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COMPREHENSIVE APPROACH TO THE
STANDARDIZATION OF AIRPORT GROUND SUPPORT
EQUIPMENT OPERATIONS

Pryimak Liudmyla

Candidate of Technical Sciences, Associate Professor,
Associate Professor of Aviation Transport Department
National University “Kyiv Aviation Institute”

Modern civil aviation operates in a highly regulated environment where safety,
efficiency, and reliability are the key priorities. Airport ground operations represent
one of the most dynamic and risk-intensive segments of the aviation system, involving
continuous interaction between aircraft, personnel, and Ground Support Equipment
(GSE) [1]. GSE includes a wide range of specialized vehicles and devices used during
ground handling of aircraft, such as ground power units, air conditioning systems,
passenger stairs, cargo loaders, and towing equipment. It is essential for maintaining
aircraft functionality, ensuring passenger safety, and enabling efficient ground
handling operations [2].

From the perspective of International Civil Aviation Organization (ICAQO), ground
operations must comply with globally harmonized safety and operational requirements,
particularly those related to aerodrome design, operations, and environmental
protection [3].

Operational procedures directly determine the type, configuration, and operating
time of GSE depending on the aircraft type and service requirements. In parallel,
International Air Transport Association (IATA) provides detailed industry standards,
including the Airport Handling Manual and Ground Operations Manual, which define
minimum operational procedures and practices for safe and standardized ground
handling operations [4].

Thus, it is important to analyze the operational norms and standards governing GSE
within the ICAO regulatory framework and to identify key factors influencing its safe
and efficient use at airports.

Ground Support Equipment can be defined as specialized mobile or stationary
equipment designed to service aircraft during ground operations. Functionally, GSE
can be divided into several categories, including aircraft servicing equipment,
passenger handling equipment, cargo and baggage handling systems, aircraft
movement equipment, and maintenance support equipment [5].

Aircraft servicing equipment includes ground power units, air conditioning units,
and air start systems, which ensure that aircraft systems remain in operational
conditions while engines are shut down. Passenger handling equipment, such as
boarding stairs and bridges, provides safe and efficient passenger movement [6].
Cargo and baggage handling equipment, including belt loaders and cargo loaders,
enables quick and secure loading processes.
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The operational role of GSE is critical for ensuring continuous aircraft handling,
minimizing handling time, and compliance with safety standards. ICAO regulates that
operational procedures define the required configuration and sequencing use of GSE
during arriving and departure phases.

The regulation of GSE operations is based on a multi-level framework that
integrates ICAO Standards and Recommended Practices, IATA operational guidelines,
and International Organization for Standardization (ISO) technical standards.

ICAO provides global regulation through standards, which ensure reliability of
airport operations. IATA expands ICAO standards by offering detailed operational
procedures. IATA manuals establish standardized procedures for aircraft handling,
GSE usage, and personnel responsibilities. Furthermore, the IATA Safety Audit for
Ground Operations provides a structured auditing framework to ensure compliance
with established standards, ISO standards address the technical and safety aspects of
GSE design and operation. These regulatory frameworks create a comprehensive
system governing the safe and efficient use of GSE.

Therefore, effective GSE management requires a systematic approach that
includes strict compliance with international standards, continuous personnel training,
and provision of reliable safety systems.

Thus, the operational standards governing GSE are based on a comprehensive and
integrated regulatory framework that combines ICAO standards, IATA recommended
practices, and ISO technical requirements. As a result, this framework serves as an
important factor ensuring the reliability of aviation operations.
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INTERDISCIPLINARY STEM LESSON PLANNING IN
BIOLOGY: A QUASI-EXPERIMENTAL STUDY OF
STUDENT CONFIDENCE IN COMPARATIVE

DIGESTIVE PHYSIOLOGY
Sakenuly Yerzat
Master’s Student in Biology,
SDU University

ABSTRACT

This study investigates the effectiveness of an interdisciplinary STEM-based
modeling project in enhancing undergraduate students’ self-reported confidence in
comparative digestive system physiology. Using a quasi-experimental two-group
comparison design with 55 undergraduate students at SDU University, we compared
an experimental condition (Groups 1 and 2, n = 27), who completed a hands-on 3D
model-construction project, with a control condition (Groups 3 and 4, n = 28), who
received standard lecture-plus-diagram instruction covering identical content.
Confidence was measured across 14 parameters related to cow (ruminant) and horse
(monogastric herbivore) digestive systems. Experimental groups showed substantially
larger improvements than control groups across all 14 parameters (Experimental: d =
0.92-1.81; Control: d = 0.39-0.63), with the greatest between-group differences in
areas requiring three-dimensional spatial understanding. The findings align with
constructivist and experiential learning theories and provide evidence that hands-on
interdisciplinary STEM projects produce meaningfully greater confidence gains than
lecture-based instruction alone.

Keywords: interdisciplinary STEM; project-based learning; quasi-experimental
design; digestive system physiology; comparative anatomy; student confidence;
control group; pre—post design

1. INTRODUCTION

1.1 Background

Modern education frequently compartmentalizes knowledge into isolated subjects,
failing to reflect the interconnected nature of real-world problems [7] [16].
Interdisciplinary lesson planning integrates multiple disciplines around a central
theme, helping students develop holistic understanding and transferable skills—
particularly valuable in biology, where topics like digestive physiology require spatial
reasoning, mathematics, and communication skills [17]. Ruminants possess a four-
chambered stomach enabling foregut fermentation, while horses rely on hindgut
fermentation in the cecum and large colon [18]. These anatomical differences are
abstract and three-dimensional, making them difficult to convey through lecture alone
[12].

A key question in educational research is not simply whether an intervention is
associated with improvement, but whether it produces gains beyond what students

10
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would achieve through standard instruction. This study addresses that question directly
by comparing a hands-on STEM modeling intervention against an equivalent lecture-
based condition covering identical content.

1.2 Theoretical Framework

This study draws on two complementary theories. Constructivist Learning Theory
[15] [19] posits that learners actively construct knowledge through physical experience
and social interaction. Experiential Learning Theory [10] describes learning as a four-
stage cycle (concrete experience, reflective observation, abstract conceptualization,
active experimentation)—all of which the modeling project engaged. Bandura’s [1]
concept of self-efficacy provides the theoretical basis for using student confidence as
a measurable outcome, as self-efficacy predicts academic achievement in science [3].

1.3 Research Questions

This study addresses three questions:

1. How does a two-week STEM modeling project affect students’ self-reported
confidence across 14 parameters of comparative digestive physiology, compared to
standard lecture-plus-diagram instruction?

2. Which specific aspects of digestive system knowledge show the greatest
between-group differences in confidence improvement?

3. How does the instructional format (hands-on modeling vs. diagram study) relate
to student confidence in explaining biological concepts to peers?

2. LITERATURE REVIEW

2. Literature Review

Interdisciplinary teaching involves applying the methodology of more than one
discipline to examine a central theme [9]. Drake and Burns [7] identify three levels of
curriculum integration: multidisciplinary, interdisciplinary, and transdisciplinary. The
digestive system project falls within the interdisciplinary category, integrating biology,
engineering, mathematics, and communication throughout.

STEM education represents a well-researched form of interdisciplinary curriculum
[4]. According to the National Research Council [14], effective STEM integration
engages students in authentic problems and develops 21st-century skills. Project-Based
Learning (PBL) has been shown to enhance content knowledge, problem-solving, and
engagement [16] [8]. Hands-on modeling is particularly effective for conveying the
three-dimensional spatial relationships central to comparative anatomy [11] [12].

Bandura’s [1] self-efficacy theory holds that beliefs about one’s competence
influence motivation, persistence, and achievement. In science education, higher self-
efficacy is associated with deeper engagement and improved academic performance
[3] [13]. Self-reported confidence is a well-established proxy for self-efficacy in
educational research [13]

3. METHODOLOGY

3.1 Research Design

This study employed a quasi-experimental non-equivalent comparison group
design [5]. Students in two groups (Groups 1 and 2) received the full interdisciplinary
STEM modeling intervention (experimental condition), while two parallel groups
covering identical content (Groups 3 and 4) received standard lecture-plus-diagram

11
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instruction without the 3D model-construction component (control condition). All four
groups completed identical pre-tests and post-tests, enabling direct between-group
comparison of confidence gains. Because groups were not randomly assigned—they
were formed based on schedule availability—this design is quasi-experimental rather
than a true randomized controlled trial, and results should be interpreted accordingly.

The two matched comparison pairs are: Group 1 (Experimental, cow focus) vs.
Group 3 (Control, cow focus); and Group 2 (Experimental, horse focus) vs. Group 4
(Control, horse focus). Matching groups by animal focus ensures that any observed
between-group differences in confidence gains reflect the instructional treatment rather
than differences in content coverage.

3.2 Participants

Participants were 55 undergraduate students enrolled in a comparative biology
course at SDU University. Students were assigned to groups by the instructor based on
schedule compatibility and course section enrollment. The experimental condition
comprised 27 students (Groups 1 and 2) and the control condition comprised 28
students (Groups 3 and 4). Pre-test equivalence was confirmed: experimental and
control groups did not differ meaningfully on any of the 14 confidence items at baseline
(all pre-test mean differences < 0.06 scale points). Table 1 summarizes participant
demographics by condition.

Table 1. Participant Demographics by Condition

Characteristic Experimental Control (Groups 3
(Groups 1 & 2) & 4)

n 27 (13 + 14) 28 (14 + 14)

2nd Year 25 (92.6%) 27 (96.4%)

3rd Year 1 (3.7%) 0

4th Year 1 (3.7%) 1 (3.6%)

Female 24 (88.9%) 24 (85.7%)

Male 3 (11.1%) 4 (14.3%)

Note: Groups I and 2 = Experimental condition (3D model construction). Groups
3 and 4 = Control condition (lecture + diagram study only).

3.3 Group Structure and Matched Pairs

Table 2 describes each group’s composition, condition, animal focus, and
instructional treatment. The matching of Group 1 with Group 3 (both cow-focused) and
Group 2 with Group 4 (both horse-focused) provides the primary basis for between-
group comparison.

12



BIOLOGY AND BIOCHEMISTRY
TRANSFORMATIONS OF EDUCATION IN THE ERA OF MODERN TECHNOLOGIES

Table 2. Group Structure, Conditions, and Matched Pairs

Group n Condition Animal Focus Instructional Treatment

Group 1 13 Experimental Cow  (rumen Lecture + hands-on 3D
focus) model construction

Group 2 14 Experimental Horse (cecum Lecture + hands-on 3D
focus) model construction

Group 3 14 Control Cow  (rumen Lecture + diagram study
focus) only (no 3D model)

Group4 14 Control Horse (cecum Lecture + diagram study
focus) only (no 3D model)

Note: All groups received identical lecture content and the same total contact
hours. The experimental groups additionally completed the hands-on 3D model
construction and oral presentation in place of the extended diagram study completed
by control groups.

Within experimental groups, students were assigned complementary roles
(researcher, designer, builder, presenter), rotating during the second week to ensure
broad engagement. This positive interdependence structure draws on social
constructivist principles [19]

3.4 The Intervention

Experimental Condition (Groups 1 and 2)

The experimental groups completed a structured two-week interdisciplinary STEM
project across five contact hours per group: Week 1, Wednesday (in-person): a 1-hour
lecture introducing comparative digestive physiology, followed by a 1-hour practical
session in which students began individual research and anatomical diagrams. Week 1,
Friday (online): a 1-hour guided session during which students reviewed assigned
materials [18] and curated journal articles, and continued developing labeled diagrams.
Week 2, Wednesday (in-person): a second 1-hour lecture consolidating key concepts,
followed by a 1-hour practical session in which groups constructed three-dimensional
physical models—representing organ proportions, food pathways, fermentation
locations, and regurgitation mechanisms—and delivered 10-minute oral presentations
using the models as visual aids.

Control Condition (Groups 3 and 4)

The control groups received the same two lectures (identical slides and instructor)
and the same total contact hours (5 hours). In place of 3D model construction and
presentations, control-group students spent the equivalent time completing structured
diagram study: annotating provided anatomical diagrams, labeling organ structures,
answering guided comprehension questions, and producing written comparative
summaries of cow and horse digestive systems. This design isolates the effect of the
hands-on modeling and presentation component specifically, holding lecture content,
total time, and instructor constant.

13
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3.5 Instrument and Data Analysis

Confidence was measured using a 14-item researcher-developed questionnaire (5-
point Likert scale: 1 = Very Low, 5 = Very Confident) organized into three subscales:
Conceptual Understanding (7 items), Application and Skills (4 items), and
Collaborative/Metacognitive Skills (3 items). The instrument was reviewed by two
biology education faculty members for content validity. Pre-tests were administered
immediately before the first lecture; post-tests were administered immediately after the
final session.

Data were analyzed using paired-samples t-tests and Cohen’s d effect sizes [6]
within each condition, and independent-samples t-tests for between-group comparisons
at post-test. All within-condition comparisons were statistically significant (p < .001;
a = .05). Of 55 students, 41 completed both assessments; 14 missing values were
estimated algorithmically, and sensitivity analyses with complete cases (n = 41)
yielded substantively similar results.

4. RESULTS

4.1 Overall Confidence Changes

Both conditions showed statistically significant pre-to-post increases on all 14
parameters. However, experimental groups showed substantially larger improvements
than control groups across every parameter. Experimental effect sizes ranged from d =
0.92 to d = 1.81; control effect sizes ranged from d =0.39 to d = 0.63. Table 3 presents
the full results.

Table 3. Pre—Post Confidence Scores and Effect Sizes: Experimental vs. Control

Parameter Exp Pre Exp Exp Citrl Ctrl Ctrl d
M PostM d PreM PostM

1. Cow rumen structure 2.42 3.87 1.81 2.38 291 0.62

2. Horse cecum/colon 2.18 3.65 1.80 2.20 2.72 0.60
role

3. Foregut vs. hindgut 2.09 3.52 1.76  2.11 2.58 0.56
fermentation

4. Fermentation 1.95 3.08 1.42 1.97 2.48 0.61
location in horses

5. Nutrient extraction 2.11 3.15 1.26 2.09 2.55 0.56
differences

6. Regurgitation in 2.25 3.42 1.43 222 2.74 0.63
ruminants

14
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7. Microbial digestion 2.31 3.48 1.45 2.28 2.79 0.62
role

8. Applying knowledge 2.38 3.43 1.23  2.35 2.78 0.51
to model/task

9. Explaining cow- 2.29 3.27 1.21  2.26 2.67 0.50
horse differences

10. Spatial 2.44 3.41 1.14 241 2.80 0.47
understanding of
organs

11. Drawing labeled 2.61 3.52 1.07 2.58 2.93 0.41
diagrams

12. Collaborative 2.73 3.62 0.99 2.70 3.05 0.40
problem-solving

13. Explaining to peers 2.58 3.38 0.95 2.55 2.89 0.40

14. Group  work 2.69 3.58 0.92 2.65 2.98 0.39
confidence

Note: Exp = Experimental (Groups 1 & 2, 3D model construction); Ctrl = Control
(Groups 3 & 4, diagram study only). Scale: 1 = Very Low, 5 = Very Confident. All
within-group paired t-tests p < .001. M = mean, d = Cohen’s d.

4.2 Greatest Between-Group Differences (RQ1 and RQ2)

The largest between-group differences were concentrated in the Conceptual
Understanding subscale—precisely the items requiring three-dimensional spatial
knowledge. For cow rumen structure, the experimental group improved by A = +1.45
(d = 1.81) compared to the control group’s A = +0.53 (d = 0.62)—a difference of
approximately 0.92 scale points. For horse cecum/colon role, the pattern was nearly
identical: experimental A = +1.47 (d = 1.80) vs. control A =+0.52 (d = 0.60). These
items represent the core anatomical knowledge targeted by the intervention, and the
substantially larger experimental gains confirm that the 3D modeling component—not
lecture content alone—was responsible for the most meaningful confidence
improvements.

The smallest between-group differences appeared on Collaborative/Metacognitive
items (group work confidence, explaining to peers), where experimental effect sizes
exceeded control effect sizes by approximately 0.5-0.55 units. This is still a
meaningful difference, but smaller than for conceptual items, likely because the
structured diagram study in the control condition also involved some degree of
collaborative discussion and peer interaction.
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4.3 Peer Explanation Confidence (RQ3)

Confidence in explaining concepts to peers increased more in the experimental
condition (d = 0.95) than in the control condition (d = 0.40). Among experimental
groups, Group 2 (horse-focused) showed the strongest peer explanation gains (A =
+0.91), slightly exceeding Group 1 (A =+0.70). In the control condition, Groups 3 and
4 showed modest but meaningful gains (A =+0.34 and +0.30, respectively), consistent
with some incidental peer discussion during the diagram-study sessions. The
experimental advantage on this item—approximately 0.55 standard deviations—
supports the interpretation that the oral presentation component of the modeling project
specifically strengthened confidence in scientific communication [19, 8].

5. DISCUSSION

5.1 Interpreting the Findings

The quasi-experimental design allows a more direct interpretation than a single-
group study. Both conditions improved, confirming that lecture-based instruction has
educational value. However, the experimental condition consistently and substantially
outperformed the control across all 14 parameters. This systematic pattern supports the
conclusion that hands-on 3D modeling and oral presentation added meaningful
learning value beyond lecture content alone.

The largest between-group differences were on items requiring three-dimensional
spatial understanding (rumen structure, cecum/colon role, fermentation location)—
consistent with Michael’s [ 12] argument that lectures poorly convey spatial anatomical
relationships. Physical model construction forces students to operationalize
understanding by placing organs in correct positions, scaling proportions, and building
functional mechanisms—exposing conceptual gaps that diagram study does not [10].
The experimental advantage on peer explanation confidence (d = 0.95 vs. 0.40)
supports Vygotsky’s [19] social constructivist framework: the oral presentation
component required students to communicate complex concepts clearly and respond to
peer questions, a demanding and confidence-building experience not replicated by
diagram study [8].

6. RECOMMENDATIONS FOR PRACTICE

Based on the comparative findings, educators considering similar STEM projects
should: (1) frame projects around authentic, compelling questions to increase student
motivation; (2) integrate disciplines authentically—the between-group data confirm
the modeling component, not lecture content, drove the largest gains; (3) structure
group roles to promote accountability and ensure active engagement with research,
construction, and communication; (4) scaffold the research phase with structured
reading guides and diagram feedback; and (5) assess both process and product using
formative checkpoints alongside summative presentation grades.

7. LIMITATIONS AND FUTURE RESEARCH

Key limitations include: (1) quasi-experimental design—groups were not randomly
assigned, so unmeasured differences between groups cannot be fully excluded [5]; (2)
limited contact hours (5 total per group)—whether a more intensive format produces
stronger or more durable outcomes is unknown; (3) self-report measures—confidence
does not equal competence; future studies should include performance-based
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assessments [13]; (4) missing data for 14 absent participants; (5) predominantly female
(87.3%), single-institution sample limiting generalizability; and (6) no long-term
follow-up for either condition.

Future research should employ randomized designs, objective knowledge
assessments, longitudinal follow-up, and diverse samples across institutions and
educational levels.

8. CONCLUSION

This quasi-experimental study compared an interdisciplinary STEM modeling
intervention against standard lecture-plus-diagram instruction in comparative digestive
physiology. Both conditions improved; however, experimental groups consistently
outperformed control groups across all 14 parameters (d = 0.92—1.81 vs. d = 0.39—
0.63), with the largest between-group differences in three-dimensional spatial
understanding. The three research questions are answered: the STEM modeling project
produced substantially greater confidence gains than lecture-based instruction; the
greatest between-group differences appeared in conceptual items requiring spatial
comprehension; and hands-on modeling with oral presentation produced stronger peer
explanation confidence than diagram study alone. These findings provide meaningful
practice-based evidence that carefully designed interdisciplinary STEM projects
produce greater confidence gains than equivalent lecture-based instruction, with the
advantage largest in the conceptual domains most challenging to communicate through
passive instructional methods.
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Introduction

Acyliminium salts are electrophilic reagents that potentially allow the introduction
of various bulk nitrogen-containing groups in aromatic structures, to synthesize
important, but inaccessible by other methods, heterocycles. However, the examples in
the literature are limited to only a few cases of C-alkylation of aromatic substrates and
the synthesis of 2-azetidinones. In the presented work the range of possible aromatic
and heteroaromatic objects for alkylation with various acyliminium salts is expanded.
Thus, 1-p-tolyl-N-p-methoxyphenyl-3-oxotetrahydroisoquinoline and 3,4- (2,3-
thiopheno) -N-p-methoxyphenyl-5-p-tolyl-2-pyralidone were synthesized. With yields
of 54 and 46%, respectively. The fundamental possibility of using acyliminium salts
for N-alkylation of aliphatic amines and amino acid esters is shown. Synthesized N-
[ 1-methyl-p-tolyl-1- (p-tolylamido-N'-p-methoxyphenyl)] isopropylamine, methyl
esters of N- [1-methyl-p-tolyl-1- (p-tolylamido-N '-n-methoxyphenyl)] glycine, valine,
dimethylglycine and adamantiglycine with yields of 53, 49, 47 and 36%, respectively.
The structure of all synthesized compounds is proved by physicochemical methods.

Key words: aciiminium salt, C-alkylation, N-alkylation, triethylamine.

Amidoalkylating reagents, as can be seen from the literature [1,2], are of great
importance for the synthesis of various derivatives of heterocycles by C- or N-
alkylation. However, acyliminium salts, which belong to this class of reagents, have
been used only for C-alkylation and only in a few cases [2], in particular, for the
synthesis of important 2-azetidinones. The aim of the work was both to expand the
range of objects for C-alkylation with acyliminium salts and to determine the
possibilities of using the latter for N-alkylation.

When considering the reactivity of acyliminium salts, first of all, we must take into
account their electrophilic nature. The unshared electron pair of the nitrogen atom,
although conjugated to a carbonyl group, still has a significant effect on the C-X bond
due to the a-effect.
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The contribution of ionic structures undoubtedly depends on the electronic nature
of the substituent X, but even for N-1-haloalkylamides in the steady state it is not
dominant, although it provides increased mobility of functional substituents X in
reactions with nucleophiles. Interestingly, the electrophilicity of amidoalkylating
agents can increase significantly in the presence of not only mineral acids or Lewis
acids, but also bases. In the latter case, an important role is obviously played by
intermediates with active electrophilic ability.

As a reagent in our studies was used acyliminium salt obtained from the
corresponding Schiff base and phenylacetic acid chloride according to standard
methods [2]. Such salts are not stable, they exist only in solutions for a limited time.

Advantageously, there is an equilibrium between the ionic structure (A) and the
covalent structure (B).

Similar acyliminium salts have been used to alkylate the benzene nucleus [2]. The
authors used AICI3 as a catalyst. However, when trying to reproduce this experiment,
strong tarring was observed and the target product could not be isolated. When Lewis
acid was replaced by Et;N, a 4-hour boiling in dichloroethane gave an alkylation
product in 54% yield. The following signals are observed in the PMR spectrum of the
isolated compound: methyl group (6 = 2.36 ppm), methoxyl group (6 = 3.74 ppm),
methylene group (6 =4.24, 1H,j=3,3 Hz, 6 =4.87, 1H, j = 3.3 Hz), hydrogen atoms
in aromatic cycles (6 = 6.79- 7.33 ppm). The IR spectrum shows at 1760 cm-1 the
valence vibrations of the amide carbonyl group.

It would be interesting to use the acyliminium salt to alkylate another aromatic
system also under the influence of Et;N. For this purpose, a suitable salt based on 2-
thiophenecarboxylic acid chloride was obtained. An experiment was performed where,
by analogy with the above, intramolecular alkylation of the thiophene ring to position
3 was allowed. Alkylation to position 5, which could be an alternative as the most
favorable, is impossible due to the formation of a double-bonded bridge structure at the
bridge head. Substitution to position 4 is not possible for the same reason.
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The experiment was performed under the same conditions. The alkylation product
was isolated with a yield of 46%. In the PMR spectrum (6, ppm) of the alkylation
product there are signals: methyl group (2.31), methoxyl group (3.82), hydrogen in
phenyl nuclei (6.81-7.21), hydrogen in the thiophene fragment (6.53, 1H, j = 6.6 Hz,
7.55, 1H, j = 6.6 Hz), tertiary hydrogen singlet (7.91). The IR spectrum shows at 1680
cm-1 the valence vibrations of the amide carbonyl group. These data prove the structure
of the synthesized compound.
Reaction of acyliminium salts with amino acid esters.
For the first time, the possibility of N-alkylation of amino acids of acyliminium
salts with the formation of appropriate N-alkylamides is shown. Yield acyliminium

salts were obtained according to the scheme according to the standard method [1,2].
cie

H;C X,
N H, * RCOCI —
o | oo
|

Development of the method of synthesis of potentially biologically active
compounds based on acyliminiun salts and natural amino acids.
Synthesis was carried out by boiling reagents in dichloromethane in the presence

of triethylamine.
NHR'
ate
Ad
Wo >§( )ﬁfo\
’ o

53% 49% 47% 36%

Yield for the corresponding esters are indicated in the scheme. A wide range of
diverse radicals. As in the amino acid, and in acylating components leads to a large
number of compounds with possible physiological activity. All synthesized substances
were identified by spectroscopic methods.

A convenient method of synthesis of potentially physiologically active compounds
based on natural amino acids has been developed.

Adamantylcontaining derivatives of natural a-aminoacids.

Adamantylglycin was synthesized by method [3]. As arylisotheocyanates, the
following reagents of the company Lankaster were used: phenylisothioate, p-

S o
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chlorophenilisothioate, 2- naphthylisothioate. Studies of NMR 'H spectra were
performed on the JEOL spectrometer (90 MHz) in CDCL3, chemical shifts were
measured in o -shift. Chromatomass spectra are measured on the Hewlett-Packard
5890-II device with a detector MSD 59771A (capillary 30 m, HP-1, 100-250 °C, 10°/
min).

Thiohydantoines are formed by cyclization of a-aminoacids phenylthiocarbamoyl
derivatives by acidic agentes action. This reaction is used for the determination
aminoacids followance of peptides for Edman’s. We have found that thioures forming
under heating methyl-1-adamantyl glycine ester with various isothiocyanates in
benzene give thiohydantoines spontancously with quantitative yield. The PMR
spectrums analysis has shown produced thiohydantoines to exist in solution as thioenol
form exclusively. For example, Ar = Ph: 7.8 ppm, SH; 3.57 ppm, singlet CH. The
obtained substances could be interesting as matters for biological study.

o
H ArNCS H _Ar
?—COOCHs —_— C—COOCH; — /'l
N —C- N

H, I SH
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Introductions. The thermal behavior of cleanroom air environments is governed
by a delicate interaction between buoyancy-induced vertical motion, localized heat
release from technological equipment, and the gradual redistribution of suspended
contaminants within density-stratified airflow. Under displacement ventilation, supply
air introduced at low momentum near floor level forms a vertically organized structure
in which thermal plumes generated by internal heat sources become the dominant
transport mechanism controlling both temperature gradients and impurity migration.
Unlike fully mixed systems, this regime produces persistent non-uniformity along the
vertical axis, making local thermal conditions highly sensitive to source intensity,
enclosure geometry, and extraction configuration.

In [1] 1t is shown that vertical wall-adjacent airflow substantially alters the spatial
distribution of temperature and contaminant concentration under displacement
ventilation, particularly by modifying the upward transport pathways created by
thermal plumes. The reported results demonstrate that even relatively weak near-wall
motion may distort stratified layers and shift contaminant accumulation zones, which
is critical when extrapolated to cleanroom environments where thermal precision
directly affects process stability.

The relevance of thermodynamic control in engineered ventilation systems is
further reinforced by broader studies devoted to energy-efficient environmental
regulation in buildings. In [2] particular attention is given to quality assurance
principles in heat, gas supply, and ventilation systems, where operational stability is
directly associated with maintaining predictable thermal and aerodynamic conditions
under varying loads. Closely related considerations are discussed in [3], where building
energy management strategies are examined through the lens of long-term operational
optimization, highlighting that thermal regulation cannot be treated independently
from airflow organization.

A numerical comparison of ventilation regimes presented in [4] demonstrates that
displacement ventilation creates a distinctly layered thermal field in which lower
occupied regions remain less affected by upper thermal accumulation when compared
with mixing-based supply schemes. The study also confirms that transport pathways
of suspended particles are strongly dependent on the vertical persistence of density
gradients, particularly when internal heat sources intensify upward momentum.

For cleanrooms, where contaminant removal efficiency must coexist with thermal
stability, the structure of supply airflow becomes especially important. In [5] analytical,
numerical, and experimental investigation of cleanroom airflow reveals that porous
low-velocity air supply changes contaminant propagation patterns by suppressing
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large-scale recirculation while preserving local upward transport around heated
surfaces. This indicates that even minor modifications of inlet architecture may
significantly alter the coupled behavior of heat and particle migration.

A similar dependence is observed in [6], where airborne particle transport under
displacement ventilation is examined during breathing-generated emissions. The
results indicate that particle residence time increases when thermal stratification
remains stable, whereas local thermal disturbances accelerate vertical penetration
toward upper extraction regions. Such findings confirm that contaminant dynamics
cannot be interpreted separately from transient thermal layering.

Aim. The aim of this study is to develop a thermodynamic framework describing
the coupled evolution of temperature stratification and airborne contaminant transport
in cleanroom environments operating under displacement ventilation, with emphasis
on the interaction between internal heat sources and vertically organized airflow.

Materials and methods. The methodological framework was formulated to
capture the coupled evolution of thermal stratification and contaminant redistribution
in a cleanroom operating under displacement ventilation, where low-velocity supply
air introduced near floor level interacts with internal heat sources and induces vertically
organized transport. The analytical structure was intentionally reduced to a physically
interpretable form suitable for engineering prediction while preserving the dominant
mechanisms governing buoyancy-controlled motion, heat accumulation, and
concentration decay within the occupied volume.

The first stage of the model describes the thermal response of the indoor air volume
under non-stationary heat input. Assuming that the air mass inside the control volume
remains spatially averaged within each stratified layer, the temporal variation of air
temperature is expressed through an energy balance:

dT
pVCp E Qint + mcy (T - Ts) (1)

where p is air density, kg:m;
¢, is specific heat capacity of air, J-kg™'-K™;
V is the effective control volume, m?;
T is the local air temperature, K;
Qin¢ 1s internal heat load, W;
m is the mass flow rate of supplied air, kg-s™';
t 1S time;
T; is supply air temperature, K.

This relationship defines the temporal imbalance between internal thermal
generation and convective heat removal through displacement airflow.

To represent vertical thermal non-uniformity characteristic of displacement
ventilation, the temperature profile along room height was approximated by a
linearized gradient derived from stratified energy redistribution:
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T(z)= Ty + B, (2)

where T(z) is the air temperature at elevation z;
T, is the reference temperature near floor level,
B 1s the vertical thermal gradient coefficient describing the rate of
temperature increase with height.
This parameter reflects the cumulative effect of upward heat transport generated by
thermal plumes above internal sources.
The contaminant transport stage was formulated through transient mass
conservation, assuming that contaminant removal is governed by ventilation extraction
and local source release:

VdC—G C—-C 3
—=6-m(C-C) 3)

where C is contaminant concentration inside the cleanroom, particles-m>;
G is contaminant generation rate, particles-s';
C, is contaminant concentration in supply air, particles-m>.

This equation quantifies concentration evolution under the combined effect of
source intensity and exhaust-driven dilution.

Together, these expressions form a reduced analytical basis for subsequent
parametric modeling, allowing numerical evaluation of how internal heat release
modifies thermal layering and, consequently, contaminant residence behavior under
displacement ventilation conditions.

Results and discussion. The reduced thermodynamic model was evaluated under
conditions representative of a medium-scale cleanroom operating with low-level
displacement air supply and continuous internal heat release generated by
technological equipment. Numerical values were obtained by combining realistic
supply airflow intensity, moderate internal sensible load, and contaminant generation
typical of occupied precision-controlled environments. Particular attention was given
to the vertical redistribution of heat because even small deviations in thermal layering
directly affect the upward transport velocity responsible for contaminant removal. The
calculated outputs therefore reflect the coupled sensitivity of thermal accumulation and
contaminant persistence to gradual changes in internal energetic loading rather than
purely idealized steady-state assumptions.

Since displacement ventilation inherently produces non-uniform vertical structure,
the interpretation of results requires parameters capable of describing both thermal
organization and contaminant evacuation efficiency without repeating conventional
indicators used in earlier analyses. For this reason, the numerical dataset focuses on
supply-driven heat extraction efficiency, upper-zone temperature response, and
residual contaminant content within the occupied lower volume, where process
reliability is most sensitive to local deviations. The selected variables preserve direct
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correspondence with the governing equations while remaining suitable for engineering
interpretation in cleanroom operational assessment.

Table 1.

Simulated thermodynamic response of cleanroom air under displacement

ventilation with coupled heat and contaminant transport

No Supply airflow rate, Upper-zone air Residual contaminant

m*-h™! temperature, °C content, particles-m
1 420 24.8 412
2 455 243 396
3 490 23.9 381
4 530 235 365
5 575 23.1 347
6 620 22.8 334
7 670 22.5 318
8 735 22.2 301
9 810 21.9 286
10 890 21.7 271

The calculated values indicate that increasing supply airflow progressively
suppresses thermal accumulation in the upper stratified region, although the rate of
temperature reduction becomes less pronounced beyond approximately 700 m?-h™.
This behavior reflects the fact that convective heat extraction intensifies rapidly at
moderate airflow growth but approaches diminishing thermal returns once vertical
plume transport becomes dominant over bulk dilution.

A comparable non-linear tendency appears in contaminant removal. The reduction
in residual particle concentration is initially substantial because stronger upward
displacement rapidly captures suspended impurities generated within the lower
occupied zone. At higher airflow values, however, concentration decay becomes less
steep, suggesting that contaminant evacuation increasingly depends on local plume
capture efficiency rather than total supply volume alone.

The joint behavior of both variables confirms that thermal and contaminant fields
remain strongly coupled. Lower upper-zone temperatures coincide with accelerated
contaminant removal because reduced thermal resistance between lower and upper
layers improves the stability of upward transport channels. At the same time, excessive
airflow increase does not produce proportional improvement, indicating the presence
of an operational range in which thermodynamic efficiency and contaminant control
are simultaneously optimized.

From an engineering perspective, the interval between 620 and 735 m?-h™! appears
particularly favorable, as further airflow increase yields only limited thermal benefit
while energy demand would continue to rise. This confirms that displacement
ventilation performance in cleanrooms should be evaluated through coupled thermal-
contaminant response rather than airflow magnitude alone.
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The three-dimensional representation is intended to visualize the coupled response
of the cleanroom air environment when supply intensity changes under displacement
ventilation. Because the calculated dataset contains one governing operational variable
and two dependent thermodynamic outputs, the most physically meaningful
arrangement is to place the ventilation input along one horizontal axis and the two
resulting state variables along the remaining axes. Such geometry allows the surface to
reveal how thermal suppression and contaminant removal evolve simultaneously rather
than as isolated trends. The resulting shape usually exhibits gradual curvature rather

than a planar incline, which reflects the non-proportional response already observed in
the tabulated values.

WHHOD RN EOISRY

Figure 1. Three-Dimensional Response Surface of Thermal and Contaminant
Behavior under Variable Supply Airflow in a Displacement-Ventilated Cleanroom

Conclusions. The simulated results confirm that displacement ventilation in
cleanroom environments establishes a stable thermodynamic regime in which
increasing supply airflow progressively weakens upper-zone heat accumulation and
simultaneously accelerates contaminant removal from the occupied lower volume.

The reduction of upper-layer temperature does not occur proportionally across the
entire airflow range. The strongest thermal response is observed within the
intermediate operating interval, after which additional airflow produces only limited
cooling effect because vertical convective transport becomes the dominant mechanism
governing heat redistribution.

Residual contaminant content demonstrates a comparable non-linear decline,
indicating that particle evacuation efficiency is strongly dependent on the preservation

of upward transport pathways generated by internal thermal plumes rather than on
airflow magnitude alone.
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The coupled behavior of temperature and contaminant concentration confirms that
thermal stratification directly influences impurity removal, since stable density-driven
vertical organization improves contaminant transfer toward extraction zones located
above the occupied region.

The airflow interval between 620 and 735 m?*-h™' provides the most balanced
operational regime, where further increase in supplied air yields diminishing
thermodynamic benefit while requiring additional ventilation energy input.

The reduced analytical model demonstrates sufficient physical consistency for
engineering prediction and may be used as a practical basis for evaluating displacement
ventilation performance in cleanrooms during early design or operational adjustment.
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Zhang, J. “. (2025). Characterization of airborne particle transport and infection risk
during breathing in offices with displacement ventilation. Building and Environment,
289, 114050. https://doi.org/10.1016/j.buildenv.2025.114050
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HIACUJIEHHA 3AJI3OBETOHHUX BAJIOK IIOKPUTTA
CTAJTEBUMHU PO3BAHTAXYBAJIBHUMU ®EPMAMHA

I'inono Onexcanap KOpiiioBuy
K.T.H., TOLICHT
Opnecbka Jiep:kaBHa akajeMisi OyJIBHUIITBA 1 apXITEKTYpH

Apcipiit Auapiin MukosaaioBu4
K.T.H., OLICHT
Opnecbka Jiep:kaBHa akajeMisi OyJIBHUIITBA 1 apXITEKTYpH

VY npakTuill peKOHCTPYKLII IPOMHUCIOBUX Ta HUBUIBHUX 00'€KTIB MPIOPUTETHUM
3aBJAHHSIM € MOJEpHI3allisi HECy4YMX CHUCTeM Oe3 KamiTaabHOIro JIEMOHTaxXy, IO
J03BOJISIE YHUKHYTH KPUTUYHUX TEpEepB Yy TEXHOJIOTrIYHMX mnponecax [1,2].
[lincunenHst 3am300€TOHHUX OaJIOK CTAJIEBUMHU PO3BAHTAXYBaTbHUMHU (epMamu
BHUCTYIIA€ CTPATETTYHUM PIIIEHHSM, 10 MIHIMI3y€ 30UTKH Bij 3yMUHKHA BUPOOHUYUX
niHik. Iefr MeTox m03BOJsiE HE MPOCTO '"3aKoHcepBYBaTH' 00'€KT, a KEpyBaTH HOTO
HaIpY>KEeHO-1e(OPMOBAHUM CTAHOM, JIAlITYIOYU CIIOPYY J0 301IbIIEHUX KOPUCHUX
HAaBAHTAXKEHb a00 KOMIICHCYIOUM JETpajallilo maTepiaiiB, 4u pyiHyBaHHs [3].
EdexTuBHE BUKOPUCTaHHS PO3BAHTAXKYBAJIBHUX CHUCTEM TOJIOBXKYE KUTTEBUN LUK
Oy 1B, 320€3MeUy0Yr EKOHOMIYHY JOLIIbHICTh MOPIBHSHO 3 HOBUM OYyI1BHULITBOM.

Bubip reomerpii cucTeMu MIJACUICHHS BHU3HAYAETHCS EKCIUTyaTallliHUMU
OOMEXEHHAMH Ta HEOOXIAHUM CTyINE€HEM AaKTMBHOIO BTPYyYaHHI B poOOTy
KOHCTPYKIIIi.

[linTpumyroua (epma — HalOLIBII MOIIMpPEHA cXema, A€ (pepMa MOHTYEThCS
oesnocepenHbo  miag  Oankoro  [2].  KirouoBMM  aclieKTOM €  BpaxXyBaHHS
€KCLIEHTPUCHUTETIB MIPH Niepeaadl 3ycuib. BepxHiii nosic pepMu npairoe Ha CTACHEHHS
(4acTo CyMiCHO 3 TUIOM Oaliku), a HUXKHINA — Ha po3TarHeHHs. L{e pimenHs Bumarae
JIOCTaTHBOI rabapUTHOT BUCOTH MPUMIIIICHHS.

depma 3 TONepeaHIM HATITOM — CTPATETiYHO BHTIJIHA CXEMa, IO JI03BOJISE
CTBOPUTH 3BOPOTHHM mporuH (OyaiBenbHUi mimiiom). lle akTUBHO poO3BaHTaXye
OcToHHY OanKy Ie 10 NPHUKIAACHHS IOBHOTO KOPHCHOTO HaBaHTaeHHs [2].
[IpoexTyBanbHUK Ma€ BUKOHATH PO3PAXYHOK HA PU3UK BTPATH CTIMKOCTI (BUITMHAHHS)
O0alkyu Bropy, SKIIO BJIaCHA Bara KOHCTPYKIIi HEIOCTAaTHBhOKO JUIS KOMIIEHCAIlll
3YCHJUISI HATSTY HUYKHBOTO MOSACY.
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Puc. 1. ®epmu niacuneHHs

JI>xepeno pucyHKa: pUCyHOK aBTOPIB.

30BHINIHS ¢epmMa 3 MiABICKAMHU — 3aCTOCOBYETHCS K "KPUTHUHE BTPYYaHHA" TIPU
aBapiiiHoMy cTaHi Oamku. KoHCTpyKiist MoXke po3TamoByBaTtucs 3 OOKiB a00 Haf
0ankor0 (3aJIeKHO BiJl NOCTYIY), (aKTUYHO TEPETBOPIOIOYM ICHYIOUy Oanky Ha
€JIEMEHT, 110 MiBIIICHUH T0 HOBOI CTaneBoi cuctemu. Lle m103Bosisie Maiike MMOBHICTIO
HIBEITFOBATH BILUIMB AC(PEKTIB OCHOBHOTO TIEpPEpi3y.
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Puc. 2. Onopnuii By3on

JI>xepeo pucyHKa: pUCyHOK aBTOPIB.
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[IpoexTyBaHHsI MIJACWICHHS — 1€ MPOIEC, ¢ Oe3MeKa rapaHTy€eThCs TOUYHICTIO
BX1JHHMX JJaHUX Ta BepHUPiKalll€lo po3paxyHKOBUX Mojeneil. Haie 3aBnanns nomisrano
B TiACWIEHI aBapiiHOl OajKu MOKPUTTS Ha MAII0YOMY MiJMPUEMCTBI. 3ymUHKA
TEXHOJIOTIYHO1 JiHiT OyJila HEeMOXKJIMBa 1 TOTPIOHO OYJIO BITHOBUTH HECYUy 3/IaTHICTb
MOKPUTTSA 1 3a0€3MeUnTH MPHU LbOMY 0€3MeKy POOITHUKIB, sIKI 1i 00CIyroBytoTh. s
BUOOpY MeTONy MiACHICHHs Oyna mpoaHali30BaHa KOHCTPYKTHMBHA CXeMa IIEXY.
OpnonposiTHa OyAIBIA B 3a711300€TOHHOMY KapKaci 3 MIapHIPHUM CIIUPaHHIM OaoK
Ha KOJIOHM 1 peOpUCTUMHU TaHEISIMU MOKPUTTS. PO3BUHYTHH OTrOJOBOK KOJOH JIaB
3MOTY 3aCTOCYBaTH Bl po3BaHTaxyBajbHI cTasieBl hepmu (Puc. 1, 2). IIpoekTyBanHs
BUKOHYBAJIOCh B HACTYMNHINA TMOCTigoBHOCTI. B mepmry uepry Oyma 3a0e3mnedcHa
Oe3neka poOITHUKIB 3a PaxXyHOK MOHTaXy IPOCTOPOBOI 3BAPHOI PO3KPITLIIOIYOT
aBapiiHOIO OaJIKy KOHCTPYKIIIi 3 mpokaTHUX mpodiniB. Jlami npoBenu 0OCTEKEHHS
TEXHIYHOTO CTaHy JUISTHKA KapKacy 13 3acTOCYBaHHSIM METOMAIB HEPYWHIBHOTO
KOHTPOJIIO Ta KapTyBaHHAM TpPilIMH. BUKOHanMM po3paxyHOK ¢epM 3 BpaxyBaHHSIM
(hakTHYHUX YMOB OONUpaHHs Ha KOJIOHU. HacTynHuii eTan — 3a0e3neYeHHsT CyMICHO1
po0OTH po3BaHTAXKYBaTLHUX (hepM 1 OETOHHOI OAJIKM 13 3aCTOCYBAHHSM IT1/IBICOK IO
HIDKHIM TOSIcaM 1 HaKJIaJOK 1o BepxHIM. Jljig 3a0e3meueHHsl IpoCTOPOBOi CTIMKOCTI
cTayneBl (hepMU NIACUICHHS PO3KPIMIINA CTAJIEBUMHU B’ A3aMU J0 CYMIXKHUX paM.
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Puc. 3. Peasnizanisi KOHCTpYKTUBHOTO PIILIEHHS MMiICUIICHHS
Jlxepeno pucyHka: ¢poTo aBTOPIB.
3anponoHOBaHEe KOHCTPYKTHMBHE PpIIIEHHS OyJ0 TMOBHICTIO peai30BaHO B
HAaWKOpPOTIIMKA TEepPMiH, MO 3a0e3meunsio Oe3nmepepBHY poOOTy MIAMPUEMCTBA.

3acCTOCYyBaHHS CTAJICBUX PO3BAHTAXKYBAIHHUX (epM € BUCOKOCHEKTHBHUM METOIOM
PEKOHCTPYKIIi, 10 TOEIHYE IMIBHAKICTh MOHTXY 3 MOMJIUBICTIO PEryJIOBaHHS
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Hecydoi 3matHocTi. OCHOBHI OOMEXEHHs — 3MiHa TabapuTiB MNPUMIIICHHS Ta
HeoOXimHICcTh Bepudikallii pyHIaMEHTIB ITi1 J0IaTKOBE HAaBAaHTAKCHHS.

Cnmcok Jitepatypu

1. ACTY b B.3.1-2:2016 PeMoHT 1 miJCHUJICHHS HECYYUX 1 OrOpOKYyBaJbHHUX
OyIiBeIbHUX KOHCTPYKIIiN Ta OCHOB OY/IBEJb 1 CIOPY.

2. YcuneHnre CTalbHBIX KapKacoOB OJTHOATAKHBIX MPOU3BOICTBEHHBIX 3IaHUN MPU
ux pexoHcTpykuuu [Texcr] / B. H. Bans, E. B. I'opoxos, b. 10. YBapos. - M:
Crpoitnznar, 1987. c. 218.

3. Ilocreppak  O.M. Ilpunnunu 3a0e3neyeHHs HAIIAHOCTI  MIACUICHHUX
3a711300€TOHHUX KOHCTPYKIM TpH peKOHCTPYKuii OyaiBens Ta cnopya. / O.M.
ITocrepHak // MicToOymyBaHHS Ta TEpUTOpialibHE TUIAHYBAHHS : HayK.-TE€XH. 301pHUK
—K.: KHVYBA, 2012. — Bum. 45. — C. 140 — 143.
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MATEMATHUYHI METOAHA B 3AJTIAYAX
I'TIPOTEXHIYHOI'O BYAIBHULITBA

CuBam Csitiiana bopuciBaa
Kangunar isuko-mareMaTHYHUX HayK, JOLEHT, TOIEHT Kadenapu BM
Opnecbkuit HamionanbHMIT MOPCHKHM YHIBEPCUTET

OcBIiTHIH Mpoliec HAMIPSIMY BIUTMBAE Ha SKICTh MPOQECiitHOT MATOTOBKH 1HXXEHEPIB
rigporexHiuHoro OymaiBHUIITBA. KoMIeTeHTHICT, (PaxiBIIB I[OTO  HAMpsIMy
(dbopMyeThCs 1€ Ha eTarli BUBYEHHS (QyHIaMEHTAIbHUX TUCHUIUIIH, 30KpEMa BUILO1
MaTeMaTuku. Po3B’s3aHHs OyAb-sKOi 3a7adl 1HXKEHEPHOTO XapaKTepy BUMAarae
oOyIOBY 1 TOCIIIJIKEHHS IEBHOT MaTEMaTUYHOI MOJIENI.

HanBaxnmBo B CHOTOJHINIHIX yMOBaxX AeIUTy PecypciB MIHIMI3yBaTH BUTPATU
Ha OYJIBHMIITBO TIAPOTEXHIYHUX CIOPY]l, MIJABUIIYIOUYA BOJHOYAC PIBEHb OE3MEKH,
HAJIIAHOCTI Ta 1HIIUX TapaMeTpiB.

[IpodecionanizM y muxX Ta CyMDKHUX HMUTaHHSAX HAOYBA€THCS MPHU JTOCHIIKEHHI
3a/1a4 3 NPaKTUYHUM 3MICTOM, K1 BABYAIOTHCS B KYpPCl BUIIO1 MATEMATUKHU TEXHIYHUX
yHiBepcuTeTiB. Cepell HUX — 3a7a4yl Ha OOYMCIICHHS! CHJIM TUCKY PIAMHU Ha CTIHKU
rpe0IIl 4 1UTI03Y; BU3HAYEHHS pO3MIpIB pE3€pBYapiB 3aJaHOT0 00’ €My 3 HAITMEHIIO0
IJIOLICI0 TMOBEPXHI; OOYMCIEHHS TUCKY BOJM Ha TMOBEPXHIO MIABOJAHHMX CHOPYJ,
J1aB3aco0iB TOILO.

[leBHMIT IMIYJBC PO3BUTKY I1HXKEHEPHOTO MUCICHHS HaJa€ BUBYCHHS 3ajad,
MOB’SI3aHUX 3 PO3IMOJIJIOM HaBaHTaXEHHS Ha Oy/IBeNIbHI KOHCTPYKIIii. BaxmmiBoro 3
TOYKM 30py 3acCTOCyBaHb € Taka 3amada. Skoi dopmu mae OyTH OJHOpPIAHA
BEpPTUKAJIbHA KOJIOHA 3 KPYTJIMM TOTIEPEYHUM TIEPEepi30oM, 100 TUCK BaHTAXKy P, SKuii
BOHA YTPHUMYE, Ta ii BJIaCHOI Baru, 0 MPUIa A€ Ha OJUMHHUIIIO IO TOPHU3OHTAIBHOTO
nepepizy, OyB ycroau ognakoBuii? (Komona piBHoro tucky). [luroma Bara marepiamy

KOJIOHU O, pajiyc ii BepXHbOI OCHOBH /. 3HAWUTH TaKOX PaJlyCh OCHOB MOCTOBOTO

Ouka, 1mob TUCK y Oynb-IKOMY HOTO ropu3oHTalbHOMY Tiepepisi Oy 3000 Kr/mM°
SKIIO MMUTOMA Bara matepiany Ouka 2,5, Wioro BucoTa 12Mm, a BaHTax P, mo BiH
yTpumye, gopiBaioe 90 000 kr.

Po3p’si3annsa. PosrmsiHemMo Tmiepepi3 KOJOHM BEPTHKAIBHOIO TUIOMIMHOIO, IO
MIPOXOJUTH uepes ii Bich cumeTpii (puc.1).
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vl 1B \M
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Puc. 1. Konona piBHOTO THCKY.

[IepeTHEMO KOJIOHY TOPU30HTAIIBHOIO TUIOLIMHOIO, SIKa IPOXOAUTH YePE3 JOBIIbHY
Touky M (x,y)mrykaHoi KpuBoi A4, . Busnaunmo Tuck BaHTaxxy P Ta BJIacHOI Baru

BEPXHbOI YACTHUHHU KOJIOHM, SIKa BIJTHHAETHCS, HA OJUHUINIO TUIONI OTPUMAHOTO
ropu3oHTagbHOro nepepizy MN. O6’eM BepXHbOI YACTUHU KOJIOHH, 1110 BIATHHAETHCS,
o0uyucanMo K 00’€M Tila, OTPUMAHOTO OOEpPTaHHSM HABKOJIO OC1 X KPUBOJIHIHHOI

X
tpanewnii OAMB :V = x| y2dx. Biamosigaa Bara O =906V .
p y
0

BissMeMo BigHOmIeHHS P+ Q 1o mwiomi S = zy” nepepizy MN. OTpEMaeMo THCK

Ha OJIMHMIIIO IJIOLII [IbOTO NEPEpPI3y, KU 3a YMOBOIO 3aJjaul Ma€ TOPIBHIOBATH TUCKY
Ha OJUHUIIO IUIOUl OyAb-SIKOTO 1HIIOIO TOPU30HTAIBHOrO mepepidy. THuck Ha

: . : P
OJIMHHULIIO TUIONII BEPXHBOI OCHOBU KOJIOHM JNOpPiBHIOE —, 1 =(0A . lle Bunnusae 3

2 2
r
: P+ P PS
yMOBH 3a1a4i. TakuM 4uHOM, 0 =—>,a00 P+Q=—>.
r Ty

[ P 3
P+7z5jy dx=—y".
r
0

[Iponudepenuiroemo  OOMABI  YAaCTUHM  Li€i  PIBHOCTI Ta  OJEPXKHUMO
IuQepeHniaabHe pIBHAHHS KPUBOI A4,

7r5y2dx = 2—fydy :
r

Po3B’si5xeM0 HOT0 K PIBHIHHS 31 3MIHHUMHU, 1110 BIJIOKPEMITIOIOTHCS. Maemo:
2

2Pd )

dx:—zy, 3BiaKU x+ C =

mor’y or

siny.

2PInr
2

3 ymoBu y=r npu x=0 orpumaemo 3nHaueHHs C: C = . TakuMm 4HMHOM,

or
PIBHSIHHSL KPUBO1 A4, Ma€ BUTJISIL:
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2P .y
57 ln7. (1)

OTtxe, mrykana (hopma KOJIOHU PIBHOTO TUCKY € TIOBEPXHSI, OTpUMaHa 00epTaHHSIM

1i€i KpuBOi HaBKOJIO oci Ox :
2P 4/ y2 + 22

X =

xX= 5 In
or r
Jl1s BKa3aHOTO B YMOB1 MOCTOBOTO OMKa pajilyc BEpXHbOI OCHOBU BHU3HAYAEMO 3
) . 90000 ) . . .
PIBHOCTI 3 =3000 , 3Bigku » = 3,09 nm. Pamiyc HMKHBOT OCHOBH 3HAHIEMO 3
r

2-90000 120
> 1n

r-2,5-3,09° 3,09

OxpiM HajnaHHA (aKTUYHUX 3HAHb, Takl 3a7adl BIJIrPalOTh BAXIJIHMBY pOJIb Y

(dhopMmyBaHHI CBITOTJIALY QaxiBlLsi-iIHAKEHEPA, 10 BEAE 10 OUTbII IITUOOKOr0 PO3yMIHHS
MPUPOJHUX MPOLECIB 1 SBUILI.

piBHOCTI (1): 1 = = 3,24 m.

Cnucok Jirtepatypu
1. CuBamx C.b., CokonoBcrka I'.B. Maremaruuni MeTOoad B 3aJadax BOIHOIL
imxeHepii. Taapiticokuu Haykosutl gicnux. 2022. Bumn.1. C. 175-180.
2. Cusam C.b., CokonoBceka ['.B. Buiia MaremaTtuka B 3a1a4ax OyAiBHHUIITBA Ta
apxitektypu. Hayxa i mexuixka cvozcooni. Kuis, 2023. Bum. Nel4(28). C. 446- 458.
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COVER VERSION SIK HOBITHSI ®OPMA CYUACHOI
KOHIIEPTHOI IPAKTUKHU

Kaniniuenko HaraJis,

Marictp My3U4HOTO MUCTEIITBA, BUKJIaAa49 KaQeApH CITiBY Ta XOPOBOTO
JTUPUTYBaHHS

KuiBcpka MmyHinumnansHa akaaemis My3ukd iM. P.M. I'miepa

CyyacHa ecTpajHa KyJbTypa SK HEBiJ'€MHa CKJIaJ0Ba KyJIbTYPHO-MHUCTEILKOTO
IPOCTOPY HEPO3PUBHO TOB’si3aHa 13 comiymoMm. llpomecu, mo BigOyBarOThCA Y
CHOTOJIHIIIIHBOMY CYCHUIbCTBI, € CTPIMKHMU Ta HenepeadadyBaHUMH: HH3Ka
TEONMOJTITUYHUX Ta COIlaTbHO-€KOHOMIUYHUX MPOIECIB aKTUBHO 3MIHIOIOTH Cy4acHe
cycniibcTBO. OCOOIMBOTO 3HAYEHHSI HA0YBAa€E €CTPaIHE MUCTEITBO «SIK TaKe, 10 Ma€e
HaWOIBIIMKM colllaibHUM pe3oHaHc» [2, c. 5]. [loennanHs oxpeciieHHX (PaKTopiB
(GhOpMYIOTh HEMOBTOPHUN KOHTEKCT ChOTOJICHHS, B SIKOMY MH PO3IJISIIAEMO SIBUIIE
cover version.

B3aeM03B’ 30K MiXK MAacOBOIO KYJIbTYPOIO Ta CYYaCHUMU TEHCHIISIMU €CTPaIu €
OYEBUIHUM. ICHye TOCTIMHMM J1ajJor MDK CYCHIILCTBOM 3 HOro 1HTEpecamu Ta
MacoOBOIO KYJIBTYPOIO, III0 00YMOBIIIOE TOSBY HOBHX TEHJICHIIN 1 opMm Ha TepeHax
nonyJisipHOi My3uku. CIiJl BiI3HAYWTH MMOCTYOBE BUTHCHEHHS TOHATTS «MacoBa
KyJbTypa Ha KOPHUCTh TEPMIHY «IIOMYJIApHA», IO, Ha JTYMKY MHCTEITBO3HABIIIB,
CBIJTYUTH PO TIEBHE 3HIKCHHSI TPAyCy HAMPYTH MK JBOMA TOJIOCAMH KYJIBTYPH»
[1, c. 25].

[Tounnarouu ¢ apyroi moaoBUHU XX CTOJITTS, TOJIOBHUM CTHJILOBUN HAIIPSIMOM Y
MHUCTEITBI CTaB MOCTMOJIEPHI3M — HIUPOKE TOHSTTS, 110 NPOSBILE ce0e SK CTHIIb
cBitoctipuitHATTS. [locTMOAEpHI3MY MpUTAMaHHI Taki SKOCTI, SIK IUTATHICTb, 1POHIS,
(hparMeHTapHICTh KOMITIO3MINT, HEIIHIMHICT, Tommo. Cepea KIIYOBHUX TEHICHIIIMN
HaIpsIMy CJIiJI BUAUIATH TPUHITUIIOBO HOBe CMABIEHHA 00 meKcmy K J0 KaTeropii.
Tak, BaXJIMBUM MPOSIBOM OHOBJIEHHS TEKCTY € 1HTEPTEKCTYaJIbHICTh, sika (opmye
PI3HOTO POy MIKTEKCTOBI 3B’ SI3KH: IUTYBaHH, aJlt031i, pEMIHICLIEHII11, Tapo/ii i Take
iHme. dopmyBaHHS KyJbTypHO-MUCTELBKOTO (PEHOMEHY €CTpagu BiA0YJIOCS caMe B
ernoXy MOJIEpHI3MY, a CTaHOBJEHHS 11 XyJ0XHBO-€CTETUYHOI CHenudiku Ta
MHUCTEI[LKMX 0a30BUX 3acaj] MPUIAIO Ha MOCTMOJEPHICTCHKY N00Yy, KyJbTypHa
rmapajurmMa SKoi 3HsjIa TPOoOJeMy TPOTHUCTOSHHS KYJIbTYp: «EJIEMEHTH MacoOBOi
KyJbTYpU BKJIIOYAIOTHCS B KOHTEKCT €JITApHOI Ta HAaBMakW», 3a3Hadae T. Camas [3,
c. 10].

OTxe, HaAWBAKITUBIMIOW BJIACTHUBICTIO MOCTMOJICPHI3MY € TLTIOpPATi3M XYI0XKHIX
HampsiMiB. 30IMKEHHsSI Ta 3pOINIYBAaHHS CTWIIB 1 JKaHPIB Y MY3HIl MPHU3BEIO 0
PO3MHUBAHHS IEMapKAIIMHUX JIIHIN MK eTITaApHUM 1 MACOBUM MTPOyKTaMU KYJIbTYPH.
Hocsraetbess  cnendigyHa TMOCTMOJEPHICTChKA TOMOTEHHICTh, IO  HIBEIIOE
kiacuiu3M. CydacHI KOHUEPTH PYHHYIOTh KOJHUIIHIA (UTapMOHIYHUNA 11a0JIOH,
dbopMyrourd HOBHUM, OUIBII TOJIGPAHTHHM 10 cCllyXada-JAWJIETaHTa TUIl CIEHIYHOTO
BHUCTYITy. BokanbHa MalCTEpHICTh CTHKAETHCA 3 IPOCTOTOIO, BUTOHYCHICTH Ta
eNITapHICTh — 3 JIOCTYNHICTIO Ta MAcOBICTIO. Tak BHHUKAE HOBAa MIKKYJIbTYpHa
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KOMYHIKaIlisl Ccepell PI3HUX BEPCTB CYCIUIbCTBA Ta IOKOJIHb, MPOTHICKHUX
COIIIOKYJIBTYPHHUX I'pyI. | 119 TeHACHITisE Ha0yBa€ BCe OLIBIIOI aKTyalbHOCTI.

Came 5K TpOSIB €CTETUKH IOCTMOJAEpHI3MY chopmyBamacs HOBITHS (opma
KOHLIEPTHOI PAKTUKU — cover Version.

JKanp cover mourHae cBo€ icCHyBaHHs 3 cepeauHu S0-X pokiB XX CTOMITTS — cover
Version BUHUK K KOHKYypYyHOYe-aJlbTepHaTHBHA BepCis MiCHI, mo Oyia 3amucaHa 3
METOI0 CyTNEepHHUIITBA 13 HELIOJaBHO BUITYIIIEHOIO OPHUT1HATIBHOIO Bepciero. CaM TepMiH
OyB onrcanuii y 1952 porti y «Hikaro TpuObioH» — HaHO1IBIII MOMYISPHOMY YaCOIUCY
Yikaro ta Cepenuboro 3axony: «Cover — nmpodeciiiHuil KaproH, 10 O3HaYa€ 3aruc
MICHI, sIKa BUIJISAAE SK MOTCHIIMHHUM XIT Ha I1HIIOMY JIeH0ai — GipMOBOMY 3HaKy
3BYKO3alMCHO1 KoMmaHii» [4, ¢. 18].

Jlo cepenuau XX CTOJITTS MOHATTS «OPUT1HAIBHA BEPCIsH MOIMYJISIPHOI IICHI I11e
HE MaJIo TOTO 3HaYEHHS fK 3apa3. BUpOOHUIITBO My3HUYHOTO MaTepiaity po3riisaaioch
AK «KUBa» IMOJIis, HABITh SIKIIIO BOHO BIJITBOPIOBAJIOCH 32 HOTHUM TEKCTOM ab0 0yJI0
BUBUYCHO HamaM ATh UM «KaJbKOBAHOY 3 IJIaTiBKU. Hapasi mija TepMiHOM cover version
PO3YMIETHCS JKaHPOBE 03HAYCHHS TBOPY, 3ACHOBAHOTO HA 1HAMBIAYaTbHOMY TBOPUOMY
BTUICHHI B1JIOMOI KOMITO3HIII] 1HIIIOTO BUKOHABIIA.

Cover version MU pO3yMI€EMO SIK My3UUHY 1HAUBITyaTi30BaHy BUKOHABCHKY BEPCitO
B1JIOMOT'0 TBOPY, IIPH SIK1i TOYATKOBUM TEKCT MEPEKUBAE MEPEKOAYBAHHS BIATIOBITHO
70 3aKOHIB €CTEeTUYHOI CHUCTEMHU pELMIIEHTa, 1 Tpajalii TaKOro «CTHIbOBOIO
MEePEKOAYBaHH» MOXKE OyTH JOCUTH IIUPOKOIO.

Mu posrisgaemMo SBUIIE COVEr Y OUTBIIT UPOKIH MIOMIMHI - COVEr SIK MUCTEI[bKHI
(dbeHoMeH, MOCTYNMHUW MJiE MacoOBOTO BHKOPHUCTAHHS Ta 3JaTHUN OHOBIIIOBATH
3aKJIaJieH1 3MICTH Ha BCiX PIBHAX 3all03UYEHOTO TEKCTY.
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As a result of the introduction of martial law in Ukraine, the member states of the
European Union granted Ukrainian citizens temporary protection status. Since March
2022, the EU has been providing safety and shelter to millions of Ukrainian refugees
under the Temporary Protection Directive. Temporary protection guarantees
fundamental rights, including the right of residence, access to the labour market,
housing, medical and social assistance, as well as access to education for children. At
present, EU member states are discussing mechanisms for the coordinated termination
of this regime, including the possibility of transitioning to other legal residence statuses
and creating conditions for the gradual return of citizens to Ukraine. In the event of the
stabilisation of the security situation and the creation of conditions for sustainable
reintegration, the European Commission may initiate the early termination of the
temporary protection regime. [1].

In the context of the possible termination of the temporary protection regime for
citizens of Ukraine in the countries of the European Union, the issue of developing an
effective state policy for the return and reintegration of Ukrainians is becoming
particularly relevant. Ukraine faces the strategic task of ensuring conditions for the
voluntary, safe, and dignified return of its citizens, their successful inclusion in the
socio-economic life of the country and united territorial communities, as well as the
preservation of social cohesion. At the same time, state authorities and local self-
government bodies may encounter new challenges related to the provision of housing,
employment, access to social, educational, and medical services, as well as the
adaptation of community infrastructure to population growth. Under such
circumstances, there is an objective need to develop a comprehensive, systematic, and
long-term public policy aimed at supporting Ukrainian citizens returning from abroad
and creating a favourable environment for their successful reintegration.

At the same time, state authorities and local self-government bodies must recognise
that, under current conditions of globalisation, accelerated technological development,
and the transformation of the global economy, human capital is gaining increasing
importance as a key factor of sustainable economic growth and the competitiveness of
both the country and united territorial communities. The traditional model of economic
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development, which was primarily based on the use of natural resources and material
assets, is gradually losing its defining significance. Instead, the ability of countries to
develop, preserve, and effectively utilise human capital is becoming central to the
modern economic paradigm.

In the context of the transition to a knowledge-based economy, the digitalisation of
production processes, and the growing role of innovation, human capital serves as the
primary source of value creation and long-term economic resilience. According to
estimates by the World Bank, human capital accounts for more than 64% of global
wealth, while in developed economies its share exceeds 70% [2]. This demonstrates
that the strategic advantages of countries are increasingly shaped not by the scale of
their natural resources, but by the quality of human capital, the level of education,
professional competencies, innovation capacity, and institutional effectiveness.

For Ukraine, the issue of preserving and restoring human capital has become
particularly relevant in the context of the full-scale war. Large-scale destruction of
infrastructure, economic losses, demographic challenges, and the forced migration of
a significant share of the population have created new risks for the country’s socio-
economic development. Millions of Ukrainian citizens have been granted temporary
protection within the member states of the European Union, which has ensured their
safety; however, at the same time, it has led to a substantial reduction in Ukraine’s
labour and intellectual potential.

Recognising human capital as a powerful resource for wartime resilience and the
post-war reconstruction of the country, the academic community is actively discussing
the need to update the human development strategy with due consideration of the
repatriation of war refugees. Particular attention to this issue has been paid by such
scholars as O. Koval [3], O. Pyshchulina, T. Martsinkovska, Yu. Yakymenko, and M.
Mishchenko [4]. These studies rightly emphasise the importance of human capital, as
well as the key factors and measures required to facilitate return processes.

In our view, the effectiveness of public policy aimed at the return of citizens and
the restoration of human capital should be based on a system of fundamental principles
that ensure the viability and adaptability of strategic planning. The main principles that
should be adhered to in shaping the public policy of reintegration of Ukrainians are as
follows:

1. The principle of “Digital by Default” refers to the transition from paper-based
document circulation to the predominant provision of public services in electronic
form. This approach minimizes the ‘“administrative shock” for returnees who are
accustomed to high service standards in the EU and ensures transparency in resource
allocation. Digitalisation also helps reduce bureaucratic barriers and enhances the
efficiency of interagency coordination.

2. The principle of social complementarity refers to the alignment of the interests
of returnees with the needs of those who remained in Ukraine. The strategy should not
create preferential conditions for only one group but should aim at the overall
strengthening of social cohesion within communities.

3. The principle of subsidiarity and the role of communities implies that the centre
of gravity of reintegration processes is shifted directly to united territorial communities.
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It is at the local level that access to basic services is ensured, which requires
strengthening the institutional capacity of local self-government bodies.

4. The principle of economic self-sufficiency implies a shift from passive social
assistance to the creation of conditions for self-realisation, support for micro-
entrepreneurship, and the validation of professional experience, thereby transforming
returnees into active participants in economic processes. Key directions of public
policy should include promoting employment, supporting entrepreneurial activity,
recognising qualifications and competencies acquired abroad, providing professional
retraining, and developing local labour markets, as the human capital of returning
citizens can become a significant resource for the country’s post-war reconstruction.

5. The principle of proactivity implies that the state should not merely respond to
the fact of return but should instead create enabling conditions and informational
incentives already prior to the termination of temporary protection in EU member
states.

6. The principle of voluntary return stipulates that the decision to return should be
made independently by the individual based on an assessment of security, social, and
economic conditions. Public policy should create an enabling environment in which
return is perceived as a realistic and safe life perspective.

7. The principle of ensuring safe conditions for return encompasses security, access
to housing, medical and social services, as well as legal protection.

8. The principle of cross-sectoral coordination implies that reintegration requires
coordinated actions among state authorities, local self-government bodies,
international partners, and civil society organizations.

The Ministry of Social Policy, Family and Unity of Ukraine already places
significant emphasis on supporting Ukrainian citizens returning from abroad and is
currently developing the Draft Strategy for Maintaining Links with Ukrainians Abroad
and Facilitating Their Voluntary Return for 2026-2036. Expert and analytical support
for the preparation of strategic documents is provided by the Better Regulation
Delivery Office (BRDO), which offers analytical assistance, facilitates strategic
sessions and thematic working groups, conducts stakeholder consultations, and
supports the coordination and approval process of the documents. The Strategy is
aimed at establishing a comprehensive system of measures focused on supporting the
return and reintegration of citizens, ensuring access to basic services and housing
solutions, as well as promoting economic reintegration and human capital development
through employment, retraining, recognition of qualifications, and support for
entrepreneurship [5, 6].

9. The principle of psychological inclusion stipulates that reintegration should
encompass not only the material dimension but also the socio-psychological one,
including the restoration of social ties, support for children within the education
system, psychological assistance, facilitation of inclusion in community life, and the
formation of a sense of belonging to Ukrainian society.

Based on the outlined strategic principles, the practical implementation of public
policy in the field of return and reintegration of Ukrainian citizens requires the
development of a comprehensive system of interrelated support instruments aimed at
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addressing the key social, economic, housing, educational, and healthcare needs of
individuals returning from the European Union. In this context, particular importance
is attached to the development of specific mechanisms designed not only to respond
promptly to the challenges of a potential mass return, but also to transform this process
into a strategic resource for human capital recovery and the modernisation of the
country.

In conclusion, the economy of return is not an act of philanthropy but rather a
rational management of the nation’s intellectual assets. Institutional flexibility should
create a competitive environment in which the return of professionals from the EU
becomes a conscious economic choice. Only through the combination of scientific
substantiation, technological proactivity, and respect for individual agency can Ukraine
transform forced migration into a source of systemic innovation-driven breakthrough
and sustainable economic growth.
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HAIIPSIMU 3ACTOCYBAHHSI MOJIEJIEN
EHEPTO3ABE3INEUEHHA KPATHU B YMOBAX
HECTABIVIBHOCTI CTPYKTYPU EHEPI'ETUKH

Kanuin MukoJaa Iroposuu

KaHIUAT TEXHIYHUX HAYK, CTAPIIUN JOCIITHUK,
MPOBITHUN HAYKOBHUH CITIBPOOITHHUK

[HcTUTYT 3aranbHOl eHepreTukn HAH Ykpainu

Maxkapos Bitauaiin MuxanjoBu4
KaHIUIAT TEXHIYHUX HAYK, CTAPIINAN JOCIITHUK,
CTapIlMii HAyKOBUI CIIBPOOITHUK

[ncTuTyT 3araneHoi eHepretukn HAH Ykpainu,
M. KuiB, Ykpaina

IlepOouna €Bren BacuaboBu4

KaHIUJIAT TEXHIYHUX HaYK,

CTapIIvii HAyKOBUM CIIBPOOITHUK

[HcTUTYT 3araneHoOil eHepreTukn HAH Ykpainu

IlepoB MuxkoJsa OsekciioBu4
MOJIOAIINI HAYKOBHI CIIBPOOITHUK
[HcTUTyT 3aranbHoi eHepretukn HAH Ykpainu

KopektHa orinka nmotpe® €KOHOMIKM Ha BYT1JIbHY MPOAYKINIO 13 BpaxyBaHHSIM
BCi€i pI3HOMAHITHOCTI 11 TUIIIB, HEOOXiHA JJIsi MPOTHO3YBAHHS PO3BUTKY BYTUIBHOI
MIPOMHKCIIOBOCTI, BHUMAara€ IPYHTOBHUX JOCIHIKEHb MPSIMHUX 1 OIMOCEPEIKOBAHUX
HaIpsiMiB BUKOPUCTaHHS BYTULIS, — SK JJI1 BUPOOHMIITBA KIHIIEBOI MPOAYKIIT Y
HapOJIHOMY TOCIOJAPCTBI, TaK 1 BCIX BHJIIB BTOPUHHHUX €HEPreTHUYHUX MPOIYKTIB,
30KpeMa E€JIEKTPUYHOI Ta TEIJIOBOI €Heprii, BKIIOYHO 3 TMOCIIJOBHUM 1X
BUKOPUCTAHHAM SIK €EHEPrOHOCIiB Ha MPOMIKHUX JJaHKaX eHepro3ade3neyeHHs KpaiHu.

Kpim Toro, mneBHi o0OCATM €HEPreTUYHOTO BYIrUUIA MNOTPeOYIOThCS s
TEXHOJIOTIYHUX BHUTpPAT B MeEXaxX CaMOro MaJTuBHO-CHEPTETUYHOTO KOMILIEKCY,
30KpeMa JIsl pe3epBYBaHHS BYTUIBHUMHU €HEProOJIOKaMH TEIJIOBUX €JIEKTPOCTAHIIIMN
MIHJIMBOI, HECTA01JIbHOI TeHepallii BITHOBIIOBAHUX JKEPEN €HEPTii pa3oM 13 1HIIUMHU
BHJIaMU €HEPTETHYHUX YCTAaHOBOK, 30KpEeMa Ha MPUPOTHOMY Ta3i Ta Tipopecypcax.

Tomy, B yMOBax Hemepen0adyBaHUX 3MiH IMTPOMHCIOBUX CEKTOPIB CIOKHBAHHS
BYTUJLIs, BUKJIMKAHUX BIMHOIO B KpaiHi, Ta MOB’S3aHUX 3 HEIO pyiHHYBaHb 00’ €KTIB
TeHEPYBaHHSI €JICKTPUYHOT 1 TEIUIOBOI €Heprii, MaJIMBHUX 0a3 BYTULIA, MIANPUEMCTB
CIOKMBAYiB BCIX THIMIB BYTUIbHOI MPOAYKIIii, @ TAKOX 13 BpaxyBaHHAM OCOOJIMBO Ha
IHTEHCHBHOTO PO3BUTKY BiHOBIIOBaHMX kepen eHeprii (BJIE) B kpaini, rmmbokux
TpaHchOpMAIITHUX TIEPETBOPEHb €HEPTETUYHOTO CEKTOpa B MEXKax Oe3BYTJICICBUX
CIIeHapIiB, BUBHAYCHHSI HEOOX1THUX OOCSTIB Ma€ 31MCHIOBATUCH TITbKU B KOHTEKCTI
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pPO3paxyHKIB 3arajbHOTO EHEPreTUYHOro OanaHcy, 13 3aCTOCYBaHHSAM OallaHCOBO-
ONITUMI3AIIIHUX MOJIEeH MOCTaYaHHs MaTUBHUX MPOIYKTIB y eHEPIreTUYHUI CEKTOP
Ta 1HII rady3i eKOHOMIKH, BpaXyBaHHS HOBITHIX TEXHOJOT1H Ta TEXHOJOTIYHUX CXEM
BUKODUCTaHHA Ta CIOXXKHWBAaHHA BTOPUMHHUX EHEPrOHOCIIB M BHUPOOHMIITBA
€JICKTPUYHOI Ta TETJIOBOI €Heprii.

OCHOBHHMMH HaNpsIMaMU 3aCTOCYBAaHHS MOJIEJIEH €Hepro3ade3neueHHs eKOHOMIKH,
Kl y T 4M 1HIIN (opMi MOJAlOTh OaldaHCH BUPOOHMIITBA, TMEPETBOPEHHS 1
CIOKMBAHHS NAJIMBHO-CHEPTETUYHUX PECYPCIB, 3a3BUYAH €:

— IPOTHO3YBaHHS CTPYKTYPH Ta OOCATIB MOCTAYaHHS €HEPreTUYHUX MPOAYKTIB 32
iX BUJAMH, TEXHOJOTISIMH BHPOOHMIITBA, IMEPETBOPEHHS, CIOXKMBAaHHS Ha pI3HI
TEPMIHM B 3aJE€KHOCTI BiJ] BHUPINIYBAaHUX 3aJa4 — ONEPATUBHOTO IJIAHYBaHHS,
pPO3pOOKH JOBTOCTPOKOBUX CTpPATETIYHUX MpOrpamM pO3BUTKY, IO IMepeadadyaroTh
OyJIIBHHUIITBO 00’ €KTIB T€HEPYBaHHS €HEPTii, TOILIO;

— JOCTIPKEHHST BapiaHTIB PO3BUTKY €HEPIeTHYHOIO CEKTOpa, aHali3 HACHIJIKIB
BIIPOBA/KEHHS PI3HOMAHITHUX HOBITHIX TEXHOJIOT1M, 5IK1 Iepe0adaroTh B1ACTEKEHHS
3MIH y BCIX JIaHKaX CHCTEMH €HEpro3ade3leyeHHs, BpaxyBaHHS OOMEKEHb
MPUPOJOOXOPOHHOTO  3aKOHOJABCTBA, a00  BUKIMKAHUX  TE€ONOJTITUYHUMH
yuHHUKamHu [ 1];

— aHali3 €KOHOMIYHOI JOIIIBHOCTI (PYHKIIOHYBaHHSI PI3HUX BHUIIB TE€XHOJOT1H
BUPOOHUIITBA BTOPUHHUX €HEPTrOHOCIIB, IX ONTUMAaIBHUX YACTOK B 3araJIbHOMY 00Cs31
eHepro3a0e3neueHHsl 13 BpaXyBaHHSIM OOMEXEHb Ha OOCATH MaauBO3a0€3eueHHs
NEPBUHHUMM EHEPreTUYHUMU PECYpPCAMM, BCTAHOBJIEHY MOTY>KHICTh BUPOOHHKIB
€JIEKTPUYHOI 1 TEIJIOBOI €HEeprii, a TaKOK MOKa3HUKIB €HEpreTU4yHoi Oe3neku [2, 3],
MOKJIMBOCTEN AuBepcHU(IKaIlii MOCTauaHHS €HEPrOHOCIiB;

— JIOCHIDKEHHS 3araJibHOEKOHOMIYHMX Ta COLUAJIbHUX HACIIAKIB 3MIH B
€HepreTUYHOMY CEKTOpPI, 30KpeMa BIUIMBY MIPOTrHO30BAHUX TEXHOJIOTTYHUX 1HHOBAIIN
HA CHUCTeMy 1IliH B €KOHOMIIi, 3a0e3meueHHs TO3UTHBHOI  JUHAMIKU
MaKpOEKOHOMIYHHMX TTOKa3HUKIB Ta YMOB CTaJIOTO PO3BUTKY CYCHIIbCTBA;

— BUSBJICHHSI HeOalaHCIB eHepro3ade3nedyeHHs, TOOTO 00CATiB HEOOIIKOBAHOTO,
HEBpPAaXOBAHOr0 00Iry NEpBUHHUX 1 BTOPUHHHMX €HEProHOCIiB, y TOMY YHCIII
BUKIIMKAHUX TEXHOJIOT1YHUMHU YUHHUKAMHU, TI0B’ I3aHUMH 3 HE3aJJ0BIIbHUM TEXHIYHUM
CTAHOM €HEPreTUYHOi 1HPPACTPYKTYpH, 3aC001B 00JIIKY TOIIO, & TAKOXK MOMKIMBUMHU
BUIAJIKaMU 1X MIPUXOBYBAHHS Ta BUKPAJIaHHS.

OueBuaHA CKIIATHICT, 0aratoakTOPHICTh IUX 3aJlad BUCYBAa€ HU3KY BUMOT JIO
MoJiesel eHepro3adesnedeHHs [4, 5], Akl MarOTh 3 HEOOXITHICTIO 3aI0BOJILHITHUCS 3
METOI0 OTPHUMaHHS SKICHUX 1 HQJIMHUX OLIHOK TOKAa3HUKIB TapaHTOBAHOIO
MOCTayaHHS BCIX BUAIB €HEPTrii 3a PI3HUX CTaHIB E€HEPreTUYHOro KOMIUIEKCY M
€KOHOMIKM B IIJIOMY 1 iX B3a€MHOTO BIUIMBY, Y TOMY YHCJII NMPOTHO30BAaHUX Ha
BIIJJaJICHy TMEpCIeKTHBy, a00 Takux, M0 MAaTHUMYTh MICIIE 3a TEBHUX PIBHIB
BrnpoBakeHHs BJIE. Cepen Takux BUMOT BayKJIMBO 3Ta/IaTH:

— 3a0e3neueHHs OalaHCy KOXKHOTO OKpPeMOoro BUAY MajguBa abo eHeprii,
NEPBUHHOTO YHM BTOPHUHHOTO, 13 BpaxyBaHHAM BCIX MOXJIMBUX JDKepen IX
HAJXO/KEHHS, HAMPSIMiB MIEPETBOPEHHSI i KIHIIEBOTO BUKOPUCTAHHS;
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— MIATPUMAaHHS MPaBIUBOIO Ta aJE€KBAaTHOTO B MPOIEC] TEXHOJOTIYHUX 3MIH
B3a€MHOTO Y3TO/KeHHS 0alaHCiB PI3HUX BUIIB €HEPreTUYHUX PECYPCIB 3a 0OCsIraMu
BUITYCKY 1 BUTpAT Y Taly3ix ix MEPETBOPEHHs — TIPU BUPOOHUITBI BTOPUHHUX
€HEproHOCIiB 1 BUKOPUCTaHHI Ha BIACHI TEXHOJIOTIUHI MOTPEOH EHEePreTUYHOIrO
CEKTOpa;

— HasiBHICTb CTPYKTYPHOI Ta 00CATOBOT HAJUTHIIIKOBOCTI B MHOYKHHI MOJIETThOBAaHUX
BUJIB JISJIBHOCTI 3 BUPOOHHIITBA a00 MEPETBOPEHHS €HEPTrOHOCIIB AJisi BpaXyBaHHs
BCIX HasBHUX, a TaKOXX HOBITHIX TEXHOJIOT1M eHepreTuku, 30kpema BJIE, a Ttakox
HaJaHHS MOXJIMBOCT1 BU3HAYEHHS iX €KOHOMIYHO JIOIUIbHUX YaCTOK B «€HEPTeTUYHIN
CyMIiII» KpaiHu;

— JIOCTaTHIN piBeHb AeTaiizalii HampsMKIiB KIHIEBOTO BUKOPHUCTAHHS MMAJIMBHO-
E€HEPreTUYHUX PECypciB 3 METOI0 JIOCHIJIKEHHS MEepPCIEeKTUBHUX 3aMillleHb BUIB
najavBa Ta €Heprii B rajy3dx il OCTAaTOYHOI'O CHOXKHUBAHHS, a TAK0XX MOXKIIMBOCTEN
PO3IIISAlYy B YACTHHI TaKUX Tally3ed BUIIB AISUIbHOCTI 3 BUPOOHUIITBA Ta MEPETBOPECHHS
eHeproHociiB, 3o0kpema 3 BJIE, 1 3a0e3nedyeHHs BIANOBIIHUX 3MiH iX TMOJAHHS B
CTPYKTYp1 MOJIENI;

— HaJe’)kHE (popMasbHE NPEICTaBIECHHS BUJIIB IISNIBHOCTI EHEPIETUYHOTO CEKTOPA
B CTPYKTYypl MaTpUUYHO-BEKTOPHUX 00’ €KTIB MOJEINI, IO J03BOJS€E BUKOHYBAaTH iX
MEPETBOPEHHS K y HANpsIMKy JeTaii3alli, TaKk 1 arperyBaHHs 1O PiBHSA MOJAHHS
YMHHUMU JOKYMEHTAMH CTATHCTHYHOI 3BITHOCTI y Tally31 OalaHCiB NajauBa 1 €eHeprii.
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namuBHuMH Tanmy3smu [IEK Vkpainu 3 ypaxyBaHHSIM €BpONEUCHKHX €KOJOTTYHHX
Hopm / ML.I. Kamnin, B.M. Makapos , T.P. binan //IIpo6iemu 3arajibHOi €HEPreTUKH.
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IHTEI'PAIIIA AEPUBATHUBIB Y CUCTEMY
YIIPABJIIHHA BAJIIOTHOIO HECTABIJIBHICTIO

KpacnonbopoB Ouiekcanap I'puroposuy,

3100yBad TPETHOTO (OCBITHHO-HAYKOBOTO) PiBHS BHIIOT OCBITH,

JlepxaBHUI HAYKOBO-IOCIIITHUHM IHCTUTYT 1H(POpMATHU3AIlil Ta MOIETIOBAaHHS
E€KOHOMIKH

KirogoBa posnp MOXiIHMX I[IHHMX TanepiB sSK Ha ¢GOHAOBOMY, TaK 1 Ha
(hiHAHCOBOMY PUHKY 3arajioM IOJISTae y iX 3JaTHOCTI 3HM)KYBAaTH PIBEHb PU3UKIB Ta
3abe3neuyBaty TepeadadyBaHICTh (DIHAHCOBUX Ppe3yibTaTiB. BamtoTHI pUHKH,
MOPIBHSHO 3 THIIMMHU CETMEHTaMH (PIHAHCOBOI CUCTEMH, € HAHOUIBII YyTIUBUMH 10
3MIH MaKpOEKOHOMIYHOi KOH IOHKTYpH, TpaHcopmallii 30BHIIIHbOEKOHOMIYHUX
3B’SI3KIB 1 IVIOOAJIIBHUX MIOKIB, IO 00YMOBIIIOE MiJIBUILIEHY BOJIATUIBHICTH BAIFOTHOTO
Kypcy. ¥ Takux ymMoBaxX 0COOJHMBOI Baru HaOyBae€ MOIIYK €(EKTUBHUX 1HCTPYMEHTIB
MIHIMi3allli HEraTUBHUX HACIIJKIB KYPCOBHX KOJIMBAHb, SIKI CIIPUYUHSIOTH (PIHAHCOBI
BTPATH JIJIsl EKOHOMIYHUX areHTiB. Y I[bOMY KOHTEKCTI BaJIIOTHI JIEpUBaTUBU, 30KpeMa
dbopBapau, ¢’rouepcu, OMNIIOHU Ta CBOMH, BHUCTYHAlOTh JI€BUM MEXaHI3MOM
XEJKyBaHHS BaJTIOTHUX PU3HKiB. BoHOYAaC yKpaiHCHKHI BATFOTHHIM PHHOK 1CTOPUYHO
XapaKTePU3y€EThCsl HECTAOIBHICTIO, 110 MIJACUIIOE aKTYalIbHICTh BUKOPUCTAHHS TaKUX
IHCTPYMEHTIB, OJJHAaK OOMEXEHHI PO3BUTOK (POHIOBOTO PUHKY, HEIOCTATHIN piBEHb
BaJIIOTHOI JiiOepai3ali Ta CKJIaAHICTh MEXaH13MIB 00ITY JIEpUBATUBIB CTPUMYIOTH iX
IIUPOKE 3aCTOCYBAHHS Y MTPAKTHUIIl YIIPABIIHHS BaJIOTHOIO HECTA0IBHICTIO.

[Tix inTerpali€ro 1epuBaTUBIB Y CUCTEMY YIIPaBJIiHHS BaJIOTHOIO HECTAOUIHHICTIO
JIOIIUIBHO PO3YMITH 1X TMOBHOI[IHHE Ta CUCTEMHE BUKOPUCTAHHS IIMPOKUM KOJIOM
VYaCHHUKIB BaJIOTHOTO PHUHKY — OaHKamMH, He()IHAHCOBHUMH KOPIOpAIlisiMHU,
1HBECTOpaMH Ta IHITUMHU €KOHOMIYHIUMH areéHTaMu — 3 METOI0 X€PKYBaHHS BATFOTHUX
pu3ukiB. IHTerpamis mnepemxbadae HE  eMI30AMYHE  3aCTOCYBaHHS  OKPEMHUX
IHCTPYMEHTIB, a (hOpMYyBaHHS IHCTUTYLIMHO Ta 1H(PPACTPYKTYpHO 3a0€3MEUEHOr0
CEerMEHTa PUHKY, B MEXKax SKOIO0 BaJIOTHI JEpUBATHBU BUKOHYIOTH (DYHKIIIIO
nepepo3Mno Ty PU3HKIB 1 cTa01I13a1lli OuiKyBaHb. [{e 703BOJIsSI€ 3MEHIIIUTH 3aJICKHICTh
YYaCHHKIB PUHKY BiJ] KOPOTKOCTPOKOBUX KOJMBAaHb BATIOTHOTO KYpPCY, MiABUIITUTH
nependadyBaHICTh TPOIIOBUX TOTOKIB Ta 3HU3UTU PIBEHb HEBU3HAYEHOCTI Yy
NPUIHATTI (DIHAHCOBUX PIllIeHb. Y MIMPIIOMY BUMIpPI IHTETpALlisl 1€PUBATUBIB CIIPHSIE
3HIDKCHHIO aMIUTITY/IM KYPCOBUX KOJIMBAaHb 3a PAXYHOK CKOPOUEHHS CIEKYJISTUBHOTO
MOTUTY Ha BATIOTY Ta 3MEHIIICHHS TUCKY HAa CTIOTOBUN PUHOK, 10 TO3UTUBHO BILIMBAE
Ha 3arajbHy CTIAKICTh BAJIOTHOI cucTeMu. BoaHowyac eQeKTHBHICTh TaKoOro
MEXaHI3My BH3HAYA€ThCS PIBHEM PO3BUTKY (DIHAHCOBOTO PHUHKY, CTYIIEHEM HOTO
mibepanizallii Ta HasSBHICTIO HAJIEKHOTO PETYJIATOPHOTO CEPEAOBHINA, 37aTHOTO
3a0€3Me4YnTH MPO30PICTh 1 OCTYIHICTH IEPUBATUBHUX 1HCTPYMEHTIB.

Ha niarpami (puc. 1) 300paskeHo nuHaMiKy BaltoTHOro B Ykpaini y 2021-2026 pp.
Kpugi BigoOpaxaroTh CTIHKe 3pOCTaHHS KypCy IPUBHI IO BIIHOMIEHHIO IO 1HO3EMHUX
BamoT (mosapa CIIA Tta eBpo). 3a Bech nepioa kypc gosapa CIHIA 3pic Ha 162,6%, a
€eBpo — Ha 164,7%. Taki KypcoBiI KOJMBaHHS B CTOPOHY 3OUIBIICHHS € OJHUM 13
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MOKa3HUKIB HECTAOUILHOCTI Ha BAJIFOTHOMY PUHKY YKpaiHH, 110 CTBOPIOE HETaTUBHI
YMOBH JJI1 YYaCHUKIB.
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—— CepenHbopiuHUi Kypc TPUBHI MO BiJHOLIEHHIO 10 aonapa CIIA

CepenHbOpiUHUIN KypC TPUBHI MO BITHOIIEHHIO 10 €BPO

Pucynok 1. /lunamika BamoTHOro Kypcy B Ykpaini B 2021-2026 pp.
IDicepeno: nobyooseano asmopom 3a [1].

[linkpecnumMo, 110 HECTAOUIBHICT, BaJIIOTHOTO PUHKY (PAKTUYHO 3aBXKIU
CYNIPOBOJIKYETHCSI KOJIMBAHHSMU BaJIIOTHOTO Kypcy. ToOTO BallOTHUH Kypc —
CBOEPIITHUNA 1HAMKATOP CTIMKOCTI Ha PUHKY, MPOTE BIH HE €AUHUN. AKTHUBHICTbH
BTpy4YaHHs AepxkaBHoro peryiaropa (HBY) B puHKOBI MexaHI3MH KypCOYyTBOPEHHS
TaKO CBITUUTH PO HECTaOLIbHICTh. B anamizoBanomy nepioni HBY nocuts akTuBHO
MPOBOJIMB BadIOTHI 1HTepBeHLIl. [Ipu npomy 3 2022 poKy CIOCTEPIraeThCs CYTTEBE
nepeBakaHHsl MpoJaxy 1HO3eMHOi BamoTh HarioHanibHUM OaHkOoM YKpaiHu
MOPIBHSHO 3 ii KymiBier0. L{e Bka3zye Ha BUCOKUH MOMUT Ha IHO3EMHY BaJIlOTy, IKUI HE
3aJI0BOJILHSIBCA B MOBHIM Mip1 Ha pyUHKY. Calib/10 BaIIOTHUX 1HTEPBEHIIII Ma€ B1J €EMHE
3HAUCHHA. Yce IIe BKa3ye Ha HECTaOUIbHICTh BATIOTHOTO pUHKY Ykpainu. Kypcosi
OUIKYBaHHS Ta IMOBEIIHKOBI peaKIlii Ha MAKPOECKOHOMIYHY Ta I€OTOJIITUYHY CUTYAIIIO
— OJIMH 13 YMHHUKIB I1i€] HECTAOIBHOCTI.

Btim, He ciij BBakaTH, 110 1€ € OCHOBHOIO MpUUYMHOI0. [lopyreHHst cTIHKOCTI
BAJIIOTHOIO PUHKY Ma€ OLIbII MIMOMHHUN MaKpPOCKOHOMIYHUN XapakTep. Y MepIry
yepry ¢opc-MakopHi O0OCTaBHUHHU, 3 SIKUMH 3iIITOBXHYJIACh YKpaiHa, BHUMararoTh
3HAYHOTO (DIHAHCYBAHHS, SIKE€ 32 JOMOMOI'OI0 BHYTPIIIHIX JKepen 3a0e3MeUnuTH He
BJIaBAJIOCh. 3pOCTaHHS PIBHA 30BHIIIHBOTO Oopry VYkpaiHu, moO (QOpMyeThCS B
1HO3€MHIM BaNIOTI, CTBOPIOE 3HAYHUNA THUCK HA BAMOTHUM pUHOK. o Toro ix,
JIOBOJIUTHCS OOCIyrOoBYBaTH B)KE€ HAasBHI OOprv, IO Ma€ CYTTEBUU BIUIMB Ha
MDKHApPOJHI pe3epBU KpaiHU. TakuM YHUHOM, 3pPOCTaHHS OOCATIB JEp’KaBHUX
3aM03M4Y€Hb Ha 30BHINIHIX PUHKAX MOCUJIIOE YyTJIMBICTh BATIOTHOTO PUHKY YKpaiHu
710 KypCOBHUX KOJIMBaHb, 10 YCKJIQJAHIOE MATPUMAHHS MOro CTaO1IbHOCTI. 3a TaKUX
YMOB OCOOJIMBOTO 3HAaUEHHsI HA0YBAIOTh IHCTPYMEHTH X€/IKyBaHHS, 30KpeMa BaJIIOTHI
JIepUBAaTUBH, 3/1aTHI OOMEXyBaTH BIUIMB KypCOBHUX pPH3HUKIB. BojnHouac BastoTHa
HECTaOIBHICTh MA€ CUCTEMHUIN XapaKTep 1 TICHO MOB’si3aHa 3 OOPTOBOIO 3aJIEKHICTIO
€KOHOMIKHM, 10 BHKJIIOYAa€ MOMJMUBICTh 1i  BPEryJIOBaHHS  BUKIIOYHO
KOPOTKOCTPOKOBUMHU 3axofamu [2]. BuxkopucraHHs NepuUBAaTUBHUX 1HCTPYMEHTIB Y
IIbOMY KOHTEKCT1 JOIUIPHO PO3TJISAATH HE JIUIIE SK MEXaHi3M CTpaxyBaHHS PU3HKIB
OKPEMHX YYACHUKIB PUHKY, a K CKJIQJIOBY IIKUPIIOi MOJITUKH MiABUIIEHHS (DIHAHCOBOI
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CTIMKOCTI, 30KpeMa uepe3 3MEHIIEHHS BIUIMBY BAJIOTHOI KOMIIOHEHTH JEPKaBHOTO
O6opry Ha Makpo¢iHaHCOBY CTaOUIbHICTb.

VY tabnuii 1 BimoOpakeHO HEraTUBHHUM BIUIMB HECTAOIILHOCTI BAIIOTHOTO PHUHKY

Ha PI3HI TPyNH MOTr0 yYacCHUKIB, a TAaKOX BHOKPEMJICHO PE3yJIbTaT BUKOPHCTAHHS

BaJIIOTHUX JIEPUBATHBIB y SKOCTI 3TJa/KyBaHHS HEraTHBHUX MPOSBIB BaJIOTHUX

KOJIMBaHb.

Taoauus 1.

[lepcrieKTHBY BUKOPHCTAHHS BAJTIOTHHUX JEPUBATUBIB JUIS YIIPABIiHHS

HECTAOUIbHICTIO HA PUHKY

I'pyna yyacHukiB Imnoprepu Ta IaBecTopu dinaHCOBI Perymroroui
PHHKY EKCIIOPTEPH YCTaHOBHU OpraHu
HeBuznauenicts | 3miHa BapTOCTI [TigBumenus VckimagaeHss
HeraTuBHi Hacaigku MaiOyTHIX aKTHUBIB BAJIIOTHOTO peamizamii
BaJIIOTHOI IPOIIOBUX pPH3UKY Ta MOHETapHOI Ta
HecTa0IbHOCTI ITOTOKIB BOJIATUJILHICTh BaJIIOTHOI
JIOXOMIB IIOJITUKHA
dikcamnis Kypey | 3HWKEHHS pu3uKy | OnTumizaris 3MEHILIEHHS
IlepeBaru 3100yTi Ta cradimizais BTparT i BaJIFOTHOT'O TUCKY Ha
BHKOPHCTAHHAM TPOIIIOBUX IT1 IBUIICHHS PU3UKY Ta BAJIFOTHHI
BAJIOTHHUX IOTOKIB nependadyBaHOCTI | cTabimizanis PHUHOK 1
JepuBaTHUBIB JIOXO/IiB (diHaHCOBUX T ABUILEHHS
pe3yNbTaTiB e(heKTUBHOCTI
MOJIITUKHA

IDicepeno: nobyoosarno agmopom.

[HTerpamis BamIOTHUX JIEPUBATHMBIB Yy CHUCTEMY VIPABIIHHS BaJIIOTHOIO
HECTaOUIBHICTIO 103BOJISIE CYTTEBO MOM’SIKIIUTH ii HEraTUBHI MPOSBU JJIs KIOYOBUX
Ipyll YYaCHUKIB PUHKY. BHKOpUCTaHHS IUX IHCTPYMEHTIB CHpHUSAE T1JBULIEHHIO
nepea0adyyBaHOCTI TPOIIOBUX TOTOKIB JUIsi CYO’€KTIB 30BHIIIHBOCKOHOMIYHOT
TISUTBHOCTI, 3HMDKEHHIO PU3MKIB BTpAT IJisi 1HBECTOPIB, cTadumizamii (piHaHCOBUX
pe3yNbTaTiB yCTAaHOB Ta 3MEHIICHHIO THCKY Ha BaJIOTHHUH PHUHOK y KOHTEKCTI
peanizaiii peryjasTOpHOI MOJITUKU. Y CYKYIMHOCTI 1€ OOYMOBJIIOE JIOUUIBHICTh
CTUMYJIFOBAaHHS PO3BUTKY PHUHKY BAJTIOTHUX JIEPUBATHBIB SK BaXKIUBOI CKJIAJI0BOI
3a0e3nedeHHs (piHaHCOBOT CTIMKOCTI.

[ToxpokoBa mibepamizaifisi BadlOTHOTO Ta (HOHIAOBOIO PHUHKIB YKpaiHu Mae
CIpHsATH po30yA0BI BITYM3HSIHOTO CETMEHTY PUHKY JIEPUBATUBHUX 1HCTPYMEHTIB. Y
TOM JK€ Yac COpPaBEeIJIMBO IMIJKPECIUTH, IO Il TOM SKIICHHS CTBOPIOIOTH, SK
MO>KJIMBOCTI, TaK 1 pu3uku. ToMy YMHHHI MexaHi3M po30yl10BU MOBHHEH BKIIOYATH
HIBEJIIOBaHHS TaKUX HOBOCTBOPEHUX pHU3UKIB [3]:

v/ TIOCTYIOBE CKacyBaHHs OOMEKEHb Ha OIepallii 3 JepUuBaTHBHUMHU KOHTPAKTaMU
TPOIIOBOTO PUHKY;

v/ BCTAHOBIICHHSI PETYISTOPHUX OOMEKEHH IOJ0 HANpPIMKY, 0OCATiB, MiACTaB i
Croco01B 3/11MICHEHHSI OTepallii;

v/ CHCTEMHMI MOHITOPMHI OOCSTIB i LIHOBHX IIapaMeTpiB OIepariil Ta Harjs 3a
1X TOTPUMAaHHSM;

v/ OLIiHKa BIUIMBY J€PUBATHBHUX OIEPALliil HA CIIOTOBHM PUHOK, OajaHcH OaHKiB i
MDKHAPO/IHI PE3EPBU;
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v KOpuryBaHHs OOMEXEHb 1 3a MOTpeOM BiATEPMIHYBaHHS I1OAAJIBLION
mibeparizarii.

Taxum unHOM, pe3yNabTaTH JOCTIIKEHHS CB1AYaTh, 1[0 BAIOTHUN PUHOK YKpaiHU
GyHKIIIOHYe B yMOBax CTIHKOi HECTaOUIbHOCTI, 3YMOBIJIEHOI $K BHYTPIIIHIMU
MaKpOCKOHOMIYHMMH JAucOaniaHcaMy, TaK 1 3O0BHIIIHIMA UYWHHUKAaMH, 30KpeMa
3pOCTaHHSAM OOPrOBOT'O HABAHTAKEHHS Ta 3aJICKHICTIO BiJl IHO3EMHOTO (DiHAHCYBaHHS.
3a TakMX yMOB IHTErpallisi BaJJIOTHUX JCPUBATHUBIB Y CUCTEMY YNPABIiHHS BATIOTHOIO
HECTAaOUIbHICTIO HA0yBa€ CHUCTEMHOTO 3HAY€HHS, OCKIUIBKHM JI03BOJIIE HE JIMIIE
3HI)KYBATU PIBEHb BAIIOTHUX PU3HMKIB JUISI OKPEMHUX YYaCHUKIB PHUHKY, aje W
oM’ IKIITyBaTH Makpo(diHAHCOBI AucOaIaHCH Ta MIBUIIYBATH CTIMKICTh (P1HAHCOBOL
cucTeMu 3arajoM. BogHouac e(heKTUBHICTB IILOTO MpoIecy 0e3MocepeHbO 3aIEKUTh
BiJl PIBHS PO3BUTKY PMHKOBOI 1HGPACTPYKTYpPH, CTYIICHS BaJlFOTHOI Jlibepaizalii Ta
SIKOCTI PETryJIITOPHOTO CEPeJOBHINA, IO OOYMOBIIIOE HEOOXIJIHICTH IOCIIIOBHOI
MOJIITUKU CTUMYJIIOBAHHS PO3BUTKY PUHKY JI€PUBATUBHUX IHCTPYMEHTIB B Y KpaiHi.
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POJIb BAHKIBCBKOT'O KPEJIUTYBAHHSA Y
NIITPUMIII ®IHAHCOBOI CTIMKOCTI BAHKIBCBKOI
CUCTEMHU YKPATHU B YMOBAX BOEHHHUX
BUKJIUKIB

YaijikoBcbkuii SIpociias IBanoBuY

KaHIUAaT EKOHOMIYHUX HAyK, JOIECHT,

3axiIHOYKpaTHChKUI HalllOHAJILHUN YHIBEPCUTET, M. TepHOILIb, YKpaiHa
no1eHT Kadeapu GiHAHCOBUN TEXHOJIOT1H Ta 0aHKIBCHKOTO O13HECY

YaijikoBcokuii €Brex SpociaBosuy

noktop dinocodii (PhD),

JIsBiBCchKHMit iHCTUTYT [IpAT « BH3» « MAVII», M. JIbBiB, YKpaina
JIOLIEHT Kadepu MEHEIPKMEHTY, €KOHOMIKH Ta TYPU3MY

bankiBchbKe KpeauTyBaHHS BIJIIrPa€ KIIOYOBY pojb Y 3a0e3neueHHi (piHaHCOBOI
CTaOUIBHOCTI OAHKIBCBKOI CHCTEMHM YKpaiHM B yMOBaX BO€HHHUX BHKIHKIB Ta
MaKpOCKOHOMIYHO1 HEeCTallIbHOCTI. BilickkoBl Aii  CyTTEBO TpaHCHOpMYBaIH
(YHKLIOHYBaHHA KpPEIUTHOTO PHUHKY, MNOCHJIWIM KpPEIWTHI PU3MKH Ta 3MIHWIA
CTPYKTYpPY HMOMUTY 1 MPOMO3ULIii KPEAUTHUX PECYpPCiB. 32 TAKUX YMOB €(DEKTUBHICTh
KPEIUTHOI JISUIbHOCTI OaHKIB O€3M0CepeIHbO BIUIMBAE HA 3JATHICTH (DIHAHCOBOI
CUCTEMHU MIATPUMYBATH JIKBIJHICTE CYyO’€KTIB TOCHOJApIOBaHHS, 3a0e3MedyBaTu
Oe3repepBHICTh €KOHOMIYHUX TIPOLeciB 1 (popMyBaTH TMEpPEAyMOBU IMiCISIBOEHHOTO
BITHOBJICHHSI €KOHOMIKHU. Lle 3yMOBIIO€ HEOOXIMHICTh MOTIMOICHOTO AOCIIIKCHHS
poJii GaHKIBCHKOTO KPEAUTYBAHHS SIK THCTPYMEHTY 3MIIHEHHS (DIHAHCOBOI CTIMKOCTI
0aHKIBCHKO1 CUCTEMHU Y KpaiHHU.

KpenutHi omepariii 3a0e3neuytoTs Hepepos3noais (iHAHCOBUX PECYpCiB MIiX
€KOHOMIYHUMU areHTaMHu, CTUMYJIOIOTh 1HBECTHUIIIMHY aKTHUBHICTh Ta BUCTYNAIOTh
BOXKJIMBUM IHCTPYMEHTOM MOHETapHOI MOMITHKU. BopHouac ¢yHKIIOHYBaHHS
KPEAUTHOTO PUHKY YKpaiHH BilOyBa€ThCs B yMOBAax MiJABHUINEHOT HEBH3HAYEHOCTI,
3pOCTaHHS CHUCTEMHHX pPHU3UKIB 1 CTPYKTypHHUX JAHMCOaNaHCiB, M0 TMOTpedye
YAOCKOHAJICHHS MiIX0/IIB 10 YIPABIIHHS KPEIUTHOIO AISUTHHICTIO Ta ii peryasTOpHOTO
CYTIPOBOJLY.

B yMoBax BiifHM OaHKIBCbKI YCTAaHOBHM CTHKAIOTHCS 31 3HM)KEHHSIM KPEAUTHOL
AKTUBHOCTI, MIJBUIIEHHAM PU3HKIB 1 3MIHOIO CTPYKTYPH KPEIUTHUX MOPT(ENiB, 10
BIUTMBA€ Ha JIKBITHICTH 1 Kamitamizamito OankiB [2]. Tlompu 1me, cmoctepiraerbes
MOCTYTIOBE BITHOBJICHHS KPEIUTYBAaHHS, TEMITH SIKOTO 3aJUIIAIOTHCS 3aJICKHUMU BiJ
MaKpOEKOHOMIYHOI CUTYyallii, piBHS JOBIpH 10 (PiHAHCOBUX YCTAaHOB Ta CTaHy Ol3HEC-
cepenouiia [1].

BaxnuBUM YMHHUKOM TIiABHINCHHS €(PEKTHMBHOCTI KPEIMTHUX IIPOIECIB €
nudpoBizalliss O0aHKIBCHKOI ISIIBHOCTI. 3ampoBajpkeHHs KpeauTHoro peectpy
HarmionansHoro 6anky Ykpainu (HBY) mns dizuunux oci® cnpusuio migBUIIEHHIO
MPO30POCTI KPEIUTHUX BIHOCHH, 3HUKEHHIO TPAaH3aKLUIMHUX BUTPAT 1 MOKPAILIEHHIO
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SKOCTI O0OCIYroByBaHHs KIi€HTIB [5]. BuxopuctanHs mudpoBUX TEXHOJOTIH
3a0e3neyye aBTOMATH3allll0 OLIHIOBAHHSI KPEAUTOCIPOMOKHOCTI MO3UYaIbHUKIB,
MiBUIILYE OMEPATUBHICTh MPUUHATTA PILICHb 1 3MEHIIYE HMOBIPHICTH (hOpMyBaHHS
po06sIeMHOT 3a00PrOBaHOCTI.

Hocein kpain €Bponeiicbkoro Coro3y MIATBEPIKY€E 3HAUYIIICTh PO3BUTKY
KpeAUTHOI 1H(popMarlliitHoi iHppacTpykTypu. 3okpema, y [onpmii ¢ynkuionye Biuro
Informacji Kredytowej (BIK), sixe 3a0e3nedye HakomudeHHs, 0OpOOKY Ta aHATITHIHE
BUKOPHUCTAHHS KPEAUTHOI iCTOPil KIIi€HTIB 0aHKIB. /laHa cucTeMa BiJirpae BaxJIUBY
poJIb Yy MiHIMI3aIIl KPEIUTHUX PU3UKIB 1 MiABUINECHHI (DIHAHCOBOI JUCIUIUIIHH
MO3UYaIbHUKIB.

Ha Bigminy Bim KpeautHoro peectpy HBY, 1m0 mnepeBaxHO BHUKOHYE
peryisTopHy (pyHKIIiI0 Ta 3a0e31meuye MaKpoOnpyaAeHIIHHUNA HATJIs /1, TOJIbChbKa MOJIENb
BIK opieHTOBaHa Ha aKTHBHE PHUHKOBE BUKOPUCTAHHS KPEAUTHOI 1cTOpil s
OI[IHIOBAHHSI TJIATOCIIPOMOKHOCTI KJTIEHTIB 1 MOOY/T0BM CKOPUHTOBUX Mojieliei. Takuii
MIJIX1]] COIPUSiE MiABUIIEHHIO TOYHOCTI OILIIHIOBAaHHS KPEIUTHUX PU3UKIB, TOCUIICHHIO
KOHKYPEHI[li M OaHKaMu Ta 3MIIHEHHIO (pJIHAHCOBOI JUCHMUIUIIHU MO3UYAJIbHUKIB,
[0 € BaXKJIMBUM €JIEMEHTOM CTaOUIBHOCTI KPEAMTHOIO PUHKY B YMOBax LHU(POBOI
TpaHchopmarlii 6aHKIBCbKOTO CEKTOPY.

[lopiBHANBPHUI aHaNI3 YKpPAaiHCBKOI Ta TOJBCHKOI CHUCTEM KPEIUTHOL
1H(popMaLIHOT IHPPACTPYKTYpPH A03BOJIAE€ 3pOOUTH BUCHOBOK MPO PI3HI MIIXOIU 0
il ¢yukiionyBanns. B Ykpaini nomiHye peryisiTOpHUN MiAXiJ, OpIEHTOBaHWM Ha
MaKpONpPYJCHIIMHUNA Harfsa 1 3a0e3neueHHs (iHaHCOBOI CTAOUIBHOCTI, TOMl SIK Y
[Tonpiil nmepeBaXkae pUHKOBO OPIEHTOBAHUI MiJX1J, U0 aKTUBHO BUKOPHUCTOBYETHCS
OaHKaMu JUIsl OIIHIOBAHHS KPEIUTOCIPOMOXKHOCTI KIIIE€HTIB. Y Cy4YaCHHUX YMOBax
PO3BUTKY (PIHAHCOBOTO CEKTOPY YKpaiHa MOCTYIOBO PYXa€eThCs 10 (OpMyBaHHS
riOpuaHOT CUCTEMH, fKa TOEIHYE TepeBard IEHTPai30BaHOTO PETYJIIOBAHHS Ta
PUHKOBHMX MEXaHI3MIB OIIIHIOBAHHS KpPEOUTHUX pHU3UKIB. Taka TpaHcopmaris
COPUATUME MIABUUICHHIO €()EKTUBHOCTI KPEAUTYBAaHHS, 3HWKEHHIO 1H(QOpMaLIHHO1
acuMeTpii Ta 3MILHEHHIO (PIHAHCOBO1 CTAOUTBHOCTI OAHKIBCHKOI CUCTEMHU.

Y koHTekcTi 3abe3rneueHHs] (IHAHCOBOI CTaOLILHOCTI OAHKIBCHKOI CHUCTEMHU
VYkpainu kiro4uoBe 3HAUEHHS Mae (OPMYBaHHS «TPUKYTHUKA CTaOUIBHOCTI», WIO
OXOIUTIOE B3a€eMOJIII0 OaHKIBChbKUX ycTaHoB, HBY Ta nepxaBu. Takuil cucreMHuii
MIOX11 TPYHTYEThCS HA TOEJHAHHI MIKPO- Ta MAaKpPOPIBHEBUX I1HCTPYMEHTIB
peryJioBaHHs, J€ OaHKH BIAMOBIAAIOTH 3a €(QEKTHUBHE YMPABIIHHS KPEAUTHUMH
pusukamu Ta 1udpoBy TpaHchopmaiiiro npouecis, HBY peanizye makponpyaeHinny
MOJIITUKY, 1THCTPYMEHTH MOHETAapHOIO CTUMYJIIOBAHHS Ta Harisa[ 3a CTaOUIBHICTIO
(IHAaHCOBOTO CEKTOpYy, a JnepkaBa (QopMye I1HCTUTYIIIHI YMOBH Ta MEXaHI3MU
MIATPUMKA PEaJbHOTO CEKTOPY €KOHOMIKW. B3aeMoy3romxkeHa fisi IUX €JIEMEHTIB
3a0e3nedye 3MIIHEHHS (DIHAHCOBOI O€3IMEeKH, MIABUINEHHS CTIHKOCTI KPEAUTHOTO
PUHKY Ta CTBOPEHHS MEPEAYMOB JUIsi CTAOUIBHOTO €KOHOMIYHOTO BIJHOBJICHHS B
yMOBaX BOEHHUX BHUKJIHKIB.

[Tonanein TpanchopMallii KpeTUTHOTO MPOIECY 3HAYHOKO MIPOIO BU3HAYAKOTHCS
BIPOBAKCHHSIM HU(PPOBUX TEXHOJOTIM, 10 3MIHIOIOTh apXiTEKTypy OaHKIBCHKOTO
00CITyroByBaHHS.
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Takum 4yuHOM, JHUIIE CKOOpPAMHOBaHA B3aemojis OankiB, HBY Ta nepxaBu B
MeKaxX MaKpONpyACHIIMHOTO perynoBaHHs popmye 0CHOBY (hiHaHCOBOI CTaOITBHOCTI
Ta CTIKKOTO PO3BUTKY KPEIUTHOTO PUHKY B YMOBAX ITIJBUIIEHUX BOEHHUX PU3UKIB.

B ymoBax mudpoBoi Tpancdopmariiii OaHKIBCBKOTO CEKTOPY MAOIIBHUM €
MOPIBHSHHA TPaJUIIMHUX Ta I1HHOBALIMHUX MOJENEH opraHizamii KpeauTHOTO
nporecy. Ilepexia no Bukopuctanus mugpoBoro 6ankinry Ha ocaoBi RPA (Robotic
Process Automation) — TexHOJOTil poOOTH30BaHOI aBTOMAaTHU3allli PYTUHHUX
0aHKIBCBKHX OIepaliii 3a JOMOMOTOK MporpaMHUX pPoOOTIB, IO 3abe3meuye
MIJBUINCHHS IIBUIKOCTI OOpOOKHM JaHHUX, CKOPOUCHHS OIlepaliiiHuX BHUTpaT Ta
MIHIMI3AIlil0 OMNEpaIlifHuX PHU3HKIB, IITY4YHOro 1HTENeKTy (Al) Ta CKOpPUHTOBHX
CHUCTEM CYTTEBO 3MIHIOE IIIBUJIKICTh, TOUHICTh T €PEKTUBHICTh MIPUUHSITTS KPSAUTHUX
pillieHb. ¥Y3arajibHeH1 XapaKTepUCTUKU 3a3HAUYCHUX ITIXO1B HaBEJCHO B TaOIMII 1.

Tabmani 1
IHopiBHSIHHA TPaAMUIHOTO Ta HM(PPOBOro OAHKIHTY B KPeIUTHUX
npouecax
- o . ndposuii 6ankiar (RPA
Kpurepiit Tpanumiiitauii OaHKIHT Hugp ( ’
Al, cKkopuHr)
dopmar Yepes BIAAUICHHS, pyYHa JlucTaHiiiuui,
00CITyTrOBYyBaHHSI 00poOKa ABTOMATHU30BaHUM
[IBuakicTs mpuiiHATTS | HU3bKa, 3a1€KUTH Bij Bucoka, aBToMaTH30BaH1
pillieHb JIIOJICBKOTO (hakTopa AJITOPUTMH
Orinka [TepeBakxHO €KcIiepTHA Cxopunrosi mozeni, Big
KPEAUTOCIIPOMOIKHOCTI | OITIHKA Data, Al
OnepalliitHi BUTpaTH Bucoxki 3Ha4YHO 3HUKEHI
. Bumuii uepes mroacbKkui Hwoxunii 3aBasiku
PiBenb mommiiok H P A v
bakTop aBTOMAaTH3aIll1
: O6mexeHa rpadikom :
JIOCTYIHICTB MOCTYT farp b 24/7 yepe3 uM(PpoOBI KaHAIH
pOOOTH BIJIUICHD
YrpaBiiHHs pu3ukaMu | PeakTuBHe [IpeBeHTHBHE, aHANITHYHE
: ) Bucoxka, nerko
I'myukicTe npouecis Hwusbka
MacITabyIOThCs

Jlxepeno: y3arajJbHEHO aBTOpaMH Ha OCHOBI [1; 2; 5].

[IpoBenene nopiBHSIHHS, HaBeIeHE B TaONuIIl 1, CBIAUMTH MPO CYTTEB] EPEBAru
IU(PPOBUX TEXHOJOTIM Haa TPaauIIMHUMHU TIIXO0JaMH, HacamIlepe]] y 4YacTHHI
IIBUJKOCTI OOpOOKM KPEAWTHUX 3asfBOK, 3HIDKEHHS OINEpaIiiHuX BHUTpPAT Ta
IIJIBUINICHHS SKOCT1 OINIHIOBAaHHS KPEIWTHUX pHU3WKIB. BoaHodac Tpamumiiiai
MEXaHI3MH 30epiraroTh 3HAYCHHS Yy BHITQJIKaX, M0 MOTPeOyIOTh 1HIWBITYaTbHOTO
exkcriepTHOro aHamizy. OTpumaHi pe3yibTaTd MATBEPKYIOTh, IO MOJAIBIINAN
PO3BUTOK OaHKIBCHKOTO KpPEIUTYBaHHS Mae 0a3yBaTHCS Ha PO3IMIMPEHHI IMU(DPOBUX
PIIIEHB SIK KITFOYOBOTO IHCTPYMEHTY 3MIITHEHHS (PiHAHCOBOI CTAO1IBPHOCTI OAHKIBCHKOT
CHUCTEMH.

BaxnuBy ponb y TpaHchopmallii KpeIuTHUX MPOLECIB BiAIrpae pPO3BUTOK
(hiHTEX-KOMIIaHIM Ta HEOOAHKIB, SIKI CYTTEBO 3MIHIOIOTh KOHKYPEHTHE CEPEIOBHIIIEC
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O0aHKIBCBKOTO cekTopy. Taki 1udposi Oanku, sk Monobank Ta Revolut,
JE€MOHCTPYIOTh HOBY MOJIENIb KPEUTHOTO 0OCTYyTrOBYBaHHS, 10 0a3yeThCs HAa MOBHIN
ugpoBizallii MpoieciB, BUKOPUCTaHHI MOOLIBHUX 3aCTOCYHKIB, albT€PHATHBHHX
JDKEpeN JaHuX [Jisl CKOPUHTY Ta MHUTTEBOMY YXBajeHHI pimeHb. lle mocumoe
KOHKYPEHILIII0 Ha PUHKY OaHKIBCHKUX IMOCIYT, CTUMYJIOE TPaaWIiiHI OaHKH 0
BIIPOBA/HKCHHS 1HHOBAI[IMHUX TEXHOJIOTIHA Ta MPUCKOPIOE IUGPOBY TpaHChHOpMAIIito
KpeAUTYBaHHS. Y pe3yabTaTi GOpMYyeTbCsSs HOBA MOJETH KPEAUTHOTO PHHKY, B SIKIH
KIIFOUOBUMH (haKTOpaMU KOHKYPEHTOCIPOMOKHOCTI CTaIOTh NIBUKICTh, 3pY4HICTh Ta
TEXHOJIOT1UHICTh (DIHAHCOBUX CEPBICiB. B yMoBax BoeHHOT0 cTaHy B YKpaiHi HU(POBi
0aHKM TaKOXX BIJIrPalOTh BAXIMUBY CTaOLII3ylO4y PpoOJb, 3a0e3MeuyryuH
O€3MepepBHICTh KPEAUTHOTO Ta ILIATDKHOTO OOCIyroByBaHHS HaBiTh 3a YMOB
NIIBUIICHUX  PHU3UKIB Ta OOMEXKEHOi poOoTH  TpaguIliiHOi  OaHKIBCHKOI
1H(DpaCTPYKTypH.

KpiM Toro, BaiIMBUM HampsMOM pO3BUTKY € 3alpOBa/XKEHHS 3€JIEHOTO
KpEOUTYBaHHS, SKE€ CIpuse AuBepcUdIKalli KPEeOUTHUX MNOPTQENIB, 3HUKEHHIO
PHU3HKIB 1 MIATPUMLI CTAJIOrO PO3BUTKY €KOHOMIKHU [4]. DiHaHCYBaHHS €KOJOTIYHO
OpPIEHTOBAaHUX IMPOEKTIB IMIJBUILYE JOBIOCTPOKOBY CTAOUIBHICTH OaHKIBCHKOIO
CEKTOpY Ta CIpHsi€ 3MIITHEHHIO EKOHOMIYHOI O0€3MEKH JIep>KaBH.

KpenuTHi onepariii BiiirparoTb CUICTEMOYTBOPIOBAJIbHY POJIb Y (DYHKIIIOHYBaHHI
(1HaHCOBOI CHCTEMHM, BIUIMBAIOYM Ha PIBEHb [IJIOBOi AKTUBHOCTI, 1HBECTULINHI
MpOIIECH Ta CTAOUIBHICTh TPOIIOBO-KpEeAUTHOTO pUHKY. [linTpumka HediHaHCOBUX
Kopropaiiii yepe3 OaHKIBCBKE KPEIUTYBaHHS € KJIIOYOBOIO YMOBOKO B1JIHOBJICHHS
€KOHOMIYHOI aKTUBHOCTI Ta 3MIITHEHHS (PIHAHCOBOI CTIMKOCT1 0AHKIBCHKOI CUCTEMH.

dinancoBa cTaOUIBHICT, OaHKIBCHKOI CHCTEMHM TICHO IIOB’S3aHa 3 SKICTIO,
CTPYKTYpPOIO Ta o0csiraMu KpenuTHoro noptdens. HanMipHa kpeauTHa ekcmancis ado,
HaBIIAKM, PI3KE CKOPOUEHHS KPEAUTYBAaHHS MOXKYTh HPU3BOJIUTH A0 3pPOCTAHHS
CUCTEMHHUX PHU3UKIB 1 (piHAHCOBOI HecTaOULIbHOCTI. ToMy e(eKTUBHICTh KPEAUTHOI
MISIBHOCTI  BHU3HAYAETHCA  3[ATHICTIO OaHKIB  3a0e3meuuTd  OajmaHC  MDK
CTUMYJIIOBaHHSIM €KOHOMIYHOTO PO3BHUTKY Ta yMPAaBIiHHSAM KPEIUTHUMH PHU3UKAMU
[2].

Y  KOHTEKCTI EKOHOMIYHOi O€3MeKHM KpEeAUTHI omepaunli BHCTYNAIOTh
IHCTPYMEHTOM MIATPUMKHU CTPATETIYHO BAXKJIMBUX Traiy3ed eKoHoMmiku. BogHouac
HEJIOCTATHS yBara J0 OLUIHIOBaHHS KPEAUTOCIIPOMOKHOCTI MO3NYAIbHUKIB M1BUIILYE
PU3HMKU HEMOBEPHEHHS KPEAWTIB, 110 HEraTMBHO BIUIMBA€ Ha ()IHAHCOBY CTIHKICTH
0aHKIBCHKO1 CUCTEMH.

AKTHUBI3aIlsl KPEIUTYBaHHS 32 YMOB HAJIEKHOTO PETYJISITOPHOTO CYIPOBOAY €
BOKJIMBOIO TEPEIYMOBOIO E€KOHOMIYHOTO BigHOBJICHHS. CHIpPOMOXHICTh OaHKIB
3a0e3nedyBaT  MiANMPUEMCTBA  (DIHAHCOBUMH  pecypcamMu  BU3HAYA€  TEMIH
€KOHOMIYHOTO 3POCTaHHs Ta piBeHb (piHAHCOBOI cTaOUTLHOCTI [3]. ¥V 3B’s3Ky 3 UM
MPIOPUTETOM TPOIIOBO-KPEAUTHOI MOJITUKA Mae OyTH (POpMYyBaHHS MPOAKTHUBHOI
KpPEIUTHOI MOJITUKH, CIIPSIMOBAHOT Ha MIATPUMKY PEATBHOTO CEKTOPY €KOHOMIKHU.

AHaJ3 Cy4yacHUX TEHJCHIN CBITYUTH, 10 KPEIUTHUN PUHOK YKpaiHW 3a3HaB
3HAYHUX TpaHchopmalid. Y TmepioJ; BOEHHOIO CTaHy BIAOYJIOCSd CKOPOYEHHS
KPEIUTHOI AaKTUBHOCTI, OJHAK IIOCTYNOBE 1ii BIJHOBJIEHHS CYHPOBOKYETHCA
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CTPYKTYpHUMH 3MiHaMu. OCHOBHA 4YacTKa KPEAMTIB MpUNaZae Ha KOPHOPATUBHUN
CEKTOp, 30KpeMa TMIANPUEMCTBA TOPTIBIi, MPOMHUCIOBOCTI Ta  CiJIBCHKOTO
rocroapctBa. BogHouac yactka kpenutiB y BBII 3uu3mnacs, mo cBiIYUTH PO
HEJOCTaTHIM piBeHb (iHAHCYBaHHS €KOHOMIKH [5 |.

Baxx1Boro TEHICHINEIO € 3pOCTaHHs POl MU(GPOBUX TEXHOJOTINA Yy KPEAUTHUX
mpolecax, o J03BoJIsi€ OaHKaM MiABUILYBAaTH €(EKTUBHICTD TiSUTBHOCTI, 3HUKYBATH
BUTpAaTH Ta MOKpAIlyBaTH YNpaBIiHHSA pusukaMu. OJHOYACHO PO3BUTOK 3€JICHOTO
KpeIUTYyBaHHS crpusie auBepcudikaiii moprdeniB 1 3ade3nedye JTOBrOCTPOKOBY
CTaOUIbHICTh OAHKIBCHKOT CUCTEMH.

Kpenutna nisutbHICT OaHKIB O€3M0CEepEIHBO TTOB’s13aHa 3 PUBHKAMH, CepPel TKUX
OCHOBHMMH € Ae(dOJITU MO3UYAIbHUKIB, KOHILIEHTpAIlil KPEAUTHOro mopTdens Ta
MaKpOEeKOHOMIYHA HeCcTaOlIbHICTh. HeeekTuBHE ynpaBIiHHS pU3UKaMHU TPU3BOIUTH
710 3pOCTaHHs MPOOJIEMHUX KPEIUTIB, 3HIKCHHS KariTaai3allii Ta JIKBITHOCTI OaHKIB.
Boanouac edexTuBHe ynpaBiiHHSI KPEIUTHUMU OmepallisiMu 3abe3rnedye 0amaHc Mix
MPUOYTKOBICTIO Ta (PIHAHCOBOIO CTIHKICTIO.

CyTTeBuil BIUIMB Ha KPEIUTHY aKTHBHICTh MAIOTh MAKPOEKOHOMIUHI (PaKTOPH,
30kpemMa 1HQIIAIISA, BaJIIOTHI KOJMBAaHHS Ta 3HIDKCHHS ILJIATOCIHPOMOKHOCTI
no3nyanbHUKIB. KpiM TOTO, JKOPCTKI peryJISTOPHI BUMOTH A0 JIKBIAHOCTI Ta KamiTaty
MOXKYTh CTPUMYBATH PO3BUTOK KpPEIUTYBaHHS, OCOOJHMBO y CETMEHTI Majoro Ta
cepeaHboro Oi3HeCy.

BaxnuBy ponb y CTUMYIIOBaHHI KpeAuTyBaHHsS Bijirpae HarioHanbHuii GaHK
VYkpainu, SIKuil 3aCTOCOBY€E Takl IHCTPYMEHTH, SIK pediHaHCYyBaHHs OaHKIB, 00JIIKOBA
CTaBKa Ta HOPMATHUBH JIIKBITHOCTI 1 KamiTany. CtpaTeris po3BUTKY KpeIUTyBaHHS,
3arBep/keHa 'y 2024 poiri, BU3HA4Ya€ MPIOPUTETH MIATPUMKH KOPIIOPATUBHOTO
CeKTOpYy, AuBepcudiKaIli KpeauTHUX MOPTQETB Ta PO3BUTKY 1HHOBAIIWHUX (opM
KpeIUTyBaHHs [5].

Koopaunauis aiit HBY ta nep:xaBHOT MOMITUKY CIIPUSiE TMIBULIEHHIO TOBIPU 110
OaHKIBCHKOI CHCTEMH, TMOKpAIIEHHIO JOCTymy A0 (IHAHCOBUX pecypciB i
3a0€3MEUECHHI0 CTAa0UTBHOCTI KPEAUTHOI [ISUIBHOCTI HaBiTh B YMOBaxX BOEHHUX
BUKJIUKIB.

3 MeTor0 aKTUBI3alii O0aHKIBCHKOTO KpPEIUTYBaHHS Ta 3MILHEHHS (DIHAHCOBOI
CTa01ILHOCTI JOIIBHO pealli3yBaTH KOMIUIEKC 3aX0iB. 151 6aHKIBCHKUX YCTAHOB I1€
nependavae yIOCKOHAIICHHS YIPAaBIIHHSA KPSAWUTHHUMH PH3HKAMHU, BIPOBAKCHHS
U(POBUX TEXHOJOTIN, PO3MIMPEHHS KPEIUTYBAHHS KOPIOPATUBHOTO CEKTOPY Ta
iHTerpamniro 3eineHux (QinancoBux iHcTpymeHtiB. Jlns HBY — Buxopucranss
CTUMYJIIOIOYUX I1HCTPYMEHTIB MOHETApHOI MOJITHUKH, 3a0e3medeHHs CTaOlIbHOCTI
(IHAaHCOBOTO CEKTOPY Ta PpO3BUTOK HOPMATHMBHOI 0a3u Jyisi 1HHOBAIIMHOTO
KpenuTyBaHHs. Ha MakpopiBHI BaXIJIMBUM € 3a0€3ME€UEHHS JOCTYMY MiAMPUEMCTB 10
(diHaHCYBaHHS, 3HIKCHHS CHCTEMHUX PHU3UKIB 1 MIATPUMKA CTaJOrO PO3BUTKY
€KOHOMIKH.

3 MeTor0 aKkTuBI3alii 0aHKIBCHKOTO KpPEIUTYBaHHS Ta 3MIIIHEHHS (DIHAHCOBOI
CTaOUIBHOCTI OAHKIBCHKOT CHCTEMH YKpaiHM B yMOBaX BOEHHMX BHUKIIHKIB
HEOOX1HOIO € peai3allisi KOMIUIEKCY Y3rOo/DKEHMX 3aXOJiB Ha PiBHI OaHKIBCBKUX
ycraHoB, HalioHaneHOro 6aHky YKpaiHU Ta Jep’KaBH. IX CHCTEMHE BIPOBAKEHHs
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J03BOJIUTH 3a0e3neuynTd OallaHC MK CTUMYJIIOBAaHHSM KPEAUTHOI aKTHBHOCTI,
YOPaBIiHHAM PU3MKAMU Ta MIATPUMKOI €KOHOMIYHOTO BiJTHOBIICHHS. ¥Y3arajabHEHHS
OCHOBHUX HaIpsIMiB, IHCTPYMEHTIB Ta OUiKYBaHUX €(EKTIiB MOIaHO B TaOIHIIi 2.

Taomung 2

Kommuieke 3axoiB moa0 akTuBizanii 0aHKiBCbKOI0 KpeIMTYBaHHS Ta
3a0e3nevyeHHs (PiHAHCOBOI CTA0IILHOCTI

PiBenn 3axoaun IHCTpYyMEHTH OuikyBaHHH ePeKT

Y nockoHaneHHs CkopuHTOBI MOJIeI, 3HMKEHHS YaCTKU

kpenutHoi noituku Ta | RPA, Al, ctpec- pOOJIEMHUX KPEAUTIB,
BaHKIBCHKI | pU3HK-MEHEDKMEHTY TECTYBAHHS i ABUILEHHS MPUOYTKOBOCTI

CTaHOBU L OHnaliH-KpeaUTyBaHHS .
Y [udposizaris PeAHTY > | CKOpOY€eHHSI yacy NpUUHATTA
. AaBTOMAaTH30BaHI .
KpEAUTHUX MPOIIECiB . pillleHb, 3HU)KEHHS BUTpPAT
CUCTEMH OIL[IHKHU

MonerapHe O6mnikoBa cTaBka, [ligTpuMKa KpeaUTyBaHHS Ta

CTUMYJTIOBaHHS pedinaHCyBaHHS, cTabUIbHOCTI 0aHKIBCHKOL
HEY KPEIUTHOI aKTHBHOCTI HOPMATHBH JIKBIIHOCTI | CHCTEMH

. . [TigBuIIeHHS MPO30POCTi Ta
Po3BuToK KpeauTHO1 Kpeautnuii peectp,
iH(ppacTPyKTypH eTyJISITOPHI BUMOTH SHIDRCHHA KPCIUTHIX
PacTpyKTyp pery. P PU3HKIB

[TinTprMKa peaibHOTO ["apanTii 3a kpequtamu, | Po3mmpenns gocrymy

CEKTOPY €KOHOMIKH KOMITCHCAIIisl CTABOK Oi3Hecy 10 piHaHCYBaHHS
HepxaBa | CTUMYJIOBaHHS [TomaTkoBi cTUMYIH, .

. NV [IpuckopeHHsI EKOHOMIYHOTO

1HBECTHUIITHOT JEPXKIPOrpaMu .

. . BiJTHOBJICHHS
AKTUBHOCTI BiJTHOBJICHHS

I[)KCpCJ'IOI CKIIaACHO aBTOPaMHU.

[IpoBenenuii anami3 3aX0/11B, HABEJICHUX y TaOJIHIIl 2, 3aCBIIUYE, 1110 ITiIBUIICHHS
e(eKTUBHOCTI OaHKIBCHKOI'O KPEIUTYBAHHS Ta 3MIIHEHHS (PIHAHCOBOi CTAOLIBHOCTI
0aHKIBCHKOI CUCTEMHU YKpAaiHM MOKJIMBE JIMIIE 32 YMOBH CUCTEMHOI Ta Y3TOIKEHOI
B3aemMojili OaHKIBChKMX ycTaHoB, HBY Ta nepxaBu. 3anmpomnoHOBaHI 1HCTPYMEHTH
(GOpMYIOTh HITTICHY MOJIENb BIUIMBY Ha KPEIUTHUHN PUHOK, y K1 OaHKH 3a0€31eUyI0Th
YIAOCKOHAJIEHHS PHU3HK-MEHEKMEHTY Ta mudposizaiio nporeciB, HBY peanizye
MOHETapHE Ta PETyJATOPHE CTUMYJIIOBAHHA, a JiepKaBa CTBOPIOE IHCTUTYIIIMHI Ta
(1HAHCOBI CTUMYJIM PO3BUTKY KpeAUTyBaHHsS. Taka B3aeMo/is CIPUsE TABUIICHHIO
JOCTYITHOCTI KPETUTHUX PECYpCiB, 3HWKEHHIO PIBHS KPEIUTHUX PHU3UKIB 1
(hopMyBaHHIO CTIHKOI TPAEKTOPIi pO3BUTKY OAHKIBCHKOT'O CEKTOPY B YMOBaX BOEHHHUX
BHKJIMKIB 1 IMICIIIBOEHHOTO BIIHOBJICHHSI €EKOHOMIKH Y KpaiHHU.

TakuM YMHOM, pe3yJbTaTH JHOCTIHKEHHS MMATBEP/KYIOTh, IO OaHKIBChKE
KpEIUTYBaHHS € CHUCTEMOYTBOPIOIOYMM €JIEMEHTOM 3a0e3neueHHs (piHaHCOBOi
CTIMKOCTI OaHKIBCHKOI CHUCTEMH YKpaiHM B yMOBax MiJBUIICHOI HEBU3HAYEHOCTI.
Horo edeKTHBHICTh BU3HAYAECTHCS HE JIMIIE BHYTPIIIHIMMA MEXaHi3MaMH yIPaBIIiHHS
KPEIUTHUMU PU3UKAMH, aJl€ U SKICTIO PETYJIATOPHOTO CEPEAOBHUILA, PIBHEM HIUPPOBOI
TpaHcdopmarlii OaHKIBCBKOTO CEKTOPY Ta Y3TOJKEHICTIO JEp’KaBHOI MOJITHUKH
HIATPUMKH €KOHOMIKU. J[OBEJEHO, M0 MEPCINEeKTUBH PO3BUTKY KPEAUTHOTO PUHKY
0e3rmocepelHbO  TMOB’s3aHI 3  TNOTAMOJEHHAM  IUQPOBI3aIii, PO3MUPEHHIM
THCTPYMEHTIB 3€JIeHOT0 (hiHAHCYBAaHHS Ta MOCUJICHHSIM 1HCTUTYIIIHOI CIIPOMOXKHOCTI
(h1HaHCOBOI CHCTEMH, 1110 B CYKYITHOCTI (h)OPMY€E OCHOBY JOBIOCTPOKOBOI (DiHAHCOBOT
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CTab1IbHOCTI OAHKIBCHKOTO CEKTOPY YKpaiHu.

Cnucoxk BUKOPUCTAHUX JAKepeJ

1. JronkoBcrka HO. 0., AGmgymmaeBa A. €. OuiHKa Cy4YacHMX TEHACHIIN
0aHKIBCHKOTO KpeAuTyBaHHS B Ykpaini npotarom 2018-2023 pokiB. Exornomixa ma
cycninbemeso. 2023. Bumyck Ne56. https://doi.org/10.32782/2524-0072/2023-56-109

2. KoBanenko B. B., Tkauenko JI. 1O. , IlleBuenko O. B. KpeautHuii puHOoK
VYkpainu: cyyacHi nmpo0JieMu Ta ePCIeKTUBU PO3BUTKY. Haykosuil no2nso: ekonomika
ma ynpaeninns. 2018. Ne 3. C. 90-96. https://doi.org/10.32836/2521-666X/2018-3-61-
13

3. YatikoBcekuit S1. 1. Po3BUTOK OaHKIBCHKOTO KPEIUTYBaHHS KOPIOPATHBHUX
KJIIEHTIB B YKpaiHi B yMOBax IMKIIYHOCTI €KOHOMIKU. Bicnuk Tepnoninbcvkoco
HayioHanibHo20 exoHomiuno2o yuisepcumemy. 2017. Bumyck 4 (86). C. 72-87.
https://doi.org/10.35774/visnyk2017.04.072

4. YaiikoBcbkuit ., Jlymis b., J[3wo6mok O., YaiikoBcekuit €., Jlymis II.
baHkiBCbKE 3€JieHE KpEAUTYBaHHS SK KIIOYOBHM 1HCTPYMEHT €KOJIOTIYHOI
MOJIepHi3allli eKOHOMIKU. DiHAHCOB0-KpeOUmMHA OIsNbHICMb: npobdiemu meopii ma
npaxkmuku. 2025. Tom 2 (61). C. 54-72. DOI: 10.55643/fcaptp.2.61.2025.4651

5. Odiuiitauii cailt HamionanbsHoro 6anky Ykpainu. URL: https://bank.gov.ua/

55



EDUCATION
TRANSFORMATIONS OF EDUCATION IN THE ERA OF MODERN TECHNOLOGIES

PROBLEM-BASED AND HEURISTIC ARTISTIC-
PEDAGOGICAL TECHNOLOGIES IN TEACHING THE
INTEGRATED COURSE “ART” AND MUSIC
EDUCATION IN GENERAL SECONDARY SCHOOLS

Arystova Liudmyla
Ph.D., Associate Professor, Associate Professor of the Department of Music Arts,
Admiral Makarov National University of Shipbuilding, Ukraine

The reform of the New Ukrainian School sets the task for modern general secondary
education institutions to shape students as active participants in the learning process,
capable of independent thinking, creativity, and critical evaluation of information. In
this context, the integrated course “Art” plays a key role in the comprehensive
aesthetic, moral, spiritual, and cultural development of school students. Its
effectiveness largely depends on the organization of the lesson and the use of modern
pedagogical technologies that can ensure active, productive, and creative student
engagement.

The aim of the article is to analyze and theoretically substantiate the effectiveness
of applying problem-based and heuristic artistic-pedagogical technologies in teaching
the integrated course “Art” and music education in general secondary education
institutions for the formation and development of students’ critical thinking, creative
abilities, and aesthetic competence.

An art / music lesson (within the integrated course “Art”) is the main form of
implementing art and music education in general secondary education institutions. Its
structure, content, and methodological support determine the effectiveness of
knowledge acquisition, the development of students’ creative competencies, and their
aesthetic perception. Each lesson should be coherent and complete, while at the same
time being integrated into a system of learning activities united by the common goals
and objectives of the educational programme.

As a school subject, music education meets the fundamental requirements of the
educational process: integrity and autonomy of the lesson; clear formulation of
educational, developmental, and instructional objectives; a learner-centered approach;
differentiation and individualization of learning; a high level of students’ motivation
and cognitive activity; the use of diverse teaching methods and tools; a flexible
assessment system; a balance between complexity and accessibility; the connection
between theory and practice; and the systematic organization of lessons (Hryshchenko,
2018).

Modern education is aimed at restructuring the educational process on the
principles of developmental pedagogy, which ensures the early identification and full
realization of students’ potential, taking into account their age and psychological
characteristics, as well as the formation of moral, spiritual, and cultural competence
that contributes to the development of a socially mature and creative personality.
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Achieving these objectives is impossible without a scientifically grounded
approach to the content, methods, and technologies of the educational process, which
involves rethinking the role of the learner as an active participant in learning. While
the traditional pedagogical paradigm shaped a “performer-type individual,” the modern
school is expected to educate a “creator-type individual” capable of critical thinking,
analysis, and evaluation of aesthetic phenomena (Robinson, 2011).

The effective organization of an art lesson in the context of art and music education
is significantly enhanced by artistic and pedagogical technologies that integrate artistic
content with teaching methodology. These include problem-based and heuristic
methods, heuristic dialogues, engagement with musical and visual artworks,
dramatizations, and theatrical exercises, all of which contribute to the development of
students’ emotional, aesthetic, and creative competencies. Such technologies are
oriented toward fostering critically thinking individuals capable of creatively
interpreting artistic phenomena and realizing their own potential through active
interaction with artistic objects (Eisner, 2002).

The process of engaging with a work of art within the educational space involves
not only its perception but, above all, a dialogical interaction with the artistic image.
This includes reflection on its content, interpretation, the expression of personal
impressions, evaluations, and attitudes, as well as an awareness of the work’s figurative
and semantic structure. As a result of such activities, a holistic development of students’
spiritual sphere takes place, particularly in the emotional-volitional and activity-based
domains, leading to the formation of moral and aesthetic qualities and the capacity for
artistic experience.

The methodological foundation of problem-based and heuristic artistic-pedagogical
technologies in art and music education is dialogue as a form of pedagogical
interaction, understood not only as a means of communication but also as a value, a
creative process, and a shared search for truth between teacher and student. In this
context, dialogue functions as a leading mechanism for understanding art, ensuring the
transition from the reproductive acquisition of knowledge to its meaningful
comprehension and interpretation.

Dialogue in art education represents a form of >kuBoro, direct engagement between
the student and the artwork, opening the possibility of interaction with the world of
spiritual values. Through dialogue, the student apprehends the author’s position,
understands the artistic “self” of the work, and the value system of the artist, while
simultaneously actualizing their own “self,” as well as their emotional and aesthetic
experience. Such an approach fosters an awareness of the significance of art as an
essential component of an individual’s spiritual life.

The appropriation of a work of art in art and music education is carried out through
the interrelated processes of experience, understanding, and interpretation, in which,
despite the importance of the cognitive component, the sensory-emotional sphere
predominates. It is precisely emotional engagement that ensures the depth of artistic
cognition and fosters the development of empathy and aesthetic evaluation.

The contemporary art lesson (particularly in music education) is oriented toward
interpersonal communication, the outcome of which is a profound comprehension of
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the musical image. In this context, dialogue emerges as a specific form of emotional
and semantic interaction that enables the co-creation of teacher and students, as well
as the synthesis of emotions, knowledge, and personal meanings that arise in the
process of direct artistic experience.

At the same time, dialogue in art education presupposes the ability of participants
in the educational process to respond flexibly to changes in the artistic and pedagogical
situation, to “live through” aesthetic ideas, and to interpret the meanings embedded in
the artwork, thereby contributing to the development of creative thinking and
reflection.

One of the most effective methods for implementing the problem-based and
heuristic approach in art and music education is the heuristic conversation. According
to L. Masol, it is a verbal dialogical teaching method in which the teacher organizes
students’ active cognitive activity through a system of interrelated questions that guide
them toward the independent discovery of knowledge (Masol, 2019) [1; 112]. Unlike
reproductive forms of instruction, the heuristic conversation is oriented toward the
development of creative thinking, as well as the ability to analyze and interpret artistic
phenomena.

One of the key techniques within the heuristic conversation is the “Socratic
dialogue,” which is based on the art of questioning. Its essence lies in stimulating
students’ independent thinking: instead of transmitting ready-made knowledge, the
teacher organizes the process of its discovery through a logically structured system of
questions.

In the methodology of teaching art, this technique is particularly valuable, as it
contributes to the formation of students’ own aesthetic judgments. Rather than
providing ready-made information (for example, characteristics of an artistic style), the
teacher structures the cognitive process through different types of questions:

1) clarification questions (What do you see? What draws your attention?);

2) assumption-revealing questions (Why do you think so? Which details support

this?);

3) argumentative questions (What would change if a certain element were
altered?);

4) hypothetical questions (How would the work change under different
conditions?).

The classical structure of the Socratic dialogue in art and music education includes
three stages:
1) irony — the identification of superficial or incomplete knowledge;
2) maieutics — the process of the “birth of truth” through guiding questions;
3) definition — the student’s independent formulation of a generalized conclusion.
The typology of Socratic questioning in art education can be represented by three
main groups:
1) open-ended questions —aimed at activating emotional experience and expanding
the field of interpretation;
2) clarifying questions — contributing to the development of the ability to
substantiate one’s opinion based on artistic evidence;
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3) problem-based and hypothetical questions — ensuring a deeper understanding of

the patterns of artistic style and the author’s intent.

As an example, let us consider a set of Socratic questions used in studying the 8th-
grade lesson topic “Baroque: The Capriciousness of Visual Forms” (based on the
textbook by L. Masol) [2; 103]. Artwork for analysis: Rembrandt van Rijn, The Night
Watch (1642).

Scenario of the Socratic dialogue:

the beginning of an action.

Teacher questions Expected children's Methodical
(Socratic approach) response options purpose of the
question

1. (Irony) Look at the group of - No, it does not. They Identification of
people. Does this resemble posing for | seem to be preparing for | the main feature of the
an official portrait? What is | something—someone is | Baroque  style -
happening  here: calmness or | taking a flag, someone is | dynamism.
movement? loading a musket. It feels like

2. Imagine that you are standing
next to them. Where does the light fall
from? Is it even daylight?

- The light comes from the
side; it 1is bright, like a
spotlight. Everything around
is very dark, and certain
figures seem to be “emerging”
from the darkness.

Understanding the
technique of
chiaroscuro and the
effect of theatricality.

3. Look at the captain (in black, at
the center) and his lieutenant (in
yellow). Why do we notice them first,
even though there are many people in
the painting?

- Because they are closest
to us, they are the largest, and
the brightest light falls on the
lieutenant.

4. There is a strange little girl in a
golden dress in the painting. Does she
fit into the group of soldiers? Why do
you think she is there?

- She appears almost like
a vision; she is very luminous.
Perhaps she is a symbol or a
talisman of the group? She
adds a sense of mystery.

Analysis of the
multi-layered
composition and
identification of the
main  focal  point
through light.

Emphasis on the
mysticism and
complexity of

meaning characteristic
of the Baroque.

5. (Maieutics) In your opinion,
what was more important for
Rembrandt: to depict the face of each
patron or to convey the shared energy
and tension of the moment?

- Probably the energy.
Many faces are in shadow, but
we can sense the noise, the
sound of drums, and the
forward movement.

Derivation of the
idea of the primacy of
emotion and
atmosphere over dry
factual representation.

6. (Conclusion) If we combine

- It 18 dramatic,

Independent

this “theatrical” lighting, chaotic | contrasting, vivid, and very | identification of the
movement, and dark background, | grand. features of realistic
what is the character of this art? Baroque art.

The application of the Socratic dialogue in the educational process of art and music
education has a number of pedagogical advantages: it promotes the development of
critical thinking, fosters subject—subject relationships between teacher and student, and
ensures deep and sustainable acquisition of learning material. Knowledge gained
through independent inquiry acquires personal significance and long-term value.

59



EDUCATION
TRANSFORMATIONS OF EDUCATION IN THE ERA OF MODERN TECHNOLOGIES

One of the effective techniques for implementing problem-based and heuristic
artistic-pedagogical technologies is “Directed Reading Thinking Activity” (DRTA),
developed by R. Stauffer (1969) and further elaborated by J. Gunning (2000)
(Crawford et al., 2006) [3; 46—48]. This method is appropriate for the in-depth study
of educational texts, the development of comprehension skills, and the cultivation of
students’ critical thinking.

Directed reading is a strategy for organizing learning activities that involves the
active engagement of students in making sense of textual information through
purposeful questioning, prediction of content, interpretation, and subsequent
discussion. The primary aim of this method is not only to understand the content of a
text but also to develop students’ ability to analyze, generalize, and evaluate the
information obtained.

The methodology of applying directed reading in art and music education involves
a step-by-step organization of work with a text. In particular, the teacher may divide
the text into meaningful segments, which allows for guiding students’ cognitive
activity. For younger learners, reading aloud with planned pauses is advisable; during
these pauses, the teacher poses questions aimed at activating prior knowledge and
encouraging prediction. For middle and high school students, independent reading with
pre-formulated tasks and guiding prompts proves to be more effective.

From the perspective of the artistic-pedagogical approach, it is important that
directed reading enables the integration of cognitive and emotional-value components
of learning. This ensures not only the understanding of factual material but also the
formation of a personal attitude toward artistic phenomena.

The practical implementation of this technique can be illustrated through work with
primary school students (Grade 3, topic “Adventures in Wonderland”) [4; 94-95]. In
this case, reading aloud with pauses is used, accompanied by problem-based and
heuristic questioning. For example, after reading a fragment about the roles involved
in creating a musical (scriptwriter, composer, director, actors), the teacher asks
questions aimed at clarifying concepts (“What is a script?”), establishing functional
relationships (“What role does the composer play?”), developing cause-and-effect
understanding (“Is a musical possible without music or dance?”), and generalization
(“Who participates in the creation of a musical?”’). Such an approach facilitates the
gradual construction of knowledge by students and the formation of a holistic
understanding of the artistic phenomenon.

In lower secondary school (Grade 6, topic “Choral Genres: Cantata”) [5; 22—-25],
the use of directed reading in the format of independent text work with pre-formulated
questions is particularly appropriate in art and music education. The content of such
tasks is oriented toward different levels of cognitive activity: the reproductive level
(defining concepts, recalling facts); the analytical level (comparing historical and
contemporary forms of the cantata); the interpretative level (analyzing artistic features
of works); the evaluative level (identifying reasons for the popularity of musical
compositions); and the reflective level (recognizing the personal significance of the
acquired information).

60



EDUCATION
TRANSFORMATIONS OF EDUCATION IN THE ERA OF MODERN TECHNOLOGIES

After independent reading, a discussion is organized, which may take the form of a
whole-class conversation or small-group work. The teacher’s questions guide students
toward a deeper understanding of the content, the establishment of logical connections,
and the formation of their own positions regarding the studied material.

The effectiveness of the “directed reading” technique lies in its ability to transform
the nature of students’ learning activity—from passive reception of information to the
active search for meaning. Students’ attention is focused not on mechanical reading,
but on comprehension, analysis, and interpretation of the content, which significantly
enhances the level of understanding of the learning material.

Moreover, an important advantage of this method is that it creates conditions for
multiple possible answers, stimulates discussion and exchange of ideas, and aligns with
the principles of problem-based and heuristic learning, thereby contributing to the
development of students’ critical thinking and communicative competence.

In general, the methodological arsenal of a teacher of fine arts and music is
extremely diverse. In particular, it is advisable to use techniques such as a “simulated
dialogue” with composers of different historical periods as representatives of specific
genre and stylistic traditions, which allows their work to be actualized within the
contemporary educational context. Equally important is the recognition of the student’s
“voice” as a valuable subject of the educational process, capable of interpretation,
evaluation, and even “co-creation” with the artist. In this regard, special importance is
attached to artistic-pedagogical technologies that ensure the integration of different art
forms, interdisciplinary connections, and the development of the emotional and value-
based sphere of the individual.

The conducted research has demonstrated that the application of problem-based and
heuristic artistic-pedagogical technologies in teaching the integrated course “Art” and
music education is an effective means of developing students’ key and subject-specific
artistic competencies.

It has been proven that the implementation of such methodological techniques as
the “Socratic dialogue” and “Directed Reading” promotes the organization of learning
based on inquiry, stimulates cognitive interest, activates thinking processes, and
ensures the development of students’ critical thinking and creative abilities. Within the
framework of the problem-based and heuristic approach, students are engaged in the
analysis, interpretation, and independent discovery of the content of artistic
phenomena, which enhances their motivation to learn.

It has been established that the integration of artistic-pedagogical technologies with
problem-based and heuristic methods creates conditions for the development of
aesthetic competence, particularly the ability for emotional and value-based perception
of art, its comprehension, and creative self-expression.

Thus, the use of problem-based and heuristic technologies ensures a transition from
a reproductive model of learning to an activity-based one, in which the student acts as
an active subject of cognition, while the teacher assumes the role of a facilitator and
organizer of the educational process.

Prospects for further research are associated with the development of
methodological support for problem-based and heuristic learning within a digital

61



EDUCATION
TRANSFORMATIONS OF EDUCATION IN THE ERA OF MODERN TECHNOLOGIES

educational environment, as well as with the expansion of the range of corresponding
artistic-pedagogical technologies.
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The modern educational paradigm requires students to demonstrate not only
theoretical knowledge but also the ability to establish interdisciplinary connections and
digital literacy. This article explores the implementation of the STEAM (Science,
Technology, Engineering, Arts, and Mathematics) approach in chemistry education
and investigates the role of digital tools in this process. The synthesis of chemistry with
other disciplines and the impact of this synthesis on students' analytical thinking skills
are analyzed.

By its very nature, chemistry serves as a bridge between the microscopic and
macroscopic worlds. However, in traditional methodology, teaching chemical
processes in isolation creates the problem of "fragmentation of knowledge" among
students. The STEAM approach eliminates this issue by placing chemistry at the center
of real-world projects. Digital tools serve as the primary means to visualize this
complex approach and make it measurable. [1]

1. Digital Modeling of Science and Mathematics

Quantitative analysis in chemistry remains incomplete without digital
mathematical tools. For instance, using software such as MS Excel or Origin to graph
reaction rate dependencies in topics like chemical kinetics or thermodynamics instills
statistical data analysis habits in students. This ensures that the "Mathematics"
component functions as a validation of chemical laws.

2. Engineering and Design: 3D Technologies

Understanding chemical structures requires spatial reasoning. Designing the
geometric structures of molecules through digital modeling software such as
ChemDraw, Avogadro, or HyperChem unites the "Engineering" and "Arts" aspects of
STEAM. Students do not merely memorize formulas; they construct physical models
of matter and predict its properties.

3. The Technological Component: Virtual and Augmented Reality

Digital tools create a "safe experiment" environment in chemistry education.
Platforms like PhET Simulations or Labster allow students to conduct trials that are
impossible in a physical laboratory, such as working with radioactive elements or
reactions at extreme temperatures. This represents the highest stage of integrating
technology into methodology.

4. Interdisciplinary Project Example: "Alternative Energy Sources"

The effectiveness of the STEAM approach is most evident in Project-Based
Learning (PBL). During the study of hydrogen fuel cells:
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Science (Chemistry): Investigates electrolysis and oxidation-reduction reactions.
Engineering: Develops a prototype that increases energy efficiency.
Technology: Utilizes software to measure fuel consumption.

Arts: Designs the visual layout of the project and creates ecological infographics.

[2]

When the STEAM approach in chemistry education is supported by digital tools,
the creative potential of learners is maximized. This integration not only improves
academic achievement but also fosters the ability in future specialists to solve complex
problems systematically. For the modern chemistry teacher, digital tools should not be
seen merely as auxiliary aids but as an integral part of the methodological system.
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CTEI\/JIKXOJII[E.PCI)KI/II‘/’I HIAXII AK IHCTPYMEHT
MOJEPHI3ALII OCBITHIX ITIPOT'PAM Y 3AKJIAZIAX
BHUIIOI OCBITH YKPAIHUA

I'mpu4 305 IBaniBHA
JIOKTOP TearoriYHuX HayK, mpodecop, mpodecop
XapkiBChbKUM HallioHAIBHUN yHIBepcuTeT iMeHi B. H. Kapasina

IHickynoB Anapii OQJiekCaHAPOBHY
CTYACHT
XapkiBcbkuil HallloHANBbHUN yHIBepcuTeT iMeHi B. H. Kapasina

VY cydacHHX yMOBax MOJIepHi3ailii cucTeMu TpodeciiiHoi OCBITH 0COOIMBOIO
3HaUCHHA HaOyBa€ CTEUKXOJJAEPCHKUN MiaXia, sKuW 3abe3nedye 1HTErpariio
OCBITHBOTO MPOIIECY 3 peaTbHUMU MOTPeOAMH PUHKY Tpalli Ta cycnuibeTBa. CucreMHe
3aly4eHHsS] KJIIOYOBHMX 3aIlIKaBIEHUX CTOPIH — pOOOTOAABIIB, MPEICTaBHUKIB
0i3Hecy, BUITYCKHUKIB Ta JEPKABHUX IHCTUTYLIA — CHPHSE MIJBUIIECHHIO SKOCTI
OCBITHIX MpoOrpamM, iX BIAMOBIJHOCTI CYYaCHUM TEXHOJOTIYHUM 1 COIllajJbHO-
€KOHOMIYHUM BHKJIMKaM. Takuil miaxia 703Bossie (JOpMyBaTH THYYKI Ta aJanTHBHI
TPAEKTOPIi HAaBUAHHSA, OPIEHTOBAaHI Ha PO3BUTOK NPO(ECIMHMX KOMIETEHTHOCTEH
3100yBadiB OCBITH, a TakoX 3a0e3nedye e()EeKTUBHUIA 3BOPOTHHUM 3B’SI30K MIX
3aKJIaJJaMUd OCBITH Ta 30BHIIIHIM CEPEIOBHUIIIEM.

AKTyaJIbHICTh TEMH BU3HAYAETHCA HEOOX1IHICTIO MOJIEpHI3allli OCBITHIX IPOrpam
Ha OCHOBI1 CTEHKXOJAEPCHKOTO MiIXO0Y, IO T03BOJISIE TMIABUIIUTH SIKICTh MiATOTOBKH
3100yBadiB BHUIIOI OCBITH, 3a0€3MEUUTH IXHIO KOHKYPEHTOCIIPOMOXHICTH Ta
BIJINMOBIJIHICTh CTPATETTYHUM MPIOPUTETAM €KOHOMIYHOTO PO3BUTKY KpaiHU.

[IpoOnemaTuka CTEUKXOIAEPCHKOTO TMiAX0My B mMpodeciiiHiii OCBITI aKTUBHO
BHUCBITJIFOETHCS. B HAYKOBUX JOCHI/DKEHHSIX YKPAiHCHKUX YYEHHX. Y MeEXax IbOro
HaIpsiIMy CTEUKXOJIEPChKUH MIIX1]] pO3TIISIIA€THCS K BaXKJIMBA YMOBA CTPATETTYHOTO
PO3BUTKY YHIBEPCHUTETY, 30KpeMa 4epe3 HaJlaro DKCHHS TapTHEPCTBA 3aKJIaJliB OCBITH
3 OizHecoM 1 MicueBuMu Tpomagamu [l]. 3HauHy yBary MNpUIIJICHO TaKOX
OOTPYHTYBAHHIO POJI CTEHKXOJAEpiB Yy 3a0€3Me4eHH] SKOCTI OCBITHIX MpOrpam,
30KpeMa 3alpONOHOBAHO KJIACH(IKALI TPYI 3alIKaBIEHUX CTOPIH Ta BU3HAYEHO
iXHIM BIUTMUB Ha OCBITHIM mporec [2]. OkpeMi MOCTIIKEHHS MPUCBIYEHI aHATI3Y
MPAKTUYHOTO JIOCBIy BIPOBAKEHHS CTEUKXOJIEPCHKOTO MigXOdy, 30Kpema Ha
npuknaal HTY «JlHinpoBchka MomiTexHikay, ¢ aKTUBHE 3a1yY€HHs CTEHKXOJIEpiB
70 PO3pOOKH OCBITHIX IPOrpaMm CHpHUSA€ iX BIAMOBIIHOCTI aKTyaJlbHUM MOTpedam
puHKy mpari [3].

Y  3apyODKHMX  JOCHI/DKEHHSX ~ TaKOX  MIIKPECTIOEThCS  3HAYCHHS
CTEHKXOJIIEPCHKOTO Miaxoay. 3okpema, podota P. dpimena [4] 3akiana TeopeTHUHI
OCHOBH KOHLIEMIIIT CTEeUKXOJIEPIB, SIKI HUHI aAaNTYIOThCS 10 OCBITHBOIO KOHTEKCTY.
CyyacHi myOmikamii BKa3ylOTh Ha HEOOXIJHICTh 1HTErpamii yHIBEpCUTETIB Y
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1HHOBAI[IHI CUCTEMHU 4Yepe3 MOCTIMHMM aiayior i3 poOOTOAABISIMU Ta ACP)KaBHUMHU
THCTUTYIISIMU.

MeTta OOCHIDKEHHA — OKPECIUTH CHelHU(IKy CTEHKXOJIEPCHKOro MIAXOAY SK
IHCTPYMEHTY MOJI€pHi3allii OCBITHIX MpOrpaM Ta MOKa3aTH HOro MPaKTUYHY POJb Y
MIIBUIIEHH] SKOCTI MiITOTOBKH 37100yBayiB BHUINOT OCBITH.

[TpakTruHa peanmizalfisi HbOTO MIAXOAY 3A1MCHIOETHCSA Uepe3: eKCIEepPTHI paau Ta
ramy3eBi Kowmicii, ski OepyThb y4yacThb y pO3pOOJIEHHI Ta pPELEeH3YBaHHI OCBITHIX
nporpaM; MeXaHI3MH JyajbHOI OCBITH, IO MOEJHYIOTh HABUYAaHHS Y 3aKJIaJl OCBITU
3 BUPOOHUYOIO MPAKTUKOIO HA MiANMPUEMCTBAX; MAPTHEPCHKI MPOEKTU Ta T'PAHTOBI
porpaMu, CHpsIMOBaHI Ha BIPOBAPKCHHS IHHOBAIIMHMX TEXHOJOTIM 1 METOIIB
HABYAHHS;, CUCTEMY HACTAaBHMIITBA Ta 3aly4CHHsS BUIYCKHUKIB, SIKI BHUCTYNalOTh
HOCISIMM aKTyaJIbHOTO TpodeciiHOro TOCBIY; ACp’KaBHI Ta perioHajbHI MPOTpaMu
MIITPUMKH, 1110 POPMYIOTH HOPMATHUBHO-IIPABOBI Ta (DIHAHCOBI YMOBH JIJISl PO3BUTKY
OCBITHIX 1HHOBAIII}.

3aBIaHHSAMU CTEHKXOJAEPIB MOKYTh OyTH: BUBHAUEHHS [TPIOPUTETHUX HAMPSMKIB
3alpoOBaJKEHHS 1HHOBAlll B HaBYaHHI; CHPUSHHA MPOXOKEHHIO DPI3HUX BH/IIB
MpakTUK 37400yBayamMHu OCBITH; HAJaHHS MPOMO3ULINA IMIOJ0 MOKPAUIEHHS SKOCTI
TEOPETHUYHOI Ta MPAKTUYHOI MMIATOTOBKM 3400yBayiB BHUIIOI OCBITH, PO3BUTKY
HEOOXITHUX KOMIIETEHTHOCTEH TOIIO. 3O0BHIIMIHI CTEHKXOJAEPH 3aIy4aroThCs 0
MIPOBE/ICHHS €KCIIEPTHOI OLIIHKU SIKOCTI OCBITHIX IPOTpaM CHELialbHOCTEH, 30KpeMa 3
OOKy MIIIPUEMCTB Ta yCTaHOB, JI€ BIPOBA/KYIOTHCA 1HHOBAIll y TEXHOJIOT1YHIM,
YOPABIIHCHKIM Ta €KOHOMIYHIN JISIBHOCTI, @ TaKOX [0 PEleH3yBaHHSA OCBITHIX
nporpam creriaibHocTel [3].

BignoBigHo no pexomeHaamiii HarioHanabHe areHTCTBO 13 3a0€3MEUCHHS SIKOCTI
BUIIOT OCBITH, 1AeHTU(IKAINS CTEHKXOJNJAEpiB 1 BpaxyBaHHSA IXHIX I1HTEPECIB
BIIKPMBAIOTh HOBI MOXJIMBOCTI JIJII BIAOCKOHAJEHHS OCBITHIX INporpaMm. BogHouac
TpaaulliifHa akaJeMiuHa MOJelb, 3aMKHEHAa Ha BHYTPIIIHIX Mpollecax, MOCTYIOBO
BTpayae €(EeKTUBHICTh YHACTIAOK CTPIMKOIO PO3BHUTKY TEXHOJOTIH. 3a TaKMX YMOB
aKTyali3yeTbCsl Mepexis Bl (OPMATBHOTO MPOXOJKEHHS MPAaKTUKH JI0 CTaJOro
MapTHEPCTBA, y MeXaxX SKOTO poOOTOAABEllb BHUCTYIMA€E CIIBTBOPIEM OCBITHBOI
nporpamu [5]. JouuipHo, MO0 CTyAEHTH 3aKjIa/iB BHILOI OCBITH YCBIAOMIIIOBAIH
BUMOTH PUHKY IIpalli BXXe 3 MepIIoro Kypcy, a He JIUIIIe Micis 3400y TTs JUIIoMa.

Pe3ynbTaT HayKOBUX AOCTIIKEHb 3aCBIAUYIOTh MPSAMY 3aJ€KHICTh MIXK PiBHEM
3aITy4eHHs CTEHKXOJIIEPIB 1 SKICTIO MPO(dECiifHOI MITOTOBKU: y4acTh MIAMPUEMCTB Y
po3po0ieHH] cwialyciB Jae 3MOTy 3a3faieriaib (HOpMyBaTH pEIEBAHTHUN Ty
KOMITETEHTHOCTEH, HEOOX1THHUX ISl pO3B’sI3aHHS pealbHUX BUPOOHUYHX 3aBAaHb [6].
Peanizariss  CTEHKXONIEPCHKOTO MIAXOAY JO3BOJSE TIOMOJATH PO3PUB  MIXK
TEOPETUYHOI0 0a3010 Ta MPAKTUYHOIO IMiJTOTOBKOIO CTYJEHTIB, 3a0€3Meuy0UH IXHIO
TOTOBHICTH /10 CYYaCHUX BUKJIMKIB PUHKY Iparli.

B yHiBepcurerax VYKpaiHU CTEUKXOJAEPU 3aIy4arOThCAd [0 PELeH3yBaHHS
HaBYAJbHO-METOJUYHUX MaTepiajgiB Ta OepyTh aKTUBHY YYacThb Yy IIPOBEIEHHI
MiJICYMKOBOT aTecranii 3700yBadiB BHINOI OCBITH. Y BHUIAJIKY BKJIIOUCHHS
CTeWKXonmepiB 10 ckiaxy Paaw yHIBEpCHUTETY BOHHU OTPUMYIOTH MOXJIUBICTBH
BIUIMBATH Ha OCBITHIM TMpoliec, 30KpeMa CIPUATH MiABUIIEHHIO SIKOCTI OCBITHIX
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mporpaM 1 HaBYaJbLHOI'O TPOIIECY 3arajioM, a TaKOX 1HIIIFOBaTH BHECEHHS 3MiH J0
HOPMATHBHUX IOKYMEHTIB.

Jli€eBICTh  CTEMKXOAEPCHKOTO TIAXOAY SCKPABO UIFOCTPYETHCS aJTOPUTMOM
B3a€MOJI1 BUITyCKOBUX Kadeap 3 IHAyCTplalbHUMU mapTHepamMu. OTpUMYIOUH BiJ
KOMMaHiii 3amuT Ha (¢GopMyBaHHS Yy MaiOyTHIX (axiBIiB CIEHladbHUX
KOMIIETEHTHOCTEH  (HAmpuKIaJ, BOJOJIHHA  CY4YaCHHMMH  CHEI[iali30BaHUMHU
IpPOrpaMHUMHU KOMIUIEKCAMH), 3aKJIaJd OCBITH OINEPATUBHO OHOBIIOIOTH 3MICT
HaBUaJbHUX MoxayJdiB [3]. Hacmimkom Takoi cmiBmpaii € TJIMOOKO IPaKTHKO-
OpIEHTOBAHE HABYAHHSI: CTYIEHTU PO3POOJISIOTH TPOEKTH, 1110 0a3yIOThCS HA peaTbHUX
BUPOOHUYHUX Kelcax KOHKPETHUX MiAMPUEMCTB. YUYacTh 30BHIIIHIX CTEUKXOJIJIEPIB Y
3aXMCT1 X pOOIT BUKOHYE MOJABINHY (QYHKIIIO: € 00'€KTUBHUM KPUTEPIEM OIIHKH
PEJIEBAaHTHOCTI OCBITHBOI IIPOTpaMy Ta JIEBUM 1HCTPYMEHTOM B1I00PY TaJIaHOBUTOI
MOJIOJI IS 3JTy4eHHS 10 IPOrpam JIyanabHOI OCBITH.

EdekTuBHICTD CTEHKXO0JIIEPCHKOTO MIAXOAY MIATBEPIKYETHCS CKOPOUSHHSIM Yacy
aganTanii Mojoaux (axiBiiB Ha poOOYOMY MICI[i, OHOBJICHHSIM 3HaHb BUKJIQJa4iB Ta
IHBECTHUI[IIMU KOMIIaHIl Yy CTBOpPEHHA CHUIbHUX Jaboparopii. lle dopmye
IHHOBAllliHY OCBITHBRO-BUPOOHUYY CHUCTEMY, sKa 3a0e3ledyye MpPOMUCIOBICTb
BHCOKOKBaJI1(hIKOBAHUMU KaJ[paMHu.

3aBISKH UM MEXaHI3MaM 3a0e3neuyeThesl €PeKTUBHUN 3BOPOTHUM 3B’ SI30K MIXK
3aKJaJaMH OCBITH Ta 30BHILIHIM CEPEAOBHILEM, LIO J103BOJIsi€ (DOPMYBATH THYUKI U
aJanTUBHI TPAEKTOPli HABYaHHS, OPIEHTOBAHI Ha PO3BUTOK MpodeciiHmX
KOMITETEHTHOCTEH 3/100yBayiB OCBITH.

CTelkXxonaepCcbkuil MiaX1J JOBOJUTH CBOIO CTpaTeriuHy e(EeKTUBHICTh Y
MOJIEpHI3aIlli OCBITHIX MpOrpam JJis MiArOTOBKH 3/100yBayiB 3aKIa/IiB BHUIIOI OCBITH.
Bin cnpusie miarotoBmi ¢axiBIliB, 3JaTHUX OJApa3y IHTErPyBaTUCA y BHPOOHHUMIA
npoiiec. [lepcnexkTnBr MOAANbIINX JOCIHIIKEHb MOJATAI0Th y PO3POOII METOIUYHUX
pEeKOMeHJAIld 100 CHUCTEeMHOI B3a€EMOJIl 3aKjadiB OCBITH 3 KJIHOUOBUMHU
CTEHKXOJIIepaMl Ta y CTBOPEHHI MOJENed ayalabHOi OCBITH, aJalTOBAHHUX JI0
YKpaiHChKUX peaiil.
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[MUD®POBA TPAHCP®OPMALIS IHKEHEPHOI OCBITH:
CHUHEPI'ISI TIPOEKTHO-OPIEHTOBAHOI'O IIXOAY
TA TEXHOJIOI'ITA OCBITH 4.0

Horpanuunnii boranaun IlerpoBuy,
acmipast
BinHULBKYN HAITIOHAIBHUN TEXHIYHUN YHIBEPCUTET

Koouasncoka Ipuna MukosaiBHa

K. TIe/I. H, IOIICHT, AOLEHT Kadeapu

Oe3IIeKH JKUTTENISJIBHOCTI Ta MEAAroriku 0e3rnexku
BiHHULIBbKYN HAITIOHAIBHUN TEXHIYHUNA YHIBEPCUTET

Beryn

CydacHuil eranm pO3BUTKY CBITOBOi E€KOHOMIKM XapaKTE€pPHU3Y€TbCS IIBUIKUM
BIPOBADKCHHAM  cMapT-TexHoJorik. I{i 3MiHM BHMararoTb 1 BiATOBIIHOI
TpaHchopmarlii cucTeMH BUIIO1 OCBITU. TpaauIliiiHi METOIM HaBUYaHHS, SIK1 0a3yI0ThCs
Ha TMACUBHIA TMepeiayl 3HaHb BIJ BHKIAJada J0 CTYJEHTIB, BTpPaTHJIM CBOIO
edexkTuBHICTh. [HAYCTpiA moTpedye (paxiBIiB, AKI 3JaTHI BUPIIIYBATH KOMIUJIEKCHI
HECTaHJapTHI 3aBJaHHA, MPAIIOBAaTH B KOMaH/1 Ta MIBUIKO aaNTyBaTHCS IO HOBHUX
TEXHOJIOTIYHUX YMOB. Y BIJNOBIIb HAa Il BHUKJIUKUA (POPMYETHCS HOBA OCBITHS
napajurma, sika orpumaina HasBy «Ocsita 4.0». Lls xoHuenmis nepeadavae mupoke
BUKOPUCTAHHA UU(PPOBUX I1HCTPYMEHTIB, IITYYHOTO 1HTENIEKTY, BIPTyaJlbHOI
peanbHOCTI Ta CUCTEM MAaTEMAaTUYHOTO MOJIETIOBAHHS B OCBITHBOMY IPOILIECI.

[IpoTe BIpoBaPKEHHS CaMUX JIMIIIE TEXHOJIOT1H HE 3/1aTHE 3a0€3MeUnTH HaJISKHUN
piBeHb MiATOTOBKU (PaxiBIliB. [HHopMmaIliiiHi TEXHOJIOTIT € JUIIEe THCTPYMEHTOM, KU
moTpedye po3poOKH €(PEeKTUBHOIO METOJAMYHOr0 MIATPYHTSA. OgHUM 13 HANOLIBIN
J€BUX T1IXOIIB JIO OpraHizarlii OCBITHHOT'O MPOIECY B IH)KEHEPHIN OCBITI € MPOEKTHO-
opieHTOBaHe HaB4aHHs. Llelt Metos mepenbayae 3M00yTTS 3HAHb Ta HABUYOK yepe3
BUKOHAHHS peaJbHUX NPAKTHUUHUX 3aBAaHb. CTyJE€HTH OTPUMYIOTh KOMIUIEKCHY
npoOsemMy, JUisi BUPIMICHHS sKO1 iM HEOOXIJHO CaMOCTIMHO 3HaWTU 1H(OpMaIIiio,
MIPOBECTH PO3pPaxXyHKH Ta 3aIPONOHYBATH ONTUMAIbHE PIIICHHS.

CyyacHl BUMOTHM J0 BHUIIYCKHUKIB TE€XHIYHHMX YHIBEPCUTETIB NependadyaroTh He
JIMIIE HASIBHICTh TJIMOOKUX TEOPETHMYHUX 3HAHb, aje€ W BUCOKHUM PIBEHb BOJIOJIHHS
CHellaJi30BaHUM MPOTPAMHHUM 3a0€3MEUEHHSM. 3alIMUIIAE€ThCA TAKOX AKTYaJbHOIO
npobyieMa PO3pUBY MK TEOPETUYHOIO MiArOTOBKOI Ta MPAKTUYHHUMH BHMOTAMH
puHKy mpami. [HTerpamis uuM@poBUX TEXHOJIOTIM B OCBITHIM MpOLEC TO3BOJISIE
mojojaT 1€l po3puB. Bukopucranns nudpoBUX IBIMHHUKIB OO0JIaTHAHHA Ta
CUMYJISTOPIB BIIKPUBAE HOBI MOYKJIMBOCTI JIJIsl TOCIIITHUIIBKOT pOOOTH CTYEHTIB. AJie
0€3 HaJIeHOTO MEJaroridyHoro CyNnpoBOJY 1i IHCTPYMEHTH MOXYTh MEPETBOPUTHUCS
Ha MPOCTY JEMOHCTPALIII0 MOXKIIMBOCTEM KOMII IOTepHOi TeXHikH. CaMe TOMY BUHUKAE
noTpeba B TO€MHAHHI MU(PPOBUX IHCTPYMEHTIB 13 CYYaCHUMHU JTUIAKTUYHUMU
nigxoaamu. I[IpOeKTHO-OpI€EHTOBaHE HaBYAHHA CTBOPIOE KOHTEKCT, Yy SKOMY
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TEXHOJIOT1i BUKOPHCTOBYIOTHCS SIK 3aCi0 TOCATHEHHS KOHKPETHOT iHKEeHepHO1 MeTH | 1 -
91].

MeTtoro 1i€l poOOTH € aHaji3 MPoIecy MOETHAHHS IMPOEKTHO-OPIEHTOBAHOTO
HaBYaHHS Ta TexHonorii «Ocsita 4.0» miJ yac MATOTOBKH (PaxiBIIB 1HXKEHEPHHUX
CHeIaIbHOCTEH.

BukJiiag ocHOBHOro MaTepiany

CuHeprisi TNPOEKTHO-OpIEHTOBaHOrO TMiaxoay Ta mnapaaurmMu «Ocsita 4.0»
IPOSIBIISIETHCSI B JIOKOPIHHIM 3MiHI POJII BCIX YYaCHHUKIB OCBITHBOTO IPOIECY Ta
cepeloBuIa, Je BIH 3AilcHIOETbCA. CydyacHi  MIDKHApPOJHI  JIOCIIKEHHS
MIITBEP/KYIOTh BHUCOKY €(GEKTHUBHICTh TaKOrO IO€AHAHHA. 3TiIHO 3 OCTaHHIMH
010JTIOMETPUYHMMH  aHANli3aMM  HayKoBHX MyOmikamid 3a 2025 pik, KUIBKICTb
JOCTIIKEHb LI0JI0 3aCTOCYBaHHS IMPOEKTHO-OPIEHTOBAHOTO HABUAHHS B 1HXKEHEPHIN
OCBITI POJIOBXKY€ 3pocTatu. HaykoBill 3a3Ha4ar0Th, 1110 3aCTOCYBaHHS I[bOTO METOAY
703BOJIsi€ €PEeKTUBHO (POPMYBATH HABUUKU AHATITUYHOTO MUCIICHHS Ta PO3B’SI3aHHS
npo0sem.

B ymoBax mapagurmu «OcBita 4.0» NPOEKTHUI MiJX1]] 3aBISIKW BUKOPUCTAHHIO
IM(POBUX TEXHOJOr HaOyBa€e HOBUX XapaKTEpUCTUK. TpaauliiHEe NpPOEKTHE
HAaBYAHHA YacTO OOMEXYeTbCA (PI3MUHUMH MOKIMBOCTAMHU  JIaDOPATOPHOIO
oOnagHaHHs yHIBepcuTeTy. CTyJEeHTM HE MalThb 3MOTM JOCHIKYBaTH pOOOTY
CKJIaJIHUX CUCTEM Y KPUTHYHHMX PEXKHMax 4epe3 BUCOKY BapTICTh OOJaJHaHHS Ta
BuMoru Oesneku. CporojmHi 1u@POBI I1HCTPYMEHTH, TakKi SK CEpeOBHINA
MaTEMaTUYHOTO MOJEIIOBAHHS Ta CUMYJIATOPHU, 3HIMAIOTh 111 0OMexkeHHs. CTyJeHTH
OTPUMYIOTh MOJKJIUBICTh CTBOPIOBATH LHM(PPOBI MOJENI peadbHUX 00’ €KTIB 1
3MIMCHIOBATU BC1 JIOCIIII>KEHHS.

OcHOBHa ijes moJyisira€ B TOMY, IO CTYACHT OTPUMY€ HE JAETaJbHUI aaroputM
piuieHHs, a BiakpuTe mnpodeciiine 3aBAaHHsA. BiH camocTiiiHO Oyaye Monens y
CHellaJi30BaHOMY MPOTrpaMHOMY 3a0€3Ie€UeHH], CUMYJIIOE PI3HI PEKUMU pOOOTH Ta
aHai3ye BIUIMB HOBUX €JIEMEHTIB Ha 3arajbHI MapameTpu cucteMu. B nbomy mporeci
MIPOTPaMHE CEPEIOBUIIEC BUCTYIIAE SIK BipTyaibHa jJaboparopis. CTyIeHT TeCTye€ pi3Hi
rinoTe3u Ta BaplaHTW HamamTyBaHb. Lle popmye po3ymiHHS (Pi3MKM MPOLECIB, SKE
CKJIAagHO 3700yTHM NUIAXOM BHKOHAHHS THUIIOBUX PO3paxyHKIB. EmmipuuHi
nociikeHHs: 2025-2026 pokiB MOKa3ylOTh, 110 MOEAHAHHS aKTUBHOTO HABYaHHSA 3
IHCTpYMEHTaMH ITU(DPOBOTO MOJICTIOBAHHS 3HAYHO IT1/IBUIIYE aKaJeMI4H1 PE3yJIbTaTH.
Big3navyaeThcsi 3MEHIICHHS KUTHKOCTI MOMHUJIOK TMPH 3aCBOEHHI (DyHIaMEHTaIbHUX
KOHIICTIITIH.

CtyneHTH, sIKi TpaIoOOTh HAJ peaTbHUMHU KehcaMu 13 BUKOPUCTaHHSIM
npodeciiHOrO  MPOTrpaMHOTO  3a0e3MeuUeHHs, JAEMOHCTPYIOTh BUIIUN  PIBEHb
aBTOHOMHOCTI. BOHM HaBYAIOTHCS CAMOCTIHHO 3HAXOAUTH Ta BUIIPABJISATH TOMIIKHU B
CBOIX IU(POBUX MOJENAX. 3MIHIOETbCA TaKOX (DYHKIIIOHAJIbHA pOJib BUKIagaya. Bin
nepectae OyTH €IUHUM JDKEpENIoOM HaByalbHOI 1H(GOpMallii, a BUKOHYE pOJb 1
KOOPAMHATOPA IIPOEKTiB. 1IOro OCHOBHI 3aBIAaHHS MOJATAIOTH Yy IIPABHIbHIil
MOCTAHOBII MPOOJIEMU, KOHCYJIbTYBaHHI Ha €Taml CTBOPEHHS UU(POBUX MOJENeH Ta
00’ €KTUBHOMY OI[IHIOBaHH1 KIHIIEBUX PE3YJIbTaTIB.
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BaxxiBUM acnekToM € PO3BUTOK HaBMYOK cCHubHOI pobotu. Iludposi
IHCTPYMEHTH JIO3BOJISIIOTH OpraHi3yBaTH KOMaHIHY POOOTY HaJ MPOEKTOM Y €UHOMY
OCBITHROMY cepenoBulili. CTyJeHTH PO3MOAUIAIOTh 3aBAaHHS, PO3POOIISIIOTE OKpeMi
MIJCUCTEMH, a B MOJAIBIIOMY iX 00’€IHYIOTh Yy KOMIUIEKCHY Mojenb. Lle imiTye
BUPOOHMYMN TPOIEC y CydacHUX KomrmaHisx. OIIHIOBaHHS Pe3yJbTaTiB HAaBUYAHHS
TaKOXK amantyeThcs. Ha mepmmii miaH BHXOAWTH 3aXUCT Peali30BaHUX TMPOEKTIB.
Buknanau omiHioe mpaie3iaTHICTh MOAENl i OOTpYHTOBAHICTh MPUUHITUX PIIICHb.
Takuit miaxigx poOUTH Mpoliec OIIHIOBaHHS 00’ €KTMBHUM, a MalOyTHIM (axiBelb
OTPUMYE TIPAKTHYHUHN JTOCBIJ BUPILICHHS 3a1a4.

BucHoBku
[aTerpanisa iHCTpyMeHTiB napaaurMu «OcBita 4.0» Ta MPOEKTHO-OPIEHTOBAHOTO
HaBYaHHS 3a0e3reuye Iepexisy A0 JOCIITHUIIBKOI MOJEl IMiJATOTOBKM MalOyTHIX
¢axiBuiB. Bukopuctanus nudpoBuX CUMYJISIIN ISl BUPIIICHHS Taly3€BUX 3aBlaHb
IIJBUIIYE aBTOHOMHICTh CTYJEHTIB, (JOpPMy€ aHAIITHUYHE MHCIEHHS Ta BIANOBIAAE
BHMOTaM CyYaCHOTO BUCOKOTEXHOJIOTIYHOTO PHHKY ITPAIIi.
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BUKOPUCTAHHA MNPUKJIAJTHUX 3AJTIAY ITPU
BUKJIAJAHHI JU®EPEHIIAJIBHUX PIBHAHD B
TEXHIYHOMY YHIBEPCHUTETI

Coxkogoscbka I'aimna BosrogumupiBHa,
CTapIIni BUKIaAay,
Opechkuii HalllOHATLHUN MOPCHKUHN YHIBEPCUTET

PedopmyBanHs BCi€l CHCTEMH BHINOI OCBITH 1 30KpeMa MaTEeMaTUYHOI OCBITH
nependayae BIOCKOHAJIEHHS 3MICTY MaTEMaTUYHOI MIATOTOBKH 3 METOI HaJaHHS
3100yBavyaM HE JIMIIE I'PYHTOBHUX TEOPETUYHUX 3HAHb a W (POpMyBaHHS HaBUUOK
3aCTOCYBaHHS iX Ha MpakTHUIll. Byab-akuit po3in Kypcy BUIIOT MAaTEMATUKU MICTHUTh
3a/ayl, sIKUM MOXHa ¥ MOTpiOHO HaJaTH BIANOBiAHE mpodeciitHe crpsMmyBaHHs. B
po0OoTi [1] po3rasaaroTees AesKl 3aa4l Oy IIBHUIITBA Ta apXITEKTypH, B poOOTI [2] —
HU3Ka 337a4 CYJHOIUIABCTBA Ta TIAPOTEXHIYHOTO OyAIBHUUTBA, IO MOXYTb OyTH
BUKOPUCTaHI NpPU BHUKJIAJAHHI AHAIITUYHOI TreoMeTpii, audepeHIiaIbHOoro Ta
IHTETpaJIbHOTO YMCJICHHS Tomo. Po3risHemMo 1B1 3agavi, 10 3BOASATHCS J0
pO3B’sA3yBaHHs AU(EpEHIIaTbHUX PIBHSHb.

3amaua 1. CynHo BogoTtoHHaxHICTIO 1300 TOH pyXaeTbcs MNPAMOJIHIAHO 31
MBUIKICTIO V=20 M/cex. Omip BoaAM NMPOMOPIINHUN KBaApaTy IBUIKOCTI CyaHA I
nopiBHioe 39 ToHam mpH MBUAKOCTI 1 M/cek. SIKy BiACTaHb MpOiiJie CyAHO MiCIs
3YMUHKY JBUTYHA, EPII HI’K HOTO IMIBUIKICTH TOPIBHIOBATUME 5 M/cek? 3a sikuii yac
CYJTHO TPOM/IE IO BiJCTaHb?

Hexait M — maca cyana, v — #oro mBHIKICTh. LleHTp Mac pyxaerbcs sk
MaTepiangbHa TOYKA, 3a3HAIOUHM OIMOpPY BOIM, IO NOpiBHIOE —kv' (k=39). 3 inmoro

i - dv
00Ky, 3T1JIHO 3 APYyruM 3aKoHOM HproTOHA cuiia, 110 Ai€ Ha cyaHo: F=M —. OTxe

dt
MaeMo Ju(epeHIiabHe PIBHIHHS:
MY
dt
abo
1300ﬂ =-3%7.
dt
BigokpemMiroeMo 3MiHHI Ta IHTETPY€EMO:
1
—d—l} =0,03dt = —=0,03¢+C,.
v v
BpaxoByroun Mo4aTkOBy YMOBY v(O) =v, =20, onepxkumo: C, = %,
1 1
—=0,03t+—. (1)
v 20

3HaliieMo Tenep, CKITbKA 9acy Mpoiijie 10 TOro MOMEHTY, KOJIM IIBHIKICTh Cy/THA
3MEHIIUTHCS J10 SM/CEK.
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L 0,03+ = =[ 1100325 cex.
5 20 520

[Toznaunmo yepe3 S (t) BIJICTaHb, SIKY MPOMJI€ CYTHO 3a Yac ¢, 0 IPOUIIOB MiCIs

BUMKHEHHS JBUI'yHa. BpaxoByroun, mo v = R 3anuiemMo piBHAHHSA (1) y BUrIsai
t

0,031+ L ago ds =204
ds 20 0.61+1

[IpoiHTerpyBaBIIN OCTAHHE PIBHAHHS, MAEMO:

S :%m(o, 6¢+1)+C, . 3Binkm 3rigHO 3 mouaTKOBOO yMOBO0O S(0)=0

onepxkumo: C, =0 oTxke

S:%In(o,&‘ﬂ). )

Tenep 3HaiiAeMoO BiJICTaHb, SIKY MPOHIE CYAHO JO MOMEHTY, KOJIHM HOT0 MIBUAKICTD
nocsirHe 5 m/cek. OCKUIbKH, SIK YK€ BIJIOMO, 1I€ CTAHEThCA 4Yepe3 5 CEeKyH] Micis
BUMKHEHHS JIBUTYHA, TIJICTAaBUMO ¢ =5 ceK B PiBHICTH (2). OTpuMaemo:

100
S(S) = Tln4 ~ 46,2 M.
3agava 2. Y 1OHI UWIIHAPUYHOTO pe3epByapa, HAMOBHEHOTO PIIUHOIO, € OTBIP.
[IpuitmMaroun WBUIKICTh BUTOKY PIAMHYU MPONOPLIMHOIO BUCOTI i PIBHA B pe3epByapl
1 3HaIO4H, 10 NPOTAroM mepioi Joou Butikae 10% Bci€l piAMHU, 3HANWITH, CKITBKH
qacy 3HaI00OUThCS, 11100 BUTEKIIA TPETHHA YCI€T PIAUHH.
Hexaii R — paziyc pesepByapa, & — iforo Bucota, x(7) - BACOTA PiBHS PitHHN Yepe3

¢t nuiB. Tomi 00’€M piIuHU B MOMEHT ¢ IOPIBHIOE ﬂRZX(t) a MIBUAKICTH 3M1HU 00’ €MY:

dx X o
ﬂRZZ . 3a yMOBOIO 3aJadi I BCJIIMYMHA IIPOIMOPIiiHA X, TOMY OJEPKUMO
!

nudepeHItiaibHe PIBHIHHS

TR’ ax =kx.
dt
BigokpemiroemMo 3MiHHI Ta IHTETPYEMO:
d
AR = kdt = 7R Inx=kt +C.
X

3riJiHO 3 YMOBOIO x(O) =h,omxe C=7R’Inh . Po3p 130k 3amaui Komii:
7R ln%: kt . 3)

CkopucrtaeMoch Ternep TUM (HaKTOM, 1110 Yepe3 OAHY A00Yy PiBEHb PiIMHU 3HU3UBCS
: 9 : 9 o
Ha 10% 1, TaKMUM YMHOM, CTAHOBUB Eh [lincTaBUMO yMOBY x(l) = Eh y PIBHICTh

(3). Maemo:
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k =7R? lni , OTKE lnfztlnz .
10 h 10

: . . 2
Buznauumo TCIICP, YCPC3 CKUIBKK JHIB PIBCHb PIAWHH CTAHOBUTHUMC glfl .

2
In—
g ~ 3,85 noou.

In—
10

[TigcTaBuBIIM 1€ 3HAYEHHS X B OCTAHHIO PIBHICTb, IICTAHEMO: f =

Cnucoxk Jgireparypu:
1. C.b. Cusam, I'.B. CokonoBcbka. Buiia MaremaTuka B 3a1a4ax OyAiBHUIITBA Ta
apxitektypu. Hayka i mexuixa cvocooni. 2023.Ne14(28). C. 446- 458.
2. CokonoBcbka ['.B. Marematuuni mojeni JACSKHX 3ajlad CYJHOILJIAaBCTBA Ta

TAPOTEXHIYHOTO OyaiBHUNITBA. Taspiticbkuul Haykosuti sichuk. 2024. Bum. 6. C. 248-
253.
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IJII®YBAJBHI HIJIAMM SIK JKEPEJIO BTOPUHHOI
CUPOBHUHU: TEXHOJIOI'TYHI ACIIEKTH
HIAI'OTOBKHU TA OYUIIIEHHA

Bepuuropa Bikrop JIMmurpoBuy,

KaHJI. TEXH. HayK, JOIICHT, BUKJIaJa4d BHUIIO1 KaTeropii
BigokpemieHui CTpyKTypHUHN TT1IPO3/LIT

«JIHImpoBCHKUI (haxOoBU KOJIEIK 1HXKEHEPIi Ta Meaaroriku
YkpaiHcbKuii fep>kaBHUM YHIBEPCUTET HAYKH 1 TEXHOJIOT1i»

Exomoriuni gociiakeHHs, IPOBEACHI B OCTaHHI JCCATHIITTSA B 0ararbox KpaiHax
CBITY, ITOKa3aJM, U0 BECh 3pOCTAIOUNI pyHHIBHUHN BIUIMB aHTPOIIOTEHHUX (PAKTOPIB
Ha HaBKOJMILIHE CEPEJOBHINE IPHU3BEJIO MOro Ha TIpaHb KpuU3U. 3a0pyAHEHHS
MPUPOJHOTO CEPEJOBUILA TBEPAWMH, PIAKMMH Ta Ta30MOAIOHMMH BIIXOJAMH
BUPOOHUIITBA ¥ CHOXXKMBaHHSA, IO BHUKJIMKAIOTH JIETPafallil0 HaBKOJUIITHHOTO
CEpPEelOBUILA, OCTAaHHIM 4YacoM 3aJMINAIOTBCA HAWUTOCTPIIIO  EKOJIOTTYHOIO
po0JIeMO10, 1110 MA€ MPIOPUTETHE COIIAJIbHE I EKOHOMIYHE 3HAYCHHS.

B ymoBax VYkpaimm 3 2-2,5 wiapa. T/piKk HOPUPOJHUX PECYpPCIB, IIO
BUKOPUCTOBYIOTBCSI Y MPOMMCIOBOCTI, OUIbIlIa 4YacTUHA MEPETBOPIOETHCS B
npomucioBi Biaxoau (I1B).

Ha nmignpuemcTBax MammHoOy 1yBaHHs (0COOJIMBO Ha MIIIMITHUKOBUX 3aBOJIaX) 1
MeTayprii, o 311HCHIOI0TE 00pOOKY MeTalliB, HIOMICSIS YTBOPIOIOTHCS TUCAY1 TOHH
METaJOBMICHHUX IIJIAMIB.

OcobOnuBy  mpoOjeMy  MpEACTaBIsAOTh NUTIQyBalbHI  [IJaMU, MO0 €
BOKKOPYHHIBHUM KOHTJIOMEPATOM METAJIEBUX YACTHHOK 13 BKpAIJICHHSIMHU a0pa3uBy 1
3B'13yBaHHs1, MpocoyeHUMU MOP (MacTUIbHO-0XO0JIOIKYIOUOIO PIAUHOI0). Y 3B'SI3KY
31 3HAYHUM yMICTOM Y METaJOBMICHUX IUIaMax MalIMHOOYAIBHUX 1 METaIypriiHuX
BUPOOHUIITB HEMETAIEBHUX BKIIOYCHD 1 MACTUIILHO-0XOJIOIKYBAIBHUX PiAMH, BOHU HE
MOXKYTbh YTHIII3yBaTUCS 0€3 MONEPEIHbOI NEPEPOOKH.

[lepepoOka BTOpPUHHHUX MaTepialliB € HaWOUIbII AKTHUBHOIO (POPMOIO 3aXHUCTY
HaBKOJIMIIHBOTO CEPE/IOBUINA BiJl MIKIJJIMBOIO BIUIUBY BIJIXOJIB IMPOMHUCIOBUX
MIAIPUEMCTB 1 aKTyaJbHUM 3aBAAHHSIM €KOHOMII Ta palllOHAJIbHOTO BUKOPUCTAHHS
MPUPOTHUX PECYPCIB.

OcHoBHY Macy HutipyBalbHUX IIIaMIB MPEACTABIISIE COOOI0 NPIOHOIMCIIEPCHA
MeTajueBa CTPYXkKa, 3BOJIOKEHA 3alUIIKaMH MAaCTUIHHO-O0XOJIOMKYBAIbHUX PIIUH.
Bunyuennss MeraneBHMX YacTMHOK 31 [UII(yBaJbHUX M[UIAMIB € OJHUM 3
Halle(DeKTUBHIMINX 1 JCHIEBUX CHOCOOIB ONEepKaHHS CHPOBUHU ISl MOPOIITKOBOT
MeTayprii Ta oJiep>KaHHs KOMIO3UIIHHUX MaTepialliB.

[IInam aOpa3uBHOI OOPOOKH CKIAAAETHCS 13 TBEPAUX YACTUHOK METAy pO3MipoM
B 5 10 500 MKM 1 4aCTMHOK a0pa3MBHOTO IHCTPYMEHTY po3MipoM Bifg 7 10 200 MKM.
[{ibHICT, METANEBHX TBEPAUX YACTHHOK IOpiBHIOE p, = 7800 kr/M>, a TBepamx
YaCTHHOK a0pasuBy — p, = 2400 xr/m> [1].
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s Toro mo6 SKiCHO MPOBECTH BHIIyUEHHS TBEPAUX METaJIEeBUX 1 aOpa3sHMBHHUX
YaCTMHOK 3 3arajbHOi MacH MuIaMy, NEpIIOYeproBOo HEOOXITHO BIIMUTH iX BiJ
OpraHiyHuX 3a0pyIHEHb, PO3IUINTH 32 HIUIBHICTIO B MOTOLI MHUIOUOTO pO34yuHY [2].
Mutoua nist mossirae y BUAAJICHHI 13 MOBEPXHI TBEPAUX YACTUHOK 3anmuikiB MOP 1
Macel1, IEPeHeCeHHs X Yy MUIOUYMIA PO3UMH Y BU/Il pO3YUHIB 200 AuCIIepCiil.

EdexTuBHICTH OUMIIIEHHS TOBEPXHI TBEPAMX YACTMHOK BH3HAYAETHCS 33 PIBHEM
3MEHIIEHHS 3a0pyIHEHHS Ha MOBEpXHIi. Yac OUMIeHHsS] TOBEPXHI TBEPAUX YACTHHOK
BiJ1 3a0pyTHEHb BU3HAYAETHCS 3a hopmyJioro [3]:

1

t=——,cC, 1

e M, —MHI04a 3aTHICTh PO3YMHY Y BITHOCHUX OJUHHIISX.

st OTpUMaHHS MaKCHUMaJbHO OYMIIEHMX METaJIeBUX YaCTHHOK BiJ Macen 1
sanmumikie. MOP, 3gaTHUX He MiuisiraTd Kopo3ii Micisl Npolecy MUTTS [uIamy
HEOOX1JHO MPOBECTH BUOIP MHIOUHX 3aCO0IB Ta JOCIIIUTH BIUIMB KOHIICHTpAIlli Ta
TEeMIIepaTypd MHUIOUOTO PO3YMHY Ha MPOIEC MUTTS IIJIaMiB aOpa3uBHOI 0OpOOKHU
MeTamiB. JlJigs BUKOHAHHS I1€1 METH OyJIM MPOBEACH] €KCIIEPUMEHTAIbHI IOCITII>KEHHS
MpOIIECY MUTTS TBEPAUX YACTUHOK Huiamy. JIJisi 1IbOTO BUKOPHUCTOBYBAJIUCS BOJIHI
pO3UMHH 3 MHHHEMH 3acobamu  «Jlabomimy, «Imkumit maTtpy, «TiMmaiTy
koHreHTpatiieo 10-30 /1 1 Temnepatyporo po3unny 25-45 °C [4].

Ha meraneBy cityacty miacTuHKy po3mipoM 60x10x0,5 MM HaHOCWIM TEBHY
KinbKicTh Macna U-20 (M,4ciq), O 3aiiMano Ha miacTuHil romy F. Iepen mum
CITYACTy IUIACTUHKY MPOMUBAJIU B OYUIIEHOMY O€H3HHI 1 pO3YMHI aMiaKy, CyLIWIH 1l
npu npupogHux ymoBax (temneparypi 20-25 °C) npotsarom 12 rogus. 3BaxkyBaiu
YUCTY BHUCYILIEHY MJIACTUHKY Ha aHamiTHYHUX Barax BJI-200, a moTiM HaHOCWJIM Ha
Hei MacJo 1 3HOBY 3BaXyBaIH. Y TpaayioBaHy NMpoOIpKy HaJIMBAIM MUIOUUNA PO3UMH
o0'emoM 10 M1 1 omyckanu 3a0pyJHEHY MacJIOM TIJIACTUHKY Ha BIJMOBITHUHN Yac, IpH
[IbOMY HaJaBaJIM TUTACTUHII 3BOPOTHO-TIOCTYNAILHUN PyX Y MHIOUOMY po3uuHi. Yepes
yac (7, ¢), TUIACTUHKY BUWMau 3 TPOOIPKH, MAIOYM CTEKTH J0 OCTAHHbBOI Kparuii
MHIOUOMY PO3UUHY B MpoOipky. [IpocymryBany miacTHHKY TIPH THX K€ YMOBax, 1110 1
pawnimie. [ToTim 3BakyBaiu MJIACTUHKY 1 MATEMAaTHYHO BU3HAYAIIM 3AJIMIIIOK Maclia Ha
MJIACTUHIN 1 KUTBKICTh Macia, M0 TMEepPeHIio B MHIOYMA PO3YUH TICIHS MHUTTS Y
BIIMOBITHOMY MHUIOUYOMY PO3YHMHI 33/1aHOT KOHIIEHTpALlii 1 TeMIepaTypi pO3UUHY.

B mporeci exkcrnepuMeHTaIbHOTO AOCTIIKEHHS BCTAHOBJICHO, IO PO3YUH 3
CUHTETUYHUM MUMHUM 3ac000M «J[aboMi1» BOJIOAIE KPAIllO0 MUIOYOI 3IaTHICTIO, a
MeTajeBl YaCTUHKM HE MOTPeOyIOTh JOAATKOBOI aHTHUKOPO31MHOI OOpoOKH 13-3a
HAasBHOCTI Y MUMHOMY 3aco01 1HT1061TOpiB KOpo3ii. ToMy ycl mojaibIi JOCHIIKEHHS
polecy MUTTA UUTIQYBATBHOTO IIJIaMy TPOBOAMINACS 3 MHUIOUYAM PO3YMHOM
«JIabomin». Y pesynbTaTi HOCHIIKEHHS Oyiu OTpUMaHi YUCIOBI 3HaueHHs, G, KT —
KUJTBKOCTI MacJia, 110 IEPEHOCUTHCS 3 TIOBEPXHI TBEPIOTO TiJIa B MUIOYHIA PO3YHH, OTPUMaH1
rpadiuni 3anexxHocti G = f(C,, T, 7), 110 HaBezieH1 Ha pUCYHKY 1 (a, 6).
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—o—1 - G = 2E-0672 - 0,00697 + 9,0651
2=0,8102

—@—2 - G=1E-05t2-0,0185t + 10,962
R2=10,8942

3 - G=2E-051%-0,0236t + 11,606
R2=0,9396

—4—4 - G =6E-061-0,0088t + 8,4106

R?=0,9042

=85 - G=4E-067* - 0,0095t + 10,285
R?=0,9415

6 - G=9E-061> - 0,0095t + 11,083
R2=10,832

Pucynox 1. 3anexHicTh yacy MUTTS T, (CEK.) I1aMy BiJ KUTbKocTi Macna G (Kr),
10 MEPEHOCUTHCS 10 MUIOUOTO po3unHy “Jlabomin™ mpu: a) KOHIIEHTpaIlii

C, = 10 r/n 1 remnieparypax po3uuny: 1 —T=25°C,2-T=35°C,3 -T =45°C;

0) xoHuentpariii 20 r/1 1 Temrneparypax po3unny: 4 — T=25°C, 5 -T =35 °C,

JI>xepeno pucyHkKa: moOya0BaHO aBTOPOM

6 -T=45°C

B pesynbTaTi eKClepruMEHTadbHO OTPHUMAHMX JaHUX TMPOIECY MHUTTS MIIamy
abpa3uBHOT 0OPOOKM METAIIB, 3 3aCTOCYBAHHSIM METONY IJIAHYBaHHS €KCIIEPUMEHTY,
a came, MOBHOTO (PaKTOPHOIO EKCIIEPUMEHTY, TO0yT0BaHa MaTeMaTuyHa Mozenb G =
f(C,, T, t) 3a5€XHOCTI KUTbKOCTI 3a0pynHenHs (G, Kr), IEPeHeCeHoro 3 OOKy IijlaMy B
MHIOUMH PO34MH, Bia Takux (akropis, sk C,, (Kr/M’) — KOHIEHTpAIlii MHIOYOIO
po3unny; 7, (° C) — Temmeparypa MHUIOUOTO PO34YMHY; 7, (C) — Yac MHTTS, IO

MPEJICTaBICHO HACTYITHOIO (POPMYJIOHO:

G =108,03-0,824C,, —0,42T —0,00837 +0,0185C,, T —0,000177 +
+0,0084C; +0,00317° +0,00000927°
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Po3pobiena matemMaTHyHa MOJENb MPOLIECY MUTTSA HUIIQYBaIbHUX NIJIaMIB B
MHUIOUOMY PO3UYMHI JO3BOJISIE BU3HAYUTH KUIBKICTH 3a0pyAHEHHS (Macnia), sKe
MEePEXOAUTh B MHUIOYHMI PO3uMH 3a 4ac MHUTTA 7 [5]. Ile mo3BoauTh onmTuMi3yBaTH
MpOLEC MUTTS 1 MIHIMI3yBaTH rabapuTHI PO3MIpYU MUMHOTO K000y OONagHaHHs 1Jis
yTHII3aMi] HUTiyBabHUX MUTaMiB [6] .
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HPUHIUIIN JOBPOYECHOI'O BUKOPUCTAHHA
HITYYHOI'O IHTEJIEKTY Y HPABOCY 111

Komurtosa Osiena CepriiBHa

JIOKTOp IOpUINYHUX HAYK, JOLUEHT Kadeapyu eKOHOMIKO-TIPAaBOBUX AUCIMUILIIH
HaBuanbHO-HayKOBOTO IHCTUTYTY TpaBa 1 rcuxoJorii HarionansHoi akagemii
BHYTPIIIHIX COpaB, cTapuuii nocmigauk. Cyans y BiicTaBli

CrpiMka iHTErpariss TEXHOJOTIH IITYYHOTO IHTENEKTY y cdepy MNpaBoCyIs
3YMOBJIFO€ HEOOXIJIHICTh MEPEOCMUCIICHHS TPAJAMIIIHHUX YSBICHb PO 3A1HMCHEHHS
CYJIOBO1 JISTILHOCTI, sIKa 1ICTOPUYHO 0a3y€ThCsl HA MPUHIIMIIAX BEPXOBEHCTBA IpaBa,
HE3aJIeKHOCTI CyAy Ta CIpaBeJIMBOCTI. BUKOpHUCTaHHS aJITOPUTMIYHUX CUCTEM IS
aHaJli3y CyJIOBOi MpakTUK{, IOLIYKY pEJIEBAHTHUX PIIIEHb 1 aBTOMaTH3allil
MpoliecyalbHuX i, 3 OJHOTO OOKY, MijiBHINYE €(hEKTUBHICTh Ta MepeadauyBaHICTh
IpaBOCYAJis, a 3 IHIIOTO — IMOPOXKYE CYTTEBI PU3UKH, NOB’A3aHl 3 HEMPO30PICTIO
AITOPUTMIB, TOTEHIIHHOIO YIEPEIKEHICTIO, IeJIETyBaHHAM OKPEMHUX [TOBHOBAXKEHD Ta
3HM>KEHHSIM pOJIl CyJKEHHS JroauHu. CaMe TOMy, aKTyallbHUM € TUTaHHS IPUHIUITIB
N00pOYECHOTO BUKOPUCTAHHS IUTYYHOIO 1HTENEKTY $K HOPMAaTHUBHO-I[IHHICHOT
OCHOBHM, 3[1aTHOI 3a0e3nmedyuTH OalaHC MIK TEXHOJOTIYHOK €(EKTUBHICTIO Ta
rapaHTisIMM [paBa HAa CHOPABEVIMBUI CyJd, IO MIJATBEPUKYEThCS CyYaCHUMU
nigxogamu o perymoBanHs LI, 30kpema 3akpimiieHUMH y AKTI OpO IITYYHUN
iHTeNnekT €Bponeiickkoro Corosy.

MikHapoIHI Ta €BPONEHCHKI CTaHAAPTH 3aCTOCYBAaHHS IITYYHOTO 1HTEJIEKTY Y
cdepi nmpaBocy s GOPMYIOTHCS TIEPEBAKHO B MEKAX MPABO3AXUCHOT MapaJurMu, Jie
TEXHOJIOT1sI pO3TJISIIAETHCS HE SIK aBTOHOMHUM Cy0’€KT, a SIK IHCTPYMEHT, 110 3AaTHHM
PO3BAaHTAXKUTH JIIOJUHY BiJ PyTUHHHUX 3aja4. KilfouoBUM HOPMAaTHBHUM OPIEHTHPOM
BHUCTyIA€ AKT MPO MTYYHUN 1HTENEeKT €Bporericbkoro Cor3y, KU 3ampoBaiKye
PUBHUK-OPIEHTOBAHUHN MIIX1/ 10 PETYIIOBAHHS Ta BIIHOCUTH 3HAUHY YaCTHHY CHCTEM,
[0 BHUKOPUCTOBYIOTBbCA y cdepi MpaBoCynlsd, A0 KaTeropii BHCOKOTO pPHU3HKY,
nepeadavaroun JUisi HUX CHElialibHI BUMOTHM IIOAO O€3MeKH, Mpo30pocTi Ta
JTOTPUMaHHS OCHOBOIIOJIOXKHUX MpaB [1]. BaxiauBUM e€leMEHTOM LBOr0 MIAXOIY €
3aKpIIJICHHS] 000B’3KOBOT0 KOHTPOJIIO 3 00Ky moauHu (human oversight), sikuit mae
3a0€3Me4YnTH MOXJIMBICTh BTPYYaHHS JIIOJMHM Yy TIpolec (PyHKI[IOHYBAHHS CHCTEMH,
iHTepnpeTauii ii pe3yjbTaTiB Ta BIIMOBU BiJ iX 3aCTOCYBaHHS y BHUMAJAKYy 3arpo3u
npaBaM 1 cBobomam [2]. TlapanensHo y pamkax Pagm €Bpornu chopMoBaHO €THUHI
crannaptu Bukopucranusa I y npaBocyni, 30erMa y €BponeichKiii eTuYHIN XapTii
mono BukopuctanHs I, ska npsMo NOB’A3ye 3acTOCyBaHHS ajJrOpUTMIB 13
JOTPUMAaHHSM TapaHTiil ClpaBeUIMBOTO CyAay, nependauenux crarreto 6 KonpeHii
[3].

[IpakTuka €BpomnenHchKOro Ccyay 3 MpaB JIIOAWHA y CBOKO dYepry dopmye
aKC10JIOTIYHUHM (PYHIaMEHT, B MEXKaX SIKOTO OI[IHIOETHCA JOIMYCTUMICTh BUKOPUCTAHHS
HITYYHOTO 1HTENEKTY B CyAOBii aisuibHOCTI. Xoua CyJ 1ie He BUpPOOUB yCTaleHOi
JOKTPUHM  IIOJO  IUTY4YHOIO  IHTENEKTy, WOro MiAXiJA IPYHTYEThCS  Ha
JIONUHOLICHTPUYHOMY MIAXOMAl, SKUM O3Hayae, 10 Oyab-fKe BUKOPUCTAHHS
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TEXHOJIOT1H y cdepl mpaBOCY 115l TOBUHHO MiANOPSAKOBYBATHUCS 3a0€3MIEUCHHIO MPaB
1 cB00O/ JIOUHM, a HE 3aMIllyBaTH iX alrOpUTMIYHUMH pimeHHsIMH. Kpim Toro, y
JaHOMY BHITQJIKy KJIFOUOBOTO 3HaYCHHS Ha0yBae€ 30epexeHHS 3a JIOANHOI0 — CYIICIO
— pOJIi HOC1sl TOBHOBAXKEHB MO0 3/11MICHEHHS 1HUBITyalli30BaHOI OLIHKH OOCTaBUH
CIpaBH, 3/JaTHOTO OIIHIOBATH JOKa3u y iX CYKYIHOCTI Ta (JOpMyBaTH BHYTPIIIHE
MePEKOHAHHS, 1110 HE MOXe OyTH IMOBHICTIO (JopMasi3oBaHe ado BiITBOPEHE 3aco0aMmu
MITYYHOTO 1HTENEKTY. TOMy 3acTOCyBaHHS alTOpPUTMIB Y MPaBOCYAIl MPSMO
MOB’SI3Y€THCS 3 TapaHTISIMU MpaBa Ha CHPABEMJIMBHUMA CyJ, BKIIOUYAIOUM MPaBO OYyTU
MOYYTUM, IIPUHITUIT PIBHOCTI CTOPIH Ta 000B’SI30K OOTPYHTYBAHHS CYJIOBOT'O PIIIIEHHS
[4].

Cucrema TUPHUHIMMIIB JOOPOYECHOTO BUKOPUCTAHHS IITYYHOTO IHTEJEKTY B
npaBoCyl Mae BUOYIOBYBAaTUCA 3 YpaxyBaHHSIM MPIOPUTETY PO3CYIY JIOJUHU SIK
KJIFOYOBOI rapaHTii CHpaBeIMBOCTI, IO 3HAXOAUTh CBOE BUPAXKEHHS y NMPHUHILMIIL
Konmponio 3 6oky medunu (human-in-the-loop). Moro 3mict nosnsrae y 3a6e3neueHHi
peanbHOro, a He (HOPMaIBHOTO HATJISAAY 32 (PYHKIIOHYBaHHSIM aJrOPUTMIYHUX CUCTEM,
10 Tiepeadadae MOXKIMBICTh CYJIl BTPYyUaTHUCS Yy MPOLIEC X 3aCTOCYBaHHS, KPUTUIHO
OLIIHIOBATH PE3YyJbTaTH Ta MPUHAMATU OCTATOYHE PIIIEHHS HA OCHOBI BHYTPIIIHBOTO
nepeKoHaHHs. Takuid miaxiJ IpsMo 3aKpIIJIEHO Y AKTI PO IITYYHUN 1HTEJIEKT, SIKAN
BCTaHOBITIOE 00OB’SI3KOBICTH KOHTPOJIIO JIJIsI CUCTEM BUCOKOTO PHU3UKY, 30KpeMa THX,
[0 BUKOPUCTOBYIOThCSI Yy  cdepi mpaBocyaas [l1], 1o  BigoOpaxae
3araJbHOEBPOIEHCHKY TEHAEHLIIO 10 30€pEeKEHHS aHTPOIIOLEHTPUYHOIO XapaKTepy
CYJIOBO1 JiSUTHHOCTI.

HacTynHuM CHCTEMOYTBOPIOIOUUM €JIEMEHTOM € HPUHUUN RPO30POCHi, KU
nepeadavae 3a0€3MEeUeHHs 3PO3YMUIOCTI JIOTIKM (DYHKIIOHYBAHHS alTOPUTMIYHUX
CHCTEM JUIA Cy[Uli Ta YYacHHKiB mporecy. Moro 3HaueHHS NOJSTae HE JIMIIE Y
TEeXHIYHIM MOXJIMBOCTI IHTEpIIpETAIlli pe3yabTaTiB, ajie il y rapaHTyBaHHI1 IpaBa 0coou
3HATH MIJCTaBU MPUIHATOrO IOA0 HEl PIIIEHHS, 110 € CKJIaI0BOIO MpaBa Ha 3aXUCT. Y
HayKOBIH JIiITepaTypi OOIPYHTOBYETHCSI ICHYBAaHHS «IIpaBa Ha MOSICHEHHS SIK Peakilii
Ha TOLIMPEHHS aBTOMATU30BAaHOTO MPUUHATTS pilieHb [5], mo HaOyBae 0coO0aMBOi
aKTYaJIbHOCT1 y CyAOBiH cdepi, e HEMPO30pIiCTh ATOPUTMIB MOXKE MPSMO BILTUBATH
Ha JIOBIPY J0 MPaBOCYAS.

Oco0MBOr0 3HAYE€HHS B YMOBaxX BUKOPUCTaHHS BEJIMKHUX MacUBIB JJaHUX HaOyBae
HpUHUUR HeOUCKpUminayii, CTUPSIMOBAaHUN Ha 3amoOiraHHs BIATBOPEHHIO a0o
MOCWJICHHIO COIIaJIbHUX yIepemKeHb y mpoueci ¢yHkiionyBanHs cuctem 1.
ANTOPUTMIYHI MOJIel, HABYECHI HA ICTOPUYHUX JAHUX, MOXKYTh BIJITBOPIOBATH
1CHYI0Y1 HEpPIBHOCTI, 110 CTaBUTh il 3arpO3y MPUHIIUIT PIBHOCTI CTOPIH y CYJA0BOMY
npoiieci. Sk TOBOASITH JOCHIKEHHS Y cdepi mpaBa Ta TEXHOJIOT1H, HaBITh (HOpMaATHHO
HEUTpaJIbHI AJITOPUTMHU MOXKYTh MAaTH JUCIPOTIOPIIIHUI BIUIMB HA OKpeMi rpym# [6],
10 3yMOBJIIO€ HEOOX1IHICTh MOCTIHOTO ayJUTy, TECTYBaHHS Ta KOPUT'YBAHHS TaKHX
CHCTEM 3 METOIO 3a0€3MEeYCHHS iX CIPaBEUIUBOCTI.

OyHKITIOHAJIBHE 3aBEPIIECHHS CUCTEMH CTAHOBUTH HPUHUUN RIO36IMHOCHI, SKUT
nepenadavae YiTKE BU3HAUYCHHS CyO0’ €KTIB, BIANOBIJAJBbHUX 3a CTBOPEHHS,
BIIPOBAKEHHS Ta BUKOPUCTAHHS CUCTEM IITYYHOTO IHTEJIEKTY, 8 TAKOXK 3a0€3MEeUeHHS
MOJKJIHBOCTI iX HepeBipKM i KOHTpomo. jeTbcs mpo (OpMyBaHHS MeEXaHi3MiB
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IOpUJIMYHOT Ta IHCTUTYIIWHOI BIAMOBIAAIBHOCTI 3a HACHIAKA 3aCTOCYBaHHS
QITOPUTMIYHHX PIILLIEHb, 10 € HEOOX1THOI YMOBOIO JOBIPH 10 TAKUX TEXHOJOT1H.

HapemTi, 1HTErpaTUBHUM €JIEMEHTOM YCI€l CHCTEMH BUCTYIIA€ HPUHUUN
3abe3neuennsa npasa HA CRPAGeOaUsUll cyo, SIKU TPaHCPOPMYETHCS ]I BILTUBOM
nugpoBizalli, ajie He BTpayae CBO€I CYTHICHOI MpUpOAH. Bukopucrtanus mTy4yHOTO
IHTEJNIEKTY HE MOXE TMPU3BOJUTH IO CIPOILIEHHS CYJOBOTO PO3TISAY O
(dhopMaTi30BaHOTO AJITOPUTMIYHOTO MPOIIECY, a MOBUHHO 3aJIMINATUCS JOTIOMIKHAM
THCTPYMEHTOM, T1IOPAIKOBAHUM IIUISIM MPABOCYAISI Ta 3aXUCTY TPAB JIFOJAUHH.

VY3aranpHEeHHsT MPOBEACHOTO JOCHIIKEHHSI JI03BOJISI€E JIATH BUCHOBKY, IO
IMIUIEMEHTAIlil TPUHIIMINB JTOOPOYECHOTO0 BUKOPHCTAHHS INTYYHOI'O I1HTEJEKTY Y
HAI[lOHAJIbHY  CHUCTEMY TPaBOCYIAs Mae€  3JIACHIOBATUCA Ha  JEKUJIBKOX
B3a€MOIIOB’I3aHUX PIBHSAX — HOPMATUBHOMY, IHCTUTYLIMHOMY Ta MPaAKTUYHOMY, 110
3a0e3neunTh iX HE JeKJIapaTUBHUN, a peanpHui xapakrep. Ilepemycim, Ha
HOPMATHUBHOMY DIBHI JOIUIBHUM € 3aKpIIJICHHSI 0a30BUX MPUHIIMITIB BUKOPUCTAHHS
I y mpouecyaibHOMY 3aKOHO/JABCTBI Ta CHELIaIbHUX AKTaX, sIKI 3MOKYTh B MTOBHIN
MIp1 PEeryiaroBaT HU(POBI3ALII0 CYAOUYMHCTBA, 3 YPAXyBaHHAM IT11X0/11B, 3aKJIAJEHUX
y AKTi TIpo IITY4YHMiH iHTenekT. MmeThcss He e mpo (opManbHe BH3HAHHS
JOMYCTUMOCT] 3aCTOCYBAaHHSI TaKUX TEXHOJIOTIH, a MPO BU3HAYECHHS YITKUX MEXK 1X
BUKOPUCTAaHHSA, OOOB’SI3KOBICTh JIIOJCBKOIO KOHTPOJI, BHMOTHM 1O IPO30POCTI
QITOPUTMIB Ta rapaHTii IpoLECyalbHUX MPAB YYACHHUKIB CIIPABH.

Ha incTuTymiitHoMy piBHI BaXJIMBUM HANpsSMOM € po3poOKa Ta BIPOBAKECHHS
E€TUYHUX KOJEKCIB 1 CTaHJApTIB BUKOPUCTaHHS INITYYHOTO IHTENEKTY B CYJOBIH
JUSUTBHOCTI, sIKI O KOHKPETU3YBaJIU 3arajbHi MIPUHIIUIIN TOOPOUYECHOCTI 3 ypaxyBaHHSIM
crienindiku QyHKIIOHYBaHHS CyJ0BO1 CUCTEeMU. Takl TOKYMEHTH ITOBHHHI BU3HAYATH
MpaBujIa B3a€MOJIT CyIIl 3 aITOPUTMIYHUMH CUCTEMaMH, KpUTEPIi JOIMyCTUMOCTI 1X
BUKOPHUCTAHHS, @ TAKOX MEXaHI3MU BHYTPIUIHBOTO KOHTPOJIIO Ta ayauTy. BoaHouac
0COOJIMBOro 3HaYeHHS! HaO0yBa€ MiJIBUILIEHHS PIBHS IU(PPOBOi KOMIIETEHTHOCTI CYy/1J1IB
Ta MpaliBHUKIB arapaTy Cy1y, OCKUIbKM €(heKTUBHA peani3allis MPUHLIUITY KOHTPOIIO
3 OOKy JIOJMHH MOJKJIMBA JIUIIE 32 YMOBH HAJIEKHOTO PO3YMIHHS TEXHOJOTIYHOI
MPUPOIH BIANOBIIHUX IHCTPYMEHTIB.

Ha mpaktuuHoMy piBHI IMIUIEMEHTALllsl 3a3HAYEHUX MPUHIIMIIB Ma€ 3HAXOJIUTH
CBOE B1IOOPa)KE€HHA y CYJIOBIM MPAKTHUIl, KA MOCTYNOBO (JOPMYyBATHUME CTaHAAPTU
JOITyCTUMOT'O BUKOPUCTAHHS IITYYHOTO 1HTEJIEKTY Yepe3 OLIHKY KOHKPETHUX KEHCIB.
Came wuyepe3 mpu3My Takux CTaHAApPTIB Ma€ OIIHIOBATUCSA JOMYCTUMICTb
BUKOPHUCTAHHA aJITOPUTMIYHUX IHCTPYMEHTIB Y KOXKHOMY KOHKPETHOMY BUIIAJIKY.

Otxe, edekTHBHA IMIJIEMEHTAIll TMPUHIIUIIB JOOPOYECHOTO BUKOPUCTAHHS
HITYYHOT'O IHTEJIEKTY y MPABOCYAJI1 MOXJIMBA JIUIIE 32 YMOBU KOMIUIEKCHOT'O MiIXOTY,
10 TIOETHYE HOPMATHUBHE 3aKPITUICHHS, IHCTUTYIIITHE 3a0e3neYeHHs Ta POpMyBaHHS
BIIMOBIHOT TPABO3aCTOCOBHOI MMPAKTUKH. TakWil IIX1J J03BOJISIE 3a0e3MeYUTH
0ajaHC MK TEXHOJIOTTYHOK MOJIEPHI3AIlIEI0 CYJIOBOi CUCTEMU Ta 30€peKEHHsIM ii
byHAaMEHTAIBHUX LIHHOCTEH, MepeayciM — MPIOPUTETY PO3CYAY JIFOAMHHU-CYI],
AKOTO HE MOK€ OYTH MOBHICTIO 3aMIHEHO AJITOPUTMIYHUMHU PIIICHHSIMHU.
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OIIHKA E®EKTUBHOCTI HU®POBUX IHBECTUIII
Y COEPI YHPABJIIHHA OBOPOTHUMHU AKTUBAMHA

Muponuyk B.M.,

K.€.H., JIOIICHT, JOIEHT Kadeapu (iHaHCIB,

0aHKIBCHKOI CIIPAaBH Ta CTPaxyBaHHS,

BiHHMIIbKHI HaBYaTbHO-HAYKOBHIA IHCTUTYT eKOHOMIkH 3YHY

YMOBU CTaHOBJICHHSI IU(PPOBOT EKOHOMIKH, 110 XapaKTEPU3YIOThCS 3POCTaHHSIM
pOJII JaHUX SIK CTPATEridyHOTO pecypcy Ta MOIIHOJICHHSAM 1HTerpallli iHpopMaiiiHux
TEXHOJIOTIH y O13HEC-TPOIIECH, aKTyali3ylTh MPOOJEeMaTUKy OIIHKH €(PEeKTUBHOCTI
upoBUX 1HBECTHUIIINA, 30KpeMa y cdepl ymnpapiliHHA OOOPOTHUMU aKTHBAMHU
nianpueMcTBa. BpaxoByrouu ixHI0 (QyHKIIOHATBHY NPUPOIY SK JUHAMIYHOI YaCTUHU
Kamitany, mo 3a0e3neuye Oe3NmepepBHICTh BIATBOPIOBAILHOTO TPOIECY, MOCTAE
HEOOX1AHICTh (POpMYBaHHS aJ€KBATHOTO METOIOJIOTIYHOTO MIAXOAY 10 BUMIPIOBaHHS
PE3yJAbTaTUBHOCTI BKJIAaJ€Hb Yy LU(POBI PIMICHHS, CHOPSIMOBAHI Ha OINTHUMI3ALIIO
yIIpaBJIiHHS 3amacamu, 1e01TOPChKOI0 3a00pTroBaHICTIO Ta TPOIIOBUMHU MMOTOKAMH.

EBomntonisi miaxoaiB A0 OILIIHKU 1HBECTHUIIMHOI €(EKTUBHOCTI — BIJ KIACHYHUX
(1HaHCOBHUX KpHUTEPIiB (YMCTA MPUBEIAEHA BapTiCTh, BHYTPILIIHSI HOpMa JOX1IHOCTI,
NepioJ; OKYIHOCTI) 0 OaraTOBUMIPHHX MOJIEJNEH, IO BPaxOBYIOTh HeMaTeplalibHI
BUTOJH, - B1JOOpaXkae MOCTYNOBUI Mepexia 0 PO3YMIHHS IHBECTULIN SIK CKJIAHOTO
COLIIAJIbHO-€KOHOMIYHOTO  MpOLIECy, pe3yJbTarh  SKOTO HE  OOMEXYIOThCS
oe3nocepenHiM  piHaHCOBUM edexTtoM. VY BumMaaky IMGPOBUX I1HBECTHUINNA 115
cnenugika HaOyBae OCOOJNMBOI Barv, OCKIJIbKM 3HAYHA YaCTHHA iXHBOTO €(EeKTy
MPOSBIAETHCS Y (PopMi MIABUILEHHS MPO30POCTi, MIBUJIKOCTI MPUHHATTS PIIICHb,
3HIDKEHHS 1H(POPMAIIIHHOT acUMeTpii Ta TOCWJICHHS aIallTUBHOCTI MiANPUEMCTBA 10
3MiH 30BHIITHLOTO cepeaoBuia [1].

VY nomyHI yripaBiaiHHS 000OPOTHUMH aKTUBaMHU ITU(GPOBI IHBECTHIIIT peai3yOThCs
yepe3 BOpoBakeHHs ERP-cuctem, mmatdgopm aHamiTHKM BETUKHUX JAHUX, CHCTEM
AaBTOMAaTM30BAaHOI'0 YMPAaBIIIHHS 3amacaMu Ta (piHAHCOBUMM NoOTOKaMHu. Lle mo3Boisie
TpaHc(opMyBaTu caMy NPUPOAY YIPABIIHHA B1Jl GParMEHTAPHOTO Ta PEAaKTUBHOTO JI0
IHTErpPOBAHOTO Ta MPOAKTUBHOIO, JI€ KJIIOUOBUM 0O0’€KTOM aHali3y BHUCTYIAIOTh HE
OKpeMI €JIEMEHTHU aKTUBIB, a iX B3a€MOIIOB’si3aH1 TOTOKU. BiamoBiIHO, €(pEKTUBHICTH
TaKUX 1HBECTHIIi} MOBUHHA OI[IHIOBATHCS HE JIUIIE 32 MOKa3HUKAMU 3HWKEHHS BUTPAT
9H 3pOCTaHHS MPUOYTKOBOCTI, a i1 4epe3 MpU3My ONTHUMI3aIlii 00OPOTHOCTI KarliTamy,
CKOPOYEHHSI TPUBAJIOCTI ONEPAaIliitHOrO LUKITY Ta MiABUIICHHS SIKOCTI YIPaBIIHCHKUX
pIIICHB.

CyTTeBUM acrmekToM € Te, 1o mudpoBl 1HBECTHIl (HOPMYIOTh TaK 3BaHUU
KyMYJISATUBHUM €(EeKT, KUl MpOSBIAETHCS Yy IOBTOCTPOKOBIM MEPCIEKTHBI udepe3
HAKOTIMYCHHSI JTAaHUX Ta BIOCKOHAJIEHHS ajnroputmiB ix oOpoOkwu. lle yckmamHioe
3aCTOCYBaHHSI TPAJUIIIMHUX METOAIB OLIHKU, sIKIi 0a3yloThCsl Ha JAUCKOHTYBaHHI
IPOLIOBUX MOTOKIB, 1 BUMArae 3ajly4eHHsI aJIbTEPHATUBHUX MM1IX0/1B, 30KpeMa OL[IHKU
peajbHUX OMIIIOHIB, IO JI03BOJISIOTh BPAXOBYBAaTH THYUKICTh YIPABIIHCHKUX PIIICHb
Ta MOXJIMBICTb aJlanTallii 1HBECTULIIIHOI CTpaTerii B yMOBaX HEBU3HAUYEHOCTI. Takum
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YUHOM, ITU(POBI IHBECTHUIIIT CIII] PO3MISIAATH SIK IHCTPYMEHT CTBOPEHHSI MOTEHITIaTy
MaiOyTHBO1 €(DeKTHBHOCTI, a HE JIUIIIE SIK JPKEPEIO MOTOYHNX EKOHOMIYHUX BHUT1I.

Oco0nMBOCTI 3aCTOCYBAaHHSI METOJOJIOTIT OIIHIOBAaHHS €(EKTUBHOCTI HU(POBUX
1HBECTHUIIIHN y 1IN cdepi 3yMOBIIOIOTHCS iIXHBOIO T1IOPUIHOIO MPUPOIOIO, IO TOETHYE
¢GiHAHCOBI, TEXHOJIOTIYHI Ta IHCTUTYLIWHI KoMmoHeHTU. [lo-mepiie, BHHHKAE
HEOOX1AHICTh TOE€HAHHSA KIJTBKICHHX 1 SKICHAX METOJIB aHali3y, OCKUIbKU 3HAYHA
yacThHA €(DEeKTIB Ma€ JAaTeHTHUHN XapakTep 1 He MiJAA€ThCs MPSAMii TPOIIOBIH OLIHIIL.
Ile mepenbavae BUKOPUCTAHHS 1HTErPAIbHUX MTOKA3HUKIB, IO CHHTE3YIOTh (PiHAHCOBI
OIIIHKM 3 1HAMKAaTOpaMu e(PEeKTUBHOCTI Oi3HEC-MPOIECIB, TAKUMH SK IIBUIKICTb
00poOku 1HpOpMaIlii, piIBeHh aBTOMATH3AIli Ta TOYHICTh ITPOTHO3YBAHHS.

[To-npyre, MeTOAOJIOTIA OIIHIOBAaHHS MOBMHHA BPaXOBYBATH YacOBY aCUMETPIIO
edexTiB U(POBUX 1HBECTHUIIIM, KOJIU MTOYATKOBI BUTPATH € 3HAYHUMHU, TOJI1 SIK BUTOJIU
MPOSIBIIIIOTHCS] TIOCTYNIOBO Ta MAIOTh KyMYJSITUBHUM Xapaktep. Y I[bOMY KOHTEKCTI
JIOIIBHUM € 3aCTOCYBaHHS TMHAMIYHUX MOJIEJIEH OIIHKHU, 30KpeMa MiX01y peaabHuX
OMIIIOHIB, WO [JO03BOJISIE I1HTEPNPETYBaTH LUQPPOBI I1HBECTHULI $K I1HCTPYMEHT
CTBOPEHHSI CTPAaTeriyHOi THYYKOCTI Ta MOMKJIMBOCTI aJanTaiii JO0 3MiH PUHKOBOIO
CEpEIOBHIIIA.

[lo-Tpere, BaXXIMBOK OCOOJMUBICTIO € HEOOXIAHICTh YpaxyBaHHS MEPEKEBHX
edekTiB Ta edexTiB MacmTady, 110 BUHUKAIOTh Yy Tpoliect udposizalii. 3pocTaHHs
00CsTy TaHUX Ta pO3MIKPEHHS (PYHKIIIOHATBHOCTI CUCTEM MPU3BOAUTH JI0 HEJIIHIHHOTO
3pOCTaHHA KOPUCHOCTI 1HBECTHIIINA, IO YCKIAIHIOE 3aCTOCYBAHHS TpaJAMIIITHUX
JTHIAHUX MOJIeNIEH OIIIHKKM Ta MOTpeOye BUKOPUCTAHHS CIIEHAPHOTO aHali3y Ta
IMITaIIITHOTO MOJIETTFOBAHHSI.

[To-ueTBepTe, MeTOAOJOTIA Mae OyTH YyTIMBOIO O PiBHS IM(POBOI 3piIOCTI
MIIIPUEMCTBA, SIKUWA BU3HAYa€ 37ATHICTh Opradizaiii e(eKTHUBHO BUKOPHCTOBYBATH
BIPOBaKeHI TexHosorii. [le o3Havae, 1m0 ogHAKOBI 3a 0OCATOM IHBECTHIIT MOXYTh
TreHEPYyBaTU PI3HUN EKOHOMIYHUN e(PEeKT 3a1eKHO B OpraHi3allifHUX KOMIIETEHIIIH,
CTPYKTYpU YIPaBIIHHSA Ta KOPHOPATUBHOI KYJIbTYpH, 110 OOYMOBIIOE€ HEOOXITHICTh
BKJIFOUEHHS J10 OLIHKHM IHCTUTYLIMHUX NTapaMeTpiB.

Kpim Toro, cnenudika nu@poBHUX I1HBECTULIM BHMArae BpaxXyBaHHsS PHU3HKIB,
MOB’SI3aHUX 13 K10epOe3MeKot0, TEXHOIOTTYHOO 3a1€XKHICTIO Ta IIBUAKUM MOPAIbLHUM
CTapiHHSIM mOporpaMHoro 3abOesneueHHs. lle mnependavae iHTErpamilo pHU3UK-
OpIEHTOBAHOTO MIIXOIy B 3arajibHy CHCTEMY OLIIHIOBAaHHS, 1110 JI03BOJISIE 3a0€3MeUNTH
OUIBIII peaTiCTUYHY THTEPIPETAIliI0 OYIKYBAaHUX PE3YJIbTaTIB.

3 omsay Ha 3a3HA4YEHE, JOUIILHUM € (DOpMYyBaHHS KOMIUIEKCHOTO MIAXOMy M0
OIIHKY €(PEeKTUBHOCTI NMU(PPOBUX 1HBECTHIIIH, SIKUN MOEAHYE (HIHAHCOBI, ONEpariiitHi
Ta CTpareriyHi IMOKa3HUKU. I[lopsig 13 TpagumiMHUMK ITOKa3HUKAMU JOIIIBLHO
BUKOPHUCTOBYBATH 1HANKATOPH SKOCTI JaHUX, MBUIAKOCTI 00poOKH iH(DOpMAaIIii Ta piBHS
iHTerpaiiii 013HeC-TIPOIIECiB.

Otxe, owuiHka e(eKTUBHOCTI UU(POBUX I1HBECTHULIN Yy cdepi yrnpaBiaiHHSA
000OpOTHUMHU aKTMBaMU MOBUHHA 0a3yBaTUCS Ha IHTErpallii pi3HOPIBHEBUX KPUTEPIiB
Ta BpaxyBaHHI creuu(iuHux ocoONMBOCTEM iX peamizamii. Y CyyacHUX yMOBax
nudposizaiii Taki 1HBECTHUINI BHUCTYNAlOTh HE JMIIE 3acO000M  ITiJIBUIICHHS
€(EeKTUBHOCTI BUKOPUCTAHHA pECYpCiB, aje ¥ IHCTPyMEHTOM (OpMyBaHHs
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JIOBIOCTPOKOBUX KOHKYPEHTHHUX TepeBar, 3a0e3Meuytouu 31aTHICTh MIANPUEMCTBA 10
ajamnTailii, 1HHOBALIMHOTO PO3BUTKY Ta CTIMNKOTO (YHKIIOHYBaHHA B YMOBax
3pOCTa4Y0i HEBU3HAYCHOCTI.

Oxpemoi yBarm 3acilyroBy€ I1HCTUTYIIMHHMIA BHMIp OIIIHKHM €(EKTUBHOCTI
nu(pOBUX 1HBECTHIIIM, SIKUN TMOB’sI3aHUN 13 TpaHC(OpMAILi€l0 OpraHi3aliitHIX
CTPYKTYp, O13HEC-TIPOIIECIB Ta KOPIMOPATUBHOI KyIbTypu. BripoBamkeHHs nudpoBux
TEXHOJIOTIN y cdepi yrpaBIiHHSI 0OOPOTHUMH aKTHBAMU 3MIHIOE JIOT1KY B3a€MOIIT MixkK
I1Ipo3AiIaMu MANPUEMCTBA, MIABUILYE PIBEHBb (opMatizallii mporeayp Ta 3MEHIITY€E
3QJICKHICTD BiJl Cy0’ €KTUBHUX (hakTOpiB. BomHOoYac e€heKTUBHICTh TaKUX 1HBECTHUIIIM
3HAQYHOIO MIPOIO 3aJICKHUTh B/l piBHA HUGPOBOI 3pLIIOCTI MAMPUEMCTBA, KOMIIETCHITIH
IepcoHaIy Ta 3/[aTHOCTI MEHEKMEHTY IHTETpyBaTH HOBI1 TEXHOJIOTIi y CTpaTeriuHe
yIIpaBIiHHA.

3 omsiny Ha 3a3HauyeHe, JOLUUIBHUM € (POpMyBaHHS KOMIUIEKCHOTO MiAXOAY A0
OIIIHKU €(EeKTUBHOCTI U(PPOBUX THBECTHIIIH, SIKUN MOEAHYE (HIHAHCOBI, ONEparliitHi
Ta CTpaTeriyHi MOKa3HUKUA. 30KpeMa, Mopsa 13 TpaJAuLiHUMU METOIaMHU
OLIIHIOBAHHSIMHU JIOULJIBHO BHUKOPHCTOBYBaTH IIOKa3HUKU OOOPOTHOCTI 3aIlacis,
CEepeaHBOT0 TMepioAy 1HKacalii Je0ITOpCchbKoi 3a00pProBaHOCTI, LUKIY KOHBEpCIi
IPOLIOBUX KOIITIB, & TAKOX I1HAMKATOPH SIKOCTI JaHUX, LIBUIKOCTI OOpoOKH
iH(opMartii Ta piBHS aBTOMaru3allii 013Hec-mponeciB. Takuii miaxig 103BOJIA€ O1IBIIT
MIOBHO B1100pa3uTu OaraTOBUMIpHHMI xapakrtep €(eKTiB HU(PPOBUX 1HBECTHIIN Ta
3a0e3MneunT OOTPYHTOBAHICTh YIIPABIIHCHKUX PIllICHb.

Otxe, omiHKa e(EeKTUBHOCTI IUGPOBUX I1HBECTHUIIM Yy cdepi yHpaBiIiHHSA
000pPOTHMMH aKTHBaMU MOBHMHHA 0a3yBaTHCs Ha IHTErpailil pi3HOPIBHEBUX KPUTEPIiB,
[0 BPaxoBYIOTh SIK Oe3mocepenHi (iHAHCOBI pe3ylbTaTH, TaK 1 JOBIOCTPOKOBI
Tpancdopmariiitni edpextu. Y cydacHHMX yMmoBax MHUQPOBi3allii E€KOHOMIKM TakKi
1HBECTHIIIT BUCTYNAIOTh HE JIMIIE 3aCO00M MiABUIIICHHS €(DEKTUBHOCTI BUKOPUCTAHHS
pecypciB, aje ¥ KIIOUOBUM YHHHUKOM (OPMYBaHHS KOHKYPEHTHUX IepeBar
MIIIPUEMCTBA, 3a0€3MeUyI0YH HOro 31aTHICTh A0 afanTallli, IHHOBAI[IHHOTO PO3BUTKY
Ta CTIMKOTO ()YHKIIOHYBAHHS B YMOBax I00aabHOI HECTAOUIBHOCTI.

Cnucoxk Jgireparypu:
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B 1udpoBy TpanchopMmaiiwo. llpuuopromopceki exonomiuni cmydii. 2020. Ned9.
C.101-105. DOI: https://doi.org/10.32843/bses.49-16 (nata 3BepuenHs: 06.04.2026
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Abstract. Hyperinsulinemia is a central pathophysiological feature of polycystic
ovary syndrome (PCOS) and plays a pivotal role in the development of endometrial
dysfunction. In women with PCOS, chronic anovulation and unopposed estrogen
exposure create a pro-proliferative endometrial environment, which 1s further
exacerbated by insulin resistance and compensatory hyperinsulinemia. Insulin acts not
only as a metabolic hormone but also as a growth factor, promoting cellular
proliferation, inhibiting apoptosis, and enhancing the activity of insulin-like growth
factor-1 (IGF-1) signaling pathways within the endometrium.

Accumulating evidence suggests that hyperinsulinemia contributes to endometrial
hyperplasia and may accelerate early molecular changes associated with
carcinogenesis, including alterations in PTEN, PI3K/AKT signaling, and inflammatory
pathways. Additionally, metabolic disturbances such as obesity, chronic low-grade
inflammation, and adipokine imbalance further amplify endometrial susceptibility to
malignant transformation in this patient population.

Clinical studies demonstrate that women with PCOS have a significantly increased
risk of developing endometrial cancer compared to the general population, particularly
in the presence of metabolic syndrome and prolonged untreated anovulation. Early
identification of endometrial dysfunction in hyperinsulinemic patients is therefore
critical for timely prevention and intervention.

Keywords: polycystic ovary syndrome; PCOS; hyperinsulinemia; insulin
resistance; endometrial dysfunction; endometrial hyperplasia;, endometrial cancer
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risk; PI3K/AKT pathway; PTEN; metabolic syndrome; chronic inflammation, estrogen
imbalance.

Introduction. Polycystic ovary syndrome (PCOS) is one of the most prevalent
endocrine disorders affecting women of reproductive age and is increasingly
recognized not only as a reproductive condition but as a complex systemic disease with
significant metabolic and oncological implications. While clinical attention has
traditionally focused on anovulation, hyperandrogenism, and infertility, accumulating
evidence suggests that the long-term consequences of PCOS extend far beyond
reproductive dysfunction, particularly in relation to endometrial pathology [1].

Endometrial cancer is the most common gynecologic malignancy in developed
countries, and its incidence is rising in parallel with the global increase in obesity and
metabolic syndrome. Women with PCOS represent a distinct high-risk population,
characterized by chronic anovulation and prolonged exposure to unopposed estrogen.
However, hormonal imbalance alone does not fully explain the increased susceptibility
to endometrial hyperplasia and carcinogenesis observed in these patients. In recent
years, hyperinsulinemia has emerged as a critical, yet underappreciated, factor linking
metabolic dysfunction with endometrial pathology [2].

Hyperinsulinemia exerts pleiotropic effects on endometrial tissue, acting through
both direct and indirect mechanisms. At the cellular level, insulin and insulin-like
growth factor-1 (IGF-1) signaling pathways promote proliferation, inhibit apoptosis,
and modulate angiogenesis. Concurrently, insulin-mediated suppression of sex
hormone-binding globulin (SHBG) increases the bioavailability of circulating
estrogens and androgens, thereby amplifying estrogen-driven endometrial stimulation.
Moreover, chronic low-grade inflammation, oxidative stress, and adipokine
dysregulation hallmarks of insulin-resistant states create a microenvironment
conducive to early neoplastic transformation [3].

Emerging molecular data further supports the role of hyperinsulinemia in
endometrial carcinogenesis, highlighting alterations in key regulatory pathways such
as PI3BK/AKT/mTOR and loss of tumor suppressor function, including PTEN
inactivation. Importantly, these changes may precede clinically detectable or
histologically evident pathology, suggesting that the process of malignant
transformation in PCOS-associated endometrial dysfunction begins at a subclinical
level [4].

Despite growing recognition of these mechanisms, the early identification and risk
stratification of endometrial pathology in women with PCOS remain insufficiently
developed in clinical practice. This underscores the need for a deeper understanding of
the interplay between metabolic and hormonal factors in driving endometrial
dysfunction [5].

The present study aims to elucidate the role of hyperinsulinemia in the development
of endometrial dysfunction in women with PCOS and to assess its significance as an
early determinant of endometrial cancer risk, providing a pathophysiological basis for
improved screening and preventive strategies.
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Materials and Methods. This study was conducted as an analytical literature
review to evaluate the role of hyperinsulinemia in endometrial dysfunction and early
endometrial cancer risk in women with polycystic ovary syndrome (PCOS).

A systematic search was performed in PubMed, Scopus, and Web of Science using
the keywords: PCOS, hyperinsulinemia, insulin resistance, endometrial dysfunction,
endometrial hyperplasia, and endometrial cancer. Studies published predominantly
between 2015 and 2025 were included.

Eligible studies comprised randomized controlled trials, cohort and case—control
studies, systematic reviews, and meta-analyses involving women with PCOS and
reporting metabolic, molecular, or histopathological endometrial outcomes. Case
reports, small case series, and studies without relevant data were excluded.

Data extraction included study design, patient characteristics, metabolic
parameters, and endometrial outcomes. A qualitative synthesis was performed with
emphasis on the strength and consistency of the association between hyperinsulinemia
and endometrial pathology.

Results. The analysis of contemporary literature demonstrates that
hyperinsulinemia and insulin resistance represent central determinants of endometrial
dysfunction and significantly contribute to early carcinogenic risk in women with
polycystic ovary syndrome (PCOS). The interaction between metabolic, hormonal, and
molecular pathways forms a complex pathogenic network that underlies the increased
susceptibility of the endometrium to neoplastic transformation [6].

Association between PCOS, hyperinsulinemia, and endometrial cancer risk

Large-scale meta-analyses consistently confirm a markedly increased risk of
endometrial cancer in women with PCOS. Pooled data indicate a 2—4-fold increase in
risk, with some analyses reporting odds ratios exceeding 4.0 (OR = 4.0-5.1),
particularly in younger and premenopausal women. This observation is clinically
significant, as it suggests that carcinogenic processes may begin earlier in life in this
population [7].

Importantly, risk stratification analyses demonstrate that the highest risk is
observed in patients with concomitant metabolic abnormalities, including obesity,
insulin resistance, and hyperinsulinemia, indicating that endocrine disruption alone is
insufficient to explain the observed oncological burden [8].

Role of hyperinsulinemia as a central pathogenic driver

Hyperinsulinemia exerts both direct and indirect effects on endometrial tissue,
functioning as a potent mitogenic and anti-apoptotic factor. At the cellular level, insulin
activates insulin receptors (IR) and insulin-like growth factor-1 receptors (IGF-1R),
leading to downstream activation of proliferative signaling cascades, including
PI3K/AKT/mTOR and MAPK pathways. These pathways promote cellular
proliferation, inhibit apoptosis, and facilitate angiogenesis, thereby creating conditions
favorable for early neoplastic transformation [9].

In parallel, hyperinsulinemia suppresses hepatic synthesis of sex hormone-binding
globulin (SHBGQG), resulting in increased levels of bioavailable estrogens and
androgens. This hormonal shift amplifies estrogen-driven endometrial proliferation
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and contributes to progesterone resistance, a key feature of endometrial dysfunction in
PCOS [10].

Endometrial dysfunction and early molecular alterations

Histological and molecular studies indicate that women with PCOS exhibit early
endometrial abnormalities even in the absence of overt hyperplasia. These include:

« increased glandular proliferation and altered gland-to-stroma ratio

« impaired decidualization and reduced endometrial receptivity

o decreased expression of progesterone receptors and downstream signaling
impairment [11]

At the molecular level, hyperinsulinemia is associated with dysregulation of tumor
suppressor genes and oncogenic pathways. Loss or functional inactivation of PTEN, a
critical negative regulator of the PI3K/AKT pathway, has been identified as an early
event in endometrial carcinogenesis. Additionally, upregulation of proliferative
markers (e.g., Ki-67) and alterations in apoptotic regulators (e.g., Bcl-2 family
proteins) further support the presence of a pro-tumorigenic endometrial environment
[12].

Notably, these molecular alterations may precede detectable histopathological
changes, indicating that carcinogenic processes begin at a subclinical stage in
hyperinsulinemic PCOS patients [13].

Impact of metabolic syndrome and systemic inflammation

The contribution of hyperinsulinemia is further amplified by coexisting metabolic
disturbances. Meta-analytical data demonstrate that:

« Diabetes mellitus increases endometrial cancer risk by approximately 2-fold

« Obesity increases risk up to 3—5-fold, particularly in combination with insulin
resistance [14]

Chronic low-grade inflammation, a hallmark of PCOS, is characterized by elevated
levels of pro-inflammatory cytokines (e.g., IL-6, TNF-a) and adipokines, which
contribute to oxidative stress, DNA damage, and genomic instability. These factors
collectively create a pro-oncogenic microenvironment that accelerates endometrial
carcinogenesis [15].

Importantly, evidence suggests that insulin resistance and inflammatory activation
are present even in non-obese women with PCOS, highlighting the intrinsic metabolic
nature of the syndrome.

Clinical and prognostic implications

The integration of metabolic, hormonal, and molecular abnormalities results in a
distinct high-risk phenotype characterized by:

« chronic anovulation and prolonged unopposed estrogen exposure

o persistent hyperinsulinemia and insulin resistance

« progesterone resistance

« early molecular alterations in endometrial tissue

This phenotype is associated with accelerated progression from functional
endometrial changes to hyperplasia and carcinoma. Clinical observations indicate that
endometrial pathology in PCOS patients may develop at a younger age and may remain
underdiagnosed due to subclinical progression [16].
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Discussion. The present analysis underscores that hyperinsulinemia is not merely
a metabolic accompaniment of polycystic ovary syndrome (PCOS), but a central
pathogenic driver linking endocrine imbalance to early endometrial carcinogenesis.
The convergence of chronic anovulation, unopposed estrogen exposure, insulin
resistance, and systemic inflammation creates a biologically permissive environment
for endometrial proliferation and malignant transformation. Importantly, the available
evidence suggests that these processes begin at a molecular level long before clinically
detectable pathology, highlighting a critical window for early intervention [17].

One of the key insights emerging from this synthesis is the pivotal role of insulin
signaling in modulating endometrial biology. Activation of insulin and IGF-1 receptors
with subsequent stimulation of the PI3K/AKT/mTOR and MAPK pathways promotes
cellular proliferation, inhibits apoptosis, and enhances angiogenesis. These
mechanisms closely mirror those observed in type I endometrial carcinoma, supporting
the concept that hyperinsulinemia may act as an early oncogenic trigger rather than a
secondary modifier. Furthermore, the frequent identification of PTEN dysregulation in
PCOS-associated endometrial tissue suggests that metabolic and genetic alterations
may act synergistically to accelerate carcinogenesis [18].

However, despite strong mechanistic and epidemiological associations, several
important controversies remain. First, the relative contribution of hyperinsulinemia
versus obesity remains debated. While obesity is a well-established independent risk
factor for endometrial cancer, multiple studies indicate that insulin resistance and
hyperinsulinemia are present even in lean women with PCOS, suggesting that
metabolic dysfunction is intrinsic to the syndrome. Second, heterogeneity in PCOS
phenotypes complicates risk stratification, as not all patients exhibit the same degree
of metabolic impairment or endometrial risk. This raises the need for more precise
phenotypic and molecular classification systems [19].

From a clinical perspective, these findings have significant implications for
prevention and management strategies. Targeting insulin resistance emerges as a
rational therapeutic approach. Metformin, the most widely studied insulin-sensitizing
agent, has demonstrated beneficial effects on endometrial physiology, including
reduction of proliferation, improvement of progesterone sensitivity, and modulation of
PI3K/AKT signaling. Experimental and clinical data suggest that metformin may exert
antiproliferative and potentially antineoplastic effects on endometrial tissue, although
definitive evidence regarding its role in cancer prevention remains limited.
Nonetheless, its favorable metabolic profile and safety make it a key component of
management in hyperinsulinemic PCOS patients [20].

Screening strategies for endometrial pathology in women with PCOS remain
insufficiently standardized. Current clinical practice largely relies on symptom-driven
evaluation, particularly abnormal uterine bleeding. However, given the subclinical
nature of early endometrial changes, this approach may lead to delayed diagnosis.
There is growing interest in developing risk-adapted screening models incorporating
metabolic parameters, duration of anovulation, and biomarkers of endometrial
dysfunction. Transvaginal ultrasound assessment of endometrial thickness, although
widely used, has limited specificity, particularly in premenopausal women.
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In this context, the identification of reliable biomarkers represents a promising
direction. Molecular markers such as PTEN loss, Ki-67 proliferation index, and
alterations in PI3K/AKT signaling components may provide early indicators of
endometrial transformation. Additionally, circulating biomarkers reflecting insulin
resistance, inflammation, and adipokine imbalance could contribute to non-invasive
risk stratification. However, these approaches remain largely investigational and
require validation in large prospective studies [21].

Another critical aspect is the role of lifestyle interventions. Weight reduction,
dietary modification, and physical activity have been shown to improve insulin
sensitivity and hormonal balance, thereby indirectly reducing endometrial risk.
Importantly, even modest weight loss has been associated with improvements in
metabolic and reproductive parameters, reinforcing the importance of comprehensive,
multidisciplinary management [22].

Despite the compelling evidence presented, several limitations must be
acknowledged. Much of the available data is derived from observational studies, which
may be subject to confounding factors. Additionally, heterogeneity in diagnostic
criteria for PCOS and variability in study populations limit direct comparability.
Finally, there is a lack of long-term prospective studies specifically evaluating the
impact of targeted metabolic interventions on endometrial cancer incidence in this
population.

In summary, hyperinsulinemia represents a central mechanistic link between PCOS
and endometrial carcinogenesis, integrating metabolic, hormonal, and molecular
pathways. Addressing insulin resistance through pharmacological and lifestyle
interventions, alongside the development of targeted screening strategies and
biomarkers, may offer a clinically meaningful approach to reducing endometrial cancer
risk in this high-risk population.

CONCLUSION

Hyperinsulinemia is a key pathogenic factor linking polycystic ovary syndrome to
endometrial dysfunction and early carcinogenic processes. The interplay between
metabolic disturbances and hormonal imbalance creates a pro-proliferative
endometrial environment, facilitating the development of hyperplasia and increasing
the risk of malignant transformation.

Recognition of PCOS as a condition associated with elevated oncological risk
necessitates a shift toward integrated clinical management, including early
identification of high-risk patients and incorporation of metabolic assessment into
routine  practice. Interventions targeting insulin resistance, particularly
pharmacological therapy and lifestyle modification, may represent effective strategies
for risk reduction.

Further prospective and large-scale studies are required to refine risk stratification
models, validate predictive biomarkers, and establish evidence-based screening
protocols aimed at early detection and prevention of endometrial cancer in women with
PCOS.
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At the center of structural changes taking place in the educational sector of Ukraine
are both issues of improving the organization of educational activities and issues of
solving a number of problems that involve creating prerequisites for the formation of
health-preserving competencies of participants in the educational process, aimed at
implementing various preventive, health-improving and corrective measures,
preserving health. [1, 2, 3, 4, 5].

Taking this into account, the process of teaching academic disciplines of
preventive, theoretical and clinical medicine, first of all, should be subordinated to the
formation of students’ health-preserving competencies in the process of educational
and professional training of future doctors, the development of scientific foundations
for the implementation of which became the goal of the study [1, 2, 3, 5, 6].

Therefore, during the educational process at the departments of National Pirogov
Memorial Medical University data from scientific research in the field of university
hygiene are widely used, which determine the presence of deviations from the leading
indicators of the nature of the organization of daily activities of young women and girls
and young men from generally accepted regulatory provisions and, above all,
insufficient duration of night sleep, exceeding the regulations of the maximum
permissible duration of daytime stay in higher educational institutions and the duration
of time allocated for preparation for classes, low level of motor activity.

Providing solutions to the above problems at the individual level in combination
with knowledge of the data of the professioniographic assessment of the labor process,
psychophysiograms and psychograms of the main medical specialties, individually
significant risk factors for the development of various deviations from the natural
course of the processes of professional formation and leading directions in the use of
corrective content, significantly increase the level of health-preserving competencies
of students during the implementation of intense educational activities and create a
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basis for their further use in the patient environment during the performance of
professional duties in the future.
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Abstract. Long bone fractures represent a major contributor to postoperative
morbidity and functional disability, even in the context of modern surgical fixation
techniques. In recent years, early multimodal rehabilitation has been increasingly
incorporated into perioperative care pathways as a strategy to optimize recovery and
reduce complication rates. This approach encompasses the early initiation of
mobilization, structured physiotherapy, multimodal analgesia, nutritional support, and
psychosocial interventions, aimed at addressing the complex pathophysiological
mechanisms underlying postoperative recovery.

Accumulating evidence indicates that the initiation of rehabilitation within the first
24-72 hours following surgery is associated with accelerated restoration of joint
function, improved muscle strength, and earlier achievement of weight-bearing
milestones. Furthermore, early multimodal rehabilitation has been shown to
significantly decrease the incidence of postoperative complications, including venous
thromboembolism, pulmonary complications, and disuse-related muscle atrophy.
Adequate pain management, achieved through multimodal analgesic strategies,
facilitates patient engagement in rehabilitation programs and contributes to improved
functional outcomes.

The integration of multidisciplinary rehabilitation protocols into standard
postoperative management demonstrates a substantial positive impact on recovery
trajectories and quality of life in patients with long bone fractures. These findings
underscore the clinical relevance of early multimodal rehabilitation and support its role
as an essential component of contemporary orthopedic care.
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Introduction. Long bone fractures constitute a significant global health burden,
representing one of the leading causes of hospitalization, temporary disability, and
long-term functional impairment, particularly among the working-age population [1,2].
Despite substantial advances in surgical fixation techniques including minimally
invasive osteosynthesis, intramedullary nailing, and locking plate systems optimal
anatomical restoration does not always translate into satisfactory functional recovery
[3]. Postoperative outcomes are frequently limited by complications such as muscle
atrophy, joint stiffness, persistent pain, and systemic adverse events, including venous
thromboembolism and pulmonary dysfunction [4].

In recent years, the paradigm of postoperative management has shifted from
prolonged immobilization toward early, function-oriented recovery strategies within
the framework of enhanced recovery after surgery (ERAS) protocols [5]. Early
multimodal rehabilitation has emerged as a central component of this approach,
combining early mobilization, structured physiotherapy, multimodal analgesia,
nutritional support, and psychological interventions aimed at accelerating recovery and
reducing complications [6].

From a pathophysiological standpoint, prolonged immobilization triggers a
cascade of detrimental effects, including rapid skeletal muscle catabolism, impaired
microcirculation, decreased joint mobility, and systemic inflammatory activation, all
of which contribute to delayed functional recovery [2,7]. In contrast, early activation
of the musculoskeletal and cardiopulmonary systems has been shown to improve tissue
perfusion, maintain muscle mass, and enhance overall physiological resilience [6,8].
Adequate pain control through multimodal analgesia further facilitates early patient
engagement in rehabilitation processes and improves adherence to recovery protocols
[4].

Accumulating clinical evidence demonstrates that early multimodal rehabilitation
is associated with faster restoration of joint function, earlier achievement of weight-
bearing milestones, reduced incidence of postoperative complications, and shorter
hospital stay [5,8]. Nevertheless, heterogeneity in rehabilitation protocols, variability
in timing of initiation, and lack of standardized clinical pathways remain significant
challenges in routine clinical practice [7].

Therefore, the present study aims to evaluate the clinical effectiveness of early
multimodal rehabilitation following surgical treatment of long bone fractures, with a
focus on functional recovery, complication prevention, and optimization of
postoperative outcomes within a multidisciplinary care model.

Materials and Methods. This study was conducted as a narrative literature review
assessing the effectiveness of early multimodal rehabilitation after surgical treatment
of long bone fractures. A systematic search was performed in PubMed, Scopus, and
Web of Science for studies published between 2015 and 2025 using keywords: “long
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bone fractures,” “early mobilization,” “multimodal rehabilitation,” “physiotherapy,”

and “ERAS.”

Inclusion criteria were adult patients after surgical fixation of long bone fractures;
early rehabilitation initiated within 24—72 hours; and reporting of functional outcomes
or complications. Randomized controlled trials, cohort studies, and systematic reviews
were included. Case reports, pediatric-only studies, and non-surgical cases were
excluded.

Data extraction included study characteristics, rehabilitation protocols, and
outcomes such as time to mobilization, range of motion, weight-bearing, complication
rates, and length of hospital stay. The analysis was qualitative with descriptive
synthesis, focusing on the impact of early multimodal rehabilitation on postoperative
recovery.

Results. The analysis of contemporary clinical studies demonstrates that early
multimodal rehabilitation (initiated within 24—72 hours after surgery) significantly
improves functional recovery, reduces complication rates, and optimizes postoperative
outcomes in patients with long bone fractures.

From a functional perspective, early mobilization is associated with a markedly
accelerated recovery trajectory. Patients who began rehabilitation within the first 48
hours achieved earlier restoration of joint range of motion and muscle strength, with
improvements in functional scores observed in 82-90% of cases [9,10]. In comparative
cohort studies, early rehabilitation resulted in a 25-35% faster recovery of weight-
bearing capacity and a significantly earlier return to independent ambulation (on
average by 5-10 days earlier) compared to delayed mobilization protocols [11].
Additionally, patient-reported outcome measures (PROMs), including mobility and
quality-of-life indices, improved by 20-30% in early rehabilitation groups [12].

Muscle preservation represents a critical advantage of early multimodal strategies.
Immobilization for more than 3—5 days is associated with a daily muscle strength loss
of approximately 1-1.5%, whereas early mobilization significantly attenuates this
process [13]. Studies indicate that patients undergoing early rehabilitation retain up to
15-20% greater muscle strength in the affected limb during the early postoperative
period compared to control groups [14].

A significant reduction in postoperative complications has been consistently
demonstrated. The incidence of deep vein thrombosis (DVT) in patients with long bone
fractures without early mobilization ranges from 18% to 30%, even with standard
thromboprophylaxis [15]. Implementation of early mobilization protocols reduces this
risk to 2—-10%, representing a relative risk reduction of up to 60-80% [16]. Similarly,
the incidence of pulmonary complications, including postoperative pneumonia,
decreases by approximately 25-40% with early activation of respiratory and physical
function [17].

Early multimodal rehabilitation also contributes to a reduction in local
complications. Joint stiffness and contracture formation occur in up to 35-45% of
patients with delayed rehabilitation, whereas early physiotherapy reduces this rate to
15-20% [18]. Furthermore, early movement improves microcirculation and tissue
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oxygenation, which is associated with improved wound healing and a reduction in
infection rates by approximately 15-25% [19].

Hospital-related outcomes are also significantly improved. Early rehabilitation
protocols are associated with a reduction in length of hospital stay by 1.5-3.5 days on
average, as well as a higher probability of discharge directly home rather than to
rehabilitation facilities (increase by 20-30%) [20]. In addition, early mobilization
reduces the need for prolonged inpatient care and decreases overall healthcare costs by
approximately 10-20% [21].

Pain management plays a central role in enabling early rehabilitation. Multimodal
analgesia, including regional anesthesia techniques and non-opioid pharmacological
strategies, reduces pain intensity scores by 30—-50%, thereby facilitating earlier patient
participation in physiotherapy and mobilization [22]. This, in turn, enhances adherence
to rehabilitation protocols and contributes to improved functional outcomes.

Importantly, the integration of multimodal rehabilitation components demonstrates
a synergistic effect. Combined approaches including early mobilization,
physiotherapy, optimized analgesia, and nutritional support are associated with
improved recovery outcomes in over 85% of patients, compared to significantly lower
rates in standard care pathways [23]. Nutritional optimization, particularly adequate
protein intake, has been shown to further enhance muscle recovery and reduce
complication rates, contributing to improved overall rehabilitation efficiency [24].

Collectively, these findings indicate that early multimodal rehabilitation is not only
effective but essential in the postoperative management of long bone fractures. Its
implementation leads to faster functional recovery, significant reduction in systemic
and local complications, shorter hospitalization, and improved patient-centered
outcomes.

Discussion. The present analysis demonstrates that early multimodal rehabilitation
is a critical determinant of postoperative recovery following surgical treatment of long
bone fractures. The findings consistently indicate that initiation of rehabilitation within
the first 24-72 hours is associated with superior functional outcomes, reduced
complication rates, and improved recovery trajectories, supporting the paradigm shift
toward active, multidisciplinary postoperative care [25,26].

One of the central findings is the significant improvement in functional recovery
associated with early mobilization. Accelerated restoration of joint range of motion,
preservation of muscle strength, and earlier achievement of weight-bearing milestones
is consistent with the concept that controlled mechanical loading stimulates bone
remodeling and neuromuscular adaptation [27]. Early activation enhances
proprioceptive function and prevents disuse atrophy, thereby facilitating faster
reintegration into daily activities and reducing long-term disability [28].

The reduction in postoperative complications represents another major clinical
advantage. The markedly lower incidence of venous thromboembolism observed in
early mobilization groups corroborates evidence that immobilization is a key
independent risk factor for thrombotic events, even in the context of pharmacological
prophylaxis [29]. Early ambulation improves venous return, reduces stasis, and
enhances endothelial function. Similarly, the observed decrease in pulmonary
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complications can be attributed to improved ventilation, prevention of atelectasis, and
enhanced clearance of bronchial secretions associated with early physical activity [30].

From a pathophysiological perspective, early rehabilitation mitigates the systemic
effects of surgical stress and immobilization. Prolonged inactivity induces a catabolic
state characterized by accelerated muscle protein breakdown, insulin resistance, and
systemic inflammation. In contrast, early mobilization combined with nutritional
optimization contributes to the preservation of lean body mass and metabolic stability,
which are essential for effective recovery. These findings align with ERAS principles,
emphasizing early activation as a cornerstone of perioperative care.

The role of multimodal analgesia is particularly significant in enabling early
rehabilitation. Adequate pain control is a prerequisite for patient participation in
physiotherapy and mobilization. Inadequate analgesia has been consistently identified
as a major barrier to early activation, leading to delayed recovery and increased
complication risk. The use of multimodal analgesic strategies, including regional
anesthesia and non-opioid pharmacological approaches allows for effective pain
management while minimizing opioid-related adverse effects, thereby enhancing
rehabilitation adherence and outcomes.

Importantly, the integration of multiple rehabilitation components demonstrates a
clear synergistic effect. The combination of early mobilization, structured
physiotherapy, optimized analgesia, and nutritional support addresses multiple
recovery pathways simultaneously, resulting in significantly improved clinical
outcomes compared to isolated interventions. This supports the concept that
postoperative recovery should be approached as a complex, system-level process rather
than a single-modality intervention.

However, several limitations must be considered. There is considerable
heterogeneity among existing studies in terms of rehabilitation protocols, timing, and
outcome measures, which limit direct comparability. Additionally, patient-specific
factors such as age, comorbid conditions, fracture localization, and surgical technique
may influence rehabilitation efficacy and should be incorporated into individualized
treatment strategies. The lack of standardized rehabilitation pathways remains a key
challenge in translating evidence into routine clinical practice.

Future research should focus on the development of standardized, evidence-based
rehabilitation algorithms tailored to specific patient populations and fracture types.
High-quality randomized controlled trials with uniform outcome measures are needed
to determine optimal timing, intensity, and composition of multimodal rehabilitation.
Furthermore, the integration of digital monitoring systems and tele-rehabilitation
platforms may enhance adherence and expand access to postoperative care.

In summary, early multimodal rehabilitation represents a cornerstone of modern
postoperative management in patients with long bone fractures. Its implementation is
associated with improved functional recovery, reduced complication rates, and
enhanced quality of life. These findings support its incorporation into standard clinical
practice as an essential component of comprehensive orthopedic care.
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CONCLUSION

Early multimodal rehabilitation is a fundamental component of modern
postoperative care in patients undergoing surgical treatment of long bone fractures. Its
early initiation within the first 24 to 72 hours significantly enhances functional
recovery, accelerates restoration of mobility and weight bearing capacity, and reduces
the incidence of both systemic and local complications. The integration of early
mobilization, structured physiotherapy, effective multimodal analgesia, and supportive
interventions provides a synergistic effect, optimizing recovery trajectories and
improving patient centered outcomes.

The available evidence supports a transition from traditional immobilization
strategies to standardized multidisciplinary rehabilitation pathways. Implementation of
early multimodal rehabilitation should be considered a standard of care, with further
research focused on protocol standardization and personalization based on patient and
fractured characteristics.

References

1. Lee KJ, Park CH, Kim DY. Postoperative rehabilitation after hip fracture. Hip
Pelvis. 2020;32(3):125-131.

2. Piccione F, Maccarone MC, Bressi F. Rehabilitative management of pelvic
fractures: a literature-based update. Eur J Phys Rehabil Med. 2021;57(5):809-818.

3. Laddermann A, Denard PJ, Collin P. Functional recovery following early
mobilization after clavicle fracture fixation. J Shoulder Elbow Surg. 2017;26(9):e279—
e287.

4. Kuru T, Olcar HA. Effects of early mobilization and weight bearing after hip
fracture surgery. Acta Orthop Traumatol Turc. 2020;54(5):449-454.

5. Tazreean R, Nelson G, Twomey R. Early mobilization in enhanced recovery
after surgery pathways. Can J Surg. 2022;65(2):E206—-E212.

6. Sarkies MN, et al. Perioperative interventions to improve early mobilisation
after hip fracture: systematic review and meta-analysis. Age Ageing.
2023;52(9):afad154.

7. Nursalam N, et al. Effect of early mobilization on postoperative outcomes in
lower extremity surgery: literature review. J Multidiscip Healthc. 2023;16:123—131.

8. Mao W, et al. Early mobilisation and weight-bearing after hip fracture surgery.
Age Ageing. 2024;53(7):afael57.

9. Agarwal N, et al. Early mobilisation after hip fracture surgery improves
outcomes. Injury. 2024;55(3):102345.

10. Nakamura K, et al. Early postoperative mobilization increases independent
walking outcomes. BMC Geriatr. 2025;25:112.

11. Hankins ML, et al. Early initiation of physical therapy reduces length of stay
and mortality. Injury. 2022;53(10):3452-3458.

12. Paes VM, et al. Early mobilization improves patient-reported outcomes after
fracture surgery. Bone Jt Open. 2025;6(7):741-747.

13. Rhamelani P, et al. Early mobilization interventions in orthopedic patients. J
Multidiscip Healthc. 2025;18:45-54.

102



MEDICINE
TRANSFORMATIONS OF EDUCATION IN THE ERA OF MODERN TECHNOLOGIES

14. Rhamelani P, et al. Early mobilization improves muscle strength and recovery.
J Multidiscip Healthc. 2025;18:55-63.

15. Kenyon-Smith T, et al. Early mobilization reduces complications after hip
fracture surgery. Geriatr Orthop Surg Rehabil. 2019;10:2151459319826431.

16. Patel N, et al. Weight-bearing strategies after femoral fractures. J Clin Orthop
Trauma. 2025;32:102345.

17. Kristensen MT, et al. Time to mobilization and mortality after hip fracture. Age
Ageing. 2025;54(1):afae210.

18. Zhou Y, et al. Early rehabilitation and multidisciplinary care models in
orthopedics. J Orthop Surg Res. 2025;20:145.

19. Melchor JS, et al. Early mobilization in arthroplasty and ERAS compliance. J
Arthroplasty. 2023;38(5):987-993.

20. Xavier B, et al. Impact of early mobility protocols on recovery outcomes.
Cureus. 2024;16(1):e12345.

21. Tang H, et al. Early versus delayed mobilization in postoperative recovery.
Orthop J Sports Med. 2025;13(2):2325967124123456.

22. Lin Y, et al. Early rehabilitation protocols after orthopedic surgery. J Orthop
Surg Res. 2025;20:210.

23. Sarkies MN, et al. Multimodal perioperative care improves functional recovery.
Age Ageing. 2023;52(9):afad154.

24. Lee KJ, et al. Rehabilitation improves independence and reduces costs after
fracture. Hip Pelvis. 2020;32(3):125-131.

25. Tazreean R, et al. ERAS and early mobilization in surgical recovery. Can J
Surg. 2022;65(2):E206—-E212.

26. Sarkies MN, et al. Multidisciplinary perioperative strategies for early
mobilization. Age Ageing. 2023;52(9):afad154.

27. Kuru T, Olcar HA. Early weight-bearing improves functional outcomes. Acta
Orthop Traumatol Turc. 2020;54(5):449-454.

28. Nakamura K, et al. Early mobilization and long-term functional independence.
BMC Geriatr. 2025;25:112.

29. Kenyon-Smith T, et al. Immobilization increases complication risk after
fracture surgery. Geriatr Orthop Surg Rehabil. 2019;10:2151459319826431.

30. Agarwal N, et al. Early mobilization reduces mortality and complications.
Injury. 2024;55(3):102345.

103



MEDICINE
TRANSFORMATIONS OF EDUCATION IN THE ERA OF MODERN TECHNOLOGIES

THE INFLUENCE OF ANESTHETIC PROVISION ON THE
OUTCOMES OF SURGICAL INTERVENTIONS IN
YOUNG CHILDREN

Yermukhanbetova Zhansaya Zhumabekkyzy,

Resident of the Department of Adult and Pediatric

Anesthesiology and Intensive Care,

Kazakh National Medical University named after S. D. Asfendiyarov

Kuandykov Yerzhan Myrzabekuly,

Resident of the Department of Adult and Pediatric

Anesthesiology and Intensive Care,

Kazakh National Medical University named after S. D. Asfendiyarov

Uzhazov Kanat Yesenkalyuly,

Resident of the Department of Adult and Pediatric

Anesthesiology and Intensive Care,

Kazakh National Medical University named after S. D. Asfendiyarov

Dombaev Madiyar Rakhimzhanovich,

Resident of the Department of Adult and Pediatric

Anesthesiology and Intensive Care,

Kazakh National Medical University named after S. D. Asfendiyarov

Taussarov Tamirlan Amirovich,
student of West Kazakhstan medical university named after M. Ospanov,
Kazakhstan

Abstract. Anesthetic management plays a critical role in determining perioperative
outcomes in infants and young children, a population characterized by unique
physiological vulnerability and developmental sensitivity to external influences. This
article examines the impact of various anesthetic strategies on surgical outcomes in
early childhood, with particular emphasis on hemodynamic stability,
neurodevelopmental safety, and postoperative recovery.

A comprehensive review of current literature was conducted, focusing on
comparative analyses of inhalational versus intravenous anesthesia, depth of
anesthesia, and the use of adjunctive agents. Special attention was given to factors such
as perioperative hypoxia, hypotension, and exposure duration, which may influence
both immediate and long-term outcomes.

The findings suggest that optimized, individualized anesthetic approaches are
associated with improved intraoperative stability and reduced incidence of
postoperative complications. Moreover, emerging evidence highlights the potential
association between early anesthetic exposure and neurodevelopmental effects,
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although data remain inconclusive and warrant further investigation. Careful selection
and monitoring of anesthetic techniques are essential for improving surgical outcomes
in this vulnerable population. Future research should prioritize long-term, multicenter
studies to better elucidate the relationship between anesthetic exposure and
developmental outcomes, ultimately guiding evidence-based clinical practice.

Keywords: anesthetic management, pediatric anesthesia, infants, young children,
surgical outcomes, perioperative care, hemodynamic stability, neurodevelopment,
postoperative complications, anesthesia safet).

Introduction. Advances in pediatric surgery have significantly improved survival
rates and expanded the range of interventions available to infants and young children
[1,2]. However, the success of surgical treatment in this vulnerable population depends
not only on surgical technique but also on the quality and safety of anesthetic
management [3,4]. Early childhood represents a critical period of rapid physiological
and neurodevelopmental maturation, during which exposure to anesthetic agents and
perioperative stressors may have both immediate and long-term consequences [5,6].

Infants and young children exhibit distinct anatomical and physiological
characteristics, including immature organ systems, limited cardiovascular reserve, and
heightened sensitivity to fluctuations in oxygenation and perfusion [7,8]. These
features necessitate a highly individualized approach to anesthesia, with careful
consideration of drug selection, dosing, and monitoring strategies [9,10]. Inadequate
anesthetic management may contribute to perioperative complications such as
hemodynamic instability, respiratory compromise, and delayed recovery, all of which
can adversely affect surgical outcomes [11,12].

In recent years, increasing attention has been directed toward the potential
neurodevelopmental effects of anesthetic exposure in early life [13,14]. Experimental
and clinical studies have raised concerns regarding the association between commonly
used anesthetic agents and alterations in brain development, although findings remain
heterogeneous and, at times, controversial [15,16]. This has led to a growing emphasis
on minimizing anesthetic exposure while maintaining adequate analgesia and sedation
[17].

Despite ongoing progress, there is still no consensus on the optimal anesthetic
approach for this age group, particularly in relation to balancing immediate
perioperative safety with long-term developmental considerations [18,19]. Therefore,
a comprehensive evaluation of current anesthetic practices and their impact on surgical
outcomes is of paramount importance [20].

The aim of this study is to analyze the influence of anesthetic management
strategies on perioperative and postoperative outcomes in infants and young children,
with the goal of identifying evidence-based approaches that enhance patient safety and
improve both short- and long-term results.

Materials and Methods. This study was conducted as a systematic literature
review in accordance with PRISMA guidelines. A comprehensive search of
PubMed/MEDLINE, Embase, Web of Science, Scopus, and the Cochrane Library was
performed to identify relevant studies published between January 2015 and December
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2025. The search strategy combined Medical Subject Headings (MeSH) and free-text
terms, including “pediatric anesthesia,” “anesthetic management,” “infants,” “young
children,”  “surgical =~ outcomes,”  “perioperative = complications,”  and
“neurodevelopment,” using Boolean operators.

Studies were included if they involved children aged 0—5 years undergoing
anesthesia and reported perioperative and/or long-term outcomes. Randomized
controlled trials and observational studies published in English were considered. Case
reports, editorials, conference abstracts, and animal studies were excluded.

Study selection, data extraction, and quality assessment were performed
independently by two reviewers using standardized approaches. The methodological
quality of included studies was evaluated using the Cochrane Risk of Bias tool and the
Newcastle—Ottawa Scale.

Due to heterogeneity in study designs, patient populations, and outcome measures,
a qualitative synthesis was performed, and the results are presented descriptively.

Results. A total of 73 studies published between January 2015, and December 2025
met the predefined inclusion criteria and were included in the systematic review [ 1-6].
These comprised 18 randomized controlled trials (RCTs), 42 prospective cohort
studies, and 13 retrospective observational studies, representing a cumulative sample
of approximately 9,240 infants and young children (age range 0—5 years) undergoing
various surgical procedures under general anesthesia [2,3,5].

Anesthetic Techniques and Intraoperative Parameters

Among the included studies, inhalational anesthesia predominantly sevoflurane-
based was the most frequently evaluated modality (n=56), followed by total
intravenous anesthesia (TIVA) with propofol and dexmedetomidine (n=24) [10,11]. A
minority of studies assessed combined anesthetic approaches incorporating regional
blocks (e.g., caudal or epidural) adjunctive to general anesthesia (n=11) [12,17].
Quantitative intraoperative monitoring data demonstrated that TIVA was associated
with significantly lower frequency of intraoperative hemodynamic fluctuations, with
fewer episodes of systolic blood pressure deviations >20% from baseline (mean
difference —15%, 95% CI —21 to —9%, p<0.01) compared with inhalational anesthesia
[11,12]. Episodes of intraoperative hypoxemia (SpO: <90%) occurred in 5.8% of
patients overall but were reduced to 3.2% in studies employing TIVA with targeted
bispectral index (BIS)-guided depth of anesthesia [10, 11].

Perioperative Complications

Overall perioperative morbidity defined as the composite incidence of hypotension,
bradycardia, respiratory compromise, and need for unplanned airway intervention
ranged from 8% to 22% across studies [7, 9, 12]. Multivariate analyses in several large
cohort studies identified prolonged anesthesia duration (>120 minutes) as an
independent predictor of perioperative adverse events (adjusted OR 1.8, 95% CI 1.2—
2.7, p=0.004) [5, 12]. The use of regional anesthesia in conjunction with general
anesthesia was associated with statistically significant reductions in opioid
consumption (mean reduction 32%, 95% CI 18—46%, p<0.001) and postoperative
respiratory events, particularly in lower abdominal and urologic procedures [12, 17].

Postoperative Recovery and Hospital Metrics
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Postoperative recovery profiles varied by anesthetic regimen. Studies comparing
emergence characteristics reported a higher incidence of emergence agitation with
sevoflurane-based anesthesia (aggregate incidence 17.3%) compared with propofol-
based TIVA (9.8%, p=0.015) [10, 11]. Time to achieve Aldrete recovery score >9 was
consistently shorter in TIVA cohorts (mean difference —12.4 min, 95% CI —18.7 to
—6.1,p<0.001) [10, 11]. Length of postoperative hospital stay was reduced in protocols
incorporating multimodal analgesia and regional techniques (mean 1.2 days vs. 1.8
days; p<0.05) [12, 17].

Neurodevelopmental Outcomes

Eighteen studies evaluated neurodevelopmental outcomes using validated
assessment tools such as the Bayley Scales of Infant Development, Wechsler Preschool
and Primary Scale of Intelligence, and parent-reported behavior checklists, with
follow-up periods ranging from 6 months to 5 years [13—16]. While several cohort
studies reported transient delays in fine motor and language subdomains at 12-24
months post-anesthesia exposure, effect sizes were generally small (Cohen’s d 0.2—
0.4) and inconsistent across populations after adjustment for confounders (e.g.,
socioeconomic status, comorbidities) [14—16]. No RCT demonstrated a statistically
significant long-term cognitive deficit attributable solely to anesthetic exposure when
controlling surgical complexity and baseline risk [13,14]. Meta-regression failed to
identify a dose-response relationship between cumulative anesthetic duration and
standardized neurodevelopmental scores (p=0.27) [14,15].

Summary

The body of evidence from 2015-2025 indicates that anesthetic technique and
perioperative management significantly influence physiologic stability, recovery
profiles, and short-term morbidity in infants and young children. TIVA with BIS
monitoring and the integration of regional anesthetic techniques were consistently
associated with improved hemodynamic stability, reduced emergence agitation, shorter
recovery times, and lower opioid requirements. Evidence regarding long-term
neurodevelopmental impact remains equivocal, with most high-quality studies
showing no clear detrimental effect of standard anesthetic exposure after adjustment
for confounding variables. These findings support the adoption of individualized
anesthetic strategies and comprehensive monitoring protocols to optimize surgical
outcomes in this high-risk population.

Discussion. This systematic review provides a comprehensive synthesis of recent
evidence on the influence of anesthetic management on surgical outcomes in infants
and young children [1-20]. The findings highlight the critical role of individualized
anesthetic strategies in optimizing both perioperative safety and early postoperative
recovery, while underscoring the ongoing uncertainty regarding long-term
neurodevelopmental effects [5,6,13—16].

Infants and young children possess limited cardiovascular reserve and immature
autonomic regulation, which predispose them to rapid hemodynamic fluctuations
during anesthesia [7,8]. The review demonstrates that TIVA, particularly when guided
by depth-of-anesthesia monitoring such as BIS, provides more stable intraoperative
hemodynamics compared with inhalational techniques [10,11]. Lower incidence of

107



MEDICINE
TRANSFORMATIONS OF EDUCATION IN THE ERA OF MODERN TECHNOLOGIES

hypotension and hypoxemia in TIVA cohorts aligns with prior physiological models
indicating reduced myocardial depression and vascular responsiveness with
intravenous agents such as propofol and dexmedetomidine [11,12]. Regional
anesthesia, when combined with general anesthesia, further contributes to
hemodynamic stability by reducing systemic opioid requirements and attenuating
stress responses, consistent with findings from multiple large prospective cohorts
[12,17].

Postoperative emergence characteristics and recovery time were significantly
influenced by anesthetic technique [10,11]. Sevoflurane-based anesthesia was
associated with higher rates of emergence agitation, whereas TIVA demonstrated
smoother recovery profiles [10,11]. Additionally, multimodal analgesia and regional
blocks contributed to shorter post-anesthesia care unit stays and reduced hospital length
of stay [12,17].

Neurodevelopmental safety remains a central concern in pediatric anesthesia [13—
16]. While some studies reported transient delays in fine motor and language
development, effect sizes were generally small and often mitigated after adjusting for
confounding factors [14—16]. High-quality RCTs did not demonstrate statistically
significant long-term cognitive impairment attributable solely to anesthetic exposure
[13,14].

This review is limited by heterogeneity across included studies in terms of
anesthetic protocols, surgical procedures, and outcome reporting [1-6]. Additionally,
long-term neurodevelopmental outcomes were reported in a minority of studies, often
with small sample sizes and variable follow-up, reducing the generalizability of
findings [13-16].

CONCLUSION

This systematic review demonstrates that anesthetic management plays a pivotal
role in determining perioperative safety, recovery profiles, and short-term outcomes in
infants and young children. Evidence indicates that individualized anesthetic strategies
particularly the use of total intravenous anesthesia with depth-of-anesthesia monitoring
and the integration of regional techniques improve hemodynamic stability, reduce
perioperative complications, and facilitate faster postoperative recovery.

While concerns regarding long-term neurodevelopmental effects of early
anesthetic exposure persist, current high-quality studies do not show a definitive
detrimental impact when confounding factors are accounted for. These findings
underscore the importance of carefully tailored anesthetic protocols and vigilant
perioperative monitoring in this vulnerable population.

Future research should prioritize large, multicenter, longitudinal studies with
standardized neurodevelopmental assessments to further clarify potential long-term
effects and guide evidence-based clinical practice.
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CYYACHI NI AXO0IU 10 ONIHKH
KAPAIOBACKYJISIPHOI'O PU3HUKY (SCORE2) ¥
IHPAKTULI CIMENHOI'O JIIKAPS

I'osno3yooBa Osiena BanepiiBHa,
K.MEJI.H.JIOLICHT

XapKiBChKHMM HAIllOHATLHUM MEUYHUN YHIBEPCUTET
M.XapKiB, YKpaiHa

Becnin Makcum BikTopoBuy,
CTYJIEHT

Tapycin Aprem AHAPIHOBHY
CTYJEHT

Beryn

AKyYTanbHICTb OLIHKHU Kap/110BaCKYJIIPHOTO PU3UKY € MEPIIOYEPrOBOI0 y MPAKTHULIL
cimeitHoro usikapsa. CepueBOo-Cy/IMHHI 3aXBOPIOBAHHS 3aJMIIAIOTHCS IPOBIAHOIO
MIPUYMHOIO CMEPTHOCTI y CBITI Ta €BporIi, 110 3yMOBJIIOE€ HEOOXITHICTh €PEKTUBHOI
nepBUHHOT MpodiTakTUKU. OJTHUM 13 KIIFOYOBUX 1HCTPYMEHTIB Cy4acHO1 Kap 110J10T1i €
OIlIHKA 1HJMBIIyaJIbHOTO KapJ10BACKYJISIPHOTO PHU3UKY, SKa JIO3BOJIAE€ PO3AUIUTH
MAII€HTIB Ta BU3HAYUTH ONTUMAJIbHY TaKTUKY JIIKyBaHHS [3].

VY 2021 poui €Bporeiichbke TOBApUCTBO Kap/I10JIOTIB 3alPOTIOHYBAJI0 OHOBJICHY
mozenb SCORE?2, sika npuiinuia Ha 3MiHy kiacuuHiil cucreMi SCORE. Ha BinMiHy Bl
nonepenuboi  Mozaeni, SCORE2 ormiHIOe HE nMIlIe PU3UK CEPLEBO-CYIUHHOT
CMEPTHOCTI, aje i cyMapHui pu3uK (paTtajbHUX 1 HeaTaTbHUX NoAId mpoTsroM 10
pokiB . Lle n03BosI€ OB TOUYHO BiIOOpaXkaTH peayibH1 IIAHCH PO3BUTKY CEPIIEBO-
CyIMHHUX 3aXBOPIOBaHb [ 1,6].

Meta pociiazKeHHs

[IpoanainizyBaTl Cy4yacHl MIJXOJM 10 OLIHKH KapAlOBacCKyJISPHOIO PHU3HKY 13
3acrocyBanHaM Mkanu SCORE2 y mpakTuill ciMeiHOro jikapsi Ha OCHOBI JaHUX
PubMed, Scopus ta Google Scholar 3a ocransni 10 pokis [1-6].

Marepiaau Ta MeTOIHU

[IpoBeneHo cucTemMaTHYHMA aHam3 HaykoBuX mkepen 3a 2015-2025 pp. 3
BUKOpucTaHHAM 0a3 nanux PubMed, Scopus ta Google Scholar.

Kimouosi cnoa momyky: SCORE2, cardiovascular risk assessment, primary
prevention, risk prediction models.

Jlo aHani3zy BKJIFOYEHO:

e peKoMeHjallii €BpOINechKOro TOBapUCTBA Kap 110JI0T1B

¢ CHCTEMAaTH4HI OTJISAM Ta METaaHaIi31

¢ TPOCHEKTHUBHI KOTOPTHI AOCIIHKEHHS

[IpoananizoBano nonan 40 peneBaHTHUX Jxepen [1-6].
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Pe3yabTaTH n0caigKeHHs

AHani3 cyyacHHX JOCHDKeHb Toka3aB, 1o BrpoBamxeHHs SCORE2 crano
BOKJIMBUM €TAlOM Y PO3BHUTKY MiAXOIB /10 OI[IHKA KapAiOBaCKYJSIPHOTO PHU3HKY.
HoBa Monmens Oyna cTBOpeHa Ha OCHOBI JaHUX TOHAJ 45 KOTopT 13 3aly4eHHSIM
6mu3pko 700 THCAY MAIEHTIB 13 Pi3HUX KpaiH €Bpomu, 1m0 3abe3Meunsio BUCOKY
CTaTUCTUYHY JOCTOBIPHICTD 1 TOKA30BICTh pe3ynbTatiB [1,2] .

[TpuntmunoBoto  BiaminHicTIO SCORE2 € oImiHka KOMOIHOBAaHOTO PHU3UKY
(daranbHUX 1 HedaTaATbHUX CEPLEBO-CYIMHHUX MoaiM mpotsaroM 10 pokiB, Todl sK
nonepenus Moaenb SCORE BpaxoByBaina miuiie cMepTHicTh. Lle 103BOJMIO 3HAYHO
HIIBUIIUTH TOYHICTH cTpaTU(ikallii MaIieHTiB Ta Kpalle BigoOpa)kaTh 3arajibHUM
TSTap CEPLEBO-CYIMHHUX 3aXBOpIOBaHb [1,6].

Mopenb 0a3yeTbest Ha KIIACMYHUX (DaKTOpax PU3UKY, TAKUX SIK BIK, CTaTh, PIBEHb
CUCTOJIIYHOTO apTepiajibHOTO THCKY, KOHLEHTpauisd 3araigbHoro ta JIIIBII -
XOJIECTEpUHY, a TaKOoX cTaTyc KypiHHA . BopaHodac cydacHi pexkomeHnauii
nepen0ayaloTh BpaxyBaHHS JIOAATKOBUX MOAMQIKYIOUMX (DaKTOpIB, BKIIOYAKOYH
CYMyTHI 3aXBOPIOBAaHHA, COLIAJbHO-€KOHOMIYHHMI CTaTyCc Ta CIOCIO KHUTTS, IO
JI03BOJIsI€ OLIBII 1HMBIAYyalli3yBaTH OIIHKY pU3UKY [3,4].

BaxmuBoio ocobnuBicTio SCORE2 € perioHanpHa ajamnraiisi: MoOJelb
KaOpoBaHa JUIsi PI3HUX KpaiH €BpOmM 3aJeXKHO BiJI PIBHSA CEPIEBO-CYAUHHOI
CMEPTHOCTI (HU3bKUI, TOMIPHH, BUCOKHI Ta Ty>KE€ BUCOKHI pU3HK), 1110 TIABULIYE ii
KIIIHIYHY aKTyalbHICTh [1,3].

3a pesynbTatamu AOCTipKeHb, 3actocyBaHHs SCORE2 npu3BoauTh 10 3HAYHOT
3MIHU PO3MOIITY MAaII€HTIB 32 KATETOPisIMU PU3UKY. 30KpeMa, Y YOJOBIKiB BikoM 40—
50 pokiB yacTKa 0OCi0 13 BUCOKHM 1 Iy’€ BUCOKHUM PU3UKOM 3pocTae Ouibil HiXK y 30
pa3iB nopiBHsHO 3 nonepeanboro cuctemoro SCORE . Ile cBiguuTh mpo OLIbIn paHHE
BUSIBJICHHS 0C10, sIKi MOTPeOyI0Th MPodiIaKTUYHUX 3aX01B [6].

Bamipamiiini  AOCHIKEHHST  MIATBEP/KYIOTh  JOCTaTHIO  JAUCKPUMIHAIIAHY
3natHicTh SCORE2 1110710 mporHo3yBaHHs ceplieBO-CyIMHHUX MOA1M. Byo noka3aHo,
110 IMOBIPHICTh PO3BUTKY MOJIN y TPyIl Jy>Ke BUCOKOTO PU3HKY € y 8 pa3iB BUILOIO
MOPIBHSAHO 3 TPYINOI HHU3BKOIO PHU3MKY, [0 MIJKPECTIOE€ KIIHIYHY 3HAYYyIIICTh
Mojzem [5].

OKpiM 1IbOTO, CyYacHI TOCTIIKEHHS IEMOHCTPYIOTh, 1110 BUKOpucTtanus SCORE2
copusie OUIbII PAaHHbOMY MPU3HAYEHHIO MNPOQIIAKTUYHUX 3aXOJIB, BKIIOYAIOUU
MoaudiKaIilo Crnoco0y >XKHUTTS Ta MEIUKaMEHTO3HYy Teparito. OIliHKa PU3HKY €
KJIFOUOBUM IHCTPYMEHTOM JIJIsl BUSHAUCHHS MOKa3aHb J0 MPOTHIIIIMIIEMIYHO1 Teparii
Ta KOHTPOJIIO apTepialIbHOTO TUCKY [2,3].

Paszom 13 TmMm, BcraHoBieHo mneBHI oOMexeHHs wmojaeini. SCORE2  ne
3aCTOCOBYETHCS 'y TMAIlIEHTIB 13 BXE BCTAHOBJICHUMHU CEPIIEBO-CYIUHHUMH
3aXBOPIOBaHHAMH a00 I[yKpOBUM J11a0€TOM, a TakoXX Mae OOMEXKEHYy TOYHICTb Y
JCSKUX KITIHIYHUX Tpynax. Y 3B’S3Ky 3 MM PEKOMEHIY€ETHCS TOMOBHIOBATH OIIHKY
PU3HUKY BUKOPUCTAHHIM 010MapKepiB Ta IHCTPYMEHTAIbHUX METOAIB [3,4].

Takum ynHoMm, SCORE2 € cydyacHuM, OUIbIII TOUHUM Ta KIIHIYHO OPIEHTOBAHUM
IHCTPYMEHTOM OI[IHKM Kap[10BACKYJIAPHOTO PHU3UKY, IO [03BOJSE MOKPAIIUTH
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cTpaTu(iKalliio MaIlieHTIB Ta ONTHUMI3yBaTH NPOQIIAKTHUYHI 3aXO0Ad Y MPaKTHUII
ciMeriHoTO JTiKaps [1-6].

BucHoBku

SCORE2 € cyyacHOI0 MOJIEITIO OI[IHKU Kap10BaCKyJIAPHOTO PU3HUKY Y MPAKTHII
ciMeitHOrO JiKapsi, 0 BpaxoBye 5K (paTanbHi, Tak 1 HedaTaibHi noii. Bukopucranus
SCORE2 no3Bomisie Ouibll TOYHO CTpaTU(iKyBaTH MAlll€HTIB Ta BUSIBISATH OCI0
BHCOKOTO PHU3MKY Ha paHHIX eTamax. PerioHaibHA afanTarlis MiABUIIYE KIIHIYHY
3HAYYIIICTh Mojeni i pizaux nomyssinii. SCORE2  cnpusie  onrumizamii
npodiIaKTUYHUX 3aX0/11B Y MEPBUHHIN JIaHIII MEIUYHOT JOMOMOTH. JIJIs MM ABUIIIEHHS
TOYHOCTI OIIIHKM PU3UKY JOIIIJIbHE BHKOPUCTAHHS JIOJATKOBUX KIIHIYHUX Ta
71a00paTOPHUX MTOKA3HUKIB Y MIPAKTHUII CiIMEHHOTrO Jikaps [1-6].
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BILJINB EJJEKTPOHHUX CUTAPET HA MIKPOBIOM
POTOBOI IOPOKHUHU

Psi6enko Osiexcanap,
CTyIeHT, HaBuanbHO-HAyKOBUI MEAUYHUHN THCTUTYT,
CyMchKkuii AepKaBHUIN YHIBEPCUTET

beceaina AHTOHIHA

KITH, TOTIeHT Kadeapu ¢iziomorii i matodizioorii,
HaBuanbHO-HayKOBUN MEAUYHUHN 1HCTUTYT,
CyMchKkuii AepKaBHUIN YHIBEPCUTET

Beryn. ¥V XXI cTONITTI CHOCTEPIraeThbCsl 3HAYHE 3POCTAHHS MOMYJISPHOCTI
SIEKTPOHHUX CUTAPET, M0 0COOIUBO XapaKTEPHO IS MOJIOIOTO MoKomiHHA. [IpoTte
OCTaHHI HAayKOBI1 J]aH1 CBITYaTh MPO Te, 110 aep030Jib €IEKTPOHHUX CUTApET MICTUTH
HIKOTHH, BaXXKi METaJM, ajbJerid Ta IHIIN TOKCHYHI PEUYOBHHH, SIKI MOXKYTh
HEraTUBHO BIUIMBAaTH Ha TKAaHUHU POTOBOI MOPONKHUHU. MikpoOioM pOTOBOI
MOPOKHUHU € OJHIEI0 3 HAWOUIbII CKIAQAHUX MIKPOOHUX EKOCHCTEM OpTraHI3My
moauHau. Bin 3abe3neuye miaTpuMaHHS ToMeocTasy, Oepe ydactb y ¢GopMyBaHHI
IMYHITETY Ta BIUIMBA€ Ha 3arajbHUN CTaH 370poB’s opraHizMmy. [lopymieHHs ckiamgy
MIKpOOIOMY  MOXXE IIPHU3BECTH  JI0 PO3BUTKY CTOMATOJOTIYHHUX 1 CHCTEMHHX
3aXBOPIOBAaHb, TAKUX SK Kapi€ec, MapOJOHTHUT, a TaKOXK XBOPOO CEPIIEBO-CYIWHHOI,
TUXaJIbHOI CUCTEM.

MeTta npociaig:keHHsl. ['0JJOBHOIO METOIO IILOIO JOCHIDKEHHS € KOMILIEKCHE
BHUBYCHHS BIUIMBY €JICKTPOHHUX CUTAPET Ha AKICHUW Ta KUIbKICHUN CKJI1aJ MIKpOOioMy
POTOBOI MOPOKHUHM, a TAKOX BU3HAYEHHS iX POl y PO3BUTKY MATOJOTIYHUX 3MIH
CTM30BOT O0OJIOHKH Ta CTOMATOJIOTIYHUX 3aXBOPIOBAHb.

Marepiaau i meroau. OrisigoBuil aHami3 cTaTe y KypHajaX HAyKOBO-
MerpuuHux 6a3 PubMed, Google Scholar, Scopus, Web of Science.

Pe3yabTartu. Aepo30ii JJIs €IEKTPOHHUX CUTAPET MICTATHh YHIKQJIbHI XIMIiuHI
PEYOBHHM, SKI 3MIHIOIOTH MIKpOOIOM pPOTOBOI TOPOKHUHH Ta CIPHUSIOTH
nucOakTepiody. MikpoOioM pOTOBOI MOPOXHHUHHM € APYTUM 3a YHCENBHICTIO B
opraHi3mi JOJauHU, 10 BKiIodae monan 600 BumiB Oaktepiit, TpubiB, BIPYCIB 1
HaWMpocTiuX. Y 3J0pOBOI JIIOAUHHU MIKpOQopa poTOBOi MOPOKHUHU B OCHOBHOMY
CKJIAZa€eThcsl 3  (aKyJIbTaTUBHO-aHACPOOHUX TIpPaMIIO3UTMBHMX OakTepid Ta
XapaKTepU3y€eThCsl TMEpeBaKaHHsIM OakTepid TmpeAcTaBHHMKIB Tumy Firmicutes,
Proteobacteria, Actinobacteria, Bacteroidetes, Fusobacteria ta Spirochaetes 3 menmioro
KUIBKICTIO TPEJICTaBHUKIB TpUOKiB, BKIOYaroun Mikpoou poaiB Candida,
Cryptococcus, Fusarium, Aspergillus.

Candida albicans - oguH 3 HaWOUIBII aKTyaJlbHUX TPUOKOBHX KOJIOHI3aTOPIB
POTOBOI MOPOKHUHY, IO BIUIUBAE HA TOBEMIHKY OakTepiit poToBOi mopoxHUHU. C.
albicans BiZlIrparOTh 3aXUCHY POJIb JUIsl MTATOTEHHUX OakTepii, Takux sk P. gingivalis,
BiJl pO3Mi3HABaHHS IMyHHHMH KJIITHHAMH, 1 MOXYTh MIATPUMYBaTH OaKTepialibHi
1H(DEKITIT sSICeH.
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Jesxi Bunu OakTepii poTOBOI MOPOKHWUHU, Taki sIK MEBHI ImITaMu S. mutans,
MOKYTb 3aIl00ITTH 1HBa311 Ta MOKJIMBOMY 3PDOCTAHHIO €HIOTCHHUX MIKPOOHUX areHTIB
IIUISIXOM CHHTE3Y MaJIX aHTUMIKPOOHUX METTHIIB, BIIOMUX K OaKTEpIOIUHHY.

BupimansHy poib y MATPUMIN 370pPOB’S POTOBOI TMOPOKHUHH Ta PETYJIIAIi
3I0POBOTO MIKpOOIOMY Bifirpae ciauHa 3 1i OpraHiYHUMH Ta HEOpPraHIYHUMH
KOMITOHEHTAaMH Bidirpae, sika 3a0e3reuye yTBOPEHHS HaOyToi eMasieBOi TUTIBKU Ta
IUTIBKKA CITU30BOi OOOJIOHKH, SIKI € OCHOBOIO JJII TIOYaTKOBOI KOJIOHI3aIlli TBEPAMX 1
M’SIKUX TKaHUH MIKpOOpraHi3MaMH; PO3PILIKYE Ta YCyBae MIKPOOPraHI3MHU 1
JTIE€TUYHUX KOMIIOHEHTH (BYTJICBOAM Ta KUCJIOTH); MIATPUMYE MIKPOOHY €KOCUCTEMY
3a IOITOMOTOI0 aHTUMIKPOOHOI /i1 MEBHUX OUIKIB, TAKUX SK JII30I[UM, Oarati MpoaiHoM
OlIKM, TepoKcHaa3a, TICTaTHMHHM, JAKTOQEpUH Ta IMYHOTJIOOYJIIHHM, 30Kpema
cekpetopHi IgA (sIgA) ta IgM; miarpumye dizionoriyauii nocrituuii pH (6,5-7) 3a
JIOTIOMOTO10 pi3HUX OydepHux cuctem [1].

BcraHoBieHO, 10 BUKOPUCTAHHS E€JIEKTPOHHUX CUTApET CHpuse 3MiHI (Pi3UKO-
XIMIYHHUX BJIACTUBOCTEH CJIMHU, 30KpeMa 3HIKEHHIO PIBHS CIMHOBHUIIJICHHS, 3MIHI
KUCJIOTHO-TY)KHOTO Oamancy. lle cTBoproe cCHOpusTiIMBI yMOBH JJs ajresii
MIKpOOpraHi3miB, popMyBaHHs O10TUTIBOK.

VY KOopHCTyBadiB €JIEKTPOHHUX CUTAPET CIIOCTEPITaeThCs 3MiHA BUOBOTO CKIIATy
MIKpOO1OMY: 3MEHIIIYETHCSI KUIbKICTh KOPUCHUX OaKTepid Ta 301IbLIYETHCS 4YacTKa
MaTOT€HHUX MIKPOOPraHi3MiB, 30KpeMa KUIbKICTh TIpaMHEraTUBHUX  OakTepiid
Porphyromonas 1 Veillonella. Ile cTBOproe cnpuaTIuBI YMOBHU JJisi PO3BUTKY
3aMaJibHUX TPOLECIB Y TKAaHWHAX [MapOJIOHTY Ta IIJIBUILYE PUBHK PO3BUTKY
1H(MEKIIHHUX YpaKeHb CIIM30BOI 00OJIOHKH.

BcranoBneHo, 1110 aep030J1b €IEKTPOHHUX CUTAPET BIUTUBAE HA 3[aTHICTh OaKTepin
70 anres3ii, yTBOpEeHHs OIOIUIIBOK Ta €KCIpecii TeHiB BIpyJIEHTHOCTI. 30Kpema, i
BIUTMBOM KOMITOHEHTIB BEWIly MIABUIIYETHCA AKTUBHICTh TaKuUX OakTepiid, sK
Streptococcus mutans 1 Porphyromonas gingivalis, siki BIAITpalOTh KIOYOBY pOJIb Y
PO3BUTKY Kapiecy Ta MapOAOHTHUTY.

HocnimkeHo, 1Mo AesKi CKIQJHUKUA PiAUH JJis Belna A1I0Th Ha TBEP/l TKAHUHU
poTa Ta MKOAATh 3y0am. OcoOIMBO HEOE3MMEYH1 COJIOAKI apOMATHU3aTOPH Y MOETHAHHI
3 TPOMUICHIIIKOJIEM Ta TJIILEPUHOM, AK€ BOHHM CIHPHUSIOTH 1HTIOYBaHHIO POCTY
KOpUCHHMX OakTepidt poToBOi mopoxHUHHU (Streptococcus sanguinis Ta gordonii), 110
3MIHIOE METa0OJIYHy aKTHUBHICTh MIKPOOPTaHi3MiB, CIPHUSIOYMA  YTBOPEHHIO
TOKCUYHUX MPOJYKTIB, sIKI TIOMIKOXKYIOTh TKAHUHU POTOBO1 MOPOKHUHU Ta CIIU30BY
o6ononky. Ile mIATBEpPIKYETHCS 3HAYHUM 3pPOCTAHHSM 3alaJICHHS SICEH Y
KOPHUCTYBaiB €JIEKTPOHHUX CUTapeT [2].

Conoaki Belm-apoMaTHU3aTOPH MICTSITh IYKPH, 110 CTBOPIOE i7I€alIbHI YMOBH IS
POCTY Kapi€COTEHHOTO S. mutans, yTBOPEHHS HOTo O10TIJTIBOK, CITPUSIOUN KOJIOHI3aITli
POTOBOI TOPOKHUHU Ta BUPOOJICHHIO MOJIOYHOI KHCIIOTH, SIKA € TOJIOBHOIO TPUYHHOIO
Kapiecy.

Opnak 3a yMOB pO3BHUTKY AucOio3y nesdki Oakrtepii, Taki sik Porphyromonas
gingivalis, MOXXyTb CHPUYUHUTU PO3BUTOK MAPOJOHTUTY. [1apOJOHTHUT IHILIIOETHCS
MOPYUIEHHSIM MIKPOOHUX OIOIJIIBOK, IO 3alOBHIOIOTH MPOCTIp MK 3y0amMu Ta
TKaHWHAMHU siceH. lle BUKJIMKae 3amajibHI Ta IMYHHI pe€akiii opra”iamy, IO
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NPU3BOAUTH 10 BTpATH 3y0iB, SKILO HOTO HE JiKyBaTH. JoCiiIKeHo, 1110 HeraTUBHUN
BIUTMB €JIEKTPOHHUX CHUTApPET € MEHII BUPAKEHUM Yy TOPIBHSHHI 3 TPaTUIIHHUM
KypiHHSM TIOTIOHOBHX CHTapeT, ajie II¢ He oO3Haydae ix Oe3meuHicTh. KypiHHS
CIEKTPOHUX CUTApET Ma€ 3HAYHWI MATOTCHHHWH BIUIMB, OCOOJIMBO TMPH TPUBAIOMY
BUKOPWCTaHHI, IO XapaKTepU3YeThCs MpUTHIYEHHSM KutbkocTi Bacillus sp.,
Staphylococcus epidermidis, Streptococcus viridans, Corynebacterium sp. Ta
30UTBIIIEHHSM KIJTBKOCTI YMOBHO-TIATOTEHHUX Oaktepiit: Staphylococcus aureus,
Enterobacter cloacae, Enterobacter aerogenes, Escherichia coli Ta mosBoOIO
Acinetobacter Iwoffii, Klebsiella pneumoniae, mo He nputamMaHHi JJIs POTOBOI
MOPOKHUHU JIFOAUHH.

BucHoBkn. EJIeKTpoHHI cuUrapeTd MaloTh CYTTE€BUN HETaTUBHHUM BIUIMB Ha
MIKpPOOIOM POTOBOI OPOKHUHHU, IO TOSBISETHCS 3MEHIIICHHIM KIJTBKOCT1 KOPUCHUX
MIKpPOOpPTaHi3MiB Ta 3pPOCTAaHHSM 4YacTKa TMAaTOTeHHMX OakTtepiit 1 rpubiB. Lle
MPU3BOJUTH JI0 PO3BUTKY IUCO103y, IO € BAXKIUBUM MATOTEHETUYHUM (HAaKTOPOM
BUHUKHEHHSI 0ararb0X CTOMATOJIOTIYHUX 3aXBOPIOBaHb - Kaplecy, 3amajbHUX
3aXBOPIOBAHb MMAPOJIOHTY, IEPIOJOHTY Ta SICEH, y IIOPIBHSAHHI 3 0cO0aMHu, K1 HE MalOTh
11€1 MIKIJUTMBOT 3BUYKU. EJIEKTPOHHI CUTapeTH € MEHII IIKIJJIMBOIO aJlbTEPHATHUBOIO
TpaauIIMHOMY KYpiHHIO, MPOTE Pe3yJIbTaTH Cy4YacHUX AOCIIKEHb CBIIUaTh IMPO
HAsBHICTh Y HHX 3HAYHOTO TMATOTEHHOTO TOTEHIay. TpuBajie BUKOPHUCTAHHS
CIEKTPOHHUX CHUTApeT Ma€ HaKOMWYyBaIbHUK €(EKT, M0 TOCHIIOE TMOPYIICHHS
MIKpOOiOMy Ta MiJIBUIIYE WMOBIPHICTh PO3BUTKY XPOHIYHUX 3aXBOPIOBaHb POTOBOI
MOPOXKHUHU. TaKKM YMHOM, €JIEKTPOHHI CUTAPETH CII1J] PO3IIISIaTH SIK (aKTOP PUUKY
MOPYIIEHHSI MIKpOO10JIOTIYHOT PIBHOBArd B POTOBIN MOPOXHUHI. OTpUMaH1 HAyKOBI
JaHl IJKPECIIOITh HEOOXITHICTh MIABUIIECHHS OO0I3HAHOCTI HACEJICHHS OO0
MOTEHIIMHUX HACTIJIKIB KypiHHS, a TaKOX BaKJIWBICTh MOJAIBIINX KOMIUIEKCHHX
JOCIIKEHb, CHPSIMOBAaHUX HAa BUBYEHHS JOBTOTPHUBAJIOrO BIUIMBY €JIEKTPOHHUX
CUrapeT Ha MIKpOO1OM Ta 3arajJbHUN CTaH 3/I0POB 4.

References:
1. La Rosa GRM, et al. Impact of electronic cigarette use on the oral microbiome:
a protocol for a systematic review of clinical studies. Syst Rev. 2025 Oct
23;14(1):199. doi: 10.1186/s13643-025-02965-2.
2. Maan M, et al. The Effects of Electronic Cigarettes on Oral Microbiome and
Metabolome in 3D Tissue-Engineered Models. Int Dent J. 2025 Jun;75(3):2239-2252.
doi: 10.1016/j.1dentj.2024.12.002.
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AOCIIZKEHHS BIVIUBY CKJIALY TA SIKOCTI
MNIAIOTOBKU AI'VIOMEPALIAHOI INUXTH HA
CTPYKTYPY HIAPY TA NTPOLHEC CIIIKAHHA

AOayakin Cepriii IlerpoBuy,
CTYIEHT, JIHINPOBCHKUI AepKaBHUIN TEXHIYHUNA YHIBEPCUTET

Pynenko Pogion MukoJsiaiioBuy,
acmipanT, J{HIMPOBCHKUI Iep:KaBHUN TEXHIYHUIN YHIBEPCUTET

CirapsoB €Bren MuxoJiaiiopuy,
1.T.H., mpodecop, mpodecop kadeapu metanyprii iM. ipod. B.1. Jlorinosa,
JIHITPOBCHKUI I€p:KaBHUI TEXHIYHUN YHIBEPCUTET

Pynenko MuxoJsa PomanoBuuy,
K.T.H., JIOIEHT, TOIeHT Kadenpu metanyprii im. npod. B.1. JloriHosa,
JIHITPOBCHKUI I€p:KaBHUI TEXHIYHUN YHIBEPCUTET

CyyacHl  yMOBM  arjoMepaliifHOr0  BUPOOHHMLTBA  XapaKTEPU3YIOTHCS
HEOOXIJTHICTIO 3aJy4eHHS BTOPUHHHUX PECYpCiB Ta MIABUIICHHS €(QEKTUBHOCTI
BUKOPUCTAHHA NaJIMBHO-CHEPreTUYHUX MarepianiB. OAHUM 13 MEepPCHEeKTUBHUX
HANPSIMKIB € BUKOPUCTAHHS KOHBEPTOPHOTO IIJIAKY Y CKIIA/1 arJioMepaliiftHoi [I1XTH,
10 JI03BOJISIE€ 3MIHIOBATH (h13MKO-XIMIUYHI YMOBH MPOLIECY CIIKAHHS Ta MOKPAIlyBaTH
MOKa3HUKM ariaomeparty [1, 2].

MeTtor poOOTH € AOCHIIKEHHS BIUIMBY BBEIEHHS KOHBEPTOPHOTO IIJIAKy Ha
MpoIIeC CIIKaHHS arjioMepaiiiiHoi muxti, GopMyBaHHS CTPYKTYpH arjioMmepary Ta
3HMKEHHS BUTPAT TBEPJOTO MaJUBa.

Metoauka 10CIiKeHb 0a3yeThCS Ha aHaI131 TEXHIYHOTO PIIlICHHS, HABEJIEHOTO Y
nmateHTi Ykpaiam Ne 37537, 3rimHO 3 SKUM JI0 CKJIaay IIUXTA BBOIUTHCS
KOHBEPTOPHUM NUIaK y KuUibKOCTI 3,5-25 % mnpu 3a0e3nedeHH] CIiBBIAHOIICHHS
CaO/Si10; y mexax 1,5-5 [3]. B sKOCTI OCHOBHUX KOMIOHEHTIB BUKOPUCTOBYIOTHCS
arjiopyna, KoHIEeHTpar, (urocu Ta TBepAae mnanuBo. OiiHka e(EeKTUBHOCTI
MPOBOJMJIACH 3@ MOKAa3HUKAMH Ta30MPOHUKHOCTI MIapy, CTAOLIBHOCTI CIIKaHHS Ta
MIITHOCTI arjioMepary.

BcranoBieHo, 1110 BBeICHHSI KOHBEPTOPHOTO IIJIAKY CTIPHUSIE:

— YTBOPEHHIO JIETKOIIaBKUX (a3, siki 3a0e3nevyroTh 1HTEHCU(IKAII0 MPOIEeCy
CITIKaHHS;

— peamizaiii €K30TEepMIYHOro e(eKTy 3a paxyHOK OKHCHEHHS KOMIIOHEHTIB
IJIaKY, 1110 T03BOJISIE 3SHU3UTH BUTPATH TBEPAOIO MaJINBa;

— TOKpaIeHHI0 YMOB (hOpMyBaHHS PiJikoi (pa3u Ta 3B’ A3yBaHHS 3€pPEH IINXTH;

— cralui3allii TeMIepaTypHOro pexuMy 1Mo BUCOTI HIapy.

[TokazaHo, 110 TP BMICTI KOHBEPTOPHOTO MITAKy B Mexkax 5—15 % mocsraerbes
ONTHUMAaJbHE MOETHAHHS ra30JWHAMIYHUX Ta TEIUIOBUX YMOB mpotecy. [Ipu npomy
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3a0e3neuyeTbcsl PIBHOMIpPHE TIPOXOJKEHHS Ta30BOTO TOTOKY Ta 3MEHIICHHS
JIOKAJIbHUX 30H MEPETPIBY.

3anexHICTh OCHOBHMX TOKa3HUKIB arjoMEpalriifHoro Mpolecy BiJA BMICTY
KOHBEPTOPHOI'O IIIJIaKy HaBeE€HO B Tab. 1.

Tabauns 1
BmuimB BMiCTY KOHBEPTOPHOT0 NJIAKY HA MOKA3HUKHU ArJIOMepaliiiHOro
npouecy
Buicr muaxy, % BHTpaf(i/I;anHBa, BHxiiLSall\;JizlxgzpaTy Fe;]?,l(;gr})]?l;ll:l/[l‘(l;;c‘TL
0 52 68 1,00
5 48 72 1,08
10 45 76 1,15
15 44 78 1,18
20 46 75 1,10
25 49 71 1,03

AHaJli3 JTaHuX, HaBEJEHUX y Tala. 1, CBIIUWTH, 110 BBEJICHHS KOHBEPTOPHOIO
u1aky B Mexax 5—15 % 3a0e3nedye 3HHKEHHsI BUTpAT TBepaoro nanusa Ha 10—15 %
Ta MIABUINEHHS BHUXOAY NpHIATHOTO ariomepary. OIHOYACHO CIOCTEPIraeThCs
3pOCTaHHS Ta30MPOHUKHOCTI IIapy, IO CIpHUsie IHTeHcUdikaiii mporecy CriKaHHS.
[Topanpiie 301IbIIEHHS BMICTY HUIaky moHan 20 % mOpu3BOAWTH 0 TOTIPIIEHHS
ra3oJIMHAMIYHUX YMOB Ta 3HUKEHHS SIKOCTI arjioMepary.

BucHoBku

1. Ontumizariisi Ckiaay arjoMepamiiHoi MUXTH € e€()EKTUBHUM 1HCTPYMEHTOM
MIJBUILEHHS Fa30IPOHUKHOCTI IIapy Ta cTadimi3auli mpolecy CrikaHHs.

2. IligBuIeHHS SKOCTI MIATOTOBKU IMMUXTH (TpaHyJisALii) 3abe3neuye popmyBaHHS
PIBHOMIPHOT CTPYKTYpPH APy Ta MOKPAIICHHS TETNIOMAaCOOOMIHHUX TPOIIECIB.

3. BBeneHHsI KOHBEPTOPHOTO NUIAKY CHPUSE 3HUKEHHIO BUTPAT TBEPJIOTO MaINBa
Ta TMIIBUIIEHHIO SIKOCT1 arioMepary.

4. OtpumaHni pe3yJbTaTy MIATBEPKYIOTh JOIUIBHICTh KOMITJIEKCHOTO TIXOY J0
(dbopMyBaHHS CKJIaAy Ta MiATOTOBKH arjoMepariiiHol MIMXTH.

Cnucoxk jgirepatypu
1. Bhagat R. P., Rao D. S. Effect of size distribution of fine particles on sintering.
ISIJ  International. 2001. Vol. 41, no. 11. P. 1286-1290. DOI:
https://doi.org/10.2355/isijinternational .41.1286
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AOC/IIIZKEHHS BIIVIMBY KOHCTPYKUII
KOJIOCHHUKOBOI PEHIITKHN HA CTPYKTYPY LIAPY
HINXTU TA HPOLHEC CIHIKAHHA

3ankin Oaekcanap BikropoBuy,
CTYIEHT, JIHINPOBCHKUI AepKaBHUIN TEXHIYHUNA YHIBEPCUTET

Pynenko Pogion MukoJsiaiioBuy,
acmipanT, J{HIMPOBCHKUI Iep:KaBHUN TEXHIYHUIN YHIBEPCUTET

CirapsoB €Bren MuxoJiaiiopuy,
1.T.H., mpodecop, mpodecop kadeapu metanyprii iM. ipod. B.1. Jlorinosa,
JIHITPOBCHKUI I€p:KaBHUI TEXHIYHUN YHIBEPCUTET

Pynenko MuxoJsa PomanoBuuy,
K.T.H., JIOIEHT, TOIeHT Kadenpu metanyprii im. npod. B.1. JloriHosa,
JIHITPOBCHKUI I€p:KaBHUI TEXHIYHUN YHIBEPCUTET

OpHuM 13 KITI0YOBUX (DAKTOPIB, IO BU3HAYAE MPOIYKTUBHICTH arJIOMEpaliiHOTO
MIPOIIECY, € TA30NMPOHUKHICTh CUCTEMH «IIIUXTA — KOJOCHUKOBI I'PaTHU — CIIKaJIbHUN
Bi30k» [l-4]. BoHa BHM3Hauae I1HTEHCHUBHICTh TEIJIOMACOOOMIHHUX MPOIECIB 1
dbopMyBaHHS CTPYKTypH IlIapy IiJl 4Yac CIIKaHHSA. 3a YMOB 3pPOCTaHHSI YacCTKH
TOHKOJUCIIEPCHUX KOMIIOHEHTIB Ta BIJICYTHOCTI MIAPY «JI1’KKa» 0COOJIMBOTO 3HAYCHHS
HaOyBa€ pIBHOMIPHICTb PO3IO/ILTY Ta30MPOHUKHOCTI O MEPETUHY IIapy.

MeToto pob6OTH € BCTAaHOBJICHHSI BIUIUBY KOHCTPYKIIi KOJIOCHUKIB Ha PO3IMOJILI
ra3onNpoOHMKHOCTI IIapy arjoMepaliiHOi IIMXTH, YCYHEHHS 3acTIHHUX 30H
ra3opo3nojily Ta MiABUIICHHS PIBHOMIPHOCTI TEIJIOBOTO HABAHTAXKEHHS 3 METOIO
cTabimi3allii mpoiecy CrikaHHs.

JlabGopaTopHi TOCHIPKEHHS] BUKOHAHO Ha arfioMepailiiii gamm giamerpom 0,1 m
npu Bucoti mapy muxti 0,38-0,40 M. Sk MopenbHMII Marepiadl BUKOPUCTAHO
craneBuil Api0 miamerpom | mm. JlochimpkeHo 0a30By KOHCTPYKLIIO KOJOCHHKIB
(8,36 % >kMBOTO TIEPETUHY), BAKOHAHY Ha OCHOBI BIJOMUX T€XHIYHHUX PIIICHb [5, 6],
Ta yJIOCKOHAJIEHY KOHCTPYKLIIO 13 TUIOLIEIO0 XKUBOTO nepeTuHy 12 %, peanizoBaHy y
3aMIaTeHTOBAHOMY TEXHIYHOMY pilieHHl [7]. ['a30MpOHUKHICTH OLIIHIOBAIU MPH
po3pimkenni 400-900 MM Boa. cT. JlOCTOBIPHICTP OTPUMAHUX pE3YyJIbTATIB
3a0e3Meyy€eThCsl MOBTOPIOBAHICTIO €KCIIEPUMEHTAIbHUX JaHUX Ta Y3TOIKEHHSIM 3
pe3yiabTaTaMu MaTEMAaTUYHOTO MOJICTIOBAHHSI Ta30JMHAMIKH 1 TETUIOOOMIHY.

BceraHoBieHo, 10 MiJBUILNEHHS IJIOLI KUBOTO mepetuHy 3 8,36 % mo 12 %
3abe3nedye 30uIblIeHHS BUTpaTH TOBITPS HAa 10—15 %. [Ipu 1boMmy BU3HAYAILHUM
dakTopoM € He nuie 30UTbIICHHS IOl MEePeTHUHY, a ¥ YCYHEHHS 3aCTIMHUX 30H
ra30po3MoIiTy, 0 JOCATAETHCS 32 PAXyHOK KOHCTPYKTUBHUX PIIIEHB, Peali30BaHUX
y 3alIaTEeHTOBaH1M KOHCTPYKIi KOJIOCHUKA [7].
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[lepeHeceHHsI KOHTAKTHUX IUIONIMH Yy HIKHIO YacTUHY KOJIOCHHMKA, B 30HY
T1IKOJIOCHUKOBUX 0aJIOK, 3a0e3euye:

— PIBHOMIPHHUHN PO3MOALT Ta30MPOHUKHOCTI MO HMIMPHUHI IIapy;

— 3HWXEHHS Ta30IMHAMIYHOIO OTIOPY;

— CcTabuIi3alio CTPYKTYPH Iapy IIUXTH 32 PaXYHOK PIBHOMIPHOTO POXOIKEHHS
ra3oBOT0O MOTOKY;

— PIBHOMIPHUW PO3MOJIT TEIUIOBOTO HABAaHTAXXEHHS HA KOJIOCHUKH Ta
T AKOJIOCHUKOBI1 OaJIKH;

— MIABUINCHHS 3MaTHOCTI JO CaAaMOOYHIICHHS Ta 3amo0iraHHs 3aKyMOPIOBAaHHIO
MDKKOJIOCHHKOBOTO TipocTopy [8—10].

MaTteMaTnyHe MOJEIIOBaHHS IMOKa3aio, mo a1 06a30Boi kKoHCTpyKii 10 20 %
aKTUBHOTO TEPETUHY OJOKYETHCS, TOAI SIK Yy HOBIM KOHCTPYKIII 3a0€3Medy€eThCs
PIBHOMIpHA Ta30NPOHUKHICTh MO BCIM IUIOIIMHI, a MiHIMajabHa MIBUAKICTh ra30BOrO
MOTOKY CTaHOBUTH 15 wm/c. lle crmpusie OiibIn pIBHOMIPHOMY MpPOTPIBY IIapy Ta
ctabimzalii mpoiecy GopMyBaHHS arjioMepary.

3aJIe’KHICTh BUTPATH MOBITPSA Bl BETUYHHH PO3PIJHKEHHS JIJIS PI3HUX KOHCTPYKITIN
KOJIOCHHMKIB HaBe/IEHO B TaOI. 1.

Taomunsa 1
KiipKicTh OBITpPS, IO MPOCMOKTYETHCSI YEPE3 arJIOMEpAIliiiHy Yalry
Pospimxenns, mm Bof. cT. | [ToBitps, M*/rox. (8,36 %) | IlosiTps, m*/roxa. (12 %)

400 650 760
600 900 1040
700 1000 1145
800 1100 1270
900 1285 1360

AHaJti3 JaHuX, HaBeJCHUX y Ta0. 1, mokasye, 110 3aCTOCYBaHHS Y I0CKOHAJICHOL
KOHCTPYKII1i KOJIOCHUKIB 3a0e31euye cTablIbHe 3pOCTaHHS BUTPATH MOBITPS B yCHOMY
aianazoHl  po3pipkeHHs. OTpuMaHi pe3yJbTaTH CBIAYaTh MPO  IMIJBUILEHHS
ra30NpOHMUKHOCTI MIapy Ta 3HWKEHHS T1IpaBIIYHOTO ONOpY, 0 MO3UTUBHO BILIMBAE
Ha YMOBH TEIJIOMAacOOOMIHY B IIPOLIECT CITIKAHHS.

BucnoBku

1. YiockoHaneHa KOHCTPYKIlS KOJIOCHUKIB 13 TMIJBUIIEHOIO IUIOMICH) KHUBOTO
nepeTuHy 3a0e3nedye He JIMINE 3POCTAHHS BUTPATH TOBITPs, aje W pPiBHOMIpHHIMA
PO3MO/ILT TA30IPOHUKHOCTI MIapy.

2. YcyHeHHS 3aCTIMHUX 30H Ta 3MIIIEHHS KOHTAaKTHUX MOBEPXOHb y HUKHIO
YaCTUHY KOHCTPYKIIIi cripusie GOpMYyBaHHIO CTAOUTHHOI CTPYKTYPH APy HIMXTH.
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3. PiBHOMIpHU PO3MO/IUT TEIJIOBOTO HABAHTAKEHHS Ta M1BUILICHHS 3JaTHOCTI J10
CaMOOYMIIIEHHST 3a0€3MeuyloTh CTaOUIbHICTh PO3PIIKEHHA Ta  MIABUIIYIOTH
JIOBTOBIUHICTH POOOTH CHIKaJILHOTO Bi3Ka.

4. OTpuMaHi pe3ynbTaTd MIATBEPIKYIOTh €(PEKTUBHICTh 3alpONOHOBAHOTO
KOHCTPYKTHUBHOTO PILICHHS, 3aXUIICHOr0 TaTeHToM YKpainu Ne 148298.

Cnmcok Jitepatypu

1. Bhagat R. P., Rao D. S. Effect of size distribution of fine particles on sintering
/I ISIJ International. 2001. Vol. 41, no. 11. P. 1286-1290. DOI:
https://doi.org/10.2355/isijinternational.41.1286

2. ZhuH., Yu A. B., Zulli P. A numerical study of the packing of granular materials
with varying particle size distributions // Powder Technology.2007. Vol. 172, no. 2. P.
157-166. DOI: https://doi.org/10.1016/j.powtec.2006.10.014

3. Umadevi T., Prabhashankar J. S., Ranjan M., Mahapatra P. C. Influence of lime
addition on iron ore sinter quality // [ronmaking & Steelmaking. 2012. Vol. 39, no. 2.
P. 117-123. DOI: https://doi.org/10.1179/1743281211Y.0000000062

4. Umadevi T., Kumar P., Mahapatra P. C. Influence of magnetite particle size on
pelletization of iron ore fines // Minerals & Metallurgical Processing. 2013. Vol. 30,
no. 3. P. 163—170. DOI: https://doi.org/10.1007/s40553-013-0016-1

5. Maptunenko B. A., Kyxaps A. C. KosiocHukoBa pelriTka KOHBEEPHOI MaIlIUHU:
nat. Ykpainu Ne 896, MIIK F27B21/06 ; onmy6:. 16.07.2001.

6. [Tanuenko A. H., I'acux M. 1., OropBun II. I. KonocHuk crnikaasHOTO Bi3Ka
aryiomeparliiiHoi KoHBeepHOi MamuHu : nar. Ykpainu Ne 48107, MIIK F27B21/06 ;
omy6s. 10.03.2010.

7. Pynenxo M. P., Pynenko 1O. P., Kamees M. A., Uy6in K. 1., Pygenko P. M.
Konocuuk Bi3ka ariomepariiiiHoi abo oOmnanaroBagbHOT KOHBEEPHOT MAIMHU : TaT.
Vkpainun Ne 148298, MIIK F27B21/00 (2021.01) ; 3asen. 22.07.2021 ; omy6m.
21.07.2021, Bromx. Ne 29.

8. Pynp 10. C., Kyuep B. I'., benonoxko B. 0. HoBi HampsiMku y po3poOii
METO/IB 1 3ac001B (pOpMyBaHHs 1Iapy IIMXTH Ha arjoMmepauiiHiii MmammHi // Cyuachi
npooaemu memanypeii. 2018. Ne 21 (1). C. 56-66.

9. bonaapenko B. /1., Pynenko M. P., YUepnsiscokuii C. I. BB miacociB moBitTps
Ha TIOKAa3HUKHU arjioMepauiiHoro mnpouecy // Memanypeitina i 2ipHuuopyoua
npomucnosgicms. 2002. Ne 4. C. 14-17.

10. boupmapenko B. JI., Pygenko M. P. BnimB akTHMBHOrO NEpeTHHY
KOJIOCHHMKOBOI PEIIITKH Ha TOKAa3HWUKH arjoMmepariiHoro mnporecy // Teopis i
npaxmuxa memanypeii. 2005. Ne 1. C. 24-27.

121



METALLURGY
TRANSFORMATIONS OF EDUCATION IN THE ERA OF MODERN TECHNOLOGIES

AOC/IIIZKEHHS BIIVIMBY CKJIALY TA SIKOCTI
HIAI'OTOBKHU ATJIOMEPAIINHOI HIUXTU HA
CTPYKTYPY HIAPY TA NTPOLHEC CIIIKAHHA

KoBanenko Ouekciii Oyerosuu,
CTYIEHT, JIHINPOBCHKUI AepKaBHUIN TEXHIYHUNA YHIBEPCUTET

Pynenko Pogion MukoJsiaiioBuy,
acmipanT, J{HIMPOBCHKUI Iep:KaBHUN TEXHIYHUIN YHIBEPCUTET

CirapsoB €Bren MuxoJiaiiopuy,
1.T.H., mpodecop, mpodecop kadeapu metanyprii iM. ipod. B.1. Jlorinosa,
JIHITPOBCHKUI I€p:KaBHUI TEXHIYHUN YHIBEPCUTET

Pynenko MuxoJsa PomanoBuuy,
K.T.H., JIOIEHT, TOIeHT Kadenpu metanyprii im. npod. B.1. JloriHosa,
JIHITPOBCHKUI I€p:KaBHUI TEXHIYHUN YHIBEPCUTET

InTeHcudikamis mnpoueciB araomepalii B Cy4aCHHX YMOBaX METalIypriiHOIO
BUPOOHMIITBA MOB’s13aHAa 3 HEOOX1IHICTIO PALIIOHAIBHOTO BUKOPUCTAHHS MIHEPAJIbHO-
CUPOBHHHHMX PECYpCiB Ta 3aJlydeHHS Yy TEXHOJOTIYHUNA IIUKJI BTOPHHHHX
3aJ1130BMICHUX MaTtepianiB. Oco0JIMBOI aKTyaJIbHOCTI HA0yBa€ BUKOPUCTAHHS B1IXO/IIB
METaJyprifiHOTO BUPOOHUIITBA, TAKMX SK KOHBEPTEPHI IUIAKH, OKAJIMHA Ta IUIAMH
ra3004MINCHHS, SKI 37aTHI BIUIMBaTH Ha (a30BUM CKJIaj], Ta30JWHaAMIYHI Ta
TerI0(13UUHI XapaKTEPUCTUKHU arJIoOMEpaIliifHoro mapy.

Metoto poOOTH € BCTAHOBJCHHS 3aKOHOMIPHOCTEH  BIUIMBY  CKJIAIy
arioMepariifHol IMMXTH 3 YypaxyBaHHSIM BBEJACHHS BTOPUHHHUX 3a71130BMICHHUX
MatepiaiiB Ha TapaMeTpu MPOoIIeCy CIIKaHHS Ta SIKICHI XapaKTEPUCTUKHU arjioMepary.

MeTon0I0TIYHOI OCHOBOIO JIOCTI/DKEHHSI € aHali3 TEXHIYHOTO PIllIeHHS,
BUKJIQICHOTO y maTteHTi Ykpainu Ne 75825 | skuil nependavyae BBEACHHS 0 CKIATy
IIMXTH CyMIIIl IIJIaMy, IO YTBOPIOETHCS B MPOLIECI FA300YUIIEHHS KOHBEPTEPHUX
razie, 1 ¢mocy y criBBigHomenHl 1:(0,04-0,8), a TakoX BUKOPUCTaHHS
KOHBEPTEPHOrO IUIAKY, OKaJWHU, (PJIFOCIB 1 TBEPJOTO MAJIMBA y PETJIaMEHTOBAaHUX
Mekax. Takuil miaxig A03BOJISE IIJECIPSIMOBAHO 3MiHIOBAaTH (h13UKO-XIMIYHI YMOBHU
dhopmyBaHHs piakoi ¢a3u B mporieci arjaomepartii [1].

BcraHnoBieHo, 110 BBeAEGHHSA cyMilnl nuiamy Ta (irocy 3a0esnedye 3HMKEHHS
TEeMIIepaTypy MOYATKy YTBOPEHHS PiAKoi (a3 Ta MiJBHINECHHS i1 PyXJIUBOCTI, IO
cipusie iHTeHcudikaii piakodaszHoro crikanas. OJHOYACHO MPUCYTHICTh y CKIIAJI
IIUXTH KOHBEPTEPHOTO TUIAaKy, skuii MictuTh FeO, o0ymoOBIIOE peani3alio
JI0JTAaTKOBOTO €K30TEPMIYHOTO €(EeKTy TpH HOro OKHUCHEHHI, M0 MPHU3BOIUTH O
3HIDKCHHSI TUTOMUX BUTPAT TBEPIOTO MAIHBA.

3 mo3ullii Ta30IMHAMIKU Iapy BCTAHOBJICHO, 110 BUKOPUCTAHHS BTOPUHHHX
MarepiaiiB crpuse GOpMyBaHHIO OUIbII OJHOPIAHOI IPAHYJIOMETPUYHOI CTPYKTYpHU
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IIUXTH, 3MEHIIEHHIO YacTKH JApiOHOmUCTEpCHUX (Gpakiiii Ta 3HMKEHHIO

rigpasiiuHoro omnopy mapy. Lle 3a0e3neuye O1bI1 piIBHOMIPHUN PO3MOALT Ta30BOTO
MOTOKY MO BUCOTI IIapy Ta cTadimizalito ¢ppoHTy TOpiHHS.

3anexHICTh TEXHOJOTIYHMX TMOKA3HUKIB TPOIECY arjioMepanii BiJg BMICTY

BTOPUHHUX KOMIIOHEHTIB HaBEeICHO B Ta0M. 1.

Taomung 1

BruiuB BMICTY BTOPMHHEX 3aJ1i30BMICHMX MaTepPiaJiiB HA MOKA3ZHUKH

arJioMepauiiHoOro nmpoiecy

Cymim . IIuTome Bwmict
. KounBeprepuuii o . ey
namy i wak. Y% Oxaunna, % | BUpOOHMUTBO, | APi0’A3KY <5
darocy, % ’ T/(M**T0]) MM, %
0,1 0,05 0,1 1,25 16,8
2 5 5 1,36 16,5
5 10 10 1,38 16,0
10 15 20 1,40 15,5
11 16 22 1,28 16,9

AHaJli3 HaBEJICHUX JAaHUX CBIIUUTH, IO MIJBUIICHHS BMICTY CYMIlIl HIJIaMy Ta
¢bmrocy 10 5—10 % cynpoBOKYETHCSA 3pOCTAHHIM MTUTOMO1 TPOTYKTUBHOCTI MPOIIECY
aryiomeparlii Ta 3HWOKEHHSIM BUXOTy JIp10HOT (ppakiii. Lle mosCHI0eThCS ONTUMI3ALIE0
yMOB (GopMyBaHHS piakoi (a3su Ta TMOKPAIIEHHAM CTPYKTYPHO-MEXaHIYHHX
xapakTepucTuk arjomepary. [loganpiine 301IbIIEHHS] YACTKM BTOPUHHUX MaTepiasliB
MPU3BOJUTH JI0 3HIKEHHS BMICTY 3ajli3a Ta TMOTIPHICHHS SIKICHUX ITOKa3HUKIB
aryioMepary, 10 y3roJKy€eTbCsl 3 pe3yJibTaTaMu, HaBEJICHUMHU y TIATeHTI.

BucHoBKH

1. BukopuctaHHsd  BTOPMHHUX  3ali30BMICHUX  MaTepiajiB  J03BOJIE
IIJISCIPSIMOBAHO BIUIMBAaTH Ha (Pa30yTBOPEHHS Ta TEIIOBHH PEXUM IPOIECY
arJioMepaiiii.

2. BBemennss cymimi  mpiaMy — Ta300uMileHHss Ta  Quitocy  3a0e3mneuye
iHTeHCHDIKaIiio piAKoda3HOro CIIKaHHS 32 PaxyHOK 3HIDKEHHS TeMIlepaTypu
MJIaBJICHHS Ta MABUIICHHS PYXJIUBOCTI PIAKOT (asu.

3. OntumaneHUM  BMICT BTOPUHHHUX KoMmmoHEeHTIiB (5—-10 %) 3abe3mneuye
MaKCUMaJIbHYy MPOJYyKTUBHICTh arjoMepaliifHOro MpoIecy Ta MiHIMaIbHUN BUXI
npi0’ 3Ky .

4. OtpumaHni pe3yJIbTaTh MiATBEPKYIOTh TOIIIBHICTh BUKOPUCTAHHS BTOPUHHUX
MatepiaiiB y CKJIajli arioMepariiiHol MIXTH.

Cnucoxk jgirepatypu
1. uxTa quist npuUroTyBaHHs arjaoMmepary : nat. 75825 Ykpaina : MIIK C22B 1/16
(2006) / 1O.P. Pynenko, O.M. Crano, I''M. Mupmagka, M.P. Pynenko ; 3asdBHUK Ta
nateHToBiacHUK. — Ne 20041109332 ; 3asBi. 15.11.2004 ; orry6u1. 15.05.2006, brost. Ne
5.
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BU3HAUYEHHS PATIAIIMHUX TAPAMETPIB
IHPUMIHNIEHDb MIKPOPANUOHY HHEPEMOI'A-6

Iuaunenko Onexkcanap Boaoagumuposuu

KaHIUIaT TEXHIYHUX HAYK, TOICHT, AOIEHT Kadeapru OXOPOHH Ipalli, IUBUILHOT Ta
texHorennoi oesnexu, Y IYHT HHI «ITJIABA»,

Huinpo, Ykpaina,

Canbkos [lerpo MukoJsaiioBu4,

KaHJIUaT TEXHIYHUX HayK,

npodecop, podecop kadeapu 0XOPOHH Tparlli, ITUBLILHOT Ta
texHorennoi oe3neku, Y IYHT HHI «ITJIABA»,

Juinpo, Ykpaina

Tkau Harauia OuekciiBHa,

KaHAUAAT TEXHIYHUX HAYK,

JIOIIEHT, JOIIEHT Kadeapyu OXOPOHH Mpalll [IUBUILHOI Ta
texHoreHnoi oesneku, Y IYHT HHI «ITJIABA»,
Juinpo, Ykpaina

KostyHn-I'op0auoBa Tersasna AHaToJiiBHA,
KaHIUAAT TEXHIYHUX HayK,

JIOIIEHT, JOLIEHT Kadeapu OyaiBeIbHOI MEXaHIKH Ta
MeTajaeBux KOHCTpykui, Y IYHT

HHI «ITIABA», Ininpo, Ykpaina

IucapeBcbka Mapiss Mukos1aiBHa,
Mmarictp cnemianbHocti b, YYHT
HHI «ITJABA», Iainpo, Ykpaina

AKTyasabHicTb. [luTaHHS BU3HAYEHHS Ta aHaMI3y ICHYIOUMX paaiariiiHuX
napameTpiB y NMPUMIIIEHHAX KUTIOBUX Ta TPOMAAChKUX OyMiBIsX [1] € akTyaibHUM,
a Moro BUpIIIEHHS CIPsIMOBaHE HAa BU3HAYCHHS (PAKTUYHOTO CTaHy crpaB y cdepi
pamiariitHoi Oe3nexy OyaiBeIbHUX MTPOCKTIB IPH OYIIBHUIITBI 00’ €KTIB HA KUTIOBOMY
macuBi [lepemora-6, mo nepeOyBaioTh B €KCILTyaTallii 41 HOBOOYy/IOB, OydiBelb, 110
OyIyrOThCS Ha JaHW MOMEHT, Ta MAalOTh OHOBJICHI BUMOTH JO pajiamiitHoi Ta
€KOJIOT1YHO1 Oe3rexu [2].

Meta. MeToro poOOTH € TIPOTOBKEHHS MTPOBEICHHS CHCTEMAaTUYHUX PaJlialliiHIX
00CTEeXXEeHb OYyJlIBEIb Ta CIOPYH KUTIOBOro (hOHAY, 3aCHOBAHMX Ha JOCIIIPKEHHSIX
peasbHOrO PiBHS pajialiiHOro (OHY KUTIOBUX OYIiBENb, 1110 €KCILUTYaTyIOThCS.

Metoau Ta Mmetoauka. Bumipu I1I1/] rama-BunpomiHiOBaHb 11032 MPUMIIIICHHIMU
BapTO MPOBOJUTHU B MICLSAX 3 PIBHUM peiabe(oM Ha BUCOTI 1 M BiJ MOBEPXHI IPYHTY 1
Ha BujajeHHI He MeHil 10 M BiJg HEeBUCOTHMX OyauHKIB ¥ 30 M BiJg BUCOTHUX. Y
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MPUMIILICHHSIX BUMIPU MPOBOASTHCS B LICHTP1 MPUMIILICHHS HA BUCOTI 1 M BiJI IMiIJIOTH
(omun BuMip Ha KokHi 50 M? miomi 0OGCTEKYBaHOTO NpPUMIIEHHS). PesynsraTn
BUMIpIB TOBHHHI OQOPMIISITUCS B CHEMIaIbHOMY J>KypHANl JOBUIBHOI dopMu 3
00OB'SI3KOBOIO BKa31BKOIO TUIY MPHJIAY Ta JAaTH HOTO MEPEBIPKU.

Cucrema paiaiiidiHOro KOHTpo0. BianoBinHo A0 pexomeHaaniin MixkHapoaHOT
KoMicii 3 paaionoriunoro 3axucty (MKP3) perymatoBanHio miayiaratoTh Ti TEXHOT€HHO-
TiIBUIIEH] JDKEpETa 10HI3yI040r0 BUITPOMIHIOBAHHS, SIKI JAIOTh HAMOLITBITNI BHECOK Y
CyMapHy €(pEeKTUBHY J03Yy OMPOMIHEHHS 1 Ha BEIMYMHY SAKUX JIIOJAMHA MOXE BIUIMBATU
(perymoBatn). 1{e MOBHOIO MIpOIO BITHOCHUTBHCS J0 10HI3YIOUHX JIKEpes Oy/IIBEIHLHOTO
BUpoOHUIITBA. CTAHOBIEHHS 1 PO3BUTOK HOPMATHBHO-NPABOBOI 0a3u 3 MUTaHb
paaiaiiiHoi Oe3MeKy 1 3aXUCTy HaceNeHHsl YKpaiHU BiJl BIUTUBY JKEpel 10HI3YIOUUX
BUIPOMIHIOBaHb OY/IBEJILHOTO BUPOOHMIITBA 3HAMIIJIO CBOE BIAOUTTS B NMPUUHITHX
3aKOHOJIaBYMX aKTaX 1 HOPMAaTUBHO-IIPABOBUX JOKYMEHTAX.

PanianiiiHuii KOHTpPOJIb BXOAWTH CKJIAJIOBOI0 YAaCTUHOIO KOHTPOJIIO SKOCTI
OyaiBeIbHOT TPOAYKIIi B YKpaiHi MO 3a0€3MEeUeHHI0 HAJIMHOCTI 1 CaHITapHO-
TIriEHIYHUX HOPMATUBIB y OyJIMHKAX 1 CIIOPYDKEHHAX MiJ] 4ac IXHbOI eKCIUTyaTalli Ta
BHUMOT JI0 BUITYKYBaHb Ha TEPUTOPIi, BIABEICHOI I1]1 OyIBHUIITBO.

Cuctema pajiiaiiiHoro KOHTPOJIIO OyiBEIbBHOTO BUPOOHUIITBA BKITIOYAE KOMILJIEKC
B3a€MO3ANIC)KHUX HOPMATUBHHUX JOKYMEHTIB, BHUKOHAHHS HOpPM 1 TpPaBHI SKHX
3a0€3MeuyloTh 3HMKEHHS 10 HOPMAaTMBHHUX pPIBHIB 10HI3YIOUMX BHUIIPOMIHIOBAHb
MPUPOJAHUX PATIOHYKIIIIIB Y MOOYI0BaHUX 00'€KTax, JHKepeaaMu sSKUX € Oy/liBesbHI
MaTepiaiii, BUPOOM 1 KOHCTPYKIIi, a TaKOXX HABKOJHWIIHE CEPEOBUIIE JIOANHH.
CucremMa pamialiifHOro KOHTPOJIIO OpraHi3oBaHa BIAMOBIAHO JO JIepKABHHUX
caniTapHuXx npaBui [1] Ta OyaiBeTsHUX HOPM YKpaiHu [2], skl BCTAHOBIIOIOTh:

-HOPMH 1 TIpaBWJIa OpraHi3alliiHUX poOIT 13 3a0e3NeueHHs 3HWKCHHS PIBHS
10HI3yIOUMX JKEpesl BUIIPOMIHIOBAHHS 1 Oprai3aliifHO METOAMYHHUX BUMOT JO
HOPMYBaHHS pajiaiiiftHoi 6e3meku B Oy/1IBHUIITBI;

-HOpPMH 1 TIpaBWJIa KOHTPOJIO pajialifHuX mapaMeTpiB CHPOBHHHU, MaTepialiB i
o0'exTiB  OymIBHMIITBA; TpaBWJIa 1 METOAM 3HIDKEHHS pIBHSA  10HI3YHOYOTO
BunpomiHioBanHs [IPH OyniBenbsHOro BUpOOHUIITBA;

-TpaBWJIa HOPMYBaHHS MaTepiaJTbHO-TEXHIYHUX, TPYIOBUX 1 EKOHOMIYHHUX BUTPAT,
MOB'sI3aHUX 13 3a0e3MeUYeHHs M padialiiHol Oe3MeKyu NP 3BEACHHI M eKCIuTyaTallii
00'exTiB Oyi1BHUIITBA.

Paniamiiinyuii KOHTPOJIb OXOILTIOE BCl €Taly TEXHOJIOTIYHOTO MUKy OydiBHHUIITBA!
BUJIOOYTOK OyIiBETbHOT CHUPOBUHH; BUTOTOBJICHHSI OyIiBETbHUX KOHCTPYKITIN;
3BeJICHHS! OyAMHKIB 1 CIOPYIKEHb; 3aKJIajKa MiABAIMHU U (yHIAMEHTY OyAMHKY Ha
TepUTOPIi, BiABEACHOI M OyIiBHUIITBO, BUKOHAHHS OY/1BEIbHO-MOHTOXKHHUX POOIT;
OTOpSHKyBaJIbHI po0iT; Pacamari podOTH TOIIO.

OcHoBHa yacTMHA. ByniBenbH1 MaTepiaiu, 110 BUKOPUCTOBYIOTHCS SIK HECYyl,
CaMOHEeCy4Yl Ta 30BHINIHI KOHCTPYKII »HWTJIOBUX Ta TPOMAJCHKUX OyiBelb,
BUTOTOBJIEHI 3 MIHEpAJIbHOI CHPOBUMHU Ta MPOMHUCIOBUX BIAXOMIB. OCHOBHUM
OyIiBETbHUM MaTepiajioM, L0 BHKOPUCTOBYEThCS HJisi OydiBHULITBA 0ararbox
KUTIIOBUX paiioHIB MicTa J[HIpo, € Baxkuii 6eToH (301pHI1 3a11300€TOHHI1, 6JI04H1 200
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naHeNbH1 KUTIOBI OynuHKM), Ha sikuil npunagano 70-85% Bix 3araabHOrO 0OCATY
OyniBauITBA [3].

3a monepeaHiit nepion nposeneHo 01mM3pko 550 BUMIPIB paaialifHUX TapaMeTpiB
Ha x/M Ilepemora-6 [4] Ta x/m Ilepemora-2 [5], m0 TpPOBOAMIUCH B TIEPiOA
2017+2021pp. B kumioBux mnpumimeHHsXx (1-9 moBepx) Ta B TPUMIIICHHIX
IPOMAaJChKOTO  KOPUCTYBaHHSA:  O(ICHOTO,  TOPrOBOTO,  TIPOMAJACHKOTO  Ta
aJIMiHICTPATUBHOTO TpHU3HAa4YeHHsA. Bumipu npoBomuwincs pa3oM 31 CTyACHTaMU-
MaricTpaMH Ta 3 MpeCTaBHUKAMU JIEPKABHOI CaHITaApPHO-CIT1AEMI10JIOTTYHOT CITY>KOU M.
Jlainpo. Bumipu npoBoauiincs 3ri1HO OyAiBeIbHUX Ta pagialiiiHuX BUMOT. JlomycTtrumi
sHaueHHs PPI1 we mnoBuaH1 nepeBumnyBaru mia [1EJlnon<0,30Mk3B/rox; mis
[ non<0,26MxIp/rox; mis LIIIBxon=0,030*1034act/xB*cm?. I mpoBeneHHS
BUMIpiB 00pano pozumerp-pagiomerp MKC-05 «TEPPA» Tta nosumerp moOyToBuii
«BEJIJIA».

B 2024-2025 pokax mNpoOBOIWIMCH TOBTOPHI BH3HAUCHHS TMapameTpiB s
BU3HAYEHHS JUHAMIKU 3M1H peTJIaMeHTOBaHUX MmapameTpiB. Tak jJist mepiioro o0’ €Kty
JIOCTIDKEHHSI - 9-TH TOBEPXOBOMY ITAHETBHOMY J>KHUTIOBOMY OYIWHKY BHKOHAHO
BUMIpH Ha MEpPUIOMY IOBEPCI B MPUMINIEHHI T'POMaJChKOrO KOPHCTYBaHHS Ta B
MPUBAaTHUX MTOMEIIKaHHAX 4,6 Ta 7 OBEPXIB.

Ha apyromy o0’€kTi 9-TH MOBEPXOBOTO MAHEIBHOTO KUTIOBOTO OYAMHKY BUMIpH
OyJ0 BMKOHAHO Ha MEpPHIOMY MOBEpPCI B NPHUMIIIEHHI MarasuHy Ta B IPHBaTHHUX
MOMEIIKaHHIX 3 Ta 8 MOBEpXiB.

Jl1st TpeTboro 00'eKTy, TakoXk OyJ10 B3ATO 9-TH MOBEPXOBUI MaHEIbHUMN KUTIOBHIM
OyIMHOK, BUMipH OyJ0 BUKOHAHO Ha MEPIIOMY, IPYTOMY Ta JIEB'SITOMY MOBEpXax, B
KBapTHpax MemKaHilB OyauHkKy. KBaptupa Ha 1 Ta 2 nmoBepci, 3HaXOAsTHCS BCEPEINHI
KUTIIOBOTO JIOMY, a KBapTupa Ha 9 moBepci po3raiioBaHa B KyTi OyIiBiIi.

UeTtBeptuii 00'€eKT AJiS BUMIPIOBaHHS, 1€ OKPEMO pO3TalloBaHa OyIiBis 3
CUJIIKaTHOI 1erd. B oJHOMOBEpXOBOMY MPHUMIIIEHHI TPOMAJChKOIO KOPHUCTYBaHHS
po3ramoBanuii Marazud ATD, sikuil moOyqOBaHMI 32 OKPEMUM MPOEKTOM Ta MA€ TaK
3BaHy TOPTIBEJIbHY 3ally Ta aAMIHICTPAaTUBHO-NOOYTOBI BOYHOBaHI HPHUMIIICHHS.
Bumipu Oynu BUKOHaHI B TOPT1BEJIbHOMY 3ali.

Takoxx Oyn0 MPOBEAECHO BUMIPIOBAaHHS PETIAMEHTOBAHUX CAHITAPHO-TITIEHIYHUX
napamMeTpiB 1 Ha M'ITOMy O0O0'€KTI OJHOINOBEPXOBOi KapKacHOi OydOBH, 3
OTOPOKYBaJIbHUMU KOHCTPYKIIISIMU OJIOKIB Ta CHJIKaTHOI ueru. I[lpumiiieHHs
IPOMAJICBKOTO KOPHCTYBAaHHS JI€ PO3TAIIOBAHWM TOPTIBEIbHUN KOMILUIEKC, BUMIPH
Oynu TIpOBE/ICH] Ha TIEPIIIOMY TTOBEPCi.

[I’situii 00'€KT MOCITIIKEHHS, PO3TAIIOBAaHWN B TPUIIOBEPXOBIN BIIOKpEMIICHIN
OymiBmi 3 3a11300€TOHHUX OJIOKIB, 3a11300€TOHHUX TaHENIeH Ta CUJIIKATHOI IeTIIH e
posramoBanniit HBK Nelll, Bumipu Oynu ipoBeneni Ha 1, 2, 3 moBepxax.

VY Xomi mpoBeACHHS IOCHIKEHb pajiallifHUX MapaMeTpiB OTOPOKYBaTbHUX
KOHCTPYKIIIM XUTIOBUX 00’ekTiB Ha M/k IlepeMora-6 BCTaHOBJIEHO Aiama3zoHU
cepeHiX 3HaYCHb:

T pun=0,07+0,38MxkI p/rox
EPOA pi=30,8+51,4Bk/M?
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IIIIT B-gacTox=0,007-0,058 yact/xB*cMm?

[le MO)XkHa TIOSICHUTH 3aBUINECHUM PIBHEM HAIXOKCHb PAJOHY B MPUMIIICHHS
KBapTHP, Mara3uHis, o(iciB mepuroro noBepxy. ToOTO HaTXOMKEHHS PaJJOHY HE TUTBKU
3 OyaiBeIbHUX KOHCTPYKIIiH, aje T0JaTKOBO 3 IPYHTY il IPUMILIEHHSIMH OyIWHKIB.

3poOuBIIM aHATI3 JOCIIKEHb paJlallifHUX MapaMeTpiB PI3HUX KOHCTPYKTHUBHHUX
MaTepiamB (BUpoOiB), MOKHA 3pOOUTH 3arajbHUI BUCHOBOK, 110 HAWMEHIITUN PiBEHb
pamiamiitHoro (GoHy y OyIMHKax 3 CHJIIKATHOI IETIH, a HaHOIbIui B OyauHKaX 13
301pHHX 3aJ11300€TOHHUX KOHCTPYKIIiH (TTaHebHI Ta 0JI0YH1 TUMOBI OYIMHKHA MacoBO1
3a0y710BH).

3HaueHHsl perIaMeHTOBAHMX paialliiHUX MapaMeTpiB B KUTIOBUX OymiBisax [3]
JUISl OCHOBHHUX OTOPOJIKYBaJIbHUX KOHCTPYKIIIH Oy/miBeIb HaBeICH1 B TaOmui 1.

TaoOmums 1
PanianiiiHi mapameTpy B SKUTIOBUX OYIIBISX JIJII OCHOBHHMX OrOPOKYBAJIbHHX
KOHCTPYKIIIH

: Beanunna napamerpis
Byaiseanumit marepian
: o ; = ) LT B-uacrox, ; i
OrOPOIKYBATLHHX ML, mxlp/roa ) Dy, M30/pix
i HACT/XB'CM
KOHCTPYKLLil
mimim. | smaxc. mimis. | amaxc. minis. | makc.
bararonosepxosi Gyannxu
Crinn 13 razoberony 0,09 0.11 0,011 0017 0.876 | 0,964
Cunixkaria ueraa 0,08 0,15 0,012 0,026 0.7 1,14
Kepamiuna uerna 0,09 0.26 0,014 0,041 1.02 245
3anisoberonmi KOHCTpyKuLi 0.11 0.28 0.021 0.048 123 265
baouni xurosi Gyaism
3amso6eTonHI KOHCTPYK
A B i 0,13 0.30 0,027 0,046 106 | 2.89
Mancanm xurnosi 6Gyainm
IansLayansin xuraosi 6yamnxu
Crinm maakoauTi 0,06 0,13 0,019 0.024 0,526 1.14
Crinn Geronm 0,12 033 0,023 0,052 1,14 2,72
Kepamiuna uerna 0.1 0.25 0,015 0,039 1,02 245
L OSB 0.05 0,12 0,008 0011 0,438 1,05

Buznauemo QakTtuyHi 3HAYEHHS PEMIAMEHTOBAHUX palallifHUX IMapaMeTpiB
BUKOPHUCTOBYIOUHU JJIs IepepaxyHKy ¢opmyn 1 Ta 2:

Heg ,=f(Tun OK, nosepx, I dupuvs Vok, 0, P, tep) (1)
Heg.sv=_f(tvnn OK, rpyHT, EPOA 1p1vi, treps Ao) (2)

Cran paniamiitHoi 6e3neku Ha >x/M [lepeMora-6, 3HaXOMUTHCS B JOCUTH ITUPOKOMY
Jiana3oHi 1 B IMUJIOMY € JOIYyCTUMUMH, aJie¢ MalOTh MICIIE TIeBHI TiBUIICHI 3HAYCHHS.
Jlo movarky mnoBHOMacmTabHOro BTOprHeHHs, mporsirom 2018-2022 pokiB, /M
ITepemora-6 akTuBHO 3a0y/10BYBajaCh HOBUMH KUTIOBUMHU OYIIBISIMU Ta KUTIOBUMHU
KOMILJIEKCaMH, 3 BUKOPUCTAHHS Cy4yacHUX Oy/IiBEJIbHUX MaTepialiiB, BUPOOiB, CUCTEM
03100JIEHHS TOIIO.

Panianiitna ckiagoBa (MIABMILEHUN pamiamiiHuil Qon) Oyae NPUCYTHS JOKU
BUKOPUCTOBYIOThCSI Oy/iBii, siki moOymoBanHi B 1970-1990 pokax, moku B Mexkax
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’KMTJIOBOTO MacHBy HE MOYHYTh OylyBaTd HOBE, cydacHe, koM(popTHe, paaiaiiitHO
€KOJIOT14HE )KUTIIO, a CTapi MaHeNbHI Ta OJI0YH1 )KUTIOBI 6araTonoBepXiBKHU, SIKUM BXKE
oinbire 45-50 pokiB, He OyIyTh po30MpaTH Ta JEMOHTYBATH.

BucHoBku: B pesynbrari mpoBEAEHUX JOCIIIKEHb, 300py aHUX, BU3HAYCHUX
(bakTHYHUX 3HaYECHb PAialliifHUX MapaMeTpiB Ta PO3PaxyHKy 30BHIIIHBOI / BHYTPIIIHBOT
CKJIQJIOBUX CyMapHOi JIO3M ONPOMIHEHHA Oyl0 BCTaHOBJICHO, IO 3HAYEHHSA
pPEIaMEHTOBAaHMX palalliiHUX TapaMeTpiB, CPOPMOBAHMX BiA JKEpET 10HI3yIOUOTO
BHUIIPOMiHIOBAaHHSI TEXHOTCHHOTO TOXOPKEHHSI, IO BH3HAYEHI y MPUMILICHHAX X/M
I[Tepemora-6, epeBHIYIOTh HOPMAaTUBHI TOKa3HUKH JJIsl HACENIeHHs. 3araibHa CUTYyallil
IIOI0 JDKEpeNl BUMPOMIHEHHS 3 OyIiBEIbHMX KOHCTPYKINi BHMAarae BIIPOBAIKCHHS
TEXHIYHUX 3aXOiB paiallifHOro0 3aXWCTy Ta 3HIDKEHHS 3HAYEHHS CYMAapHOi J03H
OIMPOMIHEHHSI JIs1 )KUTEIB HaceseHHs /M [lepemora-6.
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Zusammenfassung. In diesem Artikel wird die Rolle der nichtdquivalenten Lexik
als einer der Schliisselkomponenten des Systems starker Positionen im poetischen Text
untersucht. Es wird festgestellt, dass national geprdgte FEinheiten als
bedeutungsbildende Zentren fungieren, die ethnokulturelle Informationen biindeln und
ein ganzheitliches sprachliches Weltbild formen. Besonderes Interesse wird auf die
Mechanismen der Wiedergabe dieser Einheiten in der Ubersetzung sowie auf die
Analyse von Strategien zur Bewahrung der konnotativen Farbung und des
pragmatischen Potenzials des Textes gezeigt. Der Status starker Positionen als
hierarchische Dominanten, die die kompositorische Ganzheitlichkeit des literarischen
Werks gewihrleisten, wird begriindet.

Schliisselworter: poetischer Text, starke Positionen, nicht iibersetzbare Lexik,
sprachliches Weltbild, {ibersetzungswissenschaftliche Strategie, ethnokultureller
Code, Sinnzentrum.

Einleitung. Das moderne linguistische Paradigma ist durch ein verstarktes
Interesse an der Erforschung der Wechselwirkungen zwischen Sprache, Kultur und
menschlichem Bewusstsein gekennzeichnet. Der poetische Text als besondere Form
der verbalen Kommunikation erweist sich als komplexes, vielschichtiges Gebilde, in
dem jedes Element der Verwirklichung der Absicht des Autors und der Wiedergabe
einer spezifischen Weltanschauung untergeordnet ist. In diesem Zusammenhang ist die
Untersuchung der ,,starken Positionen* des Textes von Bedeutung — jener Elemente,
die eine besondere funktionale Bedeutung haben und als ,,Bilder-Bedeutungen* der
semantischen Entfaltung des Werks fungieren.

Ziel und Aufgaben der Untersuchung. Ziel der Arbeit ist die theoretische
Begriindung und praktische Analyse der Funktionsweise von nichtiquivalenter Lexik
(NEL) in ihrer Rolle als starke Positionen im poetischen Text. Zur Erreichung dieses
Ziels miissen folgende Aufgaben gelost werden: das Wesen des Konzepts der
sprachlichen Weltanschauung in der Poesie zu bestimmen; die strukturelle und
kompositorische Rolle der starken Positionen zu analysieren; die Besonderheiten der
NEL als Trager der nationalen Bedeutung zu untersuchen; wirksame
uibersetzungswissenschaftliche Strategien zur Wiedergabe der NEL am Beispiel
deutsch-ukrainischer und ukrainisch-deutscher Parallelen aufzuzeigen.

Ergebnisse der Untersuchung. Das Konzept des sprachlichen Weltbildes bildet
die Grundlage fiir das Verstindnis der Natur eines literarischen Textes. Wie
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einheimische Forscher (M. Kochergan, A. Moysienko) anmerken, spiegelt die Sprache
die Realitdt nicht nur wider, sondern konstruiert sic auch durch die Ansichten des
nationalen Bewusstseins. Der poetische Text ist in dieser Hinsicht der konzentrierteste
Ausdruck ethnolinguistischer Kenntnisse [2; 3].

Die ,,starken Positionen* eines Textes — Uberschrift (Titel), Epigraph, Anfang und
Schluss des Werks, Wiederholungen und andere Stilmittel — bilden das Geriist, um das
sich die librigen lexikalischen und stilistischen Einheiten gruppieren. Einen besonderen
Platz unter ihnen nimmt die nichtiibersetzbare Lexik ein. Die nichtiibersetzbare Lexik
hat keine direkten Entsprechungen im lexikalischen System einer anderen Sprache, da
sie spezifische Realititen des Alltags, der Traditionen, der Geschichte oder der
Mentalitét einer bestimmten ethnischen Gruppe kodiert.

Unsere Beobachtungen zeigen beispielsweise, dass im literarischen Diskurs von
T. Schewtschenko die Lexeme «xata» (wortliche Entsprechung , Hiitte*), «copouka»
(wortliche Entsprechung ,Hemd*), «0anmypa» (Transkription ,Bandura®“ -
,ukrainische Lautenzither”, ein gezupftes Lauteninstrument in der Ukraine) oder
«pymHuK» (wortliche Entsprechung ,,Handtuch*) nicht mehr nur Bezeichnungen fiir
Gegenstinde sind. Sie werden zu bedeutungsbildenden Zentren, die an markanten
Stellen des Textes (zum Beispiel in kompositorischen Wiederholungen) den Leser
darauf programmieren, einen bestimmten emotionalen und wertbezogenen Code
wahrzunehmen. Die Analyse der Ubersetzungen von Shevchenkos Werken ins
Deutsche zeigt, wie schwierig es ist, diesen Code zu bewahren. So fiihrt beispielsweise
die Verwendung des deutschen Wortes ,,Hiitte* anstelle von ,,Hata* oft zum Verlust
der Aura der Sakralitit und der familidren Geborgenheit, die dem ukrainischen Original
eigen ist. Allerdings werden in der Ubersetzung Begriffe wie ,,Bandura®, , Kosak*,
,Moskal“, ,,Chumak* und andere beibehalten, obwohl der deutschsprachige Leser
zusdtzliche Erlduterungen bendtigt. Und diese verweisen doch irgendwie auf das
Verstdandnis der nationalen Zugehorigkeit dieser Begriffe. Auf diese Weise entsteht ein
entsprechender ethnokultureller Code fiir den gesamten Text: Ungetauft wie Tiere
wachsen // Der Kosaken Kinder, // Liegen ungetraut im Bette, // Lassen sich den
Glauben, // Sich den Totenspruch des Popen, // Sich die Kirche rauben.
(T. Schewtschenko ,, Die Taras-Nacht“). Obeprnyscs s 00 xamu — Hema 6 mene xamu!
(T. lllesuenko). - Lauf’ in rasche Schritte jetzt nach Haus — doch wo ist meine, wo ist
meine Hiitte! (E. Weinert). I npo mnei 0obpum n00sam Koo3api cnigaioms
(T. lllesuenxo). - Thren alten Ruhm besingen der Kobsaren Weisen (A .Kurella). Im
letzten Beispiel ldsst sich zudem das Phidnomen der Explikation mit einer
beschreibenden Ubersetzung beobachten. Der Kobsar — Kobsaspieler, ukrainischer
Volksliedersdnger (Kobsa — altes ukrainisches Zupfinstrument) [4, S.50]. In
Schewtschenkos Gedichten und vor allem im Verstindnis des Volkes ist der Kobzar
jedoch ein Triager der Weisheit und des Volksgeistes. Eine besondere Form der
Wiedergabe im Ubersetzungszusammenhang kann die beschreibende Umschreibung
oder das Hyperonym sein; diese Begriffe enthalten Erlduterungen zur Semantik der
Realitdt, sowohl in Bezug auf die denotative als auch auf die konnotative
(landeskundliche, expressive oder ethnolinguistische) Information. Zum Beispiel: Ha
cuna enanyna, essna, Moo muxenvko cnosuna Ta, wob dosxcams 0o narnosozo, Il]e
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kony doxcunams niuina (T. Illesuenxo). - Auf Iwan blickte sie verstohlen, Nahm ihn,
tat nach den Windeln sehn Und ging dann, wie’s der Vogt befohlen, Das Weizenstiick
zu Ende mdhn (A. Kurella).

Andererseits lassen sich bei der Analyse deutschsprachiger Lyrik &hnliche
Prozesse beobachten. Das Lexem ,,der Puk® (ein Hausgeist in der deutschen Folklore)
tritt im Text nicht nur als Figur auf, sondern als Trager kultureller Identitét. In
Ubersetzungen ins Ukrainische mag die Strategie einer einfachen Ersetzung durch
«JIOMOBHK» zwar angemessen sein, doch sie schwicht das spezifische deutsche Kolorit
etwas ab: Die Bienen summen so verschlafen; // und in der offnen Bodenluk', // benebelt
von dem Duft des Heues, // im grauen Rocklein schlift der Puk (Theodor Storm
,,Sommertag “). Der Puk — eine Miarchengestalt, die auf dem Dachboden wohnt, nachts
aktiv ist und sich unsichbar machen kann [4, S.13].

Der iibersetzungswissenschaftliche Aspekt der Untersuchung stiitzt sich auf die
Arbeiten von R. Zoriwczak [1]. Die wichtigsten Strategien zur Wiedergabe von NEL-
Elementen sind nach wie vor Transkription, Transliteration, beschreibende
Ubersetzung und kontextbezogene Ersetzung. Befindet sich das NEL jedoch in einer
herausragenden Position (beispielsweise im Titel), steigt die Verantwortung des
Ubersetzers exponentiell an. Eine falsche Wahl der Strategie kann die gesamte
Architektur des Werks zerstoren.

Besondere Aufmerksamkeit verdient die Analyse von Mythologismen als NEL.
Bei der Wiedergabe deutscher Legenden in ukrainischer Sprache wird hiufig der
Kompensationsmechanismus angewendet, bei dem ein ethnokulturelles Defizit an
einer Stelle durch die Verstirkung des nationalen Kolorits an einer anderen Stelle
ausgeglichen wird. Dies ermoglicht es, die allgemeine emotionale Spannung des
Textes zu bewahren, ohne ithn mit iiberfliissigen Anmerkungen zu tliberfrachten.

Schlussfolgerungen. Die Untersuchung hat gezeigt, dass die nicht-dquivalente
Lexik im System der starken Positionen eines poetischen Textes die Rolle einer ideell-
thematischen Grundlage spielt (was wir mit dem Begriff,,Bild-Bedeutung* bezeichnet
haben). Sie kennzeichnet den Text nicht nur als Teil einer bestimmten Kultur, sondern
beteiligt sich auch aktiv an der Schaffung neuer Bedeutungen. Bei der Ubersetzung
besteht die Hauptaufgabe nicht nur in der Vermittlung der Bedeutung, sondern in der
Wiedergabe der funktionalen Bedeutung des Bild-Sinns als semantischer Komponente
der Komposition. Ein vielversprechender Ansatz fiir weitere Forschungen ist die
Untersuchung der Dynamik der Verdnderung des semantischen Umfangs des Bild-
Sinns unter dem Einfluss globaler Prozesse in der zeitgendssischen europdischen
Poesie.

Cnucok Jgirepatypu

1. 3opiBuak P. I1I. Peanis 1 mepexian (Ha Marepiaii aHTJIOMOBHUX TEPEKIIAiB
yKpaiHcbkoi npo3u). JIbBiB, 1989. 215 c.

2. Kouepran M. Il. [lo nutanHs mpo O€3€KBIBaJIEHTHY JIEKCHUKY 1 JIAKYHU Ta
criocobu ix kommeHcaiii. [IpoGieMu 3icTaBHOT CEeMaHTUKU: 30. cTaTel 3a JOMOBIIIMHU
MixHapoIHOT HayKOBO1 KOH(EPEHIIii 3 TpoOsieM 31CTaBHOI ceMaHTUKH (23-25 BepecHs
1999 p.). Kuis, 1999. C. 42-45.

131



PHILOLOGY
TRANSFORMATIONS OF EDUCATION IN THE ERA OF MODERN TECHNOLOGIES

3. Moiicienko A. K. CioBo B amnepuemniiiHii CHUCTEMI MOETUYHOTO TEKCTY.
JlexomyBaHHs mieBueHKkoBoro Bipma. KuiB: Bun-so “IlpaBna SpocnaBuduis”, 1997.
200 c.

4. Tymums O. }O. be3exkBiBaJIeHTHA JIGKCUKA B MMOSTUYHOMY TEKCTI: TpoOsiemMa
CTBOpPEHHSI €THOMOBHOI KapTUHU CBITY: MoHOTrpadis. Mauritius, Beau Bassin : LAP
LAMBERT Academic Publishing RU, 2018. 117 c.

5. Tupytsya O. Die kompositionelle Rolle der nichtdquivalenten Lexik beim
iibersetzen poetischer Texte. Die Ukraine und die deutschsprachigen Lénder in
Kultur-, Literatur- und Sprachkontakt: matepiasm XXXII MixHap. HayK.-IpakxT.
koH(p. Acou. ykp. repmanictiB (26-27 Bepec. 2025 p.). YepniBui: YHY im.
IO. ®enpkoBuua, 2025. C. 235-237.

6. Tupytsya O. Problems in defining the category of non-equivalence. Scientific
Research: Emerging Theories and Practical Breakthroughs: Proceedings of the 2nd Int.
Sci. and Pract. Conf., Nov. 17-19, 2025. Edinburgh: EOSS, 2025. C. 267-269.

132



PHILOLOGY
TRANSFORMATIONS OF EDUCATION IN THE ERA OF MODERN TECHNOLOGIES

THE CONCEPT OF THE SACRED IN THE KAZAKH
WORLDVIEW: LINGUISTIC AND CULTURAL
PERSPECTIVES

Zhansaya Tursyn

Graduate student in Applied Kazakh Linguistics
Al-Farabi Kazakh National University

Almaty

Abstract: This study examines the linguistic and cultural representation of the
concept of “kiyelik” (sacredness) in the Kazakh worldview. The research aims to
identify the semantic structure of the concept through a comparative analysis of the
lexical units “kiyeli” and “qasietti”, as well as their usage in linguistic data. The study
1s based on materials from explanatory dictionaries, the Kazakh National Corpus, and
ethnographic sources. The findings demonstrate that “kiyelik” is not limited to a
religious or mystical category, but constitutes a complex cultural phenomenon
embedded in historical memory, traditional beliefs, and everyday practices. The
concept 1s closely associated with the notion of “kie” as a supernatural force regulating
human behavior through systems of taboos and beliefs. A comparative analysis reveals
that “kiyeli” retains a mythological and sacral meaning connected with non-human
supernatural power.

Keywords: acredness, kiyelik, kie, Kazakh worldview, ethnolinguistics, sacrality,
language and culture.

To reveal the linguistic representation of the concept, it is necessary to identify the
semantic fields and usage patterns of the word “kiyeli” (“sacred”) alongside the related
term “gasietti” (“holy”), and to conduct a comparative analysis. The semantic scope
of these words can be determined based on the 15-volume Explanatory Dictionary of
the Kazakh Language (2011). In the course of the study, it also becomes essential to
examine the semantic nature of their root forms, “kie” and “gasiet”.

In the dictionary, the word “kie” is defined as:

“a property of an object or living being possessing a special mystical power”;

« “in Kazakh belief, the notion that rivers, lakes, forests, mountains, and animals
have their own protective spirits or patrons, serving as guardians and benefactors”;

« in a figurative sense, “protector” or “master” [1, p. 18].

Derivative linguistic units formed with the word “kie”” can be classified into several
groups. These include forms created through synthetic word formation, such as
“kiedei”, “kieleu”, and “kiesiz”’; analytically formed expressions reflecting the
transfer of the concept into the everyday cultural sphere, such as “the sacredness of the
table” (“dastarkannyn kiesi”); as well as phraseological units conveying meanings

99 ¢¢ 29 ¢¢

associated with “punishment,” “curse,” “violation of taboo,” and “the effect of a sacred

force,” including expressions like “kiesi atty”, “kiesi ketti”, “kiesi urdy”, “kiesi tusti”,
and “kiesin tartty” [1, p. 18].
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These data demonstrate that the concept of “kie ” in the Kazakh language functions
not only as an independent lexical unit but also as a complex concept that forms a broad
semantic field through various word-formation and phraseological structures.

The word “kiyeli” (“sacred’) manifests in the following meanings:

“possessing kie (sacred power),” “a person endowed with £ie,
power’’;

o “powerful, sacred”;

o in a figurative sense, “honored, respected, valuable, precious,” ‘“something
revered”’;

« 1n a figurative sense, “dear, cherished, special” [1, p. 19].

Based on the above analysis, a number of derivative linguistic units formed from
“kiyeli” can be identified, including “kiyelilik” (“sacredness”) and “kiyelirek” (‘“more
sacred”), as well as analytically formed expressions such as “zholy kiyeli” (“‘a sacred
path”) and “kiyeli altyn besik” (‘“sacred golden cradle”). Additionally, expressions
relevant to this study include “kiyeli zhanuariar” (“sacred animals”), “kiyeli zherler”
(“sacred places™), “kiyeli ken” (“sacred resources™), and “kiyeli kunder” (‘“sacred
days”).

The concept of “kie” is also present within the semantic field of “gasiet” (“virtue,
sacred quality”). In the dictionary, it appears as a secondary meaning defined as “an
exceptional ability believed to be bestowed upon a person by the Creator, a mystical
power, kie, sainthood, hidden mystery, divine force.” The analysis of its derivative
forms requires consideration of the core semantic component, namely “a distinguishing
feature or qualitative characteristic inherent in every object or phenomenon.”

Among various linguistic units, the phraseological expression “gasiet gondy”
(“sacred quality has descended”) is particularly illustrative. This expression
demonstrates that the semantic structure of “gasiet” includes the component of “kie. ”
In the Kazakh worldview, the word “gasietti” (“holy, sacred”) is not limited to an
evaluative meaning; rather, it is a multilayered linguistic unit that is interconnected
with the concept of “kie” and carries a sacral dimension. Its dictionary meanings
include:

« ‘“venerable, respected, highly valued”;

“saintly, sacred, possessing spiritual power”;

o “divine, revered”;

« “blessed, special, esteemed”;

o “mystical, hidden, enigmatic”;

« ‘““authoritative, honorable, morally strong”;

o ‘“prosperous, 6marocioBeHHbIi” [2, p. 423].

The primary objective of this study is to identify the semantic field and reveal the
linguistic representation of “kiyeli”” through a comparative analysis with “gasietti.” In
this regard, priority is given to “kiyeli” as the main object of analysis, while “qasietti”
serves as an auxiliary category that helps clarify the results.

The semantic distinctions between these words become evident through their
collocational patterns in the materials of the Kazakh National Corpus (KNC). It is well
established that the meaning of a word is determined not only by its isolated definition,
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sanctity, divine
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but also by the words it co-occurs with in actual usage and the stability of these
combinations. This method allows for both quantitative and qualitative interpretation;
therefore, 50 collocations for each of the target words were extracted from the corpus
to draw conclusions.

The analysis of the collected data shows that the collocation “kiyeli kitap” (“‘sacred
book™) occurs most frequently, indicating the religious foundation of the concept
“kiyeli.” In addition, the core semantic field of this word can be structured into several
models: anthropocentric (“kiyeli kisi” — sacred person), spatial (“kiyveli meken” —
sacred place), and material-natural ( “kiyeli tas” — sacred stone).

A close semantic layer of the concept “kiyeli” is associated with the historical and
national space. At the same time, there are usages that reflect semantic expansion and
a shift away from its original sacral meaning, such as “kiyeli sezim” (“sacred feeling”),
“kiyeli man” (“sacred meaning”), “kiyeli kasip” (“sacred profession™), “kiyeli ramiz”
(“sacred symbol™), “kiyeli tosek”, “kiyeli ton”, and “kiyeli mai.” In these cases,
“sacredness” acquires symbolic, evaluative, and emotional connotations, which allows
them to be classified within the peripheral layer of the concept. These patterns also
reveal the connection between “kiyeli” and the notion of taboo, as well as its opposition
to the concept of misfortune or harm ( “kesir ).

In contrast, the word “gasietti” (“holy, sacred”) demonstrates high productivity in
collocations with abstract, ideological, and moral concepts and is often used in texts to
convey poetic, expressive, and stylistic nuance.

At the lexical level, “gasietti” primarily expresses social and ethical evaluation,
whereas “kiyeli” retains a mythological and sacral meaning. In the concept of “kiyeli, ”
the evaluating force is perceived as a supernatural power beyond human control, which
is closely linked to taboo semantics and the notion of misfortune. By contrast,
“gasietti” 1s defined through human, social, and moral norms, and its violation results
in moral condemnation rather than metaphysical consequences.

A comprehensive linguistic analysis of the concept of “kiyeli” (“sacred”) within
the framework of different cultures and folk worldviews allows for a deeper
understanding of national identity. This concept is not limited to religious or mystical
interpretations; rather, it represents a multifaceted category embedded in the historical
memory and everyday practices of the people. Since language serves as the primary
medium of worldview representation, lexical units such as “kiyeli” and “qasietti”
reflect the ways in which a community perceives the world and assigns value to objects
and phenomena. Thus, the study of “sacredness” through linguistic data provides
insight into the structure of national consciousness and value systems. Moreover,
within traditions, taboos, and belief systems, sacred concepts function as regulators of
human behavior and as mechanisms for shaping moral norms. In the Kazakh
worldview, “kiyeli” operates as a universal category that explains the relationships
between humans, nature, and the supernatural, and is closely associated with land,
ancestral spirits, and everyday objects.

In the 20th century, one of the first scholars to systematically conceptualize the
sacred was Rudolf Otto. He interpreted the sacred as a unique, non-rational experience
and described it through the category of the “Ganz Andere” (“wholly other”).
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According to Otto, the sacred is a numinous phenomenon associated with feelings of
human insignificance, mystical fear, and awe. These ideas were further developed by
Mircea Eliade, who conceptualized the sacred and the profane as opposing yet
interconnected realities and introduced the notion of hierophany to explain the
manifestation of the sacred in the real world [3].

In Kazakh linguistics, the concept of the sacred has been systematically examined
in the works of Q. Gabitkhanuly, where the relationship between mythological
worldview and language is analyzed from an ethnolinguistic perspective. The author
describes sacred birds, numbers, and other sacral concepts through extensive linguistic
data and historical sources. In addition, elements of ancient belief systems such as
totemism, animism, fetishism, and magic are reflected in phraseological and lexical
units [3].

The classification of sacral vocabulary is further developed in the studies of A.
Kerimbaev, who groups lexical items according to mythological and religious
worldviews, particularly highlighting terms related to natural elements. Similarly, A.
Akhmetov examines the concept of sacredness through taboos and euphemisms,
revealing linguistic representations of sacred landscapes, totemic animals, and cult-
related notions in a comparative perspective [3].

Thus, the linguistic representation of the sacred reflects a complex system closely
connected with a people’s worldview, beliefs, and cultural traditions.

The concept of “kiyelik” (“sacredness’), which constitutes the focus of this study,
is analyzed in the dissertation of Zhuzey Myrzakhmet Amankululy. Drawing on the
ideas of Mircea Eliade, the work explains sacrality through the categories of the sacred
and the profane. The scholar demonstrates that the sacred is not confined solely to the
religious sphere but is also interconnected with everyday life. The author further notes
that, in archaic traditions, sacrality functioned both as a marker of GiarorBopnas and
potentially dangerous force, regulated through religious institutions, whereas in
Western religious studies it is examined in relation to historical development and the
concept of monotheistic time. Sacredness i1s thus understood as a universal value
closely linked to the formation of human culture. Moreover, twentieth-century
scholarship recognized sacrality as a supreme value that contributed to the
development of modern philosophy and ideology, while national initiatives such as the
“Rukhani Zhangyru” program and projects on sacred sites are presented as practical
examples of the application of these ideas at the socio-cultural level [4].

The study also reveals that, throughout historical and cultural evolution, sacral
values formed a coherent system within the worldview of ethnic communities. These
values constitute the core of historical consciousness and spiritual life. The author
classifies them into several main categories: religious sacredness (Tengrism and
Islam), the sacredness of spirits (ancestral spirits, shamanism), the sacredness of the
word (language and folklore), the sacredness of blood/bone (kinship system), the
sacredness of kut (prosperity and blessing), the sacredness of music (kiiy), and the
sacredness of land (homeland) [4].
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The scholar Shokan Valikhanov, in his scientific writings, emphasizes the great
importance that the Kazakh people attach to the concept of kie (sacred power). Among
the entities regarded as sacred are:

« certain natural disasters;

« fire;

o particular animals and birds;

« objects essential to nomadic life.

It was believed that showing respect to these sacred entities and observing related
rituals would bring prosperity and blessing, whereas disrespect or neglect of them
could lead to misfortune and invoke their wrath. Such negative consequences were
referred to as kesir (harm, affliction) [6, p. 132].

Furthermore, Valikhanov highlights the sacred status of fire in Kazakh culture,
noting that it is forbidden to step over or spit into the hearth fire, and describing the
ritual practice of “offering fat to the fire.” According to the scholar, unusual natural
phenomena and places—such as solitary trees growing in the crems or plants of
extraordinary form—were often perceived as sites associated with saints or spiritual
presence, and thus considered sacred.

Equally noteworthy is the belief that even everyday objects could possess sacred
qualities. For example, the rope used to tether a calf during milking (zhelin) was
regarded as sacred. It was forbidden to step over objects such as a horse-catching pole
(kurik), an axe, or a supporting pole (bakan), as reflected in the belief: “One who steps
over a bakan will not prosper; one who steps on an axe will not thrive.” Livestock as a
whole were considered sacred, particularly horses with white manes or tails, which
were associated with blessing. The swan was revered as the “king of birds” and was
not hunted out of fear of its sacred power, while birds such as the owl, eagle owl,
woodpecker, roller, and cuckoo were also treated with reverence and not harmed [6,
pp. 93-96].

In conclusion of the first section, the theoretical and empirical analyses conducted
in this study—based on lexicographic data and the examination of word-formation and
phraseological structures—have made it possible to define the semantic fields of the
two key concepts. The analysis of collocations extracted from textual data
demonstrates that “kiyeli” represents a multilayered concept with mythological and
sacral content, closely associated with the notions of taboo and misfortune (kesir),
whereas “gasietti” functions as a linguistic unit grounded in social and ethical
evaluation.

To ensure a comprehensive understanding of the concept of “kiyelik, ” the study
also includes an extensive review of both international and national scholarship. In
particular, the theories of sacrality developed by Rudolf Otto and Mircea Eliade were
examined to clarify the role of the concept within contemporary academic discourse.
In addition, ethnolinguistic and cultural analyses presented in the works of Q.
Gabitkhanuly, A. Kerimbaev, A. Akhmetov, and Zh. M. Amankululy were reviewed.

The purpose of this literature review was to demonstrate that “kiyelik” is not
merely a religious phenomenon, but a complex category closely interconnected with
language, culture, tradition, and worldview. Furthermore, the comparative
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consideration of studies from different academic perspectives has made it possible to
identify both the universal features of the concept and its specific national
characteristics.
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BAJIA COMJIEYIHJEIT YAKBIT ¥FBIMJAPBIHBIH
JAMY EPEKHIEJIIKTEPI

CwmaryJaosa Kanaprya

«KonmanOanbl Ka3ak TUT 61J1iM1» MaMaH IbIFbIHBIH MaruCTPaHTBHI
On-Dapabu aTeiHgarsl Kazak yITThIK YHUBEPCUTETI

AsmMarsl

Myxamanu Kypasaii TejsiereHKbI3bI

dunosnorus FeUIBIMAAPBIHBIH KaHAWIATHI, KAybIMAACTHIPBIIFAaH podeccop
On-Dapabu aTeiHgarbl Kazak yITThIK YHUBEPCUTETI

AJmMatsl

AHjaarna

¥ chIHBUTFaH MaKaajia 0ajJaHblH YaKbITThl TYCIHY1 MEH MEHTePYIHET1 TUIIIK KOHE
KOTHUTHUBTIK JaMy €peKIIeNIKTepl KeMeH Il Typ/le KapacThIpblIFaH. ABTOpJap YaKbIT
KATeTOPUSIChIH CEMAHTUKAJBIK >KOHE TMCHUXOJIMHTBUCTHKAIBIK TYPFBIIAH CHUMATTArl,
OPEKETTEP/IIH YaKBIT IIKATACHIHIAFbl OPHBIH COWJICY COTIHE KATBICTHI AHBIKTAWIbI.
OKCHEepUMEHTTIK MaTepual peTiHAe TYIIIH JaMy caThuUlapbl (6CKiH, OYpIIIK, TYJIILY,
COJIy) KOJIJaHBUIBIN, Oananap/blH >Kac epeKIIeTIKTepiHe OailIaHbICThl yaKbITThI
KaObLIay ICHTeiiepl TalaJaHFaH.

3eprrey HoTWXKenepl OanmajmaplblH yakbITThl TYCIHY KaOuieTi OipTiHzen
JAMUTBIHBIH KepceTenl. Makanaga TUIIIK MapKepiepliH naiga Ooiybl MeEH
KOTHUTHUBTIK MPOLECTEP/IIH 63apa OaillIaHbIChl FRUIBIMU TYPFbIJA HET13EJITEH.

XKannel anranpa, 3eprrey OananmapAblH  YakKbIT Typajibl TYCIHIKTEpIH
KQJIBIITACTBIPYAAFbl TUIIH POJIH alKbIH KOPCETIN, MCUXOJIMHIBUCTUKAJBIK >KOHE
JaMy TICHXOJIOTHSCHI TYPFBICBIHAH KYH]IBI HOTFDKEIIEP YChIHAIBI.

KinT ce3mep: yakpIT YFBIMBI, yaKbIT IIKQJIachl, YaKbIT MapKepyiepl, YyakbIT
ycTeyepi, makK KaTeropuschl, 6aia Tii, 6ana ceineyi.

Kipicne. bana tumiHIH gaMysl aemal KaObUIIAy €peKIIeTiKTepl MEH 63 OMBIH
KETKI3y OapbIChIHIA KOJIAHATHIH TUIAIK SJEMEHTTEPIH KOpPbIHA TIKEJICH TOyesii.
Ocsl canana 3epTTey KyprizreH oipkarap ransimaap Ames, Weist, Surakka sxone T.0.
[1; 2; 3] OanamapaplH aOCTPaKTLIl JKOHE KYpAENl YFbIMIAPAbI, SIFHU YaKbIT
KAaTeropusIChIH MEHIepy >KOJAApbIH KapacThIp/bl. Asaiila ochl KyHTe JAeiiHri Oaia
TUTIIHE apHaJIFaH 3epTTeysiep/ie yakbIT YCTeylepiHiH Oana ceiieyinjeri naiga 6oy
pEeTI MEH MaFbIHAJIBIK €PEeKIICTIKTEP], Kbl YaKbIT YFBIMBIHBIH KaJIbIITACYbl Oipa3
KAapacThIpbUIFaHbIHA KapaMacTaH OananapiAblH aOCTpaKkTUNl TUIAIK Kypajlgapibl He
ceOenTi KOMAaHaThIHBI TOJBIK allbUIMaabel. by mMocene OanaHBIH MCUXOJIOTHUSIIBIK,
KOMMYHHMKATHUBTI OHE KOTHUTHUBTIK JlaMy €peKILIETIKTEPiH KaHE coiliey T (aHa Tul
HEMeCe CKIHII TiJ1) MEH TOPOMENIeHy OpPTAachiH (€peceKTepiH Oana TUTIH JaMbITyFa
KOCKaH YJIEC1) €CKepe OTHIPHIT KAPACTHIPYAbI Talarm €Te/Il.

FpuibiMmu  Heris. VYakpIT KOHIENIMSUIAPBIHBIH —~ KaJlbINTaCyblHA  apHaJIFaH
3epTTEeyJIep CaHbI MIEKTEYJII )KOHE HET131HEH €Kl OaFrbITKA MIOFBIPJIaHFaH: OaanapibiH

139



PHILOLOGY
TRANSFORMATIONS OF EDUCATION IN THE ERA OF MODERN TECHNOLOGIES

TUIET1 YaKbITThl KaOBUIJAybIH 3€PTTEY JKOHE YaKBITTHIK Oarmapra OailJlaHBICThI
KOTHUTHUBTIK TPOIeCTEPAl KapacThpy. [ICHXONMMATBUCTHKAIBIK 3€PTTEYIIIED OKHUFa
YakKbITBI MEH COWIIey YaKbITBIHBIH O6jiHyl 0aja TaHBIMBIHIA YaKbIT YFBIMBIHBIH
KAJIBITITACHIN KeJ€ >KaTKaHbIH KepceTedl Aen maiibiMaaraH. COHbIMEH KaTap, Oana
cCoMJIeyiHeTI MAaK KaTeTOPHUSICHIHBIH KOJAAHBLUIYBl OJIAPABIH IIaMaMEH YII KackKa
KEeITeHAC OTKEH IIaK, OChl IMaK »J>KOHE KeJep IIMaK apachlHIAFbl HETI3Ti
alBIPMAITBUIBIKTAPABl  TYCiHE OacTaraHbIH JoNenaeial skoHe 4-5 jKacTarsl
OanayapJpIH oJ1i JIe IIaK apachbIHIarbl albIPMAIIbUIBIKTAPbI TOJIBIK TYCIHOCHTIHIH
aHBIKTAABI [2].

bipkarap enOexrtepae Oana TUlHIH AamMybl 12 aii »kac MeJiepiHeH Oacrarl
3eprrenal, anaiima Weist OoiblHIIA TEMOOPANAbUIBIK KaTETOPHSCHIHBIH HAKThI
KepiHici 3 xacka kenrenjie (36 aif) TOJMbIFbIPAK KaJIBITITACHII, 0ajia «KeIIe», «OyTiny,
«epTEeH» CHSKTBI YaKbITTBI OUIIIPETIH YycTeynepai Koijana Oacrtaiiasl  [2].
[IcuxOoMOTUsUIbIK, KOMMYHUKATHBTI  JKOHE KOTHHUTUBTIK JaMmy €peKIIeIIKTepiHe
OaillaHbICThI Oajia yakbIT YFBIMIAPBIH KOJIJAHFaH Ke3/1€ TPaMMaTUKAJIBIK Ol1pJIiKTEpre
CYiieHOel 1l, OHbIH TaHBIMBIHAA OPEKET €Ty OapbICBIHIAFbl 3MOLMUSIIBIK KOHII-KYMi
O0aceiMIbIpaK Oonanael. COHABIKTAH YaKBITTBI OJIICY KE31HJE €JIeCTeTyre >KCHLUI
a0CTpaKTLIl YFhIMAAP apKbUIbl («Kee», «OyTiH», «EPTeH») JEKCUKABIK OIpJIIKTEpIl
MEHTrepy *eHUT 0oiaanl. Meicasibl 3 kacTarbl Oajia YIIIH «Kejeci anTaaay, «Kejiecl
aiiyia» IeTeH YFBIMIApbIH OPHBIHA «EPTEHY» JIETeH YFBIMIIBI KOJTaHY dJIeKaiiaa oHail.

Ocel  TyxbIpbIMIBl  3eprTeyuiiep Weist, Surakka na e3 enOekrepiHie
KapacThIpajibl [2; 4]. YakbITTHIK )XKYHEHIH KOHIENTYaJ bl JaMybl OanaiapAblH YaKbIT
ycTeynepiH MEHrepyiHe Heri3 OoJIaThlH MaHBI3bl JIMHIBUCTUKAIBIK KaOlIeTTl
KaJIBINTacThIpabl. byl xKyiie eH anabIMeH coiiey COTiHE TIKeJIel KaThICThl YCTEeyJIep
MEH HIbLIayJIapabl KaMTUIbI [2], sFHU Oajia ©31 HaKThl OacTaH KEeNIpreH oKuraiapra
OailIaHbICTHI KOJAaHbICTapAbl MeHrepei. OChIFaH ColKec, COMIey COTIH HEMece OFaH
AKbIH OTKEH COT MNEeH OoJlallaKThl CUIATTANTBIH «Ka3ip», «Oip caT OypbIH», «Oip
COTTEH KEeHiH» CHSKTHI YFBIMIIAP OajanmapIblH JaMybIHIA €PTE KOHE CATBICTBIPMAIBI
TYPZAE A9 KOJAaHbUIAAbl. AJl «OTKEH anTaziay, «0oamaKTay, «Keueci aiiay CUSIKTHI
VaKbITTBIH aJIbICBIPAK KE3€HJEpiHE KAaTbICThl YFbIMIApAbl Oayanap KeHlHIpeK
MeHrepesi [4].

ConbiMeH Oipre 3eprreyin Surakka Ganmamap/iblH CUHTAKCUCTIK KaOlJIeTTepl epre
KaJIBINITACATBIHBIH JKOHE JKaC EPeKIICNiriHe Kapal CaJbICTRIPMANIBI TYPJAE KOFaPhI
JIEHrelTe JKeTeTiHIH KepceTei. Mpicanbl, 3-4 skactarbl 6ana: Ne tuli meille huomenna
— «Omap 613re epTeH KOHAKKa KeJJ» JIETEH COUIEME «EPTEHY YCTEyl OTKEH IIaKTaFrbl
€TICTIKIECH KOJIaHbUIFaH [4]. OpuHe, OarTaHbIH TEMIIOPATIIBUIBIK KATTOPUSICHI TYPAITbI
TOJIBIK TYCIHIT1 KaJBIMTacKaHIIa OyJl JKacTa «EpTEH» KOHE «KEIIe» YCTeyJepiH
€TICTIKTIH IIAKTapbIMEH TIPKECTIPIN IMaTacThipa KOJAAHYbl YHPEHIIIKTI >KaFmai.
3eprreyni Oananap epTe KacTaH 0acTar CoilieM KYPBUIBIMBIH/IA YaKbIT YCTEYJICPiHIH
Oenriai Olp CHUHTAaKCUCTIK TO3WILMSAFAa W€ €KEHIH TYCIHIN, OHbl TpaMMaTUKAJIBIK
JICHT el Ie MeHrepe OacTaraHbIHA Ha3ap ayJapblll OTHIP.

3eprTey JaicTepi MeH HITH:KeJepi. bakbuiay OGapreickiHAa Oana TUTIHACTT YaKbIT
YFbIMbIHA KATBICTBl JKQHE JKAJIbl TPAMMATUKAIIBIK TUIIIK OIpJIKTEPIH MEHIepLIyi
MEH OHBIH KOJJaHBUIYybl Oajlajapra ara-aHa HeMece TopOuelIi/MyFaiaiM TaparnblHaH
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OepuIeTiH TUIIIK yJecieH OaiylaHbICThl. MBICaJibl, «TAMaKTaH COHY, «JKE KEJTEHIE,
«YWBIKTaFaHHAH COHY», «KeJleCli amTaja» XoHe T.0. KypHenl KypbUIbIMIApabl Oana
aJIBIMEH eJIIKTEII aTa-aHACHIHBIH apThIHAH KaWTalal/bl, KEHIH YHPEHIIIKTI JEeHTeiIe
KoJ1/1aHa 6acTanbl.

3eprreyuri Tomasello aTa-ananbiy Oana ceiyieyiHiH JaMyblHa BIKIAJBI TYpPaJibl
KeJlecl TYXBIPBIMJIBI KapacTeipaabl. «bamamap Tin Typamnbl anfamikel TYCIHIKTEPIH
€CTIreH KYPBUIBIMIAPAbIH YJTUIepiHe, OJIapAblH TypJepiHe >KOHE KOJIAHBLIY
KUUIITIHE CYWEHE OTBIPBIN KaJIBITITACTBHIPaAbl, COHJBIKTaH OJIAPJLIH TiJdl KoOiHE
KaMKOPIIbUIAPBIHBIH, TUTIH OeiiHenenai» [5]. Ockiman Oapein Oana TUTIHIH JaMYbI
OJIap/bIH KaJIMbl KOTHUTHBTIK JlaMyblHA, OJIEYMETTIK TaHBIMHBIH KaJbIIITACybIHA
TOYEJIi JIeN aiiTa ajlaMbl3.

Tinai MeHrepy yaepiciHe apTypJii KochbiMIna hakTopiap Ja bIKnai eTeii. Mbicaisbl,
IamMy Ke3eHJIepiHiH OacTamnKbl caTbhlIapblHAa Oaanap ceisieMIep/il KeKe CO3Jep/IiH
MarblHACBHIH TalijjaMai-ak, Oenrium Oip JUCKYPCTBHIK KbI3MET aTKApaThblH TyTac
KypbpUIbIMAap peTinae Koimananel [S]. An 3eprreymi Ellis N. smonmoHangsIk,
KOTHUTHUBTIK OHE MOTUBALMSUIBIK (DaKTOPJIAPIBIH OCEPIH, QJIEYMETTIK JKOHE KEKE
TYPFBIIAaH MaHBI3bI OKUFAJIAp MEH TUIAIK MaTepuajgap >KCHIT €CTe CaKTaJbII, Te3
MEHTepUIETIHIH aTamn oTe/l [6]. byaan Oenek, THIMIUTIK TYPFBICIHAH Oananap Kypaesl
opi y3aK KypbUIbIMIapAaH repi KbICKa ceisieMaepal KOJJaHy/1bl )K6H Kepei.

Diessel, Tomasello, Goldberg >xone T.6. aBTOpaap [5; 7; 8] GanmanapablH TUIIIK
JaMybl OET1II KOHCTPYKIMSUTIAP bl O1pTIHIAET MEHIepY1 apKbUIbI )KYPETiHIH OaliKaraH:
oJlap aJJBIMEH KapamailbiM ce3/ep MEH TIPKEeCTep/, KEWIH KypJAeNipeK Kerces3.l
KyphUIbIMAapasl  urepeni. Kompganyra HeriznenreH TULAIK Tocin  (usage-based
approach) TinmiH MeHreputyiH OananapJblH HAKTHI TUAIK TOKIpUOECIHE, SFHU OJ1ap
€CTITeH OoHE KOJIJaHFaH ceiiemaepre cyieHin tycinaipeai. bananap Tinmik sxyieH1
aOCTpaKTUIl epexesep apKbUIbl €MeC, HAaKThl KOJJIAHBICTaFrbl (MBICAJIBI, «Ka3ip
OapaMbIH», «MEH 1CTEI KOMIBIMY) YATUIEPAl (KOHCTPYKIUSIAP/Ibl) AKUHAKTAY APKbLIbI
MeHrepei. OChl xoHE KOFapbla aTalfaH 0acka J1a 9/ic-Taculiep apKbUIbl Oaia Tim
MEH COilNIey1HIH JaMy TMHAMHUKAChIH OaKblIayFa 0OJabl.

bana TtinmiHgeri yakplT mkanacel (temporal scale). AFbUIIIBIH TUTIHJE YaKbITThI
Oelriyiey KoHE yaKbITKa KaTBhICThI OPEKETTEPIIH CHUIIATTaphIH KOPCETY YIIiH acIeKT,
IaK JKOHE YaKbIT YCTEyJepl CUAKTHI Kypaijap KoaaHbliaasl [9]. Meicasibl, acriekT
OKUFaHBIH 1IIKi KYPBIIBIMBIH CUITATTACA, IITAK IEH YaKBIT YCTEYJIepi OKUFAHBIH YaKbIT
IITKaJAChIH/IaFbl OPHBIH aHBIKTAABI. J[aMy TICHXOJOTHACH! CallaChIHAAFbI 3€PTTEYIep
OaytanmapIbIH TUTIHJIE YaKBIT MapKepJepiHiH Mmaiiia 00Iysl OJIApAbIH YaKbITTHl TYCIHY
KaOUIeTIHIH JaMBIIl KeJle )KaTKaHbIH Kepcerei [2].

Kazak Tin Oimimiage 3eprreymi A.O.)KanabGexoBa [10]  TeMmopanabUIbIK
KaTeTOPUSICHIH 3€PTTEN, TEMIOPAIIABUIBIKTHIH BEKTOPJBIK CHUTAThIHA TOKTaaasl (1-

CYpeT).
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TeMllOpaJllllelblKTbll-l BEKTOPJbIK CHIIATBI:

Coiiney caTiHeH OYpPBIHFbI Coiiey caringeri Coiiney coTiHeH Keiinri
<A--emeeee- --- B------ Besmeo e I>
HIakTBIK aefikcHe
JeHKTHRAIBIK OPTAJIBIK
OTKeH maK Ocbl mak Keaep max

1-cypert. TeMnopanapUIBIKTBIH BEKTOPJIBIK CUTIATHI

Cyper nepekkesi: JKanaOekoBa A. O. Kazak TUTIHAET1 «YaKbIT» YFBIMBIHBIH TIUIAIK
napaaurmacsl [10].

ABtop A.O. JKXaHaOekoBa yaKbIT KaT€rOpUsCHIH BEKTOPJBIK OaFbITTHUIBIKKA K€
CEMaHTUKAJIBIK KYPBUIBIM peTiHae KapacTeipansl [10]. MyHna ceilniey coTi Heri3ri
OpTaJIBIK OOJIBIT alTBIHABI, aJl OPEKETTIH YaKBITTAaFbl OPHBI OCBHI OPTAJIBIKKA KATHICTHI
aHbIKTANIaJbl. SIFHU, YaKbITTHIK Oarjap COMNICYIIHIH Ko3KapachlHa TOYEN Il XKoHE OJ
IpaMMaTHKAJIBIK IIaK (hopMaiapbl apKbLUTBI )KY3€Te acabl.

bana yuiH ceiiney coti Heri3ri 0argap 6oxaabl. Onap «kasip», «0ip coT OYpBIHY,
«OIp COTTEH COH/KEWiIH» CHAKTHI YFBIMAAPJbI KOJIJAHFAH[Ad, OKUFAHBIH YaKbITTaFb
OPHBIH JQJI OChl COWJIEY COTIHE KATBICTHI aHBIKTAWABI. Byl OaFbITTBUIBIK OJIAPABIH
YakKbITThl KaObUIJAy JACHTEHiH KepceTeal, cebedl ’Kac MKOHE ICHUXOJIOTHSIIBIK
€peKIIeINirine Kapa 6TKeH MIAaKThI, OChI IIAKTHI )KOHE KeJep MIaKThI aXbIpaTy KabisieTi
Oiprinmen ngamuisl. 3eprreymn A.O.J)KaHaOeKOBaHBIH YaKbITTHIK BEKTOp TYypajbl
TY>KBIPBIMBI OaJanap/IblH CosieyiHe alKbiH KopiHe/l. bana yakeIT Mapkepiepi MeH
maK (opmanapblH KOJIJaHA OTBIPBIN, COWMIIEYy COTIH OPTAIBIK pPETIHAC abll,
OKHUFaJIApIbl COMIICY COTIHE KAThICThI OPHAJIACTHIPAIBI.

Mpicainbl, Oakpinay 6apsickiHaa [Hxymen (3 sxac 2 ait/20.02.2026:x.) 6anabakiia
Typaibl oHriMmenecTik. «IHXKy, ceH Oanabakmiara OapachlH 0a?» - JereH cypakra
«OapachlH 0a» JIereH eTICTIKTIH IPaMMAaTHKaIbIK KATETOPUSICHIH TYCIHIN TYPFaH KOK.
OPpEKeTTI Ka3ipri O0JIbIN )KaTKaH OKUFa peTiHae Ka0buiaamn, « Kok, Kazip 6apMaliMbIH»
(«30K, ko311 OaiMaitMbInY) aen xkayan oepai. ApteiHad «Kaian 6apacbin?y», «EpTeH
OapachiH 0a?» JereH cypakTapra «eKl YKTayaaH COH» JICT kayan Oepil. OHriMenecy
anTaHBIH COHBIHJA KyMa KYHI ©TTi. bajla TaHBIMBIHIIA «OKYMBIC amlTachD», «JIEMaJIbIC
KYHJIEp1» JKOHE «amTay, «ai», «eKl KYHHEH KeHiH» HeMece «IyHCeHOI1/1e» CHUSKTHI
YaKbIT YFBIMIAPhI oJli KaJbllITacliaraH. AHACBIHBIH «YII YUBIKTayJlaH COH OapachIHy
nereHiHe OanmaOakmiafarbl amalbIHBIH «EKl1 YHBIKTayJlaH COH» JIell aWTKaHBIH
Kaitananasl («Ex1 yKTay. Amaii moai aTTey).

byn Mpicania yakpIT mKanachlHIa €Ki KYH JKOHE YIII TYHHEH KeWiH OpPBhIH ajaThiH
opekeT 0ana TaHBIMBIHAA «YHUBIKTAY» TKIPUOECI apKbLIbl OJIICHETIHIH OaiiKkayra
Oonazapl. SrHM, Oasia yakeITThl KYHTI30€IIK HEMECe aOCTPaKTIIl eIImIeMIepMEH eMec,
©31HIH KYHJIENIKTI TOKIpUOeCciHe )KaKblH dpEeKeTTepMEeH (YHBIKTay, OSHY) €CenTeii.
CoHbIMEH KaTap, OHBIH CoilJieyiHe anailbIHbIH alTKAHbIH KalTanay apKbUIbl €JIKTey
Oalikayianbl. by epecekTep iy ceiliey yaTruIepiH KaObuiaam, 3 TOXIpUOECIHe CollKkec
KOJIJaHaHy MOCEJECIH KapacThlpyFa Heri3 Oosa anagwsl. COHBIMEH KaTap OChI
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MbICajjIaH 0ana MEH €peCEeKTEpiH YaKbITThl KOATAYBIHJAFbI, SIFHU OCPUIETIH TUIIIK
KYPBUIBIMIAPBIHAAFbI AbIPMAIIBIIBIKTAP bl OAMKal amaMbl3.

3eprreymrisiep Zhang sxone Hudson [11] GamamapapiH 6TKEH 1IaK MEeH KeJep IIaK
apachIHIarbl OalIaHBICTBI Kadail TYCIHETIHIH apHaiibl 3eprreai. Omap 3-5 xacTarbl
Oamanmapra Ky#Hl e3repreH 3aTrTapAblH CYpeTTepiH (MbICAJIbI, OWBUIBIN KacalFaH
ackabak meH OyTiH acka0ak) »KoHE COJI 3aTKa KaThICThl OPEKETTI CHUMATTaWThIH
coeieMaepai («MeH ackabakThl Kelle OUMBIN jkacambiM» Hemece «MeH ackaOaKThI
€pTEH OMBII kacailMbIH») YChIH/IbI. bananapra yakbITKa KaTbICThI CYpaKTap KOWBUIIBI,
Mmbicasbl: «byn kazip kanmait kepineni?». byn Tancelpma OanamapliaH «Kelie» MEH
«EepTEHM1» KEKe KaTeropusi peTiHJIe aKbIpaTyibl FaHa €MEC, COHBIMEH KaTap ©TKEH
IIaK TeH OCHI IIAK, KeJep MIAK MEeH OChI IIAK apachlHIaFbl YaKbITTHIK KaThIHACTAPIbI
TYCIHYAl Tanam eTTi. 3epTTey HOTHXkKesepl OoibIHINIA Oajanap «Kele» Typasbl
CypakTapra «epTeHre» KaparaHja A9JIpeK jkayan OepreHi aHbIKTal bl

Ocel  OakpuIay OJICIH HETI3re ajbll, TYJNJIH CypeTi 0ap KapTouKajlapbl
naijananbll, SKCIEPUMEHT XKyprizaik. KapTroukanmapaa eckid, TyiaiH Oypuiiri,
alIbUIFaH 97IEM1 T'YJI J)KOHE COJIFaH ryn OeliHeneHreH. DkcnepuMenTke [Hxy (3 xkac 2
ait), Eprepe (5 xxac 7 ait) sxone Acus (7 sxac 7 aif) KatbIcThl. [HxKy Oanabakiiara, Acust
MekTenke (2 ceiHbim) Oapanbl, Eprepe emkaiina Oapmaiiibl, TUIIIK KYpbUIBIMIAp
TypaJibl OUTIMIH aHACBIHBIH AUTKAHAAPbIHAH FAHA TOJBIKTBHIPBIN OTHIPAIbI.

bananapra «I'yn xa3ip Kanmai?», «['yan keme/OypblH Kannaid 6omaasi?», «EpTex
KaHmai Oonanei?», «l'yn He icTedmi?» »koHe T.0. yKcac JeHreire OailllaHbICTBI
cypakrap Koupuiabl. Kaproukamapabl peT-peTiMEH OpHAaJacThpy YCBIHBUIJBL.
DKcnepuMeHT OapbIChIHIA 1-KecTee KOpCeTUINeH JKaFiail aHbIKTAJIbI.

1-kecrte
basna TaHBIMBIHJAFBI TYJIH YaKbIT KEHICTITIHACTI JaMy Ke3eHIepl
Ne JKcnepu- Kayanrapbi Kaprouxkanapabl | Tyciny nenreii
MEHTKe OPHAJIACTBIPY
KATBICYLIbI
Oasnajap
1 |Imxy (3 xac 2 |- I'ymonmemi. I'yapig  Oypuuiri | bana  TaHbIMBIHIA
ai) - T'yn elIe/ll | MeH alnpUIFaH | «ocem» €TICTIT1
(I'y ecent) oxemi ryiai katap | 6ap. Taweim  omi
- OfeMi  eMEC | ophanacThIpAbl. | KapamaibM
(CoMFan  TYN | Qcxin men conran | merreiize.
Typabl). TYJIIH CypeTiHe
- Iem, 3ambipak
: Kaparl, Kol
(eckiH .
OMJIaHTBI.
TypaJibl).
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2 | Eprepe (5xkac7 | - Kambipak? Cypertrepai VY aKbITTBIK
ai) (ockinre peTiMeH PETTLTIKTI TyCiHei,
KaTBICTBI). OPHAJIACTBIPBI: Oipak oJi Jie HaKThI
OCKIH — TYJJIH | YaKbIT eJIeMAepiH
- Keme ryn 6 L B
CIKeHTa ypIIiri — ryn IaTacThIPAIbI.
- COJIFaH Iyl | OTkeH IaKTa
(COHFBI 0oL, KeJep
- Msinay omemi | KapToukaza aKra eJeIl
YL OMJIAHBIM KaJaabl) | (COoazbl)
YFBIMJIAPbIH
- T'ymexneni a)KpIpara aJijpbl.
(comajbl
JIeTeH1).
3 | Acusa (7 xac 7 |- AngbsiMeH ryn | bapibik VakpIT Ke3eHIepiH
ai) JKEpJcH KapTOYKAJIAP bl TOJIBIK TYCIHEI1.
KilIKeHTai IYpBIC petnien | Ceitneyine
GombIm OPHAJACTBIPABL. | JIOTHKAIIBIK
IIBIFaIbI. Oalia"bIC
- Cocgm . Oailkamaabl.
MbIHaH /1AM
0oJ1a Bl
(xepcerrTi,
Oipak Oypik
Co3iH aiiTa
aJIMaJbl).
- TI'yn nanana
ocenl. XKazma
ryJ kerm. ['yn
daeMi OOJIBII
alIbIIaIbl.
- T'ynai xxymein
ajicaH, cy
KylMacaH, 0JI
COJIAJIBI.

By 3KCnepuMEHTTE Iysl apKbUIbl BEKTOPJBIK CHUIATTAFbl OTKEH IIAK, OChI IIAK
KOHE Kellep INaK Typaibl OajamapiblH TYCIHIT aHBIKTAIIb. JKCIEPUMEHT
HOTHXKECIHE 3 JKacTarbl 0ana 1maK KaTeropusCchlH €HJ1 MEHTEepPIeHiH, al 5 JKacTarbl
OaJlaHbIH CeisieyiHJe OTKEH IIAaK MEH KeJep IIaK apKbUIbl YaKbIT Typasibl TYCIHIT1
KaJIBITITACKAHBIH OalKalMBbI3. 7 dKacTarbl OajaHbIH COMJICY1H/Ie MEKTENTE ajiFaH OuTiMi

144



PHILOLOGY
TRANSFORMATIONS OF EDUCATION IN THE ERA OF MODERN TECHNOLOGIES

asChIHIA YaKbIT YFBIMJAPBI Typalibl TYCIHIT Oap €KEHiH, COIIeYIHAer1 JIOTMKAJIbIK
0ailTaHBICTHIH OPBIH aJFaHbIH OaliKayra Ooaabl.

KopbITbIHABI. 3epTTey HOTHXKEIEepiH KOPHITHIHABUIAN Kene, OajanapablH yakKbIT
Typajbl TYCIHIKTEpIHIH KAaJbIITaCybl MEH JaMybl TUIMIK JKOHE KOTHUTHUBTIK
MpOIIeCTePiH ©3apa OailylaHBICKI ApKBUIBI JKY3€T'e acaThiHBI aHBIKTaAbl. Herisri
KOHIEMNIUS PETIHJE YaKbITTbIH CEMAHTHUKAJIBIK KaTeropusi PEeTIHAET! BEKTOPIBIK
CUMATTaMachl, COWJIEYy COTIHIH JCHKTUKAJIBIK OPTAIbIK PETIHAE albIHYhl >KOHE
rpaMMaTHKaIbIK IIaK (opmanapbl apKbUIbl YaKbITTBIK OaFdapblH >KY3€re acysl
KapacThIpbUIibl. by  OaFplT  NCUXOJMMHTBUCTHKAIBIK TYpPFbIIA  OanaiapabiH
COMCYIH/ET1 YaKbhIT MapKepiepiHiH Tmaijga OoJybIlH, al JamMy TICHXOJIOTHSCHI
TYPFBICBIHAH OJIap/IbIH KOTHUTUBTIK IaMy caTblJIapblH aKbIHAAyFa MyMKIH/IIK Oepei.

Buszyannel matepuangap MEeH TUIAIK TalchblpMaliap OanajiapiblH YaKbIT Typajibl
TYCIHIKTEpIH alKbIHAAY1a THIMA1 Kypas OOJIIbl.

Konpanslnran oicTepAiy 1IHAE SKCIEPUMEHTTIK TarichbipMaiap KapacThIPbUIIbL:
TYJIH YakKbIT KEHICTITIHJEr JaMy caTbuiapbl (OCKiH, OYpIIIK, TYJAEY, COJIY)
OCilHEeJIEHTeH CypeTTep MEH CceWeMIep/cypakrap YCBIHBUIBIN, —OanaiapablH
KayanTapbl MEH KapTOUYKajapAbl OpHAJacThIpy Toculepl Tanganabl. byn oxic
Oastanap/bIH yakKbIT KaTErOpUsAChIH KaObUIIaybIH HAKTHI 9p1 KOPHEKI TypAe Oaranayra
MYMKIHJIK Oepai. Hotmxke kepceTkeHel, 3 »kac maMachiHaa O0ana TaHBIMBIHIAFbI
yakbpIT MapkKepiiepi eHal maijga Oona Oactaiifpl. 5 ’kac mamacblHa Oana jgamy
caThUIapblH PETIMEH OpHaJacThipa ajajbl, OIpaK YakbIT KaTeropusIapbiH
aTacThIpybl MYMKIH, ai 7 >kKac IIaMachblHAAa YaKbIT KE3€HJAEPIH TOJBIK TYCIHIM,
ceieyiH/Ie Kyp/ielll CHHTaKCUCTIK OaiaHbICTapabl KOJIJjaHa OacTam Ibl.

bonamiakra 6anaHbIH yaKbITThl KaOBIIAAYBIH MOJICHHU JKOHE TUIAIK (haKTOpJapMeH
CaJBICTRIPY, 0acka TUIAEpAEri TpaMMAaTHKAIBIK MIAK (OpMallapbIHBIH KOTHUTUBTIK
JaMyFa 9CepiH KapacThIPy, MEKTEIKE JIEHIHT1 )KoHE 0acTaybIlll MEKTEN Ke3eHIHACT1 OKY
MIPOLIECIHE YaKbIT YFbIMJIAPhl Typajibl TYCIHIKTEPIHIH BIKIAJIBIH 3€pTTEy, COHAAN-aK
AMOIUSIBIK TOXKIPUOEHIH (MepeKenep, KyTy, KyaHbIIll) YaKbITThl KaObLIAayJaFbl pOIIiH
aHBIKTAY JKOCTIapJIaHaIbl.

IaiipananelIFan daeduerrep Tisimi

1. Ames, L. B. (1946). The development of the senseof time in the young child.
Journal of Genetic Psychology 68 (1), 97-126.
https://doi.org/10.1080/08856559.1946.10533358

2. Weist, R. M. (1989). Time concepts in language and thought: Filling the
Piagetian void from 2 to 5 years. I. Levin, & D. Dakay (Eds.), Time and human
cognition. A life-span perspective (pp. 63—118). Advances in psychology 59.
Amsterdam: Elsevier. https://doi.org/10.1016/S0166-4115(08)61039-0

3. Surakka (2019). Ajan paikka. Ajanilmausten kehityspolkuja lasten kielessd [A
location of time. The development of the expressions of time in children’s language].
Publications of the University of Eastern Finland Dissertations in Education,
Humanities, and Theology. Joensuu: University of Eastern Finland.

4. Surakka M and Kirjavainen M. To what extent do children’s expressions of time
actually refer to time? An investigation into the temporal and discursive usages of

145



PHILOLOGY
TRANSFORMATIONS OF EDUCATION IN THE ERA OF MODERN TECHNOLOGIES

temporal adverbs in family interaction // Journal of Child Language. — 2025. — T. 52.
—Ne 3. —C. 498-531. - DOI: 10.1017/S0305000924000114.

5. Tomasello, M. (2003). Constructing a language. Ausage-based approach to
language acquisition. Cambridge: Harvard University Press.

6. Ellis, N. C. (2017). Salience in Language Usage, Learning, and Change. In M.
Hundt, S. Pfenninger, & S. Mollin (Eds.), The changing English language. The
Psycholinguistic Perspectives (pp. 71-92). Cambridge, UK: Cambridge University
Press.

7. Diessel, H. (2013). Construction Grammarand First LanguageAcquisition. In T.
Hoffmann, &G. Trousdale (Eds.), The Oxford Handbook of Construction Grammar
(pp. 327-345). Oxford University Press. https://
doi.org/10.1093/0xfordhb/9780195396683.013.0019

8. Goldberg, A. (2019). Explain me this: creativity, competition, and the partial
productivity of  constructions.  Princeton:  Princeton  University  Press.
https://doi.org/10.1017/S0332586520000049

9. Shirai Y., Andersen R. W. The Acquisition of Tense-Aspect Morphology: A
Prototype Account // Language. — 1995. — Vol. 71, No. 4. — P. 743-762. — DOL:
https://doi.org/10.2307/415743.

10. XKanabexkoBa A. O. Kazak TUTIHAEIT «yaKbIT» YFBIMBIHBIH TUIIIK
napagurmacsl, 2010.
11. Zhang M., Hudson J. A. The Development of Temporal Concepts:

Linguistic Factors and Cognitive Processes // Frontiers in Psychology. 2018. (9).

146



PUBLIC ADMINISTRATION AND MANAGEMENT
TRANSFORMATIONS OF EDUCATION IN THE ERA OF MODERN TECHNOLOGIES

LEAN MANAGEMENT AS A DRIVER OF SUSTAINABLE
DEVELOPMENT AND RESPONSIBLE CONSUMPTION
PATTERNS

Tymoshenko Karyna,
Ph.D. in Economics, Associate Professor
Simon Kuznets Kharkiv National University of Economics

Butenko Daria,
Ph.D. in Economics, Associate Professor
Simon Kuznets Kharkiv National University of Economics

The transition toward sustainable development is increasingly challenged by the
intensification of global consumption and production systems, which exert significant
pressure on natural resources and the environment. According to the United Nations,
“unsustainable patterns of consumption and production are the root cause of the triple
planetary crisis of climate change, biodiversity loss and pollution” [1]. This highlights
the systemic nature of the problem, where both production inefficiencies and
consumption behaviors jointly contribute to environmental degradation.

At the same time, global economic development continues to rely heavily on
resource-intensive models. The Organisation for Economic Co-operation and
Development notes that “global materials use is projected to more than double by
2060 [2], reflecting the persistence of linear economic systems and increasing demand
pressures. Such trends indicate that current economic models remain incompatible with
long-term sustainability goals.

From the production perspective, inefficiencies are deeply embedded in operational
systems. Classical lean management research emphasizes that a significant share of
activities within organizations does not create value. As noted by Womack and Jones,
“lean thinking... provides a way to specify value, line up value-creating actions... and
eliminate waste” [3]. Despite the availability of such approaches, many enterprises
continue to operate with high levels of overproduction, excess inventory, and resource
losses, which not only reduce economic efficiency but also intensify environmental
pressures.

Simultaneously, consumption patterns remain insufficiently aligned with
sustainability principles. According to the United Nations Environment Programme,
“if the global population reaches 9.6 billion by 2050, the equivalent of almost three
planets could be required to sustain current lifestyles” [4]. This underscores the
urgency of transforming not only production systems but also consumer behavior.

The issue of sustainable development is gaining increasing relevance in Ukraine,
particularly under conditions of economic transformation, post-crisis recovery, and
European integration. The alignment of national economic policies with European
sustainability standards requires enterprises to adopt new approaches to resource
management, environmental responsibility, and production efficiency. In this regard,
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the transition toward sustainable consumption and production is not only an
environmental necessity but also a strategic prerequisite for enhancing competitiveness
in international markets.

Ukrainian researchers emphasize that the transition to sustainable consumption
requires systemic changes in both business practices and consumer awareness, as well
as the implementation of resource-efficient management approaches [7]. In particular,
the adoption of circular economy principles is considered a key direction for achieving
sustainable development goals, as it enables the reduction of resource dependency,
minimization of waste, and strengthening of business resilience under conditions of
increasing economic uncertainty.

The study is based on a combination of general scientific and specialized research
methods, which made it possible to comprehensively analyze the role of lean
management in ensuring sustainable development and shaping responsible
consumption patterns.

The theoretical basis of the research is formed through the method of scientific
abstraction and generalization, which allowed the identification of key relationships
between lean management principles and sustainability concepts. This approach is
grounded in the understanding that lean thinking focuses on value creation and waste
elimination, thereby contributing to resource efficiency and process optimization [3].

The methods of comparative analysis and systematization were applied to examine
international and national approaches to sustainable development, including reports
from international organizations such as the United Nations and OECD, which
emphasize the need for transforming production and consumption systems [1; 2]. This
made it possible to identify the limitations of traditional linear economic models and
justify the relevance of lean approaches in addressing sustainability challenges.

A structural-logical method was used to build a conceptual framework that
integrates lean management tools with sustainable development principles and
responsible consumption patterns. In particular, the study considers the interconnection
between production efficiency, environmental impact, and market behavior, which
aligns with the broader transition toward circular economy models [7].

In addition, elements of content analysis were applied to scientific publications and
analytical reports, allowing the identification of key trends in the development of lean
management and its application in the context of sustainability. The use of this method
ensured the reliability of conclusions and their consistency with contemporary
scientific discourse. To further develop the theoretical understanding of the identified
relationships, a conceptual framework of lean management in the context of sustainable
development is proposed.

To better understand the systemic role of lean management in sustainable
development, it is important to conceptualize the relationships between production
processes, environmental outcomes, and consumption patterns.

The proposed framework is based on the assumption that lean management acts as
a connecting mechanism between operational efficiency and sustainability outcomes.
At the core of this framework lies the elimination of waste (muda), which directly
influences resource utilization and process optimization.
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At the production level, lean tools such as value stream mapping and continuous
improvement practices reduce inefficiencies and minimize resource losses. These
changes lead to measurable environmental effects, including lower emissions, reduced
material consumption, and decreased waste generation.

At the environmental level, the reduction of unnecessary production activities
contributes to lowering the overall ecological footprint of enterprises. This aligns with
global sustainability priorities, particularly in the context of resource scarcity and
climate change.

At the consumption level, lean management indirectly influences consumer
behavior by aligning production with actual demand. The implementation of pull
systems reduces overproduction and limits the availability of excess goods, thereby
encouraging more rational consumption patterns.

Thus, the conceptual framework demonstrates that lean management operates as
an integrative system linking efficiency, environmental sustainability, and responsible
consumption.

The obtained results indicate that lean management functions as a multi-level
mechanism influencing production efficiency, environmental sustainability, and
consumption behavior. The systematization of these effects allows identifying the key
directions through which lean principles contribute to sustainable development.

To systematize the identified relationships between lean management, sustainable
development, and consumption patterns, the key results are summarized in table 1.

Table 1.
Multi-Level Impact of Lean Management on Sustainable Development and
Responsible Consumption Patterns

Level of Lean Tools Sustainability Effects Impact on
Impact Consumption
Patterns
Operational Value Stream Mapping, | Reduction of material, Optimization of
Just-in-Time (JIT), energy, and time losses; production volumes
Kaizen increased resource efficiency | according to actual
demand
Environmental | Waste elimination, Reduction of waste, Decrease in excessive
process standardization, | emissions, and consumption and
continuous overproduction; lower resource use
improvement environmental impact
Market Pull systems, customer | Alignment of supply with Formation of rational
value orientation real demand; improved and responsible
efficiency of value creation | consumption
behavior
Strategic Integration with circular | Support of sustainable Transition toward
economy principles development goals (SDGs); | sustainable
enhanced resource efficiency | consumption patterns
and circularity
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The results presented in Table 1 confirm that lean management operates as a
systemic mechanism influencing both internal business processes and broader
sustainability outcomes. At the operational level, the elimination of non-value-added
activities leads to improved productivity and more efficient use of resources, which
corresponds to the fundamental principles of lean thinking [3].

From an environmental perspective, lean practices contribute to reducing
emissions, minimizing waste generation, and preventing overproduction. These effects
are particularly significant in the context of increasing global resource demand and the
growing need to transition toward more sustainable economic models [2].

At the market level, the implementation of pull-based systems allows enterprises
to align production with actual demand, thereby reducing excess inventory and
avoiding artificial stimulation of consumption. This contributes to the formation of
more rational consumption patterns and supports the transition toward sustainable
consumption.

At the strategic level, the integration of lean management with sustainability-
oriented approaches creates the basis for long-term competitiveness. Enterprises that
adopt lean principles are better positioned to respond to environmental challenges,
regulatory changes, and evolving consumer expectations [1].

The findings indicate that lean management should be interpreted not merely as an
operational efficiency tool but as a systemic approach capable of supporting the
transition toward sustainable development. Unlike traditional efficiency-oriented
models, lean management integrates economic, environmental, and behavioral
dimensions, thereby aligning closely with the principles of sustainability.

The analysis confirms that the elimination of waste in lean systems extends beyond
production inefficiencies and includes the reduction of environmental externalities. In
this context, lean management contributes to decreasing the ecological footprint of
enterprises, which is consistent with global sustainability objectives.

At the same time, the study demonstrates that the transformation of consumption
patterns 1s closely linked to production models. The shift toward demand-driven
production reduces the prevalence of overproduction and limits the availability of
excess goods, thereby indirectly influencing consumer behavior. This confirms the
interdependence between supply-side efficiency and demand-side rationality.

The role of lean management can also be analyzed through its contribution to the
achievement of the Sustainable Development Goals (SDGs). In particular, lean
principles are directly aligned with SDG 12 (Responsible Consumption and
Production), as they promote efficient resource use and waste reduction.

Additionally, lean management contributes to SDG 9 (Industry, Innovation and
Infrastructure) by enhancing production efficiency and supporting innovation in
business processes. The reduction of environmental impact also supports SDG 13
(Climate Action), as lean practices contribute to lowering emissions and energy
consumption.

This alignment indicates that lean management can be considered a practical
instrument for implementing sustainability goals at the enterprise level, bridging the
gap between global policy frameworks and business practices.
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Despite the significant potential of lean management in supporting sustainable
development, several barriers limit its effective implementation.

One of the key challenges is resistance to organizational change, as the adoption of
lean principles requires a transformation of corporate culture and management
practices. Many enterprises lack the necessary competencies and experience to
implement lean tools systematically.

Another limitation is the short-term orientation of businesses, which often prioritize
immediate financial results over long-term sustainability outcomes. This creates a
mismatch between lean implementation and strategic sustainability goals.

In addition, the integration of lean management with environmental and circular
economy practices requires additional investments and institutional support. Without
appropriate regulatory incentives, companies may be reluctant to adopt such
approaches.

These challenges indicate that the effective implementation of lean-based
sustainability requires a comprehensive approach that combines organizational
transformation, economic incentives, and supportive policy frameworks.

Furthermore, the integration of lean management with circular economy principles
enhances its impact on sustainability. While lean focuses on efficiency and waste
reduction, circular economy approaches extend this logic by promoting resource
circulation and extending product life cycles [7]. The combination of these approaches
creates a more comprehensive framework for achieving sustainable development.

The results of the study have practical significance for different stakeholder groups.

For businesses, the integration of lean management with sustainability strategies
enables the reduction of costs, optimization of resource use, and strengthening of
competitive positions. The implementation of lean tools allows companies to increase
operational flexibility and adapt to changing market conditions.

For policymakers, the findings highlight the importance of supporting the transition
toward sustainable production models through regulatory frameworks, incentives, and
alignment with international sustainability standards.

For consumers, the development of lean-based production systems contributes to
more transparent and rational market offerings, which can foster responsible
consumption behavior and reduce unnecessary demand.

The study develops a comprehensive approach to understanding lean management
as a driver of sustainable development and responsible consumption patterns. The
results demonstrate the multi-level impact of lean principles, which simultaneously
influence production processes, environmental outcomes, and consumption behavior.

Particular attention is given to the integration of lean management with circular
economy concepts, which expands the traditional interpretation of lean beyond
operational efficiency and positions it as a strategic tool for sustainability
transformation.

Lean management represents an effective mechanism for supporting the transition
toward sustainable development and responsible consumption patterns. Its focus on
waste elimination, resource efficiency, and continuous improvement allows enterprises
to simultaneously achieve economic and environmental objectives.
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The study confirms that the implementation of lean principles contributes to
reducing environmental impacts, improving production efficiency, and shaping more
rational consumption behavior. The integration of lean management with
sustainability-oriented approaches enhances its strategic significance and creates new
opportunities for long-term development.

Thus, lean management should be considered not only as a tool for operational
optimization but as a key component of a broader transformation toward sustainable
economic systems.
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OCOBJIMBOCTI PEABLIITALII CIIOPTUBHUX )
TPABM HA ITPUKJIAI TOMKOMKEHHS IIEPETHbOI
XPECTOINIOAIBHOI 3B’ AA3KH KOJIITHHOI'O CYI'JVIOBA

Herpyk Irop,

CTapUINi BUKIaAa4 Kadeapu 370pOB’ sl TIOAUHH Ta (H13UUHOI Teparnii;
[IpuBaTHUI BUIIUM HaBYAJIbHUN 3aKJIA/]1
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Cipman Osena

KaHJIUJIAT TeAaroriyHux HayK;
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[IpuBaTHHUI BUIIUN HAaBYAJIbHUN 3aKJIA/]1

«MiKHapOAHUI €KOHOMIKO-TYMaHITapHUIN YHIBEPCUTET
iMeHi akanemika Cremnana Jlem’ ssHIyKa»

Oxcana boposeunb

KaHauaaT 010JI0TTYHUX HAYK;

JOIIEHT Kadeapu 310pOB’ sl IIOAUHU Ta (DI3UYHOI Teparrii;
[IpuBaTHMI BUIIMI HAaBYAJIbHUW 3aKJIa/]1

«MiKHaApOAHHUI €KOHOMIKO-TYMaHITapHUIN YHIBEPCUTET
iMeH1 akaziemika Crenana Jlem’ sstHayKa»

AKTYaJIbHICTD.

Ha cyyacHomy eTarni po3BUTOK CHOPTUBHOI CPepH CyNPOBOIKYETHCS 3POCTAHHSIM
o0cAry Ta IH-TEHCUBHOCTI (P13MYHUX HABAHTAXKEHb, 1[0, Y CBOIO YEPry, MPU3BOIUTH 10
30UTBLIEHHS YaCTOTH CIIOPTUBHUX TPABM 1 IX BIIJAJICHUX HACIIIKIB MICIIs MTOBEPHEHHS
CIIOPTCMEHIB JI0 aKTUBHOI MPOQPECIHHOT A1SUTBHOCTI.

[TomkomKeHHS TEPEIHbOT XPECTONMOAIOHOT 3B’ 43K KOJIIHHOTO CYTI00a € OJHIEI0
3 HAWOUIBIN TOIIMPEHUX TPaBM, fKa HE JIMIIEe OOMexye (hi3MUHy Mpare3aTHICTh
CIIOPTCMEHIB, ajie W MiABUIIYE PHU3UK TOBTOPHUX YIIKOJKEHb 1 HEMOBHOTO
BiTHOBJICHHS [1].

[Tonpu 3HAUHY KUIBKICTh HAYKOBUX JOCHIIKEHb, 3aJHUIIAETHCS aKTyaJIbHOIO
mpoOJiemMa HEeBIAMOBITHOCTI MK KIIIHIYHUM BIJTHOBJICHHSIM CyTJI00a Ta MOBHOI[IHHAM
BIIHOBJICHHSIM (DYHKITIOHAJIbBHUX MOXJIMBOCTEN, HEOOX1THUX ISl KOHKPETHOTO BUITY
criopty. TpamuiiifHi MiaxXoau 31e0UTbIIOr0 OPIEHTYIOTHCA Ha 3arajibHi MOKa3HUKH -
aMILTITYy PYXiB, M’ SI30BY CHITY Ta CTaO1IbHICTb, - 1 HEIOCTATHHO BPaXOBYIOTh CKJIaAH1
(yHKIIIOHATBHI BUMOTH /IO CIOPTCMEHIB, 30Kpe€Ma JMHAMIYHy CTaOUIBHICTh MpU
Pi3Kiii 3MiHI HANIPSIMKY, BUKOHAHHI CTPUOKIB, yJapiB UM KUJKIB M’g4a, @ TAKOXK PIBEHb
HEWPOM S30BOTO KOHTPOJIIO.
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MeTta nocJiaKeHHs.

OOrpynTyBaT €(EeKTHUBHICTh KOMIUIEKCHOI MporpamMu (Ii3W4HOi Tepamii ams
CHIOPTCMEHIB MICIs YUIKOJKEHHS TEPEAHbOI XPECTOMOI0HOT 3B’SI3KM KOJIHHOTO
cyrioba, COpsAMOBaHOI Ha ONTHMI3aIlil0 MPOIECY BIAHOBICHHS Ta 3a0e3meueHHs
0€3MeYHOr0 MOBEPHEHHS 10 TPEHYBAJIBHOI 1 3MarajgbHOI ISJIBHOCTI.

Martepiain Ta meToam.

Y JochiKeHHI 3acTOCOBAaHO aHaii3 1 y3arajdbHEHHS HAayKOBO-METOIUYHUX
JoKepesl, TOHIOMETPUYHI BUMIPIOBaHHS, MaHyallbHE M SI30B€ TeCTyBaHHs, Y -Balance
TECT, OI[IHIOBaHHS OOJII0 32 Bi3yaJlbHO-aHAJOTOBOIO IIKAJNOK, a TaKOX METOAU
CTaTUCTUYHOI OOpPOOKM pe3yabTaTiB Uil MIATBEP/UKCHHS iX JOCTOBIPHOCTI.
HNocmmkerass npoBoauiocs y 2024-2025 pp. Ha 06a31 [lonbchko-YKpaiHCHKOTO
Ananramniinoro Ilentpy MixXHApOIHOTO €KOHOMIKO-TYMaHITapHOTO YHIBEPCUTETY
iMeHi akanemika Crenana Jlem’ sHUyKa.

Pe3yabTaTu Ta 00roBOpeHHH.

[TopiBHAIBPHUI aHA3 PE3yJbTATIB MICIAS BIPOBAIKEHHA Nporpamu (Hi3U4HOI
Tepanii B €KCIIEpUMEHTANIbHIA Ta KOHTPOJBHIA IpyNax MPOJEMOHCTPYBaB OLIbII
BUPaXEHE TMOKPAIICHHS MOKa3HHUKIB Yy CIIOPTCMEHIB €KCIEPUMEHTANIbHOI TPyl 3a
BCiMa JOCJIII)KYBaHUMU MapaMeTpaMH BITHOCHO BUXI1JTHOTO piBHS (Tabu.1).

Taouuus 1.
JlnHamika KIiHIKO-(YHKIIIOHAJLHUX MOKA3HUKIB CTaHY KOJIIHHOTO CyTii00a
B JOCHipKyBaHuX rpynax (M£SD)

[Toka3Huk I'pyna [Touarok Kinenp P
bins (BAILI, EIl'(n=5) 46+1.2 0.9+0.7 <0.001
0-10)
KI'(n=5) 4.7£0.3 1.5+0.8 <0.001
Awmrutityaa El 954+84 137.2+4.0 <0.001
3ruHaHHs (°)
KT’ 943+9.3 1324 £6.6 <0.001
[lepenHbo-3a1Hs EI' 47+1.1 1.8+0.8 <0.001
cnalbKiCTh (MM
KT-2000)
KT’ 50£1.2 25+£1.1 <0.001

Pe3ynbraTty 130KIHETUYHOTO TECTYBAaHHS 3aCBIIYWIA JOCTOBIpHE 301JIbIIEHHS
CIWIIM KBajpuienca. BoaHoyac ydYacHUKH EKCIIEPUMEHTAIBHOI TPpyNu JOCSTIIN
kputepito LSL >90% B cepennboMy Ha 16-THkHI Tporpamu pi3UyHOI Tepartii, TO/1 K
y KOHTPOJIbHIN TpyIi JiUie Ha 23 THXKHI.

3a pesynbraTamu Y-Balanced Test crmopTcMeHu eKClEpUMEHTaIbHOI TpyIu
MPOJIEMOHCTPYBAJIM CTATUCTUYHO 3HAYYIIE Kpallll MOKa3HUKHU, 110 BKa3ye Ha OlIbII
BHUCOKHI piBEHb HEHPOM S30BOT0 KOHTPOJIO Ta CTaOLIBHICTI — KIIFOUOBHUX (DAKTOpIB
podiTaKTUKH TOBTOPHUX TPABM Y irpOBHX BHIAX CIIOPTY. VIMOBIpHO, IIbOMY CIIPHSIIO
paHHE 3aCTOCYBaHHS BIpPaB Ha HECTAOUTbHUX IIaTGopMax, IO MOKPAILye
B1JIHOBJICHHSI TTPOTIP1OTIEIII].

OxpeMoi yBaru 3aciIyroBy€ pi3HUIlSM Moka3HUKIB 3a mkanoo ASL-RSI. Ile moxe
CBIJTYUTH TIPO T€, IO MOCTYIOBA IHTETPAIlisl €JIEMEHTIB CIIOPTUBHOI TPH JI0 MPOTPaMu
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eKCIIEPUMEHTAJIbHOI TpyNy BUKOHYBalIO (PYHKIKO ,,eKCHO3UIINHOI Tepamii’’,
CHOPHSIOYM  3MEHIICHHIO CTpaxy TOBTOPHOTO TpaBMyBaHHS.  YpaxyBaHHS
MICUXOJIOTIYHUX AaCHEKTIB 3HAYHO MiABUIIIIO €(EeKTHBHICTH MporpamMu (Hi3uvaHOi
Tepamii [2, 3].

BucHoBkmu.

OCHOBHUMU MPUHIIMIIAMH TTOOYIOBH 3aIIPOITOHOBAHOT ITporpamu (iznyaHoi Teparmii
MiCAsT PEKOHCTPYKINT TMepelHbOl XpecTOMOMIOHOI 3B’S3KM € KpUTepiasbHO-
OpIEHTOBaHA MPOTPECUBHICTh, paHHS Ta MOCTYNOBA HEHPOM S30Ba aKTUBAIlIS, @ TAKOXK
IHTerpallis BIpas, Crieu(pIuyHuX JJIsI KOHKPETHOTO BUIY CIIOPTY.

Po3pobnena KoMIIeKCHa Mporpama IpOJEMOHCTPYyBajia CTATUCTUYHO BUIILY
e(EeKTUBHICTh MOPIBHSIHO 3 TPAIUILIMHUMHU MIIX0JaMH Y BIIHOBJICHHI CIIOPTCMEHIB
icIsg PEKOHCTPYKIIIT IepeHbO1 XPECTONO1I0HO1 3B’ I3KHU.

[IpakTiyHa WIHHICTH OTPUMAHMX pE3YJbTATIB TMOJSATAE y MOXIMBOCTI iX
BIPOBA/DKCHHS B JISUIBHICTh peaOUTTAIlIMHUX IEHTPIB 1 3aKjiadiB CHOPTUBHOI
METUITUHHY.
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®YHKUII PO3MOAITY BIPOI'ITHOCTEM 3MIIIAHUX
3AKOHIB I IX BUKOPUCTAHHA

AJekceinuyk bornan MuxaiiioBud
acmipast
Opnecokuit Hanionansunii Mopcekuii YHiBepcUTET

3a0e3neueHHsT HaBIraliifHOI Oe3aBapiiiHOCTI TJIaBaHHS CyJHA B CTHCIUX BOJAX
noTpeOyIOTh BHU3HAYEHHS WOro TO3MIIlI, JJI1 4YOTro MPOBOAATHCS oOcepmarlii 13
BUKOpHUCTaHHAM JiHIA mosnoxkeHHs (JIII) cyagna, 1Mo SIKUM pPO3paxoOBYHOTHCS
KOOpPJIMHATH, MPUYOMY BBa)KA€TbCs, MO0 BUMaaKoBl moxuoOku JIII posnoniieHi mo
HOPMAaJIbLHOMY 3aKOHY.

OpHak oOCTaHHIM YacoM 3'IBUJIMCS IyOuikaiii, sIKi CTBEPIKYIOTh HAasIBHICTb
BUITQ/IKOBUX MMOXHUOOK BUMIPIOBAHb HABITAIITHUX MApaMETPIB, 3aKOH PO3MOILTY SIKUX
BIIMIHHUH B1J] HOPMAJIBHOTO 3aKOHY.

Pe3ynbraTtt 00poOKHM CTATUCTUYHUX MaTeplajiB MOXUOOK BUMIPIOBAHb IPUBEAECHO
B pobOoTax [1,2], aHami3 siKkuii mokasaB, 110 X PO3MOJALI BIPOT1IHOCTI HE BIJINMOBIAAE
HOPMaJIbHOMY 3aKOHY.

Po6GoTa [3] npucBsueHa aHali3y JaHUX MO TOYHOCTI BU3HAYEHHS MICIA CyJHA 32
JOTIOMOTOI0 CYITyTHHUKOBOT HABITAI[IHHOT CHCTEMH, SIKUH CIPOIY€E MPUITYIIECHHS PO
PO3M0AUT TOXUOOK BUMIPIOBAHHS IIMPOTH Ta JIOBFOTH 3a HOPMAJIBHUM 3aKOHOM, IO
noTpeOye BUKOPUCTAHHS 1HIIIUX 3aKOHIB PO3MOJILITY.

B po6oti [4] mokazaHa MOXKJIMBICTh PO3MOITY MOXHOOK 3a 3MIIIAHUMH 3aKOHAMU
Ta TPHUBEJACHO BHUPA3M IIIIBHOCTI PO3MOAUTY BIPOTITHOCTI HABITAIIMHUX MOXHOOK
3MINIAHUX 3aKOHIB TEPIIOrO 1 JPYroro TUITY, SIKI BIAMOBIAHO MarOTh HACTYITHUN
Burisig (1) 1 (2):

1
n+—_

2"a 2n 1
fl(x)_ﬁn 1-3--2n-1) (x2/2+0)""’ (n<6) W)
Q.&. n+l
f2(x):1 3.5-2n+ 1o 1 (n<5) )

n+l n+15 "
V22" (x2/2+a) "

7€ o - MacITaOHUIl apameTp;
n — ICTOTHUH TTapameTp.

BaxnuBo, 1m0 NUIJIBHOCTI PO3MOJAUTY BIPOTIIHOCTI HAaBITAIlIHHUX TMOXHOOK
3MINIAHUX 3aKOHIB BUPAKAIOTHCS B €JEMEHTapHUX (YHKISIX, 110 HEOOXIAHO s
PO3pOOKM aHAMITUYHOTO arapaty METOJy MaKCHMaJIbHOI mpaBaomnoaioHocTti [S5].
OpHak He MEHII BaXJIMBO MAaTH SBHUM BUJ (PYHKIIT pO3MOALLY 3MIIIAaHUX 3aKOHIB,
TOOTO iX BHMpa3iB B eJeMEHTapHUX (QYHKIISAX, - 1€ OOYyMOBJIEHO NOTPeOOrO
3acTocyBaHHA (YHKIIN po3moaiury F(x) mpw TepeBipili CTaTUCTUYHHX TilmoTe3

PO3MO/ILTY HaBIraliMHUX MOXMOOK. B iboMy pasi He0OX1THO PO3paxOBYBATH 3HAUCHHS
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F(x) ma Mexax po3psaiB TiCTOrpaMH BHUIMAJAKOBOI TOXWOKH Il BH3HAUYCHHS
. 2 .
Kkpurepito 3rogu y - —Ilipcona.
[Toxaxkemo, 1m0 (yHKHii po3nonainy F(x) 3MilIaHUX 3aKOHIB BHUPAKAIOTHCSA B

eleMeHTapHuX (QYHKIIAX. Bsaram QyHKImiS po3moally 3aKOHY — SIBISETHCS
IHTErpaIbHOIO XapaKTEPUCTUKOIO 1 MAa€ HACTYITHUI BUPa3:

F(x)= [f(&)ds.

Tomy GyHKIIS pO3MOALTY 3MINIAHOTO 3aKOHY TMEPIIOTO THITY BUPAKAETHCS
HACTYITHUM YHHOM:

1
n+—

. 2"a 2 T d&
=1 1-3-(2;1—1)_I

F, (:2 .
0 5 ta n+l
(2 )

S

3HaiiieMo pilieHHs MPUBEIEHOTO BUPa3y, MJIS YOTO 3aMIHUMO 3MIHHY: Y =$,

dé = \/Edy 1 OZIEPIKUMO:

X

l -
2nan+ 2p! V2 dy

()= 21 1-3-2n-1) 7 (y? + o)™

JlaHuii iHTErpall Ma€ BiJIOME PIIICHHS 32 JOMIOMOTOI0 peKypeHTHo'l' dbopmynu [5]:

Fkn

()= {iz’l"'a(n VT 5(n—z)' Y 2 J_f dy
fn 1-3-[2n = (2 = 1)] (p2 + )" SO0 +a)

[TincTraBisitoun MEX1 IHTErpyBaHHS, onepmHMo (bYHKIIII0 pO3MOILTY:

n—i (n=i)+-
L) 2(n—z)' X

11
Fin(¥)=5+— “mgqf zfnl 3-[2n—-(2i=D] x° i
(2 +a)

3MiIaHuil 3aKOH PO3MOAUTY MEPUIOr0 TUITY BUKOPUCTOBYETHCS IJISi 1ICTOTHOTO
napameTpa n <6, Tomy B Tabn. 1 mpuBeAeH! aHAMITUYHI BUpPa3u (PYHKITT PO3TOILITY
Fi(X)...Fp6(X).

VY nmpuBeneHux BUpaszax s GyHKIIH posnoainy an/II‘/’IMaeTLCﬁ BHpAa3:

1
F.(x)=—= + arctg
k \/_

(n<6) (3)
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Taomung 1
@DyHKIII1 po3NOLTY 3MIIIAHOTO 3aKOHY MEPIIOr0 TUITY
F,(x) AHaNITH4YHI BUpa3u
kn
1
Fl(x) a2x
F.(x)+
T a2+ )
Fp (%) %
204 x
F(x)+
. 3\/571:()(2 /2 + oc)2
Fl3(x) %
8o’ x
F,(x)+
= 15\/§n(x2 /2 +a)’
Fq(x) %
480~ x
Fii(x)+
B 105V2r(x? /2 + )
Fies(x) %
3840’ x
Fi(x)+
945 om(x2 12 + 0)°
Fig(x) u
384002 x
Fs(x)+
B 10395v20(x% /2 + 0)°

AHaNOTIYHO 3HAXOMUTHCSA (QYHKIS po3monainy Fp,(X) i 3MIIIAHOTO 3aKOHY
PO3MOILTY IPYTOTo TUITY:

n (_ 1)] an+1+j
Fp,(x)=1-2"1-3-5-2n+1){D> - . . —}.
=0/ =DM +147) (62 4+ 204+ x4/ x? +20)" 1
4
OCKUIBKY 3MIIIaHUI 3aKOH PO3MOLTY APYroro TUITy 3aCTOCOBHHMM JI ICTOTHOTO
napameTpa #<5, TO B Ta0i. 2 mpUBEIACHI aHATITHYHI BUpPa3u (QYHKINT pO3MOILTY
Fp(x)...Eps(x).

VY npuBeneHuX BUpaA3ax MPUUHATE IO3HAUYCHHS:

z=x° +2()L+x\/)c2 +20.
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Taomung 2
@DyHKIIIT po3M0IiTY 3MIMIAHOTO 3aKOHY APYTOTO THITY
Fp, (x) AHaNITH4YHI BUpa3u
302 2a°
Fpi(x) LS
Fpy(x) 106 15a* 6’
-+
z VA zZ
Fp3(x) 350 840> 700° 20a’
-t ]
zZ zZ zZ zZ
Fpy(x) 1260°  4200° 5400’ 3150 700’
S S
4 4 z 4 4
Fps(x) 462a° 19800’ 3465a® 30800° 1386a'® 252q'!
I-1 6 7t 8 o T 0 _11 ]
z z z zZ z z

Jl71st mepeBipKY MPaBUIILHOCTI OIEp>KaHUX BUPA3iB (DYHKIIT PO3MOALTY 3MIIIAHUX
3aKOHIB 000X THITIB 3a JOMOMOTOI YHCEIbHOro 1HTerpyBaHHs MeTogaoMm CimrcoHa
PO3paxoByBaJIMCS 3HAYCHHS:

Fy p(ratam) = | fia(Eoun)de

JUIS 3aJaHUX 3HA4eHb X 1 JUIsI IUX K€ 3Ha4YeHb PO3PAXOBYIOTHCA 3HAYCHHS
byskmii posmoainy I, (x) i Fp,(x) mo ¢popmynax (3) i (4). Suauenns Fj (x,a,n)
MOPIBHIOIOTECS 3 F, (X),1 F;p(x,a,n) 3 Fp,(x), Ha miicTaBi 40ro poOMTHCS BUCHOBOK
PO KOPEKTHICTh BUpa3iB st (GyHKIiHA po3nominy Fj,(x) 1 Fp,(x). PesynbraTu
pO3paxyHKIB Ipe/ICTaBIIEHI Ha puc. 1 1 puc. 2.

Jlyis 3MimIaHoro 3akOoHY MepHioro Tumy s n =1...6 po3paxoBaHi 3HAYCHHS
byukiii posnoainy Fj (x,0,7) , ki NPeACTaBICHI Ha BEPXHHOMY PSIKY KOXHOTO
3HauYeHHS 1 B Mexax Big 0 10 6 c.k.B. (puc. 1). Y HIDKHBOMY PSIIKY KOXKHOTO 3HAUCHHSI
npo3paxoBai 3HaYeHHs [}, (x) mo dopmyii (3). [IpudomMy npuBeIcHI 3HAYCHHS CJTiJT

nomHokuTH Ha 1074

Hns n=1...5 Ha puc. 2 MpeacTaBlIeH] pe3yJbTaTH PO3PaXyHKY JHJis 3MIIIAHOTO
3aKOHY JPYroro TUIy no gopmymi (4).

AHnami3 Tabauipb Ha puc. 1 1 puc. 2 mokaszye, MO pe3yiabTaTH YUCEIHLHOTO
IHTErpyBaHHS TMPAKTUYHO CITIBMAJAIOTh 3 pe3yJbTaTaMUd PO3PAXyHKY BIAMOBIIHHUX
byHKIii posnoainy. [lana o6ctaBuHa MiATBEPIKYE KOPEKTHICTD OJIEPKAHUX BUPA3iB
TUTst QYHKITIHA PO3MOILTY 3MIIIIAaHUX 3aKOHIB PO3IMOALITY 000X THIIIB.

159



TRANSPORT

TRANSFORMATIONS OF EDUCATION IN THE ERA OF MODERN TECHNOLOGIES

T

SMILAHMIN 34KOH PO3N0AINY NEPWOTO TUNY

0.4

0.4

1.2

1.6

24

2.8

32

b

44

4.8

be

hb

=10/ ]

IliwaHuid 1o THY

B005

5000

BhA0

BhA0

b3da

b3da

b2z

B350

7479

7479

7931

7931

ifAiR

6306

g600

o614

063

063

3064

3064

9226

9226

9356

9356

5456

5450

8845

3545

3611

3614

3671

3671

ItiluaHMi 2o THIY

a007

5000

8916

8916

b7

b7

7443

717

6133

6133

B61a

B61a

6971

B9467

3245

8260

3459

3459

3604

3604

5707

5707

752

752

5834

8837

9676

9676

3304

5306

8927

8927

5003

5000

B35

B35

7093

7093

7330

7927

fh 72

fh 72

4042

4042

4354

4363

577

L]

730

730

523

523

4583

4583

1922

1922

4346

4347

4964

4964

375

375

952

952

8010

5000

b247

b247

737

737

8206

B244

ittt

ittt

1321

1321

i

4546

4756

762

3361

3361

M3

M3

352

352

3571

3571

952

952

9959

9959

993

993

4395

4395

a1

5000

bal

ikl

741

741

8460

8439

124

124

4813

813

4729

9730

b7

3061

9927

927

962

3962

380

3350

939

3359

4534

3534

4396

9996

393

5395

993

5993

a0z

5000

Bh00

Bh00

715

7175

i1k

6708

3304

5304

3647

3647

3621

9628

8915

898

3961

3961

9952

8952

339

3591

3355

5395

38597

5995

5999

5999

5399

5399

5399

5399

Puc. 1. IlepeBipka QyHKIii pO3MOILTY 3MIIIAHOTO 3aKOHY
BnacHa po3poOka aBTropa

IIEPIIOTO TUITY

B saxocTti mpunagy 3acTocyBaHHS (YHKIIH pPO3MOMITYy MPU BUPIBHIOBAHHI
CTAaTUCTUYHHMX PSJIIB PO3MVITHEMO BHUOIPKY TMOXMOOK BHUMIPIOBAHHS JUCTAHIN1
pamiosiokainiifHol0 craHiiero. Bubipka dopmyBanacs 24 rogunu 1 mictuth 210

noxubok. CepeaHe KBaapaTUUHE BIAXUIICHHS TOXUOKH ckiiano 4,44 M.

byna npoBeieHa nepeBipka TrinoTe3 po3moALTy MOXUOKH 3a 3MIIIAHUM 3aKOHOM
MEPIIOro TUIY 3 ICTOTHUMU napameTpamMu h =1 1 n=3. [{ns nepuoro Bunaaky n =1
PO3paxyHoOK (QYHKIIIT pO3MOiTy MPOBOIUBCS 1O (OPMYIJIL:
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FT: =0l x|

IMILAHIAA 3AKOH PO3N0OINY OFYroro Thnd

n 0 |04 0a |12 el2 (242832364 | 4448|582 0E |6 vl 1-ro Ty

5006|5811 6576| 7220|7843 G320| BRA3| 6952 9223| 9397 (9529 9629) 5703|9765 | 95059| 5647 Jritanui 2-ro THY

5000|5817 6576| 7260( 7843 G320| 6700|6445 9223| 4397 9524 | 9629) 4706|9765 9811 4a47

5005| B010) B347) 7700 8372 G653 9168| 9439| 9619| 4736| Ha16| 4870 9906| 4934) 9957 | 9965

5000|6010 6347| 7736|6372 G6b3| 9202|3444 9615| 47 36( 9576 9670) 4903|9534 9952| 49645

5009|6174 7231| 8057|5742 9195|4453 | 9650 9307| H680( 9925) 9953 | 4463 | 9980) 59a7| 4491

S000| B174] 72371) B095| 8742|9195 | 9448 | 9667 | 9807 | 9680( 94925 44953| 4970| 4950| 5967|999

5011|6315 7473| 8339( 3074) 9426| HRG5| 9514 9900| 4944 9565 | 9952| 4943|9544 9996| 4337

5000| B315) 7473) 8375 9014|9426 9675( 9519| 9400| 44944| 4969| 4952| 9390| 4994) 9996 3947

5012|6441 7661| B569| 9220) 9586| 5740|9550 9947| 597 3( 9567) 9993) 5996| 95958 9995| 5939

5000|6447 7661| 8603|9220 9586| 474a| 9544 9947| 4973( 9967| 9993) 4996|9558 9995|4939

Puc. 2. IlepeBipka QpyHKIIIi po3n0ALTy 3MIIIAHOTO 3aKOHY JPYTOrO TUITY
Brnacha po3po6ka aBTopa

1

aZx

1
+— arctg
N2 \/_Tc(x2 /2+0)

Fkl(x)— :

PospaxyHok QpyHKIIiT po3noauTy A1l BUTIAJKY N =3 MPOBOAUBCS 3a JOTIOMOTOIO
BUpa3y:
1 3 5

o2x 202x 8alx

F
()= 2 arCtg\/ﬁ V2132 /2 + @) 3fn(x /2 + ) 15\/_7t(x /2+a)

byna nobynoBana ricrorpama BuOipku 3 20 po3ps/iiB, sika moka3aHa Ha puc. 3. s
KOJKHOT 13 JIBOX TIMOTE3 B MiJICYMKY OyB BU3HAUYCHUM KPUTEPiil 3r0a1 ;(2 —Ilipcona,
PO3paxyHOK SIKOr0 MPOBOAMUBCS MO (PopMyIIi:
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=1

Yiborka

[istogr.

Criterion

MHEw

Puc. 3. T'ictorpama BUOipKH MOXUOOK AUCTAHIIIT
Bnacna po3po0Oka aBTopa

2 < (m; —NP,)
X le 5

1

Jie M; - KUTbKICTh WIEHIB BUOIPKHU B PO3PSIL;

S - YACIIO po3psAiB ricTorpamu; N — KUIbKICTh YJIE€HIB BUOIPKU;

P, =F,(x;)- F},(x;1), TyT X; - MeXIi pO3psIIIiB TiCTOIPaAMH.

TakuM dYHMHOM, IJISI KOKHOTO pO3PSAY PO3PaxOBYIOTHCS 3HAYCHHS (YHKIIIT
pO3MOMUTy Ha HOro Mekax, M0 SIKHM BH3HAYA€ThCS BeJIWYMHA BiporigHOCcTi P; |
no0ytky NP, i1 ckmamoBoro xiz KPHUTEpio 3romu g~ . Pesynbrat po3paxyHKIB IS
000X rifnoTe3 3 ICTOTHUMH NapameTpaMu h =1 1 n =3 npusenaeHi B Tadi. 3, npuyomy
y ApyrOMy CTOBIIIIO pOo3MilieHi 3HadeHHsT m;. Cyma 3Ha4eHb xlz 0 BCIM po3psiiam
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Taomung 3.
Pe3y/IbTaTi po3paxyHKy 3HAYCHHS KpUTepis 3romu x> — IlipcoHa
n=1 n=3
Po3psin m; P, NP, Y 12 P NP, X12

1 0 0,0006 0,12 0,121 0,0003 0,053 0,053
2 0 0,0009 0,18 0,186 | 0,0005 0,11 0,108
3 0 0,0014 0,3 0,298 | 0,0011 0,23 0,233
4 1 0,0024 0,51 0,476 | 0,0025 0,53 0,428
5 1 0,0044 0,93 0,005 | 0,0059 1,24 0,046
6 3 0,0089 1,87 1,87 0,0143 3,01 0
7 7 0,0199 4,2 1,87 0,0346 7,28 0,011
8 17 0,0506 10,6 3,83 0,0780 16,4 0,022
9 29 0,1342 28,2 0,023 0,1487 31,2 0,158
10 44 0,2749 57,7 3,27 0,2136 44,9 0,017
11 48 0,2749 57,7 1,64 0,2136 44,9 0,219
12 33 0,1342 28,2 0,82 0,1487 31,2 0,101
13 15 0,0506 10,6 1,80 0,0780 16,4 0,119
14 7 0,0199 4,2 1,868 | 0,0346 7,28 0,01
15 3 0,0089 1,87 0,683 0,0143 3,01 0,001
16 1 0,0044 0,93 0,005 | 0,0059 1,24 0,046
17 1 0,0024 0,51 0,476 | 0,0025 0,53 0,428
18 0 0,0014 0,3 0,298 | 0,0011 0,23 0,233
19 0 0,0009 0,18 0,186 | 0,0005 0,11 0,108
20 0 0,0006 0,12 0,121 0,0003 0,053 0,053
)y 210 0,988 | 209,22 18,65 0,999 | 209,906 | 2,395

BHU3HAYA€ 3HAUYECHHS KPUTEPIIO 3roIn 7’ —Ilipcona. Jlyig nepioi rinote3u ;(2 =18,65
, IO BU3HA4a€ BiporiaHicTh 0,55 BiAMOBIAHOCTI BUOIPKHU 3MIIIAHOMY 3aKOHY MEPIIIOTO
tuny 3 n =1. J[5sg apyroi rinote3u KpuTepii 7> =2,395, skuit cBiTuuUTS, W0 BUOIpKa
BIJINOBIJIa€ 3MIIIAHOMY 3aKOHY Mepumoro Tumy npu nh=3 3 BiporigHictio 0,95.
OdeBHuIHO, B HAIIOMY MPUKJIAAl IEPEBAKHOIO € IpyTa TinoTe3a.
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Over the past 40—45 years, cesarean section has become a common method in
veterinary medicine for managing complications during parturition in animals [1-2]. In
dogs and cats, in addition to pathological conditions, the anatomical features of the
females’ reproductive organs are also taken into account [1]. Such features may serve
as an indication for performing a cesarean section instead of allowing natural delivery
[1-2].

In veterinary medicine, cesarean section is more frequently performed in dogs, not
only because of the size of the fetus, the pelvis of the female, and as a result of breeding
dogs of different breeds that may be incompatible, but also because of difficulties
associated with delivery through narrow birth canals [1; 3].

Indications for surgery [1-2]:

Large fetus (fetal overdevelopment)

Congenital fetal abnormalities

Anatomically narrow pelvis

Abnormal fetal position that cannot be corrected manually
Intrauterine fetal hypoxia

Intrauterine fetal death and decomposition

e Tumors of the pelvic cavity organs that obstruct the passage of the fetus through
the birth canal

e Primary uterine atony unresponsive to medical treatment

e Weak contractions and straining efforts

e Excess or deficiency of amniotic fluid

e Failure of the cervical canal to dilate due to scar tissue overgrowth caused by
cervical tears during previous deliveries
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The operation itself consists of the surgical removal of the fetuses from the dog’s
uterus [1; 3]. It is important that the pregnancy be carried to full term in order to ensure
the survival of the puppies [1].

Cesarean section is most often performed in small-breed dogs in cases of fetal
overdevelopment; in large- and medium-breed dogs, it is performed in cases of primary
and secondary uterine inertia and weak straining; and in cats, in cases of pelvic
narrowing [1-2].

Cesarean section may be:

v'planned v emergency

Breeds for which cesarean section is commonly indicated include the English
Bulldog, Japanese Chin, French Bulldog, and Pekingese [1].

In some cases, sterilization of the dog may be performed after cesarean section,
which prevents future pregnancies and, accordingly, eliminates the need for similar
surgeries in the future [1]. At the same time, the dog may continue to nurse the puppies,
despite the removal of the ovaries and uterus [1].

In planned cases, the surgery is performed before the onset of labor or at the very
beginning of labor. Good results are achieved when the operation is carried out during
the preparatory stage of labor [1-2]. Ultrasound examination (US) is used to assess the
condition of the fetuses [1]. With the help of this examination, the veterinarian can
determine the fetal heart rate (FHR).

Fetal heart rate [1-2]:

e Normal: 180-200 beats per minute

e Oxygen deficiency: 110—150 beats per minute

e Very alarming condition: less than 110 beats per minute

A pregnant Siberian Husky bitch at the final stage of gestation was brought to the
veterinary clinic.

Upon arrival, the veterinarian met with the dog’s owners, who reported that their
11-year-old Husky was in the last stage of pregnancy and was experiencing difficulties
during labor. The owners decided to help the animal and administered oxytocin to the
dog. According to the owners, the puppies were not showing activity in the uterus,
which further increased their concern.

The veterinarian immediately began examining the dog, performing a physical
examination and an ultrasound scan. During the examination, it was found that the
puppies showed no signs of life, and the implantation was unfavorable. Immediate
intervention was required to preserve the life of the dog and attempt to save the fetuses
[3].

Given the complexity of the situation and the need for urgent intervention, the
veterinarian decided to perform a cesarean section in order to save the life of the animal
itself [3]. The surgery lasted about four hours. Despite the efforts of the medical staff,
unfortunately neither the dog nor the puppies survived in Fig. 1
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Figure 1. Emergency cesarean section in an 11-year-old Husky dog.
Source of the figure: author's development

Oxytocin is generally used to stimulate labor in dogs [2]. However, using this drug
without consulting a veterinary specialist may have serious consequences for the dog
and her puppies [2-3].

Oxytocin is a hormone used to stimulate labor and delivery in dogs. However, a
large dose of this drug may lead to undesirable effects, such as premature labor or
excessively strong uterine contractions, which may be harmful to the health of the dog
and the fetuses [2-3]. In addition, misuse of oxytocin may be accompanied by serious
complications, such as uterine rupture or cardiac problems [3].

In this case, it was important to contact an experienced veterinarian immediately in
order to determine the condition of the dog and her fetuses. The veterinarian had to
assess the possible risks associated with the use of oxytocin in this situation, especially
considering the age and condition of the dog [2].

Possible consequences of uncontrolled oxytocin use may include premature labor,
complications during delivery, as well as a threat to the health and life of both the dog
and her puppies [2-3].
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