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Pedepar:

1. InceprauiiiHe NOCTiIPKEHHS [IPUCBIYEHE CTBOPEHHIO MATEMATUYHOTO Ta IIPOIPAMHOTO 3a6€3I1€YEHHS IS
MOJI€JIIOBAHHS NIOMINAPEHHS MIKPOIJIACTUKY B IIPU3EMHOMY Mapi aTMocepy, 10 € aKTyaJIbHAM 3aBHAHHSIM Y
KOHTEKCT] 17106a71bHOr0 3a0pyIHEHHS LOBKIIS MOTiMEepHUMHU YacTUHKaMu. OCHOBHA yBara NMpuiiseThCs OLiHI]
BHECKY aHTPOIIOTE€HHUX JIKEPEJI MiKPOIJIACTUKY, 30KpeMa 00’€KTiB ITOBOIKEHHS 3 TBEPAUMU MOOYTOBUMU
BiIXOaMU Ta AOPOXXHbOI iIHPPACTPYKTypH, B aTMOCPEpHE HABAHTKEHHSI Ha IIPUJIETJIi EKOCUCTEMHU.
3anponoHOBaHO MaTEMATUYHY MOZEJb, TOOYNOBaHY Ha OCHOBI PiBHSHHS aABeKUii-nudysii-peakuii, 1ka BpaxoBye
[IpOLIeCy IIEPEHOCY MIKPOIJIACTUKY MOBITPSIHUMY [TIOTOKaMU, TYpOyJIEeHTHE PO3CiIOBaHHS Ta MEXaHi3MM OCa[KEeHHS.
3 MeTo10 HajlalITyBaHHSI MOJIeJli B yMOBaxX 06MesKeHOi BUGIpKY BUMIPIOBaHb PO3pO0JIEHO METO], aialITUBHOTO
KOPUTYBaHHS TapaMeTpiB 3 BUKOPUCTAHHSM riOpUAHMX METOMIB ONTUMIi3allii Ta iHTepBaIbHUX OLiHOK. Y PO6OTi
3aMpONOHOBAHO KOMOIHOBAaHMI MifXiz, 0 360py i 06POOKU JaHUX, SIKUAiA IIO€IHYE Biioip Npo6 MOBITPS B MOJIbOBUX

yMOBax 3 JIabOpaTOpHUMHU BUMipIOBaHHSIMU KOHLEHTpaLill MikporiacTuky. Takuil nigXiz o3BosuB MiHiMizyBaTu



KiJIbKiCTh HEOOXiTHUX eKCIIEPUMEHTIB 6€3 BTPAaTU JOCTOBIPHOCTI MPOTrHO3iB. Pe3ynbTaTom € Mojieni 3
rapaHTOBaHWMM [IPOTHOCTUYHUMU BJIACTUBOCTSIMY, 110 34aTHI QYHKIIOHYBATH 32 YMOB 0OMeskeHoi iHpopmaliii mpo
IIPOCTOPOBUIA PO3MO/Aia 3a6pyAHIOBaYiB. PO3po6ieHi MaTeMaTUYHi MOJieJli OXOILIIOITh TOUYKOBI (IepepobHi
HiANpUEMCTBA), JiHiIHi (ABTOMOOGIJIbHI HIJIIXM) Ta IOBEPXHEB] (CMITTE3BAIMILA) IKEPeJa BUKUIIB MIKPOIIACTUKY.
Bonu BpaxoBy10Th (i3W4Hi XapaKTEPUCTUKU MiKPOIJIACTUKY, METEOPOJIOTiYHI YMOBH, pesibed MicLeBOCTi Ta
BJIACTUBOCTI MiICTUJIAI0Y0] TOBEPXHI, IO Ja€ 3MOTy OTPMMYBAaTH MPOCTOPOBO-4aCOBUI IIPOTHO3 KOHLIEHTPaLii
3a0pyJHEHHS B HAaBKOJIUIIHBOMY CEPENOBUIL. Y MeXax NUCEPTaLifHOrO IPOEKTY CTBOPEHO CIIelliali3oBaHe
IIpOrpaMHe 3a6e3MevYeHHs 3 BiTKPUTOIO apXiTEKTYPOIO, 10 BKJII0YA€ MOYJIi YMCEJIbHOTO PO3B'I3aHHS PiBHSIHB,
Bizyasizariii pe3ysbTatiB, 00pOOKY BUMipIOBaHb Ta aalITUBHOTO HAJIAIITYBaHHS Mojiesell. [[porpaMHUi KOMILIEKC
iHTerposaHo 3 reoindopmauiinumu cucremamiu (I'IC) 11 OTpPUMaHHS aKTyaJIbHUX €KOJIOTTYHUX JAHUX Y PESKUMI
PEaJIBHOTO 4Yacy, 10 3HaYHO PO3IIMPIOE MOXKJIMBOCTI BUKOPUCTAHHS CUCTEMU B IPUKJIAHUX 3aBIAHHSX
MOHITOpUHTY. TaKOXK CIIPOEKTOBAHO Ta PEasi30BaHO MOPTATMBHY BUMIPIOBAaJIbHY CTaHIIiIO, IKa [IOE€IHYE araparHi
3acobu 300py JaHuX 3 po3po6JIeHNUM MTPOrpaMHUM 3a0e3I1eYeHHSIM, 3a0e3I1edyiour aBTOHOMHeE (QYHKIIOHYBaHHS B
II0JIbOBUX YMOBAX Ta Nlepejiady pe3yJIbTaTiB O LIeHTPaJbHOTO MOAYJIsi 00poOku. HaykoBa HOBU3HA POOOTH IOJISITAE
B OOI'PYHTYBaHHi Ta peasizallii KOMGiHOBAHOTO METOJY iHTEPBAJIbHOTO OL[iHIOBAHHS KOHLEHTPALlil MiKpOILJIACTHUKY,
110 3a6e3Ievyye 3MEHIIEHHs 00CATy BUMIPIOBaHb JJ1g MOOYA0BU MOeeil. Briepiue 3arrpornoHOBaHO METO],
aZlaniTUBHOTO HaJIAIITYBaHHS IapaMETPiB MaTEMaTUYHUX MOJIEJIEN i3 BUKOPUCTAHHSAM TiOpUIHUX METOZIB
onTuMisallii, o 3a6e3nevye BUCOKY TOUHICTb IIPOTHO3iB 32 yMOB OOMEXEHUX AaHuX. [IpakTUUHe 3Ha4EeHHS
Pe3yJIbTaTIB MOJIATa€ Y CTBOPEHHI KOMITIOTEPHOI CUCTEMU 1181 MiATPUMKHU €KOJIOTIYHOTO MOHITOPHHTY, sIKa
1103BOJIsI€ €(PEKTUBHO OLIIHIOBAaTH BIIJIMB OKPEMUX IPKEpeJl Ha PiBeHb 3a0pyIHEHHS aTMOCHEPH MiKPOILIIACTUKOM Y

KOHTEKCTi IPUUHATTS pillleHb Y cPepi OXOPOHU JOBKIJIISL.

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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