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1. Monogeup B.B. Po3po6ka TexHOJIOrii Ta IpOrpaMHOro 3abe3rnedyeHHs olepaTUBHOIO MOHITOPUHTY SIKOCTI IIOBITPSI.
- KBamigikauiiiHa HayKoBa ITpaljsl Ha IpaBax pykonucy. Jlucepratlis Ha 3000yTTs CTyIeHs oKTopa ¢inocodii 3a
crenianbpHicTIO 121 ImkeHepis nporpamMHoro 3abesneyeHHs — JHINPOBCbKUAN HalliOHAJIbHUY YHIBEPCUTET iMEHi
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SIKMMMU TIOB'13aHi TEPMiHOBI 3aBIaHHS 30€pesKeHHs eKOCUCTEM Ta OXOPOHU 37I0POB's Jitofeil. OfuH i3
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rPOMaJICKOMY 37J0POB'I0 Ta CTaHy HAaBKOJIUIIHBOTO CepeoBUILA. Y 3B'SI3Ky 3 IIUM, PO3POOKa Ta BI,OCKOHAJIEHHS
iHpopmaLiiHUX CUCTEeM MOHITOPUHTY SIKOCTI ITOBITPsI HAbyBae 0COOJIMBOr0 3HaYeHHs. MeTolo JaHoi gucepraltiii €
IOCTiI)KEeHHs], PO3po0Ka Ta BIIPOBAKEHHS iHPOpMaLifiHOI CUCTEMU MOHITOPUHTY SIKOCTI [1OBITPSI 3 METOIO
nifgBUILEHHS €(PEKTUBHOCTI Ta TOYHOCTI 360py Ta aHami3y AaHuX. JJOCIiIKeHHs CIIPSIMOBaHe Ha BIOCKOHAJIEHHS
iCHYI0UMX METO/IiB MOHITOPUHTY Ta PO3POOKY HOBMX T€XHOJIOTIYHUX pillleHb 17151 3a0€3Te4€HHS 6isblll TOYHOTO
BMMipIOBaHHSI [I0Ka3HUKIB SIKOCTI IIOBITPsl. Y NIEepIIOMY PO37iJi IPOBeAeHO BCeOiUHUI aHali3 iCHYyI0UMX T€XHOJIOTIH,
CHCTEM Ta HayKOBUX Ipallb [I0B'SI3aHUX 3 PO3PO0OKa TEXHOJIOTIH Ta IPOrPaMHOro 3a6e31€4eHHs OIIEPATUBHOTO
MOHITOPUHTY SIKOCTI IIOBITPsL. B pe3ysbTarti orisay iCHyl040ro porpaMHoro 3abesnedeHHs: GOpMYeThCS IEPEJIK
HEJIOJIKIB, SIKi MAIOTh 3HUKHYTU. Y pe3ysbTaTi GOpPMYIOThCSI BUMOTH 110 iHdopMaliiiHoi cucteMu. [Ipyruil poszin
IIPUCBSAYEHO aHAJIi3y MOZEJIEH OLIIHKY SIKOCTI [TOBITP4, OIMC iX IlepeBar Ta HEeJOJIiKiB, OIIUCYETbCS METO
[OKpallleHHs! pOOOTH MOJEJIEN OLIHOK Ta JIaHi, Ki OyyTh BUKOPUCTAaHI B IPOLECI MOAEJIIOBAHHS. Y Pe3yJbTaTi
aHasizy 6ys0 o6paHo BUkopucTtoByBaTu mojiesib CALPUFF y noegnanHi 3 meTozoM IDW. Lle 103BoJisI€ BpaxOByBaTU
IIPOCTOPOBY 3aJI€5KHICTh KOHIIEHTPalill 3a0pyJHIOIOUMX PEUYOBHH, 0COOJIMBO B 00J1aCTSIX 3 OOMEXEHUM abo
BiZICYyTHIM MOHITOPUHIOM, Ta MiABUIINATU SKIiCTb OLiHKA. Y TPDETbOMY PO3[iJli ONUCYIOTHCS TEXHOJIOT Ta
apXxiTeKTYypHi pillleHHs, sKi BUKOPUCTOBYe iHpopmaliliHa cucTema. [IopiBHIOIOTbCSI IPOTOKOJIM OOMIHY JaHUX,
apXiTeKTypu Mepe>KeBUX IIPOTOKOJIIB, apXiTeKTypy IPOrpaMHoOro 3abe3nedeHHs Ta IpoBaiiepu XMapHUX IIOCIIYT.
Posrnsgnaerbcst meHenkep KoHTelHepiB Docker Ta mpotokos aBropusauii OAuth 2.0. OnucyeTtbcs o6paHe pilleHHs
y BUTJISI] cepBicHO-0PieHTOBHOI apxiTekTypu Ta REST (Representational State Transfer) apxiTeKTypoio MepexeBux
IIPOTOKOJIiB. YeTBepTUil pO3/i MPUCBIYEHO MOKIMBOCTSM MTPAKTUYHOTO 3aCTOCYBAHHS PO3pobieHoi cuctemu. B
HbOMY HaBE€JIEHO CTEK TEXHOJIOTIHM Ha SIKOMY HanucaHa cucteMma. OnMCyeTbCs CX€MU B3a€MOJIii KOMIIOHEHTIB
CHACTEMU MDX cO00I0 Ta KOpUCTyBaya 3 cuctemolo y Burisgi UML-giarpam. HaBenieHi nokasHUK BiiMOBY,
TPUBAJICTD 3aIUTY MiJ 4ac CTPEC-TECTYBaHHA CUCTeMU. BKa3aHMi1 BillCOTOK KOPUCTYBaYiB, AKi IOTEHLINHO
3MO>KYTb 3aBiTaTH 0 Po3pobieHoi cucTeMu. HaBeneHi cxemu po60Ty Mofesielt Ta pe3yJIbTaTu iX po60Tu. BUCHOBKU
niABOIATD IiICYMKY IIPOBEJEHOI pOOOTH, BUOKPEMIIIOIOTh OCHOBHI HayKOBi Ta NPaKTUYHi 3100yTKU aBTOpa y
po3po6Li iHpopMaLiiHOI CUCTEMU MOHITOPMHTY SKOCTi MOBIiTpsl. PO60Ta Mae 3HaUHMII MOTEHLia 7151 IOAAJIBLIOrO
IOCJIiZIPKEHHS Ta PO3MIMPEHHS y cepax, e BaKIMBA aBTOMATU3allig 300py Ta 06po6u JaHUX, T0OYI0BU OL[iHKU PO
CTaH SIKOCTi NOBITps. HaykoBa HOBU3HA OflEP>KaHUX Pe3yJIbTaTiB [10JISITa€e y HAaCTYIHOMY: O OyJla BIOCKOHaJIeHa
MOJI€JIb OLiHKU SKOCTi IIOBITPS MIJIIXOM 00’€JHAaHHSI: TOYKOBO]I OL[iHKYM CTaHy IOBITPsl, OTPMMAaHUX 3i CTaHLiN
Ha3eMHOT'0 MOHITOPUHTIY; KiJIbKICHY OL[{HKY CTaHy MOBITpsI (06'eM BUKU/IIB 3a0pYQHUKIB) O 0671aCTi
BUKOPHMCTOBYIOUM CYIIYTHUKOBI IaHi; SIKICHY OL[iHKY y BUTJISZIi iIHTEPIOJIALIIHOI Many iHAEKCY SIKOCTi MOBITPS
11o6yJ0BaHMM IO JAHUM 3 Ha3€MHUX CTaHIIill; JOYTOYHEHHS CTaHy MOBITPsSI B OKPEMO BUiJIEHUX perioHax 3a
nonomororo mogesni CALPUFF, mo Hafiae KOMIJIEKCHY OLIiHKY SIKOCTI ITOBITPs1 B 00paHOMY PerioHi; 0 Bepie 6ysa
3aIPOIIOHOBAHA apXiTeKTypa CUCTEMHU [IJIs arperaiiii Ta ornepaTrBHOI anpobanii JaHNX Ha3eMHUX CTaHILiHN Ta
CYIIyTHUKOBMX 3HIMKIB, 1110 HAaJlaJI0 MOXJIMBICTh aBTOMATU3YBaTH IpoLiec 300py Ta cepiasnizalii JaHuX [Jisl OLiHKU
SIKOCTI IIOBITp4; O BIieplie 6yja po3pobiieHa iHpopmaliifiHa CUCTeMA, 10 B PealbHOMY 4aci arperye faHi 3 CTaHILil
Ha3eMHOI'0 MOHITOPHHIY, METE€OPOJIOTIYHUX JAHUX Ta JAHWX OUCTAaHLiMHOTO 30HAYBAaHHS 3€MJIi, [0 IPULIBUALIYE
MIPOLEC aHaJi3y CTaHy SIKOCTi MOBITPs. [IpakTU4HE 3HAYEHHS OJEPKaHUX PE3YJIbTATIB OJISITA€ Y HACTYITHUX
acreKkTax: 0 BUKOPMCTOBYIOUM iH(pOopMalliliHy CUCTEMY MOHITOPUHTY SIKOCTi ITOBITPsI TPOMasIHY, NIep>KaBHi OpraHu Ta
opraizatlii 3MO>XXyTb OTPUMYBATHU iH(OpMaLlilo PO SIKICTh MOBITPsI Ta PO AKepeJia HOro 3abpyIHEHHS; O
Bi3dyasisoBaHi iHpOpMaLIiITHOIO CUCTEMOIO JaHi ITPO SIKICTb MOBITPSI CIYTYIOTb IHCTPYMEHTOM [17151 IPUIHSTTS
pimeHs; 0 indpopMaliiiHa cucTemMa CIyrye CXOBUIIEM [JIs1 NaHUX, AJIs [10JaJbIIOro OKpalleHHsl po6oTy Mozesei

OLiHKU SIKOCTIi IIOBITPSI.

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; 0 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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Micue3HaxoaKeHHS: npocrekt JImutpa SIBopHuLbKoro, 6ya. 19, JIninpo, [JHinpoBcekuit p-H., 49005, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUIL

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Pak Tapac €Brenosuy

2. Taras Y. Rak

KBasigikanis: n. 1. n., mou., 05.13.06
InenTudikarop ORCHID ID: 0000-0003-0744-2883

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

TloBHe HaliMeHYBaHHS IOPHIHYHOI 0CO6H: [13BO "IT CTEII VuiBepcuter"
Kopg 3a €IPIIOY: 40570842

Micue3HaxoaKeHHS: ByJI. 3aMapCTHHIBCHKA, 834, JIbBiB, 79000, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu
InenTudikarop ROR:

CeKTOop HayKH: YHiBePCUTETChKUIL

Penensentu

BiacHe IIpizBuie Im'sa ITo-6aThKOBI:

1. CupopoBa Mapuna I'ennaziiBHa

2. Maryna Sydorova

KBasigikanis: k.r.u., nouenr, 05.13.06
InenTudikarop ORCHID ID: 0000-0001-7795-0459

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

IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0COOM: [IHIMpOBCHLKMII HalliOHAIBLHYIA YHIBEpCUTET iMeHi Osecs

'oHuapa

Kog, 3a €IPIIOY: 02066747

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

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:



CeKTop HayKH: YHIBEpCUTETCHKUI

BiacHe IIpi3Bue Im'sa I1o-6aTbKOBI:
1. Cnipinuesa Osibra BosogumupiBHa

2. Olga V. Spirintseva

KBasigikanis: . . 1., gou., 05.01.01

InenTudikarop ORCHID ID: 0000-0002-5050-5985

JopaTrkoBa inpopmanis:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: J[HINMPOBCHKMII HAlliOHAIbHUI yHiBEpCUTET iMeHi Osecs

['onuyapa

Kopg 3a €IPIIOY: 02066747

Micue3HaxoaKeHHS: npocnekt Hayku, 6ya. 72, Hinpo, JHinpoBcbkui p-H., 49045, Ykpaina

dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBitiHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEepCUTETCHKUI

VIII. 3aKkJII04Hi BiZmoOMOCTi

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

TOJIOBH pajgu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasibHUIH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallilo HAyKOBOi

OisSIIBHOCTI

KopuuHcekuil Bonogumup Muxannosuy

KopunHcekuir Boopumup Muxaiiosuy

AnTtoneHko CBiTJsiaHa BaseHTHHIBHA

VKpIHTEI

IOpuenko TeTsiHa AHaTOJlIiBHA



