O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0825U004265
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpaunii: 09-12-2025

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. lleByenko JmMutpo BitaniiioBny

2. Dmytro V. Shevchenko

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKOBOi cHIeniaIbHOCTI: 122

Ha3zBa HayKoBoi creniaJbHOCTI: KommiotepHi HayKu

lanyss / ralesi 3HaHb: iHdopMaLliiiHi TEXHOJIOTI

OcBiTHBO-HayKOBa Mporpama 3i creniajabHOCTI: [HpopmawiiiHi TeXHOIOTI]

JlaTa 3axHcCTy: 15-01-2026

CrneniaJbHICTh 3a OCBITOIO: Komm'ioTepHi Hayku

Micue po6oTH 3400yBava: HaujoHanbHuil yHiBEpCUTET 6i0PECYPCIB i IPUPOLOKOPUCTYBAHHS YKpAiHK

Kopg 3a €IPIIOY: 00493706

Micue3HaxoaKeHHS: ByJI. [epoiB O6oponu, Kuis, 03041, Ykpaina

dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HayKy YKpaiHu

InmenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYU€HOI pagH (Pa30Boi Creniaai3oBaHOi BYEHOI pazu). PhD 177

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujonanbHuil yHiBepcuTeT 6iopecypcis i

NPUPOJOKOPUCTYBaHHS YKpaiHU

Kopg 3a €IPIIOY: 00493706

Micue3Haxoa KeHHS: By [epois O60ponu, Kuis, 03041, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTudikarop ROR:

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOH: HaujonanbHuil yHiBepCUTET 6i0peCYpCiB i
[IPUPOLOKOPUCTYBAHHS YKpaiHU

Kopg, 3a €IPIIOY: 00493706

Micue3HaxoaKeHHS: ByJL. 'epoiB O6opoHu, Kuis, 03041, Ykpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

InmenTudikarop ROR:

V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koau TemaTuyHHUX PYOpPHK: 87.17, 20.54.03, 28.23

Tema guceprauii:
1. Po3po6sieHHs iHTesIeKTyanbHOI iHPpopMaliliHOi TeXHOJIOTI] 1151 OLliHIOBaHHS CTaHy aTMOC(EpPHOro MOoBITPs
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Pedepar:

1. Incepralito pUCBSIYEHO PO3POOJIEHHIO iHTEJIEKTyalbHOI iHpOPMaLLiliHOI TEXHOJIOTII 17151 OLiHIOBAaHHS CTaHy
aTMOC(EpPHOTO MOBITPS 3 METOIO MiJBUILEHHS €(PEKTUBHOCTI €KOJIOTIYHOTO MOHITOPUHTY Ta 3206€3I1€4€HHS HAYKOBO
OOI'PYHTOBAHOI MiITPUMKHU IPUNHSTTS YIIPaBIiHCbKUX PillleHb. AKTYaJIbHICTb OCTIiI>)KEHHSI 0OyMOBJIEHa
ry106aJIbHMMU €KOJIOTIYHMMY BUKJIMKaMU, 3pOCTaHHSIM PiBHS ypOaHisallii i BificyTHiCcTIO B YKpaiHi €JMHOI cy4yacHOi
CHCTEMHU 300py, 30€piraHHs Ta aHAJIITUYHOTO ONPALIOBAHHS €KOJIOTIYHUX JAaHVX. BCTAaHOBJIEHO, 10 HASBHI pillleHHS
XapaKTepu3yoTbCs pparMeHTapHICcTIO mpxepe inpopmaliii, pisHopifgHicTIO popmaTiB JaHUX, BilICYyTHICTIO
LIEHTPaJi30BaHOI'0 CXOBMILA Ta HEJOCTATHLOIO AaBTOMATH3ALli€I0 TIPOLIECIB BUSBJIEHHS [1€PEBUILEHb HOPMATUBHUAX
piBHIB 3a0pyHEHH:. Y po06OTi BEpPILE 3alIpPOIIOHOBAHO KOMILJIEKCHY iH(OpMaLiliHy TEXHOJIOTIIO, SIKa OENHYE
3acobu TpaH3akuiiiHoi 06po6ku gaHux (OLTP), 6araroBumipHoi ananituku (OLAP) Ta METOIM iHTEIEKTYaIbHOTO
aHasizy naHux (Data Mining) y enuHii apxiTekTypi MOHITOpUHTY. Po3po6iieHo cxeMy iHTerpalii jaHux i3 ceHCOpHUX



BY3JIiB, BIIKPUTHX €KOJIOTiYHUX API Ta METEOPOJIOriUHUX CIIyKO Y LIeHTpasli3oBaHe cxoBule Tuily Data Warehouse 3
HiATPUMKOIO iCTOPUYHUX 3Pi3iB IaHux. PeanizoBaHo HOpMasizoBaHy MoZiesib 623U JaHUX i 6araToOBUMIpHY MOZeJb (3
(akTHUMU Ta BUMIpHUMU TabIULSIMU), 110 3a0e3nedye epeKTUBHY peasizallilo aHaJiTUYHOI 00pOoOKU Ta
(pOopMyBaHHS IPOTHO3HUX [TOKA3HUKIB. YIleplle CTBOPEHO iHTerpoBaHuil Habip OLAP-Ky06iB AJ1s1 aHanisy
KOHILIEHTPALill 3a0pYyAHIOI0OYMX PEYOBUH Y YaCOBOMY Ta TPOCTOPOBOMY pO3pi3ax, 10 Jajio 3MOTy peasisdyBaTu
IeCSTKYU CLeHapiiB aHaiTUYHOTO OIpaljloBaHHs Ta po3pooutu cucremy KPI nis BussnenHs nepesuueHs Ky
peasibHOMY Yaci. CTBOpEHO a/IrOpUTMiYHe 3a0e3Me4eHHs /11 PO3PaxyHKY iHTerpajabHUX iHIEKCIiB SIKOCTI [1OBITPS
(AQI, CAQI, EAQI) 3 ypaxyBaHHSIM METOAUYHUX OCOOJIMBOCTEN iX 3aCTOCYBAaHHS y CBITOBIl NPAaKTULIi Ta afaNTalielo
[I0 HalliOHAJILHUX HOPMAaTuUBiB. [IpoBeieHO NOPIBHSAJILHUI aHai3 iHJIEKCiB Ta BUSBJIEHO 3aJI€XKHICTD IX YyTINBOCTI
IO I'pyI 3a0pyIHIOBAYIB, 110 JO3BOJIMJIO YIOCKOHAJINTH MiJIXif, 10 iHTepripeTallii pe3ysbTaTiB MOHITOPUHTY.
3aCTOCOBAHO METOI! iHTEJIEKTYaJIbHOI'O aHasli3y JaHUX [J1s1 BUSBJIEHHS 3aKOHOMIPHOCTEM i BiHOBJIEHHA
IIPOIYILEHNX 3Ha4eHb. Bukopucrano anroputm K-means a5 kinactepusalii CTaHIii 3a mapaMeTpamu CTabibHOCTI
BMMIipIOBaHb Ta SIKIiCTIO JaHUX, BUBHAUEHO TPYIIY CTAHIil 3 Pi3HUMHU XapaKTepUCTUKaMU JOBIpYOCTi Ta CHOPMOBAHO
y3arajbHEHi TeIJIOBi KapTy NapaMeTpiB 3a0pyaHeHHs. AnroputMm HaiBHoro Baiieca BukopucraHno 1js Kinacugikari
CTaHiB aTMOC(EPHOTo MOBITPsI TA BiIHOBJIEHHS IIPOINYLIEHNX 3Ha4€Hb KOHLIEHTPALLill, e MOZeJb IPABUJIbHO]
knacudikanii 6;1136K0 71 %. 101aTKOBO 3aCTOCOBAaHO METOY aCOLiaTUBHUX MPABUJI [IJISI BUSIBJIEHHS B3aEMO3B'SI3KiB
MIiX Irpynamu 3a6pyHIOBauiB, 1110 J03BOJINIO CPOPMYBATU HOBI aHAJIITUYHI MOJeJIi 17151 OLiHIOBaHHS TEHEHLIiN
3a0pyiHEeHHS. Y IPAKTUYHil 4aCTHHI CTBOPEHO MOBHOLHHY iH(pOpMaIiliHy CUCTEeMy MOHITOPUHTY, SIKa BKJIIOYAE:
MozyJii 360py, OunIneHHs, iHTerpalii Ta 36epiraHnus naHux; aHasiTuyHi naHesi 3 OLAP-3Bitamu; moxysti KPI-
MOHITOpUHTY; MiICUCTEMY aBTOMaTUYHOTO POPMYBAHHSI [10II€peIKeHb IIPO NepeBUILIEHHSI HOpPMaTUBHUX PiBHIB.
Cucrema 3abesneuyye 06poOKy JaHUX Y PEKUMI PEaJIbHOTO 4yacy, MigTPUMye MaclITabyBaHHS 3 YPaxyBaHHSIM
MigKIII0YEeHHSI HOBUX CEHCOPHUX MEPEX Ta J03BOJISE 3[IiMICHIOBATY MTOIJIMOJIEHUI aHaJli3 iCTOPUYHUX TEHIEHIN. ¥
pe3yJbTaTi eKCIIepUMEHTAJIbHOI IIepeBipKY MiATBepAKeHo, 1o iHTerpauis metoais Data Mining Ta 6araTopiBHeBoO1
MogeJsi oOOpoOKU aHUX 3abe3levye MiBUIEeHHS CTabiIbHOCTI, Y3ro[I)KeHOCTi Ta TOYHOCTI OL|iHIOBaHHS NTapaMeTpiB
SIKOCTi aTMOC(EpPHOTO MOBITPs NOPIBHSIHO 3 TPAAULITHMMU MiAX0JaMHU, 0COGIMBO B yMOBaX HETIOBHOTU 260
(parmeHTapHOCTI AaHux. [IpakTUYHE 3HAY€HHS POOOTH MOJISITae Y MOXKJIMBOCTI iHTerpallii 3arrpornoHOBaHO1
TEXHOJIOTII B MiCBbKi Ta periOHaJIbHi CUCTEMU MOHITOPUHTY IOBKIJIIA 715 MifBULEHHS ONIEPAaTUBHOCTI pearyBaHHS
Ha eKOJIOTiuHi 3arpo3u, 3a6e3rnedeHHs! IPO30POCTi JaHUX Ta MigTPUMKU IIPUNHSTTS YIIPaBIiHCbKUX pillleHb.
PesysibTaTy 4OCIIiIKEHHS BIIPOBAIPKEHO B HABYAJIbHUI NPOLEC MiJ] Yac BUKJIAJAHHS AUCLUUILIH 3 633 JaHUX,
€KOJIOTIYHOTO MOHITOPHHTY i1 iHpOpMaLifHUX TEXHOJIOTIH, a TAKOXX allpOOOBAaHO HA MIXKHAPOIHUX i BCEYKPAiHChKUX
KOH(epeHIIisX.

2. The dissertation is devoted to the development of an intelligent information technology for assessing
atmospheric air quality in order to improve the effectiveness of environmental monitoring and provide
scientifically grounded support for managerial decision-making. The relevance of the research is driven by global
environmental challenges, increasing urbanization, and the absence of a unified modern system for collecting,
storing, and analytically processing environmental data in Ukraine. It has been established that existing solutions
are characterized by fragmented data sources, heterogeneous data formats, the lack of a centralized repository,
and insufficient automation of processes related to detecting exceedances of regulatory pollution thresholds. The
work proposes, for the first time, a comprehensive information technology that integrates transactional data
processing (OLTP), multidimensional analytics (OLAP), and data mining methods within a unified monitoring
architecture. A data integration scheme has been developed for sensor nodes, open environmental APIs, and
meteorological services into a centralized Data Warehouse supporting historical data snapshots. A normalized
database model and a multidimensional model (with fact and dimension tables) have been implemented, ensuring
efficient analytical processing and the generation of predictive indicators. An integrated set of OLAP cubes has
been created to analyze pollutant concentrations in temporal and spatial dimensions, enabling dozens of analytical
scenarios and supporting a KPI-based system for real-time detection of permissible concentration exceedances.
Algorithmic tools have been developed for calculating integral air quality indices (AQI, CAQI, EAQI), taking into
account methodological specifics of their application in global practice and adapting them to national regulatory



requirements. A comparative analysis of indices has been conducted, revealing differences in their sensitivity to
pollutant groups, which enabled the improvement of approaches to interpreting monitoring results. Data mining
methods were applied to identify hidden patterns and reconstruct missing values. The K-means algorithm was
used to cluster monitoring stations based on measurement stability and data quality, identifying groups with
different reliability characteristics and generating generalized heatmaps of pollution parameters. The Naive Bayes
algorithm was applied for classifying atmospheric air states and reconstructing missing concentration values,
achieving a correct classification rate of approximately 71 %. Additionally, association rule mining was employed to
identify interrelations between pollutant groups, enabling the formation of new analytical models for assessing
pollution trends. In the practical part, a full-scale information monitoring system was developed, including
modules for data collection, cleaning, integration, and storage; analytical dashboards with OLAP reports; KPI-
monitoring modules; and a subsystem for automatic generation of exceedance alerts. The system provides real-
time data processing, supports scalability for integrating new sensor networks, and enables in-depth analysis of
long-term environmental trends. Experimental verification confirmed that the integration of data mining methods
with a multi-level data processing model enhances the stability, consistency, and accuracy of atmospheric air
quality assessment compared to traditional approaches, particularly under conditions of incomplete or fragmented
data. The practical significance of the work lies in the possibility of integrating the proposed technology into
municipal and regional environmental monitoring systems to improve response efficiency to ecological threats,
ensure data transparency, and support informed decision-making. The results of the research have been
incorporated into the educational process in courses on databases, environmental monitoring, and information
technologies, and have been presented and discussed at international and national scientific conferences.
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