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Pedepar:

1. Monogeup B.B. Po3po6ka TeXHOJIOTiH Ta IPOrpaMHOro 3ab6e3ne4eHHs ONepaTUBHOIO MOHITOPUHTY SIKOCTi MOBITPSI.
- KBanigikauifiHa HaykoBa ITpalsl Ha paBax pykonucy. Jlucepratiis Ha 3000yTTs CTyIleHs foKTopa ¢inocodii 3a
creniasnbHicTIO 121 ImkeHepis nporpamHoro 3abesneyeHHs — JHIIPOBCbKUM HalliOHAJIbHUI YHIBEPCUTET iMEeHi
Onecs l'onvapa, [JHinpo, 2024. CyyacHe CyCIiJIbCTBO CTUKAETHCS 3 HU3KOI0 CEPUO3HUX €KOJIOTIYHMX BUKIIMKIB, 3
SIKMUMU II0B'S13aHi TepMiHOBI 3aBIaHHS 306€pE’KEeHHS eKOCUCTEM Ta OXOPOHU 3[I0POB's yofeil. OnuH i3
HallaKTyaJIbHIIIMX aCTeKTiB UX 3aBIaHb — Lie Ipobyiema 3a6pyIHEHHS MTOBITPS, SKe € CEPHO3HOI0 3arPO3010
rPOMaJICbKOMY 3[I0POB'I0 T CTaHy HAaBKOJIMIIHBOTO CEPEOBUINA. Y 3B'SI3KY 3 LIUM, PO3POOKA Ta BIOCKOHAJIEHHS
iHpopMaLiiHUX CUCTEM MOHITOPUHTIY SKOCTI IOBITpsl HabyBae 0COGJIMBOrO 3HaY€HHS. MeTo0 AaHoi aucepraii

IOCJIiIKEeHHsI, PO3PO0Ka Ta BIIPOBApKEHHs iHpOpMaLlifiHOI CUCTEMU MOHITOPUHTY SIKOCTI [1OBITPSI 3 METOIO



nifABUILEHHS €(PEKTUBHOCTI Ta TOYHOCTI 360py Ta aHasi3y AaHuX. JJOCIiIKeHHs CIIPSIMOBAaHE Ha BIOCKOHAJIEHHS
iCHyI0YMX METOZiB MOHITOPUHTY Ta PO3POOKY HOBUX TEXHOJIOTIYHUX pillleHb 1151 3a06e3leyeHHs! 6i1bll TOUHOTO
BMMipIOBAaHHSI [10Ka3HMKIB SIKOCTI IOBITPsl. Y NIE€PIIOMY PO37iJi IPOBEAEHO BCEOIYHMI aHali3 iCHYIOUMX TEXHOJIOTIH,
CHCTEM Ta HAyKOBUX IIpallb [IOB'SI3aHUX 3 PO3POOKA TEXHOJIOTIH Ta IPOrpaMHOro 3ab6e3ne4eHHs ONepaTUBHOTO
MOHITOPUHTY SIKOCTi NOBITPS. B pe3ysbTaTi oIy iCHy1040ro IporpaMHoOro 3abesneyeHHs: GOPMYETbCS IepeliK
HEeJIOJIKIB, SIKi MAIOTh 3HUKHYTU. Y pe3ysbTaTi GOPMYIOThCSI BUMOTH 10 iHdopMaLiiiHoi cuctemu. [Ipyruil pospin
IIPUCBAYEHO aHAJII3y MOZEJIEN OLHKY SKOCTI [TOBITPs, OIMC iX IlepeBar Ta HeJOJIiKiB, OIIUCYETbCA METO
MIOKpalIeHHsI po60TH MOjieJleil OLiHOK Ta J1aHi, sIKi 6y4yTb BUKOPUCTAHI B TPOLIECi MOJIEe/IIOBAaHHS. Y pe3yJbTaTi
aHaizy 6ys10 o6paHo BukopucTtoByBaTu Mmogesib CALPUFF y noengnanHi 3 meToznoM IDW. Lle 103BoJIsle BpaxOByBaTU
IIPOCTOPOBY 3aJI€5KHICTh KOHIIEHTPalill 3a0pyJHIOIOUNX PEUYOBHH, 0COOJIMBO B 00J1aCTSIX 3 OOMEXEHUM ab0
BiZICYyTHIM MOHITOPUHIOM, Ta MiABUILUTU SKICTb OLiHKA. Y TPDETbOMY PO3[iJli ONUCYIOTHCSA TEXHOJIOTI Ta
apXiTeKTypHi pillleHHs, SKi BUKOPUCTOBYe iHpopmaliliHa cucTema. [IopiBHIOIOTbCS IPOTOKOIMU OOMIHY JaHUX,
apXiTeKTypyu MepesKeBUX IIPOTOKOJIIB, apXiTeKTypy IPOrpaMHOro 3abe3nedeHHs Ta IpoBaiiepu XMapHUX IIOCJIYT.
Posrngnaerscst meHenxep KoHTelHepiB Docker ta mpotokos aBTopusauii OAuth 2.0. OnucyeTbcs o6paHe pilleHHs
y BUIJIS] cepBiCHO-0PieHTOBHOI apxiTekTypu Ta REST (Representational State Transfer) apxiTekTypoio MmepexXeBux
IIPOTOKOJIB. UeTBepTUI PO3iJl IPUCBSIYEHO MOKIJIMBOCTSM IIPAaKTUYHOTO 3aCTOCYBaHHS po3pobJieHoi cuctemMu. B
HbOMY HaBEJIEHO CTEK TEXHOJIOTIHM Ha SIKOMY HalucaHa cucteMma. OnuCyeTbCs CXEMU B3a€MO/Iii KOMIIOHEHTIB
CHACTEMU MDX COO0I0 Ta KOPUCTyBaya 3 cucTtemolo y Burisigi UML-niarpam. HaBenieHi NoKasHUK BiIMOBY,
TPUBAJICTL 3aIUTY MiJ] 4aC CTPEC-TECTYBaHHA CUCTeMU. BKa3aHMil BilCOTOK KOPUCTYBaYiB, AKi IOTEHLINHO
3MO>KYTb 3aBiTaTH 0 po3pobieHoi cucteMu. HaBeneni cxemu po60Ty Mofiesielt Ta pe3ysbTaTu iX po6oTu. BUCHOBKU
IiABOIATD MiICYMKY IPOBEJEHOI pOOOTH, BUOKPEMJIIOIOTh OCHOBHI HayKOBi Ta NPaKTU4Hi 3000yTKU aBTOpa y
po3pobui iHpopMaliliHOI cUCTEeMU MOHITOPUHTY SIKOCTi MOBITps. PO60Ta Mae 3HAYHMII TOTEHLia 17151 I0AAJIbLIIOTO
IOCJIiIKeHHs Ta PO3IKPEHHs y cdepax, e BaKIuBa aBToMaTh3allis 360py Ta 06po6U aHUX, IIOOYIOBU OLiHKY IIPO
CTaH SIKOCTi NOBITpsl. HaykoBa HOBU3HA OflEP>)KaHUX pe3yJIbTATIB [10JIsITa€ y HACTYIHOMY: O OyJla BIOCKOHAJIeHa
MOJI€JIb OLiHKU SKOCTi MIOBITPS MIJIIXOM O0’€JHAaHHS: TOYKOBOI OLIiHKY CTaHy IOBITPsl, OTPMMAaHUX 3i CTaHLiN
Ha3eMHOT0 MOHITOPUHTIY; KiJIbKiCHY OL[iHKY CTaHy MOBIiTpPs (06'eM BUKU/IiB 3a0pYLQHUKIB) 0 0671aCTi
BUKOPHMCTOBYIOUY CYIIYTHUKOBI IaHi; SIKICHY OL[iHKY y BUTJISAZi iIHTEPIOJIALIMNHOI Many iHAEKCY SIKOCTi MOBITPS
11o6yJ0BaHMM IO JAHUM 3 Ha3€MHUX CTaHIIil; JOYTOYHEHHS CTaHy MOBITPsSI B OKPEMO BUIiJIEHUX PErioHax 3a
nonomoroio mopeni CALPUFF, mo Hajae KOMIJIEKCHY OLiHKY SIKOCTi TIOBiTPsSI B 00paHOMY peTioHi; O Briepuie 6yJa
3aIPOIIOHOBAHA apXiTeKTypa CUCTEMHU JIJIsl arperaliii Ta ornepaTruBHOI anpobalii JaHNX Ha3eMHUX CTaHLiN Ta
CYIIyTHUKOBMX 3HIMKIB, 11I0 HAaJjaJI0 MOXJIMBICTh aBTOMATU3YBaTH IpoLiec 300py Ta cepiasnizalii JaHuX 17151 OLiHKU
SIKOCTI IIOBITp4; O BIieplie 6yja po3pobiieHa iHpopmaliiiiHa CUCTEMA, L0 B PEAIbHOMY 4aci arperye aHi 3 CTaHILil
Ha3€MHOT'0 MOHITOPUHTIY, METEOPOJIOTIYHUX JAHUX TA JAHUX IUCTAHLIMHOIO 30HAYBAHHS 3€MJII, 110 IIPUIIBUAIIYE
IIPOLIEC aHasIi3y CTaHy SIKOCTi NOBITPs. [IpakT4He 3HaYEHHS OJE€PKaHUX PE3YJIbTATIB I10JISITA€ Y HACTYITHUX
acleKkTax: 0 BUKOPUCTOBYIOUM iH(OpMaLifiHy CUCTEMY MOHITOPUHTY SIKOCTI I1OBITPSI TPOMasIHY, [Iep>KaBHi Opranu Ta
oprai3zatii 3MO>XXyTb OTPUMYBATH iH(OPMaLIilo PO SIKIiCTh MOBITPS Ta PO AKepeJia NOro 3abpyIHEHHS; O
BizyasizoBaHi iHopMaLifHOIO CUCTEMOIO [aHi PO SIKICTh MOBITPSI CAYTYIOTh iIHCTPYMEHTOM JJ1sI IPUAHSTTS
pimeHs; 0 iHdpopMaliiiHa cucTeMa CIyTrye CXOBUIIEM [J1s1 TAHUX, AJ1s [10JAJbIIOro OKPaIleHHsl po60oTH Mozesei

OLiHKU SIKOCTIi IIOBITPS.

2. Molodets B.V. development of technologies and software for operational air quality monitoring. - Qualifying
scientific work as a manuscript. Dissertation for the degree of Doctor of Philosophy in specialty 121 Software
Engineering - Oles Honchar Dnipro National University, Dnipro, 2024. Modern society is facing a number of
serious environmental challenges, which are associated with urgent tasks of preserving ecosystems and protecting
human health. One of the most pressing aspects of these challenges is the problem of air pollution, which is a
serious threat to public health and the environment. In this regard, the development and improvement of air
quality monitoring information systems is of particular importance. The purpose of this work is to investigate,
develop, and implement an information system for air quality monitoring in which to improve the efficiency and
accuracy of data collection and analysis. The aim of the research is to improve existing monitoring methods and



develop new technological solutions to provide more accurate measurement of air quality indicators. The first
section provides a comprehensive analysis of existing technologies, systems, and research studies related to the
development of technologies and software for operational air quality monitoring. As a result of the review of
existing software, a list of issues that need to be resolved is formed. As a result, the requirements for the
information system are formed. The second section is devoted to the analysis of air quality assessment models,
describing their advantages and disadvantages, describing the method of improving the performance of
assessment models and the data which will be used in the modeling process. As a result of the analysis, it is chosen
to use the CALPUFF model in combination with the IDW method. That allows to consider the spatial dependence
of pollutant concentrations, especially in areas with limited or no monitoring, and to improve the quality of the
assessment. The third section describes the technologies and architectural solutions used by the information
system. Data exchange protocols, network protocol architectures, software architectures, and cloud service
providers are compared. The Docker container manager and the OAuth 2.0 authorization protocol are considered.
The chosen solution is described as a service-oriented architecture and REST (Representational State Transfer)
network protocol architecture. The fourth section is about the practical application of the developed system. It
describes the technology stack on which the system is written. It explains the schemes of interaction of the system
components with each other and the user with the system by using UML diagrams. The failure rate and request
duration during stress testing of the system are given. The percentage of users who will be able to access the
developed system is indicated. The schemes of the models and the results of their work are presented. The
summary highlights the results of the work that has been carried out, marking out the main scientific and practical
achievements of the author in the development of an air quality monitoring information system. The work has
substantial potential for further research and expansion in areas where automation of data collection and
processing is important, as well as for building an assessment of air quality. The scientific novelty of the results
obtained is as follows: o the air quality assessment model is improved by combining: a spot assessment of the air
condition obtained from ground monitoring stations; a quantitative assessment of the air condition (pollutant
emissions) for the region using satellite data; a qualitative assessment in the form of an interpolation map of the air
quality index based on data from ground stations; and a refinement of the air condition in selected regions using
the CALPUFF model, which provides a comprehensive assessment of air quality in the chosen region; o for the first
time, a system architecture is proposed for aggregation and operational testing of data from ground stations and
satellite images, which makes it possible to automate the process of collecting and serializing data for air quality
assessment; o for the first time, an information system was developed that aggregates data from ground monitoring
stations, meteorological data, and remote sensing data in real time, which speeds up the process of analyzing air
quality. The practical significance of the results obtained lies in the following aspects: o using the air quality
monitoring information system, citizens, government agencies, and organizations will be able to receive
information on air quality and sources of air pollution; o the air quality data visualized by the information system
serves as a decision-making tool; o the information system serves as a data repository to further improve the
performance of air quality assessment models.
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Cdepa ynpaBiriHHS: MiHicTrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Pak Tapac €srenosu4
2. Taras Y. Rak

KBasidikanis: 1. 1. 1., nou., 05.13.06
Imentudikarop ORCID ID: 0000-0003-0744-2883

JoparkoBa iHpopmamist: https://www.scopus.com /authid /detail.uri?authorld=57189380158;
https://scholar.google.com.ua/citations?user=LNcrIWEAAAAJ&hl=uk

IloBHEe HaliMeHYBaHHS IOPUAHUYHOI 0COOH: T13BO "IT CTEII VHiBepcuTet”
Kopg 3a €IPIIOY: 40570842

Micuesnaxomkeunﬂ: ByJI. 3aMapCTUHIBCHKA, 833, JIbBiB, 79000, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR:

PeuenseHtu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. CupopoBa MapuHa ['enHaniiBHa

2. Maryna Sydorova

KBasidikanis: k.r.u., nonenr, 05.13.06
InenTudgikarop ORCID ID: 0000-0001-7795-0459

JoparkoBa iHpopmauist: https://www.scopus.com /authid /detail.uri?authorld=55226376100;
https://publons.com /researcher /2015066 /marina-sidorova/

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: [IHINPOBCHKMII HALIOHAIBHUIA YHiBEpCUTET imMeHi Onecst
l'oHuapa

Kopg 3a €IPIIOY: 02066747

Micue3Haxoa KeHHS: npocnekt Hayku, 6yp. 72, IHinpo, JHImpoBchKuil p-H., 49045, VkpaiHa
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Cnipinuesa Ouibra BosiogumupisHa

2. Olga V. Spirintseva
KBasigikamis: . r. u., gou,., 05.01.01
InenTudikarop ORCID ID: 0000-0002-5050-5985

JopaTrkoBa iHdpopmamnist:



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: J[HINMPOBCHKMIA HAlliOHAIbHUI yHiBEpCUTeET imeHi Osecs

'oHuyapa

Kopg 3a €IPIIOY: 02066747

Micue3HaxoaKeHHS: npocnekt Hayku, 6ya. 72, JHinpo, JIHiIpoBCcbKUii p-H., 49045, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBi

TOJIOBH pajgu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasbHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 pEeECTpallil0o HAyKOBOIi

OisIJIBHOCTI

KopuuHcekuil Bonogumup Muxainosuy

KopunHcekuil Botopumup Muxaiiosuy

AHToHeHKO CBiTJ1aHa BaseHTUHIBHA

VKpIHTEI

Opuenko Tetsana AHaTosiiBHa



