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Pollution monitoring is an extremely valuable tool in civil planning, manufacturing and
agriculture. Monibring the chemistry of water, air, and soil supplies can provide both public and
private organizations with valuable data that can be managed through IoT platforms. This allows
companies to respond more quickly to pollution impacts, worker safety, pubatthhand
sustainability initiatives. Therefore, the issue of developing a system that automates the calculatio
and output of information on global monitoring becomes urgent.

Key words:monitoring, pollution, system.
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Abstract. Today, with the development of industry, the issue of combating noisdipolis
gaining more and more importance. Physically, the concept of noise is described by chaotic process
and is closely related to such a concept as randomness. It can be argued that noise is the result
randomness. Methods of creating pseudorandequences can be used to create controlled noise,
which in turn makes it possible to create active noise control systems. Therefore, research in the fiel
of finding new pseudorandom sequences, which are most suitable for use as a noise source wi
controled parameters, is of great importance both for application in the field of environmental
protection from noise pollution and in the field of information protection.

Key words:Noise control, noise pollution, environment, pseudo noise sequences, generators
of pseudo random sequences.
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Abstract. This article explores the multifaceted relasbip between financial market
regulators and corporate transfer pricing, focusing on the mechanisms and tools used by regulators
shape and monitor this practice, as well as the risks that corporations may face if they fail to compl
with transfer priang rules. Financial market regulators play a key role in establishing and enforcing
rules, often in accordance with international standards, to ensure fair and transparent transfer pricir
worldwide.
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transfer pricing, risks.

Relevance of the research worRransfer pricing, the setting of prices for transactions
between affiliated entities within a multinational corporation, has become a crucial aspect of
international busirgs operations. As corporations expand globally, the influence of financial market
regulators on transfer pricing strategies has gained prominence. This article delves into the intricat
relationship between financial market regulators and the transféngopeactices of corporations,
exploring how regulatory frameworks shape, monitor, and enforce transfer pricing policies.

Transfer pricing involves determining the prices at which different divisions or entities within
a multinational corporation transagith each other. The primary objective is to allocate profits fairly
among these entities while complying with tax regulations in various jurisdictions. The complexity
arises when corporations seek to optimize their tax liabilities by manipulating tramgfes, a
practice that has drawn the attention of financial market regulators.

Review of recent publications and researchSmith, J., & Johnson, Adid an indepth
analysis and review of various transfer pricing strategies adopted by corporationsly ltti<ers
different methods, approaches, and implications of transfer pricing strategies within the context o
financial regulations [1]. Brown, K. & White, S. explores the specific influence and impact of
financial market regulators on the shaping ofpooate transfer pricing strategies. It may discuss the
regulatory framework's role in determining or influencing how companies structure their transfer
pricing practices [2]. Garcia, M. and Li, R. delves into how corporate strategies related to transfel
pricing adapt in response to changes in financial regulations. It might discuss case studies C
theoretical models illustrating adaptation strategies [3]. Chen, L., & Wang, Q. investigates the direc
impact of financial market regulations on the behaviorcafporations concerning their transfer
pricing practices. It might explore how regulatory changes influence decs&mg processes [4].
Williams, P., and Turner, E. provide a comprehensive view of transfer pricing dynamics, considering
the regulatory geects that shape these dynamics. It might discuss the interaction between transfe
pricing and regulatory frameworks [5]. Martinez, G. and Adams, K. focus on how financial market
regulators impact and influence decisimaking processes related to transfaicing within
corporations. It may provide insights into the decision criteria companies consider under regulatory
influence [6]. Young, S. and Patel, R. examines the challenges and ethical considerations faced
companies in complying with transfer @ng regulations amidst evolving financial regulations. It
might discuss best practices and ethical implications for compliance [7].
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Dering the research, the followingethodswere used: analysis and systematization; logical
generalization; deduction, comuison, synthesis and analysis.

Financial market regulators play a pivotal role in establishing and enforcing rules related to
transfer pricing. Organizations such as the Organisation for Economiopé&ation and
Development (OECD) provide guidelines astdndards to ensure fair and transparent transfer pricing
practices globally. Many countries have adopted these guidelines, incorporating them into theil
domestic tax law§7].

Transfer pricing in Ukraine is regulated by the State Fiscal Service of UKi@k&®). The
SFS is responsible for overseeing tax matters in the country, including the implementation anc
enforcement of transfer pricing regulations. In Ukraine, transfer pricing rules were introduced in
2013 as part of the broader tax legislation. Tagulatory framework includes requirements for
documentation, disclosure, and compliance with arm's length principles in transactions betweel
related parties.

Of course, the impact of financial market regulators on corporate transfer pricing varies from
jurisdiction to jurisdiction. Table 1 provides a list of some of the prominent financial market
regulators and organizations that influence transfer pricing practices around the world

Table 1
List of some of the prominent financial market regulators and orgaizations that influence
transfer pricing practices around the world

Financial market Description
regulators
Organisation for Develops guidelines and standards for transfer pricing that are w

Economic Ceoperation | adopted by rany countries.
and Development

(OECD)
Internal Revenue Servic| In the United States, the IRS is a key regulator that enforces tran
(IRS) pricing rules and guidelines.

Her Majesty's Revenue | The UK tax authority plays a crucial role in regulating transfer
and Customs (HMRC) | pricing for companies operating in the United Kingdom.

Australian Taxation The ATO oversees transfer pricing regulations in Australia and
Office (ATO) enforces compliance.

Bundeszentralamt fur | In Germany, the Federal Central Tax Officewsolved in regulating
Steuern (BZSt) transfer pricing.

Autorité des marchés | In France, the AMF regulates financial markets and may influeng

financiers (AMF) transfer pricing practices.
State Administration of | In China, the SAT is the primary regulag@uthority for tax matters
Taxation (SAT) including transfer pricing.
Swiss Federal Tax In Switzerland, the SFTA oversees tax matters, including transfe

Administration (SFTA) | pricing.

European Securities ang While primarily focused on sectigs markets, ESMA's activities cg
Markets Authority influence financial regulations that may impact transfer pricing.
(ESMA)

*Created based of8; 9; 10].

It's important to note that international organizations like the OECD play a significant role in
shaping global transferriping standards. Companies operating internationally must navigate the
regulatory landscape of each jurisdiction in which they conduct business.

Financial market regulators emphasize transparency and documentation to curb aggressiv
transfer pricing praates. Corporations are often required to maintain detailed documentation
justifying their transfer pricing decisions. This documentation is subject to scrutiny by regulators, and
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noncompliance can result in penalties. This increased focus on transparsrscio prevent profit
shifting and ensure that corporations pay taxes in the jurisdictions where economic activities occu
[16].

Financial market regulators use a variety of tools and mechanisms to control and monitor
corporate transfer pricing policies €nsure compliance with tax laws and prevent abuse. The list of
key instruments commonly used by regulators is presented in Table 2.

Table 2
List of key instruments commonly used by regulators
Tools and Description
mechanisms
Transfer Pricing| Development and Publication: Regulators, often in collaboration with
Guidelines international organizations like the OECD, develop comprehensive transfe

pricing guidelines. These guidelines provide a framework for corporations
structure their transfer pricingpficies in accordance with accepted principles

Documentation
Requirements

Mandatory Documentation: Regulators may require corporations to mainte
detailed documentation supporting their transfer pricing decisions. This
documentation typically includesformation on the economic analysis,
comparables, and the rationale behind the pricing strategies.

Audits and
Examinations

Regular Audits: Regulators conduct audits and examinations of corporatio
assess the accuracy and fairness of their trangéémgparrangements. This
involves a thorough review of financial records, documentation, and
transactions to ensure compliance with regulatory standards.

Advance Pricing

Preapproval Mechanisms: Regulators may offer corporations ttenojo

Agreements enter into advance pricing agreements. These agreements allow corporati

(APAS) seek preapproval for their transfer pricing methodologies, providing a level
certainty and reducing the risk of later regulatory challenges.

Countryby- Transparency Measures: Many jurisdictions have adopted CbCR requirer|

Country which mandate multinational corporations to report detailed financial and

Repoting operational information on a countby-country basis. This helps regulators

(CbCR) assess transferiping risks and enforce compliance.

Mutual Dispute Resolution Mechanisms: Regulators often have mechanisms suck

Agreement MAPSs to resolve transfer pricing disputes between countries. This involves

Procedures collaboration between tax authorgtit reach a mutually agreegon

(MAPSs) resolution.

Penalties and
Fines

Deterrent Measures: Regulators may impose penalties and fines for non
compliance with transfer pricing regulations. These financial consequence
serve as deterrents and encourage corposatmadhere to regulatory
guidelines.

International
Collaboration

Information Exchange: Regulators engage in international collaboration to
exchange information about transfer pricing practices. This collaboration
enhances the ability to identify anddaess cros®order tax avoidance.

Technology and

DataDriven Approaches: Regulators leverage technology and data analyti

Data Analytics | analyze large sets of financial data. This enables them to identify patterns

anomalies, and potential areas ohsmompliance in transfer pricing practices
Training and Educational Initiatives: Regulators may offer training programs and guidar
Guidance corporations to enhance their understanding of transfer pricing regulations

proactive approach aims toster voluntary compliance and reduce inadvertg
errors.
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Legal Enactment of Laws: Regulators may enact or update legislation to strengt
Framework and | the legal framework surrounding transfer pricing. This includes incorporati
Legislation international standards and addressing emerging issues in the field.

*Created based ofi1,12,13].

Financial market regulators use a combination of these tools to create a robust regulator
environment, ensuring that transfer pricing practices align with the drodgectives of fair taxation
and economic transparency. The effectiveness of these tools relies on the collaboration betwee
regulators, corporations, and international bodies to adapt to evolving business landscapes.

The influence of financial market gelators on transfer pricing significantly impacts
corporate decisiomaking. Corporations must align their transfer pricing strategies with regulatory
expectations to mitigate legal and financial risks. This often involves a delicate balance betweer
optimizing tax efficiencies and complying with evolving regulatory framewgiis.

Corporations that fail to comply with the requirements of financial market regulators when
implementing transfer pricing policies may face a range of risks-ddompliance can dwve serious
consequences, both financially and legally. The risks that corporations may face are summarized |
Table 3.

Table 3
Risks that corporations may face when using negompliance transfer pricing

Risks Description

Penalties and Fine Monetary Cosequences: Financial market regulators have the authority
impose penalties and fines for roompliance with transfer pricing
regulations. These financial consequences can be substantial and may
significantly impact the corporation's bottom line.

Adjustments to Tax Assessments: Regulators may make adjustments to the transfer p
Transfer Prices declared by the necompliant corporation. This can result in increased tg
assessments, leading to higher tax liabilities for the corporation.

Double Taxathn CrossBorder Issues: Neonompliance may lead to disputes between
different tax jurisdictions, resulting in double taxatiothe risk of being
taxed on the same income by multiple jurisdictions. Resolving double
taxation issues can be complex and tnasuming.

Reputational Public Perception: Nenompliance with transfer pricing regulations can
Damage damage a corporation's reputation. Stakeholders, including customers,
investors, and the public, may view rRoompliance negatively, affecting
trust andbrand value.

Increased Ongoing Monitoring: Norcompliance can trigger increased regulatory

Regulatory scrutiny. Regulators may subject the corporation to more frequent audit

Scrutiny examinations, leading to ongoing monitoring and potential dismpto
normal business operations.

Legal Legal Action: Nonrcompliance may lead to legal action by regulatory

Conseguences authorities. Corporations may face lawsuits, legal proceedings, and the
possibility of courtordered remedies, which can be tio@suming and
costly.

Loss of Tax Incentive Reversal: Some jurisdictions offer tax incentives or benefits tq

Benefits corporations that comply with transfer pricing regulations.-sompliance
could result in the reversal of these benefits, leading to inc¢ase
liabilities.

Impact on Supplier and Customer Relationships: Nmmmpliance can strain

Business relationships with suppliers and customers, especially in cases where

Relationships: transactions are subject to transfer pricing scrutiny. Businesgepmarhay be

reluctant to engage with a corporation facing regulatory issues.
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Difficulty in Investor Confidence: Nenompliance can erode investor confidence,
Accessing Capital | making it difficult for the corporation to raise capital. Investors may pezc
increased risk, leading to a higher cost of capital or reduced access to

funding.
Loss of Business | Market Access: Norwompliance with transfer pricing regulations may lim
Opportunities a corporation's ability to enter new markets. Regulatory baaretsa

negative reputation may hinder expansion opportunities.

Strain on Internal | Operational Challenges: Dealing with regulatory investigations, dispute

Resources and compliance issues can divert internal resources away from core bu
activities. Ths strain on resources can impact operational efficiency.
Changes in Restrictions on Future Practices: Regulators may impose restrictions o
Transfer Pricing | corporation's future transfer pricing practices as a consequence-of non
Policies complianceThis can limit the corporation's flexibility in designing transfe

pricing policies.

*Created based ofi5; 16].

To mitigate these risks, corporations should prioritize a proactive and compliant approach to
transfer pricing. This includes staying inforthabout regulatory requirements, maintaining accurate
documentation, engaging in advance pricing agreements where applicable, and seeking professior
advice to ensure adherence to evolving regulatory standards. Complying with transfer pricing
regulationsnot only reduces the risk of penalties but also contributes to a corporation’'s overall
financial stability and reputation in the business community.

ConclusionThe influence of financial market regulators on the transfer pricing strategies of
corporationsis a critical aspect of international business. As regulators continue to enhance
transparency, enforce compliance, and adapt to evolving economic landscapes, corporations mt
navigate this intricate terrain. Balancing the pursuit of tax efficienciesaslitierence to regulatory
frameworks is essential for corporations aiming to thrive in a globalized business environment.
Ultimately, the synergy between financial market regulators and corporations in addressing transfe
pricing challenges contributes tostering fair and sustainable international business practices.
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In the article, we analyze the capabilities of the R statistical environment for investigating
multicollinearity in multiple linear regression. We identified the advantages and disadvantages of the
linear regression model. We deserithe causes of multicollinearity and its impact on regression
parameter estimates. We define the main criteria for determining the presence of multicollinearity ir
the regression model. In a concrete example, we show the application of the mctest fackage
multicollinearity model testing. In particular, we use the imcdiag and omcdiag functions to
investigate multicollinearity. And we analyze the obtained results. For the study, we used longley
data, which is built into the R environment.

Key words regression model, multicollinearityR, mctest.
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I SLGdzV dzy di3s o d ¢ ts torfcllidyl® @rudaliagdt@ dd€ Q¢ R d3lz v @ b5 E). 7O H °
Fdzv Htsmdz' Hy jdedzw B3d o[ s MisOdzd RE @ tgd Obzd d3d | e y

v OB dd yvw
GNP.deflator GNP Unemployed| Armed.Forces | Population | Year | Employed

(X1) (X2) (X3) (X4) (X5) (X6) (Y)

83.0 234.289 235.6 159.0 107.608 | 1947 60.323
88.5 259.426 232.5 145.6 108.632 | 1948 61.122
88.2 258.054 368.2 161.6 109.773 | 1949 60.171
89.5 284.599 335.1 165.0 110.929 | 1950 61.187
96.2 328.975 209.9 309.9 112.075 | 1951 63.221
98.1 346.999 193.2 359.4 113.270 | 1952 63.639
99.0 365.385 187.0 354.7 115.094 | 1953 64.989
100.0 363.112 357.8 335.0 116.219 | 1954 63.76L
101.2 397.469 290.4 304.8 117.388 | 1955 66.019
104.6 419.180 282.2 285.7 118.734 | 1956 67.857
108.4 442.769 293.6 279.8 120.445 | 1957 68.169
110.8 444.546 468.1 263.7 121.950 | 1958 66.513
112.6 482.704 381.3 255.2 123.366 | 1959 68.655
114.2 502.601 3931 251.4 125.368 | 1960 69.564
115.7 518.173 480.6 257.2 127.852 | 1961 69.331
116.9 554.894 400.7 282.7 130.081 | 1962 70.551

[ de 2dzed?2 BjcjMm 2dd2 OdzOdz L k& IRt dodAs @ S dsfy

s O¢ d d3:
Im(formula datg € ) ,
Hjformula’T syS Hdz © d&sHj dz@ data@ dejOjddztsM'lsézh HSHOIGC 59 °
(dzgj sBtsoa WL Gt ") .
1 OH O3t OB @atfiyjvte J L & JXL,EBEEX3GX4, X5 . 1 dzv I vz@zC fyO s © 3
c[BteG)dzO dz' dz' 2 dzO (d3ts H Y-eX1+XA+X38X44KDB Yad o3t juddg diztslekO 1§ ¢
0 dzO Lz dgopfy.H j dets dzO

Coefficients:

Estimate Std. Error t wvalue Pri(>|t]]
{Intercept) -3462.258635 890.420384 -3.911 0.003560 =%
GNP.deflator 0.0150862 0.084915 0.177 0.863141
GNP -0.035819 0.033491 -1.070 0.3126861
Unemnp loyed -0.020202 0.004884 -4.136 0.002535 **
Armed.Forces -0.010332 0.002143 -4.822 0.000944 =*=*=*
Fopulation -0.051104 0.226073 -0.226 0.826212
Year 1.829151 0.455478 4.016 0.003037 =%
Signif. codes: 0 '***' Q.,001 '**' Q0.01 '*' Q0.05 '."' 0.1 " ' 1

FResidual standard error: 0.3049 on 9 degrees of freedom
Multiple R-squared: 10,9955, Adjusted R-scuared: 0.99Z5
F-statistic: 330.3 on 6 and 9 DF, p-value: 4.954e-10

t df.
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Overall Multicollinearity Diagnostics

MC Results detection

Determinant |X'X|: 0.0000 1
Farrar Chi-Sqguare: 216.5559 1
Fed Indicator: 0.7442 1
Sum of Lambda Inverse: 3119.3854 1
Theil's Method: 0.7025 1
Condition Number: 43275.0423 1

1 —=> COLLINEARITY is detected by the test
0 —-> COLLINEARITY is not detected by the test

tdm.

v’ kjifisd S OLEsI: dz2O® dzOW e dz ' dkd sd ¢ d

H t t ‘ t
rdzv odL dzOyj dedg? WOCItste' 8, WwW¢C Bzdz sd ¢ Bz
. . . > ‘
imcdiag  tc jsiOsdz'e d € ts dzO dzdzy d B)S s sO¢Cdd3 (
411 Individual Multicollinearity Diagnostics Result
VIF TOL Wi Fi Leamer CVIF Klein IND1 INDZ
GNP.deflator 135.5324 0.0074 269.0649 369.9642 0.0859 -0.1893 0 0.0037 1.0486
GNP 1788.5135 0.0006 3575.0270 4915.6621 0.0236 -2.4976 1 0.0003 1.0558
Unemp loyed 33.6189 0.0297 65.2378 89.7019 0.1725 -0.0469 0 0.0149 1.0249
Armed.Forces 3.5889 0.2786 5.1778 7.1196 0.5279 -0.0050 0 0.1393 0.7620
Population 399.1510 0.0025 796.3020 1094.9153 0.0501 -0.5574 1 0.0013 1.0537
Year 758.9806 0.0013 1515.9612 2084.4466 0.0363 -1.0599 1 0.0007 1.0550

1 —=> COLLINEARITY is detected by the test
0 =-=-> COLLINEARITY is not detected by the test

GNP.deflator , GNP , Population , coefficient(s) are non-significant may be due to multicollinearity
R-square of v on all x: 0.9955

* use mwethod argument to check which regressors may be the reason of collinearity

td8.

CC odHdzs L tlsted B30 dedfL, XBl§ BE o2 lsWusdz's dz jit @€ dedsdsd| L
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odCdzs ydilsd L dBsHjd WOSktst (WOSktstd), wWed2

W OCIstste OB ;

Afjtejlsotstedlsd dikzdz sdCtsdz' dzj Otedz’ L o' dedz’ N dzw R tscf3
AR odetstedmlsOlsd mlsolsqfnlsjguusdm de;j tdsisHoqdzd AL S sz dzls

GteijBjdzij 90O tojcetey M’

1] 90Oy 0O s W, his dzOQB'dth jWjiSkdodedds MY st
oddzzyjdedey L tojetejMm' 2des’ dBSHjdz© dgjL dzOykzh dqr ¢ s,
X1, X2HE® MplsO § jtejo' wdds lsted BOdk &sHj o dzO
(Hded.Bt d B):

Coefficients:

Estimate 3td., Error t wvalue Pr(>|t]|)
(Intercept) -1797.221112 68.641553 -26.183 5.89e-12 #=**
Unemp loyed -0.014697 0.001671 -8.793 1.41e-06 #**
Armed.Forces -0.007723 0.001837 -4.204 0.00122 **
Year 0.956380 0.035525 26.921 4,24e-12 #+%%
;;;nif. codes: 0O '#**' Q0,001 '*+*' Q0,01 '*' Q.05 ',' 0.1 "' ' 1

Residual standard error: 0.3321 on 12 degrees of freedom
Multiple R-squared: 0.9928, Adjusted R-squared: 0.9911
F-statistic: 555.2 on 3 and 12 DF, p-value: 3.916e-13

td#.

Overall Multicollinearity Diagnostics

NC Results detection

Determinant |X'X|: 0.2489 o
Farrar Chi-Square: 15.3098 1
Red Indicator: 0.4662 u}
Sum of Lambda Inverse: 9.4321 o
Theil's Method: 0.0061 o
Condition Nuwber: 2319.7494 1

1 ==> COLLINEARITY is detected by the test
0 --> COLLINEARITY is not detected by the tes

t dm.
411 Individual Multicollinearity Diagnostics BResult
VIF TOL Wi Fi Leamer CVIF Klein IND1 INDZ
Unemnp loyed 3.3179 0.3014 15.0665 32.4510 0.5490 -0.0586 0 0.0454 1.0522
Armed.Forces 2.2233 0.4498 7.9516 17.1264 0.6707 -0.0393 0 0.0692 0.8287
Year 3.8909 0.2570 18.7906 40.4721 0.5070 -0.0637 0 0.03%85 1.1191

1 --» COLLINEARITY is detected by the test
0 --> COLLINEARITY is not detected by the test

* all coefficients have significant t-ratios
R-square of v on all x: 0.9928

* use method argument to check which regressors may be the reason of collinearity

td8.
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The combination of quantum dbased sensors and artificial neural netwokks the potential
to enable effective environmental monitoring. This technology can be utilized to evaluate the degret
of pollution in water sources and the atmosphere, examine patterns, and forecast future pollutio
levels. The model of nanosensor for detiming atmospheric pollution based on cshell AB°
guantum dots with a combination of an artificial neural network has been devdiapeshown that
the energy spectrum of’B® quantum dots is sensitive to the concentration of polluting impurities
and their type.The interaction occurs through an electric field and an elastic mediamthe
recognition of multispectral signals (radiation of quantum dots), the architecture of an artificial neural
network with oscillatory dynamic neurons, which penfiorecognition based on resonance effects,
has been developed.

Key word quantum dot, deformation, electric field, neural network, sulfur dioxide

Introduction

Modern nanotechnology makes it possible to use new materials and methods in ecology an
biology [1-3]. Among such materials, the semiconductor nanoheterostructures with quantum dots
(QDs) should be singled out, which have a high quantum yield of photoluminescence, the energy c
the radiated quantum that depends on the size of the crystal, and ate edtkin their optical
properties for a long time. This is what makes them extremely attractive for wide use in medicine,
ecology, and biology [4, 5].

Recently, along with the traditional methods of research on the U3B%for the diagnosis
of pollution, treatment and drug removal, a new apprdacieural network modelingy has been
used. [6].Traditional methods of environmental monitoring often rely on cumbersome equipment and
time-consuming processes, limiting the frequency and scope of data icolleetowever, the
integration of quantum dots, nanoscale semiconductor particles exhibiting quantum mechanica
properties, into sensor platforms presents a paradigm shift in sensing capabilities. Quantum dots offi
unique advantages such as tunable oppeaperties, high quantum yields, and enhanced stability,
making them ideal candidates for detecting various environmental pollutants with exceptional
precision. Furthermore, by harnessing the power of artificial neural networks (ANN), complex
patterns wihin the collected sensor data can be effectively analyzed and interpreted-timeeal
When coupled with quantum dbased sensors, ANNs enable rapid and accurate identification of
pollutant concentrations, facilitating timely intervention and mitigagiffarts.

This article explores the synergistic potential of quantumbdsed sensors and artificial
neural networks in environmental monitoring applications.

1. The model

Modification of the surface of nanoparticles with various organic ligands led emtbsgence
of a new class of compoundsybrid nanosystems. Strictly speaking, any colloidal quantum dot is a
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hybrid structure because it has a shell of an organic stabilizing ligand. However, when talking abou
hybrid structures, we usually meanthepresc e of a Afunctional 6 | i ga
a certain way to external influences, and the introduction of which into the QD shell can lead to the
appearance of electron or energy transfer between the components of the system. Similaag/stems

mainly used as sensors and biomarkers.

In most casesthe semiconductor nanocrystals are obtained in nonpolar or amphiphilic
solvents, and the stabilizing shell of nanoparticles consists, as a rule, of trioctylphosphine oxide
alkylamines, alkanethis] and fatty carboxylic acidsThere are two main methods of further
functionalization of quantum dotd)this is the method of exchanging ligands of the QD shell
(replacement of the shella monol ayer of stabilizer Bthe t he
method of seHassembly of the secondary covering layer (i.e. QD encapsulation).

An important factor affecting the optical and electrical properties of QDs with a multilayer
shell is mechanical deformatiory-9]. In addition to internal factorstiie mismatch of lattice
parameters othe contacting materialghe pressure due to surface curvatutbg mechanical sin
in QDs can arise due to the presence of adsorbed pollutant atoms QD thigrfaceand acoustic
pressurelLigands thatienvelom QDs ako exert additional pressure. the case of a high degree of
pollution, the concentration of adsorbed atoms of the pollutant can change rApidlyesult of the
charge transfer from the impurity to tQd® and vice versahe nonstationary signals agsand sound
vibrations are excited.

In such conditions, despite the good sensitivity@, the probability of adequate operation
of the QDbased sensors to determine the level of pollution in the air is small.

In this case, it is relevant to use an asi#i neural network with oscillatory neurons that have
their own frequencieslp, 11]. In this case, it is possible to perform qualitative recognition of
multispectral electromagnetic and acoustic sigmatBatedby dynamic objectsDynamic neurons
can beeffectively employed in ecosystem research and pollution detection, especially concerning the
monitoring of environmental conditions and determination of contamination levels in water bodies
and the atmosphere.

Dynamic neurons can analyze temporal dat&esesuch as changes in pollution levels in
water sources or concentrations of harmful substances in the air over time. They can detect trend
cyclicality, and other patterns indicative of ecosystem changes.

Dynamic neurons can be used to forecast fuytofkition levels based on historical data. They
can consider various factors such as weather conditions, geographical features, and human activiti
to refine predictions.

Dynamic neurons can identify anomalous patterns in pollution level changes, waich m
indicate significant events or issues within the ecosystem. For instance, they can detect sudde
increases in toxic substance levels in water bodies, potentially linked to industrial discharge ol
emergency situations.

The utilization of dynamic neurons ecosystem research can enhance environmental
monitoring, facilitating timely detection of pollution and protection of natural resources.

Quantum dots are functionalized with specific ligands or receptors that selectively bind to
target pollutants. Thisunctionalization ensures that the quantum dots respond specifically to the
presence of the desired pollutants.

Interaction with Pollutantswhen exposed to the environment containing pollutants, the
functionalized quantum dots interact with the targetlupmhts through chemical or physical
processes. This interaction may induce changes in the quantubfiwtosscence properties, such as
emission wavelength

Thus, QD, which interacts with molecules of the pollutant, is the source of a multispectral
signd (electromagnetic and/or acousti®he parameters of these signals (amplitude and frequency)
are functions of the concentration and type of impuAtyhreelayer perceptron containing dynamic
oscillatory neurons is proposed for pattern recognit®unh perceptron contains an input layer, a
hidden layer and an outputhe number of neurons in the input layer is equal to the number of input
attributes ihput data about pollutantsThe last layer should contaif, dynamic neuronsTheir
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number should bequal to the number of decision clas&gs= N;N,, whereN; is the number of
polluting impurities that can bBecognized by QD, N, is the number of discretized concentration
intervals into which the entire range of possible concentrations of an implidbe type is divided.

The biggest problem in this case is the task of constructing a decision rule in conditions of
complete a posteriori uncertainty: when there is a certain number of impamntesany sample
values of the concentration of tip®lluting impurity (represented in the form of spectral signals)
without indicating their classification, that is, neither the number of objects nor what kind of objects
are known in advancéherefore, the first step of the learning procBsghout a teacheéris the
division of data into subgroups (clusters); at the same time, objects with similar characteristics art
combined into one grouplhe distance between them is chosen as a measure of similarity (or
difference) between two observatiottse distance beteen objects from the same group (of the same
class) will be significantly smaller than the distance between objects from diftgamis. In our
case, the distance between the frequencies and amplitudes of the signals, which completely determi
the chamlacterof impurity and its concentratioAs a criterion function, we choose the sum of squared
errors.

The hidden layer consists & dynamic neurons, each of which has its own oscillation
frequency wy;= W, +Dw;(j - 1), wherej =1,2,€ ,m; wy,,is the minimum natural frequency of
one of the oscillatory neuron®w; is the frequency step between adjacent natural frequencies of the
neuron.

N multifrequency signals are received at the input ohttie neuron

N
Xm: a XanﬁmSInz(ant) ’
n-1

where X,,is the weighting factor,,is the frequency of the externalth signal applied to the

mth neuron.
Then the dynamics of such a neuron is described by a differential eqéatidarced
oscillations [9]

' Y N :
ddtzm + me ddtm + ngYm: a xanr?m San(ant) : (1)
n-1

Here, by is the parameter that describes the attenuation of the corresponding neuron.
It is obvious that the solution of such an equation halve the form of oscillations with an

amplitude that will have a resonant charadter. sufficiently small values of the parametgr when
the frequency of the external signei,,, approaches the natural frequency of the oscillator, the

amplitude of the corresponding component will increase sharpig. is the essence of identifying
the relevant features of the pollutant.

2. Interaction of quantum dots with atmospheric pollutants

The main air pollutants (pollutants) are formed in thecpss of production and other human
activities.These are sulfur dioxide (S¥ carbon monoxide (CO) and solid particles, which account
for about 98% of the total volume of emissions of harmful substances into the atmo3jieere.
development of more sensi and accurate sensors is essential to monitor the levels of pollutant
gases that are causing high damage to the biosphereTH&]basis of such sensors §8s that
interact with pollutant molecules through an electric and/or elastic[fig!d5].

The spherical QD with a thrdayer shell with core radiu], and thicknesses of theh layer
of the shelld =R T R (i=1,2,é ,n), which does not interact with other QDs and interacts with
sulfur dioxide SQor carbon monoxide (CQ)s consideredFig. 1).

To determine the spatial distribution of the concentrationelettron, energy electron,
concentrations of adsorbed impurities, it is necessary to solve a systemaoinsedtent equations:

1) the diffusion equation taking into account the defation and electric fluxes

divj® =0, (2)
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Fig. 1. The modebf the core / multilayer shell quantum dot
that interats with sulfur dioxide molecules

2t he Poissonbds equation forj(aetermining t !

D 0= _& (NO-p®) 3
/ 5(.)60( d ) ( )

where 0 is the dielectric permittivity of QD materialsi") is the concentration of electrgns
3) the Schrodinger equation

a>>C1C . n0
% ?DWD +W +e/ 8Ynlm - EnIYnIm’ (4)
9 -
e 0, 0¢r¢R,,
’ %DE%) - 2060 1 40 gl), R, CreR,
wherew ) =
iDEf(r]Z) - aﬁo)e(o) + agz)e(z), RC¢rc¢R,
|
j DEQ - al0el) + gl R, ¢r¢R,.

Here, DEé]i) = Cy- C; is the mismatch of the conduction bands of the materials of the core and the

i-th shell without taking into account the deformatiof); is the electron affinity;ag) is the

constants of hydrostatic deformation potential of the conduction band [15];
4) the equation that determines the concentration of electrons

n® =3 Ynl‘r)n (r)YnIm~(r) ’
exr%L“' - m§+1
¢ keT =
where /7 is the chemical potential,

5) the stationary equation of mechanical equilibrium for a spherically symmetric system
. 1 o . .
et - r 02 q{qdu r()+qéNc(,')):0, (6)

where g, is the deformation potential created by a adsorbed impurities (depending on the type of

(5)

impurity it can be positive or negativey, 0) and C|(i) are the density and thsound speed of
longitudinal acoustic waves in tivth material of the nanosystem, respectively.
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The mechanical deformation is created by: 1) adsorbed impuntidee QD surface, 2he
mismatch of lattice parameters of the contacting materials of QB. ifteraction of QD with
adsorbed impurities leads to the occurrence oitiadd! pressure on its surface:

n dE
P=—2 p—| _n, 7
a 1+nSSA pdr I’—R3 ( )

wherens, Sy andp are thesurface concentration of adsorbed impurities, the effective cross section
and the dipole moment of the adsorbed impurities, respectizétythe intensity of the neaniform
electric field arising as a result of charge redistribution in QDs.

Thesystem of equations (2)(6) must satisfy the boundary conditions:

&P (R) =g (R),
'N"’(R)= Ng™(R),
L OR) =/ "(R),

& (R) _ _ g Y ('+1)(R)
dr dr (8)

@ (r)dv =n,,

V

pRo( ((R)- u(R))= v

sUR)+RO(R) = S'+1(R)+P'*1(R) i=0,12,
LsO(R)+R™(R) =-P,;

where s is the mechanical straipv® = @ C'?lp(R?’ - Refl) is the change in QD volne in the
vicinity of corresponding heteroboundary due to the mismatch of Ilattice parameters

<|I—‘ o

— —> —_ =) =) =) =) ——) —) —
N

L) 0 g“
fie T (a" is the crystal lattice parametef]; PL(')( .) ——— is the Laplace pressure;
g(i) — %Blk
1+29°
R

Theenergy spectrunt,, and wave functions of electron in the investigated system are found

from the solution of the Schrodingequation with correspondingontinuity conditions of wave
functions and probability flux densitiestateroboudaries:

eR,(R)=RV(R)
|1 f)R)_ 1 arl(R) =012 ©)
tm@ ™ dr ™ ar

The system of equations (2)9) was solved by the method of successive approximations.

Then the width of optical gap of the QD twijtimpurity depends on the surface concentration
of adsorbed impurities and is determined by the formula:

E, = EV(n,) + EJ (n)+E \(ny), (10)
where Eé )(n,) is the enegy gap EY)(n,), E{)(n,) are energy of electron and hole,
EY)(n) = E)(0) + DEV(n,) + DES(ny),
where DEU)(n,), DEU)(n,) are theshift of the bottom of conduction baadd thetops of the valence
band
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The dependence of the shift of eth bottom of conduction band in the
CdSecore/ ZnSshell QD on the surface concentratioradsorbed impuritieSO, (curvel) andCO
(curve?2) is presentedn Fig. 2.

1 9. o002, Ui
0.006 B ~ 2 1
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Fig 2. The dependence of the shift of the bottom of conduction band in thedddSeZnS-shell QD
on the surface concentrationarfsorbed impuritiesSO, (curvel) andCO (curve?2)
at different the core radii of the QORy =2 nm(a); Ry =6 nm(b)

Obviously,the parameteE;o defines the frequency of the signal that needs to dmifced to
determine contamination.

Fig. 3 shows the results of modeling in the presence of two types of pollutants at different
moments in time (in relative unitskig.3a shows the dependence of the frequency of the
electromagnetic wavehich is radiagd by theQD interactingwith an impurity of the-th pollutant
Fig. 3b presents the results of recognition of the type of impurity in the air and its concentration.

16 inputoutput pairs (elements) were selected for neural network learning. Duringettie ch
2 elements were selected that were successfully recognized.
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Fig. 3. Time dependences of the frequency of the input signal (of the electromagnetic wave
radiatd by theQD) and the concentration of the air pollutant

Conclusions

1. The modelof nanognsorfor determiningatmospherigollution basedon coreshell A’B®
guantumdotswith a combinationof anartificial neuralnetworkhasbeendevelopedThis modeluses
anartificial neuralnetworkto procesghereceiveddata.

2. It is shownthatthe energyspectrunof A’B® quantumdotsis sensitiveto the concentration
of polluting impuritiesandtheir type. The interactionoccursthroughan electricfield (in mostcases
as a dipoledipole interaction) and an elastic medium: adsorbedimpurities, being attraded to a
guantumdot, createa pressureéhatdepend®n their type andconcentration.
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3. Fortherecognitionof multispectralsignals(radiationof quantumdots),the architectureof
an artificial neuralnetwork with oscillatory dynamicneurons,which performrecognitionbasedon
resonanceffects,hasbeendeveloped.
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Abstract. The article describes the process of developing a software system based on the u
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Introduction

Air pollution is both natural md anthropogenic. Atmospheric air is polluted with various
gases, suspended fine particles, and liquid substances that adversely affect living beings, worsenil
their living conditions. Humans cannot influence natural air pollution, but they can and should
regulate the level and nature of pollution caused by their activities. The state of the air environment i
of particular importance for the normal functioning of the human body and maintaining health. The
air basin, despite its large size, is constandyosed to significant destructive effects that cause
changes in its composition both in certain areas and throughout the planet, regardless of whether tf
effect was caused by humans or nature itself. As a result of human activity, the amount of carbol
dioxide in the atmosphere is constantly increasing (over the past 100 years, we have seen an incre:
from 0.004% to 0.032%). Emissions from industrial enterprises and motor vehicles release severz
hundred and sometimes thousands of tonnes of various haubitances into the atmosphere every
year. The level of air pollution depends on several factors: the quantitative and qualitative
composition of industrial emissions, their frequency, the conditions of thairgasxture leaving the
emission source, ichatic conditions, the number of vehicles, the intensity of their movement, etc.

We cannot ignore the damage that humanity has already caused to nature, such as glob
warming or the destruction of the biosphere. We must constantly monitor the enviramowelgr to
detect negative changes in the state of the natural environment promptly and develor
recommendations to eliminate or mitigate them. Today, we have good technologies to collect the
necessary information to analyse and prevent problems relatvitmnmental pollution. But to
properly respond to cases of detected pollution, we also need to be able to analyse the data collect
correctly.

Atmospheric observation is the monitoring of the composition and properties of atmospheric
air, as well asts changes as a result of the intake or formation of physical, biological factors and/or
chemical compounds that may adversely affect human health and the environment.

Air monitoring in our country is ~carried
Protection of At mospheric Airo. It i's carri e
information on pollutant emissions and the level of air pollution, assess and forecast its changes ar
the degree of danger, and develop scientifically basedmmmendations for decisionaking in the
field of air protection.

During air monitoring, the following substances are measured: carbon monoxide,
hydrocarbons, nitrogen oxides, sulfur oxides, ammonia, ozone, suspended solids, carbon dioxide, :
well as tenperature and humidity, and the level of hazardous physical impacts.

For air protection measures to be effective, information must be accurate and complete
Completeness of information is ensured by the rational location of the network of monitoring
statins, a sufficient number of monitored areas, and-tengn observations; information is accurate
due to the strict adherence to the technologies for measuring various indicators that characterise tl
state of the air.
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In this paper, we will share our exparce of creating a scalable system for monitoring the
state of the atmosphere and air pollution with data output to an online website using such informatiol
technologies as ASP.Net, C#, Ling, PostgreSQL, PGSQL, Views, Javascript/Typescript, Vue,
VuePrime.

Let's start with the formation of system requirements.
The system should be:

easy to use;

easily expandable;

interactive, i.e. with dynamic graphs;

contain the latest data, with a permissible delay of 2 minutes;

run on different operating systems;

have a web interface;

be divided into components;

C#/TypeScrip.t programming language should be used.
Developing the logical structure of the system
To build a system for monitoring the state of the atmosphere, let's take the SaveEcoBo
service as a bas It provides a large amount of data, but its problem is that this data is difficult to
extract, process and analyse. This service stores data for no more than 2 minutes, which means tha
a user wants to see the data for the previous month, theypatilbe able to do sb the service

O¢ O¢ O¢ O¢ O¢ O¢ O¢ O¢

Af orgetso it.
SaveEcoBot provides data in JISON format
{

Stationld: string,

Pollutants: []

}

To solve the problem of SaveEcoBot's Amem
every minute and a half, downloads diitan this service, compares it with the data in the database,
and if it does not find any data, adds it.

AWS Lambda was chosen as the platform for launching the SaveEcoBot service in
conjunction with AWS CloudWatch and EventBridge.

The service logic is gtwn in the diagram (Fig. 1).

We have the following point services:
data collection sensors;
temporary storage bank;
fence services;
processing service;
database;

API service for data uploading;
website.

Let us consider these components of the semienore detail.

Data collection sensors

Each sensor records the following data:
air pollution by PM 2.5 patrticles
air pollution by PM 10 particles;
temperature
pressure
humidity.

Sensors are characterised by properties that do not change over time:
name of the settlement where the sensor is installed;
latitude
longitude
unique identification number;

O¢ O« O¢ O« O¢ O« O«

O¢ O¢« O¢ O« O«

O« O¢ O¢ O«
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0 time zone.
With these unique values, we can identify each sensor and link the data to the time it wa:
collected. These sensors have a significanivbagk: due to their low cost, they have a very small
memory capacity, which means they can store data for only two minutes.

Data Data Data Data Data
collection collection collection collection collection
SENSOrS SENS0rS SENSOrS SENSOrs SENsors
[ J
_ Temporary _
storage bank
¥ ¥
E 2 Data Data
= acquisition . acquisition
.E E SEnvice ¥ sernvice
§ f Processing
. 5elrw:e
B S
=]
L)
Database
REST AFI
senice
T
VWebsite

Fig. 1. Diagram of the logical structure of the system

Temporary storage bank

This is a service that receives data as soon a&sréad by the sensor in binary form. The
sensor takes a reading, for example, of the temperature and immediately transmits it to this bank 1
free up its memory for storing the next batch of readings.

All data that is aggregated in this temporary stoiaget processed in any way and is stored
with a time stamp and the identifier of the sensor that collected it.

Data acquisition service

This service collects data and converts it into an understandable format, in our case, CSV.

Processing service

The man service through which all the data passes and is already aggregated into the
database.

REST API service

The backend of our system, through this point the user communicates with the database th:
stores the aggregated data. It is the backend that amdihgseser's request and provides the relevant
data. For example, the user wants to get the data of indicators for 20 April 2023 in the city of Lviv.
The backend has to generate a corresponding query to the database and translate the response
REST fomat.

The service can also provide a list of all sensors registered in the system and a HeatMap of tr
territory's pollution at the user's request.

Website
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Here, the user can receive and analyse the data he needs from any station for any period. It
through this interface that the user interacts with the system. Let's look at the main features of th

interface
1.Map (Fig. 2).
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Fig. 2. Map with a selection of all sensors

Here, it is possible to see all the sensor stations registered in the system endnsets

them to request data.
2.HeatMap (Fig. 3).

vunuLs obAacme

,’/ Bpecmcxon
lomenscxan

@® OpenStreetMap |

o N
Pf: £ A ¢ ,\. obnacms ol
ai _ ;Warszawa Siedlce Pn 2% ‘ e ‘x. 2 o | O OpenTopoMap
b s Crapuih B 3a6pyaHeHicTs
Radom wiojenddzing srey Cranuii }
v fubeiskie - r
me wojewodztwo 5)::::\;::(.#

swietokrzyskie benzopodcrkan

itowice
wojewddziwo.,

wojewéaztwo f
o podkarpackie

motopolskie

N N
1
vensko, o5
Wiigka /lyrancuKy
£/ Miskolc i 7 | Pocmoscxan
3 } satuMare 3} 3 ofnacme
atu Mare s 0 o
e % 4 P . = LWaxrel
Y B o o 3 { Bglti Kpusnid PIF g5 5 8 = A o BoAroT
R Baia Mare = Suceavo & % 2 A o F
Alfold és y Zal30 g | W W > T " Muxonaiecsxa 5 Jay B 2 HoBouepKacek
: Es2 7 o o 0 2 0610cms 1 M ne” a
fRgad T ek e A AU W o R “ 2 M L PocToB-Ha- Leaflet

Fig. 3. Pollution map

This map shows the pollution of a region. The redder the region, the more polluted it is. For
example, the central part of Ukraine has less pollution compared to the industreloéédonetsk.
3. Station and time period selection (Fig. 4).
4.
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Fig. 4. Station and time period selection

Here we can select the station we need and the time period for downloading the data.
5.Graphs (Fig. 5).

PM2.5/PM 10
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Fig. 5. Graph showing the presence of P3nhd PM10 patrticles in the air
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Fig. 6. Temperature and humidity graphs
Visual representation of time series with indicators of air pollution, temperature and humidity.

6. Download indicators for further analysis (Fig. 7).
7.
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Fig. 7. Obtaining indicatorof a specific station

Ability to download sensor readings in a convenient format for reading them using Excel and
Word.

Methods of data collection and storage in the system

The easiest way to write data to a file is to separate the values with somé &amduiator. It
can be a space, a newline character, a tab, etc. The most commonly used is the comma character.

The format where value fields are separated by commas is called CSV, Comma Separate
Values. This is the most common format for saving tabwd#a th a text file.

CSV allows you to write not only a list of values but also to arrange them in a simple table,
where each row of the table starts on a new line. The first line can contain the column headings of th
table. In the CSV format, an unequalnmber of data fields (table cells) in each record (row) is
considered an error, and such a file is not processed. Data fields can be separated by double quotat
marks (") to include a comma or a newline character that are not delimiters.

The CSV format s the de facto standard for recording tabular data. Indeed, almost all
spreadsheets and databases import and export data in this format. It is equally important that only t
data itself can be saved in CSV forrinato formulas, no macros, which are notadbut methods of
processing it and which incorporate spreadsheet files.

An example of data in CSV format is shown in Fig. 8.

Fig. 8. Example of data in CSV format

After the service processes this data, it is transferred to the database, wheéoeat iBdsSQL
format (Fig. 9).
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Objects D LocationPM25 @Measurements.public D LocationPM25 @Measurements. public (...

& Begin Transaction D Text - Filter % Sort A Import m Export
CreatedDateTime Locationld + VYalue StoredDateTime

b SAVEDNIPRO_4202 5,67 2020-10-29 21:48:35.069272
2020-09-27 18:46:20 SAVEDMIPRO_12928 5,55 2020-10-29 21:49:35.069272
2020-10-29 00:01:39 SAVEDMIPRO_1297 15,08 2020-10-29 21:4%:35.069278
2020-05-12 22:29:48 SAVEDMIPRO_1295 0,78 2020-10-29 21:49:35.069272
2020-10-29 00:06:08 SAVEDMIPRO_1254 45,98 2020-10-29 21:49:35.069273
2020-05-07 18:59:23 SAVEDMIPRO_1293 14,85 2020-10-29 21:4%:35.069278
2020-03-13 14:04:43 SAVEDMIPRO_1280 999,9 2020-10-29 21:4%:35.069278

Fig. 9. Example of data in SQL format

Designing a REST API for system interaction
The OpenAPI specification, originally known as Swagger, is a specification of machine
readable interface files for describing, creatingngisand visualising REST web services. Various
tools can generate code, documentation, and tests from an interface file. The Open API Initiative,
project of the Linux Foundation, oversees the development of the OpenAPI (OAS) specification.
Applications developed with OpenAPIl interface files can automatically generate
documentation of methods, parameters, and models. It helps to synchronise documentation, clie
development libraries, and application code.
The REST API of the system is divided into twatollers:
0 Location:
1. GET1 arequest that returns a specific station;
2. GET /Listi arequest that returns a list of all stations;
3. GET /HeatMag a request that returns data for generating a HeatMap.
0 Measurement:
1.GET 1 is a query that returns all the nsesements for a particular station for a certain
period;
2.GET /Typei a query that returns the readings for a specific station, but by type, for example,
only temperature or pressure. It was made to parallelise the work with the database to spee
up the opeation of the entire system.
The generated interactive documentation looks like the one shown in Fig. 10.

My API®

ips.//33bo49db5l.execute-api.eu-central-1.amazonaws.com/swagger/.iv 1/swaggerjson

Location v
/Location
/Location/List
/Location/HeatMap

Measurement N

/Measurement

/Measurement/Type

Fig. 10. Interactive documentation
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An example of an OpenAPI specification is shown in Fig. 11.

{
"openapi™:"3.0.1",
"info": {

“title": "My API",
"version™:"v1"
iy
"paths": {
"/Location": {
"get": {
"tags": [
"Location"
|

"parameters™: [

{
"name":"locationld",
"in": "query",
"required™:true,
"schema": {

“"type": "string"
}

}

1,

"responses"; {

"200": {
"description":"Success"
“content”; {

"text/plain™: {
"schema"{
"$ref": "#/components/schemas/LocationViewModel"

}
}

pplication/json": {
"schema": {
"$ref": "#/components/schemas/LocationViewModel"

}

h
"text/json": {
"schema": {

"$ref": "#/components/schemas/LocationViewModel"

Fig. 11. OpenAPI specification

REST (Representammal State Transfer) is an approach to the architecture of network
protocols that provide access to information resources. It was described and popularised in 2000
Roy Fielding, one of the creators of the HTTP protocol. REST is based on the printiples\trid




Wide Web and, in particular, the capabilities of HTTP. Fielding developed REST in parallel with
HTTP 1.1, based on the previous HTTP 1.0 protocol.

Data should be transmitted in a small number of standard formats (e.g. HTML, XML, JSON).
Any REST protocol (including HTTP) should support caching, should not depend on the network
layer, and should not store state information between reqessinse pairs. It is argued that this
approach ensures the scalability of the system and allows it to ewol#ecordance with new
requirements.

The system we have created uses REST technology to communicate with the client.

Database design

We use the PostgreSQL database to store information. In Fig. 12 is a diagram of the Locatiol
database.

LocationPressure
L CrastedDataTime £ mestzmpls
LocationPM10 Locationkd ©
CreatedDateTime t mestzmnpi) Valug flozd
Locatias StoredDateTime: tmzstamplE)
Value floatd
StoredDateTime: tmestzmpif)

g
LocationHumidity

CreatedDateTime © mastamplf
0 /7 Locationld 1=

LocationTemperature
CreatedDateTime © mesizmpls LocationStatistic
Locationid: 1= Locatianld: 1=

Vahue float?
StoredDate Time: Tmeztampld
View_HeatMap FirstRecard Date]

Locationindex LatRecord DateTime

StoredDate Time: 1 mezt2mp(E)

[

CreatedDateTime [ CreztagDateTime “ =
CrestedDateTime { mesizro ) PalutantType

Lat L=

Lon |"Lon e

Value 3lus falue floztk

StoredDateTime: tm estampif)

Id =
Ciy 1=
StationMame: =

Batchinfo Locationson
Betchld: -4 i Ps

CrestedDeteTime t mestampls]
Locationd t=
Vale float2

StoredDateTime: £ 2stzmpif)
TimeTook foz
SourceType: nié

StoredDateTime: tmzsamp(f

Fig. 12. Schemef the Location database

The Location database stores basic data in the following tables:
LocationHumidity (Fig. 13) humidity indicators;
LocationPM10 (Fig. 14) indicators of PM10 pollution;
LocationPM25 (Fig. 15) indicators of PM2.5 pollution;
LocationPressure (Fig. 16)pressure indicators;
LocationTemperature (Fig. 17)temperature indicators.

O¢ O« O¢ O¢ O«

B LocationHumidity @public - Table

=g Add Field =4 Insert Field =g Delete Field 4~ Primary Key - T MowvelUp < Mowe Down
Fields  |ndexes Foreign Keys Uniques Checks Excludes Rules  Triggers Options Comment

Type Length Decimal Mot null  Key Comment -~
timestamp ] 0 -1
Locationld text 0 0 -2
Value float8 53 ] O
StoredDateTime timestamp B ]

Fig. 13. Table with humidity indicators
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i LocationPM10 @public - Table

=@ Add Field =4 Insert Field =g Delete Field A< Primary Key ~ 4+ MoveUp 4 Move Down

Fields  |ndexes Foreign Keys Uniques Checks Excludes Rules  Triggers Options Comment

Mame Type Length Decimal  Motnull  Key Comment -
| timestamp 6 0 M1

Locationld text ] 0 | = )

Value floatd 53 ] O

StoredDateTime timestamp 6 0

Fig. 14. Table with indicators of PM10 particle pollution

i LocationPM25 @public - Table

g Add Field =4 Insert Field =& Delete Field 4= Primary Key - T MovelUp < Move Down

Fields  |Indexes Foreign Keys Uniques Checks Excludes Rules  Triggers Options Comment

Mame Type Length Decimal Mot null  Key Comment
timestamp 6 0 M1

Locationld text ] ] ~2

Value floatd 53 o (|

StoredDateTime tirmestamp & 0

Fig. 15. Sign with PM25 particle pollatn indicators

88 LocationPressure @public - Table

=&y Add Field =4 Insert Field =& Delete Field &4 Primary Key - 4+ MoveUp + Move Down

Fields  |ndexes Foreign Keys Uniques Checks Excludes Rules  Triggers Options Comment

Type Length Decimal Mot null Key Comment
timestamp B 0 a1

Locationld text i i M 2

Value floatd 53 0 (|

StoredDateTime timestamp 6 ]

Fig. 16. Table with pressure indicators

i8* LocationTemperature @public - Table

Sy Add Field =4 Insert Field =g Delete Field &< Primary Key - 1+ MovelUp ++ Move Down

Fields  Indexes Foreign Keys Uniques Checks Excludes Rules  Triggers Options Comment

Mame Type Length Decimal Mot null Key Comment
| timestamp 6 0 21
text 0 o P2z

Value floatd 53 o (|

StoredDateTime timestamp +] o

Fig. 17. Table with temperature indicators

We also use two additional tables for statistics and analysis of the amount of data:
BatchiInfoi contains a list of all data occurrences in the degap
LocationStatistid contains the extremes of each display for each location.
Creating a service for data collection

0
0

This service is implemented as an AWS Lambda function that runs every two minutes. It

collects information, analyses it, and transfets the database.
The components of this service are as follows:
1. Measurementsambda.FetchData.Function.FunctionHandler.

The entry point to the application, the sensor ID is passed to it, then this service download:s
the data in CSV format and formatsrito an understandable format, removes duplicate and damaged

data.



2. Measurementsambda.FetchData.Function.DoWork.

This method receives data that needs to be entered into the database.

The system's extensibility lies in the fact that there are as mahyssuvices as there are
sensors, thus maximising system performance and allowing users to see the latest data.

Every minute, one such service passes through approximately 2 Megabytes of data.

Creating a REST API service

The ASP.NET Core framework was ckeador the API.

ASP.NET Core is a new, robust, and feattick framework that provides features for
developing ultrefast APIs for web applications.

The ASP.NET Core framework provides bt support for dependency injection, which
means you no longeerd to rely on thirgbarty frameworks.

Dependency Injection is essentially a template that helps developers separate different parts «
applications. Before the release of ASP.NET Core, the only way to achieve dependency injection it
an application was tase the Ninject and AutoFactor frameworks. In ASP.NET Core, dependency
injection is treated as a firstass object. This means that developers are no longer limited in the
choice of web applications and they can use new libraries in more@vwemted aplications, such
as AWS Lambda or Azure Functions.

In general, the introduction of dependencies in the ASP.NET Core framework improves the
testing capabilities and extensibility of web applications.

To simplify the work, the entire API service was dividetb the following components:

1 Measurements.Dal;

1 Measurements.BlIl;

1 Measurements;

1 Measurements.Utilities

Measurements.Dal

Dal 1 Data Access Layer, a module for working with the database. It implements access anc
work with the database. For example,ragting information about the temperature. This software
layer connects data from the database with controller views (Fig. 18).

Presentation Data Access Layer
Layer
(ASP.NET Pages)

Typed DataSet

. § ""—-—-—-—-"
I DataTable Y
Database

.aspx

Fig.18. Schematic presentation of the DAL operation

Measurements.Bll

Bll T Business Logic Layer, a module that acts as aager in the API. It is this layer that
receives the command WdAgive data for 19.07. 2
imposes additional logic, such as input validation, and provides the necessary data to the user.

Fig. 19 illustrates the schree of interaction between the Bll layer and other layers of the
application.
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(ASP.NET Pages)

!

Business Logic Layer

[ Presentation Layer

( Data Access Layer j

- =
|

P—

Fig. 19. Scheme of interaction of the BIl layer with other layers of the application

Measurements

The project that gathers all the layers into one and makes them workesttiieand exit
point to the application. In this project, all controllers are implemented in accordance with the REST
OpenAPI specification.

Measurements.Utilities

Auxiliary functions and classes that were used in the project. For example, a response
geneator for AWS Lambda functions, middleware used in ASP.NET Core, etc.

Website development

To create the website, we chose the TypeScript language with the VUE JS framework and th
PrimeVue component library. All these platforms are built by the npm packagager using the
Anpm run buil dod command. When the project is
file. This file must be moved to the server. The created file does not need to be run and is a stat
index.html file to which js bundlesatinked.

Vue.js allows you to control properties before they are passed to components. You can chec
the type, require properties to be defined, set defaults, and perform custom checks.

We used typehecking to make sure that the right type of data wasgheassed to the
component. This will be especially useful if we forget to use dynamic syntax to passandard
values. It was because of such checks that we decided to use TypeScript

The entire fronkend application consists of the view shown in Rig.

vue-router’;

ws,/Home.vue" ;

Fig. 20. Description of the frorgnd application view
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The user interacts with the system through this view.
Just as the backend project is divided, the frontend project is also divided. Its main
components are as follows:
1.Charts.vue;
2.LocationMapvue;
3.Vue2leafletHeatmap.vue;
4.Home.vue.
Let's consider the functions of these components.
Charts.vue
A component that builds graphs of air pressure, temperature, pollution, and humidity. It
allows you to visually analyse the data coming from the backenel.gféphs are created using
Canvas technology, which is best suited for this task because it allows us to manage the elements \
want to display as if they were objects in 2D space, rather than HTML markup elements.
LocationMap.vue
A component that displays map and clearly shows all the detectors on this map. So, if the
user does not know the sensor ID, but knows its approximate location, he can find his coordinates c
the map and select the sensor he needs.
To draw the map, we used an ogmurce analogpf Google maps called OpenStreet
DataMap.
Vue2lL eafletHeatmap.vue
The component that overlays the HeatMap on the map. This way the user can see whicl
regions are the most polluted.
Home.vue
The view component connects all the previous components on oa@apdgrranges them in
the correct order, which is most convenient for the user. This component is also used to communica
with the backend and transfer data from the backend to the previous components.
Auxiliary components that are not visible on therusterface: ApiClient.ts and FileSaver.js.
ApiClient.ts
A service that implements communication between the frontend and the backend. As
arguments, it can use, for example, the date and station ID, as well as return data that came from t
backend.
FileSaver.js
A service that implements communication between the frontend and the backend. It car
accept, for example, the date and station ID as arguments, and return the data that came from t
backend.
Setting up CI/CD
For any system, there comes a time witeis made available to end users. To reduce the
waiting time for updates and the system's inoperability while updates are applied, it was decided t:
make a CI/CD for this system.
GitHub Actions was chosen as the basis. This is a service that is intagtatédte git SCM
when using the GitHub service. It can respond to various triggers, such as a commit or file upload ti
this service. Thanks to this feature, we can make quite flexible CI/CD systems.
The CI/CD of the created system was divided into thraespwhich correspond to each
independent component of the system:
0 deployfetchrdata.yml;
0 deploywebapi.yml,
0 deploywebui.yml.
These files are the triggers for starting CI/CD, and they describe the algorithm for collecting
and delivering components.
deployfetchdata.yml
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A file that describes the algorithm for collecting and deploying a service to collect data from
the saveEcoBot service. It creates an AWS Lambda function for each of the sensors to collect da
from it.

deploywebapi.yml

A file that describes the logic of building and deploying the backend. During this process, we
build our API written in C# and upload the resulting files to the server via ssh. After that, we run it on
a separate port to make it publicly available.

deploywebui.yml

Judgng by the name, you can understand that the logic for building the user interface is
described here. Similar to the backend, the frontend is built using npm and uploaded to the server :
an index.html file. After that, it can be accessed through a repsosg in the form of nginx.

Thus, several goals were achieved by using CI/CD:
reduced system downtime;
faster delivery of updates;
the update process is automated, the developer does not have to do it all manually;
the user is less likely to encountebug that has already been fixed
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Abstract. Bees play a crucial role in maintaining ecosystem sustainability by contributing to
the preservation of natural landscapes and ensuring ecological balance. Beekeeping is a common &
traditional sector of agriculture where Internet of Things )llbdsed solutions and machine learning
approaches can significantly facilitate and enhance apiary management. This paper proposes an o
based intelligent bee apiary monitoring system. The primary focus of the research was on utilizing
artificial intelligence methods to detect various pests within the apiary. The developed methods anc
obtained results were tested under real beekeeping conditions. Their application not only aids in pe
detection but also improves overall bee colony management. This opep®saibilities for
increasing hive productivity and reducing the impact of pests on bee health and apiary quality.

Keywords monitoring system, honey bees, apiary, Varroa destructor, Internet of thiigs,
machine learning
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Abstract. The monograph analyzes the ways of environmental monitoring that allow
controlling populatio growth, forecasting weather conditions, studying negative environmental
changes, controlling the quality of the atmosphere, and observing biotic factors of the Aathtat.
determines the priorities of the European Union in resolving global enviraaimsaues, most
notably focusing on the European Green Deal and Europe fit for the digital age. In particular, are
considered the main problems of ensuring climate neutrality of cities, reducing greenhouse ga
emissions and implementing a cardoee futwe on the example of urban transport, waste
management, and energy supply for industrial processes, agriculture, forestry and other land us
Finally, in the monograph is determined an action plan to promajecan future in the world.

Keywords: ecologcal monitoring, information technology, pollution, environmental
protection, climate neutrality, carbdree future, greenhouse gases, waste, biodiversity.

Introduction

Nowadays, ensuring the required quality of the environment is a very relevant topit. |
countries of the world, environmental parameters indicate deterioration in the standard of living anc
health of citizens. This is especially true for the rapidly changing indicators of air quality and the
level of noise as well as water pollution, iath primarily affect society. Therefore, it is necessary to
study topical issues of determining the level of environmental pollution, monitoring of atmospheric
air, surface water and soil. Also important are chemical, physicochemical, physical, biotoglcal
biochemical methods of quantitative analysis of the concentration of chemical elements in the
environment.

To measuring various indicators affecting the environment and forecasting dangerous anc
positive changes in the global environmental situatisrgairried out the ecological monitoring. It
may be characterized as a means of collecting, accumulating, and systematizing information on tr
state of environmental objects and observations of sources and factors of anthropogenic impa
against the generdlackground of natural processes for the purpose of further analysis, assessment
and forecasting of the state of the environment, identifying reserves of production technologies an
reserves of the biosphere.

The main tasks of the environmental monitoramg the following [1]

I monitoring over the growth of the world's population and the associated increase in energy
consumption, world usage of fertilizers, concentration of harmful substances in the biosphere, an
accumulation of conventional and hazarslevaste;

i forecasting weather conditions, including skerm and longerm climate change,
monitoring global climate change and developing strategies to reduce emissions of gases that pollu
the environment and are dangerous to human health;

i studyirg negative changes in the environment, stressful situations and violations of the
ecological balance of natural and anthropogenic characteristics; the impact on human health c
physical pollution and the most dangerous substances;

I monitoring of the statand quality of the atmosphere, urban and indoor air, sources of
pollution and their transportation, state and quality of soil, sources of soil pollution, protection of soil
resources from depletion and degradation, state and quality of surface and gteundvater
resources, sources of water pollution, protection of public water supply, implementation of water
cleaning technologies;
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i monitoring of the radio ecological situation, radioactive waste emissions, their impact on
human health, transportatiqoreservation and utilization;

i observation of climatic factors of the environment, in particular, atmospheric pressure,
wind, precipitation, air humidity and soil condition, temperature of biosphere components, natural
radiation, and interaction of thefgetors;

i observation of biotic factors of the environment, their response to anthropogenic impacts;
deviations from the normal natural situation;

I monitoring the vegetation cover, species composition of fauna and flora, and the diversity of
the world aound us;

I acquaintance with the basic methods and principles of operation of devices for measuring
environmental parameters, using automated and remote sensing of biosphere components.

With the development of information technologies, it is necessaryppdy acomputer
hardware and modern software to solve the above environmental monitoring tasks. To prepar
specialists who are able to combine the skills of the ecological and computer fields of knowledge, the
Department of Information Systems and Technasgof Lviv Polytechnic National University
provides master's training in the educational and professional pragtamputer Environmental
and Economic Monitoring[2].

In this case, one of the main tasks of the educational process is to promote thé ideas o
European Union to create an environmentally safe green continent and planet. To resolve glob:
environmental issues and improve the quality of life of society, the Joint Research Center (JRC) o
the European Union has identified the following priest[3]:

I EuropearGreenDeal;

Europefit for thedigital age;
strengthenindzurope'snfluencein theworld;
promotionof the Europearway of life;
economicghatworksfor people;
morepowerful Europein theworld;
newchallengdgor Europeardemocracy.

The JRC is participating in a number of environmental monitoring activities that examine the
everincreasing amount of pollutants in our ecosystems, shortages of food and water, rapid climat
change, natural disasters and hazards. The JRC supports the emplion of relevant European
Union and global policies, facilitates the exchange of best practices and develops, implements an
harmonizes testing methods.

1. Building and developingclimate-neutral and smart cities

Cities are at the center of the Europeamdd economy and are the centers of green and
digital transformation. The creation of modern buildings and living spaces, including through the use
of smart technologies, can bring significant benefits to citizens in terms of sustainability, energy anc
water efficiency and security, climate neutrality, quality of life and inclusiveness.

The development of cities is closely linked to climate neutrality, which is envisaged by the
European Green Deal. Cities cover 4 percent of the European Union's territory population of
more than 75 percent of the European Union citizens. With regard to the implementation of greer
technologies, it is worth noting that cities consume more than 65 percent of the world's energy an
emit 70 percent of global carbon dioxiemissions [4].

The examples of scientific research activities for creating climat#ral smart cities are as
follows.

1. Innovative projects that prove the feasibility and -effctiveness of energgfficient and
flexible urban districts or groups obenected buildings. Such city districts make it possible to create
parts of cities with positive energy, characterized by an annual surplus of renewable energ)
production, such as smart electrical grids, smart water supply systems, smart waste collectior
sorting, and treatment systems, and virtually zero greenhouse gas emissions. In this case, it
important to create a large consortium of cities to ensure joint solution of the tasks.
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2. Creating new business and financial approaches to empower citizénstakeholders
through informed decisiemaking and policymaking, with joint development and implementation
of climateneutral transformation projects by participants.

3. The implementation of projects focused on urban planning and modern design ® ensur
human wellbeing using modern knowledge, practices, and decision support systems. The result i
high-tech, smart, traditional, and environmentally friendly solutions that promote the smooth
interaction of urban infrastructure, transportation, energyemsatpply, and the environment. These
projects are implemented to ensure climate change resilience, climate neutrality, and sustainab
urban development.

4. By organizing scientific seminars, roundtables and other forms of communication among
those intersted in the development of climateutral cities, it allow for the environmentally friendly
use of public transport and help develop alternatives to private transport to increase inclusive
mobility, reduce congestion and promote the decarbonization ahurbansport through the use of
digital and intelligent traffic management tools.

5. To improve the efficiency and optimization of basic urban processes, evaluation and
experimentation are carried out using the European Commission's priorities for aaflsthiture,
including the use of social innovation, digitalization, artificial intelligence, big data and other
information technologies.

The European Commission has announced a competition for clireateal cities [4], which
was open from November 28021, to January 31, 2022. 377 cities from all European Union member
states, as well as nine associated and negotiating countries, applied to participate in the competitio
After evaluating the submitted documents on April 28, 2022, the Commission avldr2leities that
have participated in the competition. All cities have developed Climate City Contracts, which include
an overall plan for climate neutrality in all sectors, such as energy, building, waste management an
transport, combined with the nesasy investment plans. In October 2023, after a positive
assessment, the first 10 cities received the European Union's mission mark: Sonderborg (Denmartk
Mannheim (Germany), Madrid, Valencia, Valladolid, Vitefsteiz and Zaragoza (Spain),
Klagenfurt (Austria), ClujNapoca (Romania) and Stockholm (Sweden).

To ensure climate neutrality, cities have been focusing on the following strategies [5].

When planning the integrated interaction of different sectors, there should be a link betweer
regional and natimal projects, and the regional orientation can go beyond the boundaries of
administrative territories to achieve a positive result. The expansion of interacting territories can be
used to develop urbamiral ties in the form of flows of workers, providinige necessary logistics,
public services, and mobility. In such cases, positive results can be achieved-¢arlbmn economy
and sustainable food strategies.

It is also important to use urban planning strategies to ensure climate neutrality. Then all
potential stakeholders and ordinary citizens can be effectively involved in the process. To implemen
a sustainable urban development strategy, are involved stakeholders from administrative, econom
and social levels, universities, training and researctecgriusiness and civil society.

For the formation of climate neutrality plans must be used different sources of financing and
the associated increasing importance of financial instruments. Obtaining funds from multiple source:
of financing provides incre&d efficiency by integrating revenues and mobilizing more participants
and resources. This integration can include European structural and investment funds, domest
funds, and funds of individual private investors.

One more principle is to establish ehevent and effective monitoring system. It is important
to make sure that the monitoring system follows a logical structure and links needs to specific goal
and indicators of change. To develop and support monitoring systems, there should be cooperatic
between city administrations and universities and scientific research institutes, as well as the
involvement of external experts and stakeholders. Monitoring systems for analysis use large amoun
of data, so it is necessary to consider-@ffdctive procdures and methodologies for data collection.
Another important point is that global monitoring systems should be designed for a long time of use
and running measurement systems that ensure the quality of monitoring (measurement accuracy) c
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be changed ahort intervals. Monitoring systems are significant early warning systems, providing
information on the effectiveness of research.

Now consider one of the possible processes for planning the climate neutrality of cities.

1. Determining priorities, whichnivolves involving the public in the climate strategy by
communicating ideas for improving the quality of life, reducing energy costs, benefits from new
employment opportunities, reducing air and water pollution, and efficient waste management.

2. Assessmdrof the process of ensuring climate neutrality with the definition of the initial
conditions of the research, in particular, it is necessary to determine the year for comparisons and,
an example, define the initial estimate of greenhouse gas emiddmxisit is necessary to take the
baseline scenario if no actions are taken to improve the situation, and to estimate the residu:
greenhouse gas emissions that not be eliminate, which allow predicting the use of renewable enery
sources, carbon creditadiother expenses.

3. Determining the advantages and disadvantages of the selected measures in terms
renewable energy production, creation of employment, cost and energy savings, and reduction ¢
greenhouse gas emissions. The resources to implemenéctkssary measures should be assessed
and sources of funding identified, prioritizing the most important measures and establishing a
sequence of implementation. For each of the measures, it is also necessary to establish indicators
monitoring positivechanges.

4. The next step in ensuring the climate neutrality of cities is to implement measures with
technical and economic research, a teeboanomic feasibility study to allocate the necessary funds,
and publication of information on the positively iraplented measures.

5. After implementing successful climate neutrality projects, cities need monitoring the
measures used. By tracking the indicators of each measure (for example, monitoring solar enerc
consumption), updating greenhouse gas emissions tonkesy and monitoring information to
identify any necessary changes in climate action priorities, can be achieved better results for citie
over a longer period of time.

2. Monitoring greenhousegasemissionsto ensureenvironmental safety

Another part of th research is related to the monitoring of greenhouse gas emissions.

With robust operations and high volume data sources, accurate estimates of actual greenhou
gas emissions are difficult and can be subject to significant error. It is important toeagiligsion
sources related to stationary energy, land transport, and waste management, but it is possible to inv
in studying less common sources of greenhouse gas emissions, for example, from less commc
modes of transport (water). There should be aatbog of emissions of such hazardous greenhouse
gases as carbon dioxide, methane, nitrogen oxide, hydrofluorocarbon, nitrogen trifluoride and sulfu
hexafluoride.

Consider the sources and sectors of greenhouse gas emissions that are included in tt
accouning of greenhouse gas emissions in cities [6].

1. Buildings.

Emissions from all buildings, objects and permanent infrastructure/equipment, in particular
stationary energy used by public, private, residential and industrial sectors within the city.

2. Tranportation.

Emissions from land transport and railways, transport in the city divided into municipal
vehicle sector, public transport, private and commercial transport; transport in the city using
electricity supplied from the grid to charge electric vedscl

3. Waste.

Emissions from waste generated and disposed of/ sent to a garbage dump within the city.

4. Industrial processes and use of products.

Emissions from greenhouse gases used in industrial processes and products epraslacby
(if available/réevant). A source of emissions can be considered insignificant if the amount of
emissions is less than in any other -selstor. Total emissions from all sources considered
insignificant should not exceed 5% of total emissions.

5. Agriculture, forestry andther land use.
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Changes in greenhouse gas emissions from any changes in land use that leads to tl
acquisition (sources) or reduction (sinks) of emissions (if significling)also necessary to take into
account sources of pollution resulting from tlmeduction, processing and transportation of materials
and food in the city, waste utilized outside the city, and the use of transport to transport people t
work in cities.One more problem in ensuring the climate neutrality of cities is the treatment of
residual greenhouse gas emissions, which are eliminated either through carbon credits or the use
natural or technological means of carbon removal.

Particularly, the use of carbon credits (a certificate for one ton of carbon dioxide that can be
sold in cae of surplus or deficit of greenhouse gas emissions) to account for residual emission:
within the city allow demonstrating climate neutrality, subject to certain rules and restrictions.
Carbon credits are focused in parallel on similar other projedtsnwiiie country, which can provide
additional benefitsThe natural means of carbon sequestration are vegetated areas of cities ol
changed land use (creation of parks, flower gardens, nature reserves). Technological sinks us
biomass processing technolagi® produce energy with carbon capture and storage or direct capture
of carbon dioxide from the air. They can reduce the amount of carbon dioxide.

3. Construction and transportation in ensuring the carbon-free future

One more way to achieve climate neutyalit cities is through energgfficient operation of
buildings. This means not burning any fossil fuels for heating or cooling buildings, and zero
emissions when consuming electricity from the grid. Construction areas include permanent anc
temporary buildags (residential, commercial, industrial, municipal, public), other structures in
combination with urban lighting systems.

To achieve the requirement of zero greenhouse gas emissions, it is necessary to take tt
following actions in constructiorErect newbuildings with high energy efficiency characteristics.
The use of renewable energy to meet the demand that is not met by energy efficiency allows for th
creation of buildings with nearero energy consumption. In this case, people creating buildings with
positive energy, zero carbon emissions, and zero energy disigisg the reconstruction of the
existing housing stock, it is necessary to change the energy management of buildings, improve tr
thermal performance of buildings and technical servicesheating or cooling, and reduce the
amount of carbon for energy supply by using energy from renewable sources.

The elimination of fossil fuel heating or cooling in buildings defines the strategy of any city
aimed at reducing greenhouse gas emissiong-2ga energy consumption means use of buildings
with renewable energy sources generategitsnor nearby, as well as buildings with zero carbon
emissions for at least one year. The use of these buildings leads to the creationesfergyo
districts, whch aim is to achieve zero or positive energy consumption, with the residual energy
demand being covered by renewable energy sources.

City transportation defines activities related to logistics and mobility in cities. Most emissions
are generated by landahsport, but there are also impacts from water, air, and rail transport. The
latter three modes of transport are defined by travel within the city, although air transport has ar
impact due to the landing and takeoff of regional and international flightgeneral, the city is
responsible for traffic regulation and transportation infrastructure, influencing the management
process. Buses, cars, trucks, and machinery emit greenhouse gases either from fuel combustic
electricity consumption for charging etec vehicles, or the production of alternative clean fuels.

To achieve climate neutrality, cities should use environmentally friendly vehicles. For
example, cars or minibuses are considered environmentally friendly if they emit up to 50 g/km of
carbon doxide and up to 80 percent of nitrogen oxides and particulate matter emissions. The
appearance of zemmission vehicles requires the expansion of infrastructure to support such
transport, for example, the creation of new vehicle charging stations.

There @&e several ways to reduce greenhouse gas emissions [6]

1. Transition to carbeneutral buses and city trains as an alternative to cars.

2. More use of public transport, cycling and walking allow for a transition to more
environmentally friendly modes ofansportation, reducing congestion, accidents and improving
public health.
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3. Using business models in the form efmedical services, online shopping and remote
work, and implementing software applications that allow for the sharing of bicycles orcelelots
optimize the number of movements in the city and thus achieve the goal of reducing greenhouse g:
emissions.

Another issue in ensuring climate neutrality is waste and wastewater management.
Greenhouse gas emissions arise from the use of energwafste processing and wastewater
pumping, the emergence of hazardous compounds due to wastewater decomposition or waste dec
the use of energy to transport waste between different facilities.

During waste management, should be used environmentally friemethods of processing.

In particular, waste can be disposed of at controlled sanitary landfills and dumps or uncontrolled
pits, ravines. Applying of biological recycling in the form of composting or fermentation of organic
waste; incineration of wasia a controlled process rather than open burning; wastewater treatment
rather than discharge into open water bodies provide an opportunity to achieve a positive result i
limiting emissions.

The European Union's environmental security priorities also tate account healthy
biodiversity. At this time, there is a threat of biodiversity loss and, as a result, the need to protec
nature and reduce the link between the unsustainable use of natural resources and economic grow
Therefore, biodiversity issueshould be included in policy with parallel involvement of society and
reduce the degradation of ecosystems, as environmental quality and human health are interconnect
Application of global navigation satellite systems and other grdaseéd space systenallows
improving environmental monitoring and better solving the issue of natural resources protection.

4. Conclusions

To ensureenvironmentalprotection,can be recommendhe following measureswhich are
practicedn the EuropeariJnion:

i use of vehicleswith zero greenhousegas emissions,in particular, transition to carbon
neutralbuses;

T improvinglogisticsin citiesby increasinghe useof public transportcycling andpedestrian
traffic;

i changingthe energymanagemenbf buildings to reducethe amountof carbonused for
energysupplyby usingenergyfrom renewablesources;

i useof carboncreditsfor thetransitionto a carbonfreefuture;

I developmenbf new environmentalmonitoring systemsusing information technologieso
controlgreenhousgasemissionsandensureclimateneutralandsmartcities.
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Abstract. Environmenth monitoring is receiving increasing attention due to growing
concerns about climate change. Over the last few decades, advanced information and communicati
technologies have been utilized to develop various environmental monitoring systems. One ke
tecmology in this area is the Internet of Things (IoT). This article provides an overview of how
environmental monitoring data is processed within loT systems.Key aspects covered include
integrating data from diverse sourcemsuring reakime processingutilizing machine learning
algorithms for analysis and forecastiragnphasizing the importance of data security and integrity
The importance of integrating various types of sensors and effectively managing large volumes o
information to ensure accuratevinonmental monitoring is highlighted.
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Abstract

The article describeghe main factorsaffectingthe environmentabkafetyof Ukrainianregions
in the contextof a full-scalewar. Theyrelateto environmentathreatsto the quality of air andwater,
the stateof soils, the formation of destructionwaste, negativeinfluenceson ecosystemsand the
developmenbf hazardousnilitary situationslt is indicatedthat measure®f the postwar restoration
of Ukraineshout be developedtakinginto accounthe scaleof the impactof military operationn
the ecologicalstateof the regions.It is notedthat monitoring plays animportantrole in the impact
evaluation. It is emphasizedthat the use of geographicinformation systemsand technologies
enhanceshe effectivenes®f the monitoringprocess.
Keywords: ecologicalsafety Ukrainian regions,RussiarUkrainian war.
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Abstract. The presentedarticle describes the implementation of a veeilented system
designed for monitoring atmospheric air in the city of Lviv and presenting the results in a convenient
structured format. To achieve this goal, the following tasks were performed: an anbbsisting
methods and models for assessing the state of atmospheric air was carried out, the mal
environmental factors that most affect the quality of atmospheric air were analyzed and identified, at
air assessment model based on fuzzy logic was dewklapd the system software was implemented
for presentation of the state of the ecosystem and assessment of atmospheric air quality. As a result
the implementation of the system, it is possible to ensure monitoring and improvement of the state c
atmosyeric air in the city.

Key words:atmospheric air, fuzzy logic, evaluation model

O deslsOY " W toj HMIsOo dzj dz' 2 to JfndsdD IsLisO p'tas f dabis@datD dzts
ftodL dzOyyd dets’ H dzW Bsdz' sstcddzdz Ol disMW jtedetse s ff |
tojLizdz Ol 9 k Ltkzydtsdkkz Mtz lskztetso Odes iz W tste 3O |
ZOMmdetf L OoHOdz @ fJtetso jHjdes OdzgOdz' L " fmdzkze ydr d3d |
ftseo ' Istew, ftesOdzOdz' L so Odzets SO o dtsCtej dgdzj dets s f)dats:
ZzO02B" &z hj of dzdeo Ot ls: dgO© wC' Mis! OB jtcdsegts
2O thdtse ' dzgj Yy St dtsec' ¢d O tojOdz Ltso Odets ff tots
MsOdzz jSCtsmdMmisj i3 1O y' dz¥ 9 Odadzs tcYy € &gk s O®Is 3t 1)
Mdmlsj &3 By dO LOBjLY juydlsd dBsd Iststeddsd ols @' fitsC to (

szt ysoeo ' OldgtsVj tcdzj s stew, dgj Yy SO dzs¢g' € O,

1. [ c dzs @ dzO ffzte j H B sled©O'M s

[ HM! €O H' Wdz dzg' Mls! dzeJ Bddzzyy fGtedL otsH(Is! H 1
he'Hdzdodr of dzdeo ' & dzO OlsdismW j todzjs " P EHa 2 Is tdits dztizls ts e
fls O dzlz .

[ cdz' ststcd dze 101g §3ts fiffifittdiplls j toj ¥ J dzdew LO MlsOdets i
Ctedlsduydzdn Mmdlkkzoy 2, hts dzjcOldodss off dzd o O Is!
StecOdz' L d&3" &« [ 1] .

[sde Ssteddze ObdsmMy jtod L H' 2 Meaktd! M tc® dad Hif s
OsiBtsMmMWW jtocdetse s s Istew . l'"d fjttjHBOYO’ M smis
he Hdzdoddsd W' LdyudeddBd ofdzdoe ORd kO ty' dSbk L &g
B' Sdzts@ "' Yydesets L OBtelzH dzgj dgdzv [ 2] .

[ cdz ssteddze OlsdiismMW jtod o Cdzg yo' ©OS" JlOfd:

o dL dzOW3j ted@B 6 ‘ st Mls j toj 3 J dadz" ;

MYy sisj telj @ Hadzl' dzO B3 Iz 1 dzj dzdz" ;

88



o fls O dzts & lpglztzerdidic @B tc z H dzPdedzlz H d28 j& Wis[h d dz;

To d o Up dedizd DI tc Iz HQlK dissiEilzq) § ds'tc 6 Odz’ L &3 ;

1f tc s cLdzaisdetc j H BE G L @ dz' GseOsEZ HQUYzdzY totfidsas ‘Sls to W

fetsL B EOC @ H ‘tcaf 2 dir s ® o dz' telzf QP EZO Y tc O oddL) dagztc j X § dzo
ftso  Istow .

1" H yYyofm Btsdz ssteddzcz OlsizsMW¥ jted o jHEIS! v MY
okegdzj ys , HossCMdH okaedzj ys , sC Md,H do A dgjlsazts H dis §
toj ytse d dzd , B dZ¢ts O StkfdsHdmhfjthmdd? {§dd. ld
tc' 9 jdg NS ' Hdzdodmr W' Lduyudedr of dzdo " o.

1 OBtolzH dzj dzdz? Ol s jtcd odC dzd€ O sO¢ " G dzts B
(fOtded C s d2 W J Cddy2, dzllodChpiddils dis L HdESo'sSe 5 M Otclz, Y

1 tod tesH dzd d3d H)thGJdZOdZ)Cf L OBtolzH dzj dedz? ° o zdz{ Odz
fddz, ej2Ljted, r4vwe’ hC' Hdzd o ° Hsd3" "Cd (ekcedzj €
20 " dgh fr]ljlsdzlz(;q)fntﬁgstqlzlzli@@&g@dzlz@lsm{gissdzq’a‘fr]ISJ 'R
o Ibtsigz, hts otded dzaij 1SOC' IbstMmMduyud ,» "¢ Odsttrf s

Il tjLEzd sOIs' Odzlstetsf s¢ j dadets’ H' Wdz desfls L H'
L dz2Oydets L d3" dzt ‘' Is! fmw ¢ dzOH O O IstfEpl df deodigipldy d3Yf s o8 HsH
tesL e’ Ldgve sy IsOC' odHd Odzlstestf s6j dzdzdrm L OB tolzH dz¥ ¢

34 = Odiz's & 'dyy fi3j dals @zf BH] dg,Q Y ‘Odz.

A BTwdd L st teH ussdzld iz B fzls 2 th &3 @D CL§ SR ts dzj tidads O disfte W
dzO § te d CODR, SO2,NOX.

[ Mmdelzd 3 HY Jtoj &ZOBd Odzlstetsf s6j dzdzsets L OBtz H
B' dz htsfls' Ct® dz Mo ' sk ' :

Ts8 Clhsd {§ dztsj dzj(tdsc)figifipd Is to sints xS | k@ dzH * o j dz' ) ;

11 tc ts i3 ffdztsHel" tc d * ( ds(fitpldcolids tz! s telfg dstO' dziats af' "1, dzts di3d M dzts o 5
dPh ddetsB Z Htz® 'O'dlifinds B'lf I§ Gl totfste f tefts € A © dzd dz) ;

Tls tc O dzf(ffsitatds] ®O Jpdzts t Odzf Stels) ;

19" Y tod’ Oshiste O s BdNEagp d& [ Wipko e d dzlizt gy €iz] € Mdpdzw
tc ts i) dzd dzdfdtsydsmpigodis 5 ) ;

fBEH' agg@2 WO dzyd ¢ d

1 sto" o dav dzlletlz’ UsOBEOEzd o dr "  HEtSH 8 SO L OfmtsB ' ¢
OsBsMY jtedkzsets ftso ktew, §sCOLOs, s § ' H osdiscd
dzOW 9 dzd - mMdmisJ 3. U s slz, BEzdzs totL tetsB dzj dzgts € tsdzy
9 d¢C tsdzlze Ols dte alﬁtsfrmls@pu’dygohd” LOoHOdz Ek OolstsdOls d ydss

{t sLicsBC O O B dzj dizj dels Oy v MdMmlsj B3 dBsdzi Istste

Uyj MS kOHdzd?2 StdisfdjCmdd?2 fsyjfm ' §jtejH 266
gMmisj &g SO dzgj sBR' Yo ZOWBO2B ZIsdz 2 W Iz dzS

] Hmbkdse ks yd oMmj odhj odSd&OHjdsj, t' " j dad
WldCy' SkOd d2 o ddised:

sis ©dzGetz’ nis Oz ) W thsdztslzﬁz,ﬁpw 9" 9,

disf HBOJ BR@j ¢ BO@sG S ' die 'CusdE™D dgys © dts dz' s tsiay d dac
O Ery dets® dz J ;

O Istidz dz$ ' Hiizkerde dzts & s te O 5 izaS) b Mtz bs 'B3ts ) W it alstde W
@GEDBR] stc’ 9 ;

138 d dzgtiz@® Is 'q fig I 5 tHdOEARZO H O edfsls) fizd ofs cfipiicHj s te s § € Is d
O]

I dz dz€ y ' § de@ dde oS dz$ tefiy ks @zl '
Ijtsa d dg@idz dzC y ‘HEsEQ dz j cigdy G disy® @ daddzd A e j H fiyls OB Wz dz
ﬁ]U’dfn‘iS@%adGoﬁWOrtGlSd
7. d i st spO] dpd®dizls | ¢ te'thyd dste * fiid ) lf Odg Is dajdf tsdnls ° 2 dats «
ts dzts o dzj Qalm{fls O ddzfs d2' Is tsottsd) dpafinfy' © dz! wadpias

89



8. B3O IH O fdiRastcd Mis z 8 @alp'j Tty Ate? misdf’ fif ddzO Is W (sCasFEY 6 8 Is § t
f dzO dzhlsj@sddO tcIs W ts dzd ) .

[JCt' &5 Yy! ses, twBLtesBCO IsO " Bf dzj &3 dzZls Oy W H O«
fso " steWw E i3 Mis' [ 1 et HjtejHBOYO' LOBJ LT j yj da

1. et j datizts o d olzdizts dzwdatOals' is @dials z * Ustd v dAsd3” dzd d3;

2. md mistf w30 etizOy® § @Isd G Is PadBe j L § (202 ztz@=igos H 2
o d¢ sted id®uddaf Misze OYO.

2.1 dBlIsfpn dets datslats 52 to gt figlls fizdz’ s s ©d digtstin W | fodas clstc W
3" fifls ‘o tso

1 'dly HilSOdz) degse s OdzOdz" L 2 SO  tste’ o dzgV dzdgv  dzOW
mMdMmisd &3d BERzdzts o9dBtOds dOMISEzY dd?2 d&OB ' tt Isj - dsd
JavaScript; JQuery; Virtualenv; Materialize.css; Pillow; Sklearn; Leaflet.

Djangoi yJ dzOfRd fip@dzdPyt hon, o' dz dzd 2 o " HCdIsd
HSHOIS " 9. IAdej 2 dgp steC dz! N, dz' ¥ dzOB " t& dBsH LAz 9,
LCtozf so Odz' ©OLBA ' HBSL 9 tsdzV- B2 Is dnlsy 'tefl) detOdsqd & tsai d

dzi L dgzdzv sdizOma@BEd, ydzOo " Is! dOQftesMmis' h ' L dzd -
Bsy kzls! o Cdzs yolsd o MmjiBj tetsL h dtoj dz WEedS y'
Cjteczo Odzgdz? I1sO OHM dg' Mistclzeo Odzdzv , Ctsdzls OC Is dz' W tsto
" dzh sets.  bGE G iss] 2 Bo s, y' 2 SEdBftdygdlsd it
fslstc’ Bdets ftotsflsts dzOdzOM Iszo Olsd '~ A dzOdzj  dzad d3 Y d dzts ¢

Djangoi Yy J 9 d M i da@igWotlcdsOj BPy t hon, WEO LOsact
ydmisd?2, f§tcOcdOIsdyded?2 HJjLddRdgy 8 tdsBdzisiasdadid@ddd ,H o)
Yoflsd dzz ff cdtrjtaisBIC 59 j B Stz RBsy dzO L sfyjtejHdIsdfr
dzj sBR "  Hdetsfls® "o ddzOrtsHdIsd Ctsdzj mMts" . Aj o' dz' dad 2

SQLiteT y4 oBRZHBSoa OdzO toj dzv y' 2 dzO B OL O HUGIRAISAE  oLtS
dzfj odSstedfMmissok’ Lodyudzk dsHyjdes jistsE tsislgf B OLER toqj @
fesyj Msd. | Of tedC &zS@L  m@h Qdscf OliggBo A Ho g3 56
Yyomisd dzts® OB s@lsC p.j Bl tod SOSCBsBE "  HREBH' dHEORP) ¢
w g dzw ! Msetss LoadyuoO2dzd?2 IjSMmssoad?2 WO2dz, wCd?2
B My . [Mdseds fjtcjoOced SQLite ©C0OLOdz dedy uy .

T 6 OBRsH Mg @O0 i Jlitedz i Sls tots € o gefigy @ a giAwts B tylsodd. ¢ & dz
SQLiteo B Z H ts o f tc s aipfgyH Olff 555 to fizg bHjts iy I8 YO 2 dz' o .

71 tcts ) lsotsieldaD dzts dsdRfz@atiA® M Is zdztOedisi@'LHdz Yt te s iy sl slstej B 2
9 Is to z yipdfiagy | Egdatf - dz' MistcOlstste’ o .

1 1 BEHtoHOdEBRIdEef 50 dz'ofglizsH s eo@mf@’ dzjtf tsls tc ZmizO dzts o €
H B H Ols CtdeEeetdOdIoASs 6 dfizy 1 J

11 0HOY tcsyj HIBEE&BBED, &k dzfs dzls ts dzI® glztfRdiedsfg tsis d .

T1dMmefQe@H 2C st alaf dyifdsy RazQdzOdety Miztamp dlste OYQROg!
dz® * H {f te1Cdgel C tc | dytaits dzff) flebs & Stc O.

SQLite yYykHuhtsot f-HBrRBEYIsHHNdSdd jBOMO L OfdIs’
LOY dlsd dzO0 ydlsOdadzv, IsOCtsy HEZYj] HBBtj ' HatHdIs!
L sO¢Cddd ¥ SQL LOfdlsoOdkd, hts * BOLd HOdedr MM tos
ZO " dzhkz BOLEZ HOddR, dzdes o dafs fipv Ua-H EEEEBSHE iz O @25 fB
odSstedmlssolzys yd ttsL h dtoj dedgv PDO) .

JavaScript (Typ" (g8 thetegygedz®) HJ &zOd3" YydzO dEtso O
LOMlssMizeo Odzgdz © HTML HBSCE®R dzls’, dBsy j-H&EDBOBJ *H
BlzdzO odf@zORteijjdzH Odesds E2-tsdz, M oL OMmdeso dzd C sz ff ot
Mozilla Corporation. JavaScript &O" dzOHL ©9dyo
"COkmMjd ", cOdzjtj LBtO)yjd , HJAOB Yz sBOS
wL HBMe ' HSA3, By 20 Mlse stcr 98 Olsd ' Gted, 2D O 3L
BOL HOdzdr IsO BOGOILt ' dgh ts@ts.

90



JavaScript HBo A CEBRf OCIsdzO® SO cdzzyc © dhBtse
" deflstclz 3 dals* o, hs Hisf sodatis st , Mo &' Hifiste dfo Asals e
HEHOISBotsEets WEkdS y' sdgOdzz L &3 dz' 3O dz ded d&3d L &2 ”md dzc

1 § tos¢ tc'Odgldz] tc WAPK)HAdzE c OZ LT jAPI ¥ Cd B ZH SOz L e d
dzOH OW lsdz$  'd2@diCE t§ 620 o' MsESE usfTREd © O M ls s ) @S5-@ tzdzdz'B 9 o
s @B totsB ' CHPjtIds 39 -8 O i3S tisde d ) Isdz p @jUBD ) tc ® WIS @ IHf) jsdizf dz' o ;

1 APIIstc j s M EH 5L 9 ts detstL l4s'ts B ‘dzifzlf PeRtizl azO ) @22 WskrfdzC \y *° 5 dzC
" dzh ff B ts o O2IsQ GudFvitter © B Racebook;

1 Wtcj 2 dzo Is @< dplsdg’ Citc j ' WBE, (Bs ) de@ M Is ts MHztsHONALY M 5B
ftod < hisd ksddy @2ds'O OMistsMmiz dzC * o .

Virtualenv i f etsctcOdBBO Hdzv flseo tstej dzdzw ' Ef tcOo dz' dzo
fflse stedlsd Mmjtejrutsadhj L Mot d&3d tStej i3 B  dBESH
dsjwppgodhj BB EZ Is' M ©ORBCORd BHdses COlOdsc
odJtem" wdsd BHddr ' Isdrs X4 d&BsHEE 9, HAv Mlse st da
' H BfjttOy’ 2dzs’™ MmdMmlisj d&3q .

CSS Wttj2 BBosteEmMiMatse® i gk a ted Is deim s tziz a3 tzlg O dz'dzdzd 1
ftoslsslsdf zo Odzdzy -f' tedslss jtet@dg, 2 fififgdz" wwelzbr yd " Hj SdzsE " ¢
tcsL tesBdzj d&zd2 © Google. [ BLoaBEW' Mlsoatstc® 9 OIsd OH:
zO Ho ' s dzts o dz' Ctolzf d : ¢ ¢ s B dzjedddzdffe Isdg§s ) @aBts BL' C
C'dzr " Mls! cbtsoadnms SBBYBdd dzls' 9, o BfIdm ¢ t5) dats«
odSetstcdmissoa o Olsd . 14LO9OY0O8 yd d2O o jdzdSlz ¢°' dz@ &
Odz" 3Oy " & .

Python Imaging Library (PILf B' B &ZOsIPy€ hon MmMlsestej dzO H dzW
CtecOW ' Cs . (LB SCO B'Bd BIsjSd ftodL 2§ d dzd dzOfmw
Pillow, ' Wsté¢tsds PIL. | ' d tsLeodeO' Is: mMw HE Mmd
yomtsds yj2 Wttt BH® fLedd ddeds @tc doc ‘WdEO=H dzts® B ' B Oz
HdMisedBEkzIsded Linux.

SklearnT yj o ' HCtedls] ftoscteOdzdzj L OB j LY Juj dedaw (
Pyt hon, weij dzOHO' hdetsSCd?2 My jClstc ' dhistekzd3j dzls’
Scikitl e arorsteffldzs dzO0 tMhmdse ' " dh dr sfikzdvwtcddr B' B
mat plotl i b, ‘ o sdzO0 SHdz ‘¥ L dzO02 §f s z dzv tc dz'
Odze stedIsd3' 9 dBOh d dzdzsc ts dzO o Yy O dzdz™ .

Leafleti yj ftotseo' HdZO JavaScript BWBHzdblEicOOIsdo dr
Ltczydedes HdzW d&tsB ' dz2 dzgd-s ftedmlstes’” 8. | csdz0O tosL tosB
SO Ltekzydshls® od¢ tsted Mmls ©dzdz” . (WJdSlsdodets Oy’
f zZOW stedzOr, o)y J BEIsd tsLh dtej dad,?2 dg@ HEENtdTHRISAG, 1S
oS ttedMlsOdzdz’ IsO HBSBte] LOHBSSCEZAB) dilstseo Odzed?2 API, (

3ANBtodslzo Odzdzgy ' deW Bted3OY' 2 des’ dBsHjdz' B' ‘ ClsO ¢+

(

gdMmlsj BO Glsted GGz " deW stedzOy " ¢ L MlsOdzy' 2§ !
fso ' Istck" k[ 'dp the ' .  smMskzy HB HOd] R, s LBdtcOB I
tosBslsd totsLtetsBdzj des 3 sy’ ' L Oo OdzlsOy j dadz? H Odzd n

{ tolz yag H O 9 LOQYdEDmp 'dp dz' M lug G B dzPdgds’ dz' Mistc OIS s O

16 Hind fl6)F e b sL o 5 @6 'Odzls O dBIY ¥ O2 da' Cezt) B O dzy ' 2
jSsBsd kstedde bz

T uindighs EFHEOp Is s BOE d A Satiz YOS 5 P Is dzjBicddts o dz¢
H QOdds | X dedp' O dz! \@epida O H OgiE(Gidg f' B3 dz' Is tste d dzGe Iz

) mMdMmisj 3z slstcOf dzvw & Is ! dzd " j§ dzts o tew H ClH , (

yBHddd yddesds dzj L 3 dgssIls! o3 dzZOHOdE HOdz . |
J S dzse ' Yydesets hsdz’ ssteddzclz IsO H Odz L ded n . v OC 1
teiydd3’ yYdtedL §Odzjdz2 OH®B dz' MistcOIsStcO. o1 RELJ gl
OHYJ oBdzd dzj L d3' dzdz

91



vO¢dd3 uddtsds MdMmisd BO lsted ize Olsd d&3d BOS¢ Mdd
fsHOdZ "sets OdgOdz' Lz SO o9dHOY' sy ¢ d MmlsOodzz d
MY jted HBoC' dzdzv, btsBlsts Ob®BsMY jtodzsets o' Istew.

I Oy dzd o d d&3d o ~O BJdEfteBYB] §f OHedzw  Md Misj &3d  tsy° dzS d
Isj B jtcOlskte® o  Istgw, 9 ' H dzts f) dz@| O fig s ¢ ‘o f3s ‘M ls 2 O
His' BdsH MY jemdesets fddzz L & tsd 1 & Ctisd, Yo
L i3 s 2.5 i “wesdfsy KBMsE@ sdshlgni j chdses

1 OcOdzr dgz Mnr d B2 MdMIsj &3 By 2O 9" HsSBKBOL diIsd

CTaH atmochepHoro nogirpsa
¥ ¥ ¥ ¥ ¥ ¥
Temnepartypa BigHocHa BonoricTe ATMOCHEDPHWH THCK pm1 pm2.5 pm10

tdf). w0 j RO ' dWsSEerOy' 2ds’ &sHjd i

vsOCdds yddesds fMlsOdz OsdisMW jtodese s s Istew o
9 n ' Hdzd rls tdf  Ootc O d3J

4. t 5L tetsB dzj dzdzv  d3tsH J dZf MdMmisi 3 O GMhdese d
mMjtwjHusoadh' MatlLab L odSttedMmlsOdedz" d©s Fuzzy Logi ¢

]l HOdsHiEz L H' d ftoj H Oadzc;dzts Odzilsc;tsdz@lsq’s

OsdisMW jtodesd s s steW Cdg® BMmdesea " dgj y' 8’ dzs@

[ dzv ftojHMlsOodzj dgdz" o ~"  Hdedm ' odm Hdzdr ff OtcO«
WEdC vy~ dzOdzj y detsmls ' .

[ dzw 1Su’q’fnlz ao[:‘Hdzts’ L &3 dadzts’ B Iz dzts dL dzOyj dats
9 Hitse Hdg WkdzCSy'  dzgOdzj y detsfmls® Hdzv C By desets ff Ot

[ dzw WJMBGB sfdMk d®sHjdk o MjttjHseodh Mat L
Bzdzs tsBtcOdzs 3 tsMmdegsoadz' . 1 MO 2 MdMmisjdd od¢C Bt

4 Fuzzy Logic Designer: cursova - O X

File Edit View

hurnidit \
-
xx (mamdani)

EIGRER
pressure
‘ FIS Name: cursova FIS Type: mamdani ‘

And method min o Current Variable

Or method e o ||[|-EE humidity
T it

Implication min “ D= b=
Range [0 100]

Aggregation max v

Defuzzification centroid e ‘ Help Close ‘ ‘

System "cursova™ 3 inputs, 1 output, and 18 rules ‘

tdB. 10HOdd oR' HddR O odrR' HdAdR § OOk

92



razv  fted S dzOB Lz §f 2 H figld ®o dzjOdig  tz2ls G Y ' Hdztlz f O O
o sdzsc ' Milss e

' '
low rmediurm high
1
ne L _
o
= 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 a0 00

{dB. AbdSyYy' v d&Odzj >y desfls' §OLO®R) stz co

JYy &z 0 odn’ " Hdzs® L d3 dzdets’™ SO HJWOLW® COy' w
pm2.5 o i @Bl " fto StodlsjlsdzO §O fipllgiddedzO,  taO Istcigt]fr
Yyomisd dz0, 0O o' iHddERMTRGAEZNejts datfedzdipls®’ dz0@ Sy’ dzgS k2 Mis O

[fdff ftcOoddz dzse' ydesets odo jHjdedew ftej Hils Oo dzj

If (humidity is medium) and (pm25 is low) and (pressure is medium) then (air_quality is good) (1) ~
If (humidity is medium) and (pm25 is low) and (pressure is high) then (air_guality is medium) (1)
humidity is medium) and (pmZ25 is low) and (pressure is low) then (air_quality is good) (1)
humidity is medium) and (pm25 is medium) and (pressure is medium) then (air_quality is good) (1)
humidity is medium) and (pm25 is medium) and (pressure is low) then (air_quality is medium} (1)
humidity is medium) and (pmZ25 is medium) and (pressure is high) then (air_quality is medium) (1)
humidity is medium) and (pm25 is high) and (pressure is low) then {(air_quality is poor) (1)
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13. if (humidity is high) and (pm25 is medium}) and (pressure is medium) then (air_quality is medium) (1)
14. If (humidity is high) and (pm25 is medium}) and (pressure is high) then (air_quality is poor) (1)
15. If (humidity is high) and (pm25 is medium}) and (pressure is low) then (air_quality is poor) (1}
16_If (humidity is hioh} and (em25 is hioh) and (pressure is low) then (air_ouality is poor) (1)

If
If
If
If
If
If

Oom N oM R W N

If and and Then
humidity is pm2s is pressure is air_quality is
medium medium medium
medium high high good
none none nong none
v W W v
[Onat [Onot [Onot not
Connection Weight:
Cor

(®) and 1 Delete rule ‘ Add rule ‘ Change rule ‘ < >

it ddn. 1 0B' to ftcOQoaddz dzse' ydesects o do J H

L 0% ydzgj fejHMmisOo dzj dgdz? §teOo gz dBSH,
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humidity = 50 pm25 = 100 pressure = 750
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Input: 150:100:750]

Plot points: 194 HMM: left ‘ right | down ‘ up |‘

Opened system cursova, 18 rules ‘ ‘ Help ‘ Close | ‘

tdB. JtOW' ydsgj ftej HMIsOo dzj dzdzv 1 totsn

5.t sL tetsB dzj dedg? IS H § dzf Hdzv o dL dzOyJ dedgw " dzH § € |
smdzse® BOM ddedese s dzO 9 Yy O dzdz?

10 tsdsodzd?2 Odzetstedlsds adL dzOyj dedz * dgH j S ylz W
oLwWIsd MdMmils d3dz BA" dodedftsstds] fiytEOdzd@vdzdegtsm 2 d®B S cf ke ts fiy Is

[ dzv Istcj dzzo Odzdz? SO ty' dz¢d dBsHJdz' BOh ddedztsa s

[4] . 10 BmMdsslkz o' L' @3 B ' deW stedzdOy' ¢ oL WIskz L 9
[ 1 oo " .

¢ dtc" ( dzj miBQGlS B dajdde’ kv H O Is+  dzgOflszq degd 5 Y d dzts d3:
MdMmlsj BO LBjte" ¢O° 6 6ihmdssddr §OtOdjIlstc’ o: p m
Ol istsmi j tedzd 2 IsdMms

device id,phenomencn,value, logged at,value text
1864¢,pml,16.3571,2021-08-14 01:28:00,NULL
18¢4¢e,pm25,21.928¢,2021-08-14 01:28:00,NULL
18¢64¢,pml0,23.928¢6,2021-08-14 01:28:00,NULL

l8ede, temperature, 18.5685,2021-08-14 01:28:00,NULL
18ed4¢, humidity, 54.5096,2021-08-14 01:28:00, NULL

18646, pressure pa, 984267.9263,2021-08-14 01:28:00,NULL

tdB. cudt' & HOd L MsOdy' ' jCtsdtd

[ 2"  dzOo yOdadz® o ‘4L iSRS dn QT O L 2zd S fMls Odzy ' 2
sHddz dzOB' t6 HOddR. J[lteddk' & dzOB' 6 HOdIE, hE
LesBddBs HJjC' d €O &kOds fldvy' 2 HdW ' W cSsdrogl,
fjtej2Bjdelz” Bs HJwWEC' GedebdzS d o d Bicle j wj dps das h L t
LOfsodzd B o ' HMklsdz HOdz .

1 OfMskfdzdds o Oy dzdodds S BB tols Bdegets OO dzdPi v 0

ftojHis 0o dzj dz' i 1 SR3OSO dz! 1dzied HIEAds' &6 § j o desG s o 1
Yj L O sMmEszyOfsd L O& ttk. [Ilsted B0’ &t dOoifsk fLdafd'
Efl'a 6 ofR' HdedR §OwO®jlste' @ §jodetss MlOdey' ' % o
HOdedR MCsslsdomy Hs 3 070 260 LOfdM o.
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humidity pml temperature

tdf. [BO' HAZOdE HOdZ HdzvW (Y dseB L

1 Oy sz jlsOf " 2 dzOfm Colstsoad?2 dzOB' t6 HOdzd n
d313chdz‘ fslstc’ Bdets IsOS 5 odL dzOydisd Yy dz msed?
fjtejHBOYdIsd. rdzv y' sets LO HftsdBsetss jodsets
we shigsmMDjstedtscts fso' IStew HdzW Cydsets ©WHCO
W' dzOdz! dzd?2 dzOB " t6 HOded r:

temperature_label humid abe essur e pml_label

t dB. A" d2Odzr degd?2 dzOB ' t6¢ HOdzgdr HdzW Istcj dzk

1" fdzvy  slsted BOdedzy ctslstsotsets dzOBtstekz HOdz] A,
sj Miszo Odz! dzd 2 Hdz®B 'Cic.ON BE B j L Zdz! IsOIsk Istej dzkz 9 O dac
StandardScaler [5]. 40Od Scaler LBjtyYJdis wC

vOC WG L OoHOdzdaW 5 ° fijtejHBOYdlsd tHddz yd fidzt
f OtcOi3) g’ dzO2 B ' ddzdh? Jlde@ttddH 2’ dz' 2 dets’™ tejGctej ' .
Linear Regression B'Bdz tsIsj € d Skl earn Is © Istc
f' ' HeEslstso Odzdn dzOB St Or HOdzd = .

target_test = train_test_split(features, target

LinearRegression

LinearKegression(n_jobs=1000)

{dB. lesyjf btj dze Oddzy &BsHj d
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A dzOdzd dzd o3
fsfbdvtcdz Od

B ¢ sy daROH jlsos y dasdidsts o df fidassedis
d Hdzv ydo vy dzj 2.

tdBho. t(jLbd O By dd &EsHjd

sOdzedz' d@3 CtotsCtsd3 LBJted yJ dedaw dzOIstc § dzts© O dz
dlsOddzy * ' o ‘dhdo Stdif cdj dels OF dgd itz & |

tdhl. 1Bjtjyjddsy BsHjd o ¥02d O fsHOW

6.Jfdm MtckzClsktods™ disHjdz® MmMdMmisi dizd

sdMmlsj B3O MCEZOHO ' Is!' MW L 6 § OteOdj stedL tso Odzd n
¥ Main page, L wits' By z0zfsse0f feyH R §lstctc
By 20 SHEOLE fjttj2lsd &0 codseodkz Mt dz¢kz HC
Misste’ dzS 2z L CdeW st dgOy "t ‘B ftcs toLtsBddSC " 9, iy le
COdz Sk ststetsds ' dgHj Sk wSsms' o' IStew.

eee
Main page

Air status
Last detailed data

Historical air quality
change chart

( I I
eee vee vee
Stations Calculations Calculator About us

CTE |

Cards with stations Information about Input fields
data calculations

Results

Information

er

= A

er

{ iR ulstekC stedz® &sHjd Mdhlsj &d
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wdzls j oW j 2 CtstedMmlskzoa Oyod odStsdzOdzd?2 o ' dz' BOdz
90Oy dzdoadr Mlstste’ datsS MO2Iskz. Ty PSSy d ddhy CYOB dzth dz a 1l dz
402Ils C(tcjClsdzs OHOf Isso Odzed 9 f Gz ff tdodfshipldstdstsfts 8 @O ClAdr]
LOdzdh O s+ fqw  y' 8¢ d di3d kX uydglds Qfetg ddff Isdimftsd dz@ B Iz H !

o ECOITIIJI']"’OI' CraHuii  Mana  Kanbkynatop  Po3paxyHku  [po Hac
3apas y MicTi JIbBiB 4ys0BUIA

CTaH aTMochepHoro nosiTpa!

© OcTaHHE OHOBNEHHSA AaHux: 2023-11-18 15:25

®: Temneparypa: 27.874 (C)

O BiaHocHa sonoricts: 32.934 %
® Tuck: 986.09... rMa

& pm1: 2.286 mkr/m®

© pm2.5: 3.581 mkr/m®

& pm10: 11.16 mxr/m?

lpadik 3MiHM AKOCTI NOBITPA 3@ OCTaHHI 24 rOANHN:

s |

t dBh3. wddsjteWj2i Shi®des misst' ds J
o EEUmDnIl’DI" CrauHuji Mana Kanekynatop Po3paxyHKu MNpo Hac

CTaHLil eKOMOHITOPUHTY

IHpopmMalia NPo CTaHUil Ta OCTaHHI AaHi 3 HUX

CTaHUiA eKOMOHITOPHHIY CTaHUiA eKOMOHITOPKUHIY
NO18646 * Ne18659 *
JlaHnx 3 uiel cTaHuil He

~ © [flani oHoeneHo 3HaiifeHo
18.11.2023 15:25

- ® Temneparypa: 27.874 (C)
? BiaHocHa Bonoricts: 32,934
%
® Tuck: 986.09... Ma
S pmil: 2.286 mkr/m®
& pm2 5: 3,581 mkr/m’
& pm10: 11.16 mxr/m®

CTaHLiA eKOMOHITOPUHFY
N216732

t dM4. wdglsjteWj2fm Misst' dSd L Msody' wdd Is
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o Ecumumfﬂr Cranuji Mana KanbkynAatop Po3paxyHkn Mpo Hac

Kanbkynatop skocTi nositps

3a AONOMOrQi0 UbOro KaNbkKyNATOPa BM MOXETe BPYUHY po3paxysaTi iHAeKC AKOCTI NOBITPA
£ o = ® = [
& & s

Yyaosuid cTaH atTmocdepHoro
nositpsa!

{ dB5. wdzlsj ol j 2 fidsesdos dezCodic by dgbO de of g vdzd =

0 Ecumﬂnifﬂr CraHuii  Mana  Kanokynatop  PospaxyHku  [lpoHac ‘

Mana cTaHLii EKOMOHITOPUHTY

o ——

- Q .,.tf.‘\\\ ) ,
t dB6. wdadsjteW j2f Misste' dSd L &OY s

Kanbkynatop aKoCTi NOBTips

3a AOMOMOroH UbOTo KanbKyIATOPa B MOXETE BPYUHY PO3paxyBaT iHAeKC AKOCTI MoBITPA

‘@ 5o d 1o : @ o)

Value must be less than or equal to 100 |

&S S

[©] PO3PAXYBATK

t 7. 1Od HOY' v HOddR &jlssHBE ' dbsj
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Kanbkynsatop sKocTi NOBTips

3a AONOMOroH LibOro KalbKyAATOpa B MOXKETE BPYUHY pO3paxyBaTv iHAEKC AKOCTI NoBiTpA

. o S O Bonoricte (B Tuck (Na Q

Pleaze fill out this field.

PO3PAXYBATW

tdbhs8. 1jtjo' ©CO LOf®sod dzsfls' ¢ dz

CcS¢ (C0OL Odzsl 8dzO da®d frfn @A 271s IsOC 5 ftodmizlsdaw ¢
Ctsted Mis HFod@dY O, tetoB dzj dzO dzdh § Hdzv Ists6 s, hsB ¢ 0OL
HOdzd 7 , hs sy Sk I Mw MmMdmilsj dstss . v OC sy, Zm"
sydh Osls: Mw o' H doydzdetsets hC' Hdzdeotsets CtSHEZ 1O
dMmlsj d@Bs® .

7[fdBegClskztcd BOLd HOd- mdimsj dqd

10 wWldimn.L sBteOy Jdes S tsdzyd flszOdz! dzfy o HBBOY J da
ftcd fsSBEHBO mMd misJ &3 . lted ftos' Clskzo Odzdz B Iz dzts
dzstc 3O dz! dzd n W Stod3, sM¢ " dzr € S5y dad st dzjo BAZD

OtedBlzlsd o IsOB dzd Yyw n BOLd H
LOdzj Y detsflsj 2 tsHdai ©° H

©]

R Lcetkftse Odz

Station AirPollution
station_id integer = station_id integer
title varchar logged_at timestamp
address varchar temperature decimal
provider varchar humidity decimal
lat decimal pressure decimal
long decimal pm1 decimal
pm10 decimal
pm25 decimal
score decimal

t dfP.r OctcOBRBO BOLJd HOdM] A

l BOL' HOddRr ‘ 2 timdssds I[sOBdkzdy"' .
Stationi s @ dzd Yy, "5 sdCttedMmistobf tsMMsOdey' L B j &
Bsdz sseddelkz. |Itskd & Misdks! o Mtse' d&OfMskzy d Olst

fstation_idi * H j dzls d Wn'lsO@4yts &

ftitle 7 dzO Ll zy * -

faddress§ OH e nfg O dzy

Tprovideri dzO LfoGs Is dzj=tz® HHOO;dz'

flati ¢ § 56 tc OV touddd€md dzy * -

flong- G j ¢ tc@Ws o \@iEdsGizy

AirPollutioni Is ©B dzd yw , hs adSBtcdMmlstsolz’ Is! MW HddzW L B
L MlsOdzy' 2 jSBdzse' yYydese s BIsdz ststcddzcz. | sdz0@ B fr]L
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fIstation_idi * H j dzls d Wi)'lsQOCHYE tds |z dstis to d d3 @olss

flogged ai H O @ OO diZH B EAJIE O dzy " * ¥

fitemperaturé Is j] i3 j 6 Ols ztc O

fThumidityi ® * H dzsfgdz® ¢ * M ls !

fpressuré Ols Bs MW k& q fipd 2

Tpmli y O fmbi ©o Hlsts ‘B dzts H i fdjdiskts)dals 't dsts €31c s dz

pm10i Yy O M btk ©o 'Hlécts ‘B dats H d frif ] j cizkh)Ldals ‘TAiEES K 1o s dz

Tpm257 y sfifed ts o 'Hlssts ‘B dats H d friffdjdiztth)dals 2.&xls df t6 s dzO

fiscorei ‘" dzH J K fip Bls ' Bs MW jfidces clises®9 Iss RZOB S L @R s BJdls ! |
o dzj My @edaififd Mls j d3iz

vOCBYy © BOL' HOd- ftodhmkzlsds? MdMmlsj digdzs’ IsOB dz
SO IkWwBded sBdz' Stsoadd3d L OfdMOdBBd OHMB da' MisteOlststc’ o .

10LO HOddr Mlotstes ‘s mMw dzgO@ Mmjtco jto LO HE
ftesosHdIs! MW Oolssd3OIsd ydzs dzGr ed frpdztead” nibjdaenl gjo. QR

sfdmkz® ¢ d&zOMmd, '~ Olttdelzigd BAML 80 WIs® thteez" ) L fizg d3
mMods" 2 wuvIT . A J LdzOydets ftedhoduh E2° csBBlskz tfs
Motstcj dzgdz" &3 SO bk tcOo dz' dedgv &3 4 1 .

1 OOz, © MdMmlsj iz tj Odz' L 589 @iplsxdmd@fﬁlinlﬂsﬂ“dz@d%@
SO tsy' dzt 9 Olsq clis@tz PlsHBsHELWY £ o' fr] [T et L
dz0o yOdzdzgy ; sy dzde " Mis! JjtcjcedzvHE fr]lststsq’udzq’" HO
toj stest jSIsdodzdr HOdzdr; sy dzdoe ™ fMls Octcj clzo Olsd
Hdzv 30 Wdipd dzs@cdz'6 * S Isdoe detsfyls® ; di3sy dzd o ‘fr]ISJ ez ydztsG s
ftso  Istow; dzOw o dz' fMls WikdC y' tsdz0Odzlz H dzw fJtcjcdzw

WedeC y' sdzgOdzz Hdzw f jtejedzvHE BOYd fMsOday' 2; sy dz
tcJ Odz' GegEts

1 OOz d3, LB O MdMmisj BO ¢ tlstso{Q LHzEZ ddP(
totsBtslsd By kzls! Bzlsd odCttedmlsOds B Myd oddzd st
MststetsdzOd3d Hdzw ftod2deWIlslsw tg' h j dz hsHis Ctdastets
f sCtcOhjjCdmirtsc " Yydes™ MdlkzOy® '™ o tjc' sdz

1. [ sdz' s tsHe={adgcf dzazvte:l/ {| dzedb & s dzs. d $serd A3 jfdzS{E 5C ) dzls O
Cdel B fitosh .. [ 56 5 dzsiBdeBAY,j toj B izt s df 1000 1 120181 435

.

2. Global environmentalmonitoring system.- ISTCMTM. 2021; Volume82(4): pp. 26-31.
DOI: https://doi.org/10.23939/istcmtm2021.04.026

3. M. Kraft, i J u d ghe 8tateof the En v i r o nEmeranmentalPolicy and Politics,
p.36:78,2021.DOI: 10.4324/9781003106265

4. A. Kazarian, V. Teslyuk,M. Tykhan,M. Mashevska,i U s aofj saassoftwaredelivery
model in intelligent house s y st ePnzglad Elektrotechniczny, 95(7), p.3841, 2019.
doi:10.15199/48.2019.07.09

5."10 dz0?2 S ®f ¢ dz' Rytson 8 dzzO N ( dzdit®©® ts| Bsdddzw "[. [ dzd ¢ Is te ts dzd
tc j M zitg mj] . dHds M Is tattpdz/Avww.unite.ai/uk/:Bestpythonlibraries-for-machinelearning
ai/
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1Y resd rdlswiffa lwrplfir vy rRm Otme: ] w
1 o8] wr srR rwcf/wd Jresuff Jwwkyg J1J IR vrtRU[T W
(10 }trRs[OrwsfALwRegB?s (1L JoulwPadrsrv)

Jdzj S e € ) OdzdzO

10y sdzOdzr dzd?2 Ekdz' 9 jtefmdisyls ¢f+ 9" afp! CO ftsdz' s ~ dz
3. [P e'e, LvVEtLO dO

h_oleksyk@ukr.net

1 s OH d ddiL Pt 12

10y sdzOdz dzd?2 Ekdz' 9 jtefdlsyls ¢f+ 9" afp! CO ftsdz' s ~ dz
3. [ Stt®, d@

popadynets.n@gmail.com

Mtcs 3B wiyd W

10y’ sdzgOdz! dzgd?2 bkdz' 9 jtemdisyls ¢f 19"  aMm! CO fsdz sy ndg
. [ 9" 9, LEtO  dzO

joseph.y.khromyak@Ipnu.ua

rwyj deiHsts '¢2

B YitotsdtsGtcOH, ULVSEtLO  dzO

[ sMdz' Y j deStedlds@  tistides o dz' " Miststed ydas j n dasjdtisEts C
sdzse ' ydz f' ' HatsH( Hts fttsyj Mz ' H-l b dgdetizi) s € t=
G' dz' desd3sz B OMj 2 dz* . l dsCtoj d3dzj dets f tetsBdzj &3 J &
M zz OOy °’ teliizH so d 5Ot jedfiN | MW stcdise Odets tsMdats o
oCtsdzdh dzt s s ftediosHdtse s MjteiHBOdN O, B tolzdz
jtcdlstste’ 2 dz2OMj dzj dzd - JE2deC s’ @8 SO okzG' dz' dzse 5 tg ]
woto u’tSHtsdz(Ddzded:sJCisdzljsdBUzmdz@: Y OBk dzfzO o Oy dzd o °
tGOlsJG Yydzedn HBCEZdBj dals' o tcsLodlsCk Jdzd 66 J Isd ydz
sizse ' Yydedr fHtetsBdzj &5 i3d dzkz dzts @ s, MisteOlsj ¢ ydad n

Csted MisOdedz" o k6 thizdznj S sgtddj tecfisdudds j L §f j ykz* L
qiesHdsets MjtejHBadh O.

s dzt ytse ' [ fdets @ dEdtlzi € d2 okc' dz dzgd?2 B OMJ 2 dz,

okzedzj odHtsB zo dz f ' Hfted' d3Mise O, f totsB dzj d3q , toj Mls
sjtedlststctc®dgOHztf, ¢ C sl dzj C mdzed 2 MdMis] Bizd B j Edzd 2" ;) |

Il " Hyklsdz ftosBdzj 3d twtsLoadlsCkz okcd' dz dzgdrm toj G
¢ dzd h;.-.a el thy Rk dtsets Missdz' Islsv, £ Ists?2
¢} wmmB WJ@E 1 sfted vyd, zO2B' dz htsegts L OGEs
fnls ' todzgd €' 9, ftocswed dzgj cOsdodesets of dzdo iz
Odzu 9 dOmjdzjddrs HfE2dSls'" o k Ltd okcdjodHt
'tsdzitscts ficdticsHdese s MjtcjHsadh O, o dzOMdz' HEC

fOLsdB 'L ydd dzOtsmisOddz kO L Octhiste, dzdzy
¢ ddv &OshsO’ ‘L fsyOkSsd ©jOd LOy' HoYlksd
b ol' oz 9 O [ ' dzo ¢ e2) fioousSl o dzOBq i usls sl Mdsts dz' Is k
' Wk fwdks jCsdsc' yd ftssdj B, we&' fise
Ctojlsdeg 2 dzsC Odz' dz' 2 bjtedlste’ ° . 16" toh fhle@ [
¢ 5dz0Od dzd? ' o jdz, Stdd L& ded GRsfdsls! dg
dlsd, tshdeddd hs:, os5HO), 0 bLOdh!sLde: 5!
Codtse' ydzO fesBdzj BO MlsO' Csdf dzj C Mdas ,f * fHisdD o Ol
" Hdzts o dzj dadz® (tejSkdz sdoa Oy v L jd3gj dz' 1 yjetsfifdedsdediZ,
dMmlsj Bzsc s CddeBCcets ROBOSIK,jtk, WwWC' Mkl ot
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My sizse' ', fobtejBlkztls! dOESCtsodr Hkdgd? Higfdeso s,
Bsy dzd o ' Mls fijteJHBOYOIsd B' dz' W dzj ¢ OIlsd o dz dzO fn dz
MlsOB ' dz' LOY' & HA&W YBHOd "Bt MISOdsets tsLodlsCEk

[ jsO0 HGoMd tesLjSdmigisd SO MW stcddkze Olsd thdesoe dz'
Sz ydesd H tesskdz] dz2 degsige toj ¢ sdz | 1 & tseddtsdiizizdy, o
fsdz sd¢d vStcO ded, toj ' BdgOdz! desegts SO B3 MyJ oG ts

{ Sy Z2OsOYy" W okc' dzt dzgdr M ORIl L Odzj q Ols! 9" H
ftedqtocsHdzgdr ' HL J digded = € € s tdfdifirifdgcftenj H Czts 16 O dixfide, © * W O dzd ~
odHtsBEZo OdzdzV . { sLEedzv dzj Bs CstelsCE ' Missted ydzz, ¢4
W tstc dzlz o O dzdz® Is-p tif dclistB tdz2d A dz'c dztsT $f 5 def* da) s fiRksdzin ' € d 2 o Iz
BOMj2dz, wCd2 totsL sOh tsHhtoHzd 2 v Sda©O " ffdzdo dZ2 yalzistddlzdz'L 20 Is
tOLtsdE 'L yddz BOMj2dz & &3 Or [ ! o' eoffff CHsdsts tls Oy Q fifpls
[eBdZ dgfp' CtsGs oke' dz desets BOMj2dzz 2O IsjtedIlstste’

1 O Odz dz0  dztsh ®©dzd dzfip! " oty £ 50 6 ' dz' dztslE4s0 OB Offngj .2 d
fteslswy dzg Mlss 190 G hdddsss 60 G [ sMd HY,
sjtedlstste’ ° tL f t5yOdadsh mlistsidz’ dsls Wi W us@lis ¢z €203 o w4 o
ftocsH e ) d dzd ! 9 Yyomd ' Mmdzizo Odzdzw wt H Y J dets Isdz@ &
COdz? €d COBRBOVdeso zG"' dz' 9= 9 s CO- Vs kEE®BoL BHEXLS
sO Mottt 2O Mfjy Oz 2O SR M'vWw Cjtsiztec' 8 O
BkdzO f jtojtcoOdzO o' 2 datsy Odzj O9H H dzH ol jl2As o 2
tosL o' Hzo Odz' dz@ tisBtslsd HOdZd HtLdlsdeoded?2 tojLizdz Is
totsL totsB dzj dzdaw obke' dz desets twtsHtsoadh O IsO BEH' o dzd yl

fsyOlCtsds 2 L dzOyded d3 H tsWw gedzj dadzv'dz "ol ct@jdziza dz' ok
ey | -los dadndzfi§itsC sG55 oz ' dz degse s B OMj2dzz 2 BEH
' HY tod-"dghflde. 1 j teh Istsdzed o k& 'sded®" oB KEdzddzyd d HL@MB' 7 o
LBEZHBO Odzd s IsO 99 jHJjdedr Hotsdzj St dfAQY0@ia@ friy!  hj&ar.
LsCte] BO GIBOMENIs@2" 10 ¢l jdzd ¢ ©FKtshHis cafis!] § Bd Of d
Moty ttsBtslslz o ¢ dzy’ 1978 tsliz. ZzORld [ o' oh
LBOGCOYkzo Odzr dzO0 W OB ted ¢ O ¢ vij torbtfistelzfs cdpiPlsian® CEO efpW jHiS'f t
LOdZ' L dzgd ydetse s IstcOdzintf stels iz, BzH' adzdylse O, d3ts dzls O
mMesy' Odz dets” mMWitd IsO " dzgh' Bkdzd tBO' HdZOdz' T E ¢«
ldiesBdzdyd tBO' HdzOdzdz" ¢co ¢ €L @R " BEHWEo dzoz® e dzO Y & dz
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Abstract. The publication provides a detailed characterization of a modern dir@ction
biomimicry (biomimetics), which is still insufficiently popularized in Ukrainian education and
science. It highlights the histodat background of this alternative direction, which is based on
prototyping natural forms, materials, functions, models, and constructions into sustainable
technological solutions; legislative approaches; and the possibilities of modern information
technol@ies that make biomimicry accessible for scientific research and the practical implementation
of innovative ideas. The authors discuss the experience of practically implementing this approach i
various fields and industries, including in combination wathdern information and communication
technologies (ICT).

Keywords: biomimicry, biomimetics, innovation, information technology, sustainable
technological solutions.
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Abstract. This publication analyzes the possibilities of using artificial intelligence (Al) in the
field of ecology across three main directions: the application of Al isysem of formal ecological
education, in conducting scientific research, and in practical activities. The advantages and risks c
using generative artificial intelligence in the educational process, which currently provoke a wave of
ambiguous discussionamong educators, are analyzed. A list of the main possibilities for the
application of Al in educational activities and scientific research, taking into account the principles of
academic integrity, is presented. Practical experience with the use otiartifitelligence
technologies for solving applied tasks in the field of ecology and the prospective potential of Al for
simplifying the resolution of specialized tasks are highlighted through specific examples.

Keywords:artificial intelligence, interactre learning methods, formal ecological education,
practical activities in the field of ecology.
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Abstract. The unigue natural conditions andesources potential opportunities for the
development of the tourism sectimdicate that rural tourism in Ukraine can become one of the
important tools for ensurindié sustainable developmentadfrural settlementdt is established that
rural tourism is one of the types of tourism that combines other subspecies that are directly related 1
recreation in the countrysiddh e aut hor 6 s c | as s i fdirectalinks ofrrurab f
tourism with other types of tourism is presented. The key features of the provision of recreationa
services are detailed. The main functions of rural tourism are summarized. The key tasks ar
identified and the ways of their implentation are proposed, that will contribute to the revival of
rural settlements and the development of rural tourism, which will further shape a positive image of
Ukraine in the world tourism market.

Keywords rural tourism, tourism, types of tourism, ruralea, rural estate, Ukraine.
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DIGITAL TRANSFORMATION IN THE FIELD OF ENVIRONMENTAL RESEARCH
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Abstract. The methods and means of using information technologies for data analysis and
processing in environmental research are considered. The priorities of the European Union i
achieving the goals of digital transfoation are analyzed. It is established that with the strengthening
of the digitalization role in various studies, it is important to use effective methods and tools for
processing and analyzing information, which will contribute to both the digital and gesesition.

For more accurate calculations, it is important to use algorithms on neural networks, which are nov
gaining more and more popularity. It is emphasized that digitalization in the field of environmental
monitoring will help to automate this mess and will be useful for remote monitoring and
environmental research.

Keywords:digitalization, Green Deal, environmental monitoring, innovative technologies
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Introduction

Digital and gren transition are closely related. While digital technologies offer many
solutions to climate change, it is important to ensure that they are not themselves contributing to th
problem.Digital products and services must be designed, manufactured andedispioin such a
way as to reduce their impact on the environment and society. There should also be more informatic
of impact of such services on the environmeitadl energy consumption. The impact of digital
transformation on societal goals should bgutarly assessed, as the quality and direction of digital
growth are also importanthey need to be delivered through strategic priorities and principles that
will be used alongside quantitative indicators. It is important to take into account anch&sttss the
impact of digitalization on environmental quality research in the framework of digital transformation,
while making digital technologies a support for the green transition [1].

The direction of digital transformation involves stability in theldi of cyber security, the
development of secure communication systems, and raising the general educational level of th
population in mastering digital technologies. It will promote job creation, economic development and
innovation, providing opportuniteefor young people to learn and work, locally or remotely, and to
start businesses with low stanp capital.

Europe must harness the potential of digital transformation, which is a key factor in achieving
the goals of the Green Dedlhe European Union nsti promote and invest in the necessary digital
transformation, as digital technologies are critical to achieving the Green Deal sustainable
development goals in many different sectors. Digital technologies such as artificial intelligence, 5G,
cloud and edg computing and the Internet of Things can accelerate and maximize the impact of
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policies to combat climate change and protect the environment. Digitization also opens up nev
opportunities for remote monitoring of air and water pollution, or for monitamayoptimizing the
use of energy and natural resources. Europe needs a digital sector with sustainability at its hea
which ensures that digital infrastructures and technologies become significantly more sustainable
energy and resourcefficient, andcontribute to a sustainable circular and cliraatral economy
and society in line with the European Green Deal [2].

1. EU priorities in achieving the goals of digital transformation

In 2021the Digital Decade policy programme 2030 was introducedVi@ih increasing the
dependence on technology, digital competences and skills have become essential to participate
society, take advantage of digital public services and remain competitive in the labor market. It is
assumed, that by 2030, ab@@% of Eur@ean citizens should have at least a basic level of digital
skills [4]. The Digital Decade ia part of the European Commission wider strategic priority: ensuring
that Europe is a fit for the Digital Era. Being a strategic initiative, it underlies andl@oes a
number of recent actions of EU institutions (Digital Europe Programme, Digital Education Action
Plan, the Recovery and Resilience Facility) aimed at promoting the improvement of skills of citizens
and enterprises. The ambition of the EU is todimgtally sovereign in an open and interconnected
world and pursue digital policies that empower people and businesses to achieve @eeogde
sustainable and prosperous digital future.

1 3 4
Digital_ Se.cyre ?nd sustainable Digitalisation of public
Skills transformation of digital infrastructures services
businesses Connectivity:
ICT Specialists: Tech up-take: 75% of Gigabit for everyone Key Public Services:

20 million + gender EU companies using Cutting edge 100% online

convergence Cloud, Al, or Big Data Semiconducpors:

Basic .Digiég/l S;(ills: Innovators: grow scale- double Eiznz;;': el citiez':,‘esa;g:;;gggg; i
min 80% o & fi to doubl : .
Babulation Cips ElLTaUrxi:gor(:]sou & | N patal Edge & Cloud: medical records online

Lote ndork 10,000 climate-neutral Dieitat dentit
Gl bl oL highly secure edge nodes ol ol il
more than 90% of s 100% of citizens have
SMEs reach at least a e 2bUtinE e access to digital ID
basic level of first computer with

quantum

digital intensity Socalaraton

Fig. 1.The Digital Decade policy programme 2030 with spegbels and objectives

The Policy ProgrammePath to the Digital Decadeims to ensure that the European Union
achieves its goals of digitally transforming society and the economy in line with EU values,
strengthening our digital leadership and promotirgpptecentred, inclusive and sustainable
developmenbof digital policies that empower citizens and businesBes.aim is to enable the digital
transformation of the EU by creating a clear, structured and collaborative process to achieve thi
outcome.

This Policy Programme complements, performs and implements the vision, goals and action:
provided for in the CommunicatiokDigital Compass and is aimed at consolidating and ensuring
the effective implementation of the actions defined in the 2019 Strateghdping Europe's digital
future. The proposal is also consistent with the Commission's Communication updating the new
Industrial Strategy 2020, which identifies areas of strategic dependencies that could lead t
vulnerabilities such as supply shortagesyber security risks. This proposal is also in line with the
objectives of the Critical Technologies Observatory, which aims to help identify the EU current and
possible future digital strategic dependencies and contribute to strengthening its digitailgsuy .

Digital learning and education should support a workforce where people can acquire
specialized digital skills to gain quality employment and rewarding careers.
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An important factor to take advantage of digitization for further technologicalageaent
and digital leadership in Europe is a sustainable digital infrastructure to connect microelectronics an
the ability to process big data. Great and secure connectivity is needed for everyone and everywhe
in Europe, including rural and remote aefociety demand for download bandwidth is constantly
increasing.By 2030, networks with gigabit speeds should be available on terms for everyone who
needs or wants such capacity.addition, it is predicted that microprocessors, which are already the
beginning of most of the key strategic value chains, will enjoy even greater demand in the future
especially the most innovative oneA. climateneutral, highly secure edge node is essential,
guaranteeing access to ldatency data services wherever the enterprise is located. Quantum
capacity is also expected to become a critical factor.

The spread of digitalization involves achieving the following gergoals:

- promoting a peopleentred, inclusive, secure and open digital environment where digital
technologies and services respect and reinforce the principles and valueBwbibearinion;

- strengthening the collective resilience of Member States dddifg the digital divide, in
particular promoting basic and specialized digital skills for all and promoting the development of
high-performance digital education and training systems

- strengthening the collective resilience of Member States and brittggndigital divide, in
particular promoting basic and specialized digital skills for all and promoting the development of
high-performance digital education and training systems

- ensuring digital sovereignty, in particular through a secure and acceshiptal
infrastructure capable of processing massive amounts of data, enabling other technologice
developments, supporting the competitiveness of European Union industry;

- promoting the deployment and use of digital capabilities that provide access ta digi
technologies and data on simple and fair terms to achieve a high level of digital intensity anc
innovation in the EU enterprises, in particular small and mediasd enterprises;

- ensuring democratic life, public services and health care servicasieihgecess for all, in
particular for vulnerable groups, including people with disabilities, by offering inclusive, efficient
and personalized services and tools with high security and privacy standards;

- ensuring the sustainability of digital infrastrueuand technologies, energy and resource
security, as well as promoting the development of a sustainable circular and-clentttd economy
and society in accordance with the European Green Deal;

- facilitating the conditions for investments in digitalrntséormation across the EU, including
developing predictable regulatory approaches, etc.

Another important initiative of the European Union is the Green Daadtrategic plan of the
EU with the aim of achieving climate neutrality by 20B0gitization plays a key role in achieving
these goals, as technology can help reduce emissions, optimize energy efficiency and increa:
resilience to climate change.

Here are some of the main goals of the Green Deal for digitization:

- reducing the carbon footprint of tewblogies. The Green Deal aims to reduce greenhouse
gas emissions from information and communication technologies, such as data centers an
telecommunications networks.

- energy efficiency. Accelerating the development and implementation of epéigent
technologies, such as "green" data centers, ersgng computers and software tools to optimize
energy use.

- promoting digital transformation in sectors critical to combating climate change. Applying
digital technologies in areas such as energy, transpgriculture and construction to reduce
emissions and increase resilience to climate change.

- protection against cyber threats. Ensuring the cyber security of digital infrastructures as
they become increasingly important to the functioning of the econathgaciety.

- digital education and standards compliance. Developing digital literacy among the
population and supporting standards that promote the sustainable use of technology.
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These goals aim to ensure that digital transformation contributes to thadainst climate
change and becomes a key tool for achieving climate neutrality.

Member States cooperate with private and public stakeholders, including social partners, ir
accordance with national legislation, in adopting their national strategic roadorafige digital
decade and their adjustmentStrengthening the EU technological excellence and industrial
competitiveness in critical technologies, digital products, services and infrastructures is essential fo
economic recovery and prosperity, andshéety and security of citizens.

2. Methods and means of digital transformation and automation of data processing for
environmental monitoring

Digital transformation includes the use of various methods and tools to modernize busines:
processes, introduceew technologies and optimize the activities of various enterprises. The main
methods and means of digital transformation include:

- cloud technologiesThe useof cloud computingallows businesse#o storeand processlata
online,makingit easierto accesandincreasescalability

- dataanalytics.The useof analyticaltools allows enterprise$o obtainvaluableinsightsfrom
largevolumesof data,which helpsin makingbettermanagemendecisions

- Internetof Things (1oT). The introductionof 10T technologes allows collecting datafrom
variousdevicesand combiningthemfor analysisand usein variousfields, from manufacturingto
medicine

- artificial intelligence (Al). The use of machine learning methods and other artificial
intelligencetechnologiesllows to automatemanyprocessesncreasingefficiencyandaccuracy

- automationof businessprocessesThe introduction of automationsystemsallows you to
optimizeandspeedup the executionof routinetasksandprocesses

- digital platforms.The creationof digital platformsallows combiningdifferent servicesand
functionsin asingleenvironmento promotecooperatiorandinteraction

- blockchaintechnology.The useof blockchainallows for the securityandreliability of data
exchangandtransactionsespeially in thefinancialandlogisticssectors

Digital transformation in the field of environmental research opens up many new
opportunities for collecting, analyzing and using data in order to preserve natural resources an
reduce the negative impact ofihan activities on ecosystenfmong the methods and means of
digital transformation of the environment, the following can be distinguished (Fig. 2):

- sensorsandloT. Theuseof sensorandthe Internetof Things(loT) allowsthe collectionof
large volumes of dataon air quality, water resourcesnoise levels, climate parametersand other
environmentaindicatorsin realtime;

- Big Dataandanalytics.Thanksto the useof machineearningandartificial intelligence,it is
possibleto analyzelargevolumesof data,which helpsto identify trends predictchangesandidentify
problematicsituations

- geospatial analysis. The integration of geospatial data allows establishing spatial
relationshipsbetweenvarious aspectsof the environment,which helps in the developmentof
effectiveresourcananagemendtrategies

- digital datasharingplatforms.The creationof digital platformswheredifferent stakeholders
canexchangealataandinformationpromotegoint work in thefield of environmentaprotection

- data visualization. The use of datavisualizationtools allows to visually display complex
informationandclearlypresentt for decisionmaking

- developmentof innovative solutions.On the basisof digital data, new technologiesand
innovativesolutionscan be developedto preservenaturalresourcesandreducethe negativeimpact
ontheenvironment.

Digital transformation in the field of environmental research helps increase the effectiveness
of environmental monitoring, promote more effective resource managemeatraise public
awareness of environmental problems. It is the process of applying digital technologies to collect
analyze, visualize and understand data about the environment. Digital transformation in the field o
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environmental research makes it pbksito more efficiently solve the problems of pollution,
conservation of natural resources and creation of sustainable development.

Sensor Engaging the
Technologies Public
— Digital
transformation
in environmental
_____ research
Internet of Data
Things Visualization

Fig. 2. Digital transformation in the field of environmental research

Expanding the boundaries of digital transformatlogips increase the circle of interested
parties. This, in turn, will help to implement research processes more efficiently, as more employee
will be knowledgeable in innovative technologies. The implementation of practices of using IT
technologies and desnstrations of their use in education will make it possible to form a contingent
of young people who will be promising highly qualified workers in various fields. The following
aspects will contribute to the expansion of digital transformation:

- environmenal monitoring usingandloT to continuouslymonitorenvironmentaparameters
suchasair quality, noiselevel, waterpollution level, etc

- datacollectionandanalysis collecting largeamountsof environmentatiataandanalyzingit
usingmachindearningalgorithmsto identify patternsandtrends

- forecastingand modeling using digital tools to predict changesin the environmentand
modelthe consequencesf differentscenarios

- effective resource management optimizing the use of natural resourcesand support
sustainablgractices

- involvementof the public. using digital platformsto engagethe public in environmental
monitoringanddatacollection

- communication and education using digital media to increase public awarenessof
environmentaproblemsand how to solvethem.

If we consider the digitization of environmental research, then more specific means of
research can be added to the above Het. example, microelectronic and nanoelectronic remote
control systems for weather stations based on Aodaire popular solutions for automating the
collection and processing of weather data. Arduino is an open hardware and software environmelr
that allows you to create electronic devices with convenient interfaces for programming and
interacting with sensors

Remote control of a weather station using Arduino can include a number of functions, such
as:

Areading and collecting data from sensors for temperature, humidity, barometric pressure an
other parameters

Arealtime visualization of data processingiaesults on a display or web page
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A remote control of weather stations using wireless technologies such as WLAN and
Bluetooth

Aautomatic management of weather stations based on preset parameters and conditions.

Using micre and nanoelectronic systemsthvArduino, it is possible to reduce the size and
weight of the weather station, reduce costs and increase the efficiency of their operation. In additior
it can be easily modified and expanded with additional modules and sensors.

It is worth noting thaineural networks can be used to monitor the environment in various
aspects, providing a wide range of opportunities for analyzing and detecting changes in the researt
area.Below are several methods of applying neural networks for environmental monitoring

- SatelliteimageryandsegmentationNeuralnetworkscanbe usedto analyzesatelliteimages
to segmentdifferent environmentalelementssuch as forests, water bodies, urban areas,etc. This
allowsto automaticallyidentify andtrackchangesn theseareasovertime.

- Monitoring of forestsand biodiversity. Neural networkscan analyzeaerial photographsor
satellite imagesto identify and classify forest vegetationtypes, as well as assesshe state of
biodiversity. Theycanalsodetectchangesn forestcover, suchasdeforestatioror changesn species
distribution.

- Detection of environmental pollution. Neural networks can be trained to detect
environmentalpollution in imagessuchas photosor videostakenfrom drones.This may include
detectingoil spills, surfacewatercontaminationpr othertypesof contamination.

- Monitoring of water resourcesNeural networkscan analyzeimagesof bodiesof waterto
detectchangesn waterlevels, determinewater quality, and detectenvironmentaproblemssuchas
falls or pollution.

- Climate changeforecasting.Neural networkscan be usedto analyzeclimate dataand predict
climate change,including predicting weathertrends, temperaturechanges,water levels, and
more.

These methods demonstrate the potential appliatidmeural networks for environmental
monitoring, which can help in the management and conservation of natural resources and reduce tl
impact of human activities on the environment.

The following table shows the different methods of applying neural mkswdor
environmental monitoring and their brief description.

Table 1
Methods of using neural networks for environmental monitoring

| Method [ Description |

Image and video|[Trained neural networks are used to recognize and analyze images o
analysis to detect changes in vegetation, soil erosion, water pollution, and more

Neural networks divide the image into separate segments correspon
Data segmentatiol|different elements of the environment, which helps in determining th
of certain type®f areas and detecting changes.

Analysis of satellit¢ Neural networks process satellite images from space to detect cha
images land use, deforestation, urban sprawl, and other changes in the enviro

Neural networks are uddo predict future changes in the environment b
Forecasting chang(on historical data and current trends, helping to identify risks such ag
fires or pollution.

Neural networks help to detect and classify pollution on the surface
Pollution monitoringlearth in water bodies or in the air, which allows to identify the sourc
pollution and track their distribution in space and time.

It is worth noting that at this stage of the development of science and technology, the prope
place should be given to quam technologie$ a promising field that is increasingly developing.
Quantum technologies can also be used for environmental monitoring, providing more accurate, fas
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and efficient methods of data collection and analysis. Here are some ways quantuiodggoten
be used in this field:

- quantumsensorscan measurevariousenvironmentalparameterssuchas air, water or soil
pollutionlevels,aswell asmeasuremissionf harmfulsubstances

- quantum algorithms can improve image analysis, allowing more acarate detection of
changesn theenvironmentsuchasdeforestationgchangesn oceancurrentsor waterpollution;

- quantumnetworkscan ensurethe securityof the transmissiorof dataaboutthe stateof the
environmentensuringthe confidentialityandintegrity of informationaboutthe environment;

- quantummachinelearningalgorithmscan help find correlationsin massiveenvironmental
datasetsandpredictchangedasednthesedata;

- quantumcryptographycanensurethe securityand privacy of environmeral dataduringits
transmissiorandstorage.

Overall, the quantum technologiesise can greatly improve the way of environment
monitoring, providing more accurate and efficient methods of collecting, analyzing and protecting
data about the state of enviroan.

4. Conclusions

The use of information technology in environmental research is becoming more and more
common and allows obtaining more accurate data, analyzing it faster and solving environmenta
problems more efficiently. The main means and methdd#ereto the global and domestic practice
of using IT in environmental research:

- sensometworksandthe Internetof Thingsusedto createsensometworksandloT systems
thatprovidereattime datacollectionfrom varioussourcesThis allows you to receve moredetailed
andup-to-dateinformationaboutthe stateof the environment;

- geographicinformation systemsusedto collect, analyze,and visualize geographicdata
aboutthe environment.They allow researcher$o analyzethe spatialrelationshipsbetweea various
elementof theenvironmentanddevelopstrategiedor the conservatiorof naturalresources;

- artificial intelligence and machine learning help identify and predict trendsin climate
change,environmentalpollution and other environmentalproblens basedon the analysisof large
volumesof data;

- modelingandsimulationto createcomplexmathematicamodelsandsimulationsthatallow
predicting the consequencesf various environmentalimpactsand developingstrategiesfor their
management;

- electronc pollution monitoringsystemsallow for the developmenbf electronicmonitoring
systemshat automaticallydetectand measurdevels of air, water and soil pollution, which allows
promptresponséo environmentathreats.

1. Santarius T., Dencik L., Bz T., Ferreboeuf H., Jankowski P., Hankey S., Hilbeck A., Hilty
L.M., Hojer M., Kleine D., Lange., PohlJ., ReischL., RyghaugM., Schwanenrl., StaabP.
Digitalization and Sustainability: A Call for a Digital Green De&nvironmental Science & Policy,
147,2023,11-14. https://doi.org/10.1016/j.envsci.2023.04.020

2. Karlilar S, Balcilar M., Emir F. Environmental sustainability in the OECD: The power of
digitalization, green innovation, ren@le energy and financial developmenfglecommunications
Policy, 47 (6), 2023,102568 https://doi.org/10.1016/j.telpol.2023.102568.

3. Europeds Digital Decade: di gital
https://commission.europa.eu/stratemyd-policy/priorities-20132024/europsdit-digital-
age/europesligital-decadedigital-targets2030_en

4. Digital Decade. UR: https:/digitatskills-jobs.europa.eu/en/actions/european
initiatives/digitatdecade
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Abstract. An overview of the main ways of using quadcoptersefovrironmental monitoring
is carried out. It is made the analysis of existing studies on the use of unmanned aerial vehicles fc
environmental research. A number of programs for automated processing of images obtained fror
guadcopters for creating digitalaps are considered. Examples of processed quadcopter photos
based on DroneDeploy and QGIS programs are given. It is noted that obtaining data from ¢
guadcopter in real time can be carried out using various methods and means of data processing.
Keywords:environmental monitoring, digitalization, orthophoto, UAV.
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