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AHOTAIIS

Momnoneups b.B. Po3po6ieHHs TEXHONOTiM Ta MPOrpaMHOro 3a0e3MedeHHs
OTIEPaTUBHOI'O MOHITOPUHTY SKOCTI OBITps. — KBamidikariiiina HaykoBa Iparis Ha
paBax pyKOIMHCY.

JucepTarrist Ha 3100yTTs cTyneHs 1oKkTopa ¢inocodii 3a cnerianbHicTio 121
Imxenepis mporpamHoro 3abe3medeHHs — JIHIIPOBCHKUN  HalllOHAJBLHUMA
yHiBepcuteT imeHi Onecs ['onuapa, [uinpo, 2024.

CydacHe CyCHUIbCTBO CTHKA€TbCSI 3 HU3KOI CEpHO3HUX EKOJOTTYHHUX
BUKJIMKIB, 3 SIKUMH TIOB'SI3aHI TEPMIHOBI 3aBJaHHsI 30€peKeHHS €KOCHUCTEM Ta
OXOPOHHM 370pOB's toAeH. OANH 13 HaaKTya IbHIIINUX aCMEKTIB WX 3aBAaHb — II€
npobsieMa 3a0pyJIHEHHs TOBITPsI, K€ € CEePHO3HOK 3arpo30i0 I'POMaJICBKOMY
3I0pPOB'I0 Ta CTaHy HAaBKOJIMILIHBOI'O CEPEAOBHINA. Y 3B'SI3KY 3 UM, PO3poOKa Ta
BJIOCKOHAJIEHHS 1H(QOpPMaLIMHUX CUCTEM MOHITOPHHIY SKOCTI MOBITpS HaOyBae
0COOJIMBOTO 3HAUYEHHS.

Meroro nmaHoi auceprauii € JIOCHIIKEHHSA, po3poOKa Ta BIPOBAKEHHS
1H(OopMaIIiHOT CHCTEMH MOHITOPHHTY SIKOCTI TOBITPS 3 METOIO IiJBUIIEHHS
e(heKTUBHOCTI Ta TOYHOCTI 300py Ta aHami3y JaHux. JlociiI>KeHHs CripsiIMOBaHe Ha
BJIOCKOHAJICHHS  ICHYIOUMX METOJAIB MOHITOPUHTY Ta pPO3pOOKY HOBHUX
TEXHOJIOTIYHUX PIIIeHb JIA 3a0e3MeyeHHsT OlIbIl TOYHOTO BHUMIPIOBAHHS
MOKa3HUKIB SIKOCTI OBITPSL.

Y nepmomMy po3aijii nmpoBeneHO BCEOIYHUIN aHAI3 ICHYIOYHMX TEXHOJIOTIH,
CUCTEM Ta HAyYKOBHUX Ipallb OB’ A3aHUX 3 pPO3POOKOI0 TEXHOJIOT1H Ta IpOrpaMHOTro
3a0€e3MeUeHHs ONIEPATUBHOTO MOHITOPUHTY sIKOCT1 OBITps. Cepen iHdopMaliiHux
cucrteM Oyso BuaiieHO HacTymHi: AIrNOW (HamioHalbHA CHCTEMa MOHITOPUHTY
skocTi noBiTpss B Crionyyenux Llltarax), €Bponelcbkuil 1HAEKC SKOCTI MOBITPS
(EAQI), CsitoBuii inmekc sikocti mnoitpas (WAQI), HaumionanbHuil 1EeHTp
MOHITOPUHTY HaBKOJIUIIHROTO cepenoBuia Kwurato (CNEMC), rmob6anbHa
iaTgopMa Jisi MOHITOPUHTY SKOCTI MOBITPst Breezometer Ta BigkpuTa riatdopma

OpenAQ. Takox poO3TIsAIAlOThCS ICHYIOY1 OILIHKU SKOCTI MoBITpsi: Kananchkuii



CTaHJApPTU SAKOCTI HaBKOJIUIIHLOTO MOBITPs (CAAQS), HOPMHU KOHIIEHTpAIlii
BuzHaueHi €C (€pponelickkuii coro3) Ta BOO3 (BcecBiTHBO1 Oprasizaiiii 0OXOpoHH
3M0pOB'Sl) Ta TOKAa3HUKOM TPaHUYHO JIOMYCTUMOTO 3a0pyAHEHHsA  (SKi
BUKOPUCTOBYIOTbCS B YKpaiHi). B pe3ynbTari orisay iCHyrO4oro mporpamHOro
3a0e3nedeHHs POPMYEThCS epPETiK HEAOMIKIB, sIKi MAlOTh 3HUKHYTH. Y Pe3yJIbTaTi
(bOpMYIOTHCSI BUMOTH 110 1HOPMAIIIITHOT CHCTEMH.

Jpyruii po3aija nNpycBsSYEHO aHaAJI3y MoJIeNiel OLIHKU SIKOCTI MOBITPS, OTHC iX
nepeBar Ta HEJOMIKIB, OMUCYETHCS METOJ MOKPAIEHHS! POOOTH MOJENEH OLIHOK Ta
JaHl1, K1 OyIyTh BUKOPUCTaHI B Mpolieci MojaentoBanHs. /{15 aHamizy SKoCTi MOBITPS
BUKOPUCTOBYBAaTUMYThCS TPH BHAM JaHUX: CYIyTHHUKOBI JaHi, JaHl 31 CTaHIH
Ha3eMHOro MOHITOpUHTY Ta MeTeonanl 3 NOAA (National oceanic and atmospheric
administration). JIrxepenom manux J[33 (AucraHiiiiiHe 30HIyBaHHS 3eMJIi) CIYTYIOTh
CYNyTHUKOBI 3HIMKH Micii Sentinel-5P, siki HanaiTh BUMIpIOBaHHS Maiike B
peanbHOMY 4aci Pi3HHUX 3a0pYJHIOIOUHMX PEYOBUH Y HIKHIX HIapax atMoc(epH, Taki
SK 030H, OKHC a30TY, JBOOKHUC CIpKH, MeTaH, (hopMalIbJieTil. Y SIKOCTI MaTEMaTUIHUX
Mojiesiel nucnepcii ra3iB Oyau posrisiHyTa ['aycoBa mojens, JlarpanxeBa MOJETb,
EiinepoBa Mozxens Ta HecramionapHa mojnens aucnepcii razie CALPUFF. Mogaensb
CALLPUFF, sika 0a3yerbcst Ha JlarpaHkeBiii MoOjelll, BPaXOBY€ OUIbIIY KUIbKICTh
napaMeTpiB BKJIIOYHO 3 KJIIMAaTUYHOIO 30HOIO, PIBHEM BUCOT Ta IHIIMM. J[is
YTOYHEHHS pe3yJIbTaTiB MOJICIIOBAHHS 00OpaHO IETEPMIHOBAHI METOU 1IHTEPIIOJIALIIT,
0 pPO3paxoOBYIOTh pe3yibTaT, IPYHTYIOUHUCh HAa BHUMIPSHUX 3HAYEHHSX, SKi
MOTPAIISIOTh B OKOJIUIIO 1HTEPHOILOBAHOT TOYKH, 1 Ha 3aJaHUX MaTEeMaTUYHHX
dbopmynax. Y pesynbrari aHanizy 0yyno oOpano BukopuctoByBatu mojeinb CALPUFF
y noeaHanHi 3 merogoMm IDW. Ile no3Bossie BpaxoByBaTH MPOCTOPOBY 3aJICKHICTh
KOHIICHTpAIii 3a0pyIHIOIOYMX PEYOBHH, OCOOJIMBO B 00JIACTAX 3 OOMEKEHHM abo
BIJICYTHIM MOHITOPHUHIOM, Ta M1JBULIUTH SIKICTb OL[IHKH.

Y TperboMy po3AiJii ONUCYIOTHCA TEXHOJOTI Ta apXiTEKTypHI PIIIEHHS, SKi
BUKOPHUCTOBYE 1H(popMaIliiiHa cuctema. [[OpiBHIOIOTBCS MPOTOKOJINW OOMIHY JaHUX,
apXITEKTYpH MEPEXKEBUX MPOTOKOJIIB, APXITEKTYPH MPOrPAMHOIO 3a0e3MeyYeHHs Ta

MpoBaiiiepn XMapHUX MOCIYr. B SKOCTI XMapHUX MPOBAWIEPIB PO3TISIAIOTHCS
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Google Cloud Platform, Microsoft Azure, Amazon Web Service. B pesyibTari
nopiBHSHHSA Oysi0 00paHo Amazon Web Service, sikuii Mae Hailmmpiie reorpadiude
OXOIUJICHHS, € IHTETPOBAaHUN 3 PIZBHOMAHITHUMH TEXHOJOTISIMH Ta MOBaMHU
nporpaMmyBaHHsl (BKJIIOYAOYM W Ti, [0 BUKOPHUCTOBYIOTHCS B po0oTi). B skocti
npotokoia oOMiHy manux Oyno oopano HTTP (Hypertext Transfer Protocol) gepes
MO>KJIMBICTh IPOTOKOJY MPAIIOBATH 3 3aXUILEHUM 3’ €IHAHHAM, MIITPUMKH MEXaHI13My
KeIllyBaHHA Ta 1HIIOro. Po3risnaeTbes MeHepkep kKonTeiHepiB Docker Ta mporokosn
aBTopu3zanii OAuth 2.0. Po3rnsgaroTeCsi Ta MOPIBHIOIOTHCS apXITEKTYpHI PIIICHHS
CEPBICHO-OPIEHTOBHY apXITEKTYypy, Serverless apXiTeKTypy, MOHOJITHY apXITEKTypy
Ta MYJBTUCEPBICHY apxiTekTypy. Cepen apxiTeKTyp MEpEeX)EeBUX MPOTOKOIIIB
posrnsaatotbesi REST (Representational State Transfer) Ta GraphQL. Onucyetbest
oOpaHe pillleHHd Yy BUIJISIAI CEpPBICHO-OpiEHTOBHOI apxitektypu Ta  REST
(Representational State Transfer) apxiTeKTyporo MepeKeBUX MPOTOKOMIB.
YerBepTuil pPO3AJI NPUCBAYECHO MOMIJIMBOCTSAM IMPAKTUYHOTO 3aCTOCYBAHHS
po3pobiieHoi cuctemMu. B HbOMY HaBEIEHO CTEK TEXHOJOTIH Ha SIKOMY HalucaHa
cuctema. CepBepHa yacThHa OyJia peaii3oBaHa 3 BAKOPUCTAHHS MOBH IIPOTrpaMyBaHHs
Python Tta Django Rest ¢peiimBopkom. Ileit BuOip 00yMOBIEHUN HASBHICTIO
CTaHJAAPTHUX MOJYJIIB, Kl BKIIOUYAIOTh 0araTo 3py4YHHMX 1HCTPYMEHTIB ISl pOoOOTH 3
¢daiinamu, CUCTEMHI BHUKJIMKH, 1HTepdeiicu a0 pi3HUX rpapiyHux O0107110TeK 1
MepexxeBuxX 3'emHaHb. B skocTi 6asu gaHuxX oOpaHO persliiHy 0a3y AaHux
PostgreSQL 3 posmupennsim PostGIS. KiienTcbka yacTuHa Oyna pearnizoBaHa 3a
nornoMororo Angular ¢peitMmBopky. OnHCyeTbCs CXEMH B3a€MOJIII KOMIIOHEHTIB
CUCTEMU MK cO00I0 Ta KOpUCTyBaua 3 cuctemoro y Buriisini UML-niarpam. HaBenena
cxema 0a3 TaHuX, pO3TJIIHYTI OCHOBHI TaOJIMII pO3pOOJICHOT0 3aCTOCYHKY. Po3nucana
cxema pobotu momemi CALPUFF ta IDW anroputmy. lls xomOiHariss moxe
JIOTIOMOTTH YTOYHUTH MOJEIBbHUNA TPOTHO3 Ta HaIaTH OiMbIl TMOBHY KapTHUHY
pO3MOILTY 3a0pyAHEHB Y MOBITPI, 110 € BAXJIMBUM JJIS OLIIHKKA €(deKTiB 3a0pyTHEHHS
Ha 3/I0pOB'sl Ta HABKOJIMILIHE cepeoBuile. [IopiBHSBIIN pe3ynbTaTu MPOrHO3Y MOTOAH,
10 € BOKJIMBOIO CKJIAJ0BOIO JUIs OLIIHKU SIKOCTI MOBITpSI, BUSBJIEHO nepeary Weather

Research and Forecasting (WRF) wmomeni y mopiBHSHHI 31 CTaHAZapTHUMU
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aBTOperpeciinuMu MojeasiMu. [{poMy cCrHpusyio BpaxyBaHHSI O1IbINOI KIJIBKOCTI
daxTopiB. HaBeeHi moka3HUK BIJIMOBH, TPUBAIICTH 3aUTY I1iJT 4aC CTPEC-TECTyBaHHS
cuctemMu. Bkazanuii BiICOTOK KOPHCTYBadiB, sIKi MOTEHLIWHO 3MOXYTh 3aBITaTH 0
po3pobieHoi cuctemu. HaBeneni cxemMu poOOTH MoJiesieil Ta pe3ysIbTaT iX poOOTH.

BucHOBKM MIBOAATH MiACYMKH MPOBEIEHOI POOOTH, BUOKPEMITIOIOTH OCHOBHI
HAyKOBI Ta MpPaKTU4YHI 3700yTKH aBTOpa y po3podui iH(opMaliiiHOi cuctemMu
MOHITOPUHTY SKOCTI MOBITps. PoOoTa Mae 3HayHMM MOTEHIUAT ISl MOAAIBIIOTO
JOCITIJKEHHS Ta PO3MIUPEHHS Y cdepax, ¢ BaKJIMBa aBTOMAaTHU3aIlis 300py Ta 00poou
JIAaHUX, TTIOOY/TIOBU OIIIHKH PO CTaH SKOCTI IMOBITPS.

HaykoBa HOBU3HA 0JIep>KaHUX PE3YJIbTATIB MOJATAE Y HACTYITHOMY:

—  BJIOCKOHAJICHa MOJIEb OLIIHKUA $IKOCT1 TMOBITPS HIISAXOM OO0’ €IHAHHS:
TOYKOBOI OLIIHKK CTaHy TOBITPs, OTPUMAHUX 31 CTaHIIM Ha3eMHOTO MOHITOPHUHTY;
KUIBKICHOT OLIHKM CTaHy TOBITps (00’e€M BHUKHAIB 3a0pyJHHUKIB) IO 00JacTI
BUKOPUCTOBYIOUM CYIYTHUKOBI JIaHI; SKICHOI OLIIHKA y BUIVIAMI IHTEPHOJIALINHOIL
MaInM 1HJEKCY SKOCTI IOBITpsS MOOyJAOBaHUM II0 JIAaHMM 3 HA3eMHHUX CTaHIIIMN;
JIOYTOYHEHHSI CTaHy MOBITPS B OKPEMO BHUIIJICHUX pErioHax 3a JOMOMOTOK MO
CALPUFF, 10 Hajjae KOMIUIEKCHY OIIHKY SIKOCT1 MOBITPS B 0OpaHOMY PETi0HI;

—  BIEpIIE 3alpoNoOHOBaHa apxITEKTypa CHUCTEMHU Ui arperamii Ta
OMEepaTUBHOI anmpodanii AaHMX HA3eMHUX CTaHLIA Ta CYMyTHUKOBUX 3HIMKIB, IO
HaJ1aJ10 MOXKJIMBICTh aBTOMATU3YBaTH MpoIlec 300py Ta cepiami3allii JaHUX JJIs OI[IHKH
SKOCTI MOBITPS;

—  Bmepiie po3poOieHa iH@oOpMalliifHa CUCTEMa, II0 B peaJbHOMY 4aci
arperye JaHi 3 CTaHIIi HA3eMHOT'O MOHITOPUHTY, METEOPOJIOTIUHUX JTAHUX Ta JAHHUX
JUCTAHIIMHOTO 30HIyBaHHA 3€MJi, [0 MPUIIBUJIIYE MPOIEC aHATIZY CTaHy SKOCTI
MOBITPSI.

IIpakTuyHe 3HAYeHHS OJEPKAHUX PE3YJIbTATiB TMONATAE Yy HACTYMHHUX
aCTIeKTax:

— BUKOPHUCTOBYIOYH 1H(POPMAIIHY CUCTEMY MOHITOPUHTY SIKOCTI TTOBITPS
IpOMaJISiHU, Iep>KaBH1 OpraHy Ta opraHizaliii 3MOXYyTh OTPUMYBATH 1H(HOPMALIIIO PO

SKICTh TIOBITPS Ta MPO JKEpesa Horo 3a0pyIHEeHHS;



— Bi3yaiizoBaHi 1H(OPMAIIMHOK CHUCTEMOIO JaHi IPO SKICTh IOBITPS
CIIYTYIOTh IHCTPYMEHTOM JUISI IPUAHSITTS PIillICHb;
— iH(opmarliifHa cUCTeMa CIIyry€e CXOBHILEM JJISl TaHUX, JJIS MOAANIBIIOTO
MOKpaIIeHHs] pOOOTH MOJICNICH OIIHKH SKOCT1 TTOBITPSI.
KurouoBi ciioBa: iHpopmariiiiHi TEXHOJIOTIT, MOHITOPHHT SKOCTI IMTOBITPS, apXITEKTypa
IPOrpaMHOTO 3a0e3MeueHHs, MOJICIIOBaHHS aucnepcii ra3iB, 00poOka CymyTHUKOBUX
300pakeHb, OaraTocreKkTpaibHe 300paKeHHS, MaTeMaTHYHa MOelb, 0a3u JIaHuX,
API, SOA, reoindopmariiitna TexHomnoris, iHpopmaIlliiiHa cucrema, CTaJIUNA PO3BUTOK

MicT, IudpoBe GOTOrpaMMEeTpUYHE 300paXKECHHS.



ABSTRACT

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. Existing air quality assessments
are also reviewed. The following information systems are considered: AirNow
(The National Air Quality Monitoring System in the United States), the European
Air Quality Index (EAQI), the World Air Quality Index (WAQI), the China
National Environmental Monitoring Centre (CNEMC), the Breezometer global air
quality monitoring platform, and the OpenAQ open platform. Existing air quality
assessments are also reviewed: Canadian Ambient Air Quality Standards
(CAAQS), concentration standards set by the EU (European Union) and WHO
(World Health Organisation) and the maximum permissible pollution limit (used

in Ukraine). 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. Three types of data are used for air quality analysis:
satellite data, data from ground monitoring stations and meteorological data from
NOAA (National oceanic and atmospheric administration). The source of remote
sensing data is satellite imagery from the Sentinel-5P mission, which provides near
real-time measurements of various pollutants in the lower atmosphere, such as
ozone, nitrogen oxide, sulphur dioxide, methane, and formaldehyde. The Gaussian
model, Lagrangian model, Eulerian model, and the CALPUFF nonstationary gas
dispersion model were considered as mathematical models of gas dispersion. The
CALLPUFF model, which is based on the Lagrangian model, involves a larger
number of parameters, including climate zone, altitude level, etc. To clarify the
modelling results, deterministic interpolation methods were chosen, which
calculate the result based on measured values that fall in the area around the
interpolated point and on specified mathematical formulas. 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.
Google Cloud Platform, Microsoft Azure, and Amazon Web Service are
considered as cloud providers. As a result of the comparison, Amazon Web Service
is chosen, because it has the widest geographical coverage, it is integrated with
various technologies and programming languages (including those used in the

work). HTTP (Hypertext Transfer Protocol) is chosen as the data exchange



protocol because of the protocol's ability to work with a secure connection, support
a caching mechanism, etc. The Docker container manager and the OAuth 2.0
authorization protocol are considered. Architectural solutions are reviewed and
compared: service-oriented architecture, Serverless architecture, monolithic
architecture and multiservice architecture. Among the network protocol
architectures, REST (Representational State Transfer) and GraphQL 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. The server side is
implemented by using the Python programming language and Django Rest
framework. This choice is due to the availability of standard modules that include
many convenient tools for working with files, system calls, interfaces to various
graphic libraries and network connections. PostgreSQL is chosen as database with
the PostGIS extension. The client side was released using the Angular framework.
It explains the schemes of interaction of the system components with each other
and the user with the system by using UML diagrams. The scheme of databases is
presented, the main tables of the developed application are considered. The scheme
of operation of the CALPUFF model and the IDW algorithm is described. This
combination helps to refine the model forecast and provide a more complete
picture of the distribution of pollution in the air, which is important for assessing
the effects of pollution on health and the environment. After comparing the results
of the weather forecast, which is an important component of air quality assessment,
the Weather Research and Forecasting (WRF) model is found to be superior to
standard autoregressive models. This is due to the inclusion of more factors in the
modelling. 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:

— the air quality assessment model is improved by combining: a spot
assessment of the air condition obtained from ground monitoring stations; a
guantitative 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;

— 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;

— 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:

— 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;

— the air quality data visualized by the information system serves as a
decision-making tool;

— the information system serves as a data repository to further improve

the performance of air quality assessment models.

Keywords: information technology, air quality monitoring, software architecture,

modeling of gas dispersion, satellite image processing, multispectral images,
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mathematical model, database, API, SOA, geoinformation technology, information

system, sustainable urban development, digital photogrammetric image.
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6. Momnogens b.B. CTBOopeHHs cuCTEMU arperyBaHHs JaHHUX 3a
nornomoroto Celery. VII BceykpaiHChbKy HayKOBO-TPAaKTUYHY KOH(DEPEHII0
«IlepcnekTBHI ~ HampsIMKK  Cy4YacHOI  €JIGKTPOHIKHM, 1HGOpPMAIIMHUX 1
KOMII IOTEepHUX cuctem». M. JlHinpo, 2022. C.48-49. PexxuMm noctymy 10 pecypey:
http://meics.dnure.dp.ua/filessMEICS-2022.pdf

1. Monogeup b.B., bommupe [.0O., Heuux B.O., bymana T.M.,

['pabogerns J[.M. Po3poOka MOAyIbHOTO HABYAIBLHOTO MOAATKy 3 BHUKOPUCTAHHS
rHyuykoi apxitektypu docker konrTeliHepiB. MiXHapoJAHAa HAYKOBO-TEXHIYHA
koH(pepenis [HpopmariiliHi TeXHOJIOTIT B MeTadyprii Ta MalmmHOOYAyBaHHI, M.

JHimpo, 2022. C. 298-300 doi: https://doi.org/10.34185/1991-

7848.itmm.2022.01.059 Pexxum JIOCTYITY hi (o) pecypcy:

https://journals.nmetau.edu.ua/index.php/itmm/article/view/1175

8. Mononeusr b.B, bonnupes 1.0, bynana T.M. AHamiTU4He pillleHHS
3aa4 TepeHeceHHs 3a0pyJHeHb Yy JBOBUMIpHOMY Impocrtopl. IlepcnekTuBHI
HaIlpsIMKH Cy4YacHOi €JEKTPOHIKH, 1H(QOpPMALIHHUX 1 KOMII FOTEPHUX CHUCTEM
(MEICS-2021), m. Muimpo, 2021. C. 21-22. Pexum A0CTymy 10 pecypcy:
http://meics.dnure.dp.ua/filess MEICS-2021.pdf

9. bonmupe  1.0., Mononeups b.B., bynmana T.M. Po3poOka
MPOrpaMHOTO JOJATKy [JIsi BHpIIMIEHHS 3ajJadl TEPEHECeHHsS 3a0pyJIHEHb ¥
IBOBHUMIpHOMY TpocTopi. XIX MIKHapoJHa HAyKOBO-TIPAKTHYHA KOH(EpEeHIs
Marematuune Ta mporpamHe 3a0e3rnedeHHs iHTenekTyanbHux cucreMm (MII3IC-
2021), wm. Jlwmimpo, 2021. C. 21-22. Pexum J0CTymy JO pecypcy:
http://mpzis.dnu.dp.ua/wp-content/uploads/2021/12/mpzis-2021.pdf

13


http://meics.dnure.dp.ua/files/MEICS-2022.pdf
https://doi.org/10.34185/1991-7848.itmm.2022.01.059
https://doi.org/10.34185/1991-7848.itmm.2022.01.059
https://journals.nmetau.edu.ua/index.php/itmm/article/view/1175
http://meics.dnure.dp.ua/files/MEICS-2021.pdf
http://mpzis.dnu.dp.ua/wp-content/uploads/2021/12/mpzis-2021.pdf

TTEPEITIK YMOBHHX TIOBHATCHD .........oororveseeesaeessesssesssesssssssssssssesssessssessssssssssssssssssssssssssssssssssessssnnes 16
BTV st ss s s est s s ek et 17
PO3JI 1. AHAJJI3 ICHYIOUMX TEXHOJIOI'TM OITHKU  SIKOCTI

TTOBITPS ....oooviiieiies sttt e st 21
1.1  Amnami3 icHy¥04Oro NporpamMHoro 3a0e3nedYeHHs OI[IHKH SKOCTI MOBITPA............. 22
1.1.1 Amnami3 npuKIagHOTO IPOTPAMHOTO 3a0€3MeUCHHS TSl IHTePHETa PEUeH........... 23

1.1.2 Ilporpamue 3abe3medeHHs IJii MOJESIIOBAHHS AMCIEPCli ra3iB 3 TOYKOBOIO

D10 053 01 - OO OO OSSO O PTTTTP TP TOTTPPPOOTS 24
1.2 OLiHKH AKOCTI HOBITPS HOPMU 1 CTAHIAPTH .covvvvrvvrrevrneereessneessersseessesssessssssesssssssssenncs 26
1.3 THACKC SKOCTI TIOBITPS «.voorereiereereesneesesssesessssssssssssesssesssessssssssses s sssesssssssssssssssssssssssnsssnsssnss 30
1.4 €BpONEUCHKUN THACKC SKOCTI TTOBITPS w.cvouvvrrererernessemsneessesssessesssssssesssessssssssssssssssssncs 32
1.5 Amnam3 AMEpUKaHCHKUX CTAHJAPTIB OLIIHKU SKOCTI TOBITPS «.coouverrerneerrerrrsneeenes. 34
1.6  Orsig HayKOBHX Mpallb MOB’SI3aHUX 3 OLIIHKOIO SIKOCTI TIOBITPS «..oovveereeneenreenenne. 37
1.7 BEHCHOBOK ....couieieieieitcie ettt st 39
PO3JUUI 2. MATEMATHUYHI MOAEJII OIHKU AKOCTI TTOBITPA ................... 41
2.1  CynyTHHKOBI1 3HIMKHU MICIT SENtNEI-5P .......ccooooiiii s 42
2.2 Onwuc 1aHuX 31 CTAHIIT HA3EMHOTO MOHITOPHHTY .....ooourvrmririererereesesssssesssssssssssesssnnes 44

2.3 Ommc w™ereomanux 3 NOAA (National oceanic and atmospheric

AAMINISTIATION) 1.ttt 46
2.4  MopnentoBaHHS AUCTIEPCIi ra3iB 3a JOMOMOTOI0 EMIepoBOT MOJEMI ......onvevvveenvnee. 56
2.5 MopnentoBaHHs AUCTIEPCIi ra3iB 3a JOMOMOTOI0 ['ayCOBUX MOIEIEH. .........ccenne.ce.. 57
2.6 MopnemntoBaHHS AUCTIEPCii ra3iB 3a JOMOMOTO0 JIarpaH)XKeBUX MOMEIEH.............. 60
2.7 Hecramionapua moaenb aucnepcii ra3iB CALPUFF ... 61
2.8 Meron iHTEpHONALI JJIs1 TOCTOOPOOKU PE3YABTATIB MOJACTIOBAHHS ........coovveevenev. 63
2.9 BHICHOBOK ...oueumieeeirieeeteese et se s ess sttt s sttt 65
PO3/JJI 3. TEXHOJIOTTIT MOJEJI JJId PO3POBKM APXITEKTYPU

THOOPMAIIAHOL CHUCTEMU.....ooooocccoeeoeeeeeeeeeceeeesses e sesseeeeeeseseseseess s 67
3.1 TlopiBHSHHS MPOBANUIEPIB XMAPHUX TTOCTIYT «.eoovrnrerrierieneesnissssesssssssssesssessssssssssssnsssnss 67



3.1.1 Awnam3 margopmu Google Cloud Platform ..., 68
3.1.2 Anani3 miaTGopMU MICTOSOTt AZUTE.......c.orvereereeeeeseee e 69
3.1.3 Anani3 miathopMu Amazon Web SEIVICES ... 70

3.2 Pi3zHoBumu cOopy maHux uis iHGOpPMAIiHOI CHUCTEMH MOHITOPUHTY KOCTI

TTOBITIST oo veveeesseeesseeesssessseessseess e ess e s s8££t 72
3.3 Amnani3 OpOTOKOMIB AJISt OOMIHY JAHUX B CHCTEMI w..ccouverrreerreerceeseesseessessssesssesessanes 74
3.3.1 MoxauBocTi poToKoIy 0OMiHY HAHUMHU UDP ..o, 74
3.3.2 MoxnuBocCTI MPOTOKOITY 0OMIHY TAHUMHU TCP ... 76
3.3.3 MoxauBocTi mpoToKoay 00MiHY JaHUMUA HTTP ..o, 77
3.4 BipryanbHa KoHTeHHEpHU3aLis IHPOPMALIHHOT CUCTEMHU..........oonrvrmrereerneeererereerseeenae. 78

3.5 Asropusauiiinuii ppedMBOpPK SISl HAAHHS OOMEKEHOTO JJOCTYITY B CUCTEMY .79

3.6  AHali3 apXITEKTYPU MEPEIKEBUX TPOTOKOIIB ....ouvvrmrvreeerrermeesseessessesssessssssssssessssssnnes 80
3.7  AHai3 apXITeKTypHHX PIlICHb JIJIi CTBOPEHHS 1HPOPMAIIIHOT CUCTEMHM........... 85
3.8 BHICHOBOK ....coueeaeerceneieieeise ettt s bbbt 94
PO3LUI 4. PE3VJIBTATU POBOTU CUCTEMMU ..., 96
4.1 MopnentoBaHHSI PO3MOBCIOMKEHHSI 3a0pyIHEHHS BUKOPHCTOBYIOUM  MOJIEIb

CALPUFF Ta IDW QITOPHTMY .....oovvuiemrireireeeeesneeseeeeessssnsssssssessssssessssssasssesssssssssssessseees 97
4.2 IadopmariiiHa TEXHOJIOTIS MPOTHO3Y TMOTOAM  JUISl  OIIHKM  SIKOCTI

TTOBITPS .. vereerneeseeeseesesssesesee st ss et s s8££ 100
4.3  IudopmariitHa TEXHOJIOTISI HAPCUHTY Ta arperaiii JaHUX B CUCTEMI .................. 103
4.4  TudopmariitHa TEXHOJIOTISI B3AEMOIIT CUCTEMU 3 KOPUCTYBAUCM ........oovrrrenreennnne. 112
4.5 TecryBanHs 1HOOPMAIIAHOI CUCTEMHU OIIIHKHU SKOCTI MIOBITPS ...ooovvvnerereerienenne. 123
4.6 BHCHOBOK .....cooouiiiicicieiie ettt 129
BIHICHOBK ...ttt 131
CITUCOK BUKOPUCTAHOIL JIITEPATYPH......oooooooooooceiccccceeeeeeeeeeeeeeeesesesssnnrenne 133
JLOIIATIL ...ttt s s st 145

15



Ilepesiik yYMOBHHMX NO3HAYEHb

AWS — Amazon Web Services;

AQI — Air quality index;

EAQI — European Air Quality Index;
WAQI — World Air Quality Index;

EPA — Environmental Protection Agency;
FTP — File transfer protocol,

UDP — User datagram protocol;

TCP — Transmission Control Protocol;
HTTP — Hypertext Transfer Protocol;
MSA — Microservice architecture;

SOA — Serviceoriented architecture;

REST — Representational State Transfer;
BOO3 — BcecBiTHA opraHizailisi OXOPOHH 310pOB’;
['/13 — I'pannyHO nomyctumMe 3a0pyIHEHHS;
MTV — Model template view apxiTekTypa;

SOLID - Single responsibility principle, Open/closed principl, Liskov substitution

principle, Interface segregation principle, Dependency inversion principle;



BCTYII

OOrpynTyBaHHss BHOOPY TeMH AochailkeHHss. CyyacHe CYCILIBCTBO
CTHKA€ETHCS 3 HU3KOIO CEPUO3HUX €KOJOTTYHUX BUKIIHKIB, 3 SIKUMU MOB'A3aH1 TEPMIHOBI
3aBllaHHsS 30€pekKEeHHS EKOCHCTeM Ta OXOpPOHM 3A0poB's moged. OnauH 13
HallaKTyaJbHIMIKUX aCMEKTIB IUX 3aBIaHb — IIe MpobaemMa 3a0pyaHEHHS TOBITPS, SKe
€ CEpHO3HOI0 3arpo30l0 TI'POMAJCHKOMY 370pPOB'F0 Ta CTaHy HAaBKOJUIIHBOTO
cepenoBuIa. Y 3B'sI3Ky 3 IIMM, PO3pOoOKa Ta BAOCKOHAJIEHHS 1H(QOPMALIIITHUX CUCTEM
MOHITOPUHTY SKOCTI MOBITPSI HA0yBa€e 0COOIMBOIO 3HAYEHHS.

3Hauymil 3MIHM B KJIIMari, IIBUJKE IHAYCTplajizaiii Ta 3pOCTaHHS
aBTOTPAHCIIOPTHOTO PYXy CHOPUYUHSIOTH HAKOMMUYEHHS TOKCUYHUX PEYOBUH Y
arMocdepi, O MPU3BOAUTH JO MOTIPUIEHHS SKOCTI MOBITPsSI Ta MIJBHILYE PUZHK
PO3BUTKY PpI3HOMAHITHUX 3aXBOPIOBaHb y HAacCelEeHHA. Y 1LbOMY KOHTEKCTI,
1H(pOpMaILliiiHI CUCTEMU MOHITOPUHTY CTalOTh HEOOXIJHUM I1HCTPYMEHTOM ISt
e(EeKTUBHOTO BUSIBJICHHS, KOHTPOJIIO Ta 3MEHIIICHHS PIBHIB 3a0py/ITHEHHS TOBITPSI.

B cyuacHoMy cBITi, e BUPOOHMIITBO Ta TEXHOJIOT1i HEOOOPOTHO BILTMBAIOTH HA
JIOBK1JIISI, TUTAHHS 3a0€3M€UEHHS BUCOKO1 SIKOCTI MOBITPS € KITFOYOBUM 3aBIAHHSIM JIJIs
30€peKCHHSI 37I0pOB'Ss HACEJCHHS Ta EKOCHCTeM. 3a0pyIHEHHsS TIOBITPS CTae
CEpHO3HOI0 3arpo3010 JJIsi TPOMAJCHKOTO 3A0pOB's, 1 €(EeKTUBHI MEXaHI3MU
MOHITOPUHTY Ta YIpPaBIiHHSA AKICTIO MOBITPS CTAalOTh HEBIA'€MHOI0 YaCTHUHOIO
CTpareriii 30epeKeHHs CepeIOBUIIIA.

[HdopMaliiiiHi CUCTEMU MOHITOPUHTY € BaXXJIMBUM 1HCTPYMEHTOM Y 00pOTHOI 3
3a0pynHeHHsIM NOoBITpsi. CydyacH1 TEXHOJIOTIT TO3BOJISIIOTh B PEKUMI PEATIbHOTO Yacy
30MpaTH Ta aHaI3yBaTH JAaHl PO SKICTh MOBITPSI, 1[0 HAIA€ MOXKIIUBICTH ONEPATHBHO
pearyBaTH Ha 3a0pyJHEHHS Ta BXXUBATH 3aXOMAIB JJIsl HOTO YCyHEHHS.

3B’s130k po0OoTH 3 HAYKOBHMHM IIpOorpaMamMi, IUIaHAMH, TeMaMHU.
Hucepraiiiiina po6oTa BUKOHaHa B paMKaX HayKoBO-IoCHiAHOI podoTu Ne OIIM-79-
19 «Po3pobka nmporpaMHOro KOMIUIEKCY aHali3y Ta MPOTHO3YBaHHS YaCOBUX DPSIIBY,

2019-2021 pp. Ne mepxpeectparnii 0119U101056 Ta nHaykoBo-moCHimHOi poOoTH Ne
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OIIM-2-22 «Po3pobseHHsT TporpaMHOro 3a0e3MeUeHHs] aHai3y Ta KiacTepu3arlii
yacoBuX psaAiB» 2022-24 pp. Ne nepxpeectparii 0122U001465.

Mera i 3aBraHHs gocaifkeHHsi. MeToio AaHOi AucepTalii € JOCIHiIKECHHS,
po3poOKa Ta BIPOBaHKEHHS 1HOOPMAIIIMHOI CHCTEMH MOHITOPUHTY SIKOCT1 MOBITPS 3
METOI0 IMiJIBHIICHHS €(QEeKTHBHOCTI Ta TOYHOCTI 300py Ta aHajizy JaHUuX.
JlocnmipkeHHsT CIIpsIMOBaHE Ha BAOCKOHAJICHHS ICHYIOUYMX METOJIB MOHITOPHHTY Ta
pO3pOOKY HOBHUX TEXHOJOTIYHUX PIlIeHb IS 3a0e3leueHHs] OUIbIl TOYHOTO
BHUMIPIOBaHHS MTOKa3HUKIB SIKOCTI TIOBITPA.

O0’€eKT I0CIIZKEHHS] — TIPOLIEC 3MIHU SKOCT1 MOBITPSL.

Ipeamer nociaimkennss — iHdopmarliiiHa cuUcTeMa MOHITOPUHTY SIKOCTI
HOBITPS.

AKTyanbHICTh JaHOI pOOOTH MOJIATAE B TOMY, III0 B YMOBAaxX 3pOCTal04Y0r0 PiBHS
IIPOMHUCIIOBOTO BUPOOHHUITBA Ta aBTOTPAHCIOPTY, MUTAaHHA SKOCTI MOBITPS CTa€
HACYIIHUM JTsl PO3BUHECHHX Ta KpaiH sKi PO3BUBAIOTHCS. BripoBamkeHHS €(heKTUBHUX
1H(OpMaIITHUX CUCTEM MOHITOPUHTY JI03BOJIUTH ONIEPATUBHO pearyBaTh Ha HETaTHUBHI
3MIHM Ta 3a0€3MeYNTh CTBOPEHHSI YMOB JJIsI 3I0POBOTO Ta OE3MEYHOTO CEPETOBHINA
JUTST MEIIKAHIIIB.

JUIst TOCATHEHHS METU MPOMOHYETHCS 3MIMCHUTH KOMIUIEKCHUM MIJIX1A, IO
BKJIIOYA€E B ce€0€ KJIbKa KIIFOUOBUX 3aB/IaHb, HABEJEHUX HUXKYE.

— MpoaHaNi3yBaTH ICHYIOYl CHCTEMH Ta PIIIEHHS] CTOCOBHO MOHITOPUHTY
SAKOCTI MOBITPA;

—  JIOCHIANTH MaTeMaTHU4H1 MOJIEII JIJIsl OI[IHKY 3a0pyIHEHHS MOBITPA,

— po3poOUTH apXITeKTypHE pIillIeHHS JUIsl arperamii Ha3eMHUX Ta
CYNYTHHUKOBHX JaHUX, Ta PO3PAXYHKY SKOCTI TIOBITPS,

— peanizyBatu moOyAoBYy iH(MOPMAIIIHHOT CHUCTEMH 3 MOHITOPUHTY 3a
PO3pO0JICHOI0 apXITEKTYPOIO;

— T[pOBECTH ampoOaIio pe3ysbTaTiB JIarHOCTHKU SIKOCTI TOBITPA,

MIPOBE/ICHOI 32 IOMIOMOTOI0 PO3POOJICHUX AIITOPUTMIB Ta MOJIEIICH;
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— po3pobutu iH(DOpMAaLiHY CHUCTEMY OIEPATUBHOTO MOHITOPUHTY
SIKOCTI IMOBITPS HA OCHOB1 po3p00JIEHUX MO/IeJIel Ta aTOPUTMIB JTs €(PEKTUBHOTO
KOHTPOJTIO Ta YIPaBIiHHS PIBHIMH 3a0pyIHEHHS aTMOC(HEPHOTO MOBITPAL.

Meroau [OCaiIzKeHHsI: METOIM Ta TEXHOJIOTiI 1HXEHepii MNpOrpaMHOro
3a0e3reueHHs, 6a3 TaHuX, MaTeMaTUYHE MOJICIIOBAHHS SIKOCTI MOBITPSL.
HaykoBa HOBU3HA O/iep)KaHUX PE3YJbTATIB MOJATAE Y HACTYITHOMY:

— BJIOCKOHAJICHA MOJENb OI[IHKH SKOCTI MOBITPS IUISXOM 00’ €IHAHHS:
TOYKOBOI OIL[IHKH CTaHy MOBITPS, OTPUMAaHUX 31 CTaHI[Iil HA3€MHOTO MOHITOPUHTY;
KUIBKICHOT OIIIHKUA CTaHy MOBITPS (00’€M BHUKHUIIB 3a0pyAHHMKIB) MO 00JacTi
BUKOPUCTOBYIOYM CYITyTHUKOBI JIaH1; IKICHOI OLIIHKK y BUIJISI/II 1HTEPIIOJISIIHHOT
Malyd 1HAEKCY SKOCTI MOBITPS MOOYJOBAaHMUM MO JaHUM 3 HA3€MHHX CTaHIIIM;
JOYTOYHEHHsI CTaHy IOBITPS B OKPEMO BUIUICHHX pErioHaxX 3a JOMOMOIOI0
mozem CALPUFF, mo Hagae KOMIUIEKCHY OLIIHKY SIKOCTI MOBITPSI B 0OpaHOMy
perioHi;

— BIIEpIIE 3alpONOHOBAHA AapXITEKTypa CHCTEMHU MJIs arperauii Ta
ONEpPaTUBHOI anpoOallii JaHUX HA3€MHUX CTaHLIA Ta CYIIyTHUKOBHUX 3HIMKIB, 11O
HaJIaJI0 MOXIJIMBICTh aBTOMATH3YBaTH IIPOIEC 300py Ta cepiamizailii JaHuX s
OLIIHKU SIKOCTI MOBITPA;

— BIepie po3pobieHa iHdopMaliiiHa cucTema, 10 B peaJbHOMY Yaci
arperye JaHi 3 CTaHI[Il HA3€MHOT'O0 MOHITOPHHTY, METCOPOJIOTIYHHUX JaHUX Ta
JaHUX AWCTAHLIMHOTO 30HIyBaHHS 3€MJi, M0 MPUIIBUAILIYE MPOLEC aHATI3y
CTaHy SIKOCT1 TOBITPSL.

IIpakTyHe 3HAYeHHS OJEP)KAHUX PE3YJIbTATIB IMOJIATa€ Yy HACTYHMHHUX
aCTIeKTax:

— BHUKOPHUCTOBYIOUHM 1H(OpMaLIHYy CHCTEMY MOHITOPHHTY SIKOCTI
NOBITPSI TPOMAJSHU, AEpP>KaBHI OpraHu Ta OpraHizaiii 3MOXYyTb OTPUMYBATU
1H(pOopMaILito PO SIKICTh MOBITPS Ta MPO JKepena Moro 3a0pyaAHEHHS,

— Bi3yamizoBaHi 1H(GOPMAIIITHOI CHUCTEMOIO JIaHi MPO SKICTh MOBITPS

CIIYTYIOTh THCTPYMEHTOM JJI IPUHHATTS PillICHb;
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— iHdopmalliiiHa cuUcTeMa CIYrye CXOBUIIEM I JaHHuX, IS
MOJAIBIIIOTO MOKpAIIeHHS poOOTH MOJIeIeH OI[IHKH SKOCTI MOBITPS.

OcoOucTuii BHecok 3100yBaya. AHami3 JITepaTypHUX JaHHUX, OIlIHKA
MaTeMaTUYHUX MOJEJe Ta pO3poOKKM mporpamMHoro 3abe3nedyeHHs, 0oO0poOka
OTPUMaHUX PE3yJIbTATIB 3M1HACHEHI Oe3mocepeaHbo aBTopoM. [loctaHoBka MeTH i
3aBllaHb JIOCIIDKCHHSA, a TAaKOX aHajii3 1 y3arajibHEHHS OTPUMaHHUX pE3yJbTaTiB
MPOBOJUINCH CIUTHHO 3 HAYKOBUM KEPIBHUKOM JI.T.H., pod. O. I'. baiiby3om.

Anpobanis pe3yabraTiB aucepranii. OCHOBHI MOJOXKEHHS Ta pe3yibTaTd
JTUcepTaliitHoi poOOTH JMOMOBIAAMKMCS W OOTOBOPIOBAIIMCA Ha OS-My ceMiHapi 3
CyYaCHUX TEXHOJIOT1M MAaIIMHHOTO HaBYaHHA Ta Hayku mpo naHi (MoMLeT & DS
2023) Ta 4-my MbDKHapOJHOMY CEMIHApl 3 I1HTEJNEKTYaJbHUX 1H(POPMALIHHUX
TEXHOJIOTiH Ta cucteM iHpopmariiHoi 6e3neku (IntelITSIS-2023).

Iyoaikanii. OCHOBHI TOJIOKEHHS ¥ pe3yibTaTH JucepTaliiiHoi poOoTH
ormy0J1ikoBaHO y 9 poOoTax: 2 CTarTi 1m0 1HAEKCYIOTbCS B HAyYKOMETpHUHINA 0asi
Scopus, 2 cratTi y HaykoBHX (paxoBUX BUJAHHAX YKpaiHu kateropii b ta 6 Tte3
JIOTIOB1/IeH y 301pHUKax MaTepialliB HAYKOBUX KOH(EPEHIII.

3B's130k  po0OTM 3 HAYKOBHMH NpOrpamMaMu, IJIAHAMHU, TeMaMHU.
JHuceprartiiftHa po0oTa BUKOHYBajach y BIJMOBIAHOCTI 3 1HAWBIAYAJIbHUM IIJIAHOM
MIATOTOBKM  acmipaHTa  Kaeapu  MareMatuyHoro  3abesneueHHs EOM
JIHITPOBCHKOTO HAITIOHAJIBHOTO YHIBepcuTeTy iMeH1 Onecst ['oHuapa.

Crpykrypa T1a o00car auceprauii. PoGora mictuth BcTyn, 4 po3aiim,
BHCHOBKM Ta CIHCOK BUKOPUCTAaHUX JpKepes, mo Mictuth 104 HaiiMeHyBaHb.
3aranpHuii o0csar aucepranii — 145 cTOpiHOK, 0OCST OCHOBHOTO Tekcty — 114

ctopiHku. PoboTa mictuth 46 pucyHkiB Ta 14 TaOnuilb.
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PO3/ILT 1. AHAJII3 ICHYIOUUX TEXHOJIOTI'TH OIIIHKU AIKOCTI
HHOBITPA

Anani3 icHytounx iHGOpMAIITHIX CUCTEM MOHITOPUHTY SIKOCT1 MOBITPSI MOXE
BKJIFOYATH OIS PI3HUX AacCIEKTiB, TaKMX SK TEXHIYHI MOXKJIMBOCTI, METOMOJIOTII
BHUMIPIOBaHb, MOKPUTTS MEPEXi, TOYHICTh JAHUX, JOCTYIHICTh Ta €(EKTHBHICTD.
Hwxde HaBeeHO EeKTbKa KITFOUOBUX ITyHKTIB, sIKI MOYKHA PO3IVISAATH ITiT 9ac aHai3y
IcCHYI04YHX 1H(OPMAIIHHUX CUCTEM MOHITOPUHTY SIKOCTI ITOBITPS:

1. Cencopu ta OOmagnaHHs. Tum ceHCOpIB: OIIHKA THUIMIB CEHCOPIB, SKi
BUKOPHUCTOBYIOTKCS JIJIsl BUMIPIOBaHHS 3a0py/IHEHb Y MOBITpi. Bak1MBO BpaxoByBaTu
TOYHICTb, Yy JIMBICTH Ta Jl1ala30H BUMipIoBaHb. KiIbKICTh Ta PO3MIIICHHS: TIEpEBipKa
KUIBKICTh CEHCOpIB y CHUCTEMI Ta iX pO3MIIIEHHSA AJiA 3a0e3leYeHHsl aJeKBaTHOTO
MOKPUTTS TEPUTOPII.

2. JlaH1 Ta ixHe 30upaHHsA: TOYHICTH TaHUX: OLIIHKA TOYHOCTI BUMIPIOBAHb
Ta SIKICTh JTaHUX, 110 30MParOThCsl CUCTEMOIO. [HTEpBan BUMIPIOBAHb: MEPEBIPKA, K
4acTO MPOBOASATHCS BUMIPIOBAHHS Ta SIK 11€ BIUIMBA€E HA TOYHICTH MOHITOPHUHTY.

3. Mertononoria Ta cranaapT. Bukopuctani METOIUKU - BU3HAUCHHS, SIK1
METOIMKHA BHUKOPHUCTOBYIOTHCS JIJISl OIIIHKH SIKOCT1 IMOBITPS Ta UM BOHM BIAMOBIAAIOTH
BCTaHOBJIEHUM cTaHaaptaMm. CITIBCTaBICHHS 3 MDKHApOJHUMHU CTaHIApPTaMHu -
nepeBipKa Yi CUCTEMa BIAMNOBIIa€ MI>KHAPOJHUM CTaHAAPTaM Ta MPOTOKOJIAM;

4. Hoctynuicte Ta Ily6miuna [adopmamis. Jloctyn g0 maHux — OIliHKA
JOCTYITHOCTI OTPUMaHUX JaHUX JJIS TPOMAJICHKOCTI Ta 1HIIMX 3aIliKaBICHUX CTOPIH.
[HTEepakTUBHICT, Ta Bi3yami3allii — 4YM € IHTepaKkTUBHI iHTep(deiicu Ta 3acobu
Bi3yaJrizailii IHCTPYMEHTOM JIJIsl TIOJIETTIIEHHAM PO3yMIHHS JTaHHX.

5. Cucrema nonepekeHHsI Ta pearyBaHHsA. MexaHi3MU NONEPEKeHHS —
BU3HAUCHHA, SK CHUCTEMa IOMEPEIDKEHHS TMPO SIKICTh MOBITPS (YHKIIIOHYE Ta SIK
IIBUJIKO pearye Ha 3a0pyaHeHHs. CHUCTeMU B3a€MO/IIT 3 TPOMAJICHKICTIO — MEePEeBIpKa,
o iHdopmMarllis JIETKO JOCTyMHa JUIsi TPOMAJCHKOCTI Ta IO ICHYIOTh MEXaHI3MH
3aITy4eHHs] TPOMAJICHKOCTI JI0 POIIECY MOHITOPHHTY.

6. 3abe3neueHHst kKoHDiAeHIIHHOCTI Ta Oe3neku. KoHdiaeHIiHICTh JaHUX

— BHW3HAYEHHS 3aXOJiB, SKI BXKHBAIOThCA I 3a0e3MeueHHS KOH(IICHIIIHHOCTI
21



OCOOMCTHX JaHMX. 3aXHCT BiJ KiOep3arpo3 — BHU3HAUCHHS, SIKI 3aX0AM Oe3MeKH
BCTAHOBJICH1 JJIsI 3aXUCTY CUCTEMH Bij KiOep3arpos.

[Tig gac anamizy BaXJIMBO OpaTH J0 yBaru KOHTEKCT MICIIEBHX YMOB, MOTPEO
rpoMajy Ta crenu@iydi acleKTH, IO BIUIMBAIOTh Ha SKICTh MOBITPS B KOHKPETHIM

JIoKari.

1.1 AmHajgi3 ICHYIOYOro mNnpOrpaMHOro 3al0e3medeHHs] OLIHKM SIKOCTI

NnoBiTps

Icnye Oararo iHGOpMAIITHUX CHCTEM MOHITOPUHTY SIKOCTI TMOBITPS, SIKi
BUKOPHUCTOBYIOTBCS 110 BCbOMY CBITY. J{€sIK1 MpUKIIaAN TAKMX CUCTEM BKIHOUAIOTh!

1.  AirNow (CIIIA) — e HanioHaIbHA CHCTEMA MOHITOPUHTY SIKOCTI TIOBITPSI
B Cnonyuenux llltarax. Bona 3abe3neuye peanbHHil "ac iHGOpMaILi€l0 MpO PiBHI
3a0pyIHEHHS MOBITPS Ta PEKOMEHIALISIMH JIJIs1 TPOMaJIsIH.

2. European Air Quality Index (EAQI). €Bponelicbkuii 1HAEKC SKOCTI
noBiTps. — 1€ iHdopmalliiiHa cucTeMa JJisi MOHITOPUHTY $IKOCTI TOBITpSI B
€BporeiickkoMy coro3l. CucrtemMa BUKOPUCTOBYE 1H(MOpMAIlIIO 3 PI3HUX JHKEpesl Ta
BU3HAUAE 3arajbHUM 1HACKC SKOCTI MOBITPS 7151 KOXKHOT 00IacTi.

3. World Air Quality Index (WAQI). Onuc: CBiTOBHUI 1HIEKC SKOCTI MOBITPS
— 11e mo0anbHa IHQopMaliiiHa cucTeMa, sika Ha/lae AaHi Mpo 3a0pyIHEHHS TNOBITPS 3
pi3HUX JKepesl. BUKOpUCTOBYETHCS /i1 MOHITOPUHTY Ta TMOPIBHAHHS SKOCTI MOBITPSA
B PI3HUX MICIISIX 10 BCbOMY CBITY.

China National Environmental Monitoring Centre (CNEMC) - 1e
HaIllOHAJIBHUHN [IEHTP MOHITOPUHTY HAaBKOJIMITHLOTO cepenopuina Kuraro. 3abe3neuye
1H(pOpMAaLIi€rO PO AKICTh MOBITPS Ta 1HII €KOJIOTT4YHI MOKA3HUKHU B PEXKUMI PEAIbHOTO
qacy.

5. Breezometer. — 1ne mio6anbHa miatdopMa I MOHITOPUHTY SIKOCTI
NOBITPsl. XapakTEepUCTUKU: BUKOPUCTOBYE JlaHi 3 CEHCOPIB, METEOPOJIOTIYHI JIaHl Ta
MOJIETI JIJIsl BU3HAYCHHSI PIBHA 3a0pyIHEHHS TIOBITPS Ta HA/IA€ THTEPAKTUBHI KapTH JJIS

KOPUCTYBAUIB.
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6. OpenAQ. — Onuc 1obanbHa miatdopma, 1o HaAa€e BIAKPUTUA JOCTYII
JI0 TaHUX PO SKICTh MOBITpsl. BoHa 30upae naHi 3 pi3HUX pkepen 1 Hajgae AP mis
PO3POOHUKIB Ta JTOCIITHUKIB.

Ili cucremu BiAirparOTh BOXKIMUBY pOJIb y HaJaHHI 1HQoOpMallii rpoMajsHam,
BJIaJIaM Ta HAYKOBIIM JJIsl IPUUHSTTS PIICHb MO0 SKOCTI MOBITPS Ta 3aXOiB IS 11

ITOKPAICHHS.

1.1.1 Amnani3 npuKIIaJHOTO IPOrPaMHOT0 3a0e3MeYeHHs 11 IHTepHeTa pedei

Jlns mpuctpoiB Aeroqual[1], Takux sk AQM 65, AQS 1, AQY 1, Dust Sentry
a6o Dust Profiler po3po6ieno BOynoBane I13. JlocTym 3a 10MOMOIo00 CreliaJlbHOTO
1HTEep(eicy TporpaMHOro 3a0e3MneyeHHsl Halae KOpUCTyBayaM JIOCTYH 0 JaHUX MPO
SKICTh HOBITPA B PEXUMI peajibHOro yacy. Lle Takox 103BONs€e HaJaBaTH TEXHIYHY
NIATPUMKY Ta oOciyroByBaHHs. IIporpamue 3a0e3nedeHHst Oa3yeTbcs Ha
BeOTeXHONOT1sAX. Takok HassBHUI XMapHUU CEPBIC, 1110 MA€ TaKl MOXKIJIUBOCTI:

— migkmrodeHHs no gatamka depes WIFI, Ethernet aGo crinbHHKOBMIA

TenedoH;

— TIepernisia IaTYMKiB Ha Marli;

— TEperJIsa Ta 3aBaHTAKCHHS JaHUX y PEKUMI PEaTbHOTO Yacy,

— BigoOpakeHHs JaHUX Ha rpadikax;

— BuOIip nepioay ycepeadenus — 1 xB, 30 xB, 1 rox, 2 rox, 4 rox, 8 rox, 12
roju, 24 rox;

—  BUKOPHUCTaHHS PO3H BITPY ISl BA3HAYEHHS HDKEpeT 3a0pyTHEHHS;

— HajamTyBaHHI SMS Ta eJeKTpOHHHMX ITOBIJIOMJICHb Y BIJIMOBiAL Ha
eKcTpeMasbHi Moii;

— HajgaHHg gaHux 4yepe3 FTP abo enekTpoHHOMO MOITOH 0e3mocepeHbo
BUOpaHUM OJIEp>KyBayaM;

—  KajiOpyBaHHS NpuUIaay BiIJaleHO (BUKOPUCTOBYIOUM BOYAOBaHY OIILIIIO

Kamobparopa).
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[Iporpamue 3abe3neyennss BL-VIEW renepye onnaiiH BizyasibHEe 300paskeHHS
BHUCOTH KOHBEKTMBHOI'O IPAHMYHOTIO IIapy, 110 3a0e3neuye BiqoOpaKeHHs MICLEBHX
yMOB. JlaHi mpo BUCOTY TPAaHUYHOTO IIapy MO>KHA IHTETPYBAaTH y 30BHIIIHI IPOTPaMU
Ta MporHo3yBaHHs . HasiBHa MOXKITUBICTD MEpEIIsay, aHaTI3y Ta BIIOOPaKEHHS JaHUX
y pexuMi peaidbHOro yacy. IHdopmarisi, mo HamaeTbes mporpamor BL-View[2],
JI0TIOMarae MOKPAIIUTH MOHITOPUHT Ta MPOTHO3YBaHHS SKOCTI MOBITPS Ta Ma€ Taki
0COOJIMBOCTI:

— JIOCTyN JI0 TEXHIYHOTO OOCIYTOBYBaHHS JI0 XMapoMmipa 3a IOTIOMOTOO
BHYTPIIIHBOI TEPMIHATBHOI MPOTPAMHU;

— miarpuMka mojueneit xmapomipiB V31 ta CL51;

— B1JOOpaXeHHsS CTaH XMapoMmipa Ta SKOCTI 3B'sI3Ky Ha FOJIOBHOMY €KpaHi,
1100 MOKHA 0YyJIO AOCTIAUTH poOOUl OTEepEHKEHHS Ta TOMUIIKH;

—  SKICTB JIaH1 HE3aJIEKHO B1JI ITOTOJIH;

— BHUKOPHUCTAHHS aJITOPUTMY, III0 BPaXOBY€ MOXKJIMBI OMAIN Ta XMApHICTh,
11 3a0e3neueH s HaIiiHOT 3BITHOCTI 32 Oy/b-SKUX TIOTOJHUX YMOB;

— aBTOMAaTHYHE aHalI3yBaHHA JaHUX TPAHUYHOrO Mapy Ta 30epiraHHs
pe3yibTaTiB y (Gainax >KypHaIiB, sIKI MOXYTh BUCTYMHaTH SIK BXIiJHI JIaHi [0

YU CCIBbHUX MO)IGJ'ICIZ IMPOTHO3YBAaHHS ITOTrOAH.

1.1.2 Tlporpamue 3a0e3meyeHHs HJsi MOJCNIOBAaHHS JOucHepcli ras3iB 3

TOYKOBOTO JKEpea

JIJist TOCHIIKEeHHS BIUIMBY PO3IOALTY 3a0pyHEHHS BiJl KOHKPETHOTO JpKepena
a00 rpynu JpKepen sl OIMIHKH SKOCTI IMOBITPS Ta BIUIMBY HA 3J0POB'S JIFOIMUHM JIJIS
MaJuX NPOCTOPOBUX MACIITA01B MPUBATHUMHU KOMIIAHIIMU pO3POOIISETHCS ClieLiaIbHE
I13. Okpim MOzETIOBaHHS BOHU MOXYTbh BKJIIOUATH OL[IHKY MPOTHO3Y SIKOCTI MOBITPS
BIJIMOBITHO JI0 CTAHJIAPTIB Ta FPAaHUYHUX 3HAUYCHb, BKIIOYaroun ctanaapta BOO3, €C,
Benukoopuranii, CIIIA a6o Kuraro.

BREEZE — xommanis ska po3poOise mporpamMHe 3a0e3MedyeHHs s

qucnepciiiHoro MonentoBanHs. Bkitouae B cebe po3poOKy Ta KepyBaHHS CKIIAIHUMU
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Habopamu reoi3uYHUX Ta METEOPOJIOTIYHUX JAaHUX Ta IHTETPAIlll0 TAKUX HAyKOBUX
MoJeJen SIK:

— AERMOD;

— CALPUFF;

— DEGADIS;

— SLAB;

— AFTOX;

— INPUFF;

— CAMX;

— CMAQ.

[Iporpamu, norpumyroThcsi cra”aapTiB  Microsoft, ymnopsakoByrooTh Ta
BI3yaJli3yIOTh CKJIJHI aHaII3U MOJICIIOBAHHA JUCIEPCii, a TAKOXK 3a0€3eUyI0Th, 10
BC1 MOB'I3aH1 3 HUMM BXiJHI Ta BUXIJHI (aiau monemoBanHs Ha 100% cywicHi 3
HOpMaTUBHUMHU noKyMeHTamu EPA[3].

Lakes Environmental 3aiimaetbcs pospobkoro I3 ana  npucnepciiHoro
MOJIETIIOBAHHS MOBITPsI 3 BUKOPUCTAHHAM 1H(OpMAaLIil Ipo JKepena 3a0pyIHEeHHs Ta
METEOPOJIOTIYHI yMOBH JUIsi OOYMCIICHHS TIEPEMIMICHHS Ta KOHIICHTpAIii
3a0pyaHIOBaua B arMocdepi.

AERMOD View — ne HaiiyacTilie BHUKOPHCTOBYBaHa MOJIEIb MMOBITPSHOT
Jucrepcii 1 3aCTOCOBYETHCS JJIsL IIMPOKOTO J1anma3oHy BHUKHUIIB B paaiyci 50 k.
3acTocyBaHHs pPO3pax0OBaHe JJIsl CKJIAJHOTO penbedy Ta MIChbKOi 3a0y/10BH.

AERSCREEN View — 1e aiarHocTHYHa MOJE]Ib Ha OCHOBI aMEpPHUKaHCBHKOT
moneni AERMOD, sika oiiHIO€ HaWTIpIIl KOHIEHTpAIli piBHS 3a0pyIHEHHS s
OJTHOTO JiKepelia 3a0py/THCHHS.

CALPUFF View — cuctema, 1110 BAKOPUCTOBY€ HecTalloHapHY ['aycoBy MoJenb,
sAKa TIIXOAUTh Il MOJCITIOBAHHS TPAHCIOPTYBaHHS 4YacTOK Ha BEJMKI BIJICTaHI,
arMoc(epHoi XiMli, BUIUMOCTI Ta B CKIaJHUX YMOBaX aTMOCc(epu NpUOEpe HUX 30H.

ADMS - Urban — 11¢ KOMIUIEKCHA CHCTEMa MOJICTIOBAHHS SKOCTI TOBITPS y
BEJIMKHUX MICBKHUX paiioHax Ta micTax. Lle equHa npakTuyHa MOAEINb SKOCTI MiCBKOTO

MOBITPS, sIKA BKJIFOYAE HAWHOBIIII HAYKOBI PO3POOKH, MPEACTABISIE MOBHUM CIEKTP
25



TUITIB JIKEpeJT 3a0pyIHEHHS, IO 3yCTPIYarOThCA B MICBKIM MICIIEBOCTI, BpPaxoByeE
CKJIaJIHy MIChKY MOpP(OJIOrio, BKIIOYAIOUM BYJIMYHI KaHBHOHHM, Ta 3abe3leuye
MacITaOyBaHHS BiJl ByJTUYHOTO JI0 PET10HAIBLHOTO.

OCHOBHHMM HEIOJIIKOM IIUX MPOrpaM € BUCOKa BapTiCTh, HEOOXIIHICTh 3aJaHHs

BEJIUKOI KIJTbKOCTI MapaMeTpiB, JETaTbHUX METCOPOJIOTIYHUX Ta TAHUX Pelbedy.

1.2 OuiHkM AKOCTI NOBITPSI HOPMH i CTAHAAPTH

BcecBiTHa opranizariis oxoponu 370poB's (BOO3) Buaana HaCTaHOBH OO
piBHS 3a0pyQHEHHS! OTOYYIOYOIrO MOBITPS, SIKI IIMPOKO BUKOPUCTOBYIOTHCS Y BCHOMY
CBITI SIK OPIEHTUPHU JJIsI BCTAHOBJICHHS CTaHAAPTIB Ta IUJIEH YIpaBIiHHS SKICTIO
HOBITPSL.

3a0pyIHEHHS TIOBITPSI Y MICTax MO BChOMY CBITY Ma€ CEpHO3HI HACTIIKH JJIsI
3n0poB's. Lle cipuunHmio nepeadavdysani 4,2 MinbiloHa nepeqyacHux cmepteit y 2016
pori. PMys — npiOHOIMCHEpCHI PEUOBUHM jdiaMeTpoM 2,5 MKM a00 MEHIIEe €
HalHeOe3MeYHIINM 3a0py/IHIOBauYEM, OCKUIBKHU BiH MO>KE TPOHUKATH Yepe3 JIETCHEBUN
Oap’ep Ta TMWOTpAUIATH B CHUCTEMY KpOBi, BHUKJIHMKAIOYH CEPIEBO-CYIUHHI,
pecmiparopHi Ta pakoBl 3axBoproBaHHS. OTe 3a pPaxXyHOK 3HMKEHHS PIBHS
3a0pyIHEHHSI TIOBITPS KPaiHU MOXKYTh 3MEHIITUTH KUIBKICTh 3aXBOpIOBaHb [4]. Takox

ICHYIOTh TPU MPOMIXKHI LIJIbOB1 CTAaHJAPTH, 1110 HaBeIeH1 B Tabmumii 1.1:

Tabmuus 1.1 Hopmu koHneHTpamnit PM; s

CepenHbopiuHa Cepennbo1000Ba
15 Mxr/m? 37,5 Mxr/m?

25 Mr/m 50 mxr/m?

35 MKr/m? 75 mMkr/m?
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B xepiBauntei BOO3 3a3HaueHo, 110 cepeIHBOPIUHI KOHIEHTpallii PM; s He
NOBMHHI nepeBunryBatu 10 MKI/M3, Tomi K cepenHboao00Ba He Oinbmr 25 MKr/m®
OlnbIIIe TPHOX pa3iB Ha PIK.

Ananoriyno pospo6ineni cranaaptd BOO3 miogo iHmmMX 3a0pyaHIOBaviB B

tabmum 1.2:

Tabmuus 1.2 Cranmapty 3a0pyaHIOBadiB

3abpynnroBau | Konmentpartis

PMiy piuna koHueHTpanis 20 Mxr/M> T cepenHbpon0008a 50 MKr/m?

0O; 100 mxr/m>, cepenss 8 romuH.

NO,, 40 mxr/m® cepennbopivna i 200 Mxr/mM> B cepeiaboMy Ha 1 TomuHy.
SO, 20 mxr/m® cepemabpono6osa ta 500 Mxr/m® 10 XBuIMHHA.

JIiIsTTbHICTh MICBKUX, HAIIIOHAJIBHUX Ta PEriOHAJIBHUX PIBHIB, IO MPAaIIOIOTh B
rajy3i TpPaHCIOPTY, €HEPreTHKH, MOBOHKCHHS 3 BIIXOAaMH, MICTOOYIyBaHHS Ta
CUTCHKOTO TOCIIOAAPCTBA y PETYIIOBaHHI Ta BIPOBAKEHHI CTAHIAPTIB SKOCTI, €
YKUTTEBO BAKJIUBUMHU JIS1 YUCTOTO MOBITPA [5].

Kanancbki cranmapti skocti HaBKOMMITHBOTO TOBITPst (CAAQS) mist npibamx
TBepANX 4acTok (PM2.5) Ta 030Hy BUHHMKIIM B pPE3yJIbTaTl IHTEHCUBHOTO J10CIII>KEHHS
1 BCTAHOBJICHHSI HOPMATHUBIB y CHIBIIpalli (peiepalibHUX Ta TEPUTOPIATbHUX YPSIIB 1T
erinoro Pamu minictpiB Kanagu (CCME) 3 mouarky 2010-x pokis. Lleit mporec
BU3HAUEHHS CTaHIApTIB BAIrpaB KJIOYOBY pojib Y (hOpMyBaHHI CTpaTeriii 3 OXOpPOHHU
JOBKULIS Ta 3a0e3meueHHi rpoMaachkoro 310poB's. Beranosneni CAAQS mns PM2.5
Ta 030HY Ha 2015 ta 2020 poku BHU3HAYAIOTh MAKCHMAaJIbHO JIOMYCTHMI PIBHI IUX
3a0pyIHIOBaUIB y TOBITPI, SKI BBAXKAIOTHCSA OC3MEUHUMU JIJIsi 3[I0POB'S JIFOAUHU Ta

ekocucTeM [6].
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i cranmapTu 6a3y0ThCs Ha BEJIMKIN KITBKOCTI HAYKOBUX JI0Ka31B 11010 BILJIUBY
PM2.5 Ta 030HY Ha 3A0pOB's JIOAWHU, BKIIOYAOUYH JTOCITIHKCHHS €ITi1eMi0IOTI9HIX

Ta eKCrepuMeHTadbHuX Aanux. Lli crangaptu onucani B Tabmumi 1.3.

Tabmurs 1.3 Kananaceki cranmaptu sskocTi 1t PM2.5 ta O30ny

3abpyantoBau | Yac Konnentparrii Mertpuka
ycepennenns | 2015 2020
PM2s 24 Ton 28 ng/md | 27 CepenHe 3HA4YEHHS PiUYHHX

ug/m® | KoHIEeHTpaLii 32 3 poKu

PMas pluyHU 10.0 8.8 CepenHe 3HAYEHHS PIYHUX
ug/ms3 ng/mé | KoHueHTpariii 3a 3 poku

O3o0H 8 rox 63 ppb 62 ppb | CepenHi 3HaYCHHS CepPETHIX

3HAYCHb 4OTHPHOX

HABUIIHX 1000BUX

MaKCHMYMIiB 3a 8 ro/ivH 3a 3

poKHU

VY cBorwo uepry €porneiicekuii Coro3 (€C) po3poOUB MUPOKUN 3aKOHOJABUNI
aKT, SKUWA BCTAHOBIIIOE CTaHJAPTH Ta I IIOAO PALY 3a0pYIHIOIOUHUX PEUYOBUH Y
HOBITPI.

Hupextun €C mono sikocti noBiTps (JupextuBa 2008/50/€C mpo sKICTh
HABKOJIMIIIHBOTO TIOBITPS Ta O4YMINEHHA TMOBITpA uisi €Bpornu Ta Jlupektusa
2004/107/€C npo BaxkKli MeTaJd Ta TMONIIUKIIYHI apoOMaTh4yHl BYIJIEBOIHI B
HABKOJIMIITHHOMY TIOBITPi) BCTAHOBIIOIOTH MOPOTOBI KOHIEHTpAIlli 3a0pyqHIOI0YNX
PEYOBHH, SIKI HE TOBUHHI MEPEBUIIYBAaTUCh Yy 3aJaHUi TPOMIXKOK yacy. Y pasi
MIEPEBUIIICHHS, OpPTaHU BJIaJd TTOBUHHI PO3POOUTH Ta BIPOBAIUTH TIJIAHHU YIIPABIIIHHS
AKICTFO TIOBiTps. Ili TIaHW TOBMHHI MaTH Ha METI JOBECTH KOHIICHTpPAIIIO
3a0pyIHIOIOYMX PEYOBHUH JI0 PIBHIB HI)KUE TPAHUYHUX Ta IIJIbOBUX 3HAYECHb.

Bubpani cranmaptu €C Ta HactaHoBu BcecBiTHBOT opranizailii OXOpOHH

3nopoB's (BOO3) y3aranbHeni B Tabnuill HWKYe. BOHU 3aCTOCOBYIOTHCS MPOTIATOM
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PI3HUX MEPIOiB Yacy, OCKUIbKU BiJl I[bOTO 3aJIC)KUTh iX BILJIUB Ha 37I0POB’S JIFOIUHHU.
3nauenHss BOO3 BCTaHOBIIOIOTHCS JII OXOPOHU 3[I0POB’S 1, SIK MPaBUIIO, CYBOPIIIII

MOPIBHSAHO 3 y3rojukeHnMu ctanaapramu €C (tabmuug 1.4).

Tabmuusa 1.4 Hopmu konnenTpariiit Busnaueni €C ta BOO3

JHupektuBa sxocti noBiTps €C Hopmu BOO3
3abpynHioBau | [lepion ycepennenHs Konuentpamisi | Konuenrparis
PM,s OO IMHHUI 25 mr/m3

PM, 5 Piunuii 25 mr/m3 10 mr/m3
PMio IIOTOTUHHUH 50 mr/m3 50 mr/m3
PMio plUHUN 40 mr/m3 20 mr/m3

O3 MakcumanbHe cepenne 3a 8 | 120 mr/m3 100 mr/m3

TOJIUH

NO, IIOTOTUHHUH 200 mr/m3 200 mr/m3
NO, pluHUA 40 mr/m3 40 mr/m3

B Vkpaini ominka ¢aktuyHOro ab0 MPOTHO3HOTO (PO3PAXYHKOBOTO) PiBHS
3a0pyaHEHHSI aTMOC(EpHOro TOBITPS MPOBOIUTHCS IUISIXOM  CITIBCTaBJICHHS

MOKa3HWKa  3a0pyAHEHHS  OJHIEI0  PEUYOBHMHOI0 a00 CyMapHOTO IOKa3HUKa
3a0pynHenHs (CII3) cymimmio pedoBHH 3 MOKA3HUKOM T'PAHUYHO JOMYCTHUMOTO
3a0pynuenns (I'713). JlomycTuMuM BU3HAETHCA PIBEHB, 1110 He niepesulye I'/13 [5, 7].

OCHOBOIO OIIIHKHU 3a0pyJHEHHS aTMOC(EPHOTO TMOBITPS HACEICHHX MICIb €
riri€HI4YHI HOPMaTUBU JIONYCTUMOIO BMICTY B HbOMY XIMIYHUX, O10JOTIYHHUX PEYOBHH
(un areHTiB) Ta AOMyCTUMOTO BIUIMBY (pizuuHux Qakropis. Ili mpaBuia cTOCyrOTHCS
OIIHKK 3a0pyMHEHHS aTMOC(EPHOrO MOBITPS JHUIIE XIMIYHUMH Ta 1 O10J0TIYHUMU
pedoBuHamu (abo areHTamu). (““ZleprkaBHi caHITapHI MpaBUIa OXOPOHU aTMOC(HEPHOTO
MOBITPSL HaceleHWX Micup”). Jlms omiHku 3a0pymHEHHS arMoc(EepHOTO TMOBITPS
BUKOPHCTOBYIOTHCSI 3HAUCHHS KOHIIEHTpAIlil 3a0pyqHIOIOYUX PEYOBHUH, OJICPKAHUX

Ipy  PO3paxyHKaX OYIKYBAaHOTO 3a0pyaHEHHsS aTMOC(HEpHOTo TOBITPS 3a JIFOYOI0
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METOIMKOI, a00 3HaYEHHsI KOHIIEHTpallii (haKTUIHOTO 3a0pyaIHEHHsSI aTMOC(hEpHOTO
MOBITPSI, OJIepKaH1 MPH JTaOOPATOPHUX JTOCIIHKEHHSIX Y BIAMOBIIHOCTI 3 BUMOTaMH
nepkaBHoro crangapry 17.2.3.01-86 «Oxpana npupomu. Armocdepa. IlpaBuna
KOHTPOJISI SIKOCTI TOBITPSL HAceJIeHUX MyHKTIB» Ta «KepiBHHUIITBO IO KOHTPOIIO
3a0pynaennsi armochepm» (P 52.04.186-89) na cramioHapHHX, MapuIpyTHUX abo
nigdakenbHux nocrax. [lpu oI 3a0pyaHeHHsT aTMOC(HEPHOTO MOBITPS HACETCHUX
MICIIb IONYCTUMHUM Ta O€3MEeYHUM JUIsl 370pOB'S JIIOJEH MPUNUMAETHCS PIBEHb, MpPU
SAKOMY  KOHIIGHTpaIlli OKpeMHX  3a0pyJHIOIOUMX PEUYOBUH a TaKOX CyMapHi
MOKAa3HUKW 3a0pyJHEHHS HE MEpPEBUINYIOTh BCTAHOBIICHI TITi€HIYHI HOPMAaTUBU
nomyctumoro Bmicty (I'JIK — rpaaundno gomyctuma konnentpariiis, ObP/] — opienToBHI
Oe3neuHi piBHI MigHHS, [ JI3 — rpaHUYHO 1O0NyCTUMOTO 3a0pYIHEHHS).

Orinka (hakKTHYHUX 1 TPOTHO3HUX PIBHIB 3a0pyIHEHHS aTMOC(HEPHOTO MOBITPS
MMOBHUHHA TIPOBOIUTHCS y BCIX BHIAX MEPEANPOCKTHOI Ta MPOCKTHOI JOKyMEHTAIlil (B
TOMY YHCJI Y JIOKUIbHUX 1 3BeZieHuX ToMax [ /[B — rpaH4HO [OMyCTUMHUX BUKHUJIIB)
3 METOI0 OOTPYHTYBaHHSI 3aX0/IiB, 5K OyIyTh 3a0€31euyBaT 10/Iep >KaHHs TT1EHIYHUX

HOPMAaTHBIB [7].

1.3 IHagekc AKOCTI MOBITPA

AQI — wme iHOeKc Juisl 3BITYBaHHS MpO SKICTh IIOAEHHOro moBITps. AQI
30CepEeIKY€EThCS Ha BILUIMBI Ha 37J0OPOB'A, K1 BU MOXETE BIUYTH MPOTATOM JEKIIBKOX
ronuH abo JHIB TIcis BAuXaHHs 3a0pynHeHoro noBitps. EPA pospaxoBye AQI s
I'ITU OCHOBHHUX 3a0py/IHIOBadYiB MOBITPS: Ha3eMHUN 030H, 3a0pynHeHHs PM, okcun
BYTJICIIIO, TIOKCUJ] CIPDKH Ta J10KCH]T a30TY.

[Ilo6 monermmtu po3yMinas EPA pospoOuna BrnacHuit crangapt AQI, sxuit
JITUTHCS Ha IIICTh KaTEeTropii, KOXKHA 3 SKWX Ma€ BIAaCHUW BIUIMB Ha 310poB's. Jlis
KOXKHOT 3 1MX 3a0pyaHiorounx pedoBuH EPA BcTaHOBWIIa HAIllOHAJIBHI CTaHIAPTH
SKOCTI1 MOBITPSI JJIsl 3aXUCTY 370pOB'st HaceneHHs. O30HOBI Ta YaCTUHKU MOBITPS, SKi
MICTSTBCSL B TOBITPl, € JABOMa 3a0pydHIOBauaMH, SIKI MPEACTaBISIOTh HaNOUIbITY

3arpo3y 3/I0pOB’10 JIOANHM B 11l KpaiHi.
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PiBHI iH€KCY npeacTaBiieHi y Tadmui 1.5 [8]:

Tabmuus 1.5 PiBHI iHAEKCY SKOCTI MOBITPs 3a cTrannaprom EPA

Hazga piBHio Hiamazon [TosicHeHHs
3HaYeHb
Xopommuid Bix 0 mo 50 SIKicTh TOBITPSI BBAXKAETHCSI 3aJOBUIBHOIO, a

3a0py/IHEHHSI TIOBITPsSI HE MPEACTABIISIE MaJo

pu3uKy ab0 HE Ma€ HisIKOTO PU3BHUKY

[TomMipHuit Big 51 10 100 | SKicTh MOBITPsS MPUNHHATHA; OAHAK JJIS IESIKUX
3a0pyIHIOBaYiB MOKE€ CIIOCTEPIraTUCS IIOMIpHE
3aHETIOKOEHHS 1010 3/I0POB’sI Ty’Ke HE3HAUYHOT

KUIBKOCTI JIFOJIEH.

Hesnoposuit qys | Big 101 mo 150 | Jlromu 3 ypa3nuBoi Tpynmud MOXYTh MaTH

Yy TIIMBUX TPYIl npo0emMu 31 310pOB’AM

Hesznoposuii Big 151 10 200 | KoxkeH Moke TmoyaTd Big4yBaTH  JesKi
HEraTWBHI HAaCIIIKU AJi1 3[0pOB'S, a YJICHU
Ypa3iNMBUX TPyl MOXYTh BIAYyBaTh OUIbII

Cepil03H1 HACIIIJIKU

Hyxe Bix 201 1o 300 | KockeH Moske 3a3HaTH OUIBII  CEPHO3HUX
HE3I0POBUI HACIIIJIKIB JIJIs1 3[I0POB's
Heb6e3neunuit oinbire 300 Moxe noCTpak1aTh BCE HACEIECHHS

Yum Bumie 3HaueHHs AQI, Tum Ounblinii piBeHb 3a0pyJHEHHS MOBITPS Ta
outbma crypOoBaHicTh 3710poB’siM. Hampukinazn, 3nadenHss AQI 50 sBusie coboro
XOpOIIy SIKICTh TOBITPS 3 HEBEJIUKUM MOTEHIIAJIOM BIUIMBY Ha 37I0POB'S, TOMI SIK
3HayeHHs: AQI nonan 300 mpencrasisie HeOe3neuHy siKicTh nmoBiTpsa. Mera AQI —
JOTIOMOTTH 3pPO3yMITH, SKMM YHWHOM MICIIEBa SIKICTh TIOBITPS BIUIMBAE Ha Ballle

3J10POB 4.
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1.4 €Bponeiicbkuii iHIEKC SIKOCTI MOBITPSI

€BpONENHCHKUI 1HIEKC SKOCTI TMOBITPA JI03BOJSIE KOpPUCTyBayaM Oijblie

pPO3YMITH SIKICTb TOBITPS TaM, J€ BOHU XHUBYTbh, MPALIOIOTh ab0 MOJOPOKYIOTb.
Bino6paxkarouu iHpopMaltiito as €Bponu, KOPUCTYBadl MOXKYTb OTPUMATH PO3YMIHHS
SKOCTI TIOBITPS B OKpPeMHX KpaiHax, perioHax Ta Micrax. [Haexc Oa3yerbcs Ha
3HAYEHHAX KOHIEHTpallli N'SITH OCHOBHUX 3a0pYIHIOIOUMX PEYOBHH, BKIIOYAIOUH:

— TBepai yactuHku (PM10);

— npiOHoaucniepcHi peuoBunu (PM2.5);

— o30H (03);

— miokcuna azoty (NO2);

— miokeun cipku (SO2).

Jliokcua a30Ty Ta A1I0KCH]T CIPKH, K1 TOJIOBHUM YHHOM YTBOPIOIOTHCSI BHACIIOK
BUKHUIB 3 TPAHCHOPTHUX 3acO0IB 1 MPOMHUCIOBUX NPOLECIB, MOXKYTh BUKIHKATH
NOJIPa3HEHHS JUXAJIbHUX IUIAXIB 1 3HMKYBaTH (YHKUIIO JiereHiB. YagHuil ras, mo
YTBOPIOETBCS TIPU  HENOBHOMY 3TOpSHHI  BYIJIEBOJHIB, MOXE€ OJOKyBaTH
TPAHCHOPTYBaHHS KHCHIO B OpraHi3Mi, OO0 OCOOJMBO HEOE3MeyHO I JIroAeH 13
CEepLIEBO-CYIMHHIUMHU 3aXBOPIOBAHHSIMU.

[leit iHIEKC 3a3BMYail MPEACTABISETHCA y BUIISAAlI YHUCIOBHX 3HA4Y€Hb abo
KOJIbOPOBOI IIKAJIU, /1€ KOKHE 3HaY€HHS 200 KOJIbOPOBa KaTeropis BiANOBIJAE IEBHOMY
PIBHIO $KOCTI MOBITps. I[HTeprpeTanis MUX KOJIOPOBUX KATEropiii 03BOJISIE
rpoMajisiHaM Ta OpraHam BIaJu 3p03yMITH, SIK1 3aX0A1 MOXKYTh OyTH HEOOX1THUMH AJIs
3aXUCTy 370pPOB'Ss Ta HABKOJUIIHHOTO CEPENOBUINA B 3aJEKHOCTI BIJ PIBHSA
3a0pyIHEHHS TTOBITPA.

Bin Bi10Opakae MOTEHIIMHUHN BIUIUB SKOCTI MOBITPS Ha 3I0pOB'st, 00YMOBJIECHUI
3a0pynHIOBaYe€M, KOHIICHTpAIIis SKOTo HaiOIbIma [9].

[HdopMmaltis mpo KOHIEHTpaLito puBeaeHa B Tabnui 1.6.
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Tabmuns 1.6 IHIekc Ha OCHOBI KOHIIGHTpAIlill 3a0pyaHIOBaYiB

3abpynHtoBau | PiBeHb iHAEKCY

Jlobpe Hemnorano | [TomipHo ITorano | dy»xe noraHo
PM_s 0-10 10-20 20-25 25-50 50-800
PMyo 0-20 20-35 35-50 50-100 | 100-1200
NO; 0-40 40-100 100-200 200-400 | 400-1000
O3 0-80 80-120 120-180 180-240 | 240-600
SO, 0-100 100-120 200-350 350-500 | 500-1250

B tabmuui 1.7 npencrasieHi MOB1IOMJIEHHS PO BILIMB Ha 3J0POB’ S JIIOJUHHU.

Tabmuus 1.7 ITo’sa3aH1 13 1HAEKCOM ITOB1IOMJICHHS PO BIUIMB HA 37I0POB’sI JIFOIUHH

Ianexc sxocti

Bce Hacenennsa

VYpaznuBi rpynnu HacCEJICHHS

HOBITPSI

HoGpe SAxicTh moBiTps 100pa SxicTh moBiTps 106pa

Hemnorano Haconomxkyiitecs  3Bnuaiinnmu | Haconmomxkyiitech 3BUYaliHUMH
BUJIaMU aKTHUBHOTO BIJMOYUHKY | BUAAMHU aKTUBHOTO BIJIMIOYMHKY

ITomipHO Haconomxyitech  3BM4aiiHumu | HaconomkynTech 3BUHaiHUMU
BUJIAMHU aKTUBHOTO BIATIOYMHKY | BUJaMU aKTUBHOTO BIAMIOYHUHKY

ITorano [Tomymaitte 1npo  3MeHuieHHs | [logymaiite npo 3MEHIIEHHS

IHTEHCUBHUX 3aHATHh Ha CBDKOMY
MOBITPI, SKIIO Y Bac 3’ SIBISIOTHCS
Takl CHMIITOMH, SIK OUIb B oOYax,

Karesb abo 011k y ropJi

b13uaHIX HaBaHTAXEHb,

0COONMBO  HAa  BIAKPUTOMY
MOBITP1, OCOOJIMBO SIKIIO y Bac

CHUMIITOMM.

Jyxe norano

3MEHIIITh (P13UYHI HABAHTAKEHHS

Ha CBIXKOMY IMOBITP1

VYHukaiiTe Qpi3MUHUX 3aHATH Ha

CBIKOMY TOBITpI1
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3a JOMOMOrOI0 1HJEKCY KOPHUCTYBadli MOXYTh IUTAHYBaTH CBOIO [isUTHHICTD,
oOuparoud HaWOUIbII CIPHUATIMBI MOMEHTH JJis TepeOyBaHHS Ha CBDKOMY IOBITPI,
O0COONMBO y pasi MiABHUINEHOTO piBHA 3a0pymHeHHs. lle 0coOnmBO Ba)IJIMBO ISt
Bpa3JIMBUX T'PYIl HACEJIEHHS, TaKMX SK JITH, JITHI JIIOAA Ta OCOOM 3 XPOHIYHHUMHU

3aXBOPIOBAHHIMHU.

1.5 AHxajiz AMepUKaHCHKHMX CTAHJAPTIB OUIHKHU AKOCTI MOBIiTPA

Jlna 3abe3neyeHHss poOOTH MEpexki BIAMOBIAHO O YMOB, BOHA MOBUHHA OyTH
po3polIieHa 3 ypaxyBaHHSIM PI3HUX TUIIB JUISHOK MOHITOpUHTY. BoHM MOBUHHI OyTH
31aTHI 1H(GOPMYBaTH MPO MIKOBUHM PiBEHb 3a0pYyIHEHHs IMOBITPS, THUIOBI PiBHI B
HACEJIEHUX IyHKTaX, 3a0pyIHEHHs MOBITPs, IO TPAHCHOPTYIOThCS JO MICTa Ta
perioHy Ta 3a HOro MexkaMu, Ta piBHI 3a0pyJHEHHS MOBITPS MOOIHM3Y KOHKPETHUX
mokepen. Toxk MOXXKHA BUIIIUTH WIICTh 3arajlbHUX THUIIB AUISIHOK, SIKI MOTPEOYIOTh
koHTpoito[ 10]:

— Ti, Kl BU3HAYAIOTh HAWBUII KOHIICHTpAIi, Kl OYIKYIOThCS B 30HI, IO
OXOTIIEHA MEPEXKEIO;

— PpO3MIIlIEHI JIJIi BUMIPIOBAHHS THUIIOBUX KOHIIEHTpaIliil y paloHax 3
BHCOKOIO IIIJILHICTIO HACCIICHHS;

— 5Kl BU3HAYalOTh BIUIUB JKEpen 3a0pyIHEHHS a00 KaTeropiil mkepen Ha
SAKICTh TIOBITPS;

—  SIKI BU3HAYaloTh 3arajJbHui piBeHb (DOHOBOI KOHIIEHTpPAILIIi;

— JUIsl BU3HAUEHHS CTYINEHS TPAHCIOPTY 3a0pyIHIOIOYHMX PEYOBHH CEpell
HACEJICHUX MyHKTIB;

— SKI pO3MILIEH] /JJi1 BHUMIPIOBaHHS BIUIMBY 3a0pyJHEHHS MOBITPS Ha
BUIUMICTb, POCITUHHUN TTOKPUB YH 1HIII BIUIMBH HA OTOUYIOUYE CEPEIOBUIIIE.

Jlis yTOYHEHHS TPUPOAU 3B'SI3KY MDK 3arajdbHUMH IUIIMA MOHITOPHHTY,
TUIIAMHU JIJISTHOK Ta (PI3UYHUM PO3TATYBAHHIM KOHKPETHOIO MOHITOPA BU3HAYA€THCS
KOHIICTIIiS TPOCTOPOBOTO MaciTady. MeToro po3MIIeHHsI MOHITOPIB € MpaBHIbHA

BIJIMOBIAHICTH IPOCTOPOBOTO Maciitagy, MPEACTaBIECHOTO BHUOIPKOIO
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CIIOCTEPEKYBAHOTO TOBITPS, Ta MPOCTOPOBOrO MaciITady, HAMOUIbII BIATOBITHOTO 10

TUITY MOHITOPUHTOBOI JUISHKY, 3a0pydHIOBaya TMOBITPS, IO BUMIPIOETHCA, Ta

11711 MOHITOPHHTY.

Takum dYmHOM, MacmTad OMUCYEThCA 3 TOYKH 30py (IBUYHUX PO3MIPIB

MOBITPSHOTO 00’€MyY, HAWOMMKYOTO JO MICIS CIIOCTEPEKECHHSI, SKE Ma€ OCUTh

OJIHAKOBI

bakTuyHi

KOHILIGHTpaIii 3a0pyAHIOIOYUX pPEYoBHH. Macmralu, 10

MPEACTABIISAIOTh HAWOLIBIINK 1HTEpEC I THUIIIB MOHITOPUHTY TIPEACTaBIICHI Yy

tabmmii 1.8 [10]:

Tabnuis 1.8 TIpoctoposi MaciiTabu

Hasga Onmc

MaciTaly

Mikpo Busnauae xonneHtpaiii B 00'emax MOBITps, MOB'sI3aHI 3 PO3MipaMu

MaciTao TUTONII BiJ KUTBKOX METpiB J10 npuoau3Ho 100 meTpiB

Cepenniii | BusHauae KOHUEHTpALll0, XapaKTepHY ISl PAaOHIB pPO3MIPOM [0

MacmTao JEKUTBKOX MICBKMX KBapTamiB 3 posmipamu Big 100 mertpis
1o 0,5 kinomerpa

Cepenniit | BusHayae KOHIIEHTpaIlil0, XapaKTepHY Il PalOHIB PO3MIPOM [0

MacmTao JEKUTBKOX MICBKMX KBapTamiB 3 pos3mipamu Big 100 mertpis
1o 0,5 kutomeTpa

Paiionnuii | BusHavyae KoHIIEHTpaIlli B MeXKax JEsIKOi pO3IIMPEHOT TUIOIII MICTa, SKa

MacuTao Ma€ BIJIHOCHO PIBHOMIPHE BHKOPUCTAHHSI 3€MeEib 13 pPO3MipamMu B
Mexax Big 0,5 1o 4 KiIoMeTpiB

Micekuii Busnauae koHmeHTpaiii B Mexax MicTa, ToOpsaAKy Big 4

MacmiTao 10 50 kizomeTpiB
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[Tponosxxenns Tabmui 1.8

Perionanbhuii | BusHadae, sik npaBuIio, CLUIBCBKY TEPUTOPIIO 3 IOCHTH OIHOPIIHOO
Macirad reorpadiero 6e3 BEIUKUX JKepen 3a0pyIHEeHHS 1 MPOCTITaeThCs Bijl

JIECSTKIB 10 COTEHb KIJIOMETPIB

Harionaneauii | [IpeacTaBisitoTh KOHIIEHTpAITll, M0 XapaKTepU3YIOTh TEPUTOPIIO
Ta TIOOAIBHUH | KpaiHU Ta 3eMHY KYJIIO B I[IJIOMY

Macmradu

[IpaBunpHe poO3MIllIEHHS NpPWIAy BUMAara€ yTOYHEHHS METH MOHITOPHUHTY,
TUIIB JUISHOK, HEOOX1THUX JJIs TOCSTHEHHS METH, a MOTIM 0a’KaHOTO MPOCTOPOBOTO
macmtaly. Hampuknan, po3misiHEMO BUINAAOK, KOJIM METOK € BU3HAYEHHS
BinnoBigHOCTI NAAQS (National Ambient Air Quality Standards) [11] nuisixom
BU3HAUEHHS MAKCUMAJIbHUX KOHUEHTpALlil 030HY JUIs JaHOI TepuTopli. Taki JIIsSHKH,
HMIBU/LLIE 32 BCe, OyAyTh BIANOBIIATH MPUMICHKOMY JKHMTIOBOMY pailoHy, 1€ JIIOAM,
HMOBIPHO, MPOBOJIATH OUIbLIE Yacy HA BIAKPUTOMY MOBITP1. JIUISIHKH, po3TalIoBaHi B
UX pailoHax, MIBU/IIE 3a BCE, MPEACTABISAIOTh MICBKUI MacIITal. Y [bOMY HNPUKIal
Gb13u4HEe po3TallyBaHHS BHU3HAYalld, BPAXOBYIOUM CXEMHU BHKHUIIB, AaKTHUBHICTb
HACEJICHHSI Ta METEOPOJIOTIUHI XapaKTEPUCTUKHU, IO BIUIMBAIOTh HA YTBOPEHHS Ta
JUCHEpCito 030HY. TakuM 4MHOM, MPOCTOPOBUN MacmITad HE BUKOPUCTOBYBAaBCS B
npoiieci Bi00py, a OyB pe3ynbTaToM pO3TalTyBaHHS JUISHKH.

@di3UyHe pOo3TallyBaHHS AUITHKY BU3HAYAETHCA 32 PAXYHOK CHUIBHOTO PO3MIISATY
K OCHOBHOI IIJII MOHITOPHUHTY, TaK 1 TUIy Miclig MOHITOpUHTY. Hampuknazn, ans
BU3HAYCHHSI KOHIEHTpamiii PM,s (particulate matter), ski xapakTepHi s
reorpadiuHoi o0jacTi, MO0 Ma€ BIAHOCHO BHCOKI KOHIEHTpaiii PM,s, Oiabin
JOIUTHPHOIO € NIJITHKa paioHHOro macmtaly. Takuii MalgaHduK, WMOBIpHO, Oye
pPO3TalIOBaHUI y )KUTIOBOMY UM O13HEC-paiiOH1, [0 MA€ BUCOKY 3arajbHy HIUIbHICTb
BukugiB PM,s, ame He B Oe3mocepenHiii OIM3BKOCTI BiJ JKOIHOTO OKPEMOTO

JIOMIHYIOUOTO JIKepelsia. 3ayBaXuMo, 1110 B IbOMY NpHKIaAl OakaHuil maciitad OyB
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BOXJIMBUM (DAaKTOpOM TIPpM BH3HAYEHHI (PI3MYHOTO PO3TAIIYBaHHS JUISHKH
MOHITOPHHTY.

B Oynp-sikomy Bumaaky kiacugikaiis Mepexi 3a il TUIIOM Ta MPOCTOPOBUM
MaciTaboM € HEOOXITHOK 1 CHPUATUME IHTEpHpeTalii JaHUX MOHITOPUHTY
(nampuknian, myOmiuHa 3BITHICTH, BignmoBimHicTh NAAQS abo miarpumka

JocaipKeHs) [12].

1.6 Omisax HayKOBMX NPalb MOB’SA3aHUX 3 OLMIHKOI SIKOCTI NOBITPS

Ha cporomHimHii 1eHs TpoBeACHO 0araTo MOCIIIKEHb MIO0I0 METOJIIB OI[IHKH
SKOCTI TIOBITPSL Ta (aKTOPIB, SIKI HAMOLIBINE BIUIMBAIOTHh HAa SIKICTh MOBITps. IcHye
0arato MOCHIKEHb, SIKI HAMararoThCs BUPIIIATUA MPOOJEMy HecTadl ONEepaTHBHHUX
nanux [13-18]. ¥V po6Goti [19] aBTOpu MOPIBHSAIM JIOKAIBHI Ta ITI0OAIBHI METOIN
PO3paxyHKy 1HJEKCY SIKOCTI MOBITpsl Ha mpukiaal micta Jlakka. Pe3ynapratu 11010
JTOCTIJKEHHS CB1IYaTh Mpo Te, 110 JokaabHU AQI G111 TOUHO BIIOOpaKa€ SKICTh
MOBITPS Y BIAMOBIIHIN TOCTIXKYyBaHIi 30H1 3a MEBHUX pealIbHUX CLIEHap1iB. Y poOoTi
[20] aBropu kiacudikyBadM Ta TMpoaHaNi3yBalM JaHI MOHITOPUHTY BHUKH/IB
HIKIJJTMBUAX PeuoBUH Yy JIBBIBCHKIN 00IACTI Ta CTBOPUIIM CEPiI0 €KOJOTIYHUX KapT Ha
OCHOBI JJaHUX MOHITOPUHTY atMochepHoro noBiTps y JIbBiBChbKIN obmacti. Y poOoOTI
[21] aBTOpM IPOMOHYIOTH METOA MPOTHO3YBAaHHS KOHIIEHTPALlli 3a0pyIHEHHS IOBITPS
Ha HECIOCTEPEKYBAHUX TEPHUTOPISX 3 BUKOPUCTAHHSM IHCTPYMEHTIB MPOCTOPOBOI
inTepnoisauii B I'IC. Lle gae ninHy iHpopMalito mpo AUCHEPCiio 3a0pyAHEHHS MOBITPA.
VY nocmimxenHi [22] mpencraBieHl HEMIOAaBHI MPOCTOPOBO-4acoBi 3miHU B I3A Ta
SKOCTI TIOBITPSI B TOJIOBHOMY MichbKomy paiioHi Uynirina. [ToBHuii HaGip nanux Oyio
peKoHCTpyioBaHO 3 BUKOpUCTaHHIM HOBOro Metrony (LRTC-TNN) anst iHTeprnossii
BIJICYTHIX 3Ha4eHb. Y poOO0Ti [23] aBTOpH MOPIBHIOIOTH MOJIENH, KA BUKOPUCTOBYE
HaWBUIIMN CyO-1HJEKC, 10 3aJIeKUTh BiJ cTaHaapTiB 3abpynHioBadiB USEPA, 3
MOJIEJITIO, sIKa BKJTFOUAE Bard BCiX 3a0pyIHIOBAYiB, SIK MOJAENH arperoBaHOTO 1HIEKCY
skocTi moBiTps (AAQI). AAQI € KOMIIIICKCHAM TTOKa3HUKOM SIKOCTI TTOBITPSI 1 € O1IBIII

KOPUCHUM B YIPABIIHHI HAaBKOJMIIHIM CEpPEJOBUIIEM, OCKUIbKM BIH MPEICTaBIIsIE
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JeK1IbKa 3a0pyaHIOBaY1B SAKOCT1 MOBITPsi. Y po0oTi [24] aBTOpH 30CEPEMKYIOThCS Ha
CTparerii ympaBiiHHS €KOJOrIYHOK €KOCHCTEMOIO 3a JIOMOMOTOI0 aJTOpPUTMY
mrygnoro iHtenekty (L) Ta mocmimkyroTh KOpemsIio MK SIKICTIO TOBITpS Ta
MeTeopooriero. ExcepuMeHTanbHu aHai3 oKasye, 0 CepeHs TeMIeparypa Mae
MO3UTHUBHY Kopessnio 3 AQI, Tomi Sk BiTHOCHA BOJIOTICTh 1 MIBUAKICTH BITPY MalOTh
HeratuBHy Kopessiuito 3 AQI. Kpim Toro, nomuska nmporaosyBans AQI 3a romomorozo
3anporionoBanoi moxeni RF + BP + GA He nepepuinye 0,32, 1m0 CBiIYUTH MPO
BIIMIHHY BIAMOBiAHICTh ¢akTnuHuxX 3HaueHb AQIL. VY pobGoti [25] aBropwm
JOCIIKYIOTh, IO CLIBCHKOTOCIIOJAPCHKUI CEKTOp Ma€ 3HAUHUM BIUIMB Ha 1HAEKC
SKOCTI MOBITPS, BUKopucToByt0uH cucteMy AgrlmOnlA (Agriculture Impact On Italian
Air). [l cuctema OLiHIOE pOJib TBAPUHHUIBKOTO CEKTOPY B SIKOCTI MOBITPS B PETIOHI
JlomGapis 1 103BOJISIE TPOBOAUTH MOPIBHAHHS 3 IHIIMMH €BPOTICHCHKUMU PETiOHAMM.

IcHye Oararo mo0anbHUX CIIYXk0 MOHITOPHHIY SIKOCTI IOBITPS, SIK1 pO3pO0IIeHI
Ta (PyHKILIOHYIOTh IO BChOMY CBITY, ajleé OUIBIIICTh 3 HUX HE MpPU3HAYEH1 I 300py
JAaHUX, HEOOX1THUX JIJIS OI[IHKH BIUTMBY HaceJECHHS Ha Yy TJIMBI 3a0pyIHIOBAY1 TOBITPS.
[IpoGnema MOHITOPUHTY SIKOCTI TIOBITPS € TPEeIMETOM 0ararboX HayKOBHUX
nociiKeHb. Y po6orti [17] aBTopu HajgaroTh BCeOIYHUI OISl Cy4acHOTO CTaHy CIpaB
y cdepi IKOCTI MICBLKOTO MOBITPS Ta BUCBITIIIOIOTh BIAKPUTI MUTAHHS Ta JT0CII1IHUIIBKI
BUKJIMKHU Yy BUPIIIECHHI Npo0ieMy 3a0pyIHEHHS HOBITPs y MicTax. [[edki 1ociaimKens
3aCTOCOBYIOTh MAIlIMHHE HABUAHHSA JJIsl KapTorpadyBaHHS Ta MPOTHO3YBAHHS SIKOCTI
noBiTpsi. Y poOOoTi [26] aBTOpU 3acTOCYyBalld TEXHIKY MAIIMHHOIO HAaBYaHHS 3
YaCOBUMHU PSJIaMU 3aMUCIB 3a0pyIHEHHS TBEPIAUMH YaCTHHKAMU JIJISi IPOTHO3YBaHHS
Ta PO3POOKKM KapTH BPA3JIMBOCTI JIO0 3a0pyIHEHHS TBEPAUMH YaCTUHKAMH.
BunankoBuii jic OyB 3aCTOCOBaHMI JJ1s MEPEBIPKU Ta Bizyai3allli B3a€MO3B'SI3KIB MiX
TBEPJMMH YaCTHHKAMHU Ta PI3HUMHU HE3aJICKHUMH 3MIHHUMH. Y po0oTi [27] 3pobiieHo
cipoOy CTBOPUTH  MYIBTUMOAQIBHY MOJAETh MAIIMHHOTO HaBYaHHA  JJiA
MPOTHO3YBaHHS MOKA3HUKIB SKOCTI MOBITPS TaM, Jie HEMA€ CTaHLIi MOHITOPUHTY. Y
cTarTi [15] mpoMmoOHy€EThCS BAOCKOHAJIICHUI METO OI[IHKHU SIKOCTI MICHKOTO TOBITpPA,
AKUi 00'€THy€ MPOCTOPOBO-YACOBI JaHl 3 pi3HUX pkepen. Lleid meronm iHTerpye

METEOPOJIOTIUHI JaHl 3 JAHUMH MPO COLalIbHY aKTUBHICTh y MICTI AJsl (POPMYBaHHS
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KOMIUIEKCHOTO Ha0Opy EeKOJIOTIYHUX JaHuX. Y JOCHiKeHHI [18] mociiKyroThes
3MIHM 1HIEKCY SIKOCTI OBITPS MiJ Yac pi3HUX JIOKJIayHiB, cipuunHeHux COVID-19, 3
BUKOPHCTAHHSIM CYITyTHUKOBUX JaHUX. [[OpiBHSIHHS IHCTPYMEHTIB MOMIeTIOBaHHS 28,
29] onncye moxknuBocTi Ta nepeBaru Bukopuctanuss CALLPUFF Tta inmux moneneit,
takux sk AERMOD Ta CDF. V crarri [30] aBropu HaBOASITH pe3yJbTaTH
MOJICJTIOBaHHs SIKOCTI TMOBITpst 3a gomomororo mporpamu AERMOD (mporpamue
3a0e3neueHHs BREEZE AERMOD): pesynbraTé MOZENIOBaHHS IOKa3aiu, IO B
JOCITIPKYBAaHOMY paiioHi croctepiraeThesi Bucoka konmentpailis CO. Y pobori [31]
MOKa3aHO PO3CIIOBaHHS YOTHPHOX 3a0pymHiorounx pedoBuH (SO2, CO, NO2 Tta
PM2.5), mo Bukugaucs 3 HadronepepodHoro 3aBoay Jaypa B barmazai Bimitky 2013
poky Ta B3uMKy 2013-2014 pokiB 3a nonomororo cuctemMu mojaentoBanus CALPUFF:
Oyau po3paxoBaHi MOTOAMHHI OOCATH BUKHUIB 3a0pyAHIOIOYMX PEYOBHH HAa OCHOBI
(dhakTUYHUX 00CATIB MaJINBa, CIIOKUTOTO Ha HAQTONEPEepOOHOMY 3aBO/I.

OpnHak OUTBIIICTH 3aIIPOINIOHOBAHUX METOJ0JIOTIM MOHITOPUHTY SIKOCTI MOBITPS
noTpeOyloTh TMONANBINOI OIIIHKA Ta TMeperisay, Mepil HDK iX MoxHa Oyne

BUKOPHMCTOBYBATH Ha MPAKTHULIl B 1HIIKUX MICTaX.

1.7 BucHoOBOK

B pe3ynbraTi npoBeAeHOro aHaji3y ICHYIOUMX CTaHAApPTIB PO3MISHYTI 1HIEKCH
SKOCTI TIOBITPsI TaKl SIK aMepUKaHChKI1, €eBporneiichki Ta HopMu BOO3. bynu po3misinyTi
pO3po0IIeHI MporpaMHi 3a0€3MEeUeHHsI 111 TPUCTPOIB MOHITOPUTY Taki sik Aeroqual,
BL-VIEW, Tta nporpamue 3abe3rnedeHHs] IJisi MOJAEIIOBAHHS PO3MOIUTY 3aBOIB:
BREEZE, AERMOD View, CALPUFF View, ADMS-Urban.

OCHOBHUM HEIOJIKOM IILOTO MPOrPAMHOTO 3a0€3MEUEHHSI € BUCOKAa BapTICTh,
HEOOX1THICTh 3aJ]JaHHS BEJIMKOI KUTBKOCTI MapaMeTpiB, NETATLHUX METEOPOIOTTYHIX
Ta laHux penbedy. butbicts 3 HaBeaeHoro 113 nae nuuie iHGopmarliro npo JT0KaIbHUMA
CTaH SIKOCTI MOBITPsA a00 30UparoTh JaHI JIMILIE 3 BIACHUX CTAaHIIA MOHITOPUHTY. Takox

iHTepdeic uX mporpaM € HEIHTYITUBHUM.
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B 3B’s3ky 3 UM BHUHHKaEe TOTpeda B CTBOpPEHHI 1HGOPMAIIIHHOI cUCTEMa, sKa

Ma€ BIAMOBIATH HACTYITHUM KPHUTEPISM:

—  JIETKO pO3rOpTaTHCS Ha Pi3HUX TUIAX MAIIHH;

—  30upartu Ta cepiaiizyBaTH pi3HI TUIIU IaHUX;

—  3alyCKaTH 3aBJIaHHs Y (POHOBOMY pPEXHMIi, B 1HIIIOMY IMPOIIECI;
—  Bi3yaJi3yBaTH pe3yJbTaTu.

Takox HE0OXiTHO chOpPMYBaTH MAaTEeMAaTUIHY MOJEIb JIsl OIIHKH SKOCT1 TIOBITPSL.
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PO3I1J1 2. MATEMATHUYHI MOAEJII OHIHKHA AKOCTI ITOBITPA

MaremaruuHa MOJIeNb SIKOCTI MOBITPSl BKJIIOYa€e B ceOe pi3HI mapameTpu Ta
3aJIe)KHOCTI, 00 KUIBKICHO OLIIHUTU PiBEHb 3a0pyIHEHHS aTMOC(EPHOTO MOBITPSL.
OmiHka $KOCTI TMOBITpS 3a3BMYail  BPaxoBy€ KOHIEHTpAllii Pi3HOMAHITHHUX
3a0pYIHIOIOYMX PEUOBHH, TaKUX K okcuau a3oTy (NOx), cipkoByriens (SOX), TBepai
gactku PMI10 1 PM2.5, GensamipeH, BymieBoaHI Ta iHIN. Moneiab MOBUHHA
BpaxoByBaTu (i3WYHI Ta XIMIYHI MPOLIECH, TaKl K qudy3is, peakiiis B atMmocdepi Ta
OCaQ/KCHHS 3a0pyJHMKIB, IO BIUIMBAIOTH HA iX pO3MOAUT Ta cTaH. Hemim eMHUM
(dbakTOpoM BIUIMBY € METEOPOJIOTIYHI YMOBH, TaKi SIK MIBUIKICTh BITPY, TEMIIEpATypa,
BOJIOTICTh Ta 1HIN, IO MOXYTh BIUIMBATH Ha PO3MOBCIOMKEHHS 3a0pyAHIOI0YO]
PEUOBHHU.

PesynapraroM po0OOTH MareMaTHYHOI MOJIENI SKOCTI MOBITPS € HAJaHHS OIlIHKH
BIUIUBY KOHIIEHTpaIlli 3a0pyJHUKIB Ha 370pOB’S JIOAWHU Y BUIVISIAL 1HACKCY SKOCTI
HOBITPSL.

Opniero 3 0a30BUX MaTeMaTMYHUX MOJENEH MOKe OyTH PIBHSHHS 3BaXKEHOI
CYMHM KOHIIEHTpaliil pi3HMX 3a0pyAHHKIB, € KOXKEH 3a0pyqHUK Ma€ CBI BaroBuid
KoeilieHT, Mo BigoOpa)xae HOro BIUIMB Ha 3arajbHY SIKICTh MOBITps. Taka MOAEINb
MOJKE MaTH BUTJISI:

AQl = w1 Ci+ wy Cy + -+ w3 Cy, (2.1)
ne:

—  AQI —iagexc skocti moBiTps (Air Quality Index);

— (4, C,,...C,, — KOHIIEHTpAIIii p13HUX 3a0pyHHKIB;

— W1, Wy,...wW, — BaroBl Koe]illleHTH, IO BiIOOpaXarOTh BaXKJIMBICTh
KO>KHOT'O 3a0py/THUKA.

[e# miaxim J03BOJISIE BPAXOBYBAaTH BarOMICTh Pi3HUX 3a0pY/IHUKIB, aJie BUMarae
BU3HAYCHHS BaroBUX KOe(II[I€EHTIB HA OCHOBI €KOJIOTIYHUX Ta MEAUYHUX JTaHUX.

OpHak 11 61JIbII TOYHUX MPOTHO31B 1 aHAJI3y MOKE BUKOPHCTOBYBATHCS OLIIbII
CKJIaJiHa MOJENIb, IO BPAXOBYE XaPaKTEPUCTHKUA aTMOC(HEPHOTO PyXy, B3aEMOJIIO

13HUX MHUKIB Ta IXHI BIUIMBH Ha 3J0POB'S JIOOUHHU. Takl MoAEIl MOXYThb
3 3a0 1B Ta iXHI a 3J0pOB'S JIIO, Taki Momeni Mo
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BKJIIOYATH y cebe pi3Hl audepeHiiagbHl pIBHAHHS Ta CTAaTUCTUYHI METOAU

JUISL aHAJII3Y JaHUX.

2.1 CynytHukoBi 3HiMKH Micii Sentinel-5P

CymyTHUKOB1 3HIMKH JIOTIOMararoTh BU3HAUWUTH BEJIMKI paloHU 3a0pymHEHHS,
CIPUYMHEHI TOXKEKaMU, MUJIOBUMH a00 MIlIaHUMU OypsIMH, BUBEPKEHHSIMU BYJIKaHIB,
BEJIUKMMH TPOMMCIIOBUMHU JpKeperdamMu a00 TPaHCIOPTYBAaHHSAM TEXHOTE€HHOTO
3a0pyIHEHHs 3 IHIIUX PerioHiB. MeHIi pKkepena, Taki SK HEBEJIUKI MiAIPUEMCTBA YK
MICIIEB1 IOpOTH, HE OyIyTh BUJIMMI Ha CyMyTHUKOBUX 3HIMKax [32].

CynyTHHMKOBE JUCTAHIIMHE 30HyBaHHS 3a0e3Meuye JaHi Mpo AKICTh MOBITPS.
[IpocTopoB1 pO3pHUBHU PECYpPCiB HA3EMHOIO MOHITOPUHTY HEMHHYYl, a CyIMyTHUKOBI
JIaH1 3/1aTHI 3alIOBHIOBATU 1H(GOPMAILIIIO PO SKICTh MOBITPS B palloHax 0e3 Ha3eMHUX
CTaHU1M. ICHYyIOTh YMCIIEHHI CYIyTHUKOBI JIaHi, Kl MOXKYTh BKa3yBaTh Ha KpHTepIi
3a0pyaHIOBauiB MoBiTPs (Hanpukiaa, PM,s ta NO,) Ta napHUKOBI Ta3u (HampUKIa,
CH4 ta CO»). Bubip cynmyTHUKOBUX JaHUX ISl BUPIIIECHHS! KOHKPETHUX IMUTAHb SKOCTI
MOBITPSI 3aJICKUTH BiJl TOYHOCTI JAHUX Ta MPOCTOPOBOro Macitady [33].

OpHuM 13 HKEPeNIoM JTaHUX JJIS OIIHKH SIKOCTI € JIaH1 3 CYITyTHUKOBUX 3HIMKIB.
MOHITOPUHT SKOCTI MOBITPS 32 JOMOMOIOI CYMyTHUKOBHUX 3HIMKIB € €(DEKTUBHUM
METOJIOM, SIKUM JO03BOJIIE OTPUMYBATH INOOAIbHY Ta O0'€KTUBHY 1H(MOpMAIiO Mpo
pO3MOMIN 3a0pyIHIOIUKUX PEeYoBUH y moBiTpi. Jns mpuknamy, Sentinel-SP — e
CIOYTHHUK, SKMH HajnexuTh A0 mnporpamu Copernicus €BponeichbKOro KOCMIYHOTO
arentctBa (ESA). 3anymenuit y 2017 porri, BiH 06naaHaHuil iHCTpyMeHTOM Tropomi
(TROPOspheric Monitoring Instrument), sikuii BUMIpPIOE PI3HOMAHITHI Ta3u B
arMocdepi, Taki SIK JIOKCHU]T a30TYy, OKCHUJ CIpKU, MeTaH, (hopMasibAeri/l Ta 1HII, 1110
JI03BOJISIE B peaibHOMY 4aci BU3HAYATH SKICTh MOBITPs. binbm panime (y 2004 porri)
HanionanpHOt0 aepoHaBTHYHOIO 1 KocMiuHOo aamiHicTpamieto CIIA (NASA)
3amycTuiia Micito Aura, sika € yactuHow nporpamu Earth Observing System (EOS).

Aura obnajgHaHa I1HCTpyMEHTaMH, SKl JO3BOJISIIOTh BHM3HAUATH CKJIAJl arMocdepu
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3eMJTi, BKIIFOUAOUM BUMIPIOBaHHS 030HY, OKCHIB a30Ty, CIpKH, BYIJICLIO Ta 1HIIHX
rasiB, SIKi BIUTUBAIOTh Ha SKICTh IMOBITPS.

Ocp omnuc Ta nepeBaru bOro METOYy:

—  CYNyTHHUKHM 00JIaJIHaH1 CHEIIaIbHUMH IaTYNKaMU, SIK1 peECTPYIOTh Pi3HI
BUJIM €JICKTPOMArHiTHOrO BUIIPOMIHIOBaHHS, 10 BUXOAUTH Bif 3emii. Lle Bkiouae
BUJIME CBITJIO, iH(ppauepBOHE Ta MIKPOXBUIHOBE BUIIPOMIHIOBAHHS;

— 32 JIONIOMOI00 CIIEKTPAIbHOIO aHalli3y CYNyTHUKOBI CUCTEMU MOXKYTb
PO3PI3HATH Pi3HI TUIMHU MOBEPXOHb Ta BU3HAUATH XAPaKTEPUCTHUKU aTMOCHEPHUX
rasiB Ta aepo30.IiB;

—  CYIyTHUKOBUH MOHITOPUHI JO3BOJISIE MPOBOJUTH PETPOCIIEKTHUBHUIMA
aHaJi3, OLIHIOBATU TEHJICHLII 3a0py/IHEHHS NOBITPS Ta BUSBIIATH 30HU O0COOJIMBOIO
1HTEpecy JUIs MOJANIbIINX JOCIIIKEHb;

—  CYIIyTHUKOBI CUCTEMH 3a0€3MeUyIOTh MOKIMBICTh MOHITOPUHTY SIKOCTI
noBITPS B Oyab-fKiil Toumi cBity. lle 0coOJMBO KOPUCHO [JIsi BUSBIICHHS
3a0py/IHEHHS Ha BEJIMKUX TEPUTOPIAX ab0 y BIJAICHUX paiioHaX;

—  CIIOCTEpEXEHHsS B peanbHOMY 4aci. Jleski CymyTHHMKH, Takl sIK Ti, K1
BxomaTh 10 cuctemMu Copernicus B pamkax mporpamu Global Monitoring for
Environment and Security (GMES), MOXyTh HagaBaTu AaHl B PEXHUMI PEaibHOTO
yacy, 10 BaXXJIMBO JJI1 ONEPATUBHOIO pearyBaHHs Ha €KOJIOT1YH1 MO/IIi;

—  JIUCTaHUIMHUA MOHITOPUHT. MOXKIIUBICTH MOHITOPUHTY 3 BEIUKOI
BIJICTaHI JI03BOJISIE YHUKHYTH MPOOJIEM, MOB'I3aHUX 13 3/11IICHEHHSIM BUMIPIOBaHb Ha
MICIIi, 0COOIMBO y BaXKKOJOCTYITHUX a00 HeOe3MeYHUX perioHax;

—  KapTa po3nojiny 3a0pyiHI0r0YrX peuoBrH. CymyTHUKOBUI MOHITOPUHT
HAJa€ MOJKJIMBICTb CTBOPEHHS JETANI30BAHUX KapT PO3MOALTY 3a0pyAHIOI0UUX
pPEYOBUH, BU3HAUCHHS iXHIX JDKEepes Ta AMHAMIKH PO3MOBCIOKEHHSI.

Xo4a CyImyTHUKOBUI MOHITOPUHT Ma€ CBOT IEpeBaru, BaXJIMBO BPAXOBYBaTH, 1110
BIH MO)X€ OyTHM MEHII TOYHHM Yy TMOPIBHSHHI 3 HAa3€MHUMHU CTaHUIAMH LIOA0
KOHKPETHHUX IMapaMeTpiB, TAKUX K KOHIIEHTpPAIlis 3a0pyTHIOIOUUX PEUOBUH y HIDKHIX
mapax armocdepu. Takok, BHUKOPUCTAHHS 000X METOMIB Yy TMO€JHAHHI MOXE

3a0€3MeYnTH KOMIUIEKCHUAN MiJIX1] 10 MOHITOPUHTY SIKOCT1 TIOBITPSI.
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2.2 Onuc gaHMX 3i CTaHIII HA3¢MHOI0 MOHITOPUHTY

Craniii Ha3eMHOTO MOHITOPUHTY SIKOCTI MOBITPS — II€ CHEIIaIbHO 00J1aIHaHI
MICIISl, PO3TAIlOBaHI y pI3HUX YacTUHAX MicTa abo KpaiHu, 1€ 3AIHCHIOETHCS
CUCTeMAaTUYHUM 301p JaHMX Tpo 3a0pyaHeHHs ToBiTps. Lli cranHmii 3a3Buuai
BUMIPIOIOTh PiBHI PI3HHUX 3a0pYIHIOBAYiB, TAKUX SIK OKCHAM a30Ty, OKCHUAM CIPKH,
BYIJICBOJH1, TBEP/1 YACTKH Ta 1HIII MIKIJIMBI PEYOBUHH.

Hanannas maHux mpo sSKiCTh MOBITPS MOXKE 31HCHIOBATUCS Yepe3 pi3HOMaHITHI
JpKepena, SK Jep)kKaBHI (HAI[lOHAJNbHI CHCTEMH MOHITOPHHTY SIKOCTI TOBITPS,
YIPABJISIOTH SKUMU JIep>KaBH1 OpraHu ), Tak 1 MpuBaTHI (TpUBaTHI KOMITaHii MalOTh CBO1
BJIACH1 CTaHIIi MOHITOPUHTY Ta HaJaBaTH AOCTYII 0 IUX JaHUX yepe3 BeOcailTu abo
MOOUIBHI fonaTku). Lle Moxe OyTH 3[1HCHEHO HanpsAMy 31 CHEHIATI30BaHUX CTaHIIN
MOHITOPUHTY MOBITPs 200 MIJISTXOM JOCTYIY /10 BIMOBITHUX CANTIB €KOMOHITOPUHTY.
Po3misitHeMo HalOLIbIII JKepena Ta JaHl Kl HUMH HajaroThes. Hubkue HaBeneHo
MIPUKJIA] TAKUX JDKEPEIT JaHUX.

World Air Quality Index (WAQI) Hamae nani npo sKiCTh MOBITPS Y BUIVISII
1H1eKcy sikocTl oBITps (AQI) AJist pi3HUX MICT Ta PETioHIB [0 BCbOMY CBITY. [laHi mpo
AQI 3a3Bruail BKIIIOYaIOTh HACTYNMHY 1H(Mopmariito: Miciie Ta yac BumiproBanHs: Lle
BKJIIOYA€ reorpadiydi KOOpAMHATH MICIs, A€ MPOBOAWIOCS BHUMIPIOBAHHS, a TAKOXK
JlaTy Ta 4yac, Ko aaHi Oyinu 310pani. PiBHi 3a0pynHioBauiB: WAQI Hamae iHpopmaiiito
po pPiBHI PI3HUX 3a0pyAHIOBAYiB MOBITPs, Takux sk PM2.5 (TBepmi vacTku 3
niametpoMm MeHie 2,5 mikpometpiB), PM10, NO2 (miokcupn azory), SO2 (miokcun
cipkn), O3 (030H), omuHUL BUMiproBaHHS MKI/M>. THneke sxocti nosiTps (AQI): AQI
— II€ YMCIIOBE 3HAUCHHS, SIKE€ BiI0Opakae 3arajbHy SKICTh TOBITPS Ha OCHOBI PiBHIB
pi3Hux 3a0pynHioBauiB. lle 3a3Budyail yuciaoBe 3HadeHHs Big 0 mo 500, ge Hukyl
3HAYEHHS BKAa3YIOTh HA Kpallly SKICTh TOBITPS, a BUIIN — Ha Tipiry. Kareropii sikocTi
noBiTps: AQI Takox Moxe OyTH B1IOOpakeHUN y BUIVISAL KaTEropiil SKOCTI MOBITPS,
Takux sk «Jloope», «3anoBinbHO», «HezanoBuibHOY, «Iloranoy, «Jlyxe moraHno» Ta
«Hebe3neuno». 1li kareropii momomararoTh JIOISIM 3pO3YyMITH, SIK BITUBAE SIKICTh

MOBITPSI HA TXHE 3710pOB's [34].
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Tabmuus 2.1Tabauns piBHiB 3a0pyaHenr WAQI, Hacmiaku

JJIA 3I[0pOB’5I Ta 3aCTCPCIKCHHA

Innexc SIKOCTI

MOBITPS

Bpaznusi rpynu HaceneHHS

Pexomenmari

Jo6pe (0 - 50)

SIKicTh TIOBITPS BBAXKAETHCS

SAxicTh OBITPs 100pa

3aJI0BUTHHOIO

ITomipHO (51- | Sxicte moBITps npuitHATHA; | HacomomkyiiTech

100) Kpim nmrogedt 3 Haa3BUYalWHO | 3BUYAHHUMU BUIaMU
qyTIUBUX N0 3a0pyJAHEHHS | aKTUBHOTO BiIMTOYMHKY
MOBITPS

MkigmuBo  ad | YneHu yyTIMBHUX rpyn MoxkyTh | Hacomomxkyiitech

YyTAWBUX  TPYM | BIA9yBaTH  HACHIAKH  JUISA | 3BUMAMHUMU BHJIAMH

(101 - 150) 3JIOpOB's AKTUBHOTO BiAMIOYHHKY

Heznopose (151-| KokHa moanHa MoXke moYaTH | 3MEHIIICHHS b13uyHUX
200) BIIUYBaTH  HACHIAKWM  JUJIs | HABAHTaXEHb, OCOOJMBO Ha
310pPOB'A BIJIKPUTOMY TOBITPI
Hyxe mxkigmuBo | [TonepemxeHns npo | HeoOxigne oOMexxeHHa abo
TSt 3MI0pPOB’Sl | HEBIAKJIAAHI ~ CTaHM  JIJIsl | IOBHE YHUKHEHHSI
(201-300) 3m0poB's. YacTinie cTpakiaae | HABaHTAKCHHS HA BIAKPUTOMY
BCE HACEJICHHS HOBITP1
He6e3neuno Koxna mroguna BimuyBaTume | HeoOxigHO YHUKaTH
(300+) OUTBIT Cepio3HI HACHIIKK JUIA | HABAHTAXXCHh HA  CBIKOMY
310pPOB'A HOBITP1
Koxxna Taka mimardpopma Hamae OOMEXKEHHH Iepeliik 3a0pyaHIOBadiB.

Hanpuknan, ogHUM 13 JKepesn MOHITOPUTY pajialiiHoi 0OCTaHOBKM Ha TEPUTOPIi

VYkpainn BuxopuctoByetrbess lomoBamit IlenTp CmemianbHOTO KOHTPOIIO

[35].

Opranizanis Hajae iHPOpMaLIIO PO paialliiHUNA CTaH B 6-X TOUKAX 3 IHTEPBAJIOM Y

6 roguH nourHaouu 3 2017 poky.

Cepen nepeBar BUKOPUCTaHHSI HA3€MHHX CTaHIIIHN €:
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—  BHCOKa TOYHICTh BuUMIpIOBaHb: CTaHIli MOHITOPUHTY MOXYTh
3a0€3IeUnTH TOYHI JaHl PO PiBHI 3a0pyAHEHHS MOBITPS B KOHKPETHUX MICIISX,
OCK1JIbKA BOHU 3HAXOSITHCS O€3MOoCcCepeIHh0 Ha MICIT;

—  peanpHul yac: BumipioBaHHS MPOBOJATHCS B peajbHOMY Haci, IO
J03BOJISIE OTIEPATHBHO pPearyBaTH Ha 3MIHU Ta BXXHBATHU 3aXOJIB ISl MTOTIMIIICHHS
SIKOCT1 TIOBITPA;

—  getanbHl jaHi: CTaHIi MOXYTh 3a0e3rnedyBaTH JeTajdbHI JIaHl PO
pi3H1 TUIH 3a0pyIHEHB Ta X JKepena.

B Toi1 5xe yac iCHYIOTh 1 IEBH1 HEAOIIKHU:

—  oOMexeHa MpPOCTOpOBa MOKPUTTS: Mepexa CTaHIi MOHITOPUHTY
MoOxe OyTH oOMekeHa reorpadiyHo, 1m0 poOUTh BaXKKO BU3HAYEHHS SIKOCTI1 MTOBITPS
BI/IJTaJICHUX a00 Ba)KKOJIOCTYITHUX MICIIb;

—  BHCOKI BUTpaTH Ha oOciyroByBaHHs: [linTpuMka Ta 00CIyroByBaHHs
CTaHLI MOHITOPUHTY MOX€ OyTH JIOPOTUMH, OCOOJMBO MPU HEOOXITHOCTI
MOCTITHOTO MOHITOPUHTY BEJIUKOI KUIBKOCTI MTapaMeTpiB;

—  YyTJIMBICTH JO BIUIMBY 30BHIIIHIX (paKTOpiB: Pe3ysbTaTi MOHITOPUHTY
MOXYTh OyTH CHOTBOPEHI BIUIMBOM IIOTOJHHX YMOB a00 IHIIMX 30BHINIHIX

(dakTopiB.

2.3 Omuc mereomanux 3 NOAA (National oceanic and atmospheric

administration)

JIJist oTprMaHHs TOYaTKOBUX JaHUX Mpo roroay oyno oopano cuctemy GFS.

Global Forecast System (GFS) — rmiobGanbHa cucTeMa YHCEITBHOTO
MPOTHO3YBAaHHS MOTO/IU, 1110 MICTUTh II00AIbBHY KOMIT IOTEPHY MOJEJIb Ta BapiallliHUN
aHaJi3, Mo BUKOHY€EThCs HarionanbHO0 MeTeoposoriuynoto cinyx6oto CIIA (NWS).

MaremaTudHa MOZEITb 3aIyCKa€ThCSl YOTUPH Pa3u Ha JICHb 1 Ja€ IPOTHO3H Ha 16
JTHIB Hamepes, ajie 31 3SMEHIIEHHSIM ITPOCTOPOBOI PO31ILHO1 31aTHOCTI uepe3 10 nHiB.
MaiicTepHIiCTh NMPOTHO3YBaHHS 3a3BUYAil 3MEHIIYETHCS 3 4acoM (K 1 B Oymb-sKiid

YUCEeNbHIM MoJel MporHo3yBaHHs moronau). Ile omHa 3 MPOBIAHUX CHUHONTHYHUX
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MOJIeTIEl  CepelHbOro  Jiama3oHy 3arajibHoro kopucryBaHHs. Monens GFS
BUKOPHUCTOBYETHCSI [JIsl TMPOTHO3YBAaHHSA PI3HUX TOTOJAHMX SBHUII, BKJIIOYAIOUU
TEeMITepaTypy MOBITPS, BOJOTICTh, OMaau, BiTep 1 iHmIi. [{i mporHo3u HaMaOTh MIHHY
iHopMario I IJIaHYBaHHS 1A Y BEJIMKOMY Jllama3oHl raiay3ei, BiJl CLIbCHKOTO
TOCIIOAAPCTBA JI0 aBiallii, BiJl CHEPTETUKH IO TYPHU3MY.

Mogens GFS (Global Forecast System) mpezacraBise co00I0 CIEKTpajIbHY
MOJIeTIb 3 TOPU3OHTAIBHOIO PO3IIIBLHOI 3/1aTHICTIO NpuOIM3HO 13 KM MpoTAroMm
nepmmx 10 muiB Ta 27 kM Bix 240 no 384 rogun (16 mguiB). g mozens oxoruoe
HMIUPOKHUM TIPOCTIp, 3AaTHUN MepeadayaTv MOTOIHI YMOBH Ha mobaibHOMY piBHI. [lo
BEPTHUKAJI, MOJIENIb po3/lieHa Ha 127 mapiB 1 MPOCTIATraeThCs BiJl TOBEPXHI 3eMJIl JI0
Me30May3H, 110 TPUOIM3HO Ha BUCOTI 80 KM BiJI TIOBEPXHI 3eMIII.

o 2015 poky momens GFS BiicTaBasia BijJi TOYHOCTI 1HIIUX IIIOOATBHUX
MoJIeJIel TIOTO/IH, 1110 CTaJ0 0COOIMBO MIOMITHO I1J Yac nepeadadyeHHs BUXi] yparaHy
Cenni B Mmope. Monens GFS HenpaBuiibHO nmepeadadmiia pyx yparany A0 YOTHPbOX
JTHIB JI0 OT0 HAOMMKEHHS 0 Oepera, y TOM 4yac ik Mojelib €BpOneichKOT0 EHTPY
CepeIHHOCTPOKOBUX IMPOTHO3IB IMOTOAM BAAJO TMependadnia CXOMKEHHS Ha CyIIy
gyepe3 7 naHiB. Ll momunka Oyna oOymMoBIeHA OOMEXKEHHSIMH OOYMCITIOBATHHUX
pecypciB HarionansHoi MeTeoposioriunoi ciayxou (NWS). V Bianosias Ha e NWS
npujdansa HOBI CyHNEpPKOMIIIOTEpPH, IO 3HAYHO 30UIBIIMIO OOYHCITIOBAIBHY
MOTYXKHICTh 3 776 Tepadmonc g0 5,78 neradonciB. Takum 4rHOM, 0OYHUCITIOBAJIbHI
MOXJTMBOCTI Moziesli GFS 3HauHO MOKpaIuiIncs.

Cranom Ha 19 nunus 2017 poxy monens GFS Oyna oHoBIIeHa, a HOBA Bepcis, Ha
BIIMIHY BiJl TOTMEPEIHBOI, OUIBII TOYHO BpaxoBye (HAKTOPH, Taki SK KOJUBAHHS
Mennena — JDxymiana ta noBitpstHui map Caxapu. Y 2018 pomi oOuuciroBaibHA
NOTY>KHICTh 3HOBY Oyra 30u1bIIeHa, 10 8,4 neradiorncis, mo ao03Bonuiao moaeni GFS
e TOYHiIIe nependadaTy noroay B pizHUX perionax cBiTy. Hemonasao NWS takox
BUINPOOyBaia MOTeHIIHHY Mozaelb 3aMiHi FIM y moirykax 1e Kpammx pe3ysibTaris,
ane BimMoBuiacs Bijg Hel mpubmuzno B 2016 pori yepe3 BIACYTHICTh 1CTOTHHUX

MOJTIMNIIEHb TOPiBHAHO 3 Mojeuo GFS.
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Y 2019 poui BHACHIIOK HEAABHBOIO JIECATUKPATHOTO  301JIbIICHHS
OOYMCITIOBAIBHOI TMOTYKHOCTI Oyino 3amiaHoBaHoO oHOBiIeHHsS wmozjeni GFS, mo
JI03BOJIUTH 301IBIINTH 11 TOPU30HTAIBHY PO3AUIBHY 3JaTHICTH 10 9 kM (5,6 MIIIb) Ta
128 mapiB 10 16 1HIB y MOPIBHSHHI 3 TOTOYHUM Tpobirom 13 kM (8,1 muiib) 1 64 mapu
3a 10 mHiB.

22 oepesns 2021 poxy NOAA onoBwma wmomens GFS, moemmaBmm ii 3
robapbHOI XBWIbOBOWO Mojaewmo WaveWatch III, sika 301IbIIMTH pPO3ILIBHY
3natHicTh GFS 3 64 1o 127 BepTUKaldbHHUX PIBHIB, OJHOYACHO PO3IIMPHUBIIA BIKHO
nporHo3yBaHHs 3 10 1o 16 guiB. lle 3anummio neakux METeoposIoriB CIOAIBaTUCS, IO
onoBneHHss GFSv16 Oyae nocratHbo, 1m00 CKOPOTUTH PO3PUB Yy TOYHOCTI 3a
noromororo mozaeni ECMWE, ska BBakajacss HAUTOYHIIIO TTIOOAIHFHOIO MOJICILIIO
1oroau Ha Tou yac [35].

[Mapu GFS 0.25 BigHOCATBCS 10 BEPTUKAIBHOI CTPYKTYpPH arMoc(epu, sKy
Mozaenb GFS BUKOpUCTOBYE 11l MPOTHO3YBaHHs moroau. Huxde HaBeneHWil omuc
OCHOBHHMX IIapiB, 10 BUKOPHUCTOBYIOThC B GFS (.25 ta moniB, 3 SKUX BOHU
CKJIQJat0ThCA.

[Toroma 3HauHOIO MIpOIO BU3HAYAETHCS OapomeTpuuyHuM TuUckoM [37]. Och
CIIMCOK IIapiB aTMOC(HEpPHOTo TUCKY Ha PI3HUX BUCOTAaX, sIKI MOXKHA 3HAWUTH B MO
GFS:

— mnoBepxHeBud map (Surface Layer): ATmocdepHuii THCK Ha piBHI
MOBEPXHI 3eMi;

— 1000 rexromackann( rlla) ado mimibap (M0): Ile piBeHb OJHM3BKOI 10
MOPCHKOT pIBHUHH,

— 925 rexronackanb: Bucora 61u3bko 750-800 MeTpiB Ha piBHEM MODS;

— 850 rexronackanb: Bucora 61mu3bko 1-1,5 KimoMeTpiB Hax piBHEM MODS;

— 700 rexronackainb: Bucora 61u3bko 3-3,5 KIJJOMETpIB HaJl piIBHEM MODS;

— 500 rexronackanb: Bucora 6:1u3bko 5-5,5 KiJJOMETpiB HaJl piIBHEM MODS;

— 300 rexronackanb: Bucora 61m3bko 8-9 kiioMeTpiB HaJ piBHEM MOPAI.

— 200 rexronackainb: Bucora 61u3bko 10-12 kinoMmeTpiB HaJl piBHEM MODS;
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— 150 rexronackaib: Llei piBeHb po3TallioBaHU HAa BUCOTI MpUOIM3HO 16
KM HaJl piBHEM Mopsi. Hibkue 1boro piBHS MOYMHAETHCS cTpaTtocdepa,;

— 100 rexromackaib: Lleit piBeHb po3TamoBaHuii Ha BUCOTI Oim3bko 17-18
KM Haj piBHeM Mops. Lle Bxxe BepxHil map crparocdepu,

— 50 rexronackaib: Llel piBeHb po3TamoBaHuii Ha BUCOTI NMPUOIU3HO 24-
25 xM Haj piBHeM Mopsi. Lle 3HaxoauThesa B Mezocdepi,

— 20 rexronackanb: Lle#t piBeHb po3TanioBaHuii Ha BUCOTI 6sm3bk0 30-32
KM Haj piBHeM Mops. Lle Bxke mocuth BUCOKO B Me3ochepi;

— 10 rexromnackainb: Lleit piBeHb po3TamoBaHuil Ha BUCOTI Onu3bko 40-42
KUIOMETPiB HaJ piBHEM Mops. Le Bxke Bulle BEepXHbOi MeXK1 cTpatochepu;

— 5 rekronackanb: Llel piBeHb po3TaioBaHnii Ha BUCOTI PUOIN3HO 46-48
KUJIOMETpiB HaJ piBHEM Mops. Lle 3Haxoautbest B mezocdepi;

— 1 rekromnackanb: Llei piBeHb po3TalioBaHUN HAa BHUCOTI OJMu3bKko 52-54
KUIOMETpiB HaJ piBHeM Mops. Lle Bxxe Bucoko B mezocdepi,

— 0.1 rexronackans: Lleit piBeHb po3TamioBanuii Ha BUCOTI O6sm3bK0 80-82
KUIOMETpiB Haja piBHeM Mops. lle Bxke Buile Mexi Me3ocepu Ta B Mexax
TepMocdepu;

—  0.01 rexromnackans: Lle piBeHb po3TamoBanuii Ha BUcoTi 6mu3bko 100-
102 xiiomeTpiB Haj piBHEM Mops. Lle Bxke my»xe BUCOKO B Tepmocdepi.

3a3Haunmo, 1o arMochepHuil TCK Ha piBHAIX HUk4Ye 200 rexTomackaib piako
BUKOPHUCTOBYETHCS ISl METEOPOJIOTIYHOTO aHAJI3y Ta MPOTHO3YBAaHHSA, OCKUIBKH I
PiBHI 3HAaXOAATHCS B BEPXHi yacTuH1 cTpatocdepu ta mezochepu, ne armochepHuit
TUCK Jy>K€ HU3bKHI, a MIOTO/IHI SIBUIIIA Maike BICYTHI. ATMOChEpHUI TUCK Ha PIBHSIX
HIk4ye 20 TeKTonackaib 3HAXOAUTHCS B AyXKe BHCOKHX Iapax arMochepu, B Mexax
Me3ocdepu Ta BepxHboi ctpatocdepu [38]. Ha Takux Bucorax armocdepHHii THUCK
HAJ3BUYAMHO HU3BKUM, 1 TIOTOJHI SBUILA Malke BIACYTHI. ATMOCHEpPHUN TUCK Ha
piBHAX Hmk4Ye | TreKkTomackalb 3HAXOAUTHCS B EKCTPEMAalbHO BHCOKHX IIapax
armocdepu, e arMocepa cTae Iyke po3piKEHOO 1 mpakTuyHO BiacyTHs [39]. Ha

TaKMX BUCOTaX BXKE€ HEMA€ MPAKTUYHOI aTMochepu st OLTBIIOCTI METEOPOJIOTTHHUX
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sBulll. B Tabnuii 2.2 BkazaHi nmapameTpH, 110 BUMIPIOIOTHCS T PO3PaXOBYIOThCS IS

JTAHHOTO JT1alla30HYy IIapiB.

Tabmuus 2.2 Tabauns momiB mapis 3 piBHeM arMocdepHoro Tucky Big 0.01

rekronackaigb 10 70 rekTorackaib

OuHuIi
[TapameTp | Onuc .
BUMIPIOBaHHS
HGT Geopotential Height, I'eonoTeHianbHa BUCOTa gpm
TMP Temperature, Temneparypa K
RH Relative Humidity, BizHocHa BoJioricTh %
SPFH Specific Humidity, [Tutroma Bosoricts Kr/KT
Vertical Velocity (Pressure), Beprukansna mBuakicts | [1a/c
VVEL
(THCK)
Vertical ~ Velocity  (Geometric),  BeptukanbHa | M/c
DZDT .
IIBUJIKICTH (TEOMETPUYHA)
UGRD U-Component of Wind, U-koMmoHeHT BiTpy m/c
VGRD V-Component of Wind, V-koMmoHeHT BITpy m/c
ABSV Absolute Vorticity, A6conroTHa 3aBUXpPEHICTD 1/c

O3MR Ozone Mixing Ratio, KoeoirieHT 3MiltyBaHHS 030HY | KI/KT

IToBepxueuit map (Surface Layer) — me BepxHiii map armocdepu, 10
Oe3mocepeHbO 3HAXOAUTHCS Haja moBepxHero 3emul. IloBepxueBwii map (Surface
Layer) B mogeni GFS (Global Forecast System) npencrasisie co60r0 nepiiuii map
armocdepu, 10 3HAXOAUTHCS Oe3rmocepeaHbo Haj TMoBepxHew 3emii. Lle map €
0COOJIMBO BaKJIMBUM JJIsl IPOTHO3YBaHHS MOTOAU, OCKIJIBKA B HbOMY BiJOyBarOThCS
0arato KJIIOYOBHX METEOPOJIOTIYHUX TpoueciB Ta ¢i3uuHux sBunl. OCHOBHI
XapaKTEePUCTUKH MMOBEPXHEBOTO APy BKIFOUAIOTH!

—  Temmeparypa noBiTps. [loBepxHeBuii map BimoOpakae TeMIiepaTypy
NOBITPS Ha piBHI mnoBepxHi 3emu. lle BaxkiMBa XapakTepucTuka HJis

MPOTHO3YBaHHS TEMIIEPATYPHUX YMOB Ta KOM(OPTY JUTsl JIFO/IEH 1 TBAPHH;
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—  BOJIOTiCTh. BosioricTh TOBITpS B IOBEPXHEBOMY IIapi BH3HAYaE,
HACKUIBKM HACHYEHUM BOJSHOIO Taporo € TMoBITpsA. Bosore mnoBiTps Moxe
MIPU3BECTH JI0 YTBOPEHHS XMap, TYMaHy Ta OIaliB,;

—  Bitep. HanpsMok Ta IMBUIKICT, BITPY Ha PiBHI MOBEPXHI 3eMli
BKJIMBI JIsl IPOTHO3YBAHHS TIOTOHUX YMOB, MIKPOKJIIMATy Ta PO3MOBCIOKEHHS
3a0pyaHIoBaviB aTMochepu;

—  arMocdepHuii TUCK. THCK, SKHMH BHUMIPIOEThCS Ha PiBHI MOBEPXHI
3eMJIi, B1I0Opaxkae CTyMiHb CTUCHEHHS a00 PO3TATHEHHS MOBITPs B aTMocdepi, 1o
MO>K€ BIUIMBATH Ha MOTOJy Ta CTIMKICTh aTMOChEpPH;

—  omnaau. [ToBepxHeBHil map TakoXK BKIOYAE B ceOe 1HGOPMAIIIIO PO
omajau, Takl K JOUI, CHIT, Ipaj, SIKI MOXYTh BIUIMBAaTH Ha MOTOAY Ta KJIIMaTH4HI

YMOBH.

[lepenik mapameTpiB 1110 BKJIIOYa€ B cOO1 MOBEPXHEBUH 1Iap onKcaHi B Tadbnuui 2.3.

Tabmuus 2.3 Tabmurs momiiB nmoBepxHeBoro mapy (Surface Layer)

Onunui
[Tapametrp | Omuc .
BUMIPIOBAaHHS
PRES Pressure, Tuck Ila
HGT Geopotential Height, ['eomoTenitiansHa BucoTa gpm
PRATE Precipitation Rate, KinpkicTs onamis kr/m?/c
VEG Vegetation, PociaunHiCTb %
SOTYP Soil Type, Tum rpyHTy -
LFTX Surface Lifted Index, [Hnekc miaHATTS NOBEpXHI K
Convective  Available  Potential Energy, | Ix/kr
CAPE
KoHBeKTHBHA JOCTYIHA MOTEHIIHA EHEPTis
CIN Convective Inhibition, KousekTuBHe rampmyBanHs | JIx/Kr

HOBerHeBI/Iﬁ map € KIOYOBUM CIICMCHTOM JIJISI IIPOTHO3YBAHHA IIOIOJW HaA

KOPOTKMW TEpPMIH 1 BIH € OCHOBOIO JJIsl MOAAJIBIIOrO aHadi3y Ta MPOTHO3YBaHHSA

MOTOIHMX YMOB Ha OLIbII BEJIUKUX BUCOTaX Ta MHOWHI aTMocdepH.
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Pigenp 1000 M6 (Mini6ap) a6o 1000 rlla (rexronackainb) B moaeni GFS (Global
Forecast System) BifnoBigae arMocEepHOMY THUCKY, SIKUUA ONHM3BKHUI 10 CepeaHBbOTO
TUCKY Ha PiBHI MOPCBHKOi MOBepxHi. BBaXkaeThcs, 1110 HAa PiBHI MOPCHKOi PIBHUHH THUCK
cTaHOBUTH OJu3bKko 1013.25 rexTomnackans (cTanmapTHe atMocdepHe Tuck). OHaK, y
monem GFS 3nauennst tucky Ha piBHi 1000 rexromackaib MOXKe BIIPI3HSATHCS BiX
I[LOTO CTaHIaPTHOTO 3HAYCHHSI Yepe3 METEOPOJIOTIYHI YMOBHU B JAHUI MOMEHT 4acy Ta
po3zramyBaHHs. Ha npakruiii, 3HaueHHs: Tucky Ha piBHi 1000 rekronackanab B MOJE1
GFS BHKOpHUCTOBYETHCS SIK OCHOBHA BHXI/JHA TOYKa ISl aHAI3y Ta MPOTHO3YyBaHHS
noroau. BoHO [103BoJisie BCTAHOBUTH 0a30BUIl pIBEHb aTMOC(EPHOIO THUCKY IS
MOJIAJIBIIIOTO aHaTI3y BEPTUKAJIBLHUX 3MiH TUCKY Ha PI3HUX BUCOTAaX Ta MPOTHO3YBaHHS
norogHux ymoB. Orxe, piBeHb 1000 rexromackans B mogem GFS pgomomarae
aHaji3yBaTu Ta TMepeAadayaTd TMOTO/HI YMOBH, BpaxoBylOUM 0a30BUN pIBEHb
aTMOC(EpPHOro THCKY, KM ONM3bKHI O CEPEeIHBbOr0 3HAYEHHS Ha PiBHI MOPCHKOT
PIBHUHHU.

PiBens 925 m6 (Mumibap) a6o 925 rlla (rexronackans) B moaeni GFS (Global
Forecast System) BinnoBijgae arMocpepHOMY THUCKY Ha BHCOTI mpuOimu3Ho 750-800
MeTpiB Haj piBHeM Mops. lleli piBeHb BUKOPUCTOBYETHCS JJIS aHAI3y Ta
NPOTHO3YBaHHS TIOTOAM HAa BHUCOTaX HaJa IMOBEPXHEI0 3eMii. ATMOCHEpHHUN THCK
3MEHILYETHCS 3 BUCOTOK0 YEpe3 MEHIIE HABAHTAKEHHS MOBITPS Bl BEPXHIX IMIApiB
armocdepu. TakuMm YMHOM, THCK Ha piBHI 925 rekromnackanb € 3HAYHO MEHIIHMM, HIXK
Ha PpIBHI MOpPCHKOi pIBHMHHM. BiH MoXxe BapitoBaTUCS B 3aJIeKHOCTI Bl
METEOPOJIOTIYHUX YMOB Ta reorpadiyHOro po3ranryBaHHs. Ha mpaktuin, 3HaYeHHS
TUCKY Ha piBHI 925 rexromackanb B Moneni GFS BukopucroByeThes ni1si aHaANi3y Ta
nepen0adyeHHsT TOrOJM Ha MEBHUX BHUCOTaxX HaJ pPIBHEM Mops, 1€ B1aAOyBarOThCA
BBl atMocdepHi mporecu. [le Moke BKIOYaTH 3MIHM B TIOTOJHUX YMOBax,
TeMIleparypl MOBITpPs, BITPOBMX yMOBaX Ta 1HIIMX (pakTopax, fKi BIUIUBAIOTH Ha
MOTOly Y IbOMY PETriOHI.

PiBens 850 M6 (mumibap) a6o 850 rlla (rexromackans) B momeni GFS (Global
Forecast System) BijinoBigae atMmocepHOMY TUCKY Ha BUCOTI puban3HO 1-1,5 kM Hax

piBHeM Mops. Lleit piBeHb BUKOPUCTOBYETHCS IS aHATI3Y Ta MIPOTHO3YBaHHS MOTOIN
52



Ha Cepe/IHIX BUCOTax HaJl moBepXxHero 3eMJii. Ha 11iii BucoTi arMocdepHuUii TUCK 3HAYHO
MEHIIIe, HXK Ha PIBHI MOPCHKOi PIBHHUHHU, OCKIJIBKHU IOBITPsIHA Maca 3MEHIIYEThCS 3
BUCOTOI0. BiH BUKOPHCTOBY€ETHCS AJISl aHAI3y BEPTUKAJIHHOTO PO3IMOMALITY THCKY Ta
B3a€MOJIIT TOBITPSIHUX Mac Ha CEpEHIX BUCOTAaX HaJ MOBEPXHEIO 3eMill. 3HAuYEHHS
TUCKY Ha piBHI 850 rexromnackainb Moxe OyTH BaXJIMBUM JUIS IPOTHO3YBAaHHS MTOTOMM,
OCKIJIbKM Ha I1{ BHCOTI 3a3BMYail pO3TalllOBaHI KIIOYOBI IMIapu atMOochepH, B SKUX
B110yBaIOThCS BaXKJIMB1 METEOPOJIOTIUHI Mpoliecu. Hanmpukiasn, BepXxHi YaCTHHU XMap,
piBHI IIEPEX0y TEMIIEpaTypHu MOBITPS BiJ IUTIOCOBUX JI0 MiHYCOBHUX 3Ha4€Hb, Ta Pi3HI
30HU BITPIB MOXKYTh OyTH BU3HAuUEHI HA 1iil BUcOTi. OTxe, piBeHb 850 MO pomomarae
aHaJli3yBaTH Ta NependayaTy MOTroJHI YMOBU Ha CEpPEAHIX BHCOTaX HaJ MOBEPXHEIO
3eMJT1, 1110 BXXJIUBO JIJIs1 3pO3YMiHHSI METEOPOJIOTIYHHX SIBUII Ta 1X BITUBY Ha MOTOAY
B KOHKPETHOMY PET10HI.

Pienp 700 M6 (minibap) a6o 700 rlla (rekromackans) B Mmoaeni GFS (Global
Forecast System) BizinoBigae atMmoc(epHOMY TUCKY Ha BUCOT1 IPUOIU3HO 3-3,5 KM HaJ
piBHeM Mopsl. Lleil piBeHb BUKOPUCTOBYETHCS JUJIsl aHANI3Yy Ta MPOTHO3YyBaHHS OTOAU
Ha CEepeHIX BUCOTaX HaJl MOBepxHero 3emii. Ha 1iid BUCOTI 3HaueHHsI aTMOC(HEPHOTO
TUCKY BXKE€ JOCHUTb HU3bKE, IO CBIIYUTH MPO MOAAJBIIE 3MEHILIEHHS! aTMOC(EPHOTO
TUCKY 31 3pOCTaHHsIM BUCOTH. PiBeHb 700 rexromackaib € BaKJIMBUM [UJIsl aHATI3Y
JUHAMIKM atMoc(epy Ha CepelHIX BUCOTax Ta BHUBUEHHS BEPTHUKAJIBHHUX MPOLECIB,
TaKUX SK YTBOPEHHS XMap, PO3MOAUT BOJOTOCTI, BEPTHKAJIBHUN pyX TMOBITPS Ta
PO3BUTOK MOTOJIHUX CUCTEM. AHali3 3Ha4YeHb TUCKY Ha piBHI 700 rekronackaib MOXe
JIOTIOMOT'TH B PO3yMIiHHI pyXy MOBITPS Ta TUHAMIKH aTMOC(epu Ha CepeHIX BUCOTaX,
10 B CBOIO UEPry BIUIMBAE HA MOTO/HI yMOBU. Hampukian, BepTukaibHi atMochepHi
MPOLIECH HA L1 BUCOTI MOXKYTh BIUIMBATH Ha (POPMYBaHHS Ta pyX NOTOJHUX (PPOHTIB,
IPO30BUX XMap, a TAaKOXK BIIMBATH HA JITaku, MO nepeOyBaroTh y moBiTpi. OTXe,
piBeHb 700 rexromnackanb B Mozeni GFS € BaxiuBuM u1s aHamizy Ta nependadyeHHs
MOTOAM Ha CEepeAHIX BHCOTaX HAJ TOBEPXHEI0 3eMJIl Ta JIOTIOMara€ 3po3yMiTH

BEPTUKAJIBHY CTPYKTYpYy arMocdepu Ta ii BIUTUB HA TIOTO/HI SBHIIIA.
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B mapax 3 piBHem armocdepHoro tucky Big 100 rexromackams ao 1000

I'CKTOITIaCKaJIb 36HpaI-OTI)C$I Ta PO3PAXOBYIOTBCA XAPAKTCPUCTHUKH IO HaBeI[eHi y

Tabmmii 2.4.
Tabmuus 2.4 Tabnuis nosiB mapiB 3 piBHEM aTMOchepHOTo
tucky Bia 100 rexronackans 10 1000 rekromackaib
O a1
[Tapametp | Onuc ,
BUMIPIOBaHHS
TMP Temperature, Temnepatypa K
RH Relative Humidity, BigHocHa BoJIOTICTh %
SPFH Specific Humidity, ITutoma BojoricTh KI/KT
Vertical Velocity (Pressure), Beprukansna mBuakicts | I1a/c
VVEL
(THCK)
Vertical Velocity (Geometric) , BeprukanbHa | M/c
DZDT .
IIBUJIKICTH (TEOMETPUYHA)
UGRD U-Component of Wind, U-koMIoHeHT BiTpy m/c
VGRD V-Component of Wind, V-koMIoHeHT BITpy m/c
ABSV Absolute Vorticity , AGcostoTHa BUXPOBICTh 1/c
CLWMR | Cloud Mixing Ratio, KoeditiieHT nepeminyBaHHs XMap | Kr/Kr
ICMR Ice Water Mixing Ratio , KoeoimienT 3mimryBaHHs | KI/KT
JBOIY Ta BOJH
RWMR | Rain Mixing Ratio, KoedimieHT 3minryBaHHs 01Ty Kr/KT
SNMR Snow Mixing Ratio, KoeoirieHT mepeminryBaHHs CHITY | KI/KT
Graupel , TI'paynenb (YTBOPIOETBbCS, KOJHM CHIT' B | KI/KD
GRLE p . pay (yTBOp
aTMOC(epl CTUKAETHCS 3 TIEPEOXOIOHKEHOIO BOJIOIO)
O3MR Ozone Mixing Ratio , KoedirieHT 3mintyBaHHs 030HY | KI/KT

[ITap 1 Hybrid Level y mogeni GFS 0.25 € oqaumM 3 KJIFOUOBHX KOMITOHEHTIB,

KU HaJa€ BOXKIMBY 1H(GOPMAIIIIO JJII aHAJTi3y Ta MPOTHO3YBaHHS MOTOHUX YMOB Ha

BEJIMKi{ BHCOTI B arMocdepi.
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Hianazon Bucot y mapi 1 Hybrid Level moneni GFS 0.25 3a3Buuaii 0xoritoe
BEJIMKY BEPTHKaJIbHY 00J1acTh aTMOChepH, TOUMHAIOYH 3 HIDKHIX IIapiB cTparochepu
1 3aKIHYYIOYM BEPXHIMHU mapamu Tponocdepu. TouHui MianazoH MOXKE 3MIHIOBATUCS
B 3QJICKHOCTI BiJl KOHKPETHOI peaiizallii Mojelal Ta 0O0paHOoro po3AiCHHS IO
Beptukani. Oxanak 3a3Buyaii Bucotu y mapi 1 Hybrid Level MmoxxyTs OyTu npubian3=o
Bin 10 mo 70 ximomeTpiB HaA piBHEM Mops. TouHI MeEXi Jiama3oHy MOXYTh
BapiIOBaTUCA B 3aJIeKHOCTI Bij KoHIryparii Mojaeni Ta crenudikamii MoAaeabHOTO
pany. Bpaxosytoun, mo moaens GFS 0.25 mae npoctopose po3niienns 0.25 rpamyca,
map 1 Hybrid Level moxke MaTu pi3Hui BEpTUKAIBHUI PO3/LIT B 3aJIEKHOCTI BT IIUIEH
MOJIEJIIOBaHHSI Ta MOTPEO OCIIIKEHHS.

OcHoBHMMHK mapaMeTpamMu, 1o Bkmoyarotbes B map 1 Hybrid Level, €
reornoTeHIliaibHa BUcoTa 1 atMmocdepHuid Tuck. Bei mapameTpu HaBelleHi B TaOJuIIl
2.5. s xomOiHamisi J03BOJISIE OTPUMATH KOMIUIEKCHY 1H(OpMALI0 MpO CTaH
arMoc(epH Ha BEJIUKIHA BUCOTI, BPAXOBYIOUH SIK BEPTUKAJIbHUI PO3MOJLI TUCKY, TaK 1

CHEPTiIO MOBITPS B TEOMOTEHIIAIBHUX METpax.

Tabmuus 2.5 Tabmuns monis mapy 1 Hybrid Level

Onunuini
[TapameTp | Onuc .
BUMIPIOBaHHS
CLWMR | KoedimieHT 3MilTyBaHHS XMapu KI/KT
ICMR KoeditieHT 3minryBaHHsI KpUKaHOT BOJIU KI/KT
RWMR KoeditienT 3MilryBaHHs JOILY KI/KT
SNMR KoedirieHT 3minryBaHHs CHITY KI/KT
Graupel, I'paymens (YyTBOPIOETBCS, KOJIM CHIT B | KI/KT
GRLE aTMoc(depi CTUKAETHCS 3 TIEPEOXOJIO0IKEHOIO BOJIOIO0)

i mani po3TamioBaHi y BUIBHOMY AOCTyMi, a MaTemaruuHa moneiab WRF mae
crieniayibHi 010moTrexku st o6poOku came (aitniB 3 mogeni GFS. Came ToMy BOHUM

HaANOUIbIIIE MIIXOAATh Y paMKax 3a/1aui.
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2.4 MoneaoBaHHs Jucnepcii rasis 3a nonomororw EisiepoBoi moxesti

OcHoOBHa 1Jied eilliepoBUX MOJIENIEH TOJIAra€ B YHCEIbHOMY PpO3B'S3aHHI

PIBHSIHHS aTMOC(EPHOTO TPAHCTIOPTY B (PIKCOBAHMX KOOPAUHATAX:

X = =V (cV) + S + V- (D). 2.2)

Jie V — BEKTOp BiTpy, S, — YMOBH JiKepena, a D.— koediuient audysii. Maremarnuso,
IIe 4acTKOBe Iu(epeHIliaibHe PIBHSHHS JAPYTOro IMOPSAKY, BUPIIICHHS SKOTO TPH
HAsSIBHOCTI BIJTIOBIIHUX MMOYATKOBUX Ta TPAHUYHHUX YMOB HAJa€ MPOCTOPOBO-YACOBY

€BOJIIOI1}0 KOHIIEHTPAIIil YaCTKH.

. dc .
VY BHUMaaKy OMHOrO JpKepesa NpH CTalllOHApHUX (TOOTO % 0) BuKMOax i

METEOPOJIOTIYHNX YMOBax, WICH JDKepeNna 3a3BUYail pO3MIAAAEThCS SK TPaHUIHA
yMOBa HaBITPSHOTO BITpY. JJIa cepenHpoi MIBUAKOCTI BITPY U(X, Y, Z), IO JIME B
HanpsIMKy HEBIJI'€MHOI OC1 X, Y HaBITPSHIM MJIOMIKHI (Y, Z) 3aCTOCOBYETHCSI HACTYITHA

I'paHN4YHa YMOBa:

Q

€= (0,ys,25+ Ah)6(z — zs— AR)S(y — ¥s), (2.3)

ne Q — MBHUAKICTh BUKHAY 3a0pydHioBada, Zg; — (I3UYHA BUCOTA JKepena,
po3ramoBadoro B toumi (0, zg), Ah — Bucora migiiomy Qakena, a § — omnepaTop
Kponekepa [40].

EiinepoBi mozem MoxyTh OyTH €()EKTUBHUMU 3 TOYKHA 30py OOUYMCIICHB,
OCKUIBKA BOHU BUKOPUCTOBYIOTh ITI00QIBHY CITKY JUIsl TpEACTaBIeHHS aTMochepu Ta
3a0pyaHIOIOYMX peuoBUH. lle  103Bosis€  IMIBUAKO  OOYMCIIIOBATH  PO3MOALT
3a0pYIHIOIOYMX PEYOBHH Ha BENUKIM Teputopii. st mupokoMacmTabHUX MPOTHO31B
3a0pynHeHHs] noBiTps EinepoBi mMozaeni MOXYTh OyTH JTOCHTh TOYHMMH, OCKIJIBKU
BOHU JIO3BOJISIFOTh BPaXOBYBAaTH IMIMPOKOMACIITAOHI IOTOKHU MOBITPSI Ta XHI B3a€MOIi1
3 3a0pYIHIOIOYUMH PeUOBHHAMU. TakoK BOHM OyTH KOPHCHUMHU JUIsl aHAJI3y TPEH/IIB
3a0pyIHEHHS TOBITPS Ha BEJIMKUX MPOCTOPOBUX MaciliTabax Ta B JOBIOTPUBAIIN

MEePCTIEKTUBI.
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Ane y 1mux Mojaenell € TakoXX IEBHI HEAOJIKIB cepel SIKUX HEeIOCTaTHS
JieTai3alis JOKaJIbHUX MPOIECiB - MO/l MOXKYTh HE JaBaTH JOCTaTHHOI JAeTaizarii
JOKAJIbHUX TPOIIECIB, TAKUX K PO3MOJLT 3a0pyIHIOIOUNX PEUYOBUH BY3BKHX Yy30pax
abo Bynuisix. Bapto 3a3HaunTH, mo EfnepoBi Mozeni 4acTo He BpaxoBYIOTh e€(eKTH
nudy3ii BiT KOHKPETHUX JDKEPEIT 3a0pYIHEHHSI, 1[0 MOXKE MPU3BOIUTH 10 HETOOIIHKH
KOHLIGHTpaliil 3a0pyIHIOIOYUX PEUOBHMH Y MICHAX HAMOMDKYUX [0 JKEpen
3a0pyaHeHHs. {71 TOYHOro MojentoBaHHS 3a0pynHeHHs noBiTps EinmepoBi momeni
4acTo NOTpeOyI0Th BETUKOro 00CATY BXITHUX JaHHUX MPO METEOPOJIOTIYHI YMOBH Ta
BUKH]IU 3a0pyIHIOIOUUX PEYOBHH.

V3aranbHiotoun, EiinepoBi Mojem MOXyTb OyTH  KOPUCHUMHU  AJis
IPOTHO3YBaHHS Ta aHali3y 3arajbHUX TPEHAIB 3a0pyAHEHHS MOBITPS Ha BEITUKHUX
IPOCTOPOBUX MaclTabax, ajge BOHM MOXYTb OyTH MeEHII e()EeKTUBHUMH IJis

JETaJII30BAHOTO MOJIETIOBAHHS JIOKAJbHUX IIPOLECIB T B3AEMOJIH.

2.5 MopemoBaHHs qucnepcii rasis 3a gonomorow I'aycoBux monesei

binblIicTh KOPOTKOAUCHEPCHUX MOJENEH 3aCHOBAaHI HA MPUIYIICHHI, IO
MeTteoposioriuHi yMOBU POCTOPOBO OTHOPI/IHI 1 MAJIO 3MIHIOIOTHCS 3 YaCOM MPOTATOM
nepioay, KUl 3a3BUYail CTAaHOBUTH OAHY TOAMHY. lle eKBiBaJ€HTHO TOBOPSYH, LIO
yacoBa IIIKaJia, sika Kepye BapialisiMd B METEOPOJIOTii, O1IbIIa, HiXK 4ac MPOXOKEHHS
MIDXK JIDKEPEIIOM 1 PEIICTITOPOM.

l"aycciBchbka Momenb 3a0pyHEHHS MOBITPS — 1€ MaTeéMaTWU4HAa MOJEINb, SKa
BUKOPHCTOBY€E TayCiBCbKI (HOpPMaJIbHI) PO3MOMUIM [JIsl ampoOKCUMAIlli PO3MOILTY
KOHIIEHTpaIlli  3a0pydHIOIOUMX peYoBMH B  ToBiTpi. Ilg Momenp dvacto
BUKOPHCTOBYETHCSI B aTMOC(EPHII HayIll Ta 1HXXEHEp1i ISl MPOTHO3YBAaHHS PO3MOILITY
3a0py/IHEHb Ta BU3HAYCHHS 1X BIUIMBY Ha HABKOJUIITHE cepenoBuiie[41].

OcHoBHI xapaktepucTuku ['aycciBCbkoi Mojeni 3a0pydHEHHS MOBITPS
BKJIIOYAIOTh:

— cepedHs KOHIGHTparlis. Mojenbs BHU3HAYae CepeaHl 3HAYCHHS

KOHLIEHTpAalii 3a0pyIHIOIOYMX PEYOBHUH Y PI3HUX TOUKax ab0 perioHax;
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—  CTaHJapTHE BiAXWIEHHA. ['aycCiBcbka MOJENb TaK0X BpaxOBYE
CTYIIHb PO3MOJTY KOHLUEHTpALll BIIHOCHO CEPEIHbOTO 3HAYEHHS 3a JOTIOMOT OO
CTaHJIAPTHOTO BiIXWJICHHS,

—  nudysisa. BpaxoByetses nudysis 3a0pyiHeHb B aTMocdepi, TOOTO iX
MOLIMPEHHS BITPOM Ta 1HIIMMHU aTMOC(EPHUMH MPOIIECAMH;

—  BUCOTHHI po¢iib. BpaxoByeThCsi BACOTHUI PO3MOI17 KOHLIEHTPALIIN
3a0pyJHIOIOUUX PEUYOBUH, OCKUIBKM BOHU MOXYTh pPO3TAllIOBYBaTHCS Ha PI3HUX
BHCOTAaX Yy MOBITPSAHOMY HIapi;

—  BUIAAKOBICTh. ['aycciBcbka MOJENh MOXE BpPaxOBYBaTH BHIIAJIKOBI
€JIEMEHTH, SIK1 BIUIMBAIOTh HA KOHLIEHTpALlli 3a0pyIHIOIOUNX PEYOBHH.

Monens 0Oa3zyeTbcsi Ha mOpocTid (OpMylll, SKa OMUCYE TPUBUMIPHE IOJE
KOHLIEHTpallli, 110 TEeHEPYEThCS TOYKOBUM JDKEPEJIOM 3a  CTalllOHapHHUX
METEOPOJIOTTYHUX YMOB Ta YMOB BUKH/IIB. MoJienb rayccoBoro (akeiry 300pakeHa Ha

Pucynky 2.1.

Pucynok 2.1 Mogenb po3noBCIOIKEeHHS 3a0pyHIOBa4Ya B MOBITP1 B3JOBXK OCI X,

xoopauHarta jxepena (0, 0, H) [40]

s mpoctoTu (haken pyXaeTbCs B HAMPSMKY JOAATHOI OCl X. Y 3arajbHii

cucTeMi BIITIKY Gopmyiia rayccoBoro (akena Mae Bursia [42]:
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o= e [-3 () | [ (2] @4

ne c(s,r) — 1e KOHIEHTpaIlis B TouIll I = (X, Yy, Z,) , OOYyMOBJIEHA BUKUAAMH B TOYIII S
= (X, ¥, Zs), Q — 1Ie IHTEHCUBHICTh BUKHIIB; 0y, (j,, d) Ta 0,(j,, d) — e crangapTHe
BiZIXUIIEHHS (TOPU30HTAJIbHA 1 BEPTUKAJIbHA) IPOCTOPOBOIO PO3IOALIY KOHIIEHTPAIIii

(axena (4acTo oy, MO3HAYAETLCS K 0y); jp 1 j; — TOPU3OHTAIBHUI 1 BEPTUKAIBHHUM

CTaHU TypOYJICHTHOCTI (O1IBII I€TaIbHO OOTOBOPIOIOTHCS HWXUE); Ah — 1€ migiioM
¢akena BUKUIIB, SIKUH € (PYyHKIIIEIO TapaMEeTPiB BUKHIIB, METEOPOJIOTii Ta BiJCTaH1 3
HaBiTpsHOTO 00Ky d. d — BiACTaHb 3 HABITPSHOTO OOKY BiJI MpUiiMaya J0 JpKepena, Jie
d= [(r—s)-ul/lul, (2.5)
Je U — CEPEeHii BEKTOP IIBHMAKOCTI BITPY (Uy, Uy, U,) HA BUCOTI BUKULY; Acy, —
BIJICTaHb M1 MPUHAMaUEM 1 JKEPeIoM (TOOTO, MK TpHiiMayeM 1 HEHTPAIBHOIO J1HIEI0
bakeny), ae
A= (Ir = s> — d})1/? (2.6)

PiBusinus 2.4 3actocoByeTbes 3a ymoBu d > 0; sikio d <0, To ¢ = 0.

3 piBHsHHA 2.4 BHUJHO, 10 BOHO BIJIHOCUTHLCA /10 CTAI[IOHAPHOTO CTaHy (HE
3aJIeKUTh 4Yacy), BHUKOPHUCTOBYE METEOPOJIOTIYHI yMOBU (CTaH BITpYy Ta
TypOYJIEHTHOCTI), $IKI TOBHWHHI BBaXaTHCS OJHOPIIHUMH Ta CTallOHAPDHUMH B
MOJIeTThOBaH1M 00sacTi (TOOTO, MiXK S Ta r), 1 HE MOXE IMPAIOBaTH B YMOBaX IMITHIIIO,
TOOTO KoMK U mipsMyd 10 Hynas OjpHaK MpoOCTOTa TayCCiBCHKOTO MIiAXOY, HOTo
BIIHOCHA JIETKICTh BHUKOPUCTaHHS 3 JIETKO BHMIPIOBAHUMHU METEOPOJOTTYHUMU
napamMeTpamM 1, CTHUMYJIOBAJIU JOCIHIDKEHHS, CHOPSIMOBAaHI Ha YCYHEHHS JESKHX
0OMeKeHb TayCCIBChKO1 Teopii B 00poO1Ii CKIaIHUX CUTYallid peaabHoro cBiTy[40].

PiBHsiHHS 2.4 B 3arajibHOMY BHUIIAJIKYy 3alHCYETHCS Y BUITISIL

2 2
€= Zno*yQaZ|ﬁ| exp |~ % (Z_;) . [_ i (hea__zzr) ]’ (2'7)
Je U — cepeasiH TOPU30HTaIbHA IMBUAKICTh BITPY, h, — €(PEKTUBHA BUCOTAa BUKUIY
(tobt0 h, = z; + Ah).
[{s Momens MO3BOJISE aHAI3yBaTH PO3IOLT 3a0pyJHEHb B MPOCTOPI Ta Yaci,

Aoromararoiuu y BHU3HAYECHHI MOKJIMBUX BIUIMBIB Ha 3IIOpOB'$I n}og:[eﬁ Ta HAaBKOJIMIITHE
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cepenoBuile. BoHa MO)Xe BUKOPHUCTOBYBATUCS ISl PO3POOKH CTpaTerid 3MEHIIECHHS
3a0pyaHeHb Ta Il €(PEKTHUBHOTO YIPaBIIHHS SKICTIO TIOBITPS B MICBKHX Ta

MIPOMHUCIIOBUX O0JIACTSX.

2.6 MogenwoBanus aucnepcili rasiB 3a aonoMoror Jlarpas:keBHX

MoaeJien

Mopgeni Jlarpanxa oOYHCITIOIOTh TPAEKTOPIi 3a0pyIHEHHS MOBITPSI HA OCHOBI

JIETEPMIHOBAHHUX Ta CTOXaCTUUHUX edekTax. L{i TpaekTopii 00UUCIIIOIOTHCS HA OCHOBI
3BHYAWHUX  JUQEpeHLiaTbHUX PIBHIHb 3aMICTh  BHKOPHCTAHHS  YaCTKOBHUX
nudepeHIiaabHUX PiBHSIHB. PIBHSHHS TpaeKTOPii AJIS OJIHIET YACTUHKHU € 3BUYAMHUM
nudepeHIiagbHUM PIBHAHHSIM:
— = V4, (2.8)
ne T — TONOXKEHHS YAaCTMHKH, V — JIETEPMIHOBAHA IIBMAKICTH YaCTHHKM (IO
CKJIaJIa€ThCs 3 aIBEKIIIT Ta BiICTOIOBAHHS ), @ V; — BEKTOP TYPOYJIEHTHOIO KOJIUBAHHS
BITDY.

Mopeni Jlarpanka MOXyThb BpaxoByBaTh Takl (akTopu, SK BITEp,
TypOyJIeHTHICTh aTMOc(epH, (13UdHI 1 XIMIYHI BIACTUBOCTI 3a0pYIHIOIOUUX PEYOBHH,
a TakoX B3aEMOJII0 3 PI3HUMHU TeorpaiyHUMH 00'ekTaMu (HANPUKIAA, MICTaMH,
TipCHKUMH JIAHIIOTaMH TOIIO). BOHU MOXYTh OyTH KOPHUCHUMHM JIJIsl TIPOTHO3YBAHHS
PiBHIB 3a0pYIHEHHS TOBITPS BiJ PI3HUX JKEPEII, TAKUX SIK MTPOMUCIOBI YCTAHOBKH,
TPAHCHOPT, MOXKEXKI TOIIO, a TAKOX JUIsl OL[IHKA €(EKTHUBHOCTI 3aXOAIB KOHTPOJIIO
3a0pyIHEHHS Ta PO3POOKM CTpaTeriii 3MEHIIIEHHS BIUIMBY 3a0py/IHEHHS Ha 370pOB'S
JroficH Ta HaBKOJUWIIHE cepenoBuie. OaHaK IS MOJACIIOBAHHS Ha BEJIWKI BiJCTaH1
NOTPIOHO OOYMCIUTH BEJIMKY KUIbKICTh OAMHUYHUX TPAEKTOPIH, 1110 NPU3BOIUTH A0

301JIBIIICHHS BAPTOCTI 00unciaeHHs [43].
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2.7 Hecrauionapaa moaeab aucnepcii razieB CALPUFF

CALPUFF — ne 6araroBujioBa HecTallioHapHa MoJeIb JMCIEPCii ra3iB, sKa
MOJICJIIOE  BIUTUB  PI3HUX METEOPOJOTIYHMX YMOB Yy Hacli Ta MPOCTOPI,
TPAHCIOPTYBaHHsS, TpaHchOpMallil0 Ta BUJAJCHHS 3a0pyAHIOIOYMX PEYOBHH.
CALPUFF npusznaueHuil Ajii BUKOPUCTaHHA Ha Barax BiJ JECSITKIB METpPIB BiJ
JDKepena /10 COTeHb KiutoMmeTpiB. Bin Bkimrouae B cebe anroputmu A e€QeKTiB
OJIMYKHBOTO TOJISA, TAKUX SIK CITYCK BEPXIBKH CTeKa, HU3X1]1 OyAiBI1, MepexiqHui miaiom
IJIaBy4Oi Ta IMITYyJIbCHOT NUTeH ]y, €HEeKTH MOMIOBOI MIANKH, YaCTKOBE MPOHUKHEHHS
nuieidy, eexTu ciTku MaciTady MICIIEBOCTI Ta OEPErOBUX B3a€EMO/IIM, a TAKOXK BILIHB
Ha MICIEBICTh, a TaKoX e(peKkTH Ha OUIBIIN BIJACTaHI, TaKi SK SK BHIAJCHHS
3a0pYIHIOIOYMX PEYOBHH 3a PaxyHOK BOJIOTOTO OYHINCHHS Ta CYXOrO OCaKEHHS,
XIMI4HO1 TpaHchopMallii, BIUIMBY BEPTUKAILHOTO 3CYBY BITPY, TPAHCIIOPTYBAaHHS HaJl
BO/OI0, (ymiramii 1nwiedy Ta BIUIMBY KOHIEHTpAllli TBEPAUX YaCTUHOK
Ha BUIUMICTD [44].

CALPUFF mniaxoauTh 1Jisi MOJEIIOBAHHS PO3MOBCIO/KEHHS Ta3iB Ha BEJHUKI
BiJicTaHI1 (BIJCTaHb JHKepesio-perentop Bij S0 10 KUIBKOX COTEHb KIJIOMETPIB) BUKHU/IIB
BiJl TOYKOBUX, 00’ €MHUX, PAOHHUX Ta JIHIMHKUX JKepesl. MeTeopooriydi BX1H1 1aH1
MaroTh OyTH TOBHICTIO OXapaKTEpU30BaHI 3a JOMOMOIOI0 TPUBUMIPHOTO BITPY Ta
METEOPOJIOTTYHUX YMOB, IO 3MIHIOIOTHCS Y Yacli Ta MPOCTOpi, 3a JOIMOMOTOIO
CALMET. CALPUFF Takox MOX€ BHUKOPHUCTOBYBATHCS B KOXKHOMY KOHKPETHOMY
BUMAJAKYy, KOJU MOJAEIb OuUIbllle MIAXOAUTh MJII KOHKPETHOTO 3aCTOCYBaHHS.
[TepeBaroro Bubopy cucremu mojentoBants CALPUFF, € moBHe BpaxyBaHHS 3aCTO¥O,
3MIHH BITPY, @ TAKOXK YaCOBUX 1 MPOCTOPOBUX KOJIMBAHb METEOPOJIOTIYHUX YMOB MpU
TPaHCIIOPTYBaHH1 Ta PO3CIFOBAHHS.

OxpiMm  3D-METEOpONIOTIYHMX  TOJIB,  PO3POOJICHHX  J1IarHOCTUYHOIO
mereoponoriudoro  moaemto  CALMET, CALPUFF Moxe BHKOPUCTOBYBAaTH
METEOpOJIOTIYHI  JlaHl OJHI€I CcTaHuli, 1o 30epiraloTbcss y ¢opmari, SKUAN
BUKOPHUCTOBYEThCsl  1HImUMU  moaensmu  gucnepcii  (ISC3ST, AUSPLUM,

CTDMPLUS). Opnak wMeteoposioriydi ¢aiau ofHi€l CTaHIli HE J03BOJSIOTH
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CALPUFF ckopucratucsi CBOIMH MOXJIMBOCTSMU i1  OOpOOKH MPOCTOPORBO
3MIHIOBAaHUX METEOPOJIOTTYHHX IOIIB [45].

CALPUFF ctBOproe (aiimu MOTOAMHHUX KOHIEHTpAId JUIsl KOXKHOTO
3MOJIEJIbOBAHOTO BHULY, MIOTOKIB BOJIOTOTO OCA/>KEHHS, TOTOKIB CyXOTO OCaJ[KCHHS, a
JUIS TOIaTKIB BUAMMOCTI — KoediiieHTiB BuMupanHs. [Iporec ta motik iHpopmariii,
HEOOX1THHM JIJ1s1 IPOBECHHS JOCIKEHHS AUCTIEpCii moBiTps [46].

®opmyna agsekruBHoro neperocy B moneiai CALPUFF Bu3nauae mBHIKICTH
nepeMilieHHs 3a0pyIHIOBaYiB Y HAIIPSIMKY OCHOBHOTO MOTOKY MOBITps. L5 mIBUAKICTD
BPaxOBYETbCS Y PIBHSAHHIX PYXy HOBITPSl Ta BUKOPUCTOBYETHCS I IPOTHO3YBaHHS

posnoniy 3abpyaHioBadiB B armocdepi. dopmyna agBEeKTHUBHOTO IEPEHOCY Mae

BUIJIAL;

V=1u+V,, (2.9)
me V — saraneHa  IUBHAKICTH nepeHocy (aaBeKTHMBHAa + TypOyJeHTHa),
U — aJBEKTUBHA MIBUJAKICTH (IIBHUAKICTH OCHOBHOIO ITOTOKY IOBITPS), Vt) —

TypOyJIEeHTHa KOMIIOHEHTA IIBUJIKOCTI.

TypOynentHa komnoHeHta mBHAKOCTI B Momeni CALPUFF  3a3Buuait
BPaxOBY€TbCS SIK JOJATKOBH BHECOK, KM MO)ke OyTHM BHM3HAQUE€HHUW Ha OCHOBI
CTaTUCTHUYHUX JaHUX a00 BUMIPIOBaHb TYypOyJeHTHOCTI B armocdepi. 3arajabHa
IIBUJIKICTb TIEPEHOCY BHU3HA4a€e, SK IIBUIKO 3a0pyIHIOBadl MEpPEeMINIalOThCs B
arMocdepi Ta sIK BOHH PO3MOBCIOIKYIOTHCSI B HAIIPSIMKY OCHOBHOTO TOTOKY MOBITPSI.
L{st IIBUKICTH BPaXOBYETHCS IMPU MOJISTIOBAHHI PO3MOLTY 3a0pyAHIOBAUIB y MMPOCTOPI
Ta yaci.

Hwxue Bkazana popmysa, 1110 BAKOPUCTOBYETHCS 111 MOJICTFOBAHHS PO3IIOALTY
BUKUAIB B yaci Ta npoctopi B mozaesni CALPUFF onucyeThCst HACTYITHUM YHHOM:

Q(x,y,2,t) =Qo" f(x,y,2) - g(t), (2.10)
ne Q(x,y,z,t) —IHTEHCHBHICTb BUKHY Y TOYIIl 3 TPOCTOPOBUMH KOOPIHHATAMH X,Y,Z
y MOMEHT 4acy t, Q,— MOYaTKOBa iIHTCHCHBHICTh BUKHLY, f (X, V,Z) — (yHKIIis, 1110
BH3HAYA€ MPOCTOPOBHH PO3MOALT BHKHMIY 3alIe)KHO BiJ KOOpAUHAT X,V,Z, g(t) —

GyHKIIS, 10 BU3HAYAE PO3MOALT BUKUIY B YacCl.
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Jlns MonentoBaHHS MPOCTOPOBOTO PO3MOALTY BHUKHIIB 3a0pyAHIOBAYiB B
armocdepi Y CALPUFF BukopucroByerbes [ayciBcbka mopnenb. [onoBHa imes
HoJisira€ B TOMY, IO KOHIIGHTpAIlis 3a0pyIHIOBa4iB 3MIHIOETHCS 3a [ ayCiBChKUM
3aKOHOM BIJTHOCHO BIJICTaH1 Bij JoKepena BUKWAY. Lle o3Hauae, 110 KOHIIEHTpAIis
HaAWBUIIA HETIOJATIK BiJ] JKEpeia BUKUAY 1 TOCTYNOBO 3MEHIIYEThCS 31 301IbIIICHHAM
BijicTaHi[46].

["ayciBcwkuii po3nonin BukuaiB B CALPUFF Bupakenuii Takoro opmyIoro:

1 _(x—x(z))2 _(J/—J/g)z
Clx,y,z) ==———+e 29 -e 29 .p(z), (2.11)
2moy0,

ne C(x,y,z) — KoHIeHTpaIlisi 3a0pyaHIOBaYa B TOYIll 3 KOOpAUHATAMH X,y,z, Q-
IHTEHCHBHICTb BHKHIY, X(, Yo — KOOPIMHATH [DKEPENa BHKUILY, Oy, 0, — CTaHIApPTHI
BiXMJICHHS ['ayCiBCHKOTO PO3MOITY B3/I0BXK FOPU30HTAIBHUX oceil, h(z) — QyHKIIis,
10 BU3HAYA€ BEPTUKAIBHUN PO3MONALT BUKUIY, HAMPUKIAA, EKCIIOHCHIaIbHUN
3BaYKEHUI 3HMXKEHHS 3 BUCOTOIO.

[ls Momenbp MoOXe BUKOPUCTOBYBATUCSA JUISI PO3PAXyHKy KOHIIEHTpAIii
3a0pyIHIOBauIB B Oy/b-sK1i TOULll aTMOC(EPH, BPAXOBYIOUN PO3TAIIyBaHHS JKepea
BUKHUIY Ta MeTeoposoridyHi ymoBu. [onoBHa nepeBara ['ayciBchbkoi MOeni Mosrae y
3aTHOCTI TOYHO B1AOOpa)kaTy MPOCTOPOBI BIACTUBOCTI PO3MOALTY 3a0pyIHIOBaYiB B

armocdepi.
2.8 Meron iHTepmoJsuii 1Jisi MOCTOOPOOKHU pe3y/ibTaTiB MOIEJTIOBAHHS

[HCTpYMEHTH 1HTEPHOJIALIT Haal0Th MOXKIIUBICTh CTBOPUTHU Oe3nepepBHY (200
nepeadavyBaHy) MOBEPXHIO 32 3HAYCHHSM 3 OIMOPHUX TOYOK. BUMIproBaHHS BUCOTH,
BEJIMYMHU a00 KOHUEHTpAIli CHOCTEPEKyBaHUX OO0'€KTIB 1 SBUIL y KOXKHIM TOYI
JOCTIKYBAaHOT TEPUTOPII, SIK TPABUIIO, € CKJIaAHUM a00 TyKe JOPOTruM. 3aMICTh I[bOTO
CHUCTEMa MOXKE€ BHMMIPIOBATH IOKAa3HUKHA B ONOPHUX TOYKAaX, PO3MOAUICHUX IO
MOBEPXHI, 1 MPOTHO3YBaTH 3HAYEHHS, sIKI MOXKYTh OyTH IPUCBOEHI BCIM 1HIIUM. BXi/1H1
TOYKH MOXKYTh OyTH pO3TaIllOBaHI SIK Y BUIJISII PETYASPHOL CITKH, TaK 1 BUMAJIKOBUM

ynHoMm[47].
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Icnye wimuit psin cmoco0iB OTpUMATH JJIsi KOXKHOI TOYKM IIPOTHO30BaHE
3HAYEHHS; KOKEH METOJl PO3IIISIIAE€ThCS K MOAEIb. JJi1 KOXKHOT MOJIEN ICHY€ IUTHNA
psi1 TIPUIYIICHb, SKI BUILUTUBAIOTH 3 JAHUX; JEAKI MOJAEN Kpalle MiAXOAATb IS
KOHKpPETHUX THUMIB JaHuX. KokHa MOzelb MPOrHO3y€ 3HAUEHHS 3 BUKOPUCTAHHSIM
pi3HUX 00YHCIIEHb. [HCTpYMEHTH 1IHTEPHOJSIIT 3a3BUYail NIIATHCS HA JeTepPMiHOBAHI 1
reoCTaTUCTUYHI MeToau[48].

JleTepMiHOBaHI METOIM 1HTEPIIOJNALIT PO3PAXOBYIOTh PE3YNbTaT, IPYHTYIOUHCH
Ha BUMIPSIHUX 3HAYCHHSX, SIKI MOTPAIUIAIOTh B OKOJIUITIO IHTEPIIOIbOBAHOI TOUKH, 1 Ha
3aJJaHUX MareMaTUYHUX (OopMynax, SKI BU3HAYAIOTh 3IVIAJDKEHICTh PE3YJIbTYIOUOl
noBepxHi. JlerepMiHOBaHI MeTOAM BKIO4arOTh anroputmu IDW (meton obepHeHO
3BakeHUX BijcTaHel), Nearest Neighbor (Meron Haitbmmxdoro cycigy), Moving
Average (koB3HOTO cepeHboro) 1 Linear (JiHiiHOT iHTepriosiii) [47].

MeTton 06epHEHO 3BaXKEHUX BIJICTAaHEH — 11€ CepeIHbO3BAXCHHUM 1HTEPIIOISATOP.
Bu moBHHHI HamaTh B SKOCTI BXIJHUX 3HAYEHHS PO3CISHUX JaHUX, BKJIIOYAIOUU
KOOPJMHATA KOXKHOI TOYKHM JaHUX Ta TEOMETPIl0 BHUXIJIHOI CITKH. DyHKIs Oyne
O0OYMCITIOBATH 1HTEPIIOIBLOBAHE 3HAYEHHS JIJIS1 3aJ1aHO1 MO3UINT y BUXIAHIN ciTil. JlJis

KO>KHOTO By3JIa CITKH OTpUMaHe 3HaueHHs Z Oyzie 004ncitoBaTUCs 3a (hOPMYIIOLO:

SLih
Z=—+, (2.12)
i=1P

ne Z; — 11 BiJloMe 3HAUCHHS TOYKH i, 7 — II€ BiJICTaHb BiJ By3/a CITKH J0 JIO TOYKH I,

p — i€ CTEeNHb 3BaXKEHHS, N — KUIbKICTh TOYOK, 0 BXOAMUTH J0 BIKHA MOILIYKY. B 1boMy

: 1
MeTOz (hakToOp 3BaXyBaHHI W Ile W = —.
r

B onmcanux anropurmax ¢irypye MOHSATTS BiKHA MOLIYKY. BikHO MOLIyKy B
aJropuTMax CTBOPEHHS CITKH, 3a3Ha4eHO y (hopmi 06epToBoOro eninca. Bin onucyeTbes
TphOMa MapaMeTpaMHu:

—  mepmui paaiyc (BiCh X, AKIIO KyT TOBOPOTY A0piBHIOE 0);

—  Ipyruii paaiyc (BICh Y, SKIIO KYT TOBOPOTY A0piBHIOE 0);

—  KYT IIOBOPOTY €JIica MOMIyKY.
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Jist oOuucneHHss OynyTh BHKOPUCTOBYBATHCSl JIMINE TOYKH, PO3TAIIOBaHI

BCEPE/IMHI elirnca (BKII0Uarun HOro MEXY).
2.9 BucHoOBOK

[TpoananizyBaBIiiu MaTeMaTHIH1 MOJIEJI1 IKOCTI1 TIOBITPSI, TOCTABJICHI BUMOTH J10
MOJIEJi: MOJIETTh IOBUHHA BPaxoByBaTH (PI3WUHI Ta XIMIUHI MPOILIECH, TaKi K AUPY3id,
peakiris B atMmocepi Ta 0CaKeHHs 3a0pyIHUKIB, IO BIUTMBAIOTH HA 1X PO3MOILT Ta
ctad. HeBig’emMHUM (hakTOpOM BILUIMBY € METCOPOJIOTIYHI YMOBH, TaKi SIK IIBUJIKICTh
BITPY, TEMIIEpaTypa, BOJOTICTh Ta 1HIII, 10 MOXYTh BIUITMBATH Ha PO3MOBCIOIKCHHS
3a0pyIHIOIOY0i PEUOBHHHU.

J11st aHaui3y SIKOCTI OBITPSI BUKOPUCTOBYBATUMYTHCS TPU BUIU TAHUX:

—  CYNIYTHHKOBI JaHi (CyIyTHUKOBI 3HIMKH Micii Sentinel-5P);

—  7aHl 31 CTaHIId Ha3€MHOT'0 MOHITOPUHTY;

— wMereogani 3 NOAA  (National oceanic and atmospheric
administration).

[Ticnst mpoBeneHHs aHaNi3y KJIAaCMYHMX Mojelied Takux sk EinepoBa momerns,
["aycoBa Monens Ta JlarpanxeBa Mozielb, OyIu BUSIBJIEHI HEAOIIKU B iX pOoOOTI Taki sIK
HE JIeTaji3ailisl JOKAIbHHUX MPOIIECIB, 3acTapiia mapaMmeTpu3allis MOJeIei, Ha BEJIHKI
BIJICTaHI TOTPIOHO OOYMCIMTH BEJIUKY KUIbKICTh OJWHUYHUX TPAEKTOPIHA, IO
MPU3BOAUTH JI0 30UIBILIEHHS BAPTOCTI OOUHMCIICHHS.

Ha npotusary posrisayra moaens CALLPUFF, sika 6a3zyetscs Ha JlarpanxeBiit
MOJIE1, aJie BpaxoBye€ OUIbIIY KUIbKICTh TAPaMETPIB BKIFOYHO 3 KIIIMATUYHOIO 30HOIO,
piBHEM BHUCOT Ta 1HIINM.

JIist yTOUHEHHsI pe3ysIbTaTiB MOJETIOBAHHS OOpaHO JETEPMIHOBAaHI METOIU
THTEPIONIALT, [0 PO3PAXOBYIOTh PE3YAbTAT, IPYHTYIOUNCH HA BUMIPSHUX 3HAYCHHSX,
SK1 TMOTPAILUISIOTh B OKOJIMITIO 1HTEPIOJbOBAHOI TOYKH, 1 HA 3aJaHUX MaTEMaTHIHUX
dbopmynax, a came MeTo/1 00EpPHEHO 3BaKEHUX BiJICTaHEH.

[Toennanua merony IDW 3 monenmio CALPUFF no3Bossie noennaTtu nepeBaru
o6ox migxoniB. IDW pomoBHioe monmens CALPUFF, no3Bossitoun BpaxoByBaTu

MPOCTOPOBY 3AJIEKHICTh KOHIEHTpaIllil 3a0pyqHIOIOUMX PEYOBUH, OCOOJIMBO B
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obnacTsax 3 oOMexeHUM al00 BIJACYyTHIM MOHITOPUHTOM. Take MoeaHaHHS TMOTIMIIYE
TOYHICTh Ta JOCTOBIPHICTh PE3YJbTaTIB MPOTHO3YBAaHHS PO3NOALTY 3a0pyIHEHb Yy

HOBITPI.
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PO3/1J1 3. TEXHOJIOI'TI MOJIEJI AJISI PO3POBKHU APXITEKTYPH
THO®OPMAIIMHOI CHCTEMHU

Y pozmimi  «TexHonorii ans po3poOku iHopMmarlliitHoi cuctemu» OyB
MPOBEACHUN aHaji3 Cy4YacHUX IHCTPYMEHTIB, METOMIB 1 TEXHOJOTIH, sKi
BUKOPUCTOBYIOTHCSI JUIsl CTBOpeHHs 1HopmariitHux cucteMm. Lleit posnin Bimirpae
BQXJIMBY pOJIb Yy BHM3HAYEHHI ONTHMAJBHOTO MIAXOAY JO PO3POOKH CHCTEMH,
3abe3meuyroun i €(heKTUBHICTh, MACIITA0OBAHICTh Ta HAJIMHICTh. MM pO3TISTHEMO
PI3HOMAaHITHI apXiTeKTypu MPOTrPaMHOTO 3a0e3MeueHHs, Taki SK KII€HT-CepBEpHI,
BeOOPIEHTOBAH1, MIKPOCEPBICHI TOIIO, Ta BUBYUMO X MEPEBaru Ta HEJAOIIKH 3aI€KHO
BiJl KOHKpETHUX ToTped iHdopmarliitHol cuctemu. Kpim Toro, Mu po3missHeMo pi3Hi
MOBU TpPOrpaMmyBaHHs, (PpelMBOpKH, 0a3W JaHUX Ta I1HII I1HCTPYMEHTH, SIKI
BUKOPHUCTOBYIOTHCS JUIsl po3poOku cucteM. OCHOBHA MeTa — HE JIUIIE 03HAHOMUTHCS 3
TEXHOJIOTIIMM, aJle¢ i BU3HAUUTU ONTUMAJIbHUN HAOIp 1HCTPYMEHTIB Ta METOIB JJIS
YCHIIIHOI peani3anii KOHKPETHOI 1HPOpMaIiHOT CUCTEMH 3 ypaxyBaHHSAM ii BUMOT 1
ocoomuBocteit. lleit po3minm gomomMoske HaM  3pO3YyMITH, SIK BHUKOPHUCTOBYBATH

TEXHOJIOT1i Ta JOCATHYTH MOCTABJIEHUX LlJIEH €(EKTUBHO 13 BUCOKOIO SIKICTIO.

3.1 IlopiBHSIHHA MpPOBalePiB XMAPHUX MOCJIYT

BukopucTanHs XMapHUX [IPOBaiIepiB AJIsl CHCTEM MOHITOPUHTY SIKOCT1 IOBITPS
MOJKE MaTH KiJIbKa MepeBar i cTaTi €peKTUBHUM PIIICHHSIM JIJIsl TaKuX cucteMm. Huxkue
nepepaxoBaHO KiJlbka apryMEHTIB Ha KOPUCTh BUKOPHCTAHHA XMAapHUX TMOCIYT Y
IIbOMY KOHTEKCTI:

I'myukictb Ta MacmraOoBaHiCTh. XMapHI HOCIYTH HalalOTh MOXIIUBICTb
MaciTaOyBaHHS CUCTEMHU MOHITOPUHIY B 3aJIEKHOCTI BiJ nmoTped. Bu Moxere jierko
301IBbIIYBAaTH UM 3MEHILYBaTU OOCSTU PECypCiB B 3aJIEKHOCTI BiJ 00CATY JaHUX Ta
3aBaHb 0OPOOKH.

Bucoka Jloctynnicte. [IpoBaiinepu xmapHux nociyr, taki ssk AWS (Amazon

Web Services), GCP (Google Cloud Platrorm) abo Azure, 3a6e3medyioTb BHUCOKY
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JOCTYIHICTh Ta HaJIAHICTh CBOIX MOCIYT, IO JAO03BOJIAE MIATPUMYBATH HEMEPEPBHY
poOOTYy CHCTEMH MOHITOPUHTY.

30epiranus Ta O6podka [lanux. XmapHi miaTGopMu MPOMOHYIOTh HMIMPOKUI
BUOIp CIy>X0 11 30epiraHHs Ta 0OpOOKH JTaHUX, BKJIIOYAIOYH 0a3u JaHUX, aHAJIITHYHI
IHCTpYMEHTH Ta 1HII pitneHHs. [{e Moke MoNermuTy ynpapIiHHs Ta aHalll3 BETUKOTO
00CSTYy JaHUX MPO SIKICTh MOBITPSI.

[aTerpamis 3 loT-mpuctposmu. bararo xMapHUX MpOBaiIepiB MalOTh CIYXOU
st [arepuety Peueit (I0T) [49], mo mo3Bosie JIeTKO IHTETPYBaTH JaHl 3 CEHCOPIB 1
IPUCTPOIB, SIKI BUKOPUCTOBYIOThCS B CUCTEMAaX MOHITOPUHTY SIKOCT1 MOBITPSI.

besneka ta 3axuct lanux. [IpoBaiinepu XxMapHUX NOCIYT 3a3BUYAil BKJIAIal0Th
BEJIMYE3HI 3yCUJUIS y 3a0e31eueHHs Oe3MeKH 1aHuX. BOHU HaIal0Th IHCTPYMEHTH AJIs
mu@pyBaHHs, ayTeHTU(IKALli Ta KOHTPOJIIO JOCTYIy, IO JONOMAara€e 3axuilaTtu
KOH(1ICHIIIHI JJaH1 PO SKICTh MOBITPSI.

OnTtumizaniss Butpar. BuxopucTaHHs XMapHUX TMOCIYT MOXE JI03BOJIUTH
ONTUMI3yBaTU BUTpPATH, OCKUIbKM BH IUIATUTE TIIbKU 3a BUKOpHUCTaHI pecypcu. Lle
MO3K€ OyTH OCOOJIMBO KOPUCHHUM JIJISl IPOEKTIB 3 0OMEKEHUM OIOIPKETOM.

[Mupoxuit Bubip [HcTpymenTiB. XmapHi npoBaiiiepu HaJarOTh PI3HOMAHITTS
IHCTPYMEHTIB /111 MOHITOPUHTY Ta YNPAaBIIHHS CUCTEMAaMH, 110 J03BOJIsI€ €(PEKTUBHO
BIJICJIIIKOBYBaTH Ta YIPABJISTH SIKICTIO TOBITPS.

Xo4va € yumaso mepeBar, BaKJIMBO TAKOK BPaXOBYBaTH MEBHI BUKJIMKH, TaKi K
MOYKJTMBICTh BUHUKHEHHS 3aTPUMOK Y OCTYII JI0 TaHUX Yepe3 Mepeky abo MUTaHHS
II0JI0 TPUBATHOCTI Ta Oe3meku nanux. [lepen BHOOPOM KOHKPETHOTO XMapHOTO
IpoBaiiziepa Cii peTeIbHO OIIIHUTH BUMOTH BallOro MPOEKTY Ta MEPEBIPUTH, KU

npoBaiiep HallKpallle BiANOBIA€ IIMM BUMOTaM.
3.1.1 Awnami3 mardpopmu Google Cloud Platform

Google Cloud Platform (GCP) — ue xmapna nardopma Big komnanii Google,
sKa HaJa€ IIUPOKHH CHEKTP XMapHUX TOCITYr HJs pO3pOOKH, TECTyBaHHS,

PO3TOPTaHHS Ta YIPaBIIHHS MIPOTPAMHHIM 3a0€3MeYeHHIM Ta 1HQPACTPYKTYPOIO.
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Jns  po3poOku  iHopMamiiiHOi cucTeMu Mo O 3HaAOOUTHCH Taki
iHbpacTpykrypHi pymeHHs sak: Computed Engine, sikuii Hajae BipTyasibHI MallliHU B
XMapHOMY CEpelOBHINl X MOXIHUBICTIO MacmTabyBaHHs 3a motpedu, Kubernetes
Engine — kepoBaHMii cepBic KOHTCHHEpIB, IO TO3BOJISIE PO3rOPTaTH, KEPyBaTH Ta
MacmTaOyBaTH KOHTEHHEPH30BaHI 3aCTOCYHKH 3 BUKopucTaHHsIM Kubernetes, App
Engine — mnardopma 11s po3poOku Ta po3ropTaHHHS B€03aCTOCYHKIB Ta MIKPOCTYXKO
0e3 HeoOX1THOCTI1 yrpaBiiHHS iHQpacTpykTyporo [50].

B sixocTi cxoButa MmoxkHa Oyio 6 Bukopuctatu Google Cloud Storage — 00'exTHe
CXOBHIIIE B XMapi, sIKE€ HaJla€ HaJAllHE Ta MaclITa0OBaHE CXOBHINE JUIsl 30epiraHHs
Oynb-aKUX OO'€KTIB JaHUX, TakuxX sK Qaiau, 300pakeHHs, Bigeo Ttomo. Jlus
30epeKeHHs TOBIJIOMJICHb BIJKIJIAJICHUX 3aBlaHb a00 X i1 300py MHOMMJIOK YH
aHaJiTUKU cucteMu noo6pe miaimoB 6u Cloud Datastore — NoSQL-0a3a manux, sika

HaJa€e MacIiTaboBaHy Ta HaJIHY 1H(PACTPYKTypy AJid 30epiraHHs ganux[S1].
3.1.2 Amnam3 margpopmu Microsoft Azure

Microsoft Azure — e xmMapHa 1iargopma Bij komnanii Microsoft, sika Hamae
IIUPOKHUIM CHEKTP XMAapHUX MOCIYT Ta 1HPPACTPYKTYypH JJIsl PO3POOKH, TECTYBaHHS,
PO3TOPTaHHS Ta YIPaBIIHHS MIPOTPAMHHUM 3a0€3MeYeHHIM Ta 1HQPACTPYKTYPOIO.

s  mnnarpopma Hagae HactynHl iH(QpacTpykTypHi mnocayru (laaS -
Infrastructure as a Service): Azure Virtual Machines — Hajae MOXJIMBICTh OPEHTyBaTH
BIpTyalibHI MAaIllMHU JJIS PI3HUX 3aBlaHb Ta POOOTH 3 PIZHUMH OIlepaliiHuMU
cuctemamu, Azure Kubernetes Service (AKS) — kepoBaHuii cepBic KOHTEHHEPIB, SIKUN
JO3BOJISIE  PO3TOPTaTd Ta KepyBaTh KOHTCHHEPU3OBAaHUMHU 3aCTOCYHKaMU 3
BukopuctanHsM Kubernetes. Azure Functions — cepBic o0uucieHss 6e3 cepBepa, SIKHit
JIO3BOJISIE 3allyCKaTW KON Yy BIANOBIAP Ha MOl 0€3 HEOOXITHOCTI YIpaBJIiHHS
iH(ppacTpykTypor[52].

Azure wMoxe cayryBatu Iiatrgopma s pO3poOKH, pPO3TOPTaHHS Ta
MaciiTaOyBaHHS Be03aCTOCYHKaMHM Ta CIIyx0 0e3 ympaBiiHHSA 1HOPACTPYKTYpOIO.
Azure SQL Database — 11e kepoBaHa mociayra pessiiiHoi 0a3u JaHuX, sKa J03BOJISIE

JIETKO CTBOPIOBATH, KEPYBaTH Ta MacuiTadyBaru 0a3u JaHUX B XMapi.
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Jlo xmapsi ociayru (SaaS — Software as a Service) MmoxkHa BigHecTH Microsoft
36 — XMapHUM cepBic, SKUM HaJae KOMIUICKCHI pillieHHs 11 oicHUX POOIT, Taki sK
€JICKTPOHHA TIOIITa, TEKCTOBHI MPOIIECOp, CIUJIbHA POOOTa HAJ JOKyMEHTaMH TOIIIO.
Dynamics 365 — 11e xMapHa rmatdopma g aBToMaTH3aIlii JisIbHOCTI MiINPUEMCTRA,
BKJIIOYAIOUM YMPABIIHHS BITHOCHHAMU 3 KJIIEHTaMH, YIOPABIIHHS BHPOOHHUIITBOM,
dinancu Tomo[53].

JIJist aHaNITUKY Ta CKJIAIHUX pO3paxyHKIB MOKHA BUKopucTtatu Azure Machine
Learning — muiatdgopMmy I CTBOPEHHsI, HaBYaHHS Ta PO3TOPTaHHS MOJCICH
MaIHHOro HapuaHHs. OOJIiKOBa CHCTeMa aHAMTHKU IIaThopMu 00'€qHyEe 0OpOOKY
Ta aHaji3 JaHUX Yy peajbHOMY 4daci [54].

Takox mnatgopma Hagae HaOlp IHCTPYMEHTIB AJiA PO3POOKU, TECTYBaHHS Ta
PO3rOpTaHHs MPOTPaAMHOTO 3a0€3MEUeHHS 3 1HTETpaIll€l0 CUCTEM KOHTPOJIO BEPCiid,

3aco01B aBTOMAaTH3allli Ta CH1JILHOT POOOTH.
3.1.3 Amnam3 nmnarpopmu Amazon Web Services

Amazon Web Services (AWS) — 11e HalOLIBIIHI Ta HAUTIOMYJISIPHIMIUN XMapHUT
MpoBaiiep y CBITI, 110 HAJIa€ MMUPOKUIN CIEKTP MOCIYT JJIsl OOUUCIICHHS, 30€piraHHs
JAHUX, aHaATI3y, Ty4HOTrO 1HTEeNekTy, [nTepHety Peueit (IoT), mammHHOrO HaBYaHHS
Ta IHIIUX 00JIaCTEeN.

Amazon Web Services Hagae waciiTaboBaHi BIpTyasbHI CcepBEepU s
oO4MCIIeHHs, SIKI MOKHA HanamToByBaTH 3a motpedu Amazon EC2 (Elastic Computed
Cloud). EC2 mnpomnonye pi3HI THUIU I1HCTAHIIM, KOXKEH 3 SIKUX MPU3HAYECHUU s
KOHKPETHUX BHUMOT TIOAO OOYMCIIOBAIBHHUX, MEPEKEBUX PECypCiB Ta PecypciB
cxoBuI. Hampukiasn, iHCTaHIlT TUITY «t2) MpU3HAYCHI I 3araibHUX 3aBJlaHb, TO/I
K «C5» — I BUCOKOMPOAYKTUBHUX oOuucieHb [55]. Koxna inctanmis EC2 moxe
BUKOPHCTOBYBATH Pi3H1 THITH CXOBHIIIA, Taki ik Amazon Elastic Block Store (EBS) st
MOCTIMHOTO CXOBHWINA a00 JIOKaJibHI 1HCTAHINI 11 TUM4YacoBoro 30epiranHs. EC2
JIO3BOJISIE MAcIITa0yBaTH 1HCTAHIlT BEPTUKAIBHO a00 TOPU3OHTAIBHO B 3aJI€KHOCTI
Bil o00csary pob6otu. KopucryBadi MOXYTh BUKOPHUCTOBYBATHM 1HCTPYMEHTHU

aBTOMaTHu3allii, Taki sk Auto Scaling, AJi1 TUHAMIYHOTO 3MINIYBaHHS YW 3MEHILIEHHS
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00YHCITIOBAIBHUX PECYPCIB, 110 BIUIMHE HA 1L1HY 32 BAKOPUCTOBYBaHHA pecypciB [56].
Bapricts Bukopuctannst EC2 Bu3Haua€eThCs Ha OCHOBI Pi3HUX (PaKTOPIB, TAKUX SIK THUII
1HCTaHIII1, KITbKICTh BUKOPUCTAHUX PECYPCIB, TPUBATICTH POOOTH Ta 00CAT CXOBHILIA.
Lle mae koprcTyBauaM THYUYKICTh Y BUTpa4aHH1 KOIITIB B 3aJISKHOCTI Bij iXHIX MOTpeO.

Jlis 3pydHOTO KepyBaHHS Ta OPEHIM KOHTEHHEPIB MOXKHAa BUKOPUCTATU
KepoBaHy cyx0y KOHTEHHEpiB y xmMapHoMy cepemoBuili Amazon Web Services —
Amazon ECS (Amazon Elastic Container Service). Bin miaTpumye KoHTeHHEpH
Docker 1 Hamae MOXIMBICTb OpEHAYyBaTH, MaciiTadyBaTH iX Ha OCHOBI
iH(ppacTpykTypu AWS.

JUig [BHUAKKUX OOYMCIIEHb 3alIPONOHOBAHO CKopHcTyBaruch Amazon Lambda.
e cepBic oOuncieHHs y xMapHoMy Bii Amazon Web Services (AWS), sikuii Hanae
MOJKJIMBICTh BUKOHYBATHU KO/ 0€3 He0OX1THOCT1 ynpaBiiHHs cepBepamu. AWS Lambda
BUKOPHCTOBYETHCS JIJIsl CTBOPEHHS CEPBEPHUX (PYHKIIIH, sIKI MOKYTh BIANOBIAATH Ha
NoJli, COPUYMHEH] IHIIUMH ciayxk0amMu AWS abo 30BHINIHIMHM JiKepelaMu. Bin
HIATPUMYE Pi3HI MOBH MporpaMmyBaHHs, Bkitouaroun Node.js, Python, Ruby, Java, Go
ta .NET. Ile mo3Bossie po3poOHMKAM BUKOPHUCTOBYBAaTH CBOIO YIIOOJIEHY MOBY JUIs
HanucaHHs QyHKIIIH.

B sikocti 00’ektHOrO cxoBuiia Amazon Web Services Hamae Amazon Simple
Storage Service (Amazon S3) , sxe npu3HaYeHe 715 30epiraHHs Ta BUTATYBAHHS OyJib-
SKOTO 00CSTY JaHUX Yy OyZib-SIKUi MOMEHT. S3 € OJTHI€I0 3 OCHOBHUX 1H(PPACTPYKTYpPHUX
nociayr AWS 1 3a0e3neuye HajiliHe, MaciiTaboBaHe Ta JOCTyIHE cxoBULIE [57].

Kpim miboro, Amazon Web Services 1ie 6araro pi3HUX cepBiciB TakuXx sik: AWS
[oT (ympaBninHst Ta 3a0e3nedeHHst Oe3neku npuctpoiB IHTepuery Peueit), Amazon
CloudFront (cmy:x6a CDN 1t IBUAKOTO 1 HAIIMHOTO PO3MOBCIOJKEHHSI KOHTEHTY ),
Amazon RDS (ympaBninas pensmiiiHuMH 0Oazamu gaHux, Takumu sk MySQL,
PostgreSQL, Oracle ta inmmmu), Amazon CloudWatch (cepBic MOHITOpUHTY Ta
JIOTYBaHHS JJIsl pECYPCIB Ta 3aCTOCYHKIB y peajlbHOMY 4aci) Ta 0araTo 1HIIOTO.

VY nopiBusanHI 3 Google Cloud Platform ta Azure Amazon Web Services mae
OUTBIIMI CIEKTP MOCYT, IHTErPOBAHUH 3 O1IBIIO0 KUIBKICTIO TEXHOJIOHIN. Takox BiH

BKJIFOUA€ BEJIMKY KUIBKICTH CEpBICIB, IO MATPUMYIOTH IMUPOKUN CHEKTP BHMOT.
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Opnak Ha BIAMIHY BiJl IHIIMX PO3IVISHYTHUX Ma€ CKJIaJIHY TMOJIITHKY I[IHOYTBOPEHHS,
ase 1s npobiaemMa BiJoMa 1 Ma€ BUPIIIUTUCH 3 TUTMHOM YaCOM.

bepyuu o yBaru Bci XapakTepUCTHKH 1 IOCTABIEHY METY OTpUMAJN HACTYITHI
pesynbrat: Amazon Web Services € JiiepoM 3a po3MipoM Ta Ma€ HaWIIMpiie
reorpadidyHe OXOTUICHHS, € TIPEJCTABICHUM B 0araThoX perioHax Ta Jara-IeHTpax, €
IHTErpOBaHUM 3 PI3HOMAHITHUMU TEXHOJOTISIMH Ta MOBaMH IPOTPAMYyBaHHS, Ma€
HaWImMpIui BUOIp Creliaii3oBaHuX MOCIYT Ta IHHOBAIlINA, Ma€ MOTYXKHY ITIOOAIBHY
Mepexy. OTke B SIKOCTI TIpoBaiiiepa XMapMUPHUX TIOCIIYT Ta TpoOBaiiiepa cepBepiB

Oyno oopano came Amazon Web Services.

3.2 PizHoBuau 300py aaHux Mjis iHGOpPMALIHOI CHCTEMH MOHITOPHUHIY

KOCTi NOBIiTps

Arperatop 1 napcep € ABOMa pi3HUMH NOHATTAMH, [TOB'I3aHUMU 3 00OpOOKOIO Ta
300poM iH(opMmallii 3 1HTEpHET-pecypciB. JlaBaiiTe po3misiHEMO iX BU3HAYCHHS Ta
BIJIMIHHOCTI:

Arperatop — 11e IHCTpyMEHT abo0 cepBic, siIkuid 30upae Ta 00'eqHy€e 1HPOPMALIIO
3 PI3HHUX JKEepen y omHoMy Miciil. Hampukinan, HOBUHHUN arperaTop Moxe 30uparu
3arojIOBKM Ta CTATTI 3 PI3HUX HOBUHHHUX CAWTIB Ta MPEACTABISTH X KOPUCTyBauaM Ha
ofHIM Matdopmi. Arperaropu J103BOJIIIOTh KOPUCTyBauyaM OTPUMYBATH JOCTYI J0
pi3HHX JpKepen iHbopMmaillii 6e3 HeoOXiTHOCTI BiJIBIIyBaTH KOXKEH calT okpemo. Bonu
CHPOLIYIOTh MPOLIEC CIIOKUBAHHS KOHTEHTY Ta pOOJIATH HOro OUNbLI JTOCTYHUM Ta
3py4yHuM [58].

[Tapcep — me mporpama abo CKpUIT, KU aHaJi3ye CTPYKTypy AaHMX Ha
BeOCaliTI Ta BUTATYE MEBHI ejleMeHTH abo iHdopmario. Hanpuknaa, mapcep Moxe
CKaHyBaTH BEOCTOPIHKY Ta BHJIyYaTH JaHl, TaKl sIK I[IHK Ha TOBApH, HA3BH cTaTeil, abo
Oynp-sKky 1HIy iHQopmanito 3 HTML-kogy cropinku. [lapcepu BUKOPUCTOBYIOTHCS
JUI aBTOMATH3allil Mpolecy BHIyYeHHsS NaHUX 3 BeOcaifTiB. IxHi (QyHKIIT MOXKyTH

Bimoyati aHanmiz HTML a0o 1HmIMX MOB pO3MITKH, BHUTSATYBaHHS TEKCTOBOI
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iH(opMaliii, IHTeprpeTaIito CTPyKTypOBaHUX JaHUX Ta 30epiraHHs OTPUMaHUX JTaHUX
y 6axxaHomy (popmari.

[cHye Kinpka BHIIB MapcepiB, SKI BUKOPUCTOBYIOTHCSA [UIsl BUTSITYBaHHS
iHpopmarnii 3 BeOcaiTiB. KoxkeH BHJ TIapcepa Mae CBOI XapaKTEPUCTHUKH 1
BUKOPUCTOBYETHCA B PI3HUX cuTyalisax. Och nesiKi 3arajbHl BUAU MapCepiB:.

HTML — napcepu npusHadeHi Juid aHaii3y Ta BuiaydeHHs nanux 3 HTML-komny
BeOCTOpIHOK. BOHM MOXXYTh BUKOpUCTOBYBATH 010J110TeKH, Taki Ak BeautifulSoup s
MOB mporpamyBaHHs Python a6o jsoup mms Java. HTML - mapcepu m03BOJSAIOTH
aHaI3yBaTU CTPYKTYpY BE€OCTOPIHOK Ta BUITy4aTH TEKCT, MOCHIIAHHS, TaOJIUIIl Ta 1HIII
ejaeMmeHTH [59].

XML — napcepy BUKOPUCTOBYIOTBCS JIs1 0OpOOKU Ta BUTATYBAaHHS 1H(OpMaIii
3 nokymeHTIB y dopmati XML (eXtensible Markup Language). Bonu MoxyTh OyTH
KOPUCHUMHM I aHali3y JaHUX, 10 BHUKOPUCTOBYIOTHCA B PI3HMX BeOCIyxk0ax Ta
oOMiH1 JaHuMu. XML-napcepu MoxyTh BUTATYBatd AaHl 3 XML-10KyMeHTIB Ta
NEPETBOPIOBATH iX JIJIS MOAAIBIIOIO BUKOPUCTAHHSL.

JSON-napcepu creniani3yroTbcsi Ha 00poOLl Ta BUTATYBaHHI JaHUX 3 (hopmary
JSON (JavaScript Object Notation). JSON - mapcepu ponomararTh po30uparu Ta
BUTATYBaTU 00'ekTH Ta daHi, npexacrarBieHi y dopmari JSON. Bonu mmpoko
BUKOPHCTOBYIOTHCSI B BEOpO3pOOLIL JUIsl B3aEMO/II MK BeOCcepBepaMu Ta KIIIEHTAMH, a
TaKOX I 00poOku gaHux B API.

Perynspni Bupasu (Regex) BUKOPUCTOBYIOTh PETYISIpHI BUpa3u Il TOLIYKY Ta
BUJTYYCHHS 11a0JIOHIB TEKCTY 3 JTIOKYMEHTIB. Regex-nmapcepu 103BONISIIOTH BU3SHAYATH
TMIeBHI marepHu abo 11abJI0HU B TEKCT1 Ta BIIIy4aTH BinoBiaH1 GpparmeHTu[60].

CrneniamizoBaHi mapcepu. [HIII mapcepu MOXyTh OyTH po3poOsieHi s
KOHKpETHHUX 3a1a4 abo (opmariB nanux. Hampukman, mapcepu mns oOpoOku RSS-
cTpivyok, mapcepu PDF-nokymenTiB Tomo. CrerianizoBaHl mapcepu 3aCTOCOBYIOTHCS

JUTSI BUTSTYBAHHSI KOHKPETHUX THUIIB JaHUX a00 00pOOKH KOHKPETHUX (POopMaTiB.
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3.3 AHaJji3 npoToKoJiB JJjisi 00MiHYy JaHUX B CHCTEMI

[TpoTokon 0OMiHY JaHUMU — 11€ (popMalli30BaHUN HAOIp MPaBUII 1 MPOLIETYD, K1
BU3HAUYAIOTh CMOCIO, y KU TPHUCTPOi B3aEMOIIIOTH MK CO00I0 Uil Tepenadi
iHdopmMarii. BiH cIyXuTh K MOBa KOMYHIKaIlli, sIKa JI03BOJISE PI3HUM IPHUCTPOSIM,
nporpamMam abo CHCTeMaM CITUIKYBaTUCS 1 OOMIHIOBATHCS JTaHUMU HE3aJIEKHO BiJl 1X
TUy, Mapku abo po3ramryBanHs. [IpoTrokonn oOMiHY AaHMMM BU3HAYAIOTh Takl
aCIeKTH KOMYHIKaIlii, sk (opMaTu JTaHUX, MeXaHI3MH ayTeHTudikalii, mudpyBaHHs,
MePEeBIPKy IUTICHOCTI TaHWX, PEaKIlif0 Ha TOMIJIKHM Ta 1HII aCTleKTH, K1 HeoOXiIHi
JUIst €peKTUBHOTO 1 HaJiiHOTO OOMiIHY iHGopMaliero. Lli mpoTokoan MOXYTh OyTH
3araJbHUMHU a0o0 CIeliali30BaHUMHU. 3aralibHi npotokoiu, Taki sk HTTP (Hypertext
Transfer Protocol) ayist nepenadi Bedcropinok, SMTP (Simple Mail Transfer Protocol)
st enektponHoi nomtu abo FTP (File Transfer Protocol) mns mepemaui (aitnis,
BUKOPHCTOBYIOTHCS JJI PI3HOMAHITHUX LUIEH 1 MOXKYTh OyTH BUKOPUCTaHI B PI3HHUX
cleHapisix. 3 1HIOoro OOKy, Cleniaii30BaHl MPOTOKOIN MOXKYTh OyTH pO3pOOJIeH! s
KOHKpPETHUX 3aBlaHb a00 o0iacTeil, TakuxX sAK MepekeBa Oe3leka, KepyBaHHS
Mepexero ado nepeaada MyJIbTUMEIIMHUX JaHUX. Y KIHIEBOMY IiICYMKY, IPOTOKOJIN
O0OMIHY JJaHUMU € OCHOBOIO IS €(heKTUBHOI 1 HAA1ITHOT KOMYyHIKallii B KOMITIOTEPHHUX
CUCTEMaX Ta MEPEXax, AO3BOJIAIOYM PI3HUM MPUCTPOSIM 1 MporpamaM CHUIKyBaTHCS

MI3K cCOOOIO HaBiTh Y PI3HUX CEPEIOBUILAX Ta YMOBaX.
3.3.1 MoxnuBocTi poTokoiay oominy nanumu UDP

UDP (User Datagram Protocol) — e mpoctuii mpotokosa oOMiHY JaHUMU, IKUH
MpaIfioe B MEPEKEBOMY CTEKY 1HTEPHET-TIPOTOKOJIIB, 10 3a0e3Meuye BiANPaBKY JaHUX
0e3 3abe3redeHHs HaJIHHOCTI @00 MopsAaKy AocTaBKU. OCHOBHA MOTro 17esl MOJIsTae y
TOMY, IO BiH TIepelac HEBEIWKI OJOKM JaHUX, BIJOMI SIK Jararpamu, Mix
BIIMPAaBHUKOMI OMHMM a00 KITbKOMa OTpuMyBauamu. Jlatarpama — 1€
dbyHIaMEHTAJIbHA OAMHUILI Tepeaadi JaHUX B MEPEKEBOMY IPOTOKOJI, 30KpeMa y
npotokosii UDP (User Datagram Protocol). Bona npezcrabiisie co00r0 HEBEIUKU 010K
JAaHUX, SIKAWA BKJIIOYA€E B ceOe KOpUCHY 1HGOpMAIliro JJis rmepeadi, a TAKokK JOJAaTKOBI
MeTaJlaHi i ajipecarlii Ta Mapupytu3aiii [61].
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OcHoBHi xapakrepuctuku UDP: Henaniitnicte: UDP He rapanTye n0CTaBKy
nanux. Lle o3Havae, 110 K110 Aararpama He JA0Csrae Npyu3HaYeHOro OTPUMYyBaya yepes
MepekeBl 3aTpuMKH abo BTpary nakeriB, UDP He Oyne HamaraTucst mepeBianpaBuTH
nararpamy. Bucoka mBunkonis: Ockiiekn UDP He mae MexaHI3MIB IepeBIpKU
IITICHOCTI JaHuX a00 BiTHOBJICHHS BTpau€HUX MAKETiB, BiH mpairoe mBuaire 3a TCP
(Transmission Control Protocol), o 3a6e3neuye Hafgiiiny nepemady. [IlpunatHicTs s
peansHoro yacy: UDP igeanbHO MiAXOMUTH U1l 3aCTOCYHKIB, J€ Ba)KJIMBa HU3bKa
3aTpUMKa, TAKHX SIK TOJI0COBA Ta BiicoKoH(]epeHIii abo oHnaitH-irpu. Brpara agesxux
KaJpiB a00 MakeTiB MOXKe MPU3BECTU [0 HEBEIUKUX BIIXWICHb Yy SKOCTI, ajye
HaMararo4uch BIJHOBUTH BTPA4€HI JIaHl, MOKE€ BUHUKHYTH JOJATKOBA 3aTPUMKa, 110
poouts UDP wmeHm mnpugaTHUM JUisi TaKUX 3acTOCyBaHb. MyJBTUKACTIHT 1
MUPOKOMOBHICTH: UDP miaTpuMye MyIbTUKACTIHT Ta IIMPOKOMOBHICTD, IO JJO3BOJISIE
BIJIIPABJIATH JaTarpaMy T'pymi MpuiiMadiB ad0 BCIM HPHUCTPOSIM Yy Mepexi [62].
[IpoctoTa 1 Hu3bKMH piBeHb 00poOku: Y mnopiBHsHHI 3 TCP, UDP mae wmenme
HAKJIQJHUX BUTpAT, OCKUJIBKM BIH HE BUMAarae 30epiraHHs CTaHy 3'€JIHaHHS 1 HE
BUKOHY€E CKJIaJTHUX aJTOPUTMIB KOHTPOITIO TOTOKY 200 KepyBaHHS NIEPEBAHTAKCHHSIM.
UDP BukopucToByeThCS B PI3HMX 3acToCyHKax, Takux sk DNS (Domain Name
System), DHCP (Dynamic Host Configuration Protocol), mpoTokojii MOTOKOBOi
nepenavi ganux (Hanpuknan, RTP — Real-time Transport Protocol) Ta 6araro iHmux,
Jie HU3bKa 3aTpUMKa 1 IPOCTOTa BAXKIIMBIIIE, HIXK HAAIHHICTD TIepeiadi.

3Buyaiina cxema po6otu UDP moxe OyTu mojmana Tax:

1. CrBopeHHs jararpamu: BigmpaBHUK CTBOPIOE Aararpamy, JAOJAaBIIU J10
Hel J1aHi U1 epefadl, a Takox Bkasytouu [P-anpecy Ta mopt npusnadenss. BinmnpaBka
nararpamu: Jlararpama BinnpaBisieThCsl HA BKazaHy [P-agpecy Ta mopT nmpu3HaueHHs
yepe3 Mmepexxnuit iHTepdeiic. Lls omepariiss Moke BHUKOHYBAaTHCsS O€3MOCEPETHBO
oTepaIlifHOI CUCTEMOIO 200 3a TOMTOMOTOI0 ITPOTPaMHOTO 3a0e3MeUeHHS, 1110 MPaItoe
Ha PiBHI 3aCTOCYHKY.

2. [lepenaua yepe3 mepexy: Jlararpama MapuIpyTH3Y€ThCS YEPE3 MEPEKY 1
MO’KE€ IPOXOJIUTHU Yepe3 KiJIbKa MapIIpyTHU3aTOPIB T4 KOMYTaTOPIB, MEPIL HIXK JA0CSITHE

MPU3HAYEHOT0 BYy371a.
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3. [Ipuiiom mararpamu: [Ipru3HadueHuit By30J1 OTPUMYE aTarpamy, epepipsie
il 3aroJioBoK, 100 BHU3HAYUTH, YU TMpPU3HAYEHA BOHA camMe HOMY, Ta PO3MOYMHAE
00poOKy OTpMMAaHUX JTaHHX.

4. OO6po6xka nanux: OTpuMaHi JaHi 0OpOOIIAIOTHCS HA MPUHMAIOYOMY BY3IT
3T1THO 3 JIOT1KOKO 3aCTOCYHKY, IO TIPAITIOE Ha IbOMY BY3JIi.

5. BinnoBias (HEOOOB'SI3KOBO): y BHUMAAKY B3a€EMOJIi MK KIIEHTOM 1
CepBEpPOM a00 IIPOCTO Y BUIAJIKY HEOOX1THOCTI, MPUUMAIOUHI BYy30JI MOXKE BIJITPABUTH
BIJIMIOBI/Ib Ha BIJIMIPABIIEHY JaTarpaMy, BUKOPUCTOBYIOUH TaKy X CaMy CXeMy poOOTH
[63].

[{s cxema 103BOJIsIE B3a€EMOJIISITH 3 BIJTAJICHUMH By3JIaMU [UISIXOM HaJICUJIaHHS
KOPOTKMX TOBIJOMJIEHb 0O€3 CTBOPEHHSI MOCTIHHOro 3'€qHaHHsA, mo podouts UDP
e(eKTUBHUM JIJIsi BEJIMKOI KUIBKOCTI 3aCTOCYBaHb, J€ IMIBUIKICTh MEpeaadi JaHuX €
BOKJIMBIIIOW 3a HaiiHICTh. OJHAaK 1€ TakKoXX O3Hayae, IO Mporpamam, IIo
BukopuctoBytoTb UDP, moTpiOHO BHpimryBaTH mHpoOieMH 3  HAIIHMHICTIO,

BIJTHOBJICHHSIM JIAHUX Ta KOHTPOJIEM CTaHy Iepeadl CaMOCTIHHO.
3.3.2 MoxJuBOCTI IPOTOKOTY 00MiHy nanumu TCP

Transmission Control Protocol (TCP) — me mnpoTokon Ha BHUIOMY piBHI
MEpEKEBOTO CTEKY, KU 3a0e3neuye HaaliHUNA OOMIH JAaHUMH MK KOMIT'FOTEpaMHU Yy
Mepexi [aTepHer. OCHOBHA OTO MeTa — rapaHTyBaTH JI0CTABKY JAHUX Y MPABUIIBHOMY
nopsaky 1 6e3 Brpar. OcHoBHI Xapaktepuctuku TCP: HanitinicTs: OnHa 3 KIIFOYOBUX
BiactuBoctedt TCP — e ioro HaaiitHICTh. BiH BKITtOYae B cebe MeXaHi3MU NEPEBIPKU
IITICHOCTI JIaHUX, BITHOBJICEHHS BTpau€HUX a00 IMONIKOYKEHUX MAKETIB Ta TMOBTOPHY
nepeaadyy BHUITQJIKOBO BTpadeHuX ImakeTiB. lle pobuts TCP ingeanbHuM 1Is
3aCTOCYBaHb, /I BaXXJIMBa TOYHICTh 1 MOBHOTA Tepeaadl JaHuX, TaKuX K mepeaadya
daiinis, enekrponHa morra Toio. Koarpons noroky: TCP Bkitouae B cede MexaH13MuU
KOHTPOJIIO TMIOTOKY JIJIsl PETYTFOBaHHS IIBUIKOCTI Mepeadl JaHUX MK BIAMPABHUKOM 1
orpuMyBadeM. Lle 103BoJIsI€ YHUKHYTH ITepeBaHTAKEHHS OTPUMYyBada JaHUMHU, sIKi BiH
HE MOXKe 0OpOoOMTH Ha JaHWi MOMEHT. MexaHi3MHu BigHOBIeHHS 3'enHaHHs: TCP

BCTAHOBJIIOE Ta MIATPUMYE 3'€IHAHHS MK BIANPABHUKOM 1 OTpUMYBayeM Mepenadi
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JaHWUX, a TAKOXK Ma€ MEXaHI3MH JIJIs1 BiTHOBJICHHSI IIUX 3'€/IHAHD y BUIMAJIKY 1X PO3PUBY
[64]. BignoBnennss mnopsaky: TCP rapantye, mo aaHi OyayTh JOCTaBieHI B
NPAaBUJIBHOMY TOPSAKY, HaBITh SKIIO BOHU Oy/lM PO3MICHI Ha OKpeMi MaKeTu s
nepenavi mo mepexi. Bucoka HakmanHa Butpara: Y mnopiBHsHHi 3 UDP, TCP mae
OUThIly HAKJIAAHy BHUTpATy 4depe3 MAOAATKOBI MEXaHI3MH KOHTPOJIO TIOTOKY,
BITHOBJICHHS 3'€IHaHHS Ta TMepeBipku nuTicHocTi gaHux. TCP BUKOpUCTOBYETHCS B
0araTboX Ba)KIIMBUX MEPEKEBUX IMPOTOKOJIAX Ta 3aCTOCyHKaxX, TakuxX sk HTTP mis
BeOcaiitiB, SMTP mns enexrponnoi momtu, FTP ans mepenaui daitniB, SSH s
6e3MeyHOro 3'€/HAHHS 3 BiAJaJeHUMH KOMI'IOTepaMH Tomo. Moro HamilHicTh Ta
MeXaH13MH KOHTPOJIIO 3p0OUIIM HOTO0 OAHUM 3 HAMOLIbII IMIKPOKO BUKOPUCTOBYBAHHUX

IIPOTOKOIIB Y MEPEKEBOMY CBITI[65].
3.3.3 MoxnuBocTi poTokoiay oominy nanumu HTTP

HTTP (Hypertext Transfer Protocol) — me mnporokon Ha BUIIOMY piBHI
MEPEKEBOTO CTCKY, SKHA BUKOPHUCTOBYETHCS JUIA Tepenadi  TiMepTEKCTOBUX
noKyMeHTIB y BeecBiTHil maByTuHi. OcHoBHUM npu3HadeHHsIM HTTP € 3a6e3nedenss
crocoOy B3aeMOJIil MIXK KJIIEHTCHKUMHU MpOrpaMaMu (Hampukiaa, BeOOpay3epamu) Ta
BeOcepBepamMu sl OTPUMaHHsI BEOCTOPIHOK Ta pecypciB. OCHOBHI XapaKTEPUCTUKU
HTTP: Ilpocrora Bukopuctanus: HTTP BHKOpUCTOBye MpOCTI TEKCTOBI
MOBIJOMJICHHS ISl B3a€MOJIIi MIXK KJIl€eHTaMu 1 cepBepamu. Lle poOuTh Horo jerkum
JUIL  pO3yMiHHSA Ta BijyiaromkeHHs. bescranmiitnicth: Koken 3amutr HTTP
00poOJIIETHCS CEPBEPOM HEZAIECIKHO BiJ MomnepeHix 3anuTiB. e o3Hauae, o ceppep
He 30epirae >xoqHOi 1H(GOpMAIIli PO CTaH MOMEPEIHIX 3alUTIB BiJ KiaieHTa. Metonu
saruTiB: HTTP Busnauae pizni metoau 3anuTis, Taki sk GET, POST, PUT, DELETE,
10 BU3HAYAIOTh THUII OTEpallii, sIKy KJII€HT X04e BUKOHATH HaJl PECYPCOM Ha CEepBepi.
Craryc xoau Bianosiai: HTTP BukopucToBye craryc Koau BiAMOBIAL AJIs MO3HAUYEHHS
pe3ynbrary BukoHaHHs 3anuty. Hampukian, 200 OK mokasye ycriiiHe BUKOHAHHS
3anuty, 404 Not Found — BincyTHicTh pecypcey, a 500 Internal Server Error — momuika
Ha cepBepi [66]. MoxnuBicTs keuryBanHs: HTTP miarpumye MexaHi3Mu KenTyBaHHS,

10 JI03BOJISIIOTH KIIIEHTaM Ta MPOKCI — cepBepaM 30epiraTi Komii pecypciB JJOKaIbHO
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JUIS. IIBUJIIOTO A0CTymy B ManOyTtHboMmy. Ilintpumka TLS/SSL: HTTP wmoxe
MpaIloBaTH 3 3aXUIIEHUMU 3'€THAHHSAMHU 3a JJormoMororo npotokoiiB TLS (Transport
Layer Security) ado SSL (Secure Sockets Layer), 3a0e3neuytoun KoH(IACHIIHHICTS 1
nuTicHicTh niepenadl gaHux. HTTP BUKOPUCTOBY€TbCSI SIK OCHOBHUM MPOTOKOJ IS
nepenaydi BeOCTOPIHOK, 300pakeHb, ayio- Ta BigeodaisiB, a TakoX AJIs B3a€EMOII 3
BebcepBepamu yepe3 APIL. Moro mpocrora Ta MIMpPOKE 3aCTOCYBAaHHS POOIATH HOTO

OJTHUM 3 HalOLJIbII BXKJIMBHUX IMPOTOKOJIIB B MEPEKEBOMY CBITI [67, 68].

3.4 BipryaabHa KoHTeiiHepu3alis iHpOpMALIHHOI cHCTEeMH

JI71st epeKTUBHOIO pO3ropTaHHs 0ararboxX MoOJEeil OHOYACHO Ta ONTHUMI3aIlii
BUTpAT HA CEPBEPHY IHPPACTPYKTYpY, MoJiel Oy yrakoBaHi y BJIAaCHI KOHTEHHEpHU
Docker. KoxHiit Mozeni BiMOBIIa€ OKPEMUN KOHTEHHED, a JJIsl OOMIHY TaHUMH MIXK
HUMU OyJIO BUKOPUCTAHO CHUIBHUI TOM.

Docker — me muardopma masis CTBOpPEHHS, JOCTaBKM Ta  3aIlyCKy
KOHTEMHEpU30BaHUX JOJaTKiB. BoHa M103BOJISiE JIETKO CTBOPIOBATH KOHTEHHEPH,
aBTOMATH3yBaTH X 3allyCK Ta KEpyBaTU iX XKUTT€BUM IukioM. Docker no3Bosnsie
3arycKaru 0e3/114 KOHTeHHEPIB Ha OAHIM (i3UYHIN MaIlKHI.

KonTelinepu — 11e ciocid ynakyBaTu Iporpamy pa3oM 3 ii 3aJeKHOCTIMHU B OJTUH
oOpa3z. lleit 00pa3 3amycKaeTbcsl B 130JIbOBAHOMY CEPEIOBHILI, 110 HE BIUIMBAE Ha
OCHOBHY OIepaliiHy cucreMy. BOHH 103BOJISIIOTH BIJIOKPEMHUTH JOJATOK BiJl
1H(PaACTPYKTYpH, 1110 CIPOIILY€E PO3TOPTAHHS T 3MEHIIYE MOKIIMBICTh KOH(ITIKTIB MIXK
3aJIeKHOCTIMU [69].

KonTeitHepuzailisi cxoxa Ha BIpTyali3ailiio, ajie¢ BOHa OUIbII JierkoBaroma. ¥
BIpTyaJIbHOMY CEpEIOBHIIll 3allyCKAEThCS OKpeMa oOIlepalliiiHa cucTeMa, TOIl SK y
KOHTEHHEP1 — BUKOPUCTOBYETHCS PO OCHOBHOI onepauiinoi cuctemu. Lle no3posnse
KOHTeHHepaM e(EeKTUBHIIIE BUKOPUCTOBYBaTH pecypcu. KoHTeiHepu T03BOJISIOTH
CIIPOCTUTH PO3TOPTaHHS MPOrpam, OCKUIBKH BC1 HEOOX1AH1 3aJIEKHOCTI BKIIFOUAIOTHCS
B KOHTelHep. Tako)K BOHU MOJIETIIYIOTh PO3TOPTaHHS Ha KUTHKOX CEpBEPax, OCKUTLKH

HE MOTPIOHO MOBTOPIOBATH OAHI ¥ Ti caMi JIii JI KOKHOTO CepBepa.
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Docker volumes — 1ie 3pyuHuii crnoci6 oOMiHYy JaHUMH MK KOHTEHHEpaMu.
Docker aBTOMaTHYHO CTBOPIOE TUPEKTOPIl 1Jis 30epiraHHs JaHUX 1 JO3BOJISE PI3HUM
KOHTEHHEepaM 0OMIHIOBATHCS JaHUMU depe3 i aupektopii [70].

Buxopucranus Docker m03Bosisie Jierko MacmTadyBaT MOZEIi Ta MAaKCUMAJIBHO

BHUKOPHCTOBYBATH MEPEBArd XMapHUX CEPBEPIB Y MAOyTHHOMY.

3.5 AsBropusaniiinnii GpeidMBOPK JJI1 HAJAHHSA O00MEKEHOIro JA0CTYyNy B

cucremy

[Tporoxon OAuth 2.0 (Open Authorization 2.0) € BaKJIMBUM CTaHIAPTOM IS
JICJIETYBaHHS aBTOpU3allli B PO3MOJUIEHUX CHUCTEMAX, OCOOJMBO B CY4acCHOMY
InTepHeTi Ta BeO3acTocyHkax. Ock nepeBaru Ta HeAoiku nporokoiay OAuth 2.0:

[TepeBaru nporokomy OAuth 2.0:

—  crpomieHHst aBropuzailii: OAuth 2.0 mo3Bosisie KOpUCTyBauaM JaBaTH
JTIO3B1J1 HA OOMEXEHUM TOCTYM JI0 CBOIX pecypciB 0€3 BUKOPUCTAHHS Mapotito Ta 0e3
nepeaadi YyTIMBUX OO0TIKOBUX JIAHHX

—  JeKJIapaTUBHICTh TpaB jAocTymy: Jlo3BOjsie BU3HA4YaTH Pi3HI PIBHI
JOCTYITY JIJIsl PI3HUX YaCTUH PECYPCIB, HAJIat0uu O1IbIITY THYYKICTh Ta KOHTPOJIb;

—  CYMICHICTb 3 PI3HUMHU ifeHTH(1KaTopamMu: J{03BoJIslE BUKOPUCTOBYBATH
pi3HI MexaHI3MM ayTeHTHdikaiii, Taki sk OpenlD Connect, 11 MIATPUMKH Pi3HUX
CIIeHapliB,

—  crpolieHui mpoiec pedpeinry TokeHiB: BukopucroByrouu pedper-
tokeHu, OAuth 2.0 103BOJsiE OHOBIIOBAaTH TOKEHHW 0€3 HEOOXIAHOCTI MOBTOPHOI
ayteHTu(ikaii kopuctyBaya [71];

—  MATpUMKA JJIs8  CTOPOHHIX 3acTOCyHKIB: Jlo3Bojisie  CTOPOHHIM
3aCTOCYHKaM 0€3MeYHO OTPUMYBATH JIOCTYI O OOMEXKEHHUX PECYpPCIB 3a TIOTIOMOTOIO
aBTOpU3allli KOPUCTYBaya;

—  LIMpOKe 3acTocyBaHHA B [HTepHETI: BUKOpHUCTOBYETHCS JIJIsl aBTOpU3aLIii
Ta goctyny 10 API, comianpHUX Mepex, KaleHaapiB, IEKTPOHHOT MOIITH Ta 1HITUX

OHJIalH-PECYPCIB;
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—  Jjerka ixTerpauis: € TMOMYJSIPHUM Ta MIUPOKO MiATPUMYETHCS, IO
MOJICTIIYE THTErpallito 3 piI3HUMHU CEPBICAMHU Ta CUCTEMaMHU.

Henonixu nporokoixy OAuth 2.0:

—  BIACYTHICTb cTaHjapty s ayreHtudikamii: OAuth 2.0 cam no cobi He
HaJIa€ CTAaHAapTHOTO MEXaHI3My JUIs ayTeHTH(iKallli KoprucTyBadiB. J{Js 11bOro yacTo
BUKOPHUCTOBYIOTKCS 1HIII MTpoToKoiu, Taki sik OpenlD Connect;

—  TOTeHIIWHI mpobiemu 3 Oe3nekor: HekopekTHe BUKOpHUCTaHHS abo
HAJIAIITYBAaHHS MOXKE MPU3BECTH A0 MNpodiieM 3 0e3MeKor0, TaKuxX K HEHaJIeKHa
00poOKa TOKEHIB UM BPa3JIMBOCTI B peajizaliii;

—  CKJIQJIHICTh JiJIs1 pO3pOOHUKIB: JIJIsl MesKuX po3pOOHUKIB MOYKE BUSBUTHCS
BaKKUM 3PO3YMITH Ta IPABUJIBHO pPeai3yBaTH Pi3HI TUIM TPAHTIB Ta iX B3a€EMO/IIIO.
Heo6oB's13koBa mmdpysanns: OAuth 2.0 He BuUMarae BUKOpUCTaHHA MU(PPyBaHHS 115
OoOMIHYy TOKEHaMH, XO4a 3a peKOMEHaaIli€lo MubpyBaHHSI MOXKEe OyTH BUKOPHUCTAHO
VIS 3a0e31eUeHHs O€3MEKH,

—  BIACYTHICTb BOYJOBaHOTO MEXaHI3My JJis BaJli{yBaHHS TOKEHIB:
[lepeBipka BaliHOCTI TOKEHIB, iX TEpPMIHY Jli Ta MOBHOBA)XEHb MOXKE BUMAaratu
JI0JIaTKOBOI peasi3allii Ha piBHI KJII€HTA.

HesBaxkaroun Ha 1m1 Hemomku, OAuth 2.0 3aaumaerscsi OOHUM 3 KITFOYOBUX
CTaHAapTIB JJIs JIeJeryBaHHs aBTopu3auii B [HTepHeTI, 1 Horo nepeBaru B 0ararbox
BUIAJIKAX TEPEBAXKAIOTh HEAONIKUA. 3aCTOCYBaHHS BIPHOTO TPAaHTy Ta TMpPaBHIIbHA
KOH(ITypalis 103BOJSAIOTh 3a0€3MeUnTH 0e3MeKy Ta 3pYUHICTh B3a€MOIIT M1 PI3HUMHU

3aCTOCYHKaMU Ta cepBicamu|[72].

3.6 AmHaJi3 apXiTeKTypH MepeKeBHX NMPOTOKOJIIB

[lepen po3poOKor0 cucTeMU HEOOXITHO PO3MISIHYTH KIIFOUOBI ACIEKTH BHOOPY
MDK PI3HUMH apXITEKTYPHUMHU MIIX0AaMH MPU po3po0I1ll MEPEKEBUX MPOTOKOIIIB JJIs
CYy4YaCHUX CHCTEM 1 3aCTOCYHKIB. [IpaBuiibHUII BUOIp apXITEKTypH MOKE BU3HAUUTU

e(eKTUBHICTh, O€3MeKy, MacIITa0OBaHICTh Ta 3PYYHICTb BallOi CUCTEMH IS
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KOPHUCTYBa4iB 1 pO3pOOHUKIB. Y I[bOMY PO3A1JIl MU ACTATBLHO PO3IISTHEMO TaKi KITFOYOBI
aCIEeKTH:

J51g moyaTKy MO3HaOMHMOCH 3 apXiTEKTYpHUM cTHiieM Representational State
Transfer (REST). Lle apxiTekTypHUH CTUIIb, IO BUKOPUCTOBYETHCS IJISI PO3POOKU
PO3MOAIIEHUX CHUCTEM, TaKUX K BeO3acTOCyHKHU. BiH 0a3yeThCsi Ha MpUHIUMAX, SKI
3a0e3MeuyIoTh CTa0lIbHICTh, MACIITA00OBAaHICTh, MOAYJABHICTh Ta MPOCTOTY B3a€MOII1
MI>K KOMIIOHEHTaMHU cucTeMH [73].

Y Representational State Transfer, nani cuctemu mpeACTaBIeHI y BUINISAIL
pecypciB, SKi MOXYTh OyTH, HaIllpUKIIaJ, 00'€KTaMM, KOJEKIisMU ab0 cepBicaMHu.
Kosxxen pecypc mae yuikanbauii iientudikatop (URI), axuii BUKOPUCTOBYETHCS IS
noctyny 10 Hboro. Pecypcu y REST MoxxyTh Matul pi3Hi NpeCTaBICHHS, HATPUKJIIA],
JSON, XML, HTML rtomo. Jlyis npukiany ¢popmat npotokony Simple Object Access
Protocol B sikocTi opmary mepenaui BukopuctoBye XML ¢opmar. KnieHT moxe
BUOUpATH MPEJICTABICHHS, sIKE MOMY MOTPIOHO, HIISXOM BKa3aHHS BiAMOBIIHOTO
3arosjoBKa 3anuty [74, 75].

Ha Binminy Big Simple Object Access Protocol sikuit He Hakagae 0OMeKEHHS
Ha MMPOTOKOJ TPAHCIIOPTYBAaHHS JaHUX ( JJI mepeaadl JaHUX MOXXHA BUKOPUCTATH SIK
Web nporokon HTTP, tak #t MQ.) Representational State Transfer BuxopuctoBye
HTTP metonu ny1s B3aemozii 3 pecypcamu. Haiinommupenimmmu metogamu € GET (st
orpumanHs pecypcy), POST (nnst ctBopenHst HoBoro pecypey), PUT (a1 oHOBIIEHHS
icaytoyoro pecypey) Ta DELETE (nnsa Buganenus pecypcy)[77].

Konu cepBep oTpumye 3amuT BiJ KJII€HTA, BIH 00poOJIsie HOTo BiMOBIIHO 10
metony Ta URI, mo micTsathes y 3anmti. Hanpuxnan, skino kiaieHT BukonaB GET-3anut
Ha nieBHui URI, cepBep Moxke BIAMOBICTH 3 pecypcoM, 1110 Bianosigae mpomy URI. 1le
Moke OyTH, Hanpukiaan, HTML-cTopinka, 300paxkenHs, daiia adbo Oynb-siIKAN 1THIIHIMA
KOHTEHT, IKHil cepBep Moxe HajaTtu. [licns oOpoOku 3anuty cepep popmye HTTP-
BI/IMOBI/Ib, SIKA MICTUTh CTAaTyC-KOJ, IO IMOKa3ye pe3yiabTaT o0poOku 3anuty. lleit
craryc-koa Moxe OyTtH, Hanpukiaj, 200 OK, 1o Bka3ye Ha yCHilIHy oOpoOKy 3arury,
a60 404 Not Found, sikuit o3Havae, 1o pecypc 3a BkazauuMm URI He 3naiinenuit. Kpim

toro, HTTP-BiamoBinp Moke MICTUTH JaHi, TIOB'si3aHi 3 BianoBigmo. e moxe Oytu
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BMICT, 1[0 BIJIMIOBIJIAa€ HA 3alMUT KJI€HTA, TAKUM K pecypcu abo MOBIAOMIICHHS PO
nomuiky[78]. Knient orpumye HTTP-BianoBinb Bijx cepBepa 1 00po0Oiisie 11 BIATOBITHO
10 cBoiX motped. Hanpukmnan, sikiio kimieHT BukoHaB GET-3anmuT Ha oTpuMaHHS TaHUX,
BiH MOXKe BioOpa3uTu Il JaHi y BeOiHTepdeici a0 BHUKOPHCTATH iX y CBOEMY

3aCTOCYHKY, 110 300pa)XeHO Ha PUCYHKY 3.1.

Request OAUTH 2
(PUT, POST.
PATCH, DELETE, GET)

Client < > Web service

A 4

A

Yy

Response DataBase

json, xml, blob)

Pucynok 3.1 Cxema pobotu Representational State Transfer

B3aemonist Moxe mponoBKyBaTUCs, SKIIO KIIEHT a00 cepBep Mae IIie JIiid, 110
BOHM XO4yTh BHKOHaTu. Hampuknazn, kimieHT Moxke BukoHatn PUT-3anmut s
OHOBJICHHS JaHux Ha cepBepi abo DELETE-zanut mms BumaneHHsS pecypcy, Mo

MOKA3aHO Ha PUCYHKY 3.2.

Client

[ [Feature 1 } { /Feature 2 } [ /Feature 3 J

A
Y
~
Y

Pucynok 3.2 Cxema B3aeMojii 3 JaHMMU 3a BUKopucTaHHs Representational State

Transfer (REST)
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AnprepHatuBoto Representational State Transfer moxxe craru GraphQL —moBa
3alUTIB Ta CEPENOBUINE BHUKOHAHHS IJIsi po3poOku BeO3actocyHkiB. GraphQL
BizpizHsIeThbcs Bim REST OCHOBHMMM KOHIENIISIMA THYYKOCTI Ta €(EeKTUBHOCTI
nepenavi JaHUX MK KIIEHTOM Ta CEPBEPOM. 3aMiCTh TOTO, 100 BUKOPHUCTOBYBATU
¢ikcoBaHi eHANoiHTH, K 11e poouth REST, GraphQL no3Bosie kiieHTam BU3HaYaTu
TOYHO Ti1 JaHi, SIKI IM MOTPIOHI, IUIIXOM CTBOPEHHS 3amUTIB 31 crenuiKoBaHOO
cTpykryporo. [79]. Ha Bigminy Binm REST, ne pecypcu npexacramieni (hiKCOBaHOIO
ctpyktypoto URL-anpecu, GraphQL BHUKOpHCTOBYE ONWMH €IWHUN EHAIMOIHT, Yyepe3
KWW KJITIEHT HaJCWIae CBOI 3anmuTH. Lle m0o3Bojsie 3MEHIIMTH KUIBKICTh 3allUTIB JI0
cepBepa Ta CHOPOCTUTU CTPYKTYpy Be03aCTOCYHKIB. BiaMIHHICTH MiAXO/IB

MPEACTABIEHO HA PUCYHKY 3.3.

Client

{ Feature 1, Feature 2, Feature 3

—

Pucynok 3.3 Cxema B3aeMonii 3 JaHumu 3a Bukopuctanis GraphQL

KiienTy oTpumytoTh BCIO 1H(oOpMaIlito, 110 MOB'sI3aHa 3 PECYypCcoM, 3a OTHUM
3anutoM. GraphQL BUKOpHCTOBY€E BIACHHI THUII30BaHU MOBHHUH (hopmar 3amuTIiB Ta

BinnoBineH, mo HazuBaeThess GraphQL schema, a y Representational State Transfer
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JaHl mepenarThes y dhopmari, Bu3HaueHoMmy cepBepoM (dacto JSON ab6o XML). ¥V
REST pecypcu nipeactasieni 3a goromororo URI, 1 B3aeMoist 3 HUMH 3/1IMCHIOETHCS
yepe3 CRUD-omeparii (cTBOpeHHsS, YHTaHHsS, OHOBIECHHs, BuiajieHHs)[80]. VY
GraphQL pecypcu mnpencrasiieHi rpadom o0'€KTiB, SIKi MOXKYTh MaTH 3B'SI3KH MIXK
co6oro. KimieHT Moxe 3armuTyBaTH JHILE Ti AaHi, sIK1 HOMY TOTPiOH1, Ta y BUTTISIAL, SIKUH
riomy 3pyunuii. REST minrpumye cranmapthi mexaHizmu kernryBanHst HTTP, Taki sik
3aronoBku Cache-Control 1 ETag. GraphQL He wmae BOyqoBaHMX MEXaHI3MIB
KEIIyBaHHs, ajieé MOXKE€ BUKOPHCTOBYBAaTH CTOPOHHI 010:110TeKH a00 1HCTPYMEHTH AJIst
kerryBaHHs qaHux. JlokymenTaiiss REST API 3a3Buuaii CTBOPIOETHCS OKPEMO BiJT KOTY,
0 MOXE BHUKIMKATU HEBIAMOBIAHICTE MDK JOKYMEHTAIE0 Ta peallbHUMU
moxknuBocTssMu  API. GraphQL aBromarnuHo reHepye npokymentauniro API
(GraphiQL), 1o mo3Bossie KiIieHTaM A0CTipKyBaTy Ta TectyBatu APl 6e3nocepeanro
B Opay3epi.

3 1bOTO BUILIMBAIOTH Takl nepeBaru GraphQL:

—  rHyukicTh 3anuTiB: GraphQL mo3Bojsie Kili€HTaM BH3HAYaTH, SIKI came
JlaHI BOHU XOYYTh OTPHMATH, LUISIXOM BKa3aHHsS MOTPIOHMX moiB y 3amuti. Lle
3abe31euye THYYKICTh Ta €(DEKTUBHICTD Mepeayl JaHuX;

—  3MEHIIEHHS KUIbKOCTI 3aMUTIB: 3aBISKU MOXKJIMBOCTI 3alUTYBaTH JIUIIIE
notpioH1 nani, GraphQL monmomarae 3MEHIIWTU KUIBKICTh 3alUTIB JO CepBepa Ta
ONTUMI3y€E MepexeBuil Tpadik;

— tum3auig gaaux: GraphQL BUKOPUCTOBY€E THNM JaHUX ISl BU3HAUECHHS
CTPYKTYypH Ta popMaTy JIaHuX, 110 nepeaaroThes uepes API, mo cripusie mokymenTartii
Ta poouth API 61b111 TPO30pUM 17151 pO3POOHMUKIB;

— aBToMaTtW4Ha JokyMeHTarlis: GraphQL  aBTOMaTWyHO  TreHepye
nokymenTariito API (GraphiQL), o 103BoJisie€ KilieHTaM JOCIIKYBaTH Ta TECTYBaTH
API 6e3mocepenbo B 6paysepi;

— mianucka Ha 3MiHM (Subscriptions): GraphQL mniaTpumye MexaHi3m
MITUCOK, 1110 J03BOJISE€ KIIEHTAM OTPUMYBATU PEAIbHUIA Yac OHOBJICHHS JaHUX BiJl

cepBepa, 10 0COOJIMBO KOPHCHO IS Peajl-TaliM 3aCTOCYHKIB.
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AJte B 1IbOTO MIJIXOY € ¥ NeBHI HEMOIIKK Y TOpiBHAHHI 3 Representational State

Transfer [81]:

—  ckimamHicTh peamizamii: Peamizamis GraphQL moske OyTu CKIIagHIIIONO,
0COOJIMBO J1 BEMUMKKUX ab0 CKJIaJHMUX MPOEKTIB, MOPiBHAHO 3 Representational State
Transfer, sikuif Mae IPOCTy CTPYKTYpy Ta MiAXOAH;

—  HaBaHTaxeHHS Ha cepBep: GraphQL moxe mpu3BOAUTH 10 301UTHIICHHS
HABAHTAXKECHHS Ha CEPBEP y BUIAJKY BEJIMKOI KUIBKOCTI CKJIQIHUX 3aIUTIB, OCKIJIBKU
KIIIEHTH MOXKYTh 3allUTYBaTH Pi3H1 AaHi 3 OJHOTO 3aIMHUTy,

—  Oesneka: GraphQL mosxke OyTu Bpa3iMBUM JI0 MiJATBEPKEHUX 3aIlUTIB
(auri. «query over-fetchingy), koiu KJTieHT OTpUMYe OLIBIIE TaHUX, HiXk TOTpiOHO. Le
MO€ MTPU3BECTHU JJO MOKIIMBUX MPOOIJIEM 3 O€3MEK0I0 Ta KOH(D1ACHIIIHHICTIO JaHUX;

—  kemryBaHHs: GraphQL He mae BOy/IOBaHUX MEXaHi3MIB KEIIyBaHHS, 10
MOXKE TPHU3BECTH JO HEe(HEKTUBHOTO BHUKOPHUCTAHHS PECYpPCIB Yy BHUITAJKy YacCTHX
3alMTIB Ha OJIHI i T1 K JaHI.

[IpoanainizyBaBIIM HETOJIKM Ta MepeBard oOMJIBOX IMMiJIXOMAIB OyJ0 BHUPIIICHO
oOpatu Representational State Transfer uepk3 te 110:

—  3aIUTH MOBEPTATUMYTh BEIMKUN OOCAT JaHMX MO CTAHIISM TOIIO, IO
OynyTh 3anutyBaThcsa 100% «KITIEHTIB» PO3pOOJICHOI CUCTEMH, TOMY ICHY€E 3alUT Ha
M1JKJIFOUYEHHS KelllyBaHHs 0€3 BTpaTH JaHUX;

—  BIACYTHA HEOOXIAHICTh y THYYKHX 3allUTIB HAa KOPUCTH IIBUAKOJIL
cepBepa,

—  HasBHiCTH «query over-fetching», Moxke HeBiTIOBaTH MEepeBaru

BUKOpHUCTaHHA MpoTokoiay OAuth2.

3.7 AmHaji3 apxXiTeKTYpHMX PpillleHb Ui CTBOPeHHs iH(popmManinHol

CHCTEMU

[Ipu mnpoextyBaHHI Oyab-sikoi 1H(OpMaIliiiHOi cucTeMu abo TPOrpamMHOTO
MPOAYKTY, OIHUM 3 KJIIOYOBHX acCMeKTIB € BHOIp BIAMOBIAHOI apXITEKTypH.

ApXITEeKTypa CHUCTEMH BU3HAuYa€ CHoOCiO opraHi3ailii KOMIIOHEHTIB, B3a€MOJIi MiX
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HUMHU Ta 3aralibHy CTPYKTYypy cuctemMu. [IpaBuiibHMiA BUOIp apXiTEKTYpPH MOXKE 3HAYHO
BIUIMHYTU Ha MPOAYKTHUBHICTh, MACIITAOOBAHICTh, OC3MEKY Ta 1HII XapaKTEPUCTUKU
CHUCTEMHU.

Bubip apxiTeKkTypu mporpaMHoOro 3a0e3MeueHHs € KJIIFOYOBHUM €TarloM Y Iporiect
po3poOku  Oymb-sikoro  mpoekTy. KopektHa oOpaHa apxiTeKTypa BHU3HAYae
e(eKTUBHICTh, THYYKICTh Ta MAacIITA0OBaHICTh CHUCTEMHU. Y I[bOMY pO3IUIL MU
PO3TIIIHEMO PI3HI apXITEKTypHI MiAXOAM Ta iX OCOOJMBOCTI, 00 3poOUTH
oOTrpyHTOBaHUHM BHOIp 11 HAIIOTO MPoeKTy. [lepmr 3a Bce, BApTO BUSHAYUTH OCHOBHI
BUMOTH JIO CHUCTEMH, TaKl SK IIBHUIKICTH PO3POOKH, MAacIITaOOBAaHICTh, HAIIWHICTD,
3pYUYHICTh Y BUKOPUCTAHHI TOIIO.

Ha ocHOBI IMX BUMOT' MU MOKEMO 3pO3YMITH, sIKa apXITEKTypa Oyae HailO1IbII
BIJIMOBIJIATH HAIIUM MTOTpedaM. Mu MOKeMO pO3ITISSHYTH P13HI apXiTEKTYPHI MiIXO0/H,
Takl SIK MOHOJIITHA apXITEKTypa, MIKPOCEpPBICHA apXITEKTypa, apXITEKTypa,
opieHToBaHa Ha cepBicu (SOA), abo HaBiTh serverless apxiTekTypy. KoxeH 3 HUX Mae
CBO1 IlepeBary Ta HeAOIIKH, 1 BUOIP 3aJIeKUTH B1J] KOHKPETHUX BUMOT Ta YMOB MPOEKTY.
[Ticns aHam3y MUX apXITEKTYpPHHUX MIAXOAIB MU 3MOXEMO HNPHUUHATH OOIpyHTOBAHE
pileHHs, sike Oy/ie HalKpalyuM 3 TOYKH 30py HaIIMX MoTped Ta oOMekeHb. Baxkimugo
TaKOXX TIaM'ITaTH, 10 apXITEKTypa MOXKE €BOJIOIIOHYBATH ITPOTSATOM Yacy, TOMY BapTO
MaTH MOXJIMBICTh aJIalITyBaTH ii 10 3MiH Y BUMOTaX Ta YMOBax MPOECKTY.

Serverless apxiTekTypa — 1€ maxij 10 po3pOOKHU MPOrpPaMHOTO 3a0e3MneueHHs,
Jie PO3pPOOHMK HE Mae O€3MOCEPEeHhOTO0 KOHTPOJIO HaJ CepBEepaMu, Ha SKUX
3aIyCKAEThCA  MporpamMHe  3abe3ledyeHHs. 3aMicTh  TOro, 100  KepyBaTH
1H(}paCTPYKTYpOr0, PO3POOHUK TpAIIOE 3 OKPeMUMHU (GYHKIUSAMU ((PYHKIISAMU SK
cepBicoM, Function as a Service — FaaS), siki BUKJIMKaIOTHCSl BIAMOBIIHO J0 MOTPeO
cucremu [82].

Po3poOHuk numie 1 po3roprae okpemi (QYyHKII, K1 BUKIMKAIOTHCS JIMILE MPU
HE0OX1AHOCTI, 6€3 HEOOXITHOCTI YIpaBiiHHA 1HGPACTPYKTyporo. MoKHa pO3pI3HUTH
KUJIbKa mapagurM 0e3cepBepHUX 0OUYHCIICHD:

—  Qyskuia gk nociuyra (FaaS), peanizoBana, Hanpukiaji, 3a JOMOMOIOO

AWS Lambda (Hendrickson, et al., 2016);
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—  mporpaMue 3a0e3mnedeHHs sk mociyra (SaaS) yepe3 Google Cloud;

—  0aza gaHuX sk ochyra, K y Bunajaky 3 Microsoft Azure aiist PostgreSQL.

FaaS wmoxna posmmamatu sk ribpua twiarpopmu sk mocayru (PaaS) Ta
nporpamMHoro 3abe3nedeHHs sk mnocayrd (SaaS): iHppacTpykTypa, a TaKox
iHpopMaIlisl TOBHICTIO KOHTPOJIOETHCS XMapHUM MOCTAYaJbHUKOM, HAaBITh SIKIIO
nporpamMHe 3a0e3MeueHHs YIpaBIsSeThCs KileHTaMu abo po3poOHukamu (Korhonen,
2017) (Kumari, Sahoo, Behera, Misra, &Sharma, 2021).

Cucremn FaaS abo «®yHKINS SK TMOCTyra» JO3BOJSIOTH PO3POOHUKAM
CTBOPIOBATH Ta PO3MIIIYBaTH 3aCTOCYHKH (III0 CKJIAAAIOThCA 3 OAHIED (YyHKIT abo
HaOoOpy PyHKIIIH), AK1 AMHAMIYHO MacCIITa0yIOThCS.

11 3aCTOCYHKM IPU3HAYEHI JJI1 BAKOHAHHS OJHI€T (PyHKIIII HA BUMOTY, a MOTIM
BIJKJIQJAI0Th 3allyCK JO HAacCTYIHOTO pa3y, KOJU BOHA 3HanoOutThes. Takl cucreMu
3a0€3MeuyloTh BEJIMYE3HY EKOHOMIIO KOILUTIB i1 PO3POOHMKIB 3aCTOCYHKIB,
JO3BOJISIIOYM iM TUIATUTH JIUIIE 3a Ti €K3eMIULIPU, Ha SKUX BUKOHYIOTHCS IXHI
Oe3cepBepHi 3acTOCYHKH [83].

Taxk sk a1 po3poOku cuctemu Oyno oopano miarpopmy Amazon Web Services
TO JIJISl peati3aliii 1i€i apXiTeKTypu MOXHa Oyj10 O CKOPUCTATUCS HACTYITHUM:

— AWS Lambda — me cepBic juisi BUKOHAHHS KOOy O3 HEOOXITHOCTI
yOpaBiIiHHSA IHPpacTpyKTyporo. MoxHa 3aBaHTaxyBaTH cBOIO (yHKIi0 10 Lambda ta
BHUKJIMKATH 11 BIAMOBIAHO /10 TOTpeO 3aCTOCYHKY,

— Amazon API Gateway — cepsic At CTBOpEHHsI, My OmiKallii, miaTPUMKH,
MoHITOpUHTY Ta 3axucty API (moxxHa BukopucroByBatu APl Gateway niist cTBOpeHHS
HTTP a6o WebSocket API myst Buknuky Bamux Lambda ¢yHkiiii uepes iHTepHET),

— Amazon DynamoDB — mnosnicTio kepoBaHa NoSQL 06aza manux, sika
3a0e3nevyye MIBUAKUN Ta HAIIWHUN JOCTYN 10 JAaHUX AJs 3aCTOCYHKY ( MOXKHA
BUKkopucTtoByBaTd DynamoDB nns 30epiraHHss Ta KepyBaHHS JIaHUMH, SIKI

00poOmstoThest Bamumu Lambda ¢yHKiisMu) Ta iH1I (pucyHok 3.4).
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Pucynok 3.4 Cxema Serverless apxiTeKkTypu Jij1sl po3ropTanHs Ha Amazon Web

Services [84]

BukopucTaHHs i€l apXITEKTypH HaJla€ HACTYMHI epeBaru:

—  macmtaboBaHicTh — Serverless 103Bosisie aBTOMaTHYHO MacTadyBaTh
pecypcu B 3aJIeKHOCTI BiJI HaBaHTaXEHHS, 10 POOUTH MOro iAcadbHUM IS
MPOEKTIB 31 3MIHHUM HaBaHTAXKEHHSIM;

—  IIBHUJAKICTb pO3ropTaHHs — Serverless 103BOJI€ HIBUAKO pO3ropTaTh
byHKIIIT 6€3 HEOOX1THOCTI yIpaBIiHHS 1HGPACTPYKTYPOIO.

Axne y Serverless apxiTEeKTypu € CBOT HEJIOMIKH:

—  oOmexeHHs (QyHKUIA — ICHYIOTh OOMEXKEHHsS Ha TpPHUBAIICTh
BUKOHAHHS (YHKIIH, po3mip mam'siTi Ta 1HII OOMEXKEHHS, SKI MOXYThb OyTH
HECYMICHUMU 3 JISIKUMU TUITAMH 33]1a4 (B TOMY YHKCJI1 33724 110 PO3PAXyHKY SIKOCTI
HOBITPA);

—  CKJIQJIHICTh BijylaroJpkeHHs: BimnmaromkeHHs serverless 3acTOCYHKIB
MOKe OyTH CKJIQIHIIIAM Yepe3 iX pO3MOIICHUIN XapakTep.

Tak sk B HamIOi CUCTEMHU pPEryJISIpHO MpaioBaTuMe 301p JaHUX 3 PI3HUX
pECypCiB Ta € BeJHMKa KUIbKICTh CKJIAIHUX PO3PAXyHKIB (TaKMX K 3aIyCK MOJEII
CALLPUFF) [85] Bci nmepeBar 1i€i apXiTeKTypH HIBEIIOIOTHCS.

AnprepHatuBoio  Serverless apxiTEeKTypu MOXe CTaTH MYJIbTHCEPBICHA
apxiTekrypa. MikpocepBicHa apXiTeKTypa — II€ HAXiT 10 PO3pOOKH MPOrpamMHOTO
3a0e3MedYeHHs, e MPOrpaMHUI 3aCTOCYHOK PO30MBAETHCS HA HEBEJIMKI, CAaMOCTIHHI

MOy, BIIOMI SIK MikpocepBicu. KoxkeH MiKpocepBic BUKOHYE KOHKPETHY (DYHKIIiFO
88



Ta Mae BiacHUM HaOip iHTepdericiB APl qis B3aeMoaii 3 IHIIMMHU MIKpOCEpPBICaAMHU.
MikpocepBicu B3aeMOJIIFOTh Mik co00t0 uepe3 API, 110 103Bossie M criBIpaIoBaTH
Ta oOMiHIOBaTHCS JaHUMH. Ko)keH MiKpocepBic MOKe BUKOPUCTOBYBATH BIIACHUH CTEK
TEXHOJIOT1H, 10 JO3BOJISIE BAKOPUCTOBYBATH HAMKpalli IHCTPYMEHTH JJI1 KOHKPETHUX
3aBllaHb. SIKIIO OWH MIKPOCEPBIC BiIMOBIISIE, 1€ HE TPU3BOAUTH A0 BIIMOBH BCHOTO
3aCTOCYHKY, a JIMIIIE JI0 MpoOIeM B OKpeMiil (hyHKITIOHATBHOCTI [86].

JIJist po3ropTaHHsi MYJIBTUCEPBICHOI apXiTeKTypHu Ha minatdopmi Amazon Web
Services MO)kHa CKOPUCTATHCS HACTYITHUM: cepBicaMu KoHTepu3aiii Amazon Elastic
Compute Cloud (EC2) a6o Amazon Elastic Kubernetes Service (EKS) , sxki
JTIO3BOJISIFOTh  3aITyCKaTh Ta KEpyBaTW KOHTEHHEpamu JUIsl BallluX MIKPOCEPBICIB,
Amazon Simple Storage Service (S3) B sIKOCT1 cXOBHIIIA JJ1s1 30€piraHHs 00’ €KTIB , TaKl
gk aitmm, 300paxkeHHs Ta iHme, Amazon CloudFront B sikocTi MmIBHIKOMY Ta
e(eKTUBHOMY JOCTaBLl BMICTy Be03acToCyHKy, Amazon ALB nns OamancyBaHHs
HaBaHTaXeHHsA, Amazon DynamoDB Tta Amazon Aurora sk HepesiliiHy Ta
pensauiiiHy 06a3u nmaHux BianoBigHO Ta Amazon ElastiCache mis miaBuiieHs
NPOAYKTUBHICTI Ta MacIITa0OBAHICTh 3aCTOCYHKY MLUISXOM KEIIYBaHHS JaHUX B
OTepaTUBHIN MaM'aTi Ta 3a0e3neuyoun mBUIKUK nocTyn[87]. Cxema 300pakeHa Ha

pUCYHKY 3.5.

Amazon
ElastiCache |
i

=

Amazon
Aurora

Amazon Amazon
CloudFront ! ECS

@ & &

i
@ Amazon |
DynamoDB |

=2

Amazon S3

I
Microservice

Pucynox 3.5 Cxema MynbTHCEPBICHOI apXiTEKTYpH I PO3rOpTaHHs Ha Amazon

Web Services [88]

Jlo mepeBar MynbTHCEPBICHOI apXITEKTYPH MOXKHA BITHECTH HACTYyITHE:
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—  THYYKICTh: MyJIBTUCEPBICHA  apXITEKTypa JIO3BOJISIE  PO3AUIUTH
3aCTOCYHOK Ha HEBEJIMKI, He3aJICKH1 CEPBICH, 1110 Ha/1a€ OUIBIITY THYYKICTh Y pO3pOOIIi,
TECTYBaHHI Ta BIIPOBAHKCHHI HOBUX (DYHKIIIN;

—  IIBHUJKICTH pPO3ropTaHHsA: MOXJIMBICTh HE3aJEKHOIO0 PO3TOPTAHHS
KOKHOT'O CEPBICY J03BOJISIE MPUCKOPUTH TIPOIEC BIPOBAIKEHHS 3MiH Ta OHOBJICHD,

—  wmacmraboBanicTh: KokeH cepBic Moxke OyTu MacmtaboBaHUN
HE3aJIeXKHO, 110 JI03BOJISIE€ ONTUMI3yBaTH PECYPCH Ta BUTPATH.

J10 HeZI0MIKIB MYJIBTUCEPBICHOT apXiTEKTypy MOXKHA BITHECTH HACTYTHI ITYHKTH:

—  CKJIQJIHICTh yMpaBIIiHHS KOH(Dirypaiiero: 3 OUTbIION KUIBKICTIO CEPBICIB
y CHCTEMI CTa€ CKIaJHIlIe KepyBaTW KOH(DIrypaiisiMd Ta HaJallTyBaHHIMHU.
JloBeneTbCsl BUPIIIUTH TUTAaHHS BEpPCIOHYBAaHHS, PO3TOPTaHHS Ta YNPAaBIIHHS
HAJIAIITYBAHHAMHU KOXHOI'O CEPBICY OKPEMO;

—  CKJIQJIHICTh MOHITOPUHTY Ta BIJUIarOJKEHHS: 3 OUIBIIOI KIUIbKICTIO
CEpPBICIB TAKOX YCKJIAIHIOETHCSI MOHITOPHUHT iX pOOOTH Ta BIJJIaro/>KEHHS BHUIAJIKIB
HenoJaloK. /loBenerbes BIpOBaI)KyBaTU CUCTEMH MOHITOPUHTY Ta JKyPHAJIIOBAHHS
JIJIs1 KO’KHOT'O CEpPBICY OKPEMO;

—  CHCTEMHI po0JIeMH 13 3aJIeKHOCTSAMHU: biibIie cepBiCiB 03HAYA€ O1IbIIe
3aJIEKHOCTEM MDK HHMMH. SIKIIO OJMH CEpBIC CTAa€ HEJOCTYIHHUM abo Mpalroe
HEKOPEKTHO, 1€ MOXE BIUTMHYTH Ha 1HILI CEPBICH, III0 MOKE MPU3BECTH JO KaCKaJHOTO
eexTy 300iB;

—  mpoOJsieMa iHTerpauii Ta ynpaiiHHA: [HTerpamis MiX cepBiCaMH MOXKe
BUMAaraTy 3Ha4YHUX 3yCUJIb Y BUPIIICHH] MUTaHb CyMICHOCTI, 3a0€3MeUYeHH1 OE3MeKH Ta
3a0€3MeUeHHI CIJIBHOTO yIPABIIHHS,

—  0oOMIH JaHMMHU. 3MEHIIYEThCS IIBUIKOJISI CUCTEMHU Yepe3 HaKJIaJHI
PO3X0M HAa MEPEKEB1 BUKIIMKH MK cepBicaMu (B TOMY YMCIIl TIpU OOMIH1 JaHUMH).

[Ile ogHOIO HE MEHII MOMYJSIPHOIO 3 TOYKH 30py BUKOPUCTAHHS B MPOEKTAX
MO)KHAa Ha3BaTH MOHOJITHY apXiTeKTypy. MOHOJITHA apxIiTeKTypa — 1€ THII
apxiTEKTYpH MpPOrpaMHOTO 3a0e3MEYEeHHs, J€ BEeCh MPOTPaMHUA  IPOAYKT
pO3pOOIIAETHCS K €MHE I1iJI€, 3a3BUYAll y BUIISAI OJTHOTO BEJIMKOTO 3aCTOCYHKY.

OcHOBHa 1€ TIOJISITAE B TOMY, 1110 BC1 KOMITOHEHTH 3aCTOCYHKY B3a€MOJIIOTH OJIMH 3
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onqHUM ©0e3 30BHIIIHIX 1HTepdeiciB abo cepenoBuill BUKOHaHHA. OCHOBHI
XapaKTePUCTUKN MOHOJITHOI apXiTEKTYpH BKIIIOYAIOTh:

—  IUIICHICTh — YC1 KOMIIOHEHTH 3aCTOCYHKY PO3TIISIAIOTHCS SIK €IMHE IILJIE,
po3po0Ka, BIPOBAKEHHS Ta MAacCIITA0yBaHHS BEAYyThCS Pa3oM;

—  BHYTpIIIHS B3a€EMOJiS — BCl YACTHHU 3aCTOCYHKY CIUIKYIOTHCS OJHA 3
OJTHOIO HaIpsiMy, 0€3 BUKOPUCTAHHSI MEPEKEBHUX 3aHUTIB a00 CEPBICHUX BUKIIHKIB;

—  MOHOJITHHUH CTEK TEXHOJOriH — Yy MOHOJITHIM  apXiTeKTypi
BUKOPHUCTOBYETHCS €IMHUNA CTEK TEXHOJIOT1H JIJIs1 BCIX KOMITOHEHTIB;

—  MPOCTOTa PO3TOpPTaHHS 1 MaclmTabyBaHHS — TaK SK 3aCTOCYHOK
CKJIQJIAEThCSI 3 OJHOTO KOMIIOHEHTA, PO3TOPTaHHS 1 MaciiTaOyBaHHS MOXXe OyTH
MPOCTILINM MOPIBHSAHO 3 PO3NOAIJIEHUMHU CUCTEMAMU.

Jlo HemomikiB MOXKHA BIJHECTH CKIJIAJHICTh MaciiTaOyBaHHS. MOHOMITHI
3aCTOCYHKHM MOXYTh OyTH Ba)XXKO MaciuTaOyBaTH, OCKUIBKM BCl iX KOMIIOHEHTH
B3a€EMOJIIIOTh TICHO MiX co0oto. IIpu 3017ablIEeHHI HABAaHTaXEHHS JAOBOJIUTHCS
MacITadyBaTH BCIO apXITEKTYpY, HABITh SKILO JHUIIIE JESIKI KOMIOHEHTH MOTPeOyOTh
JIOJIaTKOBUX pecypciB [89].

AJNBTepHAaTUBHUM pIIIEHHSM, K€ Oyi0 00paHo Juisi po3poOku 1HDOopMarliitHoi
CUCTEMHU, CTajla cepBiCHO-OpieHTOBHA apxiTekTypa (SOA). Lle apxiTekTypHHid TiaxXiza
JI0 PO3POOKM MPOTPaMHOT0 3a0€3MEUYEHHs, B SIKOMY (DYHKIIIOHAJBHICTh 3aCTOCYHKIB
O3S AAETHCS K HAOIp MOCIHYT, SIKI MOXKYTh OyTH BUKOPUCTaHI Ta B3a€EMOJISTH MIX
co0010 3a JI0MOMOTOI0 CTaHAAPTHUX NpoToKoJiB. OcHOBHA i7iest SOA mosiirae B TOMY,
1100 po3AUTUTH (PYHKIIIOHATBHICTh 3ACTOCYHKIB Ha OKPEMI CepBICH, sIKIi MOXKYTh OyTH
peaizoBaHi Ta MATPUMYBaHI HE3aJIEKHO OJIMH BiJl omHOTO [90].

VY CepBICHO-OpPIEHTOBHINM  apXiTeKTypl (YHKIIOHAJBHICTh  3aCTOCYHKIB
PO30MBAETHCS HA OKPEMI CEPBICH, SIKI MOXYTh OyTH HE3aJIe)KHUMU OJWH BiJl OJTHOTO.
KoxxeH cepBic BUKOHY€ KOHKpETHY (YHKIIIO 1 HaJa€ 30BHILIHIA 1HTepdeiic ans
B3aeMoii 3 1HmMMMHU cepBicamu. KoxkeH cepBic Mae SCHO BHM3HAaYEHI MeXl Ta
BiJIOKpEeMJICHUH BiJI iHIIHMX cepBiciB. Lle qo3Bosie ceppicaM OyTu OUTBIIT aBTOHOMHUMH
Ta MEHII 3aJIeXHUMHU BiJl 3MIH y 1HIIMX YacTUHaX cuctemMu. CepBICHO-OPIEHTOBHA

apXxITEKTypa J03BOJISIE JIETKO 1HTErPyBaTH HOBI CEPBICH 3 ICHYIOUUMH CHCTEMaMH, 1110
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JT03BOJISIE TOOYyBaTH 3aCTOCYHKH 3 BUCOKUM PIBHEM T'HYYKOCTI Ta PO3UIMPIOBAHOCTI.
3aBAsiKM pO3AUICHHIO (DYHKIIOHATBHOCTI HAa OKPEMI CEpBICH, CEpBICHO-OPIEHTOBHA
apxiTeKTypa JO3BOJII€E Kpalle MaciuTadyBaThd CHUCTEMY, OCKITbKA  MOXKHA
MaciTaOyBaTH TUTBKH T1 CEPBICH, K1 TOTPEOYIOTh I0MaTKOBUX pecypciB [91].

OCHOBHMMH  BIIMIHHOCTSAMH  CEPBICHO-OPIEHTOBHA  apxXiTeKTypa  BiX
MIKpOCEPBICHOI apXITEKTYpH € HACTYIIHI TyHKTH:

—  CEpBICHO-OPIEHTOBHA apXiTEKTypa 3a3BUYail CTBOPIOE OLIBII BEJIUKI Ta
BaXKKi CEPBICH, K1 MOXKYTb MICTUTH PI3HOMaHITHY (DyHKIIOHAIBHICTR; MiKpocepBicHa
apxIiTeKTypa, HaBIaKH, po3risaac (QYHKIIOHAIBHICT, SK HaOlp  JpiOHMX,
BIJIOKPEMJICHUX CEPBICIB, K1 KEPYIOTHCS MPUHIIUIIOM «OJIMH CEPBIC — OJIHA (DYHKIIISN»;

— Y CEpBICHO-OPIEHTOBHIM apXITEKTypl, BEJIUKI CEPBICM MOXYTb MaTH
CKJIAJH1 3aJIEKHOCT1 OJIUH BiJ] OJTHOTO, 1[0 MOXKE POOUTH iX Ba)KKO MaciITadyBaTH Ta
NIATPUMYBAaTH. Y MIKPOCEPBICHIM apXITEKTypi, KOKEH CEPBIC HE3AICKHUN 1 MOXKE
OyTu MacmTabOBaHUM Ta MIATPUMYBAHUM OKPEMO;

— Y CEepBICHO-OpPIEHTOBHIN apXITEKTYypi CEPBICH MOXKYTh BUKOPUCTOBYBATH
pi3HI TPOTOKOJM Ta CTaHAAPTH IJs B3aeMOAIl MDK c00010. Y MIKPOCEPBICHIM
apXxITEeKTypi, 3a3BUYail BUKOPUCTOBYIOTHCS JIETKI Ta CTAaHIAAPTHI MPOTOKOJIU, TaKi sIK
HTTP a6o REST, ayist B3aemoii Mix cepBicamu;

— Y CEpBICHO-OpPIEHTOBHIM apXITEKTypl KEpyBaHHs Oararbma BEJIUKUMH
cepBicaMu MOke OyTH CKJIQJHMM 3aBAaHHSAM. Y MIKPOCEPBICHINM apXiTEKTypi, Xxoua
KUIBKICTh CEpBICIB MOK€ OyTH OUIBILIOI0, KOKEH CEPBIC € MEHIIMM 1 MPOCTIIIUM Y
PO3ropTaHHI Ta YMpaBJIiHHI. 3aMICTh TOTO, 1100 MAaTH OJWH BEJIIMKWUN TOMATOK, SKHM
BKJIIOYae B cebe Bci (yHKIi, MIKpOCEpBICHA apXiTEKTypa I03BOJISE€ PO3AUIUTH
JOAATOK Ha JAPiOHIII KOMIIOHEHTH, sIKI HA3UBAIOThCSI MIKpOCEpBiCaMH.

binbire BiIMIHHOCTEW CEPBICHO-OPIEHTOBHOI apXITEKTypU 3 MIKPOCEPBICHOIO

apXITEKTyporo BigoOpakeHi B Tabmui 3.1.
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Tabmuus 3.1Tabnauis BIIMIHHOCTEH CEPBICHO-OPIEHTOBHO1 apXiTEKTypH

B1JI MIKpOCEPBICHOT apXITEKTypHU

CepBicHO-0piEHTOBHA

MikpocepBicHa apXiTeKTypa

apXiTeKTypa
Peamizari pI3HI CEpBICH 31 CHUIBHUMHU | CAMOCTIMHI Ta CIelliali30BaH1
pecypcamu HEBEJINKI CepBiCH
[TigKIrOueHHs ESB BuxopucroBye kinbka | API, Java Message Service,
MIPOTOKOJIIB oOmiHy | Pub/Sub
MTOBIIOMJIEHHSIMH, TaKHX SK

SOAP, AMQP i MSMQ

CxoBHIllE TaHUX

CHiJIbHE 30€epiraHHs JaHUX.

He3aslekHe 30epiraHHs TaHUX.

Pozropranns BIIPOBA/P)KEHHS 3MIH BHUMArae | KOoKeH MIKPOCEpPBIC MOXKHA
MOBHOT nepeOyn0BU 30epiratu B KOHTEHHEpax

MOoXIHUBICTh HOBTOPHO BUKOPUCTOBYE | KOKEH  CEpBIC Ma€  CBOI

OaraTropa3oBoro | ceppicH yepes CHUIBbHI | HE3aJIeXkKH1 pecypcu;

BUKOPUCTAHHS pecypcH MIKpOCEpBICH MOJKHA
MOBTOPHO BUKOPHCTOBYBATH 32
nornomMororo ix API

I'Hyuke Y3rOJI’KEHE YOPABIIHHS | PI3HI  MOJITUKA  KEePyBaHHS

YIIpaBIIiHHS JTAaHUMH Y BCIX CEpBICax. JTAaHUMH JUTS KO>KHOTO
CXOBHILA.

Xo4a MIKpOCEpBICHA apXITEKTypa HalOysa IUPOKOTO BU3HAHHS B OCTAaHHI POKH,

CEpBICHA OPIEHTOBaHA apXITEKTypa Ma€ CBOI MepeBaru, 0COOJIMBO B MIEBHUX BHITAJIKaX

Ta JUIsl IOTOYHOI 1H(POPMALIIHHOT CUCTEMHU:

—  Oinbina B3aemomis cepBiciB: Y SOA, cepBicu 3a3BUYail B3a€MOJIIOTh

MK 0000 OUTbII TIMOOKO Ta B TICHIIIOMY CIIBPOOITHUITBI, OCKUIBKA BOHH

MOXYTh MaTH OUIbIIY KUIBKICTh CHUIBHUX €JIEMEHTIB Ta (PYHKIIOHAIBHUX

MOJKJIMBOCTEH,
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—  OunpImIa €IHICTh JaHUX Ta cranaaptusaiis: SOA crpuse po3poOii
CHUJIBHUX CTaHJApPTIB JJi1 OOMIHY JaHUMHM MIXK CEepBICaMH, IO J03BOJISE
3a0e3MeynTH OLbIlY €IHICTh JAaHUX Ta KEPYBaHHS HUMU B PI3HMX YacTHHAX
CUCTEMU,

—  Ounbii mpocte ynpasiiHHA cepBicamu: Y SOA, yIpaBiIiHHS MEHIIOIO
KUTBKICTIO BEJIMKUX CEPBICIB MOXke OyTH MPOCTIINM y TIOPIBHSAHHI 3 YIIPaBIiHHIM
BEJIMKOIO KUIBKICTIO JIPIOHUX MIKPOCEPBICIB, SKI MOTPEeOYIOTh OLIBIIOI yBaru A0
neTanei,

—  MeHIAa CcKIagHIcTh 1HpacTpykrypu: SOA MOXKe MaTH MEHIIY
3arajbHy  CKJIQAHICTh  IHQPACTPYKTypd TOPIBHSIHO 3  MIKPOCEPBICHOIO
apXITEKTYPOI0, OCKUIbKM KUIBKICTH CEPBICIB MOXKE OYTH MEHILIOIO, ajle KOKEH

CEpBIC MOKe OyTH CKJIAIHUM Ta (PYHKIIIOHAILHO OaraTIIiM.

3.8 BucnoBok

[IpoanaiizoBaHO 1CHYIOY1 MpoOBaiiiepu XMapHHUX MOCAyr Takux sk: Google
Cloud Platform, Microsoft Azure Ta Amazon Web Services. He3paxxaroun Ha HSJOIIKH
3 MOJITUKOIO IiHOyTBOpeHHs Amazon Web Services € migepom 3a po3MipoM Ta Mae
HalMpIIni reorpadiuHuii OXOIUJIEHHS, TPEICTABICHH B 0araTb0X perioHax ra gara-
IEHTpax, € IHTErPOBaHUM 3 PI3HOMAHITHUMHU TEXHOJOTISIMA Ta MOBaMH
MporpamMyBaHHs, Ma€ HAUIUPIINUKA BUOIp Ciemiaii30BaHUX MOCIYT Ta 1HHOBAIlINA, Ma€
MOTY)XHY To0anmbHy Mepexy. ToMy B SKOCTI TpoBaiiepa XMapMHPHUX TOCIYT Ta
npoBaiiznepa cepsepiB € came Amazon Web Services.

bynu posmsnyTi npotokonu oominy nanumu UDP , TCP ta HTTP. HTTP €
OCHOBHUM MPOTOKOJ JIJIs Tiepeadi BeOCTOPiHOK, 300paxeHb, ay/1i0- Ta Bijeodailnis, a
Takok s B3aemomnii 3 BebcepBepamu uepe3 API. HTTP moxe mpamroBatu 3
3aXHUIIEHUMU 3'€ THAHHAMU Ta MIATPUMYE MEXaHI3MHU KEITYBaHHS, 110 € BAYKJIMBUM JIJIS
1H(pOopMaILiTHOT cUCTEMH.

Uepe3 HasABHICTh BEIMKOI KOAOBOI 0a3u, HANMMWCAaHOI Ha PI3HUX MOBax

NporpaMyBaHHs MIATPUMKA Ta PO3MIMPEHHS CUCTEMU YHEMOXJIMBIIOETbC. Jlis
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MOJIETIICHHsT Po3po0OKy 1H(opMalliiiHy cuctemy HeoOximHo ooepHyTn B Docker. 1ls
maTdopma BUpIIIYeE MPOOJIeMy MIJISTXOM 130JISI111T KOMIIOHEHTIB B OKpeMI KOHTEHHEpH
BCeperH1 0HOI (DI3UYHOT MAIlIMHU.

[TpoanamnizyBaBIIM apXiTEKTypH MEPEKEBUX IMPOTOKOIIB, I 1HPopMaIiitHOT
cuctemu oOpaHo Representational State Transfer (REST) apxitextypy. Bona
0a3yeTbcsi Ha TMPUHIMIAX, SIKI 3a0€3MeYyroTh CTaOUTbHICTh, MAaCHITa0OBAHICTH,
MOJIYJIBHICTb Ta MPOCTOTY B3a€EMOII MIXK KOMIIOHEHTaMU CHCTeMH. BaxinBoro
nepeBaroto Representational State Transfer apxiTekTypHu € Te IO pecypcu MOXYTb
MaTd pi3HI mpeactabieHHs, Hampukiaa, JSON, XML, HTML tomo. Tak sk
iH(opmarliitHiii cuctemi He MOTPIOHI rHyduki 3anuTH (siki Hamae GraphQL), ane
noTpiOHa MIBUAKOIIS HA KOPHUCTh CepBepa IIBHUJIKOJIL cepBepa HUIAXOM JOJIaBAHHS
KeUTyBaHHS 3aIlUTIB, AKe Jieriie peaiizyBaru came 3 REST.

[IpoananizyBaBIIM ICHYIOUI apXITEKTypU MPOTPAMHOI0 3a0€3MEeUeHHs IS
iH(opMariiftHoi cuctemMu Oyno oOpaHO CEpBICHO-OPIEHTOBHY apxiTekTypy (SOA).
Cepen ii iepeBar € Te 110:

— 1€ apXITEeKTypHE PIIIEHHS COpHsie po3poOLl CIUIbHUX CTaHAAPTIB IS
0OMIHY JIaHMMH M1 CEpBICaMH, 110 J03BOJIs€ 3a0€3MeYUTH OIBINY €HICTh IAHUX
Ta KepyBaHHS HAUMH B PiI3HUX YaCTHHAX CHCTEMHU;

—  yIOpaBJiHHSA MEHIIOK KUIBKICTIO BEJIMKUX CEpBICIB MOXe OyTH
MOPOCTIIIMM Y TIOPIBHSHHI 3 YOPaBIIHHSAM BEJIMKOK KUIBKICTIO JPIOHHUX
MIKpPOCEPBICIB, Ki TOTPEOYIOTh OUIBILIOT YBaru 0 JeTajei;

— SOA wMoxe MaTH MEHINy 3arajibHy CKIIAJIHICTh 1H(PACTPYKTYpH
MOPIBHSHO 3 MIKPOCEPBICHOIO apXITEKTYPOIO, OCKUIIBKH KUIBKICTh CEPBICIB MOXKE
OyTH MEHILIOI, aje KOXXEH CepBiC MOXe OyTH CKJIaJHUM Ta (PYHKIIOHAIBHO

OaraTmnmm.
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PO31J 4. PE3YJIBTATH POBOTH CUCTEMU

[ndopmariiiina cucreMa MOHITOPUHTY SIKOCTI TOBITPS — 1€ KOMILJICKCHHUI
IHCTPYMEHT, SIKU IpU3HAuYEHUH /U1 300Dy, aHaTi3y, Bi3yaii3allii Ta MOIIHMpPEHHs JaHUX
PO SIKICTh TOBITPS B IMEBHIM MicieBOCTI. Llg cuctema mae Ha MeTl 3a0e3MEUUTH
CTHIOCTEPEXKEHHS 32 CTAHOM JIOBKIJUIA Ta HaJIaTH KOPUCTYBa4aM AOCTYM J0 iH(popMaIii,
HEOOXITHOT JUIsi MPHUUHATTA OOIPYHTOBAHUX pIIIEHb HIOAO 3aXHUCTy 3A0pOB'S Ta
HABKOJIMIIIHBOTO CEPEIOBHUIIIA.

Ha eran mapcunry Ta arperaiii JaHuX B iH(pOpMaIliiiHiii CHCTeMI MOHITOPUHTY
SKOCTI TIOBITPS BKJItOYAa€E B ceOe 0OpoOKy Ta KOHBEPTAIlIO JAaHUX 3 PI3HHUX JHKEpen B
€IUHUM (QopMaT, a TaKoXK KOMOIHYBaHHSI IUX JAaHUX JJII OTPUMAaHHS KOMILIEKCHOT
iH(popmarii. i JaHUX 3 CYyIyTHUKOBUX 3HIMKIB LI€ TAMIIHT TaHUX Ta iX CKJIaJaHHs
o cxoBumia. g nqaHUX 3 HAa3€MHHUX CTaHIIN — 1€ KOHBEpTalis BCIX NOKAa3HUKIB
3a0pyIHEHHS 10 € AMHUX OJAMHUIb BUMIipIOBaHb. [1iciist 00poOKu AaH1 B 3a71€KHOCTI BiJ
TUITY CKJIAJAI0ThCcs 10 0a3u AaHUX a00 A0 XMapHOro cxoBuiia. Cxema B3aeMOis

ekcriepra 3 iHhOpMAaIITHOIO CHCTEMOI0 300paxKeHa Ha pUCyHKy 4.1.

Meteoaasi 3 HayiosansHe ynpasniHHa

13HI 3 CYNYTHUKOBUX 3HIMKIB Kaprorpadiusi aani
A 44 ’ PTOMPAIHI A OK@@HINHMX | aTMOCHEPHUX AOCTIIKEHD

[aHi 3 Ha3eMHNX CTaHUIM MOHITOPUHTY

-
. Cepianizayia aasux
PacTepusauia/Tainiur
CxoBMmLLE AaHMX ]
[ Bubip meToauku
l l I l l l Senior expert
BexTOpHe NPeACTAENeHs CTaHy NOBITPA Po3paxyHOK iHAeKcy AKOCTI i ; 5
PR ¥ Touu 24 ok el ros:rqps y KinsKicHa OwjHKa RKOCTI NOBITPA 33 DloyTouHerHA AKOCTI NOBITPA ¥
A0NOMOr0K0 AaHux Sentinel 5P RESHOMY pariok
:; l
BexTopHmit paitn/ JSON API response Pacrepu3auia/Tainiur J ‘ MocunankA Ha PacTposi Tainu ’ { CALPUFF

[ Bisyanizauia aaHux ]

[ CxoBuLle AaHUX ]

Pucynok 4.1 Cxema arperaiiii Ta moctoopoOku gaHux iHPOPMAIIHHOIO CUCTEMOIO
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Ha erari mocto6poOku ekcrepT 00upae METOAMKY OLIIHKU SIKOCTI TTOBITPSI CepeT
SKUX: BEKTOpHE TPEACTABIICHHS CTaHy MOBITPS y TOUIll, pO3PaxXyHOK I1HICKCY SKOCTI
MOBITPA, KUTbKICHA OIlIHKA SIKOCTI MOBITPS 3a JOMOMOTOI0 JaHuX 3 Micii Sentinel 5P
a00 JOyTOYHEHHS SKOCTI TMOBITPs Y MEBHOMY perioHi. B 3anexxHocTi Bijg oOpaHOi
METOOJIOTisI hopMy€e BIAMOBIII y BUTISAAI BekcTopHOTO (harmy ( popmary Geolson)
mo Biggaetsest 3acobamu REST API, mocunanns Ha po3paxoBaHi Tailu Ta
pO3paxoBaHy Ta JOYTOYHEHY I1HTEPIOJSIIIIAHY CITKYy BIAMOBiAHO. JlaHl HamarOThCA

eKcrepTy. 3a HEOOX1HICTIO epe30epiraroThes A0 6a3u TaHuX a00 XMapHOTO CXOBHUIIIA.

4.1 MongeaoBaHHS PO3NOBCHIKCHHA 3a0pyIHEHHSI BHUKOPHCTOBYIYH

monejb CALPUFF ta IDW aaropurmy

VY noennanni 3 IDW, momgens CALLPUFF Moke BUKOpUCTOBYBaTH JaHi 3
MEpeXl TOYOK BHUMIPIOBAHHS KOHUEHTpaliid 3a0pylHEHb, aje BUKOPHUCTOBYBATU
anroput™ IDW 11 OI[IHKM 3HaY€Hb KOHLUEHTpALld B TUX MICUAX, /1€ HEMAE MPSIMUX
BuMipiB. Lle Moxe OyTH KOPUCHO JJIsi CTBOPEHHS OLIBII MOBHOTO 00pa3y po3MOILITy
3a0pyIHEHb Yy MOBITPI Ta AJi BU3HAYECHHS BIUIMBY LIMX 3a0pyqHEHb HAa KOHKPETHI
o0unacri.

OcHoBHi kpoku BukopuctanHs IDW B nmoemnanni 3 monemnto CALLPUFF
MOKYTh BUIJISIIATH HACTYITHUM YHMHOM:

—  30ip manux: 30ip BUXIJIHUX JIaHUX IMPO KOHIIEHTpaIlii 3a0pyAHEHb Y
MOBITP1 3 MEPEX1 BUMIPIOBAIBHUX CTaHIIH;

—  ouncTka nanux: [lepeBipka JaHMX Ha HASBHICTH BIJCYTHIX 3HAYCHD,
aHOMaJIbHUX JlaHuX a0o momuiioK. BunaneHHs abo BUNpaBICHHS HENPaBHJIbHUX
3HAYEHHS;

—  BUKOHaHHA iHTepnofsii 3 BukopuctanHsM IDW: 3acrocyBaHHS
meroa IDW no HabGopy naHuX AJis CTBOPEHHSI KOHTYPHUX KapT KOHIIEHTpalii
3a0pyIHIOIOYUX PEYOBHH Y TIOBITPI;

—  Bukopuctands [IDW-intepnionboBannx ganux y moxaeni CALPUFF:

Brenennst IDW-iHTepnoap0BaHUX JaHUX SIK MOYATKOB1 YMOBH a00 BX1JHI JaH1 JJIsI
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moneni CALPUFF. Ile moxe OyTu 3po0sieHO BpydyHy abo 3a JOMOMOTOIO
CTEIaAIbHOTO MPOTPAMHOT0 3a0e3MeYeHHST,

— 3zamyck wmogeni CALPUFF: 3amyck wmogeni CALPUFF 3
BUKOPHUCTAaHHAM BBeneHnX [DW-iHTepnoap0BaHUX TaHUX,

— anami3 pe3ynbrariB: Omiaka pesyibTat MozaemtoBanHs CALPUFF,
MOPIBHAHHA iX 3 (AKTUYHUMH JAaHUMH Ta IHITUMH METOIaMU MOJICTIOBAHHS

—  BUINPABJICHHA Ta YTOYHEHHS: BHECEHHS KOPEKTHMB B JaHI YU
napaMeTpy MO AJis MOJIIMIICHHS] TOYHOCTI Ta HAAIIHOCTI pe3yJIbTaTiB .

Ha pucynky 4.2 300pakeHa cxXxemMa OTPUMAaHHSA JOYTOUHEHHOTO IPOTHO3Y

3a0pyAHEHHS 3 BUKOPUCTAHHSIM JaHO1 MOJIEII.

CxoBuWLLe AaHUX ]
4 ¢ ™ / * \
raycogi mogeni
. J
= s ~\
z
_: Narpasxesi mogeni CALPUFF
=
) A v
[=
(0]
E ( ™
=
2 CraxocTuusi mogeni \ /
A v
lr A4 Y
p
O0pofka oTpUMaHMX AaHuX ]
N
, '
CxoBuLle AaHUX ]
\
E l
=
o
=
% [ QuiHKa AKOCTI T3 IHTEPNPUTALIR pe3ynsTaTia ]
L4
z I
=
[~
2 ' | v }
o
=
@ ExcnopT IHdopmaLlia no BigoOpaxeHHa pacTposoro BinoOpaxexHa y eurnAgi
= 300paxeHHs | |3al0pedHeHHIo B TouLi wapy Ha ¥apTi BEeKTOPHOro Wapy Ha kapTi

Pucynox 4.2 Cxema po60oTu Mozieniel JOyTOUHEHHS SKOCTI MOBITPS y IEBHOMY

perioHi
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Ils xomOiHaIliss MOXKE JOTMOMOTTH YTOYHUTH MOJAEIBHUN MPOTHO3 Ta HaIaTh
O1IBII TOBHY KapTHUHY PO3IOALTY 3a0pyIHEHb Y MOBITPI, IO € BAXKJIMBUM JJI OLIIHKU
e eKTiB 3a0pyIHEHHS Ha 3I0POB'S Ta HABKOJUIITHE CEPEIOBHIIIE.

Otpumanuii pesyasrar OyJlo pacTepi3oBaHO JJiA MIBHIKOCTI BiIOOpaKeHHS Ta
Oyna 3pobneHa Macka IJs OTpUMAaHHS HUIeH]y, HUIIXOM (UIBTpaIis HYIbOBHX

3HaueHb. Pe3ynbTar 300pakeHuil Ha pUCYHKY 4.3.
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Pucynok 4.3. Pesyneratu monemtoBanss 3 BukopuctanusiMm CALPUFF ta IDW

aNTrOpUTMY

Jlist Toro, 00 Ai3HATHCS 3HAYEHHS 1HAEKCY 3a0pyqHEHHS B TOYL, BIIMIHHIM
BiJl TOYKHM pO3TAllyBaHHS CTaHIlli, fKka Hajama iHGOPMAIII0 PO 3a0pyIHIOOUI
pedyoBuHHU, Oyno oOpano anroput™m iHTepnoisuii IDW, a came ioro peamnizaiiio B
GDAL. GDAL - me 06i6mioTeka-TpaHChsATOp, SKa MOXE YUTaTH Ta 3amuCcyBaTu
reONpOCTOPOBl JlaHl SIK Y pacTpoBOMY, Tak 1 y BeKTopHomy dopmarax. Bona
3abe3reuye yHi(h1KOBaHY MOJIEIb TaHUX JJIs ITUX (hOpMaTiB, 1110 T03BOJISIE€ 3aCTOCYHKAM
MpaIftoBaTy 3 pi3HUMHU (HOpMaTaMU T€OMTPOCTOPOBUX HaHuX uepe3 enuanii API. Okpim
010miorekn, GDAL Takoxk BKIIOYAaE HHU3KY YTHIIT KOMAaHAHOTO psiaKa AJis

MaHIIyJOBaHHS Ta 0OPOOKH reonpoCTOPOBUX JaHuX [92].
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4.2 IndopmaniiiHa TEXHOJIOTriS MPOrHO3y MOTrOAM ISl OUIHKH SIKOCTI

noBiTPst

Bci omepamii 3 BEKTOPHMMH Ta pacTpOBUMH JaHUMH BHUKOHYIOTBCS Y
BIpTyalbHIA TaM'siTi O10J10TE€KH, IO JO03BOJNIMJIO YHUKHYTH 3amucy QaiiaiB Ha
XKOpcTkuil quck. [lepeaBiiy MoIiroH Ta TUI 1HAEKCY 3a0pyIHEHHS AJIsl pO3PaxXyHKY, B
pe3ynbTaTi OTPUMYEMO PacTp 3 pe3ybTaTaMH 1HTEPIOISIIII.

B sixocTi Moneni nmporHo3yBaHHs noroau Oyno oopano Weather Research and
Forecasting (WRF) — cucremy 4uCeNnbHOrO MPOTHO3YBAHHS TOTOAM HACTYITHOTO
MOKOJIIHHSA, PO3pO0JIeHy AJi aTMOC(EpHUX Ta oneparuBHUX mnporHo3iB. WRF moxe
BUKOHYBAaTU MOJICJIIOBAHHS Ha OCHOBI (aKTMUYHUX arMoc(epHHX YMOB abo
igeanizoBanux ymoB. WRF rmpomnoHye THy4YKy Ta OOUYHCIIOBAJIIBHO €(EKTUBHY
raThopMy 71 ONEPaTUBHOIO MTPOTHO3YBAHHS, sIKa B1IOOpaXkae OCTaHH1 JOCSATHEHHS
y (i3ulll, YHCENbHUX PIMIEHHAX Ta aCUMULALII JaHUX, 3pOOJEHUX PO3POOHUKAMH 3

HIUPOKOi criyibHOTH ochiHUKIB [93]. Cxemy WRF BizyanizoBaHo Ha pucyHky 4.4.

External Data
Sources

WRF Preprocessing System

Static
Geographical  je-
Data

geogrid

/nanwli'.t.wp'. /___.

real.exe

Gridded Data;
NAM, GFS, RUC,
AGRMET, etc.

Pucynok 4.4: Cxema po6otu WRF
Jjist KopUryBaHHS MOJIeNl AaHi i MPOTHO31B 32 MUHYJI1 IEPI0A MOPI1BHIOBAIMCS
3 peaJbHUMU MMOKa3aHHSAMU JEp>KaBHUX METEOCTaHIIN YKkpaiHu. 3a JOMOMOT0l0 MOBU
nporpamyBaHHs Python Mix 1iumu Toukamu Oyna nmpoBeneHa inTeprnossuia. L1 mogemi
NOPIBHIOBAJINCSA 3 JaHMMHU peajbHUX JaTyuKiB 3a TaKUMU [apaMeTpaMmu, SsK

Temmneparypa (2 M Bix 3emui); Bitep U; BiTep V; BonoricTh; TUCK[94].

100



Byno BupileHo MNOPIBHATH pPE3yJabTaTH MPOTHO3HOI MOENl 3 IPOTHO30M
aBTOPETPECIMHUX MOJCNIEH, $KI BHUKOPHCTOBYIOTHCS JUIS OIKUCY CTaIllOHAPHUX
cToxacTUyHuxX TmporeciB. Mogenr ARMA (Autoregressive moving average) €
koMmOiHariero Moxaener AR ta MA. AR(p) — mMonens, 110 OMUCY€E JOCIIIKYBaHHM
IIPOIIEC B MOMEHT Yacy, SKUH 3aJIe)KUTh BiJl 3HAYEHB P MOIMEPEIHIX YaCOBUX 1HTEPBAJIIB
[95]:

Ve = Bite—g + Botez + -+ PBptep + & 4.1)
ne Pi, B2, ..., Pp — KOHCTAHTH, & — BUNAJKOBA IIOXHOKA.

Monens MA mnpencraBisie CTalllOHApHUN TIpoIeC sK JIHIAHY KOMOIHAIlIO
MOCJIITOBHUX 3HaY€Hb O1710T0 IIyMy. L{s Moens KoprucHa sIK TOMMOBHEHHS 10 MOJCIICH
aBTOperpecii At OB AETAaTLHOTO OMKCY IITYMOBOI CKJIaJ1I0BOi. MOIeNIb BUPAKAETHCS
HACTYITHUM PIBHSIHHSIM:

Yt = & — Y1€t-1 — Y2&t-2 7 "~ Yq€t-q (4.2)
ne vl, yl, ... yl — mapamerpu mozemi.

Ha rpadiky aBToxopensiii Ha PucyHky 4.4 BugHO, 1110 JaH1 HE MatOTh TCHJICHIIII,
[0 JIO3BOJISE 3POOUTH BHCHOBOK IIPO CTAI[IOHAPHICTH TOCIIIKYBAaHOTO PSIY
(cTarioHapHUN PsiJ MOBUHEH MaTH MOCTIHHE CepeIHE 3HAYSHHS 1 KOJIMBATHUCS HABKOJIO
I[OTO CEPETHHOI0 3HAYEHHS 3 TTOCTIMHOIO JUCIIEPCIEIO).

Autocorrelation
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> e
T
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Partial Autocorrelation
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Illltlt IEREX 51 1 ) J, ;l
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Pucynok 4.4 I'padik aBTOKOpesIIii Ta 9aCTKOBOT aBTOKOPEIIAILIIi
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Ockinbku yacoBUM psij € crarmioHapHuM, moaenb ARIMA (ABroperpeciitHe
IHTErpoBaHEe KOB3HE cepeqiHe) Mae OyTH BUKOpHCTaHa 31 cTynieHeMm audepeniairii 0.
Bona BUKOpPHCTOBY€E PI3HHUIIO MOYATKOBHX CHOCTEPEXKEHb ISl TOro, 100 3pooutu
gacoBui psj cramioHapauM. ARIMA mae 3 BXigH1 mapameTpu: p — HOPsIOK MOl
aBroperpecii, d — cTymiHp JIudepeHiioBaHHsA,  — MHOPSAIOK MOJEN KOB3HOTO
CEpEIHBOTO.

JIns mopiBHSIHHS MU BUKOpHCcTainu Monesib ARIMA(3, 0, 3) 115 mporHo3yBaHHS
Temneparypu 1 mopiBasu ii 3 WREF.

TEMP

22 7 ARMA

20 A

18 A

16

14 -

12 4

sgy 8 38 8 38 8 gy 8

Son o [SNe) e o0 o o0 —

S 59 2 (=32t S S S S =T S

S XN S 9 o] =}y
datetime

Pucynoxk 4.5 TlopiBHSIHHS pe3yabTaTy MPOTHO3Y

Ha pucynky 4.5 nokasano, mo pizauusg mixk WRF ta ARIMA € MeH111010 32 01uH
rpagyc, TOMY Ul OLIHKHU SIKOCTI IPOTHO3Y OyJiM po3paxoBaHi CepelHbOKBAAPaTHIHI
nomuiku: WRF-GFS monens mae mpubmuszno 1,2858, toai sk ARIMA Mozaens mae
mumie 1,33, To6to B cepeauromy WRF € 6u1bin Tounoro, Hik ARIMA monens, ane 1i
MO>KHA IMOKPAIIUTH 3a JOIIOMOT00 MOCTOOpoOKH, Hanpukiaa, Multi-sensor Advection
Diffusion, 1m0 BUKOPUCTOBY€E CYIyTHUKOBI CIIOCTEPEKEHHS ISl BUSIBJICHHS XMap, a
TAKOX /I BUSIBIICHHSI Ta BUKOPUCTAHHS XxMap [96].
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4.3 IndopmauiiiHa TEXHOJIOTIA MAPCUHIY TA arperamii JaHUX B CHCTeMI

Jns BimoOpakeHHST MPOMDKHUX pe3yabTaTiB Ta (POopMaTyBaHHA BUXIJTHHUX
daitnie cucremu Oyno o0paHo MoOBy mporpamyBaHHs Python y Bepcii 3.7.
Buxopucranus Python Hanae mepeBaru 3aBasiku MOXJIMBOCTI pO30MBaTH IPOrpaMu Ha
MOy, IO AO3BOJSE IX JIETKO BUKOPHUCTOBYBaTH B IHIIUX mporpamax. OpHiero 3
nepeBar Python e ioro Benmuka 0i0mioTeka CTaHAAPTHUX MOMAYIIB, IO CTAHOBUTH
Yy/IOBY OCHOBY JJISi CTBOPEHHS HOBHX 3acTOCYHKiB. KpiMm Toro, mmpoka chijpHOTa
Python cnpusie nmerkocti BUBUEHHSI Ta BHpIlIeHHIO npobiem. CTaHgapTHI MOMYII
MICTATh PI3HOMAHITHI 3py4HI IHCTPYMEHTH, BKIIIOYAIOYM 3acO0M Il poOOTH 3
(daiinamMu, CUCTEMHI BUKIWKH, 1HTEeppehcu 10 pi3HuX rpadiyHux O10mioTeK Ta
MEpEeKEeBUX 3'€JHAHb, 0 POoOUTH Python MOTyXKHUM 1 THYYKUM THCTPYMEHTOM LIS
PO3pPOOKHU MPOTPAMHOTO 3a0€3EUCHHS.

Django — e BucokopiBHEBU BeO(pelMBOpK Ha ocHOBI Python, sikuii Mae Ha
MET1 JIOTIOMOTTH PO3pPOOHHKAM CTBOPIOBATH BE03aCTOCYHKH SIKOMOTa €()EeKTHBHIIIIE,
BIJl KOHIENUIi 10 3aBepuieHHs. OauH 3 ocHOBHUX (okyciB Django — Oe3neka, 1 BiH
HAJIa€ PO3POOHUKAM IHCTPYMEHTH, SIK1 IOTIOMAaraloTh YHUKHYTH MOIMTUPEHHUX MACTOK 1
BpaznuBoOCTel Oe3neku. BiamoBigae apXiTEKTypHIM cxemi Mojeni mabJoHHUX
npeactasieHb (MTV). OcHoBHa meTra Django — MmoJjermuTi CTBOPEHHS CKJIAJIHUX,
KepoBaHUX Oazamu jJaHuX BeOcaiiTiB. OpeMBOPK pOOUTH AKIEHT HA MOBTOPHOMY
BUKOPHCTaHHI Ta «3B'A3HOCT1» KOMIIOHEHTIB, MEHII1H KIJIBKOCTI KOy, HU3bKOMY P1BHI
3B'SI3HOCTI, MBUAKIM po3pobii Ta mnpunmunax SOLID. Django Takox Hagae
JOJTATKOBHUM aJMiHICTpaTUBHUMN iHTepdeNc NJisi CTBOPEHHS, YNTAHHS, OHOBJICHHS Ta
BUJAJCHHSA JIaHUX, SKUH JUHAMIYHO TEHEPyeThCA MUILIXOM CaMoOaHalli3zy Ta
HAJIAIITOBYETHCS 3a JIOTIOMOTOI0 MOJIEJICH aiMiHICTpaTopa.

Django — ue ¢GpeldMBOpK, SKUI THYYKO 1 3pyYHO TMOEAHYETHCA 3 PIZHUMHU
BeOcepBepamu, 10 POOUTHh MOTO 1IeaIbHUM BHUOOPOM JjIsi OyIb-SIKOTO BEOIPOEKTY.
3okpema, Django cymicHmii 3 BeOcepBepamu, Takumu sik Apache, Nginx (3

BukopuctandHsiM WSGI), Gunicorn, a6o Cherokee (3 Bukopucranusm flup). Ile
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O3Hauae, 10 BU MOXKeTe BUOpaTu BeOcepBep, sSIKUi HalKpallle miAXoAuTh ISl BaIlloro
MPOEKTY a00 BIIOBIIa€ BAIIMM IMOTpedaM y MPOIYKTUBHOCTI Ta O6e3mneri. Kpim Toro,
Django Mo>kHa JIeTKO HaJamTyBaTu 11t poodotu 3 cepBepom FastCGl, sikuii miaTpumye
Taki mnargopmu, sk Lighttpd abo Hiawatha, a takox 3 iHmmmu WSGI-cymicaumu
BeOcepBepamu. L rHYUKICTh T03BOJISIE JIETKO 1 MIBUAKO iHTErpyBatu Django y Bamry
icCHy104y 1H(pacTpyKTypy a00 BHUOpaTH ONTUMAJIbHE PIMICHHS JAJS BAIIOTO MPOEKTY.
Django, saxuii € HalIMHUM 1 MOTY>KHUM (PpEeHMBOPKOM JjIs1 BeOpOo3poOKH, 3a0e3neuye
OIATPUMKY Al pi3HUX cucteM yrpasiminHg 6azamu ganux (CYBJl). OcHoBHUMEU
0azaMu JaHuX, K1 MiATpUMYyThCs Django, € PostgreSQL (oana 3 HalmomyasspHIImx
00'€eKTHO-pENAIMHNX 0a3 JaHUX 3 BIIAKPUTHUM BHUXIJIHUM KOJOM, SsIKa BOJIOJIE
posmmpeHuMu  MoxuMBocTsIMM  SQL 1 3a0e3nedye HaxaiiiHe 30epiraHHs Ta
ontumizoBanuit nocryn o ganux), MySQL (CYB/], sxa mmpoko BUKOPUCTOBYETHCS
BeOpo3poOHUKaMu, ocoOmuBo B noeananHi 3 PHP), SQLite (nerkoBakHa BOyJ10ByBaHa
CVYB/l, imeanbHa 11 pO3BUTKY HOPOTOTUIIB ab0o mpocTtux mnpoekTiB) Ta Oracle
(Bucokoe(eKTUBHA KOpHopaTUBHA 0a3a JaHUX, SKa 3a3BUYail BUKOPUCTOBYETHCA B
Benukux nignpueMmctax). Kpim nux ocaoBaux CYB/I, Django Takox Mae mATPUMKY
111 Microsoft SQL Server 3a monmomororo django-mssql, a Tako)k MOke MPAIFOBATH 3
iHmMMHA O0azamu aanux, Takumu sk IBM Db2, SQL Anywhere Ta Firebird, 3a
JIOTIOMOTOI0 30BHIIIHIX 1HCTpyMEHTIB. Ll mmpoka miarpumka 6a3 JaHux poOUTH
Django rayukum 1 BapiaTUBHUM (HpeiMBOPKOM Jist Oyb-sSKUX TOTped y BeOpo3poOiii
[97].

PostgreSQL mupoko BizioMa CBOE€IO MIIHOIO apXiTEKTypO, BUCOKUM PIBHEM
HaUHHOCTI Ta 3ATHICTIO MiATPUMYBATH LLTICHICTh AaHUX. 1i Habip QyHKLiH Takox
BBaXXAEThCA AyKe HaIIMHUM. Sk pesynbrar, PostgreSQL 3acimyxuiia rapHy pernyTariiro
B raiy3i. PostgreSQL mpairoe Ha BCiX OCHOBHUX OMNEpAIifHUX CUCTEMax, CyMICHA 3
ACID 3 2001 poxy 1 Ma€ MOTYXH1 3aCTOCYHKH, TaKl SIK MOMYJISPHUN pPO3LIUPIOBAY
reonpoctopoBux 0a3 nanux PostGIS. He nuBno, o PostgreSQL crana pensiiitHOO
0a3010 NaHWX 3 BIIKPUTUM BUXIJHUM KOJIOM, SIKYy OOMparoTh Oararo Joaeu i
opranizaiiii [98]. PostgreSQL ochamena 6aratbMa (QyHKIISIMHU, SIKI JOIOMAararoTh

pPO3pOOHUKAaM CTBOPIOBATH 3aCTOCYHKH, aIMIHICTpAaTOpaM 3aXHIIATH UTICHICTh JaHUX
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1 CTBOPIOBATH BIMOBOCTIIKI CE€PEIOBHUIIA, & TAKOXK JOMOMAararoTh KepyBaTH BalllUMU
JTAHUMU, HE3aJIeKHO BIJ TOrO, HACKUIBKM BEJIUKUM YH MajuM € Hablp JaHuX.
PostgreSQL namaraetbcst BianoBigaru ctanaapty SQL, komu Taka BIAMOBITHICTH HE
CYNEePEeUnTh TPAAUIIIHHUM QYHKIIISIM 200 MOKE MPU3BECTH JI0 ITOTaHUX apXITEKTYPHHUX
pimenb. barato ¢yHKIii, o BuMaraioThes crangaproM SQL, miaATpUMYIOThCS, X04a
1HOJI BOHU MAIOTh JEMIO 1HITUI CHHTAKCHUC a00 (pyHKITIi.

PostGIS — ne posmmpenHss mpoctopoBoi 6a3u nanux s PostgreSQL, sike
T03BOJIsIE  30epiraTd MPOCTOPOBI JaHi, Taki SK TOYKH, JiHII Ta TOJITOHH, Ta
MaHImyaroBaTu HUMHU. BiH posmmproe PostgreSQL HOBMMU THmamu (TakKUMH SIK
reoMmerTpis, reorpadis Ta pactp), (QYHKISIMH, OIlepaTopaMu Ta I1HJEKCaMH, SKi
CHELIAIbHO PpO3pOo0JeH] Jii TPOCTOPOBUX JaHuUX. 3a jonoMoror PostGIS
KOPHUCTYBaudl MOKYTh BUKOHYBATH IIPOCTOPOBI 3aIUTH, MAaHIITyJIFOBATH MPOCTOPOBUMU
JAaHUMHU Ta BUKOHYBAaTH CKJIAJIHUM TPOCTOpPOBUN aHami3 3a nomomoror SQL. Bix
IIMPOKO BUKOPUCTOBY€TbCs B reorpadiunux iHpopmainiiinux cucremax (I'1C),
BeOKapTorpaiyHMX 3aCTOCYHKax 1 cepBicax, Imo 0a3yloTbCcs Ha BH3HAYCHHI
Micie3HaxompkeHHs. Jlo nepeniky ¢ynkiiit PostGIS 2+ BxoasTs:

—  00poOka Ta aHami3 SK BEKTOPHHX, TaK 1 pAacTPOBUX JaHHUX JIs
CIuUTaiicuHry, Mop(inry, nepeknacudikaiii Ta 300py/00'eqHaHHS 3a JTOMOMOTOIO
SQL,;

— mpoctopoBe  BiaTBOopeHHs  SQL-dyHKIIN,  BHUKIMKAaHUX 5K
BEKTOPHUMHU, TaK i paCTPOBUMH JTaHUMH,

—  MATPUMKA IMIOPTY Ta €KCIOPTY BEKTOpHUX naHux 3 (aitmie ESRI
(Environmental Systems Research Institute) 3a qormoMororw KoMaHAHOTO psiiKa Ta
rpadiyHoro iHTepdeicy, a TakoXX MIATPUMKA IHIIKMX (OpMAaTIB 3a JOMOMOTOIO
CTOPOHHIX IHCTPYMEHTIB 3 BIAKPUTUM BUXITHUM KOJIOM;

—  KOMaHJHHMH PSAAOK JUIS IMIIOPTY PACTPOBUX JaHUX Oararbox
crangaptaux dopmartib: GeoTiff, NetCDF, PNG, JPG;

—  dyHKii Bizyamizamii Ta IMIOPTY BEKTOPHUX JaHUX JJIS CTAaHAAPTHUX
TekcToBUX (popmaris, Takux sik KML, GML, GeoJSON, GeoHash ta WKT (Well-

known text) 3 Bukopuctanasm SQL;
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—  SQL-dyHKmii a8 OTpUMaHHS 3HA4Y€Hb MIKCENIB 32 T€OMETPUUYHOIO
00JacTIO, CTaTUCTUKKA 3a pPErioHaMH, BIJICIKAHHS pPACTPOBUX €JIEMEHTIB 3a
TeOMETPI€I0 Ta BEKTOPH3AIlii pacTpiB;

—  TIATPUMKA MEPEkKeBOi TOMOJIOTII.

Jlna 30epiraHHs JaHUX CTaHIIM y 0asi JaHWX CHUCTEMHU MOHITOPUHTY SIKOCTI
MOBITPSI CTBOPEHA OKpeMa TaOIHIIs, STKa MICTUTUME 1HHOPMAIIIFO PO KOXKHY CTAHIIIIO.
L{s Tabau1st MICTUTh HACTYIIHI aTpuOyTH: 1d — YHIKaIbHUM 11€HTU(IKATOP CTaHII, 118
MoOke OyTH yuciioBe a00 CHMBOJIbHE 3HAUYEHHS, SIKE OJIHO3HAUHO 1CHTH(IKYE KOKHY
CTaHI[1}0, Name — Ha3Ba CTaHIIli, [Ie TEKCTOBE MOJIe, sIKe MICTUThH Ha3By a00 OMUC MICIIS
posramryBaHHs craniii, Location (latitude/longitude) — mmpora Ta mOBrora Micis
pO3TallyBaHHs CTaHIIil, € MUPOTa — I YUCIOBE 3HAYCHHS, SKE BKA3y€ IMOJIOKCHHS
CTaHIIll Ha MIBHIYHIA a00 MIBAEHHIA IIUPOTI, a JOBrOTa — YKCJIOBE 3HAYCHHS, SKE
BKa3ye MOJIO’KEHHS CTAHIIIT Ha 3ax1/IHIi a0o0 cxiaHii qoBroTi;address, aapeca cTaHIii —
I1€ TEKCTOBE TOJIE, SIKE MICTUTh JOKIIAIHY aIpeCy pO3TalTyBaHHS CTaHIIII.

OxpiM 1pOro B TaOMUINl 30€piraloThCA KIIOUl, MO0 3B A3YIOTh TaONUIIO0 3
TaOIUIEI0 BUMIPIB, TAOIHUIICIO MOTOAHU Ta TAOIUIICIO 3 3aMipiB pajaialiifHoro oy, 1mo

MOKa3Hy Ha PUCYHKY 4.6.

Pucynox 4.6 Cxema nanux 3 onucom tabnuii CTaHIii MOHITOPUHTY Ta CyMIXKHOIO 3

HEI TaOJINIb

Jlnst xepyBaHHsI KopucTyBadyaMu Oyno BukopucTaHo Django Auth — BOymoBaHa

cuctema ayTeHTu(dikailii Ta aBropusarlii, ika HaJga€ MOKJIUBICTh 3a0€3MEUNTH 3aXUCT

106



JTOCTYIy 70 Be03aCTOCYHKIB, MOOY/IOBaHMX 3 BUKOPUCTaHHIM (peitmBopky Django.
BoHa n03BosiE CTBOpIOBAaTH CUCTEMH pPeeCTpallii KOPUCTYBadiB, BXOAY B CHUCTEMY,
BIJTHOBJICHHS TIAPOJIIO Ta KEPYBaHHS MIPaBaMU JOCTYILY.

[Ticnst Toro, sIK KOPUCTYBau YCHIIIHO MPOMIIIOB aBTOPU3AIII0 YEpe3 CTOPOHHIN
cepgic 3a monomororo OAuth2, Django 3acTOCYHOK OTpUMA€ TOKEH IOCTYIY BiJl IIHOTO
cepBicy. TokeH mOCTymy — 1€ YHIKaJIbHHWA KIIFOU, SIKHWA JO3BOJISIE€ BalllOMYy JOAATKY
3Bepratucs 10 APl cTtopoHHBOTO cepBicy B iM'st aBTEHTH(IKOBAHOTO KOPUCTYyBaya.
OTtpumaBiy iHQOPMALIiIO PO KOPUCTyBaya B CTOPOHHBOTO CEpBicy, Bam Django

J0J1aTOK 30epirae gaHi 10 6a3u JaHUX, 110 BigoOpakeHo Ha PUCYHKY 4.7.

Pucynok 4.7 Cxema 6a3u ganux. 3 TaOAUISIMU IO OMUCYIOTh KOPUCTYBAYiB Ta iX

KJIFOY1 10CTYITy

Jlist onTuMmizalii mpouecy 300py Ta aHaii3y JaHUX IPO SIKICTb MOBITPs OyIio
pO3p00JIeHO arperaropu, sKi INpU3HAYCHI JUIS CTaHAapTH3allii Ta y3arajJbHCHHS
METOJIB OTpUMaHHS Ta 00poOku iH(opmarii 3 pizHux mkepen. lle mo3Bomnse
3a0e3MeunTr OJTHAKOBUHM (hopMaT JaHUX HE3aJEKHO BiJ JKEpena iX MOXOMKEHHS Ta
CHPOCTUTH MOJAJIBbIINNA aHAMTI3.

BpaxoBytoun pizHOMaHITHICTh 1HTEpPeiiciB Ta napameTpiB yacy y API koxxHoro
JKepesa, Oylo CTBOPEHO Pi3HI mapcepu Ta arperatopu. L{i iHCTpyMeHTH po3po0JieHi 3

ypaxyBaHHSIM KOHKPETHHX BHMOT Ta OCOOJMBOCTEH KOXXHOTO JDKEpesia aHuX,
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3abe3rneuyroun epeKkTuBHE 30UpaHHs, CTaHAapTHU3allil0 Ta OOpoOKy 1HQopMarlii.
OCHOBHI JiKepelia IJaHuX MPo SKICTh MOBITPS MOXKYTh BKIIIOUATH B cede 1H(hOopMallio
BiJl JaTYMKIB, METEOCTAHIII/, JAHUX BiJ MICIIEBUX BJIaJ Ta iHIMMX Kepen. KoxHe 3
UX JDKEepel MOXKe MaTu BilacHUM (opmar maHux Ta crnocid iX oTpuMaHHA. Tomy
arperaTopu CTBOpPEHI 3 METOI0 00'€eTHAaHHS PI3HOMAaHITHOI iH(pOpMaIli B €IWHUMN
CTaHAApTU30BaHMI (popmar s TOAABIIIOTO aHAI3Y.

Cucremu 36upae nanti 3 Biakputux API (Application programming interfaces).
e peanizoBaHo 3a 1OMIOMOTO0 (PYHKIIIHM Tapcepy Ta arperatopa. 3a HUX BiMOBITAIOThH
Bopkepu Celery, axi 3a6e3meuytoTh 301p JaHUX 3 MOHAJl THCSYl JATYUKIB MPOTATOM
TOJIHH.

V¥ Celery, BUKOPUCTOBY€EThCSI MOJYJb celery.beat, 100 3amyckaTu mepiogudHi
abo cron-noni0OHi 3aauil. Lleit 1o3BoJsi€ MIaHyBaTH BUKOHAHHS 3a/1a4 HA OCHOBI P13HUX
posknaaiB 4acy. Ilapcepu 3amyckaroThCsi Ha KpPOHI 1 CTaBISITbCS B 4epry, sKa
peanizoBaHO 3a jgomnoMororo cepicy RabbitMQ [99]. Cxema 300paxkeHa
Ha pUCYHKY 4.8.

Message Brokers

B Rabbit
Or J
&S redis

Tasksfor
celery to gkecute.

Y

django-—-

A 4
L 4

MS«/
N/

N— < events
v -
Database

s

(.

Celery Workers

Pucynox 4.8 Cxema cuctemu 3 Tack-meHemkepoM Celery [99]

Ha pucynky 4.9 300pakeHa cxema 3aj1adi, 110 30epiraetbcs B 0a3i JaHUX.
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L0

s> public

= diango_celery_beat_periodic
task

id serial

@ name character varying {20
0)

"‘ task character varying(200)
M args text
T kwargs text

H queue character varying(20
2 0)

H exchange character varying
~ (200)

= routing_key character varyin
g{200)

H expires timestamp with tim
T & zone

[] enabled boolean

= last_run_at timestamp with
time zone

I total_run_count integer

H date_changed timestamp wi
 thtime zone

I description text
crontab_id integer

interval_id integer

YYY

AP solar_id integer
7 one_off boolean

H start_time timestamp with ti
me Zone

priority integer

A headers text /
AP clocked_id integer }é

[l expire_seconds integer

/

Pucynok 4.9 Monens 3amaui Celery

31 cxeMH MOXKHO 1o6aunTH, 1o 3a7a4a Celery Mo)KHa 3aIlyCKaTH B TAKUX PEXKUMAX:
— crontab poskmang (MOTYXHUM IHCTPYMEHTOM Ul BH3HA4YCHHS

MEepioIMYHOCTI BUKOHAHHS 33/1a4 Ha OCHOB1 BUPa3iB Cron);

109



—  TOJAMHHMN po3kiaj (BU3HAUYa€ TOYHUHM yac JJIsi BAKOHAHHSA 3a7a4, SKi
MOBUHHI OyTH BUKOHAHI B TIEBHUI MOMEHT Yacy);

—  TepioguyYHuN po3Kiaja (3a7a€ MEpiOAMYHICT, BHUKOHAHHS 3ajadl 3a
3aJJaHUM IHTEPBAJIOM Yacy);

—  Consuynmii po3knaa (crenuiyHUN TUI PO3KIAAy, SKUHA T03BOJIE
BU3HAYATH MEPIOANYHICTh BUKOHAHHS 33/1a4 HA OCHOBI TTO3UIII{ COHIIS).

Ha pucynky 4.10 300paxeHi cxeMu pO3KJIaaiB Ta MapaMeTpu g ix

©
(> public
django_celery_beat_crontab
schedule ® ®
® id serial —'— 2 publio © &> public
&> public /i minute character varying(24 < %> public -
" 0 = django_celery_beatnterval django_celery_beat_solarsc
=] django_celery_beat_clocked = achedule = django_celery_beat_periodic hedule
schedule 1 hour character varying(96) e tasks id serial
id serial i} oaygjz_week character varyi T—rm— ident smalint (@) event character varying(24)
i clocked_time timestamp wit ng( A last_update timestamp with =
h time zone fi day_of_month character var A period character varying(24) time zone @ latitude numeric(9,6)

ying(124) (1) longitude numeric(9,6)
fi month_of_year character va /
rying(64)
fi timezone character varying
(63)

Pucynok 4.10 Cxemu poskiiany Celery Beat 3agau

Sk cnoci6 mepenayl JaHUX BUKOpPUCTaHO apxiTekTypHui miaxing REST, mo
6a3yerbest Ha mpoTokoni HTTP 1 mo3Bomsie mepemaBatu gaHi y ¢popMartax, BiIMIHHHX
Bim XML. B cucremi peanizoBaHa cucTeMa KellyBaHHS JaHUX, 10 HAJIa€ MOXKJIUBICTh
MPUCKOPUTH Bumady iHdopMmallii 3 cepepa. Cucrema 30epirac BCIO TOBEMIHKY
KOPHCTYyBaua, MOJOKEHHS KapTH, 00paHuil pexuM BigoOpaxeHHs iH(OopMaIrii ToIo.

Jlnst 3abe3neueHHss Oe3nekd mepeaadl JaHuX BUKOPHUCTOBYeTbes API-TokeH,

SAKUH € YHIKQIBHUM JIJIS1 KOXKHOT CTAHIIIT 1 MPUKPITUTFOETHCS 10 BCIX 3aIUTIB.
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3anuT HAICUTIAETHCS TTOTIM PO3OUPAETHCS MTAPCEPOM, 1 JaHi 3aHOCATHCS B MOJIS
tabmuil O0a3m ganmx. OCKUIbKM CTaHIll € MOOLIbHMMH 1 HajacwiaroTsk c¢Boi GPS
KOOPJWHATH, TIapcep pPO3POOJICHWN TAaKUM YWHOM, IO SIKIIO JIOKAIsl CTaHIIi
nepeMicTriiacs OuTbII HiK Ha 50 M, TO BOHA PO3MI3HAETHCA K HOBA.

Ha pucynky 4.11 300pakeHa KiJTbKICTh YHIKQJITHUX CTaHIINA 310paHuX 3a PiK B
nepin 3 2020 mo 2024 pokw.

KinbKiCcTb YHIKanbHUX cTaHuin

40000,00
35000,00
30000,00
25000,00
20000,00
15000,00
10000,00

5000,00

0,00 — —
2020 2021 2022 2023 2024

Pucynok 4.11 I'padik 360py 1aHuX CTaHIN MOHITOPUHTY SIKOCTI

noBiTps 3 2020 no 2024 poku

JlaH1 10 KOKHIHM CTaHIlli HAKOIMYYIOThCS MPOTATOM OHIET TOJUHU, TICIS YOTO
BUPAXOBYETHCS CEPEAHIN MOKA3HUK MO CTaHIlli. BUKOPUCTOBYIOUH 111 3HAUEHHS MOKHA
pospaxyBatu 3HaueHHS AQI mns cranmii. 3a pomomororo 6i0miorekn (Gdal
ctBoproethes Tiff-daiin, B sikuil BHOCSAThCS 3HaueHHsT AQI cTaHIiid Ta IHTEPIOAIIS
MK HUMH MK HUMU. Jlam komanaa Gdalwarp ctBoproe 300paxkeHHs y ¢popmari Png
Ha SKOMY KOJhOPH TOKAa3ylOTh CTaH SKOCTI moBiTps. [licis 1poro 3 KapTHHKA
BUPI3aI0ThCS (PparMeHTH, 110 BIJAMOBIIAIOTH JOMEHAM KpaiH 3 KApTUHKH. 3 IUX JaHUX
TeHEPYIOThCS TalIM — KAPTUHKY JUTs pI3HUX MaciiTaliB caiTy. Komu renepartist Taiis
3aBepINIIaCch, CTBOPIOETHCS MAIKa Ha MOTOYHY TOAUHY JiJIst KOHKpeTHOTO AQI, a moTiM

114 Marnka 3aBaHTaxyeThes B Bucket S3 (Amazon Simple Storage Service).

111



Kpim toro, pesynsraru moaeni CALPUFF Gynu 36epekeHi y BUINISAI XMapu
TOYOK (3 MIHIMaJbHUM 4YacoBUM iHTepBajoM | roamHa) y ¢opmari GeoJSON Ha
Amazon S3 (Amazon Simple Storage Service) Ta BimoOpaxeHi y BUINISIII BEKTOPHOTO
miapy Ha KapTi 3a jgomnomororo 0i0mioreku Mapbox GL. [ns  Bizyamizanii
MIPENICTABIICHHS TaHUX KOPUCTYBAa4 MOXKE MTEPEMHUKATUCS MK IIapaMHu 3a JTOTIOMOTOIO
MOB3YHKA YaCOBOT0 MOTOKY, a TAKOX MOXKe BUOpaTu 3a0pyaHioBad. CucteMa J03BOJIsE
KOPUCTYBaueBi EKCIIOPTYBATH BUOpAHUIL IIap K pacTpoBe 300pakeHHs Ha JIOKATbHUN

KOMIT'FOTEp.

4.4 IndopmaniiiHa TEXHOJIOTiS B3a€EMO/II CHCTEMHU 3 KOPUCTYBa4eM

[Iporpamae 3a0e3nedyeHHs] Ma€ TEHJEHIIIO 1O 3pPOCTaHHS, 1 HOBI YJICHH
KOMaH/1, K1 MalOTh Pi3H1 PiBHI 3HaHb, IOBUHHI MaTH MOXXJIMBICTh IIPUETHATHUCS 0
KOMaH/¥ 1 MoYaTH MpAaIfOBaTh HAJl OJIHIEI0 YACTUHOIO MPOTPaMH, HABITh SKIIO BOHU
HE 3HalloMi 3 YCI€I0 apXITEKTYPOIO.

L1 BuMoru nepeadayaroTh, 10 MporpamMa MOBMHHA MaTHU Taki OCHOBHI (DYHKITI1:

—  MOJYJIbHAa KOHCTPYKIIIS;

—  OJIHOCTIPSIMOBAHHUM IMOTIK JaHUX

—  mependadyBaHEe YIPABIIHHSI CTAHOM;

—  KOMYHIKalIHUN PIBEHb JJIs1 aCHHXPOHHUX 3aIUTIB;

—  pIBEHb NPEJCTABICHHS HE 3aJICKUTh BlJ] 6a30BOT0 PiBHS.

Po3BuTOK MOMYIBHOTO AM3aliHYy Ta JEKOMIIO3UWIlS MPOEKTY Ha MEHII YaCTUHHU
(Momyni) 3yMOBJIEHa HEOOXIJHICTIO MaTH MOXJIUBICTh JIETKO IMAKIOYATH Ta
BUKJIFOUATH HaIll MO/l 3a OyJb-sKOoi MOTpeOu, HE BUTpadaroyu 0araro 4acy Ta He
MOPYIIYIOYH CTPYKTYPY IMPOEKTY, MOKPHUBATH KOXKHY YaCTHHY MPOTpaMu OKPEMHUMH
IOHIT-TECTAaMH Ta JlaBaTH MOXUIMBICTh YHUKATH KOH(IIKTIB TiJ 4Yac poO3pOOKH,
30UJIBIIIYIOYH TIPU IBOMY YUCENIBHICTh KOMaHAU. TaKuM YMHOM, TAaKHUH I IX1]T PO3ALISIE
3aCTOCYHOK Ha OJIOKH (DyHKII1IOHAJIBLHOCTI Ta MOJETIy€e HOTO MiATPUMKY 1 TECTYBAHHS.

B sixocTi GpeiiMBOpKY mis pO3pOOKH KITIEHTCHKOI YaCTHHH OyJIO BHUPIMICHO

oOpatu Angular. AHanizyroun pe3ysbTaTd JOCTIKEHHS, MOKHA 3pOOUTH BHCHOBOK,
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10 MIBUAKICTh POOOTH ITUX JBOX (PPEHMBOPKIB JTy>KE CXOXKA. ﬁMOBipHO, 1€ OB'sI3aHO
3 TUM, 110 Vue.jS TOYMHAB CBOE ICHYBaHHS SIK BiranykeHHs: Angular, 1 BIH HanmrcaHui
B ayxe cxokoMmy ctmwi 3 Angular. OcHOBHOI0O TiepeBaroro Vue.js € Horo
MPOAYKTUBHICTh T4 HU3bKUN MOPIT BXOIXKEHHS.

OcHoBHUMH (hakTOpamu, SIKi BIUIMBAIOTH Ha BUOIp Angular sk ¢hpeiiMBOpKY, €
HOTO CTPYKTypa Ta HAsSBHICTh MIATPUMKH THUITI3AIlil BUIIECOMMUCAHUX KOMITOHEHTIB 3-
I1]T KOPOOKH.

Tomy He Bapro BukopucToByBaTH Angular mpu po3podii «ImocagodHuX
CTOPIHOK», CEPBICIB 3 «TOHKHM» KIIIEHTOM, HEBEIMKUX ITPpoeKTiB [100].

byno mepeBipeHO CTaTUCTUKY KOpPHUCTyBaHHS Opayszepa. Y 2023 pomi
KOpPUCTYBaul KOPUCTYBAIUCS Opay3epaMH B HACTYITHOMY CITIBBIJJHOILICHHI:

—  Chrome — 65%;

—  Safari —18.55%;

—  Edge —5.03%;

—  Firefox — 2.8%j;

—  Samsung Internet — 2.63%;

—  Opera—2.53%;

—  igmi — 3,45.

Hani BimoOpaxeHi Ha pucyHky 4.12 [101].

(o — J
—_—————— o e

42%

Pucynok 4.12 CniBBigHOIIEHHS KOpUCTyBadiB Opay3epis 3a 2023 pik [101]
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[Ilo6 HameBHO TMEpPEeKOHATHUCS B MOXKJIMBOCTI BIIOOpPA3UTH HAIy CHUCTEMY
KOPUCTyBauaMH, OyJ0 a34TO CTAaWCTUKy HaWOUIBII BHKOPHUCTOBYBAaHUX BepCii

Opaysepa Ha 2023 pik, sKi 300pakeHi Ha pUCYHKY 4.13.

Pucynok 4.13 CriBBigHOILIEHHS Bepciid Opay3epiB SKUMU KOPUCTYBAIHCS

y 2023 pomi [102]

3 nporo rpadiky BUAHO 110 JI€BOBY 4yacTKy (41,46%) MaroTh MOO1IBHA BEpCis
Chrome nns mpuctpoiB 3 omnepamiiaumu cuctemamu Android ta 10S, 16,33 %
3aitmaroth 2 LTS (Long-term support) Bepcii Chrome, 14,52% — Safari iPhone Ta 4,2
% — Edge Bepcii 122 [102].

Buxonsum 3 nux JaHUX Ta JaHUMHU MPO MIATPUMKY Opay3epiB GppeiiMBOpKOM
Angular [103] moxxHa kazatu npo 93% mnoxkputTts Haiioi cuctemu. B 7% BxomsTh
Opay3epu sKi TeX MIATPUMYIOTBCS PO3POOJICHOI CHCTEMOIO depe3 V8 engine, Ha
SKOMY HarucaHi OUIBIIICTh CydacHUX Opay3epiB.

3aCTOCYHOK PO3IUICHUM Ha TpW MIApu — NPE3eHTalliHui, pedeparuBHUN Ta
ocHoBHUU. [Ipe3eHTariiHuii map BUKOPHUCTOBYEThCs 1isi BimoOpaxenHs HTML i
oOpoOKM B3aemMofii 3 KopUCTyBaueM. AOCTpakTHUWA pIBEHb BIANOBIAE 3a
B32€MO3B'SI30K MK MPE3EHTAIIHHAM Ta OCHOBHUM piBHSIMHU. OCHOBHUH IIap MICTUTH
JIOTIKYy poOOTH siipa MpOTpaMM, HAMPUKIAA, MAHINYJALII 3 AaHUMHU, 3B'sA30K 3 API
To1o. KoxeH piBeHb MOJISETHCSA HA MOJIYJI1, BIIOPSIAKOBaH1 3a GyHKIIAMHA. Moyl —

1€ OKpeMi OJIOKH KOAY, SIK1 MOXKHa MIIKJII0YaT! Ta BUKIIIOUaTH 3a notpedu. Koxxen 0ok
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OyB B1JIOKpeMJICHUH MOJIyJieM. ACUHXPOHH1 CEpBICH (CTyKO01) Ta YIpaBIHHS JaHUMU
OyJ10 BUPIIIIEHO BUHECTH B OKpEeM1 MOJTYJI1, OCKUJIBKM BOHU BUKOHYIOTH Pi3H1 3aB/IaHHS.
Te & came CTOCY€ThCS 1 MOIYITIB IpeACTaBICHH. MOyl MpeaCTaBICHHS — 1€ OKpeMi
OJIOKHM, SIK1 HE 3aJIeKaTh BiJl IHIIUX MOAYJIB. BOHU BKJIIOYaIOTh HEOOX1AHI 3aJIEKHOCTI
(mampukIta, KOHMIrypaIiro, YTUIITH TOIIO) BiA sapa MporpamMu, i poOisaTh 1me depe3
piBeHb aOCTpakilii. PiBeHb abCcTpakilii 3a0e3meduye JOCTYI 10 siapa MpoTrpaMu, 3aBIsSKH
YOMY MOYKHA PO3JILITUTH MPE3EHTALIMHUI Ta OCHOBHUI IIAPH.

Be63acTocyHok Oyno po3poOieHO 3 BHUKOPHCTAaHHSIM IMAXOAY PEAKTHBHOTO
nporpamyBanHs [ 104]. ITigxin 6a3yeTbes Ha poOOTi 3 aCHHXPOHHUMU IMOTOKaAMH JJAHUX
(MOCMIIOBHOCTI TOJINA, BIOPSAKOBAHUX 3a YacoMm). [IpociayXoByBaHHS TMOTOKY
Ha3UBa€TbCs  MiAnuckor. DyHKINI, SKI MU  OTOJIOIIYEMO, HAa3UBAIOTHCS
cnoctepiradamu. [Totik — 11e 00'exT cnoctepexenus. [loroku — e acuaxponni HTTP-
3alUTH 10 CUCTEMH Ta INI00ATBHOTO PEMO3UTOPIIO, SIKUW BUCTYMA€E TOCEPETHUKOM MIXK
MPE3EHTAIIHOI0 YaCTUHOIO (1€papXi€r0 BEOKOMIIOHEHTIB) Ta JaHUMH, 10 HAJAXOIATh
BiJl cepBepa. Ciyxadi — I1¢ KOMIIOHEHTH BEPXHBOTO PiBHS (Smart) mpe3eHTaIriitHoro
P1BHS, SIK1 B1I0OpakaroTh JaH1 a00 MepenaroTh iX Jajil Mo l€papxii KOMIIOHEHTIB.

Ha pucynky 4.14 300pakeHa miarpamy CTaHy pPOOOTH KJII€HTCHKOT YaCTHHU

3aCTOCYHKY ITiCJI 3aBaHTaXXEHHS B Opay3epi.

Range: 0 - 4504 3

Oms M Loading
11403 ms M Scripting
674 ms M Rendering
38 ms M Painting
2400 ms System
30356 ms Idle

45039 ms Total

Pucynok 4.14 niarpamy crany poOOTH KJII€EHTCHKOT YACTMHH 3aCTOCYHKY

TICJIsl 3aBaHTAXKEHHS B Opay3epi.
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Kinientrcekoro yactuHoro iHdopmariiiHoi cuctemu € SPA (Single Page
Application), 1110 Ha/1a€ HACTYIIHI TIEPEBary:

—  He NoTpiOHO KOKHOTO pa3y 3aHOBO 1HIIIANI3yBaTH CTOPIHKY;

—  JaHl KeIIyIThcs B Opaysepi;

—  TEepearoThCs JaHi, a He MAaOIOHH.

Knientcpka yacTuHa peanizoBaHa 3 BUKOPUCTaHHAM (pelMBOpKY Angular, mo
Jano 1 HACTyIHI IepeBar: lepapxidyHa CTPyKTypa MOaydiB [24], po30utts
KIIEHTCHKOI YaCTUHU Ha 3 IIapu: Mpe3eHTaliiHuN (BIAMOBITaE 3a BigoOpakeHHs
JTAaHUX B CHCTeMi), abcTpakTHHM (Croci® B3aeMOJIii OCHOBHOTO Ta IMPE3CHTAIIITHOTO
miapiB) Ta OCHOBHUH (BIAMOBIZA€ 32 poOOTY 3 JaHUMH), OCKUIBKH BE03aCTOCYHOK —
SPA ymipaBisie nepenadero 1aHUX, a HE YSIBIICHbD.

B cuctemi peanizoBaHO KeIIyBaHHS JIaHUX, IO A€ MOXJIMBICTh MPUCKOPUTH
OOMIH JaHUMHU MIXK KIIEHTOM Ta CEPBEPOM.

CaMi KOMIOHEHTH MOAUIAIOTHCS Ha «PO3YMHD» Ta «JaMIIOBD»: OJJHA YAaCTHHA
KOMITOHEHTIB MOKE€ BUKOHYBAaTH TIE€BHI MaHIMyJNALIi 3 AaHUMU, 3BepTaTucs a0 API
TOIIIO, a 1HIIIA — JIMIIIE BiJOOpaXkaTu JaHi 3 0aTbKIBCHKOTO KOMIIOHEHTa. BUKopucTanHs
TaKOTO MiIXOY J1aJI0 HACTYTHI TIepeBaru:

—  MOJJIMBICTh TIOBTOPHOTO BUKOPHUCTAHHS 3aBXKIM BBAXKAETHCS TOJIOBHOIO
nepeBaror OUTBLIOCTI MiIXO/IB 10 IPOrpaMyBaHHS;

—  notpumanss npuHnuny D.R.Y (Don't Repeat Yourself) o3nauae, o Bu
MOKET€ MBUIKO Ta €(PEKTUBHO JOJIaBaTH OJHAKOBY (PYHKIIOHAJIBHICTH Y pi3HI
o0JacTi;

—  pedaKkTOpUHT YacTHHU a00 BChOTO 3aCTOCYHKY BHUMAara€ 3MiH JIMIIE B
MEHIIIHN KIJTBKOCTI MICIb;

—  4uTaOCIBHICTH;

—  TIOJIETTIY€ MOKPHUTTS TECTAMH.

Ha piBHI KOMITOHEHTIB HAJAIITOBYETHCS OJHOCIPSIMOBAHUH MOTIK JaHUX (BHU3
10 JIEPEeBY KOMIIOHEHTIB HAJICUJIAIOTHCS JaH1, BTOpy — MOI1i, BUKJIMKAaHI KOPUCTYBadeM

I1JT 9Yac B3a€MO/II1 3 CUCTEMOIO), SIKUM MMOKa3aHO Ha PUCYHKY 4.15.
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Pucynok 4.15 IloBeainkoBa giarpama KOpucTyBada

-1

Ha Buxin iHdopmaIiiifHOI CHCTeMH IIOJAIOThCS TaKl JIaHi: pacTpoOBl TaWiu

noOyA0BaHOI IHTEPHOJALIT IHAEKCY AKOCTI MOBITPS, 110 30epiratorbcsi Ha Amazon S3,

JIaH1 TIPO CTaHIIIi MOHITOPUHTY SIKOCTI1 MOBITPs, nepeaani uepe3 HTTP-3anutu.

Jnst e(heKTUBHOTO KOHTPOJIIO 3a MOTOYHUM CTAaHOM J0JaTKa PO3POOHUKH

MOXKYTh BUKOpUCTOBYBaTH 010110TeKy NgRx B cepenoBuiii Angular. NgRx 3a06e3neuye

MOKJIUBICTh PEAKTHUBHO BIJICTEKYBAaTH 3MIHM CTaHy JOAaTKa Ta KepyBaTu HUMU. L[s

010m10Teka BukopucTtoBye Redux, sikuii 6a3zyeThCcsi HA KOHLEMIII OJHOCTOPOHHBOIO

MOTOKY JlaHnX. BoHa BKIItOUae B cebe Taki KIIFOUOB1 €JIEMEHTH, SIK:

—  nii (actions);

—  penykropu (reducers);

—  edektu (effects).

BoHU cHiIbHO 10NMOMArarTh YIpaBiIsTH CTAHOM 3aCTOCYHKY.

Cxema MmeHemkepa crany NgRx Moxke 300pakeHa Ha BIANOBITHOMY PHUCYHKY

4.16. 1le no3BOJISIE YITKO PO3YMITH, SIK MPAIIOE MEHEKEP CTaHy Ta K KOXEH HOoro

€JIEMEHT B3a€MOJII€ 3 THIIMMU JIs 3a0€3MeUCHHSI KOHCUCTEHTHOCTI Ta €()eKTUBHOCTI

3aCTOCYHKY.
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Pucynok 4.16 Cxema MeHemkepa cTaHy IoKa3aHa

Cucrema CKJIaJa€eThCsl 3 HACTYITHUX MOYIIIB:

—  MOJyJIb CTOPIHKA (BUKOPUCTOBYETBHCS JJIA peaiizaiii JIIHUBOTO
3aBAHTAKEHHS);

—  3arasbHUid  MoAyJsib (peanidye (yHIaMEHTanbHY (PYHKIIOHAIBHICTb
(GpeMBOPKY, BKJIIOUAIOUU TUPEKTUBH, CEPBICH BU3HAUECHHS MICLE3HAXOKEHHS, 110
BUKOPUCTOBYIOThCS B Mapiipytuzailii, HTTP-cepBicu, miarpuMky mokamizarii i T.1.)

—  MOayJ 3 (YHKIIOHAJIBHICTIO (MOIYJib, IO MICTUTh KOMIIOHEHTH,
JEKOpaTOpU TOIO, SKI BUKOHYIOTH MEBHY (YHKIIOHAJIBHICTH 1 MOXYTh OyTH
IMIIOPTOBaHI B OyAb-SIKWUI MOAYJIb CTOPIHKH).

Cucrema ckinaiaeTbes 3 HACTYITHUX CTOPIHOK:

—  3araJibHa KapTa,

—  KapTa JIICOBUX MOXKEX B YKpaiHi;

—  KapTa BUKHUIIB 3a0pyJHIOIOYUX PEeUoBUH Bij migmpuemcTtBa (Kpuswmii
Pir).

Ha 3aranpHiii KapTi KOpUCTYBa4 MOXKE: TMEPENIIHYTH TIOTOYHY KapTy

pamiariitHoro 3abpyaHeHHs 1o cranmisx (moHax 4000 craniiit) Ha pucysaky 4.17.
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0-0.1 pSv 0.2-0.3 pSv -0.5 pSv

Pucynok 4.17 Mana ctaniiii 1110 BUMIpIOIOTh pajialiiiHe 3a0pyIHEHHS
Ha pucynky 4.18 po3paxoBanwuii inaekc skocti moBiTpss CIIIA AQI mo craniisx
(monaz 12000 craniiif) Ta po3paxoBaHe PacTPOBE MPEACTABICHHS I[LOTO 1HACKCY IS
€ppor, IliBHiunoi Ta IliBmeHHoi AMepwkn Ta JeskuX KpaiH Asii Ta

OxkeaHii Ha pUCYHKY.

Pucynox 4.18 Marma craHiii mo BUMIPIOIOTh pajialiifHe 3a0pyTHECHHS
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HatucHyBIM Ha KOHKPETHY 00paHy CTaHIII0 KOPUCTYBau CUCTEMH OTPUMAE 3BIT
3a THOKJICHb MOHITOPUHTY (3a JHI B KOTp1 OyB MpoOBeeHUM 3a01p) Ta BijoOpakeHUH Ha

rpadixy MakCMMaJbHOTO MIHIMAJbHOTO Ta CEPEeIHHOJOOOBOrO 3HAYEHHS, IO

B1IOOpaXeHO Ha PHUCYHKY 4.19.
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Pucynok 4.19 Mana cranuiii o BUMIPIOIOTh pajiaiiiHe 3a0pyIHEHHS

Kapra nmoxxex B Ykpaini (motounuii nepioa O6epe3eHb-kBiTeHb 2022 poky), Ha
K1 KOPUCTYBay MOKE: MEPENISIHYTH Ha KapTi MOXKEX1 32 00paHOI0 HUM JaTolo.

BubpaBmm mnoxexy (KOpUCTyBad TMOBHHEH HATUCHYTH HAa MapKep IMOXKEXK1),
KOPHCTYBa4 BiJIKPHBA€E MOJIAJIbHUI J1ajI0T 1 0aunTh:

— JetanbHy iH(oOpMalil0 Npo TNOoXKeKy (IUIONAa YPaKEHHS, MICIE
BUHHUKHEHHS MOXEX1, TEMIeparypa B TOYIIl, MOTY>KHICTh MOKEXK1, KOHIIEHTpaIlisi Ta
KUIBKICTh BUKH/IIB PEUYOBUH Y MOBITPS);

—  CUMYJIAIII0 PO3MOBCIOIKEHHS TIOKEKI;

—  TIOpIBHATHU CYNMyTHUKOBI 3HIMKH 10, M1J] 4ac Ta MiCIs MOXKexXIi;

—  eKCIOpTYBAaTH JaHl y pacTpoBHil (ailin;

—  TIOpIBHATHU CYNyTHUKOBI 300pakeHHS 710 Ta MICJIS MOXKEXI.

Ha pucynkax 4.20 noka3aHo kapTy 3 moxkexamu 3a 100y Ha TepuTopii YKpaiHu.
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Pucynok 4.20 Mana noxex
JiamoroBe BIKHO 3 JI€TaJbHOIO 1H()OPMAIIIEI0 MPO MOKEKY BIJOOPa)KEHO HA PUCYHKY

4.21.

<
. . 3
Wildfire v
001 . [0 noxexi R . Migyac noxexi L
Details @ nicnanoxexi L R
Satellite imagery Wed, Apr 13,2022, 12:26 PM
Satellite imagery UF
0.57 MW
Wildfire modeling
0.57 km2
0.234mg
0.277 mg
0.0454 mg
2.75mg
35.5mg
0.00454 mg

Pucynok 4.21 Ilanens noxex: a) 3araiapHa iHGOpMaIlis Ta 00csT 3a0pyaHEeHHS; b)
MOPIBHSIHHS CTaHY MICHEBOCTI 3a IONOMOI'0I0 CYyITyTHUKOBHUX 3HIMKIB
JUis  TOpIBHSIHHS CTaHy TepuTopii Oyno 00paHO CyMyTHUKOBI 3HIMKHU

3 NASA FIRMS.
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Kapra Bukuis 3a6pynHtorounx peuoBuH y Kpusomy Po3i Bizyainizye pesyiabTaTti
BUKOpHCTaHHS TporHo3Hoi moaeni WRF Tta mozgeni GararomapoBoro po3ciroBaHHS 3
IHTErpoOBaHOI0 cucTteMoro MozentoBanHs Jlarpan:xka CALPUFF.

KopuctyBau Mmoxe

—  TEPerJISIHYTH ICTOpiI0 BHUKUIIB 3a0pyJHEHHS 3a JIOTIOMOTOIO
nporpaBaya (2 nmHi, 3 1HTEpBAIOM B | TOAMHY, JOCTYyIIHE AaBTOMAaTHUYHE
BIITBOPCHHS);

—  eKCmopTyBaTu 0OpaHUi eTamn y BUTJISAI paCTPOBOTO 300paKEHHSI.

Moxxna BuOpaTH 3a0pyHIOBaY, KU Bi3yalizyeThcsi. MoxHA NEpeMUKATUCS
MDXK 4 razamu:

—  H2S — cipkoBoieHb, TOKCHUHUHN Ta3 3 Kiacy HEOEe3MeKH, KUl Hie
0e3nocepeIHbO Ha HEPBOBY CUCTEMY;

— CO — yagHuWil ra3, BIUIMBAE HA CEPUEBO-CYJAMHHY CHUCTEMY Ta

LIEHTPAJIbHY HEPBOBY CHUCTEMY;

— No02 — pjiokcua as3oTy, 3MIHIOE CKJIaJd KpOBI, 3HUXKYE BMICT
reMorjo0iHy;
— S02 — [ioKCHA CIpKH, MPU3BOJIUTH JIO CEPIEBO-CYAMHHUX Ta

OHKOJIOT1YHHX 3aXBOPIOBAHb, & TAKOX 3aBJ/Ia€ HEMOMPABHOI IIKOIU TPHUPOII.

Ha pucynky 4.22 300pakeHuil CynmyTHUKOBUH 3HIMOK Micii Sentinel SP

Pucynok 4.22 3uimku micii Sentinal 5P, o xapakTtepu3yroTh 3a0pyIHEHHS TOBITPS
YacTKaMU 3 JIaMEeTPOM MEHILE 2,5 MIKpOMETPIB
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[TocToOpoOaeHuii 3HIMOK BKIJIOUaE B ceOe (UIbTpalliio JaHUX IS BUJIAJICHHS
IyMy Ta HENOTpiOHMX apTedakTiB, YIOCKOHAJICHHS KOHTPACTHOCTI Ta PI3KOCTI
300paKeHHS, a TAaKOX BIAOOpPaKCHHS MaHWX Ha KapTax IS JIETIIOTO BU3HAYEHHS
reorpaiqHoro po3moiiy 3a0pyJHEHHSA. 3HIMKH MOXYTb OyTH BHUKOpPHCTaHI
JOCIITHUKAMH, OpraHaMU By JJI1 MOHITOPUHTY CTaHy JOBKULIS, OI[IHKU BILTUBY
3a0pyIHEHHS Ha 370POB'S JIONMHHA Ta €KOCUCTEMH, a TAaKOX ISl IPUUHATTS PIllleHb

I10/T10 3aXO0/I1B 3 TOKPAIIIEHHS SKOCTI1 IMOBITPS Ta 3MEHIIIEHHS 3a0pyTHEeHHs aTMOchepHu.

4.5 TecryBaHnHs iHpopMaliifHOI cMCTEMH OMIHKYU SIKOCTI MOBITPS

[HdopmariitHa cucTeMa MOHITOPUHTY SIKOCTI MOBITPS MMOBMHHA MPAIIOBATH B
peambHOMY Yaci Ta 3HAXOAUTHCS Y BIIKPUTOMY JIOCTYIIl TOMY.

JIJist TeCTyBaHHSI POAYKTUBHOCTI CUCTeMa HEOOX1IHO €MITyBaTu OJHOYACHUI
BX17] N KOpUCTYyBadiB.

JI71s1 pO3yMiHHS KUIBKOCT1 KOPUCTYBauiB CUCTEMHU Oyria 310paHa iH(opMallist mpo
KUIBKICTh YHIKAQJIbHUX KOPUCTYBAYiB y CHCTEMI 3a J00Y.

JlaHi, 1o BioOpaxkaroThbesl HAa pUCYHKY 4.23, Oyno 310paHO 3a JOMOMOTOIO

Google analytics.

® Kopuctyeaui
30

20

AA A
cepnetb 2021 p HOBTEHD 2021 p rpyaeHs 2021 p. nitoTHii 2022 p. KBiTEHs 2022 . uepeetb 2022 p.

Pucynok 4.23 KinbkicTh BiABITyBaHb 1H(HOPMAIIIIHOT cUCcTeMH 3a 100y B TIEpioj 3
01.06.2021 no 30.06.2022

MoskHa mo6auuTH 10 1000Ba KIJIBKICTh BiJBIIyBadiB HE mepeduibiryBana 30
KopucTyBauiB. ToMy Oyio BUPIIIEHO 3pOOUTH IMITAIlIIO JUISl BUMAAKY KOJIU B CUCTEMY
zaitnuio 10, 20, 30 Ta 50 kopucTyBauiB.

Jnst  mowarky OyJ0 BUPINIEHO 3aCTOCYBaTH  CTparerir0  MOCTYIOBOTO
HaBaHTAXEHHS: 10 CUCTEMHU MOCTYNOBO (Mail’Ke OJMH 3a OJHUM) Mia’ €IHyIOThCs 10
OOTIB, 5Kl TOYMHAIOTHh B3AEMOJIISATH 3 CUCTEMOIO. [ padik 3 3arIaHOBaHOIO KUTBKICTIO

00TiB 300pakeHni Ha pUCYHKY 4.24.
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Pucynox 4.24 I'padik 3armmaHOBaHOTO HABAHTAXKECHHS CUCTEMH 1111 Yac TECTyBaHHS

(KiBKICTH 00TIB — 10)

Ha pucynky 4.25 300paxeHo GpakTUYHy KUIbKICTb OOTIB Y KOKHUN MTPOMI>KOK

qacy TCCTYBAaHHA.

Pucynok 4.25 I'padix ¢pakTuuHOT KITEKOCTI OOTIB y KOXKEH MPOMIKOK Yacy (KUIbKICTh
6otiB — 10)

Ha rpadiky 4.25 300paxkeH0 cepeHii yac 3aBaHTa)KCHHSI TaHUX 34 TIEBHUHN

IIPOMIXKOK Yacy.

| NI | ( |
.n_l\_i\ Lif _.[Ln_/&_nﬂ L\ / \{ Lﬂﬁﬂ_ﬂj 1 0 [Ulﬂ\ A R, I 1)\1) V)

Pucynok 4.25 Cepenniii uac 3aBanTtakeHns nanux (st 10 60tiB)

B sxocTi pe3ynprary Oynia oTppuMaHa HacTyIIHE:
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—  cepenanii yac Bianosiai ckiaanas 0.681 cexyHn;

—  KBaHTWJIb 95 JJ1s1 cepeIHbOro yacy BinoBial ctaHoBe 2.105 cekyHn,

—  kBaHTWIb 50 s cepeanboro yacy BianoBial ctaHoBe 0.315 cekyHn
(Pucynox 4.26).

(® Percentile Max (s) Avg (s) Overall (s)
p50 4,218 0,315 0,033
. p80 8,541 1,528 1,002
p90 9,083 2,008 2,497
p95 9,595 2,105 3,625
p99 9,595 2,105 8,389

Pucynok 4.26 Tabauis kBaHTUIIB (KIJIBKICTB 00TiB — 10)

JIJist moyaTKy ApPYroro €KCrepuMEHTy Oysj0 BUPIIIEHO 3aCTOCYBaTH CTPATETiio
MOCTYNOBOrO HaBaBHTaxeHHs Ta 20 60TiB. ['padik 3 3arIaHOBaHOIO0 KUJIBKICTIO OOTIB

300pakeHui Ha pUCYHKY 4.27.

Pucynok 4.27 I'padik HaBaHTaXEHHS CUCTEMU T yac TectyBaHHs (11 20 OOTIB)

Ha pucynky 4.28 300pakeH0 pakTUYHY KUIBKICTh OOTIB Y KOKHUN TPOMI>KOK

4acy T€CTYBaHHS.

Pucynok 4.28 I'padik ¢pakTUUHOT KITBKOCTI OOTIB Y KOXKEH MPOMIKOK Yacy (KUIbKICTh
60tiB — 20)
B sxocTi pe3ynprary Oynia oTppuMaHa HacTyIIHE:
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—  cepeaHii yac BiAnoBiAi ckiaanas 1.49 cexynn;
—  KBaHTWIb 95 /I cepeIHbOTO Yacy BiAIMOBII cTaHOBE 5.453 CeKyH/I;

—  kBaHTWIb 50 11 cepeaHboro yacy BiamoBiai craHoBe 0.446 cekyH
(Pucynox 4.29).

(® Percentile Max (s) Avg (s) Overall (s)
p50 3,491 0,446 0,045
. p8o 17,405 3,381 1,983
p90 19,339 5,077 5429
p95 19,634 5,453 8,955
p99? 19,634 5453 16,13

Pucynok 4.29 Tabauisg kBaHTUIIIB (KIJIBKICTE 00TiB — 20)

[1ix yac TectyBanHs 7 3anuTy He pornu 30 CeKyHAHUM TaiMayTy, 10 300paKeHO

Ha pucyHky 4.30

Pucynok 4.30 I'pagix BigMoB (K1IbKICTH 00TIB — 20)

st tectyBanHs 3 30 60TaMu 3acCTOCyBajd arpecHBHY cTparerito (Bci 00TH
MOYMHAIOTHh B3aEMOJIII0 3 1H(OPMAIIIMHOK CHCTEMOIO Maiike ogHocaHo). I'padik 3

3aIJIAHOBAHOIO KUTBKICTIO OOTIB 300pakeHUH Ha PUCYHKY 4.31.

Pucynok 4.31 I'padik HaBaHTa)KEHHSI CUCTEMH 1111 YaC TeCTyBaHHS (KUIbKICTh OOTIB —
30)
Ha pucynky 4.32 300paxeHo pakTUYHY KUIbKICTb OOTIB Y KOKHUN MTPOMIZKOK

4yacy TECTyBaHHs.
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Pucynok 4.32 I'padix ¢pakTuaHOT KiTLKOCTI O0TIB y TipoMixkok dacy (st 30 60TiB)

Ha rpadiky 4.33 300pakeHo cepeiHiii yac 3aBaHTAKEHHS JJAHUX 34 TIEBHUN

MIPOMIXKOK Yacy.

f -
I AL Nl

Pucynok 4.33 CepenHiii yac 3aBaHTa>X€HHS JJaHUX 32 TPOMDKOK vacy (a1 30 60TiB)

B sixocTi pesynbrary Oyna oTpuMaHa HaCTYITHE:

—  cepenHii yac BiamoBimi cknamas 2.59 cekyH;
—  KBaHTWJIb 95 1JIs cepeIHbOro yacy BiAMOBiAl cTaHOBe 6.92 cexyH,

—  xBaHTWIb 50 11 cepeaHbOTo 4yacy BiamoBiai craHoBe 1.661 cexyHn
(Pucynok 4.34).

5 of 5 series visible

(® Percentile Max (s) Avg (s) Overall (s)
p50 13,295 1,661 0,269
@ =0 26,108 5555 4,024
® o0 26732 6,691 9,699
p95 26779 6,92 14,968
p99 26779 6,92 22735

Pucynok 4.34 Tabnuus kBaHTUIIB (KUITBKICTH 00TIB — 30)
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ITix yac TectyBanHs 33 3anuTtu He npoinu 30 CeKyHIHUM TalimayTy, Ta 2

3alUTH BIAJIM 3 1HIIOT IPUYKHH, K 300paKeHO Ha PUCYHKY 4.35.

Pucynok 4.35 I'padik BigMoB (KiIbKICTh 00TIB — 30)

Hnst ginanpHOrO Tecty Oyno BupimieHo 3amyctutd 50 6otiB. I'padik 3

3aIJIAaHOBAHOIO KUTBKICTIO OOTIB 300pakeHUI Ha PUCYHKY 4.36.

Pucynok 4.36 I'padik HaBaHTaXKEHHS CUCTEMH IIiJ] 4aC TECTyBaHHS

(x1BKICTH 00TIB — 50)

Ha pucynky 4.37 300paxeHo pakTU4YHy KUIbKICTb OOTIB Y KOKHUN TPOMIZKOK

4acCy TE€CTyBaHHS.

Pucynok 4.37 I'padik ¢pakTUUHOT KITBKOCTI OOTIB Y KOXKEH MPOMIKOK Yacy (KUIbKICTh
ootiB — 50)
B sixocTi pe3ynbrary Oyiaa oTpuMaHa HaCTYIIHE:
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—  cepeaHid yac BiAMOBIAL ckianaB 1.77 cexyH;
—  KBaHTWIb 95 /U1 cepeIHbOTO Yacy BiamoBiji ctaHoBe 5.073 ceKyH;

—  kBaHTWIb 50 11 cepeaHboro yacy BiamoBiai cranoBe 0.976 cexyHn
(Pucynox 4.38).

5 of 5 series visible

(® Percentile Max (s) Avg (s) Overall (s)

P50 9,453 0,976 0,089
@ <o 17,006 3,84 2334
® o0 17,558 49 6169

p95 18,661 5,073 10,843
p99 18,762 5,075 19,889

Pucynok 4.38 TaGmnuiist KBaHTUIIB (KUTBKICTH 60TIB — 50)

[1ix yac rectyBanHs 46 3anuTH He npoinun 30 ceKyHIHUN TaliMayTy, Ta 14

3aMUTH BIAJIU 3 THIIOT MPUYHUHM, SIK 300paKeHO Ha PUCYHKY 4.39.

el

Pucynok 4.39 I'padix BigMoB (KIIBKICTH 00TIB — 50)
st BupimeHHsM 1i€i mpobrmemu (mpobiema IIBUAKOAIT MpU  30UIbIIEH]
KUIBKOCTI TIJKIIOYEHUX KOPUCTYBauiB) MOXKHa migBuImuTu iHcTane AWS EC2, mo
MPUIIBUAMIATE pOOOTY CUCTEMHU (aJie 301IBIINTh BUTPATH) a00 3K 30UIBIIUTH KIJTBKICTh

KEIIOBAHUX 3aITUTIB.

4.6 BucHosok

Onucasmm 1H(oOpMarliiiny cucremy, Oyno OOIpYHTOBAaHO BHOIp CTEKy
TEXHOJIOT1! JUIsl pealtizallii KJI€HTChKOI Ta CepBEPHOI YaCTHHH.
CepBepHa yacThHa Oysia peayizoBaHa 3 BUKOPUCTAHHA MOBU MPOrPaMyBaHHS

Python Ta Django Rest ¢peitmBopkom. Ileii BuOip 00ymMOBIEHUN HASBHICTIO
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CTaHJIAPTHUX MOJYJIIB, sIKI BKJIFOUAIOTh 0araro 3py4HUX 1HCTPYMEHTIB JjIsi pOOOTH 3
daiiiaMy, CHUCTEMHI BHKJIWKH, 1HTepdeiicu 10 pi3HUX Tpadiuyaux Oi0morek 1
MepeKeBUX 3'eqHaHb. B sikocTi 6a3u nanux oOpano pernsuiiay 6a3zy qanux PostgreSQL
3 posmmpeHHsaM PostGIS. Ie moeaqnanHs 1ano 3Mory BUKOHYBaTH MTPOCTOPOBI 3aUTH,
MaHIIMyJIIOBaTH NPOCTOPOBUMHU JTAHUMH Ta BUKOHYBATH CKJIATHUH MPOCTOPOBUH aHai3
3a goroMororw SQL.

KnienTcpka yactuHa Oyna peasnizoBaHa 3a aonmoMoror Angular ¢ppeiiMBOpKY
yepe3 MOro CTPYKTypy Ta HasBHICTh MATPUMKH THITI3aIlli BUIIECOMHCAHUX
KOMITOHEHTIB  3-miJ KopoOkm. Cama KII€EHTChKa 4YacTHHA pO3po0eHa SK
OHOCTOPIHKOBUH 3acTOCYHOK. IIIBHAKICTH OHOBJICHHS Ta PO3MIUPEHHS CHCTEMH 3
TOYKH 30pY KJIIEHTCHKOTO 3aCTOCYHKY 3a0€3Meuy€eThCsl MOAYIIbHICTIO Ta KOMITOHEHTHO-
OPIEHTOBHHM II1JIXO/I0OM.

3anponionoBana koMmOiHaiis moneiai CALPUFF ta IDW anroputmy. Moxke
JIOTIOMOTTH YTOYHUTH MOJIETIbHUN TMPOTHO3 Ta HAJaTH OUIbII TOBHY KapTHUHY
pO3MOALTY 3a0pyaHEHB Y MOBITPI, 10 € BAXXJIMBUAM JJISI OIIHKU €(PeKTIB 3a0pyIHCHHS
HAa 3/I0pPOB'S Ta HABKOJUIITHE cepenoBuilie. OTpuMaHuii pe3yibTar 0yJio pacTepru30BaHO
JUTSL TIIBUIKOCTI BimoOpaxkeHHs Ta Oyna 3po0iieHa macka Jjisi OTpUMaHHS Iuiehdy,
HUIIXOM (PUIBTpalisi HyJIbOBUX 3HAYEHb.

[TopiBHSBIIM pe3yabTaTH MPOTHO3Y MOTOAM, IO € BAKIMBOIO CKJIAJ0BOIO IS
OLIIHKH SIKOCTI MOBITPs, BUsiBNieHO nepeBary Weather Research and Forecasting (WRF)
MOJIeJIl 'y TOpPIBHSHHI 31 CTaHJIAPTHUMH aBTOperpeciiHumMu monensmu. Lpomy
CIPUSJIO BpaxyBaHHs OUIBINOI KUIBKOCTI ¢hakTopiB. He3Bakaroun Ha OUIBII TOUHMI
pe3yabpTar, 10 MOJAEIbh MOXKHA BJOCKOHAJIUTH MUIIXOM MOCTOOPOOKH, HANPUKIA],

Multi-sensor Advection Diffusion.
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BUCHOBKHA

Cy4acHe cyCHiJIbCTBO CTUKAETHCS 3 HU3KOIO CEPUO3HUX €KOJIOTTYHUX BUKIIUKIB,
3 SIKUMU TIOB'S13aH1 TEPMIHOBI 3aBIaHHs 30€peKEHHSI EKOCUCTEM Ta OXOPOHU 3/I0POB's
moaed. OauH 13 HaWaKTyalbHIIIMX AacleKTiB IHUX 3aBlaHb — II¢ IpobiemMa
3a0pyIHEHHS MOBITPS, SIKE € CEPHO3HOI0 3arPO30I0 TPOMAJICHKOMY 37I0POB'TO Ta CTaHy
HABKOJIMIIIHBOTO CepeloBUIa. Y 3B'SI3Ky 3 IIMM, pO3poOKa Ta BIOCKOHAJICHHS
1H(QOpMaLIMHUX CUCTEM MOHITOPUHTY SIKOCT1 OBITPsI HaOyBa€e 0COOIMBOIO 3HAYCHHS.

[IpoBiBImIM aHami3 KIaCMYHMX Mojeleld Takux sk EinmepoBa mopensb, ['aycoBa
Moniens Ta JlarpanxeBa mojenb, Oyiau BUSBICHI HEJONIKH B iX poOOTI Taki SIK HE
JeTaizaiisi JOKAJIbHUX MPOIIECIB, 3acTapiia mapameTpusallis MOJENel, Ha BeIuKi
BIJICTaHI TOTPIOHO OOYMCIHMTH BEIUKY KIJIbKICTh OJMHUYHUX TPAEKTOPIA,  WIO
IPU3BOJUTH 10 301IbIIEHHS BapTOCTI 00uncieHHs. Ha mpotuBary po3misiHyTa MoJeIb
CALLPUFF, sika 6a3yeTbcs Ha JlarpankeBiil MOZIENI, ajie BPaXOBY€ OUIbILY KUIbKICTh
napameTpiB BKJIKOYHO 3 KJIIIMAaTUYHOIO 30HOI0, PIBHEM BUCOT Ta 1HIIMUM. J[JI1 yTOUHEHHS
pe3ynbTariB  MOJICIIOBAHHS OOpaHO JETEpMIHOBAaHI METOAM I1HTEPHOJALII, IO
PO3PaxoBYIOTh Pe3yNbTar, IPYHTYIOUUCh Ha BUMIPSHUX 3HAYEHHSX, K1 MOTPAIUIIIOTh
B OKOJIMIIIO 1HTEPIIOIHOBAHOI TOYKHU, 1 HA 3aJIaHUX MAaTeMaTUIHUX (HOpMynax, a came
METO/I 0OEPHEHO 3BaAKEHUX BiJICTaHEH.

[IpoananizoBaHO 1ICHYIOUl TEXHOJOTi Ta I1HCTPYMEHTH [Jii PO3POOKH
iH(dopmarriitHoi cucteMu cepel SKUX: MPOBaJAepd XMApHUX TOCTYT, MPOTOKOJIU
OOMIHY JaHMX, CUCTEMa YINPAaBIIHHA BIPTyaJIbHUMH KOHTEHHEpamH, MpPOTOKOJIU
JOCTYIY, apXiTEKTypy MEPEKEBUX MPOTOKOIIB Ta apXITeKTypy MpPOrpamMHOrO
3abe3neueHHs. B pesynbrari Oyna ¢opmoBaHa CepBICHO-OPIEHTOBHA apXiTEKTypa, 110
crpusie po3poOlll CHUIBHUX CTAHIAPTIB AJiA OOMIHY JaHUMHU MIX CepBicaMu, IIO
JI03BOJIsIE 3a0€3MEeUUTH OUIBIIY €THICTh JaHUX Ta KEPyBaHHS HUMHU B PI3HUX YaCTUHAX
CHUCTEMHM Ta B TOM K€ Yac € BIJIHOCHO MPOCTOIO B YIPABIIHHI BJACHUX CKJIaJIOBHX.

Onucasmm 1HQoOpMartiiiiny cucremy, Oyno OOIpYHTOBAaHO BHOIp CTEKy
TEXHOJIOTIN IS pearizaiii KIEHTChKOI Ta cepBepHoi yacTuHu. CepBepHa YacTUHA
Oyna peajizoBaHa 3 BUKOPUCTAaHHA MOBHM mnporpamyBaHHsi Python Ta Django Rest

dbpeitmBopkom. lleit BuOip 0OyMOBIEHWN HASBHICTIO CTAHJAPTHUX MOMYJIB, SKi
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BKJIIOYAIOTh 0arato 3py4HUX I1HCTPYMEHTIB 1y poOoTH 3 (aitmamu, CHUCTEMHI
BUKJIMKH, 1HTEepdeicH 10 pi3HUX rpadiuHux 010110TeK 1 MepekeBUX 3'€qHaHb. B aKoCTi
0a3u gaHux oOpaHo pernsmiiay 6a3zy mannx PostgreSQL 3 posmmupennasm PostGIS. 1le
MOEHAHHS  J1aJl0  3MOTY BHKOHYBaTH IIPOCTOPOBI  3allUTH, MAaHIMYJIIOBATU
MIPOCTOPOBUMH JJAHUMU Ta BUKOHYBATH CKJIATHUN MPOCTOPOBUI aHAII3 3a IOTIOMOTOIO
SQL. Knientcpka yactuHa Oyna peasizoBaHa 3a gomomoroo Angular ¢peiiMBOpKy
yepe3 MOro CTpyKTypy Ta HasBHICTh MIIATPUMKH THUII3AIll BHUIICONUCAHUX
KOMITOHEHTIB  3-miJ KopoOkm. Cama KII€EHTChKa 4YacTHHA pO3po0ieHa SK
OJTHOCTOPIHKOBUM 3acTOCYHOK. IIIBHMAKICTH OHOBJIEHHS Ta PO3UIUPEHHS CHUCTEMHU 3
TOYKH 30PY KJIIEHTCHKOTO 3aCTOCYHKY 3a0€3Me4y€ThCSI MOAYIIbHICTIO Ta KOMIIOHEHTHO-
OPIEHTOBHUM II1JIXO/IOM.

3anpornionoBana komoOiHaiiss moaeni CALPUFF ta IDW anroputmy. mMoxe
JOTIOMOTTH YTOYHUTH MOJEIBHUN TPOTHO3 Ta HANaTH OUIBII IOBHY KapTHHY
pO3MOALTY 3a0pYIHEHb Y MOBITPI1, 0 € BAXKIJIUBUM JIJIs OLIIHKHU €(EKTIB 3a0pyTHEHHS
Ha 3/I0pPOB'S Ta HABKOJUIITHE cepenoBuilie. OTpuMaHuii pe3ysbTar 0yJIo pacTepU30BaHO
JUIs IIBUAKOCTI BioOpakeHHs1 Ta Oynia 3po0OjieHa mMacka JJis OTpUMaHHS muiendy,
nusxoM GiIbTpallis HyThOBUX 3Ha4eHb.[IOpIBHSBIIM pe3yabTaTd MPOTHO3Y MOTOH,
10 € BaXJIMBOIO CKJIaJ0BOIO VISl OLIIHKY SIKOCTI MOBITPs, BUsIBIEHO nepeBary Weather
Research and Forecasting (WRF) Monmeni y mnOpiBHSHHI 31 CTaHJApTHUMH
aBTOperpeciiHumMu mojensiMu. llpoMy copusuio BpaxyBaHHS OUIBIIOT KUTBKOCTI
(bakTopis.

B ymoBax 3poctarodoro piBHs IPOMHUCIOBOTO BUPOOHUIITBA Ta ABTOTPAHCIIOPTY,
MUTAHHS SKOCTI MOBITPS CTAa€ HACYIIHUM JIJIs1 PO3BUHEHUX Ta PO3BUBAIOUUXCS KpaiH.
BnpoBamkennss e(ekTUBHUX 1H(QOpPMAIIHHUX CUCTEM MOHITOPUHTY JO3BOJIUTH
OTIEpaTUBHO pearyBaTH Ha HETAaTHBHI 3MIHU Ta 3a0€3MEYUTh CTBOPEHHS yYMOB IS

37I0pOBOTO Ta OE3MEYHOr0 CEPEIOBUINA JIJIST MCIITKAHIIIB.
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