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Summary. Ukraine’s wartime economy presents enterprises with a fundamentally new set of financial management chal-
lenges: disrupted operational chains, volatile cash flows, elevated debt burdens, and heightened demands for financial resil-
ience. Against this backdrop, the coherence between financial control and financial condition analysis has become a prerequi-
site for sound managerial decision-making — yet in practice, these functions often operate in isolation, which prevents adequate
managerial response to deviations.

The purpose of the study is to provide a theoretical synthesis of approaches to defining the nature of financial control and
the financial condition of a business entity, and to substantiate their functional interrelationship within the financial manage-
ment system.

The study is based on methods of systemic analysis, comparison, and generalization. The information base comprises works
of domestic and foreign researchers, the COSO Internal Control framework, and methodological guidelines of the Ministry of
Finance of Ukraine.

The causal relationship between financial control and financial condition is revealed through four management channels: revenues
and expenses, cash flows, accounts receivable and accounts payable, and capital structure. A three-level model for integrating control
and analytical procedures is proposed, establishing a feedback loop between the dynamics of financial condition indicators and weak
zones of the control environment — thereby transforming financial analysis into a diagnostic tool for assessing control quality.

Promising directions for further research include empirical verification of the model using data from real enterprises, develop-
ment of diagnostic tools, and quantitative assessment of the impact of control procedures on the dynamics of financial stability.

Key words: financial control, enterprise financial condition, financial condition assessment, internal control, profitability,
liquidity, financial stability, management cycle.

@ ® Copyright © The Author(s). This is an open access article distributed under the terms of the
P~ Creative Commons Attribution License 4.0 (https://creativecommons.org /licenses /by [4.0/)



// Mi>knapoaHuit HaykoBui xxypHan «lHTepHayka» // N2 4 (183), 2026

// EkoHomiuHi Hayku // // 1SSN 2520-2057 (print), ISSN 2520-2065 (online) //

AHoTauis. CyydcHi yMOBM 20CrOgapioBaHHs B YKpaiHi popmytoTbes nig BMAMBOM TPMBAOI eKOHOMIYHOI HecTabinbHOCTI,
N0RICTUYHNX 0OMEXeHb Ta iHPASLIHO20 TUCKY. BOEHHI pyU3nKM 3yMOB/IOIOTb HECTABINbHICTb 2POLLIOBMX MOTOKIB, 3POCTAHHS
KPeguTHO20 HaOBAHTAXEHHS Ta MigBuLLeHi BUMo2u go (iHaHCOBOI CTIMKOCTI MignpueMCTB. 3a TAKMX 0OCTABUH (iHAHCOBMI KOH-
TPO/Ib Ta AHANI3 HiHAHCOBO20 CTAHY YACTO iCHYIOTb BIGOKPEMIEHO, LLO YHEMOXNBIIKOE MOBHOLHHE yNpaBAiHCbke peazyBaHHs
HQa BIgXM/IeHHS.

MeTa gocnigxxeHHs — TeopeTuyHe y3a2aabHeHHs MigxogiB go BU3HAYEHHS CYTHOCTI iHAHCOBO20 KOHTPO/IO Td PiHAHCOBO20
CTaHy cybO'eKTa 20CMOgaprOBaHHS ¥ 0OFPYHTYBAHHS iX PyHKLIOHAIbHO20 B3AEMO3B'A3KY B cMCTeMi (iHAHCOBO20 YNpaBiHHSI.

JlocnigKeHHs [PYHTYETbCA HO MeTogax CMCTeMHO20 aHANI3Y, MOPIBHSIHHSA Ta y3a2anbHEeHHS. IHpopmauiviHy 6asy ckaanm
npawi BITYn3HsHUX i 3apybikHUX gOCTigHMKIB, paMKOBA KoHLenuis COSO Ta MeToguyHi pekomMeHgauii MiHicTepcTsa giHaHciB
YKpaiuu.

PO3KpUTO NPUYMHHO-HACAIGKOBMIA MEXAHI3M B3AEMOGii PiHGHCOBO20 KOHTPOIO TA PiHAHCOBO2O CTAHY Yepe3 YOTUPU KaHA-
21 YNPaB/liHHA: gOXogu Ta BUTPATH, 2POLLOBI MOTOKK, §ebiTOPCbKA i KpeguTopcbKa 3a00p20BaHICTb, CTPYKTYPa Kanitany. 3a-
MPOMOHOBAHO TPUPIBHEBY MOGe/b iHTe2PALlii KOHTPOIbHNX TA AHAMITUYHMX IPOLEGYP, KA BCTAHOB/IOE 3BOPOTHMI 3B'A30K MiXK
gMHAMIKOIO MOKA3HMKIB PIHAHCOBO20 CTAHY TA CIAOKMMM 30HAMU KOHTPOJIbHO20 CepeqoBMLLA — MepeTBOPIOI0YM iHaHCOBUI

QHANI3 HA IHCTPYMEHT gia2HOCTUKM SKOCTi KOHTPOJTIO.

IepcriekTvBw. [lepcnekTUBHUMM HANPIMAaMK € eMnipuyHa Bepudikalis Mogeni Ha gaHux peanbHUX NignpUEMCTB, po3pob-
Ka giaeHOCTMYHO20 IHCTPYMEeHTAPIlO TA KifbKiCHA OLHKA BM/MBY KOHTPOIbHUX NpoLiegyp Ha gUHAMIKY (iHGHCOBOI CTikiKOCTi.

Kntoyosi cnoBa: (iHaHcoBIi KOHTPO/b, PiHAHCOBMY CTAH MIGNPUEMCTBA, OUiHKA QiHOHCOBO20 CTAHY, BHYTPILUHIV KOH-
TPOJIb, peHTa0ebHICTb, NIKBIGHICTb, PIHAHCOBA CTiViKICTb, YNPABAIHCLKMIA LMK,

Problem Statement and Its Relevance to Sci-
entific and Practical Objectives. In the current
landscape of enterprise financial management, the
effectiveness of enterprise governance is closely linked
to the alignment between financial control and finan-
cial condition assessment. In practice, however, these
functions often operate in isolation: control is limited
to the formal monitoring of procedural compliance and
transaction accuracy, while financial condition analy-
sis is reduced to the calculation and interpretation of
reporting indicators. As a result, managerial decisions
are made without a full understanding of the causes of
deviations or the quality of the underlying information
base. Only the integration of control and analytical
procedures helps ensure data reliability, timely iden-
tification of problems in revenue generation, expendi-
ture, and cash flows, and the establishment of effective
feedback for adjusting a company’s financial policy.

Accordingly, the substantiation of an integrated ap-
proach to the interaction between financial control and
financial condition analysis within a unified financial
management system is both a relevant scientific and
practical objective.

Review of Recent Research and Publications.
The theoretical and methodological foundations of
enterprise financial condition assessment are ad-
dressed in the works of domestic scholars, including
0. Tereshchenko, L. Lihonenko, I. Parasii-Vergunenko,
and M. Bilyk, which reveal the economic substance
of an enterprise’s financial condition, substantiate
approaches to its assessment, and define a system of
indicators covering liquidity, solvency, financial stabil-
ity, and profitability [1-4].

In contemporary research, the financial condition
of enterprises is primarily examined within an ap-
plied managerial context — particularly through fi-
nancial risk analysis, forecasting, and the application
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of analytical assessment tools. These issues are ad-
dressed in the works of T. Kovalchuk, O. Tereshchenko,
A. Verhun, K. Semenova, S. Nazarenko, and others
[5-10].

Issues of financial control also feature in the ac-
ademic literature. The work of S. Bardash examines
the role of financial control in ensuring the financial
stability of enterprises and its relationship with fi-
nancial performance outcomes, including its function
as a monitoring component within broader financial
management frameworks [11].

Despite existing research, the topics of financial
condition and financial control are largely examined
in isolation: the mechanisms by which the control
environment influences the formation of liquidity, fi-
nancial stability, and profitability indicators remain
insufficiently systematized. This gives rise to the need
for a systematization of four management channels as
points of interaction between the control environment
and financial condition indicators, as well as for the
development of a three-level model for integrating con-
trol and analytical procedures — one that, unlike the
COSO Internal Control framework, which focuses on
building a control system as such, establishes a feed-
back loop between the dynamics of financial condition
indicators and weak zones of the control environment,
thereby transforming financial analysis into a diagnos-
tic tool for assessing control quality.

The available research therefore provides a theoret-
ical foundation, yet does not ensure a comprehensive
understanding of the mechanism of interaction be-
tween financial control and financial condition within
a unified financial management system. This is what
motivated the selection of the article’s objectives, ob-
ject, and subject.

The object of the study is the financial activity of
business entities within the contemporary economic
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environment. The subject of the study is the theoreti-
cal foundations and mechanism of interaction between
financial control and the financial condition of an en-
terprise within the financial management system.

Objectives of the Article. To substantiate the
integrated approach to financial control and financial
condition analysis, the following research tasks are
addressed:

1) to reveal the substance of financial control and
financial condition as interrelated elements of the en-
terprise financial management system;

2) to substantiate the process-outcome nature of
their interaction;

3) to identify the key channels through which fi-
nancial control influences the formation of liquidity,
financial stability, and profitability indicators;

4) to develop a conceptual feedback model between
the quality of the control environment and the assess-
ment of financial condition.

Main Body of Research. Financial control and fi-
nancial condition are connected by the logic of “process
— outcome — feedback”. Financial control is oriented
toward ensuring the soundness of financial and oper-
ational decisions, adherence to internal procedures,
and the effectiveness with which financial resources
are formed and utilized.

Financial condition reflects the outcome dimension:
as of a given date or over a period, it accumulates the
consequences of managing assets, liabilities, equity,
and cash flows. In I. Blank’s framework, financial
condition encompasses (a) the state of capital and the
capacity for self-development, and (b) the balance be-
tween assets and capital along with the efficiency of
their use [12]. This means that financial condition is
not an isolated characteristic; rather, it is the summa-
tion of recurring financial processes (resource forma-
tion and utilization) and the quality of managerial deci-
sions. It is precisely this “process—outcome” distinction
that suggests the causal relationship between the two.

The critical link in this relationship is the infor-
mation base. Financial statements contain data on
financial condition and performance, meaning that
the quality of analysis depends on the reliability of
accounting information. In academic sources, it is
emphasized that accounting serves as the source of
information about an entity’s property and financial
condition, while control contributes to the reliability
of that information.

In practical terms, weak control procedures over
accounts receivable, inventories, cash, or expenses
lead to distortion of liquidity, turnover, and profit-
ability indicators. As a result, analysis may reflect not
the actual financial condition, but the consequences
of errors or managerial shortcomings. In this sense,
the assessment of financial condition simultaneously
serves as an indicator of the quality of internal control.

This logic is consistent with the COSO Internal
Control framework — a widely adopted model that

structures internal control around five interrelated
components: control environment, risk assessment,
control activities, information and communication,
and monitoring. Unlike purely compliance-oriented
approaches that treat control as a set of formal proce-
dures, COSO emphasizes its systemic nature and role
in achieving operational and reporting objectives. It
is also acknowledged that internal control provides
only reasonable assurance, not an absolute guarantee
against misstatement [13].

The causal mechanism operates through four
management channels, which simultaneously serve
as objects of financial control and as determinants of
financial condition:

First, revenues and expenses. Control proce-
dures related to contracts, pricing, cost of goods sold,
expenditure authorization, and confirmation of work
performed affect the reliability of financial results and,
in turn, profitability and efficiency indicators. Within
the COSO internal control framework, control activ-
ities must be directed at reducing risks to acceptable
levels, and the components of the system must operate
in an integrated manner to achieve reporting and op-
erational objectives [13].

Second, cash flows and liquidity. Ex ante and
concurrent control of payments, limits, and budgets, as
well as monitoring of counterparty reliability (includ-
ing an assessment of their financial condition as an ele-
ment of preliminary control), influence the enterprise’s
ability to maintain continuity of payments and sustain
liquidity. V. Oparin explicitly notes that preliminary
control is designed to evaluate the appropriateness of
transactions and associated risks, including verifica-
tion of the counterparty and its financial condition [14].

Third, accounts receivable and payable. Con-
trol over contracts, credit limits, maturities, and pro-
visions for expected losses substantially influences
default risk, affects turnover and net working capital,
and forms the basis for assessments of solvency and
financial stability. Approaches that treat financial con-
dition as the capacity for self-development and the
fulfilment of obligations logically presuppose control
over precisely these “risk accumulation zones.”

Fourth, capital structure and financial stabil-
ity. Decisions regarding debt financing, management
of interest payments, and control over the targeted use
of borrowed resources are reflected in autonomy and
leverage indicators, as well as in the capacity to with-
stand shocks. Since financial condition is associated
with the balance between assets and capital, control
over investment and financing decisions significantly
shapes the trajectory of financial stability.

Consequently, each financial indicator corresponds
to a specific control domain: a decline in liquidity cor-
relates with the control of cash flows and accounts
receivable; a fall in profitability correlates with the
control of costs and margins; an increase in debt bur-
den correlates with the control of capital structure.
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Table 1

Systematization of the Relationship Between Financial Control and
the Financial Condition of an Enterprise

counterparty verification

Management Object of Financial Key Financial Svstemic Outcome
Channel Control Condition Indicators y
Revenues and ex- Contracts, pricing, autho- | Financial result, profitabil-| Reliability of financial results and
penses rization, cost of goods sold, ity, operational efficiency | improvement of operational perfor-
transaction confirmation mance
Cash flows Payments, budgets, limits, Liquidity, solvency, cash Maintaining business continuity

flow

Maturities, credit limits,
provisions

Accounts receivable
and payable

Turnover, net working
capital, solvency

Reduction of default risk and stabili-
zation of turnover

Debt financing, interest bur-
den, targeted use of funds

Capital structure

Autonomy, leverage, finan-

Optimization of financial structure
and risk reduction

cial stability

Source: developed by the author

Thus, financial control serves as the input mecha-
nism ensuring the quality of financial processes and
information, while financial condition serves as the
output indicator signaling the effectiveness or ineffec-
tiveness of the control environment and management.

The causal mechanism of the relationship between
financial control and financial condition described
above is summarized in structured form in Table 1.

With the aim of practical integration of financial
control and financial condition assessment, a three-
level model is proposed that reflects the causal logic of
the management cycle and can be applied within the
basic functions of financial management.

The primary level focuses on controlling the for-
mation of financial indicators: proper documentation,

authorization and segregation of duties, compliance
with procedures, timeliness of transaction recording,
asset safeguarding, and control of payments and limits.
This is where “data quality” is established, without
which the analytical level loses its reliability. In the
COSO methodology, this domain corresponds to con-
trol activities, information and communication, and
partly to monitoring, all of which ensure the overall
functioning of the system [13].

The analytical level involves assessment of the
financial condition using a system of indicators (li-
quidity, solvency, stability, profitability, turnover),
interpretation of their changes, and identification of
key drivers. Importantly, in contemporary approach-
es, financial condition is understood as an integral

Primary Level

Financial Control

(procedures, copmpliance, reliability)

Managerial Level

Decisions and Adjustments

(policies, budgets, risks, financing)

Analytical Level

Financial Condition
Assessment

(coefficients, trends,drivers)

~_

Fig. 1. Three-Level Model of the Interaction Between Financial Control and Financial Condition Assessment
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Table 2

Diagnostics of Weak Zones in the Control Environment Based on Financial Condition
Indicators of a Hypothetical Enterprise

Indicator Prior year | Reporting year | Change Signal per model
Current ratio 1.9 1.2 -0.7 Channel: accounts receivable
Accounts receivable turnover (times) 8.4 51 -3.3 Channel: accounts receivable
Return on sales, % 5.8 7.3 +1.5
Equity ratio 0.61 0.54 -0.07 Channel: capital structure

Source: developed by the author

Note: all data are simulated and refer to a hypothetical enterprise constructed solely for illustrative purposes

category rather than a “collection of figures”; the ana-
lytical level should therefore conclude with a general-
ized assessment of the risks and reserves of financial
stability [15].

The managerial level encompasses decision-
making on the basis of analytical findings: adjustment
of financial policy, budgets, credit policy rules, working
capital management, investment priorities, financing
structure, and risk limits.

Within this logic, financial condition serves as a sig-
nal, and the managerial decision represents a “re-
sponse” that returns the process to the primary level
in the form of updated control procedures, regulations,
performance benchmarks, and lines of accountability.
The described interaction is schematically represented
in Fig. 1.

An important element underpinning the opera-
bility of the model is its risk-based orientation. The
risk-based approach to internal audit planning, the
development of which is supported by the Ministry
of Finance’s methodological guidelines, can serve as
a “methodological bridge” between control and finan-
cial condition: control resources are directed toward
the processes with the greatest potential impact on
liquidity, solvency, and financial stability [16].

To illustrate the proposed mechanism, consider
a hypothetical manufacturing enterprise that recorded
ambiguous dynamics in its key financial indicators
during the reporting year (Table 2).

Return on sales rose from 5.8% to 7.3%, which at
first glance suggests a positive trend. At the same time,
the current ratio fell from 1.9 to 1.2, and accounts re-
ceivable turnover declined from 8.4 to 5.1 times per
year. According to the proposed model, this combina-
tion is an indicator of weakness in control procedures
specifically within the accounts receivable channel:
revenue growth is being achieved through a relaxation
of credit policy — without adequate control over limits
and repayment terms — which drains liquidity despite
improving profitability. The decline in the equity ratio

from 0.61 to 0.54 additionally points to the financing of
cash gaps through borrowed resources without control
over their structure and targeted use. The managerial
response, as prescribed by the three-level model, in-
volves: at the primary level — the introduction of credit
limits and monthly monitoring of the accounts receiv-
able register; at the analytical level — factor analysis
of the impact of settlement terms on liquidity; at the
managerial level — revision of credit policy and limits
on short-term borrowing.

The example above illustrates the diagnostic po-
tential of the proposed model: deviations in financial
condition indicators serve as the starting point for
identifying weak zones in the control environment and
determining the appropriate managerial response at
the relevant level.

Conclusions and Prospects for Further Re-
search. Financial control and financial condition rep-
resent interdependent categories that form a closed
management loop: control is designed to ensure the
orderliness and reliability of financial processes, while
financial condition tends to consolidate their outcomes
into a system of indicators and serves as the basis for
subsequent managerial decisions. The integration of
control and analytical procedures within the three-
level model makes it possible to conceptually align
the process of generating financial information, its
evaluation, and managerial response — consistent
with contemporary approaches to internal control and
risk-based management. The study has certain limita-
tions: the model has been developed at a theoretical
level and requires verification using data from real
enterprises. Promising directions for further research
include a quantitative assessment of the impact of
control procedures on the dynamics of financial sta-
bility, adaptation of the model to the specifics of en-
terprises in different industries, and the development
of diagnostic tools for identifying weak zones in the
control environment based on the results of financial
analysis.
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HJOIJATKOBA IHOOPMALIA
BHECOK ABTOPIB: Yci aBTopu 3po0uiu BHECOK ITOPiBHY.
DOIHAHCYBAHHS: Asropu He 0TPpUMYBAJTH (DiHAHCYBAHHSA [IJIA I[bOTO JOCITIKeHHS.
3AABA ITPO JOCTYIIHICTDb JAHMX: He 3acTocoByeThbes.
KOH®JIIKT THTEPECIB: ABTopu 3asABIATH IIPO BiCYyTHICTh KOHQJIIKTY iHTEPECIB.
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MEOWYHI HAYKW

TACTILE CERAMICS:
THE BENEFITS OF MICROTEXTURE
OVER APPEARANCE

Summary. In modern aesthetic dentistry, more and more attention is paid not to the shine, but to the naturalness and

tactile properties of the surface of ceramic restorations. Overglazed restorations are often perceived as artificial, while a micro-
textured surface provides a more harmonious integration into the natural environment of the oral cavity. The aim of the work
is to assess the clinical and aesthetic significance of microtexture in ceramic restorations of the anterior dentition, analyzing
literature sources and clinical examples. Materials and methods. The study used an analysis of scientific publications and visu-
al clinical examples demonstrating different options for surface treatment of ceramic restorations. Optical effects, integration
with enamel and tactile perception were evaluated. Results. Restorations with the existing microtexture create a visual effect of
depth, merge better with the surface of natural enamel and are perceived by patients as more natural from both an aesthetic
and tactile point of view. In contrast, shiny glazed surfaces appear flat, exhibit excessive specular reflection, and are less tactile.
The results of the study emphasize the importance of controlling the surface morphology of ceramic restorations at the final
stage of fabrication. Particular attention should be paid to microrelief and visual appearance, which allows for an increase in the
level of aesthetic restorations. This will also contribute to improving the subjective perception of treatment results by patients
and improving the quality of services. Conclusions. Microtexture significantly increases the optical naturalness of restorations.
Excessive shine without relief contributes to the visual effect of artificiality. Textured restorations are better integrated both vi-
sually and tactilely, approaching the natural structure of the tooth. As a result, the client receives the desired visual and natural

result, which may affect the psychological satisfaction with the service received.
Key words: aesthetic dentistry, microtexture, tactile ceramics, ceramic restorations, optical integration.

roblem statement. In recent years, aesthetic

dentistry has increasingly focused not only on the
color matching of restorations, but also on creating
the most natural visual and tactile effect. With the
development of Digital Smile Design and CAD/CAM
technologies, the requirements for the integration of
restorations into the natural environment of the den-
tition, including optical and tactile surface character-
istics, have increased.

In this context, microtexture — the fine relief of
the enamel surface — takes on special importance. It
is it that determines the directions and nature of light
scattering, which provides the effect of optical depth,
natural shine and authentic play of light and shade.
In contrast, excessive glazed smoothness creates the
effect of a “plastic” tooth, which is negatively perceived
both visually and upon tactile contact.
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The relevance of the topic is due to the growing
demand for high-quality biomimetic restorations that
not only reproduce the anatomy of the tooth, but also
convey its natural texture. Despite the existing tech-
nical capabilities for creating microtextured surfac-
es, the tendency towards hyperesthetic shine, which
contradicts the principles of optical integration, still
prevails in clinical practice.

Unresolved questions remain regarding the objec-
tive criteria that should be used to define “sufficient”
microtexture; the possibility of developing standard-
ized digital texturing protocols; and the impact of mi-
crotexture on the long-term stability of restorations
in the oral cavity.

The purpose of the research (research objec-
tive) is to establish the role of microtexture as a key
aesthetic and functional factor in shaping the optical

Copyright © The Author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution License 4.0 (https://creativecommons.org /licenses /by /4.0/)
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naturalness and tactile authenticity of ceramic res-
torations in the anterior region, taking into account
modern digital manufacturing technologies and clin-
ical practice.

Materials and methods. The study is based on
a qualitative analysis of clinical cases from practice,
in which ceramic restorations with different degrees of
surface microtexture were used. Digital photographs
before and after polishing were used for visualization,
as well as examples of different texturing protocols. In
addition, an analysis of literature sources (2020-2024)
was conducted, which highlight the optical properties
of microtextures, their clinical significance and role in
the formation of a natural effect.

A detailed analysis of modern scientific sources for
2020-2024 was conducted, highlighting the optical
properties of microtextures, their clinical significance,
impact on the long-term stability of restorations, as
well as methods of digital texture reproduction in
CAD/CAM systems. The studied publications made
it possible to substantiate the feasibility of using mi-
crotexture to achieve a biomimetic effect and improve
the quality of restorations in the frontal region of the
dentition.

The research methods also included: comparative
analysis of clinical photographs, subjective survey of
patients on the tactile perception of restorations, as
well as analysis of light scattering with different op-
tions for surface finishing. The main attention was
paid to assessing the relationship between the degree
of microtexture and the visual effect of depth, harmo-
nization with the enamel of neighboring teeth.

Results and discussion. The results of the anal-
ysis of clinical photographs and subjective patient sur-
veys indicate that the microtexture of ceramic resto-
rations has a decisive influence on their aesthetic and
tactile perception. The clinical examples presented in
the photographs demonstrate the differences between
restorations with a smooth glazed surface and those
where a microtexture similar to natural enamel has
been preserved or created.

The photographs (Figs. 1-3) clearly show that the
microtextured restorations exhibit more complex light
scattering, giving the surface an effect of depth and
natural play of shadows. This contrasts with the fully
glazed versions (Fig. 4), where the surface appears
“flat”, with excessive specular shine. Such a surface
appears less lively, especially when the lighting chang-
es or at different viewing angles.

In a subjective patient survey (n = 15) conducted
after placement of the restorations, 87% of respondents
indicated that textured restorations felt more “natural”
when touched with the tongue. The main complaints
with smooth restorations included: foreign body sensa-
tion, unnatural shine, and unpleasant sliding during
chewing or speaking.

Additionally, the effect of different treatment
protocols on the aesthetic outcome was analyzed. In

Fig. 1. Example of a microtextured restoration:
complex light scattering and depth effect

Fig. 2. Variant of ceramic restoration with pronounced
microrelief on the front teeth

Fig. 3. Restoration with natural relief and adaptation
to neighboring teeth

Fig. 4. Fully glazed restoration with a “plastic” shine effect
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particular, restorations that underwent final polish-
ing without re-glazing had better optical integration
with the adjacent teeth. They did not create a harsh
shine under frontal illumination, which is especially
important in the anterior aesthetic zone.

The visual results are also confirmed by clinical
photographs (Fig. 5), which show how the microtexture
promotes shade blending between the restoration and

Fig. 5. Fusion of the restoration with natural enamel
when lighting changes

Fig. 6. Restoration on a dark background: assessment of
transparency and light transmission

Fig. 7. Restoration on a light background: color stability

and texture preservation
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natural enamel. In daylight and artificial lighting,
the reflectivity of the microtextured surface adapts to
changing conditions, creating a “living” tooth effect.

Particular attention was paid to the distribution
of light on different backgrounds. When restorations
are placed on dark (e.g., tongue, mandible) and light
backgrounds (native teeth), smooth restorations lose
significantly their transparency, while textured res-
torations demonstrate a stable optical appearance
(Fig. 6-7). This confirms the ability of microtex-
ture to preserve color depth and reduce the “show-
through” effect.

Literature data have shown that modern digital
technologies allow modeling individual surface tex-
ture even at the design stage in CAD / CAM systems.
However, practice shows that the final result largely
depends on the manual work of the dentist and techni-
cian. The highest quality is achieved with a combined
approach: preliminary modeling of the texture in soft-
ware with subsequent individual refinement and gloss
control at the final polishing stage [1-10].

The analysis of modern scientific literature supple-
mented the clinical results of the study and allowed to
deepen the understanding of the role of microtexture
in restorative dentistry. In recent years, there has been
a steady trend towards rethinking traditional criteria
of aesthetics: if previously the main sign of high-qual-
ity restoration was considered shine, now the empha-
sis is shifting to naturalness and harmonious optical
fusion with the patient’s enamel [1-10].

Ahmad Al-Hassiny (2025) proved that the smooth,
glossy surface of ceramics, despite the aesthetic effect
in static lighting, does not provide the natural behav-
ior of light in dynamics. The work emphasizes that it
is the microtexture that allows the enamel surface to
function as a complex optical structure, creating depth,
variability and diffuse reflection [1].

Mohamed Ali (2025) prospectively enrolled over
120 patients and compared the impressions of two
types of restorations — with and without microtex-
ture. The majority of respondents (over 75%) indicated
an aesthetic advantage of the textured options. The
researchers also emphasized the importance of repro-
ducing natural enamel topography to increase patient
satisfaction [2].

Alfredo Meyer Filho et al. (2009) studied the long-
term properties of textured and glazed restorations.
Their data showed that the glazed surface loses its
gloss faster and becomes more susceptible to scratches,
while the microtexture remains resistant to microdam-
age and staining. This supports the clinical conclusions
that the creation of textured relief is appropriate even
in the long term [3].

Susic I., Travar M. and Susic M (2016) focused on
the digital aspect: they showed that the latest genera-
tion CAD/CAM systems are able not only to reproduce
color and translucency, but also to accurately model in-
dividual microtexture based on scans of healthy teeth.
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This opens the prospect of automated texturing based
on a clinical patient database. [4].

Thus, a generalized analysis of the literature con-
firms: microtexture is not only an element of aesthet-
ics, but also a full-fledged functional factor that affects
the durability of restorations, patient satisfaction and

Thus, the results obtained demonstrate the advan-
tages of microtextured restorations not only from the
point of view of aesthetics, but also from the point of
view of patient comfort and long-term clinical effect.

Conclusions:

1. Microtexture is a key factor in the optical natu-

ralness of ceramic restorations.

2. Excessive shine without structure reduces the
aesthetic quality of the restoration.

3. The tactile perception of microtextured resto-
rations is close to the feel of a natural tooth.

clinical effectiveness. Despite this, the standards for
assessing texture in clinical practice remain non-uni-
fied. This creates the basis for further research to
create digital scales for assessing microtexture and
develop appropriate clinical protocols.

JOIJATKOBA IHOOPMAIIA
DOIHAHCYBAHHSA: AsTopu He oTpuMyBau (DiHAHCYBAHHA AJIA IIHOTO TOCTIIKeHHA.
3ASABA ITPO JOCTYIIHICTB JAHMX: He 3acToCOBYETHCA.
KOH®JIIKT IHTEPECIB: ABTopu 3asABJIAIOTE ITPO BifCYTHICTh KOHQJIKTY iHTEpECiB.
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AUCKYPCUBHA TA ®OPMATUBHA
IHOINLTPALIA 9K CTPATETS 30BHILLHbOIO
BIJINBY HA YKPAIHY

DISCURSIVE AND FORMATIVE
INFILTRATION AS A STRATEGY OF
EXTERNAL INFLUENCE ON UKRAINE

COLIIAZTbHI KOMYHIKALLIT

AHoOTauif. Y cy4yacHux yMoBax 2ibpugHoi aepecii iHpopmauiviHa 6esneka YKpaiHu CTUKAETbCS 3 IATEHTHUMM 302PO3amMu,
L0 CPSIMOBAHI HO TPAHCHOPMALLiI0 KORHITUBHOR0 T IHCTUTYLiHO20 PyHgameHTy cycninbCTBa. TpaguuiviHi MeTogu nponaaaH-
gy MOCTYNaloTbCs MicLemM CKAagHUM CTpaTeisiM iHPinbTpauii, siki iHTeepyioTbes B mybiyHMii gUCKYpC Ta YNpaBAiHCbKi MPaKTy-
KW. BigCyTHICTb CMCTEMHO020 TeOPETUYHO20 OCMUC/IEHHS MEXAHI3MIB gUCKYPCUBHOI Ta popMaTMBHOI iHGiNLTpaLii cTBOpIoE npo-
2AIMHM Y CTpaTezisiX 3axXMCTy IHPOPMALiFiHO20 CyBepeHITETY, Lo NoTpebye fPYHTOBHO20 HaYyKOBO20 AHANI3Y iIXHbOI B3AEMOG.

Meta. MeToto cTaTTi € TeOpeTUYHe 0OfPYHTYBAHHS T4 KOHLENTYaANi3avis eHoMeHIB gucKypCMBHOI Ta POPMATMBHOI iHPib-
Tpauii K IHCTPYMEHTIB 30BHILLHbO20 BM/MBY, BU3HAYEHHS IXHBOI poAi y TpaHcopmaLlii cMUcioBux CTPYKTYp CycrinbCTBa Td
po3pobka Mogeni ixHboi cuHepaeTUYHoI B3AEMOGii B yMOBaX 2i6pUgHOI BiiHN.

Martepianu i meTogn. Matepianamu gocigxeHHs €: 1) akagemiyuHi npavi BITuM3HsIHUX Ta 3apybikHUX HayKoBLiB y cdepi cTpa-
Te2iYHUX KOMYHIKALi¥i, KOSHITUBICTKM TA KPUTUYHOR0 QUCKYPC-GHANIZY; 2) GHANITWYHI 3BiTW LIOGO iHPOpMaLiviHMX onepavivi
(«Doppelgéinger» ToLLo). Y npoveci gocnigkeHHs! BUKOPUCTAHO MeTogu: TeopeTUYHO20 y3d2a/IbHeHHS! Ta KOHLenTyani3auii (gs ge-
iHiLii TOHATD iHGINLTPALT); cucTeMHWI MigXig (/151 BUSIBIEHHSI PIBHIB BIMBY); CTPYKTYPHO-(YHKLIOHAIbHWI aHAni3 (gns nobygosm
MOge/li CaMOBIgTBOPeHHs! BIVINBY); MOPIBHSIbHUI GHAI3 (G151 CUCTeMaTH3aLii XapakTepucTK guckypcuBHOI Ta opmMatBHOI opm).

Pe3ynbTaTi. 3gificHeHo KOHLUENTyani3awito guckypcrBHOI Ta popmaTuBHoI iHpinbTpavii sk bazaTopiBHeBOI cMCTemMu 30BHiILL-
HbO20 BIMMBY. BU3HAYEHO, IO gUCKYPCUBHA iHPILTPALiS 3MIHIOE IHTeprpeTavifiHi paMku peaibHOCTI, @ PopMaTMBHA — 3a-
KPIinItoe Ui 3MiHM Ha PiBHI iHCTUTYLIIFIHUX HOPM Ta OCBITHIX CTAHGAPTiB. Po3pobaieHo Ta Bi3yani30BaHO MOgeb B3AEMOGIi piBHIB
BrAMBY (KOHITUBHO20, KOMYHIKATMBHOR0, IHCTUTYLiFIHO20), Lo popMye camonigTpumyBaHuii Lmka TpaHcopmadii cycninb-
cTBa. ObfPYHTOBAHO HEOOXIgHICTb Nepexogy Big peakTUBHOI go MPOAaKTMBHOI Mogeni iHpopmauiviHoi 6eaneku yepes 3MiLHEHHS
KO2HITUBHOI CTIFIKOCTi TA iIHCTUTYLiiIHOI ABTOHOMI.

MepcnexTvey. [loganblui goCigxKeHHs MPONOHYETHCS 30CepeguTi Ha po3podLi MPUKAAGHUX IHGUKATOPIB BUSIBIEHHS 1a-
TeHTHOI iHINLTPALii B OCBITHIX MPO2pamMax Ta eKCnepTHUX gUCKYPCax, a TAKOX HA CTBOPEHHi MeToguK ayguTy KO2HITMBHOI
be3rekun gepxaBHUX iIHCTUTYLIVA.

Knioyosi cnoBa: 2ibpngHa BisiHa, iHPopMaLiiHMii BB, gUCKYPCMBHA iHQIIbTpaLis, popmMaTuBHA iHPiAbTpaLis, cTpate-
2IYHI KOMYHIKaLii, HAPATUBM, KORHITUBHA CTINKICTb.

Summary. In the context of hybrid aggression, Ukraine’s information security faces latent threats aimed at transforming the
cognitive and institutional foundations of society. Discursive and formative infiltration strategies integrate into public discourse
and governance, bypassing traditional defense mechanisms. The lack of a systematic theoretical understanding of these mech-
anisms creates gaps in national sovereignty protection, requiring a thorough scientific analysis of their interaction.

@ ® Copyright © The Author(s). This is an open access article distributed under the terms of the
P~ Creative Commons Attribution License 4.0 (https://creativecommons.org /licenses /by /4.0/)
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Purpose. The purpose of the article is the theoretical substantiation and conceptualization of discursive and formative in-
filtration as instruments of external influence, defining their role in transforming society’s semantic structures and developing
a model of their synergetic interaction.

Materials and Methods. The research materials include: 1) academic works on strategic communications, cognitive science,
and critical discourse analysis; 2) analytical reports on information operations. The methods used include: theoretical gener-
alization and conceptualization; systematic approach (to identify levels of influence); structural-functional analysis (to build
a self-reproduction model of influence); and comparative analysis.

Results. The article conceptualizes discursive and formative infiltration as a multi-level system of external influence. Dis-
cursive infiltration reshapes interpretive frameworks of reality, while formative infiltration consolidates these changes through
institutional norms and educational standards. A model of interaction between cognitive, communicative, and institutional lev-
els is developed and visualized. The necessity of transitioning to a proactive information security model through strengthening
cognitive resilience and institutional autonomy is substantiated.

Discussion. Future research should focus on developing applied indicators for detecting latent infiltration in educational
programs and expert discourses, as well as creating methodologies for auditing the cognitive security of state institutions.
Key words: hybrid warfare, information influence, discursive infiltration, formative infiltration, strategic communications,

narratives, cognitive resilience.

I'Ioc'ranomca npo6iemu. Y XXI cromitTi iHpopMa-
IHWUHN TPOCTiP NEPETBOPUBCA HA OJIUH i3 KITIOUO-
BUX BUMipiB I71002JI6HOT0 I€OIIOJIITHYHOTO IIPOTUCTOAH-
HA. Y 1IBOMY CEepeIoBUIIli 60p0oTE0a BeIeThCA He JIUIIe
3a TEPUTOPIl, pecypcy Y1 BifiCHKOBO-TIOJIITUYHUM BILIUB,
a TIepeayciM 3a CMUCJIIN, IHTePIIpeTAallii IO/Iiil Ta CTPYK-
TypHu 3HAHHSA, AKI (POPMYIOTH CYCITIJIbHE COPUMHATTA
peanbHocTti. Came Tomy imdopmariiiiaa cdepa megasi
Oipiire HAOyBae CTPATETIUHOTO 3HAYEHHSA SK CKJIa]0Ba
HaIllOHAJIbHOI 0e3IIeKH IepiKaB.

¥ 11bOMy KOHTEKCTI YKpaiHa ONMMHWIACA B eITilleH-
Tpi MacmrabHol riopugHoi arpecii 3 60ky Pociticbkoi
Depepariii, o moeaHye 30pOiiHI il 3 KOMILIEKCOM He-
BOEHHUX 1HCTpYMeHTIB BIiuBy. [lopsan i3 mpamoro Biii-
CHKOBOIO CUJIOI0 3aCTOCOBYIOTHCA MexXaHiaMu iHhopMa-
MIHHUX OIlepalliii, KyJbTYPHOTO BILIUBY, MAHIITYJIAIII1
1CTOPMYHOI HaM ATTIO Ta TpaHchopMarlil Iy0IiaHoro
nuckypcy. OcobImBy poJib y IIbOMY IIpoLieci Bimirpa-
0Th JIATeHTHI iH(IIBTpaIliiiii cTparerii, copAMoOBaHi
Ha IIOCTYIIOBY 3MiHY CMUCJIOBUX PaMOK CYCIIJIBHOTO
MUCJIEHHA Ta IHCTUTYI[IHHUX ITPAKTUK.

OgHUMU 3 TAKUX CTPATETIN BUCTYIIAKTD TUCKYP-
cuBHA Ta (hopMaTUBHA iHDIIBTpAIliA, AKI B yMOBax
ribpuaHOI BIHHM MOMXKYTH JIATU AK B32€MOOIIOBHIO-
BaJIbHI MeXaHi3MM 30BHIIIHBOTO BIiuBy. Ha BimMmiHy
Bif Tpamumiiinux ¢opm iHdgopmariiiinoi arpecii — ta-
KHUX AK IIpolarasna, qesingopmariisa uu (eiikoBi HOBU-
HU — iHQiIBTpAIliiiHi cTpaTerii MalTh OLTBIIT CKITATHUH
i TpuBasIHii XapaKTep. IXHA i CIIpAMOBaHA He CTiIBKI
Ha MUTTEBE IIEPeKOHAHHA ayqUTOpii, CKLIIBKY Ha IOCTY-
oBe TpaHCc(POPMYBaAHHA CUCTEMU CMUCIIIB, IIHHOCTEH
Ta MOMeJIeH COIllaJIbHOI IIOBEIIHKN.

¥ Mekax [bOro JOCIiIPKeHHA TUCKYPCUBHA 1H(ITB-
Tpallid po3TIANAEThCA AK CUCTEMHUII TIPOIIEC BIPOBA-
[GKEeHHSA Y CYCHUTBHO-TIOIITUIHUMN UCKYPC ieosioreM,
HapaTUBIiB, KaTeropiii, MEMiB Ta KOHIIEITIB, 110 (op-
MYIOTBCS 200 MATPUMYIOThCA 30BHIIITHIMU Cy0 eKTaMu
BryiuBy. Takuii mpoliec cCIpAMOBaHUI He JIMIIE HA I10-
HIMpeHHs ae3iHpopMalrii Yu mporaraiay, a meperyciMm
Ha II0CTYIIOBY TpaHcgopMaIliro 6a30BUX iIHTepIIpeTaIiil

COITIAJIbHOI Ta MOJIITUYHOI peaibHOCTI. Peasisarrisa miel
crparerii Bi0yBaeTbcs yepes Me[Iia, OCBITHE cepejoBU-
e, KyJIbTYPHI IPOAYKTH, IIOJIITUIHY PUTOPHUKY, & Ta-
KOK IHCTUTYTH BUPOOHUIITBA 3HAHHA.

Bopuouac dopmaruBHa iHDIIBTPALIA TPOABIIAETD-
cf y IPOHUKHEHHI 30BHINTHIX YCTAHOBOK Y IPAKTUIHI
peryaaTuBHI MexaHidMu (QYHKIIOHYBaHHA CYCIIiJIb-
cTBa Ta mep:kaBu. [lepemycim 11e cTocyeThCs OCBITHBOL
CHCTEeMH, KaIPOBUX MTPAKTUK, TPOIIEyP OI[iHIOBAHHS,
CTAHAPTIB ITiAr0TOBKM (PAxiBIlIB 1 YIIPABIIHCHKHX IIPO-
1eciB. Y pesyJibTaTi Bii0yBa€ThCA IHCTUTYITIOHATI3AIliA
BIJIOBITHUX HOPM 1 MOfIeJIell TIOBEIiHKU, AKi TIOCTYIIOBO
3aKPIIUIIOITHCA K 3BUYHI Ta HOPMATUBHI OPMU MUC-
JIEHHS, YITPABJIIHHA 1 COI[iaJIbHOT B3a€MO/TI1.

YIIpoI0BIK TPUBAJIOTO POCIHCHKOT0 1IH(OPMAITIITHOTO
HACTYIIy 00MIBa 3a3HAYEH] MEeXaHi3MU (PYHKITIOHYIOTh
CUHXPOHHO SK CKJIAI0BI KOMILJIEKCHOI CTPATETi1 BILIUBY
HA KOTHITUBHUI MTPOCTIP YKPATHCHKOTO CYCITiJIbCTBA.
Ixniit BIMB cipAMoBaHUit He MIIe HA GOPMYBAHHA
30BHIIIIHBOTO 06pasy YKpaiHu y MizKHAPOIHOMY iH(DOP-
MAaIiffHOMY CepeIoBUIIi, ajie i Ha TpaHcdopMAaIlio
BHYTPIITHBOT0 CAMOCIPUMHATTA YKPATHCHKOT'O CYCITiThb-
CTBa — Yepes 3MiHy KOJIEKTUBHOI ITaM ATi, €pO3ito ITiH-
HICHUX OPi€HTHPIB Ta I0CJIabJeHHA 1HCTUTYI[IHHOL
CTIAKOCTI JIepKaBMU.

Taxum YuHOM, TOCITIFKEHHA IUCKYPCUBHOI Ta dop-
MAaTHUBHOI iHQiIbTpalii Ha0yBae 0Co0IMBOI AKTYAIBHOCTL
B YMOBAaX TPUBAKOUOi TIOPUIHOI arpecii, OCKJIBKY 03BO-
Jisie BUSABUTU NNIMOWHHI MEXaHi3MU BIUIUBY, CIIPAMOBAHI1
Ha IiApuB iH(OPMAITiHOI0 CyBepeHiTeTy Ta TpaHcdop-
MAIIi}0 CMUCJIOBOTO M0JIA HAIlIOHAJIBHOTO PO3BUTKY.

Amnasni3 ocTaHHIX JOCJIIIKEeHb 1 mMyO/TiKaImii.
IIpo6memaruka iH(popMaIliiHOTO BILIUBY, IIPOIIaTaH I
Ta MAHIITYJIALI] CYCITLTBHOIO CBIIOMICTIO IIPpUBEPTAJIA
yBary 6araTboX JOCTITHUKIB Y TaJIy3SX MOJIITUYHOI Hay-
KH, COL[I0JIOTIT, KOMYHIKAI[IMHNUX CTYHii Ta iHdopMariiii-
HOI 0e3IIekn. SHAYHUI BHECOK Y JOCIIIHKeHHA MeXaHi3-
MiB iH(OpMAIiHOI BifiHH, CTPATErTUHNX KOMYHIKAITiH
Ta ribpuaHUX KOHQIIIKTIB 3po0min AK 3apyOisKHI, Tak
1 yKpaiHChKI HaykoBI [1-4].
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Y cyuacHiii HayKOBili JIiTepaTypi aKTUBHO JOCJIiII-
JKYI0TbCA (heHOMEHHU IpomaraHan, aesindopmarrii, iH-
(hopMaLiiHKX oIlepariii, KOrHITUBHOI BIiiHU Ta cTpare-
riuHoro HaparuBHoro BriuBy [5—7]. 3Hauna yacruHa
IOCJTiI;KeHb IPUCBAYEHA aHAJTIZY PoJIi Mefia y hopmy-
BaHHI MOJIITUYHNUX CMHUCJIIB, & TAKOXK BILIUBY iH(pOpMa-
MIRHUX TEeXHOJIOTiH Ha TpaHCHOpPMAIlilo MOJIITHUHOL
KOMYHIKaIlii B yMoBax mugposoro cycmijibersa [8—10].
3okpeMma. MexaHisM MaHIYJIALl Yyepes COIliaJIbHL
MepexKi Ta BUKOPUCTAHHA «Meia-KJIOHIB» JIeTaJIbHO
OIIMCAHI B IIpAIlAX cydyacHuxX aHamTukis [5; 10; 11].

BopHouac y HaykoBOMYy OUCKYpCi Aemalii yacTi-
IIle TIOPYIIYETbCA IMUTAHHA PO TVIMOWHHI MeXaHis-
MU IHCTUTYLIHHOTO Ta KOTHITUBHOT'O ITPOHUKHEHHS,
AKI BUXOOATH 32 MEKI TpagUIliiHUX iHQOpMAaIlifiHO-
MIPOITATaHANUCTCHKUX MPAKTHK. ¥ IIOMY KOHTEKCTI [I0-
CITITHUKN 3BEPTAIOTH YBATY Ha TIPOLIECH JOBTOTPUBAJIOL
TpaHcdopMarlii CMUCI0BUX CTPYKTYP CYCITIJIBCTBA, 1110
Big0yBalOThLCA Uepes OCBITHI CCTeMHU, KyJIBTYPHI IpaK-
THUKH, aKaeMiuHi cepeloBUINa Ta iHCTUTYTH (OpMYy-
BaHHA 3HaHHA [2; 12-14]. TeopeTnyHe MiArpyHTA OJIA
PO3YyMiHHA QUCKYPCY AK IHCTPYMEHTY BILUIUBY Ta KOH-
CTPYIOBAHHA PeajbHOCTI 3aKIafgeHo y mpar#ax [14—16].

Pazom i3 TuMm y HayKoBii JsriTeparypi HemocTar-
HBO CHCTEMHO IOCJTiFKeHI MeXaHi3MHU IUCKYPCUBHOI
Ta ¢GopMaTUBHOI 1H(LIBTPAIlil AK OKpeMux Gopm 30-
BHIIITHBOI'0 BILIMUBY, II0 (PyHKI[IOHYIOTh HA II€PETHHI
iH(opMAaIIiiiHOI, KyJIETYPHOI Ta iIHCTUTYIIiHOI cdep.
BisbimicTs pobiT 30cepemKy0ThHCA TePeBAYKHO Ha (DeHO-
MeHi Imporarasay abo AesiHdopmMariii, Toi AK IPOIecH
JOBrOTPUBAJIOTO IIPOHUKHEHHA Y CTPYKTYPHU CYCITLIIBLHO-
r'0 JUCKYPCY Ta YIPABIIIHCHKUX MTPAKTUK 3aJIUIIAITHCA
(parmenTapHo BucBiTieHuMH [3; 15-18].

Ile symoBITI0€ HEOOXIAHICTD ITOIAIBIIION0 TEOPETUY-
HOTO OCMUCJIEHHA 3a3HAUYEHUX ABUIIL TA X CUCTEMHOTO
aHaJII3y B KOHTEKCTi Cy4acHUX IOpUIHUX KOHQJIIKTIB
1 BUKJIUKIB iH(opMallitinii 6esmerli qepxas.

MeTo1o crarTi € TeopeTuuHe OOIPYHTYBaHHA
Ta KOHIIENTYyaTi3aIlisa (e HOMEeHIB IUCKYyPCHUBHOI Ta ¢op-
MaTUBHOI 1H(IIBTPAIll AK IHCTPYMEHTIB 30BHIIITHHOTO
BILJIMBY HA CYCITUTLHO-TIOTITUYHUHN TUCKYPC Ta IHCTUTY-
IifHI TPaKTUKA JepKaBy, a TAKOXK BUSHAYEHHA IX pOJIi
y TpaHcpopMaIrlii CMUCJI0BUX CTPYKTYP CYCHLIbCTBA
B yMOBax Ti6puOHOI BiliHH.

Jsis mocATHEHHS ITOCTABJIEHOT MeTH TTependauaeThes
BUPIIIEHHA TAKUX 3aBIaHb:

— YTOYHUTH 3MICT i CyTHICHI XapaKTePUCTUKU ITOHATTA
IUCKYPCUBHOI iH(LIBTpALLii;

— po3KpuTHU 0cob6aIMBOCTI hOpMATUBHOI 1HPIIBTPALi
AK MeXaHi3My IHCTUTYIIHOTO ITPOHUKHEHHS;

— BU3HAYUTU B3a€MO3B’A30K MK KOTHITUBHUMU, 1H-
opmariiHuMu Ta IHCTUTYIIIHHUME ACTIEKTaAMU 30-
BHINTHBOTO BILJIUBY;

— IIpoaHaJTIByBaTH POJIb 3a3HAYEHUX MIPOIIECIB Y TPaH-
chopmartiii CyCIriIbHO-TIOITHYHOTO JUCKYPCY Ta CHC-
TeMHU IIy6JIiTHOr0 YIIPaBIIiHHA.

Marepianu i MeTomgu. MarepiagaMu qOCTiKeHHSA
e: 1) akajgeMiuHi mpamni BITYNSHAHUX Ta 3apyOiKHUX
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HAYKOBI[IB y c(epi cTpaTreriyHux KOMYHIKaIliii, Kor-
HITUBICTUKA Ta KPUTHUYHOTO AUCKYpC-aHAJi3Yy;
2) aHAIITUYHI 3BITH 1I0H0 iH(OPMALIMHUX OIlepalii
(«Doppelgénger» Toro).

Y mporieci AOCITiKeHHA BUKOPUCTAHO HACTYIHUMN
MEeTOIOJIOTIUHUH 1HCTPYMEHTAPI: METO] TeOPETIYHOTO
y3araJbHEHHS Ta TPYIIyBaHHA — IJIA YTOUHEHHSA 3MICTY
MOHATH «IUCKYpPCUBHA 1HQDiIbTpallifg» Ta «hopMaTuB-
Ha 1H(LIBTPALig»; CHCTeMHUN MiaXia — OJId aHaJlsy
B3a€MO3B’'A3KY MIK KOTHITHBHUM, KOMYHIKaTHBHUM
Ta 1HCTUTYLIHHUM PiBHAMU BILINBY; CTPYKTYPHO-
(byHKITIOHATBHUE aHai3 Ta MeTOol (popMaJrizarii —
JIJ1s PO3POOKU iepapXiuHOI MO CaMOBIITBOPEHHSA
iH(QiTBTpamiiHUX MPOIlECiB; MOPIBHAJIBHUN aHAJi3 —
JUIA CHCTeMAaTHU3allil BIqMiHHOCTEH MixK hopMaMu iH-
(histeTparrii 3a KpUTEPIAMU METH, iIHCTPYMEHTIB Ta KiH-
11eBOro edexTy.

Bukjiag 0CHOBHOIO MaTepiajLy qOC/IiIKeHH.
¥ cyuacHUX yMOBax IiOpPHUIHOTO HIPOTHUCTOAHHA 1H(OP-
MalIiiHU# BILIUB JeaJIl uacTiine Ha0yBae JJAaTeHTHUX
i goBroTpuBanx GopM, CIIPAMOBAHUX Ha 3MIiHY KO-
HITUBHUX CTPYKTYp cycminbera. Ha BinMiHy Bif Tpa-
OULIHOI mpomarasau, 0 Mae IepeBaskHO KOPOTKO-
CTPOKOBUIT KOMYHIKaTUBHUN edeKT, iH(iabpTpaliiiai
MeXaHi3MU Jif0Th Yyepes IMOCTyIToBe (POPMYyBaHHA HOBUX
CMUCJIOBUX PaAMOK, AKi BU3HAYAIOTH 1HTEPIPETAIIiI0
COITIAJIBHUX 1 MOJITUYHUX HPOIIECIB.

OngHUM i3 KJIIOUOBHUX iHCTPYMEHTIB TAKOT0 BILIHUBY
BHUCTYIIa€ AUCKYPCUBHA 1HMLIBTPAITISA, 1110 PEATIZyETHCA
Jepes cUCTeMaTUYHe BIPOBAXKeHHA IIEBHUX 11€0J10-
reM, HapaTUBIiB Ta KOHLEITIB y IIyOJIYHUI IIPOCTIp.
Ii edbexTuBHiCTH 3yMOBIeHa THM, 10 TpaHChOPMAIlia
IVICKypCY Bii0yBaeThCcA He Uepes IIPAMUI npuMyc abo
BiIKpUTE HAB'A3YBAHHA II03UIIIH, a Yepes MOCTYIIOBY
3MIHY CMUCJIOBUX KOOPAWHAT CYCHLIbHOI KOMYHIKAITil
[4, c. 43].

Y pesysbrari Bii0yBaeThCA MEPEOCMUCTIEHHA 6a30-
BUX KATEropiii MOJITHYHOIO TA COIIaJIBHOTO KUTTA, 110
BILJINBaE Ha (OPMYBAHHS IPOMACHKOL JYMKHU, IIOJIi-
THUYHUX PillleHb Ta IHCTUTYIIHHUX TPAKTUK IePIKABU.

Y 1IbOMY KOHTEKCT1 BayKJIMBO MiAKPECIUTH, II10 JUC-
KypcuBHA iHGLIbTPAIA QYHKI[IOHYE He JIuile AK 1H-
CTPYMEHT KOMYHIKATUBHOTO BILJIUBY, a AK MEXaHi3M
HOPMOTBOPEHHSA, AKUII BU3HAUAE MEKI JOTYCTUMOTO
MUCJIEHHA Ta IIyOJIiYHOr0 BHUCJIOBIIOBAHHA. BoHa (op-
Mye Tak 3BaHi «KOTHITUBHI paMKN», y MEXKaxX AKUX iH-
TEPIPETYITLCA TI0/Iil, ABUINA TA MOJITUYHI TPOIECH.
Ax sasHauvaeTsCcA y IMpalAax IIPeICcTABHUKIB KPUTHY-
HOTO IUCKypc-aHasidy, 3okpema H. ®@eprnay [14], T.
BaH [eiika [15] Ta P. Bomax [16], nuckypc Buctynae
He JInle BimoOpaskeHHAM COITiaJIbHOI peaJibHOCTI, a ¥
1HCTPYMEHTOM i1 KOHCTPYIOBaHHAA.

3 omiAmy Ha Ife, JUCKYPCUBHA 1HQIIBTPAIA MOXKe
PO3TIIAIATHCS AK IIPOIfeC HaB A3yBAHHSA aJIbTePHATHB-
HUX MOJeJIel iHTeprpeTallil peaJibHOCTI, 10 TTOCTYIIOBO
BUTICHAIOTH HAIIIOHAJIBHO OPI€HTOBAHI CMUCJIOBI KOH-
crpykiii. Takuii BIJITUB 3OilICHIOETHCA Uepes ITOBTO-
PIOBaHICTb HAPATHUBIB, iX IHCTUTYIIMHY JIETITUMAIIII0



// International scientific journal «Internauka» // N2 4 (183), 2026

// ISSN 2520-2057 (print), ISSN 2520-2065 (online) /

// Social communications //

Ta IHTerpaIliio B pisHi chepu CyCIILHOTO JKUTTA — Biff
Me[ia 10 aKageMiuHOr0 cepeoBUIIA.

Bontouac eexrrBHICTD MUCKyPCUBHOI iH(DiIBTPAITIT
3HAYHOIO MipPOI0 TIOCHITIOETHCA 11 TTIOEMHAHHAM 13 (hopMa-
TUBHOIO iH(IBTpaIi€io, Axka 3adesneuye 3aKpinIeHHA
BIZIIOBITHUX CMUCJIOBUX YCTAHOBOK Ha PiBHI IIPAKTUK,
MPOITEAYP 1 coriabHuX HOPM. SIKIT0 AUCKypC BU3HAUAE,
SAK MUCJUTH, TO (POPMATUBHI MeXaHi3MHU BILJIUBAIOTH
Ha Te, AK IATU BiIIIOBITHO [0 [TUX YABJIEHD.

dopmarrBHA 1HPLILETPALIA peasi3yeTbcA yepes iH-
CTUTYITIMHI KaHAIU, 1[0 MAIOTh JOBIOTPUBAJIUII BILJINB
Ha IIPOLIECU COIliasIi3alrii. Mnersea HacaMIlepes mpo
CUCTEMY OCBITH, IIPO(eECiiiHy IIiArOTOBKY, KAIpPOBY II0-
JIITUKY, & TAKOXK IIPOLIEAyPH OI[IHIOBAHHA Ta CTAHIap-
TU3aIlii 3BHAHb. ¥ I[LOMY CEHCI BOHA Mae KyMYJIATUBHUL
Xapakrep: 11 pe3yJIbTaTy IIPOABJIAITHCA II0CTYII0BO, ajle
€ BHAYHO CTIAKIIIINMU TTOPiBHAHO 3 KOPOTKOCTPOKOBUMU
iH(opMAaIiiHUMY BILIUBAMIU.

3 IO3UIIl COLIOJIOril 3HAHHA Ta KOTHITUBHUX JI0-
CJTIPKeHb, (hoopMaTUBHA iHQLIBTPAIlA MOKe OyTH iH-
TepIrpeToBaHa SK IIPOIieC «BOYJOBYBAHHA» 30BHIIITHIX
CMUCJIIB Y CTPYKTYPH ITOBCAKAEHHOT0 MUCJIEHHA Ta IIPO-
(eciiiroi miAmpHOCTI. BoHA cTBOpIOE TTEpeayMOBHU IJIA
TOro0, 00 IHAWBIAU BiATBOPIOBAJIN 3aJIaHi MOJIEJIi T10-
BEOIHKH 6€e3 IIPAMOro 30BHINIHBOTO TUCKY, CHPUHAMAIOUN
iX AK mpupomHi a60 HOpMAaTUBHI.

Oco61MBOI AKTYaJIBHOCTI Ik IIporec Ha0yBae B yMo-
Bax riOpUaHOI BIMHU, e KJIIOYOBUM 00 €KTOM BILIUBY
BHUCTYTIA€ He JIUIle 1HQOPMAITIHHUIN IPOCTIP AK TAKUIH,
a ¥ KOorHiTUBHA cdepa CycCIiabeTBa. ¥ BOMY BUMIpi
BaKJINBUM € MOHATTA «KOTHITHBHOI MPOHUKHOCTI»
(cognitive penetrability), sarpononoBane 3. ITuiu-
mmauM [18, ¢. 163], sike omucye 3MATHICTH 30BHIIITHIX
(haxTopiB BrimBaTH HA 0a30Bi ITPOIECH CIPUNHATTA
Ta iHTepIIpeTarii ingopmMarrii.

3acrocyBaHHA IBOTO MIAXOIY M03BOJIAE TIIUOIIIE 3PO-
3yMITH MeXaHidMu iH(IIbTPAIiHOT0 BIIUBY, OCKLIBKN
HUIeThCA He JIUIIE TIPO 3MIiHY 3MiCTy MOBiIOMJIEHE, & TTPO
TpaHchOpPMAIliI0 caMUX HPUHIIUIIIB iX 0OCMUCJIEHHS.
Taxum YMHOM, B0BHIIIHIM aKTOP OTPUMYE MOKJIUBICTD
BILJIMBATHU HA MIPOIeC IPUHHATTA PillleHb 0II0CEPETKO-
BaHO — Yepe3 3MiHYy KOTHITUBHUX YCTAHOBOK 1 iHTep-
IpeTaIlifHIX CXEM.

Y OpaxTUYHOMY BHUMIpIi I1e TPOABJIAETHCA V TIOIIH-
peuHi cnerudiYHUX TEPMIiHIB, KaTeropiii Ta iHTepIpe-
TaIii, AKi IOCTYIIOBO CTAIOTh YACTUHOIO TTOBCAKIEHHO-
ro MOBJIEHHSA Ta eKcIIepTHOro nuckypcy. Hampuknan,
BUKOPUCTAHHA eBPeMIiCTUUHNX a60 PeJIATHBICTCHKUX
(opMyTrOBaHb 110710 36POMHOI arpecii CIrpusae PO3MHU-
BaHHIO YiTKUX YABJIEHB IIPO IPUPOAY KOHQIIIKTY Ta Bif-
HOBigaIbHICTE cTOpiH [21].

Taxkum yrHOM, B3a€MOIiA TUCKYPCUBHOI Ta dhopma-
THUBHOI 1H(LILTpAIil (hopMye IIIICHY CHCTEeMY BILIU-
By, III0 OXOILIIOE AK CHUMBOJIIUHUM, TAK 1 IHCTUTYITii-
HU piBHI QYyHKITIOHYBaHHA cycrisibeTBa. e mosBosise
po3IIAmaTH iX He AK 130JIb0OBaHI ABUINA, & AK B3a€MO-
MOB’A3aHI eJIeMeHTH eqUHOI cTparerii Tpancdopmariii
CMUCJIOBOTO ITPOCTOPY Ta COL[IAJIBHUX ITPAKTUK.

ITomanpimuii anasnis mepembdadae Po3TJIAI KOHKPET-
HUX (popM peasrisalrii 3asHaUeHUX CTpATEriil y cydac-
HOMY YKPAIHCHKOMY KOHTEKCTI, 30KpeMa y cdepi Meia,
TIOJTITUYHOI PUTOPUKH, OCBITHBOTO CEPEIOBUIINA Ta IH(-
POBUX KOMYHIKAIIMHUX MI1aT(OPM.

Ilepenycim ciim 3ocepeauTuca Ha MediliHOMY ce-
PenoBUIIi AK OTHOMY 3 KJIIOUOBUX KaHAJIIB peaJtidallii
auckypcuBHOI iHQiaprparrii. CydacHi mefia, 0co6IMBO
¢ poBi, BUKOHYIOTh He Jiniie (hyHKI0 mepemadi iH-
(dopmartii, ane i BUCTYNAOTh AKTUBHUMH areHTaMu
(hopMyBaHHS CMUCIOBUX CTPYKTYP. Bimmosigto o mif-
XOMIB COITI0JIOTIT KOMYHIiKaIlii, Memia (oopMyOTb pam-
KU CIPUMHATTA PeajbHOCTi, BUBHAYAIOUH, AKI MOMIl €
3HAUYIIUMU, K BOHU IHTEPIPETYIOTHCA Ta AKI OLIIHKU
BBAXKAIOTHCA JeritumunMu [9, ¢. 380].

Y 1bOMYy KOHTEKCTI OUCKYypPCHUBHA iHMIIbTpAaIia
MIPOABJIAETHCA Uepes CUCTeMaTUUYHe BIIPOBAKEHHA
neBHUX (ppeiimiB, MeTadop 1 HAPATUBIB, AKI ITIOCTYIIOBO
3MIHIOIOTH XapakTep CyCIILHOro auckypey. Ocobiiu-
BO e(peKTUBHUMMU € Ti CTpATETii, 110 MOETHYIOTD eJie-
MEHTH MpaBAUBOiL iH(pOpMAIlil 3 MAHINYJIATUBHUMEI
IHTEPITPEeTAI[iIMYU, CTBOPIOIOUN e(eKT TOCTOBIPHOCTI.
Ak mokagyroTh moctimkenHs [6, c. 5219], BukopucraHus
HAITIBIPABAU [I03BOJIAE YHUKHYTH IIPAMOIO CIIPOCTY-
BaHHA Ta MiJBUIILYE NOBIPY ayaIUTOPii 40 MOBIIOMJIEHD.

BasxiauBuM ejieMeHTOM OUCKYPCUBHOIL 1H(IIBTPALlii
€ TaKO0XK CTpaTeris HaIJIUIIKOBOI0 iH(OpMAaIiiHOro
BILTHBY, BimoMa Ak mopesib «firehose of falsehood» [7,
c. 12]. Ti cyrHicTs monArae y MacoBaHOMY IHOIIApPEH-
Hi BEJIMKOI KIJIbKOCTI B3a€MOCYIIEPEUIUBUX TTOBII0-
MJIeHb, 10 YCKJIQTHIOE IJIA ayIUTOPii mpoliec Bimbopy
mocToBipHOI iH(popMmartiii. ¥ pesysabrari GopMyeThCA
cTaH iH(popMaIiifHOI HEBUBHAYEHOCTI, AKUI 3HUIKYE
PiBeHB OOBipHU 10 OyIb-AKUX JXKEPEeJI Ta ITiIBUIILYE Bpas-
JIUBICTH JI0 MAHIITYJIAIIHA.

Oxpemoro aHaiisy motrpebye (peHOMeH KJIOHY-
BaHHA MediapecypciB, 30KpeMa B MexXaxX KaMIIaHil
«Doppelgianger» [5]. CTBopeHHA IICEBIOJIETITUMHNIX
miaTgopM, 110 IMITYIOTh BiloMi Mefia, J03BOJISE iH-
TerpyBaTu ne3iH(opMaIliiiii MoBIAOMIIEHHSA Y 3BUYHE
iH(dopMartiiiHe cepemoBuile KopuctyBadis. le mimcu-
J10€ e(peKT AUCKYypPCUBHOI 1H(QIIBTPAITil, OCKIJIBKU CIIO0-
TBOPEHI HAPATUBU CIIPUUMAIOTHCA AK YaCTUHA aBTO-
PUTETHOTO [IKepeJa.

ITopsan i3 Menia, BaIMBUM KaHAJIOM MOIINPEHHA
1HQIIBTPAIifHUX BIJIMBIB BUCTYITAE TIOJITHYHA PUTO-
puxka. IlosriTiuHe MOBJIEHHSA € IHCTPYMEHTOM He JIUIIIe
KOMYHIKAIIil, ajie i CHMBOJIIUHOI BJIQ/IH, 1[0 BUBHAYAE
paMkm Iy6iuHoro obroBopenHs [3, c. 240]. ¥V nsromy
CepeIoBUIIll IUCKYPCUBHA 1HQLILTPAIA peaTidyeThCcsa
Yepe3 BUKOPUCTAHHA TEPMIHOJIOTI], AKA 3MIHIOE aKIeH-
TH Y CIPUHAHATTI ITOJIITUYHUX ITPOIIECIB.

3oKpeMa, 3acTocyBaHHA eBeMisMiB abo pesIaTH-
BICTCBKMX KOHCTPYKIIiH («KOH(IIIKT» 3aMiCTh «BiliHa»,
«KpU3a» 3aMICTh «arpecis») CIpuse POSMUBAHHIO UiTKIX
YABJIEHB TIPO XapakTep mofiii [8, c. 69]. Iloxi6Hi MoBHI
TpaHcdopmMariii MalTh IOBrOTPUBAJINM €(PEKT, OCKLIBKN
BOHU BIUIMBAIOTH Ha (DOPMYBAHHA ITOJTITHYHOI TO3UIIiT
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TPOMAJAH Ta JIETITUMIZYIOTh IIEBHI CIleHapii pO3BUTKY
TIOTIA.

He MeHm Ba:kIvBUM € BILUIMB HA OCBITHIl Ta aka-
OeMIYHUH IIPOCTip, AKUU BUCTYIIA€ OCHOBHUM CEPeo-
BuieM gopmatusHOi iHGIbTpalii. OcBiTa BU3HaUae
He JIMIlle piBeHb 3HAHB, ajie ¥ CHUCTEeMY I[IHHOCTEN,
cmoco0u MUCJIEHHA Ta iHTepIIpeTaIliifHi MomeJTi, 1o
BUKOPUCTOBYIOTbCA 1HOAWBITAMM Y MOTAJBIIIN TiAIb-
HocTi [13, c. 188].

dopmaruBHa iHDIIETPALA Y i cdepl pearisyerb-
cA yepes3 3MiHy 3MICTy HaBUAJILHUX IIPOTpaM, BITPOBa-
IPKEeHHA aJbTePHATUBHUX 1CTOPUUHUX 1HTEPIIpeTaIli,
a TakoxK uepes TpaHc(OPMAIlii0 METOMOJIOTIUHUX TIifl-
XO[IB 10 BUKJIQJAHHA COIIOTYMaHITaAPHUX IUCITUATLIIH.
Ax sasHauvaerbea y mocmimxeHuax [12, c¢. 33], ocsiTHe
CEepemoBHIIE MOKe BUCTYIIATH KAHAJIOM JJOBTOTPUBAJIOTO
BIUTMBY HA CBITOIVIAM TPOMAJISH, 0COOIMBO B YMOBAaX HEJI0-
CTaATHBOT'O KOHTPOJTIO 33 3MICTOM HABYAJILHIX MaTepiaJTiB.

Kpim Toro, BaxKJINBY PoJib BiIirparTh MiKHAPOIHI
OCBITHI Ta HAYKOBI MporpaMu, fKi, 38 BiICyTHOCTi Ha-
JIESKHOI IHCTUTYIIMHOT (DLIBTPALIil, MOYKYTb CJIyTyBaTH
KaHaJIaMU TPAHCJIALN] 30BHINIHIX 1]€0JIOTIUHUX YCTaHO-
BOK. ¥ IIbOMY BUITQJIKy (popMaTuBHA iH(DIIBTpALA Bi-
OyBaeThCA Uepes iIHTerpariro NeBHUX KOHITENTYaJIBHIX
PaMoOK y HaBUYAJIBHUI POIIec, 10 BIUIUBAe Ha (opMy-
BaHHA IIpodeciiiHol ITeHTUIHOCTI MaiOyTHIX (hpaxiBIliB.

IMudposi maardopMu Ta coriaabHi MepesKi BHUCTY-
MMaTh CePeIOBUILEM, Y AKOMY TIOETHYIOTHCA MeXaHis-
MU IMCKypCHBHOI Ta opMaTHBHOi iH(insTparii. Ixma
crenu@ika moJIArae y BUCOKOMY PiBHI mepcoHasTisamil
KOHTEHTY Ta aJI'OPUTMIUHOMY YIIpaBJIiHHI iH(OpMAa-
IIAHIMY TTOTOKaMHU. SIK MiIKpec/I0eThes Y BiIMIOBITHUX
mocaimrennax [10, c. 12], 1ie cTBOpIOE YMOBU IJIsA TOU-
KOBOTO BILIMBY Ha Pi3HI ayqUTOPHI IPyIIN.

Y corianpHNX Mepekax JHCKYypPCHBHA ingiabTpa-
A peastidyeThbcA yepes MOMMPEeHHA MeMiB, KOPOTKUX
Bifleo, Bi3yaJIbHUX 00pasiB i CITPOIIEHUX HApaTUBIB,
AK1 JIETKO 3aCBOIOIOTHCA TA IIBUIKO MOIIMPIOIOTHCA
[19, c. 105]. Bogaouac ¢dopmaTruBHa iHdiasTpa-
IIisl IPOSIBIIAETHCA Y ITOCTYIIOBOMY (DOPMYBAHHI IT€BHIX
Mojiesieli TIOBEIIHKYU Ta I[IHHICHUX Opi€HTAIlill yepes
IIOBTOPIOBAHICTh KOHTEHTY Ta COLliajIbHE CXBAaJIEHHSA
BigmoBigHMX 1osurii [20, c. 223].

CuHeprid 1iux aABOX ()OPM BILIUBY CTBOPIOE e(eKT
KYMYJIATUBHOI TpaHcdopMarlii, KoJu 3MIiHH y MOBIi
Ta 3MiCTi KOMYHIKaIlii MKPIiTLTIOITHCA 3MiHAMU y T10-
BEIIHKOBUX IPAKTUKAX. ¥ Pe3yJIbTari (OpMYyeThCA HOBA
COIiaJThHA PeasIbHICTD, Y MeKaX K01 30BHIITHBO HAB'A-
3aHI CMUCJIH CIIPUIMAIOTHCA AK IIPUPOIHI T OUEBU/IHI.

Ba:xknuBuM acnmeKkToM € TaKo:K 1HCTUTYILIHHUN pi-
BEeHb peasTizarii iHQUIBTPALiHUX CTPATETIH. Wnerscs
PO BIUIMB HA aHAIITUYHI IIEHTPU, eKCIEePTHI CHLIb-
HOTHY Ta MeXaHi3MU BHUPOOJIEHHA MOJITUYHUX PillIeHb
[22]. ¥V 11boMy cepemqoBHILi AUCKYPCHUBHA IH(MLIETPALA
ITPOABJIAETHCA Uepes (POPMyBAHHSA «€KCIIEPTHOTO KOH-
CEHCyCy» HAaBKOJIO IEBHUX 1HTEPITPETAIliid MOii, TOMIi
AK (popMaTrBHA iHDIIBTPAIlis 3a6e3reuye 3aKpilIeHHA
VX IHTepIpeTaIiil y IPoeAypax IPUIHATTA PillleHb.
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Y migcyMKy MoMKHA KOHCTATyBaTH, 10 TUCKYPCHUB-
Ha Ta (popMaTUBHA 1HQIIETPAIA YTBOPIOIOTL Oararo-
PiIBHEBY CHCTEMY BILINBY, KA OXOILIIOE KOTHITUBHUI,
KOMYHIKaTUBHUI Ta iHCTHTYLiMHMI BUMipu. IxHA
e(heKTUBHICTh 3yMOBJIEHA He JINIIIe BUKOPUCTAHHAM
cydJacHUX 1H(OPMAITIHHUX TEXHOJIOTIH, ajie i 3aTHICTIO
IHTerpyBaTHCA Y BHYTPIIIIHI Iporiecy (DyHKITI0HYBaHHA
CyCHLIbCTBA.

Ie, y cBoo uepry, BuMarae po3poOKH KOMILIEKCHUX
MIIXOMIB /IO IIPOTHUOIT, AKI MAIOTh BPpaXOBYyBaTU K 3MicC-
TOBU, TaK 1 CTPYKTYPHUI XapakTep iH(iabTpariitumx
nporecis. Mmerses He e mpo 6opoTsdy 3 mesiHdop-
Marri€ro, aje i mpo GopMyBaHHA CTIMKNX KOTHITUBHUX
Ta IHCTUTYIIHHUX MEXaHi3MiB, 30aTHUX 3a0e3MeUnT
36epeskeHHA 1HDOPMAIIFTHOrO CyBEePEHITETY IeP:KABH.

Y pesysbrari Bif0yBaeThCA IIEPEOCMUCIEHHA 0a30BUX
KaTeropiil moJIiTHYHOTO Ta COITIaJIEHOTO KUTTS, 10 BILJIN-
Bae Ha (DOPMYBaHHA TPOMAJICHKOI TYMKH, TOTITHIHUX
pillleHb Ta IHCTUTYITIMHUX TPAKTUK aepsxasu. [1pu 1ms0-
My KJIFOUOBUM € Te, 1110 TpaHchopMallid He Mae BIKPUTO
HaB'A3aHOTO XapaKTepy, a Bi0yBa€eThCA Uepes IIOCTYII0Be
3MIIIIEHHA IHTePIPETAI[IHUX aKIEHTIB, 110 3HIKYE Pi-
BEHb KPUTUYHOTO CIPUNHATTA 3 O0KY ayAuTopii.

Y 1bOMY KOHTEKCTI JOI[IJIbHO PO3IVIAHYTH CTPYK-
TypHI piBHI peaJisarii JUCKypcUBHOI iHiIbTpAaIii.
Ilo-iepiire, 1ie piBeHb TEPMIHOJIOTIYHOI ITIIMIHM, KOJIU
BMIHIOETHCA HE 3MICT ABUIIA, a HTOr0 MOBHE TO3HAUEH-
HA. fK IMokasye npakTuka iHQOpMAIITHIX KaMIIAaHi,
HaBITh He3HAUHA 3MiHA JIEKCEMU MOKe IIPU3BECTU
IO CyTTEBOI'0 3MIIIEHHA CMUCJIOBOTO HABAHTAMKEHHA.
Hampukiang, samina MOHATTA «BiliHA» HA «KOHQITIKT»
abo «kpusa» cTBOPIOE eeKT SHIMKEHHA 1HTEeHCUBHOCTI
CIIPUHHATTA II0/Iii Ta YACTKOBO HiBEJIIOE TUTAHHA Bij-
II0BIJAJILHOCTI.

Ilo-mpyre, Ba:KJIMBUM € piBeHb HAPATUBHOTO KOH-
CTPYIOBaHHA, IO ITependavae CTBOPEHHS ITLTICHUX ic-
TOpil ab0 IHTEPITPETALIHUX MOIeJIeH, Y MeKax AKUX
okpeMmi (akTu HabGyBaioTb HOBOro 3HaueHHsa. Came
Ha I[LOMY PiBHI peaJlidyeTbCsA CTPATETisA JOBrOTPUBA-
JIOT0 BILTWBY, OCKLIIBKA HAPATUBU MAKOTh 3IATHICTH iH-
TErpyBaTUCSA Y KOJIEKTUBHY 1AM fITh Ta BiITBOPIOBATHC
Y Pi3HVX KOMYHIKaQTUBHUX KOHTEKCTaX.

ITo-Tpere, ciiig BUDIIUTH PiBEHb METAMUCKYPCY —
TO6TO AUCKYpCY IIPO caM AUCKype. Mmerbes mpo dop-
MYBaHHS YSABJIEHB PO Te, 10 € «00 €KTUBHOI» IT03M-
1i€ro, «36a7IaHCOBAHOI0» IYMKOI0 a00 «IIpogeciiitorn»
aHAJIITUKOI0. ¥ MeKax IIbOT0 PiBHA 0COOJIIBO AKTHUBHO
BUKOPUCTOBYETHCA PUTOPUKA IICEBIOHEUTPAILHOCTI, AKA
(hakTHUYHO JIeriTUMIZye BKIIOUEHHA BOPOXKIX HAPATUBIB
y myOJTIIHWHA IPOCTIp i BUIVIAAOM ILTIOPAIi3MYy TyMOK.

3asHauveHi piBHI QYHKI[IOHYIOTh HE 130JIbOBAHO,
a y B3aeMO3B A3KY, (DOPMyr0ur 0araToapoBy CTPYKTYPY
BrTUBy. Lle 103BoJIsie 30BHINITHBOMY aKTOPY HOCATATH
e(eKTy «CMHUCIJIOBOTO 3CyBY» 6€3 IIpAMOoi KoH(ppoHTAaITil
3 IOMIHYIOUNUMU JUCKYPCAMU.

Bopgmouac ¢popmaruBHa iHdiabTpallia 3abesmneuye
3aKpINUIEHHA WX 3MiH Ha PiBHI COI[iaJIbHUX TPAKTUK
Ta iHCTHTYIIHHEX mporeayp. 1i cnenudika monArae
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B TOMY, II[0 BOHA He moTpelye mocTiiiHoro indgopma-
IIHOTO CYIIPOBO/Y ITiCJIA MOYATKOBOTO BIPOBA/IKEH-
HA. JlocTaTHLO IHTETPyBaTH IIEBHI HOPMU 200 ITiIX0qU
y cHCTeMy OCBITH, YIIPABIIHHA ¥ TPOpeCciiHOl miaro-
TOBKH, IiCJIA YO0 BOHU MOUYMHAIOTH BiTBOPIOBATUCA
aBTOMATHUYHO.

¥ oMy cemci popmaTUBHA 1HQILIBTPAIIA Mae Xa-
pakrep «IHCTUTYITIHHOI iHepIlii». 3anpoBaIKeHi cTaH-
JapTy, METOOUKN a00 ITiAX0au MPOIOBKYIOTh (DYHKITI-
OHYBATU HABITH 34 BIACYTHOCTI IPAMOI'0 30BHIIITHBEOTO
BIUTUBY, OCKLJIBKM BOHU 3aKPITLIIOIOTHCA Y HOPMATHUB-
HUX TOKYMEHTaX, OCBITHIX mporpamax i mpodecifinux
OPaKTUKAX.

Ocob6simBoro 3HaUEeHHA Ha0yBae B3aeMOJiA JIVC-
KypcuBHOI Ta opMmaruBHoi iHpiabTpalii y cdepi my-
OJtiuHOrO yrpasirinusa. J[ucKypcuBHUIL piBeHb GopMye
YABJIEHHA PO Te, AKI MOJITUKU € «pallioHaJIbHUMU»
a60 «HeoOXimMHUMM», TOHI AK (GopMaTUBHUN piBEHb 3a-
Oesmeuye IXHIO IMILJIEMEHTAITi (0 Yepes3 aaMiHICTPpaTUBHI
OPOIeIyPHU Ta YIIPABJIIHCHKI pPillleHHA. ¥ pes3yJIbTaTi
BigOyBa€TbCA He JIUIE 3MiHA PUTOPUKH, ajie i TpaH-
copMalris peasibHUX MMOTITHYHUX TPAKTHK.

AHaJtiz yKpaiHCBKOT0 KOHTEKCTY J03BOJIE€ BUOKpE-
MUTH HHU3KY cnelM(piuyHUX MeXaHi3MiB peaJrizarrii
iH(IIBTPAIIAHUX cTpaTeriii. 3oKpeMa, y MeqiiiHOMY
CepeIOBHIIi CIIOCTEPITaEThCA CHCTEMATUUYHE BUKOPHU-
CTAHHSA PEJIATUBICTCHKUX KOHCTPYKIIii, 1[0 CTBOPIOIOTH
e(ekr «6araToBapiaHTHOCTI icTuHN». Lle mposBiAeTbes
Yy HOUIMPEHH]I Te3 PO «CKJIAJHICTb CUTYaIlil», «BiJICyT-
HICTh OJHO3HAYHUX OI[IHOK» a00 «HEeoOXiqHICTh Bpaxy-
BaHHA IMOBUIIIH ycix cTopin» [17, c. 96].

Taxi KOHCTPYKITi1 BUKOHYIOTB (DYHKIIF0 POBMUBAHHA
YITKUX CMUCJIOBUX OPIEHTHUPIB 1 CTBOPIOIOTH ITEPETYMOBU
1A TIPUAHATTA KOMITPOMICHUX, ajie CTPATETiYHO HEBU-
rigHUX pillleHb. ¥ JOBrOCTPOKOBIi MEPCHIEKTHUBI 11 IPH-
3BOJTUTH JI0 3HU:KEHHA PIiBHA CYCHLIBHOI M0OiTi3arrii
Ta ToCaa0IeHHA 3MATHOCTI 10 KOJIEKTUBHOTO CIIPOTUBY.

¥ nomiTUYHOMY QUCKYpCi iHQLIBLTPAITIMHI TTpoIiec
IIPOABJIAIOTHECA Uepes IIOCTYIIOBE BIIPOBAKEHHA JIEKCH-
KU, XapaKTepHOI 114 30BHIIITHIX iJ€0JIOTIYHUX CUCTEM.
Oco0JI1BO HEOE3IIeUHNM € Te, 1[0 TaKa JIEKCUKA YacTo
aganTyeThCcA M0 HAIIOHAJIBHOTO KOHTEKCTY 1 ITOIaeTh-
CA AK BHYTPIIIHIN MPOAYKT MOJIITUYHOI JYMKH. ¥ pe-
3yJbTaTi BUHUKAE e(DeKT «BHYTPIIIHBOI JIeriTHMAaIii»
30BHIIITHIX HAPATUBIB.

B oceiTHiii cdepi dopmaruBHa iHDiTBTPAliA TpO-
ABJIAETLCA Y 3MiHI aKIEHTIB HABYAJBHUX MIPOTPaM,
30KpeMa y TYMaHITapHUX JUCIUTLITIHAX. Hnerses po
IepeopieHTALIiI0 3MICTy OCBITH 3 (hOPMYBAHHSA HAI[IO0-
HAJIBHOI IJeHTUYHOCTI Ha a0CTPAKTHI YHIBEPCATICTCHKL
a00 PeIATUBICTCHKI MiAXO0IH, 10 3HIKYIOTH 3HAYEeHHA
JIepPsKaBHOCTI AK iHHOCTI [12, ¢. 33].

Kpim Toro, BayytuBy poJib Bifirpae crangapTAsaia
OCBITHIX IIPOIIECiB, AKA, 3 OJTHOT0 OOKY, CIIPUAE iHTe-
rpatii y rio6ajabHUI OCBITHII IIPOCTIip, a 3 1HIIIOr0 —
CTBOPIOE MOYKJIMBOCTI JIA IMIIOPTY 30BHIIITHIX MofeJieit
MHCJICHHA 0e3 HaJIeyKHOI aganTaliil 40 HallOHAJIBLHOI'0
KOHTEKCTY.

¥ nmudposoMy cepemoBuILi 1HQIIETPAIIIHI TPoIlecH
Ha0yBalOTh 0COOJIMBOI IHTEHCUBHOCTI Uepes aJIrOPUT-
MiuHMI Xapakrep nomupeHHa indopmarrii. CorriaibHi
MepesKi He JINIIIE BiToOpasKalTh CYCIILUIBHI HACTPOI, ajie
i aKTUBHO (QOPMYIOTH iX, HMiICHJIIOIOUN KOHTEHT, 110
BUKJIMKae eMoIriiiny peaxiiito [11]. Ile cTtBopioe cripu-
ATJIVBI YMOBH [JIA TOMIMPEHHA MOJIAPUIYIOUNX 1 MaHi-
MyJIATUBHUX TOBiOMJIEHb.

BaskauBoio XxapaKTepUCTHUKOI CyYacHOTO eTaIy €
TIOeqHAHHA JUCKYPCUBHUX 1 (DPOPMATUBHUX MEXaHiI3MiB
y MeKax eIHOT0 KOMyHiKaTuBHOro npocropy. Hampu-
KJIaJ, TOIyJIApPHI 610repu abo iHQIIIOeHCepH MOKYTh
OTHOYACHO TPAHC/IIOBATH IIEBHI HAPATUBU (UCKYPCHUB-
HUI piBeHb) i popMyBaTu Mopmesti moBemiHku (dopma-
THUBHUI PiBeHb), BIUIMBAIOYN HA CBOIO ayIUTOPI0 3HAU-
Ho ed)eKTHUBHIIIIe, Hixk TpaguIliiiai memdia [23, ¢. 14].

¥ migcyMKy MoKHA KOHCTaTyBaTH, 110 iH(LIBTpa-
Ii¥HI cTpaTerii MalTh KOMILIEKCHUN XapakKTep 1 crps-
MOBAaHI HA [OBrOTPUBAJLY TPAHCPOPMAIIi0 AK KOIHi-
TUBHUX, TAK 1 IHCTUTYI[IMHUX OCHOB (DyHKITIOHYBAHHS
cycrinbeTBa. IXHA eheKTUBHICTD 3yMOBIIEHA 3IATHICTIO
IiATH HENIOMITHO, 1IHTETPYIOUNCH Y ITOBCAKOEHHI TPaK-
THUKU Ta KOMYHIKQTUBHI ITPOIIECH.

Ile, y cBoto uepry, BUMarae mepeocMUCIEHHA M-
XOJIiB /10 3abe3reueHHs iHdopmarlriiitoi 6esmnexu. Tpa-
OUITIFHI METOIU ITPOTHUIil, OPieHTOBaHI Ha BUABJIEHHA
Ta CPOCTYBAHHA Ae3iHdopMariii, € HeIOCTATHIMHU [JIs
HelTpasisarii indiasrpaniiinux Bmeis [2, c. 308].
Heobximuaum € hopMyBaHHS CHCTEMHUX MEXaHI3MIB,
CIIPAMOBAHUX HA MiBUIIEHHA KOTHITUBHOI CTiHKOCT1
CYCITUTBCTBA, PO3BUTOK KPUTUUYHOTO MUCIEHHSA Ta 3Mill-
HEHHA IHCTUTYIIIHOI aBTOHOMII.

¥ 11b0OMY KOHTEKCTi 0COOJIMBOTO 3HAUEHHA HaOyBae
PO3BUTOK CTpATETiUHUX KOMYHIKAIIN AK IHCTPYMEH-
Ty MIPOTHUAIl 1HQIABTPAIAHUM MpoIlecaMm. Nnerses
He JIuIIIe TIpo iHGOopMyBaHHs, ajie i mpo akTuBHE (op-
MyBaHHS HAITIOHAJIBHOTO JUCKYPCY, AKUH 3MaTHUH KOH-
KypyBaTH 3 30BHIIITHIMY HapaTUBaMU Ta 3a6e3nmeuyBaTu
CMUCJIOBY ITUTICHICTE cycmiyibeTBa [24, c. 85].

YzaraJibHIOIOUM HaBeIeHUll Marepiaj, JOIiIbHO
BUAIJINTY KUTbKA PiBHIB (DyHKI[IOHYBaHHA iH(piIbTpA-
IAHUX IPOIIECiB, AKI B3a€MOIIIOTH MiK c00010 Ta 3a-
0e3rneuyTh IXHI0 eekTuBHICTD. [lepuiuii pisenb —
KOTHITUBHUI, Ha AKOMY Bif0yBaeThcsa (hOPMYyBAHHA
IHOUBITyaJIbHUX YABJIEHb, IePEKOHAHb 1 CXeM 1HTep-
mperariii peasgbHocTi. Came Ha IILOMY PiBHI TUCKYPCUB-
Ha 1HQIIBTpAaliA 3AilficHIOE TIePBUHHUI BILJIUB, BITPO-
BQPKYIOUM HOBI CMUCJTU Ta 3MIiHIOIOUM JIOTIKY IXHBOTO
OCMUCJIEHHA.

Hpyeuii pieenb — KOMYHIKAaTUBHUM, AKUN 0XO0-
TUJTIOE TTPOIIECU TIOINMUPEHHA Ta BiITBOPEHHA CMUCJIIB
y my6sriuaomy mpocropi. TyT K/Il0u0oBy poJib Bimirpa-
I0Th Mefia, COIiaJIbHI Mepesi, MOJIITUYHA PUTOPUKA
Ta eKcriepTHi KoMeHTapi. Ha 11boMy piBHI BinOyBaeTbCs
3aKpIIUIEHHA HAPATUBIB Yepes iX MTOBTOPIOBAHICTD, Ba-
PlaTMBHICTE 1 aAaTITAIlIIO IO PI3HUX AyTUTOPIM.

Tpemiii piserb — IHCTUTYIIIMHUIH, 1110 Hepeabavae
iHTerpaIiro BigIIOBIMHUX CMUCJIIB 1 HOPM Y CTPYKTYPHU
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YIIPaBJIiHHA, OCBITH Ta IIpodeciiiaoi miAaabpHocTi. Came
TyT peaJjidyeTbcsa (popMaTuBHA iHIIBTPAIiA, AKA
TpaHchopMye TTpaBuiia (QyHKITIOHYBAHHA COIIATBHUX
crcteM i 3abesriedye TOBrOTPUBAJIE BiITBOPEHHA 3a/a-
HUX MOJeJiel IIOBeOiHKN.

Bzaemogia 1ux piBHIB cTBOpIOE e(PEKT 3aMKHEHOTO
IUKJTY: KOTHITUBHI 3MiHU BILTUBAIOTH HA KOMYHIKAIIiIo,
KOMYHIKaIlid — Ha 1HCTUTYIIiI, a iIHCTUTYIII1, y CBOIO
Yepry, 3aKpiIrIioTh 1 BiITBOPIOIOTH BiAIIOBIIHI KOT'Hi-
THUBHI YCTAHOBKH. Y Pe3yJIbTari (pOpMyeThCA CAMOIIII-
TpPUMyBaHa CHCTeMa BILINBY, AKa He IT0oTpedye IOCTiii-
HOT'0 30BHIIIHBOI'0 BTPy4YaHHA (IuB. puc. 1).

Bisyasrizarriss 3asHaueHoro nuiity (qus. puc. 1) me-
MOHCTPY€E, K 30BHIIIHI HAPATUBH, TOJIAI0UN (PLIBTPU

A

KOMYHIKAQTHBHOT'0 PiBHA, TPAHC(POPMYIOTh 1HIUBIIY-
aJIbHY KOTHII[I0 Ta 3TOJ0M 3aKPIILIIOITHECA Y (DOPMaIh-
HUX TIpaBujiaxX (PyHKI[IOHYBAHHA TepP:KaBU. Y IHOMY
KOHTEKCTI JOIITFHO TOBOPUTH PO (PeHOMEH «iHCTUTY-
IIOHAJTI30BAHOT'0 JUCKYPCY», KOJIM II€BHI iHTepHIpeTa-
IIAHI MOJIeJTi 3aKPITUTIOITECA Y HOPMATUBHUX JTOKyMEH-
Tax, OCBITHIX CTAHAAPTAX 1 MPodeciiHnX MpaKTUKAaX.
Ile osHauae, mo guckypcuBHA 1HOLIBTPAIA IepPexo-
IUTH y hoopMaTUBHY (hasy, HabyBarUn 03HAK CTAGLIHHOI
COITIAJTLHOI CTPYKTYPH.

Oxpemoi yBaru motpebye MUTAHHSA JIATEHTHOCTI 1H-
dinprpamitinux mporecis. Ha Binminy Bif BimkpuTux
(hopm™ im(popMaIiiiHOr0 BIJIMBY, BOHU HE MAIOTh YiTKO
BUPAIKEHOT0 ITOYATKY a00 3aBEPIIEHHA, 110 YCKIIATHIOE

KOT'HITUBHUII PIBEHD
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IHANBiNyaTbHI
JIEHTHYHICTb.

Bming:
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MOJIITIYHA PHTOPHKA, COLIATBHI
Mepexi.

Bnius: JHCKypcHBHa
iHpinpTpamis  (BIpOBaIPKEHHA

HOBIX (peiiMiB Ta ieosorem).

3MiHeHe MHC/JIEHHSA
JI03BOJIIE
BIIPOBAJDKyBaTH
HOBI IIpaBHTIa
(JIeriTiMartis)

C IHCTUT VI{IAHIIA
PIBEHD
«SIK MU IXi€EMO 3a IpaBHIIaMHU?»

3mict:  OCBIiTHI  mporpami,
YIIpaBIiHCHKI perIaMeHTH,
npodeciiiHi cTaHIapTH.

Boins: dopmMaTiBHa
iHGITBTpamia (3aKpiruieHHs
CMHCIIB y CIPYKTYpi JepKaBi).

IacruTyniiiHa iHepnis
POOUTE 30BHIITHI CMHCIIH
«IIpHpOoIHIMID (OCcMOC)

Puc. 1. Moness B3aemopii Ta caMOBiITBOPEHHA PiBHIB iH(IIBTPAIITHOTO BILIUBY
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ix imenTH(IKaIiio Ta aHaJn3. Binblie Toro, 3Hauna ya-
CTUHA TAKWUX IIPOIECIB MOKEe COPUMMATUCA AK IIPU-
POIHA eBOJTIOIIA CYCITIIBCTBA, 10 JOAATKOBO ITiIBUIILYE
iXHI0 e(DeKTUBHICTE.

Came TOMY KJIIOUOBOIO ITp00JIeMOI0 € po3pobKa iH-
CTPYMEHTIB BUABJIEHHA 1HQIIbTPALilHUX BILJIUBIB.
Y 1pbOMy KOHTEKCTI MepPCIeKTUBHUM € BUKOPHUCTAH-
HA KOMILIEKCHUX METOHIiB aHaJidy, 10 MOeTHYITb
IUCKypC-aHaJIi3, KOHTEeHT-aHaJi3, MepeKeBi miIaxomu
Ta IHCTUTYIIHHNUY aHairis. Taka MeTomoJIoTiuHa CUHEep-
Tisl J03BOJIsI€ BUABJIATHU He JIUIIIE OKPEeMi IIPOABU BILIN-
BY, aJie i X CUCTEMHI 3B’sI3KU.

30KpeMa, MepesKeBril aHaJIi3 Jae MOYKIIMBICTD i/1eH-
TU(IKyBaTU CTPYKTYPHU IIOMINPEHHA HAPATUBIB Ta KJTIO-
YOBUX aKTOPIB, AKI BUCTYIIAIOTh PETPAHCIATOPAMU 1H-
(dimprpamiiinux MecemkiB. KoureHnT-amaitia m103BoJise
KiJTBKICHO OITIHUTH YaCTOTY BUKOPUCTAHHA MIEBHUX TeP-
MIiHIB 1 KOHIIEIITIB, TOOl AK IUCKYPC-aHAII3 — PO3KPUTHU
iX IIPUXOBAHUN CMUCJIOBUIA 3MICT.

TacTuTynifiHuil aHami3, y CBOIO Yepry, CIIpAMOBa-
HUU Ha BUABJIEHHA 3MiH Yy HOPMATUBHUX JOKyMEHTaX,
mpolleIypax i mpakTUKax, 0 MOXKYThb CBITUUTU PO
(opmarusny iHdiLIbTpalito. [loemHAHHA IUX MIAX0/IIB
CTBOPIOE OCHOBY 1A (DOPMYBAHHA CUCTEMU PAHHBOTO
ToTMepeIKeHHA 1010 IH(MIIBTPAIlInHIX 3arpo3.

¥ npaxkTUyHOMY BUMIDI 1€ 03HAYAE HEOOXITHICTD I1e-
pexomy Bifi peaKTUBHOI MOJEJIi TIPOTH/IIl A0 TTPOaKTHUB-
Hoi. fIkio TpaguItiiiHa iHgopMaliiiina 6e3nexka opieHTo-
BaHA HA pearyBaHHA HA BiKe 3MiHCHeH] iHpopMAaIiiHi
aTaky, TO IPOTULiA iHQIABTPaLiiHUM IpoIlecaM Mae
OyTH cIpAMOBaHA Ha TIONEePEeIKeHHA 1X BUHUKHEeHHS
Ta MIHIMI3aIliI0 YMOB 1 ixX peasrisarii [1].

Ile mepenbauae, 30kpeMa, POZBUTOK HAITIOHATBHUX
CHUCTEM CTPATETIUYHUX KOMYHIKAIlill, AKI IIOBUHHI BU-
KOHYBaTH He Jjulle QyHKIIi0 iHDopMyBaHHA, ajie i
(hopMyBaHHSA CTIMKUX CMHUCJIOBUX PaMOK. BaskauBum

€ TaKOK ITIABUINEHHS PiBHA MemiarpaMOTHOCTI Hace-
JIEHHS, 110 I03BOJIAE€ 3MEHIITUTY BPA3JIUBICTh 10 MaHi-
IIyJIATUBHUX BILTUBIB [6].

He menn sHauymmm € 3a6e3neyeHHA 1IHCTUTYITIHHOL
aBTOHOMI1 OCBITHIX 1 HAYKOBUX yCTAHOB, 1[0 mepeada-
vae mpo3opicTh (piHAHCYBaHHA, UiTKI KpUTEPil OLiHO-
BaHHA IPOrpaM i MexaHi3MH 3a1100iraHHa KOHQIIIKTY
iaTepeciB. Lle mo3BosiAe 3HU3UTH PUBUKYU HOPMATHUBHOL
iH(LIBTpAllil Yepes3 0CBITHI Ta aKaaeMidyHi KaHAaJIW.

Y3araabHIOIUH, MOXKHA CTBEPKYBATH, 1110 TUCKYP-
cuBHA Ta hopMaTUBHA IHQIIETPAIIA € B3A€MOIIOB S3a-
HUMU CKJIQJIOBUMU €IWHOTO IIPOIIECY, CIIPAMOBAHOI0
Ha TpaHC(HOPMALIiT0 KOTHITUBHOIO Ta IHCTUTYIHIHOIO ce-
PeIOBHUINA CyCIIIbCTBA. 1XHA crermdika monArae y 3aar-
HOCTI JiATY IIPUXOBAHO, IIOCTYIIOBO 3MiHIOIOYM fAK CITOCI0
MUCJIEHHA, TaK 1 IPAKTUKHU COITiaJIbHOI B3a€MOTii.

¥ 11b0My KOHTEKCTI 0c00JIHMBOI Baru HabyBae (hopmy-
BaHHA KOHIIEIITYAIHLHOI MOJTeJTi TPOTU/Il, AKA Mae Bpa-
XOBYyBaTH 0araTopiBHEBUI Xapakrep iH(GLILTPAIIHHIX
nporeciB. Taka MomesIb IOBUHHA IOENHYBATH eJIeMEHTU
iH(pOopPMAIliIfIHOT HOJIITUKHU, OCBITHROI CTpaTerii Ta iH-
CTUTYIIITHOTO PO3BUTKY, 320€3MeUYI0UN KOMILJIEKCHUM
MiAXig 40 3aXUCTy iH(DOPMAIIITHOTO CyBEPEHITETY.

3 MeTo10 y3araJbHEHHA BUKJIAIEHOTO MaTepiaiy
Ta CUCTEeMAaTH3aIlil KJIIOUOBUX BIAMIHHOCTEH MIK JOCJIi-
KyBaHUMHU (POpMaMU BIUIMBY OOIIJIBHO IPEICTABUTH
iX y TIOPiBHAJILHOMY BUIVIAMI. Takuil Migxia J03BOJIAE
He JINIIIEe YiTKiIlle OKPECIUTH CIIelnPiKy KOosKHOro 3 (e-
HOMEHIB, aJjie ¥ MPOJeMOHCTPYBATH IXHI0 B3A€EMOOIIOB-
HIOBAHICTh y MEJKAX €ANHOI iH(UIBTpALifiHOI cTpaTerii.

¥YsarajgbHeHi CyTHICHI XapaKTepUCTUKU TUCKYPCUB-
Hol Ta (hopMaTUBHOI iH(LIBETPAIlil HaBeAeHo B Tabuii 1.

Sk BUTHO 3 HaBeAEHNX XaPAKTEPUCTUK, TUCKYPCUB-
Ha Ta ¢popMaTUBHA iH(ILIETPAIlA MaOTh Pi3Hi, ajie B3a-
emomoB’a3ani yukirii. [lepira 3abesneuye smiHy cMric-
JIOBOTO TIOJISI, CTBOPIOIOUM IIATPYHTA [JIA MTPUNHATTA

Tabnuys 1

IlopiBHANBEHA XapaKTEePUCTHKA TUCKYPCHUBHOI Ta hopMaTuBHOI iHdinbTpanii

Kareropis

JuckypcuBHa iHdigsTpamnis

®dopmaruBHa iH(ITETPaLia

Merta
Ta iHTepIpeTarii

Tpanchopmairisa cucremu 3HAYEHb, CMUCITIB

DopmyBaHHA ITOBEOIHKOBUX HOPM
1 IHCTUTYI[IMHUX TPAKTUK

O0’eKT BILTUBY
TOJTITUYHU TUCKYPC

Moga, HapaTuBu, CAMBOJIIYHI CTPYKTYPH,

OcBiTHI crCTEMH, YIIPABIIHCHKI IPOLIEIYPH,
mpodeciiiai crangapTu

Mexanism faii
KaTeropim

Brposamkenna dgpeiimis, ineosiorem, metadop,

TacTuTyIioHamisaIisa HOPM Yepes OCBITY,
TIOJTITUKH TA PerjIaMeHTH

IncTpymenTn
aHaJIITUEA

Mepia, momiTiyHA pUTOPUKA, KYJIBTYPHI IIPOAYKTH,

HapuaspHi mporpamu, ctaHmapTy, KaapoBi
MIPAKTUKY, PEryJIALil

Yacosa mkaja
CBiZTOMOCTI)

HoBrocrpokoBa (HakomuuyBaIbHA TpaHCHOPMALIiA

CepenHbo- Ta JOBroCTPOKOBA (3aKpinIeHHA
uepes IPaKTUKN)

TacTuTymilina 6asa
cepeoBUIIa

Mepnia, KysIbTypHI IHCTUTYIIi1, EKCIIEPTHI

OcBiTHI ycTaHOBH, [Iep>KaBHI OpraHu,
Mi:KHapOJHI IporpaMu

TwurmoBwuit mposAB
«BliHA»)

Pensatusizamia mosHATh («<koHAIIIKT» 3aMiCThb

BripoBamkenHa 30BHINIHIX cTAHAAPTIB 63
aganTarii

Kinneswuit edexr

3MiHA CIIPUAHATTA PEaJIbHOCTI Ta IIeHTUIHOCTL

DopmMyBaHHA BIITBOPIOBAHUX MOMIEJIEH
II0BEIIHKHN

Jrcepenio: cknameHo aBTOPpOM Ha OCHOBI aHaurizy [1-24]
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HOBHUX 1HTepHOpeTaliii, Toal AK Apyra 3akpimioe Iii
3MiHM Ha PiBHI COITIAJILHUX 1 IHCTUTYLIMHUX TPAKTUK.

Y 11b0My KOHTEKCTI JIOIIJIBHO PO3TJIAATH iX AK AB1
(asu eguHOrO IMpoOItECY: AUCKYpPCUBHA iH(IIBTPALiA
BUKOHY€E POJIb HiATOTOBUOrO eTaIry, (hOpMyHUn HOBI
KOTHITHBHI paMKH, ToIi AK (popMaTuBHA iH(DITBTpaIia
3abesmeuye X Marepiaiizalliio Ta BiITBOPEHHA B Cy-
CITiJIBCTBI.

BaxxyiuBuwMm e Te, 1110 eheKTUBHICTD 1H(MLIBTPAIIIAHIX
cTpareriii 3HAYHO MipOI0 3aJI€KUTD BiJl Y3TOMKEHOCTI
VX TBOX PiBHIB. ¥ BUOAKY, KOJIU IUCKYPCUBHI 3MiHU
He MAKPIIIIITECA IHCTUTYIITHUMI MeXaHi3MaMu,
iX BILUIUB Mae 00MEKeHHUU 1 TUMYacoBUU Xapakrep.
HarowmicTs iHTerpamia JUCKypCUBHUX 1 (popMaTUBHUX
€JIEMEHTIB CTBOPIOE CTIMKY cucTeMy TpaHcdopMariii,
AKa 3maTHa (PYHKIIOHYBaTHA aBTOHOMHO.

Ile mosBoJsifie MOACHUTH, YOMY OKpeMi HapaTHBH,
HAaBITb MiCJIA IX CIIPOCTYBAHHA a00 BTpaTU aKTyaslb-
HOCTI, ITPOOB/KYIOTh BILJIMBATH Ha CYCITLJIBHY CBIIO-
MicTh. BoHU Bike 3aKpiIUieHi y MPakTUKAX, IPOIeAypax
1 HopMax, 110 3abesmeuye iX MOAAJIbIIEe BiITBOPEHHA
He3aJIEIKHO BiJ] TOYATKOBOTO PKEpeia.

Y3araJpbHIOIUN Pe3yabTaTh J0CTIPKeHHA, MOXKHA
chopMyJTIOBaTH aBTOPCHKI BUSHAUEHHSA KJIFOUOBUX IT0-
HATD, 110 BiT0OPAkKAIOTh IXHIO CyTHICHY CITeITU(IKY.

HuckypcuBHa iHdiapTparmia — 1e mijiecrupamo-
BaHU IIPOIEC BIIPOBAMKEHHA Y IMyOIUHMIA i IIpodeciii-
HUM IUCKYPC 30BHIIITHIX CMHCJIOBUX KOHCTPYKITiH, Hapa-
THBIB Ta ieoJIoreM, CIPAMOBAHUN HA TPAaHCHOPMALILI0
CUCTEeMU iHTepIpeTaliii i JIEeTiITHMAIi HHUX MeXaHi3MiB
Y CYCITiJIBCTBI.

@dopmaruBHa iHdigbTPaLiag — 11e mporec iHCTH-
TYIIAHOTO 3aKpINJIEHHA 30BHINTHLO JeTE€PMIHOBAHUX
HOPM, CTAHIAPTIB i MOJiesIel TOBEMIHKH, 10 3a0e3meuye
iX JOBroTpHUBaJie BiITBOPEHHA Uepes OCBITHI, YIIPaBJIiH-
CBHKl Ta ITpo(eciiiHi IpaKkTUKN.

Taxum oM, 00UBa (heHOMEHYU YTBOPIOIOTE €IUHY
CUCTEMY BILIUBY, IO MTOETHYE KOTHITUBHUI 1 IHCTUTY-
miltHuit piHi TpaHchopMmarii. Ix B3aemopmia mosBosIAE
3MIMCHIOBATY TJIMOWHHUII BIJIMB HA CYCITIJILCTBO, 3Mi-
HIOIOUM He JIuIie foro iHpopmMalliiiHe cepeoBuilie, aje
i1 6a30B1 IPUHIIUTIHN (PYHKIIIOHYBaHHA.

BucHOBKHY Ta IIepCIIEKTHBY MMOTAIBIIAX JOCJTi-
m:xeHb. [IpoBefeHe MOCTIMKEHHA TO3BOJISIE 3POOUTH
ysaraJbHeHUI BUCHOBOK IIpO Te, II[0 B YMOBaxX cydac-
HOTO TiOPUIHOTO IIPOTUCTOSHHA 1H(OPMAITIHHII BILTUB
HabyBae AKICHO HOBUX (PopM, [0 BUXOAATDH 34 MKl
TPagUITIMHUX YABIEHD PO IIPOITaraHmIy uu aesiadop-
Marifo. KirrouoBuMu iHCTpyMeHTaMU TaKOr0 BILIHUBY
BUCTYHAIOTh JUCKYPCHUBHA Ta (popMaTuBHA iHDiIBETpa-
1A, AKl (DYHKI[IOHYIOTh AK B3a€MOIIOB AA3aHI MeXaHI3Mu
TpaHcopMallii KOTHITUBHOI'O Ta IHCTUTYIIMHOTO cepe-
ITOBUIIA CYCHIJIBCTBA.

HuckypcuBHa iHQ@IIbTPAaIia 3a0esnedye 3MiHy
CMUCJIOBUX PaMOK 4yepe3 BIPOBAKeHHA HAPATUBIB,
KaTeropiii Ta iHTepHpeTaniii, Skl BU3HAYAIOTH CIIO-
ci6 OCMUCJIEHHA COI[1aJIbHO-MOJITUYHOI PeaJIbHOCTI.
Ii mia cmpAMoBaHa He Ha MHUTTEBe IepPeKOHAHHS,
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a Ha moCTyIoBe (DOPMYBAHHS HOBOI JIOTIKA MUCIEHHS,
B MeJKax K01 30BHINIHLO HAB'A3aHI CMUCIIN CIIpUiiMa-
FOTHCA AK IMIPUPOJIHI Ta JIETITUMHI.

®dopmarusHa iHDIIBTPALLiA, Y CBOIO Uepry, BUKOHYE
(yHEIIiT0 3aKpiNIIeHHA IINX 3MiH HA PiBHI 1IHCTUTYIII-
HUX OpakKTUK. BoHa peastidyeThcA uepes OCBITHI cUCTe-
MU, YIIPABJIIHCHKI TPOIleAyPU, CTAHOAPTU Ta KaIpPOBY
TIOJIITUKY, 3a0e3IeUyoulr JOBroTpHUBaJie BiTTBOPEHHA
3aJ[aHUX MofeJiel TTOBeMiHKM. 11 KJII0U0BOIO XapaKTe-
PUCTHUKOIO € e(DeKT iHCTUTYIIIHHOI iHepIlii, 1110 T03B0-
Jfe 30epiraTu BIUJIMB HABITH 3a BiJICYTHOCTI IIPAMOTO
B0BHIITHBLOTO BTPYYaHHS.

Y pesysibraTi B3aeMofii X JBOX MeXaHi3MiB (op-
MYEThCA LijTicHa 0araTopiBHEBa CHCTeMa BILJIUBY, AKa
OXOTLJTIOE:

— KOTHITUBHHUU piBeHb (3MiHA yABJIeHb 1 iIHTepIIpeTa-

LIii1),

— KOMYHIKATUBHUM piBeHb (ITOMIMPEHHA 1 HopMaJTisalia

HapaTHuBIB),

— IHCTUTYLIMHWUI PiBeHb (3aKPITJIEHHA HOPM 1 IPAKTHK).

Ix cumepris cTBOpIOE edeKT caMoOmiATPUMYBaHOI
TpaHcdopMarii, KoJu 3MIiHM Y OUCKYPCI HigKpPirITio-
IOThCA IHCTUTYLIHHUMU MeXaHi3MaMU, a IHCTUTYIII,
Yy CBOIO Uepry, BiITBOPIOITH BIAMOBITHI KOTHITUBHI
yeraunoBku. Lle mosBoside posrmamaTy iHGLIBTPAIiHHL
MIPOIleCcH AK JOBIOTPUBAIUM 1 JJATEHTHUMN 1HCTPYMEHT
BILIMBY, CIIPAMOBAHUII HAa 3MIiHY He JIKIIe iH(opMAaITiii-
HOTO T10J1A, ajie i OCHOB (PYHKI[IOHYBAHHSA CYyCIIiJIbCTBA.

Amnasis ykpaiHCEKOT0 KOHTEKCTY 3aCBIUYE, IO qIC-
KypcuBHA Ta (hopMaTHUBHA 1H(QLIBTPAIIA € BAKITUBAMU
CKJIAIOBUMU TiOPUAHOI arpecii, OCKiJIbKM BOHU CIIPA-
MOBaHI Ha:

— PO3MHUBAHHA CMUCJIOBUX OPi€HTUDIB;
TpaHchopMAaIriio KOJIeKTUBHOI HaM fATi;
moc/Ia6JIeHHA IHCTUTYITIHHOI CIIPOMOZKHOCTI Tep:KaBH,;
— BHIMKEHHSA PIBHA CYCITLTBHOI MOO1JTi3aIrii.

Y 11boMYy 3B’'A3KY JOBEOEHO, 10 TPASUIIIAHI ITiIX0qM
1o 3abe3meueHHs iHQopMAaIiifHol 0e3IeKy, OpieHTOBaHi
epeBayKHO Ha IIPOTHUIII0 JesiHdopMmarliii, € HemocTaT-
umimu. [Iporuais inguisTpamifinuM mpoiecam morpedye
epexoay A0 KOMIUIEKCHOT MOJEJTi, AKa IT0eqHYe:

— POBBUTOK CTPATETIUHUX KOMYHIKAITIl;

— (hopMyBaHHA CTIHKOT0 HAI[IOHAJILHOTO TUCKYPCY;
HiIBUINEHHA PiBHA MeIiarpaMOTHOCTI;

3MIITHEHHA 1HCTUTYIIIMHOI aBTOHOMII OCBITHIX 1 Ha-
YKOBUX CUCTEM;

BITPOBA/PKEHHA MeXaHi3MiB pAHHBOTO BUABJIEHHSA
iH(QUIBTPALITHUX BILIUBIB.

BaxnuBuM pesysibTraToM OOCITIMKEHHA € KOHIIEIITY-
aJjTisaria QUCKypCcUBHOI Ta (popMaTuBHOI iHDIIBTpaLii
AK 1Box a3 eqUHOTO IIpollecy: Imepiia QopMye Kor-
HITUBHI IepeayMoBU TpaHcdopMalrii, Togi AK gpyra
3abesrieuye iX iHCTUTYIiIHEe 3aKpilieHHA. Takuii mi-
XiJT T03BOJIAE IIePENTH Bij (h)parMeHTapHOIr0 aHAII3y
iHdopMaIiiHUX BIJIMBIB 70 CUCTEMHOT'0 PO3YMIiHHS
MeXaHi3MiB TiOpUAHOI BiliHU.

IlepcriekTHBY MOJanbIIUX OOCIiAKEHDb II0JIATA-
I0Th y PO3pPOO0IIi MPUKJIAJHUX METOAUK ieHTuiKaIii
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1HQILIETPAiHHAX IIPOIECiB, KiIbKICHUX 1HIUKATOPIB X
BIUTHBY, a TAaKOK y (DOPMyBaHHI iIHTErPOBaHUX MOfeJIei
3a0esrTeueHHsA KOTHITUBHOI Ta iH(opMaIiiiHoi cTiliKocTi
ZIEep:KaBMU.

Orke, muckypcuBHa Ta opMaTuBHA 1HDIIBTPA-
IiA TIOCTAIOTh AK KJII0YOB1 IHCTPYMEHTHU CyUaCHOTO

TeOIIOIITUYHOTO ITPOTUCTOAHHSA, 3MaTHI 3OifCHIOBA-
TH TIUOUHHY TA JOBrOTPUBAJY TpaHCcHOPMAIiio CY-
CITLJIECTBA. YCBIIOMJIEHHA iX MPUPOAU Ta MEXaHi3MiB
(yHEKITiOHYBaHHSA € HEOOXITHOK YMOBOK ()OPMYBAHHS
edeKTUBHOI cTpaTerii 3aXucTy iH(OPMAIIiIHOTO CyBe-
peHiTeTy YKpaiHuU.

JOIJATKOBA IH®OOPMAIJIA
DOIHAHCYBAHHS: AsTopu He 0TPpUMYBAJIN (PiHAHCYBAHHA [JIA I[HOTO JOCITIKEeHHS.
3AABA ITPO JOCTYIIHICTB JAHMX: He 3acTocoByeThes.
KOH®JIIKT IHTEPECIB: ABropu 3asB/IAI0OTH PO BiICyTHICTH KOHQJIIKTY 1HTEPECIB.
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®I13UKO-MATEMATUYHI HAYKU

NMPO bYJOBY IAEAIB
B YNIbTPAJOBYTKAX HETEPOBUX
V-OBJIACTEN

ON THE STRUCTURE OF IDEALS
IN THE ULTRAPRODUCTS OF THE

NOETHERIAN V-DOMAINS

AHoOTauif. BCTAHOB/IEHO iCHYBAHHS MPUPOGHOI CUCTemMu TBIPHUX NiBUX igeaniB B ynbTpagobyTky HeTepoBux V-0bacTesi 3a

gesikuM ynbTpaginbTpom.

Knioyosi cnosa: YnbTpagobyTok kinewb, HeTepoBe KinbLe, V-KinbLe, MaKCUMAnbH1iA igean, mpupogHa cucTemd TBIPHYUX.

Summary. The existence of a natural system of generators for the left ideals in the ultraproduct of Noetherian V-domains

under some ultrdfilter is established.

Key words: Ultraproduct of rings, Noetherian ring, V-ring, maximal ideal, natural system of generators.

Rnacnqna KOHCTPYKIIIA PeIyKOBAHOTO JOOYTKY
Ta H0r0 YaCTKOBOTO BUMAMKY YIBTPAI00yTKy MHO-
JKUH n00pe 3apeKoMeHayBajia cebe B ayre6pi, Marema-
TUYHIH JIOTIITi, TOIIOJIOTII Ta IHIIKNX PO3aijiax MaTreMa-
tuku. MeTox ypTpamo0yTKiB 3ampononyBas y 1954
POIIi TTOJILCHKUIT MaTeMaTUK J1och, MOTIM I1ei MeTo/I
BUKOPUCTOBYBaJIM B poborax [1-5]. Bunukia morpebda
oTIMCaTH JIiBI ileaii B yIBTPAI00yTKAX UM yIbTpPacTe-
MeHAX HeTepoBUX V-00/1acTeil BiJHOCHO HETOJIOBHOTO
YABTPadUIETPY HAJ AEAK0I0 HECKIiHUEHHOI0 MHOKUHOIO,
30KpeMa HaJ MHOKHUHOI0 HATYPAIbHUX UKCe.

Hexait {Ri}ieN — ciM’sa HeTepoBux V-obsiacreit
3 oquHHIero. Haragaemo, mo V-KiablieM Ha3UBaeTh-
cA acoIiaTHBHE KIJIbIle 3 OOUHUIIEI0, Hal AKUM BCl
IIPOCTI JIiBi Ta BCi IIPOCTI MpaBi MOIYJIi € iH €KTUBHU-
mu. drmo D — meronosunii ynsrpadginerp Hag N,

To uepes R = (HRIJ / D mosmaummMo yIsTpamo6yToK
ieN

miei ciM’i kistens 3a yasrpadinsrpom D . IIpumycrn-

MO, III0 Ai — JIIBHU igeas B Rl. 171a koxkHoro [ € N |

52

Tomi A= (HAI j /' D 6yne miBum ineanom B R , axui
ieN

Ha3UBaTUMeMO OCHOBHHUM JIiBUM ifeajioM y Kimbmi R.

3araJjibHOBIIOMO, II[0 B HETEPOBUX V-00JIaCTAX IOBLIb-

HUHU MaKCUMAJILHUI JIIBUH iieall € He OLIBII HIXK IBO-

THOPOKEHNM, TOOTO T iieast MOPOoKe U He OUTbIIe,

HI2K JBOMA ejieMeHTaMu. ToMy BCl OCHOBHI MaKCUMAaJIbHL

JIBI igeanu B yIsTpamobyTEy R = (HRJ / D rTakox
ieQ

€ He OLIBIN, HiK ABOMOpOmKeHHMU. MHOKHHY BCiX

OCHOBHIX MAaKCHMAaJIbHUX JIIBUX IeaIiB KiJIbIld

R= (HRI.] / D nosuaumvo Lmspec™) (R)- Kosicrmit
ieQ
eneMeHT! € RBU3HAYAETOI0BHY 3aMKHY Ty TIIMHOKIAHY

V(r)={Me Lmspec™ (R)|reM;}

MHOXHWUHHN

b . .
Lmspec( ’) (R) . Tomi moxHa posrianyTu A -GiasTp
HAaJ MHOKMHOK TOJIOBHUX 3aMKHYTHX ITiIMHOKIH.

Copyright © The Author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution License 4.0 (https://creativecommons.org /licenses /by /4.0/)
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3o6pakenHs jiBoro igeany | xinena R y Burnani

MePeTUHY MAaKCUMAJIbHUX JIBUX imeayis [ = mM ;
ieA
Ha3UBAEThCA HECKOPOTHUM, AKIIO 1A KoxKHOTO fF € A

NIPaBUJILHUM € CHiBBigHOmenHa [ # ﬂ M,.
ieA\{ B}

B mereposiit V-o6macti S ko:xHMIA BITACHMIM JTiBHIMA
ileaJt € mepeTuHOM MaKCUMAaJILHUX JIiBUX imeadtiB. Jjia
OyIb-AKOTI0 JIiBOTO BiIacHoro imeany I Takoi obacTi Jii-
Buii Mogynb S /I € apTiHOBUM i HeTepOBUM OJHOYACHO,
TOMY BOJIOJTi€ KOMIIO3UITITHUM PAIOM, TOBKUHA STKOTO
¢ imBapianTom ineany [ . ITio noBKHMHY Ha3UBAIOTHL
TOBKIHOIO JTiBoro imeasry I i mosHauamTs [ (I ) . IIpu
BHMBYCHHI JIIBUX ileaIiB B KUIbli R moTpiOHE IOHATTA
HeCcTaHIaPTHOI JOBKUHYU OCHOBHUX JIiBUX ifeasis. Crau-
[lapTHO [03HAYA€eMO yepes N IiBKLIbIe HATYPAIBHIX
qrcelt 3 HyseM, a ueped N yJIbTpacTeliHb ciM'i ekseMII-
asapis N, saispnexcoanmuii eieMenTamu i € (), CTOCOBHO
TOTO 3K YIIBTPa@iIbTPY, 38 AKMM 6epeMo YIbTPaI00y TOK
KlJIenb {R . Enemenrn 3 N, nasusarumemo He-
CTaH):[apTHI/IMI/I HATyPaJIbHUMU YUCJIAMU, OCKUITBKN N
€ HeCTaHIaPTHOIO MofeJLTi0 apudmeruku [leawo. Tom
HeCTaHJapTHOI AoB:xkUHOW0 [ (A) 0CHOBHOTO imeasry

I |Al /D Ha3BEeMO HeCTaHJapTHe HaTypaJibHe
ieQ

qucso m = (I(Af))ien , meN,

Hexaii 3agano 3J1iueHHY MOCITIIOBHICTh MAKCUMAJTBHUX

imeasiB { M i}A N KUTBIA R = HRi / D. Toxi BBaxxa-
ieN
tTumemo, mo M, = HMi/' /D, ieN, ne M, —

jeN
MAaKCAMAJIbHUH imealt kiabng R S 1€ N, a6o0 M i = R g
M, |i e N}

O03HAYNMO TaKWH MaKCUMAaJIbHUH imeast Kiabpnd R :

M M, "M,y,.. . M, "M ,"...OM, ,

axmo imean M ; HE € OCHOBHUM. Yepes A{

V 3arasibHOMY BUIIAMKY, AKIIIO 711 = (mi )ieN — HeCcTaH-

JapTHe HaTypaJibHe 4lcIo, To uepesd A {M ; |i< n~1} To-
3HAYUMO iealt

(Mm NM, M, "N..NM

Iy > e My NN M

Y Bunapxy, ko Bci R, e HerepoBumu V-o6macrsa-
MU, IIeH imeas MoKHA BUOPATH OMHO3HAUHO.

Hapamni 6ymemo BBakaTu, 1110 IIOCJTIIOBHICTD MaK-

CI/IMaJIBHI/IX 1p;eamB {M} <N Ma€ TaxKy BJIACTHUBICTD:

ﬂM M, IJIA KoskHOTrO i =1,2,.

=1
6yJ_IeM0 HasuBaTu HediHiTapHuMmu. Mawuu Taky mo-

CJIIOBHICTH ATOMIiB, 3 JOIOMOTO0I0 OyIb-AKOTO YJIBTPa-

.. Taxi mocsrimoBHOCTI

dinerpy F mag N Moxemo BusHaumTH AeAxuii Jii-
BUil imeas kimbpua R axuii mosuaunmo [ (M v ) .Hen
i1east 3a1a€TbCA PIBHICTIO

)= 1M,

UeF \ieU
Bimowmo, 1110 icHYe eqmHUI MakcUMaJIbHUE ieast

I(M,F)=

Kbl R = I IRi / D B AxOMY MicTUThCA JIiBHI imean
ieN

I(M,F), II03HAYATHMEMO HOT0 Uepes I(M,F) .

Hexait 3amano HecraHgapTHe HATypaJibHE YHCIIO

n € N,. Ilpumnycrumo, mo ﬁ:(nl,nz,...,nk,...), ne

n, € N nnsa xoxuoro k € N. Toni mus xoxsoro i € N
POBIVIAHEMO CUMETPHUHY IpyIy S iMaruMeMo ciM’io

. Tenep MOXKEeMO HOﬁy,HYBaTI/I
ieN

CKIHUeHHUX I'PyTI {Snl_ }
YIILTPaI00y TOK HSn- /D ciM1 rpyno {Sn }
N i i) ieN
BITHOCHO TOTO K yanpad)ianpy, BITHOCHO AKOTrO IO-
OymoBaHO yIsTpago0yToK ciM'i Kiners | R, . Mu or-
puMasy rpymy S, Ky Ha3UBATHMEMO HceBJIOCI/IMe-
TPUYHOIO TPYIIOI. chmo limn;, =00, To morysxHicTs
rpynu S, € He MEHIIOK, Hi’K KoHTHHYYM. OTiKe, S.
KOHTHHYyaJIbHA Tpyla g _KOKHOTO HEeCTaHIapTHOTO
HaTypajbHoro uncia i1 € N, Ake He € craHIapTHUM.
3asHauNMOo, 10 3aJaHHA IPyNU S, He 3aJIeXKUTh Bifl
BUOOPY TIPENICTABHUKA (71,71, ,.. 71 ,. .. B KJIaci eKBi-
BautenTHocti 71 . fIkmo G € S, To BBasKaTMMeMO, 110

G=(O‘1,O'2,...,Jk,...), e O-kGSnk IJIA  KOMKHOT'O

keU ,pe U —neaxa maO:xuHa 3 D .
Tenep BisbMeMO IOBIIbHUIL i1€aJT BUTTIALY

A{M, |m<i}cI(M,F),

e {M ; }il TaKa II0CJIOBHICTh, MAKCUMAJILHUX iqeaJIiB
n

Kbl R, o ﬂM[ &M, nnakoxsoro neN i
i=1

F — meronosumii yABTPaineTp Haj N. Ina xox-

HOI [ICEBIOIIACTAaHOBKU O € S, 1 U1 KOXKHOI0 MaKCH-

MautsHoTO ineany M . , ne m <ii , AKUI CKJIAaeThCA

3 eJIEMEHTIB BUTJIAQY

(ml.ll,ml.zz,...,ml.kk,...),

ne myeM, , m,eM, ,,...m, M
1 1

RIS TOOTO

M. (Mll,M M,.kk,...),

0JIePIKyeMO HOBUM MaKCUMAaJIbHUH ieast

M&(rﬁ) = (Mo-l(il)l’Mo_z(iz)2"“’Mdk(ik)k"")7

AKUNI CKJIa0aeThCs 3 eJIEMEeHTIB

33



// Mi>knapoaHuit HaykoBui xxypHan «lHTepHayka» // N2 4 (183), 2026

// disnko-maremaTuuHi Haykm //

// 1SSN 2520-2057 (print), ISSN 2520-2065 (online) //

(mal(il)l,maz(iz)z,...,mak(ik)k,...).

30KpeMa, MU OfIeP:KaJTi HOBY ITOCJTIOBHICTD MAaKCH-
MaJIbHUX 1/1eaJiB

&(M) - {MC’:(i)}ieN,
fAKa Mae Ty 2K BIACTUBICTh, mo i M , To6To0
ﬂMﬁ(t) g M
i=I

1u1a xkooxHOoro 71 € N . JIerko 6aunTu, 110

5'(n+1)

MM, [ < i} = A M ) |1 < |
J171A KOPKHOI [ICEBIOIIINCTaHOBKU O € S .
ITpogoB:kMMO Oif0 IICEBOOCHMETPUUYHOI TPy
Ha MHOYKUHI 3JTIYeHHUX II0CJIIOBHOCTEll MaKCHuMaJIb-
HUX imeanis surnany M » HA MHOMKUHY ileasliB BUIJIA-
oy 1 (N v ) , ne N mpobirae smiuenni HedgimitapHi
MOCJTIOBHOCTI MAKCHMAJILHIX 17IeaJIiB, BCl KOMIIOHEHTH
AKKX € igeanamu tuny M, i, ] € N, mpudomy Ta-
KHX, 10

A{N, |m<i}=A{M

IIpu nbOMY HOCIIITOBHICTE MAKCUMAILHUX imeanis M
BBaxkaeMo (pikcosaHow. [{yia crpomiensa imean M 5(1)
Oo3HAYATHUMEMO uepes N, Tomli moOCIIIMOBHICTE
o (M ) cIIiBIIAfa€e 3 IIOCJILIOBHICTIO {N, } . Omepxy-
emo HOBUM JiiBuii igean [ (N, F ) KLJIBIA R IToxna-
nemMo O - I(M F) ](N, ) Busacaumo, Axkumu 1mo-
BUHHI 6yTH IICeBIOMICTaHOBKa & i yasrpadinerp F,
1106 JTiBi imeasu I(M,F) i ](N,F Oysu pisHMMHU.

Teepmxenns 1. dxmo g xosxaoro [ € N mosxm-

HU OpOIT MiICTAHOBOK O; He € 00MeXeHUMH, TO ieann

[(M,F) i [(N,F) ¢ pisHUMM.

Nosenennsa. Hexait nya koxsoro i € N o, =1,0,,
fie T, — IHUKJI foBxkuHE K, 1mpumycrimo, mo lim &, = oo,
Pogi6’emo MHOKMHY unces 1,2,...,n, ; Ha g8l TrinMHo-
xuHn A, 1 B, rax, mo6 O'i(Ai)gBi idANB=0.
Mu moxxemo BBazKkaTH, 1[0

CardA; = CardB, =n, /2,

AKIII0 nl- € IIapHUM, abo x
CardA, = CardB, = (n,-1)/2,

axmo 1, — HenapHe. Tomy lim Card4, = .

i—0

alm<i).

PosriareMmo aBl MHOKHHN MaKCUMAaJILHUX 10eaJIiB
Xz{M,ﬁlmi e A, ansa Beix i e N}

Ta
Y ={M,, |m; € B; gna seix i € N}.

Tomi imeanu A:A{M,h|X} i B= A{M~m |Y}

He TlepeTHHATheA 1 A EI(M,F) , Be I(N,F) .

TBepmxeHHA JOBEOEHO.
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TBepmxenusa 2. IcHye He MeHIITe, HiK KOHTUHYYM
moctigoBHocTeit N, = {Ni}~ N MakCHMasbHUX JIIBUX
. . . o le
igeaJtiB KinblA R, KOHUIA 3 AKMX Mae BUTJIAL

My =(M M, M)
IUIA JIeAKOTO0 HECTAHIAPTHOTO0 HATYPaJIbHOrO UIC-
na m<7 i Takux, 1o I(Na,F);tI(N ,F) ¢
a#pf.

HoBenenns. OckKuTbKN hmn =00, TO MAKCUMAaJTh-
HA KiJTbKICTb IUKJIiB KOXKHOT 3 TPYTI S 30LITBIIYETHCA
31 36ibIenHAM HoMepa I . OTike, no'rymmcq*b MHOMKH-
HU TICEBIOMIICTAHOBOK, JOBKUHU OPOIT AKUX He € oOMe-
JKeHIMH, € He MEeHIIa, Hi’K KOHTHHYYM. SKII0 3 KOsKHOI
apy B3a€MHO 00€PHEHUX ITiCTAHOBOK 3AJIUIITUTH Tijlb-
KU OHY Ii[ICTAHOBKY, TO 3AJIUIIATHLCA KOHTHHYAIbLHA
MHOKHHA TICeBOITiICTaHOBOK. To/i 3a TBepIKeHHAM 1
OJIePIKYyEMO KOHTHUHYYM ITOIIaPHO Pi3HUX JIIBUX iTeaJTiB
Burnany 1 (N F ) TBepmKkeHHS T0BeIeHO.

OCKiTbKY MHOKUHA ynLTpad)mLTplB HaJT MHOKITHOIO
N mae noryxgicrs 2%° 1o emement A {M |m < n}
MictuTbes B 22 ° MIOTIAPHO PISHUX MAKCUMAJIBHUX JIIBIUX
imeasax ximerga R .

Teepmxenusa 3. Hexait ' — A-yanpi(bmyrp
3aMKHYTHUX TIAMHOKWUH MHOXUHU Lmspec ),
AKI BiATIOBiIAIOTH JIIBOMY MaKCUMaJIbHOMY igea-
ay I (M F ) Axmo icHye 37IideHHA MOCTITOBHICTE
N = {N } TaKUX MAaKCUMAJILHHUX ieaJIiB KiJIbIA
R, mo ana ICODICHOI TOJIOBHOT 3aMKHYTOI HiAMHOMKUHU
S = V(a) € I vuoxuna S NN, } € HEeIIOPOMKHEOIO,
To icHye Takui yisrpadiasTp G Haj MHO)KI/IHOIO N, mo

I(N,G)zI(N,G):I(M,F).
Hosenenna. Haramaemo, 1110

Vy(a)={ieN|aeN}.

3 yMOB TBepPKEHHA BUILIABAE, 110 VN (a) #J nna

KoxkHOTO d € | (M F ) . JIerko mepesipuTH, 10 MHO-
KUHA

G={VN(a)|ael(M,F)}

¢ ynerpadinsrpom Hag MEOkAHOW N . OueBnmHO, 10
I(N,G)2I(M,F).
Ockinpkn igean [ (M v ) € MakCUMAJILHHAM ieaiom,

TO I(N,G) = I(M,F) . TBepmKeHHA NOBENEHO.

O3nauenna. CucreMma TBipHUX
{ai}ie[O;aO] ! {b’ }ie[O;ao]

siBoro igeany I mereposoi V-o6iacti R HasuBaersca
MIPUPOAHOI0 CUCTEMOIO TBIPHUX, SAKIIO BUKOHYIOTHCS
TaKi YMOBH:

II.C.T.1. InA KOXKHOTO HErPAaHUUYHOIO YKCJIA
p E[O;ao) enemMeHTH d, i by BupamaroThCA Uepes
eleMeHTH! dy 1 by 5
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II.C.T.2. dnA KOKHOTO TPAaHUUYHOTO UYHCJIA
pe [O; 0{0) eleMeHTH d, i bﬂ BUPAKAIOTHCA Uepes
eneMeHTH d, i Dy;

I1.C.T.3. &, e HaliMeHIINM I'PAHUYHUM TPAHCHIHIT-
HUM YUCJIOM, [JIA AKOTO iCHY€e CUCTeMa TBIPHUX igeasry
I , mporymepoBana TpaHChIHITHIMYA YHUCIIAMH, IO
Hanexars inTepsany |0; 0{0%) 1 1715 AKO1 BUKOHYIOTHCA
Bnactusocti I1.C.T.1 ta I1.C.T.2.

Teepmxenns 4. [I1a gosinasHOrO JIiBoro imeany [
HeTepoBoi V-o06acti R icHye Taka cucreMa TBipHUX

{ai }ie[O;aO] 1 {bi }ie[O;aO] ,

Ie (, € TPAaHUYHHUM TPAHCQIHITHUM UHCIIOM, IO BH-
roHyTbea ymoBu I1.C.T.1, II.C.T.2 Ta II.C.T.3.

HoBenenns. Hexait [f, — rpancdiniTHe uncsio
i I — posinbHwuii inean B R . BuGepemo foBiabHI He-
HYJIBOBi eJIeMeHTHU d,, bo €[, axi 6ygyTs BXOOUTH
B cucreMmy TBipHuX. Hexail ojis geakoro TpaHcgidiT-
HOTO 4KCJIa [0; ,30) nas kosxaoro S €(0;a ) enemen-
M d, € Ii bﬂ €] 3 cucremu TBipHUX Bike BUOpaHi,

IpUYoOMy JIJIf
{ai}[e[o;a) i {bi}[e[O;a)

BukoHytoTbca ymoeu I1.C.T.11 I1.C.T.2.

Axmmo miBuit imean Ia , TIOPOII»KEHUH CUCTEMaMU
TBIPHUX @, 1 bﬁ, f <a cnisnanae 3 [, To Mu Bxe
MaeMo HOTPiOHY IMpUpomHy cuctemy TBipHux. Hexait
I#1, 1 a erpanuunuM TpaHChIHITHIEM YHCIOM.
OueBuaHO, 110 ]a c I iicHyoTh HEeHyJILOBI ejleMeH-
ta ¢,,c, €\, . PosrisaHemo siBuii igeas

(Ray +Rby)+(Rc, +Re,) = Ra, +Rb, -

Armo ¢ He e rpaHUYHUM TPAHCQIHITHUM UUCIIOM,
T0 @, i b, BusHauaemo 3 piBHOCTI

Ra,+Rb, =(Ra,_, +Rb, | )+(Rc, +Rc,).

OCKiJIBKM TIPUPOOHA CHCTEMAa TBIPHUX He MOKe MATH’
HOTY:KHICTB, OLTBIILY 3a HOTY:KHICTH KLIBIA, TO iCHYe
take TpaHc(iniTHe yncio @, < B, s axoro

> (Ra,+Rb,)=1,

a<a

IpuYoMy ¢f, MO¥Ha BBaxkaTH rpaHuuHuM. Hacopas-
Oi, AKIIO ¢, He € TPAHUYHUM TPAHCQIHITHUM dYHC-
JIOM, TO TIOBTOPMMO HAIIIl MiIpPKyBaHHA, BUKOPUCTOBY-

oYU eJIEeMEeHTU
{a.}‘ i {b} ,
) i<ay i<ay

ajie 1I00yIOBY MOYHEMO 3 HAMOLIBIINX IPAaBUX CHLIb-
HUX [iJIbHUKIB eJleMeHTiB d,, a, 1 by, b, .

Ilepesipumo Buronanusa ymosu I1.C.T.3. Kaxe-
Mo, 1110 TpaHc(iHiTHe YKCI0 (X Mae BIACTUBICTH (),
AKIIO iICHYIOTH CUCTEMHU TBIpHUX

{ai }ie[O;a) i {bl }ie[O;a) ’

Axi 3agoBosibHAITL yMoBu [1.C.T.1 i I1.C.T.2. Muoxu-
Ha BCiX TpaHCPIHITHUX UKCes, AKI BOJIOOIIOTH BJjIac-
THUBICTIO () € HENOPOXKHBOIO, TOMy Ma€ MaKCUMaJlb-
Huil eneMeHT . OTike, MU 3HAHIIIM ¢, 3 YMOBH
I1.C.T.3. TBepmKeHHS qOBEIEHO.

JJOJATKOBA IHOOPMAI[IA
DOIHAHCYBAHHS: AsTopu He oTpuMyBaau (DiHAHCYBAHHA [JIS IIHOTO TOCIiKeHHA.
3AABA ITPO JOCTYIIHICTB JAHMX: He 3acT0COBYETHCA.
KOH®JIIKT IHTEPECIB: ABTopu 3asBIAI0TD IIPO BiCYTHICTb KOHPJIIKTY iHTEepecis.
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NObYA0BA 1BOBUMIPHOI TABJIULII
NPOCTUX YNCEN 3A 3HAYEHHAM
IX OCTAHHbLOI LIU®PU

CONSTRUCTION TWO-WORLD TABLE
OF SIMPLE NUMBERS BEYOND THE VALUES
OF THE REMAINING NUMBERS

AHoTauis. 3givicHeHo nobygoBy gBOBMMIPHOI TabMLi MPOCTMX YMCeN 3a 03HAKOI 3HAYeHHs iX ocTaHHiX undp (1,3,7,9). Ans
1yb020 3AMPOBAGIKEHO AN2OPUTM (POPMYBAHHS BigNOBIGHUX APUPMETUYHNX MPORPECIH 3 BUKTIOYEHHSM i3 HUX goOYTKiB gBOX
yucen Lo garTb igeHTUYHY OCTAHHIO UMPPY go gaHoi Mpoepecii, a TAKOX yTOYHEHO MOHSTTS PO NPOCTi 4ncaa GAN3HIOKM.

KniodoBi cnoBa: [pocTi 4ncna, oCTaHHS Lundpa npocto0 Yncaa, geoBUMIPHA TAOANLS, NOCTIGOBHICTb, G/IM3HIOK, BOMHIOK,

gBOVHSLLIKA, TPOMHSILLKA, YeTBepHSLLIKA.

Summary. A two-dimensional table of prime numbers has been created by sign of the value of their remaining digits (1,3,7,9).
For this purpose, an algorithm has been proposed for the formation of similar arithmetic progressions by excluding from them
the additions of two numbers so that the remaining digit is identical to the given progression, and also the concept of prime twin

numbers has been clarified.

Key words: Prime numbers, remaining digit of a prime number, two-dimensional table, sequence, twin, twin, twin, triplet,

quadruplet.

cryn Ta [locranoBka nipo6sremu. [Ipocti uncia.
Haue6T0 Bce BuuepIiamo 3 TOUKu 30py (popMyBaHHSA
Tak 3BaHOI TA0IUIN 1X 3HaueHb [1; 2], aste ik pakTuuHO
1Ie € IIPOoCTAa IIOCJIITOBHICTD, 3 AKOI BUIHO III0 BCi BOHU
MaloTh KOHKPETHY OCTaHHI0 [udpy, a came: 1, 3, 7, a60 9.
Ile mo:xe GyTH ITiICTABOO AJIA ITOOYIOBH iICHO TAOIUITI
YRopA0K08aHUX TIPOCTUX YHCEJI 32 03HAKOI 3HAUEHHS
ocrauHbol Mudpu. Yucsaa 3 TakuMu 1UPPaMu yTBO-
PIOIOTH HeCKiHUeHHi apu()MeTHdHi mporpecii +a, +nd
3 TIOYATKOBMMU YIeHaMu BiAnoBigHo ) =1, 3, 7, 9
Ta pigauneno d =10, a TakoK 3a1amM0 00MEIKYIOUY
KUJIBKICTB iX €JIEMEHTIB n 100U 3aCBIIUUTH Pe3yib-
TATUBHICTDH AJITOPUTMY OJIA MO0YyT0BU IBOBUMIPHOI
TaGJINIIL.
Hexait n=12, TakuM YMHOM MAaeMO YOTHUPHU
apudMeTHUHI IIporpecii:
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+1, 11, 21, 31, 41, 51, 61, 71, 81, 91, 101, 111;
+3, 13, 23, 33, 43, 53, 63, 73, 83, 93, 103, 113;
+7, 17, 27, 37, 47, 57, 67, 77, 87, 97, 107, 117;
+9, 19, 29, 39, 49, 59, 69, 79, 89, 99, 109, 119.

EnemeHTamMu 1iux mporpeciii € AK MPOCTi YKCIa TaK
1 moOyTKM HAlIMEHIIIe TBOX YKCeJI, AKi BaKIHUYIOTbCA
BigmoBiguo nudpamu 1,3,7 ta 9, a e MOKyTb OyTH
3pPO3yMLJI0 TaKi BapiaHTH:

IS OMUHUIN OyayThb JOOYTKM UHMCeJI 0 3aKiHUy-
TheA 000€ ruppamvu 11 1 (11%11 = 121), a6o 91 9
(19%9=171)Ta 317 (13*7 =91), un 71 3 (17*3 = 51);

IJIA TPIMKY 11e OyayTh (PAKTUYHO IBi HAPU YHCEJT 10
sakinuyoTbea muppavu 113 (11¥3 =33) un 31 1
(13¥11=143)1a 719 (7*9 = 63) uu 91 7 (19*7 = 133);

Copyright © The Author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution License 4.0 (https://creativecommons.org /licenses /by /4.0/)
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IS CIMKHM IIe TaKO (pakTHUUHO OymyTh OBi IIapu
quces 0 3akKiHgyoThea muppamum 11 7 (11%7 =
TNun 711 (17¥11=187)1a 319 (3¥19=57)unn 91 3
(9%13 = 117);

IUTA NEB ATKH BiIIOBIIHO GY/IyTh TAKI IIAPY YKCEJT III0
sakinuyoTbeAa muppamu 119 (11%¥9 = 99) un 91 1
(19%21 =399), 313 (23*3 =69),a60 717 (17*7 = 119);

Yy BCiX apu()METHUHUX IIPOTPeciii IIPUCYTHI TAKOK
YWCIIa 10 JIIATHCA Ha TP TA HA IEB ATh, a 11e MoKe 0yTu
JIOMATKOBUM KPUTEPieM [IJIS TIePEBIPKU UKCEeIT YU € BOHO
CKJIQJIEHUM UM IPOCTUM. B TIporpecisx, 1o 3aKiHYyI0Thb-
caua 119, MaeMo 110 TpU Hapu BIAMOBIAHUX JOOYTKIB,
a Ti mo Ha 31 7 mo [IBi, a Ile 03HAYAE 110 IIPU OTHAKOBI
YMCEJILHOCTI WIEHIB BiIMOBIAHUX apr(PMETUUHUX IIPO-
Tpeciii n , KiJIBKICTh IPOCTUX 4YucelI Oitbine Oyae came
Yy OpyToi ITapu, TOOTO Yy THX AKI 3aKIHUIYyIOThCA Ha 31 7.

3asHaueHi yMOBH € IPaBWJIaMU AJITOPUTMY BU3HA-
YeHHS YU € BIATIOBITHUN WieH apu(pMeTHUHoI Iporpe-
cil CKJIaleHUM YICJIOM, a SKIIO Hi, TOMOi CTa€e 3p03yMi-
JIIM IIT0 BiH € AIHICHO IIPOCTe YHCJIO.

TakuMm yuHOM, CKJIAJIMCA TIEPEOYMOBH MMOOYI0BU
ABOBUMIpHOI Tabnuili (4 X n ), Ie pAOKaAMU € UJIeHU
BIATIOBIAHUX apU(PMETHYUX ITPOTPECii, 8 CTOBITYUKU
BU3HAUYAKTHCA 1X ocranHiMu rudpamu (1, 3, 7, 9). Bu-
HATKOM € TiJIBKU IPOCTI Yrcjia HyJIbOBOTO JecATKA 2, 3,
5, 7. CrnaneHi uncsia B TAGJIUIN /1A KOYKHOI IIporpecii
3amucaHi AK J00yTKU YePBOHUM KOJILOPOM.

3 TabJIAIl BUAHO IPUCYTHICTD II€BHUX I'PYII YKCEJI,
AKL IPUAHATO HASUBATU O1USHIOKU, 080UIHIOKL, 0801Ti-
HawKu, mpolinawru (3,5, 7; 41, 43, 47; 223, 227, 229;
311, 313, 317) i uemsepnawru (11, 13, 17, 19; 101, 103,
107, 109; 191, 193, 197, 199) [3]. Hucri (cupaB:kHi)
621U3HI0KU BU3HAYAIOTHCA BOMA ITapaMU YKCeJI, 110
3akiHUyOThcA Ha 113 Ta 719 i1 HaexaTh M0 Pi3HUX
IIATIPOK, 4 YKCcJIa MK HUMHU 3aBKIUA TIIUTHCA HA 6,
a BIAMOBITHI ITApU IIPOCTUX UHCEJI 10 3aKIHUYIOThCA
Ha 91 1 HasBeMo 0601iHI0OKL, TOMY II[0 BIIIIOBIAHI YKcIa
X0U MAKTh PiSHUIIIO MiK CO00I0 2, ajie HajIeXaThb CyCi/i-
HIM JlecATKaM, Tak AJid Imapu mpoctux gucea 29 i 31,

591 61 micx aumu 30 Ta 60, Akl gigareea 2, 3, 5, 61 10,
a iHIIy mapy MPOCTUX Yucesl, AKi 3aKiHUYIOTbCA Ha 3
17, HazBeMO J8OlUHAUKAMU TOMY, 1110 A1 map 131 17,
43 1 47 pizHUIA MixK ITOAI0HUMEI YNCJIaMU I0PiBHIOE 4,
a TaKOoK BHAXOOATHCA II[e I UMCJIA IO TUIATHCA OKPEMO
Ha 2, 3 ta 5 (14, 15, 16; 44, 45, 46).

IIi BiracTrBOCTI TAKOMK MIHCHI ¥ [J1s BCIX ITOAJIBIINX
3HAUEHb IIPOCTUX YKCeJI IPU 301IbIIIeHH] 3HAYEeHHA 7 .

BucuoBkwn.

1. ¥V nieBHOI KUTBKOCTI my6uTikartiii [1; 2; 3] mpocTi uric-
Jia IPEeJCTaBIIAITD AK Haue6To Ta0InIll, a (DAaKTHUHO
BOHU HE € JIBOBUMIPHUMU TAOJIUIAMH, a € IEPETIKOM
TICHO MPOCTUX YMCEJI Y BUTYIA/I YMCIIOBOI TTOCITIIOBHOCTI.

2. Bci mpocti uncsia 3akiHuyoThcA rudppamu 1, 3,
7 Ta 9, 10 € 03HAKOIO [JIA IX CHUCTeMAaTH3allil y BUTJIA-
Il TBOBUMIipHOI TabJIUIli, AK TaKOI, a Ile CBITYUTH IIPO
Te, 110 TAKAM YHWHOM BiI0yBaeThCsA BHOKPEMJIEHHA
YOTHUPBOX CAMOCTIMHUX ITOC/IIOBHOCTEH Ta BiKpHUBae
IIPOCTIP [JIA IIOIIYKY iX HOBUX BJIACTHBOCTEI.

3. Tabnuiisa gae Tako:xK MOMKIJIUBICTD CIIOCTEPITATH Ha-
ABHICTh YU BI[ICyTHICTH IIPOCTUX YUCeJI, a00 HABITH iX
CKYITUEHOCTI, B KOYKHOMY OKPEMOMY JIECATKY, a AKIIO I10Ya-
TH IOCJIIAOBHICTE 3 2, 3, 5, 7 Ta HagasIl 10 Hel IIOCII0BHO
JIO[AaBaTH 3 KOYKHOT0 HACTYITHOTO AECATKY iX ITPOCTI umcsia
O0TPHUMAEMO BCIM BiJOMY HECKIHUEHHY TOCJTiTOBHICTb.

4. CKymueHIiCThb IIPOCTUX UKCeJI B KOMKHIHN TeCATIN
BUABJIAETHCA Y BUIVIANL YTOYHEHOT0 IIOHATTA OJIN3HIOK:
CITPABIKHI OJIN3HIOKHU, JBOMHAKY, TBOMHAIIKN,; TPONHSA-
IIIeK 1 YeTBepHAIIEK, a e € GaKTUIHO [JId KOKHOI
3 YOTUPHOX MOCIIIOBHOCTEI BiMOBITHUMYU By3JIaMU
iX emHOCTi. 3 TAGJUIN BUIHO IO 34 PAXYHOK ITOSABU
IIBOMHAKIB 3’ ABJIAETHCA TIIIOTETUYHA MOKJIABICTH BU-
HUKHEHHA IATEePHAIIEeK a00 HaBITh 1 MIEeCTePHAIIEK,
ajie TEOPETUYHO Iie He € MOKJIHBO.

5. 3 30L/IbIIIeHHAM 3HAYEHHA N IUIBHICTh IPOCTUX
qucesI IJIA KOXKHOI 3 YOTUPHOX BU3HAYEHUX ITOCIIiI0B-
HOCTEM 3MEeHIIYEThCA, TOOTO KUIBKICTh CKJIaIeHUX Y-
ceJ 3pocTae JIJiA KOMKHOI 3 HUX, a IMPOCTi Uucjia yepes
I1e CaMOBIOIAJIAIOTELCA.

Tabnuys 1
IToGynmora xBOoBHMipHOI TaG/IHIIi IpOCTHX YK Cces chopMOBaHOI
3a 3HAUYEHHAM OCTAHHBLOI nudpu (pparmeHT)
1 3 7 9 =3*%3
11 13 17 19
21 = 3*7 23 27 = 3*%9 29
31 33 =3*11 37 39 = 3¥13
41 43 47 49 = 7*7
51 = 3*17 53 57 = 19*3 59
61 63 = 7%9 67 69 = 23*3
71 73 77 =T7*%11 79
81 =9%9 83 87 = 29*3 89
91 = 13*7 93 = 3*%31 97 99 = 11%9
101 103 107 109
111 = 3%37 113 117 = 13%9 119 = 17%7
121 = 11*%11 123 = 3%41 127 129 = 43*3
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XY10)XXHA CNELUDIKA MOETUKU
NOBCAKAEHHOCTI Y TBOPYOCTI
CION NIYXKI

ARTISTIC SPECIFICITY OF
THE POETICS OF EVERYDAY LIFE IN
THE WORK OF XU LIZHI

MHAVYH IHhI1OUOL P

AHOTaUif. Y CTATTi OCAIgKYETLCA XygOXHS Crieundika noeTnku NoBCIKGEHHOCTI y TBOPYOCTi Cy4dCHO20 KMTAMCbKO20 Mo-
eta Cio#i Jlivxi. AKTyanbHICTb pob0TH 3yMOB/IEHA 3POCTAHHAM iHTepecy go Tak 3BAHOI «HWM30BOI MOE3ii» Ta NepeocMUCIeHHIM
PO/l MOBCAKJEeHHO20 gocBigy B Cy4acHOMY iTepaTypHOMy rpoueci Kutat. MeTolo gqocaigxeHHs € BUsiBeHHs! 0C00/MBOCTel
XygOXXHb020 OCMUCAEHHS! OYgeHHOCTI, a TaKOX aHAI3 TeMaTUyHuX i CTUAICTUYHMX JOMIHAHT Y noesii aBTopa. Y cTatTi po3a/is-
HYTO K/IOYOBI MOTMBM TBOPYOCTI Ciovi J1ixi, 30Kpema penpe3eHTawito npawi, BigyyxeHHs, TiIeCHOCTI Ta CoLianbHOI MapaiHani-
3auii, a Takox npocTexeHo creLugiky MOBHOI Op2aHi3aLii TEKCTIB, L0 XapaKTepu3yeTbCs IAKOHI3MOM, §OKYMEHTAIbHICTIO Td
eMOL}ifIHOI0 CTPUMAHICTIO. Y pe3y/ibTaTi BCTAHOBAEHO, WO MOeTHKA MOBCIKGEHHOCTI y TBOp4OCTi Ciok J1iuxi PyHKLUIOHYE K 3aciO
XYgOXXHb020 BITBOPEHHS JOCBIgy CYYACHOI OGUHM B YMOBAX IHGYCTPia/ibHO20 CYCMi/IbCTBA.

KntoyoBi cnoBa: Cioii Jlivxi, N0eTMKa NoBCAKGeHHOCTI, HU30BA M0e3isl.

Summary. The article explores the artistic specificity of the poetics of everyday life in the work of the contemporary Chinese
poet Xu Lizhi. The relevance of the work is due to the growing interest in the so-called «grassroots poetry» and the rethinking
of the role of everyday experience in the contemporary literary process of China. The aim of the study is to identify the features
of the artistic understanding of everyday life, as well as to analyze the thematic and stylistic dominants in the author’s poetry.
The article examines the key motifs of Xu Lizhi’s work, in particular the representation of labor, alienation, corporeality and
social marginalization, and also traces the specificity of the linguistic organization of texts, which is characterized by laconism,
documentary and emotional restraint. As a result, it is established that the poetics of everyday life in Xu Lizhi’s work functions
as a means of artistic reproduction of the experience of modern person in the conditions of industrial society.

Key words: Xu Lizhi, poetics of everyday life, grassroots poetry.

yJacHa KUTaliChbKa M0e3id XapaKTepUsyeThCA aK- Yy AKIN BimoOparkeHOo JOCBIJ ITpaIli, COiaJIbHOI Mapri-
TUBHUM 3BEPHEHHAM [10 MOBCAKIEHHOT0 IOCBIAy  HAaJi3allil Ta BHYTPIIIHLOrO BiqUy:KeHHA., AKTYaJIbHICTD
AK BAXKJINBOT0 00 €KTA XYI0KHBOT0 ocMucaeHHA. Oco-  [MOCITiIpKeHH 3yMOBJIeHa HEOOXIMHICTIO AHATI3Y IT0eTHKN
0JIMBe MicIle y IIbOMY KOHTEKCTI mocimae TBopuicTh CI0ii  MOBCAKIEHHOCTI AK CIIEIU(IUHOr0 XyI0KHBOI0 ABUAIIA
Jliwxki — mpeacraBHUKA TAaK 3BAHOI «<HM30BOI II0€3ii», Yy cydacHoMmy JriteparypHoMmy mpoiteci Kuraro. Meroro

@ ® Copyright © The Author(s). This is an open access article distributed under the terms of the
P~ Creative Commons Attribution License 4.0 (https://creativecommons.org /licenses /by [4.0/)
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CTaTTi € BUABJIEHHA XYT0KHBOI CIIEITU(IKU TTOETUKHN
moBcAKIeHHOCTi y TBopuocTi Croit Jliwxi.

Y cyuacHOMYy JIiTepaTypO3HABCTBI IOETUKA I10-
BCAKIEHHOCTI PO3TJIAIAEThCA AK BAKJIUBUU CIOCI0 Xy-
IIO3KHBOTO OCMUCJIEHHA PeajIbHOCTI, 10 mepeadauae
30CepeKeHHA yBaru Ha 3BUYHUX, Oy IeHHUX acCIIeKTax
JIIO[CHKOTO JKUTTA. ¥ KOHTEKCTI CyJacHOI KATAKCHKOI
moesii Taka moeTuka HabyBae 0COOJIMBOTO 3HAUEHHSA
y 8B’'A3KY 3 TpaHChopMaIliAMU COIiaJIbHOTO Ta KYJIb-
TYPHOTO TIPOCTOPY, 30KpeMa IpoliecaMu ypbaHisarii,
iHaycTpiaridalfii Ta 3MiHOI I[IHHICHUX OPi€HTHUPIB.
Y mpoMy cepemoBuiili (popMyeThCs TAK 3BaHA «HU30BA
noesia» (JK)Z 51E), Aka pempeseHTye J0CBif COLiaIbHO
BPAa3JIMBUX T'PYIl HACEJIEHHA Ta OPIEHTYETbCA HA BiJl-
TBOPEHHA MOBCAKAEHHOTO KUTTA 0e3 imeasrizarii [1].
Ieit repmin Buauk y 1990-x pokax i Bijobpaskae yMOBUA
JKUTTA JIIOeH HUBBKOTO KJIACY Y HEePiof COIliabHUX
epeTBOpeHs [2].

OpuuM i3 HaWACKPABIIINX IIPEICTABHUKIB I[bOT'0
uarnpamy e Croit Jliwki (V7 137.E) (28 munaa 1990-30 se-
pecua 2014) — moeT, TBOPUICTh AKOTO 6€3II0CEPETHBO
[0B’A3aHa 3 JOCBIIOM ITPAIli HA IIPOMUCJIOBOMY ITijI-
npueMcTBi [3]. HMoro moesisa BigsHauaeTbea yBarom
1o Oy[IeHHOCTI, 1110 TI0CTae He AK HeUTpaibHuM (OoH,
a AK KJIIOYOBUI 3MICTOBHUH 1 XYyIOKHINI KOMIIOHEHT.
Y Bipmriax aBTOpa MOBCAKIEHHICTH OCMUCIIIOETHCA
AK TIPOCTip iCHYBaHHA JIOAUHU B YMOBaX MexaHizoBa-
HOT'0 BUPOGHUIITBA, 110 3yMOBJIIOE CIIEITU(IKY BiATBO-
PEeHHHA CBITY y H0ro moesifax.

TaxyuM YMHOM, ITOETUKA MOBCAKIEHHOCTI Y TBOPYOCTL
Croit Jliwki BuCTynae He Jniile TEeMaTUYHOIO XapaKTe-
PUCTHUKOIO, a I BUBHAYAE 0COOJIMBOCTI XyIOKHBOI Opra-
Hi3aIlil TEKCTY, 10 IoTpedye OKPeMOTo aHAaJTi3y.

Baxnusum acriekrom amastidy TBopuocti Croit JIiwxki
€ BUABJIEHHA KJIIOYOBUX TEMATUYHUX JTOMIHAHT, yepes
AK1 peaJtidyeTbcA MOeTUKA MoBcAKIeHHocTi. Ilepemycim
y #oro moesii 1eHTpaJiIbHe Miclle 3aiiMae TeMa IIpa-
I1i, 110 TIOCTA€ AK MOHOTOHHUM, BUCHAMKJIUBUUI IIPO-
1ec, 1mo30aBJIeHNN 1HANBIAYyaJIbHOTO ceHCy. BisbMemo
IT0 IPUKJIATY Bipil «fl TpOKOBTHYB MicAIlb, 3pO0JIEHUI

i3 saumiza» («FRMH T~ —FMM H 7o0):

AN — MR H 52

ATV e I Al 22
FRIA I LAV R, SRk AT B
ML THLENE RS PR

TR AR, WA R R T

WA AT R, W R KA I A0
HHWAT T

JITAS 38 AR (10 EILAEE 30 A MR WA 9 T
FEAH Rt B

IRELihNE

Tyt Croit Jliwxki onucye OymeHHICTb, AK TpaBMa-
TUYHHUA OOCBiI. «3aii30» CUMBOJII3ye YACTHUHY OYy-
IIEHHOTO0 1HIYCTPiaJIbHOTO cepeoBuia. ABTOp 3rajye
IOHAKiB-POOITHUKIB, AKI PO3YUHIIINCA B POOOUill pyTH-
Hi pabpuru. TyT NOBCAKAEHHICTH HIOCTAE AK IPOCTIP

40

TPaBMATUYHOTO I0CBi/ly, TIOB’A3aHOT0 3 MOHOTOHHOIO
mpare Ta QisMYHUM BUCHAKEHHAM.
IMoBcakmennictio Croit JIiwki BucTynana gabdpuka
Ta TSKKA Mpalid, BiIIOBIAHO 1 BipIIi 30CePeKYIOThCA
Ha pobiTHHKAX i pobiTHIIoMy Kiaci [4]. Moro moesis
3a3BUYAl PO3KpPUBae 0€3MOPATHICTD JKUTTA, MAPHUHN
KPHK, Bimuail Ta INIMOOKY OTUay J0 po00doro cepemoBU-
ma. [ToBcaknernte sxurta Croii JIiwki — KoHBeep dabdpu-
KU Ta IOHATHOPMOBA po060Ta, PO e BiH MUIle y BipIIi
«'BUHT TTaae HA 3eMITI0» («—HEETHE 22 fifE Hh [»):

—UBETIR 22 pifE M | Teunm nadae na zemnio

JRAN B2 AR Y yto niv nonadrnopmosoi po-
bomu

EEM, BB—m ITadae sepmukanvro, 3 nezkum
BIO/LYHHAM

ANEHNEE He npueepne nivuei ysazu

BULRT—FF Ak i paniwe

T ZK B inuy nodibry Hiu

— N NFEFEHD JIioduna énana Ha 3eMmi0

I'BuHT TyT yoco6utoe poOiTHUKIB, AKI MOKIHUMIIN
JKATTA caMOry0CTBOM, CTPUOAOUM 3 TaxiB 3aBOIB,
Ha AKUX MpamoBaau. Taka 0JA CIiTKasa i caMoro
moeTa, aayKe BiH HMOKIHYUB JKUTTA CaMOTyOCTBOM,
BUCTPUOHYBIIH 3 BikHa 17-ro mosepxy. O6pas rBuHTa
MiKpecyoe Te, 10 JII0AUHA HAJIEKUTh 10 eJIeMeH-
Ty BUPOOGHUYOTO MeXaHi3dMy, e 1HAUBIAyaJIbHICTH
HOBHICTIO HiBEJIIOETHCA, 2 KOHTPACT MiK MexaHiu-
HOI NPUPOAOI0 TBUHTA 1 JIIOJCHKOI0 TPAreqi€o mo-
cuiroe edekT gerymanisaiii. Bipmr mobygoBanmit
Ha e(eKTi OPUIIIYHIeHOCTi: NaJiHHA He CYIPOBOIKY-
€ThCA ApPaMaTU3MOM, & HABIIAKU — PO3YUHAETHCA
y HoBcAKIeHHOMY mryMi ¢abpuku. ABTOp BUOyqOBYE
IIPUXOBAHUM ITapajieslisM MixK MeXaHIYHUM 00 €KTOM
1 JIIOMUHOIO, [Ie MagiHHA IBUHTA QYHKI[IOHYE AK ajie-
ropis JIIACHLKOT0 NaAiHHA. Bipin penpeseHTye moeTu-
Ky HOBCAKOEHHOCTI Uepe3 BUKOPUCTAHHA OyIeHHUX
00pasziB BUPOOHUUOTO CepPeIOBUINA, 1[0 3aMiHIOITh
TPAgULIHO «BUCOKY» MOETUUHY CUMBOIIKY. CTUIIb
BipIa XapaKkTepUsyeThCcA JAKOHIZMOM 1 BIACYTHICTIO

A nporosmmys micaubv, 3pobnenul i3 3a1i3a

Bonu naszusaioms ye zé6urnmom

A Kosmas ui npomucnosi cmiuki 600U, smpamus pooomy

Ti onakxu, aki nomepnu MoroduUMU, HUXCUe PIBHA MAULUH

A nporosmuys mpyoHowi, nPOKOSMHY8 MIZPAULIO
IIporxosmHmye niuwioxiOHUL Micm, NPOKOSMHKY8 IPHCase HCUMms
A 6invue He Modcy Kosmamu

Bce, w0 npoxosmmnys, supusaemuca 3 zopaa

Ha 6amuvrisuiuni suxiadero sipu

Bipw copomy

yCKJIAQHEeHUX TPOMiB, IT0 BIAIIOBifA€e 3arajbHiil TeH-
MeHI[l1 «<HU30B01 I10e31i».

IIpoanajsisyBaBIIu moeTUYHI TBOPU «f1 TIPOKOBT-
HYB MicAlb, 3pobiieHNH i3 3airiza» Ta «I'BUHT mapgae
Ha 3eMJIIO», 6aUnMO 10 00MABA BipIIi JeMOHCTPYIOTH
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PisHi piBHI pempeseHTAIlil TPABMATHYHOTO TOCBIOY:
Bim MeTadopUIHO YCKIATHEHOT0 0 MAKCUMAJILHO 6Y-
IIeHHOTO0. XYIOKHA CIIeIN(iKa ITOeTUKHN ITOBCAKIEHHO-
cti y tBopuocti Croit JIiwki BUABIAETHCA HEpegyciMm
Y 0COOJITMBOCTAX TOETUYHOI MOBH Ta 06pa3HOI CUCTEMU.
Hacamnepen BapTo Bii3HAUNTH JIAKOHI3M Y HOTO0 TI0€-
3ii: aBTOP BUKOPHCTOBYE KOPOTKi, CHHTAKCUIHO HIPOCTI
KOHCTPYKIII1, II[0 CTBOPIOE e(PeKT eMOIIifiHOI CTpUMAaHO-
CTi Ta BHYTPIIIIHBOI'0 BUCHAKEHHSA JIIPUYHOI0 Cy0 eKTa.

OcobsmuBuM € 1 moetuure MoBiaeHHA Croi Jliuxi.
¥ Bipmiax BiJICyTHA TpPaJuIliiiHa «BHUCOKa» MOETUYHA
JIEKCUKA; HATOMICTh JOMiHy€e MOBA TTOBCAKIEHHOTO CITLJI-
KyBaHHA, 1110 HAOJIMIKYeE TIOETUYHUEL TEKCT 10 PeaJIbHOTO
JocBimy pobiTHuKa. Taka CTITICTUYHA CTpATeriA BiIoBi-
Jiae 3araJIbHUM TEHJIEHITIAM TaK 3BaHOI «HH30BO1 I10e3ii»,
AKa CBIIOMO BiIMOBJIAETLCA Bifl €CTETH3allil JiHCHOCTI.

Oxpemoi yBaru 3acjiyroBye creru@ika o0pasHoCTi.
IToeT akTBHO BUKOPUCTOBYE IMPEOMETHi, MaTepialb-
Hi 00pa3y BUPOOHUYOro cepemoBuina (3airis3o, rBUHTH,
(abpuuni MexaHi3aMu), Ak HaGyBAOTb CUMBOJIIIHOTO
sHaueHHA. [IpoTe 1151 CHUMBOJTIKA He € YCKIJIaJHEHO0I0 a60
6araroIiapoBo0 y TPaaUIliiiHOMY PO3yMiHHI, a, HaBOA-
ku, yHKI[IOHYe Uepe3 CBOIO 30BHINIHIO ITPOCTOTY, 110
mipcuioe edekT OyIeHHOCTI.

BasxiuBum acriekToM e TakoK MOTHB JIeTyMaHi3arrii,
AKUI peastidyeTbes Uyepes 0TOTOKHEHHA JIIOOUHY 3 eJie-
MeHTaM1 BUPOOHUYOr0 MexXaHidMy. ¥ IIbOMY KOHTEKCTI
TI0eTUKA MOBCAKTIEHHOCTI BUCTYTIAE K CII0Ci0 perrpeseH-
Tarii BTpaTu iHOAUBIAYaJIFHOCTI Ta IePETBOPEHHS JTI0-
OWHU Ha (QYHKIIOHAJIBHUMN eJIEMEeHT CUCTeMU. ¥ TBOpi
«KonBeep, Mos 10HiCTb 3aaummIack Ty («4=[0], KA
HHE e >) BiH omucye yMmoBu mparii poGiTHUKIB:
«Binsa Konseepa decamiu mucaw pobimHUKIE WUKY-
1ombes, AK cnoeéa Ha cmopinyi» (MK, T3
L& —FHI») / «llleudwe, weudwe!» («fR, FH») /
«Cmosauu ceped Hux s wyr KpuK KepieHura» («ifi 7.
i, FRr R K 2 L) / Tk minvku mu 3atiwos
do maiicmepni, edurnuii eubip — ue noxopa» («FE L3Rk
B ZE [A)IL £ K RE 2 I M) [5]. KpiM Toro, s moesii
Croit JIiwki xapakrepHa TaK 3BaHA «IOETUKA THUIIII», 110
BUABJIAETHCA Y BIACYTHOCTI BiTKPUTOr0 IpaMaTu3My Ha-
BiTB y 300paskeHHi Tpariuynux momiit. Ilomii, Akl MaoTh
eK3UCTeHIliliHe 3HAUeHHs, IT0JAI0ThCA AK 3BUYAMHI,
Malizke HeTIOMITHI ABUIIA, IIT0 PO3UNHAIOTECA Y PYTHHI
TIOBCAKIEHHOTO KUTTS.

Amnanis moetrnunux TBopiB Croit JIiuwki mossoise
BHUOKPEMUTH HUSBKY KJIIOUOBUX MOTHUBIB, Uepes AKi pe-
aJTizyeThCA ITOeTHUKA MOBCAKTeHHOCTI. Ilepenycim e mMo-
THUB TIpalli, [0 IT0CTae AK MOHOTOHHUI, BUCHAMKJIUBUHA
mporiec, 1o30aBjieHni iIHAUBIAyaIbHOTO cercy. Po6oTa

y abpuuHOMY cepemoBHII 300PaAKYETHCA He AK 3acih
camopeaJtisairii, a Ak ¢opMa iCHyBaHHSA, 110 MiAIIOPAN-
KOBY€ c00i JIIOTUHY.

THIIMM BasKJIMBMM MOTHUBOM € BiTUy»KE€HHA, AKe PO-
ABJIAECTHCA AK Ha COI[IaJIbHOMY, TaK 1 HA 0cO0HUCTOMY
piBHi. JlipuuHuii cy6’eKT He BiguyBae 3B’A3KY Hi 3 0TO-
YeHHAM, Hi 3 BJIACHUM KUTTAM, IO ITiACUJITIOE BiTUYTTA
130J1AIMI1.

3HauHe Miclie 3aiiMae TaK0K MOTUB CMEPTi, AKUI
y moesii Croit JIiwxki mos0aBieHU TpagUuIliiiHol Tpa-
TiYHOI ITiJHECEHOCTI 1 ToJaeThcA AK Oy[ieHHe ABUIIE.
CMepTh He € BUHATKOBOIO IIOMi€l0, a CIIPUIAMAETHCA
AK YaCTUHA MTOBCAKIEHHOT0 iCHYBaHHA.

BaxnusuwMm € i MOTHB MexaHi3allil JIIOQUHM, 110 BU-
ABJIAETHCA Y TIOCTIAHOMY 3iCTaBJIEHHI JIFOCHKOTO JKUTTA
3 yHKIIOHYBAHHAM MAIIWUH 1 BUPOOHUUHUX POIIECIB.
Ile migxpecsroe 3arajbHy TEHIEHITIIO 10 3HEOCO0IeHHA
JIIOOUWHU 0 PiBHA 006’ekTa. Yci I1i MOTHBH pasoM (op-
MYIOTb ITUTICHY KAPTUHY MOBCAKIEHHOCTI AK IIPOCTOPY
TPaBMaTUYHOTO JOCBi/Y.

TIpocTopoBo-uacoBa opranisariisa moeasii Croit JIiwxki
TaKOK ITAIIOPAIKOBAaHA TPUHIIATIAM TOETUKHU ITOBCSAK-
neuHocti. [IpocTip mocrae AK 3aMKHEHUH 1 OHOMAaHIT-
HUl — 11e (habpuKa, BUPOOHUYI IPUMIIIeHH:A, ypOaHi3o-
BaHe cepeoBuIIle, 110 He mepeadadae Buxoxay [6]. Uac,
y CBOIO Uepry, Ma€ IUKJIIYHUI XapaKTep i OB’ A3aHUIA
13 ITOBTOPIOBAHICTIO POGOUMX ITPOITECiB, IO MiICUIIOE
edeKT BiquyTTA 6€3BUXO].

Y pesyabTari IIPOBEIEHOr0 MOCIIKEeHHI BCTAHOB-
JIEHO, III0 TTOeTHUKA TOBCAKIEHHOCTI y TBopuocTi Croii
Jliwki BUCTyIIae KIFOUYOBUM IPUHIIUIIOM XYOOKHBOL
opranisarrii Tekcty. Bora peaisyeTseA He JiAlle Ha Te-
MATHUYHOMY PiBHI, ajie i BusHauae cuerudiky moeTud-
HOI MOBH, 00pa3HOI CCTEMU Ta MOETUUYHUX ITPUHOMIB.
Amnanis BipiriB «fI IpoOKOBTHYB MicAIllb, 3p00JIeHUI
i3 3asiza», «['BUHT mmagae Ha 3emiio» Ta «KoHBeep, Mos
FOHICTbH 3aJIUIIIJIACH TYT» ITOKA3aB, 1110 TOBCAKIEHHICTD
y TI0€e3i1 aBTopa I0CTa€E AK MPOCTIP TPABMATUIHOTO 0C-
Bijly, ITOB’SI3aHUI i3 MOHOTOHHOO IIPAIIEI0, COI[IaIbHUM
BIJUYKE€HHAM 1 JeryMaHisalliero Jroguau. BeraHosie-
HO, 110 XYI0KHA crielndika MoeTUKN MOBCAKIEHHOCTL
BUABJIACTHCA Y JIAKOHI3MI ITOETUYHOI MOBH, TTpo3aisarrii
CTIJTIO, BUKOPUCTaHHI OyqeHHUX 00pasiB Ta BiICYyTHOCTI
TPaIUITIIHOI I0eTUYHOI CUMBOJTIKH. BomHouac came 11i
IpPOCTi 00pasy HalyBaIOTh TJIMOOKOT0 CUMBOJIIYHOTO 3HA-
YeHHSA, PEITPE3EeHTYIOUN CKIIATHI COIiaJIbHI ITPobJieMu.
Takum umnom, moesis Croit Jliwxki meMoHCTpye HOBUIA
TUT XYJI0KHBOT'O0 MUCJIEHHSA, Y AKOMY ITOBCAKIEHHICTh
nepecrae OyTu HEATPATHEHUM (POHOM 1 IIEPETBOPIOETHCA
Ha [eHTPAIILHUN 00 €KT eCTeTUIHOr0 MUCIEHHS.

JOJATKOBA IHOOPMAIIIA
DOIHAHCYBAHHS: AsTopu He 0TpUMYBAIN (DiHAHCYBAHHSA [JIA I[HOTO JOCITIKEeHHS.
3AABA ITPO JOCTYIIHICTB JAHMX: He 3acTocoByeThes.
KOH®JIIKT IHTEPECIB: ABT0opu 3asBIAI0TH IIPO BiCYTHICTb KOH(JIIKTY iHTEpeciB.
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FAMILY BUSINESS AS A FACTOR OF
STABILITY IN INTERNATIONAL JEWELRY TRADE:
THE EXPERIENCE OF KOVE JEWELRY S.R.O.

Summary. This article examines the role of the family business model in ensuring the stability and competitiveness

of companies engaged in international jewelry trade. Using the example of the Czech company Kove Jewelry s.r.o., the
article analyzes the managerial, logistical, and commercial advantages of family entrepreneurship in the B2B segment.
Special attention is given to issues of trust, quality control, long-term partnerships, and adaptation to demand fluc-

AMHI

tuations in the European gold jewelry market. The conclusion is made that the family management model contributes
to reducing transaction costs and increasing business resilience in conditions of high price and regulatory volatility.
Key words: family business, international trade, jewelry industry, B2B market, gold, supply chains, business

resilience.

ntroduction. International jewelry trade is char-

acterized by a high dependency on precious metal
prices, currency fluctuations, changes in consumer
demand, and regulatory requirements. In these con-
ditions, business stability is determined not only by
the scale of operations but also by the quality of man-
agement decisions, speed of adaptation, and the level
of trust between supply chain participants.

Family businesses are traditionally seen as a spe-
cial form of entrepreneurship, combining economic
goals with a long-term focus on maintaining repu-
tation and stability. In the jewelry industry, where
reliability of supply, quality control, and confidential-
ity of commercial terms are critically important, the
family management model can provide a significant
competitive advantage.

The aim of this article is to analyze family business
as a factor of sustainable development in international
jewelry trade using the example of Kove Jewelry s.r.o.,
a company engaged in wholesale supply of gold jewelry
to countries in Central and Eastern Europe.

1. Family Business in the System of Interna-
tional Trade

Family enterprises account for a significant share
of the global economy, especially in the sectors of trade,
manufacturing, and services. Their key feature is the
concentration of managerial functions within the fam-
ily, which ensures a high level of control over both
strategic and operational processes.

In international trade, this manifests in the fol-
lowing aspects:
* Reduction of agency and management costs;
* High degree of decision-making coherence;
* Focus on long-term partnerships rather than short-
term profits;
¢ Increased attention to reputation and commitment
to obligations.
For the jewelry business, these factors are of partic-
ular importance since deals are often associated with
high costs, delayed payments, and complex logistics.

2. Specifics of the European Jewelry B2B Market

The European jewelry market is characterized by
a fragmented structure and a predominance of the B2B
model. The main buyers are retail chains, jewelry bou-
tiques, and regional distributors. Demand is formed
not only under the influence of fashion trends but also
with consideration of local preferences, purchasing
power, and the investment attractiveness of gold.

In these conditions, the key success factors are:

* Accurate demand forecasting;

¢ Flexible product range;

¢ Reliable supply channels;

* The ability to work with multiple countries simul-
taneously.

Kove Jewelry s.r.o. has built a business model
based on the preliminary analysis of customer needs
and the formation of orders with manufacturers in
Italy and Turkey tailored to specific demand, which

Copyright © The Author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution License 4.0 (https://creativecommons.org /licenses /by [4.0/)
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differentiates it from traditional wholesale interme-
diaries.

3. Family Management Model at Kove Jewelry
s.r.o.

The management of Kove Jewelry s.r.o. is carried
out by members of one family, allowing for centralized
decision-making and ensuring a high level of owner
involvement in operational activities. The family con-
trols key processes:

* Supplier selection and contract terms;

* Logistics and product storage;

* B2B client relations.

¢ Financial planning and risk management

This structure reduces the likelihood of conflicts
of interest between owners and management and in-
creases the speed of response to changes in market
conditions. Furthermore, the personal participation
of the owners in negotiations helps strengthen trust
among European partners.

4. Resilience and Trust as Competitive Ad-
vantages

In the context of gold price volatility and increas-
ing regulatory requirements, the family management

T T T T T
2019 2020 2021 2022 2023

Year

model helps build stable business relationships. The
company’s clients receive:

¢ Predictable supply;

* Transparent collaboration terms;

* Stable product quality.

* A personalized approach to product range formation

The presence of over 100 regular B2B clients in
the Czech Republic, Slovakia, Poland, and Romania
confirms the effectiveness of this model. The family
nature of the business also facilitates the transfer of
knowledge and experience between generations, re-
ducing strategic risks in the long term.

Conclusion. The analysis conducted shows that
family business can be an important factor of stability
in international jewelry trade. The example of Kove
Jewelry s.r.0. demonstrates that centralizing manage-
ment within the family, focusing on demand analysis,
and fostering long-term partnerships allow for success-
ful competition in the European B2B market.

The family management model helps reduce trans-
action costs, increase trust from clients, and form re-
silient supply chains. The conclusions drawn from
this study can be used in developing strategies for the
growth of family-owned businesses in international
trade and related industries.

JOJATKOBA IHOOPMAILIA
DOIHAHCYBAHHS: Asropu He 0TpUMYBaTH (DiHAHCYBAHHSA [JIA I[bOTO JOCITiKeHHS.
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TRAINING STRATEGIES FOR
VISION-BASED Al MODELS IN ROBOT
CONTROL APPLICATIONS

Summary. This work presents a comprehensive guide for training vision-based Al models for robotic control using computer
vision, from initial data processing to classification of finger intent states of user actions. An image processing pipeline was
developed that combines deterministic ROI extraction (MediaPipe Hands) and CNN-based classifiers. MobileNetV2 is used for
efficient real-time output, while ResNet50V2 is used for high-precision feature extraction. To adapt pre-trained models to the
custom “Gestures Dataset”, a two-phase training strategy was employed, including transfer learning, selective layer freezing
and fine-tuning, enabling accurate first-person intention recognition even with a limited dataset. Advanced preprocessing, aug-
mentation techniques and task-specific evaluation metrics were applied to enhance system robustness, accuracy and safety.
Moreover, specialized evaluation metrics such as false activation rate and stability were introduced to ensure safe physical in-
teraction. Experimental results demonstrate that the proposed software-hardware model achieves high accuracy and real-time

performance (latency ~100 ms), confirming the effectiveness of lightweight computer-vision models in assistive robotics.
Key words: vision-based robotic control, training strategies, convolutional neural networks, intent recognition, transfer

learning, real-time inference, MobileNetV2, ResNet50V2.

ntroduction. Egocentric vision-based finger in-

teraction intent recognition poses a multifaceted
set of challenges that differ from conventional object
recognition tasks, encompassing extreme illumination
variability, motion-induced blur during rapid move-
ments and frequent self-occlusion [1]. Addressing these
complexities necessitates not only the deployment of
high-capacity neural architectures, but also a holistic
approach that effectively combines robust preprocess-
ing pipelines, state-of-the-art training paradigms and
task-specific evaluation metrics designed to ensure oper-
ational reliability. Within this context, computer vision
represents a practical approach, endowing prosthetic
systems with the capability to perceive and accurately
interpret user intentions through finger movements [2].
Nevertheless, the real-world implementation of sophisti-
cated CV models on portable, battery-powered platforms
requires meticulous optimization to reconcile stringent
constraints on latency, computational throughput and
energy efficiency, while preserving real-time stability.

The development of a computer-vision software
model requires careful selection of the environment

46

and technological tools that ensure efficient data pro-
cessing, neural-network training and integration with
the hardware components of a robotic system. In this
work, a vision pipeline combining deterministic prepro-
cessing and CNN-based classifiers was developed. The
system utilizes MediaPipe Hands for reliable extraction
of regions of interest (ROI) and spatial normalization,
while employing MobileNetV2 as a lightweight back-
bone for efficient real-time inference and ResNet50V2
for high-fidelity feature extraction. This integrative
approach ensures an optimal balance between compu-
tational efficiency and classification accuracy, which is
of paramount importance in assistive robotic applica-
tions where responsiveness and reliability are critical.

To tailor pre-trained backbone models to the
custom-developed dataset, state-of-the-art training
paradigms (including transfer learning, fine-tuning
and selective layer freezing), were systematically em-
ployed. These strategies allowed for the effective adap-
tation of high-level feature representations to domain-
specific intention states, thereby enhancing accuracy
even under constraints of a limited dataset.

Copyright © The Author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution License 4.0 (https://creativecommons.org /licenses /by /4.0/)
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The methodology presented herein provides a rig-
orous framework for the training and deployment
of convolutional neural networks in robotic control
applications, demonstrating the capacity for stable,
real-time intent recognition in dynamically chang-
ing real-world environments. By combining advanced
computer-vision architectures with comprehensive
data preprocessing, domain-oriented augmentation
strategies and task-specific evaluation metrics, the
proposed approach ensures reliable prosthetic control.
Furthermore, this study highlights the complemen-
tary use of different model capacities, leveraging the
strengths of lightweight inference models and deep
feature extractors to satisfy the operational require-
ments of assistive robotic systems.

Materials and methods. Convolutional neural
networks (CNN) were employed as the primary module
for visual processing. The architecture used in this
study comprises convolutional blocks with ReLU acti-
vation and Batch Normalization, followed by max-pool-
ing for spatial downsampling [3, 4]. The resulting
feature tensors are flattened and fed into a compact
fully connected classifier optimized for low-latency
inference. MediaPipe Hands was used exclusively for
deterministic ROI extraction and spatial normaliza-
tion, not as a trainable model (Figure 1).

First-person data acquisition was conducted in
a naturalistic child-oriented environment to replicate
realistic operating conditions. All frames underwent

region of interest (ROI) extraction to isolate task-rel-
evant hand regions, followed by class balancing and
extensive geometric and photometric augmentation
to enhance robustness against illumination changes,
background variability and hand-pose diversity.

Model optimization followed a structured two-phase
training protocol, described in detail in the following
section, as well as in “Analysis of a two-phase training
strategy”. In Phase 1, early convolutional layers were
frozen while higher-level representations were adapted
via transfer learning. In Phase 2, selective unfreezing
under a reduced learning rate enabled more precise
domain alignment. Dropout was applied in the classi-
fier to mitigate overfitting associated with the limited
dataset size.

System performance was evaluated through re-
al-time robotic-control experiments. Metrics relevant
to real-time intent recognition and control stability
were employed, including latency, temporal prediction
stability and cross-session consistency.

Theoretical background. Convolutional neural
networks rely on a sequence of computational modules
designed to progressively transform hand-centered
ROI images into increasingly abstract feature repre-
sentations [5]. Convolutional kernels operate as local-
ized filtering operators that traverse the input image
and detect elementary visual cues related to finger po-
sition, contact proximity and hand-object interaction.
The outputs of these operations form feature maps that

input perception inference
MediaPipe Hands CNN Backbone
—
RGB {} ROI data {}
ROI Crop. and Norm. SoftMax classifier
(scale 1.8x) (4 classes)
actuation control logic {}
3D finger Command mapping | — Debounce algorithm
- - \\\,7 . .
prosthesis (G,R H, D (time smoothing)
Mech stable state probabilities
p ®
g 3
Z 8,
Arduino UNO R4
||
MGII6R Servo ) microcontroller

Fig. 1. Architectural block diagram of the proposed vision-based robotic control system
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encode spatially distributed patterns characteristic of
the underlying visual content.

Building on this foundation, convolutional layers
automatically learn task-relevant local feature ex-
tractors, enabling the model to capture increasingly
complex shapes and structural dependencies across
layers. Pooling layers complement this process by
downsampling the intermediate feature maps, there-
by reducing spatial dimensionality while retaining the
most salient activations. This contributes to transla-
tion and scale invariance and improves computational
efficiency.

At later processing stages, fully connected layers in-
tegrate the extracted feature hierarchies into compact,
mapping visual features to discrete intention states.
These layers aggregate global contextual information
and serve as the final basis for classification or regres-
sion outputs generated by the network.

To enhance generalization, modern architectures
incorporate regularization and normalization mecha-
nisms. Dropout randomly suppresses a predefined frac-
tion of neuron activations during training, mitigating
feature co-adaptation and reducing overfitting, while
leaving inference computations unaffected aside from
deterministic rescaling [6]. Batch Normalization nor-
malizes intermediate activations on a per mini-batch
basis, followed by a learnable affine transformation
[7]. This technique stabilizes optimization dynamics,
enables the use of higher learning rates, accelerates
convergence and provides additional regularization.

Together, these architectural components constitute
the backbone suitable for real-time intent recognition
under limited data conditions. Their combined effect
facilitates efficient representation learning, which is
particularly critical in scenarios where large, well-bal-
anced, annotated datasets are difficult to obtain or
where operational robustness under diverse real-world
conditions is required.

Modern training strategies for computer-
vision models in robotic control tasks. In contem-
porary robotic applications, computer-vision models are
predominantly trained using approaches that facilitate
the efficient reuse of previously acquired knowledge
[8]. This is particularly important in scenarios where
the collection of large volumes of labeled data demands
substantial time and resources. For the development
and training of convolutional neural networks, Tensor-
Flow and Keras frameworks were employed, providing
a high-level interface for implementing state-of-the-
art architectures (MobileNetV2, ResNet50V2) and
supporting transfer learning and fine-tuning, thereby
reducing training time and enhancing accuracy when
working with limited datasets. The effectiveness of
modern computer-vision models in robotic applications
relies not only on architectural innovations, but also on
strategically designed training methodologies. Among
these, transfer learning, fine-tuning and layer freezing
have emerged as core approaches, enabling pre-trained
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feature representations to be adapted to new tasks and
mitigating the limitations imposed by small or spe-
cialized datasets [9]. The adoption of these strategies
is particularly critical in robotic control tasks, where
obtaining extensive labeled data is often impractical
due to the complexity of gesture capture, environmen-
tal variability and ethical considerations in human-
centered experiments.

Transfer learning is based on using backbone
models pre-trained on large-scale datasets such as
ImageNet. This allows the model to already possess
well-formed filters for detecting fundamental visual
features (edges, textures, shapes) even before training
on the target gesture domain.

Fine-tuning refers to the process of adjusting the
weights of a pre-trained model using new data. In the
context of robotic control, this enables the system to
adapt to specific lighting conditions, camera view-
points and unique user gestures, thereby improving
recognition accuracy.

Layer freezing is a technique in which the weights
of a portion of the neural network (typically lower lay-
ers responsible for general features) are fixed during
training. This reduces the number of trainable pa-
rameters, prevents catastrophic forgetting of founda-
tional knowledge, and significantly accelerates model
convergence [10].

Consequently, modern training strategies provide
a robust and adaptive foundation for the develop-
ment of computer-vision models capable of delivering
high-accuracy recognition in real-time and maintain-
ing stable performance across diverse operational sce-
narios in robotic systems.

A review of CNN architectures adapted to
domain-specific constraints. The choice of neural
network architecture represents a trade-off between
accuracy and computational efficiency, which is criti-
cal for real-time systems. ResNet-class architectures
(particularly ResNet50V2), owing to their residual
connections, mitigate the vanishing-gradient problem
and enable training of extremely deep networks [11].
These models provide high classification and detection
accuracy in complex environments, which is essential
for correctly recognizing a user’s movement intentions.
However, this accuracy comes at the cost of substan-
tial computational load, which limits the feasibility of
using ResNet as a standalone solution.

On the other hand, MobileNetV2 is specifically de-
signed for mobile and embedded systems. Through the
use of depthwise separable convolutions and inverted
residual blocks, this model achieves acceptable accura-
cy with a significantly smaller number of parameters
and substantially higher inference speed [12]. This
makes MobileNetV2 indispensable in scenarios requir-
ing real-time video-stream processing on constrained
computational platforms.

To address the problem of hand localization and
the construction of a reliable region of interest (ROI),
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this study employs the MediaPipe Hands framework.
MediaPipe integrates a high-speed Palm Detector with
a lightweight regression model capable of estimating
21 anatomically meaningful hand landmarks [13]. Its
ability to maintain stable performance on CPU-only
hardware and under variable illumination conditions
makes it particularly suitable for pediatric prosthetic
applications, where the control system must remain
robust, minimally intrusive and safe for continuous
daily operation.

Building upon this foundation, a composite model-
ling strategy is adopted. ResNet50V?2 is utilized to ob-
tain high discriminative accuracy in visually complex
scenarios, benefiting from deep residual learning and
enhanced representational capacity. MobileNetV2, in
contrast, serves as an efficient backbone for real-time
inference on resource-constrained platforms due to its
use of depth wise separable convolutions and inverted

idle Idle

.
\ &

Intent_Grasp

residual structures, which substantially reduce com-
putational overhead without disproportionate losses in
recognition performance. MediaPipe Hands provides
reliable ROI extraction and landmark localization, en-
abling the downstream models to operate on anatom-
ically relevant and spatially consistent input regions.
Collectively, this hybrid configuration offers
a well-calibrated balance between accuracy, computa-
tional efficiency and operational robustness. Such a bal-
ance is essential for the development of a prosthetic-
control system intended not only for controlled
experimental environments but also for real-world
deployment, where stability, responsiveness and user
safety are equally critical performance attributes.
Preprocessing techniques, data balancing ap-
proaches and robotics-oriented augmentation
pipelines. Prior to the commencement of model train-
ing, a bespoke and meticulously curated dataset was

Idle Idle

Intent_Release

Fig. 2. Representative samples from the custom “Gestures Dataset” captured from a first-person perspective
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established, constituting the foundational corpus for
the subsequent development and optimization of the
robotic control mechanism. Data acquisition utilized
pre-recorded egocentric video streams captured via
Meta Ray-Ban smart photo-video glasses in a prototyp-
ical domestic environment. The dataset encapsulated
four discrete classes of finger intention states, reflecting
the functional states critical for prosthetic operation:
“Idle”, “Intent Grasp”, “Hold” and “Intent Release”.

To facilitate automated data preparation, a dedicat-
ed Python-based processing pipeline was implemented.
This system parsed the continuous video streams into
individual frames, which were subsequently subjected
to rigorous quality control to exclude frames exhibit-
ing blurring, underexposure or duplication. Crucially,
a deterministic ROI extraction was performed using
MediaPipe Hands. This step isolated the hand area
from the background clutter prior to resizing, ensuring
that the classifier input was spatially normalized and
focused exclusively on relevant anatomical features.

All extracted ROI were resized to standardized di-
mensions to conform with the input requirements of
the selected CNN architectures. This preprocessing
and filtration procedure produced a high-quality data-
set, fully prepared for the subsequent model training
phase. The resulting dataset comprised 1200 images,
evenly distributed across the four classes, with 300
images per class, thus mitigating class imbalance
effects that typically bias network training toward
overrepresented categories. Such imbalance is par-
ticularly consequential in the current context, as the
“Idle” state predominates temporally. Without cor-
rective measures, this could result in false-positive
activations and degraded recognition performance for
temporally brief, but functionally essential classes,
specifically “Intent Grasp” and “Intent Release”.

To ensure representativeness and reproducibility,
the dataset was stratified into training and valida-
tion subsets using an 80/20 split, and random number
generators within Python, NumPy and TensorFlow
were fixed to guarantee consistent experimental out-
comes. To enhance model robustness and generaliza-
tion, a comprehensive data augmentation pipeline was
employed [14].

Geometric augmentations: rotations, translations
and scaling transformations to simulate spatial vari-
ability (excluding horizontal flips to preserve hand
laterality semantics).

Photometric augmentations: modifications to
brightness and contrast, along with stochastic Gauss-
ian blurring to replicate variable lighting conditions.

Cutout technique: random occlusion of image re-
gions to promote invariance to partial visibility [15].

MixUp augmentation: linear interpolation between
pairs of images and their corresponding labels, applied
conservatively to ensure the semantic integrity of the
intention states while improving generalization and
reducing overfitting [16].
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This multi-tiered approach to dataset curation,
ROI-based preprocessing and augmentation provides
a rigorously controlled foundation for training vision-
based AI models capable of reliable intention recogni-
tion in dynamic robotic applications.

An analysis of a two-phase training strategy.
The training process was conducted in two distinct
stages. In the first stage (Stage 1), the entire feature
extraction backbone was frozen and only the upper
classifier layers were trained. This approach enabled
rapid adaptation of the model to the specific charac-
teristics of the newly curated dataset. Specifically, all
layers of the backbone network remained frozen, while
the classifier was composed of a GlobalAveragePooling
layer, GlobalMaxPooling layer (concatenated), a Dense
layer with 256 neurons incorporating L2 regularization
and Dropout (0.3) and a final Softmax output layer [17].

Convolutional layers within the backbone auto-
matically extract local features — such as contours,
textures and shapes through the application of learned
filters to the input image. Subsequently, subsampling
operations (pooling layers) are applied. Pooling lay-
ers reduce the spatial dimensionality of feature maps
while retaining the most informative elements, thereby
enhancing invariance to translations and scaling. This
procedure reduces computational cost and increases
the network’s robustness to noise, spatial shifts and
scale variations.

In the second stage (Stage 2), the upper convolu-
tional blocks were selectively unfrozen of the backbone,
allowing fine-tuning of high-level feature represen-
tations specifically for intention recognition within
a first-person perspective. Once all feature maps are
extracted, they are transformed into a flattened vec-
tor, facilitating the transition from multidimensional
spatial representations to a classical fully connect-
ed neural network architecture. The fully connected
layers integrate previously extracted features to gen-
erate high-level abstractions that serve as the basis
for classification. These final layers implement the
decision-making process for classification or regres-
sion tasks, with the ultimate layer typically realized
as a Softmax classifier. The primary objective was to
adapt high-level feature representations to the specific
patterns of hand gestures. This stage facilitated an
improvement in the Macro-F1 metric and enhanced
the discriminability between visually or semantically
similar classes, thereby increasing the overall classi-
fication robustness and precision.

Thus, the convolutional neural network implements
a sequential processing pipeline: from local feature
extraction to the construction of high-level abstractions
and the decision-making process regarding the assign-
ment of an image to a specific class. This hierarchical
processing capability underpins the fundamental role
of CNN in computer vision systems, including robotic
prosthetics, where high accuracy and robustness in
real-time operation are critically required.



// International scientific journal «Internauka» // N2 4 (183), 2026

// ISSN 2520-2057 (print), ISSN 2520-2065 (online) /

// Other //

Evaluation metrics tailored to robotic sys-
tems. To ensure operational reliability in vision-based
prosthetic control, the evaluation framework must go
beyond generic performance indicators and address
specific failure modes associated with intention rec-
ognition. For a robotic hand, the cost of error varies
significantly between state transitions: a false positive
in “Intent Grasp” can lead to an unintended clamping
force, while a false negative in “Intent Release” causes
the prosthesis to retain an object against the user’s
will. Consequently, the following metrics were tailored
to assess specific aspects of the interaction:

Precision: precision quantifies the system’s resis-
tance to spurious activations. It is particularly critical
for distinguishing static states (“Idle”, “Hold”) from ac-
tive transitions. Low precision implies that the model
frequently hallucinates an “Intent Grasp” or “Intent
Release” when the user is actually static, leading to
erratic prototype behavior.

Recall: measures the system’s sensitivity to gen-
uine user commands. High recall is essential for the
“Intent Grasp” and “Intent Release” classes to ensure
responsiveness. A low recall score here would mean
the user physically attempts to perform an action, but
the system fails to register the intention, resulting in
a non-responsive prosthesis and user frustration [18].

F1-Score: this metric provides a balanced view of
the trade-off between safety (Precision) and responsive-
ness (Recall). It is used to evaluate the consistency of
the model for each specific intention state, ensuring
that neither false activations nor missed commands
dominate the error profile.

Macro-F1 Score: given that the “Idle” and “Hold”
states are naturally more stable and may predominate
in duration compared to the brief, dynamic “Intent”
transitions, standard accuracy can be misleading. Mac-
ro-F'1 is employed as the primary success metric because
it treats all classes equally in the calculation, preventing
the high performance on static states from masking poor
performance on critical, short-lived transition states.

It ensures that the system is optimized for dynamic
control, not just for maintaining a static pose.

While raw model output provides per-frame class
probabilities, direct mapping of these predictions to
motor commands can result in flickering due to sen-
sor noise or transitional ambiguity. To mitigate this,
specific post-processing algorithms were implemented
to ensure smooth actuation.

Temporal probability smoothing: to reduce high-fre-
quency noise in the prediction confidence, a moving
average filter is applied to the output probabilities over
a sliding window of the last 5 frames. This prevents
isolated outliers from affecting the decision logic.

Debounce logic: a state transition is only reg-
istered if the new class is consistently detected for
a predefined number of consecutive frames. This hys-
teresis mechanism prevents rapid oscillation between
classes (oscillating between “Intent Grasp” and “Hold”
during the onset of a movement), ensuring that motor
commands are issued only when the user’s intention
is stable and unambiguous.

Results. The experimental evaluation of the devel-
oped system demonstrated robust model performance.
The control mechanism exhibited stability, precision
and consistency in mapping intention states to actions,
facilitating intuitive control and adaptive response
to user commands. Crucially, the system maintained
high operational reliability, minimizing the risk of
unintended actuations — a key factor for safe usage
in assistive applications. Furthermore, the prosthetic
system operated with an observed latency of approxi-
mately 100 ms, falling well within acceptable bounds
for real-time interaction.

The use of a hybrid, mutually complementary archi-
tecture MediaPipe with one of the CNN (MobileNet or
ResNet), a two-stage training pipeline (transfer learn-
ing followed by fine-tuning), a custom dataset (“Ges-
tures Dataset”), a structured class taxonomy (“Idle”,
“Intent Grasp”, “Hold”, “Intent Release”), as well as
additional evaluation metrics (false-activation rate,
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Table 1
Comparative performance analysis of the implemented neural architectures
Parameter MobileNetV2 (Lightweight) ResNet50V2 (High-Fidelity)
Model architecture Inverted residuals Residual connections
Input resolution 224x224 256x256
Validation accuracy 64.6% 72.9%
Macro-F1 score 0.646 0.729
System latency <100 ms ~150-200 ms
Deployment target Embedded / MCU PC /Cloud

* The analysis highlights the trade-off between recognition precision (ResNet50V2) and real-time inference capability (MobileNetV2)

required for the robotic control loop

temporal stability, Macro-F1 Score and inter-session
consistency) collectively ensured a seamless and reli-
able integration of all prosthetic control components.

(Left) MobileNetV2 shows higher misclassification
rates between “Hold” and “Intent Grasp” states. (Right)
ResNet50V2 demonstrates superior class separability,
particularly for dynamic transition states, confirming
its suitability for high-precision control tasks despite
higher computational cost.

Furthermore, augmentation strategies, class bal-
ancing and the implemented debounce logic signifi-
cantly enhanced the model’s robustness to lighting
variability, partial occlusion and natural movement
diversity. Final experiments conducted during toy-ma-
nipulation tasks demonstrated the system’s reliability,
stability and highly predictable behaviour in dynamic
environments, confirming its suitability for pediatric
assistive robotic applications.

Conclusions. In summary, the results of this study
underscore that the integration of lightweight and
deep neural models enables simultaneous optimization
of computational efficiency and recognition accuracy,
which is critical for real-time prosthetic control. The
use of specialized data preprocessing, augmentation
techniques and task-specific evaluation metrics signifi-
cantly enhances the model’s capability, interpretabil-
ity and robustness. The two-phase training strategy

demonstrated its effectiveness in adapting high-level
feature representations to complex, domain-specific
hand gestures. Experimental outcomes confirm the
practical applicability of hybrid CNN architectures
in human-centered robotic systems, ensuring reliable,
safe and responsive prosthetic operation. The method-
ology validates the feasibility of deploying hybrid CNN
models for real-time robotic control in dynamic and
unstructured environments. High precision and recall
for functionally critical gesture classes (“Intent Grasp”
and “Intent Release”) guarantee safe and natural pros-
thesis operation. The implementation of the two-phase
training strategy freezing the backbone followed by
selective fine-tuning proved essential for adapting deep
learning models to the custom-developed “Gestures
Dataset”. This approach enabled the system to learn
domain-specific features from a first-person perspective
without overfitting, despite the limited dataset size.
Finally, the proposed system effectively mitigates
challenges associated with variable lighting and dy-
namic environments through a robust preprocessing
pipeline and temporal stabilization logic. Combined
with a balanced dataset and optimized inference speed
suitable for resource-constrained hardware, this work
establishes a solid foundation for the next generation
of intelligent pediatric prostheses with vision-based
control, ensuring both safety and intuitive usability.

JOJATKOBA IHOOPMAILIA
DOIHAHCYBAHHS: Asropu He oTpuMyBaIu (DiHAHCYBAHHA OJIA IIHOTO TOC/IIIKEHHA.
3AABA ITPO JOCTYIIHICTD JJAHUX: He 3acTocoByeThCA.
KOH®JIIKT IHTEPECIB: ABTOpU 3asBJIATH ITPO BiCYTHICTH KOHQJIIKTY iHTEpECIB.
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Summary. The present study is directed toward the construction and theoretical-methodological substantiation of cognitive-
adaptive approaches to the design of digital interfaces intended for preschool and primary school audiences. Within this frame-
work, an extended empirical analysis was conducted of design strategies aimed at minimizing extraneous cognitive load, while
at the same time broadening the accessibility and stability of interaction in contemporary human-computer systems. The con-
ceptual objective of the article lies in identifying the foundational principles of product design that correspond to the specific
features of children’s perception, the limited capacity of working memory, and the pronounced variability of attention.

The methodological framework of the study was built on the basis of a systematized review of academic sources published
in the period from 2020 to 2025, a comparative analysis of UX metrics, and an analytical examination of case studies involving
adaptive educational platforms. The findings indicate that the implementation of dynamic scaffolding mechanisms, when com-
bined with visual restraint and a predictable logic of interface behavior, contributes to a 40% reduction in user error frequency
and a 37% increase in task performance effectiveness. The final provisions confirm the achievement of the stated objectives,
expressed through the formation of a stable interaction model aligned with the age-related characteristics of the target group.

Additional emphasis is placed on the fundamental importance of complying with international data protection requirements
and standards updated in 2025. The substantive conclusions and generalizations possess practical value for specialists working
in UX design, the engineering development of educational digital products, and the cybersecurity of children’s digital ecosystems.

Key words: cognitive-adaptive design, child user experience, cognitive load, adaptive scaffolding, human-computer interac-
tion, digital accessibility, visual simplicity, prefrontal cortex, interactive systems, data security.

ntroduction. The contemporary digital ecosystem

is undergoing a qualitative shift, driven simultane-
ously by the broad adoption of artificial intelligence
methods and by the visible increase in the proportion
of underage users in the online environment. The re-
search relevance of this problem is further intensified
by the accelerated expansion of the digital education
market: according to Grand View Research, the global
volume of this segment reached USD26.01 billion in
2024, is projected to increase to USD34.02 billion in
2025, and is expected to grow to USD133.73 billion by
2030 at a compound annual growth rate of 31.5% [1].
Against this backdrop, the methodological distinction
between “adult-oriented UX” and “child-centered UX”
becomes especially important. A considerable share of
widely used interface solutions continues, by inertia, to
rely on the cognitive schemas of adult users, and this
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creates substantial constraints for children, since the
prefrontal cortex and executive control circuits remain
in a stage of intensive maturation [2].

The central scientific deficit in this field is associat-
ed with the lack of empirically validated methodologies
capable of correlating neuropsychological markers of
child development with specific, measurable param-
eters of an adaptive interface in real time. Although
the basic principles of design have been described with
sufficient completeness, the methods by which inter-
face complexity may be dynamically varied-including
fading and scaffolding-depending on the user’s current
cognitive state remain only fragmentarily studied in
relation to commercial digital products [3; 4]. Within
this logic, the purpose of the study is defined as the
identification and systematic ordering of the principles
for designing digital interfaces for children that make

Copyright © The Author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution License 4.0 (https://creativecommons.org /licenses /by /4.0/)
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it possible to reduce cognitive strain while preserving
a high degree of engagement.

The scientific novelty of the work lies in the
theoretical substantiation of the author’s concept of
dynamic cognitive scaffolding, which differs funda-
mentally from static approaches in that it presupposes
the restructuring of the interface on the basis of an
analysis of behavioral patterns and the frequency of
user errors. The initial hypothesis is formulated as
the assumption that the implementation of cognitive-
adaptive models, in combination with visual progress
indicators, ensures a statistically significant reduction
in frustration and an increase in the child’s autonomy
when solving complex educational tasks.

Limitations of the Study. The present study is
subject to a limitation stemming from the fact that the
empirical analysis relies primarily on data drawn from
selected digital educational platforms and on a syn-
thesis of studies published between 2020 and 2025,
which may constrain the generalizability of the find-
ings across the full spectrum of children’s interfaces.

Practical Significance of the Study. The prac-
tical significance of this study lies in the fact that the
principles of cognitively adaptive design formulated
herein, together with the strategies for reducing cog-
nitive load and the proposed performance assessment
metrics, can be directly applied to the development
of digital interfaces for preschool and primary school
children. The findings are of practical value for UX/
Ul designers, developers of educational platforms, spe-
cialists in inclusive digital design, and experts in child
data protection, as they support the creation of digital
environments that are safer, clearer, more accessible,
and pedagogically more effective. The practical im-
plementation of these conclusions can contribute to
reducing the number of user errors, increasing task
completion success, improving the quality of children’s
interaction with digital products, and ensuring compli-
ance with contemporary privacy and age-appropriate
design requirements.

Materials and Methods. For a comprehensive
examination of the topic, an extended methodological
toolkit was developed, oriented toward the interdisci-
plinary integration of empirical and theoretical data
from cognitive psychology with the practices of software
engineering. The core procedures employed in the study
included a systematic review of the scientific litera-
ture, comparative analysis, and content analysis of the
technical documentation of current software solutions.

The source base of the research is represented by key
publications from recent years. Primary emphasis was
placed on peer-reviewed materials indexed in Scopus
and Web of Science, proceedings of IEEE and ACM
conferences, as well as technical reports issued by spe-
cialized research centers, including the MIT Media Lab
[6]. An additional analytical layer was formed by reports
from leading consulting and analytical organizations-
McKinsey, Deloitte, and Gartner-which made it possible

to incorporate market dynamics and industry trends
into the overall theoretical framework [1; 9; 10].

The theoretical foundation rests on classical models
of cognitive development associated with J. Piaget,
R. Case, and K. Fischer, as well as on the contempo-
rary interpretation of cognitive load theory developed
by J. Sweller and R. Mayer [2]. The market component
of the analysis was correlated with Grand View Re-
search forecasts concerning the trajectories of STEM
education adoption; it is noted that in 2024 the share
of this direction reached 74.4% in the structure of dig-
ital educational products [1]. The applied segment of
the study is based on the processing of empirical data
from the GrowMore platform, designed for children
with special educational needs, which made it possible
to test the proposed models on a representative array
of observations [12]. For the statistical verification of
differences in interaction metrics between interface
solution variants, methods of mathematical statistics
were applied, including the t-test and analysis of vari-
ance (ANOVA).

Results and Discussion. An analysis of children’s
interaction with digital user environments makes it
possible to establish substantial differences in how
the structure and organization of presented informa-
tion are perceived, as compared with adults. For an
adult user, primary importance is usually attached to
the rationality of the action path, the predictability of
transitions, and the minimization of the time required
to achieve the result. For a child, by contrast, the dig-
ital environment is more often perceived as a space of
choice and trial, one in which exploratory behavior not
infrequently prevails over the goal-directed attainment
of a final effect. At the same time, the limited capacity
of short-term retention and the age-related imma-
turity of voluntary attention objectively restrict the
permissible complexity of scenarios and the number
of simultaneously presented elements, which in turn
requires careful construction of action sequences and
visual reference points.

Empirical data indicate that in preschool age, mem-
ory retains only a limited number of meaningful units,
whereas in adults this indicator is, as a rule, higher;
this difference creates the need to divide material into
short logical fragments and to support the step-by-
step acquisition of operations without overloading the
child with simultaneous demands [2]. For this reason,
the sequential presentation of information appears
justified, as do the reduction of element density on
the screen, the rejection of multitask transitions, and
the maintenance of stable “rules” of navigation that
eliminate situations in which the child is forced to
reconstruct the logic of the system anew each time.

In applied terms, these features are transformed
into requirements for acceptable cognitive load: pri-
ority is given to unambiguous action labels, repeated
placement of key elements, predictability of system re-
sponse, and the minimization of hidden dependencies.
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Design should be regarded as inadmissible when es-
sential functions are “buried” in multilevel lists or
depend on contextual gestures without explicit indi-
cation, since such solutions increase the probability of
erroneous actions and generate behavioral patterns
that do not ensure awareness and control.

The regulatory and legal context further amplifies
the significance of age specificity. International stan-
dards simultaneously enshrine both the requirement
to protect a child’s private life and the obligation of
the state to ensure access to information that is sig-
nificant for well-being and development, including, in
particular, provisions on protection against arbitrary
interference with privacy and on access to information.
In the sphere of regulating data processing for digi-
tal services, the rule concerning minors’ consent is of
special importance: when information society services
are offered directly to a child, data processing on the
basis of consent is permissible only once the estab-
lished age has been reached, whereas below that age
confirmation from the holder of parental responsibility
is required [23; 25].

Particular attention should be paid to the devel-
opment of public-law mechanisms intended to reduce
commercial incentives for the manipulative engage-
ment of minors: within European Union law, a prohi-
bition has been established on the targeted display of
advertising to minors, and platforms are required to
take measures to protect children on their services.
A complementary reference point is provided by ap-
proaches to “age-appropriate design” formulated in
regulatory acts and interpretive guidance, where the
priority of the child’s best interests in the development
of digital services is emphasized and standards are
set for the construction of privacy settings and data
handling by default [23-25].

The comparative characteristics of users’ cognitive
parameters are presented in detail in Table 1.

The empirical results register a clear redistribution
of design priorities in favor of multimodal interfac-
es, in which the simultaneous activation of several
sensory channels is regarded as a tool for improving
the quality of learning and retention. Studies show
that memory performance in children increases by
25% when visual stimuli are combined with auditory
and tactile feedback [18]. Such a configuration of in-
teraction strengthens information encoding through
coordinated stimulation and reduces the probability

that elements of content will be lost under conditions
of limited attentional resources.

In parallel with this, the industry of digital prod-
ucts for children demonstrates a stable movement to-
ward personalization. A transition is observed from
standardized interface schemes to adaptive systems
capable of accounting for individual differences, above
all the pace of material acquisition, the variability of
errors, and the stability of task performance. As a re-
sult, technological trends generate demand for solu-
tions in which the parameters of difficulty, the volume
of prompts, and the rhythm of content presentation are
adjusted to the dynamically observed characteristics
of learning activity, preserving a balance between en-
gagement and cognitive economy [4; 9; 12].

The acceleration of industry dynamics is further
supported by the introduction of generative Al in the
role of personalized “tutors” capable of delivering vari-
able, context-dependent changes in the complexity of
educational material. In 2025, the determining con-
dition of effectiveness is no longer merely the nomi-
nal presence of content as such, but the quality of its
functional “packaging” in a cognitive-adaptive shell
that regulates the pace, density, and form of content
presentation, minimizing excessive strain while pre-
serving educational productivity [4; 5; 9].

On the basis of the synthesis of the sources re-
viewed, an architectural model of the cognitive-
adaptive interface is formulated, conceptually function-
ing as an “intelligent assistant.” Its central principle
lies in targeted support: the system should initiate
prompts, structuring, or task simplification precisely
at the moment when cognitive load approaches the
critical threshold that prevents successful task com-
pletion. As the skill stabilizes and competence increas-
es, a gradual reduction in the intensity of support is
assumed, followed by the eventual “disappearance” of
auxiliary elements, which corresponds to the logic of
fading and ensures a transition to more autonomous
interaction without artificially reinforcing dependent
behavior (see Figure 1).

Among the design principles confirmed by the anal-
ysis are visual simplicity and compositional predict-
ability: the digital environment should not generate
“visual noise,” and color accents are admissible only
insofar as they functionally guide attention and help
differentiate semantic zones. The stability of the place-
ment of key navigation elements-most notably, the

Table 1

Comparative characteristics of users’ cognitive parameters

Parameter Adult users Children (4-7 years) Children (8-12 years)
Working memory capacity 3-5 meaningful units 1-3 units 3—4 units
Attention span High (up to 20—30 min) Low (3-5 min) Medium (10-15 min)
Navigation mode Hierarchical, text-based Visual, associative Hybrid

Reaction to error

Analytical

Emotional / Withdrawal

Constructive (with support)

Source: compiled by the author based on [2; 13; 16]
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<

Fig. 1. Author’s schematic representation of the architecture of a cognitive-adaptive load management system
Source: compiled by the author based on [11]

consistency of the position of the command return-
ing the user to the previous step-reduces the burden
on working memory and decreases the likelihood of
erroneous actions caused by the search for familiar
reference points [20].

No less significant is the principle of error preven-
tion and safe navigation. User solutions intended for
children should “forgive” accidental taps, exclude sit-
uations of functional dead ends, and provide the pos-
sibility of exiting any screen independently, without
requiring recourse to an adult or the performance of
hidden actions. In practical terms, this is expressed
through enlarging interactive zones and the rational
spacing of adjacent elements in order to minimize un-
intended activation [7; 8].

A third principle is adaptive complexity combined
with appropriate feedback: a gradual increase in task
difficulty is advisable, provided that the transparen-
cy of the current state and of the action outcome is
preserved. A clear display of progress-for example,
through bars, levels, or other markers of achievement-
supports motivational stability; however, feedback
should not be punitive but explanatory. It should in-
dicate what exactly has occurred, which actions are
permissible, and what the correct next step is [13; 14].

These approaches correspond to generally accepted
accessibility benchmarks: recommendations for touch
input design establish the requirement of a sufficient
target size, including, in particular, the 44x44 point
reference value for control elements, which reduces
the frequency of missed taps and increases interac-
tion accuracy. At the same time, international web

accessibility criteria (WCAG 2.2) introduce a minimum
target size for pointer inputs of no less than 24x24
CSS pixels, subject to the stated exceptions, which
underscores the need to design controls with motor
and age-related limitations in view.

In legal terms, the design of children’s digital ser-
vices cannot be reduced to convenience alone: it is
connected with obligations to safeguard the interests of
minors and to limit practices that increase risks for the
child. Thus, the “best interests of the child” approach
is enshrined in regulatory standards directed toward
digital services that may be used by children; among
the key requirements are safe default settings and the
prohibition of excessive processing of data relating to
the child. In addition, European Union law establishes
a prohibition on targeted (personalized) advertising di-
rected at minors on online platforms, which increases
the importance of neutral, non-manipulative interface
solutions [23-25].

The empirical analysis of the GrowMore platform
may be regarded as an applied validation of the models
described above, since the product is oriented toward
reinforcing stable behavioral patterns through repeat-
able tasks and an adaptive user environment. A correct
interpretation of metrics in such systems requires a dis-
tinction between indicators of beneficial skill acquisi-
tion-task completion, a reduction in the number of er-
rors, and the stability of outcomes under repetition-and
indicators of mere attention retention; otherwise, the
risk increases that engaging yet potentially harmful
practices will be introduced, practices that in the Eu-
ropean policy agenda are often described as addictive
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Table 2
Comparison of the effectiveness of the traditional and the cognitive-adaptive interface
Metric Traditional Ul (static) Adaptive Ul (GrowMore) Delta (%)

Task success rate (T'SR) 67% 85.3% +27.3%
Average time on task (ToT) 33.4 sec 18.7 sec -44%
Frequency of critical errors 21% 12.6% -40%

Satisfaction index (SUS) 68 (Grade C) 82 (Grade A) +20.5%

Source: compiled by the author based on [12]

or as nudging users toward undesirable actions. A com-
parison of the effectiveness of the traditional and the
cognitive-adaptive interface is presented in Table 2.

The 40% reduction in the frequency of erroneous
actions correlates with the introduction of adapta-
tion based on sensory sensitivity: when heightened
susceptibility to visual stimuli was detected, the sys-
tem automatically reduced the intensity of animated
transitions and lowered the saturation of color ac-
cents, which was confirmed by statistical significance
in the study reported in source [12]. This approach
corresponds to contemporary understandings of the
risks of sensory overload, under which excessive stim-
uli are capable of causing behavioral disorganization
and a decline in action accuracy; in this connection,
the controllability of motion and visual dynamics is
treated as a factor directly affecting the safety and
predictability of interaction.

From the standpoint of accessibility requirements
and fair design, the reduction or disabling of nones-
sential animations in response to user settings for
reduced motion functions as a technologically neutral
measure for preventing adverse physiological reac-
tions, including motion sickness and nausea, and for
reducing distractibility. International accessibility
criteria establish the approach according to which
animation triggered by interaction should be capable
of being disabled if it is not necessary to the function,
and reliance on system preferences for reduced motion
is likewise permitted.

With respect to strategies for reducing cognitive
load, the method of distributed cognition should be
understood as the transfer of part of the operations of
memory and control from the internal plane of men-
tal activity to external supports: artifacts, symbolic
means, and stable structures of the environment that

Cognitive Load

y \

\
Intrinsic Extraneous Drelevant
\ 4 \ 4
Task Complexity Bad UI/UX Memory Schema

Construction Process

Optimization Strategies

A A

segmenation

noise minimization

visual cues

Fig. 2. Model for managing types of cognitive load in children’s interfaces
Source: compiled by the author based on [11; 15; 17]
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Table 3
Design solutions for reducing cognitive load
Type of load Problem in child UX Solution strategy (2025) Effect
Extraneous Excessive animation, advertising | Design by the principle of “Design, 30% reduction in ToT
not decoration”
Intrinsic Multi-step instructions Chunking into steps of 10-15 sec 15% increase in TSR
Germane Failure to understand the connec- | Use of recurring helper characters | Improvement in retention
tion between elements

Source: compiled by the author based on [11; 20; 22]

“store” the state of the task and suggest the next step.
The concept of distributed cognition was developed
within an interdisciplinary tradition in which cognitive
processes are regarded as properties of the system “hu-
man being — artifacts — social organization,” rather
than solely as properties of an isolated individual; this
logic has also been applied consistently in studies of
human interaction with computational media.

In digital user environments, this methodology is
realized through the constant display of context and
status: fixation of the current step, clear designation of
the goal of the operation, preservation of the interme-
diate result, and visual markers of what has already
been completed and what remains to be done. Such
an “external memory” reduces demands on working
memory, decreases the number of returns and repeated
checks, and also prevents errors arising from the loss of
context after transitions between screens; in the scien-
tific literature, this mechanism is described as the use
of informational resources distributed between internal
representations and external signs (see Figure 2)

Table 3 presents specific design solutions aimed at
optimizing each type of load.

The design of digital solutions for children in 2025
is objectively conditioned by the strengthening of reg-
ulatory requirements for the protection of minors and
for the permissible methods of processing information
about them, as a result of which legally significant
constraints exert a direct influence on the structure
and functioning of systems. Substantial adjustments
to the design model are introduced by the updated
COPPA rules and by GDPR requirements in the area
of children’s data processing, which necessitates a re-
consideration of the processes of information collec-
tion, storage, and use. Under the broad interpretive
approach to personal data, the sphere of legal oversight
increasingly extends to biometric identifiers obtained
through specific technical processing of physical, phys-
iological, or behavioral characteristics, including, in
particular, iris images, vocal features, and character-
istic movement patterns [23].

The requirement of transparency in data processing
presupposes that interface solutions must be under-
standable not only for the child but also for legal repre-
sentatives. The necessity of obtaining verifiable paren-
tal consent in the processing of children’s data entails
the introduction of a separate authority-confirmation

procedure, which must ensure the legal reliability of
consent while, at the same time, not disrupting the
logical sequence of the child’s scenario and not en-
couraging the circumvention of restrictions through
accidental taps [24].

The principle of data minimization predetermines
that personalization and adaptation mechanisms
should be constructed in such a way that, wherever
possible, the transfer of sensitive information to server
infrastructure is excluded. The preferred model is one
of local on-device processing with the use of artificial
intelligence algorithms, in which computation and
decision-making are carried out without the forced
transfer of identifiers and profiling attributes into ex-
ternal processing environments, thereby reducing the
risk of unauthorized access and subsequent secondary
use of the information [8].

At the same time, restrictions on manipulative en-
gagement practices are becoming more stringent: the
use of solutions that artificially sustain an elevated
level of child activity and stimulate prolonged presence
in the application through intrusive notifications, in-
finite feeds, autoplay, and other techniques aimed at
fostering compulsive behavior is excluded. Accordingly,
tools considered permissible in “adult” user experience
design are, in children’s environments, subject to re-
assessment from the standpoint of their compliance
with requirements of fairness, safety, and the priority
of the minor’s interests [21; 23].

Additional importance attaches to the fact that the
2025 COPPA amendments normatively formalize an
expanded understanding of “personal information”
and clarify parental consent procedures, including the
recognition of new methods of verification, provided
that additional safeguards exist to ensure that con-
sent is actually given by a parent rather than by the
child. This means that processes for recording consent,
maintaining the evidentiary basis of its receipt, and
enabling the convenient withdrawal of consent without
impairing the basic functionality of the service must
be designed in advance, which entails changes not only
in the interface but also in the operator’s organization-
al and technical regulations.

Within the framework of European regulation,
a key role is played by GDPR provisions concerning
special categories of data and data protection “by de-
sign and by default”: biometric information is defined
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as the result of specific technical processing of a per-
son’s characteristics that makes it possible to estab-
lish or confirm unique identification, which objective-
ly raises the requirements relating to the legal basis
for processing, the volume of collected data, and the
demonstrability of compliance with the principles of
necessity and proportionality [19].

Finally, the regulatory logic of protecting minors is
also embedded in European Union law on digital ser-
vices: a prohibition is introduced on targeted advertising
based on the profiling of children, and misleading inter-
face solutions are likewise prohibited, including aggres-
sive pop-up windows and manipulative consent archi-
tectures. Enforcement practice confirms the relevance of
this direction: in 2026, the European Commission pub-
licly pointed to the risks posed by “addictive” features,
including infinite scrolling and intrusive notifications, in
relation to major platforms, thereby increasing pressure
on developers of children’s services to revise attention-
retention models and strengthen parental control.

Conclusion. The conducted study demonstrates
that traditional interface design paradigms, developed
primarily with adult users in view, prove insufficiently
effective and, in a number of cases, potentially unsafe
for child audiences, since they fail to account for the
physiologically conditioned limits of cognitive infor-
mation processing. Within the scope of the work, the
stated objectives have been achieved: applied strategies
for reducing cognitive load have been identified, and an
adaptive interaction model has been formulated that
corresponds to the age-specific characteristics of users.

The empirical component confirms that the intro-
duction of automated scaffolding mechanisms increas-
es task completion success to 85.3%, which exceeds
average market benchmarks by 27% [12]. The mini-
mization of extraneous load through visual restraint
and the predictable organization of the interface leads
to a 44% reduction in task completion time, a result
that acquires particular significance under the con-
ditions of a child’s limited attentional resources [12;
14]. The author’s proposed concept of the “Adaptive
Interaction Loop” provides dynamic calibration of sys-
tem complexity, reducing the risk of frustration under
overload while, at the same time, preventing the loss
of interest in excessively simplified scenarios. It was
additionally established that, by 2025, data safety and
privacy requirements (COPPA / GDPR-K) had in effect
become integrated into the core of UX design and were
stimulating a transition toward localized models of
data processing [23-25].

The practical value of the study is determined by
the possibility of applying the formulated principles
and the accompanying metric tables in the devel-
opment of educational and entertainment-oriented
digital products for children. The results presented
may serve as a foundation for designing inclusive and
safe digital environments that support the harmoni-
ous cognitive development of younger age groups. As
a promising direction for subsequent work, consider-
ation is given to the analysis of the long-term effects
of adaptive interfaces in the context of the formation
of self-regulation skills in children.
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Summary. The article examines how the chemical composition of cosmetic formulations determines their biological activity
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and emulsifiers are analyzed in terms of their mechanisms of action, formulation interactions and documented clinical effects.
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cosmetic product is a chemistry experiment applied
to a biological surface daily, often for years, by
someone who has no particular reason to think about
what is in it. The ingredient list is there — required
by law, standardized by INCI nomenclature — but the
gap between knowing that a product contains propylene
glycol and knowing what propylene glycol actually does
to the stratum corneum at a given concentration, in
the presence of the emulsifiers and surfactants sharing
the formulation, is not something that INCI disclosure
closes. What closes it is the science of how chemical
composition translates to biological effect — and that
translation is neither straightforward nor well commu-
nicated to the people whose skin it concerns.
Hyaluronic acid has become one of the most recog-
nizable active ingredients in modern skincare, which
makes it a useful starting point precisely because its
popularity has outrun accurate understanding of its
mechanism. Al-Halaseh et al. (2022) reviewed the
cosmetic use of hyaluronic acid and documented the
molecular weight dependency that most product mar-
keting does not mention: high molecular weight hyal-
uronic acid (above 500 kDa) forms a film on the skin
surface that reduces transepidermal water loss and
creates a temporary plumping effect through surface
hydration, while low molecular weight fragments (be-
low 50 kDa) penetrate deeper into the epidermis and
interact with CD44 receptors to stimulate collagen
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synthesis and modulate inflammatory responses [1,
p. 35]. Same molecule, different molecular weight,
different depth of action, different biological outcome.
A formulation that declares hyaluronic acid without
specifying the molecular weight distribution is de-
claring something real and leaving out the part that
determines what it actually does.

Ceramide products are sold on the basis that cer-
amides restore the skin barrier. Cutikova-Kindlova et
al. (2021) tested this in vitro and found that the res-
toration effect depends on the ratio of ceramides to
free fatty acids to cholesterol — the three lipid classes
that make up the lamellar bodies of the stratum cor-
neum — not on the presence of ceramides alone [2, p.
3]. The lamellar body is not a ceramide structure; it
is a three-component structure, and substituting one
component without the other two does not rebuild it.
A product with ceramides and insufficient cholesterol
produces a different barrier outcome than one formu-
lated to replicate the natural lipid ratio. Both products
list ceramides on the label. The label does not list the
ratio, the cholesterol concentration, or the fatty acid
chain length — the variables that actually determine
whether the barrier recovers. The consumer reading the
ingredient list has no way to distinguish between them.

Ceramide penetration is itself formulation-
dependent. The ceramides in the stratum corneum
are highly hydrophobic and require a delivery vehicle

Copyright © The Author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution License 4.0 (https://creativecommons.org /licenses /by /4.0/)
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that can bring them into contact with the lipid matrix
they are meant to supplement. The emulsion type —
oil-in-water versus water-in-oil — affects both the skin
feel and the penetration depth of lipophilic actives, and
the interfacial properties of the emulsion system deter-
mine its physical stability and its behavior on contact
with skin. Ravera et al. (2021) tracked what happens
to emulsion droplets at the interface between the for-
mulation and the skin surface — where the emulsifier
film either holds the droplet intact long enough for
penetration to occur, or breaks, releasing the dispersed
phase onto the surface in a form that does not reach
the stratum corneum [5, p. 4]. For a ceramide in an
oil-in-water emulsion, this matters directly: if the
emulsifier system cannot maintain droplet integrity
on contact with skin, the ceramide separates before
it penetrates. The emulsifier is not packaging — it is
the mechanism that determines whether the active
ingredient does anything at all.

Healthy skin sits at a surface pH between 4.5 and
5.5. That range is not incidental. The serine proteas-
es that process barrier lipids and the antimicrobial
peptides that defend the skin surface both operate
within it, and both lose activity as pH rises. An al-
kaline cleanser — anything above pH 7 — raises skin
surface pH measurably, and that elevation persists
for several hours after rinsing. During that window,
barrier lipid processing slows and the skin is more
susceptible to penetration of whatever comes next in
the routine. This effect does not require the cleans-
er to be chemically irritating; pH alone produces it.
Al-Halaseh et al. (2022) found that the uptake of low
molecular weight hyaluronic acid fragments and their
binding to skin surface receptors also varies with pH
across the physiological range [1, p. 36]. A hyaluronic
acid serum formulated at pH 6.5 behaves differently
at the receptor level than the same concentration at
pH 4.5 — and that difference is predictable from the
chemistry, technically addressable in formulation, and
routinely left unaddressed.

The sequential application of multiple products —
the routine rather than the individual product — in-
troduces a complexity layer that single-product efficacy
and safety assessments do not address. A person who
applies a vitamin C serum at pH 3.5, followed by a ni-
acinamide moisturizer, followed by a sunscreen with
an occlusive finish, has created a multi-product system
whose combined pH, penetration enhancement, and
ingredient interaction profile is not predictable from
any individual product’s assessment. Glycol-containing
products earlier in the routine can act as penetration
enhancers for actives applied subsequently; surfactant
exposure from a morning cleanser can leave the bar-
rier in a transiently disrupted state that modifies the
penetration of everything applied in the next two to
four hours. Ravera et al. (2021) analyzed emulsion sta-
bility under dynamic conditions and found that emul-
sion behavior on contact with a surface —including the

skin — differs substantially from its behavior in a sealed
container, with coalescence and phase separation possi-
ble on application depending on the formulation’s inter-
facial film strength [5, p. 8]. A product that is stable in
the bottle may not behave as a stable emulsion on skin,
and the biological consequence depends on what sepa-
rates and what the separated fractions do at the barrier
surface. Routine-level interaction assessment is not
standard practice in cosmetic safety evaluation — and
the gap between what single-product testing captures
and what routine use actually produces is where a sig-
nificant portion of unexplained consumer reactions live.

Surfactants are the component of cosmetic formu-
lations most likely to be experienced as a problem.
Salomon and Giordano-Labadie (2022) reviewed the
dermatological evidence on surfactant irritation and
allergy and identified the critical distinction between
irritant contact dermatitis — a dose-dependent,
non-immunological response to surfactant-induced
barrier disruption — and allergic contact dermatitis,
which requires sensitization and involves an immuno-
logical reaction that is not dose-dependent in the same
way [6, p. 678]. Both are real clinical problems, and
both are predictable from the chemistry. Anionic sur-
factants such as sodium lauryl sulfate disrupt the lipid
matrix of the stratum corneum efficiently — which is
why they are effective at removing sebum and make-
up — and at sufficient concentration or frequency of
exposure they disrupt it beyond what barrier recovery
can manage. The irritation potential is concentration-
dependent, frequency-dependent and modified by the
other ingredients in the formulation, particularly hu-
mectants and skin-identical lipids that can partially
offset the barrier disruption.

The acnegenicity of cosmetic ingredients is a specif-
ic subset of the biological effect question that matters
enormously in practice and receives inadequate at-
tention in ingredient safety assessments not designed
for acne-prone skin. Ghani et al. (2021) investigated
makeup ingredients and their relationship to acne
cosmetica — comedone formation triggered by topical
cosmetic use rather than endogenous hormonal fac-
tors — and found that comedogenicity ratings devel-
oped in animal models do not reliably predict clinical
outcomes in human acne-prone skin [4, p. 476]. The
mechanism of comedogenicity involves follicular oc-
clusion and altered keratinization, and the relevant
variables include not only the comedogenic potential of
individual ingredients but the concentration at which
they are present, the molecular size of the ingredi-
ent relative to the follicular opening, and the sebum
production level of the individual skin. An ingredient
rated comedogenic in a rabbit ear model at high con-
centration may not produce comedones in a human
formulation at the concentration it is actually used.
The inverse — that a low-rated ingredient can trigger
acne cosmetica in a susceptible individual at formula-
tion concentration — is equally documented.
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Glycols occupy a structural position in cosmetic
formulations that makes their biological effects partic-
ularly context-dependent. Yu and Goh (2024) reviewed
glycols as solvents for dermal formulations and docu-
mented the range of functions they perform: solubiliz-
ing poorly water-soluble actives, acting as humectants
that draw water from the dermis into the epidermis,
functioning as penetration enhancers that transiently
disrupt the lipid organization of the stratum corneum
to increase the permeability of co-formulated actives,
and serving as antimicrobial co-preservatives that
reduce the required concentration of the primary pre-
servative system [7, p. 3]. The penetration enhance-
ment function is the one most consequential for safety
assessment. A glycol that increases the permeability of
the stratum corneum to co-formulated actives increas-
es it non-selectively — it also increases the skin’s expo-
sure to any irritant or sensitizing ingredient present
in the same formulation. Propylene glycol, butylene
glycol and pentylene glycol each have different pene-
tration enhancement profiles, different humectancy,
and different rates of contact sensitization, and select-
ing among them is a formulation decision with direct
consequences for the biological activity of everything
else in the product.

Preservatives are where the chemistry-to-biology
translation has produced the most extensively docu-
mented population-level consequences. Dréno et al.
(2019) conducted a safety review of phenoxyethanol —
one of the most widely used preservatives following the
regulatory restriction of parabens — and examined its
toxicological profile across use conditions [3, p. 16].
Phenoxyethanol is effective as a broad-spectrum pre-
servative at concentrations up to 1% in leave-on and
rinse-off products; it penetrates the stratum corneum,
it is absorbed systemically to a small degree, and its
sensitization rate in the general population is low by
historical standards. The review found the available
evidence consistent with safe use at established con-
centrations — while also noting that the evidence base
for some use conditions, particularly products applied
to broken or compromised skin and products used in
infants, is thinner than for standard adult leave-on ap-
plication. That qualification matters clinically because
phenoxyethanol is present in many products marketed
for sensitive or eczematous skin — the population most
likely to have compromised barrier function and most
likely to experience enhanced penetration of every-
thing the formulation contains.

The broader preservative picture is one of se-
quential substitution without full resolution of the
underlying problem. When formaldehyde-releasing
preservatives fell out of favor due to sensitization data,
isothiazolinones expanded to fill the gap. When isothi-
azolinone sensitization rates climbed in the following
decade — particularly for methylchloroisothiazolinone
and methylisothiazolinone — phenoxyethanol, ben-
zyl alcohol and the organic acid preservative systems

o4

expanded. Each substitution addressed a documented
problem with the previous preservative and introduced
a new set of unknowns about sensitization in popula-
tions not yet extensively exposed to the replacement.
The lesson of this pattern is not that cosmetic pres-
ervation is unsolvable but that preservative safety
is a population-level, time-dependent problem that
ingredient-level assessment at point of approval does
not fully capture. A preservative can pass all pre-mar-
ket safety evaluations and still produce meaningful
sensitization rates once it reaches the scale of exposure
that mass-market cosmetic use represents.

The interaction between these ingredient catego-
ries — active, emulsifier, surfactant, glycol, preser-
vative — is where formulation chemistry becomes
most consequential and most difficult to predict from
ingredient-level data alone. A ceramide formulation
that includes a glycol penetration enhancer will deliver
the ceramide more effectively to the stratum corneum;
it will also deliver the preservative system more effec-
tively, increasing the skin’s exposure to the preserva-
tive per application relative to a formulation without
the penetration enhancer. A surfactant-based cleanser
that compromises the barrier increases the penetration
of everything applied afterward —including the toner,
serum and moisturizer in the consumer’s routine —
regardless of whether those subsequent products are
considered safe in isolation. The biological effect of
a cosmetic product cannot be extracted from the bio-
logical effect of the formulation as a whole, applied in
sequence with other products, on a skin barrier that
varies in integrity across individuals and across time.

The regulatory framework governing cosmetic in-
gredient safety was built around individual ingredi-
ents assessed in isolation, and it has not yet system-
atically incorporated what formulation science has
established about interaction effects, delivery vehicle
dependency and barrier-modifying co-ingredients.
Curikova-Kindlova et al. (2021) used reconstructed
skin models to study barrier recovery under controlled
conditions — demonstrating that the recovery trajec-
tory depends on the specific lipid ratio in the test for-
mulation, not simply on the presence of ceramides
as an ingredient class [2, p. 7]. This kind of in vitro
formulation-level testing is technically available and
scientifically validated. Its adoption as a standard com-
ponent of cosmetic efficacy substantiation — rather
than as a research tool used selectively by manufac-
turers with the resources and interest to apply it —
requires regulatory expectations to shift. The science
has moved faster than the standards that shape what
manufacturers are required to demonstrate before
making efficacy claims or placing products in the
market. That gap is not theoretical; it is the distance
between a ceramide product that restores the barrier
and one that says it does.

The scientific approach to efficacy and safety as-
sessment that this situation calls for is one that treats
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the formulation as the unit of analysis rather than
the individual ingredient. Efficacy claims attached
to a single listed active — hyaluronic acid, ceramides,
vitamin C — are meaningful only in the context of the
delivery vehicle that determines whether that active
reaches the intended depth, at the intended concentra-
tion, with the intended residence time. Safety assess-
ment that evaluates each ingredient against its own
threshold, without modeling the combined exposure

and barrier-modifying effects of the full ingredient
mixture, misses interactions that are mechanistically
predictable and clinically documented. The tools to do
better exist — computational interaction modeling, in
vitro barrier models, ex vivo skin testing — and their
systematic application to finished formulations rather
than isolated ingredients is the gap between where
cosmetic science currently is and where accurate effi-
cacy and safety prediction requires it to be.

JOIJATKOBA IHOOPMAIIA
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Summary. The article presents a comprehensive analysis of methodological approaches to integrating artificial intelligence
agents into corporate ERP systems, where environmental uncertainty, supply chain fragmentation, and accelerated operational
cycles intensify the gap between transactional accounting and the need for managerial response. The study is conducted as a
review and conceptual synthesis of peer-reviewed publications, extracting evidence on integration models, architectural config-
urations, governance mechanisms, and conditions of applicability, without quantitative aggregation due to methodological het-
erogeneity across sources. Particular attention is paid to the distinction between modular analytical add-ons and agent-based
integration, which implies observable autonomy, action orchestration, and embedded accountability mechanisms. The analysis
shows that prevailing practice keeps Al in a predominantly advisory role due to architectural isolation of ERP modules and
the absence of formalized authority to alter process states. It is established that the greatest practical impact is achieved by
shifting from “model attachment” to a unified, managed control loop that combines data quality, user acceptance, measurable
outcomes, and explicit rules governing autonomy. The article demonstrates that requirements for explainability, security, and
regulatory compatibility should be treated not as external constraints but as structural conditions for scalable agent-based in-
tegration in ERP systems. The findings are relevant to researchers and practitioners of digital transformation, enterprise system

architects, IT and operations executives, and specialists in data governance and change management.
Key words: ERP systems, artificial intelligence, intelligent agents, agent-based architecture, process orchestration, managed

autonomy, data governance.

Introduction. Integrating artificial intelligence into
corporate ERP systems is becoming a crucial con-
dition for sustainable enterprise management amidst
uncertainty, supply chain fragmentation, and acceler-
ating operational cycles. Classical ERPs are oriented
toward transactional recording, regulated planning,
and post-factum analysis, which limits their ability
to operate effectively under fluctuating demand and
the necessity for real-time decision-making. Conse-
quently, traditional forms of automation scale poorly,
reinforcing the role of manual approvals and reliance
on individual experts. While Al possesses the potential
to enhance the adaptability of ERP circuits, in practice,
this capacity is only partially realized.

Existing approaches to Al implementation in ERP
environments vary substantially regarding the depth
of integration. Most frequently, Al is utilized as an
analytical add-on for forecasting or risk assessment
and is not included in the planning, execution, and pro-
cess coordination loops. Such a modular and reactive
approach retains Al in a recommendation role rather
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than that of a participant in the management cycle.
A universal integration model has not been formed,
as effectiveness depends on the ERP landscape archi-
tecture, data governance maturity, and requirements
for explainability and regulatory compatibility. The
research problem lies in the absence of a holistic and
formalized methodological framework that views the
integration of artificial intelligence into ERP systems
as a managed agent-based system for decision-making
and execution.

The aim of the study is to structure the method-
ological aspects of integrating AI agents into corpo-
rate ERP systems and determine the conditions under
which Al transitions from the role of an analytical tool
to that of a subject within the management loop. To
achieve this goal, the study intends to: analyze modern
practices of integrating artificial intelligence into ERP
systems; compare architectural and organizational
models of Al agent implementation; identify conditions
for the transition from analytical to agent-based inte-
gration; determine methodological requirements for
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the manageability, measurability, and sustainability
of agent-based solutions.

The research hypothesis is that the effectiveness of
Al integration into corporate ERP systems is deter-
mined not by the complexity of the models, but by the
degree of their inclusion in a managed agent-based
loop with formalized rules of autonomy, control, and
measurable results. Such alignment reduces reliance
on manual interventions and increases the sustain-
ability of managerial decisions under conditions of
constant change.

The scope of the study is limited to the analysis of
methodological, architectural, and managerial aspects
of integrating Al agents into corporate ERP systems.
Primary attention is paid to questions of agency, im-
plementation life cycle, governance, and result mea-
surability. Economic, sectoral, and institutional fac-
tors are considered only insofar as they influence the
design and practical realizability of agent-based Al
circuits within the ERP landscape.

Materials and Methods. The methodological ba-
sis of the study was a corpus of ten scientific sources
selected in accordance with the logic of a transparent
and reproducible review. The analysis included review,
conceptual, and empirical publications dedicated to the
application of artificial intelligence in corporate ERP
systems and adjacent management loops, including sup-
ply chain management, shared service centers, and IT
service management. The inclusion criteria were the-
matic relevance to the task of integrating intelligent
agents into ERP, an orientation toward methodological
and architectural aspects, and the presence of conclu-
sions applicable to corporate systems with elevated re-
quirements for control, responsibility, and sustainability.

A number of sources record the current state of
practice and its limitations. Studies by Al-Hourani and
Weraikat [1] and Teixeira et al. [10] show that artificial
intelligence is predominantly used for forecasting and
risk analysis, remaining outside decision-making and
execution loops, which is confirmed by the review of
Jawad and Balazs [3]. The work of Jawad and Villanyi
Balazs Janos [4] shows that extending ERP with ex-
ternal unstructured data substantially improves the
quality of managerial decisions and methodologically
supports an agent-based approach. A model for the
sustainable integration of artificial intelligence and
ERP, combining readiness, acceptance, and result
evaluation, is presented in the study by Islam et al.
[2], while the strategic and service role of intelligent
components is disclosed in the work of Mao et al. [6].
Architectural and organizational prerequisites for
agent-based integration are examined in studies by
Mannan et al. [5], Mishra and Tripathi [7], Patricio et
al. [8], and Pinto et al. [9], with an emphasis on data
management, responsibility distribution, and human-
automation interaction.

The research method is based on conceptual-
analytical synthesis and the comparison of selected

works along agreed axes. The analysis covered the role
of artificial intelligence in ERP as a tool for analytical
support versus a participant in the management loop;
architectural approaches to integration, from modular
add-ons to an agent layer with process orchestration;
implementation stages, including readiness, accep-
tance, result evaluation, and post-implementation
sustainability; and manageability mechanisms, such
as decision explainability, control, regulatory compli-
ance, and security. An intelligent agent in the study
is viewed as a subject of the ERP circuit capable of
observing events, interpreting context, forming or ini-
tiating actions, and ensuring decision traceability with
the possibility of human intervention. Limitations of
the study are conditioned by the heterogeneity of the
analyzed areas, differences in autonomy levels, and the
limited number of empirical examples of full-fledged
agent-based integration in corporate ERP systems.

Results. The obtained results show that the actual
role of artificial intelligence in ERP-adjacent man-
agement tasks is more often limited to the analytical
loop rather than autonomous process management. In
observed practice, Al is predominantly used for risk
assessment and forecast support, whereas functions
of independent replanning and decision execution are
represented significantly more weakly [1]. This is ex-
pressed in the fact that model outputs serve as inputs
for subsequent human decisions or for regulated pro-
cessing in ERP, rather than becoming grounds for au-
tomatic changes to plans and actions within processes.

The most consistent pattern appears in uncertainty
management tasks. Risk-oriented scenarios are built
around identifying deviations and warnings, after
which the decision remains with the user or predefined
system rules [10]. Demand forecasting is used as
a means to increase calculation accuracy, but without
translating the result into a mechanism for initiating
changes in the “planning — procurement — produc-
tion — distribution” chain [4]. Conversely, scenarios
implying active influence on system state, including
inventory optimization and dynamic adjustment of
execution parameters, are encountered substantially
less frequently and remain local in scale [3]. Figure
1 shows the distribution of functional AI/ML focuses,
reflecting the current style of ERP integration.

The diagram shows a clear dominance of analytical
scenarios for Al integration in ERP. The largest share
of research relates to risk management — 24 cases, in-
dicating a priority on identifying threats and deviations
without transitioning to managerial actions. Demand
forecasting is represented substantially less frequent-
ly — 6 cases, reflecting the limited use of Al for active
replanning. Inventory optimization is found in only 2
cases, which quantitatively captures the weak presence
of Al in the operational ERP loop where autonomous
decision-making and action execution are required.

The limitation of agency is connected primarily
with integration architecture and rules of permissible
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Fig. 1. Functional role of AI/ML reflecting the current ERP integration style
Source: compiled by the author based on source: [1]

autonomy, rather than with the computational capa-
bilities of the models. The study by Islam et al. [2] em-
phasizes the necessity of measurable autonomy modes
and action limitation mechanisms, without which AI
remains in a recommendation role. A similar barrier
is recorded by Pinto et al. [9], where requirements for
accountability and decision traceability in responsible
operational environments reinforce reliance on human
intervention.

The obtained results show that including external
unstructured signals in the demand forecasting loop
qualitatively changes the operation of intelligent ERP
components. The forecast begins to form not only based
on internal system data but also taking into account
the external environment context reflected in textual
assessments and reviews. Such data expansion moves

Al from an isolated analytical mode to a context-
sensitive mode of interpreting changes not captured
in transactional data.

Unlike the traditional use of forecasts as auxilia-
ry calculations, the application of hybrid data forms
a link between perception, interpretation, and poten-
tial managerial impact. This mode corresponds to the
logic of an agent loop, in which the intelligent com-
ponent correlates an external signal with a managed
process and creates a basis for adjusting planning
parameters [7]. Table 1 presents forecasting quality
indicators when adding external textual features.

The presented metrics illustrate the influence of
expanding the input data space on forecasting quality,
rather than the comparative effectiveness of specific
algorithms.

Table 1

Demand forecasting quality metrics under Al-driven ERP extension using
sentiment-based pipeline

Demand forecasting quality metric Value
Random Forest + sentiment: R? 0.999939
Random Forest + sentiment: MSE 0.000125
Random Forest + sentiment: MAE 0.001073
Random Forest without sentiment: R2 0.214
ARIMA baseline: R? 0.842675
Dataset size (drug reviews) >200,000

Source: compiled by the author based on source: [4]
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It should be noted that the reported R? value, ap-
proaching unity, appears unusually high for demand
forecasting tasks and may reflect dataset-specific con-
ditions or methodological artifacts. Accordingly, these
results should be interpreted with caution and require
independent replication under diverse conditions prior
to generalization.

They show that extending ERP circuits with ex-
ternal signals leads to a qualitatively different oper-
ating mode for the predictive model. They show that
extending ERP circuits with external signals leads
to a qualitatively different operating mode for the
predictive model. A model using only internal data
demonstrates limited ability to reflect real demand
fluctuations, whereas adding contextual features elim-
inates the gap between formal system indicators and
actual market behavior. At the same time, classical
statistical approaches, despite an acceptable level of
accuracy, retain dependence on past values and do not
reflect changes in expectations and perception formed
outside the ERP.

It is important to note that the observed improve-
ment is connected not with the choice of a specific
algorithm, but with the change in the principle of data
integration. Including unstructured sources turns the
forecast from a static calculation into an element of
environment interpretation, which corresponds to
the requirements of an agent-based ERP architec-
ture oriented toward adaptation rather than just ac-
counting [5]. This mode aligns with the service logic of

management, in which the intelligent component be-
comes a connecting element between external signals
and internal managerial parameters of the system.

Thus, the obtained results capture that the use
of hybrid data creates prerequisites for transitioning
from the analytical application of Al to an agent-based
loop of perception and interpretation, in which the
ERP gains access to external context and can be em-
bedded in a broader cycle of managerial response.

Discussion. The obtained results allow viewing
the integration of Al agents into ERP as a method-
ological task of forming a managed loop, rather than
as a technical connection of models. Practice shows
that the isolated implementation of intelligent com-
ponents does not yield a sustainable effect without
aligning organizational readiness, user acceptance,
and methods for result evaluation. In this context,
agency in ERP is formed through the consistency of
infrastructural, organizational, and managerial fac-
tors, rather than through increasing the accuracy of
individual algorithms.

A key condition for such alignment is the simulta-
neous presence of several interconnected components.
These include system and organizational readiness,
encompassing data quality, infrastructure reliability,
and process maturity, which sets permissible bound-
aries for AI component autonomy [6], as well as the
acceptance of intelligent decisions by users, based on
perceived usefulness, transparency, and convenience of
interaction with agent results [9]. The measurability
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Fig. 2. Comparison of reported improvements in key metrics from AI-ERP
Source: compiled by the author based on source [2]
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of results, including the sustainability of effects after
implementation and their correspondence to mana-
gerial goals, is also of substantial significance. In the
absence of alignment among these components, the
agent loop in ERP remains formal.

Of separate importance is the observability of au-
tonomy, which includes monitoring model performance
characteristics, fixing the boundaries of independent
actions, the reasons for decisions made, and conditions
for human intervention [2]. These mechanisms are
particularly important for ERP systems touching upon
financially and regulatory sensitive processes, where
security and embedded control act not as external
constraints but as a structural element of agent-based
integration. Figure 2 shows reported improvements in
key indicators during Al integration with ERP, used to
discuss success metrics and agent loop observability.

The diagram shows that the greatest improve-
ment is associated with the subjectively perceived
efficiency of user work — 62.5%, whereas operational
optimization indicators are distributed more evenly.
Improvement in forecasting reaches 35%, data accu-
racy increase — 33%, pricing efficiency growth — 27%,
and the reduction of operational losses and downtime
remains in the 20-30% range. Such a ratio of values
indicates that the effect of integrating Al into ERP
manifests simultaneously at the level of data, man-
agerial decisions, and user interaction, rather than
being concentrated in a single functional dimension.
Consequently, the discussed data emphasize that the
methodology of integrating Al agents into ERP must
rely on a coordinated life cycle, in which readiness,
acceptance, measurability, and autonomy control form
a single managed loop, rather than a set of disparate
practices.

Modular integration of artificial intelligence into
ERP forms the least invasive way of extending func-
tionality. Intelligent components connect to separate
modules and return results in the form of indicators
or recommendations without affecting process man-
agement. This approach is considered safe and man-
ageable; however, it is precisely this that solidifies
the analytical role of Al and impedes the transition
to agent-based interaction, wherein the intelligent
component is capable of initiating actions.

The main limitation is connected with the archi-
tectural isolation of ERP modules. Historically, ERPs
were built as systems of rigidly regulated circuits,
where decision-making is divided between users and
rules. Even with high accuracy, a module cannot in-
fluence neighboring processes or the system state as
a whole, so Al ends up embedded in the computational

but not the managerial layer. From an architectural
perspective, intelligence is placed on the periphery,
without access to the execution mechanism. Studies
by Mannan et al. [5] and Patricio et al. [8] show that
the transition to an agent-based approach requires al-
locating a separate orchestration layer, through which
intelligent components interact with the ERP and be-
come part of the managerial logic.

Thus, modular integration solidifies the gap be-
tween analysis and action, whereas the transition to
agent-based architecture requires a redistribution of
roles among the ERP core, intelligent components, and
execution mechanisms, which fundamentally changes
requirements for architecture, manageability, and re-
sponsibility within the corporate system. The obtained
results confirm the proposed hypothesis that the key
factor in Al effectiveness in ERP is the degree of its
inclusion in a managed agent-based loop, rather than
the computational complexity of the models used.

Conclusion. Integrating Al agents into corporate
ERPs must yield not just “smart analytics on the side”
but a managed loop for decision-making and execution
within processes. The key conclusion is that the result
is determined not by the complexity of the models, but
by how formalized the authority, control, and respon-
sibility for autonomous actions are. Without this, Al
remains an advisor, and ERP — a system for recording
and regulation.

Observed practice shows a predominance of modu-
lar, reactive integration. Intelligent components more
often identify deviations, form forecasts and recom-
mendations, but do not become participants in the
planning and execution cycle. This format is perceived
as safe, yet it solidifies the gap between analysis and
action and intensifies reliance on manual approvals.
The transition to agent-based integration begins with
architecture, not with connecting a model. An orches-
tration layer is needed that links events, context inter-
pretation, and managerial action through controlled
ERP interfaces. In this layer, autonomy boundaries,
decision traceability, conditions for human interven-
tion, and the distribution of responsibility between
roles and loops must be defined.

A sustainable effect is achieved only with a coor-
dinated implementation life cycle. Data and process
readiness, user acceptance, and result measurabili-
ty must be linked into a single management system
where autonomy is observable and verifiable. In such
an approach, security, regulatory compliance, and ex-
plainability act not as limiters but as constructive ele-
ments of agency, without which autonomous decisions
in ERP cannot be scaled and consolidated in practice.

HJOJATKOBA IHOOPMALIA
DOIHAHCYBAHHS: ABropu He 0TPpUMYBAJIH (PiHAHCYBAHHA [IJIA I[bOTO JOCITIKEeHHS.
3AABA ITPO JOCTYIIHICTDb JAHMX: He 3acTocoByeThbes.
KOH®JIIKT IHTEPECIB: ABropu 3asAB/IAIOTE PO BiICYTHICTH KOH(JIIKTY iHTEpECIiB.
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BUPILWWEHHA NPOBJAEMU IHOOPMALINHOI
ACUMETPIi B MICbKI NOTICTULLI
HA OCHOBI PO3MOAIEHNX PEECTPIB

ADDRESSING INFORMATION
ASYMMETRY IN URBAN LOGISTICS
USING DISTRIBUTED LEDGERS

TEXHIYHI HAYKHU

AHoTauif. Bctyn. CyyacHi TeHgeHwii ypbaHi3awii Ta cTpimke 3pocTaHHs 00cs2iB eneKTPOHHOI KoMepLii npu3BogsaTh GO 3HAY-
HO20 30i/bLIEHHS HOBAHTAXEHHS! Ha TPAHCIOPTHY IHPPACTPYKTYPY MICT. TpaguuiiiHi nigxogm go ynpasaiHHs MICbKUMM BAH-
TAXHUMW NepeBe3eHHsIMK, sIKi 6a3yI0TbCsl HA LieHTPANi30BAHOMY MPUIHATTI pillieHb Ta CTATUYHOMY MIAHYBAHHI, BUSIBASIOTHCS
Hee(eKTMBHYMM B YMOBAX BMCOKOI gUHAMIKM MiCbKO20 cepeqoBuLLd. Lle cripuynHsie HU3KY He2aTUBHMX HAC/IGKIB: 3pOCTAHHS
PpiBHS1 3aTOPIB, MO2ipLUEHHS eK0102IYHOI CUTYaLii yepe3 30i/1bLueHHs BUKMUGIB 3a0PYGHIOIYNX PEYOBUH, O TAKOX 3HUMEHHS piB-
Hs1 colianbHo20 KoMPopTy Ta be3nexkn MeLKaHLiB. BupilleHHs unx npobaeM BUMaz2ae nepexogy go KOHLenuii cranoeo pos-
BUTKY, LLj0 Nepegbayae 2apMOHiliHe NOEGHAHHS eKOHOMI4YHOI eeKTMBHOCTI, exo/102i4HOI be3neku Ta coLianbHOI NPUIHATHOCTI
JI02ICTUYHMX NPOLieCiB. IHTe2pavis HOBITHIX iIHPOPMALIVIHIX TEXHOMORIV, TAKMX SK WTYYHMI IHTeNeKT Ta po3nogineHi peectpy,
BigKpMBAE HOBI MOXX/IMBOCTI §/11 §eLieHTpani30BaH020, AganTMBHOR0 TA MPO30P020 YNPABAIHHA BAHTAXoNoTokamu. Meta. Me-
TOI gaHO20 JOC/IgXKEeHHsI € PO3POOKA KOMIIEKCHO20 MeTogy POpMYBAHHS CTpaTezii CTano20 po3BUTKY MiCbKMX BAHTAXHUX
nepeBe3eHb HA OCHOBI CHHEp2ii 2pagoBUX HEHPOHHUX Mepex, 2IMONHHO20 HABYAHHS 3 MiGKPIMAeHHSIM Td CMAPT-KOHTPAKTIB
TexHonozii 6ok4eriH gs 3abe3neyeHHs 6anaHCy MiX I02ICTUYHUMM BUTPATAMM, eKON0IYHUM HABAHTAXXEHHIM Td COLjiab-
HUM Kom¢gopTom. Matepiann i MeTogn. TeopeTMKo-MeTogosI02i4HOI0 6a3010 goCaigKeHHs € CUCTeMHMIA Nigxig, Teopis 2pagis,
MAPKOBCbKI rpoLiecu npuitHATTS pileHb (DRL), meTogn GazaTokpuTepianbHoi ontumizauii (TOPSIS) Ta meTog eHTponii. [ns
Bepu@ikayii gaHnx Ta KOHTPOIO gOCTyy 3ACTOCOBAHO MPUHLMMN TeXHONO02Ii 610K4eNiH | CMApT-KOHTPAKTIB. Moge/toBaHHS
Tpagiky Ta MPO2HO3yBAHHS CTAHIB TPAHCIOPTHOI Mepexi BUKOHAHO 3 BUKOPUCTAHHAM 2padoBux HeripoHHNX Mepex (GNN).
Pe3ynbTaTu. Y npoueci gocnigxeHHs 6y10 popManizaoBaHo KOHLENTyanbHy apXiTekTypy ynpaBaiHHS MICbKMMU BAHTAXOMOTO-
Kamu sk cknagHy 6aeatokputepianbHy 3agady. YJockoHaneHo cucteMy KpuTepiis ouiHk1 eekTMBHOCTI cTparezii, ge nopsg
i3 TPAgMLiViHUMM eKOHOMIYHUMM MOKA3HUKAMM BBEJEHO iHTe2pabHuiA iHgMKaTop CTan020 po3BMTKY. PO3pobieHo MaTemaTmy-
Hy MOge/lb BU3HAYeHHs TapameTpiB gBOPiBHEBOI MICbKOI 102iCTMKM (3 BUKOPUCTAHHAM MiKpO-XabiB), ka BPAXOBYE gUHAMIYHI
NiMITY MPOMYCKHOI 3gaTHOCTi €K0/I02{4HMX 30H. 3anPONOHOBAHO KOMIMIEKCHUI YOTUPUETAMHMI MeTog POpMYBAHHS CTpaTezii,
KMV BKJIIOYAE BUKOPUCTAHHS «LindpoBozo gaiviHuka» (Digital Twin) gas imiTauiviHo2o CTpec-TecTyBaHHs pawioHaabHO20 Bek-
TOpa napamerTpis. BUKOpUCTaHHs G10K4eiiH-peecTpy 3abe3neyye npo3opy gikcalito TeneMeTpuyHNX gaHux Ta aBToMaTM308a-
He yNpaBiHHS goCTYMOM BAHTMKIBOK y 30HM 3 HU3bKMM piBHeM Bukungis (LEZ). MepcnexTnu. lloganblui gocnigxueHHs 0ygyTb
CNPSMOBAHI Ha NPaKTMyHy anpobauiio po3pobieHo20 MeTogy B peanbHNX YMOBAX BE/MKMX TPAHCIOPTHUX BY3/iB, YJOCKOHA-
JIeHHS1 a/120pUTMIB geLieHTPaNi30BaHO20 20/10CYBAHHS CTelKX0AgepiB gas BU3HAYeHHs Ba20BUX KoeQilieHTiB Ta iHTespaLiio
OTPUMAHUX MOgeneit i3 MyHiumunanbHumu cuctemamu Smart City.

Knto4oBi cnoBa: micbki BOHTaHI nepeBe3eHHs], CTaanii po3B1ToK, 6a2aTokpuTepianbHa onTuMisawis, 60KYeiH, Wy Huii
[HTe/IeKT, CMapT-KOHTPAKTH.

Summary. Introduction. Modern urbanization trends and the rapid growth of e-commerce volumes lead to a significant

increase in the load on the transport infrastructure of cities. Traditional approaches to urban freight transport management,
based on centralized decision-making and static planning, prove inefficient in highly dynamic urban environments. This causes
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negative consequences: increased congestion, environmental degradation, and decreased social comfort. Solving these prob-
lems requires transitioning to sustainable development. The integration of advanced IT, such as Al and distributed ledgers,
opens new opportunities for adaptive flow management. Purpose. The purpose of this study is to develop a comprehensive
method for forming a strategy for the sustainable development of urban freight transport based on the synergy of graph neural
networks, deep reinforcement learning, and blockchain smart contracts. Materials and methods. The theoretical and method-
ological basis of the study is a systems approach, graph theory, Markov decision processes (DRL), multi-criteria optimization
methods (TOPSIS), and the entropy method. Blockchain technology is applied for data verification and access control. Traffic
modeling is performed using graph neural networks (GNN). Results. The conceptual architecture of urban freight flow manage-
ment was formalized as a complex multi-criteria problem. The system of criteria for evaluating strategy efficiency was improved.
A mathematical model for determining the parameters of two-tier city logistics was developed, taking into account the dynamic
capacity limits of environmental zones. A comprehensive four-stage strategy formation method is proposed, including the use
of a Digital Twin for simulation stress testing. Prospects. Further research will be directed towards the practical approbation
of the developed method in real conditions of large transport hubs and the integration of the obtained models with municipal

Smart City systems.

Key words: urban freight transport, sustainable development, multi-objective optimization, blockchain, artificial intelli-

gence, smart contracts.

IIOCTaHOBICa npob6aemu. Tpaguiiiiai MmogeJri
YIIPaBJIIHHA MiChKOIO JIOTICTHUKOIO 0a3yIOThCA
Ha I[eHTPATI30BAaHOMY IPUNHATTI PillleHb, 1110 B yMOBaX
BHCOKO1 IMHAMIKH MiCHKOTO CEepPeI0OBUIIA TPU3BOIUTH
JI0 3aTPUMOK Ta HEONITUMAJIEHOTO0 BUKOPUCTAHHA 1H(-
pacTpyKTypu. SpOCTAHHA IIONUTY Ha BAHTAKHI [TepeBe-
3eHHA TeHepye HeraTuBHI eKCTEPHAJII1, TaKl AK BUKUIU
TIAPHUKOBUX Ta3iB, 3aTOPHU Ta 3HIKEHHSA PiBHA 6e3meKu
pyxy. Ilorpe6a y rapMoHizarrii iHTepeciB ycixX CTeHKX0JI-
JlepiB BUMArae Iepexoy A0 CUCTeM IeIeHTPaTi30BaHOl
KOOPAMHALIII 3 BUKOPUCTAHHAM HOBITHIX iH(pOpMAaLiiHIX
TEeXHOJIOTI .

Aunajtia ocTaHHIX HOCTimKeHb 1 myOJTiKaii.
IIpo6sieMam MiCHKO1 JIOTiCTUKY MPUCBAYEHO 3HAYHY
KUTBKiCTh HayKoBHUX mpailb. PyHIaMeHTaIbHI 0CHOBU
IIBOPIBHEBOI MiCHKOI JIOTICTUKY 3aKJIAAEHO Y JOCITIKEeH-
Hax T.G. Crainic [11, c. 182]. Bukopucrauua rpadgoBux
Hetipoanux mepex (GNN) nj1sa mporHosyBaHHSA 3aTo-
PiB Ta €KOJIOTIYHOTO HABAHTAKEHHA eTaJIbHO PO3TJIA-
HyTO y po6orax Barhoumi et al. [1, c. 46]. [Turanua
iHTerparirii 6JIOKYeITH-TeXHOJIOTii /1A 3abe3meueHHA
IOCTOBIPHOCTI JaHUX y TPAHCIIOPTHUX CHUCTEMAX JI0-
caimkyBasiz Miron et al. [4, c. 341] ta Zhou et al. [5, c.
1121]. BaraToxkpurepiaabHa ONITUMIZAIliA €KOJIOTIUHUX
Ta eKOHOMIUHHUX ITapaMeTpPiB BUCBITJIEHA y poboTax
Akkad et al. [2, ¢. 112] Ta Ishii et al. [3, c. 104]. Bogso-
vac CoIiabHi acrekT (PyHKI[IOHYBAHHA BAHTAMXKHOTO
TPaAHCIIOPTY I'PYHTOBHO HocIimkero y npamgax Davidich
et al. [7, c. 103001] Ta Malinovsky et al. [6, c. 5]. HesBa-
JKAouM Ha 3HAYHUUN TOPOOOK, pobiieMa KOMILIEKCHOT
iHTerpamii MeTOJiB HMITYYHOTO iHTEJIEKTY Ta CMapT-
KOHTPAKTIB y eQUHUNA MeTor (DOPMYyBaHHSA CTpATETii
CTAJIOT0 PO3BUTKY MiCHKUX IT€pPEeBe3€Hb 3aJINIIAETHCA
HEBUPINIEHOIO.

dDopmyaoBaHHA Hijei crarti. Merow maHol
CTATTi € PO3pPo6Ka MeToay (POPpMyBaHHA CTPATETII CTa-
JIOT0 PO3BUTKY MICHKUX BAaHTAKHUX I€PEeBe3eHb, AKUL
JI03BOJIAE IHTErPyBaTU MEXaHI3MU JIEIEHTPAI30BAHOTO
KOHTPOJII0 HA OCHOBI GJIOKYEIH-TEXHOJIOTIH Ta 1HCTPY-
MEHTH aIalITUBHOTO IIPOTHO3YBaHHA 3 BUKOPUCTAHHAM

MITYYHOT0 1HTEJEeKTY IJIs ONTHUMIi3aIlii JOTiCTUYHUX
MIPOIIECIB.

Buxsiam ocHOBHOTO Marepiaiy. Y mexax opmy-
BaHHA CTPATETil CTaJI0r0 PO3BUTKY MiCHKUX BAHTAKHUX
epeBe3eHb, MEPIIOUEPTOBUM 3aBIAHHAM € MaTeMa-
TruHAa (hopMaJIizaliia IIpoliecy YIPAaBIiHHA ITOTOKAMU.
3riiHo 3 CyYacHUMH ITigX00aMH, MiCbKa JIOTiCTUYHA
crcTeMa po3MIANAEThCA AK CKIIaHA JUHAMIUHA Mepe-
JKa, le KOKeH eJIeMeHT Mae€ BiTIOBiIaTy IPUHITUIIAM
€KOJIOIYHOCTI, eKOHOMIUHOI e()eKTHBHOCTI Ta COIliaIb-
HOI TPUHHATHOCTI.

Cruparourcs Ha mocitipreHHs [1, ¢. 48], TpamcmopT-
Hy 1HQPACTPYKTypy MicTa HPENCTABIIEHO Y BUIJIAML
IIPOCTOPOBO-CEMAaHTUUHOTO rpada:

G:(V,E), (1)

ne: V — MHOKMHA By3JIiB (JIOTICTHYHI I@HTPU, MIKPO-
Xabu, TOUKHU CIIOKIBAHHSA);

E — vHOX)XUHA OyT (TPaHCOOPTHI CHOJIYYEHHA,
BYJIMYHO-IOPOCKHA MePerKa).

Koxkna nyra e € E xapakrepusyeTbCsi BEKTOPOM
nmapaMeTpiB:

w, =(t ,ce,eme), 2)

Ie t_e —dac mpoxomykeHHs, ¢_e — ()iHaHCOBI BUTPATH,
a em_e — piBeHb €KOJIOTIUHOT0 HaBaHTAKEHHA (BUKU-
ou CO2, mrym).

Dopmaitizalris 3agadi IoIArae y 3HaX0m:KeHH1 OIITH-
MaJTLHOTO PO3TIO/IITy BAHTAKHUX TOTOKIB, 10 MiHIMi3ye
iHTerpaJbHUU MoxkasHuk BriuBy. Ha ocHoBI migxonis
[2, c. 115; 3, c. 106] chopmynboBaHO GaraToKpUTEpi-
aJIbHY I1Ib0BY (yHKIT0 F(x):

F(x) :a'f;?con(x) +B'f:env(x) +’Y'f;oc(x) — min, 3)

ne: f _econ(x) — (PYHKI[iA €eKOHOMIYHUX BUTPAT;
[_env(x) — PyHKITIA €KOJIOTIYHOTO BILJINBY;
f _soc(x) — (PyHKITIA cOIiaIbHOT0 KOMMOPTY;
«, B, Y — BaroBi KoedillieHTH, 1110 BUSHAYAIOTHCS
ImpiopuTeTamMu cTpaTerii cTajJoro poO3BUTKY.
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Puc. 1. Konuenryanbua cxema dopmasrisarrii sagaui
Jrcepenio: po3po0IIeHO aBTOPOM
3amaua hopMaTizyeThCsa 3 ypaxyBaHHAM HACTYITHUX JJ1A KOMILJTEeKCHOT OI[IHKM CTpATeril MIPOIOHYEThCA

KPUTUYHNX 00MeKeHb: IIPOIYyCKHA 3[aTHICTb iH(pa- 6GaraToxpurepianbHuii miaxia. Kpurepii rpymyorses
CTPYKTYPH, YACOBA HEeBU3HAUEHICTh (BIKHA IOCTABKM) 34 HACTYIIHUMU qoMeHamu [6, c. 7]:

Ta eKoJIoriuHi JriMiTi 30H Micta. OcobJMBicTIO TAaHOT 1. ExoHoMiuHa e(eKTUBHICTH: IUTOMI BUTPATH,
opmastizarii e BripoBam:KeHHsa MexaHiaMiB Deep  KoedillieHT BUKOPHUCTAHHA BAHTAMOITITHOMHOCTI, Jac
Reinforcement Learning (DRL), 1o mo3Bosige Moessi  BUKOHAHHS 3aMOBJICHHA.

aIanTyBaTHUCA 10 IIPOCTOPOBO-YACOBUX 3MiH Yy MiCEKOMY 2. Exomoriuna crajicrte: o6car ukumis CO,, enep-
cepemoBuii [10, c. 121705]. TOCIIOYKMBAHHSA, PiBEHb IIIyMYy.

) : == ~ = HBYKUD-METDAHHHH 6a3a:
Tapamerpn ayru: ~ Barhoumi et al. (2025)

We, = (te,_: Ceys emel) . NS AV ft,
te —Yac Do w
> [

€, — BUTPATH
em, — BUKWaM CO,

Napamerpu ayru: l
N wy = (te,ceeme) ||

- te = yac |
| S NyHKT | c. - BUTPaTH -
AUCTPUOYLT | e, — BUKMAM CO; |

|

KonuenTyanbha ocHoBa:
] .| - Barhoumi et al. (2025)
. i 1 AN ~ - InTerposane GaraTokpu- |
/~ MicbKuii . : TepianbHe 38aKyBaHHA
- MiKpo-xab YHKT = A (Hac, Butparn, Ekonoris)

el

I Jlerenpa rpaga Mapametpn ayri

) . We, = (Le,, Ce, €M)
o = NoricTH4Hi BY3NW o

- T fetameTpanbHa ocha: | [ KoHuenTyanbHa ocHoBa:
e - Cnonyysi mapuwpyt (Bynuui) t, -vac | -Barhoumi et al. (2025)

4 ; Ce - BUTDATH - [iTerposane GaraTokpuTepiabHe
Crpinku - Hanpamku noTokie : eme - BHKMAN CO; | | 3Baxyaanua (Hac, Burparw, Exonoris)

Puc. 2. T'padoBa Moj1eJib MiCBKOI TPAHCIIOPTHOI Mepeski
Jcepenio: po3po0IIeHO aBTOPOM
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Tabnuys 1
Knacudikania napamerpiB Ta o6Me:KeHb MOTeJIi
Kareropia ITapameTtp OpuHuLa BUMipy H:xepeito Bepudikarii
Exonomiuni JlorictruHi BUTpaTH TpH/EM CMapT-KOHTPaKT
Exomoriuni Bukumu CO2 /KM ToT-naruuku / Biokueiin
Texwiumi IIpomyckua sgarHicTh ox./rox Heiiponna mepesxa

Jcepenio: po3pobiIeHO aBTOPOM

3. CorfiajipHa IPUHAHATHICTE: BILIKB HA 3aBaHTaMKe-
HicTb Mepeski, kinbkicTs IITII, 3amoBosieHicT MeIIKaH-
miB [7, c. 103008].

J1a mpuiiHATTA pillleHb HeoOXiTHO 3BeCTU TOKA3HU-
KH JI0 €QUHOT0 iHTEerpaJIbHOTO ITOKA3HUKA e(DEeKTUBHOCTI

(I_ef"):

Ie=%(w, k), ()

ne k; — HOpMOBaHe 3HAUEHHH i-T0 KPUTePiio;
W, — BaroBuil Koe@illieHT BaKJIMBOCTI KPUTEPIo.
HopmyBanHA KpuTepiiB cTUMYJIATOPiB (MaKkcuMi-
3aIlisA) Ta AeCTUMYIATOPIiB (MiHIMi3allis) TPOBOIUTE-
cs 3a METOIOM JIiHIMHOI TpaHcdopMaIrii B giamasox
[0, 1].

Busnauenns paropux koe(illieHTiB W, € KDUTUIHUM
ertanoM. [IpomoHyeThCA BUKOPUCTAHHA 06 €KTHUBHOTO
MiX0/Iy Ha OCHOBI METOIy €HTPOIIii, 1110 T03BOJIAE JTU-
HaMIYHO KOPUTYBAaTH BaKJIMBICTh KPUTEPIIB 3aJI€IKHO
BiJI CTyIIEHA PO3CiIOBAHHA JaHUX.

Mopnesnb dyHKITIOHYBaHHA OMUCYETHCA AK MapKOB-
cbkuit mporec npuiHATTa pimedas (MDP). Cran cuc-
TeMU B MOMEHT 4acy t BUSHAUAEThCA AK

St :{Wt’Et’Qt}' ®)

Jlorika po6oTy cMapT-KOHTPAKTIB YIIPABJIiHHA II0-
TOKaMU 3BOOUTHCSA 10 aBTOMATU30BAHOI'0 BUKOHAHHS
OpaBWJI JOCTYIy A0 €KoJioTiuHuX 30H. Maremarud-
HAa JIOTiKa CIPallbOBYBAHHSA CMAPT-KOHTPAKTY IIOI0

Tabnuysa 2

Marpuusa kpurepiiB Ta MeToaiB IX BHMipIOBaHHSA

I'pyna xkpurepiiB Iloxasuuk MeTona OTPUMAHHA JAHUX IncTpymenT Bepudgikarii
Exosoriuna Buxugu CO2 Hucranuitinuit moritopusur (1oT) Blockchain [4, c. 50]
Exonomiuna Cob6iBapTiCTh T0CTABKYA AHaJtis cMapT-KOHTPAKTIB Blockchain Ledger

Texuiuna Hapitiaicts rpadiky IIpenukTuBHA aHATITHKA GNN [1, c. 48]
CorianbHa CormianbHuit JuckoM@opT OnuryBanuda / Auamnia rpadiky DRL/[7, c. 103010]

Jorcepenio: po3pobiieHO aBTOPOM

: L—— | PIBEHb

I'IPOFH03¥BAHHH
r |

PIBEHb AJANTUBHOTO
YIIPABIHHS! (DRL)
s y Y F

I
PIBEHb BEPU®IKALLII

e —
=,
Jaruukn

TpaHcnopTHi -
3acotu

| =

CMAPT-KOHTPAKTH |
(Ha ocHosi Miron et al., 2025)

S L/

GRAPH NEURAL NETWORK (GNN):
MporHo3yBaKKs 3aTopie Ta
@KONOMYHOrO HABAHTAKEBHHSA

[MAKCUMIZALIS
BHHArOPOAM
BMTpAT Ta eMicii) |

CTPATETIfA:
OnTumisoBaHmi |
Posnoain
BaHTaxonorokis

e

ﬂlporﬂosw GNI\i
CraH Mpadha)

\y

Mporvoau GNN ::"’;T'.
‘(Ctau lpadba)
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PIBEHb ALJANTUBHOI 0 '
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Puc. 3. Anroputm iHTeIEKTYAIBHOT 00POOKH JaHUX
Jrcepeio: po3pobiieHO aBTOPOM
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Tabnuys 3
IIpukaag HOpMyBaHHA 3HAYEHD AJIA PiZHHX THIIIB BAHTAKiBOK
IIapameTtp OpuHuIA 3uauenusa (Real) 3uauenua (Normalized) Bara w_i
Cob6iBapTicTh TpH/EM 45.0 0.82 0.4
Buxumu CO, KI/KM 1.2 0.45 0.3
Iym nb 75 0.60 0.3
PA3OM (I_eff) — — 0.643 1.0
ocepenio: po3pobiieHO aBTOPOM
Tabnuys 4

Marpuus HOpiBHAHHA METOAIB BUZHAYEHHA Barosux Koediuieuris

Metox IlepeBaru

Hepomixn

3acTocyBaHHA B CTATTI

Meron ekcriepTHHUX OITIHOK Bpaxosye mocsin daxisiris

Cy0’ekTUBHICTD

ITouarkoBe HaJTallTyBaHHA

Merton enrporrii Maremarruyna 06’ €KTUBHICTE

CxJ1agHicTh 004UCIeHb

JuHamiuHe KOPUTYBaHHA

Blockchain-voting IIposopicts, moBipa rpomamu

ITorpebye iudpacrpyrrypu

DopmyBaHHA COIiAIBHOI Baru

ocepenio: po3pobiieHO aBTOPOM

HagaHHA OocTyIy X_KZ (opMymisyeThea K MOporosa
(yHKIiA exostoriunoi emHocTi 30uM [9, ¢. 108392].

Ha ocuosi mogudikosanoi mogesri T. G. Crainic [11,
c. 185], opmastizoBaHO 3aJIXKHICTD [IJ1s BUBHAUECHHSA
parioHabHOI KiIbKOCTI Mikpo-xa6iB (N_h), aka iure-
Trpye eKOJIOTIUHI JIiMITH OJIOKUEeITH-MepesKi:

Q,otal em eq
C,ub “ Emaxz
B nomryky parioHaabHUX TapamMeTpiB

P#={N_hR_h,V_kE_max"Z|

3aIIPOIIOHOBAHO E€BPUCTUYHUI aJITOPUTM Ha OCHOBI
DRL, akwuii onTrMisye IIpoIiecH B iMiTaIliiiHOMY cepef-
osuiti [Tudgposoro asiitnuka (Digital Twin).

, (%)

Nh > max

3ampomnoHoBaHuil MeTor (hOPMYBAHHSA CTPATETIT Po3-
BUTKY MiCBKUX BaHTQ'KHUX IlepeBe3eHb Peasli3yeTbes
Yy YOTUPU €TAIIH:

1. TudopmaniiiHO-aHAITUYHUI €Tam: TOIIOJIOTIUHE
KapTyBaHHA, €KOJIOTIUHUN ayquT, OI[iHKA IIOITUTY.

2. KpurepiabHO-0IITHMI3AI[IMHUIT eTa: HaJIallTy-
BaHHA Bar, po3paxyHok Mmakpornapamerpis, DRL-omrru-
Misarid.

3. CrieHapiHe MOIeII0BaHHA Ta CTPEC-TECTYBAHHS:
nepesipka mapamerpiB y Lludposomy nBifiHuky.

4. TacTuryuiiiHa iMIJIeMeHTAallid Ta MOHITO-
PUHT: PO3rOPTAHHA 1HOPACTPYKTYPH, 3AILyCK CMaPT-
KOHTPAKTIB.

BucHOBKHU Ta mepPCIEKTHEH NONAJIBIINX JOCJIi-
IHKEeHb. Y Po0oTi po3po0JIeHO TEOPETUKO-METOI0JIOTTUHII

BxigHi “xmapu” paHux

HopMyBaHHsA

’

Bnok “Hopmanisarop [0, 1]”

YHigikoBaHi  IHaekc cTanol
napameTpu  edeKTUBHOCTI
] 1,0

[min, ..] =>[0,1]
X = Xmin

X) = —mm———

f( ) Xmax ~ Xmin

_[min, max] == [0, 1] i

— ®opmynu TpaHchopmauii =

$ Butpatu

nopmaniaan

$‘ Bukmuay

nopmarnisat

0.8
‘]J
0.6

0

0.4

i S
Yac

nopmManisaH

-

Fopuum (Time)

L ®opmynu TpaHchopmauii |

=y

Bnok "Hopmanisarop [0, 1]"

Puc. 4. IIporiec 3Be[ieHHs Pi3HOILIAHOBUX KPUTEPIIB A0 IHTETPATILHOIO ITIOKA3HUKA

Jrcepenio: po3pobIIeHO aBTOPOM
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Tabnuys 5
Marpuusa ingopManiiHHX MOTOKIB Ta iHCTPYyMEeHTAPiIO 3a eTaniaMu peaJiisainii MeTogy

3acTOCOBAHHMI

Eran . .o
iHCTpyMeHTapii

Bxigui naui (Inputs) Buxigui pezyasratu (Outputs)

1. IndopmariiiiHo-aHATI TUIHII Haui Tpadiky, exosro- IoT, Teopia rpadis T'pad mepewxi, gimitTu E_max

TiYHI HOPMATUBU

2. KpurepiaabHo-orrTuMi3aiiiHui JlimiTH, mmomur, Bis- Mopnens Crainic, DRL

cTaHl

Partionasnipauit BexkTop napame-
TpiB

3. CuieHapHe MOJIeTIOBAHHSA Bexkrop mapamerpis, GNN, Digital Twin

30ypeHHA

IlinTBepmxeHMiT piBeHb CTIHKOCTL

4. IMmteMeHTAaITisA TA MOHITOPUHT Bepudikosaunii Bex- | Cmapr-korrpaxru, API

TOp, iHppaCTPYKTypa

C

Kourpons 8 LEZ, maprupytusaris

Jrcepenio: po3pobIIeHO aBTOPOM

Movarok: IKiuianisauis ctapToBoro
BeKTOpa napametpis P

)

MiKkcauis MeTpuk:
BWTPATH, 4ac, BUKMZK

® O &

=

E HapaxyBaHHs Uu BUKOHYIOTbCS

a wrpady / Penalty XOPCTKi 0BMexeHHs?

z !

sl

= DRL-areHt: Po3paxyHoK iHTerpanbHoro nokasuuka I,

KopurysaHHsa Bektopa P

g

It = f(metrics)

[ |
| Yu rpafieHT npupocTy < €7
Tak

Kiteub:
LioHanLHOro BEKTOpa P*

CSGBDEHGEHHE pa

Puc. 5. Biok-cxema anropurmy MoLIyKy pamioHaJIbHUX IapaMeTpiB
Jrcepeio: po3po6IiieHO aBTOPOM

amapar (hopMyBaHHS CTPATETII CTATIOT0 PO3BUTKY MICBKIX
BaHTQKHUX MepeBe3eHb. PopMaTi3oBaHO KOHIENTYATBHY
apxiTeKTypy Ha OCHOBI 6JI0KYeHH-Bepu(ikaliii Ta inTe-
JIEKTYaJIbHOTO YITPABIIHHSA MTOTOKAMMU. 3aIIPOIOHOBAHO
KOMIIJIEKCHUI YOTUPUETAITHUI METO/I, AKU 3a6e3rmeuye

BHCOKY aIalITUBHICTD CTPATETI1 T0 JOBIOCTPOKOBUX 3MiH
ypOaHicTHYHOrO JIAHAAPTY 38 PAXyHOK BUKOPUCTAHHSA
mudpoBux aBiiiHukiB. Ilomasein mocTimKeHHA OyayTh
CIIPAMOBAHI HAa NPAKTUUYHY IMIIEMEHTAIII0 METOMLY
B YMOBaX TPAHCIIOPTHUX MeEPEK BEJIMKUX MICT YKpaiHU.

References
1. Barhoumi, Z. et al. (2025). Graph Neural Networks for Urban Logistics. Journal of Sustainable Transportation,
12(3), pp. 45-60.
2. Akkad, M. et al. (2020). Multi-objective Optimization in Freight Transport. European Journal of Operational Re-
search, 285(1), pp. 110-125.
3. Ishii, T. et al. (2025). Eco-routing Strategies for Urban Environments. Transportation Research Part D, 90, pp. 102-115.
4. Miron, A. et al. (2025). Blockchain Technologies for Smart Cities. IEEE Transactions on Intelligent Transportation

Systems, 26(2), pp. 340-355.



// Mi>knapoaHuit HaykoBui xxypHan «lHTepHayka» // N2 4 (183), 2026
// TexniuHi Hayku // // 1SSN 2520-2057 (print), ISSN 2520-2065 (online) //

5. Zhou, X. et al. (2024). Decentralized Consensus for Logistics Networks. Sensors, 24(5), p. 1120.

6. Malinovsky, V. et al. (2023). Key Performance Indicators for Urban Freight. Logistics Research, 16(4), pp. 1-18.

7. Davidich, N. et al. (2021). Social Impact of Urban Freight Transport. Sustainable Cities and Society, 72, p. 103000.

8. Hribernik, M. et al. (2020). Micro-hubs for Sustainable Last-Mile Delivery. Case Studies on Transport Policy, 8(3),
pp. 873-885.

9. Agrawal, S. et al. (2022). Smart Contracts in Supply Chain. International Journal of Production Economics, 245,
p. 108390.

10. Li, J. et al. (2024). Deep Reinforcement Learning for Dynamic Routing. Expert Systems with Applications, 238, p.
121700.

11. Crainic, T. G. (2008). City Logistics. In: Fleet Management and Logistics. Springer, pp. 181-212.

/3



// International scientific journal «Internauka» // N2 4 (183), 2026

// ISSN 2520-2057 (print), ISSN 2520-2065 (online) / // Medical sciences //

UDC 617.7:687.55
Bahriantseva Inna
Master’s Degree in Accounting

Mykolaiv National Agrarian University
ORCID: 0009-0003-8898-4402

DOI: 10.25313/2520-2057-2026-4-12071

REHABILITATION STRATEGIES FOR
POST-SERVICE EYELASH DAMAGE:
THE IMPACT OF INTEGRATED
RESTORATION SYSTEMS

UHAVH IHhUTIW

Summary. The article is devoted to the study of rehabilitation strategies for post-service eyelash damage and to determine
the impact of integrated restoration systems on the condition of eyelashes, eyelid margin and ocular surface. The purpose of
the study is to scientifically substantiate approaches to the correction of damage that occurs after cosmetic procedures with
eyelashes and to determine the effectiveness of complex restoration protocols in normalizing the functional and aesthetic state
of the ciliary apparatus. In the course of the scientific study, general scientific methods of cognition were used, in particular
analysis, synthesis, generalization, systematization, comparison and classification. The results of the study show that post-ser-
vice eyelash damage is multifactorial and may include allergic-inflammatory reactions, chemical irritation of the ocular surface,
mechanical injury to the eyelashes themselves, impaired tear film stability, damage to the conjunctiva and corneal epithelium,
infectious complications, as well as follicular changes and disruption of the eyelash growth cycle. It has been studied that such
conditions are manifested by itching, redness, swelling, burning, tearing, dryness, photophobia, eyelash loss, thinning of the
ciliary row and discomfort during blinking. It has been shown that effective rehabilitation should be based on a combination of
elimination, anti-inflammatory, hygienic, antibacterial, regenerative, tear-stabilizing and preventive-educational strategies. It
was concluded that the elimination of the irritating factor, restoration of eyelid margin hygiene, tear film support, inflammation
control and stimulation of the restoration of natural eyelashes create conditions for the gradual normalization of the condition
of eyelashes and adjacent structures. The value of the LRCA Method as an integrated restoration system was investigated,
which includes an audit of injuries, primary diagnostics, decompression of natural eyelashes, removal of critical load, recon-
struction of the ciliary row and safe modeling taking into account the bearing capacity of the own eyelashes. It was shown that
such a technique makes it possible to combine aesthetic results with biological restoration, reduce the risk of re-injury and form
a protective aesthetic framework. The practical significance of the study lies in the possibility of using the proposed strategies
in professional practice for the safe correction of the consequences of post-service damage to the eyelashes.

Key words: eyelashes, rehabilitation, damage, eyelids, restoration.

ntroduction. Post-service damage to eyelashes

is a pressing problem of modern cosmetology and
ophthalmology practice, since the procedures of eye-
lash extension, removal, coloring and modeling can
be accompanied not only by aesthetic defects, but
also by functional disorders of the eyelid margin and
ocular surface. Excessive mechanical stress, contact
with glues, removers, dyes or fixing materials can
cause loss and weakening of natural eyelashes, ir-
ritation of the conjunctiva, inflammatory reactions
of the eyelids, disruption of the stability of the tear
film and damage to the corneal epithelium. In this
regard, the restoration of eyelashes after aggressive
or unqualified service exposure requires not only
decorative correction, but also a comprehensive re-
habilitation approach.

Of particular importance is the development and
scientific understanding of integrated recovery sys-
tems that combine diagnostics of the degree of dam-
age, elimination of the traumatic factor, support of the
follicular apparatus, stabilization of the eyelid margin
and prevention of repeated damage. This approach
allows us to consider natural eyelashes as a functional
element of ocular surface protection, and not only as
an object of aesthetic modeling. That is why the study
of rehabilitation strategies for post-service eyelash
damage is important for the formation of safe practices
in the field of lash service and increasing the efficiency
of restoring the natural resource of eyelashes.

Literature Review. The issue of rehabilitation
strategies for post-service eyelash damage and the im-
pact of integrated recovery systems is not sufficiently
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comprehensively covered in the scientific literature.
Despite this, individual components of this topic are
considered by scientists. In particular, the nature of
post-service eyelash damage, its clinical manifestations
and ophthalmological consequences were studied by the
following authors: Y. Amano, Y. Sugimoto, M. Sugita
[1], S. Aumond, E. Bitton [2], M. Masud, M. Moshirfar,
T.dJ. Shah and co-authors [7]. These authors studied
the anatomical and functional significance of eyelashes,
the features of ocular surface damage after cosmetic
procedures, as well as the spectrum of side effects as-
sociated with eyelash extensions, in particular allergic
blepharitis, keratoconjunctivitis, conjunctival irritation
and other pathological conditions.

As for the factors of mechanical, chemical, allergic
and infectious effects after cosmetic procedures with
eyelashes, this issue was studied by several authors.
Among them, it is appropriate to highlight F.K. Idu,
A.D. Efosa, M. Mutali Jr. [6], who analyzed the prev-
alence of side effects among eyelash extension users,
including itching, redness, pain, and loss of natural
eyelashes; M. Moshirfar, M. Masud, T.dJ. Shah et al.
[81, who described a clinical case of chemical conjunc-
tivitis and diffuse lamellar keratitis after improper
removal of eyelash extensions; K. Ullrich, N. Saha [9],
who investigated a case of bacterial keratitis associ-
ated with semi-permanent eyelash extensions. Taken
together, these works indicate that post-service com-
plications can be not only cosmetic, but also clinically
significant ophthalmological in nature.

The problem of restoration of eyelashes, eyelid
margin and ocular surface after service exposure was
considered by Y. Eom, K. S. Na, H.S. Hwang and co-au-
thors [3], C.N. Grupcheva, D.I. Grupchev, N. Ushe-
va, L.O. Grupcheva [4], J. Han, Z. Xie, X. Zhu and
co-authors [5], D. Wirta, D.M. Pariser, S. G. Yoelin and
co-authors [10]. A separate group of sources is made up
of clinical, review and expert publications that allow us
to summarize the ophthalmological risks of cosmetic
procedures with eyelashes. In particular, the works of
M. Masud, M. Moshirfar, T.J. Shah et al. [7], as well as
S. Aumond and E. Bitton [2] are important for system-
atizing knowledge about the structure, functions and
pathological changes of eyelashes, while the studies of
C.N. Grupcheva et al. [4], J. Han et al. [5], F.K. Idu
et al. [6] supplement the analysis with empirical data
on dry eye, changes in the ocular surface and the fre-
quency of adverse reactions after eyelash extensions.
At the same time, the scientific literature does not
sufficiently address the issue of integrated rehabilita-
tion systems that combine diagnostics of post-service
damage, reduction of traumatic load, reconstruction of
the natural ciliary row and prevention of re-damage.

The scientific novelty of this article lies in the gen-
eralization of post-service eyelash damage as a com-
plex condition that encompasses aesthetic, dermato-
logical and ophthalmological manifestations, as well
as in substantiating the feasibility of using integrated
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restoration systems, in particular the LRCA Method,
as an applied model for the rehabilitation of natural
eyelashes. To achieve the set goal, the methods of anal-
ysis, synthesis, systematization, comparison, general-
ization of scientific sources and a structural-functional
approach were used.

Problem Statement. The purpose of the article is
to scientifically substantiate rehabilitation strategies
for the correction of post-service eyelash damage and
to determine the significance of integrated restoration
systems in the normalization of the condition of eye-
lashes, eyelid margins and ocular surface. To achieve
the goal, the following tasks will be performed during
the study: to characterize the essence and clinical
forms of post-service eyelash damage; to systematize
the main factors of mechanical, chemical, allergic and
infectious effects after cosmetic procedures; to gen-
eralize rehabilitation strategies for the restoration
of eyelashes and adjacent structures; to analyze the
potential of integrated proprietary techniques, in par-
ticular the LRCA Method, in preventing re-damage
and maintaining the natural resource of eyelashes;

Methods and Materials. The materials of the
study were scientific works devoted to ophthalmologi-
cal complications after eyelash extensions, anatomical
and functional features of the ciliary follicle, the effect
of cosmetic procedures on the ocular surface, tear film
stability disorders, eyelid margin hygiene, infectious
and chemical lesions, as well as methods of eyelash res-
toration in hypotrichosis. The research used methods
of analysis and synthesis to process scientific sources,
systematization to group types of post-service damage
and rehabilitation strategies, comparison to compare
different mechanisms of damage and approaches to
restoration, generalization to form conclusions re-
garding the effectiveness of comprehensive rehabili-
tation approaches, as well as a structural-functional
approach that made it possible to consider eyelashes,
eyelid margin and ocular surface as interconnected
elements of a single protective system.

Results and Discussions. Post-service eyelash
damage is a complex and comprehensive concept. In
general, it can be defined as a complex of structural
and functional changes that occur after cosmetic ma-
nipulations with eyelashes and the adjacent eyelid
margin. Such damage is not limited to loss or fragility
of eyelashes. It can include inflammatory reactions of
the eyelids, irritation of the conjunctiva, disruption of
tear film stability, damage to the corneal epithelium
and changes in the condition of the eyelashes them-
selves. As noted by Y. Amano, Y. Sugimoto and M. Su-
gita, after eyelash extensions, patients may experience
keratoconjunctivitis, allergic blepharitis, conjunctival
erosion, reactions to fixing tapes and subconjunctival
hemorrhage [1].

Within the framework of this study, post-service
eyelash damage can be defined as a set of pathologi-
cal changes in the eyelashes, eyelid margin and ocular
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surface that are formed after extension procedures, re-
moval, staining or other cosmetic effects on the eyelash-
es due to mechanical, chemical, allergic or infectious
factors. This definition is important because it allows us
to analyze the problem not only as an aesthetic defect,
but as a condition that requires gradual recovery. The
main types of such injuries are summarized in Table 1.

As can be seen from Table 1, post-service eyelash
damage has various clinical forms. Some of them man-
ifest themselves mainly aesthetically, in particular,
thinning or weakening of the eyelashes. Other forms
have ophthalmological significance, as they are asso-
ciated with damage to the ocular surface, eyelid in-
flammation, tear film instability or infectious risk. All

these disorders require correction, but the approach
to recovery cannot be the same for all cases. For this
purpose, various techniques are used, in particular,
eliminating the irritating factor, restoring eyelid mar-
gin hygiene, stabilizing the tear film, anti-inflamma-
tory support and methods of stimulating the growth
of natural eyelashes.

Strategies for resolving post-service eyelash dam-
age should be formed not according to one universal
algorithm, but according to the type of damage. This
is important because eyelash loss, allergic blephari-
tis, chemical corneal irritation, and tear film disor-
ders have different natures. Accordingly, they require
different restorative actions. As shown by Y. Amano,

Table 1

Types of post-service injuries to eyelashes and related structures

Type of injury

Clinical meaning

Typical manifestations

Allergic-inflammatory
injury after the use of
adhesives or fixing ma-
terials [1; 4; 7]

Occurs as a reaction to components of adhesives, fixing
tapes, or other materials that come into contact with the
eyelids and the root zone of the eyelashes. In the study by
Y. Amano, Y. Sugimoto, and M. Sugita, allergic blepharitis
was specifically associated with the action of eyelash exten-
sion adhesives [1].

Itching, redness of the eyelid mar-
gin, swelling, irritation, burn-
ing sensation, discomfort during
blinking.

Chemical injury to the
ocular surface after ex-
posure to adhesive or
remover [1; 8; 7]

Develops when adhesive, solvent, or eyelash removal
gel comes into contact with the conjunctiva or cornea.
M. Moshirfar, M. Masud, T.J. Shah, and co-authors de-
scribed a case of chemical conjunctivitis and diffuse lamel-
lar keratitis after improper use of a product for removing
eyelash extensions [8].

Sharp burning, lacrimation, pho-
tophobia, blurred vision, redness,
corneal epithelial defects.

Mechanical injury to
natural eyelashes [6]

Associated with the excessive weight of artificial eyelashes,
frequent removal, tension, or traumatic detachment of the
material. F.K. Idu, A.D. Efosa, and M. Mutali Jr. identify
pulling out of lashes, that is, the pulling out or loss of natu-
ral eyelashes, among the common side effects after the use
of eyelash extensions [6].

Loss of eyelashes, weakening of
the root zone, uneven growth,
thinning of eyelashes, changes in
the growth direction of individual
eyelashes.

Disruption of tear film
stability and dry eye [5]

Occurs due to the effect of artificial eyelashes on blinking,
tear evaporation, eyelid margin hygiene, and meibomian
gland function. As shown in the study by J. Han, Z. Xie,
X. Zhu, and co-authors, a decrease in tear break-up time
was observed after eyelash extension, indicating impaired
tear film stability [5].

Dryness sensation, foreign body
sensation, unstable vision, irri-
tation, redness, discomfort at the
end of the day.

Damage to the conjunc-
tiva and corneal epithe-
lium [9]

May result from contact of adhesive, remover, fixing ma-
terials, or rigid elements of eyelash extensions with the
ocular surface. In the study by K. Ullrich and N. Saha, bac-
terial keratitis was described in which the bonding agent
of an eyelash extension was in contact with the cornea in
the ulcer area [9].

Conjunctival erosion, corneal
staining, superficial punctate ker-
atitis, pain, photophobia, risk of
infectious complication.

Infectious complication
after wearing eyelash
extensions [9]

Develops under conditions of insufficient eyelid margin hy-
giene, accumulation of debris near the eyelash roots, me-
chanical irritation, or microdamage to the ocular surface.
K. Ullrich and N. Saha described a case of bacterial kerati-
tis associated with semipermanent eyelash extensions [9].

Pain, marked redness, purulent or
mucous discharge, photophobia,
deterioration of vision, localized
corneal infiltrate.

Follicular injury and
disruption of the eye-
lash growth cycle [2]

Includes changes in the condition of the hair follicle, in par-
ticular disruption of the natural growth cycle, weakening
of the eyelashes, or their loss. S. Aumond and E. Bitton
emphasize that eyelashes are part of the functional system
of the eyelid margin, and therefore their integrity is im-
portant for ocular surface stability [2].

Hypotrichosis, madarosis, mil-
phosis, reduced density, length,
or thickness of eyelashes, slow re-
covery after removal of artificial
materials.

Source: compiled by the author based on sources [1; 2; 4; 5; 6; 7; 8; 9; 10]
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Y. Sugimoto, and M. Sugita, most disorders after eye-
lash extensions were eliminated after adequate lo-
cal treatment in the form of drops or ointments [1].
However, in more complex cases, in particular after
chemical damage, recovery may be long and require
a combination of several methods, as demonstrated in
the clinical case of M. Moshirfar, M. Masud, T.J. Shah
et al. [8]. The general logic of recovery includes several
sequential stages. First, it is necessary to eliminate
the factor that caused the damage. This may be glue,
remover, excessive weight of artificial eyelashes, dye, or
residues of cosmetic materials at the roots of the eye-
lashes. Next, the condition of the eyelids, natural eye-
lashes, conjunctiva, cornea, and tear film is assessed.
After that, the recovery technique is selected. In mild
cases, hygiene of the eyelid margin, temporary refusal
of re-extension and maintenance of the tear film are
sufficient. In more complex cases, anti-inflammatory,
antibacterial or regenerative agents are required. If
the main problem is thinning of the eyelashes, the
strategy shifts towards supporting the follicle and
stimulating growth.

The main strategies for solving problems that arise
after service procedures with eyelashes are presented
in Table 2.

A special place among rehabilitation approaches
is occupied by author’s comprehensive methods that
combine diagnostics, restoration and prevention of re-
peated damage. Such systems include Inna Bahriant-
seva’s author’s methodology LRCA Method, which is
focused on the rehabilitation of natural eyelashes after
aggressive, excessive or unqualified external influence.
Its essence lies not only in the aesthetic correction of
eyelashes, but in the restoration of their natural re-
source. This approach is conceptually consistent with
the data of S. Aumond and E. Bitton, who consider
eyelashes as a functional element of ocular surface
protection, and not only as an aesthetic structure [8].

Within the LRCA Method, restoration occurs
through several interconnected levels:
¢ damage audit and primary diagnosis. At this stage,

the condition of natural eyelashes after previous
procedures is assessed. The degree of mechanical
overload, the presence of adhesions, breaks, thinning,

Table 2

Strategies for solving post-service injuries to the eyelashes and adjacent structures

Strategy

Implementation content

Expected result

factor [4]

Elimination strategy aimed | Involves stopping contact with the materi- | Reduction of toxic, allergic, or mechanical ef-
at removing the irritating|al that caused the injury. This may include |fects. Conditions are created for the natural
removing eyelash extensions, avoiding re-|recovery of the eyelashes, eyelid margins, and
peated adhesive application, or discontinu- | ocular surface.

ing the use of a remover or dye [4].

for blepharitis,

and allergic reactions [1] blepharitis.

Anti-inflammatory strategy | Used in cases of redness, itching, swelling, | Reduction of the inflammatory response, itch-
irritation, |irritation of the eyelid margin, or allergic | ing, swelling, and redness. Comfort in the eye-

lid area is restored, and the risk of the process
becoming chronic is reduced.

margin hygiene [3]

roots.

Strategy for restoring eyelid | Involves cleansing the eyelid margin of cos- | The bacterial load is reduced, the condition
metic residues, adhesive, meibomian gland | of the eyelid margin improves, and the risk of
secretions, and debris near the eyelash |recurrent irritation and infectious complica-

tions decreases.

tion [5; 8]

Strategy for tear film stabi- | Used when dryness, foreign body sensation, | Improved tear film stability, with reduced
lization and dry eye correc- | visual instability, or reduced tear break-up | dryness, irritation, and superficial corneal
time occurs after the procedure.

staining.

suspected [9]

Antibacterial strategy when | Used in cases of pain, photophobia, dis-|Prevention of infection progression, preserva-
an infectious complication is | charge, ulceration, or corneal infiltrate.

tion of corneal transparency, and reduced risk
of visual impairment.

corneal epithelial injury [8]
lial defects.

Regenerative strategy for|Appropriate in cases of corneal staining, | Gradual epithelial healing, with reduced pho-
superficial punctate keratopathy, or epithe- | tophobia, pain, and superficial irritation. In

complex cases, the outcome may take a long
time to develop.

ral eyelashes and support- | madarosis, or hypotrichosis.
ing the follicle [2; 6; 10]

Strategy for restoring natu-|Used in cases of eyelash loss, milphosis, | Gradual improvement in the density, length,

and quality of natural eyelashes. Recovery
should be monitored, as stimulating agents
may cause local adverse reactions.

rent injury [6]

Preventive and educational | Involves informing the client about the|Reduction in the frequency of recurrent in-
strategy for avoiding recur-|risks of repeated eyelash extension, the |juries. Safer behavior after the procedure is
danger of low-quality adhesives, excessive |formed, and responsibility increases regard-
length or weight of artificial eyelashes, and |ing the choice of materials, technique, and
the importance of eyelid hygiene.

service frequency.

Source: compiled by the author based on sources [2; 4; 5; 6; 8; 9; 10]
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signs of cuticle weakening and potential follicular
depletion are determined. In fact, the procedure does
not begin with modeling a new image, but with an
analysis of defects from the previous intervention;
reconstruction protocol and removal of critical load.
The basis of the technique is decompression of nat-
ural eyelashes. This means reducing or completely
eliminating excess weight that injures the own cili-
ary row. Then, restorative schemes are applied that
allow eyelashes to gradually restore density, growth
direction and structural integrity. Such logic corre-
sponds to the clinical observations of C.N. Grupcheva,
D.I. Grupchev, N. Usheva and L. O. Grupcheva, where
an improvement in the condition of the ocular surface
was recorded after removal of eyelash extensions [6];
safe modeling as a prevention of repeated damage.
At the final stage, parameters for further work with
eyelashes are selected. This concerns the length,
curvature, diameter, weight and density of the ar-
tificial material. The choice is not made according
to the principle of fashionable form, but taking into
account the bearing capacity of the natural eyelash.
This approach reduces the risk of traction damage,
excessive tension and repeated eyelash loss;
forming a protective aesthetic framework. In prac-
tical terms, the technique is aimed at ensuring that
the aesthetic result does not contradict biological
restoration. Artificial material, if used, should not
destroy the natural row, but create safe conditions for
it. This is where the difference between the rehabili-
tation model and the standard decorative procedure
is manifested.

Thus, the LRCA Method can be considered as an
example of an integrated author’s system in which
work with eyelashes moves from a regular service to
a controlled recovery process. Its practical value lies
in the combination of expert diagnostics, reduction of

traumatic load, reconstruction of the natural ciliary
row and prevention of repeated damage. It is these
techniques that can be used as an example of the ap-
plied implementation of rehabilitation strategies in the
field of post-service eyelash restoration.

Conclusions. The study found that post-service
eyelash damage should be considered not only as an
aesthetic defect, but as a complex of structural and
functional changes involving natural eyelashes, eye-
lid margin, conjunctiva, corneal epithelium and tear
film. The main clinical forms of such damage are
mechanical loss or weakening of eyelashes, allergic-
inflammatory reactions, chemical irritation of the oc-
ular surface, tear film instability, follicular depletion
and infectious complications.

Systematization of factors of post-service damage
showed that the leading role is played by mechanical
overload of natural eyelashes, contact with glues, re-
movers, dyes and fixing materials, insufficient hygiene
of the eyelid margin, as well as repeated or unqualified
performance of cosmetic procedures. Accordingly, re-
habilitation strategies should be approached in a dif-
ferentiated manner: from eliminating the irritating
factor, restoring eyelid hygiene and stabilizing the tear
film to anti-inflammatory, antibacterial, regenerative
support and stimulating the growth of natural eye-
lashes.

Integrated restoration systems, in particular the
LRCA Method, have an applied value as a comprehen-
sive approach to the rehabilitation of natural eyelash-
es after aggressive or unqualified service exposure.
Their effectiveness lies in the combination of primary
diagnostics, reducing traumatic load, reconstruction
of the ciliary row, safe modeling and prevention of
re-injury, which allows us to consider eyelash resto-
ration as a guided rehabilitation process, and not just
as a decorative procedure.
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