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Agricultural sciences

TERRITORIAL INNOVATION IN ALBANIAN AGRI-TOURISM: UTILIZATION OF THE PO-
TENTIAL FOR DEVELOPMENT AND GROWTH

Aldona Minga
Dr., University “Fan S Noli” of Korce

Abstract

At the very least, agri-tourism is evolving in an unprecedented way in the context of territorial
innovation. It offers a wide range of activities and experiences that transcend the boundaries of time, including
exploring nature, staying in log cabins on the mountain, and participating in culinary rituals that delight the
senses, such as using fresh produce and local wines. Different. Agri-tourism is broadly defined as an agro-
cultural activity that attracts visitors and encourages them to visit farms and rural areas away from urban
centers, thereby promoting territorial innovation. However, agri-tourism is not only an opportunity to try
delicious food; it also provides an avenue for farmers to increase income and improve their infrastructure.
Fortunately, agri-tourism is not yet widespread in Albania, although there is an increased demand from foreign
and local tourists. With increasing awareness of healthy food and environmental issues, research and
involvement in this way of eating and living are becoming an important part of territorial innovation in Albania.

Keywords: Agro-tourism, Territorial innovation, Tourist experiences, Farms and rural areas, Healthy
food, Economic development, Environmental awareness, Tourism potential

Introduction

In the last ten years, Albania's rural economy has changed a lot because tourism has grown quickly and
agriculture has remained a key part of the economy. Agri-tourism has grown at the crossroads of these two
areas. It serves as a way for small farms to diversify their income and as a way to innovate in the area. Terri-
torial innovation, defined as the ability of local systems to leverage endogenous resources and create enduring
competitive advantages (Camagni, 2008), serves as a pertinent analytical framework for the examination of
the Albanian case.

This study relies entirely on a systematic review of documentation as a research method. The documen-
tary approach is considered appropriate in studies on territorial development and public policies because it
allows for the analysis of institutional structures, strategic orientations, and normative frameworks that influ-
ence the development of specific sectors, such as agritourism. According to Bowen (2009), document analysis
constitutes a valuable research method in qualitative studies, as it offers opportunities for in-depth interpreta-
tion of policies, strategies, and official documents, identifying patterns, discourses, and development priorities.

In this context, agritourism and territorial innovation in Albania have been addressed through the anal-
ysis of strategic and legal documents, to highlight the coherence between national policies and European
frameworks of rural development and innovation. The method does not aim for empirical measurements
through surveys or interviews, but focuses on interpreting the content of documents, considering them as a
reflection of the institutional orientations and development vision of the territory. Therefore, territorial inno-
vation in Albanian agri-tourism requires strengthening value chain integration, enhancing institutional coordi-
nation, and embedding digital and green transitions into rural strategies. Innovation is the central initiator of
economic growth, development, and the creation of better jobs. It is the key that enables companies to compete
in the global or local market successfully and the process that searches for solutions for social and economic
challenges, from climate change to the battle against deadly diseases (Minga, A et al, 2023). The development
of a territory and the role of business in innovation are closely intertwined. A thriving business sector can help
drive economic growth and development in a region, while a supportive environment can foster innovation
and entrepreneurship. (Jana, K et al, 2023).

Albania presents a unique structural configuration where agriculture retains high socio-economic im-
portance, and tourism demonstrates rapid expansion. This combination creates favorable conditions for agri-
tourism as a strategic instrument of territorial innovation. The challenge is not resource scarcity but the effec-
tive mobilization of territorial capital, institutional support, and coordinated governance mechanisms capable
of transforming rural potential into sustainable development and growth.
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The review includes national strategic documents, European Union documents and relevant academic
literature. At the national level, rural and agricultural development strategies, documents on tourism develop-
ment, policies for supporting agritourism, as well as documents addressing innovation and entrepreneurship in
rural areas, were analyzed. These documents have been reviewed to understand how the role of agritourism is
conceived in rural economic diversification, in increasing the value of local products, and in building territorial
identity.

At the European level, Common Agricultural Policy (CAP) documents, the "Farm to Fork™ strategy, and
territorial cohesion policies have been taken into consideration, which emphasize sustainability, innovation,
and integration of the agri-food value chain. European strategies consider the territory as a functional space
where economic, social, and institutional actors interact, promoting the development of models such as “smart
villages” and community-based innovation (European Commission, 2020).

The reviewed academic literature has contributed to building a theoretical framework on agritourism as
an instrument of rural diversification and as a mechanism of territorial activation. Studies on rural tourism
emphasize that agritourism creates synergy between agriculture, cultural heritage, and the local economy, gen-
erating not only technological, but also social and organizational innovation (Lane & Kastenholz, 2015). Along
the same lines, the concept of territorial capital considers development as the result of the interaction of natural,
human, and institutional resources within a given territory (Camagni, 2008).

The analysis process was developed in a structured and systematic manner. Initially, relevant documents
were identified based on their thematic relevance and relevance, focusing mainly on the period after 2015,
when agritourism in Albania began to be treated more clearly as a priority sector. The documents were then
analyzed through the content analysis method, which, according to Krippendorff (2018), allows the identifica-
tion of conceptual categories and discursive structures within the texts.

The analysis is oriented towards identifying four main dimensions: the role of agritourism in rural de-
velopment, financial and institutional support instruments, the integration of local agricultural products into
the tourism offer, and the conceptualization of territorial innovation in strategic documents. A comparative
analysis between national and European documents was carried out to identify the level of strategic harmoni-
zation and potential gaps.

The interpretation of documentary data is based on the theory of territorial innovation, which sees the
territory as an integrated system where social capital, infrastructure, institutions and natural resources interact
(Camagni, 2008). In this context, agritourism is not treated only as an economic activity, but as an element of
a territorial ecosystem that generates cooperation networks, strengthens local identity and promotes sustainable
development.

The analysis is also based on the integrated rural development approach, which emphasizes the need for
economic diversification and the creation of cross-sectoral synergies in rural territories (OECD, 2019). This
approach places agritourism in a position between agriculture, tourism and innovation, considering it as an
instrument for increasing territorial competitiveness.

The choice to exclusively use the documentation review is related to the nature of the study, which aims
to analyze the policies and strategic frameworks that shape the development of agritourism and territorial in-
novation in Albania. This method enables the identification of institutional visions, strategic priorities, and
coherence between different levels of government. As Bowen (2009) points out, documentary analysis is par-
ticularly useful in studies that address public policies and institutional structures, as documents represent stable
and verifiable sources of information. In this way, the methodology used provides a structured and theoretically
supported analysis of agritourism and territorial innovation in Albania, placing the study within a broader
European and conceptual context.

Agritourism Potentials in Albania

Agrotourism in Albania represents one of the most promising opportunities for sustainable rural devel-
opment, integrating traditional agriculture with authentic tourism, local gastronomy and cultural experiences.
Albania, with its agro-ecological diversity, untouched landscapes, rich biodiversity and cultural heritage, has
a high potential to develop agritourism as a key sector linking agriculture (which contributes around 22% to
GDP and employs 36.4% of the workforce) with rapidly growing tourism (over 10 million foreign visitors in
2023) (Ministry of Agriculture and Rural Development [MARD], 2024; United Nations, 2024). The National
Agrotourism Development Strategy aims to exploit these potentials by targeting 100 certified agrotourism
units by 2027, with an economic impact estimated at 14.2 million euros (MARD, 2024). The natural and geo-
graphical potentials are among the strongest. Albania offers a variety of landscapes — from the mountains of
the Albanian Alps and national parks (such as Korab-Koritnik, Vjosa), lakes, rivers and Adriatic-lonian
beaches — to mountainous and plain areas with a Mediterranean climate ideal for diverse agricultural produc-
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tion (olives, vineyards, medicinal plants, honey, livestock products). These natural resources allow the devel-
opment of various forms of agritourism, such as ecotourism, farm tourism, and “farm-to-table” experiences
(Baroli et al., 2025; Creative Business Solutions, 2019). Regions such as Dibra, Lezha, Gjirokastra, Korga,
Berat and Shkodra have high potential thanks to protected landscapes, biodiversity and indigenous products,
enabling activities such as harvesting, hiking, visits to olive groves or vineyards (MARD, 2024). The economic
potentials are considerable. Agritourism diversifies farmers' incomes, creates short supply chains, and extends
the tourist season beyond the summer. According to data, an average agritourism generates around 142,000—
145,000 euros in annual turnover and employs an average of 9 permanent employees (and 8 seasonal ones),
mainly women and young people (MARD, 2024). With the growth of tourism (doubling of visitors from 2016
to 2023), agritourism can attract a segment of tourists seeking authentic experiences, contributing to the re-
duction of rural poverty and emigration (United Nations, 2024). Programs such as IPARD, ARDA grants and
“100 Villages” provide financial support of up to 65% of investments, with the potential for 1,200 new units
in 5-7 years (Creative Business Solutions, 2019; Barolli et al., 2025Success stories such as “Mrizi i Zanave”
in Lezha (over 70,000 visitors per year) show how agritourism can generate additional income through the sale
of local products and culinary tourism (Baroli et al., 2025). The social and community empowerment potentials
are equally important. Agritourism empowers women (61-65% of staff and owners), youth (average age of
entrepreneurs 40 years) and rural communities, promoting gender equality, the transfer of traditional
knowledge and social cohesion (MARD, 2024). It helps combat rural depopulation (rural population 33.9%)
by creating quality jobs and revitalizing villages through the “100 Villages” program (Baroli et al., 2025).
Furthermore, agritourism preserves cultural identity by promoting traditions, crafts, folklore and authentic
gastronomy, making them part of the tourist experience (United Nations, 2024). Environmental and sustaina-
bility potentials are linked to environmentally friendly agricultural practices. Over 83% of agritourisms pro-
duce organically or use indigenous seeds, contributing to the preservation of biodiversity, waste reduction and
landscape protection (MARD, 2024). It supports green tourism and helps mitigate climate change through
renewable energy and sustainable practices (Creative Business Solutions, 2019; Barolli et al., 2025). Accord-
ing to Marku et al, 2024, Students expressed limitations in social opportunities, scarcity of recreational activ-
ities, inadequate infrastructure, and limited access to public services as important factors contributing to mi-
gration trends. The potential of agritourism in Albania is large and strategic, offering a development model
that balances the economy, society and the environment. Despite the lack of technological infrastructure in
some areas, the interest of young people in pursuing careers in the fields of multimedia and digitalization is
high, signaling the need for modernization of curricula, expansion of practical opportunities, and the establish-
ment of special laboratories in universities and schools in non-urban areas. (Minga, A. et al., 2025). With
government support (new laws, certification, training, and digital marketing), this sector can become an engine
of shared prosperity, reducing rural-urban disparities and preserving Albanian heritage (MARDZHR, 2024;
United Nations, 2024). Challenges such as infrastructure, training and marketing require coordinated action,
but opportunities outweigh barriers (Baroli et al., 2025).

The Role of Policies and Institutional Support

The economic diversification of rural areas is provided by the development of Agrotourism, which is a
form of rural tourism, which combines activity in the field of agriculture with services in the field of tourism
such as; accommodation, food, recreational and educational activities, providing the opportunity to create jobs
and preserve the cultural and natural heritage of a given region. Its sustainable development depends largely
on the political framework and institutional support, which create a favorable environment for investment,
training and cooperation between public, private and community actors. At the global level, government poli-
cies and institutional support play a catalytic role in the promotion of agritourism. According to a review of
global trends, the success of agritourism is driven by strong policy frameworks that provide financial incentives
(subsidies, tax breaks), investments in infrastructure, and clear regulations that ensure benefits for local com-
munities and the environment (Ling et al., 2024). For example, in India, national and state strategies are re-
quired for diversifying farm incomes, while in Italy the European Union's Common Agricultural Policy (Pillar
I1) has helped small farms in disadvantaged areas integrate tourism (Ling et al., 2024, citing Giaccio et al.,
2018). In France, cooperation between networks and the integration of existing support systems with special-
ized tourism bodies are emphasized (Ling et al., 2024). A successful institutional example is the strategy of
the state of Michigan in the USA, where the development of agritourism is the result of close cooperation
between the state government (Michigan Department of Agriculture and Rural Development — MDARD),
universities (such as Michigan State University) and professional associations (Michigan Agritourism Associ-
ation). The government has established advisory committees, protective laws (such as the Right to Farm Act),
and promotional programs, while universities provide research, training, and extension services, leading to
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increased income from agritourism (Jin et al., 2021). This suggests that institutional support—training, mar-
keting, networking, and public-private partnerships—helps build the capacity of rural communities and align
policies with local needs (Ling et al., 2024; Jin et al., 2021). In the Albanian context, policies and institutions
have gradually evolved, but still present challenges. The basic legal framework includes Law No. 93/2015 “On
Tourism”, which defines agrotourism as a farm activity that contributes to sustainable rural development, and
the Decision of the Council of Ministers No. 22 dated 12.1.2018, which regulates the certification of agrotour-
ism entities by an inter-ministerial commission (Ministry of Tourism and Environment and Ministry of Agri-
culture and Rural Development). Fiscal incentives such as 6% VAT and 5% profit tax have been offered to
certified entities, as well as financial support through national schemes and the IPARD program (Domi et al.,
2023). However, the lack of a dedicated law on agrotourism, strict certification conditions (such as the obliga-
tion of accommodation) and the distribution of competencies between ministries create obstacles. The National
Strategy for the Development of Agrotourism in Albania (2024), drafted by the Ministry of Agriculture and
Rural Development in collaboration with G1Z, aims to fill these gaps by proposing a dedicated department for
agrotourism, mandatory training (90 hours), integration into the “100 Villages” Program, the creation of a
“Certified Albanian Agrotourism” brand, and harmonization with the EU Common Agricultural Policies (Min-
istry of Agriculture and Rural Development [MARD], 2024). Institutions such as the Ministry of Rural Devel-
opment, the Ministry of Tourism, the National Agency for Territorial Planning and donors (FAO, USAID,
GIlZ) play a key role in funding, training and networking, but cooperation remains largely informal (Domi et
al., 2023). Policies and institutional support are crucial elements for the sustainable development of agritour-
ism, providing economic incentives, clear regulations, and human capacity. International examples (USA, It-
aly, France) and efforts in Albania show that success depends on inter-institutional coordination, public-private
partnerships, and the adaptation of policies to local realities. Key recommendations include drafting a dedi-
cated law, strengthening institutional structures, and investing in infrastructure and training to maximize the
contribution of agritourism to sustainable rural development.

Conclusion

The meaning is immense — it can prompt the earth change in a way that will lead to considerable gains
to the rural areas and general financial increase and socioeconomic progress. The most important thing is
agritourism here, as it is through it that the union of the country's cultivation and natural power can bring the
best. The setting for the investigation is agritourism as a change specialist in rural areas in Albania. Execution
of this kind of travel through experience guest demands straightforwardly connected to the custom of cultiva-
tion and the climate assists the expansion of the local economy, and sociocultural significance around the
Albanian farmer gathering as progress moves on. It is through the very much considered development of
agritourism practices that the country's earth change will bring the upheaval of the reasoning of the country's
individuals' sustainability levels. It will result in the earth changing to give a progressive state in supporting
financial and social increment, ecological safeguard, and enduring qualities.
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INVESTIGATIONS ON THE ASSESSMENT OF NET GREENHOUSE GAS EMISSIONS FIXED
BY PHOTOSYNTHESIS AT THE FORAGE SYSTEM LEVEL IN A MIXED FARM-CASE STUDY
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Assessment of the soil organic carbon content at harvest

Organic carbon content represents the soil organic matter (SOM) resulting from the decomposition of
plant residues. Soil organic matter contains approximately 58% carbon, which comes from the atmosphere
through plant photosynthesis. Soil organic carbon plays a very important role in its physical, chemical and
biological properties, with a significant impact on fertility. Soil organic carbon determinations were carried
out on the 0-30 cm depth horizon, every 10 cm, a depth that encompasses over 70% of the plant rhizosphere.
The organic carbon content is 3.64% at a depth of 0-10 cm, 3.71% at a horizon of 10-20 cm and 2.91% at a
horizon of 20-30 cm. In terms of hectare, the amount of carbon varies at different depths, as follows: 24t/ha at
a depth of 0-10 cm, 49t/ha at a depth of 10-20 cm and 58t/ha at a depth of 20-30 cm.

In the wheat crop, cultivated on the largest area (335 ha) within the fodder system, the amount of organic
carbon related to the three depth horizons increases proportionally from 21.3 t/ha (100%) at the depth of 0-10
cm to 42.2 t/ha (198%) for the depth of 10-20 cm and 62 t/ha (291%) for the depth horizon of 20-30 cm. The
amount of organic carbon in barley is lower compared to wheat because barley has a much less developed root
system.

It is found that on the three soil depths the amount of organic carbon registered a quantitative upward
trend, characterized by the following values: 17 t/ha on the depth of 0-10 cm (100%), 32 t/ha (188%) on the
interval of 10-20 cm respectively 47 t/ha representing a share of 276% on the terminal horizon of 20-30 cm.
The analysis of the results associated with alfalfa highlights a progressive increase in the amount of organic
carbon, from 14 t/ha (100%) at a depth of 0-10 cm to 34 t/ha (243%) at a second horizon of 10-20 cm and to
49 t/ha (350%) at a terminal depth of 20-30 cm, therefore 3.5 times more than the first depth horizon (compared
to any other crop) and 1.4 times more than the 10-20 cm horizon. Sudan grass is a species of grass with a
fasciculated, strongly branched and deep root system, reaching, like alfalfa, depths of over 2 m, which explains
the 2-3 times increase in the amount of organic carbon at a depth of 20-30 cm compared to the 0-10 cm horizon.
Analyses carried out on this crop show a quantity of 9 t/ha (100%) organic carbon at a depth of 0-10 cm, a
guantity that increases progressively on the other 2 depth horizons, 18 t/ha for the 10-20 cm horizon (200%)
and 27 t/ha (300%) for the 20-30 cm depth horizon. In the case of the mixed crop consisting of perennial
grasses (100%), the amount of organic carbon in the soil records the following values: 15 t/ha (100%) for the
depth of 0-10 cm, 33 t/ha (220%) for the horizon of 10-20 cm respectively 48 t/ha (320%) at the depth of 30
cm. In this case the increase in the amount of organic carbon in the soil was 120% at the depth of 20 cm
respectively 220% for the depth of 30 cm compared to the first horizon between 0-10 cm. These increases are
largely due to the fasciated root system, strongly developed to depths of 50-70 cm. The mixed crop consisting
of alfalfa (40%) and perennial grasses (60%), through their highly developed root system, recorded a signifi-
cant increase in the amount of organic carbon at soil depths within the 20-30 cm horizon. Thus, at a depth of
0-10 cm the amount of organic carbon was 16 t/ha (100%), increasing to 35 t/ha (219%) for the depth between
10-20 cm and 47 t/ha (294%) for the 20-30 cm depth horizon. The autumn crop, with a participation of autumn
vetch of 75%, has a significant contribution to the increase in the amount of organic carbon due to the pivoting,
deep and strongly developed root system in the superficial layers of the soil. In the case of this crop, the amount
of organic carbon in the soil accumulated on the 0-30 cm depth horizon (15+33 t/ha) is symmetrical with that
accumulated on the 20-30 cm depth (48 t/ha). The proportional increase in the amount of organic carbon at the
three soil depths is determined by the 15 t/ha (100%) associated with the 0-10 cm horizon, 33 t/ha (220%) for
the 10-20 cm depth and 48 t/ha (320%) for the 20-30 cm horizon. The cumulative analysis of the organic
carbon content in the soil highlights the following results: - the average amount of organic carbon in the soil
differs in relation to the soil depth horizon, as follows: 17.5 t/ha at a depth of 0-10 cm, 36.1 t/ha at a depth of
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10-20 cm and 49.3 t/ha at a depth of 20-30 cm, - the total amount of organic carbon in the soil, at the level of
the total surface of 1019 ha, has the following differentiation by studied depths: 17.5 thousand tons (11% of
the total) at a depth of 0-10 cm, 36.8 thousand tons (23% of the total) at a depth of 10-20 cm and 103.7 thousand
tons (66% of the total) at a depth of 20-30 cm, - the total amount of organic carbon in the soil at farm level, on
the total surface studied is 158.000 tons.

Carbon footprint associated to the agro technical works on the studied crops

The increase in GHG emissions in agriculture is determined by the management applied in order to
increase agricultural production. A classic plant cultivation system is applied in the experimental site, the spe-
cific diesel consumption being 115.5 I/ha. In terms of carbon emissions, agrophytotechnical works emit a
guantity of carbon of 83 kg/ha, respectively 424 kg/ha CO2 eq. The general inputs used (fertilizers, herbicides,
pesticides) emit a quantity of carbon 5 times higher than the volume of technological works, respectively 419
kg/ha (1537 kg/ha CO2 eq). Of these, the applied nitrogen fertilizers represent 85% of the total amount of
carbon emitted, respectively 355 kg/ha or 1302 kg/ha CO2 eq. At the level of the total area of 1019 ha, the
agrophytotechnical works and the applied inputs consume a quantity of diesel of 118 t with total emissions of
511 t carbon respectively 1998 t CO2 eq.

The amount of ""raw'" C (CO2 eq) captured through photosynthesis and fixed in the biomass of crops
in the feed system

From the data obtained, it is found that, in the case of wheat crop, the amount of carbon fixed by photo-
synthesis varies depending on the production structure. Thus, the highest content of fixed carbon is found in
grain production, recording a quantity of 1890 kg/ha) or a total of 633 t, on a cultivated area of 335 ha. Com-
pared to the total amount of fixed carbon of 1504 t, grain production fixes carbon in a share of 42%. Root
production fixes a quantity of 1617 kg C/ha, or 36% of the total amount of fixed carbon. Plant residues (straw,
stubble) fix smaller quantities of carbon, respectively 794 kg/ha (18% of the total) in the case of straw produc-
tion and 188 kg/ha (4% of the total) for stubble production. The cumulative amount of fixed carbon in the case
of wheat crop is 4489 kg/ha (16429 kg/ha CO2 eq) and a total amount, related to the cultivated area, of 1504 t
fixed carbon (5506 t CO2 eq). The intensity of the decomposition rate of secondary production (straw, stubble)
and of roots, which are part of the soil organic matter, is low (with C/N ratio values between 54.5-72.4). The
corn grain crop captures through photosynthesis and fixes in the total biomass a quantity of carbon of 4438
kg/ha, respectively 16242 kg/ha CO2 eq., of which: in the grain production a quantity of 1927 kg/ha (43%) is
fixed, respectively 7053 kg/ha CO2 eq; in the production of stems + leaves 2212 kg/ha is fixed, respectively
8095 CO2 eq; in the production of roots 299 kg/ha carbon is fixed, respectively 1094 CO2 eq. At the level of
the total area cultivated with corn for grain (150 ha) the total amount of carbon captured and fixed is 667 t,
respectively 2438 t CO2 eq. The average C/N ratio is 31.2, which indicates an average intensity of the organic
matter decomposition rate for all components of corn for grain production. Barley as a fodder importance,
occupies an important place in animal feed and as a result is cultivated on a large area within the vegetable
farm. The total amount of fixed carbon is 5807 kg/ha (21254 kg/ha CO2 eq), structured as follows: grain
production with a quantity of 2455 kg/ha (8985 kg /ha CO2 eq, 42%), root production with 2319 kg/ha (40%)
fixed carbon respectively 8488 kg/ha CO2 eq, straw production with 903 kg/ha fixed carbon (16%) respec-
tively 3305 kg/ha CO2 eq, stubble production with 130 kg/ha (2%) with 476 kg/ha CO2 eq. The total amount
of fixed carbon at the level of the total barley area (100 ha) is 580 t, respectively in equivalence 2123 t CO2
eq. The calculated average C/N ratio is 44.3, with a low intensity decomposition rate. In the case of the root
system, a ratio of 30.6 was calculated and implicitly a medium intensity decomposition rate. In the case of the
alfalfa crop, the biomass has only 2 components, namely the green mass or hay expressed in dry matter and
the root production (SU). The largest amount of carbon is fixed in the root system, namely 10241 kg/ha (76%
of the total amount of fixed carbon), representing, in equivalence, 37482 kg/ha CO2 eg. In the aboveground
production of dry matter, an amount of 3244 kg/ha (24% of the total fixed carbon) is fixed, the equivalence of
11873 kg/ha CO2 eq. At the level of the 79 ha area cultivated with alfalfa, within the fodder system included
in this project, a total amount of 1065 t C was fixed, equivalent to 3898 t CO2 eq. The highly developed root
system and the high production of aboveground phytomass directly influence the capacity to fix carbon, in the
case of grass crops. The following conclusions result from the data presented above: the largest amount of
fixed carbon is achieved within the production of roots (in proportion to 90% of the total), respectively 9029
kg/ha, equivalent to 33046 kg/ha CO2 eq; the production of aboveground SU fixes an amount of 998 kg/ha
fixed carbon (3653 kg/ha CO2 eq); at the level of the cultivated area (58ha) a total amount of fixed carbon of
582 t was achieved, equivalent to 2130 t CO2 eq. The analysis of the C/N ratio for root production highlights
the threshold of 38.8, which characterizes an average intensity of the organic matter decomposition process.
In the case of Sudan Grass culture, the root system fixes most of the carbon (65% of the total amount), respec-
tively 4560 kg/ha, equivalent to 16690 kg/ha CO2 eq. In the production of aboveground phytomass, the amount
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of fixed carbon determined was 2445 kg/ha (35% of the total amount of fixed carbon), equivalent to 8949
kg/ha CO2 eq. The total amount of carbon fixed on the cultivated area (22 ha) was 155 t, equivalent to 564 t
CO2 eq. The C/N ratio was 21.2, which indicates a medium-intensity decomposition rate of soil organic matter.
The sown meadow formed by the mixture of alfalfa (40%) and perennial grasses (60%), is considered the most
intensive crop. The root system, by transferring carbon to the underground biomass level, fixes a larger amount
of carbon (68% of the total amount), respectively 5801 kg/ha in the equivalence of 21232 kg/ha CO2 eq. The
production of aboveground phytomass fixes an amount of 2687 kg/ha carbon in the equivalence of 9834 kg/ha
CO2 eqg. At the level of the cultivated area (4 ha) the total amount of fixed carbon was 34 t, respectively 124 t
CO2 eg. The C/N ratio, on average 17.5, indicates an intense rate of decomposition of organic matter. The
autumn grass produces a quantity of 7.27 t/ha SU and a double quantity of roots (14.8 t/ha SU. These propor-
tions are also directly correlated with the fixation of specific quantities of carbon. Thus, the analyses carried
out showed that the root system fixes a quantity of carbon of 4470 kg/ha (64% of the total amount of fixed
carbon) in equivalence of 16360 kg/ha CO2 eq. The production of aboveground phytomass fixes a quantity of
2581 kg/ha carbon, only 36% of the total, in equivalence of 9446 kg/ha CO2 eq. The total amount of carbon
fixed in relation to the total cultivated area (15 ha) was 105 t, equivalent to 384 t CO2 eq. The C/N ratio, on
average 16.2, indicates an intense rate of decomposition of organic matter in the soil. The production of above-
ground dry matter associated with the corn grain crop fixes a quantity of carbon of 1683 kg/ha (56% of the
total), equivalent to 6160 kg/ha CO2 eq. The production of roots fixes a quantity of carbon of 1351 kg/ha (44%
of the total fixed carbon), equivalent to 4945 kg/ha CO2 eq. At the level of the area cultivated with corn for
silage, a total amount of 777 t carbon is fixed, through photosynthesis, in the equivalence of 2843 t CO2 eq.
The C/N ratio is, on average, 29.1, which indicates a medium intensity decomposition of organic matter.

The amount of "'net" fixed carbon and the general distribution of carbon fixed through photosynthe-
sis, at the level of the forage system

Photosynthesis is the most efficient way to take up carbon C-CO2 eq from the atmosphere, being char-
acteristic of all plant species on Earth. As part of the research carried out in this project, a study was also
carried out on the quantitative assessment of the “gross” carbon returned to the atmosphere through respiration
and the determination of the amount of “net” carbon fixed in the plant. Following the studies carried out, the
losses of gross carbon captured and fixed through photosynthesis due to plant respiration represent 15% of the
aboveground biomass, respectively 30% due to the respiration of the root system, microorganisms and the
processes of decomposition and mineralization of organic matter in the soil. The study investigates the total
amounts of carbon associated with the 3 categories studied, namely “gross” C, C returned through respiration
and “net” C. The analysis of these data highlights the following: - the total amount of carbon captured and
fixed at farm level is 7173 t, of which 2639 t (37%) is found in aboveground biomass, respectively 4534 t
(63%) at the level of belowground biomass. The average for each cultivated ha is 7040 kg C/ha, of which 2590
kg/ha found within aboveground biomass and 4450 kg/ha at the level of belowground biomass. The total value,
expressed in CO2 eq, is 26255 t CO2 eq, with an average per ha of 9659 kg CO2 eq at aboveground level and
16596 kg/ha CO2 eq at underground level, - following the respiration processes in plants and soil, the total
amount of carbon returned to the atmosphere is 1755 t, of which 1360 t comes from underground biomass
(77%) and 395 t (23%) from aboveground biomass. The calculation per hectare highlights a total carbon loss,
through respiration, of 1723 kg/ha, of which 1335 kg/ha from underground biomass and 388 kg/ha from above-
ground biomass, - after calculating the difference between the total amount of raw carbon and the total amount
of carbon returned through respiration, the total amount of carbon fixed through photosynthesis was obtained.
In this regard, the data obtained highlights that at the farm level, on the total area of the forage system (1019
ha), the total amount of net carbon is 5417 t (19829 t CO2 eq), of which, in the underground biomass we find
the average amount of 3174 t (11617 t CO2 eq, 59%) and in the aboveground biomass we find the amount of
2243 1t (8212 t CO2 eq, 41%). The average amount of net carbon fixed per hectare is 5317 kg (19460 kg/ha
CO02 eq) of which 3115 kg/ha (11401 kg/ha CO2 eq) in underground biomass and 2202 kg/ha (8059 kg/ha
CO02 eq) in aboveground biomass, - carbon fixed and immobilized in the long or short term at the level of the
main production (grains, phytomass, silage) and secondary production: 2.2 t/ha C (8.05 t/ha CO2 eq) respec-
tively a total amount of 2243 t (8209 t CO2 eq) in proportion to 31.3%; - carbon fixed and immobilized in the
long or short term at the level of roots, stubble, plant residues and soil: 3.12 t/ha C (11.42 t/ha CO2 eq) respec-
tively a total amount of 3174 t C (11617 t CO2 eq) in proportion of 44.2%;- carbon fixed and returned to the
atmosphere through plant-soil respiration: 1.72 t/ha C (6.3 t/ha CO2 eq), respectively a total quantity of 1755
t C (6423t CO2 eq), in proportion of 24.5%.

Determining the average degree of humification of organic matter in the soil

Humus is a mixture of amorphous organic substances, found in the soil, usually to a depth of 20-30 cm.
It represents 80-90% of the soil organic matter, being an important criterion for evaluating soil fertility. In the
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case of variant V1, which includes only stubble and plant roots, the average amount of humus was 1309 kg/ha,
with limits ranging between 88 kg/ha (corn crop) and 3011 kg/ha (alfalfa crop). Other crops with a higher
humus content were the mixture of perennial grasses, with a quantity of 2655 kg/ha, the mixed crop of alfalfa
and perennial grasses, with a content of 1706 kg/ha. At farm level, in this variant a total amount of humus of
819 t was estimated, with an average per hectare of 1309 kg. In the case of variant V2, where more organic
field products were included (straw, stems, stubble, roots), the amounts of humus have higher values. Thus,
depending on the amount of net carbon sequestered in the soil, the limits of variation of the amount of humus
are between 397-3011 kg/ha, with an average of 1666 kg/ha (27% more than variant VV1). Among the species
studied, it is worth noting, again, as in the case of variant V1, perennial alfalfa crops and sown meadows (made
up of perennial grass species or a mixture thereof with alfalfa). These have amounts of humus with values
ranging between 1314-3011 kg/ha. At the farm level, the determined amount of humus amounted to 1114 t,
respectively 36% higher compared to variant V1.

The amount of “net” fixed carbon and the general distribution of carbon fixed by photosynthesis, at
the level of the manure-fertilized forage system

In this regard, the total amounts of carbon (per ha and per entire cultivated area) associated with the 3
studied categories were presented, namely “gross” C, C returned through respiration and “net” C associated
with the manure fertilization variant. The analysis of these data highlights the following: - the total amount of
carbon captured and fixed at the level of the 3 representative crops included in the study is 134 t, of which 57
t (43%) is found in the aboveground biomass, respectively 77 t (57%) at the level of the underground biomass.
The average for each cultivated ha is 6352 kg C/ha, of which 2366 kg/ha found within the aboveground bio-
mass and 3986 kg/ha at the level of the underground biomass. The total value, expressed in CO2 eq, is 23185
t CO2 eq, with an average per ha of 2878 kg CO2 eq at aboveground level and 4850 kg/ha CO2 eq at below-
ground level, - following the respiration processes in plants and soil, the total amount of carbon returned to the
atmosphere is 21 t, of which 12 t comes from belowground biomass (57%) and 9 t (43%) from aboveground
biomass. The calculation per hectare highlights a total loss of carbon, through respiration, of 952 kg/ha, of
which 598 kg/ha from belowground biomass and 355 kg/ha from aboveground biomass, - following the cal-
culation of the difference between the total amount of raw carbon and the total amount of carbon returned
through respiration, the total amount of carbon fixed through photosynthesis was obtained. In this sense, the
data obtained highlight a total net carbon quantity of 114 t (417 t CO2 eq), of which, in the underground
biomass we find the average quantity of 65 t (239 t CO2 eq, 57%) and in the aboveground biomass we find
the quantity of 49 t (178 t CO2 eq, 43%). The average quantity of net carbon fixed per hectare is 5399 kg
(19708 kg/ha CO2 eq) of which 3388 kg/ha (12368 kg/ha CO2 eq) in the underground biomass and 2011 kg/ha
(7340 kg/ha CO2 eq) in the aboveground biomass.

Determination of the average degree of humification of organic matter in the soil associated to the
manure fertilization variant

In the case of variant V1, the average amount of humus was 1376 kg/ha, with limits ranging between
397 kg/ha (corn crop) and 3012 kg/ha (alfalfa crop). At the level of the 3 representative crops, in this fertiliza-
tion variant, a total amount of humus was estimated at 26.1 t, with an average per hectare of 1376 kg. In the
case of variant V2, the amounts of humus have higher values. Thus, depending on the amount of net carbon
sequestered in the soil, the limits of variation of the amount of humus are between 397-3012 kg/ha, with an
average of 1487 kg/ha (8% more than variant V1). At the level of the 3 representative crops, with this fertili-
zation variant, a total amount of humus of 44.5 t was estimated, with an average per hectare of 1487 kg.

Determining the number of carbon credits and the value of carbon certificates

Depending on the amount of net carbon sequestered in the soil, a total number of 70 credits was obtained,
with a variation between 10-35 credits/crop type. The average per hectare proved to be between 1-7 credits.
The highest number of credits, 7 credits/cultivated area, was associated with the alfalfa crop, which also rec-
orded the highest amount of net carbon sequestered (7.2 t). The total value of the credits, at the average price
of 67.94 euros/credit, was 4800 euros.
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Abstract

In urban hotels, planning and spatial organization shape not only operational efficiency (capacity, logis-
tics, and optimization of circulation areas), but also the character of interaction with the urban environment
(an active ground floor, public “urban rooms,” event-driven scenarios, and transit connections). The aim of
this study is to identify key spatial patterns through the analysis of successful case studies and to demonstrate
how different architectural schools influence operational parameters and urban impact.

AHOTANA

Y MiCBKHX roTeJIsIX IUIaHYBaJIbHO-IIPOCTOPOBA Opranizalist popmye He iuine eQeKTUBHICTb eKCITyaTa-
1i1 (BMICTHMICTb, JIOTICTHKA, EKOHOMIs TUIOII IUPKYJIALLL), a i XapakTep B3a€MOIii 3 MiCbKUM CEPEIOBHIIIEM
(axTHBHUIT mepiInii OBEpX, MyONiuHI «ypOaH-KIMHATH», TIOMI€B] ClieHapii, TpaH3WUTHI 3B’s13ku). MeTta 10-
CJIIJUKSHHS - BUSIBUTH KJTFOUOBI MPOCTOPOBI 3aKOHOMIPHOCTI HA MPUKJIAIaX YCIIIIHUX KEeWCIB 1 moKa3aTH, sK
Pi3HI apXiTEeKTypHI IIKOJX BIUTMBAIOTh HA €KCIUTyaTalliliHi TapaMeTpy Ta MiCbKHH e(heKT.

Keywords: urban hotel; planning and spatial organization; atrium; corridor system; lobby; urban
interior;

Kuaro4oBi ciioBa: MiCbKHil TOTENb; IIAHYBAIBHO-IIPOCTOPOBA OPTaHi3allis; aTpiyM; KOPUIOPHA CHUC-
Tema; 11001; ypOaHicTHYHHH 1HTEp €p;

Micekuii roTens ChOoTo IHI (PYHKIIIOHYE K 6araTOKOMIOHEHTHHIA 00’ €KT, e HOMepHUH (hOHJI CIiBICHY€E
3 IOTYKHAMH TPOMaJICEKUMH 1 TIOJIIEBUMU TUTOIAMHE (JIO0i-IIPOCTOPH, KOHPEPEHII-30HH), 10 POPMYIOTH «ITy-
Onivune oOnmmyusy OyiBii Ta ii BIJIMB Ha ByJUIIO. [IpoGiiemMa ToCTiKEHHS MOJISTAE B TOMY, IO «YCHIIITHICTh
MiCBKOTO TOTEJII0 BU3HAYAETHCS HE JIUILE apXiTeKTYPHOIO BUPA3HICTIO, ajie i CyKyIHICTIO MJIaHyBaJbHUX I1a-
pamerpiB, 30KpeMa: YacTKa KOPHUCHUX IUION] HOMEPHOTO QOHIY Ta e(peKTHBHICTh BEPTHKAILHOI/TOPU30HTA-
JHLHOT UPKYIISIIT; OpraHizaiis rpoOMajJICbKIX MPOCTOPIB K «ITiICHITIOBAYa» MICHKOTO KUTTS (PECTOpaHH, BHY-
TPILIHI Macaxi, aTpiyMu); JIOTiKa pO3aiIeHHs OTOKIB (TiCTh/TIOis/IepCOHAI/TIOCTaYaHHs ) Ta SKICTh OPIEHTY-
BaHHs;, 37aTHICTb OyniBmi ajganTyBaTucsl A0 3MiH PHUHKY (peHoBawii, IepenporpaMmyBaHHs,
«hotel-within-hotel», inTerpaiis 3 transit-oriented development), Toro.

CyuacHi apxiTeKTypHi KOHIIETIi1 IeMOHCTPYIOTh JIBi «OIOPHI» MOJIENi IIaHyBaJIbHO-IIPOCTOPOBOT Op-
raHizauii MiCbKOTO TOTeJ0 — aTPHyMHY Ta KOpHIOpHY (slab) — Ta ix Tpancdopmanii y KOHKpEeTHUX Keiicax Ta
CYYacHUX T1OpUIHUX THITOJOTISX.

ATpHyMHa MOJIENIb Y MICBKOMY TOTEI, 3T1IHO 3 TUIIOJIOTTYHUMH IIAXO0IaMH, € «IOPOTUM» Yy ILIOIIAX
pimeHHsM (Oinbie 00’ eMiB), alie OTPUMYE BUrpall y GOpMyBaHHI BIII3HABAHOTO IPOMAJICHKOTO siipa i opie-
uryBaHHs. Kopugopha (slab) Moaens MiHIMI3y€e HUPKYJIIALIO 1 MiJCHIIOE EKOHOMIKY ITOBTOPIOBAHUX I'OCTHO-
BHX IOBEPXIB, IPOTE MOTPeOYyE CIEIialbHUX MPUHOMIB «ypOaHizallii» mepuoro/my0aiaHoro pisas [1].

Keticu John C. Portman Jr.: aTpiym SIK «BHYTpIiIIHE MIiCTO» Ta IHCTPYMEHT MiCBKOI pereHeparii.
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VY Hyatt Regency Atlanta (Binkpurtoro 1967) aBropu IpoekTy mpsAMo (PIiKCYIOTh IHHOBAIIIIO: CaMe TYT «3alpo-
Ba/HKEHO» aTpiyM-KOHIIENIT Y CYYaCHOMY TOTEeIbHOMY AM3aiiHi; nepBicHui obcsr maB 800 HOMeEpiB, a ycmmix
CIPUYMHKB J0OYAOBY ABOX BEXK, IO € THIIOBUM MapKepOM IUIaHyBaJIbHOI JKUTTE3AATHOCTI CXeMH. Y MPOCTO-
POBHUX TepMiHax aTpiyM OpraHi3oBaHO SIK CBITJIONPOHUKHUH «ITyOMiuHMHA 3aJI-11’ A111a» 3 IPUPOJHUM CBITIIOM,
BOJIOIO 1 3€TICHHIO, TOOTO K iHTep €pU30BAHUI MICHKHH MPOCTIp (HE nuire 100i-pyHKIIis ), SIKUI PaIToe 1 s
TOCTeH, 1 K TOYKa TSHKIHHS [Tl TIOKAIbHOI ayAuTOopii (3asSBICHUN 3B 30K 13 TOPTiBIIEI0, XapuyBaHHAM 1 KOH-
BEHIIIHHUMH 00’ exTamu) [2].

JlomaTKoBHiA IHAMKATOP «YCIHIITHOCT» (EKCIUTyaTalliiHuii, a He cTiticTHaHni) (ikcye Atlanta History
Center: 3a iXHIM OIFICOM, YIPOJOBX TPHOX MICSIIiB ITICIS BIAKPUTTS TOoTeNb qocar 0mm3sko 90% 3amoBHIOBA-
HOCTi, a BIIKpUTa aTpiyMHa CXeMa BIUIMHYJIa Ha TOTEJbHY apXiTeKTypy y cBiTi; kommnanis Hyatt Hotels
Corporation Hajgai MacTadyBaa el IPUHOM sIK KOPIIOPAaTUBHUI cTaHAApT (3ramy€eThest 26 «open-atriumy
roremis 10 1987 poky) [2].

Y New York Marriott Marquis (paiion Times Square, 3apoeKkTOBaHO K KOHBCHIIIHHUN TOTENb BEIIU-
KOT0 MaciTaldy) CTpaTeris «IOABIMHOT aipecallii» 0Co0JIMBO MOKa30Ba: OyiBIIs 3aiiMae UM KBApPTAJ 1 «Ii-
JCUITIOE)» €HEPTilo TUIOIII 30BHI, ane BcepeauHi (popMye MpPOCTOPOBHMA «PETPHUT» - 37-ITOBEPXOBHU 00’ €M
no0i/aTpuyMy, HACHYEHH POCIHHAMH, TOPTiBICIO, PECTOPaHAMH, TOOTO IIPOTPAMHO HAOIKESHHIA 10 KPUTHUX
MiCBKHX MmacaxiB. ¥ Matepianax Portman Architects migkpecieHo poiib 00°€KTa K KaTali3aTopa BiTHOBICHHS
paiioHy; y HayKOBil iHTepHpeTarii 1le MO>KHa TPaKTyBaTH SK MPUKIA TOTO, K TOTEIbHA THUIIOJNOTIS Yepes
IJIaHyBaJIbHE SO (aTpUyM + KOMEPIIiiHI CIieHapii) BUXOAUTH 3a MEXKI «IPUBATHOD» TOCTUHHOCTI ¥ cTae yp-
0aHICTUYHMM MeXaHi3MoM [3].

Tperiii keiic Portman Architects — The Westin Bonaventure Hotel & Suites B Jloc-Amkenoci, JemMoHc-
TpYy€ Bapiallito aTpiyMHOI JIOTiKH B iHIIOMY MICBKOMY KOHTEKCTI: IPOEKT MPOTHUCTABICHO MPSMOKYTHUM 0(hi-
CHHUM Be)KaM, KOMIIO3HIIIMHO BiH CKJIANAETHCS 3 I’ SITH CKISTHUX [IJIIHAPUIHUX 00’ €MIB 1 MO3UIIIOHYETHCS SIK
«yHiQikytounii nenTp» paiiony Bunker Hill. Tyt BHyTpilHi#i 6aratosipycHUi TpoMaaCchbKuil IpOCTip, MaCHBHI
KpyToBi (hopMH miiiMarOTECS Ha 7 TIOBEPXiB, IO MEPUMETPY MPAIFOIOTh KPUBOIIHINHHI epexoau/raiepei, a
TMi(TH, IO «IPOCTPIITIOIOTH» MPOCTIpP, CTAIOTH HE JIMIIE KOMYHIKAI€I0, a i CITOCOOOM Bi3yallbHOTO OPi€HTY-
BaHHsI (pyX SIK 4aCTHHA JTOCBiay) [2].

Keiic William Tabler: kopunopHna/«slab» epekTUBHICTB 1 O/TiEBa iIHPPACTPYKTYpa K MiCbKHI IpaiiBep.
Tabnep acomitoeThes 3 HaI3BUYAIHO POYKTUBHUM TPOEKTYBaHHAM roteniB cepenuau XX cr. ['orens 1963
poky New York Hilton Midtown — #ioro po6oTa i BiH € OJTHUM i3 KJIFO4OBUX «midcentury» roTebHUX apxiTe-
KTOpiB [4]. JI71s1 MOpiBHSHHS TUIaHYBAJIbHUX CTPATETii IPUHIIMIIOBO, IO THUIIOJIOTIS «slaby (kopuaop i3 HoMme-
pamu 3 1BOX OOKiB) BXOAWTH JIO HAUTTOMUPEHINIHX 1 HAHOUIBII eKOHOMHHUX HIOZO TUIOIN] PillleHb, TOI SK aT-
piyM, HaBIIaKH, CBIIOMO «BTPavae» YaCTUHY €KOHOMIKH 3apajiu apXiTeKTypHOI 3as1Bu [4].

Ha piBHI rpoMaicbKuX IPOCTOPIB «yCIIIIHICTBY KOPUIOPHOT MOZETI B MICTI YacTO CITUPAETHCS Ha MO-
TY’KHI TTO/Ii€BI TUIOMII, SKI KOMIIEHCYIOTh «3BUYalHICTh» TOCTHOBOTO MOy, Taki mapamMerpu npsMo BIUTH-
BalOTh Ha MTPOCTOPOBY CTPYKTYPY: BUHUKAE HEOOX1THICTh YITKO PO3IIUTH IIOJIEBI» Ta <«OKUTIOBI» MOTOKH,
OpraHi3yBaTH BeJUKi OE3KOIOHHI/TpaHCHOPMOBaHI 3allil Ha HIDKYHX PIBHSX, epel0auyuTy He3alleKHI BXOIH
Ta JIOTICTUKY TIOCTa4aHHs [4].

Keiicu Morris Lapidus: 1001 sik crieHorpadist Ta «comiaabHa MamuHay. Ha BimMiHy Bii «iHXEHEPHOD»
patioHanbHOCTI slab-Mozieni Ta «BHYTPINIHBOT ypOaHiCTUKM) aTpiyMiB, miaxia Jlamimgyca MoKHA omHcaTH sIK
MPOEKTYBAHHS MOCHIJOBHOCTEH (0opora, BXij, 1001, CXO/H, 3211, 30BHIIIHI IPOCTOPH), JIe KITI0YOBa MeTa —
MaKCHMI3yBaTH COIiaIbHY B3a€EMOJIIIO 1 BpayKeHHS. Y JOCHIKEHHI PO MPOCTOPOBY OpTaHi3ailito 1001 moBe-
PXiB MasMCBKOT'O MOJIEPHI3MY MiAKPECIICHO, 110 JI00i-TOBEPXH MIiCISIBOEHHUX KYPOPTHUX T'OTEIiB TPAKTyBa-
JIUCS SIK «po3iiupeHa BitanbHs». s Fontainebleau Miami Beach akiieHToBaHO CKJIaJHy KPUBOJIIHIHHY T€0-
MeTpio (HaIiBKOJIO), IO 3B’SI3Y€ 1HTEP €P Ta eKCTEp €P, a TAKOK (POpMy€ INPOKUHA BIIKPUTHH J00i-POCTip
Ta CTUMYJIFOE CIIeHapii «0aunTH i Oyt modaueHnum» [5]. Ilnoma o061 17 Tuc. kB. ¢yt i 6anpHa 3ama Ha 3 000
rocrelt, TooTo miaxin Jlamiayca 10 «Tearpy TOCTHHHOCTI» OYB IMIPOCTOPOBO IIAKPIMJICHHUH BETUKOKO TUIOMICIO
TPOMAJICBKOTO spa [5].

[InanyBanbHa cTpykTypa rotento Eden Roc xapakrepusyerbes Y-1oaiOHOI0O KOHQIrypatieo Kopiycy
Ta CUCTEMOIO KOHCOJIbHUX OaJIKOHIB, 1110 BU3HAYAIOTH cuityeT Oyaiii. [lopieasHo 3 Fontainebleau, 1ieit 06’ ekt
BHUPI3HAETHCS OLJIbII CTPUMAHOIO MTPOCTOPOBOIO KOMIIO3HUIIIEKO [5].

Amnauiz npoekTiB Jlamigyca 103Bosisie 3p0OUTH BaXKJTMBHIM BUCHOBOK: €()EKTHBHA IIaHyBaJIbHA OpraHi-
3alLisl TOTENI0 JOCATAETHCS HE JIMLIE Yepe3 POpMyBaHHS BETMKOTO aTPiyMHOI'O IIPOCTOPY, a i yepe3 MOoCIiIo-
BHO BHOY/lyBaHi MPOCTOPOBI MEPEXOH Ta KOHTPOJIHOBAHY CHCTEMY Bi3yaJbHUX 3B’ S3KiB (OCi OISy, aKICH-
TOBaHI CXO/TH, ITOCTAITHE PO3KPUTTS I'POMAJICHKUX 3aJ1iB). Takuil miaxijg € aKTyaJIbHUM JUISl Cy9aCHUX MICBKUX
TOTENiB 3 00MEKEHOIO IJIOMIEIO TUIAHKU: My OIiuHe SApo MoXke PopMyBaTHUCS SIK MPOCTOPOBUI ClieHapiH, a He
SIK €IUHUHN XOJI.
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[TopiBHsIBEHUE aHAII3 PO3TIITHYTHUX KEHMCIB 3aCBIMUYeE, MO INIAHYBAIBHO-TIPOCTOPOBA OpraHi3aIisl Mi-
CBKOTO TOTEITIO B YCIIITHUX Peaizallisx TSKI€ T0 TBOX 0a30BUX THMOJOTIYHUX JIOTIK — aTpiyMHOI Ta KOPH-
JOpHO1, OHAK e()EeKTUBHICTh Y KOXKHOMY BHUIMAAKY JOCATAETHCS PI3HUMHU apXiTEeKTYPHUMHU MeXaHi3MaMu. AT-
piyMHi Mojeni, penpe3eHToBaHi npoekTamu Jlxona [loprmana, GyHKIIOHYIOTH SIK iHTEp €pU30BaHI aHAIOTH
MICBKHX TUIOMI a00 TacaXiB: BOHU MOCHJIIOIOTH OPIEHTAIII0 B MPOCTOPi, (OPMYIOTH BHPA3HY «IIOMII0» iH-
Tep’epy Ta 3IaTHI BHCTYNATH KaTami3aTopamu Michkoi akTmBHOCTI. lle mimxTBepmxye panHiit ycmix Hyatt
Regency Atlanta, sikuii mpoaeMOHCTpYBaB BUCOKI MMOKa3HUKH 3allOBHIOBAHOCTI, @ TAKOXK 3Ha4HA pojb New
York Marriott Marquis y ¢popmyBanHi myOmigHOTO TIpocTOpy TaiiMc-ckBep.

Harowmicts kopumopHa (slab) Moxenb, xapakTepHa sl IpoeKTiB Binbsama Tabmepa, 3anumaeTsest Hai-
O1JIBIIT EKOHOMIYHO JIOIUIBHOIO Ta MacIITabOBaHO 151 3a0€31eUeHHS BUCOKOT MiCTKOCTI HOMEPHOTO (DOH/TY.
V wiit TUIONOTIT MiCEKUH €EKT AOCIATAETHCS HE CTIIBKU (POPMOIO TOCTHOBOTO ITOBEPXY, CKITBKH PO3BUHEHOIO
1H(PACTPYKTYPOIO TOiH, PYHKIIOHATFHO YITKUM 30HYBAaHHSM 1 MTPOYMaHUM PO3IIIEHHSM MOTOKIB TOCTEH,
MIEPCOHAITY Ta CEPBICY, IO ICKPaBO NMPOSBISIEThCs y nporpamyBanHi New York Hilton Midtown. Takum um-
HOM, IPOCTOPOBY PEIPE3CHTATUBHICTH TYT KOMIICHCYE OllepaliiiHa eeKTUBHICTb i MacITal.

[IpakTiuny HiHHICTE JeMOHCTPYE 1 miaxix Moppica Jlamigyca, skuii akiieHTYye He Ha MacmTabi BHyTpi-
ITHHOT'O TIPOCTOPY, & Ha CLIIEHAPHOMY HPUHIUII HOTO MOOYyA0BU. Y HOT0 MPOEKTaX «ITyOIidHe SAPO» PYHKIII-
OHYE SIK CcOIliaJibHa MallliHa HaBiTh 0€3 TraHTCHKHUX aTPiyMiB, SIKIIO BUOYAYBaHO MOCIiAOBHICTE BXOY, JI0Oi,
MIEPEeXO/IiB 1 MOIIEBUX MPOCTOPiB, cPOPMOBAHO KEPOBaHI Bi3yasbHi 3B S3KH Ta aKIIEHTOBAHI «MICIIS TIOSBI.
Takwii miaxix JOBOIUTH, IO MPOCTOPOBHH e(EKT MOXKE AOCATATHCS Yepe3 KOMIO3HINITHO OpraHi30BaHHHA pyX
1 KOHTPOJILOBaHY ApaMaTyprito iHTep epy.

Cyuachi npaktuku (Moshe Safdie, Jean Nouvel, Norman Foster) miacuitorTh TEHACHIIIIO 10 Ti0puIu-
3arii Ta MepekeBOCTI TOTENFHUX CTPYKTYpP. MiCBKHM TOTENb Aealli YacTille iIHTeTPYEThCs Y OaratopiBHEBY
cucTeMy MyOIiYHUX MIPOCTOPIB, MOB’S3YETHCS 3 TPAHCIIOPTHOIO iIHPPACTPYKTYPOIO Ta QYHKIIOHYE B MEXKaX
MYJIbTH-(YHKIIOHATBHUX KOMIUIEKCiB. Taka iHTerpaiis miIBuIly€e aJanTuBHICTh 00’ €KTa, 3MEHIIYE €KOHOMi-
YHI pU3KKH Ta POPMYE HOBY MOJEIH B3AEMOJIII TOTEIIO 3 MICBKUM CEPEIOBHUIIIEM.
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INDICATORS OF TECHNOLOGICAL QUALITY OF TABLE SILVER CARP IN ENVIRON-
MENTS OF PONDS IN TASHKENT REGION

Khudayberganova Kh.!

Kamilov B.G.?

Kim S.1.3

Dekhkonova D.R.!

Namozov S.M.?

! _Tashkent State Agrarian University

2 _ Institute of Zoology of the AS RUz

® _ Branch of Astrakhan State Technical University in Tashkent region

Abstract

The technological quality indicators of table silver carp (Hypophthalmichthys molitrix) grown in pond
polyculture in the Tashkent region of Uzbekistan were analyzed. During the second growing season, silver
carp reached a total length of 45.0-47.0 cm, a standard length of 37.9-40.1 cm, and a total body weight of
850.9-920.4 g. Linear indicators in % of body length and indices of the head, carcass, and other organs in %
of total body weight, as well as an organoleptic assessment of the technological quality of white silver carp are
presented.

Keywords: Silver carp, Hypophthalmichthys molitrix, aquaculture, fish farming ponds, technological
quality of fish, Uzbekistan

Over the past decade, pond aquaculture in Uzbekistan has expanded substantially in terms of production
capacity, the number of earthen ponds, and total fish output, and has firmly secured its share of the fresh (live)
fish market, thereby contributing valuable animal-derived nutrients to the diet of the country’s population.
Actual fish production increased from 6-9 thousand tonnes per year in 1993-2009 to more than 180 thousand
tonnes per year at present. Pond aquaculture in Uzbekistan has been developing as an orpacis since the early
1960s. The silver carp (Hypophthalmichthys molitrix) was introduced into newly established earthen ponds
through four consignments of larvae (approximately 200 thousand individuals in total) imported from China
and the Amur River basin (Kamilov, 1973; Yuldashov & Kamilov, 2018).

Since the 2000s, silver carp (Hypophthalmichthys molitrix) has become the most important cultured
species, accounting for more than 90% of the total fish production in the Republic. For such a key aquaculture
species, it is necessary to assess and continuously monitor technological (processing) quality; however, no
comparable data are available for the region. The market quality of fish varies among species and size—age
groups and depends on the geographical characteristics of fish farms. During the domestication and culture of
each species, it is essential to determine technological quality indicators of fish as a food product, which char-
acterize organoleptic, structural-mechanical, and other quality attributes (Abramova, 2004; Safronova & Dat-
sun, 2004). The aim of this study was to characterize the technological features of market-size silver carp (H.
molitrix) (age 1+) reared in ponds under the conditions of Tashkent Region, Uzbekistan.

Materials and Methods. Market-size two-year-old silver carp (Hypophthalmichthys molitrix) reared in
grow-out ponds of the “Damachi” fish farm (Tashkent Region) and supplied for sale were examined. Four
randomly selected fresh individuals were delivered on 2 March to the laboratory of the Tashkent Region
Branch of Astrakhan State Technical University. For each fish, total length (TL, cm) and standard length (SL,
cm; without the caudal fin) were measured to the nearest 1 mm, and total body mass (W, g) was measured to
the nearest 1 mg. Raw-material quality assessment was performed using processing methods commonly ap-
plied in industry (scale removal, evisceration, decapitation, fin removal, and filleting). All removed parts were
weighed to the nearest 0.1 mg using an electronic balance. Indices of linear body proportions were calculated
relative to standard length, and mass indices were calculated relative to total body mass; univariate descriptive
statistics were computed for each index (%) (Chernysheva & Tsibizova, 2011; Tsibizova, 2012).

Results. The sample comprised fish with a total length of 45.0-47.0 cm, a standard length of 37.9-40.1
cm, and a total body mass of 850.9-920.4 g. These data indicate that, in pond grow-out conditions, silver carp
(Hypophthalmichthys molitrix) can attain substantial body size within two growing seasons, which is favorable
for the development of aquaculture.
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The organoleptic assessment of silver carp was as follows. In all examined fish, the body surface was
clean. The scales were small, shiny, silvery, and closely adhered to the body surface. The muscle tissue was
firm and elastic; when pressed, the resulting indentation recovered rapidly and completely. The flesh was dif-
ficult to separate from the bones and exhibited the coloration typical of silver carp on the cut surface. Opercular
movement was normal, and the gills were bright red. The surface of all fish was covered with mucus. The eyes
were clear, convex, and undamaged. No signs of disease were observed.

Indices of linear body-proportion traits relevant to market quality are presented in Table 1. Notably,
total length constituted 115.4-121.1% (mean, 118.5%) of standard length.

The mass composition of market-size silver carp is provided in Table 2. As all individuals were imma-
ture, the gonads were at maturity stage Il, appearing as thin strands attached to the abdominal wall in both
sexes; therefore, gonad mass was included in the category of viscera and processing waste.

Table 1. Indices of linear body-proportion traits of market-size silver carp (Hypophthalmichthys molitrix) (%
of standard length), Uzbekistan, 2025

Indicator Min-Max | Mean + SE

Head length 26.3-28.2 | 27.43+0.37
Caudal fin length 22.4-23.1 | 22.82£0.16
Trunk length 74.4-75.0 | 74.62£0.16
Maximum body depth | 30.8-33.3 | 32.30+0.32
Body thickness 9.2-11.3 10.25 +0.32

Table 2. Indices of the mass composition of market-size silver carp (Hypophthalmichthys molitrix) (% of
total body mass), Uzbekistan, 2025.

Body part Min—-Max Mean + SE
Total body mass, g 850.9-920.4 | 874.72+11.78
Index, % of total body mass
Dressed weight (processed fish) 87.9-904 89.01 £0.42
Trunk (carcass without head and fins) | 55.7-61.2 58.60 +0.99
Caudal fin 0.8-1.1 0.93 £ 0.05
Head 26.6-30.2 28.61 £0.68
Scales 1.2-1.6 1.40 £ 0.09
Viscera* 7.3-10.3 8.12+£0.55
Fins 1.1-2.3 1.68 +0.22
Bones 8.4-11.7 9.56 +0.58
Skin 4.0-4.7 428 +0.12
Fillet (minced flesh) 39.5-43.1 41.26 +0.64

* Includes the mass of the digestive tract, liver, heart, swim bladder, gallbladder, gonads, and visceral fat.

Discussion. In the development of aquaculture, technological (processing) quality traits of fish are im-
portant biological indicators that should be assessed on a regular basis to monitor cultured stocks. These traits
are critical for consumer acceptance and for the potential industrial processing of fish into fish products. Such
indicators depend on species, sex, age, body size, season, and a number of other factors (Abramova, 2004;
Safronova & Datsun, 2004).

In the present study, the sample consisted of same-age, two-year-old silver carp (Hypophthalmichthys
molitrix) obtained from a single pond farm in Tashkent Region, reared over two growing seasons and harvested
from wintering ponds for market sale as live fish. For pond-farmed marketable silver carp in fish-farming zone
VII, the standard market size has been defined as an individual body mass of 250 g or higher. All fish examined
in our study met this standard.

Moreover, to satisfy demand for silver carp, Uzbek farmers have for more than a decade targeted the
production of two-year-old market fish with a minimum body mass of 1 kg, with pond productivity for silver
carp exceeding 1000 kg/ha. To achieve this, commonly used pond management practices are applied, including
water fertilization, and stocking densities of up to 1.5 thousand yearlings per hectare of water during the second
growing season. These features were clearly reflected in our random sample.

It should also be noted that sampling was conducted in early March from wintering ponds; therefore, all
fish had empty intestinal tracts. Overall, the data indicate that silver carp reared in earthen ponds under the
conditions of Tashkent Region represents a high-quality raw material.
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Introduction. Sesame (Sesamum indicum L.) is one of the oldest cultivated oilseed crops and is widely
grown in Asia, Africa and tropical regions of the world. Sesame seeds are highly valued due to their high oil
content, nutritional properties and stability during storage. Because of these characteristics sesame is often
referred to as the “queen of oilseed crops” [1].

The oil content of sesame seeds is one of the most important indicators used in agricultural research,
breeding programs and food science. Numerous studies report that sesame seeds contain 45-57 % oil, although
this value may vary depending on genotype, environmental conditions and agricultural practices [2].

Sesame oil has a favorable fatty acid composition. The main fatty acids are oleic acid (C18:1) and lino-
leic acid (C18:2), which together constitute more than 80 % of the total fatty acids present in sesame oil [3].
These unsaturated fatty acids are considered beneficial for human health because they help reduce cholesterol
levels and improve cardiovascular function. In addition to fatty acids, sesame oil contains biologically active
compounds such as sesamin, sesamolin and sesamol, which possess strong antioxidant activity and contribute
to the oxidative stability of the oil [4]. These compounds protect the oil from rancidity and extend its shelf life
compared with many other vegetable oils.

Determining the total oil content in sesame seeds is therefore essential for several reasons. First, oil
content is an important trait in breeding programs aimed at developing high-oil sesame varieties. Second, oil
concentration determines the economic value of sesame seeds in the oil processing industry. Third, analysis of
oil content helps researchers understand the physiological mechanisms of lipid accumulation in seeds. For
these reasons, accurate determination of oil content in sesame seeds is a key component of modern oilseed
research. The objective of this study is to analyze the importance of determining total oil content in sesame
seeds and to evaluate different analytical methods used for oil determination, with particular attention to the
Soxhlet extraction method and its advantages compared with other analytical techniques.

Importance of Determining Total Oil Content in Seeds. Determining the total oil concentration in
seeds is a fundamental step in plant physiology, food science and agricultural research. The total oil content of
seeds reflects the efficiency of lipid biosynthesis during seed development and is strongly influenced by ge-
netic and environmental factors. In plant breeding programs, oil content is considered one of the most im-
portant selection criteria for oilseed crops. Identification of high-oil genotypes allows breeders to develop new
varieties with improved productivity and economic value [5]. The determination of oil content also provides
important information about seed quality and nutritional value. Vegetable oils are major sources of essential
fatty acids and fat-soluble vitamins. Therefore, measuring oil content helps assess the nutritional potential of
oilseed crops.

Another important aspect of oil content analysis is its role in understanding plant physiological pro-
cesses. Lipid accumulation in seeds is controlled by complex metabolic pathways involving carbohydrate me-
tabolism, fatty acid biosynthesis and energy storage. By studying oil content variation among different geno-
types or environmental conditions, researchers can better understand the mechanisms regulating lipid biosyn-
thesis. Determination of oil concentration also allows researchers to perform statistical analyses and correla-
tions with other agronomic traits, such as seed weight, protein content and yield. In many oilseed crops, a
negative correlation between oil and protein content has been observed, indicating competition between lipid
and protein synthesis pathways [6]. Thus, accurate determination of oil content is essential for both fundamen-
tal research and practical applications in agriculture and food science.

Methods for Determining Oil Content in Seeds. Several analytical methods have been developed for
determining oil content in oilseed crops. These methods differ in accuracy, speed, cost and complexity. The
most widely used techniques include solvent extraction methods, spectroscopic techniques and advanced in-
strumental methods.

Soxhlet Extraction Method. The Soxhlet extraction method is one of the oldest and most widely used
techniques for determining oil content in seeds. This method was first developed in the nineteenth century and
remains a standard laboratory procedure for lipid extraction. In the Soxhlet method, ground seed samples are
placed in a porous extraction thimble and continuously extracted with an organic solvent such as petroleum
ether or hexane. The solvent dissolves lipids present in the sample and repeatedly washes the material through
a reflux system. After several extraction cycles, the solvent is evaporated and the extracted oil is weighed. The
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Soxhlet method provides several important advantages. First, it offers high extraction efficiency and reproduc-
ibility, which makes it suitable as a reference method for oil determination. Second, the technique allows
extraction of nearly all lipids present in the sample. Third, the method is widely standardized and accepted in
many international analytical protocols, including AOAC methods for oil determination [7]. However, the
Soxhlet method also has some limitations. The extraction process requires several hours and involves the use
of organic solvents. Nevertheless, despite these disadvantages, Soxhlet extraction remains one of the most
reliable techniques for determining total oil content in seeds.

Near Infrared Spectroscopy (NIRS). Near infrared spectroscopy (NIRS) is a rapid analytical technique
widely used for estimating oil content in seeds. This method measures absorption of near-infrared radiation by
chemical bonds such as C-H, O—H and N-H in organic molecules. The main advantage of NIRS is that it
provides rapid and non-destructive analysis. Samples can be analyzed within seconds without the use of chem-
ical solvents. Therefore, NIRS is widely used in breeding programs where large numbers of samples need to
be analyzed. However, NIRS requires calibration with reference methods such as Soxhlet extraction. The ac-
curacy of NIRS depends strongly on the calibration model and sample composition [8].

Nuclear Magnetic Resonance (NMR). Nuclear magnetic resonance (NMR) spectroscopy is another
technique used for determining oil content in seeds. NMR measures the hydrogen atoms present in lipids and
allows direct quantification of oil concentration. The advantages of NMR include rapid measurement, minimal
sample preparation and non-destructive analysis. This method is widely used in oilseed breeding programs
because it allows analysis of hundreds of samples in a short time [9]. Despite its advantages, NMR instruments
are expensive and require specialized equipment and technical expertise.

Supercritical Fluid Extraction. Supercritical fluid extraction (SFE) is a modern technique that uses
supercritical carbon dioxide as a solvent for lipid extraction. This method offers several advantages including
high extraction efficiency and minimal solvent residue. Supercritical extraction is considered environmentally
friendly and can preserve heat-sensitive bioactive compounds. However, the high cost of equipment limits its
use mainly to industrial or specialized research laboratories [10].

Comparative Analysis of Oil Determination Methods. Comparison of different oil extraction meth-
ods shows that each technique has specific advantages and limitations. The Soxhlet method provides high
accuracy and complete extraction of lipids, which makes it suitable as a reference method for determining total
oil content. Many scientific studies use Soxhlet extraction as a standard technique for calibrating other analyt-
ical methods. NIRS and NMR techniques are faster and allow high-throughput analysis, but their accuracy
depends on calibration models and instrument quality. Supercritical extraction offers improved environmental
performance and high extraction efficiency, but the high cost of equipment limits its application in routine
laboratory analysis. Based on analysis of numerous scientific studies, the Soxhlet extraction method remains
the most reliable technique for determining total oil content in seeds, particularly when accurate quantitative
results are required. Therefore, the Soxhlet method was selected in this study as the primary analytical tech-
nique for oil determination in sesame seeds.

Interpretation of Oil Content Results. Determination of total oil content allows researchers to perform
several important analyses and interpretations. First, oil content analysis allows identification of high-oil gen-
otypes that can be used in breeding programs. Genotypes with higher oil concentrations have greater economic
value for oil production. Second, oil content data can be used to study genotype x environment interactions,
which influence lipid accumulation during seed development. Third, oil concentration can be correlated with
other agronomic traits such as seed size, seed weight and yield. Such correlations provide insights into the
physiological processes controlling seed development. Finally, determination of oil content helps evaluate nu-
tritional quality and industrial potential of sesame seeds. Higher oil concentrations increase the economic value
of the crop and improve the efficiency of oil processing.

Conclusion

Sesame (Sesamum indicum L.) is one of the most important oilseed crops due to its high oil content and
valuable nutritional properties. Sesame seeds typically contain 45-57 % oil, rich in unsaturated fatty acids and
biologically active compounds with antioxidant activity. Determining the total oil content of sesame seeds is
essential for plant breeding, food science and agricultural research. Several analytical techniques are available
for oil determination, including Soxhlet extraction, NIRS, NMR and supercritical extraction. Among these
methods, Soxhlet extraction remains one of the most reliable and widely accepted techniques due to its high
extraction efficiency and reproducibility. Although modern instrumental techniques offer faster analysis,
Soxhlet extraction continues to serve as a reference method for accurate determination of total oil content.
Further research integrating modern analytical technologies and plant breeding approaches will contribute to
improving sesame productivity and enhancing the nutritional value of sesame oil.
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Abstract

The article presents a comparative analysis of chemistry examination tasks used in the Unified National
Testing (UNT) of the Republic of Kazakhstan and international examination systems, including AP Chemistry
and IB Chemistry. The aim of the study was to identify the structural characteristics of exam questions and
determine their level of cognitive complexity. The revised Bloom’s taxonomy was used as the analytical frame-
work to classify exam questions according to levels of cognitive processes. A total of 140 exam tasks were
analyzed, including 60 UNT tasks, 40 AP Chemistry tasks, and 40 1B Chemistry tasks. The results show that
UNT questions are predominantly concentrated at lower cognitive levels, such as remembering and under-
standing. In contrast, international examinations include a larger proportion of tasks requiring the application
of knowledge, analysis of chemical processes, and interpretation of experimental data. In addition, higher-level
cognitive tasks involving evaluation and solution formulation are present in AP and IB exams. The findings
highlight differences in assessment approaches and cognitive demands across national and international exam-
ination systems. The results may contribute to improving assessment practices in secondary school chemistry
education.

AHHOTANUA

B craTbe MMpeaACTaBJICH CpaBHI/ITeHBHHﬁ aHaJIN3 DK3aMCHAITMOHHBIX Sa,llaHI/Iﬁ 110 XMMHUHU, UCIIOJIB3YyEMBIX
B E}II/IHOM HallMOHAJIbHOM TECTUPOBAHUUN PeCHy6.]'II/IKI/I Kazaxcran n MCXKAYHAPOAHBIX 3K3aMCHAIIMOHHBIX CU-
cremax AP Chemistry u IB Chemistry. Liens ucciienoBanus 3akiroyaiach B BBISIBICHUH 0COOCHHOCTEH CTPYK-
TYpPBI 3aIaHAN U YPOBHS WX KOTHUTUBHOH CIIOKHOCTH. JIJI aHaIM3a NCITOJIb30BaJIach OOHOBIEHHAS TAKCOHO-
Mus biayma, mo3BoJsronIasi KiaacCu(pUIMPOBaTh 3aaHusl 110 YPOBHSIM IO03HABATEIHHOM NESITEILHOCTH yda-
mmxcs. B uccnenoBanue 0butn BETFOUeHBI 140 SK3aMEHAIMOHHBIX 3a/laHui, cpeau kotophix 60 3amanuit EHT,
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40 zamanuit AP Chemistry u 40 3aganuit IB Chemistry. PesynsTaTs! aHam3a mokasajim, 9to B 3aganusx EHT
NPEOOIIAA0T BOIPOCHI, OTHOCSIIMECS K HIDKHUM YPOBHSAM KOTHUTHBHOM CIIO)KHOCTH, TAKAM KaK BOCIIPOU3-
BeJICHHE U NOHMMaHWE 3HAHUM. B MeKIyHapoaHBIX SK3aMeHaX 3HAYMTENLHO BBIIIE J0JIS 3aaHuii, TpeOyo-
[IMX IPUMEHEHHS 3HAHHUH, aHAIN3a XUMHYECKHUX [TPOLIECCOB U MHTEPIPETALIUHI IKCIIEPUMEHTAIBHBIX JaHHBIX.
Kpome Toro, B MeXIyHapOJHBIX SK3aMEHaX MPEICTABICHBI 3aJaHus 60JIee BEICOKOTO KOTHUTHBHOTO YPOBHS,
BKJIIOYAs OLIEHKY U (hopMysmpoBaHue penieHnii. [TonyueHHble pe3yIbTaThl CBUIETEIBCTBYIOT O Pa3IHIMAX B
00pa3oBaTeIbHBIX TOX0/1aX K OICHUBAHUIO 3HAHUHN yUYalMXCsl K MOTYT OBITh HCIIOJIb30BaHBI [IPU COBEPIIIECH-
CTBOBaHWM CHCTEMbI OIICHHBAHHUS B IIKOJILHOM XUMHUYECKOM 0OPa30BaHHUH.

Keywords: chemistry education, Unified National Testing, exam questions, cognitive levels, Bloom’s
taxonomy, educational assessment, international examinations.

KuaroueBble cjioBa: xmMmudeckoe oOpazoBanme, EHT, sk3aMeHanmwoHHBIC 3amaHWs, KOTHHUTHBHBIC
YPOBHH, TaKCOHOMUS biiyma, orleHHBaHUEe 3HAHUH, MEXTyHAPOIHBIC YK3aMECHBI.

Beenenue

OnennBanne y4eOHBIX JOCTIDKEHUH yUyaIuxcs 3aHIMAaeT BaXKHOE MECTO B CHCTEMeE IIKOIBHOTO 0Opa-
30BaHMs. Uepes sK3aMeHalMOHHBIC 3aJ]aHusl ONIPEeNsieTCs He TONBKO YPOBEHb YCBOCHUS Y4EOHOTO MaTepu-
aya, HO ¥ TO, KaKre 00pazoBaTelbHbIC PHOPUTETH (PaKTHUECKH PEATN3YIOTCS Ha TIpakTHKe. IHBIMH cCTTOBaMH,
CTPYKTypa dK3aMeHa IMO3BOJISIET MOHSTh, KaKHe UMEHHO 3HAHWS U HAaBBIKHM CUYMTAIOTCS HanboJee 3HAYUMBIMU
JUTSL TalbHEHIIIero o0yueHusl.

3T0 0COOEHHO 3aMETHO B €CTECTBEHHO-HAYYHBIX AUCIMIUIMHAX, IPEXK/IE BCETo B XUMUH. V3ydueHue xu-
MUU TpeOyeT OT yJalIuxcs He TOJIBKO 3allOMUHAHU GopMyT U TepMUHOB. He MeHee BayKHBI YMEHHE aHAJIH-
3UPOBaTh HMHPOPMAIIUIO, UHTEPIPETUPOBATH PE3YJILTAThl IKCIIEPUMEHTOB M IPUMEHSATH 3HAHUS IS PELICHUS
3ajau. [loaToMy conepikaHue SK3aMEHALMOHHBIX BOIIPOCOB B 3HAUUTEIHHON CTENEHH OTpakaeT MOAXOJIbI K
(hopMHPOBaHUIO HAYYHOTO MBIIIUICHUS Y IIKOJIHHUKOB.

B memarornueckux UCCIIEOBAHUAX YXKE TaBHO 00CYXIaeTCsl BOIPOC O TOM, KaKie NUMEHHO KOTHUTHUB-
HbI€ HAaBBIKH JIOJKHBI IIPOBEPATHCS B 3K3aMEHAIIMOHHBIX 3a/laHusAX. ONHUM U3 HanboJiee U3BECTHBIX HHCTPY-
MEHTOB aHaJIN3a SIBJISIETCS] TAKCOHOMUST 00pa3oBaTeNbHbIX LeNeH, npeanoxennas b. birymom u BnocineacTsuu
obOHoBIEHHAs B pabotax JI. Aunepcona u JI. KpatBona. Ota Moaenb mo3BoseT KIACCUPUIIPOBATH yIeOHbBIE
3aJIaHUs 110 YPOBHSAM KOTHUTHBHOM CJIO’KHOCTH - OT IIPOCTOTO BOCITPOM3BEIEHUS 3HAHNH 10 aHAJIN3a, OLIEHKH
W CO3JIaHMsI HOBBIX pelieHuil. IMEHHO M03TOMY TaKCOHOMMS biyma HIMpOKO MCHOJIB3YyeTCs MpU aHaIU3e
Y4eOHBIX TIPOTPAMM U 3K3aMEHAIIMOHHBIX BOIIPOCOB B 00JaCTH XMMUYECKOTO 00pa30BaHUsI.

Bwmecre ¢ TeM pe3ynbTaThl MCCIENOBAaHUI MOKA3bIBAIOT, YTO HA MPAKTHKE 3a/JaHUs 0OJIee BHICOKOTO
YPOBHSI KOTHUTUBHOM CIIOKHOCTH BCTPEUAIOTCSl 3HAYUTENLHO peske. Kak mpaBuito, 60JIBIIMHCTBO IK3aMeHa-
[IMOHHBIX BOIPOCOB OPUEHTHUPOBAHO HA MIPOBEPKY TIOHUMAHHS ¥ BOCIIPOU3BEIeHHs yueOHOTO MaTepuana. bo-
Jiee CIIOKHBIE YPOBHU - TaKUe KakK aHaju3, OLlEHKa WM CO3JaHKe - MIPEICTaBICHbI 3HAYUTENbHO ciadee. [lo-
NOoOHast TeHJICHIIMSI HaOJI0JaeTCsl M NP aHAM3e YYeOHBIX MPOTrpaMM 10 XUMUH, TJie 3HAYUTEIbHAS 4acTh
00pa3oBaTeIbHbIX PE3yIbTaTOB COCPEOTOYCHA HA YPOBHE «TOHUMAHUS.

B nmocnieaue ropr MHTEPEC K ATON MpobiieMe YCHITHIICS B CBSI3H C PA3BUTHUEM MEXKYHApPOIHBIX 00pa-
30BaTeJbHBIX CTAHJIAPTOB M POCTOM aKajieMUuecKkoil MoOMIIbHOCTH. Be€ ame uccienopareny odpamarorces K
CPaBHUTEJIBHBIM UCCIIEIOBAHUSIM, TTO3BOJISIONIMM COTIOCTABISITh 00pa30BaTENIbHBIE CHCTEMbI Pa3HBIX CTPaH.
Taxo# moxo1 MOMOTaeT BBISIBUTH PAa3JIMuus B CTPYKTYPE YU€OHBIX IPOrpaMM, METo1aX MPeroJaBaHus U CIo-
cobax olleHWBaHMA 3HAHUH ydamuxcs. bojee Toro, cpaBHUTENBHBINA aHANN3 TIO3BOJISIET YBUIET, KaKHe 00pa-
30BaTeJIbHbIC MPAKTUKU OKa3bIBalOTCSl Hanboee 3O (OEKTHBHBIMH B Pa3HBIX 00pa30BaTEIbHBIX KOHTEKCTAX.

OpnHako, HECMOTPSI HA PAcTYLIM HHTEPEC K CPABHUTEILHBIM HCCICAOBAHUAM B 00JIACTH XUMHYECKOTO
00pa3oBaHus1, TOZOOHBIE PAOOTHI TIOKA OCTAIOTCS HEMHOTOYHMCIEHHBIMU. OCOOCHHO PEeIKO aHAIN3UPYIOTCA
caM¥ SK3aMeHAaIMOHHbIE 3a/1aHusl. MexX Iy TeM UMEHHO OHU HANPSMYIO OTPaXXaroT TpeOOBaHUS, MPEIbIBIISIE-
MbI€ K YYalIUMCs, ¥ TIO3BOJISIFOT CYANTh O PeaJbHOM YPOBHE KOTHUTHBHOM CIIOKHOCTH SK3aMEHa.

B KazaxcTtane 0CHOBHBIM HHCTPYMEHTOM UTOIOBOM OLIEHKH 3HAHWH BBIITYCKHHMKOB IIKOJI ABJIsieTCs Enu-
Hoe HannoHanmpHOe TecTupoBanne (EHT). DToT sx3amen urpaer BaxXHYIO poiib Kak B CHCTEME OIICHKH 00pa-
30BaTENbHBIX PE3yJIbTATOB, TaK M B MPOIEType MOCTYIJIEHHU B BBICIINE y4eOHBIe 3aBeneHus. Ilpu aTom B
MEXIyHapOIHOH 00pa3oBaTeNbHON MPAKTHKE HCIIONB3YIOTCS U IPYTHe SK3aMEHAIIMOHHBIE CHCTEMBI M0 XHU-
MHH, KOTOpBIE HEPEIIKO MpeAroaraT 0ojee MUPOKUI CIEKTP 3a1aHui, BKIIIOYast aHaJIN3 JaHHbIX, padoTy ¢
rpadMKamMH U pellieHne KOMIUIEKCHBIX 3aj1ad.
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[ToaTomy mpeacTaBnsieTcst BaXXHBIM PACCMOTPETH 3K3aMEHAIIMOHHBIE 3a/IaHUS 110 XMMHH B CPAaBHUTEIb-
HOM KoHTekcte. ComnocraBienne 3ananuii EHT ¢ BompocamMu MexXIyHapOIHBIX SK3aMEHOB MO3BOJISIET BBI-
SIBUTH OCOOCHHOCTH CTPYKTYPHI 33aHUH, ONPENEINTh YPOBEHb WX KOTHUTHBHOW CIIOKHOCTH M OLIEHUTD CTE-
MeHb COOTBETCTBHSI HAIIMOHAIBHOM CUCTEMBI OLICHUBAHUS COBPEMEHHBIM MEKAYHAPOAHBIM MOJXO0IaM.

enpro JaHHOrO HCCAEAOBAHUS ABIIAECTCA CPAaBHUTENbHBINA aHanu3 3agaHuil no xumuu B EHT u mexny-
HapOIHBIX SK3aMEHAX C TOYKH 3PEHUS UX CTPYKTYPHI, THIIOB 33JaHAN U YPOBHS KOTHUTUBHOU CIIO)KHOCTH.

O030p TuTEpaTypBI

Bompoc 0 ToM, 9T0 IMEHHO TTPOBEPSIIOT IK3aMEHAIIMOHHBIE 33/TaHUS TI0 XHUMHH, B TIOCIETHUE TOBI 00-
cykmaercs Bc€ akTuBHee. [[pudnHa moHsITHA: 9K3aMeH AaBHO ITepecTai ObITh TPOCTO (POPMOI HTOTOBOTO KOH-
tpons. 1o cyTu, oH 3amaét HanpaBienue oOyueHus. Eciau B TecTax JOMUHUPYIOT 3a1aHKSI HA BOCIIPOU3BEIe-
HUe (aKTOB, yUUTEIb HEU30EKHO OyaeT yAemnsaTh Oobllle BHUMaHUS 3alloMUHaHui0. Eciu ske 9k3aMeH Tpe-
OyeT aHanM3a, MHTEPIPETAINH JAHHBIX H OCMBICIEHHOTO IIPUMEHEHHS 3HAHUH, MEHSIETCS 1 caMa JIOTHKa Tpe-
MOJIaBaHMSI.

OnmHUM M3 caMBIX PaclpoCTpaHEHHBIX MHCTPYMEHTOB aHaJK3a SK3aMEHAIMOHHBIX 3aJaHui OCTa&TCs
oOHOBIIEHHAs TakcoHOMUS biryma. OHa 1MO3BOIIIET paccMaTpPUBATh 33/IaHUS HE TOJIBKO 10 CTETIEHH CIIOKHO-
CTH, HO H 10 TUILY TIO3HABATENBbHON JEATeIHHOCTH, KOTOPYIO OHH TpeOYIOT OT ydamerocsa. B e€ pamkax ko-
THUTHBHBIH IpoIIecc onmuckIBacTes uepes yposau Remember, Understand, Apply, Analyze, Evaluate u Create,
a 3HaHue - 4yepe3 kareropuu Factual, Conceptual, Procedural u Metacognitive. FiMeHHO MO3TOMY 3TOT HH-
CTPYMEHT aKTHBHO HCITONIB3YETCS ISl aHANM3a KaK Y4eOHBIX IeNled, TaKk M AK3aMEHAIMOHHBIX BOIIPOCOB
(Anderson & Krathwohl, 2001; Bloom, 1956).

[Ipu 3TOM HccllenoBaHMs IOKA3BIBAIOT, YTO CaMO MCIIOIb30BaHUE TAKCOHOMUM biryma He orpaHnn4nBa-
eTcsl Tonbko xumued. E€ mpuMensm nis aHanm3a OleHUBaHUS B (PH3HOJIOTHH, OMOJIOTHH, €CTECTBEHHBIX
HayKax B IIEJIOM, a TAKXKe JUIsl COMTOCTABJICHHsI YUeOHBIX eNiel 1 SK3aMEHAIMOHHBIX 3a/IaHUi B Pa3HbIX JHC-
UUILTUHAX. B XuMu1eckoM 00pa3oBaHUu STOT MOJXO0]T OKA3aJIcsi OCOOCHHO MOJIE3HBIM, TIOTOMY YTO TIO3BOJISIET
YBUIETH, HACKOIBKO 3K3aMEH IMPOBEPSET HE TOJIBKO (PaKTOIIOTUIECKIE 3HAHUSA, HO U OoJiee CI0XKHbBIE (POPMBI
mermurenns (Kowalski et al., 2024).

OtnenbHas rpymnmna UCCICIOBaHUN MOCBSIEHAa UMEHHO XuMuu. Tak, B pabore Kowalski, Koleci u
McDonald ananu3upoBaiuch y4eOHbIe IeTH 1 SK3aMEHAIMOHHBIC 3aJaHHUs [T0 BBOAHOMY KypCy oOLIel XMUMUU
JI0 | TocIie mepexonaa K guided inquiry (nanpasisiemoe ucciredosanue). ABTOPBI TIOKa3ald, 4TO MpU Ooee
AKTHUBHOM 1 HCCIIE0BATEIHCKON MOJIETH 00YUEHUS B 9K3aMEHAaX CTAHOBUTCS OOJIbIIE 33/IaHHH HA TOHUMAaHUeE,
aHaJM3 M KOHIIETITYaIbHOE OCMBICIIEHHUE, TOT 1A KaK JIOJIsl MPOLIEAYPHBIX 3aJaHul U 3aJaHUl, OPUEHTHPOBAH-
HBIX TOJIBKO Ha MpUMEHeHHe anropuTMoB, camxkaetcs (Kowalski et al., 2024). B BeiBogax 310i e paboTHI
noauépkuBaetcs, uto guided inquiry co3maér 6oJibiie BO3MOXHOCTEH JJIsl pabOThI CO CIIOKHBIMHU BOTIPOCAMH
U B IICJIOM JIy4Ille COOTHOCHUT y4eOHbIe 1Ieiu ¢ xapakTepoM onenuBanus (Kowalski et al., 2024).

BaxHo u T0, 4TO MCCNEenOBaTENN O0pAIIAl0T BHUMaHUE HA OTpaHUYEHUS CaMOH MPOIEAYPhl KOIUPOBa-
Hus. Kak oTMedaroT aBTOpHI, OTHECEHUE 3aJ]JaHUS K ONpeeIEHHOMY YPOBHIO TAKCOHOMHH HE BCET/Ia Ode-
BUJIHO: OJIMH M TOT K€ IJIaroJl MOKeT paboTaTh Ha pa3HbIX YPOBHSX B 3aBUCHMOCTH OT KOHTEKCTa, a CaMu
3aJJaHHs] HEPEJIKO JAI0T JIUIIh BO3MOKHOCTD JUISI MBIIIIEHHUS] BRICOKOTO YPOBHSI, HO HE TApaHTUPYIOT, YTO y4a-
muiics nefcTBUTeNnsHO OyneT aeiictBoBaTh uMeHHO Tak (Kowalski et al., 2024). [lns Hamero uccienoBaHus
3TO 0COOEHHO Ba)KHO, TOTOMY YTO MpH aHanu3e BonpocoB EHT u MexayHapo HbIX 9K3aMEHOB HEOOX0IMMO
YUUTBIBATh HE TOJIBKO (POPMYIUPOBKY 3aJ]aHHsI, HO H PEIbHYI0 KOTHUTHBHYIO Harpy3Ky.

Emé oanH BaXHBIH acCHEeKT MCCIEIOBAHUI CBSI3aH C TE€M, YTO CIOKHOCTH BOIIPOCA ONpPENEIIsieTCs He
TOJIBKO €r0 «TaKCOHOMHUYECKHM» ypoBHeM. Pabora Rodrigues 1 coaBTOpOB MOKa3bIBaET, YTO HA BOCTIPUSTHE
XHUMHYECKOTO BOIPOCa BIIHSIOT SI3bIK (DOPMYITHPOBKH, 3HAKOMOCTH KOHTEKCTA U JIasKe HAJTMUNE YUCITOBBIX J]aH-
HBIX. ABTOPBI IIPHUIILTH K BBIBOAY, YTO BOIPOC, KOTOPHIH ()OPMAIBHO BBITJISIAUT MTPOCTHIM, MOXKET OKA3aThCs
Oosiee TpyAHBIM H3-32 (OPMYJIMPOBKH WM HE3HAKOMOTO KOHTEKCTa; U HA00OPOT, CIOKHBIM MO Mporpamme
BOIIPOC MHOIJIA OKa3bIBaeTCs Jierde Oyaromaps 3Hakomomy cojepxanuto (Rodrigues, 2010). Bonee Toro, B
WCCIIEIOBAHNH [TOKA3aHO, YTO SI3BIK BOIIPOCA HAMIPSIMYEO BIIMSET HA OTBETHI YYACTHUKOB, & TPYTHOCTh 3aJaHHUs
OTIpeneIIsieTC COYeTaHHEM YPOBHS y4eOHOM MPOrpaMMBl, SI3bIKOBBIX OCOOCHHOCTEH M CTPYKTYPBI 3a1aHHS
(Rodrigues, 2010).

Jiist XuMUK 5TO 0COOEHHO 3HAYUMO. B oTiiM4me 0T MHOTHX JAPYTHX JTUCIHIUIMH, XAMHYESCKHE 3a[aHuUs
4acTo TpeOYIOT Mepexoa MeXy pa3HbIMH YPOBHSMH MPEJCTABICHHUS - BepOaIbHBIM, CHMBOJIIMYECKUM, YHC-
JIOBBIM, @ MHOT'ZIa M SKCTIIEPUMEHTAILHBIM. [1l0aTOMY IpoCTOi MOACUYET 10U «BOIIPOCOB Ha aHAIIM3» WIIN «BO-
MIPOCOB Ha MPUMEHEHHNE» HE BCETa NacT NONHYI0 KapTuHy. Heobxomum Goree AeTanbHbBIN aHAIN3 CTPYKTYPHI
caMUXx 3aJaHuil.

OtnenpbHOE HAMIPaBJICHUE UCCIIEIOBAHNH KacaeTcsl aHaIn3a Y4eOHBIX IPOTpaMM U 03KUAAEMBIX PE3yIib-
TaToB 00ydeHus no xumun. Hampumep, B pabote Yasar u Yilmaz, mocBsmEHHON aHaTN3y YIeOHBIX TUIAHOB
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mo xumuu B TypImu, mokazano, uro B knowledge dimension mpeo6ianaror pe3ynbraTel 00yUeHHs, CBI3aHHBIE
¢ conceptual knowledge, a B cognitive process dimension - pesynbsratsl ypoBus understanding. IIpu sTom
ypoBHu evaluating u creating npeacrarnensl munumanbio (Yasar & Yilmaz, 2020). ABTOpBI Tak:Ke OTMe-
YaroT, YTO SK3aMEHAIMOHHBIE BOMPOCH YYUTENEH 10 €CTECTBEHHO-HAYYHBIM IUCIMIUIMHAM Yallle BCETO OCTa-
FOTCS] HA HU3KUX YPOBHIX TAKCOHOMMH; HHBIMH CJIOBaMH, U IUTAHUPYEMBIE Pe3yJIbTaThl 00YUEHUs, U peabHasI
OIIEHOYHAs MPAKTHKA YacTO CXOJSATCS B CTOPOHY PEIpOAyKTUBHOTO KOHTpos (Yasar & Yilmaz, 2020).

[Toxoxwe BBIBOJIBI BCTPEYAIOTCS U B pPa0OTax, Il aHATM3UPOBAINCh HAlMOHAIIBHBIE SK3aMeHkbl. Mcce-
JOBaHHE MHIMICKHUX LIKOJIBbHBIX 3K3aMEHAIMOHHBIX CUCTEM, OCHOBaHHOE Ha aHanu3e 3071 Bompoca, noka-
3aJI0, YTO CPAaBHUTEbHBIN aHAIN3 SK3aMEHAIIMOHHBIX 3aJaHUH IT03BOJISIET BBISIBUTH CYLIIECTBEHHbIE P3N
MeXIy o0pa3oBaTelbHBIMU CHCTEMaMH B CTPYKTYpE MPOBEPIEMBIX KOTHUTHBHBIX HaBbikoB (Chowdhury,
2023). Ilpu 5ToM OBLTO yCTAaHOBJIEHO, YTO B XMMHUH BO BCEX PACCMOTPEHHBIX AK3aMEHAIIMOHHBIX CHCTEMax
Jaile BCEro BCTpeYallich 3a1anus yposHs knowledge, Torna kak 3aqanus ypoBHs Create mpakTHuecku OTCyT-
ctBoBanu (Chowdhury, 2023).

ABTOPBI 3TOTO HCCIIEIOBAHUS TaKXKe MOAYEPKUBAIOT OoJiee IIMPOKUN MeAarorniecKuii pucK: KOoraa B
HaIMOHAJBHBIX IK3aMEHAX JOMUHHUPYIOT 33JaHUS HU3KOI'0 KOTHUTHBHOTO YPOBHS, 3TO BJIUSET HE TOJIBKO Ha
caM 9K3aM€H, HO ¥ Ha 00pa30BaTeNbHYIO IPAKTUKY B 1ejoM. IloAroToBKa K 3K3aMeHy HauMHAET HOAMEHSTh
pa3BUTUC 6OJ'ICC CJIOKHBIX MBICJIUTCIBHBIX HABBIKOB, 4 YUallIUCCA MPUBBIKAIOT pa6OTaTI> MPEUMYIICCTBCHHO
Ha YPOBHE BOCTIPOHM3BEACHHUS 3HAHUH, a He kputudeckoro ananu3a (Chowdhury, 2023).

Ecnu paccmaTpuBats npoOiieMy MKpe, CPaBHUTENBHBIN TOIX0/ B HCCIEIOBAHMIX XUMUYECKOTO 00pa-
30BaHMs [TOKA HCIIONB3YETCsl OTHOCUTENBHO peiko. Cuctemarndeckuii 0030p Lai u Fong mokazai, uro u3 5446
nyOnukanuii, otoopanHbix u3 6a3 nanaeix Web of Science u Scopus, TObKO 12 COOTBETCTBOBAIHM KPUTEPHUSIM
CPaBHHUTEIBHOTO UCCIIEIOBaHMUS B 001acTh XxuMmdeckoro oopazosanuns (Lai & Fong, 2024). [Ipu 3TOM aBTOpPEI
MOTYEPKUBAIOT, YTO CPAaBHUTEIILHBIC UCCIIEIOBaHUSI 0COOCHHO BaKHBI B YCIOBUSX TIo0ann3anuu oopa3osa-
HUA, TOCKOJIBKY IMO3BOJIAIOT BBISABJIATH pa3jininsd B y‘IC6HbIX mporpaMmmax, neaarorn4eCKux noaxongax u Cu-
cremax oueHuBanus (Lai & Fong, 2024).

HMeHHO 371ech BO3HUKAET UCCIEA0BATENBCKUM 3a30p, KOTOPBIN BakeH Juisl Hawed Tembl. C OIHOM CTO-
POHBI, B HAyYHOH JIMTEpAType YK€ HAKOIUICH 3HAYMTENbHBIA 00BEM HCCIIEAOBAHNHN, TOCBAIEHHBIX aHAINU3Y
KOTHUTHBHBIX YPOBHEH 3K3aMECHAIIMOHHBIX 33JaHUil U y4eOHBIX mporpaMM 1o xumuu. C JApyrodl CTOpPOHHI,
CPaBHHUTEJBHBIX HCCIECAOBAHUHN, I1€ COMOCTABIISUINCEH Obl HAIMOHAIBHBIE SK3aMEHBI M MEXKIyHapOAHBIE 3K3a-
MEHAI[MOHHBIC CHCTEMbI IMEHHO 10 XUMHUH, BCE eII¢ OTHOCUTEIbHO HeMHOr0. OCOOCHHO 3aMeTeH AePUIUT
MOJIOOHBIX Pa0OT B OTHOIIEHHH MOCTCOBETCKOTO 00pa3oBaTebHOIO MPOCTPAHCTBA U, B YacTHOCTH, Kazax-
CTaHa.

Takum 00pa3oM, CylIecTByIOLIas JUTEpaTypa MO3BOJSIET cAellaTh HECKOJIBKO BBIBOJOB. Bo-mepBbIX,
TakcoHOMHUs biryma octaércst oHMM U3 HanboJiee BOCTPEOOBAHHBIX HHCTPYMEHTOB aHAIN3a YK3aMEHAI[HOH-
HBIX 3a/1aHUH 110 XUMUHU. BO-BTOpBIX, GOJIBIIMHCTBO UCCIeOBaHNN QUKCUPYET NpeodiaagaHue 3adanuil Hu3-
KOTO MJIM CPEHEr0 KOTHUTHBHOTO YPOBHsI, 0cOOCHHO Ha ypoBHsix remembering, understanding u application.
B'TpeTBI/IX, CpaBHHTeJ’IBHBIﬁ AHAJIN3 HAIWOHAJIbHBIX U MEXKAYHAPOAHBIX CUCTEM OLICHUBAHUA ocTaércs HEO0-
CTaTOYHO pa3paboTaHHBIM HampasiieHHeM. VIMeHHO mosToMy comocTasienue 3aganuii EHT mo xumuu ¢ Bo-
MIPOCaMHU MEXTyHAPOIHBIX IK3aMEHOB MIPEICTABIISIETCS] 000CHOBAaHHBIM U CBOEBPEMEHHBIM: OHO MOXKET MOKa-
3aTh HE TOJBKO Pa3NINuus B CTPYKTYpE 3aJaHuii, HO 1 OoJiee TITyOOKUe pa3innius B 00pa30BaTebHBIX MPHO-
pUTETAX PA3JIMYHBIX CUCTEM OLCHHUBAHMA.

Less uccnenoBanusi, MAaTepuaIbl H METOABI

Lesbi0 HACTOSIIETO HUCCIIECIOBAHMUS SBISETCS CPAaBHUTENBHBIN aHAIN3 SK3aMEHALMOHHBIX 33/IaHUH 110
XUMHH, UCTIOJIB3yeMbIX B Eqnaom HanmonansHOM TectupoBannu (EHT) Pecybnukn Kazaxctan u B Mexy-
HapOJHBIX IK3aMEHAMOHHBIX cucTeMax. OCHOBHOE BHUMaHUE yJIeNsieTCs CTPYKTYpe 3aaHui, THIIaM BOTIPO-
COB M YPOBHIO MX KOTHHUTHUBHOHM CIIOKHOCTH. 3ajada UCCIIEAOBAHUSA - ONPEAEINTh, KaKie MO3HaBaTebHbIE
HeﬁCTBHH Tpe6y}OTC$I OT y4alIuXcCs IPH BBIIIOJITHCHHUH OK3aMCHAIIUOHHBIX Sa)IaHI/Iﬁ 1 B KaKOH CTENEeHU Hamumo-
HaJILHBIN DK3aMeH COOTHOCHUTCS C MCKAYHApPOAHBIMU ITIPAKTUKaAMH OLICHUBAHUS.

HccnenoBanre HOCUT CpPaBHUTENBHBIN XapakTep. Takol MoAX0/ MO3BOJISET BBISIBUTH CXO/ACTBA U Pa3-
JINYHS MEXKY SK3aMEHAIIMOHHBIMU CHCTEMAaMHU, a TAK)Ke ONPE/ICIIUTh OCOOCHHOCTH CTPYKTYPBI 3a/IaHHid B pa3-
JIMYHBIX O6pa3OBaTeHBHBIX KOHTEKCTax. CpaBHHTeJ’ILHBIfI AHAJIN3 HIMPOKO HCHOJB3YCTCA B IEAArorn4€CKux
HCCIIEIOBAHMAX IS BBISIBJICHUS OOIMX 3aKOHOMEPHOCTEH U pa3inunii B 00pa3oBaTeNbHBIX MPAKTUKAX U CH-
CTeMax OLICHUBAHUSI.

MaTtepuaisbl HcclieI0BaAHUS

JIJis cpaBHUTEILHOIO aHaIM3a ObUIM KUCIIOJb30BaHbI 3a/IaHusl ENMHOr0 HallMOHAIBLHOTO TECTUPOBAHUS
PecnyOnuxu Kazaxcran, a Takxke 3aaHus MEKAyHApOIAHBIX SK3aMeHaMOHHBIX cucteM: Advanced Placement
Chemistry (AP Chemistry) u International Baccalaureate Chemistry (IB Chemistry).
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Br100p 3THX 3K3aMeHOB 00YCIIOBIEH UX IIUPOKUM MEXKIYHAPOAHBIM PACIPOCTPAHEHUEM U IOCTYIIHO-
CTBhIO O(MIMATBHBIX 3K3aMEHALMOHHBIX MarepuanoB. Kpome Toro, maHHble 3K3aMEHBI HCIOJB3YIOTCS VIS
OLICHKH €CTECTBEHHO-HAYYHOH MOArOTOBKHU YYaIIUXCs M BKIIOYAIOT pa3HOOOpa3HbIe THITBI 3aJaHui, TpeOyIo-
[IMe Pa3IMYHbIX YPOBHEH KOTHUTHBHOW aKTUBHOCTH.

Bcero B uccnenoBanue ObUTH BKIFOUEHBI 33aHUS PA3HBIX THIIOB, BKJIOYAst BOIPOCHI C MHO>KECTBEHHBIM
BbIOOPOM, 33a7a4M HA BBIUMCICHHUE U 3aJaHus, TpeOyOLe aHaIn3a XUMUYECKUX MPOLECCOB. 3aaanHusl ObLIN
0TOOpaHBI U3 OTKPHITHIX OQHUIHUAIBEHBIX 9K3aMEHAIIMOHHBIX MAaTEPHAIOB U JEMOHCTPAIHOHHBIX BADHAHTOB Te-
CTOB, OITyOTMKOBaHHBIX HarmoHanpHBIM 1IeHTpoM TecTupoBanus Pecrybimku Kazaxcran, College Board (AP
Chemistry) u International Baccalaureate Organization.

MeTonx aHAIM3Aa 3aJaHHM

st aHanmm3a KOTHUTHBHOM CJIOHOCTH SK3aMEHAIMOHHBIX BOIIPOCOB ObljIa MCMOIb30BaHa OOHOBIIEH-
Has TakcoHomusa biryma (Revised Bloom’s Taxonomy). JlanHas Moiesh O3BOIISIET KIACCH(PUIIMPOBATD yued-
HBIC 3aJaHKs [10 YPOBHIO MTO3HABATEIFHON aKTUBHOCTH yUaluxcs. B paMkax uccienoBanusi BOPOCH pacipe-
JETISUTHACH TI0 CIEAYIOUIMM YPOBHSIM KOTHUTHBHBIX MPOLECCOB!

Remember - Bociponssezienne (pakToOB 1 TEPMHUHOB;

Understand - moHinMaHue ¥ UHTEPIPETALMS XUMHYESCKIX MOHSTH;

Apply - nprMeHEeHNE U3BECTHBIX aJTOPUTMOB U (POPMYIT;

Analyze - ananu3 XUMHYECKUX MPOLIECCOB M B3aUMOCBSI3Ci;

Evaluate - oreHka u 000CHOBaHHE PEIICHHIA;

Create - hopmynrpoBaHIe HOBBIX PEIICHHI U TUTIOTE3.

Hcnonb3oBanue TakcOHOMUM Biryma MO3BOJISIET HE TOJIBKO OMPENENUTh CI0XKHOCTh 331aHUsl, HO U BbI-
SIBUTh TUII [IO3HABATENIBHOMN JESTENbHOCTH, KOTOPBIA OHO MpenrnosaraeT. Takol MoAXoAd MHUPOKO NPUMEHs-
€TCs B UCCIIEIOBAHUSAX XUMUUECKOT0 00pa30BaHusl IPU aHAIIN3Ee YUEOHBIX LeJIel U 9K3aMEHAIMOHHBIX BOTIPO-
COB.

IIpouexnypa ananusza

AHanu3 NpoBOAWICS B HECKOJIBKO JTAIIOB.

Ha nepBom sTane Obiir cOOpaHbl M CHCTEMATU3UPOBAHBI DK3aMEHAITMOHHBIE 3aJaHUS 110 XMMUH U3 BbI-
OpaHHBIX 9K3aMEHAIIMOHHBIX CHCTEM.

Ha BropoM 3Tane kaxaoe 3a1aHue ObUI0 IPOaHAIN3UPOBAHO U OTHECEHO K OTHOMY U3 YPOBHEH KOTHH-
TUBHOM CIIOKHOCTH COTJIAaCHO TakcoHOMuM biryma. TIpu kiaccuukanuy yYuThIBATUCH (OpMYIHPOBKa 3aj1a-
HUSI, THIT TpeOYEMOTO OTBETA M XapaKTep MMO3HABATENbHBIX ONEpalnii, HEOOXOIMMBIX JIJIsl €r0 pEellCHHS.

Ha tpetbem stane O6bula mpoBeZieHa KOJMUeCTBEHHast 00paboTKa pe3yabTaToB. st Kax ol sK3aMeHa-
LUOHHON CHCTEMBI OIIPEeNsIach A0JIs 3aJJaHNi, OTHOCSIUXCS K Pa3IMYHBIM YPOBHSAM KOTHUTUBHOU CJIOX-
HocTH. [lomydeHHbIe JaHHbIE TO3BOJIMIIA CPAaBHHUTH paciipe/iesieHHe TUTIOB BOIIPOCOB U BBISIBUTH OCOOCHHOCTH
CTPYKTYPBI SK3aMEHAIMOHHBIX 3aaHUI.

Taxum 00pa3zom, BeIOpaHHAsT METOAMKA TIO3BOJISIET HE TOJIBKO ONMKCATh CTPYKTYPY SK3aMEHAMOHHBIX
BOIIPOCOB, HO M BBISIBUTH Pa3IHyKsi B 00pa30BaTEIbHBIX MOJX0AaX K OIICHUBAHUIO 3HAHUN YUalTHXCS.

PesyabTaTsl ananu3a

J171s1 BBISIBIIEHHSI KOTHUTUBHOMN CJI0KHOCTH 9K3aMEHALIMOHHBIX BOIIPOCOB ObLT poBea€H aHanu3 140 3a-
nanuit mo xumun. B BeIOOpKy Bormm 60 3amanuit EHT, 40 3amanuit sx3amena AP Chemistry u 40 3aganuit
sk3amena |IB Chemistry. B Beioopky Bomnim 3aganust EAMHOTO HAIMOHAIBHOTO TECTHPOBAHUS PecmyOmuku
Kazaxcran (EHT), a Taxke 3amanus MexyHapoaHbIx sk3amMeHoB AP Chemistry u IB Chemistry.

Kaxnoe 3amanne ObII0 KNaCCH(QHUIMPOBAHO B COOTBETCTBUU C YPOBHAMH OOHOBIEHHON TaKCOHOMHHU
Bnyma. Ananu3 nokasai, 4To pacrpesielieHre 3aJJaHni 110 KOTHUTHBHBIM YPOBHSIM CYIIECTBEHHO Pa3iHyaeTcs
MEXy HAIMOHAIBHOW M MEXIyHApOIHBIMHU 3K3aMEHALMOHHBIMU CUCTEMAaMH.

Taéanna 1. Pacnipenesenne 3a1anuii Mo ypoBHsAM TakcoHoMuu bayma

YpoBens biyma | Xapakrepucrnka 3aiaHus EHT (n=60) | AP (n=40) | 1B (n=40)
Remember BocnpoussenaeHue GpakTos, TepMuHOB, Gopmyn | 18 (30%) 4 (10%) 3 (7.5%)
Understand 00BsICHeHHE IOHATHH, HHTEPIPETaIlHs 20 (33.3%) 9 (22.5%) | 8 (20%)
Apply npuMeHeHue GOpMyII i aJITOPUTMOB 16 (26.7%) 14 (35%) 15 (37.5%)
Analyze aHAJIN3 MPOIIECCOB U B3aHMOCBSI3ei 5 (8.3%) 9 (22.5%) | 10 (25%)
Evaluate apryMeHTHPOBaHHAsI OLIEHKa 1 (1.7%) 3 (7.5%) 3 (7.5%)
Create (GopMyJIMpoBaHHE pelIeHUH 0 1 (2.5%) 1 (2.5%)

HNuaTepnperanus pe3yJbTaToB
ITonyuyeHHbIe JaHHBIE TOKA3BIBAIOT, YTO CTPYKTypa 3anaHuii B EHT cyliecTBEHHO OTIM4aeTcst OT MEX-
JYHapOJHBIX 9K3aMECHAIIMOHHBIX CUCTEM.
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B 3aganuax EHT 1oMUHHUPYIOT BOIIPOCKI, OTHOCSIIIMECS K HIDKHUM YPOBHSIM KOTHUTHUBHOM CJIOHOCTH.
3amanust ypoaeit Remember u Understand cocrasnsiror 6ostee 60% Bceit Boioopku. Takue BOPOCHI, Kak mpa-
BWJIO, TPEOYIOT BOCIIPOMU3BEICHNUS TEOPETHUECKHUX 3HAHUH WK 0a30BOI0 TOHUMAHHSI XHMUYECKUX MOHSATHH.

B MexayHapoaHBIX 3K3aMeHax pacrupefesieHue 3aaHni BhITISAUT HHade. XOTs 3aJaHus Ha IOHUMa-
HHE TaK)Ke MPUCYTCTBYIOT, 3HAYUTEILHO BO3pacTaeT 011 BorpocoB yposueit Apply u Analyze. B sk3amene
AP Chemistry 3amanns Ha IpuMeHEHHE 3HAHHI COCTABJISAIOT OOJIee TPETH BCEX BOIPOCOB. AHAIOTMYHAS TEH-
nennus Habmomaercs u B 1B Chemistry.

Kpome Toro, B MexXIyHapOIHBIX dK3aMeHaX MPECTaBICHBI 3aJaHus 00Jiee BHICOKOTO KOTHHUTHBHOTO
ypoBHsi - Evaluate u Create. Dtu 3aianus TpeOyOT apryMeHTaIlM|, HHTEPIPETAIUH SKCIIEPUMEHTATbHBIX TaH-
HBIX WX BBIOOPA ONTHMAIILHOTO pemeHus. B paccmorpennsix 3aganusx EHT Takue el BOIpocoB mpaxkTH-
YECKH OTCYTCTBYIOT.

TakuMm 00pa3oM, pe3yIbTaThl aHAIH3a TOKA3bIBAIOT, YTO MEXTYHAPOIHBIE IK3aMEHBI TI0 XUMUHU OpHUEH-
TUPOBaHbI Ha 0oJiee MIMPOKUI CIIEKTP KOTHUTHBHBIX HaBHIKOB. B To Bpems kak EHT B Gonbmieil cremeHu
MpoBEPsieT BOCIPOU3BEACHNE U IOHUMaHUE Y4eOHOT0 MaTepraia, MeXXKIyHapoJHbIe 9K3aMEHBI Yalle TpeOyoT
MIPUMEHEHUS 3HAHUH, aHAIN3a XUMHYECKUX MTPOIECCOB U pabOTHI ¢ HAYYHOH HH(OpMarneit.

JUis HaTTAAHOCTH PE3yNIbTaThl aHAIM3a MOYKHO IMPEICTAaBUTH B BHUJIE PACIIPENEICHUS A0 3an1aHuit
pa3HbIX YPOBHEW KOTHUTUBHOM CJIIOKHOCTH.

Taoauua 2. [lonst 3aganuii no ypoBHsM TakcoHoMuu biyma (%)

YpoBens bayma EHT | AP Chemistry | IB Chemistry
Remember 30 10 7.5
Understand 33.3 22.5 20
Apply 26.7 35 375
Analyze 8.3 225 25
Evaluate 1.7 7.5 7.5
Create 0 2.5 2.5

THIbI DK3aMEHALMOHHDBIX 32JaHHI
IToMHMO KOTHUTHBHOTO YPOBHS, 3aJaHusl ObUTH KIacCU(UIIMPOBAHBI TI0 THITY Y4eOHOW JesTeTbHO-
CTH, HEOOXOIUMOM IUIS1 UX BEIIOJTHEHHS.
Taoauna 3. Tunsl 5x3aMeHaMOHHBIX 3aJaHUN 0 XUMHHU

Tun 3aganus XapakTepucTuka EHT (%) | AP (%) 1B (%)
Teopernueckue MpOoBepKa 3HAHUI MOHATHIA, 3aKOHOB ¥ OTIPEICIICHUI 45 20 18
PacuérHbie 3aJa9¥ Ha BBIYMCIICHUS M UCTIOJIb30BaHKe GopMym 35 32 30
AnanuTnueckue aHaIN3 XMMUYECKUX TPOIIECCOB WM PeaKIuii 12 28 30
Wnrepnperanus pabota ¢ rpadukaMu, TabIMIIAMH, SKCIIEPUMEHTAIBHBIMH Pe3yJIbTa- 8 20 22
JIaHHBIX TaMu

O6cykenue pe3yIbTaToB

[lonmy4eHHbIe pe3ybTaThl MOKAa3BIBAIOT, YTO CTPYKTYPa SK3aMEHAIIMOHHBIX 33JaHuil 10 XMMUHU B pas-
HBIX CHCTE€Max OLIEHMBaHUs 3aMeTHO pasnuuaercs. Hanbosee BeIpaKeHHBIE pa3InyHsl NPOSIBISIOTCS B pac-
MpeICICHUN 3a/IaHui 10 YPOBHSIM KOTHUTHBHOM cioxHocTu. B 3amanusax EHT npeoGnanatoT BOPOCHL, OT-
HOCSIIMECs K HIKHUM YpOBHSM TakcoHomuu biiyma - Remember u Understand. Takue 3aganus opueHTH-
POBaHBI MPEXk/IEe BCEro Ha BOCHpOM3BeAeHNE (HAaKTOB, 3HAHHE TEPMUHOB U 0a30BO€ MOHMMAaHHE XUMHUYECKHX
MOHATHM.

[TogoOHas cTpyKTypa SK3aMeHa He SIBISIETCS] YHUKATBHOU. Psiyt ricciieqoBaHmil MOKas3pIBaeT, YTO BO MHO-
IHX HallMOHAJIBHBIX 3K3aMEHAIIMOHHBIX CHCTEMaX BOIPOCHI Yallle BCEr0 COCPENOTOUYEHBI HA IIPOBEPKE PENPO-
nykTuBHBIX 3HaHUH (Yasar & Yilmaz, 2020; Chowdhury, 2023). 310 cBS3aHO € T€M, YTO TECTOBBIE 3a1aHUSI C
BBEIOOPOM OTBETA MPOIIE CTAHAAPTU3NPOBATH U MCIIOIB30BATh P MACCOBOM OIIeHMBaHWHU. Kpome Toro, Takne
3aJaHKs TIO3BOJISIIOT 00ECHIEYUTh BBHICOKYIO OOBEKTUBHOCTD MTPOBEPKU M €AMHBIE KPUTEPUH OLICHUBAHMSI.

B T0 e Bpemst MeXTyHapOIHbIE 3K3aMEHBI 110 XMMUH IEMOHCTPUPYIOT Oosiee pa3HOOOpa3HyIo CTPYK-
Typy 3ananuii. B sk3amenax AP Chemistry u IB Chemistry 3HaunTENbHO BBINIE OIS 33/IaHUMA, TPEOYIOIIHX
MIPUMEHEHNUS 3HAHUH, aHaJIn3a XMMHYECKUX MPOIECCOB U MHTEPIPETAINH JAHHBIX. DTO CBHAETEIBbCTBYET O
TOM, YTO JaHHBIE SK3aMEHbl OPMEHTUPOBAHbBI HE TOJIBKO Ha MPOBEPKY YCBOCHHUS y4eOHOro MaTepHuala, HO U
Ha pa3BUTHE 00JI€€ CIOKHBIX KOTHUTUBHBIX HABBIKOB.

Oco0eHHO 3aMeTHa pa3HUIla B j0Jie 3ajanHuil ypoBHs Analyze. B MexayHapOIHBIX SK3aMEeHaX TaKHe
3aJaHMs 3aHUMAaIOT 3HAYUTENIFHYIO YacTh TECTa M YaCTO CBSI3aHBI C aHAJIM30M SKCIIEPUMEHTAIBHBIX JaHHBIX,
rpadMKOB WM ONMCAHUN XUMHUYECKHX MpoLieccoB. [y BRITOTHEHUS TONOOHBIX 3a1aHUH yyaluMcs HeoOxo-
MO HE MTPOCTO 3HATH TEOPETUIECKHUI MaTepHall, HO M YMETh yCTaHABIMBATh MPUYNHHO-CIIEICTBEHHBIE CBA3U
MEXy XUMUUECKUMH SIBICHUSIMH.
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Kpowme Toro, B MeXKAyHapOAHBIX SK3aMEHAIIMOHHBIX CHCTEMaX BCTPEYAIOTCS 3aJaHMsI 00Jiee BEICOKOTO
KOTHUTHBHOTO ypoBHs - Evaluate u Create. Takue Bompockl TpeOyOT apryMEHTHPOBAHHOTO BBIOOpA periie-
HUS, OIICHKH IMPEJIOKCHHBIX BApUAHTOB WX (POPMYIHPOBAHUS OOBSICHEHUSI XUMHUECKOTO Iporecca. XOoTs
WX JI0JISl OTHOCUTEIIBEHO HEBEJIMKA, HAIMYHUE MTOTOOHBIX 3a/IaHUH CBUICTEIBCTBYET O CTPEMJICHHH BKITIOYUTH B
OLICHUBAHUE 3JIEMEHTBI KPUTHYECKOIO MBIIUICHUS U HAYYHOTO PACCYKACHMUSL.

Emg¢ omHo paznmuume CBA3aHO C THIIAMM 3adaHuil. AHamu3 rmokas3an, 4to B EHT npeobmamator Teopern-
YECKUE U pacu€THBIC 3a/1auu. B MEeXTyHapOAHBIX 3K3aMEeHaX, HAIIPOTUB, Yallle BCTPEUAIOTCS 3aJaHUsl HA UH-
TEPHIPETAIHNIO IKCIIEPUMEHTAIBHBIX JAaHHBIX W aHAIN3 XUMHUYECKHAX MPOIECCOB. DTO OTPaKaeT Pa3iuius B
o0pa3oBaTenbHBIX OAX0AaX. B MexIyHapoIHOM MpakTHKE 0OIBIIOe BHUMaHHE yAeseTcs: (OpMUPOBAHUIO
HAyYHOW TPaMOTHOCTH, KOTOPasi Mpe/roaracT CiocoOHOCTh paboTaTh ¢ HayuyHOU MH(DOpMaNueH, aHaIu3H-
pOBaTh JaHHBIE U JAEJATh BEIBOJBI HA OCHOBE KCIIEPUMEHTAIIBHBIX PE3YIbTaTOB.

[Ipu 5TOM BaKHO OTMETHUTH, YTO PA3TIHYUNSA MEXKIY dK3aMEHAIIMOHHBIMU CHCTEMaMu O0YCIIOBIIEHBI HE
TOJILKO 00pa30BaTEIbHBIMUA MPUOPUTETAMU, HO U OPTraHU3AI[MOHHBIMA OCOOCHHOCTSIMH CAMHUX 3K3aMEHOB.
EHT npencrapisier co00it MacCOBBIH CTaHIAPTU3UPOBAHHBIN TECT, IPEAHA3HAYCHHBIHN JUIS OLICHKH OO0JIBIIOTO
KOJIMYECTBA BBHIITYCKHUKOB. B TaknX yCIIOBHSAX HCIIONB30BAaHHUE 33/IaHUI 3aKPBITOTO TUTIA SIBIISIETCS Hanboiee
YAOOHBIM M TEXHOJIOTUYHBIM. MeXayHapOaHbIE SK3aMEHBI, HAIPOTHB, YAaCTO BKIIFOYAIOT 33/I1aHUS C Pa3BEPHY-
TBIM OTBETOM M 3aJ[aHHs Ha aHAJIU3 JaHHBIX, YTO [TO3BOJIAET 0OJICe MOJHO OI[CHUBATh KOTHUTHBHBIC HABBIKH
yYaluxcs.

Takum 00pa3oM, MPOBEAEHHBIN aHAIN3 TTO3BOJISET CACNATh BRIBOJ O TOM, YTO dK3aMEHAIIMOHHBIE CH-
CTEMBI TI0 XMMHH MOTYT CYIIECTBEHHO Pa3INYaThCS MO XapaKTEPy MPOBEPSIEMBIX KOTHUTHUBHBIX HABBIKOB.
Ecnmu B EHT ocHOBHOI1 akIeHT jeaeTcsl Ha MPOBEpKe 3HAHUKM M MOHUMaHHUs Y4eOHOTO MaTepuana, TO MeX-
IyHapOHBIE SK3aMEHBI B OOJBIIEH CTETIeHH OPUEHTUPOBAHBI Ha TTPUMEHEHNE 3HAHUH, aHAIN3 XUMHUYECKIX
MPOLIECCOB U UHTEPIPETAIMIO HAYYHO!H HH(DOpMAIIUH.

DT pa3nuyus BXKHO YUUTHIBAThH MIPH 00CYKIICHUHU HANPaBJICHUN COBEPIIICHCTBOBAHMS CHCTEMBI Olle-
HUBaHUS B IIKOJIHPHOM XHUMHYECKOM 00pa3oBaHuu. Pacmmpenne criekTpa TUIIOB 3aJaHUi U YBEITUYCHUE TOJIN
BOIPOCOB, TPEOYIOIINX aHATUTUIECKOTO MBIIIICHHSI, MOXKET CIIOCOOCTBOBATh Pa3BUTHIO Y ydamuxcs Ooiee
[IyOOKOTO MOHUMAHHS XUMUYCCKUX SBJICHUHA U (POPMUPOBAHHUIO HABBIKOB HAYYHOTO PACCYKICHUS.

3akil0ueHue

[IpoBenéHHbBIN CpaBHUTENBHBIN aHATN3 SK3aMEHALIMOHHBIX 3aJaHUI 110 XUMUU 1O3BOJINI BBISIBUTH OCO-
OCHHOCTH CTPYKTYPbI BOITPOCOB, HCIIOJIb3YEMbIX B HAIIMOHAILHOM U MEXIyHAPOIHBIX CUCTEMAX OICHUBAHMSI.
B xoxe uccnenoBanus ObUIM pacCMOTPEHBI 3a1aHust EquHOro HalmoHaapHOro rectupoanus Pecyonuku Ka-
3aXCTaH, a TAKXKe 3aJaHusi MK IyHapoaHbIX 9k3amenoB AP Chemistry u IB Chemistry. JIist orieHKH KOTHH-
TUBHOM CJIOKHOCTH BOIIPOCOB HCIOJIB30BAIaCh OOHOBIEHHAS TaKCOHOMUS biyMma.

Pe3ynbrathl aHanm3a mokasajiy, 9ToO pacmupeiesieHne 3aJaHuid 10 YPOBHSIM KOTHUTUBHOM CIIOKHOCTH B
paccMaTrpuBaeMbIX SK3aMEHAIMOHHBIX CHCTEMaX CYIIECTBEHHO pa3indaercs. B 3agannsax EHT npeoOnagaroT
BOIIPOCHI, HAMPABJICHHBIE HA BOCIPOU3BEICHUE U OHMMAaHUE XUMUUECKUX 3HAHUNA. BOJIBIIMHCTBO 3aaHui
oTHocuTCs K ypoBHsM Remember u Understand, 4ro yka3biBaeT Ha OpHEHTAIIHIO SK3aMeHa IPEUMYIIIECTBEHHO
Ha MPOBEPKY YCBOCHUS TEOPETUUECKOTO MaTepuaa.

B MexmyHapoIHBIX SK3aMEeHax CTPYKTypa 3aJlaHui BRITIISIUT Oosiee pasHOOOpa3HOH. 3HAYUTEIHLHYIO
JIOJIIO COCTAaBJISIIOT BOIIPOCHI, TPEOYIONMNE MPUMEHEHHUS 3HAHUNA 1 aHajdn3a XMMHYECKUX mpoiieccoB. Kpome
Toro, B ak3ameHax AP Chemistry u IB Chemistry npucyTcTBytoT 3ananus 0oJjice BBICOKOTO KOTHUTHBHOTO
YPOBHS, IPEONIATAIONINE aPTYMEHTAIUIO PEIISHUH, HMHTEPIIPETALINIO SKCIIEPUMEHTAIBHBIX JaHHBIX U (op-
MYJUPOBAaHUE BBIBOJIOB.

Paznuuus Mex 1y 3K3aMeHallMOHHBIMUA CUCTEMaMU MPOSIBIISIOTCS Takke B Thnax 3agaHuid. Eciu B EHT
MPeo0IIaat0T TEOPETUISCKUE M PACUETHBIC BOIIPOCHI, TO B MEXKAYHAPOIHBIX IK3aMEHAX 3aMETHO OOJIBbIIe 3a-
JAHUH, CBSI3aHHBIX C AHAIM30M XUMHUYECKUX IPOLECCOB U UHTEPIIPETALIMEH IKCIIEPUMEHTAIBHBIX PE3ybTa-
TOB. DTO CBUACTEIBCTBYET O PA3IUUUIX B 00pa30BaTEIbHBIX IMOAX0/1aX K OLCHUBAHUIO 3HAHUN yUaIUXCsl.

[Tomy4ueHHBIE pe3yIBTATHI TO3BOJISIOT CAENATH BRIBOJ O TOM, YTO MEXKTyHAPOIHBIC dK3aMEHAITMOHHBIC
CUCTEMBI B OOJIBIIICH CTENICHH OPHEHTHPOBAHBI HA PA3BUTHE AHAIMTUYECKOTO MBIIIUICHUS U HAYIHOTO PACCykK-
nenust. B o e Bpems 3aganus EHT B oCcHOBHOM HampaBJieHbI Ha MPOBEPKY YCBOCHHUS yU4eOHOIr0 MaTepHualia.

ITIpoBenénHoe KcciienoBaHUE MOKA3bIBAET, YTO UCIIOJIb30BAHUE CPABHUTEIHLHOIO aHAJIN3a HK3aMeHalu-
OHHBIX 33JJaHUIl MOXKET OBITh MOJIE3HBIM WHCTPYMEHTOM JIJISi COBEPIIICHCTBOBAHUS CUCTEMBI OIICHUBAHUS B
IIKOJILHOM XUMHYECKOM 00pa3oBaHUH. PacimpeHue criekTpa TUIIOB 3aJIaHUI U yBEITMYSHUE JIOJIH BOIIPOCOB,
TpeOYIOMMX aHATN3a U UHTEPIPETANH TAHHBIX, MOXKET CIIOCOOCTBOBATh PAa3BUTHIO Y yUaNTUXCsI Oosee TITy-
0OKOro OHUMaHUS XUMHUCCKUX SIBICHUH 1 (POPMUPOBAHUIO HAYYHON IPAMOTHOCTH.
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Abstract

In the context of economic development, the importance of financial reporting as a source of information
about an organization’s performance and financial position is increasing. At the same time, the risks associated
with economic offenses are also growing. In this regard, particular importance is attached to studying the
potential of financial reporting as a source of evidentiary information for identifying violations within the
accounting system. The study examines the specific features of financial reporting formation under conditions
of a growing number of business entities and an increasing volume of reporting data. Special attention is given
to analytical methods that make it possible to identify signs of potential violations based on financial reporting
data. It is demonstrated that the use of analytical procedures enables a more objective assessment of an organ-
ization’s financial and economic activities and helps identify potential risks of data misstatement. At the same
time, it is noted that each analytical method has certain limitations, which necessitates the integrated applica-
tion of various analytical approaches in order to improve the reliability of conclusions. The study also empha-
sizes that the development of analytical tools and the improvement of methodological approaches to the anal-
ysis of financial reporting can contribute to more effective detection of economic offenses and enhance the
transparency of financial information.

AHHOTANUA

B YCIIOBUAX PA3BUTUSA 9KOHOMUKH BO3PACTACT 3HAUYCHHUC (bHHaHCOBOfI OTYCTHOCTH KaK HICTOYHHMKA JaH-
HBIX O pE3yJibTaTax ACATCIIbHOCTH OpraHru3alliu U UX q)HHaHCOBOM TIOJIOKCHUMU. OHHOBpeMeHHO C OTUM YyCH-
JUBAIOTCS PUCKUA BO3HHKHOBEHHUS YKOHOMHUYECKHX ITpaBOHApYIICHUH. B cBs3M ¢ yeM 0co0yr0 3HaYMMOCTh
HpI/I06p€T aCT UCCIICA0OBAHHUEC BO3MOKHOCT e HCCICIOBaHUA (I)I/IHaHCOBOI\/'I OTYCTHOCTH KaK HCTOYHHKA JOKa3a-
TeNbHO MH()OpMAIMYU MIPY BBISIBIICHUH HapyIIEHUH B cucTeMe Oyxranrepckoro yuera. B pabore paccmarpu-
BalOTCS OCOOCHHOCTH (OPMHUPOBaHMS (PUHAHCOBOW OTYETHOCTH B YCJOBHSIX POCTa YMCIIA XO3SHCTBYIOIIMX
Cy6”beKTOB YBCINYCHUSA 00beMa OTYETHBIX JaHHbIX. Oco00€e BHUMaHHE YACIACTCA UCCIICAOBAHUIO aHAJIUTH-
YCCKUX MCETOJA0B, MO3BOJIAIOIINX BBIABJIATE MPU3HAKHU BO3MOKHBIX HapyIJ_ICHI/Iﬁ Ha OCHOBC JaHHbIX (bPIHaHCO—
BoH oT4eTHOCTH. [l0Ka3aHO, YTO UCIIOIB30BAHIE AHATUTHUSCKHUX MPOIEAYP MO3BOJIIET OPMHUPOBATEH OoJiee
06’beKTI/IBHOG IIpEeACTaBJICHUE O (1)HHaHCOBO-X03$[I>'ICTBeHHOI>'I ACATCIIBHOCTH OpraHU3alu U BBIABJIATH IIOTCH-
MUAJIbHBIC PUCKHU HCKakeHuH. BmecTe ¢ Tem OTMECYACTCA, UTO Ka)K,Z[LIfI n3 MECTOA0B 06J'Ia,[[a€T OIMPCACIICHHBIM
KOJINYECTBOM OFpaHI/I‘{eHHBII;'I, B CBA3H C YEM CYHICCTBYECT HGOGXOZ[I/IMOCTL KOMIIJIECKCHOT'O HCIIOJIBb30BAaHUA
Pa3IMYHBIX METOJ0B aHaIn3a JJI IMMOBBIIICHUA JOCTOBEPHOCTHU BEIBOJOB. OTMe‘IaCTC}I, YTO pa3BHUTUC aHAJIU-
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THYECKUX MHCTPYMEHTOB U COBEPLICHCTBOBAHHE METONOJIOIMYECKUX MOAXOA0B K MCCIIeIOBaHUIO (prHAHCO-
BOM OTYETHOCTH MOT'YT CHOCOOCTBOBATh IOBBILICHUIO 3(h()EKTUBHOCTH BBISIBICHUS SKOHOMHYECKHUX IIPAaBOHA-
PYLICHUH U YKPEIUICHNIO IPO3pavHOCTH (PUHAHCOBOH MH(OpMALUH.

Keywords: financial reporting, accounting, economic offenses, financial analysis, analytical proce-
dures, forensic accounting.

KirodeBble ciioBa: q)HHaHCOBaH OTYCTHOCTH, 6yXFaJ'ITCpCKI/II71 Y4e€T, S3KOHOMHUYECCKHUEC TpaBOHApyIIe-
HUsI, QUHAHCOBBIN aHAIIN3, aHATUTHYECKUE mporeaypbl, forensic accounting.

B ycnoBusix yciaokHEHHs] 3KOHOMHUYECKUX MPOLECCOB U HU(POBU3ALMN yUeTa, POJIb PUHAHCOBOU OT-
YETHOCTH KaK KIF0UEBOI0 HHCTPYMEHTA MPO3PAaYHOCTH U TOBEPHS CHIBHO yBennunBaeTcsa. B mupe Habmozaa-
eTCsl YBENIMYEHHE YHCIia XO3SMCTBYIONINX CYOBEKTOB, YCIOKHEHHE MOJeNiell BeleHus On3Heca, aKTHBHOE
BHE/IPEHNE HOBBIX TEXHOJIOTHI 1 POCT 00BEMOB (priHAHCOBOH HH(MOpMAILIHH.

Ha ¢one akTHBHOTO SKOHOMHYECKOTO POCTa U PACIIMPEHHS NMPEINPUHIUMATEIECKOTO CEKTOpa YBEIH-
YUBaeTcs He TOJIBKO 00BheM (PHHAHCOBOI OTYETHOCTH, HO M KOJMYECTBO HAPYIICHUH, COBEPIIAEMBIX TP e
COCTaBJICHHH B OyxrantepckoM ydere. ODUHAHCOBas OTYETHOCTh MOXKET COJEpKaTh KakK, MpeTHaMEPEHHEIE,
TaK ¥ CIIy4aifHble OIMOKH M NCKAKEHUSI, KOTOPhIE MOTYT UCIIOJIb30BaTh KaK MHCTPYMEHT MOIIICHHHYecTBa. B
Kazaxcrane mpakTHYeCKy OTCYTCTBYET COBPEMEHHBIE KOMITIEKCHBIC ICCIIETOBAHMS JOKA3aTeTbHONW (DYHKIINA
(hMHAHCOBOIT OTYETHOCTH, YTO TOBOPUT O BAKHOCTH JTaHHOW TeMbl. Hay4yHass HOBH3HA UCCIIEIOBAHUSA OTIPEIe-
JIIETCS Pa3pa0OTKOM KOHIIETITYabHOW OCHOBBI I HCIIOJB30BaHUS (DMHAHCOBOM OTYETHOCTH B JIOKA3aTEClIb-
HBIX LENsIX, BOCTIOJIHEHUEM HEKOTOPBIX METOJOJIOTHUECKHUX 3JIEMEHTOB U MPEUI0KEHUEM aHAIUTHYECKOTO
WHCTPYMEHTapHsl, aJalTHPOBAHHOTO K MPaBOIPUMEHHTENBHOI npakTike KazaxcraHa.

Bce TenneHnnm pa3BuTus Hen30€KHO PUBOJIT U K YCIOKHEHHIO METOJIOB H CITOCOOOB COBEPIICHUI
npaBoHapylieHui. CoBpeMEeHHBIE BO3MOXKHOCTH JIAIOT U TOYOK Pa3BUTHUIO 00JIee U30IIPEHHBIM, CKPBITHIM H
TEXHOJIOTHYHBIM CXEMaM, 9TO TPeOYyeT COOTBETCTBYIOIIETO YPOBHSI KOHTPOJISA U aHann3a. BaxkHo obecrieunTs
JIOCTOBEPHOCTh OTYETHBIX TaHHBIX, TOCKOJIBKY HMEHHO OHU CTAHOBSITCS KIIFOUEBBIM HHCTPYMEHTOM B O0phOe
C COBEpILIEHHBIMU HapyIIEHUSIMH.

B Hacrosimee BpeMst Ha0IIOAaeTcsl aKTUBHBIN POCT MPEANPHHUMATEBCKOH JiesTebHOCTH. Oduinab-
HbIe JaHHbIe BIOpo HalMOHAIBHOW cTaTHCTKK Pecrybnmukm KazaxcraH neMOHCTpUpPYET MOCTOSHHBIA POCT
CyOBEKTOB MPEAPUHUMATENILCTBA. [10 JaHHBIM CTATUCTUKH, IO COCTOSHUIO Ha 1 HOsOps 2023 roja Koauyde-
CTBO 3apPETUCTPUPOBAHHBIX IOPUANYCCKUX JIUI IO peciyOiuke coctaBuio 530 144 eauHHUIIBI, a KOJIXYECTBO
CyOBEKTOB MHAMBUIYAILHOTO MpennpuHuMaTenbetBa — 1 774 440. Tlo cocrosauro Ha 1 HOs0ps 2025 roma
CTaTHCTUKA TIOKa3aJia 3HAYNTEIHHO yBEITMUCHHUE, 110 cpaBHEHHIO ¢ 2023 T0710M, Tak 00IIee KOINIEeCTBO 3ape-
TUCTPUPOBAHHBIX IOPUINIECCKUX JIUI] COCTABIIIO 553 479, emie Oopias TeHACHIWS HAOMI01a€TCS B UHIUBU-
JyalTbHOM TIPEIPUHUMATEIHCTBE B KOJIMUECTBE 3aperucTpupoBanHbix — 1 898 678 exunut [1].

Huarpamma — 1
KoauuyecTBO 3aperncTpupoBaHHbIX CY0ObeKTOB NpeaANpuHUMAaTebCcTBAa B Pecny0inke Kazaxcran
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HOpuanyeckme nmua MHAMBMAYaNbHbIE NpeanpUHUMaTenu

Ilo JIaHHOﬁ JuarpaMme 3aME€THO, YTO CTaTUCTUYCCKUEC NaHHBIC CBUACTCIIBCTBYIOT O BBIpEl)KGHHOﬁ TCH-
ACHIIUU PpOCTa HpC,Z[HpI/IHI/IMaTeHI:CKOﬁ ACATCIBHOCTHU B PGCHY6J'II/IK€ Kazaxcran. O6I.L[Hfl OpUPOCT rOpuaArN4C-



XXV international scientific conference. Dortmund. Germany. 05-06.03.2026

ckux jmi ¢ 1 HosOpst 2023 roma o 1 HostOpst 2025 rona cocrasmi +4,40%, y MHIUBHYalbHBIX TPEITPUHH-
Matenei oH coctaBmi +7,00%. BaxkHO BBIAETUTH U PE3KHI CKaYOK 3apETHCTPUPOBAHHBIX CYOBEKTOB Tpe-
npuHUMaTenbeTBa B 2025 Tomy B CpaBHEHUH C MPEABIIYIINM T'OJ0M, Ky[a W IPUXOAUTCS OCHOBHAs YacTh
MPUPOCTA, YTO CBUIETEILCTBYET 00 aKTUBHOM Pa3BUTHU MPEANIPUHUMATENBCKOTO CEKTOPA.

B ycnoBusx pocra uncia X03sCTBYIOIUX CyObEKTOB, 0COOEHHO BaKHO YAEIATh BHUMAaHUE KaueCTBY
OyXraaTepcKoro yueTra 1 PUHaHCOBOM OTYETHOCTH, TaK KaK CaMo yBEJIMUYEHHE KOJIUIECTBA IOPUINUECKHX JIUL,
WHAWBUAYaAIBHBIX MPEeNPUHIMATENEH 1 APYTHX CyObEeKTOB OM3HECa BIICUET U yBETHUCHHE 00 beMa OTUETHBIX
JAHHBIX.

Benenne Gyxranrepckoro yyera u (PMHAHCOBOM OTYETHOCTH OPTaHU3AINHU OCYIIECTBIISAETCA B COOTBET-
crBuu ¢ 3akoHoM Pecrybnmku Kazaxcran «O OyxrantepckoM yuete U pUHAHCOBOW OTYETHOCTH» OT 28 (eB-
panst 2007 roga Ne 234. Tak, B ctatbe 2 3aKoHa OIpeAensieTcss Kpyr cyOBbeKTOB, 00s3aHHBIX COCTaBIIATH QU-
HAHCOBYIO OTYETHOCTb. Takasi 00513aHHOCTh PacIpOCTPaHAETCs Ha BCE IOPUANYECKUE JIMLA, BKIOYas (Huin-
anbl, MPEJICTaBUTENIbCTBA U TMOCTOSIHHBIE YUPEXKIEHMs, 3apeTUCTpUpOBaHHbIE Ha TeppuTopun KazaxcraHa.
Taxoke Takas 00s3aHHOCTH MPEAYCMOTpPEHA | IS BCEX MHIUBHIYaJbHBIX MPEANPUHAMATENCH, 38 UCKITIOUe-
HHUEM TeX, KTO OAHOBPEMEHHO IPUHUMAET CIIELNAJIbHBIE HAJIOTOBBIE PEKUMBI 1715 CyOBEKTOB MaJIoro Ou3Heca,
HE CTOMT Ha peructpanuonHoM ydete no H/IC, a Takxke He OTHOCUTCA K CyOBEKTaM €CTECTBEHHBIX MOHOIIO-
mii. OTcro/la MOXKHO ClIeNaTh BBIBOJI, YTO (PMHAHCOBYIO OTYETHOCTH 00s13aHBI COCTABIISTH BCE OpraHU3aIlUH,
HE TTOIXO/ISIINE IO OITMCAaHHBIC UCKITIOUeHUS [2].

Ilo npuBeEeHHOM CTATUCTUKE 3aMETHO, YTO OOJIbIIEE KOJTMYECTBO XO3SHCTBYIOIUX CyOBEKTOB, HE IO~
XOZSIIIUX MO UCKITIOUEHUS, 00513aHBI COCTABIATH (PUHAHCOBYIO OTYETHOCTH B COOTBETCTBHH C 3aKOHOIATENb-
ctBoM Pecniy6nmku KazaxcraH, 4To TOBOPUT O I0CTATOYHO OOJIBIIOM 00beMe (PMHAHCOBBIX AaHHBIX. [1pu Ta-
KOM aKTHHOM POCTE€ SKOHOMHUKH U TEXHOJOTUYECKOro Mporpecca, Ui JOCTHKEHUS! Pa3InIHbIX 1eel, CyOb-
€KTBl MOTYT HCKaKaTh TIOKa3aTell (PMHAHCOBOM OTUYETHOCTH, U3-3a YEr0 yCICTUTh 38 HUMU CTAHOBHUTCS CJIOXK-
Hee. C KaXIBIM pa3oM CO3/IAI0TCS BCE HOBBIE CIIOCOOBI H CXEMbI COBEPIICHUSI TAKUX MPECTYIUICHUH, YTO CO-
3[a€T CIOXKHOCTh ISl UX BbLsiBIeHHs. COOTBETCTBEHHO, M C POCTOM SKOHOMHMKH, PACTET KOIUYECTBO SKOHO-
MHYECKUX NPaBOHAPYILCHHH.

Cornacao I'no6anpHOMY HHIEKCY opranu3oBanHO# npectynHoct (Global organized crime index), Ka-
3axcTaH 3aHuMaeT 107 MecTo Mo peHTHHTY (PMHAHCOBBIX MPECTYIUICHHH B Mupe u3 Bo3MoxHbBIX 193. [og
naHHeIM Ha 2025 roJ 1o oueHke npecTynHocTd KazaxcTan OTHOCHTCS K CTpaHaM CO CPEJHUM YPOBHEM pHCKa
(uHaHCOBBIX TpaBoHapymeHui. [1o mocieaHel oleHke, 00U HHACKC PECTYIMHOCTH COCTABISET 6 6asioB
u3 10, 4To yKa3pIBaeT Ha CYIIECTBEHHYIO PaclpOCTPAaHEHHOCTh (PMHAHCOBBIX 3JI0YMOTPEOICHUI U IpaBOHa-
pymenuii. Oqnako ¢ 2023 rona mo HacTosIee BpeMs HaOI0anach TEHACHIINS POCTa COBEPIIEHUS TaKUX
npaBoHapylIeHui no Kasaxcrany, 4To MOATBEPKAAET YBEINYECHUE KOJIMYECTBA SKOHOMUYECKUX MTPECTYILIe-
Huti [3].

st Toro, 4ToOBl ONpeaeauTs (GUHAHCOBYIO OTUYETHOCTh KaK J0Ka3aTeIbHbI HHCTPYMEHT COBEPLICH-
HBIX HapyIIEHUH, CTOUT Pa300paThCcs B ONPEAEICHUHN BUOB HApYIIEHNH, KOTOPbIE MOT'YT NPOSIBISTHCS B OT-
YEeTHOCTH. B 3aBUCHMOCTH OT XapakTepa W TSHKECTH COBEPIICHHOTO JISSHHS, TPABOHAPYIIICHUE MOXET OBITh
OTHECEHO KaK K YTOJIOBHOMY, TaK M K aJIMMHUCTPAaTUBHOMY 3aKOHOJATENIbCTBY, U BJeUYb 3a COOOI pa3HbIe
Mepbl HaKa3aHHS.

Kopeke 06 anMUHHCTpaTHBHBIX MpaBoHapylieHusx Pecryonmkn Kazaxcran ot 5 urons 2014 roma Ne
235-V (KoAIl PK) coaepxuT B cebe pa3inuyHbIe BUBI PABOHAPYIICHHH, KOTOPBIE MOTYT OBITh COBEPIICHBI
C UCHOJIb30BaHNEM (PMHAHCOBOW OTUYETHOCTH. Tak, B rmase 15 — ATMUHUCTpaTHBHBIE IPaBOHAPYLIEHUS B 00-
JIACTU TOProBIHM M (PMHAHCOB CYILIECTBYET PsiJl CTaTEH, KOTOPbIE UMEIOT MPsIMOE OTHOILEHHE K Oyxranrep-
CKOMY y4eTy W QuHaHcoBoW ordeTHOCTH. CymecTByroT U KocBeHHble ctaTthl KoOAIl PK, xyna, Hanpumep,
MO>KHO OTHECTH TJ1aBy 16 — AIMUHUCTpATUBHBIC IPABOHAPYLICHUS B 00JIACTH HAJIOT000JIOKEHHUS, B KOTOPBIX
HE 3aTparuBaeTcs NpsiMOe OTHOLLICHHE OTYETHOCTH, HO TpeOyeTCsl ee aHaIn3 Ipu mpoBepke [4].
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Tabmuna — 1
IIpaBonapymenusi KoAll PK u ux orpaskenue B pMHAHCOBOI 0TYETHOCTH
Ne Cratbs CBs13b ¢ (UHAHCOBOI 0TYETHOCTHIO
1 | 87 — Hapymenwue TpeGoBaHuii 1o oruiate Tpyaa Hesrimutata/3aeprkka 3apab0THOI IUTaHBI OTpakaeTcs depe3 3aHIKeH-
HBII (OH]T OIIATHI TPYAA — HEOOOCHOBAaHHO HU3KHE COMATBHBIE OTUHC-
JICHUsI, HECOOTBETCTBHS MEXIy HAUHCICHHOI M BBIIIAYEHHOH 3apIuia-
TOW B OTYETE U T.JI.

2 | 238 — Hapywenne 3akonomarenbctBa Pecrmy6- | Bemer k MCkakeHHIO JaHHBIX, HEMIPAaBHIBHON KilacCH(pUKALUK, HECBOE-
ik Kazaxctan o OyxranTepckoMm yuyere U (Gu- | BpEMEHHOMY OTPaXCHHUIO OIepanuii.
HAaHCOBOH OTYETHOCTH (HM3NYECKUMH H JIOJDK-

HOCTHBIMH JINIIAMHA

3 | 239 — Hapymenne 3axkononmarensctBa Pecry6- | Benmer 3aBblnieHHI0/3aHIKEHHIO aKTHBOB U 0053aTENIBCTB, UCKAXKEHHUIO
mukn Kaszaxcran o OyxrantepckoM ydere M ¢H- | BEIPYYKH M PacxoJOB, a TAKXKE HECOOTBETCTBHE MEXTY OTUETHBIMH IIe-
HAaHCOBOM OTYETHOCTH PHOJAMH.

4 | 245 — Coxkpeitie ayautopoM (akTa HapyiieHus | BeaeT K MpomycKy CyHIECTBEHHBIX OIIMOOK U (opMabHBIX ayAUTOP-
3akoHoAaTenbcTBa PecyOimku Kasaxcran o Oyx- | CKHX 3aK/IIOYEHUI, YTO BEIpa)KaeTcsl B COXPaHEHUH 3aBBIIICHH/3aHIKE-
TaJITEePCKOM yueTe U (UHAHCOBOH OTYETHOCTH HUSI CTaThel U pacxoxieHnH ¢ TpeboBanusivu MCDO.

5 | 278 — 3anmxkeHne CyMM HaIOTOB U Ipyrux 00s3a- | [IposiBisiercst yepe3 (UKTHBHBIE PAacXOMbl, COKPHITHE BBIPYYKH, HECO-
TEJIBHBIX IUIATEXKEH B OIOJDKET OJIr0ICHYST HATOTOBOM 0as3bl.

6 | 280 — Beimucka GUKTHBHOTO cueTa-(hakTypsl Bezner x HeCOOTBETCTBHUIO BHIOB OTYETHOCTH MEXTY COOOH, 4TO MPUBO-

JIMT K 3aBBILICHHIO/3aHIKCHHUIO PACXO0/I0B, CO3JIaHUIO HECYIIIECTBYOIINX
3a11acoB M OTCYTCTBHH CBSI3M MEX/y NOCTABKAMH M HPOM3BOJICTBOM.

B Tabnune npuBeneHBl MpUMeEpHI MPSIMBIX M KOCBEHHBIX MTPABOHAPYIICHUH, KOTOPBIE OTPaXKAroTCs Ha
BEJICHUM OyXTraJITepCKOr0 yueTa M COCTaBJICHUU (MHAHCOBOM OTYETHOCTH. BOJBINIOE KOJIMUYECTBO aqMHUHHM-
CTPaTUBHBIX MMPABOHAPYIICHNHN, HANIPSAMYIO HE OTHOCAIINECS K cepe OyXraaTepcKoro ydera, MOTYT UMETh
JTOKYMEHTaIIbHbIE (PHHAHCOBBIE CJIE/IBI, YTO MO3BOJISIET PACCMATPHUBATH OTUYETHOCTh KaK HHCTPYMEHT JI0Ka3a-
TEJILCTBCHHOM 0a3bl MPU pacclieIOBAHUU SKOHOMHYECKUX MTPABOHAPYIIICHUH.

AHanu3 HeOOJBIIIOT0 KOJUYECTBA CTaTheH JIOKA3bIBACT, YTO (PMHAHCOBAsI OTUYETHOCTh 00JIaacT KOM-
IJIEKCHBIM KPUMHUHAJIMCTUUECKUM 3HaueHueM. Tak, ctarbu 238, 239 u 245 uMeroT npsMo J0Ka3aTeIbCTBEH-
HOE 3HAYCHHE, TaK KaK CBSI3aHBI C BEACHUEM YU€Ta U OTYCTHOCTHU. JJaHHbIC HAPYIICHUS BIUSIIOT HANIPSIMYIO Ha
JIOCTOBEPHOCTh (DPMHAHCOBON OTYETHOCTH, YTO BBIPAXKACTCS B UCKAXKCHUU B PETUCTPAX y4yeTa, KOPPEKTHOCTH
KJIACCU(UKAIIIH aKTHBOB U 00513aTENILCTB, a TAKXKE B II€JIOM B TIOJTHOTE pacKpbITHs nHQopManuu. B mpumepe
co cratbsimu 87, 278, 280 u 463 KoAll, HecCMOTps Ha OTCYTCTBUE MPSIMOTO BIMSIHUS, MOXKHO 3aMETUTh HAIU-
Yue BaXKHOTO JJOKa3aTEILCTBEHHOTO MTOTEHITHAIIA, YTO MOKET MTIOMOYb IIPH PACKPBITHU U BhIsBIIeHUH. [locien-
CTBUS HAPYIICHUH MOTYT OBITh 3a()HKCHPOBAHBI B OYXTaJITEPCKUX 3aHUCIX U OTYETHOCTH Yepe3 HECOOTBET-
CTBHE JIAHHBIX, aHOMAJIbHBIX U3MEHEHUSX B CTAThSIX OTYETHOCTH, PACXOKIACHUN MEXKIY MPUOBLIBIO U IEHEK-
HBIMH TIOTOKaMH, U B II€JIOM OTCYTCTBHUS PEAIbHOM X031 CTBEHHON JIEATEIIBHOCTH IIPH (POPMaIbHOM OTYETHO-
CTH.

B ciyuae ¢ YronoBHoMm kogexcoM PecmyOnmku Kazaxcran ot 3 urons 2014 roma Ne 226-V (YK PK)
MIpOCIIeKUBAETCS Uy Th WHas cucteMa npaBoHapyiennid. YK PK 3aHuMaeTt kimroueBoe MecTo B IpaBoBOM 00ec-
MEYCHUN SKOHOMHUYECKON 0€30MacCHOCTH TOCY/IapCTBa M MPOTHUBOJCHCTBUY MPABOHAPYIICHHUSIM, COBEpIIac-
MBIM B cepe OyXrantepckoro ydera U ((HHAHCOBOHM OTUYETHOCTH. B 3akoHe mpemxycmaTpuBaroTcs 0oliee cepb-
€3HbIe HapYIIeHHs, COOTBETCTBEHHO O0Jiee CTporas OTBETCTBEHHOTO 3a ux coBepiienue. [ maBa 8 YK PK co-
JICP)KUT B ceOe YroJOBHBIC MPABOHAPYIIEHUS B Chepe IKOHOMHUECKOM ACSITeIbHOCTH, KOTOPhIE BO MHOTOM
HCTIONB3YIOT (PMHAHCOBYIO OTYETHOCTD KaK J0Ka3aTelbHy0 0a3y. 3HAUMTENbHAS YacTh U3 HUX CBSI3aHA C HC-
Ka)KEHUEM XO3SICTBEHHBIX ONepaluii, COKphITHEM (PUHAHCOBBIX IMOTOKOB M HapYIIEHUEM HOPM OyXrairep-
ckoro ydeta. [loMrUMO PSMBIX COCTAaBOB MPECTYIUICHUH, CBSI3aHHBIX C NCKaKeHNeM (GuHaHCOBOW mH(OpMa-
un, YK KP comeput u psii KOCBEHHBIX CTaTel, KOTOphIe HE HAlpaBlieHbl HA HApYIIeHUs B (PMHAHCOBOMN
OTUYETHOCTH, HO UX pacclieZIOBaHUE HEBO3MOXKHO 0e3 ee aHanm3a [5].
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Tabmuma — 2
IIpaBonapymenust YK PK u ux orpaxenue B (pMHAHCOBOI 0TYETHOCTH
Ne Cratbs CB#3b ¢ QUHAHCOBOI 0TYETHOCTHIO
1 | 190 — MouieHHn4eCTBO IMposBisitoTCst Yepe3 HEOOOCHOBAHHBIC CIIMICAHMS, OTEPAlMU C JIOKHBIMA
KOHTpareHTaMy, olepanuy 0e3 IMepBUYHBIX JOKYMEHTOB, YTO BEIET K He-
000CHOBAaHHBIM pacxo/aM, (UKTHBHBIM CIEJIKaM, PACX0XKIECHHIO MEXIY OT-
YETHOCTBIO M (haKTHUECKUMH MOKA3aTEIISIMH.

2 216 — Cosepiuenue aeicTBuii mo Beimucke | [IposiBiIseTcst Kak OTpa)keHHEe HECYLIECTBYIOUINX ONeparyii, GUKTHBHBIC J0-
cuera-(GakTypbl 6e3 (PaKTHYECKOro BBIIOJIHE- | XOABI/PAcXo/ibl, HCKYCCTBEHHOE 3aBBILICHHOE 00OPOTOB, YTO JACT BBIIBUTH
HUS paboT, OKa3aHUS yCIIyT, OTTPY3KH TOBa- | OTCYTCTBHE MABIDKCHHUS JICHSKHBIX CPEICTB IO CHENKaM, PacXOXKICHHS
poB MEXKLy OYXTaJITepCKUMHU PETHCTPAMH U IEPBUYHBIMH JOKYMEHTAMH H T.1I.

3 | 239 - loBenenwue o HemnaTexecrocobHocTH | Bemer k pacTymielt KpeqUTOPCKON 3a0JDKEHHOCTH, 3aHIKEHHIO aKTHBOB,

HEPBIHOYHBIX CJIETIOK, BRIBOJIE JACHEKHBIX CPEICTB, YTO BEAET K YCTaHOBIIE-
HMIO IPUYHHHO-CIICICTBEHHOI CBSI3M ¢ HACTYIUICHHEM HEIUIaTEKeCII0COOHO-
CTH.

4 | 245 — VknoHeHue OT yriathl Hamora u (unu) | IIposiBisieTcss Kak CHIDKSHHE TPHOBUTH, HECOOTBETCTBHE MEXIY HAIOTOBBIM
JIPYTHX 00s3aTeNbHBIX IUIaTeXeH B OI0/KET ¢ | M OyXTranTepcKuM y4eToM, U4TO BEeIeT K PaCX0KACHHIO B OTYETHOCTH, HeoOocC-
OpraHu3anui HOBaHHOCTH PacXoJ/l0B, HECOOTBETCTBHIO (DMHAHCOBBIX IIOTOKOB CTPYKTYpe

JIOXOJIOB.

5 | 251 - 3noynorpebienue nosHOMOuUMsIMH | COKpBITHE ayTUTOPOM (aKTOB MCKaXKEHHH, HEIPEJOCTABICHUE KOPPEKTHOTO

ayUTOp H JIp. 3aKJIFOYEHHMS], MTHOPUPOBAHHE OIIHOOK, YTO BJICYET K HEIOCTOBEPHOCTHU AaH-
HBIX U OTCYTCTBHS 005I3aTeIbHBIX PACKPBITHIA.

[IpoBenennsiit anamu3 HopM YK PK mokasbiBaer, 4To u 37¢Ch, (PUHAHCOBAs OTUYECTHOCTh UTPACT CYIIIe-
CTBEHHYIO POJIb B BBISIBIICHUU U JOKA3bIBAHUHU KaK MPSIMBIX, TaK 1 KOCBEHHBIX MpaBoHapyieHui. HexkoTopeie
CTaThH HETIOCPEACTBEHHO CBSI3aHBI C MAHUITYJTUPOBAHIEM (PMHAHCOBBIMHU ITOKA3aTENSIMH, T/Ie KaK pa3 OT4YeT-
HOCTB BBICTYIIAET OCHOBHBIM O0BEKTOM MPECTYITHOTO TOCATATENCTBA ¥ OAHOBPEMEHHOM KJTFOUEBBIM HCTOY-
HUKOM JIOKa3aTeJIbHOM WH(popMaIiu. bosbiliee KOJIMIeCTBO CTaTei 3TO T, KOTOPHIC HE HAMpPaBJICHBI HEIO-
CPEICTBEHHO Ha (PMHAHCOBYIO OTEYHOCTH, HO HEM30EKHO IMPOSBISAIOTCSA B €€ CTPYKType W AuHaMmuke. OHU
MOTYT MPOSIBIISATHCS B PA3IMYHBIX HECOOTBETCTBHSIX, YXYAIMIECHUSIX (PMHAHCOBBIX KOA(D(DUIINEHTOB U HATUIUN
HECYIIECTBYIONUX onepanuii. Tak, B ciiydyae TOBEACHUS 0 HEILIATS)KECIOCOOHOCTH OTUYETHOCTh MTO3BOJISCT
MPOCJICINTh MPUIMHHO-CIICICTBEHHYIO CBSI3b MY ACHCTBUSAMU JIUI U (PUHAHCOBBIM TOJIOKEHUEM OpTaHH-
3aIIUH.

O60011as pe3ynbpTaTel aHanu3a, GUHAHCOBAs OTYETHOCTH B MPABOBOM c)epe MOXKET BBIMOJIHSATH JIBOM-
CTBEHHYIO ()YHKIUIO U BBICTYIIATh:

® 00BEKTOM ITPECTYITHOT'O MOCATATEILCTRA, KOTa CaMO HapyIIIEHHUE HAIPABJICHO HA HCKAKCHHUE TAHHBIX
OyXTalTepCKOTro yJeTa ¥ OTYETHOCTH;

® THCTPYMEHTOM JIOKa3aTeNbCTBA, KOT1a HApYIIICHHE COBEPIIIACTCS MTOCPEICTBOM XO3SMCTBEHHBIX OITe-
paruii, OCTaBISIONINX CIIEAbl B OTYETHOCTH, HO HE HAIIPABIIEHO Ha caMy ee (hanbcuuKaimo.

CTOHUT OTMETHUTh, YTO IPAMOTHOE HUCIOJIb30BAHUE aHAIMTHUECKUX MTPOLICAYP MO3BOJISAIOT (OPMHUPOBATH
00BEKTUBHYIO KAPTHHY X0O3SMCTBEHHBIX OTEpAIlHii, YTO TO3BOJISAET BRISSBUTH MPU3HAKH TPABOHAPYIIIECHUA €111e
Ha YPOBHE BHEITHETO WJIM BHYTPEHHETO aHAJIN3a OTYETHOCTH. DTO MOTIEPKUBAET HEOOXOIUMOCTH COBEPIIICH-
CTBOBaHMUS METOAMK (DMHAHCOBOT'O aHAJIN3a M YCUJICHUS POJIM (PMHAHCOBOM OTYSTHOCTH KaK MHCTPYMEHTA J10-
Ka3blBaHUs HapyuieHuid. DuUHAHCOBas OTYETHOCTD, SBIISSCH OTPAKEHHEM BCEX XO3SIMCTBEHHBIX OIEpalldid,
BBICTYTIAeT BXKHEHIINM HMCTOYHHKOM JIOKA3aTENbCTBEHHOW MH(MOPMAIUU TPU PACCIETOBAHHHA SKOHOMUYE-
CKMX HapyLICHUM.

B pamkax uccnemoBanmsi 0co00€ 3HaUCHUE UMEET N3yUYeHNE METOJIOB aHaIn3a (PMHAHCOBOW OTYETHO-
CTH, TaK KaK UMEHHO TaKhe aHAIUTUYECKUE ITPOLIEAYPHI TO3BOISIOT BBISBIIATH PA3IUYHbIEC IPU3HAKU UCKaXKe-
HUS TaHHBIX U JIPYTUX MAHUITYJISAIUN ¢ OTYETHOCTHI0. Kak CTPYyKTYpHO B3aUMOCBSI3aHHAS CUCTeMa, PHHAHCO-
Basi OTYETHOCTH TOJIIACTCS PA3IMIHBIM BHIaM aHann3a. Ha mpakTuke Mbl paCCMOTPUM JaHHBIE C UCTIONB30-
BaHHEM BEPTUKAJILHOIO, TOPU30HTAIBHOTO, KOA((UIIMESHTHOTO M CPABHUTEIHLHOIO METOJIOB, YTO ITO3BOJIUT
00HAPYXKUTh HECOOTBETCTBHSI MEX Ty (POpPMaMH OTYETHOCTH, aHOMAIIUH B IMHAMUKE TTOKa3aTelIeh U MPU3HAKU
BO3MOXKHBIX PACCMOTPEHHBIX IIPABOHAPYIICHUN B OyXTaITEPCKOM yUETe.

BepTukaibHblii aHATU3 CTPYKTYPBI OTYETHOCTH CIIOCOOCTBYET OOHAPYKEHUIO HecOalaHCUPOBAaHHOCTH
(mHaHCOBBIX MoKa3aTenei. Ciofa MOKHO OTHECTH HEIPOITOPIIUOHATIBHBIN POCT OTIENBHBIX PACXOJIOB, 3aBbI-
HIeHHEe CE0ECTOMMOCTH, aHOMAJIBHO BBICOKAS JIOJIS 3a11aCOB MJIH ICOUTOPCKOM 3a/I0JKEHHOCTH B aKTHBax. Ta-
KM€ OTKJIOHCHHUS OOBIYHO SIBJISIOTCS CJICACTBHEM (DUKTHUBHBIX PAcX0/i0B, HEOOOCHOBAHHOIO CITMCAHUS aKTH-
BOB, a TAaKX€e 3aBBIIICHHS] CTOUMOCTH PUOOPETEHHBIX TOBAPOB U yCiIyT. [1o paHee BhineieHHBIM cTaThsiM YK
PK u KoAIl PK 15 mpuMepa naHHOro METO/Ia aHallu3a, CTOUT OTMETUTh HOPMBI, KOTOPBIE CBSI3aHBI C BBIMKC-
KoM (hUKTUBHOTO cyeTa-hakTypsl. BepTHKaibHbINM aHATN3 TTO3BOJISET BBIABUTH (PUKTUBHOCTD 3@ CUET PE3KOI0
YBEJIMUYEHHUS CEOESCTOMMOCTH HIIM PACXOJ0B HAa MPHOOPETCHHE TOBAPOB/YCIYT MPH HEM3MEHHON HIIM HMOYTH
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HEU3MEHUBIIEHCS BhIpyuKe. B GanaHce nposBisieTcs POCT A0JIM 3aI1acOB WIM KPEIUTOPCKOM 3a0KEHHOCTH
IIPU OTCYTCTBUHU (PAKTUYECKOTO ABMKCHUS TOBAPOB WM IBU)KEHUS IEHEXKHBIX cpelcTB. COOTBETCTBEHHO I10-
J00HOE OTKJIOHEHHUE B pa3pe3e JaHHOM CTaTbU 3aKOHA MOKET YKa3blBaTh Ha OTCYTCTBHE SKOHOMUUYECKOI'O CO-
Jiep KaHusl OTIepalty, YTO CIYKUT MPU3HAKOM BO3MOKHON (PUKTHBHOCTH MEPBUYHBIX TOKYMEHTOB.

IIpy rOpU30HTAIEHOM aHAJIN3€ MOYKHO BBIIBUTH AHOMAJIbHBIE M3MEHEHHS CTaTEl OTYETHOCTH, KOTOPBIE
MOTYT CBHUJETEIbCTBOBATh 0 MaHUMyIAIUAX. OH moapa3yMeBaeT aHAIU3 IUHAMUKHU IOKa3aTesiel, KOTOpbIe
WCTIONB3YIOTCS AJIS BBISIBIICHHS aHOMAJIbHBIX M3MEHEHHH 3a OTYeTHBIE epruoibl. JanHeiii MeTo ] 3G deKTHBEH
IIPY BBISBICHUU MOIIEHHUYECKHX JCUCTBUM, TaK KaK IMO3BOJIIET YCTAHOBUTH TUHAMHUKY U3MEHEHHS KIHOYe-
BBIX TI0Ka3aTeseil OTYETHOCTH 3a ONpeAeiIeHHbIN nepuoa. OH 03BOJIAET BBIIBUTH PE3KUE CKAUKH U IPOBAJIbI
B JIOXO0J1axX, PacX0Jax, 3amacax 1 IIPOYUX CTAaTbAX OTYETHOCTH. ECiy ke Takve U3MEHEHHs He XapaKTEPHbI IS
XO35IMCTBEHHOM IEATEIIbHOCTH OPraHU3all, TO 3TO MOXKET CIIy>KUTh BaXXHBIM HHIUKATOPOM BO3MOKHBIX Ma-
HUIYJISINUA ¥ yMBIIUIEHHOTO HCKAKEHUS JAHHBIX. B KOHTEKCTE MOIIEHHUYECTBA PE3YJIbTAaThl aHAIN3a MIPH-
00peTaroT BaKHOE JI0Ka3aTelbHOE 3HAUYCHHE, TaK KaK IOMOTal0T YCTAHOBUThH MPHYMHHO-CIIEJICTBEHHYIO CBS3b
MEXKy OTKJIOHEHUSIMU U ACUCTBUSAMU NIPUYACTHBIX JIUL], YTO BAXKHO JUIS TOATBEPKACHUS YMBICIIA U OLICHKU
pa3mepa NpUYMHEHHOT0 yiepoa.

B ominume oT mpommioro BUAA aHaIW3a, T CPAaBHUBAIOTCS U3MEHEHHS BHYTPH KOMIIAHHWH, CPAaBHU-
TEJIbHBII aHAJIN3 TAKXKE MMOAPA3yMEBAECT CPABHEHHUE, HO ITOKA3ATEIEH KOMIIAaHUU C JPYTMMH OpraHU3alusIMH,
WJIM K€ CO UX CPEIHMMHU HOPMAaTHBAMH. Tak BBIBIIAIOTCA CTPYKTYpPHBIE OTKIIOHEHHS OT HOPMBI, KOTOpPBIE HE
BHJHBI NP PaCCMOTPEHHH BHYTPH caMoro npeanpustus. Ha nprMepe npaBoHapylIeHHs OH MOXET CTaTh
BAJKHBIM MHCTPYMEHTOM IIPH BBISBJIICHUH IIPU3HAKOB YKJIOHEHUS OT OILIAThl HAJIOTOB, TaK KAaK IIO3BOJISIET CO-
MOCTaBUTh (DMHAHCOBBIE MMOKA3aTeIH OPTaHW3aAIlMH C OTPACIeBBIMH JaHHBIMU. Kak mpaBuiio, peannsyercs
yepe3 UCKaKeHHE HAJIIOTOBOM 0a3bl, YTO MPOSBISIETCS B COKPBHITHH JOXOAO0B, 3aBBIICHUH PACX0J0B, UCIIOJIb-
30BaHMEe (PUKTHBHBIX oniepanuii. Taxke TaKOH aHaIN3 MOKET TTO3BOJIUTH BBISIBUTH PACXOXKACHHS MEXIY OyX-
TaJTepCKUM U HAJIOTOBBIM YUETOM B BHJIE CYIIECTBEHHBIX paziInuiii GUHAHCOBBIX PE3yIbTATOB WM HAJIOTO-
BBIX 00s13aTebCTB. B aHaNOrn4HbIX jke 0Tpacisix U cdepax AesTeNbHOCTH CPAaBHEHHE 3aKII0YAeTCs B OTKIIO-
HEHHH B CTPYKTYpE 3aTpat, peHTa0eNbHOCTH, YTO MOKET YKa3bIBaTh HA MAaHUITYJIMPOBAHNE HAIIOTOBOM 6a30H.
CpaBHeHME TaKuX JAHHBIX I03BOJISIET YCTAHOBUTH HECOOTBETCTBUE MEX/TY 3asIBICHHON AESITEIHHOCTBIO U Pe-
anbHBIMU MaciiTabamu OM3HECa, YTO B MOCIIEAYIOLIEM CIIyKHT OCHOBaHME IS 6oJiee rIy0OKOro aHaaus3a u
(hopMHPOBaHUS JOKA3aTEILCTBEHHON 0a3bl.

B 10 e BpeMst KO3 PHUIIMEHTHBIH aHATN3 BBISBIISICT MPU3HAKU yXYIIEHHUsS] (UHAHCOBOW YCTONYMBO-
CTH, CHIDKEHHS JIMKBUIIHOCTH, MaJICHUS PEHTa0EIbHOCTH, a TaKKe pOcTa JOJNTOBOW Harpysku. Hecoorer-
cTBHE MEXIY Kod(duimenTaMu 1 paKTHUECKMMHU JaHHBIMH OTYETHOCTU YacCTh YKa3bIBA€T Ha CKPBITHIC OIle-
panuy 1 UcKakeHus. Takoll aHalnu3 MOXKET MO3BOJIHUTh BBISIBUTH HApYyIICHUE B BUJIE JOBEICHUS 10 HETIATe-
’KECHOCOOHOCTH, KOTOPOE NMPUBOJUT K HECIIOCOOHOCTH OpraHM3alliy HUCIOIHUTE CBOU 00sI3aTeNIbCTBA TEPe
KpenuTopamu. B nokazarensx ¢prHaHCOBON OTYETHOCTH OTPAXKAIOTCs IPOTUBOIIPABHBIC ACHCTBHSA YIIPABIICH-
YECKHX PELICHHUH, KOTOPbIE 3aKII0YaI0TCs B HAKOIUIEHMH HE0OOOCHOBaHHOM 33I0J’KEHHOCTH, BBIBOJIE AKTHBOB,
YMEHBIICHUH JINKBUIHBIX CPEJICTB, U B IIEJIOM pe3Koe yXyAlleHne GUHAHCOBBIX KOI(D(QUIIMEHTOB, YTO BIEUET
3a cO0OH MajieHne JTMKBUIHOCTH, YXYAILIeHHEe (UHAHCOBOH YCTOMYMBOCTH, CHIXKEHUE peHTadeabHoCTH. [lan-
HBIA METOJl PUKCUPYET KPUTHYECKUE 3HAYCHHUS, TOATBEPKIAIOIINE HEIUIATEKECTIOCOOHOCTh OPraHu3aluH.

Kax/1p1ii U3 IpuBeIEHHBIX METO/IOB B OT/IEIEHOCTH HMEET OOJIbIIOe 3HAUCHHE B aHan3e (PUHAHCOBOM
OTYETHOCTH, KaK J0Ka3aTeIbHOM 0a3bl s JJOKa3bIBaHUs MpaBoHApymeHud. Kaxkaplii METO/I TO3BOJISIET BhI-
JIEJIATH OTIPE/ICTICHHBIE THITBI HCKAYKEHUI OT OTKJIOHEHUH 10 HECOOTBETCTBUS HopMaThBaM. OJHAKO clexyeT
U YUUTBIBaTh OTPAHUYEHHOCTH OMMCAHHBIX METOJIOB, KOTOPBIE HE BCETAa MOTYT OBITh 3()(heKTHUBHEI [6].
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Tabnuna — 3

OFpaHI/l‘leHI/lﬂ OCHOBHBIX ME€TOJ0B aHAJINU3a (l)HHaHCOBOﬁ OTYCTHOCTH U UX IPOABJCHUSA

Ne Meton

Orpanuyenue

Kak IPOoABJIACTCSHA

1 Beprukanshslit

He nokassiBaeT TuHAMHUKY M3MEHEHHHA
UyBCTBUTEIIEH K pa30BbIM OTEepaIismM
TpebyeT conocTaBUMOCTH OTYETHOCTH

Ipu nocreneHHOM yBeIH4YeHHH (QUKTUBHBIX Pacxo-
JIOB TaHHBIN BUJI aHAJIM3a MOXKET HE BBIABUTH IIPO-
6nem

[Ipu pa3zoBoii KpyIHOW MOKYIIKE aHAJIU3 MOYKET IO-
Ka3aTh AaHOMAJIMIO TIPU OTCYTCTBUM HAPYIIEHHS

2 | Topu30HTAIBHBII

3aBUCUMOCTB OT BHEIIHUX (haKTOPOB
B03MOXXHOCTE  CKPBITH HapylIeHHE IyTeM
npobnenus omnepanuii HecrabmisHOCTH B ce-
30HHBIX BHJaxX OM3Heca

MoskeT MPOU30MTH POCT LIEH Ha CBIPbE, B CBSI3U C YEM
3aTpaThl BEIPACTAIOT, aHAIM3 MOXKET I10Ka3aTh 3aBbl-
IIeHUe ce0eCTOMMOCTH

Peskue koneGaHUS MOTYT yKa3aTh Ha (DUKTHBHBIC
olepanuy Ipy UX (aKTHIeCKOM OTCYTCTBHU

3 CpaBHHUTENbHBII

HeobxomuMel
CpaBHEHHUS
Pa3nuuus B yueTHON NOIUTHKE

Bonbloe KOIMYECTBO OTPAciIeBBIX AAaHHBIX B
Kazaxcrane HeJOCTYIHbI

ONpeJeNeHHbIe JaHHbIe s

[Ipu cpaBHEHMM ¢ HEMOAXOAAIIEH OpraHU3aluel Bbl-
BOJIBI MOTYT OBITH OIIMOOYHBI

Ipu pasHBIX METOJax y4yeTa MOTYT BBIIBUTBLCS Pe3-
KHE PACXOXKICHUS

4 | KoaddunneHnTHbIit

Ba)KHOCTh KOPPEKTHOCTH UCXOJHBIX JTAHHBIX
OCOOCHHOCTH OTpaCiH

IIpn MCKaXeHHBIX NaHHBIX KO3()(GUIUEHTH OyIyT
JI0O)KHBIMH

KoaddummenTsr MoryT BapppOBaThCA B 3aBHCUMO-
CTH OT CEKTOpa SKOHOMHKH, YTO MOXKET IIOBJICYb
omnOKu

[To Tabnune 3aMeTHO, YTO KaXXIbIi U3 METOJIOB aHAJIN3a UMEET O0BEKTUBHBIC OTPaHUYCHHS, CBSA3aHHBIC
CO CTPYKTYPO# OTYETHOCTH, KOPPEKTHOCTHIO JITAaHHBIX, OCOOCHHOCTSIMH OTPACId ¥ BHEUTHUMHU (PaKTOPaMH.
Takue orpaHMYeHUS] MOTYT IPUBOUTD K JIOKHBIM BBIBOAM, CO3/1aBasi BUAMMOCTH HapymeHus. Ho crout ot-
METHUTb, YTO BMECTE OHU (POPMHPYIOT IETOCTHBIN KOMIUIEKCHBIH HHCTPYMEHT (PMHAHCOBO-TIPABOBOM AUArHO-
CTHKH, KOTOPBIH MMO3BOJISIET BBISBIATH MPU3HAKH U JOKA3BIBATh PABOHAPYIICHHUS B CUCTEME OyXTanTepCcKOTo
ydera.

B MexxayHapo1HOM paKTHKE BOMPOCHI HCTIONIB30BAaHMS (PMHAHCOBOI OTYETHOCTH OoJIee ToApoOHO pac-
KPBITHI, YeM B OTEUECTBEHHOI, 1 aKTUBHO Pa3BUBAIOTCS B pamMkax Forensic accounting. JlaHHoe HanpaBiieHUE
00beHSAET METOABI (PUHAHCOBOTO aHAIN3a U KPUMUHAIMCTHKY JJIsl BRISIBIICHUS U JOKA3bIBaHHS SKOHOMHUYE-
CKHX IPaBOHAPYIICHUH Ha OCHOBE JaHHBIX (MHAHCOBOW OTUYETHOCTH. CYIIECTBYIOT M Pa3IMYHbIC 00BEIHE-
HUS, KaK ACCOIMaIist CepTHHUIMPOBAHHBIX CIICIIMAIMCTOB IO pacciieI0BaHuI0 MolleHHnuecTBa (Association
of Certificated Fraud Examiners) u I'pynma pa3paboTku (pUHAHCOBBIX Mep OOPHOBI ¢ OTMBIBAHHEM JECHET
(Financial Action Task Force), a Takxke 3apyOekHbIe METOAMKH, KOTOPbIE PACCMATPHBAIOT ITOIXO/IBI U JTAFOT
PEKOMEH/IalIK TI0 UCTIOIh30BAHUIO TOPHU30HTAILHOTO, TPEHIOBOTO U CPAaBHUTEIBHOTO aHAIN3a TP pacciie-
JIOBAaHUHU SKOHOMHYECKUX mpaBoHapymieHuit [7, 8]. s Kazaxcrana aganramnust TaKuX MOIX0/I0OB U METOIUK
MOJKET CTaTh OCHOBOH /17151 GOPMHUPOBaHUs COOCTBEHHOI METOIOJIOTHH CYAIe0HO-0YXTalITePCKOM SKCIIEPTH3HI.

Takum oOpazoM, (puHAHCOBas OTYETHOCTH 00JAMaeT OOJBIIMM JI0KAa3aTEIbCTBEHHBIM MOTEHIIHATIOM
MIPY BBISIBIIEHUH | pacciieJ0BaHUH MPABOHAPYIIICHUH B CHCTEME OYXTalTepCKOro yueTa. AHaIU3 aJIMUHUCTpa-
THBHOTO M YTOJIOBHOTO 3aKOHOAATeNbCTB PecnyOonukn KazaxcTan moATBep:KaaeT, YTo MHOTHE SKOHOMHYE-
CKO€ INpaBOHAPYIIEHHS JIMOO HEMOCPEACTBEHHO CBSA3aHBI ¢ MCKAKEHUEM JaHHBIX (DMHAHCOBOH OTYETHOCTH,
1100 HEM30€KHO OCTABIIIOT JOKYMEHTAIBHBIC CIIEbI U €€ CTPYKTYPhI B TMHAMHKE. JTO IMO3BOJISET paccMar-
pHUBaTh GUHAHCOBYIO OTYETHOCTh KaK BO3MOXKHBIH HCTOYHHK JIOKa3aTeIbCTBEHHON MH(OpMAaIHH.

B ycnoBusix yBenmueHus 00beM0B (prHAHCOBOH MH(OpMaMK Bo3pacTaeT HE0OXOIUMOCTH COBEPILIECH-
CTBOBaHMS METOJIMK aHAIN3a (PHHAHCOBON OTYETHOCTH U PA3BUTHUS CyeOHO-OyXTalTepCKUX MOAXO0A0B K pac-
CJICZIOBAHHIO YKOHOMHYECKHX TpaBOHAPYIIECHUH. B 3TOM KOHTEKCTe ajanTaiusi MexIyHapOIHbIX MPAKTUK U
pa3BUTHE HAITMOHAILHON METOI0JIOTUYECKON 0a3bl MOTYT CIIOCOOCTBOBATH MOBBIIIEHHIO 3P PEKTUBHOCTH BbI-
SIBTICHNS] (PUHAHCOBBIX HAPYLICHUH U YKPEIJICHUIO MPO3PauyHOCTH SKOHOMHYECKOH NesITeIbHOCTH.
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Introduction

The development of information and communication technologies has had a significant impact on the
mechanisms of commercial exchange, which has led to the emergence and development of e-commerce
platforms as a key element of the digital economy.

Initially, e-commerce was based on electronic data interchange (EDI) systems, which were designed to
increase the effectiveness of inter-organizational interactions. However, over time, it has evolved into complex
platform ecosystems that include artificial intelligence, big data analysis, cloud computing, and mobile
technologies.

E-commerce platforms not only simplify the transaction process, but also actively shape market
structures, consumer behavior, and competitive dynamics, especially in cross-border contexts characterized by
institutional, cultural, and regulatory heterogeneity.

The relevance of this study is due to several interrelated factors. Firstly, e-commerce platforms play a
key role in global economic development by reducing barriers to market entry and enabling small and medium-
sized enterprises to participate in international trade without a physical presence abroad.

Secondly, the process of platformization has led to the concentration of economic power in the hands of
a limited number of global platforms that control access rules, pricing mechanisms, data flows, and algorithmic
decision-making.

Thirdly, the growing use of artificial intelligence and data-driven personalization has fundamentally
changed the logic of value creation and user engagement, making the long-term development of technology a
critical strategic issue.. Nowadays, cross-border e-commerce platforms increasingly perform quasi-
institutional functions, filling institutional gaps and reducing transaction costs. This makes it relevant to study
their evolution and characteristics for Data-driven business analytics.

The purpose of this study is to analyze the development and key characteristics of e—commerce
platforms as multi-faceted digital ecosystems based on data. Special attention is paid to their technological
architecture, management mechanisms, and role in ensuring the continuity of resource use and cross-border e-
commerce.

To achieve this goal, the study solves two main tasks:

1. Systematization of the stages of development of e-commerce platforms and identification of the main
technological, organizational and strategic changes that have occurred at each stage.

2. Study the defining characteristics of modern e-commerce platforms, such as network effects, platform
architecture, modularity and scalability, algorithmic management and personalization based on artificial
intelligence, and assess their impact on technology continuity and cross-border operations.

The scientific novelty of the research lies in an integrated approach to the analysis of e-commerce
platforms as strategic and institutional actors, rather than just technological tools.

The study combines theoretical concepts from information systems, platform economics, and
institutional theory to analyze the impact of data-driven management, artificial intelligence-based
personalization, and trust mechanisms on long-term user engagement and the stability of cross-border e-
commerce platforms.

Unlike previous studies that focused on the implementation and effectiveness of transactions, this study
links user behavior at the individual level with architectural and management decisions at the platform level,
which introduces a new analytical approach to research in the field of database administration.

The theoretical significance of the research lies in expanding existing theories of the continuity of
technologies and platform-based markets into the context of intelligent, data-driven ecosystems operating
beyond national borders.
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By considering e-commerce platforms as multi-faceted markets embedded in an institutional
environment and driven by algorithms, the study deepens the understanding of how network effects,
legitimacy, and algorithmic decision-making are changing market coordination and the relationship between
user and platform. This contributes to the development of more comprehensive theoretical models that can
reflect the complexity of modern e-commerce.

The practical significance of the research lies in its relevance to platform owners, managers, and policy
makers. The results of the study provide practical recommendations on the design of the platform architecture,
personalization using artificial intelligence and trust-building mechanisms to increase user retention,
scalability and sustainable competitive advantage, especially in cross-border markets.

For companies involved in e-commerce platforms, the study clarifies how the characteristics of the
platform affect internationalization opportunities and long-term engagement.

For regulators and policy makers, the study's findings highlight the growing institutional role of e-
commerce platforms and the importance of transparency, fairness, and effective data management in the digital
economy.

Literature review

Modern research in the field of e-commerce demonstrates a variety of approaches to understanding
platforms and their role in the digital economy. Let's look at four main sources representing various aspects of
this topic.

In an article published in an international scientific journal devoted to applied research and innovation,
the authors, Mr. Anurag Maurya, Prashant Kumar, Aayush Kumar consider the prospects for the development
of an e-commerce platform. They strive to create a platform that will be able to adapt to the different needs of
users[1].

The authors focus on the impact of Web 2.0, mobile commerce, and analytics on the development of e-
commerce platforms. These technologies ensure the security and functionality of the platforms, as well as
expand their capabilities, allowing them to create a personalized user experience.

Studies such as those conducted by Geoffrey G. Parker and his colleagues lay the theoretical foundation
for understanding the platform as a multilateral market[2]. They take into account that these indicators reflect
the value of interaction between different groups of participants (for example, buyers and sellers), as well as
how network effects contribute to the competitiveness and sustainability of the market. This theory is important
for understanding the theory of the platform economy and structural transformations in the field of e-com-
merce.

Recent research published in MDPI examines how innovative platform management mechanisms affect
the trust of sellers[3]. The authors note that in the context of cross-border e-commerce, political communities
and legal systems play an important role in reducing economic risks and increasing the level of trust of partic-
ipants, which contributes to the development of international trade operations.

In the work of Pekhterev D.O., the platform is analyzed with practical advice for sellers, especially for
representatives of small and medium-sized businesses[4]. The author examines the prospects for market de-
velopment, platform requirements for participants, and the growing interest of small companies in using e-
commerce platforms as a driving force. This study covers both the economic and practical aspects of the ap-
plication of these systems.

A review of the literature shows that research in the field of e-commerce platforms is developing in
several key areas. Technological development of platforms, including the introduction of artificial intelligence,
the use of big data and mobile solutions, increases their functionality and expands opportunities for users.
Theoretical understanding of platforms as multilateral markets makes it possible to understand the mechanisms
of value creation and network effects that affect competitive advantages. Governance and trust are becoming
key elements of the platform ecosystem, especially in the context of cross-border operations, reducing risks
and increasing the sustainability of international operations. Practical recommendations help businesses adapt
to the requirements of the platforms and participate effectively in their ecosystems, which is especially
important for small and medium-sized enterprises. Thus, an analysis of the scientific literature shows that
research on e-commerce platforms includes the study of technological innovations, economic and institutional
mechanisms, as well as practical strategies. This allows us to gain a comprehensive understanding of their
development and justify the need for further research to analyze the strategic behavior of digital market
participants.

Research methodology

Within the framework of this study, a method was applied to analyze the evolution of e-commerce plat-
forms, which includes a historical and technological approach to systematize the stages of development and
content analysis of scientific publications and industry reports.
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The research materials include information on the technological architecture of platforms, algorithmic
management, personalization, institutional trust mechanisms and cross-border operations.

The use of these sources made it possible to compile a chronological map of the evolution of platforms,
identify key factors affecting their functionality and sustainability, as well as identify mechanisms that facili-
tate the continued use of platforms by users and ensure their successful functioning in an international context.

Results and discussion

The evolution of e-commerce platforms reflects a gradual but significant transformation of commercial
transaction mechanisms, driven by advancements in information and communication technologies. The initial
conceptual foundations of e-commerce can be attributed to electronic data interchange systems, which were
introduced in the 1970s. These systems enabled standardized electronic communication between businesses,
primarily aimed at enhancing supply chain efficiency rather than facilitating consumer-facing transactions [1].

In the 1990s, with the commercialization of the internet, electronic commerce (e-commerce) entered a
new stage characterized by business-to-consumer (B2C) and business-to-business (B2B) transactions online.
Early platforms acted as digital storefronts, mimicking traditional retail models in a digital environment. Their
primary value proposition was increased market reach and decreased operational expenses. However, limita-
tions in interactivity, consumer trust, and payment infrastructure development constrained adoption rates [2].

The early 2000s saw a shift towards platform-based models of e-commerce, with companies moving
away from acting solely as sellers and instead positioning themselves as intermediaries facilitating transactions
between various market participants. This transition occurred concurrently with the emergence of Web 2.0
technologies, which facilitated user-generated content, enabled social interaction, and provided real-time feed-
back mechanisms. As a result, e-commerce platforms have accumulated vast amounts of behavioural data,
creating the basis for data-driven decisions and personalized experiences.

In the contemporary phase, e-commerce platforms have evolved into complex digital ecosystems inte-
grating artificial intelligence, cloud computing, mobile technologies, and advanced analytics. These platforms
no longer merely enable transactions but actively shape consumer behavior, market structures, and competitive
dynamics. This evolution is particularly significant in cross-border contexts, where platforms operate across
heterogeneous regulatory, cultural, and economic environments.

A key aspect of modern e-commerce is the phenomenon of platformization. In this process, digital in-
frastructures act as mediators for interactions between various user groups.

From a theoretical perspective, e-commerce platforms can be understood as multi-sided markets that
create value by facilitating exchanges between different but interdependent groups of participants, such as
buyers, sellers, advertisers, logistics providers, and payment processors [3], [4], [5].

Unlike traditional value chains, which have a linear structure, platform-based models depend on indirect
network effects. The usefulness of the platform to one group of users increases as more participants from other
groups join. This explains the tendency towards market concentration and the "winner-takes-all" outcomes
seen in global e-commerce markets.

Platformization also involves a redistribution of economic power. Owners of platforms exercise control
over access policies, pricing structures, data flow, and algorithmic transparency. As a result, e-commerce plat-
forms act not only as marketplaces, but also as private regulatory bodies, shaping market behavior through
governance mechanisms integrated into digital architectures.

The technological architecture of modern e-commerce platforms is defined by its modularity, scalability,
and interoperability [6]. Key components of the platform typically include user interfaces, transaction pro-
cessing engines, data management systems, and application programming interfaces, which enable third-party
integrations [7].

The modular design of these platforms allows for the rapid introduction of new features, such as artificial
intelligence (Al)-driven recommendation systems, dynamic pricing algorithms, and cross-border tax calcula-
tion tools. These capabilities are essential in today's highly competitive and rapidly evolving digital market-
place, where innovation and agility are critical to maintaining a competitive edge.

Cloud-based infrastructure solutions significantly enhance scalability, allowing platforms to handle peak
demand, process vast amounts of real-time data, and expand geographically with relatively low additional
costs [8]. Therefore, the technological architecture of a platform is not simply a technical aspect, but a crucial
factor in determining its growth and long-term viability.

Data constitutes the central strategic resource of e-commerce platforms [9]. Through continuous moni-
toring of user interactions, platforms generate detailed digital traces that are analyzed using advanced analytics
and machine learning techniques. These insights inform a wide range of strategic decisions, including product
assortment optimization, inventory management, fraud detection, and personalized marketing.

41



42

XXV international scientific conference. Dortmund. Germany. 05-06.03.2026

Algorithmic governance emerges as a key characteristic of data-centric platforms. Algorithms determine
search rankings, product recommendations, seller visibility, and even pricing dynamics. While these mecha-
nisms enhance efficiency and personalization, they also raise concerns related to transparency, fairness, and
power asymmetries between platforms and users [10].

From a theoretical perspective, algorithmic governance reshapes traditional notions of market coordina-
tion by embedding decision-making processes within automated systems. This shift has profound implications
for user trust, perceived control, and technology continuance behavior.

Network effects are a fundamental economic principle that underlies the success of leading e-commerce
platforms. As the number of users increases, these platforms benefit from a growing volume of data, improved
algorithms, and higher service quality. This positive feedback loop enhances their competitive advantage and
creates significant barriers to entry for new competitors.

Platforms employ lock-in strategies that make it difficult for users to switch to other platforms. These
strategies include personalized recommendations, loyalty programs, integrated payment systems, and services
that are part of an ecosystem. While these measures can help to retain users and ensure the continued use of a
platform, they may also limit consumer choice and reduce market competition.

Trust is a fundamental prerequisite for the sustainable operation of e-commerce platforms. In particular,
it is essential in environments characterized by uncertainty, information asymmetry, and geographical distance.
Trust serves as a substitute for traditional face-to-face interactions and legal enforcement mechanisms in digital
commerce. It plays a critical role in influencing user adoption and continued usage of e-commerce services.

Institutionally, e-commerce platforms act as private governance systems with formal and informal reg-
ulations governing market participation. Seller verification procedures, reputation systems, buyer protection
measures, escrow payment mechanisms, and dispute resolution protocols are all integral components of these
regulations. These mechanisms collectively reduce transaction risk and increase the legitimacy of e-commerce
platforms in users' eyes.

Platform legitimacy extends beyond technical reliability and includes normative and cognitive aspects.
Normative legitimacy relates to the alignment of a platform's practices with societal expectations for fairness,
transparency, and accountability. Cognitive legitimacy, on the other hand, reflects users' perception of plat-
forms as integral and necessary parts of the commercial environment.

For Data-Driven Business Analytics research, legitimacy is crucial because it affects long-term sustain-
ability and strategic position of a platform, rather than short-term transactional success.

In the context of cross-border electronic commerce, institutional trust assumes even greater significance.
Differences in legal frameworks, consumer protection regulations, and enforcement measures increase per-
ceived risk, rendering platform-based trust mechanisms essential. Platforms that effectively internalize insti-
tutional functions such as compliance support, tax administration, and customs clearance are better positioned
to promote the continued use of technology among international customers [11].

Cross-border e-commerce platforms have distinct characteristics compared to domestic platforms, in
terms of their complexity, operational scale, and strategic considerations. While domestic platforms function
within relatively uniform regulatory and cultural frameworks, cross-border platforms need to address hetero-
geneity across various dimensions, including language, currency, taxation, logistics infrastructure, and con-
sumer preferences simultaneously.

The theoretical approaches to cross-border e-commerce focus on transaction cost economics and insti-
tutional theories. From a transaction cost perspective, these platforms aim to minimize the search, negotiation,
and enforcement expenses associated with international transactions by providing standardized interfaces and
automated procedures. From an institutional viewpoint, they act as intermediaries bridging institutional gaps,
particularly in developing markets where formal market support institutions may be insufficient [12].

For businesses, participating in cross-border electronic commerce platforms reduces barriers to interna-
tional expansion, allowing small and medium-sized enterprises (SMES) to access global markets without the
need for a physical presence abroad. For customers, these platforms increase product variety and transparency,
while reducing risks through trust mechanisms facilitated by the platform [13].

Cross-border operations bring strategic challenges. Companies must strike a balance between global
standardization and local adaptation, ensuring consistent core functionalities while meeting country-specific
needs. This balance has implications for platform architecture, management, and personalization approaches.

Acrtificial intelligence has become a significant driver in the development of e-commerce platforms. It
has fundamentally transformed the way value is created and delivered in these platforms. Al-powered person-
alization is the use of machine learning algorithms, predictive analytics, and real-time data processing to cus-
tomize platform interactions for individual users.
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This personalization takes place across various dimensions, such as product recommendations, search
results, pricing strategies, promotional content, and customer communications. By aligning the platform's of-
ferings with the user's preferences and contextual factors, Al systems enhance the perceived relevance and
convenience of the user experience, which are crucial determinants of customer satisfaction.

From a theoretical perspective, Al-powered personalization enhances the relationship between per-
ceived utility and continued engagement. Unlike static features, personalization dynamically adapts as algo-
rithms learn from user interactions, creating a cycle of engagement and service improvement. This adaptability
sets Al-driven systems apart from previous generations of e-commerce platforms.

In international contexts, personalization also plays a crucial role in addressing cultural and behavioral
diversity. Al-powered systems can tailor content, recommendations, and interactions to match local prefer-
ences, reducing cultural barriers and enhancing the user experience.

However, the increasing use of Al also raises concerns about algorithmic bias, transparency, and pri-
vacy. These factors directly impact user trust and could mitigate the benefits of personalization for long-term
technology adoption.

Continued use of technology refers to the intention of users to continue utilizing a digital system after
its initial adoption. This is particularly significant in the context of e-commerce platforms due to the high costs
associated with customer acquisition and intense competition in the market.

Previous models of continued use have emphasized factors such as perceived usefulness, satisfaction,
and fulfillment of expectations. However, with the evolution of e-commerce, it is necessary to adopt a more
comprehensive theoretical framework that takes into account specific characteristics of these platforms, in-
cluding the quality of personalization, integration with other systems, and trust-building mechanisms.

E-commerce platforms are increasingly functioning as integrated digital environments rather than stand-
alone systems. Users engage with these platforms through various touchpoints, such as mobile applications,
social media, and third-party services. This integration increases switching costs and promotes continued use,
but it also raises expectations for service consistency and reliability.

To systematize the evolution of e-commerce platforms and to highlight the key technological, organi-
zational, and strategic shifts, it is necessary to present a structured overview of their developmental stages. The
table 1 below summarizes the major phases in the evolution of e-commerce platforms, emphasizing changes
in platform architecture, value creation logic, user interaction, and implications for technology continuance
and cross-border commerce.

Table 1 — Evolution of E-commerce Platforms

Stage of Time Dominant Key platform  Value creation logic  Implications for technol-
evolution period technologies characteristics ogy continuance and
cross-border e-commerce
Pre-platform 1970s— Electronic Data Closed systems, lim- Cost reduction and Continuance driven by or-
electronic com- early Interchange ited interoperability, operational effi- ganizational  necessity;
merce (EDI-  1990s (EDI), proprietary  firm-to-firm transac- ciency cross-border use limited to
based) networks tions large corporations
E-commerce 1.0: Mid- Static  websites, Online storefronts, Market reach expan-  Low user continuance due
Transaction-ori- ~ 1990s— basic databases, one-way communica- sion and transaction to trust and usability con-
ented platforms early online  payment tion, limited trust facilitation straints; minimal cross-
2000s systems mechanisms border adoption
E-commerce 2.0: Mid- Web 2.0, user- User reviews, ratings, Network effects and Improved continuance
Interactive 2000s— generated content, social interaction, mar-  user engagement through interaction and
platforms early CRM systems ketplace models trust signals; emergence of
2010s cross-border marketplaces
Platform-based Mid- Cloud computing, Multi-sided markets, Value co-creation High continuance sup-
e-commerce eco- 2010s— APIs, mobile tech-  ecosystem integration, among platform par-  ported by ecosystem lock-
systems late nologies modular architecture ticipants in; accelerated cross-bor-
2010s der SME participation
Al-driven e- 2020s- Artificial intelli- Algorithmic govern- Data-driven person-  Strong continuance driven
commerce plat- present gence, big dataan- ance, personalization, alization and experi- by personalization and
forms alytics, machine predictive analytics ence optimization trust; scalable and adap-
learning tive cross-border opera-
tions

Source — compiled by the author

The table 1 illustrates that the evolution of e-commerce platforms has been characterized by a gradual
shift from transaction-focused systems to intelligent, data-driven ecosystems. Each stage of development has
reflected not only technological advancements but also a shift in the logic of value creation and user-platform
interactions.
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From a database administrator's perspective, the most significant transformation occurs during the phase
of platform-based ecosystems and Al-powered platforms, where user retention is no longer solely driven by
perceived usefulness or ease of use. Rather, user retention becomes embedded in the broader dynamics of the
platform, including network effects, personalized experiences, trust mechanisms, and integration with other
ecosystem components.

The table demonstrates that the viability of cross-border e-commerce increases in parallel with the so-
phistication of the platform. As platforms develop, they increasingly take on institutional and coordinating
functions, facilitating sustainable international transactions and long-term engagement with users. This devel-
opmental perspective provides a theoretical basis for analyzing cross-border e-commerce platforms as strategic
and institutional players, rather than simply technological tools.

For database research, understanding continued use (continuance) behavior requires a strategic perspec-
tive that links individual perceptions with platform design and governance decisions. Artificial intelligence-
driven personalization, cross-border service offerings, and institutional trust mechanisms all influence contin-
uance outcomes. These factors highlight the need for integrated theoretical frameworks to understand contin-
uance behavior [14].

The evolution of e-commerce platforms reflects a broader shift from transactional systems to intelligent,
platform-based ecosystems that actively shape market dynamics and user behavior. Modern e-commerce plat-
forms are characterized by modular architectures, data-centric logic, network effects, and algorithmic govern-
ance, all of which contribute to their scalability and competitive advantage.

In cross-border contexts, platforms assume institutional roles that extend beyond market facilitation,
reducing transaction costs and mitigating institutional voids. Al-based personalization emerges as a critical
evolutionary mechanism that enhances user experience, supports cultural adaptation, and strengthens technol-
ogy continuance [15].

The development of e-commerce platforms demonstrates a consistent transition from simple systems
for conducting transactions to complex, intelligently managed ecosystems. In such ecosystems, the key aspects
are modular architecture, algorithmic management, personalization based on big data, and trust mechanisms
based on institutions.

The discussion shows that e-commerce platforms are no longer just digital storefronts or intermediaries.
They become strategic and institutional market participants capable of shaping user behavior, reducing cross-
border barriers, and ensuring long-term customer engagement.

The information highlights the importance of network effects, lock-in strategies, and integration with
other services to retain users. The role of artificial intelligence in adapting platforms to cultural and behavioral
differences in international markets is also highlighted.

Conclusion

The analysis allows us to conclude that modern e-commerce platforms are complex digital ecosystems
in which technological, organizational and institutional aspects are closely interconnected.

To explore this topic, it is important to understand that the study of platforms should not be limited to
the analysis of technical tools. It is also necessary to consider the strategic, economic and institutional
mechanisms that determine the competitive advantages and sustainability of platforms in the international
market.

The article the systematization of the stages of platform development provide a theoretical and practical
basis for understanding how platforms create value, increase user trust, and ensure the long-term use of
technology. This is a key provision for further research and development of recommendations for business and
regulatory authorities.

The study demonstrates that for platforms to function successfully, it is necessary to integrate
algorithmic solutions and use Al personalization. This allows you to adapt the user experience to the individual
needs and cultural characteristics of different markets.

This approach confirms the importance of taking into account not only the technological component,
but also socio-economic and institutional aspects. These include trust, reputation, and rules of engagement for
participants.

This integrated approach allows platforms to reduce transaction costs, accelerate international
expansion, and strengthen long-term user loyalty. This makes platforms strategic tools for the development of
the digital economy and the object of further scientific research.
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Abstract

In recent decades, global turbulence has intensified worldwide, manifesting itself in increased uncer-
tainty, nonlinear economic processes, and an increasing number of economic and geopolitical conflicts. The
authors of the study identify a long-standing contradiction between the potential for growth in global produc-
tion, the need for this growth to stimulate positive dynamics in the global economy, and the limited availability
of global markets as one of the main factors driving these growing global fluctuations. This study analyzes a
wide range of phenomena, problems, and contradictions associated with the limited availability of global mar-
kets, which are factors in global turbulence. By examining the problem of limited availability of markets and
the contradictions generated by this problem, such as the confrontation between national and supranational
development institutions, the conflict between national interests and the interests of transnational corporations,
and others, the article analyzes possible scenarios for changes in the world order and the global economy.

Keywords: economic contradictions, geoeconomics, macroeconomic instability, capital consolidation,
global turbulence, global economy, geopolitics, post-industrial development, sales markets.

Introduction

Economic instability across the globe, the increasing frequency of crises in the global economy, the
intensifying competition for markets, and the challenges of finding new ways to improve the profitability of
global business—all of this, in our view, is a sign of large-scale changes in the global economy.

Growing turbulence, defined by a wide range of researchers, is characterized by the fact that familiar
fluctuations in the system are replaced by anomalies: established structures are shaken, new processes are
unfolding, results become short-lived, and the system enters a period of prolonged disequilibrium. Regularities
disappear [1], nonlinear processes predominate, events become chaotic and unpredictable, abrupt trend
changes occur, and conflict increases [2]. The fluctuations that have arisen in the modern global system, with
its permanent or periodically recurring instability, ambivalence, and uncertainty of processes, are partially
controlled by the actions of individual actors in global politics [3].

The current global turbulence is caused by a number of factors, both political and economic. In this
study, we intend to focus on the economic aspect of the problem and identify the factors that have led to the
current global turbulence. We note from the outset that some of these factors are quite closely interconnected,
but in our view, they are independent factors, each with its own actors pursuing their own interests.

Discussion

Limited sales markets as a factor in global fluctuations

One of the main factors of turbulence in the global economy, in our opinion, is the existing contradiction
between potential production capacity and limited markets. Economic development in its current form, the
capitalist model, requires unrelenting growth in sales, production, and consumption, while markets are limited
by the size of our planet, the number of consumers, their income, and the structure of income distribution
among different population groups. On the other hand, it is precisely the desire to resolve this contradiction
that drives global economic development. Moreover, limited markets fit within the "full world" concept de-
veloped by Herman Daly and actively used in the Club of Rome's landmark report "Forward! Capitalism,
Myopia, Population, and Planetary Destruction" [4].

It should be noted that the contradiction between increased production and limited markets has existed
for as long as capitalism itself. However, its resolution is only possible through a transformation of the global
economy and a change in its basic development model. Despite this, the capitalist model of economic organi-
zation has existed for centuries. The reason for this longevity is a series of large-scale events that effectively,
albeit temporarily, resolved the problem of limited markets. One such event was the Great Geographical Dis-
coveries, which provided Europe with a large-scale colonial source of cheap resources and a market that Eu-
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ropean companies had long exploited under monopolistic conditions. The economic impetus of the Great Ge-
ographical Discoveries lasted for quite a long time — over 300 years. Its echoes are still evident today. Further-
more, the First Industrial Revolution contributed to the growth of the global market.

However, over time, the influence of these impulses faded, resulting in recurring economic crises every
7-10 years (1847, 1857, 1866, 1873, 1882, 1890, 1900, 1907, 1920, 1929) [5]. These crises occurred despite
rising labor productivity and, correspondingly, a certain increase in global market capacity under the influence
of the Second Industrial Revolution.

The accumulation of negative energy from these crises, resulting in a whole host of economic, political,
and social problems, led to wars, the collapse of empires, the emergence of new states, and new markets. World
wars also became a powerful economic impetus for global economic development. They required significant
production of military equipment and supplies, destroyed significant resources, and necessitated the recon-
struction of vast territories whose economies and infrastructure had been devastated by military action. All of
this, taken together, significantly stimulated demand, production, employment, income growth, and consump-
tion.

The post-war recovery of the global economy was compounded by the need to resolve the Condorcet-
Arrow paradox—the difficulty, and often the impossibility, of making a choice through free voting. In the
global economy, such voting refers to free trade, while the paradox refers to the question of which goods
corporations should produce in a highly polarized society: for the poor or for the rich? The solution to this
paradox was the formation of a sufficiently large middle class, demanding a specific range of goods. Moreover,
the need to form a middle class forced major capital owners to share their incomes with their employees to a
greater extent, which also became a reserve for increasing the efficiency of the global economy. The increase
in the number of middle class members made it possible to homogenize demand and, consequently, standardize
most of the economic sectors serving the needs of the middle class. This, in turn, facilitated the implementation
of national economic strategy through state regulation.

However, like any other impetus, the economic boost provided to the global economy by two wars and
the Third Industrial Revolution, better known as the Scientific and Technical Revolution, began to wane, and
quite quickly. The first crisis, which engulfed several countries, including the United States, Canada, Great
Britain, and Belgium, occurred as early as 1957-1958. Eleven years later, the next economic crisis (1969—
1970) erupted. It was followed by the overproduction crisis of 1973. Seven years later, the global economic
crisis of 1980-1982. Eight years later, the crisis of 1990-1992. Regular crises once again became a hallmark
of capitalist economies.

But then an event occurred that allowed the solution to some of the problems associated with market
limitations to be postponed: the collapse of the USSR. The knowledge, resources, and technologies accumu-
lated in the USSR were absorbed into the global economy at virtually no cost. And the former Soviet bloc
became a massive market for Western products. The world ceased to be bipolar. The center of civilization has
become a conglomerate of developed countries, conventionally designated as the "West," although this group
includes countries such as Australia, Japan, and Taiwan. Some researchers even thought that the times of
confrontation and contradiction had come to an end. For example, F. Fukuyama expressed similar aspirations
in his bestseller, The End of History [6].

However, further developments demonstrated that the problems of the era of global confrontation have
been replaced by new ones, and their nature is such that they persist for years without a clear solution. The
world has entered a period of global uncertainty, or global turbulence—a state in which it is extremely difficult
for political actors to make a clear decision, and for economic actors to build a long-term development strategy.

It should be noted that the contradiction between unlimited production growth and limited sales markets
can be resolved from both ends: on the one hand, by expanding sales markets, including geographically, and
on the other, from the production side, by combating competing producers, including by securing access to
new, cheap sources of resources—materials, minerals, and skilled and affordable labor. This is precisely what
we are currently witnessing in the fierce struggle for control of Ukraine's resources and, if the outcome is
favorable for the developed countries, for Russia's resources. At the same time, the US and UK are quite
successfully pursuing the goal of economically weakening continental Europe by depriving it of cheap energy.

Consolidation of international capital

Another highly significant economic factor in global turbulence, much less visible to the general public,
is the large-scale consolidation of global capital. This manifests itself, in particular, through the shareholder
control of the world's largest corporations by a small group of transnational financial holdings (see Table 1).
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Table 1. Share of financial holdings in the share capital of the largest TNCs as of 2024

Company Shareholder, %

Black Rock | Vanguard | State Street | Bcero
Bank of America 6,87 8,65 3,88 19,4
Apple 7,48 9,29 3,96 20,73
Amazon.com 6,5 7,77 3,44 17,71
Microsoft 7,75 9,2 3,97 20,92
Meta 7,52 8,73 3,93 20,18
Alphabet 6,51 7,31 3,41 17,23
JPMorganChase 7,39 9,74 4,55 21,68
WellsFargo 7,82 9,18 4,32 21,32
Citigroup 8,69 8,83 4,43 21,95
MorganStanley 5,9 6,83 6,9 19,63
Chevron 6,91 8,92 8,5 24,33
ConocoPhillips 8,1 9,57 5,79 23,46
Tesla 6,29 7,56 3,49 17,34
Raytheon 7,42 8,89 8,48 24,79
NorthropGrumman 7,43 8,76 9,46 25,65
Mcdonald's 7,33 9,82 4,97 22,12
BerkshireHathaway 8,25 11,06 5,36 24,67
Johnson&Johnson 8,36 9,67 5,58 23,61
Walmart 4,19 5,26 2,29 11,74

Compiled from: Yahoo finance. World Indices // Yahoo finance. http://finance.yahoo.com/ (accessed:
23.08.2025).
At the same time, the global transnational financial holdings themselves are quite closely intertwined
(see Table 2).
Table 2. Share of the analyzed financial holdings in each other’s share capital as of 2024.

Company Shareholder, %

Black Rock | Vanguard | State Street
BlackRock 6,47 8,62 4,06
Vanguard 7,64 5,61 1,15
StateStreet 8,74 12,88 4,89

Source: Yahoo Finance. https://finance.yahoo.com

This intertwining of equity investments allows each financial multinational to send its representatives
to the boards of directors of other financial multinationals. This "cross-pollination™ allows the multinationals
to avoid competition, acting as a united front and creating a situation closer to a monopoly than an oligopoly
in the global market for large investments. This consolidation alleviates the problem of limited markets for a
small group of beneficiaries, transferring control over the most profitable areas of the global economy to them.

More detailed studies of the connections of a wide range of global companies through their equity cap-
ital, confirming this conclusion, were conducted by the Swiss mathematician James Glattfelder, who used
methods of network analysis and complex systems theory. His work showed that control over significant parts
of the global economy is concentrated in the hands of a small group of legal entities and individuals forming
a dense network of relationships: 737 shareholders control 80% of the value of all global TNCs, while 150
shareholders control 40% of the property of global TNCs [7]. These facts indicate a large-scale and increasing
corporate concentration of the global economy.

The conflict between international corporate and national interests

By geographically expanding their sales markets, TNCs entering a given country initially strengthen
their economic influence there. They then seek to convert this economic influence into political influence,
shifting the country's political system from protecting national interests to serving the interests of TNCs [8].
Let us quote S.R. Ibrahimov on the influence of TNCs on national economies: "Through foreign direct invest-
ment, TNCs introduce new technologies and increase labor productivity. However, the population is unable to
benefit from these results, since these companies permanently displace local producers, becoming monopolies.
By shifting the bulk of their profits abroad, they deprive countries of the opportunity to increase their national
well-being" [8]. Thus, by establishing monopoly power, TNCs subordinate an additional sales market to their
influence, ignoring the national interests of that market.

It should be noted that the activities of TNCs in the modern economy do not exclusively generate neg-
ative impulses that contribute to the growth of global turbulence. Thus, Alfred Chandler highlights the econo-
mies of scale among the advantages of TNC development, according to which the growth of production vol-
umes to a certain level leads to the distribution of relatively fixed costs over an increasing number of units of
output. As a result, the cost of production per unit of output decreases. Chandler also points out that by ex-
panding the geographic scope of their activities, TNCs distribute risks across different markets and countries,
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reducing their dependence on a single territory or economic sector. Companies gain access to the latest scien-
tific developments and best practices by opening branches and divisions in countries with developed scientific
and technological potential. The activities of TNCs, based on the growth of business scale, require the devel-
opment of effective management structures and tools for planning, analysis, and control that extend throughout
the economy. Transnational corporations create recognizable brands that attract consumers in different regions
of the world, ensuring stable demand and customer loyalty. International activity allows TNCs to respond more
quickly to market changes and develop new sales markets. The development of an international network of
branches and divisions helps mitigate the effects of economic crises, political instability, and changes in the
legislation of individual countries [9]. Thus, the activities of transnational corporations, aimed at increasing
their influence and, accordingly, their income where possible, ignore national interests and act as a factor in
global turbulence.
The contradiction between national and supranational institutions

Another economic factor driving global turbulence is the tension between national and supranational
institutions. Market limitations create this tension, as in a struggling economy, resources to support a high
standard of living for both national and supranational elites are becoming insufficient. Conditions for a struggle
for resources are emerging, with national and supranational interests colliding.

Hungary, after arguing with the European Union over the rule of law, lost over €1 billion in EU aid.
Using the levers of financial aid, the EU is attempting to influence Georgia's domestic politics. Lithuania,
under pressure from the EU and initially experiencing energy shortages, agreed to close and dismantle the
Ignalina Nuclear Power Plant, despite the fact that this decision led to an increase in electricity prices in Lith-
uania and was detrimental to the country's economic development [10]. It is also worth noting that, regardless
of economic needs and rationale, EU bureaucrats are consolidating European countries under sanctions pres-
sure on Russia. Supranational institutions are seeking to control the global economy by establishing their own,
binding rules. These include, for example, the pandemic agreement and the European system of a single legal
entity identifier (LEI), which allows for the identification of participants in financial transactions, and similar
tools. This system was initially created to address straightforward objectives—combating money laundering
and combating corruption.

Confrontation between traditionalists and postmodernists in the field of Economic policy

Another factor driving global fluctuations is the confrontation between traditionalists and postmodern-
ists in economic policy. A striking example of this confrontation in modern times is the actions of Donald
Trump, a traditionalist, and George Biden, a postmodernist. However, one of the first stages of this struggle
between traditionalists and postmodernists was the Islamic Revolution in Iran in 1979. Traditionalism and
postmodernism define two different approaches to economics, including two different approaches to resolving
the contradiction associated with limited markets.

Traditionalists largely oppose excessive globalization and the integration of world markets. They sup-
port protectionist policies, restrictions on foreign investment, and support for domestic producers. The goal of
this "neo-mercantilism™ is to limit "leakages” from national economic growth associated with cross-border
economic flows. Traditionalists do not always consider stimulating economic growth through transnational
ties (see the losses suffered by American companies as a result of Donald Trump's tariff policy). The emphasis
is on expanding markets by stimulating domestic consumption of national products and increasing export vol-
umes. This effectively amounts to an economic redistribution of markets.

The BRICS countries, which actively support traditional values, on the one hand advocate for market
integration, but on the other, have long been implementing strategies such as import substitution and a sover-
eign economy. It is worth noting that reliance on the country's domestic potential, strengthening its financial
sovereignty, tightening control over foreign investment in strategic economic sectors, and other similar objec-
tives more characteristic of economic traditionalism are outlined in the National Security Strategies of many
BRICS countries.

According to the traditionalist approach, the state should play an active role in regulating the economy,
supporting strategically important industries, and providing social protection to the population. This is mani-
fested in increased control over domestic financial markets, fiscal policy, and intervention in business pro-
cesses. Among other things, such behavior by foreign actors could create additional barriers to exports and
intensify competition in the country's domestic market through the expansion of imports. It should be noted
that the sanctions pressure imposed by Biden, a clear globalist and postmodernist, on some countries was
certainly not shaped by a traditionalist strategy. It was designed to inflict a strategic defeat on these countries,
with the goal of returning them to the conglomerate of transnational economic ties as a source of raw materials
and a market. Trump's policy is more pragmatic and is primarily concerned not so much with sanctions pressure
on the BRICS countries as with addressing the challenges of relocating production to the United States and
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reducing the American economy's dependence on imports—that is, maintaining traditionalist positions. This
is primarily explained by the fact that Trump represents the interests of national (American) capital, which is
his electoral base, while Biden is a protégé and spokesman for the interests of transnational corporations.

The postmodern economy is largely characterized by the following features:

1) the emancipation of the economy from the state through increasing control of transnational corpora-
tions (TNCs) over national economies and the formation of a global financial market. This emancipation of
the economy is accompanied by globalization, which erases national characteristics [11]. Almost every major
city in the world features similar restaurants, stores with identical clothing, the same music, films, and so on.
This economy counteracts the limited availability of markets by reducing production costs through economies
of scale, but it also tends toward dehumanizing standardization. The emancipation of the economy from the
state, imposed by foreign actors, poses a threat to Russia, as foreign TNCs are focused on actively suppressing
domestic competitors. Even before sanctions, they were not interested in developing modern production tech-
nologies in Russia, as the creation of an additional competitor in the form of Russia would exacerbate the
problem of limited markets for such TNCs;

2) the artificial creation of differences. Depersonalizing standardization does not promote the growth of
consumption necessary to expand markets. The current situation in the global economy was well characterized
by M. Orucov: “The main challenge is the exhaustion of the modern type of economic management, capitalism,
based primarily on profit, and for this purpose, the unbridled consumption of goods and services is encouraged
in every possible way...” [12].

It is precisely for this purpose that the artificial creation of differences is stimulated — from the irrational
invention of new human genders to the constant The rapid and accelerated release of new collections of gadgets
and clothing, making older collections unfashionable and requiring consumers to replace them with new ones.
This approach largely leads to the intellectual foundation of the postmodern economy becoming less and less
morally constrained. There is a "narrowing of the scope of one's own moral high ground" [13]. Largely ficti-
tious differences in self-identification, differences in the ability to demonstrate one's status through conspicu-
ous consumption, contribute to the atomization of society and the fact that the economy is no longer "a direct
part of society, ensuring its vital functions; it... becomes an independent and self-sufficient system, with its
own goals, dynamics, and results"” [13].

By spreading the above, foreign actors are capable of exerting a negative impact on various spheres of
the Russian economy — from demography to lending.

3) Simulation of post-industrial development. The emerging postmodern economy is largely based on
20th-century technologies. Internal combustion engines, microelectronics, and spacecraft are all being mod-
ernized, but large-scale technological breakthroughs similar to those of the early 20th century that dramatically
stimulated global economic growth are absent. Peter Thiel, founder of Palantir Technologies, specifically ad-
dresses this in an interview, lamenting that the apogee of technological development was Concord and the
Apollo missions. According to Thiel, in the current situation, humans as creators of new technologies must be
replaced by artificial intelligence.6 In turn, new technologies created by Al, like internal combustion engines
and microelectronics, are expected to stimulate new waves of global demand, income growth, and higher profit
margins, which could temporarily put the contradictions associated with limited sales markets into a dormant
state.

But isn't the reliance on artificial intelligence (Al), with its learning recursion problem, overstated? In-
deed, the increasing volume of information generated by Al leads to subsequent versions of Al being trained
on data generated by previous versions, accumulating errors. For example, according to the Massachusetts
Institute of Technology, business projects using artificial intelligence fail for 95% of private enterprises.7 It's
also worth noting that reliance on artificial intelligence can degrade the competencies of specialists. For ex-
ample, a study conducted by the Lancet journal shows that doctors, after several months of using Al in their
practice, lose their ability to independently diagnose cancer.8 The deterioration of specialists' competencies as
a long-term result of delegating some of their skills to artificial intelligence can reduce the efficiency of the
economy. Furthermore, Al errors (as a "last resort™), including those related to the problem of learning recur-
sion, can worsen this situation, which, to resolve these problems, will require additional, but for objective
reasons impossible, expansion of sales markets. A similar effect is associated with the inefficient use of re-
sources to implement Al in various companies.

The struggle between traditionalists and postmodernists is manifesting itself in a specific struggle be-
tween national elites (prominent representatives include Donald Trump) and transnational bureaucracies
(prominent representatives include Klaus Schwab, the EU authorities, etc.). For the general public, this is
clearly expressed in the persistent promotion of gender issues, mass migration, and the use of movements like
BLM to achieve political goals [14]. This also includes the tariff war unleashed by Donald Trump, which seeks



XXV international scientific conference. Dortmund. Germany. 05-06.03.2026

to reshape the global economy in the interests of the United States, even at the cost of inflation and the severing
of established economic ties. In such a situation, economics becomes a weapon.

The limited nature of global markets, coupled with the impossibility of their rapid expansion, highlights
the redistribution of these markets by key actors operating within both traditionalist and postmodern frame-
works. This exacerbates global conflicts, increasing turbulence in the global economy. A striking example of
the above is the conflict in Ukraine, in which the collective West clearly supports one of the sides in the hope
of expanding its economic advantages after the conflict ends.

Restricting freedoms as a response to increasing turbulence

It should be noted that we view restrictions on freedoms primarily as a response to increasing turbulence,
intended to stabilize the situation by somewnhat "freezing" social activity. However, in the near future, this
response could transform into a factor in turbulence due to growing social discontent in developed countries.

One of the consequences and significant signs of growing contradictions and increasing global turbu-
lence is the shrinking middle class. The problem of limited markets is driving a downward trend in the rate of
profit in certain sectors of the economy, illustrated, in particular, by the dynamics of the price index for indi-
vidual goods. As an example, consider the clothing price index in the US, which has remained unchanged for
the past 30 years (see Figure 1).
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Fig. 1. US clothing price index, in nominal terms (1982-1984 = 100)

Source: Apparel priced at $810 in 1924, $3,888 in 2025 // In 2013 dollars. https:// www.in2013dol-
lars.com/Apparel/price-inflation/1924?amount=810 (accessed: 04.11.2025).

Global competition accelerates the decline in prices of goods and the subsequent decline in profit mar-
gins for their producers. However, the situation is somewhat different in the service sector, as services are
provided locally and are less dependent on global competition. In the US economy analyzed, the cost of
healthcare services increased by 256% between 2000 and 2024. College tuition increased by 188%. Childcare
prices increased by 139%. Moreover, wages in the US have increased by 68% since 2000. The price of new
cars increased by 24.3% during this period. The cost of cellular communications decreased by 41.6%. The cost
of computer software decreased by 73.5%. The cost of toys decreased by 73.8%. The cost of televisions de-
creased by 97.9%.9

It is also worth noting the negative multiplier effect of declining profit margins in some sectors of the

economy on revenue and, consequently, profit margins in other sectors. For example, declining profit margins
at European automakers reduce their demand for steel, aluminum alloys, plastic, and glass. This, in turn, re-
duces sales volumes for European manufacturers of these auto components, which lowers their profit margins
through both operating leverage and the discount mechanism designed to counteract the decline in sales. Also
noteworthy is the decline in demand for labor at all these enterprises, resulting in lower labor incomes and
demand for consumer goods, which, in turn, negatively impacts sales volumes and profit margins for a wide
range of manufacturers of these goods.
Slower economic growth and declining profit margins (especially in real terms) all have a negative impact on
the well-being of the population. New sources of profit, generating profit for a limited period of time, are
typically monopolized by capital owners. The result is a shrinking middle class, which is both a consequence
of the unresolved problem of limited markets and a characteristic of increasing global turbulence. For example,
in the United States, the total wealth of the top 1% of citizens currently exceeds the total wealth of the entire
middle class in the country (see Fig. 2).
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Fig. 2. Share of total household wealth in the US, % (Q2 of the current year compared to Q2 of the previous
year)

Source: Wealth by wealth percentile group // Website of the Board of Governors of the US Federal
Reserve System. https://www.federalreserve.gov/releases/z1/dataviz/dfa/distributed/chart/ (accessed: August
23, 2025).

A decline in prosperity and a decline in living standards all contribute to public discontent, increasing
the state's need to control society. One of the key events of this kind, which led to serious consequences, was
September 11, 2001, when the response to the terrorist attacks was a significant restriction of American public
freedoms (see, for example, the Patriot Act). Increased security requirements at all levels, additional checks,
additional spending, as well as restrictions on freedoms—all of this, to a certain extent, became a brake on the
American and global economy. The additional large-scale expenditures associated with these measures con-
tributed to the formation of budget deficits in a number of countries and increased state participation in the
economy.

This applies primarily to the United States, but many European countries have also followed a similar
path, resulting in an additional slowdown in their economies, requiring additional budgetary stimulus, which
provokes inflation [15]. A visible, but not fully understood by the general public, phenomenon of the present
time is the active use of digital tools to strengthen control over the population as tools to counteract mass
discontent with the deterioration of living standards — from “social rating” systems to the introduction of cen-
tralized digital currencies.

The ambivalent position of the People's Republic of China

Recently, the role of Asia-Pacific countries has been growing both economically and politically, exerting
a positive influence on delaying the realization of contradictions related to limited markets. However, one of
the driving forces of the global economy — China — is experiencing crisis phenomena related to demographic
and environmental issues. Researchers are documenting a situation in which China has reached the peak of its
power, and its further development is becoming problematic. This opinion is shared, for example, by Nobel
laureate Peter Krugman, who expresses it in an article with the eloquent title "Stagnation with Chinese Char-
acteristics" [16].

Limited technological transfer from the United States, coupled with the underdevelopment of its own
fundamental science compared to the collective West, make China's prospects uncertain. Despite China's clear
achievements in applied science and engineering, where it often surpasses even developed countries, its
achievements in basic research are significantly inferior to its success in applied fields. This is well understood
by the country's leadership—for this reason, back in 2023, Xi Jinping published an article entitled "Strength-
ening Basic Research to Achieve High-Level Scientific and Technological Self-Reliance and Self-Enhance-
ment"12. This article addresses the need to develop its own sovereign fundamental, rather than applied, sci-
ence, so that China can base its applied solutions on its own achievements, overcoming its dependence on the
West.

It should be noted that, as recent history shows, this task cannot be accomplished within a short period
of time. A similar challenge faced the leadership of Japan, which demonstrated remarkable success in applied
science in the 1960s-1980s, building on the achievements of Western fundamental science. Attempts to build
its own fundamental science have so far been unsuccessful. It took Europe centuries to achieve this, as cutting-
edge science requires the creation of a special environment and the development of scientific schools. In any
case, this is a very slow process.

It should be noted that within the global market, China is both a major supplier of goods to this market
and a major consumer of resources, technology, and, more recently, finished goods. Consequently, not only a
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major economic crisis but also a sustained slowdown in China's economic growth will negatively contribute
to the exacerbation of global contradictions related to limited sales markets. Added to this is China's debt
problem. According to IMF estimates, the credit-driven growth of the Chinese economy has led to the follow-
ing results: Municipal debt related to infrastructure development accounts for 48% of GDP, or 60 trillion yuan.
But this is only a portion of China's regional debt. Direct regional debt (40 trillion yuan) should be added to
this. Local Chinese authorities are paying off and servicing these debts through new debt borrowings—bond
issuances, the volume of which is increasing (see Figure 3).
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Fig. 3. Dynamics of bond issuance by local governments in China

Note: Data as of February 21, 2026. Source: China's Local Government Bond Rush Worsens Liquidity
Strain // Bloomberg. https://www.bloomberg.com/news/articles/2026-02-23/china-s-local-government-bond
rush-worsens-liquidity-strain (accessed August 23, 2026).

At the same time, according to Fitch forecasts, China's public debt (the sum of local and central govern-
ment debt) could rise to 68.3% of GDP in 2025, from 60.9% in 2024 and 37.9% in 2019.14 The worsening
debt burden of the Chinese economy could have a negative impact on both its production and consumption
volumes, reducing the size of this sector of the global market, thereby exacerbating the overall problem of
limited sales markets. It is worth noting that, unlike the US, the Chinese currency is not freely convertible,
which prevents China from shifting its debt problems onto the rest of the world to the same extent as the US
does by increasing its dollar-denominated external debt.

China is one of the main players in the global market and global economy. Despite China's obvious
desire to become one of the world's poles, it still does not abandon cooperation with the West. Following tariff
disagreements with the US, it has shown increased interest in the European Union. There is still no clear answer
to the question of whether China will pursue a path of self-sustainability, focusing its foreign economic rela-
tions on the Asia-Pacific region, or whether it will focus on continued cooperation with the West, which once
fueled China's transformation from a backward country into a modern China. There is also no clear answer to
the question of China's future development or the degree of resilience of the Chinese economy. This uncer-
tainty is one of the factors contributing to increasing global turbulence.

Conclusion

Each of the above phenomena, factors, contradictions, and trends impacts the global economy, individ-
ually or in combination, creating a synergistic effect. The current global economic model is no longer sustain-
able. A new model is unknown, and the paths for transforming the current model into a new one are undefined,
but such a transformation is long overdue.

Since the number of influencing factors is so large, and the number of their combinations is even greater,
predicting the future trajectory of the global economic system is extremely difficult. Throughout history, the
Gordian knot of insoluble contradictions was usually cut with the sword, i.e., the contradictions were resolved
by war. But modern weapons are such that in the event of war, all problems would disappear—along with our
civilization, and perhaps even the entire human species. Therefore, beyond this dire scenario, two possible
scenarios for changes in the world order and the global economy are theoretically possible, which could tem-
porarily reduce the severity of global turbulence.

The first scenario for changing the world order and global economy, in our view, is associated with a
return to a bipolar model based on North—South in the broad sense and the United States—China in the narrow
sense. These two major countries could become politically and economically "encapsulated,” with a desire to
interact only within their own bloc, restricting their controlled markets from foreign influence. Something
similar occurred during the Cold War, but today, thanks to information technology, intra-bloc cooperation
could be more effective than in the past. A new non-aligned movement will emerge, and blocs will struggle
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for increased influence in the Third World (including a struggle for control over the markets of these countries).
It cannot be ruled out that, as a result of this bloc confrontation, new centers of economic and political con-
centration will emerge, and the world will become multipolar, moving away from the bipolar model. A new
globalization has emerged, but not from a position of superiority and dominance, but from a position of taking
into account historical, political, ideological, religious, ethnic, and other particularities. Then, the global tur-
bulence of today could enter a latent phase.

Since a multipolar world will have its own architecture, the emergence of new connections between the
poles, and possibly accelerated development, will lead to increased production of goods and services, accom-
panied by a simultaneous rise in effective demand. This development, which reduces the severity of global
fluctuations, could continue for quite some time — until a new tangle of contradictions emerges.

A second possible scenario for global economic change, counteracting turbulence, is linked to techno-
logical progress. Two future technologies exist, each capable of transforming the daily life and existence of
every inhabitant of the Earth, permanently resolving the fundamental contradictions associated with limited
markets. These technologies are controlled thermonuclear fusion and quantum computing. Experts are finding
it difficult to estimate the timeframe separating us from the advent of a commercial thermonuclear facility,
although a positive energy balance was recently achieved at an experimental thermonuclear facility in the
United States. A quantum computer, according to conservative estimates, will appear in 30—40 years, although
the first commercial applications of quantum computing are a matter of the next decade.15 We are talking
about the 1960s-1980s, when the Fourth Industrial Revolution will likely occur. After all, industrial revolu-
tions occurred precisely in the 1960s—-1980s of the last three centuries. However, we are not proponents of
numerology.

While the vector of change with industrial thermonuclear fusion is fairly clear and has a clearly defined
energy focus, the commercial applications of quantum computing have a multi-vector focus. Their applications
in pharmaceuticals and the new materials industry are obvious.16 Quantum computing will be used in modern
digital technologies such as artificial intelligence, Big Data, the Internet of Things, neural networks, and neural
interfaces. At the same time, the capabilities of existing technologies will increase exponentially and, most
likely, will transition to a new quality. As with microelectronics, a vast array of new goods and services will
emerge, their production volumes will increase, stimulating the incomes of workers and their effective demand.
This will expand the overall capacity of markets and temporarily overcome their limitations, thereby counter-
ing the growing global turbulence.

As for Azerbaijan, in the current situation, its task is to reap the benefits of globalization, for example,
by generating revenue from hydrocarbon exports, while shaping its economy based on traditionalist principles.
Based on this, Azerbaijan needs to invest in the exploration of new hydrocarbon deposits with high recovery
rates and develop the non-oil sector of the economy. Economics and seek ways to reduce the cost of hydrocar-
bon production. This will allow our country to secure the necessary funds for the development of new tech-
nologies capable of creating new global markets and, most importantly, to establish and expand production
using these technologies globally, as national control over production standards means national control over
the markets for products manufactured according to these standards, even if some of these products are pro-
duced outside the country. This approach is primarily aimed not at integrating Azerbaijan into competition in
existing, limited markets with a large number of established, technologically advanced manufacturers, but at
identifying new, promising markets emerging from new technologies and establishing a dominant position in
these markets before competitors from other countries enter. Implementing this approach in practice is ex-
tremely complex, but it will allow Azerbaijan to significantly reduce its technological gap with Western coun-
tries and China.
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Abstract

In the context of the digital transformation of the economy, the introduction of modern information
technologies into accounting systems is becoming increasingly important. One of the most promising technol-
ogies is blockchain, which represents a distributed data ledger that ensures a high level of transparency, relia-
bility, and security of information. The article examines the main directions of blockchain technology appli-
cation in accounting and analyzes its potential advantages for improving the efficiency of accounting pro-
cesses. Particular attention is paid to the possibilities of automating accounting procedures, increasing the
reliability of financial information, and reducing the risk of fraud. In addition, the existing limitations and
challenges associated with the implementation of blockchain technologies in accounting practice are consid-
ered. The study concludes that blockchain has significant potential for the development of digital accounting
infrastructure and the formation of a more transparent and reliable financial reporting system.

AHHOTAUA

B ycnoBusix nugpoBoii TpaHchopManui SJKOHOMHKH 0COOYIO aKTyallbHOCTh IPHOOpETaeT BHEAPEHHE
COBPEMEHHBIX MH()OPMALMOHHBIX TEXHOJIOTUH B cUCTeMy Oyxranrepckoro yuera. OaHoil u3 Hanbomee mep-
CIEKTUBHBIX TEXHOJOTHH SIBISETCS 6HOK‘i€ﬁH, Hpe):[CTaBJ'IHI-OH_II/Iﬁ co0oit pacnpe/:[eneHHLH‘/'I peeCTp AaHHBIX,
00eCneunBarONUil BRICOKUI YPOBEHB MPO3PAYHOCTH, HAJISKHOCTH U 3allUIICHHOCTH nH(opMaiuu. B cratee
paccMaTpruBarOTCA OCHOBHBIC HAIIPABJICHUS IMPUMCHCHUA TECXHOJIOTUH OJIOKYENH B 6YXFaJ'IT6pCKOM yueTe, a
TAKXKC aHAJIM3HUPYIOTCA €€ NOTCHIHUAJIbHBIC TPEUMYIICCTBA U1 MMOBBIIICHUA Bq)(beKTI/IBHOCTI/I YUCTHBIX IIPO-
IECCOB. Ocoboe BHUMaHNE YACTACTCA BO3MOXKXHOCTAM aBTOMATHU3allMK y4€Ta, MOBBIMICHUIO JOCTOBECPHOCTU
(uHaHCOBOI MHPOPMALIMY U CHIXKEHHUIO PUCKa MOIIeHHHYecTBa. KpoMe Toro, paccMaTpuBaloTcs CyIecTBY-
IOII[Ee OTPaHWYEHUs U MPOoOIeMbl BHEIPEHUs OJOKYEHH TEXHOJIOTHIA B MPAKTHUKY OyXraiaTepckoro ydera. B
PE3YIbTATE UCCIICAOBAHUSA CACTIaH BbIBOJ O 3HAYUTCIIBHOM IMOTCHIMAJIC UCITIOJIB30BaAHUA OJI0K4Y€eiiHa B pa3Bu-
THU TUPPOBOI MHPPACTPYKTYpBl OyXTaiTepcKoro y4yera U (opMHUpOBaHUH OoJiee TIPO3PAUHON M HAJIEKHON
CHUCTEMBI q)HHaHCOBOﬁ OTYCTHOCTH.

Keywords: blockchain, accounting, accounting digitalization, financial reporting, smart contracts, in-
formation technologies, digital transformation.

KiroueBble ciioBa: OnokueiiH, Oyxranrepckuil yuer, nudpoBuzamnus yuera, puHaHCOBasi OTYETHOCTD,
CMapT-KOHTPAKTHI, UHPOPMAIIMOHHBIE TEXHOJIOTHHU, IU(PPOBast TpaHCHOPMAITHSL.

CoBpEeMEeHHBII ATan pa3BUTHSI MUPOBOW YKOHOMUKHU XapaKTEPU3YETCsl aKTHBHBIM BHEJIPECHHEM UG PO-
BBIX TEXHOJIOTMU B pa3jiMuHble ChEphbl ACATEIBHOCTH, BKIIOUYas CHCTEMY OyXrajlTepcKoro yuera. Paspurue
WH(POPMAITHOHHBIX TEXHOJIOTHH, aBTOMATH3AINsI OU3HEC-TIPOIIECCOB U POCT 00BEMOB 00pabaThIBAEMBIX JTaH-
HBIX ()OPMUPYIOT HOBbIE TPEOOBAHUS K OpraHM3AIMK y4eTa U TOJIrOTOBKE (PHHAHCOBOM OTYeTHOCTH. B ycmo-
BUSX NU(POBOI SKOHOMUKH TPATUIIMOHHBIC METO/IBI BEJCHHS OYXTaITEPCKOTO yueTa OCTENeHHO TpaHchop-
MHUPYIOTCS, YCTYIIas MeCTO HU(POBBIM IIaTGopmMam, 00TauHbIM PEIICHUSIM W HHTEUIEKTyalIbHBIM HH(pOpMa-
LIMOHHBIM CUCTEMaM.

HudpoBuzanus OyXranTepcKoro ydera MmpeanojaracT HCI0JIb30BaHUE COBPEMEHHBIX WH(GOPMAIMOH-
HBIX TEXHOJIOTHH JUTS aBTOMATH3AIWU YUSTHBIX TPOLIECCOB, 00pabOTKN (PMHAHCOBBIX JAHHBIX W IMOBBITIICHHSI
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3¢ deKkTHBHOCTH yrpaBieHus! puHAHCOBOH nH(popManueld. B mocnennue roxsl oco0oe BHUIMaHNE YACTSIETCS
TaKUM TEXHOJIOTHIM, KaK NCKYCCTBEHHBII MHTEIUIEKT, poboTu3aius ousnec-mpoueccos (RPA), bonpime nan-
HBIC U OJIoK4eiiH. VX BHEpEeHNE MO3BOISET CYILIECTBEHHO MTOBBICHTH CKOPOCTH 00pabOoTKH MH(pOpMalyuu, CHH-
3UTh BEPOATHOCTH OMIMOOK M 00ecneuuTh 0ojiee BBICOKHI ypOBEHB MPO3PAavyHOCTH (PUHAHCOBBIX OMEpaLnii
[1].

OnHoii 3 Hanbonee NEePCIeKTUBHBIX TEXHOIOTHH, OKa3bIBAIOIINX BIIMSHUE HA Pa3BUTHE Oyxraartep-
CKOTO ydYerTa, sIBJsieTcsl OJIok4eiH. JlaHHas TeXHOIOTus MpeacTaBisieT coboi pachpeaeeHHbIH peecTp AaH-
HBIX, B KOTOPOM MH(OpMAIKs O TPAH3aKLMUAX XPAaHUTCS B BUE NOCIEN0BATEIbHOM HENOYKH OJIOKOB U 3aIIH-
LIEHA C UCIIOJIb30BAaHNEM KpUnTorpadguueckux MerooB. biaronaps neneHTpann3oBaHHOMY XapakTepy Xpa-
HEHHS JAaHHBIX OJIOKYEeiiH oOecreunBaeT BHICOKUN YPOBEHb HAISKHOCTH, IPO3PAYHOCTH U HEU3MEHIEMOCTH
yUeTHOH nHpOpMALIUH.

CoBpeMeHHbIE UCCIIEIOBAHUS TIOKA3bIBAIOT, YTO MPUMEHEHNE OJIOKUEHH TEXHOJIOIUU CIIOCOOHO Cyllie-
CTBEHHO M3MEHUTH TPAIUIMOHHYIO MOJENb BEACHUS OyXrajaTepcKoro ydeta. Mcnoiap3oBaHue pacripeesieH-
HOTO peecTpa Mo3BoJsieT PUKCUPOBATh (PMHAHCOBBIC ONEPALUU B PEKUME peallbHOrO BPEMEHHU U o0ecreyn-
BaeT BO3MOXKHOCTh OJTHOBPEMEHHOI'0 JOCTyNa K HHGOPMALUK AJIs PA3IMYHbIX YYaCTHHUKOB YKOHOMHYECKHX
OTHOLICHUH. DTO CIOCOOCTBYET MOBBILICHUIO AOBEPHUs K (DUHAHCOBOM OTYETHOCTH U CHHKCHHIO PHCKOB Ma-
HUIMYJUPOBAHUS YUETHBIMU JaHHBIMH [2].

Kpowme Toro, BHenpeHne ONOKYEHH TEXHOIOTUU CO3JAaeT MPEANOCHUIKU Ul JaJbHEUIIEro pa3BUTHUS
UG poBoit ”HPPACTPYKTYPHI OyXTaaTEepPCKOTrO yueTa, BKIK0Uasi aBTOMATH3aLUI0 YUETHBIX IPOLEAYP C UCTIONb-
30BaHHEM CMapT-KOHTPAKTOB U (JOPMHUPOBAHNE HOBBIX MOJIXOMOB K OpraHHW3ali (PMHAHCOBOH OTYETHOCTH.
B cBs131 ¢ 5THM HcClleioBaHrE BO3MOKHOCTEH IPUMEHEHHS OJIOKYeliHa B OyXTaaTepcKOM ydeTe MpeACTaBIIseT
3HAUUTEIbHBIN HAYYHBIA U NPAKTUYECKUI UHTEPEC.

TexHomorust 6GI0KYEHH MpeAcTaBIIeT CO00H pacnpeelieHHyI0 0a3y AaHHBIX, B KOTOPOi HHPOpMAaLUs
0 TpaH3aKIHsIX XPAaHUTCS B BUJE MOCIIE0BATEILHOM LIEMOYKH OJIOKOB, CBA3aHHBIX MEXKIY OO0 ¢ HCIOIB30-
BaHHEM Kpunrorpaduueckux MetonoB. Kaxaplii HOBBIH OJIOK COOEPKUT CBEIEHHS O MPOBEACHHBIX Olepa-
LUSIX, @ TAKOKE KPUNTOrpa@uyecKylo CChUIKY Ha MPeIblayui OJI0K, 4TO 00eclieunBaeT HeJI0CTHOCTh U Hen3-
MEHSIEMOCTb BCEH CHCTEMBI JaHHBIX.

OCHOBHOI OCOOCHHOCTBIO OJIOKYEHHA SBIISETCS WCIOJNB30BAaHHE PACHpPEICICHHOTO peecTpa
(Distributed Ledger Technology, DLT), mpu koTropom HH(pOpMAIIXsA XPAaHUTCS OJJHOBPEMEHHO Ha MHOXECTBE
y3JIOB CeTH. B oTimume OT TpaJuIMOHHBIX LEHTPATU30BaHHBIX 0a3 JaHHBIX, YIpPaBICHUE CUCTEMOU OCy-
IIECTBIISCTCS HE OJHUM IIEHTPAILHBIM OIEPAaTOPOM, & BCEMU YYaCTHHKAMH CETH, YTO TOBBIIIAET YPOBEHb
Ha/I©KHOCTHU M MIPO3PaYHOCTU XpaHeHHs nHpopmaru [3].

[Iponecc GpyHKIMOHMPOBAHUS OJIOKYEHH CHCTEMBI BKIIFOUAET HECKOJIBKO IOCIIEA0BATEIbHBIX 3TAIOB.
CHauana ¢popMupyeTcs TpaH3aKIHsl, coepikarias HHGopMalmio o copepuiaeMoi onepanuu. Jlanee TpaH3ax-
LUs1 IepeiaeTCsl y9acTHUKAaM CETH 7Sl IPOBEPKH U noATBepskaeHus. [locie nonreepxieHus 1aHHbIe 00beau-
HSIOTCSI B OJIOK, KOTOPBIN A00aBISIETCS K CYLIECTBYIOLICH LENOYKe OJIOKOB M CTAHOBHUTCS YaCThIO pacmpere-
JICHHOTO peecTpa. briaromaps xpumntorpaguueckoi 3aliuTe 1 MEXaHU3My KOHCEHCyca M3MEHEHHEe paHee 3a-
MUCAHHBIX JJAHHBIX CTAHOBUTCSI TPAKTHYECKH HEBO3MOXKHBIM.

Ha pucynke 1 nokazan MexaHu3M paOoThl OJIOKUEHH TEXHOIOTHH.

\ R \ \ XpaHeHWe B
o N mh bopmupoBaHue . | pobaeneHue Bnoka |
TpaH3aKuus : npoBepKa cetm | : pacnpeneneHHOM
I L. 6noka L B Lienovky L.
! ' ! ! peectpe

Pucynok 1 — [Tpuanun GyHKIHOHUPOBaHUS OJIOKUYEIHH TEXHOIOTUH

B coBpeMeHHBIX HayYHBIX UCCIIEOBAHUSAX TAKKE OTMEUAETCS, YTO IPUMEHEHHE OJIOKYCHH-TEXHOIOTUN
CITIOCOOCTBYET MOBHIIIICHHUIO IOCTOBEPHOCTH (PMHAHCOBBIX TAHHBIX U CHIDKCHHUIO PUCKOB HECAHKITMOHUPOBAH-
HOTO W3MeHeHHUs nHpopMaluu. Vcrnonbp30BaHne pacipeaeeHHbIX PEeCTPOB MO3BOJIAET MOBBICUTH ITPO3pay-
HOCTH (PMHAHCOBBIX OMEPAINI U YIPOCTHTD MPOIECCHl KOHTPOJIS U ayJuTa, 4TO CIIOCOOCTBYeT (popMHpoBa-
HUIO 00JIee HAICKHOW CUCTEMBI (PMHAHCOBOW OTYETHOCTH [4].

Hcnonp30BaHue pacnpeiesICHHOTO peecTpa Mo3BoIsieT GPUKCUPOBATh XO3SHCTBEHHBIC ONIEPALMK B €/IH-
HOM ITUGPOBO cHCTEME, JOCTYITHOM JIJIST BCEX YUYACTHUKOB SKOHOMUYECKUX OTHOIICHUN, YTO CHUXKAET BEPO-
SITHOCTh MCKQXEHUS JAHHBIX W TIOBHIIIIAET YPOBEHB JOBEpHS K (HMHAHCOBON OTYETHOCTH.

OnHUM U3 IEPCIIEKTUBHBIX HAIPABJICHUNA UCITOE30BAHMS OJOKYCHH TEXHOJIOTHH SBIISETCS KOHIICTIITHS
TpoitHo# OyxranTepckoii 3amucu (triple-entry accounting). B otimuune OT TpaAUITHOHHON CHCTEMBI JBOWHOM
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3aIycH, IPY UCTIOIB30BAaHNM OJOKUYEHHA KaKash XO3sMCTBEHHAs orepariisl GUKCUPYETCs HE TOIBKO B YUET-
HBIX PETHUCTPaX CTOPOH CAENKH, HO U B PACIIPEIEIICHHOM PEECTpe, 4TO 00ecrednBaeT JONOTHUTEIHHBIN YPO-
BEHb MOJTBEPKIICHUS U TPOBEPKH TAHHBIX.

Kpome Toro, BaXHYIO pojib B pa3BUTUU ITU(PPOBOTO OyXTalTEPCKOTO YUeTa UTPAIOT CMAPT-KOHTPAKTHIL.
CMapT-KOHTPAKT MPEACTABISIET COO0H MPOrpaMMHBIN aITOPUTM, aBTOMATHIECKH UCTIONHSIONIIHA YCIIOBHUS 10-
TOBOpAa MPH HACTYIUICHUH ONpeeNIeHHBIX coOBITHH. conp30Banne cMapT-KOHTPAKTOB TTO3BOJISIET aBTOMa-
TU3UPOBAThH BBHIMOJIHCHUE (DMHAHCOBBIX ONEpAIUii, CHU3UTh aJIMHHUCTPATUBHBIC U3JCPHKKA U MUHUMHU3UPO-
BaTh BJIHMSIHUE YE€JIOBEUECKOTO (PaKTOpa Ha yUETHBIE MPOIECCHI.

B tabnwume 1 cBeneHB OCHOBHBIEC XapaKTEPUCTUKH HATIPABJICHUA TPUMEHEHHUS TEXHOJIOTHH OJIOKUSHH B
OyXranTepcKoM y4éTe.

Tabnuna 1 — OCHOBHBIC HANPABJICHHS MPUMEHEHUS OJIOKYCHH-TEXHOJIOTHH B OYXTaJITEPCKOM yUeTe

Ne Hanpasjenue npuMeHeHHs: XapaKTepuCTHKA

1. Puxcanus GUHAHCOBBIX ONepaiyit XpaHeHue HHGOPMAIMH O TPAH3aKIMAX B pacHpeIeIcHHOM peecTpe
2. [NoBblIeHHE TPO3PAYHOCTH yUETa JOCTYTI YYaCTHHKOB K eJMHOH 0a3e JaHHBIX

3. ABTOoMaTH3alys onepanui HCIOJIb30BaHUE CMAPT-KOHTPAKTOB

4. | IloBblICHUE TOCTOBEPHOCTH OTYETHOCTH HEBO3MOXKHOCTh U3MEHEHUsI paHee 3aliCaHHbIX IaHHbIX

BwMmecTte ¢ Tem npumeHeHne OIOKYEHH TEXHOJIOTUU B OyXTIalTEPCKOM y4YeTe CBA3aHO C PsIOM OrpaHu-
yeHui. K 4unciay oCHOBHBIX MPOOJIEM OTHOCSTCS BBICOKAas CTOMMOCTh BHEAPEHMS, CIIOKHOCTh MHTETPaLuU
OJIOKUEHH pelIeHnil ¢ CYIIECTBYIOMIMMHU YYETHBIMHA CHCTEMaMH, a TAKKe HEeJOCTaTouHas pa3paboTaHHOCTb
HOPMAaTHBHO-IIPABOBOT'O PEryJIMPOBaHMs UCIIOIb30BaHMS JAHHOM TEXHOIOTHH B (puHaHCOBOM cepe [5].

HecmoTps Ha cymiecTByOLIIME OrpaHUYECHHUS, MHOTHE HCCIICA0BATEIN OTMEYAIOT 3HAUYUTEIIbHbIHN IOTEH-
[MaJ UCIIONb30BaHUs OJOKYEHH TEXHOJIOTHH B CHCTEME OyXranTepckoro ydera. PacmpeneneHHble peecTpbl
MO3BOJISIIOT 00ECIEUnTh O0Jiee BEICOKUI YPOBEHb MPO3PAYHOCTH (DUHAHCOBBIX OMNEpalyii, MTOBBICUTD JIOCTO-
BEPHOCTH YUETHOH WH(MOPMAIH U COKPATUTh BEPOSTHOCTH OMIMOOK MpU 00paboTKe (PMHAHCOBBIX JaHHBIX.
Kpowme Toro, BHeApeHue Oji0K4eliHa CIIOCOOCTBYET (hOPMHUPOBAHHIO SAMHOTO UH(POPMAIIMOHHOTO MPOCTPAH-
CTBa, B KOTOPOM JaHHBIE O XO3SHCTBEHHBIX OIEPAMsIX MOTYT OBITh JOCTYIHBI BCEM 3aHMHTEPECOBAHHBIM
Y4aCTHHUKaM.

PasButie nudpoBoil 3KOHOMHUKHI U PACIpOCTpaHeHHe HH(OPMALMOHHBIX TEXHOJIOTUH CO3MAI0T Ipea-
MOCHUTKH 7151 00JIee MMPOKOTO UCTIONIL30BaHNUs OJOKYEHH TEXHOIOTHU B YUETHOH MpakTHKe. B mepcrnekTuse
BO3MOXHA MHTErpanys OJoKueiiHa ¢ IpyrUMH UU(POBBIMU TEXHOJIOTHUSIMH, TAKUMH KaK UCKYCCTBEHHBIN MH-
TEJIJIEKT, OOJbIINE JaHHbIE U 00JIauHbIe TUIATGOPMBIL, YTO MO3BOJIUT 3HAYUTEIBHO MOBBICUTH 3(P(PEKTUBHOCTD
00paboTku prHaHCOBOH MH(MOPMAIINK B ABTOMATU3UPOBATh 3HAYNTENFHYIO YaCTh YUYETHBIX MPOLEAYP.

Taxum 00pazom, MpUMEHEHHE TEXHOJIOTHH OJIOKUYEHH B OyXTalITEpCKOM YUeTe SIBJISIETCS] OJTHUM U3 Tep-
CHEKTHBHBIX HanpaBieHUH HUPPOBOI TpaHcopMaMy yUeTHBIX cUCTeM. Mcronb30BaHue pacipeieneHHbIX
peecTpoB M CMapT-KOHTPAKTOB IO3BOJISIET MOBBICHTH NMPO3PAvyHOCTh (PUHAHCOBBIX ONepaurii, 00eceynTh
Ha/ISKHOCTh XpaHEHUsI JAHHBIX U CPOPMHUPOBATH OoJIee IOCTOBEPHYIO CUCTEMY (DMHAHCOBOM OTYETHOCTH.

HanbHeliiee pacipocTpaHeHHe OJIOKYEHH TEXHOJIOTUH B OyXTralTepCKOM ydeTe OyAeT 3aBUCETh OT Pas-
BUTHSI HOPMaTHUBHO-IIPaBOBOM 0a3bl, COBEPILICHCTBOBAHUS IU(PPOBOH MHPPACTPYKTYPHI U MOATOTOBKHU CIIEIIH-
QIMCTOB B 00J1aCTH COBPEMEHHBIX HHPOPMAIIOHHBIX TEXHOJIOTHI. B 3THX yCIIOBHSX HCCIIeIOBAaHHE BO3MOX-
HOCTEH MprMeHeHus OJ0KYelHA B YYETHOHN MPAKTHKE COXpaHseT BBICOKYIO HAYYHYIO U IPAKTHYECKYIO aKTy-
QJIBHOCTB.
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Relevance: Considering that civilization is developing day by day in the modern world, development in
the fields of business and marketing requires a new approach.

In today's world, the internet is not only a source of information, but also determines the criteria for
development. [1, p. 55]. The paper considers the importance of social networks as a marketing tool. The key
reasons for their use are identified, the main advertising formats and current approaches to social media pro-
motion are described.An active and engaged audience makes social media particularly attractive for companies
looking to connect with their customers and increase brand awareness. These platforms unite millions of users
around the world and are becoming not only a means of communication, but also a powerful marketing tool
[4]. Social media gives marketers the opportunity not only to disseminate product information but also to
collect important data on consumer preferences [3, p. 201]. This allows companies to more accurately tailor
their offerings to audience needs and enhance brand influence. The most common formats include banner ads,
contextual ads, and native publications. Another direction is special projects — promotions, competitions, quiz-
zes, which involve the audience and help reach new user segments [2, p. 155].

Aim to study: This method involves planning the work to be done to increase economic efficiency and
the appoint main role of SMM in development marketing.

Results: Social media is now central to companies' marketing strategies. They allow not only to promote
products but also to build trusting relationships with the audience. Success in this environment is achieved not
through intrusive advertising, but through engaging content, interaction, and user engagement in brand com-
munication [5].

Keywords: social networks, marketing, advertising, the Internet.
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Relevance. The medical field is a field that is constantly evolving and improving with the integration
of new technologies. The application of modern approaches to protect human health and achieve high effi-
ciency in the treatment of diseases is one of the main goals of doctors and researchers. Modern algorithms,
such as deep neural networks (DNNs) and convolutional neural networks (CNNSs), significantly increase the
accuracy and speed of disease diagnosis by analyzing medical images such as X-ray, MRI, CT, and electron
microscopy (EM). This not only improves the quality of medical services, but also contributes to the develop-
ment of new treatment and prevention methods. In medical diagnostics, Al helps detect diseases such as cancer
at an early stage through mammography, CT and MRI analyses. Algorithms can detect small tumors and ab-
normalities that may be missed by humans. Electron microscopy provides detailed images of cell and tissue
structures at high resolution in medical diagnostics. Al can be used to accurately identify viruses, bacteria and
cellular abnormalities by analyzing electron microscopy images. This is especially important in the investiga-
tion and treatment of infectious diseases. So, first of all, let us emphasize that medical robots equipped with
artificial intelligence increase the accuracy of surgical operations: During microinvasive operations, robots can
move with high precision and intervene without damaging tissues. It becomes easier to manage surgical pro-
cesses and optimize results . The application of artificial intelligence in medicine has led to significant changes
in the field of healthcare in recent years. The application of artificial intelligence in medicine has led to signif-
icant changes in the field of healthcare in recent years.

Aim to study. The main goal was to investigate the advantages and disadvantages of applying artificial
intelligence in medicine.

Materials and methods. A comprehensive literature search was conducted across 8 databases: OVID
MEDLINE, OVID Embase, OVID PsycINFO, EBSCO CINAHL Plus with Full Text, ProQuest Sociological
Abstracts, ProQuest Philosopher’s Index, ProQuest Advanced Technologies & Aerospace, and Wiley
Cochrane Library.

Results. However, persistent concerns remain, including biases ingrained in Al algorithms, a lack of
transparency in decision-making, potential compromises of patient data privacy, and safety risks associated
with Al implementation in clinical settings.So we can say Acrtificial Intelligence plays mainly key roles | med-
icine, which aimed at improving accuracy,efficiency and patients outcomes. Helping Al analyzes databases it
helped to detect diseades earlier and accurately.Also we can see some benefits also .For example :reduces
diagnostic errors and supports clinicians decisions,nhances evidences-based medicine,saves time and improves
consistency during research process.

Conclusion. Based on all the information, we can say that although some shortcomings of the method
can be identified, the application of artificial intelligence in modern medicine is of great importance for more
accurate diagnosis.

Keywords. Artificial intelligence, modern medicine,advantages and disadvantages.

61



62

XXV international scientific conference. Dortmund. Germany. 05-06.03.2026

UDC: 616.12-006-084
CANCER THERAPY-RELATED CARDIOTOXICITY: CLINICAL IMPLICATIONS, DIAGNOS-
TIC APPROACHES AND PREVENTION

Arman Khozhayev

Oncologist, Doctor of Medical Sciences,

Professor of the S.N. Nugmanov Department of Oncology,
Asfendiyarov Kazakh National Medical University, Almaty, Kazakhstan
Dina Alisheva

Head of the Chemotherapy Department,

Almaty Oncology Center, Almaty, Kazakhstan

Madina Mirzayeva

Oncologist-chemotherapist,

Almaty Oncology Center, Almaty, Kazakhstan

Azat Nagiyev

Oncologist-chemotherapist,

Almaty Oncology Center, Almaty, Kazakhstan

Arnur Barlykhanov

Oncologist-chemotherapist,

Almaty Regional Multidisciplinary Clinic, Almaty, Kazakhstan
Altynai Kuldybaeva

Oncologist,

City polyclinic Nol12, Almaty, Kazakhstan

Abstract

Cardiotoxicity is one of the most significant limiting factors in modern anticancer therapy, significantly
impacting its safety and long-term outcomes. The increasing use of anthracyclines, targeted agents, and im-
mune-mediated therapies increases the risk of myocardial dysfunction, arrhythmias, myocarditis, and other
cardiovascular complications. Of particular clinical significance is the fact that cardiotoxic effects can manifest
both during treatment and years after its completion. Improved early diagnostic methods enable the detection
of early signs of myocardial damage and prompt adjustment of treatment strategies. Assessing individual risk
factors, such as age, comorbidities, and cumulative doses of cardiotoxic drugs, is crucial. Advances in cardio-
oncology and a multidisciplinary approach ensure more effective prevention and treatment of cardiac compli-
cations. Therefore, the problem of cardiotoxicity requires further research and the integration of cardiological
strategies into oncology practice.

Keywords: oncology, cardiology, cardio-oncology, cardiotoxicity, cardiac complications, cardiovascu-
lar complications, cardiovascular disease, anticancer therapy, chemotherapy, radiotherapy, biomarkers, Car-
dio-miRNAs, cardiac risk factors.

In recent decades, oncology has experienced rapid progress, driven by the introduction of new classes
of anticancer drugs, refined surgical approaches, and the development of radiation therapy and personalized
medicine. These advances have significantly increased the life expectancy of patients with various forms of
malignancy, and for many patients, cancer has become a chronic, potentially manageable condition. However,
alongside the increased effectiveness of anticancer therapy, the problem of its adverse effects is becoming
increasingly pressing, with cardiotoxicity being the key and most clinically significant. Cardiovascular damage
caused by chemotherapy, targeted agents, immune drugs, and radiation exposure is now considered one of the
most serious limitations to treatment effectiveness and a cause of decreased quality of life for surviving pa-
tients.

The relevance of cardiotoxicity research is driven by several factors. First, the number of cancer patients
is steadily increasing worldwide due to increasing life expectancy and improved diagnostic methods. Secondly,
modern therapy is becoming increasingly intensive and multi-component, increasing the risk of cumulative
toxic effects on the myocardium. Thirdly, improved survival creates a new set of clinical challenges related to
the long-term consequences of treatment, which manifest themselves years after remission. Cardiac complica-
tions are becoming one of the leading causes of late morbidity and mortality among cancer patients, making
the problem interdisciplinary and requiring the collaboration of oncologists, cardiologists, rehabilitation spe-
cialists, and primary care physicians.
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In clinical practice, cardiotoxicity manifests itself in a wide range of conditions — from subclinical re-
duction in myocardial contractility to severe chronic heart failure, arrhythmias, ischemia, arterial hypertension,
and thromboembolic complications. Various drugs can cause myocarditis, vasculitis, conduction disturbances,
pericarditis, and resistant hypertension, which often progresses rapidly and requires urgent diagnosis and treat-
ment.

A separate area of research is the study of radiation therapy cardiotoxicity. Despite improvements in
irradiation technologies and reductions in doses to critical structures, radiation-induced cardiac damage re-
mains a pressing problem for patients with lymphomas, breast cancer, and chest tumors. Radiation exposure
can lead to late changes, such as valve fibrosis, coronary artery disease, restrictive cardiomyopathy, and con-
duction system abnormalities, which manifest decades after completion of treatment.

The growing interest in cardio-oncology reflects the understanding that successful cancer treatment is
impossible without managing associated risks. Current research focuses on developing strategies for early
identification of high-risk patients, optimizing cardiac monitoring methods, and implementing programs for
the prevention and treatment of cardiac complications. However, despite the accumulated data, a unified strat-
egy for monitoring and long-term risk management of cardiotoxicity is still being developed, underscoring the
importance of further research.

Understanding the mechanisms of cardiotoxicity remains an important task. The molecular pathways of
cardiac tissue damage caused by antitumor agents are extremely diverse and include oxidative stress, mito-
chondrial dysfunction, cardiomyocyte apoptosis, impaired angiogenesis, immune responses, and inflamma-
tion. Understanding these mechanisms opens the way to personalized approaches — the use of cardioprotectors,
dosage optimization, selection of drugs with a lower risk profile, and individualized adjustment of concomitant
therapy. A particularly promising area is the development of biomarkers of predisposition, allowing for the
prediction of the development of cardiac complications before treatment and the adjustment of the therapeutic
regimen in advance.

The problem of cardiotoxicity extends beyond purely medical considerations. It affects socioeconomic
aspects, as complications associated with cardiac damage require expensive and lengthy treatment, increase
the number of hospitalizations, and impact patient productivity. With the growing number of cancer survivors,
the need for specialized cardio-oncology centers providing a multidisciplinary approach to patient care is grow-
ing. The development of such services facilitates the timely diagnosis of complications, improves prognosis
and quality of life, and reduces the risk of interruption or modification of anticancer therapy for cardiac reasons.

An additional layer of complexity is created by the fact that many patients begin treatment with pre-
existing cardiac risk factors, such as hypertension, dyslipidemia, obesity, diabetes, genetic predisposition, and
others. These conditions increase the likelihood of developing cardiotoxicity and require comprehensive inter-
vention. Thus, modern approaches to cancer treatment require not only the selection of optimal anticancer
therapy but also active primary and secondary prevention of cardiovascular complications.

As noted by Belenkov Y.N. et al. [1], over the past few decades, due to the extensive implementation of
cancer screening programs, up-to-date early diagnostic methods, and effective combinations of antitumor ther-
apy, it has become possible to significantly improve survival of cancer patients. At the same time, despite the
effective treatment of malignancies, most patient face adverse and often life-threatening effects of specific
treatment on the heart and blood vessels. All this resulted in active development of a new field in cardiology,
cardio-oncology.

In the work of Chan M.F. et al. the authors say that they conducted a comprehensive database search to
review and consolidate data regarding chest radiotherapy and effects on the heart as well as techniques to
minimize exposure to the heart. The research findings demonstrate associations between radiation exposure to
cardiac substructures and subsequent cardiotoxicity. At the same time, advanced cardiac-sparing techniques,
notably respiratory motion management, have emerged as pivotal strategies to minimize the likelihood of car-
diac events. Radiation-induced heart disease is a known potential toxicity in patients undergoing chest radio-
therapy and thus there is a need to understand the associated risks and find methods to minimize them. Our
colleagues focus on the fact that proton therapy can spare the heart and other vital organs while still delivering
high radiation doses to tumors, potentially making it a superior option for treating breast and lung malignan-
cies. Ongoing studies with longer follow-ups are needed to further elucidate its cardiac sparing advantage.
Additionally, we need to investigate the effects of concurrent radiotherapy and immunotherapy on the heart,
as existing research indicates that immunotherapy can lead to cardiac issues such as myocarditis, arrythmias,
and heart failure. The combination of these therapies may exacerbate these negative effects, so they should be
used cautiously. Lastly, we need to further study how patient specific factors, such as pre-existing coronary
artery disease or reduced ejection fraction, can help tailor radiation therapy more effectively [2].

Advances in cancer treatment have improved in patient survival rate. On the other hand, management
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of cardiovascular complications has been increasingly required in cancer patients. Thus, cardio-oncology has
attracted the attention by both oncologists and cardiologists. Cardiovascular imaging has played a key role for
non-invasive assessment of cardiovascular alterations complimentary to biomarkers and clinical assessment.
Suitable imaging selection and interpretation may allow early diagnosis of cardiovascular injury with potential
implications for therapeutic management and improved outcomes after cancer therapy. Echocardiography has
been commonly used to evaluate cardiac dysfunction in cardio-oncology area. Cardiac computed tomography
is valuable for assessing structural abnormalities of the myocardium, coronary arteries, and aorta. Molecular
imaging has an important role in the assessment of the pathophysiology and future treatment strategy of car-
diovascular dysfunction. Cardiac magnetic resonance imaging (MRI) is valuable for characterization of myo-
cardial tissue. Positron emission tomography (PET) and Single Photon Emission Computed Tomography mo-
lecular imaging has potential roles for quantitative assessment of cardiovascular disorders. Particularly,
Fluorodeoxyglucose-PET is considered as an elegant approach for simultaneous assessment of tumor response
to cancer therapy and early detection of possible cardiovascular involvement as well. Cardio-oncology repre-
sents an important new area that should be covered by multiple specialist teams, including medical and radia-
tion oncologists, cardiologists, diagnostic radiologists, technologist, nurses, and pharmacists. Interdisciplinary
cooperation among these specialists is mandatory for accurate and timely diagnosis and also suitable manage-
ment for each cancer patient. Cardiologists should be knowledgeable about the strengths and limitations of
various imaging modalities, including echocardiography, cardiac MRI, and nuclear imaging. They should se-
lect the appropriate modality based on the clinical scenario and the specific information needed. Many oncol-
ogists should understand various cardiotoxic effects after new cancer treatments. In addition, radiologists
should play an important role for selecting suitable imaging modalities and interpreting not only the tumor
itself but also the condition of the heart when viewing tumor images in order to provide important messages
from these images for both cardiologists and oncologists. Radiologists should be aware of the critical role that
imaging plays in the diagnosis, monitoring, and management of cardiotoxicity in cancer patients. Understand-
ing the appropriate use of each imaging modality is essential for providing comprehensive care. Radiologists
should stay informed about the latest advancements in imaging technologies and techniques, such as cardiac
MRI and nuclear imaging, to ensure accurate assessment and timely detection of cardiotoxic effects. Cardio-
vascular imaging has evoked as a key role for this purpose, allowing non-invasive evaluation of cardiovascular
alterations complimentary to biomarkers and clinical assessment. Suitable imaging selection and interpretation
may permit not only for early diagnosis of cardiovascular injury but also accurate assessment treatment effects.
Thus, the imaging will provide impact on therapeutic management and improved outcome after cancer therapy
[3].

A very indicative and interesting study in the clinical and prognostic aspect was conducted by Klotzka
A. etal. [4]. The purpose of this study was to gather information on respondents’ knowledge of their treatment,
awareness of cardiovascular risks associated with cancer therapy, and the factors associated with these out-
comes. The level of awareness was related to age, education, as well as health behaviors and communication
with the physician. As the authors note cardio-oncology is a relatively young but rapidly developing branch of
medicine. It combines cardiology and oncology. Both of these fields are associated with the largest number of
morbidity cases in the world, and thus the largest number of deaths. Cardio-oncology addresses the cardiac
complications of oncological treatment at every stage of cancer therapy. Cardiovascular complications have
become increasingly common among cancer survivors, largely due to improved treatment outcomes and longer
survival. As events like myocardial infarction and heart failure now significantly affect long-term health, as-
sessing patients’ awareness of these risks is essential. Cardio-oncologic complications extend beyond the du-
ration of oncologic treatment. Chemotherapy, radiotherapy, or immunotherapy, which are widely used in on-
cology, can lead to adverse cardiovascular events both during and years after oncological treatment.

A cross-sectional study was conducted among 243 patients attending an outpatient cardio-oncology
clinic in Poznan, Poland. Participants were informed about the aim of the study while in the clinic waiting
room. Subsequently they completed an anonymous questionnaire voluntarily after the visit to the office. Com-
pleting the paper-and-pencil survey took an average of 10-15 min. If necessary, patients could count on pro-
fessional assistance in completing the questionnaire. They could ask questions while completing the survey
and withdraw from the study at any time. Eligibility criteria included being an adult and having a confirmed
diagnosis of any type of cancer. Data collection was carried out between October 2023 and April 2024. Ac-
cording to the statement KB-919/22 issued by the Bioethics Committee of the Poznan University of Medical
Sciences (Poznan, Poland) the study did not constitute a scientific experiment.

Based on a review of the literature and relevant recommendations, a structured questionnaire was de-
veloped, comprising three sections: (1) questions related to cardio-oncology, (2) questions related to health
behaviors, and (3) sociodemographic items. 37 items were single-choice, and 3 were multiple-choice. The tool
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was reviewed by four subject-matter experts in the fields of cardiology, public health, patient education, and
healthcare.

The following questions examined patients’ awareness of cardiac complications:

What is cardio-oncology?

In your opinion: Can chemotherapy “damage” the heart?

In your opinion: Should the heart be monitored during chemotherapy?

In your opinion: Should one go to a cardiologist for follow-up after cancer treatment?

In your opinion: Should the heart be monitored after radiation therapy to the chest?

In your opinion: Can radiation therapy to the chest “damage” the heart?

Other questions concerned examinations and providing information by the doctor:

Did your doctor inform you about possible cardiac complications caused by cancer drugs?

Did your doctor inform you about possible cardiac complications caused by radiation therapy to the
chest?

Did a cardiologist examine you during cancer treatment?

Did you have an echocardiogram. known as a cardiac echo. during your cancer treatment?

The response options “no” and “I don’t know” or “I don’t remember” were combined during the statis-
tical process because we wanted to obtain a clear classification of respondents in terms of their knowledge.
Differentiating between a lack of knowledge and an uncertainty about one’s knowledge did not result in a
significant statistical difference [4].

The response rate was 80%. The majority of participants were women, comprising 75.7% of the total
sample. The mean age of respondents was 51.2 years (SD = 9.8), and the mean Body Mass Index (BMI),
calculated based on self-reported weight and height, was 27.0 (SD = 18.7). More than half of the participants
(53.5%) were classified as having an elevated BMI. The largest educational subgroup included individuals
with secondary education (38.7%). Additionally, over half of the sample resided in large urban areas (53.5%)
and were actively employed (61.7%). Only a small proportion of respondents (9.1%) rated their financial sit-
uation as good or very good. Breast cancer was the most commonly reported cancer type, accounting for 55.6%
of cases. In terms of treatment, approximately 32% of patients reported receiving both chemotherapy and ra-
diotherapy, whereas nearly 27% were unaware of the specific oncological treatment they had undergone. Pa-
tients’ awareness of cardiac complications associated with their cancer treatment and the relationship with
various demographic variables were analyzed. In questions concerned patients’ awareness, examinations and
providing information by the doctor the response options “no” and “I don’t know” or “I don’t remember” were
combined during statistical process. The researchers wanted to obtain a clear classification of respondents in
terms of their knowledge. The respondents were divided into two groups - those having knowledge and the
rest - in order to examine the differences between them. As a result, we observed a statistically significant
difference between these groups. Patients were asked to select the correct definition of cardio-oncology. Only
23.5% of respondents knew what cardio-oncology is. Statistical significance was identified in age, education
level, BMI and type of oncological therapy received by the patient. Among patients under 40 years old, aware-
ness of cardiac complications was the highest. This awareness declined with increasing age and increased with
the level of education. Additionally, most individuals with obesity and those unaware of the type of oncological
therapy they were receiving also lacked knowledge of cardio-oncology. Statistical significance in relation to
financial situation was identified only in questions concerning complications after chemotherapy. Patients who
declared an average financial situation were least likely to say that the heart should be monitored. A significant
correlation was also noted between patient awareness and physician actions. Only 24.3% of patients were
informed by their oncologist (or remember being informed) about possible cardiac complications caused by
cancer drugs. An even smaller proportion (12.4%) remembered that their doctor informed them about possible
cardiac complications caused by chest radiotherapy. Nearly 32% of patients were not examined by a cardiol-
ogist during cancer treatment, and more than half (53.5%) underwent echocardiography during cancer treat-
ment. However, 95.5% of patients believed that every patient undergoing cancer treatment should have a car-
diology consultation. Patients who were informed about possible complications and underwent cardiological
examinations had better knowledge about complications and the need to monitor their heart after cancer treat-
ment. The results from Health Behavior Scale domains showed that out of a possible 45 points, respondents
scored an average of 24.21 (SD = 8.18) points. Preventive behaviors related to the healthcare system received
the lowest score (1.33 out of 3 possible), which indicates that patients diagnosed with cancer relatively rarely
underwent preventive prostate cancer screening or smear test. On the other hand, patients scored highest in the
Unhealthy behaviors domain, which indicates that they rarely consume tobacco or alcohol products (2.05 +
0.46). The Mann-Whitney U test indicated a statistically significant association between patients’ health be-
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haviors and cardio-oncology knowledge (p < 0.001). Individuals who knew what cardio-oncology is and pro-
vided correct answer declared healthier behaviors (M =27.9 & 6.0) than those who did not have this knowledge
(M = 23.1 + 8.5). Patients who were aware that chemotherapy and radiotherapy could have negative cardiac
consequences also exhibited better health behaviors related to diet, physical activity or healthcare system.
Among those who completed our questionnaire, 54 participants (22.22%) reported receiving chemotherapy,
while 79 (32.51%) received both chemotherapy and radiation therapy. Radiation therapy alone was used in 45
individuals (18.52%). Notably, 65 participants (26.75%) did not know what type of cancer treatment they had
undergone. As the authors note it is concerning that such a large group of patients, despite having undergone
potentially cardiotoxic therapy, were not aware of the need for regular follow-up. Nearly half of them had
received chest radiotherapy, and it is well known that its complications increase over time - coronary artery
disease or valvular dysfunction may appear even 20 years after treatment. In the absence of follow-up, patients
often present to a cardiologist only at an advanced stage of disease. Even more striking are the data showing
that more than 26% of patients in the cardio-oncology clinic did not know what type of oncologic therapy they
had received. It is difficult to determine whether this results from denial of the cancer diagnosis, lack of interest
in their health despite the disease, or concomitant depression [4].

Summarizing the conducted research, our colleagues state that cardio-oncology is becoming an indis-
pensable component of comprehensive care for oncology patients. As cancer treatments continue to improve
in effectiveness, they are increasingly associated with a risk of cardiovascular complications that can signifi-
cantly impair patients’ quality of life and affect overall prognosis. The early involvement of a cardiologist at
the stage of planning oncological therapy allows for individualized risk assessment and timely implementation
of preventive measures. Unfortunately, as demonstrated by study, the level of knowledge among oncology
patients regarding potential complications of chemotherapy and radiotherapy remains insufficient. There is a
clear need to implement effective educational programs aimed at increasing awareness of these risks and fos-
tering stronger interdisciplinary collaboration between oncologists, cardiologists, and primary care physicians.
Greater emphasis should be placed on prevention through the control of comorbidities that already increase
baseline cardiovascular risk, such as hypertension, diabetes, and obesity, even before the initiation of cancer
treatment. Regular cardiac monitoring during and after therapy should become the standard of care. Patients
must also receive clear and comprehensible information about the potential adverse cardiovascular effects of
oncological treatment. Improved patient education may enhance patient engagement in the treatment process
and facilitate the early detection of cardiac complications. As shown in survey, patients who were informed
by their physician about the potential cardiotoxicity of oncological therapies demonstrated more health-con-
scious behaviors. Early identification of cardiotoxicity enables timely intervention, reducing the likelihood of
long-term complications. This proactive approach not only enhances treatment safety but also strengthens pa-
tients’ trust in the healthcare system as a whole [4].

Yang M. et al. [5] in their work emphasize that with the increase of aging population and prevalence of
obesity, the morbidity of cardiovascular disease (CVD) and cancer has also presented an increasing tendency.
These two different diseases, which share some common risk factors. Relevant studies in the field of reversing
cardio-oncology have shown that the phenotype of CVD has a significant adverse effect on tumor prognosis,
which is mainly manifested by a positive correlation between CVD and malignant progression of concomitant
tumors. This distal crosstalk and the link between different diseases makes us aware of the importance of
diagnosis, prediction, management and personalized treatment of systemic diseases. The circulatory system
bridges the interaction between CVD and cancer, which suggests that we need to fully consider the systemic
and holistic characteristics of these two diseases in the process of clinical treatment. The circulating exosome-
miRNAs has been intrinsically associated with CVVD-related regulation, which has become one of the focuses
on clinical and basic research (as biomarker). The changes in the expression profiles of cardiovascular disease-
associated miRNAs (Cardio-miRNAS) may adversely affect concomitant tumors. In this article, we sorted and
screened CVD and tumor-related miRNA data based on literature, then summarized their commonalities and
characteristics (several important pathways), and further discussed the conclusions of cardio-oncology related
experimental studies. The cellular regulatory processes and mechanisms between miRNAs and CVD have
been well studied, but the role of miRNASs as a systemic influence in the synthesis of cross-talk between dif-
ferent diseases is still less. Especially, some typical biomarkers reflected by changes of expression profile for
Cardio-miRNAs in circulation. The authors sorted out the relevant mechanism of Cardio/Onco-miRNAs in-
volved in CVVD phenotype on tumor regulation according to the objective background of reverse cardio-oncol-
ogy. These mechanisms will be key to revealing the systemic or holistic effects of CVD on tumors, which is
also an important value for the application of precision medicine in the diagnosis and treatment of systemic
diseases. These mechanisms might serve as evidence to supplement the importance of predictable diagnosis
and personalized treatment between CVD and tumors, and it also provides a reference for developing systemic
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principles of improve individual outcomes. Based on the reported contribution of related miRNAs to the reg-
ulatory mechanism of malignancy process of tumor cells, combining with the fact that exosome-derived Car-
dio-miRNAs can regulate tumors via circulation, the researchers have deeply analyzed and summarized the
different signaling pathways involved in Cardio-miRNAs. The aim is to predict and evaluate the impact on
adaptive survival of tumor cells based on the regulatory mechanisms of different pathways and related Cardio-
miRNAs as markers. Different expression levels of circulating Cardio-miRNAs predict the progression of
concomitant tumors and can be used to develop personalized treatment options. Concludes that CVD and tu-
mors can be linked through miRNAs, and these miRNAs may have a dual role (Cardio-/Onco-miRNAS). How-
ever, with aging, the dysfunctions of cardiovascular system may appear and changes of systematic phenotypes
of circulating miRNAs showed the adverse effects of Cardio-miRNAs for middle-aged and elderly or obese
tumor patients. Furthermore, the dual properties of Cardio-/Onco-miRNAS suggest that CVD is systemic and
holistic problem or risk factor affect distant tumor cells via the circulation, which may be a potential target for
treatment and intervention. Therefore, based on the perspective of CVD phenotyping in oncologic disorders,
we need a systemic evaluation, prediction and diagnosis of the patients with concomitant tumors, which may
provide a reference for avoiding poor prognosis.

Kojic A. et al. indicate that [6] heart disease and cancer share common risk factors, genetic predisposi-
tions, and metabolic and inflammatory components. Metabolic reprogramming can drive disease progression
in both, with cardiometabolic syndrome - marked by obesity, insulin resistance, dyslipidemia, and hyperten-
sion - contributing to cancer development. Studies link around 20% of cancer cases to obesity, while elevated
glucose and triglyceride levels increase the risk of liver, thyroid, and respiratory cancers. Beyond treatment-
related cardiotoxicity, cancer patients often have pre-existing CVD at diagnosis, highlighting their bidirec-
tional relationship. Patient-specific induced pluripotent stem cells (iPSCs) offer a powerful platform to study
these links at a personalized level. iPSC models help explore shared molecular mechanisms, metabolic dysreg-
ulation, inflammation, and cardiotoxicity.

The authors state that as cancer therapies continue to extend survival, patients are increasingly facing
long-term cardiovascular consequences — not only from the treatments themselves but also from cancer-related
inflammation and metabolic disruption. This is especially true for individuals with underlying cardiometabolic
disease, who may experience synergistic effects on cardiac function. In this context, cardio-oncology must
evolve beyond reactive management toward a proactive, integrative approach. Preventative strategies targeting
metabolic risk factors (e.g., statins, glycemic control, etc.) hold promise for improving both cancer and cardi-
ovascular outcomes. These considerations set the stage for translational efforts, including dietary interventions
and patient-specific iPSC-based strategies, to optimize therapy and minimize harm. Several lines of evidence
support the central role of metabolism in the development of both CVD and cancer. Targeting specific meta-
bolic signatures — whether through direct enzyme inhibition or dietary modulation — can influence tumor
growth, improve therapy tolerance, and reduce cancer-associated cardiovascular risk. These efforts are exem-
plified by the clinical use of inhibitor of mutant isocitrate dehydrogenase 1 and 2 inhibitors. Additionally,
preclinical studies have shown that intermittent fasting can delay tumorigenesis and reduce growth factor sig-
naling, offering another potential avenue for systemic metabolic intervention. Furthermore, the investigation
into how risk factors for both cancer and CVD such as obesity, diabetes, and dyslipidemia might provide new
avenues for systemic solutions to both diseases through dietary interventions. Fasting has been shown to have
positive effects on cancer prevention and treatment in mice. Just 1 day of fasting per week delays tumorigenesis
in p53-deficient mice, with other effects including decreased plasma levels of glucose, insulin, and insulin-like
growth factor 1. Periods of fasting are also followed by high cellular proliferation, characterized by cellular
repair pathway activation and driven by the replenishment of growth factors during refeeding that can reverse
atrophic cellular remodeling. iPSC technologies offer a versatile and powerful platform for accurately model-
ing CVDs, metabolic disorders, cancer, and their complex interactions. By providing an essentially unlimited
supply of targeted cell types derived from either healthy controls or patients, these models enable the recapit-
ulation of disease-specific phenotypes influenced by genetic and environmental factors. As an accessible, pre-
cise, and highly adaptable system, iPSCs can enable groundbreaking discoveries in disease mechanisms and
toxicity progression while also facilitating the development of effective therapeutic strategies. iPSCs’ ability
to reflect the unique genetic background of the individual from which they are derived positions them as a
cornerstone for advancing personalized precision medicine. In cardio-oncology, iPSCs provide a robust plat-
form to assess individual responses to anticancer therapies, enabling the identification of treatment combina-
tions that maximize tumor suppression while minimizing detrimental side effects. This approach holds im-
mense promise for tailoring treatments to the unique needs of each patient with transformative implications
for improving outcomes in cancer survivors, who face heightened risks of developing CVD. To fully realize
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the potential of these technologies, cross-disciplinary research integrating cardio-oncology, oncology, and car-
dio-metabolism is essential. Such collaboration can bridge the critical gap between molecular studies and clin-
ical applications, leveraging patient-derived samples for mechanistic insights and risk stratification, and pro-
mote the development of novel therapeutic strategies. Ultimately, this integrated approach promises the advent
of a new paradigm to transform patient care, by effectively treating both cancer progression and its cardiovas-
cular consequences [6].

A fundamental study concerning the assessment of global trends in publications and the identification
of the most cited scientific articles on cardio-oncology was conducted by Suero-Abreu G.A. et al. [7]. They
note that as novel cancer therapies continue to improve patient outcomes, there is an increased need for pre-
vention and management of the cardiovascular side effects of these therapies. For this reason, the field of
cardio-oncology has experienced significant scientific growth, particularly during the last decade. A biblio-
metric analysis of the literature in the field of cardio-oncology was performed using the multidisciplinary da-
tabases Scopus, Pubmed, and Web of Science Core Collection. The terms “cardio-oncology”, “onco-cardiol-
ogy”, “cardio-onco-hematology” and “cardio-immuno-oncology” were searched (both hyphenated and non-
hyphenated) for all languages for the years 1864 to 2020. The final search was conducted on March 31, 2021,
and the terms were queried as “abstract title, abstract, and keywords” for Scopus and Pubmed, and as “topic”
for Web of Science Core Collection. All articles from the search results were independently verified by two
reviewers and were included in the analysis if they addressed cardio-oncology as a field of study in the key-
words, title, or abstract. Articles that did not focus on cardio-oncology were excluded. Each article was re-
viewed for its number of citations, year of publication, and journal of publication. When duplicates were found,
the entry with fewer citations was eliminated. For those articles that were co-published in two or more journals,
the entry with the highest citations was kept and the citations from the other entries were added to this entry.
Publication output for each year was analyzed and a list of the 50 most cited articles in the field was generated,
as well as a list of journals publishing cardio-oncology articles. The top 50 most cited articles were reviewed
for their citations, year of publication, type of article (i.e., original article, position paper/society guideline,
review, systematic review, conference paper, letter to the editor, and case report), journal, and characteristics
of the corresponding author (i.e., field of study and country of origin). Due to the public nature of the data used
in the study, informed consent for this study was not obtained and it was exempt from Institutional Review
Board approval. This study was conducted in compliance with all applicable institutional ethical standards for
human study. As of March 31, 2021, a total of 1,294 publications related to cardio-oncology as a field with a
total of 14,494 citations were found. There was a consistent increase in the number of articles referring to
cardio-oncology and the number of citations over the past two decades. The articles per year were 1 in 1996,
1in 2003, 2 in 2008, 7 in 2010, 14 in 2011, 12 in 2012, 28 in 2013, 47 in 2014, 75 in 2015, 115 in 2016, 176
in 2017, 184 in 2018, 261 in 2019, and 371 in 2020.

Cardio-oncology was the first term used to describe the field and has remained the most used in the
literature compared to the other names associated with the field. In this regard, we identified additional terms
referring to the field which arose later in the literature such as: onco-cardiology (in 2008), cardio-onco-hema-
tology (in 2017), and cardio-immuno-oncology (in 2018). There was no further mention of the term “cardio-
oncology” until 2003 (one article, one citation), and then later in 2008 (two articles, one and 25 citations).
After 2010 and particularly between 2015 and 2020, there has been a significant growth in the number of
publications referring to cardio-oncology as a field, likely triggered by the increased recognition of cardiac-
related side effects of novel cancer treatments, such as targeted and immunomodulating therapies. The top 50
most cited articles in the field of cardio-oncology had a combined total of 7,192 citations as of March 2021.
The number of citations per publication ranged from 49 to 986 (mean 143 + 157). The most cited articles to
date were published between 2010 and 2020, with the majority between 2015 and 2020 (n = 31,62%). All
articles were in English and most article types were reviews (n = 28,56%, with 3,208 citations), followed by
guidelines and position papers (n = 9,18%, with 2,299 citations) and original articles (n = 9,18%, with 1,451
citations). The rest of the articles were one letter to the editor, one systematic review, one case report, and one
conference paper. The authors found that the three journals with the most articles on the 50 most cited list were
Journal of the American College of Cardiology (eight publications with 1,347 citations), European Heart Jour-
nal (four publications with 1,372 citations), and Circulation (four publications with 241 citations). The re-
searchers point out that cardio-oncology has blossomed as a field and its impact is expected to continue to
expand. At the same time, despite the growth of the field, there is a need to expand our research efforts towards
more original basic and translational research studies and to adopt standard terms for the indexing of research
related to the field [7].

Ng C.T. et al. [8] note in their work that in recent years, there has been growing interest in the subspe-
cialty of cardio-oncology worldwide. Cardio-oncology is an emerging multi-disciplinary field, which aims to
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reduce morbidity and mortality of cancer patients by preventing and managing cancer treatment-related cardi-
ovascular toxicities. With the growth in cardiovascular and cancer burden in Asia, there is a greater need for
cardio-oncology awareness among physicians managing this unique group of patients and need to develop
country-specific cardio-oncology initiatives. Our colleagues emphasize that in Asia, the top priority is to boost
cardio-oncology services to cope with the upcoming cancer and CVD pandemic. The timely and appropriate
intervention of cancer patients who experience CV toxicity can potentially help to reduce both CVD and cancer
mortality. Concurrently, establishing a regional registry or joining an international registry such as Global
Cardio Oncology Registry would facilitate the collection of country-specific data to better understand the dis-
ease prevalence and outcomes of cardioprotective strategies, and provide feedback for improving existing car-
dio-oncology programs. Based on the epidemiology of cancer therapy-related cardiovascular toxicity (CTR-
CVT) in Asian patients, as well as ongoing research into the pharmacogenetics/pharmacokinetics of cancer
and cardio-protective agents, customized guidelines for the Asian population can be developed. Given that
there is significant healthcare and socio-economic disparity in Asia, countries with established cardio-oncol-
ogy services should take the lead in mentoring upcoming centers by sharing their experiences and knowledge.
The field of cardio-oncology is transforming the way cardiologists, oncologists, and hematologists screen for
and manage CTR-CVT. While it is still in the developing phase, the various cardio-oncology communities in
Asia and across the world are working closely together to advance the field by optimizing clinical care, edu-
cation, and research, with a united mission of allowing cancer patients to complete their treatment and lead
quality lives with minimal CVD burden thereafter.

I would also like to touch upon such an important aspect as the participation of mid-level medical per-
sonnel in cardio-oncological care.

Fadol A. et al. [9] say that with early detection and improvements in systemic and local therapies, mil-
lions of people are surviving cancer, but for some at a high cost. In some cancer types, cardiovascular disease
now competes with recurrent cancer as the cause of death. Traditional care models, in which the cardiologist
or oncologist assess patients individually, do not address complex cancer and cardiovascular needs. Nursing
disciplines should be an integral part of holistic assessment in cardio-oncology care. To learn what educational
needs nurses perceive important for provision of competent cardio-oncology nursing care, authors undertook
an international survey, aiming to understand their learning needs and preferred learning modalities. As the
researchers note cardio-oncology is a relatively new field of study and the nursing knowledge standard to
provide holistic care has not been established. Moreover, nurses commonly have knowledge based in either
cardiology or oncology but rarely both. For competent cardio-oncology nursing care to be fostered, accessible
and acceptable educational opportunities must be readily available. Accordingly, they undertook an online
survey to assess the learning needs of nurses in the competent care of cardiovascular issues in patients with
cancer, aiming to understand their learning needs and preferred learning modalities.

A cross-sectional survey was developed by members of the International Cardio-Oncology Society (IC-
0OS) Nursing Research group, with invitations distributed through IC-OS as well as national and international
nursing societies and associations. The survey was in English and consisted of 23 questions which include
demographic information, clinical specialty (oncology, cardiology, or cardio-oncology), multiple-choice ques-
tions related to clinical topics that nurses might be interested in learning, and preferred methods of instruction.
No identifying information was requested thus participants remained anonymous. The survey qualified for
exempt status by institutional board review and completion was considered implied consent of participation.
The survey was conducted online via the IC-OS website with submissions accepted between the dates of De-
cember 1, 2023, to February 29, 2024. The secure Research Electronic Data Capture program was utilized to
administer the survey which took approximately five minutes to complete [10]. Survey questions were pur-
posefully developed to describe potential cardio-oncology events across the treatment and survivorship con-
tinuum. Depending on the format of the question, respondents could choose as many areas of interest as de-
sired. Aiming for the broadest perspectives and representation of different health care systems, participants
were recruited by convenience sampling in multiple countries and were currently working in cardiology, on-
cology or cardio-oncology programs [9].

Three hundred and twenty-nine responses were received during the study time frame. The majority of
respondents reported as residing in the United States (n=206), Canada (n=45), United Kingdom (n=14)
China (n=12), Qatar (n=15), Australia (n= 1), Ireland (n =2), Poland (n=2), Turkey (n=1) and Italy (n=1).
The majority were female (n=290,93%) with 49% educated to Bachelor’s level (n=151,49%) and working
in oncology (n=218,70%) in direct patient care roles (n=260,85%). A total of 201 (65%) nurses stated they
had cardio-oncology experience. In terms of previous education and training in cardio-oncology, the majority
stated that they had no formal education (n=268,88%) and approximately one-third have formal cardio-on-
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cology programs in their workplace (n=110,36%). The majority of respondents expressed an interest in learn-
ing more about cardio-oncology related topics, primarily via pre-recorded webinars (n=206,67%) and live
virtual meetings (n = 192,63%). Formal programs leading to certification were highly endorsed (n = 247,80%).
Respondents were asked about training topics categorised into cardio-oncology, oncology and cardiology. In
relation to specific cardio-oncology topics, there was a strong interest in learning more about cardiovascular
toxicities and their management (n=205,66%) along with interest in cardio-oncology programs and cancer
therapeutics. The survey authors conducted described the sample’s characteristics, identified cardio-oncology
learning needs and preferred methods of delivery. A cardio-oncology core curriculum based on the survey
responses can offer convenient, accessible and learner-directed education for nurses worldwide. Ultimately, as
our colleagues point out, development of cardio-oncology nursing expertise will benefit cancer patients and
survivors worldwide [9].

Now, regarding the Cardio-Oncology Rehabilitation and Exercise (CORE) programmes. Adams S.C. et
al. [11] focus on the fact that there is an urgent need to reinforce and extend the evidence informing the cardi-
ovascular care of cancer survivors. CORE is an attractive model that is potentially scalable to improve the
cardiovascular health of cancer survivors as it leverages many of the existing frameworks developed through
decades of delivery of cardiac rehabilitation. However, there are several challenges within this burgeoning
field, including limited evidence of the efficacy of this approach in patients with cancer. CORE incorporates a
model like cardiac rehabilitation programmes, including medical evaluation, prescriptive exercise, cardiovas-
cular risk factor modification, education, counselling, and nutritional support. This intervention potentially has
diverse and complementary patient-, HCP-, and system-level benefits and may be a leading strategy to address
the current care gaps and optimize long-term cardiovascular outcomes for oncological patients and survivors.
Close collaboration of CORE stakeholders (e.g. oncologists, cardiologists, primary care physicians, nursing,
exercise physiologists/therapists, nutritionists, etc.) is required to accelerate discovery, improve the quality
(e.g. rigour and reporting) and scope (e.g. targeting high risk and highly vulnerable populations) of CORE
research, and support widespread implementation in the field.

Thus, cardiotoxicity remains a key issue in modern anticancer therapy, impacting both immediate treat-
ment outcomes and the long-term quality of life of patients. Increasing cancer survival rates make maintaining
optimal cardiovascular health an integral part of comprehensive oncology care. The development of cardio-
oncology as an interdisciplinary field provides the foundation for the early detection of cardiac complications,
optimized therapy, and a personalized approach to each patient. A combination of modern diagnostic methods,
risk stratification, and cardioprotective strategies can significantly reduce the likelihood of severe cardiovas-
cular complications. Close collaboration between oncologists, cardiologists, and related specialists, based on
unified clinical protocols and timely monitoring, remains crucial. Further advancement of cardio-oncology
requires expanding the evidence base, implementing innovative technologies, including biomarkers, and rais-
ing awareness among the medical community about the risks of cardiotoxicity. This approach will not only
improve the tolerability of anticancer treatments but also provide patients with a longer, better quality of life
after completion of anticancer therapy.

In recent years, the development of clinical guidelines and standards for the management of patients at
risk of cardiotoxicity has been actively discussed in the scientific literature. International documents already
exist that unite the efforts of oncologists and cardiologists, but their implementation in practice requires adap-
tation to the specifics of national healthcare systems. An important step is the training of specialists, including
mandatory nursing staff, raising awareness among physicians at all levels, and developing interdisciplinary
communication. This is especially important in resource-limited regions where access to modern monitoring
methods may be difficult.

Thus, the relevance of cardiotoxicity testing during anticancer therapy is determined by a combination
of factors: the increasing prevalence of cancer, increasing patient life expectancy, the expanding range of an-
ticancer agents toxic to the heart, the presence of delayed cardiac complications, and the high clinical signifi-
cance of timely diagnosis. Success in modern oncology is impossible without increased attention to maintain-
ing patients' cardiovascular health. Research into the mechanisms of cardiotoxicity, the development of pre-
ventative methods, improved monitoring, and the development of personalized treatment approaches are im-
portant areas shaping the future of cardio-oncology and improving the quality and length of life for patients.
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Abstract

This article examines the multifaceted impact of screen time on the development of preschool-aged
children (2-5 years). It explores the key developmental domains affected by digital media consumption, in-
cluding cognitive, language, physical, and socio-emotional development. The paper presents current guidelines
from leading health organizations, classifies different types of screen use (active vs. passive), and provides a
framework for educators and parents to implement healthy digital habits. A significant portion of the article is
dedicated to practical strategies, such as co-viewing, content selection, and creating a family media plan, to
mitigate risks and harness the educational potential of digital technologies. The goal is to move beyond a
simple "time limit" approach toward a more nuanced understanding of media ecology in early childhood.

Keywords: screen time, preschool children, early childhood development, digital media, co-viewing,
media ecology, AAP guidelines, parental mediation.

Introduction. The digital age has fundamentally reshaped the landscape of early childhood. For today’s
preschoolers, tablets, smartphones, and streaming services are not novel innovations but a seamless part of
their everyday environment. While digital media can offer educational opportunities and entertainment, the
rapid integration of screens into the lives of young children has raised significant concerns among pediatri-
cians, educators, and developmental psychologists. The central question is no longer if screens are present, but
how they are used and what impact this usage has on a child’s developing brain, body, and social-emotional
well-being. Early childhood, defined as the period from 2 to 5 years, is a time of unparalleled brain plasticity
and development. It is a critical window for acquiring language, developing executive functions (like impulse
control and working memory), learning to regulate emotions, and building foundational physical skills through
active play. The introduction of screens into this delicate developmental equation requires a careful, evidence-
based approach. This article aims to dissect the complex relationship between screen time and preschool de-
velopment, moving beyond alarmist narratives to provide a balanced perspective and actionable strategies for
parents and educators.

Main part. 1. Defining Screen Time: Beyond the Clock. The term "screen time" is often used as a
blanket metric, but contemporary research emphasizes that not all screen time is equal. To understand its im-
pact, we must first classify the type of engagement. Passive Screen Time: This involves the child as a spectator,
consuming content with little to no interaction or mental effort. Examples include watching non-educational
cartoons or background TV. This type of use offers the least developmental benefit and is associated with the
highest risks, particularly for language development [1]. Active (or Interactive) Screen Time: This involves
the child engaging cognitively with the content. Examples include using a well-designed educational app where
the child must solve problems, video chatting with a grandparent (interactive social connection), or following
along with a virtual yoga class. The key differentiator is the mental engagement and, ideally, a degree of
responsiveness from the medium [2]. Educational Screen Time: Content specifically designed with pedagog-
ical goals, often involving age-appropriate curriculum, slow pacing, and opportunities for participation. Shows
like "Sesame Street" or "Bluey" are often cited as examples of high-quality educational programming.

2. The Impact on Developmental Domains.

2.1 Cognitive and Executive Function Development. Executive functions (EFs) are the mental skills that
help us plan, focus attention, remember instructions, and juggle multiple tasks. These skills are predominantly
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developed through unstructured, child-led play, social interaction, and exploration of the physical world. Po-
tential Negative Effects: Fast-paced, fantastical, and constantly shifting content can overload a young child's
attentional system. Research suggests that heavy exposure to such content may contribute to difficulties in
sustained attention and impulse control later on [3]. The phenomenon of "video deficit" shows that infants and
toddlers learn less effectively from a screen than from a live, face-to-face interaction [4]. Potential Positive
Effects: Well-designed interactive apps can practice specific EF skills like working memory (matching games)
or cognitive flexibility (simple sorting tasks). However, these benefits are highly dependent on the design and
the context of use.

2.2 Language Development. Language acquisition is a fundamentally social process, rooted in the "serve
and return” interactions between a child and a caregiver. Potential Negative Effects: The single greatest risk
of excessive screen time is the displacement of these vital conversational exchanges. When a screen is on, both
parents and children talk less [5]. Background TV, even when no one is watching it, has been shown to disrupt
play and reduce the quantity and quality of parent-child interactions. Passive viewing of entertainment content
offers no linguistic benefit. Potential Positive Effects: Video chat (e.g., FaceTime, Skype) allows for real-time,
responsive social interaction, effectively using a screen as a conduit for language-rich connection with distant
relatives. High-quality educational programs, especially when co-viewed with an adult who elaborates on the
content ("Look at the big red barn!"), can introduce new vocabulary and concepts.

2.3 Physical Health. Sedentary Behavior: Screen time is a predominantly sedentary activity. Increased
screen use is associated with decreased time spent in active, physical play, which is crucial for developing
gross motor skills, cardiovascular health, and healthy weight [6]. Sleep Disruption: The use of screens, partic-
ularly before bedtime, can interfere with sleep in several ways. The blue light emitted from screens suppresses
the production of melatonin, the sleep-inducing hormone. Additionally, engaging or exciting content can lead
to cognitive and emotional arousal, making it difficult for a child to wind down. Poor sleep, in turn, negatively
affects mood, behavior, and cognitive function [7].

2.4 Socio-Emaotional Development. This domain encompasses a child's ability to understand and manage
emotions, form relationships, and develop empathy. Potential Negative Effects: Time spent with screens is
time not spent reading facial expressions, practicing turn-taking in conversation, or learning to navigate the
complexities of peer conflict. Heavy reliance on screens for entertainment can also limit opportunities for
developing self-regulation, as children may come to depend on external stimulation rather than learning to
manage boredom or frustration internally [8]. Potential Positive Effects: Pro-social content can model empa-
thy, cooperation, and emotional vocabulary. When an adult co-views and discusses the characters' feelings
("Why do you think that little girl is sad?"), it can become a valuable tool for social-emotional learning.

3.Current Guidelines for Screen Time.

Leading health organizations, such as the American Academy of Pediatrics (AAP), provide evidence-
based recommendations to guide families [9]

Age Group | Recommended Screen Use Key Considerations
Under 18 | Avoid digital media use (except video chatting). | Infants learn best through face-to-face interaction. Video chat is
months an exception because it is a live, social interaction.
18-24 If introducing digital media, choose high-quality | Parents should watch with the child to help them understand
months programming and co-view with the child. what they are seeing. Avoid solo media use.
2-5 years Limit screen use to 1 hour per day of high-quality | Co-viewing is strongly encouraged

programming. Content should be educational, age-appropriate, and non-vio-

lent. The focus
should be on *what* is watched, not just

*how long*.
All Ages Create a Designate media-free times (e.g., family dinners) and media-
Family free zones(e.g.,bedrooms)
Media Plan Ensure screen time does not replace sleep, physical

activity, or essential social interactions

4. Strategies for Supporting Healthy Development.

4.1 Co-Viewing and Co-Engagement. The single most effective strategy for mitigating risks and max-
imizing benefits is for an adult to watch with the child. Co-viewing turns a passive experience into an interac-
tive one. Parents can:

Ask questions: "What do you think will happen next?"

Point things out: "Look at the blue truck!"

Relate content to the child's life: "Remember when we saw a squirrel in the park?"

Reinforce lessons: After an episode about sharing, the parent can gently remind the child at playtime.

4.2 Content is King: Choosing High-Quality Media
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Not all children's content is created equal. Parents and educators should be critical consumers, looking
for media that:

- Has a clear, age-appropriate educational goal (e.g., literacy, math, social skills).

- Features a slow, predictable pace to allow for cognitive processing.

- Encourages participation (e.g., asking the child to repeat a word or answer a question).

- Models positive social behaviors like kindness, empathy, and cooperation.

- Is free from fast-paced edits, loud sounds, and distracting advertising. Trusted sources for reviews
include Common Sense Media.

4.3 The Family Media Plan: Creating a Healthy Media Ecology

A structured approach helps integrate screens intentionally rather than allowing them to be a constant
presence.

- Set Clear Limits: Establish a predictable daily or weekly screen time budget.

- Establish Tech-Free Zones: Keep bedrooms, the dinner table, and the car screen-free to protect sleep,
family connection, and conversation.

- Prioritize Unplugged Play: Ensure the day is filled with ample opportunities for physical activity, cre-
ative play (drawing, blocks, pretend), and reading physical books.

- Be a Role Model: Children learn by watching. Parents should be mindful of their own screen use,
putting down their phones during family time to demonstrate that real-life interaction is valuable.

4.4 Recognizing the Signs of Problematic Screen Use

It is important for caregivers to monitor the child's reaction to screens. Warning signs may include:

- Irritability, aggression, or extreme distress when screen time ends.

- Loss of interest in non-screen activities, like playing with toys or playing outside.

- Interference with sleep (difficulty falling asleep, night wakings).

- Using screens is the only way to calm the child down.

If these signs are present, it may be necessary to re-evaluate the family media plan and consider a "digital
detox" or consultation with a pediatrician.

Conclusion.

Supporting healthy development in the digital age is not about completely eliminating screens from a
preschooler's life, a task that is both unrealistic and unnecessary. Instead, the goal is to cultivate a healthy
media ecology, where screens are one small, intentional component of a rich and varied environment. The
focus must shift from a simplistic battle against the clock to a more nuanced approach that prioritizes what
children watch, how they watch it (ideally with a caring adult), and what they are not doing as a result of screen
time. By understanding the developmental vulnerabilities of early childhood and adhering to evidence-based
guidelines, parents and educators can empower themselves to make informed choices. Through co-viewing,
curating high-quality content, and establishing consistent family media plans, we can help our youngest chil-
dren navigate the digital world safely and emerge with their cognitive, social, and physical health intact, ready
to learn and thrive.
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Abstract

This article examines the current issues and approaches to civic education of schoolchildren in recent
years (2019-2024). It outlines the theoretical foundations of civic upbringing, analyzes national programs and
pedagogical methods (for example, the unified upbringing program “Birtautas Tarbie”/“Adal Azamat”), and
highlights projects and initiatives aimed at instilling civic values in children. Special attention is paid to con-
tributions by Kazakhstani and foreign researchers including T. S. Sabirov, A.I. Aryn, S. H. Schwartz, R. In-
glehart, etc.) in understanding the mechanisms of cultivating civic consciousness. Practical examples are dis-
cussed: integration of value orientations into the school environment and curriculum, class hours on civic
topics, volunteering projects, and digital citizenship. The author shares a personal perspective on the im-
portance of civic education, its challenges (such as the value crisis among youth, the impact of the digital

environment, cultural pluralism) and development prospects through family—school partnership.

Keywords: civic education, patriotism, citizenship, school, value-oriented education, “Adal Azamat”,
civic identity, digital citizenship, family—school cooperation.

Introduction. Civic education of schoolchildren is regarded as a crucial component of education aimed
at developing a conscious civic position, patriotism, respect for the law, and human rights among children. In
the context of globalization and digital transformation, the social significance of civic education continues to
grow. As researchers emphasize, modern approaches require a synthesis of universal and local values [1]. The
President of Kazakhstan, K. Zh. Tokayev, has repeatedly noted that a new quality of the nation is formed
through nurturing universal and national values in the younger generation [2]. State policy documents (the
Concept of Education, Nurly Zhol — The Path to the Future, etc.) prioritize the integration of civic and patriotic
ideas into the educational process. Kazakhstan’s legislation also identifies fostering pride in the homeland and
responsibility toward society as strategic objectives of school education. In recent years, a unified national
upbringing program (Birrutas Tarbie, now Adal Azamat) and methodological guidelines for value-oriented
education have been developed [3][4].

The purpose of this article is to analyze the theoretical foundations, modern programs, and practices of
civic education of schoolchildren over the past five years, as well as to identify key challenges (digital envi-
ronment, cultural diversity, value crisis among youth) and ways to address them through school-family part-
nership.

Theoretical Foundations of Civic Education. Civic education (essentially education for citizenship
and patriotism) traditionally includes the development of legal awareness, respect for state institutions, and a
sense of duty and responsibility toward society. In pedagogical science, citizenship is viewed as an integrated
personal quality encompassing political, social, and spiritual orientations. In his theory of values, Shalom
Schwartz emphasizes ten basic universal values—ranging from universalism and tradition to achievement and
hedonism [5][6]. According to Schwartz, values are “concepts or beliefs that refer to desirable end states or
behaviors” [7], and it is through the value system that an individual is formed as a citizen.

Research by R. Inglehart (World Values Survey, WVS) demonstrates that as societies develop, priorities
shift from survival values toward self-expression and democracy [8]. Inglehart proved that value systems are
not static; they change with levels of economic well-being and social stability [9]. In post-industrial societies,
young people increasingly orient themselves toward self-realization and tolerance [8], which places new de-
mands on forms of civic education. Thus, Inglehart’s theory helps explain long-term global trends: the transi-
tion from material to post-material values contributes to the development of democratic institutions and active
civic engagement [8].

From a methodological perspective, civic education should be based on a systemic approach and value-
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oriented education. Kazakh educator T. S. Sabirov, among other scholars, emphasizes the importance of a
systemic perception of the educational process [10]. In methodological sources, Sabirov is cited as an advocate
of a systemic approach, where upbringing is carried out “from the standpoint of national, Kazakhstani, and
universal patriotic values” [10]. Contemporary concepts stress that the key mission of school is not merely the
transmission of knowledge but also the reproduction of the values of Mangilik EI—Kazakhstani patriotism,
civic responsibility, solidarity, and tolerance [3].

A systemic integrative approach enables these values to be embedded as cross-cutting content in aca-
demic subjects, extracurricular activities, and family upbringing. According to the Concept of Education
(2009), educational policy defines “the goals and objectives of state policy in the field of upbringing, as well
as its content and technologies” [11], which serves as the foundation for modern educational programs.

Modern Approaches and Programs (2019-2024). Over the past five years, Kazakhstan has undergone
significant changes in educational practice. In 2023-2024, the Unified Upbringing Program Birrutas Tarbie
(now Adal Azamat) was developed and approved. Its goal is defined as “educating a hardworking, honest,
conscious, and creative citizen based on universal and national values” [12]. The program covers upbringing
from preschool to senior school age, taking into account age-specific characteristics and providing clear value
guidelines for each stage. It emphasizes that the upbringing process should be organically integrated into aca-
demic subjects, extracurricular activities, class hours, and school events [13][14]. For example, educational
and methodological materials are age-differentiated and easily adaptable: “Materials are integrated into aca-
demic subjects, extracurricular activities, class hours, and school events” [13].

A key feature of the new approach is the use of active and interactive methods. The Ministry of Educa-
tion’s regulations state that “priority should be given to active methods over passive ones” [15], including
group discussions, role-playing games, project-based learning, debates, and other interactive formats [16]. The
use of such methods is driven by the aim of deeper value internalization: “Interactive methods help children
and adolescents better understand educational values and apply them in everyday life” [17].

An important innovation has been the introduction of projects and social practices. For example, envi-
ronmental and legal projects (volunteer initiatives) are presented as concrete forms of civic education: projects
such as Clean Yard, Eco-Volunteers, My Country and My Rights, and Legal Quest help students understand
their rights and responsibilities [18]. Such project-based activities foster critical thinking, empathy, and social
interaction skills [19]. To cultivate diligence, honor, responsibility, and healthy lifestyles, a range of club pro-
jects has also been proposed—from Handicraft Workshop to Sport in My Life, Healthy Nutrition, and Digital
Hygiene [20]. Collectively, these measures represent modern models of civic education focused on students’
active participation.

The state program is complemented by regional and school-level initiatives. The Adal Azamat program
serves as a strategic nationwide document on moral and civic upbringing [4]. It has become the foundation of
educational work not only in schools but also in other public institutions [21]. Its developers expect that coop-
eration among schools, families, public organizations, patriotic clubs, and the media will foster civic compe-
tencies in the younger generation.

At the same time, international educational initiatives promoting global citizenship (UNESCO) and dig-
ital citizenship—skills for safe and responsible behavior online—are gaining prominence, highlighting the
relevance of fostering integrity and tolerance in a “borderless world” [22][3].

An interdisciplinary approach to civic education involves the participation of all stakeholders in the
educational process. New methodological guidelines for value-oriented education emphasize cooperation with
families, including pedagogical support for parents, joint planning of educational activities, and special forms
of parent engagement (seminars, open lessons, trainings) [23]. Students are involved in volunteer initiatives
and social projects in cooperation with state institutions and NGOs (museums, theaters, volunteer centers),
thereby extending the educational space beyond school boundaries [14][24].

Contributions of Kazakhstani and International Researchers. Kazakhstani researchers emphasize
the specificity of the national context. T. S. Sabirov, in his collaborative works, highlighted the importance of
considering students’ mentality and traditions when developing educational technologies. He is cited among
scholars advocating a systemic approach to upbringing, where “systemicity” implies perceiving patriotic and
universal values as a unified whole [10]. Other Kazakh educators (A. I. Arynov and others) focus on issues of
civic identity in a multicultural environment and on methods of fostering patriotism through local history and
literature. Overall, domestic pedagogical science supports the idea of value-oriented education, emphasizing
the significance of the national ideology Mangilik El and Nurly Zhol in cultivating civic consciousness [3].
Kazakhstani scholars also underline the role of family and patriotic traditions (family values, historical
memory) in partnership-based upbringing.

Among international scholars, Shalom H. Schwartz and Ronald Inglehart are particularly influential.
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Schwartz developed a universal theory of basic values widely used in sociological research on youth. His
model describes ten motivationally distinct values arranged in a circular structure [5]. This theory demonstrates
that core values such as tolerance, respect, and justice are largely universal and can serve as guidelines for
educational practice [5][6].

Inglehart’s theories reveal that with increasing economic stability, youth increasingly prioritize post-
material values—autonomy, self-expression, and environmental awareness [8]. He demonstrated that value
preferences significantly influence socio-political change: the shift from material to post-material values con-
tributes to democracy and civic engagement [8][9]. Educators must consider these international findings, as
younger generations are increasingly oriented toward self-realization and respect for others’ rights, which de-
mands new approaches to civic education.

International research also highlights the importance of global competencies and digital skills. UNESCO
experts in Global Citizenship Education advocate teaching critical thinking and intercultural communication
for peace and sustainability. The concept of digital citizenship is defined as the application of civic principles
in the borderless online environment [22], emphasizing safe and responsible behavior in cyberspace.

Practical Examples. Concrete practices of civic education in schools illustrate the approaches discussed
above. A central example is the nationwide implementation of the Adal Azamat program in all schools since
2024 [26]. The program clearly outlines directions and forms of work, from legal education classes to projects
promoting tolerance and environmental awareness [12][18]. In curricula for literature, history, and social stud-
ies, themes fostering love for the homeland, respect for cultural heritage, and adherence to law are encouraged.
For instance, Grade 4 lessons aim to cultivate patriotism, unity, and solidarity based on the ideas of Mangilik
El [3].

Class hours are conducted regularly according to model scenarios, with one hour per week dedicated to
discussing moral and civic topics—from human rights to social traditions (such as zheti ata and family values).

Extracurricular activities and projects address concrete manifestations of citizenship. Annual events
such as Anti-Corruption Month, Constitution Day, and Tugan Zherge Tagzym (a project dedicated to one’s
small homeland) are organized in schools. VVolunteer environmental initiatives (Clean Yard, Eco-Volunteers,
tree planting) engage youth in socially useful activities [18]. NGOs and local authorities participate in meetings
with veterans, museum visits, and exhibitions, strengthening the link between learning and real life. Teachers
employ electronic resources, civic education quizzes, online platforms for social discussions, group discus-
sions, and role-playing games to develop dialogue and compromise skills [16].

The digital environment is also integrated into educational practice. For example, informatics and social
studies lessons are combined in the Digital Hygiene project [25], where students learn about online safety,
cyberbullying, and information manipulation. Class online communities are used to publish student essays on
civic topics and share informational videos on integrity and ecology. Thus, civic values become a cross-cutting
theme enriching all aspects of school life [13][14].

As a master’s student, | am convinced that civic education is the foundation of society’s future. It equips
young people not only with knowledge about the state but also with skills for active participation in national
life. I believe that systematic and activity-based civic education is especially vital in an era of value crises,
when many adolescents face contradictions between traditional family norms and popular culture. Interactive
methods, volunteer practices, and meaningful projects help overcome students’ detachment from social reality.

However, significant challenges remain: a shortage of qualified civic education teachers, insufficient
parental involvement, and the influence of online misinformation on young people’s worldviews. The digital
world offers both opportunities (online courses, information campaigns) and threats (cyberbullying, fake news,
erosion of local traditions). Kazakhstan’s multiculturalism requires open dialogue and the construction of a
unified civic identity based on respect for cultural diversity. | see strong prospects in strengthening school—
family partnerships: family-based projects, joint celebrations, and patriotic initiatives can create a unified ed-
ucational space. Active parental involvement in developing patriotic projects encourages the transmission of
family histories and traditions, enhancing the effectiveness of civic education.

Conclusion and Recommendations. In conclusion, modern civic education of schoolchildren is based
on the synthesis of universal and national values [1][12]. Programs developed in recent years (such as Adal
Azamat) and methodological guidelines aim to integrate educational content into all spheres of school activity
[13][18]. The use of active and interactive methods—debates, role-playing games, and projects—deepens
value comprehension and fosters social engagement [16][19]. The contributions of Schwartz and Inglehart
have helped articulate general principles (universalism, solidarity, tolerance) [5][8], which are reflected in
educational practice.

Identified challenges include declining trust in traditional authorities, growing individualism among
youth, and the rapid spread of destructive ideas online. To address these challenges, it is advisable to enhance
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the continuity of educational programs, expand specialized civic education courses, and develop civic engage-
ment clubs. Educators and policymakers should more actively utilize digital resources—such as integrated
multimedia lessons in history and law and online platforms simulating elections or social debates. School
councils and student parliaments can play a significant role by enabling students to participate in decision-
making and learn civic practice through experience. Additionally, parental training and support for partnership-
based upbringing should be expanded through workshops and educational materials.

Thus, a comprehensive approach—combining state policy, pedagogical innovation, and family engage-
ment—will help establish sustainable civic skills among schoolchildren. Continuous updating of educational
content in response to global challenges and professional development of teachers will create conditions for
nurturing a responsible and patriotic generation aligned with Kazakhstan’s strategic goals.
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Abstract

The growing emphasis on holistic youth development has increased interest in programs that combine
structured sports with nature-based activities. Such integrated approaches are believed to enhance physical
health, emotional stability, and social functioning by engaging children and adolescents in diverse, develop-
mentally meaningful experiences. Judo, with its pedagogical structure and emphasis on discipline and self-reg-
ulation, and outdoor activities, known for promoting adaptability and psychological balance, represent two
complementary modalities whose combined effects remain insufficiently explored. Objective: This study in-
vestigates how judo training and outdoor activities contribute individually and interactively to a composite
health index (). It further examines whether these effects differ between children aged 7-11 and adolescents
aged 12-16, providing insight into age-related developmental responsiveness. Methodology: A quasi-experi-
mental longitudinal design was implemented, assessing participants before and after a structured intervention.
The program consisted of two components: a judo curriculum emphasizing technical skills, coordination, and
behavioral discipline, and an outdoor module involving navigation tasks, cooperative challenges, and na-
ture-based physical activity. Participants were assigned to conditions reflecting judo training (X), outdoor ac-
tivities (M), or their combined implementation (X-M). Standardized instruments were used to measure physi-
cal fitness, self-control, social functioning, psychological resilience, and overall health. Data were analyzed
through a regression-based model estimating direct, mediating, and interaction effects. Results: The analytical
model revealed that all components contributed significantly to the composite health index. Judo training
demonstrated a meaningful direct effect, while outdoor activities served as a mediator enhancing the overall
impact of the program. The interaction term showed an amplifying influence, indicating that the combined
participation produced greater improvements than either activity alone. Age-group comparisons showed that
adolescents exhibited more pronounced gains across all indicators, with the largest difference observed in the
composite health index, where their improvement exceeded that of younger participants. Discussion: The
stronger outcomes among adolescents suggest that developmental maturity may enhance the capacity to benefit
from structured physical and social experiences. The synergy between judo and outdoor activities appears
particularly effective during early and middle adolescence, when cognitive flexibility, emotional regulation,
and social awareness undergo rapid refinement. These findings highlight the importance of tailoring interven-
tions to developmental stages to maximize their impact. Conclusion: The study demonstrates that integrating
judo training with outdoor activities offers a powerful framework for promoting physical, psychological, and
social well-being in youth. The combined program yields superior outcomes compared to isolated interven-
tions, with especially strong effects among adolescents. These results support the implementation of age-re-
sponsive, multidimensional programs that leverage both structured sport and nature-based experiences to foster
comprehensive health development.

Keywords: judo training; outdoor activities; youth development; psychological resilience.

1. Introduction

Extracurricular sports and outdoor activities play a crucial role in the overall development of children
and adolescents by supporting physical health, psychological well-being, and social integration. According to
the World Health Organization, regular moderate-to-vigorous physical activity is associated with improved
cardiorespiratory endurance, better mental health, and enhanced social functioning among young people
(World Health Organization, 2020). These effects are further supported by systematic reviews emphasizing
the importance of physical activity for cognitive, emotional, and social development (Janssen & LeBlanc,
2010; Lubans et al., 2016). In this context, extracurricular activities expand the traditional educational envi-
ronment by promoting informal learning, socialization, and diversification of motor experiences, as high-
lighted in recent wellness-oriented educational models (Dimitrova & Tomova, 2025).

Judo training represents a particularly effective form of structured physical activity that integrates motor
skills, cognitive processes, and value-based education. Research shows that participation in judo enhances
self-regulation, discipline, social behavior, and resilience in children and adolescents (Lakes & Hoyt, 2004;
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Vertonghen & Theeboom, 2010). Additional evidence indicates that martial arts support the development of
executive functions, attention, and emotional regulation, making them a suitable tool for educational programs
(Biedrzycki & Laskowski, 2024). As an Olympic sport with clearly structured rules and a pedagogical frame-
work, judo has demonstrated positive effects on self-control, social skills, and psychosocial adaptation
(Franchini et al., 2015; Sterkowicz-Przybycien et al., 2017; International Judo Federation, 2020). Adapted
sport programs, including those designed for children with diverse needs, further illustrate the developmental
potential of structured physical activity (Aleksandrova, 2021).

Outdoor activities complement the effects of sports training by stimulating adaptability, creativity, and
psychological well-being. Systematic reviews show that nature-based activities improve attention, reduce
stress, and enhance social connectedness among participants (Becker et al., 2017; Mygind et al., 2019). Expo-
sure to natural environments is also associated with higher motivation for physical activity, which amplifies
the impact of sports programs and supports sustainable health development (Dimitrova et al., 2018; Dimitrova
et al., 2020). Evidence from wellness and recreational health research further demonstrates that outdoor-based
interventions contribute to improved well-being and emotional stability, including among specific populations
such as pregnant women (Dimitrova & Nesheva, 2021).

Combining judo training with outdoor activities creates an integrated developmental model that simul-
taneously strengthens physical abilities, psychosocial competencies, and resilience. This approach aligns with
contemporary concepts of holistic development and wellness culture, which emphasize the importance of bal-
ancing physical, emotional, and social well-being (Dimitrova, 2024). The present study examines the interac-
tion between these two types of activities through a statistical model that evaluates their direct, mediating, and
interaction effects on a composite health index (Y). This allows for determining the extent to which the com-
bined program leads to disproportionately higher health outcomes and how these effects vary across different
age groups.

2. Methods

2.1. Objective

The aim of the study is to evaluate the direct, mediating, and interaction effects of judo training and
outdoor activities within an integrated developmental model, as well as to determine how these effects on
physical, psychosocial, and composite health indicators vary across different age groups of children and ado-
lescents.

2.2. Methodology

The study was conducted as a quasi-experimental longitudinal pre/post design aimed at assessing the
effects of judo training (X), outdoor activities (M), and their interaction (X-M) on physical, psychosocial, and
composite health indicators (). Two age groups participated: children (7-11 years) and adolescents (12-16
years), all medically cleared and participating with parental consent, in line with developmental distinctions
described in recent research (Shi & Feng, 2022; Getchell et al., 2022).

The judo program followed validated youth training models and included fundamental techniques,
strength and coordination exercises, and discipline-focused activities (Franchini et al., 2015; Lakes & Hoyt,
2004). The outdoor program consisted of hiking, orienteering, and cooperative tasks shown to support atten-
tion, resilience, and well-being (Becker et al., 2017; Mygind et al., 2019). The combined condition (X-M)
reflected regular participation in both components.

Measurements included physical fithess (EUROFIT; Council of Europe, 1988; WHO, 2020), self-con-
trol (Tangney et al., 2004), social skills (Gresham & Elliott, 2008), psychological resilience (Connor & Da-
vidson, 2003), and a composite health index (Y) constructed through standardized aggregation (Ra-
vens-Sieberer et al., 2007).

2.3. Organization of the research

The research procedure consisted of three stages: a pre-test baseline assessment of all indicators, an
intervention phase with monitored participation in judo and outdoor activities, and a post-test reassessment
after the completion of the program. Data for children and adolescents were analyzed separately using per-
centage change (A%) to identify age-related differences in outcomes. The effects of judo training (X), outdoor
activities (M), and their interaction (X-M) on the composite health index (Y) were evaluated using the regres-
sion model

Y=B1-X+B2-M+B3(X-M)+e
with parameters: 1 = 0.45, B2 = 0.30, 3 = 0.25, £ = 0.10. This analytical approach enabled the assessment of
direct, mediating, and interaction effects within the integrated developmental framework.
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3. Results

Figure 1 presents the analytical model assessing the influence of judo training (X), outdoor activities
(M), and their interaction (X-M) on the Composite Health Index (Y). The model is specifiedas Y = f1-X +
B2-M+ B3(X - M) + &, with coefficients B = 0.45, B2 =0.30, B = 0.25, and € = 0.10.

Results show that judo training exerts a moderate direct effect on the health index (B = 0.45), indicating
improvements in physical fitness, discipline, and self-control. Outdoor activities contribute an additional me-
diating effect (B = 0.30), supporting endurance, adaptability, and emotional regulation.

Judo Training Outdoor Activities
(X) (M)
B:=0.45 B2=0.30

Interaction (X-M)

Bs=0.25

A

Composite Health Index (Y)

€=0.10

Figure 1. Conceptual Model of Predictors of the Health Index

The interaction term demonstrates an amplifying influence ( = 0.25), suggesting that combined partic-
ipation in judo and outdoor activities produces greater health benefits than either activity alone. The error term
(s = 0.10) reflects baseline variance in health outcomes independent of participation.

Interpretation of these findings highlights that the strongest gains in health indicators occur when both
activity types are practiced simultaneously and consistently. The structure of the model, illustrated through the
directional arrows in Figure 1, reinforces the cumulative and synergistic nature of these effects. Beyond the
statistical relationships, the results suggest that extracurricular engagement enriches the developmental envi-
ronment by promoting socialization, informal learning, and diverse motor experiences, thereby enhancing the
overall impact of the program.

Table 2 summarizes the structural components of the model and the quantitative contribution of each
predictor to the Composite Health Index (). By combining descriptive characteristics with numerical param-
eters, the table clarifies the functional role and relative importance of the included factors, reflecting the effects
of judo training, outdoor activities, and their interdependence.

The results indicate that judo training (X) exerts a medium-strength direct effect (f = 0.45), associated
with improvements in physical conditioning, discipline, and self-regulation. Outdoor activities (M) serve as a
mediator with a moderate contribution ( = 0.30), supporting endurance, adaptability, and emotional stability.
The interaction term (X-M) demonstrates the strongest influence (B = 0.25), suggesting that the combined
engagement in both types of activities generates disproportionately higher health index values compared to
participating in either activity alone. The constant (¢ = 0.10) represents baseline health levels in the absence of
participation.

Taken together, this configuration of the model highlights that optimal outcomes are achieved through
an integrated approach in which judo training and outdoor activities complement one another. Their combined
implementation enhances physical, emotional, and social development, reinforcing the overall effectiveness
of the program.

Following the presentation of the model structure and the contribution of each predictor, the next stage
of the analysis focuses on differences in effects between the two age groups—children (7-11 years) and ado-
lescents (1216 years)—as shown in Table 3. This comparison allows for an assessment of the extent to which
age moderates the impact of the combined program on key health and psychosaocial indicators. Table 3 reports
the percentage changes (A%) in five core measures assessed before and after the intervention, enabling a more
precise evaluation of developmental dynamics across the two groups.
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Table 3. Comparison Between Age Groups

Indicator Children A% Adolescents A%
Physical Fitness +28% +35%
Self-Control +24% +32%
Social Skills +21% +29%
Psychological Resilience +26% +34%
Composite Health Index (Y) +25% +38%

The results indicate that both age groups benefit substantially from participation in the program, yet
adolescents demonstrate consistently higher levels of improvement across all measured indicators. The most
pronounced increase is observed in the Composite Health Index (), which rises by 38% among adolescents
compared to 25% among children. This difference is likely attributable to the greater cognitive and emotional
maturity of older participants, as well as their enhanced capacity to engage more deeply with the training
process and social interactions. The marked gains in self-control and psychological resilience among adoles-
cents further suggest that the integrated program is particularly effective during early and middle adolescence,
a developmental period in which key personal and social competencies are actively forming.

To provide a clearer visual representation of these differences, Figure 2 displays a line graph comparing
percentage improvements across the five key indicators for both age groups. The visualization shows that the
curve representing adolescents consistently lies above that of the children, reinforcing the stronger overall
effect of the program for older participants.

A% Improvements by Age Group
40
35
30

25 25
28 26
20

21
15 24

10

3 32 29 3 38

Physical Fitness  Self-Control Social Skills Psychological Composite Health
Resilience Index

Children A% Adolescents A%

Figure 2. Percentage Change Across Indicators

The findings support the need for age-responsive interventions that leverage the combined potential of
structured sport and outdoor activities to promote optimal health and psychosocial development. The visuali-
zation in Figure 2 complements the tabular data by clearly illustrating the trend toward greater improvements
with increasing age, thereby strengthening the argument for a differentiated approach when designing and
implementing such programs.

4. Discussion

The findings indicate that the integrated program combining judo training and outdoor activities pro-
duces meaningful improvements in physical, psychosocial, and overall health indicators, confirming the syn-
ergistic effect suggested by the regression model. The direct contribution of judo aligns with previous evidence
on its role in enhancing discipline, motor coordination, and self-regulation, while outdoor activities support
emotional balance, adaptability, and social engagement. The interaction term demonstrates that the combined
implementation of both modalities amplifies developmental outcomes beyond the effects of each component
alone.

Adolescents showed greater improvements across all indicators, which may reflect their more advanced
cognitive and socio-emotional maturity, allowing them to engage more deeply with structured training and
cooperative outdoor tasks. This pattern supports the idea that early and middle adolescence is a particularly
sensitive period for interventions targeting self-control, resilience, and social functioning.

Despite the strong results, several limitations should be acknowledged. The study relied on a quasi-ex-
perimental design without a fully randomized control group, which may limit causal inference. The sample
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included only two age ranges, restricting the ability to generalize findings across the full developmental spec-
trum. Additionally, the duration of the intervention and the absence of long-term follow-up prevent conclusions
about the sustainability of the observed improvements. Future research should incorporate larger and more
diverse samples, randomized designs, and longitudinal tracking to better understand the lasting impact of in-
tegrated sport-and-nature programs.

Overall, the results highlight the value of combining structured sport with outdoor activities as a holistic
developmental approach. The consistent improvements across physical, psychological, and social indicators
underscore the potential of such programs to complement formal education and support youth well-being in a
multidimensional and sustainable way.

5. Conclusion

The results clearly demonstrate that the integrated program combining judo training and outdoor activ-
ities is an effective model for promoting holistic development in children and adolescents. The combination
of structured physical training and nature-based experiences leads to significant improvements in physical
fitness, self-control, social skills, and psychological resilience, with the strongest gains reflected in the com-
posite health index (Y). The regression model confirms that the interaction between the two activity types
produces the most substantial amplifying effect, underscoring the value of a multisystem approach that inte-
grates physical, cognitive, and socio-emotional components.

Age-group comparisons reveal that although all participants benefit, adolescents show more pronounced
improvements across all indicators, likely due to their greater cognitive maturity and enhanced capacity for
self-regulation and social engagement. These findings highlight the importance of tailoring integrated
sport-and-nature programs to developmental stages to maximize their impact.

At the same time, the study’s quasi-experimental design, the limited age range, and the absence of
long-term follow-up suggest the need for further research to confirm the durability and generalizability of the
observed effects. Future studies should incorporate randomized designs, broader samples, and longitudinal
monitoring to deepen understanding of how such programs influence youth well-being over time.

Overall, the integrated program represents a promising framework for educational, sports, and commu-
nity settings, offering a sustainable model that strengthens physical health, psychosocial competencies, and
emotional stability. Expanding and adapting similar interventions may further enhance their long-term contri-
bution to youth development.
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Shevket Sureyya Aydemir stands as one of the most distinguished figures in the intellectual history,
sociological thought, and biographical prose of twentieth-century Turkey. In his writings, he appears both as
a theoretical architect of a modern state model and as an artistic interpreter of that model. His work represents
a unique interdisciplinary phenomenon situated at the intersection of literature, political philosophy, and his-
toriography. It is therefore impossible to examine Aydemir’s intellectual legacy independently of the broader
epic of Turkey’s modernization, since he was simultaneously a direct witness to this historical transformation,
a documentary narrator of its development, and one of the ideological architects of the emerging Republican
state. The journal Kadro, which he directed in the 1930s, should be regarded as an attempt to provide a scien-
tific foundation for the socio-economic basis of the Turkish Republic. These theoretical explorations later
evolved into monumental biographical trilogies in which historical personalities are portrayed through broad
sociological portraits that unite their individual lives with the destiny of the nation and the stages of state
formation. Through this methodology, Aydemir elevated the genre of biography in Turkish literature from the
level of a simple “life story” to that of a “biographical novel” that functions simultaneously as the sociological
portrait and philosophical analysis of an entire historical epoch (Tekin, 2010, p. 42).

Aydemir’s distinctive contribution to historiography and the theory of state formation lies in his percep-
tion of history not as a static accumulation of frozen facts but as a living and dynamic process. Although he
absorbed the principles of historical materialism during his education at the Communist University of the
Toilers of the East (KUTV) in Moscow, he later synthesized this deterministic framework with the decisive
role of individual agency within the context of the Kemalist revolution. For Aydemir, historical personalities
are not merely heroic myths; rather, they represent subjective manifestations of sociological necessity. Within
this framework, the phenomenon of leadership should not be interpreted solely as a political technique of
governance but as a fundamental process emerging at the sharp dialectical intersection between the inner driv-
ing forces of history and the will of the individual. The theoretical foundations of this perspective derive both
from his revolutionary experience in Russia and from the sociological realities of Anatolia (Aydemir, 1959, p.
11). Aydemir argues that every leader is ultimately the product of the socio-economic crises of his era, and
that the leader’s historical mission lies in directing the accumulated energy of society toward the construction
of a new state structure.

The theoretical backbone of Aydemir’s state model is formed by his concepts of “Planning” and the
“Conscious Minority” (Aydemir, 1932, p. 3). He emphasizes that the success of a revolution and the institu-
tionalization of a state become possible only through the presence of organized leadership capable of guiding
the process according to scientific principles. For Aydemir, leadership resembles a form of historical engineer-
ing, requiring an understanding of both the origins and the direction of historical movement. While this ap-
proach bears certain similarities to the Hegelian concept of the “world-historical individual,” Aydemir locates
the true source of leadership power in its organic connection with the sociological base of the nation. In his
view, the ideal leader is above all a will capable of filling historical vacuums. Through the example of Mustafa
Kemal Atatiirk, Aydemir demonstrates how the sociological chaos produced by the collapse of an empire could
be transformed into a coherent and rational state structure through unwavering determination. In this sense,
the leader becomes not only a political actor but also an aesthetic architect who sketches the future image of
the nation and consolidates this identity within state institutions.

Aydemir also separates charisma from mystical interpretations and grounds it firmly in rationality. Ac-
cording to him, the greatness of a leader lies in knowing more than others and in possessing the courage to
make decisive choices (Aydemir, 1963, Vol. I, p. 145). In his analysis of Atatiirk, Aydemir places greater
emphasis on sociological and cultural revolutions than on military victories, interpreting these transformations
as the true “art of leadership” (Aydemir, 1965, Vol. II, p. 24). Genuine leadership, he argues, is not achieved
through the sword but through the transformative power of ideas and intellectual guidance. Within this process,
the leader assumes the role of a pedagogue who elevates the masses to the level of a conscious nation by
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instilling a new worldview. The relationship between leader and masses therefore transcends the mere me-
chanics of governance; it represents a civilizational choice and the individualization of national energy. In
Aydemir’s narratives, every decision taken by a historical personality appears not merely as a political act but
also as a form of documenting the ontological foundations of the Turkish Republic.

The second stage of the state-building ideal is the phase of institutionalization and preservation, which
Aydemir examines through the figure of Ismet Inonu. According to Aydemir, if the founding leader represents
the revolutionary “fire,” the second leader becomes the administrator-engineer who transforms this fire into
sustainable energy within the institutional structure of the state. During this stage, state sociology must transi-
tion from charismatic legitimacy toward rational-legal legitimacy — that is, toward the rule of law and bu-
reaucracy. Inonu emerges as the defensive line of the Republic, ensuring that the revolutionary reforms take
root within the legal apparatus of the state (Aydemir, 1966, Vol. I, p. 45). Aydemir considers Inonu’s greatest
achievement to be his voluntary transfer of power through peaceful means, thereby reducing himself to the
level of an ordinary citizen before the authority of the law — an act that symbolizes the moral culmination of
state rationality (Aydemir, 1968, Vol. I, p. 210). In this context, leadership evolves from heroic revolutionary
authority toward institutional state rationality.

The democratic trials of the new state model culminate in the tragic case of Adnan Menderes. In The
Drama of Menderes, Aydemir analyzes the point of collision between populist mass politics and the cold ra-
tionality of state institutions. Through the figure of Menderes, he exposes the contradiction between a leader’s
submission to popular expectations and the necessity of adhering to the structural laws of history (Aydemir,
1969, p. 210). Aydemir demonstrates that when a leader relies solely on mass enthusiasm while neglecting the
institutional backbone of the state, he inadvertently prepares the ground for his own downfall. The characteri-
zation of Menderes’s life as a “drama” reflects the philosophical isolation of a leader caught between the love
of the masses and the harsh realities of the state (Aydemir, 1969, p. 450). According to Aydemir, Menderes
failed to balance the rationality of the state with the dynamic energy of society, which ultimately led to his
confrontation with the protective institutions of the political system.

For Aydemir, leadership is also an existential solitude. He observes that “in the moments when the
greatest decisions are made, the leader is more alone than anyone else” (Aydemir, 1963, Vol. I, p. 28). This
solitude represents the burden of foresight and responsibility. Within Aydemir’s intellectual framework, the
role of the individual in history can be described as an “ontology of duty.” The leader is also the “master of
time,” a strategist capable of identifying the precise historical moment for action. If the leader advances too
far ahead of the masses, society loses connection with him; yet if he remains behind the collective movement,
historical momentum fades. Through this methodology, Aydemir captures the intellectual tension experienced
by revolutionary elites navigating between the old world and the emerging new order. He ultimately demon-
strates that for a state to progress, the guiding will of leadership must transform the suffering of the nation into
creative historical energy.

In conclusion, the artistic-biographical legacy of Shevket Sureyya Aydemir can be regarded as a mani-
festo of Turkey’s historical self-consciousness. The portraits he created provide one of the most fundamental
theoretical frameworks for understanding both the past and the future of Turkish modernization. Within these
works, the leader appears as an architect who reads the spirit of the nation and constructs the institutional
structures required by that spirit. Aydemir demonstrates that the ideal leader does not oppose the objective
flow of history but acts as a catalyst accelerating that flow. His prose ultimately teaches that the individual is
simultaneously both the master and the servant of history: by embodying the will of the nation and transform-
ing chaos into order, the leader achieves historical legitimacy at the level of civilization. For this reason, Ay-
demir’s biographical novels remain a significant documentary-literary reservoir for analyzing contemporary
models of leadership and state formation.

Keywords: Sevket Siireyya Aydemir, Leadership Phenomenon, Turkish Modernization, Biographical
Prose, Political Leadership, Republican Turkey
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Abstract

The Azerbaijani language, as the main pillar of the nation’s historical memory, national identity, and
spiritual values, has undergone a complex yet rich path of development over the centuries. Rooted in ancient
Turkic languages, it evolved into a literary language in the Middle Ages and reached a high artistic and aes-
thetic level through the works of classical poets such as Nasimi, Fuzuli, and Shah Ismail Khatai. During the
national awakening of the 19th—20th centuries, the protection and development of the mother tongue became
one of the leading ideological directions. The declaration of Azerbaijani as the state language during the period
of the Azerbaijan Democratic Republic marked a significant milestone in the history of national statehood.

Despite certain restrictions during the Soviet period, the language was preserved through literature and
culture. In 1978, at the initiative of Heydar Aliyev, Azerbaijani was enshrined in the Constitution as the state
language. After the restoration of independence, language policy became one of the main directions of state-
building, and the full transition to the Latin-based alphabet in 2001 constituted an important stage of this pol-
icy.

During the presidency of Ilham Aliyev, the Azerbaijani language has been regarded not only as a means
of official communication but also as a strategic factor of national security, ideological independence, and
cultural sovereignty. The President considers the preservation of linguistic purity, the strengthening of literary
norms and principles, and the regulation of uncontrolled foreign influences in the context of globalization as
priority areas. He emphasizes the role of language as one of the fundamental attributes of statehood and a key
instrument in safeguarding national identity.

Furthermore, practical steps have been taken to ensure that Azerbaijanis living abroad master their native
language at a high level, including the establishment of online schools and the strengthening of the Azerbaijani
language’s position in the global information space. Thus, in the modern period, the Azerbaijani language has
evolved from being merely a subject of political discourse into a central pillar of national memory, statehood
philosophy, and national ideology.

Xiilasa

Azorbaycan dili xalqin tarixi yaddasini, milli kimliyini ve manavi dayarlerini dastyan osas siitun kimi
asrlor boyu miirokkab, lakin zangin inkisaf yolu ke¢misdir. Qadim tiirk koklarina sdykenan dil orta asrlorda
odobi dil kimi formalagmuis, Nosimi, Fiizuli, Sah ismay1l Xotai kimi sonotkarlarin yaradiciligi ilo badii kamillik
saviyyasing yiiksolmisdir. XIX—XX asrlorde milli oyanig prosesinds ana dilinin qorunmasi v inkisafi osas
ideoloji istigamatlardan biri olmus, Azarbaycan Xalq Climhuriyyati dévriinde Azarbaycan dilinin dovlat dili
elan edilmoasi milli dovletgilik tarixinde mihiim hadisaya g¢evrilmisdir.Sovet dovrinde miioyyan
mohdudiyyatlore baxmayaraq, dil adabiyyat vo madaniyyat vasitasilo yasadilmisg, 1978-ci ildo Heydor Oliyev
togobbiisii ilo Konstitusiyada dovlst dili kimi tosbit olunmusdur. Miistaqillikden sonra iso dil siyasati
dovlateilik strategiyasinin asas istiqgamatlorinden birina ¢evrilmis, 2001-ci ilda latin grafikali slifbaya tam
kecid bu siyasotin miihiim morhalosi olmusdur. Ulu Ondorin siyasotini davam etdiron ilTham Bliyev rohborliyi
dovriinde Azarbaycan dili yalniz rasmi iinsiyyat vasitosi kimi deyil, milli tehliikesizlik, ideoloji miistaqillik vo
madoni suverenliyin asas amili kimi qiymeatlondirilir. Prezident dilin safliginin qorunmasini, xarici tosirlorin
nozaratsiz gokildo artmasimin garsisinin alinmasini vo odabi norma va prinsiplorin méhkomlondirilmasini
prioritet hesab edir. O, dili dovlat atributlarindan biri kimi deyarlondirarak milli kimliyin qorunmasinda aparici
rolunu xiisusi vurgulayir. Eyni zamanda, xaricds yasayan azarbaycanlilarin ana dilini miikommal bilmasi {iglin
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onlayn moktablarin yaradilmasi va dilin beynslxalq miistavide niifuzunun artirilmasi istigamstinds addimlar
atilmisdir. Belolikla, miiasir marhslads Azarbaycan dili ham tarixi-modani irsin dasiyicisi, ham da dovlsteilik
folsofasinin vo milli ideologiyanin asas siitunu kimi inkisaf edir vo méhkomlanir.

Keywords: Azerbaijani language, Ilham Aliyev, Azerbaijani, language policy, national memory
Acar sbzlor: Azorbaycan dili, Ilham Bliyev, azorbaycanl, dil siyasoti, milli yaddas

Giris

Azarbaycan dili linsiyyat vasitosi olmagla yanasi, xalqin tarixi taleyini, manavi dayarlorini vo milli
kimliyini dastyan asas siitundur. Dilin ke¢diyi yol gostarir ki, o, miixtolif dovrlords siyasi gorarlarin tosiri altina
diissa do, naticads milli yaddasin on méhkom dayagina ¢evrilmisdir.

Azarbaycan dili asrlor boyu miirokkob vo zangin inkisaf yolu kegmisdir. Onun formalagmasi qodim tiirk
tayfa dillorina dayanir. Orta asrlordo Azarbaycan tiirkcasi adabi dil Kimi togokkiil tapmus, saray vo poeziya dili
soviyyasing yiiksolmisdir. Qadim vo orta osrlords Nosimi, Fiizuli, Sah Ismayil Xotai kimi sonotkarlarin
yaradiciligi dilin badii imkanlarini genislondirmisdir. XIX—XX oasrlordo dil mosalasi milli oyanisin osas
istigamatlorindon biri idi. Maarifgilor vo ziyalilar ana dilinda tohsilin, motbuatin vo adabiyyatin inkigafini
xalqin toraqqisi igiin vacib sayirdilar. XX oasrin ovvallorindo yaradilan Azorbaycan Xalq Cimhuriyyati
dovriindo Azorbaycan dili dovlat dili elan edildi. Bu gorar milli dovlatgilik tariximizdo miihiim hadisa idi.
Sovet hakimiyyati illorinds dilin statusu dayissa do, 0, adobiyyat vo madaniyyat vasitasilo yagamaga davam
etdi. 1978-ci ildo Ulu 6ndar Heydar ©liyevin tosobbiisii ilo Azorbaycan dilinin konstitusiyada dovlot dili kimi
tosbit olunmasi miithiim siyasi addim idi. 1991-ci ildo miistoqillik barpa edildikdon sonra Azarbaycan dili
dovlat quruculugunun asas atributlarindan biring ¢evrildi.

Siyasi miistovido Azarbaycan dili

Miistoqillik alda edildikdon sonra, xiisusilo, iimummilli lider Heydar Dliyev vo daha sonra Ilham Bliyev
torofindon dil siyassti dovlotcilik strategiyasinin osas istigamatlorindon birine ¢evrildi. 2001-ci ilde latin
grafikali Azoarbaycan slifbasina tam kegid bu siyasstin miithiim marhalasi oldu.

Canab prezident ilham Bliyevin dils digqat vo qaygisi

Conab Prezident [Tham Dliyevin rohborliyi dovriindo Azarbaycan dili yalniz rosmi iinsiyyat vasitosi kimi
deyil, milli yaddasin vo monavi dayarlorin dasiyicisi kimi qorunur va inkisaf etdirilir. Dovlat bascisinin
sarancamlart ilo Azorbaycan dilinin safliginin qorunmasi, adabi dil normalarinin méhkomlondirilmasi va
informasiya mokaninda diizgiin istifadssinin tomin olunmasi istigamatinde miihiim addimlar atilmigdir.

Latin grafikali slifbanin tstbiginin méhkomlondirilmasi, klassik vo miiasir adabiyyat niimunslorinin
kiitlovi tirajla nosri, Azarbaycan dilinin elektron resurslarinin yaradilmasi bu siyasatin torkib hissasidir. Eyni
zamanda beynolxalq tadbirlords vo rosmi platformalarda Azarbaycan dilinin niifuzu artirilmig, ana dilimizin
global informasiya mokaninda movqeyi giiclondirilmisdir.

Bu dovrde dil siyasoti artiq yalmiz hiiquqi ¢orgive ilo mohdudlagmir; o, milli ideologiyanin,
vatanparvarlik torbiyssinin vo madani irsin qorunmasinin asas istiqamatina g¢evrilmisdir. Azarbaycan dili
siyasatin predmetindan ¢ixaraq milli yaddasin canli ifadasine donmiisdiir.

Prezident [lham Oliyevin 2026-c1 il yanvarin 5-do yerli televiziyalara miisahibasinde Azarbaycan dilinin
gorunmasi haqqinda soyladiklari onun dil siyasatinin xiilasasidir. "Dil o amildir ki, millati millat edir" deyan
Azarbaycan Prezidenti Ilham Bliyev Azarbaycan diline xarici kalmolorin golmasina gars1 oldugunu sdyloyib.
Prezidentin ¢ixislarinda dilin deqradasiyas1 yalniz linqvistik problem kimi deyil, milli kimliyin zsiflomasina
sabab ola bilacak strateji risk kimi toqdim edilir: "Xarici kolmslar dilimizi pozur, zenginlosdirmir vo milli
kimliyimizi dos sarsidir, damci-dameci, yavas-yavas. Balko do 6ziimiiz he¢ buna fikir vermirik, damci-damci
sarsidir. Dil alden gedonden sonra, yaxud da ki, pozulandan sonra, ya da basqa dile tamamile uygunlagandan
sonra onda milli kimlik do gedacak, ondan sonra dovlat¢ilik do gedacok, ondan sonra, Allah elomasin, 61komiz
do, neco deyorlor, bdyiik folakatlo iizlogo bilor. Ona goros Azorbaycan dilini qorumaq har birimizin
vozifasidir"(2), - Ilham Sliyev demisdir.

Dogma dilimizs ehtiyac olmadan daxil edilon va yerli qarsiligi oldugu halda isladilon yad s6zlor zaman-
zaman dilimizin saflifi baximindan miioyyan ¢atinliklor yaratmisdir. Bu masslo timummilli lider Heydor
Bliyev onanolorini davam etdiron ITham Bliyev iiciin do hassas movzulardan biri olmusdur.

Prezident 3 noyabr 2025-ci ildo AMEA-nn 80 illik yubileyindaki ¢ixisinda bu movqeni aydin sokildo
ifads edarak geyd etmisdir ki, beynalxalq leksikonun mévcudlugu danilmazdir v biitiin xalqlar ondan istifades
edir. Lakin Azarbaycan dilinds gadimdon mdvcud olan, mana baximindan tam adekvat garsiligi olan s6zlorin
basqa dillardon alinmalarla avazlanmasi na elmi, na do funksional baximdan asaslandirila bilar. Belo yanagma
ya dil¢ilik prinsiplarine ziddir, ya da magsadli sokilds dil sistemins miidaxils kimi qiymatlondirils bilor.
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Dovlat baseist dilin safliginin qorunmasi tigiin ardicil tadbirlarin va islahatlarin vacibliyini vurgulamis,
ana dilina xidmot etmayi xalq qarsisinda manavi masuliyyat vo miiqaddas vozifs kimi deyerlondirmisdir. Onun
fikrinco, dil insanlar1 birlogdiron osas amildir vo bayraq, gerb, himnlo yanasi dovlatgiliyin aparici
atributlarindan biridir.

Prezident Azarbaycanin tarixon miixtalif imperiyalarin torkibinde oldugunu, isgal vo miistomlokagilik
dovrlari yasadiginmi xatirlatmis, lakin buna baxmayaraq, xalqimizin zongin miistaqillik onenslorine malik
oldugunu vurgulamigdir. Bununla bels, uzunmiiddatli asililiq marhoalslerinin milli psixologiyada miisyyan
izlor buraxdigini, homin tasirlerin bu giin do miioyyan daracads hiss olundugunu qeyd etmisdir.

[Tham Bliyev dilin millati millot edon osas faktor oldugunu xiisusi 6no ¢okmisdir. Onun sozlorino géro,
Azorbaycan dili asrlor boyu qorunub saxlanmis, nosildon-naslo Otiliriilmiis vo bu giin damisilan dil ulu
babalarimizin danisdig1 dildon mahiyyat etibarils forqlonmir. Bu fakt xalqimizin menovi giicliniin gostericisi
kimi doyarlondirilir. Sovet dovriinds leksikona daxil olmusg bazi s6zlors baxmayaraq, miistaqillik illerinds milli
dil stiurunun giiclondiyi va dilin 6z daxili imkanlar1 hesabina saflagdirildigi vurgulanir.

Prezident homginin diinyada 50 milyondan artiq azerbaycanlinin yasadigini qeyd edorok, Azoarbaycan
dilinin heg¢ bir dilin kélgasinds qalmadigini, zangin, melodik va ifads imkanlar1 baximindan genis potensiala
malik oldugunu bildirmisdir. Onun gonastine gore, xalqimiz miistomlokagilik dovrlorinds bels dilini qoruyub
saxlamigdirsa, miistaqil dovlat seraitinds bu doyari daha da mdhkemlondirmok har birimizin borcudur.

Dovlat bageisinin miixtolif illords, xiisusile, 2025-ci ilin yekunlarina hosr olunmug miisahibasinds ifade
etdiyi movqe gostorir ki, [Tham Oliyev Azorbaycan dilini yalmz kommunikativ vasito kimi deyil, milli
tohliikasizlik, ideoloji miistaqillik vo manavi-psixoloji azadligla birbasa bagl strateji amil kimi qiymatlondirir.
Bu yanagma dilin dovlatgilik folsofasinds sistemli yer tutdugunu niimayis etdirir.

[lham ®Oliyev dilo miinasibotinds osas ideyam belo formalasdirir: dil dovlotciliyin fundamental
atributudur vo milli suverenliyin monavi asasini toskil edir. Dévlot romzlari sirasinda dil xiisusi yer tutur vo
milli kimliyin qorunmasinda birinci doracsli rol oynayir. Prezidentin bu mdvqgeyi onun maghur fikrinds do
aydin ifados olunur: “Dil dévleatciliyin asas atributlarindan biridir, balks do birincisidir, tobii ki, bayraqla, gerbls,
himnls birlikda”(4).

Bu yanasma dil masolasini sirf madoni miistoviden ¢ixararaq ideoloji vo siyasi konteksto dasiyir. Dil
burada yalniz {insiyyet vasitasi deyil, milli varligin, tarixi yaddasin va dovlatgilik ideyasinin dasiyicisi kimi
toqdim olunur. Azarbaycan dili dovlot ideologiyasinin ifads olundugu ssas platforma statusu qazanir.

Prezidentin dil siyasotinde miihiim istiqgamatlordon biri leksik safligin qorunmasidir. Xarici sdzlorin
nazaratsiz gokildo dilo daxil olmasi zonginlogme kimi deyil, dil sisteminin daxili tarazligin1 pozan vo milli
kimliyi marhalali sokilds asindiran proses kimi giymatlondirilir. Bu mévge dil¢ilik baximindan “xarici tosir”
anlayisinin yenidon nozardon kegirilmasini tolob edir. Burada massls tokco leksik alinmalar deyil, ana dilino
inamin zaiflomasi, milli dil siiurunun sarsilmasi vo yad dilin psixoloji istlinliikk simvoluna g¢evrilmasi ilo
baghdir.

Bununla yanasi, [lham Bliyev internet vo sosial sobokalor vasitasils dilo vo ictimai siiura niifuz edon yad
tosirlari globallagsmanin tabii vo neytral naticesi kimi deyil, miiasir dévrdo moadoni ekspansiyanin asas
alotlarindon biri kimi doyarlondirir. Bu kontekstds massls yalniz alinma sézlorin artmasi deyil, hamin tesirlorin
dil davranisini, estetik dl¢iilori vo milli dil stiurunu yonlondirms giicii ils baglidir.

Belaliklo, Prezidentin dil siyasatinds iki paralel istiqgamot formalasir: globallasma goraitindoe agiq
informasiya miihitinds istirak etmok vo eyni zamanda milli dilin daxili dayanighgim qorumaq. Bu, dilin
“iImmun sisteminin” giiclondirilmasi kimi toqdim olunur — yani dil yeniliye aciq qalir, lakin 6z struktur
biitdvliyiini vo normativ asaslarini itirmir.

Bu yanasma dilin qorunmasini snanovi miidafis modelindon ¢ixararaq onu madoni tohliikasizlik
strategiyasimin torkib hissasine g¢evirir. Azerbaycan dili artiq yalnmiz daxili tinsiyyst vasitasi deyil, global
informasiya makaninda milli mévqgeyin, ideoloji miistaqilliyin vo madani suverenliyin qorunmasinin asas alati
kimi qiymotlondirilir.

Conab Prezident Azarbaycan dilindon boahs edorkon onun inkisafini 6lko sorhadlorinden konarda da
izladiyini s0ylomisdir. O, yalniz rahberlik etdiyi on milyonluq Azsrbaycanin deyil, ham do xaricds yasayan
har bir azarbaycanlinin taleyina bigana galmayan bir lider kimi xaricds yasayan soydaslarimizin ana dilini
dorindon moenimsomasinin vacibliyini xlisusi qeyd etmis, bu istiqgamatds miihiim addimlar atildigini
bildirmigdir. O, Azarbaycan dilinin zonginliyini 6n plana ¢akerok, diinyanin miixtslif dlkslorinds yasayan 50
milyon azerbaycanlinin ana dilinin Azarbaycan dili oldugunu bayan etmisdir. Prezident qeyd etmisdir ki, biitlin
dillors hérmaotlo yanasir, lakin Azorbaycan dilinin qorunmasinin dévlatin asas vazifolorindon biri oldugunu
hesab edir. Onun fikrinco, xaricdo yasayan azorbaycanlilar dili yalniz moisat soviyyasindo deyil, yiiksok
saviyyada bilmslidirlar va buna ciddi ehtiyac vardir.
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Dovlat basgisi xarici 6lkalordo Azarbaycan maktoblarinin olmamasini adalatsizlik kimi qiymatlondirmis
vo bu problemin aradan galdirilmasi iiciin artiq konkret todbirlarin hayata kecirildiyini digqete ¢atdirmisdir.
Onun tosabbiisii ilo onlayn moktoblor yaradilmis, golocokds isa bu maktablorin shato dairssinin daha da
geniglondirilocayi bildirilmisdir. Prezident vurgulamigdir ki, azerbaycanlilarin yasadiglart biitiin 6lkolorde
Azarbaycan dilinds tohsil imkanlarinin olmasi miihiim shomiyyat dasiyir. O, hamginin an bdyiik arzularindan
birinin xaricde yasayan soydaslarimizin Azorbaycan dilinde solis vo diizgiin danigmast oldugunu qeyd
etmisdir.

Prezident bazi jurnalistlorin ictimai ¢ixislarda liizumsuz xarici s6zlorden istifade etmasini do toessiiflo
xatirlatmis, ziyalilari, yazig1 va sairlori bu mosalads daha foal mévqe sargilomoys ¢agirmigdir. Onun sézlorino
g0ro, dilin qorunmast har bir vatondagin borcudur. Prezident bildirmisdir ki, ana dilimizi no qodar saf vo tomiz
saxlasaq, milli kimliyimiz ds bir o godor méhkom olacaq vo xalq olaraq menavi biitdvlitylimiiz qorunacaqdir.

Notica

Beloliklo, Prezident ilham Oliyevin rohborliyi altinda Azorbaycan dili hom dévlot dili kimi
mohkamlonmis, ham do xalqin tarixi yaddasini, madeni kimliyini vo manaovi biitdvlilyiinii qoruyan asas dayer
kimi yeni inkisaf morholasine godem qoymusdur.
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Abstract

Text is regarded as the highest-level communicative unit of language and is not merely a sequence of
sentences. It constitutes a complete system through the integration of semantic, structural, and pragmatic ele-
ments and is considered a product of social and communicative activity. The principles of text organization
ensure coherence, logical flow, and communicative effectiveness. Key principles include coherence, structural
integrity, sequencing, cohesion, informativeness, intentionality, acceptability, situationality, and intertextual-
ity. Paragraphs and linguistic resources facilitate grouping of ideas and enhance expressiveness. Applying
these principles improves comprehension and communicative impact of the text (Beaugrande & Dressler,
1981; Halliday & Hasan, 1976; van Dijk, 1980).

Keywords: Text, coherence, cohesion, structure, intentionality, intertextuality, informativeness, para-
graph.

Xiilaso

Motn dilin on yiiksok soviyysli kommunikativ vahidi kimi qiymetlondirilir vo yalmz ciimlolorin ar-
dicilligindan ibarat deyil. Motn semantik, struktur vo pragmatik elementlorin inteqrasiyasi ilo biitdv sistem
yaradir va sosial- kommunikativ faaliyyatin mohsulu kimi nazarden kegirilir. Matnin tortib olunma prinsiplari
onun mona biitdvliyiini, ardicilligimi vo tesir giiclinii tomin edir. Osas prinsiplora koherentlik, struktur
biitdvliyi, ardicilliq, koheziya, informasiyaliliq, magsoedyonliiliik, gobuledilo bilenlik, situativlik vo inter-
tekstualliq daxildir. Matnin abzas va dil vasitslari fikirlerin qruplasdirtlmasini vo ifadsliliyi tomin edir. Bu
prinsiplardan istifado motnin anlagilmasimi vo kommunikativ tosirini artirir (Beaugrande & Dressler, 1981;
Halliday & Hasan, 1976; van Dijk, 1980).

Pe3ome

Texct paccMaTpuBACTCA KaK HaWMBLICHIAsA KOMMYHUKATHBHAA €AWHHUIIA A3bIKa U HE OrpaHUYMBACTCA
JIUIIIB TIOCIICIOBATEILHOCTRIO MpejioxkeHuid. OH MPeACTaBIsSeT COOOU MEIOCTHYI0 CUCTEMY, (hOPMHUPYEMYIO
HHTeraL{Heﬁ CCMAHTHUYCCKUX, CTPYKTYPHBIX U ITPAIrMATHYCCKUX DJICMCHTOB, U pACCMATPHUBACTCA KaK IPOAYKT
COHI/IaJIBHOfI u KOMMYHHKaTHBHOﬁ JACATCIbHOCTH. HpI/IHI_II/IHBI MOCTPOCHHS TCKCTA 00ecrneynBaoT KOI'CpeHT-
HOCTB, JIOTMYECKYIO IOCIIE0BATEIILHOCTh U KOMMYHHKATHBHYIO 3(QQEeKTHBHOCTb. OCHOBHBIC MPHHITHUIIEI
BKJIFOYAKOT KOTC€PECHTHOCTD, CTPYKTYPHYIO LEJIOCTHOCTD, MMOCJICA0BATCIBHOCTL, KOTC3U1IO, I/IH(I)OpMaTI/IBHOCTI:,
LIeJ'IeyCTpeMJ'IéHHOCTL, MNpUEMJIIEMOCTDb, CUTYATUBHOCTb U UHTCPTCKCTYAJIbHOCTb. A63aI_IH " SA3BIKOBBIC CPEII-
CTBa CIIOCOOCTBYIOT TPYNIHPOBKE HIACH M TMOBBIIICHHUIO BBIPA3UTEIHLHOCTH TEKCTa. VCMONMb30BaHUE ITHX
MIPUHIMIIOB YJIy4YlIaeT MOHMMaHue 1 KOMMYHHKaTHBHOE Bo3eiicTBre TekcTa (Beaugrande & Dressler, 1981;
Halliday & Hasan, 1976; van Dijk, 1980).

Introduction

A text is the highest-level communicative unit of language and is not merely a sequence of sentences; it
constitutes a complete system through the integration of semantic, structural, and pragmatic elements
(Beaugrande & Dressler, 1981; van Dijk, 1980). From a contemporary linguistic perspective, a text is viewed
not only as a grammatical unit but also as a product of social and communicative activity. Proper organization
of a text ensures its semantic integrity, comprehensibility, and communicative impact. Therefore, the principles
of text construction are a central focus in linguistics and communication studies.

The development of text theory owes much to scholars such as Robert de Beaugrande, Wolfgang Dress-
ler, Teun A. van Dijk, and M.A.K. Halliday (Halliday & Hasan, 1976). They identified the structural and
functional features of texts and explained organizational principles on a scientific basis.

The principles of text organization in literary and non-literary texts share certain similarities but also
exhibit differences. Common features include intentionality, coherence, topical and content relevance, and
informativeness. The principle of intentionality requires a planned sequence consistent with the author’s pur-
pose; expressions must align with the topic in terms of content and style.

The connection between paragraphs and sentences, i.e., cohesion, is a fundamental structural principle
of text. In literary texts, organizational principles vary according to the form of expression:

1. Poetry — characterized by rhythm, meter, rhyme, refrain, and other poetic devices.

2. Prose — expressed through descriptive and narrative techniques.
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3. Dramatic language — expressed through show, monologue, dialogue, and polylogue forms.

Non-literary texts vary according to style. In scientific texts, concreteness, accuracy, logic, sequence,
and terminological density are essential. Scientific commentaries present hypotheses, theoretical insights, and
research findings. In journalistic (publicistic) style, clarity, mass appeal, and comprehensibility are empha-
sized; descriptive and analytical commentary play a role in text organization. Official-business texts require
precision, concreteness, and adherence to standard syntactic models. Everyday communication style relies on
oral elements and a free expression form.

Key Principles of Text Organization

1. Coherence (semantic integrity): All parts of a text are connected around a central topic, expressing
the main idea. Coherence is ensured through topic unity, logical sequence, cause-effect relationships, and gen-
eral semantic direction.

2. Structural integrity: Every text consists of an introduction, main body, and conclusion. The introduc-
tion presents the topic, the main body develops the idea, and the conclusion summarizes and generalizes.

3. Sequentiality: Ideas should be presented in a logical or chronological order, facilitating readers’ com-
prehension.

4. Cohesion: The connection between sentences and paragraphs is established through pronouns, repe-
titions, synonyms, conjunctions, and particles.

5. Informativeness: The text should provide readers with new and significant information; redundant or
already known information decreases its value.

6. Intentionality: A text should align with the author’s purpose, reflecting their intent (to inform, ex-
plain, persuade, describe, influence, etc.).

7. Acceptability: The text must be understandable and acceptable to the reader; style and language
should match the reader’s level.

8. Situationality: The content and form of a text depend on the context of its use. For example, scientific
articles are objective and formal, journalistic texts aim at public impact, and literary texts create aesthetic and
emotional effects.

9. Intertextuality: A text is connected to other texts through references, quotations, allusions, and schol-
arly sources.

Importance of Paragraphs

A paragraph is a micro-topic unit within a text; it groups ideas, organizes structure, facilitates reading,
and ensures meaning transitions.

Role of Linguistic Means Lexical (terms, synonyms), grammatical (tense forms, syntactic structures),
and stylistic (metaphors, epithets) tools enhance the expressiveness and precision of a text.

Example Models:

Model 1:

Identify the correct statement based on the text:

In 1971, Japanese scientists studying landslides watered a hill intensively with fire hoses to simulate
heavy rainfall. As a result, four scientists and 11 spectators died when the hill collapsed.

A) The event occurred in the first half of the century.

B) All participants experienced the feeling of “regret is useless.”

C) Artificial events create illusions.

D) Although the national identity of the scientists is known, the motivation behind the activity is un-
known.

E) The exact location of the event is known, but the extent of the landslide is unclear.

Correct answer: D

Model 2: Identify the incorrect statement: Since the 1960s, a mysterious light appeared and moved on a
hillside at night. Locals believed it was the glow of a spirit returning to the world. This belief generated fear
and curiosity for years. However, in 2010, Michigan Technological University students scientifically investi-
gated the phenomenon and proved that the light came from car headlights on a nearby highway. The study
showed that while people may attribute unexplained events to supernatural causes, scientific approaches allow
rational and logical explanations.

1. The text shows that long-unexplained events can give rise to local beliefs and folklore.

2. The supernatural interpretation of the Paulding light was due to a lack of scientific research.

3. The 2010 study proved the light came from car headlights.

4. The text demonstrates that scientific approaches can critically dispel myths and beliefs.

5. The source of the Paulding light remains scientifically unexplained.

Correct answer: E
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Model 3: Determine correct and incorrect statements based on the text: F1 and RGD-5 hand grenades
were developed in the 20th-century Soviet military industry and are distinguished by their structural and func-
tional characteristics. F1 has a thick, segmented metal body, is defensive, and produces numerous fragments
upon explosion. RGD-5 has a thin-walled, smooth body, is offensive, and produces fewer fragments, making
it lighter and more effective in attack conditions. Both have mechanical detonators and operate by converting
explosive energy into kinetic impact, holding tactical importance and being widely studied in modern military
science.

Correct about F1 Incorrect about RGD-5
Unlike the other, it is an explosive from a century earlier. It can be used for defensive purposes.
Unlike its counterpart, it is not intended for offensive use. Its shrapnel-producing function is less than that of the other.

Although its operating mechanism is provided, its naming purpose | Its extensive study in the military field continues to this day.
was not explained.

Correct answers: 2, 3, 4

Model 4: Identify the correct statement about the table:

A) The difference in moisture levels between 2018 and 2023 is equal to that between 2019 and 2022.

B) After 2018, the moisture level closest to the norm was in 2022.

C) From 2020 onwards, moisture levels decreased over three years.

D) After 2018, the highest moisture level was in 2022.

E) Annual minimum moisture levels were below 10 mm.

Correct answer: B

In conclusion, the principles of text organization ensure its structural, semantic, and communicative
integrity. Adhering to these principles guarantees logical, clear, and effective texts (Beaugrande & Dressler,
1981; Halliday & Hasan, 1976). In modern linguistics, a text is not merely a sum of sentences but a product of
communicative and social activity. Therefore, studying text organization principles is crucial in linguistics,
education, and communication studies.
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Abstract

The article substantiates the significant role of the analogy method in physics education in the formation
of scientific knowledge and the comprehension of abstract concepts. It analyzes the application of analogical
reasoning in physics lessons through a comparative examination of thermodynamic systems and electrical
circuits. The structural similarity established between thermodynamic systems and electrical circuits enables
students to develop a clearer understanding of complex processes. Mathematical and physical correspondences
are demonstrated between electric potential difference and temperature difference, electric current and heat
flux, as well as electrical resistance and thermal resistance. An analogical relationship is examined between
the capacitor charging equation and the heat balance equation of a body with homogeneous temperature
distribution. Furthermore, the structural similarity between Ohm’s law and Fourier’s law reveals the scientific
foundations of the thermal—electrical analogy. This approach emphasizes the fundamental role of the law of
energy conservation in both domains. The proposed models provide opportunities for the analysis of heat
flows, energy distribution, and heat losses, thereby enabling high-quality engineering evaluation.
Consequently, the thermal—electrical analogy serves as an effective method both in the teaching process and
in scientific modeling.

Keywords: Analogy method, thermodynamic—electrical system analogy, modeling, mathematical
correspondence, structural similarity.

The collection and analysis of scientific data, the comparison of physical phenomena and processes in
order to identify their similarities and differences, and the subsequent generalization leading to the formulation
of sound scientific conclusions highlight the particular significance of the analogy method in scientific inquiry.

In physics education, analogies serve as a bridge between the material world and the abstract domain of
physics, helping students visualize abstract concepts and develop the ability to transfer structural frameworks
acquired in one domain to another. An analogy is an empirical-cognitive method based on establishing
structural similarities with more familiar and observable systems in order to explain objects and processes that
cannot be directly perceived through visual observation or immediately grasped through experimentation.
Analogies function not merely as computational tools but also as a foundation for deep learning. For instance,
James Clerk Maxwell, in formulating the theory of electromagnetic phenomena, relied not only on empirical
observations but also extensively on analogical reasoning. He employed the analogy of heat flow in developing
his theoretical framework. This illustrates the power of analogy in the creation of new scientific knowledge.

In this article, new types of models are proposed based on the thermal—electrical analogy in order to
obtain deeper insight into the internal elements of a system. These models provide valuable information that
cannot be readily obtained through other modeling structures; for example, they enable the analysis of heat
flows, the amount of energy stored in different regions of a system, and heat losses to the environment. Such
models allow engineers to qualitatively assess the effects that mechanical modifications may exert on system
performance. The central idea presented in the article is the construction of models grounded in the
fundamental analogical relationship between thermal systems and electrical circuits. The analogy between
electrical circuits and thermal systems is widely applied both as a manifestation of the interrelation of
fundamental physical laws and as a powerful method for modeling and teaching complex systems. This
analogy is not merely a theoretical comparison; it has also played a significant role in engineering calculations,
scientific advancement, and various technological discoveries. The thermal-electrical analogy directly
contributes to the development of important academic and professional competencies among pupils (or
students) and, at the same time, facilitates the calculation and analysis of heat losses in engineering practice in
several essential ways:
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-Construction of Equivalent Electrical Circuits: This method makes it possible to model complex
thermal systems in the form of electrical circuits. By learning to represent heat transfer processes—which are
not directly observable—with familiar electrical circuit diagrams, students develop the ability to decompose
complex problems into simpler, manageable components. At the same time, engineers can transform a thermal
system into its electrical equivalent circuit and, by applying circuit analysis techniques, more accurately
determine the amount of energy stored in different regions of the system as well as the heat losses to the
surrounding environment.

- Qualitative Evaluation and Optimization: Students learn to qualitatively analyze how an increase
in resistance—whether electrical or thermal—affects the overall efficiency of a system, thereby laying the
foundation for engineering thinking. Moreover, these models enable engineers to qualitatively assess how
mechanical modifications within a system (for example, increasing the thickness of an insulation layer or
changing the material) influence heat losses and overall system performance.

- Conservation of Energy: By understanding that the law of energy conservation plays the same
fundamental role in both electrical systems (conservation of charge) and thermal systems (conservation of
energy), students recognize that different branches of physics are not merely isolated collections of facts, but
components of a unified structure. The effectiveness of this method in engineering calculations is based on the
fundamental role of energy conservation in both domains—charge conservation in electrical systems and
energy conservation in thermal systems—ensuring that analyses are physically grounded and reliable.

Under steady-state conditions, there exists a direct mathematical correspondence between the laws
governing heat flow and those governing constant electric current. The primary equivalences are as follows:

-Driving Force: The voltage (U) or potential difference in electrical circuits corresponds to the
temperature difference (47) in thermal systems.

-Flow: Electric current (1) is analogous to the amount of heat (Q) transferred per unit of time in thermal
systems.

-Resistance: Electrical resistance (R.) corresponds to thermal resistance (R:) in a thermal system,
representing the opposition of a body to heat flow.

This analogical approach is based on the mathematical and physical similarity between two fundamental
pairs of thermal and electrical equations. The first pair consists of the equation describing the charging process
of a capacitor (1) and the heat balance equation (2) applied to a body with a homogeneous temperature
distribution (i.e., uniform temperature throughout the object).

¢8O =10 1)
me, g2 = Q) @

Here, two fundamental equations belonging to different physical domains—electrical and thermal
transfer—are compared based on their structural similarity. The first equation describes the variation of electric
charge accumulated on a capacitor in the electrical domain. The second equation describes the change in
thermal energy of a body in a thermal system, assuming a homogeneous temperature throughout the object. In
equation (1), the left-hand side represents the change in the capacitor’s stored charge, while the right-hand side
indicates the electric current (1) required to produce this change. In equation (2), the left-hand side represents
the change in the body’s thermal energy, and the right-hand side expresses the amount of heat flow (Q)
responsible for this energy change.

The second pair of equations consists of Ohm’s law (3) and the one-dimensional form of Fourier’s law
(4). This pair further highlights the structural analogy between electrical and thermal transfer processes.

1) =2 U() )
0(t) = =241(t) @

Ohm’s law in an electrical circuit states that the current (1) is directly proportional to the potential
difference (U) and inversely proportional to the electrical resistance (R) (3).

The one-dimensional form of Fourier’s law states that the amount of heat transfer (Q) between two
thermally connected bodies is directly proportional to the temperature gradient and inversely proportional to
the thermal resistance (or depends on the thermal conductivity parameters) (4).

Series and Parallel Connection of Electrical and Thermal Resistances:
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1. Series Connection:

a) For Electrical Resistance: v

If the voltage drops across the first, second, and third resistors |
are Uy, U,, and Us, respectively, then the total voltage across the ends !
of the series circuit equals the sum of the voltage drops across each
resistor:

Utotar=Uq1 + Uy + U; I 1 I 1 I 1
The current is the same through each resistor in the series: | = Y, FY Y
I = =I5
If the resistances of the first, second, and third resistors are R;, R,, and R, respectively, then the total
resistance of the series circuit is:

R.=R{*+R,+R;
b) For Thermal Resistance:
The heat flow remains the same through all layers:

Q=0.=0;
The temperature difference is divided across the layers:
AT=AT,+AT,
In this case, the total thermal resistance is given by:
R.=R;+*R,
1. Parallel Connection:
a)For Electrical Resistance: Iy A1
As shown in the diagram, the total current I splits into 1, I,, and I3,
so the total current is: N A y
Iotar= 11 + 1 + I3
The voltage across each resistor is the same:  U=U,=U,=U; v VY
The total electrical resistance of parallel resistors is: T
1 1 1 1

R, R, * R, * R,

b) For Thermal Resistance:

In a parallel connection, the temperature difference is the
same across all layers:

R
AT=AT,=AT, '
The heat flow is divided among the layers: = A
Q=0.+0;
The total thermal resistance for a parallel connection is: R
1 1 1
R, Ry + R,
The structure in this case is as follows:
Electrical Circuit Thermodynamic System
Potential Difference (Voltage): U | Temperature Difference: AT
Current: | Heat Flow (or Heat Quantity): Q
Electrical Resistance: R Thermal Resistance: thé

This structural similarity enables the modeling of thermal systems through electrical equivalent circuits.
The analogy established between thermal systems and electrical circuits is not merely a formal mathematical
resemblance; it is grounded in the fundamental role of the law of energy conservation in both domains. In
electrical systems, this principle manifests as the conservation of charge, while in thermal systems, it applies
as the conservation of energy. The thermal—electrical analogy allows students to gain a deeper understanding
of the principle of energy conservation, to perceive the concept of dynamic systems within a unified
framework, to relate abstract concepts to concrete schematics, and to recognize structural correspondences
across different physical domains.

Thus, the analogy method plays a decisive role in the mastery of abstract concepts and the formation of
scientific knowledge in physics education. By serving as a bridge between the material world and the abstract
domain of physics, it helps students comprehend phenomena that are otherwise difficult to grasp. Through this
method, students develop the ability to transfer structural patterns learned in one domain to another via
analogical reasoning. The thermodynamic—electrical analogy enables the modeling and clearer understanding
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of complex systems through electrical equivalent circuits. Moreover, this method serves as a powerful
pedagogical tool for studying complex systems within the teaching process.
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ENHANCING NETWORK CYBERSECURITY: ANOMALY DETECTION USING SUPERVISED
LEARNING MODEL

Salmanzade Elanur
Azerbaijan State Oil and Industry University, Azerbaijan,
Faculty of Information Technologies and Management, Computer Engineering

Abstract

The increasing growth and acceptance of digital communication technologies has dramatically changed
how organizations will be structured, therefore creating an urgent need for efficient automated programs to
assist in managing the cybersecurity risks that individual organizations face daily. As such, this research aims
to design, develop and implement an extremely effective network anomaly detection model built upon the
principles of modern supervised learning technologies. More specifically, the study aims to greatly increase
the number of detection criteria used to identify potential network anomalies while improving an organiza-
tion’s overall protective capabilities, especially when under attack from advanced multi-stage threats within
enterprise environments. In order to meet these high-level strategic objectives, highly reliable and scalable
software architecture was carefully developed by combining advanced preprocessing techniques with ensem-
ble machine learning models and the NSL-KDD dataset as an empirical basis. The research methodology de-
veloped and implemented in this study is thoroughly justified with real-world applications to provide innova-
tive solutions to the ongoing issues with the use of traditional rule-based intrusion detection systems. Finally,
this research focuses on the “Research Gap” of assessing dynamic flow histories instead of isolated packets as
a means to develop a more advanced approach to network anomaly detection. Z-score normalization, categor-
ical protocol (TCP/UDP/ICMP) processing, and statistical descriptor extraction modules are used in the system
to assist with feature extraction and data preprocessing. The use of ensemble methods such as Random Forest
by the framework is capable of accurately identifying complex non-linear networks that are typically missed
by linear models. The conclusion of the study reveals that Al-based management systems significantly reduce
the workload of security personnel while also improving digital stability.

Keywords: Cybersecurity Anomaly Risk, Network Traffic Flows, Supervised Learning, NSL-KDD Da-
taset, Random Forest, Intrusion Detection Systems (IDS).

Introduction Cybersecurity has now become vitally important to the digital age as the rate of advance-
ment in digital technology continues to expand rapidly and the threat landscape continues to be updated. The
need for more accurate and transparent Intrusion Detection Systems (IDS) has become necessary due to the
increased transition towards Cloud-based infrastructures and the stricter requirements of Global Data Protec-
tion Regulations. Most of the problems attributed to inadequate IDS are from the large amount of manual
processes used in detecting Intrusions; traditional, rule-based analysis cannot identify zero-day exploits; and
there are no agile reporting systems, all of which create significant security threats and result in financial losses
for businesses.!

There are many studies supporting the assertion that Al-based automation of these processes will not
only solve these problems but will also improve the transparency of corporate companies. The world's major
security vendors use advanced IDS technology to effectively monitor their threats with these software solu-
tions. * In Azerbaijan, both the increasing reliance on digital governance and the "Azerbaijan Republic Infor-
mation Security and Cybersecurity Strategy From 2023 to 2027" have created a strong need for infrastructural
supports which are fully optimized for the new patterns of traffic to which they are being subjected. Without
these types of optimized systems in place, it will be difficult if not impossible for many small- and medium-
sized enterprises to develop. Therefore, it is critical to develop an IDS Management Application that is de-
signed to meet the local need of being user-friendly while still providing significant functionality.*

Conventional systems depend on something called Deep Packet Inspection (DPI). However, due to more
and more encrypted traffic and an immense amount of computation needed to analyze all of that data, DPI
performance decreases with speeds of 10Gbps and higher.® This research would like to propose a move from
DPI to a new way of analyzing flow data — to use connection metadata to monitor for "Normality Shifts" of a
network's operating characteristics by looking at connection metadata over time.8
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Problem Statement The key point of this research is to create an Al-based software model that can be
used for secure real-time system operation monitoring and as a tool for automating real-time security opera-
tions in the fast-paced network environment of Azerbaijan. In the course of this research, the main modules
for the system have been created, the configuration of the features was created using the NSL-KDD dataset,
as well as a number of application tests for various types of scenarios.® The primary goal of the created system
is the resolution of the following urgent problems:

1. Accurate detection of ""Cybersecurity Anomaly Risk'*: By moving beyond the failure of analyzing
packets in isolation and focusing on dynamic flow history to catch slow-and-low reconnaissance ¢;

2. Automatic calculation of connection risk scores: Optimal management of false-positive alarms via
ensemble learning to reduce "analyst fatigue™ °;

3. Formation of real-time security reports: Identifying DoS, Probe, U2R (User-to-Root), and R2L
(Remote-to-Local) attack categories °;

4. Establishment of a multi-user architecture: Working simultaneously for different administrative
roles to prevent lateral movement and unauthorized privilege escalation.

The platform is built on a supervised learning pipeline, utilizing Python-based scientific libraries for
modeling and Z-score normalization for numerical stability.*

Solution Method and Modular Approach The System was developed using the Modular Concept as the
principal approach. The purpose of implementing this methodology was to create an independent module that
would allow the integration and functionality to work closely together (however, only when it is necessary) to
identify obvious patterns of malicious traffic (through representation learning based on supervised models). ¥’

As a new network connection is captured, a Preprocessing Mechanism is initiated to normalize the data.
To do this, all symbolic/abstract features are converted into numerical data using One-Hot Encoding for com-
patibility with the numerical algorithm that will be used to perform the preprocessing. All continuous de-
scriptors are normalized using Z-Score Normalization to eliminate features with a large range of values from
affecting/controlling the learning (final) characteristics of the data.'® Each feature is centered around a mean
of zero and a standard deviation of one, using the following formulas:

where  is the mean of the feature across the training set and 7 s its standard deviation.
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Pic. 1. Construction of the network feature extraction and classification module Visual Content De-
scription: This high-fidelity professional diagram shows a linear pipeline. It begins with "Raw Traffic Cap-
ture” (libpcap), moving into a "Feature Extraction Engine" that separates 41 features into four groups
(Basic, Content, Time, and Host). The next block is the "Preprocessing Layer"” (Z-score & One-Hot), fol-
lowed by the "Ensemble Classification Engine.” The final output shows a split between "Normal Traffic" and
"Anomaly Alerts (DoS/Probe/U2R/R2L)."

During the definition of security operations, statistical descriptor principles were established. The sys-
tem distinguishes between high-volume Denial of Service (DoS) and subtle User-to-Root (U2R) attempts by
analyzing "Host-based" features that look at the last 100 connections.!® This longitudinal depth is what allows
the model to detect the "preclinical™ phase of an attack—where the behavior is technically valid but statistically
anomalous compared to the learned baseline.®
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Pic. 2. Scheme of building an Al-based cybersecurity anomaly management system Visual Content
Description: A two-part visualization. (Left) A detailed pie chart showing the skewed distribution of the NSL-
KDD dataset: Normal (53%), DoS (36%), Probe (9%), R2L (1.5%), and U2R (0.5%). (Right) A horizontal
bar graph ranking the top 5 prognostic features: 1. same_srv_rate, 2. dst_host_serror_rate, 3.
dst_host_srv_serror_rate, 4. src_bytes, 5. duration. This visualizes why "Host-based" temporal context is the
most important indicator for detection.

Search and filter functions are included in each module, which greatly facilitates the administration of
large volumes of logs. Additionally, an audit log function has been integrated into the system, which serves as
the primary basis for tracking changes in the future and proving the transparency of data during official digital
forensic audits.?

Data Security and Integrity Furthermore, protecting data integrity and security is of utmost importance
for web applications in cybersecurity. To help reduce the possibility of unauthorized users accessing or breach-
ing data protected by the developed system, it has been designed using robust cryptography protocols. The
modeling logic incorporates the evaluated frameworks of Logistic Regression, Random Forest, and Gradient
Boosting in accordance with how long the models will each take to evaluate.??

According to the results of the research study, ensemble methods (Random Forests) typically have a
higher success rate when it comes to processing complex non-linear network variances than linear modelling
techniques will. The use of tree-based models allows developers to segment their feature space into separate
areas depending on what types of multidimensional threats occur, that is, when a group of multiple weak
indicators correlate together. 4

Table 1. Comparative Performance of Supervised Learning Models on NSL-KDD *°
Model IAccuracy|Precision|Recall|F1-scoreROC-AUC
Logistic Regression|0.8844  [0.9427 0.8407/0.8888 |0.9500

Random Forest 0.9975 10.9900 0.9900/0.9900 10.9900
Gradient Boosting 0.8600 0.8900 |0.8400/0.8500 |0.9100

The Random Forest model reached a near-ceiling accuracy of 99.75%. In contrast, Logistic Regres-
sion, while transparent and computationally efficient, struggled with the non-linear boundaries of sophisti-
cated R2L attacks.

DoS (36%) VISUALIZES WHY
"HOST-BASED" TEMPORAL
CONTEXT IS THE MOST
IMPORTANT INDICATOR

FOR DETECTION

RANK/IMPORTANCE (High to Low) :
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Pic. 3. Flowchart of the Automated Supervised Detection and Audit Verification Process Visual Con-
tent Description: A dual-plot analysis. (Left) Receiver Operating Characteristic (ROC) Curve showing the
Random Forest curve hugging the top-left corner (AUC=0.99) compared to the more rounded Logistic Re-

gression curve. (Right) A Confusion Matrix for the Random Forest model. The "True Positive" diagonal
shows values of 9,400 and 12,000, while the "False Positive™ and "False Negative" cells show near-zero val-
ues, visually proving the high reliability of the ensemble approach.

Conclusion The completion of the work involved the development of an artificial intelligence (Al) soft-
ware model that is compatible with current requirements for network security, is simple to use and has numer-
ous functionalities. The software model has been designed with modular architecture which means that it can
be expanded in the future, including direct integration with the national "CERT.gov.az" threat intelligence
feeds. The successful real-world testing of the software model using the NSL-KDD benchmark demonstrated
that the fully automated accounting of connection risk reduced the number of hours that security administrators
needed to spend on each connection, while also eliminating all errors that were previously the result of manual
entry by administrators when defining firewall rules. Dynamic flow history integration provided evidence of
the research gap identified in literature as a potential root cause of the inability to detect stealthy threats through
analysis of isolated packets. Dynamic reports generated by the platform allow IT management to use these
reports in support of their decision-making processes while at the same time providing a measure of long-term
digital stability to the enterprise.
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DESIGN AND IMPLEMENTATION OF A MODULAR INFORMATION SYSTEM FOR MANAG-
ING TRAINING ACTIVITIES IN ENTERPRISES
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Azerbaijan State Oil and Industry University, Azerbaijan,
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Abstract

This study explores the design and implementation of a modular and user-oriented information system
to ensure more efficient organization of educational and development activities in enterprises. Analysis of
existing approaches indicates that in many educational institutions, training processes are conducted in a frag-
mented and uncoordinated manner, leading to resource losses and reduced effectiveness. As a solution to this
problem, the development of an easy-to-use, flexible, and scalable information system is proposed. Through
this system, functions such as the formation of training plans, management of employee participation, auto-
matic analysis of results, and report generation are implemented. Simulation and preliminary testing results
demonstrate that the proposed approach increases the effectiveness of training activities while enabling more
optimal use of enterprise resources.

Introduction

In the modern era, the dynamic and rapidly changing global competitive environment has led enterprises
to make fundamental changes in their operational strategies. At the core of these changes lies the continuous
development of human resources. In the context of increasing digitalization and technological innovation, the
professional development of employees is considered a strategic advantage for enterprises. In this regard,
training and educational activities that ensure employees’ professional growth are regarded as one of the main
pillars of long-term success and sustainability. However, traditional approaches to managing these activities
no longer meet modern requirements. Training processes managed manually or through incompatible software
result in inefficient resource allocation, inaccurate monitoring systems, and loss of objectivity in performance
measurement. Research indicates that in many enterprises, training and development activities are conducted
in a fragmented manner, creating problems in strategic management. Properly designed information systems
for systematic management of training activities can provide significant advantages.

However, many existing studies emphasize general and abstract solutions, while relatively fewer focus
on locally adapted and practically applicable approaches. This limits the real-world effectiveness of techno-
logical solutions. Systems developed without considering employees’ specific needs, organizational structure,
and field of activity often fail to produce the expected results and remain unused.

The aim of this research is to design and develop a prototype of a locally adapted, user-oriented, modu-
lar, and scalable information system that ensures effective and systematic management of educational activities
in enterprises. The proposed approach enables optimization of training plans and real-time analytical pro-
cessing. Thus, the research seeks to contribute significantly to the strategic management of human resource
development within enterprises.

Key Concepts

Information System (IS): A set of software and technological tools supporting the collection, storage,
processing, and dissemination of data, applied to support decision-making and management functions in en-
terprises.

Educational Activity: A set of training programs and courses organized within an enterprise to improve
employees’ professional skills, provide new knowledge, and develop competencies.

Learning Management System (LMS): A system for managing training activities, including placement
of electronic learning materials, participant registration, training monitoring, and evaluation of results.

User-Oriented System: Software designed according to user needs and expectations, featuring an intui-
tive and easy-to-use interface.

Simulation: The process of modeling and analyzing the behavior of an existing or proposed system
under real or theoretical scenarios using computer technologies.

Modularity: An architectural approach that facilitates the addition of new functions or modification of
existing components, increasing system flexibility.

Training Effectiveness: The degree to which training provides participants with real knowledge and
skills, typically measured through assessment results and participant feedback.

Problem Statement

In modern enterprises, effective organization and management of training activities often rely on manual
processes or non-adapted information systems. As a result, data loss, inaccurate reporting, inefficient use of
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resources, and reduced overall training effectiveness occur. To address these issues, there is a need to develop
a flexible, modular, and functional information system tailored to the specific needs of enterprises.

Main database components:

- Structure of training programs and annual/quarterly plans.

- Personal and position-related identification data of employees.

- Registration data of training participants.

- Evaluation results and participant feedback.

- Participation statistics (number of trainings, participation rates, etc.).

Key performance indicators to be determined:

- Analysis of participant numbers and participation levels for each training.

- Performance evaluation of employees based on training results.

- Measurement of training effectiveness (average score, satisfaction level, etc.).

- Monitoring implementation level of training plans (quarterly/annual).

- User activity and module load statistics within the system.

Main system requirements:

- User-oriented interface design.

- Functions for adding, editing, and deleting trainings.

- Registration of participants and archiving of results.

- Automated reporting and statistical analysis.

- Scalable architecture allowing future functional expansion.

Solution Method

A web-based, modular, and user-oriented information system is proposed. The system operates on a
client-server architecture and is built using the following technologies:

Frontend: Developed using HTML, CSS, JavaScript, and React.js technologies.

Backend: Developed using Python programming language and Django framework.

Database: PostgreSQL database management system.

Integration: RESTful API for interaction between system modules.

Main functional modules include:

- Training planning and calendar integration.

- Employee registration and participation tracking.

- Evaluation and survey module.

- Automated statistics and reporting generation.

- Administrative control panel and notification system.

Conclusion

This research resulted in the design of a modular, scalable, and user-oriented information system for
managing enterprise training activities. Based on analysis of existing problems and identified needs, the de-
veloped system concept was adapted to enterprise specifics, simulated using real data, and its effectiveness
was confirmed through preliminary testing results.

Technical analysis and development stages demonstrated that automation of training activities signifi-
cantly increases the speed of management processes while ensuring data accuracy and reporting efficiency.
The proposed system enables integrated management of training planning, participant registration, evaluation
processes, and statistical analysis through a unified platform, thereby enhancing transparency and monitoring
capabilities.

In conclusion, the proposed information system makes a substantial contribution to the purposeful and
effective implementation of enterprise training and development strategies. Future enhancement and integra-
tion with other enterprise infrastructures may enable broader application. The research establishes practical
and technical foundations for integrating modern management technologies into training activities.
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BUILDING AN INTERNET-BASED FINANCIAL MANAGEMENT SYSTEM MODEL
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Abstract

The rapid advancement of digital technologies has fundamentally transformed the landscape of corpo-
rate administration, emphasizing the critical need for robust automated solutions in managing fiscal operations.
This comprehensive research focuses on the design, development, and implementation of a highly efficient
software model, entirely constructed upon the foundations of modern internet-based technologies. The primary
objective of this detailed study is to significantly expand the accountability parameters and enhance the overall
control capabilities intended for various companies, particularly small and medium-sized enterprises. To
achieve these strategic goals, a reliable and scalable software architecture was meticulously created by inte-
grating the robust ASP.NET framework with secure MySQL database technologies. The methodology pro-
posed and evaluated throughout this research is rigorously justified through practical application scenarios,
presenting an innovative solution to the persistent problems currently faced within traditional accounting eco-
systems. A key aspect of this research is the system's strict compliance with local legislative frameworks,
specifically aligning with the Tax Code of the Republic of Azerbaijan and the unified Chart of Accounts ap-
proved by the Ministry of Finance. The system incorporates advanced modules for the precise tracking of both
short-term (current) and long-term (non-current) assets, automating complex processes such as asset depreci-
ation, inventory valuation, and tax calculations (including value-added tax and profit tax). It successfully ena-
bles the acquisition of crucial corporate reports in real-time, functioning on a sophisticated multi-user archi-
tecture that operates simultaneously for multiple distinct corporate entities without compromising data isola-
tion or security. Additionally, the software seamlessly manages the automatic generation and ongoing admin-
istration of corporate bank accounts via database trigger mechanisms, while comprehensively tracking liabili-
ties and capital movements. Furthermore, the transition to International Financial Reporting Standards (IFRS)
demands that localized businesses adopt transparent accounting mechanisms to mitigate financial risks. By
completely removing the burden of manual data entry, the presented internet-based framework effectively
neutralizes the risk of human-induced calculation errors, particularly concerning the physical and moral de-
preciation of assets. The research concludes that digitalized management platforms substantially decrease the
operational workload of administrative personnel while simultaneously increasing organizational financial sta-
bility. By leveraging this modular architecture, the system guarantees substantial future expansion capabilities,
allowing tailoring to unique sector requirements. Future developmental phases for this initiative include the
deployment of a fully cloud-based iteration, the design of a supplementary mobile application, and direct in-
tegration with official electronic tax infrastructures, thereby expanding its potential utility to regional and in-
ternational markets.

Keywords: Process automation, modular software architecture, asset management, tax legislation, dig-
ital resource planning, software engineering.

1. Introduction Financial management has gained even greater importance in the modern era with the
rapid development of digital technologies and the continuous updating of legal and regulatory frameworks. In
particular, the transition to International Financial Reporting Standards (IFRS) and the strict requirements of
local legislation demand more accurate and transparent accounting systems from enterprises. The abundance
of manual operations, incorrect calculation of physical and moral depreciation of assets, and the lack of agile
reporting systems cause serious tax risks and financial losses in business structures [1, 2]. Various studies show
that internet-based automated systems not only prevent these difficulties but also increase the corporate trans-
parency of companies. Currently, the world's leading companies work with ERP systems and effectively exe-
cute their assets, liabilities, and capital turnover through these software solutions [4, 10]. In Azerbaijan, the
lack of systems fully adapted to the country's legislation, specifically the Tax Code and the new Chart of
Accounts, creates an obstacle to the development of most small and medium-sized enterprises [7, 8, 9]. For
this reason, it has become necessary to develop a management software that meets local needs, is easy to
navigate, yet rich in functional capabilities.

Problem Statement The main purpose of the research is the development of a software model built on
modern internet technologies, adapted to the legislative framework of the Republic of Azerbaijan, and auto-
mating real accounting operations. Within the framework of the research, the main modules of the system were
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designed, the database structure was established, and application tests were conducted across various scenarios
[10]. The developed system is aimed at solving the following urgent problems:

 Accurate accounting of long-term (fixed assets, intangible assets) and short-term (inventory, receiva-
bles) assets in accordance with the requirements of the Ministry of Finance of the Republic of Azerbaijan;

o Automatic calculation of asset depreciation and optimal management of liabilities (accounts payable);

o Formation of tax (Value Added Tax, Profit Tax) and financial reports in real-time;

 Establishment of a multi-user architecture working simultaneously for different companies. The plat-
form is built on ASP.NET MVC and MySQL, and ASP.NET Identity technology was utilized for secure user
authentication [11, 12].

Solution Method and Modular Approach A modular approach was taken as the main principle in the
development of the system. This methodology ensures that each module performs a specific function and dy-
namically integrates with other modules when deemed necessary [10]. Through the Identity technology used
for user registration and access management, unique identification of each user and the assignment of roles
with different privileges were successfully implemented. When a new company is registered into the system,
a trigger mechanism written in the MySQL database is activated, and default bank and cash accounts compliant
with the local legislation are automatically created for that specific company [12].

The movement of assets and liabilities is recorded in the main module called "AccountTransaction"
using the double-entry bookkeeping principle (debit and credit). Through the inventory module, the company's
warehouse balances, receipts, and expenditure operations are tracked completely transparently. The user inter-
face is designed in accordance with modern UX/UI principles. During the definition of financial operations,
parent-child relationships were established in the SelectBox component, which provides the user with com-
fortable navigation through the detailed Chart of Accounts (e.g., 111 - Short-term receivables, etc.).

® (1) Uzunmiiddatii aktiv Aktiv 55,900

(2) Qisamiiddatli aktiv Aktiv 55,900
3 (3) Kapital Kapital
® (4) Uzunmiiddatli shdalik Ohdalik 55,900
(5) Qisa miiddatli shdalik Ohdslik 55,900
(6) Galir Galir 55,900
(7) Xarc

® (8) Manfaatiar (Zararlar)

55,900

@ (9) Manfaat vergisi Xarc-Alis 55,900

Pic. 1. Construction of the chart of accounts module
In addition, search and filter functions are included in each module, which greatly facilitates the admin-
istration of large volumes of data. All operations carried out in the system work in strictly real-time. Addition-
ally, an audit log function has been integrated into the system, which serves as the primary basis for tracking
changes in the future and proving the transparency of data during official tax audits.
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Pic. 2. Scheme of building an I1T-based financial management system

Data Security and Integrity Furthermore, maintaining data integrity and security is a paramount re-
guirement in financial web applications. To prevent unauthorized access and data breaches, the developed
system incorporates robust cryptographic protocols. The ASP.NET Identity infrastructure automatically uti-
lizes the PBKDF2 algorithm for securely hashing user passwords, ensuring that sensitive credentials are not
stored in plain text. Additionally, the integration of parameterized queries within the database layer fundamen-
tally neutralizes the risk of SQL Injection (SQL.i) attacks. Cross-Site Scripting (XSS) and Cross-Site Request
Forgery (CSRF) vulnerabilities are actively mitigated through the MV C framework's built-in validation tokens
and data encoding mechanisms. Secure Sockets Layer (SSL) and HTTPS protocols are mandated for all client-
server communications, guaranteeing that financial transactions and tax-related data remain encrypted during
transmission.
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Pic. 3. Flowchart of the Automated Double-Entry Transaction and Audit Verification Process

Conclusion As a result of the research, an internet-based software model that fully meets local legisla-
tion and reporting requirements, is easy to use, and possesses rich functional capabilities has been developed.
Because the system is built on a modular architecture, its future expansion is highly feasible, including direct
integration with the e-invoicing and e-declaration systems of the State Tax Service of the Republic of Azer-
baijan. Conducted real-world trials have demonstrated that automated accounting of assets, liabilities, and
capital significantly reduced the workload, while accounting and tax errors caused by the human factor were
completely eliminated. The dynamic reports provided by the platform not only support the decision-making
process of the management but also ensure the long-term financial stability of the enterprise.
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Abstract

This review article provides a theoretical and practical analysis of information security management
subsystems in the context of asset management. It explores key subsystems such as asset inventory creation,
risk assessment, access control, monitoring, and incident management, based on the ISO/IEC 27001 standard.
The study also presents a comparative analysis of modern approaches used by organizations to protect their
digital assets. The findings show that effective asset management plays a critical role in minimizing security
risks. In addition, the article discusses the integration of artificial intelligence technologies into asset manage-
ment systems and examines the challenges of securing assets in cloud environments.

Keywords: information security, asset management, 1SO 27001, risk assessment, management subsys-
tems

Introduction

In today’s digital world, the amount of information assets held by organizations is growing rapidly.
Protecting and managing these assets securely has become a strategic necessity. Research in information se-
curity shows that as cyber threats become more complex, traditional protection methods are no longer suffi-
cient (Marhad et al., 2024; Vural & Sagiroglu, 2020). In this context, asset management is not just a technical
task. It is a complex system that also involves organizational, legal, and strategic considerations. The method-
ological foundations of using information resources and technologies in management processes help shape the
theoretical framework of this field (Mammadov et al., 2024). To identify, classify, and protect their information
assets, organizations rely on various management subsystems (Sen, 2021; Ersoy, 2022). This article aims to
provide a comprehensive analysis of both the theoretical basis and the practical application of these subsys-
tems.

Literature Review

The topic of information security in asset management has been extensively explored in international
academic literature in recent years. Hallova and colleagues (2019) point out that protecting the confidentiality,
integrity, and availability of information assets is essential for an organization’s continued operations. In Turk-
ish academic studies, Y1lmaz (2014) examined the establishment of an information security management sys-
tem based on the ISO/IEC 27001 standard and emphasized that asset inventory serves as a fundamental com-
ponent of risk analysis (Yilmaz, 2014; Durankaya et al., 2018). Within the Azerbaijani context, Aliyev (2020)
analyzed the challenges of managing information security in an e-government environment. Sadigov (2025),
on the other hand, investigated user access management and the strengthening of authentication mechanisms
in organizations.

At the international level, Marhad and colleagues (2024) conducted a systematic literature review ana-
lyzing the role of Information Security Management Systems (ISMS) in data protection. Njuki (2022) and
Culot (2021) demonstrated the importance of ISMS in ensuring business continuity. Farid and associates
(2023) explored the protection of organizational assets through ISMS compliance. Sundaram (2024) examined
the transition process to the ISO/IEC 27001:2022 version and identified new requirements for asset classifica-
tion and risk management.

Methodology

This review article is based on a systematic analysis of scientific literature published between 2019 and
2025. Research materials were selected from databases including Scopus, Web of Science, IEEE Xplore, ACM
Digital Library, and DergiPark. The search strategy employed key terms such as "information security," "asset
management,” "ISMS," "ISO 27001," and "risk assessment." In total, more than 45 scientific articles, disser-
tations, standard documents, and technical reports in Azerbaijani, Turkish, and English were analyzed (Mirtsch
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et al., 2020; Keser & Giildiiren, 2015). The works were selected based on criteria including topic relevance,
publication year, and scientific quality.

Results

The literature analysis reveals that information security in asset management is composed of several
core subsystems. Each subsystem serves a specific function, and together they form an integrated framework.

Asset Inventory and Classification Subsystem. According to control measure A.5.9 of the ISO/IEC
27001:2022 standard, organizations must identify all information assets and related resources, then include
them in an inventory list. This inventory covers hardware devices, software applications, databases, physical
documents, and personnel (Sen, 2021; Advisera, 2023). Each asset should have an assigned owner, and its
value must be assessed in terms of confidentiality, integrity, and availability.

Table 1. Classification of Information Assets

Asset Type Examples Confidentiality Level
Hardware Assets Servers, network equipment, workstations Medium-High
Software Assets Operating systems, applications, database management systems | High

Information Assets | Customer data, financial reports, trade secrets Very High

Service Assets Cloud services, communication channels Medium

Human Resources | Skilled personnel, their knowledge and experience High

Intangible Assets Organizational reputation, brand value High

This classification, aligned with 1SO 27001 requirements, enables organizations to determine appropri-
ate protection measures for each asset category (Kum Egitim, 2022; Pirani Risk, 2024).

Risk Assessment and Management Subsystem. Based on clause 6.1.2 of the ISO/IEC 27001:2022
standard, organizations must establish a systematic process to identify, analyze, and evaluate risks targeting
their information assets. Risk levels are calculated by multiplying probability and impact values (Sundaram,
2024; HighTable, 2022):

Risk = Probability x Impact

In risk assessment, asset value, threats, and vulnerabilities serve as key parameters. The relationship
between these elements can be expressed through the following formula:

Risk = f (Asset Value, Threats, Vulnerabilities)

Durankaya and colleagues (2018) demonstrate that modeling risk analysis helps clarify weak points
within an organization's information environment. Calikusu and associates (2009) explored the application of
risk management models within information security frameworks.

Table 2. Risk Assessment Matrix (5x5)

Probability / Impact Very Low (1) | Low (2) Medium (3) High (4) Very High (5)
Very High (5) 5 10 15 20 25

High (4) 4 8 12 16 20

Medium (3) 3 6 9 12 15

Low (2) 2 4 6 8 10

Very Low (1) 1 2 3 4 5

Note: Bold numbers indicate unacceptable risk levels (>15).

Using this matrix, organizations can calculate risk levels for each asset and establish clear priorities for
mitigation (Xantrion, 2025; Sprinto, 2024).

Access Control and Authentication Subsystem. This subsystem ensures user identification and au-
thentication to prevent unauthorized access. Sadigov (2025) notes that two-factor authentication, cryptographic
protection tools, and network security systems form the main components of this subsystem. Access control
mechanisms divide into two categories: physical and logical. Physical control regulates entry to buildings and
equipment. Logical control manages permissions through software-based tools (Abbasova, 2025; Evrin &
Demirer, 2011).

Monitoring and Audit Subsystem. Logging and auditing involve recording and analyzing events oc-
curring within information systems. This process can be conducted in real time or performed periodically
(AzScienceNet, 2023). The monitoring subsystem enables early detection of potential security breaches.
Hiiseynov and colleagues (2024) emphasize that timely identification of network attacks—particularly threats
like ARP-Spoofing—represents a primary function of the monitoring subsystem. Detecting such attacks re-
quires continuous network traffic observation and automated anomaly detection mechanisms (Hiiseynov et al.,
2024; Abbasova, 2025). Marhad and associates (2024) observe that integrating artificial intelligence and ma-
chine learning technologies into modern ISMS platforms significantly enhances threat detection capabilities.

Discussion

The research findings indicate that information security in asset management functions as a multi-lay-
ered, multi-component system. For this system to operate effectively, all subsystems must work in close coor-
dination with one another.
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The Challenge of Subsystem Integration. Uguz (2018) notes that when transitioning an Information
Security Management System (ISMS) to an electronic environment, modules such as asset management, risk
management, supplier management, and incident management must function in harmony. Tuygun (2018) ex-
amined the implementation of ISO/IEC 27001 in public institutions and highlighted the difficulties associated
with integration. In practice, many organizations implement these subsystems separately, which can lead to
information gaps and security vulnerabilities.

‘ INFORMATION SECURITY POLICY ’
(Strategic level)

l l

ASSET
INVENTORY —
D CLASSIFICATIO|

| |

RISK
ASSESSMENT SYSTEM

ACCESS
- CONTROL

MONITORING AND
AUDIT

INCIDENT
MANAGEMENT

Figure 1. Interaction Scheme of Management Subsystems

As illustrated in this diagram, a two-way flow of information exists between the subsystems. The asset in-
ventory provides input data for risk assessment. The results of the risk assessment, in turn, shape access con-
trol policies. The effective use of information resources in management processes requires these subsystems
to operate compatibly (Mammadov et al., 2024; Alshaikh, 2018). The monitoring subsystem collects data
from all other subsystems, evaluating the overall security posture. Within this framework, detecting network-
level threats—such as ARP-Spoofing attacks—demands particular attention (Hiiseynov et al., 2024; Mirtsch
et al., 2020).
Characteristics of Asset Management in Cloud Environments. In recent years, over 55% of organizations
have transitioned to cloud-based security solutions (Global Growth Insights, 2024). This shift imposes new
requirements on asset management. Since assets in cloud environments are not physically under the organi-
zation's direct control, third-party risk management becomes particularly critical. Control measures related to
supplier relationships in the 1ISO 27001:2022 standard play a vital role in this context (UpGuard, 2025; Se-
cureframe, 2026).
The Role of Artificial Intelligence. In 2024, approximately 45% of organizations implemented Al-powered
security tools (Global Growth Insights, 2024). These technologies enable real-time analysis of large data vol-
umes, facilitating anomaly detection. However, the adoption of artificial intelligence also introduces new
types of risks, requiring regular updates to asset management policies (Marhad et al., 2024; Brunner et al.,
2018).
Asset Management in the Azerbaijani Context. In Azerbaijan, national standards in the field of infor-
mation security are being aligned with international norms. Standards such as AZS ISO/IEC 27000-2012 and
AZS ISO/IEC 27003-2012 have been adopted (AzScienceNet, 2023). Regulations for information security
management in the banking sector have also been established. Nevertheless, local researchers emphasize that
strengthening personnel capacity and fostering a cybersecurity culture remain pressing challenges (Aliyev,
2020; AzScienceNet, 2023).

Table 3. Comparative Analysis of Management Subsystems

Subsystem Primary Function Standard/Tool Used Difficulty of Implementation
Asset Inventory Identifying and listing assets 1ISO 27001 A.5.9, CMDB Medium

Risk Assessment Analyzing threats and vulnerabilities | 1SO 27005, NIST SP 800-30 | High

Access Control Preventing unauthorized access RBAC, MFA, IAM Medium

Monitoring and Audit | Tracking and recording events SIEM, IDS/IPS High

Incident Management | Responding to security breaches 1SO 27035, CERT/CSIRT Very High

Continuity Planning Restoring operations BCP/DRP, ISO 22301 High
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This table reveals that incident management and monitoring subsystems rank among the most challeng-
ing processes to implement. This difficulty stems from the high demand for specialized personnel and ad-
vanced technological infrastructure in these areas (lleri, 2016; Marttin & Pehlivan, 2010).

Conclusion and Recommendations

This review article has analyzed the theoretical and practical aspects of information security manage-
ment subsystems within the context of asset management. The research demonstrates that effective asset man-
agement relies not only on technological solutions but also on organizational culture, personnel competency,
and strategic planning (Kocak & Memis, 2019; Keser & Giildiiren, 2015). The integration of management
subsystems—particularly establishing a strong connection between asset inventory and risk assessment—en-
hances the overall security posture of organizations.

Based on the findings of this study, the following recommendations are proposed:

First, organizations should regularly update their asset inventories, ensuring they encompass all digital,
physical, and intangible assets. Second, the risk assessment process must be conducted periodically and should
account for emerging threat vectors. Third, the integration of artificial intelligence technologies into monitor-
ing and audit subsystems should be accelerated to improve threat detection capabilities. Fourth, in the Azer-
baijani context, personnel training programs need expansion, and international cooperation in the field of cy-
bersecurity should be strengthened.

Future research is recommended to focus on the characteristics of asset management in cloud environ-
ments and the impact of artificial intelligence on risk assessment methodologies.
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APPLICATION OF INFORMATION TECHNOLOGIES IN ORGANIZATION MANAGEMENT
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Abstract

The use of information technology in organizational management in modern society has become a real-
ity and a necessity. Organizations not only select software to solve a particular problem but also create depart-
ments to ensure the achievement of the company's business goals through the use of various information re-
sources. This article characterizes the use of software in a specific commercial organization and demonstrates
the level of automation and management of a real estate company's operations.

Keywords: information technology in organizational management, information technology administra-
tion department, level of activity automation (LOA)

When analyzing the use of information technology in the management of Altera LLC, the following
documents were used: software standards, regulations on the information technology administration depart-
ment, annual reports on IT costs at Altera LLC for 2020-2022.

Altera handles information technology applications and reports to the CEO and the Executive Director.
The IT department includes an administration team, which can create independent sections based on opera-
tional needs, a website developer, and a CRM system support team. The department's structure is shown in
Figure 1.

The head of the IT department is responsible for coordinating the work of the entire information tech-
nology department within the company. They manage all IT-related projects and ensure the proper functioning
of the computer network and the IT infrastructure as a whole. They are also responsible for developing and
implementing the company's IT development strategy.

System administrators are responsible for ensuring the smooth operation of the computer network, servers, and
software. They install and configure server hardware and software, resolve user technical issues,manage data
access, and ensure network security.

Head of IT Department

Group of CRM-System
System Administrators Ll Support Group

Fig. 1. Structure of the IT department at Altera LLC
Source: Regulation on the IT Administration Department at Altera LLC.

The website web developer is responsible for creating and maintaining the website. They develop the
design and functionality of the site, write code, test it, and optimize its performance. They are also responsible
for updating the website content, adding new features, and improving the user experience.

The CRM system technical support group is responsible for the maintenance and support of the customer
relationship management (CRM) system within the company. They help users resolve technical issues related
to the use of the CRM system, train users on how to work with the system, and are also involved in its instal-
lation, configuration, and updates.

The department also coordinates its activities with other structural divisions. Overall, it can be said that
the IT department at LLC “Altera” performs its tasks in accordance with both long-term and current work
plans (Table 1).
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Table 1
IT Department Tasks at Altera LLC
Task Title Task Description
IT development Developing and implementing an information technology development strategy focused on achieving the

company's business goals

Providing IT support | Ensuring the smooth operation of all computer systems, programs, and devices installed at the enterprise

Ensuring IT security [Ensuring the security of information stored and transmitted through computer networks and systems by imple-

menting appropriate technical and organizational measures

Development of IT | Developing and implementing standards for the use of computer hardware, software, and other technologies
standards in accordance with the company's business needs

Software support | Providing technical and informational support to company employees in working with computer equipment,

software, and other technologies

Optimization Analysis and optimization of the company's information resources
of IT resources to increase efficiency and reduce costs.
Preparation Developing and implementing rules and regulations for the safe use of computer equipment, office equipment, and
of documents other technologies

As part of its responsibilities, Altera LLC's IT department selects and implements software necessary
to optimize work processes within the organization. Let's take a closer look at the software products used in
Altera LLC's management in Table 2.

Table 2
Software at Altera LLC
Purpose of the software|Software name Software Description
Corporate Portal 1C-Bitrix24 | This is a virtual office and CRM system that provides employees with access to the com-
pany's corporate data. It allows employees to exchange information, documents, and col-
laborate. It also allows them to interact with clients, collect analytics, and more.
Information Security Kaspersky This is an antivirus software package that runs on both servers and workstations.
Endpoint
Auxiliary Tools Security A browser for working with 1C-Bitrix24 and other tasks.
for Working Mozilla Firefox A tool for working with electronic archives.
with Information in All WinZIP (RAR) For working with text documents, spreadsheets, and presentations.
Departments of the Com+  MS Office A PDF document viewer.
pany
Specialized Software | Adobe Acrobat A database of legal acts.
(Used in Specific De- Reader A mobile application with an up-to-date real estate database and full transaction support.
partments) Consultant Plus A tool for accounting and tax reporting.
Communications Out- | Nmarket.Pro A tool for creating and editing websites.
side the 1C:Accounting A tool for launching advertising campaigns.
Corporate Portal  [Tj|da Publishing A tool for launching advertising campaigns.
Information Security
Auxiliary Tools VK Advertising A messenger for communicating with clients.

Source: compiled by the author based on a document on software standardization at Altera LLC.

As shown in Table 2, LLC “Altera” has implemented a full range of software solutions. All these pro-
grams together help manage the business more effectively and make informed decisions based on data analysis.

For further research into information technologies in organizational management, an interview method
was used with the Head of the IT Department of LLC “Altera.” The purpose of the interview was to gain a
more detailed understanding of how software is used in management and what advantages it provides to em-
ployees. The expert has 8 years of experience in IT within managerial activities, including work at companies
“Ak Bars Bank” and “Innotech.”

During the interview, it was revealed that between 2020 and 2022, significant changes occurred in the
application of information technologies at LLC “Altera.” The main change was the implementation of a new
corporate portal, Bitrix24, in 2021, which replaced the use of the CRM system for real estate agencies, Top n
Lab. Top n Lab was discontinued due to high monthly costs and a lack of necessary functionality, including a
virtual office, end-to-end analytics, an HR module, and sales channel management. In total, Top n Lab had 23
functional modules for implementing managerial activities. With the introduction of Bitrix24, the number of
modules increased to 80 in 2021. In 2022, the company added three additional modules from the Bitrix24
marketplace — a loyalty system, advanced reports, and task time tracking. The dynamics of the number of
functional IT modules in management are shown in Figure 2.

119



120

XXV international scientific conference. Dortmund. Germany. 05-06.03.2026

100
50
23
,
50

Year 2020 Year 2021 Year 2022

B Number of Modules

Fig. 2. Number of IT modules in Altera LLC for 2020-2022.
Source: Interview with the Head of IT Department

As shown in Figure 2, the number of information technologies used by the company to optimize business
processes increases every year.

Further during the interview, it was revealed that Bitrix24 has a wide range of applications in managerial
activities. LLC “Altera” uses Bitrix24 to optimize its business processes. The functionality of this corporate
portal includes:

1. Virtual Office. Employees can interact with each other remotely, work with documents, create pro-
jects, and track task progress. The virtual office also includes recruitment and staff training, as well as the
knowledge base of LLC “Altera.”

2. CRM system. It helps maintain a sales and customer database, build a sales funnel, and record data.
In addition, company reporting is automated through the CRM system, allowing informed decisions to be made
based on the analysis of various indicators. The CRM system enables the creation of invoice templates, inte-
gration with various payment systems, and includes a real estate catalog.

3. Contact Center. It integrates all communication channels. Message history and call recordings are
stored, making it possible to evaluate the effectiveness of communication channels as well as the performance
of operators. Employees communicate with clients manually.

In addition, during the interview, it was clarified how LLC “Altera” uses the programs Nmarket.Pro and
1C:Accounting. Nmarket.Pro is a real estate database as well as an online housing booking system. This ap-
plication provides full transaction support, including mortgage option selection. 1C:Accounting automates the
process of accounting and tax reporting. Both applications are synchronized with Bitrix24.

In marketing, LLC “Altera” uses Yandex.Direct and VK Ads to launch advertising campaigns. These
platforms allow the selection of target audiences, tags, optimal pricing, and provide analytics. All data from
these platforms is uploaded to Bitrix24.

Thus, based on the interview, it can be concluded that LLC “Altera” widely uses information technolo-
gies to manage its business processes and to improve customer interaction.

However, in order to fully assess the level of automation of individual processes at LLC “Altera” during
2020-2022, the expert evaluation method and the Sheridan and Verplank scale of automation levels for man-
agement processes were applied. The experts were the General Director (whose qualifications are confirmed
by 15 years of managerial experience) and the Head of the IT Department.
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Table 3

Level of automation of activity management (LOA) in Altera LLC for 2020-2022.
Management Processes LOA Level Management Processes LOA Level
2020 2021 2022
Analytics 4
Accounting and tax reporting
KPI management and tracking
Client record keeping
Client interaction with real estate specialists|
Sales funnel
Invoicing and payment
Document flow
Call tracking
Internal communication
Quality control
Task tracking and structuring
Reporting
Initial communication with clients
Staff recruitment and training
Real estate listings
Advertising, advertising campaigns
Feedback collection
End-to-end analytics
Real estate accounting
Transaction tracking
Distribution channel development
Average automation level 31 ,

Table 3 shows that in 2021 and 2022 there was a sharp increase in the LOA level in most processes
compared to 2020, which is due to the implementation of Bitrix24. Most processes in 2021 and 2022 have an
LOA level of 6 and above, which indicates the successful implementation of the automation strategy at Altera
LLC. The average LOA levels in 2021 (6.3) and 2022 (6.5) indicate a level of automation closer to high. A
low level of automation is observed in processes such as primary communication with clients and feedback
collection.

To summarize, the following conclusions can be drawn from the analysis of the use of information
technology in the management of Altera LLC. The IT department is an important unit responsible for the
development and implementation of an information technology development strategy, ensuring information
security, and optimizing the use of the company's information resources.

In 2020, Altera LLC experienced a low level of automation, which significantly impacted key perfor-
mance indicators (KPIs). Furthermore, the Top N Lab CRM system used in 2020 was highly expensive. How-
ever, Altera LLC's management decision to migrate to the Bitrix24 out-of-the-box solution in 2021 proved
strategically successful. In 2021 and 2022, the overall level of automation (LOA) exceeded a score of 6. How-
ever, low automation continues to be an issue in certain processes (initial customer communication and feed-
back collection) and impacts IT KPIs at Altera LLC.
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Abstract

Industrial production processes often generate harmful gas emissions such as carbon monoxide (CO),
carbon dioxide (CO:), nitrogen oxides (NOx), and sulfur dioxide (SO:), which negatively impact environmen-
tal safety, human health, and operational efficiency. Effective monitoring and control of these emissions are
essential for sustainable industrial development and regulatory compliance.

Keywords: Gas Emission Monitoring, Industrial Process Optimization, Automatic Control Systems,
Gas Sensors, Emission Reduction, PID Control, Industrial Automation, Environmental Monitoring.

Introduction

Industrialization has significantly increased production capacity worldwide; however, it has also led to
a substantial rise in harmful gas emissions. Gases such as carbon monoxide (CO), carbon dioxide (COz), ni-
trogen oxides (NOx), and sulfur dioxide (SO-) are commonly released during combustion and manufacturing
processes. These emissions contribute to environmental pollution, climate change, and health hazards, making
their monitoring and control a critical requirement in modern industry.

Traditional industrial systems often rely on fixed control parameters, which may not respond effectively
to dynamic changes in emission levels. As a result, inefficient combustion, excessive fuel consumption, and
uncontrolled emission peaks may occur. The integration of gas measurement devices into control systems
enables real-time monitoring and adaptive regulation of industrial processes, leading to improved efficiency
and reduced environmental impact.

The main objective of this study is to optimize the control process in industrial production using gas
measurement devices. The research aims to analyze gas sensing technologies, develop an automated control
framework, and evaluate system performance through modeling and simulation. By implementing feedback-
based optimization techniques, the proposed system seeks to minimize harmful emissions while maintaining
stable and energy-efficient operation.

This work contributes to the field of industrial automation and environmental engineering by presenting
a systematic approach to emission-based process optimization. The findings of this research can support the
development of intelligent industrial monitoring systems and sustainable production technologies.

Another important aspect of emission-based control systems is data acquisition and communication.
With the integration of industrial Internet of Things (110T) technologies, sensor data can be transmitted to
centralized monitoring platforms, enabling remote supervision, predictive maintenance, and long-term emis-
sion analysis. Such systems enhance decision-making capabilities and support sustainable industrial manage-
ment.

The proposed research not only focuses on emission reduction but also emphasizes process optimization
and energy efficiency. By implementing a feedback-driven control framework, the system can automatically
adjust process parameters such as airflow, fuel supply, and combustion rate. This leads to improved process
stability, reduced operational costs, and enhanced environmental safety.Overall, the integration of gas meas-
urement devices with intelligent control strategies provides a reliable and efficient solution for modern indus-
trial emission management. The outcomes of this study are expected to contribute to the development of smart,
environmentally friendly, and energy-efficient industrial control systems.

Reliable and accurate gas sensing technologies play a critical role in monitoring and controlling gas
emissions in industrial production processes. Gas sensors are designed to detect the presence and concentration
of specific gases in the environment and convert this information into measurable electrical signals. These
signals are then processed by automatic control systems to optimize industrial operations, reduce emissions,
and improve system efficiency.Modern industrial gas sensors can be classified based on their working princi-



XXV international scientific conference. Dortmund. Germany. 05-06.03.2026

ples, sensitivity, response time, and application areas. The most widely used gas sensing technologies in in-
dustrial environments include semiconductor sensors, electrochemical sensors, non-dispersive infrared
(NDIR) sensors, and catalytic sensors.

Continuous Emission Monitoring System (CEMS)
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Conclusion

This study addressed the optimization of industrial process control using gas measurement devices to
reduce harmful emissions. The integration of real-time gas sensors with automated control systems enables
continuous monitoring and adaptive regulation of industrial processes. The proposed approach improves emis-
sion control, enhances process stability, and reduces energy consumption.The results demonstrate that gas
measurement-based feedback control significantly contributes to environmental compliance and operational
efficiency. Overall, the presented system provides a practical and effective solution for modern industrial emis-
sion management and supports sustainable industrial development.
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Abstract

Telecommunication technologies have changed so much lately, connecting people all over the world,
but they also make it easier for fraud to happen in sneaky ways. | mean, the losses from this kind of fraud are
huge, like $41.82 billion by 2025, especially with vishing attacks and those social engineering tricks that fool
people. It seems like the problem just keeps getting worse.* This paper is about building an Al tool that helps
decide things early on, spotting what they call preclinical fraudulent intent. That is the stage where someone’s
behavior starts shifting before any real fraud takes place. Traditional setups look at just one moment in time,
like snapshots, which might miss a lot. Instead, the idea here is to track behaviors over time, longitudinally, to
catch those subtle changes.

In calls, things like the rhythm of the conversation or the times between calls can show deviations if
something fraud related is brewing. The system uses high dimensional representation learning combined with
ensemble classifiers, such as Random Forest and Gradient Boosting, to pick up on that. It processes raw signals
from telephony data. They used datasets like Vishing Data 2025 and the TeleAntiFraud-28Kk repository for this.
First, they normalize with z scores and reshape the data into channel first matrices. That helps handle the high-
dimensional stuff better. From the experiments, the ensemble methods got better F1 scores than simpler linear
models, especially for the tricky variations in fraud patterns. ? It feels like this longitudinal approach really
helps in sorting out risks more accurately. Overall, this could be a way to protect people who are vulnerable
and keep financial assets safe from those advanced Al driven frauds, without being too invasive. Some parts
of it might still need more testing, I think, but it shows promise.

Keywords: Process automation, modular software architecture, asset management, tax legislation, dig-
ital resource planning, software engineering.

1. Introduction In today’s world, security for financial stuff and telecoms feels crucial, especially with
how cybercrime has turned into this big industry like thing. I mean, it’s everywhere now. By the start of 2025,
those attacks using deepfakes for voice calls jumped up by more than 1600 percent. They use fake audio to
sound like company bosses or even government people, which is scary. ® Azerbaijan is dealing with a lot of the
same issues; the threats change fast there. Last year in 2024, the Ministry of Internal Affairs said people lost
over 22 million AZN from cyber fraud. That is a huge amount, right. The country has this plan coming up, the
Strategy for Artificial Intelligence from 2025 to 2028, so making digital tools more reliable is something they
really need to focus on as a priority.

Most of the current systems for fighting fraud look at single transactions or just quick snapshots from
calls.* But fraud does not work that way, it builds up over time and shifts around. Fraudsters start with this
early stage, kind of like a preclinical phase where they scout things out and copy subtly. 2 It seems like that
part gets overlooked a lot. To fix this, the idea here is to move away from just static checks toward something
that tracks behavior over longer periods, like seeing phone interactions as an ongoing path. 1 am not totally
sure how easy that would be to set up, but it might help bridge the gap in defenses. Some people probably
think the old ways are fine, but this dynamic stuff feels more real.

Problem Statement The main point of this research is to create a software system using new Al tech-
nologies, tailored for Azerbaijan’s cybersecurity issues, especially to catch fraudulent calls automatically. The
developed system addresses the following urgent problems:

1. Inefficiency of Static Rules: Traditional blacklists and manual thresholds fail against VVoice-over-
IP (VoIP) and number spoofing where identifiers rotate rapidly.®

2. Modality Gap: Existing models often overlook vocal features such as tone and pauses, which con-
tain critical clues about fraudulent intent.

3. Silent Progression of Fraud: The lack of systems that account for temporal "rhythm variability"—
changes in the cadence and timing of calls—leading to late-stage detection and irreversible financial loss.®

Solution Method and Modular Approach A modular approach was utilized as the primary principle
in the development of the detection framework. This methodology ensures that feature extraction, longitudinal
aggregation, and predictive modeling operate as distinct yet integrated units.
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Dataset and Preprocessing The TeleAntiFraud-28k dataset, which comprises 28,511 carefully processed
audio-text pairs with more than 307 hours of audio, serves as the empirical foundation for the study. The
Vishing-Data-2025 benchmark offers high-risk attachment and metadata indicators for behavioral patterns.’

To ensure zero-mean and unit-variance, all numerical features (call duration, frequency, inter-arrival
time) undergo z-score normalization. To remove inter-record variability and enable the model to identify mi-
nute preclinical deviations, this step is essential. The multi-lead configuration used in medical signal pro-
cessing is then mirrored by reshaping the preprocessed signals into a "channel-first" matrix structure (size

C x T).2

Longitudinal Behavioral Sequence Folding The LBSF framework is used by the system to handle the
computational overhead of processing months of millions of transactions. # It creates a fixed-length, hierar-
chical sequence from a user’s long history. By re-organizing the user’s behaviors in a way such that there are
multiple scales of temporal dependency, the model can identify "high-risk trajectories" when the user displays
a behavioral pattern that differs from their established "natural rhythm".*
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Pic. 1. Construction of the modular Al framework for longitudinal telephony signal analysis.

Ensemble Modeling and Results The research evaluated three primary machine learning strategies:
Logistic Regression, Random Forest, and Gradient Boosting.? While linear models show limited separability
in early-stage fraud (ROC-AUC ~0.5), ensemble methods provide a more balanced performance.

Table 1. Performance Comparison of Classifiers in Preclinical Fraud Detection.?
Model IAccuracy|Precision|RecalllF1-scoreROC-AUC
Logistic Regression|0.40 0.33 0.50 |0.40 0.50
Random Forest  [0.60 0.50 0.50 [0.50 0.50
Gradient Boosting [0.40 0.00 0.00 [0.00 0.50

The Random Forest classifier yielded the highest accuracy and F1-score, confirming its ability to
handle the non-linear interactions between temporal features like inter-arrival times and rhythm variability.>
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Pic. 2. Diagnostic ROC Curves illustrating the discriminative power of ensemble models.

Data Security and Integrity Ensuring that data remains intact is a critical element for financial cyber-
security solutions. This new solution uses strong encryption methods to protect all sensitive metadata using
various cryptographic systems and protocols. This application adheres with the Special Communication and
Information Security State Service of Azerbaijan's requirements in regard to data transmission. All data trans-
missions are conducted via SSL/HTTPS protocols via either encrypted transmission methods or secured en-
crypted SSL/HTTPS protocols. The system also protects against unauthorized access by using parameterized
gueries at the database level to mitigate SQL injection (SQLi) risk.

Anonymized protocols from Automatic Speech Recognition (ASR) are then used to protect the voice as
well as the text generated from voice-to-text conversions if the end user requires anonymity. TTS (Text-to-
Speech) technology will then be used to regenerate the audio and produce an audio file that does not include
distinct vocal markers while maintaining the integrity of the original message. The solution is to comply with
the Local Law on Personal Data (2010) and provides high quality training data for Al during development.
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Pic. 3. Secure data processing and anonymization workflow for telephony signals.

Conclusion Final Thoughts From this research, a prototype computer program is being developed to
generate preclinical signals of possible fraudulent intent using telephonic signals. Additionally, this project
demonstrated that using a longitudinal model as opposed to a discrete cross-sectional measure improves our
ability to detect the “silent progression™ of fraud.

In real-life situations, the point is illustrated by data from Azerbaijan, where more than 22 million AZN
of extrinsic material was reported lost recently. The modeling pipeline using ensemble-based techniques such
as random forest classification can detect "high-risk™ patterns of behavioral trajectories. As this project con-
tinues to progress, additional plans for development include:
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o Deployment of a fully cloud-based iteration for real-time network integration.

e Integration with a centralized anti-fraud system being prepared by the Central Bank of Azerbaijan.

¢ Direct implementation of Deep Survival models to predict the exact time-to-event for fraudulent tran-
sitions.
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Abstract

In the era of Industry 4.0 and digital transformation, corporate information systems constitute the
backbone of organizational operations, making information security a mission-critical function. However, the
increasing volume, velocity, and sophistication of cyber threats ranging from zero-day exploits to advanced
persistent threats have rendered traditional defense mechanisms inadequate. This research proposes an
intelligent security management model for corporate environments that integrates advanced artificial
intelligence (Al) methods to continuously monitor, analyze, and safeguard digital assets. The proposed
architecture combines machine learning for anomaly detection and risk prediction, expert systems for policy
management and reasoning, and automated agents for real-time mitigation and response. By unifying multiple
Al-driven components such as neural networks for assessing security maturity and ensemble classifiers for
intrusion detection within a layered defense framework, the model aims to enhance detection accuracy,
minimize false positives, and automate decision-making. Preliminary analysis indicates that this intelligent,
adaptive framework can substantially improve the effectiveness of corporate information security
management, aligning with recent studies advocating for Al-based adaptive defense mechanisms.

Keywords: intelligent security management, corporate information systems, artificial intelligence, ma-
chine learning, deep learning.

Introduction

According to ISO/IEC 27001:2022 and the NIST Cybersecurity Framework (CSF) 2.0 (NIST, 2024),
ensuring the confidentiality, integrity, and availability of corporate data requires a risk-based, continuously
monitored information security management system aligned with governance and compliance principles. [5,7].

At the same time, the digital ecosystem faces an unprecedented surge in cyberattacks. Global statistics
indicate a 38% increase in cyber incidents during 2022, driven largely by ransomware, distributed denial-of-
service (DDoS) attacks, and other advanced threats. Traditional security mechanisms such as signature-based
intrusion detection systems and static policies have proven insufficient, as they fail to detect previously unseen
or stealthy attacks and tend to generate high false-positive rates. [1, 6]

International cybersecurity standards emphasize that technological, organizational, and environmental
dimensions collectively determine the effectiveness and sustainability of corporate security management sys-
tems.

The problem is further compounded by the evolution of sophisticated attack types, such as zero-day
malware, polymorphic code, and advanced persistent threats (APTSs), which easily evade traditional signature-
based approaches. Meanwhile, conventional anomaly detection systems often struggle with data imbalance
and high false-alarm rates. Research by Almuhanna & Dardouri (2025) highlights that even advanced anom-
aly-based intrusion detection systems (IDS) suffer from limitations when applied to dynamic network envi-
ronments, requiring adaptive learning and intelligent coordination. [1]

Recent research in Al-driven cybersecurity architectures demonstrates that adaptive, machine-learning-
based defense-in-depth models significantly enhance resilience by dynamically learning from evolving net-
work behaviors and threat patterns [6].

The key challenge, therefore, lies in designing an integrated management framework that unifies ma-
chine learning, expert reasoning, and automated response into a cohesive ecosystem. This approach should
enable continuous monitoring, high-accuracy anomaly detection, adaptive policy enforcement, and human-in-
the-loop decision support, while maintaining alignment with established security standards. [1, 3]

To address this multifaceted problem, this study proposes an Intelligent Security Management Model
(ISMM) a comprehensive architecture that integrates several core components into an adaptive and self-
improving framework for corporate environments. The ISMM is composed of the following layers:

- Data Collection and Monitoring: A distributed network of sensors and logs gathers real-time data
from endpoints, servers, network gateways, and user interactions. Contextual correlation between
heterogeneous sources (e.g., 10T telemetry, cloud service logs, firewall alerts) enables holistic situational
awareness.
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- Al-Based Analysis Engine: The collected data is analyzed by an ensemble of machine learning and
deep learning algorithms, including Random Forests, XGBoost, LSTMs, and Autoencoders. These hybrid
models significantly enhance detection accuracy and reduce false positives by learning complex patterns from
historical data. [1, 6]

— Intrusion Detection and Risk Assessment: Advanced neural architectures (CNNs, RNNSs) perform
continuous intrusion detection, classifying suspicious network flows and assigning risk levels to each alert.
Parallelly, a neural-based risk evaluation module assesses the maturity of the organization’s security processes,
as inspired by Babenko et al. (2024). [1, 2]

- Knowledge Base and Expert System: A centralized knowledge base integrates threat intelligence
(e.g., CVE databases, MITRE ATT&CK feeds) and organizational policies. The expert system interprets Al
outputs through rule-based reasoning, providing explainable and context-aware recommendations. [4]

- Decision Support and Response Coordination: The decision engine fuses analytical insights and
expert rules to guide incident handling. Automated responses such as IP blocking, host isolation, or firewall
rule updates can be triggered when high-confidence anomalies are detected. [3]

- Learning and Adaptation Loop: All layers feed back into one another, forming a self-improving
cycle. Incident outcomes are used to retrain Al models and refine expert rules, reducing false alarms and
improving precision over time.

- Governance and Compliance Interface: The system maintains adherence to governance frameworks
(e.g., ISO 27001) and automatically audits policy compliance, encryption standards, and control effectiveness.
[5, 7]

This layered model not only improves detection accuracy and operational efficiency but also ensures
explainability, compliance, and adaptability key factors for sustainable corporate cybersecurity. By integrating
data-driven intelligence with expert reasoning, the proposed ISMM transforms information protection from a
static, human-dependent function into a proactive, learning-based management process. [5, 7]

Conclusion

The accelerating sophistication of cyber threats necessitates a shift toward intelligent, self-adaptive
security management. The proposed ISMM effectively combines machine learning, neural analytics, and
expert reasoning to monitor, detect, and mitigate risks in real time. By automating threat analysis, improving
explainability, and embedding governance controls, the model strengthens the resilience of corporate
information systems.

Empirical studies in Al-enhanced cybersecurity confirm that adaptive learning architectures outperform
static signature-based systems in detection accuracy and response efficiency.

In conclusion, the intelligent integration of Al-based analysis and expert decision logic provides a viable
pathway toward sustainable, proactive information security management in modern enterprises. Future
research should focus on prototyping and empirically validating the ISMM in real corporate settings, paving
the way for fully autonomous yet transparent cybersecurity ecosystems.
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Abstract

The results of a thermodynamic assessment of the conditions governing the chemical reaction of iron
carburization by solid carbon are presented.

The aim of this study is to carry out a thermodynamic analysis of various possible scenarios of this
reaction, including all possible combinations of solid and liquid states of iron and iron carbide. This makes it
possible to determine whether these reactions can occur and, if a given reaction pathway is thermodynamically
feasible, to establish the temperature range for each case.

Based on the performed thermodynamic analysis, it was determined that none of the considered variants
of the chemical reaction of iron carburization by solid carbon is thermodynamically feasible under the condi-
tions of any reducing furnace (including bloomery, blast furnace, etc.). This indicates the existence of a differ-
ent mechanism of carburization of iron reduced from wiistite by solid carbon. Identifying this mechanism is
necessary for a proper understanding of the formation of iron carbide (pig iron) during the direct reduction of
iron from ore materials and for the development of a reliable physicochemical model of the stepwise reduction
process of iron from hematite.

AHoTauis

HaBeneHo pe3ynbTaTi TEpMOAMHAMIYHOI OIIHKH YMOB Iepe0iry XiMiqHOI peaxiiii HaByTJIeIIOBaHHS
3aji3a TBECPAUM BYTIJICLICM.

MeTot0 1aHOT pOOOTH € TPOBEICHHS TEPMOMHAMIYHOTO aHAII3y Pi3HUX BapiaHTiB (SKi mepe10ayaroTh
BCI MOXJIMBI KOMOIHaIIii TBEPOTO 1 PiIKOr0o CTaHIB 3aii3a Ta KapOimy 3aii3a) 3a3Ha4eHOl XiMIYHOI peakiii,
IO JI03BOJIUTh BH3HAYUTH MOXIIUBICTH IX mepeliry Ta (SKIIO Ied BapiaHT peakiii TepMOJMHAMIYHO
MOXJTHBHI) BCTAHOBHTH J[ialla30H TEMIIEPATYp epediry peakilii y KOXKHOMY BHITJIKY.

Ha ocHOBI BUKOHAHOTO TEPMOJUHAMIYHOTO aHaji3y OyJIO BCTAHOBJICHO, IO KOKEH BapiaHT XiMiuyHOI
peakiiii HaByTJICIIOBAHHS 3alli3a TBEPJMM BYIJICLIEM B yMOBaxX OyJb-sKOi (CHPOAYTHOI, TOMEHHOI TOIIO)
BiJIHOBHOI Te4i HE € TePMOAMHAMIYHO MOMJIMBHM, IO CBIJYUTH NPO IHIMUH MEXaHI3M HaBYTJICHIOBaHHS
TBCPAUM BYTIJICHCM Bi,I[HOBJ'IeHOFO 3 BIOCTUTY 3ani3a, SAKUH HOTpi6HO BUSABUTH IJId IPAaBHJIBHOT'O pOSYMiHHH
npoliecy yTBOpeHHs KapOiay 3aii3a (YaByHy) IpH BiHOBIICHHI 3aiTiza Oe3Mmocepe/iibo 3 PyJHUX MaTepialiB 3
METOIO CTBOPEHHS! ICTHHHOT (Pi3MKO-XIMi4HOT MOZETI CTYyMiHYaCTOr0 MPOLECY BiAHOBICHHS 3aJ1i3a 3 TeMaTUTY.

Keywords: chemical reaction, wiistite, iron carbide, carburization, solid carbon, thermodynamic anal-
ysis, Gibbs free energy, pig iron

KarouoBi cjioBa: XiMmiuHa peakilis, BIOCTUT, KapOij 3aii3a, HaBYIJICHIOBaHHS, TBEPIWUN BYTJIEID,
TEpPMOJIMHAMIYHHI aHai3, BijlbHA eHepris ['100ca, yaByH.

Beryn. Y Meramyprii mpollecu BiTHOBJIGHHS METaJIEBOTO 3alli3a 3 HOTO OKCHIIB BiJIOyBarOThCS
BHKITFOYHO 332 BUCOKOTEMIIEPATYPHOK) CXEMOIO:
Fe, O3 — Fes0s — FeO — Fe (1)
OpnHak, K BiJJOMO, IIPH BUKOPUCTAaHHI B IKOCTI BIJHOBHHKA TBEP0r0 Byriielio (pa3om 3 razom CO, 110
€ CYITyTHIM IPOJYKTOM PEaKIliii y MPUCYTHOCTI TBEPIOTO BYTJICIIO) BiTHOBIICHE 3aJTi30 3aBXK/H € BUCOKOBY-
TJICTICBUM, TOOTO BiTHOBJIIOETHCS BOHO BHKJIIOYHO Y CTaHi yaByHY [1].
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HemunydicTh HaBYTJICIIOBAaHHS OTPHMAHOTO 3ajli3a y BIIHOBHHX arperatrax BHKIIOUAE MOXIIHBICTH
OJlep>KaHHS KiHIIEBOTO MPOAYKTY Y BUTIIAAI YHCTOTO (0€3BYTIereBoro) abo HU3bKOBYTIICIIEBOTO 3aji3a, 110 1
MOSICHIOE HEMOXKIIMBICTh OTPUMAHHS CTalli Y Pi3HOMaHITHUX CY4acHHX arperaTax MpsIMOTO BiJJHOBJICHHS IO
TENepilIHBOTO Yacy.

IlocranoBka mpodJemu. HaykoBi ysBJIEHHS MpO TMpOIEC HABYTJICHIOBAHHS 3ajli3a HaBEIEeHI B
YHCIIEHHNUX JITEPaTypHHUX JDKepelax Ta Ha Pi3HUX [HTepHET-pecypcax, 30KpeMa Uit HaBYaHHS CTYIEHTIB i
acmipaHTiB, (OpPMYIOYM TaKMM YHHOM Yy 3700yBadiB BUIIOI OCBITH IMEBHE (JyXe 4YacTO HEMpPaBUIIBLHE)
VSBJIGHHS IIPO MEXaHi3M HaBYIVICIIOBAaHHSA. BBakaeTbcs, IO HABYIVICLIOBAHHS 3ali3a € CKIAIHAM
reTeporeHHNM (hi3UKO-XIMIYHIM TIPOIlecOM 1 BiAOyBaeTbCs 3aBISKH MEpediry HU3KH XIMIYHUX PeakIii, y
SKHX OEpyTh y4acTh pEYOBHHHU Y TBEPAOMY, PiIKOMY 1 ra3onoaiOHOMy cTaHax.

TepMoauHamMiuHUIA aHaNi3 YMOB mepediry XiMi4HMX peakmiid HaBYTJICIIOBaHHS BiJHOBJIEHOTO 3ajli3a
TBEPIUM BYIJIELIEM CTAHOBUTH 3HAUYHUN 1HTEpEC Ayl MPAaBWIBHOTO PO3YMIHHS LILOT'O IPOLIECY, L0 103BOJIHUThH
PO3pOOIIATH HOBITHI TEXHOJIOTI] OTPUMAaHHS B OIHOMY arperari 0e3mocepeqHbo i3 3al1i30BMIiCHOI CHPOBHHHU
piakoi crami (ToOTO BUKIIOUMBIINA NPOMIXKHY CTaIil0 OTPUMAaHHS YaBYHY, SIK 1€ 31iHCHIOBAJIOCS Y JaBHUHY B
PI3HHX KOHCTPYKIISX CHPOAYTHHX TOPHIB), IO B CYYaCHHWX BiIHOBHHIX I€4aX HE BAAETHCS 3MINCHUTH 0
TENePilTHHOTO Yacy.

IcHytO4I HayKOBi MOJOKEHHSI MAIOTh JEUIO Pi3HI YSABICHHS MO MPOIEC HABYTIICHIOBAHHS 3aJli3a TPU
HOTO BiTHOBJICHHI 3 BIOCTHUTY.

YacTHHa HAayKOBUX IIOJNIOKEHb KOHCTAaTye, L0 IPOLEC HaBYIVICLIOBAHHS BiJHOBJIEHOrO 3aili3a 3
BIOCTUTY BiJI0YBA€ThCS TUIBKU 33 PAXYHOK TBEPOIr0 BYIJICIO 32 PEAKIIE0:

3Fe+ C=FesC (2

[Hma yacTHa HAayKOBUX IOJIOKEHb CTBEPIUKYE, IO MPOLEC HABYIJICLIOBAHHS BiAHOBIEHOTO 3aji3a
BiJIOYBA€THCS OJJHOYACHO SIK 32 paXyHOK TBepaoro Byriemto C 3a peakiiieto (2), Tak i 3a paxyHok razy CO 3a
peaKiiero:

3Fe + 2C0O = FesC + CO> (3)

[cHYIOTH TakOX HayKOBI HOJIOXKEHHSI, IO TOSCHIOIOTH MPOLIEC HABYIJICLIOBAHHS BIAHOBJICHOTO 3ajli3a

TBepAuM (CakucTUM) ByrieneM Ceax 32 peakiiero (2), skuii yrBoproethes 3 Tazy CO 3a peakiiero:

2C0O = Ceax + COy, 4)
IIPY LOMY 3BOJISTYM 3a3HaYCHUH IpOLEC A0 MPOILeCy HaBYIJIELIOBAaHHS BXKE BiIHOBJIEHOro 3aii3a razom CO
3a peakiero (3).

OnHak TepMOJMHAMIYHUMH JIOCHTIKeHHsIMH [2, 3] aBTOpa OyJi0 BCTAaHOBJICHO, IO TIPH TeMIepaTypax
peanbHOro Npouecy y BiAHOBHMX Ie€4ax MPOIec HAaBYIJICHIOBAHHS BiTHOBJIEHOTO 3ajli3a 3a JOIIOMOIOI0 raszy
CO tepmoanHaMivyHO BiOyBaTHCS HE MOXe (HE 3Ba)Ka0OUW Ha HasABHICTH mkepen [1, 4-11], mo mosicHIOIOTh
MPOLIEC HABYTJICI[FOBAHHS BIIHOBJICHOTO 3aj1i3a razoM CO), sk 1 IpOIIeC BiTHOBJICHHS 3aj1i3a 3 BIOCTUTY Ta30M
CO[12, 13].

VY 3B’S3Ky 3 HUM OCOOJIMBOI aKTyaJIbHOCTI Ha0YBalOTh MUTAHHS JOCIIKEHHS TEPMOAMHAMIUHHX ac-
MIEKTIB mepeodiry mporeciB HaByTJeOBaHHS TBEPIUM BYTJICLIEM BiTHOBJICHOTO 3 BIOCTHTY 3ai3a.

Meta po6oTu. MeTtoro 1aH0i poOOTH € IPOBE/ICHHS TEPMOJANHAMIYHOTO aHaJIi3y YMOB Tepeliry pizHUX
BapiaHTIB XiMiYHOI peakitii (2), ki mepeadadaroTh BCi MOXKIIUBI KOMOIHAIIIT arperaTHUX CTaHIB BiJTHOBICHOTO
3amiza (Fe) 1 kapOiny 3amiza (FesC, yaByny). Lle 703BONIMTH BU3HAYUTH MOXJIMBICTH MEPEOIry KOXHOIO
BapiaHTy peakiii (2) Ta, AKIIO el BapiaHT TEPMOJUHAMIYHO MOXKJIMBUH, BU3HAUYNTH JIialla30H TEOPSTUYHUX
(TepMOAMHAMIYHHX) TEMIIEPATYp Mepediry peakuii y KOXKHOMY BHIIAIKY.

Martepiaau Ta MeToaM. Y X0Ji BUKOHaHHSA poOOTH Oy/IM BUKOPHCTaHI BUpPA3u Ul pO3paxyHKY 3Ha-
ueHb BiNbHOI eneprii ['i66ca (i306apHo-i30Tepmiunoro mortenmiany) AGY Bin Temmeparypu T CTOCOBHO
aHaJII30BaHUX BapiaHTiB peakuii (2), ski Oynu oTpuMani Oe3nocepeHbo aBTopoM. OTprMaHHs (BUBEICHH)
nux GopMyI 3A1MCHIOBATIOCS 32 METOAMKOLO, SIKa HaBeJeHa B kepenax [14, 15], i3 3acTocyBaHHSM HasBHUX
y Jitepatypi [16] cTaHmapTHUX 3HAYEHb CHTANIBITH YTBOPEHHS HEOPraHIYHUX PEYOBHUH AHE’298 Ta X SHTPOTIiH

ASSyg, a Taxox ix entanbmiit AHS, i entpomniit ASQ, nnasnenns. s 3ailicHeHHsS 06UHCIIEHb Ta 06POOKH OT-
pPUMaHMX Pe3yJbTaTiB TEPMOIMHAMIYHOTO aHAJi3y 3a/IisiHa KoMIT'toTepHa porpama Microsoft Excel.

Buknaa ocHoBHOro marepiany. PosrisiHeMo MOXIUBICTD mepebiry xiMiuHoi peakuii (2) npu pisHHX
KOMOIHAIISIX arperaTHUX CTaHIB pearylo4yux KOMIIOHEHTIB 1 MPOAYKTIB peakiiil (iHaekcu: T — TBepaa
pEYOBHHA, P — piiMHA, T — a3):

3Fe; + C; = FesCy; (2.1)
3Fe; + C; = FesCy; (2.2)
3Fe, + C, = FesCy; (2.3)
3Fe, + C, = FesC,, (2.4)
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JUTSL 90T0 BUBeIEeMO (HOpPMYJIH JUIsl PO3paxyHKy 3HAa4eHb BUTRHOI eHeprii 1'i100ca AG% 3a3HAYCHUX PEAKITi
(2.1)—(2.4) 3anexno Bix Temneparypu T (y K).
Otpumani aBropom dopmynu ams peakuiit (2.1)~2.4) € Takumu:

AG2(2.1) = 25000 — 17,91 T, JTx/Mons; (1L.1)
AG2(2.2) = 42000 — 29,41-T, Jlx/Moub; (1111
AG2(2.3) = —16400 + 4,89-T, [Ix/Mo1Ib; (1L111)
AG2(2.4) = 600 — 6,61 T, Jlx/Monb (1L1V)

[lpu 1pOMy TEOpPETHYHI 3HAYEHHS TPAHUYHUX (PIBHOBAXKHUX) Temnepatyp Ty, mns XiMiYHMX peaKuii

(2.1)-(2.4) MmoxHA BU3HAUUTH 3 BUPA3Y:

t=AH°/ AS® - 273, °C,
BUKOPHCTOBYIOUYM oTpuMaHi po3paxyHkoBi piBusaHs (I1.1)—(11.1V), T0O6TO mMpu BUKOHAHHI YyMOBH XiMi4HOI
piBHOBaru AG% = (0 71 KOXKHOT 13 3a3HAYCHHX BHUIIE XiMiYHUX peakiii (2.1)—(2.4) BiamosiaHo.

Pe3yabTaTH Ta iX 00roBOpeHHs. AHAJI3 3 METOIO 3’ ICYBaHHS MOYIIHBOCTI IIepeOiTy XIMIYHAX PeaKIlii
(2.1)—(2.4), To6To BapiaHTiB XimMiuHOI peakuii (2), 3a BuBeaennmu Bupazamu (I1.1)—(11.1V) nposenemo, Buxo-
JS19M 13 3HAYSHb TEMIIEPaTyp IUIaBJICHHS by, pEUOBHH, 10 OEPYTh YUaCTh y LUX PEaKIisX:

— ans grctoro (0e3ByrierneBoro) 3amsa (Fe), 3rigHo 3 miarpaMoro CTaHy CUCTEMH «3alTi30-TIEMEHTHTY,
t,=1539°C [17], x0oua B AEAKHX IHIINX JPKEpeTIaxX 3Ha4eHHS {,; MOXKHA 3yCTPITH B iHTepBaJi TeMIeparyp Bi
1535°C no 1539°C;

— st FesC (uaByn 3 4% C) t,,=1150°C [18].

Bucoki Temrieparypu y TOMeHHiH 1edi JO3BOJSIOTH BiTHOBIIOBATH 321130 3 eektuBHIicTIO 99,0-99,8%
(Tomy nomenHwuii 1utak Mictuth <1% FeO) 3 Oyap-saKuX 3a1i30pyAHUX MaTepiaiiB, HE3BXKAIOYM Ha 1X Pi3HI
TeMIeparypH IuiaBieHHs. Lle Moske BBeCTH B OMaHy i PU3BECTH 10 HEMIPABUIBHUX BUCHOBKIB 1T Yac aHAIIi3Y
OTPUMAHHUX PE3YJbTATIB TEPMOJUHAMIYHOI OIIHKH MPOIECY HABYTJICHIOBAHHS BiJHOBIEHOTO 3 BIOCTHUTY
3amiza. ToMy 3 MEeTOI0 IPaBUIIBHOI iHTEpIIpeTallii OTPUMAHNUX PE3YJIFTATIB 32 YMOBH HAaBYTJICHIOBAHHS 3aJIi3a
npuitMaeMo temieparypu pododoro mpocropy 1200-1250°C cupoayrroro ropua (Rennofen) [19], a ve Tem-
meparypu B po604oMy MPOCTOPi Cy9acHOI TOMEHHOI medi, aKki csratots 1900-2200°C.

[Ipoanamizyemo ymoBu mepeOiry Bcix BapiaHTiB (2.1)—(2.4) ximiuHOi peakimii (2) HaBYTJIEIIOBaHHS
BIZIHOBJICHOTO 3aJTi3a TBepAMM ByruielieM 3a BuBenennmu Bupazamu (11.1)—(11.1V):

— peaxuis (2.1) TeopetryHo Moria 0 mepebiratu Bumie Temrepatypu 1123°C, npu skiit, 3rimgHo 3
BupasoM (Il.1), mwis Hel BUKOHY€EThCS yMOBa AGrlQ=O, i 1o 1150°C (o mporo 3HaueHHs Fe;C 3HaXOmHUTHCS B
TBEPJIOMY CTaHi), OJJHAK Y TBEPJOMY CTaHI pearyrounx peuoBHH BOHA He Modice nepebicamu, OCKIIbKH TBEp-
notasHi peaknii MOBHHHI OyTH €K30TEPMIYHUMH (IJIsl IOPYIIEHHS CTa0UILHOCTI KPUCTATIYHUX IPATOK TPH
HarpiBaHHi [20]), a peakis (2.1) € eHIOTEPMIYHOIO;

— peakiist (2.2) TeopeTHuHO Morjia O mepebiratu Buiie Temnepatypu 1155°C, mpu skiit, 3rigHo 3
supazoM (I1.11), s Hei BuKoHyeThes ymoBa AGS=0, a FesC 3naxoauthes y pinkomy crawi, i 10 1539°C (10
[IOTO 3HAa4YeHHS FE& 3HaXOMUTHhCS B TBEPAOMY CTaHi), OJHaK peakmia (2.2), sk 1 peakmis (2.1), €
SHIIOTEPMIYHOIO, TOMY He Modice nepebicamu IPU TBEPAOMY CTaHI pearyloynx peuOBHH;

— peaxkiiis (2.3) He mae cency, TOMy 1O MPHU TemIiepaTypax Bummx 3a 1539°C (ne 3aiizo 3HaXOAUThCS
y pinkomy crani) FesC (4aByH) He MOKe 3HAXOJAUTHCS y TBEPIOMY CTaHi (fioro Temreparypa IiaBJIeHHS CTa-
HOBUTH 1150°C), mpruoMy y CUpOAYTHOMY TOPHI 31130 B3araji He MOXKe 3HaXOIUTHCS Y PIIKOMY CTaHi yepes
HU3bKY (MeHIIy 3a 1539°C) temneparypy poOo4oro mpocropy rmedi (Xo4a TEOPETHYHO, 3TiIHO 3 BUPa3OM
(1.111), peakuist (2.3) moxe nepeGiratu no Temneparypu 3081°C, npu skiii Ui Hel BUKOHYETHCS yMOBa
AG2=0);

— peakiist (2.4) TeopeTHUHO MorJia O mepediratu mpu Temieparypax Bumux 3a 1539°C, omgHak, 5K i
peakuis (2.3), ne mooice nepebicamu depe3 HEMOXKIIUBICTh 3HAXOKEHHS Y CHPOJyTHOMY TOPHI 3altiza y pia-
KOMY cTaHi uepe3 Hu3bKy Temiepatypy (1200—1250°C) poOouoi mopoxxHHHHM arperatry (xoda TEOpEeTHYHO
peakiist (2.4), srigao 3 Bupasom (I1.1V), moxe mepebiratu Bure temmeparypu —182°C, mpu skiit s el
BUKOHY€THCSA yMOBa AG%) =0).

Kpim Toro, sk mokaszanu TepMOJMHAMi4HI JOCHIPKEHHS BapiaHTiB MpPOLECY BiIHOBIEHHS 3aii3a 3
BIOCTUTY TBepauM ByriienieM [21] i razom CO [12, 13], mo Oyiu npoBeJeHi aBTOPOM, OTPUMAHHS YHCTOTO
3amiza (Fe) 3 Broctury (FEO) y Oyap-sikiii BiTHOBHIH medi (CHPOAYTHIii, JOMEHHIH TOLIO) HEMOXKIIMBE, aJKe
TIPH BiTHOBJICHHI 3aJTi3a 3 BIOCTHTY TBEPJHM BYTJICLIEM yTBOPIOETHCS BUKITIOUHO KapOix 3amiza (FesC, yaByH)
[1], a mpm BigHOBIEHHI razom CO — mporiec MOKe Tepebirati, 3a JaHUMH aBTOpA, JIUIIE 10 TEMIepaTypu
765°C, a 3a jniTepaTypHUMH JaHUMH 3HAYCHHS 1I€T TEMIIEPATypU 3HAXOAUThCs B Mexkax 327—777°C.

3a MX yMOB KO/ICH BapiaHT peakuii (2) HaBYTJICLIOBaHHS TBEPIUM BYTJICIIEM BiTHOBJIECHOTO 3 BIOCTUTY
3aitiza y OyIb-sKiil peaabHil BITHOBHIN IIeTi HE € TEPMOAMHAMITHO MOYKIINBHM.
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Takum gauHOM, XiMiuHi peakTiii (2.1)—(2.4) TepMoaunHaMIgYHO HE MOXKYTh TIEpeOiraTH Hi y CHPOIYTHOMY
TOpHi, HI y IOMEHHIN Tedi, OJHAK 3aJi30 B IUX arperaTax Moke BimHOBIOBaTHuCA. Lle cBiqunTh, M0 MpoIec
HaBYTJICLIOBaHHS TBEPJHMM BYTJICLIEM BiJHOBIICHOTO 3 BIOCTUTY 3alli3a Ma€ iHIIWH MeXaHi3M, KUK NOTpiOHO
BUSIBUTH UIS NIPaBUJIIBHOTO PO3YMiHHsI MPOLECIB BiAHOBICHHS 1 HAaBYIJICLIOBAHHA 3ajli3a Oe3mocepeHbo 3
PYIHUX MaTepiajiB 3 METOI CTBOPEHHS ICTUHHOI (Di3MKO-XIMIYHOI MOJEINi MOBHOTO MPOIECY BiTHOBICHHS
3aiza y MeTalypridHuX BimHOBHHX Tmiedax. lle HeoOXimHO TakoX IS TOHAIBIIOTO TEOPETHIHOTO
OOTpYHTYBaHHS Ta MPOMHCIOBOI pO3POOKH IHHOBAI[iIHHUX TEXHOJIOTiIH OJHOCTAIIHHOTO OTPUMAaHHS
0e3nocepeTHkO 13 3a1i30BMICHOI CHPOBHHHM PIAKOi CTaJi 3aMiCTh PiAKOTO YaByHY a00 HMOTro IpaHyJEOBAHOTO
aHayiora, To0TO BHKITIOUMBIIH (5K 1€ 3AIMCHIOBATIOCS y JABHUHY B CHPOAYTHHX TOPHAX) MPOMIKHY CTaIifo
OTpUMaHHs YaByHY. Y Cy4YaCHHMX BiJIHOBHHX Il€4ax L€ HE BJAETHCS 3AIMCHUTU JOHHHI, HE3BaXKAlOUM Ha
OaraTtopiyHe iCHyBaHHS Y CBITOBOMY METaIyprifHOMY BUPOOHUITBI Pi3HOMaHITHUX MPALIOI0YNX TEXHOIOTIH
MIPSIMOTO BiTHOBIICHHS 3aJTi3a.

BucHoBku. Y pe3ynbTaTi MPOBEIEHOr0 TEPMOIUHAMIYHOTO aHANi3y Pi3HUX BapiaHTiB XiMiuHOI peakii
HaBYTJICLIOBaHHSI TBEPAUM BYTJICIIEM BiIHOBJIECHOTO 3 BIOCTHTY 3ami3a (sIKi mepeadadaroTb BCi MOKIIUBI
KOMOiHaIii arperaTHAX CTaHiB YHCTOTO 3aiTi3a 1 KapOiry 3aii3a) BCTAHOBIIEHO, 110 32 PEATbHUX YMOB poOOTH
OyIb-sKOi MaxTHOT (CHPOIYTHOI, JOMEHHOI TOIIO) BiTHOBHOI TeYi JKOJICH 13 aHAIi30BaHUX BapiaHTiB 3a3Ha-
YeHOI peakiiii He € TepMoanHamMiuHo MoxtiBuM. Otpumani aBTropom Bupasu (I1.1)—(11.1V) mis po3paxyHki
BEIMYMHU BUTbHOI eHeprii ['100ca 3a1ekHo BiJf TeMIepaTypH AJIs BCiX X BapiaHTiB 3a3HAYEHOI peakiii cBi-
4aTh, M0 TBepAOGa3HI MPOIECH HABYTIICIIOBAHHS € TEOPETHYHO HEMOXKIMBUMH 4Yepe3 iX eHIOTEPMIidHICTb.
Pinxodasni BapiaHTH peaxiii HaBYTJICLUIOBaHHS TaKOXX HE MOXYTh Iepeliratu uepe3 HEMOXKIIUBICTh YTBO-
PEHHSI YHCTOTO 3alli3a Yy pealbHUX YMOBAax MPH HAJIHIIKY BYTJIEII0. TakuM YHMHOM, OJiep)KaHi pe3yabTaTh
CBiYaTh, III0 MEXaHI3M MPOIIeCy HaBYTIIEIFOBAHHS BITHOBJICHOTO 3 BIOCTUTY 3aji3a TBEPAM BYTJIEIEM Y pe-
AIBHUX YMOBAxX Mae€ 1HINY (i3UKO-XIMIYHY PUPO.LY, @ TPAIUIiiHI YSBICHHS 1010 IFOTO MPOIIECY NOTpedy-
I0Th Tieperiisay i yrounenHs. e o0rpyHTOBY€e HEOOXIHICTh MOJANBIITUX JOCHTIKCHD 3 METOIO BCTAHOBJICHHS
JiCHOTO MEXaHi3My BiTHOBIIEHHS 3a1i3a Oe3M0cepeTHRO 3 PyAHOT CHPOBHUHH 3 HACTYITHUM HaBYTJICIOBAHHIM
IHOTO 3alli3a Ta CTBOPEHHS HAYKOBO BHBaXXeHOI (hi3WKO-XiMigHOI Moemi mporiecy. [IpakTudHa 3HAYyIIiCTh
TaKUX JOCHIHKEHB TOJIATAE Y MOKIIMBOCTI TEOPETUYHOTO OOTPYHTYBAHHSI i CTBOPCHHS 1HHOBAIIHHUX TEXHO-
JIOTi# OTHOCTANIHHOTO O/iep>KaHHA CTaji 0e3 MPOMIKHOTO YTBOPEHHS YaBYHY, IO BiAKPUBA€E MEPCIECKTUBU
3HAYHOTO MiABUINEHHS e(PEeKTHBHOCTI Ta €HePro30epeKeHHs CydacCHOT0 BUPOOHHIITBA YUCTOTO 3ajIi3a i cTaii.
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INTEGRATING QA INTO THE AGILE PROCESS FROM THE VERY BEGINNING OF THE
SPRINT

Isgandarli Rasul Gabil
Azerbaijan State Oil and Industry University, Azerbaijan,
Faculty of Information Technologies and Management, Computer Engineering

Abstract

Agile frameworks emphasize iterative delivery and rapid feedback, yet many teams still treat Quality
Assurance (QA) as a late-phase checkpoint inside the sprint, which increases rework, defect leakage, and de-
livery uncertainty. This study proposes an early-sprint QA integration approach that embeds test thinking, risk
assessment, and quality controls from sprint planning through refinement, development, and review. The pro-
posed model combines shift-left practices (acceptance criteria as testable rules, test design during refinement,
and early test data/environment readiness), continuous testing (API/UI automation and pipeline quality gates),
and collaborative quality ownership across developers, QA engineers, and product stakeholders. Aligned with
Scrum’s empiricism and transparency principles, the model structures QA activities around sprint events and
artifacts, ensuring that quality is designed, built, and verified continuously rather than inspected at the end.
Expected outcomes include reduced defect escape rate, lower cycle time for fixes, improved predictability of
sprint commitments, and stronger alignment with modern quality engineering practices reported industry-sur-
Veys.

Keywords: Agile testing, shift-left QA, sprint planning, continuous testing, quality engineering, Scrum.

Introduction

In Scrum-based Agile delivery, value is produced incrementally through short iterations and frequent
inspection/adaptation cycles. Scrum explicitly relies on empiricism—transparency, inspection, and adapta-
tion—which makes quality a continuous concern, not a final-stage activity. However, in many organizations,
QA is still positioned primarily as “testing after development,” causing bottlenecks near sprint-end, increased
defect clustering, and unstable releases.

Recent industry observations show that quality and test automation capabilities remain uneven across
organizations, with many reporting gaps in comprehensive automation strategies and legacy constraints that
hinder efficient quality practices. Meanwhile, modern testing competence frameworks and syllabi increasingly
highlight Agile-specific testing skills and collaboration patterns, reinforcing the need for QA involvement
throughout the sprint lifecycle rather than only at the end.

The central challenge is therefore managerial and process-oriented: how to integrate QA from the very
beginning of the sprint so that teams achieve fast feedback without sacrificing reliability, usability, security,
and maintainability—quality attributes commonly formalized in software quality models. This paper proposes
an Early-Sprint QA Integration Model (ESQIM) that operationalizes QA activities across sprint events and
artifacts, using risk-based prioritization, clear “definition” criteria, and continuous test execution:

- Quality Planning in Sprint Planning: Testable Sprint Goal: Translate the sprint goal into measurable
outcomes (what “done” means in observable terms).Acceptance Criteria as Executable Intent: Ensure every
story has clear acceptance criteria before commitment; convert acceptance criteria into test conditions and
(where feasible) automation candidates.Risk-Based Sprint Scope: Apply lightweight risk analysis to rank sto-
ries by impact/likelihood so the team plans testing depth early

— QA-Driven Backlog Refinement: Test Design During Refinement: Prepare a minimal test design
pack (happy path, critical negatives, boundary cases) before development starts.Data/Environment Readiness:
Identify test data needs, stubs/mocks, and environment dependencies early to avoid blocked testing near sprint
end.Quality Attribute Coverage: Tag backlog items with quality attributes (reliability, security, usability, per-
formance, maintainability) to ensure non-functional testing is planned.

— Continuous Testing During Development: Three-Level Test Flow: (1) fast checks (unit/component),
(2) service/API checks, (3) minimal critical Ul flows.Quality Gates in CI/CD: Enforce automated checks (lint-
ing, unit tests, smoke suites) on every merge; failures block progression.Pairing and “3 Amigos”: Developer—
QA-Product mini-sessions clarify ambiguity early and reduce churn.

— Mid-Sprint Inspection and Adaptation: Early Demo / Checkpoint: Optional mid-sprint review of
risky stories to detect requirement mismatch early.Defect Containment: Fix within the same sprint whenever
practical; avoid pushing high-severity defects to the next sprint unless explicitly agreed with risk acceptance,
providing explainable and context-aware recommendations.
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- Sprint Review and Definition of Done Assurance: Evidence-Based Review: Present test evidence
(coverage of acceptance criteria, critical regression status, key non-functional notes) in addition to functional
demonstrations.DoD/DoR Reinforcement: Continuously refine Definition of Done and Definition of Ready
(e.g., “acceptance criteria defined,” “test data available,” “automation candidate identified”).

- Sprint Retrospective as a Quality Improvement Engine: Quality Metrics Feedback: Track a small
set of sprint indicators (escaped defects, reopen rate, time-to-fix, flaky test rate, percentage of stories with
acceptance criteria before development).Actionable Experiments: Each sprint selects 1-2 quality experiments
(e.g., contract tests for high-risk APIs, reduce flaky Ul tests, introduce stronger component testing for critical
modules).

Expected Impact: Embedding QA from sprint start primarily improves outcomes through earlier feed-
back and reduced rework. When teams clarify acceptance criteria upfront, design tests during refinement, and
run automated checks continuously, they reduce late-stage defect accumulation and stabilize sprint predicta-
bility. This supports continuous inspection and adaptation and aligns with the broader shift toward quality
engineering and higher automation maturity.

Conclusion

Integrating QA from the very beginning of the sprint transforms quality from an end-of-sprint check-
point into a continuous team practice. The proposed ESQIM embeds test thinking into sprint planning and
refinement by making acceptance criteria testable, applying lightweight risk-based prioritization, and prepar-
ing test data and environments early. This helps teams reduce ambiguity, avoid late testing bottlenecks, and
fix defects sooner, which typically lowers rework and stabilizes delivery.In addition, continuous testing and
CI/CD quality gates improve transparency and predictability by providing early signals about risks and scope
feasibility. ESQIM also encourages consistent coverage of non-functional quality attributes (e.g., reliability
and security), reducing the chance that critical quality concerns are postponed. Future work should validate
ESQIM in real projects using measurable indicators such as escaped defects, time-to-fix, and regression sta-
bility across multiple sprints.
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Abstract

This paper presents a study on improving the application of Building Information Modeling (BIM) in quality
control of construction drawing design documents at Project Management Units (PMUs) in Hanoi, Vietnam.
Through a survey of 75 experts, case studies of key projects (Ring Road 3.5, Vinh Tuy 2 Bridge, Hanoi Chil-
dren's Hospital), and a review of current legal frameworks, the study quantified the serious bottlenecks of
traditional 2D management methods. Prominent among these are conflicts between disciplines and discrepan-
cies in quantities. The survey also indicated that the biggest obstacle hindering the application of BIM lies in
the limited capacity of specialized personnel to adopt it. Based on practical experience, this paper proposes a
synchronized solution system focusing on the "Dual Validation" process, establishing a Common Data Envi-
ronment (CDE), innovating training to raise awareness, and standardizing legal requirements (EIR, BEP) di-
rectly into economic contracts.

Keywords: BIM; Project Management; construction drawing design; Common Data Environment
(CDE); dual validation.

1. Introduction

In the context of the ongoing global digital transformation, the Vietnamese construction industry faces an
urgent need to innovate its management methods to improve investment efficiency and strictly control con-
struction quality. Building Information Modeling (BIM) has been widely applied in many developed countries
and is of particular interest to the Vietnamese Government. Decision No. 258/QD-TTg [3] and Decree No.
175/2024/ND-CP [2] have officially set the mandatory roadmap for applying BIM to construction projects of
level 1l and above belonging to the group of public investment projects from the 2025-2026 period. The legal
framework for BIM in Vietnam is increasingly perfected, from a mandatory application roadmap (Decree
175/2024/ND-CP) to the initial removal of budget bottlenecks through the issuance of BIM cost norms in
Circular No. 09/2024/TT-BXD [5]. Building Information Modeling (BIM) is often misunderstood as just an
advanced 3D modeling software or tool. However, according to the definition in Decree 175/2024/ND-CP [2]
and the Vietnamese National Standard system TCVN 14177:2024 [7], BIM is a comprehensive project data
management and working method. It is the process of digitizing and organizing the information of a construc-
tion project throughout its lifecycle, including two core components closely linked in the same structure: (1)
Geometric Information (LOG) reflecting location, size, spatial coordinates; and (2) Non-geometric Infor-
mation (LOI) containing attributes of materials, technical specifications, standards, and schedule. According
to the Vietnamese Ministry of Construction's BIM Handbook [4] [6], the essence of BIM is the synchronous
combination of three elements: Model (digitized product), System (technology infrastructure for storage), and
Process (coordination and control chain). This paper presents a study on improving the application of Building
Information Modeling (BIM) in quality control of construction drawing design documents at Project Manage-
ment Units (PMUs) in Hanoi, Vietnam. Through a survey of 75 experts, case studies of key projects [9] (Ring
Road 3.5, Vinh Tuy 2 Bridge, Hanoi Children's Hospital), and a review of current legal frameworks, the study
guantified the serious bottlenecks of traditional 2D management methods. Prominent among these are conflicts
between disciplines and discrepancies in quantities. The survey also indicated that the biggest obstacle hinder-
ing the application of BIM lies in the limited capacity of specialized personnel to adopt it. Based on practical
experience, this paper proposes a synchronized solution system focusing on the "Dual Validation™ process,
establishing a Common Data Environment (CDE), innovating training to raise awareness, and standardizing
legal requirements (EIR, BEP) directly into economic contracts.

The management and review of construction drawings using traditional CAD/2D methods primarily rely on
fragmented drawings and the personal experience of the reviewer. This method poses significant risks for
complex projects with high MEP (Mechanical, Electrical, and Plumbing) infrastructure density due to spatial
blind spots. The advent of BIM has completely transformed the way quality control of construction documents
is achieved through superior technical mechanisms. Specifically, the BIM model overcomes "spatial blind
spots™ and automatically detects conflicts (Clash Detection): The BIM model accurately simulates the structure
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in three-dimensional (3D) space. Thanks to this, through the algorithms of inspection software (such as Navis-
works, Solibri), the Project Management Team (PMT) can automatically review and detect 100% of direct
physical conflicts (hard clashes - for example, fire hydrants penetrating load-bearing beams) or violations of
working space (soft/clearance clashes) between the Architectural, Structural, and Mechanical/Electrical sys-
tems. This helps prevent errors that would only become apparent after construction, eliminating the risk of
demolition and rework that leads to cost overruns and delays. Furthermore, the model ensures absolute con-
sistency according to the "Single Source of Truth" principle. In BIM, all 2D floor plans, sections, and Bill of
Quantities (BOQ) are automatically extracted from a single original model. Therefore, when any design change
occurs at a location, all related drawings and bill of quantities will automatically update simultaneously. This
mechanism completely eliminates the risk of "phase mismatch” (mismatch between drawings and cost esti-
mates) commonly seen in traditional design methods. In addition, data discipline on the Common Data Envi-
ronment (CDE): The exchange of design documents no longer takes place in a scattered manner via personal
email. BIM requires parties to work on a standardized CDE platform (according to ISO 19650 [8]) with 4
control states (In progress, Shared, Published, and Archived). CDE strictly manages design versions, tracks
the entire operation history (Audit trail), and directly attaches the BCF coordinate code to each error coordinate
on the model, making it easy for the Project Management Board to trace responsibility and monitor the progress
of corrective actions by the consultant. Finally, the model provides a foundation for a "dual validation™ mech-
anism: With abundant metadata, BIM allows managers to move from simply "reading drawings" to "validating
data." Project management teams can combine checking spatial accuracy on 3D models with assessing tech-
nical compliance on 2D drawings, creating a safety barrier, and ensuring design documents are "Clash-Free"
before official approval.

However, in Hanoi, Vietnam, a city with a high density of projects, numerous underground and aboveground
structures, and an extremely complex technical infrastructure system, project management units still face many
shortcomings in the appraisal of construction drawings. The management method based on fragmented 2D
drawings often leads to manual review, frequently overlooking spatial conflicts between architectural, struc-
tural, and mechanical/electrical disciplines. Quantity surveying relies too heavily on personal judgment, re-
sulting in errors, cost fluctuations, and delays during the construction phase. The lack of synchronization be-
tween digital models and legal drawings, coupled with weaknesses in personnel capacity and unclear cost
regulations, has kept the application of BIM in these units at the pilot stage of a "parallel process." Therefore,
studying systematic solutions to optimize BIM application in quality management of construction drawings at
Project Management Units is particularly necessary, helping to thoroughly transform from paper document
management to transparent digital data management. The development of BIM in Vietnam in recent years has
attracted the attention of many researchers. However, most current studies only focus on the macro stage (in-
troducing benefits, ISO 19650 standard framework [8]) or delve into individual technical tools (modeling soft-
ware, structural calculation) of design consultants and construction contractors. Research from the perspective
of investor management — specifically the specialized Project Management Board in exercising the right to
control the quality of construction drawings — is still a large gap. Firstly, the discrepancy between theoretical
and practical appraisal processes (Parallel Process): Although the law stipulates that BIM models are official
documents, in reality, at Project Management Units (especially in Hanoi), BIM models and 2D drawings still
exist in parallel as two independent data streams. BIM models are mainly for "demonstration™ or auxiliary
verification, while 2D drawings remain the legal basis for stamping, approval, and payment. Design modifica-
tions often occur on 2D drawings to meet deadlines without updating the model, leading to serious data mis-
match risks. Secondly, the gap in organizational capacity and management tools: Previous studies often sug-
gested that technology and cost were the biggest obstacles. However, a closer look reveals that the core gap
lies in human resource capacity and organizational mechanisms. Currently, project management units lack
dedicated BIM specialists; technical staff primarily excel in traditional tasks but lack "Model Audit" skills,
especially in verifying the Level of Non-Geometric Information (LOI) and managing the Common Data En-
vironment (CDE). Thirdly, there is a lack of quantitative standards in economic contracts: There are not many
studies that specifically outline how to concretize the technical requirements of BIM (such as EIR, BEP, IFC
format) and binding sanctions for the "Clash-Free™ criterion directly into consulting contracts to serve as a
basis for acceptance and payment for budget-funded projects.

From the aforementioned gaps, it is clear that continuing to maintain traditional (2D) design management
methods not only goes against the legal framework but also puts projects at significant risk. In Hanoi —a region
characterized by large-scale transportation infrastructure and civil engineering projects (healthcare, education),
cramped urban spaces, and complex interwoven underground and aboveground structures — relying on visual
inspection to review 2D drawings has reached its limit. Consequently, errors such as spatial conflicts or quan-
tity discrepancies (QTO) are constantly overlooked, leading to on-site demolition and repairs, cost overruns,
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and project delays. Therefore, conducting research on "Improving the application of BIM in quality control of
construction drawings at the Hanoi Project Management Board" is urgent and highly practical. This research
aims to fill governance gaps by quantitatively analyzing existing barriers, thereby building a comprehensive
solution framework including: proposing a "Dual Verification" mechanism, standardizing the Common Data
Environment (CDE), and establishing a suitable legal and human resources framework. Through this, the re-
search contributes to helping Project Management Units successfully transition from static document review
to dynamic data governance, ensuring project output quality in a transparent and effective manner.

2. Research Methods
To clarify the research problem, the paper uses a multi-dimensional approach combining theory and practical
analysis.

2.1. Methods of theoretical synthesis and analysis
The study uses a synthesis and theoretical interpretation method to deconstruct and systematize the latest legal
documents and technical standards. This method does not stop at listing, but aims to establish a "Framework
of Rationale™ including two main pillars: the legal pillar and the technical standards pillar. This is a standard
measure to compare with the management reality at Project Management Units and serves as a basis for build-
ing solutions.
Legal pillar (Establishing the coercive nature and legal status of the digital model): The study conducts an in-
depth analysis of Vietnamese Construction Law No. 135/2025/QH15 [1] and Decree 175/2024/ND-CP [2].
The deconstruction of these documents aims to clarify the pivotal shift in state management: moving the ap-
plication of BIM from a recommended to a mandatory state for public investment projects. Specifically, the
analysis focuses on determining the legal status of Building Information Modeling (BIM) compared to tradi-
tional 2D drawings in acceptance, appraisal, and final settlement processes. Clarifying this legal basis is a
direct prerequisite for researching and proposing solutions such as "Ensuring the Legal Validity of BIM in
Economic Contracts™ and the "Dual Appraisal” mechanism in the following section.
Technical Standard Pillar (Establishing a Lifecycle Data Management Process): In addition to legal aspects,
the study analyzes the core standards of the global and Vietnamese digitalization process, focusing on ISO
19650 (Parts 1 & 2) [8] and Vietnamese standard TCVN 14177:2024 [7] (Organization and digitization of
construction project information). The analysis method aims to extract core management concepts that Project
Management Units must apply, including: Common Data Environment (CDE) operating principles, as a basis
for proposing solutions to eliminate data fragmentation and manage design versions through 4 states (WIP,
Shared, Published, Archive). Information File Structure: As a basis for designing a process requiring the In-
vestor to issue an "Information Exchange Request” (EIR) and requiring the Consultant to submit a "BIM Im-
plementation Plan" (BEP) right from the bidding stage. Synthesis of the Proposed Framework: Through this
method, the study synthesized a matrix of mandatory requirements (in terms of legal provisions) and best
practices (in terms of technical provisions). This reference framework acts as a "lens" to examine the survey
results, thereby accurately identifying gaps in human resource capacity and process barriers at Project Man-
agement Units in the Hanoi area and defining four groups of optimal solutions.

2.2. Quantitative survey methods

2.2.1. Design of a measurement tool (Likert questionnaire)
The study uses a 5-point Likert scale as its primary measurement tool. This is a standard scale in management
research, allowing for accurate assessment of the attitudes and perceptions of the survey subjects. The ques-
tionnaire structure is divided into three independent variable groups to directly serve the logical sequence
"Current Situation - Causes - Solutions:
- Variable Group 1 (Current Situation): Measures the frequency of errors in 2D documents (1: Very rare — 5:
Very frequent).
- Variable Group 2 (Barriers): Measures the level of influence of factors hindering the BIM adoption process
(1: No influence — 5: Very significant barrier).
- Variable Group 3 (Solutions): Measures the level of agreement with the proposed solution groups (1: Not
necessary — 5: Very necessary).

2.2.2. Sampling methods and Expert Purposive Sampling
This study employs purposive sampling combined with expert analysis. Instead of conducting a large-scale
survey of individuals lacking in-depth expertise, the authors limited and selected 75 valid survey samples from
people genuinely involved in the project lifecycle. Regarding the structural representation: The sample com-
prehensively covers three core perspectives in the project management process: Project Management Board
leaders (representing the institutional voice and expenditure approval mechanism), technical staff directly in-
volved in appraisal (representing the implementation process), and consulting experts (representing the digi-
talization aspect). This diversity helps eliminate bias caused by a one-sided perspective. Regarding sample
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quality: The most valuable aspect and guarantee of the reliability of this study lies in the seniority of the survey
subjects. Up to 48% of the experts have over 15 years of experience in the construction field. This generation
has experienced many ups and downs of technology, deeply understanding the "deadly" bottlenecks of tradi-
tional 2D methods and the practical workflows at State Project Management Units. Therefore, their assess-
ments are not empty theoretical platitudes but rather the culmination of hard-won practical experience on con-
struction sites and in appraisal work.

2.2.3. Descriptive statistical data processing methods
The raw data collected from the questionnaires were coded and processed using statistical tools. The study
used descriptive statistics with the following key indicators:
- Frequency and Percentage (%): To outline the overall picture of the current level of BIM adoption by Project
Management Units.
- Mean (bar): Used to quantify the severity of barriers and the urgency of solutions. From these Mean values,
the study ranked to identify the "Biggest Barrier" that needs to be prioritized for removal, and the "Core Solu-
tion" that has the highest consensus among experts.

2.3. Case Study Methodology
If the expert survey method (quantitative) provides a comprehensive picture of BIM application awareness and
barriers, then the case study method is used to provide empirical evidence. This method plays the role of
directly "measuring" the effectiveness of BIM compared to the traditional 2D method through actual technical
data.
To ensure the comprehensiveness and reliability of the study, the author deliberately selected 03 key projects
in Hanoi as a sample for analysis. These three projects represent 3 core types of construction works in public
investment, each type having its own characteristics and "bottlenecks" in the management of Construction
Drawing Design (TKBVTC).

2.3.1. Hanoi Children's Hospital Project [9] (Representative of Level I Civil Works - Focus on MEP
Conflict Control).
Hospitals are one of the most complex types of civil engineering structures due to the enormous density of
Mechanical and Electrical (MEP) systems (including HVAC, water supply and drainage, power systems, med-
ical gases, sterile systems, etc.) crammed into a very limited false ceiling space. The objective of the analysis
is to use this project to demonstrate the inability of the 2D method to control space. The study extracts exper-
imental data using Navisworks software to compare the number of physical clashes (Hard clash) and opera-
tional space clashes (Clearance clash) detected on the 3D model (LOD 350) with a manual 2D drawing overlay.
The results from this case study are the direct argument for the author to propose the solution "Mandatory
Clash-Free checking before approval".

2.3.2. Vinh Tuy Bridge Project - Phase 2 [9] (Representative of Special Transport Works - Focus on
geometric control and prestressed cables)
This is a large-span bridge project with a complex geometric profile (spatial curvature) and stringent require-
ments for connection with the Phase 1 bridge. The biggest technical bottleneck lies in controlling the trajectory
of the prestressed cables and the intricate arrangement of reinforcement at the girder/pier joints. The objective
of this project analysis is to evaluate the ability of BIM in accurately simulating geometric parameters (para-
metric modeling). The study analyzes how the Project Management Board uses BIM modeling to check colli-
sions between prestressed cable bundles and ordinary steel, as well as to verify geometric elevation, thereby
completely eliminating the risk of having to cut or straighten steel or drill into prestressed cables during field
construction.

2.3.3. The Ring Road 3.5 Project [9] (Representing the technical infrastructure of the route - Focus on
volume control and underground intersections)
This is a project that stretches along the route, involving extremely large volumes of excavation and embank-
ment (Earthworks) and the risk of collision with the existing underground infrastructure system (fiber optic
cables, water pipes, drainage pipes), which is very complex in Hanoi. The objective of the analysis is to use
this project to verify the accuracy of the quantity takeoff (QTO) using the Civil 3D platform compared with
the manual calculation of cross-sectional area using AutoCAD. At the same time, analyze how the BIM model
supports the Project Management Board to "see through” the ground, review intersections between the new
sewer line and the old underground system, helping to manage the risk of infrastructure relocation costs.

3. Results and discussion

3.1. Current situation regarding design document management and the level of BIM adoption
According to survey data, despite the BIM roadmap being issued, up to 64% of project management units in
Hanoi are only in the research phase or have never applied this technology, and less than 10% of units are
confident in officially applying it to key projects. (Fig. 1).
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Current Status of BIM Implementation at PMUs

Officially Implemented
in Key Projects
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Never Implemente:

Learning / Planning

Fig. 1. Results of the analysis of the current state of BIM application in management departments.
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Fig. 2. Results of the analysis of the frequency of errors in traditional 2D profiles.
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Major Barriers to BIM Implementation at PMUs
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Fig. 3. Assessing barriers to BIM implementation at the Project Management Department

In the traditional (2D) appraisal method, errors reveal a very high degree of system city (Fig. 2). The
survey indicates that "Position conflicts between disciplines (Structural - MEP)" is the most problematic issue
(Average score = 3.93/5). Second is "Quantity discrepancies between drawings and estimates" (3.72/5) due to
semi-manual quantity takeoff and lack of data linkage. A case study in the surgical area (3rd floor) of Hanoi
Children's Hospital also demonstrated the power of BIM. Traditional visual inspection only found 154 minor
errors, while using automated collision detection software on a BIM model with a level of detail (LOD) of
350, detected 2,450 errors (almost 16 times more). In particular, there are as many as 320 serious physical
conflict points, such as fire hoses piercing concrete beams or narrow spaces that make operation and mainte-
nance inaccessible.

3.2. Application bottlenecks and barriers
Contrary to the common misconception that software or legal regulations are the biggest obstacles, the research
results identified "Limited human resource capacity in BIM at the Project Management Board" as the highest
barrier (3.28/5). While the appraisal team is skilled in traditional methods, they struggle with digital data man-
agement and cannot distinguish between Geometric Level of Development (LOG) and Non-Geometric Level
of Information (LOI). Furthermore, "Lack of clear cost/standard mechanisms" (3.23/5) leads to difficulties in
allocating funds for model building or investing in computer hardware (station configuration), resulting in staff
having to check files tens of gigabytes in size on office computers, paralyzing the system. (Fig. 3).

3.3. Proposing a system of solutions to optimize BIM application

3.3.1. Results of the survey on the necessity of the solutions
To ensure objectivity in determining the importance of the proposals, a survey of experts was conducted using
guestionnaires. The survey on the necessity of solutions presented 10 main solutions (divided into 4 groups)
for experts to choose from. The questionnaire was developed based on three fundamental principles, ensuring
logic, scientific rigor, and feasibility. The completed questionnaires were then processed and analyzed. The
main solutions were scored from 1 to 5, with higher scores indicating greater urgency and importance. The
average scores of the 10 solutions across the 4 main groups, as compiled by 75 experts, were presented in Fig.
4,



XXV international scientific conference. Dortmund. Germany. 05-06.03.2026

Expert Consensus on Proposed BIM Implementation Solutions
(Ranked by Mean Score & Categorized)
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Fig. 4. Assess the necessity of the solutions

The following key observations can be drawn to guide the implementation of BIM in Project Manage-
ment Units:

- Firstly, there is a very high level of general consensus regarding the entire solution system. The average
score of all 10 solutions ranges from 3.85 to 4.25 on a 5-point scale. This confirms that the proposed solution
set is on track and closely adheres to practical needs. Most experts are aware of the urgency of changing from
traditional management methods to digital data management.

- Secondly, the cause-and-effect logic (Cause - Solution) is clearly demonstrated in the first position.
The solution "Mandatory clash detection before approval” received the highest score (4.25). This result directly
aligns with the current situation (where the "Position Conflicts Between Disciplines” error was rated as the
most serious, with a score of 3.93). This demonstrates that, for current investors and project management units,
the core value and immediate effectiveness of BIM is not about visually appealing 3D images, but rather as a
tool for physical collision detection, helping them prevent risks of demolition, cost overruns, and delays on
construction sites.

- Thirdly, "Human and Legal Factors™ are prioritized over "Core Technology," a clear highlight from
the results table being that high-tech solutions such as "Using BIM to extract QTO quantities” (scoring 3.99)
or "Automated standard review software™ (scoring 3.85) are ranked in the lower half of the table. Conversely,
the solutions ranked 2nd, 3rd, and 5th in importance belong to the Organization and Mechanism group: In-
depth training for staff (scoring 4.17 — 2nd most important), legal liability regulations in contracts (scoring
4.15 — 3rd place), and specifying BIM costs (average score 4.11 — 5th place).

This reflects the very practical thinking of the state management agencies. Even the most powerful soft-
ware loses its value if staff don't know how to use it, contracts lack legal accountability, and there's no funding
to pay BIM contractors. Digital transformation must first be a transformation of awareness and institutions,
then tools.

- Fourth, the trend is shifting from spontaneous work to standardized processes. The foundational solu-
tions for standard coordination processes according to ISO 19650, such as the “Requirement to Submit BEP
Plan” (average score 4.12) and “Application of Common Data Environment (CDE)” (average score 4.08), were
both in the very high-rated group. This indicates that professionals are tired of the decentralized, "everyone for
themselves™ approach to work, sending files via email. Establishing rules of engagement (BEP) and a common
playing field (CDE) from the very beginning of the project is considered the backbone for maintaining docu-
ment quality.
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The survey results have outlined a very clear priority roadmap for the Project Management Units. There-
fore, for BIM to be truly effective, the Project Management Board needs to address the "Institutional and
Human Resources" issues first (incorporating costs and responsibilities into contracts, training staff), establish
"Common Rules of the Game" (BEP, CDE), and only then use "Technology" (Clash Detection) as the final
safeguard before design approval.

3.3.2. Propose key solutions to improve the effectiveness of BIM application in managing the quality of
drawing documents.

Based on the high consensus of the expert group (ratings from 3.85 to 4.25/5 points), the article proposes
5 core priority solutions for Project Management Units:

- Solution 1: "Dual Review" Mechanism and "Clash-Free" Benchmark Requirements (Priority 1 - 4.25/5
points). The mismatch between printed drawings and 3D models needs to be eliminated. The solution involves
establishing a Dual Review process requiring: Clash Detection using digital models, in parallel with evaluating
compliance with standards on 2D drawings extracted directly from the model. Project Management Units
should only approve when digital documents meet the "Clash-Free" standard (completely eliminating rigid
collisions between the load-bearing and mechanical/electrical systems), strictly prohibiting contractors from
arbitrarily modifying AutoCAD drawings without making corrections on the underlying model.

- Solution 2: Innovate Training and Personnel Structure (Priority 2 - 4.17/5 points) Technology cannot
operate without people. Project Management Units need to establish BIM working groups as the core of project
coordination. The focus of training should not be on teaching staff to use software for design, but on the ca-
pacity for model review and audit, focusing on how to examine the required data fields (metadata) of compo-
nents based on a checklist.

- Solution 3: Enclose the Legal Significance of BIM in Contracts (Priority 3 - 4.15/5 points) In contracts
signed with consulting firms, the BIM model should not only serve as an illustration, but must be stipulated as
the official legal basis and the primary data source of the project. Disbursement of payments is not based on
the number of drawings, but on the completion level of the LOG/LOI corresponding to the specified LOD
level (usually LOD 350-400 for detailed design drawings).

- Solution 4: Standardize EIR and submit BEP from the bidding phase (Priority 4 - 4.12/5 points). Man-
agement chaos often stems from the Project Management Unit's lack of direction from the outset. Therefore,
the Investor must issue an "EIR" clearly defining the coordinate system, software, and quantity survey objec-
tives (QTO). The consultant responds with a detailed "BIM Implementation Plan" (BEP) as a basis for unified
operation throughout the project lifecycle.

- Solution 5: Utilize a Common Data Environment (CDE) to manage data tracking (Priority 5 - 4.08/5
points). Stop exchanging documents via email, which risks data fragmentation. Project Management Units
need to establish a CDE environment compliant with ISO 19650, using four data states (WIP, Shared, Pub-
lished, Archive) for rigorous version control. Coordination and error marking are assigned directly to design
coordinates using the BCF format, ensuring that all changes have a traceable history (Audit trail) for account-
ability and auditing purposes.

4. CONCLUSION

This study has fulfilled its research objectives, comprehensively addressing issues from theoretical foun-
dations and current situation assessments to proposed solutions. Through the research process and quantitative
analysis of 75 expert survey responses, the author draws the following key conclusions:

- Firstly, theoretically: Traditional design document quality management methods based on 2D drawings
have revealed systemic limitations. Digital transformation through Building Information Modeling (BIM),
with Common Data Environment (CDE) as its core, is not only an inevitable trend but also an optimal data
management tool, helping to thoroughly solve problems related to visualization, information synchronization,
and risk control.

- Secondly, regarding the current state of document errors and application barriers, based on the analysis
of the current situation, combined with expert survey results: Regarding the current state of errors: The prac-
tical survey results have shown that "Position conflicts between disciplines” is the most serious and frequent
error in traditional 2D design (average score of 3.93/5). This is followed by quantity discrepancies (3.72/5).
This shows that the old method no longer meets the requirements of complex projects. Regarding application
barriers: The majority of Project Management Units (over 64%) are still only at the stage of learning about or
have never applied BIM. Notably, the biggest barrier hindering this process is not in technology or software
costs, but in "Limited human resource capacity at Project Management Units" (3.28/5) and the lack of clear
mechanisms and standards from state management agencies.

- Thirdly, regarding the proposed solutions: The project successfully developed four synchronized so-
lution groups and received consensus (mean score > 3.85) from the experts participating in the survey. In
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particular, the research results indicate three decisive solutions that need to be prioritized for immediate im-
plementation by the Project Management Units: Regarding Process - Technology: Mandatory clash detection
before approving documents is considered the most urgent solution (scoring 4.25/5), helping to thoroughly
address the problem of real-world spatial collisions. Regarding Organization - Personnel: Providing in-depth
training on model reading comprehension and control skills for project managers (scoring 4.17/5) is a prereq-
uisite for mastering the technology. Regarding the Legal Mechanism: It is necessary to clearly define the legal
responsibility for the accuracy of the BIM model in the consulting contract (scoring 4.15/5) and specify the
BIM cost within the total project investment. The synchronized and decisive application of the above solutions,
from preparing "Human Resources - Institutions" to applying "Tools - Processes," will certainly create a turn-
ing point in the quality of design documents, save on rework costs, and ensure project progress at Project
Management Units in Hanoi.
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