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Pedepar:

1. Iuceprauiiine nocainKeHHs IPUCBSYEHE CTBOPEHHIO MATEMAaTUYHOTO Ta IPOTPaMHOr0 3a0€3MeYeHHS 1715
MOJeJIIOBaHHS NIOMKPEHHS MIKPOIJIACTUKY B IIPU3EMHOMY Mapi aTMocdepy, o € aKTyaJbHUM 3aBLAHHSIM Y
KOHTEKCT] 71006a71bHOT0 3a0pyIHEHHS JOBKIJIS OJliIMEPHUMHU YacTUHKaMu. OCHOBHA yBara NpuiiseThCsl OLiHIj
BHECKY aHTPOIIOT€HHUX JKepeJl MIKpOIIJIaCTUKY, 30KpeMa 00'eKTIiB IIOBOJKEHHS 3 TBEPJIUMU [106YyTOBUMU
BiIXOJlaMU Ta AOPO>KHBOI iIHPPACTPYKTypH, B ATMOCHEPHE HABAHTAKEHHSI HA MIPUJIETJIi EKOCUCTEMU.
3anpornoHOBaHO MaTeMaTUYHy MOJZEJb, TOOYIOBaHY Ha OCHOBI piBHSIHHS aABeKUii-nudysii-peaxuii, sxa BpaxoBye
IIPOLIECU IIEPEHOCY MIKPOIJIACTUKY MOBITPSIHUMU ITIOTOKaMU, TYpOyJIEHTHE PO3Cil0BaHHS Ta MEXAHI3MU OCaJIKEHHS.

3 MeTOI0 HaJIAITyBaHHS MOJEJ B yMOBaxX 0OMeKeHOI BUGIPKU BUMIPIOBaHb PO3PO0JIEHO METO], aIAITUBHOTO



KOPUTYBaHHSI IapaMeTpiB 3 BUKOPUCTAHHSIM ri6pUIHMX METOIIB ONTUMI3allii Ta iHTepBasbHUX OLiHOK. Y POOOTI
3aIPOIIOHOBAHO KOMOIHOBaHUH Mifxin 10 360py i 00pOOKM NAaHUX, SIKWI MTOENHYE Bifbip Mpo6 MOBITPS B OJILOBUX
yMOBax 3 JIabOpaTOPHUMHU BUMipIOBaHHSIMU KOHLEHTpalill MikporiacTuky. Takuil nigXiz no03B0JUB MiHiMi3yBaTu
KiJIbKiCTb HEOOXiHMX €KCIIEPUMEHTIB 6€3 BTPAaTU JOCTOBIPHOCTI IPOrHO3iB. Pe3yibTaToM € MoJieli 3
rapaHTOBAaHMMU IIPOTHOCTUYHMMU BJIACTUBOCTSIMY, IO 31aTHI PYHKIIOHYBAaTU 32 yMOB 06MexkeHOoi iHpopmaliii mpo
IIPOCTOPOBUIA PO3MO/iI 3a6pyAHIOBaYiB. PO3pobieHi MaTeMaTUyHi MOJieJli OXOILIIOITh TOUKOBI (epepobHi
IiANpUEMCTBA), JiHilHi (aBTOMOOGIJIbHI MIJIIXM) T2 IOBEPXHEBI (CMITTE3BAINILA) AKEpeJla BUKUIIB MIKPOIIACTUKY.
BoHu BpaxoByIOTh (Pi3W4YHI XapaKTEPUCTUKU MIKPOILJIACTUKY, METEOPOJIOTiYHI YMOBH, peJbed MiCLEBOCTI Ta
BJIACTUBOCTI MiICTUJIAI0Y0] TOBEPXHI, IO Ja€ 3MOTy OTPMMYBAaTH MPOCTOPOBO-4aCOBUI IIPOTHO3 KOHLIEHTPALii
3a0pyJHEHHS B HAaBKOJIMIIHBOMY CEPeNoBUIL. Y MeXXax NUCepTalifiHOro IPOEKTY CTBOPEHO Clielliali3oBaHe
IIporpamHe 3a6e3Me4eHHs 3 BiIKPUTOIO apXiTEKTYPOIO, 10 BKJIIOYAE MOIYJI YMCEJIBHOTO PO3B'sI3aHHS PiBHSHbD,
Bi3yasisaii pe3ysbTariB, 06p06KM BUMIPIOBaHb Ta aJANITUBHOTO HAJIAIITYBaHHS Mozesei. [IporpaMmHuii KOMILIEKC
inTerposaHo 3 reoiHdopmauiinumu cucremamu (I'IC) [ OTpUMaHHS aKTyaJIbHUX €KOJIOTTYHUX JAHUX Y PESKUMI
PEaJIbHOTrO 4Yacy, 10 3HaYHO PO3IIMPIOE MOXKJIMBOCTI BUKOPUCTAHHS CUCTEMU B IPUKJIAHUX 3aBIAHHSX
MOHITOPUHTY. TaKOX CITIPOEKTOBAHO Ta PEasi30BaHO IOPTATUBHY BUMIPIOBAJIbHY CTaHILLiIO, SIKA IOEQHYE anlapaTHi
3acobu 300py JaHuX 3 pO3p06JIeHNM MTPOrPpaMHUM 3abe3IeYeHHSIM, 3a6e31e4yiour aBTOHOMHeE (QYHKIIIOHYBaHHS B
II0JIbOBUX YMOBAxX Ta Nepefady pe3ysbTaTiB 10 LEHTPaJIbHOro MOAyJIst 06po6Kku. HaykoBa HOBU3Ha pOGOTH MOJIsITae
B OOI'PYHTYBaHHI Ta peasi3aliii KOMOiHOBAaHOTO METOAY iHT€pPBaJIbHOTO OLIiHIOBAaHHS KOHILIEHTPallii MiKpOIJIACTUKY,
110 3a6e3Ievye 3MEHIIEHHs 00CAry BUMIPIOBaHb JJ18 NOOYA0BU MoJesieil. Briepiue 3arrpornoHOBaHO METO],
aZlanTUBHOTO HAJIAIITYBaHHS IApAMETPiB MaTeMaTUYHUX MOJIeNIe i3 BUKOPUCTAHHSAM riOpUIHUX METOZIB
onTuMizallii, o 3a6e3Mevyye BUCOKY TOUHICTb IIPOTHO3iB 32 yMOB OOMEXEHUX AaHuX. [IpakTUUHe 3Ha4eHHS
Pe3yJIbTaTiB MOJISATa€ Y CTBOPEHHI KOMITIOTEPHOI CUCTEMU 1181 MiATPUMKHU €KOJIOTTYHOrO MOHITOPUHTY, sIKa
103BOJIsI€ €(PEKTUBHO OLHIOBAaTH BILJIMB OKPEMUX IPKEpeJl Ha PiBeHb 3a0pyIHEHHS aTMOC(HEPH MiKPOILIACTUKOM Y

KOHTEKCTi NPUUHATTS pillleHb Y cepi OXOPOHU JOBKIJJISL.

2. The dissertation research is devoted to the development of mathematical and software tools for modeling the
dispersion of microplastics in the atmospheric boundary layer, which is a relevant task in the context of global
environmental pollution by polymer particles. The study focuses on assessing the contribution of anthropogenic
sources of microplastics - particularly municipal solid waste management facilities and road infrastructure - to
atmospheric load on surrounding ecosystems. A mathematical model based on the advection-diffusion-reaction
equation is proposed, which accounts for the transport of microplastic particles by air flows, turbulent dispersion,
and deposition mechanisms. To calibrate the model under conditions of limited measurement data, a method for
adaptive parameter adjustment is developed using hybrid optimization techniques and interval estimation. A
combined approach to data collection and processing is introduced, integrating field sampling of airborne particles
with laboratory measurements of microplastic concentrations. This approach significantly reduces the required
number of experiments while maintaining the reliability of model forecasts. As a result, models with guaranteed
predictive capabilities have been obtained, capable of operating under limited spatial data on pollutant
distribution. The developed mathematical models cover various emission sources, including point sources (e.g.
recycling facilities), linear sources (e.g. roads), and surface sources (e.g. landfills). These models consider the
physical characteristics of microplastic particles, meteorological conditions, terrain relief, and surface properties,
allowing the generation of spatiotemporal forecasts of microplastic concentration in the environment. Within the
framework of the dissertation project, a specialized software system with an open architecture has been created. It
includes modules for numerical equation solving, results visualization, measurement data processing, and adaptive
model calibration. The software is integrated with geographic information systems (GIS) to obtain up-to-date
environmental data in real time, thereby enhancing its applicability for practical monitoring tasks. Additionally, a
portable measurement station has been designed and implemented, combining hardware components for data
collection with the developed software, enabling autonomous operation in field conditions and data transmission
to a central processing module. The scientific novelty of the study lies in the justification and implementation of a
combined method for interval estimation of microplastic concentrations, which reduces the number of



measurements required for model development. For the first time, an adaptive parameter tuning method based on
hybrid optimization and interval analysis has been proposed, ensuring high predictive accuracy under conditions
of limited experimental data. The practical significance of the results is the creation of a computer-based system
for supporting environmental monitoring, enabling effective assessment of the impact of individual sources on
microplastic air pollution in the context of environmental decision-making.
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