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1. Po3BUTOK HayKu Ta ii 32aCTOCYBaHHS B 6araTbOX NPAaKTUYHUX rajly3six 6a3yl0TbCs Ha BUKOPUCTAHHI IITY4HOTrO
inTesnexTy. OCHOBHMMHU 0r0 HallpSIMKaMMU € iH>KeHepisl JaHUX, KOMITIOTEePHUIA aHai3, HediTKa JIorika, MalluHHe
CIIpUMAHSTTS, BUJO00YTOK 3HaHb Ta iHIIi. MeTOJ0/I0riYHY OCHOBY METO/IiB LITY4YHOTO iHTEJIEKTY CKJIaJaloTh
MaTeMaTU4Hi METOAM Ta iHTeJIeKTyayIbHi MOAEI, SIKi 3HaXOASAThCS B IIOCTIMHOMY pO3BUTKY. OCO6IMBO aKTUBHO
PO3BUBAIOTBCSI MATEMATUYHI MOJIEJIi TA METOH, 5IKi 6a3YIOTbCS HA BEJIMKIiN KiJIbKOCTI JJAHMX Ta iHKOPIIOPYIOTH iX 32
IOTIOMOTOI0 METOiB IIIMOMHHOr0 HaB4aHHs. Cepel HallBayK/IMBIIINX IIPAKTUYHUX 3ACTOCYBaHb, B IKMX aKTUBHO
BHKOPHCTOBYIOTbCSI METOIY IITYYHOTO iHTEJIEKTY, OCHOBaHi Ha IMIMOMHHOMY HaBYaHHI 3 BAKOPUCTAaHHSIM BEJIMKHUX
00’eMiB TaHUX, € NOCITKEHHS CEIICMIYHOI aKTUBHOCTI 3eMJIi, €KOJIOTiYHUI MOHITOPUHT HaBKOJIMIIHbOTO
cepenoBuUIa, BUSBJICHHSI aHOMAIbHUX IAHUX B KibEpHETHUYHIN Oe3Iieli, aHasi3 reorpoCTOPOBUX AAHUX Ta iHIIi.

O,ILHI/IM 3 BaXKJIMBUX aCI'IeKTiB7 10 3yMOBUJIN MO>KJIMBICTb TaKOTO PO3BUTKY MaTEMATUIHUX MeTOILiB TJIMOUHHOTO



HABYaHHS € T105IBA BEJIMKUX 06'€MIB JOCTYIIHUX IaHUX Ta 06UYNCIIOBAHUX IIOTY>KHOCTE. B 3B'SI13Ky 3 LIUM OCTaHHi
POKY IIBUIKAMU TEMIIaMU PO3BUBA€EThCS cdepa aHasizy 6araToOBUMIpHUX 3alIyMJIEHUX JAaHUX BEJIMKOTO 00’eMy.
Pazom 3 TUM 17151 33a4i aHaIi3y 6araTOBUMipHUX 3alIyMJIEHUX JAHUX BEJIMKOT0 00'eMy BUKOPUCTAaHHSI METO/B
IJIMOMHHOTO HaBYaHHS B TOMY BUIJIST], B IKOMY BOHM OyJIM pO3pO0JIeHi AJ1s1 iHINX 3arajlbHOBiJOMUX 3a7ad,
HeMoxJuBe. HasgBHi my6Jikanii Ta ekcriepruMeHT! 3 BUKOPUCTAHHS IJIMOMHHOTO HaBYaHHS B 11iil cdepi
IIPOBOJIMJIACH JIMIIIE JJ1s1 HEBEJIMKOTO 00'€MY [aHUX 3 PIBHOMIDHUM PO3IIOJiJIOM Y BXiZTHOMY IPOCTOPI, L0 € Juile
YaCTKOBUM BUIAJIKOM, SIKMI HEMOXJIMBO MOIIMPUTH Ha [1aHi BEJIMKOro 06'eMy 3 HEe PIBHOMIDHUM PO3IOJIJIOM Yy
BXiTHOMY NpocTopi. He 3Ba>kaioum Ha BEJIMKY CXOXKiCTb MaT€MaTUYHOI IOCTAHOBKY 33/1a4i aHai3y 6araTOBUMipHUX
3alIYMJIEHUX JJaHUX Ta IIOCTAaHOBOK 33/a4 [1J1 TPAAULIITHOTO KOMITIOTEPHOr0 aHali3y Ta MallMHHOTO CIIPUMHSITTS,
iCHYI0Tb i IPpMHUMIIOBI BiIMiHHOCTI MibK HUMHU. Hait6inbIl 3HayHi Ta yCIIilIHI pe3y/bTaTy B 00J1aCTi IUTY4HOTrO
iHTesIeKTy 3 IIIMOMHHUM HaBYaHHSM OyJiM OTpUMaHi B po60Tax 3akopAoHHUX aBTOpiB KyHixiko Oykycimu, SHa
JlekyHa, Mourya Benmpkuo ta Ixkeddpu XuHTOHa, a TAKOK B po60Tax yKpaiHChkux aBropis O.I. [BaxHeHka, M.3.
3ryposcekoro, [.B. Ceprienka, H.JI. [Tankparosoi, O.A. [1aBnoBa, H.M. Kyccynp ta inmux. Pa3om 3 Tum nporpec
IIOTYKHOCTi 06YMCIIIOBAJIbHOI TEXHIKM Ta I1051BA Y BiJIbLHOMY JOCTYIIi BEJIMKOI KiJIbKOCTi 6araTOBUMiPHUX JAHUX
POOUTH aKTyasJbHUM 33/1a4y PO3POOKMA MAaTEMAaTUYHUX METO/IiB Ta MOZeJIel TYYHOTO iHTEJIEeKTY 3 TJIMOMHHUM
HaBYaHHSM JJIs1 aHaJi3y 6araTOBUMIipHUX 3alIyMJIEHUX JJaHUX BEJIMKOTO 06'eMY B 3a/layaxX reolpOCTPOBOrO aHaJi3y
Ta €KOJIOT{YHOTO MOHITOPUHIY. MeTOI0 AycepTaLiffHOro NOCiIPKeHHS € po3po0Ka Ta BIOCKOHAIEHHS
MaTeMaTUYHUX METO/IiB IJIMOMHHOrO HaBYaHHS, sIKi 0a3yl0ThCS Ha 3TOPTKOBUX [VIMOMHHUX HEMPOHHUX MEPeXax Ta
BiZPi3HAIOTHCA iHiLliai3allielo M0YaTKOBUX Bar MEPEX IPY BUKOPMCTaHHI HEMapKOBaHUX JAHMX Ha OCHOBI
PO3PiIKEHOro KOAYBaHHS, 110 BeZie [0 MiJBULIEHHS TOYHOCTI 3a/1a4 reOpPOCTOPOBOro aHamisy. B nuceprauii
BIlEeplIe OTPMMAaHI Taki HOBi HayKoBi pe3yabTaTu: 1. Briepiie po3po6ieHo MaTeMaTU4YHUM MeTO], yHidikawii NogaHHS
6araToBUMipHUX 3allyMJIEHUX FeONPOCTOPOBUX AaHUX, OCHOBAaHUI Ha PO3PiI>)KEHOMY KOJIyBaHHI BXiTHUX
HEMapKOBaHUX JaHUX, KU Ha/lae MOKJIMBICTb 10OYIOBY €MHOI MoJieli Kinacudikaii a1 BeauKux 06'eMiB
BXiZTHUX JaHUX, 10 [03BOJISIE OTPMMATH BUIILY TOUHICTb Kiacuikaui. 2. YI0CKoHaNIeHO MeToJ, IIIMOUHHOIO
HaBYaHHS Ha OCHOBI 3rOPTKOBYX HEMPOHHUX MEPEX, 110 Ha BiIMiHY Bif iCHYI04MX, iHiLlia/li3ylOTh 11I0YaTKOBi Baru He
BUIIaJIKOBUMHU 3HAYEHHSIMU, 2 HABYAIOTHCS BUOKPEMJIIOBATY O3HAKU 3 BEJIMKUX 00CSTiB HEMapKOBaHUX YaCOBUX
PALiB 6araTOBUMIPHUX JAaHUX Ta 3a0€3I1e4yI0Th CYyTTEBE IiIBUILLIEHHS 3arajibHOI TOYHOCTI 3aa4 Kiacudikanii. 3.
Briepie po3po6seHo meTop pinbTpaliii oTpuMaHux KapT Kiacuikalliii FeopoCTOPOBUX JAHUX /1J1s1 301/IbLIIEHHS iX
TOYHOCTI, HA OCHOBi 06'€KTHOTO MifX0Ay, Ha BiIMiHY Bif 3arajibHONPUNAHATAX METOIiB, 110 6a3yI0ThCS HA MPUHIIUIII
KOB3HOTO BiKHA, SIKWi1 J03BOJIsIE€ 36epertu popmy 06’eKTiB Ha KapTi. 4. OTpuManyu MoJanbUIni PO3BUTOK
3aIPOIIOHOBAaHI MeToaU Kiacudikallii 6araToBUMIpHUX 3alllyMJIEHUX F€ONPOCTOPOBUX JaHUX LIJISIXOM peasidallii y
BUIJISi IOTOKY BUKOHAHHS 3 BUKOPMCTAaHHSIM XMapHOi naTdopmu Amazon, 1o J03BOJIMJIO 3MEHIIATH 4ac

06po6ku iHdopMaliii 3a paxyHOK e(eKTUBHOIO JOCTYITy IO NAHMX Ta PO3MapaseloBaHHS.

2. The development of science and its application in many practical fields are based on the artificial intelligence
usage. Data engineering, computer analysis, fuzzy logic, machine perception, data mining and other are its main
areas of interest. The methodological basis of the artificial intelligence methods are mathematical methods and
intellectual models that are in constant development. Mathematical models and methods that are based on a large
amount of data and incorporate them through deep learning methods are particularly active develop. Among the
most important practical applications that use artificial intelligence based on deep learning using large amounts of
data are studies of Earth's seismic activity, environmental monitoring, anomaly detection in cybersecurity,
geospatial data analysis, and more. One of the important aspects that has led to the mathematical deep learning
methods development is the emergence of large volumes of available data and the computational power. Due to
this, the field of big volume of multidimensional noise data analysis has been rapidly evolving in recent years.
However, usage of the deep learning methods as they were designed for other well-known tasks is impossible for
the task of big volume of multidimensional noise data analysis. Available publications and experiments on the deep
learning usage in this field were conducted only for a small amount of data with uniform distribution in the input
space, which is only a partial case that cannot be extended to the large volume of data with uneven distribution in
the input space. Despite the great similarity between the mathematical formulation of the multidimensional noisy



data analysis task and the formulation for traditional computer analysis and machine perception tasks, there are
fundamental differences between them. The most significant and successful results in the field of artificial
intelligence with deep learning were obtained in the works of foreign authors Kunihiko Fukushima, Yann LeCun,
Yoshua Bengio and Geoffrey Hinton, as well as in the works of Ukrainian authors O.G. Ivakhnenko, M.S. Zgurovsky,
LV. Sergienko, N.D. Pankratova, O.A. Pavlov, N.M. Kussul and others. However, the progress in computational
resources and the emergence of the free accessed large volumes of multidimensional data make it actual to
develop mathematical methods and models of artificial intelligence with deep learning to analyze large volumes of
multidimensional noisy data in geospatial analysis and environmental monitoring. The aim of the thesis is to
develop and improve mathematical methods of deep learning, which are based on convolutional deep neural
networks and differ in the initialization of the initial weights of networks with unlabeled data utilization based on
sparse coding, which leads to improving accuracy in geospatial analysis tasks. In the dissertation the following new
scientific results were first received: 1. For the first time a mathematical method for unifying multidimensional
noisy geospatial data has been developed based on the sparse input unlabeled data encoding that provides the
possibility to build a single classification model for large volumes of input data, that allows to obtain higher
classification accuracy. 2. Deep learning method based on convolutional neural networks has been improved,
which, unlike the existing ones, not randomly initialize initial weights, but learn features extraction from the large
volumes of unlabeled multidimensional noisy time series of data and provide significant enhancements of the
overall classification accuracy. 3. For the first time filtration method for obtained classification maps of geospatial
data has been developed for increasing their accuracy, based on object approach, in contrast to commonly
accepted methods based on the sliding window principle, that allows to save the shape of objects on the map. 4.
Proposed methods for noisy multidimensional geospatial data classifying have had further development through
the implementation as a workflow using Amazon cloud based platform, which reduced data processing time
through efficient data access and parallelization.
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