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Aiinumosa I'.O. MoaenioBaHHS €KOJIOTIYHUX MPOIIECIB HA OCHOBI JIBOKPOKOBOTO
CUMETPU30BAHOTO  PI3HMIIEBOTO  aJITOPUTMY Ta  CYNMYTHUKOBUX JaHHUX. -
KBamidikariitHa HaykoBa Ipailsi Ha MpaBax PyKOIHCY.

Huceprtamiss Ha 3700yTTS HAYKOBOTO CTymeHsS JoKTopa dimocodii 3a
cnemianpHicTiO 113 «IIpukmagna marematuka» (11 — MaTemaTuka Ta CTaTUCTHKA). —

KuiBcrkuit HamionanbHuii yHiBepcuteT iMeHi Tapaca IlleBuenka, Kuis, 2021.

Exomoriuni npo6yieMu MIaHETH € aKTyaJIbHUM 00’ €KTOM JOCIIIKEHb, OCKIIBKH 3
KO>KHUM POKOM 3POCTAa€ aHTPOIIOT€HHUM BILIUB Ha JTOBKULJIS 1 301JIbITY€THCS KIJTBKICTh
HaJ3BUYaHUX cuTyamiil. OpHiero 13 cepho3HUX TMpolsieM € 3a0pyaHEHHS
aTMocepHOro moBITps. JlJI1 MOHITOPUHTY €KOJIOTIYHMX MpoOJieM Yy CBITI Ta
€KOJIOTIYHOTO TIPOrHO3YBaHHS MPOIIECIB y aTMOCc(epl BUKOPUCTOBYIOTh MaTeMaTHUHI1
MOJIeJIl 3 MPOCTOPOBO-PO3MOAICHUMH MapaMeTpaMu, JUIsi poOOTH SIKMX HEOOXI1JHI
BIJINIOBIJIHI BX1JIHI JJaH1 — TOYAaTKOBUH CTaH 1 KpalioBl yMOBU. AKTyaJIbHUM MUTAHHAM
€ BUKOPUCTaHHS caMe peaJIbHUX BXIJHUX JIaHUX Ta IX KOPEKTHa 1HTEepIpeTalis npu
MOJICJIFOBaHH1 BIJMOBIJHUX TMpOIECiB. B ocTaHHI poKM 3 3amyCcKOM HpOrpaMu
Copernicus €BpoIEHCHKOT0 KOCMIYHOTO AareHTCTBA Ta AaKTUBHUM PO3BHTKOM
JTUCTAHI[IMHAX Ta HAa3eMHUX CHCTEM CIIOCTEPEKEHb 3’ SIBUJIMCh HOBI JKeperna
00’€KTUBHHUX JaHUX, Kl MOXHa ACHUMIIIOBAaTH B MOJIENII €KOJIOTTYHUX MPOIIECIB 1
T1JIBUIIYBAaTH TOYHICTh MIPOTHO3YBAHHS PO3BUTKY MPOIIECIB MEPEHOCY 3a0pyTHEHHS B
aTMocdepi. 3acToCyBaHHS TAKUX MOJIEIIEH JIJIsl BEIMKUX TEPUTOPI MOTpedye 3HAUHUX
OOYHCITIOBAILHUX PECYpCiB Ta po3mapajellioBaHHs po3paxyHKiB. BHacmigok mporo
BUHHUKAE TOTpeda BIOCKOHAJICHHS ICHYIOUMX MATEMaTUYHUX MOJENIECH MIITXOM
30UIBbIICHHS iX IMIBUAKOMII, ajxanTarlii 10 0araTompoleCOPHUX OOYHMCITIOBATHHUX
pecypciB, a TaKOXX HAJlarOJDKEHHS Cy4aCHUX XMapHUX TEXHOJOTIH JuIs  1X
BUKOpHUCTaHHSA (Takux ik Amazon Web Services).

Haii01s1b111 3HaYH1 Ta YCHIITHI pe3yJbTaTH B 001aCTI MOJICTIOBAHHS €KOJIOTTUHUX

MPOIIECIB, Kl OMUCYIOTHCA CHUCTEMaMHU PIBHSHB MEPEHOCY Ta CUCTEMaMH DPIiBHSHD
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Hap’e-Crokca Oynu oTpumasni B poboTtax 3akopaonaux aBropiB Hene Illlysipt, Eneiin

[opuoOatii-Jlyi, Mimenb ne bpyacis, a Takox B podotax ykpaiHchkux aBTopiB C.I.
JIsmka, A.fl. bomOum, B.II. Mareituuk 13 BHKOPHUCTAHHSIM Ha JBOKPOKOBOTO
cuMeTpu3oBaHoro pizHuiieBoro aaroputMmy ta O.1O. I'pumenko, B.B. OHoupbkuii ta
iH. IIpoTe 3 pO3BUTKOM HOBITHIX TEXHOJIOT1H BHHUKAIOTh 1 HOBI JDKepelia JTaHHX.
30KkpeMa, KOPUCHUMU B 3aj]a4ax MOJICTIOBAHHS MEpEeHECEeHHs 3a0pyIHUKIB Y MOBITPI €
CYITyTHHMKOBI J1aHl SIKOCTI MOBITps Sentinel-5p, siki y BUIBHOMY JOCTYI 3’ SBHJINCS
mume 'y 2018 poui 3aBasku mporpami €BpONEHCHKOr0 KOCMIYHOTO areHTCTBa
Copernicus. CynmyTHHKOBI JaHi CTaOUIbHO HAAalOTh 1HGOPMALIO MPO CTaH SIKOCTI
MOBITPA, HA BIIMIHY BijJ HA3€MHHUX CTaHIIH, OCKUJIbKM Ha3€MHI CTaHIII1 JIOKaTi30BaH1
31€0LTBIIIOT0 y BEIMKUX HaceJeHUX MyHkTax. Ham mpoGiemMoro CTBOpEHHSI METO/IB

CYIyTHUKOBOTO €KOJIOTIYHOTO MOHITOPHHTY aTMochepu mpamorTts E. Gerasopoulos,
Giuseppe Zibordi, a B Ykpaini I'. Mininescekuii, H. Kyccyinb, A. IllenaectoB Ta i,

3 €KCHOHEHLIMHUM 301IbIIEHHSIM 00’ €MIB CYITyTHUKOBUX JaHUX BHHHKAE MOTpeda y
po3po0Ill ONTHMI30BAaHUX MaTEMAaTUYHUX MOJIeNIed Ta YJOCKOHAJICHHI METOMIB
CHIJIBHOTO BUKOPHUCTAaHHS CYITyTHUKOBUX Ta MOJEHbHUX maHux. OJHOYACHO
BUHUKAIOTh MUTAHHS NIJIBUIIECHHS TOYHOCTI 1 30UJIBIIEHHS IIBUAKOIIT MOJEITIOIOYUX
anroputMmiB. OHUM 13 €(PEKTUBHHMX INUIAXIB PO3B'A3yBaHHS MPOOJIEMH IIBHUIKOIIT
QITOPUTMIB € 3aCTOCYBaHHsS 0OaraTonpolECOPHUX OOYMUCIIOBAIBHUX CHCTEM abo
CyJacHI XMapHi TEXHOJIOTIi, 30kpeMa Taki sk Amazon Web Services.

JlocBij 1okasas, 1m0 OUTBIIICTE METO/IIB PO3B’I3YBAHHS MPUKIIATHUX 3a/1a4, SIK1 €
e(DeKTUBHUMHU Ha OJHOINPOIICCOPHUX CHUCTEMax - Majioe)eKTUBHi, ab0 1 30BCIM
HETPUIATHI JIJI1 BUKOPUCTAHHS Ha 0aratorpoiecopHuX KOMIUIeKcax. 30KpemMa CXeMHU
Mak-Kopmaka, bpainoBcekoi, Jlakca-Bennpodhda, Anena-Uena, [lrodopra-
O®paHkiieHa Ta HU3Ka 1HIMMX. [[e MOSICHIOEThCS THUM, IO YWCENIbHI METOJHU, SKi
BUKOPUCTOBYIOTHCS Ha 0araTOMPOIIECOPHUX CHUCTEMax MOBHHHI 3aJ0BOJBHSATH BCIM
yMOBaM KOPEKTHOCTI Ta TOYHOCTi: alpOKCUMYyBaTH IIOCTaBJICHY 3ajady, OyTH
CTIMKHUMH, BigoOpa)kaTh 3aKOHHU 30€PEKCHHS Ha CITKOBIM MHOXKHHI, 3aJI0BOJIBHSATH
NOTPiOHY TOYHICTH Ta OyTH €(PEKTUBHUMHU MO IIBHUJIKO[Ii, HA KO)XHOMY OKPEMOMY

npouecopi, Tomo. KpiM TOro BOHM TIOBUHHI OyTM e€(QEKTUBHUMHU MpU



po3mnapayieTIOBaHH.

Benukuii Bkiam y BUBYEHHS BIIACTUBOCTEH Ta TOOYAOBY PO3B'S3KY CHCTEM
PIBHSIHb TEepeHoCcy, 30KkpeMa cuctemMu piBHsSIHb Hap’e-Crokca, BHecnu O. A.
Jlanuxenceka, P. Temam, JIx.-JI. Jlionc, I1. Poyy, I'. I. Mapuyk, O.A.Camapcbkuii Ta
ix yuHi. Inei 3ampononoBani B po6orax M.M.fnenko Ta O.M.benonepkoBCbKOro
ollepKaJId  TMOJAJBIIMK  PO3BUTOK MPU  3aCTOCYBaHHI Ha  MapajielIbHUX
OOYHCITIOBAILHUX KoMIUlekcax. [lpm moOymoBi anroputMiB Jjs THapajelbHHUX
OOYHUCITIOBAILHUX KOMILJIEKCIB BCE IIMPIIE MOYaId BUKOPUCTOBYBATUCH JTBOKPOKOBI
pizHuneBl  angroputMu. CBiifi  PO3BUTOK B  HAmpsMKY 3aCTOCYBaHHA [0
0araTonpoUecOpPHUX CHUCTEM, OJEpKaB TAKOX 1 JBOKPOKOBHUHA CHUMETPU30BAHMIA
aJITOPUTM.

He3Bakatoum Ha JOCTaTHBO BEJIUKY KUIBKICTH pOOIT, 3allUTH HAYKOBOIO Ta
CYCIIIJIBHOTO PO3BUTKY BHMMAaraloTh OUIBLI IIMPOKOIO 3aCTOCYBAaHHS CY4YacHHUX
0araTonpoIecOpHUX KOMIUIEKCIB 1 HOBUX JKEPEI JaHHUX, a OTKE, 1 pO3pOOKH HOBHUX
QITOPUTMIB YHCEJIBHOIO MOJIEIIOBAHHS BIJIOBIIHUX MPOILECIB, & TAKOXK PO3IIUPEHHS
3aCTOCYBaHHS JAHOIO MaTEMaTHUYHOTrO amapaTy JJis OUIBLIOrO CHEKTPY HMPUKIATHUX
3a/lay, 30KpeMa JI0 MOHITOPUHIY Ta MOJEIIOBAHHS E€KOJIOTITYHOTO CTaHy MICT 3
BUKOPUCTAHHSAM CYIyTHUKOBUX JIAHUX B SKOCT1 BX1JIHUX JaHHX.

Metoro aucepTaliiHOrO MJOCTIIKEHHS € BIOCKOHAJIEHHS MAaTeMaTUYHOIO
amapary MOJIETIOBaHHS TPOLECIB MEPEHOCY IUIAXOM pPO3pPOOKH JBOKPOKOBOTO
CUMETPU30BAaHOT0 AJITOPUTMY Ta 3aCTOCYBaHHS CYNMYTHUKOBUX J@HUX, IO JacCTh
MOXKJIUBICTh ITABUILMUATHA IIBUAKOMIFO Ta TOYHICTH MOJECIIOABAHHS ILIIXOM
BUKOPHUCTaHHA 0araTornpolecoOpHUX 0OUHUCIEHb 1 T€ONPOCTOPOBUX JIAHUX.

[TocTaBineHa Mera O0OyMOBIIIOE HEOOXITHICTH PO3B’SI3yBaHHS TAKUX OCHOBHHUX
3ajad4:

- IpOoaHaJli3yBaTH HasiBHI METOJM YHCEIHHOIO MOJETIOBAHHS PO3MOBCIOKCHHS
3a0pyaHIOBAYiB y MOBITPI;

- oOyAyBaTH aJIrOPUTMHU PO3LICIUIEHHS 3a MPOCTOPOBUMHU HAIpsSIMKamMHu 3

BUKOPHUCTAHHAM JABOKPOKOBO-CUMCTPHU30BAHOTO AJITOPUTMY,
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- IOCTIIUTA Ta TEOPETUYHO OOIPYHTYBaTH OCHOBHI  OOYHMCIIOBaJbHI

XapaKTePUCTUKU METOIB: IOPSAIAOK allpOKCUMAIlii, ICHyBaHHS pO3B’S3KY;

- IPOAHaJI3yBaTH MOXJIMBOCTI pO3IapaielioBaHHs MOOYJ0OBaHUX aJITOPUTMIB;

- QJIaNTyBaTH JBOKPOKHI-CUMETPU30BAHHUM AJITOPUTM JJIi MOJEIIOBAHHS PyXy
3a0pyaHIOBaya B atMocdepi;

- peali3yBaTH 3alpONOHOBAaHUI METOJA JIi YHUCEIBbHOTO MOJIEIIOBAHHS PYXY
3a0pynHIOBa4a B arMocdepi i3 BUKOPUCTAHHSM JaHUX 13 CYNMYTHUKIB B SKOCTI
MOYAaTKOBUX YMOB;

- MpoaHali3yBaTU TOYHICTh BUKOPUCTAHHS MOJENI JJIsl 3MOJIEIbOBAHOTO PyXy
3a0pyIHIOBaya MOBITPs, BUKOPUCTABIIIN aHAJIOTIYH1 pealibHI JJaH1 13 CyIyTHUKY.

B nuceprariii Briepiie oTpuMaHi Taki HOBI HAYKOBI pe3yJibTaTH:

- BIepuIe po3po0JEHO JABOKPOKOBUI YHCEJIBHHM aJIrOpUTM 3HAXOJKEHHS
pPO3B’SI3Ky  3a7adl  YHMCEJIIbHOTO MOJENIOBaHHS IydKa THUIIy TIayCIBCbKOTO
BUIIPOMIHIOBaHHS B YMOBaX TEIUIOBOI'O CaMOpO3IrpiBy cepenoBuila. BcTaHoBieHO
YMOBU ICHYBaHHS Ta €IHOCTI PpO3B’SI3Ky pI3HULEBOI CHCTEMH, 1 MOPSIAOK
arpoKCHUMAIlii;

- BHepuie po3po0JEHO JABOKPOKOBUI UYHCEIBHHM aIrOpUTM 3HAXOKECHHS
PO3B’SI3KIB MOYATKOBO-KPaOBUX 3a7a4 JIsl CUCTEM MEPEHOCY (CUCTEM MapadoiyHuX
PIBHSIHB JAPYTOro MOPSAKY 0€3 MIMIaHUX MOX1JHUX), OPIEHTOBAHUM HA BUKOPUCTAHHS
0araTonpouecOpHUX KOMIUIEKCIB. BCTaHOBIEHO YMOBHM ICHYBAaHHSI Ta €IHOCTI
PO3B’SI3KYy PI3HUIIEBOT CUCTEMH, 11 OPSATOK allPOKCUMAITiT;

- BHepuIe MMOOYI0BaHO MOAENb Ta 1H(OPMAIiHy TEXHOJOII0 aCHUMUISIIT
CYIIyTHUKOBHMX JaHUX B MOJEJNb MEpEeHocy 3a0pyaHioBada B NOBITpi. Po3pobienuii
anropuT™ e(PeKTUBHUMN SISl BUKOPUCTAHHS y THX BUIAJKaX, KOJU HEOOX1THO OI[IHUTH
SKICTh IOBITPS HE JIMIIE B MICTaX, a INI00AIBHO y CBITI UM HA PiBHI MEBHOI KPaiHH;

- A0BeleH0  3Hauynlicte  BukopuctanHs  JlC-anroputmy 1m0 3amadi
PO3MOBCIOJKEHHST 3a0pYyIHEHHSI TOBITPSI NUISIXOM OINIHKKA TOYHOCTI MOJIEITIOBAHHS
KOHLIEHTpallli 3a0py/IHIOBa4a B MOBITPI;

- BIiepllle pPO3B’s3aHa 3ajlaya MOHITOPUHTY SIKOCTI TIOBITpS B MICTI 3

BUKopucTaHHsaM [{C-anroputmy Ta BU3HAYEHHS 1HAMKATOPIB L1JIEH CTAIOr0 PO3BUTKY



JUIS aHaMI3y CTYMEHIO Aerpaalii 3eMi.

- BIIepIlle 3MOJIETHOBAHO 3B 30K MIX EKOJOTIYHUMH TPOIecaMu Jerpajartii
36MHOr0 TIOKpPUBY (30KpeMa, 1€ CHAJIIOBAHHS CTEPHI Ha CUIbLCHKOTOCIOAAPCHKUX
MOJISIX ) Ta 3MIHOIO SIKOCTI1 MOBITPSI.

JucepraitiiiHe JOCIIKEHHSI BAKOHAHO B MEKaxX HAYKOBOi TeMH “MareMaTtuyHe
MOJICTIOBaHHSI Ta ONTHUMI3allisl JUHAMIYHUX CHCTEM JJii OOOpOHH, €KOJIOTii Ta
meaumman” (Ne Jlepxpeectpamii 0119U100337).

[IpakTyHa IHHICTh MOJSTAE B TOMY, 1110 3alIPOIIOHOBAHI B JAMCEpTallli METOAU
BUKOPHUCTAHO MIPU OOUMCIECHH] 1HANKATOPIB LILJIEH CTATIOr0 PO3BUTKY B MEXKaX MPOCKTY
ERA-Planet Horizon-2020.

3a Marepianamu aucepTaiii omy0JaikoBaHo 16 poOit, 3 skux 6 — 1e cTaTTi y
KypHajax 1 301pHHKaxX HayKOBUX Mpallb, 10 BXOAATH JI0 MEpeiiky (paxoBUX BHUJIAHb
3arBep/keHuXx MOH VYkpainu 3a crnemiayibHICTIO AucepTallii abo y MepiogudyHuX
BHJIAaHHAX 1HO3eMHUX JiepKaB (1 3 HuX 0e3 crmiBaBTOpPIB, 1 BKIIOUEHA 10 MDKHAPOIHOT
HaykoMmeTpuuHoi 6a3u SCOPUS Ta 2 no 6a3u Web of Science), ta 10 — nmyOumikarii y
Matepianax KoHdepeHiii (y ToMy Yucii, MIXKHApOIHUX).

Karw4yoBi coBa: wmaTreMaTwuHi MOJIeNll  PO3MOBCIOKEHHS 3a0pyJHUKA,

JIBOKPOKOBUM CUMETPU30BAHUN aJTOPUTM, CYITyTHHKOBI JaHi.



ANNOTATION

Yailymova H. Modeling of ecological processes based on two-step symmetrized
difference algorithm and satellite data. - Qualifying scientific work, the manuscript.

PhD thesis in the field of knowledge 11 Mathematics and Statistics in specialty
113 Applied mathematics. — (11 — Mathematics and statistics). — Taras Shevchenko
National University of Kyiv, Kyiv, 2021.

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. As a result, there is a need to improve existing
mathematical models by increasing their performance, adapting to multiprocessor
computing resources, and adapting modern cloud technologies for their use (such as
Amazon Web Services).

The most significant and successful results in the field of modeling of ecological
processes, which are described by systems of transfer equations and systems of Navier-
Stokes equations, were obtained in the works of foreign authors Nele Schuwirth, Elaine
Shornobay-Louis, Michel de Bruasia, as well as in Ukrainian authors S.I. Liashko,
A.Ya. Bomba, V.P. Mateychik using a two-step symmetrized difference algorithm and

O.Yu. Gryshchenko, V.V. Onotsky and others. However, with the development of new
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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. One effective way
to solve the problem of algorithm performance is the use of multiprocessor computing
systems or modern cloud technologies, such as Amazon Web Services.

Experience has shown that most methods of solving application problems that are
effective on single-processor systems are inefficient or completely unsuitable for use
on multiprocessor systems. In particular, 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.

A great contribution to the study of the properties and construction of the solution
of systems of transfer equations, in particular systems of Navier-Stokes equations, was
made O.A. Ladyzhenskaya, R. Temam, J.-L. Lyons, P. Roach, GI Marchuk, OA
Samarsky and their students. The ideas proposed in the works of MM Yanenko and
OM Belotserkovsky were further developed when used on parallel computing systems.
When constructing algorithms for parallel computing systems, two-step difference
algorithms began to be used more and more widely. The two-step symmetrized

algorithm also received the development in the direction of application to



multiprocessor systems.

Despite the large number of works, the demands of scientific and social
development require greater use of modern multiprocessor systems and new data
sources, and hence the development of new algorithms for numerical modeling of
relevant processes, as well as expanding the use of this mathematical apparatus for a
wider range of applications. to monitor and model the ecological condition of cities
using satellite data as input data.

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.

This goal necessitates the solution of the following main tasks:

- to analyze the available methods of numerical modeling of the spread of
pollutants in the air;

- to build algorithms of splitting on spatial directions with use of two-step-
symmetrized algorithm;

- to investigate and theoretically substantiate the main computational
characteristics of methods: the order of approximation, the existence of a solution;

- to analyze the possibilities of parallelization of the constructed algorithms;

- to adapt a two-step-symmetrized algorithm for modeling the movement of
pollutants in the atmosphere;

- to implement the proposed method for numerical simulation of the movement of
pollutants in the atmosphere using data from satellites as initial conditions;

- to analyze the accuracy of using the model for the simulated movement of the
air pollutant, using similar real data from the satellite.

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" (Ne
State Registration 0119U100337).

The practical value is that the methods proposed in the dissertation were used in
the calculation of indicators of sustainable development goals within the project ERA-
Planet Horizon-2020.

Based on the dissertation, 16 works were published, 6 of which are articles in
journals and collections of scientific papers included in the list of professional
publications approved by the Ministry of Education and Science of Ukraine in the
dissertation or in periodicals of foreign countries SCOPUS databases and 2 to the Web

of Science database), and 10 - publications in conference proceedings (including
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international ones).

Key words: mathematical models of pollutant propagation, two-step

symmetrized algorithm, satellite data.

CIIMCOK NMMYBJIKAIIN 3JIOBYBAYA:

Haykoei npaui, 6 aAkux onyonikoeani 0CHO8HI HAYKO0GI pe3yibmamu oucepmauii:

1. 3aropoans I'.O. 3actocyBanus JIC-anroputmy 10 po3B’si3yBaHHS CUCTEM
MOYaTKOBO-KpaioBUX 3aaau nepenocy / I'.O. 3aropoans / XKypHan o6uucioBaibHOI
Ta npukiaaaHoi matematuku. — 2016. — T. 1, Nel121. — C. 48-53.

3n00yBaueM 3anpornoHoBaHo Moaudikamio JC-anroputmy s 1noOyI0BU
YUCEJIBHOTO PO3B'A3KY CHUCTEM MapaboIiyHUX piBHSAHB. [IpoBeneHO MOCIHiKEHHS
JAHOTO aJTOPUTMYy, BKa3aHO Ha MOro TMepeBard Iepes IHIUMH aHAIOTTYHUMH
AITOPUTMAMH.

2. JIsmko C.I. IIpo oMH CKIHUEHHO-PI3HUIIEBUI aITOPUTM MOJCITIOBAHHS
npoiieciB kiHeTuku aacopOiii / C. 1. Jlsmko, O.1O. I'puienko, B.C. ®enoposa, I'.0O.
3aropoaus // Jlonosiai Hamonanenoi Axanemii Hayk Ykpainu. — 2016. — T. 7. — C.
32-37.

3n00yBaueM  3alpoOMOHOBAHO 1 OOIPYHTOBAHO aJTOPUTM  YHUCEIBHOTO
MOJICIIFOBAHHSI HETIEPEPBHUX aICOPOIIIIHUX MPOIIECIB B 6AraToCTyNEHEeBUX araparax.
JlocniKeHO MUTAHHS CTIMKOCTI BITHOCHO 30ypeHHS KOE(ILIE€HTIB PIBHIHb.

3. I'pumenxko O.FO. JIBOKpOKOBHII CHUMETPU30BAaHUN aITrOPUTM JJIS
YUCEJBHOTO MOJICTIOBAaHHS TPOIIECY PO3MOBCIO/KCHHS  BUIIPOMIHIOBAaHHS B
nedopmyrouomy cepenonuiii / O.FO. I'puiienxo, I'.O. 3aropoans, B.B. Onoupkuii //
Bicauk KwuiBcbkoro HarionanbHoro yHiBepcuteTy iMmeHi Tapaca IlleBuenka. Cepis
kibepHetuku. — 2015. — T. 1, Nel5. — C. 8-15.

3n100yBadueM 3aMpONOHOBAHO MAaTeMAaTHYHY MOJEIb, IO OIKCYE TPOIEC
PO3MOBCIO/KEHHSI BUCOKOCHEPTETHYHUX TMy4YKiB BUMPOMIiHIOBaHHS. (I 9rCcenbHOTO
MOJICJTIOBaHHS 3ampornoHoBaHo Mojaudikamito JC-airoputmy, IOCHIIKEHO HOro

OCHOBHI BJIACTHUBOCTI.
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4, Kyccyns H.M. Urban Atlas nist mict Ykpainu Ha OCHOBI CYITyTHHKOBHX

nanux Bucokoro pospizuenHs / H.M. Kyccyns, A.1O. lllenectos, b.4. Sitmumos, JI.JI.
[Iymino, I'.O. Aiinmumona, M.C. JlaBpentok, JI.M. Konoc, JI.B. ITinropozaenska, FO.B.
binoxonceka // Kypnan «Kocmiuna Hayka 1 TexHozoris». — 2019. — T. 25, Ne 6. — C.
51-60. 10.15407/knit2019.06.051 (Web of Science).

3100yBaueM 3alpoONOHOBAHO AJITOPUTM MOOYJOBU MICBKOIO atjacy JUis MicTa
Kuesa 3 po3noaiioM Ha KBapTajiu JjIsl yTOYHEHHS PE3y/IbTaTiB MOJEIIOBAHHS SIKOCTI
B MEXax MicTa.

5. Shelestov A. Cloud Approach to Automated Crop Classification Using
Sentinel-1 Imagery / A. Shelestov, M. Lavreniuk, V. Vasiliev, L. Shumilo, A. Kolotii,
B. Yailymov, N. Kussul, H. Yailymova // IEEE Transactions on Big Data. — 2020. —
Vol. 6, No. 3. —P. 572 — 582. 10.1109/TBDATA.2019.2940237 (Scopus).

3100yBaueM 3alpoOrOHOBAHO BUKOPUCTAHHS 0AraTompoleCOPHUX CUCTEM IS
0OpOOKH BEJIMKUX OOCSTIB CYMyTHUKOBUX JAHUX JIJIsl MOOYIOBU KapTu Kiacudikarii
36MHOTO ITOKPHUBY.

6. AinumoB b.41. Metoau Bu3Ha4eHHS ICTOTHUX 3MIHHUX JUISl OI[IHKH CTaHY
3emHoro nokpusy / b.4. Sitnumos, M.C. JlaBpeniok, A.1O. lllenectos, A.B. KomnoTii,
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Jerpaaarti.
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1. 3aropoans I.0. 3acrocyBanns [IC-anroputMmy 10 po3B’si3aHHSI CUCTEM
MOYaTKOBO-KpaiioBux 3amad mnepenocy / [.0. 3aropomns // Marepiamm XIV
BceykpaiHcbkoi HAayKOBO-TIPAaKTUYHOI KOH(EpPEHIlll CTYAEHTIB, acHipaHTiB Ta
Moyiofux BueHUX «TeopeTnyHi 1 mpukIagHi mpoosemu (Pi3UKH, MaTeMaTHUKUA Ta

iH(bopmaTHKnY, (26-28 TpaBus 2016 p., m. KuiB, Ykpaina). — 2016. - T. 2. — C. 39-41.
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optical and SAR satellite imagery / N. Kussul, M. Lavreniuk, A. Shelestov, B.
Yailymov, G. Yailymova // Earth observation for sustainable development and
security: Materials of reports of the Fifth International Conference “GEO-UA 2016
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3. SAinumoa [.0. 3acrocyBaHHSI KpeaTUBHUX OOYHUCIIEHb Ta MPUHIUITY
PI3HOTUIHOCTI TpH po3B’si3aHHI mnpukimagaux 3amad /[ [.O. Sinuvosa, B.A.
3acnaBcekuii // "Marepianun XV BceeykpaiHCchkol HAyKOBO-TIPAKTUYHOT KOH(epeHIIii
CTYACHTIB, acCIipaHTIB Ta MOJIOAMX BYCHHX «TEOpeTHdYHI 1 MPHUKIATHI TpoOIeMu
G13uKH, MaTeMaTHKU Ta iHpopMaTUKu», (25-27 tpaBua 2017 p., M. Kuis, Ykpaina). -
2017 p.- 1. 2, c. 87-89.

4, Yailymova H. Models and methods in creative computing: diversity and
type-variety principle in development of innovation solutions / H. Yailymova, H. Yang
V. Zaslavskyi // The 3rd International Symposium of Creative Computing (ISCC), (21-
23 wepBus 2017 p., Exeter, England, UK), DOI: 10.1109/ISPAN-FCST-ISCC.2017.81
(Scopus).

5. Aiinumona I'.O. MeTtonu KpayIcOpCUHTY Jisl Bajlijalii KapT 36MHOTO
nokpuBy / I'.O. Sitnumosa, b.S. SitnumoB // 17-a Ykpainceka koH(pepeHiis 3
KOCMIUHUX Jociimkenb. Tesn momnoigeit kondepenuii, (21-25 cepmus 2017 p., m.
Opeca). — K.: 2017 — ISSN 2309-2130. — C. 216.

6. AiimumoBa I'.O. MOXIMBOCTI KpeaTMBHUX OOYMCIICHh Ta 3ajadl
npukiianguoi maremaruku / 1.0. Sitnumona, B.A. 3acnaBcbkuii, . Xowxki //
Kondepentis «CydacHi npo6iaeMu MaTeMaTUYHOTO MOJICJIFOBAHHS, O0UMCITIOBAIBHUX
MeTO/IB Ta iHpopMaIiitHIX TexHooril — 2018». — C. 154-155.

7. AiinumoBa I'.O. Po3mi3HaBaHHS 3€pHOBUX KYJIBTYp IJsi TEPUTOPii
Kazaxcrany / I'.O. Ainumona // 6th Ukrainian Conference GEO-UA aepoxocmiusi
CIIOCTEPEKEHHS B IHTEpPECaX CTAJIOTO pO3BUTKY Ta Oe3meku. — 2018. — P. 139-141.

8. Kussul N. Crop monitoring technology based on time series of satellite
imagery / N. Kussul, A. Shelestov, B. Yailymov, H. Yailymova, M. Lavreniuk, L.
Shumilo,Y. Bilokonska // IEEE 11th International Conference on Dependable
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9. Yailymova H. New opportunities for land use analysis / H. Yailymova, N.
Kussul, A. Shelestov, M. Lavreniukn // IAMO Forum 2020, 24 - 26 June 2020, Online
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10. Bilokonska Y. Losses assessment for winter crops based on satellite data
and fuzzy logic/ Y. Bilokonska, H. Yailymova, B. Yailymov, A. Shelestov, L.Shumilo
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