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Abstract

Against the backdrop of the unfolding Digital Silk Road initiative and the concomitant rapid ex-
pansion of the regional digital economy, cross-border e-commerce cooperation between China and Kyr-
gyzstan has deepened considerably, giving rise to a growing demand for composite talent professionals
who possess not only digital technical proficiency but also cross-cultural literacy and innovative mana-
gerial capabilities. However, Kyrgyzstan's ongoing educational digital transformation continues to face
systemic impediments, including incomplete institutional mechanisms, unevenly developed digital infra-
structure, and insufficient digital competence among faculty members. These constraints have resulted
in a pronounced mismatch between the existing talent cultivation system and the exigencies of industry.
Moreover, university curricula are slow to update, remaining heavily oriented toward basic operational
skills while lacking advanced competencies such as data analytics, digital marketing, and brand manage-
ment. The degree of industry—education integration remains low, and practical teaching components are
underdeveloped factors which further impede the effective supply of high-level talent.

In light of the foregoing, this paper draws upon the relevant literature and the actual development
of China—Kyrgyzstan cross-border e-commerce in order to construct a talent development pathway spe-
cifically designed for innovative, multidisciplinary management professionals within the context of the
Digital Silk Road. The study unfolds along three interconnected dimensions. First, it reconstructs an in-
terdisciplinary curriculum system that integrates “technology, business, and culture”, incorporating such
components as Al-driven marketing, big data analytics, and the digital representation of the ethnic cul-
tures of both China and Kyrgyzstan. Second, it leverages the “Silk Road E-commerce” cooperation mech-
anism to establish a cross-border industry—education collaborative training platform, thereby enhancing
students’ practical capabilities through engagement with authentic cross-border business scenarios and
the introduction of a dual-mentorship model. Third, it devises a diversified evaluation mechanism, con-
structing a comprehensive competency-based assessment system that moves beyond traditional metrics.

The findings suggest that this multidimensional, collaborative talent development model helps to
alleviate the acute shortage of high-level cross-border e-commerce professionals between China and
Kyrgyzstan, while simultaneously fostering the deep integration of the education system with the digital
economy. As such, the model carries substantial significance for promoting regional economic develop-
ment and educational cooperation under the Belt and Road Initiative.
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The Digital Silk Road continues to expand its reach across Central Asia, and that expansion brings
profound transformations to regional trade architectures. Within such a dynamic environment, transna-
tional electronic commerce between China and Kyrgyzstan has emerged as one of the most vibrant sec-
tors. [2, 3, 4, 5, 8]. Yet the rapid evolution of digital trading platforms, logistical networks, and consumer
behaviour outpaces the capacity of educational systems to supply appropriate human capital. A growing
body of industry reports indicates that the most pressing bottleneck for further growth is not infrastruc-
ture or investment, but a severe shortage of professionals who can manage innovation across technolog-
ical, commercial, and cross cultural domains [1, 6].

Conventional training models inherited from the pre digital era remain widely entrenched in Kyr-
gyzstani higher education. Those models prioritise narrow operational skills, such as listing products or
processing orders, while neglecting advanced competencies like data driven market intelligence, artificial
intelligence aided promotion, and brand storytelling adapted to local ethnic sensibilities. Consequently,
a widening gap separates what employers actually demand from what graduating students can deliver.
That gap manifests itself in extended recruitment cycles, frequent staff turnovers, and underperforming
cross border ventures.

Several structural obstacles explain why existing talent pipelines fail to meet industry needs. Uni-
versity curricula evolve slowly due to rigid approval procedures, leaving little room for emerging topics
like predictive analytics or conversational commerce. Digital infrastructure varies dramatically between
urban centres and rural campuses, restricting hands on experience with authentic platform ecosystems.
Teaching staff often lack firsthand exposure to real time cross border transactions, which limits their
ability to design practice oriented assignments. Moreover, assessment systems remain heavily weighted
toward theoretical examinations rather than portfolio based demonstrations of problem solving under
uncertainty.

Under these circumstances, designing deliberate training pathways for innovation management
talent becomes not merely desirable but urgent. A training pathway, understood as a structured se-
quence of learning experiences that bridges academic knowledge with workplace realities, can address
multiple deficits simultaneously. First, such a pathway can embed interdisciplinary modules that fuse
technical proficiencies, managerial reasoning, and cultural literacy. Second, it can mobilise industry uni-
versity collaboration through shared projects, dual mentoring arrangements, and immersion in live trad-
ing scenarios. Third, it can introduce competency based evaluation that captures how learners navigate
ambiguous situations, negotiate across cultural boundaries, and adapt to shifting market signals [7,
11,12].

Focusing on the China Kyrgyzstan corridor offers a particularly instructive case. The two countries
enjoy dense historical ties, geographical proximity, and growing mutual investments in digital infrastruc-
ture. Kyrgyz entrepreneurs increasingly source finished goods from Chinese platforms while exporting
local agricultural and artisanal products in reverse direction. However, successful operation in that bidi-
rectional flow requires nuanced understanding of distinct regulatory regimes, payment preferences, lo-
gistics nodes, and consumer trust building mechanisms. Without dedicated training pathways tailored to
these specificities, businesses will continue to rely on costly expatriate hires or trial and error learning,
both of which constrain scalability.

From a broader academic perspective, the present investigation fills an evident research lacuna.
Existing literature on cross border e commerce talent concentrates overwhelmingly on mature markets
such as Europe or Southeast Asia. Post Soviet Central Asia, particularly the intersection of Chinese out-
bound investment and local capacity building, remains underexplored. Furthermore, most studies treat
cultural competence as a generic soft skill rather than an integrated component of innovation manage-
ment. By contrast, the proposed framework elevates ethnodigital fusion, that is the deliberate weaving
of Sino Kyrgyz heritage elements into digital storefronts and brand narratives, to a central design princi-
ple.

In practical terms, the outcomes of designing such training pathways can inform curriculum reform
efforts at multiple universities across Kyrgyzstan. They can also provide actionable guidance for policy-
makers seeking to align educational standards with digital economy roadmaps. Regional integration in-
itiatives under the Shanghai Cooperation Organisation and other multilateral frameworks increasingly
stress digital connectivity. However, connectivity without corresponding human capability remains
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hollow. Therefore, deploying systematic talent development trajectories constitutes a foundational in-
vestment for sustained mutual benefit.

The urgency is further amplified by demographic and technological trends. Kyrgyzstan possesses a
relatively young population with high digital device penetration among youth, yet many graduates lack
the advanced analytical and managerial competences that command premium wages in the labour mar-
ket. Meanwhile, artificial intelligence tools are automating routine e commerce tasks, from product cat-
egorisation to chat based customer service. That automation shifts the value of human labour toward
higher order functions, namely strategic planning, creative branding, intercultural negotiation, and adap-
tive problem solving. Training pathways that neglect those higher order functions risk producing gradu-
ates who are obsolete upon arrival.

To summarise the line of reasoning, the present study addresses a concrete socioeconomic neces-
sity: the mismatch between a rapidly digitising trade corridor and an education system struggling to
catch up. By proposing structured, evidence informed training pathways for innovation management tal-
ent, the research contributes both to scholarly debates on digital talent formation and to on the ground
efforts to strengthen China Kyrgyzstan economic cooperation under the broader umbrella of the Digital

1. The Essence and Development Logic of Cross-Border E-Commerce Talent Development in the
Context of the Digital Silk Road

1.1 The New Landscape of Cross-Border E-Commerce Development Driven by the Digital Silk
Road

The iterative evolution of digital technologies together with the progressive deepening of the Belt
and Road Initiative has gradually turned the Digital Silk Road into a core vector for regional economic
cooperation and for transforming trade regimes. Within the institutional architecture of the Shanghai
Cooperation Organization, and more specifically within its evolving digital and economic agenda, the
ongoing convergence between the digital economy and cross border e commerce is becoming increas-
ingly pronounced. That convergence accelerates a fundamental shift in international trade, moving away
from traditional offline transaction models and toward trade mediated by digital platforms. Viewed
from the specific angle of China Kyrgyzstan bilateral cooperation, what can be observed is a steady em-
bedding of China’s mature cross border e commerce platforms, digital payment infrastructures, and lo-
gistics networks into Kyrgyzstan's domestic market system. That embedding process has in turn cata-
lyzed a kind of leapfrog growth in Kyrgyzstan’s digital infrastructure and market scale. Nevertheless, and
here lies a critical caveat, despite a notable increase in internet penetration across Kyrqyzstan over recent
vears, the educational system’s feedback loop remains painfully long [2]. Consequently, the capacity to
develop relevant talent lags significantly behind the pace of technological change. The result takes the
form of a fairly stark structural contradiction: technological evolution consistently outruns the supply of
adequately trained human capital. Adding further complexity, cross border e commerce has itself ma-
tured into a comprehensive ecosystem comprising at least four interrelated layers, namely platforms,
data, supply chains, and brands. That shift toward an ecosystem based logic has not only reshaped the
operational principles of individual firms but has also elevated the competency requirements for practi-
tioners. What is now demanded is a broad and integrated skill set spanning digital technology applica-
tion, international market analysis, and cross cultural communication. For that reason, and it can be
argued that such a consideration is no longer a matter of mere recommendation, constructing a talent
development system truly aligned with those emerging demands has become a critical, indeed non ne-
gotiable, pillar for sustaining further growth of the regional digital economy.

1.2 Defining the Essence of Multidisciplinary Innovative Management Talent in Cross-Border E-
Commerce

The ongoing reconfiguration of professional competence requirements within cross border e com-
merce, as outlined above, deserves a more granular institutional critique. The tripartite framing, namely
the technological, managerial, and cultural dimensions, though analytically convenient, risks obscuring
several tensions inherent in actual educational practice across post Soviet Central Asian contexts. Kyr-
gyzstan is no exception to that pattern.

A start can be made with the technological dimension. There is no denying that artificial intelli-
gence and big data analytics are becoming infrastructural to platform operations. However, the wide-
spread assumption that higher education institutions can promptly integrate these modules into existing
curricula appears empirically weak. The time lag between corporate adoption of Al driven marketing
tools and their first appearance in university syllabi typically spans three to five years. During this interval,
graduates emerge with competencies that are already semi obsolete. Consequently, any talent
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development pathway must incorporate continuous upskilling loops rather than rely solely on front
loaded disciplinary training.

Turning to the business management axis, the shift from price based competition to brand and
supply chain battles is undeniable. Nevertheless, the expectation that an individual practitioner should
simultaneously master international trade law, brand architecture, and entrepreneurial risk taking
verges on what might be termed competency overload. In real world settings, such polymathic demands
rarely materialise. Instead, effective teams exhibit distributed expertise. Hence a more realistic pedagog-
ical target involves fostering meta cognitive abilities, namely knowing when to delegate, how to synthe-
sise inputs from legal, logistical, and marketing specialists.

The cultural dimension, specifically the inclusion of Sino Kyrgyz ethnic heritage into digital business
education, is where the argument becomes genuinely innovative. Most existing frameworks treat culture
as a static backdrop. In contrast, the earlier text gestures toward what can be called ethnodigital fusion.
By that is meant the deliberate embedding of traditional patterns, narratives, and visual codes into e
commerce user interfaces, product descriptions, and brand stories. That approach holds promise for lo-
calised differentiation in a crowded regional market. Yet operationalising such fusion demands instruc-
tional designers who themselves possess bicultural fluency, a resource currently scarce in Kyrqyz higher
education.

Finally, the proposed definition of composite innovative management talent, that is high level ap-
plied professionals capable of integrating data analytics, operations, and cross cultural communication,
requires an institutional scaffold that most universities lack. Without sustained industry university part-
nerships, authentic cross border project work, and performance based assessment aligned with real time
platform metrics, such definitions remain aspirational. The real research challenge, therefore, lies not in
further refining the definition but in engineering implementation protocols that accommodate systemic
inertia and variable faculty readiness.

In conclusion, while the conceptual model offers a coherent response to digital economic pressures,
its practical viability hinges on solving three prior problems: curricular update velocity, teacher digital
literacy, and sustained cross border business involvement. Addressing those would convert a well phrased
typology into actionable transformation.

1.3 The Logic Behind the Transformation of Talent Development Models in the Context of the Dig-
ital Silk Road

Facing deep shifts in how industries operate, old fashioned ways of training people based on pour-
ing knowledge into their heads and drilling isolated skills no longer fit today’s needs. What we urgently
require is a move toward a model built on three pillars: bridging multiple disciplines, immersing learners
in real practice, and forging close ties with the business world [9, 10].

That move manifests itself across four fronts. First, training goals are changing. Instead of merely
teaching someone to operate a tool, we now aim to grow a person who holds broad capabilities, espe-
cially original thinking and the capacity to untangle complicated practical problems. Second, the struc-
ture of what gets taught is shifting away from rigid separate subjects. We reconstruct the body of
knowledge by weaving together several modules: marketing powered by artificial intelligence, analysis
of large data flows, and content drawn from regional cultural traditions.

Third, how teaching happens is being transformed. The main stage moves from a lecture hall into
a learning environment driven by collaboration with real companies. Tools of choice include industry em-
bedded academies and project based workshops. Here corporate mentors join the process, and students
work on genuine cross border tasks, which closes the loop of practical feedback. Fourth, the way we
assess learners is also evolving. Rather than looking only at final results, we pay equal attention to the
process and to the competences a person builds along the way. We put together a multidimensional
measurement framework that covers technical know how, creative potential, and tangible outputs. That
gradually turns a learner into a problem solver.

All together, this change represents a systemic rethinking of educational logic. We move away from
simply transmitting information and toward cultivating real world abilities in a person. Such a reorienta-
tion not only answers the inner needs of higher quality education but also provides a foundation for the
regional digital economy.

2. Analysis of the Current Challenges in Cross-Border E-Commerce Talent Development in China
and Kyrgyzstan

2.1 Structural Constraints in Educational Digital Transformation

The Digital Silk Road keeps advancing, and that trajectory places severe digital transformation
pressures upon Kyrgyzstan'’s higher education system. Yet the institutional setting and how resources get
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distributed still contain quite formidable limitations. At the governance level, university management
structures remain overly rigid. Curriculum overhaul and programme design enjoy little discretionary
freedom. Most relevant initiatives never go beyond broad declarations;, they lack workable
implementation routes and any genuine evaluation frameworks.

Turning to infrastructure, digital learning assets are spread unevenly across the country. A deep
gap separates urban institutions from rural ones, and also different regions from one another. Although
internet access has grown, such disparity continues to harm educational fairness and the overall calibre
of trained personnel. Regarding learning outcomes, one observes a worrying pattern. In digitally
mediated teaching environments, interaction between instructors and students stays insufficient. That
signals a basic misalignment between the adopted teaching models and what learners actually require.

Taken together, three interlocked problems obstruct the cultivation of cross border e commerce
talent: weak institutional provision, uneven distribution of educational resources, and outdated
pedagogical approaches. Each reinforces the others, creating a stubborn barrier to progress.

2.2. Deep Disconnect Between the Curriculum System and Industry Demands

The lag in the curriculum system is the core issue constraining the cultivation of multidisciplinary
talent. Existing courses primarily focus on foundational theory and traditional trade operations, lacking
a systematic framework for building core cross-border e-commerce competencies. On the one hand, cur-
riculum updates struggle to keep pace with industry developments; courses on key technologies such as
Al and big data account for a low proportion, highlighting a prominent “supply-side lag.” On the other
hand, the curriculum structure lacks systematic coherence and has yet to form an integrated “technol-
ogy-business-culture” framework, resulting in a narrow knowledge base among students. Furthermore,
insufficient corporate involvement in curriculum design has led to a disconnect between teaching con-
tent and industry practices, making it difficult to meet the demand for high-quality, practice-oriented
talent.

2.3. The Discrepancy Between Insufficient Digital Literacy and the Supply of High-End Talent As
the digital economy grows, the demand for high-end, multidisciplinary talent in cross-border
e-commerce continues to rise, but insufficient digital literacy has become a critical bottleneck. Alt-
hough students possess basic operational skills, they are significantly lacking in areas such as data anal-
ysis and intelligent marketing, the teaching faculty also suffers from a lack of digital technology
proficiency, making it difficult to support interdisciplinary instruction. This has led to an imbalance in
the talent structure and a “mismatch between supply and demand” for high-end talent. The root
cause lies in the education system’s failure to effectively align with industry needs, resulting in
significant gaps in talent capabilities regarding technology application, innovative thinking, and cultural
expression.

2.4. Insufficient Industry-Education Integration and Lack of Cross-Border Collaboration Mecha-
nisms

Insufficient integration of industry and education is a major shortcoming in the current training
system. School-enterprise cooperation often remains at a superficial level, such as internships and em-
ployment, with limited corporate involvement in the teaching process, making it difficult to achieve col-
laborative talent development. At the same time, the development of practical platforms lags behind,
lacking support from real cross-border business scenarios, which limits the improvement of students’
practical skills. At the international cooperation level, cross-border e-commerce education collabora-
tion between China and Kyrgyzstan is still immature. Although the “Silk Road E-commerce” initiative
provides policy support, there is a lack of stable and efficient resource-sharing mechanisms. Furthermore,
practical resources are concentrated in Chinese enterprises, with insufficient local participation from the
Kyrgyz side. The absence of local market contexts in teaching hinders the development of cross-cultural
adaptability and local innovation capabilities. The cumulative effect of these issues systematically con-
strains the quality of training for composite innovative management talent.

3. Building a Talent Development Pathway for China-Kyrgyzstan Cross-Border E-Commerce in
the Context of the Digital Silk Road

Based on an analysis of the developmental logic and current challenges, it is evident that the issues
in China-Kyrgyzstan cross-border e-commerce talent development do not stem from a single factor but
are the result of the combined influence of multiple factors, including the curriculum system, practical
environment, and evaluation mechanisms. Therefore, it is necessary to adopt a holistic perspective to
construct a composite training pathway that promotes the coordinated development of knowledge,
skills, and practical experience, enabling the educational system to better align with the development
needs of the cross-border e-commerce industry under the Digital Silk Road framework.
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3.3. Reconstructing a Curriculum System Based on Interdisciplinary Integration

Traditional, single-discipline-oriented curriculum systems can no longer meet the requirements for
composite competencies in cross-border e-commerce. Curriculum content is gradually expanding toward
the integration of technology, business, and culture, combining technologies such as Al marketing and
big data analysis with e-commerce operational practices, enabling students to understand the practical
value of technology within real-world business contexts. At the same time, by incorporating Kyrqyz na-
tional culture into the curriculum in light of the regional cultural characteristics of China-Kyrgyzstan
cross-border e-commerce, we can enhance students’ market comprehension and brand cultural expres-
sion capabilities, transforming digital technology from a mere tool into a vital medium connecting mar-
kets and cultures. During implementation, content such as e-commerce operations, digital marketing,
supply chain management, and innovation and entrepreneurship can be integrated through modular ap-
proaches, while project-based learning reinforces the connections between knowledge domains, ena-
bling students to make a natural transition from knowledge acquisition to skill application through prac-
tical tasks.

3.4. Building a Practical Platform for Cross-Border Industry-Education Collaboration

Classroom instruction alone cannot sufficiently support the cultivation of cross-border e-
commerce talent; the development of practical training environments has gradually become
critical. Leveraging the Digital Silk Road and the “Silk Road E-commerce” cooperation mechanism, the
foundation of the China-Kyrgyzstan cross-border e-commerce industry continues to improve. The deep
involvement of Chinese enterprises in Kyrgyzstan provides authentic business scenarios for teaching.
Building on this, a university-enterprise collaborative practice platform is established by integrating cor-
porate resources, combining coursework with real-world business operations. Under the guidance of cor-
porate mentors, students participate in cross-border e-commerce operations, gaining an understanding
of market demands and operational logic in real-world contexts, thereby bridging the gap between the-
ory and practice. As cooperation deepens, a model of transnational collaborative training is gradually
taking shape. By integrating resources from Chinese enterprises with the local market environment in
Kyrgyzstan, a practical training system for real cross-border transactions has been established. This ena-
bles students to gain experience in a multicultural setting, enhancing both their professional competen-
cies and cross-cultural adaptability.

3.5. Innovation in Competency-Based Multi-Dimensional Assessment Mechanisms

As industry demands for innovation and practical skills increase, traditional assessment methods
centered on knowledge testing are no longer sufficient to fully reflect students’ capabilities. Conse-
quently, evaluation is shifting toward a multidimensional and process-oriented approach. In practice, as-
sessment criteria can be expanded from single-skill testing to include data analysis, innovative thinking,
cross-cultural communication, and project execution capabilities. By comprehensively evaluating the
learning process, project outcomes, and practical performance, we can more fully reflect students’ de-
velopmental progress. At the same time, involving corporate mentors and industry experts in the evalu-
ation process enhances its practical orientation. Integrating market feedback into the comprehensive
assessment of project outcomes ensures that evaluations are closely aligned with real-world application
scenarios. Furthermore, evaluation methods centered on competitions and projects serve as important
supplements. By testing competencies through practical application, these approaches not only boost
learning motivation but also further reinforce the competency-oriented talent development model.

4. Empirical Analysis: A Case Study of the China-Kyrgyzstan Cross-Border E-Commerce Talent
Development Model

Building upon the established talent development pathway, this study selects the “cross-border e-
commerce industry collaboration + university-industry collaborative training” model as a representative
case to verify its feasibility and practical value, providing an in-depth analysis of its operational mecha-
nisms and outcomes in a real-world setting. The China-Kyrgyzstan cross-border e-commerce talent de-
velopment system under the “Digital Silk Road” framework is illustrated in the figure below:
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Figure 1. Talent Cultivation Framework Model for China-Kyrgyzstan Cross-border E-commerce

4.3. Case Background: The Practical Foundation of China-Kyrgyzstan Cross-Border E-Com-
merce Cooperation

In recent years, driven by the “Digital Silk Road” and “Silk Road E-commerce” frameworks, China-
Kyrgyzstan cross-border e-commerce cooperation has entered a more advanced stage. Marked by the
Bishkek E-commerce Expo and related trade cooperation, Chinese e-commerce platforms and the Kyrgyz
market have established an initial collaborative system in areas such as logistics, payment, and platform
transactions. This “enterprise localization + market localization” development model provides a real-
world industrial environment for talent cultivation. In response to this trend, some universities have be-
gun exploring ways to integrate practical resources from Chinese enterprises into their educational sys-
tems. Through project collaboration and the development of practical training platforms, students are
deeply engaged in real business processes, thereby breaking the limitations of traditional classroom
teaching and providing solid empirical support for the implementation of a pathway to cultivate multi-
disciplinary talent.

Implementation Model: A Closed-Loop Mechanism of Curriculum—~Practice—Evaluation In prac-
tice, this training model has established an operational logic where “course learning—project practice—
multi-dimensional evaluation” are seamlessly interconnected. During the course phase, the focus of in-
struction lies on interdisciplinary knowledge integration, enabling students to master core theories such
as e-commerce operations, big data analysis, and digital marketing through modular learning. Subse-
quently, in the practical phase, corporate projects are fully embedded into the teaching process, with
students working in teams to undertake real-world tasks such as product selection, market analysis, and
promotional management. Under the guidance of dual mentors from both the university and industry,
students continuously refine their operational strategies through task-driven learning, thereby reinforc-
ing and internalizing theoretical knowledge. Finally, in performance, and corporate feedback. Since eval-
uation criteria are directly aligned with market demands, the results hold greater practical value, driving
the continuous optimization of course content and practical activities and forming a virtuous cycle of
education.

4.4. Implementation Outcomes: Multidimensional Competency Enhancement and Alignment of
Supply and Demand

Based on implementation feedback, this model has demonstrated positive outcomes across multi-
ple dimensions. First, students’ practical problem-solving abilities have significantly improved. Through
end-to-end business operations, they have mastered systematic methods ranging from macro-level mar-
ket insights to micro-level operational execution. Second, digital literacy and cross-cultural literacy have
been simultaneously strengthened. While using data tools for user profiling and forecasting, students
must also conduct in-depth research into cultural differences and consumer habits between China and
Kyrgyzstan, this “real-world” training has effectively broadened their international perspective. Most
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importantly, this model has, to a certain extent, alleviated the mismatch between talent supply and in-
dustry demand: by getting involved in the training process early on, enterprises can secure a talent pool
with high alignment; universities, in turn, can dynamically adjust their teaching priorities based on front-
line industry feedback, achieving a win-win situation for both industry and education.

4.5. Discussion: Feasibility and Practical Challenges of Scaling Up

Although this case study validates the effectiveness of industry-education collaboration, its large-
scale implementation still faces practical constraints. On the one hand, the stability of cross-border
collaboration mechanisms is constrained by differences in the institutional environments and educa-
tional systems of the two countries, and the sustainability of cooperation still requires policy guarantees
at a higher level; on the other hand, the uneven distribution of high-quality corporate resources leads
to a shortage of practical training platforms in some regions. Furthermore, the pressure on the teaching
faculty to undergo digital transformation remains significant, and the lack of interdisciplinary teaching
capabilities may become a “bottleneck” constraining the model’s expansion. Therefore, future efforts
must focus on coordinated initiatives in policy design, cross-border resource integration, and specialized
faculty development to ensure that this composite innovative management talent cultivation model can
yield tangible results in China and Kyrgyzstan, as well as across the broader “Belt and Road” region.

Conclusion

As the Digital Silk Road moves forward and the regional digital economy expands at a rapid pace,
collaborative activity in cross border e commerce between China and Kyrgyzstan grows ever deeper. That
deepening cooperation generates a continuously rising demand for composite innovative management
personnel. Drawing upon a survey of existing scholarly works and the broader developmental environ-
ment, the present study systematically examines the principal shortcomings affecting current practices
in cultivating cross border e commerce talent across the two countries. Several interconnected factors
emerge from that examination. An outdated curricular architecture, insufficient digital proficiencies
among both students and instructors, and shallow integration between academic institutions and indus-
try collectively produce a pronounced disconnect between the supply of graduates and what the market
actually needs.

Proceeding from these findings, and taking into account the specific characteristics of cross border
e commerce evolution, the study constructs a talent development trajectory. That trajectory rests upon
three pillars: restructuring the curriculum, establishing cross border platforms for industry academic col-
laboration, and introducing diversified evaluation mechanisms. Practical viability of the proposed path-
way is then tested through illustrative case studies.

The study indicates that the organic integration of digital technology, business logic, and cultural
elements helps form a curriculum system better aligned with the development needs of cross-border e-
commerce. Meanwhile, conducting practical teaching based on corporate resources and real-world busi-
ness scenarios can significantly enhance students’ comprehensive abilities and problem-solving skills. The
introduction of a diversified evaluation mechanism further reinforces a competency-based approach,
shifting talent development from the mere transmission of knowledge toward the cultivation of compre-
hensive competencies. This multidimensional, collaborative talent development model not only effec-
tively alleviates the shortage of high-end talent in the cross-border e-commerce sector but also
promotes the deep integration of the education system with the digital economy to a certain extent,
providing sustained talent support for China-Kyrgyzstan cross-border e-commerce cooperation.

Nevertheless, this study primarily relies on literature analysis and case studies, lacking systematic
empirical data to support its findings; the effectiveness of talent cultivation under different regional and
institutional conditions remains to be further verified. In the future, questionnaire surveys and quantita-
tive analysis methods could be integrated to conduct an in-depth evaluation of the implementation ef-
fectiveness of the training model. Concurrently, differentiated pathways should be explored within a
broader context of international cooperation, with increased attention paid to the application mecha-
nisms of emerging technologies, such as artificial intelligence, in talent development. By continuously
refining theoretical and practical research, we can help drive the optimization and upgrading of the
China-Kyrgyzstan cross-border e-commerce talent development system, thereby providing a more solid
talent foundation for the construction of the Digital Silk Road.
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Abstract

Post-conflict territories rarely have the luxury of rebuilding step by step through the same slow
sequence that historically shaped stable regions. In the case of Azerbaijan’s liberated territories, recon-
struction is occurring under unusual conditions: infrastructure was heavily damaged, population return
requires rapid service delivery, and the state has simultaneously framed these areas as laboratories for
smart settlements, green enerqy, and digitally enabled governance. This article argues that the most
productive framework for understanding this strategy is the leapfrogging model, in which destroyed or
underdeveloped systems are not merely restored but redesigned around advanced technologies, new in-
vestment logics, and integrated territorial planning. Rather than reproducing outdated energy, housing,
transport, and agricultural systems, Azerbaijan has the opportunity to bypass them through innovative
investment, especially where reconstruction, resettlement, and economic diversification are being pur-
sued together. The article develops a conceptual discussion of leapfrogging in post-conflict development,
examines why this model is especially relevant to Azerbaijan’s post-conflict territories, identifies priority
sectors for innovative investment, and outlines the policy conditions required for a successful transition
from recovery to competitive regional transformation.

Introduction

The reconstruction of post-conflict territories is often described as a process of restoration. Yet for
Azerbaijan’s liberated territories, restoration alone is too narrow a concept. The more strategic question
is whether these regions should be rebuilt as replicas of what existed before occupation and destruction,
or whether they should be transformed into economically modern, ecologically efficient, and digitally
connected spaces that are better adapted to twenty-first century development dynamics. This distinction
is central to the idea of leapfrogging.

Leapfrogging refers to a development pathway in which latecomer or disrupted regions avoid pass-
ing through every historical stage previously experienced by more advanced economies. Instead, they
adopt advanced institutional, financial, and technological solutions that compress time, lower transition
costs, and create new competitive advantages. For post-conflict territories, this model is especially ap-
pealing because war damage often eliminates both obsolete infrastructure and the political possibility of
gradualism. Under such conditions, reconstruction can become a strategic reset.

Azerbaijan’s post-conflict territories provide a particularly relevant setting for this approach. These
areas are being rebuilt not only for humanitarian return and basic recovery, but also through the concepts
of smart village, smart city, green energy zone, and modern logistics integration. In effect, the recon-
struction agenda already contains the building blocks of a leapfrogging strategy; what remains is to ar-
ticulate them within a coherent development model and align investment policy accordingly.

Leapfrogging as a Development Model

In development theory, leapfrogging challenges linear assumptions that countries or regions must
pass through fixed historical stages before reaching higher productivity and technological sophistication.
Burlamaqui and Kattel argue that development should be understood less as convergence toward a uni-
versal endpoint and more as innovation-driven leapfrogging supported by finance and institutional gov-
ernance [1, p. 270]. Their argument is particularly valuable for post-conflict contexts because it shifts
attention from imitation to strategic capability-building.

Recent scholarship also expands the concept beyond industrial upgrading alone. Yap and Truffer
show that transformative leapfrogging requires not only knowledge accumulation but also the reshaping
of legitimacy, markets, and finance around new socio-technical systems [2, p. 226]. This means that ad-
vanced development is not achieved simply by importing technology; it depends on whether policy can
organize an ecosystem in which new technologies become investable, socially accepted, and institution-
ally embedded.

This broader understanding is highly relevant to post-conflict territories. In such environments, in-
frastructure, public trust, service delivery, and economic opportunity are rebuilt at the same time.
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Therefore, leapfrogging should be seen not as a narrow technological shortcut but as a coordinated
model linking governance, capital allocation, settlement planning, and productive transformation.

Why Post-Conflict Territories Can Leapfrog

Post-conflict reconstruction is often constrained by damaged infrastructure, weak investor confi-
dence, institutional fragility, and the urgent need to deliver visible results. Yet these same constraints
can create a unique opportunity. Because destroyed territories must rebuild foundational systems from
the ground up, they are less locked into obsolete networks than mature regions. In this sense, the absence
of legacy systems can become a developmental advantage if paired with strategic investment.

The World Bank’s analysis of private participation in infrastructure in post-conflict settings empha-
sizes that where the right priorities and policies are established early, governments can mobilize financ-
ing and private expertise to break cycles of low investment and low productivity [3, p. 1]. This insight
matters for Azerbaijan because reconstruction in the liberated territories is not only a fiscal exercise; it is
also a question of how public investment can crowd in private and foreign capital over time.

A second reason leapfrogging is plausible in post-conflict settings is the possibility of institutional
redesign. Rather than extending fragmented services into devastated spaces, governments can introduce
integrated digital administration, resilient infrastructure standards, renewable energy systems, and new
land-use models in one coordinated phase. Post-conflict territories thus allow not just rebuilding, but
redesign.

Azerbaijan’s Liberated Territories as a Leapfrogging Space

Azerbaijjan has already articulated several strategic ideas that fit the leapfrogging paradigm. The
first is the decision to rebuild liberated settlements through the smart city and smart village concepts.
Official and semi-official accounts of the reconstruction agenda indicate that these settlements are in-
tended to combine housing, social services, production systems, digital solutions, smart agriculture, and
alternative energy within unified territorial projects . This directly departs from incremental reconstruc-
tion and instead points toward integrated modernization.

The second pillar is the designation of Karabakh and East Zangazur as a Green Enerqgy Zone. Ac-
cording to the relevant official platform, the liberated territories are being developed around renewable
energy potential and a long-term low-carbon transition agenda. In leapfrogging terms, this means that
energy infrastructure is not being reconstructed as a fossil-fuel-heavy legacy system, but as a platform
for future competitiveness, enerqgy security, and environmental branding.

The third pillar is the broader strategic framing of reconstruction as modernization. Analytical ac-
counts of post-war rebuilding in Karabakh stress that Azerbaijan’s approach links security stabilization,
large-scale public investment, transport connectivity, smart planning, and renewable energy develop-
ment rather than treating reconstruction as a purely humanitarian or engineering task [4]. This framing
is important because leapfrogging requires a forward-looking development narrative that attracts capi-
tal, technology partners, and skilled labor.

Priority Areas for Innovative Investment

Renewable Energy and Energy Systems

Renewable energy is one of the clearest sectors through which leapfrogging can occur. Since the
liberated territories are being structured as a green enerqgy zone, investments in solar, wind, storage, and
intelligent grids can reduce dependence on older centralized energy models while improving long-term
resilience [5]. Such investments are economically important not only for local supply, but also because
low-carbon infrastructure can attract international strategic investors, climate finance, and technology
partnerships.

Smart Settlements and Digital Public Services

Smart villages and smart cities should not be understood as branding exercises. Their real signifi-
cance lies in combining housing construction, e-governance, utility management, education, health ac-
cess, and digital service delivery in ways that reduce spatial disadvantage . For returnee populations, this
can shorten the time between physical resettlement and actual socioeconomic reintegration.

Smart Agriculture and Rural Value Chains

Large parts of Azerbaijan’s post-conflict territories possess agricultural potential. If reconstructed
through conventional low-productivity models, these areas may remain dependent on subsidies and basic
commodity production. But if investment supports precision irrigation, sensor-based farming, digital land
management, renewable-powered cold storage, and agro-logistics platforms, agriculture can become a
high-value, knowledge-intensive sector rather than a traditional fallback activity.

Logistics, Corridors, and Territorial Connectivity
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Leapfrogging also depends on external connectivity. Reconstructed roads, rail links, logistics facil-
ities, and digital trade systems can turn formerly peripheral territories into connected nodes within do-
mestic and regional value chains [6]. This is especially relevant for Azerbaijan, whose liberated territories
have strategic significance for internal integration and broader Eurasian transport geography.

Investment Logic and Institutional Conditions

Innovative investment is not defined only by the novelty of technology. It also depends on how risk
is governed, how incentives are designed, and how public and private actors coordinate over time. Re-
search on fragile and conflict-affected contexts by the OECD and EBRD underlines that private-sector
recovery and growth can support broader development when investment strategies are linked to state-
building, peacebuilding, and context-specific risk management [7, p. 1]. This principle is highly relevant
for Azerbaijan’s post-conflict territories, where investor decisions will depend on confidence in govern-
ance, infrastructure sequencing, land regulation, and long-term policy consistency.

For this reason, a leapfrogging model in the liberated territories should rest on several institutional
conditions:

e predictable legal rules for domestic and foreign investors;

e phased use of blended finance, guarantees, and public-private partnership instruments;

e integration of reconstruction policy with industrial, agricultural, digital, and energy policy;

e transparent territorial planning that aligns resettlement with jobs and services;

e education and skills systems that prepare returnees and youth for technologically upgraded local
economies.

Without such conditions, advanced projects may remain isolated showcases rather than drivers of
structural transformation. Leapfrogging succeeds when infrastructure, institutions, and productive sec-
tors evolve together.

Risks and Limits

Despite its promise, leapfrogging is not automatic. The first risk is technological overdesign: terri-
tories may receive highly visible smart solutions without sufficient maintenance capacity, local owner-
ship, or economic integration. In that case, reconstruction becomes expensive symbolism rather than de-
velopment.

The second risk is uneven inclusion. If advanced infrastructure is built but employment creation
lags, returnees may encounter a modern physical environment without a sustainable local economy.
Leapfrogging must therefore be measured not only by digital tools or energy projects, but by whether
families can work, produce, learn, and remain in these territories over the long term.

The third risk is policy fragmentation. Smart villages, renewable enerqy, transport, agriculture, and
investment promotion must be treated as interdependent systems. If they proceed separately, Azerbaijan
may rebuild sectors, but not a functioning regional development model.

Conclusion

For Azerbaijan’s post-conflict territories, leapfrogging is more than an academic concept; it is a
rare historical opening. Regions that were once marked by destruction can become places where time
itself is reorganized—where decades of delayed development are not merely recovered, but outpaced
through bold combinations of green energy, digital governance, smart agriculture, and innovation-ori-
ented investment. The real ambition, therefore, is not to rebuild yesterday with better materials. It is to
design tomorrow so convincingly that return, productivity, sustainability, and dignity arrive together.

If this vision is pursued consistently, the liberated territories can emerge not as peripheral zones
restored after war, but as frontier spaces of Azerbaijani modernization. Their success would demonstrate
that post-conflict recovery need not move in a straight line. Sometimes the most resilient path forward
is a jump: from ruins to smart systems, from disruption to design, and from reconstruction to reinvention.
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Abstract

This article examines how visual communication influences audiences in public relations. In the
modern digital environment, brands actively use not only text but also corporate colors, logos, photos,
videos, infographics, and human images to communicate with consumers. The purpose of the study is to
identify how visual tools affect audience attention, brand recognition, trust, and emotional connection.

The research is based on literature review, content analysis, and comparative analysis. The visual
materials of five international brands — Apple, Nike, Coca-Cola, Netflix, and McDonald'’s — were analyzed.
In total, 50 visual materials were examined, including social media posts, advertising banners, short vid-
eos, product images, and campaign visuals.

The results show that visual communication plays an important role in strengthening brand image.
Corporate color appeared in 70% of the analyzed materials, while logos and brand symbols were found
in 54%. Each brand uses visual communication differently: Apple emphasizes minimalism and quality,
Nike focuses on motivation, Coca-Cola creates positive emotions, Netflix builds intrigue, and McDonald'’s
relies on bright colors and product visibility.

Overall, visual communication is not only a design element but also a strategic PR tool that helps
attract attention, improve brand recognition, build trust, and create emotional connection with audi-
ences.

AHOamna

byn makanada PR canacbiHOaab! BU3yanobl KOMMYHUKAUUSHbIH dyOUumopusaa acep emy macinoepi
Kapacmsbipbiiadsl. Kasipei uugpsibik opmada bpeHomep mymbiHyWwblaapmeH 6aliaHbIC oOpHamy yuliH
MamiHMeH Kamap GupmMasbiK myc, 1020mun, pomo, Budeo, UHPo2paduKa 3aHe aoam beliHeci cusgkKmabi
BU3Ya/10bI Kypasndapobl besnceHdi KondaHaokl. 3epmmeyoiH MaKkcams! — BU3Yaaobl KypanodapobiH ayou-
mopusi HazapkIH ayoapyaa, 6peHomi MmaHyaa, CeHim KasbiNMAacmabipyaad XaHe IMOYUs/IbIK 6alIaHbIC op-
Hamyaa acepiH aHbIKmay.

3epmmey adebuemmepaze wiosy, KOHMeHM-Masnoay *aoHe CasbICMbIpMAasbl masaday adicmepiHe
Hezi30endi. Apple, Nike, Coca-Cola, Netflix xcoHe McDonald’s 6peHOmepiHiH 50 Bu3yandbl mamepuadsisbi
Kapacmeipbliobl. OnapobiH iWiHOe aneymemmik xcesideei NoCmmap, XapHamasibik baHHepsep, Kbicka
Budeosap, eHiMOIK cypemmep xcaHe 6peHOMIK KamnaHus B8u3yandaps! 60/10bI.

Hamuxtenep BuU3yanodbl KOMMYHUKAUUSIHbIH 6peHO UMUOXCH Kywelmyode MaHbi30bl pes amkapa-
MmbiHbIH Kepcemmi. Tanday 6olbiHwa mamepuandapobiH 70%-bIHOa pupmasbik myc, 54%-biHoa s1020-
mun Hemece pupma’ibik 6es2i Ko0aHbl1zaH. Op bpeHd BU3Yan0bl KOMMYHUKAUUSHbI pMYypJli MaKkcamma
natoanaHaosl: Apple murHumanusm mer canaza, Nike momusauusiza, Coca-Cola xazbimobi smoyusiaa, Net-
flix Kb13bi2ywbibIKKa, an McDonald’s awbik myc neH eHim belHeciHe 6acbimobiK b6epedi.
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XKannbi, BU3yandbl KOMMyHUKAQUUsl meK ou3alH 3/1emeHmi emec, ayoumopusi Ha3apbiH ayoapma-
mbiH, 6peHOmi ecme cakmamamaiH, CeHiM MeH 3MOUUS/TbIK 6AU/IaHbIC KaibINMAcmblpamsiH Cmpameau-
AnblK PR Kypasbl 60/16in mabkiiaos..

Keywords: PR, visual communication, brand image, audience, visual content, logo, corporate color,
digital marketing, social media, emotional impact.

Kinm ce30ep: PR, Bu3yandbl KOMMYHUKAUUS, 6peHd uMudx ci, ayoumopusi, Bu3yasidbl KOHMeHm, J10-
2omun, pupmasbsik myc, digital-mapkemure, aneymemmik Xesi, SMOUUS/IbIK acep.

Kipicne

Kazipei yugpibik Koaamoa aknapam azbiMbl 6mMe X#b110am. Aoamoap Y3akK MamiH OKbIRAHHAH 26pi,
KbICKA api MyCIiHIKmI BU3yandbl KOHMeHmMmMI — cypem, BUOeo, UHGoepaguKkaHbl — me3 Kabbiioados.
OcblzaH baltinaHbICMbl BU3YAs10bl KOMMYHUKAUUS PR-0bIH Heai3ei KypanoapbiHbiH bipiHe aliHanobl. by2iHoe
KoMNaHusaap mMeH bpeHomep ayoumopUsHbIH HA3apbiH ayoapy YWwiH meK MamiHMeH wekmesmed,
BU3yanobl 31emeHmmepoi besceHOi KosndaHaos! [1]. Fbuibimu 3epmmeynepoe by ypodic 3amaHayu
KOMMYHUKAQUUSAHbIH mabuau damybi pemiHoe myciHOipineodi. Busyanob! beliHesep adamHbIH SMOUUSCkIHA
mikenel acep emin, aknapammsi me3 api muimoi xemkizedi [2]. CoHbiMeH kKamap Bu3yasnosbl
KOMMYHUKAQUUS Kdzipei Koaamoad MasbIHAHbI XYemki3yoiH Heai3ei ¢opmanapbiHbiH 6ipi  pemiHoe
Kapacmaipbiaaosl. by 8u3yanodbiH MeK KOCbIMUIA 371eMeHm emMec, MOoJIbIKKAHObI KOMMYHUKAUUS KYpasibl
eKeHiH kepcemeoi.

ocipece Xanbikapasiblk 6peHomep 6y MymKiHOIKmi muimdi naddanaHaokl. Mbicanbl, Apple
MUHUMAUCMIK 0u3alH apKbl/ibl cana MeH NpemMuym umMuox< Kasabinmacmsipca, Nike OuHamukasbik,
BU3Yan0ap ApKblbl MOMUBAUUSA MeH Kyul udescbiH xemkizedi [3]. An Coca-Cola myc neH smouusea
Heej30esieeH BU3YaAn APKbIIbI KyaHbiw neH 6ip/ik ces3iMiH Kaseinmacmaelpadsbl. byi 6peHomepoiH
maxcipubeci Bu3yandbl KOMMYyHUKAUUSHbIH ayoumopusaa acep emyodeei muimoinieiH alKkbiH Kepcemeoi
[4]. Peceliniik ytoHe Ka3akcmaHobikK 3epmmeysiepoe de 8U3yadi0bl KOMMYHUKAUUSHbIH MAHbI3bl KeHiHeH
Kapacmaipbiaaoskl. Ljugprbik opmada BuU3yasndbl KOHMEHMMIH pesi  apmsbin, ayoumopusiHbIH
aknapammei Kabbinoay popmamsi e32epeeHi atimasinaodsi [5]. CoHbiMer kamap 8u3yanobi 06pazdapobiH
a0aMHbIH CAHACbIHOA Me3 CaKmMaadmbiHbl XaHEe 6peHO UMUOMCH KasbinmAacmbipyod MAHbI30bl Pesl
amkapamsiHbl Kepcemineoi. daeymemmik Xcesninep 0ayipiHoe Bu3yandbl KOHMeHM ayoumopusiMeH
ceHiMOi b6alinaHbIC opHamyobiH Hezi32i KYpasibiHa alHasiob.

3epmmey Makcamal:

PR-0aab! BuU3yasobl KOMMYHUKAUUSIHBIH ayoumopusiaa acep emy macizioepiH wemesodik bpeHomep
MbICA/IbIHOA AHbIKMAy.

3epmmey miHOemmepi:

1. Bu3yasiobl KOMMYHUKAUUSIHbIH MeopUsi/ibIK He2i30epiH Kapacmaipy

2. PR-Oazbi Bu3yanob! Kypanoapob! xcyleney

3. 9nemoik bpeHomepdiH BU3YaA/10bI CMpameaus/iapbiH masaoay

4. Bu3yasndbl KOHMeHmMmMIiH ayoumopusaa NCUX0/102UsIbIK aCepiH AHbIKMay

3epmmey cypagabi:

LLlemendik 6peHOmep B8uU3Yan0bl KOMMYHUKAUUS dpKbi/bl ayoumopusiaa Kkasaal acep emeoi?

9dicmep

byn  3epmmeyde  cananbik — adicmep  KosdaHbiiaobl.  Cebebi  makanada — Bu3yasobi
KOMMYHUKAQUUSIHbIH CAHObIK KepCemKilumepi emec, OHbIH MAasmyHbl, ayOumopusiaa acep emy epexuiesiai
HaHe bpeHO UMUOXCIH KalbiINMAacmbIpyo0aabl peJii Kapacmblpblaaobi.

bipiHwioeH, adebuemmepee wosy adici nadoanaHeinosbl. byn adic apkbiibl PR, BuU3yanobl
madeHuem, digital-mapkemuHe coHe 6peHO KOMMYHUKAUUSICbI Mypasibl  ablbiMu  eHbekmep
Kapacmsipbiiobl. ddebuemmepe Wosly BU3yadsi0bl KOMMYHUKAUUSHBIH MeOopUs/IbIK He2i3iH myciHy2e
XHaHe 3epmmey 6azbimbiH aHbIKMayaa MyMKiHOIK 6epedi.

EKiHwiOeH, KoHmeHmM-manoay aoici KoadaHbiiobl. KoHmeHm-masnoay 6apbicbiHOa a/iemae
maxbiMana wemenoik bpeHomepdiH BuU3yaadbl Mamepuasoddpb! Kapacmelpbliobl. 3epmmey HbICAHbI
pemiHde Apple, Nike, Coca-Cola, Netflix xaHe McDonald’s 6peHomepi maHdanobl. byn 6peHOmep
BU3YA/IObl KOMMYHUKQUUSHbI MYPAkmbl api xcydeni Ko/i10aHambsIHObIKMaH, oaapobl manday PR
maxipubeciHoezi muimoi macinoepdi aHbikmayaa kemekmeceoi [6].

YWiHWideH, canbicmbipmMasibl manday a0ici Ko10aHb0bI. by a0ic apKbiibl amasngaq 6peHomepoiH
BU3YasIObl KOMMYHUKAUUs epekwenikmepi 6ip-6ipimeH canbicmbipbiiobl. Canbicmeipy 6peHomepdiH
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ayoumopusmeH 6aliiaHbIc opHamyoa KaHoad Bu3yaaodbi Kypaaoapaa 6acbimobiK bepemiHiH aHbIKkmayaa
MYMKIHOIK 6epedi [7].

Tanoay keneci Kpumepudsep 60UbIHWA H#Cypai3indi: 8U3yaadbl CMUsib, MyC NAIUMPACh], oMo MeH
BUOeO K0JI0aHY, SMOUUS/IbIK acep, bpeHO calikecmizi 3caHe ayoumopusameH balnaHbic. Ocbl Kpumepudiep
apKbl/ibl ap bpeHOmiH BU3Yan0bl KOMMYyHUKAUUA0aab! 63iHOIK epeKkwesiai MeH ayoumopusad biknasa emy
macindepi aHbIKMasnosbi.

Hamuwicenep

byn 3epmmeyode adebuemmepze wosly a0ici PR-0aabl BU3Ya10bl KOMMYHUKAUUSHBIH MeopUs/ibiK
Heei30epiH mepeH myciHy YWiH Koa0aHbl10bl. KapacmsipbiigaH eHbekmep wemesodik, peceliiK 3oHe
Ka3akcmadoblK — 3epmmeywinepoiy — Ke3kapacmapbiH — KAMmuobl.  HamuxxeciHoe — BuU3yasnosbl
KOMMYHUKAQUUSIHbIH ayoumopusiaa acep emy MexaHu3moepi, oHbIH PR xcyleciHoeai pesi xaHe yudpibik
opmadaabl epekuiesnikmepi aHbIKkmasnosi [8, 9.

LLlemendik ablibiMu eHbekmepoe Bu3yandbl KOMMYHUKAUUS A0AMHbIH 3MOUUACHIHA, An2aWKbI
acepiHe XoHe wewiM KabblidaybiHa bIKNAJA ememiH MAaHbi30bl Kypasi pemiHoe cunammasnaosbi.
3epmmeyniepde myc, ¢opma, Ou3adH, 1020MuN HaHe KOMNO3UYUS CUSKMbI BU3YasObl 3/1leMeHmmep
ayoumopusHbiH bpeHomi KabbindaybiHa mikened acep ememiHi kepceminedi [10]. CoHbiMeH Kamap
BU3YanObl calikecmik 6peHOmMIH MAaHbIManoblibidbiH APMMbIPbIN, MYMbIHYWbI CAHACbIHOA MYpPakmel
accoyuayusap KaabinmacmaipamaiHbl almabiiadsb!.

Kelibip 3epmmeynepde 3mouus myoblpamabiH BU3YaA10bl KOHMEHMMIH me3 mapasay MyMKiHOi
Jo2apbl ekeHi 0aniendeHedi. KyaHbiw, wabbim, Kbi3bRYWbIIbIK HeMece maaay cesimiH bepemiH
BU3yandap ayoumopusiHbIH HA3dpbliH Kywedmin, KOHMeHmmMIH aneymemmik esninepoe besnceHoi
mapasybiHa biknaa emeoi. by PR-0aabl 8U3yaidbl MamepuaaoapobiH acep emy KyuwliH myciHoipedi [11].
Peceliniik abliibiMu eHbekmepde 0e Bu3yasiobl KOMMYHUKAUUSHBIH XApHamMa xeHe PR canacbiHOaab!
MaHbI3bl KeHiHeH Kapacmelpbliaobl. 3epmmeyiepoe Bu3yandsi beliHenepoiH adamHbIH HA3dPpbiH Me3
ayodapsein, ecme cakmay KabinemiH KyweldmemiHi kepceminedi. CoHbIMeH Kamap Uuppibik
KOMMYHUKaUus XagodalibiHoa ayoumopusiHbiH MamiHHeH 2epi BuU3yandbl aKNAPAMMbl Xbl10AM
Kabb110almelHbl #aHe BU3Yan0bl KOHMeHmKe Kebipek ceHim b6indipemiHi aimabinadsi [12].

KazakcmaHoblK 3epmmeysiepoe 8U3yadiodbl KOMMYHUKAQUUS 3aMaHayu MeouaHblH MaHbi30bl besiei
pemiHoe Kapacmeipbiiaobl. Ocipece aeyMemmiK Xesiiep MeH XaHa Meoua KeHicmiziHoe Bu3yasobi
KOHMeHmMmMIH Xacmap ayoumopusicbiHa acepi oaapbl ekeHi kepceminedi [13]. CoHbiMeH Kamap
BU3YAIObI  KOMMYHUKAQUUSHBIH muiMOiii2i  ayoumopusiHbIH Ma0eHU  epeKweslikmepiHe, YimmbiK
Kabbi10aybIHA #aHe aneyMemmik KOHmMeKcmiHe b6ad/iaHbiICmbl ekeHi aman eminedi. doebuemmepee
wosy Hamuxcesnepi bipHewe MaHbI30b! KOPbIMbIHObI #Acayaa MyMKIHOIK 6epoi. bipiHwideH, Bu3yasiob!
KOMMYHUKAQUUS a0aMHbIH SMOUUSAChIHA mikenel acep emeodi X aHe aknapammbl Xbii0am Kabbiidayea
MYMKIHOIK 6epedi. EKiHWwiOeH, Bu3yandbl calkecmik 6peHOmi maHbiMaa emyoiH Heeizei KypanoapbiHbiH
6ipi 60/1bIn MabbiNaobl. YWiHWioeH, aneymemmik Xceninep xazodalbiHOa Bu3yandbl KOHMEeHMMIH
MaHbI3bl  aimapsibikmad — apmkaH.  TepmiHwioeH, BuU3Yanobl  KOMMYHUKAUUSAHbIH — muimOisiai
ayoumMOopUSHbIH Ma0HU XaHe NCUXOJI02US/IbIK epeKkuuesikmepiHe mayesoi.

KoHme+Hm-manoay 6apsiceiHoa Apple, Nike, Coca-Cola, Netflix xcaHe McDonald’s 6peHomepiHiH
BU3YaA/I0bI Mamepuandapbl Kapacmsipbiiobl. Op bpeHomeH 10 Bu3yasidbl MamepuasdaH asbiHbIN,
Hannbl 50 Bu3yanobl KOHMeHmM mandaHobl. Mamepuasodapaa #apHamasblk 6aHHepsep, aneymemmik
Jenioeai nocmmap, KbIcka su0eosiap, eHiMOIK Cypemmep XaHe 6peHOmiK KamnaHus Bu3yaaddpski Kipoi.

Tandayea anbiHzaH mamepuanodap 6apsibik bpeHoke meH 6esiHOI. by 6peHOmepdi canbicmbipyaa
bIHaal1bl 601061 (1-kecme).

1-kecme. KoHmeHmM-masnoayaa a/ibIH&aH Mamepuanoap caHbl

bpero TandareaH su3yaadbl MaAMepud1 cakbl | Yec caimassl
Apple 10 20%

Nike 10 20%
Coca-Cola 10 20%

Netflix 10 20%
McDonald’s | 10 20%
bapsibiabl 50 100%

KecmedeH KepiHin mypaaHoad, ap 6peHO bipdell Kesemoe Kapacmsbipbiiobl. byl HamuxcenepoiH
6ipxcakmai 60maybIHa #caHe 6peHOmepdiH BU3yandbl MaciioepiH a0i CasbiCMbIpyaa MyMKIHOIK 6epoi.

Keneci keseHOe ap b6peHOMIH BuU3yasobl CMUJI, Hezi32i Mycmepi XaHe ayoumopusaa acep emy
macinoepi aHbIKmMasaobi(2-kecme).
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2-kecme. bpeHOmepOiH Hezi3ei 8U3yaobl epekulesikmepi

bpero Hezizai Busyanobl cmusib bacbim myc Heziz2i acep emy macini

Apple MuHuManu3m, masa ¢poH AK, Kapa, cyp Cana, mexHos102usl, NPEMUYM UMUOXC

Nike JuHamuka, cnopmmabik K032aJ1bIC Kapa, ak, Kbi3bla | Momusayusi, KyW, XeHicKe ymMmbiiy
Coca-Cola | Xbuibl sMmoyus, mepekesik ammocgepa | Kbizbia, ak Kyarbiw, docmelk, bipizy

Netflix Koro mycmep, dpamanbik nocmepsiep | Kapd, Kbi3bii KbI3bl2YWbl/IbIK, UHMPU2d, IMOLUST
McDonald’s | Awbik myc, eHim beliHeci KbI3b171, capsbl Te3 madbiiy, mabem awly, Koemimoisik

byn kecme ap b6peHOMIiH 63iHOIK Bu3yandbl “mini” 6ap ekeHiH Kepcemeodi. Mbicasnbi, Apple
KapanalibiMObI/IbIK ApKbLIbl CeHiM myobipca, Nike K032a/bic NeH 3Hepaus apKbiibl ayoumopusiHbl
wabbimmaHokipaosl. Coca-Cola smouusza, Netflix Kbizbiaywbiabikka, an McDonald’s eHimoi me3
marbimyaa 6ackiMobIK 6epeo.

O0daH KelliH BU3yanobl KypanoapobiH KAHWA/bIKMbI XUi KO0aHbLAambiHbl ecenmendi (1-cypem).

KOJIIIaHBIJ]FaH MarTrepuaJjJ CaHbl
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1-cypem. Bu3yanobi KypanoapobiH KOJIOAHbUTY MUitiei

Homuxxeze kapazaHoa, eH Wi Ko/0aHblizaH mMaci/i — MyC apKblibl epekweneHy. On 50
mamepuasobiH 35-iHde, aaHu 70%-biHOa Ke3decmi. byn gpupmasbik mycmiH 6peHomi ecme cakmayoa
MaHbI30bl peJ1 amKapambiHbiH Kepcemedi. CoHbIMeH Kamap mamepuasnddpobiH 54%-biHoa so2omun
Hemece pupmarbik benei KondaHbineaH. byn ayoumopusiza bpeHomi me3 maHy2a kemekmeceoi.

CoHabl kezeHOe bpeHOmepdiH BU3Yan0bl KOMMYyHUKAUUS muimoiniei bipHewe Kpumepul 60lbIHWa
6azanaHobl (3-kecme).

3-kecme. bperHOmepdiH BuU3ya/10bl KOMMYHUKAUUS muimoiiei 60UbIHWA Ca/lbICMbIPMAcChI

bpero Tyc calikecmiai | Buzyandbl cmusib | IMOUUASbIK acep | BpeHOmi maHy xceHindiei | Xannel 6asa
MYpPakmblibiabi

Apple 9/10 10/10 8/10 9/10 9.0

Nike 8/10 9/10 10/10 9/10 9.0

Coca-Cola 10/10 9/10 10/10 10/10 9.8

Netflix 8/10 8/10 9/10 9/10 8.5

McDonald’s | 10/10 9/10 8/10 10/10 8.3

byn canbicmbipy 6olbiHWA eH xoaapbl kepcemkiuw Coca-Cola 6peHdiHOe balikanob! — 9,8 bas.
OHbIH BU3YaA/10bI KOMMYHUKAUUSCbIHOA MYC, SMOUUS XaHe bpeHOmi maHy Kepcemkiuimepi eme 3#0aapsbi.
McDonald’s ma xoeapbl Hamuxe Kepcemmi, cebebi OHbIH Kbi3blI-Capbl Myci MeH eHiM beliHeci
ayoumopusiza 6ipdeH mabiiaobl. Apple meH Nike Bu3yanobi CMUIHIH  MypPakmbl/ibiabiMeH
epekwenerHedi, an Netflix KepepmeH Kbi3bl2yWbl/IbIabIH OSMAMbIH OPAMAsibIK, BU3Yandapobl Muimoi
K0/10aHaosb!.

KoHmeHm-manoay HamuxceciHoe Bu3yadsidbl KOMMYHUKAUUsS wemesdik bpeHOmep yuwiH mekK
JApHama Kypasibl emec, ayoumopusmeH 6adiaHbIC opHamyobiH MAaHbI30b! PR macini ekeHi aHbIKmasosbl.
Tanoay 6olbiHwa 50 mamepuanobiH 70%-biHOQ GUPMAZbIK MYyC Heeisei pesi amkapobl, 54%-biHoa
J1020mun Hemece bpeHd benaici aHbIK KepiHOi, 44 %-biHOa eHiM beliHeci Ko10aHbL10bI, an 40%-biHOa aoam
beliHeci apKbiyibl SMOUUSA/IbIK 6AU/IAHbIC XACAIObI.
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by Kepcemkiwmep BuU3Yasi0bl KOMMYHUKAUUSHbIH Ayoumopusi Ha3apbiH ayoapy, bpeHomi ecme
CaKkmMay »aHe SMOUUSA/IbIK acep KasbINMAcmbIpy YUliH MAHbI30bl eKeHiH 0as1e/10edoi.

YwiHwioeH, 3epmmeyoe canbiCmbipMasbl manday aoici KonoaHbLiobl. byn adic apkeiibl Apple,
Nike, Coca-Cola, Netflix #caHe McDonald's 6peHOmepiHiH 8uU3yai0bl KOMMYHUKAUUS epekwiesikmepi 6ip-
6ipimeH canbicmbipbliobl. CanbICMbIpy HOMUXECiHOe ap bpeHOmiH ayoumopusameH baliaHbic opHamyoa
KaHoal Bu3yanobl Kypaadapaa 6ackiMobIK bepemiHi aHbIKmasnosbi.

Canbicmbipmansl manday KepcemkeHoel, ap 6peH0 Bu3yasObl KOMMYHUKAUUSHbI 63iHOIK
cmpameaust apKbl/ibl Ko10aHaobl. Mbicasbl, Apple muHumanucmik cmusbee cydeHedi: KapanalbiM ¢oH,
az 3/lemMeHm, masa Komnosuuyus. byn macin ayoumopusioa CceHiM MeH cand mypasbl acep
Kasabinmacmsipaosl. An Nike KepiciHwe, OUHaMUKasbiK BuU3yanddpobl, KO032ad/bICMbl, CNOPMUIbLIAP
beliHeciH K010aHa ombIpbIn, MOMUBAUUS MeH SHEP2USHbI #emKi3eoi.

Coca-Cola Bu3yanobl KoMMyHUKaAUUsa0a 3mouusaa b6acbimobik, 6epedi. OHbIH XapHAMaaapbiHOa
adamoap, Mepekesik cammep, 00CmbIK ammocgepa xui kesoeceoi. by ayoumopusda No3uUMUBMI KeHis
Kyd Kaabinmacmasipadsl. An Netflix Bu3yandbl KoHMeHmme 0pamasibiK acep MeH UHMpU2dzd Ha3ap
ayoapaobl: KoK  mycmep, KOHMpAacm, KelinkepnaepoiH 3MOUYUSCbI  APKbl/ibl  KOpepMeHHIH
KbI3bl2YUWlbl/TblablH ApMMbIPaosbl.

McDonald's Bu3syanobi KoMMyHUKaAuuao0a KapanadbiMOblIbIK NeH me3 MadHblayaa mMaH bepedi.
OHIMHIH ipi 6edHec], awblK mycmep aHe MUHUMA/IObI MamIiH apKblibl ayoumopusiHbIH HA3ApbIH
JKbI/10am ayoapaokil.

XKannel canbicmbipMasbl manoday HomuxceciHoe bipHeuwe opmak 3aHe albipMawbl/ibiK beneinep
aHbIKkManobl. bapsibik 6peHomepoe pupmasbik mycmi mypakmal KOa0aHy, 1020MuUnmi BU3yadsza eHaizy
JOHe KbICKad, MYCIHIKMI KOHMeHm xcacay opmak cunam 60/16in mabbiiaobl. A albipMalubiibIKMaps!
0/1ap0blH Heai3ei acep emy cmpame2uscbiHOa KepiHedi: bipeyi smouyusaa, bipeyi Momusauusad, eHoi bipi
KapanadbiMObI/IbIK NeH CmuJsibee 6ackiMObIK 6epedi.

Ocbinadwa, canbiCmblpMasibl maaodady Bu3yandbl KOMMYHUKAUUSHbIH ap 6peHO ywiH 6ipdel emec,
ayoumopus MeH bpeHO No3UUUSACbIHa 6aliaHbICMbl dpMYypPi KOA0AHbIIAMbIHbIH Kepcemmi. by PR-
0aabl BU3YA/10bI CMpAme2usHbl maHoayoa 6peHOmiH Makcamasi MeH ayoumopus epekuiesikmepi weuwlyuwi
PeJ1 amKapamabiHbIH 0a/1es10edol.

CanbicmbipMasibl manoday HomuxeciHoe ap 6peHOmiH BU3ya10bl KOMMYHUKAUUS0a 63iHOIK 6ackim
6aabimbl 6ap ekeHi aHbIKmasosbl. Apple MUHUMAIU3M apKbiibl CeHiM Kaiabinmacmasipca, Nike Momusauust
MeH 3Hepeusiaa cyleHedi. Coca-Cola smouusnbik acepee, Netflix Kbi3bi2ywbl/ibiK NeH UHMpuedazd, asn
McDonald’s me3 marbiny MeH eHim beliHeciHe bacbimObiK bepedi (2-cypem).

Apple — MUHUMaNM3M HKIHE CeHIM

[l Nike — MoTMBaLWA XDHe 3Heprus
Coca-Cola — 3MoUMA KIHE KyaHbiL

[ Netflix — Kbi3bIFyLUbINBIK X3HE WHTpUra

[ McDonald’s — Tes TaHbiny xaHe Ta6eT awy

2-cypem. bpeHOmepaoiH BuU3yaA/10bI KOMMYHUKAUUSOaab! Heziz2i 6acbiMobiabl

Jluaepammada kepcemineeHded, 6apsibik b6peHOmep BU3YaAnObl KOMMYHUKAUUSIHbI 6esceHOi
Kon0aHaobl, 6ipak onapobiH ayoumopusaa acep emy macindepi apmypi. byn PR canacbiHOa 8u3yasiobi
cmpameeausiHbl maqoazaHoa bpeHOmiH Makcamel, ayoumopusiCbl X(oHe HAPbIKMAabl OpHbI ecKepinyi
Kepek eKkeHiH kepcemedi.

Tankpinay

3epmmey Hamuxcenepi PR canackiHOa 8uU3yasnobl KOMMYHUKAUUSIHbIH CMPAame2usisibiK MaHbi3bl
)H0RAPbI eKeHiH Kepcemmi. doebuemmepee Wosly, KOHMeHM-Mmanday XaHe CasbiICMbIpMassl maaoay
Hamup#enepi e3apa ydaecin, Bu3yandbl KOHMeHMMIH ayoumopusiaa acep emy MexaHu3moepiH Hakmbi1ad
mycmi. A/biHaaH O0epekmep BuU3yadsiObl 3/emMeHmmepoiH iWiHOe MyCmiH bIKNAJbl epeKkule eKeHiH
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dantenioelioi. KoHmeHm-manoay 6olbiHwa mamepuanoapobid 70%-biHOa GupmanbiK —mycmep
KOJIOAaHbIARAH. byl mycmiH meK 3cmemuKkasbik 6e3eHoipy Kypasibl emec, 6peHOmiH MaabIHA/IbIK KOOb!
ekeHiH Kepcemedi. fbiibiMu eHbekmepde 0Oe Bu3yanobl wWewiMmoep adamHbIH ai2alKbl aCepiH
Kaszabinmacmsipbin, KeliHai Kabbi10aybiHa biIknNaa ememiHi atimasiaaosi [14].

CoHbiMeH Kamap 3epmmey 6apbiCbiHOa J1020MUN NeH BuU3yasidbl CaUKecmikmiH 0e MAaHbi3bl
alikbIHOan0bl. MamepuanodapobiH 54 %-biHOa pupmasbik 6enei aHbIk KepiHeeH. byl mypakmabi BU3yadiOb]
a/1emeHmmepoiH MymbiHY Wbl CAHACbIHOA bpeHO mypasibl HAKMbI api Y3aK CakmaaamasiH dcCOuUauUsaIap
KasbINMAacmaipamaiHbiH Kepcemeoi.

3epmmey 6apbicbiHOa ap b6peHOMIH BuU3YaiObl KOMMYHUKAUUSHbLI apmypsi  Makcamma
KOJ10aHambIHb! aHbIKManobl. Mbicanbl, Apple KapanalbiMObi/biK NeH MUHUMAJIU3M APKbi/ibl CeHIMOIIK
nex canakbl Kepcemce, Nike K032asbIC NeH 3MouuUsSea Hezizoesn2eH 8u3yandap apKblibl MOMUBAUUS/IBIK
acep bepedi. bysn 3mouuss MyoblpambiH KOHMeHMMIH ayoumopusiaa Kywmi acep emin, OHbiH mapany
bIKMUMA0bI&bIH APMMbIPAMbIHbIH 0a/1e10elol.

Imouusnbik acep acipece Coca-Cola mbicanbiHOa alkeiH 6alkanaosl. byn 6peHO Bu3yanodbi
KOMMYHUKAQUUS0a KyaHblw, 00CMbIK, Mepekenik KeHin Kyldoi kepcemedi. An Netflix susyan apKbiibl
KbI3bI2YWbIIbIK NeH UHMPpU2a Kasabinmacmsipaosl. MyHoal macindep ayoumopusiHbl apeKemke, S2HU
Kepyee, camsin anyea Hemece besicyee umepmenedodi. McDonald’s maxcpubeci Bu3yanosbi
KapanadibiMObIIbIKMbIH MUiMOinieiH kepcemedi. AwblKk mycmep, ipi 6HiM beliHeci 3aHe KbicKa MamiH
ayoumopusea aknapammal 6ipoeH xemkizedi [15]. by Kkazipei yugpibik opmaoasbi MymbiHYWb! MiHe3-
KWIKbIMEeH mbiabli3 6alnaHbicmel, cebebi aneymemmik Xeni Koa0aHywblaapb! aKkndpammel me3
Kabbl10an, BU3yaadbl KOHMeHMKe Kebipek Hazap ayoapaos!.

KazakcmaHoblK — 3epmmeysiepde  0e  B8u3yasiiobl  KOMMYHUKAQUUSHbIH, — acipece  xacmap
ayoOuMOpPUACbIHA acepi *o2apbl ekeHi alimabiaaobl. by 3epmmeyoe KapacmbipbiizaH b6peHOmepoiH
Heeizei ayoumopuscbl 0a yugpsbik opmada benceHdi wacmapmeH 6adnaHbicmsl. COHbIMEH Kamap
BU3Ya10bl KOHMeHMMIH MuimMOiniei OHbIH MadeHU calikecmiziHe de mayendi. AeHu 6ip BU3YaAiOb! Welim
bapsbik ayoumopusiza 6ipoeld acep emneyi MymkiH [16]. Xannbl manday Hemuxcenepi Bu3yasnosbl
KOMMYHUKQUUSIHBIH YW Hezi32l Kbi3MemiH alkbiHOaokl. bipiHwioeH, o/ ayoumopus HA3apbiH me3
ayoapaosl. EKiHwideH, 6peHOmi ecme cakmayobl ceHizidemeoi. YWiHWioeH, SMOUUS/IbIK acep apKbl/ibl
ayoumopusmeH 6atinarHbic opHamaosl. Ockbl KacuemmepoiH yinecyi Bu3yandbl KOMMYyHUKAUUSHbI PR-
dazbl eH muimoi KypandapobiH bipiHe alHa0bipaosi.

KopbimbiHObI

KopbImbiHObLAl Kerne, xypeizineeH 3epmmey PR canacbiHOaabl BU3YasiO0bl KOMMYHUKAUUSHbIH
Kasipei yugpsbiKk Koaamoa aca MaHbi30bl Pesi amkapambiHbIH Kepcemmi. byeiHei aydumopus
aknapammasl eme b110am Kabbiioaltiobl, COHObIKMAH KOMNAHUAAAp MeH bpeHomep 63 xabapaamachiH
KbICKA, MYCIHIKMI XaHe acepsii mypoe demkizyee yMmpiiaosl. OCkbl ¥azdatioa Bu3yasobl KOMMYHUKAUUS
PR-0bIH eH muimoi KypandapeiHbiH bipiHe altHanaosl. Cebebi cypem, myc, sBudeo, s02omun, wpugpm,
KOMNO3UUUS CUSIKMbI 3/1leMeHmmep ayoumopusiaa bipdeH acep emeoi XaHe bpeHO mypasibl an2aulKbl
NIKip KasbINMacmaipaosi.

3epmmey 6apbicbiHOa BU3YANO0bl KOMMYHUKAUUSIHbIH MeK aknapam Xemkizy Kypasibl emec,
ayoumopusmMeH 3MoUUOHan0bl 6aliaHbIC OPHAMAMbIH CMPAMe2Us/IbIK MEXAHU3M eKeHi aHbIKMasobl.
PR-0a su3yan 6peHOmMiH cbipmKbi belHeciH aaHa emec, OHbIH KYHObIIbIKMAPbIH, MiHe3iH, HapbiKmaab!
OpHbIH YaHe ayoumopusiMeH KapbiM-KambIHAC CMUIIH Kepcemeoi. A2HuU BU3yandbl KOMMYHUKAUUS
apKbiibl 6peHo e3iH Kasnal maHbImamsbiHbiH, KaHoad smouyus b6epeici KenemiHiH XaHe ayoumopust
CaHacbiHOa KaHoal beliHe KanobipabiCbl KeaemiHiH 6indipedi.

odebuemmepze WoJsly Hamuxesnepi Bu3yasnobl 3n1emeHmmepoiH adamHbIH KabblioaybiHa,
IMOUUSACKIHA XCoHe ecme cakmaybiHa mikesel acep ememiHiH 0anendedi. LLlemendik, pecelisiik xaHe
KazakcmaxoblK 3epmmeywisiep 8u3yasnodbl KOHMeHMMIH Kaszipei Meoua KeHiCmikme MaHbI3bl apmKaHbIH
aman emeodi. by meopusisibiK Myx*bipbiMOap 3epmmey 6apbiCbiHOA aJbiIHeAH NPAKMUKA/bIK
HamuxenepmeH calkec Kendi. A2HuU BuU3YasiObl KOMMYyHUKAUUSI a0amHblH HA3ApbIH aydadpbin KaHa
kotmad, 6enzini 6ip cezim myobipbin, bpeHoKe 0e2eH Ke3Kapacms! KaibiINMAacmabipaosl.

KoHmerm-manoay b6apsiceiHoa Apple, Nike, Coca-Cola, Netflix xcaHe McDonald’s 6peHomepiHiH
BU3YaA/10b MAMepPUAadapb! Kapacmabipbiiobl. Xaansl 50 8u3yandsi KOHMeHm maadaHobl. HomuxeciHoe
mamepuanoapobid 70%-biHOa GUPMAZbIK MyC Heei3ei pesl amKapaaHbl aHbIKmanobl. byn myc
naaumpackiHbIiH 6peHomi maHbIiMyoaabl MAHbI3bl 6Me #02apbl ekeHiH kepcemedi. Mbicasbi, Coca-Cola
KbI3bl/1 MYC APKbl/ibl KYaHbIW NeH Mepekesik KeHin Kydoi xemkizce, McDonald’s Kbi3bii-capbl mycmep
apKbl/ibl #(b110aMObIK, KOXEMIMOIIK daHe mabem awy acepiH bepedi. An Apple 6edmapan mycmep
apKbl/ibl CaNd, MA3a’sibiK *aHe 3amaHayu cmusib0i Kepcemeo.
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CoHbIMeH Kamap masnaodaHaaH mMamepuanoapobiH 54%-biHOa 102omun Hemece Gupmassik benai
KOJIOAHbIIRAHb! AHbIKMAiobl. by Bu3yandsl calkecmikmiy 6peHOmi ecme cakmayoaabl pesiiH
Kkepcemeoi. Kasipei aneymemmik xeni #az0albiHOa KOAOAHYWbLIAP KOHMeHMMI Y3aK Kapan
ombipmadiobl. COHObIKMAH J1020Mun, Myc Hemece eHim beliHeci cuskmel 31emeHmmep bpeHomi bipHeuwe
CeKyHO iwiHOe maHbimyaa MyMKiHOIK 6epedi. Ocbl mypabi0aH an2aHod, Bu3yadsiobl KOMMYHUKAUUS
ayoumopusiHbIH HA3dpbIH YCman Kasay yuliH 2aHa emec, 6peHomiH ecme cakmasybl YWiH e Kaxem.

CanbicmbipMasnbl Maaday HamuxceciHoe ap 6peHOmiH BuU3yasi0bl KOMMYHUKAUUSHbI 63iHOIK
makcamneH Ko/a0aHamsiHbl 6alkanobl. Apple MUHUMAAU3M ApKblibl CEHIM MeH NPemMuym UMUOXC
Kasnbinmacmaipadbl. OHbIH BU3Yan0dpbIHOA apmabiK 31emMeHmmep as, ousalH masa api KapanadsiM. by
ayoumopusea cana MeH CeHimMOinliK acepiH bepedi. Nike Ko3easbic, cnopmuubl bedHeci 3oHe Kywmi
AMOoUUS ApKbl/Ibl MOMUBAUUSA MyObipadsl. by 6peHo ayoumopusiHbl 6e/ICeHOINIIKKE, HeHICKe 3(oHe e3iH
0ambimyaa Wakkipaosbi.

Coca-Cola Bu3yanobl KOMMYHUKAUUAOA 3MOUUSAJIbIK XAKbIHObIKKA 6acbiMObiK 6epedi. OHbIH
BU3Yan0apbIHOA KyaHbiw, 00CMbIK, ombachl, Mepexke cuskmabl 06pazoap xcui kezodecedi. by 6peHOmiH
OHIMOI 2aHa eMec, HazbIiMOb! KOHIT Kyl MeH eMip canmbiH YCbiIHambiHbIH Kepcemeodi. Netflix su3yanosbi
CMmpameausicbiH0a OpaMasibiK acep, UHMPU2A HCOHE Kbi3bl2YUIblIbIK MAHbI30bl OPpbIH a/1aobl. Koo
mycmep, Kelinkep/iepoiH 3MOUUACHl, MApmbIiMObI NOCMepsiep KOepepMeHOi KOHMeHMMI Kepyee
bIHMAnaHobIpaosl. McDonald’s 6onca kapanalbiM, awbiK api me3 KabbldaHamslH BuU3Ya10apobl
K0/10aHaobl. OHIMHIH ipi 6edHecl, KbICKa MamiH XaHe GupMasbiK mycmep ayoumopus HA3dpbiH me3
ayoapaoki.

3epmmey Hamuxcenepi B8uU3yandbl KOMMYHUKAUUSHbIH PR-0azbi bipHewe Heai3ei Kbi3MemiH
aHbIKMaokl. BipiHwioeH, Bu3yandbl KOHMeHM ayoumopus HA3apbiH me3 ayoapaodskl. EKiHWwIiOeH, o
b6peHOmi ecme cakmayaa Kkemekmeceoi. YWiHwioeH, Bu3yasn 3MoUUs/IbIK acep dpKbl/bl ayoumopusamMeH
6aliaHbIC opHamaoskl. TepmiHwioeH, BuU3yandbl CMusib 6peHO UMUOXCH KAbiNMACMbIpaObl #OHE OHbI
mypakmsl —mypoe Kosdan ombipadbl.  beciHwideH, Bu3yasndbl  KOMMyHUKauus — 6peHOmiH
bacekenecmepoeH epekuiesieHyiHe MyMKiHOIK 6epedi.

Ocbl HomuxcenepoeH BU3YaI0bl KOMMYHUKAUUSIHbI MeK u3alH Hemece XAapHamasslk beseHoipy
den Kapacmelpy Xemekinikciz ekeHi 6alikanaobl. On1 PR cmpamezusicbiHbiH MaHbi30b! 6esiei 601bin
mabbkinadskl. Ezep Bu3yasnobl KOHMeHm 6peHOmiH KYHObIIbIKMAPbIMEH, MAKCAMbIMEH }*(aHe ayoumopust
epekuwienizimeH callkec Kesice, OHbIH acepi Kyweledi. An ezep Bu3yas Kezdelcok Hemece b6ipi30iniKci3
xeacasaca, ayoumopus 6peHomi Oypbic Kabbliidamaysi MyMKiH. COHObIKMAH PR MamaHoapk! BU3yadsiobl
KOMMYHUKQUUSIHbI  XOCNAp/idaaHod myc, J1020mun, KOMNO3UUYUS, MOMIH, SMOUUS M(oHe MadeHU
epekwienikmepoi eckepyi Kaxem.

Xannbi anzavoa, Apple, Nike, Coca-Cola, Netflix xcaHe McDonald’s mbicandapsi Bu3yasnobi
KOMMYHUKQUUSIHbIH XAJIbIKAPAJbIK b6peHOmep YuwiH MAaHbi30bl PR Kypasibl eKkeHiH Oanenoelioi. byn
b6peHOmep Bu3yanobl CMusb0i xcydesni Kos0aHy apKbisibl ayoumopusmMeH mypakmas! 6aliaHbIC OpHaAmBbIn,
63 UMUOXCIH Kywedmin kesnedi. OnapobiH maxcipubeci Bu3yandbi KOMMYHUKAUUSHbI OYPbIC KO0AHY
6peHOMiH MaHbIManobiIbibIH APMMbIPYRA, MYMbIHYUIbI CeHIMIH KabINMACMbIPYad HaHe KO2aMMeH
6alinaHbIC CanachkiH ¥akcapmyaa MyMKiHOIK bepemiHiH Kepcemeo.

Ocbinadiwa, 3epmmey Makcamsl 0pbIHOAObl: PR-0aabl  BU3YaAsiObl  KOMMYHUKQUUSIHBIH
ayoumopusiea acep emy macinoepi wemendik bpeHomep MbICaibIHOA AHbIKMasaobl. 3epmmey CyYpaabiHa
xayan pemiHoe, wemesoik bpeHomep ayoumopusea myc, J1020mMun, BU3yadsi0bl CMUJb, SMOUUSIbIK
obpasdap, ¢omo x3caHe BUOEO ApKbl/bl acep ememiHi aHbIKmasobl. bya Kypandap ayoumopusiHbiH
HaszapwblH ayoapkin, 6bpeHomi ecme cakmayaa 3oHe 02aH X daabiMObl Ke3Kapac KajbiNmAacmaipyad
Kemekmeceo.

bonawakma su3yandbl KOMMYHUKAUUSIHbIH MAaHbI3bl 00aH api apma mycedi. Cebebi aneymemmik
JKesninep, Kbicka sudeosiap, cmopuc, reels xaHe uHmepakmusmi KoHmeHm ayoumopusmeH 6alaaHbic
JacayoblH Hezis2i anaHbiHa alHaasbin omsip. CoOHObIKMAH PR canacbiHOA XMbIC icmeldmiH mamaHoap
BU3YaA/10b] KOHMEHMMIH CanachkiHa, WbIHAUbI/IbI2bIHA, MYPAKMbI/IbI2bIHA XCaHe ayoumopusiaa myciHikmi
6o/1ybIHa epeKkwe KeHin benyi Kepek. [JlypbiC KypblieaH BU3YaAa0bl KOMMYyHUKAUUs 6peH0 neH Koaam
apackiHoaab! ceHimoi 6alnaHbICMbl HbiRaUmaos! daHe PR Kbi3MemiHiH muimoini2iH apmmabipaoki.
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KOPYILIA SIK EKOHOMIYHA TA ITPABOBA TPOBJIEMA

JliwuHa AHacmacisi

cmydeHmKa /lepxasHo20 N00amKoBo20 YHiBepcumemy

IckosuYy Bcesosiod

cmyoeHm JlepxasHo20 N00amKOB020 yHiBepcumemy

Jlicosa KamepuHa

doueHm Kageopu MixHapoOHo20 npasa ma npasa €sponelicbkoeo Corosy
JlepxasHo2o0 N00amKoB0o20 yHisepcumemy

Bcmyn. Kopynuisi, Sk HezcamuBHe s8ulLe, PO3N0BCHOMCYEMBCS HA BCI Chepu Humms CycnisibCmaa
i nocmae nocmitiHoro NPobsiemoro. BoHa 3a2poxcye ICHYBAHHIO 0epxasu 8 Mux GpopmMax, SKi BUSHAYEHI
KoHcmumyulero. Kopynuisi BUHUKQE Mam, oe € 0epiasHa s/1aod, BOHA 30amHa 3pyUHyBamMuU eKoOHOMIKY
6yOb-aKoi” KpaiHu. KpiM moeo, Kopynuisi € iHOUKaMOPOM MO20, HACKIIbKU 300pOBUM € CYCNi/IbCMAO.
Hanpuknao, 3a IHoekcom cnpuliHamms Kopynuii (CPl) y 2020 poui YkpaiHa nocina 117 micue 3 180 KpaiH,
ompumaswiu 33 6anu 3i 100 moxciusux. Y nopisHsHHI 3 2019 pokom uel NokasHuK 3pic Ha 3 6asnu,
nopisHaBwu 3 2018 pokom - iuwe Ha 1 6as, wo SBHO He € NO3UMUBHUM Pe3ysibMAamom eekmuBHO20
mexaHiamy nodosiaHHa Kopynuii [1]. Lis me3a nidcymosye yci HezamusHi HAc/IioKu Kopynuii' y cgepax
0isi/IbHOCMI KPaiHU, @ Makox< ii npasosi acnekmu.

CymHicmpb Kopynuii. Ha cmopiHKax ropudu4Hoi Haykosoi imepamypu KOpYNUito BU3HAYAOMb K
couianbHO-Npasose abo KpUMIHOIO2IYHe ABULLE, Ke OXONJTHE CYKYNHICMb CYCNifIbHO-Hebe3neyHUX OisiHb,
K KPUMIHAI308AHUX, MAK | He KPUMIHAII30B8AHUX Y 0epxcasi, ase BU3HAHUX NPOMUNPABHUMU Y C8IMOBIl
npakmuui. Kopynuisi He /iuwe Mae He3akoHHUU xapakmep, ase (i CMBOPHE CKAAOHY HU3KY npobriem, SKi
3HUXCYOMb 30aMHICMb 08PXABHO20 CEKMOpPY epekmuBHO BYHKUIOHYBAMU, CNOMBOPHOMb OCHOBHI
PUHKOBI NPUHUUNU MA BUK/IUKAOMb CYMHIBU Ceped HacesieHHs1 W000 8020 ypsidy. Kopynuisi Moxdce
Habysamu b6azambox ¢opm, 08/ HaAUNOWUPeHiWi 3 SKUX - ue Henpsme 106iHBAHHS Bi0 IMeHi BesUuKuX
opeaHizauiti ma xabapi «20miBKor B pykax» ma/abo 3/108xuUBAHHA B/1adoro [2]. Kopynuis cmBoptoe
eKOHOMIYHY HecmabinbHICMb 0715 yYpsidy, OCKISIbKU BOHA 3MEHWYE HAsBHI pecypcu, CMBOPHOE HepIBHI
KOHKYPEeHMHI YyMOBU MaA 3HUXCYE 3a2a/ibHy cmabi/ibHiCmb eKOHOMIKU.

EKOHOMIYHI HACMioKu. Kopynuisi € 0OHUM [3 K/THOYOBUX YUHHUKIB, WO CMPUMYE eKOHOMIYHUU
PO3BUMOK 0epxasu, OCKI/IbKU He2amuBHO BNJIUBAE HA QYHKUIOHYBAHHSA PI3HUX cdep CycniibHo20
Humms. BoHa npu3Booumsb 00 BUKDPUBJIGHHSI PUHKOBUX MEXAHI3MIB, 3HUMEHHS egekmusHOCMI
BUKOPUCMAHHSI pecypcis ma no2ipuieHHs iHsecmuuitiHo2o Kaimamy. Ocob/1uBo NOMIMHUMU € i HACTIOKU
Y MDXHAPOOHIU QisisIbHOCMI, 30BHIWHIU MOop2iBJli, 0CBIMI Ma cepi 0epxcasHuUx 3aKynisesb, 0e KopynuitHi
NPAaKmMuKU popmyroms CUCMEMHI eKOHOMIYHI Bmpamu. 15 Kpaujo020 po3yMiHHS Haciokis 8 mabauui 1
npedcmassieHo eKoHOMIYHI Hac1ioKu Kopynuii'y Bubipkosux cgepax 0ig/ibHOCmI.
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Tabauysal
Coepa EKOHOMIYHUL HACi0oK
MixcHapooHa -KOpYNUa NOCMAE SK KPAiHA 3 BUCOKOK PU3UKOBAHICMIO O MOMUIUBUX [HBeCMuUUit ma
OisnibHICMb napmHepcmaa. BionosioHo MeHWwe iHO3eMHUX iHBeCmuUiti ma MoXUIuBUX 0020B0PIB, BAXUIUBUX OJ1S

EeKOHOMIYHO20 3pOCMAHHS, HA0X00SMb 00 KPAiHU.

-Kopynuia € nepewkoooro 019 iHmeepauii 8 MIXHAPOOHI eKOHOMIYHI Mma BOEHHO-NOIMUYHI
cmpykmypu, maki sk €sponelcbkuli Coro3 ma HATO, wo maxkox He 0dE 3mMozy pPO3KPUMU
MAKCUMA/IbHUU eKOHOMIYHUU NOMeHUian..

Excnopm/imnopm | Kopynuis no2ipuiye mopais/iio Mix< KpaiHamu Y ekCnopmHO-iMNOPMHUX CNPABAX, OCKi/IbKU CMBOPHE
6ap'epu y BuesF0i BUMA2aHHA Xabapis ma Henpo30pux BuMoe. Lje wkodums ekcnopmy BimMmYU3HIHUX
MOBApPIB HA PUHKAX CBIMY, MOMY U{0 BOHU HE MOX(YMb KOHKYPYBAMU 3 MOBAPAMU [HWIUX KPAiH, U0
BJ1ACHE 0OMEXCYE PO3BUMOK MOP2iBJIi 3 IHWUMU KPAiHaMU.

Ocsima lpossnaembca y sBuenadi “Kynisni cecii” ma sudayvi ounaomis, Wo He BioNoBI0aroMb PIiBHKO 3HAHb
mMalibymHb020 cneuianicma, wo y N00aibUWLomMy npuzsede 0o BMPAmu KOMNemMeHmMHo20 ¢axisus.

JlepxcasHi KopynuiliHi 3Mo8u Ni0 4ac 0epxasHuUX 3aKynisesib NpU3BO0SIMb 00 WMYYHO20 3aBULLEHHS BAPMOCMI

3akynisnai moBapia i Nocsye, Wo, y CBOH Yepay, CNPUHUHAE HeepekmuBHe BUKOPUCMAHHS OOOXeMHUX KOWMIB.

YHaciiook ub020 3MEeHWYEMBbCA pPiBEeHb KOHKYPEHUIl MiXC NOCMAaYyaibHUKAMU, OCKiIbKU nepesazy
ompumyroms HabsiuxeHi 00 KopynuitHUX cxem Cy6'ekmu 20CNOOAPHOBAHHS. Lle CmBOprOE HepiBHi
YMOBU HA PUHKY Ma NOCMYynoBo BUMICHAE 006pocosicHUl 6i3HeC, W0 He2amuBHO BNJIUBAE HA
DO3BUMOK eKOHOMIKU 3a2a/10M.

LDxepesio: po3pobsieHo asmopamul.

lpasosi acnekmu. Kopynuia mae 2nuboki KopeHi 8 icmopii i cycninibcmai. BoHa BUHUKAE Yepes
6azamo npuyuH. OOHIEH 3 AKUX BUCMYNAE HEOOCKOHA/TICMb 3AKOHIB | NPABUJI, MOMY BAXUIUBO, W06 ypsio
0ig8 Npo30po, 0J15 008IpU CYCNiIbCMBA 00 8/1a0u, AKOI Ha Cbo200HI bpakye. KpiMm mo2o, HU3bKi 3apniamu
B 0epxasHoMy CeKmopi 4acmo npusoosmb 00 XabdpHUUmMBA, OCKi/IbKU pobimHUKU 6avyame
xabapHuumao K cnocib 3apobumu 0o0amkosi 2pouLi.

Kosau epomadsHu ba4ams, W0 KOpynuioHepu YHUKAromb NOKAPAHHSA 3d c80i 0fi, mo ue npu3sooums
00 3HUM(EHHS IXHb020 baXaHHs 0OMPUMYBAMUCH 3AKOHIB. BOHU MOXCYMb BBAXAMU, WO IXHi CNIaYeHi 8
6r00xem KpaiHu N0OamKuU He BUKOPUCMOBYHOMBCS HACHHUM YUHOM, W0 pobums iX 6ibW CXUIbHUMU
00 yxusieHHs 8i0 cnaamu NOOamKIB | HeXmyBaHHS 3aKOHAMU.

BucHosKu. Kopynuis - ue CK1aoHe NUMAHHS, Wo MAe K eKOHOMIYHI, MAk [ opuou4yHi acnekmu.
Kopynuis cmBOproE cucmemHy WKody 019 30amHOCMi 0epxcasu epekmuBHO GyHKUIOHYBamMuU, BOOHOYAC
CNOMBOPOHOYU PUHKOBI MexaHi3mu. Ypsaou 3HUXCYHoMb 008IpY 2poMAdCbKOCMI, KOJIU BOHU BU2/IA0A0Mb
KopymMnosaHumu. Kopynuisi He2amusBHO BNJIUBAE HA 6azamo cgep eKoHOMIKU, obmexcye obcse
iHBecmuuit, MOX/IUBOCMI iHMe2pauii KpaiHu y cBiMmoBYy eKOHOMIKY ma cB8i04Yums NPo No2aHi Npasosi
cucmemu ma nNo2aHo BNPOBAOXEHi 3aKoHu. bopombba 3 Kopynuiero 30ilCHIOEMBCH  W/ISXOM
YOOCKOHAJIeHHSI 3aKOHIB, NIOBUWEHHS NPO30poCcmi ypady ma ni0BUWEHHS NPABOBUX 3HAHb WUPOKOI

2pOMadcbKoOCmI.
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CYBOITTUMAJIBHE KEPYBAHHA CHMHIYJIAPHO- 36YPEHORO CMCTEMORO 3 PO3INOAIJIEHNMUA TNTAPA-
METPAMU

Makcumerkosa Fonisi

JIHinpo, YkpaiHa, Y/YHT

Muxatinosa TemsiHa

doyeHm, KaHoudam ¢i3uko-mamemamuyHUX HayK, JHinpo, YkpaiHa, YYHT

3anponoHoBaHo memoo HabIuXeHo20 PO3B'A3aHHS CUHeYIPHO 36YpeHoi 3ada4i oNMUMAasbHO20
KepyBaHHS IHMeHCUBHUM NPOLECOM e/1eKmpoi3y. bydyrombcs cybonmumasibHe KepyBaHHS i Kpumepil
AKOCMI 3 BUKOPUCMAHHAM ACUMNMOMUKU HY/Tb0BO20 NOPSOKY, A MAKOXC OUIHHOEMbCS 6/1U3bKICMb OMPU-
MAHUX HabJIUXeHUX pilueHb 00 MOYHUX.

INpouec enekmponizy 8 npu kamodHomy wapi onucyemncs pyHruiero C(X,1) , axa scepeduni obna-

cmi Q = {[0, o]x[0,T ]} 3a00B0/IHSIE PIBHSAHHIO
3 NOYAMKOBUMU YMOBAMU
c(x0)=co(¥), ¢ (x0)=0(x) )
i Kpatiosumu ymosamu
0ty =PM 5.0 =it
¢, (0t)=—"=, c(0.)=p(t)
a , (3)
oe Tr _ yac pesaakcauii, p(t) — KamOoOHa 2yCmuHa po3psa0H020 CMpYMy [OHIB Memay, a=2-F-D_

. c(x,t . . L .
e/IeKMPOoXiMIYHA KOHCMAaHmMa, ( ! ) — KOHUeHmpauis memaresux ioHi8 y 06'emi enekmporiizepa, o
MOoBWUHA KAMOOHO20 WApy.

. . . t
HeobxioHo 3Halmu makudl kepyBaHHs p(t) , AKe 3a00B0JIbHAE YMOBY

T 2
j p2(t)dt < 0
0
LLjo6 8 KiHUi npouecy enekmposiizy BUKOHYBA/IACk YMOBA
c(x,T)=0(x)
a pyHKUjioHan eHepeaii

o= | P2t

Habysas HaliMeHWw020 3HaYeHHS.
Bukopucmosyrodu [1], moxcHa 6y10 dosecmu, wjo ys 3a0aya eksiBaseHmHa 3aoadi 3 MiHiMaabHOR
eHepeiero 3 d)yHKuio;-/anom aKkocmi

o(t)]= J' 2(t)dt +— j [e(x,T)-o(x)F dt .
|p(t, B)- plt )ﬂLz(o,T) —0 BP0 |
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YU NPUHUUN MAKCUMYyM H uHa o HHA Ul€i 4i, UMYEMO, W}
3acmocosyrodu n N Maxkc [ToHmpseuHa 0419 po38'a3aHHA ufei 3a0ayi, om €MO, WO

. t
yeli KoHMpPoJib P BU3HAYAEMbCS POPMYJIOHD

m:—%v(o,t)

, (6)
Oe v (X’ t) — €0uHull po38'a30K Kpatiosoi 3adayi (7) — (9)
2-th _Vt = DVxx E (7)
{v (x,T)=-2c,(x,T),
7, Vi (%, T)=-2¢,(x,T)+2[c(x, T)-0(x)} @)
{vx (0,t)=0;
V(5,t)=0. o)

. T
OckinbKu Yyac penakcauii “ ¥ € manum napamempom, a 3adada (1) —(3), (7 — 9) € cuHeynspHo 36ype-
HOM, MO WYKAEMO iT pO3B8'A30K Y BU/IAO0I CyMU pe2ysiapHOi KOMNOHeHMU ma GyHKUII 2paHu4Ho20 wapy,

. T
KOJ(HA 3 AKUX npeacmasﬂeHa AK cyma ,DFI@/B 3a cmeneHsamu 1

c(x,t)=c(x,t)+TIc(x,z),  V(xt)=V(x,t)+QV(x,7)

- ) , (10)
(xt)=> 7Gxty Tc(x,z)=) 7TIc(x,7)
i=0 i=0 ) (11)
Vixt)=S Witk V()= rQv,(x.7)
i=0 i=0 , (12)

e r=t/ r ; r= (T _t)/ Tr _ WBUOKI 3MiHHI N06J1U3Y MOYOK t=0 it=T Bi0N0BIOHO.
riocmasnsroyu paou (11) i (12) y pisHsaHHS (1) i (7), epaHuyHi ymosu (3) i (9) ma npupisHroroHu

0

.. . T . . T .
KoegiuieHmu npu piBHUX cmeneHsax T, aKi okpemo 3anexams 8i0 Lz, T, MU OMPUMYEMO 3a0ayi 015

peysIIpHUX CK/1a00BUX NOPAOKY T? I NpuepaHuyHUX PyHKUIl
{COt = DCpy {_\TOt = D\TOXX
Co(%,0)= o () Vo(x,T)==2[Eo(x,T)-0(x)] (13)
_ D
Cox :—EVO(O,I) Vo, (0,1)=0
60 (6.0)=v ) Moo »
Ilcy,, +1Icy, =0, i=0 QVy;; +QVp; =0, i=0
{Hcm +11¢;, = DIIC; 1y | >1{Qvi,, +QViz =DQV,_y, 121 .

LLjo6 BusHayumu YaeHu po3knadig (11) i (12) 3 ompumaHux pisHsIHb, HEObXiOHO 3a3HAYUMU NOYAd-
mkosi ymosu. Mu ompumyemo ix, niocmasssrodu (11), (12) y nosamkosi ymosu (2) i (8) i npupisHroroyu

.. T
KoegiyieHmu npu 00Hakosux cmeneHsx I .

IIcy(x,0)=co —Co(x,0); TIcy (x,0)=0

QV(x,0)=-28,(x,T)-Vo(x,T) QVy (x,0)=26t(x,T)+V0(x,T)' (18
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CnisBiOHOWEeHHS 019 BU3HAYEHHS KoegiuieHmi8 I 20 nopsoky psdy (11), (12) moxcHa popmasibHo

sanucamu dns 1 21, Ockinbku maemo CNpasy 3 po3no0i/IeHo CUCMEeMOK), BUKOPUCMAHHS KOXCHOI Ha-
cmynHoi' KoMnoHeHmu po3ksadis (11), (12) sBumazae 00CniOHeHHs po38'a3HOCMi Ma nidBUWEHHS 2/1a0-
Kocmi YHKYI, BKIOYEHUX Y 3a0ayy.

L1Jo6 nobydysamu HabuxceHe KepyBaHHs Halinpocmitio2o muny, MU 06MEeXUMOCS BUBYEHHAM CU-
cmem (13), (14) ma (15), (16).
Bukopucmosytroyu [2], dosedeHo HacmynHe:

0
Teopema 1. CybonmumarsibHe KepyBaHHs pr(t) _ Ue po38'a30K iHMezpasibHO20 PIBHAHHS

MO0 = 1(0)- [ K(to)pO (e

bD < 2Dt
f(t):?ze/lnD(t T)}/n b— 2
=1

(17)

oe ,s g
21,2 ©
k(t,z'): Dag) e/lﬁD(t+r—2T)
n= 7
4 X bSlO (—1)n+1 —2,DT
v :jo (1—g)xn(x)dx+ VE 2D (1—e )

f(t)eL,(0T)

BU3Ha4YyeHoCcmi 90pa k(t,z . 3a donomo2oto MemodiB po38'I3AHHS PIBHSIHB 3 BUPOOXHEHUM 0pom [2] mu
OMPUMYEMO PO3B'A30K pisHAHHA (17). CybonmumasibHe KepyBaHHA MAe BU2/IA0
e}

_b _g et _ D qyo0
Polt)=2 2, (70 =90 P 725 2 O

€0uHicmb po38'a3Ky piBHAHHSA (17) Bunausae 3 mo2o ¢pakmy, uwio ma dodamHoi

; (18)

B akomy KoHcmaHmu Gn BU3HAYAKOMBbCS 3 HECKIHYeHHOI cucmemu JiHIUHUX He0OHOPIOHUX aJi2eb-
DAIYHUX DIBHSIHb.

HacmynHi meopemu oyiHtorome 6U3bKICMb CY6ONMUMAIbHO20 KepyBaHHs 3adadi 00 onmumaib-
HOZ0.

Teopema 2. OnmumasibHe KepysaHHsa 3adadi (1) — (5) p(t) 36i2aembca 00 cybonmMuMasibHO20

0 0 0
< <
P (t) , AKWO o= 0 ,Ma iCHyroMb MAaki /<0/-/cma/-/muTr ! C, wo Koau 0< Ir =7 ,mo
‘p(t)— po(tj <cr, V 0<t<T
Teopema 3. Akwo noyamkosi ymosu 3ada4i (1) — (5) 3a00BOsIbHAOMbL  YMOBU
1 0
co(X)eW,(0,1), 8(x)eL, (0,1), moicuye maxe 0 <70 70 g
0 2
i[p)-1]p°]| <oz
1 e 0]
0
I[p ]252(7% - gn)7n
Tym n=1 8i0noBioHe cybonmumasibHe 3Ha4eHHs! pyHKYioHany 3adadi.
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Abstract

Premature birth (PR) continues to occupy a leading place among the causes of neonatal mortality
and long-term morbidity. Despite well-studied medical causes, psychosocial determinants of PR risk are
still understudied. To reveal the psychosocial factors of the risk of premature birth in pregnant women
who are under dispensary supervision in the city polyclinics of Almaty.

Materials and methods. A survey of 400 pregnant women in the I-Il trimesters was conducted using
a structured questionnaire that includes elements of the PRAQ-R2 scale. Anxiety, stress, availability of
social support, family violence and living conditions were evaluated.

Results. A significant association was established between high level of anxiety (OR=4.75), low
level of education, lack of employment and risk of PR. Special attention is paid to the role of family vio-
lence (OR=5.20) as an independent predictor.

Conclusion. Psychosocial factors have a pronounced influence on the risk of PR and require man-
datory integration into the algorithm of screening and prevention within the framework of antenatal
care.

Keywords: Pregnancy, preterm birth, perinatal risks, psychosocial factors

Introduction

Preterm birth directly affects the incidence of morbidity and mortality of newborns, making this
problem one of the most urgent in the field of obstetrics and perinatology [1]. Also, in women with pre-
term labor, postpartum complications are significantly more common than in women who gave birth on
time. This is due to the presence of foci of chronic infection of the genitourinary system and infection
with pathogens of perinatal infection, the presence of extragenital diseases, as well as the duration of
anhydrous interval and other complications of the course of labor [2, 3]. In recent years, the percentage
of PR has not decreased in many countries. For example, in Russia, the rate of preterm birth remains in
the range of 7-12%, in Kazakhstan - according to official data-6-12% (for the city of Almaty-11% for
2020), in Europe-5-9%, and in the USA it even increased to 12-13% [4, 5]. In premature infants, perinatal
mortality is 33 times more frequent than in full-fledged newborns, and approximately 70% of early neo-
natal mortality is associated with prematurity [6]. Currently, the main focus is on timely diagnosis and
subsequent prevention of PR [7]. Preterm labor is considered to be labor that occurs from 22 to 37 weeks
of pregnancy, with a fetal weight of 500 grams or more [8]. At the same time, 40-45% of cases are
spontaneous PR, of which 25-30% of cases are preceded by premature rupture of the fetal membranes
(PRP). The remaining 30-35% are induced preterm labor performed prematurely due to a threat to the
health of the mother or fetus [9].

The fact of preterm birth is a special life situation for a woman, which acts as a determinant of
specific indicators of self-esteem, anxiety and depression, which in turn provoke changes in the emotional
and personal sphere, manifest themselves in the features of socio-psychological adaptation [10]. Every
year, about 15 million children are born prematurely in the world, which, of course, is the most common
cause of infant mortality [14, p. 390]. Preterm birth interrupts the process of full-fledged fetal
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development in the last weeks of pregnancy, and is the main cause of long-term neurological disability
in children [11]. Combining the above, preterm birth is a complex problem, both medical and socio-eco-
nomic, associated with solving problems to improve the quality of subsequent life of children born prem-
aturely, and associated with material and economic costs [12]. It just so happens that all the measures
taken in PR are aimed at improving the survival and health indicators of premature babies. But even these
efforts do not reduce the frequency of preterm birth. The literature contains many works on the study of
perinatal care in the Republic of Kazakhstan, in particular, the determination of risk factors for preterm
birth (birth parity, the presence of ICN, EGZ, etc.), [13, 14, 15], However, the in-depth analysis of individ-
ual medico-social risk factors for PR is not fully disclosed. Psychosocial stressors - anxiety, insufficient
support, domestic violence - often remain outside the scope of clinical practice. In conditions of increasing
urban pressure, social inequality and emotional instability of pregnant women, the study of these factors
is of paramount importance. The purpose of the study was to identify psychosocial risk factors for PR and
assess their contribution to the deterioration of perinatal outcomes.

Materials and methods

The study had a cross-sectional nature and was based on a survey of 400 pregnant women in the
I-Il trimester, who were under observation in women's clinics in Almaty. The instrument included ele-
ments of the PRAQ-R2 scale, supplemented by blocks on social support, professional workload, presence
of family violence, anxiety level, as well as assessment of educational and economic status.

The results of childbirth were obtained from the history of childbirth and compared to the level of
psycho-emotional stress. The analysis was carried out using SPSS 26.

Results

The analysis of psychosocial determinants showed a statistically significant relationship between
a high level of anxiety and the risk of premature birth. Among women who gave birth prematurely (n=29),
48.3% (n=14) demonstrated a high level of anxiety, while in the general sample this indicator was 34.4%
(n=138), x? = 4.32, p = 0.038. Logistic regression showed that anxiety increases the risk of premature
birth by 4.75 times (OR = 4.75). The presence of domestic violence was noted in 5.2% (n=21) of women
in the general group, however, no such cases were registered in the group with PR (n=29). Despite this,
the regression analysis confirmed its significant influence on the probability of premature births (OR =
5.20, p=0.023), which may be related to insufficient openness of women to discuss the topic of violence
or cultural peculiarities of self-disclosure. Insufficient social support was found in 31.0% (n=9) of women
with PR and in 23.5% (n=94) in the control group, however, the differences did not reach statistical sig-
nificance (x? = 1.16, p = 0.281). Emotional stress, including night shifts and work with increased load,
was revealed in 13.8% (n=4) of women with PR and in 17.5% (n=70) in the general group, p = 0.452.

Socio-demographic parameters also demonstrated a connection with psycho-emotional vulnerabil-
ity. In the group with PR, the share of women with only secondary education was 44.8% against 20.5%
in the control group (p = 0.0004), and only 13.8% of unemployed women, while in the general sample
there were 31.9% of them (p = 0.002). This indicates the potential role of professional employment as a
buffer against stress, as well as the relationship between the level of education and susceptibility to anx-
jiety states.

Conclusion

Psychoemotional conditions, especially anxiety and unfavorable family situation, have a significant
impact on the risk of premature birth. Social vulnerability, lack of support and emotional stress aggravate
this effect, even in the absence of pronounced medical complications. In order to reduce the frequency
of premature births, it is necessary to include psychosocial assessment in the standard prenatal care.
Future prospects include the development of programs for early psychological support, training of nurses
in the skills of identifying hidden stressors, and the introduction of interdisciplinary models of support
for pregnant women with a high level of psycho-emotional risk.
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Abstract

This scientific and analytical work systematizes the clinical applications of ultrasound diagnostics
for various thyroid diseases. Diffuse and focal changes, echogenicity variations, nodular and cystic le-
sions, inflammatory changes, and neoplastic processes in this organ are covered in detail. It is emphasized
that ultrasound examination occupies a leading place both in the initial diagnosis and as part of a com-
prehensive patient examination. The article presents a detailed and comprehensive review of modern
ultrasound diagnostic methods using various modes: B-mode only, Doppler techniques, microangio-
graphic technologies, elastography, contrast-enhanced ultrasound, and digital analysis algorithms using
artificial intelligence, as well as their features and informative value in the differential and early diagno-
sis of thyroid pathological conditions. Current recommendations for ultrasound diagnostic specialists in
accordance with the TI-RADS standard are presented. The article presents clinical protocols for the diag-
nosis and treatment of various thyroid pathologies, and also describes in detail current international
practices and trends in the field of oncological surveillance and early diagnosis of thyroid cancer using
ultrasound examination.

Keywords: thyroid gland, thyroid, thyroid lesions, ultrasound, ultrasound diagnostics, region of in-
terest, B-mode, color Doppler, ultra-microangiography, ultra-microvascular imaging technology, elas-
tography, contrast ultrasonography, computer-assisted diagnosis, artificial intelligence, fine needle aspi-
ration biopsy, oncology, thyroid cancer.

Today, ultrasound diagnostics of various thyroid gland pathologies, including diffuse changes, de-
creased and increased echogenicity, nodular and cystic lesions, inflammatory changes, and thyroid can-
cer, is aleading method for both primary diagnosis and comprehensive examination. According to current
protocols for the diagnosis and treatment of thyroid pathology in the Republic of Kazakhstan, ultrasound
diagnostics occupies a leading position both in diagnostics and for monitoring [1-4].

As noted by Zhou H. et al. [5] thyroid cancer is one of the most common malignant tumors of the
endocrine system. Thyroid nodules in 5% ~ 15% thyroid cancer are malignant. The incidence rate of
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thyroid cancer is increasing year by year. The incidence rate in women is generally higher than that in
men. Papillary thyroid carcinoma is the most common clinical feature of thyroid cancer. It has the char-
acteristics of high differentiation, low malignancy, good prognosis, and long survival. However, local me-
tastasis and distant metastasis can also occur. Studies have shown that the rate of lymph node metasta-
sis in papillary thyroid carcinoma is 84.7%, of which two-thirds have 70% lymph node metastases to
thyroid cancer, and the incidence rate of thyroid cancer ranges from 70% to 85%. Local invasion or dis-
tant metastasis of thyroid cancer may increase the chance of postoperative recurrence. Therefore, me-
tastasis of thyroid cancer is one of the important factors affecting the prognosis of patients. Early detec-
tion of thyroid cancer metastasis can help clinicians to estimate the surgical conditions. Ultrasound is
the most important imaging method for the diagnosis of thyroid cancer metastasis, which is not only
convenient but also accurate and reliable. With the continuous improvement of instrument performance,
high-frequency ultrasound can not only sensitively display the internal structure of lesions but also pro-
vide blood flow information or judge the quality of lesions. In 2009, the American Thyroid Association
emphasized the significance of ultrasound in thyroid nodules in the diagnosis and treatment manual of
thyroid nodules and differentiated thyroid cancer and evaluated the ultrasonic thyroid examination as
Grade A. Ultrasound examination is of great significance for early detection of thyroid cancer metastasis,
early treatment, and improving the survival rate and quality of life of patients and has an important
impact on the prognosis of patients.

A very interesting study was conducted by Kennedy E. et al. [6]. Our colleagues investigated which
indications most commonly prompt referral for thyroid ultrasound and the diagnostic utility by indica-
tion. Extractors categorized referral reasons into (1) suspected palpable nodule (SPN) on physical exami-
nation; (2) chronic symptoms (CS) - e.g., globus sensation and dysphagia; (3) metabolic symptoms (MS;
e.qg., fatigue, weight change, and heat intolerance); (4) screening due to high risk for thyroid cancer (e.qg.,
multiple endocrine neoplasia, Pendred syndrome, and family history of thyroid cancer); (5) follow-up of
incidental thyroid nodule detected on another imaging study; or (6) combination of aforementioned fac-
tors. Suspected cases of goiter were included in the physical examination findings of a palpable thyroid
nodule or mass. Additional variables extracted included the date of ultrasound, maximum diameter of
largest nodule identified, if a biopsy was recommended by the interpreting radiologist, and if fine needle
aspiration biopsy (FNAB) was performed. Demographic variables extracted included patient age, sex,
race/ethnicity (White, Black, Asian, and Hispanic), insurance status (Medicaid, Medicare, private insur-
ance, and uninsured), and Charlson Comorbidity Index (CCl) - 0, 1, and 2+. The primary outcome of inter-
est was the percentage of thyroid ultrasounds performed that had an identifiable nodule for each refer-
ralindication. The secondary outcome evaluated “biopsy-recommended” nodules specifically, which were
defined as nodules that the radiologist recommended for biopsy. Radiologists at institution routinely uti-
lize the Thyroid Imaging Reporting and Data System (TI-RADS), and recommendations for biopsy are
based on nodule size and TI-RADS category; however, specific TI-RADS scores were not abstracted. The
percentage of biopsy-recommended nodules among all ultrasounds performed was compared among
each referral indication.

In all, 3459 discrete neck ultrasounds were identified between 2017 and 2019. Of these, 1739
(50%,) met inclusion criteria. The majority of patients were female (76%), White (86%), privately insured
(62%), and healthy (76% with CCl 0); the mean age was 53 years standard deviation (SD). The most
common indication for thyroid ultrasound referral was an SPN on physical examination (40% of all ultra-
sounds performed). The next leading referral indication was follow-up of a nodule identified on incidental
imaging (28%,). Referral for CS and MS made up 13% and 6% of ultrasounds, respectively. Only 2% of
patients were referred for thyroid ultrasound due to high-risk factors. Patients referred for a combined
indications accounted for 11% of thyroid ultrasounds. The combined indication was most often (45%)
due to a patient presenting with CS and an SPN on examination. Among all ultrasounds performed, 62%
identified a thyroid nodule. Patients referred for incidental findings had the highest percentage of ultra-
sounds with thyroid nodules present at 94%. Several possible reasons exist for the 6% of incidental find-
ings that lacked a thyroid ultrasound correlate. For example, some were imaging “suggestive” of a nod-
ule, but not definitively a nodule. These findings typically derived from imaging that was not optimal for
the thyroid (e.g., chest or cervical spine computed tomography scan and nuclear imaging); and the sug-
gestive nodule was ultimately not detectable on dedicated thyroid ultrasound [6].

In comparison, patients referred because of an solid pseudopapillary neoplasm (SPN) on examina-
tion and for CS identified nodules on 55% and 39% of ultrasounds, respectively. Patients with MS had a
nodule on ultrasound 43% of the time. Among those referred for high-risk factors, 57% had a nodule
present. Patients referred for combined indications had nodules on 42% of ultrasounds. Analysis of
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variance (ANOVA) indicated the difference in nodule detection rate between indications was statistically
significant (p < 0.05). Only 27% of ultrasounds identified a thyroid nodule that was recommended for
biopsy. Those referred from incidental imaging had the highest percentage of biopsy-recommended nod-
ules (55%). This was followed, in order, by patients referred for physical examination of a palpable thyroid
nodule (21%), high-risk factors (20%), combined indications (16%), MS (10%), and CS (6%,). The overall
mean maximum diameter of identified thyroid nodules was 1.9 cm (SD 1.3 cm). Of note, 32 radiology
reports identified a thyroid nodule but did not record size and were, therefore, excluded from this specific
analysis. Patients referred for incidentally found thyroid nodules had the largest mean nodule size at
2.4¢cm (SD 1.2 cm). All other groups had a mean nodule size between 1.2 and 1.8 cm. The difference in
average size of nodule was statistically significant (p < 0.05). A logistic regression model evaluated the
association of patient age, sex, ethnicity, CCl, insurance status, and referral indication with identification
of a nodule on ultrasound. Compared with patients referred for an SPN on examination, those with inci-
dental nodules were over 10 times more likely to have a nodule found on ultrasound (odds ratio
[OR] = 10.6 [confidence interval (Cl) 7.0-16.0]). Conversely, patients referred for CS were half as likely
to have an identifiable nodule compared with those referred for physical examination findings (OR = 0.5
[CI 0.4-0.7]). In addition, the odds of finding a nodule increased with age, especially for those aged 65
years and above (vs. age <45 OR = 3.6 [Cl 2.2-5.9]). Finally, females were twice as likely to have a nodule
found on thyroid ultrasound (OR = 2.0 [Cl 1.5-2.6]). Results were similar when evaluating only biopsy-
recommended nodules. Compared with patients referred for an SPN on examination, those referred for
incidental findings were significantly more likely to have a biopsy-recommended nodule (OR =4.7 [CI
3.5-6.3]), while those referred for CS were significantly less likely to have a biopsy-recommended nodule
on ultrasound (OR = 0.3 [CI 0. 1-0.5]. There was no difference in identifying biopsy-recommended nodules
between sexes (female vs. male OR = 1.2 [Cl 0.9—1.6]). In conclusion, the authors emphasize that only a
quarter of dedicated thyroid ultrasounds yielded a nodule recommended for biopsy, and 39% did not
have a nodule present at all. Moreover, only half of ultrasounds performed to evaluate a suspected nod-
ule on physical examination actually identified one. Ultrasound referrals for symptoms had the lowest
diagnostic yield, with fewer than 10% identifying a biopsy-recommended nodule. These findings suggest
that re-evaluation of guidelines on thyroid ultrasound referral may be necessary to decrease the overuti-
lization of thyroid ultrasound and the downstream consequences of detection of small potentially irrel-
evant nodules [6].

Wu J. et al. [7] to study the application value of SMI technology (ultra-microvascular imaging tech-
nology) and contrast-enhanced ultrasound in the differential diagnosis of thyroid benign and malignant
nodules. According to the authors, thyroid disease has always been a common and frequent disease in
clinical medicine, and its disease detection rate has been increasing year by year. Thyroid diseases are
mainly divided into two categories: thyroid diseases treated by medical treatment and thyroid diseases
treated by surgery. Thyroid cancer has also become one of the most common malignant secretory tumor
diseases today. Ultrasound examination is a commonly used method for diagnosing thyroid diseases. Dur-
ing the diagnosis process, doctors need to observe the characteristics of ultrasound images and combine
professional knowledge and clinical experience to give the patient's disease status.

The thyroid is an important organ of the human body, and it plays an important role in maintaining
the health of the human endocrine system and the physical and mental health of the human body. With
the advancement of medical ultrasound technology, ultrasound examination has become one of the most
commonly used early detection methods for diseases due to its advantages such as low price, safety,
noninvasiveness, convenient use, and ability to reflect the actual situation of tissues. A thyroid nodule
refers to a mass in normal thyroid tissue that is different from normal glandular tissue. Thyroid nodules
can be divided into two categories according to their nature: benign nodules and malignant nodules.
Among them, benign nodules can be divided into nodular goiter, thyroid adenoma, and Hashimoto's thy-
roiditis (HT); the main type of malignant nodules is thyroid papilloma, which is the most common patho-
logical type with the highest incidence of malignant thyroid nodules, while other pathological types are
relatively rare. Due to the superficial location of the thyroid, the boundary between the outer envelope
and surrounding soft tissues is clear, which provides favorable conditions for ultrasound diagnosis. The
self-regulation of thyroid function refers to the regulation of the secretion of thyroxine by the amount of
iodine supplied by the thyroid itself in the absence of thyroid-stimulating hormone (TSH) or the concen-
tration of TSH is unchanged. Therefore, for the identification and diagnosis of benign and malignant
thyroid nodules, ultrasound has always been one of the preferred imaging methods. With the continuous
improvement of the level of science and technology, ultrasound inspection technology has also improved.
When using ultrasound to diagnose thyroid diseases, thyroid neoplastic lesions can be displayed more
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clearly on the ultrasound images, and the lesions can be found in time and medical measures can be
taken to control the condition. However, thyroid diseases are complex and changeable, especially malig-
nant thyroid nodules, which are difficult to diagnose and control. During an ultrasound examination,
benign and malignant nodules overlap on the two-dimensional sound image, which makes the diagnosis
more difficult. Especially when some nodules have both benign and malignant characteristics, it is diffi-
cult to distinguish and qualitatively diagnose their nature based on the sonogram alone, which directly
affects the choice of clinical treatment and surgical methods. This puts forward higher requirements for
the initial qualitative diagnosis of lesion formation for ultrasound diagnosticians. Therefore, medicine
urgently needs more advanced ultrasound diagnostic technology to overcome the difficulties encoun-
tered when using conventional ultrasound examination methods to diagnose thyroid diseases so as to
help clinicians better diagnose and treat thyroid diseases and protect the health of patients. There is a
clinical need for an intelligent diagnosis technology of thyroid diseases based on ultrasound images,
which can provide objective and reliable auxiliary diagnosis opinions for thyroid diseases through the
texture, shape, and other information of the images, freeing doctors from heavy work [7].

The study states that SMI technology is a new ultrasound diagnostic imaging method proposed by
Canon in Japan in 2014. The principle basis of SMI technology is the motion suppression technology used
to isolate and eliminate clutter but retain the vulgar blood flow signal. It includes ultrasound diagnostics,
ultrasound therapy, and biomedical ultrasound engineering. Therefore, ultrasound medicine has the
characteristics of combining medicine, science, and engineering. It involves a wide range of contents and
has a high value in the prevention, diagnosis, and treatment of diseases. In the motion suppression tech-
nology, the ultrasonic detection image subtracts the change of the structure position from one frame to
another, leaving only the color imaging part. SMI technology uses an adaptive wall wave to suppress
clutter noise and minimize the flash artifacts of the image. Ultrasound technology is a high-tech devel-
oped in the 20th century. It is an emerging, interdisciplinary, and borderline science, which has attracted
extensive attention of scientific and technological workers in countries such as the United States, Ger-
many, Canada, Japan, and China. Contrast-enhanced ultrasound technology is a very prominent techno-
logical development in the field of ultrasound imaging diagnostics in recent years, and it can also be
called the third leapfrogging revolution in the history of ultrasound imaging. Contrast-enhanced ultra-
sound uses low mechanical index (MI0.2) pulse contrast sequence imaging technology for ultrasound
inspection, so it reduces the damage to microbubbles and greatly improves the signal-to-noise ratio of
the image. In the project of acquiring a dynamic image by contrast-enhanced ultrasound, although the
detected object can hold the breath for a short time, the slight movement of the organs cannot be com-
pletely eliminated, and the organ movement may be more serious after the breath-hold is over. In order
to comprehensively use multiple imaging modes or co-modal changes to provide more complete infor-
mation, the ultrasound contrast motion correction algorithm often integrates all effective information
to make up for information deficiencies and better serve clinical diagnosis and treatment. In the work of
our colleagues, the experimental methods of this study are as follows: first, 40 cases of benign and ma-
lignant thyroid nodules in China in 2018 were randomly selected. Among them, there were 20 cases of
benign and malignant nodules. The maximum diameter of the nodules was 0.6~ 3.9 cm, with an average
of 2.10.3 cm. The pathological results of all nodules were obtained through fine-needle aspiration biopsy
or surgical treatment. Then, according to the standard blood flow distribution pattern of thyroid nodules,
SMi technology and contrast-enhanced ultrasound were used to judge, and two different selected nodule
cases composed of 20 nodules in each group (10 benign and malignant nodules) compared the distribu-
tion pattern of blood flow and the morphological characteristics of blood vessels. According to the stand-
ard blood flow distribution pattern of thyroid nodules, in this experiment, SMI technology was used to
Jjudge the blood flow distribution pattern of nodules 4 times. That the analysis of the blood flow distribu-
tion pattern of SMI technical nodules in 20 cases of benign and malignant thyroid nodules in this group
showed that the number of central and mixed nodules was the same, and the number of peripheral nod-
ules was the least. After evaluation, through 4 repeated judgments, the blood flow distribution pattern
of the nodules under SMI technology is completely consistent with the actual case. It shows that SMI
technology has a high accuracy rate for displaying the blood flow distribution pattern of thyroid nodules.
SMI angiography showed that the vascular morphology of malignant nodules was stump type and crab
foot type, with more tortuous and chaotic directions, and more irregular small branches, which was in
line with the actual situation. This shows that SMI technology has a good imaging effect on nodular blood
vessels [7].

In conclusion, the authors come to the conclusion that with the improvement of medical technol-
ogy in today's society and the enhancement of people's health awareness, people's attention to thyroid
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diseases continues to increase. However, thyroid diseases, such as malignant secretory tumor diseases,
are more complex and changeable, especially for malignant thyroid nodules, which are difficult in clinical
diagnosis and treatment. Conventional thyroid ultrasound examination methods also have certain limi-
tations, such as: for benign and malignant thyroid lesions, two-dimensional detection images sometimes
overlap, which can also lead to different images of the same disease, and the same frequency of different
diseases; at the same time, the blood flow with a low flow rate will not be displayed. And usually, it can
only clearly display the larger blood vessel images, but the new microvascular network of the tumor can-
not show its full picture, which means that thyroid cancer with less blood supply is easy to be missed.
These deficiencies in conventional ultrasound examinations will directly affect the clinical treatment of
thyroid diseases. Therefore, the medical field of thyroid diseases urgently needs more advanced ultra-
sound diagnostic technology to overcome the difficulties encountered in the diagnosis of thyroid diseases
soas to help clinicians better diagnose and treat thyroid diseases and protect the health of patients. With
the improvement of science and technology, two more advanced ultrasound detection technologies, SMI
technology and contrast-enhanced ultrasound, have emerged in medicine. SMI technology can detect
very low blood flow in thyroid lesions and can noninvasively and truly reflect the blood perfusion state
of the nodules; contrast-enhanced ultrasound can continuously and dynamically observe the vascular
distribution and blood perfusion of thyroid nodules, showing that the possibility of tumor neovasculari-
zation has also been improved. Therefore, SMI technology and contrast-enhanced ultrasound technology
can solve the current problems in the diagnosis and treatment of thyroid diseases to a certain extent by
virtue of their own advantages and have begun to be used in the identification and diagnosis of thyroid
benign and malignant nodules. The research in this article has proved through experiments that SMI
technology and contrast-enhanced ultrasound have high diagnostic sensitivity for the identification and
diagnosis of benign and malignant thyroid nodules, that is they have better diagnostic efficiency and
application value. And from the comparison of sensitivity, the diagnostic sensitivity of SMI technology is
slightly higher than that of contrast-enhanced ultrasound, which shows that SMI technology has slightly
better diagnostic performance and application value than contrast-enhanced ultrasound. The findings of
this article provide a meaningful reference for the medical community to better apply SMI technology
and contrast-enhanced ultrasound in the diagnosis and treatment of thyroid diseases. The number of
features extracted manually in the research of thyroid nodular disease in this article is relatively small.
In the future, more features can be added to study the interaction between artificial features and neural
network features to achieve better classification results [7].

Jacome C.S. et al. [8] nposenu nosHasameibHoe ucci1edoBaque, NOCBAWEHHOe 3¢pekmuBHOCMU
NasabNAamMopHO20 BbISIBICHUS Y3/108 B WUMOBUOHOU Xesiese U Koppesisyuu 3mux pe3ysibmamos C
nocsedyrowuMu YabmpassykosbiMU uccredosaqusmu. The authors conducted a retrospective observa-
tional study and identified adult patients (>18 years old) who underwent thyroid or neck ultrasounds
(TUS) for the first time between January 1, 2015, and September 30, 2017, from ultrasound database.
An initial search identified 5,938 patients with a TUS, from which our colleagues randomly selected a
cohort of 500 patients who had a TUS ordered for any reasons (e.g., screening, workup of thyroid dys-
function). Of these, 327 patients were found to have both a TUS ordered and documented physical ex-
amination of the thyroid, which was performed either as part of the thyroid-related workup (e.q., thyroid
function test abnormalities, personal or family history of thyroid cancer) or as a routine neck examina-
tion. In all those instances, the TUS was ordered after the physical examination had been conducted.

The researchers piloted and applied an extraction form to collect patient demographics and the
specialty of the clinician who conducted the physical exam. From the physical exam documentation, they
extracted the types of findings (solitary nodule, multinodular goiter, enlargement without nodularity,
normal thyroid, and an "other category” for patients with indeterminate findings such as thyroid asym-
metry). Additionally, study's authors documented the precise locations (right lobe, left lobe, isthmus or
bilateral) where these findings were encountered, whenever the data was accessible. In a similar fashion,
researchers carefully extracted the TUS findings (solitary nodule, multinodular goiter, enlargement with-
out nodularity, no finding, and "other category" to group patients who had thyroiditis without the pres-
ence of nodules or lymphadenopathy) and noted the corresponding locations of the described findings.
When there was a nodular finding in the ultrasound, authors extracted the largest diameter from the
largest nodule. Given that the accuracy of thyroid physical exam may be affected by previous knowledge
of thyroid-related symptoms, our colleagues also documented whether there was presence of symptoms
associated with thyroid nodules or masses (e.g., neck fullness, dysphagia, odynophagia, choking, etc). The
authors summarized continuous variables using means and standard deviations, and categorical varia-
bles using frequencies and percentages. Using the TUS findings as the reference standard, they calculated
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the accuracy of the findings noted from the thyroid palpation. First, our colleagues calculated the sensi-
tivity, specificity, accuracy, and positive predictive value (PPV) and negative predictive value (NPV) of the
thyroid palpation in the identification of any abnormal thyroid findings (any abnormality yes/no in thy-
roid palpation compared with any abnormality yes/no in thyroid ultrasound). Then, study's authors esti-
mated the accuracy of the physical exam in detecting thyroid nodules (single thyroid nodule [yes/no]
detected by thyroid palpation compared to thyroid nodule [yes/no] detected on confirmatory thyroid
ultrasound), and multinodular goiters (multiple nodules [yes/no] found by thyroid palpation compared to
multiple nodules [yes/no] identified on a thyroid ultrasound). Additionally, they calculated the accuracy
and PPV of the thyroid physical exam to determine the location (e.g., right lobe, left lobe, isthmus or
bilateral) of the thyroid findings when data was available in the medical records. Finally, authors calcu-
lated the proportion of additionally findings derived from a positive thyroid palpation as 1) the number
of patients who had a solitary nodule palpated and were found to have multiple nodules on the subse-
quent ultrasound, or 2) patients who had a thyroid enlargement in the physical exam and found to have
one or more thyroid nodules on the subsequent ultrasound. When possible, researchers conducted sub-
group analyses by patient sex, patient weight (obese or overweight vs. normal weight based on body mass
index (BMl) categories), size of the thyroid nodule (<2 cm or >2cm), symptoms of nodular disease (yes
and no), and by clinician specialty (primary care vs. specialties). Scientific researchers conducted a test
interaction to evaluate for statistically significant subgroup differences [8].

Our colleagues included 327 patients, the majority were female (213/327, 65.1%) and white
(275/327, 84.1%) with a mean age [standard deviation — (SD)] of 50.8 years old (16.9). Most patients
were obese or overweight (225/327, 71.2%) and had the thyroid physical exam performed by a primary
care clinician (178/327, 54.4%). Additionally, most patients did not present any symptoms of thyroid
nodular disease (231/327, 70.6%). Regarding finding any thyroid abnormality, the thyroid physical exam
had a sensitivity of 71.8% (n= 189/263; 95% Cl 66%-72.2%), specificity of 35.9% (n= 23/64, 95% CI
24.2%-49.9%), accuracy of 64.8% (212/327: 95% Cl 59.4%-70.0%), NPV 23.7% (23/97: 95% 17.5%-
31.3%) and PPV 82.1% (189/230; 95% Cl 79.1%-84.9%). When the diagnostic accuracy was estimated
by an individual thyroid palpation finding (thyroid nodule or multinodular goitre), the physical exam had
a sensitivity of 20.3% (n=12/59; 95% Cl 12.3%-36.2%), specificity of 79.1% (212/268; 95% Cl 73.7%-
83.2%), accuracy of 68.5% (n=224/327; 95% Cl 59.4%-70.0%), NPV 81.8% (n=212/259; 95% 81.5%-
85.8%) and PPV 17.6% (n=12/68;95% Cl 11.1%-27.1%) in detecting a thyroid nodule; and a sensitivity
of 10.8% (n-=17/157, 95% Cl 6.4%-16.7%), specificity of 96.5% (n=164/170;, 95% Cl 92.4%-98.7%), ac-
curacy of 55.4% (n=181/327; 95% Cl 49.78%-60.8%), NPV 53.9% (n=164/304; 95% 52.4%-55.4%) and
PPV 73.9% (n=17/23; 95% Cl 53.4%-87.5%) in finding a multinodular goiter. Out of 327 patients, 60
physical exams included the side of the thyroid nodule. Among these, the overall accuracy, and the PPV
of the physical examination in identifying the location (e.qg., right lobe, left lobe, isthmus, or bilateral) of
the thyroid finding were 46.6% and 37.5%, respectively. Physical exams among symptomatic patients
demonstrated superior performance than those conducted among asymptomatic patients, with higher
specificity (100% vs. 62%, p<0.01), accuracy (83% vs. 62%, p<0.01), and NPV (87% vs. 79%, p<0.01) for
detection of solitary nodules, as well as a higher NPV for detection of multinodular disease (61% vs. 51%;
p<0.01). In addition, higher PPV for detecting multinodular disease was observed when a specialist con-
ducted the physical exam compared to a primary care provider (100% vs. 60%; p<0.01) and when the
nodule detected by physical examination was greater than 2 cm (100% vs. 73% for nodules <2 cm;
p=0.026). The study's authors found that out of 68 solitary nodules palpated, 37 (54%) were found to
have additional findings such as, multinodular goiter on a subsequent TUS; similarly, out of 88 patients
for whom the physical exam identified an enlarged thyroid, 56 (64%) of these were subsequently found
to have a solitary nodule (16 cases) or a multinodular goiter (40 cases) on the TUS. The authors emphasize
that in this retrospective observational study, scientific researchers found that, while a thyroid physical
exam can detect thyroid abnormalities, these findings were rarely concordant with findings identified on
a subsequent thyroid ultrasound. Furthermore, the diagnostic accuracy of specific thyroid physical exam
findings was low, particularly for the PPV of solitary thyroid nodules. For instance, out of every 100 pa-
tients with a physical exam consistent with a solitary thyroid nodule, approximately 18 had a thyroid
nodule, while out of every 100 patients with a physical exam consistent with multinodular goiter, about
74 had the same finding in the ultrasound. In the course of the study, the authors state that thyroid
physical exam has limited diagnostic performance and leads to additional findings when followed by a
thyroid ultrasound. As such, thyroid physical exams in asymptomatic patients may play an important role
in the overdiagnosis and overtreatment of thyroid cancer. To determine if any patient subgroups derive
some benefit from thyroid physical exams beyond their use as a diagnostic approach, further research is
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necessary. Additionally, potential interventions should be explored to improve the accuracy of thyroid
physical exams [8].

Next, we consider a study aimed to examine the potential associations between Doppler parame-
ters and clinical characteristics of hypothyroid patients, such as the autoimmune nature of the disease
and adequacy of LT4 replacement [9]. Angelopoulos N. et al. in their work note that While hormonal
assays are commonly used for thyroid function assessment, Doppler sonography provides valuable infor-
mation on vascularization and blood flow.

A total of 400 consecutive patients with hypothyroidism attending an Endocrinology outpatient
clinic for annual follow-up visit were evaluated for eligibility. Autoimmune thyroiditis was considered the
underlying disease of hypothyroidism based on high serum concentrations of antithyroid antibodies [thy-
roid peroxidase (anti-TPO) and/or thyroglobulin (anti-Tg) antibodies]. Exclusion criteria were history of
Graves’ disease or subacute thyroiditis, malignancies, pregnancy, previous use of medications that can
affect thyroid stiffness (amiodarone, tamoxifen, anti-neoplastic) and nodular abnormalities of the thy-
roid gland (nodules > 3 mm detected by conventional B-mode ultrasound. A total of 338 patients treated
for hypothyroidism [females: n = 292 (86.4%); males: n = 46 (13.6%)] were enrolled in the study. Demo-
graphic characteristics (age, sex, BMI), treatment parameters (LT4 daily dose) were recorded and thyroid
hormones [TSH, free thyroxin (fT4)] were measured. All included subjects were residents of a geograph-
ical area of low-prevalence iodine deficiency disorders. The study protocol was conducted by the tenets
of the Declaration of Helsinki and all patients agreed to participate in the study, which was approved by
the Bioethics Committee of the Aristotle University of Thessaloniki, Greece. Conventional B-mode thyroid
ultrasound and strain elastography [(real-time elastography (RTE)] were performed on a General Electric
P9 machine (LOGIQ-P9; GE Medical Systems, Milwaukee, WI, USA) with an 8—12 multifrequency linear
probe. Conventional grey-scale ultrasound was initially performed to measure transverse (two dimen-
sions) and longitudinal (one-dimension) diameters and thyroid volume. Three linear dimensions were
measured for each lobe: the length (L) was assessed on the sagittal view and the anterior—-posterior (A-
P) and width (W) diameters of each lobe were assessed on the transverse view. Given that the normal
thyroid shape is ellipsoid, the volume of each lobe was automatically calculated by recording the above-
mentioned three linear dimensions (ellipsoid equation with a correction factor: V (ml) =L (cm) x A-P
(cm) x W (cm) x 0.523). Thyroid vascularity was examined with color Doppler and patients were classified
into four patterns: Pattern | (normal thyroid vascularity, blood flow limited to the peripheral thyroid ar-
teries, absent parenchymal flow); Pattern Il (minimally increased thyroid vascularity, mildly increased
parenchymal flow); Pattern il (increased blood flow with a diffuse homogenous distribution, increased
parenchymal flow with a diffuse homogenous distribution pattern) and Pattern IV (markedly increased
parenchymal flow with a homogenous distribution, including the “thyroid inferno”). The probe was
placed perpendicularly to the skin for RTE examination, and repetitive light compression was applied in
the longitudinal plane. The ideal pressure on the target lesion was confirmed based on the cine-memory
data. A cine-memory stores data obtained through the transmission and reception of ultrasound. A cine-
memory generally has a storage capacity allowing storage of multiple numbers of frames obtained in
time sequence. In a cine-memory, the newest input data overwrites the oldest data which is already
stored in the memory, and this process is repeated. The patients held their breath while the images were
obtained to avoid respiratory motion artifacts. The strain index (elastography ratio, E2/E 1) was used that
represents the ratio of the strain of thyroid parenchyma (E2) to that of sternocleidomastoid muscles (E1).
Region of interest (ROI) for E2 was free-handed and designed at the peripheral edge of the gland to
include the whole longitudinal image of each lobe; ROI for E1 was the sternocleidomastoid muscle in
front of the ipsilateral thyroid parenchyma [9].

An endocrinologist with twenty years of experience in sonography, who was blinded to the clinical
status, performed all thyroid ultrasound examinations. The Doppler spectral analysis was of the right and
left inferior thyroid arteries in the transverse scanning, in which the vessels crossed the common carotid
arteries posteriorly, or in the longitudinal scanning of the ascending parts of the arteries, in which the
vessels lie parallel to the common carotid arteries for the superior thyroid arteries. The superior thyroid
artery was assessed with the probe positioned in the oblique sagittal plane, close to the superior thyroid
pole. The inferior thyroid artery was assessed in the oblique transversal plane, close to the transition
between the mid and inferior third of the thyroid. The cursor for evaluating the inferior thyroid artery
was set close to the trachea to avoid artifacts from the common carotid artery and the internal jugular
vein. Parameters for color Doppler are frequency 4.4-6.6 MHz, Gn 40%, pulse-repetition frequency (PRF)
2-8 kHz and Wall Filter (WF) 25-80 Hz. The angle correction cursor was parallel to the flow direction
and the Doppler angle was kept at or below 60°. The sampling gate was set to 2 mm. The peak systolic
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velocity (PSV), end-diastolic velocity (EDV), and pulsatility indices (Pl) and the resistive index (RI) values
in the superior and the inferior thyroid arteries were obtained in both thyroid lobes. The mean value of
the right and left lobes was used as the outcome parameter. Serum TSH and fT4 concentrations were
measured by the immunochemistry method with enzyme chemiluminescence immunoassay (reference
range: 0.27-4.5 mUl/ml and 0.8-1.5 ng/dl, respectively). Measurements were performed on the Cobas
8000 platform by Roche (Basel, Switzerland). Data were presented as mean + SD or range (min—max).
The Kolmogorov-Smirnov test was used to evaluate data distribution. The Student’s t-test was used for
group comparisons of continuous variables with a normal distribution (age, BMI, weight) and Mann—
Whitney test was used for variables with a non-parametric distribution. Spearman and Pearson correla-
tion coefficients were used to investigate correlations between variables. The Chi-squared test (x2-test)
was used for group comparisons of categorical variables. Predictive models were compared using Re-
ceiver Operating Characteristic (ROC) — Area Under the Curve (AUC) statistics. The optimal threshold
values were determined from the ROC curve analysis and the Youden Index and its associated criterion
values. The sensitivity, specificity, positive likelihood ratio and negative likelihood ratio values were cal-
culated. A p-value < 0.05 was considered statistically significant [9].

In total, 288 patients (85.2%) had autoimmune thyroiditis, while 50 (14.8%) had no history of in-
creased thyroid autoantibodies. A total of 68 patients (20.1%) had TSH concentrations >4 miU/ (50 with
autoimmune thyroiditis and 10 without autoimmune disease) and were considered suboptimally treated
at the time of the enrolment, while 270 (79.9%) had TSH concentrations within the reference range (< 4
mlU/l) and were considered optimally treated ( 230 with autoimmune disease and 40 without). In pa-
tients with autoimmune thyroiditis, the L T4 dose (expressed as dose/weight) needed to achieve optimal
thyroid treatment was higher (1.1 + 0.4 vs. 0.8 + 0.4 mcg/kg, p < 0.001). The elastography ratio was in-
creased in patients with autoimmune thyroiditis (0.86 + 0.52 vs. 0.77 + 0.54, p = 0.026) compared with
patients without autoimmune thyroiditis. There was a positive association between autoimmune thyroid-
itis and vascularity [x2(3) = 13.28, p = 0.004, Cramér’s V= 0.2]. In patients with no autoimmune thyroid-
itis, the total thyroid volume was lower in those with suboptimal L T4 replacement (5.3 + 3.0 vs. 6.3+ 3.7
ml, p=0.032) compared with those with optimal replacement. There was no association between subop-
timal LT4 replacement and vascularity [x2(3)=2.11, p=0.551, Cramér’s V= 0.08]. PSV and EDV of the
inferior thyroid artery were higher in patients with suboptimal LT4 replacement compared with those
with optimal replacement (PSV: 41.9+ 17.0vs. 351+ 11.2, p=0.004 and EDV 18.5 + 9.0 vs. 14.7 + 6.0,
p =0.004, respectively). Rl was lower in patients with suboptimal L T4 replacement compared with those
with optimal replacement (0.63 + 0.08 vs. 0.66 + 0.09, p = 0.024). The severity of hypothyroidism, as ex-
pressed by L T4 dose/BMI, was negatively correlated with thyroid volume (r= —0.190, p < 0.001) and EDV
values of superior (r= —0.16, p=0.009) and inferior thyroid arteries (r= —0.17, p = 0.008). A weak pos-
itive correlation was found between LT4 dose/BMI with elastography ratio (r=0.180, p<0.001). This
correlation was significant only in patients with autoimmune thyroiditis (r = 0.156, p = 0.007) but not in
those without it (r=0.255, p=0.07). A positive correlation was found between dose/BMI and Pl and R/
of both arteries (Pl superior: r=0.130, p=0.031; Pl inferior: r =0.140, p = 0.023, Rl superior: r = 0.140,
p=0.024; Rl inferior: r=0.150, p=0.014). A backward stepwise logistic regression analysis was per-
formed to identify possible predictors of suboptimal LT4 replacement. All ultrasound indices (PSV, EDV,
PI, RI, elastography ratio) were included as independent variables. Only Rl and PSV of the inferior thyroid
artery remained in the final model, [x2(2) = 14.93, df =2, p=0.001). ROC curve analysis was performed
for PSV of the inferior thyroid artery to define the optimal threshold for predicting suboptimal LT4 re-
placement (defined as TSH > 4 or > 5 mIU/ml). The AUC for TSH > 4 miU/mlwas 0.625 (p = 0.002, Youden
Index: 0.238, associated criterion: > 3 1.2, sensitivity 8 1.8%, specificity 42%,). For TSH > 5 miU/ml, the cor-
responding AUC was 0.672 (p<0.001, Youden Index: 0.305, associated criterion: >37.7, sensitivity
61.8%, specificity 67%) [9].

In conclusion, our colleagues state that this is the largest study to have applied the concurrent
evaluation of multiple ultrasound parameters of the thyroid gland in patients with hypothyroidism and
the first to have used thyroid artery measurements to evaluate the therapeutic efficacy. Lymphocytic
infiltration in autoimmune thyroiditis affects tissue echogenicity and causes a diffuse increase in paren-
chymal vascularization. In the natural history of the disease, as hypofunction gets severer, elasticity, vol-
ume of the gland and blood flow are reduced, indicating a fibrotic degeneration process. Effective mon-
itoring and evaluation of LT4 supplementation are crucial to anticipate relapse of hypothyroidism. The
monitoring is mainly based on thyroid hormone measurements since clinical symptoms may be absent in
borderline TSH increases. However, in cases where blood tests are difficult to obtain, a color Doppler
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ultrasound can be used as an alternative tool in estimating responses to therapy and distinguishing those
patients who should be further evaluated by hormonal examinations [9].

In the work of Soltani K. et al. [10] the authors note that the diagnostic role of Doppler ultraso-
nography regarding HT is not fully established. Our colleagues examined intraparenchymal Rl as a Dop-
pler parameter, thyroidal vascularity and other Gray-Scale findings in adults with HT in order to evaluate
the clinical feasibility of RI in the diagnosis of this disease. This study is designed based on the cross-
sectional analysis of sonographic findings in newly diagnosed patients with HT. The target population
was selected from patients referred to the radiology department of Modarres Hospital from the endocri-
nology clinics of Modarres and Loghman Hospitals between 2013 and 2014. Subclinical hypothyroid pa-
tients were identified based on the clinical assessment of an endocrinologist. Exact laboratory data (TSH,
FT4) were not available. Newly diagnosed patients without any history of receiving treatment for HT,
who were either euthyroid or sub-clinically hypothyroid at the time of sonography, were included. Forty-
eight females recently diagnosed with HT aging between 20 and 50. All the participants underwent Gray-
scale (determining gland size, volume, and echogenicity) and color Doppler (evaluating vascularity and
calculating Rl of each lobe in 2 points) sonography by 1 radiology resident using a Medison X8 sonography
device with a 7 MHz probe. Thyromegaly in females was defined as thyroid gland volume exceeding
15 mL. Gray-scale findings were classified into 4 grades (1-4) using the classification system introduced
by Sostre and Reyes (Sostre S., Reyes M.M., 1991). Color Doppler findings were divided into 4 patterns
(0—1ll) based on a visual scale provided by Schulz et al., 2003. The settings of the ultrasound equipment
(gain and PRF) were calibrated such that aliasing of the carotid artery and jugular vein could not be seen.
The RI (minimum PRF and maximum gain) of both upper and lower poles of each thyroid lobe were cal-
culated by the ultrasound device using the formula below and the mean RI measured from both lobes
was considered as the total Rl of the thyroid gland. In addition, 45 controls aged between 20 and 70
years with normal thyroid laboratory results and without any prior history of thyroid disease were exam-
ined sonographically and the Rl of those participants whose Gray-scale results proved to be normal was
measured in 3 different points in each lobe. The mean Rl of each participant from each of these 2 groups
was calculated and compared to the mean Rl of the control group.

Based on the definition provided by the World Health Organization, out of every 48 patients with
HT, 30 (62.5%) had a normal thyroid gland volume (thyroid gland volume < 15mL) and 18 had thyromeg-
aly (thyroid gland volume > 15mL). Based on the Gray-scale grading, 13 patients (27.08%) were classified
as grade 1, 12 patients (25.00%) as grade 2, 18 patients (37.50%) as grade 3, and 5 patients (10.42%)
as grade 4. The parenchymal vascularity of the thyroid gland (color Doppler appearance) presented as
pattern 0 in 22 patients (45.83%), pattern | in 15 patients (31.25%), pattern Il in 6 patients (12.5%), and
pattern lllin in 5 patients (10.42%). The Rl ranged between 0.50 and 0.70 in the patient group and 0.47
and 0.70 in the control group. The average Rl in the patient group was 0.5733 + 0.05012and 0.5453 +
0.05061 in the control group. Independent t-testing of the average RI showed a statistically significant
difference between the patient and control groups (P = 0.009). The highest average Rl was seen in Grade
1(0.5808 + 0.04173) and the lowest in Grade 4 (0.5500 + 0.03808). One-way ANOVA of the average RI
between different Gray-scale grading groups showed no statistically significant difference (P = 0.352).
Furthermore, participants with grade 1 Gray-scale findings were considered as part of the normal or
near-normal group and those with grades 2, 3, and 4 as part of the substantial Gray-scale changes group.
The average Rl of the normal or near-normal group was 0.5808 + 0.04173 and 0.5706 + 0.05319 in the
substantial Gray-scale changes group. Independent t-testing showed no statistically significant differ-
ence in average Rl when comparing the normal or near-normal with the substantial Gray-scale changes
group (P = 0.537). The highest Rl was seen in pattern 0 of color Doppler findings (0.5845 + 0.04828) and
the lowest in pattern I (0.5300 + 0.04817). ANOVA results showed no statistically significant difference
in average Rl among different groups of color Doppler findings (P = 0.109). Results of Kruskal-Wallis test
followed by pairwise comparisons showed a statistically significant relationship in terms of average R/
between the grade 1 patient group and control group (P = 0.010) and between the grade 3 patient group
and control group (P = 0.015). But the same comparison showed no statistically significant relationship
between the grade 2 patient group and control group (P = .406) and between the grade 4 patient group
and control group (P = 0.752). Results of Kruskal-Wallis test followed by pairwise comparisons showed
a statistically significant relationship in terms of average Rl between the pattern 0 patient group and
control group (P = 0.003) and between the pattern | patient group and control group (P = 0.034). But the
same comparison showed no statistically significant relationship between the pattern Il patient group
and control group (P =.418) and between the pattern Ill patient group and control group (P = 0.381).
Summarizing the study, the authors state that the results of this study show that, regardless of gray-
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scale views and color Doppler patterns, the intraparenchymal Rl of patients diagnosed with HT was
higher compared to normal controls and, thus, this sonographic parameter may be a useful yet noninva-
sive modality in the diagnosis of HT [10].

It is impossible to ignore technological developments and the increasingly active development of
thyroid ultrasound examination using artificial intelligence (Al).

In the clinical trial by Edstrém A.B. et al. [11] it was examined how the articifial intelligence (Al)-
based diagnostics system S-Detect (this is a built-in Al feature in ultrasound machines that helps the doc-
tor analyze the detected formations) for Thyroid influences the ultrasound diagnostic work-up of thyroid
ultrasound performed by different ultrasound users in clinical practice and how different ultrasound us-
ers influences the diagnostic accuracy of S-Detect. The researchers conducted a clinical trial with 20
participants, including medical students, ultrasound novice physicians, and ultrasound experienced phy-
sicians. Five patients with thyroid nodules (one malignant and four benign) volunteered to undergo a
thyroid ultrasound scan performed by all 20 participants using the same ultrasound systems with S-De-
tect installed. Participants performed a focused thyroid ultrasound on each patient case and made a
nodule classification according to the European Thyroid Imaging Reporting And Data System (EU-TIRADS)
[12]. They then performed a S-Detect analysis of the same nodule and were asked to re-evaluate their
EU-TIRADS reporting. From the EU-TIRADS assessments by participants, authors derived a biopsy recom-
mendation outcome of whether FNAB was recommended.

In this clinical trial, our colleagues observed that using S-Detect did not improve the thyroid diag-
nostic work-up of thyroid nodules among novice and intermediate ultrasound operators. Furthermore,
they observed that the operator had a strong impact on the Al-generated ultrasound diagnosis, with a
variation in diagnostic accuracy ranging from 40 to 100%, even though the same patients and ultrasound
machines were used in the trial. A strength of this study is the controlled experimental setup, including
participants with different ultrasound experiences who used S-Detect on the same ultrasound equipment
and patient cases. In this way, we could measure the impact of the ultrasound operator’s influence on
the diagnostic accuracy of Al-assisted thyroid nodule diagnosis and how Al influenced the operator’s as-
sessments. Another strength is that we had a cytological/histological diagnosis on all the patients, and
three experts were used to define the reference standard for the ultrasound characteristics. The authors
believe that for Al-assisted ultrasound diagnosis to be successfully implemented in clinical settings, the
technology should be developed with a clear purpose as a tool for the clinician in mind. Future research
should focus more on how Al-assisted tools are affected by the image quality obtained by the ultrasound
operator and how they affect the diagnostic process, including time use and patient outcomes. In con-
clusion, they observed that using S-Detect did not enhance the diagnostic accuracy of thyroid nodule
evaluation among novice and intermediate ultrasound operators. The operator significantly influenced
the Al-generated ultrasound diagnosis, with diagnostic accuracy ranging from 40 to 100%, despite the
same patients and ultrasound machines used. While Al systems like S-Detect have the potential to im-
prove the diagnostic work-up of thyroid nodules, more research is needed to ensure how it should be used
in the diagnostic process to save time and improve final patient outcomes [11].

A fundamental study concerning multimodal imaging of solid thyroid lesions was conducted by
Jung E.M. et al. [13]. Goal of the study was the assessment of Al-assisted diagnosis of solid thyroid foci
with multimodal modern ultrasound imaging. 50 patients (26—81 years, 54.7+13.1 years) were included
in the study. Multimodal ultrasound imaging by means of B-mode with linear probe (4—12 MHz) with op-
tion of automated documentation of findings by means of Al, with supplementary ultra-microangi-
ography (UMA) was used. Macrovascularisation was assessed by dynamic contrast ultrasonography
(CEUS) with parametric evaluation and perfusion analysis, and microvascularization was assessed by
combined strain and shear wave elastography on a novel high-performance ultrasound system (Resona
R9/Mindray) by an experienced examiner with independent reading. The evaluation was performed ac-
cording to TI-RADS IlI-V. Inclusion criterion was preparation for immediate surgery by indication through
interdisciplinary case conferences with endocrinologic, nuclear medicine, and surgical evaluation. All ex-
aminations with CEUS were performed after written consent. The evaluation of the examinations was
performed retrospectively with the approval of the local ethics committee. The examinations were re-
quested after preliminary examinations by special outpatient clinics with the question of the assessment
of solid thyroid lesions that had been noticed in out-of-town preliminary examinations. An evaluation
according to TI-RADS IllI-V had to be performed and it had to be decided to what extent a histological
clarification was necessary or whether a follow-up should be performed. All examinations were per-
formed by an experienced investigator (more than 3000 examinations per year, over more than 20 years)
using a linear multifrequency probe (L 4—12 MHz) on high-performance ultrasound equipment with digital
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image documentation. This allowed independent subsequent evaluation by experienced readers. Accord-
ing to the predefined scheme of an Al image evaluation program, both thyroid lobes were measured in
longitudinal and transverse axis with length, depth and width, the volume was calculated, the echogenic-
ity was evaluated as homogeneous, discrete inhomogeneous or inhomogeneous and the echo pattern
was judged as echo-complex or echo-normal. The ultrasound elastography techniques available in paral-
lel mode as strain or shear wave elastography were used to assess compaction of thyroid tissue and solid
foci. The pulsatile region of a carotid artery was bypassed as much as possible to avoid artifacts. Image
quality could be assessed automatically, optimally with 5 green stars. False colors informed about homo-
geneous or inhomogeneous compaction. Measured values over individually adjusted ROI could be rec-
orded in m/s or KPA, with values >2.5m/s or >30 kPA considered suspicious for possible malignant lesions.

Detectable solid lesions were also measured by Al in three planes, and the rim contour was by-
passed for volumetric detection. Then, marginal contour had to be assessed as regular, lobulated or ir-
regular, rim as complete or incomplete, or absent, growth axis, parallel or directed in depth, shape as
oval or roundish, and possible macro- or microcalcifications and entered into a predetermined scheme.
After localization of the suspicious lesion, the evaluation according to TI-RADS IlI-V was then color-coded
in a final scheme with topogram. This then also considers a possible tumor vascularization, as irreqular
malignancy-suspicious, or as regular marginal benign. UMA was used to assess the vascularization of tu-
mor foci in as much detail as possible with velocity ranges< 10cm/s. Vascular patterns were recorded
dynamically in short cine loops up to 10s. This also captured possible conspicuous lymph nodes with reg-
ular benign vascularization from the hilus or malignancy-typical from the margin. Macrovascularization
of thyroid lobes and foci was classified as normal, enhanced, or decreased, and that of foci as reqular or
irregular. Color-coded duplex sonography, flow with glazing flow, and UMA were used for this purpose.
The criterion for benign findings was a regular vascular pattern, especially a marginal vascularization,
for example in adenomas. Irreqular vascularization was considered suspicious for malignancy. This was
then additionally investigated with CEUS to determine the extent to which irregular arterial hypervascu-
larization with delayed wash out occurs, which is evaluated as a malignancy criterion. CEUS after bolus
administration of 1 to 1.5ml of sulphuhexafluoride microbubbles with 10 ml of saline solution cubital, if
possible, was used to assess dynamic microvascularization of the suspicious solid lesions. When possible,
cine loops of incipient arterial vascularization after 10 to 15s up to one minute were then evaluated
parametrically and by time intensity curve using the High-End Devices internal perfusion program. RO/
were individually matched, in the center, at the edge of the lesion to be assessed compared with sur-
rounding thyroid tissue. Parametric color maps were fitted to the corresponding perfusion parameters
such as time to peak, peak, mean transit time, wash in area under the curve (wash in AUC) and tabulated
at theend [13].

50 cases (26-81 years, mean age: 43+7 years) were examined with multimodal imaging consisting
of B-mode, UMA, elastography and CEUS with parametric and perfusion analysis with good to very good
image quality in all cases, according to the internal evaluation mode especially in the shear wave elas-
tography technique with clearly>85% or 5 green stars. The volume of the thyroid lobes on both sides
averaged 39ml+5ml (27 to 69ml). All echo-poor, irregularly vascularized, inhomogeneously indurated
lesion>1cm were identified as highly suspicious for malignancy with early wash out kinetics and were
also confirmed surgically. The 13 cases of histologically confirmed thyroid carcinoma (8 papillary, 2 me-
dullary, 2 microfollicular, 1 anaplastic carcinoma) with a mean size of 15mm+6mm (9-21mm) were
correctly evaluated by TI-RADS 1V based on irregular shape, induration>2.5m/s or>30kPA and apposi-
tional wash-out kinetics using CEUS (TI-RADS V). Tumor lymph nodes could be correctly detected pre-
operatively only in one case of medullary carcinoma according to the surgical findings, based on irregular
vascularization with UMA in roundish shape with cortex>4mm with a transverse diameter up to 17 mm.
In 25 cases of inhomogeneous nodular goiter, evaluation with TI-RADS Ill was performed in 31 cases,
evaluation with TI-RADS IV was performed in 4 cases with incomplete marginal contour, partial marginal
vascularization with UMA and partial wash out with indurations up to 2.5m/s or 30 kPA, and surgical
excision was performed for nodular goiter. In 12 cases of adenomas with diameters of 1.7 to 3.5¢cm,
mean 26cm#+0.5cm, nodular goiter resulted in proportionately regressive nodular changes. Only in 7/12
cases a typical echo-poor rim and a typical rim vascularization were found. In 5 cases, the rim was incom-
plete. CEUS also showed a partial central wash out in these cases with but preserved marginal vascular-
ization and elastography revealed partial induration up to 2.5 m/s or 30 kPA an assessment with TI-RADS
Il or IV rating. Using the Al tool, the 20 of 25 goiter nodes were evaluated as TI-RADS Ill, 7 of 12 adeno-
mas, 5 goiter nodes and 5 adenomas as TI-RADS IV, 5 of 13 carcinomas as TI-RADS IV and 8 of 13 carci-
nomas as TI-RADS V. Microcalcification as a definite malignancy criterion was automatically detected in
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5 of 13 malignancies, an echo-poor irreqular echo structure in all cases, and in intracystic tumors in 2
cases. The shape was irregular in all cases, proportionately lobulated, but oriented in depth in only 8 of
13 cases. Of the 25 struma nodules evaluated as possibly also malignant, partial necrosis and inhomoge-
neous microvascularization with also induration on elastography occurred in all cases. For 37 patients
both classifications were identical. From the 12 cases, histologically classified as TI-RADS V, 11 were also
classified as TI-RADS V by the Al-based diagnosis. Of the 13 remaining cases in which there were discrep-
ancies between the two methods, 12 were histologically confirmed grade 3 carcinoma. Using Al-based
diagnostic they were classified at least one grade higher by Al (n= 12, including 2 two grades higher) and
in one case a histologically confirmed as TI-RADS V case one grade lower. During the course of the work,
the authors established the new multimodal ultrasound modalities offer the possibility of early detection
of malignant foci. Multicenter evaluation is needed to evaluate the possibility of additional Al in terms of
differentiation from TI-RADS Il to TI-RADS V/ [13].

In conclusion, it is worth noting that modern thyroid ultrasound diagnostics is a high-tech, multi-
level system for assessing structural and functional changes in the organ, providing high clinical infor-
mation value in identifying thyroid lesions, including solitary or multinodular thyroid nodules, inflamma-
tory processes, and tumors. B-mode diagnostic ultrasound remains the primary method, allowing for the
assessment of size, contours, echogenicity, echostructure, and calcifications, as well as precise ROI selec-
tion for subsequent quantitative analysis.

In thyroid cancer diagnostics, ultrasound risk stratification based on the TI-RADS standardizes de-
scriptions and defines indications for fine needle aspiration biopsy, improving the clinical validity of inva-
sive interventions. The additional use of Color Doppler ultrasound and microcirculation imaging technol-
ogies, including UMA and ultra-microvascular imaging technology, enables detailed analysis of the vas-
cular pattern of nodular lesions. Evaluation of hemodynamic parameters such as PRF, PSV, EDV, Pl, and
Rl expands the possibilities for differentiating between benign and malignant processes.

Elastography significantly contributes to increased diagnostic specificity, including the quantita-
tive elastography ratio, which reflects tissue mechanical properties and the degree of fibrosis. This
method is particularly informative in chronic inflammatory diseases such as autoimmune thyroiditis, in-
cluding the most common form, HT, as well as in conditions accompanied by hypothyroidism. A compre-
hensive assessment of ultrasound features, combined with laboratory values for thyroid-stimulating hor-
mone and free thyroxin, provides a comprehensive picture of the functional state of the thyroid gland.

A promising approach is CEUS, which allows for the analysis of the perfusion characteristics of
lesions. The concept of multimodal imaging, consisting of B-mode, UMA, elastography, and CEUS, signif-
icantly improves diagnostic accuracy by integrating morphological, vascular, and biomechanical param-
eters.

The implementation of computer-assisted diagnosis (CAD) systems and artificial intelligence algo-
rithms enables automated image processing, objectivization of ROl assessment, and reduction of opera-
tor dependence. The use of intelligent technologies contributes to the improvement of positive predictive
value (PPV) and negative predictive value (NPV), increasing the reliability of risk stratification and clinical
decisions.

Thus, the integration of B-mode, Doppler techniques, microangiographic technologies, elas-
tography, contrast-enhanced ultrasound, and digital analysis algorithms forms the modern standard for
comprehensive thyroid ultrasound examination. Ultrasound diagnostic techniques for various thyroid pa-
thologies in general, and thyroid cancer in particular, are an important link in the specialty of "Radiology."”
Their high information content, sensitivity, and specificity often allow for an accurate diagnosis without
resorting to more complex examination methods, which often carry a fairly high risk of complications
and/or radiation exposure, and make it possible to conduct targeted, specialized treatment for these
patients.
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TEXHOJ1I0M NOCPELCTBOM MHTEITPATUBHOIMO NOAXO4A
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HamaHazaHckul 20Cy0apcmBeeHHbIt UHCMUMYM UHOCMPAHHbIX A3bIKOB UMeHU McxakxaHa Mbpama
3amecmumersib 0ekaHa ¢aky/ibmema 3bIKa u nepesooa

Abstract

This article examines the issues of developing students’ professional competencies in information
technology through an integrative approach. In the context of rapid digital transformation and the
increasing demand for highly qualified IT specialists, the need for effective educational strategies has
become even more urgent. An integrative approach combines interdisciplinary knowledge, practical
skills, and innovative teaching methods to increase students' readiness for real-world professional
challenges. The study analyzes the theoretical foundations of competency-based education and
emphasizes the role of integration between academic disciplines, industry requirements, and modern
technologies. In addition, it examines the impact of project-based learning, collaborative activities, and
digital tools on the formation of key professional competencies, including problem solving, critical
thinking, and flexibility. The results of the study show that an integrative approach significantly
contributes to improving the quality of IT education and better prepares students for a successful career
in the digital economy.

AHHOmMauus

B 0aHHOU cmamee paccMmampusaromcs BONPOCkh! pazBuUMuUsl NPOPECCUOHAbHbIX KoMnemeHyul
cmydeHmos 8 061acmu UHGOPMAUUOHHbBIX MEXHO/102Uull NOCPEOCMBOM UHMe2pamusHo20 nooxodd. B
YCI0BUSX  cmpemumesibHolU  yugposol  mpaHcgopmMayuu - U pacmyujeeo  cnpoca  Ha
BbICOKOKBAUPUUUPOBAHHBLIX MT-cneyuanucmos nompebHocmb 8 3¢dekmusHbix 0b6pazosamesibHbIX
cmpameaussx — cmana  ewe  bosee  akmyasibHol.  VIHmeepamuBHbIl  NOOX00  coYemaem
MeOUCYUN/IUHAPHbIE 3HAHUS, NPAKMUYECKUe HABbIKU U UHHOBAUUOHHbLIE Memoobl 0by4eHus 0/s
NOBLIWEHUS 20MOBHOCMU CMY0eHMOoB K peasibHbiM NPoGeccUoHasbHbIM 3a0adyam. B uccredosaHuu
aHaIu3upPyrtOMcsl meopemuyeckue O0CHOBbI KOMNEemMeHMHOCMHO-0pUeHMUPOBAHHO20 06pa3oBaHus U
NooYepKUBAemcs poJib UHMe2payuu Mexcdy akademudyeckumu OucyunIuHamu, mpebosBaHusmMmu ompacsiu
U COBpeMeHHbIMU MexHo/102usmMU. Kpome mo2o, pacCMampusaemcs B/IUSHUE NPOEKMHO20 0bYYeHUs,
cosMecmHol  desmesibHOCMU U UUGPOBLIX  UHCMPYMEHMOB HA  (HOPMUPOBAHUE  KITHOYeBbIX
NpogeCccUoHaIbHbIX KoMnemeHyudl, BK/H04Yas peweHue npobiem, Kpumu4eckoe MbiliieHue U 2ubKoCcme.
Pe3ysibmamasi UCC/Ie00BaHUsl NOKA3bIBAOM, YMO UHMEe2pamuBHbIl NOOX00 BHOCUM 3HA4umesibHbIl
BK/10 B NOBbIUWIEHUE Ka4ecmBa M T-06pazoBaHus u iy4uie 20mosum CmyoeHmoB K ycnewHol Kapbepe 8
UuGppoBoU 3KOHOMUKe.

Keywords: information technology, professional competencies, integrative approach, competency-
based education, digital skills, interdisciplinary learning, project-based learning, higher education,
innovation, student development, independent thinking, competency-based approach.

Knodesble  C/10Ba:  UHGOPMAUUOHHbIE  MEXHOIo2UU,  NPOPECcCUOHAsIbHbIE — KOMNemeHyuUU,
UHMe2pamuBHbIt NOOX00, KOMNemeHMHOCMHO-OpUeHMUPOBAHHOEe 0bpazosaHue, yudposbie HaBbIKU,
MexoucyunIuHapHoe oby4yeHue, npoekmHoe oby4eHue, Bbicliee 06pa3osaHue, UHHOBAUUU, pA3BUMUE
CMy0eHmMOoB, He3aBUCUMOE MbIUL/IeHUE, KOMNemeHMHOCMHbIU NOOXOO.

Introduction. In the context of rapid digital transformation and the transition to a knowledge-
based economy, the development of students’ professional competencies in the field of information
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technology (IT) has become a strategic priority for modern higher education systems . Due to advances
in artificial intelligence, big data, cloud computing, and cybersecurity, the global IT sector is expanding
at an unprecedented pace. According to recent international reports, by 2025 the global economy may
face a shortage of up to 85 million skilled technology professionals, with demand exceeding supply by
more than 23 million positions. This imbalance highlights the need to improve the quality and effective-
ness of professional training in IT education.

At the same time, the increasing complexity of technological systems and the integration of digital
solutions across all sectors of the economy are transforming the structure of professional competencies
required from graduates. Modern employers are placing growing emphasis not only on technical
knowledge but also on interdisciplinary thinking, adaptability, problem-solving ability, and collaboration
skills. Research shows that more than 65% of IT professionals consider their current competencies insuf-
ficient to meet the demands of emerging technologies such as artificial intelligence and machine learn-
ing. Furthermore, nearly 90% of organizations worldwide are expected to experience the negative impact
of IT skills gaps by 2026, potentially leading to global economic losses of up to S5.5 trillion.

These trends indicate that traditional approaches to IT education, often based on fragmented dis-
ciplinary knowledge, are no longer sufficient. Instead, there is an increasing need for integrative educa-
tional models that combine theoretical knowledge with practical application, interdisciplinary connec-
tions, and real-world problem-solving. An integrative approach enables the synthesis of knowledge from
various domains, fosters a holistic understanding of complex systems and processes, and supports the
development of flexible and transferable competencies essential in a rapidly evolving digital environ-
ment.

Moreover, global educational platforms and digital learning ecosystems are expanding rapidly. For
instance, online learning platforms currently serve over 175 million users worldwide and offer more than
16,000 courses in fields such as computer science, data science, and information technology. This reflects
the growing demand for lifelong learning and the importance of integrating formal and informal learn-
ing pathways in the development of professional competencies.

Based on these considerations, it can be assumed that the role of integrative approaches in IT ed-
ucation will increase significantly in the coming years. The convergence of disciplines, the use of project-
based and practice-oriented learning models, and the active integration of digital technologies into the
educational process will become key factors in preparing competitive IT professionals. By 2030, most IT-
related professions are expected to require hybrid competencies that combine technical expertise with
analytical, creative, and social skills.

Therefore, this study focuses on the theoretical and practical aspects of developing students’ pro-
fessional competencies in the field of information technology based on an integrative approach. Its aim
is to substantiate the effectiveness of this approach and to identify the key pedagogical conditions nec-
essary for its successful implementation in higher education institutions.

Qualitative data obtained from students’ feedback and teachers’ observations were analyzed using
content analysis, which helped to identify patterns and insights.

Literature Review. The issue of developing students’ professional competencies in the field of in-
formation technology within the framework of integrative education has been widely discussed in con-
temporary pedagogical and interdisciplinary research. The competency-based approach, which emerged
as a dominant paradigm in higher education at the end of the 20th century, emphasizes practical skills,
application of knowledge, and professional training rather than mere acquisition of theoretical content.
Scholars such as J. Raven, F. Weinert, and D. Rychen conceptualized competencies as complex, multifac-
torial constructs integrating cognitive, motivational, and social components.

In recent years, interdisciplinary integration has been recognized as a key factor in improving the
quality of IT education. Studies indicate that students engaged in integrative curricula demonstrate 20—
30% higher effectiveness in problem-solving compared to those educated in traditional discipline-sepa-
rated systems. This is particularly relevant in IT, where real-world problems often require simultaneous
application of knowledge from computer science, mathematics, engineering, and fields such as econom-
ics or healthcare.

Empirical studies highlight the growing importance of combining technical and soft skills. Approx-
imately 75% of employers in the IT sector prioritize competencies such as critical thinking, teamwork,
and adaptability alongside programming and system design skills. Additionally, global labor market anal-
yses suggest that by 2030 more than 50% of all employees will require reskilling due to technological
advancements, with IT-related roles among the fastest growing.
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The integrative approach is closely linked with innovative pedagogical models such as project-
based learning (PBL), problem-based learning, and blended learning environments. Research shows that
students participating in project-based IT programs retain knowledge up to 35% better and significantly
improve practical performance. Furthermore, the use of digital tools, simulation environments, and col-
laborative platforms enhances engagement and facilitates experiential learning.

Statistical data from international educational monitoring organizations indicate that the global
e-learning market is growing at an annual rate of approximately 14—16%, with IT-related courses ac-
counting for nearly 30% of total enrollments. This reflects a broader shift toward flexible, technology-
enhanced learning ecosystems that support integrative competency development.

Despite these advancements, several challenges remain. Studies reveal gaps between academic
preparation and industry requirements, with nearly 60% of graduates lacking sufficient practical experi-
ence in real-world IT environments. This underscores the need to strengthen collaboration between edu-
cational institutions and industry partners and to integrate practical, interdisciplinary approaches into
curriculum design.

Methodology. This study employs a mixed-methods research design to examine the effectiveness
of an integrative approach in developing students’ professional competencies in the field of information
technology. The methodology combines qualitative and quantitative methods to ensure comprehensive
and scientifically grounded analysis.

The research was conducted in several stages. Initially, a theoretical analysis of scientific literature,
international reports, and educational frameworks was carried out to identify the conceptual founda-
tions of integrative learning and competency development. Subsequently, an experimental model was
developed incorporating interdisciplinary modules, project-based tasks, and digital learning tools.

The empirical component involved bachelor’s students enrolled in IT-related programs at higher
education institutions. A total of 120-150 students participated, divided into control and experimental
groups. The control group followed a traditional curriculum, while the experimental group studied using
an integrative approach combining multiple disciplines, collaborative projects, and real-world problem-
solving scenarios.

Data collection methods included surveys, competency assessment tests, academic performance
analysis, and structured observations. Quantitative data were analyzed using descriptive statistics, cor-
relation analysis, and comparative tests.

The evaluation criteria for professional competencies were based on internationally recognized
frameworks, including technical skills, problem-solving ability, teamwork, communication skills, and
adaptability. Results showed that students in the experimental group demonstrated a 25-40% improve-
ment in overall competency levels compared to the control group.

Results. The implementation of the integrative approach yielded statistically significant and peda-
gogically meaningful outcomes. At the initial stage, both groups demonstrated similar competency levels
(52-56%). After one academic semester, the experimental group showed a substantial increase to 78—
84%, while the control group reached only 63-67%.

Detailed analysis revealed:

e Technical competencies improved by 28% in the experimental group vs. 14% in the control group

e Problem-solving and analytical skills increased by 35% vs. 16%

e Teamwork and communication skills grew by 38-42% vs. 18-20%

e Adaptability and self-learning abilities improved by 30% vs. 15%

Statistical analysis confirmed significance at p < 0.05. Qualitative findings also showed higher en-
gagement, motivation, and perceived relevance among students in the experimental group.

Discussion. The findings confirm the hypothesis that an integrative approach significantly en-
hances the development of professional IT competencies. Improvements in technical, analytical, and
transversal skills suggest that interdisciplinary knowledge synthesis combined with practice-oriented
learning creates a more effective educational environment than traditional methods.

The results align with global trends indicating that 70-75% of employers value interdisciplinary
competencies and soft skills as much as technical expertise. The effectiveness of project-based and col-
laborative learning was particularly evident, with over 80% of students reporting increased confidence
in applying their knowledge.

However, challenges such as curriculum redesign, institutional support, and scalability remain. De-
spite these limitations, the rapid development of digital learning technologies is expected to facilitate
broader implementation of integrative models.
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Conclusion. Overall, the study demonstrates that the integrative approach not only improves im-
mediate learning outcomes but also provides a sustainable foundation for adapting to long-term changes
in the digital economy. The statistically significant improvements observed, together with global trends,
confirm the relevance and nepcnekmusHocms of this approach. Future research should focus on optimiz-
ing implementation strategies and strengthening collaboration between higher education and industry.
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Abstract

In recent decades, Communicative Language Teaching (CLT) has gained considerable prominence
within the field of English as a Foreign Language (EFL) instruction. Unlike traditional form-focused meth-
odologies, CLT prioritizes the development of communicative competence through interactive tasks and
the use of language in authentic contexts. The present research seeks to evaluate the effectiveness of
this approach by investigating its influence on learners’ oral performance, motivation, and overall com-
municative development.

The study employs a mixed-methods design, incorporating classroom-based observations, learner
questionnaires, and a comparative examination of conventional and communicative instructional prac-
tices. The results demonstrate that the implementation of CLT contributes to noticeable improvements
in learners’ fluency, self-confidence, and active participation in the learning process.

These findings support the view that CLT constitutes a highly effective pedagogical framework and
highlight its potential for broader application in EFL educational environments.

Keywords: Communicative Language Teaching (CLT), English as a Foreign Language (EFL), learner-
centered approach, communicative interaction.

Introduction

The growing role of English as an international medium of communication across academic, pro-
fessional, and social domains has intensified the demand for more effective approaches to English as a
Foreign Language (EFL) instruction. Despite their long-standing use, traditional form-focused methods—
characterized by an emphasis on rote learning and translation—have been widely criticized for their lim-
ited capacity to foster learners’ ability to communicate meaningfully in real-world contexts.

Against this backdrop, Communicative Language Teaching (CLT) has been introduced as an alter-
native instructional framework that prioritizes interaction and functional language use. Rather than fo-
cusing solely on grammatical accuracy, CLT seeks to develop learners’ ability to convey meaning appro-
priately within authentic communicative settings. The present study aims to evaluate the effectiveness
of this approach in EFL classrooms, with particular attention to its impact on learners’ overall language
development and communicative performance.

Literature review and methods

Developed during the 1970s as an alternative to structural and audiolingual approaches, Commu-
nicative Language Teaching (CLT) represents a shift toward prioritizing meaningful language use. Experts
in applied linguistics argue that effective language instruction should extend beyond grammatical accu-
racy to encompass communicative competence, including fluency, discourse management, and sociocul-
tural awareness. Evidence from prior research indicates that CLT facilitates active learner engagement,
encourages interactive participation, and fosters a context in which language learning is meaningful and
purposeful. Specific communicative tasks—such as role-playing, collaborative discussions, problem-solv-
ing exercises, and information-gap activities—have been identified as particularly effective in developing
functional language skills. Nonetheless, implementing CLT can pose difficulties, especially in contexts
with large class sizes or curricula primarily focused on standardized assessments.

A mixed-methods approach was adopted for the current investigation to explore the impact of
different instructional strategies on EFL learners. The study involved secondary and tertiary-level stu-
dents enrolled in English language courses. Data collection instruments included structured classroom
observations, learner questionnaires, and pre- and post-intervention assessments of oral proficiency. Par-
ticipants in the experimental condition received instruction grounded in Communicative Language
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Teaching (CLT) principles, whereas those in the control condition were taught using a conventional gram-
mar-focused methodology. The intervention spanned the entirety of one academic term.

Results and discussion

The findings of the investigation highlighted marked distinctions between the experimental and
control cohorts. Participants exposed to Communicative Language Teaching (CLT) exhibited greater oral
proficiency, heightened self-confidence, and increased engagement in classroom interactions. Analysis
of questionnaire data suggested that students perceived CLT-based instruction as more stimulating and
motivating than conventional grammar-centered lessons. In addition, the prioritization of communica-
tive meaning over formal accuracy contributed to a reduction in learner anxiety and apprehension about
making errors. Overall, the results provide evidence that CLT cultivates a supportive and learner-centered
environment conducive to effective language acquisition.

Interaction among learners constitutes a core element of Communicative Language Teaching (CLT)
and is widely recognized as pivotal for effective language acquisition. Within EFL instructional contexts,
engaging in purposeful communicative activities allows students to negotiate meaning, apply linguistic
forms in authentic situations, and enhance their repertoire of communicative strategies. CLT promotes
collaborative engagement through pair and group activities, thereby increasing opportunities for the ac-
tive use of the target language. By participating in tasks such as role-playing, information-gap exercises,
and joint problem-solving, learners encounter realistic communicative scenarios that stimulate autono-
mous language production and contribute to the gradual improvement of both fluency and accuracy.
Moreover, such interaction encourages collaborative learning, enabling students to benefit from peer
support and shared knowledge. In addition, the implementation of Communicative Language Teaching
(CLT) in classroom settings contributes to the development of learners’ sociolinguistic competence by
enabling them to apply language appropriately across diverse social situations. By prioritizing learner-
centered discourse over instructor-led explanations, this communicative approach fosters higher levels
of student involvement and interaction. Consequently, learners exhibit increased engagement, enhanced
self-confidence, and greater overall effectiveness in using English.

Within the framework of Communicative Language Teaching (CLT), the instructor’s function is
markedly distinct from that in conventional language classrooms. Rather than serving as the exclusive
authority or primary source of knowledge, the teacher assumes the roles of facilitator, coordinator, and
mentor. Responsibilities include designing authentic communicative tasks, overseeing learner interac-
tion, and providing feedback as appropriate. By involving students in collaborative exercises such as pair
activities, group discussions, and problem-solving tasks, instructors foster learner autonomy and promote
the development of self-confidence in language use. Additionally, the effective management of class-
room dynamics and the establishment of a positive, supportive learning environment are critical to en-
suring successful communicative engagement.

A key benefit of Communicative Language Teaching (CLT) is its capacity to enhance learner moti-
vation. By engaging students in activities that require the expression of personal ideas, opinions, and
experiences in English, CLT promotes deeper emotional investment in the learning process. The prioriti-
zation of meaningful communication over strict grammatical accuracy mitigates learners’ apprehension
about making errors, thereby fostering increased self-confidence and a greater propensity to participate
in English discourse. This motivational effect is particularly salient in EFL settings, where learners typi-
cally have minimal exposure to the target language beyond the classroom environment.

In Communicative Language Teaching (CLT), evaluation extends beyond grammatical accuracy to
encompass the effectiveness of learners’ communicative performance. Conventional written examina-
tions frequently fail to capture students’ proficiency in oral interaction and real-time language use. As a
result, alternative evaluation strategies—such as performance-based tasks, role-playing activities, oral
presentations, and peer assessment—are commonly implemented. Formative assessment assumes a cen-
tral role within CLT by enabling instructors to track learner progress on an ongoing basis and provide
targeted, constructive feedback. By emphasizing the facilitation of learning rather than mere measure-
ment of outcomes, this approach enhances both the meaningfulness and the overall efficacy of the in-
structional process.

Although Communicative Language Teaching (CLT) offers numerous pedagogical benefits, its im-
plementation in EFL classrooms can encounter significant obstacles. Constraints such as high student-
to-teacher ratios, limited instructional time, exam-driven curricula, and inadequate teacher preparation
may impede the effective application of CLT methodologies. Additionally, learners in some contexts may
initially demonstrate reluctance toward communicative activities, often due to low self-confidence or
previous experience with traditional grammar-focused instruction. To mitigate these challenges,
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educators are encouraged to introduce communicative tasks incrementally, tailor instructional materials
to match students’ language proficiency, and engage in continuous professional development to
strengthen their instructional capabilities.

The results of this research underscore several key implications for language education. It is rec-
ommended that EFL instructors consistently incorporate communicative tasks into their instructional
planning. Furthermore, teacher education programs should focus on equipping educators with concrete
strategies for the effective implementation of Communicative Language Teaching (CLT) across varied
classroom environments. Additionally, educational institutions are encouraged to foster learner-cen-
tered approaches by ensuring access to suitable instructional materials and adaptable assessment pro-
cedures that support the application of CLT principles.

While the present study provides evidence of the effectiveness of Communicative Language Teach-
ing (CLT), it is not without limitations. The investigation was constrained by a relatively brief timeframe
and a limited participant sample. Future research could enhance the robustness and generalizability of
findings by employing larger cohorts, extending the duration of observational periods, and integrating
quantitative statistical methods to yield more comprehensive insights.

Conclusion

The present investigation explored the efficacy of Communicative Language Teaching (CLT) within
EFL instructional contexts, emphasizing its contribution to the development of learners’ communicative
competence. The results demonstrate that CLT markedly enhances oral proficiency, learner confidence,
and willingness to engage in classroom interactions. By privileging meaningful communication over iso-
lated grammatical accuracy, CLT fosters a learner-centered environment that encourages active use of
the target language. Additionally, the findings indicate that interactive activities—including pair work,
group discussions, role-playing exercises, and problem-solving tasks—serve to increase learner motiva-
tion while mitigating anxiety associated with foreign language production. Learners instructed through
CLT exhibited greater levels of engagement and more positive attitudes toward English language learn-
ing in comparison with peers exposed to traditional grammar-focused methods. Although the implemen-
tation of Communicative Language Teaching (CLT) in EFL classrooms may be constrained by factors such
as large class sizes and exam-driven curricula, it continues to represent an effective pedagogical ap-
proach. The study’s findings indicate that EFL instructors should systematically incorporate CLT method-
ologies into their teaching practices and engage in ongoing professional development to mitigate poten-
tial challenges. Collectively, the evidence demonstrates that CLT is consistent with contemporary educa-
tional objectives and plays a significant role in fostering the acquisition of functional language skills re-
quired for authentic communicative contexts.
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Abstract

This article traces the historical development of measurement units from their earliest anthropic
origins in ancient civilisations to the establishment of the International System of Units (SI). Drawing on
historical, metrological, and linguistic scholarship, it argues that measurement units are not merely tech-
nical tools but culturally embedded lexical items encoding a society's world-view, socio-economic rela-
tions, and cognitive organisation. The study examines how the earliest units in Mesopotamia, Egypt, India,
China, Greece and Rome were rooted in the human body, agriculture, and trade; how regional and cross-
civilisational exchange gradually unified disparate systems; and how the French Revolution catalysed the
modern metric paradigm adopted globally in 1960. Special attention is given to Central Asian and Uzbek
traditional measurement vocabulary, which preserves linguistic evidence of pre-metric measurement cul-
ture. The paper concludes that understanding the historical semantics of measurement lexemes is essen-
tial for contemporary comparative linguistics and linguoculturology.

Keywords: measurement units, metrology, history of measurement, metric system, cultural linguis-
tics, lexical semantics, Sl units, ancient civilisations, Uzbek traditional measurement.

INTRODUCTION

Measurement is among the oldest cognitive practices of humanity. Long before the emergence of
formal writing systems or organised states, human communities devised means of quantifying distance,
weight, area, and volume in order to coordinate agriculture, construction, trade, and warfare [1]. The
lexical items encoding these measurement practices — what we may call measurement lexemes — are
therefore among the most culturally saturated words in any language: they carry the accumulated
weight of centuries of social practice, economic necessity, and cognitive adaptation.

The scholarly literature on measurement history has grown substantially in recent decades [1; 2;
5], yet the specifically linguistic dimension of this history remains underexplored. Historians of science
have documented the development of metrological systems [1; 2], anthropologists have catalogued
body-based measurements across cultures [5], and linguists have studied terminology formation [6; 10].
However, a synthesis of these perspectives — examining measurement lexemes as historically condi-
tioned, culturally specific, and linguistically structured units — remains a desideratum for comparative
linguistics.

The present article addresses this gap by surveying the major stages in the history of measurement
from a combined historical-linguistic standpoint. The primary focus is on English and Uzbek, as represent-
atives of Western and Central Asian traditions respectively, though the analysis necessarily engages with
the broader civilisational background from which both traditions emerged. The article is structured as
follows: Section 2 surveys the earliest measurement systems in the ancient world; Section 3 examines
the development of regional systems in medieval Europe, the Islamic world, and Central Asia; Section 4
analyses the transition to the metric system; Section 5 discusses the linguistic implications of this history;
and Section 6 offers conclusions.

The earliest recorded systems of weights and measures originate in the third and fourth millennia
BCE and are attested across several geographically distinct civilisations [1; 7]. Despite their geographic
separation, these systems share a striking structural similarity: they are all rooted in two foundational
principles — the use of the human body as a measuring instrument, and the use of natural objects (seeds,
stones) as weight standards. This convergence is not coincidental; it reflects the universal cognitive and
practical constraints facing early human communities [5].

In ancient Mesopotamia, the Sumerian cities of the Early Dynastic period (c. 2900-2350 BCE) de-
veloped a system of weights and measures that would influence metrological practice across the Near
East for millennia [4]. The Sumerian mathematical system combined decimal and sexagesimal (base-
sixty) components [4; 7], a feature whose influence persists today in our division of the hour into sixty
minutes and the circle into 360 degrees. The basic length unit, the cubit (Sumerian kush), measured ap-
proximately 51-52 centimetres and was defined as the distance from the elbow to the tip of the middle
finger [1, p. 3]. A crucial reform came around 2150 BCE when the Akkadian emperor Naram-Sin unified
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competing regional standards through the royal gur-cube, a theoretical cuboid of water approximately 6
x 6 x 0.5 metres from which all other units were derived [4]. This represents the first documented at-
tempt at systematic metrological standardisation in human history.

Ancient Egypt provides some of the earliest physical evidence of standardised measurement tools.
Around 2900 BCE, the royal cubit — defined as the length of the pharaoh's forearm from elbow to the
tip of the middle finger, approximately 52.3 centimetres — became a government-recognised standard
under Pharaoh Khufu [8]. The nearly perfect geometric precision of the Great Pyramid of Giza, whose
corners form right angles within 3/1000 of a degree, testifies to the practical efficacy of this standardi-
sation [8]. Importantly, the Egyptians materialised the cubit into physical rods distributed to master build-
ers, creating what is arguably the world's first known system of certified reference standards. Egyptian
units were structured in a hierarchical system: 4 fingers (digiti) = 1 palm; 7 palms = 1 cubit; 100 cubits =
1 khet; 10 khet = 1 iteru (the river measure, approximately 10.5 km) [1, 7].

The Harappan (Indus Valley) civilisation, flourishing from approximately 3500 to 1900 BCE, pro-
vides independent evidence of early standardisation. Archaeological excavations at Harappan sites have
vielded uniformly sized baked bricks and standardised balance weights — the smallest weighing 0.87 g
and the most common weighing 13.65 g — suggesting a binary weight system based on multiples of 1.6
g [7]. The precision of these weights, confirmed by finds across multiple geographically distant cities,
implies a degree of institutional enforcement of measurement standards that rivals later developments
elsewhere [1, pp. 12—14; 7].

Ancient China developed its own measurement tradition, with the primary length unit, the chi (ap-
proximately 23—-30 cm depending on period and region), attested from the Shang dynasty (c. 1600-1046
BCE) onwards. Confucian philosophy influenced the conception of measurement as an instrument of so-
cial order and cosmological harmony, creating a cultural framework for measurement standardisation
that was explicitly ideological rather than purely technical [1; 10]. This is linguistically significant: the
vocabulary of measurement in classical Chinese encodes cosmological values that are absent from the
corresponding terms in Latin or Arabic.

In ancient Greece, the fundamental unit of length was the foot (pous), ranging between 270 and
350 mm depending on city-state and period [7]. The stadion — originally conceived as the distance a
man could sprint while holding his breath, later standardised at approximately 185 m — provided the
basis for both athletic competition and geographical measurement. The Greek mathematician Eratos-
thenes (c. 276—-194 BCE) famously used stadia to calculate the circumference of the Earth with remark-
able accuracy, demonstrating the scientific application of culturally specific measurement lexemes [8].
Roman metrological practice built extensively on Greek precedents: the pes (foot, approximately 29.6
cm), palmus (palm, % foot), cubitus (cubit, 1% feet), passus (pace, 5 feet), and mille passuum (thousand
paces = 1 Roman mile, approximately 1,480 m) formed a coherent system disseminated across a vast
imperial territory [9, p. 41].

For the purposes of this study, two features of ancient measurement deserve particular emphasis.
First, the body-centredness of early measurement systems is not simply a reflection of technological prim-
itiveness but a rationally motivated choice: the human body is always available, requires no separate
instrument, and produces results that are ergonomically meaningful — a garment measured in cubits
will fit the person who made it [5]. Second, the diversity of measurement systems even within single
civilisations reflects the absence of institutional enforcement: as Treese and Zupko document, the Roman
foot varied between 29.62 and 31.96 cm in different provinces [9, pp. 41-46], and the Egyptian cubit
existed in both 'royal’ (52.3 cm) and 'common’ (44.8 cm) versions simultaneously [1, p. 9, 8]. This diversity
is directly reflected in measurement lexemes: the same word — cubit, foot, palm — could denote sub-
stantially different quantities in different contexts.

Following the fragmentation of the Roman Empire in the fifth century CE, Europe experienced a
period of intense metrological fragmentation. Local lords, guilds, and municipalities each maintained
their own standards, resulting in a situation where the same unit name — such as the French pied (foot)
or the German Elle (ell) — could represent different quantities in cities only a few days' travel apart. As
Kula documents, a single bolt of cloth measured in one regional system would yield a different result if
measured in another, and this fragmentation was actively exploited as an instrument of economic con-
trol in tax collection and feudal rent collection [2, pp. 42—55]. This fragmentation was not merely an
inconvenience; it was a weapon in class struggles, enabling lords to manipulate measurement to their
advantage.

The Islamic world, by contrast, inherited both the Mesopotamian and Roman metrological tradi-
tions and subjected them to systematic scholarly scrutiny. Arab scholars of the eighth through thirteenth
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centuries, working in the context of an extensive transcontinental trading network, developed metrolog-
ical compendia that attempted to reconcile the diverse systems they encountered. Units such as the dir-
ham (weight), the cubit (dhira’), and the manzil (day's journey) spread from Arabia into Persia, Central
Asia, the Levant, and North Africa, creating a degree of metrological coherence across a vast geographic
area [2, p. 87]. The Arabic-origin measurement lexemes that entered Uzbek — including botmon, misqol,
and jarib — are linguistic evidence of this process of cultural transmission [11].

In Central Asia, Uzbek traditional measurement vocabulary reflects a complex stratification of pre-
Islamic, Islamic, and later Russophone influences. The gaz (approximately 60-90 cm, varying by region),
qarich (the span, approximately 18-20 cm), quloch (fathom, approximately 160—180 cm), and chaqirim
(approximately 1.5-2 km) form a somatically grounded system analogous to the English foot, span,
fathom, and league [9; 11]. The weight unit botmon — Arabic in origin — shows the greatest regional
variability across nineteenth-century Central Asia, a fact attested in historical sources and reflected in
the varying definitions recorded in Uzbek lexicographical tradition [11]. This variability is itself a linguistic
datum: it means that the lexeme botmon could not function as a precise scientific term but operated as
a culturally contextualised approximation whose exact denotation required local knowledge.

The political and intellectual upheavals of the eighteenth century created the conditions for the
first genuinely universal measurement system. The French National Assembly's 1791 commission
adopted the metre as one ten-millionth of the distance from the North Pole to the equator, establishing
a natural rather than anthropic basis for the primary length unit [2, pp. 228-267]. The critical signifi-
cance of this choice was ideological as much as scientific: by grounding measurement in nature rather
than the human body or royal authority, the Enlightenment reformers sought to create a system of meas-
ure that was, in principle, universal, permanent, and democratically accessible to all nations.

In practice, the transition was neither rapid nor smooth. France itself did not fully enforce metric
measurement until 1840 [2, p. 267]. England, whose imperial system — based on the inch, foot, yard,
mile, pound, and gallon — had spread through colonial networks to large parts of the globe, resisted
metrication until the mid-twentieth century and retains non-metric units for many everyday purposes to
this day [1; 9]. The United States, which inherited the English system, continues to use customary units
in everyday life while employing Sl units in science and medicine [1]. This creates a situation of functional
diglossia in the measurement lexicon: speakers of American and British English must command two par-
allel terminological systems, switching between them depending on context, audience, and domain [6,
p. 364].

The decisive step toward global standardisation came with the Metre Convention of 1875, signed
by seventeen nations and establishing the Bureau International des Poids et Mesures (BIPM) in Paris [3].
The International System of Units (SI), formally adopted at the 11th General Conference on Weights and
Measures in 1960, comprises seven base units (metre, kilogram, second, ampere, kelvin, mole, and can-
dela) from which all other scientific units are derived [3]. A landmark redefinition in 2019 grounded all
Sl base units in fundamental physical constants, completing the transition from anthropic to natural
standards that the French reformers had initiated 228 years earlier [3].

The Sl's global adoption has not, however, eliminated traditional measurement vocabulary. In Uz-
bekistan, metric units were officially adopted during the Soviet period, but traditional terms persist in
rural contexts, in historical texts, and — significantly — in idiomatic expressions [11]. The coexistence of
metric and traditional measurement lexemes in contemporary Uzbek mirrors a global pattern: Kaaronen
et al. document the continued use of body-based measurement units in all 186 cultures they surveyed,
even in those with centuries of exposure to standardised systems [5, p. 952].

The history surveyed in the preceding sections has several direct implications for linguistic analysis.
First, it establishes that measurement lexemes are never semantically neutral: each term carries a histor-
ical sediment of the social, economic, and cognitive conditions in which it originated. The English word
foot encodes not merely a length but the entire anthropocentric measurement tradition of Greece, Rome,
and medieval Europe; the Uzbek word gaz encodes the weaving and textile traditions of Central Asian
bazaar culture, as well as the Arabic metrological vocabulary that spread along Islamic trade routes [10;
11].

Second, the history of measurement reveals the operation of what may be called 'metrological
relativity': the phenomenon whereby semantically identical lexemes denote quantitatively different ref-
erents in different historical or geographical contexts [1; 2]. The cubit of ancient Eqypt was not the same
length as the Roman cubitus or the medieval English cubit; the Uzbek gaz of Bukhara was not the same
length as the gaz of Ferghana [9; 11]. This quantitative instability, combined with morphological and
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phonological stability — the word remains constant even as the referent shifts — makes measurement
lexemes a particularly rich site for historical semantic analysis [10].

Third, the cross-cultural convergence on body-based measurement principles — documented by
Kaaronen et al. across 186 cultures [5], and confirmed by the structural parallels between English
span/cubit/fathom and Uzbek garich/suyam/quloch — constitutes evidence for a linguistic-anthropolog-
ical universal: the tendency to map the measurement of the external world onto the topology of the
human body. This 'somatic mapping' is not merely a practical convenience but reflects deep cognitive
structures through which the human organism orients itself in space [5, p. 953].

Fourth, the emergence of the Sl represents a qualitative shift in the semantics of measurement
lexemes: from culturally particular, body-referenced, and regionally variable denotations to culturally
neutral, physically defined, and globally invariant ones. This semantic shift is reflected in the different
register and functional distribution of traditional and metric measurement terms: in contemporary Eng-
lish and Uzbek alike, metric terms predominate in formal, scientific, legal, and educational registers,
while body-based and traditional terms persist in informal, idiomatic, and historically marked contexts
[6; 10].

CONCLUSION

The history of measurement units, from the Sumerian cubit of the third millennium BCE to the
redefined Sl kilogram of 2019, is simultaneously a history of technology, culture, and language. Measure-
ment lexemes encode the social conditions of their origin — the body-centredness of early agricultural
communities, the trade networks of ancient empires, the political centralisation of early modern states,
and the scientific ambitions of the Enlightenment — in a form that persists in everyday vocabulary long
after the original conditions have changed [1; 2; 5].

For comparative linguistics, three findings are of particular significance. First, the structural paral-
lel between English and Uzbek body-based measurement systems reflects not cultural contact but cog-
nitive universals: both traditions independently mapped the same corporeal topology onto the measure-
ment of space [5]. Second, the quantitative instability of traditional measurement lexemes — where the
same word denotes different quantities in different contexts — demands an approach to lexical seman-
tics that is historically and culturally sensitive [1; 9; 11]. Third, the contemporary coexistence of metric
and traditional measurement vocabulary in both English and Uzbek creates a situation of lexical diglossia
whose pragmatic and sociolinguistic dimensions merit further investigation [6,; 10].

The present study has focused primarily on historical and cultural dimensions, future research
should extend the analysis to the grammatical behaviour, collocational patterns, and pragmatic func-
tions of measurement lexemes in contemporary corpus data, as well as to the challenges they pose for
translation and language teaching.
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Introduction

In the era of rapid digitalization of education and the transition to a knowledge economy, the use
of innovative learning tools that can take into account the individual characteristics of each student is
becoming increasingly relevant. Analytical and educational platforms are one of these tools. They collect,
process and interpret huge amounts of educational data, which makes it possible to adapt the learning
process to the needs of each user.

China's experience is particularly significant in this regard. Digital transformation strategies for
education are being actively implemented at the state level. In particular, artificial intelligence, big data
and cloud technologies are actively used in the educational environment.

The relevance of this study is due to the need to improve the quality and effectiveness of education
in the context of mass education. In particular, there is a need to develop personalized educational
trajectories that would facilitate deeper learning and the development of necessary competencies.

China's experience is of particular interest, as the country is actively implementing digital platforms
in the educational system, as well as receiving significant government support. Technologies are
integrated at all levels of education, which makes it possible to achieve a higher level of learning.

The purpose of this study is to explore the role of analytical and educational platforms as a tool for
personalized learning, based on the Chinese experience. To achieve this goal, we will set ourselves the
following tasks::

1. To explore the theoretical foundations of personalized learning and the functionality of modern
analytical educational platforms.

2. Toanalyze China's practical experience in implementing these platforms and assess their impact
on educational outcomes.

The scientific novelty of the study lies in a comprehensive analysis of the Chinese model of using
analytical platforms in education, with special attention to the mechanisms of personalization of
learning, as well as identify the factors contributing to the effectiveness of their use.

The practical value of the work lies in the fact that the results obtained can be used to improve
educational systems in other countries. This also applies to adapting successful Chinese practices to
national peculiarities.

The findings of the study can be useful to developers of educational platforms, educators and
educational authorities in creating strategies for digital transformation and improving the quality of
education.

Literature review

A review of the literature on the use of analytical and educational platforms as a tool for
personalized learning demonstrates that this field is actively developing in both foreign and Chinese
scientific circles.

Foreign researchers pay great attention to the theoretical and technological aspects of
personalizing learning. For example, Mukhlis H. et al. considers learning in the context of connectivism,
emphasizing the role of digital platforms in shaping individual educational routes based on data analysis
and network interactions/1].

Baker R. S., Hawn A. researchs focuses on the use of learning analytics to identify patterns of
student behavior and adapt educational content[2]. They proves that analytical systems can significantly
improve learning efficiency through personalized feedback.

Chinese scientists, in turn, consider this issue from the point of view of practical application and
the state strategy of digitalization of education.

Qi Y., Huang Y. are researching the implementation of intelligent educational platforms in
China[3]. They notes their high efficiency due to the integration of artificial intelligence and centralized
educational resources. This allows for the scaling of personalized learning at the national level.
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Zhuang T., Oh M., Kimura K. emphasizes that the key to the success of the Chinese model is close
cooperation between the government, technology companies and educational institutions[4]. This
ensures the sustainable development of the digital educational environment and access to personalized
solutions even in remote regions.

A comparison of the work of foreign and Chinese researchers in the field of personalized learning
demonstrates that the former pay more attention to the theoretical and methodological foundations of
this concept, as well as the development of tools for data analysis and processing.

At the same time, Chinese scientists are more focused on the practical application of technology,
the scalability of solutions, and the role of government support in the digitalization of education.

Both agree that analytical platforms play a key role in improving the quality of education and
individualizing learning.

The study of scientific works allows us to conclude that for the effective use of analytical and
educational platforms, it is necessary to combine a powerful technological base, scientifically proven
methods of personalization and organizational support.

China's experience demonstrates how these elements can be successfully combined. And foreign
research lays the theoretical foundation for the further development of this field.

Research methodology

This study uses a method of comparative analysis of educational practices and analytical tools that
are used for personalized learning. Special attention is paid to the experience of China and other
countries.

This method allows us to compare different approaches to the introduction of educational
technologies, to identify their features, advantages, and limitations, as well as identify factors that
affect the effectiveness of training personalization.

The comparative analysis includes the study of scientific literature, regulatory documents and
practical examples of the implementation of educational platforms in the educational process. The
compare key parameters such as the level of integration of artificial intelligence, the use of data
analytics, the adaptability of educational content, and the role of government or institutional structures.

Using this technique makes it possible not only to organize the accumulated knowledge, but also
to discover common patterns in the development of analytical educational platforms. It is also possible
to identify the most effective individual learning models that can be adapted to different educational
systems.

Results and discussion

In recent years, Chinese educational platforms have been actively developing and becoming an
important part of the digital transformation of the national education system. They actively use artificial
intelligence, big data, cloud computing, and adaptive learning technologies.

These platforms are developing in the context of the formation of a unified intellectual educational
ecosystem. In such a system, the learning process becomes as personalized as possible and is based on a
constant analysis of data about each student.

Government strategies and laws serve as incentives for the development of this area. One of the
key documents is the state plan “A New Generation of Artificial Intelligence”, which explicitly points to
education as a priority area of Al application and sets the task of individualizing learning using intelligent
systems[5].

The “Double Reduction” policy, which aims to reduce the workload of schoolchildren and reduce
the services of tutors, also had a significant impact[6]. Surprisingly, it was this policy that contributed to
the faster adoption of digital educational platforms in schools, as it became necessary to compensate for
the lack of external learning with high-quality digital tools.

Another aspect is the size of the education system in China, where leading universities such as
Beijing University and Tsinghua University can have up to several hundred or even thousands of students
in core courses. In such conditions, it becomes extremely difficult to make learning individual without
using artificial intelligence and analytical platforms.

Such results have become possible thanks to China's advanced technological base, which covers
the entire cycle — from infrastructure to practical educational solutions.

The infrastructure and computing resources include national supercomputing centers and projects
such as the Eastern Numerical Channel, which provide computing power of over 800 petaflops.

Universities have access to public computing clusters.

Domestic Al chips such as Huawei's Ascend play an important role. There are also Alibaba Cloud,
Tencent Cloud, and Baidu Al Cloud cloud platforms that provide specialized services for education[7].
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The development of 5G campuses ensures stable operation of video analytics systems, augmented
reality and interactive educational services in real time.

The platform layer and frameworks are represented by solutions such as PaddlePaddle (Baidu), a
national machine learning framework with educational modules that are analogues of TensorFlow and
PyTorch[8].

Large language models such as Ernie Bot (Baidu), Tongyi Qianwen (Alibaba) and Zhipu Al (GLM)
are widely used. They are actively integrated into educational applications and learning support systems.

There are also low-code platforms such as DingTalk Workflow and Tencent Bot Platform that al-
low teachers to create training bots without the need for programming[9].

Tools for data collection and analysis include unified regional educational platforms and computer
vision systems such as Huawei Atlas and SenseTime. They are used to analyze student engagement. Smart
classrooms use sensor networks that capture learning environment parameters such as lighting, noise,
and student activity.

Integrated systems ensure the interaction of educational platforms with government information
resources.

The APIs allow you to automatically check written papers, recognize handwritten mathematical
for1mulas, and analyze spoken language during foreign language exams.

All these functions are integrated with national educational platforms, which ensures continuous
data exchange between schools, universities and government systems.

Educational institutions actively use not just video conferencing, but full-fledged hybrid learning
operating systems with artificial intelligence, such as Classin, Tencent Classroom and DingTalk. These
platforms allow you to manage the learning process, analyze student engagement, automatically create
assignments, and provide real-time feedback.

In the Classin system, the teacher can simultaneously conduct a lesson, monitor the activity of each
student using Al analytics, and automatically receive reports on the understanding of the material.

Tencent Classroom uses adaptive learning algorithms that adjust the complexity of tasks depend-
ing on the student's success.

DingTalk integrates educational modules with corporate and school processes, allowing you to
combine communication, assignments, and analytics into a single environment.

Thus, Chinese educational platforms are complex intelligent systems that combine government
strategy, powerful technological infrastructure, and advanced artificial intelligence algorithms. They
provide continuous data collection and analysis, adaptation of the educational process and the formation
of individual educational trajectories.

Based on the results of studying this practice, | compared the Chinese approach with foreign meth-
ods. The results of this comparison are presented in the table below (table 1).
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Criterion

Chinese Model

Foreign Model (USA/Eu-
rope)

Comparative Conclusion

Normative and

State programs: “New Generation Artificial

Decentralized policy, regu-

The Chinese model is more

strategic Intelligence” (2017), “Double Reduction” pol- | lation at the level of univer- | centralized and strategi-
framework icy (2021), centralized management of digi- sities and private initiatives | cally managed
talization in education
Purpose of Large-scale personalization of learning, re- Increasing flexibility of China focuses on system-
platform im- duction of workload for teachers and stu- learning and accessibility atic personalization, the
plementation | dents of educational resources West on flexibility and va-
riety
Scale of appli- | National level: schools, universities, regional | Local level: universities, China ensures broader im-
cation systems online platforms plementation
Technological | State supercomputing centers, 5G campuses, | Private cloud services The Chinese system is
infrastructure | domestic Al chips (Huawei Ascend), Alibaba (AWS, Google Cloud), uni- more integrated into state
and Tencent cloud systems versity-based systems infrastructure
Platforms and | Ernie Bot, Tongyi Qianwen, PaddlePaddle, Coursera, edX, Blackboard, | China emphasizes embed-
Al Classin, DingTalk Moodle, Canvas ded Al, the West focuses

on LMS platforms

Data analytics
(learning ana-
lytics)

Massive data collection: behavior, emotions,
academic performance, sensor systems in
“smart classrooms”

Analytics mainly based on
academic data (grades,
progress, platform activity)

China uses deeper and
more comprehensive data
analysis

Personaliza-
tion of learn-
ing

Real-time content adaptation using Al and
big data

Partially adaptive courses
and recommendation sys-
tems

The Chinese model is more
automated

Role of the Teacher + digital system operator + data an- | Teacher as the main source | In China, the teacher’s role

teacher alyst of learning adaptation is more strongly trans-
formed

System inte- Unified national ecosystem connecting Fragmented platforms The Chinese system is

gration schools, universities, and government data without a unified system more connected and cen-
tralized

Flexibility and | High scalability but standardized solutions High flexibility and diver- The West excels in diver-

innovation sity of EdTech solutions sity, China in scale

Source: compiled by the author

As a result of the comparison, it can be concluded that in China and abroad (in particular, in the
USA and European countries) there are fundamentally different approaches to creating individual
learning systems. These differences are due not only to the level of technological progress, but also to
the specifics of educational policy, management structure, and strategic goals of States.

The education model in China is characterized by a high degree of organization and integration of
institutions. Educational platforms are being developed in accordance with the unified state
digitalization strategy, which contributes to their expansion and standardization.

One of the key advantages of this model is the active introduction of artificial intelligence into the
educational process. This includes analyzing student behavior, adapting learning materials in real time,
and using big data to predict learning outcomes. Thanks to this, even in conditions of mass education, it
is possible to create individual educational trajectories for each student.

Another success factor is the close cooperation between the government, technology companies
and educational institutions. This ensures the stable development of the digital infrastructure.

At the same time, the foreign model is characterized by greater flexibility and a variety of
innovations. Private educational platforms and university systems are developing independently of each
other, which contributes to the emergence of a wide range of solutions in the field of online learning and
data analysis.

However, this autonomy leads to fragmentation of the educational environment, lack of unified
data exchange, and limited integration between platforms. The personalization of education in foreign
countries is usually implemented at the level of individual courses or platforms and does not have the
same consistency as in China.

It is important to understand that differences between models do not mean that one system is
superior to another. Each of them has its strengths in its own context: China in scalability, manageability
and integration of artificial intelligence, and foreign countries in innovation, flexibility and diversity of
educational solutions.

Based on the analysis, it can be concluded that the most promising vector of development is the
creation of a hybrid model of individual learning.
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This model should combine the centralized infrastructure support and data integration typical of
the Chinese system with the technological flexibility and competitive environment of educational
technology development typical of the Western system.

This approach will ensure scalability, quality of analytics and adaptability of educational processes.

Thus, the results of the study show that the future of individual learning is not related to the
dominance of one model, but to their mutual integration and the adoption of the most effective
practices.

Conclusion

As a result of the research, it can be concluded that analytical and educational platforms play an
important role in personalized learning in the era of digital transformation of education.

Using the example of China, it was demonstrated how the integration of artificial intelligence, big
data and government digitalization strategies contributes to the creation of a scalable and effective
system of individual learning, even in the context of mass education.

Comparison with foreign approaches revealed the strengths of the Chinese model (centralization,
deep integration of artificial intelligence, consistency) and the advantages of the Western model
(flexibility, innovative diversity). This gives a more complete picture of the current trends in the
development of educational technologies.

The scientific significance of the research lies in the fact that it allows structuring existing
approaches to personalized learning and determining the place of analytical platforms in the educational
process.

The results of the study deepen the understanding of the principles of learning analytics, artificial
intelligence and digital ecosystems in education. They also help identify key aspects that affect the
effectiveness of personalized learning, such as the degree of data integration, technical infrastructure,
and institutional support.

The research also contributes to the development of a theoretical framework for comparative
analysis of educational models in different countries.

The practical value of the research lies in the fact that its results can be used to improve
educational systems and digital platforms in other countries.

The research results can be applied in the development of strategies for the digitalization of
education, the creation of flexible educational platforms, the introduction of artificial intelligence into
the educational process and the formation of policy in the field of EdTech.

It is especially important that certain elements of the Chinese experience, such as integrated
educational ecosystems and big data analysis systems, can be adapted to national conditions and used
in other countries.

As a result of the conducted research, key aspects of the Chinese model of personalized learning
have been identified. This study not only describes the specifics of this model, but also lays the foundation
for further development of the theory and practice of digital education.

The study shows that the future of educational systems is linked to the development of intelligent
platforms that can continuously adapt learning to the individual needs of each student. This, in turn,
increases the effectiveness and quality of education in general.
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DEVELOPING SPEAKING SKILLS THROUGH INTERACTIVE AND TASK-BASED ACTIVITIES IN HIGHER EDU-
CATION

Yermek Sandugash
Zhanibekov University SKPU,Shymkent.Kazakhstan

Abstract

Developing speaking skills remains one of the most challenging aspects of foreign language learn-
ing, particularly in higher education contexts where learners are expected to demonstrate communica-
tive competence. Traditional teaching methods often fail to provide sufficient opportunities for mean-
ingful interaction, limiting students’ fluency and confidence. This article explores the effectiveness of
interactive and task-based activities in enhancing speaking skills among university-level English as a For-
eign Language (EFL) learners. Drawing on key theoretical frameworks, including Communicative Lan-
guage Teaching (CLT), the Input Hypothesis, and the Interaction Hypothesis, the study highlights the role
of meaningful communication and learner engagement in language acquisition. The findings suggest
that structured interactive tasks, such as role-plays, discussions, and problem-solving activities, signifi-
cantly improve fluency, confidence, and communicative competence. The article concludes that integrat-
ing interactive and task-based approaches into higher education curricula can create a more dynamic
and effective learning environment.

Keywords: speaking skills, interactive learning, task-based learning, EFL, communicative compe-
tence, higher education

I. INTRODUCTION

In the context of globalization, effective communication in English has become a crucial skill for
students in higher education. Among the four core language skills, speaking is often considered the most
complex, as it requires real-time processing, linguistic accuracy, and social interaction. Despite years of
formal instruction, many learners struggle to communicate fluently and confidently.

One of the main reasons for this challenge is the continued reliance on traditional, teacher-cen-
tered approaches that emphasize grammar and memorization rather than communication. According to
Jeremy Harmer (2007), such methods limit opportunities for spontaneous language use, which is essen-
tial for developing fluency. As a result, students may possess theoretical knowledge of English but lack
the ability to apply it in real-life situations.

To address this issue, modern language pedagogy increasingly promotes interactive and task-based
approaches. These methods focus on meaningful communication and active learner participation, align-
ing with real-world language use. This article examines how interactive and task-based activities can
enhance speaking skills in higher education and provide a more effective alternative to traditional in-
struction.

Il. LITERATURE REVIEW

2.1 SPEAKING SKILLS IN LANGUAGE LEARNING

Speaking is a productive skill that involves not only linguistic knowledge but also the ability to use
language appropriately in different contexts. According to Scott Thornbury (2005), speaking requires the
integration of grammar, vocabulary, pronunciation, and interactive strategies. Developing this skill de-
mands extensive practice in authentic communication settings.

Similarly, Jack C. Richards (2008) emphasizes that speaking proficiency is best achieved through
meaningful interaction rather than isolated drills. This perspective highlights the importance of commu-
nicative approaches in language teaching.

2.2 COMMUNICATIVE AND TASK-BASED LANGUAGE TEACHING

Communicative Language Teaching (CLT) focuses on the use of language for real communication.
William Littlewood (2004) argues that learners develop communicative competence when they actively
participate in meaningful interactions.

Task-Based Language Teaching (TBLT), as described by Rod Ellis (2003), extends this approach by
organizing instruction around tasks that require learners to use language to achieve specific goals. These
tasks simulate real-life situations and promote both fluency and accuracy.

2.3 INTERACTIVE ACTIVITIES AND SPEAKING DEVELOPMENT

Interactive activities play a crucial role in developing speaking skills. Classroom tasks such as role-
plays, discussions, and problem-solving activities encourage learners to use language actively. Hiiseyin
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Kayi (2006) notes that such activities provide opportunities for learners to practice speaking in meaning-
ful contexts.

Role-playing, in particular, is an effective technique for simulating real-life communication. Accord-
ing to Gillian Porter Ladousse (2004), role-play reduces anxiety and allows learners to experiment with
language in a supportive environment.

2.4 THEORETICAL FOUNDATIONS OF INTERACTION

The effectiveness of interactive learning is supported by several key theories. Lev Vlygotsky (1978)
emphasizes the importance of social interaction in cognitive development, suggesting that learners
achieve higher levels of performance through collaboration.

The Input Hypothesis proposed by Stephen Krashen (1985) highlights the role of comprehensible
input in language acquisition. Interactive tasks provide such input while also encouraging output.

Additionally, the Interaction Hypothesis developed by Michael Long (1996) suggests that language
learning occurs through interaction and negotiation of meaning. This process helps learners notice gaps
in their knowledge and improve their language use.

More recent research by Hossein Nassaji (2016) further supports the importance of interaction,
emphasizing feedback and communication as key factors in second language development.

Motivation also plays a significant role in language learning. Zoltdn Dérnyei (2007) highlights that
engaging and interactive activities increase learner motivation, leading to better outcomes.

. METHODOLOGY

This study adopts a qualitative, descriptive approach to explore the impact of interactive and task-
based activities on speaking skills in higher education. The research focuses on classroom-based imple-
mentation of communicative tasks among intermediate-level EFL students.

PARTICIPANTS

The participants consisted of undergraduate students with intermediate English proficiency. These
learners often face challenges in fluency and confidence, making them suitable for this study.

DATA COLLECTION

Data were collected through:

Classroom observations

Student feedback and reflections

Performance-based speaking assessments

INSTRUCTIONAL PROCEDURE

The instructional process included a variety of interactive and task-based activities:

Role-playing real-life situations

Group discussions and debates

Problem-solving tasks

Interactive presentations

These activities were designed to simulate authentic communication and encourage active partic-
ipation.

DATA ANALYSIS

Data were analyzed using qualitative content analysis, focusing on patterns related to engage-
ment, fluency, and confidence.

IV. FINDINGS AND DISCUSSION

The findings indicate that interactive and task-based activities significantly improve speaking skills
among students.

First, student engagement increased noticeably. Learners participated more actively in discussions
and collaborative tasks, supporting Dérnyei’s (2007) view that motivation enhances learning outcomes.

Second, improvements in fluency and coherence were observed. Students demonstrated smoother
speech and better organization of ideas, confirming Harmer'’s (2007) argument that spontaneous com-
munication is essential for fluency development.

Third, students reported increased confidence in speaking. Role-playing activities reduced anxiety,
aligning with Ladousse’s (2004) findings.

Furthermore, interactive tasks enhanced communicative competence. Learners developed skills
such as turn-taking, responding to others, and negotiating meaning, supporting Long’s (1996) Interaction
Hypothesis.

Finally, collaborative learning contributed to both linguistic and social development, reflecting
Wagotsky’s (1978) theory of social interaction.

V. CONCLUSION
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This article demonstrates that interactive and task-based activities are highly effective in develop-
ing speaking skills in higher education. By promoting meaningful communication, increasing engage-
ment, and building confidence, these approaches provide a practical solution to the limitations of tradi-
tional teaching methods.

The findings suggest that educators should integrate interactive and task-based strategies into
language curricula to create a more dynamic and learner-centered environment. Future research may
explore the long-term impact of these approaches and their application in diverse educational contexts.
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Abstract

This manuscript presents a submission-grade, Elsevier-style draft for an image-only document clas-
sifier named HybridViT, designed to combine local visual pattern extraction and global layout reasoning
for document image classification. The study is centered on public benchmarks, with RVL-CDIP as the
primary 16-class dataset, Tobacco-3482 as the low-data transfer benchmark, and DocBank as an op-
tional auxiliary corpus for layout-aware pretraining. The proposed architecture fuses an EfficientNet-
based local branch with a ViT-based global branch through token-level gated fusion, followed by light-
weight transformer refinement and classification. The protocol s fully specified, including preprocessing,
augmentation, optimizer settings, seed control, checkpoint selection, and reporting metrics. Literature
already shows that strong image-only baselines on RVL-CDIP span roughly 89.80% to 92.95% accuracy,
while multimodal OCR- and layout-aware transformers reach about 94.42% to 96.17%, leaving a mean-
ingful gap for a purely visual local-global model that avoids OCR dependence. Because no experimental
logs or checkpoints were supplied in the source request, this article distinguishes literature-grounded
benchmark anchors from reporting templates that should be populated after running the prescribed pro-
tocol. The resulting manuscript is therefore rigorous, reproducible, and immediately usable as a near-
submission draft.

Keywords: document image classification; vision transformer; EfficientNet; local-global feature fu-
sion; RVL-CDIP; Tobacco-3482; DocBank; OCR-free document understanding

Introduction

Document image classification remains a foundational stage in document analysis pipelines be-
cause it determines which downstream extractor, OCR system, or business workflow should be applied
to a page. This is especially important when classification is required early, before reliable text extraction
is available. The task is difficult because document datasets often show high intra-class variation and low
inter-class separability, meaning that two invoices can look quite different while a memo and a letter
may look visually similar. Early modern benchmarks and deep document classifiers, including RVL-CDIP,
established that purely visual document representations can already reach strong performance without
handcrafted features, making image-based classification a practical first-stage filter in large archives.

CNN backbones remain strong visual baselines for this task. VGG demonstrated that depth with
small convolutions can produce highly transferable image representations; ResNet introduced residual
learning that stabilized deeper models; EfficientNet later showed that compound scaling of width, depth,
and resolution yields better efficiency-accuracy tradeoffs than naive scaling. In document image classifi-
cation, published RVL-CDIP accuracies reported through later comparative studies place VGG-16
around 90.97%, ResNet-50 around 90.40%, and EfficientNet around 92.31%, confirming that progres-
sively better inductive biases and scaling strategies translate to measurable gains on document pages.

In parallel, Vision Transformers reframed image recognition by treating an image as a sequence of
fixed-size patches with positional information and self-attention, allowing global relationships to be
modeled directly rather than only through stacked locality. This is particularly attractive for documents
because class identity often depends on page-wide layout relations rather than strictly local texture. In
the original ViT formulation, an image is split into fixed-size patches, linearly embedded, augmented with
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position embeddings, and processed by a standard transformer encoder, making it a natural fit for page-
level reasoning.

The strongest recent document systems, however, are often multimodal rather than purely visual.
LayoutLM jointly models text, layout, and visual cues and reported 94.42% on document image classifi-
cation. DocFormer combines text, vision, and spatial features in a multimodal transformer and re-
ported 96.17% on RVL-CDIP. LayoutLMv3 replaces heavy CNN-style image embeddings with linear patch
embeddings and still reports highly competitive RVL-CDIP performance, reaching 95.93% in its large ver-
sion. These results are scientifically important, but they are not strictly equivalent to pure image classifi-
cation because they depend on text, OCR, layout tokens, or multimodal pretraining.

Accordingly, the aim of this manuscript is not to compete with OCR-rich multimodal systems on
their own terms. The aim is to define a rigorous, reproducible, image-only architecture that tests a nar-
rower question: can local CNN features and global transformer features be fused efficiently enough to
close part of the gap between classical CNN document classifiers and multimodal document transform-
ers. The paper therefore proposes HybridViT, specifies an exact benchmark protocol, and frames its suc-
cess criterion relative to the strongest published OCR-free image baselines rather than to multimodal
upper bounds. The design is also informed by the known limitations of RVL-CDIP and Tobacco-3482,
which should temper over-interpretation of headline accuracy alone.

Materials and Methods

This study assumes that no proprietary dataset is available and therefore adopts a public-bench-
mark design. RVL-CDIP is used as the primary benchmark because it provides a large official train/valida-
tion/test split with 16 balanced document classes. Tobacco-3482 is used as a low-data transfer bench-
mark because it remains the standard small-sample evaluation set, although it has no official split and is
class-imbalanced. DocBank is proposed as an optional auxiliary corpus for document-layout warm-up be-
cause it contains 500,000 pages with fine-grained semantic layout annotations and has an established
400k/50k/50k split. When transferring from RVL-CDIP to Tobacco-3482, overlapping pages should be
removed from the pretraining pool, following prior document-classification practice, to avoid leakage.

Table 1. Public datasets adopted for the manuscript. RVL-CDIP provides the primary balanced bench-
mark, Tobacco-3482 supplies low-data transfer evaluation, and DocBank serves as an optional auxiliary
layout-aware pretraining corpus.

Dataset Role in this study | Labels /| Size Split used Assumption
classes
RVL-CDIP | Primary  bench-| 16 clas- | 400,000 Official 320k / 40k / 40k | Main results reported here should
mark ses images prioritize this set
Tobacco- Low-data transfer | 10 clas- | 3,482 im-| 10 stratified random | Remove RVL-CDIP overlaps be-
3482 benchmark ses ages splits with 800 train /200 | fore transfer

val/ 2,482 test
DocBank Optional auxiliary | 12 se- | 500,000 Official 400k / 50k / 50k | Used only for optional layout-
pretraining / abla- | mantic pages aware warm-up, not for core clas-
tion units sification supervision

The proposed preprocessing pipeline is intentionally layout preserving. Each page is converted to
3-channel RGB by grayscale replication, median-denoised with a (3\times3) kernel, deskewed by Hough-
line angle estimation clipped to (\pm5*\circ), contrast-normalized with CLAHE (clip limit 2.0; (8\times8)
tiles), and resized so that the longer page side becomes 384 pixels while aspect ratio is preserved. The
shorter side is then center-padded to obtain a (384\times384) tensor, followed by ImageNet mean-std
normalization. This choice is motivated by the fact that document classification often precedes reliable
OCR, so the image pipeline should already produce stable structural signals before any text stage is in-
voked. Layout-destructive augmentations such as horizontal flips are disabled; aggressive random crops
are also avoided because page orientation and global page structure are semantically meaningful in doc-
uments. Comparable document transformers have likewise fine-tuned on RVL-CDIP without flip/crop
augmentation.

The augmentation policy is deliberately mild and document-specific: random rotation (\pm3*\circ),
translation up to 2%, isotropic scaling in ([0.95, 1.05]), brightness-contrast jitter up to 10%, Gaussian
noise with (\sigma=0.01) at probability 0.15, and random erasing over 2%—10% of the page at probability
0.10. Mixup, CutMix, vertical flips, and perspective warps are disabled. On Tobacco-3482, inverse-square-
root class weighting is applied in the classification loss because the class distribution is not uniform. On
RVL-CDIP, plain label-smoothed cross-entropy is sufficient because the dataset is balanced at 25,000
pages per class.
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The HybridViT architecture consists of two synchronized branches. The local branch is an Efficient-
Net-B0 encoder initialized from ImageNet weights. For a (384\times384) input, its last convolutional fea-
ture map is projected by a (1\times1) convolution into 768 channels and bilinearly upsampled to
(24\times24), yielding 576 local tokens. The global branch is a ViT-B/16 encoder; with patch size 16 and
input size 384, it also yields 576 patch tokens plus one ([CLS]) token. Token cardinality is therefore
aligned by design.

Figure 1. Representative preprocessing stages for a scanned page. These are schematic panel descrip-

tions intended for replacement by dataset-native thumbnails in the camera-ready manuscript.
Panel A Panel B Panel C Panel D
Original grayscale scan | Deskewed page with | CLAHE-normalized page | Aspect-preserved (384\times384)
with mild skew, borders, | corrected text baselines | with stronger foreground- | RGB tensor after center padding
and uneven contrast and aligned margins background separation and normalization

Training is performed in PyTorch 2.x with timm backbones and automatic mixed precision. The first
two EfficientNet stages are frozen for the first 5 epochs, after which the full network is unfrozen. The
ViT patch embedding and transformer blocks are trainable from epoch 1. Optimization uses AdamW with
(\beta 1=0.9), (\beta 2=0.999), weight decay (=0.05), gradient clipping (=1.0), and label smoothing
(=0.1). Learning rates are discriminative: (1\times10°{-4}) for EfficientNet, (1\times10/{-4}) for ViT, and
(3\times 10{-4}) for fusion and classifier layers. A 5-epoch linear warm-up is followed by cosine decay to
(1\times 10°{-6}). Effective batch size is 32. The maximum epoch budget is 30 for RVL-CDIP, 50 for To-
bacco-3482, and 20 for the optional DocBank warm-up stage. Checkpoint selection is based on valida-
tion macro-F1, with accuracy as the tie-breaker and validation loss as the second tie-breaker.

Reproducibility is treated as part of the method rather than post hoc reporting. The manuscript
uses fixed random seeds ({13, 42, 3407}). For RVL-CDIP, the primary report should contain the official
split score plus the mean (\pm) standard deviation over the three seeds. For Tobacco-3482, the main
number should be the median across 10 stratified splits, mirroring common comparison practice in the
literature. The reported metrics are accuracy, macro precision, macro recall, and macro F1. A row-nor-
malized confusion matrix must also be reported.

Figure 2. Experimental timeline for the proposed protocol.

HybridViT experimental protocol

Dataset curation Preprocessing Training Testing
" ' ' 0 i
1 ' 1 H '
' ' ' ' '
I ' ' ' !

Y

Grayscale-to-RGB Freeze-unfreeze Report accuracy,
replication schedule macro precision,
macro recall, macro

Deskew + CLAHE AdamW + warm-up +
cosine decay

Export normalized

Resize and pad to confusion matrix

384x384 Seeded three-run
RYL benchmark

Results

Because no checkpoints or measured logs were supplied for this request, the results section is split
into two components. The first component gives published benchmark anchors that establish the perfor-
mance range HybridViT should be judged against. The second component provides the exact reporting
template to populate after executing the protocol above.
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Table 2. Published benchmark anchors on RVL-CDIP. The table contrasts image-only CNNs, OCR-free
structural hybrids, and multimodal document transformers. Direct comparison with multimodal rows
should be interpreted cautiously because those systems consume text and layout information in addi-

tion to pixels.

Model / study Modality RVL-CDIP accuracy | Interpretation
(%)

Harley et al. region ensemble Image only 89.80 Early strong CNN document bench-
mark

Afzalet al. VGG-16 Image only 90.97 Deep CNN baseline

Afzal et al. ResNet-50 Image only 90.40 Residual CNN baseline

Ferrando et al. EfficientNet Image only 92.31 Strong efficiency-oriented CNN

Kaddas & Gatos segmentation | Image + segmentation | 92.95 OCR-free structural hybrid

hybrid masks

LayoutLM Text + layout + image 94.42 Early multimodal document pre-
training

DocFormer Text + layout + image 96.17 Strong multimodal transformer

LayoutiMv3 Text + layout + image 95.93 Patch-based  multimodal  trans-
former

The published picture is clear. Among image-only or OCR-free methods, the relevant comparison
region is roughly 90.40-92.95% on RVL-CDIP; among multimodal models, the range is roughly 94.42—
96.17%. This makes HybridViT compelling only if it improves on the strongest OCR-free visual baselines
while preserving a simpler operational pipeline than text-aware transformers. A practically meaningful
target is therefore to exceed the published EfficientNet and segmentation-hybrid anchors while main-
taining stable low-data transfer on Tobacco-3482. Because RVL-CDIP is class-balanced, its macro metrics
should typically sit close to top-1 accuracy; on Tobacco-3482, by contrast, the imbalanced class distribu-
tion makes macro-F1 the more informative control metric.

Table 3. Primary metric table to populate after running the prescribed protocol. Use mean (\pm) stand-
ard deviation over three seeds on RVL-CDIP; use median over ten stratified splits on Tobacco-3482.

Model Initialization Accuracy Macro Precision | Macro Recall | Macro F1
VGG-16 ImageNet [fill after run] | [fill after run] [fill after run] | [fill after run]
ResNet-50 ImageNet [fill after run] | [fill after run] [fillafter run] | [fill after run]
EfficientNet- ImageNet [fill after run] | [fill after run] [fill after run] | [fill after run]
B4

HybridViT ImageNet EfficientNet-B0 + ViT-B/16 | [fill after run] | [fill after run] [fillafter run] | [fill after run]

Figure 3. llustrative training-curve template. Replace the placeholder trajectories below with measured

training logs from the final run.
Illustrative training curves for HybridViT on RVL-CDIP
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Figure 4. lllustrative normalized confusion-matrix slice for visually similar RVL-CDIP classes. The final
paper should include the full (16\times 16) row-normalized matrix; the subset below is only a layout

template.
True \ Pred Letter | Memo | Email | Form | Questionnaire | Invoice
Letter 0.94 0.04 0.01 | 0.00 | 0.00 0.01
Memo 0.06 0.91 0.02 | 0.00 | 0.00 0.01
Email 0.01 0.03 0.94 | 0.01 | 0.00 0.01
Form 0.00 0.00 0.01 | 0.92 | 0.05 0.02
Questionnaire | 0.00 0.00 0.00 | 0.07 | 0.90 0.03
Invoice 0.00 0.00 0.00 | 0.02 | 0.03 0.95
True \ Pred |LetterMemoEmail Form| Questionnaire Invoice
Letter 0.94 10.04 |0.01 0.0010.00 0.01
Memo 0.06 0.91 10.02 0.0010.00 0.01
Email 0.07 10.03 0.94 0.0110.00 0.01
Form 0.00 |0.00 |0.01 0.9210.05 0.02
Questionnaire 0.00 |0.00 |0.00 0.0710.90 0.03
Invoice 0.00 |0.00 10.00 0.0210.03 0.95

The likely hard confusions in a page-only system are those driven by layout similarity, especially
pairs such as letter versus memo or form versus questionnaire. This is precisely where HybridViT is ex-
pected to help: the local branch should encode repeated visual primitives such as header rules and text
density, while the global branch should model page-wide composition, reducing confusion caused by local
similarity alone. The same rationale is supported indirectly by prior OCR-free structural hybrids that im-
prove performance through added layout cues rather than through text content.

Discussion

The rationale for HybridViT is scientifically coherent. EfficientNet-style CNNs provide a strong and
efficient way to encode local page texture and region-level structure, while ViT patch embeddings sup-
port direct long-range interaction across a full document page. Documents are not ordinary natural im-
ages: their class identity is often determined by relative placement, whitespace organization, and block
topology. A local-global fusion model is therefore a better theoretical fit than a purely local model, but
it remains much simpler operationally than a text-layout-image multimodal stack.

The proposed manuscript also intentionally preserves the image-only setting. This is important be-
cause several prior works note that document classification is often required at preprocessing time, when
OCR is unavailable or unreliable. OCR-rich models may remain stronger in absolute benchmark terms,
but they also increase system complexity, latency, and error propagation risk. For industrial triage, rout-
ing, or archive indexing, there is a strong practical case for maximizing what can be achieved from page
pixels alone before introducing language pipelines. That is why the most relevant comparison point for
HybridViT is not the absolute multimodal ceiling, but the best published OCR-free visual baselines.

The benchmark caveats are not secondary; they change how a responsible paper should be inter-
preted. RVL-CDIP has reported label noise around 8.1%, ambiguity, and train-test overlap concerns. To-
bacco-3482 appears to have even stronger labeling issues, with reported improper annotation
around 11.7% and multiple valid labels for a substantial portion of pages. As a result, a paper that reports
only a single top-1 accuracy number is no longer methodologically strong enough. A more defensible
submission should report macro metrics, per-class behavior, confusion patterns, and possibly confidence
calibration or uncertainty-aware error analysis.

The manuscript’s main limitation is that, within this chat, no actual training run was executed. For
that reason, the present document should be understood as a pre-registered experimental manuscript
draft rather than a final camera-ready article. That is still valuable: the architectural claim is fully speci-
fied, the benchmark range is literature-grounded, the evaluation protocol is reproducible, and the report-
ing assets are already laid out. Before journal submission, Table 3 and Figures 4-5 should be replaced by
measured outputs from the exact training recipe in the Methods section. If the resulting RVL-CDIP score
does not exceed approximately 92.95%, the recommended next ablation is either a larger local branch,
a stronger document-style self-supervised warm-up on DocBank, or a late-fusion OCR branch clearly sep-
arated as a second-stage extension rather than part of the base HybridViT model.

Conclusion

This manuscript specifies an Elsevier-style, English-language research article draft for HybridViT,
an OCR-free document image classifier built on local-global feature fusion. The scientific motivation is
strong: CNNs remain effective for local structure, ViTs are well suited to page-global reasoning, and doc-
ument classification benefits from both. The proposed protocol uses RVL-CDIP as the primary benchmark,
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Tobacco-3482 as a transfer benchmark, and DocBank as an optional auxiliary corpus, while explicitly
acknowledging the benchmark-quality limitations now known for RVL-CDIP and Tobacco-3482. The pa-
per is therefore ready in structure, methods, tables, figures, and declarations; only the executed bench-
mark outputs must be inserted before submission.
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PLICATION POSSIBILITIES IN AZERBAIJAN

Hasanov Rauf Zabir, master
Azerbaijjan Architecture and Construction University, Department of Geomatics
Baku city, A. Sultanova 11

Abstract

This study evaluates the accuracy of local geoid models and analyzes their practical application
potential in Azerbaijan. The research focuses on comparing different geoid determination methods, in-
cluding GNSS/leveling and gravimetric approaches, to assess their precision and reliability. Special atten-
tion is given to regional factors such as topography, gravity data quality, and geodetic infrastructure. The
results highlight that improving geoid model accuracy can significantly enhance height determination,
engineering surveying, and GIS applications in Azerbaijan. The study also identifies key challenges and
provides recommendations for optimizing geoid modeling techniques in national geodetic practices.

Keywords: Geoid model, accuracy assessment, GNSS, gravimetric methods, height system, geodesy,
Azerbaijan, applied analysis

Introduction

The development of modern geodesy and geoinformation systems necessitates the precise model-
ing of the Earth’s surface. In this context, the concept of the geoid, which represents the mean sea level
surface corresponding to the Earth’s gravity field, has significant scientific and practical importance. Ge-
oid models are used as a fundamental reference surface, particularly in height determination, engineer-
ing geodetic works, planning of construction projects, and mapping processes [1].

The construction of local geoid models and the assessment of their accuracy are among the key
indicators determining the level of development of a country’s geodetic system. In Azerbaijan, the com-
plex relief structure, the specific characteristics of the Caspian Sea coasts, and various geodynamic pro-
cesses affect the variability of the geoid surface. This makes the development of high-precision local ge-
oid models and their validation using modern methods a relevant issue [2].

Conclusion

The conducted research shows that the accuracy of local geoid models is one of the decisive factors
for the effectiveness of modern geodetic works. Comparative analysis has revealed that the integration
of GNSS/leveling and gravimetric methods significantly improves the accuracy of geoid models and pro-
vides more reliable results for practical applications.

During the construction of geoid models in Azerbaijan, the complexity of the terrain, the limited
availability of gravity data, and the insufficient density of the geodetic network create certain challenges.
Nevertheless, with the application of existing technologies and international experience, it is possible to
develop high-precision local geoid models [3].

The research results indicate that accurate geoid models enable more precise determination of
heights in engineering geodetic measurements, construction and infrastructure projects, cadastral sys-
tems, and geographic information systems. This contributes both to increased economic efficiency and
improved project quality. For the improvement of local geoid models in Azerbaijan, it is considered ap-
propriate to expand the gravimetric data base, develop GNSS networks, and apply modern computational
methods. Work carried out in this direction will ensure the development of geodesy and mapping in the
country in accordance with international standards.
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Abstract

New opportunities for evaluating the state of aerospace materials without disassembly or direct
contact have been made possible by recent advancements in laser-based remote sensing. Extreme aero-
dynamic loads, temperature fluctuations, vibrations, and environmental stresses are all experienced by
aircraft components during operation. These factors eventually cause fatigue, microcracks, composite
delamination, and corrosion in metal structures. Laser illumination and scattering techniques enable
high-precision, non-destructive diagnostics that can detect such problems early.

This study examines the growing significance of laser remote sensing in aircraft structural moni-
toring and how it can be used to vital sections such wings, fuselage panels, landing gear systems, and
turbine components. The article demonstrates how improvements in photodetectors, optical systems,
and data processing algorithms are boosting the diagnostic potential of laser scattering techniques in
aeronautical engineering, going beyond merely summarising current developments.

Modern remote sensing equipment may now identify subtle changes in surface integrity and con-
cealed degradation that are frequently overlooked by conventional inspection techniques. The integra-
tion of laser-based diagnostics into next-generation aircraft maintenance and structural health monitor-
ing systems is examined in detail in this study, which also looks at operational problems, technological
developments, and real-world applications.

The use of laser-based information and measurement systems to assess the surface condition of
aeroplane structural elements is examined in this research. In order to guarantee both structural depend-
ability and aerodynamic efficiency, surface integrity is essential. When it comes to finding micro-defects,
traditional inspection techniques frequently lack accuracy and effectiveness. The work demonstrates
how high-resolution, non-contact measurements made possible by laser technology enable precise sur-
face irregularity detection. The outcomes show how laser systems can reduce maintenance time and
improve diagnostic accuracy.
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Xtilase

Lazer asasli uzagdan zondlama sahasinde son inkisaflar sékilmaye ve ya sexsi alagaye ehtiyac
olmadan aerokosmik materiallarin veziyyatini giymatlendirmek dgcin yeni imkanlar yaratmisdir.
Teyyarenin istismari zamani komponentler haddindsn artiq aerodinamik yliklers, temperatur
dayisikliyine, vibrasiyaya ve etraf mdbhitin garginlivine meruz qgalir ki, bu da son naticeds metal
konstruksiyalarda yorgunluga, mikro catlara, kompozit tebaganin delaminasiyasina ve Korroziyaya
sabab olur. Bu clr qusurlarr erken misyyan eds bilan yiksek deqiqlikli, dagidici olmayan diagnostika
lazer isiglandirma ve sspilmae Usullari sayasinde mimkdin olur.

Teyyaranin struktur monitoringinde lazer masafeden zondlamanin genislenan ahamiyyati bu
vazida onun qanadlar, gévds panelleri, enis aparatlari sistemleri ve turbin hissaleri kimi muhim
komponentlere tatbigi ile birlikde arasdirilir. Tedgigat fotodetektorlar, optik sistemler ve mealumat
emall alqoritmlarindaki irelileyislerin aviasiya mihandislivinde lazer sspilms dsullarinin diagnostik
imkanlarini necs artirdigini gdstarmak lclin son nailiyyatleri imumilesdirmakdan kenara ¢ixir. dnanavi
voxlama Usullar ile tez-tez qacgirilan seth bitévidylnde ince dayisiklikler ve gizli zedeler indi mdasir
uzagdan zondlama avadanlig ile askar edils bilsr.

Bu maqals lazer asasli diagnostikanin texnologiya tendensiyalarini, emaliyyat c¢atinliklerini ve
islek hayata kecirme tsullarini arasdiraraq yeni nasil teyyarelere texniki xidmat ve struktur saglamlgin
monitoringi sistemlarine nece daxil edils bilecayiniatrafli nezardsn kecgirir.

AHHOmMayus

MocnedHue docmuxceHus: 8 061acmu OUCMAHUUOHHO20 30HOUPOBAHUSI C UCNOJTb30BAHUEM J/1a3epOB
OMKPbI/IU  HOBbIE BO3MOMCHOCMU 011 OUEHKU COCMOSIHUS d3pOKOCMUYecKux mamepuasnos 6e3
Heobxooumocmu pazbopku Uiu JIUYHO20 KOHMAKMA. Bo Bpems 3Kcnayamauuu s1emamesibHbiX
annapamos  KOMNOHeHMb!  NOOBEP2arOMCsl  SKCMPEeMAasibHbIM — A3POOUHAMUYECKUM — Ha2py3Kam,
U3MeHeHUsIM memnepamypbl, BUGPAUUSM U Bo30elCmBUHD OKpYxarowsel cpedbl, Ymo B KOHEYHOM Umoz2e
npuBooUM K YCMAsaocmu, MUKPOMPeUsUHaM, PAcc/ioeHuro KOMNO3UMHbIX MAmepuasnos U Koppo3uu
Memasnauyeckux KOHCMPYKUUl. BbICOKOMOYHAA Hepaspywarowsds o0udeHOCMUKA, NO3BO/ISHOULAS
BbISIBAISAMb Makue depekmasi Ha paHHeld cmaouu, cmasia Bo3mMoxHoU 671a200apsi Memodam 1a3epHo20
06/1y4eHUs U paccesHus.

B 0aHHoU cmamse paccmMampusaemcss pacmyuids BAXCHOCMb J1A3epHO20 OUCMAHUUOHHO20
30HOUPOBAHUSI B MOHUMOPUH2E KOHCMPYKUUU S1emamesibHbIX anndapamos, a MAkxe e2o NpuMeHeHue K
KPUMUYECKU BAXCHbIM KOMNOHEHMAm, MAakumM Kak Kpbl/bs, NAHeIU Gro3enisaxd, cucmemb! Waccu u
demasiu mypbuH. VlccnedosaHue BbIX00um 3a paMKu NPocmo2o 0606ueHuUss NOC/Ie0HUX 0oCMuMeHUd u
NoKasbiBaem, Kak npoepecc 8 pomodemeKkmopax, oONMUYeCKUX cucmemMax u as2opummax obpabomku
0aHHbIX — pacwupusl  OudeHOCMu4Yyeckue BO3MOXHOCMU  Memo0doB  Jid3epHo20  pAcCesaHus B8
aspokocmudeckol  mexHuke. C  NOMOWbKO — COBPEMeHH020  060py00BaHuUs  OUCMAHUUOHHO20
30HOUPOBAHUS Menepb MOXCHO O0OHAPYXUBAMbL HE3HAYUMEbHbIE U3MEeHeHUs  Uesl0CmHOCMU
NOBEPXHOCMU U CKPbIMble NOBPEOeHUs, KOmopble Yacmo OCMArOMCS He3ameyeHHbIMU Npu
MPaouyUOHHbIX Memodax KOHMpPoJis. B daHHol cmamse NoOpobHO paccmMampuBaemcs, Kak /1a3epHas
ouaeHoCMuKa Moxem bbimb UHMEe2pUPOBAHA B CUCMEMbl MEXHUYeCKo2o ObCaYKUBAHUS U
MOHUMOPUH2A COCMOSAHUSA KOHCMPYKUUU JlemamesibHbIX annapamos  CAe0youe20 NOKOJIeHUS,
AHAAU3UPYOMCS MexHoI02uYeckue meHOeHYUU, 3KCNJIyamauyuoHHble npobsiembl U NPAKMUYecKue
peuwleHus.

Keywords: Laser scattering, aviation materials, remote sensing, aircraft structural health monitor-
ing, non-destructive testing, fatigue diagnostics, composite materials

Acar sézler: Lazer sepilme, aviasiya materiallari, mesafeden zondlama, teyyarenin struktur
saglamliginin monitoringi, dagidici olmayan sinaq, yorgunlugun diagnostikasi, kompozit materiallar.

Knroyesble cnosa: PaccesHue 1a3epHo20 U3Jly4eHus, asuauyUuoHHbIe Mamepudsibl, OUCMAHUUOHHOe
30HOUPOBAHUE, MOHUMOPUH2 COCMOSHUS KOHCMPYKUUU IemamesibHbIX anndpamaos, Hepaspywaroujudi
KOHMPOJib, OUA2HOCMUKA YCMAaaoCmu, KOMNO3UMHbIe Mamepuarbi.

Introduction

One of the most crucial concerns in aerospace engineering, where safety is crucial and the cost of
failure is significant, is ensuring the structural integrity of aircraft materials. Propulsion systems and air-
frames function in complicated, frequently high-load environments. Aerodynamic pressure, cyclic stress,
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fuel chemical effects, and temperature variations at high altitudes all contribute to the material's slow
deterioration [3.8].

Because of this, advanced non-destructive diagnostic methods that can identify early flaws before
they become significant failures are becoming more and more crucial. Traditional inspection techniques,
such as dye penetrant technologies, ultrasonic scanning, and human eye inspections, have significant
disadvantages despite their usefulness. They frequently call for direct access to components, aircraft
downtime, or particular preparation. Furthermore, some flaws cannot be found using these conventional
techniques, particularly in multilayer composite systems.

However, a potent substitute that enables precise, non-contact diagnostics from secure distances
is laser-based remote sensing. Without halting aircraft operations, remote laser diagnostics assist engi-
neers in evaluating the state of wings, fuselage skins, control surfaces, engine compressor blades, and
composite structural panels.

For contemporary airframes made of lightweight composite materials with intricate internal struc-
tures, this skill is especially crucial. Flexible, accurate, and non-invasive diagnostic systems are becoming
more and more necessary as aircraft design moves toward more integrated and economical configura-
tions. The introduction of portable, high-resolution laser probing equipment adds to its significance in
aviation maintenance [1.5].

With reduced setup time, field engineers may now conduct thorough inspections, enabling more
frequent monitoring and early material deterioration detection. In this sense, examining the principles,
constraints, and applicability of laser sputtering methods for aerospace materials is emerging as a key
area of study.

Significance

This work is essential because there is a rising need for precise, non-invasive diagnostic techniques
that can guarantee the structural integrity of contemporary aircraft. Early identification of fatigue, mi-
crocracks, delamination, and corrosion is crucial for sustaining flight safety since aviation materials are
continuously subjected to high mechanical loads, abrupt temperature changes, and severe weather. The
growing usage of intricate composite constructions in contemporary airframes raises the requirement
for extremely sensitive diagnostic tools because normal inspection techniques frequently overlook con-
cealed flaws in multilayer materials.

Research Objective

The purpose of this work is to assess the diagnostic capabilities of laser illumination and scattering-
based remote sensing techniques for aviation materials. The goal of the study is to ascertain how these
technologies might improve the identification of fatigue damage, surface erosion, delamination, and
other structural flaws in aviation components. Additionally, the study seeks to pinpoint technological
constraints and suggest enhancements that boost the dependability and use of laser diagnostic systems
in aeroplane parameters.

1. Principles of Laser Information-Measurement Systems

Because of their great accuracy, dependability, and non-contact operation, laser information-
measurement systems are frequently employed in contemporary engineering applications. These systems
use the physical characteristics of laser radiation, such as coherence, directionality, and monochromatic-
ity, to provide precise geometrical and surface data. Laser triangulation is one of the most widely used
working concepts of laser measurement systems. This technique involves projecting a laser beam onto
an object's surface and using a sensor that is positioned at a predefined angle with respect to the laser
source to record the reflected light. The system accurately determines the distance to the surface point
based on the location of the reflected beam on the sensor. This method makes it possible to measure
surface profiles precisely and find even little anomalies.

Laser scanning, in which the laser beam travels across the surface either linearly or in a grid pat-
tern, is another crucial method. This makes it possible to create intricate three-dimensional models of
the thing under inspection. After that, the data can be processed using specialised software to examine
surface features including flaws, distortion, and roughness.[1] A laser source, optical components, detec-
tors, data gathering units, and processing software are some of the essential parts of laser measuring
systems. The systems are very effective for industrial applications because of the integration of various
components, which enables real-time data collecting and processing.



XXIV INTERNATIONAL SCIENTIFIC CONFERENCE. MANCHESTER. UNITED KINGDOM. 05-06.05.2026

Pulse Laser Diode ™

M
|
Laser —+ SPL LL xx #Zj Ak_\ 4,{ N

driver SPL PL xx

L PN ~
e i Transmission| =~
; Lens ,}

-—-—. ,
_ Start Pulse /f§ }" ” Reflector
Distance tp 1\‘. s r
”
_ Stop Pulse/2§ ) I *
Signal [
Processing Receiver - Recjeivi'ng
TDC
Lens

Figure 1. Working principle of laser distance measuring device

The non-contact aspect of laser-based devices, which removes mechanical interaction with the
surface, is a major advantage. When working with delicate or very precise components, like aeroplane
structural sections, where physical touch could result in damage or change measurement findings, this is
especially crucial.

All things considered, laser information-measurement systems offer a strong and adaptable instru-
ment for surface investigation. They are particularly well suited for applications in aerospace engineering
and other high-technology industries because of their capacity to provide fast, precise, and high-resolu-
tion measurements.

2. Evaluation of Surface Conditions in Aircraft Structural Elements

An essential step in guaranteeing aerodynamic efficiency, structural dependability, and long-term
operating safety is the assessment of surface conditions in aeroplane structural components. Complex
loading conditions, such as cyclic mechanical stress, temperature fluctuations, and environmental expo-
sure, are encountered by aircraft components. These elements play a part in the slow deterioration of
the surface, which might show up as localised deformations, surface roughness variations, corrosion pits,
and microcracks [4-6].

Surface roughness is regarded as one of the most important metrics among these since it has a
direct impact on aerodynamic performance. Aerodynamic drag can be increased, boundary layer behav-
iour can be changed, and overall fuel economy can be decreased by even little departures from the in-
tended surface profile. Such variations may also lead to increased vibration levels and flow instability in
high-speed flight regimes.

When examining micro-scale surface flaws, conventional inspection techniques like contact-based
profilometry and eye inspection frequently fall short in terms of repeatability or resolution. On the other
hand, laser information-measurement systems are ideal for aerospace applications because they provide
non-contact, high-resolution surface acquisition capabilities.

These technologies produce accurate point-cloud data that depicts the surface geometry of struc-
tural members using laser scanning and triangulation techniques. This information makes it possible to
quantitatively analyse deviations from nominal design models and rebuild precise surface topography.
For additional analysis, parameters including surface waviness, maximum height deviation (Rz), and av-
erage roughness (Ra) can be extracted.

Furthermore, automated flaw detection and categorisation are made possible by sophisticated
data processing algorithms that compare measured surface profiles with original CAD models. This low-
ers human mistake in evaluation procedures and greatly increases inspection efficiency. Predictive
maintenance techniques are further supported by the capacity to recreate surfaces in three dimensions.
Engineers can detect early-stage degradation and plan maintenance prior to critical failure by monitoring
changes in surface condition over time.

In terms of precision, speed, and data richness, laser-based measurement techniques offer a very
precise and dependable tool for assessing the surface condition of aircraft structural elements.
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3. Advantages and Limitations of Laser-Based Inspection Methods

Because laser-based inspection techniques can accurately, quickly, and non-destructively assess
surface characteristics, they have grown in significance in the field of aerospace engineering. Neverthe-
less, these systems have certain drawbacks that need to be taken into account when putting them into
practice, despite their many benefits.

The non-contact feature of laser information-measurement devices is one of their key benefits.
There is no chance of harming delicate aeroplane parts because there is no physical contact with the
inspected surface. For high-precision structural elements, where even small mechanical contact could
change surface characteristics, this is especially crucial[10].

High measurement resolution and precision is another important advantage. Micro-scale surface
flaws that are frequently hard to find using traditional inspection techniques can be found utilising laser
systems. This comprises early-stage corrosion, minor surface roughness changes, and tiny fissures. A more
accurate evaluation of structural integrity is ensured by the capacity to record precise geometric infor-
mation.

4= Mirror

<+— [Laser Beam

<« [ens
Z
X
vy
Hardening _
Directi
irection Heated Area
Hardened
Zone
Specimen A 2 Self

Quenching
Figure 3. Laser Technique — an overview
These systems also provide quick data processing and gathering. They are appropriate for indus-
trial-scale inspection activities since they can scan large surface areas in a comparatively short amount
of time. Laser systems may also produce real-time three-dimensional models when combined with con-
temporary software, which greatly enhances maintenance and quality control decision-making
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processes. Despite these benefits, there are a few drawbacks. Sensitivity to environmental conditions is
one of the main obstacles. Measurement accuracy and signal quality can be impacted by variables like
vibration, dust, humidity, and changes in lighting. For best results, regulated inspection conditions are
frequently necessary.

The expensive and complicated equipment is another drawback. Laser measurement systems can
raise original and ongoing expenses because they require sophisticated optical components, exact cali-
bration techniques, and specialised software. To properly operate and understand the collected data,
qualified staff are also needed.

Lastly, there may be substantial data processing requirements. Large amounts of data are pro-
duced by high-resolution scanning, necessitating strong processing power and effective algorithms for
storage and interpretation.

In conclusion, even if laser-based inspection techniques have several benefits in terms of precision,
speed, and non-destructive assessment, their practical implementation must take cost, data processing
difficulties, and environmental sensitivity into consideration. Nevertheless, because they perform better
than conventional methods, their place in contemporary aerospace inspection systems is expanding.

5. Problems and Solutions

The practical application of laser information-measurement systems in aerospace engineering is
linked to a number of operational and technological difficulties, despite the fact that these systems offer
excellent precision and efficiency in the assessment of aircraft surface conditions. In order to guarantee
dependable and stable performance in real-world circumstances, these problems must be resolved.[12].

Measurement instability brought on by environmental disruptions is one of the primary issues. The
quality of laser signals and measurement precision can be adversely affected by external factors such
vibration, airflow turbulence, temperature variations, dust, and different illumination conditions. In in-
dustrial or field settings, where absolute isolation is not always achievable, this problem is especially
crucial.

Vibration isolation technologies and controlled inspection environments are potential solutions to
this issue. Adaptive filtering algorithms and real-time signal correction methods can also be used to en-
hance measurement stability and account for ambient noise.

The tremendous processing load that comes with big data volumes is another major obstacle.
Dense point-cloud data produced by laser scanning devices needs a lot of computing power to store,
filter, and analyse. Evaluation delays and decreased operational efficiency may result from ineffective
processing techniques.

Advanced data compression methods and optimised algorithms can be used to get around this
restriction. Processing speed and efficiency can be greatly increased by utilising cloud-based processing
systems, parallel computing, and machine learning-based data interpretation techniques.

The need for exact calibration and system alignment is another problem. Cumulative inaccuracies
in surface reconstruction and measurement results can emerge from even minor calibration discrepan-
cies. Because of this, maintaining and configuring the system is essential to guaranteeing accuracy.

Self-checking systems and automated calibration processes can be used to solve this issue. Human
error can be decreased and system accuracy can be maintained over time with the use of built-in diag-
nostic features and routine calibration procedures.

Conclusion

The use of laser information-measurement devices to assess surface states in aeroplane structural
elements has been investigated in this work. The investigation shows that laser-based technologies pro-
vide a very precise and effective way to identify and describe surface flaws such corrosion, microcracks,
roughness changes, and geometric aberrations.

Laser systems offer non-contact measurement capabilities in contrast to traditional inspection
techniques, greatly lowering the possibility of harming delicate aerospace components. Furthermore, ac-
curate three-dimensional reconstruction of structural elements and thorough surface mapping are made
possible by their quick data capture and high spatial resolution.

Notwithstanding these benefits, the study also identifies a number of drawbacks, such as the re-
quirement for exact calibration, high processing demands, and vulnerability to environmental disturb-
ances. Adaptive filtering, sophisticated signal processing algorithms, and automated calibration methods
are examples of contemporary technologies that can successfully lessen these difficulties.

All things considered, laser information-measurement systems are an effective instrument for aer-
ospace maintenance and inspection procedures. It is anticipated that their further development and
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integration with intelligent data analysis techniques will enhance the precision, effectiveness, and de-
pendability of aircraft surface evaluation in upcoming engineering applications.
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Abstract

In this research, the theoretical and applied aspects of deformation processes based on geodetic
networks have been comprehensively studied. The main objective of the work is to determine, evaluate,
and scientifically interpret deformation changes occurring in engineering structures and natural objects
using geodetic methods. Within the framework of the study, the principles of constructing geodetic
networks, organization of deformation observations, measurement technologies, and factors affecting
their accuracy have been analyzed.

At the same time, methods of mathematical processing, adjustment, and statistical analysis of
deformation results have been applied, and the reliability of the obtained results has been assessed. In
the practical part, deformation parameters of a real or model object have been determined based on
GNSS, leveling, and total station measurements, and their engineering interpretation has been carried
out.

The results of the research show that modern geodetic methods ensure accurate and onepamus
monitoring of deformation processes. The obtained results are of great importance in increasing
engineering safety, timely identification of risks, and optimization of decision-making processes.

Keywords: geodetic network, deformation, monitoring, GNSS, mathematical processing

Introduction

In the modern era, ensuring the safety of large engineering structures, industrial facilities, and
natural landscapes is one of the important scientific and practical issues. In this regard, timely detection
of deformation processes, monitoring of their dynamics, and proper evaluation are of particular
importance. Deformations may arise as a result of both natural factors (seismic activity, landslides, etc.)
and anthropogenic impacts, significantly affecting the stability and operational safety of objects.

Geodetic networks are one of the most reliable and widely used methods for monitoring
deformation processes. Through these networks, high-precision measurements are carried out to
determine positional changes of objects, and deformation parameters are calculated by comparing them
over time. The application of modern geodetic technologies, including GNSS systems, electronic total
stations, and high-precision leveling instruments, has significantly increased the effectiveness of research
in this field.

The relevance of the research is related to the importance of more accurate determination of
deformation processes based on geodetic networks, analysis of results using mathematical and statistical
methods, and their proper engineering interpretation. The aim of the work is to investigate the
theoretical foundations of deformation processes, analyze them based on geodetic measurements, and
evaluate practical application possibilities.

To achieve this goal, the principles of constructing geodetic networks, organization of deformation
observations, measurement and processing methods have been studied, and the obtained results have
been evaluated based on comparative and statistical approaches. The research findings are important
for ensuring the safe operation of engineering structures and reducing risks.

Research Method

In this study, a comprehensive methodological approach has been applied to investigate
deformation processes based on geodetic networks. Both theoretical and empirical methods have been
used in conducting the research.

At the initial stage, scientific literature on the topic was analyzed, and existing theoretical
approaches related to geodetic network construction, deformation monitoring, and measurement
technologies were summarized. Then, geodetic measurement methods — GNSS measurements, leveling,
and distance and angle measurements using a total station — were applied to organize deformation
observations.

In the processing stage of the collected data, mathematical and statistical methods were used. The
adjustment of geodetic networks was carried out based on the least squares method, and deformation
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parameters (displacement, velocity, and direction) were calculated. At the same time, variance, standard
deviation, and other statistical indicators were calculated to assess the reliability of the results.

Within the research, results of different measurement technologies were compared using the
comparative analysis method, and their accuracy and application possibilities were evaluated. In
addition, interpretation of the obtained results was carried out based on an engineering approach. The
applied methods enabled accurate determination of deformation processes and scientific analysis of the
results.

Conclusion

As a result of the conducted research, it has been determined that the study of deformation
processes based on geodetic networks has high importance both theoretically and practically. It has been
proven that proper construction of geodetic networks and high-precision measurements play a decisive
role in the reliable determination of deformation parameters.

The application of modern measurement technologies — GNSS, leveling, and total station methods
— has increased the efficiency and accuracy of deformation monitoring. The use of mathematical
processing and statistical analysis methods has enabled objective evaluation of the obtained results and
minimization of errors.

The research shows that data obtained through geodetic methods allow timely detection of
deformation changes in engineering structures and early identification of potential risks. This plays an
important role in ensuring the safe operation of objects. As a result, the application of deformation
monitoring based on geodetic networks can be considered an effective and reliable approach in
engineering geodesy and opens wide prospects for future research.
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