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The article explores the application of set theory for the mathematical substantiation of an
loT-based system designed for automated soil moisture monitoring. The innovative approach
integrates the concepts of the Internet of Things with modern automation methods to ensure
efficient management of agricultural resources. The theoretical framework of the study focuses
on developing a mathematical model that employs set theory principles to formalize the
relationships between sensors, monitoring parameters, external conditions, and data processing
algorithms. Special attention is given to the development of algorithms for collecting, analyzing,
and processing data from soil moisture sensors, enabling continuous soil condition monitoring.
These algorithms utilize set-theoretic operations to merge data from various sensors and filter
out noise. Based on the proposed models, the article presents the architecture of an IoT system
that includes hardware components such as sensors and controllers, network data transmission
protocols, a cloud environment for data storage and analysis, and an interactive user interface.
A detailed analysis of the practical aspects of system implementation is provided, covering
sensor specifications, energy consumption, network stability, interoperability, and integration
with external weather prediction modules. Particular emphasis is placed on data security during
transmission and system resilience to failures. The expected outcomes of implementing the system
include optimized irrigation processes, increased crop yields, reduced resource consumption,
and minimized environmental impact. The system facilitates timely responses to changes in soil
moisture levels, enabling informed resource management decisions. Additionally, the article
examines the potential for scaling the loT system to other agricultural applications, such as
monitoring soil temperature, light levels, and acidity indicators. The findings validate the
feasibility of using set theory to construct formal models that enhance monitoring accuracy,
accelerate data analysis, and improve management efficiency in the agricultural sector.

Key words: information system, IoT system, mathematical modeling, set theory, soil moisture
control, soil moisture monitoring.

31w3ton B. 1., Cmapooybeus B. A. 3acmocysanus meopii MHOMCUH 01 MAMEMAMUYHOZO0
o0tpynmyeanns po3pooku npoekmy cmeopennusa loT-cucmemu 0na asmomamuunozo
MOHIMOPUNZY PDIGHA 8011020CHI [PYHMIG

Y emammi pozensioacmoca 3acmocysants meopii MHONICUN OJis MAMEMAMUYHO20 OOTPYHIY-
8aHHs po3pobKu npockmy cmeopennss loT-cucmemu 015 agMoMamuyHo20 MOHIMOPUNEY DIGHS
sonoeocmi rpyrmis. Innosayitinuil nioxio 6asyemocs Ha inmezpayii kKonyenyiu Inmepuemy peueti
i3 cyuacnumu memooamu asmomamusayii 01 3a0e3nedents epekmueHo20 YNpagiinHa Cilb-
cvKococnooapcvkumu pecypcamu. Teopemuuna uacmuna cmammi 30cepeoddicena Ha no6y00si
MamemamuiHol MoOei, KA SUKOPUCMOBYE NPUHYUNU MeOPil MHONCUH 011 (hopmanizayii 6io-
HOCUH MIDIC CeHCOpaMU, napamempamu MOHIMOPUHRY, 306HIUHIMU YMOSAMU MA AN20PUMMAMU
00pobku oanux. Ocobrugy ysazy npudiieHo po3poodyi areopummie 300py, aHaiizy ma oopooxKu
OaHux i3 cencopie onococmi, AKI 3a6e3neyyroms besnepepsHull KOHmMpoib cmawny pyumy. Lli
aneopummu 6a3yr0msvCs Ha GUKOPUCIIAHHI MEOPEMUKO-MHONCUHHUX onepayii 015 00'cOHanHs
OaHux i3 pisHux ceucopis i ¢inempayii wiymy. Ha ocnosi 3anpononosanux mooenei npedcmas-
neno apximexmypy loT-cucmemu, wo 6KIIOYAE KOMNOHEHMU ANAPAMHO20 3a0e3neyents, maxi
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AK CeHCOpU ma KOHMPONepu, Mepedcesi npomokonu nepeoadi 0anux, xmapHe cepedosuuye s
30epicanns ma ananizy ingopmayii, a maxodxc inmepakmuenull inmepgeric O Kopucmysaud.
IIpogedeno Ooemanvuuil ananiz NPaxMuyHux AcneKkmie 6npoBAdIICeHHs CUCEMU, BKII0OYAIOUU
MeXHIYHI XapaKmepucmuKky ceHcopie, eHepeoCnodiCU8ants, cmadiibuicms 368 53Ky, inmeponepa-
benbHicmb mepexci ma iHmezpayiro i3 308HIUHIMU MOOYIAMU NPOSHO3YE8AHHS NO2OOHUX YMOS.
3uauna ysaea npudinaemuvcs numanusam 6e3nexu OanHux, wo nepeoaromspcs, ma Cmitlkocmi cuc-
memu 00 8i0M08. OUIKY8aHi pe3yibmamu 3acCmoCy8aAnHHs CUCMEMU BKIIOUAOMb ONMUMI3AYII0
NOAUBY, NIOGUWCHHS BPOACAUHOCTINI, 3MEHULEHHS. GUMPAM HA PECYPCU M 3HUICEHHS 6NIUSY HA
Hagronuwne cepedoguwye. Cucmema 003607A€ BUACHO peazysamu Ha 3MIHU PIGHS 601020CMi MA
npuiMamu o0TpyHmo8ani piuleHHs o000 YNPasuiHHs pecypcamu.

Oxpim yvoco, cmamms posanadac nepcnekmueu macwmaobysanis loT-cucmemu ona 3acmo-
CYBAHHA 6 THWMUX A2POMEXHONO0RIAX, MAKUX AK KOHMPOIbL meMnepamypu IpyHmy, pieHs oceim-
JIeHOCMI Ma NOKA3HUKIG KuciomHuocmi. Ompumani pe3yivmamu niomeepodxcyioms 0OYiibHICMb
BUKOPUCMAHHSL MeOPIl MHOMCUH OJisk N0OY008U (opmanvHux Mmooenet, wo nio8uuyioms mou-
HICMb MOHIMOPUHZY, WBUOKICb aHANi3y 0AHUX ma egheKmusHicmy Ynpasiinua y cepi azpo-
Ccexmopy.

Knwuosi cnosa: ingopmayitina cucmema, loT-cucmema, mamemamuure MOOeNOBAHHS,
Meopisi MHONCUH, KOHMPOJIb 801020CMI IPYHMIE, MOHIMOPUHE 801020CMI IPYHMIB.

Introduction. Modern agriculture faces a range of challenges, including the grow-
ing demand for efficient use of natural resources, the impact of climate change, and the
need to optimize production processes to increase crop yields. One of the most pressing
issues is the rational management of water resources, which directly affects soil health
and agricultural productivity. Traditional methods of monitoring soil moisture levels are
often insufficiently accurate, labor-intensive, or unable to provide real-time data.

The Internet of Things (IoT) offers innovative approaches to automating and managing
agricultural processes. Utilizing loT systems for monitoring soil moisture levels opens
up opportunities for precise data collection, analysis, and processing, enabling prompt
and well-informed decision-making. At the same time, designing such systems requires a
robust theoretical foundation that accounts for the complexity of interactions among vari-
ous components, the influence of external factors, and the needs of stakeholders.

One of the promising approaches to addressing this challenge is the application of
set theory to develop a mathematical model that formalizes the system's key parameters.
This approach enables a clear structuring of relationships among material, human, soft-
ware, and informational resources, while also accounting for the impact of the external
environment and the project’s parameter requirements.

The aim of the research. The development of a mathematical foundation for design-
ing an [oT system for automated soil moisture monitoring, based on the principles of set
theory, aims to improve monitoring accuracy, optimize the management of agricultural
resources, and minimize environmental impact.

Analysis of recent research and publications. In reference [1], key technological
solutions for smart farming are presented, covering the use of IoT for monitoring soil
moisture, light, and temperature. Special attention is given to critical challenges, such
as ensuring reliable connectivity, managing energy consumption, and securing data. [oT
technologies greatly enhance the efficiency of agricultural management by enabling
real-time monitoring and optimizing resource usage.

In publication [2], the advantages of real-time monitoring of agricultural processes
using [oT systems are examined. It provides a detailed explanation of how IoT helps
optimize the use of water resources, monitor soil conditions, and improve crop yields.
A key aspect highlighted is the integration of technologies that automate monitoring,
ensuring farmers have access to accurate and timely data.

In study [3], the paper explores the key devices, platforms, network protocols, and
data processing technologies relevant to agriculture.
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In publication [4], the ten most significant [oT applications in 2022 are presented,
with a focus on smart cities, logistics, and agriculture. It highlights the rapid advance-
ment of IoT technologies and their growing impact across various industries, emphasi-
zing the importance of integrating these systems for more effective management.

Publication [5] discusses the role of IoT in supporting sustainable agriculture, which
helps reduce the environmental impact of agricultural practices. loT systems enable
efficient monitoring of crop growth conditions and optimize water and fertilizer con-
sumption, lowering the ecological footprint. Additionally, these technologies contribute
to increased yields and reduced resource costs, which is vital for the sustainable develo-
pment of the agricultural sector.

In study [6], methods for optimizing resource management in agriculture through
IoT integration are explored, while paper [ 7] emphasizes the role of big data analytics in
enhancing the performance of IoT systems.

Presentation of the main research material. The proposed loT system for auto-
mated soil moisture monitoring will consist of several key components that ensure its
functionality and interaction with the external environment. This system is designed
to maintain optimal conditions for the growth of agricultural crops through the use of
modern monitoring and irrigation management technologies.

The broader framework of the system includes external factors that influence its
operation and define its needs and requirements. Climate conditions necessitate conti-
nuous soil moisture monitoring, while environmental organizations may offer guidelines
for the sustainable use of resources. Research institutions play a role in implementing
new technologies and methodologies. Ultimately, the consumers of the products benefit
from the system, as they receive high-quality produce.

The external environment encompasses all external influences on the system, such as
climatic conditions and regulatory requirements. These factors may vary depending on
geographical location and other conditions.

The office area includes rooms used for administrative and managerial functions,
while the equipment room contains the necessary hardware to support the system's
operation. The break room provides a comfortable environment for the staff, and the
restrooms ensure basic sanitary conditions.

Equipment. Soil moisture sensors (FC-28) are installed directly in the soil to con-
tinuously monitor its condition. The ESP8266 microcontroller processes data from the
sensors and transmits it to the server. The server collects all the data, enabling analysis,
storage, and irrigation management. Computers are used for working with the database
and system interface.

Team members. The project documentation manager is responsible for organizing
and maintaining all project documentation. The agricultural consultant provides spe-
cialized knowledge to optimize processes. The project manager coordinates all stages
of system implementation and operation. The accountant manages financial operations,
while the technical team ensures technical support and equipment maintenance.

User interface. The user interface enables operators to seamlessly interact with the
system, facilitating monitoring and control. A remote irrigation activation button stream-
lines the irrigation process by automating it based on real-time sensor data. A detailed
field map provides a visual representation of soil moisture distribution across different
areas, allowing for targeted decision-making. The system’s database securely stores all
collected data, supporting comprehensive analysis and informed decision-making.

External Elements. The IoT system collaborates with a network of stakehol-
ders, including clients, technology providers, financial institutions, environmental
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organizations, and research institutions. These external entities supply essential
resources, information, and expertise, ensuring the system’s efficient functionality and
long-term success.

Thus, the ToT system for automated soil moisture monitoring represents a compre-
hensive solution that integrates various components and subsystems for the effective
management of agricultural processes.

The conceptual model of this IoT system is shown in Fig. 1.
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Fig. 1. Conceptual model of the loT system

Set theory is a versatile mathematical tool that facilitates the creation of formal mo-
dels for complex systems comprising numerous components with diverse properties
and interconnections. Its application in the development of an IoT system for automated
soil moisture monitoring is particularly advantageous, as it enables the design of a clear
and adaptive system architecture capable of responding to dynamic changes in external
conditions and internal parameters.
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The significance of this approach is substantiated by various studies. For instance,
the authors in [8] examines the collaboration between Industry 4.0 and IoT, demon-
strating their potential to revolutionize industries through intelligent, automated sys-
tems that boost productivity and cut costs. It highlights IoT's applications in agriculture,
healthcare, and logistics, offering solutions for precision farming, smart greenhouses,
and enhancing transparency in supply chain operations. In [9], explores the tools and
equipment used in agricultural IoT applications and the challenges of integrating these
technologies with traditional farming practices. It highlights the benefits of IoT and
cloud computing for enhancing farming processes, from sowing to packaging and trans-
portation. Study [10] outlines data filtering methods based on set-theoretic operations,
which can be adapted for sensor networks. Moreover, studies [11-12] demonstrate the
use of set theory and fuzzy sets to construct mathematical models addressing environ-
mental and ecological challenges.

10T systems designed for monitoring soil moisture levels consist of numerous inter-
connected components, including sensors, software, hardware, network protocols, and
external factors such as climatic conditions. Set theory offers a formal framework to
model these relationships, providing a robust mathematical foundation for defining the
hierarchy of system elements and their interactions. This framework enhances com-
prehension of the system's functional structure, streamlines architectural design, and
ensures a modular approach.

In addition, the tools of set theory play a vital role in organizing and processing large
datasets. IoT systems generate vast volumes of data that require efficient structuring
and analysis. By applying set-theoretic operations like union, intersection, and diffe-
rence, data can be organized, duplicates removed, irrelevant information filtered out,
and critical insights highlighted. This method greatly increases the speed and precision
of data analysis, which is essential for promptly identifying changes in soil conditions
and making well-informed decisions.

A key advantage of using this mathematical tool is its support for optimizing project
resource management. When designing an [oT system, various resources must be con-
sidered, such as material resources (sensors, controllers, network equipment), human
resources, software, and information. Set theory provides an efficient way to model
these resources as sets with defined properties and interrelationships. This approach
allows for balancing their usage, preventing excessive expenditure, and ensuring the
system's robustness to changes or unforeseen failures.

Additionally, set theory contributes to adaptability to external demands. The real-
world operating environment of an IoT system is dynamic and complex, including
factors like weather conditions, soil types, seasonality, and stakeholder requirements.
Using set theory, these factors can be represented as separate sets that interact with the
system. This enables the creation of adaptive algorithms that automatically account for
changes in the environment, ensuring the system operates reliably and efficiently even
in unpredictable circumstances.

Therefore, the application of set theory provides a structured and systematic approach
to designing an IoT system for soil moisture monitoring. This approach not only for-
malizes the system's structure but also enhances its performance by ensuring accuracy,
flexibility, and adaptability to real-world conditions.

The mathematical model will primarily focus on evaluating the quality, risks, and
effectiveness of the project, considering all the required resources and parameters. Set
theory will be employed to construct the mathematical model.
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The proposed model, in general terms, will have the following expression:
M = {GM,PH RP I}, (1)

G is the parameter that characterizes the set of material resources involved in the
project, which is defined as:

G={gl gt g¥} )
where g{! — FC28 sensor; g — ESP8266 microcontroller; g — irrigation system.
PH is the parameter that characterizes the set of human resources participating in the
project, which is defined as:
P* = {pl' vy, p¥,pi, ve, pe. v 08 3)
where p# — project manager; pJ — system architect; p¥ — designer; p — tester;
developer; pH — analyst; p# — agricultural consultant; Ps — documentation mana-
ger, p9 — accountant.
R? is the parameter that characterizes the set of software resources used in the pro-
ject, which is defined as:
RP ={rf ,v],r5}, 4)

where rf — Python programming language; F — SQL database; r — web server.
R? is the parameter that characterizes the set of informational resources in the pro-
ject, which is defined as:

I=4l,id,i,i (5)
where i — data from moisture sensors i5,— data on types of grain crops; i} — GIS (Geo-
graphic Information System); i} — technical documentation and guldehnes

Stakeholders, who have a direct impact not only on the functionality of the future
product of the project but also on the success of the entire project, significantly influence
the success of the IT project.

The project stakeholders can be represented as a set of parameters:

0 = {0+ 0"} (©)
where O- — parameter that characterizes the stakeholders (long-term project environment);

OP — parameter that characterizes the set of project participants (close project environment).
Let’s examine the parameter O" in more detail as the set of subsets that compose it:

0! = {ol, 0%, 0%, 0k, 0k} (7

where 01 — farmers and agrlcultural enterprises; oL —manufacturers and dlstr1butors of
modernagricultural technologies; 03 government agenmes andregulators; 0% —environ-

mental organizations; Og — research and educational institutions.
Let’s examine the parameter O” in more detail as the set of subsets that compose it:

0P ={oP,00}. (3)
where of — project team; o? — project sponsors.

For IT projects, the creation of complex IT products is characterized by a service
component that requires strategic services, development services, transitions, opera-
tions, and continuous improvements. The set of relevant parameters can be represented
as a combination of: )

S ={s!,SB,sUS}, )
where $' — parameter that characterizes the set of services supporting the IT infrastruc-
ture; S? — parameter that characterizes the set of services supporting the business appli-
cation; SY — parameter that characterizes the set of services providing user support.
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Let’s examine the parameter S’ n more detail as the set of subsets that compose it:
St ={sl, sl sl (10)
where s/ —monitoring and management of the moisture sensor system; s3 — storage and
analysis of sensor data; si — web server support.
Let’s examine the parameter S® n more detail as the set of subsets that compose it:

§% = (58,55, 8 ) (i
where, sB — development and support of software for data processing; s8 — develop-

ment and support of the user interface; s3B — development and support of the web server.

Let’s examine the parameter SY in more detail as the set of subsets that compose it:

SUS = {s®,s7°%,s5° }, (12)

wglsere s{® — technical support for system users (helpline); sy* — usage consultations;
S3” — introductory course on operation.

As mentioned earlier, the use of technologies for creating the IT product was dis-
cussed. Additionally, this group also includes technologies for development, manage-
ment, testing, operation, and maintenance of the IT project product. The set of relevant
parameters W can be represented as a combination of:

w={wew",w'y, (13)
where W¢ — parameter that characterizes the set of technologies for product develop-
ment and testing; WY — parameter that characterizes the set of project management tech-
nologies; W™ — parameter that characterizes the set of technologies for implementing
and supporting the project product.

Let’s examine the parameter W¢ in more detail as the set of subsets that compose it:

W = {wi,ws,wg,wi }, (14)
where wi — python; w$ — SQL; w§ — UNIT testing for code correctness verification;

wy — frameworks for rapid server deployment.
Let’s examine the parameter W* in more detail as the set of subsets that compose it:

W = {wi,wy'}, (15)
where wM — Project Management Software for planning and controlling project work;

w) — AGILE technologies for efficient project management.
Let’s examine the parameter W’ in more detail as the set of subsets that compose it:

W' = {wi,w;, w3, wi, wi, e}, (16)

where w! — python; w, — SQL; w} — web server; w4 — sensors; Wi — microcontrollers;
We — irrigation system.

The components of the IT product configuration are related to the definition of ele-
ments, their parameters, and their relationship to the developed information system.
The same applies to the elements of the project and the project environment. The set of
relevant parameters can be represented as a combination of:

K = {K" K* K* KPP KPS}, A7)
where K — the set of project parameters; K* — the set of project product parameters;
KE — the set of parameters of the project’s external environment; K7 — the set of project
requirements; KPS — the set of product requirements.

Let’s examine the parameter K” in more detail as the set of subsets that compose it:

K" ={ki ki k3, ki}, (18)

w})lere kf — funding volume; k§ — project duration; k§ — project team composition;
k3 — resources.
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Let’s examine the parameter K° in more detail as the set of subsets that compose it:
— S S S
S KS_{kl :kg;k ) k4-}: (19)
where K1 — accuracy of soil moisture measurement; k5 — system scalability;

k3 — energy efficiency; k ;f — user-friendliness for end-users.
Let’s examine the parameter K* in more detail as the set of subsets that compose it:

KE = {kT k5, k5, ki3, (20)

where k¥ — climatic conditions of the project implementation region; kE — availability
of infrastructure for sensor installation; k% — potential risks and threats to the project;
kE — socio-economic context.

Let’s examine the parameter K”” in more detail as the set of subsets that compose it:

KDR = {leP rké)P !kgp!kélD-Plkgp}’ (21)
where k? P defining the project implementation strategy, considering potential risks
and taking steps to mitigate them; k2F — developing the budget and planning the use
of financial resources, including creating control and reporting mechanisms; k2¥ — for-
ming and managing the project team, defining roles and responsibilities of participants;
kPP — establishing a monitoring system for the project’s progress and preparing reports
to assess achievements and identify potential issues; k2P — developing a project com-
pletion plan and transitioning to its operation or further development.

Let’s examine the parameter K in more detail as the set of subsets that compose it:

KPS = {kD® k3 k35, k2°, kg®, kg®}, (22)

where k?° — the system must enable real-time monitoring of soil moisture to respond
quickly to changes and take necessary actions; k2 — energy efficiency; k3° — the system
must have a user-friendly interface and be easy to use for farmers and other stakehol-
ders. It should also be easily integrated with existing agricultural management systems;
k25 — the system must provide accurate and reliable data collection on soil moisture for
further analysis; k25 — the system must provide tools for data analysis and report genera-
tion, allowing users to obtain useful information for decision-making; k25 — the system
must ensure a high level of data security to protect the confidentiality and integrity of
the information.
The parameters of the project product are presented as a set of sets:

L={L5"LF}, (23)
where LS — the set of throughput values of the product components; L” — the total number

of throughput capabilities of all product components.
Let’s examine the parameter L® in more detail as the set of subsets that compose it:

LS ={1,5} (24)
where I — data collection system: 1000 data/sec (500 operations/min); 15 — data anal-

ysis system: 100 data/sec (500 operations/min).
Let’s examine the parameter L” in more detail as the set of subsets that compose it:

P = {I° 18}, (25)
where I — data collection; I — data analysis.
The parameters of the project product are presented as 4 set of sets:
AF = {a7 a3}, (26)

E _ economic and market conditions.

where af — climatic conditions; qf
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The next step is to build a mathematical model for monitoring the quality, risks, and
effectiveness of the project.
1. The set of input parameters (X):

X={G,PRO0,SZK,L,A}, 27

where G — material resources; P — human resources; R — software resources; I — infor-
mation resources; O — stakeholders; S — services supporting IT infrastructure (SI);
W — technologies for developing and testing the project product; K — project parameters;
L — project product parameters; 4 — external environment parameters of the project.

2. The set of output parameters (7):

Y ={Q,R E H}, (28)
where O — project quality; R — project risks; E — project efficiency; H — communication
channels between the elements of the IT project management model.

3. The number of direct links is represented as a set:
HP = {h{ A} , K%, hy}, (29)
Direct links between all the elements of the model. Assume that direct links include
communication between the main resources, for example, 10 direct links.
4. The number of feedback links is represented as a set:
HZV — {hfv , hZZv , h%v, hiv}, (30)
Feedback links between all elements of the model. Assume that there are 5 feedback links.
The set of input parameters for the project model (X) is represented as:

X={x,i=1,2,..,N,. (31)
The number of knowledge areas in the model is M. Assume that N,=22.
The project quality assessment (Q) is defined as:

22 TP 10

0= > @0 t) + k) (32)

. i=1 j=1k=1
under constraint:

Vix,eX)(a,e Q3 h e TPLTP=0maQ=Q, . 0O >0, (33)
where O = — the minimum quality level of the project; O, — the quality assessment func-
tion based on the creation of input parameters from X at time £ € TP; Q, — the quality
assessment function for communication channels between elements of the model from X.

The project risk assessment (R) is defined as:

min

22 TP 10
R=>""3 (Ri(xuty) + Ro(h)) (34)
i i=1 j=1 k=1
under constraint:
Vix,€e X)(a,e Q)3h e TPLTP=0maR<R ,R >0, (35)

where R _—the maximum allowable level of project risks; R, — the risk assessment func-
tion based on the creation of input parameters from X at time ¢, € TP; R, — the risk assess-
ment function for communication channels between elements of the model from X.

The project effectiveness assessment (E) is defined as:
22 TP 10

E=) 3" (B ) + Ea(ha) (36)

i=1j=1k=1

under constraint:
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Vix, € X)(a,e Q)3 h e TETP>0maE>E ,E >0 (37)

where E  — the minimum level of project effectiveness; E, — the effectiveness assessment
function based on the creation of input elements from X at time #. € TP; E, — the effectiveness
assessment function for communication channels between elements of the model from X.

Example values: 1. Material resources: x, — FC28 sensor; x, — ESP8266 microcontrol-
ler; x, — irrigation system. 2. Human resources: x, — project manager; x; — system architect;
x, — designer; x, — tester; x, — developer, x, — analyst; x,, — agricultural consultant; x, — doc-
umentation manager, x,, —accountant. 3. Software resources: x,, — Python programming lan-
guage, x,,— SQL database; x,;—web server. 4. Information resources: x,,— data from humid-
ity sensors, x , — data on types of grain crops; x,, — GIS (Geographic Information System);
x,, — technical documentation and manuals. 5. Services: x,,— monitoring and management of
the humidity sensor system; x,, — storage and analysis of sensor data; x,, —web server support.

For each resource and project component, functions evaluating quality, risk, and efficiency
are calculated based on their specific values and duration of use. Furthermore, corresponding
functions are defined for the communication channels linking the various project elements.

This approach enables a comprehensive analysis of the project's quality, risks, and
efficiency, providing a robust foundation for effectively managing and optimizing the
development of the IoT system designed for soil moisture monitoring.

Conclusions. The integration of set theory as a mathematical framework for developing
an IoT system for automated soil moisture monitoring offers a groundbreaking approach in
agricultural technology. By utilizing the foundational principles of set theory, the complex
interactions among critical system elements — such as material and human resources, soft-
ware and informational assets, stakeholders, IT infrastructure support services, development
and testing technologies, project parameters, product attributes, and external environmental
factors — have been systematically modeled. This structured methodology enhances the pre-
cision of system design and significantly improves decision-making processes in project
management, paving the way for more efficient and scalable solutions.

The proposed IoT system demonstrates significant potential for optimizing irrigation,
rationalizing resource usage, reducing costs, and minimizing environmental impact. More-
over, it promotes the integration of modern technologies into agriculture, which is critically
important in addressing global challenges such as climate change and water scarcity.

Future research prospects include expanding mathematical models to account for
additional parameters, such as forecasting soil moisture dynamics using machine learn-
ing, and developing multifunctional IoT systems capable of monitoring temperature,
light levels, and soil acidity. Special attention should also be directed toward integrating
IoT systems with big data (Big Data) and artificial intelligence to enhance the adaptabil-
ity and autonomy of systems in real time.

In conclusion, this research not only establishes a theoretical foundation for further
improvement of IoT solutions but also paves the way for groundbreaking automation
advancements that will significantly impact the development of agricultural technologies.
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