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2. Methods and software tools for modeling soil contamination by harmful emissions in the exhaust gases of the
motor vehicle

Pedepar:

1. O6’eKT mocmimKeHHs: IpoLecy 3a0pyIHEHHS I'PYHTIB IIKiIJIMBUMUA BUKAJAMU aBTOTPAHCIIOPTY. MeTa
IOCJiIKeHHS: IinBullieHHs eeKTUBHOCTI Ta CIIPOLIEHHS MPolLieyp MOJIe/II0BaHHS IIPOLeCiB 3a0pyJHEHHS IPYHTIB
BHACJIiZJOK LIKiIJIMBUX BUKUiB aBTOTPAHCIIOPTY 32 PaxyHOK PO3POOKM MaTEMaTUYHOTO Ta IPOrPaMHOTO
3a6€3Me4YeHHS 1711 MOHITOPUHTY 3a0pyAHEHHS I'PYHTIB Ta [PYHTOBUX BOJ, IIKiIJIMBUMHU BUKUIAMU aBTOTPAHCIIOPTY,
30KpeMa CIIOJIyKaMy, SIKi yTBOPIOIOThCA Yepe3 nudy3ito Ta B3aeMOZ|Io i3 BOZOI0 Aiokcuay a3oTy. Metonu
IOCJIIPKEHHS: IPY NTPOBEEHHI JOCII)KEHb BUKOPUCTAHO TaKi METOAU: METOJIU TEOPii CUCTEM Ta iHTEPBAJILHOTO
aHaJli3y - [J19 MOJEJIIOBAaHHS Ta IPOTrHO3YBaHHS MOMKPEHHS KOHLEHTPaLil MKiAJIBUX BUKUiB, BUKOPHUCTAHO
MaTeMaTU4Hi MOJEJi JUHAMIKY MTOIIMPEHHS KOHLIEHTPAaliil 3a6pyaHeHb BHACIIILOK MIKiIJIMBUX BUKULIB Y

BUXJIOITHUX ra3axX aBTOTPAHCIIOPTY Y BUIJISTi Pi3HUILIEBUX PiBHSIHb, 10 € aHajoramu audepeH1iialbHUX PiBHSIHbD B



YaCTUHHUX MOXiJHUX, METOAU OOUMCIIIOBAILHOI MAaTEMATUKU — IJ1s1 TOOYZ0BU i pO3B’si3aHHS PiBHSIHb Audy3ii B
I'PYHTI Ta IPYHTOBUX BOZAX, SIKi SIBJISIOTH COO0I0 OKpeMuUl Bu, NN epeH1ialbHOro PiBHSIHHS B YaCTUHHUX MTOXiTHUX.
MeTonu 06'eKTHO-Opi€HTOBaHOI NapagurMy MporpaMyBaHHs Ta METOIY TEOPIi aIrOPUTMIB 1J1s1 IOOYA0BU
MIKpOCEPBiCHOI apXiTeKTypH Ta peasizauii nporpaMHoro 3abesnedeHHs. HaykoBa HOBM3HA OTPMMAHUX PE3YJIbTaTiB.
Y Mexax gucepTauiiiHol po60TH BIepLIe: 3alIPOIIOHOBAHO Ta OOIPYHTOBAHO METOJ, MAaTEMAaTUYHOTO MOZEJIIOBAHHS
npolieciB 3a0pyIHEHHS I'PYHTIB WIKiJINBUMU BUKUJAMU BUXJIONIHUX Ia3iB aBTOTPAHCIIOPTY, KU, Ha BiIMiHY Bif,
icHy10uMX, I'PYHTY€ETbCS HA AU epeHLialbHUX PIBHSIHHSIX B YACTHHHUX [IOXiJHUX i3 IOYaTKOBUMU YMOBaMH,
3a[laHMMU 32 pe3yJIbTaTaMy BUMipIOBaHb KOHLIEHTpalliil 3a0pyIHIOIOUMX PEUYOBHH y Ta30M01i0HOMY CTaHi Ha
[IOBEPXHI I'PYHTIB, 1[0 y CYKYITHOCTi 3a06€3M1e4YnsIo CIIPOILEeHHS IIPOLEeCiB MOJeJII0BaHHS 3a0pyJHEHHS! I'PYHTIB;
PO3p006JIEHO apXiTeKTYPY IPOrPaMHOi CUCTEMMU 1711 MOZEJII0BAHHS IIPOLECIB 3a0pyAHEHHS I'PYHTIB IIKiAJIUBUMU
BMKUJIAMM BUXJIOIIHUX ra3iB aBTOTPAHCIIOPTY, K4, HA BiIMiHY Bif] iCHYyIOUHUX, iHTErpye NIpPOrpaMHe 3a0e311e4eHHs
iHpopMmaliiiHO- BUMIPIOBAJILHOTO KOMILJIEKCY Ta 3aC00H BilOOPa’keHHS MOTOYHOI CUTYAIlLii 1[0/10 3a0pyAHEHHS
I'PYHTIB, 10 Y CYKYITHOCTI 3a0€3I1e4nIO CIIPOIIEeHHS IIPOLIECiB MOJIeII0BaHHs 3a0pyIHEeHHS I'pYHTiB. Habyu
[IOIQJIBIIOTO PO3BUTKY IPOTPAaMHO-TEXHIUHI KOMIIJIEKCH Ta TEXHOJIOTI] 17151 MOHITOPUHTY 3a0pyIHEHHS [PYHTIB, SIKi,
Ha BiIMiHYy Bij] iCHYIOUNX, 320€3I1€YyI0Th ONIOCEPEAKOBAHY OLiHKY KOHLIEHTPALill 3a6pyLHIOIOUNX PEYOBUH Y
I'PYHTax 3a pe3yJbTaTaMi BUMIPIOBaHb KOHILIEHTPAIill ra30MoAiOHUX WIKiIJINBUX PEYOBUH Ha MIOBEPXHi IPYHTIB, 1110
3abe3nevye 3HUKEHHS BAPTOCTI NIPOLECiB KOHTPOJIIO 3a6pyAHEHHS I'PYHTIB; MaTEMaTU4Hi MOZeJli po3noginy
KOHLIEHTPALlii CII0JIyK a30THOI KUCJIOTH Ta CYIIyTHIX COJIEN Y IPYHTaX y BUIJIAL] u(epeHLiaIbHUX PiBHSIHB 3
PO3NOAiITIEHMMHU NTapaMeTPaMU 3a NIOYaTKOBUX YMOB, BUSHAYEHNUX 3a PE3YyJIbTaTaMU BUMIPIOBaHb KOHLEHTPALLiN

IioKCUy a30Ty Y BUXJIOITHUX ra3ax aBTOTPAHCIIOPTY.

2. Object of research: the processes of soil pollution by harmful emissions from automotive transport. Research
goal: to enhance efficiency and simplify the procedures of modeling soil pollution processes due to harmful
emissions from automotive transport by developing mathematical and software solutions for monitoring soil and
groundwater pollution, specifically focusing on compounds formed through the diffusion and interaction with
water of nitrogen dioxide. Research methods: the following methods were employed in the research: system
theory and interval analysis methods for modeling and forecasting the spread of concentrations of harmful
emissions. Mathematical models of the dynamics of pollution concentrations resulting from harmful emissions
from vehicle exhaust gases were represented as difference equations, analogs of partial differential equations.
Computational mathematics methods were used to construct and solve diffusion equations in soil and
groundwater, a specific type of partial differential equation. Object-oriented programming paradigm methods and
algorithm theory methods were applied for building a microservices architecture and implementing software.
Scientific novelty: within the dissertation work, the following novelties were introduced for the first time: a
method of mathematical modeling of soil pollution processes by harmful emissions from vehicle exhaust gases
based on partial differential equations with initial conditions determined by measurements of pollutant
concentrations in gaseous form on the soil surface. An architecture for a software system for modeling soil
pollution by harmful emissions from vehicle exhaust gases was developed, integrating software with an
information-measuring complex and means of displaying the current situation regarding soil pollution, simplifying
the modeling processes. Further developments include software and technical complexes and technologies for
monitoring soil pollution, providing an indirect assessment of pollutant concentrations in soils based on
measurements of gaseous pollutant concentrations on the soil surface, leading to a reduction in the cost of soil
pollution control processes. Mathematical models were developed for the distribution of concentrations of
nitrogen dioxide and associated salts in soils as differential equations with distributed parameters based on initial
conditions determined by measurements of nitrogen dioxide concentrations in vehicle exhaust gases.
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