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1. MeTonu i 3aco61 MOZEJIIOBAHHS Ta IHTEJIEKTYaJIbHOTO aHali3y KiJIbKiCHUX XapaKTE€PUCTUK 3a0pyJHEHHS MTOBITPSI.

2. Methods and tools for modeling and intellectual analysis of quantitative characteristics of air pollution.

Pedepar:

1. Y nuceprauii ocHOBHa yBara npujisieHa po3po0lLii Ta OCHiIKeHHIO KOMIIJIEKCY METO[IiB Ta 3aC006iB 115
MOJ€JIIOBaHHS Ta iHTeJIeKTyaJbHOTO aHali3y KiJIbKiCHMX XapaKTepUCTUK 3a0pyHEHHS MTOBITPS Bill JIOKaJIbHUX
mxeper. [IpoBeieHNI aHali3 HAyKOBUX Myb6JIiKalill IpOJeMOHCTPYBaB, 110 iCHye [IOTPe6a y CTBOPEHHI
iHTerpoBaHuXx pillleHb, sKi 6 OeIHYBaJIM NepeBaru (Pisuko-mMaTeMaTUYHOrO MOJEJIIOBAHHS Ta METOiB MAIMHHOTO
HaBYaHHS IJ18 MiABUILEHHS TOYHOCTI IPOTHO3iB B yMOBAaX HEIIOBHOTH JAHUX BiJ| JE€P>KaBHUX MEPEK MOHITOPUHTY. Y
IepHIOMY PO37isi AucepTaliliHOi poOOTH PO3IJISIHYTO NIPOOIEMAaTUKY MOJEJIOBaHHS AUcCHepcii 3a0pyIHIOI0YMX
PEYOBMH, IIPOAHAJi30BaHO KJIACU4Hi Mogei ['ayca Ta yncesbHI MOJIEIIi, a TAKOXK Cy4acHi niaxony 1o
[IPOTHO3YBAHHS HA OCHOBI aHCAMOJIEBUX METOZIB Ta TTIMOOKNX HEMPOHHUX MepexX. Y IPyromy po3fiii OIMcaHo
PO3pOOKY IIpOrpaMHO-anapaTHOIO KOMILJIEKCY MOHITOPUHTY Ha 6a3i MikpokoHTposiepa ESP32, MikpokomI'toTepa
Nvidia Jetson Nano Ta xmapHoi iHQpacTpykrypu Azure. [IpeficTaBieHO METOAMKY 300py PiuHOro Habopy JAHUX Ta
IIPOBEEHO MOTo MOTIMbIeHNI CTAaTUCTUYHUM aHali3, 0 BUSIBUB CE€30HHI Ta 1060Bi 3aKOHOMIPHOCTI 3a6pyIHEHHSI

Bif JIOKaJIbHOTO AKepena. TpeTiit po3fin auceprariii mpucBIYeHUi po3pooli Ta afganTallii MaTeMaTUYHUX MOJIETIe.



YImockoHaneHo Moeb ['ayca MIaXoM iHTerpatii CCTeMU HEYiTKOI JIOTIKY JJ1 JUHAMIYHOTO BU3HAYEHHS KJIacy
CTiliKoCTi aTMOcdepy Ta po3paxyHKy mniaiomy ¢akesa. [IpoBefieHO OPiBHAIBHUM aHajli3 MUPOKOT0 CIEKTPY
MoJeJsiell MalllMHHOTO HaBYaHHS Ta HEMPOHHMX MEPEX [J1s1 IPOrHO3yBaHHS KoHLeHTpauii PM2.5. Onucano
[IOCTAHOBKY Ta peasisaliio 3a1a4i iHBEpCHOrO MOJEIOBAHHS [1J151 OLIHKY iHTEHCUBHOCTI BUKUIB. Y Y4ETBEPTOMY
PO37iJi IPeCTaBIEHO PE3YJIbTATU €KCIIEPUMEHTAJIbBHUX NOCiIKeHb. [[poeMOHCTPOBaHO, 1[0 BUKOPUCTaHHS
PO3paxoBaHOro KJIACY CTIMKOCTI 4K JOJATKOBOI O3HAKH MiJIBUIIY€E TOYHICTh IPOTHOCTUYHUX Mopesne. [IposeneHo
OLiHKY BKJIMBOCTI BXiJHMX O3HAK, 110 JO3BOJIMJIO CKOPOTUTH iX KUJIBKICTb, i BULIMBIIM TOYHICTh MOJEJIEN T
3MEHIIMBIIY Yac iX HaBYaHHS. Y II'SITOMY PO3[ijli 3a[IPOIIOHOBAHO iHTErpoBaHi pileHHs. Po3po6ieHo riopugHui
METO/, MIPOTHO3YBaHHS, 0 MTOEHYE YOOCKOHATIEHY MoJieb ['aycca Ta mopenb XGBoost, ka HaBYaeThCs Ha
3aMiKax isn4Hoi Moaesi. CTBOPEHO METO[, AiarHOCTUKY BIIJIMBY JIOKQJIBHOIO JIKepeJla Ta peasi3oBaHo
[IPOrpaMHUI MPOTOTHII 3 TpadiyHMM iHTEPPENCOM KOPUCTYBAYa, 1[0 [03BOJISI€ IPOBOAUTY €KCIIPEC-OLiHKY PiBHS

HIKiZAJIMBOCTI Ta BUABAaTU KATETOPIMHNI BUCHOBOK.

2. The thesis focuses on the development and research of a set of methods and tools for modeling and intelligent
analysis of quantitative characteristics of air pollution from local sources. An analysis of scientific publications has
demonstrated the need for integrated solutions that combine the advantages of physical and mathematical
modeling and machine learning methods to improve the accuracy of forecasts in conditions of incomplete data
from state monitoring networks. The first chapter of the dissertation examines the problem of modeling the
dispersion of pollutants, analyzes classical Gausian models and numerical models, as well as modern approaches to
forecasting based on ensemble methods and deep neural networks. The second chapter describes the
development of a software and hardware monitoring complex based on the ESP32 microcontroller, the Nvidia
Jetson Nano microcomputer, and the Azure cloud infrastructure. A methodology for collecting an annual data set
is presented, and an in-depth statistical analysis is performed, revealing seasonal and daily patterns of pollution
from a local source. The third chapter of the dissertation is devoted to the development and adaptation of
mathematical models. The Gaussian model has been improved by integrating a fuzzy logic system for dynamic
determination of the atmospheric stability class and calculation of the plume rise. A comparative analysis of a wide
range of machine learning and neural network models for predicting PM2.5 concentrations was conducted. The
formulation and implementation of the inverse modeling problem for estimating emission intensities was
described. The fourth chapter presents the results of experimental studies. It is demonstrated that the use of the
calculated stability class as an additional feature increases the accuracy of predictive models. The importance of
input features was assessed, which made it possible to reduce their number, increasing the accuracy of the models
and reducing their training time. The fifth chapter proposes integrated solutions. A hybrid forecasting method has
been developed that combines an improved Gaussian model and an XGBoost model trained on the residuals of the
physical model. A method for diagnosing the impact of a local source has been created, and a software prototype
with a graphical user interface has been implemented, allowing for rapid assessment of the level of harmfulness
and the issuance of a categorical conclusion.
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