyTyBaHHS NpOMyIIEHHX
3HAYEHb Y 4aCOBUX PsIaX i3 CE30HHOIO CKIJIAZOBOO HA OCHOBI KOPEJSLiiiHOrO
aHaJli3y 03HAK i3 BUKOHAHHAM MPOLEAYPH iMITyTYBAHHS OKPEMO JUIS KOKHOTO
MicsALA POKY, IO 3abe3nedye MifABHIEHHS TOYHOCTI BiTHOBICHHS JaHUX Ta
SIKOCTI MozeNelf NpPOTHO3yBaHHA TOPIBHAHO 3 MiAXOAAMH 0Oe3 ypaxyBaHHS

CE30HHOCTI.



7.  VIOCKOHQIEHO METOIM TepeTBOPEHHs AKICHUX O3HAK Ha KillbKiCHi
[ILTSIXOM po3pobIeHHs mMoaudikoBaHUX 3aco0iB KO/TyBaHHs
IgnoreNANLabelEncoder Ta IgnoreNANFrequentEncoder, sKi 3abe3neuyroTh
36epeskeHHs iH(popMaLil Mpo MPOMyIIEH] 3HAY€HHS], BPaXOBYIOTh 0cOOIMBOCTI
PO3MOMITY KareropiaJibHMX O3HAK Ta IMiATPHMYIOTH MOMKJIMBICTE BHKOHAHHS

3BOPOTHOIO MEPETBOPEHHA NaHHUX.

Hl!aKTﬂ‘lHe 3JHAYEHHS O€PKAHHUX [ZESXJIBTaTiB

[IpaKkTHYHE 3HAYEHHs OJIEPXKAHHX PE3yNbTaTiB MojiArae y po3pobrieHHi
METOZiB Ta MPOTPAMHOrO 3a0e3NeueHHs Ul iHTeNEKTyalbHOTO IMITyTyBaHHS
MPOIYCKIB JIAHUX, SKi MOXKYTb OyTH BUKOPHCTaHi B CydacHUX CHCTEMaX aHalisy
JaHMX Ta MAIIMHHOTO HABYAHHSA. 3alpoOIOHOBaHi AITOPHUTMH peali30BaHO
MOBOIO TIporpamyBaHHsi Python BiNOBiZHO MO apXiTEKTypHMX NPHHLIAIIB
6ibnioteku scikit-learn, mo 3abesneuye MOXJIMBiCT I1X iHTerpauii 1o
CTaHJAPTHUX KOHBEEpiB 00poOkM maHuX (pipeline) cminbHO 3 MeTOHaMH
MaciuTabyBaHHs, Kiacudikalii Ta IporHo3yBaHHs.

IIpoBeieHi eKCIepUMMEHTAIbHI  JOCHIDKEHHA MiATBEPIKYIOTh, IO
po3poGneHi MeTomu 3aGe3edyloTh IIiBMIIEHHS TOYHOCTI iMITyTyBaHHA
[POMyIIEHUX 3HAYEHb y AAHMX MEIMYHOro Ta TiJPONOTiYHOr0 MOHITOPHHTY, a
TAKOX CIIPHSIOTH MOKPALIEHHIO SIKOCTI Mojienei kiacuikaii Ta pOrHo3yBaHHs
MOPIBHSHO 3 Ga30BHMH TIiIXOaMH J10 06pOOKH HeMmoBHUX JAaHuX. OcofuuBicTio
3arpOINOHOBAHUX METOMIIB € iX alanTHBHICT 110 Pi3HHMX THIIB JaHUX, MEXaHi3MiB
BHHMKHEHHs TPOITYCKiB Ta HAasBHOCTI KOpeNAUiMHMX 3a/leXHOCTEH MDK
03HaKaMH, 110 PO3IIHPIOE MOMITMBOCTI iX NMPAKTHYHOTO 3aCTOCYBaHHS.

Po3po6rene mporpaMHe 3a6e3MedeHHs XapaKTeph3y €ThCsl MOAYIIbHICTIO Ta
0BGYHCTIOBANIBHOK €(DEKTUBHICTIO, 11O J03BOJSIE BUKOPHCTOBYBAaTH HOro sAK
CKJIafOBy Cy4YaCHMX MpOrpaMHHX 3acO0iB iHTENEKTyalbHOrO aHalisy AaHHX.
3anpornoHoBaHi METOJM MOXYTb OyTH BMKOPHCTaHi Mif 4ac po3poOIeHHA

MPOrPAMHMX ~CHCTEM TIATPAMKM MpPUAHATTA pilleHb, —iHQopmalliiiHo-



aHAIITHYHUX CHCTEM Ta 3aco6iB 0OpOOKHM HaHMX y MPUKJIAIHHUX Tamy3sx, Je
KPHTHYHO BaXUIMBHM € 3a0e3leyYeHHs JIOCTOBIPHOCTI pe3ysbrariB aHajidy 3a
HasBHOCTI MPOIYIIEHUX 3HAYEHb.

IlpakTi4Ha WIHHICTP OTPUMAHMX pPE3Y/IBTATiB IiATBEPIKYEThCA 1X
BIPOBA/DKEHHSM B OCBiTHIH npouec Kadeapw iHKeHepii mporpamHoro
3a0e3rneyeHHs Ta iHpopMauifiHuX TexHosorii JIHIMPOBCHKOrO HAL[iOHAIBHOTO
yHiBepcutety iMeni Onecs ToHyapa mij yac BUKJIaJaHHs AUCLUIUIIH, TTOB'I3aHIX
3 aHaTi30M JaHMX, TEXHOJOTISMH MAIIMHHOTO HABYAHHA Ta ONTHUMI3aLlie€ro
nporpaMHoro koxay. KpiMm Toro, 3ampornoHOBaHi MeTOoxM Ta IpOrpamHe
3a0€3I1eYeHHs] MAlOTh IEPCIeKTUBH BIPOBAMKEHHA Y PEATbHHX CHCTEMAax
aHali3y JJaHHX, 30KPEMa B 3a/1a4aX MEJUYHOTO Ta TiAPONOriYHOr0 MOHITOPHHTY,
Jie 103BOJISIIOTh MiABULIMTH AKICTh MOZesIel Kiacudikauii Ta mporHo3yBaHHs.

OOrpyHTOBAHICTD i I0CTOBIPHICTL HAYKOBHX I10J107K€Hb, BUCHOBKIB i

PEeKOMEeHIALLiH, SIKi 3aXHIAITLCS

Jlucepraiis BUKOHaHa Ha HaJe)XHOMY HAYKOBOMY DiBHi Ta BimmoBimae
BUMOTaM [0 JOC/i/UKEHb TPEeTBOro piBHA BHIIOI OCBiTH. Yci oTpuMaHi
pesy/nbraTH € HayKoBO OOIPYHTOBaHMMHM, IO 3a0e3MeuyeThesi KOPEKTHICTHO
MIOCTAaHOBKH 3aa4 Ta Y3rOMKEHICTIO OTPUMAHMX pPEe3yJbTaTiB 3 BiAKPUTHX
JDKepe.

OOGrpyHTOBaHICT HayKOBHX MOJIOKEHb, BMCHOBKIB Ta pPEeKOMEHHALiil,
chopmynboBaHuX y aMcepraniiiHiii poGoti 3emmsiHoro Onekcis JIMHTpoBHua,
3a0e3MevYy€eThCsl KOPEKTHOIO IMOCTAHOBKOK) HAYKOBOI 3a/aui, BHKOPHCTAHHSM
Cy4acHHX METO/IB iHTEIeKTyaJbHOIr0 aHali3y JaHuX, MAIIMHHOTO HaBYaHHS Ta
MPOTPaMHOI IHXKEHEPii, a TaKOXK KOMIUIEKCHHM ITiIXOAOM JO TpPOBEIEHHS
TEOPETHYHUX TA EKCIIEPUMEHTAJIBHHX J10CIIIKEHD.

JloCTOBIpHICTE OIepXKaHNX pe3yNIbTaTiB MiATBEPIKYETHCS 3aCTOCYBAHHAM
anpo0OBaHUX ~ METOJAIB  MaTeMaTWYHOi CTAaTMCTHKH, = perpeciiiHoro Ta
KOPEJAL[IAHOrO  aHali3y, BHKOPHCTAaHHSM Cy4acHMX IPOrpaMHHMX 3ac00iB

peanizauii aropuT™MiB MallIMHHOTO HABYAHHSI, & TAKOXK MPOBEJIEHHAM ILHPOKOTO
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CMEKTpa EKCIIEPUMEHTAJbHUX [OCHi/DKeHb Ha peaJlbHUX Habopax JaHHX
MEIMYHOIr0 Ta TiAPOJIOTiYHOIO MOHITOpHHTY. ExcnepuMeHTalbHA MepeBipka
3alpoONIOHOBAHUX METOIIB 31HCHIOBATIACS IIUIAXOM X MOPIBHSAHHSA 3 iCHYHOYHUMHU
MiaXofaMH 10 IMITyTyBaHHS NPOIYLIEHUX 3HAYEHb 3a MOKA3HMKaMH TOYHOCTI
BIIHOBJIEHHs JIaHMX, OOYMCIIOBANbHOI e()eKTHBHOCTI Ta BIUIMBY Ha SIKIiCTh
Mozenelt kiacudikanii i mporHo3yBaHHs.

HaykoBi  monoxeHHs — aucepraniiiHoi  poOOTH €  JOCTATHBO
apryMeHTOBaHMMH Ta JIOTIYHO TIOB'S3aHAMH 3 IIOCTABJIEHOI METOI0
AOCIi/KEHHs. 3ampoIOHOBaHI aBTOPOM METOIM AOC/I/KEHI B Pi3HHX yMOBax
BHHUKHEHHS MPOITYCKiB Ta ISl Pi3HUX THIIIB JaHMX, IO JO3BOJIMIO BU3HAUYHTH
0COOMMBOCTI 1X BHKOPHCTAHHSA Ta OLIHUTH e()EKTHBHICTH 3arpONOHOBAHUX
pillIeHb.

[IpakTuyHy JOCTOBIpHICT OTPUMAaHHX pE3YJIBTATIB MMiJATBEPIKYE iX
BIIPOBA/DKEHHs B OCBITHIM nporiec JIHinpOBCHKOro HAI[IOHAIBHOTO YHIBEPCHTETY
imeni Omnecst ToHuapa, a TaKkoX MONJIMBICTH BMKOPMCTaHHS pO3pOGIEHOrO
MPOrpaMHoOro 3abe3rneueH s B Cy4acHuX iH(hOopMaLiliHO-aHaAITHYHHUX CHCTEMax
Ta NMPOrpaMHUX KOMILIeKcax 0OpoOKH JaHMX.

OcoOHcTHI BHECOK 3100yBaya

AHaJti3 JliTepaTy pHUX JUKepell, po3po0iIeHHs allrOPUTMIB Ta POrPaMHOI0o
3a0e3rneyeHHs iMITyTyBaHHS MPOITYCKiB y JaHHX, MOPiBHAJIBHUI aHAaIi3 METOMIB,
ONTHMi3allis KOAy Ha MOBi mnporpamyBanHs Python, o6poGka orpumaHuX
pe3ynbTaTiB BHKOHaHI aBTOpPOM caMocTiiiHO. ITocTaHoBKa MeTH i 3aBHaHb
JOCII/DKEHHS], aHali3 i y3araJlbHeHHS OTPUMAHUX pe3yJbTaTiB MPOBOAMINCH
CITJTBHO 3 HAYKOBMM KEPiBHUKOM JIOKTOPOM TEXHIYHMX Hayk, mpodecopom O. I
BaiiGy3om.

Anpo0auisi MaTepiaJjiB quceprauii

OcHOBHI NOJIOKEHHS Ta Pe3y/IbTaTH AUCEPTALiiHOT pOOOTH TOMOBiTaIHCS
it obrosoproBanues Ha XXI, XXII, XXIII MiXKHapOIHUX HAYKOBO-NPAKTHYHUX

KoH(pepeHuisx «MaremarHyHe Ta mporpamHe 3a0e3NeyeHHs IHTeJIeKTyalbHUX
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cuctem (MPZIS)» (M. uinpo, 2023, 2024, 2025), XXVII Mixnapoasiii
KOH(pepeHwii «ABTomarnka-2024» (M. Hinpo, 2024), Bukivku Ta npobaemu
cy4acHoi HayKkH (M. [IHinpo, 2024), MiskHapo/Hili HayKOBONpaKTHYHil iHTepHeT-
koH(epeHwii « TenaeHNil Ta NepCeKTHBH PO3BUTKY HayKH i 26 OCBiTH B yMOBax
mobanizauii» (M. Ilepescnas, 2023), miICyMKOBHUX HayKOBHX KOH(bEpEHIisX
JIHINPOBCHKOrO HAlliOHALHOTO YHiBepcuTeTy imMeHi Onecs [onuapa (M. JIHinpo,
2023, 2024, 2025, 2026).

Moga i cTuiIb po6oTH

Hucepranilina poboTa XapakTepU3yeThCs YiTKOIO Ta  JIOTIYHOIO
CTPYKTYpPOIO BUKJIAy Marepiaiy. Ii 3MicT € Moc/1i JOBHIM, CHCTEMHHM i TTOBHOO
Mipoi0 BifoGpaxkae pe3yNbTaTH MPOBEJEHUX HAYKOBHMX JOCIiIKeHb. ABTOPOM
KOPEKTHO BUKOPHCTAHO CYy4aCHY HAyKOBY TEPMiHOJIOTIIO, a BHMKJIAJ OCHOBHHX
TONIOXKEeHb POOOTH 3/1iHCHEHO IPAMOTHOIO YKPATHCHKOIO MOBOIO 3 IOTPUMAHHSM
BHMOI'  HayKOBOro  CTHIO.  TeopeTWdHi  MOJIOKEHHS,  pe3y/bTaTu
CKCIICPUMEHTAIBHUX JIOCIIIKEHb Ta CHOpPMYIbOBaHI BHCHOBKM HaJIE)KHHUM
YHHOM OOIPYyHTOBaHi Ta B3a€EMOMNOB'{3aHi MDK coGor. 3MicT auceprauii
BI/MOBia€ BMMOraMm, IO BHCYBAIOThCS 10 JMCEpTaliifHux pobiT Ha 3706yTTs
cTyneHs JokTopa Qinocodii, a HaBemeHi B Hilf pe3yisTard MOBHOIO Miporo
PO3KpHBAIOTH MOCTABJIEHI METy Ta 3aBIAHHA MOCII/DKEHHS i BimoOpakaroTh
0coOHMCTHI HayKOBHI BHECOK aBTOpa.

Ily6aikauii

3a TeMOIO AKcepTaliiinoi pobotu omy6nikoBano y 11 poborax, cepe SKuX
4 cTarTi B NEpioMUHMX HAYKOBHX JKypHalax i 30ipHMKAX HayKOBHX Ipallb
Kareropii b, 2 crarti y iHmux 36ipHHKax HAyKOBHX Ipallk Ta 5 Te3 A0MOBiaeH y
30ipHMKaX MaTepiaiiB HAyKOBUX KOH(EpEHIiH.

CrpykTypa Ta o0csir aucepranii

Huceprauiiina po6ora BuKkianeHa Ha 169 cTopiHkax, BKIFOYaO4H BCTYy, 4

PO3ALIH, BACHOBKH, CMIMCOK BHKOPHCTAHUX JKepes oxorumoe 121 HaiiMeHyBaHHS



Ta jponatku. Pobora € 3aBeplmieHMM HayKOBUM MOCIIDKEHHSM, SIKE MOEIHYE
TeOpeTHYHi PO3pOOKH, aropuTMiyHe 3abe3reueHHs Ta IPaKTUYHY peanizalliio.

Y écmyni 0BIpyHTOBaHi aKTyaJbHICTh TEMH, MeTa Ta 3aBJaHHA POGOTH,
HaBeIeHI HayKoBa HOBM3HA, TIPaKTHYHE 3HAYEHHS, OCOOMCTHIf BHECOK
AucepTanTa Ta anpobauis poboti. B ocHoBy muceprauiiinoi po6oTu noknaneHi
pe3ynbTaTd, OTPMMaHi aBTOPOM MiJi Yac BHKOHAHHS HAyKOBHX JOCIiIUKEHB,
NpoBeJeHUX Ha Kadeapi iHkeHepil mporpamHoro 3abesrneuyeHHs Ta
iHQOpMaLiiHIX TeXHONIOTiii JIHINPOBCHKOrO HAL[IOHAIILHOTO YHiBEpCHTETY iMeHi
Onecs I'onuapa.

Y nepwiomy po3odini mpoBeeHO OMISI Cy4acHHX MiIXONiB A0 06poGKH
nporyckis nanux. Oco6uBa yBara npujinena anaiisy 3amad kiacudikauii (Ha
NMPUKJIAZi [iarHOCTYyBaHHsS iIeMiYHOi XBOPoGHM cepus) Ta MPOTHO3YBAHHS
YacOBHX PsAiB (HA NPHUKIaAi TifPOJOriYHOTO MOHITOpMHTY OaceifHy pikH
Huinpo). Ileit po3nin nemMoHCTpye po3yMiHHA mpoGremu Ta OOIpyHTOBYE
HEOOX1HICTh pO3POOKH HOBHX METO/IIB.

Y Opysomy po3dini aBTOp NPOMOHYE OIKC PO3POOJICHHX METOIB
imnytysanns  (UnifiedClassRegrimputer, ~Regrmputer, Entropylmputer,
HybridRegrEntropylmputer, CorrelationImputer). Oco6nHBO IiKaBUM €
ypaxyBaHHs MaTepHiB MPOIYCKiB Ta aJanTallis METOIB 110 Pi3HUX THIIB JaHUX
(kareropianbHUX, KUTbKICHUX, YaCOBHX PSIIiB).

Y mpemvomy po3dini aBTOp peatizyBaB po3po0ieHi allrOpuTMH Y BUITISII
6i6niorexkn Ha MoBi Python, cymicHoi 3 apxitektyporo scikit-learn. L{e no3sonse
iHTErpyBaTH METOM B KOHBEEPH OOPOOKM JAHMX Pa3oM 3 iHIINMH eTanamH,
TaKMMH K MacLITa0yBaHHs, Knacudikauis abo nporsosysanns. Oco61uBa ypara
MpUIiIeHa ONTuMi3auii Koxy (BekTopisaiis, napajnejbHe BHKOHAHHS) IS
MiABHILIEHHS MPOAYKTHBHOCTI.

Y uemeepmomy po30ini HaBENEHO EKCIIEPUMEHTATIbHE IOCIiIKEHHS
e(heKTUBHOCTI PO3pOOIEHUX METOAIB HAa pealbHUX Aaracerax (MeIHYHHX Ta

rigposoriynux). IpoBeeHO MOPIBHSHHS TOYHOCTI iMITYTYBAaHHS Ta WIBHAKOMIT
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PBI3HUMH METOAAaMH, MpPOaHali30BaHO BIUTHB IMITyTYBaHHS Ha SKiCTh Mojeneit
K1acuikallii Ta MPOrHO3yBaHHA, TPOBEAEHO aHaJli3 3MiH €HTPOIl 10 Ta micis
iMmyTyBaHHs. Pesyneratd cBimyaTth Npo mepeBard po3poOJIEHHMX METOJiB
TMOPIBHSHO 3 ICHYIOYUMH MiX0IaMH JJISl PO3MJIAHYTHX JIaTaceTiB.

VY 6ucnoskax 10 pAMcepTauii mMiABEAEHO MIACYMKH HOCTIKEHHS Ta
BHOKPEMJIEHO OCHOBHI HayKOBi Ta MpaKTH4Hi 300y TKK aBTOpa MpH po3pobsieHHi
METO/IB Ta IPOrpaMHOro 3abes3neyeHHs iHTENIEKTYaJbHOTO IMITYTYyBaHHs
NpOIycKiB JaHUX. Po3poOneHHs iHTeNeKTyalbHHX METOAIB iMIIyTyBaHHS €
aKTyaJbHAM 1 INEPCIIEKTUBHUM 3aBIaHH;M, SKE€ Ma€ 3HAYHHUM MOTeHLial s
MOJAJIBIIONO JOCHIPKEHHsS Ta PO3IIMpEHHS B cdepax, e BaxinBa 00poOKa
HETOBHUX JaHUX.

Pesyneraru 1ociiiKeHHs Ta HayKOBi MOJIOMKEHHS YiTKO C(OPMYIIHOBAHO Ta
AKICHO y3arajbHeHoO.

Okpemi AMCKYCiHHI NUTAHHA | 3ayBaMKeHHSsI

1. ¥V nuceprauiiiniii poGoTi 3ampomnoOHOBaHO METONM IMITYyTYBaHHS
UnifiedClassRegrimputer Ta Regrimputer, siki rpyHTYyrOTbCS Ha BHKOPHCTaHHI
mozenel knacudikauii Ta perpecii. Pasom 3 Tum, omuc mpoueaypu BHOOPY
KOHKPETHHUX MOZEJIe MallMHHOTO HaBYaHHS Ta KPHUTEPiiB iX HaJalITyBaHHS
IPEICTABIEHO HEJNOCTAaTHbO JeTalbHO. bkl IpyHTOBHE OOIPYHTYBaHHSA
BuOOpy 6a30BUX Mojesiel Ta aHaili3 iX BIUIMBY Ha pe3y/lbTaTH iMITyTyBaHHS
J03BOJIMJIH O TOBHillIE OLIHUTH YHIBepCaJbHICTH i MOMUTUBOCTI MPAKTUYHOTO
3aCTOCYBaHHS 3alpPONOHOBAHUX IMiAXO/iB.

2. 'V migposnini 2.5.4 (c. 57) aBropom 3a3HauyeHO MPO MPOBEIEHHS
pedaKkTOpuHIy NporpaMHOro Koxy Ta iHoro onTtuMisauii. BogHouac Ginpin
JeTalbHEe BUCBITJICHHS NPHYMH IPOBEACHHS pe(haKkTOPHHIY, OCOOIHUBOCTEMH
peani3anii BHeCEHHX 3MiH Ta iX BIUIMBY Ha IIBHAKOAIIO W MaciiTaGoBaHiCTh
po3po6ieHoro mporpaMHoOro 3abes3rnevyeHHs JO3BOJIMIO O MOBHilE OLIHUTH

e(eKTHBHICTb 3alPONIOHOBAHUX apXiTEKTYPHUX pillieHb.
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3. V migpo3nini 2.5 auceprailii aBTOp NpUIUISE 3HAYHY yBary IMHTaHHAM
iHTerpanii po3poOiieHHX MeTomiB 0 apxiTekTypu Oibmiorexn scikit-learn.
BoaHouac MpeiCTaBlIeHHs apXiTeKTYpH NporpamHoro 3abesnedyeHHs Moo O
Oyt nonoBHeHe UML-aiarpamMamMu KiaciB a0 KOMIOHEHTIB i3 Bil0OpakeHHAM
B3a€MO3B'S3KIB M)XK peasli3oBaHUMH iMIT'IOTEpaMu, 3aco0amMH KOIyBaHHS O3HAK
Ta mporpaMHUMHU iHTepdeiicamu 6i6niorexu scikit-learn. Lle cripusiio 6 kpamomy
pO3yMiHHIO  ocoOnMBOCTEH  peanizauii Ta TOBTOPHOIO  BHUKOPHCTAHHSA
MPOrpaMHUX KOMITOHEHTIB.

4. Ha cropinui 83 (tabn. 3.2) HaBeJeHO pe3ysibTard MOPIBHAHHA
eeKTHBHOCTI Pi3HMX peajlizalii  eHTPOMIHHONO METOAY iIMITYTYBaHHS
(mocnigoBHOI, OararonoTokoBoi Ta GararonpouecHoi). BoagHoyac norpebyorsh
JIOIaTKOBOTO TOSCHEHHS MPUYMHH BiIMIHHOCTEH B OTPUMAHUX pe3yabrarax /Uit
pi3HHMX croco0iB peatizauii ogHOro i Toro  amroput™my. douineHum Oyino 6
OiLTbII  JETANBHO TMpOaHANi3yBaTH BIUIMB OCOOJMBOCTEH  MapaliesIbHUX
o0uKCIIeHb, BUKOPHCTAHHS T€HEpaToOpiB BHUIMAAKOBMX YHMCENl Ta IPOrpamMHOl
peaJti3alii aJirOpuT™My Ha BiITBOPIOBAHICTh i TOYHICTH OTPUMAHHX PE3YJIBTATIB.

5. ABTOpOM BHKOHAHO ONTHUMI3allil0 TporpamHol  peanizauii
3aMPONOHOBAHMX METO/IB, 30KpeMa LUISXOM IpPOBENEHHS pehaKTOpUHTY Ta
BEKTOpH3allil porpaMHoro koxay. [Tpore B po6oTi HEOCTATHBO yBary MPUIIIEHO
OMKCY TIPOBEICHUX 3MiH Ta KiJBKICHIM OLIHLI IX BIUIMBY Ha ITiJ{BHIIECHHS
NPOAYKTHBHOCTI TporpaMHoro 3abesnedeHHs. HaBeneHHs Oulbll AETalbHOIO
aHaJtizy e()eKTUBHOCTI 3aCTOCOBAHHUX MiJXOAIB J03BOTMIO O MOBHIlIE OLIHUTH
BHECOK BHMKOHAHOI ONTUMi3alii y 3arajgbHy LIBHIKOAIIO pPO3pOOIEHHX
aJITOPUTMIB.

6. Y migpo3aini 3.3 HaBeAEHO pe3yJbTaTH OLHIOBAHHA SAKOCTI MoJeJIeH
knacudikaiii Ta MPOrHO3yBaHHA IICIA 3aCTOCYBaHHS pPO3pOOJIEHUX METOIB
iMmmytyBanHs. Pazom i3 THM poGorta Moria 6 BUrpaTé Bif OiNbll JEeTaIbHOIO
aHaJlizy OOYMCITIOBAJIBHOT CKJIAJHOCTI 3anpOlOHOBAaHMX AJNTOPHUTMIB Ta IX

MacinTaboBaHOCTI 3ajeXkHO Bim po3MipHocTi HabopiB aaHux. Takui anaiis
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JI03BOJIMB OM TOBHIIE OLIHUTH TEPCIEKTHBH BHUKOPHCTAHHS PO3pOGIEHOro
IIPOrpaMHOI0 3a0e3IeueHHs Npu poOoTi 3 BEJIMKUMHU 00CATaMH JaHHX.

7. YV po3pini 3 HaBelEHO pe3ylIbTaTH eKCHEePUMEHTAIbHUX JOCIiIKEHb
e(eKTHBHOCTI 3anpPONOHOBAHMX METOIIB IMIYTyBaHHs HA JaHMX MEIUUYHOIO Ta
TiIPOJNIOTiYHOTO MOHITOPHHTY. Pa3oM i3 THM Gyno 6 MONiIBEHO GiNbII JeTaTEHO
oOrpyHTyBaTH BUOIp MapaMerpiB eKCIepMMEHTIB, 30KpeMa YacTKH IPONYINEHHX
3HaueHb Ta MEXaHi3MiB 1X reHepauii. HaBeseHHs pe3ynbrariB JOCIiKEHD 11
pi3HMX clieHapiiB BUHUKHEHHs npornyckiB (MCAR, MAR ta MNAR) n103Bosuio
0 noBHile OLIHMTH OCOOIMBOCTI 3aCTOCYBaHHs pO3POOJIEHHX METOHIB Y
NPAaKTUYHUX 3a[a4yax.

8. ¥V poboti peanizoBaHo mnporpamHe 3a0e3nedyeHHs BigNOBIAHO 0
apXiTeKTypHHX NpUHIMIIB Gibiiorexku scikit-learn Ta 3a6e3neyeHO MOXKIUBICTD
#oro inTerpanii moao o6poOku nanux. Pazom i3 TuM y aucepraiii NpakTHUHO He
PO3IIHYTO NMUTAHHS TECTYBAHHS PO3pOOJIEHOr0 MPOrPaMHOIO 3a0e3reYyeHHsl.
HaBeneHHs  pesyibTaTiB  MOAYNBHOTO Ta  iHTErpauiffHOro  TeCTyBaHHs
IIPOrpaMHUAX KOMIIOHEHTIB J03BONMWJIO O TOBHillE OLIHMTH iX HamiHHICTB,
KOPEKTHICTh (PyHKI[IOHYBAHHS Ta T'OTOBHICTB JI0 MPAKTHYHOIO BUKOPUCTAHHS.

ITpore, 3a3HayeHi 3ayBa)keHHsA HE BIUIMBAIOTh Ha 3arajbHHUN BHCOKHIMA
piBeHb JMceprauiiiHoi poGOTH. ABTOPOM OCSTHYTO 3HAYHUX HAYKOBHX i
NPaKTHYHUX PE3YNbTariB, fAKI MAlOTh 3HAYeHHsl JUIi PO3BUTKY METO/IB
IMITyTYBaHHs IIPOMYCKiB y faHuX. Lle 103BoJIsi€ OLIIHUTH UCEPTALIiIO K LiJTiCHE,
3aBEpIICHE Ta aKTya/IbHe HayKOBE JIOCIIiKEHHS.

3arajabHi BUCHOBKH

Huceprauiiina po6ota 3emisiHoro Onekcis [ImutpoBrua «Po3pobieHHs
METOAiB Ta MpPOrpaMHOIO 3a0e3MevyeHHs IHTEJIEKTYAIbHOrO IMITYyTyBaHHS
TPOITYCKiB IJAHHX» € aKTyaJIbHOIO 32 3MiCTOM, MiCTUTh HayKOBY HOBHU3HY, OCHOBHI
pe3ynbTaTd Ta BHUCHOBKM OOIDYHTOBaHi, MAalOTh TEOpETHYHE Ta IPaKTHYHE
3HayeHHsA. OQopmieHHs aMceprauii BiINOBiae BHUMOram, 3aTBEpKEHHM

HakasoM MinicTepcTBa ocBitH i Hayku Ykpainu Ne 40 Big 12.01.2017 poky.
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Meronu4HUIl piBeHb, HAyKOBa HOBHM3HAa 1 TNpaKTHYHe 3Ha4YeHHS pPoOOTH
Bi/INOBilalOTh BUMOTaM JI0 JHcepTalliit Ha 3M00yTTs cTyneHs qokropa digocodii
srigo 3 IlocranoBoto KabGinety MiHictpiB Vkpaiuu Big 12 ciuns 2022 poky
Ne 44 (31 3minamu) «IIpo 3arBepmkeHHs [lopsiaKy NPHCYIKEHHS CTYMEHS
nokropa Qinocodii Ta ckacyBaHHs pillieHHs pa30BOi BUEHOT pajiy 3aKJIaLy BHIIOT
OCBiTH, HAYKOBOI YCTaHOBH PO MPUCYUKEHHS CTyIeHs JoKTopa dinocodiin, a
3p06yBay 3emisaHuii Onekciit JIMUTPOBHY 3aCiTyrOBYy€ Ha IPUCYIKEHHS CTYTIEHS
nokropa ¢utocodpii B ramysi 3HaHp 12 Indopmauiiini Texnomorii 3a

crienianeHicTiO 121 [HXeHepist mporpaMHOro 3abe3neyeHHsl.

Peuensenr

3aBifyBayka kadenpu

Kibepbe3neku i KOMIT FOTepHO-iHTEerpOBaHHX

TEXHOJIOTi# (i3HKO-TeXHIYHOrO (akynbTeTy

JIHINPOBCHKOIO HAaLlIOHAJILHOTO YHIBEPCUTETY

imeni Ounecs ['oHuapa, -

KaHUJaT TeXHIYHUX HAyK, TOLEHT R [,2’; 4 ~ Cgitnana KJIMMEHKO

ITionuc kano. mexn. nayk, ooyenma Knumenxo C.B. 3aceiouyio

ITpopexTop 3 HaykoBOi poOOTH P01 Wi
JIHINPOBCHKOIO HAI[iOHATBEHOIO ymaépcmery
imeni Onecs I'onyapa, //+
KaHIuaaT 6i00TiuHMX HayK, npotbecop
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