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Biological sciences

EFFECTIVE EFFECT OF REHABILITATION MEANS ON INCREASING PHYSICAL PERFORMANCE IN ATH-
LETES

Baghirova Rafiga

Huseynova Gulnara

Safarova Sevinj

Azerbaijan Sports Academy, Baku, Azerbaijan

Abstract

The article reflects the complex results of the impact of rehabilitation measures selected to en-
hance recovery processes after performing intensive physical loads on the physical performance of vol-
leyball players and the delay of the development of fatigue. The results obtained in the study clearly
reflect the impact of physical rehabilitation tools on the adaptive systems of the body on the central
indicators of hemodynamics and the size of physical performance. Of the rehabilitation tools, special
breathing movements, gymnastic elements, autotraining, various types of massage, hydroprocedures
were included in the rehabilitation complex. It was found that these rehabilitation tools have an effective
effect on the recovery of athletes specializing in volleyball and create conditions for increasing their
physical performance and reducing the recovery period.

Keywords: physical rehabilitation, fatigue, recovery, rehabilitation tools, functional tests, physical
working capacity.

1. Introduction

Rehabilitation is a system of medical, physiological, psychological and social measures aimed at
preserving and restoring health. The main task of rehabilitation is to strengthen the restoration of
changes occurring in the body. In the process of functional recovery, the natural need for movement of a
person should be taken into account, therefore, one of the main methods of rehabilitation of an injured
or sick person should be adaptive physical education. Adaptive physical education is a therapy of using
the body's own adaptive, protective and compensatory capabilities in an adequate way to biological laws.
This process is restored with the help of movement functions, and health is preserved [1, p.24; 2, p.77; 3,
p.29].

The development and improvement of adaptive physical education tools and methods used in the
rehabilitation of injuries and pathological conditions in sports practice, and the orientation of all of them
- adaptive physical education, physical recreation (recovery), physical rehabilitation, adaptive sports - to
the protection and strengthening of human health is closely related to medical care, and the main tool
is considered to be therapeutic physical education. The means of therapeutic physical education are used
in a restorative, protective, prophylactic direction, and most of them benefit from therapeutic physical
education in the form of restorative means [4, p.559, 6, p.386]. Physical rehabilitation is a pedagogical
process aimed at the rapid resolution of treatment and rehabilitation issues through the combined use
of physical education tools. Physical rehabilitation in the elderly is a combined form of medical, pedagog-
ical and psychological effects. In short, physical rehabilitation helps to achieve recovery from a disease
or pathological process through the use of physical education methods [3, p.29; 4, p.559].

In recent times, the intensification of struggles and competition in the world's sports arenas has
also had its impact on sports training. The increase in the volume and intensity of training loads has led
to an increase in injuries and pathological conditions. In order to return athletes to the field of competi-
tion more quickly, it creates the basis for the widespread use of physical rehabilitation measures, along
with other restorative means. Therefore, the problem of rehabilitation of athletes remains one of the
most urgent issues of restorative and sports medicine. It has been established that intensive training
loads increase metabolism, energy sources are rapidly broken down and, along with energy, lead to the
formation of a large number of intermediate and final products of decomposition, thereby disrupting
homeostasis. Disturbance of the stability of the internal environment of the body leads to specific disor-
ders and non-specific adaptive reactions in those who exercise - changes in the functional systems of the
central nervous system, endocrine glands and many organs. Thus, as a result of chronic fatigue and
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excessive exercise, the development of general fatigue is accelerated, creating additional conditions for
the occurrence of injuries and diseases [4, p.559; 10, p.560].

The rapid development of modern sports, along with its positive results, also gives rise to a number
of problems. The change in the severity of fights from maximum to severe injuries, situations arising dur-
ing the games, ways out of them place great demands on the physical fitness of athletes, and makes the
constant improvement of the training process urgent [10, p.560].

In the course of sports activities, changes occur in the functional state of the athlete's body, the
transition of the activity of functional systems from one level to another occurs: from a state of calm to
full tension, fatigue and subsequent recovery. In order to achieve a beneficial adaptation result in the
body, regulatory mechanisms are activated during the implementation of physical loads, and during the
recovery period, all parameters return to their original state thanks to self-requlation processes. In this
case, the most important role falls on the vegetative nervous system, and nervous regulation plays the
role of an indicator of the body's adaptive capabilities [7, p.62].

The leading indicator reflecting the adaptive capabilities of the body in the process of sports activ-
ity is the functions of the cardiovascular system. Sports training has a strong effect on the main links of
the cardiovascular system of athletes: on the morphology of the heart, the hemodynamic system, the
state of the blood bed, etc. As a result of adaptation to physical loads, a good model of the functional
system is formed, optimizing the activity of the circulatory system in accordance with the type of training.
The direction of the training process, maintaining its own set of rules in the regulation of blood circula-
tion, forms long-term adaptation by influencing the type of blood circulation, a more economical type of
blood circulation is strengthened, and the functional capabilities of the heart are increased [1, p.24; 12,
p.224-231].

The training conditions and competitive activity inherent in modern sports are accompanied not
only by progressive adaptive changes in the health of athletes, but also by maladaptive changes to phys-
ical loads. These maladaptive changes tend to accumulate against the background of sports loads, accu-
mulate, become progressive and transform into a pathological stage, and subsequently give rise to
chronic conditions. In this regard, the problem of physical rehabilitation, restoration of functional status
and improvement of physical performance through intensive training is faced by sports specialists, scien-
tists, sports doctors, coaches and physical rehabilitation specialists and is considered one of the issues
awaiting solution [4, p.559; 5, p.304; 10, p.560; 11, p.120].

Since there are not many research studies on the application of rehabilitation to sports, scientists
have begun to focus on improving the effectiveness of training and competition processes, since they
have paid great attention to their medical and biological justification. Recently, scientific and research
studies in this direction have increased significantly, and by applying new rehabilitation tools to different
sports, athletes are trying to return to the field of competition more quickly and achieve faster recovery
processes. However, it should also be noted that one of the reasons that threatens the health of athletes
is that most coaches, when planning the volume and intensity of training loads, do not base their plans
on the level of the athlete's functional readiness, but on the current level of sports achievements [3, p.29;
4, p.559; 8, p. 154-159]. Thus, recovery processes after intensive training and competitions should take a
central place in the preparation of athletes. This requires coaches to give more priority to individual ap-
proaches when applying practical tools and methods, which ultimately eliminates the additional effects
that may arise on the health of athletes, and ensures more efficient recovery [1, p.24; 9, p.36-39; 12,
p.224-231]. The use of physical rehabilitation tools to accelerate recovery processes after physical loads
in sports training practice has a much older history, and the inclusion of these tools in training programs
leads to effective results and meets the requirements of modern world sports. The confirmation and
Justification of these approaches in practice is one of the most urgent issues of modern sports. The main
goal of the research work was to empirically substantiate and evaluate the effectiveness of the role of
rehabilitation tools and methods of physical rehabilitation in increasing the working capacity of athletes
and preventing fatigue.

Il Methods

20 volleyball athletes (aged 19-23) participated in the study. They regularly trained in the team
they represented for 10-12 hours a week, under the same program, in the same conditions. In accordance
with the planned goal of the study, the following tasks were planned: 1) assessment of the physical per-
formance of athletes specializing in volleyball; 2) analysis of scientific research and methodological ma-
terials on the topic,; 3) application of complex rehabilitation measures related to the optimization of the
physical performance of athletes and assessment of their effectiveness. The following methods were
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used to solve these tasks: a) pedagogical experiment; b) medical-biological testing; c) methods of math-
ematical statistics.

Ill. Results and discussion

The athletes participating in the examination were divided into two groups (control and experi-
mental) according to the indicators of functional readiness and the level of physical performance. It was
also revealed that the state of adaptation to the training loads performed in them was different in the
functional systems of the body. According to the results of medical-biological testing in both groups, the
control group was assessed as a group with adequate activity due to the individual functional character-
istics of adaptive systems, while in the experimental group this situation was assessed as a strained mech-
anism of adaptation and required the application of rehabilitation measures for their full recovery.

On the basis of the rehabilitation-restorative programs of the athletes included in the experimental
group and attributed to the mechanism of high adaptation strain, purposefully formed pedagogical, med-
ical-biological and psychological recovery tools were included and they were aimed at increasing physical
performance. These include breathing exercises, yoga gymnastics elements, auto-training, various types
of sports massage, vitamin foods, vitamins, hydroprocedures.

Regular performance of respiratory movements is of great importance in the recovery process.
They positively influenced the increase in the reserve capacity of the athlete's respiratory system, ex-
panded aerobic capacity, and increased adaptation to physical loads from the initial stages. Among the
numerous respiratory movements, those were selected for the rehabilitation of volleyball players that
affected the increase in the volume of external respiration indicators. The increase in external respiration
indicators creates conditions for the increase in the resistance of the central nervous system to hypoxia
and the strengthening of recovery processes.

The choice of a complex combination of autotraining, gymnastics and yoga elements in the recov-
ery process was largely due to the fact that they create isometric tension, which then creates an effect
called postisometric relaxation, which interacts with autogenic training in a relaxing way, increasing the
expected effect. The duration of this complex effect should be 15 minutes. Before, during and after the
exercises, pulse rates, respiratory rate, and arterial blood pressure were measured. Autotraining was car-
ried out in the gyms where the exercises were held, in the “Shavasan” posture, lying down, using the |.
Schulz method. In order to solve the task at hand more successfully, audio cassettes and melodic music
were also used, on which autogenic sessions were distributed. All this created conditions for strengthen-
ing recovery processes and complete relaxation.

Restorative massage is performed with volleyball players according to an improved sports massage
scheme, taking into account the specific characteristics of this sport. This also allows them to improve
their working capacity, and their functional condition improves. Sports massage is performed in training
and exercise settings for primary, restorative, and rehabilitative purposes.

The effect of physical rehabilitation before and after the implementation of rehabilitation pro-
grams was assessed using the following methods. With the help of physiological tests, the number of
heart beats, systolic blood pressure, diastolic blood pressure, pulse pressure, stroke volume, and cardiac
output, which are indicators of the functional state of the blood circulation, were determined. The indi-
cator of physical performance in athletes was calculated according to the PWC170 test, and the level of
maximal oxygen consumption (OMS) was calculated indirectly.

At the beginning of the study, the above-mentioned functional indicators were determined in the
athletes of the experimental and control groups during rest and repeated examinations were carried out
in order to determine the effect of training loads on them. According to the results obtained, it was found
that the response of the cardiovascular system to physical loads in the athletes of the experimental group
was hypotonic. Thus, it was observed that the central hemodynamic indicators and the mechanisms of
regulation in the activity of the heart were slightly strengthened. The cardiac output increased due to
the increase in the number of pulse beats, while the increase in systolic arterial pressure was not so sig-
nificant, diastolic blood pressure practically did not change, and the cardiac stroke volume increased
slightly. This indicates the inadequacy of the adaptation of the circulatory system to physical loads, the
blood supply to the muscles deteriorated, and the aerobic energy consumption of the body decreased. In
the athletes of the control group, a normotonic response to physical loads was observed, the average
level of physical performance of the body and aerobic energy production were at the level typical for this
type of sport.

The analysis of the results obtained after the implementation of rehabilitation measures showed
that the selected rehabilitation tool played a modulator role in the activation of the adaptive and regu-
latory systems of the examined athletes, had a positive effect on the recovery processes. This is also
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confirmed by the change in hemodynamics in the normotonic direction in all athletes of the experimental
group. The analysis of the results obtained after repeated determination of physical performance after
the implemented rehabilitation measures showed that in volleyball players of the experimental group its
level closely approached the level of indicators of the control group. This was observed in both PWC170
and OMS measurements. The absolute indicator of PWC170 in athletes of the experimental group in-
creased by 910.7 + 150.50 kgm/min, or 5.20% (compared to the initial indicators), and the average value
of the relative indicator of PWC170 increased by 16.80 + 2.30 kgm/min/kg, or 5.5%.

In the athletes included in the control group, no significant changes were observed in the indicators
obtained during the determination of physical work capacity (PWCi170) at the beginning of the experiment
and after the rehabilitation measures, but a tendency towards optimization was noted (the absolute in-
dicator of PWCi70 was 900.50 + 90.90 kgm/min, and then 925.55 + 90.60 kgm/min, and the relative
indicator of PWCi70 was 15.00 + 1.50 kgm/min/kg at the beginning of the experiment, and then 16.20 #+
1.60 kgm/min/kg). This once again confirms the effective effect of the physical loads applied in the train-
ing process. From the analysis of the results, it is also noteworthy that the absolute indicator of maximal
oxygen consumption (MOC) in the experimental group was 3.20 + 0.40 |/min, or up to 5.4%, and the
relative OMC indicator was 44.60 + 8.60 ml/min/kg, or up to 5.80% (compared to the initial indicators
at the beginning of the experiment). As can be seen from the results obtained from the volleyball players
included in the control group, the OMS measurements (the absolute indicator of OMS at the beginning
of the experiment was 3.20 + 0.04 /min, and at the end 3.80 + 0.08 [/min, while the relative indicators
of OMS were 50.20 + 5.6 ml/min/kg at the beginning of the study, and 52.30 + 5.80 ml/min/kg at the
end.

Thus, the analysis of the indicators obtained during the study shows that, in addition to the effec-
tiveness of the physical rehabilitation measures applied during the training process of volleyball players,
they are also aimed at developing endurance and physical performance in their athletes. The effective
development of endurance and general performance has a specific feature for this type of sport.

Conclusions: 1. The methodology used to assess the functional readiness and physical performance
of athletes allows for earlier detection of the development of excessive fatigue and a more frequent
reduction in the frequency of its development by implementing preventive measures at different stages
of preparation for competitions. 2. The conducted studies once again confirm the high effectiveness of
the applied physical rehabilitation complex methods, which is also proven by the analysis of the results
obtained in the conducted examinations. 3. The application of a rehabilitation-restorative complex im-
mediately after the performance of intensive physical loads significantly shortens the recovery period,
increases the adaptive capabilities of the body in athletes and increases the level of physical performance.
Therefore, it can be considered expedient to apply such restorative means in the training process of teams
in conjunction with other methods (as well as independently). By using physical rehabilitation methods
in volleyball and other sports, it is possible to maintain the functional state of athletes at a high level
during the competition period.
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Chemical sciences
INTERACTION OF OXOHYDRONAPHTHALENES WITH METHANOL
Nazarova Mushkunaz
Garayeva Irada
Muradov Mahal

Sumgait State University, Azerbaijan

The synthesis of 2-methyl-1-naphthol from 1-naphthol and methanol over Ni,H-mordenite has been
systematically investigated, and results of considerable practical relevance have been obtained [Agayev,
2018]. Detailed examination of the reaction pathways, characterization of the catalyst composition, and
comprehensive analysis of the reaction parameters demonstrate that the process is inherently complex
and proceeds through multiple transformation steps. Consequently, elucidation of the primary and sec-
ondary transformations occurring during the reaction, including the identification of consecutive and
parallel reaction pathways, represents a critical aspect of kinetic investigations.

The catalytic alkylation of 1-naphthol with methanol was selected as the object of the present
study. The development of an efficient method for the synthesis of methyl homologues of naphthols
using selected and well-justified catalytic systems, chosen from among the synthesized catalysts and
modified H-mordenites, as well as the identification of intermediate transformations occurring during
the process, were defined as the subject of the investigation.

The studies were conducted using modern equipment, instrumentation, and software. The experi-
ments were carried out in a flow-type reactor under differential reaction conditions, and the physico-
chemical properties of the reaction systems were subjected to detailed analysis.

Among the products formed in the interaction of 1-naphthol with methanol, 1-oxo-2,2-dimethy!-
1,2-dihydronaphthalene and 1-oxo-4,4-dimethyl-1,4-dihydronaphthalene were identified. It is assumed
that these compounds, together with 1-methoxynaphthalene, serve as intermediates in the formation of
methyl homologues of naphthalene [Aghayev, 2019]. To test this hypothesis, the interaction of these
proposed intermediates with methanol in the presence of a Ni,H-mordenite catalyst was investigated.
The experimental procedures and analytical results are presented in Table 1.

Table 1
Results of the interaction of 1-oxo-2,2-dimethyl-1,2-dihydronaphthalene with methanol in the presence
of a Ni,H-mordenite catalyst
Reaction conditions: u-1.0 st-1, v = 1:10 mol/mol
Parameters Temperature,°C
320 | 340 ] 360 ] 380 420
Conversion of 1-oxo-2,2-dimethyl-1,2-dihydronaphthalene, % | 50.5 | 67.5 | 855 | 94.8 | 100

Chemical composition of naphthalene
methyl homologues, wt.%

2-Methylnaphthalene -| 09| 22| 35| 52
1,2-Dimethylnaphthalene 994 | 97.3 | 93.7 | 90.8 | 84.7
1,2, 3-Trimethylnaphthalene 06| 11| 30| 40| 75
1,2,4-Trimethylnaphthalene 0.7 1.1 1.7 2.6

The interaction of 1-oxo-2,2-dimethyl-1,2- d/hydronaphthalene 1-ox0-4,4-dimethyl-1,4-dihy-
dronaphthalene, and 1-methoxynaphthalene with methanol was investigated at temperatures ranging
from 320 to 420 °C, with the partial pressure of methanol in the initial mixture taken in excess (10-20
atm). The results of the interaction of 1-oxo-2,2-dimethyl-1,2-dihydronaphthalene with methanol in the
presence of a Ni,H-mordenite catalyst are presented. The main reaction product is a mixture of methyl
homologues of naphthalene, with a mass fraction in the catalyst ranging from 12.7 to 50.0 %. Analysis
of the chemical composition of this mixture indicates that the predominant isomer is 1,2-dimethylnaph-
thalene.

At lower temperatures (320-340 °C), its mass fraction in the mixture is 97.3-99.4 %, whereas at
higher temperatures (380-420 °C), it decreases to 84.7-90.8 %. As the temperature increases, the con-
tent of 1,2-dimethylnaphthalene in the mixture decreases, while the proportions of other naphthalene
methyl homologues, including 1,2,3- and 1,2,4-trimethylnaphthalenes, begin to increase. Concurrently,
the conversion of the oxo compounds rises with increasing temperature, reaching 100 % at 420 °C.
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CH2 CHs

Regarding the formation of trimethylnaphthalenes during the process, it is assumed that the reac-
tion involves the simultaneous interaction of a 1-oxo-2,2-dimethyl-1,2-dihydronaphthalene molecule
with two methanol molecules, followed by subsequent water elimination [Balint E, 2013].

The interaction of 1-oxo-4,4-dimethyl-1,4-dihydronaphthalene with methanol in the presence of a
Ni,H-mordenite catalyst was also investigated. Analysis of the results indicates that this reaction pre-
dominantly yields two types of compounds: 1,1,3-trimethyl-1,2-dihydronaphthalene and methyl homo-
logues of naphthalene. At lower temperatures (320 °C), 1,1,3-trimethyl-1,2-dihydronaphthalene is the
main product. However, increasing the temperature negatively affects its content in the catalyst. Specif-
ically, at 420 °C, its mass fraction decreases twelvefold compared to 320 °C, reaching 3.0 %.

Analysis of the obtained results indicates that, in the present case, oxo compounds are formed only
in minor amounts, with 1-oxo-2,2-dimethyl-1,2-dihydronaphthalene predominating. The mass fraction of
this compound in the catalyst ranges from 0.4 to 1.0 %, and increasing the temperature from 320 °C to
360 °C reduces its content from 1.0 % to 0.4 %. At temperatures above 360 °C, this compound is no
longer detected. As for 1-oxo-4,4-dimethyl-1,4-dihydronaphthalene, only trace amounts are observed at
320 °C.

Under the selected conditions (300-340 °C), tetra- and pentamethylnaphthalenes are not formed
at all; these naphthalene methyl homologues are produced only at temperatures above 380 °C. Another
notable observation is that 1,1,3-trimethyl-1,2-dihydronaphthalene and 3,4-dimethyl-1-naphthol, ob-
tained from the interaction of 1-oxo-4,4-dimethyl-1,4-dihydronaphthalene with methanol over a Ni,H-
mordenite catalyst, are not formed in the reaction of 1-naphthol with methanol under the same condi-
tions. The small amount of 4-methyl-1-naphthol produced in the latter reaction is insufficient for the
corresponding oxo compound synthesis.

Although quantifying the amount and consumption of 1-oxo compounds in the reaction of 1-naph-
thol with methanol over Ni,H-mordenite poses certain difficulties, this stage is of particular importance
for the formation of 1,2-dimethylnaphthalene from 2-methyl-1-naphthol. Furthermore, 1-oxo com-
pounds play a significant role in the formation of other naphthalene methyl homologues, including tri-
and tetramethylnaphthalenes. In light of this, special attention was given to this factor in the kinetic
studies, and the kinetic model was constructed based on the above scheme. Overall, the established reg-
ularities of the catalytic alkylation of 1-naphthol with methanol formed the foundation for the kinetic
investigations.

Conclusions

1.Analysis of the results shows that the interaction of 1-oxo-4,4-dimethyl-1,4-dihydronaphthalene
with methanol predominantly yields two types of compounds, including 1,1,3-trimethyl-1,2-dihy-
dronaphthalene and methyl homologues of naphthalene.

2.The main product obtained from the alkylation of 1-naphthol with methanol, 2-methyl-1-naph-
thol, undergoes further methylation to form 1-oxo-2,2-dimethyl-1,2-dihydronaphthalene rather than di-
methylnaphthols. This oxo compound then reacts with methanol to predominantly produce 1,2-dime-
thylnaphthalene, which subsequently forms trimethylnaphthalenes.
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Abstract

This article offers a rationale for adopting modern network marketing technologies in public admin-
istration, a component of the management paradigm, to focus government efforts on meeting the needs of
the Georgian population. The article explores the experiences of Georgia and other countries in adapting in-
ternational marketing-technology practices in public administration, as well as specific aspects of moderniz-
ing and developing marketing tools in public services.
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Introduction

Internet marketing, a modern marketing concept, relies on innovative technologies. In government
marketing, creativity, grounded in a comprehensive study of the market and consumer demands, is no
less important than clear organization and management.

In modern government information systems, management is accomplished through information
flows. The quality of communication between government and the public has become a key factor in
optimizing public administration, the electoral process, and electoral technologies, as well as developing
new societal values.

Discussion

In Georgia, the range of digital communication platforms for dialogue, opinion exchange, and coordina-
tion of goals and ways to achieve them is constantly expanding.

There is a close connection between Georgian politics and the use of marketing technologies in public
communication [4, p. 4015]. Therefore, it is necessary to explore the implementation of modern online market-
ing technologies in public administration.

In the context of globalization, the Internet is enabling the formation of a unified social, informational,
and economic space. Online technologies, implemented by countries in public administration, have become a
systemic determinant of national economic competitiveness.

Internet marketing is a new type of marketing aimed at generating profit or other benefits. It involves a
combination of traditional and innovative tools and technologies on the global internet to identify and meet
consumer needs [2, p. 6].

In general, although the adoption of modern online marketing technologies is increasing, they are not yet
fully utilized in public administration. Often, their use is haphazard and unsystematic, or is carried out by insuf-
ficiently qualified specialists. However, the full integration of marketing into public administration created con-
ditions to increase the state's competitiveness and improve citizens' well-being.

To remove barriers to the widespread adoption of online marketing technologies in public administration,
it is important to develop recommendations for the use of internet marketing in government agencies and local
governments, and to strengthen the state's role in stimulating business development and e-commerce.

Internet marketing combines traditional marketing functions and modern information technologies. This
provides grounds for formulating its own definition. Modern online marketing technologies in public administra-
tion should be understood as the organization of government and local agency activities, carried out via the
global internet to identify, process, and satisfy consumer needs.

The internet is a unique source of information and communication. Among the negative aspects of inter-
net use is the risk of falling victim to manipulation and the malicious actions of fraudsters and propagandists. In
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particular, online propagandists’ traps are intrusive, often emotionally charged ideas that waste a person's time.
Such traps can include erroneous attitudes, unproductive or obsessive thoughts, and obsessive feelings or ideas.
When a person is caught up in so-called “information networks,” both their physical and mental health suffer.
Well-being, productivity, and relationships with others change.

Internet networks, as an inexhaustible source of communication, allow people to shape their environ-
ment, present themselves, and express themselves. The virtual illusion created is the feeling that virtual inter-
locutors understand and accept them, and sometimes even support them (through likes and comments). Unlike
real-life interactions, virtual communication is perceived as a place where one can easily, pleasantly, and safely
express oneself in any capacity. A person overly involved in virtual relationships tends to carry this over into real
life.

People who are absorbed online can be manipulated by modern network marketing technologies. This is
especially noticeable among young people, who have been raised in the age of technology. Certainly, infor-
mation technology carries a certain destructive force and is the basis for the systemic programming of the hu-
man psyche. The negative ultimate goal of manipulating consciousness and controlling individuals and groups
is waging organizational wars, destroying state foundations, and seizing control of these countries by a foreign
aggressor [4, p. 4016].

Consequently, modern network technologies are based on programming the human psyche, which deci-
sively influences the subsequent choice of cultural values and orientations.

Marketing in public administration resembles marketing in commercial organizations. However, market-
ing goals in the public sector should be more ambitious than those at the business level. While business market-
ing promotes a limited set of products, government marketing is diverse and requires a comprehensive, balanced
approach to meet public needs. Since 1970, the United States has worked to incorporate marketing technolo-
gies into the public sector. administration. The goal of such testing was to create public administration mecha-
nisms that would enable the president to govern the country effectively, much like managing a private company
[1, p. 364].

The global internet is a place where new technologies are constantly being introduced, and tools and
methods are used to improve the effectiveness of advertising campaigns. Online advertising is a universal means
of promoting goods, works, and services; its use is beneficial and cost-effective for both private businesses and
public administration goals.

In public administration, targeting is used to identify and meet public needs.

For example, Barack Obama’s team won the 2018 presidential race thanks to online marketing technol-
ogies, so we believe that the beginning of his presidency ushered in the era of digital marketing and microtar-
geting. In the United States, microtargeting has completely changed the approach to voter engagement. The
involvement of marketing specialists yielded fruitful results in this example. Something similar was gradually
beginning to happen in our country. The last few elections in Georgia were emblematic. It turned out that old
mechanisms and traditional means of reaching voters (TV and radio advertising, billboards, and campaign tents)
were ineffective without new creative solutions.

The internet has reached a huge audience in a short time and has become an important part of many
people’s lives. If we imagine a situation in which the internet suddenly disappeared, many people's lives would
change dramatically. The internet is of great importance because it influences not only the individual (one per-
son) but also the life of an entire society. For example, it contributes to a change in people's mindsets.

Online advertising is changing public attitudes, which has both positive and often negative conse-
quences in the real world. The use of modern network marketing technologies in public administration
enables the effective delivery of important information to the public.

Government agencies and local governments, as representatives of the non-profit sector, must
constantly address people's needs for security, self-realization, creative expression, and spiritual develop-
ment. This segment is immeasurably broader than the commercial sector.

Public network marketing is constantly expanding its functions. The function of interacting with
consumers has emerged alongside research, planning, sales promotion, and distribution.

Non-profit organizations typically use classic marketing techniques, including identifying market
segments, researching supply and demand, organizing sales channels, and launching social advertising
and PR.

We emphasize that introducing modern tools, namely non-profit network marketing, into public
administration is intended to promote socially significant products. Consequently, the activities of the
non-profit sector, unlike those of the commercial sector, are aimed not at generating profit but at satis-
fving social needs and achieving a high social impact. This means creating an intangible outcome,
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including improving the standard of living and quality of life for the population, promoting the preserva-
tion and reproduction of the social order, and, in general, satisfying the vital needs of citizens.

A distinctive feature of applying network marketing in public administration is that its activities
are grounded in classical marketing technologies. Government agencies such as healthcare, education,
science, and social security operate without material profit yet compete in a competitive environment.
Today, many private commercial entities in Georgia and abroad perform functions and tasks similar to
those of government agencies.

Non-governmental organizations, particularly political parties, trade unions, and public founda-
tions pursuing political goals, also promote their non-commercial products to society and influence public
consciousness.

From this perspective, we highlight the goals of non-profit network marketing, such as shaping
public perceptions of individuals and promoting political, religious, artistic, or scientific ideas.

Meeting a person’s needs positively affects their cultural, political, social, religious, and work-re-
lated identities.

Furthermore, network marketing technologies can:

— increase public trust in government agencies and officials;

— ensure social balance and healthy partnerships between different social groups;

— promote interaction between the state and the public;

— maintain a healthy public consciousness.

Ultimately, this will have a positive impact on the production of goods and services, their distribution
in domestic and international markets, profits for the non-profit sector, and, consequently, on tax revenues.

At the same time, many differences are revealed between marketing technologies in government
agencies and those in other organizations:

— non-economic goals;

— strict adherence to the law by PR in government agencies;

— implementation of the information function — regularly informing citizens about important polit-
ical and other events;

— PR in government agencies is focused on the development of civil society.

Government PR has a wider audience reach. This also depends on the level of government. At the
federal level, the target audience is the entire state population, entitled to receive reports on government
activities. Federal media broadcast a variety of information, employing propaganda and advertising meth-
ods. Public administration also employs many PR tools, methods, and various mobilization techniques. Pub-
lic PR is often referred to as political PR. Such political campaigns depend on current events in the country.
They are carried out through advertising, open dialogues and meetings, and coverage of significant deals
and negotiations. PR also includes events related to upcoming elections and anti-corruption campaigns.

Governments in developed countries operate in ways that maximize the efficiency of all market pro-
cesses. In particular, digital libraries and distance learning receive state support for information technology
in education. Thanks to the internet, in the United States, consumers of government services can enroll in
educational institutions and receive education through government websites. Thus, the introduction of
online marketing technologies into public administration is transforming the internet into an accessible
means of education and work for everyone. A significant advantage is that, firstly, the admissions process
to an educational institution is significantly simplified; secondly,

Bribery in any form during admission is prohibited; and thirdly, admission is guaranteed if a person
meets all requirements and possesses the necessary knowledge and qualities.

Following the example of developed countries, we believe our country's public strateqy should focus
on developing competitive market advantages.

Regarding the use of network marketing technologies in public administration to ensure the infor-
mation transparency of government institutions, countries such as the United States, France, Japan, and
others are particularly noteworthy.

The experience of countries such as the United Kingdom, Canada, Germany, France, Poland, and the
Czech Republic also demonstrates the effectiveness of adhering to the principle of information transpar-
ency in public authorities as a tool for reorienting them toward citizens’ needs. They have adopted the
United States’ successful experience with advanced marketing technologies in public-sector management
[2, p. 8].

PR technologies are also partially used by government agencies in Georgia. Specifically, they foster
a positive image of government agencies and their representatives, public support for government pro-
grams, and promote the country's advantages among other countries.
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Global practice demonstrates that the systematic participation of competent commercial enter-
prises as marketing management experts in government agencies is becoming a necessary component of
public administration. Providing conditions for the training and development of human resources in PR
activities for government agencies will facilitate the closest possible rapprochement between the state
and the population. In turn, this will ensure the quality and effectiveness of work and the interaction
between government agencies and the population.

We believe that implementing modern network marketing technologies is the foundation of public
administration within the management paradigm, focusing government activities on meeting the needs
of the country’s population. After all, the quality of life of the population and the effectiveness of gov-
ernment agencies should be paramount for the state. These indicators characterize how effectively
emerging challenges are resolved and how clearly leadership is exercised. A state that is interested in
and successfully addresses the above-mentioned conditions of interaction between government bodies
and society will undoubtedly develop and thrive across all areas of activity.

The primary goal of government PR structures should be to build the government's prestige
through modern network technologies and to project an image of effective leadership that possesses not
only power but also the ability to resolve emerging issues.

The target of PR activities in public administration is the taxpayer and voter. This is recognized as
a citizen who wants, should, and has the right to know all the information they need about the actions
of government bodies at various levels.

In a democratic state, the government needs to inform the electorate and the public about its ac-
tivities regularly. Any senior government body or leader wants to demonstrate their own successful work,
and they use a wide variety of communication channels to do so. In Georgia, these network technologies
will not produce the expected results. Thus, intensifying the processes associated with the introduction
of new network marketing technologies into public administration is both a need and a challenge of our
time, as it allows for the effective identification of public sentiment and expectations, influences public
consciousness, and fosters common ground between the state and society.

As the experience of developed countries shows, government agencies can effectively use network
marketing technologies to drive innovation in public administration. The introduction of modern network
marketing technologies into public administration facilitates aligning government activities with con-
sumer needs. For developed democratic countries, this should be a primary goal for further economic and
strategic development and global competitiveness.

The following modern network marketing technologies can yield positive results from their intro-
duction into public administration:

— Contextual advertising — displaying an ad to those interested in its content;

— Remarketing — displaying ads from a website previously viewed by the user; Search Engine Op-
timization (SEQ) — measures aimed at raising a website to the top positions in search engines;

— creating videos and posting them on social media;

— chatbots, sending out informational and promotional emails, and posting content on various
resources for further promotion.

Conclusion

Certainly, our country is not ready for this type of implementation for several reasons. Our further
research will focus on identifying, studying, and analyzing their impact on the effectiveness and efficiency
of government agencies and society, as well as potential obstacles to the development and implementa-
tion of effective modern network marketing technologies in public administration. It is necessary to de-
fine principles for integrating modern network marketing technologies into public administration, ensure
training and professional development for specialists in public marketing, and legislate state standards
for organizational, informational, and resource support for government information systems.
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Abstract

Sustainable social development has become a central analytical concept in contemporary aca-
demic discourse due to intensifying ecological crises, structural social inequalities, and the growing limi-
tations of growth-oriented capitalist models. This article provides a formal academic interpretation of
sustainable social development within the context of post-capitalist and ecological societies. The study
conceptualizes social development as a multidimensional and dynamic process grounded in the harmo-
nization of three interdependent pillars: economic sustainability, environmental integrity, and social co-
hesion. Moving beyond traditional welfare and growth paradigms, the article emphasizes human well-
being, social resilience, and ecological responsibility as core objectives of development.

Methodologically, the paper draws upon the New Social Contract Theory, Ecological Moderniza-
tion Theory, and the Human Development approach as complementary analytical frameworks. These
theories collectively provide a robust methodological foundation for examining institutional transfor-
mation, policy innovation, and normative change in pursuit of sustainable social outcomes. Particular
attention is devoted to the reconceptualization of social development at the intersection of national
values and global transformation processes, including digitalization, climate governance, and the Sus-
tainable Development Goals. The article argues that sustainable social development in a post-capitalist
and ecological context requires not only structural and policy reforms but also a fundamental reorienta-
tion of social values toward intergenerational justice, inclusiveness, and long-term ecological balance.

AHHOMAayus

Ycmodiyusoe coyuasibHoe pazsumue B yC/I0BUSX HaPACMAroU4UX IKO02UYECKUX KPU3UCOB, CMPYK-
MYPHbIX COUUAIbHBIX HEPABEHCMB U Y2/1ybaS0UUXCS 02paHUYeHUl Kanumaaucmu4yeckux mooesed, opu-
eHMUPOBAHHbIX HA SKOHOMUYECKULU pocm, 3aHUMaem UeHmpasbHoe Mecmo 8 COBPeMeHHOM akaoemuye-
CKOM OUCKypce. B cmambe npedcmassieHa ¢popmasbHo-Hay4Has uHmepnpemayus ycmoli4yuso2o coyu-
a/IbHO20 pA3BUMUS B KOHMEKCMe NOCMKANUMAauCmMuU4YeCcKo2o U 3K0102U4eCKU OpUeHmMUPOBAHHO20 06-
wecmaa. CoyuasbHoe pazsumue pacCMampusaemcs Kak MHO20MepPHbIU U OUHAMUYHbILU NPOYECC, OCHO-
BAHHbIU HA 2APMOHU3AUUU MPEX B3AUMO3ABUCUMbIX KOMNOHEHMOB: 3KOHOMUYECKoU YCmoUu4uBocmu,
3Kos102u4eckoll 4esoCMHOCMU U coyuansHol cniodéHHocmu. Omxo0ss om mpaoduyuUOHHbIX NApaduzm
6/1020COCMOSIHUSA U 3KOHOMUYECKO20 pOCMA, dBMOop AKUEeHmUpyem BHUMAHUE Ha Ye/108e4eckom 6/1azo-
nosayYuUl, coyuanbHoU ycmod4yuBoCMU U 3K0/102U4eCKOl 0OMBEemMCcmMBEHHOCMU KAK K/IHYeBbIX UesIsx pas-
BUMUS.

Memodosioaudeckoll 0CHOBOU UCCIe00BAHUS C/IYHam meopusi HoBo20 coyuaIbHO20 KOHMPAKkma,
Mmeopusi 3K0/102u4ecKol MoOepHU3aLUU U NOOX00 Ye/10B8e4eCcKo20 pa3BUMUS, UCNOJIb3yeMble B Ka4eCmBe
B3aUMOOONOJTHAULUX AHAAUMUYecKux pamok. COBOKYNHO OaHHbIe meopuu GopmMupyrom NPOYHYH Me-
moadosioeudeckyro 6asy 019 aHaau3a UHCMUMYUUOHAIbHbIX MpaHcgopmayudl, uHHosauyul 8 eocydap-
cmBeHHOoU NoJIUMUKe U HOPMAMUBHbIX U3MeHeHUU, HanpasieHHbIX Ha 00CMuXeHue ycmoUu4usbiX COUu-
asbHbIx pesysibmamos. Ocoboe BHUMaHue yoesnssemcsl NepeoCMbIC/IeHUIO COLUAIbHO20 PA3BUMUS HA Ne-
peceyeHuU HayUOHaIbHbIX UeHHocmed u 2/106a/ibHbIX MPAHCHOPMAYUOHHBIX NPOUECCOB, BK/IYAs Yug-
POBU3ALUID, K/TUMamuyYyeckoe ynpasseHue u L{esu ycmolyuso2o pa3sumusl. B cmamaee 06ocHoBbIBaemcs
mesuc 0 mom, Ymo ycmol4usoe coyuasabHoe passumue 8 NOCMKANUMAaUCMUYeCcKoM U 3K0J102UYECKOM
KOHmMeKcme mpebyem He MoJibKO CMPYKMYPHbIX U NOUMUYECKUX pepopm, HO U pyHOameHmMaabHoU
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nepeopueHmauguu obuwecmseHHbIX yeHHocmel B8 CMOPOHY MEXNOKOJIeHYeCcKol CDDGB@@HUBOCH’)U, UH-
KJIro3usHocmu u aOHEOC,DOL/HOZO JKos102u4ecko20 banaHca.

Key words: Sustainable social development, Theories, Economics, Human Development
Knrovesble cn108a: ycmoldusoe couuaabHoe passumue, meopuu, SKOHOMUKA, Yes108e4eckoe pas-
sumue

1. Introduction

The concept of social development has historically been framed within paradigms emphasizing
economic growth, industrial expansion, and rising material standards of living. While these approaches
contributed to significant improvements in welfare in many regions, their structural limitations have be-
come increasingly evident in the face of climate change, environmental degradation, global inequality,
and socio-economic instability (Hickel, 2020; OECD, 202 1). As a result, contemporary scholarship increas-
ingly questions the adequacy of growth-centric development models and calls for alternative frame-
works that integrate social equity and ecological sustainability.

Within this context, the sustainability paradigm has emerged as a comprehensive framework ca-
pable of addressing the complex interdependencies between economic systems, social structures, and
natural environments (Raworth, 2022). Sustainable social development represents a conceptual synthe-
sis that aligns social progress with ecological limits and long-term societal resilience. Furthermore, post-
capitalist perspectives contribute to this debate by challenging the primacy of market-driven accumula-
tion and advocating for development models centered on human capabilities, cooperation, and environ-
mental stewardship (Fraser, 2021).

The social dimensions of the Sustainable Development Goals (SDGs) constitute the human centered
core of the 2030 Agenda for Sustainable Development. While the SDGs collectively aim to balance eco-
nomic development, environmental sustainability, and social inclusion, their social dimension specifically
focuses on the promotion of equity, well-being, and social justice within and across societies. Social sus-
tainability is commonly understood as the ongoing improvement of individuals’ quality of life, the
strengthening of social cohesion, and the expansion of equal opportunities for all, with particular atten-
tion to vulnerable and marginalized groups (Aliyev, E. 2025: p.532).

This article aims to provide a contemporary academic interpretation of sustainable social develop-
ment within a post-capitalist and ecological society. It seeks to address three interrelated research ques-
tions: (1) How can the concept of social development be theoretically integrated with the sustainability
paradigm? (2) What methodological contributions do the New Social Contract Theory, Ecological Mod-
ernization Theory, and the Human Development approach offer to the study of sustainable social devel-
opment? (3) How can social development be reconceptualized in light of national values and global trans-
formation processes?

2. Main Part

2.1 Social Development within the Sustainability Paradigm

The integration of social development into the sustainability paradigm reflects a paradigmatic shift
from linear and growth-oriented development models toward holistic and systems-based approaches
(UNEP, 2021). Sustainability emphasizes the capacity of social systems to ensure long-term well-being
while preserving ecological systems and social cohesion for future generations. Consequently, sustaina-
ble social development extends beyond economic indicators to encompass social inclusion, institutional
trust, and environmental responsibility (UNDP, 2022).

The three-pillar model of sustainability—economic, environmental, and social—serves as a foun-
dational analytical framework in this regard. Economic sustainability refers to stable and inclusive eco-
nomic structures capable of generating livelihoods without creating systemic vulnerabilities (Stiglitz et
al, 2020). Environmental sustainability emphasizes the preservation of ecosystems, reduction of re-
source depletion, and mitigation of climate-related risks. Social sustainability focuses on equity, partici-
pation, cultural continuity, and access to essential services (Dillard et al., 2021).

The harmonization of these pillars represents a core challenge for contemporary development pol-
icy. Economic expansion that undermines environmental systems or deepens social inequalities cannot
be regarded as sustainable. Similarly, environmental policies that neglect social consequences risk polit-
ical resistance and limited effectiveness (Dryzek et al., 2023). Sustainable social development therefore
requires integrated governance frameworks and cross-sectoral policy coherence.

2.2 Post-Capitalist Perspectives and Ecological Society
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Post-capitalist theories argue that advanced economies are undergoing structural transformations
that gradually weaken the dominance of traditional capitalist institutions (Mason, 2020). These trans-
formations include the rise of digital economies, knowledge-based production, social enterprises, and
cooperative economic models. Within this framework, social development is increasingly understood in
terms of enhancing human well-being, social innovation, and collective resilience rather than maximizing
capital accumulation.

In ecological societies, post-capitalist perspectives are closely linked to the recognition of planetary
boundaries and ecological limits to growth (Rockstrom et al., 2021). This recognition challenges conven-
tional measures of progress, such as gross domestic product, and encourages the adoption of alternative
indicators focused on well-being, sustainability, and social quality (Fioramonti et al., 2022). Social devel-
opment in this context involves redefining societal success through improvements in quality of life, envi-
ronmental health, and social stability.

2.3 Methodological Foundations for Sustainable Social Development

The New Social Contract Theory provides a normative framework for understanding evolving rela-
tionships between individuals, the state, and markets under conditions of heightened risk and uncer-
tainty. It emphasizes mutual responsibility, social trust, and inclusive governance as essential foundations
for sustainable social development (Boyer, 2021). In a post-capitalist context, this approach supports the
renegotiation of social obligations in line with ecological constraints and social justice principles.

Ecological Modernization Theory contributes an analytical perspective on how technological inno-
vation, institutional reform, and policy learning can align economic development with environmental
protection (Mol et al.,, 2021). Rather than treating economic growth and ecological protection as inher-
ently contradictory, this theory suggests that modernization processes can be redirected toward sustain-
ability through green technologies, circular economy practices, and requlatory innovation.

The Human Development approach, originally articulated by Sen and further developed in recent
literature, places human capabilities and freedoms at the center of development analysis (Sen, 2020,
UNDP, 2022). When combined with sustainability principles, this approach highlights the importance of
intergenerational equity, long-term well-being, and social inclusion as integral components of sustaina-
ble social development (Alkire & Deneulin, 2021).

2.4 National Values and Global Trends in Social Development

Sustainable social development is deeply embedded in national contexts shaped by historical expe-
riences, cultural norms, and institutional structures. National values influence social priorities, welfare
arrangements, and public attitudes toward sustainability policies (Inglehart, 2021). At the same time,
globalization, digital transformation, and global environmental governance frameworks increasingly
shape national development trajectories.

The reconceptualization of social development thus requires balancing national priorities with
global commitments, particularly those articulated in the United Nations Sustainable Development Goals
(United Nations, 2023). Adapting global frameworks to local contexts while maintaining normative co-
herence is essential for ensuring both legitimacy and effectiveness. Sustainable social development there-
fore functions as a mediating concept that connects local identities with global responsibilities.

Conclusion

This article has examined the contemporary academic interpretation of sustainable social develop-
ment within the context of post-capitalist and ecological societies. It has argued that social development
can no longer be adequately understood through growth-centric or purely economic lenses. Instead, it
must be conceptualized as a multidimensional process integrating economic sustainability, environmen-
tal integrity, and social justice.

By synthesizing the sustainability paradigm with post-capitalist perspectives, the study highlights
the necessity of harmonizing structural transformation with normative change. The discussion of the
New Social Contract Theory, Ecological Modernization Theory, and the Human Development approach
demonstrates that sustainable social development requires both analytical pluralism and value-based
orientation. Ultimately, achieving sustainable social development demands institutional innovation, pol-
icy coherence, and a fundamental reorientation of societal values toward solidarity, responsibility, and
long-term ecological balance.
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THE ROLE OF EMOTIONAL INTELLIGENCE IN AN EFFECTIVE LEADERSHIP SYSTEM: THEORETICAL AND
PRACTICAL APPROACH

Huseynli Aylin Mehman

Abstract

This article examines the relationship between emotional intelligence (El) and leadership effective-
ness based on current scientific research and meta-analyses. Based on the results of more than 100 em-
pirical studies conducted between 2018 and 2025, it is demonstrated that emotional intelligence plays
a critical role in leadership success. Research shows that leaders with high levels of emotional intelli-
gence achieve up to 40% higher performance in their teams, up to 50% lower turnover, and 2.5 times
greater success in change management. According to a meta-analysis, the distinguishing feature of high-
performing leaders in almost 90% of their profiles is the emotional intelligence component, not technical
skills. Research conducted by McKinsey & Company, Harvard Business Review, and TalentSmart confirms
that emotional intelligence is one of the most in-demand skills in today's workplace. The original theo-
retical contribution of the paper is the inclusion of the first empirical data from the Azerbaijani context
—a local study conducted in the logistics sector by Novruzov (2024) and a comparative study of Norwe-
gian-Azerbaijani SMEs by Mammadov and Wald (2025).

Keywords: emotional intelligence, leadership effectiveness, Azerbaijani work environment, SME in-
ternationalization, team performance, self-awareness, empathy, meta-analysis

1. INTRODUCTION

In the 2 1st century, the leadership paradigm has undergone significant changes. While traditional
leadership models emphasized IQ and technical skills, modern research shows that emotional intelli-
gence (El) plays a more significant role in leadership success. The concept of emotional intelligence, de-
veloped by John Mayer and Peter Salovey in the 1990s and introduced to a wider audience by Daniel
Goleman in 1995, revolutionized leadership research.

Goleman's 1998 Harvard Business Review article, "What Makes a Leader?", became the most cited
article in the journal's history (Goleman, 1998). The research presented in this article shows that, in a
study of nearly 200 large international companies, nearly 90% of the factors that distinguish outstanding
performers from average ones in high-level management positions are not technical skills but compo-
nents of emotional intelligence (Goleman, 2004).

A comprehensive systematic review by Gerhardt, Bauwens, and van Woerkom (2024) confirms the
growing influence of emotional intelligence on leadership outcomes, given the complex challenges lead-
ers face in the context of the COVID-19 pandemic, rising mental health problems, and technological
change (Gerhardt et al., 2026). In the context of Azerbaijan, research on leadership styles in the context
of post-Soviet economic transformation has grown significantly in recent years.

2. EMOTIONAL INTELLIGENCE: THEORETICAL BASIS AND COMPONENTS

2.1 Definition of emotional intelligence

Mayer and Salovey (1990) define emotional intelligence as "the ability to recognize and manage
one's own emotions and the emotions of others.” In the context of leadership, emotional intelligence
means understanding how emotions influence team dynamics and performance and using this under-
standing to lead effectively (Salovey and Mayer, 1990). According to Goleman's model, emotional intel-
ligence consists of four main areas:

Component Description and meaning
Self-aware- The ability to deeply understand one's own emotions, strengths, and weaknesses. According to McKinsey
ness research, organizations with self-aware leaders achieve 41% higher shareholder returns (McKinsey, 2020).
Self-govern- The ability to regulate emotions, control impulses, and adapt to changing circumstances in stressful situa-
ment tions. Leaders with high levels of self-control lead with clarity and purpose (Goleman et al., 2013).
Social con- The ability to recognize and understand the emotions of others and demonstrate empathy. According to
sciousness DDl research, leaders who demonstrate empathy demonstrate over 40% better performance in coaching,

engagement, and decision-making (DDI, 2021).

Relationship The ability to communicate effectively, resolve conflict, inspire and influence others is one of the corner-
Management | stones of effective leadership.

Source: Compiled by the author based on (3-7)
3. Empirical data: results of meta-analysis
3.1. Fundamental research on leadership effectiveness
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A 2024 meta-analysis by Narendran et al. confirms a strong positive correlation between emo-
tional intelligence and leadership effectiveness (Narendran et al., 2024). The study includes dozens of
empirical studies published between 2016 and 2023 and shows that emotional intelligence plays a criti-
cal role in leadership success.

A landmark cross-cultural meta-analysis published in 2018 found that leaders' emotional intelli-
gence exerts an additional and independent influence on employee task performance and organizational
citizenship behavior, after five core personality traits and cognitive abilities (Miao et al., 2018). This study
also examined cross-cultural differences, revealing that leaders' emotional intelligence exerts a stronger
influence in collectivist, feminist, and uncertainty-avoidant cultures. This finding is directly relevant to
the Azerbaijani context, which is characterized by a high power distance index (PDI).

The most recent systematic literature review, published in January 2025, critically examines the
relationship between emotional intelligence and transformational leadership. All studies confirm that
the higher the level of emotional intelligence, the more effective leaders will be (MDPI, 2025).

3.2. Quantitative indicators and results of the company'’s activities

Empirical research demonstrates the link between emotional intelligence and specific, measurable
business results:

Indicator Conclusion
Difference in performance | Efficiency associated with EZ methods explains 58% of success (TalentSmart).
Team performance 15-25% growth for EZ market leaders (McKinsey, 2023)
Employee engagement 20% increase in engagement with high EZ levels (McKinsey, 2021)
Changes in staff Reduction in turnover by 50% (WEF, 2020; McKinsey, 2023)
Changes to Success The probability of success is 2.5 times higher (McKinsey, 2023).
Salary difference Earn $29,000 More Per Year (TalentSmart, VEF)

Source: Compiled by the author based on (11-15)

4. Examples from real-life practices of organizations

4.1 Microsoft: Satya Nadella's Transformation

Since Satya Nadella's appointment as CEO of Microsoft in 2014, his emotional intelligence-driven
leadership approach has radically transformed the company's culture and performance. Nadella's empa-
thetic leadership style is rooted in listening, understanding, and valuing employees' contributions. From
2014 to mid-2021, Microsoft's market capitalization grew from $300 billion to 52.5 trillion. This result
is directly linked to his emotional intelligence-driven leadership strateqgy (HBS, 2023).

4.2. PepsiCo: Investing in Emotional Intelligence

Under former CEO Indra Nooyi, PepsiCo focused on emotional intelligence in its leadership devel-
opment programs. Leaders were trained in self-management, empathy, and social skills. The result was
a 10 percent increase in productivity, a significant increase in employee engagement, and an 87 percent
reduction in leadership turnover (Aura Al, 2025).

4.3. Google: Project Aristotle

Google's Project Aristotle study examined the factors that determine team effectiveness. The study
found that psychological safety—a key outcome of emotionally intelligent leadership—is the most im-
portant factor in team success (Google Research, 2017).

5. Empirical analysis of companies from Azerbaijan

While most contemporary management research focuses on Western economies, recent years have
seen a growing number of empirical studies examining the business environment in Azerbaijan. This sec-
tion summarizes the findings of three important empirical studies relevant to the Azerbaijani context.

5.1. Post-Soviet Context of Azerbaijan: Framework for Leadership

Azerbaijan gained independence in 1991 and rapidly accelerated its economic diversification. The
signing of the "Deal of the Century" in 1994 necessitated a synthesis of Western work culture models
with the local mentality. Research using Hofstede's cultural dimensions model shows that Azerbaijan
exhibits a cultural profile characterized by high power distance (PDI), strong uncertainty avoidance (UAI),
and collectivist values. Miao et al. (2018) demonstrated that the positive impact of leaders' emotional
intelligence on employee performance is stronger in such cultures—this finding provides an important
starting point for leadership research in Azerbaijan.

5.2. Leadership in the logistics sector: research by Novruzov (2024).

Among local academic studies of leadership styles in Azerbaijan, the work of Novruzov (2024) is
particularly noteworthy. Published in the Open Journal of Business and Management, the author exam-
ined a company in the logistics and trade sector in Azerbaijan. The study, which employed a mixed meth-
odology—a survey of 43 employees and interviews with three senior managers—revealed significant
findings.



V INTERNATIONAL SCIENTIFIC CONFERENCE. BRUSSELS. BELGIUM. 10-11.02.2026

Key findings of the study:

 The company studied is dominated by a transactional management style motivated by financial
incentives. This finding reflects the economic realities of Azerbaijan—employees prioritize income
stability over alternatives to the greatest extent possible.

* The highest level of commitment to continuing work was observed among employees, that is,
they prefer to stay with the company due to the high opportunity costs associated with leaving (economic
situation, general conditions in the labor market).

« The components of transformational leadership are relatively rare; however, leaders who exhibit
a transformational style are able to generate significantly higher emotional commitment (voluntary
commitment) in employees.

* Azerbaijjan's post-Soviet cultural context—power distance, respect for hierarchy, and informal
individualism—nhas a significant impact on leadership dynamics.

The author concludes that emotional intelligence competencies—especially empathy, social
awareness, and relationship management—are key mechanisms for developing transformational lead-
ership in the Azerbaijani context. However, this transition is difficult to achieve without integrating fi-
nancial and incentive structures (Novruzov, 2024).

5.3. Internationalization of SMEs: Mamedov and Wald (2025) Research

The most rigorous international empirical study examining the relationship between emotional in-
telligence and the work environment in Azerbaijan was published in the journal Management Interna-
tional Review by Mammadov and Wald (2025). This study, published by Springer, conducts a structured
comparative analysis between Norway (an advanced economy) and Azerbaijan (an emerging economy).

Research methodology:

« A total of 399 owner-managers of small and medium-sized enterprises from Norway and
Azerbaijan were surveyed online; the sample from both countries met the same methodological
standards.

* For the Azerbaijani portion of the survey, it was translated into Azerbaijani, and a forward and
backward translation method was used to verify accuracy. The pilot phase was conducted with 10 small
and medium-sized business owners in Azerbaijan.

« In collaboration with a specialized research and consulting firm in Azerbaijan, fully completed
questionnaires were collected from 115 small and medium-sized enterprises (response rate: 12.3%).
Average size: 53 employees, average international experience: 16 years.

* The influence of cultural intelligence (CQ), emotional intelligence (EQ) and global mindset (GM)
on the degree of internationalization (DOI) was measured using structural equation modeling (SEM).

Key findings of the study:

« Both cultural and emotional intelligence statistically significantly predict the degree of
internationalization of small and medium-sized enterprise (SME) owners in Azerbaijan. Compared to
Norway, the positive impact of emotional intelligence on internationalization in Azerbaijani SMEs is
stronger through global mindset (GM).

» Managers of small and medium-sized enterprises in Azerbaijan with high levels of emotional
intelligence demonstrate the ability to effectively manage conflicts and misunderstandings arising from
cultural differences in international markets. Emotional intelligence is more effective in managing
emotional dynamics in foreign markets, and when combined with global intelligence, this sensitivity can
be applied to global business practices.

* As several researchers have noted, the lack of high-level skills has been identified as one of the
main obstacles to the internationalization of small and medium-sized enterprises in Azerbaijan. The
authors emphasize this deficiency as a structural feature of developing economies.

The authors note, given Azerbaijan's status as a developing economy, that due to the weakness of
mature market institutions, the emotional competencies of SME managers can partially replace formal
institutional mechanisms. This argument suggests that emotional intelligence is of greater strategic im-
portance in transition economies such as Azerbaijan (Mammadov and Wald, 2025).

5.4. PASHA Bank: An example of investment in human capital in Azerbaijan

The management approach of PASHA Bank, a leading corporate financial institution in Azerbaijan,
can be seen as a practical example of a leadership culture based on emotional intelligence. Recognized
as the "Best Bank in Azerbaijan" by Euromoney magazine in 2025, PASHA Bank is an important empirical
example in terms of both institutional effectiveness and human capital management strategy (Euro-
money, 2025).

The Bank's approach to human capital management is based on the following elements:
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« Zibeyda, appointed Chief Human Resources Officer (CHRO) in 2024, focused her leadership
philosophy on "strengthening teams, supporting organizational effectiveness, and creating a culture of
inclusive development” (PASHA Bank, 2024). This philosophy directly reflects the relationship
management component proposed by Goleman.

 The bank's team consists of more than 1,425 qualified professionals; internationally, it includes
representative offices in Georgia and Turkey. This scale elevates the requirements for emotionally
competent leadership beyond national standards.

* The increase in net profit from 199.5 million manat (2023) to 210.5 million manat in 2024,
return on equity reaching 24.2%, as well as the growth of the loan portfolio by 16.5% to 3.3 billion manat
indicate that the effectiveness of corporate governance is reflected in the figures (Euromoney, 2025).

It's worth noting that there is currently no formal, longitudinal study publicly available measuring
the specific, independent impact of PASHA Bank's emotional intelligence development programs on em-
ployee performance. However, the bank's demonstrated institutional success—particularly in terms of
talent retention—can be attributed to the potential contribution of an emotionally intelligent leadership
environment.

5.5. Leadership Environment in Azerbaijan: A Comparative Context

A comparative analysis of the results of the above-mentioned empirical studies using Hofstede's
concept of cultural dimensions allows us to more accurately characterize the working environment in

Azerbaijan:
Cultural feature Azerbaijan in context Conclusion for EZ
Long Power Dis- High respect for the leader's status; hierar- Leaders need to make more of an effort to show em-
placement (PDI) chical approach to decision making. pathy.
Collectivism Group cohesion is at the forefront; the feel- | The social awareness component of the EZ program
ing of oneness is very strong. produces the best results.
High Uncertainty Stress during periods of change is difficult to | The strategic role of the self-government component
Avoidance (UAI) control. is increasing.
Conditions of eco- Building Commitment to Sustainable Devel- | Emotional intelligence can influence not only finan-
nomic transition opment through Financial Motivation cial incentives but also emotional commitment.

Source: Compiled by the author based on the works of Miao et al. (2018), Novruzov (2024) and
Mammadov and Wald (2025)

A meta-analysis by Miao et al. (2018) found that leader emotional intelligence has a stronger pos-
itive impact on employee performance in collectivist, feminist, and high-uncertainty-avoidance cultures.
This finding suggests that the Azerbaijani workplace is a particularly favorable context for emotional
intelligence-based leadership. It is worth noting that this structural factor also requires overcoming ad-
ditional negative behavioral tendencies for transformational change. Thus, developing an economic zone
in Azerbaijan presents both great potential and significant challenges.

6. The Relevance of Emotional Intelligence in the Modern Work Environment

6.1. Hybrid Business Model and Virtual Leadership

A 2024 McKinsey report emphasizes the importance of empathic leadership to ensure clear com-
munication and trust in the digital environment (McKinsey, 2024). Leaders with high emotional intelli-
gence bridge these gaps through empathy and active listening, maintaining trust and engagement even
in a remote work environment. In the Azerbaijani context, the spread of the hybrid business model fol-
lowing COVID-19 has necessitated a change in leadership style in local companies.

6.2 Technological Change and the Age of Artificial Intelligence

As artificial intelligence and automation transform the workplace, emotional intelligence becomes
even more crucial. A McKinsey report estimates that demand for social and emotional skills in the United
States will grow by 26% by 2030 (McKinsey, 2020). This trend is becoming increasingly important for the
local market as technological transformation accelerates under Azerbaijan's "Digital Azerbaijan” strat-
eqy.

6.3. Inclusion, Diversity and Mental Health

In 2025, organizations will increasingly focus on inclusion, diversity, and employee well-being. Emo-
tional intelligence plays a key role in all of these areas. McKinsey research consistently shows that com-
panies with diverse workforces are more likely to outperform their less diverse peers financially (McKin-
sey, 2023). In the Azerbaijani context, Mammadov and Wald (2025) emphasize the strategic role of emo-
tional competencies, which can partially compensate for informal institutional mechanisms in this devel-
oping economy.

7. DEVELOPING EMOTIONAL INTELLIGENCE: PRACTICAL STRATEGIES
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One of Goleman's key findings is that emotional intelligence is a skill that can be learned and de-
veloped. This principle is particularly important for leadership development programs in Azerbaijani com-
panies.

7.1. Increasing self-awareness

 Mindfulness practice and meditation

* Receive regular feedback from colleagues and mentors.

« Identifying patterns in emotional responses through journaling.

* Understanding your values and sources of motivation

7.2 Strengthening empathy

* Using active listening techniques

* Asking open-ended questions

* Recognition and respect for diverse points of view

« Investments in the personal and professional development of team members.

7.3 Recommendations specific to the Azerbaijani context

The results of Novruzov's (2024) study serve as the basis for a number of specific recommendations
for companies in Azerbaijan:

* By developing emotional intelligence components from within without eliminating
transactional leadership structures—especially an empathic approach to individual problems and the
practice of providing developmental feedback—this hybrid approach fits the economic realities of the
Azerbaijani environment.

* Creating channels that guarantee anonymity (digital surveys, 360-degree assessment systems)
to foster a culture of bottom-up feedback in conditions of high power distance.

* For small and medium-sized enterprises seeking to enter international markets, Mammadov
and Wald (2025) particularly recommend the combination of emotional intelligence and global
thinking as a priority development area: together, these two competencies are a greater predictor of
the degree of internationalization.

7.4. Implementation at the organizational level

* Incorporating EZ modules into leadership development programs

* Professional coaching and mentoring programs

* Assessing emotional intelligence in the recruitment process

« Creating a corporate culture that supports emotional intelligence.

8. CONCLUSION

The presented empirical data and meta-analysis convincingly confirm the crucial role of emotional
intelligence in the effectiveness of modern leadership. In the 30 years since Daniel Goleman introduced
this concept in 1995, hundreds of studies have proven that emotional intelligence is more important than
1Q and technical skills for achieving leadership success.

In the Azerbaijani context, the empirical studies reviewed in this article—Novruzov (2024) and
Mammadov and Wald (202 5)—identify unique characteristics of the local work environment. High power
distance, collectivist values, high uncertainty avoidance, and the dominance of financial motivation are
factors that may hinder the direct transfer of global research findings on economic stability to the Azer-
baijani context. At the same time, the fact that a meta-analysis by Miao et al. (2018) found that leader
emotional intelligence has a stronger impact in collectivist cultures with a high uncertainty index points
to a potential opportunity for Azerbaijan: the right leadership development strategies can leverage local
cultural dynamics to achieve better results.

Future research should further explore how emotional intelligence can respond to the new chal-
lenges of the era of artificial intelligence and automation, as well as the specifics of its cultural adapta-
tion in transition economies such as Azerbaijan. Comparative longitudinal studies systematically covering
Azerbaijani companies remain a key priority in this area.
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Abstract

This article focuses on the state of agricultural and innovation activities in the Republic of Azerbai-
Jan. It analyzes key macroeconomic indicators for agriculture in 2019-2024 and compares these indica-
tors with previous years.

The article also examines the role and main forms of agricultural innovation in modern conditions,
as well as the development of innovation systems in the agro-industrial sector, and explores ways to
stimulate innovation. Modern approaches to stimulating innovation are analyzed. In this regard, the se-
lection of priority areas for measures implemented within the framework of innovation policy and their
implementation are explained. Progress in the application of innovation in Azerbaijan's agriculture in
modern conditions is also analyzed, as well as the development of incentive mechanisms implemented in
this area.

Based on this research, the article outlines paths for the innovative development of the Republic's
economy.

Keywords: agriculture, agrarian policy, innovative development, industry, agrarian industrial com-
plex, investment, gross domestic product, population consumption, agrarian food market.

Introduction

The expansion of globalization processes makes the solution of the problems of ecologically clean
production and competitiveness in various spheres of the economy, including agriculture, even more ur-
gent. The production of competitive and high-quality local products is mainly ensured by the innovative
development of production. In this regard, agriculture, characterized by the diversity of agro-climatic
conditions, has a great need for the application of innovations aimed at the economic development. The
application of innovative techniques and technologies in agricultural production is mainly associated
with the centralized management of science and the dissemination of its achievements among produc-
ers. In general, the existence of effective systems for the application of innovations in the agricultural
sector is extremely important, since the efficient use of innovative resources has a decisive impact on the
sustainable development of agriculture. This requires the organization of scientific activities in the field
of innovation and the operation of large-scale innovation transfer systems based on public-private part-
nerships. The organization of scientific activities and the application of its results in agricultural produc-
tion necessitate the intensification of measures envisaged in this area. The need for scientific research in
agricultural production is determined by the special importance and characteristics of innovative pro-
cesses in agriculture, the need to create interconnected mechanisms for supporting science and dissem-
inating innovations.

The “Strategic Roadmap for the Production and Processing of Agricultural Products in the Republic
of Azerbaijan” devotes special attention to the issues of “transferring the results of scientific research
(technologies, new plant varieties and animal breeds, management mechanisms) to farmers through in-
formation and advisory services, and the application of scientific achievements and innovations in the
agricultural sector” [7].
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Discussion

Agricultural production is one of the most important life-sustaining sectors of the national eco-
nomic complex of Azerbaijan. The food supply and standard of living of the population depend on its
condition and economic efficiency.

At the same time, the agricultural sector of the Azerbaijani economy faces global and national
challenges that necessitate the renewal of the scientific-information, technical, and technological base
of the AIC on a qualitatively new basis. The nature and quality of the systemic challenge are determined
by the following set of global and national challenges:

- increasing global competition in the agri-food economy, which includes commodity, service, cap-
ital markets, and other components of the economic development of the agri-industrial complex (AIC);

- low labor productivity in the agri-food sector of the country's economy;

- inefficient use of means of production, which leads to low efficiency of economic activity of

most subjects of the agri-industrial complex (AIC);

- insufficient level of human capital development in rural areas;

- The impossibility of solving the problem of providing the population with affordable and high-
quality local food products in a volume and structure in accordance with scientifically substantiated nu-
tritional standards defined in the Food Security Doctrine of Azerbaijan by maintaining the current trends
in the development of agriculture and state support mechanisms for it.

Therefore, it is necessary to transition to carrying out agricultural production with progressive tech-
nologies and forms. At the same time, the lack of sufficient information, scientific and human resources
for the development of agriculture and rural areas is one of the important factors hindering the transition
of agriculture to sustainable development. The existing mechanisms currently operating do not contrib-
ute to the creation and commercialization of scientific and technical achievements in the agri-food sector
and to expanding Azerbaijan's participation in the international scientific research and technology mar-
ket. The formation of competitive agricultural production is the main goal of the state's agri-food policy.

Ensuring the dynamic development of agriculture in modern conditions is associated with the adop-
tion of innovations in this area. Innovations play a key role in increasing productivity and expanding the
production of competitive products based on the renewal of technical, technological and organizational
foundations of production in the agrarian sector of the economy. Innovative development of agriculture
also creates favorable opportunities for solving sustainable development issues related to activities in the
agrarian sector, primarily for the protection and efficient use of land and water resources. In this regard,
the widespread dissemination of innovations in agriculture is included in the list of important factors for
ensuring food security on a global scale, as well as maintaining ecological balance [1].

Currently, innovative development processes in Azerbaijan's agriculture are being accelerated. At
this stage, within the framework of the development strategies of the sector, it is considered an im-
portant task to implement necessary measures to develop the potential in terms of expanding the edu-
cation and research system and application of innovations in the agrarian sector, developing a network
of dissemination of innovations, and increasing the level of awareness and use of agricultural producers
about the use of innovative technological solutions and methods.

In the long term, the development of the agricultural sector will be associated with further expand-
ing the scope of application of innovations and developing the potential in this direction. In this regard,
the study of issues of increasing the innovation potential of the country's agriculture, improving the in-
novation environment and improving the mechanisms for stimulating the application of innovations is
scientifically and practically relevant.

Each innovation applied in the agricultural sector increases productivity, incomes and, as a result,
ensures faster development of this sector. In recent years, a number of innovative methods and tech-
niques have begun to be used in the agriculture of Azerbaijan. The use of drones in agriculture, smart
gardening, modern sowing methods, organization of modern biological control against pests, growing
virus-free seeds and seedlings in biotechnology laboratories, determining the coordinates of the fields
and which crops are planted in the field using satellites, etc. can be attributed to this. The Electronic
Agricultural Information System implemented by the Ministry of Agriculture of the Republic of Azerbaijan
includes information on the business activities carried out by farmers and the production of agricultural
products. all processes from the initial stage to the final stage of production will be reflected. This system
will also allow achieving many goals. This includes increasing transparency and efficiency in state support
of the agrarian sector, innovative support for the implementation of state policy in all directions, ensuring
the management and efficient use of lands suitable for agriculture and other natural resources,
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increasing the effectiveness of information and advisory services, etc. The creation of a single database
in the agrarian sector is a very important factor in the future development and management of this sec-
tor.

The role of structural reforms in agriculture in the successful implementation of agrarian policy in
our republic is also great. The structural reforms carried out in the agrarian sector of our country involve
fundamental changes in the structure of the economic system, the creation of mutually optimal relations
between the parts that make up this structure, and thereby increasing the efficiency of agricultural pro-
duction [2].

It is important to take into account the strategic interests of the state at all stages of reforms in
the agricultural sector, since the main goal of implementing these reforms is to ensure the country's food
security. When implementing structural changes in the agricultural sector, the seasonal nature of agri-
culture, the dependence of crop and livestock farming on weather conditions, the low investment attrac-
tiveness of agriculture and other factors must be taken into account.

As aresult of the systematic structural changes carried out in the agricultural sector in our Republic
in recent times, elements of the market mechanism have been formed in the agricultural sector, which
is one of the leading sectors of the country's economy, and favorable conditions have been created for
free competition and entrepreneurial activity. Structural changes carried out in agriculture show the re-
lationship between all elements of the agricultural sector, production, processing, and product sales. The
reforms carried out in the agrarian sector in our country are aimed at eliminating the discrepancies that
arose in previous periods between the elements of agriculture, adapting this sector to the newly created
economic environment, and, taking into account the specific characteristics of agriculture, creating a
favorable production environment to provide the population with food products of the required quality
and quantity, and agricultural product processing enterprises with raw materials, providing the agro-
food market with agricultural products, and concentrating the available opportunities to solve the prob-
lems of the rural population. The reforms carried out are not the goal, but the necessary means to achieve
the set goals.

According to the Food and Agriculture Organization of the United Nations (FAO), in the 2 1st cen-
tury, food security for the world's population will be carried out mainly in five priority areas based on
innovative resources and agricultural technologies:

- Significantly increasing investments in agricultural science and innovative development of

agriculture;

- Increasing the efficiency of the use of land, energy, water and other resources;

- Improving the use of irrigated lands;

- Further expansion of breeding and seed production, selection;

- Implementation of an integrated plant and animal protection system.

The conclusions and proposals of FAO experts are fully consistent with the basic principles that
form the basis of the state's agricultural policy, among which the Decree of the President of the Republic
of Azerbaijan No. 3099 dated July 14, 2017 on approval of the "State Program on the Development of
Agricultural Cooperation in the Republic of Azerbaijan for 2017-2022", the Decree of the President of
the Republic of Azerbaijan No. 640 dated March 2, 2001 on approval of the "Food Security Program of
the Republic of Azerbaijan”, the "Strategic Roadmap for the Production and Processing of Agricultural
Products in the Republic of Azerbaijan", approved by the Decree of the President of the Republic of Azer-
baijan on December 6, 2016, are of great importance.

Currently, intensive work is being carried out to develop a strategy for the development of innova-
tion activity and create an innovation system. In our country, the Ministry of Economy has prepared a
draft law “On Innovation Activity” and is currently in the process of being agreed upon with other state
bodies.

Unfortunately, if 1-2% of the innovative potential of the agro-industrial complex is used in our
country, then in Russia it is 4-5%, and in the USA it is 50%. In Azerbaijan, the share of high-tech products
in the agro-industrial complex does not exceed 0.3% of the total volume, while in developed countries
this figure exceeds 20%.

The economy and business entities of the Republic of Azerbaijan are currently in the process of
moving towards an innovative path of development. This process is associated with fundamental changes
in socio-political life, as well as in public consciousness in the course of systematic modernization. Mod-
ernization, in turn, aims to achieve a certain level of competitiveness, a high standard of living, high hu-
man quality, and sustainable socio-economic development rates that ensure positive changes in the men-
tality of the Azerbaijani people.
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Table 1
Main socio-economic indicators of the development of the Republic of Azerbaijan
Indicators 2019 2020 2021 2022 2023 2024
1 |Population (end of year) million people 9974 10026 | 10063 | 10127 | 10191 | 10222
2 |Gross Domestic Product (GDP) Total, million manats. 81896.2) 72578.1]1 93203.2133972.41123128.4126337.0)
3| GDP per capita, manat 8247.0 | 7262.8 | 9269.3 | 13292.2]| 12114.5| 12382.5
4 Average annual number of people employed in the economy, 4786 4721 4831 4901 | 49633 | 50298
thousand people
5 Nominal income of the population, million manats 57035.0) 55726.1] 57181.5] 68914.6| 78050.2] 89916.0
6|Average monthly nominal wages of employees, man. 635.1 707.7 732.1 840.0 | 923.1 996.8
7 linvestments in fixed assets, million manats 18539 | 17226.1]| 16815.3| 17878.2| 20296.6| 21435.1
8|Fixed assets (at the end of the year) billion manats 227220.61240694.01269438.4269438.4281691.11292732.3
9|Trade turnover, million US dollars 33302.7| 24464.6]133911.2| 52686.5|41187.0142813.7
100 Export 19635.2] 13732.6]22208.0| 38146.6| 25374.3| 24042.0
11 Import 13667.5]110732.01 11703.2| 14539.9| 15812.7 18771.7
12AMoney supply M2 at the end of the year, million manats 18238.6| 20305.5| 23874.9] 29565.6] 35371.8] 36652.0
13| Retail turnover in million manats 39391.7140166.5144217.5|52171.0]1 58997.7| 62202.9

Source: Statistical indicators of Azerbaijan 2025 [3]

The main macroeconomic indicators of the socio-economic development of the Republic of Azer-
baijan for 2019-2024 are given in Table 1. As can be seen from the data in Table 1, growth dynamics
were observed in almost all indicators of the country's socio-economic development during this period.

During 2019-2024, growth dynamics in Gross Domestic Product (GDP) was evident. Thus, com-
pared to 2019, GDP increased by 44440.8 mln. manat increased to 126337.0 million manat and in-
creased by 1.5 times.

As can be seen from the data in Table 1, the average monthly nominal wages and nominal incomes
of the population increased during 2019-2024. During this period, the average monthly nominal wages
of the population increased from 635.1 manat in 2019 to 36 1.7 manat and increased by 996.8 manat in
2024, an increase of 57.0% compared to 2019. The nominal incomes of the population increased by
32881.0 million manat during this period and amounted to 899 16.0 million manat in 2024 and increased
by 57.7% compared to 2019. We can also see this from the almost identical 57.9% increase in retail trade
turnover in 2024 compared to 2019. In 2024, imports of goods increased by 5204.2 million USD, or
37.3%, compared to 2019, while exports increased by 4406.8 million USD, or 22.4%, during this period,
industrial production remained at the same level as last year, i.e. the 28.5% increase in trade turnover
was mainly due to an increase in imp.

In 2024, the consumer price index in the country increased by 13.9%, and the money supply in-
creased by 2 times. Loans in the banking sector are still very expensive: from 15% to 25% per annum for
the real sector, and even higher for small businesses.
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Table 2.
Share of local agricultural products, raw materials and agricultural products in the total volume of
their resources (by product type), %

e The threshold of the food To the limit of 2024 +-
Product name security doctrine. % 2015(202012021{2022)202312024

1. |Wheat 95 54,8|57,1161.5|56.7]|60.4] 56.1 -38.9
2. |Potato 95 89,1190,6]88.8|89.0] 89.8| 88.8 -6.2
3. |Vegetables (all kinds) 85 103,4110,4106.6|106.8107.21105.8 +20.8
4. \Fruits and berries 85 113,71116,31122.9/123.91135.5128. 5 +14.8
5. \WMilk and dairy products 90 84,3183,5]184.8|83.3|84.0] 83.9 -6.1
6. Egg 85 99,71100,0 99.11100.3}102.21103.7] +4.0
7. |Flour (all types) 95 95,1195,4]95.0193.3]90.4] 93.7 -1.3
8. |Sugar 80 192,91 69,4[100.71103.9] 84.4] 93.0 +13.0
9. [Sugar confectionery 80 17,8130,7134.2]130.6127.2] 35.6 -44.4
10)Beef and meat products 85 91,8187,4]191.9]193.0188.4 | 88.5 +3.5
11)Sheep and goat meat. 85 99,3197,3198.2|197.0]94.9] 96.5 +711.5
12)Poultry and meat products 85 98,61790]|79.6|783|81.7]|76.6 -8.4
13\Fish and fish products 80 77,6|81,7178.2|76.7| 754773 2.7
14 |Butter 80 69,2162,7]166.7]162.0] 64.7] 69.8 -10.2
15 Vegetable oil 80 60,5]134,8] 73.2] 66.7| 54.9] 55.6 -24.4
16 \Margarine 80 292,21 98,61 99.6|99.3]99.2|97.7 +17.7
17)Pasta products 95 53,21423147.2|64.3)73.2|71.1 -23.9
18)Tea 80 40,21 455189.5191.1189.5|87.1| +7.1

Source: Statistical indicators of Azerbajjan 2024

The development of the agro-industrial complex is carried out in accordance with the priority areas
provided for in the State Program. In accordance with the State Program, special attention is paid to
creating conditions for the development of rural areas, increasing employment and income from entre-
preneurial activity of the population, developing cooperation in rural areas, and supporting small business
initiatives. The main priority is to maintain the investment attractiveness of agricultural production, pri-
marily through the fulfillment of obligations by the state on attracted and attracting investment loans.
The agricultural sector should use existing land and water resources, including natural resources, more
sustainably to protect biodiversity and respond to climate change. In order to overcome these challenges
and respond to opportunities, the agricultural sector needs to adopt innovative approaches to sustainably
increase productivity. Innovation stems not only from technological development, but also from new
ways of connecting farmers with the information they need.

Innovation in agriculture encompasses all stages of the production cycle and processes throughout
the value chain, from crop production to management of production assets and market access [4].

In recent years, the positive dynamics of agricultural production have led to an increase in the
country's food independence in a number of product types - grain, potatoes, vegetable oil and sugar (Ta-
ble 2).

As can be seen from the data in Table 1, the production of wheat, potatoes, flour, poultry and meat
products, butter, vegetable oil, among the main food products included in food security, still lags behind
the limits of the food security doctrine, which poses a threat to the country's food security.

A relatively stable situation has been maintained in the agro-food market, which is ensured by the
demand for solvency of the population, and this stability has been ensured mainly by imported supplies
of agricultural products, raw materials and food products, which constitute almost a third of the con-
sumption of agricultural products.

The share of local products in the structure of population consumption has not increased, and has
even decreased from 67.0 percent to 66.0 percent in the last 6 years. The volume of imports of food
products and agricultural raw materials amounted to 2.7 billion dollars and was the highest in all previ-
ous years.
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Table 3.
Gross agricultural output by farm category (in actual prices, million manats

N9 Product name 200512010 2015 2020 2021 | 2022 | 2023 | 2024
1. All farm categories, total 1844,813877,715635,318428.99163.410984.2412210.6/12995.2
including: plant growing 988.211999.2761.114028.44511.04 5538.0] 5933.9| 6162.3

animal husbandry 856.611878.52874.24400.54652.4 5446.2| 6276.7| 6832.9

2.\ Inagricultural enterprises and other organizations, total | 68.8 | 192.6|410.1]| 834.5]1 885.9| 1094.0| 1351.1| 1488.7
including: plant growing 13.9 | 60.0 | 132.5[438.3|467.3) 509.2 | 693.7 | 818.7

animal husbandry 54.9 1 132.6|277.6|1396.2]418.6| 584.8 | 657.4 | 670.0
3 Individual entrepreneurs, fami[ly farms and households, to-|1776.003685.115225.27594.48277.5 9890.2110859.511506.5

’ ta

including: plant growing 974.311939.2828.613590.114043.71 5028.8| 5240.2| 5343.6

animal husbandry 801.711745.92596.64004.314233.8 4861.4] 5619.3] 6162.9

Source: Statistical indicators of Azerbajjan 2024
As can be seen from the data in Table 3, there was a constant growth dynamics in the gross agri-
cultural product for all economic categories during 2005-2024. Thus. In 2005, the gross agricultural
product increased from 1844.8 million manats by 11150.4 million manats to 12995.2 million manats.
During these years, the share of crop products in the gross agricultural product in the territory decreased
from 53.6% in 2005 to 47.4% in 2024, while the specific weight of livestock products increased from
46.4% to 52.6%.
Table 4.
Key economic indicators of agriculture in Azerbaijan for 2000-2024
(in million manats)

Years Investments in fixed assets | Commissioning of fixed assets | Total product production
2000 7 21 1061
2001 9 4 1207
2002 19 5 1272
2003 38 11 1367
2004 35 14 1477
2005 41 48 1732
2006 58 37 1970
2007 243 117 2765
2008 337 141 3308
2009 267 120 3566
2010 431 111 3878
2011 437 98 4525
2012 649 234 4845
2013 574 172 5245
2014 364 210 5226
2015 355.5 964.2 5635
2016 325.1 152.7 5632
2017 617.8 326.3 6580
2018 764.4 356.7 7010
2019 769.5 662.0 7837
2020 520.6 491.9 8429
2021 341.9 1196.3 9163
2022 408.0 430.1 10984
2023 578.3 122.7 12210.6
2024 283.1 104.2 12995.2
2024/2000 40.4 times 5 times 12.2 times
2024/2010 0.65 0.94 3.3 times
2024/2015 0.79 0.11 2.3 times

Source: Statistical indicators of Azerbaijan 2024

As can be seen from the data in Table 4, during the years 2000-2024, investments in fixed capital
in the agricultural sector increased from 7.0 million manat in 2000 to 283.1 million manat in 2024.
During this period, the commissioning of fixed production funds in agriculture increased from 2 1.0 million
manat in 200 to 104.2 million manat in 2024. The total agricultural output increased by 12.2 times
during this period and amounted to 12995.2 million manat. As can be seen from the data in Table 4,
investments in fixed capital in agriculture increased from 2009 to 2019 and amounted to 769.5 million
manat. manat, and from 2020 it began to decrease and amounted to 283.1 million manat in 2024. Dur-
ing this period, there were decreases and increases in the commissioning of fixed production funds. Thus,
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the increase in fixed production funds increased until 2021 and after constituting 1196.3 million manat
in 2021, it began to decrease and already fell to 104.2 million manat in 2024. Despite the decrease in
investments in agriculture and fixed funds commissioned during this period, the gross agricultural prod-
uct has always shown a growth rate.

The increase in the gross agricultural product, despite the decrease in investments directed to this
area and the decrease in fixed production funds commissioned, was possible due to the increase in the
productivity of agricultural products as a result of intensive development in agriculture as a result of the
use of innovative methods in agriculture, which is an indicator of the use of innovations in agriculture in
our country.

The most difficult situation remains in animal husbandry, especially in cattle breeding (Table 5).

Table 5
Production of livestock products by farm categories, thousand tons
| Gostaricilor | 2003 | 2013 | 2020 | 2021 | 2022 | 2023 | 2024
otin néviar izre istehsali, kasilmis ¢akide, tasarriifat kateqoriyalare (zre, min ton
1 Across all farm categories - Total 185.6 | 286.9 | 346.0 | 357.6 | 368.2 | 379.7 | 386.3
Including:
Beef 92.0 120.8 | 143.1 7145.0 | 148.6 | 152.8 | 152.9
Sheep and goat meat 54.1 70.9 87.0 87.7 89.0 88.9 89.7
Pork 2.1 0.7 0.5 0.5 0.5 0.5 0.5
Poultry meat 37.4 94.5 115.4 124.4 | 130.1 137.5 | 143.2
2 | On agricultural enterprises 11.7 | 56.7 | 52.7 | 60.2 65.3 63.3 65.8
Beef 0.5 7.1 2.5 3.3 2.8 3.4 2.0
Sheep and goat meat 0.3 0.4 0.6 0.7 0.3 0.4 0.4
Pork 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Poultry meat 10.8 55.2 49.6 56.2 62.0 59.5 63.4
3 |Individual entrepreneur.family village. By householdl 173.9 | 230.2 | 293.3 | 297.4 | 302.9 | 316.4 | 320.5
Beef 91.5 119.7 | 140.6 | 141.7 | 145.8 149.4 150.9
Sheep and goat meat 53.8 70.5 86.4 87.0 88.5 88.5 89.3
Pork 2.0 0.7 0.5 0.5 0.5 0.5 0.5
Poultry meat 26.6 39.3 65.8 68.2 68.1 78.0 79.8
Milk production, by farm category, thousand tons
4 Across all farm categories 1167.81 1796.7| 2192.5| 2223.4| 2264.7 | 2284.0| 2298.5
Agricultural enterprises 6.3 32.6 96.9 89.8 103.1 | 106.4 | 102.5
h/(/)v;(jj/wdual entrepreneur, family farmer and house- 15| 176a1| 20956 513361 27616 217761 21960

Source: Statistical indicators of Azerbaijan 2024

For 2003-2024, the growth dynamics of meat and dairy production in all categories of farms
showed a positive trend. While the share of agricultural enterprises in the total share of meat products
in all farm categories was 17.0%, this figure was 83.0% for individual entrepreneurs and households. For
dairy products, these percentages were 4.4% for agricultural enterprises and 95.6% for individual farms.

Agricultural innovation is the process of introducing new or existing products, processes or organ-
izational methods into use in a specific context for the first time in order to contribute to food security,
economic development and sustainable management of natural resources by increasing the operational
efficiency, competitiveness, resilience to shocks or environmental sustainability of individual economic
entities or organizations/institutions [4]

Agricultural innovations include new or improved inputs and methods used in agricultural
production. Examples include a new type of seed, a new type of fertilizer, and a new method of soil
management. These are all factors and applications that increase production or efficiency. Agricultural
innovation generally results from the dynamic interactions between multiple actors involved in the
production, processing, packaging, distribution, and consumption or other use of agricultural products
[5].

Agricultural innovations typically include one or more of the following areas [6]:

- Breeding - includes new varieties and hybrids of agricultural crops, new breeds, animal species,
and birds, and the selection of plants and animals resistant to diseases and pests.

- Management practices - management of changes in production regimes and other management
related to agricultural activities: land ownership and inheritance; plot size; availability of labor, transition
to surplus production, etc.
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- The digitalization of agriculture is considered the fourth revolution, expressed in the broad
application of digital technologies and data in the agricultural sector.

The Agricultural Innovation System (AIS) approach includes a number of conditions and
relationships that promote innovation in agriculture [5].

An Agricultural Innovation System (AIS) is a network of organizations, enterprises and individuals
aimed at the use of new products, new processes and new organizational forms, together with
institutions and policies that influence their behavior and activities [5]. That is, it is the rules by which
different agents interact, acquire, share, exchange and use information. AIS consists of four main
components:

- research and education,

- trade and enterprises,

- bridging institutions

- enabling environment.

Table. 6.
Defining Characteristics of the Agricultural Innovation System
Defining features Feature content
Purpose Strengthening the capacity to innovate throughout the agricultural production and marketing system
Participants (ac- | All potential participants in the public and private sectors involved in the creation, dissemination, adap-
tors) tation and use of all types of knowledge related to agricultural production and marketing
Conclusion a combination of technical and institutional innovations across production, marketing, policy research,
and enterprise sectors
The principle of | New uses of knowledge for social and economic change
organization
Innovation mech- | Interactive learning
anism
Quality of capac- | Strengthening interactions between participants (actors): institutional development and change to sup-
ity building port interaction, learning and innovation; creating an enabling environment.

As the context of agricultural development has changed, ideas about what constitutes innovation
have changed and, accordingly, approaches to investment have changed. In the context of agricultural
development, ideas about creating “research capacity” have developed alongside approaches to investing
in the capacity to innovate.

The defining characteristics of AlS are listed in Table 6 below..

The legislation of the Republic of Azerbaijan reflects provisions aimed at stimulating innovation
activity. At the same time, the issues of promoting and supporting innovation activity are reflected in the
relevant state programs and documents on strategic development.

The “Strategic Roadmap for the Perspective of the National Economy of the Republic of
Azerbaijan”, approved by the Decree of the President of the Republic of Azerbaijan “On Approval of
Strategic Roadmaps for the National Economy and Key Sectors of the Economy”, defines a number of
measures related to innovation policy and the establishment of an innovative economy. This document
defines innovation activity as the main driving force for increasing labor productivity and competitiveness
in the fields of production and management, ensuring continuity in the development of human capital,
and it is intended to pay attention to the importance of this activity when preparing action plans and
state programs that will stimulate the promotion of innovation in the country [7].

In the “Azerbaijan 2030: National Priorities for Socio-Economic Development” approved by the
Decree of the President of the Republic of Azerbaijan dated February 2, 2021, the formation of a
competitive human capital and a modern innovation space is included among the main priorities to be
implemented in the next decade [8].

As already mentioned, selection work in the agricultural sector is an important direction of
innovations. According to the current legislation, in Azerbaijan, selection work, production of original,
super-elite and elite seeds are carried out in experimental farms of scientific research and educational
institutions under the control of the variety author or patent holder. Plant varieties produced in the
country and imported into the country are registered in the “State Register of Selection Achievements
Allowed and Protected for Use in the Production of Agricultural Products in the Territory of the Republic
of Azerbaijan”. Currently, the State Register contains 1,753 varieties, hybrids and breeds of agricultural
plants, including 455 of cereals, cereal legumes, technical and fodder crops, 877 of vegetables, melons
and root crops, 378 varieties/hybrids of fruits, berries, decorative flowers and ornamental plants, 3
breeds of sheep and 40 hybrids/breeds of silkworms.

The share of local varieties in the total number of new varieties and hybrids registered in 2019 was
10.7 percent, and in 2024 it was 8.1 percent.
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In 2019, 28.6 tons of original seeds were produced in the country, and in 2024, 43.8 tons.
Currently, in Azerbaijan, in addition to traditional selection, the cultivation of seeds and seedlings using
the in vitro method has begun. In 202 1, the Biotechnology Laboratory of the Scientific Research Institute
of Fruit Growing and Tea Growing of the Ministry of Agriculture in Guba began the in vitro propagation
of blueberry and tea plants for the first time. In 2021, 5 types of rootstocks of stone fruit plants were
also propagated in vitro. Although such rootstocks have been imported to the country since 2003, their
production was first started by the Scientific Research Institute of Fruit Growing and Tea Growing.

A modern biotechnology laboratory is also operating at the Scientific Research Institute of
Vegetable Growing to obtain virus-free mini-tubers of potatoes in vitro. In 2021, potato seed materials
were obtained by the Scientific Research Institute of Vegetable Growing using the in vitro method.

Currently, support measures are being implemented by the state to stimulate the production of
agricultural products using innovative methods. Thus, in order to expand the application of modern
water-saving irrigation systems, the current subsidy rules stipulate the application of these systems for
intensive gardens as a condition. At the same time, in order to compensate for a certain part of the
investment costs of farmers for the installation of modern irrigation systems, 40% of the cost of the
equipment is subsidized by the state. Modern irrigation infrastructure has been created on approximately
75 thousand hectares of arable land in the country. A discount of 20.5 million manat was applied for this
purpose in 2024.

Also, a 40% discount is applied by the state to the sale of drones, robotics and technological
equipment for smart management intended for use in agriculture.

At the same time, in order to promote the innovation environment in the country and expand the
scope of innovation activities, according to Article 102.1.3 1 of the Tax Code, the income of startups that
are micro or small business entities and operate as individual entrepreneurs from innovation activities is
exempt from income tax for 3 years from the date they receive the “Startup Certificate” [8].

In general, the country produces innovative products The organization and implementation of the
system is a field that requires high investment. In addition, the application of innovative approaches is
considered to be a financially intensive as well as a science-intensive field. However, in the future,
sustainable development of the agrarian sector in Azerbaijan will be possible precisely through the
application of innovative technologies. From this point of view, the expansion of the application of
innovative technologies in the context of agricultural producers is directly related to state support. In
other words, the development of the agrarian sector in the country through the application of innovative
technologies depends on the incentive measures implemented by the state in this area [10].

According to the research conducted, it is advisable to implement state support measures in the
following areas to stimulate the expansion of the application of innovations in the agrarian sector in
Azerbaijan.

Creation of an agro-innovation park

It is intended to create a single space in the country for the state, academic institutions and the
private sector to work together for the purpose of applied research and economic development. For gov-
ernments, innovation parks are a tool for economic development. For the private sector, innovation parks
are a tool that minimizes labor and capital costs, and allows them to use highly qualified employees and
researchers of universities, physical and laboratory facilities. For academic institutions, innovation parks
are a tool for obtaining grants from the government and the private sector to finance research [11]. All
three parties are interested in reducing costs by working closely with each other.

There are three forms of state intervention in innovation parks:

- Science policy

- Technology policy

- Innovation policy

The main focus of science policy is new scientific discoveries, and the state regulates the imple-
mentation of this policy through such means as research funds, tax breaks for entrepreneurs, higher ed-
ucation and intellectual property rights.

Technology policy is broader than science policy and is aimed at improving and commercializing
sectoral technical knowledge. The state achieves these goals through public procurement, state aid to
strategic sectors, employment and professional skills development, standardization, and the provision of
performance measurement tools to industrial sectors.

Innovation policy, which is a combination of science and technology policies, aims to develop the
overall innovative performance of the economy. Innovation policy aims to create synergy between
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corporate law, competition regulation, consumer rights protection, which shape industrial policy, and
education, labor, and the environment [12].

Increasing the use of innovative technologies that increase efficiency in the production of agricul-
tural products (plowing, sowing, harvesting, storage, transportation, etc. operations) includes the imple-
mentation of incentive measures by the state to stimulate the application of new techniques and tech-
nologies in the production process, especially to accelerate the transition to intensive farming methods.
Incentive measures include the provision of information and advisory services to farmers on the introduc-
tion, use, and benefits of new techniques and technologies, the provision of certain benefits for the ac-
quisition of these techniques and technologies, and the formation of a service sector in the field of appli-
cation of innovative technologies. This could also include the creation of model farms through the appli-
cation of innovative technologies.

Conclusion

The application of innovations in agriculture is one of the main factors determining the dynamic
development of the agrarian sector. Agrarian innovations also play an important role in terms of the
implementation of the principles of sustainable development.

The innovative development of agriculture is a science-intensive process that also requires large
investments. In this regard, there is a need to create an innovation environment in the agrarian sector of
the country's economy, increase accessibility to innovative techniques and technologies, and accelerate
adaptation to new technologies [14].

In the indicated directions, at the current stage, stimulating the application of innovative technol-
ogies in irrigation, as well as the use of drones and other innovative tools through a subsidy mechanism,
providing tax breaks to startups operating in the field, and organizing information and advisory services
related to the dissemination of innovations have the potential to have a significant impact.

At the same time, it is advisable to expand the scope of state support measures in terms of accel-
erating the innovative development of agriculture. Taking into account relevant world experience, the
main directions of measures to be implemented in this area include, first of all, supporting the creation
and operation of agro-innovation parks, promoting the expansion of the scope of application of NDVI
technologies, and strengthening the stimulation of the use of innovative technologies that increase the
efficiency of operations in the production of agricultural products.
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Abstract

The article analyzes the ways and mechanisms through which a mass audience participates in the
adoption of politically significant decisions. It examines the processes of political-economic and social
differentiation taking place under the influence of the new media environment.

From a critical perspective, the authors substantiate the need for continuous improvement of the
forms of organizing dialogue between mass communication media and social forces. The article also
identifies the relationship between the scale of the audience involved in discussing key issues and the
quality of the decisions adopted.

The study demonstrates that the formation of mutual trust between the state and the mass audi-
ence within the information space creates the conditions for ensuring the transparency of public policy
and its alignment with national interests.

TyuiH

Makanada bykapasibik ayoumopusiHbIH CascU MaHbI30b! Wwewimoep Kabbioayaa KamabiCy 3#0a0apb!
MeH MexaHu3moepi capanmanaH. XaHa meoud OpmMAaHbIH bIKNAJbIMEH XCYPIN XamKaH Cascu-
IKOHOMUKA/IbIK, a/1eYyMemmIiK XKkmesly yoepicmepi mai0aHaaH.

bykapanbik KOMMYHUKAUUS KYpasaodpbl MeH Ko2amoOblK KyuwmepoiH apackiHOdabl 0uaaoe
ylbiMOacmelpy opmanapbiH yoads! xeminodipin ombipyobiH Kax}emmiziH asmop/iap CbIHU mypabioa
MYXCbIPbIMOA2aH. MaHbi30bl Macenenepdi Maskbiiayea KambICAmbiH ayoumopusl aykbiMbl MeH
Kabb110aHambIH WewiMHIH canacbiHbIH 63apa 6aliaHbICkl 0a Makaaaodda aHbIKMAaizaHx.

Asmopsiap aknapammeliK, KeHicmikmeai memaekem neH 6ykKapasibikK ayoumopusiHbiH eKiHakmab!
CeHIMIHIH HamuxeciHoe 6uliKmiH CcascamsbiHbIH aubIKMbiabl MeH e0ik Mydde2e calkecmiziH
Kammamacsiz emyee 60/1a0bl 0e2eH KopbIMbIHObI #acadosb.

Keywords: mass communication media, media potential, political processes, public consciousness,
communication model.

TydiH ce30ep: KOMMYHUKAUUs Kypanoapbl, MeouaHblH aseyemi, cascu npoyecmep, KoRamoblK CaHda,
KOMMYHUKAUUSI/TbIK MOO€/Tb.

KIPICIIE

Kasak esniHiH aknapammbiK Hapbiabl Memsiekem neH Koaamodabl NPoyecmepoeH, e32epicmep MeH
mpaHcgopmayusIapoaH HaKmMel KepiHic bepedi. MemiekemmiH Cascu-3KOHOMUKAJIbIK H(aHe a/leyMem-
mik cananapdazel 0amybi 0a mymacmad aknapammsiK KOMMYHUKAQUUSAAPObIH  3BOHOUUSIIBIK
b6aabimbiH, Kacibu 0apexceciH alkbiHOalobl. Memaekemmik 6yKapasibiK KOMMYHUKAUUS KYpasi0dapbiMeH
bacekede KOMMepyUs/ibIK Meodua Kypaiodapsl 0a 3amaH manabbiHa cad #yYMbIC icmey popmasnapbiH, mex-
HOJ102UA1ap0bl YAKChbI MeHeep2eHiH kepcemyoe. by npoyecmep KORamMHbIH MAHbIMbI MeH Mai2ambIHbIH
6CyiHe YAakKCbl bIKkNAJ1 emepi aHbIK.

Endeai cascu Kywimep MeH KApXCbl/ibiK MonmapobiH KO0apbiHOA WObIPJIAHRAH KOMMYHUKAUUS
Kypasnoapbl Koaamoaabl Casicu-aseyMemmik npouecmepoiH opmackiHoa 60s1y2a YMmbIi/ibin, 63 MeHUIK
uenepiHiH MyddeciHe bapbiHwa naddansi 60/yobl  Ke3deldi. OnapobiH 6acmbsi Makcamsi —
ayoumopusiHbIH ceHimiHe ue 601y, e30epiHe MancheipblizaH Cascu modesboepdi Hacuxammay YWiH
XA/IbIKMbIH CAHACLIHA acep ememiH MUuiMOi MexHOI02US/IbIK a0icmepoi AHbIKMAY MOHEe IC XCy3iHOe
KOJI0aHy.

XXl-2acbipObiH 6ackiHaH 6epi cascu MaHunyaauusHbIH a60eH XceminoipiieeH, CbiIHaKmaH emin
mekKcepinizeH a0ic-macinidepi Kos0aHb1yoa xoHe byHoal cascu mexHOA02UAAap mMeK 3/1eKmopasiob!
HaykaHdapda adamHbIH Casicu CAaHAacblH bypmanaymeH wekmenmeloi. Kasipei PR mexHoso2usiap
adamoapobiH KyHOesikmi eMmipiH, OHbIH adem 0aedbl1apbIH 3epmmey dpKbl/ibl 0a M/IeaHbI MOJIbIK,
backapyaa Kyw casyoa. bonawakma bykapasbsik KOMMYyHUKAUUS KYPaaodapb! Cascu KypecmiH eH #OoUKbIH
KVpasibIHa alHasabin, 63 bIKNAsbiH KywelmemiH XaHawa adicmemenepdi #asanbl ayoumopusiaa 2aHa
emec 3/1umaJibiKk monmapaa da Kos0aHbIn CbiHalmbiH 60/1a0b1. bi30iH abLibiMu 3epmmeyimiz 6yKkapassik
KOMMYHUKaUUs KypanoapbiHbiH (BKK) cascu-3K0HOMUKA/IbIK daHe aieymemmik pegopmasapaa 0e2eH oH
Ke3kapacmapob! KA/1bINMACMbIpyoad pesiiHiH ecyiH Kepcemmi.

HETI3 66J1IM

Lugpnbik  0ayipdezi aoamsam  KO2AMbIHbIH —MPAHCHOPMAUUSCLIH  3epMMe2eH  bljibIMU
MaKaiambi30biH 63eKmisiei Mmemiekemmik 6uslik neH aknapammalK MexHO102Uus/1apoblH bikNaaoacy
Mmodenib0epiHiH mypsi acnekminepiH masnoaymeH 0e mbidbi3 6alnaHbICMbl. Xa/ibiKapasbik, ablibiMu
KaybiMOacmelk, MOUbIHOARAH, OYKAPaA/bIK KOMMYHUKAQUUS MYXbIPbIMOAPbIHA APHANRAH  2blIbIMU
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3epmmeynepoiH XPOHOJI02USCbIHAH 0a mMApuxu KeseHoepze calkec Koaamodp MeH OyKapasibik
KOMMYHUKAQUUSIHbIH CepJli bIknanaoacybiHa mypmki 6os12aH KpumepuliepoiH apanyaHobiabiH KOpemis.

«byKapanblKk KOMMYHUKAUUST» YebiMbliH 1909 bisibl ebliibiMu alHa/IbIMA KOCKAH aMepuKasbik,
aneymemmayuisbl Yapbs Kysiu 6oneaHsl 6eneini. An, amepuKkasbik, a/1eYyMemmayUlbl #aHe #YpHaaucm
Y. JlunnmaHHbIH — «K0o2amobiK — Nikip» ammbl  eHbe2i  byKapasblK ~KOMMYHUKAUUSHbIH — a/IRAWKb!
MYXCBIDLIMObIK He2i3iH Kanaobl. byn eHbekme angaw pem «ajeymemmik Cmepeomun» MmepMUHi
KOJ10aHbI0bI, 6YKAPA/IbIK KOMMYHUKAUUS KYPai0apbiHbIH Ayoumopusaa acepiHiy WekmeH mbic Kyamsl
60/m#aHObI. BKK-HbI KO2aMObIK CaHaHbl 6YpmManayobiH XAaKCbl Kypasibl 0en masbiezad Y.Jlunnmad
«KOMMYHUKAUUSHbI» d/1eYyMemmiK KambsiHacmap mypiHoe 3epmmeyoi yYcbiHOb! [1].

bykapasibik KOMMYHUKAUUSHbI 3epmmeyoi daHa benecke kemepezeH [layab @esnukc Jlazapcgesnso
60/1061. Opinmecmepi [1DJ1 0en aman KemkeH amMepukasbik, asieymMemmanyiubl 6yKapasbik MeouaHsl
Heke KybblibIC pemiHOe 3epmme2eH #oHe KOaamoObiK ablibiMOaPObIH MYX#bIpbIMOAPbIH 0asiedeyoe
Mamemamukasbik anndpammabl  KOJIOAHZAH. Fbl/ibIMObI  UOE0JI02USI/IbIK, ~ KbIChIMHAH — APbILIMBbIN,
U0eos1I02UAbIK MA3MYHHAH AX(bIPAMbIN Kapay Kepekmi2iH Koi0azaH. bip Kbibiabl, [1OJI-0iH angawkpl
ablIbIMU  [30eHicmepi  aneymemmaHyoaH mabic 60sieaH aHe 07 1924 wbiibl 63iHiH O00KMOpPJIbIK
duccepmayusiCbiH MamemMamukaoaH KOPaazaH.

1925-1929 xcbindapbl BeHadazbi mekmenmepdiH bipiHOe mamemamuka NaHiHiH myaanimi 6osa
Hypin, BeHa yHuUBepcumemiHiH XaHbIHOaabl [1cuxoso0eusi UHCMUMYMbIHOA NCUXOJI02USIHbI OKbI2AH.
Mamemamukasibik annapam neH NCUXO02USHbIH KemezimeH Jlazapcgenso e3iHiH aneymemmik
3epmmeyJiepiHoe SMNUPUKA/IbIK NPobiemanapaa bapbiHWwa Hasap ayoaposb.. FaabiM 3/1eKmopanobl MiHes-
KVJIbIKMbIH «a/18YMEeMMIK» MYXCbIPbIMbIH YAcaobl. by myxbipbim 60lbiHWa daybic 6epy npoueci
KesiHOe calinayulbiHbIH WewimMi OHbIH KaHOal yJIKeH asieymemmik MOoNKaA #amambiHbIMEH aHbIKmMasaaos!
den kepcemineeH. [1®Jl-ea OeliiH 6yKapasbiK KOMMYHUKAUUSHbIH MuimMOiniei mMeH aneyemi odwa
capanmanein, ol-6azamoay adicmepiHe Hezi3denin xacanbin Kesce, [1.Jlazapcgensd 3MNUPUKA/IbIK
3epmmeysiep apKbiibl KOMMYHUKAQUUS/IbIK KYpanoapmeH Ko2amobiK NiKipOi KAHWAsabIKmbl ©32epmin
bypmanayea bonamsiHbIH 0anen0edi [2].

by XX-aacbipobiH 30-40 xcbindapsi 6o1amsbiH. Az, emKeH 2acbipobiH 60-80 3cbiidapsi 6yKapasbik
aknapam KypasnoapbiHbiH aoamoapobiH Casacu  YCMAHbIMOAPbIH CASACU  XAPHAMAHbIH KeMeziMeH
e32epmemiH mexaHu3moepoi myciHoipemiH GipHewle abi/ibiMu meopussiap emipee Kesodi. OCbl ablibIMU
meopusnapobl 3.Hosb-HolmMaHHbIH «Ko2amobIK NiKip: YHCI30iK WUbIPUIbIRbIHBIH AUIbLIYbI» ammbl
moHoepagusceiHoa, T.6aymepoiH «dieymemmik npobsemanap YibIMObIK apekem mypiHoe» amma|
ablibiMu eHbeziHoe, C.JleHapmmaiH «Adamoap apackiHOAzbl KapbiM-KAmbIHAC NeH byKapasbik aknapam
KYpanoapbiHbIH aCepi» abl/IbIMU 3epMMEY HUHARLIHAH Kepe a/lambi3.

XaHa aackipoa 0a bykapasbiKk KOMMYyHUKAQUUS (peHOMeHIHe 0e2eH Kbi3biayulblbIK, puiocopmap,
Cascammadywbliap, NCUXos102map MeH a/leyMemmaHywbliap mapanbiHaH ecenexin ecyde. Onap
amanaar KybblibICMbI #AH-XAKMbI 3e8pmmeyee KWUIbIHbIC MaHbimyoa. byeiHei 3epmmeysiepdiH bacmasi
HbICaHbl — 6YKAPasibiK KOMMYHUKQUUSI KYpasiodpbiHbIH KORAMObIK-CASCU npouyecmepze acep emy
0apexeciH ecipy, muimoi mexHo102us/1ap MeH MexaHu3moepoi aHbikmay [3].

HapbikmbiK KambsiHACMapobiH oamybiMeH 6ipee 6yKapasbiK KOMMYHUKAUUS KYpasiodpbiHbIH
MeHWiK mypJiepi 0e e32epoi. MeHWIK HbICAHOAPbIHbIH ©32epyiMeH Kamap Npo2peccusmi KoaamobIK CaHa
Kanbinmacmasipy 6azbimbiHOaabl uiblK MEXHOI02Uus1apObl KORamMObIK CaHaHbl bypmanayobl Makcam
emKeH «J1ac MEexHoA02UAIapOaH» axbIipamy, Kopaay npobiemack! mybiHOaos! [4].

Lucpribik dayipdezi byKapasbik KOMMYHUKAUUS peHoMeHIH obbekmusmi cunammay YWiH MbiHa
macenenepdi capanmayobiH MAHbI3bl ¥ORAPbI:

1. KokamHbiH cascu emipiHOe2i BKK Kbi3memiHiH epeKkwenikmepiH manoay, bKK KbiamemiH
3aHHamasbIK pemmeyoi capasaay, HopMamuBmiK-KYKbIKMbIK 6A3aHbIH a71CI3 #aHe Kywmi mycmapbiH
aHbIKMAn YCbIHLICMAp a3ipey;

2. Ko2amobiK caHaHbl 6ypmanay mMexaHusmoepiH KoJs10aHyobl 6UiK xcypei3yoiH, 6ackapyobiH
macini 0e2eH Ke3KapacmbiH MeopussibIK He2iz0epiH xuHakmay. bKK obbekminepi 0en maHbI/1zaH Koam-
OblK CaHaHb! bypmanay ywiH Ke30en2eH XubIHMbIK KOMNOHeHMmMepOiH annpoOKCUMAUUSI/IbIK KeJ1eMiH
aHbIKmMay;

3. KoeamoObIK CcaHaHbl Kaxemmi apHaza 6ypy HoHe XasbiKmbl Kaxemmi 3/1eKmopasiobik,
maHoayea ukemoey makcamseiHoa 6KK-biHbI mMuiMoi Koa0aHy »#010apbiH OHMAadliaHokIpy popmanapbiH
yebiHy. Cascu xapHamaoa Kos10aHbIIAMbIH MAHUNYAAUUSIbIK MexaHu3moepoi 6ipbiHaad xcikmeyoiH
Hezi30emeciH xacay;

4.  AknapammabiK Koaamoapodabl MemsaeKkem nNeH KORAMHbIH apackbiHOaabi KOMMYHUKAMUBMIK
KamsIHacmapoazbl 0e3uHme2payusi/ibik npouecmepoin cebebiH masaoay;
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5. [lameizaH Koeamoapoaab! «backapywbioaH — 6azbiHbIWMbI2a» 0eeeH GopMY/IaHbIH OPHbIHA
UUGPIbIK mexHoa02us/1ap MyMKiHOIK 6epemiH «bykKapa XasbiKmbl CASCU wewimoepee KambICmbIpa-
MbiIH» CACU KOMMYHUKAUYUSA/IbIK MOOes1b0epoiH Ko_amOobiK KambIHACMAPaa aCepiH, eH2i3iy Mblaoam-
OblabiH capanmay [5].

KazakcmaHoblk byKapasibik KOMMYHUKAUUS KYpaaodpbiHbiH CaHbl yoalbl ecydi kepcemedi: 2014
Hebiibl — 22100, 2015 xbinbl — 2711, 2016 xcbiibl — 2973 Kypadbl. OnapobiH 23% — memaekemmik bKK,
77% — Memsiekemmik emec, KypblibIMObIK 3aabiHaH 84% — 6acna bKK, 8,8% — snekmpoHobik 6KK, 7,2%
—aknapammaiK azeHmmikmep MeH VIHmepHem bacbiibimoap. Tinee 6altiiaHbICMbl XKmesy KepcemkeH-
oeli 20% — kazakmindi, 28,9% — opbicmindi, 26,8% — KA3ak xaHe opbIC mindepiHoe, an, 24,5% — Kazak,
0pbIC XaHe backa mindepoe.

2018 >wbi1nobiH 1 KaHmMapbiHOazb! Manimemmep bolbiHwa enimizoe 2915 BKK mipkeneeH. Onap-
ObiH: 2543 (88,3%)— 6acnaces Kypanoapel, 178 (5,6%) —3nekmpoHobik KK, 194 (6,3%)—aknapammeik
azeHmMmMIKMep MeH Xeninik bacbiibimoap. AKknapam mapamy mini 6olbiHwa Kazak miniHoe — 502, opbic
— 780, Kasak xaHe opbIC misdepiHoe — 956, yw minde 3aHe 00aH backa da minoepoe — 677. MeHwik
HbIcaHb! 6olbIHWwa 3 1% 2azem-x*cypHanoap memaekemmik, 7 1% HekemeHWwiK.

OmaHobIK BKK-HbIH XaHapmeiizaH 0amy CmMpame2us/iapbiHbIH —HomuxeciHoe «E2emeH
Kazakcmar» x#aHe «Ka3axcmaHckas npasoa» 2a3emmepiHiH #¥YMbICMAapb! MbiH CEPNiH as10bl, 0/1apobiH
Yup/ibiK MexHoI02UusIapaa HezizoeneeH UHMepHem-pedakyusiapbiHbiH Kbi3Memi ¥aHapmbiaob.. EKi
backiibiMHbIH 0a iOS niamgopmacskiHOa, coHoal-ak Android onepauyusisibik 3cydeciHoe Xcymbic icmeltmiH
MObU/IbOIK  KOChIMWAIAPk! 33ip/IeHOl. HamuieciHoe «EeemeH KaszakcmaH» MeH «Kasaxcmaxckas
npasoa» 2azemmepiHiH calmmapbiHa Kipy Kepcemkiwi 3-5 eceze apmkaH. AUmakmasiK 6acnanapobi KoJi-
day bolibiHwa obsibiIcmbIK, ayoaH 3caHe Kandbik 2azemmepoid 200 uHmepHem-pecypmaps! aulbi/bin,
0/1ap HaHawa ousaltiHaa Kewipinoi.

InekmpoHObiK BKK-HbIH 6ipbiHaal aknapammaik KeHicmikmezi aykbiMbl MeH aaeyemi ecyoe. Ef-
deei aknapammaik a2eHmmiKmepoiH #cainsl caHbl — 193, 4 aknapammeik aeeHmmik (3 %) memiekem-
mik 6onca, 189 aezeHmmik (97 % ) 3cekemerwik. Tinodik cunamsi 6olUbiHWA: 26 —Kazak miiiHoe, 31— opbic
miniHOe, 57 — Kasak yaHe opbIC miniHoe, 79 — Ka3ak, opbIC }aHe backa mindepde xabap mapamaoki.
bynapoaH 6acka aknapam HapbiabiHOa 12 uHmMepHem 6acki/ibiM XyMbiC icmeloi, o1apobiH 6-bl KA3AdK
JHaHe opbIC MinidepiHoe, 6-bi Ka3ak, OpbIC XaHe backa minoepoe.

«KazuHgopm» aknapammelk azeHmmiei pecnybukada ¥avaasikmap mapamamaiH VIHmepHem-
pecypcmapobiH TOl-10-biHa eHeeH. [Topmanaa KyHiHe 46,0 mMbiH adam Kipedi. «KazuHgdopm» bAK HaHe
aknapam €aaackiHOaabl 8 XabIKapasbik YibIMHbIH Myweci. Kaztube.kz nopmasibi apKbiibl OMAHObIK Ku-
HOUHOYCMPUSI 6HIMOEPIH XApHamasnay, mymbiHyWbI2d XAKbIHOAmy MYMbICMApbl iCKe acCblpbi/IaH.
Memnekemmik 6unik mapansiHaH Koaga asibiHEaH OCbIHOAl ayKbiMObl icmep Ka3akcmaHHbIH VIHmep-
Hemmi 0ambimy MeH pecypcmap KaybiMOAacmabiabIMeH bIHMbIMAKMaca xcypeizinyoe. OCbiHbIH 63i Yugp-
JIbIK MexHO/102Us1apObIH a/1eyemi Memsiekem, KOaam MeH adam apackbiHOaab! aawakmbikmabl #olbin, ca-
Acu-aneymemmik caaadazbl apinmecmiKmMIiH HbIRArbIHA #C0J1 AWadpb! AHbIK, [6].

Tayencizoik xb10apbiHOa MemsieKemmiH aKknapammsiK CAacamsiH Xeminoipy 6olbiHwa
aykbIMOb! WAPAIAp amKapblIeaH. «Kasmeoua opmasbiabl», «Xabap» A2eHmmizi», «binim xaHe maoe-
Huem», «bananan», «KazSport» meneapHanaps! Kypbiaobl. ¥IMmbIK MeOUdHbIH 6HOIDICMIK #(aHe mex-
HOJ102US/1bIK, 0aMybIHa X#azoal xcacay ywiH «Kasmeoua opmalsibiabl» aulbliobl. «Kazmeoua opmarsbiabi-
HbIH» 6acmai Kbi3Memi — meesu3us eHOIpICiH UU@PIbIK #abobiKkmapmeH KaMmabiI2aH mesecmyousiap
YCbIHY, 01ap0bl MEXHOJI2US/IbIK H(AabIHaH Cylemesnioey 3caHe mesnecueHaobl Kidipicci3 xcibepy. by op-
MmasnikiKMa enimizoid Hezizei 8 meneapHacsl MeH 3 paouoCkl OPHAIACKAH: «Xabap» AeeHmmiei» («Xabap»,
«24 KZ», «binim xcaHe madeHuem», «KazakhTV» meneapHanapsi), «Kasakcmar» («Kazakcman» ¥TA, «ba-
a1anax», «KazSport» meneapHanapsi, «Kazak paduocski», «LLlankap» xcaHe «Acmara» paduosiapel), «Eypa-
3us» bipiHwi apHacsl, «MWP» TPK. «Ka3meoua opmasibiabiHOa» omaHobIK XYpHAaUCmep cemuHap-mpe-
HUHemep, KoOHpepeHuUsIap ememiH Meoua-meKkmen allbl/I2aH.

«KazakcmaH» PTPK — enimizoezi eH ipi medua xonduHe. OHbIH K¥pambiHOa byeiHei maHoa 3 pecny6-
JIUKA/IbIK HaHe 14 aliMakmabiK menedpHda, 4 paduo xaHe 36 uHmepHem caldm Kipedi. Tesepaduo Kopno-
PAUUSIHBIH MEeXHOI02US/IbIK Hab0biIkmaHybl OHbIH XabapaapbiH pecnybiukarbiH 100% almaabiHa,
coHoal-ak Pecell, Kbipabi3, ©36ekcmaH, TypkimeHcman, Kbimad Pecnybiukack! 3aHe MOoHROIUSAHbIH We-
Kapasac almakmapkiHa mapamyaa MyMKiHOIK 6eped.

1995 Xcblsibl KYPbIRAH «Xabap» AeeHmmiei — Kazakcma+oa 2aHa emec, almakmaabl 3amMaHayu me-
ouaxonduHe. 9pbip xapmsi cazam calibiH eKi minde X aHaabIKk MapamamaiH e10e2i #angbi3 May/likmik
«24 Xabap» meneapHach! oCbl a2eHMmMIKMIH KypambiHOa. An, «Kazakh TV» — Kazak eniHiH HacuxamabiH
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XAa/IbIKAPasibIK aknapam KeHicmieiHoe xcypeizedi, ywim UMUOMCIH [12epifnemyee YwmasaeaH Kasak, opbic
JOHEe aabl/iWbIH MisoepiHoe afiemMHiH 118 eniHoe mapamamasiH meneapHa.

KasakcmaHobik BKK-HbIH Kbi3MemiHoe2i canasibl e32epicmep memiekemmiH damy OeHeeliHe, ca-
Acu-asieyMemmiK, IKOHOMUKA/IbIK X#agoaliea KambICmbl Xeminin Kkeneodi. Enimi3oiH aneymemmik-casacu
CanackiHOAa KaabiNMAackaq aknapam mapamy KypanoapbiHbiH KbiamemiHoeai e32ewesnik 6izoe2i mapuxu
KasbINMAackaq aknapammasl mapamy meH Kabbiday KaHan0apblHbIH, MacidepiHiH cunammapbiMeH,
MeHWIK MmypJiepiHe, MemieKkemmikK Ko/0ay MeH KO2aMHbIH MaoeHU 0apexceciHe 6aliaHbICmbl
myciHOipineoi.

KOPbITbIH/bI

Tayencizoik anzaHHaH b6epi Kasak eniHoeai aneymemmik-cascu e32epicmep MeH apaslyaH mpaHc-
popmayuanibiK npouecmepoi, KoaamoblK CaHaza bIKNAa ememiH UHCMUMYymmapobiH Kbi3MemiH 3epm-
meyoiH e3ekminiei apmyoa. Endi 6ackapy Kypbi/ibiMbIHOAab! almap/ibikmad e32epicmep cascu cydeHiH
mybeeelinii pegpopmasnaHybimeH badiaHbicmbl 60/10bl. Koaamoazbl KOMMYHUKAUUS/IbIK apekemmecyoiH
cunammapsi apbip endiH cascu xcydeciHe maH mypseHin 0mbIpaodskl. [JemMoKpamus/ibiK Koeamoapoad Kom-
MYHUKQUUAJbIK Kypanodap cascu epexenepoi 3aHoacmbipy0a MaHbi30bl GyHKUUS amkapaobl. Ocbl
amanaaH macesnenepdi 3epmmey 60UbIHWA MbIHAHOAU MYXCbIPbIMOAP XACA/IObI:

— aknapammsik 0ayipdiH manabbl 60UbIHWA Ko2amoadabl KAmbIHACMAapobl KAJbINMACMbIPy HoHe
bvKkapa xasibiIkmbiH aykbIMObI 661i2iH cascu MaHbi30b! wewimoep Kabbiadayea beaceHdi mapmy Kypasi-
dapb! MeH MexaHu3mMoepiH yoalibl ¥eminoipin omeipy Kax;em;

— Kasak eniHoeei cascu canadazbl ecki KOHCMPYKUUA/1apOoblH 63apa wueseHici MeH damy nepcnekmusa-
J1apbl MOJIbIK AHbIKMAJIMARAH YAHAa MooesiboepdiH yoel mycyiHeH mybiHOAeaH Casicu-3KOHOMUKAJIbIK,
anleyMemmiK Mcikmesy yoepicmepiHe XaH-3aKkmabl maaoay xcypaizy Kaxemmizi mybiHOaob;

— byKapasnblKk KOMMYHUKAQUUS Kypanoapbi MeH Ko2amobiK KywmepoiH apacbiHOaabl ouasaoe ylbimoa-
CmbIpy npobiemasnapbi 63eKmi cunam anobl;

— byKapasibik Meoua mMeH casicu UHCMUMYymmapaa dezeH a1eyMemmik CeHiMHIH ecnesii manbi/ibigbiH
amanaaH cybbekminepoiH KapbIM-KambIHACbIH KOHCMPYKMUBMI dpHA2a Mycipy dpKbi/ibl 2aHa X#oroaad bo-
J1a0b!.

KasakcmarHbIH U4u@pribiK mMexHoI02UsIbIK aneyemi ece 6bacmazaq KeseHoe memsekem, KOaam
JHaHe medua CUsKMbI yuwmikmiH apekemmecyiH 3epmmezeH 2019-2020 xbi10apoazbi abl/ibiMu eHbek-
mepimizoe bomxaHzaHoad, bUniKmMIH Caacu 3oHe 3KOHOMUKAJ/IbIK peidopMasnapbiH ajieymemmeHoipyoe,
XA/IbIKKA XaKkbIHOamyoa byKapasbiK KOMMYHUKAUUS KYpanodapbiHbIH Kabinemminiei ecin kenedi. AKna-
PAMMbIK, KeHICMIKmMe2i eKiXakmbl CeHIMHIH HOMUXeCiHOe bulikmiH Casacu-3KOHOMUKAJIbIK, a/1eyMmem-
MIK HUemmepiHiH cmpame2usicbl MeH MAakmuKacbl KOam YUliH myciHikmi minde, biHaalsibi ¢popmada
Hacuxammana 6acmaoksl.

byn casacu npouecmid mymacmsiabl MeH 3aHObIIbiebIH Kywelmin Kada kKolmad, Kasipei
KasakcmaobiK 6yKapasibik KOMMYHUKAUUS KyYpanoddpblHbiH KeMe2iMeH Uik cascambiHbiH AUIbIKMbI2bI
MeH efnidik Myoddez2e callkecmi2iH KamMmamachki3 emyoe. EKIHWI XAagbIHaH, MaHbi30bl wewimoep
Kabb110ayea KambiCambiH AyOUmMOpUSIHbIH AyKbIMbIH e0ayip ecipyee KeMeKmecmi.

bi30iH abiibiMu  eunome3ambi3ea calikec Uugpsbik 0ayipoe 6yKapasibiK —KOMMYHUKAUUS
KYpanoapbiHbiH KyW-Kyamsl azamammapob! aneymemmik 6esceHoi monmapobiH KYPAMbIHA KOCkIN,
OHbIH cascu besiceHoini2iH apmmabipyad, KoeamobIK CAHAHb! No3umusmi 6azbimma e32epmyee uei acepiH
mueizedi. Xeke mysieaHbiH aneymMemmik KemesoeHyi, enoe2i cascu McyleHiH awbIKmbiabl MeH
npozpeccusmi damy KepcemekiwumepiHiy 6ip-6ipiHe mayendiniei 0e 6i3 yCbIH2aH 6OHAMHbIH KYpamodc
besweai mypiHoe Kapanaokil.

KapxcblnaHobIpy
byn 3epmmey makanacel KP fblaibiM M#aHe xoaaps! 6i1iM MUHUCMPII2I FbIIbIM KOMUMeMIHIH
2bl/1bIMU 2DAHMbI ecebiHeH KapxcbliaHObIpbiiOb! (2paHm NCAP32723927).
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Abstract

This scientific and analytical work presents modern world and local-regional data on incidence,
mortality, lethality and five-year survival rate of pancreatic cancer, a serious oncological disease. The
issues of etiology and pathogenesis, modern approaches and principles of complex diagnostics, prospects
for improving treatment results, as well as the prognosis are covered in detail. The epidemiological char-
acteristics of this pathology in our republic are given in the context of the regions of the country.

Keywords: oncology, endocrinology, pancreatic cancer, pancreatic neoplasms, biomarkers, diag-
nostic markers, RNA, miRNAs, single-cell RNA sequencing, DNA, cell-free DNA, genetics, screening, epi-
demiology, incidence, mortality, lethality, five-year survival rate, prognosis.

Pancreatic cancer (PC) is a malignant neoplasm originating from the epithelium of the glandular
tissue or pancreatic ducts [1]. The following diagnostic criteria are identified for PC:

Complaints and anamnesis: characteristic symptoms in the clinical picture of PC include pain, jaun-
dice, itching, weight loss, loss of appetite, and fever. Pain is the most common symptom, observed in 70-
85% of patients. Pain most often occurs as a result of tumor invasion or compression of nerve trunks; less
commonly, it is caused by obstruction of the bile duct or Wirsung duct or peritoneal phenomena due to
exacerbation of concomitant pancreatitis. With head cancer, pain is felt in the right hypochondrium or
epigastric region, cancer of the body and tail is characterized by pain in the left hypochondrium and
epigastric region, but can also manifest as a pain-like sensation in the right hypochondrium. Diffuse le-
sions are characterized by diffuse pain in the upper abdomen. In some patients, the pain remains localized
in one area. In others, it radiates to the spine or interscapular region, and less commonly, to the right
scapula. Tumors that obstruct the Wirsung duct and are accompanied by pancreatitis cause paroxysmal,
encircling pain. The pain is noted to most often appear or intensify in the evening or at night, when the
patient is supine, after large, especially fatty, meals, and after drinking alcohol. The pain is more severe
with PC, especially when the tumor invades or compresses the solar plexus. In this case, the pain becomes
extremely severe, unbearable, and may become encircling. Patients adopt a forced position, bending their
spine forward, leaning against the back of a chair, or leaning over a pillow pressed to the abdomen. This
"hook" position is quite common in patients with advanced PC. Jaundice is the most prominent symptom
of pancreatic head cancer. It occurs in 70-80% of patients. It is caused by tumor invasion of the bile duct
and bile stasis in the biliary system. It occasionally occurs with cancer of the body and tail, in which case
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it is caused by compression of the common bile duct by metastases to the lymph nodes. Jaundice is rarely
the first symptom of the disease; it is often preceded by pain or weight loss. Jaundice is mechanical in
nature and develops gradually, steadily increasing in intensity. Jaundice is accompanied by discoloration
of urine and stool. Stool becomes discolored. Urine becomes brown, reminiscent of beer. Sometimes
changes in urine and stool occur before jaundice. Itching is caused by irritation of skin receptors by bile
acids. With jaundice due to PC, itching occurs in most patients. It typically occurs after the onset of jaun-
dice, most often with high bilirubin levels in the blood, but sometimes patients report itching of the skin
even before jaundice. Itching significantly worsens the patient's well-being, disturbs their peace of mind,
causes insomnia and increased irritability, and often leads to numerous scratches, the traces of which
are visible on the skin. Weight loss is one of the most significant symptoms. It is caused by intoxication
due to the developing tumor and impaired intestinal digestion due to obstruction of the bile and pancre-
atic ducts. Weight loss is observed in most patients and is sometimes the first symptom of the disease,
preceding the onset of pain and jaundice. Loss of appetite occurs in more than half of patients. An aver-
sion to fatty or meaty foods often develops. Weight loss and loss of appetite are accompanied by increas-
ing weakness, fatigue, and sometimes nausea and vomiting. A feeling of heaviness after eating and heart-
burn are sometimes observed. Bowel function is often disrupted, with flatulence, constipation, and, oc-
casionally, diarrhea. Stools are bulky, clay-gray in color, with an unpleasant, foul odor, and contain a
large amount of fat.

Physical examination: symptoms of PC are a consequence of three clinical phenomena caused by
the growing tumor: obstruction, compression, and intoxication. Compression is characterized by pain due
to the growth of or compression of pancreatic nerve trunks by the tumor. Obstruction occurs when the
growing tumor obstructs the common bile duct, duodenum, pancreatic duct, or compresses the splenic
vein. Obstruction of the common bile duct leads to biliary hypertension, which is associated with me-
chanical jaundice, pruritus, liver and gallbladder enlargement, discolored stool, and dark urine. Biliary
hypertension is a severe pathological condition that determines the patient's prognosis. It leads to dys-
function of the liver, cardiovascular and nervous systems, and metabolism, causing bradycardia, head-
ache, apathy, and increased irritability. Prolonged and intense jaundice can lead to liver and hepatorenal
failure, as well as cholemic bleeding. Tumor invasion of the duodenum leads to obstruction, clinically
resembling pyloric stenosis. The phenomenon of intoxication is manifested by weight loss, decreased ap-
petite, and general weakness. These symptoms are often observed in PC, as they are caused not only by
the influence of the tumor itself, but also by impaired intestinal digestion [1].

Laboratory tests:

1) basic: cytological examination of a biopsy of a pancreatic tumor or liver metastasis (increase in
cell size up to giant, changes in the shape and number of intracellular elements, increase in the size of
the nucleus and its contours, varying degrees of maturity of the nucleus and other cellular elements,
changes in the number and shape of nucleoli); histological examination of a biopsy specimen of a pancre-
atic tumor or liver metastasis (marked cellular polymorphism, increased cell size, pronounced hypochro-
mia, large nuclei containing one or more nucleoli, glandular structures of cancer cells in the form of ro-
settes, numerous cells in mitosis);

2) additional: immunohistochemical examination of the biopsy and surgical material for a detailed
determination of the tumor subtype; molecular genetic testing: due to the frequency of detection of mu-
tations in the BRCA1 and BRCAZ2 genes of over 5%, as well as the significant impact of these mutations
on the choice of chemotherapy regimen, their determination is advisable in all patients; a biochemical
blood test for a tumor localized in the head of the pancreas is characterized by the development of me-
chanical ("subhepatic") jaundice - laboratory tests reveal hyperbilirubinemia.

Non-specific laboratory tests or in cases when deciding on the appointment of chemotherapy, the
following are recommended: complete general (clinical) blood test, erythrocyte sedimentation rate;
blood biochemistry: total protein, glucose, bilirubin, creatinine, urea, iron, alanine aminotransferase, as-
partate aminotransferase, total bilirubin, alkaline phosphatase, plasma electrolytes (potassium, sodium,
chloride), C-reactive protein,; general (clinical) urine analysis; coagulology: fibrinogen, prothrombin, inter-
national normalized ratio, prothrombin time, prothrombin index, activated partial thromboplastin time,
thrombin time; blood test for carcinoembryonic antigen, determination of the level of adenogenic cancer
antigen CA 19-9 in order to assess the current clinical situation and, if they increase, for further monitor-
ing of the disease. A baseline assessment should be performed against the background of biliary decom-
pression, normal bilirubin levels, and resolution of inflammation. A blood test for chromogranin A is re-
quired for differential diagnosis with neuroendocrine tumors.

Instrumental examinations:
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1) basic: abdominal ultrasound — primary diagnosis of pancreatic lesions; multislice computed to-
mography of the abdominal organs with bolus contrast allows for the diagnosis of PC, assessment of
vascular invasion, and identification of metastases (lymph nodes, liver, abdominal cavity); fibrogastrodu-
odenoscopy (to assess tumor spread);

2) additional: endoscopic retrograde cholangiopancreatography — is important in the diagnosis of
pancreatic and bile duct obstruction: magnetic resonance imaging with magnetic resonance cholangi-
opancreatography provides information on the condition of the pancreatic duct and bile ducts; positron
emission tomography/computed tomography is one of the most sensitive and informative methods for
assessing the extent of tumor spread in the pelvis, abdominal cavity, retroperitoneal space, chest, brain,
soft tissues, bones, and for identifying "small" tumors, relapses, and metastases.

In any sequence of instrumental research methods, it is necessary to establish the tumor nature of
changes in the pancreas and the extent of the tumor [1].

Hirabayashi K. et al. [2] note in their work that cytology is a useful method for diagnosing pancre-
atic neoplasms. Although endoscopic ultrasound-guided fine-needle aspiration has recently become the
mainstream method for the diagnosis of pancreatic neoplasms, pancreatic juice and pancreatic duct
brushing cytology continue to be useful diagnostic methods for the investigation of pancreatic neo-
plasms. Diagnoses using pancreatic cytology are primarily based on the features related to tumor cells,
however, evaluation of the background features provides important information that could further aid
the diagnosis. Pancreatic neoplasms show various histological types, each of which is associated with its
own characteristic background features. The necrotic background, desmoplastic stroma, and presence
of cancer-associated fibroblasts are background features of pancreatic ductal adenocarcinoma, a mucin-
ous background is associated with intraductal papillary mucinous neoplasms and mucinous cystic neo-
plasms, and hyaline globules are observed in solid pseudopapillary neoplasms. However, some back-
ground features are associated with more than one histological type of pancreatic neoplasm, highlight-
ing the importance to base a diagnosis on the results of a comprehensive analysis of not only the back-
ground features but also the tumor cells. The authors presented key background cytological features of
pancreatic neoplasms that can serve as a guide for improved diagnosis and research.

PC is a malignant neoplasm with an extremely poor prognosis; thus, early diagnosis and treatment
are desirable. Although the accuracy of PC diagnosis has improved in recent years due to the develop-
ment of diagnostic imaging, it is still necessary to carry out biopsy and cytology to differentiate between
benign and malignant neoplasms and to determine the histological type. Pancreatic juice cytology and
pancreatic duct brushing cytology have long been the major diagnostic methods for pancreatic neo-
plasms; however, the recent development and application of endoscopic ultrasound-guided fine-needle
aspiration (EUS-FNA) has substantially aided and improved the cytological diagnosis of pancreatic neo-
plasms. Pancreatic juice cytology and pancreatic duct brushing cytology are mainly used for investigating
neoplasms involving the large pancreatic ducts, such as pancreatic ductal adenocarcinoma (PDAC) and
intraductal papillary mucinous neoplasms (IPMNs), whereas EUS-FNA is now more commonly used for
pancreatic neoplasms that have less association with the pancreatic ducts, such as neuroendocrine neo-
plasms, acinar cell carcinoma, serous cystic neoplasms, mucinous cystic neoplasms, and solid pseudopa-
pillary neoplasms. In cytology, the diagnosis of pancreatic neoplasms is based mainly on morphological
evaluation of the tumor cells; however, background features such as the presence of necrosis or mucin
also provide important information to assist with the diagnosis. In conclusion, our colleagues point out
that there are various histological types of pancreatic neoplasms, and characteristic background features
for each type that may be useful for diagnosis have been identified. However, as certain background
features also overlap between histological types, it is important to make a comprehensive diagnosis by
carefully observing not only the background features but also the characteristics of tumor cells and atyp-
ical cells. The diagnostic utility of background features, such as necrotic background or cancer-associated
fibroblasts, in pancreatic juice cytology and/or pancreatic duct brushing cytology in early-stage PDAC
with pancreatic duct stenosis or dilation is still not well understood. Therefore, further studies on the
diagnostic utility of background findings in early-stage PDAC are needed [2].

Selvaggi S.M. in her study compared the use of fine-needle aspiration biopsy and needle biopsy for
the diagnosis of pancreatic neoplasms [3]. The author emphasizes that EUS-FNA is highly sensitive and
specific in the detection and diagnosis of pancreatic neoplasms. EUS-guided needle core biopsy has been
used alone or as an adjunct to maximize diagnostic yield. From January 1, 2018 through December 21,
2020, the Cytopathology Laboratory processed 374 FNAs from solid pancreatic masses of which 332
(89%) had concurrent pancreatic biopsies and form the basis of this study. Of the 332 FNAs, 173 (52%,)
were positive/suspicious for pancreatic adenocarcinoma, 33 (10%) were positive for a neoplasm, 20 (6%,)
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were atypical 19 (6%) were negative and 87 (26%) were non-diagnostic. Biopsies were concordant in
248 (75%) cases and discordant in 84 (25%) cases. Of the 84 discordant cases, 29 (35%) had neoplastic
cells on FNA of which 14 were atypical, 11 were negative and 4 were nondiagnostic on core biopsy. Of
the 18 (21%) FNAs with atypical cells, 8 showed adenocarcinoma on core biopsy. Thirty-seven nondiag-
nostic FNAs showed adenocarcinoma on 25 (70%) core biopsies. If nondiagnostic FNAs were included,
FNA sensitivity was 89% and specificity; 100%, and both were 100%, if the nondiagnostic cases were
excluded. The needle core biopsy sensitivity was 91% and specificity; 100%. Summarizing the conducted
research, the author says that both FNAs and core biopsies show high sensitivity and specificity in the
detection of pancreatic neoplasms. However, utilization of both techniques enhances cellular yields; in
particular unsatisfactory FNAs, and often provides sufficient material for ancillary tests in this era of
precision medicine [3].

In the scientific work of Lv G. et al. [4], the researchers summarized new modern knowledge on the
sequencing of individual cells in pancreatic neoplasms, taking into account the methods used, tumor het-
erogeneity and treatment methods.

According to the authors, pancreatic neoplasms, including PDAC, IPMN and pancreatic cystic neo-
plasms, are the most puzzling diseases. Numerous studies have not brought significant improvements in
prognosis and diagnosis, especially in PDAC. One important reason is that previous studies only focused
on differences between patients and healthy individuals but ignored intratumoral heterogeneity. In re-
cent years, single-cell sequencing techniques, represented by single-cell RNA sequencing (scRNA-seq),
have emerged by which researchers can analyse each cell in tumours instead of their average levels.
Based on the conducted research, the authors state that pancreatic neoplasms, especially PDAC, remain
the most complex and malignant disease due to their high heterogeneity. Single-cell sequencing benefits
from its single-cell resolution and has become the most appropriate approach to uncover the underlying
mechanisms of PDAC. Several frameworks and algorithms of single-cell sequencing have been applied,
such as copy number karyotyping of aneuploid tumors, minimally invasive adenocarcinoma and SPOT-
light, among which scRNA-seq combined with the spatial transcriptome has presented more obvious ad-
vantages. sScRNA-seq enables rapid determination each cellular gene-expression patterns of thousands of
individual cells. By using this emerging sequencing technology, scientists have revealed high heterogene-
ities in cancer cells, the tumour environment, circulating tumour cells, and the progression from precan-
cerous lesions to PDAC. Immune checkpoint inhibitors have shown cooperates in many cancers; however,
PDAC is still resistant to them. Recent studies found that a few new targets and inhibitors had an obvious
ability to suppress PDAC growth when they were combined with immune checkpoint inhibitors. In con-
clusion, single-cell sequencing provides us with novel insights into intratumoral heterogeneity, subclus-
ters identification, unique genes mutations, and dynamic evolution in PDAC. However, some shortcom-
ings limit its large-scale use. As a high-throughput protocol, ScRNA-seq only captures a fraction of mole-
cules, ranging from 5% to 20% RNA physically present in cells. Meanwhile, enzymes used to obtain single-
cell suspensions can degrade RNA, which is more pronounced in PDAC. The batch effect is frequently
observed as samples are collected at different periods. These technical noises mentioned above generate
bias and make it more difficult to differentiate rare cell types. Meanwhile, there are many algorithms
and paraments for single-cell analysis that make novices too difficult to choose a correct combination.
Another limitation is the expensive cost of experiments [4].

Vicentini C. et al. [5] note that pancreatic and peri-pancreatic neoplasms encompass a variety of
histotypes characterized by a heterogeneous prognostic impact. Researchers point out that MicroRNAs
(miRNAs) are considered efficient candidate biomarkers due to their high stability in tissues and body
fluids. They applied Nanostring profiling of circulating exosomal miRNAs to distinct pancreatic lesions in
order to establish a source for biomarker development. A series of 140 plasma samples obtained from
patients affected by pancreatic ductal adenocarcinoma (PDAC, n = 58), pancreatic neuroendocrine tu-
mors (Pancreatic neuroendocrine tumours, n=42), IPMN, n =20, and ampulla of Vater carcinomas,
n = 20 were analyzed. Comprehensive miRNA profiling was performed on plasma-derived exosomes. Rel-
evant miRNAs were validated by quantitative reverse-transcription polymerase chain reaction (GRT-PCR)
and in situ hybridization (ISH). Lesion specific miRNAs were identified through multiple disease compari-
sons. Selected miRNAs were validated in the plasma by gRT-PCR and at tissue level by ISH. The research-
ers leveraged the presence of clinical subtypes with each disease cohort to identify miRNAs that are dif-
ferentially enriched in aggressive phenotypes. The authors emphasize that this study shows that pancre-
atic lesions are characterized by specific exosomal-miRNA signatures. Our colleagues also provided a bi-
oresource for future explorations aimed to understand the biological and clinical relevance of such sig-
natures.
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Faur A.C. et al. [6] in their work they say that PC has a low incidence rate but a high mortality, with
patients often in the advanced stage of the disease at the time of the first diagnosis. If detected, early
neoplastic lesions are ideal for surgery, offering the best prognosis. Preneoplastic lesions of the pancreas
include pancreatic intraepithelial neoplasia and mucinous cystic neoplasms, with intraductal papillary
mucinous neoplasms being the most commonly diagnosed. The study focused on predicting PC by identi-
fving early signs using noninvasive techniques and artificial intelligence (Al). A systematic English litera-
ture search was conducted on the PubMed electronic database and other sources. Our colleagues ob-
tained a total of 97 studies on the subject of pancreatic neoplasms. The final number of articles included
in this study was 44, 34 of which focused on the use of Al algorithms in the early diagnosis and prediction
of pancreatic lesions. Al algorithms can facilitate diagnosis by analyzing massive amounts of data in a
short period of time. Correlations can be made through Al algorithms by expanding image and electronic
medical records databases, which can later be used as part of a screening program for the general pop-
ulation. Al-based screening models should involve a combination of biomarkers and medical and imaging
data from different sources. This requires large numbers of resources, collaboration between medical
practitioners, and investment in medical infrastructures.

As the researchers note to improve the clinical management and prognosis for patients with PC,
new diagnostic methods should be developed to identify precursor lesions. Al is a tool that can offer a
personalized approach in this regard by analyzing a large quantity of heterogeneous data and can also
help in decision-making, increasing the prediction accuracy for an early diagnosis. As for future prospects,
the authors conclude that for PC, a cost-effective screening method for early lesions is needed. Al models
developed for a diverse group of patients from high-risk PDAC cohorts belonging to broad datasets from
different sources can be of great use for improving PDAC treatment outcomes and enhancing diagnostic
precision. Al methods represent a needed step to reach a standardized interpretation of patient data and
investigations while reducing human bias or error. For this, a wide range of data from different sources
is necessary. All of these data have a central role in training Al methods in diagnosing PC and establishing
the most accurate algorithm to be used for such a diagnosis. Correlations can be made through Al algo-
rithms by expanding the image and electronic medical record databases, which will significantly improve
the diagnostic accuracy and provide an early diagnosis for PC patients, thereby producing a better prog-
nosis and more effective therapy. Al creates a common ground in diagnosing PC that can be standardized
and used for the general population. Such an Al model should contain a combination of biomarkers, med-
ical data, and imaging data obtained by alternating computed tomography, endoscopic ultrasound-
guided, and magnetic resonance imaging testing so that maximized accuracy and early diagnosis with
noninvasive techniques can be achieved. The coronavirus disease 2019 pandemic has produced a model
for forming an international infrastructure that can be studied with Al algorithms and even used for
predicting and early diagnosing cancers. The collaboration between scientists and academic centers has
shown that humans from different countries and continents can work together to share information in
a common attempt to save lives while creating a vast database. This will require resources, global soli-
darity, and support investment in medical infrastructures worldwide. However, the need to develop
health infrastructure and multidisciplinary research studies is crucial, as the pandemic situation has al-
ready shown [6].

Conducted analysis [6] of the current diagnostic methods for detecting PC noninvasively with an
emphasis on early lesions has revealed a series of common features and limitations: published studies
about predicting early lesions in PC are lacking. For PC diagnosis, noninvasive tests such as imaging, tu-
mor marker analysis, and population-based studies can be used to train Al algorithms to identify features,
patterns, and subtle changes that can help classify pancreatic lesions and build predictive models that
can improve the awareness of the risk of pancreatic neoplasia. Published studies typically included only
small samples from a limited number of cases. The analysis of these studies focused mostly on just one
type of investigation (radiomics features, personal data, biomarkers, or genomic features without making
correlations between all the data that a physician analyses for a diagnosis of PC in a specific patient). A
high percentage of the studies only performed internal validation, so bias and overfitting can constitute
a problem when generalizing their conclusions. Commonly, for machine diagnosis, the mechanism that
generates the output is not clearly explained, so assessing how a specific Al algorithm makes its final
diagnosis remains controversial. Al algorithms for assessing pancreatic volumes with and without tumors
are time- and cost-consuming that are usually run manually and in direct relation with the radiologist’s
experience. Finding an Al-driven automated volumetric segmentation algorithm is difficult because of
the variations in shape, the shallowness of the boundaries, and the small size of the pancreas. Pancreatic
tumors smaller than 2 cm frequently have inconspicuous borders with high similarity to the surrounding
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tissues on radiomics analysis, making early lesion diagnosis challenging. However, Al methods have the
potential to improve accuracy and support clinical decisions for the preoperative diagnosis of pancreatic
lesions and to aid in the surgical management and prognosis of PC.

Hsieh M.J. et al. [7] in their study note that PC is a highly lethal malignancy due to the cancer
routinely being diagnosed late and having a limited response to chemotherapy. PDAC is the most com-
mon form of pancreatic malignant tumor, representing more than 85% of all PCs. In the present study,
authors characterized the phenotypes of concomitant P53 and adenomatous polyposis coli (APC) muta-
tions in pancreatic neoplasms driven by the oncogene Kirsten Rat Sarcoma Viral Oncogene Homolog
(KRAS) in genetically modified mice (GEMM,). In this GEMM setting, APC haploinsufficiency coupled with
P53 deletion and KRASG12D activation resulted in an earlier appearance of pancreatic intraepithelial
neoplasia lesions and progressed rapidly to highly invasive and metastatic PDAC. Through a microarray
analysis of murine PDAC cells derived from our APC-deficient PDAC model, the researchers observed that
APC loss leads to upregulated CD34 expression in PDAC. CD34 is a member of a family of single-pass
transmembrane proteins and is selectively expressed in hematopoietic progenitor cells, vascular endo-
thelial cells, interstitial precursor cells, and various interstitial tumor cells. However, the functional roles
of CD34 in PC remain unclear. Thus, in this study, our colleagues explored the mechanisms regarding
how CD34 promotes the deterioration of pancreatic malignancy. These results demonstrated that the
increased expression of CD34 induced by APC inactivation promotes the invasion and migration of PDAC
cells, which may relate to PDAC metastasis in vivo. Collectively, this study provides first-line evidence to
delineate the association between CD34 and the Wingless / Int-1 signaling (APC/Wnt) pathway in PDAC,
and reveals the potential roles of CD34 in PDAC progression.

The authors' analysis revealed that CD34 is predominantly expressed on hematopoietic progenitor
cells and endothelial progenitors, and has been widely used as a stem and progenitor cell marker. The
results of the present study provided important evidences revealing the association between CD34 and
the APC/Wnt pathway in PDAC, and authors demonstrated the potential roles for CD34 upregulation
induced by APC inactivation in promoting PDAC cell growth, migration and invasion. Moreover, because
CD34 is thought to be a biomarker for stem cells to maintain self-renewal and proper stemness, CD34
could be a novel drug candidate for the treatment of PDAC harboring APC mutations [7].

Huang B. et al. [8] devoted their scientific research to the study of IPMN. IPMNs are a commonly
identified non-invasive cyst-forming pancreatic neoplasms with the potential to progress into invasive
pancreatic adenocarcinoma. There are few in vitro models with which to study the biology of IPMNs and
their progression to invasive carcinoma. Therefore, authors generated a living biobank of organoids from
7 normal pancreatic ducts and 10 IPMNs. The researchers characterized 8 IPMN organoid samples using
whole genome sequencing and characterized 5 IPMN organoids and 7 normal pancreatic duct organoids
using transcriptome sequencing. Our colleagues identified an average of 11,344 somatic mutations in
the genomes of organoids derived from IPMNs, with one sample harboring 61,537 somatic mutations
enriched for T->C transitions and T->A transversions. Recurrent coding somatic mutations were identi-
fied in 15 genes, including KRAS, GNAS, RNF43, PHF3, and RBM10. The most frequently mutated genes
were KRAS, GNAS, and RNF43, with somatic mutations identified in 6 (75%), 4 (50%), and 3 (37.5%)
IPMN organoid samples respectively. On average, they identified 36 structural variants in IPMN derived
organoids, and none had an unstable phenotype (>200 structural variants). Transcriptome sequencing
identified 28 genes differentially expressed between normal pancreatic duct organoid and IPMN organ-
oid samples. The most significantly upregulated and downregulated genes were CLDN18 and FOXAT.
Immunohistochemical analysis of FOXA1 expression in 112 IPMNs, 113 mucinous cystic neoplasms, and
145 pancreatic ductal adenocarcinomas demonstrated statistically significant loss of expression in low-
grade IPMNs (p < 0.0016), mucinous cystic neoplasms (p < 0.0001), and pancreatic ductal adenocarci-
noma of any histologic grade (p < 0.0001) compared to normal pancreatic ducts. These data indicate
that FOXA1 loss of expression occurs early in pancreatic tumorigenesis. As the authors note, this study
highlights the utility of organoid culture to study the genetics and biology normal pancreatic duct and
IPMNSs.

In this study, our colleagues generate a living biobank of organoids derived from 7 normal human
pancreatic ducts and 10 human IPMN samples. They also present the characterization of somatic alter-
ations in these IPMN organoids using whole genome sequencing. Furthermore, the researchers use tran-
scriptomic sequencing to identify genes differentially expressed between normal pancreatic duct and
IPMN organoids. The authors emphasize that their study documents a biobank of IPMN and normal pan-
creatic duct organoids, characterized by genomic and transcriptomic sequencing, a unique resource for
the interrogation of these precancerous lesions. Using whole genome sequencing and RNA-Seq they
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identified potential drivers of IPMN tumor development. These included 12 genes with recurrent somatic
mutations and 28 genes that were differentially expressed when compared to normal pancreatic duct.
The obtained results demonstrate that organoid culture is an effective tool for analyzing small precursor
lesions at — omics scale to identify critical molecular alterations in precious human tissue samples [8].

Jain M. et al. [9] in their work say that Cell-free DNA (cfDNA) analysis-based liquid biopsy is a rap-
idly emerging diagnostic and prognostic tool in PDAC. KRAS point mutations are the main biomarkers
used for the detection of tumor cfDNA. However, there is another less studied yet frequent genetic alter-
ation in this gene, namely copy number gain (CNG). The aim of this study was to evaluate the diagnostic
and prognostic potential of KRAS CNG analysis in plasma and bile of patients with PDAC using droplet
digital polymerase chain reaction (ddPCR). This study included healthy volunteers (n = 69), patients with
PDAC (n = 94), and other pancreatic neoplasms (OPN) (n = 17). The sensitivity and specificity of KRAS
CNG compared to the control group were 16% and 100% (AUC-ROC - 0.580), and compared to the OPN
group, 16% and 94% (AUC-ROC - 0.554), respectively. Addition of KRAS point mutations to the analysis
increased the sensitivity to 65% (AUC-ROC - 0.824 and 0.801, respectively). Bile exhibited an equal KRAS
CNG detection rate compared to plasma (20% vs. 16%). KRAS CNG was not associated with clinical pa-
rameters, except prognosis. The probability of survival was worse in patients with KRAS CNG (hazard
ratio - 3.54; 95% confidence interval: 1.55-8.12; p = 0.001). KRAS CNG in ¢/[DNA might be a promising
biomarker for both diagnostic and prognostic purposes in PDAC.

In the course of the study, the authors state that copy number variants are an important yet un-
derexplored aspect of cancer molecular biology. This exploratory study has demonstrated that not only
are they detectable in cell-free DNA (cfDNA) of plasma and bile, but also they might be relevant to pre-
dicting poor survival in PDAC patients. The prognostic potential of KRAS CNG in plasma cfDNA, especially
in combination with point mutations in this gene, might be useful to guide therapeutic decisions, for
example, to identify patients requiring neoadjuvant chemotherapy or those who may benefit from addi-
tional imaging prior to treatment. However, the clinical implications of this kind of cftDNA analysis re-
quire further investigation. The ddPCR assay for KRAS CNG analysis presented in this work might be easily
reproduced in any laboratory equipped with a ddPCR instrument, and our colleagues hope that it will be
useful for future studies on the topic in PDAC and beyond [9].

An interesting study was conducted by Angerilli V. et al. [10]. They analyzed a cohort of 49 high-
grade gastro-entero-pancreatic neoplasms (HG GEP-NENs) by targeted Next-Generation Sequencing
(TrueSight Oncology 500), RNA-seq, and immunohistochemistry for p53, Rb1, SSTR-2A, and PD-L1. As
the authors note HG GEP-NENSs can be stratified according to their morphology and Ki-67 values into
three prognostic classes: neuroendocrine tumors grade 3 [(neutrophil extracellular traps (NETs) G3)],
neuroendocrine carcinomas with Ki-67 < 55% [(neuroendocrine carcinomas (NECs) <55)] and NECs with
Ki-67 = 55% (NECs 255). Frequent genomic alterations affected TP53 (26%), APC (20%), KRAS and MEN 1
(both 11%) genes. NET G3 were enriched in MEN1 (p = 0.02) mutations, while both NECs groups were
enriched in TP53 (p =0.001), APC (p = 0.002) and KRAS (p = 0.02) mutations and tumors with TMB = 10
muts/Mb (p=0.01). No differentially expressed (DE) gene was found between NECs <55% and NECs
>55%, while 1129 DE genes were identified between NET G3 and NECs. A slight enrichment of CD4+ and
CD8+ T cells in NECs and of cancer-associated fibroblasts and macrophages (M2-like) in NET G3. Multi-
variate analysis identified histologic type and Rb1 loss as independent prognostic factors for overall sur-
vival. This study showed that GEP-NET G3 and GEP-NECs exhibit clear genomic and transcriptomic dif-
ferences, differently from GEP-NECs <55% and GEP-NECs >55%, and provided molecular findings with
prognostic and potentially predictive value.

Mazer B.L. et al. [11] in their fundamental study emphasize that most patients with PC present
with advanced stage, incurable disease. However, patients with high-grade precancerous lesions and
many patients with low-stage disease can be cured with surgery, suggesting that early detection has the
potential to improve survival. While serum CA19-9 has been a long-standing biomarker used for PC dis-
ease monitoring, its low sensitivity and poor specificity have driven investigators to hunt for better diag-
nostic markers. In their work, our colleagues examined the latest advances in genetics, proteomics, im-
aging, and artificial intelligence, which offer opportunities for the early detection of curable pancreatic
neoplasms. As an expert on this work notes, from exosomes, to circulating tumor DNA, to subtle changes
on imaging, we know much more now about the biology and clinical manifestations of early pancreatic
neoplasia than we did just five years ago. The overriding challenge, however, remains the development
of a practical approach to screen for a relatively rare, but deadly, disease that is often treated with com-
plex surgery. It is our hope that future advances will bring us closer to an effective and financially sound
approach for the early detection of PC and its precursors.
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The authors'analysis revealed that at first glance, PC seems to be an ideal target for screening and
early detection. It is a highly lethal cancer, and most patients do not develop signs and symptoms until
late in the course of their illness. A variety of methods have been developed to screen for early disease.
From blood CA19-9 levels to circulating tumor DNA, each method has advantages and disadvantages,
and it is likely that the best approach will incorporate multiple complementary modalities. It is also likely
that artificial intelligence, whether applied to electronic patient medical records or to image analysis,
will play a role in identifying the highest risk individuals. Screening for PC, however, must take into ac-
count the rarity of the disease in the general population, the costs of false positive test results, and the
real potential for overtreatment of low-risk lesions.

According to an expert on this study if we wait until patients develop symptoms from PC, most will
die within months of their diagnosis. There are, however, a number of potential approaches to the earlier
diagnosis of PC and its precursors in asymptomatic individuals. The unresolved challenge is that none of
the existing approaches have the sensitivity and specificity needed to effectively screen the general pop-
ulation. While combining tests can improve sensitivities, even these combinations fall short. Existing ap-
proaches to screening, therefore, have to be focused on populations at greatest risk of the disease. To-
wards this end, screening efforts to date have targeted individuals with a strong family history of PC or
a known pathogenic germline variant that predisposes to PC. Other groups with a heightened cancer risk
that have not yet been clinically targeted include cigarette smokers, obese individuals, and adults with
new onset diabetes mellitus. Screening programs that target high-risk groups and utilize imaging modal-
ities like magnetic resonance imaging and endoscopic ultrasound have generated promising results.
These programs, however, have thus far been relatively expensive and limited in scope [11].

Al has the potential to be a significant advance. Al-based algorithms can be applied to medical
records and to imaging. Al-based algorithms can be trained to scour electronic patient medical records
and imaging scans for subtle patterns, which may not be recognizable to the human eye, yet that indicate
an increased risk of PC. Clinicians could then be alerted and even guided on the best ways to evaluate
their patients further. Al-based algorithms have already been built that can evaluate computed tomog-
raphy and other scans for subtle changes caused by low-stage, curable, pancreatic neoplasms. These al-
gorithms could quietly run in the background, evaluate the millions of computed tomography and other
scans that are already being performed for other indications, and have the potential to identify changes
in the pancreas that radiologists could easily miss in their day to day practice. Again, the program could
alert the radiologist to look more closely at the images of the pancreas, and even suggest the best next
steps to evaluate the subtle Al-detected changes. This approach has the advantage of not requiring ad-
ditional testing until an abnormality is discovered. But enthusiasm about Al technologies must be tem-
pered by the yet unproven real-world benefit and privacy concerns of these tools.

The growing emphasis on early detection of PC and its precursors should be balanced with a con-
sideration of the costs and harms of screening. Costs are incurred during acquisition of the screening
cohort, initial testing, confirmatory imaging and biopsies, surgery and other treatments, and post-treat-
ment follow up and care. Screening can also cause serious patient harm. This harm includes the psycho-
logical stresses that individuals will feel when they are told that they are at increased risk, the worries
from an initial result, and the medical complications that can occur from unnecessary biopsies and sur-
geries. The pancreas lies deep in the abdomen, and surgical resection of the head of the gland (the pan-
creatoduodenectomy) is associated with a 1-2% operative mortality rate and significant incidence. If this
surgery is done for a false positive screening test or low-risk precursor lesion, we have done significant
harm to the individual.

As the researchers look forward to the next five to ten years, authors hope that new technical
advances will improve the sensitivity and specificity of screening for PC. Our colleagues also anticipate a
better understanding of who is at risk, and of which groups will benefit most from screening. The devel-
opment of new Al-based tools might improve screening approaches and help refine the identification of
at-risk populations. The challenge, then, will be to fulfill these goals in a cost-effective manner that min-
imizes patient harm and to prove, prospectively and rigorously, the real-world value of these interven-
tions before widespread implementation [11].

Now, regarding this pathology in our country at the national level. The incidence of PC in the Re-
public of Kazakhstan in 2023 was 6.5 per 100,000 population (6.0 in 2022), with a growth rate of 7.6%
compared to the previous year. It ranked 8th among all nosological forms of malignant neoplasms, ac-
counting for 1,290 cases in absolute numbers (1,175 cases in the previous year). The proportion of cases
diagnosed for the first time, recorded by oncology organizations, was 3.5% (3.3% in 2022), moving up
one place from 12th place to 11th place. In this case, 631 men fell ill (the proportion is 3.9%), women —
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659 (the proportion is 3.2%) [12].

The rate of PCa above the national average was established in 10 regions of the country: Kostanay
— 11.3 (the maximum rate); North Kazakhstan — 10.7; Pavlodar — 10.6; East Kazakhstan and Abay — 10.0;
West Kazakhstan — 9.1; Karaganda — 8.4; Akmola — 8.1; Zhetysu — 7.9 regions and the city of Almaty —
7.3. This indicator is below the national average in the remaining 10 regions: Turkestan — 3.1 (the lowest
rate); Mangistau — 3.3; Kyzylorda and Almaty — 3.8; Zhambyl - 4.2; Atyrau - 5.0, the city of Shymkent -
5.2; Ulytau - 5.9; Aktobe - 6.1 regions and the city of Astana - 6.3 per 100,000 population.

The mortality rate from this pathology was 4.1 per 100,000 population with a growth rate of 5.7%
compared to the previous year (3.8 in 2022).

The regions where the mortality rate from PC is above the national average (4.1 per 100,000 pop-
ulation) include: East Kazakhstan - 7.3 (the highest level); Abay and Akmola - 6.6; Pavlodar and Kostanay
- 6.4; West Kazakhstan - 5.6, the city of Almaty - 4.9; Karaganda - 4.6, the city of Astana - 4.5. The North
Kazakhstan region is on par with the national average. The lowest rates are recorded in the Atyrau and
Turkestan regions - 2.3, followed by: Aktobe, Kyzylorda and Mangistau - 2.6; the city of Shymkent - 2.8;
Zhambyl - 2.9; Almaty - 3.0, Ulytau - 3.2; Zhetysu - 3.9 regions per 100,000 population [12].

The one-year lethality rate was 52.1% (51.0% in 2022), which is the highest percentage among all
nosological forms of malignant tumors; every second patient dies in the first year after the diagnosis of
this formidable disease. Moreover, the ratio between the one-year lethality and advanced stage (stage
IV)was 1.5 (in 2022 - 1.4). At the same time, we recall that the value furthest from “1” is the worst ratio
between the one-year lethality and neglect rates.

Now, regarding preventive examinations. It should be noted that during large-scale preventive ex-
aminations of the population in 2023, significantly more patients with malignant neoplasms were ac-
tively identified than in 2022. This is 25,193 patients compared to 23,623 patients identified in 2022,
ie., +6.6%. This is due to the continued easing of the epidemiological situation due to the coronavirus
and the increased availability of preventive care for the population. The proportion of patients identified
during preventive examinations increased from 62.0% to 62.4% of the total number of patients identified
for the year.

Of course, early diagnosis rates are very important when analyzing the epidemiological situation.
Overall, of all cancer cases detected in all locations, the proportion of forms detected in the early stages
(stages 0, I-l) increased in 2023 from 66.3% to 67.9%.

Regarding PC, the early detection rate of this pathology during preventive examinations increased
from 27.9% to 34.0%. The absolute number of patients with PC identified during preventive examina-
tions was 574 (577 in the previous year). Of these, 195 were in the early stages (compared to 161 in
2022).

The regions where the proportion of patients with early stage | of the pathology in question is above
the national average (4.5% and 4th place among the worst indicators only after liver cancer (3.8%),
nasopharynx (3.7%) and laryngopharynx (2.7 % - the worst indicator) include the following regions: North
Kazakhstan - 16.1%, (the best indicator); Kyzylorda - 12.5%; Zhambyl - 11.8%; Zhetysu - 9.4; Atyrau - 8.8;
Abay - 8.3%,; Turkestan - 6.2%, the city of Astana - 5.9%, West Kazakhstan - 5.3%.

The lowest indicators of early diagnosis were recorded in: Almaty, Mangistau, Ulytau regions and
the city of Shymkent - not a single patient (0.0% is the worst indicator). They are followed by the follow-
ing regions: Kostanay - 1.1%, Karaganda - 1.2%, East Kazakhstan - 1.6%, Aktobe - 1.8%,; Akmola - 3.3%;
Pavlodar and the city of Almaty - 2.5% [12].

The regions where the proportion of patients with PC detected at stages I-1l is above the national
average (26.6%) include the following regions. North Kazakhstan region stands out separately, where
every second patient was detected in the early stages of the disease - 55.4%. Then come: Atyrau - 38.2%;
Zhambyl - 35.3%, Zhetysu - 32.1%; Kyzylorda - 31.3%, Kostanay and Abay - 30.0,; Aktobe - 26.8% of the
regions. Low rates of early diagnosis were recorded in Ulytau - 7.7% (the worst result in the country);
Mangistau - 11.5%,; Almaty - 18.2%, the city of Shymkent - 18.3%, Turkestan - 18.5%; West Kazakhstan
- 21.1%; East Kazakhstan - 22.6%; Pavlodar - 24.1%; the city of Astana - 24.7%; Akmola - 25.0%, the city
of Almaty - 25.3%, Karaganda - 25.6% regions [12].

As the data above clearly demonstrates, there is a significant range in early diagnosis rates across
the country, from very good to alarming. While migration and other factors influencing early diagnosis
rates must be taken into account, the results obtained provide a reason for oncologists, endocrinologists,
radiologist, ultrasound technician, and general practitioners to continue to improve. Improving early di-
agnosis rates for malignant tumors remains a fundamental tenet and a key objective of medicine as a
whole, and remains a pressing issue today.
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The proportion of stage IV PC among all malignant neoplasms was 36.5%, ranking first among all
malignant neoplasms in the country. Overall, in 2023, the proportion of stage IV malignant neoplasms
across the republic, across all nosologies, decreased from 12.58 to 11.7% (from 4,790 to 4,735 patients).
Naturally, this was due to other tumor localizations.

As for the average national indicator of the proportion of stage IV (36.5%,), the North Kazakhstan
region stands out against this background - 14.3%; followed by the following regions: the city of Almaty
(25.9%); Zhetysu (26.4%); Atyrau (26.5%); Almaty (27.3%); Aktobe (30.4%); Pavlodar (32.9%); the city
of Shymkent, West Kazakhstan and Zhambyl regions (33.3%); Mangistau (34.6%); East Kazakhstan
(35.5%); Kyzylorda (40.6%); the city of Astana (41.2%); Akmola (45.0%); Kostanay (46.7%); Karaganda
(48.8%). The most deplorable situation with neglect is in three regions of our country: Turkestan (52.3%);
Abay (55.0%); and Ulytau (69.2%).

The total number of patients with malignant neoplasms registered with specialized oncology or-
ganizations of the republic continued to increase and by the end of 2023 amounted to 218,186 people,
with an increase of 6.0% compared to the previous year (2022 — 205,822, +5.8%). The overall incidence
rate of malignant neoplasms increased by 3.9%, from 1,055.3 to 1,096.4 per 100,000 population. This
increase is due to both increased incidence and detection of the disease, as well as increased cancer
patient survival.

Furthermore, statistical data on patients diagnosed with malignant neoplasms who have been un-
der observation for 5 years or more and who continue to be monitored in 2023 showed that the number
of patients under observation by oncology organizations in Kazakhstan for over five years continued to
grow, reaching 117,616 at the end of the reporting year, an increase of 6.2% (2022: 110,790, an increase
of 6.6%) (Form No. 7).

Another important clinical aspect worth noting is the coverage of patients diagnosed with PC in
the Republic of Kazakhstan with specialized treatment.

In 2023, the number of hospitalizations for all types of malignant tumors in the country's oncology
organizations amounted to 108,252 cases (2022: 101,095), representing a 7.1% increase compared to
the previous year. This is due to the steady growth of the cancer patient population, improved standard-
ization of oncology care, and the development of palliative and restorative services.

At theend of 2023, the absolute number of PC patients who completed specialized treatment was
338, with 384 patients continuing treatment. The following results were obtained in percentages by
treatment methods and types. The overwhelming majority of patients received comprehensive treatment
(57.1%), drug treatment alone (19.8%), surgery alone (19.2%), radiation therapy alone (0.6%), and
chemoradiation (0.3%).

Next, regarding five-year patient survival. As for PC, at the end of 2023, 1,270 people were regis-
tered for follow-up care, or 6.4 per 100,000 population (at the end of 2022, 1,156 patients, or 5.9 per
100,000 population, respectively).

Moreover, in terms of mortality, PC has held the lead for many years. The mortality rate among
observed cohorts in 2023 was 63.6%.

The five-year survival rate for patients with PC was 30.2% in 2023, which is lower than the previous
vear; in 2022-31.7% [12].

In summary, despite the increasing effectiveness of preventive screenings and improved early de-
tection rates, PC continues to experience a relatively high incidence of new cases each year, with a five-
year survival rate of only 30.2%, meaning only one in three survives the five-year mark. The paucity, var-
iability, and subtlety of symptoms, along with their similarity to various non-core conditions, contribute
to the neglect and progression of the disease, even during regular follow-up. This requires oncologists,
primary care providers, and, of course, endocrinologists, radiologists, and ultrasound specialists to in-
crease cancer awareness, inform the public about early symptoms that may indicate this pathology or
the onset of proliferative changes, and implement high-tech diagnostic procedures, including for the pur-
pose of differential diagnosis and, consequently, timely treatment. People at risk are advised to visit spe-
cialized specialists annually and, if necessary, undergo screening.

An epidemiological assessment of the PC situation in our country shows that there are sometimes
significant regional differences not only in incidence rates but also in early diagnosis and mortality rates.
Therefore, this pathology continues to be a serious problem in modern clinical oncology.

References

1 Klinicheskij protokol diagnostiki i lechenija «Rak podzheludochnoj zhelezy» - Odobren Ob#edi|-
nennoj komissiej po kachestvu medicinskih uslug Ministerstva zdravoohranenija Respubliki Kazahstan ot
14 dekabrja 2023 goda Protokol N2198 — 26 s (In Russ.).



V INTERNATIONAL SCIENTIFIC CONFERENCE. BRUSSELS. BELGIUM. 10-11.02.2026

2 Hirabayashi K, Saika T, Nakamura N. Background features in the cytology of pancreatic neo-
plasms. DEN Open. 2022 Mar 23;2(1):e105. doi: 10.1002/deo2.105.

3 Selvaggi SM. The value of concurrent endoscopic ultrasound-guided fine needle aspirates and
needle core biopsies in the diagnosis of pancreatic neoplasms. Diagn Cytopathol. 2022 Oct;50(10):459-
462. doi: 10.1002/dc.25016.

4Lv G, Zhang L, Gao L, Cui J, Liu Z, Sun B, Wang G, Tang Q. The application of single-cell sequencing
in pancreatic neoplasm: analysis, diagnosis and treatment. Br J Cancer. 2023 Jan,;128(2):206-218. doi:
10.1038/s41416-022-02023-x.

5 Vicentini C, Calore F, Nigita G, Fadda P, Simbolo M, Sperandio N, Luchini C, Lawlor RT, Croce CM,
Corbo V, Fassan M, Scarpa A. Exosomal miRNA signatures of pancreatic lesions. BMC Gastroenterol. 2020
May 6;20(1):137. doi: 10.1186/512876-020-01287-y.

6 Faur AC, Lazar DC, Ghenciu LA. Artificial intelligence as a noninvasive tool for pancreatic cancer
prediction and diagnosis. World J Gastroenterol. 2023 Mar 28;29(12):1811-1823. doi:
10.3748/wjg.v29.i12.1811.

7 Hsieh MJ, Chiu TJ, Lin YC, Weng CC, Weng YT, Hsiao CC, Cheng KH. Inactivation of APC Induces
CD34 Upregulation to Promote Epithelial-Mesenchymal Transition and Cancer Stem Cell Traits in Pan-
creatic Cancer. Int J Mol Sci. 2020 Jun 23;21(12):4473. doi: 10.3390/ijms21124473.

8 Huang B, Trujillo MA, Fujikura K, Qiu M, Chen F, Felsenstein M, Zhou C, Skaro M, Gauthier C,
Macgregor-Das A, Hutchings D, Hong SM, Hruban RH, Eshleman JR, Thompson ED, Klein AP, Goggins M,
Wood LD, Roberts NJ. Molecular characterization of organoids derived from pancreatic intraductal pa-
pillary mucinous neoplasms. J Pathol. 2020 Nov;252(3):252-262. doi: 10.1002/path.5515.

9 Jain M, Atayan D, Rakhmatullin T, Dakhtler T, Inokenteva V., Popov P, Farmanov A, Viborniy M,
Gontareva |, Samokhodskaya L, Egorov V. KRAS Copy Number Gain in Cell-Free DNA Analysis-Based Liquid
Biopsy of Plasma and Bile in Patients with Various Pancreatic Neoplasms. Int J Mol Sci. 2025 Sep
9:26(18):8763. doi: 10.3390/ijms26 188763.

10 Angerilli V, Sabella G, Simbolo M, Lagano V, Centonze G, Gentili M, Mangogna A, Coppa J, Mu-
nari G, Businello G, Borga C, Schiavi F, Pusceddu S, Leporati R, Oldani S, Fassan M, Milione M. Compre-
hensive genomic and transcriptomic characterization of high-grade gastro-entero-pancreatic neoplasms.
BrJ Cancer. 2024 Jul;131(1):159-170. doi: 10.1038/541416-024-02705-8.

11 Mazer BL, Lee JW, Roberts NJ, Chu LC, Lennon AM, Klein AP, Eshleman JR, Fishman EK, Canto
Ml, Goggins MG, Hruban RH. Screening for pancreatic cancer has the potential to save lives, but is it
practical?  Expert ~ Rev  Gastroenterol  Hepatol. 2023  Jan-Jun;17(6):555-574.  doi:
10.1080/17474124.2023.2217354.

12 Kaidarova D.R., Shatkovskaya O.V., Ongarbayev B.T., Zhylkaidarova A.Zh., Seisenbayeva G.T,,
Lavrentyeva I.K., Sagi M.S. Indicators of the oncology service of the Republic of Kazakhstan, 2023: statis-
tical and analytical materials — Almaty: KIOR JSC, 2024. - 410 p.



V INTERNATIONAL SCIENTIFIC CONFERENCE. BRUSSELS. BELGIUM. 10-11.02.2026

Pedagogical sciences

ubc 21102
ARTIFICIAL INTELLIGENCE AND GAME METHODS IN TEACHING ENGLISH TO PRESCHOOLERS

Beisembayeva A.B

English Language Teacher,

College of Humanities of the city of Ushtobe
Otizbayeva ZH. K.

Lecturer of the specialty "Preschool Education”
College of Humanities of the city of Ushtobe

Abstract

The purpose of this study was to identify the effectiveness of the integration of artificial intelli-
gence (Al) technologies and game methods in the process of preparing future preschool teachers to teach
English to preschool children. In the course of the study conducted at the College of Humanities in Ush-
tobe, practical training of students was organized, within the framework of which they mastered and
developed game tasks using free online platforms (LearningApps, Quizizz, Wordwall, Blooket, Mentime-
ter) equipped with Al tools. To assess the effectiveness, a pedagogical experiment was conducted, which
included questionnaires, testing and observation of the work of students at various stages of the devel-
opment of game lessons. The results of statistical analysis showed that the use of Al tools and game
methods helps to increase the motivation of students to create innovative educational materials for pre-
schoolers, improves their skills in using digital tools, and also contributes to the formation of a creative
approach to teaching English. In addition, it was found that game tasks based on the principles of coop-
eration and interactivity increase the interest of preschoolers in learning a foreign language and allow
them to develop speech and communication skills in a more accessible and exciting form. The results
obtained can be widely used in the training of teachers, as well as in the practical teaching of English to
preschoolers in the context of the digital transformation of the education system of Kazakhstan.

Keywords: artificial intelligence, game methodology, teaching English, preschoolers, teacher train-
ing.

Introduction

The relevance of the use of artificial intelligence and game technologies in teaching English to
preschoolers in Kazakhstan is due to the current trend towards the digital transformation of education
[1]. The State Program for the Development of Education in the Republic of Kazakhstan for 2020-2025
focuses on the need to develop future teachers’ skills in using the latest digital tools to improve the qual-
ity of the educational process [2].

The purpose of this study is to develop and test a practice-oriented model for preparing future
preschool teachers for teaching English based on the integration of Al technologies and game methods.

The objectives of the study include:

e Study of the theoretical foundations of the use of Al and game methods in preschool teaching of
English.

e Development and implementation of an experimental student training course in the educational
process based on the use of free online platforms with Al elements.

e Analysis of the effectiveness of the implementation of this methodology (through questionnaires,
testing, observations and statistical data processing).

The theoretical significance of the work lies in the expansion of scientific ideas about the possibility
of using Al technologies and game forms of training in the professional training of teachers. The practical
significance lies in the development and description of specific tasks and methodological materials that
can be used in the training of future teachers of preschool and primary education.

The problem of the research is to search for optimal forms and methods of mastering innovative
technologies by future teachers that allow them to effectively teach English to preschool children. Hy-
pothesis: the integration of Al and game methods into the system of training students contributes to
increasing their readiness to develop and implement modern English lessons for preschoolers.

2. Materials and methods
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2.1. Materials, equipment and software

In the course of the study, a set of digital services and applications was used:

e LearningApps (learningapps.org): An online platform for creating interactive exercises.

e Quizizz (quizizz.com): A service for creating and conducting quizzes and surveys in real time.

e Wordwall (wordwall.net): an online service for the formation of various types of game tasks.

e Blooket (blooket.com): A platform for creating engaging educational games with elements of
competition and teamwork. Some game modes use Al algorithms to adapt difficulty.

e Mentimeter (mentimeter.com): A service for creating interactive presentations with polls, quiz-
zes, and word clouds, allowing you to quickly get feedback and engage students.

e Microsoft Office applications (Word, PowerPoint, Excel) and free analogues of Google Docs,
Google Forms for processing the results of questionnaires and testing.

e If necessary, SPSS and Microsoft Excel were used for the initial statistical processing of the data.

All of these platforms are provided on a shareware model or completely free, which makes them
especially relevant for implementation in the educational process with limited resources. Some plat-
forms, such as Blooket, use Al elements to dynamically adapt the difficulty of assignments based on stu-
dent progress, which can be demonstrated to future educators as an example of personalizing learning.

2.2. Research methods

The pedagogical experiment was carried out in two stages:

e The ascertaining stage is the collection of initial data on the skills and readiness of students to
use Al and game techniques (questionnaires, entrance testing).

e The formative stage is the organization and conduct of trainings, seminars and practical classes
on the development of game tasks with Al elements, their subsequent approbation in simulated classes
with preschoolers.

The survey was conducted at the beginning and at the end of the experiment in order to identify
the dynamics of students' attitudes to the use of Al and game techniques.

Testing included testing knowledge of the theory and methodology of teaching English to pre-
schoolers, as well as practical tasks on creating game resources.

Observation was carried out in the process of developing tasks by students, as well as during their
approbation in the conditions of classes.

2.3. Study participants

The study involved 20 2nd year students of the specialty "Preschool Education” of the Humanitar-
ian College of Ushtobe. The age of students ranged from 17 to 22 years, all of them take a course in the
methodology of teaching English to preschool children as part of their training.

2.4. Research materials

In quantitative terms, during the experiment period, the following was developed:

e 15 game tasks on the LearningApps platform on the topics of "Colors”, "Numbers", "Animals”,
"Family”, etc.

e 10 quizzes in the Quizizz service for prompt testing of lexical and grammatical skills in preschool-
ers.

e 8 game templates on Wordwall (drag and drop words, create puzzles, wheel of fortune, etc.).

e 7 interactive tasks with gamification elements on the Blooket platform (for example, "Blocket”,
"Gold Rush" modes).

e 5interactive polls and word clouds created in Mentimeter to collect feedback.

The study involved 20 students, all of whom filled out questionnaires before and after training.

Example of descriptors for evaluating developed tasks:

e The content part: compliance with the age characteristics of preschoolers; the relevance of lexi-
cal and grammatical material.

e Game component: the presence of interactive elements, a variety of forms of tasks, the level of
children's involvement.

e Technical implementation: correct operation of links, platform settings, availability of elements
of automatic response verification (Al module, if applicable).

Fragment of questionnaire questions (10 questions, 5-point scale):

1. How comfortable are you working with online platforms (LearningApps, Quizizz, Wordwall,
Blooket, Mentimeter)?

2. Do you find it effective to use Al to automate answer checking?

3. How confident are you in your ability to develop game tasks with Al elements for preschoolers?
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4. How do you assess the possibilities of using the assignment generation feature (if available on
the platform) to create training materials?

Statistical analysis was carried out in Microsoft Excel using descriptive statistics (means, mode,
median) and verification of the significance of differences (Student's t-test) in the SPSS program.

3. Main part

3.1. Course of scientific research

The study was carried out in several consecutive stages:

e Diagnostic: questionnaires and testing aimed at identifying the initial level of students' compe-
tencies in the use of Al and game techniques.

e Design: organization of training cycles, during which students got acquainted with free plat-
forms, their functionality and opportunities for integration into pedagogical practice. Particular atten-
tion was paid to the Blooket and Mentimeter platforms as new and interesting tools, as well as the pos-
sibilities of using Al to generate questions in Quizizz and adaptive functions in Blooket.

e Practical: students independently develop game tasks, discuss and adjust them under the guid-
ance of a teacher. Students experimented with different types of tasks, including quizzes with automatic
checking, interactive matching and classification exercises, as well as games with elements of competi-
tion.

e Approbation: the use of the developed tasks in simulated conditions (children's groups) and the
collection of feedback from the preschoolers themselves and teachers-mentors.

e Analytical: processing of the data obtained, formulation of conclusions about the effectiveness
of the technique.

3.2. Critical analysis of scientific works on the topic

In recent years, there have been more and more studies on the use of Al and game methods in
teaching foreign languages [3, 4]. Most of the works emphasize the positive role of game resources in the
formation and development of communication skills of preschoolers [5]. At the same time, there is a
growing interest in using the capabilities of Al to automate the creation of educational materials and
personalize learning [6]. However, empirical data on the use of free online platforms with Al elements in
the Kazakh context of training future preschool teachers are still insufficient [7]. The present study con-
tributes to the study of this issue, focusing on the practical application of modern and affordable tools.

3.3. Developed game tasks

Examples of game tasks created by students:

e LearningApps: "Color Matching Game" — preschoolers are asked to match colors with their names
in English, and the platform automatically detects errors and gives hints.

e Quizizz: "Animals around Us" is a quiz where the child must choose the correct answer options
with the possibility of instant automatic feedback (the Al module marks the correctness or incorrectness
of the answer). Some features of Quizizz allow you to generate questions based on the entered topic,
which was demonstrated to students.

e Wordwall: "My Family" is an interactive puzzle in which the child collects words (mother, father,
sister, etc.) in the correct order. After completing the puzzle, the system generates a short motivational
phrase in English.

e Blooket: "Animal Kingdom Race" is a multiplayer game in which children compete by answering
questions on the topic of "Animals". The platform uses Al algorithms to adapt the difficulty of the ques-
tions and provide dynamic gameplay.

e Mentiter: "What is your favorite toy?" is an interactive survey where preschoolers (in a simulated
situation) choose their favorite toy from the proposed options in English. The results are displayed in the
form of a diagram, which allows you to visualize the preferences of children.

The purpose of such tasks is to stimulate speech activity and interest of preschoolers. The method
of use involves short game sessions, alternating with explanation and consolidation of the material. Fu-
ture teachers learned to integrate these tasks into various stages of the lesson, using them to introduce
new vocabulary, practice pronunciation and consolidate the studied material.

Hypothesis testing. The hypothesis that the combination of Al technologies and game methods will
contribute to improving the level of training of future teachers was generally confirmed. The results of
the final testing on the methodology of teaching English to preschoolers showed statistically significant
improvements in indicators (p <0.05), and the analysis of questionnaires showed an increase in positive
feedback on the use of Al platforms and their capabilities for generating tasks and adaptive learning.

4. Results and discussions

The results are grouped into three main groups:
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Questionnaire. At the end of the experiment, 88% of students noted an "increase in motivation" to
design interactive activities (compared to 45% at the beginning), and 82% "feel more confident" in using
Al resources. There has been a significant increase in the use of platforms such as Blooket and Mentime-
ter due to their interactivity and ability to engage learners. (Table 1 - Comparison of the data of the
questionnaire of students before and after the experiment)

Table 1- Comparison of the data of the questionnaire of students before and after the experiment
Before experiment  Post-experiment (av- Statistical significance

Indicator (average) erage) (p-value)
Confidence in knowledge of the use of Al 2.9 4.3 <0.05
Interest in the use of game techniques 4.1 4.8 >0.05
Willingness to use Al in future work 3.3 4.7 <0.05
Evaluation of the usefulnes; of new platforms 45
(Blooket, Mentimeter)
Evaluate Al capabilities to generate and adapt jobs - 4.2

Practical tasks

About 80% of the game tasks developed by students received a positive assessment from college
teachers and teachers-mentors. It was noted that students have become more active in using the capa-
bilities of Al platforms, including the functions of automatic verification, adaptation of complexity and
content generation.

Overall, the results suggest that expanding the range of free platforms used, especially those with
Al features such as responsiveness and assignment generation, significantly improves the effectiveness
of preparing students to work with preschoolers. The discussion of the data confirms that game forms
with Al elements make learning more personalized and exciting for both future teachers and their future
students [4, 6].

Conclusion

The study confirmed the hypothesis that the integration of Al technologies and game methods
using a variety of free online platforms contributes to a more effective development of the necessary
competencies for teaching English by future preschool teachers. The main results include:

e A significant increase in the level of students' motivation and their readiness to use interactive
technologies, including new platforms with Al elements.

e Increasing the average academic performance of students in the methodology of teaching Eng-
lish to preschoolers.

e Development of students’ skills in designing, analyzing and reflecting on the play activity of pre-
schoolers using modern digital tools.

e Students are aware of the opportunities to use the assignment generation and adaptive learning
features provided by some Al platforms.

The practical significance of the work lies in the fact that the described game tasks and methodo-
logical recommendations can be used in the educational process of educational institutions of Kazakh-
stan. The results indicate the promise of further exploring and implementing the capabilities of artificial
intelligence in combination with game-based techniques to improve the process of teaching English at
an early stage.
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Abstract

In the article, an analysis is conducted of the conditions for the use of unmanned aerial vehicles
(UAVs) and the evaluation of data obtained as a result of their application in the successful
implementation of tasks related to search and rescue operations, as well as the surveillance of strategic
facilities. The importance of applying advanced technologies for rapid response in emergency situations,
effective personnel operations, and the determination of deployment positions is substantiated, and the
necessity of UAV utilization is particularly emphasized. Based on current operational tasks, the study
examines how UAVs operate in complex and challenging environments through the application of
technological innovations.

It is noted that currently available multirotor-, fixed-wing-, and VVTOL-based UAVs classified as
nano, micro, mini, small, medium, and large according to their weight and size are used as primary and
auxiliary elements for the digitalization of the integrated deployment of forces and assets during
numerous international and local search and rescue operations, as well as other special missions.
Furthermore, their integration into artificial intelligence—based solutions for process optimization is
highlighted.

During UAV-based search and rescue operations, the optimization of electronic-optical surveillance
and its application capabilities, achieved through proper planning of UAV flight routes and observation
algorithms, is investigated using approaches such as “survivability,” “mass,” “swarm,” and similar
methodologies. The criteria that must be considered to optimize UAV-based surveillance during
operational planning are identified and justified.

In addition, the article determines that UAVs are widely employed in a broad range of applications,
including aerial reconnaissance and search and rescue missions, the delivery of medical supplies and
essential equipment to designated locations within flight restrictions for emergency medical assistance,
and area monitoring during emergency situations.
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Xdilase

Maqalads pilotsuz ucus aparatlarinin (PUA) istifadasi liclin sertler ve onlarin tatbiqi naticasinds
alds edilen malumatlarin axtaris-xilasetma amaliyyatlari ile bagli tapsiriglarin ugurla yerine yetirilmasi,
elace de strateji obyektlarin muisahidesi baximindan qiymatlendirilmasi tehlil edilir. Tecili vaziyystlorde
stiretli reaksiya dctin gabaqcil texnologiyalarin tatbiginin, personalemaliyyatlarinin effektivliyinin ve yer-
lasdirma maévgelarinin miyyan edilmasininahamiyyatiasaslandirilir ve PUA-larin istifadasinin zaruriliyi
xususile vurgulanir. Cari @meliyyat tapsiriglarina esaslanaraq, tadgiqgat texnoloji yeniliklarin tatbigi va-
sitesile PUA-larin miirekkab ve ¢atin mihitlerds necs fealiyyat gbstardiyini arasdirir.

Qeyd olunur ki, hazirda mévcud olan coxrotorlu, sabit qanadli ve VTOL asasli PUA-lar, ¢aki vo
dl¢iilerine gore nano, mikro, mini, kicik, orta ve iri kateqoriyalarina ayrilaraq, @sas ve slave elementler
kimi bir ¢ox beynalxalg ve yerli axtaris-xilasetme emaliyyatlarinda ve diger xdsusi missiyalarda
qlivwalarin ve vasitalerin integrasiya olunmus yerlasdirilmasinin reqamsallasdiriimasi ¢dn istifade olu-
nur. Bundan alave, onlarin prosestarin optimallasdirilmasi (¢iin sini intellekt asasli hallere inteqrasiyasi
vurgulanir.

PUA-lar vasitasile hayata kecirilan axtaris-xilasetme amaliyyatlarinda, PUA ucus marsrutlarinin
ve misahide alqoritmlarinin diizglin planlasdirilmasi sayasinde alde edilen elektron-optik mdisahidenin
optimallasdirilmasr ve tetbiq imkanlari “sag qalma,” “kiitle,” “stirti” ve oxsar metodologiyalar kimi
yanasmalar asasinda arasdirilir. dmaliyyat planlamasi zamani PUA asasli misahidanin optimallasdiril-
masi l¢iin nezare alinmali olan kriteriyalar misyyan edilir ve asaslandirilir.

olave olaraqg, maqalade PUA-larin genis istifade sahalari miayyen edilir. Bunlara hava kasfiyyati
ve axtaris-xilasetme missiyalari, tacili tibbi yardim (i¢ln ucus mahdudiyystleri ¢arcivesinds tayin olun-
mus arazilere tibbi levazimat ve zeruri avadanligin ¢catdirilmasi, elece ds févgelade veziyyatler zamani
arazi nezarsti daxildir.

AHHOMAuus

B cmamabe aHanu3upyrtomcs yCao8us UCNO/b308aHUS 6ecnuiomHbIX 1emamesibHbIX anndpamos
(BIMJIA) u oueHKa OaHHbIX, NOJYHEHHbIX B Pe3ysIbMmame UX NPUMEeHeHUs, C MOYKU 3peHUs YCneuIHo2o
BbINOJIHEHUSI 3a0aY, CBA3AHHbIX C NOUCKOBO-CNACAME/IbHbIMU ONEPayUsIMU, a Makxe Hab/irooeHus 3a
cmpameauyveckumu obbekmamu. O60CHOBbIBAEMCS 3HAYUMOCMb NPUMEHEHUS NepedoBbiX MexHO102ull
0219 b6bicmpol peakuuu B8 4Ype3sbiYaliHbIX cumyauusx, 3pgekmusHocmu delicmaul nepcoHand u
onpedesieHus No3uyul pazBepmbIBAHUS, NPU 3MOM 0coboe BHUMAHue yoensiemcs Heobxooumocmu
ucnosib3osaHus BIJIA. ViccnedosaHue paccmampusaem, Kak BIJIA yHKUUOHUPYHOM B8 CHOMCHbIX U
MpPYOHOOOCMYNHbIX YC/IOBUAX C NPUMEHeHUEM MexXHOI02U4eCKUX UHHOBAUUU.

Omme4aemcs, 4mo B HACMOSUee BpemMs NPUMEHSHOMCS MHO20 POMOPHbIE, CAMOJIEMHbIE C
ukcupoBaHHbIM Kpbliiom U BITJIA ¢ BepmukasabHbiM B831emomM u nocaokod (VTOL), komopble
Kaccuguuyupyromcs no secy u pasmepam Kak HaHo-, MUKPO-, MUHU-, MdJible, cpedHue u bosbuiue, u
UCNO/Ib3YOMCS B KA4eCmBe OCHOBHbIX U BCNOMO2AME/IbHbIX 371eMeHmoB 018 yugposuzayuu
UHMe2pUpOBAHHO20 PA3BEPMBbIBAHUS CUJT U CPEOCMB BO MHOXECMBE MeOYHAPOOHbIX U MeCMHbIX
NOUCKOBO-CNACAMEsIbHbIX 0nepayul, a makxe 0pyeux CcneuudibHbix muccud. JjonosHumessHo
NooYepKUBAemcs UX UHMe2pauuss B pPeweHuUss Ha OCHOBE UCKYCCMBEHHO20 UHmesiekma ons
ONMUMU3AUUU NPOUECCOB.

B pamkax noUCKoBO-CnAcamesibHbiXx onepauul ¢ ucnosb3osaHuem bIT/IA  uccredyemcs
ONMUMU3AUUS  3/IEKMPOHHO-ONMUYECKO20 — HAO/IO0eHUS U BO3MOXCHOCMU €20  NpUMEeHeHUs,
docmuzaemble 3a c4em NPasUIbHO20 NJIAHUPOBAHUS MAPWPYMOB NOema u aseopummos HabsoeHus,
C UCNOJIb30BAHUEM NOOX000B, MAKUX KAK «BbIXUBAGMOCMb», «MACCOBOCMb», «POU» U AHAI02UYHbIX
memodonozull. Onpedensromca u 060CHOBbLIBAIOMCS KpUMepuUu, Komopble HeobXxo0umo y4umsiBamas
019 onmumu3sauuu HabrodeHus Ha ocHose bINJIA npu naaHuposaxuu onepayudl.

Kpome mozo, B cmambe onpedesngemca WuUpokul cnekmp npumeHeHus BI1JIA, BKaro4as
BO30YWHYHO pazsedky U NOUCKOBO-CNACAME/IbHbIe MUCCUU, 00CMABKY MeOUUUHCKUX Cpedcms U
Heobxodumoz2o0 060pyO0OBAHUS B YKA3AHHbLIE 30Hbl B PAMKAX O02paHuyeHuUld nosema O/ OKA3aHus
3KCMpeHHOU MeOUUUHCKOU NOMOULU, @ MAKXe MOHUMOPUH2 Meppumopull 8 4pe3BbI4alHbIX CUMYAYUSIX.

Keywords: VTOL, unmanned aerial vehicle, onboard control and measurement system, inertial
measurement unit, accelerometer, gyroscope, RPM

Acar sozlar: VTOL, pilotsuz ucus aparati, bort nezarst-6l¢ci sistemi, atalatli él¢ti modulu, akseler-
ometr, giroskop, RPM.
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Knroyesbie cnosa: V'TOL, becnuiomHsid iemamesibHbIt annapam, 6opmosasi cucmema KOHMpPOJIs
U usmepeHud, UHepuUaIbHbIU UsmMepumesbHbIt Mody b, akcesnepomemp, 2upockon, RPM.

Introduction

In cases where human observation is impossible or difficult, monitoring an area by means of an
electronically controlled electro-optical payload (PL) mounted on a remotely operated UAV, along with
the capability to transmit this video imagery over long distances, has provided significant advantages to
this type of aerial platform [1-3].

The development of information acquisition, processing, and transmission, as well as digital and
artificial intelligence technologies, has led to a significant improvement in image quality, transmission
speed, and data volume, enabling their transmission over longer distances.

Nevertheless, digital technologies also have certain limitations, which affect the efficiency of their
application in reconnaissance and surveillance systems.

Electronic-optical systems installed on UAVs are mainly used for the following purposes:

= conducting airborne electronic-optical reconnaissance (surveillance) to monitor the operational
situation in an area of interest and transmitting live imagery to the control center;

» obtaining detailed video imagery of objects or areas within the area of interest, as well as areas,
zones, and objects subject to patrol and surveillance flights;

= acquiring photographic and/or video images of objects located in the area that cannot be visually
observed by the human eye, measuring the distance to the target, and providing laser designation
(illumination).

From a technical perspective, electronic-optical PL are mounted either directly onto the UAV
airframe as an integrated system through their structural design or via a gyroscopically stabilized
adjustable platform. This gyrostabilized system ensures that the electronic-optical PL can be rotated and
controlled in any direction at a specified speed. A stable, rigid, and stabilized connection between the
UAV structure and the PL along the Y-axis, together with the capability of 360° rotation, creates the
conditions for acquiring stable, high-quality, high-resolution photo and video imagery [4-6].

Cameras and electronic-optical devices are primarily used to obtain images of the front or
surrounding areas of the UAV during remote flight operations. For this purpose, during flight planning, in
addition to meteorological constraints, factors such as flight altitude, air humidity, viewing angle, and
azimuth must be taken into account. Furthermore, depending on the season, the angle of solar incidence
during imaging and the rotation of the PL relative to the UAV landing gear direction must be strictly
controlled [7, 8].

The application of optical devices enables the solution of many tasks. It is known that, depending
on the distance to the target and the quality (high resolution) of the acquired imagery of the observed
area, the weight and cost of such devices increase. To obtain high-quality results, strict technical
requirements must be met to stabilize the UAV during aerial imaging. Non-stabilized optical systems
provide limited support for target tracking and observation in the “lock-on” mode, and attempts to apply
this mode result in numerous limitations and difficulties. Optical devices mounted on gyrostabilized
platforms are more advantageous, and substantial practical experience in their application has been
accumulated by specialists [9, 10].

Gyrostabilized platform-based optical devices ensure the tracking of selected stationary and
moving targets during flight. The integration of daylight (TV), thermal, and infrared (IR) cameras into a
single platform enables the acquisition of high-information-content imagery. This allows the obtained
video and photographic images to be processed and converted into analog or digital signal formats. In
addition, the laser rangefinder technology integrated into the gyrostabilized platform enables precise
determination of target coordinates. If the electronic-optical PL is further integrated with a laser
designator for guiding laser-guided missiles and bombs, using an additional laser generator (energy
source), its weight, cost, and operational effectiveness are increased [11].

Resolution capabilities of electro-optical systems

The resolution capability of a digital electro-optical system refers to the system’s ability, through
its lens, to form images of objects located at a given distance with a certain level of detail. The primary
factor determining the resolution of electro-optical systems is the CCD (charge-coupled device) matrix,
which projects the image obtained through the lens [12, 13].

The source of image data can be the terrain or the airspace. The field of view angle of the lens
determines the amount of information captured. Images captured from the ground or air significantly
affect the device’s resolving power. It should be noted that the displayed image depends on the physical



V INTERNATIONAL SCIENTIFIC CONFERENCE. BRUSSELS. BELGIUM. 10-11.02.2026

composition and color of the observed area, as well as the difference between the actual linear dimen-
sions of objects on the ground and their representation on the screen.

Figure 1 shows the field of view formed by the lens of the electro-optical system. The dimensions
of the field of view depend on the UAV's flight altitude, the lens’s viewing angle, and the deflection angle
of the lens optical axis [14].

As seen in Figure 1, the shape of the observed area is physically close to a trapezoidal geometric
form. In calculations, the probability of reduced correlation can be used as an initial approach.

§=—L">>0.0003 (1)
terrain

Here, 1 corresponds to the length equal to the largest linear dimension of the observed area, and
Rterrain is the average radius of the terrain. Due to the slope of the terrain, the curves present in the
area (mountains, valleys) are assumed to be flat during calculations. The fact that the real appearance
of the terrain is not a perfectly flat plane significantly affects the effectiveness of the electro-optical
system application.

The electro-optical PL installed on a UAV is designated to perform specific functions. Therefore,
the evaluation of electro-optical PL is based on factors such as the detection and tracking of typical ob-
Jects during UAV operations, as well as the resolution capability of the acquired imagery and other rele-
vant parameters [15, 16].

Depending on the capabilities of the electro-optical system installed on the UAV, one of the key
parameters that allows the determination of the required flight altitude is the fill factor (Figure 2).

K — Ftarget (2)

F

Ftarget — the area of the visible target, F —
the area of the field of view (observed area).

The fill factor is the quantity that indicates
how many times the required field of view must
be enlarged for the selected object (target) to be
visible and  tracked on the observation monitor.

Field of view

The size of the CCD matrix significantly af-
fects the resolution of the image obtained by the
Area covered by the lens electro-optical device. Specifically, the size of the

CCD matrix determines the level of detail cap-

Figure 1. Field of view fo_rmed by the lens of the electro- turedfrom the /'mage prov/ded by the opt/'cal lens.
optical system The larger the matrix, the higher the level of de-

tail and resolution of the image displayed on the

system screen. To achieve a resolution close to the

optical resolving power of the lens in a digital

electro-optical system, it is necessary either to have a CCD matrix of very large size or to reduce the field
of view angle. The resolution capability of a digital electro-optical system (lens — CCD matrix — display) is
determined based on a set of parameters that depend on the magnification of the image on the display.
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R™ = f(L,B,y,¢, M) (3)

Here, Lterrain is the slant (inclined) distance to a point on the terrain, (B,y,¢) represent the angular
deviations of the observed point relative to the optical axis in right-left and up-down directions, as well
as the optical axis tilt in a normal coordinate system, and M is the size of the CCD matrix.

To assess the resolution capability of a digital electro-optical system, images of characteristic ob-
Jects for UAV-based search operations can be used.

The demonstration of the electro-optical system’s resolution capability can be illustrated using the
example of a “Human” target. The projection of the human figure is aligned with the matrix projection
and represented as a corresponding surface. Depending on the size of the projection, the number of ele-
ments (pixels) in the CCD matrix can correspond to millimeter, centimeter, or meter dimensions. There-
fore, when the “Human” target is maximally magnified in the image, it can be resolved according to the
number of pixels corresponding to the system’s resolution [14].

Observation with UAVs in security operations. During natural disasters, emergencies, and search-
and-rescue tasks, the time factor plays a critical role. The use of UAVs in rescue operations increases the
efficiency of search (surveillance), enhances safety, and reduces the overall duration of rescue activities.

In search and rescue operations, the main approach is the proper planning of the UAV route and
observation algorithm. In practice, principles such as survival, mass, flocking, and similar strategies can
sometimes be applied for these purposes.

In a crowd scenario, objects can be classified into only two types: drones and students. In this case,
the drones direct the crowd to the destination using activities such as shouting, signaling, traffic lights,
and similar actions. A supervisory drone monitors the crowd’s behavior throughout the process and en-
sures movement along the planned route. For autonomous guidance, UAVs gradually replace the super-
visory moderators [12].

To prevent students from being harmed in extreme routes or dangerous situations, UAVs are em-
ployed within the framework of route planning and potential rescue operations. To address these chal-
lenges, it is proposed to use UAVs for directional guidance and behavioral control by performing “for-
ward-backward” or “left-right” movements, as well as using a “hover” mode in mid-air to execute re-
peated “stop” commands (Figure 3) [17-20].

Thus, for extreme scenarios, by modeling similar movement using the example of students, the
evacuation point or safe zone can be
considered as an open area, allowing the
two problems to be unified. When
planning the route to the safe zone, the
observation and monitoring of the
targets to be rescued is transformed into
a problem that balances evacuation and
rescue by monitoring the target dynamics
(Figure 3a shows the route).

By using an artificial intelligence
program model, it is possible to describe
the equations of human crowd dynamics
based on Reynolds’ rules. This approach
can be applied for modeling disaster
victims in emergency scenarios.

The unit vectors
Nj,N;,N;,N;,N; characterize the influence forces directing students toward the assembly point using
an auditory drone. Specifically, in this case, the influence force ra represents the tendency of other
students in the area to move toward the center, the inertial movement force corresponds to the
remaining students relative to others, and the noise component represents random elements in the
students’ movement. Subsequently, the movement direction vector of the students, N~ is determined as
follows:

Figure 3. Rescue scenarios using drones

N~ = pgNg + pu N + p- N7+ N + ueNg (4)
Here, ug, uy, iy, Ui, e are weight coefficients.
In emergency situations, crowd group behavior is based on four main principles:
= Avoiding collisions;
= Aligning speed with nearby members;
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= Attraction toward the center by nearby members;

= Fvasion from danger.

The UAV determines its position to minimize the distance between itself, the students, and the
assembly point in the shortest possible time. Optimal positions for one or multiple UAVs are selected to
direct the target students along the boundaries of the expanded area toward designated points near the
center of this area. These points are referred to as guidance points, where students can efficiently gather
and be monitored by the UAVs.

In the second stage, UAVs equipped with an acoustic broadcast system issue vocal commands, as
well as movement commands from the UAV itself, to guide students under observation to designated
areas. For this purpose, a route planning algorithm based on multi-objective optimization for search and
rescue tasks can be implemented (Figure 3b).

The planning of the research task is divided into several levels: locating the target and establishing
the communication path to reach it in minimal time in order to achieve the optimal route. Here, an opti-
mal communication path to the target is created using the UAV, and the aerial vehicle is directed to the
operational area to assist the ground team in the rescue. Algorithms can be innovatively proposed to
adjust the coverage area of observation or the supported communication range during search and rescue
tasks, enhancing operational efficiency. This research demonstrates the feasibility of the proposed algo-
rithm [12, 21-24].

During emergencies at sea or in coastal waters, monitoring and search-and-rescue operations are
conducted according to the above operational model. In such cases, to significantly reduce UAV resource
consumption while performing wide-area searches and detecting changes, it is necessary to determine
the precise perimeters of the area. Optimization of the research allows for meaningful results, which are
crucial for UAV-based search and rescue observation tasks.

When performing search-and-rescue and monitoring-observation operations near the shore, it is
recommended that UAVs be controlled by an operator from a land-based station. Using UAVs on vessels
in open waters is less effective due to factors such as the vessel’s motion affecting take-off coordinates,
lack of an emergency landing area, sudden wind gusts, and high humidity in open sea conditions.

Because rapid and efficient search-and-rescue operations are critical at sea, VTOL-type UAVs de-
ployed on vessels have demonstrated high effectiveness. VTOL UAVs, which do not require a take-
off/landing strip and possess hybrid power systems, have been shown to be suitable for tasks such as
monitoring oil and gas platforms, pipeline surveillance, border security, detecting and preventing smug-
gling, and other related operations [25].

Furthermore, UAVs are widely used in high-priority coordinated operations for real-time data trans-
mission and visual observation via electro-optical devices to support agile decision-making. Law enforce-
ment agencies rely on UAVs for monitoring special tasks, observing operations requiring resolution, track-
ing suspicious individuals and movements, maintaining public order, and providing emergency assistance,
thereby demonstrating the essential role of UAVs in these activities.

During the execution of law enforcement tasks, conducting live observation that provides a wide
monitoring coverage is required to ensure rapid and agile response, supported by real-time data from the
operational area. Depending on the observation and reconnaissance capabilities of the deployed UAV, it
is proposed to develop a sectorization scheme of the monitored area to optimize dynamic observation
within the operational zone or observation sector.

To conduct comprehensive search and monitoring along the route of interest, UAVs are deployed
in the required number across different areas. In urban operations, in addition to the observation and
monitoring capabilities provided by UAVs, they are extensively used for patrolling incidents occurring on
major roads. The ability to provide aerial support, relay information, and review UAV-captured footage
over time for accident analysis further increases the need for UAV deployment [12, 26].

The operational use of drones is directly proportional to their flight duration, speed, and the func-
tional capabilities of the electro-optical camera. Various approaches exist for monitoring moving targets
using UAVs. In this context, micro and larger-class fixed-wing and VTOL UAVs are employed, allowing for
the observation of larger areas from higher altitudes. Utilizing electro-optical payloads with target-track-
ing, laser range-finding, day/night and thermal cameras, as well as laser designators, enables effective
monitoring. Additionally, conducting observations from high altitudes reduces the likelihood of visual
and acoustic detection (enhancing stealth).

For the execution of special tasks requiring secrecy and confidentiality, UAV usage plays a crucial
role in ensuring the successful completion of the mission. It is recommended to apply a covert observation
algorithm by frequently and sharply varying the observation angle and distance between the UAV and
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the target. In this approach, the UAV is controlled at a safe distance such that the target cannot detect
it even if actively looking. Furthermore, maintaining the UAV over the target or performing an “orbiting”
flight mode at an optimal altitude allows for high-quality dynamic observation using a continuous track-
ing approach [27-29].

Key improvements in organizing observation activities conducted with UAVs

Most of the time, the execution of special tasks, observation of strategic objects, search-and-rescue
operations, and monitoring activities using UAVs are carried out under simple meteorological conditions
and favorable observation environments. In urban areas, at sea, in complex terrains (e.g., mountainous
regions), and other operational conditions, the use of UAVs with more robust technical specifications and
enhanced flight safety becomes necessary.

In complex environments, additional infrastructure is required to ensure autonomy, navigation, and
reliable communication links. During operation planning or in crisis situations (considering UAV energy
resource limitations, navigation and communication deficiencies in both enclosed and open environ-
ments, radio-electronic warfare conditions, limited visual observation range, and laser designation for
target tracking), the execution of tasks using UAVs demands extensive analytical calculations.

To address these challenges, it is recommended to use UAVs or drones with higher tactical-tech-
nical and flight-technical capabilities, equipped with advanced flight control systems and management
algorithms. Energy limitations of UAVs, primarily determined by the capacity and flight duration of
onboard battery accumulators, remain a key constraint [8—10].

Overall, for search-and-rescue, monitoring, and the observation of strategic objects, it is necessary
to consider the scope of tasks assigned to UAVs, the continuous execution of operations, and the ad-
vantages provided by system deployment during emergencies. Attention should also be given to the du-
rability and robustness of UAV systems, as well as their potential for future development and expansion.

Conclusion:

Criteria to Consider for Optimizing UAV-Based Observation During Operation Planning:

» Fnergy resource limitations;

= Surface reflectivity coefficient;

= Color;

» Emitted sound effects;

= Degree of stealth;

» Consideration of navigation and communication deficiencies in radio-electronic warfare
environments;

= Visual observation range;

» Obtaining the maximum possible resolution quality from the electro-optical camera during
observation, taking into account technical capabilities, season of the year, operational time of day,
humidity, and other meteorological factors;

= Operations over targets with known coordinates or for unspecified activities.
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Abstract

Automobile tires are a critical component of vehicle safety, performance, and environmental sus-
tainability. Their design, material composition, and durability directly influence road safety, fuel effi-
ciency, and driving comfort, while also impacting operational costs and ecological effects. In modern
automotive engineering, advanced technologies and materials are employed to enhance tire perfor-
mance, yet systematic testing and certification are essential to validate their effectiveness. Certification
procedures assess mechanical strength, wear resistance, and stability under varying thermal and climatic
conditions, ensuring product reliability and manufacturing quality. Additionally, test results provide a
foundation for technological improvements and optimizations throughout the production process.

This study investigates the application and significance of tire testing and certification methodol-
ogies, with a focus on improving durability and performance. The research examines mechanical evalua-
tions such as tensile, compression, abrasion, slip, and temperature resistance tests, while emphasizing
the importance of compliance with international standards, including ISO and ECE protocols. Key factors
in testing rubber compounds, such as tensile behavior under extreme thermal gradients and the integra-
tion of metallic reinforcing cords, are highlighted. Advanced measurement systems, including the Instron
AVE 2 non-contacting video extensometer and pneumatic side-action grips, facilitate precise and repro-
ducible data acquisition under both ambient and environmental chamber conditions. These methodolo-
gies ensure that tires meet the stringent operational and safety requirements expected by consumers.

Within the scope of the study, a comparative analysis of tire models from leading manufacturers—
Michelin (France), Bridgestone (Japan), Continental (Germany), and Goodyear (USA)—was conducted.
Performance criteria included fuel efficiency, braking distance, noise level, wear resistance, handling
characteristics, and relative price. Results indicate that Michelin (Model A) provides balanced perfor-
mance with high fuel efficiency, low noise, and superior handling. Bridgestone (Model B) excels in dura-
bility and service life, demonstrating long-term reliability. Continental (Model C) achieves outstanding
braking and handling stability, emphasizing safety, while Goodyear (Model D) offers a favorable balance
of handling performance and cost efficiency, making it an economically advantageous option.

Overall, this research underscores the pivotal role of standardized testing and certification in en-
suring tire safety, performance, and environmental sustainability. By systematically evaluating tire
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characteristics and benchmarking models across international standards, manufacturers can optimize
design, enhance material selection, and deliver products that meet both consumer expectations and reg-
ulatory requirements. The findings provide practical guidance for tire producers and highlight effective
strategies for improving durability, safety, and operational efficiency across diverse driving conditions.

Xiilase

Avtomobil sinleri nagqliyyat vasitelerinin tahliikesizliyi, performansi ve ekoloji davamliligi
baximindan kritik komponentdir. Onlarin dizayni, material tarkibi ve dayaniqliligi yol tehlikssizliyi,
yanacaq semaraliliyi ve strlictliik rahatligina birbasa tasir géstarir, eyni zamanda istismar xarclari ve
ekoloji tesirleri de muisyyen edir. Mdasir avtomobil mihandisliyinds sin performansini artirmaq G¢dn
gabagqcil texnologiyalar ve materiallar tatbiq edilir, lakin onlarin effektivliyini tesdiglemak lictin sisternli
sinaqg ve sertifikatlasdirma zeruridir. Sertifikatlasdirma prosedurlari sinlerin mexaniki méhkemliyini,
vevilmayea qarsi dayaniqliigini ve maxtalif istilik ve iglim saraitinds sabitliyini giymatlendirir, mehsulun
etibarliligini ve istehsal keyfiyyatini tamin edir. Homcinin, sinaq naticalari istehsal prosesinde texnoloji
tekmillesdirmaler ve optimallasdirmalar li¢lin esas baza taskil edir.

Bu tadgigat sinlarin dayanigliigini  ve performansini artirmada yénalmis sinag ve
sertifikatlasdirma metodologiyalarinin tetbigini ve @hamiyyatini arasdirir. Arasdirmada garilma, sixilma,
strtinme, sdrtisme ve temperatur mdgavimati kimi mexaniki testler tahlil olunur ve ISO ve ECE
beynalxalg standartlarina uygunlug vurgulanir. Rezinden hazirlanmis nimunalerde garilme davranisi,
ekstremal istilik saraitinds testlorin aparilmasi v sin strukturunda metal gliclondirici telin inteqgrasiyasi
kimi kritik faktorlar qeyd olunur. Preciz va tekrarolunan malumatlarin toplanmasi (ciin Instron AVE 2
alagesiz videoyaesaslanan uzanma 6l¢en cihaz ve pnevmatik yan hereket tutacaqglari kimi gabagcil él¢ii
sistemlari tatbiq olunur. Bu metodologiyalar sinlarin istehlak¢ilarin gézladiyi te hliikesizlik ve emaliyyat
taleblarine cavab vermasini tamin edir.

Tedqiqat ¢arcivesinds dinyanin aparici istehsalcilari — Michelin (Fransa), Bridgestone (Yaponiya),
Continental (Almaniya) va Goodyear (ABS) — tersfindan istehsal olunan sin modellarinin migayiseli
analizi aparilmisdir. Qiymatlendirmes meyarlari yanacaq ssmaraliliyi, aylec masafesi, sassizlik, yeyilmaye
qarsi dayaniqlilig, idareetme qabiliyysti ve nisbi giymat olmusdur. Neticeler géstarir ki, Michelin (Model
A) yiksak yanacaq semaraliliyi, sassiz islema ve yaxsi idareetma xdisusiyyatleri ile balanslasdiriimis
performans teqdim edir. Bridgestone (Model B) uzunémdirliiliik ve dayaniqliliq izre Ustin gdstericiler
ndmayis etdirir. Continental (Model C) sylec masafesi ve idareetms sabitliyi baximindan yiksek
naticaler gdsterir, tahlikesizliyi vurgulayir, Goodyear (Model D) ise idareetms performansi ve giymat
baximindan an miinasib nisbati temin ederak iqgtisadi cahatdan alverisli secimdir.

Umumiyyetle, bu tedgigat standartlasdirilmis test ve sertifikatlasdirmanin sin tehlikesizliyi,
performansi ve ekoloji davamliliq dgin ehamiyyatini vurgulayir. Sin xdsusiyyatlerinin sistemli
giymatlendirilmasi ve beynalxalq standartlar (zre modellerin mdgqayisesi istehsalcilara dizaynin
optimallasdirilmasi, material seciminin tekmillesdirilmasi ve istehlak¢i telablerine cavab veran
mahsullar teqdim etmaye imkan yaradir. Naticelor ham istehsalcilar, hem de son istifadaciler lg¢lin
praktiki tovsiyaler teqdim edir, mixtalif yol seraitinds dayaniqliligi, tehlikesizliyi v amaliyyat
samaraliliyini artirmagq dcln effektiv strategiyalari gostarir.

AHHOmMayus

ABMoMobU/IbHbIE  WUHBI  ABASKOMCS  KPUMUYECKU BAXCHbIM  KOMNOHEeHmMoM 6e3onacHocmu
MPAHCNOPMHO20  CpedCmABa, e20  IKCNJIYamAaUUOHHbIX — XAPAKMepUCMUK U 3Kos10eu4yeckod
ycmodyusocmu. VX KOHCMPYKUUs, COCMAs Mamepuasos U 00/208e4HOCMb HANPAMYK BJIUSKOM HA
6e30nacHoCMb Ha 00po2e, MONJIUBHYH 3PPHeKmUBHOCMb U KOMGOPM BOXCOEHUS, a MAK@e onpedesstom
IKCNJIyamauuoHHble pacxodbl U 3Koso2udeckoe Bo3delicmsue. B cospemeHHol asmomobusibHOU
UHXeHepuuU NPUMeHSItOMCcS NepedoBbie MexHo02uU U Mamepudsisi 0/ NOBbIUWEHUS 3pdekmusHOCMU
WUH, 00HAKo cucmemamuyeckoe mecmuposarue U cepmugpuxkayus Heobxooums! 011 NOOMBEPIOeHUS
ux  HadexcHocmu.  [lpouedypbl  cepmuguKkayuu  OUEHUBAOM  MEXAHUYeCKyto — NPOYHOCMS,
U3HOCOCMOUKOCMb U CMAabuIbHOCMb WUH B PA3/IUYHBIX MEMNEpAamMypPHbIX U KIUMAmUYeCKUx YC108usIX,
obecnequsas Ka4ecmso NPOOYKUUU U HAOeHHOCMb NPOU3BOOCMBA. Pe3y/ibmamabl UCNbIMAHUU MAakxe
c/yxam ocHoBoU 0J1 MEXHOI02UYeCKUX Y 1ydweHudt U onMUMU3ayuU NPOU3BOOCMBEHHO20 NPOUECCd.

JlaHHoe uccnedoBaHue u3y4aem NPUMeHeHue U 3Ha4YeHue MemoOuK MmeCmupoBAHUsl U
cepmucuKkayuu WUH C YebH NOBbIWLEHUS UX 00/1208@4HOCMU U 3KCNYAMAUYUOHHbIX XAPAKMePUCMUK.
PaccmampuBaromcs MexaHu4Yeckue UCNbIMAaxus, makue Kak pacmsixeHue, cxamue, abpasusHbil U3HOC,
CKOJIbX(eHUe U memnepamypHasi yCmoUu4yuBoCmb, NPU 3MOM NOOYepKUBAemcs HeobxodumMocmb
coomsemcmaus  MexO0yHapoOHbiM cmaHoapmam ISO u ECE. BeideneHbl Kitodesble Gakmops!
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MeCMUPOBAHUSI PE3UHOBLIX KOMNAYHOOB, BK/IHOYAS NOBEOeHUe NPpU PACMmsIHeHUU B 3KCMpPemasibHbIX
memMnepamypHbIX YCI0BUSIX U UHMe2payuro Memasiudeckux apmupyrouux Kopoos B KOHCMPYKUUH
WUHBI. [J1 MOYHO20 U BOCNPOU3BOOUMO0 U3MEPeHUs] NPUMEHSIFOMCS NepedoBbie CUCMeMb], BK/IHYAS
onmuyeckul 6eckoHmMakmHsIt 3kcmeHsomemp Instron AVE 2 u nHesMamuyeckue 3axaamsi ¢ 60KOBbIM
delicmsueM. Smu MemoouKU 2apaHmMupyom, Ymo WUHbI COOMBEMCMBYHM CMpPo2uM mpeboBaHUsIM
6e30nacHoCcmu U 3KCNJyamayuoHHbIM XapakmepuCmUKam.

B pamkax ucciedosaHuss bbi1 nposedeH CpasHUMesbHbIU aHaau3 mooenell WUH Beoyulux
npoussodumenel — Michelin (®paruus), Bridgestone (9noHus), Continental (Frepmarus) u Goodyear
(CLLIA). Kpumepuu oueHKU BKIKYaau MonauBHYr 3pgekmusHOCMb, MOPMO3HOU NYMb, YpoBeHb WyMd,
U3HOCOCMOUKOCMb, YNPasiseMoCms U OMHOCUMEbHYI UeHy. Pe3yismamsi nokasasu, 4mo Michelin
(Modenb A) OemoHcmpupyem cbanaHCUpoOBAHHbIE XAPAKMePUCMUKU C  BbICOKOU monausHoU
3ppekmuBHOCMbIO, HU3KUM YpoBHeM Wwyma u xopouwel ynpassisemocmsio. Bridgestone (Modesb B)
obsiadaem Bbioarowelicss 00120Be4HOCMbIO U HadexcHocmetro. Continental (Modens C) nokasbisaem
NpeBoCxXo0HbIe pe3y/ibmamabl NO MOPMO3HOMY NYMU U CMabusibHOCMU YNpasisemMocmu, No0YepKuBsas
6e3onacHocmsb. Goodyear (Modesib D) obecnequsaem onmumasbHoe COOMHOWeHUe YynpasisemMocmu u
UeHsbl, 0es1as e2o 3KOHOMUYECKU BbI200HbIM BbI6OPOM.

B uesnom, uccieoosaHue noo4yepkusaem BAXCHOCMb CMAHOAPMU3UPOBAHHBIX UCNbIMAHUU U
cepmucukayuu 015 obecneqeHuss 6e3onacHoOCMU,  NPou3BOOUMESIbHOCMU U 3KO/102u4ecKol
ycmou4usocmu wuH. CUCMeMHas oueHKa Xapakmepucmuk U cpasHeHue modesiell N0 Mex0yHapOOHbIM
CMaHoapmam No3B80JIAem  NPOU3BOOUMENIIM  ONMUMU3UPOBAMbL  0u3adH,  yaydwams  Nodbop
Mamepuasos U BbINYCKAMb NPOOYKYUK), Ccoomaemcmsayrowyo mpebosaHusm nompebumered.
[losy4eHHble pe3ysibmamel NPeo0oCMAasIatom NPAKMuUYeckue pekomeHoauuu 019 npouszsodumesiel u
nosib3osamesiel,  0eMOHCMPUPYS  3ppekmuBHble  cmpameauu  NOBbILEHUS — 00120BE4YHOCMU,
6e30nacHoCcmu U 3KCNayamauuoHHOU 3¢ppekmuBHOCMU WUH B PA3/IUYHbIX O0POXCHbIX YCI0BUSIX.

Keywords: Tire performance, road safety, durability, certification testing, wear resistance,
standards, rubber tensile tests

Knrovesble ciosa: [lpou3sooumesibHOCMb WUH, 00POXHAS 6e30NacHOCmb, 00720Be4HOCMS,
CepmuUKAUUOHHbIE  UCNbIMAHUS, U3HOCOCMOUKOCMb, CMAHOApmsl, UCNbIMAHUS  Pe3uHbl  Ha
pacmsxeHue

Acar sézlar: Sin performansi, yol tehliikesizliyi, dayaniqliliq, sertifikatlasdirma testlari, Yeyilmoaye
davamliliq, standartlar, rezinds garilms testlori

Introduction

Automobile tires play a fundamental role in terms of road safety, fuel efficiency, and driving com-
fort. The longevity and reliability of tires not only ensure driver safety but are also directly correlated
with vehicle operating costs and environmental impact. In the contemporary automotive industry, vari-
ous technologies and materials are implemented to enhance tire performance; however, a systematic
testing and certification process is essential to evaluate their effectiveness. Certification trials assess the
mechanical strength, wear resistance, and stability of tires against thermal and climatic fluctuations,
thereby validating manufacturing quality. Concurrently, the results of these tests establish a fundamen-
tal basis for technological refinements and optimizations within the production process.

This article analyzes the application methods and methodologies of certification tests aimed at
increasing the durability of automotive tires, as well as the utilization of test results in the manufacturing
and certification stages. The certification process not only verifies product quality but also provides a
primary foundation for the improvement of production technology and the integration of novel materi-
als. The objective is to identify effective testing strategies that enhance tire performance and ensure road
safety. Simultaneously, as environmental requirements and consumption standards in the automotive
industry escalate, tire design and material composition must be further optimized, and resistance to wear
and friction must be increased. In this context, certification tests serve as a critical instrument for ensur-
ing both the safety and ecological sustainability parameters of tires.

1. Research Objective and Significance

The primary objective of this study is to investigate the significance of certification testing proto-
cols in enhancing the longevity of automotive tires. Within the scope of this research, material quality,
structural stability, and operational behavior under diverse road conditions will be evaluated. The impact
of certification assessments on tire performance and safety parameters will be determined. Furthermore,
the effectiveness of testing methodologies aligned with international standards and their influence on
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the service life of tires will be examined. Consequently, practical recommendations will be formulated
for both tire manufacturers and end-users. A tire is not merely a pneumatic rubber component; it is a
sophisticated engineering product manufactured in various configurations and designed to withstand
multifaceted operational challenges. In this context, the study will review various tire types available in
the market and the specific technical advantages they provide to vehicles.

2. Problem Statement and Related Work

Comparative analyses of tire models from various manufacturers demonstrate that certain designs
exhibit significant deficiencies in terms of operational longevity and performance metrics. The lack of
consistent alignment between testing methodologies and international standards frequently results in
non-uniform product quality. Empirical mechanical evaluations indicate that specific tire configurations
possess a higher susceptibility to structural deformation and stress cracking when subjected to high load
cycles and diverse terrain conditions. Furthermore, climatic endurance assessments reveal a degradation
in the performance parameters of particular models under conditions of extreme thermal stress and high
humidity. Certification protocols frequently identify models that fail to meet established safety and du-
rability thresholds, necessitating targeted technological refinements in the manufacturing sector.

Conventionally, tire evaluation is equated primarily with abrasive wear analysis; however, the man-
ufacturing cycle encompasses a comprehensive suite of multidimensional diagnostic procedures. To char-
acterize the fundamental properties of raw materials, tensile strength, rheology, and tear resistance
analyses are strictly executed. Following the raw material phase, adhesion testing is utilized to validate
the interlaminar bonding integrity between the tire's diverse structural layers. Dynamic impact assess-
ments are conducted to simulate real-world operational scenarios, such as adverse road topography or
high-velocity encounters with foreign objects. Ultimately, fatigue and wear-rate evaluations ensure that
the final product adheres to the long-term durability and reliability standards required by consumers.
Testing procedures are integrated throughout the entire production lifecycle—from raw material pro-
curement to the finished product. The scope of these assessments depends primarily on the functional
classification of the laboratory. For instance, in-plant facilities primarily focus on periodic quality control
(QC) assessments to ensure process stability and adherence to specifications; this paradigm differs from
the operational environments of other industrial sectors where Instron equipment is utilized. Neverthe-
less, the most extensive and rigorous experimental procedures are typically concentrated within Re-
search and Development (R&D) laboratories.

3. Key considerations during tensile tests of rubber

One of the most dynamic variables in tire evaluation is the extensive variability of the climates in
which the products operate. Consumers frequently transition from high-temperature, saline coastal en-
vironments to mountainous regions characterized by sub-zero temperatures and unpaved terrains. Con-
sequently, contemporary tire designs must be engineered to withstand diverse environmental extremes
while simultaneously maintaining optimal ride quality. To ensure material integrity, tensile characteriza-
tion of rubber compounds must be conducted across these specific thermal gradients. Environmental
chambers are utilized to simulate these conditions, necessitating specialized solutions for specimen grip-
ping and strain measurement within the enclosed chamber. Measuring deformation poses a significant
challenge, particularly in high-elongation elastomers that can exhibit strain levels exceeding 1000% of
their initial gauge length.

Another critical factor is the integration of metallic reinforcing cords within the tire architecture.
These components possess high tensile strength, making the secure gripping of such cables during tensile
testing particularly complex. Most reinforcing materials, whether textile-based or metallic, are twisted
with auxiliary fibers to enhance structural resilience.

Instron provides a diverse range of testing systems and solutions, including automated platforms
designed for high-volume throughput. The Instron Advanced Video Extensometer 2 (AVE 2) represents an
optical, non-contact strain measurement solution that demonstrates high efficacy for elastomers under
both ambient and environmental chamber conditions (Figure 1). Furthermore, pneumatic side-action
grips offer an ideal solution for testing across varying conditions, providing versatile gripping capabilities
with high operational productivity. The acquisition of precise empirical data is paramount in tire testing,
as field failures can result in catastrophic financial and safety consequences. Thus, the synergy of high
throughput and extreme precision constitutes a significant challenge for tire research and development
laboratories [1].
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Figure 1. Instron AVE 2 testing machine

The process of verifying the compliance of automotive tire testing methodologies with interna-
tional standards (ISO, ECE) is executed as follows:

ISO (International Organization for Standardization) and ECE (Economic Commission for Europe)
provide various standards for tires. ISO standards typically cover mechanical properties of the material,
tensile, fatigue, abrasion, and elasticity tests. ECE standards, on the other hand, define requirements for
road traffic safety, load and speed capacity, noise, and environmental impacts. Regarding the compari-
son of testing methodologies, currently utilized test procedures are compared with the test conditions,
instrument precision, specimen preparation, and measurement methods specified in the standards. Tests
such as tensile, compression, abrasion, slip, and temperature resistance are verified for compliance with
ISO or ECE requirements [2].

4. Comparative Analysis of Tires Within Research

A comparative analysis of tire models from different manufacturers was conducted within the
framework of the study. As a result of the conducted comparative analysis, the performance indicators
of models from the world’s leading tire manufacturers - Michelin (France), Bridgestone (Japan), Conti-
nental (Germany), and Goodyear (USA) were evaluated. The analysis was based on criteria such as fuel
efficiency, braking distance, noise level, wear resistance, handling performance, and relative price (Figure
2).
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Figure 2. Comparative diagrams of tire models from different manufacturers based on key attributes

Based on the results, Michelin (Model A) was evaluated as a model with balanced performance,
standing out for its high fuel efficiency, quiet operation, and handling characteristics. Bridgestone (Model
B) demonstrated the highest indicators in terms of longevity and durability, holding a leading position in
service life. Continental (Model C) achieved superior results in terms of braking distance and handling
stability, highlighting its safety performance. Goodyear (Model D), on the other hand, offered the most
favorable ratio of handling and price, making it an economically advantageous choice.

Conclusion

Automobile tires are a crucial factor in ensuring road safety, vehicle performance, and environmen-
tal sustainability. The study demonstrates that systematic certification testing is essential for validating
tire durability, mechanical properties, and operational reliability. Comparative analysis of models from
leading manufacturers revealed significant differences in fuel efficiency, wear resistance, braking dis-
tance, noise level, and handling characteristics. Michelin (Model A) provided balanced performance,
Bridgestone (Model B) excelled in longevity, Continental (Model C) demonstrated superior safety, and
Goodyear (Model D) offered the most cost-effective combination of handling and price. Compliance with
international standards such as ISO and ECE ensures uniform quality and informs technological improve-
ments in tire manufacturing. Advanced testing methodologies, including tensile and abrasion tests using
instruments like the Instron AVE 2, play a pivotal role in achieving precise and reproducible results. Over-
all, integrating systematic testing and certification into tire design and production supports both con-
sumer safety and industry sustainability goals.
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