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TEXHOJIOI'TYHI OCOBJIUBOCTI OBPOBITRKY
I'PYHTY TA BHECEHHA 1ObPUB ITPU
BUPOLLYBAHHI AYMEHIO

Kopuyak Mukojsia MuxkoJganoBuy
K.T.H., TOLICHT
3axman Bumioi ocBiTH “TloAiTbChKUI ep:kaBHUN YHIBEPCUTET

Ha chOroiHi sSUMiHb € JPYroI0 3epPHOBOIO KYJBTYpolo B Ykpaini. Moro ot
csaratoth 2,5-4,5 miH ra. B YkpaiHi BUpOIIYIOTh NIEPEBAXKHO sipuid suMiHb. O3uMU
MEHIIl 3UMOCTIAKHI, HIK MIIEHUIS, TOMY HOTO TOCIBH PO3MIIIYIOTh Y pailoHax 3i
CHOPUATIMBUMHU yMOBaMH Tmiepe3umiBii. Lle 3yMoBIIO€TbCS WOro IIHHICTIO B
POJOBOJIBUOMY, 3€pHOPYpa)KHOMY W TEXHIYHOMY BIJHOLICHHI, a TaKOX BHCOKOIO
BPO’KalHICTIO, KPAIOI0 IPUCTOCOBAHICTIO 1O HECIPUATIUBUX (DAaKTOPIB cepeioBUIIIa,
nae A00py Bijjady TpH 3aCTOCYBaHHI 1HTEHCHUBHUX TEXHOJIOTIA 1 MiHEpaJIbHOTO
KUBJIeHHA [ 1, 2].

llonepeonuxu. SluMiHb BUPOLIYETHCS B CIBO3MIHAX MEPEBAXKHO MICIS KyKYpY/I3H
Ha 3€pHO Ta LYKPOBUX OYypsKiB, piJIIE MICJIsS CTEPHbOBUX IMOMNEPEIHUKIB, /1€ BIH Y
OUIBIIIA MIpl ypaKyeTbCs XBOpoOaMH Ta 3acMmiuyeTbea Oyp'sHamu. [lpu BuOOpI
nonepeIHMKa HeO0X1THO BpaXOBYBATH, Ha SIK1 LT OyJ1e BUKOpUCTaHUN ypoxail. Tak,
AYMIHb JJI1 MHABOBAPHOTO BHPOOHMIITBA Kpalle PO3MINIYBATH IICIS MPOCAITHUX
KYJBTYp, OCKUIbKU B I[bOMY BHUIIQJIKy OTPUMYIOTh HE TUIHKM BUCOKUH ypoOKaH, ajne i
SKICHE 3epHO [3].

Copmu. Caia BIAMITHTH, 110 y BEJIMKUX TOCTIOAPCTBaX JOIILHO BUCIBATU JBa-
TpU PI3HUX 3a OIOJOTIYHMMH BJIACTUBOCTSIMU COPTU. 30KpeMa, JJisi TOCHOJapCTB
pPEKOMEHI0BaH1 Taki copTu: AcmekT, 3BepiueHHs, [[xepeno, bampopuii, deHikc,
Edexr, Etuker, JlokyuaeBchkmii 15, Bakyma. Ko3zak, Ckapiner, Ilapnac, Buknuk,
[Tpuknaz, 3700yTOK Ta iH.

Obpobimok epynmy. lIlicna 30upaHHS LYKpOBHX OypsKIB TMOJ€ JUCKYIOTb
JUCKOBUMH JTYIIMUIBHUKAMH, a OTIM MIPOBOJISATH O€3MONIHILIEBUI 0OPOOITOK HAsBHUMHU
3HApAAASAMU: BaXXKUMH JMCKOBUMHM OOpOHaMH, YW3EJIbHUMHU KyJIbTHBAaTOPAMH,
MJI0cKopizamMu a0 KOMOIHOBaHUMHM arperatamu. ['nmuOuna oOpoOiTKy — Big 16 no 22
cMm. Ilicig cTEepHBOBUX MOMEPEIHUKIB MPOBOASTH JYIIEHHS CTEpHI y JBa CIIJIU
JUCKOBUMH JIyIIUIBHUKAMU, a MOTIM YH3eJIbHE PO3MyILIyBaHHs a00 opaHKy Ha 2022
cMm [3].

[Ticnst kykypya3u cucteMa oOpoOITKY BKJIIOUAE IBOPA30BE JUCKYBAHHS BaKKUMU
auckoBUMH OopoHamu Ha 8—10 cM, a moTiM 3407€eBy OpaHKy Ha rnuouny 20-22 cwm.
BecHoro mone OOpOHYIOTh BaXXKMMH 3yOOBMMH OOpOHaMH, a TMOTIM MPOBOJATH
NepenociBHY Ky/IbTUBALIIO Ha MTMOUHY 3aropTaHHs HACIHHSL.

Buecenns 006pus. Sluminb Hallkpale 3 yCiX spux KOJOCOBHUX KYJBTYp pearye Ha
BHeceHHs no0puB. Ilpu cepemHiii 3a0e3MedYeHOCTI YOPHO3EMIB  MOKHBHUMH
PEYOBUHAMM TIiJ] SYMIHB 32 IHTEHCUBHOI TEXHOJIOT1] PEKOMEHAYETHCS BHOCUTH TIOBHE
MiHepasibHe J100puBO 3a HOpMor N40P40K40. Ilim copTu MUBOBApHOTO SYMEHIO

10
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HOPMHU a30THHX J0OpUB ciill 3MeHITyBatu Ha 25-30 %. binpina vactuna g1oopus (70—
75%) BHOCUTBCS M1l OCHOBHUN 00p00ITOK IpyHTY. [1i1 yac ciBOM B psaku HEOOX1THO
BHECTH CKJIaJIHE MiHepajbHe 100puBo 3 HOpMor N10-15P10-15K10-15 mix dpypaxkHi
MIOCIBH, a 1] MTUBOBAPHI TUIbKU T'paHyJboBaHU# cynepdocdar (60 kr/ra y dizuuHii
Mmaci). [Ipu BupoIyBaHHI SYMEHIO 32 aJIalITHBHOIO TEXHOJIOTIEI0 OOMEXKYIOTHCS TIITBKH
IPUIIOCIBHUM BHECEHHSIM 100pUB [3].

BucHoBkmu. [Ij11 mpaBUIIbHOTO MPOBEACHHS TEXHOJIOTIYHUX omeparlii o0poOiTKy
IPYHTY Ta BHECEHHs JOOpHUB TIPU BHUPOIIYBAaHHI SUMEHIO TMOTPIOHO UITKO
JOTPUMYBATHCA AarpoOTEXHIYHUX BHMOT Ta BpPAaXOBYBaTH WMOTO OCOOJMBOCTI SIK
KyabTypu [4-13].
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Abstract: Energy consumption and microclimate instability remain critical
challenges in modern greenhouse agriculture, particularly under conditions of rising
energy costs and increasing climate variability. Efficient regulation of temperature,
humidity, lighting, and irrigation is essential for maintaining high crop productivity
while minimizing resource losses. This study proposes an automated, energy-efficient
greenhouse management system designed to optimize environmental control processes
through continuous monitoring and intelligent regulation. The developed system
combines sensor-based data acquisition with centralized control strategies to manage
heating, ventilation, lighting, and irrigation in an integrated manner. A key innovation
of the research is the application of a soil-assisted air circulation approach for humidity
control, which enables moisture removal through condensation while simultaneously
contributing to soil water balance. Experimental validation confirms that this approach
enhances humidity stabilization and reduces the overall energy demand of greenhouse
operation. The research methodology involves system design, algorithm development
for automated control, and experimental testing under real greenhouse conditions.
Performance evaluation focuses on energy efficiency, environmental stability, and the
operational reliability of the proposed solution. The results demonstrate that intelligent
automation significantly improves microclimate regulation and resource utilization
compared to conventional greenhouse management practices. This study contributes to
the advancement of sustainable greenhouse technologies by presenting a practical and
scalable management framework that supports energy-efficient agricultural
production. The proposed system has strong potential for application in modern
greenhouse enterprises, educational initiatives, and national strategies aimed at
improving resource efficiency and agricultural resilience.

Keywords: energy-efficient greenhouse, automation systems, humidity regulation,
heating control, LED lighting, sustainable agriculture, greenhouse technology,
resource optimization.

1. Introduction

Energy-efficient greenhouses represent a modern and sustainable approach to
agricultural production, aimed at reducing energy consumption while ensuring stable
and optimal microclimatic conditions for plant growth. In recent years, increasing
energy costs, climate variability, and environmental concerns have intensified the need
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for innovative greenhouse technologies that combine automation, resource efficiency,
and environmental control. Traditional greenhouse systems often rely on manual
regulation and inefficient use of energy and water resources, which leads to significant
heat losses, unstable temperature and humidity levels, and a decline in crop quality.

The development of automated greenhouse management systems provides an
effective solution to these challenges by enabling continuous monitoring and real-time
control of key environmental parameters. By integrating modern sensors, control
algorithms, and energy-efficient technologies such as LED lighting and optimized
irrigation systems, it is possible to improve both productivity and sustainability.
Special attention is given to advanced humidity regulation methods that utilize natural
soil thermal resources, offering an energy-saving alternative to conventional
ventilation and dehumidification techniques. In this context, the present study focuses
on the design, implementation, and experimental evaluation of an energy-efficient
greenhouse management system with automated control functions.

2. Object and subject of research

The object of this research is the greenhouse microclimate system, including the
physical processes of heat exchange, air circulation, moisture dynamics, and light
distribution that directly influence plant growth and development. Particular emphasis
is placed on the interaction between the greenhouse environment and soil thermal
resources, as well as the impact of automated regulation on maintaining stable
temperature, humidity, and illumination levels.

The subject of the research is the development and practical assessment of an
automated, energy-efficient greenhouse management system. This system integrates
environmental sensors for temperature, relative humidity, illumination, and carbon
dioxide concentration with a central control unit that regulates heating, ventilation,
humidity control through underground air circulation, LED lighting, and irrigation
processes. The study examines control algorithms, system performance, and
experimental results to evaluate the effectiveness of the proposed solution in improving
energy efficiency, environmental stability, ecological sustainability, and the quality
and competitiveness of agricultural products.

3. Target of research

Based on the identified limitations of traditional greenhouse production systems—
such as high energy consumption, weak control of microclimatic parameters,
dependence on manual operation, and insufficient adaptability to plant physiological
needs—the primary target of this research is to design, implement, and experimentally
validate an energy-efficient greenhouse management system based on integrated and
automated control principles. The proposed system aims to optimize heating,
ventilation, humidity regulation, lighting, irrigation, and CO: concentration by utilizing
sensor-based monitoring and intelligent control algorithms, thereby ensuring stable
microclimatic conditions with minimal resource consumption.

The research is focused on developing a technological model of an energy-efficient
greenhouse that can operate reliably under varying external climatic conditions,
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particularly in regions characterized by seasonal temperature fluctuations and limited
energy resources. Special attention is given to reducing heat losses, improving air
circulation, and regulating humidity through innovative solutions, including
underground air circulation pipelines and condensation-based moisture control. These
approaches are intended to enhance energy recovery, minimize unnecessary ventilation
losses, and improve overall system efficiency.

To achieve the stated target, several core research tasks were defined and
implemented. First, the functional structure of an integrated greenhouse management
system was developed, incorporating heating, ventilation, humidity regulation, LED
lighting, irrigation, and CO: supply into a unified control platform. Each subsystem
was analyzed in terms of its operational parameters, energy demand, and interaction
with other technological components.

Second, experimental studies were conducted to investigate humidity regulation
through the circulation of warm, humid air in underground air ducts, where temperature
differences between air and soil lead to water vapor condensation. The formation,
collection, and potential reuse of condensate were analyzed to evaluate the
effectiveness of this method as an energy-efficient and environmentally sustainable
solution for humidity control.

Third, an automated LED lighting management system was designed and tested
using a hydroponic vertical greenhouse model. The system adjusts light duration and
operating pexuMms in coordination with natural illumination conditions and plant
growth requirements, ensuring optimal photosynthetic activity while reducing
electrical energy consumption.

Finally, the integrated operation of all subsystems was implemented through a
centralized controller that processes sensor data in real time and executes control
actions without human intervention. This approach enables precise regulation of
greenhouse microclimate parameters, reduces the influence of subjective decision-
making, and increases production stability.

Overall, the target of this research is not only to improve the technical performance
of greenhouse systems but also to create a scalable, economically justified, and
practically applicable solution that can be adopted in small, medium, and large
greenhouse enterprises. The developed model is intended to contribute to the
modernization of greenhouse agriculture, enhance resource efficiency, and support
sustainable agricultural production under contemporary environmental and economic
challenges.

4. Literature analysis

Modern greenhouse technologies are increasingly oriented toward energy
efficiency, automation, and sustainable resource management. Numerous scientific
studies highlight that traditional greenhouse systems rely heavily on manual control
and fossil energy sources, which leads to high operational costs, unstable microclimatic
conditions, and inefficient use of resources. As a result, recent research focuses on
integrated control systems that combine heating, ventilation, irrigation, lighting, and
environmental monitoring into a unified automated framework [1-5].
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One of the key research directions in greenhouse technology is microclimate
regulation. Studies show that maintaining optimal temperature and humidity levels
directly affects plant growth rate, yield, and product quality. Automated ventilation and
heating systems based on sensor feedback significantly improve climate stability
compared to conventional manual systems. Researchers emphasize that precise control
reduces plant stress, minimizes disease development, and improves uniformity of
production [7] [9].

Energy consumption remains a major challenge in greenhouse operation.
According to existing literature, heating and artificial lighting account for the largest
share of energy use. To address this issue, several authors propose the use of energy
recovery techniques, including underground air circulation systems. Experimental
results demonstrate that passing warm and humid air through soil-based pipelines
allows partial heat recovery and promotes water vapor condensation, contributing to
both energy savings and humidity regulation.

LED lighting technology has been widely studied as an alternative to traditional
high-pressure sodium and fluorescent lamps. Research confirms that LEDs provide
higher energy efficiency, longer lifespan, and better spectral control tailored to plant
physiological needs. In particular, red and blue wavelength combinations have been
shown to enhance photosynthesis and biomass accumulation. Automated LED control
systems that adjust light intensity and duration based on plant growth stages and natural
light availability further reduce electricity consumption.

[rrigation automation, especially in hydroponic and vertical greenhouse systems, is
another extensively studied area. Literature indicates that automated watering systems
improve water-use efficiency and nutrient uptake while reducing labor requirements.
Integration of irrigation control with environmental sensors enables precise regulation
of moisture levels, preventing both water stress and over-irrigation [8] [10] [11].

Recent studies also underline the importance of centralized control platforms in
greenhouse automation. Such systems collect real-time data from temperature,
humidity, light, and CO: sensors and apply predefined control algorithms to manage
all subsystems simultaneously. Researchers conclude that integrated automation
increases system reliability, reduces human error, and improves overall production
efficiency.

In summary, the literature review demonstrates that automated, energy-efficient
greenhouse systems represent a well-established and rapidly developing research field.
However, many existing solutions are costly or technologically complex, limiting their
practical adoption. This creates a clear research gap for developing simplified, cost-
effective, and reliable automation models that combine underground air circulation,
LED lighting, and irrigation control—an objective directly addressed in the present
study.

5. Research methods

The research methodology is based on a systematic approach to the design,
implementation, and evaluation of an energy-efficient automated greenhouse model.
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The study combines theoretical analysis, system modeling, and experimental validation
to assess the effectiveness of the proposed technological solution.

5.1 System Architecture

The greenhouse system is designed as an integrated automation framework
consisting of the following main subsystems:

« microclimate monitoring and control;

« underground air circulation and heat exchange;

« LED lighting management;

« automated irrigation system;

« centralized control and data processing unit.

Each subsystem operates based on real-time sensor data and predefined control
logic, ensuring coordinated and adaptive system behavior.

5.2 Data Collection and Sensors

Meteorological and environmental data are collected using a network of sensors
installed inside and outside the greenhouse. The measured parameters include:

o air temperature;

« relative humidity;

« soil temperature and moisture;

o light intensity;

« carbon dioxide concentration.

Sensor readings are continuously transmitted to the control unit, where they are
analyzed and used for decision-making. This real-time data acquisition enables prompt
response to environmental changes.

5.3 Control Algorithms

The control strategy is based on threshold and rule-based logic that maintains
optimal conditions for plant growth while minimizing energy consumption.
Temperature and humidity control is achieved through coordinated operation of
ventilation, heating, and underground air circulation systems. When excess heat or
humidity is detected, warm air is directed through underground pipes, allowing partial
heat storage in the soil and moisture condensation.

LED lighting is controlled according to plant growth stages, daily light integral
requirements, and natural light availability. Irrigation schedules are adjusted based on
soil moisture data, reducing water waste and preventing plant stress.

5.4 Experimental Setup

An experimental greenhouse prototype is constructed to validate the proposed
model. The system operates under real environmental conditions over a defined
cultivation period. Performance indicators such as energy consumption, microclimate
stability, plant growth rate, and water usage are recorded and compared with those of
a conventional greenhouse system.
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5.5 Evaluation Criteria

The effectiveness of the system is evaluated using the following criteria:

« reduction in energy consumption;

« stability of temperature and humidity parameters;

« efficiency of water use;

« improvement in plant growth uniformity and yield;

« reliability and responsiveness of the automation system.

Statistical analysis is applied to compare experimental results with baseline values
obtained from traditional greenhouse operation.

6. Results and Discussion

This section presents the experimental results obtained from testing the automated
greenhouse system and provides an analysis of its performance in comparison with
conventional greenhouse operation methods.

6.1 Microclimate Regulation Results

The experimental data show that the proposed system ensures stable regulation of
temperature and humidity within the greenhouse. The underground air circulation
system effectively reduces temperature fluctuations, especially during periods of rapid
external temperature change.

In winter mode, heat recovery through the underground heat exchanger
significantly reduced heat losses. The internal air temperature remained within the
optimal range for plant growth, while relative humidity levels were maintained at stable
values, preventing excessive moisture accumulation.

In summer mode, the cooling effect of the soil contributed to lowering air
temperature inside the greenhouse without the use of active cooling devices. This
passive cooling approach proved effective in maintaining acceptable thermal
conditions.

6.2 Condensate Formation and Utilization

During both operational modes, a noticeable amount of condensate formed on the
inner surfaces of the underground air ducts due to temperature differences between air
and soil. The inclined installation of the pipes ensured efficient drainage of condensate
into the collection tank.

The collected condensate was free of mechanical impurities and can be reused for
technical purposes, such as irrigation or system cleaning. This contributes to improved
water-use efficiency and supports sustainable resource management.

An air circulation and humidity regulation system with automated control for
a greenhouse (1) comprises sections arranged along the entire length of the
greenhouse, consisting of air-duct pipes (2) installed parallel to each other
underground. Along each underground air-duct pipe (2) of every section, closed-loop
jacket pipes (3, 4) filled with water are arranged in segments around the air duct.

From each pair of jacket pipes, the front end of the first jacket pipe (3) is connected
to the front end of the subsequent jacket pipe (4) by a water-conducting pipe (5), while
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the rear end is connected to the rear end of the next jacket pipe (4) by another water-
conducting pipe (6). Pumps (7) and (8) are installed in the water-conducting pipes (5)
and (6) to ensure water circulation within the jacket pipes.

Each air-duct pipe of the section is installed underground at an incline, enabling
condensate formed inside the air duct to be discharged through a condensate drainage
pipe (9) into a collection tank (10). The inlet ends of the air-duct pipes (2) are connected
to a supply air duct (11), while the outlet ends are connected to an exhaust air duct (12).
The supply and exhaust air ducts (11) and (12) are raised from the ground at different
heights at the front and rear of the greenhouse, and fans (13) and (14) are installed on
these ducts.
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Figure 1. Operating scheme of the automated air circulation and humidity regulation
system in the greenhouse. from Patent AP 2025 16849, Irakli Chantadze

The system is capable of operating in both summer and winter modes under
automatic control.

In winter operation mode, when it is necessary to reduce heating costs and
minimize heat losses, the air-duct pipes (2), closed-loop jacket pipes (3) and (4), and
connecting water pipes (5) and (6), together with pumps (7) and (8), form a heat
recovery system with an underground heat exchanger. The system operates as follows:
when warm, humid air passes through the sections containing the closed-loop jacket
pipes (3) and (4), it cools down, transferring heat to the water contained within the
jacket pipes. The heated water is then pumped by pump (8) through the connecting
water pipe (6) into the second jacket pipe (4), where it transfers heat to the already
cooled air mass flowing through it. The reheated air is returned to the greenhouse via
the outlet pipe (12) using fan (14). Meanwhile, the cooled water from the second jacket
pipe (4) is pumped back to the
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first jacket pipe (3) via pump (7) and connecting pipe (5), where it is reheated by
new masses of warm air extracted from the greenhouse by fan (13), thus repeating the

cycle.
- %
B TRR R
| |
Winter
l‘ecuperator

system

Figure 2. Winter recuperator system representation crated by Irakli Chantadze

In summer operation mode, pumps (7) and (8) on the water pipes (5) and (6) are
switched off, and the system operates in cooling mode. Warm, humid air from the
greenhouse enters the air-duct pipe through a fan and moves along the entire length of
the underground air duct. The constant underground temperature (5—10 °C) causes the
humid air flow to cool, and the cooled air is returned to the greenhouse by a fan
installed at the outlet end of the pipe.

In both operating modes, the temperature difference between the air and the soil
causes moisture to condense on the inner walls of the air-duct pipe (2). The resulting
condensate is collected in the tank (10) and can subsequently be used for various
purposes.

This type of greenhouse ventilation system, utilizing soil thermal resources, offers
several advantages. First, it provides a natural and energy-etficient method of humidity
control, significantly reducing energy consumption. In addition, improved air
circulation within the greenhouse enhances plant health and reduces the risk of diseases
caused by excessive humidity.

Excerpt from Patent CN203327636, Irakli Chantadze.

6.3 LED Lighting Performance

The application of LED lighting demonstrated uniform light distribution across the
cultivation area. Automated control based on light intensity and growth phase allowed
for optimized energy consumption.
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Experimental observations confirmed that plants grown under controlled LED
lighting exhibited consistent growth patterns and improved morphological
characteristics compared to plants grown under non-regulated lighting conditions.

6.4 Energy Efficiency Analysis

One of the most significant outcomes of the research is the reduction in overall
energy consumption. The combined use of soil thermal resources, heat recovery, and
automated control reduced the demand for conventional heating and ventilation
systems.

Energy consumption measurements indicate a noticeable decrease in operating
costs, confirming the economic feasibility of the proposed solution.

6.5 Discussion of Results

The experimental results confirm that the integration of automated climate control,
underground heat exchange, and LED lighting creates a synergistic effect. The system
not only improves microclimate stability but also enhances plant health and
productivity.

Compared to traditional greenhouse systems, the proposed model demonstrates
higher energy efficiency, reduced environmental impact, and increased operational
reliability. These advantages make the system suitable for commercial greenhouse
applications and scalable agricultural solutions.

7. Conclusion

This study presents an automated greenhouse air circulation and humidity
regulation system based on underground thermal resource utilization and intelligent
control. The proposed system integrates air ducts, water-filled closed-loop casing
pipes, heat recovery mechanisms, and automated control elements to regulate
temperature, humidity, and air circulation efficiently.

Experimental results confirm that the system successfully maintains a stable
microclimate inside the greenhouse under both winter and summer operating modes.
In winter conditions, the heat recovery process significantly reduces thermal losses and
heating energy demand. In summer conditions, passive cooling through soil
temperature contributes to effective air cooling without the need for energy-intensive
cooling equipment.

The formation and controlled removal of condensate not only prevent excessive
humidity but also enable water reuse, increasing overall resource efficiency.
Additionally, the integration of LED lighting with automated control enhances plant
growth conditions while minimizing energy consumption.

Overall, the system demonstrates clear advantages over conventional greenhouse
climate control solutions, including reduced energy consumption, improved
environmental sustainability, and enhanced plant health. The modular structure and
automated operation make the system adaptable for various greenhouse sizes and
climatic conditions.
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The results of this research indicate that the proposed solution has strong potential
for practical application in modern energy-efficient and sustainable greenhouse
technologies.

8. Practical Applications and Future Work

The developed automated greenhouse air circulation and humidity control system
has wide practical applicability in modern agricultural production. Due to its energy-
efficient design and reliance on underground thermal resources, the system can be
effectively implemented in commercial greenhouses, vertical farming facilities, and
hydroponic cultivation systems. Its ability to operate in both winter and summer modes
allows year-round climate regulation with minimal external energy input.

The system is particularly suitable for regions with significant seasonal temperature
variations, where heating and cooling costs represent a major portion of operational
expenses. By reducing energy consumption and stabilizing the greenhouse
microclimate, the proposed solution improves crop yield quality, shortens growth
cycles, and enhances overall production reliability. Furthermore, the collected
condensate can be reused for irrigation or technical purposes, contributing to water
conservation and sustainable resource management.

Future research may focus on integrating advanced sensor networks and artificial
intelligence algorithms for adaptive control and predictive climate regulation. The
incorporation of real-time plant physiological feedback could further optimize
environmental parameters according to specific crop requirements. Additionally, large-
scale field testing and long-term performance analysis will be necessary to evaluate
durability, economic feasibility, and return on investment under different climatic
conditions.

The proposed system lays a strong foundation for the development of smart,
environmentally friendly greenhouse technologies aligned with the principles of
precision agriculture and sustainable development.
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OCOBJIUBOCTI APTEPIAJIBHOI I'ITOTOHII

Kou Biranii Bitaginouu

3m00yBad DPh

(bakyJIbTeTy NPUPOAHUYOI, CIICIIIATBHOI 1 3I0POB'A30epPEKYBaTIBLHOT OCBITH,
XapkiBChbKHI HalllOHAJTBHUHN nieAaroriunuii yHisepcuteT imeni ['.C.CkoBopou,
XapkiB, YKkpaiHa

Anomauia. Y cTarTi po3rjisiHyTO OCOOJMBOCTI IIPOSIBIB apTepiajibHOI T1IOTOHIT 3
METOI0 TIIJIBUIICHHS PIBHSA noiH(bopMOBaHOCTi HACeJICHHs IIOJ0 CTaHy CEpIIeBO-
CYIMHHOI CHCTEMH Ta 30€peKeHHs 310pOB’s. AKIEHT 3p00JeHO Ha MOXKIUBOCTSIX
PaHHBOTO PO3Mi3HABAaHHS TIMOTOHIYHMX CTaHIB 1 WIAX0JaX A0 TOKpAaIICHHS
3arajJbHOT0 CaMOIOYYTTs OcCi0 31 3HMKEHUM apTepiagbHuM THCKOM. [lokazano, 1m0
TINOTOHIA YacTO CYNPOBOKYETHCS EMOLINHOI HECTAaOUIbHICTIO, I1JIBUILIEHOIO
CYTre€CTUBHICTIO, CXHJIBHICTIO JI0 TPUBOKHHUX 1 AENPECUBHUX PEAKLIM, IMOXOHIPUIHHUX
MepeXMBaHb Ta MaHIYHUX CTaHiB. OOIPYHTOBAHO €(PEKTUBHICTh HEMEIUKAMEHTO3ZHUX
3aX0/1B KOPEKIIi, 30KpeMa ONTUMI3alli XapuyBaHHs, JOTPUMAHHS PEXKUMY JHS 1 CHY,
perynsnii pyxoBOi aKTUBHOCTI Ta 3acTOCYBaHHS 3arapTOBYBAJIbHUX IPOLEAYD.
[TigkpeciieHo AOUIIBHICT HIOJEHHUX aepOOHNX HaBaHTaXeHb (X0Ab0a, OIr, IIaBaHHs,
i37a Ha BeJOCUIIE[l) Ta HEJOLUUIBHICTh HU3BKOKAJIOPIMHMX JI€T 1 TPUBAJIOTO
roJOQyBaHHS AJi1 OCi0 13 TIMOTOHIEI0. 3ampONOHOBAHO KOMIUIEKCHUM MIAX1J 10
HOpMaJIi3allii BEreTaTUBHOI peryJisllii, MABUIICHHS CyIMHHOTO TOHYCY Ta cTadlm3arrii
apTepiaTbHOTO THUCKY.

KirouoBi cioBa: (QyHKIIOHANBbHUNA CTaH  CEPUEBO-CYJIMHHOI  CHCTEMH,
apTepiajgbHa TiNOTOHIsA, TPoPLIaKTHKA, IH)OPMOBAHICTh, BET€TATUBHA PETYJIALIIS.

AKTYaJIbHICTb.

VY cydacHuxX ymMoBax 3pocTae Mnorpeda B CUCTEMAaTUYHOMY MOIIMPEHHI HAyKOBO
oOrpyHTOBaHOi 1H(OpMaIlii 1moA0 30epeKeHHs] 3A0pOB’s, (YHKIIOHAIBHOTO CTaHY
opra”iaMy Ta NpoQUIaKTUKU NOpYyIIeHb peryiasTopuux cucrem [1-18; 31-37].
Oco0OmuBOi yBarm mOTpeOyIOTh NUTaHHS CTaHy CEPLEBO-CYJAMHHOI CHCTEMH,
MEXaH13MIB CyIMHHOI PeryJisiIii Ta mpodutakTuky ii gucynkiii [ 19-30].

3a3Buuail y QoKyci MEIMYHUX 1 HAYKOBUX JIOCIIPKEHb MepedyBatoTh MpoOIeMu
M1JBUILIEHOTO apTePi1aIbHOTO TUCKY, TOJI1 SIK 3HUKEHUH TUCK YaCTO CIIPUMMAETHCS SIK
MeHII Hebe3neuHud craH. BojaHouac He OJHO3HAYHO BHU3HAYAETHCSA MPUUYHHA
aptepiansHOi TinoToHii. [Ipobnematnynum € 1 kiacudikaiis ¢GopM aprepiaTbHUX
rinoTOHINA. ApTepiaibHa TIMOTOHIS Ma€ HU3KY CHEeNU(PIYHUX OCOOIMBOCTEH, SIKI
MOKYTh HETATUBHO BILTUBATH Ha SKICTh JKATTS Ta IICUXOEMOIIHUI CTaH JIFOIMHU.

Meta pgociaigmkeHHsi — TMpOaHANI3yBaTU CYTHICTh apTepiajbHOI TIMOTOHI],
OKpECIIUTHA 1i TOTEHLIMHI PU3UKUM Ta TepeBaru, a TaKoX HaJaTH MpaKTU4HI
peKoMeHaIlli 100 MiHIMI3allli HETaTUBHUX HACIIIKIB I[OTO CTaHY.

OcHOBHA yacTHHA.

VY HayKoBi# Ta KJITHIYHIN NPAKTHUI] apTepialibHy T1IIOTOHIIO HEPIIKO TPAKTYIOTH SIK
1HAUBITyalIbHY ()1310JI0T1YHY OCOOJUBICTD, @ HE IATOJIOT 0. Take TBepIKEHHS € JIUILIEe
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YaCTKOBO KOPEKTHHUM, OCKUIBKH TIMOTOHIS MOXKE€ MaTd pizHy mnpupony. [IpuitHsaTto
PO3p13HATH (P1310JI0TIUHY Ta MATOJIOTIYHY T1IOTOHIIO.

dizionoriyHa (abo0 Tak 3BaHA «HOPMaJlbHA») TIMOTOHIS XapaKTepU3yEThCS
CTaOUIbHO 3HUKEHUMU MMOKa3HUKAMU apTeP1alIbHOTO THCKY, SIK1 HE CYTTPOBOIKYIOTHCS
KJIIHIYHO 3HAYylNIMMHU CHUMIITOMaMH Ta HE TMOTIPUIYIOTH CaMOMOYyTTs. Y TaKuX
BUIAJIKaX HU3bKUH THCK € THAUBITYaIbHOIO HOPMOIO, 3yMOBJICHOIO KOHCTUTYLIHHUMHU
0COOJIMBOCTSMHU oOpraHizMy. Haluacrimie 1ie croctepiraeTbess y 0ci0 acTeHIYHOi
T17100yT0BU — BUCOKHX, XyJAOPJISBUX, 13 3HUKEHOIO MACOI0 TiJa.

HaromicTe maToJIOTiYHA TIMOTOHIS € HACHIAKOM TIEBHUX 3aXBOPIOBaHb a00
MOPYIIEHb PETYISTOPHUX MEXaHi3MiB. Y MepeBakHii OUIBIIOCTI BUMAIKIB (OIU3BKO
90%) BoHa MOB’si3aHa 3 AUCQYHKIIIEIO0 BETE€TATUBHOI HEPBOBOI CHUCTEMH, 30KpEMa 3
BETETATUBHOIO JIUCTOHIEIO, MO CYMPOBOIKYETHCS MOPYIIEHHSIM CYJIUHHOTO TOHYCY.
[IpnuriHOIO MOXYTh OyTH pi3HI  (D1310JIOTIUHI CHCTEMHM, TOYHINIE MOPYIIEHHS iX
TISIBHOCTI, TOOTO B TakOMY BHUIAAKy JIarHOCTYBaHHS TIMNOTOHII TOTpedye
MDKJIUCHUIUTIHAPHOTO MIAXOAY, SIKIIO NMPUYUHU C€HJOKPHHHI, YU HEBPOJIOTIUHI, YH
CYJIUHHI, YU MEIUKaMEHTO3HI.

[IpoOneMaTUYHUM € Te, IO TIMOTOHIKH HE 3BEPTAIOTHCS MO JOIOMOTY, ITHOPYIOUU
CUMIITOMH, a TIITOTOHISI MOKE€ IPU3BECTH JI0 CEPHO3HUX HACIIJIKIB.

Ha BinmMiHy Bim apTepialibHOI TiNEpTEH31i, A TINOTOHII XapaKTepHUI MHUPOKUN
CHEeKTp HecnenudpiyHuX cuMnToMiB. Haituacriiie naieHTH ckap>KaTbcs Ha 3arajibHy
C1aOKICTh, 3allaMOPOYEHHSI, IIBUJIKY BTOMJIIOBAHICTh, 3HUKEHHS Ipale3laaTHOCTI,
MJISIBICTh Ta cepueOuTTs. [[0MaTKOBO MOXXYTh BHHHMKATH HYAOTa, XOJIOJHHM TIiT,
BIIUYTTSI O03HOOY, MOXOJIOAaHHS KIHUIBOK. Hepigko crnocrepiratoTbCs CKapru
Tu(dy3HOTO XapakTepy — BIIUYTTS «3arajbHOro OOJI0» B Tijl a00 MOKOJIIOBAHHS B
JUJISHII Cepiisl.

Hamu Oyno mpoBeaeHO JOCHIIKEHHS 100 PO3MOBCIOKEHHSI TIMOTOHIT cepent
ctyaeHTiB. byno onutano 184 ctynenTku, cepen sikux BusBuioch 10,3% cTyaeHTOK
13 rinoToHi€ero (puc.l)

(19)10%

90%

® HomanbHMI Ta BUCOKUI apTeTIaIbHUN THCK
® ['inoToHis

Puc. 1. KinbKiCTh CTYZEHTIB 13 TIIOTOHIEIO
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Haii6ip1m1 nommpeHnMy KIITHIYHUMH CKapramMu cepesi 00CTe:KeHuX Oyu emizoau
3alaMOpPOYEHHSI, TOPYLIEHHSI 30POBOr0 CIPUUHATTS, BIIUYTTS HECTIMKOCTI MiJ Yac
nepexoay y BEpTUKAIbHE MOJOKEHHS, a TAKOX MPECUHKONANIbHI MposiBU. BogHouac
OUIBIIICT, PECHOHACHTIB HE MOBIAOMIBUIM TPO HASBHICTh BUPAXKEHOI XPOHIYHOT
COMAaTHYHOI TaTOJIOTii abo peryjaspHOro MpUHOMY MEIUKAMEHTIB, IO J03BOJISIE
OPUITYCTUTH JOMIHYBaHHS (YHKIIOHAJBHMX Ta HEHPOTCHHUX MEXaHI3MIB Y
(dhopMyBaHH1 BUSBIEHOT CHMITOMATHKHU.

VY Bunazakax, KoJid O10H1 MPOSIBU MAIOTh XPOHIYHHUM XapakTep 1 MOETHYIOTHCS 31
CTIMIKO HU3BKUMH IMOKa3HUKaMH apTepianbHOoro Tucky (menme 100/60 mm pT. CT.),
Takuid CTaH MOTpedye MeAUuyHOro OOCTeXEeHHsS 1 KOpekiii. SKmo k cy0’ €KTHUBHI
CKapru HasBHI 32 HOPMaJbHUX MOKA3HUKIB THUCKY, II€é MOXE CBIAYMTH TPO IHIII
MOpYUIEHHSI — 30KpeMa TINOTUPEO03, aHemito abo rinoriikeMiro. OcoOaHuBO
HEOE3MEeYHUMHU € KPUTUYHO HU3bKI 3HAUEHHS CUCTOJIYHOrO TUCKY (HHk4e 80 MM PT.
CT.), SIKI MOXYTbh OyTH O3HAKOI IOCTPUX CTaHIB, 30KpeMa 1H(APKTy YU IHCYJbTY, 1
BUMAararTh HErauHOI MEAUYHOI TOITOMOTH.

Y HayKOBO-NOMYJSIPHOMY JAMCKYpCl TMOOYTye€ TBEpP/UKEHHS, IO TiNOTOHIKU
(CKUBYTH JIOBINIE, ajie¢ CyMHimey». [liicHo, 0coOM 31 3HUKEHUM THCKOM pijlie
CTpaX/Jal0Th Ha IMIEMIYHY XBOpOOYy cepls Ta aTepocKIepo3, OAHAK M HHX
XapaKTepHI eMOIlifHa JIaOlIbHICTh, CXWJIBHICTH JIO JICTIPECUBHUX TIEPEKUBaHb,
M1JIBUIIICHA TPUBOKHICTD, 1MOXOHAPUYHI TCHJICHIIIT Ta MaHIYHI peaKilii.

VY 3B’43Ky 3 LIMM TIOTOHIKAM JIOIIIBHO 3BEPTATUCA 32 KOHCYJIBTALIELO JI0 JIIKAPIB-
HeBpoJIoriB. EQeKTUBHUM € CaHaTOPHO-KYPOPTHE JIIKYBaHHS 3 YITKO CTPYKTYPOBAHUM
PEXKUMOM JIHS, TOCTATHIM CHOM Ta BIJIMOYMHKOM, 10 CIIPUsi€ HOpMaJi3allii HEpBOBOT
peryJisilii, BiIHOBJICHHIO (DYHKIIIM BereTaTUBHOI HEPBOBO1 CUCTEMHM Ta IiJBUILICHHIO
CYJIMHHOTO TOHYCY.

Y noOyToBHX yMOBax BaKJIMBUM MEPIIUM KPOKOM € KOHTPOJIb apTepiaabHOTO
TUCKYy. 3a MIATBEPDKEHOTO 3HIKEHHS THUCKY MOXIIMBE  BUKOPHCTAHHS
GbiToTepaneBTUYHMUX 3aC001B (HAMPUKIIA/, HACTOI €JIEYTEPOKOKY), a TAKOK POCITMHHHUX
MpenapariB 13 TOHI3yBaIbHUM e(heKToM. OCKUIBKY TIMOTOHIS 9aCTO CYIIPOBOJIKYEThCS
3HIDKCHHSIM PIBHS TJIFOKO3M B KPOBI, JOIIUIBHUM € BXKMBAHHS COJIOJKUX HAmoiB abo
MIPOJTYKTIB.

Paition TinoToHikiB HE MOTpeOy€e CyBOpUX OOMEXKEHBb, 32 BUHATKOM aJKOTOJIIO,
AKUW Yepe3 Ba3zoAWIaTaliiHui edeKT MOXKe TMOTipIIyBaTh CTaH. Takox He
PEKOMEHIOBaH1 TPUBAJl TOJIOAYBaHHS, HHU3bKOKAJIOpPiiiHI Ta O€3COJIhOBI JIE€TH.
BaxnuBy poap Bijirpae peryispHa (i3udHa aKTUBHICTh aepoOOHOr0 Xapakrtepy,
3arapToOBYBaHHS Ta AOTPUMAHHS PEXKUMY JIHSA, OCOOJIMBO y NITEH 1 MiAJITKIB, CEpENl
SAKUX TIOTOHIS 3yCTPIYAETHCS JOCUTH YaCTO.

3adikcoBaHO HU3bKY 0013HAHICTh MOJIOJII PO MOTEHLIMHY KIIHIYHY 3HAYYUIICTh
CUMIITOMIB, 1[0 CYIPOBO/DKYIOTh TINOTOHIIO. BUSBIECHO HU3BBKHU PIBEHb
HaCTOPOKEHOCTI 11010 HEOC3IMEKH CUMITTOMIB.

3aranom nmoTpedyeThCs JIarHOCTYBAHHS, MOHITOPUHI Ta BUSBJICHHS TIOTOHII Y
MOJIO/II Ta PECIOHAEHTIB PI3HOTO BIKY, a MPHU BUSABIECHHI TaKOi Y OOCTEKEHUX,
HeoOximHe 1HHOPMYBaHHS PO CUMTOMH, PO MPOSBH Ta MPO €TIOJOTII0 Ta TATOTEHE3,
IMOBIPH1 PU3HUKH, TOBEAIHKY Ta CaMOJIONIOMOTY IIPH IMOBIPHUX 3MIHAX CTaHy Ha TipIIie.
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VY 6inbiriit Hebe3mel 3HaXO0AATHCS IO MMOXUIIOTO BIKY Ta MAIIEHTH 13 XPOHIYHUMHU

3aXBOPIOBaHHIMH.

BucHoBok.

TakuM 4uHOM, TPH BUSBICHHI apTepiajbHOI TIMOTOHII Hacammepes HeOoOXiIHO
BU3HAYUTH 1i TUN — (DI310JOTIYHMM YK TATOJOTIYHUM, MPOaHATI3yBaTH MOKJIUBI

BHYTPIIIIHI Ta 30BHIITHI YUHHUKH 1, 32 MOJIMBOCTI, YCYHYTH iX BIUIUB. bysio onurano
184 crynenTku, cepen akux BUsBuiIoch 10,3% CTyIeHTOK 13 TinoToHi€r0. 3adikcoBaHO
HU3bKY O013HaHICTh MOJIOAI MPO MOTEHLIWHY KIIHIYHY 3HAYyIIiCTh CUMIITOMIB, IO
CYNPOBOKYIOTh TIMOTOHIIO Y3aradbHEHHS CHMIITOMIB Ta MIIBUIEHHS O013HAHOCTI
II0JI0 IIbOTO CTAHy CHPHs€ CBOEYACHIN CaMO/11aTHOCTHII Ta MPO(1IaKTHIN YCKIIaTHEHb.
EdexTuBHUMU HEMETMKAMEHTO3HUMU 3aC00aMH KOPEKIIii € ONTUMI3allisl XapuyBaHHs,
peXUMy JHA 1 CHY, PpEryjslis pyXxoBOI aKTUBHOCTI Ta 3aCTOCYBAaHHS
3arapToByBaJIbHUX Tporeayp. KomriekcHul miaxii A0 peryssili crnocoOy >KUTTS
J03BOJISIE  TIOKpAIIUTH (PYHKI[IOHATBHUI CTaH CEpIEBO-CYAMHHOI CHCTEMH Ta
MM IBUIIATH AKICTH KUTTS 0C10 13 TIIOTOHIEIO.
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Abstract: Hydrocarbon oxidation reaction is a key pathway for reducing exhaust
pollutants from internal combustion engines, with efficiency strongly dependent on
catalyst design. This study proposes a laboratory modeling framework to evaluate
hydrocarbon oxidation catalysts based in recycled platinum group metals (Pt, Pd and
Rh) integrating reaction kinetics, thermodynamic pathways and structural stability. The
framework analyzes combined surface mechanisms (Langmuir-Hinshelwood,
Spillover) and Mars-Van Krevelen pathways, emphasizing the role of oxide supports
such as CeO2 and Ce0O2-Al203 in lowering light-off temperature and enhancing
conversion. The model includes synthetic exhaust generation, controlled operating
conditions, gas analysis, aging tests and structural characterization. Kinetic modeling
is used to optimize catalyst formulation. Results demonstrate that recycled PGM-based
catalysts can achieve competitive activity and long-term stability under realistic
exhaust conditions while reducing economic and environmental constraints.

Keywords: Hydrocarbon, Kinetic, PGMs, Recycled catalysts, Stability,
Thermodynamic.

Introduction. Hydrocarbon oxidation reaction plays a key role in reducing
emissions from internal combustion engines and controlling volatile organic
compounds (VOCs) and therefore designing catalysts with high efficiency, long
stability and low economic cost are among the priorities of research and development
in the field of environment and transportation. In the other hand the limited availability
and high cost of platinum group metals (Pt, Pd, Rh, etc.) put significant pressure on the
supply chain and cost of catalysts. Therefore, recycling and reuse of PGMs has become
increasingly important as a sustainable and cost-effective solution [1].

Recent studies indicate that hydrocarbon oxidation mechanisms over PGM based
catalysts typically involve a combination of surface pathways (Langmuir-Hinschel and
spillover mechanisms) and Mars-Van Krevelen pathways (involving supported lattice
oxygen). Experimental and theoretical evidence (including recent work on metal/oxide
systems) emphasize that the presence of water and support metal interaction can
significantly alter the mechanisms and activation energy therefore, kinetic and
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thermodynamic modeling should be consider these types of pathways and the effects
of the reaction environment [2].

Although recycling PGMs from spent catalyst is a good and economical way to
reduce costs and environmental impacts. Recycled metals may have changes in
oxidation state, particle dispersion, impurities and element distribution that directly
affect reaction kinetics, thermodynamic properties of pathways and resistance to
deactivation processes like sintering and encapsulation. In addition thermal aging and
redox cycling tests indicate that the functional stability of recycled catalysts can be
different from that of fresh samples. Therefore, a comprehensive combined study
(kinetic, thermodynamic and structural stability) is needed to properly assess the
industrial applicability of these materials [3].

The main objective of this paper is to present a modeling and experimental
evaluation framework that describes the kinetics of hydrocarbon oxidation reactions
on catalytic composites containing recycled PGMs determines the thermodynamic
aspects of possible pathways and predicts and tests the stability of performance against
thermal aging, oxidation-reduction cycling and impurity effects [4].

The innovation of this work lies in the integration of three key aspects of catalytic
performance the precise kinetics of the reactions, the thermodynamic analysis of the
pathway under real application conditions (temperature ranges associated with
automotive exhaust aftertreatment) and the investigation of the structural operational
stability of samples fabricated from recycled PGMs. Furthermore, this study directed
focuses on the parameter ranges that are crucial for the industrial use of recycled PGMs,
the effect of recycling impurities Pt, Pd ratio and hydrothermal aging effect. Therefore,
can provide practical guidance for the design of economical and sustainable catalysts.
previous research has shown that with appropriate recycling processes and cognitive
composite design, competitive performance of catalysts containing recycled PGMs can
be achieved, this paper attempts to translate that evidence into a generalizable
analytical framework [5].

Hydrocarbon oxidation over PGM catalysts

The oxidation of hydrocarbon (HC) using platinum group metal (PGM) catalysts,
especially Pd and Pt has attracted widespread attention due to its high efficiency in
reducing exhaust emissions from combustion engines and removing volatile organic
compounds (VOCs). Recent studies of catalytic mechanisms suggest that the reaction
pathway in such as catalysts can be a combination of surface pathways such as the
Langmuir Hinschel mechanism and Mars Van Krevelen mechanism, where support
oxygen plays a major role. In this direction the oxide support such as CeO2 and metal-
support interaction affect the activation of oxygen and the stability of the oxide species,
which ultimately affects both the reaction rate and the light-off temperature [6].

In this study investigating the effect of carrier type on the complete oxidation of
hydrocarbons, Pd-based catalysts supported by CeO2 or a CeO2, A1203 composite.
We were shown to perform much better than Pd on traditional A1203 achieving
approximately 90% conversion at around 300°C for CH4 oxidation. While Pd/A1203
required a higher temperature to achieve complete conversion. These results highlight
the importance of proper carrier selection and design of the catalyst structure (metal +

32



CHEMISTRY
CURRENT STATE AND TRENDS IN THE DEVELOPMENT OF SCIENCE AND
EDUCATION

carrier) in achieving high performance and reduced reaction temperature [7]. On the
other hand recent studies in the field of kinetic modeling of hydrocarbon oxidation of
PGM catalysts emphasize that for accurate design and performance predictions. The
conditions of the reaction environment like present of water vapor, gas composition,
oxygen to hydrocarbon ratio, pressure and temperature. As well as the structural
changes of the metal such as particle dispersion, metal to carrier ratio and the possibility
of surface oxide formation must be considered. For example, in real reaction in engine
exhaust the presence of H2 and water can play an important role in changing the
reaction direction and the overall efficiency of the oxidation process [8].

However, the practical application of PGM catalysts in exhaust gas purification
(CO + HC + NOx mixtures) has shown that combining platinum metals with oxygen
storage materials (OSM) such as Ce,Zr compounds or metal spinel’s can reduce the
ligh-off temperature and improve the simultaneous performance for multiple pollutants
(CO, HC and NO). This improvement is due to the spatial proximity of the catalytic
metal and the oxygen storage material. Which facilitates oxygen exchange. Such
multicomponent configuration often has better performance than simple metal/Al203
catalysts [9].

Furthermore, most classical and even recent research focuses on catalysts with new
PGM metal, that is recycled or reclaimed metals have been less studied. This is an
important gap in knowledge, as the recycling process can change the properties of the
metal (oxidation state, dispersion, impurity and element distribution and these changes
have a significant impact on the kinetics, thermodynamics and stability of the catalyst.
Accurate investigation and modeling of the reaction on catalysts containing recycled
PGM is essential to properly assess their industrial applicability at lower cost and long-
term stability [10].

The need for integrated kinetics-thermodynamics-stability modeling

Recent studies have shown that separate consideration of reaction kinetics,
thermodynamic analysis of pathways and evaluation of structural stability of catalysts
is not sufficient to predict the actual performance of PGM catalysts, especially in the
case of recycled catalysts, changes in metal dispersion, impurities, particle sintering
and carrier effect can simultaneously affect the reaction rate, energy pathways and
resistance to deactivation [11]. Therefore, an integrated modeling framework that
simultaneously consider reaction kinetics, thermodynamics direction and operational
stability is essential for the design of industrial catalysts with predictable and
economical performance. This approach allows researchers to comprehensively
evaluate the effects of different parameters like operation temperature and operational
stability is essential for the design of industrial catalysts with predictable and
economical performance. This approach allows researchers to comprehensively
evaluate the effects of different parameters (operating temperature, oxygen to
hydrocarbon retio, presence of water and impurities) on catalyst behavior and to
propose strategies to improve durability and efficiency.

Investigation of the activity, stability and selective properties of platinum
group metal (PGM) catalysts
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Platinum group metal catalysts including platinum, palladium and rhodium play a
vital role in controlling exhaust emissions from internal combustion engines and
automobiles due to their high efficiency thermal and chemical stability and resistance
to environmental corrosive factors [3,12,13]. As the active component in the
conversion of the three main pollutants like CO, HC and NOx into harmless and inert
compounds, these materials from the central part of automotive catalytic systems and
numerous laboratory and industrial methods have been developed to investigate the
performance, useful life, stability of particles and their reactivit [3].

Exploring how kinetic models work

According to scientific evidence and reliable articles the laboratory cycle of
catalyst evaluation briefly includes the following steps:

1. Production of harmful gases (laboratory feed synthesis)

Preparation of a mixture of gases including Oz, N2, CO, NOx and HC, accurately
by flow controllers and mixers, like real vehicle exhaust conditions [3].

2. Humidity introduction, temperature and pressure adjustment

Steam injection via peristaltic pump and linear to create real temperature and
humidity, this has a great impact on the aging process and stability of catalyst particles
[3].

3. Passage of the gas mixture through the laboratory catalyst (sample holder)

The catalyst sample with PGM coating is placed on a cordierite ceramic substrate
in a heating chamber. An oxygen sensor and thermocouple are installed to monitor the
temperature and oxygen status [12].

4. Accurate analysis and comparison of gas inlet/outlet

Using gas analyzers (e.g. FTIR, CLD) the gas concentration before and after the
catalyst are recorded and parameters such as oxidation efficiency, activation
temperature (T50), oxygen storage capacity (OSC) and NO2/NOx ratio are precisely
calculated and evaluated [3].

5. Aging, stability and cycling tests

Thermal cycling tests, hydrothermal aging and investigation of the BET specific
surface area reduction and pore structure through physicochemical analysis
characterize the long-term stability, working strength and transient behavior of the
catalyst [14].

6. Kinetic simulation and modeling feedback

Experimental data are compared and validated with kinetic and reaction models
and a feedback loop is implemented to modify experimental conditions or optimize
catalyst formulation if necessary [12].
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Figure 1. Schematic diagram of the experimental setup for pollutant gas supply,
catalyst testing, in situ sensing and exhaust gas analysis [Author’s own work]

The main results obtained from the studies based on laboratory cycle simulation
were that catalysts containing platinum group metals (PGM) with precise control of
operating parameters such as temperature, humidity, gas composition and pressure can
maintain thermal stability and high performance in converting pollutants such as CO,
HC and NOx into inert gases such as CO2 and N2 for a long time. These studies showed
that PGM catalysts, while increasing oxidation efficiency and reducing pollutants
exhibit appropriate oxygen storage capacity good tolerance to thermal aging and
repeated cycles, also with careful kinetic monitoring and modeling the optimal
formulation and favorable operating condition can be determined for longer catalyst
life and higher efficiency [3,12].

After a thorough review of the existing literature, we obtained a model that
performs relatively better and this model is designed to evaluate and simulate the
catalytic activity, structural stability and environmental behavior of platinum group
metal based composite catalysts.

Laboratory cycle model for evaluation catalyst activity, stability and PGM
composites

1. Synthetic feed preparation

Gas such as Oz, N2, CO, NOy and HC are carefully mixed to mimic real engine
exhaust, using high-precision flow controllers and mass flow meters. Target
concentrations reflect real environmental conditions and regulatory requirements [15].

2. Flow, pressure and humidity conditioning

The feed is pre-conditioned via linear or tubular heaters and peristaltic steam
pumps to regulate temperature and humidity, which directly affect the catalyst aging
rate and real-world simulation [16].

3. Catalyst sample holder with real-time monitoring

The test bed holds the catalyst with a PGM coating (Pt, Pd, Rh, ternary alloys or
supported composites) typically on a cordierite or y-alumina structure. Integrated
sensors (O2, thermocouples) record temperature and oxygen changes for transient and
steady-state condition [15,17].
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4. Exhaust gas analysis (pre/post catalyst, multiple analyzer)

High-performance gas analyzers (FTIR, CLD, FID and GC-TCD) continuously
measure the concentration of CO, HC, NOy, Oz, CO», etc. at the inlet and outlet of the
reactor. Data loggers record conversion efficiency, OSC performance, T50 and by-
product ration (NO2/NOy, NHs, N2O) [18].

5. Aging/deactivation testing (thermal and chemical)

Simulated rapid aging cycles (thermal cycling, addition of SO2 or other toxins) test
long-term activity and highlight deactivation mechanisms related to baking,
sulfur/phosphorus poisoning and hydrothermal instability [17].

6. Structural and surface characterization

Pre- and post- aging analysis includes XRD for phase composition, SEM/TEM for
particle size, EDX/ICP-MS for elemental mapping, UV-Vis surface area analysis and
BET for surface, porosity and barrier efficiency evaluation [15,17,19].

7. Data acquisition-kinetic modeling and feedback optimization

Real-time and post-test data are used to fit kinetic models (including oxygen
storage/release, transient reactivity etc.) to improve catalyst design and operating
parameters. Feedback loops allow for adjustment in feed, flow and test environment
for maximum conversion and stability [18].

8. Cleaned emissions

Efficient catalysts result in maximum conversion of harmful gases to CO2, N2 and
H:0, while minimizing emissions of NHs, N2O or particulate matter. Any unconverted
toxic gases or secondary pollutants are accurately measured and minimized.

Structural
Gas feed Sample holder analysis: XRD
03, Na. CO, NOx. HC (PGM catalyst, SEM, BET, UV-
¢ sensors) vis. TEM
Flowmeter / Mixer Inlet and outlet Dol
/ Controller s analvzer ata logging,
g Y kinetic modeling,
J, (FTIR, CLD, FID) ] i
Hot line / Steam Aging: Th L. ¢
injector ]i]r];fmheﬁél‘ Clean gases: Nz,
- ’ COz, H:0
Toxicity i)utlzet =

Figure 2. Schematic diagram of the experimental setup for gas feed, catalysts
aging, in-suit gas analysis and structural characteristics [Author’s own work]

Based in studies by [15,17,18], the model includes the design and analysis of
advanced nanoalloys and composites such as Rh—Pd—Pt and CuO—-CeO>—Al>Os. These
structures are evaluated by methods such as phase, surface area and metal dispersion.

These studies show that controlling the nanoscale structure and metal dispersion
directly enhances catalytic activity and thermal stability.

According to [18], the model includes measurements of CO, HC and NOx
conversion, T50 values, oxygen storage capacity (OSC) and thermal aging resistance.
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The results of these studies confirm that catalysts with higher OSC and better
structure stability have less activity loss and provide higher efficiency under real
operating conditions.

Results

In this study an integrated laboratory cycle was developed to simultaneously
evaluate the activity, stability and selectivity of automotive catalysts based on platinum
group metals. The proposed model by accurately simulating the exhaust gas
composition, humidity, pressure and engine thermal profile, allows for close -to-real
world evaluation and significantly increases the accuracy of measuring the dynamic
performance of the catalysts compared to classical methods.

The results of the activity and aging tests showed that combining performance data
(conversion, T50, OSC) with post-test structural information (XRD, BET, TEM and
ICP-MS) allows for the extraction of a quantitative relationship between structure,
stability and performance. This facilitates the identification of dominant deactivation
mechanisms, including metal sintering, active phase reduction and the effect of water
vapor or toxins and paves the way for optimizing Pt-Pd-Rh formulations.

In addition to increasing the analytical resolution, the proposed framework creates
a feedback loop between the kinetic model and the test design that can be used in the
development of a new generation of catalysts that are more energy-efficient and
resistant to aging. Considering the results obtained, it is suggested that in future work,
the effects of transient engine cycles, instantaneous fluctuations in the air/fuel ratio,
and real-scale field tests should be added to the model to further increase the external
validity of the system.
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Figure 3. Schematic diagram of the integrated catalysis [Author’s own work]

1. Reconstruction of real conditions: precise adjustment of temperature, pressure,
humidity and feeding composition allows for more realistic catalyst aging and
evaluation.

2. Feedback-based optimization: coupling the cycle with kinetic modeling enables
real-time modification of catalyst design and performance.

3. Full structural analysis: using SEM, TEM, BET, XRD and ICP-Ms before and
after aging provides a deeper understanding of structural change.

4. Accurate monitoring of secondary pollutants: advanced analytical tools enable
accurate measurement of NHs, N2O and particulate matter.

Conclusion

This study provides a comprehensive framework for evaluating the performance of
recycled platinum group metal-based hydrocarbon oxidation catalysts, demonstrating
that it is possible to balance the economic challenges of cost and resource constraints
of PGM with stringent environmental requirements. The results show that although the
recycling process can change the dispersion, oxidation state and metal distribution,
these changes can be managed and even used to improve performance by careful carrier
design, structural control and tuning of operating condition.

The integration of kinetics, thermodynamics and structural-operational stability
axes along with the design of a laboratory cycle including synthetic feed generation,
precise condition control and simultaneous gas analysis, allowed for a quantitative
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correlation between nanoscale structure and catalytic activity. Furthermore, the use of
a feedback loop between experimental data (CO, HC and NOx conversion, ignition
temperature, OSC and side species such as NH3/N20) and kinetic models allowed the
Pt/Pd/Rh formulation and operating condition to be dynamically optimized, leading to
a model-based design path.

Overall, this research fills an important gap in scientific literature, which has
mainly focused on fresh metal catalysts and has shown that recycling provides not only
a challenge but also an opportunity for the optimal design of economy and circular
economy-compatible catalysts. the presented approach is directly transferable to
industrial scale due to the consideration of the effect of impurities metal ratios and
hydrothermal stability.
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Abstract: A method for the synthesis of quaternary salts of mono- and
diquaternized N-arylnicotinamides and ureas as potential inhibitors of acid corrosion
i1s proposed. Available reagents were used in the syntheses: benzyl chloride, allyl
bromide, nicotinic acid chlorides, aromatic amines and isocyanates. Preparative yields
are 67-87%.

Keywords: corrosion inhibitors, quaternary = ammonium  salts, N-
arylnicotinamides, quaternized and diquaternized salts, quaternized salts based on
nicotine-containing ureas.

Materials and methods

IR spectra of the synthesized compounds in KBr tablets were recorded on a
Specord-75-JR instrument. PMR spectra were obtained on a JEOL spectrometer (90
MHz) in DMSO-d6 and CDCI3, chemical shifts were measured in the 6-scale.

N-phenylnicotinamide (9). Dissolve 4 g (0.043 mol) of aniline 6 in 50 ml of
dichloroethane, add 12.06 ml (0.086 mol) of triethylamine and 7.6 g of hydrochloric
acid (0.043 mol). After boiling for 7 h, wash twice with a dilute solution of soda and
three times with water. Dry with sodium sulfate. Filter, wash the precipitate with
chloroform. Remove the solvent. Add 250 ml of methanol and activated carbon to the
precipitate, boil for 10-15 min. The resulting solution is filtered and the solvent is
evaporated under vacuum. The precipitate is recrystallized from acetone. Yield 4.94 g
(58%). M.p. = 127°C.

IR (KBr, cm™): 3365 (NH), 1705 (C=0).

"HNMR (8, m.p., CDCl;): 8.43 (1H, s.s., NH), 9.05 (1H, d., j = 1.0 Hz), 8.70 (1H,
d.,j=4.0 Hz), 8.16 (1H, d.d.,j = 6.0 Hz, j = 1.0 Hz), 7.62-7.14 (m., 6H).

3-(N-phenylcarboxamido)-N-benzylpyridinium chloride (12). Dissolve 4.94 g
(0.025 mol) of amide 9 in 50 ml of benzene (dry) and add 2.86 ml (0.025 mol) of benzyl
chloride. The mixture is boiled for 6 hours and cooled. Then the precipitate is filtered
off and washed several times with dry benzene to completely remove benzyl chloride.

Dry in air. Yield 5.98 g (74%). Mp = 119°C.
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IR (KBr, cm™): 3340 (NH), 1700 (C=0).

"H NMR (8, m.p., DMSO-d;): 3.28 (2H, c., CH>), 10.29 (1H, s.s., NH), 9.17 (1H,
d.,j=1.0Hz),8.74 (1H,d.d.,j=4.0 Hz,j= 1.0 Hz), 8.30 (1H, d.d.,j = 6.0 Hz,j = 1.0
Hz), 7.73-7.08 (m., 11H).

1-Naphthylnicotinamide (10). Dissolve 4 g (0.028 mol) of 1-naphthylamine 7 in 50
ml of dichloroethane, add 7.8 ml (0.056 mol) of triethylamine and 5 g of hydrochloric
acid (0.028 mol). After boiling for 7 h, wash twice with dilute sodium hydroxide
solution and three times with water. Dry with sodium sulfate. Filter, wash the
precipitate with chloroform. Remove the solvent. Add 250 ml of methanol and
activated carbon to the precipitate, boil for 10-15 min. The resulting solution is filtered
and the solvent is evaporated under vacuum. The precipitate is recrystallized from
acetone. Yield 3.53 g (51%). M.p. = 136°C.

IR (KBr, cm™): 3310 (NH), 1635 (C=0).

"HNMR (8, m.p., CDCl;): 8.26 (1H, s.s., NH), 9.20 (1H, d., j = 1.0 Hz), 8.79 (1H,
d.d.,j=1.0 Hz, j =4.0 Hz), 8.26-7.51 (m., 9H).

3-(N-1-naphthylcarboxamido)-N-benzylpyridinium chloride (13). Dissolve 3.53 g
(0.012 mol) of amide 10 in 30 ml of benzene (dry) and add 1.632 ml (0.012 mol) of
benzyl chloride. The mixture is boiled for 5.5 hours and cooled. Then the precipitate is
filtered off and washed several times with dry benzene to completely remove benzyl
chloride. Dry in air. Yield 3.57 g (67%). M.p. = 128°C.

IR (KBr, cm™): 3340 (NH), 1680 (C=0).

"HNMR (8, m.ch., DMSO-d;): 3.71 (2H, c., CHy), 10.61 (1H, s.s., NH), 9.10 (1H,
d.,j=1.0Hz), 8.75 (1H, d.d.,j=4.0 Hz, j = 1.0 Hz), 8.49-7.48 (m., 14H).

2-Naphthylnicotinamide (11). Dissolve 4 g (0.028 mol) of 2-naphthylamine 8 in 50
ml of dichloroethane, add 7.8 ml (0.056 mol) of triethylamine and 5 g of hydrochloric
acid (0.028 mol). After boiling for 7 h, wash twice with a dilute solution of soda and
three times with water. Dry with sodium sulfate. Filter, wash the precipitate with
chloroform. Remove the solvent. Add 250 ml of methanol and activated carbon to the
precipitate, boil for 10-15 min. The resulting solution is filtered and the methanol is
evaporated under vacuum. The precipitate is recrystallized from acetone. Yield 3.04 g
(44%). M.p. = 161°C.

IR (KBr, cm™): 3250 (NH), 1625 (C=0).

"HNMR (8, m.h., CDCls): 8.43 (1H, s.s., NH), 9.12 (1H, d., j = 1.0 Hz), 8.73 (1H,
d.d.,j=1.0 Hz, j = 4.0 Hz), 8.28-7.31 (m., 9H).

3-(N-2-Naphthylcarboxamido)-N-benzylpyridinium chloride (14). Dissolve 3.04 g
(0.012 mol) of amide 11 in 30 ml of benzene (dry) and add 1.376 ml (0.012 mol) of
benzyl chloride. The mixture is boiled for 5.5 h and cooled. Then the precipitate is
filtered off and washed several times with dry benzene to completely remove benzyl
chloride. Dry in air. Yield 3.3 g (72%). Mp = 148°C.

IR (KBr, cm™): 3350 (NH), 1670 (C=0).

"H NMR (8, m.ch., DMSO-ds): 3.52 (2H, c., CHy), 10.80 (1H, s.s., NH), 9.23 (1H,
d.,j=1.0Hz), 8.84 (1H, d.d.,j=4.0 Hz, j = 1.0 Hz), 8.54-7.41 (m., 14H).

3-(N-2-Naphthylcarboxamido)-N-allylpyridinium bromide (17). Dissolve 3.82 g
(0.0154 mol) of amide 11 in 50 ml of benzene (dry) and add 1.33 ml (0.0154 mol) of
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allyl bromide. The mixture is boiled for 16 h and the solvent is removed. The product
is washed with benzene and crystallized from methanol. Yield 4.03 g (71%). M.p.
(dec.) =283°C.

IR (KBr, cm!): 3350 (NH), 1685 (C=0).

"H NMR (3, m.h., DMSO-dg): 5.85 (2H, c., CH2), 8.10 (1H, s.s., NH), 6.01-7.95
(m., 14H).

3-(N-phenylcarboxamido)-N-allylpyridinium bromide (18). Dissolve 12.27 g
(0.062 mol) of phenylnicotinamide 9 in 60 ml of benzene (dry) and add 5.4 ml (0.062
mol) of allyl bromide. The mixture is boiled for 10 h. A precipitate forms, which is
filtered and dried in air. The product is crystallized from ethanol. Yield 16.4 g (83%).
M.p. (dec.) = 221°C.

IR (KBr, cm™): 3350 (NH), 1695 (C=0).

"H NMR (8, m.ch., DMSO-dy): 5.46 (2H, c., CHy), 8.39 (1H, s.s., NH), 6.28-7.88
(m., 12H).

5-Bromo-2-benzoylamino-N-allylpyridinium bromide (19). Dissolve 6.67 g (0.024
mol) of 5-bromo-2-benzoylaminopyridine 16 in 50 ml of benzene (dry) and add 2.1 ml
(0.024 mol) of allyl bromide. The mixture is boiled for 16 h and the solvent is removed.
The residue is washed with benzene and crystallized from methanol. Yield 7.28 g
(76%). M.p. (dec.) =238°C.

IR (KBr, cm): 3330 (NH), 1650 (C=0).

"H NMR (8, m.ch., DMSO-dy): 8.29 (2H, c., CHy), 8.94 (1H, s.s., NH), 7.54-7.87
(m., 11H).

N-(2-pyridyl)nicotinamide (25). Dissolve 1.03 g (0.011 mol) of 2-aminopyridine
22 in 50 ml of chloroform (dry), add 3.09 ml (0.022 mol) of triethylamine and 2 g
(0.011 mol) of hydrochloric acid. After 8 h of boiling, cool and wash with dilute sodium
hydroxide solution. Then the residue is recrystallized from benzene. Yield 0.9 g (41%).
M.p. = 144°C.

IR (KBr, cm): 3200-2910 (NH), 1650 (C=0).

"H NMR (8, m.h., CDCI3): 9.36 (H5, s.s., NH), 9.14 (H1, d., j14 = 1.5 Hz), 8.75
(CH,, d.d., jo3=4.5Hz, jo4 = 1.5 Hz), 8.31-8.12 (m., H6, H9), 7.74 (H8, jso = 6.5 Hz,
jg,g =1.5 HZ), 7.40 (H3, dd, j3,4 =6.5 HZ, j3,2 =45 HZ), 7.29 (H4, d., j473 =6.5 HZ),
7.04 (H7, dd, j7,g =6.5 HZ, j7,6 =4.0 HZ).

3-(N-(2-pyridyl)carboxamido)pyridyl-N,N-dibenzylpyridinium  chloride  (28).
Dissolve 2.33 g (0.012 mol) of amide 25 in 50 ml of benzene (dry) and add 2.75 ml
(0.024 mol) of benzyl chloride. The mixture is boiled for 16 hours and cooled. Then
the reaction mixture is filtered and dried in air. Yield 1.78 g (33%). M.p. (dec.) =
129°C.

"HNMR (8, m.h., CDCl;): 9.44 (3H, m.s., NH, CH,), 8.22 (7H, m., CH,, Ph), 7.03
(3H, m., Ph), 7.38 (3H, m., Ph, Py), 7.74 (2H, m., Py), 8.76 (2H, m., Py), 9.18 (3H, m.,
Py).

N-4-pyridylnicotinamide (26). Dissolve 3 g (0.03 mol) of 4-aminopyridine 23 in 50
ml of chloroform (dry), add 8.4 ml (0.06 mol) of triethylamine and 5.4 g (0.03 mol) of
hydrochloric acid. After 6 h of boiling, the reaction mixture is cooled and treated with
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a dilute solution of NaOH (10%), washed with water until neutral and dried with
sodium sulfate. Then the chloroform is evaporated. Yield 4.82 g (38%). M.p. = 186°C.
"HNMR (8, m.p., CDCl;): 9.51 (1H, s.s., NH), 8.32 (2H, d., j = 6.0 Hz), 8.11 (1H,
s.), 7.83 (1H, d.,j = 6.5 Hz), 7.57 (2H, d., j = 6.0 Hz), 7.52-7.28 (2H).
3-(N-(4-pyridyl)carboxamido)pyridyl-N,N-dibenzylpyridinium chloride (29).
Dissolve 4 g (0.02 mol) of amide 26 in 50 ml of benzene (dry) and add 4.59 ml (0.04
mol) of benzyl chloride. The mixture is boiled for 16 hours and cooled. Then the
reaction mixture is filtered and dried in air. Yield 2.99 g (44%). M.p. (dec.) = 174°C.

"HNMR (8, m.h., CDCl5): 9.63 (3H, s.s., NH, CH2), 8.52 (2H, d., j = 6.5 Hz), 8.24
(m., 7H), 7.87 (2H, d., j = 6.5 Hz), 7.29 (m., 7H), 5.91 (2H, s., CH,).

N-3-quinolylnicotinamide (27). Dissolve 3.97 g (0.027 mol) of 3-aminoquinoline
24 in 100 ml of chloroform (dry) and add 4.9 g (0.027 mol) of hydrochloric acid. After
9 hours of boiling, a precipitate forms, which is filtered off and dissolved in a minimum
amount of water. Then, excess KOH is added, a precipitate forms upon cooling. After
that, the substance is filtered off and dried in air. Yield 4.06 g (62%). M.p. = 152°C.

IR (KBr, cm): 3330-3050 (NH), 1640 (C=0).

"HNMR (3, m.p., CDCl5): 9.87 (1H, s.s., NH), 9.13 (1H, s., CH), 8.92 (1H, s., CH),
8.34 (1H, d., j = 6.0 Hz), 7.94-7.41 (m., 7TH).

3-(N-(3-quinolyl-N-benzylquinolilium chloride)carboxamido)pyridyl-N-
benzylpyridinium chloride (30). Dissolve 3.56 g (0.014 mol) of amide 27 in 100 ml of
chloroform (dry) and add 3.21 ml (0.028 mol) of benzyl chloride. After boiling for 10
hours, the chloroform is evaporated. Yield 6.23 g (87%). M.p. (with decomp.) = 136°C.

1H NMR (6, m.p., DMSO-ds): 10.19 (1H, s.s., NH), 9.44 (2H, s.s., CH»), 8.10-7.42
(m., 13H), 6.05 (2H, s., CH>).

N'-(2-pyridyl)-N"-(phenyl)urea (31). Dissolve 5.0 g (0.05 mol) of 2-aminopyridine
22 in 50 ml of benzene (dry) and add 5.7 ml (0.05 mol) of isocyanate. The reaction
occurs instantaneously upon heating — a white precipitate is formed. Then the reaction
mixture is filtered, the precipitate is dried in air. Yield 10.83 g (96%). M.p. = 192°C.

IR (KBr, cm™): 3200-2910 (NH), 1690 (C=0).

"HNMR (3, m.h., CDCl;): 11.31 (1H, s.s., NH), 10.21 (1H, s., NH), 8.21 (1H, d.,
j=7.7Hz),7.75-6.93 (m., 8H).

N’-(2-pyridyl-N-benzylpyridinium chloride)-N’"-(phenyl)urea (33). Dissolve 5.0 g
(0.0235 mol) of urea 31 in 27 ml (0.2354 mol) of benzyl chloride and boil for 20 hours.
Next, extract by mixing the reaction mass with water and methylene. Then, evaporate
the water from the aqueous layer. Yield 4.72 g (59%). M.p. (dec.) = 179°C.

"H NMR (3, m.p., CDCls3): 10.45 (1H, s.s., NH), 9.20 (1H, s.s., NH), 7.93 (1H, d.,
j=6.8 Hz, CH»), 7.50-6.71 (m., 14H), 4.57 (1H, d., j = 6.8 Hz, CH>).

N'-(4-pyridyl)-N"-(phenyl)urea (32). Dissolve 5.0 g (0.05 mol) of 4-aminopyridine
25 in 50 ml of chloroform (dry) and add 5.7 ml (0.05 mol) of isocyanate. After 8 hours
of boiling, the chloroform is evaporated and the product is dried in air. Yield 11.15 g
(99%). M.p. =247°C.

IR (KBr, cm™): 3270-2960 (NH), 1800 (C=0).

"HNMR (8, m.c., CDCl5): 8.50 (1H, br.s., NH), 8.25 (2H, d., j = 6.4 Hz), 7.63-6.93
(m., 8H).
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N'-(4-pyridyl-N-benzylpyridinium chloride)-N"-(phenyl)urea (34). Dissolve 11.27
g (0.053 mol) of urea 32 in 120 ml of chloroform (dry), add 6.08 ml (0.053 mol) of
benzyl chloride and boil for 10 hours. Then the resulting substance is filtered off and
left to dry in air. Yield 13.82 g (77%). M.p. (dec.) = 225°C.

IR (KBr, cm): 3270-2960 (NH), 1750 (C=0).

"HNMR (3, m.ch., CDCI3): 11.91 (1H, s.s., NH), 9.58 (1H, s.s., NH), 8.40 (2H, d.,
j=7.0 Hz), 8.02 (2H, d., j = 7.0 Hz), 7.67-6.95 (m., 10H), 5.49 (2H, p., CH»).

Results and discussion.

The search for effective adsorption inhibitors of acid corrosion of metals and
bactericidal preparations is an urgent task. The compounds used to create the specified
industrial reagents include quaternary ammonium salts. For example, it is known [1]
that the greatest anti-corrosion effect is exhibited by such quaternary ammonium salts,
in the structure of which, in addition to the adsorption center - the quaternary nitrogen
atom - there are several adsorption centers of different types: nitrogen atoms with a
free pair of electrons, oxo groups, which are characterized by donor-acceptor
interaction with the metal surface. The creation of such additional adsorption centers
allows obtaining compounds, the action of which as corrosion inhibitors can be
enhanced by combining several inhibitory effects. Quaternary ammonium salts are also
part of disinfectants for medical and household purposes [2]. It is known that
quaternary salts of the pyridine series have a wide range of useful properties. First of
all, it is necessary to emphasize their use in technological processes as inhibitors of
acid corrosion of metals and antimicrobial drugs [3, 4]. For the development of new
promising technologies, it is necessary to develop measures to protect metals from
corrosion, and the emergence of resistance in microorganisms to existing bactericides
requires the use of new, more effective disinfectants. In this regard, it becomes
important to obtain new quaternary salts of the pyridine series, which have the specified
properties, based on available and cheap reagents.

1. Synthesis of monoquaternized amides

N-phenylnicotinamide 9, 1-naphthylnicotinamide 10 and 2-naphthylnicotinamide
11 were obtained by acylation of aniline 6, 1-naphthylamine 7 and 2-naphthylamine 8
with nicotinic acid chloride, respectively. For the experiments, reagents of the “pure”
brand were used. Quaternization of 9-11 with benzyl chloride was carried out in
benzene, the yield of salts 12-14 was 67-74%
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The synthesized salts were purified by recrystallization from benzene.
Confirmation of the structure of salts 12-14 was carried out using IR and PMR spectra.
Absorption bands characteristic of the amide group are present in the IR spectra at
frequencies of 3340-3350 and 1670-1700 cm™'. In the PMR spectra of these salts there
are signals of protons of the NH group at 10.29-10.75 m.p. and methylene protons of

the benzyl radical at 3.28-3.71 m.p.
The following substituted N-allylpyridinium bromides were also synthesized:
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signals of the NH N-arylnicotinamides 11 and 9 were synthesized by acylation of
aniline and 2-naphthylamine with nicotinic acid chloride in benzene.
Benzoylaminopyridine 16, required for quaternization, was obtained by boiling a
mixture of benzoyl chloride and the corresponding amine in a 1 : 1 ratio in chloroform
and purified by recrystallization from benzene. Allyl bromide was used for
quaternization of N-arylnicotinamides 11 and 9.

Quaternization of benzoylaminopyridine 16 with allyl bromide was carried out by
boiling in benzene. The structure of the compounds was confirmed by IR and PMR
spectra. Absorption bands characteristic of the amide group appear in the IR spectra at
1650-1695 (C=0), 3330-3350 (NH) cm™. The PMR spectra contain -group proton at
8.1-8.9 ppm, methylene protons of the allyl radical at 5.24-5.9 for salts 17 and 18 and
at 8.3 for salt 19.

The synthesis of substituted N-allylpyridinium halides was carried out according
to the general scheme:

R1 R4 o
2 5
R N 1. PhcoCl R N 1. ArNH, N e

2. Synthesis of diquaternized amides

N-2-pyridylnicotinamide 25, N-4-pyridylnicotinamide 26 and  N-3-
quinolylnicotinamide 27 were obtained by acylation of 2-aminopyridine 22, 4-
aminopyridine 23 and 3-aminoquinoline 24 with nicotinic acid chloride, respectively.
Quaternization of 25-27 with benzyl chloride was carried out in benzene or chloroform.
The yield of the synthesized salts 28-30 1s 33-87%.

Confirmation of the structure of salts 28-30 was carried out using PMR spectra.
Characteristic signals of protons of the NH group at 9.44-10.19 ppm and methylene
protons of the benzyl radical at 9.44-6.05 ppm are present. The latter is possibly
explained by the fact that the mutual influence of protons of CH, groups leads to their
shift into a weaker field.
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3. Synthesis of urea-based salts

N’-(2-pyridyl)-N"’-(phenyl)urea 31 and N’-(4-pyridyl)-N’’-(phenyl)urea 32 were
obtained by the interaction of phenylisocyanate with 2-aminopyridine 22 and 4-
aminopyridine 25, respectively. “Pure” reagents were used for the experiments.

Quaternization of 31 and 32 with benzyl chloride was carried out in chloroform, the
yield of salts 33 and 34 was 59-77%.

N” > NH, : N7 N7 N : NN N :
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The structure of salts 33 and 34 was confirmed by IR and PMR spectra. In the PMR
spectra of these salts there are signals of protons of the NH group at 11.91-9.20 m.p.
and methylene protons of the benzyl radical at 7.93-4.57 m.p. Absorption bands
characteristic of the diamidocarbonate group are present in the IR spectrum of salt 34
at frequencies of 3270-2960 (NH) and 1750 (C=0) cm-1.

Conclusions
1. A method for the synthesis of quaternary salts of mono- and diquaternized N-
arylnicotinamides and ureas as potential inhibitors of acid corrosion is proposed.
Available reagents were used in the syntheses: benzyl chloride, allyl bromide, nicotinic
acid chlorides, aromatic amines and isocyanates. Preparative yields are 67-87%.
2. All synthesized substances will be tested as corrosion inhibitors and antibacterial
drugs.
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One of the characteristic features of modern post-industrial society is the
globalization of the economy. Geographic location ceases to be important in the
formation of relations between economic entities. The development of network
technologies, e-commerce, remote work systems provides for the possibility and
necessity of communication with a large number of enterprises in the environment to
select optimal partners.

The development of information networks, increased technical capabilities of
modern computers, the rapid development of powerful and flexible intelligent software
systems capable of continuously acquiring new knowledge and changing their structure
and functions, developing and adapting to the tasks being solved and environmental
conditions, create the necessary conditions for the transformation of modern
technologies.

With the increase in scale and complexity, reliability in centralized systems
decreases, therefore technologies and systems built on the principles of
decentralization of management and autonomy of individual elements appear. In
modern conditions, companies spend a lot of money on creating and modernizing their
systems, these costs are transformed into additional costs that fall on the shoulders of
end consumers.

One of the main new trends in the development of information technologies,
analysts called the Blockchain distributed ledger technology. Blockchain technology
is a self-developing and self-regulating system. Three types of blockchain systems can
be distinguished:

- public;

- regulated;

- private (Pic. 1).
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TYPES OF BLOCKCHAIN

PUBLIC PRIVATE

HYBRID
BLOCKCHAIN

PERMISSIONED
BLOCKCHAIN

Picture 1. — Types of Blockchain technology [2]

Public blockchain systems are Bitcoin and Ethereum, the value of which is that
they are very difficult to hack. Private ones are primarily corporate and government
systems. Private blockchains can be defined as blockchains with limited access to
read/write data with a consensus algorithm that supports a limited and predetermined
number of people.

Regulated ones are a certain intermediate stage. An example of such systems can
be an online bank, where the user does what he needs, but at the same time uses the
bank's infrastructure and works according to its rules.

Let's consider the characteristics of the technology using the example of the most
famous modern cryptocurrency bitcoin.

Bitcoin is more correctly considered as a multi-agent peer-to-peer network. A
distinctive feature of such a network is the public availability of all transactions made
with any virtual currency, i.e. after the transaction, payment information is
synchronously distributed to all agents of the payment system.

The result of such work is a time-stamp indicating the date and time of its execution
and the unique identification number of the bitcoin unit, while data about the parties
carrying out the transaction are not distributed.

This technology allows you to trace the entire path of the unit from its introduction
into the system.
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The complete history of all transactions made with bitcoin since its creation is the
blockchain database. That is, the blockchain is a distributed database that stores
information about each transaction of the system users in the form of a structured chain
of blocks. The peculiarity of such a chain is a single intermediary center - all
information is reflected in a public open document.

Such a document is distributed among thousands of nodes (users) of a multi-agent
network [3].

Each blockchain user can access the registry. Thus, all users of the system act as a
collective notary who confirms the veracity of the information in the database.

In essence, the blockchain is a ledger distributed among all participants in the
Bitcoin network. Each bitcoin wallet user stores a database on their computer that
contains a history of all transactions ever made in the system. This ensures the
transparency of each transaction and the ability to verify the origin of each bitcoin by
any interested user (Pic. 2).
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Picture 2. — How Blockchain work [4]

Blockchain technology, currently used primarily for cryptocurrencies, is a method
for securely recording information. Any distributed system, including multi-agent
systems, can utilize blockchain tools to process more complex transactions and store
any digital information online.

Metadata included in the chain automatically benefits from a peer-to-peer network.
This technology ensures openness and access to data by any network participant. Any
attempt to modify any block in the system will immediately trigger errors related to the
checksum — a number calculated as a mathematical function of the entire block's data.
Another advantage of a distributed system is that each user maintains a copy of the
encrypted chain, making unauthorized modification and recalculation of the checksum
virtually impossible. For unauthorized changes to take effect, data must be modified
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for more than half of the system's participants, which is typically problematic given the
current number of network users.

Metadata is protected by cryptographic authorship verification and also includes
the date and time of creation. Since each record is timestamped, such a system can be
used as a decentralized notary.

Previously, the only widely known successful implementation of blockchain
technology was the Bitcoin cryptocurrency, but now it is being used by IT industry
giants, major banks, and governments.

New technologies always bring new risks, including in the field of information
security. In the case of blockchain technology, a new risk is a side-branch attack, also
known as a "51 percent attack."

The main advantage of the blockchain is trust, confidence that the base is the same
for everyone and has not been changed retrospectively. However, the recent story of
the successful attack on the DAO and the methods for eliminating its consequences
have shown that, in principle, a rollback of the system in order to destroy "criminal"
transactions is possible. The DAO was the most ambitious project on blockchain
technology, which was positioned as "the world's first fully autonomous investment
fund". The attacker, using vulnerabilities in the system, began to transfer money to his
own account (at the exchange rate at the time of the attack, it was about stealing about
50 million USD). The author of the platform proposed to rollback transactions (hard
fork) to return the money to the owners.

According to the results of the vote, the majority of miners supported the proposal.
This created a precedent for rolling back the system in order to destroy part of the
transactions, however, with the consent of the majority of community members [5].

When using the technology, the usual information security problems will remain,
for example, theft of not only the wallet, but also the password to it. To reduce the
likelihood of such a threat, various cold storage methods are offered. These include
generating a bitcoin address and secret key offline and recording them on any media
that is not accessible from the Internet, signing transactions offline, using fragmented
secret keys and addresses with multi-signature, and finally, hardware wallets with
secret keys that cannot be removed. Ensuring information security is a process that
users of information systems should always remember. No technology, even a
completely safe one, can replace the classic methods of ensuring information security:
protecting your keys, antiviruses and firewalls, constant updating of programs,
organizational measures.

Now the main problem of the adoption of blockchain technology by the market is
an attempt to apply it to existing processes that were built according to a different,
centralized scheme and were honed for it for a long time, so it is necessary to try not
to apply blockchain to existing processes, but to correctly change the processes
themselves. Blockchain should be considered not as a mechanism, but as an
environment for implementing business processes.
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The Zero Trust Architecture (ZTA) paradigm has emerged as a leading framework
in cybersecurity due to its fundamental rejection of implicit trust and its insistence on
continuous verification of every access request, regardless of the network location of
the user or system. In theory, ZTA promises significant reduction of lateral movement
and insider threat exposure by enforcing strict access controls and granular isolation of
network domains. However, transitioning from traditional perimeter-based models to
a fully realised Zero Trust Network and Environment remains fraught with practical
challenges, many of which arise from the complexity and heterogeneity of
contemporary I'T ecosystems.

One of the most prominent difficulties concerns the complexity of configuration
inherent in Zero Trust network design. Deploying micro-segmentation, continuous
authentication, and granular access control demands sophisticated orchestration across
diverse systems. In practice, organizations frequently encounter rule sprawl - a
proliferation of overlapping or redundant access rules that become difficult to manage
or validate. This complexity increases the risk of misconfiguration and policy conflict,
both of which undermine the security goals ZTA seeks to achieve. As shown in
research [1], even well-resourced enterprises face configuration challenges when
implementing Zero Trust in cloud environments, where dynamic workloads and API
dependencies complicate policy enforcement.

A related issue lies in the ambiguity of micro-segmentation design. While Zero
Trust principles advocate dividing networks into small, isolated zones, there is often
little consensus on the optimal granularity for segmentation. Over-segmentation can
degrade performance and increase administrative burden, while under-segmentation
leaves systems vulnerable to lateral movement. Empirical analysis [2] highlights that
micro-segmentation remains one of the least-standardized components of Zero Trust
adoption, frequently leading to inconsistent implementations across business units and
infrastructure layers.

Equally challenging is the adaptation of traditional firewall and access-control
mechanisms to align with the principle of least privilege. Conventional firewalls were
designed for perimeter defense, permitting broad trust within defined zones. Zero
Trust, by contrast, demands identity-aware, context-based enforcement that must
operate dynamically and continuously. This paradigm shift renders static firewall rule
sets inadequate for fine-grained, session-based verification. According to research [3],
legacy network appliances often cannot accommodate the scale or agility required by
modern Zero Trust frameworks, forcing organizations to retrofit controls or introduce
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additional policy-decision layers, which in turn increases latency and management
complexity.

Another major challenge arises from integration with legacy systems and hybrid
infrastructure environments. Many organizations still depend on legacy platforms that
lack support for API-driven policy enforcement or contextual identity verification. The
coexistence of on-premises assets, cloud workloads, and Internet-of-Things devices
produces highly heterogeneous environments that are difficult to govern under uniform
Zero Trust rules. As described by authors [4], hybrid and 5G-enabled networks amplify
this challenge because their disaggregated control planes and software-defined layers
require extensive policy coordination between virtual and physical components. The
result is often operational friction and inconsistent application of Zero Trust principles.

The human and organizational dimension compounds these technical issues.
Establishing Zero Trust network governance requires cross-functional collaboration
between IT, security, and operations teams, which can be hindered by skill gaps and
cultural resistance. The shift from perimeter-based trust to continuous verification
entails re-educating administrators, redefining operational workflows, and investing in
new automation and monitoring platforms. Even organizations with strong technical
capabilities often underestimate the organizational readiness required to sustain Zero
Trust maturity, leading to partial or fragmented implementations that fail to deliver the
intended reduction in attack surface [5].

Finally, Zero Trust’s policy density and operational overhead can produce new
risks of their own. Excessive rule sets, overlapping enforcement points, and continuous
validation requirements may degrade network performance, increase administrative
workload, and complicate troubleshooting. Without automation and centralized
orchestration, the very controls meant to enhance security can introduce instability and
misalignment across distributed environments. The maturity analyses in [6] emphasize
that progressing toward advanced and optimal Zero Trust states requires not only
technological adoption but also disciplined governance, continuous policy validation,
and adaptive monitoring mechanisms.

In summary, while the Zero Trust Network and Environment pillar provides a
robust framework for minimizing implicit trust and improving defense-in-depth, its
implementation faces substantial obstacles. The complexity of configuration,
ambiguity in segmentation design, inadequacy of traditional firewall models, difficulty
in enforcing least privilege at scale, and integration barriers with legacy systems
collectively hinder widespread, consistent adoption. Addressing these challenges
requires automation of policy management, consolidation of visibility tools, and
investment in workforce training to align operational practices with Zero Trust
principles. Only through such strategic and incremental efforts can organizations
realize the full potential of the Zero Trust model to deliver secure, resilient, and
adaptable digital infrastructures.
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The Zero Trust Architecture (ZTA) represents a paradigm shift in cybersecurity,
redefining how organizations design, protect, and operate digital infrastructures. Built
on the principle of “never trust, always verify,” Zero Trust replaces perimeter-based
defenses with a model centered on continuous authentication, authorization, and
monitoring. Among its foundational components, the Network and Environment pillar
is particularly critical, as it governs how systems interconnect and communicate
securely within and across environments. This pillar establishes the operational
backbone that ensures consistent verification and minimal exposure of assets to
unauthorized access, forming the structural basis for secure digital transformation.

The implementation of this pillar begins with the recognition that visibility,
segmentation, and policy enforcement are its core enablers. A Zero Trust network
requires complete and continuous visibility into every connected entity—devices,
workloads, applications, and data flows. Without an accurate and dynamic inventory,
enforcing identity-based trust boundaries is impossible. Automated asset discovery
tools, configuration databases, and network telemetry analytics are essential to
maintain a real-time understanding of the environment [1]. Once visibility is achieved,
the network must be restructured through micro-segmentation, replacing traditional flat
topologies with isolated trust zones. Each segment functions as a discrete security
boundary, permitting communication only through verified and policy-enforced
channels. In critical infrastructure applications, such as electric vehicle charging
networks, micro-segmentation has proven highly effective in preventing lateral threat
movement and containing breaches to isolated domains [2]. Similar designs have been
adopted in industrial and manufacturing networks, where separating operational
technology from information technology environments has reduced cross-system
vulnerabilities and improved operational resilience [3].

A Zero Trust network infrastructure also relies on adaptive and identity-aware
access control. Access is no longer determined by network location but by validated
identity, device posture, and behavioral context. This approach requires strong identity
management systems integrating multi-factor authentication (MFA), certificate-based
verification, and, where possible, federated identity mechanisms such as SAML or
OpenlID Connect. Every access attempt must be mediated through a Policy Decision
Point (PDP) that evaluates real-time conditions before authorization, with Policy
Enforcement Points (PEPs) enforcing those decisions at the network and application
layers [4]. Within the communication plane, these policies are complemented by strict

58



CYBERSECURITY AND INFORMATION PROTECTION
CURRENT STATE AND TRENDS IN THE DEVELOPMENT OF SCIENCE AND
EDUCATION

deny-by-default configurations, ensuring that connections occur only when explicitly
approved and continuously validated.

Equally vital to implementation is the concept of continuous monitoring. Every
network interaction must be subject to scrutiny, not merely at the point of access but
throughout its lifecycle. Security Information and Event Management (SIEM) systems
and Network Detection and Response (NDR) solutions play central roles in collecting
telemetry, analyzing behavior, and detecting anomalies. Modern architectures
increasingly incorporate machine learning-based analytics to automate the detection of
abnormal patterns and accelerate incident response. Studies have shown that Al-
powered Zero Trust frameworks can reduce incident response times by more than 80%
and improve detection accuracy to above 99% [5]. The continuous verification cycle
thus transforms the network into a self-defending ecosystem capable of proactive rather
than reactive security enforcement.

Encryption is another indispensable measure within the Network and Environment
pillar. All communications—whether between users, devices, or workloads—must be
secured through strong cryptographic protocols such as Transport Layer Security
(TLS) 1.3 or IPsec tunnels. Mutual authentication (mTLS) ensures that both ends of a
communication are verified prior to data exchange, eliminating the risk of
impersonation or session hijacking. Research within financial and multi-cloud
ecosystems highlights how encrypted service meshes and certificate lifecycle
automation enhance cross-platform consistency and compliance [6]. These
cryptographic foundations form the essential trust fabric of Zero Trust networks,
ensuring that data integrity and confidentiality are preserved throughout the
communication process.

Implementing these technologies requires a unified management framework to
coordinate security policies across distributed infrastructures. Centralized visibility
platforms integrate endpoint telemetry, access logs, and network behavior analytics to
create an overarching policy engine capable of contextual enforcement. Such
architectures are particularly critical in hybrid environments, where on-premises
systems must coexist with cloud workloads. The development of centralized
orchestration mechanisms enables unified control of identity, access, and monitoring
policies across diverse domains, overcoming the fragmentation typically found in
hybrid deployments [7].

To measure and guide progress, the Zero Trust Maturity Model (ZTMM) serves as
an essential framework for implementation planning. The model, as outlined by the
Cybersecurity and Infrastructure Security Agency (CISA) and expanded in research on
high-performance computing systems [8], defines three maturity levels: Traditional,
Advanced, and Optimal. At the Traditional level, organizations rely primarily on static
controls and basic segmentation. The Advanced level introduces dynamic policy
enforcement, continuous telemetry, and identity-aware authentication. Finally, the
Optimal stage represents a fully adaptive and software-defined environment, in which
automated, risk-based decision-making dynamically adjusts trust in real time.
Progression through these stages typically follows a phased sequence beginning with
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network assessment and inventory, followed by segmentation, identity integration,
telemetry deployment, and continuous optimization [9].

The practical deployment of these capabilities, however, is not without challenges.
One persistent obstacle lies in the integration of Zero Trust controls with legacy
systems, which often lack modern authentication interfaces or dynamic policy
capabilities. Solutions such as Zero Trust gateways, application-layer proxies, and
network overlays can provide transitional protection without requiring immediate
replacement of older systems [10]. Performance overhead presents another practical
concern, as constant verification and encryption can increase latency in high-speed or
low-latency environments. Empirical studies in computational infrastructure
demonstrate that tuning security maturity levels to match operational demands can
maintain acceptable performance without undermining Zero Trust compliance [11].
Furthermore, successful adoption depends on organizational readiness. Zero Trust is
not solely a technical transformation but also a cultural one; it demands new
governance models, process redesign, and executive commitment to sustain continuous
verification practices across departments.

The future direction of the Network and Environment pillar increasingly integrates
artificial intelligence, automation, and post-quantum security. Machine learning
algorithms are now used to automate network segmentation, risk scoring, and policy
adjustment in near real time, enhancing resilience against rapidly evolving threats [5].
In conclusion, the Network and Environment pillar of the Zero Trust Architecture
provides the foundation upon which modern digital infrastructures achieve resilience,
adaptability, and security assurance. Its practical implementation involves the
integration of asset visibility, micro-segmentation, identity-aware access control,
encryption, and continuous monitoring into a unified operational model. The use of
maturity frameworks enables organizations to progress from basic segmentation
toward adaptive, intelligent trust enforcement. While technical and organizational
challenges remain, the empirical evidence demonstrates that adopting this pillar
strengthens not only network defense but also governance, compliance, and operational
continuity. As cyber threats grow in complexity, embedding Zero Trust principles into
network infrastructure is no longer an optional enhancement—it is a structural
necessity for maintaining security and trust in an interconnected digital world.
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KPAMOBE IIPUJISITAHHS TA KPAUOBE
3ABAPBJIEHHSI HA MEXKI ITPSIMUX BIZTHOBJIEHD
3YEIB

Yanox Onexkcanap AHATONIHOBHY,
JTOKTOP MEAUYHUX HaYK, Ipodecop, 3aBiyBad kadeIpu CTOMATONIOT]
JloHelbKHii HalllIOHAIbHUN MEIUYHUI YHIBEPCUTET

AxMenoB AHap AWJIHMH OIJIH,
acripaHT kade[pyu CTOMATOJIOTI,
JloHenbKuii HalllOHATBHUN MEAUYHUM YHIBEPCUTET

Tananos Bapran MuxaijioBu4
acmipaHT kadeapu CTOMaToJIOri,
JloHenbKuii HalllOHAJTLHUN MEAUYHUM YHIBEPCUTET

Ad¢onina Bikropisa Boiogumupisua,
acuCTeHTKa Kadeapu CTOMATOJIOT],
JloHenbKuii HalllOHAJTLHUN MEAUYHUM YHIBEPCUTET

AkTyaabHicTb. CyyacHl pecTaBpalliiiHi TEXHOJIOTI 11010 BIJHOBJICHHS 3yOiB 3
VPOKEHHSM PI3HOTO TOXO/KEHHS JIO3BOJISIOTH IIOBHOIO MIpOI0 BIITBOPUTH iX
NPUPOAHI aHATOMIYHI Ta ecTeThuHl mnapaMmerpu. Lli TexHosorii nependavaroTh
pecraBpalliiiny po6oTy Oe3mocepeHb0 y MOPOXKHUHI poTa MaIlieHTiB, TOOTO 3a
MPSIMUM METOJIOM BIAHOBJIEHHS, 200 B 1HILIOMY BaplaHTI BUTOTOBJICHHS pecTaBpariil y
Ja00paTOPHUX YMOBAX, 1 TOMA1 TaKUH MPOIEC BBAXKAETHCA HEMPSIMUM MeToaoM. Jis
MPSIMOTO BIJHOBJICHHSI OCTAaHHIMU JIBOMA JECSATUIITTAMH IIHPOKO 3aCTOCOBYIOTH
(OTOKOMMO3UIIIIHI MaTepiaju, K1 TBEPAIIOTH Mij BILIMBOM CBITJIOBOTO MOTOKY MEBHOI
JOBKMHMA  XBWJII  BiJ  CHELIaJ]bHUX  MPUCTPOIiB  —  CTOMATOJOTIYHUX
dhoTonomimepuzatopis [1, 2]. DOTOKOMIIO3UTH BOJIOAIIOTh Makke TTIOBHUM IEPEITIKOM
BJIACTUBOCTEH, HEOOXITHUX JUIsl BIATBOPEHHS aHATOMIYHOI ¢opmu, (YHKIIH Ta
MPUPOJHOTO BHUIJISAAY 3yOIB CTOCOBHO IX KOJBOPOBUX BIJITIHKIB Ta CTYIEHS
TPAHCMAPEHTHOCTI y TEBHUX MUISTHKAX, HAMPUKIAMA, y JUISTHII PLKYYOTO Kparo
¢bpoHTaIbHUX 3y0iB, 110 OCOOIMBO BaXIJIUBO JJISi €CTETUYHOTO BUIVISAY 3yOiB y 30H1
nocMimku. D13UUHI XapaKTEPUCTUKH (POTOKOMITOZUIIIMHUX MaTepialliB, Cepea SIKUX
HaWMepIIMMH CJIil BBAKATU MEXaHIYHY MILHICTh Ta CTIMKICTh 0 CTUPAHHS, TAKOX
OIIHIOIOTh SIK YyJIOBI, TOMYy IO 3a CBOIMU MapameTpaMyd BOHHU HaOIMXalOThCS 0
BIJINOBIJIHUX MapaMeTpiB TBEPAUX TKAHUH MPUPOIHUX 3yOiB [3].

OpmnHak 111 MaTepiaii He BOJIOJIIOTH CAMOCTIMHOIO aJre31€r0 10 TBEPAUX TKaHWUH
3y0iB, JJIs1 3a0€3MEeUeHHs sIKoi HEOOX1JHO 3aCTOCOBYBAaTH BIAMOBIAHI TEXHOJOTI 3
BUKOPUCTAHHSM CIeliadbHUX aae3uBHUX cucteM [4, 5]. Came BiJg MIIHOCTI
NpUENHAHHS (DOTOKOMIO3UIIMHUX MarepiaidiB 10 eMmalll Ta ASHTUHY 3yOiB, SKi
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BiJTHOBIIIOIOTBCSI, 3aJICKUTh TepMeTu3M pecTaBpaiii. [lopylieHHs TepMEeTHUHOTO
NPWIATAHHS 7O TBEPAUX TKAHUH Oy[b-IKUX BIJHOBIIOBAJIBHHX MaTepialliB, y TOMY
qucil (OTOKOMIIO3UTIB, Ma€ HACIIIKAaMH HU3KY YCKJIaJHEHb, MEPIIl 32 BCE, Y BUIIISII
BTOPUHHOTO Kapiecy Ta MOAaiblioi pyHHaIli 3y0iB, IO y BHUIAJKy HEraTMBHOTO
nepebiry MpU3BOAWTH JO PO3BUTKY 3alajieHHd MyldblOu abo TnepioJoHTa 3
NEPCHEKTUBOIO BUAAJICHHS Takux 3yOiB. Ciif 3a3HaYUTH, 110 OJHUM 3 MPOBIAHHUX
YUHHUKIB 3a0€3MEUCHHS SKICHOTO MPWIATaHHS (OTOKOMITO3MIIIHHUX MaTepiajiB 10
TBEPAUX TKAaHMH 3y0iB OOTPYHTOBAaHO BBa)XKalOTh AaJr€3WBHI CHUCTEMH Ta CYBOpE
JOTPUMAHHS TEXHONOTiH 1X 3actocyBaHHS. Cepel HaWMNOMyNMSAPHIMIKX —IIOAO
BUKOPHUCTAHHS B KJIIHIYHINA MPaAKTUIl aAT€3MBHUX CHUCTEM, SIK TMPABUIIO, BIIHOCSTH
CHUCTEMH II'AITOTO TOKOJIIHHS, 3aCTOCYBaHHS SIKMX Tependadyae MomepeHe TOTalbHE
KHCIIOTHE TPOTPABJICHE TBEPAUX TKAHUH, T4 CHCTEMH HACTYIMHOTO TMOKOJIHHSI, JO
CKJIaay SKHX Y>K€ BBEICHUW KHCIOTHUN YMHHUK MPOTPABJICHHS, BHACTIAOK YOTO Il
a/Ire3MBHI CUCTEMHU MAIOTh CTAaTyC CaMOMPOTPABIIOIOUNX.

Meta nocjizkeHHsl — TOpIBHSJIbHA KIIIHIYHA OIliIHKA KPanioBOTO IPHIISTaHHS
(hOTOKOMIO3UIIIHHOTO MaTepialy Ta KpaoBOTo 3a0apBICHHS Ha MEX1 Y BIJTHOBJICHHSIX
3y0iB 3a 3aCTOCYBaHHS aJr€3UBHUX CUCTEM PI3HUX MOKOJIHb.

Marepiasm Ta MeToAM [JOCJTIIKeHHsl. Y TMPUBATHOMY CTOMAaTOJIOTITYHOMY
ka0iHeTi Oyno obcrexxeHo 49 marlieHTiB BikoM Bin 26 1o 47 pokiB, cepen Hux 23
yonoBiku (46,9% Big yciei KuUbKOCTI oOcTexkeHux) Ta 26 xiHok (53,1%). B
oOcTexeHux oci0 Oysio BIJHOBJIEHO, 3arajoM, 79 ypakeHuxX KapiecoM 3yOiB. Yci
MalieHTd Oyau pO3MOAlUIEH] Ha ABl Tpynu. Y mepunid rpymi y 27 ocid (55,1% Bin
3arajibHOi KIJIBKOCTI Malll€eHTiB) Oysio BiHOBIEHO 27 3y0iB (34,2 BiJ yChOro 4ucia
BIJIHOBJIEHUX 3yOiB) 3 Kapio3HMMU MOpokHMHaMH | kiacy 3a biekoM Ha OKItO31HH1M
noBepxHi Ta 16 3y6iB (20,3%) 3 kKap103HUMH TOPOKHUHAMU V Kiiacy 3a biekom, To0TO
y NPUIIUHKOBIN OUIAHLI, Yy Apyrid rpymt y 22 nauieHTiB (44,9%) Oyno nmpoBeaeHO
BiIHOBJIEHHS 22 3y0iB (27,8%) 3 kapio3HUMHU MOPOKHUHAMHU | Kiacy Ha OKIIIO31MHINA
noBepxHi Ta 14 3y6iB (17,7%) 3 nopoxxHUHAMU V KIlacy y MPUITUHAKOBIN JUISHIN. Yci
BIJTHOBJICHHS MIPOBOJIMIIH IPSIMUM METO0M 3 3aCTOCYBAaHHSAM
HaHO(OTOKOMITO3HIIITHOTO MaTepiaiy. Y X0/l BIAHOBIEHHS 3y0iB B 010 MepIoi rpynu
JUIs  aAre3uBHOI MIATOTOBKM TBEpPAMX TKAHMH BIANPENapOBaHUX IOPOKHHUH
3aCTOCOBYBAJIM AJr€3UBHY CHUCTEMY II'STOTO MOKOJIHHSA 3 TONEPEIHIM TOTaJIbHUM
IPOTPABJICHHSAM 3a3HAYEHUX TBEPAUX TKAHWH KHCIOTHUM AareHToM, BOJHOYAC Yy
MAall€HTIB JPYroi Trpynd TMiJ 4Yac BIJHOBJIEHHS 3y0iB  BHUKOPHCTOBYBAJIH
CaMOIIPOTPABITIOIOUY aJIFe3UBHY CUCTEMY. YCI 1HIII €Tany MPsSMOTo BiIHOBJICHHS 3y0iB
HaHO(OTOKOMITO3UI[ITHUM  MarepiajioM BHKOHYBaJIM 33 3araJlbHONPUHHATUMU
BUMOramMm Ta  ymoBamu.  KUIHIYHY  OIIHKY  KpailOBOro  MNpPWJISATaHHSA
HaHO(OTOKOMITO3UI[IITHOTO MaTepialy 10 TBEPAUX TKAaHUH Ta KpailoBOTO 3a0apBIICHHS
Ha MEXI1 BIJIHOBJIEHb OLIHIOBAIM Bi3yaJIbHO-IHCTPYMEHTAJILHUM METOJOM 4Yepe3 pIK
MICTs TPOBEJEHHS TPSIMOTO BIIHOBIEHHS. PeecTpyBanu KITbKICTh BIAHOBICHB 3
O3HAKaMH HAasSBHOCTI TIOPYIICHb 3a HABEACHUMH KPUTEPISIMU B aOCOJIOTHHX
3HAYEHHSX Ta Y BIJCOTKAaX BiJ yCi€l KUIBKOCTI BIAHOBJIEHB B 0C10 KOXKHOI TPYTIH.

Pesyabratu pochaimkenHsi. Ilig wac mnpoBemeHOro uepe3 piK  Bi3yalabHO-
IHCTPYMEHTAJILHOTO OOCTEXEHHS CTaHy BUKOHAHUX MPSIMUX BIAHOBJIEHb Y IMalll€HTIB
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MepIIoi TPYyHH BCTAHOBJICHO, IO cepen 27 BITHOBJICHh HAa OKJIIO3IMHINA TOBEpPXHI
O01yHux 3y0iB 2 pecrtaBpariii (7,4% BiJ iX KUIBKOCTI 3a JaHOT JIOKami3aiii B 0ci0 Ii€i
rpynu) Majid HE3HayHl MOPYUICHHS KpaioBOTO MPWISTaHHS Marepiainy A0 emali
BITHOBJIEHUX 3y0iB, nume B 1 pecraspauii (3,7%) Oyno 3adikcoBaHO HAsIBHICTb
KpaiioBoro 3abapsineHHs. [l{ono 16 npuiMiKkoBUX BIJHOBJIEHb B 0C10 AaHOI rPyIH, TO
y IH JUISHIL YCKJIaJHEHb OyJIo ACmio OLIblle, 30KpeMa, 3a KOXKHHM 3 HaBEACHUX
KPUTEPIIB, SIKI CTOCYBAJIMCS MOPYUICHHS KPalloBOrO MPUJISITAHHS MaTepiajiy 10 eMall
Ta HassBHOCTI KpaioBOro 3a0apBiieHHS Ha MEKi HAaHO()OTOKOMITO3HUITIHHOTO MaTepiamy
1 emauti, BIIXWICHHS MaJH 110 4 BiTHOBIIEHHS (110 25% Bij 9YuCIa pecTaBpalliii 3a boro
pPO3TalTyBaHHS).

VY marienTiB apyroi rpynu 3 22 pecTaBpalliii 3 JIOKaJi3alli€el0 Ha OKIIO31HHIN
noBepxH1 014HUX 3y0iB y 3 BiiHOBIIEHHsIX (13,6% Bij yChOT0 Uncia pecTaBpalliii I[boro
pO3TalllyBaHHs B 0Ci0 TaHOI IPyIH ) BCTAHOBJICHO MOPYILICHHS KPaHOBOTO MPWIISITAHHS
Matepiainy a0 emani, B 1 BigHOBIeHHI (4,5%), Sk 1 y Hali€HTIB MONEPEIHbOI TPYIH,
Oy70 BUSIBJIEHO HasiBHICTh KpaloBOro 3a0apBiieHHA. 3a JOKami3alli pecraBpariiiil y
MPUIIMIKOBIN AUISHII MOPYIICHHS KpalOBOTO MPWIATaHHS Marepiaiy J0 emaii Oysio
3apeecTpoBaHo y 7 BiaHOBIEHHSX (50% Bix iX KUIBKOCTI 3a TAKOTO PO3TallyBaHHS),
HasBHICTh KpaloBOro 3a0apBIICHHS Ha MeEXl 3 eMauiio Oyno 3adikcoBaHo y 6
BITHOBJICHHSX (42,9%).

OTxe, y HpsSMUX BIJTHOBJICHHSX 3yO0iB 3 YpaXEHHSMU PI3HOI JOoKami3amlii y
MalI€HTIB MEePIIOi TPYNH 32 3aCTOCYBaHHS aJr€3UBHUX CHUCTEM IT'AITOTO MOKOJIHHS 3
MOTIEPETHIM TOTATBHUM KHCIOTHHM TIPOTPABJICHHIM BCTaHOBJCHO 11 mopymieHs Ha
KJIIHIYHUMH KPUTEPISIMU, 32 SIKUMH POBOJIMIIN OLIIHKY, BOJHOYAC B 0CI0 Apyroi rpynu
3  OpsIMAMHM  BIJHOBJIEHHSAMH  3y0iB,  BUKOHAHUMH 3  BHUKOPHUCTAHHSIM
CaMONPOTPABIIOIOYOI  a/IF€3UBHOI CHCTEMH, Oylno BHSABIEHO 17 mopylleHb 3a
3a3HaueHUMH KpuTepisMu. OCOOIMBO MEPEKOHIMBO BUMIISAAE TOPIBHSIHHS KUIBKOCTI
MOpPYILIeHb 3a JIOKaji3alii pecTaBpaiii y NpHUIIMKAKOBIA IISHLI, 30KpeMa, SKIIO
MOPIBHIOBATH BIJICOTKOBI MOKAa3HUKU, TO y TAIIEHTIB JPYroi TPynu MOPYIIeHb OYyJI0
MaiKe y J1Ba pa3u OublIie.

BucHoBok. 3a pesymbrataMu JOCHIDKCHHS JOBEACHO TIEBHI IepeBaru
3aCTOCYBaHHSI TIiJ] 4Yac NPSIMOTO BIJHOBJEHHS 3y0iB HAHO(OTOKOMIO3UIIIMHUM
MarepiajJloM aJre3MBHOI CHCTEMH II'SITOTO TIOKOJIIHHS 3 TIOTIEPEIHIM TOTaJIbHUM
KHCJIOTHUM TPOTPABJICHHSIM TBEPJIUX TKAHUH.
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THE ECOSYSTEM AS A KEY CONCEPT FOR
INTEGRATING BIOLOGICAL KNOWLEDGE IN THE
COURSE “FUNDAMENTALS OF BIOLOGY”

Poleva Julia

Ph.D., Visiting Professor
Florida Institute of Technology,
Melbourne, Florida, USA

Modern biological education increasingly requires a methodological framework
that enables students to analyze living systems across spatial, temporal, and climatic
scales. In this context, the concept of the ecosystem serves not only as an integrative
theoretical construct, but also as a practical methodological tool for studying biological
complexity under varying environmental conditions [1 — 3].

In the course “Fundamentals of Biology,” the ecosystem approach is employed as
a comparative and systems-based methodology for examining ecosystems across
different climatic zones - ranging from tropical and temperate regions to arid, polar,
and aquatic environments. This approach allows students to identify both universal
ecological principles (such as energy flow, nutrient cycling, trophic structure, and
stability) and region-specific adaptations driven by climate, geography, and
evolutionary history.

The methodological emphasis is placed on comparative analysis of ecosystems
with contrasting levels of biodiversity, productivity, and resilience. By examining
ecosystems with high species richness alongside simplified or extreme systems,
students develop an understanding of how biodiversity influences ecosystem
functioning, resistance to disturbance, and adaptive capacity [4, 5]. Such comparisons
foster the ability to distinguish between general ecological patterns and climate-
dependent mechanisms [6].

Furthermore, the ecosystem framework supports the integration of empirical data,
modeling, and case studies derived from real-world ecosystems. This methodology
encourages the use of interdisciplinary tools - including ecological indicators,
functional trait analysis, and long-term monitoring data - to evaluate ecosystem
dynamics under natural and anthropogenic pressures [7, 8]. As a result, students gain
methodological competence in applying biological knowledge to diverse ecological
contexts and environmental challenges.

The Atlantic coastline represents a complex and highly productive coastal
ecosystem shaped by the continuous interaction of oceanic processes and terrestrial
environments. Constant wave action drives nutrient exchange and oxygenation of
coastal waters, supporting a high diversity of marine organisms, including fish,
crustaceans, and other aquatic species that form the foundation of local food webs
(photo.1).
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Photo 1. Where Waves Meet Wings: An Integrated Coastal Ecosystem (the author’s
personal development)

This coastal zone is characterized by a remarkable richness of avifauna. Numerous
species of seabirds and shorebirds utilize the shoreline and nearshore waters for
feeding, nesting, and migration stopovers [9]. Their presence reflects the high
biological productivity of the ecosystem and its role as a critical habitat for both
resident and migratory bird populations.

A broad belt of mangrove forests extends along the coast, serving as a key structural
and functional component of the ecosystem. Mangroves stabilize sediments, reduce
coastal erosion, and act as natural buffers against wave energy. Their complex root
systems provide essential nursery habitats for juvenile marine organisms, while also
offering shelter and breeding sites for birds and other wildlife.

Together, the ocean, mangrove communities, and diverse bird populations form
an integrated coastal system in which physical forces and biological processes are
closely interconnected, maintaining both ecological resilience and biodiversity [10,
11].

Understanding ecosystems across different climatic zones and geographical
regions is essential for developing a holistic view of the natural world. Each ecosystem
- whether a meadow, a forest, or a lake - functions according to specific environmental
conditions that shape its structure, biodiversity, and ecological processes.

Climate, temperature, precipitation, and geographic location determine which
species can thrive and how energy and matter flow within these systems [12]. A
meadow ecosystem, for example, is defined by open space, abundant sunlight, and
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seasonal variability, supporting grasses, flowering plants, insects, and grazing animals
(photo 2).

Photo 2. Where Lavender Blooms and Butterflies Dance (the author’s personal
development)

Forest ecosystems, in contrast, are structured vertically and characterized by
complex interactions among trees, understory vegetation, soil organisms, and
wildlife, with climate influencing species composition and productivity (photo 3).

Photo 3. T a{ching Forest of New Hampshire (the author’s personal
development)
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Lake ecosystems depend strongly on water temperature, depth, and nutrient
availability, forming stratified habitats that support distinct biological communities
(photo 4).

Photo 4. The Quiet Pulse of Turkey Creek (the author’s personal development)

By studying ecosystems in relation to climate and geography, students gain insight
into the adaptability and vulnerability of natural systems [13]. This understanding is
crucial for recognizing how ecosystems respond to environmental change and for
developing responsible approaches to conservation and sustainable resource
management.

An ecosystem (ecological system) is widely recognized as the basic functional unit
of ecology, representing the integrated unity of living organisms (biocenosis) and their
physical environment (biotope), interconnected through the exchange of matter,
energy, and information [14]. I believe that drawing students’ attention to individual
details and components encourages deeper reflection on the preservation of ecosystem
integrity, the protection of biodiversity, and the mitigation of negative human impacts
[15].

My photographs (1 —4) from various regions of the United States vividly illustrate
the beauty, diversity, and uniqueness of natural ecosystems.
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IHCTPYMEHTH 3HNKEHHS PIBHSI HEJET AJIBHOI'O
BI3BHECY B YKPAIHI

BoiinexoBcbkuit Makeum SIpociiaoBuy
AcmipaaT kadgeapu ExoHOMIKHM TiAIPUEMCTBA Ta 1IHBECTUIIIN
Hamionanpauit yaiBepcurtet «JIbBiBcbka [lomiTexHikay

Heneeanvnuii 6isnec ycknaowioe mooOinizayito 6HYMpIwHIX 00X00i8, niopusac
KOHKYPEHYIl0 Mma CNOMEOPIoe CMUMyau 00 ingecmuyiti i popmanizayii. ¥ eoeHuuil i
NICAAB0ECHHUL NEPI00 3pocmac nompeoda 6 IHCMPYMeHmax, AKi 0OHOYACHO 3HUICYIOMb
CMuMyIu 00 MIHI3ayii ma 30euesnioms «YiHy 1e2aibHOCmiy, nepesoosiiu KOHMpPO.b
i3 KapanuvbHo20 HA pusuxk-opienmoeanuti, yugposuu Gopmam. Boenni woxu
(NOWKOOIHCEHHA eHepeemuKU, JO2ICIMUKU) NOCUTIOIOMb NONUM HA JIKBIOHICMb |
KOPOMKI 20pU30HMU NIAAHY8AHHSL, W0 NOMPeOye a0anmueHoi NoAimuKy gopmanizayii.
Y O0anux mesax npononyemucs cucmemmo-cmpykmyposaHui HAoOip IHCMpYyMeHmis
SHUMCEHHSl PIBHA Hele2albHo20 OisHecy 6 VKpaiHi 3 Ypaxy8awHAM CYYACHUX
MIJICHAPOOHUX peKxomeHOayil, yugdpoeoi mpancghopmayii aominicmpyeaunHs ma
B0EHHO-EKOHOMIYHOI HEBU3HAYUEHOCIL.

AHami3 ocTaHHIX JOCHIKeHb 1 myomikaiii. [IpoOnema TiHizalii € mpeamMeToM
BHBYEHHS KJIACHUKIB €eKOHOMIYHOI JYMKHU Ta CYYaCHUX TOCIITHUKIB. DyHIaMEHTabHI
niaxoau @. [uaiinepa ta E. ne Coto po3rifialoTh TIHb SK PEAKI1}0 HA THCTUTYLIIHY
CaOKICTh AepkaBU. Y BITYM3HAHOMY HAyKOBOMY MPOCTOpPI BaroMMMu € mpami B.
[eitis, 3. Bapnamig ta 1. Masyp, siki aganTyBaJid CBITOBHI JAOCBiJA 10 YKPaiHCHKHUX
peaniii. [Ipore nunamika BoeHHuX aedopmaiiiii Ta uudposa pesomtomis 2024-2025
POKIB MOTPEeOYIOTh OHOBJIEHHS IHCTPYMEHTAp1I0 JeTiHI3allli.

VY HaykoBil JiTepaTypi TIHbOBHI O13HEC YACTO MOJUIAIOTH Ha «BUMYIIECHUW» Ta
«KpUMiHATBHUNY. JIJI1 3HKEHHS PiBHS MEPIIOTO THIY KPUTHYHO BAKIUBO 3MIHUTH
CITIBBIJTHOIIICHHS MDK BUTpaTaMH Ha JICTAJbHICTh Ta BHUrojaMu Bia Heil. KirouoBum
THCTPYMEHTOM TYT BUCTYTa€ pedopma OMoaTKyBaHHS Mparll.

Bucokuit kymynaTUBHUI piBeHb HaBaHTaxeHHs Ha ¢oHa oruatu mpami (€ECB,
[MIAPO Ta BilicbkoBuUI 30ip) CTBOPIOE CUTYAIIl0, 3a SKOi IMOBHA JIErali3allis OruiaTu
mpari  OpU3BOAWTH JIO BTPAaTHU  KOHKYPEHTOCIPOMOXKHOCTI  MIANPHUEMCTBA.
[HCTpYyMEHTOM BUpilIeHHS I1i€T TPOOJIEMHU € 3alPOBAKEHHS €JUHOT CTABKH MOAATKY
Ha J0XOoAu Ta 300py, sfika Oyjia O TMCHUXOJOTIYHO MPUHHATHOIO JUisl Oi3HECYy Ta He
nepeBuIyBasia 0 MeXl, 3a KO TMOYMHAETHCS MacoBe yxujeHHs. lle Biamomimae
KOHIIEMIIIi MOJaTKOBOI CYMJIIHHOCTI, /e JOOpOBUJIbHA CIIaTa MOJATKIB 0a3yeThcs Ha
JIOBIpP1 Ta MOMIPKOBAHHUX CTaBKaXx.

OpHuM 13 HaWOLIBII MEPCHEKTUBHUX 1HCTPYMEHTIB € Mepexia BiJ CYUIJIBHOTO
(bicKamTpHOTO KOHTPOJIO A0 MPEIUKATUBHOTO MOHITOPHHTY Ha OCHOBI BEIMKUX JaHUX
(Big Data). 3amicTh (13M4YHHX MEPEBIPOK, SIKI HECYTh KOPYMIIAHI PU3UKH, JepKaBa
Ma€ BUKOPUCTOBYBATH QJITOPUTMHU IMITYYHOTO 1HTEIEKTY JIJIsl BUSBIICHHS aHOMAJil y
TISTBHOCTI Cy0’ €KTIB.
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[actpyment Al-Scoring (iHTEJIEKTyadbHUI CKOPHMHI) J03BOJSIE aBTOMATUYHO
aHaJi3yBaTH JiSUTBHICTH IIJANPUEMCTBA 3a OararbMa mapamMeTpaMu: OOCSTH
CIOKMBAHHS €JIEKTPOCHEPrii MOPIBHSIHO 3 JEKJIAPOBAaHUM BHITYCKOM TMPOIYKIIIi,
KUIBKICTh O€3TrOTIBKOBUX TPaH3aKI[il IMOPIBHSIHO 3 MOJAATKOBHM 3BITOM, a TaKOXK
BIJIMOBIAHICTD CEPEIHBOI 3apIIaTH Ha MIANPUEMCTBI pUHKOBUM MOKa3HUKAM PETIOHY.
Buxopucranns wmoneneit «BunagkoBoro Jjicy» (Random Forest) y nepskaBHUX
CHUCTEeMaX MOHITOPUHTY JIO3BOJISE 3 BUCOKOIO TOYHICTIO 1ICHTU(IKYBATH «Cip1» CXEMH
0e3 BTpyuyaHHS B ONEpaliifHy MiSUTBHICTh YeCHOTo Oi3Hecy. TakuM YHWHOM, PU3HK
BUSIBIICHHS TIOPYIIIEHb CTa€ HACTUTLKM BUCOKUM, 1110 TIepeOyBaHHs B TiHI BTpayae CBii
€KOHOMIYHUH CEHC.

HayxoBwuii iHTE€peCc CTAHOBUTH IHCTPYMEHT reiMigikariii moaaTkoBoOi JOSUTBHOCTI.
Hoceig TaiiBanto ta Ilopryraimii 3 porepesiMu (ICKaIbHUX YEKIB MIATBEPIKYE, L0
3aJly4eHHs CIOXKMBaya J0 KOHTPOJIIO € €(PEeKTUBHIMINUM 3a OyAb-sKy IHCIEKLi0. B
YKpPAiHCbKUX peallisiX el I1HCTPYMEHT TPaHC(POPMYEThCS y CHCTEMY «CMapT-
PEUTHHTIBY» Y IU(DPOBUX JIepKaBHUX TUIaT(hopmax.

[TinmpuemcTBa, 0 IEMOHCTPYIOTh BUCOKUM piBeHBb Mpo3opocTi (craryc « White
Label»), matoTh OTpuMyBaTH HE JIHIIIE 3BUTLHEHHS B1J IJITAHOBUX MEPEBIPOK, a 1 Mpsmi
npedepeHIlii: HUXK4l BiJICOTKOBI CTaBKH 3a JIEPKAaBHUMH MPOrpaMaMH KPEeJIUTYBaHHSI,
NpPIOPUTET Yy JEp’KaBHUX 3aKYIIBIAX Ta CHPOLICHUN TOCTYI 10 TpaHTiB. Lle cTBOproe
CHUTYAIIII0, 1€ JETAIBHICTh CTAa€ HEMaTepiaJIbHUM aKTUBOM O13HECY, IO ITiIBHUIIY€ HOTO
KamiTam3amnio.

BaxxnuBUM 1HCTpYMEHTOM JI€TiHI3allli € BIpPOBa/UKeHHS craHaapTiB SAF-T
(Standard Audit File for Tax) ta aBTomaTnuHOro 0OMiHy iH(OpMali€e npo (piHaHCOBI
paxyHku. I{i iHCTpyMeHTH pOOJIATH TPAHCKOPJIOHHI CXE€MU MiHIMIZaIli MOAATKIB
BUIMMHUMM 111 perynstopa. Y 2026 poui VYkpaiHa Mae 3aBEpUIUTH TOBHY
CHUHXPOHI3aIlil0 CBOiX 0a3 JaHMX 13 MUTHUMHU Ta MOJATKOBUMHU peecTpamu €C, 1o
YHEMOXKJIMBUTH ICHYBaHHSI KOHTPaOaHIN Ta «CKPYTOK» SIK IHCTPYMEHTIB HAKOITMYEHHS
HeJIeraJabHOTO KariTaty.

TakuMm 4YMHOM 3HIDKEHHS PIBHS HeJeralbHOro Oi3Hecy B YKpaiHi BHMarae
Mepexoay BiA MOJENl <«JIepkKaBa-KOHTPOJEP» 10 MOJIETl «JepkKaBa-cepBic» Ta
«JIep)KaBa-aHAIITHK.

HaiiGinpiry ehekTUBHICTh JEMOHCTPYE CHHEPTeTHYHE IMOEAHAHHS TPbOX TPYII
1HCTPYMEHTIB:

«  ExoHOMIYHMX: uepe3 3HUKEHHS MMOJaTKOBOT0 TUCKY Ha ()OH/I OIJIaTH Tpalll Ta
JePEryJIsIiio;

« TexHonoriyHux: yepes BIpoBaKeHHsT Al-Mo/1e1eil MOHITOpUHTY aHOMaTii Ta
Big Data ananituku;

«  CoulanpHo-penyTaliinux: uepe3 uupoBy reiMidikamio JIOsSUIBHOCTI Ta
HaJlaHHs TpedepeHIiid mpo3opomy Oi3Hecy.

KommiekcHa peanmizamisi OUX IHCTPYMEHTIB JO3BOJUTH HE JIMIIE€ HANOBHUTU
O1o/IKeT, a i cpopMyBaTH HOBY KYJIBTYPY MOJATKOBOI CYMJIIHHOCTI, 110 € HEOOX1IHOIO
YMOBOIO WICHCTBa YKpainu B €BponeiickkoMmy Coro3i.
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The actuality of this research lies in the fact that nowadats the majority of indexed
journals require manuscripts to be submitted in English, posing a significant difficulty
for translingual writers. A code-switching environment, in which cross-linguistic
influences particularly interference from the first language are clearly observable, plays
a key role in addressing this issue. Dealing with the complex spectrum of language-
related challenges is inconceivable without considering three fundamental levels of
written production: lexical, syntactic, and textual. The study examines the nature of
possible errors and explores their interlingual and intralingual sources.

This research is a mixed-method study encompassing descriptive qualitative and
descriptive quantitative methods. Content analysis was employed as the data gathering
technique. The analysis of texts was focused on tracing deviations from consistent
principles and rules of Standard English and linguistic features of English research
discourse and encompassed such steps as highlighting the error, cross-checking and
stating the deviation, listing and classifying the errors, and tracing a possible
connection of the error to authors’ first language interference.

Presenting research effectively in a foreign language and making it attractive to a
wide audience requires the development of a coherent written output viewed through
the lens of both code-switching dynamics and writing precision. English, as the
dominant language of contemporary science and technology, appears to be securing a
prominent position in the linguistic marketplace [1], while academic journal writing is
regarded as a cognitively demanding endeavor that necessitates compliance with
rigorous criteria and standards of content and presentation in order to achieve the
sought-after status of “accepted for publication” [2]. Consequently, cross-linguistic
communication within academic settings is becoming an increasingly competitive and
demanding domain.

It may be argued that the most significant shifts from linguistic and stylistic norms
emerge at the syntactic level, encompassing diverse instances of improper word order,
clause structure, or the use of transitional devices that create inter- and intra-sentential
links.

A wide range of grammatical errors resulting from authors’ inadequate command
of the target language, limited precision, or the transfer of grammatical structures from
their first language may lead to disruptions at the sentence level (e.g., incorrect subject—
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verb agreement, omitted predicates) or appear in localized forms (e.g., missing articles,
improper use of quantifiers).

Errors that may potentially lead to ambiguity or reduced sentence clarity are
typically associated with the improper use of verbs, particularly predicates. In this
respect, the most common errors observed in the writing of Ukrainian authors involve
omitted predicates, most notably linking verbs, among others.

Additional instances of verb-related errors identified in the analyzed texts
encompassed incorrect subject—verb agreement (typically involving a mismatch
between singular noun or pronoun subjects and plural verb forms, or the reverse),
inaccurate verb tense selection, as well as unsuitable application of the passive voice.

Furthermore, a range of errors related to the use of infinitive and gerund
constructions, as well as modal verbs, was identified.

On the lexical level the results of our analysis demonstrate numerous instances of
unsuitable word selection, the formation of non-standard collocations, and erroneous
phrases arising from authors’ reliance on semantic or structural patterns of their native
language.

Many instances of incorrect word and phrase usage in the analyzed texts can be
attributed to the phenomenon of loan translation, or calque, which is commonly
described as “ad hoc word-for-word or morpheme-by-morpheme renderings from one
language into another” [3].

The examination revealed a number of spelling inaccuracies, which may be broadly
classified into several categories: deviations from a particular orthographic convention
(British versus American English), errors in the spelling of toponyms, improper
capitalization, and incidental spelling mistakes [4]. With respect to the first category,
it must be acknowledged that authors occasionally alternate between British and
American spelling conventions, although American spelling is generally favored. The
second category warrants closer consideration, as it clearly reflects the influence of a
third language — Russian.

Hence, the current study has identified specific linguistic domains in which
Ukrainian authors may struggle to convey their scientific ideas effectively. At the level
of text organization and style, these issues include weak paragraph structure and a
limited range of academic vocabulary, primarily resulting from insufficient training in
academic writing in both native language and foreign language, as well as excessive
verbosity influenced by native academic discourse conventions.

At the syntactic level, the most significant departures from linguistic and stylistic
norms involve errors in word order, clause construction, linking devices, and
transitional elements. Extended, cumbersome sentences with multiple clauses,
misplaced modifiers, and incorrect word choices reduce the clarity and readability of
manuscripts [5]. These patterns often reflect interference from the native language, as
well as the legacy of “post-Soviet” academic writing traditions.

Grammatical errors indicate an incomplete command of the target language,
limited precision, or the transfer of grammatical structures from native language. The
most frequent mistakes among Ukrainian authors include omitted predicates,
particularly linking verbs, incorrect subject—verb agreement, inaccurate verb tense
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forms (including verbals), inappropriate use of the passive voice, as well as errors in
nouns, pronouns, modal verbs, articles, demonstratives, and quantifiers. These issues
largely stem from insufficient language proficiency or lack of precision, highlighting
the influence of intralingual factors.

At the lexical level, it was observed that authors’ attempts to construct English
phrases based on native language structural patterns often produce hybrid collocations
that combine features of both mother tongue and foreign language, sounding unnatural
to native English speakers [6]. Additionally, numerous prepositional errors were
identified, which can be classified as intralingual in nature rather than resulting from
native language interference.

Regarding orthography, particular attention should be given to the spelling of
toponyms, which is affected by a third language, Russian. The absence of a
standardized system for spelling Ukrainian toponyms renders this issue both
controversial and debatable.
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Abstract: The rapid expansion of artificial intelligence (Al) in education has
intensified interest in how personalized learning pathways can be designed to support
foreign language (FL) reading competence. This article synthesizes current theoretical
and empirical work on Al-enhanced personalization in language learning and proposes
a conceptual model for structuring personalized reading pathways. Drawing on
research into Al-supported adaptive systems, Al-generated adaptive texts, and
Al-assisted reading tools, the paper highlights how learner modelling, dynamic content
sequencing, and real-time feedback can be aligned with pedagogical goals and reading
strategy development. Particular attention is paid to the cognitive and affective
dimensions of FL reading, including reading comprehension, strategy use,
engagement, and anxiety. The argument is grounded in the broader literature on
Al-driven personalized learning and language pedagogy, which stresses the need for a
balance between algorithmic adaptivity and human mediation. The article concludes
with implications for designing methodical systems of FL reading instruction with Al
integration, building on the notion of personalized, strategy-oriented learning
trajectories that respect curricular constraints and ethical considerations.

Keywords: artificial intelligence; personalized learning pathways; foreign
language reading competence; adaptive learning; reading strategies; engagement;
anxiety.

Personalized learning has long been an aspiration in education, yet practical
constraints have often limited teachers’ ability to tailor instruction to individual
learners. Al-driven systems have changed this landscape by making it possible to
collect and analyze rich learner data and to adjust content, tasks, and feedback in near
real time [1, p. 650]. Within foreign language education, these developments coincide
with an increased emphasis on communicative competence and on differentiated
instruction that recognizes learners’ diverse profiles.

Reading is a central component of foreign language competence and a domain
where personalization appears particularly necessary. In typical school classrooms,
learners are expected to work with the same texts and to meet common assessment
standards, even though their levels of proficiency, strategy repertoires, and affective
dispositions may vary widely. As a result, weaker readers can experience persistent
overload, while more advanced learners may not be sufficiently challenged.

Al-enhanced personalized learning pathways aim to mitigate this tension by
constructing individualized routes through reading activities while preserving shared
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curricular goals. Tapalova and Zhiyenbayeva conceptualize such pathways in AIEd as
dynamically generated sequences of learning objects and tasks that respond to evidence
about learners’ current knowledge and performance [1, p. 649]. Fortuna’s review of
Al-driven personalized learning further emphasizes that pathways are not purely
technical artefacts; rather, they embody particular pedagogical approaches, such as
mastery learning and competency-based progression. In language education, Saieed
Moslemi Nezhad Arani notes that Al should support, rather than displace, the human
dimensions of teaching, especially in areas that involve interpretation, culture, and
identity[2, pp. 1-22].

This article situates itself at the intersection of these discussions. It focuses on how
Al-enhanced personalized learning pathways can be designed to support foreign
language reading competence in institutional settings, particularly schools, where
methodical systems of instruction provide the overarching structure. The aim is not to
present an empirical intervention but to synthesize existing literature and propose a
conceptual model that can inform further design and research.

Conceptualizing personalized learning pathways in Al-supported language
education: The AIEd literature typically describes personalized learning pathways as
trajectories that learners follow through a network of content and activities, guided by
an Al-driven learner model. Such pathways are characterized by four key properties:
they are (a) responsive to learner data, (b) aligned with explicit learning objectives, (c)
capable of adjusting pace and difficulty, and (d) continuously updated as new data
become available.

Fortuna’s synthesis of Al-enabled personalized learning systems shows that these
properties can be realized through various pedagogical logics. In a mastery-oriented
approach, progression along a pathway is contingent on demonstrating a predefined
level of competence; the Al system recommends additional practice or remedial
activities when evidence suggests that mastery has not yet been reached. In contrast, in
more exploratory models, Al may propose alternative branches or extension tasks
based on learner interests, thereby balancing competence development with
motivation[3].

In the domain of foreign language learning, Moslemi Nezhad Arani argues that
AT’s role in personalized learning must be carefully defined. The paper outlines a
conceptual view in which Al supports personalization by handling routine diagnostics
and adaptive content selection, while teachers remain responsible for interpreting
learners’ needs holistically, integrating cultural perspectives, and orchestrating social
interaction. From this perspective, Al-enhanced pathways in language learning are
hybrid constructs: partly algorithmic, partly human-designed, and embedded in broader
pedagogical scenarios|[2].

For reading competence, this implies that Al should not be allowed to unilaterally
determine the content and direction of learners’ trajectories. Instead, pathways need to
be grounded in a clear conception of what it means to read effectively in a foreign
language and how reading develops over time in institutional contexts such as basic or
secondary education.
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Foreign language reading competence as a target of personalization: Foreign
language reading competence can be understood as the ability to construct meaning
from written texts in the target language in ways that are appropriate to the reader’s
goals and context. This involves not only decoding and vocabulary knowledge but also
a repertoire of strategies such as skimming, scanning, predicting, inferring, monitoring
comprehension, and evaluating information.

From a methodical perspective, especially in school settings, reading competence
is often operationalized through task performance. Learners demonstrate their
comprehension by answering literal and inferential questions, completing gap-fills,
matching headings to paragraphs, or producing summaries. Reading tasks may align
with external frameworks such as the Common European Framework of Reference
(CEFR), which provides level-specific descriptors for reading behavior.

Personalized pathways for reading thus need to take into account at least three
dimensions:

- Text difficulty and type. Texts may vary in length, lexical density, syntactic
complexity, discourse structure, and topic familiarity. Aligning these factors with
learners’ proficiency is crucial to avoiding both frustration and boredom.

- Task demands. Tasks can call for recognition of explicit information, integration
across sentences and paragraphs, or more evaluative responses. Adjusting task
demands allows learners to practice specific sub-skills within their zone of proximal
development.

- Scaffolding and feedback. Supports such as glossaries, hints, worked examples,
and strategy prompts help learners manage difficulty and adopt more effective reading
behaviors.

Al technologies are well suited to mediating these dimensions. Adaptive engines
can analyze text complexity, generate or select tasks at different levels, and modulate
scaffolding according to learner responses. The challenge is to embed these capabilities
within a pedagogically coherent system that advances reading competence rather than
merely optimizing short-term performance.

Mechanisms of Al-enhanced personalized reading pathways: Empirical work on
Al-supported reading provides useful insight into how adaptive mechanisms can be
operationalised.

Ibrahim reports on an adaptive learning system for EFL reading in which tasks and
feedback are dynamically adjusted on the basis of learner performance. Over several
weeks, learners in the experimental group worked with texts and comprehension
activities that were automatically tuned to their evolving proficiency[4, pp. 3900-
3912]. Compared with a control group receiving non-adaptive instruction, the
Al-supported group showed higher gains in reading comprehension and improved
awareness of their own reading processes, suggesting that algorithmically guided
pathways can support both performance and metacognition.

He focuses on Al-generated adaptive texts, demonstrating that systematic
adjustments to lexical and syntactic complexity can improve comprehension outcomes,
particularly for learners at lower proficiency levels [5, pp. 46-52]. By generating
multiple versions of the same text at different difficulty levels, Al systems can place
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learners on differentiated but thematically aligned reading pathways. This form of
adaptation is especially relevant in school settings, where curricular content is
prescribed but learner readiness to engage with that content varies.

Feng and colleagues extend the notion of personalization to include affective states.
Their Al-enhanced reading platform integrates biometric data, such as heart-rate
variability and eye-tracking measures, to infer cognitive load and anxiety. The system
then adjusts task difficulty, offers breaks, or provides supportive prompts to help
learners maintain an optimal level of arousal[6, pp. 1-16]. The study reports improved
reading comprehension and reduced anxiety for learners using the biometric-enhanced
version of the platform, indicating that affect-sensitive personalization can be
beneficial.

At the level of tools rather than full platforms, Riyani examines Al-assisted reading
environments in which EFL learners interact with Al-based assistants to clarify
vocabulary, paraphrase sentences, and check understanding. Under teacher guidance,
learners use the assistant to explore texts more deeply and to receive immediate
responses to their questions. The study finds that such interactions contribute to higher
reading comprehension scores and greater engagement compared with a purely
textbook-based approach.

Kencana’s qualitative research on Al in language learning further illuminates how
learners experience personalized pathways [7, pp. 249-263]. Participants value the
adaptivity and autonomy afforded by Al tools but also highlight concerns about cultural
appropriateness, output reliability, and data privacy. Importantly, many express a
preference for hybrid learning environments in which Al-mediated personalization
complements, rather than replaces, teacher-led instruction and peer interaction.

Taken together, these studies illustrate that Al-enhanced personalized pathways for
reading can involve multiple layers of adaptation: to content, tasks, feedback, and even
affective states. However, they also suggest that such pathways are most effective when
embedded in carefully designed pedagogical contexts.

A conceptual framework for Al-enhanced personalized pathways in FL reading:
Synthesizing the above insights, a conceptual framework for Al-enhanced personalized
learning pathways in foreign language reading can be articulated along four interrelated
components.

- Competence-aligned pathway design: The starting point is a clearly articulated
model of FL reading competence that specifies sub-skills and strategies relevant to the
curriculum. This model should be decomposed into learning objectives that can be
operationalised through tasks and texts. For example, objectives might include
“identify the main idea of a short narrative text at B1 level” or “infer the meaning of
unknown words from context in expository texts.” Personalized pathways then
represent different sequences and intensities of practice across these objectives,
tailored to learner profiles.

- Al-driven learner modelling and diagnostics: The second component is a learner
model that accumulates data on task performance, error patterns, and, where feasible,
behavioural or biometric indicators. Following principles outlined in AIEd research,
this model should be transparent enough that teachers and learners can understand what
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is being inferred and why [1]. In the context of reading, the model might track
performance across categories such as literal comprehension, inference, and
vocabulary in context, thereby informing decisions about the next steps along an
individual’s pathway.

- Adaptive content and task generation: The third component involves tools for
generating or selecting texts and tasks that align with both the competence model and
the learner model. He’s work on adaptive texts demonstrates how Al can manipulate
linguistic features while preserving topic and key information. Building on this,
adaptive engines can assign different text versions and accompanying question sets to
learners at different points on their pathways. Ibrahim’s and Riyani’s studies suggest
that such adaptivity is particularly effective when combined with immediate,
informative feedback.

- Pedagogical orchestration and responsible use: finally, successful
implementation requires thoughtful orchestration by teachers and institutions. Fortuna
emphasises the central role of teacher expertise in selecting appropriate pedagogical
approaches and managing the impact of Al on classroom dynamics. Moslemi Nezhad
Arani similarly argues that teachers must retain control over key decisions, including
which Al tools to use, how to integrate them into lessons, and how to address ethical
concerns. Kencana’s findings about learner perceptions underline the importance of
clear guidelines on responsible use, transparency about data collection, and ongoing
dialogue about the limitations as well as the affordances of Al [7].

Within this framework, Al-enhanced personalized pathways are not standalone
systems but components of broader methodical designs for FL reading instruction.
They can be integrated into lesson stages (pre-reading, while-reading, post-reading),
into assessment regimes (formative mini-tests along the pathway), and into support
structures (additional practice for learners who need it, enrichment for those who
progress quickly).

Challenges and directions for future work: Despite encouraging evidence, several
challenges remain in implementing Al-enhanced personalized reading pathways in real
educational contexts.

One challenge concerns equity and access. Adaptive platforms and Al-assisted
reading tools presuppose reliable access to digital devices and connectivity. In many
school systems, this is unevenly distributed, which risks exacerbating existing
inequalities in reading outcomes.

A second challenge involves teacher preparation and workload. Teachers need
support to interpret the data generated by Al systems, to integrate adaptive
recommendations into their planning, and to moderate learners’ use of Al-assisted
tools. Without such support, Al-driven personalization can become an additional
burden rather than a help.

A third area of concern is assessment alignment. High-stakes examinations often
remain largely non-adaptive and may not fully recognize the types of reading
competence that personalized pathways are best suited to develop, such as strategic
flexibility or deep inferential skills. This misalignment can create tensions between
innovative classroom practice and external accountability.
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Finally, ethical and regulatory frameworks for Al in education are still evolving.
Issues related to privacy, algorithmic bias, and the long-term effects of pervasive data
collection need continued scrutiny. Learner perceptions, as documented by Kencana,
show that students themselves are sensitive to these questions and expect transparency
and fairness.

Future research should explore how conceptual frameworks like the one outlined
here can be instantiated in specific school settings, including those where methodical
systems for FL reading instruction are already well-developed. Design-based studies
that iteratively refine Al-enhanced pathways in collaboration with teachers and learners
would be particularly valuable.

Conclusion. Al-enhanced personalized learning pathways hold significant promise
for supporting foreign language reading competence, especially in contexts where
diverse learners must engage with common curricular materials and assessments. The
literature reviewed in this article suggests that adaptive systems, Al-generated texts,
biometric feedback, and Al-assisted reading tools can all contribute to more tailored
and responsive learning experiences. At the same time, conceptual analyses stress that
such personalization must be anchored in coherent pedagogical frameworks and
implemented with careful attention to ethical and practical constraints.

For educators and researchers developing methodical systems of FL reading
instruction, Al-enhanced personalized pathways should be seen neither as a panacea
nor as an optional add-on. Rather, they represent a set of tools and design possibilities
that, when thoughtfully integrated, can help align the aspiration of individualized
support with the realities of classroom teaching. As Al technologies continue to evolve,
the task will be to ensure that they are harnessed to deepen learners’ engagement with
texts, strengthen reading strategies, and broaden access to meaningful foreign language
literacy, rather than simply to accelerate the delivery of exercises.
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Introduction

In the globalized world of the 21st century, the digital transformation of education
is recognized as a key driver of progress and social mobility. Online learning, in
particular, is seen not just as a technological innovation, but as a revolutionary tool
capable of providing unprecedented access to knowledge, increasing the flexibility and
personalization of the learning process, and optimizing the use of limited resources. Its
role has become critical during global crises: the COVID-19 pandemic has been a
large-scale experiment that has forced large numbers of students around the world to
switch to distance learning, while armed conflicts, wars, and mass migrations have
highlighted its potential as a mechanism for ensuring access to education.

However, this optimistic narrative is confronted with the harsh reality of
developing countries. Here, the potential of online learning is only partially realized,
and sometimes not realized at all, transforming from a tool for inclusion into a
mechanism for exclusion. Deep structural socio-economic problems, systemic
inequality in access to digital technologies, and weak institutional capacity of education
systems create a set of interrelated barriers. As a result, online learning risks not only
reproducing but also significantly deepening existing educational inequalities, creating
a new digital divide—not only in access but also in the quality of learning outcomes.

Online learning, as a modern form of organizing the educational process, is based
on the comprehensive use of information and communication technologies for
interaction between teachers, students, and available information resources. In the
context of developing countries, it is often combined with the concept of open
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education, aimed at reducing barriers. However, it is precisely this context — socio-
economic, cultural and infrastructural — that becomes the determining factor in the
success or failure of these theoretical models in practice [1-7].

1. Technological and infrastructural barriers to the use of distance education
in developing countries [4; 5; 7]

o Fragmented Internet coverage and poor connection quality: In many regions,
the Internet remains a luxury. Even where coverage is available, low data transfer
speeds (e.g., less than 3G) make it impossible to use resource-intensive but effective
synchronous forms of learning: real-time video lectures, interactive webinars, and
group discussions on video platforms. This forces them to resort to asynchronous
methods (e.g., downloading text files), which reduces the dynamics and social
component of the learning process itself.

o Shortage and obsolescence of devices: Owning a personal computer or even a
new-generation smartphone remains an unattainable goal for millions of families
around the world. Students are often forced to use shared, morally and physically
obsolete devices in the family, which makes it difficult to participate regularly in
classes, access complex applications, and complete assignments. This "digital poverty"
creates unequal starting conditions.

o Unstable power supply: Frequent and prolonged power outages in rural areas
and some cities in developing countries make any planning for online learning
extremely risky. A student may be disconnected at a critical stage of an exam or lecture,
undermining the very foundation of the educational process.

2. Economic and resource constraints [3; 4; 7]

o Financial inaccessibility: For low-income families, the cost of high-quality
internet traffic, even basic devices and licensed software, becomes an unbearable
financial burden. This forces them to choose between education and basic human
needs.

o Limited institutional resources: Many universities and schools in developing
countries do not have the budgets to develop or license modern learning management
systems (LMS) such as Moodle, Canvas, or Blackboard. The lack of technical support,
IT departments, and funds for regular updates of digital content leads to the use of
outdated, ineffective solutions, often through free but limited platforms (e.g., social
networks).

3. Pedagogical and content challenges [1; 2; 6]

o Lack of digital pedagogy: The crisis-driven introduction of online learning often
reveals a lack of systematic training for teachers themselves. Many of them, while
experts in their discipline, do not have the skills to effectively design online courses,
conduct virtual discussions, or create interactive materials. This leads to simply
"transferring" lectures to Zoom or sending PDF files, which ignores the didactic
potential of the digital environment.

o Content colonialism and lack of localization: Global platforms for massive open
online courses (MOOCs) and other resources are often developed in a Western context.
They may not take into account local cultural realities, examples, historical
perspectives, and issues relevant to the region. In addition, the dominance of English
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creates an additional barrier, requiring students not only to master the subject matter,
but also to overcome the language barrier.

o Assessment and academic integrity issues: The online format complicates
traditional knowledge monitoring, increasing the risks of plagiarism and unauthorized
assistance during testing. Developing reliable, creative assessment methods that test
understanding rather than just memory requires additional pedagogical efforts and
technological solutions that are often simply unavailable in developing countries.

4. Sociocultural and psychological aspects [4; 7]

o Widening social gaps: Online learning can amplify existing inequalities:
between urban and rural areas, between rich and poor, between men and women. In
many conservative societies, girls and women may have limited access to devices or
time for learning due to social norms and domestic responsibilities.

o Lack of digital and learning autonomy: Success in an online environment
critically depends on the learner's ability to plan their time, motivate themselves, and
search for information independently. These skills are often not developed in education
systems that focus on passive knowledge acquisition under strict teacher supervision.
This leads to loss of motivation, procrastination, and high dropout rates.

o Digital fatigue and social isolation: Prolonged screen time, limited nonverbal
interaction, and feelings of loneliness can lead to psychological exhaustion, decreased
engagement, and increased stress among students, which affects overall learning
effectiveness.

5. Systemic and regulatory gaps [3; 7]

e Lack of national strategy: Many developing countries simply lack a
comprehensive vision for the development of online education as an integral part of
national education policy. This leads to fragmented, uncoordinated initiatives, a lack
of quality standards, and mechanisms for recognizing credits earned online.

o Accreditation and data protection issues: The legitimacy of online diplomas and
certificates is often questioned by both employers and government agencies. In
addition, the use of international platforms raises complex issues regarding the storage
and protection of students' personal data, which is often not adequately regulated by
national legislation.

Conclusions

In conclusion, online learning undoubtedly has transformative potential for
developing countries. However, this potential is not automatically realized with the
advent of new information technologies. This process requires a conscious,
comprehensive, and context-sensitive approach that simultaneously addresses
technological, economic, pedagogical, sociocultural, and regulatory barriers.
Investments in infrastructure must go hand in hand with mass training in digital
pedagogy for teachers. The development of localized, relevant content must be
accompanied by the formation of learning autonomy skills in students. International
cooperation should be aimed not at exporting ready-made models, but at jointly
developing flexible solutions and exchanging best practices.
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Further research should focus on a thorough empirical evaluation of the
effectiveness of various hybrid and fully online models specifically in the context of
developing countries to ensure empirically grounded policies that will transform online
learning from a source of inequality into a true tool for equity and progress.
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In the modern era, the development of science and education is closely linked to
the rapid advancement of information and communication technologies (ICT).
Globalization and digitalization have led to the emergence of new approaches in the
education system while prompting the modernization of traditional teaching models.
In particular, the integration of digital platforms into the teaching process has made it
possible to organize lessons in a more flexible, accessible, and interactive manner. In
this regard, the formation of an interactive learning environment is considered one of
the key priorities of contemporary education.

The Role of Digital Platforms in the Teaching Process

Digital platforms play a crucial role in enhancing interaction between teachers and
students. Through online platforms such as Zoom, Microsoft Teams, Google
Classroom, Moodle, and others, lessons can be conducted both synchronously and
asynchronously. These platforms provide extensive functionalities for sharing
educational materials, assigning and evaluating tasks, conducting discussions, and
monitoring the learning process.

The use of digital platforms eliminates time and space constraints in the educational
process, thereby increasing accessibility to education. Students can access lesson
materials at any time, rewatch video lectures, and communicate with teachers online.
This, in turn, enhances the continuity and efficiency of the learning process.

Mechanisms for Forming an Interactive Learning Environment

An interactive learning environment aims to transform students from passive
listeners into active participants in the educational process. To this end, digital
platforms offer a variety of interactive tools. Online polls, quizzes, discussion forums,
group work, virtual whiteboards, and presentations increase student engagement and
make learning more effective.

Interactivity also positively influences the development of students’ critical
thinking, problem-solving, and collaborative skills. Group discussions and project-
based assignments strengthen students’ social and communication competencies. By
enabling personalized learning opportunities, digital platforms allow the creation of a
teaching environment tailored to the individual knowledge and skill levels of each
student. [1]

The Role of Teachers and Digital Literacy

The successful formation of an interactive digital learning environment directly
depends on teachers’ pedagogical and technological competencies. Teachers must be
able to use digital platforms effectively, select appropriate interactive methods, and
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apply them properly. Enhancing digital literacy enables teachers to operate in
accordance with the demands of modern education.

Furthermore, continuous professional development and participation in training
programs positively impact the quality of digital teaching. Purposeful use of interactive
tools in lesson planning ensures a more productive educational process. [2]

Challenges and Issues

Despite the benefits, there are certain challenges in forming an interactive learning
environment through digital platforms. Technical issues, uneven development of
internet infrastructure, and limited digital skills of some users are among the main
obstacles. Additionally, maintaining student motivation and ensuring academic
integrity in an online environment require careful attention.

In conclusion, the formation of an interactive learning environment through digital
platforms plays a significant role in the advancement of contemporary education. The
systematic and purposeful application of these platforms enhances teaching quality,
increases student engagement, and makes the learning process more effective. Proper
pedagogical integration of digital technologies paves the way for the creation of more
innovative and sustainable educational environments in the future.
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HEJATOI'TYHHE CIHHIVIKYBAHHA SK
®YHJIAMEHTAJBbHUH YUHHUK E®GEKTHUBHOI
OPI'AHI3BAIIII CAMOCTIMHOI POBOTHU CTYJIEHTIB

IcaeBa CBitiiana /ImutpiBHa
KanaunaT negarorivHux HayK, JOLEHT
KuiBcrkuit HamionanbHui yHiBepcuteT iMeHi Tapaca IlleBuenka

Cogoseii Hina BacuiiiBHa
Kanguaat ¢imonoriynux HaykK, JOIEHT
KuiBchkuiil HarioHansHui yHiBepcuTeT iMeH1 Tapaca llleBuenka

VY cydacHiil BUIIIM OCBITI caMOCTiiHa po0OOTa CTYJEHTIB PO3TISAAETHCS SIK
KJIFOUOBUA KOMIIOHEHT HABYaJIbHOIO TMPOLECY, WI0 CHPUSE CaMOPO3BUTKY,
CaMOKOHTPOJI0, (OPMYBaHHIO MPOPECIiHOI KOMIETEHTHOCTI Ta 3JAaTHOCTI M0
noAanbIoro HaByaHHs ynpoaosx xkutTti (lifelong learning). CamocTiitHa TisJIBHICTH
PO3IIMPIOE MEK1 Ay IMTOPHOTO HABUAHHSI, CTUMYJIIOE PI3HOOTYHE MUCJICHHS Ta CIIPUsIE
MONIYKY TBOPYMX MIJXOMIB 10 pO3B’s3aHHSA mnpodeciiiHux 3anad. BoagHouac
€(eKTUBHICTh CAMOCTIMHOI pOOOTH BEIMKOIO MIPOI0 3alleKUTh BiA PIBHA
MEJaroriyHoro CHUIKYBaHHS, sKE€ BiIOYBAa€ThCS MIXK BHUKIAJa4eM 1 CTyJCHTaMH.
[lenaroriune cHiIKyBaHHS — II¢ HE Juiie oOMiH iHGoOpMalli€r, e W Ipoliiec
MOTHUBYBaHHS, B3a€EMOPO3YMIHHS Ta MIATPUMKH, IO CTBOPIOE MEPEAYMOBH IS
MPOyKTUBHOI CAMOCTIHHOT J1SUTBHOCTI.

Posrasigatoun CyTHICTH Ta CTPYKTYpY MEIaroriyHOTO CHUJIKYBaHHS, 3a3HAYMMO,
[0 BOHO € cnenudiuHoo (OpMOI0 B3a€MOAIl MK BHKJIAJaue€M Ta CTYIEHTOM, LIO
nepeadayae yCBIIOMIIEHY Nepefady 3HaHb, yMiHb, HOPM, LIIHHOCTEH 13 ypaxyBaHHSIM
IHAUBITYyaIbHUX OCOOJMBOCTEN CTyIeHTIB. llemaroriune choiaKyBaHHS BKIIIOYA€
BepOanbHI Ta HeBepOabHI 3acO00M B3a€EMOJIl, €MOLIHE B3a€EMOpPO3YMIHHSA Ta
pedriekcuBHUM 3BOpOTHUIM 3B’ 530K [ 1, 2, 3, 4, 5].

[Ilomo CTpyKTypU MENarorivHoro CHiJKyBaHHS, BOHO MICTUTh TaKi KOMIIOHEHTH,
AK: MeTa Ta 3MICT B3a€EMOJIli; KOMYHIKAaTHBHI 3acoO0M Ta METOJIMKH mepenadi
iHdopmari; QyHkiii crnimkyBaHHs (iHGopMalliiiHa, MOTHBaIliiHA, pEryJATUBHA,
BHUXOBHA); CTWJI1 BUKJIaJ[a4ya y MPOIIeCi CIIUIKYBAaHHS; 3BOPOTHUH 3B’ 30K SIK KITFOUOBHUI
eJIeMEeHT KOMYHiKarii [6, 7, 8, 9].

XapakTepusylound CaMOCTIHHY poOOTy CTYACHTIB K IENaroridyHe SBUIIE, CIiJ
BIIMITHTH, IO CaMOCTiHHAa po0oTa — I AISUTHHICTH CTYJEHTA, COpPSIMOBaHA Ha
OBOJIOJIHHS HAaBYAJILHUM MarepiaioM Ta (opMyBaHHS HABUYOK CAMOCTIMHOTO
HaBYaHHA 0O€3 MOCTIMHMX MIJKA30K BHKJIaAada. Taka MIsUIbHICTh CHPUSE PO3BUTKY
MHUCJICHHS, CAMOKOHTPOJTIO Ta BIAMOBIAAIBHOCTI 32 pe3yJIbTaTH HaBUaHHS [6, 9].

Cepen OCHOBHUX IIUJIeH opraHizailii caMOCTIMHOI POOOTH MO>KHA BHOKPEMUTH:
PO3BUTOK TBOPYOi AKTUBHOCTI; ()OpMYyBaHHS 3JATHOCTI 0 KPUTUYHOTO aHaII3y
Marepiaiy; MiJBHUILIEHHS MOTHUBALli /10 HaBYaHHS; PO3BUTOK NpPO(eciiiHUX YMIHb;
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CaMOBJIOCKOHAJICHHSI YIPOJOBXK >KUTTS, HaBITh Micas (HOPMATbHOTO 3aKIHUYEHHS
BUIIIOTO HaBYAJIBLHOIO 3aKjay [6, 9].

[Ilomo dbyHKIIOHATBEHOT B3a€EMO/I1T MEIaroriYHOTO CIUJIKYBAaHHS Ta CAMOCTIMHOL
po0OOTH, CII1]T HATOJIOCUTH, 110 €(heKTUBHICTh CAMOCTIHHOI pOOOTH CTYJIeHTIB O6arato B
YOMY BHU3HAYA€ThCS THUM, SIK BHUKIJIAJa4d OPraHI30BY€ B3a€MOII0 3 YyYaCHUKaMU
OCBITHBOTO TIPOLIECY, OCKUIBKM KOMYHIKaTUBHI HaBUYKM BUKJIaJlaya BIUIMBAIOTH HA
piIBEHb MOTHBAIIIl CTYJICHTIB, iX PO3yMiHHS MOCTaBJICHUX 3aBAaHb, 3IaTHICTh J0JATH
TPYIHOIL, Ta MATPUMYIOTh CAMOCTIHUI PO3BUTOK.

Jlo ocHOBHUX (YHKIIIH MEeNarorivHOro CHUIKYBaHHS B OpraHi3ailii caMOCTIHHO1
poOoTu HanexaTh: MOTHBaliiiHa (yHKIIA; 1HGOPMALIHHO-PEryISTUBHA (DYHKIIIS,
eMnaThUyHa Ta MIATpUMYyroda (QYHKIisS; peduiekcuBHa (QyHKIS. Yepe3 MOCTaHOBKY
3HAUYIIMX LJIed, OOrOBOPEHHS OYIKYBAaHUX PE3YJIbTATIB Ta 3AIyYEHHS 1O PIILIECHHS
peanbHUX MpoQeciiHuMX 3a7ad, BHUKIaAad (OpPMYy€e€ Yy CTYACHTIB BHYTPILIHIO
MOTHBALIIO O CAMOCTIMHOI A1sIbHOCTI (MOTHBaliitHa pyHKis). [1i1 yac crinkyBaHH
31 CTYJEHTaMM BUKJa/Jay yYTOYHIOE 3aBJAHHS, AJITOPUTMH iX BUKOHAHHS, KpUTepii
OIIHIOBAHHS, IO 3a0e3leuye YiTKe PO3yMIHHS CTYJEHTOM BHUMOT JO CaMOCTIMHOI
pobotu (iHbopmarlliitHO-peryasiTuBHa QyHKIsA). Bukiagad cTBOPIOE MCUXOJIOTIYHO
Oe3neuHe cepeloBUIle, /1€ CTYAECHT HE 0OiTbCsl MOMUJIOK, OTPUMYE MIATPUMKY Ta
pEeKOMeH1allli, 1110 CIpUsIE MiIBUIIEHHIO BIEBHEHOCT] y BJIACHUX CHUJIaX (eMIaTU4YHa Ta
niaTpumyroua ¢GyHkmis). Yepe3 aianor, OOroBOpEeHHS pe3yibTaTiB 1 IMOMUJIOK
BUKJIaJ]ad JONOMAarae CTyJEHTaM YCBIJIOMIIIOBATH BIACHUI MpPOIEC HaBUaHHS Ta
poOuTh Koro Okl epekTuBHUM (pedrexkcuBHa QyHkuisa) [7, 5, 10].

JI71s i AITPUMKH CaMOCTIMHOT JISTTBHOCTI CTYICHTIB 1 M1JBUINCHHS i1 €()eKTUBHOCTI,
HEOOXITHO JOTPUMYBATUCS CIHELIAIbHUX CTpaTeridi MelaroriyHoro CHIUIKYBaHHS,
cepell AKUX: JA1aJIOriYHe HAaBYAHHS, MOJEIIOBAHHS PeaIbHUX MPOQECIHUX CUTYyallli,
IHAUBIyalbHA MIITPUMKA Ta KOHCYJbTAIlll, 3aCTOCYBaHHS METOJIB MPOOJIEMHOIO
HaBuaHHs. [[iaioriuHe HaB4YaHHS nependayae B3a€MO/III0 Ha PIBHUX, OOTOBOPEHHS Ta
CHIJIbHE BUPIMICHHS OCBITHIX MpoOieM. MojentoBaHHs pealbHUX TpodeciitHmx
CUTyaIllil CTUMYJIIOE CTYJCHTIB JO CAaMOCTIMHOTO TMOIIYKY IUISAXiB BHUPIMICHHS
MOKJIAJICHUX 3a7ad. [HIMBigyalibHA TIATPUMKA Ta KOHCYJIbTAIlli BPaxOBYIOTh
1HUBIyaJIbHI TMOTPeOU Ta PIBEHb MIJTOTOBKH CTYJEHTIB. 3aCTOCYBaHHS METO/IIB
MpoOJeMHOT0 HaBYaHHS (OPMYIOTh HABHYKH CAMOCTIMHOTO aHaji3y Ta TBOPYOTO
mucienns [1, 8, 11, 12].

He3Baxarouu Ha BaXXJIMBICTh MEIaroriyHOro0 CHUIKYBaHHS MiJ Yyac opraHizaiii
CaMOCTIITHOI poOOTH, IMpaKTUKa MOKa3ye ICHYBaHHS MEBHHUX MpoOjeM Ta Oap’epis:
HEJIOCTaTHIM pIBEHbh KOMYHIKAQTUBHOI MIJATOTOBKM BHUKJIAAayiB, HEBIAMOBIIHICTh
CTWJIIO CHUIKYBaHHSI OYIKYBaHHSIM CTYJEHTIB, BIJICYTHICTh 3BOPOTHOTO 3B’S3KY, SIKI
MOYTb 3HM>KYBAaTH MOTHUBAIIIIO Ta €PEKTUBHICTh caMOCTiiHOI podoTH [7, 10].

OTxe, NPOJYKTUBHE MEAAroriuHe CIUIKYBaHHS € KJIIOYOBOIO YMOBOIO YCHIIIHOT
opraizaiiii caMOCTiifHOi poOOTH CTyneHTiB. BOHO cTUMyII0€ MOTHBAIIIIO CTYEHTIB,
3a0e3nedye po3yMiHHS 3aBAaHb, MIATPUMYE TCUXOJIOTIYHUNA KOMGOPT Ta CHpUSE
pO3BUTKY iX  camoctiHOCTi. (CHcTeMaTuyHe  3acTOCyBaHHS  €()EKTUBHUX
KOMYHIKaTUBHUX CTpaTerii J03BOJIsiE BUKIAJauaM CTBOPUTH YMOBH, 3a SKHX
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camocTiiiHa po0OTa CTYACHTIB CTa€ HE BUMYIIIEHUM 000B’I3KOM, a aKTUBHOIO (HOPMOIO
0COOHCTICHOTO CAMOPO3BUTKY.
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HAYKOBI JUJAKTHYHI KA3KU SIK 3ACIB
NIIBUIEHHSA EPEKTUBHOCTI 3ACBOEHHSI TEMU
«B3AEMOIISI HEAJIEJIBHUX T'EHIB» HA 3AHSITTSIX 3
T'EHETUKMU JUISI MAUBYTHIX KOPEKIIIHMHUX
MEJAT'OT'IB

3osoTtaproBa Terssna BikropiBHa,
KaHIHUJIAT TeJaroriYHuX HayK,

CTapIINil BUKIaaad Kadeapy NeIaroriku,
CHEIIaIbHOT OCBITH Ta MEHEIKMEHTY
KomyHnansHuit 3akiaj

CyMcbkuit 00JaCHUM THCTUTYT
MICTSUTUIOMHOT IEAaroriyHoi OCBITH

['eneTrka € oHIEIO 3 HAMBAXKIMBIIINX 0A30BUX HABUAJLHUX JUCIUILIIIH Y CUCTEMI
I1JITOTOBKU KOPEKIIMHUX TenaroriB. [Ipote y 3m00yBaviB BUIIOI MT€JarOT14HOT OCBITH
MEPIIOro PiBHSA MiJ Yac BUBYEHHS KOKHOI TEMH 3YCTPIYarOThCA THUIOBI TPYIHOUI Ta
MMOMUJIKH, $Ki, Ha >XKajb, HE 3aBXKIW JIETKO JOJIATH CTAHJAPTHUMHU 3aco0aMu Ta
MeToaaMu ocBiTH. Hampukitan, y mporeci onanyBaHHS TeMH «B3aemois HealeapHuX
reH1B» Mail0yTHIM KOPEKLIMHUM NeJaroram CKJIaJHO AA€ThCS PO3B’ I3yBAHHS TATIOBUX
3azay.

[Tix gac po3B’si3yBaHHs 3a/1a4 Ha MOJIIMEPII0 CTYJEHTH TUTYTalOTh Ta 3aMUCYIOTh Y
HETPaBUJILHOMY MOPSIKY HeaJeIbHI TeHH MIEPIOT Ta IPYTroi map, OCKUIbKHU, KpiM OYKB,
SIK1 TIO3HAYAIOTh T€HHU, € ITIe ¥ 1HACKCH, K1 TT03HAYAI0Th Pi3HI ajieabHI MapH IIUX I'eHiB,;
HE BpAaxXOBYIOTh KYMYJISTUBHUN €(QEKT HeaJleJbHUX TEHIB Ta CTYMiHb MPOSIBY
KUIbKICHUX O3HaK (Baru, 3pocTy, HACUYEHOCTI KOJIhOpY ToII0). B X01 po3B’si3yBaHHs
3a/1ay Ha emicTa3 31/00yBayaM OCBITH BAXKO YSIBUTH PE3yJIbTAaTH MPUTHIYEHHS TIPOSBY
MeBHOT O3HAKH CIICTATHYHMM TE€HOM, OCOOJHMBO SKIINO BiH pernecuBHuid. Ilim yac
pO3B’s3yBaHHS 3aJady Ha KOMIUIEMEHTApHICTh Mail0yTHI OakanaBpu HE OepyThb 10
yBaru OJIHOYACHY B3a€MOJIONIOBHIOBAJIbHY 10 JIBOX JOMIHAHTHHUX T'€HIB, SIKI pa3oM
BIIMOBIZAIOTH 32 MPOSIB OJIHIET O3HAKH, TUTYTAIOTh ii 3 HE3aJIEKHUM YCIaJIKyBaHHSIM
JOMIHAHTHUX aJieJIbHUX T€HIB, sIKI BIAMOBIJAIOTH 32 MPOSIB ABOX OKPEMUX O3HAK Mij
4yac JUT1IOpUIHOTO CXpellyBaHHS.

HaykoBi auaakTW4Hi Ka3Kd MIABUINYIOTh €()EKTUBHICTh 3aCBOEHHS TEMU
«B3aemois HeanenpbHUX TeHIB», YCYBAlOYM 3rajlaHl HEAOJIKH, OCKUIBKU HANMCAHHS
SAKICHOT Ka3KM BHUMAara€ Bijl CTyJ€HTa KiJbKa pa3iB MepeyuTaTH Ta MPOaHaII3yBaTH
PI3HOMaHITHY HAyKOBY JITepaTypy, JesKy TEKCTOBY 1H(OpMAIlil0 MEepEeTBOPUTH Ha
CXeMH, TaOJIMIIl Ta MaJOHKH, MiAiOpaTu BAasi aHajorii Ta Meradopu 10 HAyKOBOI
TEPMIHOJIOTIT Ta CYTHOCTI MpOIIECiB, 00IyMaTH €JIEeMEHTH Ta CTPYKTYpY Ka3Ku y
BIJIMOBITHOCTI /10 3MICTY HaBUYaJbHOTO MaTepiamy. Takuil TpyHTOBHUH MIAXIT [0
OTaHyBaHHS MPOTPaMU 3 TEHETUKH 3amobirae OUTBIIOCTI TPYIHOIIIB 1 MPAKTUYHO HE
3JTMIIAE CTYJAEHTY MOYJIMBOCTI MPUITYCKATHUCS TIOMUJIOK.
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[Ipononyemo BiacHy ka3Ky 3 TeMu «B3aemoisi HeanenpHUX T€HIB», CKIAICHY 32
NPUHIIMIIOM 1MO0YI0BU YKPATHCHKUX HAPOJIHUX Ka30K.

SK CTyJeHT i3 HaApiBHOIO OAPYKUBCS

OnHoro pa3y B 1aps cTanacs BeJidka 0171a: KOJIM Ha MOJIsiX 310paiu Ta 00MOJIOTUIIN
MIIEHUII0O HOBOTO 3aMOPCHKOTO COPTY, 3’SICYBaJIOCS 11O CEPE/l YPOXKAI0 € 3€pHO HE
JIUIIE TOTO KOJbOPY, SAKOTO CisIM, a ¥ 1HIIMX KOJIhOPiB. [1oCisyin MINEHUIIO TIIBKH
POXKEBY, a 310paju 011y, CBITJIO-POKEBY, POKEBY, YUEPBOHY, TEMHO-UYEPBOHY .

[ap 3ms1kaBcst 1 3BEIB BIIOKPEMHUTH 3€pPHO 32 KOJIBOPaMHU, 100 BUKOPUCTATHU B 1KY
xo4ya 0 pokeBe, TOOTO Take, sKe IMOCisIN, a Oie, CBITIO-pOKEBE, YePBOHE, TEMHO-
YEpBOHE 3E€pHO MOCHIIUTA Ta 3TOAYBaTH XyA00i, SKIO JIOASM II€l MIICHUII
CTHIO’KMBATH HE MOKHA. A TIOTIM CKJIMKaB CBOIX MYJIpEIIiB, I[00 BOHU MOSICHWIN, YOMY
BPOJUJIO 3€PHO PIZHOTO KOJLOPY. AJI€ JKOJIEH MUCIUTEIh HE 3MIr 30arHyTu
NEPIIONPUYNHNA TAKOTO JUBa. TOJll MOHAPX BUAAB yKa3, sIKWH OTOJOIIYBAJH MO BCIX
ycroJiax: «XTo 3’5Cy€, YoMy MIIEHULIO CISIIU POXKEBY, a 310paiiu 011y, CBITIIO-POKEBY,
pOXKEBY, YEpBOHY, TeMHO-4epBOHY? Uu 1e xopomie 3epHO? Un MOXKHA TOTYBAaTH 3
HBOTO cTpaBu? XTO BIAMOBICTH Ha Il 3alUTAHHS, TOM MaTUME 3a JAPYKUHY IIAPCHKY
JIOHBKY ! »

[Towanu 10 MOHApIIOro ABOPY 3 DKIKATUCS IOHAKH 3 YCI€1 KpaiHH 1 MPONOHYBATH
P13HI1 Bepcii po3raJiku, ajie HIXTO HaBITh HE HAOJIM3UBCA /10 CyTHOCTI TaeMHMIT. OTHOTO
pasy 10 MpaBUTEINs MPUHUIIIOB HE3BUYHO BASTHEHHM XJIOMEIb 1 MOBIJIOMHUB, IO BiH
3HA€, YOMY CISJTM 3€PHO OJJHAKOBOTO KOJbOPY, a 310panu — pi3Horo. Jlerinp, sKoro
3Baii MakcuM, COYaTKy MOSICHUB LAPCHhKIA pOAMHI OCHOBH LIUTOJIOTI T4 T€HETUKH,
a MOTIM TI0YaB PO3Ka3yBaTH MPO MIICHUIIIO.

— V¥V NIIeHull KoJlip 3€peH YCMNaJKOBYETHCS 3a TUIIOM KyMYJISITUBHOI MOJIMEPIi.
KyMmynstuBHa nosiiMepis — 1e TN B3a€MOJI1 HealleJIbHUX TEHIB, 3@ SIKOTO CTYIIIHb
MpOSIBY OJIHIET O3HAKH KOHTPOJIOETHCS KIUIbKOMA IMapaMu TIEHIB 1 3aJeXHUTh BiJl
CIIBBIJTHOIIICHHS JIOMIHAHTHUX Ta PELIECCUBHUX I'€HIB y reHoturi. [Tmenurs mae nBi
napy T'eHiB, SKi BIAMOBIIAIOThH 32 IHTEHCUBHICTH KOJIbOPY ii 3epeH. JloMiHaHTHUIA TeH
A CIIPUUYMHIOE TIOSIBY TEMHO-YEPBOHOIO KOJIbOPY 3€pEH IMIICHMIIl, a PELECUBHUMN I'eH a
— Ouoro kosbopy. «Yepes Te, 1m0 MOJIMEPHI T€HHW AIIOTh Ha Ty cCaMy O3HaKy, ix
MO3HAYAI0Th OJIHIEIO JITEPOIO, a Pi3HI iX alleNbHI Mapu mo3HavyaroTh nudpamm» [1]. ¥V
POCIIVH MIIEHUIII, IKi MalOTh Y T€HOTHII1 PI3HY KUIBKICTh JOMIHAHTHUX 1 PEIIECUBHUX
T'€HIB, KOJIP 3€pEH KOJMBAETHCS BlJ] YEPBOHOTO JIO CBITIO-POKEBOTO: YUM OUIBIIE Y
TE€HOTHII MIIICHUI]l JOMIHAHTHUX T'€HIB, TUM TEMHIIIE 3a0apBICHHSI MalOTh ii 3epHa.
Bu nocisinu pokeBy mnuieHuio. PoxeBuid KoJip i 3epeH o3Havae, 110 B il TEHOTHIII
MOPIBHY JIOMIHAHTHHX 1 PELIECUBHUX TEHIB. [ €eHOTHUIT pO’KEBUX 3€pEH MOXKe OYTH OCh
TAaKHUM. A]A]Clgag, a;a;AgAg, A]Cl]Agag.

AxOu reHotun Bamux 3epeH OyB A;A;ara;, TO BU OTpUMalid O Takuh ypokaii
(Tabmuis 1):
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Taomung 1
Cxema cxpelryBaHHs NIIICHUIIl 3 POKEBUMHU 3epHAMU
P 9 A1A1a2a2 X 8 A1A1a2a2
POXKEBE 3€PHO POKEBE 3E€PHO
Ay Ajap
AjA a3)
POKEBE 3€PHO

Ta

AxOu reHoTHN BauX 3epeH OyB a;a;A2A,, TO BU OTpUMaIu O Takuil yposkai (Tabauis
2):
Taomung 2
CxeMa cxpeliryBaHHs MIISHUII 3 PO’KEBUMH 3epHAMU
P 9 a1a1A2A2 X C? a1a1A2A2
POJKEBE 3€PHO POJKEBE 3€PHO
alAz alAz
a1a1A2A,
PO’KEBE 3€PHO

g2io

B 060x Bunajakax, sike 3epHO Mocisiia 0, Take ¥ 310paau 6 — 0JIHaAKOBE 1 32 TEHOTHUIIOM,
1 3a ¢eHoTUNOM. AJle OCKUIBKH CEpel Balloro BPOXKal0 € 3epHa BCIX BIJITIHKIB
YEepBOHOI'O KOJIbOPY, TO 3epHO ais nociBy (F 1) mano renotun 4;a;A4za;. Take 3epHO
MOKHa OTPUMATH Bl CXpEUlyBaHHS TEMHO-YE€PBOHOI MIlIEHHUI 3 OUT010 (Tabmauus 3):

Tabmuus 3
CxeMa cxpelilyBaHHs MMIIEHUI 3 TEMHO-YEPBOHUMH Ta OLTMMU 3€pHaAMU
P 9 AlAlAzAz X 8 ajaiazap
TEMHO-YEPBOHE 3€PHO 0111€ 3epHO
G AlA; a;dp
F1 A1a1A2a2
POXKEBE 3€pHO

OTxe, BU MOCISUIM POXKEBE 3€pPHO 3 TEHOTUNOM A;a;Aza;, SiKe Hajlo Takl ramMeTH
(Tabnuiis 4):

Tabmuis 4
["ameTH, sIKi JAIOTh POCIIMHU MIIEHUII 3 PO’KEBUMH 3€pHAMU
P 9 A1a1A2a2 X 6\ AlalAzaz
POKEBE 3€PHO POXKEBE 3€PHO
G A1A2 A1a2 A1A2 A1a2
a1A2 aiay a1A2 aiap

Konu kBiTKM MIIeHMIN 3 TeHOTUNIOM A;a;Aza; Oynu e OyToHamu, BiIOyJocs ii
caMo3aIuieHHs. A cepell HalaAKiB IIUX POCIUH, TOOTO cepesl BpOXkKako, BU MOOAUHIIN
TeMHO-4epBoHe (1 mimok), yepBone (4 Milkn), poxese (6 MIIIKIB), CBITIO-pokeBe (4
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Mimkn) Ta 6ite (1 mimok) 3epHo. ['enotunu ta ¢enornnu Hamankis (F 2) pociun
MIIIEHUIII 3 TEHOTUIIOM A ;a;A,a; MO>KHA 3amucaTi Tak (Ta0auls 5):

Taomund 5
I'enoTnnu Ta HEHOTUITM HAIIAJKIB POCIWH MIISHHUII 3 POKEBUMHU 3€pHAMU
G A1A2 A1a2 a1A2 aiadr
A1A2 A1A1A2A2 A1A1A2a2 A1a1A2A2 A1a1A2a2
TEMHO-YEPBOHE 4YEPBOHE 3E€PHO 4YEPBOHE 3E€PHO pOXKeBE 3€PHO
3€pHO
Ajay A1A1Aza AA 2 Aja1Aray Ajajaay
YEPBOHE 3E€PHO POXKEBE 3€PHO pOXKeBE 3€PHO CBITJIO-pOKEBE
3CPHO
a1A; Aja1ArA, AjaAray aja1ArAs ara1Aray
YCPBOHE 3€PHO pOKEBE 3€PHO pOKEeBE 3€pHO CBITJIO-POKEBE
3CpHO
a1az AjaAray Ajajaay ara1Arar diad1azaz
POKEBE 3€PHO CBITJIO-POKEBE CBITJIO-POKEBE O1J1e 3epHO
3€pHO 3€pHO

Konu BH 3cumanu 3epHO pI3HUX KOJBOPIB O PI3HUX MIMIKIB, TO MOOAYMIN
pO3IIEIUICHHs 32 (PeHOTUIIOM, a caMe 3a Kojabopom: 1:4:6:4:1. A po3suiernieHHs 3a
TeHOTUIIOM OyJie och TakuM: 1:2:2:1:4:1:2:2:1, ToMy 1110 3€peH 3 TeHOTUTIOM A 1A 1A 24>
(TemHO-4yepBOHI) 1 yacTuHa, 3epeH 3 TeHOTUNIOM A ;A4 ;A a; (4epBOH1) 2 YaCTUHH, 3€PEH
3 TeHOTUTIOM A ;a;A4 24, (4epBOHI) 2 YaCTUHH, 3€PEH 3 TEHOTUTIOM A ;A ;a2a; (poxeBi) 1
YacTUHA, 3€peH 3 TeHOTHNOM A;a;A>a, (poxeBi) 4 YaCTUHH, 3€PEH 3 TEHOTHIIOM
a,a1A2A4;(poxesi) 1 yacTuHa, 3epeH 3 TEHOTUIIOM A ;a;a:a; (CBITIO-POKEBI) 2 YACTUHH,
3€pEH 3 TEHOTHUIIOM a;a;A2a; (CBITIO-POXKEBI) 2 YaCTUHU, 3€PEH 3 TEHOTUIIOM d;d;d2A;
(61m1) 1 gactuna [1]. Tomy, mpecBIT/INiA 1apro, BCS MIIEHULS ICTIBHA, 3 HEI MOXKHA
CMUIMBO TIEKTH XJ10, OYyJIKM, MJIMHII, NMUPDKKKA Ta 1HIIY OOPOIIHSHY MPOAYKIito!
OTtxe, s BiAragas 3araaxky! Binnasail 3a MeHe npuHIiecy!

[Map, mapwuis, mapiBHa i NpUABOPHI HAJA3BUYAWHO 3pajiiu, 110 3€pPHO SAKICHE, 1
HOro MOXKHA CIOXHUBATH, 3IMBYBAJMCA HEOUIKYyBaHIA BIANOBIJI Ta JOCTYIMHOMY
MOSICHEHHIO. AJie MPaBUTEIIO0 PAITOM CTajo IIKOJa BUAABATH 3aMiXK CBOIO JIOUKY 3a
MPOCTOrO XJIOMIIS, 1 BIH CKa3aB:

— Hama poauna gy»xe moOuth rapOy30By Kairy. AJie y Hac € TUTbKH 0111 rapOy3u,
a s X04y Kailli 3 >KOBTOro. fIk 3poOui 3a oJHy Hiu 3 Oijoro rapOysa >KOBTUH, TOI1
OJIpyXKHILICA 13 apiBHOO. ["apOy3u 3Haliien y 1b0Xy.

— Jlo6pe. — 'oBoputh Makcum, a caM po3MIpKOBYE: «Sl 3Ha10, IK 3p0OUTH 3 O1710TO
rap0Oy3a >KOBTHM, TIIbKM MEH1 OJHIET HOUY1 3aMasioy.

bins npoxy roHak nobayus 6adycro.

— YoMy T, CUHKY, CYMHHH Ta 3alyMaHuii? — 3alnrajia CTapeHbKa.

— 3BeJIiB MEHI 11ap 3po0uTH 3 O1510r0 rapOy3a >KOBTUM, ajie OJIHIET HOU1 MEHI1 3aMaJo.
[ToTpiOHO SIKOCh MPUCKOPUTH PICT 1 PO3BUTOK rapOy3iB.
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— 51 1061 gomomoxy. Bi3bMH OCh 1i J0OpHBa Ta CTUMYJSATOPU POCTY. A 5K iX
Oynen BUKOPHUCTOBYBaTH, TO OOOB’S3KOBO THUXEHBKO MPOMOBIIA: «PocTH-pocTy,
rapOy3ulle, 3a apchbki naauTH Buie! Poctu, HanuBaiicss cCOkoM, BUOJIUCKYH Ha COHII
O0oKOM!».

Xmonelb, MOASKYBaBIIK 0a0yci, MIIIOB y Jb0X 1 BUOpAB TaM TPpU HAWCIIUTIIIMX 1
HalOIpIKX TapOy3u. I10TiM HACIHHA 3 KOKHOTO TUIOY MapyOOK BHUCISIB HA OKpEMY
JUJISTHKY, T0OaBUBIIH TOOPHUB 1 CTUMYJIATOPIB POCTY, TAPHEHBHKO MOJIMBIIH 1 TTOIICTTKH
MPUMOBJISIFOYN 4apiBHI cioBa. [loku cXomwim MOCIBH Ta po3pocTajach OTYIMHA,
MaxkcuMm 30yAyBaB OKpeMy TEIUTUII0 HABKOJIO KOKHOT IPSAIKU, 1100 HIYHI KOMaxXu He
NEepeHecan MUWIOK Ha Horo rapOysu 3 iHmmx pocnuH. Hapewri Tpu cnopynu Oynu
rotoBi. A Tyt 1 rapOy3u 3anBuid. JleriHb XOAMB HaBKOJIO TrapOy30BUX KYIIIB,
MEPEHOCHB IMUJIOK 13 KBITKH Ha KBITKY, CIIOCTEPIraB, sIK 3aB’A3yIOThCS Ta J03PIBAIOTh
mwioau. ity HiY npoBiB mapyOOK y TEIUIMLSAX, a HA PAHOK ypoJuia Cuja-CUJIeHHa
O1IMX, )KOBTHUX 1 3eJIeHuX rapOy3iB, K1 MakcuM po3KiaB y TpU Kylu Ha MOABIP’T Ta
MOSICHUB LIAPCHKIM pOAMHI, SIK BIH OTPUMAB >KOBT1 rapOy3H JiJisi CMa4HO{ Karlii.

— V¥V rap0Oy3iB 3a KOJip IUIOLY BIAMOBiJAa€ MBI Mapu HeaJleIbHUX TEHIB, SKI
B3a€EMO/IIIOTH 32 TUIIOM emicTa3y. Emicta3 — 1e Tum B3aemoiii HealleJbHUX T'eHIB, 3a
AKOTO OJWH JOMIHAHTHUW YW PpELECUBHUM T€H MPUTHIYY€E TMPOSB 1HIIOTO
JIOMIHAHTHOTO YM PELIECUBHOTO TeHy. Y rapOy3iB enicta3 JoMiHaHTHUH. JlOMIHAHTHHIA
reH A 3abe3nedye XOBT€ 3a0apBJICHHS IUIOAIB, PELECHUBHUM TI'€H a — 3€JeHEe
3a0apBieHHS IUIOJIB; JOMIHAHTHUWA TeH [ MPUTHIYYE MPOSB KOBTOTO 1 3€JIEHOrO
3a0apBJICHHS TUIOJIB, TOMY IUIOJM rapOy3a Ouli, a peluecCUBHUN TeH [ HE 3aBa)kae
MpOsIBY 3a0apBIIEHHS, TOMY ILTO/IH KOBTI a00 3elieHi [2, ¢. 58].

Ha nepmniii rpsaui s BucaauB Oummid rapOy3, ycl Ham@aaku (IJ10au) SIKOTO
BUSBWINCH O1TMMH, TOMYy Horo reHotun IIAA, 1IAa a6o Ilaa. TouHilie BU3HAYUTH
MOJKHA, SIKIIO CXPECTUTH MOTO 3 3eJeHUM TapOy3oM, SKUM Mae reHoTunl iiaa. Y
HaIllaJIKiB IIbOTO 01710T0 rapOy3a HeMae Po3MICIJICHHS 32 (PEHOTUTIOM, OCKIIBKU TeH [
HE Jla€ MPOSIBIIATUCS Hi TeHy A, SIKUW BIAMOBINAE 3a MPOSB KOBTOTO 3a0apBICHHS Y
TJ10/11B TapOy3a, Hi TeHy a, SIKU BIJMOBIIA€E 3a MPOSIB 3€JICHOT0 3a0apBICHHS Y TIJI0IIB
rapoysa. Omxke, Hamaaku F 1 mporo 0itoro rapOy3a Tex MaroTh 0111 Tuioau (Taluirl
6,7,8).

Tabmuns 6
Cxewma cxpenryBanHs 011X rapOy3iB 3 TeHOTUIIOM /144
P Q ITAA x 4 IIAA
Oimii rapOy3 O1nmii rapOy3
G IA 1A
F ITAA
O1mii rapOy3
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Tabnuns 7
CxeMa cxpelryBaHHs 011X rap0y3iB 3 TeHOTUTIOM [laa
P Q Ilaa x & Ilaa
O11uit rapOy3 011t rapOy3
la la
ITaa
Oiuit TapOy3

el

Taomurg 8
Cxema cxpelryBaHHs 011MX rap0y3iB 3 TeHOTUIOM [14a
P Q IAa x & IAa
O11uit rapOy3 O11mit rap0y3
IA | Ia IA | Ia
ITAA, I1Aa, ITAa, Ilaa
O11uii rap0y3

QA

Ha napyriit rpsami s Bucanus Ounuii rapOy3, cepen HamaakiB (IUI0/IB) SKOTO
BUSIBUJIOCH TP YBEPTI OLTUX 1 OJTHA YBEPTh 3€JICHUX, TOMY Horo reHotun liaa. Cepen
HamankiB F 1 e posmerenns 3a reHotunoM 1:2:1 (llaa:liaa:liaa:iiaa) ta 3a
dbenotunom 3:1 (3 kynu 61mx rapOy3iB : 1 Kyna 3eneHux rap0Oy3iB), Ta0IuIs 9.

Tabmuus 9
CxeMa cxpelryBaHHs OUIMX rapOy3iB, cepesl HAIAKIB SIKHUX € 3€JeH1 rap0y3u
P Q liaa X J liaa
O11mit rapOy3 O11uit rapOy3
G Ia ‘ ia la ‘ 1a
F Ilaa, liaa, liaa 11aa
O1mit rapOy3 3esieHui rap0ys3

Ha Tperiii rpsaui s BucaauB Oumid rapOy3, cepel HamaakiB (TUIOAIB) SKOTO
BUSIBUJIOCH TP YBEPTI OLJTUX 1 OJJHA YBEPTh )KOBTUX, TOMY Horo renotun liAA. Cepen
HamaakiB F 1 e posmerienns 3a reHotunoM 1:2:1 (IIAA:liAA:liAA:iiAA) Ta 3a
¢denotunom 3:1 (3 kynu 611mx rapOy3iB : 1 Kyna >koBTHX rap0y3iB), Tadbuuus 10.

Tabmuusg 10
CxemMa cxpelryBaHHs 011X rapOy3iB, cepel] HallaIKiB SIKHX € KOBTI rapOy3u
P Q lIAA X d TIAA
O1mii rapOy3 Oinwmii rapoy3
G A |iA  |IA iA
F ITAA, lIAA, TIAA, 11AA
O1mii rapOy3 XKOBTHUH rap0y3

[Ilo6 oTpumaTu TUIBKU KOBTI rapOy3H, MOTPIOHO CiATH HACIHHA caMe€ 3 IHX
rapOy3iB. Ane ciig motypOyBaTtucs MpPO pPyYHE 3aMUJICHHS, TOMY II0 0€3 HBOTO
MOYTb BPOJHWTH HE TUJILKH JKOBTI, a ¥ 3eJIeH1 Ta 0111 rapOy3u.
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[le 6imi rapOy3u MOXyTh MaTH TeHOTHTT lida. Cepen ix HamaakiB Oyme 12 dactuH
O11ux rapOy3iB, 3 YaCTHHU JKOBTHX 1 1 YacTHHA 3eI€HUX, PO3IIEIICHHS 32 (DEHOTUIIOM

12:3:1 (tabmuii 11 1 12). Ane Ha Takuii rapOy3 y BallloMy JbOXY s HE HATPaIuB.

Taomug 11
["amertu, siki gar0Th OUTI rapOy3u 3 reHoTUIoM lida
P Q liAa X d liAa
Oinmii rap0y3 Oinmii rapOy3
G IA la IA la
1A ia 1A 1a
Taomung 12
['enotunu Ta eHOTUIN HalIAJIKIB Oioro rapOy3a 3 reHoTunom lida
G IA la 1A ia
IA ITAA ITAa LLAA liAa
O11uii rap0y3 O1uii rapOy3 O11uii rapOy3 o1t rapOy3
Ia [TAa ITaa [iAa liaa
O11mit rap0y3 O11mit rap0y3 O11mit rapOy3 O11mii rap0y3
1A LAA [iAa 11AA 11Aa
O1mii rapOy3 O1mii rapOy3 KOBTHH rap0y3 | »KOBTUH rap0y3
1a liAa liaa 11Aa laa
O1mii rapOy3 O1mii rapOy3 KOBTHH rap0y3 | 3eneHuii rap0y3

[ap K Mo4yB J€TalbHE HAYKOBE MOSICHEHHS Ta MO0A4YMB KYITy KOBTUX IapOy3iB,
TO HE 3HAaB, YU PAAITH oMY, UM 3aCMydyBaTHCs, 00 BCE 1€ HE XOTIB BIAaBaTH CBOIO
JI0UKy 3a OigHsAKa. A MakcuMy cka3aB:

— Hy, sIx T Takuil po3yMHHUIA, pO3TIIyMay MEHI, YOMY B HAllIUX 3€JICHUX MaIy>KOK
BWJIYTIWJIKCH 01711, )KOBT1, OJIAKUTHI Ta 3eJieH1 nTameHara? Sk 3Haiifen BiANOBiAL Ha
1[€ 3aluTaHHS, TO MoOepenics 3 1ApIBHOK, a HE 3HaWJenl, TO 3aJUIIUIICS
HeoapykeHuM. J[aro ToO1 CTpOKY 110 3aBTpa.

— BinmoBiM xo4 1 3apa3, npecBiTiuii napro! — BUrykHyB Jeriss.

— Oro, sxuii ronoactuii! Hy, po3kaxxu Ham!

— V¥V Bammx mamyXoK 3a KOJip mip’s BIANOBIAA€ IBI Mapu HeaJeJbHUX T'EHIB.
JlomiHaHTHHI TeH 4 3a0e31eduye MOsSBY >KOBTOTO KOJIbOPY TP’ s, PEIECUBHUMN I'eH a —
O110T0 (HE )KOBTOTO) Mip s, JOMIHAHTHUI reH B — OJIaKUTHOTO Mip s, PEIICCUBHUN TeH
b — Outoro (He OJAKUTHOrO) Mip’s. SKIIO y Mamy>KKd B T€HOTHUI 3yCTPIHYarOThCA
oOuIBa TOMIHAHTHI TeHU A 1 B, TO mip’s MaTuMe 3eJieHui komip. L{e cxoxe Ha Te, K
BU JKOBTY (papOy 3MilIaere 3 OJaKUTHOIO i OTpUMAETE 3eJIeHy. Ballll 3e5ieHi namyxKku
MalTh T€HOTUNl AaBb, OCKUIbKM cepel iX MNTalleHAT € MamyXKd 3 MIp’sM ycCiX
KOJIbOPIB. 3€JIeH] Namy>KK1U-0aTbKi YTBOPIOIOTH Takl rameTH (Tadnuis 13):
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Ta0mmmg 13
["ameTu, sIKi JaI0Th 3€JICH1 MaIMyKKH
P Q AaBb X & AaBb
3CJICHUH TaITyKKa 3CJICHUH TaITyKKa
G AB Ab AB Ab
aB ab aB ab

I'enotumnu ta penorunu Hamaakie (F 2) 3enmennx nmamy»xok 3 reHoTurnoM AaBb MoxHa
3amucaTty Tak (tabauus 14):

Taomung 14
['eHoTHIIM Ta (DEHOTHUITM HAIAJIKIB 3€JICHUX MaIyKOK
G AB Ab aB ab
AB AABB AABD AaBB AaBb
3eJICHUI 3eJICHUH 3eJICHUM 3eJICHUH
Ab AABD AADbD AaBb Aabb
3eJICHUH JKOBTHHU 3eJIeHUHN JKOBTHU
aB AaBB AaBb aaBB aaBb
3eJICHUH 3eJICHUI OJaKUTHUH OJaKUTHHUI
ab AaBb Aabb aaBb aabb
3eJICHUH JKOBTHH OJaKUTHUH oumit

Cepen ycix MTalICHAT, SIKI BWIYIUTIOIOTBCS 3 SIENb BAllIMX 3€JICHUX TMaIy»XOK,
CIIOCTEPITa€EThCS PO3IICTUICHHS 3a KOJbOpoM (deHoturnom) 9:3:3:1, Tobto 9 3eneHux,
3 ’KOBTHX, 3 OJIaKUTHUX OTAIICHAT 1 1 Oine nramens. A po3lernieHHs 32 TEHOTUIIOM
Oyne ocb Takum: 1:2:2:4:1:2:1:2:1, TOMy 110 3€J€HUX NTAIICHT 3 reHoTUnoM AABB
MOX€ BWIYNUTHUCS | 4YacTHUHA, 3€J€HUX MNTAIIEHAT 3 reHoTurnoM AABb 2 yacTuHu,
3€JICHUX NTALICHAT 3 TEHOTUNIOM AaBB 2 4acTWHM, 3€JICHUX MNTAIIEHAT 3 TEHOTUIIOM
AaBb 4 yacTiHU, )KOBTHX NTAILICHAT 3 TeHOTUNIOM AAbb 1 yacTrHA, )KOBTHX MTAIICHST
3 reHoTUnoM Aabb 2 dyacTuHH, OJTAKUTHUX NTAIICHAT 3 TEHOTHIIOM aaBB 1 yacTuHa,
OJAaKUTHHUX TITAIICHAT 3 TEHOTHIIOM aaBb 2 yacThHU, OUIMX NTAIICHAT 3 T€HOTHIIOM
aabb 1 gactuna [1; 3]. Ock 1 Bce nmosicHeHHs !

— 1 3 uum 3aBmanHsM Tu Bropascs! Tu myxe po3yMHUH 1 KMITIUBHM, X0Y 1
mpocToro poay. — ['oBoputh 1ap 10 Makcuma. — A 3BIIKM TH 11€ BCE 3HAEI, aJKE TH
1€ 30BCIM MOJIOIUA?

IOnak 3myuienuid OyB BIIKDUTH TA€EMHUIIIO, 110 BIH MOTpanuB y II0 KpaiHy 3
1HIIIOTO Yacy, 3 MailOyTHHOT'O B MUHYJIE:

— S mimoB 10 cynepMapKeTy 3a MpOJyKTaMH, ajie parToM rodvanacs 3iuBa. S i
3a0ir A0 HAWOMMKYO0i KpaMHMIN, 00 HE MNPOMOKHYTH, 00 HE MaB 13 Cc000I0
MapacoyibKu. A KOJIM JOI 3aKIHYMBCS, 1 BUWIIOB HA BYJIUIIO 1 30arHyB, 1110 OTPANuB
y munyne. [loTiM g modyB, sIK OTOJOMIyBaIM IAPChKUW yKa3 Mpo MIIeHUIro. S
3pO3yMiB, 110 3HAIO BIAMOBIIb, TOMY i MOJIaBCS IO BAILIOTO JIBOPY.
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— IIlo »x, TM >XKHUTHMENI y HAIIOMY 4Yaci 4¥ TMOBEpHENICS A0 CBOro? SIKImo Tu
3QJIMIIUIICS, TO YU 3MOKEII KEPYBaTH Jep>KaBolo Haoro yacy? Tu mo0uTuMeI Moo
JOHBKY? AJI’Ke, X0U BOHA 1 pO3yMHa, OCBIYEHA Ta IIAPChKOTO POy, ajie HE MAa€ TaKUX
3HaHb, SIK TH...

— ¥V cBoeMy CBITI 51 OyB OM KOpEKI[IHHUM IeJaroroM i joromaraB Ou JIFOISM 3
O0COOJIMBUMH OCBITHIMH TOTpeOaMu MOKpaIlyBaTH SKICTh iX XKUTTA. S 3Har0, K 1€
pOOUTH, aJ’Ke S BUMBCS Ha «BIIMIHHOY», BXKE€ CKJIaB JIEpXKaBHI ICIIUTH 1 CKOPO MaB
OTPUMATH JUIUIOM 13 BiI3HAKOI0. AJIe 51 HE 3HAIO, SIK MIEPEHECTUCS 0 MOTO Yacy... Un
XTOCH 13 TBOIX MHUCIIUTEIB BiJla€, IK MEHI IOBEPHYTHUCS TOJ0MY?

— Hi. — I'oBopuTts 11ap. — Moi Mmyapelii He MOKyTh BIATIOBICTH Ha TBOE 3allUTaHHS.
AJie X 5 He 3p03yMiB, UM TH XOUEIl CTaTH Ha PYIIHUK 13 MOEIO JJOHBKOIO?

— 3Buyaiino! — IlocmixHyBcs MakcuM 1 Beceso TJsSIHYB Ha BPOJIMBY IIapiBHY. —
Hy six BiAIMOBHTHCS BiJ] OJPYKEHHS 3 LI€I0 MPEKPACHOIO MAHIHKOI0?

— ToMy s He TUIBKU BiJJal0 3a TeOE CBOIO JIOUKY, a M Japyro TOO1 MmiBIApCTBa.
[aproii co61 Ha 310poB’si! A KOJM CTaHel OUThII JOCBIAYEHUM, OTPUMAEII 1 JPYTY
MOJIOBUHY JIepKaBHu!

[apiBHa gy»xe 3pajiiia, oo B Hel Oyae PO3YMHHI YOJIOBIK, 1 MOTOIMIIACh HA HUT00.
3irpanu nuniHe Becunis. S tam Oyra, 3a/a4l 3 TEHETUKU CllyXalla Ta po3B’si3yBajia, a
TeHETHYHI CXEMH 1 BaM npuHecna! A 11e s BUpIIIKia i J1ajii BUBYATH HAJI3BUYANHO
KOPUCHY HayKy T€HETHKY, 4OTO 1 BaM Oaxaro!

OTtxe, MailOyTHI KOpPEKLIiHI Me1aroru, CTBOPIOIOYM HAYKOBl AUAAKTUYHI Ka3KH,
HE JIMIIE TMOINEPEeIKaloTh MOSIBY MNpoOJeM B OMAHYBAaHHI CKJIAJHOIO HAYKOBOIO
Marepially, a i HaBUaIOThCS MUCATH TaKl Ka3Ku JJIsl A1TeH 3 0COOJMBUMHU OCBITHIMU
noTpedaMu, M0 CTUMYJIOE IHTEpEC 1 BHYTPIIIHIO MOTHBALI0 B YCIX 3700yBayiB
OCBITH. Y NOJANBLIIOMY HEOOXIJHO OXapaKTepU3yBaTH TPYAHOLIl, SIKI BUHUKAIOTh Y
3100yBayiB BUIIOI MEJArOTIYHOI OCBITH MEPUIOrO PIBHS B MPOLIECI BUBYEHHS 1HIIUX
TEM 3 TeHETHKH.
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OOPMYBAHHA 1 PO3BUTOK IT'POBUX HABHUYOK K
BAXKJIMBA CTPATETISA KOPEKIIMHO-PO3BUTKOBOI
POBOTHU 3 IUTUHOIO 3 PAC

Ka3auinep Osiena CemeHiBHA,

JOKTOP TEaroriqHuX HayK, mpodecop,

mpodecop kadenpu 310poB’s THOIUHHN, peaOlTITONIOTIT 1 CIeiaIbHOI ICUXO0JIOT 11
XapKiBCHKOT'0 HAIIOHATBLHOTO Tieaaroriunoro yaisepcutety iMeHi I.C. CkoBopoan

boituyk FOpiii /lmuTpoBuy,

JIOKTOp TIEJIarOr1YHUX HayK, mpodecop,

nivicuuit wieH (akanemik) HATTH Ykpainu,

npodecop kadenpu cneniaabHOi NeIaroriki, peKTop XapKiBCbKOT0 HalllOHAJIBHOTO
negaroriyHoro yHisepcurery imesi I'.C. CkoBopoau

AKTyalbHICTh TEMH AOCIIKCHHS. MOsl IUTHHA HAa3aBXAW 3aJUIIUTHCS TaKOK?
Batpkam miteii i3 PAC, 0co0auMBO TUM, XTO TUIBKHA HEIIOJIaBHO A13HABCA MPO J11arHO3
JTUTUHU, BAXKKO YSIBUTH, 1110 3 YACOM BOHA MO>KE€ CTAaTH 1HIIIOO.

JlyMKH 1Ipo Te, IO KOJIUCh BOHHM PAa3oM 3 IUTUHOIO OYIyTh PaJliTU CHUIKYBaHHIO
Ta JUIMTUCS HOBMHAMHU HAINPHUKIHII KOXHOTO JHs, OyAyTh XOJAWTH B Mara3uH 0e3
ICTEPUKU 1 pOOUTH TMOKYNKH TOYHO 3a CIIUCKOM, MOIIYyTh Yy BIAMYCTKY 3JaOTHCS
HepeaJbHUMU. AJie HE BApTO OJpa3y OMyCKATH pyKH!

3BICHO, JIITH HE 3MIHIOIOTHCS 3a JACHB. AJle SIKIIO KOXKEH JICHb, KPOK 32 KPOKOM
pyXaTtucs 10 CBO€i METH, TO HIYOTO HE BUNTHU IIPOCTO HE MOKE.

[Touatn kopekuito autuHU 3 PAC HaBiTh y HaWUCKIAIHIIIMX BUMAJAKaX MOKHA
yepes rpy. Came To/Al paHO YM MI3HO MOXKHA MOOAYUTH MO3UTUBHI 3MIHU Y TTOBEIHII
JUTUHU Ta 3HAUTU OCOOMCTHUH IUIAX (OPMYBaHHS MOTPIOHUX HABUYOK.

Jns qutuau 3 PAC came rpa — HalOLIbII MO3UTHUBHMM, Hale(EKTUBHIIIMUHN 1
HaWMPUPOIHIIIMI MeToll (POpMYyBaHHS HAaBUYOK B3a€MO/I1i Ta KoMyHikauii. ['paroun,
JTUTAHA BYMTHCSA BUIUISATU 1HIIY JIOJIMHY 3 HABKOJMUIIHBOTO OTOYCHHS, OTPUMYE
3a/I0BOJICHHS B1J] B3a€MOJIIi 3 HUM 1 BUMTBHCA BCE OUIbII CKJIAJHUM (Qopmam el
B3a€EMO/IIT, PO3yMi€, SIK MPAIO€ KOMYHIKAIlis, 1 [0 BOHA MOXE MOBITOMUTH 1HIIIINA
JIIOJTMHI IIOCHh BaXKJIUBE MPO ceOe Ta cBoi OakaHHA. A IIe 03HaAYae, M0 3a JIOIOMOT'0K0
I'pU KO’KHA TMTHHA, HA SIKOMY O piBH1 BOJIOJIIHHS MOBOIO BOHA 3apa3 HE 3HaXOMIacs,
MO3K€e 3pOOUTH 3HAYHUHN KPOK ymepe.

AHaJi3 HayKOBUX Tpallb 3 TEMH JOCTIIPKEHHSI CBITYUTH PO T€, 10 PI3HOMAHITHI
mpoOJIeMU KOPEKIIMHO-PO3BUBAIbHOT poOoTH 3 auTuHOI 3 PAC crymiroBanu Taki
aBropu, ak: O. 'asm, M. Knsan [1], H. €pemenxo [2], O. Konomiituenko [3], B.
Kopnonenps, M. Hazapenko [4], C. Konomscra, S. Kper, B. Kporenko, 3. Jlenis, O.
JlitBinosa, M. lllepemerT [5] Ta iHI1.

TakuM 4YMHOM, BUHMKA€E HarajibHa HEOOX1HICTh MOIITYKY JIIEBOTO IHCTPYMEHTAPitO
poGotu 3 qutnHOO 3 PAC. | 0AHUM 13 TaKUX 1HCTPYMEHTIB € BUKOPUCTAHHS TPH.
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MeToro Te3 € OOTpYyHTYBaHHS Ta OKPECICHHS MUTaHHs (JOPMYBaHHS Ta PO3BUTKY
ITPOBUX HABHYOK SK HEOOXITHOI CKJIaJ0BOi KOPEKI[IHHO-PO3BUTKOBOI POOOTH 3
mutuHoIo 3 PAC.

«I1lo Take rpa?» — 11e TUTaHHS MOTPIOHO 3aBXK/IM CTABUTH OaThbKaM, iK1 IPUXOATh
710 IrpoTepaneBTa Ha MEPBUHHY KOHCYJIBTAIIIIO 31 CBOEIO TUTUHOIO. | Ty’Ke 4acTo BOHU
HAJal0Th BIANOBI/Ib, 110 TPaTH — 1€ 03HAYAE CKIIAJATH Ma3Jd, 30MpaTu KOHCTPYKTOD,
y KpalloMy BWIIQJIKy 1€ YKJIaJaTh JsUIbKY CIaTh 1 KaTaTd MalluHKu. Bcee e,
Oe3repevHo, Moke OyTH I'POIO 1 € HElO.

AJe 11 IUTUHY 3 Ay TU3MOM, OCOOJIMBO, SKIIIO MU TOBOPUMO PO MOJIbOBY AUTUHY
3 ayTU3MOM, 3 SIKOIO paHillie HIXTO He TpaB 1 HE PO3BUBAB y HEl IrPOBUX HABHUOK, 1€
HAJTO BUCOKHI1 PIBEHb.

Ocs 5 npuunH, yomy autuHi 3 PAC notpiOHo rpatu 000B’3K0BO:

1. IIlo6 mouyaTu TUBUTHCS B 041, HE OOSTHUCS JOTUKIB Ta 001HMIB OJM3bKHX JIFOICH.

2. HaBuuTHCS 3p03yMiJIO BUCIIOBIIIOBATH CBOI OQKaHHS.

3. 3yMITH BYaCHO HOMPOCUTH JOIOMOIH: CIOBOM, )KECTOM, KapTKOIO.

4. OTpuMyBaTH 33J10BOJICHHS BiJl CIIJIKYBAHHS 3 IHIIIMMH JIFOIbMH.

5. Bigkputu niisa cebe HaBKOJHUIITHINA CBIT 1 HE TOYYBATUCS CAMOTHBO.

[Ipore Ha nUIAXy wi€i AISUTBHOCTI BUHUKAIOTH MEBHI MEPENOHU: TMOMUIIKH, SIKI
3aBakaloTh wieHaMm ciM’i rpatu 3 autuHolo 3 PAC, He3HaHHsS TOro, SiK MOTPIOHO
MOYMHATH TPy, HA IKOMY €Tarl MO>KHa BBOJUTH MOMIYHHUKIB Ta 1HIIUX JITeH y CIUIbHI
1Irpy, K1 DAy Th 414 3 Ta OUTbLIE YYaCHUKIB.

[Tounnatu 3 gutuHOIO 3 PAC moTpiOHO 3 MPOCTUX CEHCOMOTOPHHUX Irop —
Ha3/I0TaHsSHHS, MOTIIIKH, BCUIAKI KaTaHHA Ha PYy4yKax, JIOCKIT. A B¥kK€ MOTIM, JTyKe
MOTiM, MOXHa OyJIe pO3BUBATH MIPEIMETHY TPy, CIOXKETHY, CIOXKETHO-POIBOBY TPy, TPy
3 MIpaBWJIAMHU Ta KIJIbKOMa YYaCHUKaMH.

VY nuTvHU 3 ayTU3MOM MEXaHI3MHU, sIKi BIAMOBIAAIOTH 3a COLIAJIbHY MOTHBAIIIIO
(IikaBICTh 7O 1HIIUX JIFOJEH, MParHEeHHsS] BCTAHOBIIOBATH Ta MIATPUMYBATH 3 HUMHU
CTOCYHKH ), HE 3aITyCKAIOThCA.

B pe3ynbrari quTHHA HE JIMIIIE HE HAMATA€ThCS B3AEMOJIISTH 3 1HIIMMH JOJIEMHU.
BoHna He crioctepirae 3a HUMH, HE CIIyXae€, HE 4y€ iX, He BUKOHYE iX 1IHCTPYKIIii, HE
PO3BUBAETHCS TaK, SIK MOTPIOHO, HE HACTIAYE€ MOJENI TMOBEAIHKA OaThKiB, HOBI
HAaBUYKM Yy Hel (OPMYIOThCS HACUIIy, CIOCTEPIraloThCsi MpoOJieMH 3 yBaroo,
ImaMm’ ITTI0, MOBJICHHSIM.

Jnst Toro, mo0 CKOPUTYBAaTH TaKUM Mepedir mojid, MoKHa NoyaTd rpaTv 3
JTUTHUHOIO B CEHCOMOTOPHI ITPH 1 MOKa3aTH i, 1110 1HINA JIFOAUHA — 1€ 4YJI0BO, BECEJIO
Ta I[iKaBo. | mapanenpHO 3aPOBaTUTH HABUAHHS €MOIIiSIM.

B pesynbraTi, konmu qutuHa 3 PAC nouHe npiopuTeTHO BUAUISTH 1HILLY JIOAUHY 3
HABKOJIMITHBOTO CBITY 1 PO3YMITH, SIKy €MOI[II0 BOHA BiJuyBae ad0 MOKa3zye, BOHA
HAaBUUTHCA Kpallle OPIEHTYBATHUCS B KOHKPETHIN ColliaibHIN CUTYyallii, Ta il OBEIIHKA
B Hiif cTaHe OUTBIII KOHCTPYKTHUBHOIO.

Hampuknan, xonmu auTuHa mTOOA4YUTh, MO I1HINIA JIIOJMHA TUIAY€ — BOHA HE
CMIATUMETHCS, HE BUMHSITHME Tajiac ab0 BUpPAKATUME arpeciio, a 3po3yMie, M0
IHIIIOMY CYMHO 1 cipo0ye€ H0ro 3aCroKOiTH.
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Axmo mitu 3 PAC HaBuathcs po3mi3HABaTH Ta BUPAXKATH €MOIIii, iM CTaHe
Habararo Jieriie J0TyYUTUCS A0 CYCIIbCTBA.

[le MO3BOJIUTH CHOPOCTUTH OCBOEHHS HABUYOK B3a€MOJII Ta KOMYHIKallii, HE
HaKOMMMYyBaTH B COO1 HETaTUBHUX €MOIII 1 BUACHO «BUITYCKATH Iap», CTaTH OLIBII
3pO3YMIJIUM JJI OTOUYIOUUX, 3pOOUTH JKUTTA ACKPABUM, I[IKABUM, HACUYECHUM.

Yomy autuna 3 PAC He rpae y croxerHo-ponboBi irpu? s giteit 13 PAC
CIO’KE€THO-POJIbOBI ITpY BUKOHYIOTh (DYHKIIIO HE IPOCTO TpH. 3aBISKH IM (POPMYIOTHCA
ColLliabH1 HABUYKH, K1 TIOTIM MOKHA TIEPEHECTH Y )KUTTH.

3MICTOM CIO)KETHO-POJILOBUX ITOp € HACHIAYBaHHS AOPOCHUM. J{iTH IpUMIpSIOTH
BiH PI3HI COIialibHI PO, MPoOyIOTh Pi3HI BapiaHTH BIIHOCHH MIX IMEPCOHAKAMH,
TPEHYIOTh CBOI COLllalbHI HABHUKH — MOX1J y MarasuH, A0 JiKaps, B Kade.

OpHak NUIAX 10 CHOKETHO-pONIbOBHX 1rop mis autuHd 3 PAC nenpoctuii. Bin
BHMarae IMoCJIiJIOBHOI Ta KOMITKOI poOOTH Ha PiBHI CEHCOMOTOPHUX Ta MPEAMETHUX
irop.

[IIo6 mutuHa 3 PAC 3mormia rpatu B mepiii NpocTi CI0KETH, BOHA TOBUHHA MaTU
MeBHI HA0OPHU HABUYOK:

® PO3BMHEHA PO3JLUJICHA yBara
3JaTHICTB 3aJIMIIATHCS B €EMOIIIHO Hacu4ueH1i B3aeMoall He MeHIIe 30 XBUJINH
HaCJIiTyBaHHS
JTOTPUMAaHHSI PAaBWJI TPU
BMIHHS TIOBIIOMJISITH TIPO CBOi MOTPEOH, MOTO/IXKYBATUCS Ta BIIMOBIISITUCS
3MIaTHICTb JIOJIATH TIEPEIIKOIA Ta BUTPUMYBATH TPOTPAIIT
BMIiHHS BUKOHYBATH POJIb BEIy4OT0 y 3HAHOMUX irpax

® 3/IaTHICTh OJJHOYACHO MAHIMYJIOBATH ITPAIIKOIO Ta 3aJUIIATHCS B KOHTAKTI 3
TOPOCTIIM.

TakuMm 4YMHOM, HANPUKIHIN Te3 MOXKHA JINTH BHCHOBKY MpPO HEOOXITHICTH
dbopMyBaHHS Ta PO3BUTKY IrpoBoi nisiibHOCTI y nutunu 3 PAC. 3a nonomoroto rpu
MOKHA 3HAMTH KOHTaKT HaBITh 13 «BAKKUMU» JITbMHU BKE Ha TEPIIOMY 3aHSTTI;
o0Opatu Ti IrpH, SIKi MOA00aITHCS caMe Tiil UM 1HIINN IUTHHI, aJKe B OJHIN 1 TiH caMiid
rpi Moxe OyTu Oarato BapiaHTIB, MOXKHAa CKOPUTYBAaTU HeOa)kaHy IOBEIIHKY Ha
3aHATTAX; 0ATHKU 3MOXYTh MOOAYUTH PE3yJIbTATH IIBUJIIIIE, a 11€ BCEJIIE€ B HUX HAJIIO
Ta BIIEBHEHICTb.
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CY-I’KOK TEPAIIIA AK 3ACIE CTUMYJISIIII
MOBJIEHHEBOTI'O PO3BUTKY JITEM 3
IHTEJEKTYAJIBHUMMHU INOPYHIEHHAMUAU

Kanityna Map’sana CranicjiaBiBHa

acIlipaHT, aCUCTEHT Kadeapu creriaabHOol Ta IHKIFO3UBHOI OCBITH
Bonuncbkuil HanioHanbHUN yHIBepcUuTeT iMeHi Jleci Ykpainku
M. JIyubk, Ykpaina

CydacHa cuctema crieniajJbHOro Ta IHKII03UBHOTO OCBITH OPIEHTOBAHA Ha MOIIYK
Ta BIPOBAKEHHS €(PEKTUBHUX IHHOBALIMHUX METOJIB KOPEKUIHHO-PO3BUBAIBHOT
poOOTH 3 NITbMU 3 iHTeNeKTyanbHUMHU nopyieHHssMU (II1). Oco0nuBy akTyasbHICTb
Ha0yBae mnpoOiieMa CTUMYJISLII MOBJIEHHEBOIO PO3BUTKY L€l KaTeropii AiTei,
OCKIJIbKM MOBJICHHSI € MPOBIJHUM 3aCO00M KOMYHIKaIlii, Mi3HAHHS HABKOJMIIHBOTO
CBITY Ta colliaji3ailii 0COOUCTOCTI.

Hitu 3 III xapakTepus3yloTbCcs CHUCTEMHUMH TMOPYLIEHHSIMH MOBJIEHHEBOI
TISUIBHOCTI, 30KpeMa HEIOCTATHIM PO3BUTKOM JIEKCUKO-TPaMaTHYHOI CTOPOHH
MOBJICHHS, 3B’S3HOIO MOBJICHHS, (POHETUKO-(POHEMATUYHUX IIPOLECIB, a TaKOX
3HWKEHUM pIBHEM JpiOHOT MOTOPHKHM, IIO0 HETaTUBHO BIUIMBAaE Ha (OPMYBaHHS
MOBJIEHHEBUX HAaBUYOK. Y 3B’SI3KY 3 [IUM OCOOJIMBOI 3HAYYIIOCTI HA0yBalOTh METO/IH,
K1 3a0€3MeuyloTh KOMIUJIEKCHE BIUIMB Ha MOBJICHHEBE, CEHCOPHE Ta MOTOpHE
PO3BUTOK JAWTHHM, IO MOKa3aHO B mpamsgx Takux BueHux sak: C. MupoHosa,
H. [TaxomoBa, K. OcTtpoBceka, B. TuleHko 1a iH.

OpHuM 13 MeTONIB KU cTUMYJTt0€ MOBJiIeHHs nuTunHU 3 II1 € Cy-Jlxox Teparis,
[0 TPYHTYETHCSI HA CTUMYJIALIT O10JIOTIYHO AKTUBHUX TOYOK KUCTEW Ta CTOI, SKi
MPOEKTYIOThCA Ha pI3HI OpraHu Ta (QYHKIIOHAJIbHI CUCTEMH OpraHi3my.
Buxopucranns enementiB Cy-J[ok Teparnii y KOpekIiiitHiii poOoTi 3 JITbMU CIPHSIE
akTuBi3amii JApiOHOT MOTOPHMKH, PO3BUTKY CEHCOpHOI cdepu, yBaru, mam’sTi Ta
MOBJICHHEBOT aKTHBHOCTI, IO pOOUTH 1 e(EKTUBHUM 3aCO00M CTUMYJISIIIT
MOBJICHHEBOTO PO3BUTKY. [1]

3BEpHYBIINCH /10 BU3HAYEHHS B CJIOBHHKY, BCTAHOBIIIOEMO, 110 B MEPEKIAl 3
Kopeicbkoi MoBU MeToinka Cy-J[xok o3Hauae: Cy — KUCTh, [[)KOk — cTona. MeToauka
0a3yeThCs Ha BIUIMBI HA OPraHi3M JIOJUMHU Yepe3 PyKU Ta HOTW. BapTo miakpeciuTu,
1[0 ICHY€ Bpa)karoua CXOXKICTh OyJI0BU KUCTI Ta CTOIHU 3 aHATOMIEIO JIFOJICHKOTO Tija.
VY cTpyKTYyp1 THOJCHKOTO Tijla BUIUISIOTH TYIyO 1 IT’ATh BUCTYIIAIOYMX YACTUH: IIHIO 3
rOJIOBOIO Ta YOTHPHU KIHILIBKU. AHAJOTIYHO, PYKH CKJIaJalOThCs 3 JOJIOHI Ta I ATU
MaJbIIB, K1 TEX BUCTYAIOTh.

Ha xucTsx Ta cromax po3TalioBaHi TOYKH, OB S3aH1 3 PI3HUMHU AUITHKAMU KOpU
TOJIOBHOTO MO3KY, 110 TO3BOJISIE 1ICHTU(IKYBAaTH 30HU, BIIMOBIIabHI 32 MOBJICHHS, 1
CIPHATH IXHHOMY BJJOCKOHAJICHHIO. 32 PO3BUTOK MOBJICHHSI BiJIITOBIIal0Th Bl OCHOBHI
obnacTi MO3Ky: 30Ha BepHike, sika 3abe3nedye po3yMiHHS MOBH, Ta 30Ha bpoka, 1110
perymtoe BUMOBY 3BYKiB. [Ipodecop [lakom Uxe By sikuii po3poOuB qaHy METOIUKY
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BKa3ye, 0 TOYKHU JJIs1 CTUMYJISIIIT MOBJICHHEBOTO PO3BUTKY MOKHA 3HAWTH Ha BEPXHIX
(haymaHrax majbIliB, 1110 CIIPUSE aKTUBI3allll IEHTPAJIbHOI HEPBOBOT CUCTEMH. [2 ]

Cy-Jlxok Tepamisi ciyrye e€(heKTUBHOI OCHOBOIO JUIsl IIBHJIIOTO MEPEXO0ay 0
BUILIOTO PIBHS PYXOBOi aKTUBHOCTI M’SI31B, CIPHUSE LUICCIPSIMOBaHIM poOOTI HaA
MOBJICHHEBUMHU HAaBUUKAMU JUTHHHU, MIJBUILYE (DI3UYHY Ta pO3yMOBY IMpale31aTHICTh
niter. Kom6Ginamis Cy-J>xok Teparii 3 BipaBaMu Jj1sl BAOCKOHAJICHHS CEHCOMOTOPHUX
yMiHb JI0O3BOJISIE CTUMYJIIOBATH TICHXIYHI TMPOIECH, 3MIIHIOBATU M SI3U, IO
BIJIMOBIAAIOTH 32 IPIOHY MOTOPHUKY, a TAKOXK aKTUBHO CIIPHUSTH PO3BUTKY MOBJICHHS.

3actocyBanus Cy-J/[»xok Tepamii BiIKpHBA€ MOKJIUBOCTI I BIPOBAKEHHS
HOBHUX METOJIIB Ta MPHUIOMIB pOOOTH, SIKI HE JUIIE MOKPAILYIOTh APIOHY MOTOPHKY,
aJyie i1 BIUTMBAIOTh HA PO3BUTOK KIIFOYOBHX ACTICKTIB MOBJICHHEBOI CUCTEMH, TAKUX SIK
(hoHEMAaTHYHUI CITyX, aKTHBHE 3aCBOEHHS CIIOBHHUKOBOTO 3allacy Ta TpaMaTHIHUX
CTpYKTYP. [3]

OTxe, HAyKOBO-TCOPETHYHHUX JIKEPEN Ta MPAKTUYHOTO JOCBIMY IMiATBEPIKYE
edexTuBHIcTh Cy-J[>)KOK Tepartii Kk 3aco0y CTUMYJISAIT MOBJIICHHEBOT'O PO3BUTKY JIITEH
3 ITI. BukopuctanHus 1i€i METOJUKH B CHUCTEMI KOPEKIIHHO-PO3BUBAILHOI POOOTH
3a0e3neuye IITICHUN BIUIUB Ha MOBJICHHEBY, CECHCOPHY Ta MOTOpPHY chepu AUTHHH,
0 € OCOOJMBO BAXKIMBUM 3 ypaxyBaHHSIM CHUCTEMHOTO XapaKTepy MOBJICHHEBHUX
MOPYIIEHB Y TaKOi KaTeropii AiTei.

3actocyBanHa einemeHTiB  Cy-JIKOk Tepamii cropusie pO3BUTKOBI JIpiOHOI
MOTOPHUKH, MOJIMIIEHHIO CEHCOPHOTO CIPUIHATTS, KOHLIEHTpALli yBaru, rnaMm Tl Ta
MOBJIEHHEBOT aKTHBHOCTI. KpiM TOro, CTBOPIOIOTBCS CHOPHUSTIMBI yMOBH I
CTUMYJISAIIT MOBJICHHEBHX 30H KOPH TOJIOBHOTO MO3KY. [lo€qHaHHS 11i€i METOIMKH 3
TPAOUIIMHUMU  3aHSITTSIMU Ta  CEHCOMOTOPHHUMM  TEXHOJIOTISIMM  TIJBUIIY€E
e()eKTUBHICTb KOPEKI[IIIHOI po0OTH, cripuse PopMyBaHHIO (POHETHUKO-(HOHEMATUUHUX
MPOIECiB, PO3MIMPEHHIO CIIOBHUKOBOTO 3amacy Ta BAOCKOHAJICHHIO JIEKCHKO-
IpaMaTHYHO1 CTPYKTYPH MOBJICHHS.

Cnuncoxk BUKOPUCTAHUX JIKepeJt

1. Cy-mKoK Tepariisi B KOpEKI[IHHO-TIpakTH4UHii poOoTi 3 miThMu. / JI. A. [ByaToBa.
— Jloronen - 2010. Ne 1.;

2. Iak Yx» By «Ilutanns tepanii ta npaktuku Cy-J[>kok teparmii: Cepii KHUT TI0
Cy-Jlxxok tepamii » — Cy-Jlxxok Axagemusi, 2009;

3. Tkauyk L. M. Cy- mxoxk Teparis B poGOTi BUHTEIIS-TOTrONE A 3 OMIKITbHIKAMI.
MIAroTOBKa MailOyTHIX (haxiBLiB y KOHTEKCTI CTAHOBJIEHHS HOBO1 YKPAiHCHKOT IITKOJIH:
KOMIMETEeHTHICHUN  miaxig, M. JKutommp, 14  0Gepe3. 2019 p. URL:
https://eprints.zu.edu.ua/32349/1/maxet%20361pH1Ka%20HaykoBUX %2 0npais %2020
19%20555.pdf#page=317.
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POJIb KEPIBHUKA Y ®OPMYBAHHI TA PO3BUTKY
CHEHIAJIBHOI'O 3AKJVIAAY OCBITH

Kopx Tersina
nupektop KoMyHanbpHOTro 3akiaay OCBITH
«CrnernianpHa mkosa «CBiTaHOK» JIHITPONEeTpOBChKOI 00IACHOT paam»

Y KOHTEKCTI Cy4acHOi mapajiurMu TpaHcopmailii OCBITHROTO IPOCTOpY YKpaiHu
MOCTa€ HarajabHa JAeTepMiHaHTa pealizailii o0rpyHTOBaHUX, CHCTEMHUX Ta MNIMOMHHUX
pedopm yciei ramy3i HagaHHS OCBITHIX IMOCIYT, IO KOPETIOIOTH 13 HOPMATHBHO-
MMPaBOBUMH BUMOTaMH Ta cTaHgapTamu €Bporneiicbkoro Corosy [2]. PeTpocniekTuBHUM
aHaJi3 CBIIYUTH, 1110 BIIPOJIOBK TPUBAJIOIrO MEPIOAY YKpaiHChKa CHCTEMa CHellalbHOl
OCBITH 0cCi0 3 ocoOnuBuMH oOcBiTHIMA mnoTtpedamu (OOII) ©OasyBanacs Ha
(YyHKIIIOHYBaHHI CIEIlaIbHUX 3aKJIAJlIB, SIKI ¥ CHOTOJHI 3aJIUIIAIOTHCA TPaAUI THUM
IHCTUTYLIMHUM  OCEpPEIKOM iXHbOIO HaB4YaHHA. BojaHouac cHocrepiraeTbes
iHTeHCcU(DIKaIlis MPOIECiB MOJAEPHI3allli, 3yMOBJIEHA CTPATETIYHUM KYpPCOM JIepKaBU
Ha eBpoiHTerpailito. Lle 3yMOBIIIOE CyTTEBY PEKOHIIENITYali3a1[it0 OCBITHbOI MOJIITUKH,
JIe IPIOPUTETHUM BEKTOPOM BU3HAUEHO 3a0€3MEUEHHS PIBHOTO JOCTYITY JO SKICHUX
OCBITHIX MOCJYT JJIs JAITEH 3 OCOOJMBUMHU MOTPEOaAMU Ta CTBOPEHHS 1HKIIFO3UBHOTO,
O€3MeYHOro Ta CTUMYJIIOBAIbHOrO cepenoBuma [3, c. 278]. Ilpomec amanTarii
YKpailHChKOI CHUCTEMU CIEIIaIbHOI OCBITH J0 €BPOIEUCHKUX JCCKPUITOPIB SKOCTI
BUMarae KOHCOJIJalii 3yCWib, ONTHUMI3allli HAsBHUX PECYpCiB Ta TE€HEPyBaHHS
IHHOBAIIMHUX TIAXOJIB, JI€ KIIYOBUM MEXaHI3MOM BHUCTYIA€ 1HHOBAI[IMHUM
PO3BUTOK 3akjajiB creriaabHoi ocBit (3CO) [5].

[HHOBaLIMHUN PO3BUTOK CHEMadbHOTO 3akiagy ocBiTH st ocido 3 OOII
IHTEPIIPETYEThCA  SIK  JUHAMIYHUM  MPOIEC  IIJIICHUX,  B3a€EMOIIOB’SI3aHUX
TpaHcopmarllif ycix KOMIIOHEHTIB TI€JaroriyHoi CHUCTEMH, IO IHIIIIOETHCS
cy0’€KTaMH OCBITHBOT'O TPOIIECY Ta CIPSAMOBYETHCS Ha JOCATHEHHS SKICHO HOBHUX
OCBITHIX 1 collianbHuX pe3ynbTatiB [S]. [IpoBigHa posb y 3a0e3neueHHi i€l TpaekTopii
HAJICKUTh KEPIBHUKY 3aKiagy, OCKUIbKM CydyacHa CIielliajibHa MIKOJa BHUMAarae
YIOPaBIIHCHKUX MIAXOIB, aJICKBATHUX aKTyaJIbHOMY THITy CYCHIJIBHOTO PO3BHUTKY. B
yMOBax  0aratoBeKTOPHOCTI  COIIlaIbHUX  TpaHcdopmaliifi  3acTOCYBaHHS
aJMIHICTPAaTUBHO-KOMAHJHUX METOJIIB YMPAaBIIHHSI Ta TOTAJIBHOTO KOHTPOJIIO
IHAYCTpIaTbHOT ~ €MOXM  CTAa€  KOHTPIPOAYKTHMBHUM, CTBOPIOIOYHM  CHUCTEMHI
CYyNEepevHOCTl, M0 BEAYTh JI0 JAeTpajallii COIlaIbHUX CTPYKTYp. 3aKiiaJl OCBITH, K
HEBIJ’€MHA CKJIaJioBa LMU(POBOI IMUBUIIZAII, Ma€ PECIOHIyBaTH Ha TJ00aJbHI
BUKJIMKH, OPIEHTYIOUHMCh Ha (OpPMYBaHHS METAKOMIICTCHTHOCTEH Ta «HAaBHYOK
MaiiOyTHBOT0» y BCIX Y4YaCHUKIB OCBITHhOro mporecy [4]. 3a ymoB
TpaHchopMalliiHuX 3pylieHb B YKpaiHI KPUTHUYHOIO 3HA4YEHHs HalOyBae
KOMIIETEHTHICHA TIJArOTOBKa Ta Oe3nepepBHE MiABUIICHHS KBaji(ikallli KepiBHUKIB
CrieliaJIbHUX 3aKJIaJliB OCBITH [2].

KepiBHUK 3akiiafy OCBITH BHUCTYNA€ KIIOYOBHM TapaHTOM 3a0e3MeueHHs SKOCTI
OCBITHBOT MIsUIBHOCTI. BinmoBigHo 10 mojokeHb cratTi 26 3akony Ykpainu «lIpo
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OCBITY», KEPIBHHK 3JIHCHIOE Oe3mocepeHili MEHEIKMEHT 1 Hece MEepPCOHAIbHY
BIANOBIZANbHICTE 33 PE3yIbTATHBHICTb (YHKI[OHyBaHHA iHCTUTYWil. Foro
MOBHOBAKECHHS OXOIUTIOIOTh: OpraHizallito MOTOYHOI JiSIIbHOCTI; CTpATET1uHUM J001p
Ta PO3CTAHOBKY KaJIpOBOTO MOTEHLIANy; YNpaBiiHHSA (IHAHCOBO-TOCIOAAPCHKUMU
aKTMBaMHM,; MOHITOPUHI peaiizaiii OCBITHIX mporpaM Ta (YHKI[IOHYBaHHS
BHYTPIIIHbOI CUCTEMHU 3a0€3MEUEHHS IKOCT1 OCBITH; CTBOPEHHS IIPO30PUX YMOB IS
IPOMaJICEKOI0 KOHTPOJIO; (OpMyBaHHsS OE3MEYHOT0 Ta 1HKIIO3UBHOTO OCBITHHOIO
nanamadty [1]. EdextuBnicTh peamizanii ynpaBaiHCbKUX (YHKIIH Oe3mocepesHbo
KOPEJIIO€ 3 SIKICTIO OCBITH 4Y€pe3 CTBOPEHHS OpraHi3alliifHOro KIiMary, 110 CHpHUSE
JOCSITHEHHIO CTpaTeTiuHUX MJIeH 3aKiaay Ta 3aJ0BOJICHHIO CYCHUIBHUX TOTPeEO.
KepiBHuK nocrae sik Jigep-TpancGopmatop, 10 BU3HAYAE Bi31I0 PO3BUTKY, 3a0e3meuye
KOMAaHJIHy CHHEpril0 Ta BIANOBIAHICTH OCBITHBOIO MPOLECY MIKHAPOJHUM
CTaHJIapPTaM.

HaykoBi pmaHi NOIATBEPIXKYIOTh, IIO PIBEHb YIPABIIHCHKOI MaNCTEPHOCTI
KEpIBHUKAa € JICTEPMIHYIOUYMM (PAKTOPOM YCIIIIHOCTI BCHOTO TMEAAroridyHoro
KOJIEKTUBY. Y CHUCTEMI MICISIUIIIIOMHOI OCBITH MiJTOTOBKA MEHEIKEPIB OCBITH Mae
O0a3zyBaTuCs Ha YITKIM AediHilii MOCaJoBUX IpaB Ta OOOB’SI3KIB. AKTYaJIbHOIO
3QJIMIIAETBCS  MPOOJIeMa  pallioHaJIbHOI  JIENEHTpali3alli  yIpaBIiHHS  4epes
JIeJIeTyBaHHS MOBHOBAXEHb, 1110 JI03BOJIIE YHUKHYTH (PYHKI[IOHAIBHOTO Mapajienizmy,
3a0e3mnedye yHITApHICTh M1 Ta JT03BOJISIE PIBHOMIPHO PO3MOJAUIMTH KOTHITUBHE Ta
aMIHICTPAaTUBHE HAaBaHTAXXEHHsI Ha aaMiHicTpauito [1]. 3riIHO 3 3aKOHOJABCTBOM,
JUPEKTOp HEce JEepXaBHY BIANOBIAAIBHICTh 3@ OpraHi3aliid Ta SKICTh HAaBYaJIbHO-
BUXOBHOI po00TH, 30kpeMa 3 niTbMu 3 OOII, cran 310poB’s130€pe’KEeHHSI, PO3BUTOK
npodeciiiHOi KOMIIETEHTHOCTI NEPCOHATY, B3a€EMO/IIIO0 3 0aThKIBCHKOIO I'POMAJICHKICTIO
Ta (piHAHCOBY CTAOUIBHICTH YCTAaHOBU TOWIO [3].

[HHOBAIITHUN PO3BUTOK 3akjady, K (YHKIIOHAJbHUN OOOB’A30K KEpIBHHKA,
nepeadavae  [UKIIYHICTE TakKWX  €TamiB:  CTa0lIbHE  (PYHKLUIOHYBAaHHSA  —
KOHIIETITyaTi3allis Ta MPOEKTYBaHHS — IMIUIEMEHTAIlis — Bepuikallisi Ta KOpUTYBaHHS.
s qisIbHICTE pealizy€eThes yepe3 cucteMy QyHKIin: iHpopMaIiiHO-ITPOCBITHUIIBKY,
OCBITHBO-CAMOOCBITHIO, CTUMYJIIOBAJIbHO-MOTHBAIIHY, MPOTHOCTHUYHY, MPOEKTHY,
pecypcHO-OpraHizaiiiiHy Ta OIIHHO-PeryJIaTHBHY [5]. YmpapmiHchbka KBamidikariis
KEepiBHUKA B Cy4YaCHHX YMOBAax IMOBUHHA 1HTErPyBaTH TaKi MapaMeTpH: CTpaTeriYHHMI
MCHEDKMEHT (BI310HEPCTBO); MOHITOPHMHT OCBITHIX IIPOIECIB; KOMIICTCHTHICHE
VOpaBIiHHSA MEepCcoOHANIOM; (PIHAHCOBO-roCHOAAPChKUNA  (DaHIPEH3UHT; PO3BUTOK
BHYTPIIIHIX Ta 30BHIIIHIX KOMYHIKaTUBHUX Mepex [1]. Jlo cTpykTypu mpodeciiftHoro
npouI0 KepiBHMKA TaKOX HaleXaTb: (PyHIAMEHTAJIbHI 3HAHHS; PO3BUHEHA
oprasizailiifHa KyJbTypa; 34aTHICTb 10 IHHOBAIIMHOTO Ta TEXHOJIOTIYHOT'O PO3BUTKY;
VIOpaBIIHHS JIIOACBKAM Ta COIIAJIbHUM KamiTalioM; MaNCTEpHICTh Yy BOJIOMIHHI
iH(opMaIiHUMU pecypcaMu Ta 1HQPACTPYKTYPHUMU aKTUBaMu [4].

VY Mexax €BpOMEHChKOrO BEKTOPAa PO3BUTKY KEPIBHUK 3aKJaay 3000B’sI3aHUN:
JIEMOHCTPYBaTH BHCOKHI piBeHb (DaxOBUX 3HAHb Ta M’ SIKUX HaBUYOK (soft skills);
3a0e3medyBaTi peajizailiio CTPATeTIYHOTO TUTAHY PO3BUTKY; MOCKOHAIO BOJIOJITH
HOPMAaTUBHO-TIPAaBOBOIO 0a3010; OPIEHTYBAaTHCS Ha SAKICHUM OCBITHIM NPOAYKT;
3MIACHIOBATH CUCTEMHHM aHaji3 pe3yJbTaTiB JepXaBHOi arecTallii; 3a0be3nedyBaTu
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MPO30PY 3BITHICTD; CHPHUATH Oe3nepepBHOMY Mpo(deciiiHOMY PO3BUTKY IMEPCOHATY;
CTUMYJIIOBATH HAYKOBO-METOJUYHY Ta TPAHTOBY AKTUBHICTH;, €(EKTUBHO YNPABIATU
OI0/DKETOM Ta 3ajaydaTH I1103a0l0/KETHI 1HBECTHIIIi; BOJOJITH TEXHOJIOTISIMHU
KOH(IIKT-MEHEDKMEHTY Ta  (QopMyBaHHS ocoOuctoro moptdoiiio Jiaepa.
Oco0suBOro 3Ha4eHHs: HA0yBa€ TOTOBHICTh 10 POOOTH B yMOBaX IIUPOKOT aBTOHOMIT
3akiany [1].

CyuacHuii mpod 11 yIpaBIiHCHKOI KBaTi(hiKallii KepiBHUKA CIIEIiaIbHOTO 3aKIaay
OCBITH € CKJIJJHUM 1HTETPOBAHUM KOHCTPYKTOM, III0 OXOIUTIOE HU3KY CTpaTEeT1dHHUX
JOMEHIB, HEOOXiTHUX i1 €(PEKTUBHOTO (PYHKIIOHYBaHHS YCTaHOBM B yMOBax
TPaH3UTHUBHOI EKOHOMIKH Ta OCBITHIX pedopm. IlepmmM 1 KIOYOBHM JOMEHOM
€ CTpaTeriYHUi MEHE)KMEHT, IO Moyirae y QopMyBaHHI JaJeKOTJIAIHOI Bi3ii
PO3BUTKY 3akiaay. KepiBHUK Ma€ He JHIlle BUZHAYaTH BEKTOP PyXY, a i IPOEKTYBaATH
MaiOyTHIN CTaH I1HCTUTYLII $K LEHTPY I1HKIIO3UBHOI ekcnepTtusu. HactynHum
CKJIQTHUKOM € YTIPABIIIHHA OCBITHIM KOHTEHTOM, IO Mepeadavae rimuOoKe po3yMiHHS
TUIAKTHYHUX TIPOIIECIB Ta 3/IaTHICTh MOJICPHI3yBaTH 3MICT HaBYaHHS BIAMOBIIHO JI0
3anuTiB comiymy. He wmenm BaximuBumM € HR-MeHemKMeHT, cnpsMOBaHHI Ha
po30yA0BYy CHJIBHOI NMpodeciiiHOl CHIIBHOTH, Jie KOKeH ¢axiBerb (Bl aCHCTEHTa
BUHUTEJNS O peadiIiToiora) 3aly4eHH 10 CIIUTbHOT MeTU. Y (piHAHCOBIH IJIONIMHI HA
MepIINA TJIaH BUXOAUTH (PIHAHCOBO-TOCIOIapChKa aBTOHOMISL Ta (DaHIIPEH3UHT, 10
BUMarae BIiJl KEpIBHUKAa HABUYOK TMOIIYKY JOJAATKOBUX JiKepel (HiHAHCYBaHHS,
IPAaHTOBOI MISUTBHOCTI Ta 3aJly9€HHS 1HBECTHIIN JUIsI TOKpAIEHHS MaTepialbHO-
TexHiYHOi Oa3u. 3aBepriye Iiedl Mpodiiah PO3BUTOK BHYTPIMIHIX 1 30BHINIHIX
KOMYHIKAIliIMHUX CTpaTerii, Imo 3a0e3nedye CTaluid Jialor MDK  3aKJIaJoM,
0aThKIBCHKOIO TPOMAJIOI0, OpraHaMH BJIaJM Ta MIKHAPOJAHUMU MapTHEpaMH [3].

OkpiM 3a3Ha4yeHUX [JOMEHIB, AapXITEKTOHIKAa MPO(ECIMHOI KOMIIETEHTHOCTI
CYy4aCHOTO MEHe/Kepa OCBITH BKJIIOUYA€ (DyHIaMEHTa bHI CKJIAIHUKN OpraHi3aliiHoi
KyJbTYpPH, sIKa B CHEIIAIbHUX 3aKiIagax 0a3yeThCsl Ha MIHHOCTSIX TUTHHOLICHTPHU3MY,
emrnatii Ta BHCOKOi mpodeciiiHoi ernku. B emnoxy mudpooi Tpanchopmarrii
KPUTUYHOTO 3HAUYCHHS HaOyBa€ 34aTHICTh MPAIIOBATH 3 BEJIMKUMU MACHUBAaMU JIaHUX.
Ile nmo3Bossie 3MIMCHIOBATH TTUOMHHUN MOHITOPUHT JTUHAMIKH PO3BUTKY KOXKHOTO
VYHSI, aHaJli3yBaTh €()EeKTUBHICTh KOPEKIIMHUX METOJIUK Ta MPUIUMATH YIPaBIIHCHKI
pIIIICHHS! HA OCHOBI1 BaJlITHUX CTATUCTUYHMX NaHux. [lapanenbHO 3 UM, ypaBiIiHHS
JIOJICBKUM KaIliTaJloM TPaHC(HOPMYEThCSI y CTPATETIIO0 TUIEKAaHHS TAJIAHTY KOYKHOTO
MpaliBHUKA, 1110 B pe3yJIbTaTl MIJBUIIYE COIIAJIbHY KaIliTai3allll0 caMOro 3akiasny.
KepiBHUK Tak0k Ma€ BUCTYIIATH 1HII[IATOPOM PO3BUTKY cyudacHoi [T-iHdpacTpykTypH,
IHTErpyIOYr aCUCTUBHI TEXHOJIOT1] Ta LIM(PPOBI IHCTPYMEHTH B OCBITHIN MPOILIEC, LIO €
0a30BOI0 YMOBOIO JJOCTYITHOCTI OCBITH JIJIsl OC10 3 OCOOJIMBHUMHU OCBITHIMH MOTpeOaMHU
[4].

Ilepexin 10 €BpONEHCHKUX CTAHJAPTIB YIPABIIHHS JETEPMIHY€E TOTOBHICTH
KEepiBHUKA HOBOTO TUITY 10 POOOTH B TTapaJUrMi MIKPOKOI aBTOHOMIT — aKaJIeMivHOT,
(diHaHCOBOI, KaJpOBOi Ta oOpradizamiifHoi. Taka aBTOHOMIS HE € CaMOLULIIO, a
BUCTYIMA€ THCTPYMEHTOM MiJBHUILIEHHS SIKOCT1 OCBITH. BoHa mepenbauae He mnuiie
PO3IIMPEHE MPABO HA CAMOCTIWHE MPUHHATTS PIIEHb OO0 OCBITHIX MpOTpaM 4Yu
KaJpoOBOi TIOJNITHKH, a ¥ CyTTEBE 3pPOCTaHHS TEPCOHAIBHOI BiJAMOBIIATBHOCTI.
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KepiBuuk wmae 3abe3medyBaTH TOBHY MPO30PICTh OIOMHKETHUX IMPOLECIB, IO
peanizyeTbcsl 4Yepe3  ONpWIIOAHEHHS (PiHAHCOBOi 3BITHOCTI Ha  IyOJIYHHMX
BeOpecypcax, 3MIIHIOIOYM TUM CaMUM JOBIpY CycHiiabcTBa. OKpIM TOTO, BaKIUBUM
Ba)KEJIEM YIOPABIIHHS CTa€ BIPOBAKEHHS THYYKOI CUCTEMH CTUMYJIIOBAHHS
neJaroriyHuX MpaiiBHUKIB, € MaTepiajibHe Ta MOpajbHE 3a0X0UYCHHS 0e3MocepeHbO
KOPEJIOE 3 PE3YJIbTaTUBHICTIO IXHBOI JISUIPHOCTI Ta AKICTIO peati3allii 1HKII03UBHUX
MPaKTHUK [2].

Oco0n1Be, eKCKIIO3UBHE MICIE B CTPYKTYpP1 MPOQeciitHOl AISITBHOCTI KEPIBHUKA
CHEIIaJbHOTO 3aKJIady TOCiIae opraHi3aris 1HANBIAyaTbHUX OCBITHIX TPAa€KTOpid. Y
KOHTEKCTI 3a0e3MeueHHs CIIpaBkHbOi, a He (HOpMaIbHOI 1HKITI0311, MEHEIXKEP TOBUHEH
BUCTYMATH MOJIEPATOPOM IpOIeCy aganTaiii Ta Moau@ikailii HapuaabHUX iaHiB. Le
BHUMarae BiJl KEpIBHUKA HE JIUIIIE aMIHICTPATUBHUX 3J10HOCTEN, a i (PaXOBUX 3HAHB Y
cdepi crieriaabHOl MCUXOJOT1 Ta KOPEKIiiHOoi negaroriku. CaMe MEHeIKep OCBITH
Mae MPOMOHYBATH TAKUU TUI OCBITHBOI MPOTrpaMu Ta BUAM MaHOYTHBOI COLIAJIBHOT
TISJIBHOCTI, SIKI  KOPEIIOKTh 3 IHAMBIAyATbHUMH MOXJIMBOCTSMU  JIUTHHH,
3a0e3neuyoun ii MakCUMalbHO YCHIIIHY 1HTErpallii0 y BIAKPUTE CYCHIIbCTBO Ta
punok mpari [3]. KepiBHUK Mae po3yMiTH crenudiky KOKHOTO HO30JO0T1YHOTO
npod o, MO0 parioHaAIbHO OPTraHi3yBaTH POOOTY MYJIbTUIUCIUIUIIIHAPHOI KOMaHIH
CYTIPOBOJY.

OTxe, BapTO aKIEHTYBaTH Ha TOMY, IO MOJIEpHI3AIlsl YKPAiHCHKOI OCBITHBOT
rajiy3i CTaHOBUTh COOOI0 NEPMAHEHTHUI Mpolec AMHAMIYHUX TpaHchopmaumi, y
SKOMY TIOCTaTh KEPIBHUKA IOCTAE CTPATETIYHUM BEKTOPOM Ta KIFOUOBHUM TapaHTOM
IHCTUTYLIHUX 3MiH. E(dexTuBHa KOHBEpreHuis CHEUIalbHUX 3aKJIaJiB OCBITH Y
BHCOKOTEXHOJIOTIYHI 1HHOBAI[IHHI OCEpPENKH € MOXJIMBOK BHUKIOYHO 332 YMOBHU
dbopMyBaHHS LUIICHOTO (PYHAAMEHTy, IO I1HTETPyE TEOPETUKO-METO0JIOTIUHI,
HOPMAaTHBHO-TIPABOBI Ta OpPraHi3aliiHO-YNpPaBIIHCBKI AeTepMiHaHTH. Came Takuii
CUHEPreTUYHUN TMIJX1J JO3BOJSE 3IMCHUTU CUCTEMHUH Tepexia BiJ apXaidyHuX
aIMIHICTPATUBHO-AUPEKTUBHUX METOJIB JO THYYKOI 1HHOBAIIMHOI Mozemi
MEHE/KMEHTY CHEeI[laJlbHOI OCBITH, 10 MaKCUMaJIbHO PECMOHAYE BHUKIMKAM
riobamzaiii Ta cnenu@iuHUM 3andtaM 3700yBayiB 3 OCOOJMBHMH OCBITHIMH
noTpedaMu. 3a3HaueHa yIpaBIiHChKA Mapagurma IpyHTYEThCs Ha (pyHIaMeHTaIbHUX
iMIlepaTuBax  BIAKPUTOCTI, aKaJeMIYHOi CBOOOJM Ta BHCOKOI  COIIAIBHOL
BIIMOBIAIBHOCTI TIepe ] MaiOyTHIMU IMTOKOJIIHHSIMU.
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CEHCOPHA IHTEI'PAIIA SIK OCHOBA PO3BUTKY
HIBHABAJIBHOI JIAJBHOCTI AITEU JOHIKIJIBHOI'O
BIKY 3 OCOBJIUBUMHU OCBITHIMHU ITIOTPEBAMHU

KponoroBa AnbBiHa

BUYUTEIb-AEPEKTOIOT

KomynansHoro 3aKkmany «3akia AOMIKIIHHOI OCBITH (scTa-CaioK)
komneHcyouoro tumy Nel2 «Coneuko» Kam’ssHCbKOT MiCbKOT paau

[lepiom  MOMKITFHOTO  JUTHHCTBA €  €TalloM  HAWiHTEHCHBHIIIOTO
Helpoi310710T1YHOTO PO3BUTKY. s NiTei 3 OCOOIMBUMH OCBITHIMH MHOTpeOaMu
(OOII) ueit nepiof € KPUTHYHUM, OCKIJIBKH CaMe 3apa3 3aKJIaJaeThCs (QyHIAMEHT IS
MOAAJIBIIOT coliaimi3zalii Ta HaByaHHs. CeHcopHUil po3BuTOoK AUTHHH 3 OOII HEe Moxke
B1I0yBaTUCSl CTUXINWHO; BIH MOTpeOye IJIECIPSIMOBAHOT CEHCOPHOI 1HTErpamii —
Mpoliecy, MijJ Yac SKOTO HEpBOBAa CHCTEMa OTPUMYE 1H(POpPMAIliIO Bl PEHENTOPIB 1
OpraHi3oBye ii B aJIeKBaTHY MOBEIHKOBY BIJIIOBIIb.

BucyBaroun nmpioputeT CTajioro po3BUTKY CHEIIadbHOI OCBITH, MU BHU3HAYa€EMO
KJIFOUOBUM 3aBJIaHHSM CTBOPEHHS aJallTUBHOTIO MPEIMETHO-ITPOBOTO CEPEIOBHUIIA.
Opranizariist Takoro npoctopy s aitei 3 OOII nependavae oOcarose 3aaisTHHS BCiX
KaHaJIIB CIIPUMHATTSA (BI3yaJIbHOTO, ay11aJIbHOT0, TAKTHJIBHOTO, BECTUOYJIIPHOTO), IO
€ HeoOX1JHO YMOBOIO JIJII BUXOBAHHS CEHCOPHUX SKOCTEH Ta KOMITCHCAIIIT HAsBHUX
MTOPYIIICHb.

Teopiss 1 mpakTUKa CHEHIATIBHOI OCBITH JIOBOJSATH, IO CEHCOPHE BUXOBAHHS
Ha0yBa€e HAMOLIBLIIOrO 3HAYEHHS AJI JITEH NOMIKIIBHOTO BIKY, KOJIH (POPMYIOTHCA
MPOIECH BIAYYTTIB Ta HaouHUX ysBieHb. Y aitei 3 OOII ywacto cmocrepiraeTbes
(dbparMeHTapHICTb COPUUHSATTS, [0 TAJIbMy€ PO3BUTOK BUILIUX MCUXIYHUX (YHKIIH.
HutunHa 3 OOII Ha KO’)KHOMY BIKOBOMY eTari notpedye crenudiqHux BIUIUBIB, K1 O
CTUMYJIIOBAJIM ii HEPBOBY CHCTEMY JI0 00’ €HAHHS PO3PI3HEHUX CUTHAIIB Y LLITICHUN
obpas3.

[IpobGnema cencoproro BuxoBaHHs miTed 3 OOIIl Oyma mpenMeToM HayKOBOTO
iHTEepecy mpoBinHUX TcuxosoriB Ta nedexronorie (JI. Benrep, O. 3amoposxerp,
B. Myxina, M. [logn’saxoB Ta iH.). BoHu HarosomryBaiu, 110 CEHCOPHUN PO3BUTOK
JTUTUHY 11¢ HE JIMIIEC HAKOTTMYCHHS 3HAHb PO BJIACTHUBOCTI MPEAMETIB, a CKJIaTHHM
MIPOIIEC OBOJIOAIHHS CUCTEMOIO eTajoHiB. s nutuHM momkiasHOro Biky 3 OOII
CEHCOpHA IHTErpaiisi CTa€ «MICTKOM» JI0 JIOTIYHOTO ITi3HAHHS, OCKUIbKH 0e3
aZICKBaTHOTO CIPUHHATTS (QOPMHU, KOJIBOPY, Barm Ta TMPOCTOPY HEMOXKIIUBE
dhopmyBaHHS aOCTpaKTHOTO MUCHEHHS [1].

5. KoMeHChKUIT BUBIB «30J10T€ MPaBUJI0O» HaBuaHHs, sike jis jaiteit 3 OOII crae
0a30BMM MPUHIIATIOM: 3a[15ITH SIKOMOTa OUThIIIE OpPTraHiB YyTTs ofHO4acHO. [li3HaHHs
mutuHU 3 OOII mounHaeThes HE 31 CIOBA, a 3 OE3MOCEePEAHBOTO YYTTEBOTO JTOCBITY.
UM sKICHIIIIE OpraHi3oBaHa CEHCOPHA IHTErpailis, THM CTaOUIBHIIIOK CTae
[M3HaBaJIbHA MISUIBHICTH JUTHHU.
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[li3HaBanmpHA MOISUTBHICTH JiTel pgomkiibHOro BikKy 3 OOIl € ckmagaum
CTPYKTYPHUM yTBOPEHHSM, 1110 0a3ye€ThCs HA IHTEJICKTyalbHIN 1HIIIATUBI Ta BMIHHI
oriepyBaTH OTpUMaHUMM oOpazamMu. Y HiTeHl Ili€i KaTeropii IMi3HABAIBHUI 1HTEpEC
4acTo € 3HWKEHMM abo Mae (QparMeHTapHUN XxapakTep depe3 TpPYJHOIl B
omnpartoBanHi iHpopmaiiii. CeHcopHa IHTerpalis CTae TUM CTUMYJIOM, [0 TIEPEBOIUTh
JUTUHY 31 CTaHy MACMBHOIO CIIOCTEpiraya 0 CTaHy aKTUBHOTO JIOCHIIHUKA. 3aBISKU
BIIOPSIIKYBAHHIO CEHCOPHHMX MOTOKIB, Y AUTHHU 3 OOIl popMyeThCcsi 3MaTHICTH 10
0a30BMX pPO3YMOBHX OIepalliid: aHam3y (BUIUICHHS OKPEMHX BIJIACTUBOCTEH
npeaMeTa), cuaTe3y (00’ eMHaHHS 1X y MUTICHUA 00pa3) Ta MOPIBHSHHS.

BaxnuBum eTarnom po3BUTKY Mi3HABAIBHOI JiSUTBHOCTI € TIEPEXija Bl KOHKPETHO-
YyTTEBOTO CIIPUUHATTSA 10 (POPMYBaHHS €JIEMEHTAPHUX MOHATH. Km0 nutuHa 3 OOl
Ma€e MOXJIMBICTh OararopazoBO MaHIIyJIIOBATU NMPEAMETaMH Pi3HOI PakTypH, Baru Ta
TEMIIEpaTypd B yMOBaxX CEHCOPHO 30aradeHoro CepefoBUIIA, ii MO30K MOCTYIIOBO
BUOYIOBY€ CHCTEMY y3araibHEHb. Lle 103BoIsie€ TUTHHI HE TIPOCTO OAYUTH «IEPBOHUIA
KyOuK», a BUIUISTH «YEPBOHICTHY SIK aOCTPAKTHY O3HAKY, IO € MOYATKOM PO3BUTKY
JIOTTYHOT'0 MUCJICHHS [2].

TakuM 4MHOM, Mi3HABaJIbHA aKTUBHICTH CTa€ BHYTPIIIHHOIO MOTPEOOIO0 NUTHUHH,
aJKe YCIIIIHUN CEHCOPHUM JIOCBIJT CTBOPIOE CUTYAIIII0 IHTEJIEKTYaTIbHOI BIIEBHEHOCTI.
Po3Butok mi3HaBasbHOT cepu uYepe3 CEHCOpHI KaHamu 3a0e3ledyye He JIMILe
HAKOIUYEHHSI CYyMH 3HaHb, a 1 (OpMyBaHHS BMIHHSI CAMOCTIMHO 3HAXOJUTH 3B’SI3KU
MDK SIBUIIAMH, 110 € KJIIOYOBHMM ITOKa3HUKOM IHTEJIEKTYyaJlbHOI TOTOBHOCTI [0
MOJAIBIIIOT0 HABYAHHS Ta IHTErpallii B CyCIUIbCTBO.

Jns autuan gowkuibHoro Biky 3 OOII kopekiiss mopymieHb pPO3BUTKY HeE
BUJUTSIETECA B OKPEMI 3aHATTS, & IHTETPYETHCA B yBECh KOMIUIEKC HaBYaHHsS. MeToro
CEHCOPHO1 IHTErpalii € KOpeKI[isi CCHCOPHO-NEPUENTUBHUX MPOLECIB, SIKI Y AITEH 3
OOII yacto marTh AedinUTapHU XapakTep. SKIIO Mporec 3aCBOEHHS CEHCOPHOTO
JOCBIAYy y Takol JAWTHUHHM B1AOYBAa€TbCS CTUXIMHO, BOHA HAPAXAEThCS Ha XHOHI
YSIBIIEHHS TIPO CBIT, IO IITYYHO 3aTATYE 11 PO3BUTOK.

OCHOBHHMMHU 3aBJaHHAMH KOPEKIINHUX 3aHATh 11 aiteit 3 OOIT e [2]:

— dopmyBaHHSI CECHCOPHUX €TaJIOHIB: HABYAHHS PO3PI3HATH BETUUYHUHY, HOpMY
Ta KOJIp MPEAMETIB y MEKaxX KOPEKIli IHTEJIEKTyaTbHUX YU MOBJICHHEBHUX MTOPYIICHb.

— HeitpoMoTOpHa KOpEKIIisi: pPO3BUTOK JIPIOHOT MOTOPUKH Ta KOOPAHMHAIIT SIK
0a3ucy sl akTUBAIlll MOBJICHHEBUX IIEHTPIB TOJIOBHOTO MO3KY.

—  MynbpTHCEHCOpHE  OOCTEKEHHS: CTUMYJIAIISI ~ CIYXOBOTO,  30pOBOTO,
TaKTUJIBHO-PYXOBOT'0, CMaKOBOTO Ta HIOXOBOT'O aHAII3aTOPIB JJIsi CTBOPEHHS LIJTICHOT
KApTUHU CBITY.

— IIpocTtopoBa opienrauis: popmyBanusa y autuau 3 OOIl «cxemu BiIacHOTO
T1JIa)» Ta OPIEHTYBAHHS Y IPOCTOPI, 110 YacTo € nopyumeHum npu [P un PAC.

Jns piteit 3 0cOOMMBUMHU OCBITHIMM MOTpPEOAMHM CTPYKTypa 3aHATTA Mae OyTH
YITKOIO Ta Mepea0avyBaHoOl0, 10 3HIKYE TPUBOKHICTD 1 CTIPUSE KPAIIIOMY 3aCBOEHHIO
Marepiaiy.

Bona Bxirouae [2]:

— CTBOPEHHSI CUTYaIlli yCIiXy Ta BIIPAaBU HA PO3BUTOK KPYIMTHOI MOTOPUKH;

— creniajibHe OOCTEKEHHS MPEIMETIB 13 3aTyYEeHHSIM TaKTUJIBHOTO BITUYTTS;
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— BUKOHAHHSI 3aBJIaHb 3a CIIOBECHOIO 1HCTPYKIIIEIO, IO PO3BUBAE 3B’ SI30K MIXK
JIE€I0 Ta MOBJICHHSIM;

— penakcailiro sK 3acidé crabimizarii HEpBOBOI CHUCTEMH IICIsS CEHCOPHOTO
HaBaHTAYKEHHS.

s miTedt 3 0coOMMBUMH OCBITHIMHU OTpeOaMH CEHCOpPHA IHTETpallis € He TIPOCTO
YaCTMHOIO BHUXOBAaHHS, a 0a30BUM MEXaHI3MOM, IO JO03BOJIIE «BBIMKHYTH)
Mi3HaBaJIbHY aKTUBHICTb. 3T1IHO 3 TEOPI€I0 CEHCOPHOI 1HTErpallii, MO30K TUTUHU Ma€
OTPUMYBATH, OIPAILOBYBATH Ta OPTaHI30BYBaTH CUTHAIM BiJl OpPraHIB YyTTS IS
CTBOPCHHSI aJICKBaTHOI BIJMOBI/I Ha BUKIUKHA HABKOJUIITHBOTO CEPENOBHINA. Y JITCH
3 OOII (3okpemMa 13 TOPYLIEHHSM MCUXIYHOTO PO3BHUTKY, PO3JaJaMU ayTHCTUYHOTO
CHEKTpa YW MOPYUICHHSIMH OIMOPHO-PYXOBOTO amapary) YacTO CIIOCTEpIraeTbes
IUCQYHKIISI CEHCOPHUX CHUCTEM, IO MNposBISAETbCS Yy QopMi rimep- ado
rinouyTiuBocTi. Lle cTBOproe cepilo3HMI KOTHITUBHUW Oap’ep: JUTHHA HE MOXKE
30CEpEIUTUCS HA HABYAJIBHOMY 3aBlIaHHI, SKIIO il MO30K TNEPEBAHTAKECHUI
Xa0TUYHUMHU CEHCOPHUMU CTHMYJiaMu a00, HaBMaKu, nepedyBae B CTaHI CEHCOPHOTO
«TOJIOIY».

CeHcopHa iHTerparlisi BUCTynae (GyHIAMEHTOM «IIipaMiy HaBYaHHS». Jloku He
Hajaro/jpkeHa  poOoTa  0a30BUX  CHCTeM —  BeCTHOYJsSIpHOi  (piBHOBara),
MIPOTIPIONENTUBHOI (BIIUYTTS Tija) Ta TAKTUIILHOT — MEPEXij 0 BUIIMX KOTHITUBHUX
¢byHKI1iH (MOBA, JIOT1YHE MUCJICHHS, YNUTAHHS) € HaJ[3BUYANHO CKIaaHUM. [[71s1 nuTUHA
3 OOII po3BUTOK Mi3HABAIBHOIL IISJIbHOCTI IOUYMHAETHCA 3 (POPMYBAHHS «CEHCOPHOTO
iHTenekTy» [3]. Hampuknaa, B3aeMojis 3 OPUPOJHUMH MaTepianamu, poOoTa y
CEHCOpHUX OaceliHax a0o0 BMpaBH Ha OajaHCUpPAX JI03BOJISIOTH AUTHHI CTA0LIi3yBaTH
CBIM €MOUIWHMUNA CTaH 1 NIArOTYBaTH KOPY TOJOBHOTO MO3KY J0 CHPUHHATTA
CKJIQHIIIOI 1HQOpMaIlli.

BnpoBapkeHHSI €1IEMEHTIB CEHCOPHOI 1HTEerpaiii B OCBITHIA HpPOLEC I03BOJISIE
MeJarory M’siKO KOpUTYyBaTH MOBENIHKOBI peakiii nutuHu. Komm mautuna 3 OOII
OTPUMY€E HEOOX1THY KUTbKICTh MPOMPIONENTUBHOTO Ta TAKTHJIBHOTO HACUYEHHS, Y Hel
3HIDKYETHCS PIBEHb TPUBOXKHOCTI, TOKPAIIY€THCS KOHIIEHTPAIIISl YBaru Ta 3’ ABJISE€ThCS
Mmi3HAaBAIbHUHN 1HTEpec. Lle cTBOproe OCHOBY ISl PO3BHUTKY OIEpalliii MHUCICHHS:
aHaji3y, CHHTE3y Ta TOpIBHSAHHA. JIWTWHA, sSKa HAaBYWJIACA YITKO PO3PI3HATU
BJIACTUBOCTI MPEAMETIB Ha JOTUK YW Ha CIyX, 3HAYHO IIBHUJIIE OMAHOBYE €TAJTOHH
KOJILOPY, POpMHU Ta BETUYHUHH, 1[0 € HEOOX1JHOK YMOBOIO JUIsl YCIIIITHOT IHTETpaIlii B
IHKJIIO3UBHE  cepeioBHIlle. TakuM UYHMHOM, CEHCOPHO-IHTErpaTMBHUM  MIAXiA
TpaHC(HOPMYE MMACHBHE CIIPUHHATTS CBITY TuTHHOO 3 OOII Ha aKTUBHY JTOCITITHUTIBKY
IISUIBHICTD.

Hnsa  mitetr 13 OOIl  Hag3Bu4ailHO BaXXJIMBO BUUTHUCS CHpUHAMATH Ta
XapaKTepHU3yBaTH OTOUYCHHS Yepe3 MPaKTUIHY Jir0. Kopekiifina mporpama i Takux
niTed Oa3yeTbCs Ha JNIUICHH], MalioBaHHI Ta arunikamii. Tiabku mijg  d4ac
oesmocepenHboro obcrexkeHHss npeamera autuHa 3 OOIl omepKye MOXKIUBICTH
IHTErpyBaTu CBOT BIAUYTTSL.

VY mporieci ManiOBaHHS JUTHHA HE TPOCTO BIATBOPIOE 00pa3, BOHA 3/IHCHIOE
CKIIQJHUHA PyX PYKH IO KOHTYpPY IMpEeIMeTa, IO € aKTOM CEHCOPHO-MOTOPHOIL
koopauHaiii. Jlimmenns ta opurami s autuHU 3 OOIl e MOXIUBICTh BITUyTH
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00’eM, QakTypy Ta IUTACTUYHICTH MaTepiany. [lemaror BUMTH Taky AUTUHY AOOUpPATH
KOJbOopU Ta (GOpPMH HE MEXaHIYHO, a Yepe3 eMOIlIfHE NMEepeKUBaHHS Ta €CTETHYHE
3aJI0BOJICHHS, 1110 CTUMYJIIO€ T13HaBaJIbHUM 1HTEpEC.

HaiicknaguimmMm a1t aited gomkiasHoro Biky 3 OOII € anamiTuyHe CIpUHATTS
CKJIaJHUX CTPYKTYp. HemocTatHbo 6a4nTH KOJIIp — TUTUHY TpeOa HAaBYUTH PO3PI3HATH
BIJITIHKH, BITYYBAaTH PUTM Yy PO3MIIIEHHI IPEAMETIB, PO3AUIATH I1iJie Ha YyacTuHU. Lle
JOCSITAETHCS Yepe3 CIelliaiabHl IrPOBI BOPABHU: MPOINTOBXYBaHHS (POpM y BIAMOBIIHI
OTBOPH, COPTYyBaHHS KyOWKIB 3a PO3MIpPOM Ta KOJHOPOM («MaJIeHbKe BiAeple A
MaJICHBKHX TIPEAMETIB, BEITUKE — JIJIST BETUKHUX») [4].

It mutuan 3 OOIl koHa misi/3aBHaHHs, SK-OT HAHW3YBAaHHS KiJeIb Ha
CTPYIKCHb, € TPEHYBaHHSIM 30pPOBOTO KOHTPOJIIO Ta KOOpAWHAMII. [HAWBITyambHUNA
MIIX11 JT03BOJISiE HAJaBaTHU JUTHHI caMe€ Ty JIOMOMOTrY, sIKOI BOHA MOTpeOye — BiJ
MOBHOT (P13UYHOI MIATPUMKHU «PyKa B PyKy» 10 HE3HAYHOI M1IKA3KH.

Po3Butok crnocrepexsuBocTi y aitet 3 OOIl Haiikparie peanizyeTbcs yepes
ekosIoriyHi crexku. [1i1 yac mporyyistHOK AUTHHA 3 OCOOIUBUMHU MOTPEOAMU BUUTHCS
(biKCyBaTH 3MIHU: SIK CKPUIIATD CHIT IT1/1 HOraMu (ayaiaJibHa CTUMYJIALS ), SIK1 Ha IOTUK
CHUDKUHKM (TakTWJIbHA CTUMYJISIIS), $SK 3MIHIOIOTBCS KOJLOpU Heba (30poBa
cTuMyJiAis). Taki CoCTEpeKeHHsI € OCHOBOIO CEHCOPHOI 1HTErpallii B IpUpOIHOMY
CepEeIOBHIII.

OTxe, CeHCOpHA IHTETpallisi € HEB1 €MHOIO YACTUHOIO KOPEKIIHHOTO MPOIIECY IS
niTedl 3 OCOOJMBHUMH OCBITHIMU moTpeOamu. BoHa 3a0e3neuye BHOPSAKYBaHHS
CEHCOPHOTO JOCBiAY, 0 € (yHAAMEHTOM JIJIsl PO3BUTKY yBard, MaM'siTi, MECJICHHS Ta
MOBJIEHHSI. BUKOpUCTaHHS pI3HOMAHITHUX KaHaIIB CIOPUUHATTA y MOENHAHHI 3
IrPOBUMU Ta 00pa30TBOPUMMH MeTofaMu 103Bosisie AiTsaM 3 OOII nonaTu KOTHITUBHI
0ap’epu Ta yCHIIIHO pO3BUBATH M13HABAJIbHY JISJIbHICTD.

Cnucoxk Jgirepatypu

1. Benrep JI. A. BuxoBaHHsS CEHCOPHOI KyJIbTYpPH NUTUHU BiJl HAPOHKEHHS 110 6
POKIB: KH. IJIs1 BUXOBaTens aut. caxy. 2005. 144 c.

2. Bomomara H. B. Illnaxu po3BUTKY TMi3HaBaJbHUX 3I0HOCTEH CTapIIMX
TOIIKINBHUKIB. Jouikinbna oceima. 2003, Ne2. C.16-21.

3. Ilegaroriudi yMOBU CEHCOPHOTO PO3BHUTKY JITEH JOMIKUILHOTO BIKY 3aco0amMu
obpazorBopuoro muctenTsa / H. Cex. Monoos i punox. 2018. Ne 9. C. 150-154.

4. Cencopne BuxoBanHs gowkuibHAT URL : http://dnz28.org/index.php/2012-02-
28-23-40- 23/sensorne-vykhovannia-doshkilniat.
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KOPEKIIHHO-PO3BUBAJIbHA POGEOTA 3
YTOUYHEHHSA TA 3bAT'AYEHHA AKTUBHOI'O
CJIOBHHUKA Y JAITEA 3 OCOBJUBUMU OCBITHIMU
IHOTPEBAMMU

Canorosa I'anna
BUUTEIH-JIOTOTIE]]

KomynansHOTO 3aKi1a/1y OCBITH
«CrentianpHa 11KOa « CBITAHOK
JlHimTporeTpoBChKOi 00s1acHOT paan”

CyvacHuii eranm pedopMyBaHHS CHCTEMH CIICIIaJIbHOI OCBITH Ta AaKTHUBHE
BIIPOBA/DKCHHS 1HKIIIO3UBHOT MapajJurMd BHUCYBAlOTb HOBI BUMOTH JI0 (haxoBOi
KOMIIETEHIII] MeIaroriB Ta JIOTOMEeiB y poOOTI 3 JITbMU 3 OCOOJMBHUMHU OCBITHIMU
notpedamu (OOII). OnHi€er0 3 HAUOLIBIT TOCTPUX MPOOJIEM KOPEKIIIIHOI Mearoriku
3QJIMIIAETHCS  MOJOJAHHS MOBJICHHEBHX TMOPYIIEHb, IO BUCTYNAIOTh CYTTEBUM
Oap’epoM Ha NUIAXY coIllajizailii Ta IHTerpaiii TUTUHUA y CYCIIIBCTBO. Y CTPYKTYpIl
3arajJbHOTO HEJAOPO3BUHEHHSI MOBIICHHS LIEHTpaJbHE MiclE Mociae nedIilUTapHICTh
JICKCUYHOT'O KOMIIOHEHTA, fKa BUSBISETHLCS HE JIUIIC B KIJBKICHIA OOMEKEHOCTI
CJIOBHMKA, & M Yy SIKICHI Hec()OpMOBAHOCTI CEMAHTUYHHMX 3B'A3KIB Ta TPyIHOLIAX
BepOaizalii BIaCHUX TyMOK.

AKTYyallbHICTh JTOCHIIJUKEHHST 3YMOBJIEHA THM, IO CJIOBHUKOBHMI 3amac €
KOTHITUBHUM (PyHIAaMEHTOM, Ha SKOMY Oa3yeTbCsi HE TUIbBKM KOMYHIKATUBHA
JUSUTBHICTD, @ 1 PO3BUTOK BHUINUX NCUXIYHUX (YHKIIIH, 30KpeMa JOTTYHOTO MUCJICHHSI,
nam’sTi Ta ysaBu. s giteit 3 OOII xapakTepHUM € 3HaYHUN PO3PUB MK ITACHBHUM Ta
AKTUBHUM CJIOBHMKOM: JIUTUHA MOXE 1IeHTU(]IKYBaTU MPEAMETH Ta SBHIIA, MPOTE
BUSIBJISIETHCS] HECTTPOMOIKHOIO CAMOCTIMHO aKTyali3yBaTy MOTPiOHI JIEKCEMU y TIPOILIEC
KUBOTO CHUIKyBaHHs. lle crnpuuumHse€ BTOPUHHI TOPYIICHHS, TaKl SK 3HUKEHHS
KOMYHIKaTUBHOT MOTHBAIIi Ta TPYAHOIII B ONTaHyBaHH1 HaBYAJIBHUX MPOTPaM.

KopekuiitHo-po3BuBaibHa poOOTa y IIbOMY HaIpsiMi BUMAara€ IMepexoay Bill
TPAAMIIIHHOTO HAKOMWYCHHS HOMIHATUBHMX OJWHHIIL 10 CKJIQJHOTO MPOIECY
CEMaHTHU3allll — YTOYHEHHsSI 3HA4Y€Hb CIIB, PO3KPUTTSA iXHbOI 0OAraTo3Ha4yHOCTI Ta
dbopmyBaHHS mapagurMatuuyHuX 3B’sA3KiB  [1]. HeoOxigHICTh MOIIyKy HOBHUX
METOJAMYHUX CTPATETiH, 0 3a0€3MeUyI0Th EPETBOPEHHS TACUBHOIO JIHIBICTUYHOTO
JOCBIy Ha aKTUBHUM IHCTPYMEHT KOMYHIKaIlll, BU3HAYA€ TEOPETUUHY Ta MPAKTUUHY
3HAYYIICTh JaHOI MPOOIeMHU.

P03BUTOK JTIEKCHIHOT KOMITIETEHTHOCTI CTa€ HE IPOCTO JIHTBICTHYHUM 3aBIAaHHSM,
a CTpaTeriyHUM BEKTOPOM KOMIEHcAIlll HasgBHUX TMOPYIIEHb, IO JJO3BOJIE
3abe3neuntr nutrHi 3 OOII piBHI MOXIMBOCTI I camopeani3ailii B OCBITHbOMY
npoctopi [3]. CrnoBHUKOBHI 3amac y KOHTEKCTI Cy4YacHOI JIIHTBOJIUIAKTUKH
PO3IIIAIA€ThCA K KOTHITUBHHM 0a3Wc MOBJIEHHEBOI MISUTBHOCTI, IO 3a0e3neuye
MpoIllecH KOMyHiKarlii, BepOaJbHOTO MHCIICHHS Ta THO3HCY. BiH pemnpe3eHTye co0oto

118



EDUCATION
CURRENT STATE AND TRENDS IN THE DEVELOPMENT OF SCIENCE AND
EDUCATION

CKIIQHy I1€papXidyHy CHCTEMY MOBJICHHEBUX OJWHUIb, SKI JUTHHA 37aTHA
11eHTH(PiKyBaTH Ta PENpOayKYBaTH Y IPOIECI €KCIPECHBHOrO MOBJEHHS. PiBeHb
c(hOpMOBAHOCTI JICKCUKOHY Oe3mocepeHb0 ACTEPMIHYE SKICHI XapaKTEPHUCTHKH
KOMYHIKaTUBHOI B3a€MO/I11, ITTMOMHY IMi3HABAIBHUX MPOIIECIB Ta 3arajbHy aKaJeMIuHy
YCHIIIHICTh, OCKIJIBKHA CIIOBO € KIIOUOBUM IHCTPYMEHTOM 3aCBOE€HHS HaBYAJIBHOIO
Marepiaiy Ta ¢opMyBaHHS ITOHSTh.

Oco0nuBOi yBarm B KOHTEKCTI KOPEKIIHHOI CTpaTerii 3aciyroBy€ €TamHICTh
dbopMmyBaHHS JIeKCMYHHX cHcTeM. Ilpomec 30aradeHHS CIOBHHKAa HE MOXKE
0OMEXyBaTHCS JIUIIIC MEXaHIYHUM HAKONMUYCHHSIM HOMIHATUBHUX OJUHUIIH; BIH Ma€
nepenbavaté  po30OyAOBY CKIQMHUX CEMAaHTHYHHX TIOJIIB Ta BCTAaHOBJICHHS
napajurMaTUYHUX 1 CHHTarMaTUYHUX 3B’s3KiB. PO3IIMpEeHHs 3HaYeHb CIiB y AITEH 3
OOII BinOyBaeTbcs 4epe3 MOJOJNAHHS SIBULI] SIK BepOami3My (BXXKUBaHHSA CIIB 0e3
pO3yMiHHSL iX CyTl), TaKk 1 HaAMIpHOI KOHKperu3amii. HaykoBo oOrpyHTOBaHHM
MIIXOIOM € BIPOBADKEHHS METOJIUKH CHCTEMHOTO aHaJli3y MOBJICHHEBHX OJIMHHMIIb,
7€ KOXXHE HOBE CIIOBO ONPAIbOBYETHCS Ha JACKIIBKOX PIBHAX: (POHETUUYHOMY
(3ByKOBHI cKJ1aJT), MOPGOJIOTTYHOMY (CITOBOTBIPHA CTPYKTYpa) Ta KOHTEKCTYaJIbHOMY
(MOXKJIMBOCTI TIOETHAHHS 3 1HIIMMHU JIeKcemamu) [2].

VY OaraThoX AiTe 3 MOPYIICHHSIMH PO3BUTKY CIOCTEPITAETHCS IMEPEBAKAHHS
IMEHHUKIB, TOJ SIK J1€CIIBHA JEKCHUKA Ta MPUKMETHUKH 3QJIMIIAIOTHCS Y TaCUBHOMY
cTaHi abo0 BUKOPUCTOBYIOThCS BKpail oOMexkeHo. lle cTBoproe mnepemkoau mss
Mepexoay BiA OJHOCTIBHUX pEUYEHb JO PO3TOPHYTOrO 3B’SI3HOTO MOBJICHHS.
KopexkuiiftHuiil BIUIMB y IIbOMY HampsiMi Ma€e 0a3yBaTHCs Ha IPUHIUIII OHTOI€HETUYHO1
MOCJIJOBHOCTI: BiJl 3aCBOEHHSI CJIIB 13 KOHKPETHUM 3HA4Y€HHSIM ([I1i, M0 MOXHa
MPOJIEMOHCTPYBATH) O a0CTPAKTHUX MOHATH (CTAHU, IKOCTI, BITHOILICHHS ).

EdexTuBHICTh YTOUHEHHSI aKTUBHOT'O CJIOBHMKA 3HAYHOIO MIPOIO 3aJICKUTh BiJl
BUKOPUCTaHHS MOJICEHCOPHOTO MIAXOAY Ta Bi3yalli3allii MOBJICHHEBOIO MaTepiany.
Ockunbku y gitet 3 OOII wacto cnoctepiraetbea nedinuT BepOaNbHOI MaM AT,
3aITy4eHHs 30pOBUX onop (MKTOrpaM, MHEMOTa0HIIb, iHhOrpadiku) Ta mpeaMeTHO-
MPaKTUYHOI MisUIBHOCTI JJO3BOJISIE CTBOPUTH MIIIHI acoIliaTuBHI 3B’s13Kku. CIIOBO cTae
YaCTHHOIO aKTUBHOTO JICKCHMKOHY JIMIIIE TOJ1, KOJM BOHO 0araropa3oBO 1HTEIPYEThCS
B pI3HI KOMYHIKaTHBHI cuTyarlii. Bigrak, CTBOpEHHsS IITY4YHHX MOBJICHHEBUX
CEpPEIOBHII, IO MOJICIIOIOTh pPEAIbHY B3a€EMOJIIIO, € HEOOXITHOI YMOBOK IS
MTOI0JIAaHHS MOBJICHHEBOI IHEPTHOCTI.

He MeHII1 3HaYy UM aClIEKTOM € PO3BUTOK CJIOBOTBOPYHMX HaBUUOK. DopMyBaHHS
BMIHHS YTBOPIOBATH HOBI JIEKCEMH 3a JOMOMOTOI0 Cy(IKCiB Ta NnpedikciB HE JUIIe
KUTBbKICHO 3017bIITyE CIOBHUKOBHUHM 3amac, a W CHpUsie PO3BUTKY «MOBHOTO UYyTTS»
(mHarBicTUYHOI 1HTYIlIl). Lle 103BOJIsI€ AUTHHI CaMOCTIMHO JEKOJyBaTH 3HAYEHHS
HE3HAWOMHUX CJIIB, CIIUPAIOYUCh HAa 3HaHHA MopdeMHux monenei. Takuit miaxifg
TpaHC(HOPMYE TIPOIIeC HaBYaHHS 3 PEIPOTYKTHBHOTO HA TIPOIyKTHBHO-TBOPYHA, ITI0 €
KPUTUYHO BAKJIMBHUM JIJISl IHTEICKTYyaJIbHOTO PO3BUTKY YYHIB.

VY momuH1 couiagbHO-KOMYHIKATUBHOI afanTailii po3BUTOK CIOBHHKA Ma€e OyTH
CIpsIMOBAaHUYN Ha TOJIOJIAHHS TPYAHOIIIB MPAarMaTUYHOTO BHKOPUCTAHHS MOBH. lle
nepeabdavae poOOTY HaJ TOPEUHICTIO BXKUBAHHS CIIIB Y PI3HUX COIIAIBHUX PETiCTpax,
PO3yMIHHSI TIEPEHOCHOTO 3HAYEHHS CIiB, (Ppa3eoiori3MiB Ta MOBHOTO ITiJTEKCTY.
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Jlumre 3a yMOBH KOMITJIEKCHOTO OXOIUICHHSI BCiX PiBHIB MOBJIGHHEBOI CUCTEMHU — BiJl
(dhoHeMH 10 IIJIICHOTO TEKCTY — MOJKJIMBA YCITIIIHA KOPEKIIis JeKCUUHOi cepu [4].

[TincymMoByrOUH, CIT1JT 3a3HAYUTH, 1110 CUCTEMHA KOPEKIIIITHO-pO3BUBaIbHA pOOOTa
3 YTOUHEHHs Ta 30araueHHs cioBHHKA Yy AiTeil 3 OOIl Bumarae He nume ¢gpaxoBoi
JIOTOTIEIMYHOI KOMIIETEHIIl, a W MUKAUCIUIUIIHAPHOI B3a€EMOJIII  CHEIIaJICTIB.
MOHITOPUHT AMHAMIKH JIEKCUYHOT'O PO3BUTKY Ma€ IPYHTYBATHUCS Ha OIliHII HE TUIBKU
KUIBKOCTI 3aCBOEHHX CJIIB, & i HA BMIHHI JUTHHU ONIEPYyBAaTH HUMHU Y TIPOIIEC] BUIBHOTO,
HEPETJIAMEHTOBAHOTO CIUIKYBaHHA. TakiuM YHMHOM, JIEKCHYHA MiCHCTEMa MOBU CTa€
HE MPOCTO 00’€KTOM BHBYEHHS, a JIEBUM IHCTPYMEHTOM IHTErpailii 0COOMCTOCTI B
OCBITHIH MPOCTIp Ta COLIYM Y LIJIOMY.

Crenugika mMoBieHHeBOro po3BuTKy AiTeir 3 OOIl xapakTtepu3yeTbcs HHU3KOIO
TUNOBUX (PEHOMEHIB, cepel SIKUX NPOBIJIHE MICIE MOCIIA€ KUIbKICHUM Ta SIKICHHUM
AeIUT CIOBHUKOBOTO 3amacy. OOMEKEHICTh aKTUBHOTO CJIOBHHUKY BUSIBIISIETHCS Y
3BY’KCHHI HOMIHATHBHOI, MPEIUKATUBHOI Ta aJI” €EKTUBHOI JICKCHUKH, ITI0 TIPH3BOIUTH IO
HU3bKO1 BaplaTUBHOCTI BHCIIOBIIOBaHb. BojHOYac CIOCTEPIraeThCs 1HEPTHICTD
MACUBHOTO CJIOBHUKA, [0 CYTTEBO YCKIIAJAHIOE JEIIU(PPYBaHHS 3BEPHEHOTO MOBJICHHS.
[1aTOrTHOMOHIYHUMHU  O3HAKAMHM JIGKCUMYHOTO HEJOPO3BUHEHHS € TMOPYIICHHS
CEMaHTUYHOI CTPYKTYpH CJIOBa, IO TPOSBIAETHCS Y HEaJIEKBATHOMY BIKHBAHHI
JIEKCeM T103a KOHTEKCTOM, TpyAHoIax AudepeHIiamii KOHKPETHUX Ta a0CTPaKTHUX
3HAY€Hb, & TAKOXK Y HEC(HOPMOBAHOCTI OMepalliil y3aralbHeHHs Ta KOHKPETH3aIlli.

Oco0nuBy yBary mpuBepTaE MepeBakKaHHs KOHKPETHO-TOOYTOBOI JIGKCHKH HaJl
kareropiaibHUMH MOHATTAMU. it 3 OOIl yacTo AEMOHCTPYIOTH CXMJIBHICTH O
CTEpEOTHIII3allll MOBJIEHHS, 1110 BUPAKAETHCS Yy HAIMIPHIN €KCIUTyaTalii 0OMEeXEeHOTo
KOJia BepOaJIbHUX OJAMHUIIL Ta TPYJHOILAX MPU aKTyasi3allii ClliB, HABITh 32 YMOBH 1X
HasBHOCTI y TacMBHOMY pe3epBi. ETionoris 3a3HayeHUX MOPYLIEHb Mae
MyJIbTU(DAKTOPHY TPUPOIY, OXOIUIIOIOUM O10JIOTIYHI JETepMIHAHTH (OpraHiyuHi
ypaxkenns [[HC, renetnuni aOepariii), comianibHi YUHHUKU (IeDIIIUT MOBJICHHEBOT
CTUMYJIAIIT B MIKPOCOIliyMi, TIeJaroriuHa 3aHeA0aHIiCTh) Ta IICHUXOJIOT1YHI
0COOMBOCTI (3HMXKEHHSI KOMYHIKaTUBHOI MOTHBAIIli, eMOIliiiHa JT1a01IbHICTD) [4] .

3 MOTJIATy JIGKCHYHOT CEMAaHTUKH, KOXKHE CIIOBO € KOHTJIOMEPATOM JICKCEM, Y SKHX
B1I0OpakeHO y3arajabHEeHl YSIBJICHHS IMPO MpeAMETH, 11 Ta o3Haku. Binrak, 3aBaaHHs
OMaHyBaHHS JIEKCUYHUM 3HAYEHHSM TIOJISATa€ y MOCIII0OBHIN 1HTEpiopU3allii CucTeMu
MTOHATH Ta BCTAHOBJICHHI MTapaurMaTHYHUX 3B’ A3K1B MK HUMHU. KopekItiiHuii rmporiec
nepeadayae He JIMILE KITbKICHE 30aradyeHHs CJIOBHUKA, a il poOOTy HaJ MOTO sIKICHUMU
napaMmeTpamMu:  (HOHOJIOTIYHOIO  CTPYKTYpOro, MOP(OJOTIYHUM  CKJIaaoM  Ta
opdorpadiunoro rpaMmoTHicTIO. DOpMyBaHHS CTIMKUX 3BYKOBHX 00pa3iB CJIB Ta ix
CEMaHTHU3alllsl MaloTh 3J1MCHIOBATHUCS TMapajelbHO, 3 YypaxyBaHHSAM €IHOCTI
JIEKCUYHOT'O Ta TPaMaTUYHOTO 3HA4YEHb [1].

['pamMatyHa cucTeMa MOBJIEHHS, SIK CYKYNHICTb MOP(QOJIOTIYHHUX  Ta
CUHTAaKCUYHUX KaTETOpiid, BIIIrpae OpraHi3yody pojib CTOCOBHO JIEKCUYHOI CHCTEMH.
VY mporneci NpakKTUIHOTO OBOJIOMIHHS MOBJICHHSM JUTHHA 3aCBOIOE 3aKOHOMIPHOCTI
TpaHchopmarlii Ta OETHAHHS CIB, 10 MEPETBOPIOE 130JIbOBAHI JIEKCEMH Ha 3B’ S3HE
BUCIIOBTIOBaHHS. PoOoTa Ham rpamatndHOl0 OyIOBOIO BHCTYIA€ JIEBUM 3aCO00M
1HTeHCH]IKaILlli MOBJIIEHHEBOTO PO3BUTKY, OCKIJIbKM BIIPABH 3 aHAJI3y Ta CUHTE3y Ha
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MEBHOMY JIEKCUYHOMY MaTtepiajii CHpPHUSAIOTH CBIOMOMY 3aCBOEHHIO (DOHEMHOTO
CKJIay Ta AudepeHiiarii MOBICHHEBUX OJIMHUIIb.

[lpakTnyHa peanizallis KOPEKLIMHOTO BIUIMBY, CIpsMOBaHa Ha (OpMyBaHHS
rpaMaTUYHUX YMiHb Ta HAaBHUYOK, Ma€ MO3UTUBHUN KOPENALIMHUN 3B 30K 13
PO3BUTKOM KOTHITUBHOI cQepu y4HIB. YJOCKOHAJEHHS oOmepaliidi IOpiBHIHHS,
CHHTE3y Ta Kiacudikaii MOBIECHHEBOTO Marepialy CTUMYJIO€ BUHHKHEHHS
MOBJICHHEBUX Yy3arajibHEHb, LI0 € (YHIAMEHTOM MJIi PO3BUTKY HOHSATIHHOTO
MUCJIEHHA. TakuM 4nHOM, (OpMyBaHHS JEKCHYHOTO CKIIaay MoBieHHs aitei 3 OOII
€ KOMIUIEKCHUM 3aBJaHHAM, J€ KIHIEBUM KpUTEpieM e(EeKTHBHOCTI BUCTYIA€E
3IaTHICTh /0 aJEKBATHOTO Ta CAMOCTIHHOTO B)KMBAHHS 3aCBOEHHUX MOBIICHHEBUX
OJIMHUIIH Y PI3HOMAHITHUX KOMYHIKATUBHHUX CUTYaIlisX.

Cnucoxk Jgireparypu

1. Anekceenko-JlemoBchka JI. B. 30aradeHHsl CIOBHHMKA JITE€d CTapUIOro
JOIIKUIBHOTO BIKY B TeaTpalibHO-ITPOBIA AisUIbHOCTI : MoHorpadis. Kuis
Bunasanumii n1im «CroBoy». 2021. 184 c.

2. 30arayeHHs Ta aKTUBI3AIlisl CIIOBHUKA JIITEH 13 MOPYIICHHSM MOBJICHHEBOTO
po3Butky/ ynopsnu. €. [1. Kynpkina. XapkiB : Bug. rpyna «OcuoBay, 2011. 96 ¢

3. Mapuenko I. C. CnemiaibHa METOJJUKA PO3BUTKY MOBJICHHS (JIOTOIEIUYHA
po00Ta 3 KOPEKIITNOPYIIEHh MOBJIEHHS Y IONIKIJILHUKIB) : HABY. MTOCI0. JUIsI CTY/ICHTIB
BHUIIl. Tieq. HaBY. 3aki. Cnen.: Kopekil. ocBiTa (Jioromemnisi) 3-T€ BUI., IEPEB. Ta JIOIIL.
Kwuis, 2017. 312 c.

4. epemer M. K. Jloronenis. Iligpy4yHuk, TpeTe BUIaHHS, mepepoOieHe i
noroBHeHe. KuiB : Bugapanumit [{im «Crooy, 2014. 672 c.
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EOEKTUBHA KOMYHIKANIA BUKJTAJJAYA HA
3AHATTSAX 3 IHO3EMHOI MOBH

lepOouna Ceitiiana BosrogumupiBaa

KaHIUJIAT NeJaroriyHux Hayk,

JOIIEHT, Kadeapa MIXKHAPOIHUX €KOHOMIYHUX BITHOCHH Ta IHO3EMHUX MOB
[{enTpanbHOYKpaiHCHKHUI HAI[IOHATLHUM TEXHIYHUN YHIBEPCUTET

OpHi€ro 3 KITIOYOBUX CKJIAIOBUX YCIIXy Y BUBYEHHI 1HO3€MHOT MOBH € €()eKTHBHA

KOMYHIKAIlisl BUKJIaga4a — TOW (DYHKUIOHAJIBHUN acCIeKT, KU CIPHUSE PO3BUTKY
HABUYOK CIJIKYBaHHS Y CTYACHTIB, AKTUBHOMY MOBJICHHIO, MIKKYJIbTypHOMY
PO3yMIHHIO.

Komynikarisi BUKJIagaya BKIIOYAE HE JIMIIE Tepeady 3HaHb MPO TpaMaTHKy Ta
JEKCUKYy, ajle W Oprasi3alil0 I1HTEpaKTUBHMX 3aJad, poOJib Irop, JAHUCKYCIi,
MOJICIIIOBAHHSI PEAJbHUX CUTYyallld 1 CTUMYJIOBAHHA TOTOBHOCTI CTYACHTIB MO
CHUIKYBaHHA. Y KOHTEKCTI OCBITHIX METOAMK 1€ ToB’si3aHO 3 KomyHiKaTHBHUM
nigxoqom (Communicative Language Teaching, CLT) Ta iHIIMMH CydYacHUMHU
IHTEPaKTUBHUMH METOIUKaMu. Takoxk, CydacHEe HaBUYaHHS 1HO3EMHUX MOB IIparHe He
MPOCTO TEpeaTH 3HAHHS, ajie i PO3BUHYTH 3AATHICTh BHUKOPHUCTOBYBATH MOBY B
peabHUX CUTYAIlISIX — CHIJIKYBaHHS SIK OCHOBHA IIUJIb. Y I[bOMY KOHTEKCTI BUKJIaa4
B1JIiIrpa€ BUPIMIAIBHY POJb, JIPKE caMe uyepe3 HOTo CIIKYBaHHS 31 CTyICHTaMH, MOTO
KOMYHIKaIlil0 (POpMyeTbCSI CEpPEeOBUIIIE, SIKE MOXKe abo crnpusarv, abo CTpUMyBaTH
e(eKTUBHICTh HaB4YaHHSA. ToMmy mnpoOiieMa YCHINIHOI KOMYHIKalii BUKIJIagada 3i
CTYJCHTAMH € aKTyaJIbHOIO B KOHTEKCT1 CbOTOJCHHSI.

H.BonkoBa BH3Haua€e KOMYHIKAaTUBHY TIIOBEJIHKY BUHWTENS SK OpraHi3alito
MOBHOT'O TIPOLIECY, 10 BIUIMBAE HA CTBOPEHHS €MOLIIMHO-TICUXO0JIOTIYHOI aTMOCc(epH
MEJAroriyHoro CHuUIKyBaHHS, BIZHOCHMHM MK YYHMTEJIEM Ta Y4YHSAMH, Ha CTWIb IX
B3aemoii [1, c.61].

Jlns  onrTumizamii  KOMYHIKQTHBHOI  JISJIBHOCTI  BHUKJIaJadya  HEOOXiJTHO
MporpamMyBaHHSI METU CIUIKYBaHHS Ta NUIAXIB ii JocsrHEeHHs (BUOIp 3ac001B BIUIMBY,
croco0iB aprymeHTailii, popMu perpe3eHTailii HaBuaabHOTO MaTepiany), OpraHizaiii
3BOPOTHOTO 3B'SI3Ky, MPOTHO3 peaKIlii y4yHIB, BOJIOAIHHS TEXHIKOIO CIUIKYBaHHS,
OOTpYHTOBAaHICTh ~ NPUHUOMIB  TEAArOri4YHOrO  CHIJIKYBaHHS,  BUKOPUCTaHHS
TUAAKTUYHUX ~(QYHKIIA 1HO3€MHOT MOBHM IS 3a0€3MEeUeHHS PI3HUX BHU/IIB
BHCJIOBITIOBAHb.

3 BUIIE3a3HAYEHUX OCOOIMBOCTEN MISUIBHOCTI BUK/Iagadya Ha 3aHATTAX 3
1HO3eMHOT MOBU BUIUIMBAIOTh HACTYITHI KOMIIOHEHTH: [2, C. 259]:

1. KonneHTtpartiist Ha KOMYyHIKaIfii.

2. CrpusiHHSL HABUAHHIO YEPE3 MPAKTHUKY.

3. BimoOpakeHHs peaibHOTO MPOIIECy CHIIKYBaHHS.

4. PizHoMaHITHE 1H(OpMaIiliHe HATOBHEHHS.

CnpusaTivBUNA TICHUXOJIOTIYHHUN KIIIMAT Ha 3aHATTIX 3 1HO3EMHOI MOBH Mae
CTUMYJIIOBATH AaKTUBHICTh, yBary, Imam'sTh, CIHPUUHSATTSA, MOTHBH TOBOPIHHS
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cTyneHTiB. @PopmyBaHHS (GOpM aaeKBaTHOI YCHIMIHOT B3a€MOAIl TpH Pi3HUX
yCTaHOBKaX, BMIHHSX, HaBUYKax, 00cs31 1iHGopMallii, piBHI KOMIIETEHIII B Mpolieci
BUPIIICHHS! HaBYAJbHUX, Mi3HABaJIbHUX, KOMYHIKaTUBHHUX 3aBJaHb 3aliMa€e BaXKIIMBE
MiCIle B HaB4YaHHI, 0a3yeThCsi Ha B3a€EMOJIi BHKJIagada 1 CTyJCHTa B Mpoleci
HaBYAJIbHOI JISUTBHOCTI, Y3TOJKEHH1 3yCHJIb 3HAIOYOTO (BHKJIAJada) 1 HE3HAIYOTro
(ctynenTa), Ha edeKTI B3aEMHOTO coIllalbHO-1H(QOpMaIITHOTO 30aradeHHs, Ha
PIBHOMPABHOMY CITIBPOOITHHUIITBI ITiJl Yac IJIAHyBaHHS Ta 3/1MCHEHHS HaBYAJIBHOTO
POLIECY.

[legaroriyvna KOMyHIKallis CHOpUMMAEThCS SIK 3acid opraHizaiii 1HIIOMOBHOI
TISTBHOCTI, CHPHUSATIMBUX ONTHMAIBHHUX BIJHOCHH MDK BHUKJIAAa4eM 1 CTYICHTOM.
[Temaroriyde crijaKyBaHHS SIK TIsUTbHICTh BUSHAYAETHCS 3a3/1aJIET1/Ih POTPaMOBAaHOIO
aKTUBHICTIO Cy0'€KTa, YCTAaHOBKOIO, TOTOBHICTIO JIO HaBYaHHS, COPUUHATTS TI€T 4u
1HII01 1H(opmanii. Ha 0CHOBI BUIIEBUKIIAAEHOT0, MOKHA BU3HAYUTH OCHOBH1 (PYHKIIIT
Ta KOMIIOHEHTH KOMYHIKaTHUBHOI JIISJIBHOCTI BUKJIaaya:

1. [IpoexTyBaHHs HAaBYAIBHUX CUTYAIlIH 133124, K1 CIPSIMOBAH1 Ha CIUIKYBaHHS:
POJIbOBI ITPH, TUCKYCIi, T1a70TH, MPOOJIEMHI CUTYyaIlli, CUMYJISIIII.

2. InimiroBaHHS ¥ WIATpUMKA BepOallbHOI Ta HeBepOadbHOI KOMYHIKAIli —
BUKJIaJlad Ma€ OyTH JOCTYIHUM, BUKOPHCTOBYBATH I1HTOHAIIIO, MIMIKY, ECTH,
CTUMYJIU, CTBOPIOBATU aTMOC(hepy TOBIPH.

3. BukopucTtanHs aBTEHTUYHUX MaTepiaiiB 1 CHUTyallid, 10 MaKCUMaJIbHO
HAOJIMKAIOTh MOBY /IO PEaJbHOTO BJKMBAaHHS.

4. Opranxizaiisi mapHoi W TpymoBoi poOOTH, IO 3a0X0Uy€ B3AEMOJMII0 MIX
CTYJIEHTaMH.

5. Kopek1iisi HOMHIIOK B paMKax CHOUIKYyBaHHs, POKyc He Ha mep(eKLioH13Mi, a Ha
KOMYHIKaTUBH1M (DYyHKIIIOHAJILHOCTI.

6. MoTuBalig 1 po3BUTOK IOTOBHOCTI JIO CIUJIKYBaHHSI — CTBOPEHHS YMOB, i€
CTYJICHT BIIUyBa€ MOTPeOy 1 3a11KaBJIEHICTh BUKOPUCTOBYBATH 1HO3EMHY MOBY.

KomyHikaTUBHUH MiJ1X1] HABYAHHS 1IHO3EMHUX MOB 0a3y€ThCS HA TOMY, 1110 ITPOIIEC
HaBYaHHSI € MojAeUN0 KomyHikamii [3, c.44]. Opranizamis ycCIIIIHOI B3a€MOIIi
BHKJIaJa4a 1 CTyJICHTa Ha 3aHATTAX 3 1HO36MHOI MOBHM Oyay€TbCsl HE Ha TPAHCIIAILIT
iHpopMmarii, a Ha aKTUBI3aIli, CTUMYJISII IPOIECIB OCMUCICHOTO BYCHHS, Ha
PO3BUTOK MOTHBAIIii, CTBOPEHHI B IpOIleCi HaBYaHHS atMocdepu cBoOOaM BHOODY,
BIIMOBIAIBHOCTI, 3aJ0OBOJICHHS KOMYHIKQaTUBHMX TIOTpeO, Ha BUKOPHCTaHHI
MUHYJIOPIYHOTO JOCBIAY, Ha MOIIYKY CHOUIBHUX KyJbTyp. KOMyHIKaTUBHUIA IMITYJIbC,
CTUMYJISILIST TPABWIBHOTO CYJ/KEHHSI CIPSMOBAaHI Ha MIJABUIIEHHS 1HTEHCUBHOCTI
BUKJIMKAHOT pEeaKIlii y CTYJIEHTIB 3a JIONOMOIrOK MEPEeKOHJMBOI MOBM BHKIJIa/iaya,
OCKUIbKH XapakTep B3a€MOJli BIUIMBAa€ Ha €(PEKTUBHICTh CHIIBHOI MHUCIEHHEBOL
JISTBHOCTI Ta, 3pELITO0, Ha YCIIIIHICTh HABYaHHS 1HO3€MHOI MOBH.

OCKUIbKM HaBUYaJbHUN TPOIEC € IHTEPAKTUBHOIO KATeropier, e(deKTHUBHA
KOMYHIKaIliss MK BHKJIaJadyeM 1 CTyJEHTaMU Ha 3aHATTSIX 3 1HO3EMHOI MOBHU €
BAYXJIMBOIO YMOBOIO YCIIIIHOCTI HaBuaHHsA. ToMy cCliJi BHU3HAUUTH HACTYIIHI
MPUHITUITN KOMYHIKaTUBHOI JIISITEHOCT! BUKJIAIadiB:

- ToBara Jio BCiX cy0’€KTiB HaBUaJIbHOTO MPOLECY;

- 320XO0YEHHsI CTYJEHTIB JI0 CHIJIKYBaHHS;
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- HAJaroJHKEHHs 3BOPOTHHOTO 3B’SI3KY;

- BUKOPHCTaHHS PI3HOMAaHITHUX 3aC001B KOMYyHIKaIlii.

VY 11bOMy KOHTEKCTI BUKJIaJ]a4 MOBUHEH MPAarHyTH O ONTUMAIBHOTO CIIJIKYBaHHS,
K€ XapaKTepU3yIoTh SK JlajoriuyHe, TOBIPIUBE, BIIKPUTE, PIBHOIIPABHE, MTOBAXXIIMBE,
aJIeKBaTHO BHMOIJIMBE, KOHTPYyEeHTHe, OaxkaHe, Cy0’€KT-cy0’e€KTHe, 110 nependadae
BCTAHOBJICHHS! TMO3UTHUBHUX CTOCYHKIB, SIKI CIPHUSIIOTh YCHIIIHOMY pPO3B’S3aHHIO
MOCTABJICHUX 3aBJaHb, MPU3BOJUTH JI0 B3a€EMOIII3HAHHS, B3a€EMOPO3YMIHHS Ta
B3a€MOCIIpUUHATTS [4, c.176].

EdexTtuBHa memaroriyHa KOMYyHIKallis Ha 3aHATTSIX 3 1HO3EMHOI MOBH — II€
CHUIKYBaHHS, SIKE CTBOPIOE ONTUMAJIbHI YMOBH JJIsl PO3BUTKY MOTHBAIII] CTY/I€HTIB Ta
TBOPYOTO XapaKTepy HABYAIBHOI MISUTBHOCTI, 3a0e3Meuye CIPUSTINBUN €MOIIHHIIMA
KJIIMAT, EPENIKOHYKAE BUHUKHEHHIO «TICUXO0JIOTTYHOTO Oap'epy».
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Abstract. The main criteria for the quality of font design in children's publications
for primary school age are considered. The relevance of researching fonts as an
important factor in effective learning, the development of reading skills, and the
formation of a positive reading experience in children is substantiated. The
psychological, physiological, and aesthetic aspects of children's perception of font
information are analyzed, and key requirements for the font design of modern
children's literature are identified.
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The study of font design in children's publications is of great practical importance
in the current context of education and publishing. For primary school children, the
process of reading is not only a way of obtaining information, but also a key element
of learning, speech development, and the formation of cognitive interests. In this
context, the quality of font design directly affects the effectiveness of text perception
and the success of educational activities [1,2].

One of the main criteria for font quality is readability, which is determined by the
shape of letters, spacing between letters and lines, font size, and contrast between text
and background [1,3]. For younger schoolchildren, it is advisable to use fonts with a
clear graphic structure, open forms, and sufficient difference between letters that are
similar in writing, which helps to reduce the number of errors during reading [4,5].

An important criterion is also the psychophysiological comfort of the font. An
unsuccessful choice of font design can cause visual fatigue, decreased concentration,
and negative emotional perception of the text. Taking into account the age-related
characteristics of children's visual perception allows minimizing the strain on their eyes
and creating favorable conditions for prolonged reading [6].

The aesthetic appeal of the font plays a separate role, influencing the child's
motivation to read and their overall perception of the book. A harmonious combination
of font with illustrations, color design, and page layout contributes to a positive reading
experience and increased interest in the book.
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The main criteria and indicators that determine the quality of font design in
children's publications aimed at primary school-age audiences are presented in Table

l.

Table 1.

Criteria and indicators of quality in the typography of children's publications for

primary school age children

Quality criteria

Indicators
(characteristics)

Impact on reading and
perception

Ease of reading

Clear letter shapes; open
apertures; distinction
between similar characters
(a-o0, 51-m, 1-1); optimal

Facilitates character
recognition, reduces the
number of errors when
reading

stroke thickness
Font size Font size no less than 12- | Ensures comfortable
14 pt (depending on reading without straining
format); consistent size your eyes
throughout the text

Spacing between letters
(aproshi)

Sufficient tracking; no
letter sticking together

Improves the perception
of words as whole units

Line spacing

Line spacing 120-140% of
font size

Facilitates eye movement
across lines, reduces

fatigue

Contrast High contrast between Promotes rapid text

text and background; perception

avoidance of bright or

colorful background

solutions
Psychophysiological No excessive Reduces visual fatigue,
comfort decorativeness; Increases concentration

smoothness of forms

Aesthetic appeal

Harmony of the font with
illustrations and layout

Increases motivation to
read

Age appropriateness

Adaptation to the
cognitive and visual
characteristics of children

aged 6-10

Provides a positive
reading experience

Functional versatility

Suitability for main text,
headings, captions

Ensures stylistic integrity
of the publication
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The proposed criteria cover both functional and psychophysiological and aesthetic
aspects of children's perception of text, allowing for a comprehensive assessment of
the effectiveness of typographic solutions.

The criterion of font readability is fundamental, as it directly affects the process of
character recognition and the formation of reading skills. Clear letter shapes, open
apertures, and sufficient differentiation between similar-looking characters reduce the
number of errors during reading and facilitate text perception, which is especially
important for children whose reading skills are still developing.

The font size determines the visual accessibility of the text. Using a font size of at
least 12-14 points, taking into account the format of the publication, ensures
comfortable reading and prevents eye strain. The stability of the font size within the
main text contributes to the formation of reading rhythm and reduces cognitive load.

The spacing between letters plays an important role in the perception of words as
whole graphic units. Sufficient tracking and the absence of letter crowding facilitate
rapid reading and increase overall reading comfort, especially during prolonged
reading [1,2].

Line spacing (interline spacing) affects the comfort of eye movement across the
page. A value of 120-140% of the font size creates optimal conditions for shifting the
gaze between lines, reduces visual fatigue, and helps maintain concentration.

The contrast criterion determines the clarity of text perception on the page. High
contrast between the font and background, as well as avoiding bright or colorful
background designs, ensure quick visual recognition of text and reduce the strain on
the child's visual system.

The psychophysiological comfort of the font design is associated with the absence
of excessive decorativeness and the smoothness of the letter forms. These
characteristics help reduce visual fatigue, increase concentration, and positively
influence the emotional perception of the text.

The criterion of aesthetic appeal reflects the harmony of the font with the
illustrations and the overall composition of the publication. Visually appealing font
design increases children's motivation to read and forms a positive attitude towards
books.

Age appropriateness involves adapting the font design to the cognitive and visual
characteristics of children aged 6-10. Taking these characteristics into account ensures
comfortable perception of the text and contributes to the formation of a positive reading
experience.

Special attention is paid to the functional versatility of the font, which determines
its suitability for use in various elements of the publication — the main text, headings,
and captions. Such versatility ensures the stylistic integrity of the book and simplifies
its typographic design.

Thus, the criteria and indicators presented in the table allow for a comprehensive
assessment of the quality of font design in children's publications and can be used as a
basis for developing expert assessment methods and making informed typographical
decisions in publishing practice.
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Current trends in font design and the development of digital technologies open up
new opportunities for creating font solutions tailored to the needs of a children's
audience. The integration of innovative approaches into the font design of children's
publications allows for an increase in their competitiveness and quality.

Conclusion. Thus, the criteria for the quality of font design in children's
publications for primary school age are complex and cover readability,
psychophysiological comfort, and aesthetic appeal of the font. Taking these criteria
into account contributes to improving the reading experience, developing reading
skills, and increasing children's interest in literature. The results obtained can be used
in the practice of publishing and designing children's books in order to improve their
quality and pedagogical effectiveness.
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Abstract. This paper discusses the possibilities of using regular expressions in
Notepad++ to perform search and replace operations on text information. It shows that
the use of regular expressions significantly increases the efficiency of processing text
arrays, automates routine editing operations, and helps reduce errors when working
with large amounts of data. Typical examples of the use of regular expressions in the
Notepad++ environment are given, and their practical value for educational and
professional activities is outlined.
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Modern work with text information in the fields of programming, publishing, and
information technology involves processing large amounts of data, which requires
effective search and editing tools. One such tool is regular expressions, which allow
you to describe complex text patterns and perform automated operations on text.

Notepad++ is a popular text editor that supports the use of regular expressions in
search and replace mode. This allows users to perform not only simple keyword
searches, but also complex text analysis and transformation operations.

The use of regular expressions in Notepad++ is particularly effective when:

« searching for text fragments according to specified templates (dates, email

addresses, links);

« mass replacement of similar structures in text files;

 deleting or normalizing spaces and service characters;

« converting structured text data into the required format.

Using regular expressions in Replace mode allows you to perform complex text
transformations in a single operation, significantly reducing editing time and manual
actions. This is especially important when working with program code, HTML markup,
or when preparing texts for further processing.
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Thus, the use of regular expressions in the Notepad++ environment is an effective
means of automating text search and replacement operations, increases the productivity
of working with text information, and is useful for studying disciplines related to text
data processing and software tools for information processing. Fig. 1 shows a structural
diagram of the search and replace process in Notepad++.

Text file

h A

Opening in
Motepad++

h A

Find/Replace
command

h A

Imput of a regular
EexXpression

h A

Text analysis using a

Match not found template

Malch found

h A

Selecting a fragment
Move next

v

i Feplace

Updated text
document

Figure 1. Structural diagram of regular expression usage in Notepad++.
(figures developed by the author)

Fig. 2 shows the screen logic for using regular expressions in Notepad++ to
perform search and replace operations.
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Regular expression

h 4

Description of the text
template

¥

Automated search

¥

Mass
replacement/editing

Y

Improving text
processing efficiency

Figure 2. Causal-functional logic
(figures developed by the author)

The diagram illustrates the sequence of user actions and demonstrates that the use
of regular expressions allows you to automate the processing of text arrays and
significantly increase productivity.

Conclusion. The analysis shows that using regular expressions in Notepad++ is a
great way to automate searching and replacing text. The use of regular expressions
allows you to describe complex text patterns, perform mass text transformations, and
significantly reduce the processing time of large text arrays compared to traditional
manual editing methods.

Using the functional capabilities of Notepad++, in particular the Regular
expression mode, provides flexibility and versatility in text processing without the need
for specialized programming languages or additional software. This makes regular
expressions an accessible and practical tool for a wide range of users, from students to
professionals in the fields of information technology and publishing.

Thus, the implementation of regular expressions in the search and replace processes
in Notepad++ contributes to increased productivity when working with text
information, reduces the number of errors, and develops important applied skills, which
is useful for both educational and professional activities.
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Abstract. The paper considers semantic modeling as a tool for designing the
structure of a virtual learning environment (VLE) for distance learning. It is shown that
formalization of the links between VLE components based on semantic networks
contributes to improving the structure of educational content, the consistency of
functional modules, and the effectiveness of user interaction with the system [4—6].
The results of expert evaluation of the quality of the VLE before and after the
implementation of the semantic model are presented, confirming the feasibility of
applying this approach in educational information systems [1], [8].
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Modern virtual learning environments (VLEs) are complex multi-level information
systems that integrate educational content, software modules, knowledge assessment
services, and user interaction mechanisms. With the widespread introduction of
distance learning, not only the functional completeness of such systems but also the
logical consistency of their structure, which directly affects the effectiveness of the
educational process and the convenience of using educational resources, becomes
particularly important[1].

One of the promising approaches to designing VLEs is semantic modeling, which
allows formalizing knowledge about the structure of the learning environment in the
form of a set of entities and relationships between them, as well as ensuring the
integrity of the information architecture [4], [5]. Within the semantic model, the VNS
is considered as a system of interrelated components, in particular, educational
modules, digital resources, users of different roles, scenarios of educational activities,
and means of assessing learning outcomes [6], [11]. This approach ensures the integrity
of the information architecture and reduces the level of fragmentation of the system.

The effectiveness of semantic modeling is manifested in the increased structure of
educational content and improved navigation in the virtual learning environment.
Clearly defined semantic links between content elements ensure logical sequence of
material presentation, simplify information search, and increase the clarity of the
learning environment for users [7], [10].
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In addition, the semantic model creates the prerequisites for the integration of VLE
functional modules and the implementation of adaptive and personalized learning
trajectories. Formalizing the structure of the system at the model level facilitates its
scaling and modernization, since changes can be made without disrupting the overall
logic of the VLE's functioning [9].

The results of expert evaluation of the quality of the virtual learning environment
before and after the implementation of semantic modeling (Table 1) indicate the
positive impact of this approach on key quality indicators, in particular information
architecture, the level of component integration, and the effectiveness of user
interaction [1], [8], [12].

Table 1.

The impact of semantic modeling on VNS quality factors

Quality factor Without semantic | Using a semantic | Nature of changes
modeling model
Information fragmentary logically consistent | improvement
architecture structure structure
Content structure | partial high improvement
Navigation in VNS | complicated intuitive improvement
Module integration | limited comprehensive improvement
Adaptability absent or minimal | supported at the improvement
model level

Semantic modeling of the structure of a virtual learning environment is an effective
means of improving the quality of distance learning information systems and a
promising area for further research. A causal diagram (Fig. 1) was used to visualize the
cause-and-effect relationships between the elements of the system, which made it
possible to clearly demonstrate the influence of individual factors on the integral
quality indicator of the object under study.
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Domain

Experts

Figure 1. Generalized structural diagram of improving the quality of the VNS
(figures created by the author)

Figure 2 shows the algorithm of the impact of semantic modeling on the quality of
the virtual learning environment, which demonstrates that formalization of the VLE
structure based on a semantic model ensures the consistency of system components
and contributes to improving the integral quality indicator of the VLE.

Semantic modeling

Formalization of the
VNS structure

Consistency of
content and modules

Improved navigation
and interaction

Improvement in the
quality of the VNS

Figure 2. Algorithm of the impact of semantic modeling on the quality of the virtual
learning environment. (figures created by the author)
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Conclusion. The study confirms that semantic modeling of the virtual learning
environment structure is an effective tool for improving the quality of distance learning
information systems. Formalization of VLE components and their interrelationships
ensures logical consistency of the information architecture, improves navigation,
facilitates integration of functional modules, and creates conditions for adaptive
learning. The results obtained justify the feasibility of using semantic modeling in the
design and modernization of virtual learning environments and define this approach as
a promising direction for further scientific research in the field of information systems
and technologies.
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H.C.

Jlep:xaBHUI HAYKOBO-JOCIIITHAMA IHCTUTYT BUIPOOYBaHb 1 cepTH(IKaLil 030pOEHHS
Ta BIMCHKOBOT TEXHIKH, YKpaiHa

CyuacHi iHpopmartiitHo-BuMiproBaibHi cucteMu (IBC) BiirpatroTh KIt0YOBY POJIb
y BUNPOOYBaHHIX 030poeHHS Ta BiiickkoBOi TexHiku (OBT), 3abe3neuyroun 30ip,
nepeavy Ta aHalli3 JaHUX B €KCTpEMaIbHUX YMOBaX yJapHUX Ta BUOYXOBUX BILIUBIB.
Jocmmkerass Gokycyerbcsi Ha 3abe3neueHHi ctiiikocTi IBC nmo pamioenekTpoHHOT
6opotsOu (PEB), enexrpomarnitTHux immyinbciB (EMI) Ta kibep3arpos.

VY cywacHux BoeHHMX KoHQuikTtax 2022-2026 pp. IBC ¢yHKIIOHYIOTH Y
CepeZOBUIIl aKTHUBHOIO 3acTocyBaHHs 3aco0iB PEDB, kiOepBIIIMBIB Ta HaBMHUCHHX
1H(pOopMaIIiHUX CIOTBOpPEHb. Lle yCKIaaHIoe peecTpaliio KpUTUYHUX MapameTpiB:
MKOBOTO HAJUIMIIKOBOTO THUCKY YAApHOI XBWJII, Npodiiro BiOpaiiil, AUHAMIYHOTO
TUCKY Ta TeileMerpuuHux nanux. Cridikicte IBC no cranmapTh3oBaHMX METOJIB
BUNPOOYBaHb € TPIOPUTETOM [IJIsi TapaHTil METPOJIOTTYHOI TOYHOCTI Ta 00iOBOT
edextuBHOCTI OBT.

AKTyanpHICTh ~ JAQHOTO  JIOCHIJKEHHS  IJITBEP/KYETHCS  HEOOXITHICTIO
ABTOMATH30BaHMX CHCTEM 3 I1HTErpaIl€l0 KPHUITO3aXUCTy JUIS  ITiABUIIECHHS
JIOCTOBIPHOCTI pe3yJbTatiB [1-2].

[Tpo6iemui muTanHs cTiiikocTi cyyacHuX IBC Bkio4aroTh:

- ypa3nuBICTh TeneMeTpii (MEpeXOIUIeHHs, CIOTBOPEHHS CHUTHATIB, BTpaTa
CUHXpOHI3allii, ciydinr ta npuaymeHHs PEB);

- E€JIEKTPOMArHiTHI BIUIUBH;

- 3aXHUILIEHICTh JAHUX (HemocTaTHs KPHUIITOCTINHKICTD reHepaTopiB
ncepnoBumnagkopux  nocmigoBHoctedn  (IIBII)  ngo  anamizy,  mopyuieHHs
(xoH(1IEHIIHHOCTI, ITICHOCTI, JOCTYITHOCTI));

- MeTpoJioriuHi oomexeHHst (rpamieHTd THcKy >1000 xIla/mMkc mnepeBUIyIOTH
MOPOT'H CTAHJIAPTHUX 11’ €30PE3UCTUBHUX JATUHKIB).
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PEB oxommoe cTBOpeHHS 3aBaj, EJICKTPOMArHITHE IIEPEBAHTAKCHHS Ta
NOPYIICHHS YaCOBUX KaHaJIB, IO 3HIKYE SKICTh NaHux Ha 40—60% 6e3 3axucry.

Jns  miABUINEHHS ~ CTIMKOCTI — TEJEMETPUYHHUX  CHUCTEM O  BIUIUBIB
pPazioeIeKTPOHHOT OOPOTHOM 3aCTOCOBYIOTHCS METOJU KPUITOrPadivyHOTO 3aXHUCTY
JaHUX, 30KpeMa T[OTOKOBE MM(pyBaHHA 3 BUKOPUCTAHHSIM TeHEpaToOpiB
ncepaopunaakoux nocigoBHocteil (IIBIT). I'enepaTopu I1BII BUKOpUCTOBYIOTHCS
U1t opMyBaHHS KpUnTorpadiuHuX KIIOUIB Ta MACKyBaHHS TEJIEMETPUYHUX KaJpiB,
10 YHEMOKJIMBIIIOE KOPEKTHY 1HTEPIIPETAalil0 BUMIPIOBANIbHOI 1HpOpMaIlii y pasi ii
nepexorieHHs. Ilpu npomy g0 reneparopiB [IBII BucyBaroThcsi BUMOTH MIOJO
CTaTUCTUYHOI BHIAQJKOBOCTI, MEPIOAUIHOCTI Ta CTIMKOCTI 0 KPUNTOAHAIIZY, IO
perIaMeHTyEeThCS BIAMOBIIHUMU CTaHaapTaMu [3].

CyuacHi IBC cTukaroTbcs 3 HU3KOK BUKIIMKIB, CEpe]l SIKHX:

- HEOAHOPIJHICTh JaHUX Ta NOXMOKH OpIEHTAlli CEHCOpIB, L0 MOXYTh
MIPU3BOJUTH JI0 Bapialliil y BUMIPIOBAaHUX 3HAYCHHSX TUCKY 0€3 ypaxyBaHHS pealbHUX
(b13UYHMX TTPOILIECIB;

- HEOOXIJIHICTb BHCOKOIIBHJIKICHUX KaHaiB OOpPOOKH JaHWUX JJii KOPEKTHOI
peecTpallii KOpOTKUX MiKIB TUCKY;

- nmoOynoBa y3ro/JUKEHHX Ta MaciutaboBanux bBJl, 1mo  J03BOJSIOTH
CHUHXPOHI30BYBAaTH JIaH1 3 PI3HUX JIKEPEJI Ta CUCTEM OJJHOYACHO.

Omxke, criikicte IBC jgocsraerbcs, NoegHAHHAM 3aco0iB  TEXHIYHOTO Ta
KpunrorpadiuHoro 3axumcty 1H(popmamii, CTIHKHMX TEJIEeMETPUYHUX CHUCTEM,
TeHEpaTOPiB ICEBIOBUIIAIKOBUX IMOCIIIOBHOCTEH Ta BHUMIPIOBAJIBHOI amaparypu,
aJanToOBaHOI 10 BUOYXOBHX 1 yIapHUX BIUIUBIB, JO3BOJISIE MIABUIIUTH JOCTOBIPHICTh
Ta HaAIMHICTH 1H(OPMALIITHO-BUMIPIOBAIbHUX CHCTEM Yy BUIIPOOYBAaHHAX O30pOEHHS
Ta BIMCHKOBOT TEXHIKM B YMOBaX aKTUBHOI'O 3aCTOCYBaHHS 3aC001B pagloeNeKTPOHHOL
o0oporb0Ou. llepciekTuBHMUMM HampsiMamMu po3BUTKY € iHTerpamis (Al ta ML s
aJanTUBHOTO BHSBJICHHS Ta QUIbTpalii 3aBajy y pealbHOMY uYaci, TIOpUAHHMX
kBaHTOBUX reHepatopi [IBII ajist mocTKBaHTOBOI KPUMITOCTIAKOCT1).
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IHTET'PALIS OSINT ¥V JIAJABHICTD IMOJIIIIT
JAEMOKPATUYHHUX KPAIH SAK IHCTPYMEHT
BUABJIEHHA 3AT'PO3 I'POMA/ICBKIN BE3IIELI

bonpapenko Crenan IOpiitoBuyu

KuiBchbkHli YHIBEPCHTET 1HTEICKTYaIbHOT BIACHOCTI Ta Mpasa,
yier ['O «International educators and scholars foundation» (IESF)
Mmicto KuiB, Ykpaina

[arerpamis OSINT (amrn. Open Source Intelligence, po3Bigka Ha OCHOBI
BIIKDUTHX JIKEPEIT) Y Cy4acHy AISUTBHICTh MOMILIT TEMOKPAaTUYHUX KPaiH € OJTHUM 13
HalBAXJIMBIIIMX HAOpsMiB TpaHchopmallli TpaBOOXOPOHHUX CTPYKTYp y LU(BPOBY
enoxy. Inrerpanis OSINT y nianpHICTh NOTINIT JEMOKPATUYHUX KpaiH HA MPaKTHUI
peani3yeTbes sIK (OpMai30BaHUM LUK PO3BIAYBAIBHOI aHATITUKU, IO OXOILIIOE
cuctematuzoBanuii 30ip (collection), mepBuHHy Bamigamito (source validation),
kopemsito (data correlation), anamiTuyHy O0OpoOKy (analysis) Ta omepaTHUBHY
IHTEpIpETaLi0 Pe3yJIbTaTIB JIJISl TPUUHATTS YINPABIIHCHKUX 1 TAKTUYHUX PIllIEHb. Y
nosiueicekux crpykrypax OSINT BukopucroByerbcs He (parMeHTapHO, a SK
okpemuil GpyHKIIOHATEHUN MOYJIb intelligence-led policing, iHTerpoBanuii y cucreMu
PaHHBOTO MOMNEpPeHKEHHS 3arpo3. [IpakTnyHo 1€ 03Ha4Yae Oe3nepepBHUI MOHITOPUHT
COLIIAIBHUX MEpPEekK, MECEH/DKEPIB 13 MyOJIYHMMH KaHajaMmu, IIaTdopM user-
generated content, BIIKpUTHX pEECTPiB, 0a3 CYyJOBUX pIillleHb, KaJacTPOBHUX 1
KOPIOPATUBHUX JJAaHUX, a TAKO’K HOBUHHUX arperatropis i3 3acTocyBaHHsAM keyword-
based monitoring, boolean search, sentiment analysis Ta network analysis.

VY KOHTEKCTI I'pOMaJChKOi O€3MEeKM KIIOYOBY pOJIb BIJIrpae BHUSBICHHS TakK
3BaHuX early warning indicators 1 weak signals, siki He MarOTh KPUMIHAJIBHOTO CTATYCY
cami 1o co0i, aje B CyKymHOCTI (pOpMYIOTh pU3UKOBH TIpodinb moxii, rpynu abo
iHauBiga. [lomimis qeMOKpaTHYHUX KpaiH akTUBHO 3acTocoBye geospatial OSINT mis
aHaJli3y MPOCTOPOBOI AMHAMIKHM 3arpo3, 30KpeMa uepe3 31CTaBJIEHHS F€0TErOBAHOIO
KOHTEHTY, BIIKPUTHX KapTorpadiyHUX CEpBICIB 1 JaHUX MPO MEPEMIIICHHS MacOBHX
cKym4eHb JroAei. lle BUKOpPHUCTOBYETHCS TpPH MIATOTOBII /0 MAaCOBHX 3aXOiB,
npoTecTiB a00 CHOPTUBHUX TOJIA JUIsi MPOTHO3YBaHHS hot spots, MOTEHIIMHMX
MapuIpyTiB €cKaJlalii Ta 30H MIJBUIEHOTO PU3UKY.

OkpemuM npakTUYHUM HanpsiMoM € social media intelligence, ne mosirist mpartoe
3 behavioral patterns, nudppoBuMu craijaMu Ta OHJIAMHOBUMH KOMYHIKAI[IHHUMHU
MepexxamMu. AHalli3 MyOmiuHUX MOpo@uUIiB, KOMEHTapiB, PEMNOCTIB 1 Bi3yaJbHOIO
KOHTEHTY JI03BOJIsi€ 1IEHTH(IKyBaTU Tpolecu paaukanizamii, self-radicalization,
KOOpAWHAII0 i dYepe3 JelEeHTpali30BaHl OHJIAWH-CIUTBHOTH, a TaKOX O3HAKH
MIJTOTOBKM HACWUJIBHUIBKUX 1M, BKIOYHO 3 leakage indicators — HempsaMumu
nyOJIYHUMU CUTHAJIaMH PO HaMip YYMHEHHs 3JI04MHY. Taki JaHl He € J0Ka3aMH y
KpUMIHAIBHO-IPOIIECYaTbHOMY CEHCl, ajié CIYTYyIOTh aHaJITUHYHOIO OCHOBOIO MJIsi
1HIIIFOBaHHS MPEBEHTUBHUX 3aXO0/[1B, ONEPATHUBHOI IEPEBIPKU 200 MIABUIIICHHS PIBHS
TOTOBHOCTI CHJI pearyBaHHSI.
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Y chepi mporumii kibepszmoumaHOCTi OSINT iHTETpYyeThCS dYepe3 aHami3
BIJIKpUTUX HUPPOBUX EKOCUCTEM, BKIIOYHO 3 (OpyMaMu, TapKHET-MapKeTIuiercamu
y YacTHUHI JIeTaJbHO JOCTYyNHOI i1H(opMallii, BUTOKaMH 0a3 JaHuX, MyOJIYHUMH
PETO3UTOPISIMH IIKIIJTMBOTO KOy Ta MPOQIIsIMH «3arpo3IMBUX akTopiB» (aBT.) [7, c.
87]. Iomiwist BUKOpUCTOBYE attribution techniques 111 BCTAaHOBJICHHS 3B’SI3KIB MIXK
OHJIaH-aKTUBHICTIO, MCEBJAOHIMAMH, YaCOBUMH NATEPHAMH Ta 1HYPaCTPYKTYpHUMU
O3HaKaMu, 1110 J03BoJisie OyayBatu threat actor profiles 1 mporHo3yBatu moTeHIIIHHI
aTaky Ha KpUTUYHY 1HPPACTPYKTYpY a00 myOIiuHI CepBICH.

Baxxnuum npaktuyHuM acriektoM € interpamis OSINT y cutyaliiiti neHTpu ta
cuctemu command and control, me pe3ynbTaTé aHAMITHKH TpaHCHOPMYIOTHCA Y
actionable intelligence. L{e 3a0e3neuye mBUIKE YXBaJICHHS PIIICHD 11010 PO3TOPTAHHS
NaTpyJiB, 3MIHM TAaKTUKA OXOPOHUM TPOMAICHKOIO MOPAJIKY a00 1HILIFOBAaHHSA
MDKBIZIOMYOi B3aeMOAll. Y [I€MOKpaTHUYHUX KpaiHaX Taka OISUIBHICTh YITKO
perJaMeHTOBaHa CTaHAAPTHUMH OMNEPaliiHUMU MpoLeAypamMH, sIKi BH3HAYAIOTh
JOMyCTUMI  MeToau 300py, KpuTepii peneBaHTHOCTI 1HQopmaiii Ta Mexi ii
BUKOPHUCTAHHSA 3 OIJIAy Ha IpaBa JIOJUHHU.

OcnoBHa mnpaktuuHa IiHHICTE OSINT anga momimii JeMOKpaTHYHHX KpaiH
MOJIATAE Y MOJKJIMBOCTI MAacIITabOHOTO, JIETAJIBHOTO Ta TEXHOJOTIYHO €()EeKTHUBHOIO
JIOCTymy JAO0 BIOKPUTHX 1H(GOpMaUIWHUX  CEpeAOBUL] 13  BUKOPHCTAHHSAM
CHeIlai30BaHUX MPOrPaMHUX PIllIEHb Ta aHAMTHYHUX Tuiat@opm. Ha Biaminy Bij
HUMINT a6o SIGINT, OSINT He noTpe0ye CaHKIIIOHOBaHOTO BTpy4YaHHS B IPUBATHI
KOMYHIKaIli, 00 /J03BOJSIE MPABOOXOPOHHUM OpraHaMm IisiTH B MEXax MPUHITUITY
proportionality Ta legality, 3akpinnenoro y mpaBoBux cucremax CIIIA, kpain €C i
Benukoi bpuranii [5]. Ilpaktuuna peamnizaiis 1€l NepeBaru JOCSITAETHCS MIISIXOM
BUKOpHUCcTaHHA crietiaibHuX OSINT-3acTOCYHKIB, sIKi aBTOMAaTU3YIOTh 301p, 00pOOKY
Ta Bi3yasi3allilo BEJIUKUX 0OCSTIB BIAKPUTUX JaHUX.

VY noniuelchbKii MpakTUIl aKTUBHO 3aCTOCOBYIOThCS Tuiargopmu tuny Maltego
st link analysis Ta entity resolution, 1110 103BOJIsIE BUSIBIIATU MIPUXOBAHI 3B’ A3KU MIXK
ocobamu, opradizamisMu, nomeHamu, [P-aapecamu Ta akayHTamMu y COIllaIbHUX
Mepekax. Taki IHCTPYMEHTHM BUKOPHCTOBYIOThCS MJii MOOYJOBU COLIAJBHUX 1
KOMYyHIKaIiiHUX TpadiB, $KI JIEMOHCTPYIOTh CTPYKTYpy paJuKadbHUX abo
KpUMIHAJIBHUX Mepex Oe3 HeoOXiIHOCTI HEIVIaCHUX ONepaTUBHUX 3axoniB. s
MOHITOPUHTY 1H(OPMAIIITHOTO TPOCTOPY MOMTIITis 3aCTOCOBY€E cucTteMu Tuity Recorded
Future, Babel Street, Dataminr abo ShadowDragon, ski npaitoroTs y pexxumi near real-
time Ta BUKOPUCTOBYIOTh aBTOMATH30BaHUM Ingestion JaHUX 13 COLIATIbHUX MEPEX,
(dhopymiB, HOBUHHUX CaWTIB 1 BIAKPUTUX 0a3 JaHWX 3 mojaibiiuM risk scoring ta
alerting.

Y CHIA, 3okpema B migpos3ainax FBI Tta wmicueBux fusion centers, Taki
3aCTOCYHKH 1HTETPOBaH1 y aHATITUYHI KOHTYpH threat assessment. BoHu 103BOISIIOTH
BusaBIATH indicators of violent extremism, leakage behaviors Ta pre-incident signals,
HaIPUKJIAJ pi3Ky 3MiHY PUTOPUKH B IMyOIYHUX TIOCTAX, IHTEPEC 10 30pOi, TAKTUIHUX
MaTepialiiB abo 00’€KTIB MacOBOIO CKYIYEHHs JIoAed. AHami3 3I1HCHIOEThCS 3a
noromororo NLP-monymniB, sentiment analysis 1 topic modeling, mo nae 3mory
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31CTaBIATH MU(PPOBY MOBEMIHKY 3 BIIOMUMHU MOJEISMH I1ATOTOBKH HACUIBLHUIIBKUX
IHIIMJICHTIB, 5IK1 BUKOPUCTOBYIOThCS Y behavioral threat assessment [3].

OxpeMy poJib BIIITParOTh Clieliani3oBaHi 3acTocyHku it geolocation OSINT,
taki sk Google Earth Pro, Sentinel Hub, MapHub a6o interpoBani GIS-monyni B
MOIEHCHKUX aHATITUYHUX cHUcTeMaX. BOHM H03BOJISAIOTH CHIBCTaBISATH BIIKPHUTI
CYNyTHUKOBI 3HIMKH, T€OTETOBAaHUI KOHTEHT 13 COILIAIbHUX MEPEX 1 JIaHi MPpo Mol
JUTSI TIPOCTOPOBOTO aHaJ3y MOTEHIIMHUX 3arpo3. Lle mpakTHYHO BUKOPHUCTOBYETHCS
Mpy TUTAHYBAaHHI 3aXOJMiB 13 MacOBOI TPHUCYTHICTIO JIIOACH, M€ 3a3ajerilib
MOJIETIOIOTHCS MapIIPYTH MiIXO0AY, MOXKIIMBI TOUYKM KOHIIEHTpAIlil pU3UKY Ta ClieHapii
ecKaJarii.

Jnia aHanizy BIAKpUTUX HU(PPOBUX CIiIIB Y chepi opraHizoBaHOT 3TOUNHHOCTI Ta
Ki0ep3arpo3 noJjinis BAKOPUCTOBYE 1HCTpyMeHTH Tuny SpiderFoot, Recon-ng, Shodan
1 Censys, fKI J03BOJSIIOTh 3/1ACHIOBaTH aBToMaTu3oBaHUU TexHIYHUNA OSINT,
30KpeMa 1JIeHTU(]IKYBaTU BIAKPUTY 1H(PACTPYKTYpY, MOB’S3aHY 3 KPHUMIHAJIBHOIO
JUSUTBHICTIO, @00 Bpa3uBi My0JIIYHI CEPBICH, 110 MOXYTh OyTH BUKOPUCTAaHI JIsI aTakK.
Taxki 3acTocyHKH (OPMYIOTh TEXHIYHUHN TPO(]1IIb 3arp0o3U Ta BUKOPUCTOBYIOTHCS SIK
€JIEMEHT MPEBEHTUBHOI K10epOe3NneKu, a He JIUIIe TOoCTPaKTyM-pPO3CIIiyBaHb.

KitouoBUM mnpakTHYHUM pe3yJabTaTOM BUKOpUCTaHHsS cremiaabHux OSINT-
3aCTOCYHKIB € MOJKJIMBICTb BCTAHOBJICHHSI ~ KOPEJALIM MDK  IyOJIIYHUMHU
BUCJIOBJIIOBAHHIMU, IIU(PPOBUMH MaTepPHAMHU MOBEIIHKHU Ta peaibHUMU noiamu. Le
nocsraerbes yepes data fusion, Koau pe3ynbTaTh 3 pI3HUX IHCTPYMEHTIB IHTETPYIOThCS
B €IMHY aHaIITHYHY KapTuHy. Came Taka TexHoJsioriuHo miarpumada OSINT-
aHaJITHKa J03BOJISE TOJIIIIT TEPEXOUTH BiJl MTACUBHOTO CIIOCTEPEIKEHHS 10 aKTUBHOI
npeBeHIlii, GopMyroun 0OTPYHTOBAHI aHATITHYHI BUCHOBKH, SIKi CIIYTYIOTH ITiJICTABOIO
JUTSI OTIEPATMBHHMX pIllleHh 0€3 TOPYIICHHS JAEMOKPAaTHYHUX CTaHAApTIB 1 MpaB
TPOMAJISH.

VY kpainax €Bponeiicbkoro Coto3y interpaiiis OSINT y misuibHICTh TOJILIT Ta
CYMDKHHUX PO3BIAyBAIbHO-aHATITUYHUX CTPYKTYP Ma€ CHUCTEMHHH 1 TEXHOJIOTIYHO
3pUTUN XapakTep Ta PO3MIISIIAETHCS SK KIIOYOBUN 1HCTPYMEHT BHUSBIJICHHS 3arpo3
IPOMAJIChKIM Oe3merii Ha AokpuMiHanbHIN ctamii [1]. Y Himewyuwmni, ®panmii Ta
Hinepnannax OSINT He oOMeXyeThCcsi pyYHHM aHaIi30M BIJKPUTHX JUKEpel, a
peani3yeTbcsi dYepe3 CIelialli3oBaHl AaHAMITHYHI TUIaTGOpMHU, IHTETpOBaHI Y
HaiioHanbH1 cuctemu threat intelligence Ta intelligence-led policing. 3oxpema,
®enepanpHa KpuMiHaibHa nodimis HiMmeyunnu 3acrocoBye aBromatuzoBani OSINT-
pIIICHHS 3 BUKOPHUCTAHHSAM aJITOPUTMIB MAIIMHHOTO HAaBUYaHHS ISl MAaCOBOTO 300Dy
Ta OOpOOKM BIAKPUTUX JTaHMX 13 COLIAJIBHUX MEPEX, BIICOXOCTHHTIB, MyOJIYHUX
MECEH/I)KEep-KaHaliB, OHJIAWH-(POPYMIB 1 HOBUHHUX PECYPCIB 13 METOIO BHUSBIICHHS
behavioral anomalies Ta patterns of concern y nudpoBux crijJibHOTaxX.

[IpakTyHa peaizaiis TakKuX IMIIXOMIB TOJISITAE Yy 3aCTOCYBaHHI CHCTEM
automated content monitoring 1 anomaly detection, ki 3IIHCHIOIOTh MOCTIHHE
ckaHyBaHHs 1H(popMarliiiHoro cepenoBuia 3a predefined risk indicators, 30kpema
PI3KOIO 3MIHOIO HapaTHBIB, 3pOCTAHHIM arpeCcUBHOI a00 NEeTyMaHi3yl0u0i pUTOPUKH,
MONIMPEHHSAM CHMBOJIKA 3a00pOHEHUX YIPYNOBaHb, a TaKOX AaKTUBI3AIIEIO
KOMYHIKaIliii HaBKOJO KOHKPETHHX JaT, MiCllb abo mofiid. 3a momomororo NLP-
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MOJIyJiB Ta topic clustering moiisi MOXke BITOKPEMITIOBaTH (POHOBUH 1H(POpMaLiifHNH
IIyM BIJl pPEJICBAaHTHUX CHUTHAJIB, IO CBiAYaTh NPO IMOTEHIINHY MIATOTOBKY
HACUJILHUIIBKHX J1 a00 €KCTPEMICTCHKUX aKIIii.

Y ®panmii taki OSINT-migxoau IHTErpoBaHI B AISUTBHICTH IMIAPO3JILIIB,
BIIMOBIAQAIBHUX 32 MPOTHIII0 TEPOPU3MY Ta pajuKamizaiii, Ji¢ aKTUBHO
BUKOPHUCTOBYIOThCS 1HCTpyMeHTH social network analysis 1 influencer mapping. Ile
JT03BOJIS€ 1ICHTU(IKYBATH KIFOYOBUX BY3JIOBUX aKTOPIB y ITUMPOBUX CIUIBHOTAX, SK1
BUKOHYIOTh (DYHKIIIT 171€0JIOT1YHOTO BILTUBY, KOOpAMHAaLli a00 BepOyBanHs [8]. AHami3
BIIKpUTHUX TPOGLTIB 1 MyOIIYHUX B3a€MO/IN BUKOPUCTOBYETHCS ISl TOOYAOBH risk-
based profiles oci0, siki qemoHCTpYyI0Th 03Haku self-radicalization abo akTHBHOT y4acTi
B EKCTPEMICTCHKHX Mepexax. Taki mpodifi He € MiICTaBOIO 7Sl PENPECUBHUX JIiH, aje
3aCTOCOBYIOTHCA SIK AaHAITHYHUNA 1HCTPYMEHT ISl TPIOPUTH3ALIlT OEPATUBHOI yBaru
Ta MIXKBIJIOMYO1 KOOPIMHAIIII.

VY Hinepnannax OSINT-iHTerpamist 30cepe/i’keHa Ha MPEBEHTUBHIN aHaITHII
IpOMaJIChKOi O€3IMeKH Ta PaHHHOMY BHUSBIICEHHI 3arpo3 IijJ 4ac MAacOBHX 3aXO/IiB,
MPOTECTIB 1 CyCHUTbHO-OMITHYHUX Kpu3 [9]. Ilouimis akTUBHO BHUKOPHCTOBYE
geospatial OSINT 1 crowd analytics, moeaHyr4n BiIKpUTI KaprorpadiuHi HaHi,
reoTeroBaHUN KOHTEHT 1 IMyOJIIYHI aHOHCHU 3axXOJliB y COIlabHUX Mepexax. Lle
JI03BOJISIE MOJIETTIOBATH CIICHapii pO3BUTKY MOJIM, 11eHTU(IKYBATH MOTEHIIHHI TOYKU
HaIlpYTH Ta OILIIHIOBATH PU3MK HACWJIBHUIIBKOI eckaallii. Taki aHi IHTeTpyIOThCS B
CUTYAIliiiH] LIEHTPU Ta BAKOPUCTOBYIOTHCS JIs1 HPUUHATTS PIILIEHb 100 PO3MIILIEHHS
MaTpyJIiB, KOHTPOJIIO TOCTYITY Ta ONEPATUBHOTO PearyBaHHS.

CninbHOW0 TpakTUyHOIO pucoro st KpaiH €C e BuxopuctanHs OSINT mis
BIJICT€KEHHS MPOLECIB pajJuKami3alli He Ha pIBHI OKpeMHUX IyOJKalliii, a Ha PiBHI
nuHamiku 1udpoBux coiabHOT. [lomimis ananizye frequency patterns, engagement
rates, 3MiHM CEMAaHTUYHUX MOJIB 1 TpaHC(POpMaLII0 HApaTHBIB y Yaci, 110 JO3BOJISIE
BUSBIIATH (Pa30Bi MEPEXO0AH BiJ 11€0JOTTUHOTO KOHTEHTY JI0 OTEpaIliitHOT MiATOTOBKH.
VY moenHaHHI 3 ICTOPMYHMMH JAHUMH IIPO TOTNEPEAH]1 IHIMACHTH 1€ JAa€ 3MOTY
oynyBatu predictive models 1 crieHapii MOTEHIIIHHUX 3arp03 TPOMAJICHKIM Oe3Ielli.

BaxxnuBo Haronocutu, mo B nemokpatudHux kpainax OSINT interpyerbcs y
MOMIIENHChKY ISUTBHICTh SIK KOMIUIEMEHTApHUM €JEMEHT J0 KIACUYHUX METO/IIB
KPUMIHAJIBHOTO aHaji3y, OMepaTUBHO-PO3IIYKOBOI AISUIBHOCTI Ta MPOIECyaTbHOTO
po3CiiayBaHHs, a He K iX 3aMiHa. [IpakTuuno 1e o3navae, mo OSINT ¢yHKITIOHYE Ha
JOKpPUMIHANBHIN 1 IepeionepatiitHii ctaaisax, GopMyrdr aHATITUYHE TAIPYHTS IS
yXBaJIeHHSI PillIeHb 1110/10 Toaabinoro 3acrocyBanHss HUMINT, TexHiuHUX 3aX0/11B
abo ciiguux nid. Yepe3 cUCTeMaTHYHHM open-source monitoring MoJiiisi OTPUMYE
noctyn ao weak signals 1 early-stage indicators, siki He (IKCYIOThCS TPaAUIIHHUMHU
KaHaJIaMH 4epe3 BIACYTHICTh (DOPMANBHOrO CKIIALy 3JI0YMHY abo MpoliecyaabHUX
TMiJCTaB JUTsl BTPYYaHHS.

VY mpakTuil e peani3yeThCsl depe3 CIeliaii3oBaHl 3acTOCYHKH strategic
monitoring Ta information environment analysis, $SKi 103BOJSIOTh BUSBIISTH
KOTHITUBHI Ta 1HOpMaIIiitHI 3arpo3u TpoMajichkiv Oesmeri. Ilim wac manmemii
COVID-19 y Benukiéi bpurtanii momineldcbki Ta MIDKBIJIOMYl aHATITUYHI IEHTPH
3actocoByBaimu OSINT-mmatdhopmu 1t continuous monitoring CoIiabHUX MEPEK,
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BijfeomiaThopM 1 anbTepHATHUBHUX 1HPOPMAIIWHUX PECypCiB 3 BUKOPHUCTAHHSIM
narrative tracking, sentiment analysis 1 coordinated behavior detection [6]. AHamiTHKH
11eHTH(QiKyBaIM MMOBTOPIOBaH1 1H(POpMAIIiiiHI TaTepHU, CHHXPOHI30BaHE MOITUPEHHS
ne3iHdopMallifHIX MeCeKIB Ta aHOMajibHI MIKM aKTHUBHOCTI, IO CBIIYWIHN PO
OpraHi30BaHUM XapakTep I1H(POpPMAIlIMHUX BIUIMBIB, @& HE CIIOHTAHHY TPOMAJICHKY
peaxIlio.

3actocyBanHsa network analysis 1 temporal correlation 103BOJMIO BCTaHOBUTH,
0 OKpeMi myOJidyHI aKayHTH Ta CHUIBHOTH [isUM AK 1HQopMarliiiHi xabw,
KOOPJMHYIOUN TOIIUPEHHS KOHTEHTY, CIPSIMOBAHOTO Ha JUCKPEAMTALII0 MEIUIHHUX
YCTaHOB, BaKIMHAI] Ta pilIEHb OpPraHiB BiaJH. Taki BUCHOBKH Oyiu 3po0seHi 0e3
JOCTYMy A0 MPUBAaTHUX KOMYHIKAI[il, BAKJIIOYHO Ha OCHOBI BIAKPUTHX LU(POBHUX
CJIIJIIB, 11O BIANOBIJIAJIO MPAaBOBUM CTaHAapTaM JeMokpatuyHoi aepxaBu. OSINT y
bOMY BHMAJKy BHCTYIIMB IHCTpYMEHTOM situational awareness, SIKUH J103BOJIMB
cBoevyacHO 3adikcyBatu TpaHchopMalio iHGOpMaIiifHOT aKTUBHOCTI 3 TUIOLIMHU
cBO0OO/IM CJIOBA y IJIOLIMHY OPraHi30BaHOTO BILUIMBY Ha IPOMAJIChKY O€3IeKy.

OTpumani aHaJIITUYHI TPOYKTH Oyiu TpanchopmoBaHni y actionable intelligence
Ta BUKOPHUCTaHI JJII MDKBIJIOMYOi KOOPAMHAIT MK MOJIIIEID, OpPraHaMu OXOPOHH
3JI0pOB’S Ta CTPYKTypaMu CTpaTeriuHux KomyHikamii. Ile mamo 3Mory peamnizyBaru
MIPEBEHTUBHI 3aX0Jld, BKJIIOYHO 3 1H(QOpMAIIHHUM KOHTPHAPATUBOM, KOPEKIIIEIO
myOmiyHOi KOMYyHIKAIlli Ta, 3a HAsABHOCTI TMPABOBUX IIIJICTaB, 1HIIIIOBAaHHSAM
MIPaBOOXOPOHHUX il II0JI0 OPraHi3aTopiB JECTPYKTUBHUX KaMIaHiil. TakuM yuHOM,
OSINT y npomy KeicCl HE 3aMiHIOBaB CHIJCTBO, 2 BUKOHYBaB (DYHKI[IO pPaHHBOI'O
BUSBIICHHS 3arpo3, 3MEHIIYIOUM YaCOBH JIar MIX TMOSIBOI0 PU3WKOBUX CUTHAIIB Ta
pearyBaHHSM JIeP>KaBH.

VY mmpimomy kontekcTi inTerpauii OSINT y AisabHICTE MO 1€MOKPAaTUYHUX
KpaiH caMme 37aTHICTh (ikcyBaTW clnabKi CHUTHajid, aHali3yBaTH I1H(oOpMaliiiHi
cepelloBUIIla Ta MPOTHO3YBaTU eckajaiiio pusnukiB poduts OSINT kirouoBUM
THCTpPYMEHTOM 3a0e3Me4eHHs] TPOMaJChKO1 O€3MeKr B yMOBaxX TIOpHIHUX 3arpos,
KPU30BHUX CUTYaIlil 1 BUCOKOT AMHAMIKU 1H(POPMAIIIHHOTO TTPOCTOPY.

Bonnouac interpamis OSINT y AispHICTH TOMIIMIT JEMOKPATHYHUX KpaiH
HEMUHYYE CYNPOBOKYETHCS CKIATHUMU €TUYHUMHU Ta NMPABOBUMHU BUKJIMKAMU, 110
Oe3mocepelHb0  BIUIMBAaIOTh Ha apxitekTypy OSINT-cucreM 1 mpakTUKy iX
3actocyBanHa. Y kpainax €C, Benukiii bputanii Ta IliBHIuHIA Awmepuin
BukopuctanHga OSINT >xopcTko mianopsaKoByeThes NpuHimnam legality, necessity,
proportionality Ta accountability, siki IMIUIEMEHTYIOTbCSI HE JEKJIAPAaTUBHO, a Yepe3
KOHKPETHI TEXHIYHI ¥ mpoleaypHi MeXaHi3Mu [4]. AJTOPUTMIYHUI aHaNi3 BEJTMKHUX
MacHBIB BIIKPUTHUX JIaHUX, BKJIIOUYHO 3 social media analytics, automated scraping ta
behavioral profiling, mo3BonsieThca auIIE B MEXaxX YITKO BHU3HAYEHUX operational
purposes i CynpoBOIKY€ETbCsSI 000B’s13Kk0BOI0 auditability aHaTiITHYHUX TIPOILIECIB.

Ha mnpaktum 1e o3Hawae, mo koxkHa OSINT-omeparis B momimii mae
dbopmamizoBanmii justification record, y sikomy (pikCyeTbcs aHaJITHUHA METa, MEPETiK
JoKepen, TUIMU oOpoOIIOBaHMX JTaHUX 1 OUiKyBaHUW OesnekoBuit eekT. Y 6aratbox
eBporeiicbkux Kpainax OSINT-mmatdhopmu TEXHIYHO HAAITOBAHI TaKUM YUHOM,
mo0 MiHIMI3yBaTu pu3uK overcollection 1 function creep: 3actocoByroThcsi data
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minimization filters, aBTomaTuane 3ue0co0aeHHs (pseudonymization) Ta OOMeKeHHS
Ha JOBroTpuBajie 30epiraHHs naHux. lle 0oco0GauBO BaXXIMBO NpPU BUKOPUCTAHHI
automated risk scoring 1 machine learning Mmojeneit, e icHye 3arpo3a aaropuTMi4HOTO
bias a6o0 HenpsAMOi AMCKPUMIHAIlIT IEBHUX COIiaJbHUX TPYIL.

Perynaropni pamku, 3okpema GDPR 1 HaiioHanbHI akTH MPO MOJILEHCHKY
JUSJIbHICTh, BUMararTh, o0 pe3yabratd OSINT-aHamTHKA PO3MIISLAAIACS  SIK
intelligence leads, a He sk mporecyaibHl J0Ka3u. ToMy B JIeMOKpaTHYHUX KpaiHax
4iTKO po3MexoByeThes intelligence layer 1 law enforcement action layer: OSINT mosxe
HIIIIOBATH MIiJBUILIEHHS DPIBHS yBaru, OMEpaTUBHY MEpEBIpKYy ab0 MIKBITOMUHUN
oOMiH i1H(OpMAITiE€r0, ajle HE CIyTye CaMOCTIMHOIO TMiJCTaBOIO ISl PENPECHBHHUX
3axoAiB 0e3 momatkoBoi Bepudikarii. Takuil miaxia J03BOJISIE OAHOYACHO 30epiraTu
e(eKTUBHICTh MPEBEHILI Ta 3amodiratu Oe3MiJICTABHOMY BTPYYAaHHIO B IPUBATHE
KUTTS TPOMAJISTH.

[IpaktnuHy  edexTuBHICTH  Takoi  peryinboBaHoi  OSINT-iHTerparii
JEMOHCTPYIOTh KeWcu 3a0e3leueHHs Oe3MeKH BEJIMKUX MDKHAPOJIHUX 3aXO/IiB,
30kpema OnmiMmiicekux irop, camitiB G7 Ta 1HIIMX MOJiH 13 BUCOKUM PIBHEM PU3UKY
[10]. ¥V mux Bumagkax IOl Ta CIEMiadi3oBaHl aHAJITUYHI IEHTPU 3A1HMCHIOIOTH
posropuytrii OSINT-MOHITOpUHT 1HPOPMALIIMHOTO MPOCTOPY 3 BUKOPUCTAHHIM
creriaJbHuX 3acTOCyHKIB crowd sentiment analysis, event-centric monitoring i
geospatial risk mapping. AHani3 myOJIiYHUX TOMHUCIB, 00TOBOPEHb y (hOpyMax, aHOHCIB
y coLlaIbHUX Mepexax 1 Osorocdepi 103BoJise iAeHTU(]IKYBaTH emerging protest
narratives, 0O3HaKyd KOOpPJAWHAII paJuKaIbHUX TPYI, a TaKOX IUIAHYBaHHS MAaCOBHX
3aBOPYILIEHb a00 MPOBOKAIIIH.

Otpumani OSINT-gan1 arperytotbest B risk intelligence dashboards, ne
MOENHYIOThCS temporal patterns, piBeHb eMOIIHHOT HAIPYTH, IPOCTOPOBI MapKEPH Ta
icropuuHi npeueneHty [1]. Lle mae 3Mory gopMyBaTu NHHaMI4HI KapTH PHU3HKIB,
BU3HAYaTH priority zones Ta ONTUMAIbHO PO3MOJUISATH MOMIIEHCHKI pPECypCH.
BaxxnuBo, 110 Taka aHaiTUKAa BUKOPUCTOBYETHCSA MPEBEHTUBHO, I11€ O BUHUKHEHHS
IHIIMJICHTIB, 1 J03BOJISIE€ 3HIKYBaTH WMOBIPHICTh ecKamamii 0e3 3acTOCyBaHHS
HaJMIpHOI criii a00 0OMEXKEHHSI MPaB YYaCHUKIB 3aXO0/IIB.

Takum yuHOM, Yy JEMOKpPATHYHHX KpaiHaxX €TUYHI Ta MpaBOBI OOMEKEHHS HE
3HIKY0Th edektuBHICT OSINT, a waBmaku — (QopmMyrOTh CTaHIAPTHU30BaHY,
KOHTPOJIbOBaHYy Ta TpodeciiiHy Mozenb Horo 3acrtocyBaHHs. Came NO€THAHHS
CyBOPOTO TIPaBOBOI'O PETyIIOBaHHs, TeXHIUHUX safeguards 1 mpakTUYHOI aHATITUYHOT
iHHOCTI poouTh OSINT 1HCTpYMEHTOM JIETITUMHOTO Ta PE3YJIbTATUBHOIO BUSBIICHHS
3arpo3 rpoMajiChKiil Oe3relli Ha paHHIX eTarax, 10 MOBHICTIO BIAMOBIA€ TPUHIIAIIAM
JEMOKPATUYHOTO BPSITyBaHHS.

[aterpamis OSINT y npoTuairo TOPriBil JIOJbMH Ta KIOEP3JIOYMHHOCTI B
JISUTBHOCT] TMOJIIIT JAEMOKPATUYHUX KpaiH Ma€ 4YITKO BUPAXKEHUN NPUKIAIHUAN
XapakTep 1 CIpSAMOBAaHA HA BUSIBJICHHS 3JI0YMHHOI aKTUBHOCTI Ha JOKPUMIHAIHHUX Ta
nateHTHUX cramiax [11]. YV miit chepi OSINT-anamiTHka 3aCTOCOBYETHCS IS
CUCTEMAaTUYHOTO MOHITOPUHTY  BIJKPUTHUX  OHJIAWH-EKOCHUCTEM, BKJIIOYHO 3
comiabHUMH Mepexamu, classified platforms, popymamu, marketplace-pecypcamu ta
myoniyHO gocTynmHuMu cermeHTamu darknet, 3 meroro imentudikarii trafficking
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indicators 1 cybercrime signals. ITomitis BUKOPUCTOBYE CHeIliali3oBaHi 3aCTOCYHKH
s automated content discovery Ta pattern recognition, siki JO3BOJISIIOTh BHUSIBIISTH
TUTIOB1 BepOyBajlbHI HApaTHBH, IOBTOPIOBAHI JIHIBICTUYHI KOHCTPYKIIl, O3HaKH
grooming abo MPUMYCOBOI €KCIUTyaTarlii, a TAKO’K aHOMaJIbHY aKTUBHICTh aHOHIMHHUX
aKayHTIB, 10 (PYHKIIIOHYIOTh SIK pEKPYTHUHIOB1 200 KOOpAUHALIIIHI BY3JIH.

[Ipaktuuno e peanizyerbcsi yepe3 3actocyBaHHsS OSINT-iHCTpyMEHTIB st
entity tracking, image and video analysis Ta cross-platform correlation, ski
JI03BOJISIFOTH TOB’I3YBAaTH MIXK COOOI0 OKpEMI1 OTOJIOIIECHHS, MPodisii, KOHTAKTHI JaHi
Ta HA(POBI CiAM, 10 HA MEPIIMK MOTIA] HE MAIOTh OUYEBHUIHOTO 3B’A3KYy. AHai3
METaJIaHuX 300pa)keHb, MOBTOPHOTO BUKOPHUCTAHHS KOHTEHTY, YaCOBHUX MAaTEpPHIB
nyOmikarii 1 U poBUX BIIOUTKIB MPUCTPOIB Jla€ 3MOTy OyayBaTu operational profiles
3JIOYMHHUX MEPEK, HaBITh 32 YMOB BUCOKOI'O PIBHS aHOHIMI3AIll. ¥ JEMOKPATUYHUX
kpainax Taki OSINT-pe3ynbraté BUKOpPHCTOBYIOThCS sK intelligence leads ms
1HIIIIOBaHHS MIKHAPOIHOT CITIBIIpalli, 3aTy4eHHs (JiHaHCOBOI PO3BIAKU 200 MEPEXOY
70 TPOIECYallbHO JIO3BOJICHUX CIIIYUX [Iid, 10 B MIJACYMKY MPHU3BOJIUTH IO
imeHTrdIKAaIl] OpraHi3aTopiB, apelITiB 1 3BUTIbHEHHS MOCTPAKIAINX OCi0.

Y chepi kibepsznounHHocti OSINT BuUCTymae 1HCTPYMEHTOM TMEPBUHHOI
aTpuOy1ii Ta threat landscape mapping. Ilomimisa 3acrocoBye Texuiunuit OSINT mms
aHaII3y BIAKPUTHX UGPOBUX 1HPPpAaCTPYKTYyp, BUTOKIB AaHUX, MyOaiyHuX exploit-6a3
1 mpoitiB 3arpo3nuBuX akTopiB. Lle m03BoIsIE€ BUSBISATH MIATOTOBYI (ha3u Kibeparax,
MPOJIaXK JOCTYIIB, MOMHUPEHHS MKiamuBoro 13 abo mianyBaHHS aTak HAa KPUTHIHY
iH(ppacTpykTypy. Taka aHamiTHKa HE JUIIE CIPUSE PO3CTIAYBAHHIO BXKE BUMHEHHX
3JIOYUHIB, a U POopMy€e OCHOBY /JIsI MPEBEHTUBHUX 3aXO0/11B, 30KpeMa MOonepeKEeHHs
MOTEHLIMHUX JKEPTB 1 MABUILIEHHS TOTOBHOCTI K1OEPIIiAPO3I1TiB.

Edextunicte nonidnoi OSINT-iHTerpanii 6e3nocepenHbo 3aaeXuTh Bl PIBHA
MIATOTOBKH MEPCOHANY, 1110 00YMOBJIIO€ 3HaYH1 1HBECTHIII IEMOKPAaTUYHUX JIEpKaB y
CHelliagi3oBaHy OCBITY MOMIIEHChKUX aHAMITUKIB. HaBuasibHI IporpamMu opieHTOBaHI
HE JIMIIIe HAa BOJIOJIIHHS 1HCTPYMEHTAaMH 300py Ta aHalli3y BIAKPUTHX JaHUX, a i Ha
po3BuTOK critical thinking, source credibility assessment, cognitive bias mitigation Ta
detection of influence operations. OcobnuBa yBara NPUIIISETHCSA HABUYKAM
aHATITUYHOTO MHCchbMa, ¢opmyBaHHIO intelligence products 1 TpaHcnAimii CKIaTHUX
AHATITUYHUX BHUCHOBKIB Yy 3pO3yMUTY [JIi KOMaHJIUPIB Ta 0OCi0, 10 yXBaTIOIOThH
piteHHs1, hopmy.

BaxnuBy poinb y po3Butky OSINT-koMIeTeH1ii Bifirpae criBnpans moimii 3
aKaJIeMIYHAMHA YCTaHOBAaMH Ta IPUBATHUM CEKTOPOM, SIKi HAJIalOTh JOCTYN JIO
HOBITHIX aHAJITUYHUX METOJO0JOorii, 30kpeMa Al-assisted analytics, automated
classification ta predictive modeling. Taka MiDKCEKTOpaJibHa B3a€EMOJIisI J103BOJISIE
MO JeMOKpaTUUHUX KpaiH mocTiiHo agantyBatu OSINT-npakTuky 10 €BOJIOLIT
3JIOYUHHUX CEPEJOBUI 1 TEXHOJIOTIYHUX 3MiH, TMOCWIIOIOYA CIPOMOXKHICTh
MIPaBOOXOPOHHUX OPTaHiB MiSITH IPOAKTUBHO Ta €(PEKTUBHO y c(hepi BUSBICHHS 3arpo3
IrpOMAJICHKIii Oe3merri.

Yce, mo posrasganocs momao iHterparii OSINT y nisnmbHICTH TOMIIIT
JE€MOKpAaTUYHUX KpaiH, Oe3rnocepeqHbo crpusie 3a0e3MeUeHHI0 JIep)KaBHOI Ta
IpPOMAJICHKOi O€3MeKH dYepe3 KOMIUIEKCHE TO€IHAHHS TPEBEHTUBHOI aHAITHKH,
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pPaHHBOTO BUSIBJICHHS 3arpo3 1 omepaTuBHOro pearyBaHHs. Bukopucrtanns OSINT
JT03BOJISI€ TIPABOOXOPOHHUM OpraHaM (ikcyBaTu ciiabKi CUTHaJIM Ta emerging threats
I1e Ha TOKpUMIHAIBHIN CTajli, aHaIi3yBaTH MOBEAIHKY OHJIANH-CIIIBHOT, COIIaIbHUX
Mepex, GopyMiB, O6JIOTIB 1 MyOIYHMX 0a3 JaHUX ISl BUSBIICHHS O3HAK paJiuKaiizarlii,
MiJrOTOBKHM TEPAKTIB, OpraHi30BaHUX MPOBOKallii abo Kibep3arpo3. 3aBIsSKU IIbOMY
Jiep’KaBa OTPUMYE MOXIIMBICTD JIISITH MIPOAKTUBHO, (DOPMYIOUHM TPEBEHTUBHI 3aXO0/IH,
a He pearyBatu MocTdakTyM, 10 3HAYHO MiABUILYE €(DEKTUBHICTh 3aXUCTy TPOMAJISIH
Ta KPUTHYHOI 1HPPACTPYKTYPH.

[IpakTiuna peamizamis HbOTO MPOSBISETHCA i Yac OpraHizaiii BETUKUX
MDKHApOJHUX 3aXOAiB, Takux sk Omimmiiiceki irpu abo camitu G7, xomu OSINT-
aHaJlITUKAa [O03BOJIAE CTBOPIOBATH KapTH PU3HKIB, MPOTHO3YBAaTH TMOTEHIIHHI
3aBOpYIICHHS a00 MPOBOKALli Ta ONTUMAIBHO PO3MOAUIATH MOJIUEHCHKI pecypcH,
3HI)KYIOUM MMOBIPHICTh BHHHKHEHHS KPUTUYHHUX I1HUUACHTIB 1 3a0e3nedyroun
Oe3leKy yYacHHKIB Ta HaBKOJMUIIHBOI 1HQpacTpykrypu. B cdepi OGopoTsdu 3
kibep3nounHHIicTIO Ta TopriBieto moaeMu OSINT nae 3mory imeHtudikyBatu
3IOYMHHI MEpeXi, BIACTE)KYBaTH BepOyBaJibHI Ta KOOPJWHAIIIWHI CHUTHAJH,
aHaTI3yBaTU aKTUBHICTh aHOHIMHUX aKayHTIB 1 3B’SI3KM MK HHUMH, IIO0 YacTO CTa€
NEPLIOKD CTATIEID Y KPUMIHAJIBHUX PO3CIIAYBaHHSX, SIKI 3aBEPILYIOTHCS apelTaMu
OpraHizaTtopiB Ta HOPSATYHKOM MOCTPaXaalIuxX ocio.

HonatkoBo OSINT iHTErpyeThcs y mpoliec aHaiizy iHGOpMaIiitHOTO MPOCTOPY
JUISL TPOTHIT Ae31HPOpMAIliiHUM KaMMaHiIM, COPsIMOBAaHUM Ha MIJIPUB JIOBIpU [0
JEp’)KaBHUX YCTAHOB, 110 3a0€3MeUye 3aXUCT JACPHKABHUX 1 CYCHIJIbHUX IHTEPECIB Y
KpU30BHUX cuTyalisx. EQexTuBHICTh IMX 3aX0/1B MIACHIIIOETHCS YepEe3 BUKOPUCTAHHS
Creliali30BaHUX MPOTPaMHUX PIIIEHb, TAKUX SIK aBTOMATHU30BaH1 MiaaTdhopmMu 300py
Ta aHaI3y JaHUX, AITOPUTMHU MAIIMHHOTO HABYAHHS, COIlIaIbHUN MEPEKEBUMN aHaII3
1 reonpoCTOPOBY AHANITUKY, @ TAaKOXX 4Yepe3 MIATOTOBKY BHUCOKOKBaTI(iKOBAaHUX
aHANITUKIB, 3/JaTHUX OLIHIOBATU HAIMHICTH JUKEpPEN, PO3IMI3HABAaTH MaHIMyJALli Ta
OyayBaTH TMPOTHOCTUYHI MOJENI PO3BUTKY 3arpo3. TakuM YHUHOM, KOMIUJIEKCHA
inTerpaiist OSINT y AisIbHICT MOMIIIT JEMOKPATUYHUX KpaiH JT03BOJIAE JIepKaBl HE
JIUIIIE CBOEYACHO BUSIBIISITY Ta HEUTPaIi3yBaTH MOTEHITIIHI 3arpo3H, a i MATPUMYBaTH
Oasianc MK €(heKTUBHICTIO MPEBEHTUBHUX 3aXO0/IIB 1 IOTPUMAHHAIM TPaB JIFOIUHU, III0
€ KPUTUYHOI  YMOBOK  CTaOUIBHOCTI Ta  O€3MEeKH  JEeMOKPATHYHOTO
cycrninberBa.llizcymoBytoun, moxkHa crBeppkyBat, 1o interpamiss OSINT vy
JISUTBHICTD TOJILIT JEMOKPATUUYHUX KpaiH € CydyacHUM, €(pEeKTHUBHUM 1 HEOOXITHUM
€JIEMEHTOM 3a0e3MeUeHHs TPOMaJIChKOi Oe3reku. BoHa 103BosIsiE HE JIUIIE BUSBIISATH
peanbHl 3arpo3u Ha paHHIX CTafisiX, a W poOUTU Lie 3 ypaxyBaHHSIM IPABOBUX Ta
E€TUYHUX HOPM, IIPUTAMaHHUX AeMOKpaTUYHUM cycriibeTBaM. OSINT-ananiTuka crae
CBOEPITHUM  «MOCTOM» MDK HUGPOBOIO  1HGOPMAIIMHOK  EKOCHCTEMOIO 1
MPAKTUYHUMU JisIMH TTPABOOXOPOHHUX OPTaHiB, IO CHPHSIE MIBUAKOMY pearyBaHHIO
Ha BUKJIMKU CyYaCHOCTI Ta 3aXUIIAE€ TPOMAISIH y TI00a1130BaHOMY CBITI.
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PE®OPMYBAHHS JTUCHUIIJIITHAPHUX MMPOLIEJLYP B
OPI'AHAX HAIIIOHAJIBHOI NOJIIIII YKPAIHU

Bbyraituyk KocrsinTun JleoninoBuu

1.10.H., ipodecop, 3aBiyBad HAyKOBO-I0CI1IHO1 Jaboparopii
3 Mpo0JIeM ITPaBOBOTO 3a0€3MEUYCHHS AiSTIHOCTI MO

Ta npotuaii 3mounauocti HHI No 2

XapKiBCHbKUM HAITIOHATBHUN YHIBEPCUTET BHYTPIIIHIX CIPaB

€BpoiHTerpamiiftHi Ta €BpoaTIaHTHYHI TparHeHHsS YKpaiHu MaioTbh OyTu
MIIKPIIJIEH] HU3KOK OpraHi3alliHuX pedopM, YUIbHE MICIE CEpell SIKUX 3aiiMaroTh
pedopMu TisIIBHOCTI Cy0’€KTIB CEKTOPY OE3MEKH Ta 0OOPOHHU.

VYxBanenuit y 2023 pomi KommnekcHuil cTpateriyHuil miaH pe@opMyBaHHs
OpraHiB MPaBOIMOPSJIKY SIK YACTUHU CEKTOpYy Oe3neku i obopoHn Ykpainu Ha 2023-
2027 poxu BH3HAyae, cepell 1HIIOro: 1) BaXKJIMBICTh yJAOCKOHAJCHHS MIAXOJIB 0
moOyIOBM HOBUX OpraHi3allifiHUX CTPYKTYp OpraHiB MPaBOIOPSAKY; 2) HEOOX1IHICTh
BU3HAYCHHS KJIIOYOBUX MoKa3HUKIB edexktuBHOCTI (KPI), Ha miacraBi sikux Oyne
MIPOBOJIUTHUCSA OIlIHKA €(PEKTUBHOCTI Ta SIKOCTI 1X poOOTH; 3) MOKpAIlIEHHS MEXaH13M1B
BHYTPILIHBOTO KOHTPOJIIO Ta 3a00IraHHs KOPYIIi, 3aCTOCYBaHHS €IMHUX KPUTEPIiB
1 cTaHgapTiB J0OpPOYECHOCTI JJii TNEpPEeBIPKU CHIBPOOITHUKIB yCIX OpraHiB
IIPABOIOPSJIKY, @ TAKOXK IXHBOT'O MOCTIHHOIO MOHITOPUHTY; 4) NOTpedy y Npo30poMy
YIPaBIIHHS JOJCBKUMHU PECYpPCaMU 3 JOTPUMAHHSAM MPUHLHUIIB T€HIEPHOI PIBHOCTI,
3a gKOro A00ip 1 Kap'epHE 3pOCTaHHS CHIBPOOITHHKIB OpPraHiB MPaBOMOPSAKY
B110yBalOThCSI HA OCHOBI iX NMPo(eCIHHUX KOMIIETEHTHOCTEH 1 3achyr [1].

[Iynktom 4.5.7. Ilnany 3axoniB, CHPAMOBAHUX HA BUKOHaHHA KomimuiekcHoro
CTPATEriyHoro ImjiaHy pedopMyBaHHs OPraHiB INPaBONOPSAKY SIK YACTHHH
cekTopy Oe3mexku i o0opoHu Ykpainum Ha 2023 - 2027 poxm Bix 23.08.2024
nepeadayeHo po3po0ieHHs Ta noaaHHs 10 BepxoBHoi Paau Ykpainu 3akoHONPOEKTY,
SKAM Tepen0auyeHo MOJCPHI3aIll0 MEXaHi3My JUCHUILIIHAPHOI BiAMOBIIAIBLHOCTI
MpAIiBHUKIB OPraHiB MPaBOMOPSJIKY, YTBOPEHHS HE3QJICKHUX TUCHUTIIIHAPHUX
KOMICIii 3 TepeBipkH JOOPOUYECHOCTI Ta mnpodecioHam3My 13 3adydyeHHIM
HaIllOHAIBPHUX Ta MIXKHAPOJHUX CKCITEPTIB.

VY cepnni 2025 poky no BepxoBuoi Pagu Ykpainu OyB mojmaHuii 3aKOHOTPOEKT
Ne 13713 «IlIpo BHeceHHs 3MiH 10 JucuuruiiHapHoro craTyty HamionansHoi mosmiii
VYkpainu 100 BIOCKOHAJIEHHS MOPSAKY MPOBEACHHS CIYy>KOOBUX pO3CIiAyBaHb Ta
3a0€3IMeUeHHS HE3AJIC)KHOCTI TUCIUIUTIHAPHUX KOMiciiy [3].

Bxazanuii 3akoHONPOEKT nependayae BHECEHHSI HU3KHU 3MIH J10 JlucuumiiiHapHOro
cratyty HamionansHoi nomimii Ykpainu Binx 15.03.2018, 30kpema:

1) ctBOopeHHs Ta (PYHKLIOHYBAaHHS JBOX TUIIB AUCLHMIUIIHAPHUX KOMICIH:

— IS TPOBEICHHS CIY>KOOBUX PO3CIiayBaHb 3TiAHO 3 BIJIOMOCTSAMH TIPO
MOPYIICHHS TOJIIEUChKUMHU  CIIYKOOBOT JUCHMIUTIHK (KOMICIi JUIsl  3arajibHUX
JTUCITUTUTIHAPHUX PO3CIIITyBaHb);
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— 3 PO3rJsiAy MHUTaHb IIOAO TOPYLICHHS MOMILIEUCHKUMH TpaB JIOJUHU a0o0
IrpoMa/IsTHUHA (JUCIUTIIIHAPHI KOMICIT 3 TIpaB JIIOJIMHM ),

2) BKIIOYEHHS TMPEACTABHUKIB T'POMAJCHKOCTI JI0 CKJIAay JUCHUIUIIHAPHUX
KOMICIiH 3 MpaB JIFOAUHU;

3) HajaHHS TpaBa TroJIOBaM AMCIUIUTIHAPHUX KOMICIH I BUKOHAHHSI CBOiX
MOBHOBKEHb HAJCWIATH 3allUTU JO0 OpPraHiB (MiApO3ALTIB, 3aKJajiB, YCTaHOB)
MOJIINI, 1HIIMX OpraHiB Jep)KaBHOI BJaJd, OPraHiB MICIIEBOTO CAaMOBPSIyBaHHS,
IOPUANYHUX OCI0 3 MeToro 30MpaHHS MarepianiB, HEOOXITHUX I MPOBEIACHHS
CITy’KOOBOTO PO3CIIiAyBaHHS;

4) 000B’s130K KepiBHUKA, YIIOBHOBXKEHOT'O HAKJIAIATH AUCITUTUTIHAPHE CTATHEHHS
HAa TMOJIILENUCHKOTO, MiJ] Yac MPUUHATTS PIIICHHS NP0 HAKIaJAeHHSA a00 HEeHaKIaIeHHS
JUCLUIUTIHAPHOTO CTATHEHHS KEPYBaTUCS BUCHOBKOM JUCIUIUIIHAPHOI KOMICIi 3 IpaB
JIOAVHM, a B pa3l HE3roJu 3 TaKUM BHUCHOBKOM JOJYy4YaTH IO HHOTO BHCIIOBJICHY B
MMCHMOBIH (POpPM1 OKpEMY AYMKY 3 OOTPYHTYBaHHSIM CBO€T PABOBOI MO3MILII, 8 TAKOX
MpaBO  3aCTOCYBaTH  JIUCUMIUIIHAPHE  CTSATHEHHS, 10  BIAPI3HAETHCS  BIJ
3aMpONOHOBAHOTO JIUCHHUILIIHAPHOIO KOMICIEIO 3 TPaB JIIOJWHM, ajie He OUIbII SK Ha
OJIVH CTYIHb [3].

Oco0MMBOCTSAMU AUCIHUILUTIHAPHOT KOMICIi 3 MpaB JIOJUHU € T€, 10 BOHA €
MOCTIHO JIIIOYMM  KOJIETIaJIbHUM JOpPaJA4YUM OPraHoM, IO CTBOPIOETHCS B
[EHTPAJIbHOMY OpraHl yIpaBJIiHHS MOJMIIIl, TepUTOpiadbHOMY oprani HarioHanbHOT
nommii  YKpaiHu [0 po3rJsAgy MarepiaiiB - CIy»KOOBHX — pO3CHiAyBaHb IpO
JUCLUIUTIHAPHI MPOCTYNKHU MOMILEHChKUX, OB’ sI13aH1 3 MOPYIICHHSIM IpaB 1 cBOOO
JIFOWHU B QISJIBHOCTI MOJIIIT.

BaxxuBuUMH NOJI0KEHHSIMHU 3aKOHOTIPOEKTY € Te, 110 3apa3, BIAMOBIIHO 10 CTATTi
14 JlucuurminapHoro crtatyTy HaiioHanbHOi momimii YKpaiHu, MiJICTaBOIO IS
MPU3HAYEHHSI CIIY’KOOBOIO PO3CIIAYBaHHA € 3asiBH, CKaprd Ta TMOBIAOMIICHHS
IpOMaJisiH, MOCAJ0BHUX OCI0, IHIIMX MOJIUEHCHhKUX, Me/lia PO BUMHEHHS TOPYIICHHS,
[0 Ma€ O3HAKW JUCIUIUIIHAPHOTO MPOCTYIKY, a00 Oe3rmocepe/He BUSBICHHS O3HAK
TaKOT0 MPOCTYIKY MOCaJOBOK 0COOOI0 TOJIIIIi, 32 HAIBHOCTI JOCTaTHIX JaHUX, IO
BKa3yIOTh Ha 03HAKHU JUCIMILIIHAPHOTO MPOCTYTIKY.

Pazom 13 UM pO3pOOHUKK CTBOPIOIOTH JOJATKOBY MIJICTAaBY MJis MPOBEICHHSA
CITy>KOOBHX PO3CIiAyBaHb 1010 TPOCTYIKIB MOJIIEHCHKOTO BIIHOCHO MPaB 1 CBOOOT
TPOMAJISH: «...AKIIO0 3aKOHOJABCTBOM YKpaiHW BCTAHOBIICEHO OKPEMHUU TMOPSIOK
PO3IIISAY CKapT Ha pilieHHs 4u J1i (0e311sUTbHICTD) MOIIEHCHKOTO0, TO TiICTABOO JIJIst
MPU3HAYCHHS CITy>KOOBOTO PO3CITiTyBaHHS € BCTAHOBIICHHS 32 pe3yJIbTaTaMH PO3TIISTY
Takoi ckapru ¢GakTy TOpPYLIEHHS TOJIIEHChKUM TMpaB ocobu abo BUMOT
3aKOHO/IaBCTBAY.

Ile € MO3UTUBHUM MOMEHTOM, OCKUJIbKH BUKIIIOYA€E 3A1MCHEHHSI HEOOTPYHTOBaHUX
MEePEBIPOK MOJINEHCHKOr0 HAa OCHOBI HEMIATBEP/KEHUX 3BUHYBadeHb. Kpim TOTrO,
BUKJTIOYAETHCS HOpPMaA TIPO Te€, IO MaTepiaid aJMIHICTPATUBHUX MPABOMOPYIIECHDb €
IIJICTABOIO JIJIS TPHUTATHEHHS TOJIIEHCHKOro JI0 JTUCHMILUTIHAPHOI BiAMOBIAAIBHOCTI
0e3 IPOBEICHHS CITy>K00BOTO PO3CIiTyBaHHs [3].

Takox 10 cXBalbHUX 3MIH MOXYTh OyTH BlAHECEHI MmoyiokeHHs 1. 11 crarti 19
Jucuurnninapaoro cratyty HamionanbHoi mominii YKpaiHH, OCKUIBKM MPOMOHOBAaHI
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3aKOHOMPOEKTOM HOPMHU YTOUYHIOIOTH TMOHSTTS «HE3HAYHOTO JUCITUIUTIHAPHOTO
OPOCTYNKY», WO TIOBHICTIO BpaxoOBy€ JIOTPUMaHHS MPUHIIMITYY «IPABOBOI
BU3HAYEHOCTI» MPHU 311MCHEHH] NPOEKTYBAHHS MOJI0KEHb HOPMATUBHOTO aKTYy.

Pa3om 13 1ium aHasi30BaHUil IPOEKT POOUTH 1€ «METOJIOM BUKIIOUEHHS», OCKIIIBKU
HiImaTopu (GOPMYJIOIOTH TMEPEeJiK MPOCTYIKIB, 10 HE MOXYTh OyTH BIJHECEH1 0
He3HayHuX. Tak yactuHa 2 myHKTy 11 ctaTTi 19 3a3HaueHOro TOKYMEHTY BKa3ye, 1110
«...He MOXYTh OYTH BIIHECEHI JO HE3HAYHUX JTUCHUIUIIHAPHUX IPOCTYIIKIB
MOPYIIEHHS CITY>KO0BOT JAUCIMIUTIHK, AOMYIICHI M 9ac 3MIMCHEHHS MOJIIEHCHKIX
MOBHOBAX€Hb, BUMHEHI B CTaHI aJKOTOJHHOTO, HAPKOTUYHOTO Ta/ab0 1HIIOTO
CII’SIHIHHSI, @ TAaKOX Ti, III0 3yMOBIJIN MOPYIICHHS OKPEMHUX IpaB 1 CBOOO I JIOIUHH, a
came:

—  CIIPUYMHEHHS CMEPTI 0CO0H;

— 3anoAisiHHS 0c001 TUIECHUX YIIKOKEHb; MOPYILIEHHS MOPSAIKY 3aCTOCYBAHHSA
MOJILEHCHKUX 3aX0/IIB IPUMYCY;

— TOPYILIEHHS TOPAJIKY 3aTpUMaHHA 0coOu abo i He3aKOHHE TPUMAHHS IIij]l
BapTOIO;

— HE3aKOHHE MIPOHUKHEHHS J0 KUTJIa a00 1HIIOTO BOJOIHHS 0COOU;

— KaTyBaHHS a00 KOPCTOKE, HEMIOACHKE MOBOKEHHS 3 0CO0010;

— 3aBIJIOMO HE3aKOHHE MPUTITHEHHS N0 aJIMIHICTPATHBHOI a00 KpUMIHAIBHOI
B1AMNOB1JAJILHOCTI;

— JIMCKpUMIHAIIS 32 O3HAKOIO CTaTl YM CEKCyalbHl JOMAaraHHs, HaCUJIbCTBO 3a
O3HaKoIo cTati» [3].

[Topsin 13 MO3UTHBHUMU MOMEHTaMHU CJ1J TaKOXX BIAMITUTH T€, IO OKpeMI
MOJIO’KEHHS 3aKOHOIMPOEKTY MAIOTh HEIOJIKH, [0 YaCTO CIIOCTEPIratoThesl M B THIIUX
MOAIOHUX JOKYMEHTaXx.

Tak 10 ckJ1aqy JUCHUIUTIHAPHUX KOMICIH 3 MPOBEACHHS CIIYKOOBHX PO3CIIiTyBaHb
MOXXYThb BKJIIOYATHCS TPEACTaBHUKUA TPOMAJCHKOCTI, $KI MarwTh O€310raHHY
penyTailito, BUCOKI mpodeciiiHi Ta MOpaibHI SKOCTI, CYCIUJIbHUN aBTOpUTET. Bkazani
KputTepii BiIOOPY € HE 30BCIM KOHKPETHUMH, 1 MOXYTh OYTH BHUKOPHCTaHI i3
3aCTOCYBaHHSAM IMUPOKOI JUCKpeEIii, OCKUTbKM Hapa3l B HOPMAaTUBHHUX JOKYMEHTaxX
BIICYTHI YITKI TIOKa3HUKH, IO JTO3BOJISIOTH BUMIPIOBATH «BHUCOKHUM aBTOPUTET» UM
«BHUCOKI MOPaJIbHI SKOCT1» 0COOH.

VY mosicHIOBaJIbHIM 3aMKCIIl 10 3aKOHOMPOEKTY 3a3HAUEHO, 1110 HOTO peai3allis He
noTpedyBaTUME JOJATKOBOTO (piHAHCYBaHHS 3 JepxkaBHoro Oromkety. IIpore,
edeKTHUBHA peai3allis 3alpoNOHOBAHMX 3MiH 10 JIMCIMIUIIHAPHOTO CTaTyTy
HanionansHoi nomiuii YkpaiHu BUMarae CTBOPEHHs y CKJIaIl ii MiApO3A1TiB MOCTIIHO
TIOYMX JUCHUIUTIHAPHUX KOMICIH 13 YITKO BHU3HAYEHUM 0O0CSTOM (YHKI[IOHATBHUX
3aBJaHb Ta IMOBHOBAXEHB, IO MOTPEOYy€e TOMATKOBUX OFOPKETHHX BHTpAT Ha iX
yTpPUMaHHS

Buknukae TakoX CyMHIB TPaBOBHM CTAaTyC AMCIMIUIIHAPHOT KOMICIi 3 mpaB
JIOJIMHU, OCKIIBKM BOHA € IIOCTIMHO iI0YMM KOJETiadbHUM JIOPaI4YUM OpPraHOM.
Craryc «mopamuuit» Ma€ HACIIIKOM Te, IO « ...y pa3l HE3rogud 3 pIIICHHSIM
JTUCITUIUTIHAPHOT KOMICii 3 TmTpaB JIOJWHA B YAaCTHHI 3aMpOTIOHOBAHOTO BHUIY
JTUCITUTUTIHAPHOTO CTSATHEHHS YIMOBHOBRXCHUHM KEPIBHUK MAa€ MPaBO 3aCTOCYyBaTU
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TUCITUTUTIHAPHE CTATHEHHS, SIKE MOJKE BIAPI3HATUCS BiJ] 3aIIPOTIOHOBAHOTO KOMICIEIO,
ajie He OUIBIIIEe HI’K Ha OJIMH CTYIIIHb, BUKJIABIIN B MMCHhMOBIM (hOpMi OOTpyHTYBaHHS
CBOET TTO3HUIII1, SIKE TOJTYYAETHCS JO MaTepialiB CIy>KO00BOT0 pPO3CIIiTyBaHHS.

BignoBigHi HOpMH, Ha HaIll TOTJISAM, HAAAIOTh ISUIBHOCTI i KOMicli O3HAKH
«JICKJIApaTUBHOCTI», OCKUIBKH ii PIllIEHHS MOXKe OyTH 3MiHEHE.

VY SKOCTI BUCHOBKY MO>KHA 3a3HAYUTH, 1110 IPOMIOHOBAH1 3MiHM JI0 3aKOHOJIaBCTBA
VYKkpaiHu € JOLIBbHUMHU Ta CBOEYACHUMM, B TOW K€ Yac HOPMH aHaJi30BaHOTO
3aKOHOIPOEKTY MaIOTh OYTH JT0OJaTKOBO TIEPEOIPaIlbOBaHi 3 METOIO TIOTPUMAHHS HOPM
MPOEKTYBAIBHOT TEXHIKH, HAJIEKHOTO (PIHAHCOBOTO OOIPYHTYBAHHS Ta OUIBII YITKOTO
BU3HAUEHHS MPABOBOT0 CTATyCy Ta (PYHKIIIH BIAMOBITHUX JUCIHUILTIHAPHUX KOMICIH.
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CYUYACHUMA KPUMIHOJIOTTYHUU ITIOPTPET
IMPABOIIOPYIIIHUKA B YMOBAX CYCHLJIBHUX
TPAHC®OPMAIIN

HecrepoBa Ipuna AnaroJiiiBHa,
KaHAUJIAT FOPUJINIHAX HAYK, TOICHT,
JIBH3 «Y>kropoacekuii HaliOHAILHUN YHIBEPCUTET

B yMoBax cyuacHoi TpaHchopmariii cycniibcTBa Ta HE 3BaXKal0Un Ha HASBHICTh
BEJIMKY KUIBKICTh HAyKOBUX PO3pOOOK, MpoliemMa KpUMIHOJIOTIYHOTO JOCIiIKEHHS
MPABOIMOPYIIHUKA 3AIUINAETHCS aKTyaldbHOW. lle mOoB’s3aHO 3 MIBUIKOIO 3MIHOIO
COITIaJIbHUX SIBHUII, TTOSIBOIO HOBUX 3JIOYMHHHUX IMPOSBIB Ta HEOOXITHICTIO ajarTarii
KPUMIHOJIOTIYHOTO aHaJli3y JI0 Cy4YaCHUX BUKJIUKIB.

HemoxnMMBO  HEJOOIIHIOBATH  3HAYEHHS  KPUMIHOJOTIYHOTO  aHAI3y
MPaBOMOPYIIHUKA, TaK SK BIH BHUCTYIA€ HEBIJ €MHOI0 Ta BAXKIWBOI CKJIaJ0BOIO
JOCIIJKEHHSI CTPYKTYpH Ta JWUHAMIKH 3JIOYMHHOCTi, PO3poOI edeKTUBHUX
MPEBEHTUBHUX 3aXOJIB IIOJO0 ii MOJOJAHHS B PI3HUX cepax CYCHUIBHOTO KHUTTS.
KpuMiHOJIOTIYHUI TOPTPET  BiOOpakae CYKYHHICTh COLIaIbHO-AeMOrpadivyHux,
MICUXOJIOTIYHUX Ta TMOBEIIHKOBUX O3HAK IPABOMOPYIIHUKA, IO Ja€ 3MOTY BUSBHUTHU
TEHJICHI1i PO3BUTKY MPOTUIIPABHOI MMOBEIIHKM B YMOBAaX COLIAJbHUX TpaHCchopMallii.
CyuacHi cycniibH1 3MiHH, BKJIFOYHO 3 HA(PPOBI3aLi€10, EKOHOMIYHOIO HECTAOLIBHICTIO,
NMaHJAeMIIMM Ta BIHHAMHU, 3MIHIOIOTH MPOPuIb 0CI0, Kl BUMHSIOTH KPUMIHAJIbHI
MPABOIMOPYIICHHS.

[Toromkyemoch 3 aymkoro pociigauii Pianku M.I., sxa Big3zHauae, 110 Tif
KPUMIHOJIOTIYHOIO XapaKTePUCTUKOIO OCOOMCTOCTI 3JIOYMHIT HEOOXITHO PO3YMITH
BIJIMOBIIHAN TIPOIIEC OMUCY CHEIU(BIYHUX PUC, AKI YTBOPWIIMCS il 4ac coIfiam3artii
JTIOJIMHU, Ta BU3HAYAIOTh 1 B 3arajibHOJIOJCHKOMY, CYCHIUJIBHO 3HAYYIIOMY Ta
1HIUBI Ty aJIbHO-HEMTOBTOPHOMY IIJIaH1, @ TAKOXK XapaKTepU3yIOTh SIK TaKy, 110 CKOila
3]I0YMH, 1 BIUIMBAIOTh Ha 3JI0YMHHY TMOBEIIHKY Iii€i ocobuctocti [1, c. 165].
OmHouyacHO 3 UM TiJ KPUMIHOJIOTIYHUM TOPTPETOM PO3YMIETHCS OIMUC THUIOBHUX
cnenupiuHuX pUC OCOOMCTOCTI, SIKI MPUTAMAHHI IEBHOMY MPOIIAPKY 3JI0YMHIIB, Ta
PO3KPHUBAIOTH iX CYTHICTH SIK JIFOJICH, 10 BYMHHIIN 3JI0YMH TIEBHOTO XapakTepy, ado
CXHUJIBbHI 10 Horo BUMHEHHS [1, ¢. 166].

Takuii mopTper MICTUTH B cOO1 JIeKiJIbKa OJIOKIB XapaKTepHUX O3HAK, a caMe: 1)
coliagbHO-AeMorpadiuauil OJ0K (BKJIFOYAIOUW COIaJIbHUN CTaTyC, POJii Ta 3B’ A3KH
TOIIO); 2) KPUMIHAJIBHO-NIPABOBUN OJIOK (MEPCOHAIBHUN YW TPYNOBUH XapakrTep
3JIOYMHHOI MOBEIIHKHU, CIIPSIMOBAHICTh 3JI0YMHHOI MOBEIHKH, MOMEPEAHS 3I0YMHHA
TISUTBHICTh, TIOKapaHHS Ta OCOOJMBOCTI MOTO MPHU3HAYEHHS TOIIO); MOpPaJIbHO-
MICUXOJIOTIYHUN OJIOK (TICUXI4HI BJIACTHUBOCTI, TICUXOJIOTIUHI Ta MOPAJIBbHO-IIHHICHI
ocobauBoCTI TOMIO) [2, €. 223].

Tak, pe3ynapbTaTH  CydYaCHHUX YKPATHCHKUX KPUMIHOJOTIYHUX JOCTIIKCHb
JOBOJIATh, IO  3HAYHA YacTKa TMPABOMOPYIIHUKIB JeJall XapaKTepU3yeThbCs
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HAsBHICTIO BUIIOi OCBITH Ta BHCOKOTO PiBHS coriainbHOi amamramii [3, ¢. 170]. Lle
CBITYUTH MPO T€, 110 CyYACHUN MPABOMOPYIIHUK JeAalll YacTillle HEe HAJIECKUTh J0
MapriHaJIbHUX BEPCTB HACEJICHHS, 4 € COLIIAJIbHO IHTETPOBAHOIO0 0CO0OIO.

[udposizariss cyTTeBO  TpaHcpopMmyBaia  KPUMIHOJIOTIYHUN  MOPTPET
npaBonopyiHuka. Oco0IMBO 1Ie CTOCYEThCs MpaBonopyHUKiB B cdepi IT, sxi, Ha
BIIMIHY B TpaJWIIAHMUX 3JIOYMHIIB, HE XapaKTepU3yIOTHCS JIEBIaHTHOIO
MOBEAIHKOIO, MPOTE AEMOHCTPYIOTh HOBHUM TMOBEIIHKOBUW THUIl - BMIHHS IIBHJKO
MPUCTOCOBYBATUCS JO CYYaCHUX YMOB JKUTTS (MOOUIBbHICTH), MUCTAHININHICTB,
TEXHOJIOT1YHY KOMIIETEHTHICTh, BACOKHI PIBEHb OpraHi3allii Ta rjiaHyBaHHS.

3a  BUCHOBKAMHM  HAyKOBI[iB,  JeAalli  Cy4YacHI  MPaBONOPYIIHUKU
XapaKTePU3yIOThCS BUCOKUM pIBHEM IHTENEKTy, TEXHIYHOI TpPaMOTHOCTI Ta
crienn(p19yHOI0 MOTUBAIIIEI0, TIOB’SI3aHO0 3 aHOHIMHICTIO IIU(POBOTO MpocTopy [4].

Jlns kpamoro Ta OUIbII JAETAJBHOIO aHaI3y NOBEAIHKMA MPaBOMOPYIIHHUKA B
YMOBaxX Cy4dacHoi iudposizaiiii Habupae 00epTiB TOCTIHKEHHS ITU(POBUX CIIAIB [5,C.
430]. Hudposi ciigd BiAIrparOTh KIOYOBY pPOJIb Yy Cy4aCHUX KPUMIHOJOTIYHUX
JTOCIIKEHHSX Ta CY0OBIM €KCIepTH31, OCKIJIbKA CaMe€ BOHU YacCTO CTAlOTh CyTTEBUMHU
JI0Ka3aMH Y KpUMIHAJIbHOMY MPOBAJKEHHI.

VY nHaykoBux myOiikamisx IUGPOBI CHiAM BU3HAYAIOTHCA SK 1HGOpMaIliitHi
3aJIMIIKKA, M0 BUHUKAIOTH BHACIIOK B3a€MOJIi ocoOu uu 00’€kTa 3 nu(poBUMHU
MIPUCTPOSIMU Ta CUCTEMaMH Ta MAIOTh MOTEHIIAHY JI0Ka30BY I[IHHICTh Y BCTAHOBJICHHI
oOcTaBHH 35104MHY. Taki caian GopMyIOThCA MiJl YaC BUKOPUCTAHHS KOMI FOTEPHHUX
CUCTEM, MEpEeX, MOOUIBHMX HPHUCTPOIB, XMAPHUX CEPBICIB a0 IHIIOI LHUPPOBOI
1H(PACTPYKTYPH 1 MOXKYTh MICTUTH BIIOMOCTI IIPO [Ili Ccy0’€KTa, 4acOB1 mapameTpu
aKTUBHOCTI, MeTaJaH1 Tomlo [6, c. 229].

1 maHi MOXKyTh OyTH Ba)KJIMBOIO JI0Ka30BOIO 1H(OPMAIIIEIO B MPOIECYATTbHUX
nisix (yXBaJeHHS KOHKPETHUX TAaKTHMYHUX /i) Ta CYTTEBO BIUIMBAE HA MPOIEC Ta
pe3yJbTaT JOCHIIKEHHS MOBEIIHKYA OCOOU 3JI0UMHIIS.

OTxe, CydacHi COLIaNIbHI Ta TEXHOJOTIYH1 3MIHU MOTPEOYIOTh HOBOTO TIXOTY
710 BUBYEHHS 0OC10, K1 BUMHAIOTH KpUMIHAIIbHI TipaBonopyiieHHs. Kpuminoaoriunui
aHa3 CTa€ BAXJIMBUM IHCTPYMEHTOM /IS OIIHKKA PHU3HMKIB Ta MPOTHO3YBaHHS
PO3BUTKY JIEBIAaHTHOI MOBEIIHKU. PI3HOMaHITTS MPOTUIIPABHUX MPOSIBIB CHOTOACHHS
BHMarae 1HTerparii 1ijoro KOMIUICKCY COIIOJOTIYHMX, MCUXOJOTIYHUX 1 MU(PPOBUX
METOMIB JOCHiKeHHs. [IpaBomopyliHuKY Aenali 4acTilie MalTh BUCOKHH PiBEHb
OCBITM Ta COLIAJIHOI I1HTErpaiii, IO 3MIHIOE TPAJUIINAHI YSABIEHHS TMIPO
KPUMIHOTEHHUN KOHTUHTCHT.

CyuacHi TEXHOJIOTIi CTBOPIOIOTH HOBI MOMJIMBOCTI JJisI BUSIBIICHHS Ta
JOCIIKEHHS! 3aKOHOMIPHOCTEH MOBEIIHKHM MPAaBONOPYIIHUKIB. Tak, BUKOPUCTAHHS
nUPpPOBUX CIIJIIB J03BOJISIE BCTAHOBJIIOBATH B3a€EMO3B’SI3KM Ta JeTalizyBaTu Adil
MPaBOMNOPYIIHUKIB Y PEXXHUMI peasIbHOTO Yacy. AHAIITUYHI HIAXOAH, 110 BPaXOBYIOTh
1M(dpoBi a1, MiIBUIYIOTh TOYHICT OI[IHKY Ta IPUUHATTS PIICHb Y KPUMiHATBHUX
npoBa/pkeHHAX. CucreMarusailis OTPUMAHMX JaHUX CIPHUAE CTBOPCHHIO OLIBII
00’ €KTUBHUX MPOQ1LTIB TPABOMOPYIIIHUKIB.

CydacHUIl KpUMIHOJOTIYHUN TOPTPEeT (POPMYETHCS HE JIMIIE MIITXOM
TPaJAMIIIITHOTO aHaTI3y, a i 32 IOTIOMOTOI0 AITOPUTMIB, BETUKHUX JAHUX Ta MITYYHOTO
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iHTenekTy. Take moeTHaHHS KIIACHYHUX Ta CyYaCHUX METOIB JOCTIKEHHS BIIKpUBA€E
HOBI TIEPCIIEKTUBH Il MPO(PIIAKTUKKA Ta MPOTUIIT 3JI0OYMHHOCTI y PI3HUX cdepax
CYCIIJTLHOTO YKUTTSI.

TakuM YMHOM, CyYacHUH KPUMIHOJOTIYHMM TPOdiIb MPaBOMOPYIIHHUKA €
TIEBOIO TOTIOMOTOIO JUIsL  aJIamTallii CTpaTerii mpoTHIii MpaBOMOPYIICHHSM 10 YMOB
cydacHoi TpaHcdopmarlii CyCcrijibCTBa.
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IHCTPYMEHTHU CTPATEI'TYHOI'O IIVTAHYBAHHA SIK
3ACIb IIIIBUINEHHS EOEKTUBHOCTI
OPI'AHIBAHINMHOI CTPYKTYPH TIAITPUEMCTBA

Kymnipyk Osnexcanap,
37100yBay BHIIOI OCBITH (TPETHOT'0) OCBITHRO-HAYKOBOT'O Pi1BHS,
[IBH3 «MixxnapoaHuii eKOHOMIKO-TyMaHITApHUIN YHIBEPCUTET

imeHi akagemika C. Jlem’ssHuyka», M. PiBHe

Y cyyacHUX yMoOBax TypOyJIEHTHOTO PHUHKOBOTO CEPEIOBHINA, 3pPOCTAHHS
KOHKYpeHIIii, iudpoizaiii 013HeCc-npoIeciB 1 MiABUIIECHHS BUMOT JI0 aJallTUBHOCTI
MIAIPUEMCTB ~ OCOOJMBOI  aKTyaJlbHOCTI  HaOyBae mpoOieMa  epeKTUBHOCTI
opraHizaiiiHoi ctpykrypu. HeedekTuBHO BUOyAyBaHa a00 CTpaTEriyHO HEY3roKeHa
oprasizailiifHa CTpyKTypa NpU3BOJAUTH JI0 BTpaTH BHYTPIIIHIX PE3EPBIB, TyOIIOBaHHS
byHKI11H, po30aaHCyBaHHS PECYPCIB Ta 3HUKEHHS YIIPABITHCHKOI PE3yIbTaTUBHOCTI.
VY 1bOMYy KOHTEKCTI CTpaTeriyHe IUIaHYBaHHsS BUCTYNAa€ HE JIMILE IHCTPYMEHTOM
BHU3HAUEHHS JTOBIOCTPOKOBUX I[JIEH PO3BUTKY, @ W J1€BUM 3aCO0OM J1arHOCTUKH,
onTuMi3alii Ta  CTPATETIYHOTO  BHUPIBHIOBAHHS  CTPYKTYPHUX  MIAPO3JLIIB
I1IMPUEMCTRBA.

MeToro naHMX Te3 € OOIpYHTYBaHHS poOJi Ta 3HAYEHHS 1HCTPYMEHTIB
CTPATEr1vYHOr0 TUIAHYBAHHS Yy MIJBUILEHHI €(DEKTUBHOCTI OpraHi3aliiiHOI CTPYKTypHU
MIAIPUEMCTBA Y€pEe3 MEXaHI3MHU BHSIBICHHS BHYTPIUIHIX PE3€PBIB, Y3TOJKEHHS
TUSTTBHOCT1 TIAPO3JUIIB 31 CTpaTEriyHUMHU IUIIMU Ta pallioHai3alii pecypcHOro
TUTAHyBaHHSI.

TeopeTnKo-MeToA0IOrYHI MIAX0AM A0 CTPATEriuHOIO YIPABIIHHS PO3IISAAOTh
OpraHi3alliifHy CTPYKTYpy SK JAWMHAMIUYHY CHUCTEMY, IO TOBMHHA 3MIHIOBATHUCS
BIJIMOBIJIHO 710 00paHoi cTpaTerii po3BUTKY. KiacuM4Hi MOJIOKEHHS CTPATEr14HOTO
MEHEPKMEHTY HaroJouyoTh Ha mpuHIuMi «structure follows strategy», 3riJIHO 3 IKUM
CTPYKTypa MiANpUEMCTBA Ma€ OyTH TOXITHOIO BiJi CTPATET1YHUX OPIEHTHUPIB, a HE
HaBmakyu [1]. ¥ 1pomMy ceHCi IHCTPYMEHTH CTPATEriYHOTO TJIaHYBaHHS BUKOHYIOThH
(GyHKIIIIO IHTErpaTopa MiXK CTpaTeriyHuM OaUYeHHSIM, BHYTPIIIIHIMU MOXJIMBOCTSIMU Ta
OpraHizaiiifHOI apXiTEKTYPOIO MiANPUEMCTBA.

OcoOnuBe 3HA4YEHHS B MEXKax CTPATEriyHOIO IJIAaHYBaHHS Ma€ J1arHOCTHKA
BHYTPIIIHIX PE3epBiB MiAnpueMcTBa. BoHa cripsiMoBaHa Ha BUSIBJICHHS MPUXOBaHUX
MOJIMBOCTEW MIABUIIECHHS €(EKTHUBHOCTI 3a PaxyHOK ONTHMI3alii BHYTPILIHIX
MpOLIECIB, KOMIIETEHIIA MEepCOHANly, YNPAaBIIHCHKUX 3B’43KIB 1 BHKOPUCTAHHS
pecypciB. [HCTpyMEHTH CTpaTerivHOro aHamizy JA03BOJISIIOTH CHUCTEMHO OIIHUTH
BIJINOBIJIHICTh HAsIBHO1 OpPTraHI3alliiHOI CTPYKTYpH CTpAaTeriyHUM LUISAM, BUSIBUTU
«BY3bKI MICIISD) Ta CTPYKTYpHI AucyHKIII. 30kpeMa, 3actocyBanHs moneni McKinsey
7S 3abe3nedye KOMIUIEKCHUI aHaji3 B3a€EMO3B’SI3KIB MK CTPATETI€I0, CTPYKTYPOIO,
CUCTEMaMH, CTWJIEM YMPABIIHHS, TEPCOHAJIOM, HaBHYKaAaMHU Ta CHUIBHUMU
I[IHHOCTSIMH, 110 JIO3BOJISIE OI[IHUTH PIBEHb BHYTPINIHBOI Y3TOMKEHOCTI OpraHi3allii
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BaxnuBuM HampsMoM BIUTHMBY CTpPaTETiYHOTO IUTAHYBAaHHS Ha €(EKTHBHICTH
OpraHizaliifHOi CTPYKTypU € CTpaTeriyHe BHUPIBHIOBAHHA MiPO3AUIB. Y IOMY
KOHTEKCTI KJIFOUOBY pOJb BIJITPAarOTh 1HCTPYMEHTH, OPIEHTOBAaHI Ha TPAHCIIAIIIO
cTpaTerii B omepauiiHy AisIbHICTh. 30KpeMa, KOHIIeMIlis 30aJaHCOBaHOI CHCTEMH
nokazHukiB (Balanced Scorecard) Tta crpaTeriuHux KapT H03BOJIsI€ 3a0€3MEUUTH
BEPTUKAJIbHE ¥ TOPU3OHTAIbHE Y3TOJKEHHS IUIEM MIX PIBHSIMH YIPABIIHHS Ta
¢dbyHkuioHansHUMU Tiapo3aiiamu [3]. Crpareriuydi kapTd GOpMYIOTh JIOTTUHUN
JIAQHITIOT CTBOPEHHSI IMIHHOCTI, Y MEXKax sIKOTO KOXEH MiAPO3/ii YITKO PO3YMIE CBOIO
pONIb Yy JOCSTHEHHI CTpAaTEeTiYHUX pe3yNbTaTiB, IO CIHpHSIE TiABUILECHHIO
BIJIMTOBIIAJILHOCTI, 3HIKEHHIO KOH(IIKTHOCTI Ta 3pPOCTAHHIO OpraHi3amiiHoi
IJTICHOCTI.

He wMeHII BaXIMBUM AacleKTOM € pEeCypcHE IUIaHyBaHHS SIK CKJIaJ0Ba
CTPATETIYHOr0 YMNPABIIHHS OPraHi3alliiiHOI CTPYKTYporo. PaiioHanbHUN po3moait
(hiHaHCOBUX, JIIOJACHKUX, TH(POPMAIIIITHUX Ta YACOBUX PECYPCIB MIXK MIIPO3ILJIAMHU Ma€
IPYHTYBaTUCAd Ha CTpaTeriyHUX TMplopuTeTax MIANPUEMCTBA. [HCTpyMeHTH
CTpaTeriyHOrO  aHamizy  pecypciB, 30kpemMa  VRIO-anamiz,  103BOJSIOTH
171eHTU(IKYBaTH CTPATETIYHO 3HAUYIIl PECYpPCH Ta KOMIIETEHINi, [0 CTBOPIOIOTH
CTIMKI KOHKYpPEHTHI NepeBaru, 1 BIJMOBITHO aJanTyBaTH OpTaHi3allliHy CTPYKTYpYy
Uit X eQEeKTUBHOrOo BUKOpHUCTaHHS [4]. ¥V pe3ynbTari oprasizaiiifHa CTPyKTypa
nepectae Oyt (OPMAIBHOIO CXEMOIO MIAMOPSAKYBaHHA 1 TpaHCHOpMyeTbes B
IHCTPYMEHT peai3allii cTpaTeriqyHoro MOTeHITIATY i AIPHEMCTBA.

BoaHodac JOLUIBHO MIAKPECHUTH, IO €(PEKTUBHICTh BIUIMBY I1HCTPYMEHTIB
CTPATET1YHOr0 TUIAHYBAHHS Ha OpraHi3aliiiHy CTPYKTYpY MiANPUEMCTBA 3aJI€KUTh HE
BiJT 130JIbOBAHOTO BUKOPUCTAHHS OKPEMHUX METOJHK, a BiJl iX CHCTEMHOTO TIO€THAHHS
B MEXax €IMHOI JIOTIKM cTpaTeriyHoro ympasiiHHS [4; 5]. CydacHi miaxoaud 10
CTpaTEriyHOr0 aHalli3y HaroJIOUyloTh Ha HEOOXITHOCTI KOMILJIEKCHOTO Y3TOJKEHHS
CTpaTEriyHuX PIllIeHb, OPraHi3alliitHOrO JU3aiiHy Ta MPOLIECIB CTBOPEHHS LIIHHOCTI,
mo 3abe3neyye MUIICHICTh YIPaBIiHCHKOI cuctemu mianpueMmctBa [6]. Came
KOMILJIEKCHE 3aCTOCYBAaHHS aHATITUYHMX, IIJTLOBUX Ta PECYPCHUX I1HCTPYMEHTIB
JI03BOJISIE HE JIMIIE 1eHTU(]IKyBaTH BHYTPIIIHI pe3epBU, a ¥ TpaHcHOpMyBaTU
OprasizaiiiiHy CTpYKTYpy BIATOBIAHO JIO CTPATETIUHUX MPIOPUTETIB PO3BUTKY.

VY3aranpHeHHS pOJl OCHOBHUX IHCTPYMEHTIB CTpATEriyHOTO ITUTAHYBAaHHS B
KOHTEKCTI MIABUINEHHS €(EKTUBHOCTI OpraHi3aliiHOi CTPYKTYpH HaBEACHO
B Ta0muin 1.

Taomung 1

BmuiuB iHCTpyMEHTIB CTPATEriyHOrO MIaHyBaHHS Ha €()EeKTUBHICTh OpraHi3aliitHol

CTPYKTYPH HIANPUEMCTBA

IncTpymenT KurouoBuii ynpasaiHCbKH BB Ha opraunizauiifny
CTpaTeriyHoro eeKxT CTPYKTYPY
IUIAHYBAHHSA
McKinsey 7S KomriekcHa niarHoctuka BusiBneHHs CTpYKTypHUX
BHYTPILIHBOI Y3T0JKEHOCT] JucOanaHciB 1 30H Hee(PeKTUBHOCTI
Balanced Scorecard, Crparteriuyde BUpIBHIOBaHHS VY3romxeHHsT QYHKIIH Miapo3iIiB 31
CTpaTeriuHi KapTu 1iten CTpaTeri€lo
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VRIO-ananiz Omuinka cTpareriyaux pecypciB | [lepepo3noain pecypcis i pyHKITIN
MIX MiAPO3AiIaMu
AHaii3 nagigora Onrumizartis 6i3Hec-iporieciB | YcyHeHHs qyOmtoBaHHs (QYyHKIIH 1
CTBOPEHHS I[IHHOCTI HA/UTMIIKOBUX PiBHIB YIPaBIiHHS

TakuM  YWUHOM, IHCTPYMEHTH CTPATEriyHOro  IUIaHYBaHHS  BUKOHYIOTH
O0araToQpyHKIIOHAJIBHY POJb Y MiABUIIEHHI €()eKTUBHOCTI OpraHi3aliifHOl CTPYKTypH
nignpueMcTBa. BoHu 3a0e3medyloTh METOJOJIOTIYHY OCHOBY [UJISi JI1arHOCTHUKU
BHYTpIIIHIX pe3epBiB, (POPMYIOTh MeXaHI3MH CTPATETIYHOTO BHPIBHIOBAHHS
ITIIPO3/ILIIIB T CTBOPIOIOTH IEPEAYMOBH VISl PAIliOHAIBHOTO PECYPCHOTO INIAHYBAHHS.
Y pesymbrari OprasizaiiifHa CTPYKTypa HaOyBa€ CTpaTeriyHOi THYYKOCTI,
M1 IBUIILY €THCS TIPO30PICTh YMPABIIHCHKUX PIIIEHB 1 3pOCTAE 3AATHICTH MiAMPUEMCTBA
aJanTyBaTUCS A0 3MiH 30BHIIIHBOTO CEpeNOBHUINA. 3 OTJIANY Ha 1€, CTpaTeriuHe
IJIJAHYBAaHHS JIOLUUIBHO PO3MISIAATH SIK IHCTPYMEHT OpraHi3aliiiHOTO Au3aiiHy, 110
3a0e3nedye HE JMIIE JOBIOCTPOKOBY OPIEHTALII0 PO3BUTKY MIANPHEMCTBA, a WU
BHYTPIIIHIO KEPOBAHICTh, AQJaNTHUBHICTh Ta €(QEKTUBHE BUKOPHUCTaHHS MOro
CTPATETIYHOTO MOTEHIIIAITY.
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JiAnpHICTD Cy4YaCHHUX BHUPOOHWYMX MIANPUEMCTB BiOYBAa€TbCI B yMOBax
3pOCTaloyoi  CKJIQJIHOCTI  OMNEpaliiHUX  MPOIECIB, PECYpCHUX  OOMEXKEHb,
HECTaO1ILHOCTI 30BHIIIHHOTO CEPEIOBHUIIA Ta BUCOKOTO PIBHA KOHKYPEHIIii. 3a TaK1X
YMOB OIlepaliiHui MEHEHKMEHT MOTpeOye ePEeKTUBHUX 1HCTPYMEHTIB KOOpAUHAILII,
IUTAaHYBaHHS Ta KOHTPOJIO, 3AAaTHUX 3a0€3MEeUUTH pallioHATbHE BUKOPHCTAHHS
pecypciB 1 CBO€YacCHE pearyBaHHA Ha BiAXwieHHsA. KOHTpOJIHT BHUCTYyIa€e
IHTETPYIOYOIO YIPABIIHCHKOO KOHIIETIIIEO, IO MOEAHYE 00K, aHa13, TIJIaHyBaHHS 1
KOHTPOJIb Y €IMHY CUCTEMY HIATPUMKH ONEpaLiiiHUX pilieHb. B ymoBax nudposizanii
BUPOOHMIITBA Ta TMOCWIEHHS PHU3HUKIB pPOJIb KOHTPOJIHTY $K 1H(pOpMaliitHO-
aHAJIITUYHOI OCHOBU ONEPALlIiHOTO YHPAaBIIHHSA CYTTEBO 3pOCTA€, IO MIATBEPIIKYE
JOIIIBHICTH 1 HAYKOBY 3HAUYIIICTh MOJANBIINX AOCTIHKEHB Y 1ii cdepi.

Omnepartiiinuii (BUpOOHWYMIT) MEHEKMEHT BIJIrpae KIOYOBY POJIb y CHUCTEMI
VIIPaBIiHHS IMANPHEMCTBOM, OCKUIBKH caMe B MeXKax OIepaliiiHol MisIbHOCTI
B1I0YBA€ThCS CTBOPEHHS nojaHOi BapTocTi. OCHOBHOIO METOI OMEpaliifHOrO
MEHEKMEHTY € 3a0e3MeueHHs e(eKTUBHOTO BUKOPUCTAHHS PECYPCIB MIANPUEMCTBA,
MIIBUILIEHHS TPOAYKTHUBHOCTI Tpalli, SKOCTI MPOIYKIi Ta 3HWKEHHS BUPOOHUYUX
BUTpAT. Y I1bOMY KOHTEKCTI KOHTPOJIHI BHUCTYNA€ BAXIMBUM MEXaHI3MOM
Y3TOJPKEHHS CTPATEriyHMX ULUIeH MIANIPUEMCTBA 3 TMOTOYHMMH OINEpalliHUMHU
3aBAAHHSAMU 1 pO3IIISIIAETHCS K CUCTEMa IHPOPMaLIfHO-aHATITUYHOTO 3a0€31eUEeHHS
YIpaBIiHHS, KA IHTETPYE B EAUHY CUCTEMY OOJIIK, IIaHYBaHHS, MAPKETUHT y €UHY
CUCTEMY 1 CTIpSIMOBaHAa Ha IOCSTHEHHS 3aIUIAHOBAHUX PE3YJIbTATIB, IO I03BOJISIE YITKO
BHU3HAYATH LTI MIMPUEMCTBA, IPUHIIUIM YTIPABIIHHA Ta 3ac00M iX peamizauii [1].

Cepen OCHOBHMX METO/IIB KOHTPOJIIHTY B ONEparifHOMy MEHEI)KMEHTI JOIITEHO
BUOKPEMHUTH OIOKETYBAaHHS, aHaJ3 BIAXWUJICHb, CHUCTEMY KIIIOYOBUX ITOKAa3HHUKIB
edextuBHOCTI (KPI), kambkymtoBaHHS CcOOIBapTOCTI MPOMYKIIi, @ TaKOX METOIU
ONEpaTUBHOTO KOHTPOJI BUTpAT. 3acTOCYBaHHS IIMX METOMIB  JIO3BOJIE
MIIITPUEMCTBY HE JIMIIIE KOHTPOJIIOBATH X111 BUPOOHWYMX MPOIIECIB, a U IMiIBUIIYBATH
iX pe3yJbTaTUBHICTh Y JIOBFOCTPOKOBIM MEPCHEKTHBI. 3BEJEH] JaHi 10 JO 3HAYCHHS
BUKOPUCTAHHA O3HAYEHUX METOJIB KOHTPOJIHTY 33/l BUPILIEHHS NPOOIEMHUX
MUTaHb OMEPAIITHOTO MEHEPKMEHTY HaBeJIeHO B Tajo. 1.
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Tabun. 1
3HaueHHs] BAKOPUCTAHHS METO/IIB KOHTPOJIIHTY B OllepalliiHOMY MEHEI>)KMEHTI
XapakTepuCTHUKA . Pesynbraru
Mertonu KOHTPOIIHTY
MOKJIMBUX MPoOJieM 3aCTOCYBaHHS
HeBiamosigHicTs CBocyacHe BUABIICHHS

TUTAHOBUX 1 (PaKTHUHUX
IMOKA3HHKIB IISIIBHOCTI

bromxeTyBanHs1, aHai3
BIIXWJIECHD

BiJIXWJICHD, KOPUTYBaHHS
OTIepallifHAX PIIICHb

IlepeButparu
MarepiajJbHHUX, TPYIOBHX 1

OnepaTuBHUI KOHTPOJIb
BUTPAT, KaJIbKYJIIOBAHHS

3HIKEHHS cOO1BapTOCTI
POAYKITii, OIITHMI3allis

(h1HaHCOBUX pECypcCiB co0iBapTOCTIi BUKOPHCTAHHS PECYPCiB

KanbkynroBaHHs
: co01BapTOCTI [TinBUILIEHHS TPO30POCTI

Henpo3zopicts cTpykrypu P ’ FABHII PO3OP :
OIOIKETYBaHHS 32 BUTpAT 1 OOIPYHTOBAHOCTI

BUPOOHHYUX BUTpPAT . )
[EHTpaMu YIPABIIHCHKUX PIllIEHb
BIJINOBIJIAJILHOCTI

CKJIQIHICTH OLIHIOBAHHS
PEe3YJIBTaTUBHOCTI
BUPOOHUYUX MAPO3I1IIB

Cucrema KIHOUOBUX
MOKa3HUKIB €(PEKTUBHOCTI
(KPT)

O0’€eKkTHBHA OLlIHKA
e(heKTUBHOCTI Ta
IPOAYKTUBHOCTI
ISUTBHOCTI

HecBoecuacHe BUsIBICHHSI
HETraTUBHUX TEHJICHIIH Y
BUPOOHHUIITBI

Amna3 BIIXHIICHB,
OTNIEpaTUBHUN KOHTPOJIb
BHUTpAT

3anoOiranHs (piHaHCOBUM
BTparam i BApOOHUYHUM
IPOCTOSIM

BiacyTHICTb 3B’ 13Ky MIXK
onepariiHuMu
PILIEHHSIMU 1 CTPATETIEI0

bromxeryBaHHs, cucrema
KPI

V3ro1KeHHS TOTOYHO1
ISUTBHOCTI 31
CTpaTETYHUMU IITISIMH
H1IIPUEMCTBA

Po3smuricTs
BIAMOBIIAJILHOCTI 3a
pe3yNbTaT! IISUIBHOCTI

KPI, 6romxeTyBanHs 3a
IIEHTpaMHu
BIIIIOB1IAJILHOCTI

YiTkuid po3noin
BIMOBIIAJILHOCTI Ta
MM IBUILICHHSA
YIPABIIHCHKOI
JTUCLIUILIIHA

bromxeTyBaHHs € OJHUM 13 HaWIMOMIMPEHININUX

METO/IB KOHTPOJIHTY Ta

nepeadoadae po3po0IeHHsS CHCTeMHU (DIHAHCOBHUX 1 BUPOOHHUYMX OIOJKETIB. Y MexKax
OTepaliiiHOro MEHEIKMEHTY OIOJIKETH BUKOPUCTOBYIOTHCS JIJIS TUITaHyBaHHS 00OCSATIB
BUPOOHMIITBA, BUTPAT HAa CUPOBHHY, MaTeplayi, OIUIATy Tpalli Ta IHII PECYpCH.
[TopiBHSIHHA 3aIJIAaHOBAHUX IMOKAa3HUKIB 13 (DAKTUYHUMH JA€ 3MOTY OIL[IHUTH PIBEHb
BUKOHAHHS BHpPOOHWYMX 3aBJaHb 1 CBOEYACHO BWSIBUTH BIAXWJICHHS. 3aBISKU
OIO/PKETYBAHHIO KEPIBHUITBO MIAMPUEMCTBA OTPUMYE MOXJIHMBICTH KOHTPOJIIOBATU
BUKOPUCTaHHA PECypCiB Ta 3a0e3nedyBaTi (PiHAHCOBY TUCLUILIIHY.

BaxnuBuM TOTIOBHEHHSIM J0 OFO/KETYBAHHS € aHAIII3 BiIXWIICHB, SIKUI TIOJISATAE Y
JOCJIPKEHH] MPUYKH PpO301KHOCTEN MK TJIaHOBUMHM Ta (PaKTUUHUMU MOKA3HUKAMMU.
AHani3 BIIXUJIEHb 103BOJISI€ BUSBUTH K HETAaTUBHI, TaK 1 MO3UTUBHI ()aKTOPH BILUIUBY
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Ha pe3yJIbTaTH BUPOOHUYOT AiSITbHOCTI. 30KpeMa, BiH J0IIOMAara€ BU3HAYUTH TPUIHHA
MEPEBUTPAT PECYPCIB, 3HKECHHS MPOTYKTUBHOCTI 00 MOTIPIICHHS SKOCT1 MPOyKIIii.
Ha ocHOBiI oTpuMaHuX pe3ynbTaTiB MPUUMAIOTHCS YNPABIIHCHKI PIMICHHS IOJ0
KOPUTYBaHHS IJIaHIB @00 BAOCKOHAJICHHS BUPOOHUYHX ITPOIIECIB.

OcoOnuBe 3HAYEHHS B CHCTEM1 KOHTPOJIHTY Ma€ BUKOPUCTaHHS KIFOYOBHX
noka3HukiB epexkruBHOCTI (KPI). KPI cnyryroTh 1HCTpyMEHTOM KiJIbKICHOI OIIIHKH
PEe3YJbTaTUBHOCTI POOOTH BUPOOHMYMX TMIAPO3ILIIB 1 OKpeMux mporeciB. Jlo
OCHOBHUX MOKA3HUKIB, 110 3aCTOCOBYIOTHCS B ONEPALITHOMY MEHEKMEHTI, HaJle)KaTh
NPOAYKTHBHICTh TMpalli, piBeHb Opaky, KOe(IIIEHT BUKOPUCTaHHS OOJaTHAHHS,
TPUBANICTh BHUPOOHHUYOTO IMKIY, OOCSAT HE3aBEpIIEHOT0 BUPOOHHUITBA [2].
Buxopuctanass KPI nmae 3mory migBHIIWTH MpO30pICTh YIPABIIHHA, MOCHUIUTH
BIIMOBIJAIBHICTh MPAIIBHUKIB Ta OPIEHTYBATH IXHIO JISJIBHICT Ha JIOCATHEHHS
KOHKPETHHUX PE3yJbTaTiB.

KanbkyimoBaHHs co01BapTOCTI NPOAYKUII € 1€ OJHUM BaXIMBHUM METOJOM
KOHTPOJIIHTY, SIKWI 3a0e3Meuye TOYHEe BU3HAYEHHS BUTPAT HA BUPOOHUIITBO OJIMHUIIL
npoaykiii. Y~ Mexax  OmepamiifHOro  MEHEIKMEHTY  KaJbKYJIOBaHHS
BUKOPUCTOBYETHCS JIJISL aHAJI3Y CTPYKTYPH BUTpPAT, BUSBICHHS PE3€PBIB 1X 3HIKCHHS
Ta (dopmyBaHHS OOIPYHTOBAaHOi I1IHOBOi momiTUKU. CydacHi MAXOAU [0
KaJIbKYJIIOBaHHS, 30KpeMa MeTo]1 00JIiKy BUTpAT 3a Buaamu aisuibHoCTI (ABC-MeTon),
JI03BOJISIFOTH ORI TOYHO PO3MOAUIATH HETIPSMI BUTPATH Ta OI[IHIOBATH €(DEKTUBHICTD
OKpPEMHUX BUPOOHUYMX ITPOLIECIB.

MeTonu onepaTUBHOrO KOHTPOJIIO BUTPAT COPSIMOBAaH1 HA MOCTIMHUI MOHITOPUHT
BUPOOHUYMX BHUTpAT y peajibHOMY 4aci. BoHM naioTh 3MOry MIBHAKO pearyBaTd Ha
3MIHM YMOB BUPOOHMIITBA Ta 3aro0iratu MepeBUIEHHIO 3alUIAHOBAHUX MOKA3HUKIB.
OnepaTUBHUN KOHTPOJIIHT OCOOJIMBO BAaXJIMBUU ISl MIANPUEMCTB 13 O€3MepepBHUM
a00 MacoBHUM BUPOOHMIITBOM, i€ HAaBITh HE3HAYHI BIIXUJICHHS] MOXXYTh MPU3BECTH 0
CYTT€BHX (DIHAHCOBUX BTpaT.

OTXe, KOHTPOJIHT BIJITPA€ BAXKIUBY pOJIb Yy MIABUIIECHHI €()EKTUBHOCTI
OTepaliifHOr0 MEHEPKMEHTY. 3aCTOCYBAaHHS CYYaCHUX METO/IIB KOHTPOJIHTY CIIpHUsE
onTuMi3ailii BUTpaT, MIABUIICHHIO MPOJYKTHUBHOCTI TMpaili, MOKPAIIEHHIO SKOCTI
HpO,Z[YKHﬁ Ta JOCSITHEHHIO CTPATETIYHUX IUJIeH mianpueMcTBa. KOHTpomiHT BUCTYyTIAa€e
HEB1JI’€MHUM €JIEMEHTOM Cy4aCHOI CHCTEMH YTIPaBIIIHHS, OPIEHTOBAHOI HA CTAOIbHHIMA
PO3BUTOK 1 TIJIBUIIEHHS KOHKYPEHTOCIIPOMOKHOCTI MIiJNPUEMCTB B yMOBax
JMHAMIYHOTO PUHKOBOT'O CEPEIOBHUIIIA.
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The use of traditional materials and technologies does not always significantly
improve the performance of parts, machines, and mechanisms. In developing new
technologies, not only scientific advances and comprehensive testing are crucial, but
also the exchange of experience between various industries [1].

We have attempted to review promising methods for applying composite
strengthening and corrosion-resistant coatings that have not yet found widespread
industrial application, as they have been developed only for specific types of parts or
for isolated, narrow applications. At the same time, some of the processes discussed
below can be used to improve the performance of printing equipment components.

Composite Coatings.

First-generation composite coatings were single-component layers. Successful
coatings included TiC, TiN, CrN, CrC, Al,Os, TiAIN, TiCN, DLC, W,C, WC/C, MoS,,
diamond, soft metals, and some polymers, although experiments were conducted with
all elements of the periodic table. Second-generation composite coatings had multiple
components and layers.

Multicomponent coatings, several tenths of a micrometer thick, were made from
periodically repeating structures comprising lamellas of two or more materials in the
form of grains, particles, or fibers. Such coatings exhibit excellent surface properties.

Third-generation composite coatings are sensitive to friction, high temperatures,
and pressures and are divided into superlattice, gradient, and nanostructured materials.
Superlattice coatings (metallic, nitride, carbide, oxide, and mixed - carbide-nitride or
metal-oxide superlattices) are nanoscale multilayer coatings composed of two types of
alternating layers with thicknesses ranging from 5-50 nm. The primary function of
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such structures is to significantly increase hardness, crack resistance, adhesion, and,
consequently, wear resistance (nitrides exhibit particularly high hardness).

Gradient layers are produced by combining materials with different properties that
have a certain distribution profile across the coating thickness. An important example
of such compositions are coatings of very hard TiAIN with inclusions of the less hard
MoS, phase, the concentration of which increases toward the surface of the part,
improving frictional properties.

Nanostructured coatings are nanocrystalline films (with grain sizes in the
nanometer range) and nanocomposite films that incorporate nanocomponents in
amorphous phases. At the nanometer scale, both crystalline and amorphous-crystalline
structures exhibit high stability of properties.

The fourth generation of composite coatings includes adaptive ("smart") coatings,
which have the ability to change their characteristics in response to changing
environmental conditions, particularly temperature and contact pressure. For example,
no self-lubricating material was previously known that could demonstrate stable
properties in the temperature range from room temperature to 800°C. However, a
structure has recently been developed that combines low- and high-temperature
lubricants, such as CaF; and WS;, in a layered manner, which react to form a compound
called CaSO4, which exhibits the desired tribological properties.

Let's consider below some promising technologies for applying composite
coatings.

Carbosiliconization. Like other highly hard ceramic materials (aluminum oxide and
boron carbide), silicon carbide can withstand extreme temperatures.

However, none of these projects led to industrial production, primarily due to
silicon carbide's low impact resistance and fracture toughness [2]. Today, silicon
carbide is primarily used as a filler in the matrices of certain metals, the most popular
of which is nickel.

Electro Coatings, a renowned developer of several electroless nickel coating
technologies, offers its patented carbosiliconization technology (Nye-Carb®) as a
component of its core electroless nickel plating technology. This technology produces
an electroless nickel coating (90-93% nickel, 7-10% phosphorus) with uniformly
distributed SiC ceramic microparticles. The process takes place in a high-temperature
liquid environment, where chemical reactions occur between the nickel, phosphorus,
and the substrate. The advantages of this wear-resistant coating include the
combination of silicon carbide hardness with uniform nickel layers and the ease of
electroless nickel deposition. Despite an estimated microhardness of 78—80 HRC for
inclusions, Nye-Carb® performs satisfactorily on mating parts made of most metals
and, due to its high adhesion, does not peel off when applied to soft materials. This
coating also exhibits high corrosion resistance. On the other hand, the company claims
that the product's know-how is complex, and only Electro Coatings specialists can
produce coatings with the required properties.

A promising composition based on nickel with silicon carbide is nikasil, used in
the production of components for automobile engines, primarily cylinder liners.
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Magnetron sputtering. When ions collide with a target surface, energy is transferred
to the target material [3], and the incident ion triggers a cascade of motions and
collisions within the target material's lattice.

Magnetron sputtering methods developed rapidly in the 1980s and 1990s and
became the basis for a significant industrial technology. The driving force behind this
development was the growing demand for high-quality, specialized coatings in a
variety of industries [4]. Consequently, magnetron sputtering as a technology has
significant application in applications requiring low-friction, hard, wear-resistant,
corrosion-resistant, decorative, and optically or electrically specific coatings.

The arms industry, particularly gun barrel manufacturers, had high hopes for this
method. The need for compatibility with modern high-efficiency explosives, typically
with elevated blast temperatures in the barrel, required developers to find materials that
could withstand such harsh conditions. Ceramics were considered obvious candidates
for barrel interiors, and acceptable results were achieved using SiC and SiAION in
single-use applications [5].

Detonation surfacing and spraying.

Under a directed explosion, completely dissimilar materials can bond and form
highly adhesive coatings. Detonation surfacing has generated considerable interest
among developers of internal surface hardening technologies in the weapons industry,
where competing methods are few. The materials are joined not by fusion, but by the
plasticization of both materials upon impact [6-8].

In addition to the interesting possibilities discussed, the detonation surfacing
method has certain drawbacks. In particular, it obviously requires strict geometric
conformity between the concentric surface being surfacing (particularly the inner
surface of the barrel) and the source of the filler (surfacing) material. This requires not
only precise dimensions but also precise alignment, and over long lengths.
Furthermore, the detonation process requires chemical explosives, making it
expensive, noisy, and requiring special safety measures.

Electromagnetic plasma spraying (EPVD) is a method used to spray coatings using
a controlled electromagnetic field.

EPVD involves spraying a target material made of a reflective material, such as
tantalum, tungsten, or a combination of these, onto the inner surface of a component's
axis in an inert gas environment in the presence of plasma driven by a controlled
electromagnetic field.

The method concept is based on the traditional PVD coating technology, which is
used for thin coatings of the order of 10—15 um; the hybrid EPVD technology allows
for the deposition of multilayer coatings with a thickness of 125-200 um, which are
required for the internal surfaces of gun barrels. According to Paradigm Shift
Technologies, there are developments for spraying coatings on internal cylindrical
surfaces with diameters from 6.35 to 500 mm (1/4 inch to 20 inches) over a length of
approximately 13 m (40 feet) [see website:
(http://www.paradigmshift.com/index.php/aboutus/what-we-do)].

Initial results showed that the technology was feasible, but the results of tests with
Ta-W coatings were mixed.
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On the one hand, the applied coatings adhered well to the substrate, and the coating
corrosion was significantly lower than that of chromium. On the other hand, the inner
layers of the coating corroded faster than the outer layers and the steel substrate, and
delamination occurred in areas of greatest thermal input.

Ion beam-assisted deposition.

Ion beam-assisted deposition (IBAD or IAD) is a complex engineering process that
combines ion implantation with simultaneous deposition of material using a physical
vacuum deposition method. Ion bombardment serves two purposes: cleaning the
surface before deposition, and monitoring and modifying coating parameters during
deposition.

This technology (group of technologies) is one of the few that allows for the
application of layers with smoothly varying properties across thickness [9, 10]. The
use of IBAD methods allows for the production of layers with exceptionally high
adhesion.

Gas Dynamic Cold Spray. Gas dynamic spraying of powder materials is a highly
productive coating application method in which unmelted particles (typically 1-50 pm
in diameter) are accelerated by a jet of expanding gas to velocities 2—3 times the speed
of sound (when exiting a supersonic nozzle) and directed through the nozzle onto a
substrate. Gas dynamic cold spraying allows for the production of coatings of most
metals and alloys (Al, Zn, Cu, Fe, Ti, V, Co, N1, Sn, etc.) on a variety of metal and
dielectric products. Typical process adhesion values range from 30-80 MPa, layer
thicknesses from 10—104 um, powder utilization rates from 50-80%, and system noise
levels from 70-90 dB.

Important advantages of cold gas-dynamic spraying are the possibility of obtaining
coatings with properties close to those of the original particle material, the possibility
of obtaining composite coatings from a mechanical mixture of powders that differ
significantly in their physical and mechanical properties, and the absence of significant
thermal impact on the sprayed product.

In Europe and the United States, the new gas-dynamic spraying method quickly
gained recognition and was subjected to extensive and comprehensive research,
including the potential application of the technology in the energy and weapons
industries. It was found that even when the gas is heated to temperatures of
approximately 900 K (which is often used), the gas cools very quickly, expanding upon
exiting the nozzle vortex. As a result, the powder particles' contact with the heated gas
is so brief that their temperature remains well below the initial gas temperature. It
seems plausible that plastic deformation can destroy thin films such as oxides,
facilitating deep contact under high local pressure and, consequently, deep bonding
with the substrate.

This approach also explains the critical velocity (kinetic energy) of particles
required for deposition on the substrate. Calculations conducted in the cited studies
show that the kinetic energy of particles required for interaction is significantly less
than the energy required for their melting. Micrographs of materials deposited using
the gas-dynamic method confirm that coating formation is predominantly a solid-state
process.
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Thus, the conducted research allows us to draw a number of important conclusions:

- surface engineering is a key technology in the development of basic industries.
The integrated use of advances in a number of fundamental sciences enables the
creation and application of new, highly efficient, resource-saving technologies in
production, as well as the management of the functional properties of machine parts
through the targeted creation of surface layers and their diagnostics;

- increasingly, the attention of specialists is being drawn to non-traditional high
technologies, which possess a combination of key characteristics: knowledge-
intensiveness, systematicity, the possibility of physical and mathematical modeling for
the purposes of structural-parametric optimization, environmental friendliness, the
presence of a computer technological environment, the ability to automate all stages of
development and implementation with appropriate technological and personnel
support;

- applying coatings to cheaper steels allows for savings in materials and alloys. The
importance of universal, flexible, and highly automated technologies for applying such
coatings is growing exponentially, and the development of new technologies has a
bright future. The task of researchers is to objectively test technological processes
under specific, concrete conditions to ensure the most efficient use of complex and
expensive equipment.

All of the above directly applies to the use of coatings for printing equipment
components.
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Abstract. Obstructive sleep apnea (OSA) is a common sleep-related breathing
disorder characterized by recurrent episodes of partial or complete upper airway
obstruction during sleep, resulting in intermittent hypoxia, sleep fragmentation, and
excessive daytime sleepiness. The prevalence of OSA has been increasing globally,
largely due to rising rates of obesity and aging populations. OSA is associated with
significant cardiovascular, metabolic, and neurocognitive comorbidities, including
hypertension, arrhythmias, insulin resistance, and impaired cognitive function. Early
diagnosis and effective management are essential to reduce these risks and improve
quality of life. Current diagnostic approaches include polysomnography, home sleep
testing, and clinical screening tools, while treatment strategies encompass lifestyle
modifications, continuous positive airway pressure (CPAP) therapy, oral appliances,
and surgical interventions in selected cases. This review aims to provide a
comprehensive overview of pathophysiology, clinical manifestations, diagnostic
modalities, and contemporary therapeutic options for OSA, highlighting emerging
trends and future directions in personalized management.

Keywords: obstructive sleep apnea, sleep-disordered breathing, intermittent
hypoxia, polysomnography, continuous positive airway pressure, cardiovascular
comorbidities, sleep fragmentation, oral appliances.

Introduction. Obstructive sleep apnea (OSA) is a highly prevalent sleep-related
breathing disorder characterized by repeated episodes of partial or complete upper
airway obstruction during sleep, resulting in intermittent hypoxemia, hypercapnia,
sleep fragmentation, and excessive daytime sleepiness. The prevalence of OSA ranges
from 9% to 38% among adults, varying according to diagnostic criteria, sex, age, and
body mass index (BMI). Men, older adults, and individuals with obesity are
disproportionately affected, although women and certain high-risk populations are
often underdiagnosed. The global rise in obesity and the aging of populations have
contributed to increasing prevalence, emphasizing OSA as a significant public health
concern with substantial morbidity and healthcare costs [1].

Pathophysiology and Mechanisms

167



MEDICINE
CURRENT STATE AND TRENDS IN THE DEVELOPMENT OF SCIENCE AND
EDUCATION

The pathophysiology of OSA is multifactorial, involving anatomical,
neuromuscular, and ventilatory control factors. Upper airway collapse occurs due to
structural predispositions, including craniofacial abnormalities and pharyngeal fat
deposition, particularly in obese individuals. Impairment of upper airway dilator
muscle function, unstable ventilatory control, and reduced arousal thresholds during
sleep further exacerbate airway obstruction. These repeated episodes of airway
collapse result in intermittent hypoxemia, sympathetic overactivity, oxidative stress,
and systemic inflammation [2].

Consequently, these pathophysiological changes contribute to cardiovascular,
metabolic, and neurocognitive comorbidities. Obesity is a particularly important risk
factor, with both peripheral and central adiposity promoting mechanical airway
narrowing and altered respiratory mechanics. Genetic and familial predispositions also
play a role, explaining interindividual variability in disease susceptibility and severity
[3].

Clinical Manifestations and Comorbidities

OSA presents a heterogenecous spectrum of symptoms. Classic manifestations
include loud habitual snoring, witnessed apneas, nocturnal gasping or choking, and
excessive daytime sleepiness. Additional complaints may include fatigue, morning
headaches, impaired concentration, and mood disturbances. Many patients, however,
remain asymptomatic or underreport subtle manifestations, which complicate timely
diagnosis. OSA is strongly associated with cardiovascular comorbidities such as
hypertension, coronary artery disease, arrhythmias, and stroke, as well as metabolic
disorders including insulin resistance and obesity-related dyslipidemia [4].

Recurrent nocturnal hypoxemia and sleep fragmentation contribute to endothelial
dysfunction, sympathetic overactivity, and systemic inflammation, underlying the
increased risk of adverse cardiovascular events. Neurocognitive impairments, mood
disturbances, and diminished quality of life are common, highlighting the broad
systemic impact of OSA [5].

Diagnostic Approaches

Accurate diagnosis of OSA is critical for timely intervention and risk mitigation.
Polysomnography (PSG) in a sleep laboratory remains the gold standard, enabling
comprehensive assessment of sleep stages, respiratory events, oxygen saturation, and
arousal indices. The apnea—hypopnea index (AHI) quantifies the number of apneas and
hypopneas per hour of sleep and is used to classify disease severity. Clinical screening
tools, including the STOP-BANG and Berlin questionnaires, provide risk stratification,
while home sleep apnea testing (HSAT) offers a practical alternative for patients with
moderate to high pre-test probability of OSA. Emerging diagnostic technologies, such
as wearable sensors, machine learning based analysis, and multimodal signal
processing, show promise for expanding accessible, accurate, and home-based
evaluation of OSA [6].

Management and Therapeutic Strategies

Lifestyle and Behavioral Interventions

Lifestyle modifications form the cornerstone of management, particularly in mild
disease or obesity-related OSA. Weight reduction, regular exercise, positional therapy,
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and avoidance of alcohol or sedatives prior to sleep are recommended. Sustained
weight loss can significantly reduce AHI and improve symptom burden, with bariatric
surgery showing notable efficacy in obese patients [7].

Continuous Positive Airway Pressure (CPAP)

CPAP remains the first-line therapy for moderate to severe OSA. By maintaining
airway patency, CPAP effectively alleviates daytime sleepiness, improves sleep quality,
and reduces cardiovascular risk markers. Adherence remains a key determinant of
efficacy [8].

Oral Appliances and Surgical Interventions

Mandibular advancement devices (MADs) are an effective alternative for CPAP-
intolerant patients, especially with mild to moderate OSA, by maintaining anterior
mandibular positioning and reducing airway collapse. Surgical options, including
uvulopalatopharyngoplasty, maxillomandibular advancement, and hypoglossal nerve
stimulation, are considered for anatomically selected patients, offering variable success
rates and requiring careful evaluation [9].

Emerging and Adjunctive Therapies

Novel approaches, including hypoglossal nerve stimulation, pharmacologic
adjuncts, and multimodal interventions, are under investigation. These therapies aim to
personalize treatment strategies, improve adherence, and address residual symptoms in
patients not fully responding to conventional modalities [10].

Importance of Multidisciplinary and Personalized Care

The heterogeneous nature of OSA, its complex pathophysiology, and high
prevalence of comorbidities underscore the necessity of a multidisciplinary approach.
Comprehensive risk assessment, early diagnosis, and individualized therapy are
essential to mitigate cardiovascular, metabolic, and neurocognitive consequences.
Advances in diagnostic technologies, patient phenotyping, and personalized
therapeutic strategies are expected to enhance outcomes and quality of life,
emphasizing the need for continued research and innovation in the management of
OSAT11].

Genetic and Molecular Factors

Recent studies suggest that genetic predisposition plays a significant role in
susceptibility to OSA. Polymorphisms affecting craniofacial development, upper
airway muscle tone, ventilatory control, and inflammatory pathways may increase the
risk of airway collapse during sleep. Twin and family studies indicate heritability
estimates of 35-40% for OSA, suggesting polygenic contributions. At the molecular
level, intermittent hypoxia triggers oxidative stress, systemic inflammation, and
endothelial dysfunction, mediated by upregulation of pro-inflammatory cytokines such
as TNF-a and IL-6. Epigenetic modifications, including DNA methylation changes in
hypoxia-related genes, have also been implicated in OSA pathophysiology, providing
potential targets for personalized therapeutic interventions [12].

Cardiometabolic and Neurocognitive Consequences

OSA exerts profound effects on multiple organ systems. Chronic intermittent
hypoxia and sleep fragmentation contribute to sympathetic overactivity, systemic
inflammation, and metabolic dysregulation. These mechanisms underline increased
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prevalence of hypertension, insulin resistance, type 2 diabetes, dyslipidemia, and
cardiovascular events including myocardial infarction and stroke. Neurocognitive
consequences include impaired attention, memory deficits, executive dysfunction, and
mood disorders such as depression and anxiety. Structural and functional brain
changes, particularly in the hippocampus and prefrontal cortex, have been
demonstrated in patients with severe OSA, highlighting the importance of early
diagnosis and effective management to mitigate long-term sequelae [13].

Pediatric and Gender-Specific Considerations

OSA in children and adolescents are often present differently than in adults. Key
manifestations include behavioral problems, hyperactivity, growth retardation, and
poor school performance, rather than classic daytime sleepiness. Adenotonsillar
hypertrophy is the leading anatomical cause in pediatric populations, with obesity
increasingly contributing to risk. In adults, gender-specific differences are significant:
women are less likely to report typical symptoms such as snoring or witnessed apneas,
often leading to underdiagnosis. Postmenopausal women have an increased prevalence
due to hormonal changes affecting upper airway patency. Recognition of age- and sex-
specific clinical features is essential for accurate screening and tailored treatment
approaches [14].

Economic and Healthcare Burden

The global economic burden of OSA is substantial. Direct costs include diagnostic
procedures (e.g., polysomnography, home sleep tests) and treatment modalities (CPAP,
oral appliances, surgery), while indirect costs arise from decreased work productivity,
absenteeism, and increased risk of motor vehicle and occupational accidents.
Healthcare utilization is higher among OSA patients due to comorbid cardiovascular,
metabolic, and neurocognitive conditions. Public health strategies aimed at early
detection, lifestyle interventions, and adherence to effective therapies can mitigate both
individual morbidity and broader societal costs, emphasizing the importance of
integrating OSA management into preventive healthcare programs [15].

Discussion. Obstructive sleep apnea represents a complex and multifactorial
disorder with significant implications for cardiovascular, metabolic, and
neurocognitive health. The interplay of anatomical predispositions, neuromuscular
dysfunction, and ventilatory control instability leads to recurrent upper airway
obstruction and consequent intermittent hypoxia and sleep fragmentation. This
pathophysiology underpins the wide spectrum of clinical manifestations and
comorbidities observed in OSA, ranging from daytime sleepiness and impaired
cognition to hypertension, arrhythmias, and insulin resistance [16].

Despite the availability of effective therapies such as continuous positive airway
pressure (CPAP) and mandibular advancement devices, a significant proportion of
patients remain undiagnosed or undertreated. This gap highlights the limitations of
current screening strategies, particularly in populations with atypical presentations
such as women, children, and older adults. Additionally, adherence to CPAP therapy
remains a persistent challenge, limiting real-world effectiveness and highlighting the
need for patient-centered approaches [17].
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Recent advances in genetic, molecular, and phenotypic characterization have
improved our understanding of individual variability in disease severity and treatment
response. Nevertheless, many mechanistic pathways, including epigenetic
modifications and their long-term impact on cardiovascular and neurocognitive
outcomes, remain incompletely elucidated. Furthermore, socioeconomic factors,
healthcare accessibility, and lifestyle determinants continue to influence disease burden
and patient outcomes, emphasizing the need for integrated multidisciplinary care
models [18].

Future Directions

Emerging research in OSA is increasingly focused on precision medicine and
individualized therapeutic strategies. Future directions include:

1. Advanced Phenotyping and Biomarkers — Integration of genetic, epigenetic, and
molecular biomarkers may allow more accurate risk stratification and prediction of
treatment response.

2. Digital Health and Wearable Diagnostics — Development of non-invasive, home-
based monitoring technologies, including wearable sensors and machine learning—
driven algorithms, could expand early detection and continuous disease monitoring.

3. Adjunctive and Novel Therapies — Hypoglossal nerve stimulation,
pharmacologic agents targeting upper airway neuromuscular function, and
combination therapies are under investigation to improve adherence and efficacy for
patients intolerant of CPAP.

4. Longitudinal and Outcome-Based Research — Large-scale prospective studies
are needed to quantify the long-term effects of early OSA diagnosis and treatment on
cardiovascular, metabolic, and neurocognitive outcomes.

5. Population Health and Preventive Strategies — Public health interventions
targeting obesity, lifestyle modification, and awareness campaigns are critical to reduce
incidence and mitigate societal burden.

Overall, advancements in understanding the pathophysiology, risk stratification,
and personalized management of OSA promise to enhance patient outcomes and reduce
the substantial global health and economic burden associated with this disorder.

CONCLUSION

Obstructive sleep apnea is a highly prevalent and multifactorial disorder with
profound implications for cardiovascular, metabolic, and neurocognitive health. Its
complex pathophysiology, heterogeneous clinical presentation, and frequent
underdiagnosis underscore the importance of early detection and comprehensive risk
assessment. Effective management, including lifestyle modification, CPAP therapy,
oral appliances, and, in selected cases, surgical interventions, can substantially improve
patient outcomes and quality of life. Emerging approaches in precision medicine,
digital diagnostics, and individualized therapeutic strategies hold promise for
optimizing care and addressing treatment challenges, particularly in populations with
atypical presentations or poor adherence. Continued research and multidisciplinary
collaboration are essential to advance understanding, improve intervention strategies,
and reduce the global health and socioeconomic burden of OSA.
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Abstract. Irritable bowel syndrome (IBS) is a common functional gastrointestinal
disorder characterized by recurrent abdominal pain associated with alterations in bowel
habits, significantly impairing patients’ quality of life and imposing a substantial
healthcare burden. Despite the absence of structural or biochemical abnormalities,
advances in understanding the complex pathophysiology of IBS including gut-brain
axis dysfunction, visceral hypersensitivity, altered intestinal motility, low-grade
inflammation, immune activation, microbiota imbalance, and psychosocial factors
have led to the development of novel diagnostic and therapeutic strategies. This article
reviews contemporary approaches to the diagnosis of IBS, with particular emphasis on
symptom-based criteria, risk stratification, and the role of non-invasive biomarkers in
excluding organic pathology. In addition, current and emerging treatment modalities
are discussed, highlighting individualized, phenotype-driven management that
integrates dietary interventions, pharmacological therapy, modulation of the gut
microbiota, and psychological approaches.

The adoption of a multidisciplinary and personalized treatment paradigm is
expected to improve symptom control, patient adherence, and long-term outcomes in
individuals with IBS.

Keywords: irritable bowel syndrome; diagnosis, treatment; gut-brain axis,
intestinal microbiota; personalized therapy, functional gastrointestinal disorders.

Introduction. Irritable bowel syndrome (IBS) is one of the most prevalent
functional gastrointestinal disorders, affecting an estimated 5-10% of the adult
population worldwide, with notable geographic variability depending on diagnostic
criteria and cultural factors. The disorder is more frequently diagnosed in women and
predominantly affects individuals during their most productive years, thereby
amplifying its socioeconomic impact. IBS is characterized by chronic abdominal pain,
bloating, and alterations in bowel habits, which often persist for years and follow a
relapsing—remitting course [1].

Beyond gastrointestinal symptoms, patients with IBS frequently experience
extraintestinal manifestations, including fatigue, sleep disturbances, headache, and
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genitourinary symptoms. These features contribute to a substantial reduction in health-
related quality of life, often comparable to that observed in chronic organic
gastrointestinal diseases. From a healthcare perspective, IBS is associated with
increased utilization of diagnostic procedures, repeated consultations, and long-term
pharmacotherapy, leading to significant direct and indirect costs [2].

Evolution of Pathophysiological Concepts

The understanding of IBS has undergone a significant evolution over the past
decades. Initially considered a disorder of altered bowel motility or a manifestation of
psychological distress, IBS is now recognized as a multifactorial condition involving
complex interactions between biological, psychological, and social factors. This
biopsychosocial framework has been instrumental in redefining IBS as a disorder of
gut—brain interaction [3].

Recent advances in molecular biology and systems medicine have further refined
this concept by identifying distinct pathophysiological endotypes within IBS. These
include abnormalities in sensory processing, immune activation, epithelial barrier
dysfunction, microbiota alterations, and neuroendocrine signaling. The coexistence of
multiple mechanisms within the same individual partly explains the heterogeneity of
symptoms and variable response to treatment [4].

Visceral Hypersensitivity and Central Pain Processing

Visceral hypersensitivity represents one of the most consistently observed features
in IBS and is considered a primary driver of abdominal pain and discomfort. This
phenomenon arises from increased excitability of peripheral afferent neurons,
enhanced neurotransmitter release, and altered expression of pain-related receptors
within the gut wall. These peripheral changes are complemented by central
mechanisms involving impaired descending inhibitory control and heightened
responsiveness of central pain-processing networks [5].

Neuroimaging studies using functional magnetic resonance imaging have
demonstrated altered activation patterns in the anterior cingulate cortex, insula,
prefrontal cortex, and amygdala in IBS patients. These findings suggest that emotional
and cognitive factors play a critical role in pain perception and symptom modulation,
reinforcing the need for therapeutic approaches that target both peripheral and central
components of visceral pain [6].

Gastrointestinal Motility and Neuroendocrine Regulation

Abnormal gastrointestinal motility is a key contributor to IBS symptomatology and
varies according to clinical subtype. In diarrhea-predominant IBS, accelerated small
intestinal and colonic transit may result in urgency and frequent loose stools, whereas
constipation-predominant IBS is characterized by delayed transit, impaired propulsive
activity, and increased colonic compliance [7].

Neuroendocrine factors play a pivotal role in regulating gastrointestinal motility.
Alterations in serotonin signaling, particularly involving enterochromaffin cells and
serotonin transporters, have been implicated in IBS pathophysiology. In addition,
stress-related activation of the hypothalamic pituitary adrenal axis influences gut
motility, secretion, and visceral sensitivity, providing a mechanistic link between
psychological stress and gastrointestinal symptoms [8].
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Immune Activation, Intestinal Permeability, and Low-Grade Inflammation

Accumulating evidence suggests that subtle immune activation and low-grade
inflammation contribute to symptom generation in a subset of IBS patients. Increased
infiltration of immune cells, particularly mast cells and lymphocytes, has been
observed in the intestinal mucosa of affected individuals. These cells release mediators
such as histamine, proteases, and cytokines, which can sensitize enteric neurons and
disrupt epithelial barrier function [9].

Increased intestinal permeability, often referred to as a “leaky gut,” has been
documented in IBS, especially in post-infectious forms. Barrier dysfunction allows
luminal antigens and microbial products to access the mucosal immune system,
perpetuating immune activation and visceral hypersensitivity. These findings highlight
the relevance of immune-targeted and barrier-restoring therapies in selected patient
populations [10].

Role of the Gut Microbiota and Microbial Metabolites

The gut microbiota has emerged as a central modulator of gastrointestinal
physiology and immune homeostasis. In IBS, dysbiosis is characterized by reduced
microbial diversity and altered abundance of specific bacterial taxa, which may vary
across IBS subtypes. These microbial changes influence fermentation processes, gas
production, bile acid metabolism, and short-chain fatty acid synthesis, all of which can
affect bowel habits and symptom severity [11].

Microbial metabolites also play a role in gut brain communication by modulating
enteroendocrine signaling, immune responses, and central nervous system function.
The recognition of microbiota host interactions has stimulated interest in microbiota-
directed therapies, including probiotics, antibiotics, dietary interventions, and
emerging biotherapeutic approaches [12].

Psychosocial Factors and the Biopsychosocial Model

Psychosocial factors are integral to the development and progression of IBS. High
rates of anxiety, depression, and stress-related disorders have been consistently
reported among IBS patients. Early life adversity, such as childhood trauma or
gastrointestinal infections, may predispose individuals to long-term dysregulation of
the gut brain axis [13].

These psychosocial influences not only exacerbate gastrointestinal symptoms but
also affect illness behavior, treatment adherence, and clinical outcomes. Consequently,
psychological and behavioral therapies have become recognized as essential
components of comprehensive IBS management, particularly in patients with
refractory symptoms [14].

Diagnostic Paradigm: From Exclusion to Positive Diagnosis

The diagnosis of IBS has traditionally been one of exclusions, often leading to
extensive and costly investigations. Contemporary clinical guidelines advocate for a
positive diagnostic approach based on symptom criteria, primarily the Rome IV
framework, in the absence of alarm features. This approach improves diagnostic
confidence, reduces unnecessary testing, and enhances patient reassurance. Limited
laboratory investigations are recommended to exclude inflammatory and structural
disease when clinically indicated. Ongoing research into novel biomarkers, including
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markers of immune activation, bile acid metabolism, and microbiota-derived
signatures, aims to facilitate more precise phenotyping and personalized treatment
strategies [15].

Sex Differences and Hormonal Influences in IBS

Growing evidence indicates that sex-related biological factors play a significant
role in the development and clinical expression of IBS. The higher prevalence of IBS
among women suggests an important contribution of sex hormones to gastrointestinal
function and visceral pain perception. Estrogens and progesterone modulate
gastrointestinal motility, visceral sensitivity, immune responses, and gut—brain
signaling, potentially influencing symptom severity and fluctuation across the
menstrual cycle. Clinical observations demonstrate that many female patients report
worsening of IBS symptoms during the luteal phase and menstruation, supporting the
role of hormonal variability. Moreover, sex differences have been identified in stress
responsivity, pain processing, and healthcare-seeking behavior, which may further
contribute to differences in disease burden and treatment outcomes. Understanding
sex-specific mechanisms may facilitate more tailored therapeutic strategies and
improve clinical management in women with IBS [16].

Overlap Syndromes and Comorbidity with Other Functional Disorders

IBS frequently coexists with other functional and somatic symptom disorders,
including functional dyspepsia, gastroesophageal reflux disease, fibromyalgia, chronic
fatigue syndrome, and interstitial cystitis. This phenomenon, often referred to as
overlap syndromes, reflects shared pathophysiological mechanisms such as central
sensitization, autonomic dysfunction, and altered pain processing [17].

The presence of comorbid functional disorders is associated with increased
symptom severity, psychological distress, and reduced response to conventional
gastrointestinal therapies. Recognition of overlap syndromes is therefore essential for
comprehensive patient assessment and may necessitate a broader, multidisciplinary
treatment approach rather than isolated symptom management [18].

Impact of IBS on Patient—Physician Interaction and Therapeutic Alliance

Beyond biological mechanisms, IBS poses unique challenges in the patient—
physician relationship. The absence of objective diagnostic markers and fluctuating
symptom patterns may lead to diagnostic uncertainty, patient frustration, and reduced
trust in medical care. Patients with IBS often report feeling misunderstood or
dismissed, which can negatively affect treatment adherence and satisfaction [19].

Effective communication, patient education, and validation of symptoms are
increasingly recognized as therapeutic interventions. A strong therapeutic alliance
enhances patient engagement, improves coping strategies, and may directly influence
symptom perception through modulation of stress and gut-brain interactions.
Incorporating patient-centered care principles is therefore a critical component of
modern IBS management [20].

Therapeutic Implications and Future Directions

Advances in the understanding of IBS pathophysiology have directly influenced
therapeutic strategies, shifting the focus toward individualized and mechanism-based
management. Contemporary treatment approaches integrate dietary modification,
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pharmacological therapy, microbiota-targeted interventions, and psychological
support.

Looking forward, the integration of clinical phenotyping, molecular biomarkers,
and patient-reported outcomes is expected to enable precision medicine approaches in
IBS. Such strategies may allow for earlier intervention, improved symptom control,
and better long-term outcomes, ultimately addressing the unmet needs of patients with
this complex disorder.

CONCLUSION

Irritable bowel syndrome is a complex and heterogeneous disorder resulting from
dynamic interactions between the gut, brain, immune system, and intestinal microbiota.
Current evidence indicates that IBS arises from multiple overlapping
pathophysiological mechanisms rather than a single causative factor, which explains
the variability of clinical manifestations and treatment responses.

Recent advances have shifted IBS management toward a positive diagnostic
approach and individualized, mechanism-based therapy integrating dietary,
pharmacological, microbiota-directed, and psychological interventions. Recognition of
psychosocial influences, sex-related differences, and comorbid functional disorders
further highlights the importance of a multidisciplinary and patient-centered strategy.
Future progress in biomarker development and precision medicine is expected to
improve diagnostic accuracy, optimize treatment selection, and enhance long-term
outcomes for patients with IBS.
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Abstract. Toxic epidermal necrolysis (TEN) is a rare, life-threatening
mucocutaneous reaction characterized by widespread epidermal detachment and
severe systemic involvement. In children, identifying the underlying triggers is
essential for timely diagnosis, effective management, and prevention of recurrence.
This study aims to analyze allergic triggers associated with TEN in pediatric
populations, including medications, vaccines, and environmental allergens, and to
evaluate their clinical implications. A comprehensive literature review was conducted,
focusing on pediatric case reports, cohort studies, and pharmacovigilance data
published in the last 15 years. Data was extracted on the type of allergen, latency
period, clinical presentation, treatment approaches, and outcomes. The majority of
pediatric TEN cases are associated with drug-induced hypersensitivity, particularly
antibiotics such as sulfonamides, anticonvulsants, and non-steroidal anti-inflammatory
drugs. Vaccines and rare food or environmental allergens have also been reported as
triggers. Early recognition of causative agents, prompt withdrawal of the suspected
allergen, and supportive care in specialized units significantly improve prognosis.
Understanding the spectrum of allergic triggers in children with TEN is crucial for
prevention, risk stratification, and optimization of therapeutic strategies.

Keywords: toxic epidermal necrolysis;, children; allergic triggers;, drug
hypersensitivity,; vaccines,; pediatric dermatology.

Introduction. Toxic epidermal necrolysis (TEN) is a rare but life-threatening
mucocutaneous disorder marked by extensive epidermal detachment, mucosal
involvement, and systemic complications. Pediatric TEN, although less frequent than
in adults, presents unique challenges due to developmental immunological differences,
variations in drug metabolism, and limited data on long-term sequelae. Children often
experience a more rapid onset of symptoms, and complications such as ocular, oral,
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and genital involvement may lead to chronic morbidity, including scarring, vision
impairment, and dysphagia. Early recognition and identification of triggers are
essential to initiate life-saving interventions, optimize supportive care, and prevent
recurrence [1].

Epidemiology in Pediatric Populations

Epidemiological studies suggest that TEN occurs in 0.4—1.2 per million children
annually, with severe cases representing a subset of all pediatric adverse cutaneous
reactions. The distribution of triggers may vary by age and geographic region,
reflecting differences in prescribing practices, vaccination schedules, and infectious
exposures. Male predominance has been observed in some studies, particularly among
children under 10 years of age. Awareness of these demographic patterns is critical for
risk assessment, particularly in high-risk populations receiving anticonvulsants or
antibiotics [2].

Pathophysiology and Immunological Mechanisms

TEN is primarily a cytotoxic T-cell-mediated hypersensitivity reaction, with
keratinocyte apoptosis driven by granzyme B, perforin, and Fas-Fas ligand
interactions. In pediatric patients, immune responses may be modulated by
developmental factors, including immature regulatory T-cell populations and altered
cytokine profiles. Genetic predispositions, such as HLA-A*02:07 and HLA-B46:01,
have been associated with increased risk of specific drug-induced TEN, highlighting
the role of immunogenetics in allergic susceptibility. Environmental factors, concurrent
infections, and polypharmacy may further influence disease severity [3].

Allergic Triggers: Drugs and Beyond

Drug-induced hypersensitivity i1s the predominant trigger in children, with
anticonvulsants (carbamazepine, lamotrigine, phenobarbital), sulfonamide antibiotics,
and NSAIDs being most frequently reported. Latency periods vary by drug class,
generally ranging from 1 to 31 days. In addition to drugs, infectious agents most
notably Mycoplasma pneumoniae, influenza viruses, and Epstein-Barr virus have been
implicated as triggers or co-factors. Rare reports describe vaccines, dietary
supplements, or environmental allergens as potential precipitating factors, although
these remain exceptionally uncommon. Understanding the spectrum of triggers is
critical for prevention and tailored management [4].

Clinical Presentation and Diagnostic Considerations

Pediatric TEN typically begins with non-specific prodromal symptoms such as
fever, malaise, cough, and gastrointestinal complaints. Cutaneous manifestations
evolve rapidly from erythematous macules to flaccid bullae and extensive epidermal
detachment, often involving more than 30% of body surface area. Mucosal
involvement is almost universal, affecting oral, ocular, and genital sites. Laboratory
studies may reveal elevated inflammatory markers, electrolyte imbalances, and
hypoalbuminemia, while histopathology confirms full-thickness epidermal necrosis
with minimal dermal inflammation. Prompt recognition of prodromal symptoms and
early dermatological consultation are crucial to differentiating TEN from mimickers
like staphylococcal scalded skin syndrome or autoimmune blistering diseases [5].
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Management Strategies

Management of pediatric TEN involves immediate withdrawal of the offending
agent, supportive care in intensive or burn units, and multidisciplinary collaboration.
Supportive measures include fluid and electrolyte replacement, pain management,
wound care, prevention of secondary infections, and nutritional support. Adjunctive
therapies, such as systemic corticosteroids, intravenous immunoglobulins (IVIG),
cyclosporine, or biologics, have been used with variable success. Early intervention is
associated with reduced mortality and improved functional outcomes, especially in
ocular and mucosal sequelae [6].

Long-Term Sequelae and Prognosis

Children who survive TEN may experience long-term complications, including
chronic ocular inflammation, synechiae, skin scarring, nail dystrophy, and
psychosocial distress. Early ophthalmologic and dermatologic follow-up is
recommended. Prognostic factors include extent of epidermal detachment,
involvement of mucous membranes, age, and timeliness of supportive care. Mortality
in pediatric populations is lower than in adults but remains significant in cases with
delayed recognition or multiple comorbidities [7].

Pharmacogenomics and Risk Stratification

Genetic predisposition plays a pivotal role in susceptibility to TEN, particularly in
drug-induced cases. HLA alleles, variations in drug-metabolizing enzymes, and
immune response genes influence the risk of severe hypersensitivity reactions.
Incorporating pharmacogenomic screening in high-risk pediatric populations may
allow for personalized therapy and prevention of TEN, particularly for anticonvulsants
and sulfonamides [8].

Emerging Research and Novel Therapies

Recent research has explored targeted immunomodulatory therapies, including
TNF-alpha inhibitors, IL-15 blockers, and novel biologics, as potential treatments to
mitigate epidermal apoptosis and systemic inflammation. Advances in precision
medicine and molecular diagnostics may improve early identification of at-risk
patients, optimize treatment strategies, and reduce long-term sequelae. Ongoing
clinical trials aim to clarify the safety and efficacy of these interventions in pediatric
populations [9].

Preventive Strategies and Clinical Implications

Preventive strategies for pediatric TEN focus on minimizing exposure to known
triggers, early recognition of prodromal symptoms, and individualized risk assessment.
Pharmacovigilance and careful drug prescribing are central, especially for high-risk
medications such as anticonvulsants, sulfonamides, and NSAIDs. Clinicians should
review prior drug reactions, consider alternative medications with lower
hypersensitivity risk, and monitor for early signs of cutaneous or mucosal involvement
after initiating new drugs [10].

Patient and caregiver education is critical: families should be informed about
prodromal symptoms such as fever, malaise, or rash, and instructed to seek immediate
medical attention if these occur after drug exposure. Maintaining a detailed allergy
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history, including family history of drug reactions, can aid in risk stratification and
prevent re-exposure [11].

Vaccination considerations require vigilance in children with a history of severe
drug hypersensitivity. While vaccines are generally safe, clinicians should monitor for
unusual reactions and report any suspected cases to pharmacovigilance authorities [12].

Genetic and pharmacogenomic screening offers a promising preventive approach.
Screening for HLA alleles associated with TEN (e.g., HLA-B*15:02 for
carbamazepine hypersensitivity in certain populations) can guide personalized therapy
and reduce the risk of severe reactions. Implementation of pharmacogenomic-informed
prescribing in pediatric populations has the potential to prevent cases of TEN before
drug exposure [13].

Finally, early multidisciplinary intervention including dermatology,
ophthalmology, intensive care, and pharmacy ensures rapid identification of triggers
and prompt initiation of supportive care. Institutions should maintain protocols for
rapid recognition and treatment of TEN, as well as post-discharge follow-up plans to
monitor for long-term sequelae, including ocular complications, skin scarring, and
psychosocial impact [14].

Discussion. Pediatric toxic epidermal necrolysis (TEN) remains a clinical
challenge due to its rarity, rapid progression, and high risk of morbidity. The findings
of this review highlight that drug-induced hypersensitivity is the predominant trigger,
with anticonvulsants, sulfonamides, and NSAIDs accounting for most cases. This is
consistent with previous pediatric and adult studies, emphasizing the need for careful
prescribing practices and vigilance for early prodromal symptoms. The latency period
between drug exposure and symptom onset, typically 1-31 days, underscores the
importance of thorough medication histories in pediatric patients presenting with
febrile rash or mucocutaneous lesions [15].

Although drugs are the primary triggers, infectious agents, particularly
Mycoplasma pneumoniae, influenza, and Epstein—Barr virus, can independently or
synergistically precipitate TEN. This dual role of infections highlights the complex
interplay between environmental exposures and immune dysregulation in children.
Rare associations with vaccines, dietary supplements, and environmental allergens,
while uncommon, further underscore the heterogeneity of triggers and the need for
individualized assessment in each patient [16].

Immunopathologically, TEN represents a T-cell-mediated cytotoxic response,
where CD8+ T cells and NK cells drive keratinocyte apoptosis through perforin,
granzyme B, and Fas-Fas ligand interactions. Pediatric immune systems, with distinct
developmental cytokine profiles and regulatory T-cell function, may influence disease
severity and response to therapy. Additionally, genetic predispositions, such as HLA
alleles linked to drug hypersensitivity, provide insight into risk stratification and
highlight the potential role of pharmacogenomic screening in prevention [17].

Management strategies in children emphasize early recognition, withdrawal of the
offending agent, and supportive care in specialized units. Adjunctive
immunomodulatory therapies, including systemic corticosteroids, IVIG, and
cyclosporine, have demonstrated variable efficacy, and emerging biologics targeting
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TNF-alpha and IL-15 pathways hold promise for mitigating keratinocyte apoptosis.
Despite advancements, long-term sequelae, particularly ocular complications, scarring,
and psychosocial impacts, remain a significant concern [18].

Preventive strategies are therefore crucial and should integrate pharmacovigilance,
patient and caregiver education, and genetic risk assessment. Multidisciplinary
collaboration among dermatologists, pediatricians, immunologists, and pharmacists is
essential to optimize early intervention, reduce morbidity, and improve outcomes. The
establishment of pediatric TEN registries and international collaboration will be
instrumental in advancing epidemiological understanding, refining treatment
protocols, and evaluating emerging therapies in real-world settings [19].

Overall, the discussion highlights the importance of integrating clinical vigilance,
immunogenetic insights, and preventive strategies to mitigate the impact of TEN in
children. Future research should focus on molecular diagnostics, predictive
biomarkers, and targeted therapies to further improve prognosis and quality of life in
this vulnerable population [20].

Future Directions

Future research in pediatric TEN should focus on early predictive markers,
pharmacogenomics, and targeted therapies. Integration of genomic screening into
routine clinical practice may allow for identification of children at high risk of drug-
induced TEN, particularly for anticonvulsants and sulfonamide antibiotics.
Development of biomarker-based diagnostic panels, including cytokine profiles and
immune activation signatures, could enable earlier detection during the prodromal
phase, before extensive epidermal detachment occurs.

Novel immunomodulatory therapies, such as TNF-alpha inhibitors, IL-15 blockers,
and other biologics, are under investigation for mitigating keratinocyte apoptosis and
systemic inflammation. Large, multicenter pediatric trials are needed to evaluate the
safety, efficacy, and long-term outcomes of these interventions. Additionally,
establishment of international pediatric TEN registries would improve epidemiological
understanding, allow comparison of drug triggers across regions, and facilitate real-
world studies on therapeutic strategies and preventive measures.

Educational initiatives aimed at clinicians, patients, and caregivers are also a
priority. Increasing awareness of early prodromal signs, high-risk medications, and the
importance of immediate drug withdrawal can reduce morbidity and mortality.
Interdisciplinary ~ collaboration = between  dermatologists, = immunologists,
pharmacologists, and pediatricians will be essential to implement evidence-based
prevention and management strategies globally.

CONCLUSION
Toxic epidermal necrolysis in children is a rare but life-threatening hypersensitivity
reaction, most triggered by drugs, with infectious agents and, rarely, environmental
allergens contributing in select cases. Early recognition of prodromal symptoms,
prompt withdrawal of causative agents, and intensive supportive care are critical to
improving outcomes. Pharmacogenomic screening and risk stratification offer
promising avenues for prevention, particularly in populations receiving high-risk
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medications. Multidisciplinary management, ongoing research into targeted therapies,
and clinician and caregiver education are essential to reduce morbidity, prevent
recurrence, and optimize long-term outcomes in pediatric TEN.
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Background. Selye’s Opinion: “Attempts to create a unified theory have always
been made by doctors since the birth of medicine. Every time objective observations
revealed some structural or functional characteristic that seemed common to all parts
of the organism or all its diseases, there arose a desire to turn this feature into an
observational point from which a coherent understanding of medicine in its entirety
could be obtained. However, none of these attempts were fully successful, and I am
inclined to doubt even the theoretical possibility of ever creating a truly unified of
medicine” (Selye H., 1960). Diagnosis and treatment of pathology is based on a deep
understanding of the mechanisms of functioning and molecular basis of structural
organization and regulation in the norm. This is facilitated by the development of
molecular biology and genetics, which today are sometimes used as examples of gene
and cell therapy. Practical classes in histology, cytology and embryology in medical
universities in Ukraine play a significant role not only in illustrating theoretical
knowledge, but rather in providing them with understanding and deep learning. The
qualitative training of physicians in matters of professional competence formation is
still an urgent problem, especially in the acquisition of practical skills and the
development of clinical thinking of students at basic medical departments.

The aim of the study is an analysis of quality and effectiveness teaching the basic
knowledge of medicine-histology by improving smart technology and problem-
oriented training in the class independent work of students at the medical university.

Results. We have use the method of the American educator and philosopher John
Dewey (1859-1952) which proposed changing the paradigm of learning from simply
memorizing information to the active participation of students themselves in the
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process of acquiring knowledge according to their cognitive activity and interest. It is
associated with the name "project method", which is the basic in various degrees of
education in many countries. It should be noted that medical education is associated
with the greatest amount of variety of information on the assimilation of knowledge
and its application in the diagnostic and therapeutic process. It should be emphasized
that this amount of information is constantly updated and revised, which requires the
continuity of the postgraduate study process. Traditional approaches to academic
training in medical science require the introduction of innovative technologies in the
preparation of physicians capable of independent work. Of course, these processes
involve the attraction of additional resources, which is not always possible in Ukraine
at this difficult time, so the opportunities and pedagogical experience of teachers
should not be abandoned. The introduction of our research method into the pedagogical
process begins by engaging students in the first practical session by discussing the
scientific problematic issues that they would like to present in the next lessons in the
form of educational and scientific presentations. It should be emphasized that the first
lesson is different from the others, because it acquaints with the object of their research
- histological preparations and methods of research of modern histology. Depending
on the condition of the object being investigated, these methods are divided into living
rooms (when living cells, tissues, organs are studied) and post-living rooms when dead
fixed objects are examined. An illustration of the methods of microscopy,
ultramicroscopy, scanning, raster microscopy, histochemical and immunochemical
methods and the examples of their use in medicine are provided. In this lesson the role
of fundamental knowledge of the structure of organs and their tissues and cells is
emphasized: ultrasonic echolocation, endoscopic methods of research, etc. The focus
of this lesson is on the motivational actions of students in their interest in studying the
subject and their involvement in the educational and research work of the scientific
circle of the department. The future doctor studies the basics of histological technique
and acquires the skills of microscopy, gets acquainted with information about priority
research of Ukrainian scientists in the field of morphology. At practical sessions of the
Department of Histology and Embryology of the OO Bogomolets Medical University
the diagnostics of preparations is carried out on a specific object according to the
method in the following sequence: 1) initial independent study by the student of
histological preparation; 2) then each student shows the teacher the structure in the
preparation, and the teacher provides the necessary explanations and controls the
student's skills; 3) further discussion of this drug is carried out with the participation of
all students; 4) if the organ is studied, then it is first necessary to determine its place in
the functional system of the organism, and to give a general characteristic (origin,
determine the general plan of its structure, show parts or shells, determine diagnostic
features; 5) provide a detailed histological analysis of structures and their functional
properties. Each histological preparation is studied in two stages. In the first stage, the
student learns to "read" a micropreparation and to form his "visual image" in the norm
and acquires the ability to diagnose possible changes in the normal structure. In the
second stage, tables, diagrams, electrographs and multimedia presentations are used to
provide practical skills. Discussion of the investigated object (cell or tissue or organ)
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is conducted from general to partial, with an emphasis on the integrity and relationship
of structure and function. During the conversation, the teacher directs students'
activities to consolidate theory and practical skills. It should be emphasized that the
obligatory element of the discussion is the ultrastructural, histochemical, functional
characterization of histological structures. Discussions regarding the interpretation of
the diagnostic criteria of structures at micro - and ultramicroscopic levels are also
provided in this process, as well as the molecular characterization of morphofunctional
connections, indication of the degree of regenerative properties of structures, or
manifestations of possible disorders of structure and function and the determination of
their medical correlations. new facts to the problem of the structural organization of
life — recognizing the regular unity of structural-functional changes at all levels of the
biological (pathological) process. Biological structure is a form of organization of
matter, expressed in space and time by specific relationships of its constituent elements.
In particular, the introduction of an active method of discussion, we apply the method
of posing the problem and solving it by students. In such classes, the student-speaker
(on topical issues of structural and functional relationships and medical importance of
patterns, mechanism of interaction) presents his educational research work with a
multimedia pre presentation. For example, one can speak of the structure of the cardiac
cycle, blood clotting, or complement activation. A telling example of the unity of
structural-functional changes can be seen in compensatory-adaptive processes. The
other students - "opponents" - are involved in the discussion of the data and make a
correction. Some students ask questions, supplement and suggest their own solutions
to the problem. The whole team scores on the traditional scale of the student-speaker.
The teacher evaluates the contribution of each student in solving the problem. The
desire of the student to obtain deep and fundamental special knowledge should be fully
supported and encouraged in order to develop in them a tendency to think
independently, to master creatively the latest achievements of science in medicine, to
constantly update his personal stock of knowledge.

Conclusion. The use of such methods as problem-solving, discussion, methods of
stimulating and motivating educational activities made it possible to create
psychological and pedagogical conditions for the transformation of students'
reproductive activity into productive; each student acquired the skills to be oriented
and independent, to fully show initiative, creative search in research, and to be more
interactive in discussing and solving problematic scientific issues of medical
importance.
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Diverticular disease and diverticulosis are the most common non-cancerous
pathology of the colon. It has traditionally been considered a disease of the elderly
and associated with cultural and dietary habits It has been historically reported
that 10%-25% of patients with diverticulosis will eventually develop
diverticulitis [1].

The pathogenesis of diverticular disease formation is complex, comprising a
combination of factors including diet, genetics, gut microbiome, colonic motility and
structure related to changes in colonic musculature, collagen metabolism and
extracellular matrix [2].

The role of bacterial microflora is important in the pathogenesis of diverticular
disease. Disruption of the intestinal microbiota and its metabolites occurs as a result of
slowed intestinal transit and stagnation of fecal matter in diverticula (formation of
fecaliths), which provokes intestinal inflammation, causes dysfunction of the mucosal
barrier, and enhances the release of pro-inflammatory cytokines.

The intestinal microbiota is a collection of commensal microorganisms that help
maintain homeostasis and proper functioning of the digestive tract. The composition
of the intestinal microbiota is represented by seven main phylotypes (Firmicutes,
Bacteroidetes, Actinobacteria, Proteobacteria, Verrucomicrobia, Fusobacteria,
Euryarchaeota), the main representatives of which are Bifidobacteria, Atopobium,
Lactobacillus, Bacteroides spp., Akkermansia spp., Enterococcus, Escherichia coli,
and others)

Disruption of the diversity and quantitative composition of intestinal microbiota
populations may play a role in the formation and persistence of IBD symptoms due to
a decrease in the production of short-chain fatty acids that provide trophism to
epithelial cells, which contributes to an increase in intestinal epithelial permeability
with the formation of low-grade inflammation and, as a result, the formation of
dystrophy and dysmotility of the colonic muscle wal [3, 4].
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The purpose and objectives of the study: to investigate the effectiveness of the
use of probiotic preparations containing Lactobacilli and Bifidobacteria in the
treatment of patients with diverticular disease.

Study materials: the observation group consisted of 22 outpatients with
symptomatic uncomplicated diverticular disease (SUDD).

Patients with suspected complications of diverticular disease (acute diverticulitis,
perforation, bleeding, abscess) were excluded.

Research results: A wenty-two patients with uncomplicated diverticular disease
of the large intestine (14 men and 8 women aged 42 to 64 years) were monitored. We
studied the clinical efficacy of probiotic preparations containing Lactobacilli and
Bifidobacteria against the background of basic therapy for DB (a diet enriched with
dietary fiber, psyllium, and selective antispasmodics for pain syndrome). The diagnosis
was verified based on clinical and anamnestic data, the determination of biomarkers
(CRP protein, fecal calprotectin, and lactoferrin), analysis of the microbiota by stool
culture for dysbacteriosis, and colonoscopy using the DICA endoscopic classification.
The results were evaluated based on the dynamics of clinical symptoms and the data
from the above-mentioned examination methods. Asymptomatic disease was observed
in 9 (40.9%) patients.

When testing stool samples for dysbiosis, grade II dysbiosis was found in 15
(68.13%) patients, manifested by a decrease in the content of E. coli with normal
enzymatic activity, bifidobacteria, and lactobacilli, and an increase in conditionally
pathogenic flora: Klebsiella, Citrobacter, staphylococcus, and fungi of the genus
Candida.

After the end of therapy, all patients underwent stool culture for dysbiosis. A
reliable restoration of beneficial intestinal microflora was established: a decrease in
conditionally pathogenic flora to acceptable levels and a reliable increase in the content
of E. coli with normal enzymatic activity, bifidobacteria, and lactobacilli in all 22
patients (p < 0.05), which is explained by the probiotic and anti-inflammatory effects
of the prescribed drugs containing Lactobacilli and Bifidobacteria.

Conclusions: The inclusion of studied probiotic preparations in the traditional
treatment of diverticular disease is pathogenetically justified, since they restore the
barrier function of the colon, modulate the microbiota, and normalize the contractile
ability of the intestine.

The results obtained will be taken into account in further studies of the role of
probiotics in the treatment of uncomplicated SUDD and diverticulosis.
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Abstract. Glaucoma remains one of the leading causes of irreversible blindness
worldwide, primarily due to progressive optic nerve damage associated with elevated
intraocular pressure (IOP). Despite the effectiveness of topical hypotensive therapy and
conventional surgical interventions, limitations such as poor adherence, medication-
related side effects, and high complication rates of traditional filtering surgeries
necessitate the development of safer and more sustainable treatment strategies. In
recent years, minimally invasive glaucoma surgery (MIGS) has emerged as a
significant advancement in the surgical management of glaucoma, offering a favorable
balance between efficacy and safety.

This narrative literature review aims to summarize and critically analyze
contemporary approaches to glaucoma treatment with a particular focus on MIGS
techniques. The review discusses the mechanisms of action, indications, clinical
outcomes, and safety profiles of the main MIGS procedures, including trabecular,
suprachoroidal, and subconjunctival devices. Special attention is given to patient
selection, long-term intraocular pressure reduction, reduction in medication burden,
and comparison with conventional glaucoma surgeries.

Current evidence suggests that MIGS procedures provide moderate but clinically
meaningful IOP reduction with a significantly lower risk of intraoperative and
postoperative complications, making them particularly suitable for patients with mild
to moderate open-angle glaucoma. However, limitations related to long-term efficacy,
cost, and the lack of standardized outcome measures remain. Future research directions
include the development of novel devices, refinement of surgical techniques, and long-
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term comparative studies to better define the role of MIGS within the glaucoma
treatment algorithm.

Keywords: glaucoma, minimally invasive glaucoma surgery, MIGS, intraocular
pressure, surgical treatment.

Introduction. Glaucoma is a chronic and progressive optic neuropathy
characterized by the degeneration of retinal ganglion cells and corresponding visual
field loss, representing one of the leading causes of irreversible blindness worldwide.
Elevated intraocular pressure (IOP) remains the most important modifiable risk factor
for disease progression, and effective IOP reduction is central to glaucoma
management to preserve visual function. Traditional treatment modalities for glaucoma
include topical hypotensive medications, laser trabeculoplasty, and conventional
incisional surgeries such as trabeculectomy and glaucoma drainage device
implantation. While these approaches can achieve substantial pressure lowering, they
are often associated with limitations including medication adherence challenges, ocular
surface toxicity, and a comparatively high incidence of severe postoperative
complications such as hypotony, bleb-related infections, and prolonged recovery,
particularly in the case of trabeculectomy and tube shunts [1,2].

Over the past decade, minimally invasive glaucoma surgery (MIGS) has
emerged as a transformative surgical concept aimed at safely reducing IOP with
significantly less tissue trauma than traditional filtering procedures. Defined by
features such as an ab interno approach through small corneal incisions, minimal
disruption of ocular tissues, rapid postoperative recovery, and an enhanced safety
profile, MIGS procedures encompass a heterogeneous array of devices and techniques
designed to improve aqueous outflow through the trabecular meshwork, Schlemm’s
canal, suprachoroidal space, or subconjunctival pathways [3].

Recent comprehensive reviews and clinical studies indicate that MIGS offers
clinically meaningful reductions in IOP and a reduction in glaucoma medication
burden, especially when combined with phacoemulsification in patients with
coexisting cataract. Short-term outcomes (<12 months) from various MIGS modalities
show significant mean IOP reduction and fewer medications, with visual acuity
stabilization and low incidences of severe adverse events. Long-term data (>12
months) also demonstrate sustained pressure control and continued medication
reduction in selected cohorts, although variability exists among different devices and
approaches [4].

The role of MIGS in specific glaucoma subtypes has also been the subject of recent
meta-analyses. For instance, systematic reviews of MIGS in primary angle closure
glaucoma (PACG) suggest that MIGS procedures performed with or without
concurrent cataract surgery lead to considerable IOP and medication reductions at one
year, with favorable safety profiles, highlighting potential applicability beyond open-
angle disease [5].

Despite these promising findings, current evidence is limited by the relative
paucity of high-quality, long-term randomized controlled trials, and the variability
in outcomes reported across different devices and surgical contexts. Many existing
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studies are non-comparative or retrospective, which underscores the need for robust
clinical trials to adequately delineate the comparative efficacy and safety of MIGS
relative to both traditional surgery and medical therapy [6].

Materials and Methods. A narrative literature review was conducted to evaluate
contemporary evidence on minimally invasive glaucoma surgery (MIGS) in modern
glaucoma management. A systematic search of PubMed/MEDLINE, Scopus, Web of
Science, and the Cochrane Library was performed for articles published between 2018
and 2025. The search strategy included the terms “glaucoma”, “minimally invasive
glaucoma surgery”, “MIGS”, “trabecular bypass”, “suprachoroidal”, and
“subconjunctival glaucoma surgery”, combined using Boolean operators.

Eligible publications included peer-reviewed original studies, randomized
controlled trials, systematic reviews, and meta-analyses published in English that
evaluated the efficacy and safety of MIGS procedures in adult glaucoma patients. Case
reports, experimental studies, conference abstracts, and articles focused exclusively on
conventional glaucoma surgery were excluded.

Data extraction focused on study design, type of MIGS procedure, follow-up
duration, intraocular pressure reduction, changes in antiglaucoma medication use, and
reported complications. Due to methodological heterogeneity among included studies,
findings were synthesized qualitatively, emphasizing overall trends in clinical
outcomes and safety profiles across different MIGS techniques.

Results. Analysis of the contemporary literature demonstrates a substantial
expansion in both the volume and methodological quality of studies evaluating
minimally invasive glaucoma surgery (MIGS) over the past several years. The majority
of published data originate from prospective and retrospective cohort studies,
supplemented by randomized controlled trials and multiple high-quality systematic
reviews and meta-analyses. Most investigations focus on adult patients with mild to
moderate primary open-angle glaucoma, frequently in the context of combined cataract
surgery, reflecting real-world clinical practice. Across studies, baseline intraocular
pressure (IOP) values typically ranged from the mid-teens to the mid-twenties in
millimeters of mercury, with patients often receiving one or more topical antiglaucoma
medications prior to surgical intervention.

Overall, MIGS procedures consistently demonstrated effective IOP reduction
across diverse surgical platforms and mechanisms of action. Trabecular outflow—based
techniques, including trabecular bypass stents and ab interno trabeculectomy, were
among the most extensively studied modalities. These procedures produced mean IOP
reductions ranging from approximately 20% to 35% at 12 months postoperatively, with
statistically significant improvements compared to baseline reported in nearly all
studies. Longitudinal follow-up extending to 24—60 months indicated that pressure-
lowering effects were largely sustained over time, although a gradual attenuation of
efficacy was observed in some cohorts, particularly among patients undergoing
standalone MIGS without concurrent cataract extraction. Despite this trend,
postoperative IOP levels generally remained within target ranges sufficient to stabilize
disease progression in appropriately selected patients [7].
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Suprachoroidal MIGS approaches demonstrated comparable early postoperative
IOP reduction, with some studies reporting slightly greater initial pressure decreases
than trabecular procedures. This effect is attributed to enhanced uveoscleral outflow
and reduced episcleral venous resistance. However, long-term outcomes exhibited
greater variability across studies, with device-specific differences in durability and
complication profiles. While early results were favorable, extended follow-up data
revealed heterogeneity in sustained efficacy, emphasizing the influence of anatomical
factors and surgical technique on long-term success [8].

Subconjunctival MIGS procedures consistently achieved the most pronounced IOP
reductions among MIGS modalities. In multiple studies, mean IOP lowering
approached levels traditionally associated with conventional filtering surgery,
particularly in patients with higher baseline pressures or more advanced disease. These
outcomes were accompanied by a higher frequency of postoperative interventions,
such as bleb needling, yet overall complication rates remained lower than those
historically reported for trabeculectomy. Importantly, the balance between enhanced
efficacy and acceptable safety positioned subconjunctival MIGS as a viable alternative
for patients requiring lower target [OPs but unsuitable for conventional surgery [9].

A robust and reproducible finding across nearly all reviewed studies was a
significant reduction in topical antiglaucoma medication burden following MIGS. At
one year postoperatively, most investigations reported a decrease of one to two
medications per patient, with a substantial proportion achieving complete medication
independence. Combined MIGS and cataract surgery consistently resulted in greater
medication reduction compared to cataract surgery alone, underscoring the additive
benefit of MIGS beyond lens extraction related IOP lowering. Long-term follow-up
data suggested that medication reduction was largely maintained, although a subset of
patients required reinitiation of topical therapy over time, particularly in the context of
disease progression or waning surgical efficacy [10].

Visual outcomes following MIGS were uniformly favorable. Best-corrected visual
acuity was generally preserved or improved, especially when procedures were
combined with phacoemulsification. Importantly, there was no consistent evidence of
vision-threatening complications attributable to MIGS across the reviewed literature.
Visual field outcomes were less frequently reported, largely due to limited long-term
follow-up and variability in testing protocols. Nevertheless, available data suggest that
sustained IOP reduction achieved with MIGS is associated with stabilization of visual
field indices and a reduction in the rate of glaucomatous progression, although direct
comparisons with traditional filtering surgery remain limited [11].

Safety analysis revealed one of the most compelling advantages of MIGS. Across
studies, MIGS procedures were associated with markedly lower rates of serious
intraoperative and postoperative complications compared with conventional incisional
glaucoma surgeries. The most commonly reported adverse events included transient
hyphema, mild postoperative inflammation, and short-term IOP fluctuations, all of
which typically resolved without long-term sequelae. Severe complications such as
persistent hypotony, choroidal detachment, endophthalmitis, or bleb-related infections
were rare, particularly among trabecular and suprachoroidal approaches.
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Subconjunctival MIGS exhibited higher rates of postoperative management
requirements, yet the overall safety profile remained favorable relative to
trabeculectomy [12].

Comparative effectiveness analyses consistently demonstrated that while MIGS
yields less absolute IOP reduction than traditional filtering procedures, it offers
substantial advantages in terms of safety, recovery time, and patient tolerance. Meta-
analyses indicated that MIGS procedures result in fewer postoperative complications,
reduced need for intensive follow-up, and faster visual rehabilitation. These attributes
support the role of MIGS as an intermediate therapeutic option positioned between
medical therapy and high-risk incisional surgery within the glaucoma treatment
algorithm [13].

Emerging evidence has expanded the evaluation of MIGS beyond primary open-
angle glaucoma. In pseudoexfoliative glaucoma, MIGS demonstrated IOP reduction
comparable to that observed in primary open-angle disease, although some studies
reported slightly higher rates of early postoperative complications, likely reflecting
increased trabecular pathology. In angle-closure glaucoma, selected studies reported
favorable outcomes when MIGS was performed following adequate angle opening,
typically in combination with cataract surgery. However, evidence in this population
remains limited, and long-term outcomes are less well characterized [14].

Long-term durability of MIGS remains an area of ongoing investigation. Studies
with follow-up extending beyond three to five years suggest that a significant
proportion of patients maintain adequate IOP control without escalation to traditional
surgery. Device survival and sustained efficacy varied by MIGS category, with
subconjunctival approaches demonstrating the highest long-term pressure-lowering
potential. Nevertheless, late surgical failure requiring additional intervention was
reported in a minority of cases, highlighting the importance of careful patient selection
and realistic expectation setting [15].

Collectively, the reviewed evidence indicates that MIGS provides meaningful and
sustained reductions in intraocular pressure and medication burden with a superior
safety profile compared to conventional glaucoma surgery. Although limitations
related to long-term efficacy and heterogeneity of outcomes persist, current data
support the integration of MIGS as a core component of modern glaucoma
management, particularly for patients with early to moderate disease stages.

Discussion. The findings of this literature review confirm that minimally invasive
glaucoma surgery (MIGS) has become an integral component of modern glaucoma
management, occupying a distinct position between medical therapy and conventional
filtering surgery. The accumulated evidence demonstrates that MIGS procedures
provide consistent and clinically meaningful reductions in intraocular pressure (IOP)
and antiglaucoma medication burden while maintaining a superior safety profile
compared with traditional surgical approaches. These characteristics address several
long-standing challenges in glaucoma treatment, particularly issues related to
medication adherence, surgical morbidity, and patient quality of life.

One of the most significant observations across the reviewed studies is the
reproducibility of IOP reduction achieved with MIGS across different mechanisms of
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action. Trabecular-based procedures reliably lower IOP by enhancing physiological
aqueous outflow, resulting in moderate yet stable pressure reduction suitable for
patients with early to moderate disease. Although the magnitude of IOP lowering is
inferior to that achieved with trabeculectomy or tube shunt surgery, the pressure levels
attained are often sufficient to halt or slow disease progression in appropriately selected
patients. This reinforces the concept that maximal IOP reduction is not universally
required and that individualized target pressure strategies are central to contemporary
glaucoma care.

Suprachoroidal MIGS approaches introduce an alternative outflow pathway by
augmenting uveoscleral drainage, which may explain the relatively rapid and
pronounced early postoperative [OP reductions reported in some studies. However, the
variability observed in long-term outcomes highlights unresolved questions regarding
the durability of this pathway and the influence of patient-specific anatomical factors.
These findings underscore the need for improved patient selection criteria and longer-
term comparative studies to better define the role of suprachoroidal techniques within
the MIGS spectrum.

Subconjunctival MIGS procedures represent a hybrid category that bridges
minimally invasive techniques and traditional filtering surgery. The reviewed evidence
indicates that these procedures can achieve IOP reductions approaching those of
trabeculectomy while maintaining a more favorable safety profile. Nevertheless, the
higher incidence of postoperative interventions, such as bleb needling, suggests that
subconjunctival MIGS requires a level of postoperative management expertise
comparable to conventional filtering surgery. This trade-off between efficacy and
postoperative care must be carefully considered when selecting candidates for this
approach.

The reduction in topical medication burden observed across MIGS studies has
important clinical implications. Long-term adherence to glaucoma medications
remains suboptimal, with well-documented consequences for disease progression. By
decreasing or eliminating the need for topical therapy, MIGS may improve adherence,
reduce ocular surface disease, and enhance patient satisfaction. The sustained
medication reduction reported in longer-term follow-up studies further supports the
durability of this benefit, although the need for reintroduction of medications in some
patients highlights the progressive nature of glaucoma and the importance of ongoing
monitoring.

Despite these strengths, the current evidence base for MIGS is not without
limitations. The heterogeneity of study designs, outcome measures, and follow-up
durations complicates direct comparison between different MIGS modalities and with
conventional surgery. Many studies are retrospective or non-comparative, and high-
quality randomized controlled trials with long-term follow-up remain relatively scarce.
Furthermore, industry involvement in device development and study sponsorship
introduces the potential for bias, underscoring the need for independent, investigator-
initiated research.

Another important consideration is the evolving definition of success in glaucoma
surgery. Traditional metrics have emphasized absolute IOP reduction, whereas
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contemporary practice increasingly incorporates medication burden, safety, quality of
life, and visual function preservation. When evaluated through this broader lens, MIGS
demonstrates substantial value, even when absolute pressure reduction is modest.
Future studies incorporating patient-reported outcomes and standardized success
criteria will be essential to fully capture the clinical impact of MIGS.

The expanding application of MIGS to non—open-angle glaucoma subtypes
represents an emerging area of interest. Preliminary data in pseudoexfoliative and
angle-closure glaucoma are encouraging but remain insufficient to support widespread
adoption. These findings highlight the necessity of subtype-specific research to clarify
indications, optimize surgical timing, and minimize complications in more complex
disease presentations.

Conclusion. Minimally invasive glaucoma surgery (MIGS) has emerged as a safe
and effective alternative to traditional glaucoma surgery, offering meaningful
reductions in intraocular pressure and medication burden with a favorable safety
profile. Evidence from recent clinical studies demonstrates that MIGS is particularly
suitable for patients with mild to moderate glaucoma, providing sustained pressure
control, improved adherence, and faster postoperative recovery. While MIGS does not
achieve the same absolute IOP lowering as conventional filtering procedures, its
advantages in safety, patient tolerability, and quality of life support its integration into
contemporary glaucoma management.

Future research should focus on long-term outcomes, comparative effectiveness
across different MIGS devices, and expanded evaluation in diverse glaucoma subtypes
to optimize patient selection and refine treatment algorithms.
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HEOBXIIHICTh BUIAJIEHHSA TPETIX MOJISIPIB SIK
KOPEJISALISI MIK TIOJIO)KEHHSM TA PUBUKOM
JIUCTAJIBHOI'O PEIIMJIUBY HICJIA
OPTOJOHTHUYHOI TEPAIIII

IcakoBa Harajia MuxaiijiBHa

K.M€JI.H., JIOLEHT, TOLIEHT Kaeapu CTOMATONOTI] IUTSAYOrO BIKY
Binaumekuii HamioHansHUN MeaquIHUN yHiBepcuteT iM. M.I. [Tuporosa
M. Binawnis, Ykpaina

Kacbsinenko Imutpo MuxaninoBu4
K.M€JI.H., IOIIEHT, JOLIEHT Kadeapu CTOMATOJIOTI] AUTIYOTO BIKY
BinHunbkuii HarjioHanbHUM MenuuHui yHiBepcuteT iM. ML.I. ITuporosa

bonnapenko bornana PomaniBHa

3n00yBauka Ipyroro (MariCTepchbKoro ) piBHsl BUILIOi OCBITH
BinHunbkuiil HarfioHanbHUM MenuuHui yHiBepcuteT iM. M.I. ITuporosa
5 kypc 8 rpyna CtomaToioriyHui (HaKynbTeT

IcakoBa SIna IInauniBHAa

3n00yBauka Ipyroro (MariCTepchbKoro ) piBHs BUILIOi OCBITH
Binnunpkuii HarfioHanbHUM MenuuHuit yHiBepcuteT iM. ML.I. ITuporosa
2 xkypc 61 rpyna Mennunuii gpakynbteT No2

[IpoOnemMa AMCTANBHOTO PEUMIMBY MICAS  OPTOJOHTHYHOIO  JIIKYBaHHS
3QJIMIIAETHCS OJHIEI0 3 HAUCKIIAAHIIIMNX Y KITHIYHIA npakTull. [lonpu TeXHOIOor4HMMA
nporpec y Mmerogax ¢ikcallii Ta peTeHilii, MOBEpHEHHs 3y01B 10 BUXIIHUX MO3UIINA —
0COOJIMBO Y (DPOHTANIBHIN JIISHIN HUXKHBOI IIEIEH — TPAIUIIETHCS JTIOBOJI 4acTo.
OaHuM 13 YMHHUKIB, IO TPAIUIIMHO IiJI03PIOIOTh Y IPOBOKYBAaHHI PELHIHNBY, €
HasIBHICTb Ta MOJIOKEHHS TpeTiX MoJisipiB. [IpoTe muTaHHs IXHBOTO peaibHOIO BIUIUBY
3QIMIIAETBCS  AUCKYCIHHUM, 110 3YMOBHJIO HEOOXITHICTh KPUTUYHOTO aHalli3y
HAaKOIMYEHUX JaHUX.

[Teprri peTpoCIEKTUBHI AOCTIHKEHHS OYITU CIIPSIMOBAH1 Ha BUBHAYEHHS KITFOYOBHX
(dakTopiB, 10 BIUIMBAIOTh Ha CTAOUIBHICTh OPTOJOHTHYHOTO pe3ynbTary. JlaHi
CBIJIYaTh Mpo 0araToPakTOPHICTh NPUPOAN PELUAUBY: BiIH POPMYETHCS 1]l BILIMBOM
AHATOMIYHHMX OCOOJIMBOCTEHN MAlll€EHTA, CTPYKTYPHOI pIBHOBAru 3yOHUX pAJIB, TUILY
MPUKYCY, PYHKIIOHATBHUX M’ SI30BUX MATEPHIB Ta SIKOCTI PETEHIIHHOTO CyNpOBOIY
nicis JIiKyBaHHS [3]. ¥V 11bOMy KOHTEKCTI TPETiil MOJSIP PO3IIISIAETHCS HE IK OKPEMUIA
BUPIIIAJIbBHUN YUHHUK, a SIK OJWH 3 €JEMEHTIB CKJIaJHOI OloMEeXaHIYHOi CHUCTEMHU.
[TopytieHHsI TPOCTOPOBUX B3a€EMOBIIHOCUH Y 3aJHIX Bifjiax 3yOHOro psiay AiiCHO
MO’K€ CTBOPIOBATHU JI0IaTKOB1 BEKTOPU THCKY, ajleé MUTAHHSA MOJSATae y TOMY, YU € Il
CWJIM TOCTaTHIMU JJIS 1HIIIIOBAHHS TUCTATBLHOTO 3MIIIEHHS 200 CKy4YE€HOCTI.
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[Tomanpmii OTasiAM JIiTEpaTypH, IO OXOIUTIOIOTH JaHi 3a KiUIbKa JECSTHIITH,
HIATBEP/KYIOTh BIACYTHICTh €IMHOI JTYMKH IIOJO PO TpeTix MoisipiB. YacTtunHa
aBTOPIB HE BUSBMWJIA MEPEKOHJIMBUX JIOKA31B TOTO, IO MPOPi3yBaHHSI a00 HASBHICTH
3y0IB MYApPOCTI € TPOBIAHUM (akTopoM (PopMyBaHHS MOBTOPHOI CKYYEHOCTI YU
PEUUANBY MICIS OPTOJOHTUYHOTIO JIIKyBaHHs [2]. JlochipKeHHs TOKa3yI0Th, 1[0 3MIHU
B 3yOHOMY psily 4acTO 3yMOBIICHI IPUPOJTHUMH IIPOLIECAMU TTOCTITYOEPTATHOTO POCTY,
PEMOJIETIIOBAHHSM KICTKOBUX CTPYKTYp Ta BIKOBUMH 3MiHAMU OKJIIO31i, a HE MPSIMUM
BIJTUBOM TPETIX MOJISIPIB.

Boanowac iHmi poGoTH JEMOHCTPYIOThH, IO KOPEILis MK HasBHICTIO TPETiX
MOJIpIB Ta 3MiHAMH B Ay31 3a3BHYail € C1a0KO0, CTaTUCTHYHO HECTaOUIBHOIO Ta
3HaYHOIO MIPOI0 3aJeKUTh B I1HAMBIAyaJIbHUX aHATOMO-(YHKI[IOHAIBHUX
ocobnmBocteil natienTa [4]. Lle miakpecatoe BaKJIUBY TEHIEHIIIO: HABITh SIKIIO TPETIN
MOJISIp TPUCYTHIN 1 3HaXOAUTHCS B MOTEHUIMHO MPOOJIEMHOMY MOJIOKEHHI, L€ HE
O3Hayae, 10 PEeLHIUB 000B’SI3KOBO BIIOYyaeThCA. OHAK 1 MPOTHIICKHE TAKOXK BIpHE
— MOro BIICYTHICTb HE TapaHTy€ CTAOUTLHOCTI pe3yJIbTaTy.

BoaHouac HU3Ka poOIT akIIEHTY€E yBary Ha TOMY, 10 CaMe IPOCTOPOBE MOJIOKEHHS
TPETIX MOJISIpIB — OCOOJIMBO PETHHOBAHUX ab0 HAIMIBPETUHOBAHUX — MOXKE
BUCTYNAaTU TOTEHLIAHUM PHU3UKOBUM (AKTOPOM PO3BUTKY pEUUAMUBY. Y HU3LI
OTJISIIOBUX MyOJTIKAIliil BUCITIOBIIIOETHCS MPUITYIICHHS, 1[0 PETUHOBAHI TPETI MOJISIPU
3aTHI ONOCEPENKOBAHO BIUIMBAaTH Ha CTaH 3yOHOI JAyru 3aBIsSKH 3MiHI
PEMOJIENIIOBAHHS KICTKOBOI TKAHMHHM Yy JHCTaJbHUX BIIAUIAX Ta MEPEPO3NOILITY
OKJTIO31MHUX cuJl [6]. Takuil BIUIMB HE 3aBXK/]IU € MPIMUM a00 MEXaHIYHHUM, MPOTE BIH
MOKE CTBOPIOBATH (HOHOBI YMOBH, SIKI 3rOJOM MPOSIBISIOTECS y MOCTYIOBIM
HECTaOIBHOCTI MICIIA OPTOAOHTUYHOTO JIIKYBaHHS.

OxpeMi KIIHIYH1 JOCT1KEHHS TAKOXK IEMOHCTPYIOTh, 1110 HABHICTh PETHHOBAHUX
HUKHIX TPETIX MOJISIPIB YACTIIIE aCOLIIOETHCS 31 3MEHIIEHHSIM IyTOBOi JOBXHHH Ta
BUHMKHEHHSM TEHAEHII1 10 IUCTaIbHOrO 3MilIeHHs a00 rnepeynakoByBaHHS 3yOiB Yy
dbponTtanpHi numsHOi [2]. Lle mae migcTaBM NPUIYCTHTH, IO HaBITh 0e3
0e31ocepeIHbOr0 TUCKY Ha 3YOHHI sl TPETi MOJSP MOXE BIUIMBATH HA 3arajibHy
CTPYKTYpHY pIBHOBary, 3MiHIOIOUM BEKTOPU POCTY 200 HAMPSIMOK KOMITEHCATOPHHUX
nepemiiieHb 3y0iB.

[TpumiTHO, 110 MOTJISIIA MPAKTUKYIOUKX (haxiBIIiB HA 10 MPOOJIEMY 3aTUIIAI0THCS
HEOJHOPIAHUMU. 3a pe3yibTaTaMd MIDKHAPOJHHUX OINUTYBaHb, OPTOJOHTH PI3HHUX
KpaiH MO-pi3HOMY OILIHIOKTH POJIb TPETIX MOJISAPIB, a 3HAUHA YaCTHHA KJIIHIIIUCTIB 1
HaJall TPAKTY€ iX K MOXJIMBUN €TIONOTTYHUN YMHHUK CKYYEHHS Ta peruauBy [S].
Taka po301KHICTH HalyYaCTIIIE 3yMOBJIEHA HE CTUIBKU BIIMIHHOCTSMH y HAYKOBHX
JAQHUX, CKUIBKH PI3HUM KJIIHIYHUM JOCBIJIOM, TpPAJAMI[IHHUMHM MiAXOJaMU Ta
IHTEpHIPETaLI€0 BIACHUX CIIOCTEPEXKEHD Y MPAKTHIII.

HaiirpyHToBHimIe y3araJbHEHHS HasBHHUX JOKa3iB HABEACHO y CHUCTEMAaTUIHHX
OTJIsI/1ax, Jie HaroJOUIY€eThCS: X0Ua TPETI MOJISIpU 11HCHO MOXKYTh CTBOPIOBATH IEBHUN
JIOJATKOBUI THUCK a0 3MIHIOBaTH OajlaHC CUJl y 3yOHIM Ty31, CTYHiHb LIbOTO BIUIUBY
31€01TBIIIOT0 HEMOCTATHIN, 100 BU3HATH HOTO MPSMOI0 MPUYMHOK peruauBy[3].
OCHOBHUMHU JIeTepMIHAHTAMU TOCTOPTOJOHTUYHOI CTaOUIBHOCTI 3aJUIIAIOTHCS
1HUBITyaJIbHI aHATOMIYHI MapaMeTpu Malli€eHTa, SAKICTh PETEHIIIWHOTO CyNpOBOY,
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O6ioMexaHiKa JIIKyBaHHSI Ta MOYaTKOBUN PIBEHb CKYUEHOCTI. Y I[bOMY KOHTEKCTI TPETi
MOJISIpY paJillie BUCTYNAIOTh MOAU(DIKYIOUUM YHHHUKOM, SKUH MOXE MMOCUITIOBATH 200
nocabIroOBaTH BKE HasBHI TEHJCHIIIT, HXK CAMOCTIHHUM €T10JIOTTYHUM (DAKTOPOM.

S0 € mokasu, onepailio BUAAICHHS TPETIX MOJISIPIB MPOBOASATH 3a 2-4 THXKHI 10
OPTOJOHTUYHOTO JIIKyBaHHs. BuOip MeTo 1y 3He00JICHHS POBOUTHCS 1HAUBITYaTbHO,
B 3QJIGKHOCTI BiJ CKJIQAHOCTH olliepallii (TUIIOBE YM aTUIIOBE BHUIAJICHHS), BIKY
Nali€eHTa, MCUXOJIOTTYHOTO CTaHy Ta PeKOMEHalii Xipypra. BaxinBowo cki1amoBoiO
3aro€HHs € Tmicisionepainiiine 3ue0onenHs. Hectepoinuuii mpoTu3anaibHUM penapar
YKpaiHChKOTO BUPOOHMIITBA AMI30H , HE TUTbKH 3HIMAE HAOPsIK, OLTb, a i 111e BOJIOI€
IMyHOMOIYJTIOIOUMMH BIAacTUBOCTAMHU [1]. BiacyTHicTe 6010 B micisionepamiiHuii
nepioJ] CIpUsi€ IMCUXOIOTTYHOMY CITOKOIO MAIIEHTA, O1IBIII IIBUKOMY 3aTO€HHIO PaHH.

[limcymMOBYyIOYM, MOYXHA CTBEP/KYBATH, IO KOPEJSALIS MIXK MOJOKEHHSIM TPETIX
MOJISIPIB Ta JUCTAJIBHUM PELMANBOM ICHYE, ajie BOHA HE € IPSIMOIO T4 OAHO3HAYHOIO.
PernHOBaHI Ta HENpPaBWJIBHO pO3TAlIOBAaHI TPETIX MOJSAPI MOXKYTh CTBOPIOBATU
MepeyMOBUA JI0 HECTAaOLILHOCTI 3yOHOrO psay, OJIHaK IIed BIUIMB 3a3BHYall €
OMOCEPEAKOBAHUM 1 3HAYHO MEHII KPUTHYHUM, HDK PETCHIIMHUN pexkum, O10THIl
M’SIKMX TKaHUH 4 1HAUBIAyasibHa Mopdosoris menen. ToMy BHUIaIeHHS TPETIX
MOJISIPIB HE CIIIJ] PO3IJIA/IaTH SIK YHIBEpCAJIbHUN METOJ| MPOPUIAKTUKHA PELHIUBY, a
pIIIICHHST Ma€ MPUHUMATHCA TIEPCOHAII30BAHO HA OCHOBI KIIIHIYHUX Ta Paai0JOTIYHUX
JaHUX.
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BILIUB KOMILIEKCHOT'O TMCBAJIAHCY
MIHEPAJILHO-XIMIYHOT'O CKJIAJTY MTATHOI BOAU
HA 3710POB’SI HACEJIEHHSI IBAHO-®PAHKIBCHKOI

OBJIACTI: MATO®IBIOJIOTTYHI ACIIEKTH TA
HACJALIKHA

Kpemincoka Ipuna bornaniBaa
KaHIUIaT MEIUYHUX HAyK, JOICHT, 3aByY Kadeapu matodizionorii
IBaHO-DpaHKIBCHKOTO HAIIOHATLHOTO MEANYHOTO YHIBEPCUTETY

JleBunbka bornana PomaniBHa,
CTYJCHTKAa MEAUYHOTO (haKyJIbTETY,
[BaHO-DPaHKIBCHKOTO HAIIOHAIBHOTO MEUYHOTO YHIBEPCUTETY

Apmonok Ana MukosaiBHa
yuenuls Jinero Ne5 [BanHo-DpaHKiBCbKOI MICHKOT pajin

Maraok Mapis I[lerpiBHa
CTYJIEHTKA MEIUYHOTO (aKyJIbTETY,
[BaHO-DPaHKIBCHKOTO HAIIOHAIBHOTO MEUYHOTO YHIBEPCUTETY

KoBasieBcbkuii Bitasin BosogumvupoBuy
CTYJIGHT MEJIUIHOTO (PaKyJIbTETY,
[BaHO-DPaHKIBCHKOTO HAIIOHAIBHOTO MEUYHOTO YHIBEPCUTETY

Bcmyn: 3a0pyHEHHS] TUTHOI BOJW HITpaTaMM Ta IHIIUMU Makpo- 1
Mmikpoenementamu (F, Fe, Mn, Zn, Se, Cu, Mg, Ca) 3anumaerbcsi KPUTHUYHOIO
npo0JIeMOI0 OXOPOHHM  3JI0POB’sl, OCOOJIMBO B CUIBCHKIM MicueBoCTI IBaHO-
®paHKiBCbKOT 00J1aCTi, /16 OCHOBHUM JIPKEPEJIOM BOJOTOCTAYaHHS € 1HJIUBITyallbHI
kpunuui[1,2]. TlocriiiHe CcHOXWBaHHSA Takoli BOJAM NPHU3BOAUTH IO PO3BUTKY
CUCTEMHUX TIATOJIOTiM, IO BKJIIOYAIOTh METIeMOIJIO0IHEMII0 Ta MOPYIICHHS
MiHEpaJIbLHOTO OOMIHY.

Mamepianu ma memoou: J{ociiKeHHs MOJATaio y BUSHAYEHH] SKOCTI MUTHOL
BOJU B IHAMBIAyaJbHUX KPUHUIIX cin [BaHOo-®pankiBchkoi obmacti (['opoxonuHa,
I'pabiBmi, J[3Bunsu, CteObnmk, MapkoBa, baGue, MapkiBiii), OMIHIII KOHIICHTpAIIIi
HITpaTiB Ta Makpo- 1 mikpoenemenTiB (F, Fe, Mn, Zn, Se, Cu, Mg, Ca), anamisi
muHaMik 3MiH Yy 2019-2023 pp. ta ouiHmi natodizioNOoriyHUX HACIIAKIB IS
OpraHi3My HaceJIeHHs, 30KpeMa AiTeil paHHbOTO BiKy. byio Biaidpano 50 mpoO nuTHOI
BOJM Ta PETPOCIEKTUBHUN aHali3 icTopiit xBopoO 320 mamieHTiB boropoayaHchKoi
parionHoi mikapHi 'y 2019-2023 pp. Konuentpaiii HITpaTiB BU3HAYaIH
KOJIODUMETPUYHO, (TOP — TOTEHIIOMETPUYHO, 3aJi30 Ta MapraHeip —
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CeKTpohOTOMETPUIHO, JTOJAATKOBO oliHoBamu Zn, Se, Cu, Mg, Ca. CtaTucTudny
00poOKy BHMKOHAHO 13 pPO3PaxXyHKOM CEPEeIHbOrO0 3HAYEHHS, CTaHJAPTHOIO
BIIXWJIEHHS, KoedilieHTa Bapiallli Ta BiJICOTKa BIJIXWJICHb B1JI HOPMATHBIB; MOXUOKa
BUMIpIOBaHb cTaHoBWIA +2-5%. [loBTOpHI BUMIpPIOBaHHS Ta KOHTPOJIbHI
KaJ1iOpyBaJibHI MPOOH T1BUIIYBAIM TIOCTOBIPHICTh pe3yiabTaTiB[3].

Pesynomamu ma o062060penna: Y 2023 p. micts npo6 (I'paGisii, J[3BUHSAY,
['opoxonuna, babue, CtebHuk, MapkoBa) mictwim HiTpatu 40—65 mr/am?, 1o
nepeBuIye 6e3neuHnuil piBeHb 1uig Aitei. Y 2019 p. nepeBuIieHHss HOPMU BUSBIICHO Y
13 mpobax (26%), y 2020 p. — y 9 mpobax (18%), 2021-2022 pp. — y 6 mpobax (12%),
10 IEMOHCTPYE MO3UTUBHY TEHJICHIIIIO 3MEHILIEHHS 3a0pyaHeHHs Ha 14% 3a yoTupu
POKH, TMPOTE€ KPUTHUYHI PIiBHI 3amumaroTbes y 8% KpuHUIB[4]. AHami3 1HIMX
MIKpOEJIEMEHTIB TOKa3aB: (prop mepeBuuryBaB Hopmy (>1,5 mr/am®) y 10% mnpo0
(;terka ¢opma cromarosoriduHoro ¢arooposy — 7%, cepenns — 3%), 3al1130 HUKYE
rpaHuyHo gomyctuMoro piBHs (<0,3 mr/am®) y 15% npoO (nerka anemis — 8%,
cepenus — 5%, 1sbkka — 2%), mapranens (>0,05 mr/mm®) — y 12% mpoO, o
ACOIIIOETHCA 3 KOTHITUBHUMU 1 MOTOPHUMH MOPYIICHHSAMU (JIETKI KOTHITUBHI — 6%,
MoTtopHi — 3%, Bupaxkeni — 3%). HiTparu, 1mo HakonmuuyroThCs y IPYHTOBUX Ta
MOBEPXHEBUX BOAAaX, IMiJ Ji€l0 OakrepiaabHOI (UIOPH POTOBOI MOPOKHUHU Ta
KHILEYHUKA [IEPETBOPIOIOTHCS HAa HITPUTH, sIKI OKUCTIOI0Th Fe** remormobiny o Fe?”,
YTBOPIOIOYM METIeMOIVIOOIH, IO BTpaya€ 30aTHICTb IEPEHOCUTH KuceHb. lle
CIPHUYMHSE CUCTEMHY TIMOKCIIO, CTUMYJIIOE€ KOMIIEHCATOpHY Taxikapaito (+15-25%),
MIJIBUIIY€ TTpoayKilito eputponoetuHy (+30—40%) Ta akTUBYy€e OKCUJIATUBHUMN CTpEC,
AKUM YIIKOMKY€E KITUHHI MeMOpanu, Ouiku ta JIHK, 1HriOye aHTHOKCHUAAHTHI
dbepMeHnTH (karanasza, CynepOKCHIANCMYyTa3a, IITyTaTiOHMEPOKCHIa3a) Ta BHUKIIMKAE
armornTo3 TeMaToONMTIB 1 HEPPOIUTIB, MOPYUIYIOUM EHEPTreTHYHUN MeTalomi3M i
perymsiito iMyHHOI BiAMOBII. J{iTH paHHBOTO BIKY € HQJA3BUYAIHO BPA3IMBUMH Yepe3
BUCOKY MOTpe0y OpraHi3My y KHCHI Ta HEIOCTaTHbO PO3BUHEHY CHUCTEMY
METreMOTIIOOTHPEYKTa3u, TOMY HaBITh HE3HAUYHE MiJABUIICHHS METreMoriooiHy (5—
10%) mae maroreneTu4yHe 3Ha4eHHs. CIIOCTEPEKEHHS MOKa3yl0Th, 1m0 18-22% niTeid,
AK1 CTIIOKHMBAIOTh BOMY 3 KOHIICHTpaIlli€ro HiTpaTiB >50 mr/am?, MaroTh JabopaTopHi
O3HAaKH aHeMIl Ta 3HWKEHHs catyparli kucHio Ha 4—7%, 12% — Helpomaroorii,
BKJIFOYHO 3 KOTHITUBHUMHU JAedilUTaMu Ta MOTOPHUMH 3aTpuMKamu, a 5%
JEMOHCTPYIOTh KIIIHIYHO BUpa)XeHy MeTremMoriiobiHemito (>15%), 1mo mposBiseTbes
CUHIOIIHICTIO LIKIPY Ta CIM30BHX OOOJIOHOK, CIA0KICTIO, MOPYIICHHSIM aleTUTy Ta
cHy. Ilopymennss OanaHCy MIKpOEJIEMEHTIB MOCHIIOE I1HTOKCUKAIiiiHI edekTu|S].
Hediuut 3amiza Ta HUHKY peectpyerbest y 15—18% Bunaakis, 10 MOTIPIIy€e CUHTE3
reMon1o0iHy Ta MiABUILY€E pU3UK aHemil y 20—25% naiteil, 3HIKy€e IMyHHUHN 3aXUCT Ta
MIJBUILY€E CIPUHHATIMBICTG A0 1HDekuid Ha 12—15%. Hagnmumok mapranmto (>0,05
mr/am?) BussiieHo y 10—12% npo6 Boau; cepen AiTeil y mux perioHax 6—8% MaroTh
JerKki KOTHITHBHI mnopymeHHs, 4-5% — wmortopHi, a 2-3% — BHUpaxeHi
Hewpomarosnorii. Hapymmox dropy (>1,5 mr/am?) cioctepiraerbest y 7—10% mpo0, 1o
MPU3BOANTH JI0 JIETKOTO (uroopo3y y 5—7% mitelt 1 cepenrnoro (marooposy y 2—3%,
MOpyIIye OOMIH KajbI[if0 Ta MarHiro, YIMOBUILHIOE PO3BUTOK KICTKOBOI TKAHWHH Ta
3HMXKY€ HepBOBY MpoBiAHICTh. Jucbananc Mg, Ca, Se, Cu, Zn BIuMBa€ Ha CepleBO-
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CYIMHHY cucTeMy (Taxikapaist y 5—7%, MiABUIIEHHS apTepiadbHOro THCKY Yy 3—4%),
HEPBOBY CHCTeMY (IMiABUIIIEHA JPaTiBIMBICTh Ta 3HWKCHHS KOHIICHTpaIlli yBaru y 12—
15%) Ta eHmOKpuHHY peryisuilo (mopyiieHHs oOMiHy Tmoko3u y 6-8%)[6]. Lli
MexaHI3MH  (OPMYIOTh  KOMIUIEKCHE Maro@i3ioforiyHe  KoJIo: HITpathu —
METreMorio0lH — CHCTeMHa TilOKCisi — aKTUBallisl OKCHJIATUBHOIO CTpecy —
VIIKOMKEHHSI TMEYIHKA Ta HUPOK — TOPYIICHHS €HEPreTUYHOro MeTadoiizMy —
nucOanaHc MIKpOEJIEMEHTIB — aHeMisl — HEMpOIaToJiorii — MOPYIIEHHS CEPICBO-
CYIMHHOI Ta eHJOKPUHHOI crucTemMu. KokeH 13 eIeMEHTIB Kojla B3a€EMOITIICHITIOE 1HIII,
dbopMyroun MYJIBTUCUCTEMHE TMOPYIICHHS, L0 OCOOJMBO KPUTUYHO JUIsl JITEH
panHBOTO BiKy. HaBiTh merka merremornoOinemis (Hb met 5-10%) npuszBoguTh 110
KOTHITUBHUX mopyiieHb y 10-12%, 3HmwkeHHs ¢i3nuHoi BUTpUBaiocti y 15-18%,
M1JIBUIICHOT COPUMHATIMBOCTI 0 1H(PEKI[IH, 3aTPUMKH MOTOPHOTO pO3BUTKY Y 8—10%
Ta ¢hopmyBaHHs aHeMii y 20-25%. JlucbanaHc MIKpOEIEMEHTIB MIJCUITIOE 11 ePeKTH,
poOstuM AiTe 0COONIMBO Yy TIIMBUMH HaBITh /10 MOMIPHUX KOHUEHTpAIlil HITpaTiB Ta
dbropy y Bomi[7].

Bucnoeox: JlocmixkeHHs NIATBEPAWIO, IO NMUTHA BOAA y HU3LI HACEICHHUX
nyHKTIB [BaHO-DpaHKIBCHKOT 00JIACTI MICTUTH MIJABUILEHI PIBHI HITPATIB Ta 1HIIUX
MIKPOEJIEMEHTIB, 1110 CTAHOBUTH peabHUMN PU3HK JJIs 3/I0pOB’ s HaceneHHs. [loeqHana
Jisi  HITpaTHOI IHTOKCHKAIli Ta MIKPOCJIEMEHTHOrO0 JucOalaHCcy  3aIycKae
MYJIBTUCUCTEMHUM NATOJOTIYHMNA TPOIEC, IO OXOIUIKE TiMOKCiI0, aHEeMIo,
OKCUJATUBHUN CTpeC Ta HEUPOTOKCHYHI e(ekTu. KoMIuieKkCHUI MiKpOeTeMeHTHUN
aHal3 JI03BOJISIE BUSIBISTU PaHHI O3HAKHM 1HTOKCHKAIl Ta MOPYLIEHb METadoJI3MYy,
poOnsiun  #oro e(eKTUBHUM OloMapkepoM i NOpOo(UIAKTUKA Ta KOHTPOIIIO
narojoriyunux  ctaHiB[8]. CHUCTEeMHUN KOHTpPOJb SIKOCTI BOJU, CaHITapHE
oOJalITYyBaHHS KPUHUIb, BUKOPUCTaHHS CydYaCHUX (QUIBTpALIfHUX CHCTEM Ta
KOPEKIIisl pallioHy 3 ypaxXyBaHHSIM MIKPOEJIEMEHTHOr0 OallaHCy € KIOYOBUMHM IS
3HIDKEHHS PU3HKY HETATUBHOTO BIJIMBY Ha 3/0POB’sI HACETICHHS.
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OCOBJIMBOCTI HOCTKOBITHOI'O CUHIAPOMY TA
ACHEKTHU NPO®PIJIAKTUKHA COVID-19 Y JITEN

JlurBunoBa Oubra MuxoJiaiBHa

J.M.H., Ipodecop kadenpu KIHIYHOT JabopaTOPHOI J11arHOCTHKH,
MiKp0o010J10Tii Ta 610JI0TTYHOT XiMiT

HanionansHuil hapmalieBTHYHUN YHIBEPCUTET, XapKiB, Y KpaiHa

KoponaBipycu — 11¢ cimeiicTBO Benukux ojHosanmioropux PHK-Bipycis
(Coronaviridae), mimigHa 000JIOHKA SKUX BKPUTA KOJOCOMOMIOHMMH OLTKamH, sIKi
MOXYTh 3apa)kaTy NMTaxiB Ta 0araTboX CCaBI[IB, BKJIIOYAIOUU JIIOJIEH, € 30y THUKaMU
SARS, MERS ta COVID-19y nite#t [1].

Biakpurrs nepmoro koponasipycy moaunu (HCoV) naryerscs 1965 p.
bpuranceki nocmianuku [esin Taitpenn 1 Mankonem baitnoe (CoscOepi, AHrumis)
BUJUIMIIM BIPYCHUH INTaM 3 PECHIPATOPHHUX 3pa3sKiB JUTHHH LIKUIBHOTO BiKy i3
3aCTy/010. IM BJanocs KyIbTUBYBaTH Bipyc, IPUCYTHIN y pifuHi Ay IPOMMBAHHS
HOCa, BHUKOPUCTOBYIOYM €MOpIOHANbHI KIITHHH Tpaxei JIOAUHU SIK >KUBWIbHE
cepenopuiie. Konmu komanpna Taiippemia pocniauia HOro miJ €JIE€KTPOHHUM
MIKPOCKOIIOM, BOHU BUSIBUJIY Ta JINIIIN JO BUCHOBKY , 1110 BipyC OyB CX0KUH Ha TOH,
aKui OyB BUALICHUH B Kype# 3 OponxiTom B 1930-x pokax [2].

VY Tomy x poui, kosu Jlopoti Xampe, gochiaHuiist 3 YUKa3bKOro yHIBEpCUTETY,
BHUBYAJIA KYJbTYpy TKaHHH XBOPUX CTYAECHTIB, BOHA BIIKpHWJIa HOBUI THUII BIpyCy Mij
HazBoro 229E [3]. HCoV-229E wacrilie acouiO€eThCS 3 YPaKEHHAM AUXaJbHOT
CUCTEMHU 13 cepeAHiM nepiojloM 1HKyOalii 6-7 JHIB, IO MPOSIBISETHCS SK
HE3AYy>KaHHS, Y BUTJISAJII TOJIOBHOTO OOJII0, HEXKUTI, a 1HOJII — TUXOMaHKH, Kanuio [4].
L1 BipycH HE NMPHUBEPHYJIU LIMPOKOi yBard (axiBLiB, OCKUIBKA CHPUYUHEHI HUMU
pecripaTopHi 3aXBOPIOBAHHS € CE30HHUMH Ta JIeTKUMU. OJIHAK 3 €MiAeMi0JIOTIYHOT
TOYKH 30py XapakTEepHUM NUISIX Tepenadyi, MOBITPSHO-KpaneabHuM, poOUTh Il
XBOpOOM Jyke HEOE3MEeYHUMH, OCKUIbKM IaTOT€HH TMOIIUPIOITHCS Y BEIUKIN
KUIBKOCT1 4epe3 BHUCOKHH cTymiHb iHGekmiitHocTi. Y 2018 pomi Oynu omucani
BUIAJKNA Ba)XXKOTO PECIIPaTOPHOrO AMCTPEC-CUHIPOMY, CIPUUYMHEHOTO BIPyCOM
HCoV-229E [5]. V 1966-1967 pokax OyB BusiBIeHHH HOBHI KopoHaBipyc OC43.
Bueni moBimomiisiin, 110, BUKOPHUCTOBYHOYM TOHW caMuii MeETOA, IO 1 JyIs
KkynasTuBYyBaHHs B814,moxHa Bupoctutt HCoV-0OC43 3 moaidHoro popmoto [6].

V¥ 2003 poui OyB BUSBICHHI OJIMH 3 HOBUX KOpoHaBipyciB qoauHu SARS-CoV,
AKUW MOK€ CHPUYMHUTU BaXXKUW pecmipaTopHUil cuHIpoM. BiH craB mnepumm
KOPOHABIPYCOM JIIOJIMHU, SKUU MPU3BIB 0 CMEPTENIbHOI 1H(EKLIi cepell 3A0POBUX
moaei, y Bcbomy cBiti 3 2002 mo 2003 poky. Lle onuH 13 HallsickpaBiluX TPUKIaAiB
Ha/3BUYaiHoi 1Hekuli moaunau [7]. Takox y 2003 poui B Higepnanmax Big 8-
MICSIYHOT TUTUHU 3 PUHITOM, KOH IOHKTHBITOM, JJUXOMAHKOIO Ta OpoHXITOM , OyB
BUJIITIeHUH HOBUM KopoHaBipyc mroauau HCoV-NL63. ITizHinre Bipyc OyB BUALICHHIA
B PI3HUX KpaiHax, II0 CBIAYUTH MPO Te, IO MOUIMPEHHS cepe Jroaen Oyno T0CUTh
IHTEHCUBHHUM. 3aXBOPIOBAHHS, CIIPUYMHEH] BIPyCOM, BapilOIOTHCA BiJl JIETKUX (OopM

208



MEDICINE
CURRENT STATE AND TRENDS IN THE DEVELOPMENT OF SCIENCE AND
EDUCATION

(puHiT, aHTiHA, TUXOMaHKa) 10 BXKKHX 3aXBOPIOBAHb HIDKHIX JAUXATBHUX IUIAXIB,
K1 B OCHOBHOMY TPOSIBJISIFOTHCA Y JITEH.

V¥ T'onkownsi (ciuens 2005 poky) OyJi0 BUSBICHO 1HIIUHN TUIT KOPOHABIPYCY B IBOX
XBOpUX Ha MHEBMOHIIO, KU OyB BinHeceHuii 1o rpynu 2. Bin 0yB Bussnennit 3T-
T1JIP METO/IOM i3 3aCTOCYBAaHHAM IpaiiMepiB KOHCEPBOBAHMX KOPOHABIipyciB . Moro
Ha3zBanu HCoV-HKUI.

25 BepecHsi 2012 poky Bbputanceke areHTCTBO 0OXOopoHH 310poB'ss (HPA)
OTIPWIIIONHUJIO TIonepeaHe (iIOTeHeTUYHEe JAEepeBO BIpycy Ta Ha3Bajo MOro
"Londonl novel CoV 2012" [8]. Ilepmmii cmeptenbamii Bumagok MERS Oys
3aikcoBanuit B CayniBcbkiii Apasii B yepBHi 2012 poky. 3a manumu BOO3, Bif
Bipycy momepiio Ounbie 449 moneit. MERS — ne Bipyc, sikuii MOMIMPIOETHCS Bij
TBapuH 10 moneid. Y BOO3 npunyckaroTb, Mo BepOIrOad, MIBUALIE 32 BCE, €
oKkepenoM 3apakeHHss MERS, ane Tounuil nuiax nepenadi uie He Oysia0 BU3HAYEHO
[9].

SARS-CoV-2 - 11e HOBHi1 KOpOHAaBIPYC, IKHI OyB BUSBICHUH Y JIIO/ICH, 10 1IOTO
roro He imenTudikyBanmu. Hanpukinmi 2019 poky mepina nopiiis HOBUX 1H(EKIin
Oyna BusiBjieHa B Yxani (Kuraif), a 3romom novana mommproBaTUCS MO BCbOMY CBITY,
CIoYatKy Iie OyJu emijieMii, a moTiM manaemii. Ha mouaTky cnanaxy 3a iHII[IaTUBOIO
BOO3 HoBuit 30yauuk 0yB TuMuacoBo Ha3zBaHuil 2019-nCoV, a cnpuunHeHa HUM
xBopoOa - COVID-19 y miteii [10].

Hagite nerki Bumaaku COVID-19 y giTeli MOXYTh CYNPOBOKYBaTUCS
HETIPUEMHUMHU CUMIITOMaMHM, BKJIIOYAIOUM TOJIOBHI 0OJIi, SIKI BUCHAXYIOTh, CUIBHY
BTOMY Ta 00JIi B T, 10 YHEMOXKJIMBIIIOE MTOYYTTSI KOM(OpPTY.

[akyOamiitnuil nepion y aitei Tpusae Bix 2 10 14 AHIB, X0ua CHOCTEPEKEHHS
BKa3yIOTh, 110 1HKYOAIIMHUN Mepiol MOKE CTAHOBUTH J10 3-4 THOKHIB. Y OUIBIIOCTI
BHUMAAKIB KIIHIYHI CHMIITOMH MPOSIBIISTIOTHCS HA 5-U ICHB IICII 3apaKeHHsI, P1IKO -
gepe3 2 mHI (2,5%). Y 97,5% mnamieHTiB CUMOTOMH 3aXBOPIOBAHHS IPOSBHIIACS
npotsroMm 12 nHiB. barato BumajakiB 3apakeHHS] MOXYTh POXOAUTH 0€3 CUMIITOMIB.
Hapoaumo mani wactoru BigMiHHUX cumnToMiB COVID-19 y giteli Ha npuxiami
aHami3zy y 99 mamieHtiB B oAHii 13 kiiHiKk Kuraro: rapsuka (84%), kamens (83%),
nBoOIuHa mHEBMOHIS (76%), 3amumka (31%), rocTpuil pecnipaTOpHUIA JUCTpeEC-
cunapom (18%), cepen nux 11 mamientiB (11%) 3a KOpOTKHH MPOMIKOK dYacy
MOMEPJIM BiJ] MOJIOPTaHHOI HEAOCTATHOCTI, MHOKMHHI MPOSIBU 33 TUIIOM CUMITOMY
MaroBoro ckia (14%), oute y m’si3ax (11%), crmytanicts cBigomocTi (9%), Oub y
roJioBi (8%), 6iib y Topi (6%), puropes (3%), 6inb y rpyasx (2%), miapes (1%),
Hyzaota ta 0moBota (1%), maeBmoropaxc (1%) [11]. 3a iHmmmu nanumu, aiapes Oyna
3adikcoBana y 2,3% BHUMAJKIB MpHU JETKOMY Mepediry 3axBOproBaHHs, 5,5% - npu
BaXXKOMY Tepe0iry 3axBoproBaHHS Ta y 4,6 Ta 6 pasiB y HaIli€eHTIB 3 HYJOTOIO Ta
OJIFOBOTOX0, KOJTM aHAJI3yBayH icTOpiro XxBopoou nonas 1000 narienTis [12]. [Tig gac
CTaIllOHAPHOTO JIIKyBaHHs OyJH Taki mapameTpu: Temrepatypa Humwkde 37,5 °C —y
10,2 % mamienris, 37,5 - 38,0 °C —y 32,4 %, 38,1 - 39,0 °C —y 51,3%, > 39,0 °C -
11,4% mnamienTis. {1 gaHi cBiuaTh PO TE, IO HASBHICTH JUXOMAHKH HE 3aBXKIHU €
MIPOSIBOM 3aXBOPIOBAHHS, 10 € BAXKJIMBUM NP TU(epeHITiabHIN JIarHOCTHUIIl TPHUITY.
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[leBHa dYacTMHA TMAlLI€HTIB Maja CYMyTHIO XPOHIYHY TMATOJOTIIO: XPOHIYHE
OOCTPYKTHUBHE 3aXBOPIOBaHHS JiereHiB y 3,5%, miadetr 5,7%, nepeOpoBacKyIsipHi
3axBoproBaHHs 1,2 Ta 2,3%, 3mosikicHi HoBoyTBopeHHsa 0,8%, XpoOHIuYHI
3axBoproBaHHs HUPOK 0,5% mnamienTiB. [lopyiieHHs IMyHHOI CUCTEMHU Malld MicCIle
JUIIe y 2 TIAIEHTIB 13 JITKUM Tiepe0irom 3axBoproBaHHs. OCKIIBKH 111 JOCIIKCHHS
IPOBOJIWIIUCH PETPOCIICKTUBHO HAa OCHOBI €JIEKTPOHHOI'O aHajli3y 1CTOpii XBOpooOH,
JesIK1 XpOHIYHI 3aXBOPIOBAHHS HE 3aBXKIU MOHA OYJIO PO3TIIIHYTH.

o crocyeThest TsKKOCTI KiaiHIUHOTO epedbiry COVID-19 y niteit, To anami3
44 672 BunazakiB (miaTBepmxeHuit y Kwurai 02.11.2020p.) BusiBUB, 110 cepeaHi
BUITAJIKK CTaHOBIATH 81,9%, Baxkki - 12,8%, kputnuni - 4,7%, 1 nanux He OyIO y
0,6% marienTin [13].

KoponaBipyc y HOBOHApOKEHHMX JITEH MPOTIKAE 4YacTilie B O0€3CMMITOMHIN
dhopmi abo Haraaye pecripaTopHy iH(EKIir0 TOOTO JIeTiie HiXK y AiTel Bia 1 micss.
Bunanku koBiJJHOT MHEBMOHIT TPAIUISIIOThCA BKpaii piako. HaltuacTime Baxkka popma
nepebiry KopoHaBipycy OyBae y AiTel 3 BPOJPKCHHUMH BajaMU PO3BUTKY. Pu3mk
YCKJIaJHEHb 30UIBIIYETHCS B pasi: HEIOHOIICHOCTI, POJOBUX TpaBM, IUCIUIA31i
JIETE€HIB 1 MyXJIUH.

Mu npo1I0BKYy€EMO OAYUTH JJOKA3HU TOTO, 1110 BEJIMKA KIJIBKICTh JIITeH, 1H)IKOBaHUX
COVID-19 npo1oBxKyrOTh BIA4YBAaTH HACIHIIKK 3aXBOPIOBAHHS MICIIA OJy>KaHHS BiJ
HalBa)XYUX CUMITOMIB a00 yCKJIaJHEHb MPOTITOM TUXHIB a00 MICSIIIB .

Sk cam COVID-19 y niteii Moxke MaTH psii CUMOTOMIB, Tak 1 moct-COVID-
cuHApoM. HailO11b11 yacTi CUMOTOMH, SIK1 MOXKYTb 30€piraTucs, BKJIIOYalOTh:

BTOMY,YTPYJIHEHE AUXaHHS, CyTJIOOHUI O11b, TPYJHUHN O1J1b, KMO3KOBUN TyMaH»,
B TOMY YHUCJI1 HE3/IaTHICTh KOHUEHTPYBATHUCS 1 MOPYIIEHHS Nam'siTl, BTpaTa cMaKky /
a0o0 3amaxy, mpoOJeMH 31 CHOM Ta iH.

VY nesakux aiTed BOHM MOXYTh TPUBATH NMPUHAWMHI ITICTh MICSIIB 1 OLIbIIE.
Hanpuxknan, MPT noka3aB MioKapIuT y IESIKUX 3 HUX, BKa3ylOUd Ha Te, IO CePIICBHI
M’s13 MOJK€ TPOJOBXKYBATH 3aMaJIFOBATHCS IPOTATOM JEKUIBKOX MICSIlIB, HaBITh
HE3BaKAIYM Ha Te, 1110 CEPIIeBl CHMIITOMH HE € 3araJbHUMH ITi/1 4ac XBopoou [46].

dakTtuyHa yacTtoTa po3BUTKY cuHapomy micis COVID Bce mie mmpoko
0OrOBOPIOETHCS, 1 PI3HI JOCHIIKEHHS TMOKa3aiM, M0 1€l cTaH OuIbII-MEHII
MOIIMPEHUI y PI3HUX PYI HaceneHHs. [14].

Ocobusocmi eniugy KOpOHOBIPYCHOI iH@eKyii Ha Hepeosy cucmemy Oimell.

HesBaxarouu Ha Te, 10 KOPOHABIPYCH B MEPIILY YEPry HAIJICH]1 HA JUXAJIbHY Ta
KHILIKOBY CHCTEMHM, IIICTh 13 cemu KopoHaBipyciB moaunu (HCoV), Bkirouaroun
HoBuUH Bipyc SARS-CoV-2, noB'd3aHi 3 TSHKKUMHA HEBPOJIOTTYHUMU 3aXBOPIOBAHHSIMU
y niteit. ChoMHuii KOpOHABIpyC OIM3bKOCX1THOTO pectipaTopHoro cunapomy (MERS-
CoV) OyB BUSIBJICHHI TIPU HEBPOJIOTIYHUX 3aXBOPIOBAHHAX y Aopociux . HezanexHo
Bill TOro, ypaxeHi BoHHM mipsMoio iHdekmiero HCoV abo BropuHHUMHU
HEBPOJIOTTYHUMH TIOPYIICHHSIMHU Yepe3 CUCTEMHI 3aXBOPIOBAHHS, ITH OJHO3HAYHO
Bpa3IMBI 70 JOBIOCTPOKOBHX KOTHITHBHHUX HACHIAKIB Ta IOPYIICHb ITOBEIIHKU
BHACIIIJIOK TIOMTKO/HKEHHS MO3KY KOBIJIOM Ha KPUTHYHHX CTAIisIX PO3BUTKY HEPBOBOI
cuctemu. [li HacmigKu MOXYTh 3MIHIOBAaTHUCH BIJ JIETKOTO HEHPOMOTOPHOTO
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AePIUTY 10 TIIMOOKUX KOTHITUBHUX MOPYIIEHB MICHS TSXKKOTO 3aXBOPIOBAHHS, 110
Bpaxkae neHtpanbHy HepBoBy cucremy (ILIHC). IlopymieHHst po3BUTKY HEpBOBOI
CUCTEMHU, 1110 BUHUKAIOTh B PE3YJbTaTl I[OTO, OCOOJIMBO MEHIII BUPAXKEHI, MOXKYTh
OyTH HEMOMITHI CMoYaTKy Iicis 1H(IKyBaHHS 1 MPOSBISITHCS II3HIIIE, y MIpy
3pOCTaHHs BUMOI ab0 KOJIM JAWTHHA JOCSTa€ BIKY, KOJHU OYIKYETHbCS PO3BUTOK
neBHOro HaBMUkH. OJIHAaK HaBITh AEDIIUTH, IO 3/1aI0ThCS JIETKUMH, MOXYTh HaJlaTu
3TyOHUN BIUIMB Ha SKICTh JKUTTS JUTHHM, YCIIMIHICTh, IICHUXIYHE 3J0pPOB'S Ta
coriaibHi B3aeMoii. BpaxoByroun BiTHOCHY PiAKICTh HEBPOJOTIYHUX 3aXBOPIOBAHb,
noB's3anux 3 HCoV, y nmitelr HegocTaTHhO iH(MOpMAIli TPO MOKIIMBI HACTIIKA IS
PO3BUTKY HEPBOBOI cuctemu [15] .

Hesponoriuai nposisBu SARS-CoV-2, Ttaki sk enHmedanonarisa, cygomu abdo
napaniyi nepudepudyHuX HEPBIB, OyJIH 3apeeCTPOBaH] JIMIIE Y HEBEIMKOI YaCTHHU
niter, indikoBaHux SARS-CoV-2, MmoxiuBo nuiie B 1% Bumnaakis. ITpumiTHO, 1110 ¥
HEIIOAAaBHIM cepii BUMAJKIB Yy JOPOCIHX CHOCTEpITalnCcsi HEBPOJIOTIYHI
YCKJIAJHEHHS, BKJIIOYAIOYM TOJIOBHUU OUIb, 3MIHY ICHUXIYHOTO CTaHy Ta TOCTpI
MOPYIIEHHSI MO3KOBOTO KpoB00OIry y 36% marrieHTiB. HaitO11b111 TSXKK1 HEBPOJIOT14HI
nposiBu iHbekiii SARS-CoV-2 y niteit Oynu nos's3aH1 3 AITbMHU, SIKI CTPAKIAI0Th Ha
MIS-C. Hanpuxman, ornsn BumankiB 187 miteit 3 MIS-C moxkazas, o 34%
CTpaXJadl Ha HEBPOJOTIYHY IMOpa3Ky, MPUUOMY IEepEeBaKalu IEHTPaJIbHI, a HE
nepudepruuHi MPOSBH.

PigkicHe BUHMKHEHHS TS)KKOT'O HEBPOJIOTIYHOIO 3aXBOPIOBAHHS, MOB'I3aHOTO 3
HCoV, y niteil miakpeciatoe HEOOXIAHICTh Kpamioro poO3yMIHHS MOTEHIIMHUX
HACJIIJIKIB PO3BUTKY HEPBOBOI CUCTEMH, MOB'3aHUX 13 UMU 1HDeKUisiMU. Jloku He
Oyne 310paHo OinbIe qanux npo naroreHes SARS-CoV-2 y HepBOBIii cucTemi aiTei,
3BiTH Tipo 1HII HCoV Tta Bipycu, 110 BUKIMKAIOTh HEBPOJIOTIYHI MPOSIBU, MOXKYTh
JOTIOMOI'TH HaM Tepe10ayuTH Ta KOHTPOJIIOBaTH HacaiAku iHpekuii SARS-CoV-2y
JiTel Ha pO3BUTOK HEPBOBOI cuctemu [ 14].

COVID-19 6yna knacudikoBana sik iHdekIiitHa xBopoba kateropii B, mpote
BEJIEThCS SIK 3aXBOproBaHHA Kateropii A. 3'apunmcs pexomenparii (Iamis, 23) mpo
HEOOXI1THICTh MEJIMKAMEHTO3HOT npodiTaKTUKH BUKOPUCTAHHSIM
T1POKCUXJIOPOKBIHY ISl METUYHUX TIPAIlIBHUKIB, K1 KOHTAKTYBaJIM 3 MAI[IEHTOM 3
11103por0 abo 3 miaTBepKeHuM BuragakomM COVID-19, a Takox 1j1s 4ieHiB CiM'T
MAIIE€HTIB 3 JJA0OPATOPHO MiITBEPHKEHUMH BUTIAIKaMH XBOpoOH (y TOMY YKcia JJis
niten BikoM Bif 15 pokiB): 400 Mr ABiul Ha JIeHb 3 DKero Ha JeHb 1, moTiM 400 Mr Ha
TWXJICHB 3 TKEIO IPOTITOM 7 THXKHIB (JJIs1 MEIMYHUX TIPAIlIBHUKIB) 200 3 ToKHI (17151
YJIeHIB CiM'T).

KoHrario3Hictb HOBOro 30yJHUKAa BHUCOKA, TOMY 1H(IKOBaHI IITH MarOTh OyTH
130JIbOBaH1 BJAOMa a0O0 TOCHITaai30BaHl 3aJ€KHO BiJ THKKOCTI CBOTO CTaHy Ta
KJIIHIYHO1 KapTHHa XBopoOu. l'ocmiTamizaiis mepeBakHa B 130JbOBaHI MaJlaTd
(6okcm). IloTpiOHa amekBaTHa BEHTHUIALSA, caHITapHa 0OpoOKka majaT/O0OKCiB Ta
ne3iH(EeKIlist BCIX MPEIMETIB, SKi BUKOPUCTOBYIOThCS AUTHHOI. HeoOxigHO Takox
JOTPUMAHHS MPABUJI IIIOJI0 BUKOPUCTAHHS MACOK Ta 1X yTHIII3aIli.

BaxxnuBo 6510kyBaTH NuIsiXi nepeaadi 30y 1HuKa:
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1. 3anoOGiratu MOBITPSIHO-KPAIUTMHHOMY LUISIXY Nepeaadi: 3aKpuBaTH POT 1 HIC
CEpPBETKOI0 200 HOCOBOIO XYCTKOIO MPH Kaluil a00 YXaHHI; YaCTO MUTH JUTHHI PYKH
a00 HAaBYMTH i1 7-CTyHIHYACTOI TEXHIKM MUTTS PYK; HABYUTH JTUTHHY HE TOPKATHUCS
poTa, HOCa, OYed 10 MUTTS PYK Bijpasy Miciisg MOBEPHEHHS 3 TPOMAJCHKUX MICIIb,
micis Kanuiio abo 4YXaHHs, mepea 1KEro, MICis BIJBIAYBaHHS TyaseTy; peryJisipHO
00pOOJISITH IUTSYl Irpalikd HarpiBaHHsaM 1o 56 rpanyciB mpotsarom 30 xB, i3
3actocyBaHHAM 75% ankoroiito abo XJOPBMICHHMX Je3iH(peKkTaHtiB abo Y@
BHIIPOMiHIOBaHHSA [15].

2. 3MCHIIMTH PU3UK 3apaXCHHS — OOMEKHUTH BHKOPUCTAHHS TPOMAJCHKOTO
TPAHCIIOPTY €ITiIEMIYHUX BOTHUIIAX, BAKOPUCTOBYBATH MACKH, OCOOJIMBO B MOTAaHO
BEHTWJILOBAHUX NMPUMIIIEHHSAX, YHUKATH KOHTAKTIB 3 TUKHMH TBApUHAMH Ta IMOXO/IIB
Ha PUHKH, JIe IX MOXKYTb ITPOJIaBaTH .

3. CrnocTtepexxeHHsI 3a NIThbMH, SKI KOHTAKTyBalld 3 XBOPUMHU (BUMIPIOBAHHS
TeMIIepaTypy TiJIa, CIIOCTEPEIKEHHS 3a 3arajilbHUM CTaHOM), MPU MOSIBI CUMIITOMIB,
nigo3pimmx Ha 3apaxkeHHs SARS-CoV-2 - rocmitamizamiss g0 nOpogiIbHUX
crarionapiB. HoBonapomkeni Bif iHpikoBaHUXSARS-CoV-2 marepiB noBUHHI OyTH
obOcTexeH1 Ha 30y JHUKA Ta 130J1b0BaH1 (BAOoMa a00 B BIJIIIJICHHI, 3aJI€XKHO BiJ] IXHBOT'O
CTaHy).

Takum 4MHOM, PEKOMEHYIOTHCA MIMKOKI MPO(MITAaKTUYHI 3aX01 MO MATPUMII
imyHiTeTy. Jly’)ke BaxiuBe cOalaHCOBaHE XapyyBaHHS, aJeKBaTHE (Qi3UUHE
HABAHTAKCHHS, PETYJSIPHE MEIUYHE CIIOCTEPEKCHHS Ta YHHKHEHHS HaJAMIpPHHX
HaBaHTAXEHb — JII€BI 3aXOJM 3aloO0IraHHs 3apakeHHIO, TaK SAK 1 eMOIllifHa
CTa0lIBHICTh Ta MEHTAJIbHA AKTUBHICTb.
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Introduction. Metal-organic frameworks (MOFs) are among the most important
achievements of modern chemistry, combining innovative synthetic approaches with
broad possibilities for practical application [1,3]. For their contribution to the creation
and development of MOFs, Richard Robson, Susumu Kitagawa, and Omar Yaghi were
awarded the Nobel Prize in Chemistry in 2025.

Purpose of the study. To improve and expand knowledge about the structure,
stability, catalytic properties, and applications of metal—-organic frameworks (MOFs),
as well as to study multifunctional materials aimed at addressing key challenges in the
fields of energy, ecology, and medicine.

Materials and methods. The scientific work is based on information obtained from
scientific literature articles, clinical studies, and experimental research on metal—
organic frameworks. The research methods include generalization and systematization.

Results. Metal-organic frameworks (MOFs) represent a special class of porous
crystalline materials. They are a unique combination of inorganic and organic
components integrated into a single three-dimensional structure. MOFs are based on
nodes formed by metal ions or metal clusters connected by organic multidentate ligands
through coordination bonds. This structure endows MOFs with a number of important
characteristics, including high specific surface area, significant porosity, controlled
pore size, and tunable chemical activity [1,3]. Unlike conventional porous materials
such as activated carbon or zeolites, the properties of MOFs can be finely adjusted by
modifying the metal center or the type of organic ligand. Of particular interest is their
ability to form regular, ordered nanopores, which ensures high selectivity in
interactions with molecules of specific shapes or sizes. This enables their use in gas
capture, carbon dioxide fixation, water purification, and energy storage [4].

The synthesis of MOFs is a complex multistep process that depends on the type of
metal, organic ligand, solvent, temperature, and other conditions. The main principle
involves combining solutions of metal salts with multicoordinating organic compounds
to form a spatial crystalline structure [3].

One of the most promising application areas of MOFs is heterogeneous catalysis.
Due to their large specific surface area, stable pores, and tunable active sites, MOFs
have proven to be highly efficient catalysts for many organic reactions. The use of
MOFs in catalysis contributes to the development of green technologies, as they reduce
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the need for harmful organic solvents and increase the energy efficiency of reactions
[3].

The porous structure of MOFs makes them excellent materials for gas storage and
separation. A large surface area promotes adsorption, while a significant pore volume
determines the amount of gas that can be stored. Although MOFs can store almost any
gas, the greatest attention is focused on carbon monoxide, hydrogen, and methane due
to their environmental importance. Hydrogen storage is critically important for
hydrogen energy technologies [4,5].

MOFs also play an important role in hydrogen production through photocatalytic
and electrocatalytic processes. Photocatalytic processes use solar energy to split water
into hydrogen and oxygen molecules. The porous structure of MOFs creates favorable
conditions for combining light-harvesting units with active catalytic centers. MOFs
also show great potential in energy storage applications, particularly in supercapacitors
and rechargeable batteries [5].

Advances in technology increase the likelihood of developing effective and
targeted drug delivery systems. Unlike traditional nanomedicine platforms, MOFs
exhibit biodegradability and high loading capacity. Their large surface area, spacious
pores, and chemical properties are suitable for novel delivery systems and controlled
release of compounds [3]. Promising studies have been conducted for various drugs,
including ibuprofen, procainamide, and anticancer agents. To improve drug loading,
selective targeting, and stability in biological environments, MOFs often require
functionalization and modification. These modifications can be performed both during
synthesis and post-synthetically, enabling controlled loading and release of therapeutic
agents.

Expanded and functionalized surfaces of MOF-based materials allow them to
capture and detect biomarkers even at extremely low concentrations. This makes MOFs
promising sensing materials for the development of ultrasensitive and highly selective
sensors for disease diagnostics. This is critically important for the early diagnosis of
diseases such as cancer and Alzheimer’s disease, as detecting low levels of biomarkers
significantly improves prognosis. To develop ultrasensitive biosensors, MOFs are
often combined with biomolecules such as antibodies, enzymes, and nucleic acids [3].

Conclusions. High stability and the ability to finely tune their structure provide
MOFs with unique properties that make them indispensable in modern science and
technology [1,3]. MOFs demonstrate exceptional efficiency in heterogeneous catalysis,
contributing to the development of environmentally friendly and energy-efficient
processes. Their significant potential in photocatalytic and electrochemical hydrogen
production, as well as in the creation of high-performance batteries and
supercapacitors, confirms their importance for the future of energy. In the biomedical
field, MOFs open new opportunities for targeted drug delivery, controlled drug release,
and disease diagnostics. High biodegradability, loading capacity, and functionalization
capabilities make them a promising platform for the treatment of oncological and
neurodegenerative diseases. In addition, their ability to detect biomarkers at low
concentrations makes MOFs valuable materials for the development of ultrasensitive
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biosensors. Further research and technological improvements will open even more
opportunities for the use of MOFs in chemistry, energy, medicine, and environmental
science.
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Abstract: The opposition between “sweet — cnaako” and “bitter — ropumxo” in
Bulgarian and “sladky” and “hotky” in Czech represents a fundamental perceptual and
evaluative category. The paper examines how basic sensory meanings of taste extend
into metaphorical domains through dictionary definitions, phraseology, cultural
symbols, and conceptual metaphors. Special attention is given to the symbolic role of
sweetness in the noun men / med (honey), illustrated with examples from both
languages. The analysis demonstrates that taste perception structures linguistic
meaning and cultural models of evaluation.
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Taste 1s one of the most fundamental perceptual categories in human experience
and plays a significant role in the conceptualization and evaluation of reality. Unlike
other sensory modalities, taste is closely linked not only to physiological perception
but also to emotional, moral, and cultural interpretation. As a result, linguistic
expressions of taste frequently extend beyond the sensory domain and function as
evaluative tools within language. In cognitive linguistics, taste categories are
understood as conceptual resources through which abstract domains, such as emotions,
interpersonal relations, and moral judgement are structured. The opposition sweet —
bitter 1s particularly illustrative in this respect. While grounded in universal bodily
experience, it develops language- and culture-specific semantic patterns that reflect
distinct systems of values. The sweet — bitter opposition should therefore be viewed
not as a simple contrast between two gustatory sensations, but as a semantic axis
integrating perception, evaluation, and cultural meaning. Sweetness is commonly
associated with pleasure, harmony, and positive value, whereas bitterness tends to
express suffering, loss, or difficult experience. These meanings are not fixed; they are
shaped by metaphorical extension and contextual use within language.

The present study adopts this perspective and examines the semantic portrait of the
sweet — bitter opposition in Bulgarian and Czech. Focusing on lexical meanings,
phraseological patterns, and cultural connotations, the analysis proceeds from the
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assumption that taste metaphors are not merely stylistic devices, but stable cognitive
mechanisms through which speakers organize and interpret human experience.
Cognitive linguistics approaches language not merely as a system of formal signs,
but as a mechanism through which human experience is structured, interpreted, and
evaluated. Meaning is therefore understood as knowledge-based and relational,
emerging from shared cognitive structures rather than from isolated lexical features.
Within this perspective, lexical meaning is not treated as an autonomous semantic unit,
but as access to structured background knowledge that guides interpretation in context
[1]. A particularly influential model for describing such background knowledge is
frame semantics, which conceptualizes meaning as the activation of structured frames
organizing human experience. Frames integrate information about typical situations,
perceptual properties, and culturally established expectations, thereby linking
linguistic meaning to shared models of reality [1]. This approach provides a principled
explanation of how lexical units evoke not only referential content, but also evaluative
and interpretative dimensions. Taste adjectives occupy a revealing position within this
framework. As lexical items grounded in bodily perception, they activate frames
associated with eating and sensory evaluation. These frames inherently involve
judgements of pleasure, discomfort, or difficulty, since taste perception itself is
inseparable from evaluation. From a frame-semantic perspective, the evaluative
component of taste-related meaning is therefore not secondary or contextually
accidental but structurally embedded in the frames activated by such adjectives [2].
Further elaboration of frame-based analysis has shown that evaluation constitutes a
stable and systematic component of lexical meaning. Frame-oriented lexical models
describe meaning as access to semantic configurations that include not only
participants and events, but also culturally conventionalized assessments and
expectations [3]. When taste adjectives are extended beyond the sensory domain, the
activated frames retain their evaluative structure, which is projected onto abstract
domains such as emotions, interpersonal relations, and moral judgement. This process
allows perceptual experience to function as a cognitive basis for the interpretation of
non-perceptual phenomena. Within this theoretical framework, antonymic taste
oppositions such as sweet — bitter emerge as stable semantic configurations rather than
as simple contrasts between gustatory sensations. These oppositions function as
cognitive instruments for organizing evaluative meaning and for modelling culturally
salient distinctions. Sweetness typically activates frames associated with harmony,
desirability, and positive evaluation, whereas bitterness evokes frames related to
difficulty, suffering, or painful awareness. Such associations reflect conventionalized
patterns of interpretation embedded in language and shared cultural knowledge [4].
From a frame-semantic perspective, taste-based oppositions therefore operate as
axiological axes that mediate between perception and evaluation. They enable speakers
to conceptualize complex emotional and moral experiences through familiar sensory
structures, while simultaneously situating these experiences within culturally
structured systems of value. The opposition sweet — bitter should thus be understood
not as a purely sensory contrast, but as a frame-based mechanism through which
emotional, moral, and cultural meanings are systematically organized and interpreted.
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In Bulgarian lexicographic tradition, cradwvx ‘sweet’ is defined as “having the taste of
sugar or honey” [6]; however, this primary sensory definition represents only the
semantic siapo of a considerably broader meaning structure. In actual language use,
craovk undergoes systematic metaphorical extension and functions as an evaluative
marker denoting emotional closeness, tenderness, and positive affect (craodwvk enac,
craoko deme, ciaoxka ycmuexa). These metaphorical uses reflect a stable cognitive
association between sweetness and positive emotional experience, grounded in
embodied perception and reinforced through cultural convention.

At the same time, Bulgarian exhibits a pronounced evaluative ambivalence with
regard to sweetness. When the positive quality encoded by craowk exceeds culturally
accepted norms, it becomes semantically reinterpreted and acquires ironic or negative
colouring. This shift is clearly observable in expressions such as cnanku npukasku and
cnaaku aymu, where sweetness no longer signals emotional warmth but rather
insincerity, manipulation, or rhetorical exaggeration. Such cases demonstrate that
sweetness in Bulgarian is not an unconditionally positive value, but one that is subject
to pragmatic and axiological regulation. The adjective copuus, defined as “having a
sharp, unpleasant taste” [7], occupies the opposite pole of the evaluative axis. In
metaphorical usage, ropuus functions as a linguistic marker of suffering, loss, and
existential hardship (ropuuBa cba0a, ropunBH cbi3H), conceptualising bitterness as an
embodied experience of pain. However, Bulgarian semantic structure reveals that
bitterness is not limited to negative emotional states. On the contrary, it frequently
encodes moral and cognitive value. Expressions such as copuusa ucmuna conceptualise
bitterness as painful yet necessary knowledge, associated with authenticity, maturity,
and experiential depth. This semantic duality indicates that in Bulgarian linguistic
consciousness bitterness can function as a marker of ethical clarity and existential
insight. A central element in the Bulgarian semantic field of sweetness is the noun men
‘honey’. Beyond its literal reference, men functions as a culturally salient symbol of
abundance, harmony, health, and positive evaluation. Lexicalised expressions such as
MEJIeH Mecell, Mea U Macio, and comparative constructions based on sweetness
reinforce the axiological dominance of the sweet pole. At the same time, the semantic
potential of men allows for ironic reinterpretation, particularly in contexts where
expectations of harmony or prosperity are not fulfilled, thus confirming the dynamic
and context-dependent nature of evaluative meaning. Bulgarian phraseology provides
especially rich evidence for the axiological structuring of the cradko — ecopuuso
opposition. Phraseological units project basic gustatory perception onto emotional,
moral, and social domains, thereby transforming sensory experience into a tool of
cultural interpretation. Expressions based on craowk typically encode pleasure,
harmony, and desirability (cradwvx owcusom, cradvk cwvH, cradoka paboma),
corresponding to the conceptual metaphor sweet is good/derirable. However,
Bulgarian phraseology clearly marks the boundary between genuine positivity and
excess. In formations such as ciankogymue or ciiagku MpUKazku, sweetness becomes
semantically downgraded and associated with deception or empty rhetoric.

The phraseological field of copuus is likewise multidimensional. While expressions
such as eopuusa cvoba, copuusu cviazu, and eopuus X106 conceptualise bitterness as
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hardship and suffering, others attribute to it positive epistemic value. The expression
eopuuea ucmuna exemplifies the cultural conceptualisation of bitterness as a necessary
stage in the acquisition of knowledge and moral insight. A particularly salient cultural
marker is the wedding exclamation ,,I'opunBo!*, which performs a ritualised semantic
inversion: bitterness is explicitly named in order to be symbolically overcome through
a kiss. In this context, bitterness fulfils a transitional function, mediating the passage
from tension to harmony. Taken together, the Bulgarian linguistic material
demonstrates that the opposition ciadxo — copuuso does not operate as a rigid binary
contrast, but rather as a dynamic evaluative continuum. Sweetness and bitterness
interact, overlap, and shift their axiological value depending on context,
communicative intention, and cultural norms. This flexibility confirms the role of taste-
based metaphors as stable cognitive mechanisms through which Bulgarian linguistic
consciousness structures emotional experience, moral judgement, and cultural
meaning.

The present study has examined the semantic opposition sweet — bitter as realized
in Bulgarian and Czech, approaching it as a cognitively grounded and culturally
mediated evaluative axis rather than a simple contrast between two gustatory
sensations. The analysis demonstrates that taste-based meanings are not confined to the
domain of sensory perception, but extend systematically into emotional, moral, and
cultural spheres through processes of metaphorical mapping and semantic extension.
The Bulgarian material reveals a particularly rich axiological layering. Sweetness is
associated with harmony, emotional closeness, and positive evaluation, yet it is also
subject to pragmatic regulation, whereby excessive sweetness acquires ironic or
negative connotations. Bitterness, although grounded in unpleasant sensory
experience, emerges as a complex semantic category encoding not only suffering and
loss but also moral clarity, authenticity, and necessary knowledge. The central role of
Mmef as a culturally salient symbol further reinforces the dominance of sweetness, while
at the same time allowing for contextual reinterpretation. Phraseological evidence
confirms that the opposition craoko — eopuuso functions as a dynamic evaluative
continuum rather than a rigid binary structure. Fixed expressions and ritualized forms,
such as the wedding exclamation ,,['opuuBo! “, illustrate how bitterness may serve a
transitional cultural function, mediating the movement from tension to harmony. In this
respect, Bulgarian phraseology demonstrates a high degree of semantic flexibility and
cultural embeddedness.

The Czech data, while sharing the same embodied cognitive foundations, display a
more balanced distribution of positive and negative evaluations. Sweetness and
bitterness in Czech tend to reflect harmony, realism, and sober assessment of
experience, rather than symbolic inversion. This contrast highlights the role of cultural
models in shaping the semantic expansion of universal taste categories. Overall, the
findings confirm that the sweet — bitter opposition constitutes a stable cognitive
mechanism through which speakers organize evaluative meaning, while its concrete
semantic realization remains sensitive to cultural norms and communicative practices.
The study thus supports the view that taste metaphors occupy a central position in the
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linguistic representation of human experience and offers a productive framework for
further comparative research across Slavic and other European languages.

This research was funded by the National Program “Young Scientists and
Postdoctoral Researchers — 27, code by NCPD: 2422-5089. The author expresses
gratitude to the Division of Research and Project Activities (NPD) at Plovdiv
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Abstract
The article examines the theoretical foundations of the concept of psychologism
in literary studies and clarifies its function and significance in fiction. The role of
psychologism in revealing the character’s inner world is analyzed in correlation with
the scholarly views of B. Maitanov and L. Ginzburg. The artistic system of Safuan
Shaimerdenuly’s prose is taken as the main object of the study, and the narrative
strategies used to depict the inner drama of the human psyche in the writer’s works are
systematically explored. Particular attention is given to the novella Majnun Tal, in
which symbolic imagery, inner monologue, psychological parallelism, portrait details,
and the artistic functions of time and space are analyzed as key means of revealing
character psychology. The phenomenon of loneliness in the work is interpreted from
an existential perspective and examined in relation to the concepts of human dignity,
conscience, and spiritual responsibility. Through the system of characters, the article
demonstrates the spiritual evolution of the individual, as well as moral choices and
inner conflicts, as artistically integrated elements. The findings of the study confirm
that Safuan Shaimerdenuly’s prose significantly deepens the tradition of psychologism
in Kazakh literature and occupies an important place in the creation of artistic models
of the human soul.
Keywords: psychologism, artistic world, inner monologue, psychological
parallelism, symbolic imagery, phenomenon of loneliness.

In literary studies, the concept of psychologism is considered a complex
theoretical category that emerges at the intersection of fiction and psychology. It is
widely recognized that the central subject of artistic expression is the human being.
Therefore, representing a person in a literary work at the level of an aesthetic image
requires a deep exploration of their spiritual existence. Psychologism can be defined as
the artistic depiction of the inner phenomena of the human psyche and the soul in a
work of fiction, portraying the character’s thoughts and emotions, and analyzing the
logic of their personality development in an aesthetically meaningful way.[1]
According to scholarly interpretations, psychologism is one of the most significant
aspects of literature. Moreover, it is regarded as one of the fundamental foundations of
art in general. The history of art and literary practice indicate that the most vivid and
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extensive manifestations of psychologism are usually realized in the prose genre. In
prose works, psychologism is expressed through revealing the character’s inner world
and the complexity and depth of their spiritual existence. A character’s psychological
universe 1s shaped through their interactions with time, society, and nature.
Additionally, in literary theory, psychologism is considered one of the principal
conditions for presenting a character as a fully developed personality and for
comprehensively revealing the nature of their character.

Based on the works of scholars who have studied the theory of psychologism, it
can be observed that this concept is interpreted from various perspectives within
literary studies. For instance, literary scholar B. Maitanov regards psychologism as an
inseparable quality inherent in the very nature of fiction. He states that “psychologism
is an integral property of the holistic essence of fiction... psychologism is a principle
of artistic representation, a mode of thinking, and a distinctive marker of a writer’s
talent” [2]. This viewpoint, in our opinion, is highly justified, as fiction can create a
complete and authentic artistic image only when it portrays the individual not merely
through external actions, but also through their inner world and emotional experience.
Furthermore, Russian scholar L. Ginzburg interprets psychologism as an exploration
of the complex and contradictory inner world of a literary character [3]. From this
perspective, psychologism is grounded in revealing a character’s essence through
internal conflicts, emotional tensions, and spiritual crises. The depiction of inner
psychological movement is one of the most important ways to gain a profound
understanding of human nature in a literary work. An examination of scholarly
viewpoints shows that methods of psychological analysis hold particular significance
within the tradition of realist literature. According to researchers, it is only in truthful
realist literature that psychological analysis can fulfill a concrete semantic function and
a coherent stylistic role. Moreover, the more accurately and convincingly a writer
depicts the deep layers of the human psyche, the more fully the reality of life is
revealed. This very feature enables realist literature to achieve its fundamental artistic
objectives [3].

In the history of the development of Kazakh prose, the creative legacy of Safuan
Shaimerdenuly occupies a special place among writers who have attached particular
importance to the deep and convincing depiction of the inner layers of human existence
and the spiritual world. In the writer’s prose, the complex psychological structure of
the human soul, the spiritual evolution of the individual, moral choices, and inner
contradictions are examined on a broad artistic scale. From this perspective, the works
of Safuan Shaimerdenuly can be regarded as a significant artistic phenomenon that
deepened the tradition of psychologism in Kazakh literature and established a new
aesthetic level in the artistic cognition of the human image. Within the artistic system
of the writer’s prose, human destiny is not considered separately from the social
environment, national worldview, and historical reality. On the contrary, the
character’s inner spiritual world and external existence are interconnected, forming a
unified artistic and aesthetic structure. For the writer, the human being is a personality
imbued with spiritual and moral values, one who attains maturity through the complex
trials of life. Therefore, in Safuan Shaimerdenuly’s prose, the psychological state of
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the character, inner reflections, and emotional turmoil become the core of artistic
narration.

Psychologism in the prose of Safuan Shaimerdenuly is realized through artistic
explorations aimed at deeply revealing the character’s inner spiritual world and
portraying human destiny in harmony with the reality of life. In the writer’s works,
psychologism manifests itself through a system of various artistic devices and
techniques. In particular, such artistic components as inner monologue, psychological
portrait, symbolic detail, and landscape parallelism play an important role in revealing
the character’s spiritual essence. Through inner monologue, the author conveys the
flow of thoughts in the character’s consciousness and the contradictory emotions of the
inner world in a natural and authentic manner. This technique not only deepens the
character’s psychology but also brings the reader closer to the character’s inner world.

For instance, the writer’s short story «Majnun Tal» is one of the works that most
profoundly reveals the artistic potential of psychologism in his prose. In this narrative,
the inner drama of the human soul is disclosed not through direct plot-driven action,
but through symbolic imagery and the technique of psychological parallelism. From
this perspective, «Majnun Tal» can be classified among the philosophical and
psychological short stories of Kazakh prose [6]. The central symbol of the story is the
image of the majnun tal (weeping willow). This image forms the ideological and
aesthetic core of the work and becomes an artistic equivalent of the character’s inner
spiritual state. The natural appearance of the majnun tal — bent, fragile, and swayed by
the wind — suggests the character’s inner anguish and sense of existential loneliness.
By juxtaposing nature and human psychology, the author depicts them in close
interrelation. Such a method, recognized in literary studies as psychological
parallelism, makes it possible to reveal the character’s inner emotional world through
external, natural imagery.

When «Majnun Tal» is analyzed as a whole, one of the most salient conclusions
that emerges is the intrinsic correlation between moral elevation and loneliness. In the
work, all characters who possess genuine spiritual nobility and high ethical stature
ultimately remain alone or are subjected to loneliness. Although this may initially
appear paradoxical, it is psychologically and philosophically justified. As existentialist
philosophers have argued, a truly elevated individual remains alone even among the
crowd, because their ideals and depth of thought transcend the average level of the
majority. A similar pattern is clearly manifested in the novella.

Aspet may be regarded as a measure of moral greatness. She adopts as her
principle of life the refusal to harm others for the sake of her own happiness; she
sacrifices herself for her loved ones and silently endures profound suffering without
burdening anyone else. The fact that such a pure soul is left alone — separated from her
husband, deprived of her child, and living far from her native land — seems to endow
her image with an even greater sense of sanctity. This is distinctly evident in the
aesthetic structure of the work: Aspet’s loneliness illuminates her noble image in the
reader’s heart with even greater radiance. Similarly, Altyn Apa represents a figure of
exceptional moral integrity. She adheres to justice even when it conflicts with kinship,
rejects moral negligence, strives to reform wayward relatives, and embraces children
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as her own. Yet she, too, meets death in solitude. At the time of her passing, no relatives
appear to have been present; only Kopjasar seems to have assisted with her burial
(whether a young mullah was summoned by the bus driver who brought tourists, or
whether neighbors conducted the burial remains unclear, but it is evident that neither
Agqaulet nor Aspet arrived). Her life path thus emerges as a form of heroism within
loneliness. Such characters are well known in world literature. Hemingway’s old
fisherman Santiago (The Old Man and the Sea), for example, struggles alone,
confronting himself in solitude, and ultimately attains a great purpose, demonstrating
the triumph of the human spirit. Altyn, in her own way, fights throughout her life and
eventually fades away. Yet her loneliness is only physical; spiritually, she is not alone.
She sees herself reflected in Aspet, and as long as Aspet lives, Altyn seems to possess
a form of eternal life. For this reason, she worries about Aspet and entrusts her to
Bagdan. Here, once again, the continuity of generations and the cyclical nature of life
are revealed: the loneliness of one is completed and redeemed by another.

As Bagdan strives toward moral elevation, he gradually becomes inwardly
isolated. At first, he appears as a socially adaptable individual who enjoys being “talked
about” and recognized by others. By the end of the novella, however, he is portrayed
as a man weary of the social bustle, one who escapes from the crowd praising him at
the exhibition and turns toward the open steppe in search of purity. By asking for the
exhibition’s “splendor” to be removed, he demonstrates that he is not dependent on
public acclaim. This marks his moral growth: he no longer needs cheap fame or false
prestige. Having turned toward the true ideals of art, he willingly enters into dialogue
with solitude — returning in search of the Majnun willow and revisiting familiar places.
Even in this journey, Bagdan’s lack of a spiritual companion becomes evident: the
young people around him fail to understand him and reduce the Majnun willow itself
to an object of trivial conversation. Bagdan does not actively engage in these
discussions; he remains alone with his own thoughts. This is existential loneliness —
the state in which an individual feels detached from the surrounding environment and
acknowledges the absence of anyone capable of understanding the depths of the soul.
Yet it is precisely in this condition that Bagdan gains the opportunity for self-dialogue;
in other words, solitude becomes a prerequisite for his spiritual growth. Bagdan’s
solitary contemplation beneath the Majnun willow — gazing at the sky and clouds,
reflecting on verses composed eight hundred years ago — embodies this form of
existential self-recognition. At that moment, he reaches a decisive conclusion: he must
find Aspet at all costs. This decision signals the awakening of responsibility within his
inner world, the recognition of his moral duty. He understands his mistake and resolves
to do everything possible to rectify it. Loneliness does not merely erode Bagdan; it
tempers and strengthens him. As a result, he rises morally — otherwise, he might have
divorced his wife or fallen into despair, but neither occurs. Bagdan overcomes his
loneliness. Here, his victory lies in art and spiritual purity. He makes a firm
commitment to fidelity — both to his family and to the path of art. His intention toward
Aspet is no longer ambiguous: he seeks only forgiveness and wishes to offer her the
kindness she never received. Thus, his feelings are elevated to a spiritual level, free of
desire, consisting solely of pure longing and respect. Truly loving hearts do not
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ultimately unite, yet each carries the other within their heart. This is a romantic tragedy,
but at the same time, a triumph of human morality. When speaking of moral elevation,
one inevitably recalls the author’s exhortation, “Be elevated.” Aspet directs these
words to Bagdan, yet they function as the leitmotif of the entire work. All who strive
for this elevation experience loneliness; nevertheless, standing alone atop the tower of
moral height testifies to the resilience of their spirit. This idea may be further
illuminated through comparative literary context. For instance, in One Hundred Years
of Solitude, Gabriel Garcia Marquez depicts the fate of several generations of the
Buendia family, each condemned to its own form of solitude. They are all exceptional
and gifted, yet precisely because of this, they live closed, misunderstood lives, as if
destined to do so. Similarly, in “Majnun Tal” solitude becomes the lot of exceptional
individuals. Though they submit to this fate, they derive meaning from it rather than
tragedy. Aspet, undeterred by loneliness, raises a child and dedicates herself to
nurturing the next generation; Bagdan creates great art out of solitude; even Altyn Apa,
in her loneliness, devotes all her strength to sustaining an entire family line. Thus,
solitude fortifies each character from within, refining and elevating their moral stature.

Nevertheless, the work leaves a glimmer of hope by presenting loneliness as
something that can be overcome. This hope lies in expectation and longing. For many
years, Bagdan lives sustained by hope — waiting with the thought that “she might come,
she might call.” In this sense, he overcomes his loneliness through hope itself. More
broadly, what does the work define as moral elevation? It is the purity of conscience,
the ability to think not only of oneself but also of others, and the commitment to remain
distant from moral corruption. Aspet embodies integrity; Bagdan searches for and
ultimately finds his conscience; Altyn passes through life without tarnishing her moral
honor; Salima faithfully fulfills her maternal duty by preserving the family. Akdaulet,
by contrast, is a figure who has fallen from this moral height, and as a result, he turns
away from both his homeland and his people. Through these opposing figures, the
author demonstrates the foundational importance of human values. The novella leaves
a profound impression on the reader because it raises universal human concerns.
Questions such as “Am I alone?”, “Is there anyone who truly understands me?”, “What
is the meaning of life?”, “Which should prevail on the scales — love or duty?”, and
“What is the true value of art?” resonate in the minds of all reflective individuals.
Shaimerdenov, as an artist, seeks to respond to these questions through literary
expression. His answers are embedded throughout the narrative and beneath the surface
of events: the meaning of life lies in moral purity and integrity; when love and duty are
in conflict, conscience must be chosen; the value of art resides in its authenticity and
depth of content; and loneliness, though the portion of the great, is not a misfortune but
rather the share of moral and spiritual elevation.

In the work, the primary manifestation of psychologism lies in the character’s
inner stream of thought and emotional anxieties. Rather than external action, the
character is inclined toward inner feeling, psychological tension, and deep reflection.
This is a narrative feature characteristic of Safuan Shaimerdenuly’s prose. In revealing
the character’s inner world, the author places particular emphasis on inner monologue,
emotional perception, and silent contemplation. As a result, the reader comes to
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understand not so much the character’s external life as their inner spiritual essence,
gaining a deeper sense of their psychological state. In «Majnun Tal», portrait
descriptions also acquire symbolic significance. The character’s external appearance
functions as a mirror of the inner spiritual world. Portrait details serve to depict such
psychological states as emotional strain, fatigue, and spiritual exhaustion. Here,
portraiture is dynamic rather than static, becoming a means of conveying changes in
the character’s psychology. In addition, the categories of time and space are employed
in the work to further intensify psychologism. The constricted nature of space and the
closed quality of natural landscapes reflect the pressure of the character’s inner state
and the sense of entrapment within the soul. Meanwhile, the slow flow of time,
intertwined with moments of introspection and reflection on the past, amplifies feelings
of spiritual stagnation and loneliness.

In the course of the study, the artistic system and the nature of psychologism in
Safuan Shaimerdenuly’s prose were examined comprehensively, revealing the
aesthetic and cognitive features of depicting human beings in the author’s works. It
was established that in the writer’s prose, psychologism manifests as a central artistic
category aimed at deeply revealing the inner world of the character. This feature aligns
with Safuan Shaimerdenuly’s artistic approach, which strives to portray human
existence not through external actions but through spiritual turmoil, inner conflicts, and
moral choices.

As the study’s findings indicate, psychologism in the author’s works is realized
through artistic techniques such as interior monologue, psychological portrait,
symbolic imagery, and psychological parallelism, which simultaneously depict nature
and the character’s psychology. These methods allow for a profound and convincing
representation of the character’s emotional turmoil, spiritual crises, and personal
evolution. The writer’s artistic endeavors elevate the tradition of psychologism in
Kazakh prose to a new qualitative level. Furthermore, the artistic world in Safuan
Shaimerdenuly’s prose unfolds in close connection with national consciousness, social
reality, and philosophical thinking. The character’s inner world is depicted not merely
as an individual psychological phenomenon but as a spiritual reality shaped within a
specific historical and social context. This enhances the ideological and artistic
significance of the author’s works and enables the contemplation of human destiny on
a universal level.

In conclusion, a scholarly examination of the artistic system and the nature of
psychologism in Safuan Shaimerdenuly’s prose provides a pathway to a deeper
understanding of the artistic models of the human psyche in Kazakh prose. The author’s
creative practice, grounded in psychologism, expands the aesthetic possibilities of
national literature and is recognized in contemporary literary studies as one of the
significant theoretical and practical foundations for exploring the psychology of the
individual.
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HNCUXOJIHI'BICTUYHI ACIIEKTH BUBYEHHSI
THO3EMHOI MOBH B 3AKJIAII BULLIOI OCBITH

Kamincbka Ouiena,
Ph.D.,
Yuriy Fedkovych Chernivtsi National University

BuBueHHs 1HO3eMHOI MOBH Yy 3aKjajl BHUIIOI OCBITH € PI3HOPIBHEBUM Y
OprasizaifiifHoMy Ta HaBYaJbHO-METOJWYHOMY IUIaHI MpolecoM. [Ho3emMHa MoBa €
BOXJIMBUM CKIQIHUKOM (hopMyBaHHS (yHIaMEHTAIBHUX Ta CHEIialbHUX (DaxoBHX
HaBMYOK. ToMmy, CHpUHHATTA 3100yBauy€M BHILOI OCBITH KEHCy 1HIIOMOBHUX
KOMIIETEHTHOCTEH HE 3BOJUTHCS JI0 KOHCTAaTallli 3HAHHS 1HO3eMHOI MOBU. Hapasi
aKTyaJlI3yeThCS PO3YMIHHS 1HO3€MHOI MOBH SIK  BaXJIMBOTO  1HCTPYMEHTY
1H(OpPMAIIHOTO CYNIPOBOLY HAaBYAIBHOTO MPOLECY.

Bxkazani peainii TpaHC(OpMYIOTh KJIIOUOBI MIPUHIMUIK MMO3UIIOHYBAHHS 1HO3EMHO1
MOBH B CUCTEM1 OCBITHBOTO MPOIIECY. SIKIIO paHillie IHIIIOMOBHI KOMIIETEHTHOCTI MaJIn
NEPEeBa)KHO ABTOHOMHUM XapakTep Ta BIJHOCUIIMCS A0 KIJIAacTepy CBITOIJISIHUX
CYyCIIUIBHO ~ OpI€EHTOBAaHUX HABHYOK, TO Temep I1HO3eMHa MoOBa HalOyBae
IICUXOEMOIIIMHOTO 3MICTY.

MoTuBamiiHuii YMHHUK, €MOIIHO-KOMYHIKATUBHA CTIHKICTh, IICMXOJIOTI4HA
CTIMKICTh B 1H(pOpPMAIIHOMY MPOCTOpPI — BCl Il acleKTH (HOPMYIOThH HOBI
MICUXOJIIHIBICTUYHI XapaKTEPUCTHUKU BHUBYEHHS 1HO3EMHOI MOBHM B 3aKjajl BHUIIOi
OCBITH.

[IcMXOJIHIBICTUYHI BUMIPU MAalOTh JEKUIbKA MPOSBIB, AKI BU3HAYAIOTh iXHIO
3aTpe0yBaHICTh B HaBYAJIBHOMY Mpouneci Ta Tmpud (QopMyBaHHI  (haxoBHUX
KOMIIETEHTHOCTEH 3700yBaya:

- TIEPCOHANBHUN XapakTep, 3aBIsSKH SKOMY 3100yBad BHIIOi OCBITH CTBOPIOE
COPUSATIIMBUI TICUXOEMOLIIHUN (POH MpPHU COPUMHSATTI Ta ONpallOBaHHI 1H(oOpMalii
pI3HOMaHITHOTO 3MICTy (¢daxoBoi, HOBOI, CBITOIJISAHOI TOIIO), CEped  AKOi
30UTBIITY€THCS YacKa 1HIIIOMOBHOTO HABYAIBbHOTO KOHTEHTY;

- OpraHizalliiHui BUMIp, SKUM BHU3HA4Yae 1HGOPMAIIHO-KOMYHIKATUBHUN
KJIACTE€P OCHOBOIO /I HAOYTTS 3HAaHb, AaHAIII3Y MO1{, TTPOIIECIB Ta SBUIII, BUPIIIEHHS
HaBUYaJBHUX MPOOJIEM 1 B AIKOMY IHIIIOMOBHUMN KEWC BIIIrpae KIOYOBY POJIb;

- HABYAJIBHUU KEWC, y SKOMY PYMHYIOTbCA IE€PELIKOAW Il BUKOPHUCTAHHSA
1HO3€eMHOI MOBHM B $IKOCTI 1HCTPYMEHTY OTpPHUMAaHHsS HaBYalbHOI iH(popmarlii Ta
CTBOPEHHSI OCBITHBOTO TIPOCTOPY, JJIsi SIKOTO XapakTepHE CHPUUHATTA MO
JHTBICTUYHOTO CYIIPOBOJY Ta 3a0€3MeUYeHHS.

CyuacHa HayKoBa MCUXO0JIOT0-TIIearoriyia MeTO0JIOTis HOB1 pOJIi BUKJIAIAlbKO1
aKTUBHOCTI, YPI3HOMAHITHIOIOUM 3MICT Ta (pOpMaT BUBYEHHS 1HO3EMHOI MOBH B
3aKJj1al BUILOI OCBITH:

- Ha Mi3HaBaJbHOMY PiBHI;

- Ha KOMYHIKaTUBHOMY PiBHI;

- Ha TBOPYOMY PiBHi;
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- HAa CBITOIJISIIHOMY PiBHi;

- Ha piBHI CaMOPO3BUTKY [1].

BoaHouac, nCUXOJIIHIBICTUYHI ACTIEKTH OTPUMYIOTh MPAKTUYHE 3aCTOCYBAaHHS B
Cy4acHOMY OCBITHBOMY IIpolieci. 30Kkpema, Ipy BUBUCHHI 1HO36MHOI MOBH Ba)KJIUBO
aKkTyanizyBaTtd QyHKIIIO OJIOKYBaHHS HETaTUBHOI'O MIEPEHECEHHS MEPEIIKO 3 PiAHOI
MOBU Ha MOBY, 1110 BUBYa€ThCs [3]. Taka QyHKIis 3a0e31euye NCUXO0JIOTIYHY CTIHKICTD
npHu 1HGOPMALIHUX MOTOKaX BEIMKUX MAcHITabiB Ta IHTEHCUBHOCTI, 5Kl B popMari
1HO3E€MHOi MOBH, MOKYTh BUKJIUKATH TPYAHOIIl IPU CIIPUIHATTI YU TPAHCIISIII].

CydJacHuil HayKOBO-JIHTBICTUHYHUHN JUCKYpPC MO3UIIOHY€E KOTHITUBHI METONIU SIK
3JTaTHICTh CTBOPIOBATH CY/XKEHHS, K1 € TapaJOKCAIIbHUMU 32 (POPMOIO Ta TTTMOOKUMU
3a 3micToM. [ToBHOITIHHE CIPUIHATTS 1HO3EMHOT MOBH MOXJIMBE 32 YMOBH TTO€THAHHS
parioHaBbHOTO  CKJIAJHUKA Ta  eMoIliiHoro 3abapmieHHs [2]. CuHepris
MICUXOIHTBICTUYHOTO BUMIPY y 3MICTI BUBYEHHS 1HO3E€MHOI MOBHU B 3aKJIajl BUIIOI
OCBiTH BUCBITJIeHa y Fig.1.

XapakTepuCcTUKu
BUBUYECHHS
1HO3eMHOIT MOBH

IIcuxoemorniiiai
Ta MOPAJIBHO-
BOJIbOBI

CBITOIIAIHO-

PammonansHO-

MUCJICHHEB1 COLIIOKYJIBTYpHI

Figure 1. Cuneprist ICUXOJIIHTBICTUYHOTO 3MICTY 1HO3€MHOT MOBH.

OTxe, TCUXOJIHTBICTUYHI aCNEKTU BUBYEHHS 1HO3EMHOI MOBH € BaXITHMBUM
(dakTOpOM TIpH BHBYEHHI 1HO3EMHOI MOBHU B 3akjajal BHINOI OcBiTH. DopmMyBaHHS
MICUXOEMOIIIMHOI CTIMKOCTI 10 BapiaTMBHOCTI Ta 1HTEHCHUBHOCTI 1H(OpMaIIMHUX
MOTOKIB € CKJIaJIOBOIO YCIIIIIHOTO HAaOyTTs HE JIMIlE€ 3HAHb 1HO3EMHOI MOBH, ajie i
iXHBOTO BUKOpPUCTaHHS B (opmyBaHHI (yHIaMEHTaIbHUX Ta ()aXOBUX HABUYOK
3100yBaya BUINOI OCBITH.

References:
1. Cherniuk, T. (2024). Psychological aspects of foreign language learning.
Current issues in the humanities, 72(4), 400-404. https://doi.org/10.24919/2308-
4863/74-2-64

230



PHILOLOGY
CURRENT STATE AND TRENDS IN THE DEVELOPMENT OF SCIENCE AND
EDUCATION

2. Demirezen, M. (2014). Relations between psycholinguistic approach and foreign
language learning and teaching. Ondokuz Mayis University Journal of Education
Faculty, 17(1), 33-44. https://izlik.org/JA93FY59DW

3. Koval, N. (2021). Cognitive Algorithms for Learning Foreign Languages:
Psycholinguistics ~ Approach.  Educational  Challenges, 26(1),  64-73.
https://doi.org/10.34142/2709-7986.2021.26.1.06

231



PHILOLOGY
CURRENT STATE AND TRENDS IN THE DEVELOPMENT OF SCIENCE AND
EDUCATION

BUBYEHHSA IHO3EMHOI MOBHU B KOHTEKCTI
OOPMYBAHHSA KPUTUYHOI'O MUCJ/IEHHA

Tymaroarwk Karepuna,
Ph.D.,
Yuriy Fedkovych Chernivtsi National University

BuBuUeHHS 1HO3eMHOT MOBH € CKJIaJJTHUM IIPOLIECOM, SIKUH IIepedadae popMyBaHHs
HABUYOK, SIK1 MalOTh SIK (QyHAaAMEHTaJIbHUM XapaKkTep 3HaAHHsI, TaK 1 THyYKe PO3YMIHHS
KOHTEKCTY. 3HaHHS JABOX YW KIJIbKOX MOB HaJa€ JIOAMHI MOXKJIUBICTh CIPUNAHATH Ta
MIPOAHAIII3YBATH MOAII0, MPOLEC YU SABUILE 3aBASKUA PI3HUM 1H()OPMALIHHUM TOTOKaM.
Kputnune mucienss norpedye pi3HOMAHITHOCTI SIK 1HPOPMaLIMHOTO 3a0€3MeUeHHs],
TaK 1 KOTHITMBHHUX 3A10HOCTEH JIIOAWHU. YHIKAJIBbHICTh 3HAHHS 1HO3€MHOI MOBH
MOJISITa€ B TOMY, IIO L€ Keic 31aTHUi 3a0e3neunTy oOuaBa BUMIPU (POpMyBaHHS
KPUTHUYIHOTO MHCIICHHSI.

Oco6nuBoro 3HaueHHs HaOyBa€ NPOLEC BUBYEHHS 1HO3EMHOI MOBH, KOJIU
dbopmyroThest hyHAaMeHTaNbHI HaBUYKU. st 3;100yBaya BUIOI OCBITH II€il TpoIec
NOTJUOIIOETECS  CTAHOBJIEHHSIM KPUTUYHOIO MHCJIEHHS B po3pi3l  (paxoBux
KOMIIETEHTHOCTEeH. [HO3eMHa MOBa IMOCTa€ y JIBOX KIIIOUOBUX BHUMIPAX PO3BUTKY
KPUTHUYHOTO MHUCIIEHHS, 1110 BUCBITIIEHO B Fig. 1.

BuBueHHS 1HO3EMHOI

3HaHHS 1HO3EMHOI1 MOBHU $SIK €JIEMEHT
MOBH $IK JIKEPEIO (dopMyBaHHS
Yp13HOMaHITHEHHSI KOTHITUBHUX
1Hdopmarri, sika 310HOCTEN Ta
IIOCTAa€ OCHOBOO HaBUYOK
KPUTUYHOTO aHali3y KPUTHUYHOTO

MUCIICHHA

Figure 1. BuBueHHs iHO36MHO1 MOBH B CTAHOBJICHHI KPUTUYHOTO MUCJICHHS.
dopMyBaHHS KPUTHYHOTO MUCJICHHS B TIPOIECi BHBYCHHS 1HO3€MHOI MOBH B

paMKax OporpaMu MiJAITOTOBKM 3700yBaya BUINOI OCBITH aKTyali3ye€TbCsl HAa JBOX
PIBHSIX:
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- 1HAMBIAYaIbHOMY — 3aBJSKU CIIPUIHATTIO 1H(GOpMaIlii Ta BAKOPUCTAHHIO YITKHX
MIpKYBaHb, K1 3a0€311eUyI0Th 3JJaTHICTh aHAII3yBaTH MO/Iii, MPOIIECH Ta SIBUIIA;

- IHCTUTYUIAHOMY — 3aBASKUA 3JIy4eHHS HaBYAIbHO-METOAMYHUX MPOrPAMHHX
HACTaHOB Ta aJTOPUTMIB, SIKI aKTYali3yIOTh KPUTHUYHE MUCJIEHHS B XOJ1 HaBYAJIbHOI
aKTUBHOCTI [1].

3B’S30K  MDK aIrOpUTMamMd KPUTHYHOTO MUCJEHHS Ta 1HIIOMOBHUMH
KOMITETEHTHOCTSIMU  B1JI3HAYA€THCSI B3a€MOIOB’SI3aHUM  TIporiecoM. DopMyBaHHs
HAaBHYOK KPUTHYHOTO MUCJICHHS B X011 BUBUYEHHS 1HO36MHOI MOBH HE JIMIIIE 3MIITHIOE
KOTHITUBHUM TOTEHIIaJl 3700yBada BUIOi OCBITH, aji¢ ¥ TMIiJBHUILYE MOBHY Ta
KyJIbTYpHY KOMIETEHTHICTh [3]. Po3ymiHHS KOHKpETHOro (akTy 4Yu CHUTyalli Ha
byHIaMeHTalIbHOMY PIBHI JOMOBHIOETHCS MOMJIMBICTIO BAapiaTUBHOTO CHPUMHATTS
yepe3 oOTpuMaHHsS 1HGopMalli 1HO3EMHOIO MOBOKO (a 3 HEWw ¢ 1HIIOK
COIIIOKYJIbTYPHOIO TIO3UIII€10). 3HAHHS 1HO3EMHOI MOBH JIO3BOJISIE MOTJISIHYTH Ha
npo0sieMy 3 HEUTPaIbHOTO, BOPOKOTO UM MPOCTO IHIIOTO OOKY, IO PO3IIMPIOE TOJIE
JUTSL aHAJTI3y Ta MOIIYKY PIIlI€Hb.

[HIIIOMOBHI KOMIIETEHTHOCTI, sIKI HAOYBalOThCSA B XOJ1 3A00YTTS BHIIOI OCBITH
OpIEHTOBAHI Ha JEKIJIbKA KJIACTEPIB aKTyalli3allii KpUTUIYHOTO MHUCIICHHS:

- TEPCOHAIILHOMY, Yepe3 sIKuid 3700yBay BUIIOI OCBITH (HOPMYE 1HIUBINyaTbHUN
MUCJICHHEBUN MOTEHIIIAT 3 BpaxXyBaHHSAM 37aTHOCTI BUKOPUCTOBYBATH 1HIIOMOBHUMN
dbopmart iHpopmaiii;

- CBITOIVISIIHOMY, IKUH 3a0€3I1euy€e MOXKIIMBICTh CIIPUHAMATHU i pO3YMITH 3arajibHi
LIMBUII3AIIAHI Ta crneuu(ivuHi JIOKAJbHI BUMIPH, SIKI TPAHCIIOIOTHCS 1HO3EMHOIO
MOBOIO;

- (axoBomy, 3aBIISIKU IKOMY 37100yBa4 BUIIO1 OCBITU MAa€ MOKJIUBICTh OTPUMATH
3HaHHS Ta 1H(QOpPMALI0 3 PI3HOMAHITHUX JKepend, sKi (GOpMyIOTh €()EKTHUBHICTbH
npodeciiHuX HABUYOK.

CphOroJIeHHs XapaKTepU3y€eThCS IMHAMIYHICTIO Ta HETepe0auyBaHICTIO, TOMY JJIst
CUCTEMHU BUIIOiI OCBITH BaXIWBO (pOpMyBaTh y MaWOYTHIX (paxiBI[IB 3HAHHS Ta
HAaBUYKM Ha OCHOBI (pyHIaMeHTaidbHOCTI Ta THyudkocTi [2]. Keiic iHO3eMHOI MOBH
703BOJIsIE  3a0e3MeunT HEOoOXIHY BaplaTUBHICTh B OTPUMAHHI Ta TPAHCIAIIT
Heo0x11HOT 1HhOpMAaIlii HABYAIBHOTO Ta ()aXOBOTO XapakTepy.

OTxe, BUBYCHHS 1HO3EMHOI MOBU B KOHTEKCTI (OpPMyBaHHA KPUTHUYHOTO
MHUCIICHHS € BaXKJIMBOIO CKJIQJIOBOIO OCBITHIX CTpaTerid MpH MIATOTOBIN 37100yBadviB
BUINOI OCBITH. 3HAHHS I1HO3EMHOI MOBM Ta TMpollec ii BHUBYEHHs 3a0e3reuye
po31IMpeHHst 1HGOPMaLIHOTO OIS, 0 CTUMYJIFOE PO3BUTOK KPUTUYHOTO MUCJICHHS
Ta KOTHITUBHOTO IMOTEHITI Y.
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HOJITUYHE CAMOBU3HAYEHHA MOJIOAI AK
ITHTETPALIA ITEHTUYHOCTI TA IITHHICHOI
CTPYKTYPHU

I'pyuman €Bren IlaBioBuy4

acmipaHT 3-ro poKy HaBYaHHS, aCUCTEHT Kadeapu
MPAKTUYHOT TICKXOJIOT1i MEHTaJILHOTO 37I0POB’ S
HarionansHoro yHiBepcutety «JIbBIBCbKa MOMITEXHIKA»
M. JIbBiB, YKpaina

VY NOAITHYHOMY CAaMOBU3HAYEHHI MOJIOZ1 KIIFOYOBUM € HE CTUIBKU (PaKT HAIBHOCTI
MOJITUYHUX MOTJISAIB, CKUIBKM 1XHA BHYTPIIIHS OPraHi30BaHICTh 1 IMCHUXOJIOT1YHA
3pUIICTh. Y MIHJMBHUX Ta JUHAMIYHUX YMOBAXx, JI€ COIllaibHI HAPATUBH Ta ySBIEHHS
IIBUJKO 3MIHIOIOTHCS, CAMOBU3HAYEHHS JIOIIJIBHO PO3YMITH SK TO€EIHAHHS
MOTITHYHOT Ta TPOMAJITHCHKOI 1IGHTUYHOCTI Ta IIIHHICHOI CTPYKTYPH, 110 3a0e3meuye
CTIMKY ¥ aBTOHOMHY TO3HI11110 ocobucTocTi [1].

[ToniTnyHa Ta rpoMaAsSHCHKA 1JICHTUYHICTh JA€ BIATIOBIIb HA MUTAHHSI «XTO 5 Y
MOJIITUYHOMY TIPOCTOP1?» 1 BU3ZHAUAE MEXI1 «MI» Ta «IHII», Yepe3 K1 MOJI0/1a JIF0IUHA
IHTEpHpeTy€e MOJi, JETITUMHICTh BIAAU Ta MPUUHATHI (OPMU y4acTi B MOJITUYHUN
akTuBHOCTI. CaMOBM3HA4YEHHS y IIBOMY CEHCI MOCTa€ SIK MPOIeC KOHCTPYIOBaHHS
MO3ULIi Ha MEPETUHI 1HANBITYyaIbHOI aBTOHOMII Ta IpynoBoi HajexHocTi. Came Tak I.
[{uraHeHKo OMKUCYE MOTITUKO-1/I€0JI0TIUHE CAMOBU3HAUYCHHS MOJIOJII Yepe3 MEXaH13MU
igeHTudIKalli, I[IHHICHOTO CTPYKTYpyBaHHA Ta coulaapHoi peduekcii [1].
[neHTuyHICTh NOTPEOY€E BHYTPIIHBOTO «3MICTY», IKMI 33JJal0Th IIIHHOCTI SIK BITHOCHO
CTIMK1 KpUTEPIl OLIHKK MOJITUYHUX siBUI 1 1iei. 1. [IIBapiy moka3ye, 110 I{IHHOCTI
MarTh MOTHBAIIiHY MPUPOJY 1 OPraHi3OBYIOTbCA y CTaOUIbHI KOHPIryparii, sKi
MOB’s13aH1 3 BUOOPOM COIAIbHUX 1 IOJIITUYHUX OpleHTaIli# [6].

Tomy mONITUYHE CAMOBH3HAYEHHS JOUUIBHO TPAKTyBaTU SK Y3TOJKEHHS
IZIEHTUYHOCTI (TO3MIIIT «XTO $I/MW») Ta IMIHHICHOI CTPYKTYPH (TO3HMIIIT IO I MEHE
BaXXJIMBO»), @ HE SIK MMPOCTY CyMY IE€PEKOHaHb. Y3TOKEHHS O3Hauae, U0 MOJITHYHI
YCTaHOBKHU HE cymnepeyaTh 0a30BUM IIIHHOCTSIM 1 MOXKYTh OyTH pealii3oBaHi y opMax
y4acTi, NpUAHATHUX s cy0’ekta. JI. Kusimko, aHami3ylouu YMHHUKW aKTHUBI3aIlii
MOJITUYHOT Y4acTi MOJIOAI, MIAKPECTIOE, M0 CTiiiKa BKJIIOYEHICTh CIUPAETHCS Ha
1HTEp10pU30BaH1 HOPMH, MOTHBAIIIO Ta YCBIJIOMJIEHHS BJIACHO1 pOJIi B CYyCHIIBLCTBI [2].
Ha miif migcraBi MOXHa OKPECHUTH KpUTepii CHOPMOBAHOCTI MOJIITHYHOTO
caMoBU3HaueHHs. [lepinii KpuTepiil — CTIMKICTh MO3UIT: 3MaTHICTh 30epiratu 6a30By
JIOTIKY TOJIITUYHUX OI[IHOK MOMNpPH 1H(POPMAIIiifHI KOJMBAHHS Ta 30BHIMIHINA THCK [3].
Hpyruil — BHYTpIIIHSA Y3TO/DKEHICTh: BIJICYTHICTh CHUCTEMHHMX CYINEPEYHOCTEH MiX
JIEKJIAPOBAHUMH  I[IHHOCTSMUA 1 TIOJITUYHUMHU YCTAaHOBKAMH, IO BijgoOpakae
IITICHICTh, a HE (parMeHTapHICTh CaMOBH3HauYeHHs [cBigepcbkal. Tpertit —
pebIeKCUBHICTh, SK 37aTHICTh MOSCHIOBAaTH BIACHUW BHOIp uepe3 yCBIIOMIEHI
MIJICTABH Ta BIIPI3HATH OCOOMCTI IEPEKOHAHHS BIJ 3allO3MYCHUX CIICHApiiB [4].
YerBepTrii — aBTOHOMHICTB: TMO3HINST (POPMYETHCS SAK PE3YNbTAT CAMOCTIHHOTO

235



PSYCHOLOGY
CURRENT STATE AND TRENDS IN THE DEVELOPMENT OF SCIENCE AND
EDUCATION

OIIIHIOBAHHSI, IO TICUXOJIOTTYHO TIOB’sI3aHO 3 MOTPebot0 aBToHOMI1, orrcanoro E. Jleci
ta P. PasHoM y Teopii camoaeTepminarii [5].

EmmipuyHe «IpUKPIMIIEHHS» LHUX KPUTEPIiB MOXKIMBE Yepe3 IMO€THAHHS
IHCTPYMEHTIB, sIKI BiJoOpaxaroTh pi3HI piBHI iHTerpamii. PVQ no3Boise
PEKOHCTPYIOBAaTU TPOQiIb IIHHICHUX TMPIOPUTETIB 1 MEPEBIPATH Y3rOJKECHICTh
I[IHHOCTEH 13 MOJITMYHUMH YCTaHOBKaMHM Ha PIBHI MOTHBAIlIMHUX oOpieHTaIid [6].
OMIIIC mo’ke BUCTYNAaTH MOKa3HUKOM BHYTPIIIHBOI OpraHi3allii Mmo3uilii, OCKUIbKA
foro mkanu (pikCyroTh MEXaHI3MU aBTOHOMI3allii, HOpPMAaTUBHOCTI Ta palfioHaji3arii
AK CrmocoOu «30upaHHS» TMOJNITUYHOTO JOCBiLy B cucreMy. Yepes HuX
OTEpAaIliOHATI3YyIOTECS ~ aBTOHOMHICTh 1  pe(JICKCUBHICTh  SIK  BHUMIPIOBaHI
xapaktepuctukd [1]. TIPI mominpHO BUKOPUCTOBYBATH SIK (DOHOBHM TUCTIO3HUIIIMHNN
KOHTEKCT, IO MOSACHIOE 1HAWBIIyalbHI BIIMIHHOCTI TEMIy Ta CTWJIIO I1HTerpauii
IIHHOCTEHW 1 igeHTUYHOCTI [2]. OTXe, MOJITUYHE CaMOBHU3HAYEHHSI MOJIOJII BapTo
PO3YMITH SIK IHTETPOBAHUI IICUXOJIOTTYHUI KOHCTPYKT, JI€ 1I€HTUYHICTh 33Ja€ PAMKY
«XTO 51», a IIHHOCTI — JIOT1KY «4OMY CaMme Tak», 1 JIUIIe iXHs y3ro/HKeHICTh 3a0e3meuye
c(hOpMOBaHICTh, 3/JaTHY BUTPUMYBAaTU KPU30BY HEBHU3HAYEHICTH [3].

[TomiTruHe CcaMOBM3HAUYEHHS MOJOJ1 JOUUIBHO PO3MISAATU SK IHTETpaIliio
1IEHTUYHOCTI Ta I[IHHICHOT CTPYKTYPH, 1110 33]1a€ IICUXOJIOTTYHY IITICHICTh TOJITHYHOL
no3uiii. Kpurepismu chopMOBaHOCTI BHUCTYNAIOTh CTIHKICTh, Y3TOIKEHICTD,
pedIeKCUBHICTH 1 aBTOHOMHICTbD, SIKI MOXKYTh OyTH omepaiiioHaaizoBani yepe3 PVQ,
OMIIIC 1 TIPI B €quHiii JIOTiIl BUMipIOBaHHS.
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TEOPETUKO-METOJOJIOI'TYHI 3ACAJIU
JTOCJLIKEHHS TPUPOIU ®EHOMEHY
“TICUXOJIOTTYHA CTIHKICTH
BIMCBbKOBOCJIYKBOBIIIB”

Ko:xeny0o Osiena BacusiBHa

KaHJIUJIAT COIIOJIOTIYHUX HAYK, TOTCHT,

JOTICHT Kadepy BIHCHKOBOI IICUXOJIOTII Ta MEIaroriKu
BiiicekoBuii iHCTHTYT KHIBCHKOTO HaIlIOHATBLHOTO YHIBEPCUTETY
imeni Tapaca IlleBuenka, M. KuiB, Ykpaina

3yoennb SAna OuiekcanapiBHa

BUKJIaJ1a4 KadeIpu BIHCHKOBOI IICUXOJIOTI] Ta Me1aroriku
BiticbkoBuii iHCTUTYT KHiBCHKOTO HaIlIOHATBLHOTO YHIBEPCUTETY
imeH1 Tapaca IlleBuenka, M. KuiB, Ykpaina

3insk Irop SIpociaBoBuy4

BUKJIaJ1ay Kadeapu BIHCHKOBOI IICUXOJIOTI] Ta Me1aroriku
BiticbkoBuii iIHCTUTYT KHiBCHKOTO HaIlIOHATBLHOTO YHIBEPCUTETY
imeH1 Tapaca IlleBuenka, M. KuiB, Ykpaina

Pocilicbko-ykpaiHcbka BiiiHA, sika TpUBa€ OUIbIIE JECITH POKIB, aKTyalli3yBaJa
po0JIeMy TMCUXOJIOTIYHOI CTIMKOCTI ocoOucTOCTi ykpaiHis. CbOro/iHI ICHY€ 3Ha4Ha
KUIBKICTh HAayKOBHMX Ta HAayKOBO-TIOMYJISIPHUX MyOJTiKailii, sIKi MPUCBSIYEHI MaHii
npobsiemi. IIpencTaBHUKKM  TICUXOJIOTIYHOT CHIJIBHOTH  HAJAIOTh MEPECIYHUM
rpoMaisTHaM MPAKTAYHI PEKOMEHJAllli 00 TOro SK IOJ0JIATH HACIIIKH BIUIMBY
MICUXOTPABMYIOUUX CUTYAIllH, SIK HABYUTUCH )KUTH B YMOBAX /i1 CTPECOTECHIB.

Jns NOCSTHEHHS METH HAIloro JOCHIIKCHHS 3JIMCHHMO oOTIepaliioHaIi3ario
TAKUX TOHATH SIK cMIUKicms Ta scummecmiuxicms. Sk cnymHo 3a3Hadae B. ['oTuy,
Tpeba po3pi3HATH Taki MOHATTA sk resilience Ta hardiness. Tak, resilience B nepexiai
3 aHTJIACHKOT 03HAYAE HCUMMEZOAMHICIb, CIMIUKICMb, eIACMUYHICb, NPYHCHICMb, A
hardiness miepexnagaeTbCcs 3a JOMOMOTOI0 TaKMX TEPMIHIB SIK 6UMPUBALICMb Md
arcummecmiuxicms [15].

YV HayKoBi# colliaTbHO-TICUXOJIOTTUHIN JIITepaTypl NOHATTA cmitikicm (resilience)
BUKOPUCTOBYETHCSI B KOHTEKCTI MPOOJIEMATUKU TMOAOJAHHS CTPECy, MIAKPECIIOE
CXMJIBHICTh OCOOMCTOCTI JO CBOTO YHIKaJbHOTO CTHJIIO CIPUHHSATTS, OILIHKY Ta
BIJIMOBIJIHY 110 MO0 CKIAIHUX >KUTTEBUX CHUTYallli; I1¢ TMEeBHA MOTHUBAIliS IO
JI0TIOMArae JI0JaTH MOl CTPECOTEHHOTO XapaKTepy Ta X HACTIIKH.

3aznaunmo, mo S. Kobasa Tta S.Maddi posymiroTs cmitikicms (resilience) sik
npobiemy, a gumpueganicmo (hardiness) sik Buxin 3 miei npobaemu, ado ii MexaHi3m [7,
8].
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[TonsitTst ncuxonoeivna cmivxicme (psychological resilience) y HaykoBuit 00ir
OyJI0 BBEICHO MOPIBHAHO HeAaBHO — Yy 70-X pokax XX cromiTTs. [lepr qociipkeHHs
Ooynu nposeneni Emmi Bepuep, sika onmcana pesynbtatit 40-pidyHOTO KOMILIEKCHOTO
JIOHTITIOJHOTO JIOCHIIPKEHHS MITEeH, sIKI HapOAWJIMCh Ha ['aBaliCbKUX OCTpoBax y
miciieBocTi Kauai y 1955 porii. 3ayBaxkumo, 1m0 yMOBU KUTTEIISUIBHOCTI IIUX JITCH
Oynu >KaxJIMBUMHU, MPOTE BUSBWIOCH, IO TPETUHA [HITEH, 3a SKUMHU BEJIOCH
CIIOCTEPEKEHHS HE MaJIM MpoOJIeM aHi NCHUXIYHOTO aHl COLIAJIBHOTO XapakTepy, Ha
BIIMIHY BiJ 1HIIMX OAHOJITKIB. JlOCTIAHUI Ha3Baja IUMX MiTeH BIAHOBIIOBAHHUMU
(resilience) 1 mouana mrykaty BianmoBias Ha mutaHHs: 1o € criiikictio? 1llo BiuBae
Ha cTikKicTh? [17].

Ha nymky B. Knumuyk, ncuxonociuna cmitixicms (resilience) npeacrapisie o000
MpolleC ajantanii B CUTyallisX BIUIMBY JKUTTEBHX TPYIHOIUIB (TpaBMH, Tparenii,
HEOE3MEeYHOT0 Ta 3HAYHOIO CTpeCy), 3 SKUMH 3ITKHyJacs moauHa. Ha aymky
HAYKOBIIS CMitiKicmb — 11€ JOCUTH TUTIOBE SIBUIIIE, & HE IIOCh eKCTpaopAuHapHe. Jlroau
3a3BUYAl € CTIMKUMH. B )KMTTI KOKHOI JIFOJUHU TPAILIAIOTHCS TIEPi0aH, K1 HaCHUCHI
BOXXKHUMH MOJIISIMH, ajie OUIBIIICTB 3 HAC 1X JI0J1a€, 3HAX0As19M CBil pecype [17].

Sk 3a3nauae B. ['otuy, nouatts “cmitixicms” (resilience) Mae ornucoBUii Xapakrtep,
a tepMiH “‘sumpusanicmy” (hardiness) € mosicHroBanbHUM. Cmitikicms (resilience)
TOBOPUTH PO T, SIK IMIBUIKO JIFOJMHA MOKE OTOBTATUCH BiJl TPYIHOIIIIB, 3aJTUIIIUTUCh
CWIBbHOWO Tif aiero cTtpecy. Ilpu mpomy, OyTH MCHUXOJIOTIYHO CTiMKUM (resilience),
30BCIM HE O3HAYa€, HE BiAYyBaTH BIUIUBY TPYIHOIIIB JKUTTS, HE XBHIIOBATUCH, HE
BIIUyBaTU JUCTpeCy. 3a3BUYai, OlIb, CTpaXKIaHHS, THIB, CyM CYIPOBOKYIOTh Ti
CKJIaJIHI MEPIOJU KUTTS JIFOJMHU, Kl BUMArarOTh MCHUXOJOTIYHOI cTiiKocTi. OTxe,
NCUXONI02IYHA cmiltiKicmb — 11€ CYKYMHICTh MOBEIIHKU, AYMOK Ta MdiH, SIKUX MOXHa
HAaBUMTHUCh Ta BUKOPUCTOBYBATU B MPOLECI KUTTEISIIbHOCTI. ToOTO McHUxoJioriuHa
CTIHKICTB — 11€ CBOTO poAy mporec [15].

P03BUTKY NCUXOJIOTTYHOT CTIMKOCTI JIFOAUHU CIIpUsie HU3Ka Gpaktopis. [{o ocTanHix
E. Crawford, M. Wright, A. Masten BiIHOCSTb: HasBHICTh COIIAJILHOTO OTOYCHHS
(cim’s1, mpy3i), sike 0 MOTypOyBajIoCh Ta MIATPUMAIIO JIOJUHY Y CKIAJHUX KUTTEBUX
oOcTaBMHAX; 3/aTHICTh IIJIJAHYBAaTH CBOE JKUTTSA HABITh B CKIAJHUX JKUTTEBHUX
oOcTaBMHAX Ta 3JIMCHIOBATH KPOKH PEali3yloud Il IJIaHW; TO3WTUBHUM TOTIISAA Ha
cebe, Bipa y CBOI BJIACHI CHJIM Ta 310HOCTI; HAABHICTh KOMYHIKATUBHUX HAaBUYOK Ta
HAaBUYOK BHUPIMIEHHS >KUTTEBUX TMpoOjeM; chOpMOBaHE YMIHHS CIPaBIATUCH 3
CUJILHUMM MOYYTTSAMHM Ta IMITyJIbCAMU; €KOJIOT1YHI Ta 1HIUBIAYyabH1 hakTopu [10].

Jocuth 4Yacto y HaAyKOBIM JITEparypl 3yCTPIYAa€TbCsl BU3HAUEHHS TMOHSATTS
cmitikocmi (resilience), sike BKIIIOYAa€ B ceO€ JiBa €JIEMEHTH: TEPEKUBAHHS MEBHUX
TPYJIHOIIIB Ta MO3UTUBHUI pe3ynbTat [15].

3ayBaxumo, mo R. Khoda BBaxae mo cmitikicms (resilience) € sBuieM, sike €
pe3yabTaTOM MPUPOJHUX aJaNTallifHUX peakiiil moauHu. CTIHKICTh GOPMYETHCS B
MpoIieci MPOTUCTOSIHHS JIIOJWHU 3 CEPUO3ZHUMHU 3arpo3aMu 1 sIK pe3yJjbTaT TaKOro
MPOTUCTOSHHSA — MIABUIIICHHS 3JaTHOCTI IOCATATH YCIiXy [5].

3 TICUXOJIOTIYHOT TOYKH 30py CMIiliKicmb — 11€ TIO3UTUBHA 37aTHICTh CIIPABIISATUCS
31 ctpecoM 1 yuxoM. Tak, S. Kayani posrisgae CTIHKICTh SIK CBOIO POAY 3aXHCT 1
CTIMKICTB 10 (AaKTOPIB PU3UKY, SIKI OYIyTh AISITH Yy MailOyTHROMY [4].
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Ha nymxy M. Waller cmitikicmy — 1€ TIO3UTHBHA peakIlis JIOJWHA Ha
HECIIPUATIIMBI YMOBH, a caMe TpaBMH Ta 3arpo3u [13].

3ayBaXMMO, 110 B MPOIECl JEAKUX JOCHIIPKEHb BHSBICHO 3B 30K MIXK
IICUXOJIOTIYHOK CTIMKICTIO, IMMOBEIIHKOI 1 €MOIISIMHU JIIFOJAUHH, aIKE HNCUXOJ02TUHA
cmitiKicms — 11€ 3JJaTHICTh MIATPUMYBATH ONITUMAIbLHUN PIBEHb KOHTPOJIIO OpraHi3My
BIJIMOBITHO /7O MOB CEpeloBUINA. 3’4COBAHO, IO JIIOJAU 3 TaKOK aJanTHUBHOIO
THYYKICTIO 1 BHCOKMM pIBHEM IICHMXOJOTIYHOI CTIMKOCTI 4YacTille BiJ4yBaIOTh
MO3UTHBHI €MOIIli Ta MalOTh BHIIy CAMOOILIIHKY Ta Kpallly MCUXOJIOTIYHY CYyMICHICTb
HIXK Ti, y SIKUX 3a(1KCOBAHO HU3BKHUI PIBEHb MCUXOJOTTYHO]I cTiikocTi [30].

Ha nymxy N. Garmezy, A.Masten ta V. Rutter, ncuxonociuna cmiiikicms €
PI3HOBHJIOM BIJHOBJICHHSI, SIKE€ CYIMPOBOKYETHCSI BHSIBOM IO3MTHBHUX EMOIlIA Ta
KOTHITUBHUMHU edektamu [1, 9, 11].

Tak, O. Hjemdal, P. Vogel,S. Solem, K. Hagen ta T. Stiles BusiBuiu, 1mo icHye
3QJIEKHICTh MK BUCOKMMH TOKa3HMKaMHU CTIMKOCTI Ta HU3bKMM pIBHEM JEMpecii,
TPUBOTH Ta 00CECUBHO-KOMITYJIbCUBHUMHU po3iiagamu [3].

VY cBoemy pocmimkenHi C. Agaibi ta J. Wilson, BH3Ha4aloTh ICHUXOJIOTIYHY
CTIMKICTb SIK 3/JTaTHICTh MPABUIILHO AN TYBaTHCh J0 CTPECY Ta HerapasaiB. OcTaHHIMU
MOXYTb OyTH MpoOJieMH CIMEHHOTO J>KUTTS, MpoOJEeMHU 3I0poB’s, (HiHAHCOBI,
npodeciitni Herapaszau oo [1].

3ayBaxumo, 1o E. Klohnen cnpoctoBye nymky mpo Te 1o JIt0oAd 3 BUCOKUM
pPIBHEM CTIMKOCT1 HE BiA4yBalOTh HETATUBHUX €MOIIil, X CTIUKICTh CYNPOBOIKYIOTh
€MOIIil TO3UTUBHOIO XapakTtepy. HaykoBeup nepekoHaHuM, 110 CTIHKICTh MOJATAE y
BIJIHOCHO JIETKIM 3aTHOCTI OCOOMCTOCTI J0JIaTU KpPHU3U, BHKOPHUCTOBYIOUM CBOIi
e(eKTUBHI METOM 1X MOI0JIaHHs [6].

Ha gymxy M. Rutter cTiliKiCTh NpUTaMaHHA CEPEAHBOCTATUCTUYHIN JIIOAMHI 1 HE €
PLAKICHOIO 3aTHICTIO. PO3BUHYTH CTIHKICTh MOXe KoxkeH. Ll mymka HayKoBIs, 11
pa3 miATBEPIXKYE, IO CTIMKICTh Tpeda po3IiIsIaTy sIK IPOLEC, a HE SIK PUCY, SIKY Tpeda
matu [11].

[TincymMoOByrO4YM 3a3HAYMMO, IO 3 TOYKH 30pYy 3axXiJHOI IIKOJM TICHUXOJOTIi
ncuxonociuna cmitikicmo (resilience) TpencTaBisie Cco0O TPOILEC aaanTaiii
OCOOMCTOCTI 7O HECHPUSTIMBUX (SK 3OBHINIHIA Tak 1 BHYTPIIIHIX) YMOB
KUTTEIISIIBHOCTI JIFOJIMHY, MPU 1IbOMY OCTaHHI 3/JaTHA MIATPUMYBATH ONTUMAJIbHHUMA
CTaH CBOTO OpraHi3My 0e3 IIKOJH BIACHOMY 37I0POB’IO.

[I{oao BITYU3HSHOT IIKOJIM MICUXOJIOT1i, TO BAPTO 3a3HAYUTH, 1110 TaKl HAYKOBIII SIK
[. ApmiaBa, O.I'pumuna, B. KimoukoB, M. Koponbuyk, O.Kokyn, B. KpaiiHioxk,
A. JleBeneup, H. Jlozinceka, B. Mopo3, A. Heyposa, B.Ilimko, X. CrenpMmainyxk,
O. TiMUEHKO Ta 1HII PO3TISAAOTH NCUXOA02TYHY CMIUKICMb K SKICTh OCOOUCTOCTI,
sKa J0loMara€e i TPOTHCTOSATH JKUTTEBUM TPYMHOIIAM, THCKY HECHPHUSATIMBUX
o0OcTaBuH, 30epiratu npame3aaTHICTh Ta 37J0POB .

Tak, M. Koponbuyk Tta B. KpaliHiOK miaxoasTh A0 BU3HAYEHHS 3MICTY MOHSTTS
“ncuxonociuna cmitikicms” BUKOPUCTOBYIOUH CTPYKTYpPHO-(YHKIIOHATBHUHN MMiIX1].
Ha nymMKky HayKoBIIiB, ICUXOJIOT1YHA CTIMKICTh OCOOMCTOCTI MPOSBIISETHCS Yepe3 Takl
il CKJIaOBl SIK: 6PIBHOBAJICEHICMb, SIKa TIPOSBISAETHCS Yepe3 37aTHICTh YHUKATH
pPYWHYBaHHS OpPTaHi3My Ta MCUXIKH, 3aBASKA YTPUMAHHIO aJICKBATHOTO CHUJI1 BIUIMBY
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30BHIIIHIX (aKTOPiB; cmabinvHicmb, SKa MPOSBIAETHCA Yepe3 IMOCTIMHHUIA piBEHb
HACTPOIO; onipHicms, sika (PYHKIIOHAILHO PO3KPUBAETHCS Yepe3 3/IaTHICTh 30epiratu
CBOOO/Ty MTOBEIIHKU Ta BUOOPY criocoOy xKutts [18].

JlocimKyrodn 0COOJIMBOCTI IICUXOJIOTTYHOT TOTOBHOCTI OCOOUCTOCTI 0 €KCTPEHOT
nii B cTtaHi eMolliifHoro crpecy, O. TIMU€HKO, CIIUPAOYKCh HA MISUIbHICHUM TIX1,
BU3HAYA€ IICUXOJOTIYHY CTIMKICTh, SK OCHOBHY XapaKTEPUCTHKY JISUIBHOCTI
0COOHUCTOCTI, sIKa XapaKTEPU3YETHCS aJIEKBATHICTIO 11 ICUXIYHOTO CTaHy Ta 3a0e3neuye
MOJKJIUBICTh MIITPUMYBAaTH MaKCHUMAaJbHY Mpale3aTHICTh y HaWpi3HOMAaHITHIIINX
EKCTpEeMaJIbHUX Ta HANpYy>KEHUX CUTyallisax [23, 24].

Ha nymky I. ApimaBu, CTIMKICTb BUSBISIETHCS Y 3AaTHOCTI CUCTEMH BiTHOBITFOBATH
MO3UTHUBHI CTaHU. JIOCTIIHUIA y3arajdbHIOE Pi3HI MIAXOIU Ta, CIIMPAIOYHUCh HAa Pi3HI
BU3HAUCHHS, Y3araJlbHIOE: CMIUKICMb — BIACYTHICTh 3MIH TIPOTSITOM MEBHOTO
MPOMIXKKY 4Yacy, cmitikicmb —3J1aTHICTb MOBEPTATHCh y MOYATKOBUM CTaH MIiCII
BIUIUBY cTpecy [14].

3ayBakMMO, M0 TICUXOJIOTIYHA CTIHKICTh MPOSBISETHCSA Yepe3 MOETHAHHS TaKUX
1HIMBITyaJIbHO-OCOOMCTICHUX PHUC SIK: BPIBHOBAXKEHICTHh (a00 piBHOBara), CTIHKICTb,
cTabUIbHICTh (200 MOCTIMHICTE), OMIPHICTH (a00 pe3wnbeHTHICTH). Llelt mepemik
1HIMB1AYaJIbHO-OCOOMCTICHUX PUC BIIACTMBUU BCIM PIBHSAM oOpraHizallii JIOJUHA —
010JI0T1YHOMY, TICUXOJIOTTYHOMY, colliaasHoMYy [19].

3ayBaXMMO, IO JACSKl BITYM3HSIHI JOCHITHUKH, TOTOMKYIOTBCS 31 CBOIMHU
3aX1IHUMHU KOJIETaMU Ta PO3IJISAAI0Th MCUXOJOTIYHY CTIMKICTh SIK aJanTaliiiHui
MpolLeC, KU J103BOJIsI€ 30€perTh 0COOMCTOCTI y3rOJKEHICTh BCIX 1i (yHKIIN. A Ha
aymky X. CrenpManiyk, CTaOUIBHICTH BHUKOHAHHS HE 3aBXAU nependayae
CTaOUIBbHICTh CTPYKTYpH (PYHKIIIH, @ CKOpIII 32 BCE — 1I€ THYUKICTb [22].

[{ixaBuil TEOPETUKO-METOMOJOTIUHUM MIAX1J A0 BU3HAYEHHSI 3MICTY MOHSTTS
“ICUXO0JIOriyHa  CTIMKICTE” BHUKOpUCTOBYE A. JleBeHenp. JlocnmigHuls BH3HAYae
NCUXON02IYHY CMIUKICMb K MIHJIMBY PIBHOBAry BCIX OCOOMCTICHHX CTPYKTYD, 5IKi, B
CBOIO 4Yepry, CBiUaTh MPO IUIACTUYHICTh Ta THYYKICTh “NCUXIYHOTO Marepiany’;
NCUXON02IYHA CcmIUKicms OCOOUCTOCTI, Ha 11 IyMKy — II€ 3JaTHICTh I1HAMBiAA
3MIMCHIOBATH CaMOOPTaHI3aIliI0 Ta CAaMOPETYJISII0 CBO€ET oBeiHKH [20].

JloCHmiKyr0Ur TICUXOJIOT1YHI 3acO0M MiABUIIEHHS MPOQECiiHO-TICUXOIOTTYHOT
CTIMKOCTI TMpAaIiBHUKIB TEHITEHIIIapHUX 3akiajiiB, A. JleBeHeub 3a3Haudae, 110
TMICUXOJIOT1YHA CTIMKICTH € IJIICHOIO Ta IHTETPATHHOIO XapaKTEPUCTHUKOI OCOOMCTOCTI
Ta TPOSBISETBCS B aJaNTaIliiHUX peakKIigaX MI0J0 HECHPHUITINBOTO BILIUBY
BHYTPIIIHIX Ta 30BHIIIHIX YUHHUKIB. [IcHxo0i0T14Ha CTIHKICTh, HA TYMKY JOCHIIHMII],
MPEICTaBIIsIE MOJICNh CAMOPETYJISIIT, CAMOPO3BUTKY Ta CAMOKOPEKIIIi.

Cnuparouuch Ha GYHKIIIOHATBHUN TIX1 B TOCTIKEHHI TPUPOJIH TICUXOJIOTTYHOT
CTiMKOCTI, A. JIeBeHellb 3BepTae yBary Ha Te, 110 NPOAYKTUBHICTh (YCIHIIIHICTh) Oy Ab-
AKO1 JISTIBHOCTI, y OyJIb-IKUX yMOBax 1 € ii OCHOBHOIO (DYHKI[IOHAJIbHOIO O3HAKOIO
[20].

[{ikaBUM METOIOJIOTIYHUM ITIIXOJA0OM B JOCIIDKCHHI IPUPOJIN ICHXOJIOTIYHOT
ctifikocti Kopuctyetrbes O. ['punmnHa. [{oCHigTHUK BHEBHEHWM, IO TCHUXOJIOT1YHA
CTIHKICTb € IITICHOIO 1HMBITYyJIbHOIO XapaKTEPUCTHKOIO, SIKa T03BOJISIE OCOOMCTOCTI
BUTpUMATH (pYyCTpaIIiHUN Ta CTPECOTCHHUM BIUIMB CKJIQIHUX )KUTTEBUX CUTYaIlil, a
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TaKa XapaKTEePUCTHKA, 3 TOYKU 30PY JOCIITHUKA, 0araTo B YOMY 3aJICKUTh BiJl THITY
HEPBOBOI CUCTEMH, HAOYTOTO KUTTEBOTO JOCBIY, BIUIMBY COIaILHOTO CEPEAOBHINA
[16.

[TicyMOBYIOYM 3a3HAYMMO, 1110 ITpOaHaIi30BaHl HAMH METOJIOJIOT1UHI MiAX0IU J0
BU3HAYEHHS NpUpOau (EHOMEHY TIICUXOJOTIYHOI CTIMKOCTI, OyJM TMOKIaJeHl Y
BU3HAYEHHSI  IICUXOJIOTIYHOI  CTIHKOCTi,  sIK€  COpMyJIbOBaHE  HaKa30M
['onoBHOKOMaHayt0uOr0 30poitHux Cun Ykpainu Ne 305: ncuxonoziuna cmiiikicmo
BIIICbKOGOCYHCOOBUA — TIE 30aMHICMb 0COOU NIOMPUMYBAMU HeOOXIOHUL pPiGeHb
NCUXONO2IYHOI 20MOBHOCMI NPOMALOM BUIHAYEHO20 YACY 6 KOHKDEMHUX YMOBAX
obcmanoéku ma wWeUOKO BIOHOBNIO8AMU  CBIll  NCUXOeMOUIUHUL CMAaH Nicas
ekcmpemanvHux (kpuzosux) cumyayiu [21].
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Introduction. Software engineering is often seen as nothing more than
programming, algorithms, and system design. User interface is how users judge
software; it creates the strongest first impression.

A user interface is how people and computers interact. A program might work
technically, but a poor interface can make it hard to use. That is why many people stop
using an application soon after trying it.

Software i1s now for users with different experience levels, expertise, and
expectations. Interfaces must be easy to understand. If not, users may make mistakes
or become frustrated with the system.

This paper examines the role of user interface efforts in software engineering. It
closely considers technologies, how interface design shapes user experience, and why
it is vital to prioritize users when creating software.

Key words: programming, user interface, software, software engineering, tools,
technologies.

The role of the user interface in software engineering. The user interface
provides a link between computer code and human actions. Users obtain info, perform
actions, and take control of the system using the interface. For this reason, interface
creation is a key part of software development.

From a technical perspective, the interface design often shapes the system's setup.
If the interface logic is unclear, the code can be hard to maintain. But a well-thought-
out interface often results in a cleaner program structure and easier changes.

In practice, interface options change often because users don't always use the
software as expected. Developers may think actions are obvious, but users might
struggle. Therefore, iterative interface testing and improvements are crucial in software
engineering.

Current software should adhere to ease-of-use and accessibility standards.
Interfaces need to serve both experts and beginners. Interface creation is both a design
task and an engineering responsibility.

Technologies applied in user interface development. User interface creation uses
technologies that enable developers to build visual and interactive components. For
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websites, HTML, CSS, and JavaScript continue to be the main tools. Each tool is
important for creating the structure, look, and feel of an interface [4].

Developers often use frameworks and libraries to simplify interface creation. Tools
such as React, Angular, and Vue.js help build interfaces from reusable components.
This helps developers reuse interface parts and manage large projects well.

Mobile interface creation has its own aspects. Mobile platforms provide tools for
their operating systems. Platform-agnostic technologies have become popular. These
let developers make applications for many devices using the same logic and interface
parts.

Design tools are often used in early development to create interface layouts. These
tools help showcase the interface's appearance and allow the team to discuss it. This
can lower misunderstandings between designers and programmers.

Impact of user interface design on user experience and software quality. The
design of a user interface greatly affects how people see a software product. When
interface components are laid out logically, users complete tasks more quickly and with
fewer mistakes. This improves user satisfaction and increases the chances of continued
application use [2].

Poor interface choices can lead to repeated errors and misunderstandings. When
this happens, users often blame the software, which can increase support requests and
harm the product's reputation.

Consistency is also key. If similar actions create different results in different
interface parts, users might feel unsure. Interface design consistency helps users predict
system actions and feel more confident when using the system.

Software is now available on many kinds of devices. Thus, interfaces must adapt
to differing screen sizes. Responsive design enables interfaces to adapt to different
screen sizes without losing functionality [5].

User-centered design approach. User-centered design suggests that software
should suit real user needs. In software engineering, this makes developers consider
how people use the software from the beginning.

User feedback is the key. When users test early interfaces, they often find problems
that developers did not expect. Fixing these problems early is easier and cheaper than
later changes. This method also drives collaboration among developers, designers, and
managers for better results. This makes the end product more intuitive and simple.

Challenges and future development. Even with current tools and guidelines,
interface design still has its challenges. One involves striking a balance between look
and system performance. Complex interfaces can slow down the application.

Another challenge involves creating software that is accessible to all. Developers
need to consider users with varying abilities and backgrounds, which often requires
more testing.

In the future, user interfaces will change as new technologies emerge. Artificial
intelligence and immersive environments may lead to ways to interact. Software
engineers will have to develop new skills to adapt to change.
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Conclusions. User interface design is a key part of current software engineering.
Interfaces determine how people interact with systems and shape their experience. The
quality of the interface shapes how easy it is to use and how reliable the software is.

An examination of technologies and design methods shows that interface design
should begin early in the software engineering process. Paying attention to user needs
and the interface structure creates better software products.

To summarize, user interface design should be a core part of software engineering
education and practice. Its value will rise as computer systems grow more complex.
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IHTEI'PAIIIA ®IBUYHO-OBI3BHAHOI'O LI TA
MNPUHLMIIIB IUPKYJSAPHOI EKOHOMIKHA Y
TPAHCIIOPTHE MAIIIMHOBYAYBAHHA

AmOpockin Makcum,
AcmipadT
3anopi3pKoro HaI[iOHAJIBHOTO YHIBEPCUTETY

TparcnopTHa iHXEHEpPIs BIIMOBIISETHCS BiJl 3aCTapiiIOi TOTMH “‘Bara-MiIHICTh Ha
KOPHCTb XOJICTUIHOI MOJIENI, JIe MPO30PICTh AITOPUTMIB Ta KUTTEBUN IIUKII BUPOOY
CTalOTh KJIIOYOBUMHU 3MiHHUMHU. [IpoaHanizoBaHO Kpu3y JOBIPU 10 KIACHYHOTO
MalIMHHOTO HABYAaHHS Ta OOIPYHTOBAHO O€3aIbTEPHATUBHICTD MEPEXOY 10 PI3UUHO-
0013HaHNX Hehpomepex. Po3risigaeTbcss TakoXK KOH(PIIKT MIK EKOHOMIEIO Ta
€KOJIOTIYHUM BILTABOM KOMITO3UTIB, SIKHUW MIPOTIOHYETHCS BUPIITYBATH Yyepe3 rOpuIHI
1 dpoBi ABIHHUKHY.

BripoBakeHHS KOMITO3UTIB MEPETBOPUIIO MPOCKTYBaHHS HA PIBHSHHA 3 HAATO
BEIIMKOIO  KUIBKICTIO HeBigomux. @Di3M4yHa HEOOXIAHICT, ‘“‘CKUJAaTH Bary’’
HAIITOBXHYJIacs Ha KOMOIHATOPHUM BUOYX MapaMeTpiB: BiJ] KyTa YKJIaJaHHS BOJIOKOH
10 ximii MaTpuill. OnTumiszallis ByTJICIIIACTUKY O1JIbIIE HE € KIIACUYHOIO THKEHEPHOIO
3a/1ayero, 1€ MaTeMaTUYHUM BUKIIMK 13 COTHSMH 3MIHHHUX, J€ py4YHHUI nepeOip cras
TexHiuHO HemoxJuBuM [1]. Komm 3HauenHs wmacu enektpokapa Ha 10%
KOHBepTyeThbcsl Yy 13% exoHoMmil eHeprii, 1HAyCTpis 3MYyIlI€Ha aBTOMAaTU3yBaTH
nporiecu [2]. Ane TyT BUHHMKA€E MacTKa: CJia aBTOMaTU3allisi CTBOPIOE HEOE3MEUHUI
pPO3pPUB MK IIBUAKICTIO OTPUMAaHHS pPIIIEHb IITYYHUM IHTEJIEKTOM Ta IXHBOIO
(b13UYHOI0 BEpHU(IKALIIELO.

MammHHe HaBYaHHS 3alPONOHYBAJIO PEBOJIOLIIHY IBUAKICTb, 3aMIHUBILU TUKHI
pO3paxyHKiB MUTTE€BUM TiporHo3oM. Anroputmu Tunmy Random Forest un CatBoost
JIEMOHCTPYIOTH TO4HITE R? > 0.95 Ta NporHo3younii picT 3HOCOCTIHKOCTI KOMIIO3HTIB
y 17-25 pasziB kpamie 3a ctapi meroau [3; 4]. OgHak B aBialii Ta MacakKHUPChKUX
MEePEBE3CHHAX BUHUKIA (yHIaMEHTAIbHA KpHu3a JOBipu. [HkeHepu HE MOXYTb
MOKJIAJAaTHCS Ha “dOpHI CKPUHBKU X TJIIMOOKO HaBYaHHS, SIKI HE TMOSICHIOIOTH JIOTIKY
CcBOiX pimeHb. IIpobGimema 3arocTproeTbest AeMIIUTOM SAKICHHX JaHUX IS
cneuudiuyaux MarepianmiB  [5]. Buximom € iHTerpamis  (pi3sM4HO-0013HAHUX
Helipomepex. Ha Biaminy Bix 3Buuaiinoro 11, i Mmogeni “3Har0Th” 3aKOHU MEXaHIKU
CYLUTPHUX CEpPEAOBHIN Ta JO3BOJSAIOTH 3aMOBHUTH TPOTAJIMHH B CTaTHCTHII
¢3uunrME cumysiniaMmu. Le noennye rayuxicts LI 13 3a511300€TOHHOIO HAAIMHICTIO
KJIaCU4HO1 (i3uKu [6].

Emoxa IIPOCKTYBAHHS BHUKJIIOUYHO 3a “MEeXaHIYHOIO Tpiaaow”
(Bara\MIIHICTB\JKOPCTKICTh) 3aBeprmwiacsi. ChOTOAHI EKOHOMIYHI Ta €KOJIOTi14YHI
HACJIIKH - IIe He omilis, a 6a30Be oOMexxeHHs. JJOoCTiIKEHHS TOBOISTEL: OITHUMI3aIlis
0€e3 OLIHKH JKUTTEBOTO LIMKIY € clinor. Hampukiaa, ByIrJemiacTUK y BaHTaXKiBKax
3HIMae 55% Baru By3JIiB, aJie 11e Ma€ CEHC JIMIIE 32 YMOBU OKYTHOCTI MaJIMBOM MEHIII
HIK 32 5 pokiB. Came TOMy B MacOBHUX CErMEHTax 4YacToO Iepemarae JAelieBUi
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CKJIOTUTACTHK, TIOTIPU CKPOMHIIIHIA BUTpam y Bazi (=18%) [7; 8]. OxpeMuii BUKIWK IS
IIUPKYJISIPHOT €KOHOMIKHM - TEPEBUKOPHUCTAHHS MaTepiamiB. SKio 3 mepepoOKoro
IJIOCKUX MaHesel Bce 3p03yMuIo, TO 1Jist 3D-ApyKy BUKOPUCTAHHS BTOPCUPOBHUHHU BCE
1HaKIIe. AJITOPUTMH MYCSTh HAaBUMTHUCS TMPOTHO3YBATH JACTPAJallil0 BIACTUBOCTEH
BTOPHMHHOTI'O BOJIOKHA III€ Ha eTarll HU(POBOTO AU3aiHY, OIIHIOIOYHX BTOMY MaTepiaty
Ta MOro 37aTHICTH J10 Olopo3kiaganus [9; 10].

['omoBHa mpoOnema Tamy3i - He BIJACYTHICTh I1HCTPYMEHTIB, a iXHSA
¢dbparmenTapHicTb. My MaeMo TO4YHI MikpoMozesni Ta mBHIKI ML-anroputmu, ane
BOHH IIPALIIOIOTH 130J1b0BaHO. MaitOyTHE 3a “IupoBUMHU IBIMHUKAMHU, K1 3IIUBAIOTDH
Il KJanTi B €auHy cucteMy. [10pumaHi MeTomoJiorii MOEMHYIOTH 0araToIiIbOBI
reHeTH4H1 anroputmu (s Tomojorii) 3 ML-momensimu (must Bamimarii) [11]. Tle
no03BoJisie 3aMiHUTH A0port FEM-cumyiisiii MUTTEBUMHU MPOTHO3aMHU, € TOXUOKA He
nepesunrye 11% [12]. A merogu tumy Ashby-VIKOR nonomararoTs panXyBaTH
TUCSY1 MaTepiajiB, 3HAXOAs/UM OajlaHC MIX I[IHOIO Ta BYTJICIIEBUM CJI1IOM.

[lepexin BHUMarae BIIMOBH BiJl KIANTHKOBOi aBToMartm3amii. CrpaTeris
MaOyTHBOTO CIUPAETHCS Ha JBa MNPUHIMIHN: J0Bipa dYepe3 (izuky (uepes
BIPOBAKCHHS (P13MUHO-0013HAHUX MojeNield /il Bepidikallii) Ta BiAMOBIIAIbHICTh
yepe3 nudpy (KOHTPOIb >KUTTEBOTO IUKIY Ha eTami au3aiHy). TakuM dYuHOM,
€KOJIOT1YH1 HOPMHU IEPETBOPIOIOTHCS 3 OIOPOKPATUYHOTO TATAPS HA peaIbHUM IpaBep
1HKEHEPHHUX 1HHOBAIIIM.
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BUKJIUKHU BITPOBA/IKEHHS 1 3ACTOCYBAHHA
IITYYHOI'O IHTEJEKTY B IH)KEHEPII
ITPOI'PAMHOI'O 3ABE3INIEYEHHA

Minenoxk Pomamn,
AcmipadT
3anopi3bKuii HAIllOHATEHUHN YHIBEPCUTET

B ocTanHi KiJIbKa POKiB CTaBCS SKICHO HOBHI CTPHOOK B 3aCTOCYBaHHI IITYYHOTO
iaTenekty (LUI) B imxenepii nporpamuoro 3abesnedenns (I1113). Po3pobuuku 13 Bce
gacrime nepexoaath Ha BukopucTtanus LI B cBoiX moeHHUX 3a/1a4ax 1 3aCTOBYIOTh
Horo B CBOEMY IHCTpyMeHTapii. | xoua 3aBAsKH 3aCTOCYBAHHIO TPaHC(HOPMATHUBHUX
Mojenei 111 ocHOBHI MOKpallleHHsI CTaJIuCsl B OCHOBHOMY B cepi reHepailii koja
mTyuyHuM iHTenekToM (Generative Al), 11e mepexkoHasIo 1HIYCTPIrO 1 1i CIeIialicTiB B
MEePCIEKTUBHOCTI JAHHOTO HAMPSAMKY st iHAycTpii B mimomy. LI 3a3HaB mupokoro
PO3MOBCIOJDKEHHSI HE TUIBKA B ik cdepi, a 1 B TaKUX CyMDKHUX cepax SK-OT
aBTOJIONIOBHEHHS KOy, aHaJI13 KOy Ha TOMIWJIKHU a00 K HaBITh T€HEPyBaHHS TECTOBHUX
CIIEHAPIIB JIJIsl TIEPEBIPKU SIKOCTI MPOTPAMHOTO 3a0€3MEUCHHS, a TAKOX JIJIsl aHaJi3y
BuMor j1o I13 Ta reneparii TexHiunoi gfokymenTanii. 3nataicts I anam3yBatu ko,
HOTO CTPYKTYpY, apXITEKTYpy 1 aBTOMaTU3yBAaTHU PYTHHI 33/1a4l MOBHICTIO 3MIHUJIO T€,
AK 1H)XEHEpU MPALOIOTh 3 KOJOM 1 BIIKPUJIO ME€PE] HUMH MOXKJIMBOCTI TOKPAILICHHS
MPOAYKTUBHOCTI 1 30CEPEKEHHS 3YCWIb Ha BUPIIMICHHI OUIbII CKJIAJIHUX BUKJIUKIB
II13.

Mo>kHa 3a3HaYuTH 1110 CepeJl OCTaHHIX MyOJiKalii Ha TeMy 3actocyBanHs LI B
113 € 3aranbHa TEHACHIIIS HA 3MiHY TTApaurMu PO3poOKH 1 poss po3podHuka I13, ne
PO3pOOHUK BUCTYIIAE CKOPIIIIE SIK MapTHEP, TOOTO 3a3HAYAETHCS, 110 B3aemo/io 3 11
OlbIlIe HE MOXHA OXapaKTEPHU3yBaTH K iMriepaTuBHy [ 1, 2, 3]. ToOTo 3 ypaxyBaHHSIM
cydyacHux tenaeHiid I posrmsmaeTbcss HE MPOCTO MOMIYHUKOM, a TMApTHEPOM,
KOTPOMY BOJHOYAC HE BapTO OJAHO3HAYHO JOBIPSATH, TaK SK BIH MAa€ CXWIBHOCTI 0
TaKHUX SIBUIII SIK TATFOIMHAIT 1 TPOAYKYBaHHS KOAY 3 Bpa3nuBOCTAMH. L{e mpu3BoauThH
710 TOTO, [0 OCOOJIMBOI POJII HAJTAETHCS TAKOMY SIBUIIY SIK TOSICHIOBAJIbHUN IITYYHUN
intenekT (Explainable Al a6o x XAl), o 103BoJIsIE IEPETBOPUTH KOJI, III0 TEHEPYE
[T Ha 61s1b1I TPO30PHUH 1 BIICTEAKYBATH HOTO JIOTUKY

BaxsuM Bukiimkom npu 3actocyBanHi I B ingycTpii € qoBipa (accountability)
[4]. IcTopuuno mpu poboti Hax ML mopensiMu ajropuTM MojelNi TMOCIJaB 4acTo
HaWroJIOBHIIIE MICIIe, B TOM Yac K 301p 1aHuX OyB pyTHHOIO, KOHTPOJIIO Haj 300poM
TaKMX JIaHUX HE HaJaBajoch 3HayHOI poil. lle mpu3Beno A0 Toro, o icHyroui ML
MOJIeTIi CTBOPEHO 3 TAaKMMHU HEIOJIKaMH SK TOPYLICHHS MpaBWJI MPUBATHOCTI,
yIepeKeHHS Ta MOMUJIKY B po3MiTiii. ['oJloBHA i71es1 ToyiArae B 3aM03MYE€HHI METO/IIB
KOHTPOJIIO SKOCTI 3 Taly3ei, J¢ BIAMOBIAAIBHICTh € KPUTHYHOIO (HAMPHUKIA,
aBTOMOOLTbHA THAYCTPIs, KA BXKe po3risaanachk padiimie). [Ipu po3podii ML moxenei
€ HEOOXIJHICTh JOTPUMYBATUCh CTaHAapTHOro nukiry po3podku I13. HeoOximHo
CTPYKTYPYBaTH >KUTTEBUM LUKJ JAHUX MOJIEJICH 1 3alIPOBAIUTU TaKy KOHIIEMIIIIO SIK
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dpeitmBopk mia3BiTHOCTI (Accountability Framework). Ile Mmae matu BianmoBiasr Ha Taki
MUTaHH, SK 1 YOMY PO3pOOHUKH MOAETI 30HMparoTh JaHl, a TaKOX, IK BOHU OyIyTh
po3pobiisiTt ML MoJiens, TECTyBaTH, a TAaKOX BajliyBaTH ii. Takok 0coOJMBY yBary €
CEHC TMPUIUIATA MOXJIMBOCTI BIIKIMKATH JaHl y pa3l BUSABJICHHS IPOOJIEM UM
NOPYIICHHS TPUBATHOCTI.

Takox rpu BukopuctanHi 1 B po3po6ii [13 mpononyeThbes miaxia BAKOPUCTAHHS
CTaHAAPTHOTO UKy po3poOku [13 [S]: e mpuHIHKIT 3aCTOCOBYETHCS JIO BCIX €TarliB
- Big 300py BHMOT O pO3TOpPTaHHS, IO Ma€ BPaxOBYBaTH OOUYMCIIIOBAJIbHI
MOTY>KHOCTI, III0 HEOOXITHI JIJIsT PO3TOPTaHHS MOJIENECH Y MOPIBHAHHI 3 CEPEIOBHUIIEM
HaByaHHs. [{ono camoro mporecy po3poOKu Mojienei IPONOHYEThCSI BUKOPUCTAHHS
MOAYJBHOT apXITeKTypH M iX THYYKOCTI, a TaKOXX MPHUHIUITY Oe3nmepepBHOI
inrerpai (CI). OxpemMa yBara npuiiss€eTbCsi CUCTEMI KOHTPOJISI BEPCiil - TAKU M1 AX1]T
Tpeba 3aCTOCOBYBATH HE TIIILKH JJIsl KO, a 1 [T BIICTEXKYBaHHS P13HUX BEPCiil JaHUX
1 KOH(Irypamiiit Moaeneu.

CTpiMKHII PO3BUTOK BEJIMKHMX MOBHHX MOJIEJIC CTBOPIOE  BEJIMYE3HE
HABAHTAKCHHS Ha JOBKULIS Yepe3 HaBUaHHA 1 €KCIUTyaTallil0 IUX 1HCTPYMEHTIB [6].
BpaxoByroun noniOHe HaBaHTaKEHHS Ha €KOJIOTIIO JIJIsl OI[IHKM MOJeJNiel Hapsay 31
CTaHJAApPTHUMHU METPUKaMH Ma€ OyTHU J0JlaHa eKOJOTi4yHICTh (sustainability). Lle
JI03BOJIUTH MEPEUTH 10 CB1IOMOTO BUKOpHUCTaHHsS Takux mozened sik GPT 1 Llama y
po0oTi iHxkeHepiB [13. BaxkauBicTh TaKMX METPHUK MOJIATAE B TOMY, 1110 Ha iX AYMKY
BOHU MalOTh OyTH IHTETPOBaHI B CUCTEMU Oe3nepepBHOTO po3ropTaHHs mpoekTiB (CI
/ CD) niis iX HOCTIHHOTO MOHITOPUHTY. TakoX po3Tiifla€ThCsl BAKOPUCTAHHS METO/IIB
CTUCHEHHSI Mojieniell (KBaHTYBaHHS, NUCTUJIALIA) i1 €(EKTUBHOTO 3aCTOCYBAHHS 1
CIO’KMBAHHS PECYPCIB XMapHUX 00UYNCIIEHb.

Jlnst rectyBanHs ke mozesner I nponoHyeThCsl 3acTOCYBaTH 3arajJbHONPUAHSTI
cranaaptu SDLC [7]. Jns nepeBipkd KOPEKTHOCTI poOOTH MOAENEed CTaHIapTHHUX
IOHIT TECTIB OyBa€ BXKE HEJOCTATHBO, 3a JIOTIOMOT'OI0 HUX BKE HEMOXJIMBO €(PEKTUBHO
MPOTECTYBATH MOJENI 1 BUSBUTH iX MOXJIUBI JAedekTu 1 mommiku. [IpomoHyeTbes
3aCTOCYBATH HOB1 METPUKH SIKOCTI, 100 aHaI3yBajld MOJIeJl Ha CTIMKICTh J0 aTak, a
TaKOX MIEPEBIPATH 1X HA BIICYTHICTh YIEPEHKEHOCTI Ta 3aMPOBAUTH MOSICHIOBAHICTh
MPUHHATUX PIIIEHb

Bapto nigcymyBatu, 1m0 He3Ba)Kar04UM Ha 3HAYHE ITiABUIIEHHS MPOTYKTUBHOCTI 1
TEXHOJIOT14HI mepeBary, 1o aae 3actocyBanss LI, icHye psin cepiio3HUX HETOJIKIB 1
BUKJIMKIB, 110 TOBCTAJIA MEpe]] 1HAYCTPIEIO Yy 3B’ 53Ky 3 OOLIMPHUM BUKOPUCTAHHSIM
Takux 1HcTpyMeHTiB. Ko, srenepoBanuit LI moxxe micTutH nedekTH, TaIFoIuHalii 1
BPa3JIMBOCTI, 110 BUKJIUKAE HEOOX1HICTh MOSBH 1 BUKOPUCTAaHHS NosicHIOBasIbHOTO L111
(Explainable AI). OOOB’sS3k0OBUM € TaKOX aHali3 JIIOJAUHOI-EKCIIEPTOM
3r€HEPOBAHOI0 KOJIa IIepel MOro BIPOBAKEHHSIM B pEAIbHUN POTrPaMHUM ITPOIYKT.
Takox HasBHI NMUTAaHHS I1HTEJIEKTYaJbHOI BJIACHOCTI Ta 3aXHUCTy KOH(D1IECHLIMHUX
JAaHUX MPU BUKOPUCTAHHS TAaKUX TOMIYHHKIB.

[HTETpaIis TEXHOJIOTIM IITYYHOTO 1HTENEKTY B 1HXKEHEpII0 MPOrPaMHOIO
3a0e3nedeHHs] 3a0e3nedye CYTTEBE 3pPOCTAHHS MPOJYKTUBHOCTI HA BCIX eTamax
KUTTEBOTO IHKIY pPO3poOKku. BoaHouac BIPOBAKEHHS  IHTENEKTyaJbHUX
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IHCTPYMEHTIB aKTyalli3ye MoTpedy y CBIIOMOMY YIIpaBIiHHI pU3HKaMU Ta (POpMyBaHH1
HOBHUX MIJIX0/1B 10 BepudiKallii pe3yJbTariB.

Kimro4oBuM HampsiMOM BUPIIIEHHS TaKUX BHKJIHKIB TMPOMOHYETHCS PO3pOOKa
yH1(DIKOBaHMX €TUYHUX Ta TEXHOJOTTYHUX CTAHAPTIB Ta MPOTOKOJIB, 1110 MAIOTh Oy TH
IHTepIIPETOBAaHUMHU K i1 ¢axiBmiB, Tak 1 s aBToHoMHHX IllI-areHTis.
IMruteMeHTaIlist TakMX TpPaBWI € KPUTHYHO BAXIMBUM Ha TJII TEPEXOLy 0
MYJBTHATCHTHUX CepeloBUI po3poOku. Ilogampmie 3pocTaHHS aBTOHOMHOCTI
MPOTPaMHUX CHCTEM BHMAarae po3poOKH 0araTopiBHEBUX MEXaHI3MIB KOHTPOJO JIJIS
rapaHTyBaHHS BHCOKOI SKOCTI, HAAIMHOCTI Ta 0€3MEeKH KIHIIEBUX MTPOTPAMHUX PIlICHb.
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Over the past few decades, environmental performance has become a strategic
priority for airport development. International civil aviation organisations, regulatory
bodies, and airport operators increasingly focus on reducing the environmental
footprint of aviation activities. Traditionally, primary attention has been devoted to
aircraft emissions and fuel efficiency. However, aviation ground support equipment,
which ensures continuous aircraft ground handling operations, represents a significant
source of local environmental impact that is often underestimated.

GSE operates mainly on the apron and in close proximity to passenger terminals,
where emissions, noise, and thermal loads directly affect airport personnel and
passengers. From an operational engineering standpoint, the effectiveness of
environmental measures is determined by actual duty cycles, load profiles, and GSE
operating regimes rather than by nominal engine emission values. Therefore, the role
of GSE in airport environmental safety should be assessed based on practical
operational characteristics [1].

Role of GSE in Airport Operations.

Aviation ground support equipment includes a wide range of specialised vehicles
and units providing aircraft towing, ground power supply, passenger and baggage
handling, cargo operations, and technical support. A common feature of most GSE
categories is cyclic operation with frequent engine starts, prolonged idling, and low-
load conditions, which are particularly unfavourable from an environmental
perspective.

The greatest contribution to local emissions and noise is made by those GSE types
that operate for the longest duration during a single aircraft turnaround. These include
baggage and container tractors operating with trains of carts, belt loaders and container
loaders, apron buses, and ground power units (GPU/ADG). For wide-body aircraft, the
operational time of such equipment increases significantly, leading to a proportional
rise in environmental impact.

Thus, GSE represents one of the most promising targets for achieving measurable
environmental improvements at airports without reducing operational capacity or
service quality.
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Selective Electrification of Ground Support Equipment.

Electrification is widely considered a key pathway for reducing the environmental
impact of airport ground operations. From an engineering and operational perspective,
however, a comprehensive transition to electric GSE is neither technically nor
economically optimal. A selective approach, prioritising the electrification of the most
intensively used equipment, appears to be more rational [2].

Electric powertrains are particularly suitable for GSE with predictable routes,
limited operating areas, and regular access to charging infrastructure. This primarily
applies to baggage and container tractors, apron buses, and auxiliary equipment
operating within the apron area. Electrification of these categories enables substantial
reductions in local pollutant emissions, noise levels, and heat release in passenger
service zones.

At the same time, electrification cannot be regarded as environmentally neutral at
the system level. The production of lithium-ion batteries is highly energy-intensive,
and recycling or disposal remains a serious environmental challenge. Consequently,
the overall environmental benefits of electric GSE should be evaluated using a full life-
cycle assessment.

Hybrid Technologies as a Transitional Solution.

For certain GSE categories characterised by variable load profiles or extended
operational range requirements, hybrid powertrains represent a technically justified
compromise. Hybrid GSE enables reduced fuel consumption and emissions during idle
and low-load operating phases, which are typical for aircraft ground handling.

From a practical perspective, hybridisation serves as an intermediate stage between
conventional diesel-powered equipment and full electrification. It allows airports to
achieve measurable environmental benefits while preserving operational flexibility and
avoiding immediate large-scale infrastructure investments.

Hydrogen Technologies in Airport Energy Systems.

Hydrogen-based technologies are increasingly considered a long-term solution for
decarbonising transport systems, including aviation. The results of PEST and SNW
analyses of liquid hydrogen as a motor fuel demonstrate significant potential, provided
that appropriate infrastructure, safety systems, and regulatory frameworks are
established [3].

In the context of ground support equipment, hydrogen may be applied through fuel-
cell systems supplying electric drivetrains or stationary and mobile power sources.
However, high implementation costs, storage complexity, and stringent safety
requirements currently limit large-scale deployment. Therefore, hydrogen technologies
should be regarded as a long-term component of airport energy strategies that
complement, rather than replace, electrification and hybridisation in the short and
medium term.

System-Oriented Approach to Airport Environmental Safety.

Airport environmental safety is formed through the interaction of technical,
organisational, and energy-related solutions. Selective electrification of GSE, the
application of hybrid technologies, and the prospective use of hydrogen should be
considered complementary elements of an integrated airport management system.
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The integration of environmental monitoring, digital operational control systems,
and modernised GSE lays the groundwork for optimising ground handling processes
and aligns with the concept of sustainable airport development.

Aviation ground support equipment plays a crucial role in shaping airport
environmental safety. The most significant environmental benefits can be achieved
through selective electrification and hybridisation of GSE types with the highest
operational intensity. Hydrogen technologies represent a promising long-term option
but require further technological maturation and infrastructure development. A system-
oriented approach to GSE modernisation enables a substantial reduction of local
environmental impacts while maintaining airport operational efficiency
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The development prospects of civil aviation are inextricably linked to the creation
and widespread use of robotic systems. The development and use of various classes of
transport-type robotic systems has traditionally been a key element in airport logistics.
However, despite extensive research into the development of unmanned vehicles,
mass-produced deliveries of such robotic systems to airports are not expected in the
near term. This is largely due to the specifics of flight safety, which require the
operation of unmanned vehicles at airports as a new, complex, specialized piece of
equipment. The modern system for operating aviation ground equipment therefore
requires significant development in terms of regulatory documents, methodological
aspects, and technological solutions [1].

In general, the system for operating unmanned vehicles at an airport is a set of
interconnected equipment, means of operating them, personnel of operating units, and
documentation.

The operational system tasks performed in civil aviation and the principles of their
implementation are described in regulatory documents and are applicable to
conventional (non-robotic) aircraft ground vehicles. It is quite obvious that the
operational system for unmanned vehicles at an airport will differ significantly from
the operation of traditional aircraft ground vehicles, both in the composition and
content of the activities performed, as well as in the composition and interaction
procedures of the main participants in the operational system. The reason for these
differences is as follows.

The components of any robotic system, regardless of its type, purpose, or design
features, always include a motion module and a payload module. Therefore, controlling
robotic airfield systems requires simultaneously solving two significantly different but
interrelated tasks: motion control (motion control module) and payload control
(payload control module). Generally, depending on the implemented control
algorithms, robotic airfield systems may include one or more unmanned vehicles.

An unmanned vehicle is a fairly typical ground-based robotic ground complex [2].
In their creation, the base chassis is used not as a platform (in particular, for housing
the cabin, body, etc.), but as an independent element of a new design. Consequently,
in the composition of an unmanned vehicle, the base chassis is not only a structural
element, but also an element of an integrated system. In this regard, the structural
elements (components) of the base chassis of unmanned vehicles influence other
elements of the system and should be considered in conjunction with them, including
when substantiating and implementing requirements for tactical and technical
characteristics. In other words, the technical appearance of the propulsion module (base
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chassis) and its specific functional capabilities are inextricably linked not only to issues
of the creation of the propulsion control module itself, but also to issues of the
compatibility of the propulsion module with the payload module, the construction of
the control system, the production and operation of airfield robotic systems in general,
and others.

Consequently, the operational system of airfield robotic systems is characterized
by four groups of interrelated indicators (table 1), while the operational system of
traditional aviation ground equipment is described by indicators that define the general
properties of the system as an aviation ground equipment model (specifically, the
properties of the propulsion module — the basic chassis). These properties will be
common to both "conventional" (driver-equipped) vehicles and unmanned transport
systems, and will be a priority for selecting system-technical solutions suitable for use
in airfield transport systems.

Table 1.
List of complex vehicle indicators (option)
Group of indicators Complex indicators
1. General properties of the 1.1 Overall dimensions
complex as a model of ground- | 1.2 Weight characteristics
based aviation equipment 1.3 Engine characteristics

1.4 Basic chassis specifications

2. Indicators of the organization | 2.1 Sensor characteristics

of management of an 2.2 Characteristics of recorders

unmanned transport complex 2.3 Characteristics of actuators

2.4 Characteristics of communication channels
2.5 Autonomy characteristics

3. Indicators of the operating 3.1 Transportation
system of an unmanned 3.2 Storage
transport complex 3.3 Maintenance
3.4 Repair
4. Sample integration 4.1 Compatibility of control algorithms
capabilities 4.2 Possibility of use in a group

4.3 Difficulty of use

The second group of indicators characterizes the control properties of airfield
robotic transport systems. The literature provides a wealth of information on various
approaches to the practical implementation of motion control modules for ground-
based robotic transport systems for various purposes, as well as some technical
solutions that claim to be unique and universal [3].

Another group of indicators comprises properties characterizing the transportation,
storage, maintenance, and repair of unmanned vehicles. A variety of practical situations
that are generally possible in the field of organizing the operation of robotic transport
systems have been examined in numerous studies.

The fourth group of indicators provides for the possibilities of developing ground-
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based robotic systems, primarily in the area of their combined use, which is typical for
promising forms and methods of aircraft servicing.

While the first and second groups of indicators characterize the design features of
the robotic transport system, the third and fourth groups characterize the model's
compliance with the existing operating system within the lifecycle stages of airport
equipment. In the event of noncompliance with the third and fourth groups of
indicators, the right to consider adapting the existing operating system for airfield
robotic transport systems is warranted. This may involve justifying new (additional)
requirements for the operating system and taking measures to meet them, or design
modifications to the model, including its noncommissioning.

The following stages of the life cycle are considered the most significant for the
airport logistics system: maintaining unmanned transport systems at the established
level of readiness for their intended use and their intended use. Maintaining unmanned
transport systems' readiness for their intended use is based on a maintenance and repair
system that encompasses the main types of technical intervention: technical condition
monitoring, maintenance, and repair, which are performed in a specific sequence and
at a specified frequency. Regulatory (operational, technical) documentation clearly
regulates these procedures for crewed vehicles and details the involvement of
personnel from maintenance and repair units of specialized airport departments and
enterprises operating on airport grounds, mobile repair teams from service
organizations, and/or manufacturers, along with personnel assigned to the vehicles.

However, for example, regarding the maintenance of video surveillance systems
(an integral part of unmanned transport systems), there is no regulatory document that
clearly defines the list and frequency of relevant activities. Regulations for such
activities are established by manufacturers, described in product operating instructions,
and in some cases are not consistent with the requirements of current regulations. Thus,
a contradiction arises, for example, between the requirements of standards and
established maintenance practices for stationary video surveillance systems. The
organization of maintenance of active optical rangefinders (scanning lidars in machine
vision systems) is also currently not regulated.

Thus, the presence of a number of additional, complex subsystems in unmanned
transport systems (as opposed to conventional aviation ground equipment) necessitates
the implementation of a set of measures to adapt the aviation ground equipment
operating system to expand the system's capabilities and ensure its compliance with
the operating requirements of unmanned transport systems, a new product containing,
in particular, a large number of unique electronic radio components. Specifically, the
operating system for airfield unmanned transport systems must meet the following
conditions:

- be adapted for commissioning by the staff of the regular unit, without carrying
out additional preparatory work not provided for in the operating documentation, and
without the participation of service organizations and/or manufacturers in this process;

- ensure operation without limitation of the time of use of the samples, with the
possibility of maximum engine loading when driving on all types of roads in the airfield
area, regardless of the time of year, day and meteorological conditions, with a
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corresponding permissible reduction in traction-dynamic characteristics and fuel
(energy) efficiency indicators;

- ensure that the personnel of the special equipment maintenance services prepare
the vehicles for leaving the special equipment park;

- ensure the exit of equipment from the special equipment park and the return to
the park at the parking places of airfield unmanned transport complexes by a specially
formed unit of operators;

- maintain the technical characteristics of airfield unmanned transport complexes,
their operability during and after exposure to unfavorable climatic factors;

- ensure the replacement of the waybill with an electronic reporting document for
writing off fuel and lubricants and electricity and maintaining records of engine
resource consumption, changing the procedure and registration of the release of airfield
unmanned transport complexes for the operation of their fleet of special equipment;

- contain the necessary operational documents establishing the procedure for
controlling the movement of airfield unmanned transport complexes, the specifics of
operation in various climatic conditions, movement outside the airfield, energy
consumption, the use of fuel, lubricants and working fluids.

Consequently, the overall operating system for airfield unmanned transport
systems will differ significantly from "traditional" aviation ground equipment. To
adapt (and develop) the aviation ground equipment operating system to support the
intended use of airfield unmanned transport systems, it is necessary to meet a number
of rather complex requirements related not only to organizational issues and the
refinement of the regulatory and technical documentation system, but also to the
operational readiness of new components—airfield unmanned transport system
components (including electronic radio devices and components) necessary for
controlling these robotic vehicles.
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OCOBJIMBOCTI JOKYMEHTAJIBHOI'O CYITPOBOAY
ABTOMOBUIBHHUX TA 3AJIIBHUYHUX BAHTAXKHHUX
IHHEPEBE3EHD Y €BPOIII

Kim Karepuna BosoaumupiBHa

KaHAMJIAT ICUXOJIOTIYHUX HAYK, TOLIEHT,

B. 0. 3aBiqyBava kadenpu «[IpaBoBe 3abe3neucHHS

Ta aJIMiHICTPYBAaHHS TPAHCIIOPTHOT A1SITHOCTIY,

YkpalHChKu#l epKaBHUM YHIBEPCUTET 3aJ13HUYHOTO TPAHCIIOPTY,
M. XapkiB

KoBasaboBa Okcana BosogumupiBaa

KaHIUJAT TEXHIYHUX HAYyK, JOLEHT,

JTONEHT Kadeapu « YIpaBIiHHI BAHTAXXHOIO 1 KOMEPIIHHOIO pOOOTOIO»
VYKpaiHCbKUH IepKaBHUW YHIBEPCUTET 3aJ13HUYHOTO TPAHCHIOPTY,

M. XapKiB

B ymoBax rio6anmizarii Ta iHTeHcH}iKaii MI>XKHAPOJHUX €KOHOMIYHUX BIJIHOCHUH
BAHTAXXHI TEPEBE3CHHs HAOyBalOTh OCOOJIMBOTO 3HAYEHHSA SIK O0’€KT IMPaBOBOTO
peryiroBaHHs Yy cepi MIKHAPOJHOTO Ta TPAHCIIOPTHOTO IpaBa. ABTOMOOUIBHHUH 1
3aIII3HUYHUM TPAHCTIOPT € KIIOYOBUMU CKIIAJJOBUMH TPAHCIIOPTHOI cUCTeMH €BpOIH,
10 3yMOBIIIOE HEOOX1THICTh HAJIEKHOTO MPABOBOTO 3a0€3MeYeHHS JOKYMEHTAIBHOTO
CYNpPOBOAY TIEPEBIZHUX OTEPAIIiii.

JIoKyMEeHTaNbHUI CYNpOBIJT MDKHAPOJAHUX BaHTAXHUX TEPEBE3CHb BHUCTYIAE
MPaBOBUM IHCTPYMEHTOM pErjlaMeHTallli JTOTOBIPHUX BIJHOCHMH MK CyO’€KTaMu
MEPEBI3HOTO0  MPOLIECY, 30KpeMa  BaHTAXOBIJAMPABHUKOM, TIEPEBI3HUKOM 1
BaHTaxooJiepkyBaueM. Bin 3a0e3nedye Halie)kHe OQOPMIICHHS  JIOTOBOPY
MEepEeBE3CHHS, BU3HAUCHHSI TIpaB Ta 00OB’SI3KIB CTOPIH, @ TAKOX BCTAHOBJICHHS MEXK
[UBLTLHO-TIPABOBO1 BIAMOBIJAIBLHOCTI Yy pa3l MOPYIIEHHS yYMOB MEPEBE3CHHS a0o
3arOIiSTHHSI KO BaHTAXKYy.

[IpaBoBe peryirOBaHHS MDKHAPOJHUX TIEPEBE3€Hb 3/1MCHIOEThCS Ha OCHOBI
CUCTEMHU HOPM MIXKHAPOJHOTO IMpaBa, chOPMOBAHUX MOJOKEHHAMH 0araToOCTOPOHHIX
1 JIBOCTOPOHHIX MDKHApPOJIHHUX JIOTOBOPIB, @ TaKOXX HOPMamMu HaI[lOHAIBHOTO
3aKOHOJIAaBCTBA JEP)KAaB — YYaCHUIb TMIEPEBE3CHHS. Y TIEBHUX BUMAJKaX Yy
MPaBO3aCTOCOBHIN MPAKTHUIIl BUKOPUCTOBYIOTHCS MIKHAPOJHI TOPTOBEJIbHI 3BUYAI.
MixHapoiHe TepeBe3eHHSI BU3HAETHCS HAJCKHUM YUHOM O(OPMIICHUM 332 YMOBH
VKJIAJ€HHSI JOTOBOPY MDKHApOAHOTO TIEPEBE3EHHS Ta BUJAYl BIATIOBIIHOTO
TPAHCIIOPTHOTO JOKYMEHTA, SIKUWA Ma€ JI0Ka30BE 3HAYEHHSI.

ABTOMOOUIBHI BaHTaXKHI MEPEeBE3CHHS B €BpoIli perynoroThcsi KoHBeHIIi€r0 mpo
JIOTOBIp MIDKHAPOJHOTO JOPOXKHBOTO TepeBe3eHHs BaHTaxiB (CMR), ska Bu3Hayae
MPaBOBUI CTaTyC CTOPIH JOTOBOPY, YMOBH BHUKOHAHHS IEPEBE3CHHS Ta IiJCTAaBU
BIIMOBIAILHOCTI MEepeBI3HUKA. MIKHapogHA TOBapHO-TpaHcnopTHa HakiagHa CMR
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€ 000B’SI3KOBUM €JIEMEHTOM JIOTOBOPY MEPEBE3CHHS Ta CIIYTYE MUCHMOBUM JI0Ka30M
OPUNHATTS BaHTaXy MMEPEBI3HUKOM 1 YMOB Horo 1octaBki [1].

3ai3HUYHI BAaHTAXH1 IEPEBE3CHHS 3/IIMCHIOIOTHCS BIAMOBIAHO 0 €AMHUX MPaBUII
CIM, six1 BCTAaHOBJIIOIOTH MOPSAJIOK YKJIaIEHHS Ta BUKOHAHHS JOTOBOPY MI>KHAPOAHOTO
3aJII3HUYHOTO TEpEeBe3eHHs. 3alli3HUYHA HAKJIaJHA MOeAHY€E (YHKIIT MEpeBI3HOTO
JOKyMEHTa 1 JIOTOBOPY IE€PEBE3EHHS, CYMPOBOKYE BAHTAXK IMPOTITOM YChOTO
MapuIpyTy Ta 3a0e3reuye MpaBOBHM KOHTPOJIb 3a HOT0 MEepeMIlIEHHIM [2].

CyTTeBy poiib y MpaBOBOMY 3a0e3MeUeHHI MDKHAPOJHHUX IEpPEeBE3EHb BIAIrpae
CYNpOBiIHA KOMEpIliifHa Ta MHUTHA JOKyMEHTAIlis, 30KpeMa paxXyHKU-(aKTypH,
NaKyBaJbHI JINCTH, CEPTU(IKATH MTOXOKEHHS TOBAapIB 1 MUTHI JeKiaparliii. 3a3HaueH1
JOKYMEHTH  CIyTYIOTh TPaBOBOIO  MIACTaBOIO ISl 3AIMCHEHHS  MUTHUX
(dbopmasbHOCTEHN, 3aCTOCYBaHHS TapU(HUX 1 HETapU(PHUX 3aXO0JIB PEryJIOBAaHHA, a
TaK0X 3a0€3MeuyIOTh JOTPUMaHHs BUMOT MUTHOTO Ta MOJJaATKOBOTO 3aKOHOJaBCTBA.

Baxx1uBUM €I€eMEHTOM WPAaBOBOTO PETYIIOBAHHS MDKHApOJAHMX BAaHTAXHUX
MEepeBe3eHb € MUTaHHS I[UBLILHO-TPABOBOI BIAMOBIJATBHOCTI CTOPIH JOTOBOPY.
MiKHapoIHI ~ TpPaHCHOPTHI  KOHBEHII  MependadaroTh  CHelialibHI  YMOBHU
BIJINOBIJIAJILHOCTI TIEPEBI3HUKA 3a BTpaTy, HECTaudy, MOIIKO/HKEHHS BaHTaxy alo
MIPOCTPOUYCHHS MOTO JOCTAaBKH, @ TAKOXX BU3HAYAIOTh MEXI Takoi BiJMOBIJAIBHOCTI.
JIOKyMEeHTaJIbHUM CYITPOBIJI MEPEBE3EHHS BIJIIrPA€ KIFOYOBY POJIb Y TOBEAEHH] (haKkTy
NOPYILIEHHSI JOTOBIPHUX 3000B’S3aHb Ta € OCHOBHUM JOKa30oM IpU BHUPIIICHHI
TPAHCIOPTHHUX CIOPIB.

Po3nonin pu3uKiB y Mpoleci MIXKHAPOJHOTO TEPEBE3EHHS BaHTAXIB TICHO
MOB’SI3aHUI 3 MOMEHTOM TEePEX0/y BIJMOBIAATBLHOCTI 32 BAHTaX B1J BIANPABHUKA JIO
NepeBI3HUKA Ta B1Jl IEPEBI3ZHUKA JI0 O/iepKyBada. BimoBiiHI OM0KEHHS (PIKCYIOThCS
y TPAaHCIOPTHUX 1 TOBapOCYMPOBIAHUX JOKYMEHTax, IO HaJga€ iM BaKIMBOTO
opuaInYHOro 3HaueHHs. Hanexxne oopmiieHHs JOKyMEHTalli1 J03BOJISIE€ MiHIMI3yBaTH
MpaBOBl PHU3MKH, MOB’S3aHI 3 YIIKO)KEHHSIM a00 BTPAaTOK BaHTAXY i Yac
TPaHCTIOPTYBaHHS.

OxkpeMy pojib Yy CHCTEMI MPABOBOTO 3a0€3MEUYECHHs] MIKHAPOIHUX IEepPEBE3CHBb
BiJlirpae CTpaxyBaHHS BaHTaxiB. CTpaxoBl JTOTOBOPH CIYTYIOTh JOJAAaTKOBUM
MEXaHI3MOM 3aXMCTy MaWHOBUX IHTEPECIB YYAaCHHMKIB TEPEBI3HOIO MPOIeCy Ta
CIIPUSIOTh KOMITCHCAIlli MOXJIMBHUX 30MTKIB, 10 BHHUKAIOTH YHACTIJOK HACTaHHS
CTPaxOBUX BHIMAJKIiB. YMOBHM CTpaxyBaHHsS O€3MOCEpPENIHbO IMOB’S3aHl 3 JTAHUMH,
3a3HAUYCHUMHU Yy TPAHCHOPTHIN MOKYMEHTallli, [0 MiIKPeCHtoe ii 3HAYCHHS 5K
IOPUANYHOTO IHCTPYMEHTY.

BrpoBamkeHHS! €IEKTPOHHUX TPAHCHOPTHUX JOKYMEHTIB Y €BPOINEUCHKIN
MpaKTULl TaKOX BIUIMBA€E Ha cepy BIANOBIIAIBLHOCTI Ta CTPaxXyBaHHSA, OCKIIbKU
CHPOLIY€E NPOUEAYPH JOKA3yBaHHS, MIABUIILYE PIBEHb JOCTOBIPHOCTI 1H(OpMaIi Ta
cipusie yHi(iKalii IpaBo3aCTOCOBHOI MPAKTUKU. ENEKTPOHHI JOKYMEHTH BU3HAIOTHCS
PIBHO3HAYHMMH TAIIEPOBUM Ta MOXKYTh BUKOPHUCTOBYBATHUCS 5K JIOKAa3U y CYJOBHX 1
M03aCyJIOBUX CIIOpax.

CydacHUM eTanmoM pO3BUTKY IMPaBOBOIO PEryIIOBAaHHSA JOKYMEHTAJIbHOTO
CYNpPOBOJY BaHTQXHHUX TMEpeBe3eHb Yy €Bpoml € BIPOBAIKEHHS EJIEKTPOHHOIO
JTOKyMEHTOO00ITy, 30KpeMa eeKTpoHHO1 Haks1agHo1 e-CMR Ta mudpoBuX 3a113HUYHUX
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TMEpeBi3HUX JOKYMEHTIB. IX 3aCTOCYBaHHS CIpHMS€ IIiBULIECHHIO OPHMIMYHOL
BU3HAYEHOCTI Ta TapMOHI3aIlil IPaBO3aCTOCOBHOI MPAKTUKH Y cepi TpaHCTIOPTHOTO
npasa [3].

TakuM 4YHUHOM, JOKYMEHTAJbHHMM CYNpOBiJ aBTOMOOUIBHHUX 1 3aI3HUYHUX
BaHTA)KHUX MEPEBE3EHB € KIIOUYOBUM €JIEMEHTOM IIPABOBOTO MEXaH13MY PEryJIIOBaHHS
MDKHAPOHUX TPAHCIIOPTHUX BITHOCUH y €BPOIT Ta BAXJIMBOIO YMOBOIO €()EKTUBHOTO
3aXHCTY MPaB 1 3aKOHHUX 1HTEPECIB YUYACHUKIB MIEPEBE3CHb.

Cnmcok Jitepatypu
1. Convention on the Contract for the International Carriage of Goods by Road
(CMR). Geneva, 1956.
2. Uniform Rules Concerning the Contract of International Carriage of Goods by
Rail (CIM).
3. European Commission. Digital Transport and Logistics Documentation.
Brussels, 2022.
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IITYYHUU IHTEJEKT TA ABTOMATHU3ALIA ¥
CUCTEMI A-SMGCS AEPOITIOPTY

JInyuk BikTop IBanoBUY,
Crapmmii BUKIaga4y
HepxaBuuii yHiBepcuTeT «KHiBChbKUI aBlallifHUN THCTUTYT»

Cucrema A-SMGCS (Advanced Surface Movement Guidance and Control System)
€ KJIIOYOBUM KOMIIOHEHTOM Cy4acHOi 1HPACTPYKTYpH YIPaBIIHHSI HA3EMHUM PyXOM
noBiTpssHuX cyaeH (I1C) Ta asiarmiiinoi HazemHoi TexHiku (AHT) B aepomopTax.

A-SMGCS— 1ne cucrema ynpaBiiHHA Ta KOHTPOJIIO 332 HAa3eMHUM pPYXOM
MOBITPSIHUX CYJICH 1 TPAHCIIOPTHUX 3acO0IB HA MOBEPXHI a€poJIpoMYy, sika 3a0e3reuye
HaBIralilo Ta IHCTPYKTaXX Yepe3 CBITJIOBI CUTHAJIM, AUCIETUYEPCHKI BKa31BKU, KapTH
PYXY, CHOCTEPEKEHHS 3a JIOMOMOTOI0 pajapiB KOHTPOJIO HazeMHOro pyxy (SMR),
cuctemu BiacTexeHHss mnonoxkeHHs [IC wa aepoapomi (ADS-B), TexHomorii
BU3HAUYeHHs MmicienonoxeHHs [IC abo TpancmopTHOro 3aco0y Ha OCHOBI CHTHAJIB
roro tpancnongepa (MLAT), Bineokamep, 3armodiranis KOH(IIIKTaM 1 MOPYIIEHHIM
Oe3reyHux BiJCTaHEH, aBTOMarTu3allito  oOpoOKM JaHuX Ta I1HQOPMYBaHHS Y
peabHOMY Yaci i MIATPUMKHU pilieHs aucneryepis|1].

Cucrema A-SMGCS nepenbadyeHa ajie BUKOPUCTaHHS HE TUIBKM B yMOBax
0OMEKEHO1 BHUIUMOCTI, ajie 1 B OyAb-SIKUX MOTOJHHMX yMOBax JUisl 3a0e3MeyeHHs
MaKCHMaJIbHOI MTPOITYCKHY 3/aTHICTh a€POTIOPTY.

OCHOBHUM OOMEXEHHSM Ta OCHOBHUM TPUHIUIIOM TPOEKTYBaHHA 1
BrpoBakeHHsT cucteMu A-SMGCS € 3parnicte minortiB, BoaiiB AHT Ta
TPAHCIOPTHHUX 3aCO01B 1 OMEPATOPIB CUCTEMU IHTEPIIPETYBATH 1H(HOPMAILIIIO €IEMEHTIB
yrpaBJiiHHS Ta KOHTPoJt0 A-SMGCS Ta BUKOHYBATH CBO1 BIJMOBIIHI O0OB'SI3KH.

A-SMGCS € MOnyIpbHOIO CHCTEMOIO, SIKa MOKE BKJIFOUATH JI0 YOTUPHOX PIBHIB
¢dbyHkiioHansHOCTI: HarmsaaoBui (Surveillance), konTponsHuit (Control), 3ano0iKHUN
(Conflict Detection and Alerting) ta ynpasmiacekuii (Routing and Guidance) [1,2].

HaraspoBuii piBenb 3a6e3mneuye 301p iHpopmartii npo pyx [IC 1 AHT na poGouiii
IO aepojpoMy 3a JomoMoror pisHux maruukiB (SMR, ADS-B, MLAT, Bineo
TOIIO) Ta Haja€e JUcHeTdepaM yrpaBiaiHHSA MOBITpsHUM pyxoM (YIIP) touny Tta
CBO€YacHy 1H(QopMmaIlito mpo micle3HaxopkeHHs Ta iaeHTudikamito Beix [IC, AHT,
TPAHCIOPTHHUX 3aCO0IB Ta 1HIIOIO OOJIAIHAHHS, 110 PYXAEThCS a00 3HAXOJUTHCI Ha
KOHTPOJILOBaHIN TEPUTOPIi aepOAPOMY.

[Ipu 1ubpomy 3abe3meuyeThcsi Bi3yamizamis 1HGopmalii nOpo pyx Ha
KaptorpadiyHOMy JUCIUIei poOOUYOro Micis JUcHeT4epa MpH BUCOKIH TOYHOCTI
MO3UITIOHYBaHHSI 00'€KTIB.

KouTpoabHuii piBeHb HaJa€ Bi3yalibHY 1HPOPMAIIIIO JUCTIETYEPAM PO CUTYAITIIO
Ha aepojapomi, OO0 3abe3neynTH e(EeKTUBHE KEPyBaHHS HA3eMHUM pPYXOM B
aeporoprty. Crucrema 3a0e3nedye 9iTKe Ta MIBUAKE CIIBCTABICHHS IIJIEH Ha TUCILIET 3
peansaumu [1C Ta AHT, BimoOpaskeHHsI cTaTycy 00'€KTiB (HapUKIIaI, J03BOJIH Ha PYX,
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3aiiHATI cTossHkH [1C), MOXKIIMBICTD 3MIHIOBATH 200 MIATBEPAKYBATH CTaTyCH 00'€KTIB
yepes iHTepdeiic cucTemu.

3ano0i:kuuii piBeHb, 3a0e3nedye aBTOMATUYHE BUSBICHHS MOTEHIIIMHUX
3ITKHEHb MK 00'€ekTaMH Ha poOOYIM IUIONI aepoApOMY Ta IOIEPEIKESHHS
JTUCIIETUEPIB.

Cucrema aBTOMAaTUYHO BHUSBIISIE MOTEHIIHHI KOHGIIKTA (HAMPUKIAN, PUBUKU
31TKHEHHSI, TOPYIIEHHS JI03BOJIIB) MiXk 00'€KTaMU Ha ITOBEPXH1 a€poIpOMY Ta TeHEepye
CBO€UacHi nonepemkenHs 11t aucnerdepi YIIP. s uporo ¢opMyroTbes anroputMu
JUIA TIPOTHO3YBaHHSI TPAEKTOPIA pPyXy Ta BHSIBICHHA NOTEHIIHHUX KOHQIIKTIB
(31TKHEHb, TOpYIIEHb OE3MEYHMX IHTEPBAJiB), HANAIOTHCS Bi3yaslbHI a00 3BYKOBI
CUTHAJIH TOoNepeKeHHs aucnerdepy. OCHOBHOIO BUMOTOIO JIJIsl TAKUX aJTOPUTMIB €
MiIHIMI3aI1s KIJTBKOCTI XUOHUX MOMEPEHKEHb.

YupapiiHcbknii piBeHb (OpMye aBTOMAaTUYHE T'€HEPYBAaHHA ONTUMAaJIbHUX
MapuipyTiB pyiiHHs 1IC, pyxy AHT Ta HamaHHA Bi3yaJIbHUX 1HCTPYKIIH MUJIOTaMm Ta
BoaisiMm AHT. Ilpu npomy 3a0e3nedyeThCsi aBTOMAaTUUHUNA PO3PAXyHOK MapUIPyTIB 3
ypaxyBaHHSM 3aBaHTa)KEHOCTI, KOH(JIKTIB Ta MpaBUI aepoapoMy, HaJaHHS
BI3yaJIbHUX 1HCTPYKIIM 4Yepe3 CUCTEMH OCBITICHHS PYJIDKHUX JOPDKOK (Taki SK
Follow-the-Greens) abo iHTerpoBaHi KaOlHHI JUCILIE], Ta ONMTUMI3allisd MOTOKY PYyXY
JUI 3MEHILEHHS Yacy pyJiiHHA Ta crnioxuBaHHs nanusa sk [1C, tak 1 AHT.

BukopucranHs aBromaru3aiii € OZHMM 13 OCHOBHUX BIJIMIHHOCTEH CHCTEMHU
A-SMGCS Bia nirounx y KoxkHoMy aepornopty cucreM SMGCS.

Po3po0Oka, anpo0Oaiiist Ta BIPOBAIXKEHHSI AITOPUTMIB (DYHKIIIOHYBAaHHSI KOKHOTO 13
3a3HaUYEHUX PIBHIB € OCHOBHHM 3aBJIaHHSIM ISl KOXKHOTO KOHKPETHOTO aeporopTy.
Tomy ¢ynkuionaneHi piBHI cucteMu A-SMGCS BOpoBapKyIHOThCS MOCTYIOBO,
3aJIEXKHO BiJ MOTPEO Ta CKIIAJHOCTI aepONoOpTY.

CyTtp aBTomaTu3auli B cucteMi A-SMGCS nonsirae B ToMy, 11100 3a0€3M€YUTH
Oe3rneune, epexTuBHe Ta Oe3nepepBHe ynpasiiHHsa pyxoM [IC 1 AHT Ha aepoapomi
HaBITh B YMOBaxX 0OMEXEHOI BUAMMOCTI IIUIIXOM aBTOMAaTUYHOTO 300py, 00pOoOKHU Ta
BUKOPHUCTAHHS JTaHHUX JUJIS TIIATPUMKH PIIICHB JUCIICTUEPIB.

CTBOpeHHS Ta BHUKOPUCTaHHS aBTOMATHU30BAHOI CHUCTEMH 3abe3reuye
OesrneyHinI Ta eQpeKTUBHINI eKCIUTyaTalliiHl YMOBU JJI aepoIopTy, aje BOJIHOYAC
YCKJIaJHUTh B3a€EMOJIII0 JIIOAMHU 3 CHCTEMOIO. | B LIbOMYy HampsMKy € I€BHI
HarpairoBadss sk 1o JiHii [CAO, tak 1 no ninHii €Bpokontposto (EUROCONTROL).

Bignoimno nmo konuenmii ICAO [1], po3misigaeTbCs YOTHPU PIBHI
aBTOMaTHU3allli: HaJaHHda 1H(opMmaii (IHIMKATUBHA MIATPUMKA), MIATPUMKA PIlIEHb
(monepemKeHHs, peKOMEH 1alli1), YaCTKOBA aBTOMAaTH3allisl (HAllpUKIIal, aBTOMaTHUHE
KEpYBaHHS CBITJIOCUTHAJIBHOIO CHUCTEMOIO aepoIopTy) Ta IOBHA aBTOMAaTH3aLlis
(aBTOMaTHYHE YIPABIIHHS pyXOM 0€3 BTpy4aHHS JIFOJUHH).

binbIicTh cy4acHUX aeporopTiB MPAIIOIOTh JIMIIE HA EPIIUX ABOX PIBHSX, A€
aBTOMATHU3Alllsl MIITPUMYE, ajie HE 3aMIHIOE TUCIIETYEepa.

[rygyawnit iaTenext (IIII) BigkpwBae HOBI TOPU3OHTH JUIsl aBTOMATH3allli B
cuctemax A-SMGCS, mninBuiryroun Oe3neky, e(eKTHBHICTb 1 aJaNnTHBHICTb
ynpasiiaas pyxom [1C 1 AHT na aepoapomax [3].
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[arerpanis I B A-SMGCS no3Bonisie mepeiiTu Bif aBTOMAaTH3alii A0
1HTeJIeKTyasi3allii mpoIecia.

AJTOPUTMH  MAIIMHHOTO HAaBYAHHA AaHANI3YIOTh TPAEKTOpii pyxy Ta
nepea0avaroTh MOTEHIIMHI KOH(IIKTH 111e 0 1X BUHUKHEHHS.

[T BpaxoBye MOTroJHI YMOBH, 3aBaHTAKEHICTh PYJIDLKHUX A0pikoK, Tunu [IC 1
IPIOPUTETH, 11100 POIOHYBATH HaleEKTUBHIII MApIIPYTH, ONITUMI3YIOUH iX.

3abe3neuyeTbcs aBTOMAaTUYHE BMUKaHHS a00 BUMUKAHHS CBITJIOBUX 1HJIMKATOPIB
Ha poOOYiil IOl aepOoAPOMY BIAMOBIIHO 10 MOTOYHOI CUTYAIII].

Komn’totepuuii 3ip no3Boiisie ineHtudikysat [1C, AHT Ta TpancnopTHi 3acoou,
1, HABUTbH, aBlalmacaKUpiB Ta CHiBPOOITHHUKIB a€POTIOPTY Y peaTbHOMY Yaci.

T ramae qucneTdepaM peKoMeHaari1l, 0a3yr0unch Ha aHai31 BEJTMKOTO 00CATY
nanux. Cinin BpaxoByBaTy, 110 I Ha chOro/IHI HE 3aMiHIOE AUCTIETYEPa, a MiICUITIOE
HOT0, TOMY BXJIMBUM € HaBYaHHS TIEPCOHATY aepOTIOPTY.

OCHOBHI TEXHOJOrIi 3 BHUKOPUCTAHHSAM IITYYHOTO 1HTEJIEKTY NPHUBEIACHI
y Tabmui 1.

Tabmuus 1.
TexHo0T1i BUKOPUCTAHHS IITYYHOTO 1HTENEKTY y cuctemi A-SMGCS
TexHouoris 3acrocyBanHs B A-SMGCS
MaivHHe HaBYaHHS [Iporno3yBaHHs KOH(IIKTIB, ONITUMI3AIiS
MapHIpyTiB
Kowmm’roTepuutii 3ip Po3nizHaBaHHs 00’€KTIB, KOHTPOJIb 30H
00OMEKEHOTO JOCTYITY
OO6pobOka mpupoaHOi MOBH [nTepdeiicu nns aucneTyepiB, roJOCOBI
KOMaH]IH
InTerpartis 3 nudpoBumMu BexkaMu | Bizyasnizaiiisi cuTyallli B peaJibHOMY 4acl

Ha croroani copmoBana suine 3aranbHa KoHuemniis cuctemu A-SMGCS ta
TUTBKH  pO3pOOJIsIIOThCs  pexkoMmeHpamii momo i”Terpamii LI B A-SMGCS,
nepeadavaroud  HEOOXITHICTh CTaHAApTH3allli, MPO30pPOCTi, JOCTOBIPHOCTI Ta
ceptudikailii BIPOBaKEHHS 111€1 CHCTEMHU B aepOTopTax.

Pazom 3 tum, LI BxKE aKTMBHO BIPOBAKYETHCS B A€pPOIIOPTAX, 30KpeEMa SIK
yacTuHa abo HajOyaoBa Hax A-SMGCS.

B pamkax nmporpamu gociiapkeHb Ta iHHoBallii €spomneiicbkoro Coro3y Horizon
2020 BukopuctoByBaacs TectoBa miatdopma Leonardo 115 MOICIIIOBaHHS B PEXKUMI1
peanbHOro yacy pododoro cepeaopuiia acpornopty Codii (bosrapis)[4].

BunpoOyBanHs Oynu 30cepe/ixeHl Ha ynockoHajueHHsx cucreMu A-SMGCS nHa
miatgopmi Leonardo, BKiIOYarouM HOBY MIATPUMKY O€3MEKH aepomnopTy s
JUCIIETYEPIB B a€pONOPTaxX, MAPIIPYTHU3AIlII0 Ta MOKJIMBOCTI HABEJICHHSI, Y MIOE€THAHH]
3 BIPOBA/KCHHSIM KaHAIly TepeAadl JaHuX, JUIsl HU@QPOBOro KepyBaHHS pPOOOUYOIO
IJIOMICI0 aepoApPOMY [IJIsi TPAHCIOPTHUX 3aco0iB aepomopTy, IUIAHYBaHHS Ta
YIpaBIiHHS HA3eMHUMH MapIIpyTaMHU.
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Y JlonmoncekoMy aepomopTy Xitpoy (Heathrow) odimiiiHO TpOBOAUTHCS
BuripoOyBanus Al moayniB y cucremi A SMGCS. Jlie Al-niaTpuMka qucneTdepis, sSika
3a0e3mneuy€e BUKOPUCTAHHS aJITOPUTMIB IPOTHO3YBAHHS JIJIs1 BUSBJICHHS TOTCHIIITHUX
KOH(TIKTIB HA PYJDKHUX JOPIKKAX.

Cucrema Bxe nporectoBana Ha oHana 40 000 peiiciB, moeaHye J1aHi 3 pajapiB Ta
B1JI€O JUISl CTBOPEHHS €MHOI Bizyamiizaiii pyxy Ha nepoHi. ®yHKIIOHYOTh HUPPOBI
BEXK1 YIPaBJIIHHSA Ha SIKUX Bi3yallbHI JaH1 3 KaMep o0poosstoThes LI s mokpanieHHs
CUTYyalliHOI 0013HAaHOCTI B yMOBaX HU3bKOi BUAUMOCTI [4] .

Al (Artificial Intelligence) momymi — 1e Okpemi IporpaMHi KOMIIOHEHTH a0o
OJIOKM CHCTEMH, SIKI peasizyloTh KOHKPETHI (DyHKIIli IITYy4HOTO 1HTENEKTYy, TOOTO 1€
“iHTeneKkTyanbHi OM0KK” B cucTemi. BoHM iHTerpyroThcs y Ouibiii iHpopMaIiiitHi
cuctemu (Hanpukiaa, A- SMGCS) 1 BUKOHYIOTH crielliai3oBaHi 3aBJaHHs, OB’ s13aHi
3 aHAJII30M JIaHUX, POTHO3YBAHHIM 200 aBTOMAaTUYHUM MPUHHSTTSIM PilllCHb.

BucnoBok. Takum unHom, Il — 11e HEe mMpocTO 1HCTPYMEHT aBTOMAaTH3allli, a
karanizatop Tpancopmarnii A-SMGCS y THyuKy, alanTuBHy Ta TependadyBaHy
cucteMy. Moro BIpOBaKEeHHS JO3BOJSE 3a0€3MEUNTH BHCOKHIl piBEHb OE3MEKH
MOJIbOTIB B aepomnoprax, 3MEHIIUTH 3aTpuMku peiiciB [1C, miaBummTu Oe3mneky Ta
e(eKTUBHICTh pOOOTH aepOIOPTIB, OCOOJIMBO B YMOBaX BHCOKOi IHTEHCUBHOCTI pyXy
Ta CKJIAJJHUX METEOPOJIOTTUHUX YMOBaX.
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METPOJIOI'TA: AHAJII3 PI3BHOBU /L
INTAHI'EHIHCTPYMEHTIB

Hizinmani JIrogmuiaa BikropiBHa

KaHJIUJAT TEXHIYHUX HAYK, IOIEHT, TOUEHT Kadenpu

«Kadenpa cynnoOyayBanHs 1 cyaHopeMoHTy iM. ipod. FO. JI. BopobitoBay,
HapyanpHO-HayKOBUN MOPCHKUHM 1HKEHEPHO-TEXHIYHUM 1HCTUTYT,
Opechkuii HalllOHAJTLHUN MOPCHKUIN YHIBEPCUTET

Poccomaxa Ouiena IropiBaa

KaHAUAAT TEXHIYHUX HaYK, JIOLIEHT, TOIeHT Kadeapu «Hapiraris 1 kepyBaHHs
CYJTHOMY,

HapyanpHO-HayKOBUN IHCTUTYT MOPCBHKOTO (DIIOTY,

Opechkuii HalllOHATFHUN MOPCHKUHN YHIBEPCUTET

Anexkcanaposcbka Hanist IropiBaa

KaHJIUJIAT TEXHIYHUX HAYK, IOIEHT, IOIEHT JOLEHT Kadeapu cyaHOOyyBaHHS i
cyaHopemoHTy M. pod. FO.JI. Bopo6GiioBa

HapuanbHo-HayKOBHUI1 MOPCHKHI 1H)KEHEPHO-TEXHIYHUM 1HCTUTYT,

Opecphkuii HalllOHAJTbHUN MOPCHKUI YHIBEPCUTET

HimoBa CiTiiana MukoJIaiBHA

KaHAUAAT TEXHIYHUX HAYK, JIOLCHT, IOIIEHT JOICHT Kadeapu cyTHOOyIyBaHHS 1
cyaHopemoHTty iM. ipod. FO.JI. Bopo6iioBa

HapuanbHO-HayKOBHI1 MOPCHKHI 1H)KEHEPHO-TEXHIYHUM IHCTUTYT,

Opechkuii HalllOHAJTBHUN MOPCHKUI YHIBEPCUTET

Paboua Tersina BajienTuHiBHA

KaH/IUJAT TEXHIYHUX HAYK, JOIEHT,

JOLIeHT Kadeapu 3a0e3neyeHHs BINChK (CHII),
HaBuanbHO-HAYKOBHI IHCTUTYT JOTICTUYHOTO 3a0€3MeYeHHS
BiticekoBa akagemis (M. Oneca), Oneca, Ykpaina

Beryn
[TocTiiiHE BIIOCKOHAJIEHHS MOPCBHKOTO ¥ PiYKOBOTro (hJIOTY Ta MiABUIIECHHS HOTO

TEXHIYHO-TIPOECIMHOrO pIBHSA 3yMOBIIIOIOTH HEOOXIJAHICTh BHUCOKOSIKICHOI M
PI3HOOIYHOI MIJTOTOBKH 1H)XXEHEpa-CyJHOMEXaHiKa Ta 1HXKEHepa-CyIHOOY/IIBHHKA.
Taka miaroroska mae Bianopigatu BumoraM [Ipasuna I1I/1 MixkaapoHOT KOHBEHITIT 3
MIATOTOBKH 1 JUIJIOMYBaHHsS MOpPSAKiB Ta HeceHHs Baxtu 1978 poky (IIJJHB) 3
ypaxyBaHHSIM MaHIUJIbCHKUX MOIPABOK, a TAKOX pekoMeHalism IMO, BukiagieHum y
MozenbHoMy Kypei IMO 7.04 HamioHansHUM CTaHAApTaM BHINOT OCBITH YKpaiHU Ta
npodeciiHuM CTaHIapTaM MOPCHKOT Taimy3l — JUIsl 1HXKEHEPiB-Cy/THOMEXaHIKiB.
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Konsenrii IMO: SOLAS, MARPOL, Load Line, COLREG — Bumoru ajist iHKeHEpiB-
CyTHOOYIBHHUKIB JI0 O€3MEKH, KUBYUYOCTI, MPOTUIIOKEKHOTO 3aXUCTy Ta EKOJOTIi
CYJIEH.

Oco0nuBoro 3HaueHHs Ha0yBa€ BUKOHAHHS PEMOHTHUX POOIT Oe3mocepeHbo B
perici I CyJIHOMEXaHika, a JJid CyAHOOyIIBHMKAa — pOOIT, MOB’S3aHUX, BIEPIILY
yepry, 13 nedexTaiiero Ta peMOHTOM CYJAEH, a TaKOXk CyIHOOYIyBaHHAM. BaxiuBy
POJIb Y IOMY Bijirpae riimmboke 3HaHHS BUMIPIOBAJIbHUX 3aCO0IB.

MeTol0 MpakTUYHO! MIATOTOBKMA 3700yBadiB BHINOI OCBITH, BIAMOBITHO O
3a3HaUYE€HUX BUMOT KOMIIETEHTHOCTEH, € POPMYBAHHS CUCTEMH PO eciiHUX 3HAHb Ta
BMiHb BAXTOBHX MEXaHIKIB 1 CyJTHOOY1IBHHKIB, IKI MO>KYTh OyTH 3aCTOCOBaHI MiJI 4ac
MpakTUYHOT pPOOOTH HA CyAHAX MOPCHKOTO Ta PIUYKOBOTO (IIOTY Ha IMoOcajaax,
nependayeHux KBaai(ikaiiitHO XapaKTEPUCTUKOIO CHEIiadbHOCTI. BaXXIuBO Takox
chopMyBaTH 3aTHICTh PO3B’SI3yBaTH THIOBI CHEIlali30BaHl 3ajayl, MOB’s3aHi 3
MPOEKTYBaHHSIM, KOHCTPYIOBAaHHSM, TEXHOJOTIEI0 BHPOOHUIITBA, PEMOHTOM,
PEHOBAIlI€I0, EKCIUTyaTaIli€l0, TEXHIYHUM OOCIYrOBYBaHHSIM Ta YTHIII3AIE€I0 Cy/CH
PI3HHX THUINB, MOPCHKUX IUIABYYHX CIIOPYJ, 3aC00IB OKEAaHOTEXHIKH, CYTHOBHUX
CHEPreTUYHUX Ta EJIEKTPOTEXHIYHUX YCTAaHOBOK, CHCTEM, MPHUCTPOIB Ta I1HIIMX
00’€KTIB Cy/THOOYTyBaHHS, iX OCHOBHUX KOHCTPYKTHUBHUX €JIEMEHTIB (B1IMOBIIHO J0
crieriamaaritii).

AKTYaJIbHICTh TeMU

AKTyallbHICTb TEMH OOIPYHTOBaHa MOMYJSPHICTIO MPUIaay, NPOCTOTOI HOro
BUKOPUCTAHHS, BHUCOKOI TOYHICTIO Ta BEJIMKUM Jl1alla30HOM  BHUMIpIB.
IITaHreHUUpKyJIb € YHIBEPCAJbHUM BHUMIPIOBAIbHUM 1HCTPYMEHTOM 1 JyXKe
3aTpeOyBaHUN  KOHTpOJIEpAMH, TEXHOJIOTaMH, KOHCTPYKTOpamH, TOKapsMH,
(bpe3epyBaibHUKAMU, CIIFOCApSIMH, CTOJISIpAMH, CYJIHOOYIIBHUKaMU Ta
cynHoMexaHikamu. OTHaK aCOPTHUMEHT IITAHTSHIIUPKYIiB Ha pUHKY JTy>Ke ITHPOKUH,
110 MOTpeOye TPUBAIMX MOLIYKIB Ta MOPIBHSAHb IIPU BUOOPI HEOOXITHOTO PHIIALTY.

OcHoBHA yacTHHA

[Tonaxg 190 pOKIB IMTAaHTEHIUPKYJI € HAUNOMMUPEHIITUMHU MpodeciiHuMU
BUMIPIOBAJILHUMU MIPUJIAJIaMU B CYJHOOYIyBaHHI Ta CyJIHOPEMOHTI.

3rimHo 3 Karajory [l1], MmMTaHTEHIMPKYJI KIacCU(]PIKyIOTh 32 TUIIAMU BiIJIIKOBHX
npuctpois (Puc. 1).

a) — ITprxoB1 HOHIyCHI (31 IIKAJIO0 0) — 3 KpyroBOIO HIKAJIOIO
Bepubepa) (1HAMKATOPH1)
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s KATIBPYBAHHSA
IS0 17025:2017

8) — Lludpori enexkrpoHHi (3 2) — Komm’torepHuii (3 BOy10BaHUM
1HKPEMEHTHOIO 200 (POTOEIEKTPOHHOIO MIKPOKOMIT FOTEPOM)
IITIKAJI0K0)

Pucynok 1 — Knacudikariiis mtTaHreHIMpKYJIiB 3a TUIIaMU BIIJTIKOBUX ITPUCTPOIB
Jlxxepeno: po3po0JIeHO aBTOpaMH Ha OCHOBI [1]

YoTupu OCHOBHI THINHU BIAJIKOBUX MPUCTPOIB (HOHIYCHI, KpPYroBi, HH(POBI,
€JIEKTPOHHI, KOMI'IOTEPHi) BIJAMOBIIaAIOTh  OCHOBHUM TOKOJIHHAM 190-piuHoi
€BOJIIOLT IITAHT€HUUPKYIB, IPU [IbOMY MU BCTAHOBHJIM BUCOKO 3HAYYIIY KOPESIIIO
y 4aci 3 i’ sstbma [ IpomuciioBumu peomtouisimu (Bix «Industry 1.0» 1o «Industry 5.0»).

[ITanreHuupky:mi BCix TumiB BuityckaroThes 3rigHo JJCTY EN ISO 13385-1:2018
Ta MalOTh BIANOBIAHE MapKyBaHHS (puc. 2):

1) mranrenuupkyas tuny HL-I;

2) mrranreHiupkyab tumy I -1T;

3) mrranrenuupkyas Tamy HT-111;

4) wrranreHupkyb Ty HHK;

5) mrranrenuupkyab tamy LITT-I;

TITI-T TITI-TT TITI-TTT

TIIIT-T

I SN —

_go distea 3 a s o 7 i 1!
= THI“HHJ‘HHr’HH\’\Ih“”“"'l“‘” bl bbby

A

Pucynok 2 — [lITaHreHuupKy1i pi3HUX TUIIIB Ta iX MapKyBaHHS
xepeno: [2]
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[lepcnekTuBM PO3BUTKY MOJAENEH IMTAHTCHIIMPKYJIB BKIIOYAIOTH TOMAIBIITY
1HTerpaIio nuGPOBUX TEXHOJOTIH, MIIBUILCHHS TOYHOCTI BUMIPIOBaHb Ta PO3POOKY
«PO3YMHHX» IHCTPYMEHTIB 3 MOKJIMBICTIO Tepe/iadl JaHUX.

ABTOpH 3TOfIHI 3 TUM , 110 MailOyTHE IITAHTCHIIMPKYJIIB MOB'A3aHE 3 TIEPEXOA0M
Bl TPOCTUX PYYHHX IHCTPYMEHTIB JO BHUCOKOTEXHOJIOTIYHHMX, IHTETPOBAHUX Y
BUPOOHUYI MPOIECH BUMIPIOBAJIbHUX CUCTEM, K1 3a0€3MeUyI0Th OUIbIIY TOYHICTh Ta
€(hEeKTHUBHICTb.

[[ITaHreHIIUPKYI MaOyTHHOTO EBOJIOIIOHYIOTh BiJl TPOCTHUX BUMIPIOBATHHHUX
IHCTPYMEHTIB JI0 BHCOKOIHTETPOBAHUX «PO3YMHHUX» MPHUCTPOIB, IO BIAMOBIIAIOTH
Bumoram [amyctpii 4.0 Ta [ngycrpii 5.0.

OcHOBHI THUTIU Ta IHHOBAIlIl MAaHOYTHIX IMITAHTCHIIUPKYJIiB:

1. Komn'toTepu3oBani (1HTEIEKTya bH1) IITAHTEHIIUPKYJIL.

Ile HAWOLIBII MPOCYHYTHH THII, SKUM BXKE CEPIHHO BHUPOOISIETHCS ICIKUMU
koMmraHisimu 3 2016 poky. Bonu ocHallleHi iHTErpOBaHUM MIKPOKOMIT FOTEPOM 1 MalOTh
Taki QyHKIIIT:

o JIBocTOpOHHIN OOMIiH 1H(OpPMAIlI€I0: MOXIMBICTH 1HTETpaIii 3 BUPOOHUUYUMU
cuctemamu, cepsepami, [1K ta cmaprdonamu.

o ABTOMAaTUYHHUIM peXuM poOOTH: MareMarhuyHa oOpoOKa pe3ysbTaTiB
BHUMIPIOBaHb, BEJICHHS KYpPHAJIIB Ta apXiByBaHHS JaHUX.

o ATaNITUBHUI MOHITOPUHT CTaHY: KOMIICHCAI[ISl TEMIIEPaTypHOTO PO3IIUPEHHS
JeTanai, MaTeMaTUyHa KOMIIGHCAIllsl MOXMOKM B Jiana3oHl BHUMIPIOBaHHSA Ta
caMOKaJ1iOpyBaHHS.

2. Hndposi mTaHTeHIUPKYJIl 3 PO3LIMPEHUMH MOKIMBOCTSMU M1IKITFOYEHHS.

[{i Mozesni cTalOTh CTAaHAAPTOM 1 MAlOTh BIAOCKOHAJEH! (PYHKIIII, CIPSIMOBaH1 Ha
M1JIBUIICHHS €(PEKTUBHOCTI POOOYUX MPOIIECIB:

o besnporose migkmtoueHHs (Bluetooth, Wi-Fi): st MutteBoi mepegadi jaHux
BUMIPIOBaHb Ha 1HILI NPUCTPOi (HOYTOYyKH, cMapTdOHU) Ta IHTErpauli B NporpaMHe
3a0€3IeUeHHS I aHATI3Y.

o Iurerparis 3 [nTepuerom peueii (IoT): mo3Bossie 00'eqHYBATH JaHi 3 PI3HHUX
BUMIPIOBAJIbHUX TPUJIAAIB B €IUHY MEPEXKY JJIsi KOMIUIEKCHOTO MOHITOPUHTY Ta
aHa3y BUPOOHUYHUX MPOIIECIB.

3. CnermianizoBaHi Ta BJOCKOHAJIEHI KOHCTPYKIIIi.

OxkpiM IHTErparlii eJeKTPOHIKH, PO3BUBAIOTHCS 1 1HIII ACTIEKTH:

o IlimBumiena HaAIMHICTh Ta 3aXHUCT: BOJOHENPOHUKHI Ta MHJIO3AXUIICHI
KOHCTPYKIIi 3 BUCOKUMM [P-peiiTuHramMm, 1m0 [103BOJIIE BUKOPUCTOBYBATH
IHCTPYMEHTH B CKJIAQIHUX yMOBaxX (HampuwKkjiaad, y BOJOTUX a0o0 3amuICHHX
BUPOOHUYHUX CEPEIOBUIIAX).

o EproHoMmiunuidi naM3aiiH: HOBI KOHCTPYKIIi MNPUIUISIOTH Ollbllie YyBaru
KOM(OPTY BUKOPHCTAaHHS JIs 3MCHIICHHS BTOMH oOIlepaTopa IiJ Yac TPHUBAIOi
poboTH.

o HoBi wmarepiasm: BHUKOPHCTaHHS I1HHOBAIlIWHWUX MaTepialliB, TaKuX SIK
aJIFOM1HI€B1 a00 KOMIIO3UTHI CIUIABU, JJI 3MEHIIECHHS Baru 0€3 MIKOAHW I MILHOCTIL
Ta TOYHOCTI.

269



TRANSPORT
CURRENT STATE AND TRENDS IN THE DEVELOPMENT OF SCIENCE AND

EDU

CATION

Ha pgymky aBTOpiB, BapTO 3BEpHYTH YyBary Ha IITAHTCHIMPKYJIl 3aBOAY

«MIKPOTEX» (Ykpaina). 3aBoz1 HE Ma€

oILIHOTO 3araJIbHOIOCTYITHOTO PEUTHHTY

CBOIX IITAHTEHIIUPKYJIIB, ajie IXH1 MPOAYKTH (Tabyiuis 3), 30kpeMa nmudpoBl MOJIel 3
BHCOKHM CTYIIEHEM 3aXHCTy, YacTO BiJ3HAYAIOThCS 3a SKICTh Ta HAIIHHICTH Y

npodeciiHOMY CepeIOBHIII
Inayctpii 4.0 Ta [nayctpii 5.0.

Ta, Ha

JyMKY aBTOPIB BIJANOBIAaIOTh BHMOTaM

Tabnuus 3

HITaHreHUpPKYy.JIi, M0 BiANOBiAaI0TH BUMOramu Inaycrpii 4.0 Ta
Ingycrpii S.0.

Komn'torepu3oBaHi (iHTeJ1eKTyaJIbHi) IITAHTEHIUPKYJII

ranrennupkyas HITIIKHK-1000/300 MmikpoHHuii koMn'i0Tepu30BaHui 1J19
30BHIIIIHIX BUMipIOBaHb [3]

KAJTIBEPYBAHHA
IS0 17025:2017

ilac-mMRA

e-Force 1-20N

Hianazon Bumipy 0-1000 mMm; ocHarmieH1

MOAYJEM  KOHTPOJIO  CHJHM, U0 Ja€
MO>KJIUBICTh MOCTIIHO IIPOBOAUTH
BUMIPIOBAHHS 3 OJHIEIO 1 TIEI0 CAMOIO CHJIOIO
(8 H), 11(0) T1JIBUIILY € TOYHICTh

MITAaHTCHIUPKYJIS 10 5 MIKPOH.

JI71s1 30BHIITHBOTO BUMIPY 3 ITU(PPOBOIO
abo 0e31poToBOI0, a00 KOMITHOTEPU30BAHOIO
cuctemoro 1Haukamii MICS 3 pozaiibHOIO
3paTHicTIO 1,54 mroiiMu;

BE3KOIIITOBHA Bepcist mporpaMHOro
3a0e3neuenns g I1K 3 Windows, Android,
riaHieTiB Ta cMapTdoHis 10S.

HITaHreHIUpPKYJI

b uudposuii HITII-1 [4]

ftacama KAJIIBPYBAHHA
1S0 17025:2017

SWiss
ELECTRONICS

[ITaHreHIUPKY b 3 upoBUM
BiTikoBuUM mipuctpoeM tun HIII-150-0,01-
IP67 3  guckpernictio 0,01l Mmm y
BOJIOTOCTIMKOMY BHMKOHAHHI TIIXOJIWTH IS
30BHIINIHIX, BHYTPIIIHIX BHUMIPIOBaHb 1
BUMIPIOBaHb ITMOVHHU.

KowmriekryeTses BHUCOKOSIKICHOO
HIBEHIAPCHKOIO €JIEKTPOHIKOIO 3
nuckpetHicTio 0,01 MM, 3 QyHKIISIMU MEHIO,
MEePCYCTAHOBJICHHS ~ 3HAYCHHS,  Iepeaadi
JAaHUX, TIEPEBEACHHS MM/IIONMHU 1 OOHYJIIHHS,
MpeIyCTaHOBKA 3HAYCHHS.
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IITaHreHHUPKYJIb 1JI BUMiIPIOBAHHSI MIXKIIEHTPOBHX BijJcTaHeil [5]

=

KAJIIBPYBAHHA
MEA
IS0 17025:2017

JliamazoHOM 110 500 mm Ta
nuckpetHicTio 0,01 a6o 0,005 mm.

[ TanreHupKyIi LM TS
BUMIPIOBaHHS  MDKIIGHTPOBHX  BIJICTaHEH
MpU3HAYEH] JIJI1 BUMIPIOBAHHS BiJICTaHEH MiX
[EHTPaMHU OTBOPIB 1 BaJIiB Y BaKKOAOCTYITHUX
Mmicigx. Y mranreHupkyas THIM  mns
BUMIPIOBAHHA  MDKIICHTPOBOIO  BijJCTaHEH
1HAMKAITIS pe3ynbTary BUMIPIOBAHHS
3MIUCHIOETBCS HAa BUMIPIOBAIBHIN pamii /
HoHiyca. [lranrenuupkyni UM  nmns
BUMIPIOBaHHS MDKIICHTPOBO1 BlJICTaHI
BUTOTOBJISIFOTBCS 3 HEPXKaBiroywoi  cTal,
BUMIPIOBaJIbHI TOBEPXHI I'yOOK 3arapToBaHi.

Matots 1udpoBuil mopT IS nepenadi
naaux Ha [1K.

IlITanreHIUPKYJIb YHiBepcaJabHHUii [6]

="

W<

.-

ITaHreHuupKyIb  yHIBEPCAIbHUMN 3
uuppoBuM BiITIKOBUM mnpuctpoem HIIITY
NPU3HAYEHUN I BUMIPIOBaHb INIMOWHU
KaHAaBOK, pO3TAIllOBAaHUX Ha 30BHIIIHIX,
BHYTPIIIHIX TOBEPXHAX 1 JJIsi BUMIPIOBaHHS
MDKIICHTPOBOi BIJICTaHI MDK OJIHAKOBUMH
OTBOpPAMH, PO3TAIIOBAHMMU B OJHIN TUIONTHHI
3 PI3HHIICIO AlaMeTpiB He Oubie 1 MM.

i mrranrennupkyi aiamazoHom g0 500
MM Ta guckpetHicTio 0,01 a6o 0,005 Mm.

Ha nmymky aBTOpiB, 0COOIMBHUM MITAHTEHIIUPKYJIEM € IIU(PPOBUH MITAHTCHIIUPKYJIb
mimitoBanoi cepii «PA3OM JIO IIEPEMOI'M» — 1ne chneuwiaibHa cepis
BUMIPIOBAJILHUX 1HCTPYMEHTIB Bia xapkiBchbkoro BupoOHuka MIKPOTEX (puc. 6),

[7D.
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JIIMITOBAHA CEPIA: PA30M 10 NEPEMOT K
sii AW MICROTECH
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Pucynox 6 — [{upoBuii mranreHuupKyb JiMiToBaHoi cepli «PA3OM 10
IHHEPEMOI'N»
xepeno: [7]

[IITaHreHIMPKYJIb Ma€ Takli OCHOBHI XapaKTEPUCTUKHU Ta OCOOIUBOCTI:

o Jliamazon BumiptoBab: 150 mm (abo 6 Ar0iMIB).

o JluckpetHicTh (po3auibHa 37aTHICTE): 0,01 MM.

o EnexTtponika: BUKOpUCTOBYeThCS — IIBEHIIapChbka  €JIEKTpOHiIKa  (Swiss
electronic).

« Kuac 3axucty: [P67 (moBHUI 3aXUCT Bl MUY Ta KOPOTKOYACHOTO 3aHYPEHHS Y
BOJLY).

o+ Cepis: JlimiToBaHa cepis, BumyiieHo jauiie 300 oiuHULIb.

BucHoBku

[ITaHreHuupKyIb — €AUHUI 13 HAHOUIbII KOHCTPYKTHBHO MPOCTHUX 1 BIJOMHX
BUMIPIOBAJIbHUX 1HCTPYMEHTIB.

[taHreHIUpPKyIl  BIAPIZHSAIOTHCS YHIBEPCAJIBHICTIO, TOYHICTIO TIOKa3aHb 1
3/IaTHICTIO BUKOHYBAaTH BUMIPIOBAHHS SIK 30BHIIIHIX, TaK 1 BHYTPIIITHIX PO3MIpIB.

CynHoMexaHiK, CyTHOOYIIBHUK — 1€ (paxiBIll, [0 TOBUHHI BOJOMITH HE TIIbKU
IIMOOKUMH TE€OPETHUYHUMH 3HAHHSMHU B Tally31 CyAHOOYIyBaHHS, MAIIMHOOY Ty BaHHS
Ta EJICKTPOTEXHIKA, a W TPAKTUYHUMH HaBUYKaMHU, POOOTH 3 BUMIPIOBAIBHUMHU
IHCTPYMEHTAaMH, TOJIOBHUM 3 SIKHX € IITaHTeHIIUPKYJIb. KOHTpOJIb po3MipiB AeTanen
J0TIOMAara€e MpUIHATH OOrpyHTOBaH1 PIlIEHHsS Ta 3amo0iraTH aBapiiHUM CHUTYaLlsM,
MOB'SI3aHUM 3 BIJIMOBaMHU OOJIQIHAHHS;, 3HMKYBATH 3HOC MEXAHI3MIB Ta I1JIBUIIyBaTH
3arajibHy MNPOAYKTHUBHICTb CYJIHA;, aHall3 TEHACHIIA 3MIH BUMIPSHUX 3HAYCHb
J03BOJISIE TUTAHYBAaTHU MPOQIIaKTUYHE OOCIYyTOBYBAHHS Ta PEMOHTH /10 BUHMUKHEHHS
CEpPHO3HUX TTOJIOMOK.
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