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Pedepar:

1. EKosoriuHi mpo6sieMu MIaHETH € aKTyaJbHUM 00'€KTOM JOCJIIKEHb, OCKIJIbKY 3 KOKHUM POKOM 3pOCTa€e
AHTPONOTeHHUM BILJIUB HA JOBKIJJISA i 30i/bLIy€EThCS KiZIbKiCTh HAA3BUYANHUX cUTyalliil. OfHielo i3 cepiio3HuX
po6sieM € 3a0pyIHEHHS aTMOC(EPHOTO MOBITPSI. [1J151 MOHITOPUHTY €KOJIOTiYHUX NIPO6JIEM Yy CBITi Ta €KOJIOTiYHOTO
IIPOTHO3YBaHHS MPOLECiB y aTMOC(epi BUKOPUCTOBYIOTh MATEMATUYHI MOJI€Jli 3 IPOCTOPOBO-PO3NOIiIEHUMU
napaMeTpamy, AJisi poOOTH SIKMX HEeOOXiNHI BiAMOBigHI BXifHi 1aHi — M0YaTKOBUM CTaH i KparioBi yMOBH.
AKTyaJIbHUM [IUTAHHSIM € BUKOPUCTAaHHS CaMe PeaJIbHUX BXiTHUX JaHMX Ta IX KOPEKTHA IHTepIIpeTallis [Ipu
MOJIEJIIOBaHHI BiZJ[TOBiZHUX NPOLECiB. B 0cTaHHi poKu 3 3aryckoM rporpamu Copernicus €BpOIencbLKOro
KOCMIiYHOTO areHTCTBa Ta aKTUBHUM PO3BUTKOM AMCTAHIIHUX Ta HA3€MHUX CUCTEM CIIOCTEPE>KEeHb 3'SIBUIIMCH HOBI

IKepesia 00’eKTUBHUX JaHUX, SKi MOXKHA aCUMIIIOBATH B MOJeJli €KOJIOTYHMX IIPOLIECB i MiBUILIYBAaTH TOYHICTD



IIPOrHO3YBAaHHSI PO3BUTKY IPOLECIB [IepEeHOCY 3a0pyAHEHHS B aTMOc(epi. 3aCTOCYBaHHS TaKuX MoJesel s
BEJINKUX TEPUTOPill NOTpebye 3HAYHMX 0OUNCIIIOBAIbHUX PECYPCIB Ta po3apasesiloBaHHs PO3paxyHKiB. 3
PO3BUTKOM HOBITHIiX TEXHOJIOTiM BUHUKAIOTh i HOBI Ji)KepeJsia JaHuX. 30KpeMa, KOPUCHUMMY B 337ja4ax MOJEJII0BAHHS
nepeHeCeHHsI 3a0pYIHUKIB Y MOBITpPi € CyIyTHUKOBI AaHi SIKocTi noBiTpst Sentinel-5p, siki y BibHOMY pocCTymi
3'aBuincs auie y 2018 poui 3aBasgku nporpami €BponencbKoro KocMiuHoro arenrcrsa Copernicus. CylyTHAKOBI
IaHi cTabinbHO HAZAOTh iH(pOpMAallito ITPO CTaH SIKOCTI IOBITPS, HA BiIMIHY BiJi HA3EMHUX CTaHLi{, OCKiJIbKA
Ha3eMHi CTaHLIji Jl0Kali30BaHi 34€6iIbIIOro y BeJIMKUX HACEJIEHUX ITyHKTaX. Haz mpo61eMol0 CTBOPEHHSI METO/IB
CYIyTHUKOBOTO €KOJIOTIYHOTO MOHITOPUHIY aTMocdepu npanoioTs E. Gerasopoulos, Giuseppe Zibordi, a B VkpaiHi
I'. Mininescokuii, H. Kyccysp, A. lllesiecToB Ta iHIi. 3 eKCIIOHEHLIHUM 306iJIbIIEeHHSIM 06’'€MiB CYIIyTHUKOBUX JAaHUX
BMHUKAE 110Tpeda y po3po0Li ONTHMI30BaHUX MaTEMAaTUYHUX MOJZEJIel Ta yIOCKOHAIEHHI METOJiB CIIiJIbBHOTO
BMKOPHMCTAHHSI CyIIyTHUKOBUX Ta MOJEJIbHUX JaHUX. OIHOYaCHO BUHMKAIOTh IUTAHHS MiIBULIIEHHS TOYHOCTI i
36i7bLIEHHS MBUIKOIII MOT oYX anroputmis. Cxemu Mak-Kopmaka, bpainoscokoi, Jlakca-Bengpodda, Anena-
Yena, Jropopra-OpaHkieHa Ta HU3Ka iHIKX. Lle 0sSCHIOETCS TUM, 1110 YMCEJIbHI METOIH, sIKi BUKOPHUCTOBYIOThHCS
Ha 6araTonpoleCOPHUX CUCTEMaX IIOBUHHI 3aJ0BOJIbHSTH BCIM YMOBaM KOPEKTHOCTI Ta TOYHOCTI: allPOKCUMYBATU
[IOCTaBJIEHY 3a7ia4y, 6yTU CTIMKUMHU, Bifo6paskaTy 3aKOHU 36€pE’KeHHS Ha CiTKOBill MHOXKVHI, 337JOBOJIbHSTU
IIOTPiOHY TOYHICTb Ta 6yTH e(EKTUBHUMU I10 BUIKOAII, Ha KOXKHOMY OKpeMOMY IIpoliecopi, Touo. Kpim Toro BoHu
IIOBUHHI 6yTH e(PeKTMBHUMMU NIpY po3MapasesioBaHHi. MeTol nucepTauiliHoro qOCiI)KeHHs € BIOCKOHAJIEHHS
MaTeMaTU4HOrO anapaTy MOJE/II0BaHHS IIPOLECIB IEPEHOCY LUISIXOM PO3POOKHU ABOKPOKOBOTO CUMETPHU30BAHOTO
QJITOPUTMY Ta 3aCTOCYBAHHS CYNYTHUKOBUX NAHUX, IO JACTh MOKJIMBICTb MiTBUIMUTH MIBUAKOLIIO Ta TOYHICTD
MOZEJII0IBaHHS IIJISIXOM BUKOPHCTaHHS 6araTonpolecoOpHUX O6YKCIIeHb i re0IIpOCTOPOBUX JaHuX. B guceprarii
BIleplIe OTPMMAaHI Taki HOBi HAyKOBi pe3yJIbTaTU: - BIIEpLIE PO3PO06JIEHO JBOKPOKOBUI YMCEIBHUIN aJITOPUTM
3HAXOJPKEHHSI PO3B’SI3Ky 3a/1a4i YMCEJIbHOTO MOJIEJIIOBAHHS ITy4Ka TUILY rayCiBCbKOrO BUIIPOMIHIOBAHHS B YMOBax
TEIJIOBOTO CaMOPO3irpiBy cepenoBullia. BcTaHOBIEHO YMOBU iCHYBaHHS Ta €HOCTI PO3B'S13KY Pi3HULEBOI CUCTEMU,
ii nops MoK ampoKkcuMallii; - Briepiie po3po6JieHO IBOKPOKOBUI YMCEIbHUM aJlTOPUTM 3HaXOPKEHHSI PO3B'sI13KiB
[IOYaTKOBO-KPANOBUX 33]1a4 [JIs CUCTEM IIEPEHOCY (CUCTEM NapaboiuHUX PiBHSHb JPYroro NopsuKy 6e3 MilllaHux
NOXiJJHMX), OPi€HTOBAHUI1 HA BUKOPHCTAHHSI 6araTolnpoLeCcOpPHUX KOMILIEKCiB. BCTAHOBIEHO YMOBM iCHYBaHHS Ta
€IJHOCTi pO3B’3Ky Pi3HULIEBOi crcTeMH, ii MOPSIOK allpoKCUMallii; - Blieplile o0yA0BaHO MOZesb Ta iHpopMaLiliHy
TEXHOJIOTiI0 aCUMIJIALII CYyIIyTHUKOBUX JaHUX B MOJIeJIb IIepEeHOCY 3a0pyHIOBava B NOBITpi. Po3pobiieHuil
aNropuTm e(pEeKTUBHUN 1711 BAKOPUCTAHHS y TUX BUINAJKaX, KOJIA HEOOXiHO OLIiHUTH SIKiCTb MOBITPS HE JIUILIE B
MicTax, a [J106aJIbHO Y CBITi UM Ha PiBHI II€BHOI KpaiHY; - JOBEIEeHO 3HAYYILiCTh BUKOPUCTaHHS [JC-anroputmy 1o
3a/1aui pO3MOBCIOMIKEHHSI 3a0pyJHEHHSI IIOBITPSI IJISIXOM OLIIHKM TOYHOCTI MOJI€/IIOBaHHSI KOHLJ€HTpallii
3a0pyIHIOBaYa B [IOBITPI; - BIEpIIE PO3B’si3aHa 3a7ja4a MOHITOPUHTY SIKOCTI [IOBITPS B MiCTi 3 BUKOPUCTaHHSIM JIC-
aJIrOPUTMY Ta BM3HA4YEHHS IHAMKATOPIB 1iJIEN CTAJIOrO PO3BUTKY 171 aHAJi3y CTYNEHIO Aerpagalii 3eMili. - Briepiue
3MO/1€JIbOBAHO 3B’I30K MK €KOJIOTIYHUMU IIpoLjecaMU Jlerpajallii 3eMHOro IOKPYBY (30KpeMa, 1ie CIalloBaHHSI
CTEpHi Ha CiIbChKOTOCTIOIAPCHKUX TOJISIX) Ta 3MiHOIO SIKOCTi OBITPS. [lucepTaliiiHe AOCTiI>)KeHHsI BUKOHAHO B
ME>Kax HayKOBOi TeMU “MaTeMaTnyHe MOJEJIOBAHHS Ta ONTHMMI3allisl IMHAMIYHMX CUCTEM 111 0OOPOHHU, €KOJIOTii Ta
mepunuHu” (N2 Jepxxpeectpauii 0119U100337).

2. The ecological problems of the planet are a topical object of research, as the anthropogenic impact on the
environment grows every year and the number of emergencies increases. One of the serious problems is air
pollution. To monitor environmental problems in the world and environmental forecasting of processes in the
atmosphere use mathematical models with spatially distributed parameters, which require appropriate input data
- the initial state and boundary conditions. The topical issue is the use of real input data and their correct
interpretation in modeling the relevant processes. In recent years, with the launch of the European Space Agency's
Copernicus program and the active development of remote and Earth observation systems, new sources of
objective data have emerged that can be assimilated into environmental processes and increase the accuracy of
forecasting air pollution. The application of such models for large areas requires significant computing resources
and parallelization of calculations. With the development of new technologies, new data sources are emerging. In
particular, the satellite air quality data Sentinel-5p, which appeared in free access only in 2018 thanks to the



program of the European Space Agency Copernicus, are useful in the tasks of modeling the transport of air
pollutants. Satellite data consistently provide information on the state of air quality, in contrast to ground stations,
as ground stations are located mostly in large settlements. E. Gerasopoulos, Giuseppe Zibordi are working on the
problem of creating methods of satellite ecological monitoring of the atmosphere, and in Ukraine G. Milinevsky, N.
Kussul, A. Shelestov and others. With the exponential increase in satellite data, there is a need to develop
optimized mathematical models and improve methods for sharing satellite and model data. At the same time there
are questions of increase of accuracy and increase of speed of modeling algorithms. The schemes of McCormack,
Brailovskaya, Lax-Wendroff, Alain-Chen, Dufort-Franklin and a number of others. This is due to the fact that the
numerical methods used on multiprocessor systems must meet all the conditions of correctness and accuracy: to
approximate the problem, be stable, reflect the conservation laws on the grid set, satisfy the required accuracy and
be efficient in performance on each processor, etc. In addition, they must be effective in parallelization. The aim of
the dissertation research is to improve the mathematical apparat of modeling transfer processes by developing a
two-step symmetric algorithm and the use of satellite data, which will increase the speed and accuracy of
modeling by using multiprocessor calculations and geospatial data. In the dissertation for the first time the
following new scientific results are received: - for the first time a two-step numerical algorithm for finding the
solution of the problem of numerical modeling of a beam of Gaussian radiation in the conditions of thermal self-
heating of the medium was developed. The conditions of existence and unity of the solution of the difference
system, its order of approximation are established; - for the first time, a two-step numerical algorithm for finding
solutions of initial-boundary value problems for transfer systems (systems of parabolic equations of the second
order without mixed derivatives) was developed, focused on the use of multiprocessor complexes. The conditions
of existence and unity of the solution of the difference system, its order of approximation are established; - for the
first time a model and information technology of assimilation of satellite data into a model of air pollutant transfer
were built. The developed algorithm is effective for use in cases when it is necessary to assess air quality not only
in cities, but globally in the world or at the level of a particular country; - the significance of using the DS algorithm
to the problem of air pollution propagation by estimating the accuracy of modeling the concentration of pollutants
in the air is proved; - for the first time the task of monitoring air quality in the city using the DS algorithm and
determining indicators of sustainable development goals to analyze the degree of land degradation; - for the first
time, the relationship between the ecological processes of land degradation (in particular, the burning of stubble in
agricultural fields) and changes in air quality has been modeled. The dissertation research was performed within
the scientific topic "Mathematical modeling and optimization of dynamic systems for defense, ecology and
medicine" (N2 State Registration 0119U100337).
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