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Abstract

Digital transformation represents a fundamental shift in accounting and auditing, driven by the rapid adoption
of automation, ERP systems, continuous auditing, big data analytics, and digital twin technologies. This study
investigates how these digital innovations reshape financial management processes, improve organizational effi-
ciency, and enhance transparency in enterprise reporting. The research emphasizes the integration of operational
and financial data through real-time processing, enabling accurate and timely decision-making, particularly in
data-intensive sectors such as telecommunication enterprises. Continuous auditing combined with digital twin
models provides proactive risk assessment, predictive auditing, and scenario-based analysis, allowing organiza-
tions to detect deviations and potential irregularities early. Additionally, big data analytics supports comprehensive
anomaly detection, trend analysis, and strategic forecasting, further enhancing audit quality and reliability. The
study also identifies critical challenges, including technological complexity, cybersecurity risks, regulatory adap-
tation, and the necessity for advanced professional competencies. Findings suggest that the synergistic application
of multiple digital tools maximizes efficiency and transparency, strengthens internal control, and ensures more
reliable and actionable financial information. From a practical perspective, organizations that adopt a strategically
aligned digital approach can achieve higher operational performance, improved resource management, and en-
hanced stakeholder confidence. The implications of this research extend to policymakers and regulators seeking
to modernize accounting standards, auditing frameworks, and governance practices in the digital economy. By
synthesizing recent academic studies and professional insights, this article provides a structured understanding of
the transformative potential of digitalization in accounting and auditing, highlighting both opportunities and chal-

lenges associated with its implementation.

Keywords: digital transformation, accounting automation, continuous auditing, ERP systems, digital twin,

efficiency, transparency.

Introduction

Digital transformation has emerged as a strategic
priority for organizations operating in increasingly
complex and data-intensive environments. In recent
years, accounting and auditing functions have experi-
enced substantial changes driven by the rapid diffusion
of digital technologies, including automation, data ana-
lytics, and integrated information systems. Traditional
accounting models, which relied heavily on manual
processing and periodic reporting, are progressively be-
ing replaced by digital platforms capable of real-time
data collection, processing, and analysis.

The relevance of digital transformation in ac-
counting and auditing is particularly evident in sectors
characterized by high transaction volumes and techno-
logical intensity, such as telecommunication enter-
prises. In such environments, conventional accounting
and audit approaches are often insufficient to ensure
transparency, accuracy, and effective control. As noted
by Pashayeva (2024), the digitalization of accounting
and auditing in communication enterprises enables the
integration of operational and financial data, thereby
enhancing the reliability of financial reporting and
managerial decision-making.

The transformation of auditing practices is closely
linked to advancements in digital accounting systems.
Continuous auditing models, supported by automated
controls and real-time data access, allow auditors to

move beyond traditional ex post verification toward
proactive risk assessment and monitoring. Pashayeva
(2025) emphasizes that the integration of continuous
auditing with digital twin technologies provides a com-
prehensive framework for evaluating enterprise pro-
cesses and identifying deviations in a timely manner.

From a broader perspective, digital transformation
in accounting and auditing contributes to improved ef-
ficiency, transparency, and accountability within or-
ganizations. International research highlights that the
adoption of advanced digital tools supports more effec-
tive resource management and enhances the strategic
role of accounting and auditing functions
(Yerdavletova & Bimendiyeva, 2024). However, the
transition to digital models also presents significant
challenges, including technological complexity, regu-
latory adaptation, and the need for new professional
competencies.

The aim of this article is to analyze the key dimen-
sions of digital transformation in accounting and audit-
ing, identify its practical implications, and assess its im-
pact on organizational performance. The study synthe-
sizes recent academic findings and professional
insights to provide a structured understanding of how
digital technologies reshape accounting and auditing
practices. The article is organized as follows: the next
section discusses the theoretical foundations of digital
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transformation, followed by an analysis of digitaliza-
tion in accounting systems, changes in auditing prac-
tices, sector-specific applications, and the challenges
and future directions of digital accounting and auditing.

Theoretical foundations of digital transfor-
mation

Digital transformation is commonly understood as
a multidimensional process that involves the integra-
tion of digital technologies into all areas of organiza-
tional activity, fundamentally altering how value is cre-
ated and delivered. In the context of accounting and au-
diting, digital transformation extends beyond the
adoption of new software solutions and encompasses
changes in processes, structures, and professional roles.

Reis et al. (2018) conceptualize digital transfor-
mation as a strategic phenomenon driven by technolog-
ical innovation, organizational change, and external en-
vironmental factors. Their framework emphasizes that
successful digital transformation requires alignment
between technological capabilities and organizational
objectives. Applied to accounting and auditing, this
perspective suggests that digital tools must be embed-
ded within coherent governance and control systems to
generate sustainable benefits.

Recent studies highlight that digital transfor-
mation in accounting is closely associated with the in-
creasing use of integrated information systems, auto-
mation technologies, and data analytics. Sampaio and
Silva (2025) argue that automation and artificial intel-
ligence enhance the efficiency and accuracy of ac-
counting processes while enabling accountants to focus
on analytical and advisory functions. This shift reflects
a broader transformation of the accounting profession
from transaction-oriented activities to value-added ser-
vices.

Auditing theory has similarly evolved in response
to digitalization. The availability of large volumes of
structured and unstructured data has given rise to new
audit methodologies based on continuous monitoring
and advanced analytics. Vasarhelyi et al. (2015) under-
line that big data technologies expand the scope of audit
evidence and support more comprehensive risk assess-
ments. As a result, auditing is increasingly character-
ized by ongoing assurance rather than periodic evalua-
tions.

The theoretical foundations of digital transfor-
mation in accounting and auditing thus rest on the in-
teraction between technological innovation, organiza-
tional adaptation, and professional judgment. Under-
standing these foundations is essential for analyzing
how digitalization reshapes accounting systems and au-
dit practices, as well as for addressing the challenges
associated with the implementation of digital solutions
in diverse organizational contexts.

Digitalization of accounting systems

The digitalization of accounting systems repre-
sents one of the core components of digital transfor-
mation in financial management. Traditional account-
ing systems, which were primarily based on manual
data entry and periodic reporting, are increasingly be-
ing replaced by automated and integrated digital plat-
forms. These systems enable real-time data processing,

reduce human error, and improve the consistency and
reliability of accounting information.

One of the most significant outcomes of account-
ing digitalization is the automation of routine account-
ing operations. According to Sampaio and Silva (2025),
automation technologies significantly reduce the time
required for data processing and reconciliation, while
simultaneously increasing the accuracy of financial rec-
ords. Automated accounting systems allow enterprises
to standardize accounting procedures and ensure com-
pliance with internal and external reporting require-
ments.

The implementation of enterprise resource plan-
ning (ERP) systems has further accelerated the digital
transformation of accounting. ERP-based accounting
systems integrate financial data with operational, logis-
tical, and managerial information, creating a unified in-
formation environment. lonescu and Barna (2021) em-
phasize that ERP systems enhance transparency and
traceability by linking accounting entries directly to un-
derlying business processes. This integration supports
more effective internal control and facilitates timely
managerial decision-making.

Digital accounting systems also play a critical role
in improving the quality of financial information. Real-
time data availability enables organizations to generate
up-to-date financial reports and performance indica-
tors, which are essential in dynamic and competitive
environments. Pashayeva (2024) notes that in telecom-
munication enterprises, digital accounting systems sup-
port the processing of large transaction volumes and
complex revenue streams, thereby strengthening the ac-
curacy and reliability of financial reporting. Moreover,
challenges in implementing digital accountability
frameworks in communication services highlight the
need for careful design and integration of digital report-
ing mechanisms into existing accounting systems, en-
suring both operational efficiency and regulatory com-
pliance (Pashayeva, 2024, April)

From a broader perspective, accounting digitaliza-
tion contributes to enhanced organizational efficiency
and accountability. Yerdavletova and Bimendiyeva
(2024) argue that digital accounting systems improve
resource management by providing comprehensive and
timely information for planning and control. However,
the successful implementation of digital accounting so-
lutions requires substantial investments in technology,
data governance, and professional training. Without ad-
equate organizational readiness, digitalization initia-
tives may fail to deliver their expected benefits.

Overall, the digitalization of accounting systems
constitutes a fundamental shift in the way financial in-
formation is generated, processed, and utilized. This
transformation lays the foundation for advanced audit-
ing practices and supports the transition toward more
transparent and data-driven organizational models.

Transformation of auditing practices

The transformation of auditing practices is closely
linked to the digitalization of accounting systems and
the increasing availability of data. Traditional audit ap-
proaches, which relied on sample-based testing and pe-
riodic inspections, are gradually being replaced by
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technology-enabled models that emphasize continuous
monitoring and comprehensive data analysis.

One of the most notable developments in this area
is the emergence of continuous auditing. Continuous
auditing refers to the use of automated procedures and
real-time data access to provide ongoing assurance on
financial and operational information. Pashayeva
(2025) highlights that continuous auditing enhances au-
dit effectiveness by enabling timely identification of
risks, errors, and irregularities. This approach allows
auditors to move from retrospective verification to pro-
active risk management.

The application of big data technologies has fur-
ther transformed audit methodologies. Vasarhelyi et al.
(2015) emphasize that big data analytics expands the
scope of audit evidence by incorporating large volumes
of structured and unstructured data. Advanced analyti-
cal tools enable auditors to detect patterns, anomalies,
and trends that may not be observable through tradi-
tional audit techniques. As a result, audit quality and
reliability are significantly improved.

Digitalization also affects the role and competen-
cies of auditors. As auditing becomes more technology-
driven, auditors are required to develop new skills in
data analytics, information systems, and digital risk as-
sessment. Quraishi et al. (2025) argue that the impact
of digitalization on auditing is particularly significant
in developing economies, where digital tools can en-
hance audit coverage and strengthen institutional ac-
countability.

Sector-specific studies demonstrate that digital au-
diting practices are especially relevant in industries
characterized by complex processes and high data in-
tensity. Pashayeva (2025) shows that in telecommuni-
cation enterprises, the integration of digital auditing
tools supports more effective control over revenue as-
surance, operational efficiency, and regulatory compli-
ance. These findings confirm that digital transfor-
mation fundamentally reshapes the objectives, meth-
ods, and outcomes of auditing.

Despite its advantages, the digital transformation
of auditing also presents challenges, including data se-
curity risks, regulatory uncertainty, and resistance to
change. Addressing these challenges requires coordi-
nated efforts by enterprises, auditors, and regulators to
ensure that digital auditing practices are both effective
and trustworthy.

Digital Twin and advanced technologies in ac-
counting and auditing

Advanced digital technologies have become inte-
gral to the transformation of accounting and auditing
systems, enabling organizations to move toward more
predictive, transparent, and adaptive models of finan-
cial control. Among these technologies, the concept of
the digital twin has gained increasing attention as an in-
novative tool for enhancing both accounting and audit-
ing practices.

A digital twin can be defined as a virtual represen-
tation of physical assets, processes, or systems that is
continuously updated using real-time data. In the con-
text of accounting and auditing, digital twin technology
allows organizations to model financial and operational
processes, simulate alternative scenarios, and monitor

performance dynamically. Pashayeva (2025) empha-
sizes that the integration of digital twin models with
continuous auditing frameworks enables auditors to as-
sess enterprise activities in real time and identify devi-
ations from expected patterns more effectively.

The implementation of digital accountability prin-
ciples is critical for ensuring that the integration of dig-
ital twin models aligns with regulatory and organiza-
tional reporting standards, enhancing transparency and
audit reliability (Pashayeva, 2024, April) The applica-
tion of digital twin technology extends the traditional
boundaries of accounting information systems. By link-
ing financial data with operational indicators, digital
twins provide a holistic view of enterprise performance.
This integration enhances the relevance of accounting
information for managerial decision-making and strate-
gic planning. Pashayeva (2024) argues that in commu-
nication enterprises, where service delivery processes
are complex and highly automated, digital twin-based
accounting systems support more accurate cost alloca-
tion and revenue recognition.

In auditing, digital twin technology complements
big data analytics and continuous auditing approaches.
As noted by Vasarhelyi et al. (2015), advanced analyt-
ical tools improve the auditor’s ability to process large
datasets and identify anomalies. When combined with
digital twins, these tools enable auditors to compare ac-
tual performance with simulated benchmarks, thereby
strengthening risk assessment and audit planning. This
approach reduces reliance on historical data and sup-
ports forward-looking assurance.

Artificial intelligence and automation further en-
hance the effectiveness of digital accounting and audit-
ing systems. Sampaio and Silva (2025) highlight that
Al-driven tools support automated classification,
anomaly detection, and predictive analysis, contrib-
uting to higher audit quality and efficiency. However,
the adoption of such technologies also raises concerns
related to data governance, model transparency, and
professional judgment. Effective implementation there-
fore requires clear regulatory frameworks and robust
internal controls.

Overall, the integration of digital twin technology
and advanced digital tools represents a significant ad-
vancement in accounting and auditing practices. These
technologies enable organizations to move toward
more proactive, data-driven, and resilient financial
management models, while also posing new challenges
that must be carefully addressed.

Digital transformation in telecommunication
enterprises

Telecommunication enterprises represent a partic-
ularly relevant context for analyzing digital transfor-
mation in accounting and auditing due to their high
level of technological complexity, extensive infrastruc-
ture, and large volumes of transactional data. The rapid
growth of digital services and customer interactions in
this sector necessitates advanced accounting and audit-
ing solutions capable of ensuring transparency, effi-
ciency, and regulatory compliance.

Digital transformation in telecommunication ac-
counting is primarily driven by the need to process and
analyze large-scale data generated by diverse service
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offerings. Pashayeva (2024) demonstrates that the dig-
italization of accounting systems in mobile communi-
cation services enables more accurate revenue recogni-
tion, improved cost control, and enhanced financial re-
porting.  Integrated digital platforms allow
telecommunication enterprises to consolidate financial
and operational data, thereby improving the con-
sistency and reliability of accounting information.

Auditing practices in telecommunication enter-
prises have also undergone significant transformation.
Traditional audit approaches are often insufficient to
address the complexity and speed of operations in this
sector. Pashayeva (2025) highlights that the adoption of
continuous auditing and digital twin technologies en-
hances audit coverage and supports real-time monitor-
ing of key risk areas. This approach is particularly ef-
fective in addressing issues related to revenue assur-
ance, fraud prevention, and compliance with regulatory
requirements.

International experience further confirms the im-
portance of digitalization in enhancing the effective-
ness of accounting and auditing in telecommunication
enterprises. Pashayeva (2024) and Yerdavletova and
Bimendiyeva (2024) note that digital accounting and
auditing systems contribute to improved resource man-
agement and operational efficiency by providing timely
and comprehensive information for decision-making.
These findings are consistent with broader international
research on the impact of digital transformation on or-
ganizational performance.

Despite its benefits, digital transformation in tele-
communication enterprises also presents specific chal-
lenges. These include the integration of legacy systems,
data security risks, and the need for specialized profes-
sional competencies. Quraishi et al. (2025) argue that
addressing these challenges requires a coordinated ap-
proach involving technological investment, regulatory
support, and continuous professional development.

In summary, telecommunication enterprises illus-
trate the transformative potential of digital accounting
and auditing systems. The sector’s experience demon-
strates how advanced digital technologies can enhance
transparency, efficiency, and accountability, while also
highlighting the importance of strategic planning and
effective governance in managing digital transfor-
mation.

Impact of digitalization on efficiency and trans-
parency

Digitalization has a transformative impact on the
efficiency and transparency of accounting and auditing
systems by reshaping how financial information is gen-
erated, processed, and communicated. The integration
of digital technologies enables organizations to move
away from fragmented, manual procedures toward au-
tomated, real-time, and data-driven financial manage-
ment models. This transformation significantly en-
hances the operational effectiveness of accounting
functions and strengthens the transparency of financial
reporting and assurance processes.

Table 1.

Impact of digital accounting and auditing tools on efficiency and transparency

Tool Efficiency Im- Transparency Accounting Implica- Auditing Implica-
pact Impact tions tions
Accounting auto- High Medium Faster processing, Reliable supporting
mation fewer errors data
ERP systems High High Integrated reporting Strong audit trail
Continuous audit- Medium Very High Ongoing data access Risk-based assurance
ing
Big data analytics High High Data-driven decisions Enhanced anomaly
detection
Digital twin Medium High Cost allocation & simu- Predictive audits

lation

Source: Combined application of these tools maximizes both efficiency and transparency, especially in data-
intensive sectors like telecommunications (Pashayeva, 2024; Pashayeva, 2025).

Analysis and evaluation

The data presented in Table 1 illustrate the differ-
entiated impact of key digital tools on efficiency and
transparency within accounting and auditing systems.
Accounting automation demonstrates a pronounced ef-
fect on operational efficiency by significantly reducing
the time and effort required for repetitive tasks such as
data entry, reconciliation, and routine reporting. This
reallocation of human resources allows accountants to
engage in higher-order analytical and strategic activi-
ties, thereby enhancing the overall agility and respon-
siveness of the accounting function (Sampaio & Silva,
2025). However, while automation standardizes pro-
cesses and reduces error rates, its direct contribution to
transparency remains moderate. The full potential for
improved transparency is realized only when auto-
mated procedures are integrated into broader digital

platforms, which provide comprehensive traceability
and audit trails.

ERP systems amplify both efficiency and trans-
parency by integrating financial, operational, and man-
agerial information into a unified platform. Such inte-
gration eliminates data redundancies, accelerates re-
porting workflows, and ensures consistency across
organizational records, which is critical in high-volume
and data-intensive sectors (lonescu & Barna, 2021). By
linking accounting entries to corresponding operational
activities, ERP systems enhance the traceability of
transactions, facilitating more effective internal con-
trols and simplifying audit verification. In this context,
the adoption of ERP platforms not only improves the
speed and accuracy of accounting processes but also re-
inforces the reliability and accessibility of financial
data for auditors and regulators.
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Continuous auditing offers transformative im-
provements in transparency by enabling real-time mon-
itoring of financial and operational activities
(Pashayeva, 2025). Unlike traditional periodic audits,
continuous auditing provides ongoing assurance and al-
lows for proactive risk identification and timely correc-
tive action. Although its efficiency gains are moderate
compared to automation or ERP integration, the strate-
gic value of continuous auditing lies in its ability to
convert auditing into a forward-looking, risk-based
function, which is particularly relevant in complex and
rapidly evolving sectors such as telecommunications.

Big data analytics contributes substantially to both
efficiency and transparency by allowing organizations
to process large, heterogeneous datasets with speed and
precision. These capabilities facilitate predictive analy-
sis, anomaly detection, and informed decision-making,
thereby expanding the analytical depth of both account-
ing and auditing functions (Vasarhelyi et al., 2015).
The effectiveness of big data, however, is contingent on
data quality and professional expertise, emphasizing
the need for skilled personnel and robust governance
frameworks.

Digital twin technology provides a virtual, real-
time representation of enterprise processes, enabling
simulation, scenario analysis, and predictive monitor-
ing (Pashayeva, 2024). While the efficiency impact of
digital twins is moderate due to implementation com-
plexity, the technology markedly enhances transpar-
ency by allowing managers and auditors to observe de-
viations between actual and modeled performance. In
telecommunication enterprises, digital twin integration
supports accurate cost allocation, scenario-based plan-
ning, and predictive auditing, thus reinforcing both op-
erational control and audit quality.

Collectively, the analysis demonstrates that the
application of these digital tools in isolation produces
incremental benefits, but the synergistic integration of
automation, ERP, continuous auditing, big data analyt-
ics, and digital twin technologies generates com-
pounded improvements in both efficiency and transpar-
ency. In sectors with high transaction volumes and data
complexity, such as telecommunications, this inte-
grated approach ensures reliable revenue recognition,
robust internal control, and enhanced regulatory com-
pliance (Pashayeva, 2024, 2025). Consequently, the
findings underscore the necessity of a holistic, strategi-
cally aligned digital transformation that encompasses
technological investment, professional competency de-
velopment, and organizational change management.
Such a comprehensive approach maximizes the bene-
fits of digitalization, strengthens the strategic role of ac-
counting and auditing, and supports evidence-based de-
cision-making in contemporary enterprises.

Challenges and risks of digital transformation

Despite its significant benefits, digital transfor-
mation in accounting and auditing is accompanied by a
range of challenges and risks that must be carefully
managed. These challenges arise from technological,
organizational, regulatory, and professional factors,
and they can undermine the effectiveness of digitaliza-
tion initiatives if not adequately addressed.

Technological complexity represents one of the
most prominent challenges. The implementation of ad-
vanced digital systems, such as ERP platforms, big data
analytics, and digital twin technologies, requires sub-
stantial financial investment and technical expertise.
Pashayeva (2024) highlights that in communication en-
terprises, the integration of new digital solutions with
existing legacy systems often poses significant difficul-
ties, leading to implementation delays and increased
costs.

Data security and privacy risks are also critical
concerns in digital accounting and auditing environ-
ments. The increasing reliance on digital platforms and
real-time data exchange exposes organizations to cy-
bersecurity threats and unauthorized data access.
Vasarhelyi et al. (2015) emphasize that the use of large
datasets in auditing requires robust data governance
frameworks to ensure data integrity, confidentiality,
and reliability. Failure to address these risks may com-
promise the credibility of financial information and au-
dit outcomes.

Organizational resistance to change constitutes
another major barrier to digital transformation. The
adoption of digital accounting and auditing systems of-
ten necessitates changes in workflows, responsibilities,
and professional roles. Quraishi et al. (2025) note that
in developing country contexts, limited digital literacy
and resistance from personnel can slow the pace of dig-
italization and reduce its effectiveness. Addressing this
challenge requires targeted training programs and
strong leadership support.

Regulatory and standard-setting issues further
complicate the digital transformation of accounting and
auditing. Existing accounting and auditing standards
may not fully accommodate digital processes, continu-
ous auditing models, or advanced analytical techniques.
Sampaio and Silva (2025) argue that regulatory frame-
works must evolve to provide clear guidance on the use
of digital technologies while preserving the principles
of professional judgment and accountability.

In summary, while digital transformation offers
substantial opportunities for improving accounting and
auditing practices, it also introduces complex chal-
lenges and risks. Effective management of these issues
requires a holistic approach that combines technologi-
cal innovation, organizational change, regulatory adap-
tation, and continuous professional development.

Discussion

The analysis presented in this study demonstrates
that digital transformation fundamentally reshapes ac-
counting and auditing practices by redefining pro-
cesses, professional roles, and control mechanisms.
The reviewed literature consistently highlights that dig-
italization is not merely a technological upgrade but a
comprehensive organizational transformation that af-
fects information flows, decision-making structures,
and assurance models.

One of the central findings of this discussion is the
convergence between accounting digitalization and the
transformation of auditing methodologies. As account-
ing systems become increasingly automated and data-
driven, auditing practices evolve toward continuous
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and analytical models. The integration of real-time ac-
counting data into audit processes enhances audit rele-
vance and timeliness, as emphasized by Pashayeva
(2025). This convergence supports a more proactive ap-
proach to risk identification and internal control evalu-
ation.

Another important aspect concerns the growing
role of advanced technologies, such as big data analyt-
ics and digital twin models. The literature indicates that
these technologies significantly expand the analytical
capacity of both accounting and auditing systems.
Vasarhelyi et al. (2015) and Sampaio and Silva (2025)
underline that data-intensive technologies enable audi-
tors and accountants to move beyond descriptive re-
porting toward predictive and prescriptive analysis.
However, this shift also increases dependence on data
quality, system reliability, and professional judgment.

Sector-specific evidence, particularly from tele-
communication enterprises, further enriches the discus-
sion. Studies by Pashayeva (2024, 2025) show that dig-
ital transformation is especially critical in sectors char-
acterized by complex operations and high transaction
volumes. In such environments, digital accounting and
auditing systems support effective revenue assurance,
transparency, and regulatory compliance. These find-
ings are consistent with international research on digi-
talization in accounting and auditing within both devel-
oped and developing economies (Quraishi et al., 2025;
Yerdavletova & Bimendiyeva, 2024).

At the same time, the discussion highlights persis-
tent challenges related to digital transformation. Tech-
nological complexity, cybersecurity risks, regulatory
gaps, and skill shortages remain significant barriers to
effective implementation. The literature suggests that
addressing these challenges requires coordinated ef-
forts at the organizational, professional, and regulatory
levels. Digital transformation, therefore, should be
viewed as an ongoing and adaptive process rather than
a one-time initiative.

Overall, the discussion confirms that digital trans-
formation enhances the strategic importance of ac-
counting and auditing while simultaneously raising
new questions regarding governance, ethics, and pro-
fessional responsibility. These issues warrant continued
academic attention and practical experimentation.

Conclusion

This article has examined the key dimensions of
digital transformation in accounting and auditing, fo-
cusing on its theoretical foundations, practical applica-
tions, and organizational implications. Based exclu-
sively on recent academic literature, the study demon-
strates that digital transformation represents a
fundamental shift in the way accounting and auditing
functions operate within modern enterprises.

The findings indicate that digitalization signifi-
cantly improves the efficiency, accuracy, and transpar-
ency of accounting systems by enabling automation,
real-time data processing, and integrated information
environments. In auditing, the adoption of continuous
auditing models, big data analytics, and digital twin
technologies enhances audit quality and supports pro-
active risk management. These developments

strengthen the role of accounting and auditing as stra-
tegic tools for organizational governance and decision-
making.

At the same time, the study highlights that the ben-
efits of digital transformation are contingent upon ef-
fective implementation and governance. Technological
investments must be accompanied by organizational
change, regulatory adaptation, and the development of
professional competencies. Without these complemen-
tary measures, digitalization initiatives may fail to de-
liver sustainable improvements.

The analysis of telecommunication enterprises il-
lustrates both the transformative potential and the prac-
tical challenges of digital accounting and auditing. The
sector’s experience confirms that advanced digital tools
can enhance transparency and accountability in com-
plex operational environments. These insights are par-
ticularly relevant for developing economies seeking to
modernize their financial management systems.

In conclusion, digital transformation in accounting
and auditing is an inevitable and multifaceted process
that reshapes professional practices and organizational
structures. Future research should further explore the
long-term implications of digitalization, including its
impact on professional ethics, regulatory frameworks,
and the evolving role of accountants and auditors in the
digital economy.
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Abstract

This study empirically evaluates the determinants of the shadow economy in selected Southern European
Union countries over the 2013-2023 period using the MIMIC (Multiple Indicators Multiple Causes) model. Since
the shadow economy is considered a latent economic phenomenon that cannot be directly observed, identifying its
structural determinants is important for both the academic literature and economic policymaking. The study sample
includes Cyprus, Croatia, Greece, Italy, Malta, Spain, Portugal, and Slovenia. In the model, unemployment and
population growth are used as causal variables, while self-employment is employed as the indicator variable.

The empirical findings indicate that unemployment has a positive and statistically significant relationship
with the shadow economy, suggesting that constraints in the formal labor market may encourage a shift toward
informal economic activity. In contrast, population growth demonstrates a negative and statistically significant
effect, implying that more favorable demographic dynamics may be associated with greater formal economic ac-
tivity. Comparative cross-country results reveal substantial heterogeneity within the region; while Greece and Italy

exhibit higher latent shadow economy index values, Cyprus and Malta display relatively lower levels.
The findings suggest that reducing the shadow economy should not be approached solely through fiscal con-
trol measures, but rather through an integrated policy framework that also incorporates labor market reforms and

broader structural economic policies.

Keywords: Shadow economy, MIMIC model, Informal economic activity, Southern European Union, Eco-

nomic determinants

Introduction

The shadow economy remains one of the most
persistent and conceptually contested phenomena in
contemporary economic analysis. Although the litera-
ture provides a range of definitions, the prevailing con-
sensus describes the shadow economy as economic ac-
tivity that generates value while remaining partially or
wholly unrecorded in official national accounts; such
activities typically occur outside the scope of taxation,
labor market regulation, and institutional oversight
[21]. The enduring nature of this phenomenon presents
significant challenges for both economic analysis and
policymaking [14]. On the one hand, particularly dur-
ing periods of limited opportunities in the formal labor
market, informal economic activity may serve as an es-
sential mechanism for household survival and income
generation. On the other hand, persistent informality
undermines tax collection, distorts market competition,
diminishes the effectiveness of regulatory institutions,
and complicates macroeconomic governance. From
this perspective, the shadow economy should be under-
stood not merely as a set of activities absent from offi-
cial statistical records, but as a structural economic
challenge with far-reaching implications for fiscal sus-
tainability, labor market efficiency, and institutional
trustworthiness.

The scale and characteristics of the shadow econ-
omy are unevenly distributed across regions. While the

advanced economies of Northern Europe have gener-
ally maintained stronger institutional control over in-
formal economic activity, Southern European countries
have exhibited more persistent informal economic
structures. The literature has proposed several struc-
tural explanations for this divergence, including high
unemployment, fragmented labor markets, bureaucratic
inefficiency, rigid regulatory frameworks, and cross-
country differences in tax compliance culture. The sov-
ereign debt crisis that unfolded after 2008 further exac-
erbated these structural vulnerabilities. In particular, in
economies such as Greece, Italy, Spain, and Portugal,
fiscal consolidation pressures coincided with deterio-
rating labor market conditions and declining household
purchasing power. Although some degree of macroeco-
nomic recovery was observed in subsequent years, the
labor market instability and institutional distrust that
emerged during the crisis persisted to a meaningful ex-
tent.

Southern Europe constitutes a particularly com-
pelling case for analytical inquiry, as the region simul-
taneously reflects economic integration and pro-
nounced structural heterogeneity. Although these coun-
tries share membership in the European Union,
common regulatory frameworks, and broad mecha-
nisms of macroeconomic coordination, they differ sig-
nificantly in terms of labor market performance, demo-
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graphic dynamics, economic structure, and administra-
tive capacity. For example, Greece has long been iden-
tified in both empirical scholarship and policy dis-
course as an economy characterized by a comparatively
large shadow sector. By contrast, smaller economies
such as Malta and Cyprus warrant separate analytical
consideration owing to their service-oriented economic
structures and distinct regulatory environments. This
internal heterogeneity underscores the limitations of
treating the region as a homogeneous category; a com-
parative cross-country empirical analysis is therefore
essential for identifying and understanding the determi-
nants of the shadow economy.

The existing academic literature has generated im-
portant insights into the determinants of informal eco-
nomic activity. Traditional explanatory frameworks
emphasize tax burden, regulatory costs, unemploy-
ment, and institutional weakness as the principal driv-
ers of shadow economic activity [22]. More recent
scholarship has broadened this perspective to incorpo-
rate factors such as governance quality, demographic
pressures, labor market dualism, and processes of eco-
nomic transformation [14]. Nevertheless, important
gaps remain in the literature. A substantial proportion
of existing studies relies on large cross-country samples
which, while yielding broadly generalizable findings,
often do so at the expense of regional specificity. Con-
versely, some studies focus narrowly on single-country
cases, thereby limiting the scope for comparative inter-
pretation. Although Southern European countries are
frequently represented in broader OECD and European
datasets, comparative studies specifically centered on
this region and employing latent variable modeling
frameworks remain relatively scarce.

From a methodological perspective, measuring the
shadow economy has long posed a substantial chal-
lenge, given that the phenomenon is inherently not di-
rectly observable. Direct measurement approaches,
such as surveys and tax audits, are frequently con-
strained by data concealment, incomplete reporting,
and limited cross-country comparability. Conse-
quently, indirect estimation methods have become
more widely adopted in the academic literature. Among
these, the Multiple Indicators Multiple Causes
(MIMIC) model is one of the most widely employed
approaches for conceptualizing and estimating the
shadow economy as a latent construct [20]. By model-
ing the unobserved shadow economy through observa-
ble economic indicators and structural determinants,
this approach offers a theoretically grounded response
to the measurement problem while providing a robust
framework for comparative empirical analysis.

This study employs the MIMIC methodology to
examine the determinants of the shadow economy in
selected Southern European member states of the Euro-
pean Union over the period 2013-2023. The sample in-
cludes Croatia, Cyprus, Greece, Italy, Malta, Portugal,
Slovenia, and Spain. This period is analytically signifi-
cant for several reasons, as it encompasses the post-
sovereign debt crisis adjustment phase, the subsequent
economic recovery, and the economic disruptions asso-
ciated with the COVID-19 pandemic. It therefore pro-
vides a valuable context for observing the behavior of

the shadow economy under varying structural eco-
nomic conditions. In the empirical specification, unem-
ployment and population growth are included as causal
variables, while self-employment serves as the observ-
able indicator of the latent shadow economy.

This study makes three principal contributions to
the literature. First, it addresses the gap between highly
aggregated international analyses and single-country
studies by providing a comparative regional assessment
centered on Southern Europe. Second, it extends the
empirical application of latent variable modeling within
a European regional context characterized by signifi-
cant economic and institutional heterogeneity. Third,
by linking labor market and demographic structural
variables to the level of the shadow economy, it offers
empirical evidence relevant to policy debates concern-
ing economic formalization, labor market resilience,
and fiscal governance [1].

Literature review. Conceptual background of
the shadow economy

The shadow economy remains one of the most ex-
tensively debated and conceptually complex constructs
in economic theory. This complexity stems not only
from the widespread prevalence of the phenomenon
across economic systems, but also from the absence of
a universally accepted conceptual boundary across
competing theoretical frameworks. While some schol-
ars define the shadow economy narrowly as economic
activity concealed from tax authorities, others adopt a
broader interpretation encompassing activities con-
ducted outside labor market regulations, social protec-
tion systems, and administrative oversight. From this
perspective, the shadow economy should not be under-
stood merely as an issue of tax evasion; rather, it con-
stitutes a structural phenomenon closely linked to eco-
nomic formalization, institutional trust, and state gov-
ernance capacity [3].

One of the most widely cited conceptual frame-
works was proposed by Schneider and Enste (2000),
who define the shadow economy as all legal production
and service activities that generate economic value yet
remain unrecorded in the official statistical system [5].
Although this framework has been widely adopted in
empirical research, some scholars have argued that its
conceptual boundaries may be excessively broad. For
example, grouping informal labor activity, unregistered
small enterprises, family-based informal production,
and partially concealed income-generating activities
within a single analytical category may generate theo-
retical ambiguity in certain contexts. Nevertheless,
within the empirical economics literature, the shadow
economy is generally treated as a pragmatic construct
referring to income-generating activities occurring out-
side the formal regulatory framework [4].

The theoretical literature on the emergence of the
shadow economy has developed primarily along two
major explanatory perspectives. The first is grounded
in rational choice economics and argues that individu-
als shift from the formal to the informal sector as tax
burdens, regulatory costs, and administrative barriers
increase. Under this view, informal economic activity
represents a rational response by economic actors to the
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costs and constraints imposed by the formal institu-
tional environment [22]. The second adopts an institu-
tional perspective, emphasizing that informal economic
activity is shaped not only by economic incentives, but
also by trust in public institutions, governance quality,
and patterns of normative compliance. Within this
framework, the shadow economy is interpreted not
merely as a market response, but also as a manifestation
of institutional weakness.

Labor market theory likewise provides an im-
portant explanatory framework for understanding the
shadow economy. Rising unemployment, the expan-
sion of precarious employment, and limited access to
formal employment opportunities may push individuals
toward informal economic activity. Particularly during
periods of economic crisis, the shadow economy may
function as an adaptive adjustment mechanism. From
this perspective, the informal sector is not simply a by-
product of tax evasion, but may also represent a broader
socioeconomic response to labor market failures. This
interpretation is particularly relevant in the Southern
European context, where persistently high unemploy-
ment, youth labor market exclusion, and structural la-
bor market instability have long constituted defining
economic challenges.

Although the relationship between demographic
variables and the shadow economy has received com-
paratively limited attention, scholarly interest in this di-
mension has grown in recent years. Population growth,
migration, demographic aging, and changes in the com-
position of the working-age population may influence
the balance between formal and informal economic ac-
tivity. In some contexts, a growing and dynamic popu-
lation may strengthen economic formalization through
labor market expansion and rising consumer demand.
Conversely, an aging and contracting population may
alter the structure of economic activity and reinforce
particular forms of informal employment. Although the
literature has not yet reached a clear consensus on these
dynamics, demographic factors are increasingly recog-
nized as secondary but meaningful determinants of the
shadow economy.

Empirical evidence from previous studies

Empirical research has produced extensive, albeit
not entirely uniform, evidence regarding the size and
determinants of the shadow economy. Early studies pri-
marily emphasized the role of tax burden and state reg-
ulation in shaping informal economic activity. In his
analysis of the United States, demonstrated that higher
tax burdens and fiscal pressures were associated with
the expansion of informal economic activity. Subse-
quent research extended this analytical framework to
the international level [22].

Cross-country studies by Schneider et al. found
that the shadow economy is systematically associated
with institutional weakness, elevated tax burdens, and
labor market instability [20]. Their findings suggest
that even in advanced economies, the shadow economy
does not disappear entirely; rather, its scale and struc-
tural composition evolve. The comprehensive interna-
tional analysis conducted by Medina and Schneider
broadly reinforces these conclusions, demonstrating
that informal economic activity is systematically linked

to structural economic characteristics and governance
quality [14].

Labor market determinants have consistently
emerged as particularly important explanatory varia-
bles. High unemployment rates have been associated
with the expansion of informal economic activity
across numerous empirical studies. This relationship
appears especially pronounced during periods of eco-
nomic crisis and structural transformation, when indi-
viduals excluded from formal employment may in-
creasingly rely on informal income-generating activi-
ties. However, some scholars have noted that this
relationship is not necessarily linear, arguing that the
effect may be attenuated in economies characterized by
stronger social protection systems.

Empirical studies in the European context likewise
provide important insights. Herwartz et al. identified
significant regional disparities in the shadow economy
across Europe, indicating that institutional quality and
economic structure generate substantial variation even
within national economies [8]. Using a MIMIC frame-
work for Germany, Buehn demonstrated that informal
economic activity is closely associated with regional
economic determinants [2]. These findings further
strengthened the methodological credibility of latent
variable approaches in shadow economy research.

Although empirical studies specifically addressing
Southern Europe do exist, they have predominantly
adopted single-country analytical perspectives. Greece
and Italy, in particular, are frequently identified in the
literature as economies characterized by comparatively
high levels of informal economic activity. Commonly
cited explanations include persistent tax non-compli-
ance, weak enforcement mechanisms, elevated self-
employment rates, and fragmented economic struc-
tures. In the cases of Spain and Portugal, scholarly dis-
cussion has focused on the effects of post-crisis labor
market reforms on informal economic activity. Never-
theless, comparative studies evaluating the region’s
major economies within a unified methodological
framework remain relatively scarce.

From a methodological perspective, the MIMIC
approach remains one of the dominant empirical tools
in the shadow economy literature. Given the inherent
challenges of direct measurement, latent variable mod-
els are widely regarded as practical and theoretically
coherent alternatives. However, this methodology is
not without criticism. Some researchers have empha-
sized that model estimates are sensitive to the choice of
indicators and determinants. Nevertheless, for compar-
ative regional analysis and the evaluation of structural
determinants, the MIMIC approach continues to repre-
sent one of the most effective empirical frameworks
available.

Research gap and contribution

Although the existing literature has established a
substantial body of knowledge concerning the determi-
nants of the shadow economy, several important gaps
remain. The first relates to regional specificity. While
large-scale international studies provide valuable gen-
eralizable insights, they may not adequately capture
structural heterogeneity within specific regions. This
limitation is particularly pronounced in regions such as
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Southern Europe, where countries operate within a
broadly shared institutional framework while exhibit-
ing considerable economic heterogeneity.

The second gap concerns the absence of a suffi-
ciently developed comparative regional research de-
sign. A substantial proportion of existing studies either
focus on single-country cases or treat Southern Europe
as a minor subgroup within broader European datasets.
As a result, the systematic analysis of intra-regional
variation remains limited [23].

The third gap relates to determinant selection. Alt-
hough unemployment and fiscal variables have been
extensively examined, the relationship between demo-
graphic dynamics and the shadow economy remains
comparatively underexplored. In particular, the con-
nection between population growth and economic for-
malization has yet to receive sufficient empirical clari-
fication.

This study seeks to address these gaps directly. By
providing a comparative MIMIC analysis of selected
Southern European member states of the European Un-
ion, it develops a more regionally focused empirical
framework for examining shadow economy dynamics.
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At the same time, by evaluating the effects of labor
market and demographic determinants on the latent
shadow economy construct, the study contributes to
both methodological advancement and policy-oriented
debate [24].

Data and methodology. Data description and
sample selection

This study employs a balanced panel dataset to
empirically examine the determinants of the shadow
economy in selected Southern European member states
of the European Union. The sample comprises Croatia,
Cyprus, Greece, Italy, Malta, Portugal, Slovenia, and
Spain. The selection of these countries was deliberate
and informed by considerations of regional relevance,
economic comparability, and data availability. Alt-
hough all are members of the European Union and
therefore operate within broadly shared institutional
and regulatory frameworks, they exhibit substantial
variation in labor market performance, economic struc-
ture, demographic dynamics, and levels of economic
formalization. These differences provide an appropriate
analytical setting for comparative regional investiga-
tion.

9,30%

I 8%

Italy Malta Spain PortugalSlovenia

Figure 1. Shadow Economy Size (% of GDP) in in selected Southern European) countries (2023)

Analyses show that in recent years the share of the
shadow economy in GDP has been increasing in some
European countries. For example, in Greece this figure
was 12%, in Croatia and Portugal 9.3%, and in Slovenia
8%. Although serious measures have been taken in this
area at the state level, the problems have not yet been
eliminated (Figure 1).

Source: https://www.ey.com/content/dam/ey-uni-
fied-site/ey-com/en-gl/insights/tax/documents/ey-gl-
shadow-economy-report-02-2025.pdf

The study covers the period 2013-2023. The se-
lection of this time frame is justified on both methodo-
logical and economic grounds. First, it captures the
post-adjustment phase following the European sover-
eign debt crisis that emerged after 2008, thereby ena-
bling the observation of structural economic changes,
particularly within Southern European economies. Sec-
ond, the period encompasses the economic disruptions
associated with the COVID-19 pandemic and their ef-
fects on labor markets and broader economic activity.
Accordingly, the selected temporal framework allows
for the examination of shadow economy dynamics un-
der varying macroeconomic conditions, spanning both

the post-crisis recovery phase and a subsequent period
of renewed economic uncertainty.

The data were collected from internationally rec-
ognized open-access macroeconomic sources. Varia-
ble-specific information was obtained primarily from
the World Bank and related international statistical da-
tabases. Only publicly available and standardized mac-
roeconomic indicators suitable for cross-country com-
parison were included in the analysis. As the study does
not involve human participants, personal data, or exper-
imental data collection procedures, ethical approval
was not required.

The balanced panel structure enhances the compa-
rability of empirical findings while ensuring methodo-
logical consistency across observations. In total, the da-
taset comprises 88 observations derived from 8 coun-
tries over an 11-year period.

Variable definitions

Given that the shadow economy is inherently a la-
tent economic construct that cannot be directly ob-
served, its empirical estimation must rely on indirect
indicators and structural determinants. In this study,
consistent with the theoretical logic of the MIMIC
framework, both causal variables and an observable in-
dicator variable were specified.
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The unemployment rate was included as one of the
principal causal determinants. Unemployment repre-
sents a key macroeconomic indicator reflecting weak-
ened opportunities in the formal labor market and con-
straints on legitimate income generation. The existing
literature has extensively documented the potential for
elevated unemployment to push individuals toward in-
formal economic activity. Particularly in economic sys-
tems characterized by limited formal employment op-
portunities, the informal sector may function as an al-
ternative income-generating mechanism. Accordingly,
unemployment is expected to exert a positive effect on
the size of the shadow economy.

Population growth was included as the second
causal determinant in order to assess the potential rela-
tionship between demographic dynamics and economic
formalization. Population growth may be associated
with labor market expansion, increased consumer de-
mand, and higher aggregate economic activity. At the
same time, rapid demographic shifts may, under certain
conditions, facilitate the expansion of informal labor
markets. Given that the empirical literature has not
reached a clear consensus regarding this relationship,
the inclusion of this variable was considered analyti-
cally justified.

Self-employment was employed as the observable
indicator of the latent shadow economy construct. Alt-
hough self-employment does not inherently imply in-
formal economic activity, it is widely used in the em-
pirical literature as a proxy indicator for the shadow
economy, particularly in economies where informal
and micro-scale economic activity is more prevalent.
Previous studies suggest that elevated levels of self-em-
ployment may, in certain contexts, be associated with
greater informal economic intensity. For this reason,
self-employment was incorporated into the model as
the observed indicator variable.

The MIMIC model specification

The inherently unobservable nature of the shadow
economy makes its empirical measurement methodo-
logically challenging. Consequently, latent variable
models—particularly the Multiple Indicators Multiple
Causes (MIMIC) approach—have emerged as one of
the most widely applied methodological frameworks in
this field. The MIMIC model constitutes a specific
form of structural equation modeling that enables the
indirect estimation of unobservable constructs through
observable variables.

In this study, the shadow economy is modeled as
a latent construct using the following structural specifi-
cation:

Shadow Economy = f (Unemployment, Population
Growth)

The measurement (indicator) equation is specified
as follows:

Self-employment = f (Shadow Economy)

Within this framework, the latent shadow econ-
omy is conceptualized as an unobservable construct in-
fluenced by observable economic determinants while
being indirectly measured through the self-employment
indicator. The general mathematical specification of
the structural model is presented as follows:

n=yx+¢

where:

- n denotes the latent shadow economy,

- X represents the vector of causal variables,

- v denotes the structural coefficients,

- { represents the structural disturbance term.

The measurement model is specified as:

y=An+e

where:

- y denotes the observed indicator variable,

- A represents the factor loading,

- ¢ denotes the measurement error term.

This framework transforms the inherent challenge
of the shadow economy’s direct unobservability into a
theoretically grounded and empirically tractable analyt-
ical model.

Estimation procedure

The empirical analysis was conducted using the R
statistical computing environment. Structural equation
modeling and MIMIC estimation were implemented
using the lavaan package. Prior to model estimation, the
structural suitability of the dataset was assessed, and
the variables were subjected to preliminary examina-
tion through descriptive statistics and correlation anal-
ysis.

The model was estimated using the Maximum
Likelihood (ML) estimation method. This approach is
widely employed in structural equation modeling and is
generally regarded as appropriate due to its statistical
efficiency in parameter estimation. Model fit was as-
sessed using multiple goodness-of-fit indices, including
the Comparative Fit Index (CFI), Tucker—Lewis Index
(TLI), Root Mean Square Error of Approximation
(RMSEA), and Standardized Root Mean Square Resid-
ual (SRMR).

To facilitate comparative analysis of the latent
shadow economy index across countries and over time,
standardized latent scores were computed. These scores
were used for relative comparisons within the regional
sample; they do not represent monetary values, but ra-
ther indicate the relative intensity of the latent con-
struct. Higher positive values indicate comparatively
greater shadow economy intensity, whereas lower or
negative values reflect relatively lower levels within
the sample.

This procedure enables a systematic interpretation
of the findings both in terms of structural determinants
and from a comparative cross-country perspective.

Empirical findings. Descriptive statistics

Table 1.
Descriptive statistics of the study variables
Variable N  Mean  Std. Dev. Median Minimum Maximum
Unemployment Rate (%) |88 1111 6.03 9.78 3.47 27.69
Self-employment Rate (%) | 88  18.56 6.28 16.30 10.78 37.13
Population Growth (%0) | 88 0.35 1.14 0.09 -1.61 4.05
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Note: Calculated by the author based on World Bank and Eurostat data for selected Southern European EU coun-

tries (2013-2023).

Table 1 presents the descriptive statistics, provid-
ing an initial overview of the macroeconomic charac-
teristics of the selected Southern European Union coun-
tries over the period 2013-2023. The results reveal sub-
stantial variation across the sample, reflecting the
pronounced structural heterogeneity of the region.

The unemployment rate averaged 11.11%, with a
relatively high standard deviation of 6.03, indicating
marked differences in labor market conditions across
the selected countries. This variation likely reflects the
uneven post-crisis recovery trajectories observed
across Southern Europe, particularly between econo-
mies historically characterized by persistently high un-
employment and those exhibiting comparatively more
stable labor market performance.

Self-employment averaged 18.56%, suggesting
that a significant proportion of economic activity is

concentrated in self-managed or less formally struc-
tured employment arrangements. The wide observed
range, spanning from 10.78% to 37.13%, further under-
scores substantial structural differences in labor market
composition.

Population growth remained positive on average
(0.35%), although some countries experienced demo-
graphic contraction while others recorded expansion.
This variation reflects differing migration dynamics,
demographic aging patterns, and labor mobility trends
across the region.

Overall, the descriptive findings confirm consid-
erable heterogeneity among the selected economies,
thereby reinforcing the appropriateness of applying
comparative latent variable modeling to examine the
determinants of the shadow economy.

Correlation analysis
Table 2.

Correlation matrix of study variables

Variable Unemployment

Self-employment Population Growth

Unemployment \ 1.000
Self-employment \ 0.628
Population Growth | -0.443

0.628 -0.443
1.000 -0.467
-0.467 1.000

Note: Author’s calculations based on the compiled dataset (2013-2023).

The correlation results presented in Table 2 reveal
statistically meaningful associations among the varia-
bles. A positive, moderately strong correlation (r =
0.628) was observed between unemployment and self-
employment, suggesting that as conditions in the for-
mal labor market weaken, individuals may increasingly
resort to informal or independent income-generating
activities. This finding is broadly consistent with estab-
lished theoretical perspectives on the shadow economy.

Negative correlations were likewise identified be-
tween population growth and both unemployment (r =

-0.443) and self-employment (r = -0.467), suggesting
that more favorable demographic dynamics may be as-
sociated with a greater concentration of economic ac-
tivity within the formal sector. However, given that cor-
relation analysis does not establish causal relationships,
a more rigorous examination of these associations
should be conducted using the results of the structural
model.
MIMIC estimation

Table 3.
MIMIC model estimation results
Variable Standardized Coefficient Std. Error z-value p-value
Unemployment \ 0.525 0.089 5.891 0.000
Population Growth \ -0.234 0.089 -2.629 0.009

The MIMIC model results presented in Table 3
identify unemployment as a significant determinant of
the shadow economy in the selected Southern European
countries. The standardized coefficient for unemploy-
ment is positive and statistically significant ( = 0.525,
p < 0.001), suggesting that diminishing opportunities in
the formal labor market may compel individuals to turn
to informal economic activities as alternative sources of
income.

By contrast, population growth exerts a negative
and statistically significant effect (B = -0.234, p =
0.009). This finding suggests that more dynamic demo-

graphic conditions may, in certain contexts, be associ-
ated with a higher degree of economic formalization.
One plausible explanation is that population growth
may foster labor market expansion, increased domestic
demand, and a greater concentration of economic activ-
ity within the formal sector.

The model demonstrates moderate explanatory
power (R?* = 0.439), indicating that approximately
43.9% of the variation in the shadow economy is ex-
plained by the determinants included in the model. Alt-
hough the model fit indices appear robust, they should
be interpreted with caution given the model’s just-iden-
tified specification.
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Table 4.
Model fit statistics
Indicator Value
CFI 1.000
TLI 1.000
RMSEA 0.000
SRMR 0.000
R? (Shadow Economy) 0.439
Observations 88

Note: Estimated using maximum likelihood
MIMIC modeling. Self-employment was used as the
observed indicator of the latent shadow economy con-
struct. Author’s calculations.

The MIMIC estimation results presented in Table
3 indicate that both unemployment and population
growth exert statistically significant effects on the la-
tent shadow economy across the selected Southern Eu-
ropean countries.

Unemployment exhibits a positive and statistically
significant association with the shadow economy (p =
0.525, p < 0.001), suggesting that deteriorating labor
market conditions contribute to the expansion of infor-
mal economic activity. This finding is theoretically
consistent with the established shadow economy litera-
ture, which posits that individuals excluded from for-
mal employment often turn to unregistered or informal
sectors as alternative sources of income generation.

By contrast, population growth demonstrates a
negative and statistically significant effect (p = -0.234,
p = 0.009), implying that more favorable demographic

dynamics are associated with lower levels of shadow
economic activity. One plausible interpretation is that
population expansion may coincide with stronger labor
market absorption, increased domestic demand, and
higher degrees of economic formalization.

The explanatory power of the model is moderate,
with approximately 43.9% of the variation in the latent
shadow economy construct explained by the included
determinants (R? = 0.439). Although conventional
model fit indices indicate perfect fit, this result should
be interpreted with caution, given that the model is just-
identified (degrees of freedom = 0), meaning that fit
statistics are mechanically optimized by the model
specification rather than independently validating
model adequacy.

Overall, the findings suggest that labor market fra-
gility remains a central driver of informal economic ac-
tivity in Southern Europe, whereas favorable demo-
graphic trends may contribute to greater economic for-
malization.

Country-level shadow economy index results

Table 5.
Country-level shadow economy index estimates (2013-2023)
Year Croatia Cyprus Greece Italy Malta Portugal Slovenia Spain
2013 -0.126 -0.160 2.956 0.997 -0.605 0.330 0.014 -0.172
2014 -0.202 -0.107 2.794 0.974 -0.624 -0.015 0.202 -0.099
2015 -0.185 -0.579 2.633 0.926 -0.633 -0.222 -0.100 -0.185
2016 -0.180 -0.682 2.464 0.810 -0.701 -0.371 -0.151 -0.341
2017 -0.274 -0.856 2.189 0.765 -0.681 -0.414 -0.237 -0.348
2018 -0.335 -1.118 2.043 0.691 -0.713 -0.512 -0.252 -0.442
2019 -0.446 -1.134 2.024 0.595 -0.685 -0.517 -0.443 -0.505
2020 -0.543 -1.203 1.999 0.586 -0.702 -0.518 -0.413 -0.465
2021 -0.576 -1.224 1.966 0.536 -0.712 -0.556 -0.595 -0.466
2022 -0.696 -1.218 1.876 0.456 -0.692 -0.537 -0.648 -0.508
2023 -0.797 -1.239 1.973 0.435 -0.713 -0.585 -0.678 -0.593

Note: Higher positive values indicate relatively greater estimated shadow economy intensity, whereas lower neg-
ative values indicate comparatively lower shadow economy levels within the sample. Author’s calculations based

on MIMIC latent variable estimation.
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Figure 2. Country-level dynamics of the estimated shadow economy index in selected Southern European EU
countries (2013-2023)
Source: Author’s calculations based on MIMIC model estimation using compiled macroeconomic data for se-

lected Southern European EU countries (2013-2023).

Note: The shadow economy index represents a standardized latent construct estimated through the MIMIC model,
where self-employment serves as the observable indicator of informal economic activity. Higher positive values
indicate relatively greater shadow economy intensity, whereas lower (more negative) values indicate compara-

tively lower levels within the sample [25,6] (Figure 2).

The country-level latent index results clearly
demonstrate that the shadow economy does not exhibit
a homogeneous pattern across the Southern European
region. Greece consistently emerges as the country with
the highest shadow economy index throughout the
study period. This finding may be attributed to the
country’s prolonged fiscal challenges, persistently high
unemployment, and the weakening of formal economic
activity in the post-crisis period [16].

Italy likewise exhibits a relatively high level of
shadow economy intensity, as reflected in its positive
index values, although these remain lower than those
observed for Greece. By contrast, countries such as Cy-
prus, Malta, Croatia, and Spain display comparatively

lower latent index values, suggesting that the shadow
economy is shaped by heterogeneous structural and in-
stitutional conditions across the region [17].

From a temporal perspective, the shadow econ-
omy index appears to exhibit a declining trend in many
countries. This pattern may reflect the strengthening of
formal economic institutions, improved labor market
stability, and broader economic adjustment processes
in recent years. Nevertheless, the observed cross-coun-
try variation suggests that a uniform regional policy ap-
proach may be insufficient, underscoring the im-
portance of accounting for country-specific economic
conditions [18].
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Figure 3. Regional trend of the estimated shadow economy index in selected Southern European EU countries
(2013-2023)
Source: Author’s calculations based on compiled macroeconomic data (2013-2023).
Note: The figure presents the annual average shadow economy index across the selected Southern European
countries derived from the MIMIC latent variable estimation [15,9].
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Figure 4. Geographic distribution of the estimated shadow economy index across selected Southern European
EU countries in 2023

Source: Author’s calculations based on MIMIC model estimation using compiled macroeconomic data

(2013-2023).

Note: The figure presents country-level estimates of the latent shadow economy index derived from the
MIMIC model for 2023. Higher positive values indicate relatively greater shadow economy intensity, whereas
lower negative values indicate comparatively lower levels within the study sample.

Discussion

Interpretation of determinant effects

The empirical findings of this study indicate that
unemployment constitutes a significant and positive de-
terminant of the shadow economy across the selected
Southern European member states of the European Un-
ion. This result is broadly consistent with the existing
theoretical and empirical literature, suggesting that in-
formal economic activity may emerge as an adaptive
response to labor market constraints. Reduced employ-
ment opportunities within the formal sector may com-
pel individuals to seek alternative, less regulated forms
of income generation. This dynamic appears particu-
larly pronounced in regions such as Southern Europe,
where labor market fragility has persisted as a long-
standing structural challenge.

This relationship should be understood not merely
as a statistical association, but as a reflection of deeper

structural economic mechanisms. In economies charac-
terized by persistently high unemployment, informal
activity often becomes less a matter of voluntary choice
and more a necessity-driven form of economic adjust-
ment. High barriers to entry into formal employment,
employment instability, and sustained youth unemploy-
ment may further intensify this process. In particular,
the prolonged unemployment pressures observed in
economies such as Greece and Spain during the post-
crisis period lend further support to this interpretation
[7].

The results also indicate that population growth is
negatively and statistically significantly associated
with the shadow economy. At first glance, this finding
may appear counterintuitive, as more rapid population
growth could, in some contexts, generate labor market
pressures that encourage informal activity. However,
within the context of the selected region, an alternative



20 Norwegian Journal of development of the International Science No 181/2026

interpretation appears more persuasive. More favorable
demographic dynamics may be associated with labor
market expansion, stronger domestic demand, and a
greater capacity for economic activity to be absorbed
within the formal sector. In this sense, population
growth may function less as a driver of informal expan-
sion and more as a proxy for broader economic dyna-
mism [19].

The region’s demographic structure should also be
considered when interpreting this relationship. Many
Southern European economies face population aging,
low fertility rates, and long-term demographic decline.
In this context, higher—or less negative—population
growth may signal comparatively healthier structural
economic conditions. Accordingly, the negative rela-
tionship identified here may be interpreted not merely
as a direct demographic effect, but also as a broader in-
dicator of economic resilience.

Nevertheless, these findings should be interpreted
with caution. Within the MIMIC framework, the esti-
mation of latent constructs is inherently dependent on
the selection of indicators and structural determinants.
Consequently, while the results reveal meaningful
structural tendencies, they should not be interpreted as
deterministic causal relationships. Even so, the findings
suggest that labor market conditions and demographic
structure play a substantial role in shaping the shadow
economy within the Southern European context [10].

Cross-country comparative discussion

The cross-country comparison clearly demon-
strates that the shadow economy is not a homogeneous
phenomenon across the region. Based on the estimated
latent index values, Greece appears to exhibit the high-
est level of shadow economy intensity, distinguishing
itself markedly from the other countries in the sample.
This finding is consistent with both the region’s eco-
nomic history and the existing literature. Greece has
long been associated with persistent tax compliance
challenges, elevated unemployment, post-crisis struc-
tural pressures, and comparatively weak enforcement
mechanisms. In particular, the economic disruptions
following the 2008 crisis may have imposed substantial
constraints on formal economic activity, thereby rein-
forcing informal adaptation mechanisms.

Italy also exhibits relatively high shadow econ-
omy intensity, as reflected in its positive latent index
estimates, although the magnitude remains substan-
tially lower than that observed for Greece. This differ-
ence may be explained by the persistence of informal
economic activity, particularly within small business
sectors and in the context of regional economic dual-
ism, despite Italy’s larger and more diversified eco-
nomic structure. North—south economic disparities, the
prevalence of family-owned small enterprises, and ad-
ministrative complexity are likely contributing factors.

Spain and Portugal display comparatively lower
latent index values. These findings introduce greater
nuance into the broader regional narrative surrounding
the shadow economy, given that both countries also ex-
perienced significant post-crisis economic pressures.
However, labor market reforms, macroeconomic re-
covery, and the institutional strengthening of the formal

sector over the past decade may have contributed to the
relative containment of informal economic activity.

Croatia and Slovenia are characterized by compar-
atively lower latent intensity levels. Despite its back-
ground as a transition economy, Slovenia appears to
benefit from a relatively stronger institutional frame-
work and a more stable labor market. In Croatia, post-
European Union accession formalization processes
may likewise have contributed to lower levels of infor-
mal activity. In both cases, the findings underscore the
importance of institutional variation within Southern
Europe [11].

Malta and Cyprus exhibit the lowest latent index
estimates. This pattern may be linked to the structural
characteristics of their economies. In smaller, service-
oriented, and administratively more manageable eco-
nomic systems, formal regulatory mechanisms may be
implemented more effectively. Nevertheless, these
findings should be interpreted with caution, as latent
variable model estimates may be more sensitive in
small-economy contexts [12].

Overall, the observed cross-country differences
indicate that European Union membership and a shared
macro-institutional framework do not produce full ho-
mogeneity in shadow economy intensity. National eco-
nomic structures, historical institutional legacies, and
labor market dynamics continue to play a decisive role
in shaping informal economic outcomes [13].

Policy implications

These findings carry several important policy im-
plications. First, policy strategies aimed at reducing the
shadow economy should not rely exclusively on moni-
toring and punitive enforcement mechanisms. If unem-
ployment constitutes one of the principal determinants
of informal economic activity, then efforts to address
the shadow economy cannot be meaningfully separated
from labor market policy. Expanding formal employ-
ment opportunities—particularly through the creation
of sustainable jobs for young people and workers in
precarious labor market segments—may represent a
more effective long-term strategy.

Second, the simplification of tax and administra-
tive systems appears critical for advancing economic
formalization. High compliance costs for small and mi-
cro enterprises may incentivize a shift toward informal
economic activity. In this context, digital tax admin-
istration, streamlined registration procedures, and in-
centive mechanisms that encourage formal business
participation may play a particularly important role.

The demographic findings are likewise notewor-
thy from a policy perspective. If more favorable demo-
graphic dynamics are associated with lower levels of
shadow economic activity, then strengthening the long-
term sustainability of labor markets and preserving hu-
man capital may be regarded as indirect but strategi-
cally relevant components of formalization policy.

At the same time, the results suggest that a uni-
form regional policy approach may not be optimal.
While institutional compliance challenges and struc-
tural labor market weaknesses may represent more
pressing priorities in countries such as Greece and Italy,
economies such as Malta and Cyprus may require dif-
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ferent regulatory policy emphases. From this perspec-
tive, country-specific policy design appears more ap-
propriate and potentially more effective.

Conclusion

This study empirically examined the determinants
of the shadow economy in selected Southern European
member states of the European Union over the period
2013-2023 using the Multiple Indicators Multiple
Causes (MIMIC) framework. Given the inherently la-
tent and directly unobservable nature of the shadow
economy, unemployment and population growth were
incorporated as causal determinants, while self-em-
ployment served as the observable indicator variable.
This analytical framework enabled a comparative eval-
uation of the structural determinants of the shadow
economy across the region.

The findings indicate that unemployment is posi-
tively and statistically significantly associated with the
shadow economy. This result suggests that constraints
within the formal labor market may encourage move-
ment into informal economic activity and is broadly
consistent with established theoretical and empirical
perspectives. By contrast, the negative and statistically
significant effect of population growth requires a more
nuanced interpretation. Within the selected regional
context, this finding may indicate that more dynamic
demographic conditions are associated with greater
economic formalization and stronger macroeconomic
resilience.

The cross-country comparison revealed substan-
tial heterogeneity within the region. Greece, and to a
lesser extent Italy, exhibited comparatively higher la-
tent shadow economy intensity, whereas Cyprus,
Malta, Slovenia, and several other economies displayed
relatively lower levels. These findings suggest that
even within a shared European Union institutional
framework, national economic structures, labor market
characteristics, and historical institutional trajectories
continue to play a significant role in shaping shadow
economy outcomes.

This study contributes to the academic literature in
several important respects. First, by providing a com-
parative empirical analysis focused specifically on
Southern Europe, it helps bridge the gap between broad
international studies and single-country approaches.
Second, it extends the application of latent variable
modeling within regional economic analysis. Third, by
evaluating the relationship between labor market and
demographic determinants and the shadow economy
within a structural empirical framework, it offers pol-
icy-relevant evidence for broader economic govern-
ance discussions.

Nevertheless, several limitations should be
acknowledged. First, the MIMIC framework is inher-
ently sensitive to the selection of indicators and struc-
tural determinants, meaning that alternative model
specifications may yield different results. Although
self-employment is a widely accepted proxy indicator
for the shadow economy in the literature, it does not
provide a definitive distinction between formal and in-
formal economic activity. In addition, the latent index
estimates are intended for relative comparison rather

than direct monetary measurement of the shadow econ-
omy. The restriction of the sample to selected Southern
European European Union countries also limits the
broader generalizability of the findings.

Future research may extend this analytical agenda
further. The inclusion of broader variable sets, alterna-
tive indicators, institutional quality measures, and fiscal
determinants may generate deeper empirical insights.
Comparative analyses involving other European re-
gions could further enhance understanding of regional
heterogeneity. The application of panel structural equa-
tion models or alternative latent variable estimation ap-
proaches may likewise offer methodological ad-
vantages.

Overall, this study demonstrates that the shadow
economy should be understood not merely as a fiscal or
administrative issue, but as a complex economic phe-
nomenon closely linked to labor market structures, de-
mographic dynamics, and institutional resilience. Ac-
cordingly, efforts aimed at reducing the shadow econ-
omy should extend beyond enforcement mechanisms
and be integrated with broader structural economic pol-
icy interventions.
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The study analyzes the impact of state policy on the innovative development of Kazakhstan's economy. Based

on statistical data and comparative analysis, a lag in key innovative indicators was revealed. A conceptual model
has been proposed to strengthen state innovation policy, increase investment in R&D, develop innovation infra-
structure and develop cooperation between universities, research institutes and business. The main barriers are low
investment in R&D, weak cooperation between science and business, and limited commercialization of technol-
ogy.

AHHOTAUUA

HccnenoBanve aHanu3upyeT BIMSHUE TOCYJapCTBEHHOW MOJMTUKM HAa MHHOBAIMOHHOE Pa3BUTHE SKOHO-
MHKHU Ka3ax0TaHa. Ha ocHOBe cTaTHCTHYECKUX JaHHBIX U CPABHUTECIBHOI'O aHaJIn3a BBIABJIICHO OTCTaBaHUEC I10
KJIIFOUE€BBIM MHHOBAITMOHHBIM ITOKA3aTCJISIM. HpeﬂnomeHa KOHICNITYyaJIbHasA MOAECJIb YKPCIUICHUA TOCYy1apCTBECH-
HOW MHHOBAIIMOHHOW MOJHUTHKY, yBenudeHus naBecturuii B HUOKP, pa3BuTus WHHOBAIIMOHHOH HH(PPACTPYK-
TYpbI U pa3dBUTUA COTPYAHHUYICCTBA MCKIAY YHUBCPCUTCTAMU, UCCICAOBATCIBCKUMU UHCTUTYTAMU U OM3HECOM.
OcHoBHBIMHU Oapbepamu BeICTynaroT Huskue nHBectuimn B HUOKP, cnabas xoomeparst Hayku u Ou3Heca o

OrpaHNYC€HHAas KOMMEpUHUAIN3allnsg TEXHOJIOTHH.
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3axCTaH

BBenenne. B xoHTeKCTE I100aTBHBIX 2KOHOMHYE-
CKUX Ipeo0pa30oBaHWil MHHOBALMHM CTajdd OJHUM M3
Ba)KHEHWIINX (haKTOPOB YCTOWIHBOTO SKOHOMHYECKOTO
pocTa M MEXIyHapOoIHON KOHKYpPEHTOCHOCOOHOCTH.
CrpemuTenbHOe pa3BUTHE IU(POBBIX TEXHOJOTHH,
pacuIpeHre HayKOEeMKUX OTpaciei, yCUIEHUE IIo-
0ampHON KOHKYpPEHIMH 3HAYUTEIBHO YCHIMIH POJb
WHHOBAIIMA B CTPATETUSIX PAa3BUTHSI COBPEMEHHBIX KO-
HOMUK.

MHorue cTpaHbl B HACTOSILEE BPEMS MEPEXOIAT
OT PECYPCHBIX M IPOMBIIIJICHHBIX SKOHOMHYECKUX MO-
Jlened K MHHOBAllMOHHOMY pa3BuTHIO. B 3TOM mpo-
necce TpaHchopManmu 3P QeKTHBHOCTL TOCYynNap-
CTBEHHOI IOJINTHKH UTPaeT PeUIaloIlyro poiib B (op-
MHUPOBAaHHH OJAroNpUSATHBIX MHCTHTYLHOHAJIBHBIX
YCIIOBUH U TEXHOJIOTMYECKOTo Iporpecca, MOA-

JIEp’KKEe HAyYHO-HCCIIEOBATENbCKIUX U OIMBITHO-KOH-
CTPYKTOPCKHX pabOT, CTUMYJIMPOBAHUN WHHOBAITHOH-
HOW aKTHBHOCTH B OH3HEC-CEKTOpE.

TeopeTuueckre OCHOBbI HHHOBAIIMOHHOTO SKOHO-
MHYECKOTO pa3BUTHsI ObLIH c(POPMUPOBAHEI B paboOTax
KJIACCUYECKUX U COBPEMEHHBIX HKOHOMHUCTOB, KOTO-
pBIe MOAYEPKUBAIHM PEHIAIONIYI0 POJIb TEXHOJOTHYE-
CKHX U3MEHEHUH B IOJITOCPOYHOM SKOHOMHYECKOM PO-
cre. B yacTHOCTH, KOHIICIIITHIO HHHOBAIIMH KaK KITFOUe-
BOTO (haktopa SKOHOMHUYECKOI'O pa3BuUTHA
copmymuponan Mosed Illymnerep, KOTOpbIil cunTan
TEXHOJIOTHYECKHE HHHOBAIIMM OCHOBHBIM HCTOYHHKOM
CTPYKTYPHBIX TpeoOpa3oBaHMil B 3KOHOMHUKe. boiee
MO3JJHUE UCCIIEJOBAHMS PACLIUPUIN ITH UAEH, MPE-
CTaBMB KOHIICMIIAIO HAIIMOHAJIBbHBIX MHHOBAIIMOHHBIX
CUCTEM, KOTOpasi MOJYEPKUBAET BAXKHOCTh UHCTUTYLIU-
OHAJILHOTO B3aUMOJECHCTBUSI MEXAY MPaBUTEIbCTBOM,
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UCCIIEA0BATEIbCKIMH HHCTUTYTaMU U IPEANIPUATUIMU
B COJICHCTBUU MHHOBALlUOHHOMY Pa3BUTHIO.

CoBpeMEeHHBIE HCCIEIOBAHUS TaKXKe MOTUSPKH-
BalOT BaKHOCTb TOCYJJaPCTBEHHOM MOANEP>KKH B IIPO-
JIBUKEHUM WHHOBaLUH. ['ocylnapcTBEHHas IMOJIMTHKA
MO>KET BIIUATh HA THHOBALMOHHBIE IPOLECCHI C TOMO-
IIPI0 Pa3NTMYHBIX MHCTPYMEHTOB, BKJIOUas (prHAHCO-
BYIO ITOJ/IEPKKY UCCIIEJOBAaHUH U pa3paboToK, HAJIOro-
BbI€ JIBI'OTHI AJIS1 UHHOBALMOHHBIX MPEANPUATHH, pa3-
BUTHE HMHHOBAIIMOHHOW HMH(QPACTPYKTYpPHI, CO3JIaHUE
6JIarONPUATHBIX PETYIATOPHBIX YCIOBUH AJIS TEXHOJIO-
TUYECKOro IPeAIPUHUMATEIbCTBA.

Hecmotps Ha pacrtymiee rinobanbHOE 3HAYCHHE
MHHOBALIMOHHOTO PAa3BUTHS, MHOTUE PAa3BUBAOLLUECS
CTpPaHbl U CTpaHbl C MEPEXOAHONM SKOHOMMKOW IO-
MIPEKHEMY CTAIKHBAIOTCS C CEPhE3HBIMHU IpoOIeMaMu
B CO3MaHUH YPPEKTHBHBIX HAIIMOHAJIHHBIX HHHOBAIIU-
OHHBIX cucTeM. OrpaHMYEHHblE UHBECTHLIMM B Hay4-
HBIE€ UCCIIEIOBAHUS U pa3paboTKH, ciaboe B3auMoae-
CTBUE MEXJy HayKOW U IPOMBIIUICHHOCTBIO U HEZO-
CTaTOYHast KOMMepLHaIu3anus HaYYHBIX
UCCJICIOBAaHUM YacTO CHCPKUBAIOT HMHHOBALMOHHYIO
JIeATENBHOCT U TEXHOJOTMYECKYI0 MOJAECPHU3ALUIO
9KOHOMMKH.

PecnyOmmka Kaszaxcran, kak u MHOTHE JIpyTHE
CTPaHbl, 3aBUCSIINE OT PECYPCOB, CTAIKHBAECTCA CO
CTpaTeruuecKoi mpobIeMoii mepexoaa K HHHOBAI[HOH-
HOM SKOHOMHYECKON Mozenu. XOTs B CTpaHe peajin3o-
BaHO HECKOJBKO TOCYJAapCTBEHHBIX  IPOrpaMM,
HaIpaBJICHHBIX HAa IMOAJEP)KKY HAay4HBIX HCCIIEIOBA-
HU#, TEXHOJIOIMYECKOTO Pa3BUTH U 1H(POBOii TpaHc-
dbopmanuu, oMl ypoBeHh MHHOBAIIMOHHOW aKTHB-
HOCTU B DKOHOMHKE OCTa€TCSl OTHOCUTEJIBHO HU3KUM
10 CPAaBHEHUIO C PAa3BUTHIMU CTpaHAMMU.

B cBsI3u ¢ 3TUM HMcCIeOBaHUE pOJIM TOCYHap-
CTBEHHOW MOJIUTUKU B CTUMYJIMPOBAHUHY HHHOBAIOH-
HOro pa3BuTHsi B KazaxcraHe cTaHOBUTCS OCOOCHHO
aKkTyaJlbHbIM. [IOHMMaHuE MEXaHU3MOB, C MOMOUIBIO
KOTOPBIX FOCYJapCTBEHHAs MMOJIUTUKA BIMSIET HA UHHO-
BaLIMOHHYIO JI€ATEIbHOCTh U TEXHOJOIMYECKOE pa3BU-
THE, MOXKET [IOMOYb BBISIBUTH KIIIOUEBbIE OTPAaHUUEHUS
HallMOHAJILHOM MHHOBAIIMOHHON CHCTEMBI U copMy-
aupoBath 3(PQEKTUBHBIE MOIUTHYECKUE PEKOMEHa-
1017078

Ilenbro NaHHOTO HMCCIEAOBAaHUS SIBISIETCS AHAIU3
BIIMSIHUS TOCYJApCTBEHHOM IMOJINTHKH HA HHHOBAI[HOH-
HOE pa3BUTHE B HAI[MOHAJIBHOW SKOHOMHKE Pecry0-
mku Kasaxcran u onpejeneHre OCHOBHBIX Halpasiie-
HUH MOBBIIIEHUS 3()(HhEeKTHBHOCTH MHHOBAIIMOHHOH HO-
JUTUKH. J{71s1 JOCTUXKEHHUS ITOM LIeNIU B UCCIIEA0OBAaHUU
paccMaTpuBaeTCa AMHAMHKa KIIOYEBBIX MOKa3aTenen
UHHOBAIIIOHHON JEATENbHOCTH, aHAIU3UPYETCs HH-
CTUTYLIMOHAJIbHASL CTPYKTypa HAllMOHAJIBHON MHHOBA-
LIMOHHOU CUCTEMBI, IPEAIAra0TCsA AaHAIUTUIECKUE MO-
JIeH OLICHKY MHHOBAallMOHHOI'O Pa3BUTHSL.

Pe3ynbTaThl 3TOTO HMCCIIEAOBAHMS CIIOCOOCTBYIOT
JydlleMy NOHMMAaHHIO MEXaHU3MOB MHHOBALIMOHHOM
MOJIMTUKHU B CTPaHAX C NEPEXOJHON SIKOHOMUKOHN U MO-
TYT JaTh MOJIE3HYI0 HHPOPMALIHIO JUISI COBEPIIEHCTBO-
BaHUsl TOCYNapCTBEHHBIX CTpATETuil, HAIpPaBIEHHBIX
Ha YKPEMJIEHUE TEXHOJIOTMYECKOTO Pa3BUTUS U IKOHO-
MHYECKOH KOHKYPEHTOCIIOCOOHOCTH.

Hay4nast HOBU3Ha MCCIIEZIOBaHUS 3aKIIIOYACTCS B
KOMIUIEKCHOM aHaJIM3¢ BIUSHUS TOCYapCTBEHHON HH-
HOBAllMOHHOM TNOJUTUKU Ha Pa3BUTUE HALIMOHAIbHON
skoHOMUKHN PecnyOmmkn Kaszaxcran ¢ wmcmonp3oBa-
HHEM CpPaBHHUTEIHHOTO MEXCTPAaHOBOTO TMOAXOIa, a
TaKXkKe B pa3paboTKe KOHIENTyaTbHOH Moenu (HhakTo-
POB HMHHOBAaLlMOHHOM AKTUBHOCTH NPEIUPUATHH U
MIPEAJI0KEHNH HATPaBJICHUH COKPAIEHHsT MHHOBAIIK-
OHHOTO pa3pseiBa co ctpaHamu OOCP.

O0630p auTepatrypsl. B coBpeMeHHOI SKOHOMHU-
YeCKOW HayKe WHHOBALMOHHOE Pa3BUTHE paccMaTpH-
BaeTcs KaK OJIMH U3 KIIIOUEBBIX (PaKTOPOB 00ecieueHns
YCTOIYMBOTO SKOHOMHYECKOTO POCTa W ITOBBIIICHHUS
KOHKYPEHTOCIIOCOOHOCTH HAIIHOHAIBHBIX SKOHOMHUK.
Ocoboe BHUMaHHWE HCCIEAOBATENCH YIeNmseTcs pPOH
TOCyIapCTBEHHOM MOJIUTHKH B hopMupoBaruu 3 dek-
TUBHOH MHHOBAIIMOHHOW CUCTEMBI U CTUMYJIHPOBAHUHI
HAYYHO-TEXHOJIOTUIECKOTO IpOorpecca.

TeOpeTI/I‘IeCKI/Ie OCHOBbI aHaJIu3a HWHHOBAIIMOH-
HOT'O Pa3BUTHS OBUTM 3aJI0KEHBI B Tpynaax Joseph
Schumpeter [1], koTopslii paccMaTpuBal HHHOBAIUU
KaK OCHOBHOM MCTOYHMK 3KOHOMHUYECKOI TUHAMUKU U
CTPYKTYPHBIX U3MEHEHHH B SKOHOMUKe. COTJIacHO ero
KOHIETILNH «CO3MIATENILHOTO pa3pyLICHHs», IKOHO-
MHYeCKHAH pocT oOecreuynBacTcss BHEJPECHUEM HOBBIX
TEXHOJIOTHH, MPOTYKTOB M OPTaHW3alMOHHBIX peIIe-
HUH, YTO NMPHUBOAMT K TpaHC(OPMAINH CYIIECCTBYIO-
IIMX SKOHOMHUYECKUX CTPYKTYP.

3HAYNTENBHBIA BKJIAT B PAa3BUTHE TEOPUH HHHO-
BAallMOHHOW SKOHOMHKH BHECIH  HCCJICIOBAaHUS
Christopher Freeman [2], u Bengt-Ake Lundvall [3],
KOTOpBIE pa3paboTaay KOHIEHIUIO HAIIMOHAIBHOM HH-
HOBAIIMOHHOW cucTembl. COTJacHO JaHHOW KOHIIET-
¥, MHHOBAI[MOHHOE Pa3BUTHE onpeaessieTcs dpdek-
THUBHOCTBIO B3aHMOﬂeﬁCTBHH MEXTY OCHOBHLBIMU WH-
CTHTYIIMOHATHHBIMH AJIeMEHTaMHU 9KOHOMUKH,
BKITIOYAsi TOCYJapCTBO, HAYYHO-00pa30BaTeIbHBIE Op-
TaHW3alUH, PESINPUATHS U WHHOBAIMOHHYIO WH(ppa-
CTPYKTYDY.

B pamkax HHCTUTYIIMOHAIBFHOTO ITOIX0a BaXKHOE
3HAYCHUE UMEET TCOPHS «TPOWHOW CIUpaIHy», pa3pa-
6orannas Henry Etzkowitz m Loet Leydesdorff [4].
JlaHHas MozieIb ONTMCHIBAET B3aUMO/IEIiCTBHE rOCy 1ap-
CTBa, YHUBCPCUTETOB U OM3HECca KaK KIIIOYEBBIX aKTO-
POB MHHOBAIIMOHHOTO PA3BUTHS 3KOHOMHUKH. Dddek-
TUBHOC COTPYAHHUYCCTBO MECKAY ITHUMH Cy6'beKTaMI/I
CIOCOOCTBYET YCKOPEHHIO IPOIECCOB KOMMEpPIIHAIIU-
3alM HAyYHBIX UCCJICJOBAaHUH M BHEIAPEHUS] NHHOBA-
LIMOHHBIX TEXHOJIOTHH B IIPOU3BO/ICTBO.

B nocnennue necstuiieTrs 3HaYUTENILHOE BHIMA-
HHUE yZAeIseTcs BOIpocaM TrocylapCTBEHHON MHHOBa-
LMOHHOW TMOJUTHKH W MEXaHW3MaM CTHMYJIHPOBAHUS
WHHOBAIIMOHHOW aKTUBHOCTH Npennpustuid. B uccne-
nosauusx Paul Romer [5], paspaborasmrero teopwuio
SH/IOTEHHOTO 3KOHOMHYECKOTO pOCTa, IOAYEpPKHUBa-
€TCA, YTO MHBCCTHUIIMN B HAYYHBIC UCCIICAOBAHNWA, 00-
pa3oBaHUuC U YeJI0BEYECKHUI KamuTall SBISIOTCS BaXK-
HeWmuMHU  (haKTOpaMH JOJITOCPOYHOTO IKOHOMHYE-
CKOT'O pa3BUTHSL.

CoBpeMEeHHbIE HCCIIeIOBaHMs TOKa3bIBAIOT, YTO
CTpaHBl C BBHICOKMM yYpOBHEM HWHBECTHIHMII B Hay4HO-
HCCIIEIOBATEIbCKUE M OIBITHO-KOHCTPYKTOPCKUE pa-
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0OTBI IEMOHCTPHUPYIOT O0Jiee BHICOKHE TEMIIbI IKOHO-
MHYECKOTO pOCTa M TEXHOJIOTHYECKOTO pa3BuTHs. B
YaCTHOCTH, TocyapcTsa EBpomneiickoro corosa peaiu-
3YIOT KOMIUIEKCHBIE TIPOTPaMMBI TIOIEPIKKHA HHHOBA-
IIMOHHOHN IesTEeIHHOCTH, HAIPaBICHHBIC Ha yBEJHUe-
uue pacxonos Ha HUOKP, paseurne HayuHo# nHOppa-
CTPYKTYPHl ¥ CTHMYJHPOBAaHHE TEXHOJIOTHIECKOTO
npeanpuHIMaTenbctaa [6,7].

B HayuHOIl nuTeparype Takke OTMEYaeTcs, 4YTo
3¢ (PEeKTUBHOCTh MHHOBAIIMOHHOW ITOJIUTUKU BO MHO-
TOM OIpefensieTcs HHCTUTYLUOHAIBHOW cpenoil u
YPOBHEM pa3BUTHsl HAIMOHAJIbHOW HMHHOBAIIMOHHOMN
cuctembl. HenmoctarouHoe B3auMMOAEMCTBHE MEXAY
HayKoil 1 OM3HECOM, OTpaHMYCHHBIH JOCTYH MPENpH-
ATHH K (UHAHCHPOBAHMIO MHHOBAIIHOHHBIX IPOEKTOB
u crmabas KOMMepUuuann3anus HAydHBIX pe3yTbTaTOB
MOTYT CyIIECTBEHHO CHI)KAaTh MHHOBAIIHOHHYIO aKTHB-
HOCTB 3KOHOMUKH [8,9].

B cTpaHax MOCTCOBETCKOIrO IMPOCTpaHCTBA IPO-
omema popmupoBanus 3hHEKTUBHON UHHOBAIIMOHHOMN
CHUCTEMBI OCTaéTCsl 0COOCHHO akTyanbHOH. HecMoTpst
Ha HaJM4YUe 3HAUYUTEIHHOIO HAay4YHOro IOTEHIMala,
YpOBEHb HHHOBALIMOHHOI aKTHBHOCTH MIPEANPUATHI B
GONBIIMHCTBE TOCYAAPCTB PETHOHA OCTaéTCs OTHOCH-
TENBHO HHU3KUM. DTO OOYCIOBICHO psIoM (haKTOPOB,
BKITIOYasi OTPAaHWICHHBIC WHBECTHUIUN B HAyYHBIC HC-
CIIeZIOBaHUS, HEAOCTATOYHYIO WHTETPAIlMI0 HAYKH M
Om3Heca, a Takke MHCTUTYIIHOHAIBHBIC Oapbephl pas-
BUTHsI HHHOBAIHOHHOM aestensHocTH [10,11].

Takum oOpa3oM, aHAIN3 HAYYHOW JIHTEPATYPHI
MOKAa3bIBACT, YTO WHHOBAI[MOHHOE pa3BUTHE IKOHO-
MHUKH OTIPEEISIeTCS KOMIUIEKCOM B3aMMOCBS3aHHBIX
(hakTOpOB, Cpeau KOTOPBIX KIIIOYEBYIO POJIb UTPAIOT
rOCy/IapCTBEHHAsl IMOJMTHKA, WHBECTHIMH B HAay4HO-
TEXHOJIOTHYECKOE PAa3BUTHE, YPOBEHb PAa3BUTHS YeIO-
BEYECKOTO KamuTana M 3((EeKTUBHOCTh B3aMMOMICH-
CTBHSI MEXXTy OCHOBHBIMH 3JIEMCHTaMH HAIIHOHATHHOMH
WHHOBAIIMOHHOM cucTeMbl. B 3Toi cBsi3u HccnenoBa-
HUE MEXaHH3MOB TOCYAapCTBEHHOW ITOJUTHKU WHHO-
BaIlMOHHOTO pa3Butws PecryOnuku Kaszaxcran mpen-
CTaBIISCT 3HAYUTEIHHBIN HAayYHBIH W TPAKTUYECKUH
HHTEpeC.

Marepuanbl 1 MeTOAbI. MeTO10JI0rnYeCKON OC-
HOBOI1 MCCIIEZIOBaHUS SIBJIIOTCS COBPEMEHHBIE TEOPUH
MHHOBAI[HOHHOTO Pa3BUTHUSI M KOHIICIIIMS HAIIMOHAIIb-
HBIX MHHOBAIIMOHHBIX cucTeM. Teoperndeckas 0Oa3za
paboThI oITMpaeTCs Ha Hay4YHBIE IOIXO0/IBI, pa3paboTaH-
HBIE B paMKaxX HHCTUTYIIMOHAJILHOH 3KOHOMHKH M KO-
HOMHKH MHHOBAITHH.

B mpomecce wuccnenoBaHUs  HCHOJIB30BaIHCh
TPyl BEIYIIMX 3apyOeXHBIX W OTEYECTBEHHBIX HC-
ciiesioBaresiei B 00J1acTH MHHOBAIIMOHHOW SKOHOMUKH,
B ToM umcie paborsl Joseph Schumpeter, Richard
Nelson [6], Bengt-Ake Lundvall u Michael Porter [7],
B KOTOPBIX PAacCMaTPHBAIOTCS MEXAaHU3MBI (OPMHPO-
BaHMsI KOHKYPEHTHBIX NPEUMYIIECTB HA OCHOBE HHHO-
BarmoHHoro passutus [1,3,6,7].

HNudpopmanmonnyro 0a3y HUCCICIOBaHHS COCTa-
BWIHM OQUIMATIbHBIE CTATUCTUYECKUE NaHHBIC HAIHO-
HAJIBHBIX W MEXXIYHAPOJHBIX OpTaHM3aIUi, BKIIOYAs
Bropo HammonansHO# cratucTrku Pecyomiky Kazax-
crar, World Bank, Organisation for Economic Co-
operation and Development u World Intellectual
Property Organization [8,9,10,11].

B xoj1¢ uccnenoBaHus IPUMEHSIIUCH CIICAYIOINE
METO/Ibl HAYYHOTO aHATN3a!

-CTATHCTUYCCKUN aHalU3 UCIOJNB30BaH IS
OLICHKU TUHAMUKY MHHOBAIIMOHHOW aKTUBHOCTH IIPE/I-
MPUATUI U aHaJIM3a OCHOBHBIX IMOKa3aTeled MHHOBA-
LOHUOHHOTO Pa3BUTHUS SKOHOMHUKH;

-CPaBHHUTENBHBIA aHAN3 MPUMEHSIICS JJIS COIO-
CTaBJICHUs MHHOBALIMOHHBIX NoKa3zareneil Kasaxcrana
C AHAJIOTWYHBIMH TIOKA3aTeSIMHA PAa3BHUTHIX CTPaH H
cpenanMu 3HadeHHAMH ctpad ODCP;

-CHCTEMHBIH TIOIXO]I TI03BOJIMII PACCMOTPETh HH-
HOBAIIMOHHYIO JACATCIBbHOCTDH Hpe}alI/IHTI/Iﬁ B KOHTCK-
cTe (QYHKIIMOHUPOBAHUS HAITHOHAILHOU WHHOBAI[HOH-
HOW CUCTEMBI;

-aHaNUTHYecKoe 000OIIeHNEe HCIOIB30BAHO TS
BBISIBJICHUA KIJIKOYCBBIX (baKTOpOB, BJIMAKOIINIUX Ha HUH-
HOBAIlMOHHYIO aKTUBHOCTb npenanﬂTnﬁ.

KommnexcHoe McTonb30BaHNe YKa3aHHBIX METO-
JIOB TIO3BOJIMJIO TPOBECTH BCECTOPOHHUM aHAIN3 CO-
BPEMECHHOTO COCTOSIHHS WHHOBAITMOHHOTO pPa3BHTHUSAL
KazaxcTana 1 onpe1enuTh OCHOBHBIC HAIIPABJICHUS MO~
BBIIIICHISI HHHOBAITMOHHON aKTHBHOCTH TPEATIPHATHI.

PesyabraTsl n 00cyxneHue. AHanu3 3BOJOLUN
roCyAapCTBEHHOW MHHOBALMOHHOW nonutuku B Pec-
nyOnuke KazaxcTan JeMOHCTpPHpYET MOCTENEeHHYIO
TpaHc(HOPMALIMIO CTPATEIMYEeCKUX IIPHOPUTETOB OT
MOJICpPHU3AIMH TPOMBIIIIEHHOCTH K (POPMUPOBAHUIO
WHHOBAI[MOHHOW M 1udpoBoii skoHoMukHu (Tabnuua
1).

Ha parnem stame (2003-2010 romsl) ocHOBHOE
BHHUMaHHE YJEIBIIOCH CO3JJAHUI0 HHCTUTYITHOHAIBHBIX
OCHOB MHHOBAITMOHHOT'O Pa3BHUTH, BKIIIOYAsT CO3/IaHHE
TEXHOTIaPKOB M MEPBOHAYAIBLHBIX IIEMEHTOB HHHOBA-
OUOHHOW HWHQPACTPYKTYpHl. B mocmemyromue mepu-
onbl (2010-2019 TT.) MOMUTHYECKHE YCHIUS CMECTH-
JIMCh B CTOPOHY MPOMBIIIJICHHOW KOHKYPEHTOCIIOC00-
HOCTH U pOCTa, OPHEHTUPOBAHHOTO Ha 3KCIOPT, YTO
OTpaXkaeT JIOTHKY CTPYKTypHOW MoaepHu3anuu. Ca-
MBI mocnenuuit stan (2020-2025 rr.) moguepkuBaer
nrudpoBy0 TpaHchOpMaIHIo, CTApPTA-dKOCUCTEMBI U
TEXHOJIOTHYECKOE MPEIIPUHIMATEIHCTBO.

OnHako, HECMOTpPSI Ha OYEBUIHYIO MPEEMCTBEH-
HOCTh M PACHIMPCHHE TOJIUTUYCCKAX WHCTPYMEHTOB,
SMIHUPUYCCKUE PE3YNIBTAThl CBUACTEILCTBYIOT O TOM,
YTO BO3ACUCTBHUE ITOM IIOJIMTUKU OCTACTCS OTPAHHICH-
HBIM C TOYKHU 3PCHHUA MOAAAIOUINXCA U3MCPCHHUIO pEC-
3yJbTaTOB WHHOBAIIMOHHOW aesitenbHOCTH. CoXpaHe-
HH€ HU3KOW MHHOBALIMOHHOM aKTUBHOCTU CPEAU MPE.I-
TIPUATUN CBUJIETEIILCTBYET 0 CTPYKTYPHOM
HECOOTBETCTBHH MEXIYy Pa3pabOTKOW MOJUTHKH U ee
MIPAKTUIECKUM OCYIIECTBICHHEM.
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Tabuumna 1
IBOJIIOIHS FOCYAAPCTBEHHO MHHOBAIMOHHOM motuTukH (2003-2025)
[epuon OCHOBHBIE IOKYMEHTHI H TIPO- Henu OCHOBHBIE Pe3yJIbTaThI
IpPaMMBEI
2003-2010 Crpareruss ~ WHAYCTpHAIBHO-||@OpMHpOBaHNE OCHOB MHHOBANH-|/Co3aHNE TIEPBHIX TEXHO-
WHHOBAI[MOHHOTO Pa3BUTHSA OHHOI 9KOHOMMKH, TUBEpCU(HKA-|TapKOB
st
2010-2014 [ TIOUNP MonepHu3anys IpOMBIIUIEHHO-||Pa3sBuTue MHAyCTpUab-
CTH HBIX IPOEKTOB
2015-2019 [ TINUP-2 [loBrImenne KOHKypeHTocmocoO-||[logmepxkka 3KCIIOPTHO-
HOCTH OpPHEHTHPOBAHHBIX OTpac-
e
2020-2025 'TINP-3 [epexon k uudposoii skoHoMuKe ||PazBuTne crapramoB u
UQpPOBU3AIIU

HcToyHMK: COCTAaBICHO aBTOPOM Ha OCHOBE AaHHBIX biopo HanmonaneHO# cratuctiku PK, World Bank, OECD,

WIPO

DTOT BBIBOJ] COTJIACYETCSI C TEOPETUUECKHMH PaM-
KaMH HallMOHAJbHBIX MHHOBAIIMOHHBIX CHCTEM, KOTO-
pble NOAYEPKUBAIOT, YTO OJHOTO JIMIIb CYIIECTBOBA-
HUS WHCTUTYTOB HEJOCTATOYHO; MX 3(H(HEKTUBHOCTH
3aBUCHT OT MHTEHCHBHOCTU M KauecTBa B3aUMOJIEH-
CTBUsS MeXKAy cyObekTamu. Takum oOpa3zom, nemo Ka-
3axcTaHa HUTIOCTPUPYET MEepeXoll OT HHCTUTYIIHO-
HAJIbHOTO CTPOUTEIBCTBA K MPOOJIEME WHCTHTYIIHO-
HaITbHOU 3 PEKTHBHOCTH.

MexCcTpaHOBOM CPaBHUTEIbHBIN aHAIU3 I10Ka3a-
Tesielt THHOBALIMOHHOM JesiTebHOCTH (Tabauna 2) mo-
Ka3bIBaeT CYIECTBEHHBIH pa3pbiB Mexnay Kaszaxcra-
HOM U pa3BUTBIMHU CTPaHaMH U OTJCIbHBIMHU CTPAaHAMU
C MepeXOAHON YKOHOMHKOW IO KIIFOYEBBIM ITOKa3aTe-
JSIM HHHOBAIIMOHHOM JIeSITEeNIbHOCTH.

Tabmuma 2
CpaBHUTeIbHbIe HHHOBAIMOHHBIE MOKa3aTeu KazaxcraHa no cpaBHEeHHUIO ¢ Pa3BUTHIMH CTPaHAMH

| ITokazarens || Kazaxcran “ Poccus || benapyce “ VY30ekuctan “ EC “ CIIA |
Jloyisi MHHOBAIIMOHHO-AKTHBHBIX IPE]l-
npusTHii, % 11.9 145 12.1 10.8|| 40.3 45.2
[Pacxomst na HUOKP, % BBII | 0.13 1.1 0.6 03 21 30
Jonst MHHOBAaMOHHOM MPOLYKUIUH B
BBIL, % 1.37 25 1.8 0.9|| 10.5 12.1
[Kon-Bo uccnenopateneii na 1000 uen. || 25 4.2 34| 18] 65| 9.2
[lareHTHast aKTHBHOCTH, KOJ-BO/MIIH 5 20 10 3l 80 110
qel1.
|BLICOKOT€XHOJ’IOFI/I‘IHBII71 IKCIOPT, % || 2.1“ 5.5“ 4.0“ 1.5“ 15.2“ 20.l|
|BquypHoe ¢duHancupoBanue, MmiH $ || 15“ 250“ 30“ 5“ 1500“ 3500|
Jloiist MHHOBALMI C y4acTHEM YHUBEp-
cuteTo, % 12 35 20 10|| 45 55
VYpoBeHb 1M(POBH3ALMM  TPOM3BOA- o5 60 45 2ol 70 85
ctBa, %
[Global Innovation Index I 66|, 45|| 57), 75| 18] 3]

HcToyHHK: COCTaBICHO aBTOPOM Ha OCHOBE JaHHBIX bropo HanmonaneHO# cratuctiuku PK, World Bank, OECD,

WIPO

KazaxcTan 3HaYMTENBHO OTCTAET 110 PACX0/aM Ha
HUOKP (0,13% BBII), wHHOBaINOHHO-aKTHBHBIM
npeanpustasM (11,9%), BEICOKOTEXHOIOTHIHOMY JKC-
nopty (2,1%). Hanporus, ctparnst OOCP u Coenmuen-
Hble LITaThl AEMOHCTPHPYIOT 3HAYNTENFHO 0OJIee BHI-
COKHE YPOBHHM BO BCEX aCIEKTaX, OCOOEHHO B TaKHX
MOKa3aTeIsIX HAKOIUIEHUS 3HAHUN M KOMMepLUalu3a-
IIH, KaK MaTeHTHas JeSTeNbHOCTh U BeHUypHOe (u-
HaHCHUPOBAHMUE.

BaxxHO OTMETHTB, YTO 3TOT Pa3phIB HE OTPAHUIH-
BaeTcsi 00bEMOM PECYPCOB, & PACIPOCTPAHSIETCS HA I10-
Ka3aTenu pe3ylbTaTHBHOCTH U 3¢ddexrnBHOCTH. DTO
TOBOPHT O TOM, UTO IIPOOJIEMa 3aKIIF0YACTCS HE TOIBKO
B HEIOCTATOYHOM (PMHAHCHPOBAHWH, HO W B HHU3KOH
MPOU3BOJUTENBLHOCTH  MHHOBAIMOHHON  CHCTEMBI,
BKJIOUast C1a0ble MEXaHU3MBI IIepe/iadun TEXHOIOTHH 1
OrPaHUYEHHOE Y4aCTHE YACTHOTO CEKTOPA.
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C TOYKM 3peHHs TEOpPHUH OJHIOIEHHOTO pocTa
(Romer, 1990) Takue pa3nuyus MoapasyMeBaOT Orpa-
HUYCHHBI IOTECHIMAI [OJTOCPOYHOTO pOCTa, II0-
CKOJIBKY HAaKOIUICHHE 3HAHWH U MHHOBALMHU SBJISIOTCS
KIIIOYEBBIMHA  (DaKTOpaMy YCTOWYMBOTO 3KOHOMHYE-
ckoro pocta. TakuM 00pazom, HaOMIOJAEMBIA pa3phIB

oTpaxkaer Oosee TiayOOKHE CTPYKTYpHBIC OrpaHHue-
HUS, 2 HE BpEMEHHbBIE AUCOATaHCHI.

Anamu3z mno3unmu  Kazaxcrana OTHOCHTEIIBHO
ctpad OOCP (Tabmuma 3) monTBep:kKmaeT HaIH4He
SIPKO BBIPAKEHHOTO M MHOTOMEPHOTO HHHOBAIIMOH-
HOTO pa3phIBa.

Tab6muma 3

CpaBHHTe1bHbIC HHHOBAIIMOHHBIE NOKa3aTen Kazaxcrana u crpan Opranuzanusi 3JKOHOMHYECKOI0 CO-
TpyAHu4ecTBa M passutus (0ICP)

|N9 “I/IH,III/IKaTOp MHHOBALIMOHHOT'O Pa3BUTHUS “ Kasaxcran “peﬂHee 03CP|| JInpepsr OOCP |
| 1 |hcx0m,1 Ha HUOKP (% BBII) || ~0.13 %|| ~2.7 %H3paI/IJ'IL. I0xnas Kopes (>4 %) |
2 ||onst ”HHOBAIIMOHHO-aKTUBHBIX MPEAIPHS-

THIA ~11-12 % ~50-55 %|epmanns. Ouansaaaus (>60 %)
3 |jmcmo uccnenosarenei (Ha 10 ThIC. 3aHs-

TBIX ) ~23 ~120|janust. GunnsHaus (~150)
|4 HaTeHTBI (Ha 1 MUTH HaceJIeHNS) || ~40|| ~850||I_HA. Snmonwust. FOxxuas Kopest |
| 5 Honﬂ BBICOKOTEXHOJIOTUYHOI'0 3KCIOPTa || ~5 %H ~15-20 %H))KHaﬂ Kopes. 'epmanus |
6 |lons MHHOBAIMOHHOW NMPOAYKIHMU B IIPO-

MBIIIJIEHHOCTH ~5% ~25 %|epmanus. [lIBenus
| 7 ||quypHLIe unsecTunH (% BBII) || <0.01 %H ~0.3 %HIJ_IA. Wspanns |
| 8 HHI/IBepCI/ITeTCKI/Ie pacxoasl Ha HUOKP || ~0.03 % BBH“ ~0.5% BBHHIHA. BenukoOpurtanus |
9 |lmdbpoBuzamus Om3Heca (HCIIOIH30BAHUE

IHU(GPOBBIX TEXHOJIOTHI MPEANPUATHIMH ) ~35% ~70 %|uansaaaus. Hugepaasabt
|10 HleCTO B Global Innovation Index || ~80|| nepBast 3O-Ka|h3eﬁuapm. IIBenus |

HcToyHMK: cOCTaBICHO aBTOPOM Ha OCHOBE HaHHBIX bropo HammonansHo#M ctatuctuku PK, World Bank, OECD,

WIPO

DTOT pa3phIB MPOSIBIISIETCS] OJTHOBPEMEHHO BO/B:

-BXOJIHBIX ToKazatensax (pacxoasl Ha HUOKP, ve-
JIOBEYECKHI KaIluTamn);

-MeXaHN3MaXx MPOITyCKHOU CIIOCOOHOCTH (COTPY -
HUYECTBO YHUBEPCUTETOB U IPOMBILIIIEHHOCTH, HHHO-
BaI[MOHHASI HHPPACTPYKTYPa);

-TI0Ka3aTeNsX BBITYyCKa (TIATEHTHI, BEICOKOTEXHO-
JIOTWYHBIN 3KCHOPT, BBIITYCK MHHOBAIMHN).

B HecKONBKHMX H3MEPEHMSAX pa3pbiB JIOCTHIAET
KpaTHBIX BenmduH (5-10 pa3), ocoOeHHO B MaTeHTHOH
JIeITeIbHOCTH M JAOCTYITHOCTH BEHIYPHOTO KanuTaja.
Takoe HEpaBEHCTBO CBUAETEIHCTBYET 00 OTrpaHUYEH-
HBIX BO3MOJKHOCTSIX HAlMOHAJbHOW 3KOHOMHKHU 10
NpEeBPAIICHHIO 3HAHUI B KOMMEPUYECKH KH3HECTIOCO0-
HbIE TEXHOJIOTHH.

Pesynbrarhl cornacyrores ¢ Mmojensio Triple He-
lix, koTopast yrBepkaaer, uTo 3(PEeKTHBHOCTH HHHO-
BallMi 3aBUCUT OT CHHEPTUU MEX]y ITPaBUTEIbCTBOM,
aKaJIeMUYeCKUMH KpyraMd M IPOMBIIIIEHHOCThIO. B
Kazaxcrane aTa CHHEpIusi OCTaeTcst HEJI0CTaTOUHO pa3-
BUTOM, 0COOCHHO C TOYKH 3PEHHSI KOMMEPLHATH3aLHN
U y4acTHs YaCTHOTO CEKTOpa.

CrieioBaTeNBEHO, pa3pblB B MHHOBAIMAX ClIEIYeT
paccMaTpHBaTh HE TOJIBKO KaK KOJIMYECTBEHHOE OTCTa-
BaHHE, HO M KaK CHCTEMHBId JUcOalaHC B CTPYKTYype
WHHOBAIIMOHHOW 9KOCHCTEMBI.

OMIMPHUYECKUE pe3yJIbTaThl U KOHIENTYalIbHbIC
MoJieNu (PUCYHKH | U 2) TO3BOJIAIOT ONPENETUTh KITIO-
YeBble CTPYKTYPHBIC JETCPMHHAHTBI, CTUMYJHUPYIO-
IIMe BBICOKYIO MHHOBAIIMOHHYIO JesTeabHOCTh B Ka-
3axcraHe.



28 Norwegian Journal of development of the International Science No 181/2026

HauuoHanbHas UHHOBaLlMOHHAas 3KOCUCTEMA:
OT cTpaTerum K 3KOHOMMUUYECKOMY POCTY

®DyHpameHT u [iBuratenn UHHoBauwm

MyTb K IKOHOMMYecKoMy dpdexTy

YCTOMYMBbIA
3KOHOMUYECKMI pocT

FocynapcTeeHHoe

perynvpoBaHue KommMepuunanusauus

nnogaepka pa3spabortok DUHANBHLIA pesynsTar — -

focypapcrao dopmupyer " Npeapawienne HayuHbix uaei 0

i e UDKL T R Bhcaue onor 1 e oot
bl ONKYPEHTOCNOCOBHYI0

obecneusaer 6a3ogoe Hayka, BusHec, UHdpacTpykTypa " gt npo):xyxumo. KOHKYPeIITOCNOCOBHOCTH,

HUHAHCHPOBAKME HaYKH. B M P 108,

CTapranoe u mxnoﬁlp«ou nanperca
AAPOM MHHOBALMOHHON BKTMBHOCTH.

Pucynox 1 — CmpykxmypHas cxema HayuoHaibHOU UHHOBAYUOHHOU IKOCUCTHEMb]

Ha pucynke 1 wnmmocTpupyercs CTpyKTypHas
cXeMa HaIlMOHAJHHONH HHHOBAI[MOHHOH 3KOCHCTEMBI

YPOBE€Hb KOOpAWHAIMKU MEXKAY YyYaCTHUKAMH, TOrJa
KaK OMIIUPUYICCKUE JaHHBIC CBUACTCILCTBYIOT O HEJ0-

PecniyOnmkn KazaxcraH, OTpaxkarollyr0 B3aUMOJEH-
CTBHE KJIIOUEBBIX HHCTUTYLIMOHANBHBIX aKTOPOB: TOCY-
JapCTBa, HAYIHO-00pa30BaTEIBHOTO CEKTOpa, Om3Heca
¥ MHHOBAIIMOHHON MH(PACTPYKTYPBIL.

CxeMa IeMOHCTPUPYET JIOTHYECKYIO TTOCIIeI0Ba-
TEJILHOCTh TpaHC(HOPMAIMH 3HAHUH B SKOHOMHYECKHE
pe3yJIbTaThl Yepe3 MEXaHU3M KOMMEpPLIUAIN3aUH, YTO
COOTBETCTBYET KOHIIENIIUU «TPOIHOM CIIMpainy UHHO-
BallMOHHOT'O pa3BUTHA.

CTaTOYHOW MHTEHCUBHOCTU TaKUX B3aWMOJACHCTBHUII B
Kazaxcrane.

DTO0 yKa3bpIBaeT Ha HEOOXOIUMOCTh HHCTHTYIIHO-
HAJIBHOTO YKPEIUICHHS CBsI3ei MeX Ty HayKOH 1 OM3He-
COM, a TarKke MOBHIMICHUS 3(PPEKTUBHOCTH MEXaHM3-
MOB TpaHc(epa TeXHOIOTHil.

Ha pucyHke 2 mwimrocTpupyercst MoJenb rocyaap-
CTBECHHOT'O CTUMYJIMPOBAHNA MHHOBAIIMOHHOI'O pa3BU-
THA DKOHOMUKH.

Bmecte ¢ Tem mnpexncraBieHHas MOAEIb HOCHUT
HOPMATUBHBIM XapakTep U IPEAnoJaracT BbICOKUU

Mopenb rocyapCTBEHHOro CTUMYNMPOBaHNS
MHHOBALMOHHOMO Pa3BUTUA IKOHOMUKM

PbI4ATM rOCYAAPCTBEHHOIO
BO3JEMCTBUA

CTUMYNTUPOBAHUE
WHHOBAUWOHHOWU AKTUBHOCTH

WHHOBALIMOHHOE
PA3BUTUE IKOHOMUKKN

Hopmarueno-
NpaBoBbie Mepbl

+ Jaxowopatensuoe
perynnposaune

* Jawmna EKTYANKNON
St

M0 CTAMRAPTON

G e

DUHAHCOBO~

IKOHOMMUYECKUE

CTHMynbl Macwra6uoe

» Npwsak NoepwKs BHenpenve
Nepe) (PaNTH TeXHONOrMA

* Cybenum
» Cucrema anoronmt Naror

H3AUMR

;}[= c, ToransHan
npoueccon

:.jEFC:

UHCTHTYUHOKANbHDIC
MEXAHH3IMbI

KAnCTopul
+ COIRMMO HHHOBIUNOMIMX

KAACTEPOD Tennonapsm

o Texnonapun
+ Lientpu HHOKP

Uenrpw HHOKP

Pucynox 2 — Moodens cocyoapcmeennozo cmumyaupo8anis UHHOBAYUOHHO20 PA3GUMUSL IKOHOMUKU
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Poruaramu rocy1apcTBEHHOTO BO3JCHCTBUS SIBJIS-
FOTCS:

-HOPMaTHBHO-TIPABOBBIE MEPHI, KOTOPBIE IPEAIO-
JararoT 3aKOHOAATEIEHOE PETyINPOBaHHE, 3aIUTY HH-
TEJJICKTYaIbHOW COOCTBEHHOCTH W yCTaHOBJICHHE
CTaHJApPTOB;

-(MHAHCOBO-3KOHOMHYECKHE CTUMYJIBI, KOTOPHIE
MpenoiaraloT MPsMYI0 TMOANEPKKY 4Yepe3 TPaHTHI,
CyOCHITUH U CHCTEMY HaJIOTOBBIX JIBIOT;

-MHCTUTYIIMOHAIbHBIE MEXaHU3MBbl Yepe3 co3/a-
HUE MHHOBALIMOHHBIX KJIACTEPOB;

-TEXHOIMAPKOB;

-neaTpos HUOKP.

Peanmzamus 3THX Mep MpHUBENET K CTUMYJIHPOBA-
HIE WHHOBAaIlMOHHOW aKTUBHOCTH Yepe3 aKTUBU3AIHIO
HUOKP, macmtabHOEC BHEIpEeHNE TEXHOJIOTHH U TO-
TANBHOW TU(PPOBH3AINHN TPOILIECCOB.

BianmoneiicTBre 3THX (PaKTOPOB CO3MACT YCHITH-
BAIOIMI IIMKJ BBICOKOH MHHOBAI[MOHHOW 3((eKTHB-
HOCTU — JOCTHXKEHHE POCTa MPOU3BOAUTEIHHOCTH U
TEXHOJIOTHYECKOW MOJACPHHU3AIUHN U JUBEPCUPHUKAIINN
SKOHOMHMKH.

Takum o006pa3oM, MOBBIINIEHHE HWHHOBAIMOHHON
AKTUBHOCTH TpeOyeT KOMIUIEKCHOTO MOJX0Ja, BKIIIO-
YaIOIIero CHHXPOHHU3AIMI0 TOCYJApCTBCHHOW IIOJH-
TUKH, Pa3BUTHE OTPACIEBBIX IKOCUCTEM U CTUMYITHPO-
BaHUC BHYTPHU()UPMECHHBIX WHHOBAIMOHHBIX HHBECTH-
LIUH.

OpmHUM U3 UEHTPAIBHBIX BHIBOJIOB MCCICIOBAHUS
SIBIIAETCS KpUTHUecKast posib mHBecTunii B HUOKP
KaK OIpenesoonero Gpakropa pe3yabTaTUBHOCTH WH-
HOBAITMOHHOW NEATETHLHOCTH U SKOHOMHYECKOTO PO-
cTa.

JlaHHBIE  TOKAa3bIBAIOT, YTO HWHTEHCHUBHOCTH
HUOKP B Kazaxcrane ocraeTcsi 3HAYUTEIHLHO HIDKE
MEXIYHAPOJHBIX OPHEHTHUPOB, YTO UMEET HECKOIBKO
JIOITOCPOYHBIX MOCIECTBHIA:

* OoJtee MeICHHAs TEXHOJIOTHYeCcKast MOICPHU3a-
1HsT;

* CHIDKEHHUE POCTa MPOU3BOIUTEIFHOCTH;

* TIOBBIIIICHHAS 3aBHCAMOCTh OT HMITOPTHBIX TEX-
HOJIOTHH;

* COXpaHEHHUE PeCypCHO-OPHUEHTUPOBAHHON 3KO-
HOMUYECKON CTPYKTYPHI.

OTH BBIBOJIBI COTJIACYIOTCSI C MOJAETISIMHU DHJIOTE€H-
HOTO POCTa, B KOTOPBIX MOAYEPKUBAETCS POIIb HAKOII-
JIEHUS 3HAHUH B TOJIEP>KaHUH SKOHOMHYECKOTO pa3-
BUTUS. B 3TOM KOHTEKCTe HHU3KHE HWHBECTHLHMHU B
HUOKP He TonbKo OTpakaroT TEKyIIUE OrpPaHUUYECHHUS,
HO ¥ OTPaHHYHUBAIOT OYAyIIHE TPACKTOPHH POCTA.

Kpome Toro, ananu3 mokasbIBaeT, YTO OIHOIO
muib yBenudyenus pacxonoB Ha HMOKP nenocra-
TOYHO. D(PPEKTUBHOCTH TAKMX HHBECTUIIUN 3aBHCHUT
OT B3aMMOJIOTIOJIHAIOMUX (PAKTOPOB, BKIIOYAsT HHCTH-
TYIIMOHAIHHOE Kau4eCTBO, YEITOBEUECKUH KalnTa ¥ HH-
HOBAIIMOHHYIO HHPPACTPYKTYPY.

Pe3ynbTaThl ncciaenoBaHUS UMEIOT Ba)KHBIE IIO-
CJIEJICTBUS JUISI PA3BUTUS U COBEPIICHCTBOBAHUS TOCY-
JAPCTBCHHOW WHHOBAIIMOHHOW IMOJNUTHKH B Pecmy0-
nmuke Kazaxcran.

Bo-nepBbiX, yBeIHueHUE HHBECTUINHI B HAyYHbIE
UCCIICIOBaHMS U Pa3pabOTKU JOJDKHO CTaTh OJHUM W3
KITIOYEBBIX MPUOPUTETOB SKOHOMHUYECKON MOJUTHUKHU.

MesxyHapOIHBIN OTIBIT OKA3BIBACT, YTO CTPAHBI C 00-
Jiee BEICOKMM ypoBHeM pacxonoB Ha HUOKP, kak mpa-
BWJIO, NOOWBafOTCA OoOJNiee CHIBHOTO TEXHOJIOTHYE-
CKOTO TIporpecca U 0ojee BBICOKHX TEMIIOB SKOHOMHU-
YECKOT0 pocra. [osTomy YBEITUUCHHE
TOCYTapCTBEHHBIX 1 YaCTHBIX WHBECTHIIUHA B HCCIEIO-
BaTEIECKYIO JESITEIHHOCTh MMEET BaXKHOE 3HAUCHUE
JUTSL YKpETUJIeHHs] MHHOBAIIMOHHOTO TIOTEHIMANa Hallk-
OHAJIbHOM SKOHOMHUKH.

Bo-BTOpHIX, HEOOXOAMMO COBEPIICHCTBOBAThH ME-
XaHU3MBbl B3aUMOJICHCTBUSI YHUBEPCUTETOB, HAYYHO-
HCCIICIOBATCIIBCKUX HMHCTHTYTOB, OHM3HEC-CEKTOPA.
YKperieHre COTPYAHUIECTBA B paMKaX YHUBEPCUTET-
CKO-OTPaciIeBOTO H MIPAaBUTEILCTBEHHOTO MAapTHEPCTBA
MOJKET 3HAYHTENIFHO YBEIMYUTh KOMMEPIHATA3ALINIO
HAYYHBIX HCCIICJIOBaHUI M YCKOPHUTH PacIpOCTpaHe-
HHUE HOBBIX TEXHOJIOTHH.

B-TpeTpux, TpeOyeTcs manpHeimee pa3sBUTHE UH-
HOBAIlMOHHOW HMHQPACTPYKTYPHI, BKIIOYAs TEXHO-
MapKy, WHHOBAIIMOHHBIE KJIACTEPhl, MHCTUTYTHI BEH-
YYpPHOTro (pMHAHCUPOBAHUS U MPOTPaMMBI TOIICPIKKU
CTapTaroB. DTH HHCTPYMEHTHI MOTYT o0ecrieuuTs Oa-
TOTIPUSTHBIE YCIOBUS AJISl PA3BUTUS MHHOBAIIMOHHOTO
MPEeNNPUHUMATEIBCTBA U POCTA BBHICOKOTEXHOJIOTHY-
HBIX OTpacleu.

B-uerBepThIX, 0cO0OC BHHMaHHE CIEIyeT YIe-
JATH PA3BHTHIO YEIIOBEYECKOTO KAlWTalla U MOACPHHU-
3aliu CUCTEMBI 00pa3oBaHus. POpPMHUPOBaHHE BBICO-
KOKBaJH(HUIINPOBAaHHBIX CHCIHAINCTOB B 00JacTh
HAYKH, TEXHUKA W TEXHOJOTHHA HrpaeT BaXKHEHIIYIO
pOJIb B YKpEIUICHUHM WHHOBAI[MOHHOTO TMOTEHIMaIa
SKOHOMMKH.

Haxkonern, BakHO#M MOJUTHYECKOU 3amadeil ocra-
€TCsl YJIy4dIlieHue WHCTUTYIHOHAIBHOW CpeJibl U HOP-
MaTUBHOW 0a3bl NI MHHOBAaIIMOHHOW JESITETHbHOCTH.
[Ipo3paunoe perymupoBaHue, 3aIIUTa IPaB UHTEIIICK-
TyambHOH COOCTBEHHOCTH U 3S()(EKTUBHBIE MeXa-
HU3MBI TOJICPKKA WHHOBAIIMOHHBIX TPEATIPUSITHN
MOTYT 3HAYUTEIHHO MOBBICUTH A (EKTHBHOCTh HAIIH-
OHAJBHOY WHHOBAITMOHHON CHCTEMBI.

Peanmzarus 3THX Mep MOJUTHKH MOXKET CII0CO0-
CTBOBaTh YKPEIUICHHIO MHHOBAIIMOHHOTO MOTEHIIMAa
SKOHOMHKH Kazaxctana © moAmepkaTh Mepexoj
CTpaHbI K MOJIEJIA Pa3BUTHS, OCHOBAaHHOW Ha 3HAHUSIX.

BoiBoabl. B 1ienom, pe3yabTaThl OATBEPKIAIOT,
4yT0, X0Ts1 Kazaxcran no0uiics mporpecca B CO3/IaHUU
WHCTUTYIIMOHAILHOW OCHOBBI MHHOBAIIMOHHON YKOHO-
MHKH, OCTalOTCS 3HAYUTENIbHbIE CTPYKTYpHBIE IPO-
ONeMBI.

HUccnenoBanue nokasblBaeT, 4To:

-MHHOBAallMOHHAs TMOJIMTHKA pa3BUBaNach, HO
ocTaeTcs HelocTaTOYHO 3(h(HEeKTUBHOI;

-COXpaHsIETCsl 3HAYUTEIHHBIA Pa3pblB B MHHOBA-
LUSX TI0 CPABHEHUIO C Pa3BUTHIMHA YKOHOMUKAMH;

-CTPYKTYpHBIE M CUCTEMHBbIE (DAKTOPHI CIEPKHU-
BalOT MHHOBAITMOHHYIO AESITEIHLHOCTD;

-uaBectunin B HUOKP urpator perraromnryto, HO
HE UCKITIOYUTEIHLHYIO POJIb;

-3(Q()eKTUBHOCTh MOJUTHKH 3aBUCHT OT CHUCTEM-
HOH COTJIACOBAaHHOCTH M y4aCTHsI YACTHOTO CEKTOpa.

OTU BBIBOJABI BHOCIT BKJIAJ B JIMTEpATypy IO
HallMOHAJILHBIM HHHOBALIMOHHBIM CUCTEMAaM B CTpaHaXx
C MEpPexXOAHON HKOHOMUKOW M CIIy>KaT OCHOBOW JJIst
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pa3paboOTKM HAy4YHO OOOCHOBAaHHOM  IOJHMTHKH,
HaIlpaBJIEHHON Ha COJACHCTBHE YCTOWYHUBOMY, OpPHEH-
TUPOBAHHOMY Ha MHHOBALIMH YKOHOMUYECKOMY POCTY.

HecMoTps Ha nonydeHHbIE pe3yJbTaThl, HACTOA-
Liee UCCIIE0BAaHUE UMEET PsIi OTPaHUUEHUMN, KOTOPHIE
CJeyeT yUUThIBATh IPU UHTEPIIPETALNN OTYyUEHHBIX
BBIBOJIOB.

Bo-nepBbix, aHaIN3 THHOBALIMOHHOM aKTUBHOCTH
NpEeANpPUATHII OCHOBAaH NPEUMYIIECTBEHHO Ha arperu-
POBaHHBIX CTAaTUCTUYECKUX JaHHBIX, MpPEIOCTaBisie-
MbIX Blopo HanuoHanbHOW cTatucTUKU PecrryOnmku
Kazaxcran u MexayHapoaHbIMU opraHuzanusmu. Hc-
[I0JIb30BAaHNE arperupoBaHHbBIX [OKa3aTelaed OrpaHu-
YUBAET BO3MOKHOCTH JETAJILHOTO aHAJIN3a HHHOBALIM-
OHHOTI'O MTOBEICHUS OTIEIbHBIX NPEANPUATHI U OTpac-
JIeil 5)KOHOMUKHU.

Bo-BTOphIX, HCCIEnOBaHME HOCUT IpEeUMYLIe-
CTBEHHO MaKpO3KOHOMHUYECKHUH XapaKTep U OpPUEHTU-
POBAaHO Ha aHANW3 OONUX TCHACHIMA HHHOBAIMOH-
HOTO pa3BuTHs. B cBsi3u ¢ 3TUM B paboTe He paccMmar-
pUBarOTCA MHMKPO3IKOHOMHYECKHE aCIEKThI
VHHOBALIMOHHON JAESTEIbHOCTH NPEANPUATUH, BKIIO-
gasi OCOOCHHOCTH yIpaBlIeHUS WHHOBAaIUAMU Ha
YPOBHE OTJI€TIbHBIX KOMIIaHUM.

B-TpeTbux, cpaBHUTENBHBIN aHATN3 THHOBALMOH-
HOrO pa3BUTHsI OCHOBaH HAa MEXIYHapOIHBIX CTATH-
cTrUYecKux 0a3axX JaHHBIX, BKITIOYas Matepuansl World
Bank, Organisation for Economic Co-operation and
Development wu  World Intellectual  Property
Organization. HecMOTpsi Ha BBICOKYIO CTENCHb COMO-
CTaBHUMOCTH 3THX JAHHBIX, BO3MOXKHbBI Pa3JIN4us B Me-
TOJOJIOTMM CTaTHUCTHMYECKOTO Y4€Ta MHHOBALIMOHHOM
JIeATEJIbHOCTH B Pa3HbIX CTPaHaX.

Hakonen, uccnenoBaHue OrpaHUYEHO BPEMEH-
HbIM MEPUOJIOM JIOCTYMHOCTH CTaTUCTHUYECKUX JaH-
HBIX, YTO MOJKET BJIMATH HA MOJIHOTY aHajlu3a JOJIro-
CPOYHBIX TEHJEHIINI HHHOBALMOHHOT'O PA3BUTHSI.

[IpoBenénnoe uccneaoBaHre MO3BOIMIIO pOaHa-
JIM3UPOBAThH BIIMSHUE TOCYAAPCTBEHHOW MOJIUTUKH Ha
WHHOBAIIMOHHOE Pa3BUTHE HAL[MOHAJIbHON SKOHOMHUKHU
Pecniyonmkn KazaxcraH W ompenenuTh KIFOYCBBIC
HallpaBJIEHUs COBEPIIEHCTBOBAHUS MEXaHW3MOB CTH-
MYJIMPOBAHHS UHHOBALIMOHHOU N1€ATEIbHOCTHU.
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This investigation, titled “Divine Light: The Source of Life, Health, and Strength,” is the first step in the field
of treating diseases based on the shared principles of religion and medicine, without relying on conventional med-

ical means.
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Itis evident that knowledge is salvation. However,
among the scholars who elevated the meaning and es-
sence of knowledge to the highest level in human life,
there were also those who remained indifferent to reli-
gious sciences. In particular, the commentary on verse
83 of Surah Ghafir in the Holy Qur’an states:

“Many philosophers who were renowned for their
expertise in worldly sciences and disciplines in the past
did not value religious and spiritual knowledge, and did
not even consider them to be part of the realm of
knowledge.”

Yet, from this same perspective, there were also
great figures among the learned who believed that the
relationship between knowledge, God, and religious
faith is rooted in a deeper spiritual interpretation. Al-
Farabi once remarked: “Religion and philosophy to-
gether form the only path that leads to truth.”

Albert Einstein echoed this sentiment, stating:
“Faith in God is the greatest outcome of scientific in-
quiry.”

The conclusions drawn by prominent figures of
science and philosophy across different eras regarding
the interplay between religious belief and scientific ex-
ploration later found even clearer expression. For ex-
ample, Dr. Albert Makop stated: “Engaging in scien-
tific work has strengthened my faith in God. There is
no doubt that science undeniably helps humanity gain a
deeper understanding of God’s power. The more dis-
coveries a person makes in their scientific research, the
stronger their faith in God becomes.”

Indeed, in compiling this treatise, when incor-
porating reflections and ideas quoted from sources
of faith beyond Islam, we relied on the meaning of
the hadith recorded in Sunan Ibn Majah (Hadith
4169):

“It is narrated from Abu Hurayrah (may Allah be
pleased with him): ‘4 wise word is like something a be-
liever has lost — wherever he finds it, he has the right
to take it. "

Thus, the bond between religion and science, on
the one hand, strengthens the spiritual dimension of
faith during the process of scientific endeavor; on the
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other hand, it enables the discovery of new facets of re-
ligious feeling that benefit humanity.

In this sense, we believe the time has come to turn
our attention to another vital aspect of God’s boundless
mercy: the scientific exploration of the healing power
of 'Divine Light—a concept yet to be thoroughly stud-
ied by the scientific community.

However, before delving into this topic, we would
like to remind our readers—regardless of their theoret-
ical or practical familiarity with it—of a fundamental
reality of our spiritual world. From the first moments of
conscious life until their final breath, every human be-
ing inevitably turns to God, seeking health and well-
being, and pleading for protection from life’s misfor-
tunes and calamities.

If we are to take a deeper look at the potential out-
come of this heartfelt appeal to God — what might be
described as the manifestation of 'Divine Light' — the
reader’s attention must first be drawn to an extremely
delicate matter: human responsibility within divine
blessings.

In this regard, it must first be emphasized that the
divine favors granted to a In this regard, it must first be
emphasized that divine favors granted to a servant log-
ically demand a sense of human responsibility rooted in
faith. Otherwise, a person who enjoys the unearned gift
of health is essentially no different from those whom
the Holy Qur’an describes as 'deaf and blind. "2

Drawing on the wisdom of this verse, we aim to
highlight a truth which, though familiar in our daily
lives, is often overlooked in practice. The reason for
this emphasis is clear: while the verse refers directly to
‘deafness and blindness' in matters of faith, there are
countless instances in our daily lives where—despite
knowing our actions must remain pure—we behave in
ways that, even with seeing eyes and hearing ears, make
us no different from the blind and the deaf.

The core point is this: when a healing verse of the
Divine Word is recited, its effect appears to be closely
linked to the person’s mental, spiritual, and physical
state of purity — to their ability to withstand satanic
intrusions. The more | pondered on this matter, the

2 Qur’an al-Karim. “Siirat Fussilat”, ayah 44.
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more | came to the conclusion that only in such a state
— one of true and thorough purity — can a supplication
to God be expected to bring about the fulfillment of
one’s request.

Of course, when turning to God about any matter,
it is not always easy to achieve a state of complete pu-
rity in the truest sense. Yet, when it is granted — even
briefly — before voicing a heartfelt wish, | believe that
God not only heals illness and suffering but also helps
bring forth every good intention imprinted upon the
servant’s heart. For me, the next wondrous blessing —
my pilgrimage to Hajj — became a profound testament
to this very truth.

Now, | can say with certainty that such an unbe-
lievable dream turning into reality could hardly be con-
sidered mere coincidence. For when there remains no
doubt that a sincerely held intention will indeed come
true, one must logically draw this conclusion: just as
the sins a person commits — knowingly or unknow-
ingly — are never overlooked by God, likewise, their
righteous deeds are never left unnoticed. Moreover,
even if | had not yet accomplished any truly remarkable
good deeds, perhaps it was the heartfelt prayers | made
in longing for the pilgrimage that were answered.

And so, only now — after this preface about sin-
cere intentions and pure wishes — does it seem fitting
to proceed directly to the analysis and interpretation of
the healing power of the “Divine light” in relation to
illness and suffering.

However, before speaking directly about this
divine blessing, | would like to draw attention to an-
other important point. In His Holy Book, Allah not
only mentions the verses that serve as healing for His
servants but also affirms that He may guide whomever
He wills to the healing “Divine light.” And within this
divine light lies a power that, when experienced, has
been proven to bring healing to various ailments. For
this reason, as tangible evidence of this reality, | intend
to share with you, dear readers, the results of treatments
involving the healing “Divine light,” which have been
applied on several occasions.

Approximately ten years ago, | began to experi-
ence intermittent episodes of blurred vision in my left
eye, which would redden from time to time. Alongside
this, black spots would appear in my vision, accompa-
nied by flashes of light — as if coming from an electric
current. To relieve this condition, I used “Ciprolet,” an
eye-drop medication prescribed by a doctor, and would
find temporary healing, allowing me to continue my ac-
ademic work. When describing the discomfort in med-
ical terms, the doctor offered the following explanation
from a clinical perspective:

“This condition is the result of elevated blood
pressure, abnormal blood vessel circulation, or the af-
tereffects of illnesses experienced over a lifetime mani-
festing in the eye area.”

Following the treatment of this condition and
subsequent observations, the doctor, while unable to
reach any definitive conclusion, nonetheless advised
me — as a precaution — to undergo an examination
at an oncology clinic. However, | did not pursue that
examination. Instead, starting the very next day, | be-
gan directing the healing “divine light” toward my eye

during the first three to four minutes of my regular Raja
Yoga practice, which | had been engaged in for many
years. As a result of these meditative treatments, | have
continued my academic work for the past three to four
years with healthy vision — without needing any eye
drops or medications.

Turning now to the next case of treatment: One
day, | noticed a pea-sized swelling on the right side of
my cheek. Naturally, eating became uncomfortable, so
I consulted an experienced dental specialist. The doctor
explained that the only way to remove the problem was
through surgery. | took about a week to think over this
course of treatment and informed the clinic that | would
return. The swelling in my cheek was described by the
doctor as follows:

“Papilloma, linguistically referred to as a ‘benign
tumor-like growth,” can form when a section of tissue
inside the cheek becomes damaged or irritated, for ex-
ample, by being pinched between the teeth, or as a re-
sult of inflammation.”

Based on this diagnosis, surgery was deemed nec-
essary. However, during my Raja Yoga sessions, |
again began directing the “Divine light” to the spot
where the swelling had appeared, attempting my own
form of healing. A week later, | returned to the doctor
and asked him to examine my cheek. To his surprise,
he found that not a trace of the pea-sized swelling re-
mained.

To be honest, it is undeniable that such extraor-
dinary methods of healing — how they work and
what their secret might be — will leave readers
astonished. In fact, | first began to form an understand-
ing of these healing secrets during my Raja Yoga prac-
tice in India in the 1990s.

What kind of understanding, you might ask?
The practical answer to that question is this: in 1991,
when | unexpectedly suffered a stroke, it was through
Raja Yoga practice that | recovered. After regaining my
health and returning to normal life, | became deeply in-
terested in the Qur’anic verse that speaks of the “Divine
light” — a blessing that may be granted to certain serv-
ants — and | began gathering and studying information
about its characteristics as much as possible.

In this pursuit, | also familiarized myself with
sources from other world religions that originated even
before the Common Era. For example, Hindu theology
teaches that “the remedies for illnesses encountered in
human life are embedded within the very body of the
person.” Similarly, the Daoist religious tradition of
China cannot be excluded from this discussion, as it too
contains references to such concepts.

Thus, from both religious and medical interpreta-
tions, all the necessary information relevant to this
topic was gradually compiled. And during this process,
I was fortunate to experience yet another unforgettable
moment. In a conversation with academician Azizkhon
Qayumov, the esteemed teacher referenced lines from
Alisher Navoi’s poetry — lines that, to me, seemed like
the logical continuation of Hindu theology’s vision of
health. He offered these two lines as an example for the
topic that fascinated me:

Chun bo‘ldi tabiat-i muolij,

Tanani gildi marazdan xorij.
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(When nature became the healer,

It drove illness away from the body.)

In essence, the lines of poetry highlight the no-
tion that the remedy capable of freeing a person
from illness exists within human nature itself — a
thought that brought me great joy. Indeed, the pro-
phetic insight woven into the couplet signified that the
poet himself was aware of the miracles of divine heal-
ing.

For me personally, my 36 years of research on
“The Ancient History, Religious Beliefs, and Culture of
the Peoples of South, Southeast, and East Asia” proved
invaluable in approaching the matter of healing from a
deeper religious perspective. These studies were partic-
ularly helpful because the sources of religious teach-
ings and beliefs across all three regions contained am-
ple interpretive references to the concept of “Divine

light” — most notably in Hindu Yoga Shastra, Chinese
Daoism, and, of course, Islamic Sufi thought.

If this unique direction — in many ways still un-
explored or underrepresented in global discourse —
truly addresses what is perhaps the most precious gift
to humanity, namely the enhancement of both inner and
outer well-being, then we would be sincerely grateful
to hear your thoughts and reflections on the publication
of this monograph. With this in mind, we remain hope-
ful for your positive response and kind support in help-
ing us bring this important work to a wide audience.

Should you be interested in delving deeper into
this groundbreaking approach to healing and its philo-
sophical and historical roots, we warmly encourage you
to reach out to the author at the following address:
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This article examines the role of the mahalla institution in ensuring social stability and harmony in society.
Mahalla and good neighborliness are analyzed as interconnected values rooted in the historical, cultural, and reli-
gious traditions of the Uzbek people. The study explores the historical origins of the mahalla institution, Islamic
teachings concerning the rights and responsibilities of neighbors, and the development of state policies aimed at
strengthening mahalla during the years of Uzbekistan’s independence. Particular attention is devoted to the ma-
halla’s function as a bridge between citizens and the state, as well as its role in promoting social solidarity, mutual
assistance, and moral education. The article concludes by emphasizing the importance of mahalla and neighborly
relations as unifying forces in the context of globalization and urbanization.
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The role of the mahalla institution in ensuring so-
cial stability and harmony in society is invaluable. In
particular, good neighborly relations formed within the
framework of the mahalla constitute an inseparable part
of the national and spiritual values that have developed
among the Uzbek people over centuries. Mahalla and
good neighborliness are mutually complementary and
harmonious social phenomena that strengthen the at-
mosphere of solidarity, mutual assistance, and toler-
ance within society.

The mahalla is one of the oldest and most stable
social institutions in Uzbek society. It functions not
only as a territorial unit but also as a unique school of
moral upbringing, a system of social support, and a
mechanism of community-based social control.
Through the mahalla, people establish social connec-
tions, solve problems collectively, and transmit na-
tional values to younger generations.

As emphasized by the President of the Republic of
Uzbekistan, the mahalla serves as the most important
bridge between the people and the state, enabling local
communities to address social problems directly:

“Throughout history, regardless of the severe tri-
als we faced, we drew strength primarily from unity.
During difficult times, our people and the members of
mahalla communities stood shoulder to shoulder and
overcame hardships together. Families supported other
families, and neighbors helped one another. We must
always remain faithful to this unique value and educate
our younger generation in this spirit.”

Historical Roots of the Mahalla Institution

The mahalla institution possesses deep historical
roots in Central Asia, particularly in the territory of pre-
sent-day Uzbekistan. Historically, it developed not
merely as a territorial community but also as a system
of social governance, moral regulation, and mutual as-
sistance.

The origins of the concept of mahalla can be traced
back to ancient Eastern civilizations. Archaeological
and historical sources indicate that the populations of
ancient Sogdiana, Bactria, and Khorezm lived within
tribal and territorial communities characterized by self-
governance, collective responsibility, neighborhood

solidarity, and communal labor traditions. Local resi-
dents resolved issues related to water distribution, land
use, security, and ceremonies through collective agree-
ments. These features demonstrate the early formation
of the mahalla as a social model.

With the spread of Islam in Central Asia, the ma-
halla acquired a deeper socio-legal and spiritual char-
acter. It evolved into a territorial community centered
around the mosque. Mosques, schools (maktab), ceme-
teries, springs, and markets served as the social and cul-
tural centers of the mahalla. Within this framework, the
community provided assistance to the poor, cared for
orphans and vulnerable individuals, regulated ceremo-
nies and traditions, and mediated conflicts.

Islamic concepts such as neighborly rights, collec-
tive responsibility, charity (sadagah), and almsgiving
(zakat) significantly contributed to strengthening the
mabhalla institution. During this period, the mahalla be-
came officially recognized as a social unit administered
by respected community elders, often referred to as
ogsoqol or arbob. The mahalla also acted as an inter-
mediary between state authorities and the population.

Mahalla During the Soviet and Independence
Periods

During the Russian imperial period, the mahalla
institution survived, although its formal powers were
limited. Under Soviet rule, the mahalla was often
viewed as a “remnant of the old order.” Nevertheless, it
continued to exist as an informal social institution
through which family traditions, ceremonies, and
neighborhood relations were preserved. This demon-
strates the strong connection between the mahalla and
the historical memory and cultural traditions of the Uz-
bek people.

Following Uzbekistan’s independence, the ma-
halla gained official recognition as an important social
institution. It was legally reinforced through the Con-
stitution of the Republic of Uzbekistan and special leg-
islation, obtaining the status of a “self-governing body
of citizens.”

During the thirty-five years of independence, the
development and significance of the mahalla institution
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were directly emphasized three times in the official an-
nual state programs:

2003 — “The Year of the Prosperous Mahalla”;

2022 — “The Year of Human Interests and Ma-
halla Development”;

2026 — “The Year of Mahalla Development and
Social Progress.”

These initiatives demonstrate that strengthening
the mahalla institution and enhancing its role in social
protection, public stability, and civic life have become
major priorities of state policy.

In 1993, Uzbekistan adopted the Law “On Self-
Governing Bodies of Citizens,” which transformed ma-
hallas into official legal institutions. The law defined
their formal powers, administrative responsibilities,
and social functions. Subsequently, the legislation was
revised several times—in 1999, 2013, and 2021—to
adapt it to contemporary reforms.

In the period referred to as “New Uzbekistan,” es-
pecially during the 2020s, the concept of “mahalla-
based governance” (mahallabay ishlash) was elevated
to the level of state strategy. This approach aims to
identify and solve social problems directly at the com-
munity level and has become a fundamental mecha-
nism in the activities of many state institutions.

In recent years, approximately one hundred nor-
mative legal acts have been adopted to strengthen the
mabhalla institution. These reforms addressed neigh-
borly rights, election procedures, the authority of ma-
halla chairpersons, and mechanisms for interaction be-
tween society and the state. For instance, the term of
office for chairpersons of citizens’ assemblies was ex-
tended from three to five years, and new procedures for
conducting elections were introduced.

As a result of these reforms, millions of citizens
have received social services through the mahalla sys-
tem, reinforcing its role as a direct mechanism for sup-
porting the population. Today, the mahalla effectively
serves as a bridge between citizens and state authorities,
facilitating social oversight and improving the identifi-
cation and resolution of local social issues.

Good Neighborliness in Islamic Teachings

Historically, the mahalla institution in the Muslim
societies of the East has been closely connected with
the principle of good neighborliness. Neighborly rela-
tions occupy a significant place in the traditional life-
style and worldview of the Uzbek people. Folk sayings
such as “If your neighbor lives in peace, you live in
peace” and “The neighbor’s right is God’s right” reflect
the sacred status of neighborly relations in popular con-
sciousness.

Human beings cannot live isolated from society.
Throughout life, individuals establish social relations
within the family, neighborhood, and broader commu-
nity. Consequently, they acquire rights and obligations
toward others. One of these obligations is the right of
neighbors, to which Islam gives particular attention.

The Holy Qur’an states: “Worship Allah and asso-
ciate nothing with Him, and show kindness to parents,
relatives, orphans, the needy, the near neighbor, the dis-
tant neighbor, the companion at your side, the traveler,

and those whom your right hands possess. Indeed, Al-
lah does not like those who are arrogant and boastful”
(Surah An-Nisa, 4:36).

The Prophet Muhammad (peace be upon him)
said: “Jibril continued to advise me concerning the
neighbor until I thought he would make him an heir”
(Narrated by Imam al-Bukhari).

Another narration from Abu Hurairah reports that
the Prophet (peace be upon him) said: “Whoever be-
lieves in Allah and the Last Day should treat his neigh-
bor kindly”’(Narrated by Imam Muslim).

One of the manifestations of kindness among
neighbors is the exchange of gifts during holidays and
joyful occasions. The Prophet Muhammad (peace be
upon him) said:

“O Muslim women! Let not a neighbor consider
insignificant even the gift of a sheep’s hoof from an-
other neighbor”(Narrated by Imam Muslim).

Similarly, Aisha (may Allah be pleased with her)
once asked the Prophet (peace be upon him):

“To which of my two neighbors should I give a
gift?” He replied: “To the one whose door is nearest to
you” (Narrated by Imam al-Bukhari).

These narrations emphasize the ethical importance
of maintaining close and compassionate neighborly re-
lations.

Islamic history also contains many examples illus-
trating the significance of good neighborliness. Hasan
al-Basri stated:

“Good neighborliness is not merely refraining
from harming one’s neighbor, but also patiently endur-
ing harm from them.”

Historical sources also narrate the famous story of
Imam Abu Hanifa and his shoemaker neighbor, demon-
strating patience, compassion, and moral guidance
through neighborly relations.

Conclusion

In conclusion, the mahalla and good neighborli-
ness cannot fully exist independently from one another.
The mabhalla environment strengthens neighborly ties,
while good neighborliness enhances the social power
and cohesion of the mahalla. Community events, col-
lective work (hashar), holidays, and ceremonies bring
people closer together and reinforce solidarity.

Healthy neighborly relations formed within the
mahalla contribute to social stability, reduce conflicts
and crime, and educate young people in the spirit of na-
tional and moral values. In the context of globalization
and urbanization, when direct human interaction is
gradually weakening, the values of mahalla and good
neighborliness are becoming increasingly important as
forces that unite society.

In particular, the mahalla plays a crucial role in en-
couraging youth social participation, preventing alien-
ation and loneliness, and strengthening civic solidarity.
Therefore, preserving and developing the traditions of
mahalla and good neighborliness remains one of the es-
sential conditions for ensuring social harmony and sus-
tainable development in modern Uzbek society.
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Abstract

Human resource management constitutes one of the fundamental pillars for the effective functioning of public
administration. In the context of the political, economic, and social transformations that Albania has undergone
over the past decades, public administration has faced numerous challenges related to professionalism, efficiency,
depoliticization, and the modernization of the civil service. Human resource management in the public sector is
not limited solely to staff recruitment and administration, but also encompasses professional development, moti-
vation, performance evaluation, ethics, and the strengthening of institutional capacities.

Within the Albanian context, public administration has transitioned from a centralized and politically con-
trolled model during the communist period toward an administration that seeks to align with European standards.
This transition has brought about significant legal and institutional changes, while simultaneously revealing struc-
tural issues such as nepotism, the lack of meritocracy, low levels of employee motivation, and insufficient profes-
sional capacities.

This article aims to provide a comprehensive analysis of human resource management within the Albanian
public administration, focusing on the principal challenges and future development prospects. Through an analyt-
ical and comparative approach, the study will address the legal, institutional, and practical aspects of human re-

source administration, as well as the impact of administrative reforms on improving public service delivery.
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I. Introduction

Human Resource Management represents one of
the most significant components of an effective and
sustainable public administration system. In modern
governance, the quality of public services and the level
of institutional efficiency are closely linked to the pro-
fessionalism, integrity, and performance of public em-
ployees. In the Albanian context, public administration
has undergone substantial reforms during the last dec-
ades, particularly in the framework of European Union
integration, democratization, and the establishment of
the rule of law. Despite these developments, the man-
agement of human resources in the Albanian public ad-
ministration continues to face numerous structural, le-
gal, and organizational challenges.

The study examines issues related to recruitment
procedures, merit-based promotion, political influence,
employee motivation, professional training, perfor-
mance evaluation, and administrative accountability.
Particular attention is devoted to the implementation of
civil service legislation and the extent to which trans-
parency, impartiality, and professionalism are effec-
tively guaranteed in practice.

The paper further explores the impact of digitali-
zation, administrative modernization, and international
standards on the development of public sector human
resources. It argues that while Albania has adopted an
advanced legal framework aligned with European prin-
ciples, practical implementation remains inconsistent
due to institutional weaknesses, limited administrative

capacities, and political interference in decision-mak-
ing processes.

1. The Evolution of the Albanian Public Ad-
ministration

The Albanian public administration has under-
gone several historical stages of development, evolving
from a centralized administration characterized by po-
litical control and a lack of institutional autonomy dur-
ing the communist regime, to the continuous contem-
porary efforts aimed at establishing a democratic ad-
ministration based on transparency, meritocracy,
equality, and aligned with European standards.

Following the collapse of the communist regime,
Albania entered a new phase of political and economic
reforms. Among the primary objectives was the estab-
lishment of new state institutions founded on profes-
sionalism and meritocracy, through the reform and cre-
ation of a democratic public administration reflecting a
society aligned with European Union standards. The
European integration process has exerted a significant
influence on the reform of the Albanian public admin-
istration. The European Union has consistently re-
quired the establishment of a professional, efficient,
and depoliticized administration as a prerequisite for
advancing the integration process.

The first step toward establishing a transparent and
efficient administration was undertaken during 1995-
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1996 with the adoption of the first Civil Service Law?,
although it was never effectively implemented. In
1998, within the framework of civil service reform and
with the assistance of SIGMA, the OSCE, and the
World Bank, a new civil service act* was adopted,
bringing the Albanian legal framework closer to widely
accepted European standards and principles.

During the period 1999-2002, a series of by-laws
were adopted, and implementing institutions were es-
tablished, including: the Department of Public Admin-
istration (DAP)?®, serving as the central managerial unit;
the Civil Service Commission (KMSHC)8, functioning
as the supervisory authority responsible for monitoring
the implementation of civil service legislation and han-
dling administrative complaints; and the Albanian
School of Public Administration (ASPA)’, responsible
for the training and professional development of public
officials. These institutions continue to exercise their
functions to this day.

On 12 June 2006, the Republic of Albania signed
the Stabilisation and Association Agreement (SAA)
with the European Union, the primary objective of
which is the country’s accession to the European Un-
ion. The Agreement establishes reciprocal rights and
obligations while creating frameworks for cooperation
across various sectors. One of these obligations consists
of developing an efficient and accountable public ad-
ministration, with particular emphasis on institution-
building, the development and implementation of trans-
parent and impartial recruitment procedures, human re-
source management, career development within the
public service, continuous professional training, and
the promotion of ethics and e-governance at both cen-
tral and local levels of administration®.

For several years, Albania has maintained a well-
defined strategic framework for Public Administration
Reform, encompassing five principal strategies:

1. The Crosscutting Strategy for Public Admin-
istration Reform;

2. The National Crosscutting Strategy for Decen-
tralization and Local Governance;

3. The Public Financial Management Strategy;

4. The Crosscutting Anti-Corruption Strategy;

5. The Crosscutting Strategy “Digital Agenda of
Albania.®”

2. The Legal Framework of Human Resource
Management in Albania

Human resource management within the Albanian
public administration is supported by a broad legal and
institutional framework. The Constitution of the Re-
public of Albania establishes the fundamental princi-
ples governing the functioning of public administration
and guarantees the rights of public employees.

The principal legal acts regulating human resource
management in the public sector include:

3 Republic of Albania. (1996). Law No. 8095/1996 on the
Civil Service in the Republic of Albania

4 Republic of Albania. (1999). Law No. 8549/1999 “Status of
the Civil Servant”.

5 Department of Public Administration. (n.d.). Official web-
site. https://www.dap.gov.al/

6 Civil Service Commission (Komisioneri pér Mbikéqyrjen e
Shérbimit Civil). (n.d.). Official website. https://kmshc.al/

e The Civil Service Law;

e The Labour Code;

e The Law on the Organization and Functioning
of State Administration;

e The Law on Ethics in Public Administration;

e The Code of Administrative Procedures.

The Law “On the Civil Servant” represents one of
the most significant legal frameworks through which
the principles of meritocracy and professionalism are
intended to be institutionalized within the Albanian
public administration. Among other provisions, this
law guarantees transparent and competitive recruitment
procedures, professional training and development, as
well as objective performance evaluation mechanisms.

The Department of Public Administration (DoPA)
plays a central role in the management of human re-
sources within the state administration. This institution
is responsible for:

e Drafting and supervising the implementation
of state policies concerning the civil service;

e Preparing draft laws and sub-legal acts related
to the civil service;

e Monitoring the implementation of civil ser-
vice legislation within public institutions;

e Providing opinions on every draft act pro-
posed by other institutions concerning state administra-
tion;

e Approving and monitoring the implementa-
tion of training programs within the civil service;

e Preparing the annual recruitment plan for state
administration institutions;

e Representing, together with the Ministry of Fi-
nance, the Council of Ministers in negotiations and
consultations concerning the general terms of employ-
ment in the civil service with trade unions or represent-
atives of civil servants;

e Administering the Central Personnel Register;

e Supporting and providing guidance to institu-
tions in the implementation of the relevant legislation;

e Preparing general guidelines and manuals to
ensure the uniform implementation of civil service leg-
islation across state administration institutions;

e Submitting to the Prime Minister, upon pro-
posal by state administration institutions, their organi-
zational structures and staffing schemes, in accordance
with the legal provisions governing budgetary system
management in the Republic of Albania;

e In accordance with the legislation in force,
drafting and cooperating in the development of salary

7 Albanian School of Public Administration (ASPA). (n.d.).
Official website. https://aspa.gov.al/en/

8 Republic of Albania. (2006). Law No. 9590, dated 27 July
2006, Article 111, on the ratification of the Stabilisation and
Association Agreement between the Republic of Albania and
the European Communities and their Member States.

9 Republic of Albania. (2022). National plan for European in-
tegration 2023-2025 (p. 32). December 2022.
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structures for civil servants and employees of both cen-
tral and local public administration®.

Furthermore, the Albanian School of Public Ad-
ministration (ASPA) plays a significant role in the
training and professional development of civil servants.
ASPA is responsible for providing professional educa-
tion through the implementation of the following pro-
grams:

e The Advanced Training Program, through
which candidates for membership in the Top-Level
Management Corps (TND) are prepared;

e The Continuous Training Program, through
which civil servants of all categories, as well as any
other individuals outside the civil service, receive on-
going professional training related to their duties and
professional responsibilitiest?.

3. Recruitment, Selection, Evaluation, and Pro-
motion in the Civil Service

3.1. Recruitment and Selection in the Civil Ser-
vice

Recruitment constitutes one of the most important
functions of human resource management. A transpar-
ent and merit-based recruitment process is essential for
the establishment of a professional and efficient admin-
istration.

Albanian legislation, inter alia, provides that ad-
mission to the civil service shall be conducted through
a national competitive procedure. The selection process
is based on the assessment of candidates’ competen-
cies, including written examinations, structured oral in-
terviews, and any other appropriate forms of skills ver-
ification.

The law stipulates that first-time admission to the
civil service within the executive category is conducted
through an open competition procedure, which is car-
ried out in two stages:

a) Preliminary Verification

This phase determines whether candidates fulfill
the general requirements, namely: being an Albanian
citizen; possessing full legal capacity to act; having
proficiency in spoken and written Albanian; being in
appropriate health conditions to perform the relevant
duties; not having been convicted by a final court deci-
sion for the commission of a criminal offense or an in-
tentional misdemeanor; and not being subject to disci-
plinary measures that have not expired according to the
law. Candidates must also satisfy the specific require-
ments related to the level of education, professional ex-
perience, and other qualifications required for the rele-
vant category, class, group, and position, as announced
on the official website of the Department of Public Ad-
ministration. This procedure is conducted by the re-
sponsible unit.

The institution responsible for organizing civil
service recruitment procedures within state administra-
tion institutions is the Department of Public Admin-
istration (DoPA), whereas for Local Self-Government

10 Republic of Albania. (2013). Law No. 152/2013 “On the
Civil Servant,” Article 7.
11 Republic of Albania. (2013). Law No. 152/2013 “On the
Civil Servant,” Article 9.

Units, this responsibility belongs to the human re-
sources unit established within the respective institu-
tion.

b) Candidate Evaluation

Following the written examination and the struc-
tured oral interview, the successful candidate is se-
lected based on obtaining more than 70 percent of the
total evaluation points awarded by the permanent ad-
mission committee.

Within the Albanian public administration, re-
cruitment procedures are regulated by law and are
based on the principles of meritocracy, transparency,
and equal opportunities.

“The administration of the civil service is gov-
erned by law and is based on the principles of equal op-
portunities, non-discrimination, merit, transparency,
professionalism, and political impartiality, while guar-
anteeing the stability of civil servants in office and the
continuity of the civil service.'?”

Different European Union member states apply di-
verse approaches regarding candidate evaluation pro-
cesses.

For example, the Federal Ministry for the Civil
Service ensures candidate assessment through proce-
dures based on job descriptions, performance tests (in-
cluding verbal and numerical reasoning, logical think-
ing and problem-solving, text comprehension, and for-
eign language skills), as well as computer-based
testing.

Meanwhile, in Slovakia, the selection process is
conducted through a commission that applies several
assessment methods, including oral interviews aimed at
identifying managerial, analytical, and conceptual
skills, strategic thinking, the ability to work under pres-
sure, decision-making capacity, adaptability, and re-
lated competencies, as well as written examinations and
mandatory assessment tests for managerial positions.

It may be argued that, in order to further
strengthen credibility, professionalism, and meritoc-
racy, the recruitment process in Albania should be im-
proved in several directions. These improvements
should include the standardization of testing proce-
dures, increased transparency, the digitalization of re-
cruitment processes, and the strengthening of appeal
mechanisms. Furthermore, greater emphasis should be
placed on evaluating candidates’ professional experi-
ence, qualifications, certifications, and educational
background in relation to the respective position.

In particular, performance evaluations provided
by supervisors should carry greater weight—at least 60
percent of the overall assessment—compared to the
evaluation of legal knowledge, which may vary accord-
ing to changing circumstances and should not be con-
sidered the sole or principal determinant of a candi-
date’s professionalism.

3.2. Performance Evaluation in the Civil Ser-
vice

12 Republic of Albania. (2013). Law No. 152/2013 “On the
Civil Servant,” Article 5.
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Regarding the evaluation of civil servants, Article
62 of Law No. 152/2013 “On the Civil Servant,” as
amended, provides that:

“1. Performance evaluation is the process of veri-
fying the overall achievement of the objectives estab-
lished at the beginning of the evaluation period, as well
as assessing the strengths and weaknesses of the civil
servant in carrying out duties, conducted every six
months. Performance evaluation aims to improve the
professional skills of the civil servant and the quality of
service delivery.

2. A civil servant may be evaluated at one of the
following levels:

a) ‘very good’;

b) ‘good’;

c) ‘satisfactory’;

¢) ‘unsatisfactory’.”

Different countries apply varying practices re-
garding the frequency of civil servant evaluations.
States such as Hungary, Slovakia, Latvia, and Austria
conduct evaluations once a year, whereas in countries
such as the Czech Republic, Germany, Latvia, Poland,
and Portugal, evaluations may be conducted every two
or more years.

The Albanian legislation does not provide any spe-
cific provisions concerning civil servants who, as a re-
sult of receiving a “very good” evaluation, demonstrate
high work performance and achievement of objectives.
It may be argued that this element should be explicitly
reflected in the law, as it would encourage the estab-
lishment of a stable, professional, and merit-based civil
service.

The Czech Republic, within its civil service legis-
lation, has provided that civil servants may benefit from
salary supplements depending on their performance re-
sults. If a civil servant achieves outstanding results,
they may receive a salary bonus not exceeding 50% of
the average salary for the respective position; employ-
ees evaluated as “very good” may receive a 40% sup-
plement, those evaluated as “good” a 30% supplement,
and those evaluated as “satisfactory” a 10% supple-
ment.

Similarly, in Latvia, civil servants receiving the
highest evaluations benefit from an annual bonus
amounting to 75% of their salary level, in addition to
extra paid leave.

In Hungary, performance evaluations are con-
ducted in written form and carry several legal conse-
quences, including a salary reduction of up to 20% or a
salary increase of up to 30%. In cases of poor perfor-
mance, disciplinary measures may extend to dismissal
from the civil service.

3.3. Promotion in the Civil Service

With regard to career development, two distinct
forms may be identified: functional promotion (ad-
vancement to a higher position) and salary promotion
(progression within the salary scale without movement
to a different position). Within the framework of func-
tional promotion, two additional elements of career de-
velopment may be distinguished:

13 Republic of Albania. (2010). Draft conceptual document
for a new Civil Service Law in Albania (p. 34). 1 October
2010.

1. Horizontal Promotion (“parallel move-
ment”)

This refers to the advancement of civil servants to
a position within the same or a higher class, but still
within the same category (for example, from Specialist
111 to Specialist 11 or Specialist I, or from Head of Unit
Il to Head of Unit I).

2. Vertical Promotion (“promotion in office”)

This refers to the advancement of civil servants to
a position belonging to a higher category (for example,
from the executive level to the lower management
level, or from lower management to middle manage-
ment positions)*s.

Considering that the Law on the Civil Servant
guarantees the stability of civil servants in office and
the continuity of the civil service, while also being
based on the principles of professionalism, it may be
argued that there remains room for further improve-
ment in this regard, particularly through the adoption of
best practices implemented by European Union mem-
ber states.

Germany, for example, considers the civil servant
as a long-term investment from the very moment of re-
cruitment. Every German citizen has the right to hold
public office based on their abilities, qualifications, and
professional achievements. The promotion of civil
servants is carried out on the basis of indicators such as
professional competencies, qualifications, and perfor-
mance, through which civil servants may advance to
higher positions within the civil service hierarchy.

The Albanian legislation recognizes the Depart-
ment of Public Administration as the institution respon-
sible, inter alia, for managing the Central Personnel
Register (CPR), where professional data relating to
civil servants are recorded. This system simultaneously
serves as a comprehensive database that facilitates the
orientation of civil servants toward positions corre-
sponding to their professional experience, positive
evaluations, and qualifications.

For instance, a civil servant holding a Doctor of
Science degree while performing duties in a position
that requires only a Bachelor’s degree should be pro-
vided with the opportunity to be positioned within an
organizational structure that corresponds to their aca-
demic qualifications and professional capacities.

4. Work-L ife Balance

Following recent amendments to Decision of the
Council of Ministers No. 568, dated 06.10.2021, “On
the approval of rules on working time and rest periods,
overtime, and their compensation in state administra-
tion institutions, independent institutions, and local
self-government units,” civil servants are now entitled
to an annual paid leave duration of 4 (four) calendar
weeks, equivalent to 22 (twenty-two) working days.
The decision also introduces, among other provisions,
flexibility in working hours, which were previously
strictly fixed, thereby providing additional support to
civil servants.
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However, based on European practices—which
aim not only at public service delivery but also at en-
suring broader social well-being, including that of civil
servants—these recent changes remain insufficient to
fully guarantee an effective work-life balance. It is
therefore considered necessary to further adapt the le-
gal framework, as European Union member states are
increasingly moving towards reducing working hours
or even the number of working days per week. Such
reforms aim to enhance employees’ well-being within
their family and social life. As a country aspiring to EU
membership, Albania should take further steps in this
direction.

II. Methodology

The scientific methodology employed in this arti-
cle is based on research, analytical, and comparative
methods. These approaches have been utilized to exam-
ine the concept of the civil service mechanism, its con-
stituent elements, and to conduct a comparative analy-
sis of specific civil service institutions with selected
practices implemented in European Union member
states.

Through a qualitative and analytical approach, the
study highlights the necessity of strengthening meritoc-
racy, improving professional training mechanisms, and
ensuring greater institutional independence in person-
nel management. The paper concludes that effective
human resource management is essential not only for
increasing administrative efficiency but also for en-
hancing public trust in state institutions and consolidat-
ing democratic governance in Albania.

I11. Conclusions and Recommendations

Albania has placed particular importance on the
civil service, with explicit constitutional provisions es-
tablished in Article 107%4. Over the years, the civil ser-
vice mechanism has been progressively aligned with
European legislative requirements, not only in terms of
legal design but also in terms of performance and im-
plementation. This progress is also reflected in the
SIGMA Monitoring Report 2024:

“Albania remains a regional leader in public ad-
ministration performance in four out of six thematic ar-
eas, particularly in public finance management, civil
service and human resource management, as well as
policy development and coordination for public admin-
istration reform.
The appointment of a dedicated State Minister for Pub-
lic Administration and Anti-Corruption in January
2024 is an important development that clarifies politi-
cal responsibility for public administration reform.
The attractiveness of the civil service as an employer
has increased, together with satisfaction regarding sal-
aries, following a 46% salary increase in the public sec-
tor. Working conditions affecting employee well-being
(remote work arrangements, flexible working hours,
consultations with employee representatives, and job

1. !4 Public servants implement the law and serve the peo-
ple.

2. Civil servants in public administration are appointed
through a competitive procedure, except in cases provided for
by law.

3. Guarantees of tenure and the legal treatment of public
servants are regulated by law.

satisfaction surveys) are receiving increasing attention
within the civil service. 86% of surveyed civil servants
would recommend their institution as a good work-
place, the highest result in the region.

Albania has made progress in establishing a stable
legal framework for access to official information, and
the Commissioner for the Right to Information and Per-
sonal Data Protection is an effective authority in ensur-
ing the handling of information requests.

Albania has advanced in the digitalization of pub-
lic services, with 95% of services now available
through the e-Albania platform, improving online ac-
cess for citizens and businesses.>”

Despite these achievements, Law No. 152/2013
“On the Civil Servant,” as amended, requires further
adaptation not only due to obligations arising from Eu-
ropean Union accession but also due to broader social
changes. This adaptation should follow best practices
from EU member states, including:

e Standardization of testing procedures;

e Increased transparency in recruitment pro-
Cesses;

o Digitalization of administrative procedures;

e Strengthening of appeal mechanisms against
administrative procedures;

e Greater emphasis on professional experience,
qualifications, certifications, and educational level of
candidates in relation to job positions, with perfor-
mance evaluations by supervisors carrying at least 60
points compared to assessments of legal knowledge,
which are subject to change over time and should not
be considered a key determinant of professionalism;

e Strengthening of performance-based reward
systems linked to evaluations, qualifications, and work
experience, in order to motivate civil servants;

e Strengthening professional capacities by pro-
moting civil servants with academic degrees into man-
agerial structures;

e Further alignment of the legal framework with
European practices, giving greater emphasis to work—
life balance.
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The paper proposes the concept of the Face Histogram as a technique for visualizing multivariate data using
Chernoff Faces. Traditional histograms can only display one variable at a time, which is insufficient for multivar-
iate data analysis. In contemporary data analysis, datasets often comprise multiple variables that need to be ana-
lyzed together to identify important patterns and relationships. The proposed method uses Chernoff Faces to map
statistical variables to facial attributes such as eyes, mouth, nose, and face shape. Each variable is normalized and
associated with a specific facial parameter, allowing each observation in the dataset to be depicted as a unique
face. The Face Histogram aids in visual pattern recognition and allows for the simultaneous comparison of several
variables within a single visualization. this method is a great alternative to traditional histograms for analysis of
multivariate datasets, although it reduces numerical precision.

Keywords: Chernoff Faces, data visualization, multivariate analysis, Face Histogram, statistical graphics

1. Introduction

1. Background of the Study

One way to analyze data is by way of data visual-
ization. This is one of the main tools used by many peo-
ple to analyze data as part of their statistical analysis or
learning using a machine learning system. The visuali-
zations are used to help show the data, usually in the
form of distributions or relationships, using such simple
graphs as histograms, bar charts and scatter plots. In
most cases these graphs are for use with low dimen-
sional data and as such do not work well for higher di-
mensional data.

2. Problem of the Study

In many real-world situations, observations are
multivariate, meaning each observation includes sev-
eral variables that will be analyzed together. As said be-
fore, traditional histograms can only represent one var-
iable, thus, it will not be possible to detect interactions
or even patterns in high dimensional data spaces by
means of histograms. Often, several graphs have to be
generated and analyzed by the analyst in turn which
again causes problems like lack of insight and high load
on memory and attention.

3. Gap in Existing Methods

Even when using multivariate visualization there
are many different ways to visualize data, the majority
of graphs created for multivariate data are difficult to
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interpret by non-expert users. A number of strategies
are in use to display multiple variables in one structure,
to enable easier interpretation.

4. Purpose of the Study

A Chernoff Face is used to be used for a visualiza-
tion of a statistical distribution. A Face Histogram is
developed for such a purpose. The distribution of sev-
eral statistical variables is encoded into the human fa-
cial features.

In the paper a method is proposed to compare mul-
tivariate observations in a straightforward way by a sin-
gle display.

5. Method Overview

Each variable in the variables of a given dataset
are normalized (i.e. transformed into a 0 to 100 scale)
and then mapped to the features of a Chernoff Faces
representation. Each face in the resulting Face Histo-
gram represents an observation in the given data set. All
the variables of the observation are displayed in parallel
8. Literature Review

on the single structure of a face, thus enabling a visually
intuitive comparison of observations.

6. Contribution of the Study

The main contribution of this work is the introduc-
tion of the Face Histogram framework for improving
the pattern recognition of multivariate data by exploit-
ing the ability of humans to recognize differences on
faces. The method is more interpretable than other
methods but it does not try to preserve the absolute nu-
merical values. This method is better suited for explor-
atory data analysis than for exact statistical reporting.

7. Paper Outline

The remaining part of this paper is organized as
follows: Section 2 introduces the concept of Face His-
togram and methodology of Chernoff Faces . The algo-
rithm to build the visualization is described in Section
3. Applications of the method are discussed in Section
4. Final remarks and limitations conclude the study in
Section 5. (Considered studies ( [1], [3], [5], [2]. [4])

Link

Author

Main idea

Connection to our work

Chernoff Faces

John Nelson

This work introduces Chernoff
faces as a method for visualiz-
ing multivariate data using hu-
man facial features. Each varia-
ble is mapped to a facial attrib-
ute such as eye size, mouth
curvature, or face shape. The
approach leverages human sen-
sitivity to facial expression to
make complex datasets more
interpretable.

Our work builds directly on
this idea of encoding variables
into facial features. However,
we extend the classical ap-
proach by adding color encod-
ing and additional shape trans-
formations, improving expres-
siveness for multivariate
datasets and allowing more
flexible representation beyond
standard facial mappings.

A Critique of
Chernoff Faces

Robert Kosara

This critique discusses limita-
tions of Chernoff faces, partic-
ularly issues with perceptual
accuracy, inconsistent feature
interpretation, and difficulty in
comparing faces quantitatively.
It argues that while visually ap-
pealing, Chernoff faces may
not always be effective for pre-
cise data analysis.

Our approach addresses some
of these limitations by intro-
ducing structured feature scal-
ing, additional visual channels
(colors and shapes), and con-
trolled mapping rules, which
aim to improve comparability
between faces and reduce am-
biguity in interpretation.

An application of
the V-system to
the clustering of
Chernoff faces

Ruixia Song,
Zhaoxia Zhao,
Xiaochun Wang

This paper explores the use of
the V-system to improve clus-
tering of Chernoff faces, mak-
ing it easier to group similar
multivariate observations. It
demonstrates how mathemati-
cal transformation systems can
improve structure and interpret-
ability in face-based visualiza-
tion.

We extend this idea by not only
clustering but also creating face
histograms across countries,
where each facial feature en-
codes statistical distributions of
realworld multivariate datasets.
Our work focuses more on
comparative visualization
across groups rather than only
clustering.

Applied Multivari-
ate Statistical
Analysis

ichard A. Johnson,
Dean W. Wichern

This textbook provides the the-
oretical foundation for multi-
variate statistical methods, in-
cluding covariance structures,
dimensionality reduction, and
interpretation of high-dimen-
sional datasets. It is a core ref-
erence for statistical modeling
of complex data.

Our visualization method relies
on principles of multivariate
data representation described in
this book. Each facial feature
corresponds to a variable in a
multivariate dataset, and our
enhancements (color, shape,
histograms) serve as an alterna-
tive visual encoding of high-di-
mensional statistical structures.
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2. Chernoff Faces for Multivariate Data Visualiza-
tion

Chernoff Faces are a graphical method to display
multivariate data by making use of human facial fea-
tures. Chernoff Faces were first introduced by Herman
Chernoff in 1973. In Chernoff Faces every variable of
a dataset is assigned to a particular feature of a face,
such as the size of the eyes, the curvature of the mouth,
the length of the nose, etc.

In this research a number of modifications to the
Chernoff Faces have been made, leading to a so-called
Face Histogram. The Face Histogram makes use of in-
terval-based color mapping and changes in the facial
features. With the Face Histogram, a number of varia-
bles can be displayed simultaneously.

3. Constructing a Face Histogram Using Chernoff
Faces

3.1 Step 1: Preparing the Dataset

The first step is selecting a multivariate dataset. A
multivariate dataset contains several variables for each
observation. Let’s take an example where four varia-
bles are used: Example

e GDP (Gross Domestic Product)

e Education Index

e Happiness Score

e Employment Rate

Each row in the dataset represents one country.

Table 2:
Initial Multivariate Dataset
Country GDP Education Happiness Employment
Kazakhstan 14005 0.82 6.2 65.0
Italy 40226 0.89 6.4 60.1
Japan 32476 0.93 6.1 77.0
Canada 55209 0.94 6.9 73.2

Traditional histograms would require separate
graphs for each variable. The purpose of the Face His-
togram method is to combine all variables into one vis-
ual structure.

3.2 Step 2: Creating Intervals

After selecting the dataset, intervals must be cre-
ated. In this case GDP, happiness, education and em-
ployment index was studied globally. After that mini-
mum and maximum values of each variables are fixed:

1. GDP — Face Shape

Minimum ~ $154 (Burundi),

Maximum = $138.935 (Bermuda)

2. Education Index — Eye Shape

Minimum ~ 0.17 (Niger, Chad, South Sudan)

Maximum ~ 0.97 (Norway, Germany, Switzer-

3. Happiness Score — Mouth Shape

Minimum ~ 1.7 (Afghanistan) Maximum = 8.0
(Finland)

4. Employment Rate — Nose Shape

Minimum ~ 35% (South Africa)

Maximum =~ 85% (Switzerland, Iceland, Nether-
lands)

3.2.1 GDP — Face Shape

GDP connected to the overall face shape. GDP
shows the general economic health and strength of a
country and was picked as the main factor affecting the
main structural feature of the Chernoff face. When
GDP values changed, the facial outline shifted too. This
helped visually set apart countries with different eco-
nomic levels. Range for GDP is [$154; $138.935]

GDP
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Figure 1: All intervals of GDP

This range was divided into 3 intervals by 3 dif-
ferent face shapes (see Figure 1). Each face has 6 sub-
intervals by 6 colors in increasing order: violet, indigo,
blue, green, yellow, red.

For example: there are 6 color intervals for first
face shape (see Figure 2). If GDP falls in one certain
interval, it means face edge will be the corresponding
color.

If GDP is low(lies in 1st interval), then face shape
is circular. If value is in 2nd interval, then face becomes
oval. Finally, if GDP is high(3rd interval) face shape is
wide.

3.2.2 Education Index — Eye Shape

Range for Education is [0.17; 0.97]
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Figure 2: One interval of GDP

Education
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Figure 3: All intervals of Education
The same logic is applied to the eyes. If education
index is low, the eyes are closed. The higher the value,

the wider the eyes are opened.

S
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Figure 4: One interval of Education
3.2.3 Happiness Score — Mouth Shape
Range for Happiness is [1.7; 8.0]
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Figure 5: All intervals of Happiness
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Figure 6: One interval of Happiness
3.2.4 Employment Rate — Nose Shape
Range for Employment is [%35;%85]

Employment
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Figure 7: All intervals of Employment

35.0 40.6 461
378 433 489

Figure 8: One interval of Employment

3.3 Step 3: Implementation and Interpretation

Using Python

Creation of Chernoff faces was performed by Py-

thon via a procedure which converted basic socio-eco-

nomic data into pictorial forms. In our example there
import pandas as pd

import matplotlib.pyplot as plt

from matplotlib.patches import

After the division into groups, the system assigned
every measurement to particular facial characteristics
while following the Chernoff face model instructions.
It has been observed that this linkage procedure oper-
ated inside Python by using logic rules and list posi-
tions, which connected every group type to visible parts

was chosen four countries: Kazakhstan, Italy, Japan
and Canada to visualize their GDP, Education index,
Happiness score and Employment rate using Face His-
togram.

Circle, Ellipse, Arc, Polygon

like the outline of the head, optical organs, nasal fea-
ture, and oral opening. Each nation was changed into a
distinct facial image that holds information for the four
markers at the same moment because the code pro-
cessed them together.
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T

# SHAPE INTERVAL
# - -

shape_index = int((value - min_val) / main_interval_size)

if shape_index > 2:
shape_index = 2

m

# COLOR SUBINTERVAL

shape_start = min_val + shape_index *x main_interval_size

sub_size = main_interval_size / 6

color_index = int((value - shape_start) / sub_size)

if color_index > 5:
color_index = 5

color = COLORS[color_index]

return shape_index, color

Software routines in Python produced the ultimate
Chernoff faces, which created picture results where a
single head belongs to one nation. Graphical results
were made for the purpose of looking at many socio-
economic dimensions together without the need to
study the digits directly. Observers state that these pic-
tures provide a way for the eye to see differences

quickly when the user looks at the various socio-eco-
nomic dimensions. Because the Python code uses spe-
cific visualization functions, the final Chernoff faces
appear in a clear format that people can understand. It
is often argued that the Chernoff faces allow for a faster
comparison between the nations than standard tables of
numbers.

Table 3:
Initial Multivariate Dataset
Country GDP Education Happiness Employment
Kazakhstan 14005 0.82 6.2 65.0
Italy 40226 0.89 6.4 60.1
Japan 32476 0.93 6.1 77.0
Canada 55209 0.94 6.9 73.2
Kazakhstan Italy

Figure 9: Face Histogram of Kazakhstan and Italy



48 Norwegian Journal of development of the International Science No 181/2026

Japan

Canada

Figure 10: Face Histogram of Japan and Canada

The same steps can be done to any data, any size.

4 Conclusion

The Face Histogram method makes the long-
standing Chernoff Faces larger by bringing together
color mapping that stays within intervals and changes
to parts of the face for showing many types of data. Ex-
perts claim that the Face Histogram method lets a per-
son see many different pieces of information at the
same time because one easy-to-understand picture is
produced. Since the Face Histogram method uses the
shape of a face to show data and allows several pieces
of information to be shown in one image.

When compared to the old-style bar charts, the
Face Histogram method makes finding patterns and
looking at differences between things seen much better.
Even though exact counting numbers are made smaller,
the Face Histogram method works well for the activi-
ties of looking at data and showing things to students in
an educational institution. Because scholars hope to do
more in the coming days, work will be done on making

the way features are mapped better and creating tools
where people can touch and change the pictures. It has
been observed that the Face Histogram method needs
more ways to be understood easily by every person who
looks at the data.
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Abstract

Introduction: Pulmonary hypertension (PH) is a progressive disease of the pulmonary vasculature charac-
terized by significant morbidity and mortality. Managing patients with PH in a specialized cardiac surgery center
involves comprehensive hemodynamic assessment, determination of indications for surgical interventions, and
selection of specific therapy.

Objective: To conduct a retrospective analysis of clinical characteristics, results of invasive hemodynamic
evaluation, and treatment approaches for a series of patients with various types of pulmonary hypertension hospi-
talized in a cardiac surgery center.

Methods: Retrospective analysis of a series of 10 clinical cases of patients with verified PH. All patients
underwent standard clinical, laboratory, and instrumental examinations (ECG, echocardiography); right heart cath-
eterization (RHC) with vasoreactivity testing was performed in some patients.

Results: The mean patient age was 39.8 & 14.1 years, with males comprising 60% (n = 6). Pulmonary arterial
hypertension (Group 1) was diagnosed in 50% (n = 5), PH due to left heart disease (Group 2) in 40% (n = 4). RHC
was performed in 60% of patients (n = 6); mean pulmonary artery pressure (mPAP) ranged from 10 to 74 mm Hg,
pulmonary vascular resistance (PVR) from <0.9 to 9.8 Wood units. Vasoreactivity testing was negative in all
examined patients. Specific PAH therapy was prescribed in accordance with the 2022 ESC/ERS guidelines.

Conclusion: A comprehensive approach, including invasive hemodynamic assessment, multidisciplinary dis-
cussion, and personalized selection of specific therapy, is a key condition for the successful management of pa-
tients with PH in a cardiac surgery center.

AHHOTAUUA

BBenenue: Jl€rounas runeptensus (JII') — nporpeccupytoiiee 3a6oaeBaHue JErOYHBIX COCYA0B, XapaKTe-
pusymomeecs 3HAYNTEIbHOI 3a00JI€Ba€MOCTRIO M CMEPTHOCTHIO. B yCIOBHAX CIIeNMaTn3upOBAaHHOTO KapIHOXH-
PYPrUUYECKOro LIEHTpa BeAeHUE NalUeHTOB ¢ JII' CONpsKeHO ¢ KOMIUIEKCHOM OLIEHKOW IeMOJAMHAMUKY, ONpese-
JICHWEM TTOKa3aHUH K XUPYPTUIeCKUM BMEIIaTeIbCTBAaM H MOI00POM cIieri(prIecKoi Tepanuu.

Heab: [IpoBecTH pETPOCIEKTUBHBIN aHAIN3 KIMHUUYECKUX XapaKTEPUCTUK, PE3YJIbTaTOB HHBA3UBHON I'eéMO-
L[HHaMH‘IeCKOﬁ OLICHKH U MOAXOA0B K JICHEHNIO CEPUN NALTUCHTOB € PA3JIMYHBIMU TUIIAMU JIErOYHOM TUHepTeH3nu,
TOCIIUTAJIM3UPOBAHHLIX B KapI[I/IOXI/IpprI/I‘IGCKI/Iﬁ HEHTP.

MeTtoaspi: PerpocniexTrBHBII ananu3 cepun u3 10 KIMHUYECKNX CiTydaeB MallMEHTOB C BepH(pUIIMPOBaHHON
JI'. Bcem nanyueHTaM NpoBOJAWINCH CTAHAAPTHBIC KIMHUYCCKUE, na60paTopHHe 1 MHCTPYMCHTAJIbHBIC UCCJICN0-
Banwus (OKI, sxokapauorpadus); 4acTH MaeHTOB BHINIOJIHEHA KaTeTepru3alus npasbix otaenos cepana (KIT0C)
C TECTOM BAa30PCAKTUBHOCTH.

PesyabTaTtel: CpeHnii BO3pacT mamueHToB coctaBui 39,8 + 14,1 roxa, MyxuuHsl coctaBuiu 60% (n = 6).
JI€rounas aprepuanbHas runiepteHsus (rpymma 1) quarnoctuposana y 50% (n = 5), JIT' BcneacTBre MaTOIOTHH
JIEBBIX OTAENIOB cepama (rpymma 2) — y 40% (n = 4). KIIOC BemonaeHa y 60% manueHtoB (n = 6); cpegHee
nasieHue B nérounoi aprepuu (JIJIA cp.) BappupoBasio oT 10 10 74 MM PT. CT., JETOYHOE COCYTUCTOE COMTPOTHB-
nenue (JICC) — ot menee 0,9 no 9,8 en. Byma. TecT Ba30peakTHBHOCTH OKa3aJICs OTPUIIATEILHBIM y BCEX 00CIIe-

JnoBaHHBIX mnarnueHToB. Crenmduueckas I[TAI-tepammsi Ha3Hauanach B COOTBETCTBHMHM C DPEKOMEHJIALMSIMHU
ESC/ERS 2022.
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3aknouenne: KoMmmnekcHbI MoAX0/, BKIIOYAOIUN HHBA3UBHYIO OLIEHKY TeMOAUHAMUKYU, MYJIbTUANUCIIH-
IUTMHApHOE 00CYXIEHHNE U TIEPCOHAN3UPOBAHHEIHN BEIOOP CIENN(UIECKOM TEpanu, IBISIETCS KITFOUYEBBIM YCIIO-
BHEM YCIICIITHOTO BeleHHA MarueHToB ¢ JI[' B yCIOBUAX KapIHOXHPYPTUIECKOTO LIEHTpa.

Keywords: pulmonary hypertension, pulmonary artery pressure, pulmonary vascular resistance, right heart
catheterization, Eisenmenger syndrome, specific PAH therapy, cardiac surgery

KuiroueBble cJioBa: JIErOYHas TUIEPTEH3US, JIETOYHOE apTEPUANIbHOE AABJIEHUE, JETOUHOE COCYIUCTOE CO-
IMPOTUBJICHUEC, KATCTECPpU3allU IMTPABBIX OTACIIOB CE€paAla, CAHAPOM 31713eHMeHrepa, cneumbnqecxaﬂ HAF-Teparmﬂ,

KapHOXUPYPrHst

INTRODUCTION. Pulmonary hypertension
(PH) is a pathological condition defined as an increase
in mean pulmonary artery pressure (mPAP) > 20
mmHg, as determined by right heart catheterisation at
rest [1]. According to the current ESC/ERS 2022 clas-
sification, there are five clinical groups of PH, differing
in aetiopathogenesis, diagnostic approaches and treat-
ment [3]. The prevalence of PH in the general popula-
tion is approximately 1%, whilst among those aged 65
years and older, this figure reaches 10% or more [15].
Pulmonary arterial hypertension (PAH, group 1) is sig-
nificantly less common — 15-50 cases per 1 million
population — but is characterised by an extremely poor
prognosis without specific treatment: the median sur-
vival without therapy does not exceed 2.8 years [13].
PAH associated with congenital heart defects (CHD)
and Eisenmenger syndrome as its most severe manifes-
tation are of particular clinical significance [8]. The di-
agnosis of PH requires a stepwise approach, including
non-invasive methods (echocardiography, CT angi-
ography, ventilation-perfusion scintigraphy) and man-
datory invasive confirmation via right heart catheteri-
sation (RHC) [3]. Treatment of LAH includes general
measures, supportive therapy and specific medications:
endothelin receptor antagonists (ERAS), type 5 phos-
phodiesterase inhibitors (PDE5-5), soluble guanylate
cyclase stimulators (sGC), prostanoids and IP receptor
agonists [3, 4].

In Kazakhstan, the problem of PH is becoming in-
creasingly pressing due to the high prevalence of VSD,
late diagnosis and insufficient availability of specific
PAH therapy. The country’s cardiac surgery centres
play a key role in the diagnosis and treatment of this
patient group, determining surgical management and
patient referral pathways.

The aim of this study is to conduct a retrospective
analysis of the clinical characteristics, results of inva-
sive haemodynamic assessment and treatment ap-
proaches in a series of patients with various types of PH
admitted to a cardiac surgery centre.

MATERIALS AND METHODS. A retrospec-
tive analysis was conducted of a series of clinical cases
involving 10 patients with confirmed LVH who were
consecutively admitted to a cardiac surgery centre in
2024. The inclusion criteria were: the presence of any

type of PH, confirmed by echocardiography and/or
CPOS data; the presence in the medical records of a
comprehensive description of the clinical picture, la-
boratory results and findings from diagnostic tests.

All patients underwent: collection of complaints
and medical history, physical examination, measure-
ment of blood pressure (BP) and SpO., determination
of functional class (FC) according to the NYHA classi-
fication and stage of chronic heart failure (CHF) ac-
cording to the ACC/AHA guidelines, determination of
serum C-reactive protein (CRP) levels, electrocardio-
gram (ECG) recording, and transthoracic echocardiog-
raphy (TTE).

Right heart catheterisation (RHCT) was per-
formed in 6 out of 10 patients (60%) based on clinical
indications. During RHP, the following were measured:
pressure in the right atrium (RA), right ventricle (RV),
pulmonary artery (PA), and pulmonary artery wedge
pressure (PAWP); Cardiac output (CO) was calculated
using the Fick method or thermodilution, pulmonary
vascular resistance (PVR), pulmonary and systemic
blood flow indices (Qp, Qs), and their ratio (Qp/Qs). If
vasoreactivity was suspected, an acute vasodilator test
was performed with inhalation of iloprost (10 pg/ml, 2
ml, 10 min).

Echocardiography was performed according to a
standard protocol, assessing the dimensions and vol-
umes of the heart chambers, left ventricular ejection
fraction (LVEF) using the Simpson method, calculated
pulmonary artery systolic pressure (pSAP) based on tri-
cuspid regurgitation velocity, and assessment of right
ventricular function (TAPSE, FAC).

Data were collected from the medical records of
inpatients. Data are presented as absolute values, rela-
tive frequencies, means with standard deviation (M +
SD) and medians with interquartile range (Me [Q1;
Q3]). The study was conducted in accordance with the
principles of the World Medical Association’s Declara-
tion of Helsinki. All patients’ personal data have been

RESULTS. The study included 10 patients: 6 men
(60%) and 4 women (40%). The mean age was 39.8 +
14.1 years (range 21-62 years). The median age was
37.0 [28.0; 47.0] years. The clinical and demographic
characteristics of the patients are presented in Table 1.
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Clinical and demographic characteristics of patients

Table 1.

No. | Sex
Age

(years)

/

Sp 0:
(%)

HR
(bpm)

CRP
(mg/L)

Primary diagnosis

NYHA
Class

HF Stage
(ACC/AHA)

CPOS

1 F/34

97

65

1.8

Primary PH. Idiopathic PH.
HF with preserved EF
58%. Bronchial asthma

C

2 F/21

68

94

2.0

CHD: VSD. Eisenmenger
syndrome. PH type 1. Cor
pulmonale. HF with pre-
served EF 58%

3 M /60

92

86

12.6

Congestive HF. Ischemic
cardiomyopathy. CAD.
Angina class I1l. HF with
reduced EF 21%.
INTERMACS 3

4 M /34

94

88

4.4

PAH type 2, class IV
(WHO). CHD. VSD. Ei-
senmenger syndrome. Tri-
cuspid regurgitation grade
4. HF with preserved EF
58%

5 M /47

96

68

1.1

Sporadic HCM  without
LVOT obstruction. Myo-
cardial bridge of LAD. ICD
implantation. HF  with
preserved EF 53%

6 M /43

95

93

19.3

Dilated cardiomyopathy.
Status post valve surgery.
Permanent AF. HF with re-
duced EF 12%. NYHA 1V,
stage D

7 M /22

99

72

0.6

CHD. ASD. Moderate PH.
HF with preserved LVEF
58%, stage B. Chronic viral
hepatitis C

8 F /47

97

82

1.1

Idiopathic PH class Il
(WHO). Cor pulmonale.
HF with preserved LVEF
57%. Hypertension grade
2. Post-stroke/T1A

9 F/28

98

68

1.5

Primary PH. HF with pre-
served EF 60%. Hyperten-
sion grade 2, risk 4. An-
tiphospholipid syndrome?

10 | M/62

98

78

3.1

CAD. Prior MI. Ischemic
cardiomyopathy. HF with
reduced EF 21%, stage C.
ICD. Hypertension grade 1.
Type 2 diabetes. Obesity
grade 1

Note: F — female; M — male; SpO: — blood oxygen saturation; HR — heart rate; CRP — C-reactive protein; FC —

>

functional class; CHF — chronic heart failure; RCC — right heart catheterisation; ‘+’ — performed, ‘—

performed.

According to the WHO/ESC classification, pa-
tients were categorised as follows: PAH (Group 1) - 5
patients (50%), including 3 (30%) associated with VSD
and 2 (20%) idiopathic; PAH due to left-sided heart dis-
ease (group 2) — 4 patients (40%); PAH of unspecified
aetiology — 1 patient (10%).

— not

According to the NYHA functional class, patients
were distributed as follows: FC | — 1 (10%), FC Il —
2 (20%), FC 11l — 5 (50%), FC IV — 2 (20%). Thus,
70% of patients (n = 7) had FC Il1-1V, indicating the
severity of this cohort’s condition.

The median SpO: was 96.5% [94.0; 98.0]; a de-
crease in SpO: below 94% was recorded in 3 patients
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(30%), of whom the most severe hypoxaemia (SpO:
68%) was observed in a patient with Eisenmenger syn-
drome against a background of VSD.

The median HR was 80.0 [68.0; 88.0] bpm. The
mean CRP level was 4.66 + 6.24 mg/L (range 0.6-19.3
mg/L); elevated CRP levels above the normal range
were recorded in 5 patients (50%), reflecting the pres-
ence of a systemic inflammatory response against a
background of chronic heart failure and concomitant
pathology.

The left ventricular ejection fraction was pre-
served in 6 patients (60%) (EF > 50%), moderately re-
duced in 1 patient (10%) (EF 53%), and significantly
reduced in 3 patients (30%) (EF 12-21%).

Transesophageal echocardiography (TEE) was
performed in 6 out of 10 patients (60%). Indications in-
cluded: verification of the severity of left heart failure,
assessment of the operability of the pulmonary valve,
evaluation of haemodynamics prior to surgical inter-
vention, and assessment of the adequacy of mechanical
circulatory support.

The main haemodynamic parameters according to
TEE data are presented in Table 2.

Table 2.

Results of right heart catheterisation

Parameter Patient No. 4 (CHD | Patient No. 7 | Patient No. 5 | Patient No. 6

VSD, Eisenmenger) | (CHD ASD) (HCM with LVOT | (DCM, LVAD)
obstruction)

PAP  syst./diast. | 95/62 (74) 55/28 (37) 70/30 (45) 18/6 (10)

(mean), mmHg

RAP (mean), | 2 14 11 1

mmHg

RV pressure | 98/15 58/4 72/8 20/10

syst./diast.,

mmHg

PCWP (PW), | 4 n/a n/a 7

mmHg

CO (L/min) 9.3 12.1 4.0 3.2

PVR (Wood | 7.6 2.2 6.2 <0.9

units)

Qp/Qs 1.3 1.6 n/a n/a

Vasoreactivity Negative Not performed Not performed Not performed

test

Conclusion PAH high risk. CHD | ASD 5.5 cm, com- | PH type 2. Septal | After LVAD, PVR
correction contraindi- | mon atrium. PAH | myectomy indicated | normalized (<0.9
cated type 1 high risk Wood units)

Note: PAP — pulmonary artery pressure; PVR — pulmonary vascular resistance; RA — right atrium; RV — right
ventricle; PAP — pulmonary artery pressure; CO — cardiac output; Qp/Qs — ratio of pulmonary to systemic

blood flow; n/fa — not available.

Among the 4 patients who underwent a full hae-
modynamic assessment, the mean PVR (mean) ranged
from 10 to 74 mmHg, reflecting a wide spectrum of
PAH severity in the study cohort. The LSS ranged from
less than 0.9 to 7.6 Wood units in patients with preca-
pillary PH, reaching 9.8 Wood units in one patient with
LAG and VSD (patent ductus arteriosus), who also un-
derwent a vasoreactivity test with a negative result.

In patient No. 4 with PDA (VSD) and Eisen-
menger syndrome in the context of CHD, a significant
increase in PVR (mean 74 mmHg) and PVR (7.6 Wood
units) was detected with moderate left-to-right shunting
(Qp/Qs 1.3). Additionally, defects in the interatrial and
interventricular septa were detected. The vasoreactivity
test with iloprost inhalation proved negative (mean
PVR decreased from 74 to 69 mmHg, whilst PVR in-
creased from 7.6 to 8.2 Wood units), which ruled out
the possibility of surgical correction of the VSD.

Patient No. 7, with a large (5.5 cm) atrial septal
defect (ASD), was diagnosed with high-risk type 1 pul-
monary hypertension (PH) with a mean PAF of 37
mmHg and a PVR of 2.2 Wood units. Patient No. 5,
with hypertrophic cardiomyopathy and left ventricular
outflow tract obstruction, was diagnosed with type 2
left heart failure (mean LA pressure 45 mmHg, LVEF
6.2 Wood units), which required surgical treatment
(septal myectomy). In patient No. 6 with DCM and an
implanted HeartMate 11l LVAD, normalisation of
LVEF (<0.9 Wood units) was noted, confirming the ad-
equacy of mechanical circulatory support.

Patients were treated on an individual basis in ac-
cordance with the 2022 ESC/ERS clinical guidelines.
Recommendations for specific PAG therapy depending
on functional class are presented in Table 3.
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Table 3.
Recommendations for specific PAG therapy according to functional class (ESC/ERS 2022)
Drug / Combination FC | FC 1| FC Il | FC v
(WHO) (WHO) (WHO) (WHO)
ERAs: Bosentan, Ambrisentan, Macitentan — IB IB llaC
PDE-5 inhibitors: Sildenafil — A A llaC
Soluble guanylate cyclase stimulators: Riociguat | — 1B 1B llaC
Prostanoids (inhaled): Iloprost — Ilb B 1B IB
IP receptor agonists: Selexipag — 1B 1B —
Calcium channel blockers (only with positive | — IC IC —
vasoreactivity test)
Dual combination therapy (ERA + PDE-5i) — 1A 1A llaC
Triple combination therapy — Ilb C llaC llaC
Lung transplantation / heart-lung transplantation | — — IC I1C
Note: | — class of recommendation; A/B/C — level of evidence; ERA — endothelin receptor antagonists; PDE5-
| — phosphodiesterase type 5 inhibitors; VRT — vasoreactive test; —’ — not indicated or no data available.

Patients with PAH (group 1, n = 5) were pre-
scribed specific PAH therapy: patients with severe
CHF (Class I11-1V) and a negative vasoreactivity test
received combination therapy comprising bosentan
(ARA), riociguat (PGE2 agonist) and/or iloprost (pros-
tanoid) administered by inhalation. In particular, one
patient with FC 1V and marked precapillary PH was
prescribed a triple-combination regimen: bosentan 125
mg twice daily, riociguat 2.5 mg three times daily, and
iloprost 20 ug by inhalation 6-9 times daily as required.

Patients with Group 2 PH (n = 4) received optimal
medical therapy for CHF with correction of surgical
valve and septal abnormalities. One patient with DCM
and refractory CHF (INTERMACS 3) underwent im-
plantation of a HeartMate III LVAD as a ‘bridge’ to
heart transplantation.

DISCUSSION. The data obtained are consistent
with current understanding of the epidemiology and
clinical presentation of PH. The predominance in our
series of patients with PAH associated with CHD
(30%) is explained by the specific nature of the centre’s
cardiac surgery profile and reflects the global trend of
late referral of such patients [8]. Eisenmenger syn-
drome represents the terminal stage of untreated PAH
in VSD and is characterised by irreversible changes in
the pulmonary vasculature [7, 8].

Negative vasoreactivity tests in all examined pa-
tients are consistent with the literature: true vasoreac-
tivity in PAH is found in only 10-15% of patients, pre-
dominantly in the idiopathic form of the disease [4].
This justifies the use of combined specific therapy as
the preferred approach in severe PAH (FC I11-1V) [3].

Haemodynamic parameters — mean PVR ranging
from 37 to 74 mmHg and LVEF ranging from 2.2 t0 9.8
Wood units — meet the criteria for severe PAH and are
consistent with data from major international registries,
including the REVEAL Registry [18]. The use of echo-
cardiography as the diagnostic standard allowed not
only the diagnosis to be verified, but also an informed
decision to be made regarding treatment strategy, in-
cluding the decision against surgical correction of the
mitral valve in cases of irreversible LAH.

The use of the HeartMate 111 LVAD in one patient
with DCM and refractory CHF resulted in normalisa-
tion of the left ventricular ejection fraction (<0.9 Wood

units), which opens up the possibility of heart trans-
plantation [6]. This case demonstrates the effectiveness
of modern mechanical circulatory support strategies in
overcoming post-capillary PH.

It should be noted that in patients with Group 2 PH
(due to left-sided heart disease), specific PAG therapy
is not indicated: the priority remains optimal treatment
of the underlying disease and, if necessary, surgical
correction [3]. The use of specific PAH drugs in Group
2 PH outside clinical trials is not recommended due to
the lack of evidence and the risk of a worsened progno-
sis.

STRENGTHS AND LIMITATIONS. The
strengths of this study include: real-world clinical prac-
tice at a cardiac surgery centre, the use of invasive hae-
modynamic assessment (CPOS) in a significant propor-
tion of patients (60%), complete anonymisation of clin-
ical data, and the use of modern specific PAG agents in
accordance with the current ESC/ERS 2022 guidelines.

Limitations include: a small sample size (n = 10),
a retrospective design, the absence of data on long-term
follow-up and outcomes, and the inability to perform a
comprehensive statistical analysis. The descriptive na-
ture of the case series does not allow conclusions to be
drawn regarding causal relationships. Nevertheless, the
detailed description of diagnostic and therapeutic ap-
proaches is valuable in terms of sharing practical expe-
rience.

CONCLUSION

1. A retrospective analysis of a series of 10 pa-
tients demonstrated a wide spectrum of aetiologies for
pulmonary hypertension in a cardiac surgery centre:
PAH (group 1) accounted for 50%, and PH due to left-
sided heart disease (group 2) for 40%.

2. The majority of patients (70%) had severe func-
tional status (NYHA Class I11-1V), highlighting late
presentation and the need for early screening for PH.

3. Right heart catheterisation, performed in 60%
of patients, is an indispensable tool for accurate haemo-
dynamic assessment, determining the PH group and se-
lecting a treatment strategy.

4. A negative vasoreactivity test in all patients ex-
amined justifies the need for early initiation of com-
bined specific PAG therapy.
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5. A personalised approach to treatment, based on
CPOS results, functional class and comorbidities, al-
lows for the optimisation of management of this com-
plex patient group within a specialist cardiac surgery
centre.
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Abstract

Background: Although five-year survival in paediatric acute lymphoblastic leukaemia (ALL) now exceeds
85% in high-income settings, treatment-related toxicity remains a major cause of morbidity, treatment interruption
and excess mortality, particularly in low- and middle-income countries (LMICs). Comprehensive, phase-specific
toxicity data from Central Asia are scarce.

Methods: We retrospectively analysed 261 children (0-17 years) with newly diagnosed ALL treated between
January 2021 and December 2024 at a single tertiary paediatric haematology centre in Kazakhstan according to an
ALL-IC BFM 2009-type regimen. Toxicities were prospectively recorded and graded 1-1V using the National
Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE v5.0) across seven sequential treat-
ment phases (Protocol I, Protocol M, Protocol 11, high-risk blocks HR-1/HR-2/HR-3, and Protocol I11). Thirteen
organ-system toxicity categories were assessed.

Results: The cohort comprised 152 boys (58.2%) and 109 girls (41.8%); median age was 4 years, with 67.4%
aged 1-6 years. B-cell precursor ALL accounted for 84.3% of cases and 71.3% were classified as standard-risk.
At least one grade I-1V toxicity event was documented in all 261 patients. The toxicity burden differed substan-
tially across phases: grade IV haematologic toxicity affected 44.5% of patients during Protocol | and reached
83.3%, 57.1% and 63.0% during HR-1, HR-2 and HR-3 blocks respectively, but only 17.9% during Protocol M.
Grade -1V infection was the second-most-prevalent severe toxicity, peaking at 90.7% in HR-1 and 79.6% during
Protocol I. Hepatotoxicity was predominantly low-grade and was the dominant adverse event during Protocol M
(84.5% grade 1-11). Cardiotoxicity, neurotoxicity, nephrotoxicity and pulmonary toxicity were uncommonly severe
(grade 11-1V <5% across phases).

Conclusions: Toxicity in our cohort followed a phase-specific pattern consistent with international BFM-
type experience: induction (Protocol 1) and high-risk consolidation blocks produced the highest burden of life-
threatening myelosuppression and infection, whereas Protocol M was dominated by lower-grade hepatic and mu-
cosal toxicity. These data provide the first detailed CTCAE-graded toxicity profile for paediatric ALL from Ka-
zakhstan and may inform supportive-care prioritisation, risk-adapted dose modification and quality benchmarking
for paediatric oncology services in Central Asia.

AHHOTAIHSA

Benenune: HecMOoTpst Ha TO 4TO MATHIIETHSS BBKUBAEMOCTH IIPH ocTpoM smMdoobiacTHoM Jetikose (OJL)
y IeTel B cTpaHax ¢ BRICOKUM YPOBHEM JI0X0Ja B HACTOsIIIIEE BpeMs ITpeBbIIaeT 85%, TOKCHYHOCTh, CBSI3aHHAS C
JIeYeHNEM, OCTAETCSI OAHOM N3 OCHOBHBIX IPUYMH 3200JI€BA€MOCTH, IIPEPHIBAHNS TEPAINH U H30BITOYHON CMEPT-
HOCTH, OCOGCHHO B CTpaHaxX ¢ HU3KHUM U CPEAHUM YPOBHEM J0XOJa. KommnnekcHeie JAaHHBIC O TOKCUYHOCTH I10
sTanam jgedeHus u3 LlenTpanbHol A3uM OrpaHUYEHBI.

MeTtoasi: [IpoBeaeH perpocnekTUBHBIN aHanmu3 261 pedenka (0—17 yeT) ¢ BOepBBle THArHOCTHPOBAHHBIM
OJIJI, monmyuyaBmux Jieuenne B nepuon ¢ saBaps 2021 mo gexabps 2024 roga B OJHOM CIEIUATH3UPOBAHHOM
JIETCKOM reMaTosioruueckom nenrpe B Kazaxcrane mo nporokony tuna ALL-IC BFM 2009. Tokcnueckue 3¢-
(heKTBI pErUCTPUPOBAIIMCH MPOCIEKTHBHO U Kilaccu(UIMpoBaiich no crenensm -1V B coorsercTBun ¢ O6meit
TEpPMHHOJIOTHEH KpUTEpUEB HexKenaTenbHbIX siBiieHnit Harmonansnoro nacrutyTa paka CIIA (CTCAE v5.0) Ha
NPOTSHKEHUH CEMU TociieioBaTenbHbIX (a3 nedenus (IIporokon I, [Tporokon M, IIpotoxon I, 610kn BeICOKOTO
pucka HR-1/HR-2/HR-3 u IIpotokon I1). OuenuBanucek 13 xareropuii TOKCHYHOCTHU MO OPraHHBIM CHCTEMAaM.
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Pesyabrartsl: B nccinenyemyto koropty Bouut 152 mansunka (58,2%) n 109 neBouek (41,8%); MenuaHHbIi
BO3pacT cocTaBmi 4 rona, npu 3toM 67,4% marenToB OpiIH B Bo3pacte 1-6 1er. B 84,3% ciydaeB quarnocTu-
poBaH B-knerounsiii npegmectseHHNKOBEIH OJIJL, 1 71,3% nmanneHTOB OTHECEHBI K TPYIIIE CTAHAAPTHOTO PUCKA.
ITo kpaifHeit Mepe ogHO ToKcHIeckoe coObITHe [-IV cTemenn OBIIO 3aperucTpupoBaHo y Bcex 261 mammueHTOB.
BbIpaskeHHOCTh TOKCHYHOCTH CYIIECTBEHHO pa3jidyalach MEXIy (a3aMu JICUEHHS: TeMaTOIOTHIeCcKast TOKCHY-
HocTh [V crenenn Habmonanacs y 44,5% narmenToB Bo Bpems [Ipotokona I u mocturana 83,3%, 57,1% u 63,0%
BO Bpemst 610koB HR-1, HR-2 n HR-3 cootBeTcTBeHHO, HO cocTaBmsiia aumb 17,9% Bo Bpemst IIporokona M.
WNudexruu [II-1V crenenn ObUTH BTOPOIL IO YaCTOTE TKEIIOH TOKCUIHOCTEIO, focTuras muka B 90,7% B HR-1 u
79,6% Bo Bpems [Iporokona I. ['enaroToKCHYHOCTH MPEUMYILIECTBEHHO ObliIa HU3KOH CTETIEHH U SIBIISIACH JOMH-
HHUPYIOIINM HEKeJIaTeIbHBIM siBIeHueM Bo BpeMs [Ipotokona M (84,5% — I-1I crenenn). KapauoTokcnaHoCTb,
HEWPOTOKCHUYHOCTh, HEPPOTOKCUYHOCTD U ITyJIbMOHAIbHAS! TOKCHYHOCTh PEJIKO AOCTUTAIN TSKEJBIX CTEHEHEH
(I-1V <5% Ha Bcex 3Tamax).

3akiouenue: B rcciexyeMoii Koropre TOKCHYHOCTS HMena (ha3o-creuduaecKuii xapakTep, COOTBETCTBY-
IOIAHA MEXTyHApOJAHOMY OTIBITY IpUMEeHEHHUs poTokoiioB tTuna BFM: manyknmonnas tepamus (IIporokon 1)
KOHCOJIHMJAIMOHHbIE OJIOKH BHICOKOTO PHCKA COIPOBOKAAINCH HAMOONBIIEH HATPy3KOH XKU3HEYTPOKAfOLIeH MHU-
esocynpeccun 1 uHpeknuii, Torna kak [Iporokon M xapaktepuzoBacs mpeodiiaaHieM TeNaTOTOKCHIHOCTH U
MYKO3aJbHOM TOKCHYHOCTH HU3KOW cTereHH. [lomydeHHble TaHHbIC MPEACTaBILIIOT COOOH MepBOE ACTATU3UPO-
BaHHOE onmcaHue npoduist Tokcnarocty, oneHeHHOH o CTCAE, npu OJIJ1 y neteii B Kazaxcrane u MOTyT OBITh
HCIIOJIB30BAaHBI JJIA OIITUMHU3AallUN HO]I}Iep)KI/IBaIOHleI‘/II TEepalru, UHAUBUAYAJIU3AIUN 103 B 3aBUCUMOCTHU OT pHUCKa

Y OLIEHKH KauecTBa OHKOJIOTHYECKOW moMonTH eTsiMm B LlenTpanbHoit A3uu.

Keywords: paediatric acute lymphoblastic leukaemia; chemotherapy toxicity; ALL-IC BFM 2009; CTCAE;
febrile neutropenia; supportive care; Kazakhstan; Central Asia.

KaioueBble cioBa: ocTpblit muMpoOIacTHEI Jeliko3 y nereit; TokcnaHocTh XumuoTepanuu; ALL-1C BFM
2009; CTCAE; pebprmpHas HEHTpOIIeHHS;, ToaAepkuBatomias Tepanust; Kazaxcran; LlenTpanpaas A3us.

1. Introduction

Acute lymphoblastic leukaemia (ALL) is the most
common malignancy of childhood, accounting for
roughly 25% of cancers diagnosed before age 15 and
approximately 75-85% of all paediatric leukaemiasl.
Risk-stratified, multi-agent chemotherapy regimens de-
rived from the Berlin—Frankfurt-Miinster (BFM) back-
bone — most notably ALL-IC BFM 2002 and its suc-
cessor ALL-IC BFM 2009 — have driven five-year
event-free survival in high-income settings above
85%(? Bl However, the same therapeutic intensifica-
tion that has improved cure rates also produces a sub-
stantial burden of acute toxicity, including profound
myelosuppression, life-threatening infections, hepatic
dysfunction, neurotoxicity, and asparaginase-related
coagulopathy and pancreatitist, ],

Recent global-burden analyses indicate that, alt-
hough incidence of childhood ALL is broadly compa-
rable across world regions, mortality and disability-ad-
justed life-years remain disproportionately concen-
trated in low- and middle-income countries, where
treatment-related toxicity and infectious complications
are key drivers of treatment-related mortality and aban-
donmentl®1,[71, In Central Asia, paediatric oncology ser-
vices have expanded substantially over the past decade,
yet detailed, phase-stratified toxicity data conforming
to international Common Terminology Criteria for Ad-
verse Events (CTCAE) standards remain limited in the
published literature.

Granular characterisation of toxicity by treatment
phase is important for three reasons. First, the spectrum
of expected adverse events differs markedly between
induction (Protocol 1), high-dose methotrexate consoli-
dation (Protocol M), reinduction (Protocol I1), high-risk
intensification blocks (HR-1, HR-2, HR-3) and delayed
intensification/maintenance (Protocol 111)21,[8], Second,

severe toxicity events directly influence treatment de-
livery, dose modification, prophylactic strategies, and
hospital resource utilisation™. Third, comparative
phase-specific data enable benchmarking against inter-
national cohorts and identification of targets for quality
improvement in supportive care.

The present study reports a comprehensive,
CTCAE-graded toxicity profile of a contemporary co-
hort of 261 paediatric patients with ALL treated at a
single tertiary centre in Kazakhstan between 2021 and
2024. We describe the demographic and biological
characteristics of the cohort, quantify the incidence and
severity of thirteen organ-system toxicities across
seven sequential treatment phases, and contextualise
our findings against published BFM-based experience.

2. Materials and Methods

2.1. Study design and setting

This was a retrospective observational cohort
study conducted at a tertiary paediatric haematology—
oncology centre in Kazakhstan. All consecutive pa-
tients aged 0-17 years with a newly diagnosed, mor-
phologically and immunophenotypically confirmed di-
agnosis of ALL, who initiated frontline treatment be-
tween 1 January 2021 and 31 December 2024, were
eligible for inclusion. Patients with mature B-cell
ALL/Burkitt leukaemia, mixed-phenotype acute leu-
kaemia treated on an acute myeloid leukaemia protocol,
or those who received only palliative care, were ex-
cluded.

2.2. Treatment protocol

All patients were treated according to an ALL-IC
BFM 2009-type regimen, with risk stratification into
standard-risk (SR), intermediate-risk (IR), and high-
risk (HR) categories based on age, presenting white-
blood-cell count, central nervous system involvement,
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immunophenotype, cytogenetic findings (including
BCR::ABL1 and KMT2A rearrangements) and minimal
residual disease at days 15 and 33 of induction(?,[€],
Treatment phases assessed in this analysis comprised:
(i) Protocol I — four-drug induction with vincristine,
an anthracycline (daunorubicin), corticosteroid (pred-
nisone or dexamethasone), and L-asparaginase; (ii)
Protocol M — interim maintenance with four cycles of
high-dose methotrexate (HD-MTX, 2-5 g/m?) and oral
6-mercaptopurine; (iii) Protocol 1l — reinduction anal-
ogous to Protocol | with dexamethasone, vincristine,
doxorubicin and asparaginase, followed by cyclophos-
phamide/cytarabine/6-thioguanine consolidation; (iv)
high-risk intensification blocks HR-1, HR-2 and HR-3,
each comprising HD-MTX or HD-cytarabine, cyclo-
phosphamide or ifosfamide, vincristine, daunorubicin
or etoposide, and asparaginase, administered to high-
risk patients; and (v) Protocol Il — a shortened de-
layed intensification block used selectively.

2.3. Toxicity assessment

Adverse events were prospectively recorded by
treating clinicians at every cycle and graded according
to the National Cancer Institute Common Terminology
Criteria for Adverse Events (CTCAE), version 5.0,
Thirteen organ-system toxicity categories were as-
sessed at each phase: haematologic, hepatic, dermato-
logic/mucosal,  dyspeptic/gastrointestinal,  perfor-
mance-status decline (Karnofsky/Lansky), infection,
cardiotoxicity, coagulologic, metabolic (including elec-
trolyte disturbance and hyperglycaemia), neurotoxicity,
nephrotoxicity, weight loss, and respiratory toxicity.
For each patient and phase, the highest grade reached
per category was recorded. Severe toxicity was defined
as grade I11-1V.

2.4. Statistical analysis

Categorical variables are presented as counts and
percentages; continuous variables as medians and
ranges. Because each patient could exhibit toxicity of

more than one grade within a category during the same
phase, row percentages within toxicity-by-grade tables
refer to the proportion of patients in that phase exhibit-
ing at least one episode of that grade. Analyses were
descriptive and were performed in R version 4.3 (R
Foundation for Statistical Computing, Vienna, Austria)
and Jamovi 2.4 (The Jamovi Project, Sydney, Aus-
tralia). No imputation of missing data was performed.

2.5. Ethical considerations

The study was conducted in accordance with the
Declaration of Helsinki and approved by the Institu-
tional Ethics Committee. Because data were extracted
retrospectively from anonymised clinical records, the
requirement for individual informed consent was
waived.

3. Results

3.1. Cohort characteristics

A total of 261 children with newly diagnosed ALL
met inclusion criteria. Demographic and clinical char-
acteristics are summarised in Table 1. The cohort com-
prised 152 boys (58.2%) and 109 girls (41.8%), yield-
ing a male-to-female ratio of 1.39:1, which is consistent
with the well-documented modest male preponderance
in paediatric ALLI®l. The median age at diagnosis
was 4 years (range 0-17), with 67.4% of patients (n =
176) aged between 1 and 6 years — the well-described
peak incidence window. Annual case numbers rose dur-
ing the observation period from 37 in 2021 to 99 in
2024, reflecting both increased referral and the recov-
ery of paediatric services following pandemic-related
disruption.

B-cell precursor ALL was the dominant immuno-
phenotype (n = 220, 84.3%), followed by T-cell ALL
(n =33, 12.6%); mixed-lineage, biphenotypic, and un-
classified cases together accounted for 3.1%. Risk strat-
ification yielded 186 standard-risk patients (71.3%), 61
high-risk (23.4%), 10 intermediate-risk (3.8%), 3 low-
risk (1.1%) and 1 unspecified (0.4%).

Table 1.

Demographic and clinical characteristics of the cohort (N = 261).

Characteristic
Sex

Male

Female

Age group (years)
<1

1-6

7-12

13-17
Immunophenotype
B-cell precursor
T-cell

Mixed / biphenotypic

220

%

152 58.2
109 41.8

2.3

176 67.4

18.8
115

84.3
12.6
2.3
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Characteristic
Unknown / other
Risk group
Standard

High
Intermediate
Low

Unspecified
Year of diagnosis
2021

2022

2023

2024

n

2

186

61
10

37
69
56
99

%
0.8

71.3
234
3.8
1.1
0.4

14.2
26.4
215
37.9

3.2. Overall toxicity burden

At least one toxicity event of any grade was docu-
mented in every patient. The proportion of patients ex-
periencing at least one grade I11-1V (severe) event in
each phase is summarised in Table 2. Severe toxicity
was most concentrated during Protocol | (49.1% of pa-
tients with at least one grade 1V event), the three high-

risk blocks (grade 1V: HR-1 85.2%, HR-2 59.2%, HR-
3 65.2%), and Protocol 11 (grade 1V 34.3%). Protocol
M, despite its dose-intensive HD-MTX backbone, was
characterised by a substantially lower share of grade IV
events (22.2%), with toxicity concentrated in grades I-
1.

Table 2.

Proportion of patients (%) experiencing at least one toxicity event of each maximum CTCAE grade, by
treatment phase.

Phase n Grl
Protocol | 262 93.2
Protocol M 207 99.0
Protocol 11 204 95.6
Block HR-1 54 88.9
Block HR-2 49 95.9
Block HR-3 46 87.0
Protocol I1 29 96.6

Grll Gr il Gr vV
80.8 87.9 49.1
89.9 75.4 22.2
84.8 88.2 34.3
92.6 94.4 85.2
77.6 89.8 59.2
76.1 91.3 65.2
86.2 82.8 37.9

3.3. Phase-specific toxicity profiles

3.3.1. Protocol | (induction). During Protocol I,
grade I11-1V haematologic toxicity was nearly univer-
sal (101 patients [38.1%] grade I11; 118 [44.5%] grade
1V), reflecting both leukaemic marrow infiltration at di-
agnosis and intensive cytoreduction by the four-drug
regimen (Table 3). Grade Il infection occurred in 187
patients (70.6%) and grade IV in 24 (9.1%), making in-
fection the second-most-prevalent severe toxicity.
Hepatotoxicity was predominantly low-grade (grade |
37.7%, grade 1l 28.7%), with severe (grade Il1-1V)

hepatotoxicity in 22.6%, consistent with the cumulative
effect of asparaginase, dexamethasone and 6-mercapto-
purine®, 1% Dermatologic/mucosal toxicity reached
grade Il in 89 (33.6%) and grade IV in 5 (1.9%) pa-
tients. Coagulopathy, including grade 111 in 15.9% and
grade 1V in 5.7% of patients, reflects the well-described
impact of L-asparaginase on hepatic synthesis of an-
tithrombin and fibrinogen[*4,[*2, Cardiotoxicity, neuro-
toxicity, nephrotoxicity, and pulmonary toxicity re-
mained predominantly low-grade.
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CTCAE-graded toxicity during Protocol I (induction). Values are n (%) of patients in each toxicit;-iglti—&
gory.
Toxicity category Grl Grll Gr il Gr IV Any (X
events)
Haematologic 8 (3.0) 31 (11.7) 101 (38.1) 118 (44.5) 258
Hepatic 100 (37.7) 76 (28.7) 51 (19.3) 9 (3.4) 236
Dermatologic 17 (6.4) 67 (25.3) 89 (33.6) 5(1.9) 178
Dyspeptic/Gl 54 (20.4) 82 (30.9) 101 (38.1) 2(0.8) 239
Performance status 111 (41.9) 56 (21.1) 6 (2.3) — 173
Infection 12 (4.5) 29 (10.9) 187 (70.6) 24 (9.1) 252
Cardiotoxicity 117 (44.2) 12 (4.5) 4 (1.5) — 133
Coagulologic 65 (24.5) 64 (24.2) 42 (15.9) 15 (5.7) 186
Metabolic 144 (54.3) 76 (28.7) 19 (7.2) 1(0.4) 240
Neurotoxicity 117 (44.2) 12 (4.5) 2(0.8) 1(0.4) 132
Nephrotoxicity 62 (23.4) 11 (4.2) 5 (1.9) 2(0.8) 80
Weight loss 104 (39.3) 16 (6.0) — — 120
Respiratory 55 (20.8) 10 (3.8) 7 (2.6) 1(0.4) 73

3.3.2. Protocol M (HD-MTX consolidation).
Protocol M produced the broadest spread of low-grade
events but the lowest share of grade IV toxicity (Table
4). Hepatic toxicity (any grade) affected 139 of 207 pa-

MTHFR, ABCB1 and SLCO1B1M M, Mucositis
(dermatologic toxicity) was prevalent (any grade
79.7%) and grade I1-1V in 30.0% — consistent with
HD-MTX-related epithelial injury™®. Infection re-

tients (67.1%), with grade 111-1V in 15.0%; this profile  mained an important burden, with grade IlI-1V in

is in keeping with HD-MTX hepatotoxicity, which is  44.9% of patients.

typically reversible and often related to delayed metho-

trexate clearance and pharmacogenomic variation in

Table 4.
CTCAE-graded toxicity during Protocol M (n = 207).

Toxicity category Grl Grll Gr il Gr v Any (X)
Haematologic 125 (60.4) 102 (49.3) 88 (42.5) 37 (17.9) 186
Hepatic 120 (58.0) 55 (26.6) 25 (12.1) 6 (2.9) 139
Dermatologic 74 (35.8) 89 (43.0) 60 (29.0) 2 (1.0) 165
Dyspeptic/Gl 99 (47.8) 115 (55.6) 58 (28.0) 1(0.5) 195
Performance status 120 (58.0) 18 (8.7) 4 (1.9) — 122
Infection 108 (52.2) 39 (18.8) 88 (42.5) 5(2.4) 164
Cardiotoxicity 49 (23.7) 11 (5.3) 2 (1.0) — 57
Coagulologic 35 (16.9) 8 (3.9) 2 (1.0) 2 (1.0) 44
Metabolic 137 (66.2) 24 (11.6) 3(1.5) 1(0.5) 146
Neurotoxicity 31 (15.0) 3(1.5) 1(0.5) — 35
Nephrotoxicity 25 (12.1) 14 (6.8) 4(1.9) 1(0.5) 32
Weight loss 61 (29.5) 3(1.5) — — 63
Respiratory 9 (4.4) 2 (1.0) 2 (1.0) 1(0.5) 12




60 Norwegian Journal of development of the International Science No 181/2026

3.3.3. Protocol Il (reinduction). Toxicity during
Protocol Il broadly mirrored Protocol I, with grade 111—
IV haematologic toxicity in 72.5% (grade Il 42.7%,
grade IV 29.9%) and grade Il1-1V infection in 69.1%
(Table 5). The relatively higher rate of grade I11-1V co-

agulopathy (11.3%) is again attributable to repeated as-
paraginase exposurel*l, Dyspeptic toxicity remained
common (grade Il 26.5%), reflecting the steroid- and
cyclophosphamide-driven gastrointestinal injury char-
acteristic of reinduction.

Table 5.
CTCAE-graded toxicity during Protocol 11 (n = 204).
Toxicity category Grl Grll Gr 11l Gr v Any (X)
Haematologic 18 (8.8) 36 (17.6) 87 (42.7) 61 (29.9) 199
Hepatic 87 (42.7) 59 (28.9) 25 (12.3) 2 (1.0 172
Dermatologic 27 (13.2) 61 (29.9) 48 (23.5) 2 (1.0) 138
Dyspeptic/Gl 54 (26.5) 82 (40.2) 54 (26.5) — 189
Performance status 91 (44.6) 17 (8.3) 4 (2.0) — 112
Infection 24 (11.8) 25 (12.3) 133 (65.2) 8(3.9) 190
Cardiotoxicity 84 (41.2) 10 (4.9) 2(1.0) — 96
Coagulologic 50 (24.5) 33 (16.2) 16 (7.8) 7(3.4) 106
Metabolic 116 (56.9) 57 (27.9) 9 (4.4) 1(0.5) 181
Neurotoxicity 71 (34.8) 9 (4.4) 3(1.5) — 83
Nephrotoxicity 24 (11.8) 4 (2.0) 3(1.5) — 31
Weight loss 82 (40.2) 6 (2.9) — — 88
Respiratory 14 (6.9) 2 (1.0) 3(1.5) — 19
3.3.4. High-risk intensification blocks (HR-1, 63.0% respectively, and grade IlI-1V infection in

HR-2, HR-3). High-risk patients (n = 61) experienced
the greatest absolute and relative burden of severe tox-
icity. During HR-1, 45 of 54 patients (83.3%) devel-
oped grade IV haematologic toxicity and 49 (90.7%)
developed grade 1111V infection (Table 6). Severe dys-
peptic toxicity (grade I11-1V) reached 51.8% in HR-1.
The HR-2 and HR-3 blocks produced a comparable pat-
tern: grade IV haematologic toxicity in 57.1% and

77.6% and 84.8%. Grade Il1-1V pulmonary toxicity,
although infrequent overall, was disproportionately ob-
served in HR-1 (7.4%). These findings are consistent
with the published BFM experience that the HR triad
of HD-MTX, HD-cytarabine and ifosfamide—etoposide
combinations represents the period of highest treat-
ment-related morbidity and mortality(?,[16],

Severe (grade I11-1V) toxicity (%) across high-risk intensification blocks. Tavies.
Toxicity category HR-1 (n=54) HR-2 (n=49) HR-3 (n=46)
Haematologic 96.3 89.8 89.1
Hepatic 20.4 6.1 8.7
Dermatologic 315 24.5 13.0
Dyspeptic/Gl 51.9 36.7 30.4
Infection 90.7 77.6 84.8
Coagulologic 14.8 8.2 6.5
Metabolic 7.4 8.2 0.0
Neurotoxicity 7.4 0.0 0.0
Respiratory 7.4 2.0 0.0

3.3.5. Protocol 111 (delayed intensification). In
the 29 patients who received Protocol 111, grade H1-1V

haematologic toxicity affected 82.8% and grade 1111V
infection 69.0%. Hepatotoxicity remained mostly low-
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grade (grade | 62.1%, grade Il 37.9%; no grade IV).
The smaller sample size of this phase limits statistical
inference; nonetheless, the qualitative pattern was con-
sistent with the rest of the cohort.

3.4. Cross-phase comparison of haematologic
and infectious toxicity

Two organ systems — bone marrow and the infec-
tion axis — accounted for the great majority of severe
toxicity in our cohort. Figure 1 (conceptual; data sum-
marised in Table 7) shows the proportion of patients

experiencing grade Il or 1V toxicity in each category
across all seven phases. Grade IV myelosuppression
rose sharply between Protocol M (17.9%) and the HR
blocks (57.1-83.3%) and remained elevated during de-
layed intensification. Grade I1I-1V infection followed a
parallel trajectory, with peak rates during HR-1
(90.7%), Protocol | (79.6%) and HR-3 (84.8%). In con-
trast, hepatic, cardiac, neurologic and renal toxicities
showed a flatter distribution, with grade 111-1V rates
rarely exceeding 25% in any phase.

Table 7.

Grade 11 + 1V (severe) toxicity rates (%) by phase and organ system. Cardiac, neuro, nephro and respira-
tory toxicities are abbreviated for layout.

Toxicity Prot | Prot M Prot 11 HR-1 HR-2 HR-3 Prot 111
Haematologic 82.6 60.4 72.5 96.3 89.8 89.1 82.8
Hepatic 22.6 15.0 13.2 204 6.1 8.7 10.3
Dermatologic 355 30.0 245 315 24.5 13.0 13.8
Dyspeptic/Gl 38.9 28.5 26.5 51.9 36.7 30.4 24.1
Infection 79.6 44.9 69.1 90.7 77.6 84.8 69.0
Cardiac 1.5 1.0 1.0 1.9 2.0 0.0 0.0
Coagulologic 215 19 11.3 14.8 8.2 6.5 17.2
Metabolic 7.5 19 4.9 7.4 8.2 0.0 10.3
Neurologic 1.1 0.5 15 74 0.0 0.0 34
Renal 2.7 24 15 0.0 2.0 0.0 0.0
Respiratory 3.0 14 1.5 7.4 2.0 0.0 3.4

4. Discussion

This study provides the first comprehensive,
CTCAE-graded description of acute treatment-related
toxicity in paediatric ALL from a Kazakhstani tertiary
centre. Three findings deserve emphasis.

First, the demographic and biological profile of
our cohort — male predominance, modal age at 4 years,
B-cell precursor disease in 84.3%, and standard-risk
classification in 71.3% — is broadly comparable to
large international BFM-based series™, 261, This sup-
ports the external generalisability of subsequent tox-
icity comparisons.

Second, the phase-specific toxicity pattern that we
observed closely matches the spectrum reported in
pooled BFM and AIEOP-BFM  experience.
Demidowicz and colleagues, in a 210-patient analysis
of ALL IC-BFM 2002 and 2009 from a single Polish
centre, reported that hepatic transaminitis, infection and
mucositis dominated the non-haematologic toxicity
profile, and that the introduction of ALL IC-BFM 2009
was associated with a relative shift from grade Il to
grade 11 eventstl. Our cohort shows the same hierar-
chy: infection and haematologic toxicity drive severe
events, while hepatic and gastrointestinal toxicity con-
tribute the bulk of grade I-Il morbidity. Severe infec-
tion rates of 70-90% during induction and the HR
blocks are at the upper end of the published range and
probably reflect both intensive immunosuppression and
the resource-limited supportive-care environment in

which most patients in LMIC settings receive treat-
ment7 1171,

Third, the comparative profile of Protocol M is
informative. Despite the well-known dose-dependent
hepatotoxicity and mucositis of HD-MTX, our patients
had the lowest share of grade IV toxicity during this
phase (22.2%). This is consistent with the observation
that HD-MTX-related toxicity, when monitored with
leucovorin rescue, hyperhydration, alkalinisation and
pharmacokinetic surveillance, is generally reversible
and rarely life-threatening[*®1,[24. The relatively high
rate of grade 111 mucositis (43.0% grade II) is in line
with published rates and supports continued investment
in oral-care prophylaxis and nutritional support!*®l,

Coagulopathy emerged as a distinct, phase-spe-
cific toxicity. Grade I11-1V coagulopathy was observed
in 21.5% during Protocol | and 11.3% during Protocol
I1, with a near absence in Protocol M (1.9%). This pat-
tern reflects asparaginase pharmacology: depletion of
antithrombin, fibrinogen and other liver-synthesised
coagulation proteins occurs almost exclusively during
phases containing native or pegylated L-asparagi-
nasel™,1121 In this context, our findings reinforce inter-
national recommendations for routine coagulation
monitoring and selective antithrombin or fibrinogen re-
placement during asparaginase-containing phases.

Several limitations should be acknowledged. First,
this is a single-centre retrospective cohort study with-
out a formal comparator arm; toxicity comparisons are
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therefore descriptive. Second, although the cohort size
(n = 261) is among the largest reported from Central
Asia, the HR blocks (n = 46-54) have wider confidence
intervals than the standard-risk arms. Third, CTCAE
grading was performed clinically rather than by inde-
pendent central review; misclassification, particularly
at the grade Il/IIl boundary, cannot be excluded.
Fourth, we did not link toxicity events to treatment de-
lays, intensive-care admissions, treatment-related mor-
tality, or long-term outcomes; analyses of these clini-
cally important endpoints are planned in a follow-up
study. Finally, pharmacogenomic correlates of toxicity
(e.g., MTHFR, SLCO1B1, TPMT, NUDT15) were not
assessed and represent a priority for prospective
workl13] [14] 18]

Despite these limitations, our data have direct clin-
ical and policy relevance. They provide the first robust
baseline against which future quality-improvement ini-
tiatives — for example, antimicrobial stewardship, sup-
portive-care bundles, or therapeutic drug monitoring of
HD-MTX — can be evaluated. They also confirm that,
in a contemporary Kazakhstani paediatric oncology set-
ting, BFM-type therapy is deliverable with a toxicity
profile consistent with international experience, while
highlighting infection control as the highest-impact tar-
get for further reduction in treatment-related morbidity.

5. Conclusions

In a retrospective cohort of 261 children with
newly diagnosed ALL treated according to an ALL-IC
BFM 2009-type regimen in Kazakhstan between 2021
and 2024, every patient experienced at least one treat-
ment-related toxicity event. The burden was phase-spe-
cific: severe haematologic toxicity and infection domi-
nated during Protocol I, Protocol Il and the high-risk
intensification blocks, while Protocol M was character-
ised by lower-grade hepatic and mucosal toxicity. Car-
diac, neurologic, renal and pulmonary toxicities re-
mained predominantly low-grade across all phases.
These findings provide a reproducible benchmark for
paediatric oncology services in Central Asia and iden-
tify infection prevention, asparaginase-related coag-
ulopathy management, and HD-MTX monitoring as the
most actionable targets for supportive-care improve-
ment.
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Abstract

This article examines the role of cultural values in intercultural communication as a crucial prerequisite for
successful interaction between representatives of different cultures. It explores the concepts of culture, cultural
norms, ethnocentrism, cultural relativism, cultural identity, enculturation, and socialization. Particular attention is
paid to how values determine a person's verbal and non-verbal behavior, norms of respect, distance, etiquette,
attitudes toward elders, time, and personal space. The practical section of the article presents a methodological
lesson designed to develop students' intercultural competence, communicative tolerance, and the ability to analyze
situations of intercultural misunderstanding.

AHHOTALUA

B craTtbe paccMmarpuBaeTcst poJib KyJbTYPHBIX LEHHOCTEH B MEKKYJIBTYPHOH KOMMYHHUKAlMU KaK BaKHEU-
mero ycjoBus yCHCIIHOTO BSaHMOHCﬁCTBHH HpeﬂCTaBHTeﬂeﬁ Pa3HbIX KYJBTYP. PaCKpBIBaIOTCSI NOHATUA KYJIb-
TYpBbl, KyJIbTYPHBIX HOPM, 3THOLIEHTPU3MA, KYJIbTYPHOI'O PEISTUBU3MA, KYJbTYPHON UJIEHTUUHOCTH, UHKYJIBTY-
panun U conraIn3alunu. Oco60€e BHUMaHHUE YACIACTCA TOMY, KaK HEHHOCTH ONPCACIIAIOT PEUYCBOC U HEPEUCBOC
MOBEACHUEC YCTIOBCKA, HOPMbI YBAXKCHU A, AUCTAHIIUHN, 3TUKCTA, OTHOIICHUA K CTAPpIINM, BDEMCHHU U JINYHOMY IPO-
CTpaHCTBY. B mpakTHuecKoi 4acTu CTaThU MpPECTaBICHAa METOAMYECKas pa3paboTKa 3aHATHS, HAalpaBlIeHHas Ha
(hopmupoBaHHe y CTYJIEHTOB MEXKYJIbTYPHOH KOMIIETEHIINH, KOMMYHHUKAaTUBHOHN TOJIEPAHTHOCTH U YMEHUS aHa-
JIM3UPOBATH CUTYalU MCKKYJIbTYPHOTO HEAOIIOHUMAHUA.

Keywords: culture, cultural values, intercultural communication, cultural norms, ethnocentrism, cultural rel-
ativism, cultural identity, enculturation.

KuroueBble cnoBa: KylbTypa, KyJIbTypHBIE IIEHHOCTH, MEXKYJNbTYypHas KOMMYHHKAlHs, KyJIbTypHBIE
HOPMBI, STHOLEHTPU3M, KyJIbTYpPHBII PENATUBU3M, KyJIbTypHasl UACHTUUYHOCTD, UHKYJIBTYpalys.

CoBpemeHHOE 00mIecTBO BCE Ooiee OTYETIMBO
0CO3HAET HEOOXOIMMOCTh M3Y4EHHSI MEXKYJIbTYpHOMH
KOMMYHUKAIINHU, ITOCKOJIbKY FJ'IO6aJ'II/ISaHI/I$[, MUI'pamnu-
OHHBIE TPOIIECCHI, 00pa3oBaTeIbHbIE 0OMEHBI, MEXKIY-
HApOJHOE COTPYJHWYECTBO W PACIIMPEHHE JIEIOBBIX
KOHTAKTOB MPUBOAAT K IIOCTOAHHOMY BSaI/IMO}]eI\/’I—
CTBHUIO Hmﬂeﬁ, MpUHAIJICKAINX K PA3JIAYHBIM KYJIb-
TypHbIM cucteMaM. Kak noguépkusator T.I'. I'pymie-
Butikas, B./l. ITonkoB u A.Il. CanoxuH, nporeccsl MO-
JepHU3aMu ¥ yHUQUKAUK HE  yCTPAHSIOT

KYJbTYPHBIX pa3IMuMii, a, HAIPOTHUB, YCUJIUBAIOT MO-
TPeOHOCTh HAPOJIOB B COXPAHCHUU COOCTBEHHOM KYIIb-
TYpHOH WAEHTUIHOCTH, IeHHOCTeH W Tpaauuuid [1].
MexKynbTypHass KOMMYHHUKAIMs BO3HHKAET UMEHHO
TaM, TJIe YIaCTHUKH OOIIEHUs BBIHYKIEHBI HE TIPOCTO
oOMeHuBaThCs WHGpOpMaNUEld, HO ¥ HHTEPIPETHUPO-
BaTh YyXHE€ HOPMBI MOBEJCHUS, CHUMBOJIBI, PEUCBBIC
CTpaTerny M IEHHOCTHBIE yCTaHOBKU. [loaTOMY mpo-
OneMa KyJIbTYpHBIX IIGHHOCTECH SIBIISICTCS OJHOM W3
LIEHTPAJBHBIX B TEOPUH U MPAKTUKE MEKKYJIBTYPHOTO
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o0IIeHNs1, YTO ¥ OOYCIIOBHIIO GKMYAlbHOCHb NaHHON
CTaTbH.

Hayunas noeusna cTaTbl COCTOMT B KOMILIEKC-
HOM pAacCMOTPEHHMH KyJbTypHBIX LEHHOCTEH Kak
CMBICIIOBOTO Si7ipa MEXKYJIbTYPHOM KOMMYHHUKAllMHA U
KaK METOIMYECKOTo pecypca (HhOpMHPOBAHUS KOMMY-
HUKaTHBHOM TOJIEPAaHTHOCTH y CTYICHTOB. B pabore
IpejlaraeTcst IpakTU4ecKas MOJENb 3aHITUs, HalpaB-
JICHHas Ha pa3BUTHE Yy OOyYaroUMXcs CHOCOOHOCTH
aQHAIU3UPOBATh MEKKYJIBTYPHBIC CUTyallMM U Hpery-
NPEeXaTh KOMMYHHUKATHBHBIC KOH(QIUKTEHI.

Memodonozuueckylo ocnogy HCCIEOBaHHUS CO-
CTaBJISIIOT TEOPETUKO-aHAIUTUIECKU I, ONIMCATEIbHBIN,
CPaBHHUTEIBHO-CONIOCTABUTENBHBIN, (DYHKIIMOHATBHBIN
U METOUYECKUI METOIBI. TeOopeTUKO-aHATUTHUECKUN
METO]I HCTIONBb3YEeTCs Ul PACKPBITHS 0Aa30BBIX NOHS-
TUH MEXKYJbTYPHON KOMMYHUKALUN; ONUCATEIbHBIN
— JUI1 XapaKTepUCTHKH KyJNbTYpHBIX LEHHOCTEH H
HOPM; CPaBHUTEIbHO-COIOCTABUTENIBHBIN — /TS BBISAB-
JICHUA pa3iuyuii B KOMMYHHKaTHMBHOM IIOBEJCHHUU
Npe/ICTaBUTENCH Pa3HBIX KYJbTYp; (YHKIMOHAIbHBIN
— JUIS OTIpeIeNICHUS POJIN KyJIbTYPHBIX LIECHHOCTEH B pe-
T'YJIHPOBAaHUH PEUEBOTO U HEPEUEBOTO MOBEICHHS; Me-
TOJl MOAETIMPOBAHUS Y4eOHOH CUTYaIH U KeHCc-MeTox
— 1 pa3pabOTKH MPAKTHYECKOTO 3aHSTHS, HalpaB-
JICHHOTO Ha ()OPMHPOBAHHE MEXKYJIBTYPHOH KOMIIE-
TEHIIUU CTYAEHTOB.

KynbTypa B IIMPOKOM CMBICIIE IPEACTABIIAET CO-
6011 co3JaHHBII YETOBEKOM MUP CMBICIIOB, HOPM, CHM-
BOJIOB, TPAIUIIHIA, CITOCOOOB MTOBEICHIS 1 (opM 00TIIe-
Hus. OHa He JaHa 4esoBeKy Ouosornuecku. OHa ycBa-
MBaeTCA B MPOIECCe COIUATN3AIIH U HHKYJIBTYpalnHy,
TO €CTh BKJIFOUEHHUS JIMYHOCTU B CUCTEMY KOJJICKTHB-
HOTO OIIBITA, HOPM M 00pa3noB noseneHus [2]. Yemno-
BEK C PAHHETO JIeTCTBA YCBAMBAET HE TOJBKO SI3BIK, HO
Y CIIOCOOBI OIIEHKH MHUPA: YTO CYUTACTCS TPABHIILHBIM
WA HENPaBUIIbHBIM, KPACUBBIM MIIM HEKPACUBBIM, J0-
MYCTUMBIM WM 3alpPETHBIM, JOCTONHBIM YBa)K€HHs
unu ocyxkaeHus. CienoBaTeiabHO, KyJIbTypHBIE IEHHO-
CTH BBICTYIAIOT TIyOWHHBIM OCHOBAaHHMEM dYellOBEYe-
ckoro nosefeHus. OHM ONPENENAOT, YTO I JaHHOH
OOIIIHOCTH SBNISETCS 3HAYUMBIM: CEMbs, 4eCTh, WHIHU-
BUAyalbHas CBOOOAA, KOJUIEKTHBHAs OTBETCTBEH-
HOCTh, YBaXXEHUE K CTapIINM, TPYH, PEIUTHUs, YCIeX,
TOCTETIPUMMCTBO, JHMYHAs AaBTOHOMUS, COIHaJIbHAS
Hepapxus UM PaBEHCTBO.

KynbTypHBIE TIGHHOCTH 0COOEHHO SIPKO TPOSBIS-
I0TCS B KOMMYHHKAIMH, TIOCKOJIBKY JII000€ O0IIeHue
CTPOMTCS HE TOJIBKO Ha CJIOBAaX, HO U Ha CKPBITHIX Ipa-
BWIaX MX ynorpeOsenus. I[lpencraBures pasHBIX
KyJIBTYp MOTYT TOBOPUTb Ha OJHOM fI3bIKE, HO MO-pa3-
HOMY TOHMMAaTh MOJYaHue, YJIbIOKy, IPSIMOH BOIpOC,
0TKa3, KOMIIIMEHT, IOJapOK, AEIOBYIO BCTPEUy, JIHY-
HYIO TUCTAHITUIO, )KECTHI ¥ (POPMBI IPUBETCTBHA. Tak,
B OJHHUX KyJNbTypax NpSAMOTa BOCIPHHHMAETCS Kak
YECTHOCTh U OTKPBITOCTb, B APYTUX — Kak IpyOOCTh H
HapyIIeHHne 3THKeTa. B 0MHUX KyJIbTypax JAeinoBoe 00-
[IEHHE HAYMHAETCS C OOCYKIEHHS IMYHBIX TeM, yCTa-
HOBJICHHS JIOBEpUsl W He(OpMalbHOTO KOHTAKTa, B
JpyTUX — C HEMEUIEHHOr 0 niepexoaa k aeny. Iloatomy
KyJIbTYpPHBIE LIEHHOCTU BBIMOJHSAIOT PETYIHPYIONIYIO
(YHKIMIO: OHM 3a[al0T MTPaBUJIa PEYEBOTO MTOBEICHUS

U ONpenessioT, Kakue (opMbl OOIIEHUSI CUUTAIOTCS
YMECTHBIMHU B KOHKPETHOH CHUTyaluH.

Oco06oe 3HaYeHHE B MEKKYJIBTYpHOH KOMMYHHKA-
WU UMEIOT KyIbTypHBIe HOpMEI [3]. Ecn meHHOCTH
OTBEYAIOT Ha BOIPOC, YTO SIBJISCTCS BAXKHBIM AJSI 00-
IIECTBA, TO HOPMBI OIIPEACIISAIOT, KaK YETIOBEK JT0JDKEH
BECTH Ce0sl B COOTBETCTBUH C ATUMH IEHHOCTSIMU.
OObI4au, TpasnIMU, HPaBbl, MOPAJlb, IIPABO U STHKET —
9T0 (GOPMBI HOPMATUBHOM PETYJSAUH THOBEICHHUS.
HopMbl npeAnucsBalOT 4eI0BeKy OnpeaeaéHHble MO-
Jienu eMCTBUS: KaK MPUBETCTBOBATh CTAPILIUX, KaK Be-
CTH ce0sl B TOCTSIX, KaK BBIpaXKaTh 0JIaroJapHOCTh, KaKk
oOpamaTecsi K HE3HAKOMOMY UEIIOBEKY, KaK COOIIo-
JaTh TUCTAHIUIO, KaK PearnpoBaTh HA KPUTHKY WIIN
MOXBaTy. B yCIIOBHMSX MEXKYyIbTYpHOTO OOLICHUS
MMEHHO HECOBIA/ICHNE HOPM YacTO CTAHOBHTCS NPH-
yrHON HenoHMMaHus. OJMH U TOT XK€ IOCTYTIOK B pa3-
HBIX KYJIBTYPaX MOXKET OBITh HCTOJIKOBAaH MPOTHUBOIIO-
JIO)KHBIM 00pa30oM: KaK BEXKJIMBOCTb WIIM XOJIOJHOCTb,
yBa)K€HHE WJIN PaBHOIYIINE, CKPOMHOCTh WM HEYBe-
PEHHOCTb, OTKPBITOCTh MM HaBSI3YMBOCTb.

CymecTBeHHOM mpoOiaeMoil  MeXKyJIbTypHOU
KOMMYHHKAIIUM SBJISETCS 3THOLEHTPU3M — CKIIOH-
HOCTh 4eJIOBEKA OILCHUBAThH YYXKYIO KYJIbTYpYy C MO3H-
Uil cCOOCTBEHHON KyNBTYPHOH CHCTEMBI. DTHOIICH-
TPU3M IPOSBIAETCS B IPOTHBOIIOCTABICHUHN «CBOETO»
U «Iy’KOTo», B YOXKICHUH, YTO COOCTBEHHBIE HOPMBI
€CTECTBEHHBI, TPABIWIILHBI U YHUBEPCAIIBHBI, 4 UYXKHE —
CTPaHHBI, HEJIOTWYHBl WJIM HEIOJHOLCHHB. Tak,
HalpuMep, IOHATHE «Ty>KOI» MOKET BOCIIPUHUMATHCS
MO-pa3HOMY: KaK HEU3BECTHBIN, OMaCHBIM, HEITPUBbIY-
HBIH, HEJOCTYIHBIN U1 MOHMMAHUS WJIH, HAalpPOTHB,
KaK UCTOYHUK HOBOI'O OIIbITa. B MEXKYJIbTypHOU KOM-
MYHUKAITUH STHOIEHTPHU3M OIIACeH TeM, YTO OH Me-
[IaeT yBHJCTh BHYTPEHHIOIO JIOTMKY JpPYToil KyJib-
Typbl. YenoBek BOCIIPHHHMAET UyXKO€ MOBEACHHE HE
KaKk MHOe, a Kak omubo4yHoe. MIMeHHO 1mo3TOMY BaX-
HEWIINM YCJIOBHEM YCIICIIHOTO MEXKYJBTYPHOTO 00-
LIEHUs] CTAHOBUTCSI CIIOCOOHOCTBH BBIMTH 3a TPEIeIbl
COOCTBEHHOU KyIBTYPHOH OYEBUAHOCTH [4].

[TpOTHBONONIOKHOCTEIO 3THOLIEHTPU3MA BBICTY-
maeT KyJbTYPHBIH penaTuBu3M. Ero cyTe COCTOMT B
HNPU3HAHUM TOTO, YTO KAXKAYIO KyJIBTYpPY HEOOX0AUMO
MOHUMATh U3HYTPH, B CHCTeMe €€ COOCTBEHHBIX ILIEH-
HOCTEH, HOPM M UCTOPUYECKOTO OMbITa. DTO HE O3Ha-
4aeT MOJIHOTO OTKa3a OT OIEHKH JIOOBIX SIBIEHUH, HO
MIPEATOIaraeT OCTOPOKHOCTh M HCCIIE0BATENBCKYIO
YECTHOCTh: HEIb3 MEXAHUYECKH NEPEHOCUTh HOPMBI
OJHOM KyNbTyphl Ha Jpyryto. KynbTypHBIH pensTu-
BH3M OCOOEHHO BaXXCH B 00pa30BaTeNbHOM, JEJIOBOH,
JUIJIOMATHYECKOW M HAay4YHOM KOMMYHMKALUH, TO-
CKOJIbKY MOMOTaeT N30eXaTh MOBEPXHOCTHBIX CYK/ie-
HUH ¥ MOCHEIHBIX BBIBOIOB. OH OPMHpPYET yBaXKu-
TEJIFHOE OTHOILICHHWE K HHOMY KYyJIbTYPHOMY OIBITY U
MTO3BOJISIET IOHATH, TOYEMY OJJHU H T€ K€ KOMMYHHKa-
TUBHBIE CHTyallMd B PAa3HBIX OOIIECTBAaX IIOIyYaOT
pa3HbIe HHTEPIIPETAIHH.

KynbTypHBIE IEHHOCTH TECHO CBSI3aHBI C KYJIb-
TYpHOH HIEHTUYHOCTBIO. MIEHTUYHOCTH MO3BOJIAET
4YeJI0OBEKY OCO3HABaTh CBOIO NMPHUHAAJICKHOCTD K OIpe-
JEeNEHHON rpymne, A3bIKY, TPaJULMU, UCTOPUU U CH-
creme HopM. IIpu 3TOM B COBPEMEHHOM MUpE Y-
HOCTb BCE yallle 0Ka3bIBaeTCsl HOCUTEIEM HECKOIbKUX
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UIEHTUYHOCTEH OJJTHOBPEMEHHO: HAI[IOHAJILHOM, 3THU-
YEeCKOMH, I3BIKOBOM, MTPO(eCcCHOHANBHOM, peTUTHO3HOM,
TEHAECPHON, COLMANBHON. MeXKyJIbTypHasi KOMMYHH-
Kalusg CTaHOBUTCS YCHENIHOM TOT[a, KOTAa YeIOBEK
croco0eH He TONBKO COXPAHATh COOCTBEHHYIO HJICH-
THYHOCTh, HO M IOHHUMAaTh HMACHTHYHOCTH APYTOTO.
Hapymienune storo 6ananca NpUBOANT K KOMMYHHKa-
TUBHOMY KOH(JIMKTY: YeJOBEK JMOO 3aMbIKaeTcs B
CBOCU KYJIBTYpHOW CHUCTEME, JHOO TepsieT yCTOHuu-
BOCTb COOCTBEHHOTO IIEHHOCTHOTO ocHoBaHHA. [lo-
3TOMY 3ajjauya MeEXKYJIbTypHOH KOMMYHHUKAIUH CO-
CTOUT HE B CTUPAHUM PA3IUUMi, a B UX OCMBICICHHOM
COTJIACOBAHUH.

KynbTypHBIE IEHHOCTH IPOSIBISIIOTCS. HE TOJBKO
B o¢uIHanbHON cdepe, HO M B TMOBCEAHEBHOCTH.
[Mnma, oxexna, )KecThl, MOPSAAOK MPUBETCTBHSA, OTHO-
IIEHUE K TOCTIO, PAaCHpeieNieHHe poeil B ceMbe, CIo-
COOBI BOCIIUTAHHS AETeH, OTHOLIEHHE K CTapIINM,
MPEJCTaBICHUS O BPEMEHHU U NMPOCTPAHCTBE — BCE ITO
HecEéT LEHHOCTHYIO Harpy3ky. Hampumep, B omgHHX
KyJIbTypax IyHKTYyaJbHOCTh BBIpa)KaeT YBaKEHHE K
napTHEPY, B APYrux Oojee BaKHBIM OKa3bIBAeTCS HE
TOYHOE COOMIOIEHHE BPEMEHH, a COXpaHEHUE YeJIoBe-
YEeCKOr0 KOHTAaKTa ¥ JOBEPUTEIBbHOTrO o01eHus. B on-
HHUX KyJbTypax IHOAapOK BOCHPHHHMAETCS KaK 3HAK
JUYHOTO BHUMAHHSA, B JIPYTUX MOXET OBITH MCTOJKO-
BaH KaK HapyIIEeHWE NEIOBOH NUCTAHIMH. DTH pa3iu-
YMs IMOKA3bIBAIOT, YTO IIEHHOCTH JCHCTBYIOT HE ab-
CTPAaKTHO, a Yepe3 KOHKPETHBIC MOJENU IOBEICHHUS.
[TosToMy n3ydeHne KyJIbTYpHBIX LEHHOCTEH IOJKHO
OBITH HE TOJBKO TEOPETUYECKUM, HO U MPAKTHUECKUM:
OHO IOMOTAET YEJIOBEKY MPABMIBHO HHTEPIPETUPO-
BaTh KOMMYHUKaTHUBHYIO CUTYallHIO.

Hwxe Mbl mpuBOAMM HEOOJBIION ClIEHAPHI 3aHSI-
THUS TIO0 MEXKYJbTYPHOM KOMMYHHKAIIUH C IIEJIBIO
cOpMHUPOBATH M PA3BHTh Y CTYJCHTOB KyJbTypHBIC
LIEHHOCTH.

Memoouueckas pazpabomka 3anamus

Tema: KynbTypHble IEHHOCTH B MEXKKYJIBTYPHOH
KOMMYHHUKaINU
JucnumumHa: Pycckuit s3p1k / MeXKyIbTypHAsT KOM-
MYHHUKaIHS. YpoBeHb: B2-C1
®dopmar: IpakTHUECKOE 3aHATHE C IEMEHTaMH MUHHU-
JIEKLIUY, AHAJIW3a KEHCOB U IPYINIIOBOM JUCKYCCHH.
ITpomomxurensHOCTh: 90 MUHYT

Lenv 3amnsmusi - cHOPMHUPOBaTH y CTYJCHTOB
MPEJCTaBICHNE O KYJIbTYPHBIX [IEHHOCTSAX KaK OCHOBE
MEKKYJIbTYpPHOTO OOIIEHHS M HAYYUTh aHAIN3UPOBAThH
KOMMYHHUKAaTUBHBIE CUTyallUH C y4€TOM pa3iIuuuil B
HOpMax, [IEHHOCTSIX, CTEPEOTUNAX U MOJENAX MoBee-
HUS TIPEJICTABUTENEN Pa3HBIX KYJIBTYP.

3aoauu sanamusa. OOpa3oBaTeNbHbIE: PACKPHITH
MOHATHSL  «KYJIBTYpa», «KYJNbTypHBIC LIEHHOCTH»,
«KYJBTYpHBIE HOPMBD», «9HKYJIBTYPAIUS, KAKKYJIBTY-
panus», «KyJIbTypHAst HIIEHTHYHOCTEY; TOKa3aTh CBSI3b
KYJIBTYPHBIX IIEHHOCTEH C PEYEeBBIM M HEPEUEBBIM I10-
BEJICHHEM; IO3HAKOMHTH CTYIEHTOB C OCHOBHBIMH
CTpaTEeTUsIMH aKKyJIbTYPALlMHN: aCCUMIIIALINEH, cenapa-
LUel, MapruHanu3alnueil 1 UHTerpamnyen.

PasBuBaromniyie: pa3BuBaTh YMCHHC aHAJIH3UPO-
BaTh MEXKYJIbTYpHBIC CUTYaIluH; (OPMHPOBATH HABBIK
aprYMEHTHPOBAaHHOTO BBICKa3bIBAaHMUSA HA PYCCKOM
SI3BIKE; Pa3BUBATh KPUTHUECKOE MBIIUICHHE M CIIOCO0-
HOCTB BHIETH CUTYaIHIO C TIO3UIIH APYTOi KYJIbTYPHL

BocnmratenpHble: GOPMHPOBATH YBAXKUTEIBHOE
OTHOIIICHHE K KyJIbTYPHOMY MHOTO00pa3mio; Ipemy-
MPEXKAaTh ITHOLCHTPUYHOEC BOCHPHUATHE «UYyKOW»
KYJBTYPBI; Pa3BUBaTh KOMMYHHUKATHBHYIO TOJCpaHT-
HOCTb.

O:xuaaemMbie pe3yabTaThI.

K koHIly 3aHATHS CTYACHT OJDKEH YMETh: 00bsiC-
HAMb, 9TO TaKOE KYJIbTYPHBIC IEHHOCTH;, NpU0OUms
MpUMEpPHl KyIbTYPHBIX LEHHOCTEH B ITOBCEIHEBHOMN
KOMMYHUKAIAW; pa31u4ams KyIbTYpPHYIO HOPMY H HH-
IUBHIYaTbHYIO TIPUBBIUKY; AHAIUUPOBATb TIPUINHBI
MEXKYJIbTYPHOTO HEIOTIOHUMAaHU; Mpeiarate KOM-
MYHHKATUBHO KOPPEKTHBIC CTPATETHH ITOBEICHHS B
MEXKYJIbTYPHOU CUTYAIIUH.

Xoa 3aHATHSA.

1. Opzanusayuonnvlii Iman.

[IpemomaBaTens COOOIIACT TEMY 3aHATHUS U 3a1aET
npoOsieMHbIl Bonpoc: [louemy Jitoiu U3 pa3HBIX KyJib-
Typ MHOT/Ia HE TIOHUMAIOT APYT JIpyra, Jake €clu ro-
BOPAT HA OJTHOM SI3BIKE?

CTynmeHTHl TpeayaraloT OTBETHI: pa3HBIC TPaIu-
LU, HOPMBI IOBEICHUS, PEIIATHS, )KECTHI, OTHOIIICHUE
KO BpEMEHH, CEMEHHBIE POJTH, STHKET, CTaTyC, TUCTAH-
s OOIIEHNS.

2. Beoonas munu-nexyus.

IIpemomaBatenb OOBICHSACT OCHOBHBIC MOJIOXKE-
HUS TEMEI.

KynpTypa — 3TO He TOJIBKO HCKYCCTBO, JIUTEpa-
Typa, HallMOHAJIbHAS OJIeXk/1a WM KyXHs. B mupokom
CMBICIIE KyJbTypa BKIIOYA€T HOPMBI, IEHHOCTH, BEPO-
BaHUs, OOBIYAN, TPAJAWUIINH, 3HAHUS W MOJEIH TIOBEIe-
HUS, KOTOPBIC YeJIOBEK ycBamBaeT B obOmecte. Kyib-
Typa He SBISAETCS BPOKIAEHHOW: YeTIOBEK OCBaNBacT €€
B TIpOIIECCE COIUANU3aIMH, TO €CTh 4Yepe3 CEMEIO,
IITKOJTY, OOIIECTBO, S3BIK, PETUTHIO, TPATUIIMH U ITOBCE-
JTHEBHEIC TIPAKTHUKH.

[IpenoaBaTenp 3aMUChIBaeT Ha JOCKE CXEMY:

KynpTypa — 1eHHOCTH — HOPMBI — TMOBEICHUE
— KOMMYHUKAIUS

3areM OOBJACHSET: IIEHHOCTH OTBEYAIOT HAa BO-
poc: 4TO Ba)XHO?
Hampumep: cembsi, cB0OO/a, 4eCTh, YCIEX, CTApIIHE,
JIMYHOE MPOCTPAHCTBO, TOCTENPUUMCTBO.

Hopmbl oTBeyaloT Ha BOIPOC: KaK HalO MOCTY-
naTtb?

Hanpumep: kak MpUBETCTBOBAThH, KaK OOpAaIIaThCS K
CTapIINM, KOTJa MOXHO CIIOPHUTB, KaK BBIPa)kaTh HECO-
rjaacue.

KoMMyHMKaIus moka3pIBaeT, Kak 3TH [IEHHOCTH U
HOPMBI PEATU3YIOTCS B PEUH, KeCTax, TUCTAHIUH, HH-
TOHAIIUU, MOJTYAHUH, DTHKETE.

3. Paboma c Knrouegbimu ROHAMUAMUL.

CTyAeHTBl TONYyYaroT 3aJaHue. COOTHECTH Tep-
MUHBI ¥ OTIPE/ICICHUS.
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| Tepmun ||

Omnpenenenne

|KynLTypHLIe LIEHHOCTH

||Hp€HCTaBH€HI/I${ O6III€CTBa O BaXXHOM, 3HAYUMOM, HOCTOﬁHOM

|KyHBTypHBIe HOPMBI

||HpaBHna MTOBEJICHHS, IPUHATHIE B 00IIeCTBE

|3HKyJ'ILTypaHI/ISI

||yCBOCHI/Ie YCJIOBCKOM KYJIbTYPhI C ICTCTBA

|AKKyJILTypau1/I51

|KynLTypHa>1 UJICHTUYHOCTb

||Oco3HaHHe MPUHAAJIEKHOCTH K ONpeAeIEHHON KyIbType

|3THOIIeHTpI/I3M

||OueH1<a YOl KyJIbTyphl 4epe3 HOPMbI CBOEH KyJIbTYPBI

|I/IHTeraI_II/I}I

||Hpncnoco6neHHe K HOBOU KYJIbType€ |

||BXO>K,ZI6HI/IC B HOBYIO KyJbTYpy 0€3 0TKa3a oT cBoei

[Tocne BbIMOSHEHUs 33/1aHUS TIperoiaBaTelb 00-
CY’KIaeT OTBETHI CO CTyIEHTAMHU.

4. Ananuz KOMMYHUKAMUBHBIX CUMYAYUIL.

Cryzmentsl pensatcst Ha rpynnsl. Kakmas rpymma
MI0JTy4aeT KeHc.

Keiic 1. IlynxtyanbHocTh. CTYIOEHT W3 OIHOM
CTpaHbl NpUIIEN Ha BCcTpedy poBHO B 10:00. Ero maprt-
HEp u3 Ipyroit KyaeTypsl npuién B 10:25 u He cuntaet
9TO HapyleHueM. IIepBbIi CTyIEHT BOCIIPUHUMAET 3TO
KaK HeyBa)KCHUE.

Bonpocsr: Kakue KylIbTypHBIE LIEHHOCTH CTOJIK-
HyJuch? DTO NHWYHAs HEBEXKIMBOCTh WIH pa3inyue
KynbTypHBIX HOpM? Kak MOXHO u30€kaTh KOH-
(hrmxra?

Keiic 2. Tlpsmoit otka3. OIMH YYaCTHHK IE€PETo-
BOPOB MpsiIMO roBOpuUT: «HeT, MbI He cormacHe. Jpy-
rof BOCIPHHMUMAET 3TO KaK Irpy0oCThb, TOTOMY YTO B
€ro KyJIbType OTKa3 NPUHSTO BBIPAYKaTh KOCBEHHO.

Bomnpocsr: Ilouemy BO3HHKIO HegONOHHMMaHHE?
Kakyto poip urpaer pedeBoii atuker? Kak MoxHO 11e-
pedopmynupoBaTh 0TKa3 Msarde?

Keiic 3. YBaxenue k crapmium. Monoaoi crenu-
IUCT HA COBEIIAHMM AKTUBHO CHOPUT C MOXHIBIM
KoJulero. B ogHON KyJbType 3TO BOCHPUHHMAETCS
KaK npogeccuoHaibHasi YBEPEHHOCTb, B JIPYroi —Kak
HEyBa)kKEHHUE K BO3PAcTy.

Bonpocer: Kakasg KynpTypHas II€HHOCTh 37€Ch
BakHa? Kak CBsi3aHBI BO3PACT, CTaTyC U KOMMYHHKa-
1ust? Kak coXpaHUTh CBOIO MO3UIMIO U HE HApYIIUTh
stuket? [locie o0CykaeHUS Kakaas IpyIia npeacTaB-
JSIET pelIeHuE.

5. Hpaxmuueckoe 3aoanue «llennocmu moeii
Kyibmypoi».

CTyIeHThl HHANBHUYAIBHO 3aII0JHIIOT Ta0IHITY.

KyabTypHas Bo3Mo:kHOE HeTOMMOHUMAaHKE C TOi KYyJbTY-
y yp Kak ona nposiBisiercst B nopegenun? A M, apy y y
IEHHOCThH poii
YBaxkeHnue Kk crap-||O0paiueHue Ha «Bb», ycrynanue Mecta,||B npyroii KyJabType 3TO MOXET BOCIPHHHUMATHCS
IIUM BHUMAaTEIbHOE CIIyIIaHUE KaK Ype3MepHas AUCTaHIUs
[purnamenue JIOMOH, YIOLIEHHE,
Tl'ocrenpunmMcrBo . T'ocTh MOKET NOYYBCTBOBATH JaBJICHUE
HAaCTOMYMBOE MPEAIOKEHUE €/IbI
Cenbst BaxHocth MHeHust ponuteneit u pon-||[IpencraBurens WHAMBUAYATUCTUUECKON KYJb-
CTBEHHHKOB TYpPbl MOXET CUECTh 3TO 3aBUCUMOCTHIO
B TOH KYJIBTYpE 3TO MOKET BBITJISIECTh KaK He-
CkpoMHOCTB He npuHATO OTKPHITO XBAIUTH ce0st APy YIARTYP .
YBEPEHHOCTh
KonnexruBuas MoxeT BoCIpUHUMAThCS KaK HApYUIEHUE JIMUHBIX
IToMouIs pOJICTBEHHUKAM U APY3bsIM
nojiepKKa TPaHUIL

[locne 3amonHeHus 2—3 CTyJEeHTa 3a4YUTHIBAIOT
CBOM IPUMEPHI.

6. Peuesaa npaxmuxa.

CTyaeHTBI COCTaBIISIOT MUHHU-IHAJIOTH TI0 MOJe-
JISIM.

Cutyarust 1: Ber xoTuTe OTKa3aThCs OT MpHIIa-
[IEHMSI, HO HE XOTUTE 00MIeTh coOeceqHUKA.

Cutyarust 2: Bel He TOHSIN KyJIBTYPHYIO HOPMY
1 XOTUTE YTOUHUTH €€ BEKIIMBO.

Curyanus 3: CobeceTHUK HApyIIMI NPUBBIYHYIO
JUIS Bac HOpPMY ITIOBEJECHUS, HO BBl XOTHTE M30€XaTh
KOH(IIHKTA.

[Tonesnsie peueBsle Gopmyisl: [IpaBuiIbHO JIH 5
MOHUMAI0, YTO B Balllel KyJbType MpUHATO...? M3BU-
HUTE, ST MOTY YTOYHHTH OAWH MOMeHT? B Moei Kyib-
Type 3T0 OOBIYHO BOCIIPHHUMAETCS MHa4e. Bo3MoXkHO,
s HeTIPABIJIBHO TIOHSIJI CUTYalHi0. MHE BaXKHO yBaXH-
TEIbHO OTHECTHUCh K Bamied Tpaaunuu. JlaBaite

HaliiéM BapHaHT, KOTOPHIH OyaeT ymoOeH ans oOemx
CTOPOH.

7. Peghnekcus.

[IpenogaBatens 3amaét Bompockl: UTo ceromHs
ObII0 /T Bac HOBBIM? Kakue KyibTypHBIE IIEHHOCTH
Yaiie BCETO CTAHOBITCS MPUYMHOW HEIONOHUMAaHUs?
ITouemy BaXHO HE OIICHHBATH YYXYIO KYJIbTYPY
TOJIBKO Yepe3 HOPMEBI cBoei KynbTypsl? Kakas crparte-
TUSl aKKyJbTypalluu KaKETCs BaM HamOoJee MpOIyK-
TUBHOM?

Konmponvnuie gonpocui:

Uro Takoe KyJIbTypHbIE HEHHOCTH?

UeM KyJIbTypHbIE HUEHHOCTH OTJIMYAIOTCS OT KYyJIb-
TYpHBIX HOpM?

Kak 11eHHOCTH BIHSIOT HA peueBOe MOBeIeHME?

Uro Takoe YHKYIbTYpaIus?

Uro Takoe aKKyJIbTyparus?
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Kakue crpareruu akkynbTypalyy BBIICISIOTCS B
TEOPUH MEXKYJIBTYPHOI KOMMYHHUKaUH?

ITouemy wHTerpamms cuuraercs Hambojee Ipo-
IYKTHBHOW CTpaTerue?

Uro Takoe STHOICHTpHU3M?

[ouemy MeXKymbTypHOE OOIICHHE TpeOyeT M-
naTun’?

Kak MOXKHO ITpeaynpeauTs MeXKYJJIbTYpHBIH KOH-
¢dmukT?

Jomawmnee 3a0anue.

Hanucate MuHH-3CCe Ha TeMy:

«Kakue KyJnbTypHBIE IEGHHOCTH MOEH CTpaHbl MO-
I'yT OBITh HEIOHATHBI IPEINCTABUTEISIM IPYroi KyJIb-
Typer?». O6séM: 180220 cmoB. B acce HeoOxoamMO:
Ha3BaTh 2—3 KyJIBTYpHBIC IEHHOCTH;, OOBACHUTH, KaK
OHH TPOSBIIIOTCS B OOLICHNH; IPUBECTH ITPUMEP BO3-
MOJKHOTO HEJJOTIOHUMAaHHUST;, IPEIOKUTH CIIocob m30e-
JKaTh KOH(IIUKTA.

Takum 00pazoM, KyJdbTypHbIE IIEHHOCTH SBIISI-
IOTCSL CMBICIIOBBIM IPOM MEXKYJIbTYPHOM KOMMYHHU-
kaiuu. OHU ONpeneNsioT MHUPOBO33PEHUE YellOBeKa,
PETYJIMPYIOT €ro pedeBoe M HEpeyeBOe IOBEACHUE,
(hopMHPYIOT MpEICTaBICHUS O HOPME, STUKETE, yBaxKe-
HUH, TOMyCTUMOW TUCTAHIIUH, CIIOCO0aX BBIPAKCHUS

corjacusi U Hecorjacusi. HermoHnnmanue HEHHOCTHBIX
OCHOBAaHHMH 9y>KOH KyJIbTYPbl HIPUBOANUT K KOMMYHHKa-
THUBHBIM COOSIM, CTEPEOTHIIaM U KOH(MJIMKTaM; HaImpo-
TUB, 3HAHUE 3THX OCHOBAHWM CO3HAET YCIOBUS AJIS
JMaJiora, B3aUMHOTO YBaKEHHS U (P (PEKTHBHOTO B3aH-
MoaecTBUA. MeXKyJIbTypHas KOMMYHHUKALUs Tpe-
OyeT He OTKa3a OT COOCTBEHHOH KYIBTYPHI, a CIIOCO0-
HOCTH BHJETh €€ Kak OJHY M3 BO3MOXHBIX CHCTEM
cMbIcIIOB. TOJIBKO B 3TOM Clty4yae BcTpeua KyJIbTyp cTa-
HOBUTCSI HE WCTOYHMKOM OTUYXJICHHS, a IPOCTPaH-
CTBOM B3aUMHOT0 O0OTaIECHHSI.
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Abstract

Objective. To study the assortment of home medicine kits of medical students in their junior and senior years.

Research materials and methods. An anonymous online survey of students from four medical universities
in the Republic of Belarus (n = 507). The questionnaire included information on the students' gender, age, medi-
cation group, medications stored in their home medicine Kits, and the names of individual medications. Statistical
processing of the results was performed using Microsoft Excel and Statistica 10.0; absolute and relative values
were described, and differences were assessed using appropriate criteria (p < 0.05).

Results. Over-the-counter symptomatic medications predominated in home medicine kits. The percentage of
students reporting having antibiotics in their medicine cabinets reaches 35-40% by the fifth year (p < 0.001). The
percentage of students having prescription medications in their home medicine cabinets increased from 28.2% in
the first year to 57.1% in the fifth year (p < 0.001), as well as cardiological medications, 18.2% and 52.0%, re-
spectively (p < 0.001). At the same time, the percentage of antiallergic (antihistamine) medications did not change
significantly (~83.5%). Bandages and antiseptics were present in ~80% of students; and the most commonly used
medications were paracetamol and ibuprofen (in >90%). When choosing medications, students relied on their
personal positive experience of using them, with its importance tending to increase from the junior to the senior
year of university. Students with higher academic achievement were more likely to include antibiotics in their
medicine cabinet than students with lower GPAs.

Conclusions: Medical education undoubtedly influences the composition of a medicine cabinet: For example,
from junior to senior year, there is an increase in the purchase of antibiotics and prescription medications. How-
ever, medical education also encourages the purchase of medications without consulting a doctor, due to confi-
dence in one's own knowledge. This necessitates developing students' respect for the professional competence of
healthcare workers. In other words, when choosing a treatment, students should follow a doctor's advice rather

than self-medicate.

Keywords: medicine cabinet, medical students, self-medication, antibiotics

INTRODUCTION

A home medicine cabinet reflects a person’s actual
health problems or the anxiety of someone who doesn't
currently have a confirmed medical diagnosis but fears
illness and protects themselves by purchasing medica-
tions and storing them in their home medicine cabinet.
University students are no exception in this regard, and
their tendency to self-medicate is high, a global practice
[1-5]. As medical students gain knowledge, particularly
in pharmacotherapy, they undoubtedly change their
preferences, choosing what they believe are the optimal
medications for their medicine cabinet. However, as re-
search shows, for example, pharmaceutical education
does not at all preclude self-medication [3]. At the same
time, there are certain established patterns in the use of
certain medications that are difficult to change (for ex-
ample, "paracetamol is the best medicine for reducing
elevated body temperature during infectious diseases").
Furthermore, students with different levels of training
in pharmacology and pharmacotherapy will differ in
their choice of specific medications for their home
medicine cabinets. The reason is simple: if a student
doesn't know the best medicine for a given condition,

they will purchase the one they know. Therefore, stud-
ying the home medicine cabinets of Belarusian medical
students in their junior and senior years seems practi-
cally significant for obtaining information, in particu-
lar, on the presence and prevalence of self-medication.

RESEARCH MATERIALS AND METHODS

Data was collected through an anonymous online
survey using the Google Forms platform. A total of 507
students (88.6% female, 9.3% male) participated. The
study included students from Grodno State Medical
University, Vitebsk State Medical University, Gomel
State Medical University, and the Belarusian State
Medical University. The study was conducted in ac-
cordance with the ethical standards of the World Med-
ical Association's Declaration of Helsinki. All respond-
ents provided voluntary informed consent to partici-
pate; selection was conducted randomly by sending
questionnaires to email addresses. Statistical data pro-
cessing was performed using Microsoft Excel and Sta-
tistica 10.0, with descriptions of absolute and relative
values.
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RESULTS AND DISCUSSION

The proportion of students with antibiotics in their
home medicine cabinet is high and consistently in-
creases from approximately 20% to 35-40% by the fifth
year (p < 0.001). Thus, there is a significant tendency
to self-medicate with antibiatics, which is a problem in
other countries as well, at a similar rate (46%) as in Bel-
arus [4]. Another study also noted a similar trend [3].
Moreover, almost half of the students’ use of antibiotics
was based on their confidence in their effectiveness
against viral infections. This study also noted that fe-
male students with experience self-medicating with an-
tibiotics were more likely to use antibiotics [5].These
findings indicate that, as they progress through their
studies, Belarusian students perceive antibiotics as a
standard element of treatment for any infection, includ-
ing the most common ones, i.e., viral infections. This
demonstrates a lack of understanding that such a prac-
tice leads to the spread of antibiotic resistance and
shows that medical education in itself, while providing
general knowledge about diseases and medications, in
the absence of independent clinical practice, does not
prevent the presence of antibiotics in home medicine
cabinets and self-medication with them [4-6]. Research
shows that during the educational process the volume
of medical knowledge continuously increases, espe-
cially when studying clinical medicine in the senior
years, however, as indicated above, this does not ex-
clude the tendency of a significant number of students
to self-medicate. [7]. During the survey, it was found
that the presence of emergency supplies increased from
49.6% in the 1st year to 77.9% in the 5th year (p <
0.001). This increase indicates a qualitative change in
the structure of the first aid kit, and not simply an in-
crease in the number of drugs. In the senior years, a fo-
cus on probable emergency conditions appears, and the
range of medications "in case of complications™" ex-
pands, likely reflecting a shift from a predominantly
theoretical to a clinical mindset. Self-medication is
most evident in the acquisition and storage of prescrip-
tion drugs. The proportion of students with prescription
medications without a doctor's prescription increases
from the first to fifth years, respectively, from 28.2% to
57.1% (p < 0.001). These figures indicate not only a
change in the contents of the first-aid kit, but also a
transformation in students' behavioral attitudes. As stu-
dents move to senior years, confidence in their own
knowledge increases, dependence on external recom-
mendations (teachers, doctors) decreases, and the ten-
dency to independently make decisions about the initi-
ation and algorithm of pharmacotherapy increases. On
the one hand, this reflects the formation of an autono-
mous model of medical behavior, without which it is
impossible to imagine a physician's work. On the other
hand, this may be accompanied by the risk of irrational
use of drugs, a decrease in criticality to self-medication,
both in practice and in its content [8]. Cardiological
drugs are studied in depth in older years. This is re-
flected in the fact that the frequency of the presence of
such drugs in the medicine cabinet increases from
18.2% in the first year to 52.0% (p < 0.001) in the fifth.
However, it would probably be an oversimplification to

explain such an increase solely as a result of the learn-
ing process. A student can acquire such knowledge dur-
ing part-time work in medical institutions (this is a
common practice for medical students), and involve-
ment in the treatment of elderly relatives. This leads,
among other things, to the acquisition of more modern
and selectively acting drugs. The fast-acting ACE in-
hibitor captopril was most often present in students'
medicine cabinets, which indicates the presence of hy-
pertension in students, requiring periodic elimination of
high blood pressure. Thus, the first aid kit begins to re-
flect not only the knowledge, but also the beginnings of
the clinical experience of the future physician, who se-
lects a drug based on clinically oriented thinking [9].
Antiallergic (antihistamine) drugs demonstrate a stable
level of purchase and use (83.5%), without significant
fluctuations during the course of study at the university,
which is easily explained by the presence of allergies in
students already in the first year, with its persistence in
older years, and the wide knowledge of such drugs
among the population, the ease of their prescription, the
unambiguous clinical response to them ("works - does
not work™). Therefore, their presence in the student's
first aid kit does not depend on the level of training and
the course of study of the student and, given the high
probability (e.g., seasonal hay fever, etc.) of the mani-
festation of allergic reactions in the future, a supply of
such drugs is always available for students with aller-
gies [10]. As noted above, as the course of study pro-
gresses and the transition from the junior to the senior
year, the tendency to purchase and self-medicate with
antibiotics increases. In other words, more educated
students tend to self-medicate with drugs that are less
well known to the general population than with well-
known antipyretic and analgesic drugs (ibuprofen, pa-
racetamol). Personal experience can be considered the
most important factor in drug selection, making the
most frequently prescribed and personally tested drugs
popular among the population [9-12]. A general de-
scription of the structure of the home medicine cabinet,
according to an analysis of data from a survey of med-
ical university students (n =507), showed that the struc-
ture of the home medicine cabinet is predominantly
formed by symptomatic therapy and over-the-counter
drugs. This model is consistent with global trends in
self-medication described in a number of pharmacoep-
idemiological studies, for example, according to data
from C M Hughes et al., the prevalence of self-medica-
tion in the general population exceeds 50%, with the
main share being analgesics, anti-cold and gastrointes-
tinal drugs.[11] Among the means for treating and
dressing wounds, the most common category turned out
to be dressings (adhesive tape, bandages) and antisep-
tics (chlorhexidine, hydrogen peroxide), which were
present in the overwhelming majority of respondents
(~80%). This corresponds to international recommen-
dations for the composition of first aid kits, where anti-
septics and dressings are the basic components.[13]
The high prevalence of these products can be explained
by their versatility of use, low cost, and the absence of
the need for a prescription. In Eastern European coun-
tries, such a first aid kit structure is typical, which is
associated with the historically established practice of
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self-treatment of wounds. Of the painkillers and antipy-
retics, as noted above, paracetamol and ibuprofen were
most often present in first aid Kits (>90%). This is fully
consistent with international recommendations. The
World Health Organization recommends paracetamol
and NSAIDs as first-line drugs [14], and the Cochrane
Database notes them as the most common OTC analge-
sics. [15]. The study by Moore et al. confirms that these
drugs dominate the structure of analgesic consumption.
[16]. Drugs for the treatment of colds in medicine cab-
inets are represented, first of all, by nasal decongestants
(in approximately 75-80% of respondents) — sympto-
matic agents for rhinitis, which is quite rational, given
that the treatment of ARVI in the overwhelming major-
ity of cases is symptomatic [17]. Although the thera-
peutic value of such treatment is questionable (and
long-term treatment is even harmful, leading to drug-
induced rhinitis), the situation with similar drugs in
other countries is similar [17]. Drugs for the treatment
of gastrointestinal disorders are represented in the ques-
tionnaires, first of all, by sorbents (~70%). Moreover,
the World Health Organization's international recom-
mendations for the treatment of acute diarrhea empha-
size rehydration rather than sorbents [18]. Replenishing
lost fluid and electrolytes, and sometimes (in non-in-
fectious diarrhea) loperimide, are the mainstay of diar-
rhea treatment [18, 19]. Thus, the high prevalence of
sorbents reflects the established opinion in post-Soviet
medicine about their value. Sedatives, hormonal, and
cardiac medications: approximately 60% of respond-
ents indicated having the above-mentioned medications
in their medicine cabinet. Research shows that in post-
Soviet countries, the use of over-the-counter sedatives
is widespread, especially those of herbal origin, such as
valerian, motherwort, and peony [20]. It should be
noted that phenobarbital-containing drugs (such as
“Valocordin”, “Corvalol”) are also classified as seda-
tives in Belarus, although similar combination drugs
with barbiturates (phenobarbital) are controlled and re-
stricted for use in most countries of the world [21]. Of
the ophthalmological drugs, moisturizing drops were
the most common (~60%). Literary sources confirm the
high prevalence of dry eye syndrome, especially when
using digital devices [22]. First Aid Supplies: most stu-
dents (~70-75%) do not have specialized first aid sup-
plies in their home medicine cabinets. This indicates a
lack of preparedness for emergency situations, despite
their medical education.

CONCLUSION

The study results show that the structure and con-
tents of medical students' medicine cabinets change sig-
nificantly during their studies. The presence of antibi-
otics and prescription medications increases as students
become more familiar with clinical conditions, i.e., by
their fifth year of university studies. At the same time,
the presence of antiallergic (antihistamine) medications
in the medicine cabinets does not change significantly
from junior to senior year (~83.5%), reflecting the spe-
cific nature of their use for allergic reactions, which
tend to recur and require students to always have a med-
ication from this group on hand. The high prevalence
of dressings, antiseptics, analgesics, antipyretics, and

symptomatic remedies for acute respiratory viral infec-
tions is consistent with international practices, while
the predominance of sorbents for gastrointestinal disor-
ders reflects regional specificities in the Soviet Union.
Unfortunately, however, medical education also en-
courages students to purchase medications without con-
sulting a doctor, due to their confidence in their own
knowledge. This necessitates developing students' re-
spect for the professional competence of healthcare
professionals. In other words, when choosing a treat-
ment, students should follow a doctor's advice rather
than self-medicate.

References:

1. Behzadifar M, Behzadifar M, Aryankhesal A,
Ravaghi H, Baradaran HR, Sajadi HS, Khaksarian M,
Bragazzi NL. Prevalence of self-medication in univer-
sity students: systematic review and meta-analysis.
East Mediterr Health J. 2020 Jul 23;26(7):846-857. doi:
10.26719/emh;j.20.052.

2. Okyay RA, Erdogan A. Self-medication prac-
tices and rational drug use habits among university stu-
dents: a cross-sectional study from Kahramanmaras,
Turkey. PeerJ. 2017 Nov 1;5:€3990. doi:
10.7717/peerj.3990.

3. Rehman MU, Mehsud SU, Ali S, Ishag M,
Khan MA. Trend Of Ir-rational Medication Among The
Students Of Department Of Phar-macy Abbottabad
University Of Science And Technology In Common
Cold And Flu. J Ayub Med Coll Abbottabad. 2017 Jan-
Mar;29(1):87-89.

4. Xu R, Mu T, Wang G, Shi J, Wang X, Ni X.
Self-Medication with Antibiotics among University
Students in LMIC: A systematic re-view and meta-anal-
ysis. J Infect Dev Ctries. 2019 Aug 31;13(8):678-689.
doi: 10.3855/jidc.11359.

5. Zhu X, Pan H, Yang Z, Cui B, Zhang D, Ba-
Thein W. Self-medication practices with antibiotics
among Chinese university students. Public Health.
2016 Jan;130:78-83. doi: 10.1016/j.puhe.2015.04.005.

6. Raupach T, Vogel D, Schiekirka S, Keijsers C,
Ten Cate O, Harendza S. Increase in medical
knowledge during the final year of undergraduate med-
ical education in Germany. GMS Z Med Ausbild. 2013
Aug 15;30(3):Doc33. doi: 10.3205/zma000876

7. Verhoeven BH, Verwijnen GM, Scherpbier
AlJ, van der Vleuten CP. Growth of medical knowledge.
Med Educ. 2002  Aug;36(8):711-7. doi:
10.1046/j.1365-2923.2002.01268.x.

8. lJitca, G.; Jitca, C.-M.; But, M.-G.; Vari, C.-E.
Self-Medication: At-titudes and Behaviors Among
Pharmacy and Medical Students. Pharmacy 2025, 13,
127. https://doi.org/10.3390/pharmacy13050127.

9. Ericsson, K. A., Krampe, R. T., & Tesch-
Romer, C. (1993). The role of deliberate practice in the
acquisition of expert performance. Psychological Re-
view, 100(3), 363-406. https://doi.org/10.1037/0033-
295X.100.3.363

10. Aljinovi¢-Vuci¢ V, Vargantolic¢ AM, Virag D,
Vuci¢ M, Lackovi¢ Z, Trkulja V. Self-medication prac-
tices and the content of home pharmacies in the house-
holds of pharmacy and medical students in Zagreb,
Croatia, in 2022 with a reference to the findings from



72 Norwegian Journal of development of the International Science No 181/2026

2001 and 1977. Croat Med J. 2025 Aug 31;66(4):247-
255. doi: 10.3325/cm;j.2025.66.247.

11. Hughes CM, McElnay JC, Fleming GF. Bene-
fits and risks of self medication. Drug Saf.
2001;24(14):1027-37. doi: 10.2165/00002018-
200124140-00002.

12. https://www.fda.gov/consumers/womens-
health-topics/women-and-pain-medicines

13. Interagency emergency health kit 2017: medi-
cines and medical devices for 10 000 people for approx-
imately 3 months. — Geneva : World Health Organiza-
tion, 2017. — 42 p. —ISBN 978 92 4 151522 1.

14. WHO guideline on school health services. —
Geneva : World Health Organization, 2021. — 273.

15. Moore, R. A. Non-prescription (OTC) oral an-
algesics for acute pain: an overview of Cochrane re-
views / R. A. Moore, P. Wiffen, S. Derry [et al.] //
Cochrane Database of Systematic Reviews. — 2015. —
No. 1I. — Art. No. CD010794. - DOI:
10.1002/14651858.CD010794.pub2.

16. Moore RA, Wiffen PJ, Derry S, Maguire T,
Roy YM, Tyrrell L. Non-prescription (OTC) oral anal-
gesics for acute pain - an overview of Cochrane re-
views. Cochrane Database Syst Rev. 2015 Nov
4;2015(11):CD010794. doi:
10.1002/14651858.CD010794.pub2.

17. Eccles R. Understanding the symptoms of the
common cold and in-fluenza. Lancet Infect Dis. 2005

Nov;5(11):718-25. doi: 10.1016/S1473-
3099(05)70270-X

18. WHO recommendations on the management
of diarrhea and pneumo-nia in HIV-infected infants and
children / World Health Organization. Geneva : World
Health Organization, 2010. URL:
https://www.ncbi.nlm.nih.gov/books NBK305340.

19. Caeiro JP, DuPont HL, Albrecht H, Ericsson
CD. Oral rehydration therapy plus loperamide versus
loperamide alone in the treatment of traveler's diarrhea.
Clin Infect Dis. 1999 Jun;28(6):1286-9. doi:
10.1086/514786.

20. Mamedov, N., Mamadalieva, N. (2016). Me-
dicinal Plants from Countries of Former USSR Used
for Treatment of Depression. In: Grosso, C. (eds)
Herbal Medicine in Depression. Springer, Cham.
https://doi.org/10.1007/978-3-319-14021-6_6.

21. Brauer R, Alfageh B, Blais JE, Chan EW, Chui
CSL, Hayes JF, Man KKC, Lau WCY, Yan VKC, Bey-
kloo MY, Wang Z, Wei L, Wong ICK. Psychotropic
medicine consumption in 65 countries and regions,
2008-19: a longitudinal study. Lancet Psychiatry. 2021
Dec;8(12):1071-1082. doi: 10.1016/S2215-
0366(21)00292-3.

22. Cho HA, Cheon JJ, Lee JS, Kim SY, Chang
SS. Prevalence of Dry Eye Syndrome after a Three-
Year Exposure to a Clean Room. Ann Occup Environ
Med. 2014;26.26.



Norwegian Journal of development of the International Science No 181/2026 73

PHILOLOGICAL SCIENCES

TURKISM AND ITS CHARACTERISTICS IN LITERATURE OF THE TURKIC PEOPLES OF THE
20TH CENTURY

Najafova K.

Doctor of Philosophy in Philology, Associate Professor, Baku State University, Faculty of Philology, De-
partment of Turkology

Baku, Azerbaijan, Zahid Xalilov str. 23, AZ1148

https://doi.org/10.5281/zenodo.20448092

Abstract

The article examines the reflection of the idea of Turkism in the literature of the Turkic peoples in the 20th
century. The issues of Turkism as nationalism and its defensive nature in the struggle for ethnic-national existence,
as well as the Turkish mentality are touched upon. In the Soviet period, some propaganda issues were brought to
the fore in the appropriation of the literature of the Turkic peoples of the same ethnic origin. Thus, the characteristic

features of the phenomena of ethnic thinking were purposefully distorted.

The 20th century is characterized as the awakening of national consciousness and the widespread spread of
the ideas of Turkism in the literature of the Turkic peoples. During this period, ethnic consciousness was gradually
replaced by national consciousness, and attention began to increase to national factors.

In general, the study shows that the history of each ethnos passes in merciless struggles for its own existence
and preservation. Among the means of struggle, the factors that constitute ethnic identity, in particular, the literary

factor, are of great importance.

Keywords: Turkism, Jadidism, National Conscience, Turkic Literature, 20th Century.

THE IDEOLOGY OF TURKISM AS A MEANS
OF ETHNIC SELF-PRESERVATION

The formation of the Turkic ethnic group, its self-
affirmation was followed by wars and conflicts. The
history of each group is spent with relentless struggles
to preserve its existence. In all cases, the ethnic groups
struggle not only physically, but they also fight to pre-
serve their existence. Among the means of struggle, the
factors constituting ethnic uniqueness, including the
factors of literature and culture are of great importance.

The Tsarist Russia began to fulfill the policy of
changing ethnic uniqueness according to the well-
thought comprehensive action plan after it enslaved the
Turkic people in the 191" century. Various movements
such as Jadidism, Qadimism, and Enlightenment began
in the socio-political, literary, and cultural life of the
Turkic people which is based on the Turkist ideology.
In the new period, Turkism was the means of self-
preservation.

JADIDISM AND QADIMISM: STRUGGLE
FOR NATIONAL EDUCATION

Jadidism began to develop among the Turkic peo-
ple of Russia from the second half of the 19" century.
The Tsarist Russia adopted the policy of training pro-
Russian intellectuals in the countries they had invaded.
That's why they increase their focus in the field of edu-
cation. They focused on consistently implementing
their comprehensive action plan in order to get into con-
tact with the people of the countries they had invaded,
to make easy the process of managing them, and most
importantly, to form the Turkic intellectuals according
to the educational principles of the dominant ethnic
group, that is to change their ways of thinking as a re-
sult. So, the Jadid movement prospered widely in the
socio-political life of the Turkic people. The process of
return to the national thinking was taking on a wide

scale among the Turkic Muslim people of Russia. Es-
tablishment of the schools of new type and their gaining
influence gave rise to the diversity of opinions and po-
sitions among the Turkic intellectuals. Besides the fol-
lowers of the schools of new type, there were also in-
tellectuals who believed in the importance of preserv-
ing the traditional educational methods, and they
started the counterpropaganda. They were called Qa-
dimists because they advocated the old traditions.
While Qadimists endeavored to keep the traditional ed-
ucational system, the Jadids tried to give it up com-
pletely.

If we accept Jadidism as the phenomenon of the
2" part of the 19™ century, we cannot overlook other
movements of that period, especially the Enlighten-
ment. Both Jadidism and Enlightenment are based on
ethnical and national interests and prefer upbringing
and education in solving actual problems. Enlighten-
ment prefers to educate the nation, while Jadidism pre-
fers the salvation of the nation.

Beginning from the late 19" and early 20" centu-
ries, the renaissance of the national conscience and
Turkism developed into two directions: 1) The Turkism
of the intellectuals of the period which implied the spir-
itual unity of the Turkic world; 2) Focus on the national
factors as the national conscience replacing the ethnic
conscience beginning from the 17™ and 18" centuries.
Jadidism in Tatarstan and Central Asia politicized by
gaining Turkist and nationalist behavior. The Jadids re-
ally disturbed the Tsarist Russia and the Bolshevik re-
gime. The Jadid movement in later stages of its devel-
opment had become a great political power inside the
empire. In the early 20" century, unlike the Tsarist re-
actionism in his fight against Jadidism, the Bolshevik
regime not only prevented the Jadidism, destroyed
them, draw them to his side or made them to run away
from the country, but it also endeavored to delete them
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from the history of the Turkic peoples, to move the in-
fluence of Jadids away from the socio-political, scien-
tific and cultural, literary and philosophic thought by
creating an image of the enemy in them for around a
century as well.

THE RISE OF TURKIST IDEOLOGY IN
TURKEY: GOKALP, YURDAKUL AND
SEYFETTIN

In those times, Turkism lived its renaissance in
Turkey. In 1908, as a result of the revolution of Young
Turks, monarchy turned into constitutional monarchy.
The thought of Ottomanism began to grow stronger. In
his paper published in Peyman in 1909, Ziya Gokalp
(1876-1924) wrote that “Ottoman does not mean Turk”,
and called the countries covering a wide area which
speaks Turkic, Turan.

As the Ottoman empire was declining in early 20™"
century, it does not only lose his lands in Europe, but
even the existence of Turkey as a state was in danger.
Under these circumstances, the ideas of Turkic solidar-
ity began to develop in Turkey. The Turkists of this
time came together in the societies of Turk Yurdu
(Turkish Homeland) and Turk Ojaghi (Turkish Hearth).
At this time, Ziya Gokalp (1876-1924) was one of the
leading figures of the Turkist movement and the central
figure in field of Turkist theory. Z. Gokalp has devel-
oped and demonstrated the necessity of creating Turkic
unity and has taken practical steps in order to realize it.
Ziya Gokalp who was one and the first of the well-
known thinkers of Turkey, has systematized knowledge
on Turkic ideology for the first time. The Essentials of
Turkism by him was the program of Turkism. The ide-
ologist who gives the definition “Turkism means ele-
vating the Turkic nation” explains the essence of Turk-
ism, comments on the matters like Turkism in lan-
guage, aesthetics, morals, law, religion, economy,
politics, and philosophy.

In Turkish literature, alongside with Z. Gokalp,
there were also other representatives of the Turkist ide-
ology such as Mehmet Emin Yurdakul and Omer Sey-
fettin. M. Yurdakul (1869-1944) known as “the first na-
tional poet of Turkey” tried to instill the national iden-
tity in the people.

The late 19" and early 20" centuries are referred
as awakening of the national conscience in the national
literature and formation of the Turkic literature. One
and the first of the prominent members of the national
poetry in Turkish literature was M.E. Yurdakul. In M.
Emin’s works, the life in Turkey in the end of the 19™"
century and the beginning of the 20" century was re-
flected realistically. The poet has shouted in his loud
voice that his language is Turkish language, and his na-
tion is Turkish in a fully conscious manner for the first
time among all Ottoman poets.

This time was an extremely hard period for Turkey
that was under the attack of invaders. Just in this time,
M. Emin managed to influence their psychology by em-
phasizing the immortality of Turkic spirit, and the fact
that it would not submit to the slavery.

In the period of national independency movement
in Turkey (1918-1922), M. Emin, as a real patriotic
poet of his own nation, chanted the feelings, griefs, sor-

rows of his motherland. M.E. Yurdakul entered the his-
tory of the Turkish literature as the founder of Turkish
national poetry, with his socio-political activities and
literary works, he played a significant role in awaken-
ing of social ideas in the national formation of Turkish
people and in its national culture.

Turkist ideas were further promoted in O. Sey-
fettin’s (1884-1920) works. Omer Seyfettin created his
works during the period of National literature. Omer
Seyfettin was an ardent supporter of national language
and literature. The paper called “Yeni lisan” (“New
Language”) by the writer was a kind of concept of the
National literature. His tendency to create literature
without using unnecessary words, flashy sentences,
embellishment was also characteristic for his stories.
What topics has the writer who was one of the brightest
representatives of the simplification of language and
Turkish storytelling written about? He has written
about Turkish lifestyle, Turkish women, Turkish chil-
dren, Turkish peasants, importance of the passing of
Turkish customs and traditions to the future genera-
tions, the wars waged by the Turkish people, their
valor, determination, dignity, the bravery of Turkish
soldiers, being martyr in the sake of land, never forget-
ting the formula of “he who does not oppress is op-
pressed”, the love for language, religion, motherland,
and nation, vigilance against the ones who are dividing
the Turks, the Turkist ideal and aim...

The ideological movements of the time, including
Ottomanism, Islamism, Westernism, Turkism, greatly
influenced undoubtedly on the works written in the
time of National literature. In O. Seyfettin’s short sto-
ries, the ideas of Turkism have been advocated more
widely. In his paper “Ideology of Turkishness” he
writes: “...The nation we belong to is “Turkishness”. It
means that the Turkish people have two kinds of life: 1.
Personal, i.e. the individual life of each Turkish person.
2. Common, i.e. the national life, Turkism which is
lived by all Turkish people together... To strengthen
this common life, to prepare an unbreakable future for
them is the “Ideology of Turkishness” (Teymur 1992:
79). As a real Turkish writer, O. Seyfettin always tried
to protect the interests of Turkish people.

TURKISM IN AZERBAIJAN: THE LEGACY
OF HUSEYNZADE AND GASPIRALI

In the beginning of the 20" century, Azerbaijan
had the ideologies of Turkism and Azerbaijanism, and
Turkism was occurring around A. Huseynzade and the
journal Fuyuzat found by him. We read the following
about A. Huseynzade’s participation and services to so-
cial, political and national matters of Turkey in Z.
Gokalp’s Essentials of Turkism: “Ali bey who came
from Russia to Istanbul, explained the essentials of the
Turkism in medical school. His poem “Turan” was the
first discloser of the ideal Turanism.” (Goyalp 1991:
28).

Ali bey Huseynzadeh was the ideologist of Azer-
baijani romanticism in 20" century who put forward the
common Turkic literary language systematically, who
seriously developed this idea advocated it in his works.
It was no coincidence that Ismail Gaspirali openly ad-
mitted the newspaper Hayat (“Life”) to be the succes-
sor of Terciman, as well as Ali bey Huseynzade to be
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his spiritual successor (Kangorli 2004: 163).

After Hayat closed, Ali bey Huseynzade took over
the director and main writer of a journal called Fuyuzat
which was also published with the financial support of
Z. Taghiyev. The complete set of this journal published
until November of 1906 is a valuable source to under-
stand Huseynzade’s political and philosophical
thoughts and to analyze his writing style. The most
striking aspect in Ali bey’s struggle in Fuyuzat is to
contribute and support to defend the Turkism, and pu-
rity and unity of Turkic people against Iranism that tried
to attract Azeri Turks near, especially via sectarianism
for over some hundred years, and Russicism that began
to influence relatively recently, for about 50-60 years
(Akgura 2010: 210).

Turkism was associated with the name of Ismail
Gaspirali at the time. In the times when the Turkic
speaking peoples living in a vast territory within Tsarist
Russian Empire, in their eternal and everlasting lands,
but suffering under the Russian bondage in need of ed-
ucation, progress, science, culture, and eventually,
unity, Ismail Gaspirali appeared on the stage of history
with his Terciman and his motto “Unity in language,
thought, and deed.” He explained that the Turkic people
scattered from the Altais to the Urals, from Central Asia
to the Caucasus, from the Volga to the Balkans belong
to the same values and it is time for them to own it (Sey-
fettin 1993: 4). The idea of necessity of a united com-
mon literary language has been put forward for the first
time by Ismail Gaspirali in the 80’s of the 19'" century.
According to Gaspirali, the identity of a nation begins
from its language, and the Turkic peoples must speak
the same language, i.e. the common Turkic literary lan-
guage in order to get to know and love each other, to
understand their own national identity, to become a
united, strong nation. This kind of an ideal became the
ideological basis for the thought of creating the com-
mon Turkic language prospered among the Turkic peo-
ples of Russia and Turkey. Gaspirali fulfilled his motto
“Unity in language, thought, and deed” via Terciman.
The struggles of the newspaper Terciman in forming a
united language for the Turkic world was praiseworthy.
The newspaper Terciman became the most extraordi-
nary phenomenon in the Turkic world after Hasan bey
Zardabi’s newspaper Akinchi. During its 35 years of
publication (1883-1918), it has been the most popular
Turkist and Islamist publication that strived to bring to-
gether and to elevate the Turkic people living in various
parts of the world.

Ismail bey Gaspirali was one of the most promi-
nent Jadids that played a matchless role in creating new
way of thinking among the Muslim peoples of Russia.
M.A. Rasulzade wrote the following in the newspaper
Istiklal: “At the time, Ismail bey was the leader of
Jadids and Terciman was their publication. The most
significant one of the innovations that was issued by
Terciman was the simplified common Turkic language.
A Turkic that was understood by the educated people
of every Turkic country. Terciman gave all its energy
to teaching simplified Turkic to all Turkic people, ex-
plained the feeling it spread by the motto “Unity in lan-
guage, thought, and deed” towards the end of its life.
Although according to its existence today, the motto

“Unity in language, thought, and deed” is very far from
realization as it was imagined by the whole Turkism
which intended to unite all Turkic peoples around into
a single Turkic state, Terciman that make this motto his
banner, has undoubtedly played its historical role suc-
cessfully (Tahirli 2009: 2).

TURKISH LITERATURE IN CENTRAL
ASIA DURING THE SOVIET REGIME AND THE
BOOK "AZ-YA"

The Jadid movement was dominant in Central
Asia as a politicized form of Turkism.

The invasion of most of the Turkic people by the
Bolsheviks after Tsarist Russia make the situation more
complicated. The Turkic peoples who had relative in-
dependence and freedom in the early times like Azer-
baijanis, Kazakhs, Turkmens, Uzbeks, Tatars, Bashkirs
and so on, were subjected to ruthless surveillance in all
fields, especially in literature, culture and arts. In the
Soviet period the policy of the Bolshevik-Communist
regime of creating the Soviet person in accordance with
the model of Russian person prevailed. First of all, by
falsifying the history of the Turkic people, they were
being separated from their past, and their memory was
being erased. The dangerous aspect that was not clear,
was that the process of separating the Turkic people
from each other began to be replaced by the process of
alienation. The interesting point is that alienation was
not only conducted between Turkey or the Turkic peo-
ple outside of the USSR in general and the Turkic peo-
ple within the empire, but they also paid special atten-
tion to implementing it among the Turkic people within
it. An analogous situation was also realized in literary
life. The power of an artistic word was also used against
the people themselves: the historical past was demon-
strated in a distorted way, the artistic analysis of the na-
tional peculiarities forbidden, instead of ethnic person,
political person, i.e. Soviet person was glorified, etc.
The artists wrote before the Soviet regime and thinking
about the fate and future of their people and country
were subjected to spiritual and physical repression. The
officers of literature of the regime spiritual poisoning
the artists who do not conform to their demands, began
to physically destroy them in 1937. The Turkic people
lost many of their intellectuals during this process of
genocide. The men of letters of the Turkic people sub-
jected to repression, Cho‘lpon, A. Qodiriy, A. Ibra-
himov, M. Zhumabayev, Shakarim, and the others;
apart from the physical destruction, the survivors were
under control till the end, e.g., M. Auezov.

A strict censorship regime was applied and the
Turkist personalities were referred as the enemies of the
people. And the literature of the people taught in Soviet
times used to be selected according to ideological and
political criteria. Nevertheless, both the literature lived
on, and the verbal art continued to be taught. There
were objective and subjective insufficiencies, but like
the other people, in the literature of the Turkic peoples,
the works distinguished by their artistic value and for
demonstrating national interests. The artists like A.
Qodiriy, Cho‘lpon in Uzbekistan, Ch. Aytmatov in Kir-
ghizstan, M. Auezov, O. Suleymenov in Kazakhstan,
N. Sarykhanov in Turkmenistan, M. Jalil in Tatarstan
tried to conscientiously serve to their own people.
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In the Soviet period, Turkism was preserved
thanks to the power of ethnic potential of the people.
As we have mentioned before, the center of gravity of
Turkism was literature. Oljas Suleymenov’s works are
the best examples of this.

Any other Turkic poet cannot be imagined who
felt the ethnic longing of the Turkic people like him, it
is the longing for the deserts, steppes, and this longing
has an intimate character: Oljas seems like a horseman
going from east to west along the old Turkic steps...
(Cofarov 2006: vol.4, 303).

Az-Ya has a special place among O. Suleymenov’s
works. The work has a special importance for its origi-
nal reproach to the history of Turkic people, their lan-
guage, and their socio-political and historical reputa-
tion. The book Az-Ya consisting of three parts, ex-
presses an objective attitude to every questions within
the scientific and national historical principles, draws
interest for learning the national aesthetical values and
literary cultural history of the Turkic people who have
ancient history, and at the same time for shedding light
on some points of the cultural and political histories of
a lot of people living in Eurasian territory (Quliyev
2025: 628).

The biggest significance of Az-Ya was its great in-
fluence on the national awakening of the Turkic people.
And this work was born from the necessity of convey-
ing the truths about fate of the Turkic people to the fu-
ture generations. He said the following in one of his
speeches: “I came across with the unexpected facts: it
seems that the languages seemingly far from each other
had historical relationships. For example, the Russian
and Turkic languages. Everything began with my re-
search on The Tale of Igor’s Campaign. How many old
Turkic words this work had. But many others did not
like my arguments and examples. They used to say that
Turkic and Russian are far from each other. They called
me as a Pan-Turkist.” (Akimova 2016: 10).

It is known from the history that the Turkic ethnic
groups had not tried to assimilate the members of other
ethnic groups purposefully. Where is ethnic groups
who could not stand against the power of the Turkic
language and thought had given up some of their ethni-
cal and national factors voluntarily.

Literature has a unique role and importance in the
fight against ethnic and national assimilation. Preserva-
tion of the language, the literary description of the his-
torical facts and ethnical and national specificities in
the novels like Abay by M. Auezov, Bygone Days by
A. Qodiriy, Turbulent Kur by I. Shykhly, as well as in
the works in various types and genres written by the
artists of the second half of the twenty century, was the
expression of Turkism. Literature is one of the main ba-
ses of strengthening and activating the resistance en-
ergy in the ethnic group.

The fact that the Turkic people had the same ethnic

origin, the same mythological, religious and philosoph-
ical views, the same lifestyle and way of thinking, the
same customs and traditions, has led their literary and
moral values to emerge from the same source. This
commonness among the literatures of the Turkic peo-
ples may be referred not as only typological similarity,
but firstly as common characteristics. All of these once
again prove that the studies on the literature of the Tur-
kic people does not only stem from political, but also
from national requirements.

CONCLUSION

In modern times, Turkism develops in two direc-
tions in the history and literature of the Turkic people.
The first direction is continuous theoretical searches
and their aim to strengthen the connection between the
Turkic peoples. The second one is to continue the tra-
ditional Turkism in literature, culture and art. All these
serves to the purpose of promoting Turkism and bring-
ing the Turkic people together in terms of moral values.

The modern Turkic states have the potential to
have a say among the countries of the world. They do
not need to come together within a border to do it. Close
friendly connections, political, economic, literary and
cultural relations are sufficient to ensure the connec-
tions between the people. Therefore, great work is done
toward the further enrichment of the common Turkic
culture and the improvement of the literary and cultural
ties today. In modern times, systematic work is being
done in a large scale in order to prevent the closeness
between the Turkic peoples and strengthening aliena-
tion between them. Despite this, by finding shelter in
their Turkic pride, the Turks manifest their national ex-
istence in all fields, as well as literature with great de-
termination and will. Behind this will stand the national
and moral values that they cherished with great love.
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Abstract

The article argues that, in accordance with the corrected version of the special theory of relativity (STR), the
planet Earth is much more complex than this is explained by modern scientific knowledge. The Earth is probably
a three-dimensional spiral structure in four-dimensional space. You can verify this by traveling round-the-world
trip by plane. Such flights make time travel into the past and into the future possible. This will allow, for example,
to anticipate and prevent disasters, bring back to life people who died as a result of accidents and crimes, and also
solve many other problems. However, the version of STR taught in all physics textbooks denies the feasibility of

time travel for people on Earth. And therefore no one has made such journeys before.

Keywords: special theory of relativity; relativistic formulas; physical reality of imaginary numbers; Multi-
verses; universes and antiuniverses; anti-time; external and internal time; time zones on Earth; time travel

1. Introduction: fundamental mistake of the
authors of special theory of relativity

Created the 20th century by Joseph Larmor [1],
Nobel laureate Hendrik Anton Lorentz!® [2], Jules
Henri Poincaré [3], Nobel laureate Albert Einstein'’
[4], and other talented scientists, the special theory of
relativity (STR) are rightly considered the outstanding
scientific achievement of the 20th century due to their
use of principle of relativism. However, at the begin-
ning of the twentieth century, science lacked much of
the knowledge necessary to create STR. Because of
this, the missing knowledge had to be replaced with
postulates that turned out to be partially incorrect.
Therefore, this STR itself turned out to be largely in-
correct [5]-[9].

And most importantly, all the relativistic formulas
obtained in it turned out to be incorrect
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and others, in which mois the rest mass of a mov-
ing body;

mois the relativistic mass of a moving body;

Aty is the rest time of a moving body;

At is the relativistic time of a moving body;

lo is the rest length of a moving body;

| is the relativistic length of a moving body
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16 Who received his Nobel Prize in Physics in 1902 for ex-
plaining the Zeeman effect.
17 Who received his Nobel Prize in Physics in 1921 for his
services to theoretical physics and especially for his research
into the photoelectric effect.

The creators of STR made this fundamental mis-
take without understanding that the argument v in for-
mulas (1)-(3) according to Newton’s first law is the
fourth'®, in addition to length, width and height, spatial
dimension [10]-[21]. Albert Einstein also failed to use
the concept of four-dimensional space in STR. But he
managed to preserve the special theory of relativity, in-
troducing into it the principle of not exceeding the
speed of light. Although, as it turned out later, this pos-
tulate turned out to be incorrect. But in the process of
searching for truth in science, this is acceptable.

2. The special theory of relativity taught in
physics textbooks is incorrect.

From the principle of not exceeding the speed of
light,which is in fact a postulate, that this STR drew the
conclusion that imaginary numbers are physically un-
real. But a postulate is merely an assumption. Conse-
quently, a conclusion drawn from a postulate is also
merely an assumption, which has no evidential value.
Therefore, the assertion regarding the physical unreal-
ity of imaginary numbers could simply have been
called a postulate. However, the authors of the version
of the STR, taught in textbooks, ignored this fact, as
they needed to explain the relativistic formulas in some
way. And to do so, they had to at least give the impres-
sion that the principle of not exceeding the speed of
light had been proven. And since these textbooks are
still used in the educational process, it follows that the
goal was achieved.

Therefore, further in the article we will continue to
explain that the version of STR studied in textbooks is
incorrect. [22]-[54]. Let us recall that the problems of
the authors of STR began from the very beginning due
to their inability to explain the relativistic formulas (1)-
(3) published in 1905. After all, no one would need a

18 Not to be confused with the fourth dimension in four-di-
mensional space-time (Minkowski space).
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theory that even its creators could not explain. And rel-
ativistic physicists have still not been able to explain
these formulas, since all the quantities m(v), At(v), I(v)
in these formulas in the hyper-light range of speeds v >
¢ took on values measured by imaginary numbers in-
compre-hensible to physicists. Therefore, as not to ex-
plain relativistic formulas in the superluminal range of
speeds, the principle of the non-exceeding of the speed

of light was used in the STR.

However, yet in 1897, Charles Proteus Steinmetz
published [55] a theory of linear electrical circuits of
alternating current, in which the imaginary resistances
—jlwC of capacitors and +jwL'® of inductors were de
facto recognised as physically real. This provided ex-
perimental proof of the physical reality of imaginary
numbers.

&=

Fig. 1. In any radio engineering laboratory there are devices called frequency response meters, which alreadyby
their very existence prove the physical reality of imaginary numbers

Therefore, for more than half a century, the radio
industry has been mass-producing frequency response
meters?® (Fig. 1), which by their very existence prove
the physical reality of imaginary numbers, since you
can only measure what actually physically exists. And
such devices measured frequency characteristics, math-
ematically described using imaginary numbers.

But even if any of the relativist physicists were to
learn that Charles Proteus Steinmetz had already
proven the physical reality of imaginary numbers, this
would not save the STR. For it turns out that the rela-
tivistic formulas are not correct, since, in the superlu-
minal speed range v > ¢, function (1) describes a phys-
ically unstable process that cannot exist in nature.
Therefore, relativistic physicists did not really need any
proof of the physical reality of imaginary numbers. On
the contrary, in order to refuse to explain their relativ-
istic formulas in the hyperluminal speed range v > c,
they needed the principle of not exceeding the speed of
light. And this is precisely why proof of the physical
unreality of imaginary numbers was needed. Which,
however, do not exist in nature.

This is why Albert Einstein continued to work on
developing available for use version of the STR. He
therefore argued that there is no known physical pro-
cess in nature that is described using imaginary num-
bers. On this basis, he introduced into STR a postulate
known as the principle of the non-exceeding of the
speed of light. From this, it was concluded that there
was no need to explain formulas (1)—(3) in the superlu-
minal range of velocities v > ¢. And when Cherenkov
radiation [56] was discovered, refuting the claim that
there is no known process in physics in which anything
moves at a speed exceeding the speed of light, the STR
was saved by the clarification that the principle of the

19 In radio engineering and electrical engineering, the imagi-
nary unit is conventionally denoted by the letter j, as the letter
i is used to denote electric current

20 Also called frequency response analyzers

2L And for any radio engineering experiment proving the
physical reality of imaginary numbers, one day is more than
enough for one engineer

non-exceeding of the speed of light referred to pro-
cesses in a vacuum.

And later, at the Large Hadron Collider (costing
$10 billion), the widely publicised OPERA [57] exper-
iment was conducted over 15 years® (between 2003
and 2018), involving over a hundred of the most emi-
nent physics professors, the aim of which was to prove
the physical reality of imaginary numbers. In 2011, the
OPERA collaboration even announced the successful
completion of this experiment. But six months later, at
the same Large Hadron Collider, the OPERA experi-
ment was refuted by the ICARUS experiment. This cre-
ated the impression that the principle of the non-ex-
ceeding of the speed of light is irrefutable. And it is in
this form that the generally accepted version of STR is
now presented in all physics textbooks in all countries.

However, articles [58]-[75] have been published,
including five articles in 2008-2010% [58]-[62], con-
taining descriptions of radio engineering experiments
that successfully proved the physical reality of imagi-
nary numbers. Moreover, these publications also con-
tain descriptions of well-known physical processes? -
a tsunami, the ringing of bells, music created by a pi-
ano, and even a swing swinging on the playground after
a push from parents - proving the physical reality of im-
aginary numbers.

Thus we live not only in the visible and tangible
world described by real numbers, but also in existing
invisibl and intangible world — one far less familiar to
us — described by imaginary, complex and hypercom-
plex numbers.

3. A corrected version of the special theory of
relativity.

3.1. Corrected relativistic equations

2 That is, even before the publication in 2011 of the message
about the supposedly successful completion of the OPERA
experiment

2 Contrary to Albert Einstein’s assertion that there are no
processes in nature that can be described using imaginary
numbers,
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Since we have just have proven.the physical real-
ity of imaginary numbers in the most indisputable man-
ner, we shall now explain formulas (1)—(3) in full. And
since people tend to understand visual information bet-
ter, Fig2a,b,c show the graphs of formulas (1)-(3). As
can be seen, these graphs in the sub-light speed range v
< c differ significantly from the graphs in the hyper-
light speed range v > c. It therefore becomes clear that
the same processes cannot occur in the sub-light and
hyper -light speed ranges v. And for the same processes
to occur in these ranges, the graphs of formulas (1)—(3)
must be identical, as shown in Fig2d,e,f. To achieve
this, since the velocity v in formulas (1)—(3) is the

fourth spatial dimension, the factor?* i9 must be intro-
duced

m,i* m,i‘
Fo— ey @
() = At 1= (%] ~a)" = At [1-(W)" g

1(0) = i* 1~ (Y~ =" I-(%))* @

where q(v) = [vg/c] — the “floor” function from
discrete mathematics defined for

m(q) =

Fig. 2. Graphs of the functions m(v), 4t(v) and I(v) corresponding to the existing and corrected versions of the
STR in the subluminal v < ¢ and superluminal v > ¢ velocity ranges

the argument vg/c which constitutes the fourth
spatial dimension;

w = Vv - qc — the velocity that is local to all uni-
Verses.

And since the fourth spatial dimension v is a vector
quantity, the formulas (4)—(6) must be revised once
again. To this end, three factors i9, i" and i* must be in-
troduced into formulas (4)—(6)

m,ififi
J-LY—@+r+9)F
A(Q,T,S) :Atoifi;i;Jl—[% _(@+r+9)f @
(@) =Lifiis 1-[Y, ~ @+ +9)F ©

()

m(q,r,s) =

24 In the theory of functions of a complex variable, the func-
tion i9 is defined only for integer values of the argument g.
However, his definition can to be extended as follows. For
integer values of the argument ... -2, -1, 0, +1, +2, +3, +4,
+5, ... the function i%is equal to ...—1, —i, +1, +i, -1, —i, +1, +i,
... But for the same integer values of the argument ... -2, -1,
0, +1, +2, +3, +4, 45, ... the same values ... —-1,—i,+1,+i,—1,—
i,+1,+i,... is also equal to the function e%2, which, in accord-

where q(v) = |v,/c] — the “floor” function in dis-
crete mathematics of the argument v, /c, which

is one of the orthogonal coordinates q of the fourth
spatial dimension v;

r(v) = |vplc] — the “floor” function of discrete

mathematics of the argu-ment vi/c, which is the other
orthogonal coordinate r of the fourth spatial dimension
Vi

s(v) = |vglc] — the “floor” function of discrete
mathematics of the argu-ment v¢/c which is yet another

orthogonal coordinate s of the fourth spatial dimension
Vi

Vg, Vi, Vs — projections of the velocity vector v onto
the orthogonal co-ordinates g, r, s (see Fig. 3).

ance with Euler’s formula e'%2 = cos(qn/2)+isin(qn/2), is de-
fined also for non-integer values of the argument g. There-
fore, definition of the function i9 can be extended to any val-
ues of the argument q by the formula i% = cos(qn/2) +
isin(qmn/2), analogous to Euler’s formula. The resulting for-
mula will allow the value of the function i% to be determined
for any values of the argument g, including non-integer val-
ues. And it will be required in astro-geophysical studies of
portals, which will be discussed further on.
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Fig.3. The six-dimensional space of the hidden Multiverse, where q, r, s are the coordinates of mutually invisible
parallel universes and anti-universes, and .x, y, zare the coordinates of the material content of these parallel
universes and anti-universes

This formula i% (as well as the formulas i and i¥)
in formulas (7)—(9), which defines the nature of each
universe, for integer values of the argument q(v), ,
equal to ... 0, 1, 2, 3, 4, 5, ..., successively takes the
values ..., +1, +i, -1, -i, +1, +i, ... and so on. Its value®
g(v) =0 in formulas (7)—(9) for the sublight speed range
v < ¢ corresponds (since i°=1) to our visible universe,
which we shall call, for the sake of clarity, the tardion?®
universe. The value q(v) = 1 in the superluminal speed
range 2c > v > ¢ corresponds (since i = i) to some
other, already invisible universe, as it lies beyond the
event horizon. For the sake of clarity, we shall therefore
call it the tachyon?” universe. Then the value q(v) = 2
in the velocity range 3c > > v > 2c¢ will correspond
(since i2 = -1) to an invisible tardion anti-universe. The
value q(v) = 3, in the velocity range 4c > v > 3c, will
correspond (since i® = -i) to an invisible tachyon anti-
universe. The value q(v) = 4 in the speed range 5¢ > v
> 4c will correspond (since i* = +1) to another (and
therefore also invisible) tardion universe. The value
g(v) =5 in the velocity range 6¢ > v > 5c¢ will corre-
spond (since i® = +i) to another tachyon universe. And
SO on.

Consequently, nature contains not only our visible
universe—which, as stated in the generally accepted
version of STR, corresponds to equations (1)—(3) but
also a multitude of other mutually invisible?® universes
and anti-universes that correspond to equations (7)—(9).
And these mutually invisible universes and anti-uni-
verses, together with our visible universe, form an in-
visible Multiverse [76]-[84], which we have therefore
called the hidden Multiverse.

3.2. Explanation of the phenomena of dark
matter and dark energy by the existence of uni-
verses and antiuniverses of the hidden Multiverse

Therefore, having explained the meaning of the
basic concepts we need, it would seem time to clarify
the structure of the hidden Multiverse. However, at pre-
sent, no explanation of the structure of the Multiverse
can be considered convincing unless it explains the

25 |f we start counting the value of g from our visible universe.
% The term "tardion universe" is borrowed from Isaac Asi-
mov's short story "Take a Match."
27 The term "tachyon universe" is borrowed from Isaac Asi-
mov's short story "Take a Match."

phenomena of dark matter and dark energy [85]-[90],
discovered in the XX century. Which are so named be-
cause they are so obscure, as not a single chemical ele-
ment has been detected in them, and also because they
do not emit, absorb, reflect, or refract electromagnetic
radiation and, therefore, are invisible. The persistent
search for dark matter and dark energy, which account
for more than 95% of all mass-energy contained in the
hidden Multiverse, at the Large Hadron Collider exclu-
sively in the microcosm of our only visible universe
also seems inconsistent with common sense.

A more logical assumption is that dark matter and
dark energy [85]-[90] are everything except our visible
universe, mutually invisible universes and antiuni-
verses, the hidden Multiverse. In this case, dark matter
is neighboring to our visible universe invisible uni-
verses and anti-universes, and dark energy - the remain-
ing invisible universes and anti-universes of the hidden
Multiverse. Therefore, the phenomena of dark matter
and dark energy will be a gravitational shadow?® on our
visible universe from the remaining mutually invisible
universes and antiuniverses included in the hidden
Multiverse. This assumption explains all the incompre-
hensibility of the phenomena of dark matter and dark
energy simply and clearly. That's why we will use it.

Then, assuming that over the billions of years of
its existence, the mass-energy of all universes and anti-
universes of the hidden Multiverse, due to the presence
of a huge number of portals between them according to
the law of communicating vessels, has been largely av-
eraged, it becomes possible, using the data obtained by
the WMAP and Planck spacecraft, to determine the
structure of the hidden Multiverse. And according to
data obtained by the WMAP spacecraft [96], the mass-
energy of our visible universe (actually, our hidden
Multiverse) consists of 4.6% baryonic matter, 22.4%
dark matter and 73.0% dark energy. And according to
more recent data obtained by the Planck spacecraft
[97], the mass-energy of our visible universe (again, ac-

28 Because they are all beyond the event horizon
23 And therefore, like our shadow on a sunny day, they do not
contain a single chemical element..
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tually, our hidden Multiverse) consists of 4.9% bary-
onic matter, 26.8% dark matter and 68.3% dark energy.
As you can see, these data differ little from each other,
which proves their truth. Therefore, it is permissible to
assert that:

* our hidden Multiverse according to data ob-
tained by the WMAP spacecraft it consists of 100% /

4.6% = 21.8%parallel universes and antiuniverses, and
according to data obtained by the Planck spacecraft, it
consists of 100% / 4.9% = 20.4 parallel universes and
antiuniverses;

e dark matter, according to experimental data
obtained by the WMAP spacecraft, consists of 22.4% /
4.6% =4.9 parallel universes and antiuniverses, and ac-
cording to data obtained by the Planck spacecraft, it
consists of 26.8% / 4.9% = 5.5 parallel universes and

antiuniverses;

* dark energy, according to experimental data
obtained by the WMAP spacecraft, consists of 73.0% /
4.6% = 15.9 parallel universes and antiuniverses, and
according to data obtained by the Planck spacecraft, it
consists of 8.3% / 4.9% = 13.9 parallel universes and
antiuniverses;

* and our visible universe, of course, is only one.

3.3. The structure of the hidden Multiverse

Fig. 4 shows an example, corresponding to the re-
sults of calculations of the possible structure of the hid-
den Multiverse. In this structure of the hidden Multi-
verse, the distribution of material content in each invis-
ible universe and antiuniverse will be determined by
some func-
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Fig. 4. An example of the structure of the hidden Multiverse, corresponding to the principle of physical reality of
hypercomplex number

tion £, » < (x,y, z), and the coordinates of these uni-
verses will be determined by the quantities i, q, iy, i3s.
Those. such a hidden Multiverse will be six-dimen-
sional and it will be described by the quaternion
fars(,¥,2) +i1q + i_1r + i3s, in which the imagi-
nary units i, i,, iz are related by the relations [98]-
[100]

30 Naturally, the number of universes and antiuniverses is an
integer, and a non-integer number was obtained only due to
experimental errors, including due to failure to take into ac-
count unknown factors influencing the result of the experi-
ment.

2 .2 .2
L =1 =1 = -1 (10)
Ll = L3 =1L, = -1 (11)
Ll = Ll =L, =1 (12)

This is exactly what Lisa Randall predicted3!: “We
may be living in a three-dimensional pocket of higher-
dimensional space.”

381 Lisa Randall is a professor in the Department of Physics
at Harvard University and a member of the American Acad-
emy of Arts and Sciences and also the National Academy of
Sciences of the United States.
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From formulas (10)-(12) it follows that such a hid-
den Multiverse has a helical structure, and its mutually
invisible universes and antiuniverses (in addition to our
visible universe) form dark matter and dark energy. In
this case, it is possible to move into the tardion antiuni-
verse from the tardion universe and into the tardion uni-
verse from the tardion antiuniverse in various, but not
arbitrary, ways, but only in such a way (see Fig. 4), in
which the value of i will successively take the values
AL+ D+ +is, -1, - 11D-iP-is3, +1, ... and etc.,
where @ is the symbol of the logical operation of dis-
crete mathematics ‘exclusive OR’. In this case, differ-
ent trajectories of movement from one universe (or an-
tiuniverse) to another can differ only due to the replace-
ment of some tachyon universes from i1, iy, iz with
others and some tachyon antiuniverses from iy, iz, i3
with others. Consequently, tachyon universes i, i, izin
the hidden Multiverse are located parallel to each other.
Tachyon antiuniverses iy, iz, izare also located parallel
to each other for the same reasons. And therefore, in the
hidden Multiverse, when transitioning from any tardion
universe to a tardion anti-universe and then to another
tardion universe, parallel universes and antiverses must
alternate in the following sequence - ‘tardion universe’,
‘one of the tachyon universes’, ‘tardion anti-universe’,
‘one of the tachyon anti-universes’, ‘tardion universe’,
‘one of tachyon universes’, etc.

Moreover, portals in such a structure of the Multi-
verse are not only bidirectional, corresponding to for-
mula (10) and shown by two-way arrows, but also uni-
directional, corresponding to formulas (11), (12) and
shown by one-way arrows. And since the structure of
our hidden Multiverse, as shown in Fig. 4, is open in
some places, then in these places it is connected to other
Multiverses through the corresponding portals. And all
together they collectively form the Hyperuniverse.

3.4. How can we be convinced of the real phys-
ical existence of invisible universes and antiuni-
verses?

However, in science, any evidence, even the most
seemingly impeccable one, can be trusted only if it is
confirmed experimentally. And such experimental evi-
dence of the existence of invisible parallel universes®
and antiuniverses shown in Fig. 4 adjacent to our visi-
ble universe can be two hundred thousand anomalous
zones [101]-[104], existing on Earth, serving as en-
trances to portals leading to planets of various star sys-
tems. Most of the portals probably lead to astronomical
objects in our universe and even in our solar system. A
smaller number of portals connect us with other uni-
verses and anti-universes of the hidden Multiverse.
And, perhaps, some portals even connect us with astro-
nomical objects in other Multiverses of the Hyperverse.
All these possible options in Fig. 4 are shown. The clas-
sification of anomalous zones after astro-geophysical
studies of the corresponding portals will help determine
where each portal leads.

And the possible distrust of the claim that anoma-
lous zones are entrances to portals can presumably be

%2 |.e. such that do not intersect

33 For example, in the “twin paradox”

34 For example, in the ultra-high gravity region of a black
hole's event horizon

eliminated by astronomical observations [105]-[122] of
the star sky in anomalous zones. This would require
comparing on computer of maps of the starlit sky ob-
served in anomalous zones and somewhere outside of
anomalous zones. Moreover, some observatories are al-
ready in anomalous zones. For example, the Main As-
tronomical Observatory of the National Academy of
Sciences of Ukraine, which is located 12 km from the
center of its capital, Kyiv in Goloseyevo Forest. And if
such differences are found, it is evidence that the corre-
sponding portal to this anomalous zone leads to another
planet in our solar system or further afield. After all, the
starry sky is different for every planet.

4. Time Travel on Earth

4.1. Where are the anti-matter and the anti-
time located?

And now we can explain the problem that is inex-
plicable in the version of STR studied in textbooks -
where exist antimatter, the existence of which this ver-
sion of STR does not deny. It is clear that she cannot be
in our hidden Multiverse, because her annihilation with
matter would make our universe no longer exist.

However, it exists. In 1995 CERN performed a
sensational experiment that produced nine antihydro-
gen atoms lasting about 40 billionth parts of second.
And just one gram of such an antihydrogen would have
cost $662.5 trillion. So the existence of antimatter has
even been proven experimentally. But where does it ex-
ist then? After all, in all physics textbooks it is claimed
that nature has our only visible universe. Therefore, the
experiment at CERN can also be considered as proof
that the version of the STR studied in textbooks is in-
correct.

And in accordance with formulas (7)-(9) of the
corrected version of STR, anti-matter in nature exists in
the invisible tardyon and tachyon antiuniverses of the
hidden Multiverse. Moreover, in these invisible tardyon
and tachyon anti-universes, anti-time and anti-space
[105]-[122] also exist.

4.2. Time Travel on Earth, Inner Time and
Outer Time

The existence of antitime makes it possible, in ac-
cordance with formulas (8) and (9), due to travels in
space, also travels in time. But since the portals, the uni-
verses and anti-universes of the hidden Multiverse, are
still unexplored, time travel in space is now inaccessi-
ble to us. Therefore, further we will consider only the
possibility of time travel on Earth [10]-[21]. As the
presence of time zones on Earth also makes time travel
possible due to space travel.

However, although official modern science admits
the possibility of time travel in some exotic situations
in the special® and general® theories of relativity, as
well as in quantum physics®, it still claims that time
travel of people on Earth, either now or in the distant
future, will never be possible.

Nevertheless, time travels by people on Earth are
now already carried out by airplane flights, since, upon
landing at any airport, millions of air passengers

35 For example, as a result of teleportation of not information,
but of physical objects.
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Table 1.
Examples of business jet characteristics that can be used for time travels
Aircrafts Maximum range Cruising speed Hourly rates Seats
Citation Latitude 5300 km 815 km/h 3 500 €/hour 8
Citation Longitude 7 400 km 910 km/h 5 000 €/hour 12
Challenger 300 5700 km 850 km/h 4 900 €/hour 8
Challenger 350 5926 km 850 km/h 4 000 €/hour 9
Challenger 600 5500 km 850 km/h 4 600 €/hour 12
Challenger 3500 6 297 km 985 km/h 5 500 €/hour 10
Falcon 20 4 200 km 987 km/h 3 900 €/hour 8
Falcon 50/50EX 5600 km 850 km/h 4 900 €/hour 8-10
Global 5500 10 927 km 900 km/h 8 000 €/hour 16
Gulfstream G150 5200 km 850 km/h 3 900 €/hour 6-8
Gulfstream G200 5000 km 870 km/h 6 200 €/hour 8
Hawker 850 XP 4 800 km 750 km/h 3 400 €/hour 6-8
Hawker 900XP 5400 km 865 km/h 3 700 €/hour 6-8
Hawker 4000 5280 km 890 km/h 5 400 €/hour 10
Learjet 70 3815 km 967 km/h 3 500 €/hour 7
Legacy 450 5370 km 860 km/h 3 300 €/hour 8
Praetor 600 7 400 km 850 km/h 6 000 €/hour 12
Table 2.
The value of external time at different latitudes
Location of departure and | Geographic coordinates | Size of 24 time zones for a Size of one
arrival airfields of the airfield round-the-world flight time zone.
Santiago de Chile 33,45°S. 33422 km 1393 km
Buenos Aires 34,60° S. 33021 km 1375 km
Melbourne 37,82°S. 31339 km 1306 km
New York City 40,72° N. 30456 km 1269 kM
Reykjavik 64,15° N. 17616 km 734 km
Murmansk 69,58° N. 14424 km 601 km
Kirkenes 69,73° N. 14376 km 599 km
Longyearbyen (Spitsbergen, | 78,13° N. 8184 km 341 km
Norway)
Alert, (Canada) 82,5° N. 5230 km 218 km

always change their watches to a local time other
than time at the airport of departure. Thus confirming
time travel. And refuting the erroneous statements of
the incorrect version of STR studied in textbooks.

And when explaining time travels on Earth, it is
necessary to take into account the existence in nature,
in addition to internal time, which we always use, also
of external time, which we have never used before. And
which are generated by different circumstances and
have different peculiarities. Internal time can be called

biological human time, since one second is one contrac-
tion of the human heart. And it cannot flow backwards.
A person cannot return to his youth. But external time
is generated by the rotation of the Earth around its axis.
One revolution of the Earth is 24 time zones. Therefore,
by changing the direction of our movement in space,
we can move both into the past and into the future ex-
ternal time. Consequently, time travel is always move-
ment only in external time.

Fig. 5. One of the business jets

Time travels can be very useful, since traveling
into the future will allow, for example, to recognize and
avoid unforeseen disasters, accidents, natural disasters,
etc. in advance. And traveling to the past will allow the
same situations in the present to be corrected by visiting
the past. Even, for example, to bring back to life people
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who died as a result of an accident, a terrorist attack®®
or for other reasons [141]-[151].

And although time travel on Earth is not currently
used due to the fact that it always occurs together with
long-distance travel, this problem is completely solva-
ble. To do this, the aircraft must make a round-the-
world trip around the north or south pole and land after
24 hours of outside time at the same airfield from which
the journey began. Thus eliminating the unnecessary
factor of space in time travel.

And there are many aircraft models suitable for
use in time travel. They are called business jets*” (see
Fig. 5). There are currently 22,000-24,000 business jets
in operation on Earth. Table 1 shows the flight perfor-
mance characteristics of some business jets. And Table
2 shows airfields quite close to the North Pole® that can
provide the shortest routes for round-the-world flights.

Moreover, time travel can be accomplished not
only on airplanes. Time travel on airplanes is only
needed if a person needs to travel to the past or future.
And if it is necessary to transmit information to the past
or future, then radio communications can be used, like
airplane flights, using round-the-world communication
lines®

4.3. The structure of planet Earth differs signif-
icantly from the structure corresponding to modern
scientific knowledge

Thus, time travel on Earth is physically possible
and currently appears to be technically feasible [152]-
[162], since suitable aircraft and acceptable flight
routes exist. However, neither they nor other aircraft
ever made the round-the-world flights we needed, be-
cause there was no need for them. Indeed, any airfield
farthest from the airfield from which the plane took off
is located where the antipodes live, i.e. at a diametri-
cally opposite point on Earth And this is only half of a
trip around the world. The distance to other airfields is
shorter. Therefore, the possibility of a round-the-world
flight still needs to be confirmed by actually carrying
out such a flight.

As we cannot make such a flight, let’s take a
round-the-world air trip in our minds. Let's start with
the initial situation, i.e. from a completely understand-
able trip around the world, during which two identical
planes will simultaneously take off from the same air-
field in two opposite directions - one to the west, the
other to the east. If they fly at the same speed, then,
provided that the Earth does not rotate, everything will
be clear. They will arrive at the same airfield from
which they departed at the same time. But if we take
into account that the Earth rotates, then these planes
will not arrive at their airfields at the same time. One of
them will fly through

T1=2nR/(V + AV) hours, (13)
and the other through
T2 =2nR/(V — AV) hours, (14)

36 perhaps President Kennedy could have been saved in a sim-
ilar way after the assassination attempt.

37 A business jet is a small private jet aircraft for transporting
a limited number of passengers (usually from 6 to 20) on an
individual order for businessmen, officials and VIPs; it is
characterized by a higher level of comfort, the ability to take

where R is the radius of the circle on the Earth’s
surface at the latitude at which airplanes will fly in a
swarm;

V — aircraft flight speed relative to the stationary
Earth;

AV is an increase or decrease in the flight speed of
aircraft relative to the surface of the Earth due to its ro-
tation around its axis.

From formulas (13) and (14) it follows

(T2—T1) =4nR AV / (V2 - AV?) (15)

Consequently, both planes will be able to arrive at
the same airfield from which they departed simultane-
ously only if AV =0, i.e. when the Earth does not rotate
around its axis. And since the Earth always rotates, the
planes in the experiment under consideration will inev-
itably arrive at their airfields in the same internal time,
but at different external times. Those. to different
spaces. And not to the airfield from which the planes
took off. All three of these airfields will be different.
Moreover, all these airfields and the settlements sur-
rounding them are inhabited. All these airfields and
near them will have their own life, repeating our life in
the very recent past and future. And all these airfields,
settlements and everything else exist, regardless of
whether you flew into them or not. Therefore, when you
fly into the past or future, you will be able to meet your-
self.

But such flights to twin airfields will allow for
quasi-round-the-world flights, providing time travel,
since these airfields differ slightly.

So where are they located? Naturally, on the same
Earth as you and me. Only the Earth, it turns out, is not
structured like a globe, as we always assumed. A is a
three-dimensional (i.e., volumetric) spiral-shaped
structure. Using most likely the same fourth spatial di-
mension that was mentioned at the beginning of the ar-
ticle. But in order to fully know and understand all this,
serious scientific research will naturally be needed.But
to fully know and understand all this will require seri-
ous scientific research.

5.Conclusion

Thus, the actually existing physical world is
largely turned out to be different from the way it is ex-
plained in the version of STR studied in physics text-
books. But although over the past hundred years since
the creation of this STR, much has been demonstrably
refuted, the content of the sections of physics textbooks
that present it has not essentially changed.

And main difference STR from classical physics
is its use of the ingenious principle of relativism. But
all the relativistic formulas obtained in this STR using
the principle of relativism turned out to be incorrect.
And even the creators of this theory themselves could
not explain them. Moreover, these formulas were not
explained until very recently, since their explanation
given in textbooks using an incorrect postulate, called

off/land from small airfields and high speed, allowing you to
quickly get to anywhere in the world

38 Since the existing airfields are further from the south pole.
But, probably, such airfields can be created in Antarctica.

39 But also with its transmission around the north or south
pole.
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the principle of not exceeding the speed of light, is in-
correct.

Therefore, Albert Einstein, in his version of STR,
in order to make it explainable, had to prove not physi-
cal reality, but, on the contrary, the physical unreality
of imaginary numbers. And for this it was necessary
that this physical unreality of imaginary numbers
should follow from something indisputably true. And
as such an initial supposedly indisputably true truth, a
postulate was used, called the principle of not exceed-
ing the speed of light.

But when creating and using such a chain of rea-
soning, the fact was ignored that Charles Proteus
Steinmetz back in 1897°, in his proposed interpretation
of Ohm’s law, had essentially already proven the phys-
ical reality of imaginary numbers. And since then, radio
engineers have never had the slightest reason to doubt
its truth, since when the frequency of a sinusoidal volt-
age applied to any electrical LCR circuit changes, the
amount of current flowing through it always changes.
This fact, which occurs in the practical activities of ra-
dio engineers literally at every step, is an extremely
simple, absolutely understandable and irrefutable proof
of the physical reality of imaginary numbers.

Albert Einstein also ignored the fact that the phys-
ical reality of imaginary numbers is also proven by the
existence of processes known to everyone in nature -
tsunamis, Indian summers, bell ringing, music created
by a piano, and even swings swinging on the play-
ground after a push from parents - described using im-
aginary numbers.

Nevertheless, Albert Einstein still needed to some-
how doubt this in his proposed version of STR. Other-
wise, it would be necessary to admit that the creators of
this version of STR are unable to explain the obtained
relativistic formulas in the hyperluminal speed range v
> ¢. And then this theory, which even its creators could
not explain, would naturally be of no use to anyone.
That is why a postulate, was introduced into the STR,
called the principle of not exceeding the speed of light,
from which a conclusion was made about the physical
unreality of imaginary numbers, which was not con-
firmed by any experiments. This made it possible not to
explain relativistic formulas in the hyperluminal speed
range v > c. Therefore, despite the fact that Albert Ein-
stein was nominated for the Nobel Prize 66 times for
the creation of STR, due to the lack of any experimental
evidence of its truth, he never received it for his version
of this theory.

In order to prove the denial of the physical reality
of imaginary numbers in the incorrect version of special
relativity, relativistic physicists had to undertake enor-
mous and costly efforts. In particular, to create at least
illusion of the impossibility of refuting the STR’s as-
sertion of the physical unreality of imaginary numbers,
on the Great Hadron Collider (worth ten billion dollars)
a collaboration OPERA, which included more than one
hundred of the most authoritative professors-physicists,
for almost 15 years (2003-2018) was the unsuccessful
physical experiment OPERA, which aimed to prove the
physical reality of imaginary numbers but failed to do

40 That is, before the creation in 1905 of the version of STR
that is now studied in all physics textbooks

s0. And thereby supposedly proved the impossibility of
refuting the assertion about the physical unreality of
imaginary numbers. In 2011, it was even announced
that the OPERA experiment had been sensationally
successful, but then half a year later in 2012, the
OPERA experiment was refuted by another ICARUS
experiment on the same Large Hadron Collider

Therefore, physicists are still ignoring publica-
tions that cite simple and comprehensible radio-tech-
nical experiments successfully proving the physical re-
ality of imaginary numbers and explaining that if the
imaginary numbers were, as claimed in the incorrect
version of STR, physically unrealistic, there should be
nor radio nor computer technics.

Moreover, because of the assertion of the physical
unreality of imaginary numbers and thus of the exist-
ence in nature of our only visible universe, it has be-
come apparent that there was no place for antimatter
and tachyons in this only visible universe. Although
their existence in nature was not denied. And where
they are located is explained only by the corrected ver-
sion of the open source software.

It also transpired that, because of the assertion of
the physical unreality of imaginary numbers and there-
fore of the existence in nature of our only visible uni-
verse, the phenomena of dark matter and dark energy
had never been and would never be explained, because
the dark matter and dark energy are, according to the
corrected version of the STR, all reciprocally invisible
universes and antiuniverses existing outside our visible
universe in the hidden Multiverse.

More than 200,000 anomalous zones have been
discovered on Earth, which are entrances of portals to
the planets of not only our Solar System, but also other
star systems in the hidden Multiverse and even in the
Hyperverse. And it also proves the existence of other
universes and antiuniverses. Moreover, in the existence
of these invisible outside the portals of of universes can
be ascertained by astronomical observations of the star
sky in portals. But these low-cost astronomical obser-
vations, which would allow for sensational scientific
discoveries of other universes and anti-stellar ones, are
still not being made, probably because of the fear that
invisible neighboring universes and antuniverses ones
will be discovered. And then the version of the STR
studied in textbooks on physics would have to be unde-
niably disbelieved.

The version of STR taught in physics textbooks
also leads to the conclusion that time travel is impossi-
ble for humans. Although, in fact, millions of air pas-
sengers already make such time travel every day, as ev-
idenced by the fact that passengers of planes reset their
clocks to local time after landing. However, since such
time travel by air passengers occurs simultaneously
with long distances travel, it is currently not used. The
article explains how, through quasi-round-the-world
flights, time travel may become physically and techni-
cally feasible.

Less-expensive radiotelephone time travel is also
possible, and once it's in demand, it could be imple-
mented quickly and inexpensively. This would make it
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possible to communicate and exchange information
with people (including oneself) in the past or future rel-
ative to our own time.

And, finally, among other things, such quasi-
round-the-world time travel will prove that our Earth is
much more complex than is explained by modern sci-
ence. It is probably a three-dimensional spiral struc-
ture*! in four-dimensional space, the existence of which
follows from Newton's first law.
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ON THE TEMPERATURE AND NATURE OF HEAT TRANSFERS IN RADIATIVE HEAT
TRANSFER

Abstract
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This paper examines the nature of temperature and heat transfer during radiative heat exchange and proposes
an alternative interpretation of thermal phenomena. The authors review the historical development of theories of
heat, from caloric theory to wave and molecular-kinetic approaches, and argue for reconsideration of several fun-
damental concepts related to temperature and heat. Based on the proposed model of matter as a self-contained
rotating spherical vortex (“atom-vortex”), the paper suggests that temperature is determined by the rotational state
of matter and that heat transfer is associated with photons interpreted as carriers of heat and mass transfer. A
relationship between emitted heat, temperature, and rotational motion is proposed, and radiative heat transfer is
interpreted within this framework. The authors conclude that the presented results motivate a revision of conven-

tional views in thermodynamics and heat-transfer theory.

Keywords: temperature; heat; heat transfer; radiative heat exchange; thermal radiation; photon; caloric the-
ory; molecular-kinetic theory; atom-vortex model; thermodynamics; electromagnetic radiation; heat—mass transfer

In modern physics, there is still no unified under-
standing either of the nature of temperature T or of the
nature of heat Q [1-3]. A correct understanding of the
nature of heat is of fundamental importance, since the
correct understanding of a large branch of physics de-
pends on it. The material theory of heat that existed un-
til the middle of the 19th century viewed heat as the
motion of a certain substance in the form of “impercep-
tible particles” — corpuscles much finer than air and
moving rapidly through space, whose propagation was
considered identical to the rectilinear propagation of
light [4]. Based on this theory, measuring instruments
were developed that made it possible to begin quantita-
tive (calorimetric) studies of thermal phenomena (J.
Black, 1762). This theory was later discarded and re-
placed by wave and molecular-kinetic theories of the
nature of heat.

The foundations of the science of temperature
were laid by the work of M. V. Lomonosov [5] two and
a half centuries ago. Nevertheless, these ideas have still
not been considered by mainstream science, accepted
officially, or developed further.

In the present work, from the standpoint of the
model proposed by the authors - according to which the
fundamental form of existence of a liquid homogene-
ous substance is a self-contained rotating spherical vor-
tex [6-7] - several basic concepts concerning the nature
of temperature and heat are reconsidered.

For several centuries, there was a struggle between
two hypotheses concerning the nature of heat: the ma-
terial and the kinetic theories. The material theory of
heat regarded heat as a form of motion of “impercepti-
ble particles” — the motion of corpuscles of a certain
substance.

This theory was developed by F. Bacon (1561-
1626), P. Gassendi (1592-1655), R. Descartes (1596—
1650), R. Boyle (1627-1691), R. Hooke (1635-1703),
E. Mariotte (1620-1684), J. Locke (1632-1704), I.
Newton (1643-1727), N. Lémery (1645-1715), C.
Wolff (1679-1765), H. Boerhaave (1668-1738), G.

Hamberger (1697-1755), P. Musschenbroek (1692—
1761), and L. Euler (1707-1783).

Quantitative studies of caloric (heat substance)
were carried out by G. W. Krafft (1701-1754), G. W.
Richmann (1711-1753), J. Black (1728-1799), I.
Wilcke (1732-1796), L. de Morveau (1737-1816), A.
Lavoisier (1743-1793), C. L. Berthollet (1748-1822),
P. S. Laplace (1749-1827), A. F. de Fourcroy (1755—
1809), J. B. J. Fourier (1768-1830), P. L. Dulong
(1785-1838), A. Petit (1791-1820), N. L. S. Carnot
(1796-1832), and B. P. E. Clapeyron (1799-1864).

Their work led to the establishment, by the 1770s,
of the basic calorimetric concepts: the unit for measur-
ing the quantity of heat (the calorie introduced by
Wilcke), heat capacity, specific heat capacity, and the
heat of fusion and vaporization. The English chemist
Joseph Black was the first, in 1754-1755, to clearly
distinguish between the concepts of quantity of heat
and temperature, defining temperature as an indicator
of the degree of heating measured by a thermometer.
To relate these concepts, he introduced the concept of
specific heat capacity (1760): the amount of heat re-
quired to raise the temperature of a unit mass of a sub-
stance by one degree. Heat capacity differed from one
substance to another. It turned out to be a characteristic
property of matter rather than of heat itself. Black dis-
covered not only that the melting point of ice remains
constant, but also that thermometer readings stay un-
changed at one and the same temperature despite the
input of heat, until all the ice has melted. From this, he
arrived at the concept of latent heat of fusion. Using
the calorimeter he invented in 1762, Black carried out,
during 1759-1763, the first measurements of the heat
capacities of substances and of the latent heat of fusion
of ice and the evaporation of water.

In 1787, the French chemists Claude Louis
Berthollet (1748-1822), L. Guyton de Morveau
(1737-1816), A. Lavoisier, and A. Fourcroy proposed
a special name for the unit of measurement of the quan-
tity of heat -calorique (“caloric,” or heat substance).
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Only almost one hundred years later (in 1852) was the
unit of quantity of heat legalized and later given the
name calorie. However, the state of physical experi-
mentation at that time did not make it possible to deter-
mine what kind of substance it actually was.

The period from the end of the 18th century to the
beginning of the 19th century was enriched by other
important discoveries, whose true significance, accord-
ing to the authors, has still not been fully appreciated.
It was during this period that the doctrine of “radiant
heat” began to take shape. The term “radiant heat” and
the first observations of heat rays belong to the Swedish
chemist C. W. Scheele (1742-1786), who, in his
Chemical Treatise on Air and Fire (1777), along with
reporting the discovery of oxygen, also discussed heat
rays. He introduced the concept of thermal radiation
(“radiant heat”) and investigated thermal radiation.
Scheele pointed out that air is not heated by heat rays
and that a glass mirror does not reflect heat rays. In do-
ing so, he confirmed an earlier observation by Lambert
that glass blocks heat rays. The beginning and middle
of the 19th century were also marked by other landmark
discoveries in physics which, if correctly interpreted,
could have directed the development of physics in a
completely different direction.

The beginning and middle of the 19th century
were also marked by the appearance of other landmark
discoveries in physics which, if interpreted correctly,
could have redirected the development of physics along
an entirely different path.

First, important manifestations of the interrelation
of thermal phenomena with other phenomena were dis-
covered - primarily their relationship with light. The
connection between light and heat had long been noted.
These questions were studied by G. B. della Porta
(1582-1666), P. del Buono (1625-1659), E. Mariotte
(1620-1684), J. G. Schultze (1687-1744), and P.
Bouguer (1698-1758). In 1777, J. Lambert (1728-
1777) conducted experiments on the propagation of
heat along a rod and demonstrated that “heat rays,”
like light rays, propagate in straight lines and that their
intensity changes inversely with the square of the dis-
tance. M. van Marum (1750-1837), in 1786, estab-
lished a connection between heat and the electric spark.
M. A. Pictet (1752-1825) carried out the first more
complete investigations of the properties of thermal ra-
diation (1790). P. Prevost (1751-1839), based on Pic-
tet’s experiments, proposed his theory of the “equilib-
rium of fire” - thermal equilibrium. W.Nicholson
(1753-1815), in 1802, discovered the luminous effect
of electric current. A. F. de Fourcroy (1755-1809), in
1800, discovered the heating effect of electric current.
F. W. Herschel (1738-1822), in 1800, discovered in-
frared rays in the solar spectrum. V. V. Petrov (1761-
1834), in 1802, discovered the electric arc and carried
out a series of experiments using it to melt metals and
burn various substances. J. Ritter (1776-1810), in
1801, established that silver chloride blackens under
the action of radiation belonging to the invisible part of
the spectrum — later recognized as the discovery of ul-
traviolet rays. J. Leslie (1766-1832) obtained relative
values for the emissive power of various bodies (with

respect to soot) and, in 1804, demonstrated that radia-
tion depends on direction. H. C. Qrsted (1777-1851),
in 1820, discovered the magnetic effect of electric cur-
rent (revealing the vortex state of matter). K.
Matteucci (1811-1868), in 1833, showed that heat rays
interfere with one another. J. D. Forbes (1809-1868),
in 1833, confirmed the interference of heat rays using
an apparatus with two Fresnel mirrors and, in 1834, ob-
served the polarization of thermal radiation. J. C. A.
Peltier (1785-1845), in 1834, discovered the phenom-
enon of heat release or absorption during the passage of
electric current. M. Melloni (1798-1854), in 1833,
constructed a thermomultiplier; in 1835, he proposed
that heat rays and light rays have the same nature and
differ only in wavelength; in 1836, he confirmed the
existence of polarization of thermal radiation; and in
1841, demonstrated the identity of thermal and light
rays.

In 1841, J. P. Joule (1818-1889) established the
law of the heating effect of electric current, and in 1843
carried out the first measurement of the mechanical
equivalent of heat. In 1842, the law of the heating effect
of electric current was also discovered by E. H. Lenz.
J. R. von Mayer (1814-1878), in 1842, was the first to
formulate the law of equivalence between mechanical
work and heat and calculated the mechanical equivalent
of heat. Independently of him, J. Joule reached the same
discovery in 1843, and in 1847 H. Helmholtz expanded
the scope of this law, extending its application beyond
mechanical and thermal energy to include other forms
of energy.

However, the scientific community reacted in a
particular way to the results of M. Melloni’s work on
radiant heat. By that time, the corpuscular theory of
light, whose origins had been laid by the founder of op-
tics - the Arab scholar Ibn al-Haytham (Latinized:
Alhazen) (965-1039) - had been replaced by the wave
theory of Young and Fresnel. Supporters of the wave
theory of light believed that light consisted of oscilla-
tions of the ether. The wave theory of light had already
become almost universally accepted; therefore, the
complete identity of thermal rays and light rays was in-
terpreted as proof of the wave nature of heat. On this
basis, all thermal effects were explained, and at the
same time the caloric theory (the concept of heat as a
substance) was abandoned.

Thus, the concept of the existence of a material
(substantial) medium composed of corpuscles - “imper-
ceptible particles”, much finer than air and moving rap-
idly, accompanying light and propagating in straight
lines similarly to light - on the basis of which measuring
instruments were created that made it possible to begin
quantitative (calorimetric) studies of thermal phenom-
ena, was abandoned and replaced by the concept of the
kinetic nature of heat, i.e., the molecular-kinetic the-
ory of J. Bernoulli, whose development he began in
1738 (Section X [8]). It was this theory that formed the
foundation of the modern understanding of the nature
of heat.

However, neither the wave theory nor the molec-
ular-kinetic theory of heat is capable of explaining:

a) the physical nature of temperature;

b) the physical nature of heat;



Norwegian Journal of development of the International Science No 181/2026 95

c) the rectilinear propagation of radiant heat — its
principal property;

d) the ability of heat to propagate through a vac-
uum.

Earlier, in our works [6-7, 9], we showed that any
charge Q - gravitational, electrostatic, or magnetic - as
a carrier of interaction consists of flows of substance
emitted by a body, i.e., vortex-like stream structures
composed of flows of isolated convective cells - pho-
tons of a specific wavelength - carrying the mass inher-
ent to them and the corresponding quanta of action.

The existence of an identity between light rays and
thermal rays, established by Melloni in 1835-1842, al-
lows one to assert that the carrier involved in thermal
interactions is caloric - responsible for heat transfer and
measurable by calorimetric methods - which, according
to the authors, was unjustifiably discarded in the middle
of the 19th century and replaced by Schrodinger’s wave
function in 1926. It is precisely this “caloric”, which
provides heat and mass transfer during radiative heat
exchange across different regions of the electromag-
netic spectrum, that is considered to be a photon mov-
ing in a straight line and which, according to modern
views, is regarded as massless.

Let us return to the law of the heating effect of
electric current established by J. Joule in 1841 and con-
firmed by E. H. Lenz in 1842. This law states that the
quantity of heat Q released during the passage of a cur-
rent J through a conductor with resistance R over a time
interval ¢ is:

Q =J?Rt (1)

Let us express the current | = Q/t and the re-
sistance R = U/] in equation (1) through the quantity
of charge found by us in [6]:

Q = ymviyn, )

where m is the mass of the substance of a liquid
rotating spherical atom-vortex, v, is the speed of azi-
muthal rotation around its own axis, 1, is the radius of

the atom-vortex. Substitution gives:
Q= ¢ -mug, ®)

® = c/vg, (4)

here the dimensionless factor ¢ characterizes the

degree of excitation of the radiating medium and c is

the speed of light, vy is the speed of current propagation
through a conductor with resistance R.

The resulting expression (3) represents the law of
radiation of heat from an atom-vortex. From it, it fol-
lows that the quantity of heat released Q is directly pro-
portional to the square of the azimuthal rotation speed
around the atom-vortex axis, i.e., proportional to twice
the kinetic energy of rotation of the vortex forming the
atom. According to the authors, this demonstrates how
correct M. V. Lomonosov’s assertion was that the re-
lease of heat is connected with the rotational motion of
individual “imperceptible particles” - atoms forming
matter. Dividing in expression (3) the product of mass
by the square of the azimuthal velocity by the Boltz-
mann constant k, one can directly proceed to deter-
mining the temperature of the atom-vortex in degrees:

T = mvi/k. (5)

It should also be noted that already at that time M.
V. Lomonosov stated: “There must exist a greatest and
final degree of cold, which should consist in the com-
plete cessation of the rotational motion of particles”
[10]. Applying this thesis to the formulas obtained
above (3-5) shows that, in the absence of rotational mo-
tion of an atom or of a larger body, radiation also
ceases, i.e., the atom or body becomes cold, neutral,
non-interacting - that is, “dark.”

where

Table 1.
Mass Values of Photons of Different Wavelengths
R El:ii_li:‘iull Symbol Mass 1'."._211.'(‘/\1(‘112-';[ h, Fl'[‘fl:tl‘llt'.‘_ Class

~vradiation v 10-27 g ~10~1 cm ~10% 51

X-ray radiation Tret 10~ g ~10~% cm ~10'% 51

Ultraviolet rad. Ve 102 g ~107% cm ~101 51

Visible light Vo 10— g ~107% em ~1018 571 Photons
Infrared radiation Yif 10~ g ~107% em ~10% g1

Radio radiation “Yrad 105 g ~107! em ~10M g1

Relic radiation Yrel 1070210 g | ~102+10° cm | ~108+10% 51

The identity of thermal and light rays, established
by the works of M. Melloni in 1835-1842, makes it
possible to consider that heat-mass transfer is carried
out by caloric particles — photons of different wave-
lengths. This makes it possible to calculate the number
of photons involved in heat transfer. Since the energy
carried by a photon of a given wavelength is determined
by

Epp = myc?,
the number of photons carrying it will be equal to
Ny = Q/Ega -

The total amount of emitted heat over all wave-

lengths is determined by the equation:
Q=ZAQ/1=N¢/1'm¢/1'C2 (6)

Using Planck’s constant h = mcA one can calcu-
late the mass of a photon of any wavelength. The results
of these calculations are presented in Table 1.

It follows from Table 1 that, as temperature de-
creases and the radiation shifts from the ultraviolet to
the infrared region, the mass of the emitted photon also
decreases. The smallest photon mass corresponding to
relic (background) radiation is not relic radiation left
over from the Big Bang, but rather indicates that this
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radiation originates from extremely weakly heated bod-
1es.

The mechanism of radiation emission by matter
from a rotating vortex was considered earlier by us in
works [6-7]; therefore, due to the limited scope of this
article, it is not discussed here. Thus, all of the above
allows the following conclusions to be drawn;

e Heat—mass transfer is carried out by caloric
particles — photons of different wavelengths.

e A direct relationship has been established be-
tween the amount of heat released Q, and consequently
the temperature T, and the speed of the azimuthal self-
rotation about its own axis of the radiating substance -
atom-vortices - which, according to the authors, con-
firms the material nature of heat.

e Temperature T is an energetic criterion of the
rotational (rotation about its own axis) state of individ-
ual masses of matter [9].

e A non-rotating mass is cold -neutral, does not
radiate and, consequently, neither emits nor interacts;
that is, such a mass is “dark.”

The obtained results require a revision of the prin-
ciples of modern heat physics and thermodynamics in
which heat participates.
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Disability is one or more impairments a person possesses at birth or later in life. People might face disability
at any stage of life, and it could impact their social life tremendously. In this analysis, the research was conducted
with 15 disabled individuals employing the in-depth interview methodology within the framework of qualitative
methodology in Baku (Azerbaijan), and they were suggested solutions that they preferred for their predicaments.

Due to this research, accessibility problems of disabled people over fifty were investigated. The outcomes of
this assessment can be utilized in governmental and non-governmental organizations when developing interven-
tion models. Additionally, these abilities impact the formation of social workers’ approach methods to this process.
Concomitantly, this research is valuable for the literature regarding disabled individuals.

Keywords: disability; physical impediment; accessibility problems; Azerbaijan; in-depth interview method

Introduction

Every individual is in possession of equal rights
with others in either social or physical life. However,
there are some disadvantageous groups that cannot lev-
erage it. One of those groups is individuals with physi-
cal impediments. It is claimed that 12 percent of the
world’s population consists of disabled people, mean-
ing that there are over 1 billion disabled people. It is
known that 93 million are children and 720 million are
adults (WHO, 2020). According to the information pro-
vided by the statistical information system of people
with international disabilities, of the 2.511.950 people
with physical impediments living in the world,
1.414.643 are males and 1.097.307 are females
(ASHEYHGM, 2021).

Throughout the history, the acceptance of disabled
people has been a challenge. This situation hampers the
living standards of physically disabled individuals,
causing hardship as a result. It was once restricted to
having their social surroundings and even a family and
child (Lipson

and Regers, 2000, 73-74). Along with the social
problems, psychological adversities also rise. There-
fore, disabled individuals are compelled to face psycho-
social issues (Aykurt, 2020, 428).

At a certain point in life, people irrefutably experi-
ence disability. This happening occurs either in their
own or acquaintances’ lives (Abdullayev, 2023). Disa-
bility varies depending on the source and cause. Those

are divided into three sections: before birth, during
birth, and after birth. The reasons for before birth; drug
usage, parents being relatives, illnesses during preg-
nancy, genetic reasons, the alcohol or drug addiction of
a mother, the traumas gained during pregnancy, stress,
diet, and unhealthy diet might be the cause. The reasons
during birth; births that do not occur under normal con-
ditions, traumas, incorrect practices, etc. can be the fac-
tor. The causes after birth may be accidents occurring
in work settings, traffic accidents, household incidents,
earthquakes, terrorism, wars, industrial accidents, etc
(Koca, 2010).

Itis observed that the obstacles that physically dis-
abled people encounter are overcome by time. Cur-
rently, we can see that individuals with physical imped-
iments possess opinion articulation of freedom in inter-
national and national policies and are represented in
many areas of society (WHO, 2011). Nevertheless, this
does not confirm that problems are fully alleviated. Still
predicaments such as being outcasted by certain
groups, not being endorsed by family and social sur-
roundings, not considering disabled individuals in city
planning, lack of sufficient knowledge of employees
working in the service and transportation sectors, insuf-
ficiency of economic support, limitations in academic
life, problems in bilateral relations due to disability are
experienced (Jensen ve Karoly, 2008).

Another handicap that obstructs the life quality of
disabled people is the accessibility issue. Resources and
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services should be available for every individual. Ab-
sence of this condition leads to the discrepancy, and it
is related to the previously mentioned setting (Duranton
and Guerra, 2016: 18). In the Modern Age, accessibility
barriers are prevalent in urban areas where a high con-
centration of people exist. One of the core challenges in
urban design is the fact that there are confined or no
layouts suitable for people with disabilities (Evans,
2009). Disabled individuals face such hurdles every
day. Thus, the prioritization of the resolutions for the
highlighted problems is of a great essence.

The Objective of the Research and Analysis Rea-
sons

The greatest handicap experienced by disabled
people in the process of adaptation to society lies in
their competency to move freely in social life. If an in-
dividual encounters physical barrier in his or her sur-
roundings, these questions the full participation in the
environment. In conjunction with the physical reasons,
psycho-social causes are led as a result, which contrib-
utes to the disadaptation of an individual positively.
While investigating those adversities, we can observe
that infrastructure issues are hurdles that have been
faced since the past and still remain one. Subsequently,
it maintains the relevance of the matter and leads to re-
search in this field.

The infrastructure problems of individuals dwell-
ing in Azerbaijan are at a severe level. The sparse of
audible traffic lights, the lack of lanes for wheelchairs
on the roads, the absence of rules to ensure the move-
ments of disabled people on buses and subways, and
the presence of written signs for people with hearing
disabilities mainly in the center of the city, and other
predicaments make this study relevant in Azerbaijan.
Unfortunately, there is no empirically based answer to
some of the inquiries that arise in such an environment.
For instance, how does a disabled person navigate?
What would they want to have access to? The answers
to these questions may seem obvious at first sight. How-
ever, the empirical proofs are required to be certain. The
goal of this study, therefore, is to investigate the issues
related to infrastructure experienced by people with
physical disabilities and formulate solutions. The major
element in identifying resolutions to a hindrance is that
researching the problem through individuals experienc-
ing it will assist us in uncovering more optimal and ac-
curate approaches.

One of the major factors that augment the worth of
ongoing research is that we cover a country that has
bounded empirical information in the relevant litera-
ture. A few minutes of searching in scientific databases
posits that no article on the indicated topic has been is-
sued in Azerbaijan implementing the methodology for
the current study. In an article that is relatively pertinent
to our topic, the stress levels of individuals with impair-
ments in 9 CIS countries were quantitatively examined
(Stickley et al., 2021). Therefore, the study with a dis-
tinct objective does not provide the information that
current research can offer. Furthermore, the outputs of
our study may be constructive for those researching
MDB settings as well as scholars studying disability
concerns in this geographical area.

Previous Research

The infrastructure issues confronted by people
with disabilities have been the subject of research
worldwide for a lengthy period. Likewise, a boost of
interest in this matter is observed in Azerbaijan. By im-
plementing quantitative research methodology regard-
ing the infrastructure of disabled people, Musasoy
(2022) conducted a survey. In a survey conducted
among the population, more than 60% of individuals
with disabilities reported that they encounter adversi-
ties with infrastructure. The magnitude of addressing
these challenges is underscored. Unlike the present re-
search, his study did not specifically provide resolu-
tions; it simply identified and presented the predica-
ment. The investigation of a problem is as essential as
the determination of its solutions. Therefore, resolving
the adversity is not adequate. The innovation of strate-
gies to resolve the issues is also required.

If we consider the global scale, the infrastructure
barriers encountered by disabled individuals are studied
in more than one state of America by Eisenberg et al.
(2022). This study examined cities with infrastructure
for people with disabilities utilizing special air
transport and cities with unsatisfactory infrastructure.
As aresult, no difference was discovered among the cit-
ies. In the current study, the interviews were conducted
with disabled individuals, and the impact of infrastruc-
ture problems on them was investigated simultane-
ously, unlike the former research.

Danso et al. (2019) examined the handicaps expe-
rienced by people with visual impairments in infra-
structure. The challenges at transport hubs and in the
metro were discussed. In this study, questionnaires
were administered to 4 respondents, including metro-
politan employees and engineers. This study was con-
ducted in the Kumasi metropolitan region in Ghana. In
contrast to the present study, it is evident that it solely
investigated infrastructure concerns occurring in the
metropolitan area. Meanwhile, merely 4 people, con-
sisting of metro specialists and an engineer, are in-
volved in the study as respondents. The investigation of
other aspects of infrastructure (roads, sidewalks, over-
passes, etc.) was disregarded in the study. The absence
of such instances renders the examination of these com-
ponents of the subject matter unavoidable.

Phillips (2002) reflected on the challenges during
the Soviet period in his study. He mentioned the neglect
of disabled individuals and the obstruction of their ac-
tive movements. Simultaneously, it is pinpointed that
although reforms are underway in Ukraine regarding
people with impairments, disabled individuals still en-
counter infrastructure and employment- related prob-
lems that hinder their comfortable movement. Unlike
the present research, no survey or questionnaire was
employed in the methodology section, making it inevi-
table to conduct a study investigating the infrastructure
issues of disabled individuals in the post- Soviet coun-
tries.

Stickley et al. (2021) conducted research studying
the psycho-social problems of individuals with physical
impairments in post-Soviet countries including
Ukraine, Azerbaijan, Armenia, Georgia, Kazakhstan,
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Kyrgyzstan, Belarus, Moldova, and Russia. In this re-
search, 18 thousand people were involved as respond-
ents, and their psycho-social issues were studied. The
study drew attention to the psychological problems of
people with disabilities. The reason for this was re-
vealed to be inappropriate conditions. Here, the infra-
structure challenges of people with impairments were
examined within the psychosocial problems.

Since the above problems are not explicitly ad-
dressed, it is vital to research them, considering the in-
dividuals may not perceive underlying causes and im-
pacts to be endearing.

Methodology

A qualitative method was employed in this study.
Due to the utilization of qualitative research methodol-
ogies encompassing interview and document analysis,
a cohesive and accurate portrayal of notions and phe-
nomena in the natural environment is exhibited. The
common traits of qualitative research are natural set-
tings, direct data gathering, thorough descriptions, pro-
cess orientation, inductive data analysis, participant
standpoint, and flexibility (Fraenkel and Wallen, 2006).

In this study, a qualitative research model was
used. The study was conducted in the capital of Azer-
baijan, Baku. A semi-structured questionnaire was de-
signed by the scholar to determine the deficiencies and
unveil approaches. The interview consisted of open-
ended questions. Therefore, attaining the resolution of
predicaments becomes straightforward. The meetings
were conducted both online and face-to-face, depend-
ing on the participants’ conditions. Fifteen physically
disabled individuals were involved in the sessions. The
snowball sampling method was used to assess the re-
spondents. Initially, individuals exhibiting four specific
characteristics were selected, and subsequent partici-
pants were recruited through their networks.

The study group for this research comprises disa-
bled individuals ranging in age from 18 to 29.

To ensure confidentiality, unique code numbers
were assigned to each respondent. The interviews were
audio-recorded with the consent of the respondents
with disabilities.

Participants who did not consent to audio record-
ings had their responses documented manually. Given
the sensitive nature of research, interviews were con-
ducted in settings where participants felt at ease. To
elicit more comprehensive responses, the questions
were clarified and complemented with examples. The
duration of the interviews ranged from 25 to 30 minutes
and were conducted between May 21 and June 5.

The interview commenced with revealing reasons
why individuals with physical disabilities refrain from
going outside, the hindrances they tackle when navi-
gating outdoors, and the challenges faced when moving
independently. Additionally, the underlying causes of
these adversities and potential solutions were ad-
dressed. The interview questions:

When did you acquire your disability?

How does your physical disability impact your
life?

How does your physical impairment influence
your emotional well-being? How do you usually spend
your leisure time?

Have you encountered accessibility barriers due to
your disability? If so, what specific barriers have you
faced?

What strategies or approaches do you use to man-
age those challenges?

What recommendations would you suggest for
eliminating or mitigating these problems?

Findings and conclusion

In this section, the core information about the in-
terviewed physically impaired individuals between the
ages of 18 and 29 is provided. In adherence to ethical
considerations, code names were used to describe the
respondents.

Table 1.
Information on Demographic Characteristics of Interviewees
No | Age | Gender Education Marital Status Disability type
KL | 29 F Bachelor degree Single Visual
K2 | 20 F Secondar education Single Orthopedic
K3 | 29 F Secondary education Single Orthopedic
K4 | 29 M Secondary education Single Orthopedic
K5 | 19 M Bachelor's degree student Single Hearing
K6 | 28 M Associate's degree Married Hearing
K7 | 27 M Secondary education Married Hearing and speech
K8 | 21 F Bachelor's degree student Single Orthopedic
K9 | 24 M Bachelor's degree student Single Speech
K10 | 26 M Bachelor's degree student Single Orthopedic
K11 | 23 F Secondary education Single Speech
K12 | 21 M Bachelor's degree student Single Orthopedic
K13 | 26 M Master's degree Single Visual
K14 | 27 F Secondary education Single Speech
K15 | 22 F Secondary education Single Speech

Source: Compiled by the authors based on field interview results.

Findings related to the timing of disability onset

The initial occurrence of this situation is as pivotal
as the circumstances faced by individuals with impair-
ments. In this context, when disabled people were

asked about the time and reasons for their current con-
dition, their responses were as follows: two respondents
linked their condition to genetic factors, one respondent
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to premature birth and its complications, and two others
to injuries stemming from medical flaws during deliv-
ery. The remaining respondents were born with disabil-
ities and were identified within the first year of life.
Both visually impaired K1 and K13 reported that their
condition occurred at birth, which they cannot recall.
K1 explicitly stated being born blind in one eye and los-
ing vision in the other over time.

“This situation happened during the delivery. I do
not remember. There was some vision until the age of
three”. (Respondent 1)

“I was born with my disability. Initially, there was
no vision. Afterward, | had surgery in Iran. Then my
eyes were able to see a little. During operation, the
electricity of the building went off, and the wound was
closed in lamplight since the generator was not func-
tioning”. (Respondent 13)

K2, K3, and K6 mention that the reason for the
arousal of this situation is the violation by the doctor.

“My back was injured when | was born. The injury
occurred after the birth. The doctor damaged my spine
during delivery”. (Respondent 2)

“The day | opened my eyes to the world, the doctor
injured my spine during

birth”.(Respondent 3) “When | was a child, | got
the wrong vaccine, and it went wrong. | do not recall”.
(Respondent 6)

K5 and K7, both hearing impaired, state that they
were disabled since childhood and that their parents
recognized the situation at a later stage.

“I do not remember. My mother felt that | could
not hear when | was six months”. (Respondent 5)

“I have been like this since birth. My parents
brought me to the doctor because | could not speak”.
(Respondent 7)

The conclusions regarding the influence of disabil-
ity on individuals’ personal lives

The respondents report not recalling the onset of
disability since it commenced either before the delivery
or at a very young age. When they fully comprehended
their situation, they delivered that the experience was
initially quite distressing. They were disheartened by
others’ reactions, especially how people stared at them,
in addition to the reluctance of their peers to spend time
with them and the mockery they faced. Nevertheless,
the limited timeframe of these events and the unlikeli-
ness of such situations occurring again were disclosed.
K11 articulated the situation in this way.

“I do not know. | was around seven when | fully
realized the situation and it happened when my friends
and | were enrolled in different schools. It made me feel
upset”. (Respondent 11)

Among the respondents, K5 reported the parents
being more upset about the condition, and under this
circumstance, K5 supported them.

“I cannot recall. Not me yet, my mother was feel-
ing sad. | was stimulating my mother. When everyone
was embarrassed to take off their hearing aids, | was
not”. (Respondents 5)

Respondent 8 highlighted the difficulty of the sit-
uation and the lengthy period taken to embrace it. The
respondent later pinpointed that she recovered after the

psychologist’s efforts to make the respondent attend so-
cial events and invitations.

“It was very challenging at first. | could not start
going to kindergarten and never could. When | went
outside, some children laughed, some mocked, and the
bullying lasted for a while. I was in a depression in an
elementary school. Then | went to a psychologist.

Afterward, he encouraged me to participate in
events”. (Respondent 8)

Respondents 10 and 11 report being aware of the
situation early on, and, thus, they did not experience
any psychological or other damage.

“I realized it earlier than usual. I embraced it as
a part of mine and knew I would overcome it. The diag-
nosis was not introduced to me as a severe one. My fam-
ily supported me a lot. My feet were paralyzed. | was
facing difficulty writing, reading, and reading in differ-
ent languages. My psychological condition was ideal. |
was doing exercises. At the age of nine, | began walking
by holding onto one side. | was taking a certain number
of steps”. (Respondent 10)

Although a resilient individual, the disability con-
dition leaves an impact on the person’s life. Consider-
ing that the sessions were conducted only once, indi-
viduals would refrain from elaborating on the current
influences and consequences of their disability. While
fostering trust was prioritized during the interviews, it
is believed that establishing such a connection during
one session was challenging.

Findings Regarding the Analysis of the Feelings
Caused by Physical Disability in the Individual

As a response to how their disability impacts their
feelings, many participants mentioned that they per-
ceive their condition as a normal part of life and make
peace with it. They noted experiencing vast adversities
during childhood and facing times of emotional strug-
gles that remain a part of the past. Some participants
indicated that since they were born with this condition,
they were not feeling distressed yet society’s lack of
knowledge on this topic made them upset. Nonetheless,
not all interviewees have fully embraced their situation,
and acknowledged sometimes not feeling emotionally
well. Other participants reported that they have encoun-
tered no notable challenges, either because of their
childhood or having this condition since birth. K4 ex-
presses the situation in this manner.

“Since it comes from birth, | do not feel any
change. I just had a reclusive stance, and | overcame it
over time”. (Respondent 4)

Among participants, K1 reported being tardy at
work due to the disability, and this situation frustrated
this participant.

“I try my impairment not to influence my feelings.
However, it sometimes does. We do our work at a
slower pace. | felt a sense of sorrow because of my dis-
ability”. (Respondent 1)

Respondent K14 indicated being a child when the
situation was comprehended thoroughly and not feeling
well. The participant expressed how scary the situation
was at some points and cried over it occasionally. Nev-
ertheless, currently, K4 accepts the condition and states
that it is not of great essence.
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“I was around seven I understood my condition
deeply, yet | cannot recall. | remember children push-
ing me and saying they did not want to play with me. At
that moment, | ran home sobbing. It sometimes scared
me. Currently, it does not mean anything ”. (Respondent
14)

The Findings regarding the Analysis of Leisure
Time Utilization of Physically Disabled Individuals

The participants commonly engage in activities
analogous to their hobbies. In conjunction with that,
some cannot spare time during the day to value their
idle time. The majority of individuals articulate that
they spend time constructively and partake in activities
that yield personal advantages. Their satisfaction from
this situation is observed.

Participant K8 asserts utilizing leisure time effi-
ciently and allocating time to socialize, unlike in the
participant’s childhood.

“I listen to music and sometimes walk...now so-
cializing. Despite the childhood now socializing”. (Re-
spondent 8)

Meanwhile, K15 states engaging in calming en-
deavors during idle time.

“I draw pictures. It pacifies me. Spending time
with my friends, listening to music”. (Respondent 15)

The other participant, K2, reports possessing an
occupation and completing half of the tasks remotely
and the other half in the workplace whilst watching TV
shows during spare time. Moreover, K2 mentions par-
ticipating in social projects.

“I work either during the day or at home, or | am
called to projects. | watch TV shows in my fiee time”.
(Respondent 2)

According to the given answers, although some-
times difficult to implement for them, respondents pro-
ductively spend their time during idle hours or at week-
ends. Within this framework, it is blatant that along
with the encountered handicaps, numerous joyful mo-
ments were experienced, and the vitality of those mo-
ments in their lives is undeniable.

The Findings regarding Accessibility and Service
Access Problems Experienced by Individuals due to
Physical Disability

Whilst examining the answers provided by re-
spondents, the accessibility and service access chal-
lenges faced by physically disabled individuals were
identified. When allocating those problems into sec-
tions, typical predicaments are observed in public trans-
portation, ramps, sidewalks, and with social service
workers.

Respondent K1 elucidates the adversity of moving
on paths, and the absence of distinct signs for people
with visual impairments at the subways and commuter
stops. Furthermore, K1 reported encountering a prob-
lem when trying to obtain a health document at one of
the entities.

“I have difficulties moving on the roads. There are
many ups and downs. | face challenges getting on and
off the bus. There are no raised letters on subways.
When | went to receive a health report from an institu-
tion, whose name | do not want to mention, in the ser-
vice sector, one of the employees disrespected me be-
cause of my disability”. (Respondent 1)

Another respondent, K7, expresses concern that
employees in the service field do not adequately treat
individuals with physical impairments and that the
ramps are excessively elevated. Meanwhile, some res-
taurants and cafes lack elevators.

“They disregard us. | have difficulties compre-
hending this. This situation can also occur with the of-
ficer talking to us. Ramps are impractically elevated,
and | face challenges. We cannot find elevators to go
upstairs at some restaurants and cafes”. (Respondent
7)

Respondent K1 remarks on the impediments expe-
rienced at passenger terminals and aboveground cross-
ings.

“The entrance doors for disabled individuals at
busses are not opened. We have to wait for the door.
The width of the sidewalks is very narrow, and it is not
feasible to move there with wheelchairs. Don’t they also
erect electricity poles on those narrow sidewalks?...
There are elevators in the aboveground passages, yet
we cannot find the employee who is responsible for
functioning the elevators”. (Respondent 8)

Respondent K15 highlights experiencing chal-
lenging moments whilst interacting with social service
employees and the handicap stemming from workers
not knowing sign language.

“I go to a sector that is designed for assisting dis-
abled people yet there is no one capable of communi-
cating in sign language. There are even no signs for us.
This situation is very troublesome”. (Respondent 15)

The Findings on Coping with the Accessibility and
Service Access Problems Experienced by Individuals
due to Physical Disability

It is detected that the participants tackle such un-
favorable situations more than anticipated. Whilst some
seek to discern alternatives to evade those adversities,
others face challenges in order to overcome and unveil
solutions for them.

Respondent K2 lengthens the commute duration to
discover novel options if moving on the sidewalks is not
viable. Under such circumstances, requesting for assis-
tance from other people is observed.

“When | cannot move on sidewalks, | search for
different ways. Even if it is grueling and time consum-
ing. As a last option, | move on the roads that cars pass.
When the elevator is not present or broken, | ask for
other people’s help. I appreciate their help”. (Respond-
ent 2)

Respondent K3 is in a dilemma concerning the
thoughts. Initially, he advocates for the benefits pro-
vided by online services, but subsequently, she argues
that this standpoint is not the most appropriate.

“l utilize online services. I might be thankful to the
pandemic for this. However, this is also not a suitable
approach. We should benefit from the services face to
face so that they see the problem and manifest an effort
to solve it. Once | had difficulty using the service. The
employee told me to leave, and that the rest of the work
would be done with my mother. By saying - “If the way
the service is provided does not suit me, you have to
adjust it - |

demanded my right”. (Respondent 3)
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Speech-impaired K6 articulated encountering ser-
vice accessibility problems since other people do not
comprehend sign language and utilizing the notes of the
mobile phone to communicate in this situation.

“My sole solution is to write. | always keep notes
on my phone open. | write down what [ want to deliver”.
(Respondent 6)

While tackling such predicaments, Respondent K7
tries to solve the problem by communicating and stand-
ing aside. However, some problems, as K7 indicates,
are not resolved by conversation.

“I stand at one side on the bus. I try to deliver my
thoughts by talking to people, yet it sometimes does not
work. | do not have any solutions for the problems of
elevator and ramp”. (Respondent 7)

The Findings regarding the Solutions for the Ac-
cessibility and Service Access Problems Experienced
by Individuals due to Physical Disability

According to the participants’ responses, strate-
gies for addressing the encountered hardships in acces-
sibility and service fields are categorized under the fol-
lowing headings: Augmenting the involvement rate of
disabled people in social life, ensuring adequate repre-
sentation in places, providing training on ethical behav-
iours for service workers, and designing equal condi-
tions in settings where people spend their leisure time
(cafes, restaurants, shopping malls, etc.).

Respondent K1 articulated that prioritization of ac-
tive participation in social life and the existing chal-
lenges would be resolved in advance if taken into con-
sideration.

“When we sit at home, the problems stay still. 1
suggest being more present in society to highlight and
solve the problems. When we are seen around more, the
faster the solutions are proposed”. (Respondent 1)

Respondent K5 perceives mutual understanding as
an effective strategy for problem-solving. A physically
impaired individual should observe others and behave
accordingly, whilst society should also adopt an appro-
priate approach toward them. He believes that well-
structured projects can lead to this accomplishment.

“Disabled individuals should be attentive. They
should consider the people around them. On the other
hand, other people should be aware of the disability of
individuals in front of them.

This can be achieved through projects, as | be-
lieve”. (Respondent 5)

By insisting on the layout of the city, Respondent
K13 proposes that serious adjustments concerning ur-
ban design ought to be undertaken by accountable indi-
viduals.

“Government or other entities plan laws and pro-
jects. A scarce fraction of people participating in the
planning process are disabled people. Therefore, we
need to be represented more when such laws or projects
are endorsed”. (Respondent 15)

Discussion

In this research, the interview methodology is em-
ployed to study the predicaments and their solutions in
several directions. Although some outcomes exhibit
similarities with the former research results, certain di-
vergences are also detected.

In Musasoy’s (2022) survey regarding the integra-
tion of physically impaired individuals into society,
28,2% of disabled people point to infrastructure issues
as a reason for their unemployment and 38,4% of them
underscored that transportation is not conducive to their
disabilities. In contrast to this, interviews were included
in the methodology of the current study, resulting in ob-
taining a deeper understanding of the matter. The pre-
sent findings share commonalities with Musasoy’s re-
search and in both studies, findings suggest that people
with disabilities struggle with social integration.

Considering physically disabled individuals, Ei-
senberg et al. (2022) analysed the cities with high infra-
structure by utilizing advanced technical aids in the re-
search. The photos and videos of areas were recorded
to juxtapose them. The findings revealed that in the vast
regions, the infrastructure is not fully optimal for active
movements of disabled people. Nevertheless, the infra-
structure conduciveness was investigated based on the
responses provided by physically impaired individuals.
The major distinction lies in the fact that, within this
research, the pathways to overcoming the challenges
and potential resolutions are delineated by qualified
scholars. The findings yielded in the present study are
more accurate considering the concreteness of the in-
vestigated area. Moreover, current research is more
precise and solution-oriented, whereas Eisenberg et
al.’s paper presents findings with a general scope.

Danso et al. (2021) studied the infrastructure con-
cerns of physically impaired individuals. This scholarly
investigation was commenced after securing the requi-
site endorsements and targeted employees within the
designated metropolitan zone. Therefore, the same sit-
uation was reflected in the present study as superiority,
and the focus group, unlike the former research, was in-
dividuals with physical impairments. Additionally, the
expanded recognition of areas, including the infrastruc-
ture, is perceived as another advantage of current re-
search. Philips (2002) contrasted the disabled people in
the Soviet and Independence periods. The insights in-
dicated the upgraded life quality in the Independence
period, yet the infrastructure issues remain unchanged.
The present research involved the concrete participa-
tion of respondents, and the collected verbal inputs
were incorporated. Since Ukraine and Azerbaijan are
post-Soviet countries, the findings from both studies
are analogous. The current study, however, can be con-
sidered advanced due to the veracity and meticulous-
ness of the outcomes. The justification for this is that
Philips researched the contemporary condition via re-
sources reflecting the situation rather than direct inter-
action with disabled individuals. A more refined meth-
odology for exploring a problem is to derive insights
from the communication of individuals directly influ-
enced by it.

Stickley et al. (2021) studied the reasons for the
impact of disability on depression. The research con-
ducted in the post-Soviet geographical zones targeted
18 thousand of physically impaired individuals, and the
concern of infrastructure is presented as one of the un-
derlying causes of depression. As a result, investigating
the issue and offering corresponding solutions hold
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considerable significance. The current research thor-
oughly explores the infrastructure problems experi-
enced by disabled individuals and the applicable solu-
tions are proposed.

Concurrently, the prevailing social stigma against
people with impairments is mirrored in the institutions
designed to assist them. Furthermore, recent studies
emphasize that social change and inclusive develop-
ment are closely associated with equal participation op-
portunities for disadvantaged groups in educational and
social environments. In particular, innovative and so-
cially oriented approaches contribute to strengthening
social integration and improving accessibility condi-
tions for individuals with disabilities (Jafarova, 2026).
Additionally, the transformation of modern societies
through innovation and social awareness has increased
the importance of inclusive policies aimed at support-
ing vulnerable populations and ensuring their active
participation in public life (Jafarova, 2026).

Conclusion

The active engagement of physically disabled in-
dividuals in social life is a fundamental pillar in the con-
struction of the welfare state. Toward the end of the pre-
vious century, the initiatives of the United Nations and
the European Union regarding education, rehabilita-
tion, and employment of people with disabilities ele-
vated the visibility of these concerns. Providing the in-
volvement of disabled individuals is a key parameter for
the realization of this objective. To facilitate this, both
the infrastructure and the level of preparedness among
individuals with disabilities need to be robust. The in-
frastructure-related issues play a pivotal role in stimu-
lating the participation of disabled individuals in social
dynamics and navigating independently. The failure to
provide inclusive infrastructure in metro systems, pub-
lic buildings, elevated walkways, and other infrastruc-
ture causes hindrance to access to education,
healthcare, employment, and social integration. The re-
sponses gathered from comprehensive meetings with
physically impaired individuals indicate that disabled
people are unable to navigate as they desire. The vital-
ity of public transportation, crossings, and metro sta-
tions in the lives of disabled people is highlighted, and
the sole way to foster social interaction outside is the
resolution of pinpointed issues. Transportation and ur-
ban infrastructure are essential for physically impaired
individuals. They reported that buses, overpasses, sub-
ways, and the flaws in vast buildings and roads from an
infrastructural perspective are not inclusive.

Recommendations

According to the responses provided by the partic-
ipants, the categorization of the proposed recommenda-
tions would include the following: There are accounta-
ble employees stationed at the elevators of overpasses.
When the employees are absent, orthopedically im-
paired individuals are refrained from utilizing this ser-
vice. Regarding this matter, the elevators should be di-
rectly available for use by individuals with disabilities
without the need for attendants. The presence of audible
traffic signals in specific areas of the city, while absent
in others poses obstacles for visually impaired individ-
uals. The availability of this technology across the city
should be considered. In the waiting points for public

transport, the information should be provided by raised
letters for individuals with visual disabilities. The
ramps fail to meet the requirements of standards. They
should not be over 18 degrees.

Individuals utilizing wheelchairs frequently en-
counter this problem. Addressing this issue with careful
consideration is of great magnitude in attaining resolu-
tion.
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Abstract

The article examines the problems of obtaining iron-sulfur viscous substances by the method of mutual neu-
tratarp and detoxification, as a result of their mechonochemical processing, as well as the stages of formation and
solidification of arbolitobeton composites prepared on the basis of oil production and metallurgical industry waste
under long-term load conditions. The method of mutual neutralization and detoxification of toxic components of
industrial waste by mechanochemical processing at low temperatures was used to obtain iron-containing astrin-
gents. If the oxidative properties are performed by pyrite annealing, then the regenerating properties are acquired
by technical elemental sulfur.

AHHOTALUSA

Makasiaja TeMip-KyKipT KypaM/Isl TYTKBIP 3aTTap/Isl 63apa OciTaTapnTaHaplpy *KoHE IeTOKCHKAIMSIIAY 9/TiCi
apKbBUIBI, OJIAPIBIH MEXOHOXUMHUSUIBIK OHJICY HOTUKECIHE ATy MOCelIeNiepi, COHIai-aK MyHal OHIIpY jKOHE MeTa-
Jyprusi @HepKaciOl KajIbIKTaphl HETI31H e JalbIHAaIFaH apOoIUTOOETOH KOMIIO3UTTEPIHIH KYPBUIBIM TY3Y JKOHE
KaTy caTBUIAPHI Y3aK MepP3iMIi )KYKTeMe KaFTalbIHAa 3ePTTeIe .

Temip-KyKipT KypaMIpl TYTKBIPIapAbl aly YIIIH ©HEPKACINTIK KaJlABIKTAPABIH YHITTHI KOMIIOHEHTTEPIH
TOMEH TeMITepaTypaia MEXaHOXHMHUSUIBIK OHICY apKBUTBI 03apa OelTapanTaHABIPy JKOHE NETOKCHKAIMSIIAY dic
KoumaHael. TOTBIFY KacHeTTepiH MUPHUT KYHIIpiHIICI aTKapcea, KaMbIHA KeNTIPYIi KACHETKEe TEXHUKANIBIK 3JIe-
MEHTTIK KYKIpT e 0O0aIbl.

Keywords: iron-sulfur, arbolitobeton, mechanochemical processing.
Kiar ce3nep: TeMip-KyKipT, apOOIUTOCTOH, MEXaHOXUMUSUIBIK OHICY

Kipicne KeMiHzme 7 Toymik (ka3 MesriniHze) oHe 7 TOYIKTeH
Kypbuibic KemeMiHiH yHeMi apTybiHa Oailmadbl-  apThiKk  (KBIC — ME3TiTiHAE)  ycTay — KakKeTTLTTi
CTBI KYPBUIBIC MaTepuangapsl MeH OyWbIMIapblHa Ae-  TyBIHAANIBL.
TeH CypaHbIC Ta KYHHEH-KyHre ecim keiexni. Oceiran CoHFBI  yakbITTa OHAIPICTIK  KAJIABIKTAPJIbIH

opaii, KypbUIbIC KOHCTPYKLMSIIAPBIHBIH, dcipece Kop-
MIaynibl  3JEMEHTTEePHAiH MaccachlH a3alTy ypaici
Galikaryna. By skeHin Oeronmapipl, COHBIH imiHIE
TemeH ThiFbi3bIKIEH (550-650 kr/M3) sxoHe skeprimikTi
*orapel Oepikrikned (tuicinme 3,0-5,0 MIla) cumat-
TaJaTBIH JXEHUT apOOoNMnTOOETOH KOMIO3HUTTEPiH KOJ-
JaHy eceGiHeH *Ky3ere acsipbitausl [1-5].

Amnaiina atanraH eHOeKTep e )KOFaphl TYTKBIP 3aT
WIBIFBIHBI  KE31HJE JallblH MaTepHajJblH  Calbl-
CTBIPMAJIBI TYpJE TOMEH OepiKTiri Moceneci memnriame-
red. Conpaii-ak OyHBIMIApAbIH KaJblTaH OocaTy
OCpIKTITiH ally MOCceNeci TOJBIK IICIHIIIMETeH, COHBIH
cajjlapblHaH oJIapAbl KOCBIMILA TYPAE XBUIBI XKeple

KeJIEMIiH a3alThIN, OJapabl OaphIHINA THIMJII Maiiana-
HyFa MYMKIHIIK O€peTiH TeXHOJIOTHSJIBIK INPOIEeCTep
MEH CXeMajapJbl o3ipieyre epekiie KeHin OeriHyne
[5-10]. By, acipece, eHepKacin MeH aybul LIapyallibl-
JIBIFBI KQJIJBIKTAphl MOJI OHIpJIEp YIIiH ©3€KTi Macele
6onbim Tabeansl. Mysnait enipiepre KasakctaHHBIH
0aThIC )KOHE IIBIFBIC alMaKTaPbI )KaTa (bl, MYHJIA HKbLI
CallblH METAJUIypIrus, MYHAal-XUMHsS JKOHE Tay-KEH
OHEPKOCiIOiHEH IIMBIKKAH KON TOHHAXIBl YIIbl KaJ-

JBIKTap JKMHAJIBI, KOpIUAraH opraHbl jacrayga [10-
12].
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byn  xanaelKrapasl, ocipece  MyHaii-ra3
OHJIIPICTEPiHIH KAJIIBIFBI OOJBIT TaOBUTATHIH TEXHUKA-
JBIK KYKIPTTI KaiiTa eHJCY JKoHE MaiifanaHy KypbUIBIC
MaTepHajIapel  OHAIpiCTepiHAE  eKiHImi  pPeTTiK
MIMKI3aTTHl KOJIAHYy MYMKIHIITIH 3€pTTE€y TYPFBICHI-
HaH YJIKCH KbI3BIFYIIBUIBIK TYABIPAIBL.

Onebu nepeKke3aepre KacalFaH Tajnay MEH ajl-
JBIHFBl  TOXKIPUOETIK-3epTXaHAIBIK  SKYMBICTAPJIBIH
HOTWIKEJIEpl TEXHUKAJBIK KYKIPT HETi3iHIE >KOFapbl
THIMJI KYpBUIBIC MaTepHajapblH alyblH XKHE Oyap-
JIBIH OHJTIPiC TEXHOJIOTUSUIAPBIH d31pIICY IiH ©3CKTUIITiH
kepcereni. Ocbl cebenTi, KyphUIbIC MaTepHaslapbIHbIH
KypaMbIHJa KOJIIAHBLIATBIH KYKIPKYPaMABI yaTThl KaJl-
JBIKTApIbI IETOKCHKAIHSIAY OOMBIHIIIA KOCKIMIIIA SKC-
MEPUMEHTTIK 3epTTeyJiep XKYpPridy, COHImail-ak y3aK
VaKpIT ocep eTeTiH XYKTeMe >KarJalblHIa TeMip-
KYKIpTKYpaMapl  apOONMUTOOETOH KOMIO3HTTEPiHIH
OepikTik TY3UIyiH, medopmanus >koHe OY3BUTy Mexa-
HHU3MIH 3epTTey KaXeT.

[enrinmMeren FHUIBIMU MacCeIeNepl Tangai OThl-
PBIN, OCHI 3€PTTEYIIH MaKCaTbl — MEXaHOXHUMHUSIBIK
OHJICY 9719CO apKBUIBI TEMIip-KYKIPTKYpPaMIbl TYTKbIP
3aTTap/sl A3ipIiey, COHmai-aK y3aK Mep3iMIi KYKTeMe
acepiHzeri apOOIUTOOETOH KOCIO3UTTEPIHIH KYpbI-
JBIM TY3UTyl MEH KaTy CaTbUIAPBIH 3epTTey OOJIBIN Ta-
OBLIAIbL.

Makcatka JKeTy YOIiH KeJeci MiHOETTep
KOWBIIZBI: apOOIMTOOSTOH KOMITO3UTTEP] KypaMbIHIa
KOJIJaHy YIIIH MEXaHOXHMUSUIBIK OHICY OmiciMeH
QIBIHFAH TEMIpP-KYKIpTKYpaMasl TYTKBIp 3aTTapIblH
KYpaMbIH 93ipJiey KoHe OJIap/IbIH KaCUTTEPiH 3epTTey.

MaTtepuangap MeH Taxkipudedik-3epTXaHATBIK
JKYMBICTap/ia KOJIAHBLIFaH dIicTep

ToxipuOeik-3epTXaHaibIK 3epTTeylep Kyprizy
yuin  memsekertik cranmapt ['OCT 31108-2003
TajantapblHa colikec keneTiH IIIBIMKEHT memMeHT
3ayBbIThIHBIH 500 MOPTIaHIEMEHT1
nalaamaHbUIIbL.

MapKaJibl

3eprreynep OapbichiHaa coHaal-ak Kaszakcran
KOCIMOPBIHAAPBIHBIH,  OHIIPICTIK  KAJNABIKTaphl  —
IIIaMIap MEH KaTThl 3aTTap KoigaHeliael. Koceimma
Kocrma  perige  OypeiHFBI  «Dochoxmm»  AK
KOCITOPHBIHBIH MUPHUTTI KYHIIpiHIiCI MaiixaTaHbUIAbL.

[pupurti KYWOIPIHOIHIE XUMHSIIBIK ~ KYpaMBbI
(MaccanbIk yieci, %):

CaO - 10,5%;

Si0; — 19,7%;

Fe;03 — 66,1%;

A1203 — 2,3%;

MgO - 1,2%j;
backa typai kocmamap — 0,2%.
MonnpuKanusuiay sl Kocma petiazae

TEXHUKAJBIK KYKIpT Koimaneuiael — Oyn Kasakcran
PecryOnukacsiHBIH ATbIpay OOJBICBIHIAFB! JKOFApBI
KYKIpPTTi MyHail KeH OpHBIH KaiiTa @H/IEY HOTIKECIHIe
aNpIHFaH eKiHmimik eHiM. Cypeim HeMmipi - Ne9998,
MeMJIEKeTTiK cTanaapt 127.1-93 GolibiHIIA.

TexXHUKaJbIK KYKIPTTIH XUMHSIJIBIK KYpaMBbl:

KykipTTig Maccans! yieci — 99,060%;

Kynaig maccansix yieci — 0,400%;

OpraHuKanblK 3aTTaplblH MaccalblK yieci —
0,053%;

Cynprg MaccansIk yieci — 0,010%.

3eprreynepae KOJJaHBLUIFaH OHIIIPICTIK
KaJIIBIKTAPABIH CBIPTKBI TYPIIEpPi — TEXHUKAJBIK KYKipT

(a) sxome mmpurti Xydmipiami (0) — l-cyperre
KOPCETUIreH.
TeMip-KyKipT KypaMIpl apOomnToOeTOH

KOMIIO3UTIH ajly YLIH OpPraHuKaJbIK TOJTHIPFBILI
petinzie AkTe0e 0OJIBICBIHBIH KAMBICTAPBIHAH aJIbIHFaH
yCaKTaJIFaH TAJIIBIKTap HaiganassuiIsl (2-Cyper).
¥YcakranFaH KaMbIC TaNIIBIFBIHBIH XUMHSAJIBIK
KypaMbl TOMEHIET1 JIei:
Hemmonoza — 39,1%;
Jluraun — 19,2%;
[enTo3zannap — 17,7%;
Homnucaxapunrep — 24%.

. b

1-cypem. Texnuxanvix Kyxipmmiy (a) scone nupummi Kyuoipindiniy (b) ceipmrsl mypaepi
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2-cypem. Ycaxmanzan KamvlCmvly ColpmKbl Mypi

IuputTi KYiaipinai MeH TeXHUKAJBIK KYKIpT
Herizingeri TeMip-KyKipT Kypamabl KocHaJapiabl
LeMeHTNeH OipjieckeH MeXaHO-XHMMSIBIK OeJi-
ceHaipy

3epTTey JKYMBICTapbIH JKOCHapiay OapbIChIHIA
FBUIBIMH THIIOTE3a ICKE achIPBUIIBI, OFaH CaliKec Kocma
OeNImeKTepiHiH OpKAHCHICHIH KOCBIMINA OENCCHIIpY
ocepiHe JKeTKI3y YIHIIH omap OiplieckeH YHTaKTay
omiciMeH eHuenmi. HoTmxkecinae, XUMUSIIBIK KacHET-
Tepi JkarblHaH Oip-OipiHe Kapama-Kapchl CHIATTHI
KaTThl KaJJIBIKTap/bIH 63apa JIETOKCUKALUACHI )KYy3ere
acThlI.

Temip-KyKipT Kypamasl KocHanapblH KYpaMblH
aNJbIH  aja aHbBIKTAy »JKOHE OJlapAbl OeJceHaipy
OOMBIHINIA TOHKIPUOCITIK JKYMBICTAP JKYPri3y Ke3iHie
yarakray JIIIM-750 mapns! AuipMeHi KYpbUIFBICHIH/IA
OpbIHIANIABL. Byl mpomecTe Herisri acep ery mexa-
HU3MJIEpi — YHKEJIiC IMeH COKKBI KYIIIi.

[apse! TuipMEHHIH TEXHUKAJIBIK CHITaTTaMaIapbl
TOMEHIET1IEH:

- ¥HTaKray IpUHIINII — YHKEIiC;

- bimikrepain nuamerpi — 45MM, Y3BIHIBIFBI —
170MMm >xoHe 370MM;

- Ainany xwuinirim — 100-750 aiin/muH;

- OpHarbuiateia 6apabaHaapabIH Maccacsl — 12
KT Jeiiin;

- Kyar tyremyst — 300BT;

- Tabapurrtik emmemaepi — 1000x325x265 mm;

- JKanns! canmarsl — 35k

TexHUKaNBIK KYKIPT MEH NMUPUTTIK KYHIIpiHAIHI
LHEMEHT epITIHIICIMEH O0ipre MEeXaHOXHMUSUIBIK Oeli-
CeHIIpY oAiCIMEH OHAey MYMKIHZIrH >XoHE OHBIH
TEeMIp-KYKIpPT KypamIpl KOCHaHBIH KacHeTTepl MeH

TEMIpP-KYKIPT IEMEHT TaChIHBIH OCpIKTIriHe oCcepiH
3epTTey YIIIH YII KOMIIOHEHTTI TYTKBIP KOCIAHBIH
epITIHAICIH KE3CH-Ke3eHIMEH 3epTTey ojicTeMeci
KaObUIIaH/IbI.

Ochl mpoIieCTepIiH JAOHEKTI TYpAe OTyiH Tajmay
HOTIDKECIHe OacTamkpl TYTKBIp MaTepHalAbIH Oei-
CCHIIUTITIH apTTHIPY cebernTepi aHBIKTAIIIB.

Yarizep kenmeci TEXHOJOTHSUIBIK Ti30CKTUTIKIICH
TaWbIHIAIIbL

- IupwurTi KY#HOipiHAI MEH TEXHUKAIBIK KYKipT
HETi3iHeri  TeMip-KYKIPTKYpaMabl — KocIajap/bl
(GpaKIUsIBIK KYpaMbl MCH MEHIINIKTI OeTi OOMbIHIIA
JARBIHIAY JKOHE MOJIIIIEpPIICY;

- ToptnanmieMeHTTi
MeJIIepley;

- bailnaHbICTBIPFBILITHIH Kajlbl MaccachlHaH
Oenriii MeImIepe Cyabl NalHbIHAay )KOHE apallacThIpy;

- IupwurTi KY#HIIpiHAI MEH TEXHUKAIBIK KYKipT
HETI3IHAerT  TeMip-KYKIpTKYpamabl  KOCHaJapiabl
100:200, 100:250, 150:250 maccalbIK KaTbIHACTa
muipmenre Ttuer, Ne00O8 emekre 8-10% KanmblKneH
CHUITATTaNIaThIH YCaKTBIKKA NCHiH yHTakTay xoHe 20
MUHYT 00¥1bI apaiacThIpy;

JabIHay J)KOHE

- Temip-kykipTkypamael  Kocmara  67-70%
LEMEHT JKOHE Cy-IleMeHT KartbiHackl  B/I1=0,6
00JIaThIH 1AM JKETIICHTIH CY MOJIIIEPiH KOCY;

- Temip-KyKipTKYpamibI KocCHanapabl

uemeHTIeH Oipyiece 10 MuHyT GOPibI Oipre yHTaKTay;

- JluipMeHAi  TOKTaThIll,  KYKIPTKYpamabl
0ailIaHBICTBIPFBILI KOCIIAHbI TYCIpY.

[lapmer  guipMeHIe YHTaKTaIFaHHAH KeWiHTi
TeMip-KYKIPTKYpaMabl KypFaKk Kocrajap KOMIIOHEHT-
TepiHiH MEHIIIKTI OeTTepi 1-KecTene KenTipiarex.

1-kecrte. Temip-KyKipTKYpaM/Ibl KOMIIOHEHTTEPIiH MeHIIIKTi 6eTTepi

Kyxipt Kocmacer, % MupurTi KyHaipinm, M%/kr LemeHT, M?/KT Kyxipt, M%/kr

18 298 400 583

12 297 420 577

13 265 450 602
Temip-kyKipT Kypamabl OailIaHBICTBIPFbI-  KaFJaiia KYKipTKYpamabl epiTiHII KOCMACHIHBIH

IITapabI Ay daicTepi Kalblmybl mipinmetkim yerenami 200MM  aeHreuinme
Temip-KyKipTKypamabl IIEMEHTTIK  TacTbhlH  KaMTaMachl3 eTUIII.

OCpiKTIK cHUMaTTaMajapblHd TEXHHUKAJIBIK  KYKIPT bacrankpl JKoHE AaKTHBTCHIIPUIreH OalsIaHbI-

KOCIIACBIHBIH OCEpiH aHBIKTay OOHBIHIIA 3epTTey
xyprizy ymin 100x100x100mMm  exmemai  yirigep
nmaderanangel. Cy-nemMeHT KatbiHackl 0,385 Oonran

CTBIPFBILITAP/IbIH cunaTramanapsl 30515-97, 31108-
2003 xaHe 7473-2010 MeMIIeKeTTIK CTaHAAPTHIHA COH-



108

Norwegian Journal of development of the International Science No 181/2026

KeC aHbIKTaIbl. KyKipTKYpamabl OaiIaHBICTBIPFBI-
MITapBIH CO3BUTY JKOHE HMiTy Ke3iHJeri OepiKTiK meK-
Tepi 40x40x160Mm emmemaeri yari-6ankamapna WI1-
2710 acria®bl apKbUTBI aHBIKTAJIIBL.

2-kecte. Temip-KykKi

OpaH api 93ipiIeHreH TeMip-KYKipTKypamibsl Oai-
JaHBICTBIPFBIIITAPIBIH KypamIapsl OOWBIHIIA TeMip-
KYKIPpTKYpaMIsl apOOIMTOOETOH YATLIepi HalbIH-
nmanma. Temip-KyKipTKypaMasl OaiimaHBICTHIPFBIIITAp-
IIBTH 931pJICHTeH KypaMAaphl 2-KecTee KeNTipiIreH.

TKYpamMaap/bl 6aiJaHbICTBIPFBILITAPABIH I3ipJIeHIeH KypaM/aaphl

TexXHUKaIBIK KYKIpT, % HupwurTi KYHAipiamgi, % Iemenr, % Cy, % ThIFBI3ABIK, KI/M°
18 18 64 30 1580
12 18 70 30 1585
13 20 67 30 1590
KopbIThIHABI 6. Stanevich, V.T., Bulyga, L.L., Vyshar, O.V.,

Kocma KypamblHa TEXHHMKaIBIK KYKIPTTI €HIi3y
TeMip-KYKipTKYPaMIbl TYTKbIpIAp/bIH OSpIKTIK CHITAT-
TamajapblHa OH SCEp ETill OJIap/bIH CHIFBUIYFa OepIKTIK
merin ~ 73,5MIla-ra  peitin  aprreipasl.  Tewmip-
KYKIPTKYpam/ibl KepaM3uTOeTOHIapMeH caJIbl-
CTBIpFaHIIa, TEMipP-KYKIpTKYpaMabl apOoTUTOSTOHHBIH
JKBUDKBIMAJBUTBIFEl alfTapIIBIKTall ToMeH, Oy Oipaeit
KepHEy JeHredinge cipecy  IeopMarusICHIHBIH
A3arObIHA OKEJIE .

Kapxbuianasipy: byn  3epTrey  KYMBICBIH
Kazakcran PeciyOnmkacs! FeuabIM skoHE XKOFapHI OimiM
MHUHHUCTPJITT  FBUIBIM ~KOMHTETI  Kap KbUIaHIbIPbI
(OKTH AP25794879 Kamblc-KabaTTbl KYPbUIbIC MaTe-
pHAJIBIH a1y YIIiH 0ailJaHBICTBIPYIILl PETIHAEC MOJIU-
OTUIICH MICHKACHIHBIH KAJ/IBIKTAPIH KOJICTE KAPATY).
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This article examines modern methods for stabilizing the power system with an increasing share of renewable
energy sources. Particular attention is paid to the current state of renewable energy in Kazakhstan in 2024-2025,
as well as the technical challenges arising from the integration of solar, wind, and energy storage systems. It is
shown that an increasing share of inverter energy resources leads to a decrease in the natural inertia of the power
system, increased complexity of frequency and voltage regulation, and the need for new control methods. The
article analyzes the capabilities of grid-following and grid-forming inverters, revealing their advantages and limi-
tations. It is concluded that the most promising approach is a hybrid model, in which grid-following inverters
provide efficient power output, while grid-forming inverters perform the system-forming functions of stabilizing

voltage, frequency, and inertia-like response.

Keywords: renewable energy sources; RES; Kazakhstan's power system; power system stabilization; grid-
following inverters; grid-forming inverters; virtual inertia; energy storage systems; Smart Grid; frequency stabil-

ity; voltage stability.

The relevance of this topic is determined by the
fact that the integration of variable renewable energy
sources-primarily wind and solar generation—requires
not only the construction of new facilities but also
changes in power system management methods. The
IEA emphasizes that as the share of solar and wind gen-
eration increases, the power system goes through sev-
eral phases of renewable energy integration, and each
phase creates new technical challenges that require spe-
cial measures to maintain the reliability and efficiency
of the grid. NREL defines renewable energy integration
as the practice of developing efficient methods for
transmitting variable renewable energy to the grid
while maintaining or improving the stability and relia-
bility of the power system.

The objective of the study is to analyze methods
for stabilizing the power system during the integration
of renewable energy sources and compare the capabili-
ties of grid-following and grid-forming inverters. Re-
search methods: literature review, comparative analy-
sis, systems analysis, and analysis of statistical data on
renewable energy in Kazakhstan for 2024-2025. The
scientific novelty lies in the generalization of modern
approaches to stabilizing a power system with a high
share of renewable energy sources and the comparison
of the capabilities of GFL and GFM inverters as applied
to the conditions of the Kazakhstan power system.

This topic is particularly significant for Kazakh-
stan, as KEGOC's strategy explicitly states the objec-
tive of ensuring the reliable operation of the Unified
Electricity System of Kazakhstan amid the energy tran-
sition and the integration of renewable energy sources
into the system. The Ministry of Energy of the Republic
of Kazakhstan also sets a goal of achieving a 15% share
of renewable energy sources by 2030, including the de-
velopment of renewable energy projects with energy
storage systems.

As of 2024-2025, the use of renewable energy
sources in Kazakhstan has transitioned from the stage

of point projects to a more sustainable electricity sector,
however, RES still retain a supporting rather than a core
role in the country's energy balance. In 2024, RES fa-
cilities generated 7.58 billion kwWh, which accounted
for 6.43% of all electricity generation; the installed ca-
pacity reached approximately 3.03 GW, and about 153
facilities were in operation. Wind power plants made
the largest contribution - 4.51 billion kwWh, followed by
solar power plants - 1.89 billion kwWh, small hydroelec-
tric power plants - 1.18 billion kWh, while bioelectric
power plants had a minimal share - about 1.58 million
kWh. In 2025, the growth continued: according to data
published with reference to the Ministry of Energy of
the Republic of Kazakhstan, the generation of renewa-
ble energy sources reached 8.62 billion kWh, that is, an
increase of 13.7% compared to 2024, and the share of
renewable energy sources in total generation was about
7%. The installed capacity of renewable energy sources
by the end of 2025 reached 3.537 GW, of which 1.909
GW were wind power plants, 1.313 GW were solar
power plants, about 314 MW were small hydroelectric
power plants, and 1.77 MW were bioenergy [1]. Thus,
in Kazakhstan in 2024-2025, it was wind energy that
developed most dynamically, which is associated with
the natural and climatic potential of the steppe regions
and the state's focus on large wind power plant projects.
At the same time, the growth of renewable energy re-
quires the parallel development of flexible generation,
energy storage, digital control, and grid infrastructure,
as the increasing share of solar and wind generation in-
creases the demands on power system stability, power
balancing, and generation forecasting. The govern-
ment's goal of increasing the share of renewable energy
to 15% by 2030 and commissioning at least 8.4 GW of
new renewable energy capacity by 2035 demonstrates
that the sector will expand, but its continued effective-
ness depends not only on the construction of new plants
but also on the technological stabilization of the power
system [1].
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| Indicator | 2024 | 2025 |
| Renewable Energy Generation || 7.58 billion kwWh || 8.62 billion kWh |
| Share of Renewable Energy in Total Generation|| 6.43% || about 7% |
| Installed Renewable Energy Capacity || 3.03GW || 3.537 GW |
| wind Energy | 451billionkwh ||  5.38billionkwh |
| Solar Energy | 1.89billionkwh |  2.04billionkwh |
| Small Hydropower | 1.18billionkwh || about 1.2 billion kwh |
| Bioenergy || 1.58 million kWh|| about 2.8 million kWh|

Dynamics of the share of renewable energy sources in generation
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Consequently, Kazakhstan is demonstrating
steady growth in renewable energy sources, but the
transition to a higher share of renewable generation re-
quires not only capacity expansion but also a compre-
hensive modernization of the power system—develop-
ing storage, flexible capacity, grid-forming inverters,
forecasting, and digital dispatch control.

Today, the main problem with renewable energy
sources is their variable and inverter-based nature. Tra-
ditional power systems relied on synchronous genera-
tors, which have mechanical inertia. Replacing some of
these generators with solar and wind turbines con-
nected via power electronics reduces the natural inertial
frequency support. As a result, the power system be-
comes more sensitive to sudden changes in load, gen-
eration, emergency outages, and power fluctuations.

The concept of inverter-based energy resources
deserves special attention. NREL emphasizes that so-
lar, wind, and battery systems are connected to the grid
through inverters, making grid-forming inverters - in-
verters that can not only follow grid parameters but also
shape voltage and frequency - increasingly important
for the future energy system.

It should be noted that the main methods for stabi-
lizing a power system using renewable energy sources
are: 1. Grid-forming inverter control. This is one of the
most promising approaches. Grid-forming inverters can
operate as voltage sources, maintain frequency and
voltage, provide synchronization, and contribute to grid
stabilization. NREL research considers grid-forming
inverters a key approach for power systems with a high
proportion of inverter sources.

7.00%

2025
fon

2. Virtual synchronous generator/virtual inertia.
The VSG/VSM method simulates the behavior of a
synchronous generator: the inverter is given an algo-
rithm that allows it to respond to frequency changes like
a traditional rotating machine. Reviews of grid-forming
control indicate that droop control, virtual synchronous
machine, and synchronverter are the most common
control strategies.

3. Droop control. Droop control allows active and
reactive power to be distributed among multiple
sources without constant centralized communication.
This method is especially important for microgrids,
stand-alone power systems, and hybrid renewable en-
ergy + storage systems.

4. Energy storage systems. Battery storage sys-
tems can smooth out fluctuations in renewable energy
generation, participate in primary frequency regulation,
support voltage, provide power reserves, and increase
grid flexibility. IRENA considers grid flexibility a key
requirement for the energy transition and renewable en-
ergy integration.

5. Smart Grid, digital control, and forecasting. Ac-
curate forecasting of solar and wind generation, digital
monitoring, automated load management, the use of
PMUs/WAMS, SCADA, EMS, and intelligent algo-
rithms are essential for grid stabilization. KEGOC's
strategy also includes the implementation of modern,
innovative, and digital technologies, including the
Smart Grid.

6. Increasing grid flexibility. Flexible resources
include storage systems, hydroelectric power plants,
fast-start gas-fired power plants, demand response, in-
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terconnections, grid redundancy, and grid moderniza-
tion. The IEA emphasizes that as the share of renewable
energy increases, targeted measures are needed for each
phase of integration, including flexibility, network in-
frastructure, and operational solutions.

Therefore, the purpose of this article is to substan-
tiate and describe a set of methods for stabilizing a
power system with a high share of renewable energy
sources based on the use of grid-forming inverters, vir-
tual inertia, energy storage systems, and intelligent con-
trol algorithms. To achieve this goal, it is necessary to
analyze the impact of solar and wind generation on the
frequency and voltage stability of the power system;
examine modern methods for stabilizing power systems
with a high share of renewable energy sources; com-
pare the capabilities of grid-following and grid-forming
inverters; and determine the prospects for applying
these methods in the power system of Kazakhstan.

As we know, in power systems with a high share
of renewable energy sources, the difference between
grid-following and grid-forming inverters becomes
fundamental, since it is no longer just a matter of con-
necting solar, wind, and battery installations to the grid,
but rather the ability of inverter resources to contribute
to maintaining power system stability. Grid-following
inverters (GFLs) have historically been a more com-
mon and technologically mature solution for renewable
energy sources: they operate as controlled current
sources, synchronized with the existing grid voltage,
typically via a PLL mechanism, and perform well in the
areas of active power generation, MPPT, current regu-
lation, reactive power compensation, and operation in
strong grids.

However, their key limitation lies in their depend-
ence on an external grid reference signal: with reduced
inertia, a drop in short-circuit power, voltage distor-
tions, or operation in weak grids, GFL inverter stability
deteriorates, and large numbers of such devices can ex-
acerbate frequency and small-signal stability issues..

In 2024-2025 studies, the transition from grid-fol-
lowing to grid-forming control logic is considered a
natural response to the growing share of inverter energy
resources in the power system. In a 2024 NREL presen-
tation, B. Kroposki directly links the need for GFM in-
verters to the rapidly increasing number of inverter-
based resources "from Solar PV, Wind, and Batteries"
in the grid—that is, solar, wind generation, and battery
energy storage systems [2]. Unlike grid-following in-
verters, which are primarily synchronized with the ex-
isting grid voltage and "follow" grid parameters, grid-
forming inverters are capable of more actively partici-
pating in the formation of the power system's reference
parameters—voltage, frequency, inertial-like response,
and oscillation damping.

B. Bahrani, M. H. Ravanji, B. Kroposky, et al., in
a 2024 article, emphasize that GFM control allows the
inverter resource to respond to changes in the system
"nearly instantaneously," that is, almost instantly, help-
ing to stabilize the grid during disturbances [3]. There-
fore, GFM inverters have broader stabilization capabil-
ities: they can maintain local frequency and voltage, op-
erate in weak grids and microgrids, provide island

operation, participate in black start, and improve sys-
tem performance with reduced inertia and a high share
of renewable energy sources.

In a 2025 review by M. V. Kaisar and C. Fan, grid-
forming converters are characterized as a technology
necessary for "reliable, stable, and resilient operation”
of power systems transitioning to low-inertia and in-
verter-dominated configurations [4]. At the same time,
the researchers emphasize that the transition to GFM
does not mean a complete abandonment of GFL.: the
future power system will likely be hybrid, where grid-
following inverters will retain their role as efficient
power sources, while grid-forming inverters will take
on system-forming functions.

However, hybridity creates new challenges: S.
Chen, Y. Wang, M. Yang, et al. (2025) show that in
hybrid systems, a GFL inverter can act as an "excitation
source” of forced oscillations for GFM inverters [5].
Consequently, the advantage of GFM inverters lies not
simply in a more complex control scheme, but in the
qualitatively different role of renewable energy sources
in the power system: renewable generation ceases to be
only an alternating power source and becomes an active
tool for maintaining stability.

At the same time, as B. Bhowmick, M. A. Akwa,
and S.-Y. Kim show, even modern hybrid-compatible
GFM inverters require solutions to problems of coordi-
nation, current limitations, and fault ride-through, since
the replacement of synchronous generators with renew-
able energy sources creates "low-inertia power sys-
tems" with increased vulnerability to frequency insta-
bility [6].

Summarizing the scientists' opinions, it can be
noted that the widespread deployment of inverter re-
sources—primarily solar, wind, and storage—requires
a shift from a simple "grid-following" logic to a more
active role for inverters in shaping its parameters. Grid-
forming inverters (GFMs) offer broader stabilization
capabilities in this regard: they operate closer to the
voltage source, can maintain local frequency and volt-
age, provide an inertia-like response, dampen oscilla-
tions, operate in weak grids, microgrids, and island
modes, and, if equipped with energy storage, partici-
pate in black start and system restoration after failures.

NREL notes that GFM inverters are becoming
necessary due to the growing share of inverter-based
resources in the power system, and also notes that, in
practice, it is beneficial to deploy GFMs primarily in
the weakest sections of the grid and that the combina-
tion of GFMs and storage maximizes their potential. In
a 2024 |IEEE Power & Energy Magazine review, GFMs
are considered a key resource for renewable-rich power
systems because they are able to respond almost in-
stantly to system changes and help stabilize the grid,
while conventional IBRs without grid-forming func-
tions lack a number of capabilities, including autono-
mous operation and participation in blackout recovery.

At the same time, GFM inverters cannot be con-
sidered a simple, one-size-fits-all solution. They still
face challenges in terms of current limitations during
faults, configuring droop control, virtual synchronous
machine, and virtual oscillator control algorithms, co-
ordination with GFL inverters, interaction with existing
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relay protection, and preventing new types of oscilla-
tions. GFM technologies are essential for the stable and
reliable operation of low-inertia systems, but require
further development of topologies, control strategies,
small-signal stability modeling, and inverter-grid inter-
actions. It is particularly important that the power sys-
tem in the near future will be neither fully GFL nor fully
GFM, but a hybrid. In systems where GFL and GFM
operate simultaneously, a GFL inverter with MPPT can
act as a source of forced oscillations, inducing GFM in-
verter modes, requiring specialized compatibility anal-
ysis and parametric tuning. Therefore, the most rational
strategy for renewable energy sources is not to com-
pletely abandon GFL inverters, but to combine them
with GFM resources and energy storage. GFLs remain
effective for mass generation and cost-effective power
delivery to a stable grid, while GFMs must perform sys-
tem-forming functions—maintaining voltage, fre-
quency, inertia-like response, resilience of weak nodes,
and recovery from disturbances.

This is confirmed by studies of the coordination of
GFL and GFM storage systems for virtual inertia,
where differences in synchronization and frequency re-
sponse mechanisms require coordinated control, but
with proper configuration, can achieve the desired
overall inertia effect. Practical results from the
PNNL/IEEE PESGM also show that replacing GFL
batteries with GFM batteries in power systems with a
high concentration of inverter-based resources im-
proves the voltage profile, active power during and af-
ter a fault, and increases the permissible renewable en-
ergy output from a local area. Therefore, when compar-
ing the capabilities, we can conclude: GFL inverters
remain technologically mature, economical, and effi-

cient in a strong grid, but rely on pre-established volt-
age and frequency; GFM inverters are more complex
and expensive in terms of control and system coordina-
tion, but they ensure the transition of renewable energy
from a passive power source to an active element of
power system stabilization.
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Abstract

The production of dried persimmons is a dynamically developing segment of the dried fruit market, especially
in countries with a high level of fresh persimmon cultivation (Azerbaijan, China, Uzbekistan). Due to the high
concentration of fruits during drying (about 300 grams of dried fruit is obtained from 1.5 kg of fresh fruit), pro-
duction volumes in terms of fresh product are very significant. Currently, the possibility of using this fruit as a raw
material for obtaining not only natural dried persimmons, but also other products from its drying is being actively
studied. This article provides a brief updated overview of the potential industrial use of persimmon fruits in this
area, focusing on the suggestions of the authors of this article.

Keywords: Freshly harvested hard persimmon fruits, aged softened persimmon fruits, processed by drying.
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introduction

Recently, research on persimmon fruits has pri-
marily focused on their physiological functions, includ-
ing their antioxidant, lipid-lowering, anti-atheroscle-
rotic, antitumor, and antiviral activities [1-2]. Never-
theless, thousands of tons of persimmons are discarded
annually due to high production volumes, stringent
quality standards, and consumer expectations regarding
shape, size, and color [3]. Furthermore, the persimmon
has a limited shelf life; as a seasonal and perishable
fruit, it presents significant challenges for storage and
transportation [4-5]. Although typically firm at harvest,
the fruit undergoes rapid softening after one to two
weeks of storage under ambient conditions; as senes-
cence progresses, structural integrity diminishes and
handling becomes increasingly difficult [6]. Conse-
quently, post-harvest losses can account for up to 20%
of the total annual production volume [7-8].

Inadequate post-harvest handling, microbial con-
tamination, and high respiration rates are primary fac-
tors contributing to the short shelf life of perishable
commodities. Therefore, effective preservation tech-
niques are essential to mitigate spoilage and extend
shelf life. Preservation encompasses the processes ap-
plied to perishable commodities to maintain their qual-
ity and consumer acceptability over extended periods
[9].

A significant increase in persimmon production,
coupled with a higher proportion of fruit intended for
export, has necessitated the adaptation of post-harvest
technologies to ensure the fruit reaches the end con-
sumer in optimal condition. As the persimmon is a cli-
macteric fruit, its ripening during storage is regulated
by respiration rate and ethylene production. Depending
on the cultivar, the fruit may initially be astringent or
non-astringent. At the time of commercial harvest, per-
simmon flesh is typically very firm across all varieties,
but it subsequently undergoes rapid softening, which
poses significant challenges during transport. The flesh
of astringent varieties is generally lighter than that of

non-astringent varieties. However, astringent varieties
possess fewer filamentous fibers to support their struc-
tural integrity; consequently, during post-harvest senes-
cence, seedless astringent fruits soften more rapidly
than less astringent fruits containing one or more seeds.
Furthermore, numerous intermediate varieties exist,
whose organoleptic and technological properties fluc-
tuate annually based on the degree of pollination. This
variability requires growers to adopt diverse strategies
to mitigate post-harvest losses. Commercially, persim-
mons are predominantly marketed either fresh or dried.
This article provides a concise, upto-date overview of
recent advancements in persimmon drying technolo-
gies, intended to inform growers and commercial enter-
prises seeking to implement projects in this sector.
Tradiotional drying method

Air drying is the oldest and simplest method for
persimmon dehydration; the process is terminated at a
moisture content of approximately 50% (yielding semi-
dried persimmons) or continued until the moisture con-
tent reaches 35% or lower [10-11].

The production and consumption of semi-dried
and dried persimmons are traditional in Asian countries
such as South Korea, China, and Japan, employing var-
ious processing methods to yield high-quality, shelf-
stable products with desirable organoleptic properties
[12-13].

In Azerbaijan (and neighboring Georgia), firm,
ripe fruits are selected for this traditional drying
method. The fruits are carefully peeled while leaving
the stems intact, which are then used to tie them with
strong threads, ensuring no physical contact between
individual fruits. The resulting strings are suspended
under a canopy (Fig. 1, A). During the drying process,
some producers periodically massage the fruits to im-
prove their final shape and accelerate surface sugar
crystallization (Fig. 1, B). The drying process typically
requires one month; however, the fruits are occasion-
ally left suspended until March.

Figurel. Stages of the traditional drying method: (A) - Peeled fruits suspended on threads for air-drying under a
canopy; (B) - Dehydrated persimmons exhibiting characteristic surface sugar crystallization.

Bundles of dried persimmons tied with threads
(Fig. 1) are sold in Georgian markets at a relatively low
price, starting from 3.5 GEL ($1.10) per kg. However,
prices for seedless dried persimmons (typically pro-
duced from the "Hachiya" cultivar) are twice as high,
starting at 7.5 GEL ($2.30) per kg. For comparison, the
cost of prunes, which are also popular in Georgia, starts
at 10 GEL ($3.03) per kg.

Prices for dried persimmons and prunes in Azer-
baijan are largely comparable to those in Georgia.

In these markets, dried persimmons attract notably
less consumer interest compared to dried apricots, rai-
sins, and plums. This is partly due to the product's in-
consistent appearance; although typically sold as

whole, peeled fruits, their visual characteristics vary
significantly from batch to batch.

Producers often delay the sale of dried persim-
mons until a white, fluffy efflorescence of sugar crys-
tals develops on the surface. However, this practice in-
creases the risk of microbial contamination [14].

Although this traditional drying method is well-es-
tablished, research has investigated how the final
product's qualitative characteristics vary depending on
the persimmon cultivar and cultivation region. Notably,
Spanish researchers have identified the physicochemi-
cal and microstructural changes occurring during the
natural drying of "Rojo Brillante" persimmons har-
vested at two different maturity stages [15]. Fruits at the
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first maturity stage had a lower average weight (195.3
g) compared to those at the second stage (252.0 g). A
moisture content of 50%, classifying the persimmon as
semi-dried, was reached after 21 and 28 days for the
195.3 g and 252.0 g fruits, respectively. Drying induced
slight browning, resulting in color degradation. Dehy-
dration also led to a significant decrease in soluble tan-
nin content; by the 28th day of drying, the fruits had
completely lost their astringency.

The natural canopy drying of whole persimmons
is a traditional practice in Asian countries (e.g., China,
South Korea, and Japan), yielding a product with desir-
able organoleptic and nutritional properties that is con-
sumed and produced on an industrial scale. The stand-
ard preparation involves removing the calyx and skin,
followed by suspending the fruit on threads. In China
and Japan, the partially dried fruits are manually
kneaded toward the end of the process to ensure uni-
form moisture distribution and to shape the final prod-
uct [16].

Gonzalez et al. [1] applied this drying method to
"Rojo Brillante" persimmons, comparing the properties
of naturally astringent fruits with those pretreated with
CO: to remove astringency prior to drying. After 20
days, a natural reduction in soluble tannin content oc-
curred; ultimately, both the initially astringent and the
pretreated non-astringent fruits exhibited similar final
concentrations (20-30 mg/100 g). Furthermore, the
flesh of the untreated astringent fruits retained an or-
ange hue, whereas the CO:-treated fruits exhibited
browning. Consequently, pretreatment to reduce astrin-
gency is unnecessary when utilizing this drying
method.

Villena et al. [17] analyzed the physicochemical
and microstructural changes during the natural drying
of "Rojo Brillante” persimmons harvested at an early
maturity stage (S1) and a late maturity stage (S2). Wa-
ter loss induced shrinkage, leading to the formation of
a secondary epidermis and the gelation of the internal
flesh. Compared to S2 fruits, S1 fruits developed a
thicker secondary epidermis and a smaller internal
gelated region, resulting in a firmer final product. Mi-
crostructural analysis revealed the degradation of pa-
renchyma cells in both the secondary epidermis and the
internal flesh following drying, with S1 exhibiting a
more rapid rate of degradation than S2. Consequently,
the final characteristics of the dried persimmon are
highly dependent on the maturity stage at harvest.

Although dehydration under a canopy or in direct
sunlight remains one of the most common methods for
drying persimmons [1], it presents hygiene concerns;
furthermore, the drying period can extend to several
weeks under uncontrolled environmental humidity
[18].

A successful dehydration process relies on a slow,
consistent application of heat to ensure uniform drying
[9]. Modern, advanced drying techniques involve either
the use of mechanical dehydrators [20-21] or sun dry-
ing intensified by solar air heaters [22-23].

Drying persimmons with the concentration of
solar energy using solar air heaters

On an industrial scale, solar drying is utilized for
persimmon dehydration, resulting in an extended shelf

life [24], reduced microbial spoilage [25], enhanced
quality, and the retention of nutritional properties [26-
27]. Hanif et al. [28] and Senadeera et al. [24] reported
that increasing slice thickness and decreasing drying
temperature influence the vitamin C content in persim-
mons. They concluded that to maximize vitamin C re-
tention, persimmons should be dried at temperatures
below 50 °C with a slice thickness of 1.0 cm.

Another study demonstrated that elevating the
drying temperature reduced fungal infections by up to
22.1%, while the application of honey was more effec-
tive than aloe vera gel in decreasing the aflatoxin con-
tent of the dried fruit [29]. Similarly, the exogenous ap-
plication of a 10.0% persimmon peel extract aided in
preserving the nutritional and mineral composition of
the fruit. Furthermore, this peel extract demonstrated
superior efficacy in maintaining nutritional value when
compared to commercially available synthetic preserv-
atives [26,30]. Bolek and Obuz [31] pretreated fruit
samples with sodium metabisulfite prior to drying at
various temperatures; they observed the highest rehy-
dration capacity and ascorbic acid retention at 50 °C.
Moreover, during storage, control treatments exhibited
the maximum activity of mesophilic aerobic bacteria,
whereas the treated samples displayed the lowest activ-
ity, indicating the antimicrobial efficacy of sodium
metabisulfite.

Blanching duration and drying temperature signif-
icantly impact hourly moisture loss and overall drying
time. The shortest drying time and highest rehydration
values were achieved with a 5-minute blanching period
[26].

Pretreatment of persimmons with nitrogen or car-
bon dioxide demonstrated that both gases contribute to
preserving texture and nutritional quality after three
weeks of storage; nitrogen-treated fruits exhibited a su-
perior visual appearance, while carbon dioxide-treated
fruits possessed superior organoleptic taste properties
[32].

Sun-dried persimmons (dehydrated for 12 hours at
60 °C) contained lower polyphenol levels than fresh
fruit, although differences in the concentrations of trace
elements, minerals, and dietary fiber were insignificant
[27].

Persimmons pretreated with citric acid exhibited
the highest contents of dry matter, glucose, fructose,
and vitamin C. Additionally, sulfur treatment signifi-
cantly influenced the physicochemical characteristics
and volatile profile of the dried fruits, resulting in the
identification of approximately 45 aromatic com-
pounds [3].

A study investigated the individual and interactive
effects of varying temperatures, alongside natural and
artificial preservatives, on the drying Kinetics and or-
ganoleptic characteristics of the 'Fuyu' persimmon cul-
tivar. The fruit was harvested from the experimental or-
chard at Peshawar

Agricultural University, Khyber Pakhtunkhwa,
Pakistan (34.02° N, 71.48° E, elevation 359.0 m) [34].
Harvested fruits were washed, blanched in water at 70
°C, and arranged on the trays of a solar dryer. The ex-
perimental design incorporated two factors: drying
temperature and food preservatives (two natural and



Norwegian Journal of development of the International Science No 181/2026 117

three artificial). Three temperature regimens (40, 45,
and 50 °C) and five preservative treatments were eval-
uated: a 25% honey solution, a 25% aloe vera solution,
a 2% sodium benzoate solution (C;HsNaO2), a 1% po-
tassium metabisulfite solution (K2S20s), and a 2% cit-
ric acid solution (CsHsO7). An experimental setup was
constructed, comprising a forcedconvection solar dryer
equipped with a flat-plate solar collector, a drying cab-
inet, and an exhaust fan (Fig. 2).

The total drying duration was approximately 13.0
hours. An evaluation of the drying temperatures indi-
cated an hourly moisture loss of 8.2% at 50 °C, fol-
lowed by 6.8% at 45 °C, with the minimum loss (6.1%)
recorded at 40 °C. Regarding the preservatives, the
highest hourly moisture loss (7.8%) occurred in persim-
mons treated with the 2% citric acid soluti hile th

lowest (6.4%) was observed with the 1% potassium
metabisulfite solution. Overall, the maximum hourly
moisture loss (9.3%) was recorded at a drying temper-
ature of 50 °C combined with the 2% citric acid treat-
ment, whereas the minimum (6.1%) occurred at 40 °C
with the 25% honey solution treatment. The individual
and interactive effects of drying temperature and pre-
servatives also significantly influenced the pH of the
dried persimmons. The highest (6.32) and lowest (6.13)
pH values were observed at drying temperatures of 45
°C and 50 °C, respectively. Sugar and vitamin C con-
tents, alongside titratable acidity, peaked in samples
subjected to the citric acid pretreatment and dried at 50

. —

Figure2. Experimental setup of the forced-convection solar dryer utilized for persimmon dehydration, compris-
ing a flat-plate solar collector, a drying cabinet, and an exhaust fan [34].

Consequently, the temperature of the air utilized
in the dehydration process is a primary factor dictating
the drying rate. Excessively high drying temperatures
can cause thermal damage to the product or induce the
undesirable phenomenon of “case hardening." Further-
more, elevated temperatures can lead to the significant
degradation or complete destruction of beneficial
chemical constituents. Therefore, strict limitations
must be imposed on the drying temperatures applied to
most food commodities. Conversely, raising the tem-
perature accelerates the dehydration process and en-
hances the microbial safety of the final product.

The use of special devices with a forced change
of factors affecting the intensity of drying

Persimmon Chips

Although the comparable yield in mass between
naturally and artificially dried persimmons may create
an illusion of economic advantage for natural drying,
the functional versatility of natural drying is signifi-
cantly lower. This is particularly true regarding its po-
tential to yield novel products with targeted functional
properties.

In recent years, crisp fruit snacks have gained in-
creasing popularity among modern consumers [35].
However, persimmon snacks produced via natural dry-
ing are unlikely to satisfy consumer demand for a crisp
texture.

Freeze-drying yields a crisp product rich in bio-
logically active compounds [1]. Furthermore, this
method achieves superior retention of these bioactive
compounds compared to alternative drying techniques.

However, freeze-drying is a highly time-consuming,
energy-intensive, and costly process [36]. Additionally,
prior to freeze-drying, pretreatment is necessary to
eliminate astringency, as naturally astringent samples
retain high concentrations of soluble tannins and con-
sequently exhibit an excessively astringent mouthfeel
[37]. Conversely, persimmon chips dried utilizing a
combination of hot air and microwave drying demon-
strated similar color, texture, flavor, and overall accept-
ability to their freeze-dried counterparts [38].

Because every individual drying process pos-
sesses inherent limitations, combining multiple meth-
ods represents a practical strategy for producing high-
quality dried products, effectively bridging existing
quality gaps [39]. While microwave drying is rapid and
highly efficient, its primary challenges include high op-
erating costs and process control difficulties stemming
from rapid and uneven heating, which can result in lo-
calized overheating during dehydration [40].

Fruits utilized for chip production must be suffi-
ciently firm to withstand mechanical peeling and slic-
ing by electric processing equipment. In small-scale op-
erations, an abrasive peeling machine (e.g., Hitrees),
with a capacity of up to 1000 kg per shift, can be uti-
lized for this purpose (Fig. 3, A). For slicing, an electric
food processor, such as the "Robot Coupe CL50 Ultra,"
with a processing capacity of 5 kg of fruit per minute,
is highly suitable (Fig. 3, B); this specific model is
equipped with a large-volume feed hopper possessing a
surface area of 139 cm?.
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Figure 3. Mechanical equipment utilized in the preparation of persimmons for chip production: A- Abrasive
peeling machine; B -Electric food processor used for slicing.

Soluble tannins are responsible for the astringency
of persimmon fruits, and Gonzalez et al. [1] reported
that consumer perception of astringency directly corre-
lates with the soluble tannin content in persimmon
snacks.

Firm persimmons are typically astringent, and
their slices rapidly darken upon exposure to atmos-
pheric oxygen.

Addressing this issue, the Research Institute of
Fruit and Tea Growing of the Ministry of Agriculture
of the Republic of Azerbaijan has developed a technol-
ogy for producing natural chips. This method allows for
the near-complete preservation of the color of persim-
mon slices, while simultaneously improving their fla-
vor profile [41].

Fig. 4 provides a visual representation of this pro-
cess.

A
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Figure 4. Sequential process to produce natural chips from firm persimmons - the stages illustrate: (A) raw fruit
selection; (B) peeling and slicing; (C) pre-treatment for color preservation; (D) dehydration; and (E) the final
packaged product.

The fruits (Fig. 4, A) are first washed, and the pe-
duncle is removed from each fruit along with the calyx.
Subsequently, the fruits are cut into distinct segments
(typically 4 or 8, depending on the fruit's size). The
waste generated during this initial processing is negli-
gible, not exceeding 20 g per 1 kg of raw material.

These segments are then sliced to a thickness of 2—
3 mm and immediately immersed in a prepared aqueous
solution comprising 1 part citric acid, 2 parts sodium
chloride (table salt), and 40 parts water (Fig. 4, B; Fig.
4, C). When utilizing an electric food processor for this
operation, the solution is dispensed directly into the
slicing receptacle.

With each subsequent batch, a fresh volume of the
acid-salt solution is added to replenish the mixture. The
residual solution remaining after processing four con-
secutive batches of slices is repurposed for the prepara-
tion of other canned fruit products.

The treated slices are carefully extracted using a
slotted spoon and arranged on grates to drain excess so-
lution.

The slices treated with the acid-salt mixture are ar-
ranged in a single layer on extruded mesh grids with 5
x 5 mm square apertures. Mesh grids are utilized in-
stead of solid aluminum baking trays to prevent the
slices from adhering to the surface during dehydration.
A single grid measuring 35 cm % 35 cm accommodates
600 g of processed slices.

The grids containing the slices are transferred to
mobile racks and loaded into a drying chamber (Fig. 4,
D). Dehydration is conducted at a temperature of 70—
72 °C and is completed after 3 hours, at which point the

residual moisture content of the product decreases to
11%.

The yield of dried slices from 1 kg of 'Hiakume'
persimmons (average fruit weight 268 g; waste compo-
nents consisting of a peduncle and calyx weighing 2.7
g, and 3 seeds weighing 3.3 g) is 216 = 0.4 g. To impart
a crisp texture, the slices undergo a secondary micro-
wave drying phase to achieve a final moisture content
of 5-6%.

The dried slices are packaged in resealable plastic
bags (Fig. 4, E), wherein they retain their original or-
ganoleptic characteristics (including color) for six
months or longer.

This preservation of quality is illustrated in Fig. 5,
which depicts the appearance of three samples of the
aforementioned persimmon chips after six months of
storage at temperatures not exceeding 10 °C.

The results indicate that while all three samples re-
tained the color of the raw material well, the chips pro-
duced from slices pre-treated with Solution 1 (compris-
ing 1 part citric acid, 2 parts sodium chloride, and 40
parts water) prior to dehydration exhibited the most at-
tractive visual appearance. Subsequent chemical analy-
sis confirmed the superiority of Sample 1; it demon-
strated greater vitamin C retention and a lower concen-
tration of polyphenols-particularly the astringent
forms-compared to the other two samples.

In conclusion, the pretreatment of persimmon
slices with stabilizing solutions, coupled with a combi-
nation of hot air and microwave drying, enables the
production of high-quality persimmon snacks while
simultaneously conserving time and energy.
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Figure 5. Visual comparison of 'Hiakume' persimmon chips following pretreatment in various stabilizing solu-
tions: (1) citric acid, table salt, and water (1:2:40 ratio); (2) table salt, granulated sugar, and water (1:10:20
ratio); and (3) citric acid, table salt, and water (1:2:80 ratio).

Natural dried persimmon without flavoring ad-
ditives

A study investigated the effect of four drying
methods on the total concentration of biologically ac-
tive compounds in persimmons and the in vitro bioa-
vailability of total phenolic content (TPC). The results
indicated that ultrasound-assisted vacuum drying, in-
frared drying (ID), and hot air drying (HAD) enhanced
the bioavailability of TPC. Conversely, the bioavaila-
bility of lyophilized (freeze-dried) samples did not dif-
fer significantly from that of fresh persimmons. This
increase in bioavailability was attributed to the thermal
treatment applied during dehydration, as heat facilitates
the release of biologically active compounds from the
food matrix. Consequently, ID and HAD exhibited the
highest bioavailability, as these drying methods impose
the greatest thermal load [42].

Park et al. [43] conducted dehydration experi-
ments on wafer-thin persimmon slices, achieving com-
plete drying in 12 hours at 60 °C.

Pretreating persimmons with hot steam prior to de-
hydration resulted in a final dried product that was more
astringent than the fresh fruit [44].

Due to pronounced inter-varietal differences, de-
veloping a single, universal pretreatment method for
persimmon dehydration is considered impractical. For
certain cultivars, a pretreatment consisting solely of ep-
idermal peeling is sufficient. For other cultivars, slicing
prior to drying is preferable; these slices may be dried
directly or subjected to preliminary soaking in stabiliz-
ing solutions to enhance the final flavor and texture of
the dried persimmons [14].

From a processing standpoint, firm persimmons
are easier to handle, segment, and arrange on drying
trays. However, at this maturity stage, the fruit's astrin-
gency remains at its peak; consequently, it is challeng-
ing to produce premium dried fruit from raw materials

=

that are not fully ripe and have not yet developed opti-
mal organoleptic properties.

Furthermore, firm persimmons require peeling
prior to drying, resulting in physical losses and a re-
duced yield of the target product. Across various culti-
vars, the usable flesh of under-ripe, firm persimmons
accounts for only 49.70% to 85.79% of the total fruit
mass [45], with the remainder discarded as peeling
waste.

Conversely, fully senescent, softened persimmons
develop a tender texture and superior flavor profile that
eliminates the necessity of peeling. Following any me-
chanical disruption of its integrity (which, at this stage
of ripeness, must be performed manually), the flesh re-
tains its original color for an extended period without
significant browning. The softened fruit can be manu-
ally scored with a sharp knife, making several longitu-
dinal incisions from the apex toward the calyx while
leaving the base intact. The segments are then gently
separated to resemble an open flower, and the fruit is
dehydrated in this configuration.

Fig. 6 illustrates the core components of the dehy-
dration technology for aged, softened persimmon fruits
developed at the Research Institute of Fruit and Tea
Growing of the Ministry of Agriculture of the Republic
of Azerbaijan [46, 47, 48].

According to this technology, the preparation of
aged, softened fruits for drying proceeds as follows.

First, each fruit (Fig. 6, A) is carefully washed un-
der running water and scored with a sharp knife from
the apex to the base, creating 4-8 approximately equal
segments. These segments remain attached at the basal
end where the calyx is located, and the fruit is then
placed on a wire mesh baking tray. Subsequently, these
interconnected segments are gently spread apart to cre-
ate substantial interstitial spaces, giving the fruit the ap-
pearance of an open flower with 4-8 "petals” (Fig. 6,
B).

— =

Figure 6. Sequential dehydration process for aged, softened persimmons. The stages illustrate: (A) whole
washed fruits; (B) fruits scored and expanded into attached "flower-like" segments to facilitate drying; (C) dehy-
drated fruits on the mesh drying tray; (D) close-up of the fully dried product; and (E) the final packaged fruit.

The dehydration of aged, softened persimmons in

this configuration is conducted in a single layer at 70—

72 °C for 9.5-10.5 hours, achieving a final moisture
content of 24%.

The dried fruits (Fig. 6, C) are manually separated
into sections, which may consist of paired segments
connected at the base (Fig. 6, D); during this step, the
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peduncles and calyces are removed. The dried seg-
ments are then packaged in resealable plastic bags (Fig.
6, E). Alternatively, plastic containers with hinged lids
may be utilized for this purpose.

The resulting fully dried persimmon product is
stored at a temperature not exceeding 10 °C to opti-
mally preserve its initial color, which closely resembles
that of the raw material.

The shelf life of the fully dried persimmon is 6
months. After this period, a white efflorescence con-
sisting of sugar crystals typically develops on the sur-
face of the segments (Fig. 7).

Fig.7. Fully dehydrated 'Hachiya' persimmon segments demonstrating the development of surface sugar efflo-
rescence (crystallization) after 6 months of storage at ambient temperature with continuous air exposure.

The yield of the final product from 1 kg of aged,
unpollinated (seedless) 'Hachiya' persimmons (average
fruit weight 205.5 g) was 284 g; waste generated from
trimming the dried fruits (calyx and peduncle)
amounted to 15 g.

The yield of the final product from 1 kg of partially
pollinated (containing 1-2 seeds) aged 'Hiakume' per-
simmons (average fruit weight 290 g) was 280 g.

Table.

The component composition of 100% dried persimmons obtained after aging Hachia and Hiakume per-

simmons until completely softened (g/100 g of air-dry product).

100% dried Water Mono Sucrose Titrated acids Total Vitamin C,

persimmon saccharides (in terms of cit- | polyphenols, (Mg/100 g)
ric acid) (Mg/100 g)

"Hachiya” 24.0+1.0 | 49.45+2.06 8.70+0.36 | 1.18+0.05 280.0+ 11.67 7.79+0.33
The table with a detailed description of the bio- References:

chemical evaluation of the finished samples shows that
the concentration of simple sugars and polyphenols in
natural air-dry persimmon "Hachiya" is significantly
higher than in natural air-dry persimmon "Hiakume".
This compositional variance provides a rationale for
recommending each variety to distinct consumer de-
mographics based on specific dietary profiles.

Conclusion

Thus, in recent years, global persimmon produc-
tion has increased concurrently with a growing interest
in the study of the fruit's nutritional composition, bio-
active compounds, and postharvest technologies.

To mitigate post-harvest losses, the utilization of
surplus persimmons for dehydration is of particular in-
terest.

A review of the current state of the field demon-
strates that the potential to optimize persimmon drying
technologies has been, and continues to be, extensively
investigated. Of specific interest are recent develop-
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appropriate hygienic standards and optimal product
forms for consumer presentation.

As evidenced by these technological advance-
ments, adhering to a processing paradigm that utilizes
firm fruits during the primary commercial harvest, fol-
lowed subsequently by aged, softened fruits, can signif-
icantly extend the operational season for dried persim-
mon production.
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Abstract

The article presents an analysis of the current state of building materials production under wartime conditions,
as well as the prospects for the development of this sector during the period of post-war reconstruction of Ukraine’s
national economy. It is noted that the volume of building materials production has objectively decreased due to
the destruction of production capacities as a result of military actions, as well as the location of major industrial
enterprises in temporarily occupied territories.

It has been established that, during the hostilities, approximately 138 million square meters of buildings were
destroyed, and 26 thousand square kilometers of roads were damaged, which has led to a significant increase in
demand for building materials. At the same time, the cost of construction materials has risen substantially due to
the devaluation of the national currency, disruptions in logistics chains, and increased energy prices.


https://orcid.org/0000-0003-1343-6025
https://orcid.org/0000-0003-0362-6378
https://orcid.org/0000-0001-7262-0864
https://doi.org/10.5281/zenodo.20448107

124 Norwegian Journal of development of the International Science No 181/2026

Shortages of cement, concrete, dry construction mixtures, mineral wool, PVC profiles, flat glass, and electri-
cal products may pose serious challenges to the recovery of the national economy. However, this situation simul-
taneously creates significant potential for future investment. It is emphasized that the current decline in building
materials production is not critical, although demand from construction companies has decreased fivefold. Never-
theless, once reconstruction begins, all available production capacities will be required, and their expansion will
become necessary, leading to rapid growth in the construction materials market.

In response to legislative changes aimed at enhancing public safety and improving the energy efficiency of
buildings and structures, trends have been identified indicating increased demand for energy-efficient construction
materials and modular reinforced concrete shelters. Under conditions of effective management, it is possible to
generate added value from domestic production of building materials, which could create approximately 180,000
jobs—exceeding pre-war levels [2].

The study also analyzes the production of building materials in the relatively safe (“rear””) Ivano-Frankivsk
region in 2023 compared to 2022, as well as industry trends in 2024, highlighting positive performance dynamics
for most enterprises. In order to significantly increase production volumes of building materials based on local
raw materials, it is proposed to utilize abandoned industrial facilities, which are present in nearly all territorial
communities of the region, for the establishment of socially important production capacities. This approach should
incorporate scientific and technological advancements, innovation, and best international practices.

Particular attention is paid to the legal aspects of industry regulation under martial law. The study examines
state deregulation measures, simplification of permitting procedures, implementation of European quality stand-
ards, and mechanisms for stimulating demand through state reconstruction programs. It is concluded that there is
a need to maintain a balance between easing business conditions and ensuring strict compliance with safety and
environmental standards for construction products.

AHoTanisa

VY cTaTTi IpOBEIEHO aHaIi3 CTaHy CIpaB 3 BAPOOHUITBOM Oy IiBEIbHUX MaTepialiB B yMOBax BilfHH, a TAaKOX
MIEPCIICKTHBH PO3BUTKY IIi€l Tay3i B Tepio BiAOyIOBH HApOIHOTO TOcHoapcTBa YKpainu. Big3uadueno, oo o0-
CSITH BUPOOHHIITBA OYIiBEIFHUX MaTepiaiiB 00’ €KTUBHO 3MEHIIIITUCS Yepe3 pyHHyBaHHS BUPOOHUINX TTOTYKHO-
CTell BHACJIZOK BOEHHUX MOIIH, a TaKOX 3HAXOKEHHA BEIHMKHX MiJNPUEMCTB Ha OKYNOBAHHX TEPUTOPIfX.
[MigTBepmKeHO, 110 32 Yac 60HOBUX Aill OyJI0 3pyitHOBaHO 138 MITH KBagpaTHUX METPiB OyIiBENb Ta IMMOIIKOKEHO
26 THCSY KBaIPATHUX KIJIOMETPIB JOPIT, 0 MPU3BEIIO A0 MiIBUIICHHS HOMUTY Ha OyTiBeIbHI MaTepiaidn. Y CBOIO
4yepry, BapTicTh OymiBeIbHUX MaTepialliB 3HAYHO 3pOCiia, Yyepe3 ACBajIbBallif0 TPUBHI, JIOTICTUYHI IPOOIEMH Ta
30pOKaHHsl eHeproHocii. [ledinur nemeHTy, OeToHy, OyaiBenbHHX CyMilnei, MiHepanbHOi BaTth, [1BX-
npodidiB, JIUCTOBOTO CKJIA, €IEKTPOTEXHIYHOI MPOMYKIii MOXE CTBOPUTH 3Ha4HI BUKIUKH JJISI BiTHOBJICHHS
HapOJIHOTO FOCHOAAPCTRA, aJIe 11 € BAXIMBUM ITOTEHIIIAJIOM JUIsl IHBECTYBaHHsI Ha IEPCIIEKTHBY. 3BEpHYTa yBara,
10 B HUHILIHINA cHUTYyalli 3HWKEHHs BUPOOHHITBA OyAiBENbHUX MaTrepialiB HE € KPUTUYHUM, X04a IOIHT Bij
OyaiBeNbHUX OpraHizaliif 3SMEHIIMBCS B I1’Th pasiB. [Ipo Te, KO pO3IIOYHEThCs BiJHOBIICHHS, BCI ITOTYKHOCTI
OyayTh TOTPiOHI, IX HE0oOXiqHO Oye 30UTBIIYBaTH 1 pUHOK OyAiBeTHHHUX MaTepialiB Oyae CTpiMKO 3pocTaTu. Y
BiJITIOBiZIb HA BHECEHI 3aKOHOIABCTBOM 3MiHH IIOJIO ITiIBUIICHHS OC3IeKH HACEICHHS i IIOKPAaIeHHs eHeproedek-
TUBHOCTI OyJiBeINb i CIOPYA BU3HAUCHO TEHACHIT MO0 ITiIBUIICHHS MOMUTY Ha eHeproeeKkTUBHI OyIiBenbHI
MaTepiali Ta MOIYJBHI 3aTi300€TOHHI YKPUTTS. 32 YMOBH €(EKTHBHOTO YIIPABIIHHI MU MOXEMO (OpMYyBaTH
JIOJJaHy BapTiCTh BiJl BUPOOHMIITBA OYIiBENPHUX MaTepialiB Ha TEPUTOPii YKpaiHH, IO JO3BOJIUTH CTBOPHUTH
omu3pko 180 THCSY poOounx micup - OinblIe, HiX M0 BiHU. [IpoaHanizoBaHO BUPOOHUITBO OyHiBEIbHUX Ma-
TepialliB B «TIIOBINY [BaHO-DpaHKiBebkil obnacti 3a 2023 pik B nopiBHsHHI 3 2022 pokoM i TeHIEHLIT poOOTH
raiy3i B 2024 poiii 1 BiI3HaU€HO MO3UTHBHY IUHAMIKY pOOOTH OLIBIIOCTI MIAIPUEMCTB. 3 METOIO 3HAYHOTO 301J1b-
HICHHS 00CSriB BUPOOHMIITBA OYMiBEIBHUX MaTEPiajiB 3 MICIIEBUX CHPOBUHHHX PECYPCIB 3alPOMOHOBAHO BHKO-
PHUCTOBYBATH MOKUHYTI BUPOOHHYI IIPUMIIIEHHS, SIKi € TIPAKTUYHO y BCIX TEPUTOPIaJIbHUX TpoMajax o0aacTi mij
OpraHi3alilo MOTYXHOCTEH COLiaTbHO BXKIIMBOT ITPOIYKIIii 3 BUKOPUCTAHHSIM HayKOBO-TEXHIYHOTO IIPOTpecy, iH-
HOBAIIi#l Ta IEPEIOBOTO JIOCBi Y.

Oco0nuBy yBary B AOCIIJDKEHHI TIPUIUICHO PAaBOBUM aclieKTaM PEryJIIOBAaHHS rally3i B YMOBaX BOEHHOTO
CTaHy: IPOaHAJI30BaHO 3aXO0JH JEP)KaBHOI eperyJisiinii, CIPOIIEHHS JT03BUIBHHUX MPOLEAYp, IMIUIEMEHTALIIIO €B-
PONENCHKUX CTAH/AAPTIB SKOCTI Ta MEXaHI3MH CTUMYJIIOBaHHS IIOIUTY Yepe3 JAepXKaBHI Mporpamu BinOy10BH.
3po6iIeHO0 BUCHOBOK IPO HEOOXIMHICTh OajaHCy MK CIPOILIEHHSIM YMOB BeIeHHs Oi3Hecy Ta JOTPUMaHHSM Cy-
BOPHX HOPM O€3MeKH i eKOJIOTIYHOCTI OyAiBEIbHOT IIPOAYKIIIT

Keywords: building materials; martial law; market; production; scientific and technological progress; inno-
vation; imports; legal framework; deregulation; European standards.

KurouoBi cnoBa: OyaiBesnpHI MaTepiany; BOEHHHH CTaH; pUHOK; BUPOOHMIITBO; HayKOBO-TEXHIYHHUNA IPO-
Tpec; iHHOBAIlil; IMIIOPT, npasoge 3abesneuents, Oepecynayis, €8POnelcbKi CMmaHoapmu.

IMocranoBka mnpodsaemn. ba3oBoro Tany3310  HHKIB i €KCIOPTEPiB pi3HOMAHITHUX OyIiBEIbHUX Ma-
Oy/iBEIFHOTO KOMIUIEKCY € MPOMHCIIOBICTh Oy/iBesIb-  TepiaiiB, SIKi BHPOOJSIOTHCS 3 NPHUPOAHOI CHPOBHUHH
HuX MatepianiB. [lo BiitHn cepen kpain LleHtpansnoi  (OyniBenbHuil KaMiHb, KaM’siHI OOJMIIOBaJIbHI Ma-
€Bponn Ykpaina Oyna ogHUM 3 HaWOUIBIIMX BUPOO-  Tepiaju, BOTHETPHMBKI INIMHHU, KaOJIiH, KBAPLIUTH TOLIO)

Ta XIMIYHMM crocoOoM (TIOKpiBeNbHI Marepiaiy,
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IUTACTMACH, CMOJIM, KJICHKI PEYOBHHHU, IOJICTHPOJIOBI
i KymapuHOBi TumTH Ta iH.). OOCAT BHPOOHHUIITBA
OymiBempHIX MaTepialiB ckiaaas 16 Mipa. qomapis i3
moHax 130 TucsuaMu TpamOYUX B I ramysi.
lopiuro puHOK 3pocTtaB Ha 10% 1 Ykpaina mocras-
Jsi1a Ha eKcopT 5% MpoxyKuii, IpH bOMY HOBHICTIO
3abe3nmeuyroun cBoi moTpebu. IloBHOMacmTabHE
BTOprHeHHs Pocii 3HauHO BIUTMHYJIO HAa 3HW)KEHHS HO-
nuTy Ha OyaiBenbHI MaTepianum B NPU(PPOHTOBHX
perioHax 1 CKJIaJHOII 3 PEJIOKALi€l0 ITiIPHEMCTB.
Bopnouac, 90% OyniBenbHHUX MaTepianiB, HCOOXITHUX
JUIA BiIOYJIOBH MOXYTh BHUPOONSATHCS B YKpaiHi. Y
CTHJIOBUX» 00JACTsIX, 30KpeMa, [Bano-DpaHKiBCEKil, €
HasBHUHA TOTEHINa]d IOTY)KHOCTEH 3 BHPOOHHIITBA
OyxiBenmpHIX MaTepianiB. Ha 0CHOBI iCHYFOUMX IPOMU-
CJIOBHX IIJNPHEMCTBAX, a TAKOXK 3 BAKOPUCTAHHSAM I10-
KAHYTHUX BHPOOHHYUX MPHUMILICHB, SKi € IPAKTHIHO Y
BCIX TEpUTOpiaIbHUX TpoMamax o0yacTi, 3 HeoO-
X1THOIO X PEKOHCTPYKIIEIO 1 BIIPOBAKCHHSIM JIOCST-
HEHb HayKOBO-TEXHIYHOTO IpOrpecy, IHHOBalii €
MOXIIMBICTh 3HAYHO 30LIBLIMTH OOCSTH, PO3LIMPUTH
ACOPTHMEHT OyaiBENbHUX MarepialiB B OCHOBHOMY 3
MICLIEBHX CHUPOBHHHHMX pecypciB. Bce e NMOBHHHO
3MIACHIOBATHCS I BIAMOBIMAJIGHUM KEPIBHUIITBOM
MICIICBUX TEPHUTOpialbHUX TpoMal, paloHHUX U 00-
JacHOi BiMICBKOBHX agMiHiCTpamiid BigmOBiTHO m0 3a-
KOoHy VYkpainu «lIpo mnpaBoBuUil pPEXUM BOEHHOTO
CTaHY» .

VY mux yMoBaxX KIIIOYOBY POJIb BiJirpae 31aTHICThH
JIep>KaBU CTBOPUTH THYYKE, aJalTHBHE Ta e(heKTHBHE
MpaBOBE I10JIe, SIKE JO3BOJIUTH BUPOOHHMKAM IIBUJIKO
BIZIHOBHUTH TOTY>KHOCTI, PEIOKYBaTH MIANPUEMCTBA Y
OesreuHi perioHn Ta 3a0e3MEYMTH MOTPEOU PHHKY
SIKICHOIO BITYH3HSHOIO MPOIYKILELO.

AHaJi3 pocaimxkedb myOJikamii. 3 o3HaueHOT
npoOJIeMaTHKH iCHYe psii ImyOmiKamii, sSKi HOCATH 3a-
raipHO 1HGOPMAIITHA 1 peKOMEHIAIIITHAHN XapakTep.
Ceprorina H.B., ITammaoB B.O. Ta Iletpenko O.B.
MpOaHaJli3yBan 3arajbHUI CTaH raily3i BUpOOHHUIITBA
OyIiBeNpHIX MaTepialiB Ha MPUKIali OKPEMHX TPYII,
BU3HAYMJIM 30BHIITHI Ta BHYTPIMIHI (aKTOPH BILUIUBY
Ha obcsaru BHPOOHHUITBA OymiBenbHOI mpomykiii [1,

c.117].
T. Onmapenko, po3risgaoud MepeIyMOBH i mep-
CIEKTUBH  PO3BUTKY  OYHIBEIBHOIO  KOMILIEKCY

VYkpaiH#, OLIHIOE NPOMHCIOBICTh Oy/AiBENbHUX Ma-
TepiajiB, K KOMIUIEKC Taly3el y CKJIajai BaXKKOi Ipo-
MHCIIOBOCTI, SIKi BHUTOTOBIISIIOTh MaTepiaiu, AeTaii i
KOHCTPYKIIT Ul BCiX BHIIB OyIiBHMITBA (LIEMEHTY,
a30eCTOIIEMEHTHUX BUPOOiB, 30ipHUX 3aJ1i300€TOHHUX
i OCTOHHMX KOHCTPYKLill Ta BHpOOiB, CTIHOBHX Ma-
TepianiB, OyniBeNbHOI Kepamikd, OyAiBEIbHHX Ma-
TepiaiiB Ta BUPOOIB 3 MOITIMEPHOT CHPOBUHU, HEPY/-
HUX OyIiBeNbHMX MarepiaiiB, IOPHCTHUX 3aIroB-
HIOBauiB TomIO) [2, c.44].

O. JlatunieBa cTBEpIXKYE, IO TaKa CUTYaIlis 00y-
MOBJIEHA 301IbIICHHSM CTYIEHIO 3HOILICHHS! OCHOBHHX
3ac00iB, 3MEHIIIEHHSIM 00CSTIB BBEJCHHSI HOBUX OCHOB-
HUX 3ac00iB, 3HWKEHHIM PEHTA0CIBHOCTI MisIIBHOCTI
BUpOOHHUTB OyniBenpHOi mponykuii [3, c.71. Ha
JYMKY OKPEMHX aBTOPIB , IPOOJIEMH i TIEPELIKOAN PO-
3BUTKY BHpOOHHMLTBa  OyIiBeNbHHX  MaTepiajiB
CIIOBUIBHIOIOTh ~ COLIaIbHO-€KOHOMIYHUH  PO3BHTOK

KpaiHu, HOTipIIYIOTh iX KOHKypeHTHY no3uio. [Ipore
OIIHIII PO3BUTKY BHUPOOHMIITBA OYHIBEJIBHUX Ma-
TepianiB YKpaiHi B yMOBaX BOEHHOTO CTaHY ITOKH IO
HE MPHIIICHO JOCTaTHHO yBaru. TakoX MUTaHHS KOM-
IUIEKCHOTO TIPABOBOTO 3a0€3MIeYeHHs caMe OpraHizarlii
BHPOOHHMIITBA OYAIBEIHPHUX MaTepialiB, 3 ypaxyBaH-
HSM HOBITHIX 3aKOHOJABYUX 3MiH NHEpiogy BOEHHOTO
CTaHy Ta Kypcy Ha €BpOIHTErparito, moTpedyoTb 10-
JIATKOBOTO IPYHTOBHOT'O JTOCJIi/PKEHHSI.

Meta cratTi - aHaJi3 TEHJCHLIN Ta NEPCIEKTHB
PO3BUTKY BHpOOHHMITBA OyIiBEJIbHUX MarepiaiiB
VYkpaiHu B yMOBaxX BOEHHOTO CTaHy, a TAaKOX Hepery-
MOB i (paKTOpiB, IO CIPHATUMYTH PO3BHTOK PHHKY
OyZaiBeTbHUX MaTepialiB B MEPioj BinOyIOBH.

AHauti3 IpoBeIeHO Ha IPHKIIAM] «THIOBOI» IBaHO-
®paHKiBCHKOI 001aCTi IO BUPOOHHUITBY MPOMHCIOBOL
MIPOAYKIIil, IO BUKOPUCTOBYETHCS B OYAiBHHUIITBI.

Buxkiang ocHOBHOro MaTepiajy. 3 iepio]] MOBHO-
MacuTaOHOI BifiHU Taily3b 110 BUPOOHHULTBY OyIiBeIIb-
HHUX MaTepialiB 3a3Haja 3HAYHUX 30UTKIB. 32 JaHUMHU
BceeykpaiHchKoi crijiki BUPOOHHKIB Oy IIBETbHUX Ma-
TepianiB, moHaiiMeHnie 70 BeJUKUX OyaiBEIbHHX
nianpuemMcts, moHa 300 cepenHix 1 OJU3BKO OTHOT TH-
Cs14i MasTuX OyJI0 3pyHHOBAHO BHACIIIOK OOHOBHX [il,
a TaKOXX B IAaHWH Yac 3HAXOAATHCSA Ha OKYIIOBAHHX Te-
PHUTOPISAX. AHANITHKA BiA3HAYAIOTH, IO PyHHYBaHHS
MATPHEMCTB OyIiBeNbHOI Tay3i TpUBaE, TOMY BUPOO-
HUKaM i IOCTavallbHUKaM OyIiBENFHIX MaTepiaiiB Mmo-
TpiOHO ITyKaTH HOBI JIOTICTHYHI JIAHITIOKKH. Taka TeH-
JIeHIIist criocTepiraeThes i B 2024 poi [6, c.44].

[Mpotsirom 2022-2023-2024 pokiB BTpaT 3a3Halld
pi3HI CErMEHTH IPOMHCIOBOCTI OyIiBeNbHUX Ma-
TepiasliB, 30KpeMa METaJoNpoKaTy, CKJia Ta CyXHX
OyniBenpHUX cyMinieil. Big BamoTHOTO pHHKY 3aie-
JKUTh BapTICTh IMHOPTHHUX OY/iBEJIbHUX MarepialliB B
VYkpaiHi, Tak i co0iBapTicTh X BUPOOHHUIITBA i3 3aKOP-
JIOHHOi CHPOBHHH 1 Ha iHO3€MHOMY OOJNamgHaHHI. Y
BIJIMIOBiIb HA 3aTPO3H BOEHHOTO Yacy BiAOyIUCS 3MiHA
B 3aKOHOJIABYMX JOKYMEHTAaX IOJO IiJBHIIEHHS 0e3-
MeKd JIIOJeH 1 TMOKpamieHHs eHeproe(eKTHBHOCTI
Oyaiens i cnopya. Y ABH B.2.6-31:2021 3minumucs
BUMOTH JI0 MiHIMaJbHO JOIyCTUMHX 3Ha4€Hb IpHBE-
JICHOTO OTOPY TEIUIoIepeiadi OTOPOKYBATbHUX KOH-
CTpYKLiil OyaiBenb 1 cnopya 3 IX MiJBHIIEHHSIM B ce-
pensboMy Ha 28%.

BHeceni 3miHu 110 3akoHy Ykpainu Ne2486-1X pe-
TJIAMEHTYIOTh BIMOTH JI0 YJIAIITyBaHHSA 00’€KTiB IH-
BIJIBHOTO 3aXHCTY IPU IPOEKTYBaHHI 1 OyAiBHHITBI
HoBUX OyxiBennb i criopyn.! Ha punky OymiBenbHUX
KOHCTPYKIIIA 3’SIBHJIUCS MOJYJIBHI  3ai300€TOHHI
YKPUTTS, TPU3HAYEHI ISl 3aXUCTy JIIOJed Tij 4vac
Ha/I3BUYAiiHKX cUTYyalil BifickkoBoro xapakrepy. Hosi
BHMOTH IPU3BEIH 10 3MiHU TEXHOJOT1 BUPOOHHUIITBA
OKpeMHX OYIiBENbHHX MAaTepialiB, M0 TaKOXX BIUIH-
HyJIO Ha 3I0pOKeHHs cobiBapToCcTi mpoxykmii. B pe-
3yJIbTaTi TIOCTYMOBOTO BiTHOBJICHHS BHUPOOHMIITBA
OyaiBembHUX MaTepianiB B YKpaiHi MOMITHO HE JIMIIIE
3pOCTaHHA IiH Ha pUHKY OyIiBeTbHUX MaTepialis, aje
TAaKOK  MIJIBUIIEHHS piBHA  3apoOITHOI  IUIaTH
npauiBHUKIB Liel ramysi [13, ¢.9].

Bapricts Oy/iBeapHNX MaTepialliB B 1epioJ BOEH-
HOTO yacy 3pociia OUIbIle SK BIBidi, TOPIBHSHO 3 J10-
BOEHHHMMH LIIHAMHU.
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OpmHUM i3 TOJIOBHHX MaTepiajiiB JUisl BiIOYIOBH
HapOJHOT'O TOCHOJapcTBa YKpaiHH € IeMEHT. 3a na-
HUME Acomiamnii « YKpIeMeHT», morpeda MEeMEeHTY B
POKH BiIOYZOBU CTAaHOBUTHME IO HaiiMeHIe 14 MirH.
TOH Ha pik. /{0 Takoi moTpebu HeoOXiTHO TOTYBATH IT0-
TY>KHOCTI IIEMEHTHOI NPOMHCIOBOCTI Ykpaimm. 3o0-
Kpema, MOoBa iizie ipo OyIiBHUIITBO KITIHKEPHHUX TeYeH
JUIsl 301IBLIEHHST MOTYXKHOCTEH 10 BHPOOHHILTBY Iie-
MEHTY IoHas 2,4 MJIH. TOH Ha pik. lleMeHTHa cupoBrHa
1 IEMEHTHA ITPOMHMCIIOBICTh PO3MillleHa 10 BCii Tepu-
Topii Ykpaiuu. B noBoenHuit mepiox 30inbrimnacs
9acTKa BUCOKOSKICHUX COPTIB IIEMEHTY i IOPIYHO 3P0~
cTany Woro obcsaru. CBOro yacy Ha TepuTopii YKpaiHu
YTBOPHWJIMICA BEJIMKI 30HW BHPOOHHIITBA IIEMCHTY:
miBeHHO-cXiMHa (JloHenbka o6macTs), miBaeHHa (Mu-
KonaiBchbka 00macTh), 3axigHa (PiBHeHCBbKa, XMelb-
HuLbKa, JIbBiBchKa, IBaHO-DpaHKiBchbka 06/1acTi). 42

B ymoBax BilfHH miAmpHeMcTBa Mi€l ramysi Ima
cXoJi 1 MiBJHI HAIIOi JAep)KaBH Maibke HE MPaLIOIOTh
a00 MpaIIOI0Th Ha OKYTIOBAHUX TEPUTOPISX

OCHOBHEC HABaHTAXCHHS IO BUPOOHUIITBY IIe-
MeHTy Juisi OyzdiBeibHO ramy3i B3siM Ha cebe
MiANPUEMCTBA, SIKI PO3MIIICHI B «THJIOBUX» 00JACTAX
3aximHoi  Ykpainu, 3okpema IIpAT  «IBaHo-
®paHKIBCHK IIEMEHT». TaKoK BENUKUH MTOMHT IIPOTHO-
3y€ThCSl Ha OETOH, LIETITy, METAIOKOHCTPYKIIiO, CKJIO,
TEIUTOI30JIAIIHHI Ta OONHIIOBaTbHI MaTepiatn. Y Cy-
4YaCHOMY OYIIBHHUIITBI CHOCTEpIraeThCs IiABUIICHUN
MOTHNT JI0 3aCTOCYBAHHS CHEProe()eKTUBHHUX OyiBeIIb-
HUX MaTepialiB, 30KpeMa BUTOTOBJICHHUX IO iHHOBaIi i~
HHUX TEXHOJIOTiSIX 3 BUKOPHCTaHHSIM MICIIEBUX CHpPO-
BHHHHX PECYPCiB B «THIOBUX» obmactsax [1, ¢.23]. Ce-
pen IHHOBAIIMHUX TEXHOJOTIH MOXHA BiI3HAYUTH
po3podky TOB «EHepreTudHi iHHOBAIiAHI TEXHO-
norii» «KoHCTpyKIii oropojkyrodi st 3aXUCTy Bif
yAapHOI XBWJII Ta yJNaMKiB» 3TifHO TeXHIYHHX yMOB
TY V 13.2,6 — 23,6 — 36216527 — 001:2024 p., sxi
HaOpamu yuHHOCTI 30.10.2024 p.

Taxi KOHCTPYKIi{ MOJKHA BUTOTOBIISITH HA OZTHOMY
13 TATPUEMCTB B «THIIOBIi» [BaHO-DpaHKIBCHKil 00-
macti, abo msd opraHizamii BHPOOHHIITBA Iepe-
npodiaroBaTH OJHE 13 BUPOOHUYHMX MPUMILICHbB, 5K B
JlaHUI 4Yac HE BUKOPHUCTOBYHOThCS. BaxJuBUM sB-
JSIEThCSL  OpraHi3allis BUPOOHHUIITBA KOMITO3MTHOT
TepacHoi Jomku TUmy “PolyWood” 3 BUKopuUCTaHHAM
BIZIXO/IB J1epeBOOOPOOHOT MPOMHCIOBOCTI, @ TaKOK
BIIXOMiB TPOAYKIii POCIHMHHHUITBA AarpoIpOMHCIO-
BOT'0 KOMIIIEKCY 1 HAIOBHIOBAYiB MiCLIEBOT'O XIMIYHOTO
MiATPHEMCTBA

B nmanmii yac GinbIIicTh YKpaiHCHKUX IHBECTOPIB
TOTYIOTBCSL 71O BiOyNIOBH 1 aKTUBHO HPOPaxoBYIOTh
BapTICTh MPOEKTHUX 1 OyiBEIbHO-MOHTaKHUX POOIT,
aje OYiKyIOTh 3aBEPIIEHHS BOEHHUX Jiil 1 clipaBen-
BOro Mupy. ma MDKHapoZHHX i1HBECTOPIB BHPOO-
HUNTBO OymiBeNbHUX MarepiamiB YKpaiHH MoOXe
po3risimaThucs, K NPIOPUTETHUH IS iHBECTHINH Ta
HaJaHHS JIOTIOMOTH TOCTpaXKAalild BiJl BIHH €KO-
HoMini. MixkHaposaHi GiHaHCOBI iHCTUTYIIT MIAHYIOTH
3aJlydaTHcsl 10 BiOYZOBH HApOJHOTO TOCHOIApCTBA

42 3akon Yxpainu Big 29.07.2022 Ne2486-1X «IIpo BHECEHHS
3MiH JI0 JIETKUX 3aKOHOJABYUX aKTiB YKpaiHu moyo 3abe3-
TIEYEHHS] BUMOT IUBITBHOTO 3aXHCTY Mijl 9ac TUIAHYBaHHS Ta

VYkpainu. KimtogoBumu kpurepisimu piHaHCYBaHHS I10-
BOEHHOTO OyMiBHUITBA B YKpaiHi OyJayTh MIBUIKICTH
Ta MPO30PICTh peanizamii IPOeKTiB, TOMY Mi>KHApPOIHI
oprasizarii BXke ChOTO/IHI TOYHHAIOTH HAJIarO/[KyBaTH
MApTHEPCTBO 3 BHPOOHHWKAMH OydiBeIbHUX Ma-
TepiajiB.

[Tpu 11bOMY y TIPIOPUTETI CTAIOTH MiAMIPHEMCTBA,
SIKI TIPAIIOIOTh 3 €BPOINEHCHKUMH TEXHOJIOTISIMH 1 Ma-
TepiajaMy, 10 JI03BOJISIE CTBOPIOBATH  Cy4acHi
eHeproe()eKTUBHI Ta apXiTeKTypHO IpPHBaOIIMBI
OyniBii i ciopyau.

3abe3nedeHHst OyIiBHULITBA MaTepialaMy BiTUU3-
HSHOTO BHPOOHHIITBA I ITPUMAE TiCIs BOEHHE 0cIad-
JIEHE HapOJHE TOCIOJApCTBO YKpaiHM dYepe3 3poc-
TaHHS BUPOOJICHOI JOAaHOT BApTOCTI, OpraHi3amito po-
00YHX MICIIb Ta 30UIBIINTE HAAXOMKEHHS 10 MICIIEBUX
OIO/KETIB, a TAKOXK 3MCHIINTH TOTPeOy piHaHCYBaHHSI
i3 JepkaBHOTO OODKETY 3a paxyHOK IHBECTHILiH
MDKHapOAHUX (hiHAHCOBHMX OpraHi3arii.

AHani3 BUpOOHMITBA Oy/IiBENbHUX MaTepialiB B
«tunoBiiy IBano-®pankiBebKiil 06macTi 3a 2022-2023
pok# i TeHaeHIii B 2024porti.

[TpomucnoBe BUPOOHHMITBO B 00JIACTI OXOILTIOE
HMIMPOKHUU CIIEKTP BUJIB AiSIIBHOCTI, OTHUM 13 SIKUX €
BHITyCK OyAiBeIbHOI MpoAyKuii. BupoOHHUIITBO IpoMu-
CIIOBOi TMPOIYKIii, MO BHUKOPHCTOBYETHCS B OyIiB-
HUNTBI 3a0€3MedyloTh OUTbIIe cTa MiATPHEMCTB
perioHy.

YV BurotoBIeHHI BHPOOIB i3 epeBuHu y 2023 porri
MOPIBHAHO 3 TONEPEIHIM POKOM CIIOCTEPIraeThes
3MEHILIECHHSI OKPEMHX BHIIB MPOJAYKIii, 30KpeMa 00-
CSrM  BUPOOHHUIITBA BHPOOIB CTOJSPHUX Ta KOH-
CTPYKLiil OyJiBeNbHUX 3 JEPEBUHM 3MEHIIMIIKMCS Ha
5,4%; nepeBWHU, YKIIOYAIOUU TUIAHKA Ta GpU3U IS
NapKeTHOr'O MOKPHTTS IiJJIOTH, He310paHi, y BUIIAIL
MTOTOHAXY Y3A0BX OYAb SKOTO 3 poOep, TOPIIB YH IIJI0-
[IVH, CTpyraHa abo HecTpyraHa, nutidoBana abo 3’€-
HaHa B MMUI(KpIiM XBOWHHUX Mmopig Ta OamOyka)-Ha
23,1%; BUpOOHUIITBO BIKOH, IBepeil OAIKOHHHX Ta iX
pam — Ha 31%; epeBUHN XBOWHUX MOPiJ] y BUTIISAL IT0-
TOHAXY MPOoQLIEOBAHOTO Y3I0BXK OyIb SKOTO 3 pedep
YM TUIOLIMH, YKJIIOYAIOYH TUIAaHKH Ta Gpu3u AJsl map-
KETHOT'O TIOKPHUTTS MiIOTH, He310paHi-Ha 35,7%.

Y 2024 poui nopiBHSHO 3 aHAIOTIYHUM TIEPi0I0OM
MHUHYJIOTO POKY 3MEHIIMJIOCS BHUPOOHHUIITBO BIKOH,
OankoHHUX JBepelt i X pam (y 5,8 pasa); nepeBuHH
XBOWHMX TOPIiJl Y BUTJISIII TIOTOHAXY MPOQiThOBAHOTO
y3/10BXK Oy/b SKOTo 3 pedep 4 IUIOUIMH, YKIFOYaroun
TUIAHKH Ta (HPU3N JJIs1 TAPKETHOTO MOKPHUTTS MiJJIOTH,
He3iOpani (Ha TperTuHy). BomHouac, 3a BKa3aHMH
TIepio]] 3pOcii0 BUPOOHUITBO JIEPEBHHH, YKIIOUAIOUH
TUIAHKH Ta (PU3N JJIS1 TAPKETHOTO HOKPUTTS ITiJIOTH,
He310paHi y BHIIISIII MOTOHAXY Y370BX OYIb-SKOTO 3
pebep, TOpIIiB UM TUIOIINH, CTpyraHa abo HecTpyraHa,
nutioBana abo 3’eHaHa B MMM (KpiM XBOWHUX HOPi
Ta 6amOyka)-B 1,7 pa3u; BUpoOiB CTOJIPHUX Ta KOH-
CTPYKIi# OyIiBeNpHIX 3 AepeBUHU-HA 4,4%.

Ha miampwemcTBax 3 BHPOOHHITBA T'YMOBHX 1
mIacTMacoBux BHPOOiB y 2023 pomi 3pocio BUPOO-

3abynoBu Tepuropiil. Bepxosna Panga Ykpainu. 3akononas-
crBo Ykpainu: caiiT.URL: https://zakon.rada.gov.ua/laws.
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HHLTBO BIKOH Ta iX paMm, ABepeH Ta iX KOpoOoK i mo-
poriB 3 mactmac-Ha 20,7%. Croctepira€Tbcsi TaKoX
3pOCTaHHs Y BUPOOHUITBI OyIiBEFHIX €IEMEHTIB, SIKi
BHUKOPHCTOBYIOTECS JUIsl CIIOPYZXKEHHS MiJUIOT, CTiH,
TIepEropoIoK, CTelb, IaxiB T. i [2, ¢.38].

V cigni—cepmHi 2024p. TOPIBHIHO 3 AHATOTIYHUM
nepiomom 2023 poky 3pocio BUPOOHHITBO TilICOBUX
CyMIlleif, O CKJIAJaloThCs 3 KaJIbLIMHOBAHOTO TiICy
a0o0 cynbdaTy Kanplilo; KIIHKEPIiB IEMEHTHHX; TTOPT-
JIAHIIIEMEHTY; OJIOKIB Ta IETJIH 3 IIEMEHTY, OETOHY a00
KaMEHIO ITy4HOro st OyaiBHuLTBa (Ha 2,2—49,3%);
PO3YMHIB OETOHHHX, FOTOBUX JJISi BUKOPUCTAHHS (Ha
6,6%); TUTUTOK, IIJTHT, YepEeIHIli T2 BUPOOIB ITOAIOHIX 3
[EMEHTY, 0eTOHy a00 KaMeHIO IITYYHOTO (KpiM OJIOKIiB
Ta merym g OyniBHunTBa) (Ha 14,9%); mernm HeBo-
THETPUBKOi KepamiuHOi OyniBenbHOI (KpiM BHPOOIB 3
OopormrHa Kam’SHOTO KPEMHE3eMHCTOTO YH IPYHTIB
nmiatomiToBux) (Ha 17,6%); enmeMeHTIB KOHCTPYKIIH
30ipHUX 11 OYIBHHUIITBA 3 LIEMEHTY, OETOHY a00 Ka-
MeHIo mTy4Horo (Ha 18,7%) [ 5, c. 46].

Bupo6uunTBO OymiBenbHOT IPOAYKINI B 00macTi
JEMOHCTPY€E 3MilllaHy AMHAMIKY, [0 MOXe OyTH
OB’ SI3aHO SIK 3 BHYTPIIIHIMH, TaK i 3 30BHIIIHIMU YHH-
HUKaM# eKOHOMIYHOTO XapakTepy (Koba, 2020, ¢.353).
YOpomoBX OCTaHHIX TPhOX POKIB HAMITHJIACSA TO3H-
TUBHA NTUHAMIKA y BHPOOHHITBI MOPTIAHIIEMEHTY,
KIIIHKepiB IIEMEHTHHUX, KAMEHIO IPOOJICHOTO, a TaKOX
JBEpeH, INTNTOK 1 IUTHT KePaMidHHX, eJIEMEHTIB 1 30ip-
HUX KOHCTPYKIIH A5 OyJiBHUIITBA 3 IEMEHTY, OETOHY
YW KaMEHIO IITYYHOTO, PO3YMHIB OCTOHHUX, CyMimIeH
acajbTOBUX JJIsI JOPOXKHBOTO TIOKPUTTS, JIMCTIB
npodiabOBaHMX XO0JIOJHOIE(POPMOBAHUX, 31 cTalli He-
nerosanoi [4, c. 19]. Boanouac 3MeHIIMINCS 0OCSITH Y
BUPOOHMITBI LIETJIH KepaMiduHOi OyaAiBeNbHOI, BUPOOiB
CTOJISIPHUX 1 KOHCTPYKLIH OyNiBENbHUX, 3 JIEPEBUHHU,
micKiB OyaiBeTbHHUX (TIUHHCTI, KAOJIIHOBI, ITOJICBO-
IIMTATOBI ), KPIM KPEMEHHUCTUX 1 METaJOHOCHUX TTiCKiB.

VY «TWIOBHX» 00NAcTAX, 30Kpema, B IBaHO-
®paHKiBCHKiN 007acTi, HEOOXiTHO MPOBECTH IHBEHTA-
pU3alio BUPOOHUYHUX MPUMIIICHb KOJIUIIHIX MPOMH-
CIIOBUX MiJIIPUEMCTB, SIKi 3 PI3HUX MPUYUH MPUITAHIIN
CBOIO JIISUIBHICTB, 1 mepenpodimoBaty ix Ha op-
raizamiro BUpoOHHITB OyaiBensHUX MaTepianis [7 c.
199]. lnst mpuknamy, e NpuMilieHHsT X PUIUTHHCHKOTO
NPOMHUCIIOBOTO  By3na B M.IBaHO-DpaHKiBCHKY,
npuMinieHHst 1 Tepuropist OyBmoro 3aBogy TOC
«bapBa»y B c.SIMHMIM, TPUMINICHHS NOKHHYTHX
XiMIYHUX BHPOOHHMITB B M. Kamymri, 3aBOJIB CLIbCH-
KOT0 MaIIMHOOYTyBaHHS 1 €1eKTPOOCHACTKH B M. Ko-
nomwui, OyBmMX nicokoMmOiHatiB i Oarato iH. [lpak-
THYHO B KOXHIM TepuTOpianbHii Tpomami €
NPUMILIEHHS, SKi MOXKHA IepenpoUIIOBaTH il BUPO-
OHMITBa HEOOXiMHMX OyaiBenbHUX Martepiamis. [{omo
KaJpOBOTO 3a0e3MedeHHs JOIJIBHO IpareBIalTo-
ByBaTH BHUIYCKHUKIB CHeEIialli30BaHMX JIIeiB, Ko-
JIeJDKIB, BHUIIMX HABYAJIBHHUX 3aKJIaJiB HA CTBOPEHUX
BUPOOHHUIITBAX 3 BiANOBITHNM OpOHIOBAaHHSIM Ha
Mepiosl BOEHHOTO CTaHy.

4 Tlocramoa KabGimery Minictpie Ykpainm Ne 722 Bix
24.06.2022 p. «[leski mutaHHS 3IMCHEHHS O3BUIBHHUX Ta
peecTpamifHuX mpouenyp y OyJiBHHUITBI B yMOBaX BOEHHOTO

Takum YWHOM, JUIsi 30UIBIICHHS BHPOOHHIITBA
OyaiBeIbHUX MaTepialliB MOTPiIOHUX OOCSATIB 1 aCOPTH-
MEHTY He0OXiTHO:

-aKTHBI3yBaTH PO3BHTOK i BUKOPHUCTAHHS JOCAT-
HEHb HAYKOBO-TEXHIYHOTO IIPOTpECy, iIHHOBAIiH, ITepe-
JIOBOTO JIOCBiTy B TaJTy3i K CIIOCOOIB Jilf, MOJepHi3aIii
OCHOBHHX 3aCO0iB 1 TpenMeTiB TMpali Ta SKOCTI
MPAaLiBHUKIB, 10 3a0€3MCUYUTh CTBOPEHHS HEOOXITHOT
KiJIBKOCTI, OTPiOHOTO aCOPTUMEHTY Ta BUCOKOT SIKOCT1
TIPOYKIIT;

-pO3BHBATH HOBI OprasizamiifHi GopMu y ramysi,
PICT COIiaIbHO-CKOHOMIYHUX [iH 1 pillicHb, MiJCCIIPs-
MOBAHOTO ¥ aKTHBHOTO BIUTHBY (PaxiBIs HA BUPOOHH1
Ta JIOTICTHYHI TIPOIIECH;

-3MEHIINTH 3aJICKHICTh TaXy3i BiX 30BHIMIHIX
YMOB 1 TIpoIleciB, BiAMOBHTHCH BiJl HaAMIpHOI IICH-
Tpamizamii ¥ Jlokaizarii mox0 eHeprozade3neyeHHs,
BHUKOPHCTAHHS MICIIEBUX CHPOBUHHUX PECYPCIB;

-MiJBUIIATH BUMOTH 0 IMBUIBHOTO 3aXHUCTy Ta
JKUTTE3a0C3MECUYCHHS TPAI[IBHUKIB Ha BUPOOHMIITBI 1
MICLIEBOTO HACEJICHHS.

[TpaBoBe 3a0e3neuenHs wiei cepu Hapasi po3Bu-
BAEThCS Yy JBOX MNapajielibHUX, ale B3aEMO3ICIKHHX
HaIpsMKax: NepIIuil — MaKcuMaJbHa JAeperyJisiis Ta
CIIPOIIIEHHS YMOB BeIcHHA Oi3Hecy AJIsl BIPKUBAHHS Ta-
My3i; IpyTuil — IMIUIEMEHTAIlisl €BPOICHCHKUX CTaH-
JApTiB SKOCTI 3 OTJALYy Ha MaWOyTHIO MacITaOHY
BiOyOBY 3a KOIITH MIXKHAPOJHHUX TOHOPIB.

Jns 3amobiraHHs Konamcy OymiBenbHOI Tamysi
JepKaBa 3iHCHIIA HU3KY KPOKiB MO0 Jibepamizarii
3akoHoMaBcTBa. KirtouoBum nokymenrom craia [locra-
HoBa KaGOinety MinictpiB VYkpainm Ne 722 Big
24.06.2022 p. «/lesiki muTaHHs 3A1ICHEHHS H03BUTBHUX
Ta peecTpalifHuX npoueayp y OyAiBHULTBI B yMOBax
BOEHHOTO cTaHy».? Ileifi HOpMaTMBHO-NPaBOBMiII aKT
JI03BOJIMB TIEPEBECTH 3HAYHY YACTHHY HPOLERYp Y Je-
KnapaTuBHUA (opmat. s BUPOOHUKIB OyHiBEITBHIX
MaTepialiB ¢ O3Ha4a€ MOJKIJIMBICTh INBUAIIOTO 3a-
MMyCKy HOBUX BHPOOHHWYHX JiHIH (30KpeMa IpH pero-
Kalii miAMpUeEMCTB Ha 3axif YKpaiHW, HalmpHKIad, B
IBaHO-®panKiBCEKY 001aCTh) O€3 TPUBAIMX OIOPOKpa-
THIHUX 3aTpUMOK [11, ¢.99]. Takox 3akoHOM Y KpaiHu
«IIpo BHECEHHS 3MiH JIO IEAKUX 3aKOHOJABYMX AKTiB
Ykpainu mono 3a0e3neueHHs] yMOB Ul BiJHOBICHHS
Ta PO3BUTKY YKpaiHW» OYyJ0 CYTTE€BO CHPOIICHO MPO-
HeaypH 3MIHM I[JIbOBOTO TPU3HAYECHHS 3EMENIbHHUX
JUTSTHOK JJTsT pO3MIIIIEHHSI TPOMHUCIIOBHX 00'€KTIB, 110 €
KPUTHUYHO BaXKJIMBUM JUIsl Oy IIBHULITBA HOBUX 33aBOJIIB
3 BuUpoOHHMITBa OyamarepianiB. BupoOHHIITBO
OyniBesibHUX MarepianiB (OeToHy, LerH, MieOeHo,
cKya) Oe3rocepesiHbO 3aNIKUTh BiJl BHIOOYTKY KO-
PUCHHUX KOMAJIMH MiICHEBOTO 3Ha4yeHHS. B ymoBax
BOEHHOTO CTaHy IapJIaMeHT BUHIC HU3KY 3MiH 10 Ko-
nexcy Ykpainu 1po Hazgpa. 3

CrpoliieHo Mnpoueaypyu OTPUMaHHS CHelialIbHUX
JI03BOJIIB HA KOPUCTYBAHHSI HAJIPaMH, 30KpeMa Jyisl BH-
JNOOYTKY ITICKY, TJIMHYU Ta BAIHSKY, IO I03BOJISIE YHUK-
HyTH nedimury 6a3oBoi cupoBuHu. Kpim Toro, Ha 3a-
KOHO/IaBUOMY PiBHI BpPEryJbOBAaHO NUTAHHS BUKOPH-
CTaHHS BIIXO/IiB B/l pyliHyBaHb (Oy1iBEILHOTO CMITTS,

CTaHy». https://zakon.rada.gov.ua/laws/show/722-2022-
%D0%BF#Text
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10 YTBOPHWJIOCS BHACIIIOK OOCTPiNIIB) SIK BTOPUHHOI
CHUPOBHHU JJII BUPOOHHUIITBA HOBUX OYIiBETHHUX Ma-
TepiajiB, IO BUPIMIY€E K KOJOTIUHY MpobieMy, Tak i
npobaeMy nediuTy pecypcis.

[Mompw BitiHy, YKpaiHa He BIIMOBHIIIACS BiJ KypCy
Ha €BpoiHTerparliro. Binremnep BupoOHUK 3000B's13aHII
CKJIaJaTH ICKJIAPAIlil0 MOKAa3HHUKIB OyIiBeNbHOI Ipo-
JOyKUil Ta HAHOCUTH BiJIOBiIHE MapKyBaHHs (Hallio-
HaIILHUIT 3HAK BiAmoBimHOCTI a00 MapkyBanHus CE). Lle
CTBOPIOE TIEBHI IPaBOBi Ta (IHAHCOBI BUKJIUKH JUIS BiT-
YU3HSHUX BUPOOHUKIB y MEpioj BiiHH, ajKe BUMAarae
MOJIepHi3alil J1adopaTopiii Ta NPOXOKEHHS HOBHX
MpOoIIeayp OIIHKH BimmoBigHOCTi. [IpoTe morpumaHHS
IIUX TIPAaBOBHX HOPM € OOOB’S3KOBOIO YMOBOIO IS
ydacTi KOMIIAHIM y BENMUKHX 1HQPACTPYKTYpHUX
MPOEKTaxX BinOymoBH, sKi (iHAHCYBAaTHMYTHCS €BPO-
MeHCEKUMHA (POHIAMU.

BucnoBku. BupoOHWUIITBO OynmiBeTbHHX Ma-
TEpiajiB IiJ] 9aC BOEHHOTO CTaHYy € CKJIAJHHM BUIOM
naisutbHOCTI. OMHAK, HE3BAKAIOYH HA TPYIHOIL, BOHO
Bilirpae BaJIMBY pOJb B PUTMIUYHOMY 3a0e3redeHHi
KaIliTaIbHOTO OYMIBHUIITBA HEOOXITHUMH pecypcaMu
0COOJIMBO B IEPioj BiIOYIOBU HAPOIHOTO TOCIOIAP-
cTBa YKpaiHu.

BripoBamkeHHsT pe3ynbTaTiB JOCTIIKEHb 1 KOH-
KPETHHX IIPOTIO3HILIH 1aCTh MOXKIIMBICTh aKTHBI3yBaTH
poOOTY iCHYIOUHX BUPOOHHUIITB, OPTaHi3yBaTH HOBI MO-
TY>KHOCTI 1 TIOTTOBHHATH Ae(pimuT B OyHiBETbHHX Ma-
Tepianax, SKMH BHHUK 4epe3 3pyHHOBaHI arpecopom
AHAJIOTIYHI MiAIPUEMCTBA Ha CXOI1 1 MiBHI HAIIOI ep-
JKaBM, 3JIHCHIOBATH DPEKOHCTPYKLIIO ICHYIOYHMX Ta
OyiBHUIITBO HOBUX BUPOOHHYHMX MPUMIIICHb, BITHOB-
JIOBaTH ¥ MOJEPHI3yBaTH IHXKEHEpHY i1H(pacTpyk-
TYpY, PpO3BHHYTH OYyIIBHMITBO JKUTIA, 00’ €KTIB
COLIAJIbHO-KYJITYPHOTO MPU3HAYECHHS, OpraHizyBaTH
JOJATKOBI po0OYi Micls, B T.4. AJS THMYAacOBO IIe-
peMileHnx oci0, MOMOBHUTH MicleBi OFOJDKETH 1 B
oMy OrKeT Y KpaiHu.

IlepcnexkTUBM NOJANbIIMX HAYKOBUX PO3BiIOK
y IBOMY HampsiMi MOXYTh OYTH 30CEepeIKeHi Ha po-
3po0Ili MeXaHi3MiB rapMoHi3anii yKpaiHCbKUX CTaH-
AapTiB BUPOOHHMIITBA OynMmarepiaiiB i3 BUMoramu €B-
poreiicbkoro Cor3y B KOHTEKCTI IOBOEHHOTO BiJTHOB-
nenns. Oxpemoi yBaru mnoTpedye  JOCIHIIKESHHS
NPaBOBOTO  PETYJIOBaHHsS JIePKABHO-NMIPHBATHOIO
NapTHePCTBA JUIs CTUMYJIFOBaHHS IHBECTHLIIH y BinOY-
JIOBY 3pYHHOBaHUX MOTY>KHOCTEH. TakokK OMIILHAM €
BUBUCHHS IOPHIMYHHX acIEKTiB BIPOBA/KEHHS €KO-
JOTiYHUX («3eJeHMX») TEXHOJOTIH Ta PEeHHKIIHTY
OyniBeNbHUX BIiIXOMIB, IO YTBOPWJIMCS BHACIIIOK
6oitoBHX Iiil.
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Abstract

Most systems based on large language models operate via cloud servers, and this is unacceptable for organi-
zations with sensitive data. At the same time, open models (LLaMA, Qwen, Mistral) already allow you to run
billions of parameters on a regular video card thanks to quantization. The article describes a prototype of a desktop
Al agent that runs locally via Ollama. The system has its own ReAct loop instead of LangChain, two-layer memory
with background classification on a separate small model, a set of tools for working with notes and files, and built-
in benchmarking on 29 test prompts. We compared four models on a single GPU (RTX 3090, 24 GB). Qwen 2.5
14B turned out to be the best in terms of speed and quality, and Mistral Nemo 12B was unable to correctly call the
tools at all. For an ordinary user, a cloud subscription is still more profitable, but for a company with 50+ employ-
ees, a local solution pays for itself in a year.

AHoTanisa

BinbimicTh cucTeM Ha 0a3i BEJIMKAX MOBHHX MOJICNICH MPAIIOE Yyepe3 XMapHI CepBepH, 1 Ul opraHisailii 3
YyTIMBAMH JaHUMH Il HeNpUHHATHO. BogHowac Bimkputi moneni (LLaMA, Qwen, Mistral) Bxke 103BONSIOTH
3aITyCKaTH MiNBAPIN MapaMeTpiB Ha 3BHYAWHINA BiJCOKapTi 3aBISKH KBaHTHU3AIlil. Y CTATTi OMUCAHO MPOTOTHUI
neckronHoro llI-arenra, sixuit mpamroe nokanpHO depe3 Ollama. Cucrema mae BracHui mukia ReAct 3amicts
LangChain, aBorrapoBy mam'sth 3 OHOBOIO Kiacu(ikalliero Ha OKpeMiil Maliit Moaeni, Ha0ip IHCTPYMEHTIB IS
po0OTH 3 HOTaTKaMH 1 (aiiiTaMu, Ta BOy1oBaHH OEHUMAPKIHT HA 29 TECTOBHX MPOMNITAX. MU NOPIBHSIN YOTHPH
mozeni Ha omHoMy GPU (RTX 3090, 24 T'B). Qwen 2.5 14B BusBHBCs HalKpaiuM 3a 0allaHCOM IIBHUAKOCTI i
skocti, a Mistral Nemo 12B B3arasi He 3Mir KOPEKTHO BUKJIMKATH IHCTpYMeHTH. [l 3BMYaiiHOr0 KOpHCTyBayua
XMapHa IiAMKCKa MOKH 110 BUTIi/HIIIA, ane Juid KoMiaHii 3 50+ npaiiBHUKaMu JIOKaJIbHE PIllIEHHS OKYNAEThCS 3a
pik.

Keywords: Large Language Models, Al agent, quantization, Ollama, benchmarking, RAG, ChromaDB, local
deployment.

Kuarouosi ciioBa: Benmuki moBHI Mmoaeni, l1I1-arent, kBantyBanHs, Ollama, 6enumapkiar, RAG, ChromaDB,
JIOKaJbHE PO3TOPTAHHS.

1 Beryn

3a Tpu poku 3 MoMeHTY 3amycky ChatGPT moBHI
MOJIelTi 3 €KCIIEPUMEHTAJIbHOI TEXHOJIOTi ImepeTBopu-
JMCh Ha poOoYnii IHCTPYMEHT. 3a Pi3HUMH OIIHKAMH,
ChatGPT mae 01m3bpKO MUThSIpAa aKTUBHUX KOPHUCTY-
BauiB Ha Mmicsanp [1, 2]. Claude, Gemini Ta gecsaTku
MEHIIINX CEePBICIB JOAAIOTH 1€ CTIBKH XK. JIroam mu-
IIyTH JIUCTH, aHANI3YIOTh TOKYMEHTH, TeHEPYIOTh KOJI,
1 pIIKO 3aMHCITIOIOTHCS HAJl TUM, KyTU HAYTh 1XHI TaHi.

A ¥inyte BoHM Ha cepBepu OpenAl, Google un
Anthropic. [lns ocoOucToro nMCTYBaHHS L€ HPHH-
HATHO. [l 'opuanyHOi QipMH, siKa 3aBaHTaXKY€E 1OTO-

BOpH KIII€HTIB, a00 JiKapHi, sKa Hepeiac MeANYHi 3a-
IMUCH, 1Ie MOXKe OYTH MOPYUICHHSM 3aKOHOIABCTBA PO
3aXHUCT MEPCOHANBHUX JaHUX. HaBiTh K10 IpoBaiiep
o0iIsie HEe BHKOPHCTOBYBAaTH MaHi Ui TPEHyBaHHS,
OPUINYHUAN PU3UK 3aJUIIaEThcs, 00 naHi (izudaHO
3HAXOJSTHCS Ha IyKOMY CepBepi.

[TapanenpHO 3'IBUINCH BigkpuTi Moxeni. Meta
umyctmiia LLaMA [3], Mistral Al 3po6unu Mistral
[4], Alibaba Cloud npencraBuina Qwen [5]. 3a skicTio
BOHH HaOJIKAFOTHCS JI0 3aKPUTHX aHAIIOTIB, 3 KBAHTH-
3anis (GGUF, GPTQ, AWQ) n03BoJIsI€ CTUCHYTH MO-
nenb y 3-4 pasu 6e3 nmomitHol gerpaaauii [6, 7]. Mo-
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Jenb 3 14 MinpspramMu napaMmeTpis, sika y TOBHIH TOY-
HocTi 3atiMae 28 I'B, micist KBaHTH3AIIIT TOMITIAETHCS Y
9 I'b Bigeomam'sTi.

Mu BHUpIIININ TIEPEBIPUTH, UM MOXKHA 310paTH Ha
miit 6a3i moBHominHOro IllI-areHTa, sSKWil mparoBa-
THME aBTOHOMHO. He mpocto 9ar6ort, a cucremy, sika
3armam'ITOBy€ KOHTEKCT, TIpaIroe 3 (paiimamu, Irykae mo
JIOKyMEHTaX, 1 P IIbOMY HIYOTI'0 HE BiJIPaBIS€ B 1H-
TepHeT. A 3aogHO mMOOyIyBaTH I1HCTPYMEHT ISt
MOPIBHIHHS MOJEJCH, 00 3pO3yMITH, SKa 3 HUX IIiJI-
XOIMTb JUIS IKHMX 3a71ad.

Jani mu cneputy o2nanemo HAaA6HI piUeHHs | No-
Kavicemo, 4020 im bpaxye (po3oin 2), nomim posbepemo
apximexmypy camozo azeHma (po30in 3) ma memoouxy
mecmysanHs 3 pe3yromamamu (po3oin 4), a nio Kineyw
Y4ecHO NOPAXYEMO, KOMY makKe JOKAIbHE PO320PMAHHS
cnpasodi mae cenc (po30in 5).

2 AHani3 icCHyI0UnX pilieHb

Ilepm 3a Bce BapTo pO3MEXyBaTH 4arOOT Ta
arenta. Wang Ta CHiBaBTOPH Yy CBOeMy orysmi [8]
BUAUIAIOTh YOTUPU CKianoBi LLM-arenra: mpodias
(XTO BiH 1 110 BMi€), mam'sTh (110 BiH 3HA€ IPO KOPH-
CTyBaya), IVIaHyBaHH: (SIK po30HUBac 3a/1a4y Ha KPOKH),
Ta nii (mo pobuts). Yao Ta cniBaBropu [9] 3anporio-
HYBaJM KOHKPETHHH WATTepH JUIA OpraHizamii i,
ReAct, ne Mozenp moyeproBo mymae i fie, Te-
peBipstoun cebe depe3 30BHIIIHI DKepella 3aMicTh
TOTO, 00 TOKJIAIATHCh Ha «BHYTPILTHI 3HAHHS.

Jdnst 3amycKy Mopeneil JIOKalbHO €  KiJTbKa
BapiaHTiB. Ollama [10] o6roptae llama.cpp [11] y
3py4HUil iHTepdelic: ogHa KOMaH/a 3aBaHTaXYeE 1 3a-
myckae mojnens 3 GPUnpuckopenusm. Bin Taxox
nixTpumye native function calling, To6T0 MozEIb MOXKE
y craHpaptHoMy Qopmari MONPOCHTH BHKIMKATH
30BHINIHIO QyHKIIP0. VLLM nortyxHimmuii 1i1s cepsep-
HOTO BUKOPHCTaHHA 3 continuous batching, ane mis me-
CKTOIHOTO 3aCTOCYHKY Ha Windows Iie Ha UIUIIIKOBO.

Cepen ¢pelMBOpKIiB IIsi TIOOYZOBH arcHTIB
HaiBimomimmit LangChain [12]. Mu cipoOyBamnu ioro

Ha TMOYaTKy i BigMOBWIHCH. APl 3MiHIOETBCS Mik
BEPCISIMH, 3aJEKHOCTEH MECATKH, a KONM IOCh Ja-
Ma€TbCs, NEOAKUTH dYepe3 I'ATh ImapiB adcTpakiii
ckiragHo. AutoGen Big Microsoft mikaBuid U MyIib-
THAreHTHUX CIEHapiiB, ajie IS OZHOTO IIOMIYHHKA
HaJUTHIIKOBHH.

€ 1 TOTOBI JIECKTOIIHI 3aCTOCYHKH. Jan ae odmaita
yar, ane 0e3 mam'saTi Mk cecisiMu, 0e3 IHCTPYMEHTIB,
6e3 RAG. Ilo cyti kpacuBuii intepdeiic no Ollama.
LM Studio ananoriyHui, IUIIOC 3aKpUTHI KOZ.
AnythingLLM HaiOmmKk4uii 10 TOro, 1o MU poOuMo:
€ RAG, € moch cxoke Ha areHTHUH UK, € Docker.
Arne OCHUMApKiHTY HeMae, aBTOMAaTHYHOI Kia-
cudikarmii mam'sati Hemae, mpodimiB 3 pi3HUMHU HAOO-
paMu iIHCTpYMEHTIB TEX.

YV po6ori [15] Zheng Ta criBaBTOpH MOKA3aJIH, 110
BEJIMKAa MOBHA MOJEIb MOKE OLIIHIOBATH BIAIOBIII 1H-
IIUX MOJEJNEH 3 SKICTIO, HOPIBHSAHHOIO 3 JIOJCHKOIO
OLIIHKOI. MM BUKOpHCTaNM LeH MiIXiJ y cucremi
O6enumapkinry: Qwen 2.5 32B Buctymae cynuero amis
MEHIIHUX MOJENEH.

3 ApxiTektypa
3.1 1o mu o6panm i yomy

Pantaiim Ollama, moBa Python, inTepdeiic
PySide6 (Qt6), 36epiranas ChromaDB + SQLite [13,
14]. AreHTHUI UK HaNACaHWHA 3 HYJS, MPHOIN3HO
250 psnkis. Le Menme, Hixk oquH ¢aitn KoHITyparii
LangChain mis ananorigaoi 3amadi.

Mogpeneit y cucteMi mIicTh, KOXKHA 31 CBOEIO
pommto (Tabmn. 1). OcHoBHa podoua Mozmenb, Qwen 2.5
14B, zaiimae 9 I'b Bimeomam'siTi 1 3aiuIIae JOCTATHHO
micist it KV-cache HaBiTh mpu JOBrux jmiajorax.
Qwen 2.5 3B mpairoe y ¢oni sk kiacudikarop,
BUPIIIYIOYM YM € y PO3MOBI LIOCh BapTe 3aram'sTo-
ByBaHHs. nomic-embed-text mepeTBOPIOE TEKCT Y BEK-
TOPHU AJISl CEMAaHTUYHOIO nowyky. A Qwen 2.5 32B mu
3aBaHTAXXyEMO OKpEMO, KOJH Tpeba OIHWUTH SKICTh
BIJIOBIIEN MEHIIIUX MOJIEEH.

Tabmmms 1.
MopeJi Ta ix poJi y cucremi
Mogens VRAM Posb
LLaMA3.1 8B 49Tb TecroBaHa (TBHIKA)
Mistral Nemo 12B (Q4 K M) 7.5Th TecroBaHa
Qwen 2.5 14B 9Tb OcHOBHa
Qwen2.532B(Q4 K M) 19TBh LLM-judge
Qwen 2.5 3B 1.9Tb Kracudikarop
nomic-embed-text 274 Mb EmOGeninru

Bce tectyBanock Ha ommiii mamuHi: RTX 3090
(24 T'b), 32 I'b DDRS, Windows 11.

3.2 Sk mpauroe areHTHANH AKJI

KopucryBau mnumie 3anut. KoHTponep 30upae
MPOMIT: Oepe CHCTEMHE IMOBiIOMIEHHS MPOodiro, IIy-
Ka€ peneBanTHi GakTu 3 mam'saTi (10 3 rmobanpHuX 1 3
npodineHuX), noAa€ (parMeHTH 3 0a3W 3HaHb SKIIO
BOHA €, Ta icTopiro po3moBH. Bcee 1ie #ine B Ollama ge-
pes streaming.

Mopenb MOXe BIINOBICTH TEKCTOM, a MOXKe
BUpIIMTH 10 il morpiben iHcTpymenT. Toxai BoHa
¢dopmye tool call npsimo y crpimi. KonTposep nepexo-
IUIIOE HOT0, BUKOHYE (HANPHUKIJIAJ CTBOPIOE HOTATKY

abo umuTae ¢aiin), HoBepTae pe3ysbTaT, 1 MOJEIb IPO-
JOBXye. MakcuMyM 8 Takux itepamii, o0 He 3aluK-
JIMTHCH.

ITam'stTe mpartioe Ha ABOX piBHAX. KopoTkouacHa,
1Ie IPOCTO OCTaHHI MoBigoMieHHs 3 SQLite 3 KOB3HUM
BIKHOM, 1100 HE MEPENOBHUTH KOHTEKCT Mozei. JloB-
rogacHa 30epiraetecst y ChromaDB: okpemo rio-
GampHi daxtu (im's, MoBa, ameprii) i okpemMo ¢axTH
KOHKpETHOTO Tpodimto (aeTani MpoekTy, mpedepeH-
uii). [Ticns Ko>kHOT mapy MoBitoMiIeHb (GOHOBHH MTOTIK
Ha Qwen 3B ananizye po3MoBYy i BUpILIy€E, YN € TaM
mochk Bapre 30epexeHHs. KopucryBad Hidoro He po-
OWTH 1 HABITh HE 3HAE, 1110 KIacU]iKallis BifOyBa€eThCS.
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3.3 Incrpymentn i RAG
THCTpYMEHTIB CiM: IT'SITH JJI1 HOTATOK (CTBOPHTH,
CIIUCOK, POYUTATH, BUNAIUTH, HOIIYKaTH) i IBa I
(haitiB (mpounTaTH, NEPETIHYTH AUpeKTOpito). Daii-
JIOBi omeparlii oOMexkeHi poOodor0 TEKOIO, JO3BOJICHI
TITBKH TeKcToBi (hopmaTn, MmakcumyMm 100 Kb Ha um-
TaHH, TaliMayT 30 ceKyHI.
basu 3nanp nmpus'szani o npodinis. Markdown
(haiinm po30uBarOThECSA Ha MIMaTKU 110 ~2000 CUMBOITIB
3 epeKpUTTsM 1 iHAekcyroTsest y ChromaDB. Ilpu 3a-
IIUTI CHCTEMa 3HAXOIUTh TPH HAWOUIbII CXOXKHUX (par-
MEHTH 1 jgomae ix y mpomnt. Skmo dain y Temi
3MIHHBCS, TIEPEIHICKCOBYEThCS TIIBKM BiH, a HE BCA
6aza.
4  BeHuMapKiHT
4.1 $Ix Mu TecTyBaJIu
Mu 3i6pamu 29 TeCTOBHX IPOMIITIB y IT'ATH KaTe-
ropisx. Speed (5 mWTyK) M YHACTOTO 3aMipy IIBU-

kocti. Quality UA (8 mwTyk) asst mepeBipku yKpaiHCh-
KOIO: TepeKiIanu, mijioBi suctH, rpamaruka. Code (5
mrtyK): Python, SQL, regex. Reasoning (6 miTyk):
apupmeTnka, Jorika, mociigoBHocTi. Tool Use (5
IITYK): Y1 MOZIETb BUKJIMKAE NPABUIBHIHA IHCTPYMEHT
3 NPaBUJIBHUMH apTyMEHTAMHU.

OminroBannsa TpupiBaese. s Reasoning i Tool
Use mpamioe aBTOMaTW4Ha IepeBipKa: NpaBHIbHA
BimnoBigs a6o Hi. s Quality UA i Code omiHroe
Qwen 2.5 32B sk cynas [15], Big 1 o 5. I sixino aBTo-
MaTH4Ha OLliHKa CyMHIBHa, € py4Ha, BOHa Ma€ HaiBH-
i pioputet. [lepuiuii 3amuT KOKHOT MOJICII BiIKH-
JIaeTees, 00 BiH BKIIOYAE Yac 3aBaHTakeHHS y VRAM
i mcye craructuky. Mix mozensmu VRAM oum-
maeThes yepes keep_alive=0. 4.2 Il{o Buiinwio

Pesynpratn 3BeneHo y Taod. 2.

Tabmus 2.
Pe3yJibTaTH NOPiBHSIHHA MojieJIeH
Moaeinb tok/s TTFT, mc VRAM, I'b Quality UA Tool Use
LLaMA3.1 8B 525 141 16.5 2.5-3.0 YacTKOBa
Mistral Nemo 12B 50 228 19.7 3.0-3.5 0/5
Qwen 2.5 14B 134 131 18.2 3.5-4.0 HalKkpala
Qwen 2.5 3B (¢doHOBa) 470 97 6.8 — —

LLaMA 3.1 8B ouikyBano HaWmBuma, 525 To-
KEHIB Ha CeKyHIy. Alle 3 yKpaiHChKOIO y Hei mpo-
O5eMu: MOJKe MIepeiTH Ha POCIMCHKY TIocepe]] peYeHHs
a00 3poOUTH rpaMaTUYHy IOMUJIKY, SIKOi HOCil MOBHU O
He 3poouB. Oninka LLM-judge 2.5-3.0 3 5.

Qwen 2.5 14B nosineHimmit (134 tok/s), 3are 3
YKpaiHCBKOFO TIpaIfoe Kpamie 3a Beix: 3.5-4.0 3 5. Yac
JIo meprroro TokeHa 131 Mc, ToOTO BiAIIOBIAb TOYMHAE
3'IBIATHCH MHUTTEBO. [|JIsl IHTEpaKTUBHOTO JiajoTy Iie
KOM(OPTHO.

Mistral Nemo 12B 3muBysaB. IloBinpamit (50
tok/s), 3atimae HaitOibire VRAM (19.7 I'B), i ronoHe,
B3araji He 3Mir BUKJIMKAaTH iHCTpyMeHT. Hyub 3 n'situ.
Moeins reHepyBaia TeKCTOBY BiIIIOBIIb 3aMiCTh TOTO,
100 chopMyBaTH CTPYKTypOBaHMW BUKIHMK. J[1s Hac
1[e O3HaYae, M0 JUIsl areHTHUX CLEHapiiB MiATpUMKA
function calling y KOHKpeTHi# MO BaXKIIUBIIIA, HIXkK
KIJIbKICTh MapamMeTpiB.

5 Komy mie moTpibHO

SIK1o yecHo, 3BUYaifHOMY KOPHCTYBady MOKH 10
Hi. [Tinmucka va ChatGPT Plus xomrye 20 monapiB Ha
MicsIb 1 Jae kpamly skicte. Bineoxapra RTX 3090
komrtye 1000-1500 monapiB Ha BTOPUHHOMY PHHKY, 1
HaBiTB ITICJIS HOTO JIOKAJIbHA MOJIENb ITOCTYNA€EThCS 3a
SKICTIO.

s 6i3Hecy po3paxyHOK iHmmuid. Kommawnist 3 50
npariBaukamu wiaTute 3a ChatGPT Enterprise mpu-
6m3uo 36 000 monapis Ha pik. Cepsep 3 GPU komrye
onHOpa3oBo. [licas mepmoro poxy pi3HHIS CTa€ Bif-
YyTHOIO, a JaHi IpU LOMY HIKYAM HE HIyTh. Mu
BU3HAYMIM YOTHUPU KOHKPETHHUX CIEHapii: Kopnopa-
TUBHUHA acucteHT 3 RAG mo mokymenrarii, HRmomiu-
HUK JuIs1 oHOOpAMHTY (TokpuBae 70-80% THHOBUX M-
TaHb), KOHTPOJIb SIKOCTI Ha BUPOOHHLTBI Yepe3 MyJb-
TUMOJANIbHI  MOJENi, Ta MEIUYHUA TMOonepeaHin
CKpUHIHT.

€ me oaWH apryMEHT Ha KOPHCTH JIOKaJbHHX
pillieHs, i BiH moB's3anuii 3 vacom. Qwen 2.5 72B Bxe
koHKYpye 3 LLaMA 3.1 405B npu n'aTukpatHo MeH-
oMy posMipi [5]. SIkicTb BIAKpUTHUX Mopesel pocte
MIBU/IIE, HiYK BUMOTH 10 3ami3a. Te, o choroaHi gae
GPT-4 [16], yepe3 aBa-Tpu POKH 3MOXKE MOJENb Ha
3BHYAHIA BigeokapTi. 3ali3o TMpH IOMY HE
3MIHIOETHCS.

6 BucHoBKH

Mu mobymyBanm npaiorogoro HI-arenra, skwid
3aIlyCKA€ThCS Ha OJHIM CHOXHUBYIA BigeokapTi 1
npaifoe 0e3 iHTepHeTy. Y HBOMY € BIACHHH IMKI
ReAct 3amicts LangChain, nsomapoBa mam'sats 3 ¢o-
HOBOIO KJacu]ikali€ro, IHCTPYMEHTH B MiCOYHHII,
npodini 31 cBoiMM Oa3zamMu 3HaHb 1 BOYIOBaHUH
OeHUMapKIiHT, 10 caM OLIHIOE SKicTh Bianosinei. Ce-
pen icHyroo4HX JoKanbHUX pinieHb (Jan, LM Studio,
AnythingLLM) takoi kom0OiHauii HemMae. 3 4OTUPHOX
TecToBaHUX Mozened Qwen 2.5 14B nokazas Haiikpa-
i 6ananc. Mistral Nemo 12B He migTpuMye BUKITHK
IHCTPYMEHTIB, IO POOWTH HOTO0 HENpPUAATHUM IS
areHTHUX 3anad. J{ust Oi3Hecy 3 UyTIMBHMHU JTaHUMH
pIlICHHST OKYyNaeThCsl MEHII HDK 3a pik. [lami mia-
HYETBCS MYJIBTHMOJAIBHICTb, MYJIbTHKOPHCTYBALlb-
kuit pexknm 1 QLORA notpenyBaHHS.
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