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

Pedepar:

1. Y nuceprauii ocHOBHa yBara npujiisieHa po3po6Lii Ta AOCIiIPKEHHIO KOMIJIEKCY METO/IiB Ta 3aco06iB 17151
MOJIEJIIOBAHHS Ta iHTEJIEKTYaJIbHOTO aHali3y KiIbKiCHMX XapaKTePUCTUK 3a0pyJHEHHS MOBITPS Bill JIOKaJIbHUX
mkepeJ. [IpoBegeHuil aHasi3 HAyKOBUX My06JIiKalliil IPOJEeMOHCTPYBAB, IO iCHye MOTpeba y CTBOPEHHI
iHTerpoBaHUX pillleHb, sKi 6 [10eHyBanU nepesaru QisuKo-mMaTeMaTUYHOIO MOJIEJIIOBAaHHS Ta METOiB MallIMHHOTO
HaBYaHHS 4J1s1 iJBUIIEHHS] TOYHOCTI IPOTHO3iB B yMOBaX HEMIOBHOTU JIJAHUX BiJ| I€p>KaBHUX MEPEX MOHITOPUHTY. Y
NEePIIOMY PO3AiJi JucepTaliiiHOl po60TH PO3IJISIHYTO NPO6IEMATUKY MOJEJII0BaHHS JUCIepcii 3a6pyIHIOI0YNX
PEYOBMH, TPOAHAaJi30BaHO KJIACUYHI MOJeli ['ayca Ta YncesibHi MOogeli, 8 TAKOXK Cy4YacHi Migxony 0o
IIPOTHO3YBAaHHS HA OCHOBI aHCAMOJIEBUX METOZiB Ta ITIMOOKUX HEMPOHHUX MepexX. Y IPyroMy po3fiijli OIMCcaHO

PO3pOOKY IIPOrpaMHO-aNapaTHOIO KOMILJIEKCY MOHITOPUHTY Ha 6a3i MikpokoHTposiepa ESP32, mikpokomm'toTepa



Nvidia Jetson Nano Ta xmapHnoi iH¢pacTpykrypu Azure. [IpecTaBieHO METOAMKY 300py PiYHOro HabOPy JAHUX Ta
IIPOBEEHO MOro MOrjaubieHni CTAaTUCTUYHUM aHali3, 0 BUSIBUB CE@30HHI Ta 1000Bi 3aKOHOMIPHOCTI 3a6pyIHEHHSI
Bif JIOKaJIbHOTO AKepena. TpeTiit po3fin auceprariii mpucBaYeHuit po3pooli Ta afanTalii MaTeMaTUYHUX MOIese.
YIocKoHasneHo Moeb ['ayca IUIAXoM iHTerpalii CMCTEMU HEYITKOI JIOTIKY 171 JUHAMIYHOTO BUSHAYEHHS KJacy
cTifikocTi aTMOcdepu Ta pO3paxyHKy Hifgiiomy (paxesna. IIpoBesieHO NOPIBHSIBbHMI aHai3 MIXPOKOTO CIEKTPY
Mozesiell MalIHHOTO HaBYaHHS Ta HEPOHHUX MepeX [1Jis IPOTHO3yBaHHS KoHLeHTpauii PM2.5. OnucaHo
[IOCTAHOBKY Ta peasisalilo 3a1a4i iHBepCHOrO MOJEIOBAHHS [1J151 OLIHKY iHTEHCUBHOCTI BUKMIB. Y Y4ETBEPTOMY
PO37iJi TPeCTaBIEHO PE3YyJIbTaTH €KCIIEPUMEHTAJIbHUX NOCiIKeHb. [[poeMOHCTPOBaHO, 1110 BUKOPUCTaHHS
PO3paxoBaHOrO KJIACY CTIMKOCTi 4K JOJATKOBOI O3HAK! MiJBUIY€E TOYHICTh IPOTHOCTUYHUX Mopesne. [IposeneHo
OLiHKY BKJIMBOCTI BXiJHMX O3HaK, 110 JO3BOJIMJIO CKOPOTUTH iX KiJIBKICTb, i BUIMBIIN TOYHICTh MOJIEJIEN Ta
3MEHIIMBIIY Yac iX HABYaHHS. Y II'STOMY PO3[iji 3alIPOIIOHOBAHO iHTErpOBaHi pillleHHs. Po3po6yieHO ribpuiHui
METO/, IPOTHO3YBaHHS, 0 NOEHYE YOOCKOHATIEHY MoJieb ['aycca Ta mosenb XGBoost, sika HaBYaeThbCs Ha
3asMiKax (isn4Hoi mopesti. CTBOPeHO METO[, AiarHOCTUKY BILJIMBY JIOKQJILHOTO JIKepeJia Ta peaji3oBaHo
[IPOrpaMHUi MPOTOTHII 3 rpadpiuHMM iHTEpDENCOM KOPUCTYBAYa, 110 J03BOJIsIE IPOBOAUTY €KCIIPEC-OLiHKY PiBHS

MIKiZAJIMBOCTI Ta BUABAaTU KATETOPiMHUY 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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