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Foreword  
 
  
 

Science Education. Resilience in challenging times  

  
For several decades the today so-called artificial intelligence, AI, was used in scientific and 
technology research helping scientists in their painstaking work of unveiling and explaining 
the ñmysteriesò of our world, contributing to the development of our society and to a better 
life. Science technology and engineering greatly benefited from tools like neural networks 
or fuzzy logic for instance. Recently AI appears in front of our eyes with an extraordinary 
somewhat unexpected impact. However, now not only, or specially, for research and 
development purposes, but in a wide range of aspects of our everyday life. Often not to help 
investigators researchers and scholars to establish new knowledge, but simply to summate 
or reproduce, in a variety of ways, already published knowledge (certified or assessed and 
accepted, or not, unfortunately, being just published without filter or validation as it happens 
with the overwhelming amount of fake news or facts that are created everyday at alarming 
rates to serve dubious or twisted interests or purposes). The amount of information, 
reproduced or created, that is readily available effortlessly to everybody is amazing. That 
looks good and probably is, most of the time. However, is that information or knowledge 
curated or validated? if it is validatedé by whomé or what? and specially, is the 
ñreaderò/user ready to critically analyze the information, data or knowledge received and 
either accept and consider it or else doubt it discuss it or even refuse it trying different 
sources and a sound validation?  
 
There is no problem, on the contraryé, on having huge amounts of information, or to have 
ñallò answers, readily available whenever needed, even if behind this profusion of AI 
providers there is ñonlyò (or mostlyé) greed and economic interest. The problem is to be 
trained to cope with it. And thatôs one of the major challenges the school and educators are 
having today. Thatôs a huge task on these days of war conflict and utter disrespect of humanô 
and peoplesô rights, with raising self-centered autocracies undermining the role of dialog and 
disrespecting the concert of nations. Resilience is needed to all of us. The school already 
proved to be able to have it and raise to todayô challenging circumstances. 
 
The learning of science demands and induces critical spirit and reasoning, as well as hands-
on methodic commitment of the students themselves, at the center of the learning process.  
Once more Science Education should be at the core of the school curriculum and practice 
not only by the knowledge but specially for the critical competencies it helps developing.  
    
This book reunites a variety of diverse works in this line of thought presented at the 23rd 
International Conference on Hands-on Science, HSCI2026.  
 
Braga, Portugal, June 19, 2026. 
 
  
 

Manuel Filipe Pereira da Cunha Martins Costa 
Editor in chief 
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The Invisible Chemistry:  
The World of Smells  

JM Fernández Novell1,  
C Zaragoza Domenech2 

1Professional College of Catalan Chemists, 
Barcelona, Spain 

 2Department of Education, Generalitat de 
Catalunya, Barcelona, Spain 

jmfernandeznovell@ateneu.ub.edu 

Abstract . The main objective of this activity is 
to bring the chemistry of odors and volatile 
molecules closer to the general public, from 
young students to adults, by demonstrating that 
natural aromas are chemical compounds with 
specific structures, properties, and functions. 
The activity seeks to make accessible a 
fascinating invisible world that plays a 
fundamental role in biological and ecological 
interactions. Through this approach, participants 
discover that nature itself is chemistry in action. 
The activity consists of explaining and preparing 
a simple and safe cologne as a laboratory 
exercise suitable for primary school students. 
This hands-on experience introduces 
participants to the world of chemistry and odors, 
helping them understand how chemical 
compounds contribute to life and the natural 
environment. In addition to promoting scientific 
curiosity and experimentation, a key goal of the 
activity is to challenge the false opposition 
between ñnaturalò and ñchemicalò. 

Keywords.  Aerial chemical, molecules, nature, 

olfactory activities. 

1. Introduction  

Introducing the chemical science behind 
smells and olfactory perception through hands-
on experiments is the central objective of this 
activity. By exploring the relationship between 
chemistry and the sense of smell, participants 
gain a better understanding of how volatile 
molecules interact with living organisms and 
influence our perception of the world. 

The sense of smell, or olfaction, is the 
sensory system that enables humans and other 
animals to detect and identify odors. Olfaction 
occurs when airborne chemical molecules enter 
the nasal cavity and bind to specialized 
receptors located on olfactory sensory neurons. 
These receptors convert chemical information 

into electrical signals that are transmitted 
directly to the brain, where odors are identified 
and associated with emotions, memories, and 
behaviors. 

According to the Merriam-Webster 
Dictionary, an odor is ña quality of something that 
stimulates the olfactory organò and also ñthe 
sensation resulting from adequate stimulation of 
the olfactory organò [1].  

In scientific terms, odors arise from volatile 
chemical compounds that can be perceived by 
the olfactory system. The characteristic smell of 
a substance depends on the molecular structure 
of its volatile components and their interaction 
with olfactory receptors [2]. 

1.1. The Sense of Smell  

The sense of smell performs several 
essential biological functions: 

1.1.1. Flavor Perception  

A large part of what we commonly describe 
as ñtasteò actually depends on smell [3]. 
Olfactory information combines with signals 
from the taste buds to create the perception of 
flavor. Without the contribution of olfaction, 
foods such as oranges, coffee, or chocolate 
would taste much less distinctive. 

1.1.2. Safety and Survival  

Smell serves as an important warning system 
by helping us detect potential hazards, including 
smoke from fires, gas leaks, spoiled food, and 
harmful environmental substances. 

1.1.3. Connection to the Brain  

Olfaction, the sense of smell or the act of 

smelling, is unique among the senses because 

it has direct neural connections to brain regions 

involved in emotion and memory, such as the 

limbic system.  

 This close relationship explains why certain 

smells can evoke vivid memories and strong 

emotional responses. 

 Understanding how odors are generated, 

detected, and interpreted provides an excellent 

opportunity to introduce students to chemistry, 
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biology, and the scientific study of the natural 

world. Figure 1 shows the sense of smell. 

Figure 1. The sense of smell, modified from © 
2026 Jodi Baglien Aromatherapy LLC  

1.2. How the Sense of Smell Works t 

The process of smelling begins when odor 
molecules travel through the air and enter the 
nose. These molecules may also reach the 
nasal cavity through the back of the throat while 
eating and drinking, contributing significantly to 
flavor perception. 

1.2.1. Entry  

Volatile molecules released from substances 
in the environment enter the nasal passages 
during breathing. 

1.2.2. Detection  

The molecules reach the olfactory epithelium, 
a specialized tissue located in the upper part of 
the nasal cavity. There, they bind to specific 
olfactory receptors found on sensory neurons. 
Each receptor responds to particular molecular 
features, allowing the detection of thousands of 
different odors. 

1.2.3. Brain Processing  

Once activated, the olfactory neurons 
generate electrical signals that travel to the 
olfactory bulb, where the information is 

organized and processed before being 
transmitted to other regions of the brain. 

1.2.4. Reaction and Interpretation  

The brain interprets these signals as 
recognizable smells and sends the information 
to areas associated with memory and emotion, 
particularly the limbic system. This direct 
connection explains why certain scents can 
instantly evoke vivid memories, emotions, or 
sensations. 

The process can be summarized as follows: 

Odor molecules Ÿ Olfactory receptors Ÿ 
Olfactory bulb Ÿ Brain interpretation Ÿ 
Sensations, memories, and emotions  

The study of smell also includes topics such 
as olfactory memory, individual differences in 
odor perception, loss of smell (anosmia), the 
relationship between olfaction and health, and 
the influence of culture on how people perceive 
and interpret aromatic landscapes. 

Scientific Basis of Odor Perception  

For a substance to be smelled, some of its 
molecules must enter the air. However, aromatic 
molecules do not always evaporate with the 
same ease. Their ability to reach the nose 
depends on several factors, including their 
volatility, solubility, and affinity for the medium in 
which they are found. 

An aromatic compound may be dissolved in 
water, oil, or alcohol, but only the fraction that 
escapes into the air can be detected by the 
olfactory system. For this reason, substances 
with highly volatile molecules generally produce 
stronger and more easily perceived aromas. 

1.3. Every Odor Is Produced by 

Molecules  

Participants will explore the fascinating world 

of volatile molecules: chemical substances that 

travel through the air and enable plants, 

animals, fungi, bacteria, and entire ecosystems 

to communicate, defend themselves, orient 

themselves, and interact. 

 This activity seeks to make visible an 

invisible reality, the vast aerial chemical network 

that sustains many of the interactions occurring 

in nature. 



Hands -on Science. Science Education. Resilience in challenging times   
- 

 

 

3 

 The scent of a forest, the fragrance of a 

flower, or the odor released by an alarmed 

animal are often experienced simply as smells. 

In reality, each of these odors is a chemical 

message produced by molecules with specific 

structures, physical properties, and biological 

functions. 

These natural chemical signals are involved 

in: pollination and plant reproduction, defense 

against herbivores and pathogens, tracking and 

navigation, communication between organisms, 

decomposition processes, learning and 

memory, and even human health and well-

being. 

Through a combination of olfactory 

experiences, simple experiments, and scientific 

explanations, this activity transforms the 

molecular world into a tangible, engaging, and 

memorable learning experience. 

Smell has a unique relationship with memory 

and emotions, making it a powerful educational 

tool. Participants leave with a deeper 

understanding of a fundamental scientific 

concept: the air around us is filled with chemical 

messages, and chemistry provides the key to 

understanding them. 

1.4. A New Educational Experience  

One of the major challenges in science 

education is increasing students' interest in 

chemistry and the natural sciences from an early 

age.  

Most children have, at some point during their 

school years or while participating in workshops 

and holiday camps, created perfumes or 

colognes using flowers, plants, or citrus fruits 

such as lemons. This type of activity is both 

enriching and educational, providing valuable 

insights into chemistry, botany, and the life 

sciences. For this reason, the Official College of 

Chemists of Catalonia (COQC) [4] has 

developed this activity primarily for younger 

children, while ensuring that it can be adapted 

and expanded for students at higher educational 

levels. 

This activity represents an innovative 

pedagogical approach that combines 

experimentation, sensory perception, and 

scientific inquiry to introduce young learners to 

the invisible world of odors. 

The central objective is to explain and 

prepare a simple cologne through a safe and 

accessible laboratory activity designed for 

primary school students. By creating their own 

fragrance, participants are introduced to 

fundamental concepts of chemistry, including 

molecules, volatility, solutions, and natural 

aromatic compounds. 

This educational experience was 

implemented in Catalan primary schools [5, 6] 

with students between 6 and 10 years of age. At 

this educational level, the activity encourages 

children to discover that odors are produced by 

molecules and that the air around them contains 

countless invisible chemical signals. 

This activity combines chemistry, sensory 

perception, and environmental awareness, 

making scientific concepts accessible, 

engaging, and directly connected to everyday 

life. Through observation, experimentation, and 

discussion, students learn that chemistry is not 

limited to the laboratory but is present in every 

aspect of the natural world. 

 The same methodology has also been 

adapted for adult audiences, demonstrating that 

the chemistry of odors can serve as an effective 

and attractive gateway to science education for 

people of all ages. The outcomes of these 

experiences will be discussed in future work.  

2. Nature is chemistry in action  

The first stage of the activity introduces 

young students and adults to an immersive 

exploration of the invisible molecular world. 

Through simple explanations and experiments, 

particles, air currents, and molecules in constant 

motion are presented as fundamental 

components of our environment. 

 The objective is to understand that air is not 

empty space but rather a medium filled with 

chemical signals. Participants learn what volatile 

substances are, why certain molecules readily 

evaporate into the atmosphere, and how these 

molecules can reach the olfactory receptors of 

humans and other organisms. 
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 The key message is that air serves as a 

medium for chemical communication, allowing 

organisms to exchange information without 

direct contact.  

2.1. Plants communicate  

Plants are often perceived as silent and 

passive organisms, yet they continuously 

produce and release a wide variety of chemical 

signals into the environment. The aromas 

emitted by flowers, leaves, fruits, and even 

wounded tissues are composed of volatile 

molecules that play important ecological roles. 

These chemical messages can: 

¶ Attract pollinators such as bees and 

butterflies.  

¶ Repel herbivores and harmful insects.  

¶ Alert neighboring plants to 

environmental threats.  

As part of the activity, participants prepare a 
simple cologne using aromatic plants such as 
lavender or thyme. Through this experience, 
they discover that plant odors are not merely 
pleasant fragrances but sophisticated chemical 
strategies related to defense, attraction, 
communication, and survival. 

 The workshop also introduces participants to 
the hidden chemical activity occurring beneath 
their feet. Soil is a living laboratory where roots, 
fungi, mycelial networks, and microorganisms 
constantly exchange chemical signals, creating 
complex interactions that sustain ecosystems. 

 A flower attracting a pollinator, a plant 
releasing alarm signals, or an insect following an 
aromatic trail are all examples of the same 
invisible communication system. By 
understanding these interactions, participants 
begin to appreciate that nature operates through 
an intricate network of chemical messages and 
that chemistry is an essential tool for 
understanding life on Earth. 

2.2. Chemic animals  

Animals also inhabit a world rich in chemical 

information. Many species rely on odors and 

volatile compounds to communicate, navigate, 

reproduce, and survive. Through pheromones, 

scent trails, territorial markings, and body odors, 

animals exchange information that is often 

invisible to human perception. 

 Chemical signals allow animals to: Find and 

recognize potential mates. Identify members of 

their own group or species. Mark territories and 

establish social hierarchies. Warn others of 

danger. Locate food sources and navigate their 

environment. 

 Examples range from the pheromones 

released by moths to attract partners over long 

distances to the extraordinary olfactory abilities 

of dogs, which can detect odors at 

concentrations far below human sensory limits. 

 This activity also connects these concepts to 

human biology. Although humans rely heavily on 

vision and hearing, body odors remain important 

indicators of identity, health, emotional state, 

and social interaction. Understanding the 

chemistry of body odors helps participants 

recognize that chemical communication is a 

fundamental aspect of life shared by many 

organisms. 

 Together, plants, animals, microorganisms, 

and humans participate in a vast network of 

chemical exchanges that shape ecological 

relationships and biological processes.  

2.3. Applications of the Chemistry of 

Odors  

The study of odors and volatile molecules has 

numerous practical applications that directly 

benefit society and the environment. 

Understanding how chemical signals are 

produced, transported, and detected allows 

scientists to develop innovative solutions in 

fields ranging from agriculture to medicine. 

Examples include:  

¶ Improving food quality through the 

analysis of aroma compounds. 

¶ Biological pest control using natural 

chemical signals.  

¶ Early detection of diseases through 

volatile biomarkers present in breath, 

skin emissions, or other biological 

samples. 

¶ Design of healthier indoor and outdoor 

environments. 
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¶ Development of chemical sensors and 

electronic noses. 

¶ Monitoring and restoration of natural 

ecosystems. 

These applications demonstrate how 
chemistry contributes to improving human well-
being and environmental sustainability. The 
central message is that understanding the 
molecules that travel through the air can help us 
better understand, protect, and care for the 
world we inhabit. 

Finally, participants discover how volatile 
molecules can be captured, separated, 
identified, and used. This stage of the workshop 
provides a highly interactive and experimental 
learning experience through simple, safe, and 
engaging laboratory demonstrations adapted to 
the general public. 

By observing how scientists study odors and 
aromatic compounds, participants gain insight 
into the methods and tools used in modern 
chemistry. In this context, the College of 
Chemists plays a particularly important role by 
providing scientific guidance, professional 
expertise, and institutional support for 
educational outreach activities. 

3. How to make cologne with aromatic 

plants  

This educational activity combines chemistry, 

sensory perception, and environmental 

awareness, making scientific concepts 

accessible, engaging, and relevant to everyday 

life. The experiments were carried out in the 

classroom with primary school students aged 6ï

10 years. 

 During the activity, students are introduced 

to the concepts of volatility, evaporation, 

solubility, polarity, and affinity for different 

media. The following ideas are explained: 

 Water is a polar medium. It can dissolve 

substances such as salt and sugar. Its behavior 

can also be demonstrated through simple 

experiments, such as observing how a stream of 

tap water is deflected by a balloon charged with 

static electricity. Figure 2 shows that 

electrostatic attraction.  

 Oil is a non-polar medium and therefore 

dissolves different types of substances than 

water.  

 Alcohol has intermediate properties. It can 
dissolve many aromatic compounds found in 
plants and evaporates easily, making it an 
excellent solvent for preparing colognes and 
perfumes.  

 

Figure 2. Photo provided by Zoe Fernández  

 Oil is a non-polar medium and alcohol has an 
intermediate behavior that allows it to dissolve 
many aromatic compounds and evaporate 
easily.  

3.1. Thyme  

Thymus vulgaris, commonly known as thyme, 

is a perennial Mediterranean shrub belonging to 

the mint family (Lamiaceae). It has small leaves 

that are dark green on the upper surface and 

whitish on the underside due to the presence of 

fine hairs. Its stems become woody as the plant 

matures. 
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Figure 3. Obtained from [7]  

The flowers are pink to purple and grow in 

small clusters (Fig. 3). Under suitable 

conditions, thyme can flower for much of the 

year and typically reaches a height of 30ï40 cm. 

     Uses: Medicinal: it has antiseptic, healing 
and expectorant properties, among others. It is 
one of the traditional condiments of 
Mediterranean cuisine (for meats, stews, soups, 
for marinating olives, etc.). In the field of 
perfumery it can be used to make cologne and 
soaps. 

3.2. Lavender  

Lavandula angustifolia, commonly known as 
lavender, is a perennial Mediterranean shrub 
belonging to the mint family (Lamiaceae), figure 
4 and [8]. It has narrow, lance-shaped leaves 
and flowering stems bearing numerous bluish-
violet flowers grouped together in spike-like 
inflorescences. The stems are characteristically 
square in cross-section, a typical feature of 
plants in this family. Lavender usually blooms in 
early summer and can reach a height of 0.30ï
1.0 m. 

 

Figure 4. Obtained from [8]  

Uses: Medicinal: Lavender has traditionally 

been valued for a variety of medicinal properties. 

It is commonly described as having: 

¶ Tranquilizing and relaxing effects that 

may help promote sleep.  

¶ Antispasmodic properties that can 

help relieve muscle tension.  

¶ Mild antiseptic and disinfectant 

effects.  

¶ Digestive benefits that may help 

alleviate minor digestive discomfort.  

Lavender cologne has traditionally been used 
in massages and body rubs to help relieve 
fatigue and improve the sensation of poor 
circulation. 

3.3. Thyme and lavender aromatic 

compounds  

Thyme contains essential oils rich in aromatic 
compounds such as thymol. These compounds 
are more soluble in alcohol than in water. During 
maceration, the alcohol extracts the aromatic 
molecules from the plant tissues.  

When the cologne is sprayed, the alcohol 
evaporates rapidly because of its high volatility, 
carrying the fragrance molecules into the air 
where they can be detected by our sense of 
smell. 
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     Lavender is particularly suitable for 
classroom perfume-making activities because 
its flowers contain volatile aromatic compounds 
that are easily extracted by alcohol. 

 

Figure 5. Plants and leaves of elm, geranium, 
rose and pansy  

This activity helps students connect plant 
biology with chemistry concepts such as 
extraction, solubility, volatility, and evaporation, 
while also exploring the traditional and modern 
uses of aromatic plants. Figure 5 shows other 
plants used by students and adults to make 
perfumes and colognes, such as geranium, 
elderberry, rose and pansy. 

4. Experiment making colognes  

During the preparation of different colognes, 

students can observe how: 

¶ Alcohol dissolves many fragrant 

substances present in the flowers.  

¶ Aromatic molecules diffuse from the 

plant material into the solvent.  

¶ The fragrance becomes noticeable 

when the alcohol evaporates and 

carries the scent molecules into the air.  

¶ Different plants produce different 

aromas because they contain different 

chemical compounds.  

4.1. Thyme and lavender colognes  

To make cologne, we will macerate the plant 
in alcohol (thyme or lavender), figure 6 shows 
young students, aged nine to ten years old from 
a school in Barcelona, macerating the plants. 

Through this process, the active principles of 
the plant that are soluble in alcohol are 
extracted, without using a heat source, as would 
be the case with distillation. 

4.1.1. Materials  

¶ Fresh thyme or lavender leaves and 

flowering stems  

¶ Ethyl alcohol (70ï96%, depending on 

availability and safety regulations)  

¶ Small glass jar with lid  

¶ Filter paper or coffee filter  

¶ Funnel  

¶ Small spray bottle or perfume bottle  

 

Figure 6. Preparing a cologne in classroom  

4.1.2. Procedure  

1. Collect several fresh sprigs of thyme or 

lavender and gently crush the leaves to 

release their aromatic compounds.  

2. Place the plant material in a glass jar.  

3. Add enough ethyj alcohol (96%) to 

completely cover the thyme.  

4. Close the jar and leave it in a cool, dark 

place for several days, shaking it gently 

once a day.  

5. After 5ï7 days, filter the mixture to 

remove the plant material.  

6. Transfer the filtered liquid into a small 

spray bottle (Fig. 7). 
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During maceration, the plants are left to rest 
in alcohol that we have diluted with water (for 
each liter of water we put half a liter of alcohol). 
Normally, about 50 grams of plants are put per 
liter of diluted alcohol. 

 

Figure 7. The studentsô cologne is now finished 
and ready to be used  

For about 15 days, the bottle must be kept in 
a dark and dry place and the mixture must be 
stirred well to achieve maximum extraction of 
the active principles of the plants. 

4.2. Create Your Own Floral Perfume  

This simple activity allows students to 
discover where the scent of flowers is found and 
how different substances such as water, oil, 
alcohol, and air interact with aromatic 
molecules. 

4.2.1. Material  

¶ 1 cup of fresh flower petals with their 

centers (rose, jasmine, violet, lily, or...)  

¶ ½ cup of water  

¶ A microwave-safe container  

¶ A bottle or jar for storing the fragrance  

¶ Lemon cologne or 70% rubbing alcohol 

4.2.2. Instructions  

a. Prepare the Flowers  

Remove the petals from the flowers and 
place them in a mortar. Gently crush them with 
a pestle to release their aromatic compounds 
and essential oils. 

 

Figure 8, Different flower petals to obtain 
perfumes and colognes  

b. Make the Infusion  

Pour the water over the petals and heat the 
mixture in the microwave for about 20 seconds, 
or until the water begins to take on the color of 
the flowers. 

c. Filter the Mixture  

Strain the liquid through a fine sieve or filter 
paper to remove the petals and obtain the 
scented infusion. 

d. Fix the Fragrance  

Add a few drops of lemon cologne or a small 
amount of 70% alcohol. The alcohol helps 
preserve the perfume and improves the release 
of aromatic molecules. 

e. Store the Perfume  

Pour the liquid into a clean, airtight bottle. 
Leave it in a cool place for at least 24 hours 
before use. During this time, the different 
aromatic compounds blend and the fragrance 
becomes more balanced. Figure 8 shows some 
examples of flowers that were used by students 
to obtain smells. 
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4.2.3. Tips for a Stronger and Longer -

Lasting Perfume  

¶ Choose fresh, high-quality flowers. Fresh 

petals contain more aromatic 

compounds.  

¶ Add a natural fixative. A few drops of 

glycerin or vanilla essence can help slow 

down evaporation and retain the 

fragrance longer.  

¶ Combine different flowers. Mixing floral 

scents can create more complex and 

pleasant perfumes.  

¶ Allow the perfume to mature. Storing it in 

a cool, dark place for at least 24 hours 

helps the aromas develop.  

¶ Use a dark glass bottle. Amber or blue 

glass protects the perfume from light, 

which can degrade some aromatic 

compounds. 

5. Conclusions  

This activity demonstrates that a smell does 
not depend solely on the aromatic molecule 
itself, but also on the medium in which it is found. 
For a fragrance to be perceived, aromatic 
molecules must be able to escape from the liquid 
or material that contains them, enter the air, and 
reach the nose. 

Different media influence this process in 
different ways. Alcohol releases many aromatic 
molecules quickly and intensely because it 
evaporates easily. Oil can retain many fat-
soluble compounds, often producing a fragrance 
that is less intense initially but more persistent 
over time. Water behaves differently depending 
on the solubility of each aromatic compound. 
Therefore, the medium does not simply ñcarryò 
the aroma; it regulates its intensity, the speed at 
which it is released, and its duration. 

Students from Primary Education (6ï10 
years) can compare the same scent mixed with 
water, alcohol, and oil. They smell the fraction of 
that molecule that succeeds in escaping from its 
environment and reaching the air. The 
perception of a scent depends not only on the 
molecule itself but also on where it is found and 
how it is released. 

As in [9, 10] to promoting scientific curiosity, 
observation, and experimentation, this activity 

helps students understand the relationship 
between chemistry and everyday life. The 
Official College of Chemists of Catalonia 
(COQC) has developed this activity primarily for 
younger children, while ensuring that it can be 
adapted and expanded for students at higher 
educational levels. 

Nature is not the opposite of chemistry; 
rather, chemistry helps explain how nature 
works. 

Through these activities, students learn that: 

¶ Plants contain aromatic substances that 

can be extracted. 

¶ Different substances dissolve better in 

different solvents. 

¶ Alcohol acts as a solvent and facilitates 

the extraction of fragrances. 

¶ Evaporation allows scent molecules to 

disperse through the air. 

¶ The perception of a smell depends on 

both the aromatic molecule and the 

medium in which it is found. 

¶ Many perfumes and colognes are 

produced using principles similar to 

those explored in these experiments. 

¶ Scientific concepts such as solubility, 

polarity, volatility, and diffusion can be 

observed through familiar materials and 

everyday experiences.  

A central objective is to challenge the 
widespread misconception that ñnaturalò and 
ñchemicalò are opposed concepts. Through 
direct experimentation, participants discover 
that natural substances are themselves 
composed of chemical compounds and that 
chemistry is one of the most powerful tools for 
understanding living organisms and the natural 
world. 
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Abstract . Cleaning is a fundamental activity in 
human societies. Beyond aesthetic 
considerations, the removal of dirt and 
contaminants is essential for preventing the 
growth and spread of pathogenic 
microorganisms, thereby contributing 
significantly to public health and well-being. 
Cleaning also plays a crucial role in 
technological and industrial development, as 
virtually all manufacturing and production 
processes require some form of cleaning to 
ensure product quality, safety, and efficiency. 
The diversity of materials, surfaces, and 
contaminants encountered in everyday life has 
led to the development of a wide range of 
cleaning products, each designed for specific 
applications. Different types of dirt, including 
grease, mineral deposits, organic residues, and 
microbial contamination, require different 
cleaning strategies and chemical formulations. 
The activity consists of explaining and preparing 
one kind of soap as a laboratory exercise 
suitable for school students and adults. This 
hands-on experience introduces participants to 
the world of chemistry and clean, helping them 
understand how chemical compounds 
contribute to life and the natural environment. As 
a result, cleaning represents a broad and 
important field of application of chemistry. 

Keywords.  Cleaning, environmental, health, 

soap, technology. 

1. Introduction  

Cleaning constitutes a fundamental aspect of 
human societies. Beyond mere aesthetic 
considerations, the removal of dirt and 
contaminants is essential for preventing the 
proliferation and transmission of pathogens, 
thereby safeguarding public health. Effective 
cleaning practices play a decisive role in 

reducing the incidence of infectious diseases 
and in maintaining hygienic conditions in both 
private and public settings. Furthermore, 
cleaning is indispensable to technological and 
industrial increase; quality-control processes 
require the systematic elimination of impurities 
from surfaces and materials. 

 Throughout history, cleaning practices have 
undergone profound transformations. Whereas 
early methods relied primarily on natural 
substances such as water, ash, and plant-
derived compounds, contemporary cleaning 
largely depends on synthetic agents specifically 
formulated to maximize efficiency and safety. 

 

Figure 1. Authorsô photo of medieval  
washhouse in Cefalú  

 Modern cleaning products typically contain 
chemically engineered substances developed 
through extensive research and innovation. In 
recent decades, increasing environmental 
awareness has prompted the industry to 
prioritize the development of formulations that 
are not only highly effective but also less 
detrimental to ecosystems and human health. 

 The diversity of surfaces requiring cleaning 
ranging from domestic environments to complex 
industrial systems together with the wide array 
of contaminants, including organic matter, 
grease, mineral deposits, and microorganisms, 
underscores the breadth and complexity of this 
field. Consequently, cleaning represents a 
significant domain of application for chemistry. 
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The efficacy of cleaning agents is determined by 
their physical and chemical properties, such as 
solubility, polarity, and reactivity, as well as their 
capacity to interact with and remove specific 
types of substances. A thorough understanding 
of these properties enables the design of 
targeted and optimized cleaning solutions. 

Soap is something we use every day, but 
have you ever wondered how it is made? Many 
children and adults enjoy playing with soap 
bubbles and observing the beautiful colors that 
appear when light shines on them. Fig. 2 The 
figure shows a photo obtained from the website 
of the Hands on Science network. Soap also 
plays an important role in keeping our hands and 
bodies clean. 

 

Figure 2 Playing with soap bubbles  

Before commercial soaps were widely 
available, many families made their own soap at 
home using leftover cooking oil and other fats. 
This process allowed them to recycle materials 
while creating a useful product. Making soap is 
an excellent way to explore chemistry, 
sustainability, and traditional household 
practices.  

In addition to its scientific and technological 
relevance, the chemistry of cleaning provides an 
excellent context for science education. 

At the Official College of Chemists of 
Catalonia (COQC) [1], we have designed this 
activity to help secondary school students 
investigate the science behind soap making 
through hands-on learning. By making soap in 
the classroom and at home, students can 
discover how everyday materials are 
transformed through a chemical reaction and 
learn about the importance of reducing waste 
and reusing resources. 

Making homemade soap was initially 
implemented in Catalan secondary schools with 
students aged 14ï18 years working in small 
groups [2, 3]. Students participated in activities 
to obtained soap and some related to the 

chemistry of cleaning, including the analysis of 
cleaning products, the investigation of their 
chemical components, and the communication 
of scientific information through collaborative 
projects. Finally, the same approach was 
implemented with adult learners, highlighting its 
adaptability to different educational contexts and 
age groups. 

The results obtained suggest that learning 
chemistry through everyday cleaning processes 
increases student engagement and facilitates 
the understanding of fundamental chemical 
concepts. Finally, the chemistry of cleaning can 
be used as an effective tool for science 
education and communication. 

2. Cleaning Chemical compounds  

Cleaning chemical compounds are 
formulated to break down dirt, disinfect surfaces, 
and dissolve stains.  

2.1. Surfactants  

Water is a highly polar solvent and is 
therefore particularly effective at dissolving polar 
compounds. However, it is ineffective at 
dissolving hydrophobic (non-polar) substances 
such as oils and greases. In these cases, the 
presence of surfactants is essential.  

Surfactants are organic amphiphilic 
molecules, meaning that they contain both 
hydrophilic (water-attracting) and hydrophobic 
(water-repelling) regions within the same 
structure (Fig. 3). When dissolved in water, 
surfactants preferentially adsorb at interfaces, 
such as the liquidïair interface, where they 
reduce the surface tension of water. 

 

Figure 3. Surfactant  

Surfactant hydrophobic regions interact with 
non-polar substances, such as oils and greases, 
while their hydrophilic regions remain in contact 
with the aqueous phase. As a result, 
hydrophobic contaminants become 
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incorporated into the core of micelles and can be 
dispersed in water, allowing their efficient 
removal during rinsing. 

Surfactants are generally classified 
according to the nature of their hydrophilic 
group, whereas their hydrophobic portion 
typically consists of long hydrocarbon chains or 
aromatic groups. 

Anionic surfactants are characterized by the 
presence of a negatively charged hydrophilic 
group and they are the most widely used class 
of surfactants in household and industrial 
cleaning products. Cationic surfactants possess 
a positively charged hydrophilic group. They are 
employed in disinfectants and antiseptics. 

2.2.  pH based reaction s 

2.2.1.  Acidity  

Acids play a significant role in cleaning 
processes and are widely employed for the 
removal of a variety of unwanted substances, 
(review acid and alkali chemistry in any 
chemistry textbook [4, 5]). One of their most 
important applications is the dissolution of metal 
oxides, commonly known as rust. These oxides 
often form adherent and poorly soluble layers on 
metal surfaces, making their mechanical 
removal difficult. When treated with acids, metal 
oxides react with hydronium ions to form soluble 
metal ions, which can subsequently be removed 
by rinsing. 

A general reaction for the dissolution of a 
metal oxide of a monovalent metal may be 
represented as: 

M2O(s) + 2 H3O+(aq) Ÿ 3 H2O(l) + 2 M+(aq)  

Some specific examples include: 

FeO(s) + 2 H3O+(aq) Ÿ 3 H2O(l) + Fe2+(aq) 

Ag2O(s) + 2 H3O+(aq) Ÿ 3 H2O(l) + 2 Ag+(aq) 

The concentration of the acid and the 
duration of exposure must be carefully 
controlled, as acids may also react directly with 
certain metals, leading to corrosion and material 
degradation. For this reason, weak organic 
acids are often preferred in commercial cleaning 
formulations because they provide an 
appropriate balance between cleaning efficiency 
and material preservation. 

Acids are also extensively used for the 
removal of limescale deposits from pipes, 
household appliances, and hard surfaces. 
Limescale consists primarily of calcium 
carbonate formed through the precipitation of 
dissolved minerals present in hard water. Upon 
treatment with an acid, carbonate ions are 
converted into carbon dioxide gas, while calcium 
ions remain dissolved in solution: 

CaCO3(s) + 2 H3O+(aq)  Ÿ 

Ca2+(aq) + CO2(g) + 3 H2O(l) 

The release of carbon dioxide (CO2) is often 
observed as effervescence during the cleaning 
process. 

Common acids used in cleaning products 
include hydrochloric acid, acetic acid, and 
organic acids such as citric or propanoic acid. 

2.2.2. Alkalinity  

A large proportion of cleaning products are 
formulated to exhibit an alkaline pH. However, 
this does not necessarily imply that their 
cleaning action is directly attributable to their 
basicity. For example, soaps are alkaline 
substances, yet their cleaning effectiveness 
primarily arises from their amphiphilic molecular 
structure rather than from their pH.  

The direct cleaning action of alkaline 
substances (bases) is particularly important in 
the removal of fats and oils. These substances 
are largely composed of triglycerides and fatty 
acids, which can react with strong bases under 
sufficiently alkaline conditions. At high pH 
values, fatty acids are converted into their 
corresponding carboxylate salts, which are 
considerably more soluble in water. 

A particularly important process is the 
alkaline hydrolysis of triglycerides, known as 
saponification [5]. During this reaction, ester 
bonds are cleaved by hydroxide ions, producing 
glycerol and the salts of fatty acids, commonly 
known as soaps: 

Triglyceride + 3 OH- Ÿ 

Glycerol + 3 Fatty Acid salts 

The resulting fatty acid salts are amphiphilic 
molecules capable of forming micelles and 
emulsifying hydrophobic substances so, greasy 
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residues become dispersed in water and can be 
removed during rinsing. 

Saponification represents one of the most 
important chemical processes underlying the 
effectiveness of alkaline cleaning agents. 

2.3. Oxidizing Agents: Bleaches  

Oxidizing agents are highly effective at 
degrading complex organic molecules found in 
dirt, stains, and biological residues. Through 
oxidation, these substances are transformed 
into smaller, more polar, and more water-soluble 
compounds, facilitating their removal during 
rinsing. 

Bleaching agents also possess significant 
antimicrobial properties. Their strong oxidizing 
capacity enables them to damage essential 
cellular components, including proteins, lipids, 
and nucleic acids, thereby inhibiting microbial 
growth and survival. Consequently, bleaches 
are widely used for the disinfection of surfaces, 
particularly in healthcare facilities, food-
processing environments, and water treatment 
systems. 

Commercial bleaching products are available 
in both liquid and solid formulations and are 
frequently incorporated into multi-component 
cleaning products. According to their active 
oxidizing species, bleaches are generally 
classified into two major categories: chlorine-
based and oxygen-based systems. 

Chlorine-based bleaches derive their 
oxidizing power from chlorine-containing 
species capable of undergoing changes in 
oxidation state. The most common chlorine-
based bleach is sodium hypochlorite (NaClO), 
the active ingredient in household bleach 
solutions. To maintain chemical stability, sodium 
hypochlorite must be stored under strongly 
alkaline conditions, typically at a pH close to 11. 
Under acidic conditions, hypochlorite ions 
become protonated to form hypochlorous acid: 

ClO- (aq) + H3O+(aq) Ÿ HClO(aq) + H2O(l) 

DANGER Hypochlorous acid may 
subsequently react with chloride ions in acidic 
media to generate chlorine gas, a highly toxic 
and corrosive substance: For this reason, 
bleach must never be mixed with acidic cleaning 
products. 

Oxygen-based bleaches are extensively 
used in laundry detergents, dishwasher 
formulations, and environmentally friendly 
cleaning products. The simplest example is 
hydrogen peroxide (HϜOϜ), which exhibits 
enhanced oxidizing activity under alkaline 
conditions. In basic media, hydrogen peroxide 
behaves as a weak acid and forms the 
perhydroxide ion, which is largely responsible 
for its bleaching activity. 

Overall, oxidizing agents represent one of the 
most important classes of cleaning chemicals. 
Their ability to remove stains, destroy 
microorganisms, and degrade organic 
contaminants makes them indispensable in 
domestic, industrial, and healthcare 
applications. Understanding the chemistry 
underlying bleaching processes provides 
valuable insight into both their effectiveness and 
their safe use. 

2.4. Enzymes  

Enzymes are biological macromolecules, 

primarily proteins, that function as catalysts by 

accelerating chemical reactions without being 

consumed in the process. In cleaning 

applications, enzymes are employed to degrade 

complex organic substances present in dirt and 

stains. Many of these substances consist of 

large macromolecules that exhibit limited 

solubility in water. Through enzymatic 

hydrolysis, these compounds are converted into 

smaller, more hydrophilic molecules, thereby 

increasing their solubility and facilitating their 

removal during washing and rinsing. 

Although enzymes are generally highly 

specific catalysts, detergent formulations often 

contain mixtures of enzymes with 

complementary substrate specificities. This 

approach enables the efficient removal of a 

broad spectrum of stains originating from fats, 

proteins, carbohydrates, and other biological 

materials. Accordingly, enzymes used in 

cleaning products are commonly classified 

according to the type of substrate they degrade. 

Lipases catalyze the hydrolysis of 

triglycerides, the principal constituents of fats 

and oils, yielding glycerol and free fatty acids: 

Triglyceride + 3 H2OŸ Glycerol + 3 Fatty Acids 
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Proteases catalyze the hydrolysis of peptide 

bonds, breaking proteins into smaller peptides 

and individual amino acids. 

Cellulases and amylases catalyze the 

hydrolysis of polysaccharides, although they act 

on different substrates. Cellulases degrade 

cellulose, the structural polysaccharide present 

in plant cell walls, whereas amylases hydrolyze 

starch, a major storage carbohydrate found in 

many foods. 

The use of enzymatic technology not only 

improves cleaning performance but also 

contributes to sustainability objectives by 

reducing the need for high washing 

temperatures and aggressive chemical 

treatments. 

3. Homemade Soap: Step -by-Step 

Preparation  

Soap is chemically defined as a water-soluble 

salt of a long-chain fatty acid. Soap making is 

based on one of the oldest known chemical 

reactions: saponification, in which fats react with 

a strong base to produce soap and glycerol.  

Triglyceride + 3 OH- Ÿ 

Glycerol + 3 Fatty Acid salts 

Fat + NaOH Ÿ Glycerol + Soap 

Glycerol remains partially dissolved in the 

aqueous phase and may be recovered in 

industrial processes for use in cosmetics and 

pharmaceuticals. 

 Historically, soap production dates back to 

ancient civilizations such as the Greeks and 

Romans, and it has evolved from artisanal 

methods using natural ashes and fats to modern 

industrial processes. Today, soap remains one 

of the most effective agents for removing grease 

and dirt due to its amphiphilic molecular 

structure. 

In this activity, we make soap using a method 

similar to the one our grandmothers and great-

grandmothers used at home. This traditional 

practice allows us to connect science with 

everyday life and to explore how people reused 

household materials long before modern 

recycling programs existed. Figure 4 shows the 

diagram of the entire process in drawings [6]. 

 

Figure 4 Homemade Soap [6]  

3.1. Materials  

¶ 600 g of oil (used or fresh cooking oil, or 

mixtures with coconut, almond, or other 

vegetable oils)  

¶ 80 g of sodium hydroxide (NaOH, caustic 

soda)  

¶ 200 mL of water  

¶ Optional additives: essential oils, natural 

colorants, coffee, herbs, coconut, etc.  

(Authorsô note: These are only indicative 
values for the amounts of reagents; you can also 
obtain soap with other quantities as long as the 
relationship between oil, caustic soda and water 
is maintained 15/2/5) 

3.2. Procedure  

1. Pour 200 mL of water into a heat-resistant 

glass jar.  

2. Ensure the workspace is well ventilated. If 

possible, use an extraction hood, as the 

reaction may release heat and vapours.  
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3. Gradually add 80 g of sodium hydroxide 

to the water (never add water to NaOH ). 

Stir continuously with a wooden spoon 

until fully dissolved (Fig. 5). This step is 

highly exothermic, and the solution will 

heat up significantly. 

 

 

Figure 5. NaOH on H 2O 

 

4. Allow the solution to cool to approximately 

40 °C.  

5. In a separate container, gently heat 600 g 

of oil.  

6. Once both mixtures are at suitable 

temperatures (around 35ï40 °C), slowly 

pour the sodium hydroxide solution into 

the oil.  

7. Mix thoroughly using a spoon for a few 

seconds, then blend with a hand mixer 

until the mixture reaches a thick, pudding-

like consistency (Fig. 6).  

 

 

Figure 6. Mix with the mixer  

 

8. Add optional ingredients such as 

fragrances, colorants or additives.  

9. Pour the mixture into molds. Handle with 

care and use protective materials, as the 

mixture remains caustic at this stage (Fig. 7). 

 

Figure 7. Soap mold s 

10. Allow the soap to rest in a dry place for 
approximately 24 hours until it solidifies.  

After 24 hours, the soap can be removed 
from the mold and cut into pieces if necessary. 
It should then be left to cure in a dry, ventilated 
environment for 3ï4 weeks. During this time, 
residual sodium hydroxide (NaOH) is fully 
consumed, and the pH stabilizes, making the 
soap safe for use (Fig. 8). 

 

Figure 8. Pieces of soap made by high school 

students in different workshops  

3.3. Safety Considerations  

Sodium hydroxide is a highly corrosive 
substance. It can cause severe chemical burns 
and releases heat when dissolved in water. For 
this reason, strict safety precautions must be 
followed: 

¶ Always wear gloves and protective 

goggles  

¶ Use long sleeves and avoid skin 

exposure  

¶ Add sodium hydroxide slowly to water 

(never the reverse)  

¶ Work in a well-ventilated area  

¶ Avoid inhaling vapours or aerosols  

Proper handling ensures that homemade 
soap production is a safe and educational 
chemical experiment. 

3.4. Environmental and Educational Value  

Homemade soap production offers several 
advantages: 

¶ Reduction of waste through reuse of 

cooking oils  

¶ Decreased reliance on industrial 

packaging  

¶ Hands-on understanding of a 

fundamental chemical reaction  

¶ Promotion of sustainable and conscious 

consumption practices  
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When working with students, we adapt the 
scientific explanations to each educational level, 
helping them understand the chemical 
processes involved in soap making and the 
properties that make soap an effective cleaning 
agent. Through hands-on experimentation, 
students can observe how raw materials are 
transformed into a useful product. 

 The same methodology has also been 
adapted for adult audiences, demonstrating that 
the soap chemistry can serve as an effective and 
attractive gateway to science education for 
people of all ages. 

6. Conclusion  

Cleaning is a complex and multifaceted field 

due to its broad scope and the diversity of 

materials and contaminants involved. At its core, 

however, it consists of the removal of unwanted 

substances through processes that promote 

their detachment from surfaces, most commonly 

by enhancing their solubility or dispersibility in a 

liquid medium. 

The mechanisms underlying cleaning 

processes allow for the classification of cleaning 

agents according to their mode of action.  

Some agents rely primarily on physical and 

physicochemical interactions, such as 

solubilization, emulsification, and dispersion, as 

is the case with surfactants and certain organic 

solvents.  

Other agents act through chemical 

transformations, in which the structure, polarity, 

or composition of the contaminant is altered, 

often leading to its degradation into smaller and 

more water-soluble species. 

Current research efforts increasingly focus on 

the development of more sustainable, 

biodegradable, and low-toxicity alternatives, as 

well as on improving energy efficiency and 

reducing chemical waste throughout the 

cleaning cycle. 

 Although numerous substances are 

employed in cleaning processes, their 

effectiveness is ultimately determined by their 

physical and chemical properties.  

 During the preparation of different soaps, 

students can understand concepts such as 

solubility, polarity, surface tension, acidïbase 

behavior, oxidationïreduction reactions, and 

intermolecular interactions. 

 These concepts play a central role in the 

design and performance of cleaning agents. 

Understanding these principles provides 

valuable insight into how cleaning products 

function and highlights the essential contribution 

of chemistry to everyday life. 

 By using cleaning as a central theme, 

students can better understand the practical 

applications of chemistry and appreciate its 

importance in daily life.  

In workshops held at civic and community 

centers, many adult participants remember 

themselves making soap with their families. 

These memories provide an excellent 

opportunity to compare traditional knowledge 

with modern scientific understanding.  

Together, we can discuss how chemistry has 

advanced over time, improving our 

understanding of chemical reactions, materials, 

safety, and environmental sustainability while 

still relying on the same fundamental principles 

used generations ago. 

As in [7, 8] to promoting scientific curiosity, 

observation, and experimentation, this activity 

helps students understand the relationship 

between chemistry and everyday life. 

Activities such as soap making also help 

challenge common misconceptions and 

highlight the positive role that chemistry plays in 

solving everyday problems and improving our 

quality of life. 

By connecting chemistry to familiar activities 

such as soap making, we aim to help 

participants appreciate its value and to 

challenge the negative image that chemistry is 

sometimes perceived to have. Rather than being 

something distant or artificial, chemistry is a 

science that is present in many aspects of our 

daily lives. 
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Abstract . The development of basic STEM is 
instinctively achieved if a child has access to 
objects, often toys made for them, sometimes 
reflecting cultural items. The use of objects in 
play is an important but neglected area of study 
but the Power of Play in developing emotional 
and social skills is recognized. We now urge 
practitioners of STEM to recognise the skillsô 
development that occur in a childôs free choice 
play form their earliest years. 

Keywords.  Play, toys, objects, skills, free 

choice, integrate. 

1. Introduction  

Play has a powerful role in the social and 
emotional development of young children (Ang 
et al., 2025). The first 1,000 days from 
conception are now recognised as a critical 
period in development, including cognitive 
learning (Abbott and Langston, 2005). A 
foundation for the future is laid, including, we 
believe, the basic skills of STEM and 
foundational understanding and experiences. 
However, some educators have resisted the 
idea of teaching science and recognising 
engineering in preschool, although basic 
mathematics has traditionally been advocated 
during that period (Areljung, 2019). 

The increasing use of the term STEM 
(Science, Technology, Engineering and 
Mathematics) has become more common in 
pedagogy in the first quarter of the 21st century, 
as the need for a skilled workforce to address 
challenges such as climate change, emerging 
technologies, and economic pressures has 
grown. 

The children observed were from birth to 
three years of age. Gelman and Brenneman 
(2004) acknowledged childrenôs construction of 
understanding as they interacted with objects. 
Hands-on experiences enabled children to build 
on existing knowledge and share skills across 
learning. Everyday science in action with pre-
pre-schoolers, described as ñsmall science,ò 
was identified by Sikder and Fleer (2015). 

Areljung et al. (2023) viewed childrenôs physics 
learning as emerging from everyday movements 
such as climbing. Preschool childrenôs learning 
and thinking are comparable to the mental 
deliberations of scientists (Gopnik, 2012) and 
involve discovering fundamental mathematics 
and engineering concepts through their own 
experiences and progressive understanding, 
including free-choice interactions with three-
dimensional objects, often toys. 

Krappôs (1999) theory of situational interest 
applies to childrenôs free-choice play, as they 
construct understanding from what interests 
them. However, there is an observable 
sequence in childrenôs interactions in 
spontaneous play of their own choice, as 
observed in school settings (Milford and Tippett, 
2015) and in inquiry-based science learning 
sequences (Constantiou et al., 2018).  

In these earliest years, the ability to recognise 
small numbers of objects is instinctive, as is the 
recognition of collections of up to four items 
(Butterworth, 2000). Everyday observations of 
physics in action have been referred to as folk 
physics (Falk, 2025, p. 6).  

2. A Power of Play  Experiment in England  

The author was asked by the priest of the 
local Church of England to help at the regular 
Mother and Toddler Group. This was a church-
run playgroup for parents, particularly 
homebound mothers, children, and local carers 
attending during term time. Observations were 
made over six years at weekly term-time 
sessions. An enhanced DBS check (a 
certification of no criminal record in the UK) was 
required, and the Church of England 
safeguarding principles were followed. Parents 
completed consent forms and indicated whether 
recognisable photographs of their child could be 
taken. 

No direct scaffolding interactions with the 
children were made; only anonymous 
observations were conducted, although parents 
or carers did periodically interact, most often to 
instruct the child on what to do and to repeat 
aloud numbers or letters relevant to the play 
interaction. 

None of the children were alone; all were with 
their responsible adult. After play items were set 
up according to the age of the children, all 
participants were under three after the first two 
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years, as older children moved on to formal 
preschool. 

Observations of the children involved free-
choice play. Field notes were kept, and 
observations were written up afterwards. Using 
grounded theory, STEM actions, such as 
pushing, and stages of engagement similar to 
those of IBSE were identified. However, play is 
not a uniform activity. It is progressive and 
incremental in both understanding and the ability 
to actively inquire. Hence, the play-STEM 
sequence identified is not completed at once by 
the youngest learners but develops 
incrementally over time through hands-on, free-
choice interaction. 

3. Conclusion  

Our observations in South England show that 
free-choice play have a crucial role in the 
development of STEM understanding, as well as 
in the development of fundamental language 
awareness and recognition of culture in 
everyday life.  

We identified a pattern in childrenôs free-
choice toy play. The STEM actions followed a 
sequence of identifiable stages formulated in the 
Play Cycle (Tunnicliffe, 2022). Moreover, the 
first stage in achieving STEM actions and 
understanding through playing with toys is called 
STEM-E, where ñEò stands for experiences 
(Tunnicliffe, 2022). Once this is achieved, free-
choice play in which the childôs interest is 
engaged allows the learner to develop STEM 
competence, and the interaction sequence 
resembles that of inquiry-based science 
education (IBSE). 

There are implications for training and 
development in early STEM practice. This 
highlights the power of play  in STEM learning. 
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Abstract . The article investigates value 
orientations as a predictor of interest in STEM 
careers among students of technical 
universities. The relevance of the increasing 
need for highly qualified specialists for the digital 
transformation and restoration of Ukraine. The 
aim is to substantiate the role of values in the 
formation of professional motivation and 
resilience of future engineers. The empirical 
study covered 245 students, using standardized 
methods and statistical analysis. The results 
showed that a balanced profile (ñBenevolenceò, 
ñSecurityò, ñIndependenceò, ñAchievementò) 
explains up to 38% of the variation in motivation 
and self-actualization. Practical significance is 
created in the implementation of value 
diagnostics for career guidance and adaptive 
educational programs. 

Keywords.  value orientations, STEM careers, 
predictors of interest in a profession, self-
actualisation, career guidance. 

1. Introduction  

In the current context of global digital 
transformation, innovative economic 
development and Ukraineôs post-war recovery, 
the issue of training highly qualified specialists in 
STEM fields is taking on strategic national 
importance. Interest in STEM careers and the 
resilience of future engineers, programmers and 
technologists in their professional development 
are largely determined not only by the level of 
knowledge and cognitive abilities, but also by 
deep-seated personal value orientations, which 
form the motivational basis for the choice, 
duration and quality of professional fulfilment. 
Despite numerous studies on the professional 
self-determination of young people, the question 
of the predictive role of value orientations 
specifically regarding interest in technical 
specialisations at domestic technical universities 
remains insufficiently theoretically grounded and 
empirically verified. 

The theoretical and methodological analysis 
of the problem draws on classical and 
contemporary psychological approaches. 
Humanistic psychology (A. Maslow, V. Frankl) 
regards the value sphere as the core of self-
actualisation and the search for meaning in life. 
The structural models of M. Rokich and S. 
Schwartz allow values to be differentiated 
according to motivational types and their 
hierarchical organisation. Domestic researchers 
(I. Bekh, S. Maksymenko, A. Kurbatova, L. 
Romanyuk, Y. Shaygorodskyi, A. Kaplienko) 
focus on the sociocultural determination of value 
orientations and their role in professional self-
determination, particularly in crisis situations. At 
the same time, the vast majority of empirical 
studies focus on general patterns or students of 
humanities disciplines, whereas the specifics of 
value profile formation at technical universities 
and their link to interest in STEM careers require 
a separate, comprehensive study.  

2. Summary of the main content  

The issue of value orientations as a predictor 
of interest in STEM careers among students at 
technical universities requires a comprehensive 
theoretical and methodological foundation, 
taking into account both classical and 
contemporary psychological approaches. 
Humanistic psychology regards the value 
sphere as the core of personal development and 
professional formation. A. Maslow [10], in his 
theory of motivation, emphasises that self-
actualisation, as the highest óvalue of beingô, is 
realised through the pursuit of truth, beauty, 
perfection and justice. In the context of STEM 
careers, this is directly linked to the need for 
engineers and technologists to engage in 
constant creative exploration, develop 
innovative solutions and refine technologies. 
Students of technical disciplines who are highly 
oriented towards self-actualisation are more 
likely to show a sustained interest in complex 
projects in aviation, mechanical engineering, 
information technology and energy. 

In logotherapy, V. Frankl interprets values as 
an objective phenomenon that gives life 
meaning through three main pathways: creative 
activity, experience, and attitude towards 
inevitable suffering. For future engineers, this 
means the ability to find deep meaning in 
creating technologies that improve the quality of 
life in society, particularly in the context of 
Ukraineôs post-war reconstruction. M. Rokich 
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[11] classifies values as terminal (ultimate life 
goals) and instrumental (means of achieving 
goals). In technical education, terminal values 
such as óinteresting workô, ófreedomô and 
óindependenceô often become the driving force 
behind the choice of a STEM specialism, whilst 
instrumental values such as óresponsibilityô, 
óhonestyô and óperseveranceô determine 
academic success and subsequent professional 
activity. 

S. Schwartz [12] developed a universal 
model of values comprising ten motivational 
types, organised into a circular structure with 
two main dimensions: óopenness to change ï 
conservatismô and óself-enhancement ï self-
transcendenceô. For students at technical 
universities, the values most predictive of an 
interest in a STEM career are óautonomyô 
(independent thinking and choice of actions), 
óstimulationô (a desire for novelty, challenges 
and change), óachievementô (success in 
accordance with social standards) and ósecurityô 
(stability, harmony and protection). These 
values form a solid motivational foundation for 
sustained work in conditions of high uncertainty, 
characteristic of modern technological projects. 
At the same time, the values of ófriendlinessô and 
óuniversalismô ensure the ability to work 
effectively in teams within interdisciplinary 
engineering groups. 

Domestic psychological science significantly 
enriches our understanding of this issue. I. Bekh 
[1] views spiritual values as idealised 
benchmarks that shape the óspiritual selfô of the 
individual and influence professional self-
determination. S. Maksymenko [3], in a genetic-
psychological concept, emphasises that the 
value sphere is a dynamic structure that is 
formed and transformed under the influence of 
internal and external factors throughout 
ontogenesis. A. Kurbatova [2] focuses on value-
semantic regulation as a mechanism of 
professional self-determination, particularly in 
crisis situations. L. Romanyuk [7] and Y. 
Shaygorodskyi [8] emphasise the social nature 
of the value sphere, which is formed through the 
individualôs interaction with educational 
institutions, professional communities and 
society at large. A. Kaplienko [9] directly 
analyses the interconnection between the 
professional and value orientations of higher 
education students in contemporary conditions. 

The factors shaping the value orientations of 
students at technical universities are 
multifaceted. Social factors include the influence 
of family, peers, societal expectations and the 
context of the war. Psychological factors 
encompass intrinsic motivation, emotional state, 
self-esteem and prior experience. Cultural 
factors are linked to Ukrainian traditions, 
globalisation and digitalisation. Educational 
factors play a leading role in technical 
universities: lectures, laboratory work, 
coursework and dissertation projects, as well as 
participation in research societies and start-ups, 
actively shape the values of achievement, 
motivation and independence. Individual factors 
(personality traits, cognitive styles, interests) 
determine the individual variability of profiles. 
Taken together, these factors form the basis for 
certain value orientations to become reliable 
predictors of interest in STEM careers and 
career persistence. 

An empirical study was conducted on a 
representative sample of 245 students aged 18ï
23, with stratified selection by gender and 
specialisation (psychology ð Group 1, socio-
economic specialisations ð Group 2, technical 
specialisations ð Group 3). Standardised 
psychodiagnostic methods were used, followed 
by statistical data analysis in SPSS (descriptive 
statistics, correlation, factor and regression 
analysis, Studentôs t-test, ANOVA). 

Students in technical disciplines (Group 3) 
are characterised by a clearly defined, balanced 
value profile, which distinguishes them from 
other groups and makes their orientations a 
reliable predictor of sustained interest in a STEM 
career. 

Table 1. Descriptive statistics on the value 
orientations of students in technical disciplines 
(Group 3) based on the Schwartz Questionnaire  

 

An analysis of the data in Table 1 shows that 
students in technical disciplines score highest 

Value Medium 
(M) 

Standard 
deviation 
(SD) 

Median  Mode Min Max 

Power 4.12 1.71 4.0 4 1 7 

Achievements 5.56 1.87 6.0 6 2 7 

Hedonism 5.23 1.78 5.0 5 1 7 

Stimulation 5.34 1.85 5.0 5 1 7 

Independence 5.98 1.99 6.0 6 2 7 

Universalism 5.78 1.92 6.0 6 1 7 

Friendliness 6.34 2.02 6.0 6 2 7 

Tradition 4.67 1.76 5.0 5 1 7 

Conformism 4.89 1.73 5.0 5 1 7 

Safety 6.12 2.05 6.0 6 2 7 
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on the óFriendlinessô (M=6.34) and óSecurityô 
(M=6. 12), indicating a combination of concern 
for others and a desire for stability ð important 
qualities for working in engineering teams. At the 
same time, fairly high scores for óAutonomyô 
(M=5.98) and óAchievementô (M=5.56) provide 
internal motivation for independent and 
productive work. Relatively low scores for 
óPowerô (M=4.12) and óTraditionô (M=4.67) 
indicate a preference for equality and flexibility 
over hierarchy, which aligns with modern flexible 
approaches in technical projects. 

According to Mehrabianôs achievement 
motivation scale, engineering students 
demonstrated an average score of M=14.32 
(SD=12.10, median 14.5, mode 15). This 
indicates moderately pronounced motivation 
with a certain preference for the drive to 
succeed. According to Shostromôs Self-
Actualisation Test (SAT), high scores were 
recorded for self-acceptance (M=13.48), 
support (M=42.14), behavioural flexibility 
(M=15.61) and sociability (M=12.36). According 
to Rabinovichôs Four-Mode Emotional 
Questionnaire, the positive emotion of joy 
(M=8.50) dominates, with relatively low scores 
for anger (M=6.98), fear (M=5.84) and sadness 
(M=5.09). The correlation between joy and 
sadness is -0.45, indicating a good emotional 
balance. 

In particular, the óAchievementô and 
óStimulationô scales showed positive correlations 
with the overall achievement motivation score 
according to Mehrabianôs methodology. This 
means that students of technical disciplines, for 
whom personal success and a desire for new 
experiences are important, simultaneously have 
a higher level of intrinsic motivation to overcome 
difficulties and achieve academic results. This 
correlation has significant predictive value, as it 
is precisely these values that can serve as 
markers of potential interest in innovative 
technical activities, where not only executive 
discipline is required, but also the ability to 
generate new ideas and take responsibility for 
the outcome. 

óAutonomyô correlated positively with 
indicators of self-esteem and creativity on 
Shostromôs Self-Actualisation Test (rå0.35). 
This suggests that students who value 
autonomy in decision-making and independent 
thinking simultaneously possess a higher level 
of self-acceptance and the ability to solve 

problems in unconventional ways. In the context 
of technical education, this link is particularly 
significant, as most engineering tasks require 
precisely this kind of independent problem 
analysis and the search for original technical 
solutions. 

Conversely, the óSecurityô value correlated 
negatively with levels of fear and anxiety. In 
other words, students who prioritise stability, 
predictability and security demonstrate lower 
levels of anxiety. This has a positive effect on 
long-term professional resilience, as technical 
disciplines often involve working in conditions of 
uncertainty (new technologies, tight deadlines, 
responsibility for system safety). 

The values of óAgreeablenessô and 
óUniversalismô correlated positively with the 
óInterpersonalô and óSynergyô dimensions of the 
CAT. This means that students with a strong 
orientation towards caring for others and 
universal human values are better at 
establishing relationships and are capable of 
effective teamwork. In modern STEM projects, 
where work is almost always carried out in 
interdisciplinary teams, this connection is of 
great practical significance. 

Regression analysis showed that value 
orientations account for up to 38% of the 
variation in self-actualisation and motivation 
scores (RĮ å 0.38). This is a fairly high figure for 
socio-psychological research, indicating a 
significant contribution of the value sphere to the 
formation of the motivational and personality 
profile of engineering students. In particular, the 
regression model demonstrated that a 
combination of high scores on the óAutonomyô, 
óAchievementô and óStimulationô scales is a 
statistically significant predictor of increased 
levels of proactivity and creativity. Students with 
such value priorities are less likely to postpone 
complex tasks (lower procrastination) and 
demonstrate greater psychological resilience 
when faced with difficulties in the learning 
process. 

At the same time, factor analysis identified 
two stable factors that explain a significant 
proportion of the total variance in the data. The 
first factor ð óProactivity and Openness to 
Changeô ð combined high loadings on the 
óAchievementô, óStimulationô and óAutonomyô 
scales. The second factor, óSocial Harmony and 
Stabilityô, was formed around the values of 
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óFriendlinessô, óSecurityô and óUniversalismô. The 
presence of these two factors specifically 
confirms the hypothesis regarding the balance 
of the value profile of engineering students: they 
possess both individually active and socially 
oriented values simultaneously. This structure is 
optimal for a STEM career, as modern technical 
work requires a combination of personal 
initiative with the ability to work in a team and 
adhere to safety standards. 

A comparative analysis using all 
methodologies revealed statistically significant 
differences between the groups (p<0.05 
according to the results of ANOVA and the t-
test). Students of technical disciplines are 
characterised by the most balanced value profile 
among all the groups studied. High scores on 
the óAgreeablenessô (M=6.34) and óSafetyô 
(M=6.12) scales are combined with fairly high 
scores for óAutonomyô (M=5.98) and 
óAchievementô (M=5.56). This combination is 
particularly well-suited to modern STEM 
professions, where specialists must 
simultaneously demonstrate creativity and 
initiative in developing new technical solutions 
whilst adhering to strict safety requirements, 
working as part of a team and taking 
responsibility for the outcome. 

Unlike engineering students, psychology 
students score highest on humanistic values: 
óFriendlinessô (M=6.45), óSecurityô (M=6.23) and 
óAutonomyô (M=6.12). However, this group is 
characterised by significantly greater variability 
in scores (SD up to 2.09). This means that within 
the group of psychology students, there are both 
very strong and quite weak students in terms of 
these parameters. Such heterogeneity may 
require additional psychological support and 
remedial work, particularly during the stage of 
professional development. 

Social and economic students are 
characterised by the lowest overall scores both 
on the value scales (in particular óFriendlinessô 
M=6.23) and on achievement motivation 
(M=12.65). This indicates a more pronounced 
external motivation and an orientation towards 
the material and status aspects of activity. Such 
a profile is less conducive to the development of 
a deep and sustained interest in complex 
technical work, which often requires prolonged 
concentration, resilience in the face of setbacks, 
and an intrinsic interest in the process. 

Cluster analysis confirmed that, even at the 
stage of the baseline study, technical students 
exhibit less pronounced heterogeneity in their 
psychological profiles compared to psychology 
students. This means that the group of technical 
students is more homogeneous in terms of their 
value and motivational characteristics. Such 
homogeneity is a positive prognostic factor; it 
indicates a higher likelihood of maintaining 
interest in the chosen technical specialism 
throughout the entire period of study and at the 
start of their professional career without the 
need for intensive corrective work. 

Thus, the comparative analysis clearly 
demonstrates that it is the balanced value profile 
of engineering students that is the most adaptive 
and predictive of sustained interest in STEM 
careers in todayôs environment. 

The mechanisms through which value 
orientations influence interest in STEM careers 
and professional persistence are complex and 
encompass motivational, cognitive, emotional 
and behavioural levels. At the motivational level, 
high scores for óachievementô and óstimulationô 
activate intrinsic motivation (according to 
Mehrabian), encouraging the setting of 
ambitious goals, overcoming learning difficulties 
and participation in research work. The cognitive 
mechanism operates through the influence of 
values on the perception of professional tasks; 
students with high óautonomyô cope better with 
uncertainty, independently seek solutions to 
complex engineering problems and demonstrate 
creativity. 

The emotional mechanism is linked to the 
balance of positive and negative emotions: a 
predominance of joy and low levels of 
fear/sadness among engineering students 
reduces the risk of anxiety, burnout and loss of 
interest in the profession. The behavioural 
mechanism manifests itself in the choice of 
educational pathways, participation in project 
work, conferences, start-ups and voluntary 
technical initiatives. In the wartime and post-war 
context of Ukraine, the value of ósecurityô helps 
maintain psychological resilience, whilst 
óstimulationô helps find new meaning in 
restorative technological projects. Together, 
these mechanisms ensure both an initial interest 
in STEM disciplines and long-term professional 
resilience. 
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3. Conclusions  

The analysis confirmed that value 
orientations are a significant predictor of interest 
in STEM careers among students at technical 
universities. A balanced profile among technical 
students, combining high scores for 
agreeableness, security and autonomy with 
moderate scores for achievement and 
stimulation, contributes to the development of 
sustainable professional motivation, emotional 
balance and readiness for innovative activity. 
This complements the theoretical propositions of 
S. Schwartz and M. Rokich regarding the role of 
values in professional development and is 
consistent with empirical data on the specific 
nature of technical disciplines. 

The practical significance of the results lies in 
the advisability of implementing value-based 
diagnostics to optimise career guidance, 
develop adaptive educational programmes and 
prevent maladjustment among future engineers 
and technologists. Further research should 
focus on longitudinal monitoring of the dynamics 
of value orientations throughout the entire period 
of study, their impact on career success in 
STEM fields, and the adaptation of the tools to 
the conditions of the modern Ukrainian 
educational environment. 
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Abstract . Modern science education faces 
growing challenges related to the quality of 
communication between educators and 
students. This paper examines three 
complementary and practically applicable 
communication strategies: storytelling as a 
pedagogical tool, the internal influencer model 
as a means of engaging youth, and digital 
etiquette as a foundation for respectful 
academic interaction. The study draws on 
observational data from Ukrainian educational 
settings and relevant scholarly literature. 
Findings suggest that the integration of these 
strategies fosters trust, sustains student 
motivation, and supports a resilient educational 
environment, particularly in contexts of social 
uncertainty. 

Keywords.  digital etiquette, internal influencer, 
science education, storytelling, trust-based 
communication. 

1. Introduction  

Science education extends beyond the 
transmission of content knowledge. It is deeply 
shaped by the communicative practices that 
govern the relationship between educators and 
learners. In Ukraine, as in many other countries 
experiencing social instability, educational 
communication is under additional stress: 
teachers may inadvertently transfer personal 
anxieties onto students, suppressing the 
intrinsic curiosity and motivation that are 
essential to scientific learning. Education must 
nurture, not inhibit, the desire to explore and 
understand the world. 

At the same time, the rapid expansion of 
digital communication in educational settings 
has introduced new challenges. The absence of 
shared norms for electronic correspondence 
between students, teachers, and administrators 
frequently produces misunderstandings and 
undermines the quality of academic interaction. 

This paper proposes three interrelated 
strategies to address these challenges: 
storytelling, the internal influencer model, and 
the cultivation of digital etiquette.  

2. Storytelling as a Pedagogical Tool  

Storytelling has emerged as a widely adopted 
complement to classical instructional methods, 
particularly in higher education. Rather than 
presenting theoretical content in abstract terms, 
educators use contextualised narratives to 
illustrate concepts, enabling students to form 
mental images and integrate new knowledge 
more effectively [1, 2]. This approach aligns with 
established findings in cognitive psychology: a 
substantial proportion of learners are primarily 
visual processors who benefit from narrative-
based visualisation rather than purely logical-
sequential exposition. 

A related practice the educatorôs introductory 
self-presentation at the beginning of a first 
semester functions as an applied form of 
storytelling. By sharing relevant elements of 
their professional and personal trajectory, 
educators reduce the psychological distance 
between themselves and their students, 
establish a foundation of trust, and create the 
conditions for open academic dialogue [3]. This 
technique, when applied with appropriate 
boundaries, has been shown to increase student 
engagement and lower communicative anxiety. 

3. Internal Influencer as a Strategy for 
Youth Engagement  

The concept of the internal influencer refers 
to a student, pupil, or young staff member who, 
by virtue of their credibility within a peer 
community, shapes the informational practices 
and attitudes of that community from within. 
Unlike top-down institutional messaging, peer-
mediated communication carries an inherent 
authenticity that resonates more readily with 
young audiences [4]. In educational institutions, 
the systematic use of internal influencers 
enables organisations to deliver educational and 
social messages in a language and register 
familiar to their target audience. 

This strategy also supports the integration of 
digital and social tools into the learning process 
through peer modelling, stimulates active 
participation in science and educational 
projects, and contributes to building 
interpersonal trust between students and 
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teaching staff [3]. Crucially, the internal 
influencer does not replace the educator but 
serves as a bridge between institutional values 
and youth culture a mediating function that is 
particularly valuable in environments where 
traditional authority structures face reduced 
legitimacy. 

4. Digital Etiquette in Academic 
Communication  

Digital etiquette the set of norms governing 
respectful and effective behaviour in electronic 
communication constitutes an underexplored 
dimension of educational communication 
quality. In Ukrainian academic contexts, 
electronic correspondence between students, 
educators, and administrators frequently 
violates basic norms of professional interaction 
[5]. Common infractions include the use of all-
capital text (universally interpreted as shouting), 
excessive exclamation or question marks 
(conveying aggression or impatience), the use 
of red font colour (associated with hostility or 
rebuke), and sending messages outside working 
hours. 

In asynchronous text-based communication, 
where vocal tone, facial expression, and gesture 
are absent, such formal-stylistic markers 
become the primary carriers of emotional 
meaning. Their misuse therefore generates 
unintended interpersonal friction. The 
incorporation of netiquette training into initial 
teacher education programmes, as well as into 
university induction curricula for incoming 
students, is proposed as a low-cost systemic 
intervention with significant potential to improve 
the quality of academic communication. 

5. Conclusions  

The three communication strategies 
examined in this paper storytelling, the internal 
influencer model, and digital etiquette are 
mutually reinforcing and readily implementable 
across both school and higher education 
contexts without requiring substantial financial 
or infrastructural resources. Their integrated 
application promotes trust, sustains motivation 
for scientific inquiry, and reduces 
communicative tension within educational 
communities. In contexts of protracted social 
uncertainty, the capacity to build and maintain 
respectful, human-centred communication 

becomes not merely a pedagogical virtue but a 
prerequisite for educational resilience. 

6. References  

[1] Kramska ZM. Storytelling as a tool for 
improving teaching and upbringing 
effectiveness. Ukrainian Studies in a 
European Context, 2024, 9, 144. 

[2] Mazurok M, Saprykina O. Storytelling as an 
effective tool for developing communicative 
competence in New Ukrainian School 
students. Youth and Market, 2022, 1(199).. 

[3] Mosol NO. Psychological aspects of 
interpersonal trust between students and 
lecturers in higher education institutions. 
Scientific Bulletin of Uzhhorod National 
University. Series: Psychology, 2024, 3, 
60ï64. 

[4] Dukhnevych O. Marketing tools for building 
public trust: The influencer as a public 
communication strategy. In: Economic-
Legal and Financial-Accounting Support of 
Sustainable Development, 2025, pp. 194ï
197. 
https://dspace.univd.edu.ua/items/13b0b8
9c-802f-4f29-9087-52600053e0b6 

[5] Wikipedia. Netiquette. 2026. 
https://uk.wikipedia.org/wiki/ʄʝʨʝʞʝʚʠʡ_ʝ
ʪʠʢʝʪ  

  



Hands -on Science. Science Education. Resilience in challenging times   
- 

 

 

29 

 STEAM Learning Ecosystem and 
Inclusion in a TEIP Context: A UDL 

Approach to Developing a 
Technological Solution for Color 

Blindness  

Victor M. Martins1, Manuel F. M. Costa2, 
V. Carvalho3, S. Cruz4 

 1Agrupamento de Escolas Dr. Francisco 
Sanches 4710-448 Braga and Casa da 

Ciência de Braga, Braga, Portugal  
2Centro de Física das Universidades do 
Minho e do Porto, University of Minho, 

Braga, Portugal 
3,42Ai, School of Technology, Polytechnic 

University of Cávado and Ave,  
Barcelos, Portugal 

1chedas74@gmail.com 
2mfcosta@fisica.uminho.pt 

3vcarvalho@ipca.pt  
4scruz@ipca.pt 

Abstract . This paper presents a pedagogical 
and research proposal for a STEAM learning 
ecosystem grounded in Universal Design for 
Learning, designed for implementation in a 
Priority Intervention Educational Territories 
school context in Portugal. The proposal 
involves middle school students in the 
collaborative development of an assistive 
technological prototype for colour blindness. 
The intervention integrates scientific inquiry into 
colour perception, block-based programming, 
3D modelling, tangible artificial intelligence, and 
collaborative prototyping. Rather than treating 
technology as an end in itself, the proposal 
frames digital tools as mediating resources for 
inclusive problem-solving, computational 
thinking, accessibility awareness, and student 
agency. Methodologically, the study is planned 
as an evaluative case study with descriptive pre- 
and post-intervention indicators, supported by 
classroom observation, student questionnaires, 
focus groups, teacher logs, and artefact 
analysis. The article outlines the conceptual 
rationale, pedagogical design, prototype 
structure, data collection strategy, and expected 
educational contributions of the intervention. It 
argues that UDL-grounded STEAM ecosystems 
may offer a promising approach for connecting 
science learning, digital literacy, and inclusion in 
socially vulnerable school contexts, provided 
that implementation constraints, teacher 

mediation, accessibility, and ethical use of AI are 
explicitly addressed. 

Keywords.  Color Blindness, Inclusion, 

STEAM, UDL, TEIP, AI. 

1. Introduction  

Contemporary education faces the challenge 
of responding to rapid technological 
transformations, an increasing diversity of 
student profiles, and persistent social 
inequalities. In vulnerable contexts, such as 
schools within Priority Intervention Educational 
Territories (TEIP), traditional teaching practices 
frequently reveal limitations in promoting 
participation, motivation, and school success. 
The school is then summoned to adopt 
pedagogical approaches that are not limited to 
the transmission of content but rather favor the 
active involvement of students in knowledge 
construction, problem solving, and the 
development of citizenship skills [1]. 

This proposal is based on the conviction that 
integrating the STEAM approach with Universal 
Design for Learning (UDL) can offer a robust 
pedagogical response. STEAM promotes 
interdisciplinary, contextualized, and meaningful 
learning through the integration of science, 
technology, engineering, arts, and mathematics 
[2]. UDL offers a pedagogical design framework 
that anticipates student variability, guaranteeing 
multiple means of engagement, representation, 
and action/expression [3]. The combination of 
these perspectives allows for the design of more 
flexible, accessible, and inclusion-oriented 
learning experiences. 

The selected problem is colour blindness, or 
dyschromatopsia, a visual condition that is often 
unnoticed in school contexts but may affect 
tasks that rely exclusively on chromatic coding 
[4]. Difficulties in distinguishing colours may 
compromise the interpretation of graphs, maps, 
diagrams, signage, and digital interfaces when 
colour is used as the sole channel of information. 
They may also affect everyday activities, such 
as the autonomous selection and coordination of 
clothing. Despite its prevalence, color blindness 
is rarely treated as a relevant pedagogical 
problem in school practices. This absence of a 
systematic response constitutes an opportunity 
to develop an inclusive technological solution 
with educational and social value [5]. 
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This paper is guided by the following 
research-oriented question: how can a UDL-
grounded STEAM learning ecosystem be 
designed to engage middle school students in 
the conception and prototyping of an assistive 
technological solution for colour blindness in a 
TEIP context?The article describes the project's 
rationale, the conceptual framework, the 
structure of the intervention, and the planned 
methodology, assuming its character as a 
proposal under development. 

The paper is organized in six sections. 
Section 2 presents the Theoretical Framework, 
addressing the STEAM approach, Universal 
Design for Learning (UDL), color blindness 
accessibility, and the integration of artificial 
intelligence. Section 3 outlines the Pedagogical 
Proposal, including the project's purpose and 
general intervention structure. Section 4 
describes the Planned Methodology, detailing 
the research design, participants, and data 
collection instruments. Section 5 presents the 
expected educational contributions, preliminary 
discussion, and anticipated limitations of the 
study. Finally, Section 6 provides the Conclusion 
and outlines Future Work.  

2. Theoretical Framework  

2.1. STEAM as a Learning Ecosystem  

The STEAM approach has been affirming 
itself as a pedagogical paradigm capable of 
overcoming traditional disciplinary 
fragmentation, promoting learning experiences 
based on the resolution of authentic problems 
[2]. By integrating science, technology, 
engineering, arts, and mathematics, this 
perspective favors active, collaborative, and 
situated knowledge construction, allowing 
students to mobilize diverse knowledge to 
respond to concrete challenges. Instead of 
presenting isolated content, STEAM activities 
are frequently organized around projects, 
prototypes, and investigations, creating 
opportunities for the development of critical 
thinking, creativity, and collaboration skills [6]. 

In this paper, STEAM is understood as a 
learning ecosystem, that is, as a dynamic set of 
relationships among students, teachers, 
content, tools, and context [1]. This perspective 
positions the school as an environment for 
experimentation and co-creation, in which 
students are invited to act as investigators, 
designers, programmers, testers, and 

communicators, rather than as passive 
recipients of information [1]. The value of this 
approach becomes even more evident in TEIP 
contexts, where motivation and engagement 
can be enhanced by practical, challenging, and 
socially meaningful experiences [7]. 

Literature has shown that well-designed 
STEAM projects can contribute to the 
development of cognitive and socio-emotional 
skills, including perseverance, communication, 
empathy, and a sense of social responsibility [6]. 
When associated with real community problems, 
these projects favor the perception of the utility 
of learning and reinforce the students' 
commitment to the school [3]. In the present 
case, the choice of color blindness as a starting 
problem fits precisely within this logic of social 
relevance and meaningful learning [5]. 

2.2. Universal Design for Learning and 
Inclusion  

Universal Design for Learning constitutes the 
inclusive framework of the proposal. This 
reference baseline starts from the principle that 
student diversity must be considered from the 
moment of pedagogical planning, and not 
merely as a posterior response to identified 
difficulties [3]. Thus, UDL promotes the creation 
of learning environments that offer multiple 
means of engagement, representation, and 
action/expression, allowing for the reduction of 
barriers and the expansion of participation 
opportunities [8]. 

In operational terms, UDL will be embedded 
in the intervention through multimodal 
resources, differentiated task complexity, 
flexible group roles, visual and auditory 
feedback, scaffolded programming tasks, 
alternative forms of documentation, and varied 
modes of presentation. Students will be able to 
contribute through scientific explanation, coding, 
modelling, oral communication, drawing, 
prototype testing, or reflective writing. This 
design choice is intended to reduce participation 
barriers and to prevent technical proficiency 
from becoming the sole criterion for success. 

In the context of this project, UDL will play a 
central role in the organization of activities, the 
selection of resources, and the form of 
assessment. Student diversity will be welcomed 
through the provision of different formats for 
accessing information, the creation of tasks with 
varied levels of complexity, and the appreciation 
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of multiple ways of expressing knowledge [8]. 
This logic is particularly important in TEIP 
contexts, where class heterogeneity is high and 
where many students benefit from more flexible 
and contextualized pedagogical proposals [9]. 

The articulation between UDL and STEAM is 
especially promising because both frameworks 
value active participation, experimentation, and 
differentiation [9]. While STEAM organizes 
learning around concrete challenges, UDL 
ensures that those challenges are accessible to 
all students [3]. This convergence allows for the 
design of fairer educational experiences, 
preventing technological innovation from 
producing new exclusions [10]. 

2.3. Colour Blindness and Accessibility 
in the School Context  

Color blindness is a visual condition 
associated with alterations in chromatic 
perception, resulting from dysfunctions in the 
cones of the retina. Although it varies in severity 
and typology, the most frequent form affects 
discrimination between tones of red and green 
[4]. In the school context, this limitation can pass 
unnoticed for years, especially when explicit 
mechanisms for detection or adaptation do not 
exist. However, the consequences are real: the 
use of color codes as the sole channel of 
information can compromise task 
comprehension and student autonomy [4]. 

The educational relevance of the topic is easy 
to grasp when considering that many school and 
digital materials use color as the main 
organizing element. Maps, graphs, legends, 
tables, diagrams, and digital platforms can 
represent barriers for students with 
dyschromatopsia, especially when they are not 
accompanied by other visual or textual supports 
[11]. Furthermore, daily school and personal life 
tasks, such as organizing materials or choosing 
clothing independently, can generate difficulties 
and social constraints [5]. 

The proposal to develop an assistive 
technological solution for colour blindness 
responds to this gap through a pedagogical and 
functional approach. The aim is not merely to 
build a device, but to involve students in 
understanding the condition, identifying user 
needs, analysing accessibility barriers, and 
designing a response that combines usability, 
simplicity, multimodal feedback, and inclusive 
design principles. 

2.4. Artificial Intelligence, Programming 

and Computing  

The integration of Artificial Intelligence and 

physical computing in the project has a dual 

function: pedagogical and technological. On one 

hand, it allows for the introduction of students to 

emerging concepts of contemporary digital 

literacy; on the other, it offers concrete tools for 

building the proposed solution [12]. The use of 

devices such as the Micro:bit and an intelligent 

color recognition camera, HuskyLens, (Figure 1, 

Figure 2) enable the exploration of block-based 

programming principles, automation, signal 

reading, and interactive response [13]. 

 

Figure 1. HuskyLens AI module connected to 
BBC micro:bit V2 . 

 

Figure 2 . HuskyLens module illustrating the 

face-detection functio n 

In this context, Artificial Intelligence will not be 

presented as an abstract or distant technology, 

but as a system that depends on data, training, 

validation, and ethical limits [12]. AI literacy will 

be addressed at an introductory level, helping 

students understand that AI-based recognition 

systems depend on data, training examples, 

classification processes, and validation, and that 

their outputs require human interpretation and 

critical supervision [2]. This dimension is 
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particularly relevant for promoting an informed 

and responsible relationship with technology.  

Block-based programming will allow students 

to structure logical sequences, test hypotheses, 

correct errors, and understand the basic 

operation of a computer system. 3D modelling, 

in turn, will support the transformation of design 

ideas into a tangible artefact through Tinkercad, 

reinforcing the link between imagination, 

engineering, and materialization [14]. Thus, 

technology is used as a means of learning and 

inclusion, and not as an end in itself. 

3. Pedagogical Proposal  

3.1. Problem and Goal of the Project  

The proposal is based on the need to create 

educational responses that are simultaneously 

scientifically rigorous, pedagogically 

meaningful, and socially useful [5]. The chosen 

problem (color blindness) has an accessible and 

concrete dimension, which facilitates its 

exploration with middle school students. By 

working on this theme, students can understand 

a real visual limitation, reflect on the importance 

of inclusion, and conceive a technological 

solution oriented toward the autonomy of 

potential users [4]. 

The educational purpose of the project is 

twofold. On one hand, it is intended to promote 

learning in science and technology through 

research on vision, color, sensors, and digital 

systems [12]. On the other hand, it aims to 

develop empathy, social responsibility, and 

collaboration skills by involving students in a 

challenge with human and practical meaning [5]. 

This combination is coherent with the STEAM 

philosophy and with the assumptions of UDL 

[15]. 

3.2. General Structure of the Intervention  

The intervention will be organized into five 
main moments. The first moment corresponds to 
awareness-raising and exploration of the 
problem, with research activities on color 
blindness (Figure 3), human vision, and the 
obstacles faced by people with dyschromatopsia 
[4]. The second moment is dedicated to 
scientific foundation, addressing topics of optics, 
colors, light, and the functioning of the visual 
system [11]. The third moment introduces the 

technological component, with an initiation into 
block-based programming, the operation of 
sensors, and the basic principles of Artificial 
Intelligence [13]. The fourth moment focuses on 
the conception and construction of the 
prototype, including 3D modeling, functional 
testing, and the integration of electronic 
components [14]. The fifth moment corresponds 
to reflection and evaluation, with the collection of 
students' perceptions about the experience, the 
learning process, and the utility of the developed 
solution [1]. 

 

Figure 3. Color -blindness simulation glasses for 
deuteranopia  

This progressive organization allows 
students to advance from understanding the 
problem to creating the response, passing from 
scientific curiosity to technical action. At the 
same time, it facilitates teacher mediation and 
task differentiation, in accordance with the 
principles of UDL [3]. 

3.3. Planned Technological Prototype  

The planned prototype will be a portable 
device to support color identification, designed 
to assist people with color blindness in daily 
tasks, such as the coordination and autonomous 
choice of clothing. The system will integrate a 
HuskyLens smart camera for color recognition 
via edge computing, a BBC Micro:bit V2 
microcontroller (Figure 4) for processing and 
response, and an ergonomic physical structure 
designed by the students in Tinkercad modeling 
software [13]. 

 

Figure 4. I2C connection between HuskyLens, 
Shield and BBC micro:bit V2  
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The detected information will be returned to 
the user through multiple channels, displaying 
the name of the color on the LED matrix and 
providing a synchronous sound response, 
guaranteeing the multissensorial feedback 
recommended by UDL. The construction of the 
device will also be an opportunity to work on 
sustainability, mechanical tolerances of 3D 
printing, and creativity [5]. 

4. Planned Methodology  

4.1. Research Design and 
Operationalization of Variables  

The research will be developed in the form of 
an evaluative case study, with a quasi-
experimental component of non-randomized 
groups. [1]. This methodological option results 
from the real school context and the applied 
nature of the intervention. The study aims to 
empirically map the impact of the ecosystem on 
the following structured variables: 

i) Computational Thinking and AI Literacy: 
Logical decomposition, block-based 
automation, and critical understanding of 
model training. 

ii) Social Awareness: Rates of inclusive 
attitudes face to chromatic barriers and 
empathy among peers. 

iii) Motivation: Practical engagement and 
persistence in the iterative debugging 
process. 

4.2. Participants  

The sample will consist of two 6th-grade 
classes (2nd cycle of basic education) from a 
TEIP School Cluster in the Northern region of 
Portugal [10]. The experimental group will 
participate in the integrated STEAM activities, 
while the comparison group will not be exposed 
to the specific intervention. The collaboration of 
the Class Advisor (Diretor de Turma) will also be 
considered as a key informant, in order to enrich 
the understanding of the context, behavior, and 
motivation of the students throughout the school 
year. 

The convenience selection is coherent with 
the school reality and with the exploratory nature 
of the project [1]. Nevertheless, biographical 
comparability and grade level between the 
classes will be ensured, seeking to minimize 

confounding variables and guarantee the 
robustness of the comparative data. 

4.3. Data Collection Techniques and 
Instruments  

Data will be collected through multiple 
instruments to ensure triangulation [10]. 
Questionnaires will be applied in digital format 
before and after the intervention (pre and post-
test) [1]. Participant observation will be 
conducted and rigorously recorded in a logbook 
by the researcher, documenting interactions and 
difficulties in real time [1]. 

Additionally, focus groups will be organized 
with sub-sets of the experimental group to 
gather their subjective perceptions regarding the 
social value of the activity [10]. A documentary 
analysis of the constructed artifact will be 
performed, guided by a rubric matrix that will 
evaluate the algorithmic functionality of the 
code, the ergonomics of the 3D-printed 
enclosure, the effectiveness of the UDL 
multissensorial feedback, and the sustainability 
of the design [10]. 

4.4. Treatment and Data Analysis  

Quantitative data will be treated with 
descriptive and inferential statistics (paired-
samples t-test procedure) to compare progress 
between the groups [1]. Qualitative data 
(logbook, focus groups, and interviews) will be 
submitted to structured categorical content 
analysis [10]. The articulation of these 
dimensions will allow for a holistic interpretation, 
evaluating the prototype not only by its technical 
success but by the educational value generated 
during its co-creation [9]. 

5. Expected Results and Preliminary 
Discussion  

The presentation of this proposal assumes 
that pedagogical innovation gains greater 
strength when linked to concrete and socially 
relevant problems [5]. Color blindness 
constitutes one of these problems, precisely 
because it is poorly visible, yet has real 
implications for participation and autonomy [4]. 
By transforming this issue into a technological 
creation challenge, the project seeks to mobilize 
students' curiosity and promote learning with a 
purpose. 
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Preliminary qualitative observations recorded 
during the initial immersion phase suggest that 
using visual simulations of dyschromatopsia 
immediately raises the intrinsic interest of 
classes in rehabilitation engineering. It is 
expected that the multisensory approach of 
STEAM-UDL will function as an equalizer in a 
TEIP environment, mitigating the digital divide 
through the introduction of tangible artificial 
intelligence [15]. 

5.1. Limitations of the Study  

Ensuring the scientific rigor of the proposal, 
preliminary limitations are identified: 

i) the geographic nature and restricted size of 
the convenience sample collected in a single 
TEIP school cluster;  

ii) the novelty effect associated with the use of 
the HuskyLens sensor, which can generate 
fluctuating motivational peaks; 

iii) the technical susceptibility intrinsic to the 
HuskyLens camera which, as a low-cost tool 
designed for students to carry out prototyping 
in a school context, presents natural 
limitations regarding its effectiveness and 
precision in complex or large-scale 
operational scenarios. 

6. Conclusion and Future Wor k 

This paper presented a research and 
pedagogical intervention proposal that 
articulates STEAM, UDL, inclusion, and Artificial 
Intelligence in a TEIP context. The central idea 
consists of actively involving middle school 
students in the design of a technological solution 
for color blindness, simultaneously promoting 
scientific, technical, and socio-emotional 
learning. The proposal values experimentation, 
problem solving, and co-creation, in perfect 
consonance with the principles of Hands-on 
Science. By integrating science, technology, 
and inclusion around a real accessibility 
problem, the proposal argues that digital 
transition in schools should be understood not 
merely as technological modernisation, but as 
an opportunity to promote citizenship, 
participation, and ethical responsibility. 

Future work will involve implementing the 
intervention, analysing the collected data, 
refining the prototype according to student and 
teacher feedback, and examining whether the 

proposed ecosystem can be adapted to other 
accessibility challenges. Particular attention will 
be given to the sustainability of the approach 
across cohorts, the transfer of learning to new 
assistive design problems, and the ethical use of 
AI-based tools in inclusive school contexts. 
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Abstract . Sustainable maritime development 
requires professionals capable of managing 
eco-innovation projects under environmental, 
technological, and regulatory uncertainty [1,2]. 
This paper proposes a competency-oriented 
framework based on project-oriented 
management of eco-innovations in maritime 
education. The model integrates project life-
cycle approaches, sustainability principles, and 
ballast water treatment technologies as a 
practical case [3,4]. The results demonstrate 
that structured project-based learning enhances 
systems thinking, risk awareness, and decision-
making competencies in future maritime 
specialists. Practical implementation is 
supported by real-world ballast water treatment 
technologies developed within international 
scientific cooperation [5]. 

Keywords.  eco-innovation, maritime 
education, project management, sustainability 
competencies, water transport. 

1. Introduction  

The maritime industry is undergoing a rapid 
transformation driven by environmental 
regulations, decarbonisation targets, and 
technological innovation [1]. In this context, the 
training of maritime professionals must go 
beyond traditional technical knowledge and 
include competencies related to sustainability 
and innovation management [2]. 

Eco-innovations in shipping, particularly 
ballast water management systems, require 
complex decision-making that integrates 
engineering, environmental, economic, and 
regulatory dimensions [4]. Therefore, maritime 
education faces the challenge of embedding 
project-oriented approaches that reflect real 
operational conditions at sea and in shipping 
companies. 

The purpose of this study is to present a 
structured educational framework for developing 
sustainability competencies through project-
oriented management of eco-innovation projects 
in maritime transport.  

2. Methodological Framework  

The proposed approach is based on the 
integration of three methodological components. 

First, project management principles based 
on the project life cycle (initiation, planning, 
execution, monitoring, and closure) are applied 
to eco-innovation implementation scenarios in 
maritime systems [3]. 

Second, sustainability education principles 
are integrated, including systems thinking, 
environmental responsibility, and alignment with 
international maritime environmental regulations 
[1,2]. 

Third, case-based learning is used, with 
ballast water treatment systems (BWTS) serving 
as a representative example of complex eco-
innovation implementation on vessels [4]. 

The methodological structure allows analysis 
of technical constraints, regulatory compliance, 
and economic feasibility of environmental 
technologies in maritime operations. 

2.1. Evaluation Methodology  

To assess the effectiveness of the proposed 
competency-oriented model, a mixed-method 
evaluation approach was applied. The 
assessment combined quantitative and 
qualitative indicators of competency 
development among students participating in 
eco-innovation project scenarios. 

The evaluation was structured in three 
stages: 

Baseline assessment  (pre-test): 
measurement of initial knowledge in 
sustainability, project management, and 
maritime environmental regulation. 

Formative assessment:  continuous 
evaluation during project execution using 
structured rubrics focused on analytical thinking, 
teamwork, and decision-making. 
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Final assessment (post -test):  comparison 
of competency improvement through scenario-
based tasks and reflective analysis. 

In addition, expert evaluation was conducted 
by academic staff and maritime industry 
specialists to validate the practical relevance of 
student solutions. A Likert-scale survey was also 
used to assess perceived improvements in 
systems thinking, risk awareness, and 
sustainability-oriented decision-making. 

The results confirmed a measurable increase 
in interdisciplinary competencies, particularly in 
the areas of environmental compliance 
understanding and project lifecycle 
management skills. 

3. Competency -Oriented Model of  
Eco-Innovation Management  

The proposed model defines four key groups 
of competencies: 

Environmental and regulatory  
competencies include understanding 
international maritime environmental 
conventions and compliance procedures [1,4]. 

Project management competencies  
involve planning, resource allocation, 
stakeholder coordination, and monitoring of 
implementation processes [3]. 

Risk management competencies  include 
identification of operational, technical, and 
environmental risks, as well as mitigation 
strategies. 

Economic and communication  
competencies focus on cost evaluation, 
investment justification, and professional 
interaction with maritime stakeholders. 

These competencies are developed through 
structured eco-innovation project scenarios that 
replicate real maritime operational 
environments. 

4. Case Study: Ballast Water Treatment 
System as an Eco -Innovation Model  

The ballast water treatment system (BWTS) 
is used as a representative complex eco-
innovation case for competency development in 
maritime education. The case is based on real-
world technological configurations, including 
filtration combined with ultraviolet (UV) 

disinfection and electrochemical oxidation 
processes, which are widely applied in modern 
shipboard systems. 

During the initiation phase, students analyze 
compliance requirements under the IMO Ballast 
Water Management Convention, particularly the 
D-2 standard, which defines permissible 
biological content in discharged ballast water. 

In the planning phase, alternative 
technological solutions are compared using 
multi-criteria analysis, including treatment 
efficiency, energy consumption, operational 
cost, and system integration complexity. 

The execution phase involves simulation of 
BWTS integration into shipboard systems, 
including spatial constraints, energy supply 
limitations, and crew operational procedures. 

Risk assessment includes identification of 
technical and environmental risks such as 
membrane fouling, electrode degradation, 
formation of disinfection by-products, and 
system failure under variable salinity conditions. 

The monitoring phase introduces 
performance evaluation indicators such as 
treatment efficiency, operational stability, and 
regulatory compliance consistency. 

Finally, the closure phase includes 
certification procedures, environmental impact 
assessment, and reflection on system 
performance within the context of sustainable 
shipping operations. 

This structured case enables learners to 
engage with real engineering constraints while 
simultaneously developing sustainability-
oriented decision-making competencies. 

5. Discussion  

The findings demonstrate that project-

oriented eco-innovation learning significantly 

enhances the development of integrated 

sustainability competencies in maritime 

education. 

Compared with traditional lecture-based 

approaches, the proposed model promotes 

active cognitive engagement and problem-

solving under realistic operational constraints, 

which is consistent with the principles of 

Education for Sustainable Development [2]. 
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Students are required to operate within 

regulatory, environmental, and technical 

limitations reflecting real maritime industry 

conditions, particularly those defined by 

international environmental governance 

frameworks [1,4]. 

A key advantage of the model is its ability to 

bridge engineering decision-making with 

environmental compliance requirements. This 

integration is essential in modern shipping, 

where operational decisions must align with 

strict international regulations such as the IMO 

Ballast Water Management Convention [4]. The 

competency-based structure of the model also 

aligns with contemporary project management 

standards emphasizing lifecycle thinking, 

stakeholder coordination, and risk-informed 

decision-making [3]. 

The inclusion of ballast water treatment 

systems (BWTS) as a real industrial eco-

innovation case increases authenticity and 

improves learner engagement. It also 

strengthens systems thinking by exposing 

students to multi-layered interactions between 

technological performance, environmental 

impact, and regulatory compliance [5]. In 

particular, students develop the ability to 

evaluate trade-offs between treatment 

efficiency, energy consumption, and operational 

feasibility, which is critical for sustainable 

maritime operations. 

However, the model has certain limitations. 

Its effectiveness depends on access to realistic 

industrial case studies and may require 

adaptation in institutions without direct 

cooperation with maritime technology providers. 

Additionally, further empirical validation is 

required across larger cohorts and different 

maritime education contexts to generalize the 

findings [2,3]. 

6. Conclusions   

Project-oriented management of eco-

innovation provides an effective methodological 

basis for developing sustainability competencies 

in maritime education. 

The integration of ballast water treatment 

systems as a case study enables practical 

understanding of environmental technologies in 

operational contexts [4,5]. 

The proposed framework can be extended to 

other maritime eco-innovations, including 

exhaust gas cleaning systems and alternative 

fuels. 

Overall, competency-based and project-

oriented approaches are essential for preparing 

future maritime professionals for sustainable 

industry transformation. 
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Abstract . This STEM project aims to raise 
awareness about clean water preservation and 
purification.  Selected as one of the 11 delegates 
to represent Turkey at the European Science on 
Stage festival in Lithuania (2026), the project 
empowers students as óWater Ambassadorsô. 

Using a biomimicry approach inspired by 
mangrove trees, students designed purification 
systems via Tinkercad   and conducted 
experiments. 

Results were evaluated using artificial 
intelligence, while learning was reinforced 
through Scratch   and Canva games. 

This interdisciplinary study aligns Grade 3 
Science outcomes with Sustainable 
Development Goals   fostering environmental 
responsibility and scientific inquiry. 

Keywords.  Artificial intelligence, Biomimicry, 

STEM education, Water purification. 

1. Introduction  

Access to clean water is a critical global 
challenge [1]. This project was developed to 
transform primary school students into "Water 
Ambassadors" by fostering environmental 
awareness through scientific methodology. 

The project gained international recognition 
by being selected as one of the 11 projects 
representing Turkey at the European Science on 
Stage festival in Klaipǟda, Lithuania [3]. 

This recognition underscores the 
effectiveness of the integrated STEM model in 
addressing real-world environmental problems 
[1,6]. 

 

Figure  1. The "Hidro Kids" team and project 
overview  

2. Theoretical Framework and Inspiration  

The project began with the literature-based 
inquiry of the book "The Water Princess"[1]. 

 Students analyzed Princess Lilyôs struggle to 
access clean water, linking the narrative to the 
United Nations Sustainable Development Goals 
(SDG 6: Clean Water and Sanitation) [7]. 

This empathetic start motivated students to 
research the harms of dirty water and the 
necessity of sustainable water management 
[1,7]. 

 

Figure  2. Princess Lily's story and its connection 
to the Sustainable Development Goal s 
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3. Methodology and Application  

The study was structured around the Grade 3 
Science curriculum outcome: "Explains water 
purification methods" [6]. 

In collaboration with the TEMA Water 
Brotherhood Project [2], students explored the 
journey of water to their homes and understood 
the importance of conservation. 

 

Figure 3. TEMA Water Brotherhood project, 
biomimicry research on mangroves, and the 

water purification experimen t 

3.1. Biomimicry and 3D Design  

Students utilized a biomimicry approach by 
researching how mangrove trees naturally filter 
salt and impurities from water.  

Based on these biological models, students 
created 3D designs for their own purification 
systems using Tinkercad [4]. 

 

Figure 4. 3D designs for clean water purification 
using Tinkercad and the transition to 

experiments  

 

Figure 5. Implementation of the water 
purification experiment and testing of different 

material proportions  

3.2. Technology Integration and A I 

The transition from design to physical 
experiment involved testing various material 
proportions.  

The efficiency of the filtered water was 
evaluated using AI-based tools.  

To solidify the learning process, students 
designed interactive educational games using 
Canva and Scratch [5]. 

 

Figure 6. Evaluation of water purification results 
using artificial intelligence  
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Figure 7. Reinforcing learning through 
educational games designed with Canva and 

Scratch platforms  

 

4. Conclusion  

Through the motto "We are the water 

ambassadors, the guardians of this water," 

students developed significant problem-solving 

and research skills.  

The project's representation at the Science 

on Stage festival [3] demonstrates that early 

childhood STEM education can effectively 

address complex global issues by combining 

nature-inspired engineering with modern 

technology [1,4]. 
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Abstract . The expansion of the Asian tiger 
mosquito, Aedes albopictus, in Portugal 
represents a significant challenge for public 
health and environmental management in urban 
and peri-urban contexts. The response to this 
problem must be based on scientific evidence 
and principles of applied ecology. The species' 
reproduction is linked to water, particularly 
stagnant water, with its eggs being deposited on 
the walls of containers above and near the 
water's surface. However, it is necessary to 
clearly distinguish between artificial water 
containers, which constitute preferred breeding 
grounds for the species, and natural or 
constructed ponds, due to their ecological and 
educational value. Although some stagnant 
water bodies may favor the presence of 
mosquitoes, biodiverse and ecologically 
structured ponds play a role in biological 
regulation, supporting communities of natural 
predators and associated organisms that 
integrate complex trophic networks, ensuring 
controlled breeding conditions for these species. 
At the same time, these habitats constitute high-
potential educational resources and can be used 
as living laboratories in school settings. Its 
preservation allows for the integration of 
biodiversity conservation, environmental 
education, and ecological monitoring, while its 
destruction can compromise important 
ecological and educational functions. 

Keywords.  Aedes albopictus, ponds, urban 
ecology, living laboratory, environmental 
education, biodiversity, vector control. 

1. Introduction  

The presence and expansion of Aedes 
albopictus in Portuguese territory have 
reinforced the need for entomological 
surveillance, appropriate management of 
stagnant water, and environmental literacy. This 
species, frequently referred to as the tiger 
mosquito, constitutes a relevant public health 
vector, and its expansion is strongly associated 
with the occupation of environments altered by 
human activity, especially in urban and peri-
urban areas. However, combating this species 
requires conceptual rigor. Not all accumulated 
water has the same ecological meaning or the 
same management value. An abandoned 
container, a tire, an obstructed gutter, or an 
urban tank have very different functions and 
dynamics from a naturalized pond with 
vegetation, predators, macroinvertebrates, and 
stable aquatic communities. Therefore, the 
mosquito control approach cannot be reduced to 
the indiscriminate elimination of any water body, 
risking the confusion of sanitary problems with 
valuable ecological habitats [1][2][3][4][5][6][7]. 

This chapter builds on the above distinction 
to defend a central idea: ponds should not be 
viewed as spaces to destroy, but as ecosystems 
to understand, conserve, and use 
pedagogically. In the school context, this 
function becomes even more relevant, as ponds 
can be transformed into living laboratories 
where real ecological processes are observed, 
scientific skills are developed, and a closer 
relationship between students and nature is 
fostered [2][3][7][8].  

2. Aedes albopictus  and its preferred 
habitat  

Aedes albopictus and its preferred habitat 
Aedes albopictus is a species with a strong 
association to small volumes of water 
accumulated in artificial containers. Used tires, 
plant saucers, domestic containers, cans, 
bottles, tanks, drains, and other urban micro-
habitats offer particularly favorable conditions 
for larval development, especially when the 
water is relatively stable and predation pressure 
is reduced [1][9][10]. 

Its ecological strategy is deeply linked to 
human proximity. It is a species adapted to 
modified environments, exploring fragmented 
spaces, temporary containers, and places with 
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water accumulation where monitoring is low. 
Females deposit their eggs on suitable surfaces 
above the water line, and these eggs can resist 
desiccation, which facilitates the species' 
survival during unfavorable periods [9][10]. 

This biological pattern explains why the most 
effective control measures must focus on 
artificial breeding sites and not on ponds with 
ecological value. The elimination of 
accumulated water in urban containers, waste 
management, and public education regarding 
the removal of domestic hotspots constitute 
priority measures in this context. What cannot 
be done is transferring this logic to all aquatic 
systems, as if any pond were automatically a 
sanitary problem [2][3][7][9][10]. 

3. Ponds as complex ecological habitats  

Ponds are small water bodies, either 
permanent or temporary, that hold high 
ecological relevance despite their reduced size. 
They are dynamic habitats whose biological 
composition depends on the hydroperiod, water 
quality, depth, vegetation, sun exposure, and 
the presence of predatory organisms [3][4] 
[5][6][7]. 

Unlike simple artificial containers, naturalized 
ponds can host a wide diversity of organisms, 
including algae, aquatic plants, 
macroinvertebrates, amphibians, reptiles, birds, 
and, in some cases, mammals. Many of these 
living beings depend entirely or partially on 
these habitats to survive, reproduce, or 
complete part of their life cycle. Their importance 
is, therefore, much greater than the physical 
space they occupy [3][6][7][11]. 

Ponds can also act as biodiversity refuges in 
fragmented landscapes and as ecological 
connection points between different habitats. In 
urban environments, they assume particular 
importance because they provide ecological 
continuity, promote biological diversity, and help 
maintain natural processes that might otherwise 
disappear [2][3][7][12]. 

4. Ecological functions and biological 
regulation  

Beyond the biodiversity they support, ponds 
perform significant ecological functions. They 
contribute to water retention, hydrological 
regulation, aquifer recharge, natural purification, 
and flood mitigation. In many cases, they act as 

small natural water management infrastructures, 
with positive effects at local and regional scales 
[3][7][12]. 

From a biological perspective, biodiverse 
ponds can also help in the regulation of insect 
populations, including species with vectorial 
potential. The presence of natural predators, 
such as odonate larvae, aquatic coleopterans, 
and amphibians, can reduce the probability of 
opportunistic organisms' proliferation. This does 
not mean that every pond eliminates 
mosquitoes, but rather that its ecological 
complexity tends to make the system less 
favorable to uncontrolled population explosions 
[1][4][6]. 

 

Figure 1. Predatory insect ( Odonata ) in the 
vegetation of a school pond. They act as 

biological barriers through the active predation 
of culicid larvae.  

It is precisely here that it becomes important 
not to oversimplify the relationship between 
stagnant water and mosquitoes. A balanced 
pond, with a functional biological community, is 
not the same as an artificial container without 
predators. Environmental management must 
recognize this difference and avoid interventions 
that destroy habitats with ecological value 
merely because they wrongly associate any 
stagnant water with a sanitary risk [2][3][6][7]. 

5. Ponds as living laboratories  

One of the most valuable aspects of ponds is 
their pedagogical potential. Their size, 
accessibility, and biological diversity make them 
ideal resources to be used as living laboratories 
in a school context. Unlike overly extensive or 
inaccessible environments, ponds allow for 
direct observation, simple sampling, systematic 
recording, and monitoring over time.  
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At school, a pond can serve to study various 
themes: life cycles, adaptation of living beings, 
food chains, biodiversity, water quality, 
relationships between abiotic factors and biota, 
ecological succession, and the impact of human 
action. Students can collect data, compare 
observations across different seasons, identify 
species, measure physicochemical parameters, 
and interpret results based on evidence [2][3][8]. 

 

Figure 2. Aquatic biodiversity monitoring activity 
functioning as a living laboratory . 

his type of learning is particularly powerful 
because it shifts the focus from abstract science 
to lived science. Instead of learning only from 
textbooks or images, students come into contact 
with real organisms, observe behaviors, 
formulate hypotheses, and participate in 
research processes. The pond thus becomes a 
space for knowledge construction, where theory 
and practice meet naturally [2][3][8]. 

6. The pond in the school and in the 

community  

The creation or maintenance of ponds in 

schools, gardens, educational centers, or 

community spaces is a strategy with multiple 

benefits. First, it allows the school to have a 

permanent ecological resource, available 

throughout the school year and capable of being 

integrated into different subjects. Second, it 

fosters students' regular contact with nature, 

something increasingly important in a context of 

growing urbanization and detachment from 

natural environments [3][2][8]. 

School ponds can be integrated into citizen 

science projects, biodiversity inventorying, 

ecological monitoring, and education for 

sustainability. Furthermore, they can involve 

teachers, students, municipal technicians, 

researchers, families, and local associations, 

creating a participation network around nature 

conservation [3][13]. 

At the same time, these spaces help change 

the social perception of ponds. Instead of being 

viewed as dirty, abandoned, or useless places, 

they are understood as living, useful, and 

educational habitats. This change in perspective 

is essential to promote a more mature and 

informed conservation culture. The school plays 

a decisive role here, because it can transform a 

small pond into a symbol of learning, science, 

and environmental citizenship [2][3][8]. 

 

Figure 3. Field class on aquatic ecosystems and 
awareness in the school grounds . 

7. Mosquito management and pond 

conservation  

The expansion of Aedes albopictus should 

not be used as an argument to eliminate 

ecologically relevant ponds. Effective vector 

control must focus on the true preferred 

breeding grounds of the species: artificial 

containers, small urban hotspots, water 

accumulated in bins, and poorly managed 

human structures. That is where intervention 

produces the greatest impact and the lowest 

ecological cost [1][9][10]. 

When there are ponds with clear biodiversity 

and ecological function, the response must be 

cautious and based on a diagnosis. The actual 

presence of larvae, the biological composition of 

the system, its environmental function, and its 

educational value must be evaluated before any 

intervention. Drainage or landfilling is only 

justified in very specific, properly substantiated 

situations [3][7]. 

Whenever necessary, selective measures 

should be prioritized, such as cleaning, 
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monitoring, vegetation management, correcting 

stagnant water in artificial containers, and, when 

applicable, using specific biological solutions. 

The guiding principle should be simple: combat 

the mosquito without destroying the valuable 

habitat, and protect the pond without ignoring 

public health [3][9][10][14]. 

8. Pedagogical application in the school 

context  

The use of ponds at school allows for the 
achievement of learning objectives that go far 
beyond the simple observation of living beings. 
These spaces enable the execution of field 
activities, research projects, laboratory 
experiments, and environmental awareness 
actions. They are, therefore, particularly 
effective instruments for developing scientific 
and social skills [2][3][8]. 

For example, a school pond can be used to: 

i) observe biodiversity at different times of 
the year [2][3] 

ii) compare ponds with different 
characteristics [3][4][5] 

iii) study the relationship between light, 
temperature, vegetation, and biological 
diversity [4][5][6] 

iv) analyze water quality [2][3] 

v) discuss the presence or absence of 
specific groups of organisms [3][6][11] 

vi) understand conservation and 
sustainable management strategies 
[3][7][13]. 

These activities favor the development of 
skills in observation, recording, comparison, 
interpretation, and scientific communication. At 
the same time, they stimulate critical thinking 
and a sense of environmental responsibility. The 
student ceases to be merely a receiver of 
content and becomes an active researcher of a 
living system [2][3][8]. 

 

Figure 4. Workshop for teachers at the  
Eco-Schools Seminar in Guimarães  

9. Ponds, science, and citizenship  

Ponds can also be used as a starting point for 
citizen science projects and for involving the 
school community in ecological inventory and 
monitoring initiatives. By recording species, 
tracking habitat evolution, and sharing data with 
the scientific or educational community, the 
school begins to produce useful knowledge 
beyond the classroom [3][13]. 

 

Figure 5. Citizen Science Action, guided by the 
Braga Ciência Viva Center, at the Sete Fontes 

park in Braga  

This dimension is particularly important 
because it connects learning to the territory and 
to collective responsibility. Pond monitoring 
helps to understand changes over time, identify 
threats, promote good practices, and develop a 
culture of informed participation. It is not just 
about teaching content, but about shaping 
citizens capable of reading the environment, 
interpreting ecological signs, and acting 
consciously [2][3][8][13]. 

In this sense, the pond is not just a 
pedagogical setting: it is a space of relationship 
between school, nature, and society. It is a place 
where one learns science, but also where one 
learns to care for the common world [2][3][7]. 
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10. Conclusion  

Ponds are habitats of high ecological, 
functional, and pedagogical value. Their 
importance lies not only in the biodiversity they 
support but also in their capacity to promote 
learning, observation, and active participation in 
a school context. When viewed as living 
laboratories, they become powerful instruments 
for environmental education and for bringing 
students closer to nature. 

In the case of Aedes albopictus control, it is 
essential to distinguish between artificial 
containers and biodiverse ponds. The fight 
against the mosquito must focus on 
opportunistic breeding grounds and poorly 
managed urban spaces, without resorting to the 
indiscriminate destruction of aquatic habitats 
with ecological and educational functions. Pond 
conservation is not an obstacle to vector control; 
it is part of an intelligent, balanced, and 
sustainable environmental strategy. 

Preserving ponds is, therefore, preserving 
biodiversity knowledge and educational 
opportunities. At school, these habitats can 
function as engines of learning and scientific 
citizenship, contributing to the formation of 
generations that are more aware of the 
importance of ecosystems and better prepared 
to protect them. 
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Abstract . There is need to strengthen the 
science content in Indian Television channels. 
At present the science content is very less in the 
private and government owned Indian television 
channel. There is very less numbers of 
weekly/daily science news emphasizing the 
Indian Science are available in Indian 
Television. The technical programmes like Tech 
Guru and others are focused majorly on latest 
technology of gadgets. To increase the general 
awareness about science happenings in daily 
life, the Vigyan Prasar, an autonomous 
institution under Department of Science and 
Technology, Government of India, started 
production of weekly science news in Hindi and 
English Languages since 2011. The news 
programmes are titled as ñScience Monitorò-in 
English and ñGyan Vigyanò-in Hindi languages.1 

The news was telecasted through the Indian 
government owned Loksabha Television 
Channel (LSTV) - channel of national repute 
from February 2011. After two years of 
successful telecast the news telecast was 
shifted to the Indian government owned 
Rajyasabha Television (RSTV) -channel of 
national repute. Since last 3 years the news was 
successful telecasting through the Rajyasabha 
Television (RSTV).   The news in addition to the 
telecast through RSTV also repackaged for 
telecast through the Doordarshan-India for the 
viewers residing in countries other than India.  In 
view of the treatment of the news have 
components of the television media angle of 
writing and voice over of the news. The news 
has main components includes the main news 
and happenings, in-depth stories, science 
express, meet the scientist, technology and 
innovations in various areas of science and 
technology.2 

The production agency after collecting news and 
happenings from various source feeds produces 
original scripts in both Hindi and English 
languages, the scripts were cross checked by 

the scientists at Vigyan Prasar for accuracy of 
content. The pre-telecast rough cut of the 
program is checked by the nominated experts in 
the field of science communication for accuracy 
of content going on air through news.3 The 
Rajyasabha Television (RSTV) in addition to 
telecast of the program also created youtube 
page and upload the news on the page for the 
viewers who missed the news while on air. In 
depth analysis of the news topics by 
classification into various areas of science, 
viewerôs response analysis received by emails 
and letters, youtube analytical responses, 
comparative study of other science 
news/content on other channels is the part of the 
current study.  In the past 5 years the news 
proved beneficial for the students, general public 
and various section of the society.4 The news 
program also used to produce a CD entitled as 
ñIndia Innovateò- which cover all major stories 
covered during a year. In the year 2015 which 
was celebrated by United Nations on Light and 
Light based Technologies, a 13 episodes series 
was produced on ñLight and Light based 
Technologyò (Prakash Kirno ka Rahasy) in Hindi 
language from the stories covered in the news 
program.5 The production of 13 episodes on 
Cutting Edge Technology from the stories 
covered in the news program was produced and 
telecast through Doordarshan-national. These 
approaches widen the reach to audience and 
make more usefulness of the covered stories. 
The shelf life of the news stories by making 
episodes from it increases to great extent, as the 
news stories now can be repeat telecast in mode 
of popular science program after extracting 
episodes from it. 

Keywords.  Loksabha Television Channel 
(LSTV), Rajyasabha Television (RSTV),Vigyan 
Prasar,Science Monitor, Gyan Vigyan. 

1. Introduction  

The news as per definition is a new 
information about recent events, happenings 
took place in the society. There are many 
channels which telecast news in Hindi, English 
and various regional languages. The major 
news channels include Aaj Tak, Zee news, 
NDTV news, Sahara news, CNBC-TV18, Times 
now, LSTV, RSTV. The regional language in 
which the news is being telecasting in India are 
Tamil, Telugu, Malayalam, Kannada, Marathi, 
Gujarati, Bengali, Oriya and Urdu. The basic 
objectives of television are providing 
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information, entertainment and education. The 
two new words infotainment and edutainment 
have evolved. These two words have common 
term entertainment. Hence the program is 
appreciable when it has basic thing of 
entertainment.6 The viewer generally watches 
the channels depending on the mood, interests 
and other requirements. The viewer developed 
the emotional involvements with the television 
channels in regular watching it.  The desire to 
obtain more and more information from 
television may be fulfilled by watching the 
informative programmes. The various 
information like news and current affairs, sports 
programmes, cookery and food related 
programmes, programmes based on 
environmental issues, science and technological 
innovations, discoveries, economic policies.  

The entertainment is the most important 
factor for which large number of people watches 
the television. The programmes include serials, 
soap opera, dramas and plays, comedy shows, 
musical programmes, game shows, chat shows, 
cartoons, fairy tales, horror shows, reality 
television shows.7  

The educational programmes play an 
important role in education. The education 
channel like Gyandarshan of Doordarshan, 
channels of Open University like Indira Gandhi 
Open University IGNOU, University Grant 
Commission UGC channel, kisan channel of 
Doordarshan are some important names in area 
of educational information. The social and health 
development programmes are getting more 
viewers since last 2-3 decades. Cultural and 
gender study programmes also have their own 
place among all these channels.  There are two 
broad formats of the television programmes i.e 
fiction and non-fiction programmes. The fiction 
programmes includes the imagination and 
dramatization of the stories. The non-fiction 
programmes on television generally depend on 
the information regarding various events that 
take place in our surroundings along with the 
incorporation of education on contemporary 
issues. The news bulletin essentially based on 
the summary of the news stories in order of 
importance and interests.8 

 The Vigyan Prasar, an autonomous 
institution under Department of Science and 
Technology, Government of India, started 
production of weekly science news in Hindi and 
English Languages since 2011. The news 

programms are titled as ñScience Monitorò-in 
English and ñGyan Vigyanò-in Hindi languages 
on RSTV (Rajya Sabha Television). The news is 
also being telecast on DD-India as ñScience this 
weekò. 

Some basic rules for the news for television 
are followed while production of the news 
program. These basic rules include clarity, 
Brevity, Conversational, Time Reference and 
Active Voice.  

Clarity : The first rule of TV news is that the 
story must be clear at once. Unlike the reader 
the viewer have no second chance to go over 
the material. A person who writes the science 
articles for the popular magazines must able to 
translate the complicated scientific jargon into 
the general readerôs language, the writer of TV 
news must be able to make complicated stories 
simple. In short the understanding of TV news 
must be immediate. Hence it is well said that 
ñnever underestimate the viewerôs intelligence or 
over estimates their knowledge.ò The average 
acceptable words per sentence in TV copy are 
13 to 14.9   

Brevity : Sentence need to be not only simple 
but short also. As the news reader can easily 
read short sentence in comparison to longer 
ones. Viewer also can follow short sentence 
more easily as compared to longer ones.  

Conversational : TV newswriters use words 
of daily uses, the language of conversation.  

Time reference : The element of immediacy 
is biggest assets of the TV medium in reporting 
news. Every effort should be made to include up-
to-date reports and to write copy in a manner 
that sounds fresh and timely.  

Active Voice : The passive voice is avoided 
in TV news. It is important to keep action in the 
verb. 

2. Methodology  

All papers should be written in English and 
must have between three and twelve pages 
long , and arranged in the following order: The 
sources of the main sources of news used 
include the satellite/microwave video feed 
services and syndicated video coverage. The 
primary sources of news on TV are the news 
wire services such as Press Trust of India (PTI) 
and United News of India (UNI) among other 
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agencies. Still photographs transmitted by the 
facsimile wire services are also used on the 
television, especially for the late breaking stories 
for which moving pictures are not available. The 
satellite/microwave video feed is televisionôs 
own unique version of wire service. It is 
electronic transmission of the news stories 
originally recorded on film or video and sent by 
closed circuit microwave or through satellite to 
subscriber who record it on their own tape and 
then decide which stories to use for inclusion in 
the Science Monitor and science this week 
news. The advance planning for news 
production enables the producer for shooting 
location selection, research on news topic, 
communications regarding shooting etc. After 
the final of news to be incorporated in the news 
script writing is done through the science 
communicator cum script writer. The scripts in 
both Hindi and English languages are checked 
by the Scientist and Media personnel for the 
accuracy of science content and television 
language respectively. The finalization of script 
will be followed by the professional voice over 
artist voice over. The shooting of the anchor take 
place in the studio. Now at the editing table the 
whole story builds up by the video editor which 
includes shooting at news places, voice over of 
artists, stock shots, related visuals, anchor shots 
in between, important tag line in news, byte 
inclusion. The stories then compiled to get the 
news package of 24-27 minutes duration with 
one break. At the end of news, the anchor 
announces the Vigyan Prasar address, email id 
for the feedback of the viewer. After actual 
telecast the RSTV upload the news on its 
YouTube page. Analysis of numbers of viewer 
on YouTube, Email received is performed as 
impact study.  

The news is being telecasted through the 
Indian government owned Loksabha Television 
Channel (LSTV) - channel of national repute 
from February 2011. After two years of 
successful telecast the news telecast was 
shifted to the Indian government owned 
Rajyasabha Television (RSTV) - channel of 
national repute. Since last 3 years the news was 
successful telecasting through the Rajyasabha 
Television (RSTV).10 In view of the treatment of 
the news have components of the television 
media angle of writing and voice over of the 
news. The news was produced through hired 
production agency M/S Credence Media 
Solutions Pvt Ltd, New Delhi as per Government 
of India (GOI) norms and currently news is being 

produced by it for Vigyan Prasar. The news have 
main components includes the main news and 
happenings, in-depth stories, science express, 
meet the scientist, technology and innovations in 
various areas of science and technology. The 
production agency after collecting news and 
happenings from various source feeds produces 
original scripts in both Hindi and English 
languages, the scripts were cross checked by 
the scientists at Vigyan Prasar for accuracy of 
content. The pre-telecast rough cut of the 
program is checked by the nominated experts in 
the field of science communication for accuracy 
of content going on air through news. The 
Rajyasabha Television (RSTV) in addition to 
telecast of the program also created youtube 
page and upload the news on this pages for the 
viewers who missed the news while on air.11 

3. Results  

Table 1. The news coverage percent analysis 
study in 5 years  

News Subject Number 

of news 

% 

analysis 

wild life 57 6.27 

space research 120 13.2 

Health 141 15.51 

Astronomy 51 5.61 

current news 56 6.16 

Biography 53 5.83 

Eco tour 9 0.99 

climate Change 33 3.63 

Themed 74 8.14 

Science communication 111 12.21 

Career 32 3.52 

Nuclear Energy 9 0.99 

Disaster 20 2.20 

Application of Science and 
Technology 

70 7.70 

Conservation 33 3.63 

Renewable energy 28 3.08 

Weather 12 1.32 

 909 100 
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Figure 1. Different subject area covered in news  

 

Table 2. Showing details of In -Depth stories 
covered from 24th February 2012  

to 16th July 2016  

Subject Title Numbers Subject wise % of 
In-depth 

Biology 12 11.88 

Chemistry 2 1.95 

Space 16 15.94 

Physics 10 9.96 

Mathematics 1 0.99 

Health 26 25.74 

General Science 15 14.86 

Environment 17 16.83 

Information 
Technology 

1 0.95 

Biography 1 0.9 

 101 100 

4. YouTube analytical report  

The news program in Gyan Vigyan in Hindi 
and Science Monitor in English is uploaded on 
RSTV YouTube page for post telecast viewers. 
The viewers gave good response on YouTube. 
The engagement of social platform like YouTube 
proven additional impact along with the 
television due to availability all time, ease of 
surfing news, can be seen by any device even 
mobile phones too, can be seen in oneôs own 
language as translated version.12  

The You Tube analytical report revealed the 
watch time (minutes), Views, Average Percent 
views, Average View Duration, Geographical 
locations, translation views, device used by the 
viewers, view with subtitles for both Gyan 
Vigyan and Science Monitor.  

Here the comparative analysis is performed 
for both programs Gyan Vigyan and Science 
Monitor. As the programs in two different 
languages the comparison study reveals many 
facts and results about the news programs, their 
national and international impacts, viewers 
using various devices to watch the programs.13 

Table 3.  (after the References)  

 

5. Key Editorial Shifts and Trends  
(Last 3 Years)  

The "Shorts" Explosion : Traditional 30-
minute weekly science news roundups on digital 
platforms have largely migrated toward a hybrid 
format. Creators now split weekly news into daily 
60-second vertical shorts, backed up by one 
detailed weekend long-form breakdown. 

Nationalism in Science : Since major 
milestones like Chandrayaan-3 and the Aditya-
L1 solar mission, audience demand for news 
concerning ISRO, indigenous defense tech 
(DRDO), and Indian deep-tech startups has 
surged dramatically over global science news. 

Language Dominance : Hindi and regional 
language science communication vastly 
outperforms English-only channels in India, 
driving the democratization of science news in 
Tier-2 and Tier-3 cities.14. 

Comparison of Various laboratories of CSIR, 
ICMR, Space science and others for highlighting 
science contents:  
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The following comparison table evaluates 
how different government entities highlight 
science content across digital, broadcast, and 
print media.15 

Table 4 ï (after the References)  

For Written & Institutional Content: CSIR -
NIScPR highlights the largest volume of diverse 
science topics. Because CSIR covers 
everything from aerospace and oceanography 
to genomics and metallurgy, NIScPR processes 
and highlights a massive stream of multi-
disciplinary Indian research. 

For Video Content & Mass Reach: ISRO  
leads exponentially in audience engagement 
and visual storytelling, while DSTôs India 
Science  platform produces the highest volume 
of strictly scheduled weekly and daily science 
video programming.16 

Science video content acts as a cognitive 
bridge, translating raw data and complex, 
abstract theories into dynamic visual narratives. 
Its importance varies fundamentally depending 
on who is watching. 

Here is how science video content serves 
three distinct audiences: 

5.1. 1. For Students: The Classroom 

Catalyst  

For students, abstract textbook formulas can 

feel completely detached from reality. Video 

content makes the invisible visible. 

Visualizing Abstract Concepts:  Videos can 

animate things that cannot be seen with the 

naked eyeðsuch as a strand of DNA replicating, 

chemical bonds breaking, or the curvature of 

spacetime. 

Enhancing Retention and Motivation:  

According to educational research, multimedia 

learning activates both visual and auditory 

processing channels simultaneously (Dual-

coding theory), which significantly improves 

memory retention compared to reading text 

alone. 

Democratic Access to High -Quality 

Education:  A student in a remote Indian village 

with an internet connection can watch the same 

high-level breakdown of astrophysics or 

biotechnology as a student in an elite urban 

school, leveling the educational playing field. 

5.1. 2. For the Common Man: The Shield 

Against Misinformation  

For the general public, science video content 

is not about passing an examðit is about 

navigating daily life and building a scientific 

temper (critical thinking). 

Democratizing Complex Knowledge : Good 

science videos bypass heavy academic jargon, 

translating breakthroughs into clear, everyday 

language that connects to daily life (e.g., how 

vaccines work, the impact of climate change on 

local weather, or how AI affects job security). 

Combating Fake News and "WhatsApp 

University" : In an era where pseudoscientific 

health myths and conspiracy theories spread 

rapidly, engaging, evidence-based video 

content acts as a factual antidote. Humans are 

visually driven; a debunking video with visual 

proof is vastly more convincing to a layperson 

than a text-heavy fact-checking article. 

Empowering Personal Decision -Making:  

Whether evaluating dietary choices, 

understanding public health guidelines, or 

making smart consumer tech purchases, video 

content equips citizens to make data-driven 

personal choices.17 

5.1. 3. For Policy Makers: The Evidence -

Based Guide  

Policy makers rarely have the time to read 

50-page academic peer-reviewed papers. They 

require concise, high-impact, actionable insights 

to draft legislation.  

Bridging the Science -Policy Gap:  Short, 

highly structured briefings or video explainers 

allow scientists to deliver evidence-based data 

directly to lawmakers, ensuring that public policy 

(on environment, healthcare, or technology) is 

grounded in reality. 

Gauging Public Sentiment:  High-

engagement public science videos help policy 

makers understand what scientific issues the 

public cares about, where public anxieties lie 

(e.g., fears surrounding GMOs or nuclear 
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energy), and where public education campaigns 

are needed. 

Justifying Public Funding:  When 

government laboratories (like ISRO or CSIR) 

visually broadcast their breakthroughs, it builds 

public trust and national pride. This visual 

accountability makes it easier for policy makers 

to justify allocating taxpayer money to long-term 

scientific research. 

Table 5. (after the References)  

For Written & Institutional Content: CSIR -

NIScPR highlights the largest volume of diverse 

science topics. Beca 

6. Summary and Conclusion  

An analysis of the 909 stories (100%) 
disseminated during the study period reveals 
that the highest proportion of coverage was 
devoted to Health, accounting for 141 stories 
(15.51%), followed by Space Research with 120 
stories (13.20%), and Science Communication 
with 111 stories (12.21%). The remaining stories 
were distributed across various other scientific 
and technological domains, reflecting the 
diverse spectrum of science communication 
activities undertaken during the period. 

The predominance of health-related stories 
underscores the growing importance of public 
health issues in India. Increasing environmental 
pollution, recurring natural disasters and 
hazards, emerging and re-emerging infectious 
diseases, as well as recent epidemic and 
pandemic experiences, have heightened public 
interest in health and healthcare-related 
information. Consequently, health emerged as 
the most frequently reported subject area, 
highlighting its relevance to both policymakers 
and the general public. 

The substantial coverage of space research 
reflects India's remarkable achievements in the 
field of space science and technology. Major 
milestones, missions, and technological 
advancements by the Indian space sector 
attracted significant media attention and public 
engagement during the study period. These 
achievements not only enhanced national pride 
but also stimulated wider interest in science and 
innovation among citizens. 

The strong representation of science 
communication stories indicates sustained 

efforts to promote scientific awareness, 
disseminate research outcomes, and foster a 
scientific temper among the public. Overall, the 
distribution of stories suggests that topics with 
direct societal impact, national significance, and 
public relevance received the greatest attention. 
The findings demonstrate the crucial role of 
science communication in connecting scientific 
developments with society and in enhancing 
public understanding of contemporary scientific 
issues. 
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Table 3. India Weekly Science News & Science  

 
Channel / Program  Sector / 

Type  

Avg. Weekly 

Content Format  

Primary Focus 

Area  

Est. Avg. 

Weekly Views / 

Reach (Last 3 

Years)  

Subscriber / 

Audience Base 

(As of 2026)  

India  Science  (DST / Vigyan 

Prasar) 

Government 

(OTT & 

Internet TV) 

Daily & Weekly 

video bulletins, 

expert interviews 

Indian lab 

breakthroughs, 

space missions 

(ISRO), national 

S&T policies 

300K - 500K 

digital views 

weekly 

Multichannel 

OTT apps & web 

platform 

DD Science  (Doordarshan 

National) 

Government 

(Public TV 

Broadcast) 

1-hour daily slot 

(Mon-Sat), weekly 

news roundups 

Documentaries, 

institutional 

walkthroughs, rural 

science outreach 

2M - 5M linear 

TV viewers 

Pan-India 

terrestrial & DTH 

network (92% 

population 

reach) 

Antariksh  TV (by Kaushik 

Bhattacharjee) 

Independent 

(YouTube) 

1-2 videos per 

week, regular shorts 

Astronomy, space 

exploration news, 

ISRO/NASA 

updates 

1.5M - 3M 

views weekly 

~5.3 Million 

subscribers 

Gaurav  Thakur  

(GetsetflySCIENCE) 

Independent 

(YouTube) 

2-3 highly produced 

weekly videos 

Theoretical physics, 

futuristic tech, 

space anomalies, 

general science 

2.5M - 4M 

views weekly 

~6.5 Million 

subscribers 

Indian  Scientist  
Independent 

(YouTube) 

Multi-weekly 

uploads and shorts 

Emerging 

technology, deep-

space news, daily 

science facts 

1M - 1.8M 

views weekly 

~2.2 Million 

subscribers 

Khan  GS Research  Centre  

(Science/Geopolitics 

segments) 

Independent 

(YouTube) 

Weekly deep-dives 

on defense tech, 

space, and core 

science 

Geopolitical 

technology, space 

missions, weapon 

systems physics 

5M - 10M views 

per science-

focused video 

~26.5 Million 

subscribers 
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Table 4. Indian Government Entities Highlighting Science Content  

 
Government Entity / Lab  Primary Medium  Target Audience  How Content is 

Highlighted  

Key Strengths & Content 

Focus  

CSIR-NIScPR 

(National Institute of Science 

Communication and Policy 

Research) 

Print, Digital 

Journals, & 

Popular 

Magazines 

Academics, 

Students, and the 

General Public 

Publishes iconic 

monthly magazines 

like Science Reporter 

(English) and Vigyan 

Pragati (Hindi), 

alongside open-access 

research journals. 

The Policy  & Print  

Champion:   

Excellent at converting 

complex lab research across 

all 37+ CSIR laboratories 

into structured, readable 

articles and newsletters. 

ISRO 

(Indian Space Research 

Organisation) 

Live Streaming, 

YouTube, & Social 

Media 

Mass Global & 

National Public, 

Students 

High-profile live 

broadcasts of rocket 

launches, space 

mission tracking 

animations, and deep-

dive technical 

infographics. 

The Mass Engagement  

Leader:   

Commands the highest 

digital traction. Captivates 

the public imagination 

through milestone events 

(e.g., Chandrayaan, 

Gaganyaan) and real-time 

mission updates. 

India  Science  / DST 

(Department of Science & 

Technology) 

OTT Platform, 

YouTube, & Web 

Video 

Rural & Urban 

Students, Civil 

Services Aspirants 

Dedicated 24/7 

internet 

communication 

channel broadcasting 

weekly documentaries, 

lab walkthroughs, and 

interviews with Indian 

scientists. 

The Video  Pioneer:  

Created as Indiaôs primary 

web-TV platform for science. 

Covers grassroots 

innovations, government 

fellowships, and laboratory 

breakthroughs outside of 

space science. 

ICMR 

(Indian Council of Medical 

Research) 

Public Advisories, 

Digital Portals, & 

Press Briefings 

Healthcare 

Professionals, 

General Public 

Focuses on medical 

health graphics, 

disease prevention 

explainers, epidemic 

bulletins, and open-

access healthcare 

data repositories. 

The Public  Health  

Authority:   

Translates clinical trial data, 

vaccine developments, and 

bio-medical research into 

highly critical, easily 

digestible public safety 

guidelines. 

 
 

Table 5. Indian Government Entities Highlighting Science Content  

 
Audience  Primary Barrier to Science  How Video Resolves It  Ultimate Outcome  

Students  
Boredom / Difficulty visualizing 

abstract theories 

Animates concepts & engages 

multiple senses 

Academic excellence 

& inspiration for STEM 

careers 

Common  Men 
Academic jargon & 

overwhelming misinformation 

Replaces jargon with storytelling & 

visual proof 

Scientific literacy & 

rational daily decision-

making 

Policy  Makers  
Lack of time to digest massive 

research papers 

Compresses data into high-impact, 

actionable summaries 

Evidence-based laws 

& smarter budget 

allocation 
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Abstract . The article examines the problem of 
personalized education of students in the 
conditions of digitization of education and 
introduction of artificial intelligence. The 
relevance is due to the transition from the 
traditional unified model of education to 
individualized and adaptive educational 
systems. A theoretical analysis of the 
personalization of learning, digitalization of 
education and the use of AI was carried out. It 
was determined that personalized learning is 
based on a combination of a person-oriented 
approach, digital technologies and educational 
analytics. The role of artificial intelligence in the 
analysis of educational data, prediction of 
results and formation of individual 
recommendations is revealed. The capabilities 
of digital platforms and LMS in providing a 
flexible educational process are considered. 
Pedagogical conditions for the effective 
implementation of personalization and the main 
challenges of AI implementation have been 
determined. A conclusion was made about the 
prospects of personalized training for improving 
the quality of education and developing 
students' competencies. 

Keywords.  personalized training, artificial 
intelligence, digitization of education, adaptive 
educational technologies. 

1. Relevance of the research  

The rapid development of digital technologies 
and the active implementation of artificial 
intelligence systems in all spheres of social life 
lead to significant transformations of the 
educational environment. The modern stage of 
education development is characterized by the 
transition from the traditional model of education 
to innovative approaches focused on the needs, 
opportunities, and individual characteristics of 
those seeking education. In these conditions, 
the problem of personalized education of 
students becomes especially relevant, which 
involves adapting the educational process to 
individual educational needs, level of training, 
pace of knowledge acquisition, learning style 
and professional interests of each student. 

Digitization of education has become one of 
the key directions of modernization of 
educational systems in many countries of the 
world. The use of digital platforms, electronic 
educational resources, learning management 
systems, cloud services and means of remote 
interaction creates new opportunities for 
organizing the educational process. At the same 
time, a significant volume of information, a 
variety of educational resources and the need 
for an individual approach to students require 
the use of more effective learning management 
mechanisms, among which artificial intelligence 
technologies occupy an important place.Today, 
artificial intelligence is considered not only as a 
tool for automating certain processes, but also 
as a powerful means of supporting decision-
making in educational activities. Thanks to the 
ability to analyze large data sets, identify 
patterns and predict learning outcomes, artificial 
intelligence systems can ensure the adaptation 
of educational content to the individual 
characteristics of students, form personalized 
recommendations regarding the educational 
trajectory, identify educational difficulties in a 
timely manner and offer ways to overcome 
them. As a result, prerequisites are created for 
increasing the effectiveness of learning, 
developing student independence, and 
improving the quality of educational results. 

The problem of personalized training 
becomes especially relevant in the conditions of 
modern socio-economic challenges associated 
with rapid changes in the labor market and the 
growth of requirements for the professional 
competencies of future specialists. Employers 
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increasingly need specialists who can quickly 
adapt to new conditions, master modern 
technologies, work with information and 
constantly update their knowledge. Traditional 
approaches to education do not always ensure 
the formation of such competencies in a 
sufficient amount, which actualizes the need to 
find new educational models based on the 
principles of individualization and flexibility. 

An important factor in the relevance of 
research is also the growing role of mixed and 
distance learning. The events of recent years 
have demonstrated the need to ensure the 
continuity of the educational process regardless 
of external circumstances. The use of digital 
technologies made it possible to support 
education in the conditions of a pandemic, 
martial law and other crisis situations. However, 
the mass implementation of distance education 
revealed a number of problems related to 
insufficient motivation of students, the difficulty 
of monitoring their educational activities, and 
limited opportunities for individual support. That 
is why the use of artificial intelligence tools to 
create a personalized educational environment 
is becoming one of the promising areas of 
modern education development. 

Personalization of learning with the help of 
artificial intelligence technologies opens up new 
opportunities for increasing the level of student 
involvement in the educational process. 
Adaptive educational systems are able to take 
into account the individual level of knowledge, 
the style of information perception and 
educational achievements of education seekers, 
offering the most effective forms of presentation 
of educational material. This contributes to 
increasing motivation to study, developing self-
education skills, and forming responsibility for 
one's own educational trajectory. 

At the same time, the wide implementation of 
artificial intelligence in educational practice 
gives rise to a number of new challenges and 
problems that require scientific understanding. 
Among them, the issues of ensuring academic 
integrity, protecting students' personal data, 
ethical use of artificial intelligence algorithms, 
preserving the role of the teacher in the 
educational process, and preventing excessive 
dependence on digital technologies attract 
special attention.Solving these issues is a 
necessary condition for the effective and safe 
use of intelligent systems in the field of 

education. 

An equally important aspect is the need to 
prepare pedagogical workers to work in the 
conditions of digital transformation of education. 
The effective use of artificial intelligence tools 
requires new digital competencies from 
teachers, the ability to integrate modern 
technologies into the educational process and 
provide pedagogical support for personalized 
learning. Therefore, the study of the features of 
the application of artificial intelligence in 
educational activities is of important practical 
importance for improving the professional 
training of pedagogical personnel. 

The topicality of the topic is also determined 
by the strategic directions of education 
development in Ukraine and the world, which 
provide for the digital transformation of the 
educational sphere, improving the quality of 
educational services, developing innovative 
learning technologies and creating conditions for 
the realization of the individual potential of each 
student. In the context of the integration of 
Ukrainian education into the European 
educational space, the implementation of 
modern approaches to the organization of 
education, which meet international standards 
and contribute to the formation of competitive 
specialists, is of particular importance.  

2. The degree of scientific development 
of the problem  

The problem of personalization of learning 
has been the subject of scientific research in 
pedagogy, psychology and educational 
technologies for a long time. The theoretical 
foundations of individualization and personally 
oriented education were developed in the works 
of such scientists as I. Beh, O. Savchenko, S. 
Sysoeva who substantiated the need to take into 
account the individual characteristics of 
education seekers, their needs, abilities and 
educational requests. The concept of person-
oriented education, developed by I. Bech and I. 
Yakymanska, became an important foundation 
for the formation of modern approaches to 
personalized education. 

Foreign researchers C. Bray, H. McCluskey, 
B. Patrick, M. Horn and K. Christensen made a 
significant contribution to the development of the 
theory of personalized learning. In their works, 
personalized learning is considered as an 
educational model that ensures adaptation of 
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the content, pace and methods of learning to the 
individual needs of each student. Special 
attention is paid to the construction of individual 
educational trajectories and the creation of 
conditions for the development of the autonomy 
of education seekers. 

Theoretical and practical aspects of 
digitalization of education were studied in the 
works of V. Bykova, .R. Gurevicha, M. Kademii 
and other scientists. Scientists considered the 
introduction of information and communication 
technologies into the educational process, the 
formation of digital competence of participants in 
the educational process, the development of 
electronic and distance learning, as well as the 
creation of a digital educational environment of 
educational institutions. In particular, V.Bykov 
paid considerable attention to the conceptual 
foundations of the digital transformation of 
education and the development of open 
educational systems. 

A separate direction of modern research is 
related to the use of artificial intelligence 
technologies in education. A significant 
contribution to the study of this issue was made 
by R. Lucky, V. Holmes, U. Holmes, M. 
Tuominen, R. Baker, K. Dwedi and other 
researchers. Their works highlight the 
possibilities of using artificial intelligence to 
create adaptive learning systems, automated 
knowledge assessment, educational data 
analysis, and pedagogical decision-making 
support. Scientists pay special attention to the 
use of intelligent algorithms to personalize the 
educational process and increase the 
effectiveness of training. 

The problems of introducing artificial 
intelligence into educational practice are being 
actively investigated by international 
organizations and scientific centers. The 
analytical reports of UNESCO, the Organization 
for Economic Cooperation and Development 
(OECD), as well as the European Commission, 
which defined the prospects for the use of 
artificial intelligence in education and outlined 
the key ethical, social and pedagogical 
challenges of its application, became important 
for the development of this issue. 

At the same time, the analysis of scientific 
works shows that the majority of studies are 
devoted either to issues of digitization of 
education or to certain aspects of the use of 

artificial intelligence. Insufficient attention is paid 
to the comprehensive study of the mechanisms 
of personalization of education of students of 
higher education institutions based on intelligent 
digital technologies.Pedagogical conditions for 
the effective use of artificial intelligence for the 
formation of individual educational trajectories, 
the development of students' educational 
motivation, ensuring academic integrity and 
improving the digital competence of teachers 
require further research. 

3. The purpose of the study  

is the theoretical justification and analysis of 
the possibilities of personalized training of 
students in the conditions of digitalization of 
education and the introduction of artificial 
intelligence technologies, as well as the 
determination of its role in increasing the 
efficiency of the educational process, forming 
individual educational trajectories and 
developing the professional competences of 
students of higher education. 

4. Presentation of the material  

The current stage of the development of 
higher education is characterized by deep 
transformational processes caused by the 
digitalization of society, the rapid development 
of information and communication technologies, 
and the introduction of artificial intelligence 
systems into educational practice. In these 
conditions, the traditional model of education, 
based on a unified approach to all students, is 
gradually losing its effectiveness, giving way to 
more flexible and adaptive models of organizing 
the educational process. One of these models is 
personalized training, which involves taking into 
account the individual characteristics of the 
student, his educational needs, the rate of 
learning the material and professional interests. 

As noted by I. Beh, a person-oriented 
approach in education involves the creation of 
conditions for the development of the unique 
personality of the student of education, which 
becomes the basis for the formation of modern 
models of individualized education [2]. In this 
context, personalization is considered not only 
as a methodical approach, but as a holistic 
pedagogical paradigm that changes the role of 
the teacher and student in the educational 
process. The teacher increasingly performs the 
function of a tutor, mentor and facilitator of 
educational activities, while the student 
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becomes an active subject of his own 
educational trajectory. 

The development of education in the 
conditions of globalization and digital 
transformation requires a transition to innovative 
learning models capable of ensuring the 
formation of 21st century competencies. These 
competencies include critical thinking, digital 
literacy, self-education, communication and 
teamwork. It is personalized learning that 
creates the prerequisites for the development of 
these competencies, as it allows the educational 
process to be adapted to the individual 
educational trajectory of each student. 

Digitization of education significantly 
expands the possibilities of implementing 
personalized training. As V. Bykov notes, the 
formation of a digital educational environment 
involves the integration of various electronic 
resources, learning management platforms, 
cloud services and analytical systems that 
ensure the accumulation and processing of 
large arrays of educational data [3]. This creates 
the basis for the implementation of adaptive 
learning systems that can automatically adjust 
the learning content to the level of knowledge 
and needs of the student. 

The use of digital technologies in the 
educational process makes it possible to 
implement the principles of flexibility, 
accessibility and continuity of education. In 
particular, learning management systems 
(LMS), such as Moodle, Google Classroom or 
other platforms, provide the possibility of 
individual choice of learning pace, access to 
materials at any time and from any place, as well 
as constant feedback between the teacher and 
the student. This creates conditions for the 
transition from a reproductive model of learning 
to a constructivist one, where the student 
independently forms knowledge. 

A special role in the development of 
personalized learning is played by the concept 
of adaptive learning, which involves automatic 
adjustment of educational content in accordance 
with the results of the student's activity. In the 
works of B. Patrick, M. Horn and K. Christensen, 
it is noted that adaptive learning models allow to 
significantly increase 

the efficiency of knowledge acquisition, as 
they take into account the individual 
characteristics of the cognitive development of 

students and ensure the optimal complexity of 
educational tasks [8]. 

Learning analytics is also an important 
component of personalized learning, which 
allows you to monitor the learning activity of 
students, analyze their results, and predict 
possible learning difficulties. As noted by R. 
Baker, the use of educational analytics makes it 
possible to timely identify problem areas in 
learning the material and offer individual 
recommendations to overcome them [1]. 

Thus, the theoretical principles of 
personalized learning are based on a 
combination of a person-oriented approach, 
digital technologies and educational data 
analytics. This makes it possible to create a new 
model of the organization of the educational 
process, which is focused on the student as the 
central figure of the educational system. 

The development of artificial intelligence (AI) 
has significantly changed approaches to the 
organization of education, opening up new 
opportunities for the implementation of 
personalized educational trajectories. Unlike 
traditional digital technologies, which mostly 
provide access to educational materials, artificial 
intelligence systems are capable of analyzing 
students' learning behavior, predicting their 
results and forming individual recommendations 
for further learning. 

As noted by V. Holmes, M. Bialik, and K. 
Feidel, artificial intelligence in education 
performs three key functions: automation of 
educational processes, adaptation of 
educational content, and support for 
pedagogical decision-making.It is the last 
function that is the most important from the point 
of view of personalization, as it allows the 
teacher to receive analytical information about 
each student and quickly adjust the educational 
trajectory [5]. 

One of the most widespread areas of 
application of AI in education is adaptive 
learning systems. Such systems are based on 
machine learning algorithms that analyze 
students' answers, the speed of task completion, 
the number of errors and other parameters of 
educational activity. Based on this, an individual 
model of the student is formed, which is used to 
select the optimal level of difficulty of the 
educational material. 
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In particular, research by R. Baker in the field 
of educational data mining shows that the use of 
forecasting algorithms makes it possible to 
determine the risk of academic failure of 
students with high accuracy. This enables 
teachers to intervene in the educational process 
in a timely manner and provide additional 
support to those students who need it [1]. 

An important element of personalized 
learning is recommender systems that function 
based on the principle of analyzing the student's 
previous learning behavior and offer him the 
most relevant learning content. Such systems 
are widely used in modern online platforms, in 
particular in Coursera, edX and other massive 
open online courses. They allow you to create 
individual study routes, which significantly 
increases the efficiency of learning the material. 

As U. Holmes notes, artificial intelligence also 
contributes to the development of the concept of 
"intelligent learning environments" that are able 
to interact with the student in real time.Such 
systems can not only evaluate the correctness 
of tasks, but also explain errors, offer additional 
materials and adapt the difficulty of tasks 
according to the student's level of preparation 
[5]. 

The role of chatbots and virtual assistants, 
which are one of the most accessible tools of 
artificial intelligence in education, should be 
noted separately. They provide prompt support 
to students, answer questions, help navigate the 
educational material and perform the functions 
of a personal tutor. This is especially important 
in distance learning, when contact between the 
teacher and the student is limited. 

In addition, artificial intelligence systems 
allow automated assessment of educational 
achievements. Natural language processing and 
machine learning algorithms are capable of 
analyzing student writing, test assignments, and 
even creative projects. This significantly reduces 
the teacher's workload and provides a more 
objective assessment of learning outcomes. 

At the same time, the use of artificial 
intelligence in the educational process raises a 
number of debatable issues. As noted in the 
UNESCO reports, there are risks associated 
with excessive automation of learning, possible 
algorithmic biases and insufficient transparency 
of decision-making by AI systems. Therefore, it 
is important to ensure a balance between 

technological support of learning and 
maintaining the leading role of the teacher. 

Digitization of education has created 
fundamentally new conditions for the 
organization of the educational process, in 
which digital educational tools play a key role 
platforms and learning management systems 
(Learning Management Systems, LMS). They 
provide the technical basis for the 
implementation of personalized learning, as they 
allow the integration of educational materials, 
means of communication, assessment and 
analytics into a single educational environment. 

As V. Bykov notes, the digital educational 
environment is a complex system that combines 
technological, pedagogical and organizational 
components aimed at ensuring effective 
learning. In this environment, the student gets 
the opportunity to independently manage his 
own educational trajectory, choose the pace of 
learning, the level of difficulty of tasks and 
additional resources for studying the material 
[3]. 

The most common platform for organizing the 
educational process in institutions of higher 
education is Moodle, which allows you to 
implement elements of personalization through 
the setting of individual courses, testing, forums 
and a feedback system. Google Classroom, 
Microsoft Teams, and other digital environments 
that are actively used in blended and distance 
learning also provide similar opportunities. 

Blended learning is one of the most effective 
models of modern education, as it combines 
traditional classroom classes with online 
learning. As noted by M. Horn and K. 
Christensen, blended learning creates 
conditions for a more flexible organization of the 
educational process, where a student can 
master part of the material independently in the 
digital environment, and part of it in interaction 
with the teacher.In the context of personalized 
learning, the mixed model is of particular 
importance, as it allows combining the individual 
work of the student with collective forms of 
learning [6]. This ensures a balance between the 
autonomy of the learner and pedagogical 
support from the teacher. In addition, digital 
tools allow the teacher to monitor the progress 
of each student and adjust the learning process 
in a timely manner. 
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An important component of personalization is 
the use of electronic educational resources that 
can be adapted to different levels of student 
training. These can be interactive textbooks, 
video lectures, simulation models, online tests 
and other digital materials. Their use allows 
taking into account individual learning styles - 
visual, auditory or kinesthetic. 

As N. Morse notes, the effectiveness of the 
digital learning environment largely depends on 
the quality of the pedagogical design of the 
courses. It is the teacher who determines the 
structure of the educational material, the logic of 
information presentation and the level of 
interactivity of tasks, which directly affects the 
possibilities of personalization [7]. 

The practical implementation of personalized 
learning in institutions of higher education 
involves the use of individual study plans. Such 
plans allow students to choose disciplines, 
modules and tasks according to their own 
professional interests. This is especially relevant 
in the conditions of the competence approach, 
where the result of training is not only 
knowledge, but also formed skills and abilities. 

Online courses and massive open online 
courses (MOOCs) play a special role in the 
implementation of personalization.The 
Coursera, edX and FutureLearn platforms allow 
students to shape their own educational 
trajectory by choosing courses according to their 
own needs. This contributes to the development 
of autonomy and responsibility for learning 
outcomes. 

At the same time, the experience of 
implementing digital technologies shows that the 
effectiveness of personalized learning largely 
depends on the level of digital competence of 
both students and teachers. As O. Spirin points 
out, digital competence is a key condition for the 
successful integration of technologies into the 
educational process, as it provides the ability to 
effectively use digital resources for learning and 
teaching [9]. 

The effective implementation of personalized 
learning in the conditions of digitization and the 
use of artificial intelligence requires the definition 
of clear pedagogical conditions that ensure the 
effectiveness of the educational process. Such 
conditions include: the readiness of teachers to 
use digital technologies, the presence of a 
developed digital educational environment, 

methodical support for personalized learning, as 
well as the motivation of students for 
independent educational activities. 

As S. Sysoeva notes, modern education 
should focus on the development of the 
individual as an active subject of learning, which 
implies a change in the traditional role of the 
teacher. In the context of personalized learning, 
the teacher ceases to be only a source of 
knowledge and gradually turns into a tutor, 
facilitator and mentor who accompanies the 
individual educational trajectory of the student 
[10]. 

The conditions of the digital transformation of 
education significantly change the nature of 
pedagogical interaction. The teacher gets 
access to a large array of data on students' 
educational activities, which allows for more 
accurate pedagogical forecasting. At the same 
time, it requires new competencies, in particular, 
the ability to work with analytical systems, 
interpret the results of educational analytics, and 
make informed pedagogical decisions. 

An important role in this process is played by 
the formation of digital competence of 
pedagogical workers. As O. Spirin points out, 
digital competence includes not only technical 
skills in the use of information technologies, but 
also the ability to critically evaluate digital 
resources, ensure safe use of data, and 
integrate technology into pedagogical practice 
[9]. 

Along with the positive aspects of the 
implementation of artificial intelligence in 
education, a number of problems and 
challenges arise. One of the key problems is the 
risk of excessive automation of the educational 
process, when algorithmic systems begin to 
influence pedagogical decisions without 
sufficient consideration of the human factor. As 
noted in UNESCO research, it is important to 
ensure a balance between the use of technology 
and maintaining the leading role of the teacher. 

Another important issue is the issue of 
algorithmic bias. Artificial intelligence systems 
can reproduce or even exacerbate existing 
social and educational inequalities if they are 
trained on poor-quality or unrepresentative data. 
This creates risks of unfair assessment of 
students or incorrect formation of 
recommendations regarding their studies. 
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No less important is the issue of protecting 
students' personal data. The use of analytical 
systems involves the collection of a large 
amount of information about educational activity, 
which requires clear protection mechanisms and 
compliance with ethical standards. In this 
context, compliance with the principles of 
confidentiality and information security is of 
particular importance. 

The problem of academic integrity also 
remains relevant. The use of generative 
systems of artificial intelligence can contribute 
both to improving the quality of education and to 
the emergence of risks of plagiarism or 
uncontrolled use of automatically generated 
texts. Therefore, institutions of higher education 
should develop policies for the responsible use 
of AI in the educational process. 

Psychological adaptation of students to new 
forms of education is also an important 
challenge. Not all learners are equally ready for 
the high level of autonomy and independence 
that personalized learning entails. This requires 
teachers to provide additional support to 
students in the process of adapting to the digital 
educational environment. 

Thus, the effective implementation of 
personalized learning based on artificial 
intelligence requires a comprehensive approach 
that takes into account both technological 
capabilities and pedagogical, ethical and 
organizational aspects of the educational 
process. 

The analysis of modern approaches to the 
organization of personalized training in the 
conditions of digitization and the introduction of 
artificial intelligence allows us to conclude that 
this model of the educational process is one of 
the most promising areas of higher education 
development. Its implementation ensures the 
transition from a unified education system to a 
flexible, adaptive and student-centered model 
that takes into account the individual 
characteristics of each student. 

The effectiveness of personalized training is 
largely determined by the level of integration of 
digital technologies and artificial intelligence into 
the educational process. The use of adaptive 
learning systems, analytics of educational data 
and recommendation algorithms allows to 
improve the quality of study material, reduce the 

level of academic failure and increase the 
motivation of students to study. 

Research by R. Baker and V. Holmes shows 
that the use of artificial intelligence technologies 
in education contributes to a more accurate 
determination of the educational needs of 
students and the timely identification of learning 
difficulties. This enables teachers to quickly 
adjust the educational process and provide 
individual support to students [1, 5, 6]. 

At the same time, the effectiveness of 
personalized learning depends not only on 
technological solutions, but also on the teacher's 
pedagogical skills. It is the teacher who provides 
a meaningful interpretation of the data provided 
by digital systems and makes the final decisions 
regarding the organization of the educational 
process. Thus, artificial intelligence acts as an 
auxiliary tool, not a substitute for pedagogical 
activity. 

An important result of the implementation of 
personalized learning is an increase in the level 
of student autonomy. Education seekers get the 
opportunity to independently plan their own 
educational trajectory, choose the pace of 
learning and the formats of learning the material. 
This contributes to the development of self-
organization skills, critical thinking and 
responsibility for learning outcomes. 

In addition, personalized training has a 
positive effect on the formation of professional 
competences, as it allows more accurate 
consideration of the requirements of future 
professional activity. Students can choose 
individual educational routes focused on their 
specialization, which increases the practical 
value of the acquired knowledge. 

At the same time, the implementation of 
personalized learning requires further 
improvement of the regulatory framework, 
development of the digital infrastructure of 
educational institutions, and an increase in the 
level of digital competence of teachers and 
students. It is also necessary to develop ethical 
standards for the use of artificial intelligence in 
education. In order to find out the possibilities of 
personalized training of students in the 
conditions of digitization and introduction of 
artificial intelligence, we conducted a survey of 
teachers of higher education institutions. We 
came to the conclusion that the majority of 
teachers use personalized learning technologies 
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and believe that personalized learning with AI 
will become the norm in higher education in the 
future. 

The table graphically illustrates the 
conclusions personalized training. 

Table 1. Respondents' answers about the 
possibilities of using personalized training  

 
Yes 
 % 

No 
% 

Answers to open 
questions  

Are you familiar 
with the concept of 
personalized 
learning? 

80 20  

Do you use 
artificial 
intelligence (AI) 
technologies in the 
learning process? 

60 40  

How do you think 
artificial 
intelligence can 
improve the 
learning process? 

  Individual approach to 
each student 

Automatic assessment 
of 
knowledgeRecommend
ations of educational 
materials 

Assistance in training 
planning 

To what extent do 
you think 
personalized 
learning increases 
student 
motivation? 

50 35  

What do you think 
are the main 
challenges in 
implementing 
personalized 
learning using AI? 

  Lack of skills among 
teachers 

Insufficient technical 
equipment 

Students' resistance to 
new technologies 

Data privacy issues 

What digital 
platforms or tools 
do you use for 
learning? (open 
question) 

  Google Search; Google 
Workspace; Google 
Classroom, Moodle, 
Coursera, Prometheus, 
ɽdEra ʪʘ Kahoot! 

Do you think 
personalized 
learning with AI 
will become the 
norm in higher 
education in the 
future? 

67 33  

 

5. Conclusions  

Personalized training in the conditions of 
digitalization and the introduction of artificial 
intelligence is an effective tool for the 
modernization of higher education, which 
ensures the improvement of the quality of the 
educational process, the individualization of 
educational trajectories and the development of 
the competencies of future specialists. Further 
research should be aimed at improving models 
of artificial intelligence integration into 
educational practice and developing 
pedagogical strategies for their effective use. 
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Abstract . he rapid integration of Generative AI 
(GenAI) into higher education has blurred the 
boundaries between legitimate academic 
assistance and plagiarism. This paper analyzes 
a part of data from a comprehensive, 6-hour 
focus group involving university students (N=8) 
exploring how learners delineate the line 
between AI-assisted learning and cheating. To 
capture unvarnished perspectives, this 
preliminary study focuses strictly on the 
quantitative and qualitative data gathered 
through anonymous surveys and written tasks 
which were included in the focus group, 
comparing them against non-anonymous 
demonstration of own opinions among peers. 
The findings reveal five distinct behavioral 
patterns, including a strong consensus that 
submitting raw AI output is unacceptable, and a 
highly nuanced spectrum of what constitutes 
"assistance" (e.g., grammar corrections, 
translation) versus "cheating" (e.g., idea 
generation, conclusion writing). Crucially, a 
comparative analysis reveals a socio-
psychological paradox: students express 
significantly more conservative, strict ethical 
boundaries when answering anonymously than 
when defending their views openly among 
peers, highlighting the impact of social 
compliance in academic environments. 

Keywords.  Generative AI, academic Integrity, 
STEM education, focus group, social 
desirability, human-AI collaboration. 

1. Introduction  

The rapid rise of Large Language Models 
(LLMs) and Generative Artificial Intelligence 
(GenAI) has destabilized traditional assessment 
models in science, technology, engineering, and 
mathematics (STEM) education. Faculty 

members frequently struggle to design policies 
that accommodate AI as a pedagogical tool 
without compromising academic rigor. 
Concurrently, students find themselves in an 
ambiguous ethical landscape. While universities 
scramble to define institutional policies, the day-
to-day choices of students are guided by 
internal, peer-influenced, and highly fluid 
definitions of where "assistance" ends and 
"cheating" begins [1]. 

This paper addresses this conceptual 
boundary. Instead of evaluating institutional 
frameworks, we investigate the empirical reality 
of student perceptions. By utilizing data from an 
intensive focus group, this study captures how 
university students negotiate their relationship 
with AI tools. Understanding these internal 
boundaries is critical for STEM educators who 
wish to build trust-based, effective learning 
environments [2] rather than reactive, 
surveillance-driven classrooms. 

2. Methodology  

To explore these nuances, a comprehensive, 
6-hour focus group was conducted with eight 
university students (N=8). Due to the 
longitudinal and exhaustive nature of the 
session, the data was segmented. This paper 
specifically analyzes the first phase of the focus 
group, which focused entirely on how students 
define the boundary between AI as an assistant 
and AI as a mechanism for plagiarism. 

The methodology relied on a mixed-methods 
approach embedded within the focus group 
structure. Crucially, additionally to entering the 
open verbal debate, participants completed 
anonymous questionnaires (comprising both 
open-ended and closed questions) and 
individual written exercises. Students were 
tracked using codes from S1 to S8. A thematic 
analysis was applied to the qualitative 
responses to extract semantic codes. 

This paper intentionally isolates the 
anonymous surveys and written tasks from the 
subsequent verbal transcripts. The rationale for 
this approach is methodological: anonymous 
feedback minimizes social desirability bias, 
allowing students to be significantly more 
candid, vulnerable, and honest about ethically 
sensitive behaviors than they might be in a 
transparent peer-to-peer discussion. 



Hands -on Science. Science Education. Resilience in challenging times   
- 

 

 

67 

3. Results  

The analysis of the quantitative data from the 
anonymous surveys revealed five highly 
repetitive, distinct behavioral and ethical 
patterns among the participants. 

The thematic analysis of the empirical 
material revealed a multi-layered conceptual 
model used by students to navigate GenAI. 
While the boundaries are perceived as fluid, 
students possess a highly structured framework 
for evaluating the legitimacy of AI use, rooted in 
the concepts of authorship, utility, and 
educational value. 

3.1. Five Patterns of Anonymity  

1. Rejection of Pure AI Authorship: There 
was an absolute consensus regarding the 
refusal to submit any academic work written 
entirely by GenAI. Even when students fully 
comprehended the AI-generated text and its 
underlying mechanics, they viewed unedited 
submission as a violation of the student role. 

2. The Editing Gray Area: A stark 
disagreement emerged regarding the 
permissibility of submitting AI-generated text 
after manual human editing. Students split on 
whether heavy stylistic rewriting legitimizes an 
AI baseline or if the underlying intellectual 
property remains fundamentally compromised. 

3. Task Solutions as Direct Plagiarism: 
Submitting direct problem solutions or technical 
code generated by AI was universally 
categorized as cheating. In STEM fields, where 
answers are often binary or deterministic, 
outsourcing the core analytical execution was 
seen as bypassing the learning objective 
entirely. 

4. Rejection of the "Fluid Boundary" 
Persona: In a scenario-based question, 
participants were presented with a fictional 
character who effortlessly and guiltlessly 
crossed the line between assistance and 
cheating based on convenience. Interestingly, 
not a single student selected this character as a 
model for their own behavior, signaling a 
universal desire to project ethical stability. 

5. The Imperfection Obligation: Participants 
expressed a strong belief that a student must 
submit their own human work, even if they are 
fully aware that the AI could generate a 

technically superior, more polished, or optimized 
version of the assignment. 

3.2. Authorship and the Mechanics of 
the "Gray Zone"  

The primary theme emerged around the 
Boundary between assistance and cheating, 
specifically concentrated on the subtheme of 
Authorship. Students do not view AI assistance 
as a binary metric; instead, they anchor integrity 
in the origin of the core intellectual property: 

¶ The Primacy of Ideas (S7) : Student S7 

argued that the line remains safe if the 

human controls the conceptual 

framework: "... if it was written by AI 

based on my ideas and prompts, then it 

is actually assistance." 

¶ Output Ownership (S8) : Conversely, 

S8 established that the final execution 

must belong to the student: "A solution 

(output) must be provided by you. Ways 

to solve can be provided by AI." For S8, 

integrity equals the generation of a 

"unique product.ò 

¶ The Ethical Cost (S2) : Ethical friction 

points were explicitly linked to intellectual 

theft. S2 noted that completely 

outsourcing work to GenAI means they 

would have "harmed the environment, 

stolen someone else's work, and allowed 

GenAI that does this and more morally 

bad things grow." 

3.3. Acceptable Assistance vs. Signs of 

Cheating  

When defining the Acceptable level of 

assistance, participants focused heavily on the 

distinction between process optimization and 

total cognitive replacement: 

Linguistic and Structural Refinement (S1, 
S4): S1 accepted AI usage provided that 
"everything is clear to me," viewing it as a tool 
for comprehension. S4 added that using AI to 
express pre-existing human thoughts is entirely 
legitimate: "If you give an idea to AI and use 
generative tool, in order to express your 
thoughts, then it is good." 
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Pedagogical Scaffolding in STEM (S6) : For 
quantitative tasks, S6 defined the boundaries 
through a pedagogical lens: "AI shouldn't 
generate a solution but rather explain it to you 
providing formulas and laws." 

The Threshold of Cheating (S4, S5) : 
Cheating is coded explicitly as Replacement. S4 
noted that cheating occurs "when AI fully creates 
a text and idea." S5 expanded this, identifying 
that cheating is manifested when "people 
generate the idea with AI and create this idea 
with AI," leading to zero human cognitive 
investment. 

3.4. Stability of Boundaries and 

Educational Value  

A crucial finding relates to the Stability of 
boundary, which appears highly dependent on 
institutional contexts, alongside a deep 
internalization of Educational value: 

Contextual and Course -Specific Rules 
(S8): S8 emphasized the situational nature of 
academic misconduct: "...Depends on a course. 
If the main aim is to write a text by yourself, it's 
cheating." 

Personal Competence and Anxiety (S2, 
S3, S4): In individual responses, students linked 
assignments directly to self-assessment. S4 
stated, "Assignment is way to understand your 
level of knowledge," while S2 remarked, "I better 
my own skills that way." However, as highlighted 
in individual reflections, when technical gaps 
occurðsuch as unresolved complexities in 
Excel or advanced data processingðstudents 
experience acute anxiety. For instance, S3 
admitted to uploading confidential or redundant 
data to an LLM to resolve a complex Excel task, 
explicitly blaming a pedagogical gap: "the thing 
is we weren't taught how to use those tools on 
Excel during classes, that's why... I asked AI to 
help me with that missing part." 

4. Discussion  

4.1. The Spectrum of Assistance vs. 
Cheating  

Beyond the fixed patterns, the data collected 
through open expression of opinions mapped 
out a highly fragmented spectrum of specific AI 
use-cases. When participants evaluated explicit 
actions, their consensus shifted dynamically 
based on the degree of AI intervention (Table 1). 

Table 1. Assistance vs. Cheating  

Action / Use -Case 
Participant 

Classification  

Correcting 
Grammar  

Assistance (Universal 
Consensus) 

Translating Text  
Assistance (Universal 

Consensus) 

Explaining Subject 
Matter  

Assistance (Universal 
Consensus) 

Generating Ideas / 
Brainstorming  

Cheating 

Writing a 
Conclusion Based 

on Own Text  
Cheating 

Paraphrasing Your 
Own Text  

Something in Between 
/ Gray Area 

Generating Part of a 
Text 

Something in Between 
/ Gray Area 

Generating a Full 
Assignment  

Something in Between 
/ Gray Area 

Proposing the 
Outline/Structure of 

a Thesis  

Divergent Opinions / 
No Consensus 

As shown above, mechanical, linguistic, and 
informational operations (grammar, translation, 
conceptual explanation) are safely classified as 
Assistance. Conversely, tasks that outsource 
core synthesis or ideation (generating initial 
ideas, writing final conclusions) are labeled as 
Cheating . 

The true tension lies in the structural and 
transformative tasks. Generating parts of a text, 
paraphrasing, or compiling full drafts sit in a 
volatile "Something in Between " category. 
Most notably, using AI to propose the structural 
outline of a thesis caused a complete fracture in 
opinions. Some students viewed structural 
modeling as a cognitive roadmap (assistance), 
while others considered structuring to be the 
primary intellectual labor of research (cheating). 
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4.2. The Paradox of Public vs. Private 

Opinion  

When comparing the anonymous survey 

inputs with the open, non-anonymous 

movement phase of the focus group, an 

unexpected socio-psychological dynamic 

emerged. In both settings, the boundary 

between acceptable assistance and plagiarism 

became sharper as the perceived level of AI 

intervention increased. 

However, the intensity of the stances differed 

dramatically. In the open movement expresiion, 

students expressed their ethical boundaries 

much less categorically than they did 

anonymously. When contacting face-to-face 

with peers, students loosened their restrictions, 

showing more leniency toward AI integration. 

This suggests a powerful peer-pressure 

effect within the student community. Expressing 

a highly rigid, conservative ethical stance 

regarding AI can isolate a student from the 

contemporary peer norm. It appears that not 

every student possesses the social courage to 

maintain a strict ethical boundary when it risks 

placing them in a social minority or making them 

look overly compliant to traditional faculty rules. 

5. Conclusion and Implications for 

STEM Education  

The empirical material from this focus group 

highlights that students are not inherently 

malicious actors looking to bypass education; 

rather, they are navigating a highly complex, 

internal ethical matrix. While mechanical 

assistance is universally accepted, structural 

and generative assistance remains deeply 

polarizing. 

For STEM educators, the key takeaway lies 

in the discrepancy between anonymous 

conviction and public compliance [3]. If students 

feel pressured to downplay their strict ethical 

stances in public to fit in, institutions must create 

safe, transparent spaces to discuss AI usage 

without judgment. Educational policies should 

move away from binary "use/don't use" rules 

and instead address the specific gray areas 

identified hereðsuch as outlining, partial text 

generation, and the boundaries of editingðto 

help students maintain their intellectual 

autonomy without fearing social alienation. 

Rather than relying on punitive surveillance 

mechanisms, higher education must address 

the curriculum gaps that force students to use AI 

under desperate circumstances, ensuring that 

GenAI functions strictly as an assistive bridge 

rather than an intellectual replacement [4]. 
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Abstract . The rapid integration of generative 
artificial intelligence tools into everyday 
academic life raises important questions about 
how university students actually use these 
technologies. This paper presents a student-
centred perspective on the practices, habits, and 
critical awareness surrounding AI tool use in 
higher education. Drawing on a trilingual student 
survey and a focus-group discussion, it 
examines the purposes for which students 
employ AI, the patterns that emerge over time, 
and the degree to which students reflect on the 
limitations and ethical implications of these 
tools. The paper argues that fostering AI literacy 
is essential for resilient, future-ready science 
education. 

Keywords.  AI literacy, artificial intelligence, 
generative AI, higher education, student 
practices. 

1. Introduction  

Generative artificial intelligence tools such as 
ChatGPT and Claude have become widely 
accessible to university students worldwide. 
Their adoption in academic settings has been 
rapid and largely self-directed, outpacing formal 
guidance from educational institutions. While 
much research focuses on the risks of AI 
misuse, comparatively little attention has been 
paid to understanding how students themselves 
experience and reflect on their day-to-day use of 
these tools. This paper addresses that gap by 
combining a trilingual student survey with a 
focus-group discussion to offer a student-
centred account of AI literacy in practice.  

2. Methodology  

Data were collected through two 
complementary instruments. A structured online 
questionnaire, available in English, Russian, 
and Kazakh, gathered responses from university 
students on the frequency, purposes, and self-
perceived effects of their AI tool use, including 
Likert-scale items on trust, dependence, and 

academic integrity. In addition, a small focus 
group of senior students discussed open 
questions about the boundaries between 
assistance and academic dishonesty, the skills 
they may be losing, and the role universities 
should play. Together these methods combine 
quantitative patterns with qualitative reflection. 

3. AI Use Patterns Among University 
Students  

Students engage with AI tools for a wide 
variety of academic tasks, including 
summarising complex texts, generating drafts, 
clarifying concepts, translating materials, and 
checking code or calculations. Over time, 
patterns of reliance emerge: some students 
develop a habit of consulting AI as a first step 
rather than a last resort, while others use it 
primarily for verification and refinement. These 
habits raise questions about cognitive 
engagement and the development of 
independent problem-solving skills. AI tools are 
most valued when they act as an interactive 
tutor, offering explanations, alternative 
formulations, and immediate feedback; yet 
students also report frustration when AI 
produces plausible-sounding but incorrect 
information, underlining the importance of 
verification skills. 

4. Critical Awareness and Self -Reflection  

A key dimension of AI literacy is the capacity 
to critically evaluate AI-generated content. 
Students who actively reflect on their AI use tend 
to develop a healthier relationship with these 
tools: they cross-check important claims, 
acknowledge uncertainty, and treat AI as a 
collaborator rather than an authority. By 
contrast, students with low AI literacy may 
uncritically accept outputs, leading to errors in 
academic work and a reduced ability to detect 
bias or hallucination. Self-reflection also 
encompasses ethical awareness, including 
academic integrity, data privacy, and the 
environmental cost of large language models. 
These dimensions are rarely taught explicitly, 
yet they are central to responsible AI use. 

5. Implications for University Education  

Universities are at a critical juncture: they 
must neither ignore AI tools nor allow unguided 
adoption to undermine learning outcomes. 
Effective AI literacy education should be 
embedded across disciplines, not confined to 
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computer science programmes. It should 
include practical experience with AI tools 
alongside structured reflection on their 
limitations, ethical dimensions, and appropriate 
use. Student voices and experiences, such as 
those captured in this study, are a valuable 
resource for designing such programmes. 

6. Conclusions  

AI literacy is not simply a technical skill but a 

composite of practical competence, critical 

thinking, and ethical awareness. As generative 

AI becomes a permanent feature of the 

academic landscape, universities must equip 

students not just with access to these tools but 

with the judgment to use them wisely. A student-

centred approach to understanding AI practices 

can meaningfully inform curriculum design and 

support resilient science education in 

challenging times. 
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Abstract . The rapid adoption of generative 
artificial intelligence (AI) tools in newsrooms 
raises pressing ethical questions about 
accuracy, authorship, transparency, and 
accountability in journalism. This paper 
examines the main ethical challenges posed by 
generative AI for journalistic practice, including 
misinformation, algorithmic bias, and erosion of 
public trust, alongside its potential to enhance 
efficiency and creativity. Particular attention is 
given to the role of journalism education in 
developing AI literacy among future media 
professionals. Drawing on current curricula and 
emerging industry guidelines, the paper 
proposes a framework for embedding ethics-
focused AI literacy into journalism education, 
aiming to prepare graduates capable of 
responsibly using generative AI while 
safeguarding journalistic integrity and the 
public's right to reliable information. 

Keywords.  AI literacy, generative AI, 

journalism education, media ethics. 

1. Introduction  

Generative artificial intelligence (AI) systems, 
capable of producing text, images, audio, and 
video from natural-language prompts, have 
moved from experimental newsroom pilots to 
everyday editorial tools within a remarkably 
short period [1]. Large language models are now 
used to draft headlines, summarise documents, 
transcribe interviews, generate social media 
posts, and even produce first drafts of routine 
news items such as financial reports or sports 
recaps. While these tools offer clear productivity 
benefits, their adoption also raises fundamental 
ethical questions that touch the core values of 
journalism: truthfulness, independence, 
fairness, and accountability to the public [3]. 

This paper argues that the ethical challenges 

of generative AI cannot be addressed solely 
through newsroom policies or technical 
safeguards. They must also be confronted at the 
level of journalism and media education, where 
future professionals form their understanding of 
what responsible practice looks like [2]. The 
paper therefore pursues two interrelated aims: 
first, to map the principal ethical risks associated 
with the use of generative AI in journalism; and 
second, to outline how AI literacy and 
professional responsibility can be deliberately 
cultivated in the curricula that prepare the next 
generation of media professionals [2, 4].  

2. Generative AI tools and their use in 
journalism  

Newsrooms currently use generative AI 
across the full editorial workflow [1]. In the 
research and gathering stage, AI assistants help 
journalists search archives, summarise lengthy 
documents, and identify patterns in large 
datasets. In production, tools generate draft text, 
suggest headlines, translate content, and create 
illustrative images or short video clips [4]. In 
distribution, AI personalises content 
recommendations, automates social media 
scheduling, and supports audience analytics [1]. 

These applications promise significant 
efficiency gains, particularly for smaller 
newsrooms with limited staff, and can free 
journalists from repetitive tasks so that they can 
focus on investigation, analysis, and storytelling 
[4]. At the same time, each application carries a 
distinct ethical profile [3]. A tool that summarises 
a press release poses different risks than one 
that generates a photorealistic image of an 
event that never took place. Understanding this 
diversity is a precondition for developing 
proportionate and meaningful ethical guidance 
[3, 4]. 

3. Ethical challenges of generative AI in 
journalism  

3.1. Accuracy, hallucination,  and 
misinformation  

Generative language models are known to 
produce plausible-sounding but factually 
incorrect statements, commonly referred to as 
hallucinations [2]. When such outputs are 
inserted into news content without verification, 
they can introduce fabricated quotes, incorrect 
dates, or non-existent sources, directly 
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undermining the accuracy that journalism 
promises its audiences. The risk is compounded 
by the fluency of AI-generated text, which can 
mask errors that a human reader, and 
sometimes even an editor, may fail to detect. 

3.2. Authorship, transparency, and 
disclosure  

The use of generative AI raises questions 
about who, or what, should be credited as the 
author of a piece of content, and whether 
audiences have a right to know that AI was 
involved in its production [3]. Failure to disclose 
AI assistance, particularly for synthetic images 
or audio, can mislead audiences about the 
nature of the content they are consuming and 
may blur the line between journalism and AI-
generated entertainment or propaganda [3]. 
Establishing clear, consistent disclosure 
practices is therefore central to maintaining 
audience trust [4]. 

3.3. Bias, fairness, and representatio n 

Generative models are trained on large 
corpora of existing text and images, which may 
embed historical biases related to gender, 
ethnicity, culture, or political perspective [3]. 
When journalists rely on such models without 
critical scrutiny, these biases can be reproduced 
or amplified in published content, affecting how 
groups and issues are represented [1]. 
Addressing this challenge requires journalists to 
understand, at least at a conceptual level, how 
training data and model design can shape 
outputs, and to apply editorial judgement 
accordingly. 

3.4. Accountability and editorial 

oversight  

Traditional journalistic ethics assign 

responsibility for published content to 

identifiable individuals and institutions. 

Generative AI complicates this chain of 

accountability: when an AI-assisted article 

contains an error or a biased framing, it may be 

unclear whether responsibility lies with the 

journalist, the editor, the news organisation, or 

the AI provider [1, 2]. Maintaining meaningful 

human oversight, sometimes referred to as a 

human-in-the-loop requirement, is therefore 

essential to preserve clear lines of editorial 

accountability [4]. 

4. AI literacy as a pillar of journalism 

education  

4.1. Defining AI literacy for media 

professional s 

AI literacy for journalists can be understood 

as the combination of technical, critical, and 

ethical competencies needed to use generative 

AI tools responsibly [2]. Technically, this 

includes a basic understanding of how 

generative models work, their typical failure 

modes, and their appropriate and inappropriate 

use cases. Critically, it involves the ability to 

evaluate AI-generated content for accuracy, 

bias, and appropriateness before publication [1]. 

Ethically, it requires familiarity with disclosure 

norms, copyright considerations, and the 

broader societal implications of AI-generated 

media [3]. 

4.2. Curricular approaches and 

pedagogical strategies  

Journalism programmes can integrate AI 
literacy through several complementary 
strategies [2]. Dedicated modules can introduce 
students to the technical foundations of 
generative AI and to existing newsroom 
guidelines on its use [4]. Case-based learning, 
using real or simulated examples of AI-related 
editorial incidents, can help students recognise 
ethical dilemmas and practise applying 
verification procedures [2]. Hands-on exercises, 
in which students compare AI-generated drafts 
with their own reporting and critically annotate 
the differences, can build the habit of treating AI 
output as a starting point rather than a finished 
product. Finally, embedding discussions of AI 
ethics within existing courses on media law, 
ethics, and editorial practice ensures that AI 
literacy is not treated as a separate, optional 
add-on but as an integral part of professional 
formation [2, 3]. 

5. Toward a framework for professional 
responsibility  

Building on the challenges identified above, 
the author proposes a three-tier framework for 
embedding professional responsibility regarding 
generative AI into journalism education, as 
shown in Fig. 1. 
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The first tier, awareness, ensures that 
students understand what generative AI can and 
cannot do, including its tendency to produce 
inaccurate or biased content. The second tier, 
verification practice, trains students to apply the 
same fact-checking and sourcing standards to 
AI-generated material as to any other unverified 
source, and to document when and how AI tools 
were used in producing a story. The third tier, 
ethical judgement, develops students' capacity 
to weigh the benefits of AI assistance against 
risks to accuracy, fairness, and audience trust, 
and to make transparent, defensible editorial 
decisions. 

 

Figure 1. A Three -Tier Framework for 
Embedding Professional Responsibility 
Regarding Generative AI into Journalism 

Education  

This framework is intended to be adaptable 
across different national and institutional 
contexts, recognising that newsroom practices 
and regulatory environments regarding AI 
continue to evolve [4]. Its core premise, 
however, is constant: technical competence with 
AI tools must be matched by an equally strong 
grounding in the ethical principles that define 
professional journalism [3]. 

6. Discussion and conclusion  

Generative AI is unlikely to be a passing trend 
in journalism; rather, it represents a structural 
shift in how news content can be produced and 
distributed [1, 4]. The urgency of this shift is 
profoundly amplified within specific geopolitical 
realities, most notably the current wartime 
environment in Ukraine. In a landscape 
saturated with foreign state-sponsored 
disinformation, weaponised AI deepfakes, and 
synthetic media designed to destabilise society, 
the verification of AI outputs ceases to be a 
purely academic exercise. Instead, it becomes a 
vital shield for national information security. For 

Ukrainian journalism education, embedding 
these verification competencies into curricula is 
a critical necessity to ensure the survival of an 
objective, resilient, and quality information 
space. The ethical challenges it raises, 
concerning accuracy, transparency, bias, and 
accountability, are not merely technical 
problems to be solved by better tools, but 
professional and educational challenges that 
require deliberate attention [2, 3]. By integrating 
AI literacy and ethical reflection into journalism 
curricula, educational institutions can help 
ensure that future media professionals are 
equipped not only to use generative AI 
effectively, but to do so in ways that uphold the 
credibility of journalism and serve the public 
interest [2]. 
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Abstract . As generative artificial intelligence 
becomes part of everyday university study, 
students are often expected to make 
responsible choices without receiving equally 
clear guidance from their institutions. This paper 
examines whether studentsô perceptions of 
institutional readiness are associated with the 
educational value they attribute to generative AI. 
The analysis uses survey data from 298 
university students collected within a Visegrad+ 
project. Institutional readiness was positively 
associated with perceived pedagogical value (r 
= 0.489, p < .001) and explained 23.9% of its 
variance. In this sample, students reported 
greater educational value when they also 
experienced clearer guidance, access to 
training, and opportunities to discuss 
appropriate use. 

Keywords.  academic integrity, generative AI, 

higher education, institutional readiness. 

1. Introduction  

Generative artificial intelligence (GenAI) has 
become part of ordinary student work in a very 
short time. Students use it to clarify unfamiliar 
concepts, develop an outline, improve language, 
test an argument, or obtain a first explanation 
before returning to course materials. The 
educational effect depends largely on what the 
student does with the response. Asking for 
another explanation of a difficult topic may 
support understanding, whereas submitting an 
unverified answer may remove the very thinking 
that the assignment was designed to develop. 
The educational question is therefore not simply 
whether students use GenAI, but under what 
conditions that use becomes useful, 
transparent, and compatible with academic 
standards. 

Universities have often responded by placing 
responsibility on the individual student: use the 
tool carefully, check the answer, do not 
plagiarise, and follow the rules. This advice is 
reasonable, but it assumes that the rules are 
clear and that students have been taught how to 
verify AI-generated material. In practice, 
expectations may differ between programmes, 
courses, and individual teachers. A student may 
be encouraged to use GenAI in one class and 
warned against it in another, without a clear 
explanation of the difference. For students, the 
difficulty is not always a lack of responsibility. In 
many cases, they are trying to interpret rules that 
have not been explained consistently. 

Recent studies show that students generally 
recognise both the practical value and the risks 
of GenAI. They report benefits related to 
explanations, idea generation, language 
support, and efficiency, while also expressing 
concern about inaccurate content, privacy, 
dependency, and academic misconduct [1-5]. 
International guidance increasingly emphasises 
human agency, critical evaluation, transparency, 
and institutional capacity rather than a simple 
choice between prohibition and unrestricted use 
[1, 2]. 

The issue has additional importance in 
Ukraine. Higher education continues under air 
alerts, displacement, damaged infrastructure, 
unstable electricity, and considerable 
psychological pressure. Digital tools can help 
students continue learning when access to a 
teacher, library, or stable study environment is 
interrupted. At the same time, uneven access 
and unclear rules may deepen existing 
inequalities. Under these conditions, even 
simple institutional guidance may matter. A 
student who loses access to a lecture or teacher 
may use GenAI to continue working, but without 
clear expectations the same tool can add 
confusion, unreliable information, or anxiety 
about academic misconduct. 

This paper presents a focused analysis of 
survey data collected within the Visegrad+ 
project ñGAI V4: Inspiring Innovation, Upholding 
Ethicsò. The broader study examined several 
dimensions of studentsô perceptions and 
practices. The present conference paper 
addresses a narrower question: is perceived 
institutional readiness associated with the 
pedagogical value that students attribute to 
GenAI? The aim is to understand whether 
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studentsô assessment of GenAI as a learning 
tool is connected with what their university 
provides in practice: guidance, training, access, 
and space for discussion.  

2. Study context and methods  

The study was conducted as part of the 
Visegrad+ project ñGAI V4: Inspiring Innovation, 
Upholding Ethicsò, supported by the 
International Visegrad Fund. An online 
questionnaire was administered to university 
students. Participation was voluntary and 
anonymous, informed consent was obtained 
electronically, and no personally identifiable 
information was collected. 

The analytical sample included 298 
respondents. Bachelorôs students represented 
65.1% of the sample, masterôs students 23.5%, 
and doctoral students 11.4%. Women 
accounted for 52.0% of respondents, men for 
46.6%, and 1.4% selected another response or 
preferred not to state their gender. The sample 
included students from engineering and 
technology, science, social sciences, and other 
fields. 

The questionnaire covered practical uses of 
GenAI, perceived learning benefits, ethical 
concerns, institutional conditions, barriers, and 
general preparedness. The internal consistency 
of the full scale was high (Cronbachôs alpha = 
0.889). Sampling adequacy was also 
satisfactory (KMO = 0.829), and Bartlettôs test of 
sphericity was significant (chi-square = 7223.89, 
df = 1081, p < .001). The broader analysis 
showed that students did not view GenAI 
through a single attitude. Their responses 
reflected several different concerns, including 
learning value, practical usefulness, ethical risk, 
and institutional support. 

For the paper, attention was limited to two 
dimensions. Institutional Readiness and 
Governance included perceptions of training, 
guidelines, access, and opportunities to discuss 
appropriate use. Pedagogical Value reflected 
the extent to which students associated GenAI 
with understanding, engagement, language 
support, preparation, and other learning-related 
benefits. Operational Usefulness was retained 
as a descriptive comparison because it captured 
time saving, brainstorming, and task support. 

The analysis used descriptive statistics, 
Pearson correlation, and simple linear 

regression. Pedagogical Value was treated as 
the dependent variable and Institutional 
Readiness and Governance as the predictor. 
The data capture studentsô perceptions at one 
point in time. The regression therefore shows a 
statistical relationship, but it does not 
demonstrate that institutional readiness itself 
caused stronger pedagogical perceptions. 

3. Results  

The descriptive results show that students did 
not assess GenAI only in terms of speed or 
convenience. Pedagogical Value received the 
highest mean score (M = 3.98, SD = 0.86). 
Institutional Readiness and Governance was 
also rated relatively highly (M = 3.84, SD = 0.72), 
whereas Operational Usefulness had a lower 
mean (M = 3.58, SD = 0.70). This pattern 
suggests that respondents distinguished 
between using GenAI to complete a task more 
quickly and using it in a way that contributes to 
learning. 

Table 1. Selected results of the focused analysis  

Indicator  Result  

Pedagogical Value M = 3.98; SD = 0.86 

Institutional readiness M = 3.84; SD = 0.72 

Operational 

Usefulness 

M = 3.58; SD = 0.70 

Correlation (IR-PV) r = 0.489; p < .001 

Regression 
beta = 0.67; R2 = 

0.239; p < .001 

 

Institutional Readiness and Governance 
showed a moderate positive correlation with 
Pedagogical Value (r = 0.489, p < .001). 
Students who perceived clearer guidance, better 
access, more training, and more opportunities 
for institutional discussion were also more likely 
to report educational benefits from GenAI. 

The regression model produced the same 
general conclusion. Institutional readiness was 
a positive predictor of Pedagogical Value (beta 
= 0.67, p < .001), and the model explained 
23.9% of the variance in pedagogical 
perceptions (R2 = 0.239). This is not evidence 
that institutional support alone causes better 
learning. Although other factors clearly remain 
important, the size of the association indicates 
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that studentsô institutional environment forms a 
meaningful part of how they evaluate GenAI. 

4. Discussion  

The most important result concerns the 
connection between institutional support and 
studentsô views of educational value. In our 
sample, students who reported clearer 
guidance, training, access, and opportunities for 
discussion also tended to evaluate GenAI more 
positively as a learning resource. This matters 
because discussions of GenAI in higher 
education often focus on individual motivation or 
technical competence. The present results point 
to a broader explanation. Students make 
judgements within an institutional setting, and 
that setting can either reduce or increase 
uncertainty. 

This interpretation is consistent with 
technology acceptance research, which 
identifies facilitating conditions as an important 
part of technology use [6, 7]. It also fits an 
institutional perspective: formal rules, shared 
expectations, and organisational support shape 
what is considered legitimate and workable [8]. 
In practical terms, a studentôs willingness to use 
GenAI for learning may depend on whether the 
teacher explains permitted uses, whether 
disclosure is expected, whether suitable tools 
are available, and whether the student knows 
how an incorrect answer should be checked. 

The difference between Pedagogical Value 
and Operational Usefulness is also relevant. 
Respondents gave a higher rating to learning-
related value than to efficiency-oriented use. 
This does not mean that students reject time 
saving. It suggests that they recognise a 
distinction between receiving help and avoiding 
intellectual work. That distinction should be 
reflected in teaching. A prompt that asks a tool 
to produce a finished assignment offers little 
evidence of learning. A task that asks students 
to compare an AI response with scholarly 
sources, identify weaknesses, revise the 
answer, and explain their decisions can make 
the same technology part of a meaningful 
learning process. 

Academic integrity rules are necessary, but 
students also need to understand how those 
rules apply to ordinary academic situations. A 
general warning that ñAI misuse is prohibitedò 
leaves many ordinary situations unresolved. 
Can a student use GenAI to improve grammar? 

Is brainstorming acceptable? Must every 
interaction be disclosed? Does the answer differ 
for a reflective essay, a coding task, or a clinical 
case? Clear course-level examples are often 
more useful than a long institutional policy. They 
also reduce the risk that students interpret 
silence as permission or, conversely, avoid 
legitimate support because they fear 
punishment. 

The wartime context gives these findings a 
particular weight. When learning is interrupted 
by air alerts, relocation, or connectivity 
problems, students may turn to GenAI because 
immediate human support is unavailable. Under 
such conditions, institutional guidance can 
provide a degree of continuity. Yet the same 
conditions make critical verification more 
difficult. A student working quickly from a mobile 
phone in a shelter may be less able to check 
sources or compare several explanations. 
Universities therefore face a difficult balance: 
students may need flexible digital support, but 
they also need realistic ways to verify 
information and understand the limits of the tool. 

5. Implications for university practice  

Universities do not necessarily need a long or 
highly restrictive AI policy. A short institutional 
position may be more useful if it explains the 
principles that apply across the university and 
allows departments to adapt them to different 
forms of study. Students should know that they 
remain responsible for submitted work, that 
personal and confidential data should not be 
entered into public tools, that substantial AI 
assistance may need to be disclosed, and that 
facts, quotations, and references must be 
checked. These principles become easier to 
follow when individual courses provide 
examples. A student should be able to see why 
language correction may be acceptable in one 
assignment, while generating an entire 
analytical response may not be. 

Training should also reflect the situations that 
students and teachers actually encounter. For 
students, this includes checking whether a cited 
source exists, recognising when a response 
sounds confident but lacks evidence, deciding 
what information should not be shared, and 
documenting how an AI-generated draft was 
revised. For teachers, the more difficult issue is 
often assessment design. Learning how to use 
prompts is helpful, but it does not solve the 
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problem of how to design assignments in which 
students must still demonstrate reasoning, 
subject knowledge, and personal judgement. 
Practical examples from particular disciplines 
may therefore be more useful than one general 
presentation for the whole university. 

Access deserves equal attention. Students 
do not work under the same technical 
conditions, especially during wartime. Some rely 
on mobile phones, unstable internet 
connections, free versions of tools, or 
applications with limited Ukrainian-language 
performance. When the use of a particular tool 
becomes part of a course requirement, the 
institution should consider whether all students 
can realistically access it. Where this cannot be 
ensured, an equivalent non-AI option should 
remain available. Otherwise, the assignment 
may assess financial and technical access 
rather than learning. 

University guidance should also be reviewed 
as practice develops. The relevant questions are 
not only how many students use GenAI or how 
many workshops have been organised. It is 
more useful to examine what teachers observe 
in submitted work, which rules students find 
unclear, what types of academic integrity cases 
arise, and whether the use of GenAI changes 
the quality of reasoning demonstrated in 
assessment. Regular discussion of such 
evidence can help institutions adjust their 
approach without moving between two equally 
unhelpful extremes: complete prohibition and 
uncritical promotion. 

6. Limitations  

The findings should be read in light of several 

features of the study design. The analysis is 

based on studentsô own accounts of their 

experience with GenAI, rather than on direct 

observation of how they used these tools or on 

measured changes in academic performance. 

The data were collected at one point in time, so 

the identified relationship between institutional 

readiness and perceived pedagogical value 

should be interpreted as an association, not as 

evidence that institutional support directly 

causes more effective learning. 

The sample also represents one stage of a 

broader project and cannot be assumed to 

reflect the experience of all students in Ukraine. 

Wartime conditions differ considerably across 

institutions, regions, and individual 

circumstances, including access to electricity, 

internet connectivity, learning resources, and 

teacher support. In addition, the dimensions 

used in this paper were derived from a broader 

exploratory analysis and should be tested in 

larger and more diverse samples. 

Further stages of the project will make it 

possible to compare results across countries, 

fields of study, and levels of education. Future 

research should also move beyond perceptions 

and examine whether specific forms of 

institutional guidance, training, and assessment 

design are reflected in studentsô actual 

academic practices and learning outcomes. 
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Abstract . This study explores the evolution of 
educator digital competence in the AI era. As 
generative tools integrate into classrooms, 
professional requirements have expanded 
beyond basic literacy. We establish a 
comprehensive framework consisting of six 
interdependent foundations: computer literacy, 
AI literacy, analytical thinking, pedagogical 
mastery, legal literacy, and professional ethics. 
These pillars form a holistic system essential for 
effective knowledge transfer. Modern educators 
must master AI functionality while curating 
environments that foster authentic cognitive 
activity, manage risks, and ensure academic 
integrity. Our findings provide a basis for 
innovative training programs, emphasizing 
targeted methodological approaches to cultivate 
both technical proficiency and sophisticated 
pedagogical culture. 

Keywords.  Academic integrity, AI literacy, 

digital competence, pedagogical mastery. 

1. Introduction  

In todayôs environment, the educational 
process is increasingly characterized by the 
rapid adoption of digital technologies, which are 
evolving from supplementary tools into 
fundamental elements of learning. Artificial 
intelligence (AI) occupies a special place among 
these technologies, opening up new 
opportunities for improving educational 
processes. The sweeping changes brought 
about by AI necessitate a rethinking of traditional 
teaching methods and strategies. From a 
technological innovation, AI is transforming into 
a strategic resource capable of both significantly 
improving the efficiency and quality of education 
and creating certain challenges for the learning 
process. This issue is particularly relevant due 
to the widespread availability of AI technologies 
in todayôs digital environment. Students are 
increasingly using these tools on their own, often 
without the teacherôs knowledge, to complete 

academic assignments. Consequently, 
successfully designing an effective learning 
process requires teachers to possess an 
appropriate level of digital competence. In the 
context of current transformations in the 
education sector, it is the competent teacher 
who serves as the key link between traditional 
pedagogical methods and innovative digital 
solutions. Teachers must not only effectively 
integrate AI tools into the educational process 
but also teach students to use them critically and 
ethically, and to understand the capabilities and 
limitations of such technologies. This creates 
new challenges for educators, who must be able 
to design the learning process with the active 
use of AI technologies by students in mind. 
Consequently, there is a growing need to create 
a comprehensive system for developing the 
digital competence of future educators, one that 
not only covers traditional skills in working with 
digital technologies but also ensures a deep 
understanding of the principles of operation, 
potential, limitations, and ethical aspects of 
using AI in education. This, in turn, necessitates 
the development of new theoretical and 
methodological foundations for teacher training, 
aimed at producing professionals capable not 
only of applying ready-made AI solutions but 
also of designing innovative educational 
environments that take into account the 
specificities of particular learning contexts. In 
this context, research into the theoretical and 
methodological foundations for developing the 
digital competence of future teachers takes on 
crucial importance for the modernization of the 
teacher education system. It is on a systematic 
and scientifically grounded solution to this 
problem that the ability of the domestic 
education system to effectively respond to the 
challenges of the digital age and ensure the 
training of competitive teaching staff for the 
educational landscape of the future depends.  

2. Main text  

An analysis of the current scientific literature 
indicates that researchers are paying increasing 
attention to issues of digitalization in education, 
particularly regarding the development of 
teachersô digital competence in the context of AI 
technology implementation. In the European 
context, the key reference remains the 
DigCompEdu framework (2017), developed for 
educators, which defines 22 digital 
competencies, grouped into six domains. At the 
same time, this framework does not include a 
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separate category dedicated to AI literacy, which 
requires further theoretical and methodological 
justification of its place within the structure of a 
teacherôs digital competence [1].  Given the 
active integration of AI into the educational 
process, this aspect becomes critical for 
ensuring educatorsô readiness to use AI tools 
effectively and ethically in educational activities. 
It is worth noting that in a number of 
contemporary studies, both foreign and 
domestic, devoted to the development of digital 
competence, the component related to 
understanding AI tools is not always 
distinguished. In particular, many studies from 
the past five years focused on developing 
teachersô digital skills do not include a separate 
area covering knowledge and skills in working 
with AI technologies. In the domestic discourse, 
there is also a growing interest in the topic of 
digital competence, but approaches to its 
structuring often remain fragmented. The model 
of professional-digital competence proposed by 
O. Humennyi [2] covers key aspects of a 
teacherôs digital activities. At the same time, 
aspects related to the application of AI are not 
singled out as a separate component in this 
model, which leaves room for further theoretical 
exploration of this area. A similar situation is 
observed in the Teacher Digital Competency 
Framework proposed by G. Falloon [3], where 
the emphasis is on an approach that combines 
technical knowledge, pedagogical strategies, 
information literacy, ethical responsibility, and 
the ability to adapt to the dynamic conditions of 
the digital environment; however, the author 
does not single out a component related to AI.  
In contrast, other researchers emphasize the 
need to consider ñAI literacyò as a distinct area 
within teachersô digital competence. For 
instance, I. Tenberga and L. Daniela [4] 
emphasize that AI literacy constitutes a distinct 
cluster of skills that only partially overlaps with 
general competencies but requires special 
attention to ensure high-quality professional 
training for educators    A similar position is held 
by D. Tsz Kit Ng, J.  Ka Lok Leung, J. Su et al 
[5], who note that the digital transformation of 
education requires the development of new 
competencies, including critical thinking, the 
ethical use of AI, and an awareness of the risks 
associated with the application of intelligent 
technologies in the learning process.  However, 
each study forms its own vision of the structure 
of teachersô digital competence, proposing 
unique components depending on methodology, 
goals, and context. This leads to significant 

discrepancies between existing models and 
complicates the development of a unified 
approach to teacher training in the digital age. 
Thus, there is an objective need to systematize 
and generalize existing approaches and to 
establish theoretical and methodological 
foundations for the development of digital 
competence among future teachers, taking into 
account both international and national 
experience, especially in the context of the 
active integration of AI technologies into the 
educational process. The purpose of this article 
is to define and theoretically justify the 
foundations for developing the digital 
competence of future teachers in the context of 
integrating AI technologies into the educational 
process.  

Research confirms that the integration of AI 
tools opens up new opportunities for 
educationðin particular, it enables the 
personalization of the educational process, 
automates routine tasks for teachers, and 
expands access to high-quality educational 
services, which overall underscores the role of 
AI as a key component of the digital 
transformation of education [6]. The use of 
intelligent systems and AI algorithms in digital 
technologies makes it possible to adapt curricula 
to studentsô individual needs, which positively 
affects their motivation and overall learning 
effectiveness [7]. However, this transition 
necessitates a rethinking of the teacherôs role in 
the context of the digital transformation of 
education. First and foremost, future teachers 
are expected to be the ones who can 
successfully integrate these technologies into 
educational practice, as many modern AI tools 
offer functional capabilities unavailable to 
previous generations of digital solutions. For 
example, English teachers already have the 
opportunity to enhance the learning process 
using AI platforms such as ChatGPT, providing 
their students with free practice in speaking 
skills within the scope of their own course. To do 
this, the teacher simply needs to conduct a 
demonstration lesson, during which students 
learn how to use ChatGPTôs conversational 
feature on a web platform or via a mobile app, 
ensuring studentsô understanding and 
engagement in using AI tools to improve their 
oral communication skills. Thanks to this 
approach, students have the opportunity to 
practice communication continuously at no 
additional cost, and, as the course requires, to 
improve their public speaking skills as well. In 
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the traditional format, such regular practice was 
possible mainly through interaction with tutors, 
which entails additional financial costs. 
However, for the integration of AI into the 
learning process to be truly effective, the 
instructor must possess an appropriate level of 
digital competence. First and foremost, it is 
worth noting that the European Digital 
Competence Framework for Educators 
(DigCompEdu) defines digital competence as 
the confident and effective use of information 
and communication technologies in professional 
activities, learning, leisure, and participation in 
public life [8].   It is important to emphasize that 
computer literacy forms the basis of confident 
use of digital tools; researchers define this as the 
basic ability to work with technical devices such 
as a computer, smartphone, or tablet, as well as 
an understanding of software capabilities, which 
enables users to adapt to rapid technological 
changes [8].  Furthermore, according to a study 
by E. Gallardo-Echenique et al., computer 
literacy is identified as a key element of digital 
competence [9].   In a dynamic digital 
environment where tools are constantly being 
updated, it is this very competence that allows 
teachers to quickly adapt to new conditions of 
professional activity. For example, following a 
Zoom updateðwhich involves a change in the 
interface and the introduction of new featuresð
the teacher must quickly adapt to the changes. 
Such updates should not hinder the conduct of 
classes; on the contrary, if possible, the 
educator can integrate the platformôs new 
features into their own teaching practice. This 
requires the teacher to have information-
searching skills, specifically the ability to use 
search engines such as Google to find up-to-
date instructions, as well as the ability to quickly 
process these resources and extract relevant 
knowledge from them. Such skills take on 
particular importance in the context of the rapid 
development of AI technologies, when the 
functionality of these tools is constantly 
changing, and new platforms and services 
emerge that have the potential to be used in the 
educational sphere. Therefore, it is extremely 
important for teachers to be prepared for 
situations in which they will have to apply AI 
toolsðboth on their own initiative and within the 
framework of the educational program. 

Research confirms that limited knowledge of 
information and communication technologies 
among teachers significantly complicates the 
integration of digital solutions into the 

educational process [10].  As a result, this can 
negatively affect the quality of instruction and 
reduce the effectiveness of digital tools in 
teaching. In particular, this creates the risk of 
losing pedagogical focus during technology-
based lessons. This is particularly relevant in 
situations where digital platforms do not function 
as the teacher expects, and their attention shifts 
from achieving educational goals to resolving 
technical issues. This reduces the effectiveness 
of educational interaction and even creates the 
risk of disrupting the class. A telling example is 
when an English teacher plans to demonstrate 
the use of ChatGPT in class to develop oral 
communication skills. During the demonstration, 
a situation may arise where the chatbot does not 
respond to voice commands. One of the most 
common reasons is that after a browser update, 
the microphone was not properly configured. 

Insufficient computer literacy can cause 
difficulties for an educator and lead to ineffective 
use of teaching time, whereas proper 
preparation allows for the quick identification 
and resolution of technical failures. For example, 
if an interface of a program or digital platform 
changes after an update, instructors with a 
sufficient level of digital awareness, even 
without prior experience with the updated 
version of that resource, are able to quickly 
orient themselves and resolve the issue. Thus, 
the ability to effectively use information and 
communication technologies allows an 
instructor to successfully perform their 
professional duties in a digital environment, 
achieve pedagogical goals, and adapt to new 
technologies [11]. However, for effective work 
with tools based on AI technologies, basic 
computer literacy skills are not enough. As I. 
Teberga and L. Daniela [4] note, the presence of 
general digital skills does not guarantee the 
formed competence in working with AI 
technologies. These authors emphasize that it is 
necessary to purposefully develop relevant 
competencies, in particular AI literacy, so that 
instructors can consciously and effectively 
integrate these technologies into educational 
practice [11]. Other studies support this position, 
which treat AI literacy as the ability to effectively 
use AI tools based on an understanding of their 
concepts and principles of operation [12]. In this 
context, a modern instructor must not only 
master the basic functionality of AI tools but also 
be able to configure and adapt them according 
to specific pedagogical goals. For example, 
when developing speech skills, it is advisable to 
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suggest that students change the settings of 
ChatGPT so that the model provides short and 
clear answers, stylistically close to oral speech. 
For this, one can use the "Custom instructions" 
feature available in ChatGPT's settings. In the 
"What would you like ChatGPT to know about 
you?" field (or "How would you like ChatGPT to 
respond?"), it is worth entering an instruction 
such as: "Answer briefly, clearly, concisely, in 
the style of oral speech." This approach 
increases the efficiency of verbal interaction with 
the AI platform, which, in turn, contributes to 
improving the quality of the educational process. 
In addition, the instructor can advise students to 
use the "Deep Research" feature, which is 
already available in Gemini for free, to analyze 
educational topics based on external sources. 

In current conditions, the implementation of 
the concept of academic freedom and 
institutional autonomy of higher education 
institutions is defined as a component of quality 
learning and knowledge transfer in the 
information society [13]. A responsible approach 
to the targeted selection of digital tools is 
becoming especially important. An educator 
must clearly understand when it is appropriate to 
use general-purpose AI services, such as 
ChatGPT, Gemini, Claude, copilot, etc. and 
when it is worth turning to highly specialized 
platforms designed to perform specific tasks. To 
do this, it is necessary to navigate a wide range 
of digital solutions and understand the functional 
advantages of specialized platforms, such as 
Napkin.ai, Gamma, Elicit, and Consensus, in 
comparison with universal AI services like 
ChatGPT, Grok, or Gemini, as well as with digital 
services that have integrated AI modules, such 
as Litmaps and Miro. For example, if there is a 
need to quickly create a structured flowchart, it 
is advisable to use Napkin.ai, which provides 
adaptive templates and real-time editing 
featuresðcapabilities currently unavailable in 
ChatGPT. In the case of conducting a literature 
review, it is advisable to use Elicit, an AI tool that 
has a convenient interface in the form of a 
matrix, which provides the ability to ask 
questions and have the AI assistant provide an 
answer for each article. Effective use of such 
tools requires the instructor to have a deep 
understanding of their functional specifics, the 
ability to formulate precise, relevant queries, and 
a clear awareness of each platform's purpose for 
their rational selection and targeted application.  

Also, an important component of AI literacy is 
the instructor's ability to navigate alternative 
solutions in cases where technical or financial 
limitations hinder the full use of a particular 
digital platform. For example, the Elicit service 
has an "Upload and extract" feature, which 
allows you to upload PDF files of scientific 
articles and automatically extract key quotes 
from them. This capability is especially valuable 
in research work, where, to justify hypotheses, it 
is necessary to cite precise quotations with page 
numbers from the document to ensure its 
relevance and avoid the need to review dozens 
of potentially tangential sources. However, in the 
free version, this capability is often limited only 
to abstract analysis, which reduces the 
efficiency of working with full texts. Under such 
circumstances, an instructor must possess 
knowledge about alternative tools, including the 
possibility of using universal AI platforms, such 
as ChatGPT or Gemini, to solve the 
corresponding task. At the same time, it should 
be taken into account that these tools 
sometimes generate inaccurate or distorted 
bibliographic references. Research confirms 
that even with the increasing overall accuracy of 
new versions of language models, it is 
impossible to avoid errors entirely. Thus, 
according to research, 18% of bibliographic 
references generated by GPT-4 were fabricated, 
and another 24% contained significant errors in 
author data, titles, dates, or other key elements 
[14]. In such a situation, it is advisable to turn to 
specialized resources for working with PDF 
documents that ensure higher accuracy of text 
processing. For example, services like 
NoteBookLM or Scholarcy, even in their free 
versions, are capable of automatically extracting 
key quotes from full-text scientific articles 
without distorting the content, precisely 
preserving the wording of the original. Thanks to 
this, an educator can be confident that the AI tool 
is referencing an actual fragment of text rather 
than generating an interpretation. 

However, it is worth noting that AI literacy is 
a complex, multidimensional concept that goes 
beyond a technical understanding of AI tools. 
Scientific literature indicates that AI literacy 
involves the ability not only to create content 
using generative systems but also to critically 
evaluate it [15]. This means that users must 
carefully check the generated information, 
evaluating its quality and relevance to the query, 
as well as identifying potential biases or 
inaccuracies characteristic of AI work results. 
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This becomes particularly relevant when using 
generative language models like ChatGPT, as 
the generated content may contain 
inaccuracies, invented facts, or fictitious 
references that have no confirmation in scientific 
literature [14]. On the main page of any web 
interface, there is a notice that responses 
generated by the system may contain errors. 
This problem is especially critical in the 
educational process, where both instructors and 
students actively use AI platforms to search for 
information. In such cases, there is a risk of 
unintentionally citing non-existent sources or 
using fabricated data, which can lead to the 
spread of unreliable information. That is why an 
instructor must possess the relevant knowledge 
and skills, as well as teach students to work 
critically with information and verify the reliability 
of the obtained data. In particular, it should be 
explained that generative models can create so-
called "hallucinations" ð plausible but invented 
fragments of text, including references to non-
existent sources [14]. In such cases, it is 
important to verify the information obtained 
using independent scientific search engines, 
such as Google Scholar, Semantic Scholar, etc. 
Therefore, after generating a response with the 
help of AI, a student must necessarily cross-
check the facts provided using reliable sources. 
In addition to a critical attitude toward content, 
an important component of AI literacy is 
understanding the ethical aspects of using AI. 
As noted in the study, AI literacy encompasses 
an awareness of the social consequences and 
ethical challenges associated with the 
implementation of AI technologies in various 
fields, including education [13, p. 8]. 
Researchers emphasize that awareness of 
integrity, transparency, fairness, and 
accountability is critically important for forming 
full-fledged digital competence. This is because 
the modern educational environment, which 
actively integrates generative language models 
such as ChatGPT, Gemini, or ClaudeAI, creates 
new challenges related to the uncritical 
acceptance of generated information. Excessive 
reliance on the quick and convenient answers 
provided by AI systems can lead to a gradual 
loss of students' skills in independent analysis 
and critical thinking. As a result, there is an 
increased risk of forming a superficial 
understanding of the material. Specifically, a 
student studying programming might fail to 
master the skill of working with official 
documentation and technical manuals. In the 
absence of ready-made answers from an AI 

platform and without developed algorithmic 
skills, there is a risk that the student will be 
unable to perform even basic educational tasks 
independently. This, in turn, reduces their 
competitiveness as a specialist and hinders 
further professional development. In this 
context, the role of the future educator goes 
beyond technical support. Their task is to 
contribute to the formation of an ethical culture 
of interaction with information obtained by 
means of AI. An informationally literate 
pedagogue not only warns about potential risks 
but also teaches students to distinguish between 
acceptable and unacceptable scenarios for 
using AI. A student may use ChatGPT for 
stylistic editing and error detection in a text 
written in English, provided that the structure, 
logic, and argumentation remain the result of 
independent work. Studies have proven the 
effectiveness of using such platforms in 
academic writing, particularly for error correction 
and improving style [17]. At the same time, 
mindlessly copying generated materials 
contradicts academic integrity. 

Despite the importance of an ethical culture 
of AI use, this is not enough to achieve the 
expected learning outcomes. Even if students 
are familiar with ethical principles of work and 
possess the relevant digital tools at a high level, 
this does not guarantee the effectiveness of the 
educational process. As current studies show, 
learners often use the capabilities of ChatGPT 
to complete coursework assignments, passing 
off AI results as their own. Such practice 
simultaneously covers several forms of 
academic integrity violations ð plagiarism, 
cheating, and deception [18]. Therefore, even if 
a student declares ethical AI use, this does not 
guarantee that the principles of integrity have 
truly been upheld. Given that the key task of 
pedagogy remains the development of critical 
thinking, analytical abilities, and adherence to 
the principles of academic integrity, the risk of its 
violation grows under conditions of uncontrolled 
AI use. The ability to automatically generate 
texts, solve problems, or create code tempts 
students to avoid independent cognitive activity, 
replacing the processing of material with the 
simple copying of results. Furthermore, the 
situation is complicated by the decreasing 
reliability of traditional forms of assessment, 
which no longer always allow for the 
determination of the level of independence in 
task completion. Specifically, a student may 
provide formally correct answers without even 



Hands -on Science. Science Education. Resilience in challenging times   
- 

 

 

85 

reading the task requirements, simply by using 
the capabilities of AI. Such an approach not only 
contradicts the fundamental principles of 
pedagogy but also calls into question the quality 
of the entire educational process. Therefore, 
one of the key areas of an educator's digital 
competence in the face of new challenges is the 
development of analytical thinking and the 
capacity for deep pedagogical reflection. This 
refers to the reflective component, which 
involves the ability for self-assessment, critical 
analysis of the results of one's own digital 
activity, as well as an awareness of the need for 
its further improvement [19]. Studies on the 
digital competence of educators emphasize the 
necessity of being able to identify potential risks, 
as well as recognizing the ethical challenges 
that arise in the process of applying AI 
technologies in learning, teaching, and 
assessment [20]. An educator must be able to 
forecast potential threats, particularly those 
related to the misuse of AI tools by students 
when completing educational tasks without 
proper immersion in the content. This involves 
not only assessing the probability of abusing 
such tools but also identifying the types of tasks 
that practically lose their educational value when 
AI is used, as well as analyzing the potential 
consequences for the quality of the educational 
process. Specifically, an educator must realize 
that almost all types of independent written 
assignments ð from reports and essays to 
solving applied problems ð can be completely 
executed by students using generative AI 
systems without any comprehension of the 
material. At the same time, such work may 
outwardly appear thoroughly processed, which 
significantly complicates the detection of a lack 
of genuine cognitive activity.  

Even if tasks are carefully designed to include 
elements of analysis, interpretation, or a 
personalized approach, there is still a high 
probability that students will take advantage of 
AI capabilities for automatic execution, often 
without even reading the requirements. Modern 
generative AI systems are capable of creating 
logically structured responses, which 
substantially complicates the detection of 
superficial mastery of educational material. 

At the same time, analytical thinking as a 
component of an educator's digital competence 
goes beyond simply predicting AI misuse and 
identifying forms of learning activity whose 
effectiveness might decrease under conditions 

of uncontrolled AI use. It involves a deep 
analysis of the diverse motives that might 
prompt students to engage in dishonest actions 
or formal completion of tasks involving AI. The 
spectrum of such reasons is quite broad: from 
situational use of AI by responsible students to 
optimize time during preparation for priority 
events, such as an Olympiad, to systemic 
dependency caused by a desire to maintain an 
"excellent student" image, fear of mistakes, and 
lack of confidence in their own abilities, which is 
amplified by the possibility of obtaining a quick, 
guaranteed "correct" result through these 
technologies. Such variability in causes requires 
the educator to move beyond template 
responses, employing instead an analytical 
approach to each situation. The ability to see 
behind AI usage not only a desire to avoid 
learning activity, but also possible deep-seated 
causesðsuch as insecurity, overload, or a lack 
of understanding of the value of independent 
workðtestifies to a high level of pedagogical 
reflection. Thus, developed analytical thinking 
allows the educator to document facts of 
academic dishonesty while also investigating 
their root causes, differentiating temporary 
circumstances from deep psychological barriers 
or gaps in motivation. Such understanding of 
nuances is critically important for developing 
adequate pedagogical strategies, the 
implementation of which requires high 
pedagogical proficiency aimed at fostering 
students' responsible attitude toward learning 
and the development of their authentic 
intellectual abilities.  

Pedagogical proficiency is another key area 
of an educator's digital competence, ensuring 
high efficiency in the educational process. This 
is confirmed by the European Framework for the 
Digital Competence of Educators 
(DigCompEdu), which defines the core of digital 
competence as skills that ensure effective, 
inclusive, and innovative teaching and learning, 
particularly those related to planning, 
implementation, and assessment of the learning 
process [1]. Especially in today's conditions, 
which involve the active use of AI, pedagogical 
proficiency is not limited to teaching students 
how to use digital platforms. Its essence lies in 
creating an educational environment that 
promotes the development of critical thinking 
and a responsible attitude toward learning. As 
researchers note, pedagogical proficiency 
emerges as a high culture of organizational, 
managerial, and educational activity of an 
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educator capable of effectively solving the tasks 
of the educational process [19]. When 
psychological approaches to student integrity do 
not yield the desired results, pedagogical 
proficiency requires the educator to adapt 
assessment methods to the new digital reality. 
Traditional testing and standard assignments 
are increasingly losing their effectiveness, as AI 
tools allow students to generate "correct" 
answers without genuine engagement or 
intellectual effort. To counter this, educators 
must shift toward methods that prioritize deep 
reflection and active cognitive involvement: 

- analytical questioning and problem-based 
case studies that require unique synthesis rather 
than rote information retrieval; 

- project-based work with mandatory oral 
defense, where students must explain their 
logic, justify their steps, and respond to clarifying 
questions. 

Ultimately, true pedagogical proficiency in the 
AI era is the ability to curate an educational 
environment where digital tools amplify human 
intelligence rather than replace it, all while 
strictly adhering to the legal and ethical 
standards of the information society. 

It can be noted that legal literacy is an integral 
component of the digital competence of a 
modern educator, especially in the context of the 
active digitalization of education. It 
encompasses knowledge of and adherence to 
current legislation governing the use of digital 
resources in pedagogical activity: in particular, 
copyright rules, personal data protection norms, 
privacy policies, and safe handling of 
information. Within the European framework of 
digital competences for educators ð 
DigCompEdu ð it is emphasized that teachers 
must respect copyright when using, modifying, 
and sharing resources, as well as protect 
confidential digital content, such as student test 
results or grades [1]. The importance of this very 
principle of digital competence is also 
highlighted in the model by G. Falloon [3], where 
emphasis is placed on knowledge and attitudes 
regarding the legal aspects of digital interaction, 
including privacy, digital identity, security, and 
the role of ICT in society. The authors stress that 
the rational use of ICT requires specific 
knowledge and dispositions concerning legal 
and ethical aspects, privacy and security, as well 
as an understanding of the role of ICT in society 

and a thoughtful attitude toward technology. 
Thus, legal literacy performs not only a 
protective function but also develops in the 
educator the capacity to critically assess the 
permissibility of using digital and AI tools in 
accordance with institutional policy and current 
legislation. 

Thus, the effective use of AI in the 
educational sphere and in the professional 
activity of an educator is inextricably linked to the 
comprehensive development of their digital 
competence within the theoretical and 
methodological foundations set out in this 
article. All six principles of an educator's digital 
competence are equal and closely 
interconnected: each direction complements the 
others, forming a single cohesive system ð 
which was consistently revealed in the article 
through a mutually complementary analysis of 
these components. At the same time, each 
principle interacts not only with adjacent ones 
but with all other components of the system. 

A telling example of such interdependence is 
a situation in which an educator skillfully uses AI 
platforms and effectively implements their 
functionality in practice ð which indicates a high 
level of AI literacy and pedagogical proficiency 
ð yet encounters difficulties in adapting to a 
new digital environment or equipment, for 
example, when transitioning to the Linux 
operating system instead of the familiar 
Windows. Such a situation indicates an 
insufficient level of computer literacy, which 
complicates professional activity and reduces 
the effectiveness of digital technology use in 
teaching. To confirm the interdependence and 
integrity of the proposed principles, it is 
appropriate to analyze how the absence or 
insufficient development of each of them affects 
the overall level of digital competence of future 
educators in the context of AI application. A 
deficit in the development of any component of 
digital competence significantly complicates an 
educator's readiness for the effective fulfilment 
of professional duties in an educational process 
oriented toward the use of AI technologies, 
which can lead to a number of undesirable 
consequences and negatively affect not only the 
implementation of innovations but also the 
effectiveness of traditional pedagogical 
practices, which, without adequate digital 
support, gradually lose their efficacy. 
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3. Conclusions  

The study confirmed that the effective 
implementation of AI technologies in the 
educational process directly depends on the 
level of digital competence developed by future 
educators. Within the scope of the stated 
purpose, six key foundations for the 
development of digital competence were 
theoretically substantiated: 

- Computer literacy as the baseline 
proficiency required to operate in digital 
environments and address technical issues; 

- AI literacy encompassing the specific ability 
to understand the concepts, principles, and 
functional application of AI tools; 

- Analytical thinking, that being the capacity 
for deep pedagogical reflection, critical 
evaluation of AI-generated content, and 
understanding the root causes of student 
behavior. 

- Pedagogical proficiency, which includes the 
ability to design innovative learning 
environments that use AI to stimulate active, 
critical cognitive activity rather than replace it; 

- Legal literacy as an awareness of 
intellectual property rights, licensing 
agreements, and the legal status of software in 
accordance with national legislation; 

- Professional ethics entailing commitment to 
academic integrity, transparency, and 
responsibility, while fostering these values in 
students.  

It has been argued that these six foundations 
are closely interconnected, forming digital 
competence as a holistic, systemic 
phenomenon. It was determined that these 
pillars constitute the foundation for creating 
innovative training programs for future 
educators that meet the demands of the modern 
information society. Furthermore, it was 
established that an insufficient level of 
development in any one of these foundations 
complexly impacts the overall digital 
competence of future educators, significantly 
reducing the efficiency of AI integration and 
leading to a loss of pedagogical justification and 
the effectiveness of traditional teaching 
methods. 

Prospects for further research lie in 
developing methodological approaches aimed 
at cultivating each of these foundations of digital 
competence, as well as in constructing and 
testing an experimental model for the formation 
of digital competence in future educators. This 
model is intended not only to reflect the 
contribution of each foundation to the overall 
level of competence but also to justify their 
internal interrelationships. 
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Abstract . The war in Ukraine has made 
continuity, safety and equity central criteria for 
assessing national education policy. This article 
examines how performance auditing can move 
beyond expenditure compliance to determine 
whether public resources sustain learning and 
strengthen system resilience. Drawing on 
Ukrainian legislation, INTOSAI standards, and 
OECD, UNESCO and RDNA5 materials, it 
proposes a 3E-R framework integrating 
economy, efficiency and effectiveness with 
equity and resilience. The framework links 
expenditure to access, learning recovery, 
psychosocial support, infrastructure safety and 
adaptive capacity, offering practical audit 
questions and indicators for public authorities 
and education managers. 

Keywords.  accountability, education policy, 

performance audit, resilience. 

1. Introduction  

Education policy is tested most severely 
when the conditions required for ordinary 
schooling no longer exist. In Ukraine, air attacks, 
displacement, damaged infrastructure, 
interruptions to electricity and connectivity, and 
prolonged psychological stress have changed 
not only where education is delivered, but also 
what the public sector must protect. The legal 
obligation to ensure access to quality education 
remains in force [1], yet the meaning of effective 
implementation has expanded. A policy can no 
longer be judged solely by whether funding was 
allocated and procedures were followed. It must 
also be judged by whether learners can study 
safely, whether teachers can continue working, 
whether vulnerable groups are reached, and 
whether the system can recover after repeated 
shocks. 

The scale of the challenge is both material 
and human. The Fifth Rapid Damage and Needs 
Assessment estimates damage to the education 

and science sector at USD 13.9 billion, losses at 
USD 11.7 billion, and recovery and 
reconstruction needs at USD 33.5 billion for 
2026ï2035 [2]. According to data published by 
UNESCO, citing the Ministry of Education and 
Science of Ukraine, 4,163 educational 
institutions had been damaged or destroyed as 
of 25 June 2025 [3]. RDNA5 also identifies 
learning losses as the largest component of 
sectoral losses and shows that the immediate 
response cannot be reduced to rebuilding 
facilities. It must include safe in-person access, 
catch-up learning, psychosocial support, 
regulatory adaptation and institutional capacity. 
For 2026 alone, priority needs for education and 
science were estimated at USD 1.275 billion, 
while available financing was USD 405 million 
[2]. Such a gap makes prioritisation, 
transparency and evidence of results essential 
rather than optional. 

International policy advice for Ukraine has 
appropriately focused on learning recovery, 
flexible educational pathways, teacher support 
and reform continuity [4, 5]. However, the 
governance question remains: how can public 
authorities know whether scarce resources are 
producing the outcomes that matter most under 
wartime conditions? Conventional financial and 
compliance audits are indispensable for legality 
and integrity, but they do not by themselves 
answer whether an intervention kept education 
accessible, reduced learning loss or improved 
the capacity of institutions to withstand the next 
disruption. 

In our view, performance auditing should 
become a stronger instrument of education 
policy learning during war and recovery. The aim 
of this article is to develop a practical framework 
for assessing education policy through five 
connected dimensions: economy, efficiency, 
effectiveness, equity and resilience. The first 
three are established performance-audit 
principles; equity and resilience are added 
because a formally efficient programme may still 
exclude those at greatest risk or collapse when 
conditions change. The article examines two 
questions: what should a wartime education 
policy audit examine, and how can audit findings 
be translated into timely policy correction rather 
than retrospective fault-finding?  
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2. Auditing public policy in an emergency 
education system  

Education systems are complex public 
systems. Decisions are distributed across 
ministries, local authorities, school founders, 
education institutions, donors, civil society 
organisations, families and learners. Results 
depend on interactions among finance, human 
resources, infrastructure, digital capacity, social 
protection and security. Research on complex 
education governance therefore emphasises 
coordination, reliable information and the ability 
to adapt policy to local conditions rather than 
relying only on hierarchical control [12]. Wartime 
conditions intensify this complexity: 
responsibilities overlap, emergency decisions 
must be made quickly, and the same national 
rule can have very different consequences in a 
frontline community and a relatively safe region. 

Audit has traditionally been associated with 
verification: checking accounts, compliance and 
documentary evidence. Powerôs concept of the 
ñaudit societyò warns that verification can 
become ritualistic when organisations produce 
evidence mainly to demonstrate conformity 
rather than to improve substantive performance 
[13]. In public policy, accountability is wider than 
documentary control. It requires public actors to 
explain and justify their actions, to be assessed 
against legitimate criteria, and to respond to 
findings [14]. For education in wartime, this 
means that an audit should protect integrity 
without creating a reporting burden that distracts 
schools and local authorities from service 
delivery. 

INTOSAI defines performance auditing 
through the principles of economy, efficiency 
and effectiveness [6]. Economy concerns the 
timely acquisition of appropriate resources at a 
reasonable cost; efficiency concerns the 
relationship between resources used and 
outputs delivered; effectiveness concerns the 
achievement of intended objectives. GUID 3910 
further requires clearly defined audit objectives, 
suitable criteria and an approach that can 
support defensible conclusions [7]. GUID 9020 
distinguishes performance audit from broader 
policy evaluation, which also examines 
relevance, utility and longer-term societal effects 
[8]. In practice, wartime education requires the 
two perspectives to work together. Auditors 
should test operational performance while 

recognising that the policy objective itself may 
need revision as risks and needs change. 

Education-in-emergencies standards 
reinforce this broader view. The 2024 INEE 
Minimum Standards connect preparedness, 
response and recovery with safe access, quality, 
participation and accountability [9]. Research 
shows that education during emergencies 
serves multiple functions: it supports learning, 
protection, social connection, psychological 
stability and future opportunity [10]. 
Displacement also reveals the distance that can 
arise between a formal right to education and a 
learnerôs practical ability to use that right [11]. 
Attacks on educational institutions further 
demonstrate that safety is not an external 
condition but a central policy outcome [15]. 
Therefore, audit criteria must reflect the lived 
continuity of education, not only administrative 
completion of programmes. 

3. Materials and methods  

The study uses qualitative policy analysis and 
framework development. The evidence base 
comprises Ukrainian education legislation; 
INTOSAI performance-audit and public-policy-
evaluation standards; current international 
assessments of war-related damage and 
recovery needs; OECD policy reports on 
learning recovery and education reform in 
Ukraine; global education-in-emergencies 
standards; and peer-reviewed literature on crisis 
education, accountability and complex 
governance. 

4. Results: the 3E -R framework  

4.1. Audit logic and scope  

The proposed 3E-R framework retains 
economy, efficiency and effectiveness and adds 
equity and resilience. The letter ñRò refers to 
resilience, while equity is treated as a cross-
cutting distributional test applied to all three 
performance dimensions. In practical terms, the 
audit asks not only whether resources were 
used well, but also who benefited, who remained 
excluded and whether the intervention 
strengthened the systemôs ability to continue 
operating under future disruption. 

The audit object should be defined as a policy 
intervention rather than as an isolated 
transaction. Examples include the provision of 
school shelters, digital devices, learning-
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recovery programmes, teacher-support 
measures, transportation to safe schools, 
psychosocial services, or reconstruction 
projects. Each intervention is examined through 
the full logic shown in Fig. 1. This prevents two 
common errors: assessing expenditure without 
examining service delivery, and assessing 
outputs without determining whether they 
contributed to learning, safety or inclusion. 

 

Figure 1. Resilience -oriented policy audit logic  

4.2. Dimensions, questions and evidence  

Table 1 translates the framework into 

auditable questions. The indicators are 

illustrative rather than mandatory. They should 

be selected on the basis of materiality, risk and 

data reliability. A small local programme may 

require a limited set of indicators, whereas a 

national reconstruction programme should 

combine financial, operational, educational and 

distributional evidence. 

Table 1. Core dimensions of the 3E -R education 
policy audit  

Dimension and 

core question  

Evidence  

Economy 

Were appropriate 

resources obtained on 

time and at a justified 

whole -life cost?  

Unit and lifecycle costs; 

emergency price premiums; 

procurement time; quality 

specifications. 

Efficiency 

How well were 

resources converted 

into safe and 

continuous education 

services?  

Cost per learner reached; 

shelter use; device utilisation; 

delivery time; teacher workload. 

Effectiveness 

Did the intervention 

achieve access, 

learning, safety and 

well -being objectives?  

Attendance; learning recovery; 

dropout; teacher retention; 

psychosocial-service uptake. 

Equity 

Were benefits 

distributed according 

to need and barriers to 

participation?  

Results by region, rurality, 

displacement, disability, gender 

and socioeconomic status. 

Resilience 

Can the system 

absorb, adapt to and 

recover from repeated 

disruption?  

Continuity plans; backup 

power/connectivity; recovery 

time; data redundancy; local 

response capacity. 

 

Economy should not be interpreted as 

purchasing the cheapest option. In an 

emergency, a lower initial price can create 

higher costs if equipment fails, maintenance is 

unavailable or delivery is delayed. Audit criteria 

should therefore consider fitness for purpose, 

timing and lifecycle cost. A device purchased 

inexpensively but unusable during power 

outages is not economical in the policy sense. 

Similarly, a shelter project delivered after the 

school year has ended may be compliant yet fail 

the test of timely public value. 

Efficiency should connect inputs to 

meaningful service outputs. Counting the 

number of devices, shelters or training sessions 

is insufficient unless the audit examines use. 

Relevant questions include whether devices 

reached learners who lacked access, whether 

shelters enabled additional days of in-person 

education, whether teacher training changed 

classroom practice, and whether administrative 

procedures delayed delivery. Efficiency analysis 

should also identify duplication among state, 

local and donor-funded initiatives. 

Effectiveness requires explicit outcome 

criteria. For learning-recovery programmes, 

these may include changes in assessed 

learning, participation and progression rather 

than the number of lessons offered. For 

psychosocial support, the audit should examine 

access, referral pathways, continuity and user 

experience while respecting confidentiality. For 

infrastructure projects, effectiveness means that 

facilities are safe, accessible, used and 
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connected to an education-delivery plan. Where 

causal attribution is not possible, auditors can 

assess contribution by testing whether the 

interventionôs logic is plausible and supported by 

converging evidence. 

Equity changes how averages are 

interpreted. A national attendance rate can 

improve while learners in frontline, rural or 

displaced communities fall further behind. 

Therefore, core indicators should be 

disaggregated whenever safe and lawful. The 

audit should examine whether resource 

allocation reflects exposure to risk and barriers 

to participation, whether accessibility 

requirements are met, and whether policy 

design unintentionally shifts costs to families or 

teachers. Participation by learners, parents and 

educators is a source of audit evidence, not 

merely a communication activity. 

Resilience concerns the capacity to continue, 

adapt and recover. It is visible in contingency 

planning, redundant communication, backup 

energy, interoperable data, staff preparedness, 

flexible timetabling, alternative learning spaces 

and decentralised authority to act within clear 

safeguards. A resilience audit should measure 

recovery time after disruption and determine 

whether lessons from previous incidents 

changed procedures. The objective is not to 

expect every institution to withstand every 

shock, but to ensure that a disruption does not 

lead to prolonged exclusion from education. 

4.3. Audit design and data strategy  

A useful audit begins with a limited number of 
answerable questions. A national or local audit 
team could structure the engagement around 
the following sequence: Was the policy objective 
based on documented needs? Were resources 
prioritised according to risk? Were procurement 
and delivery timely and proportionate? Did 
intended learners receive and use the service? 
Did access, learning, safety or well-being 
improve? Were inequalities reduced or 
reproduced? Can the intervention continue 
under renewed disruption? What corrective 
actions were implemented after earlier 
monitoring or audit findings? 

Evidence should be triangulated. Financial 
records and procurement data establish what 
was purchased and at what cost. Administrative 

records show enrolment, attendance, staffing 
and service coverage. Learning assessments 
provide information on educational outcomes. 
Facility inspections and geospatial data can 
verify infrastructure and access. Surveys, 
interviews and focus groups explain why a 
service was or was not used. Open-data 
sources can support comparison, but the auditor 
must assess completeness, security restrictions 
and changes in definitions over time. No single 
data source should carry the full conclusion 
where the operating environment is unstable. 

The minimum data set should remain 
manageable. For each major intervention, public 
managers should record the objective, target 
group, risk profile, budget, financing source, 
responsible body, delivery milestones, output 
indicators, outcome indicators and continuity 
arrangements. Data should be disaggregated 
only to the level necessary for decision-making 
and should not expose sensitive information 
about learners or facilities. The quality of the 
data itself should be an auditable control: 
inconsistent or unverifiable information is a 
policy risk because it can direct scarce 
resources away from actual need. 

Benchmarking should be used cautiously. 
Unit costs and performance can be compared 
across similar institutions or regions, but security 
conditions, distance, scale and infrastructure 
damage must be considered. An apparently high 
cost per learner may be justified in a frontline or 
sparsely populated area. Conversely, a low 
average cost may conceal exclusion. The 
purpose of comparison is to identify questions 
for investigation, not to produce automatic 
rankings. 

4.4. Institutional use and follow -up 

The framework is most valuable when 
embedded in the policy cycle. At the design 
stage, ministries and local authorities should 
define a small number of measurable outcome 
and resilience criteria. During implementation, 
internal control and monitoring should identify 
delivery risks early. Internal audit can examine 
governance, risk management and control 
processes. External performance audit can 
provide independent assurance and 
recommendations on economy, efficiency and 
effectiveness. Broader evaluation can later 
examine relevance, utility and long-term effects. 
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Follow-up is the decisive stage. 
Recommendations should name a responsible 
institution, a realistic deadline, the expected 
change and the evidence required to close the 
recommendation. Public reporting should 
distinguish completed administrative actions 
from verified improvements in service. A ministry 
may approve a new procedure, but the 
recommendation should remain open until the 
procedure is implemented and its effect is 
assessed. For security reasons, detailed facility-
level information may need restricted access, 
while aggregated findings and corrective actions 
should remain public. 

Coordination among audit and policy 
institutions is also necessary. Ukraineôs public 
financial management reform is moving toward 
greater transparency, efficiency and 
harmonisation of internal-audit practice with 
updated international standards [16]. Education 
policy audits should align with public investment 
management, the Single Project Pipeline, donor 
reporting and local recovery planning so that 
institutions are not asked to report the same 
result in incompatible formats. A shared results 
vocabulary can reduce burden while improving 
comparability. 

5. Discussion  

The principal advantage of the 3E-R 
framework is that it connects accountability with 
learning. Wartime governance requires speed, 
but speed without feedback can institutionalise 
ineffective practices. Audit can create a 
disciplined pause in which decision-makers ask 
whether an intervention still addresses the 
problem it was designed to solve. This is 
especially important when programmes are 
scaled rapidly, financed from multiple sources or 
continued after conditions have changed. 

Importantly, the framework also changes the 
tone of audit. In a punitive model, institutions 
may hide problems and optimise 
documentation. In a learning-oriented model, 
transparent identification of delivery failure is 
treated as a condition for correction, while fraud, 
negligence and deliberate misrepresentation 
remain subject to firm accountability. This 
distinction matters for educators and local 
managers working under extraordinary 
pressure. The audit should be rigorous, but its 
recommendations should be operationally 
realistic and proportionate to the risks faced. 

Several implementation challenges remain. 
First, outcome data may be incomplete, delayed 
or incomparable because learners move 
between regions and countries. Second, 
attribution is difficult: learning outcomes are 
influenced by security, family circumstances, 
health and prior educational experience. Third, 
donor and government funding can create 
fragmented accountability. Fourth, detailed 
transparency may conflict with security. Fifth, 
excessive indicators can shift staff attention from 
teaching to reporting. These limitations do not 
justify abandoning performance assessment; 
they require transparent assumptions, 
triangulation, materiality and a clearly stated 
level of assurance. 

Pilot implementation should therefore begin 
with selected high-risk interventions. Suitable 
cases include shelter investment, device 
distribution, catch-up programmes and 
psychosocial support. Each pilot should test the 
relevance of indicators, the cost of data 
collection, the usefulness of findings for 
managers and the feasibility of follow-up. 
Results should be discussed with auditors, 
education authorities, teachers, learners and 
communities. The framework can then be 
refined before wider institutionalisation. 

The approach is also relevant beyond 
Ukraine. Armed conflict, climate emergencies, 
pandemics and displacement increasingly 
require education systems to operate under 
repeated disruption. The specific risks differ, but 
the governance lesson is similar: a resilient 
system is not one that merely restores its 
previous form. It learns, reallocates resources, 
protects those at greatest risk and improves its 
capacity to deliver education under uncertainty. 

6. Conclusions  

Performance auditing can strengthen public 
education policy in wartime when it moves 
beyond narrow expenditure compliance and 
examines the relationship between resources, 
services, outcomes and adaptive capacity. The 
proposed 3E-R framework integrates economy, 
efficiency and effectiveness with equity and 
resilience. It treats safety, continuity, learning 
recovery and psychosocial support as auditable 
policy results rather than secondary 
considerations. 

For Ukraine, the framework offers a practical 
response to the combination of large recovery 
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needs, constrained financing and continuing 
disruption. Its implementation requires a 
manageable results chain, disaggregated 
evidence, risk-based audit selection, 
coordination among oversight bodies and a 
credible follow-up process. The most important 
shift is conceptual: audit should not only confirm 
that public money was spent as authorised. It 
should help answer whether the spending kept 
education available, fair and capable of 
surviving the next shock. 

Future research should test the framework 
through programme-level and local-government 
pilot audits, compare indicators across 
education levels, and examine how audit 
recommendations affect actual resource 
allocation and learning outcomes. 
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Abstract . This paper analyses current trends 
and characteristics of creating a barrier-free 
virtual environment in the context of the 
countryôs digital transformation. It is argued that 
the rapid development of electronic services 
simultaneously gives rise to the problem of the 
digital divide, which significantly affects people 
with disabilities and socially vulnerable groups. 
The process of implementing international 
WCAG standards in the Ukrainian context was 
investigated. 

It has been demonstrated that ensuring 
universal access to the web resources of 
government bodies and educational institutions 
is critically important for raising the level of digital 
literacy among citizens and guaranteeing equal 
opportunities for acquiring knowledge, 
particularly during difficult wartime conditions. It 
is emphasised that digital accessibility 
significantly contributes to the resilience of the 
Ukrainian education system and the realisation 
of the principle of lifelong learning. 

An assessment of official online platforms of 
government bodies at various levels has been 
carried out. Recommendations have been made 
regarding a set of measures for the 
transformation of public policy. 

Keywords.  digital inclusion, web accessibility, 
digital literacy, lifelong learning, digital 
transformation, e-governance, educational 
resources. 

1. Main text  

In recent years, Ukraine has demonstrated 
steady progress in global rankings concerning 
the implementation of e-governance, the 
accessibility of e-services to the public, and 
overall digital transformation. These processes, 
despite the countryôs prolonged stay in 
conditions of deep crisis (initially caused by the 

COVID-19 pandemic, and now by full-scale 
Russian aggression), are actively contributing to 
the implementation of key systemic reforms, the 
reduction of corruption, and the transformation 
of the state. The problem of the constantly 
growing number of people with disabilities is 
becoming particularly acute, exacerbated by the 
hostilities. In its pursuit of European integration, 
Ukraine has committed to building a society of 
equal opportunities, guaranteeing all citizens 
equal access to public services. 

The government has set itself the ambitious 
task of achieving maximum digital inclusion and 
social digitalisation for all citizens, taking into 
account their cultural, technological and socio-
economic characteristics. However, despite the 
stateôs significant progress in this area, a 
substantial proportion of people with disabilities 
still do not have equal access to electronic public 
services. 

At the same time, digital transformation 
encompasses not only the sphere of public 
services, but also the education system, 
professional development and lifelong learning 
for citizens. In the age of the information society, 
the accessibility of digital resources is becoming 
a key factor in building human capital, improving 
the digital literacy of the population and ensuring 
equal access to knowledge. This issue is 
particularly relevant in wartime, when a 
significant proportion of educational processes 
take place remotely, using electronic platforms 
and web resources. 

Thus, the relevance of this study lies in a 
comprehensive examination of the processes of 
implementing digital inclusion within the 
framework of Ukraineôs digital transformation 
reform, particularly in ensuring the web 
accessibility of internet resources of state 
authorities and local self - government bodies for 
people with disabilities. An analysis of best 
practices in this field will enable the identification 
of effective institutional approaches, 
management mechanisms, educational and 
digital tools that can be applied to improve and 
enhance the inclusivity of the national public 
services system by improving their web 
accessibility. 

2. Literature Review  

The formation and development of digital 
inclusion in Ukraine, particularly in the field of e-
governance, is the subject of lively academic 
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and practical debate. This is driven by the rapid 
digital transformation of the public and education 
sectors, as well as the need for public authorities 
to adapt to international governance standards, 
particularly those of the European Union. 

Within the domestic academic community, 
the issues of digital inclusion and web 
accessibility in the public sector are being 
researched by many scholars and practitioners. 
For instance, O. Krykliyôs works examine the 
theoretical foundations of digital inclusion and its 
impact on the stateôs information security [14]. 
H. Davydenko conducts an in-depth analysis of 
the problems of digital inclusion and accessibility 
as aspects of social digitalisation [11]. Y. Samus 
highlights key challenges and achievements in 
the field of accessibility of government websites 
in Ukraine in his publications [17]. 

V. Yegorov devotes his research to studying 
the interrelationships between digital inclusion 
and bridging the digital divide [13]. Also of 
interest are the results of applied research in the 
field of digital inclusion and web accessibility in 
the public sector, available on the resources of 
the World Wide Web Consortium and the 
European Commission. 

However, given the insufficient level of digital 
inclusion in Ukraineôs e-government and the 
need to adapt and implement EU experience, 
particularly through lifelong learning, further 
research in this area remains highly relevant. 

The aim of this work is to analyse the current 
state and specific features of the formation and 
development of digital inclusion and web 
accessibility in the context of Ukraineôs digital 
transformation. It also sets out to determine their 
role in ensuring the accessibility of public 
services, educational resources and 
opportunities for lifelong learning. 

Today, in an era of rapid development of 
information and communication technologies, 
the problem of digital inequality is becoming 
increasingly acute, leading to a digital divide in 
society. Professor G. Davydenko concluded that 
addressing the problem of digital inequality 
through the promotion of digital inclusion has 
become highly relevant over the last decade and 
is critical to achieving sustainable development 
[11]. Therefore, when developing e-governance 
systems in modern democratic states, the 
comprehensive implementation of best practices 

in the field of digital accessibility must be a 
prerequisite. 

In a broad sense, ódigital inclusionô is a 
guarantee of equal access to electronic 
technologies, the Internet and online services for 
every person, regardless of their physical or 
mental abilities, place of residence or age. This 
encompasses both the accessibility of web 
resources and the use of assistive tools, as well 
as the improvement of digital literacy [18]. Digital 
inclusion is defined as the ability of citizens to 
participate actively in the digital society [15]. At 
the same time, the concept of ódigital inclusionô 
focuses on the following aspects: the ability of 
individuals and communities to use ICT; the 
ultimate goals of digital inclusion, which are to 
engage people and communities in various 
spheres of the information society and to benefit 
from this; preventing digital divides and/or 
discrimination in the digital sphere; as well as 
civic or political activities aimed at ensuring an 
adequate level of digital inclusion [14]. 

In general, the following key components and 
objectives of digital inclusion are commonly 
identified: Web Accessibility: the creation of 
content, interfaces and applications that can be 
used by people with disabilities (visual, hearing, 
speech); Support tools: the development of 
applications for alternative communication; 
Socialisation and economic participation: 
technologies help integrate people with speech 
impairments or autism spectrum disorders into 
active social and economic life; Bridging the 
digital divide: ensuring access to digital public 
services, education and remote work for all 
sections of the population [8], [13], [19]. 

Thus, digital inclusion aims to eliminate 
discrimination and foster a culture in modern 
society where every person has equal 
opportunities in the digital space. As recent 
research shows, in many countries around the 
world, including Ukraine, there are still a number 
of barriers to achieving full digital inclusion for 
people with disabilities (due to physical 
disability, old age, mental health conditions, 
etc.). 

In 1999, the World Wide Web Consortium 
(W3C) first published the Web Content 
Accessibility Guidelines (WCAG) [4]. Within the 
WCAG framework, there is a dedicated initiative 
responsible for accessibility and the direct 
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developer of the aforementioned Guidelines 
(WAI ï Web Accessibility Initiative) [2]. 

WCAG is a recognised international standard 
that describes the requirements for the 
accessibility of websites and services. It is used 
by governments in various countries, including 
Ukraine, and serves as the basis for ensuring 
digital inclusion in e-government worldwide. The 
current standard is WCAG 2.2, which is the 
fourth version since 1999 and incorporates the 
experience of all previous standards. 

The WCAG web accessibility standard is 
based on four key principles (POUR), which 
define how content on websites should be 
presented to ensure maximum accessibility, 
particularly for people with disabilities: 

1. Perceptibility: Information and the 
interface must be presented in such a way that 
all users can perceive them adequately, 
regardless of their physical abilities. 

2. Usability: The interface must be user-
friendly and accessible through various means 
of interaction. 

3. Comprehensibility: The websiteôs content 
and functionality must be clear and logical. 

4. Reliability: The websiteôs content must be 
technically sound and compatible with various 
technologies [3]. 

Adherence to these principles guarantees the 
long-term accessibility of public electronic 
services, ensuring they are easy to use 
regardless of the userôs technical capabilities. 
This is why the EU has developed a 
corresponding regulatory framework governing 
general accessibility, as well as issues of digital 
inclusion in public services, particularly 
regarding WCAG web accessibility. Ukraine is 
also taking steps to implement the relevant EU 
legislation. 

In 2016, Directive 2016/2102 óon the 
accessibility of public sector bodiesô websites 
and mobile applicationsô came into force in the 
EU, and the European Accessibility Act 
(Directive 2019/882) has been in force since 
2019. In particular, the European Commission 
has tasked European standardisation 
organisations, such as CEN, CENELEC and 
ETSI, with developing and implementing 
accessibility standards. Standards in the field of 

ICT include Mandate 376 óICT Accessibilityô, 
which led to the adoption of the European 
standard EN 301 549 (European standard for 
ICT accessibility), which came into force in June 
2025 [1]. 

In this context, the interconnection between 
digital inclusion and the concept of lifelong 
learning is highly relevant, as the digital 
transformation of society is significantly 
changing approaches to knowledge acquisition, 
professional development and continuous 
learning. In todayôs world, digital literacy is 
regarded as one of the key competencies 
required for effective participation in economic, 
social and educational life [20]. 

This issue takes on particular significance in 
Ukraine amidst a full-scale war. Some 
educational programmes, professional 
development courses, vocational training and 
retraining are delivered via digital platforms, e-
libraries, distance learning courses and other 
web resources. Under such conditions, web 
accessibility becomes not only a matter of user 
comfort but also a crucial prerequisite for 
realising the right to education for all sections of 
the population, including people with disabilities, 
internally displaced persons and older people 
[21]. 

Web accessibility of educational resources 
enables the use of alternative formats for 
presenting information, screen-reading 
technologies, subtitling of learning materials, 
adaptive navigation and other user support 
tools. Compliance of digital resources with 
WCAG principles allows for a significant 
increase in the inclusivity of the educational 
environment and broader access to knowledge 
[2], [3], [5]. 

The concept of lifelong learning, which is 
actively supported by the EU, involves the 
continuous updating of a personôs knowledge 
and skills throughout their life [22]. The 
implementation of this concept depends directly 
on the level of digital literacy among the 
population and the accessibility of digital 
resources. This is precisely why the 
development of digital inclusion must 
encompass not only the sphere of e-
governance, but also the education sector, the 
vocational training system and the professional 
development of the adult population. 
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Thus, digital inclusion and web accessibility 
are key factors in ensuring the sustainability of 
Ukraineôs education system, the development of 
human capital, and the promotion of lifelong 
learning in the face of contemporary crises. 

It is worth noting that since the establishment 
of the Ministry of Digital Transformation of 
Ukraine in 2019, the issue of achieving a high 
level of accessibility to public digital services for 
all sections of the population has become one of 
the priority areas of its development. Thus, in 
2022, Ukraine adopted the national standard 
DSTU EN 301 549:2022 (EN 301 549 V3.2.1 
(2021-03), IDT) óInformation technology. 
Requirements for the accessibility of ICT 
products and servicesô. This standard is a 
translated and identical version of the European 
standard EN 301 549 V3.2.1 (2021 - 03) (English 
version) óAccessibility requirements for ICT 
products and servicesô, and also complies with 
EU Directive 2016/2102. This document 
regulates the WCAG 2.1 methodology in 
Ukraine [10]. This is enshrined in law by 
Resolution of the Cabinet of Ministers of Ukraine 
No. 757 of 21 July 2023 óCertain issues 
regarding the accessibility of information and 
communication systems an documents in 
electronic formô [12]. It is worth noting that the 
draft law ñOn Digital Accessibilityò is currently 
being finalised. 

A key aspect for the implementation of digital 
inclusion of citizens in the sphere of public 
services is the continuous training and 
development of staff in state and local 
government bodies. At the end of 2024, thanks 
to cooperation between the Ministry of Digital 
Transformation, the UNDP programme and the 
Swedish government, the Centre of Excellence 
for Digital Accessibility was launched. Its main 
task is to conduct training for public sector 
specialists with the aim of ensuring the 
inclusivity of electronic resources and services 
for all Ukrainians. An important outcome of the 
Centre of Competenceôs activities is also the 
fostering of a culture of digital accessibility 
among developers of electronic resources, 
public sector employees and educators. 
Disseminating knowledge about the principles of 
web accessibility helps to raise digital literacy 
levels and create an inclusive digital 
environment for the populationôs learning and 
professional development [16]. 

Currently, the Ministry of Digital 
Transformation conducts annual monitoring of 
the web accessibility of government websites. In 
2025, 100 such websites were assessed. The 
assessment was based on checking 10 key 
parameters in line with the WCAG 2.1 standard: 
text descriptions for non-text content; headings 
and their hierarchy; text contrast; the ability to 
change text size; keyboard accessibility; 
keyboard focus; page title; page language; 
navigation (repeatable blocks); responsiveness 
[5]. 

Overall, 52 out of 100 tested websites 
demonstrated a sufficient or high level of basic 
accessibility. At the same time, the number of 
sites with low and medium levels of accessibility 
decreased ï from 76 in 2024 to 48 in 2025. 16 
websites received the maximum possible 10 
points for accessibility in 2025 [9]. By 
comparison, in 2024, 7 websites had a high level 
of web accessibility, 17 had a sufficient level, 
and almost half (55) had a moderate level of 
accessibility [17]. A steady increase in web 
accessibility was observed between 2022 and 
2025. Thus, the Ministry of Digital 
Transformationôs programme, which covers web 
development, consultancy and training, is 
proving its relevance and effectiveness. 

In 2025, the accessibility of mobile apps was 
analysed for the first time. Two versions of the 
five most popular apps for Android and iOS ï 
óDiyaô, óState Employment Serviceô, óKyiv Digitalô, 
óMy Tax Serviceô and óHelsiô ï were assessed 
against 10 key criteria. Only 20% of them 
achieved a high level of accessibility, scoring 
nine out of ten. A further 20% had only a low 
level of accessibility, scoring just three out of ten 
[9]. 

In 2025, Ukrainians most frequently used the 
services of the state e-services app and web 
portal óDʽʷô ï 48% (which is 6% more compared 
to 2024). Other popular services in 2025 
included: paid access to information from 
government registers or digital extracts from 
them (15%), as well as services relating to 
pensions (15%), personal transport (13%), 
obtaining subsidies (12%) and tax matters 
(12%) [7]. 

In addition, the problem of employment for a 
significant proportion of people with disabilities, 
particularly the blind, remains unresolved. On 
the one hand, there are few remaining 
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enterprises in Ukraine where such individuals 
can work, and modern entrepreneurs lack the 
necessary knowledge and equipment; on the 
other hand, there is a shortage of specialised 
vocational training programmes that have a 
direct link with employers. Consequently, the 
majority of such individuals are unemployed and 
receive a minimal income in the form of a 
disability pension. In addition, there is also a 
technical problem in this area ï the inability of 
most blind people to purchase suitable computer 
equipment (a laptop or personal computer) due 
to a lack of funds. It should be noted that 
Ukrainian legislation already provides for 
compensation mechanisms for people with 
disabilities to purchase technica l and other 
rehabilitation aids (Resolution of the Cabinet of 
Ministers of Ukraine No. 321 of 5 April 2012). 
However, under this scheme, the most one can 
purchase is a mobile phone. This significantly 
reduces such individualsô ability to access digital 
resources, and most importantly, to receive 
educational services via electronic platforms. 
Consequently, it is proposed to amend the 
relevant Resolution and provide for the 
possibility of compensation for the purchase of a 
computer or laptop (even a second-hand one, 
but with a warranty). 

3. Conclusions  

The results of the analysis of the 
implementation of digital inclusion in Ukraine 
indicate that there has been a steady 
improvement in its level in recent years, 
particularly in terms of ensuring web 
accessibility of electronic resources of state 
authorities and local self-government bodies for 
people with disabilities. The main body in this 
area is the Ministry of Digital Transformation of 
Ukraine. The situation with government 
websites is significantly better. As for mobile 
applications, only 20% of them meet the 
requirements to a sufficient standard. 

It is important that Ukraine is developing its 
digital inclusion programmes based on the Web 
Content Accessibility Guidelines (WCAG) 
international standard, relevant EU standards 
and legislation. The issue of implementing digital 
inclusion at the local government level remains 
unresolved. Digital accessibility should already 
be actively implemented in the non-
governmental sector, and relevant educational 
programmes (for people with disabilities, 
government officials, and employer 

representatives) should be developed and 
promoted. 

The findings indicate that digital inclusion and 
web accessibility today extend beyond the realm 
of e-governance alone. They are becoming 
essential prerequisites for ensuring access to 
education, fostering digital literacy among the 
population, and realising the concept of lifelong 
learning. In the context of the war and Ukraineôs 
post-war recovery, the accessibility of digital 
educational resources is of strategic importance 
for sustaining the resilience of the education 
system and the development of human capital in 
general. 

The research conducted allows us to 
formulate the following recommendations: 

1) standardise accessibility standards by 
introducing, at national level, mandatory 
compliance with WCAG 2.2 for web portals 
and mobile applications across all central 
and local government bodies, and 
subsequently in the non-governmental 
sector; 

2) develop official nationwide accessibility 
guidelines in accordance with the 
requirements of the European Accessibility 
Act (EAA) for integration into Ukrainian 
legislation; 

3) improve the web accessibility of mobile 
services, ensuring a high level of 
accessibility for people with disabilities; 

4) organise ongoing digital literacy training by 
introducing special courses for people with 
disabilities; 

5) expand programmes to develop digital 
literacy among the population and support 
lifelong learning by creating accessible 
online courses and digital educational 
resources (for people with disabilities, public 
authorities and employers); 

6) ensure the accessibility of public and 
educational digital platforms in accordance 
with WCAG web accessibility guidelines to 
support continuous learning for various 
sections of the population; 

7) continuously update training programmes for 
civil servants to ensure ongoing monitoring 
of the accessibility of their digital resources; 
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8) conduct regular monitoring and evaluation of 
the web accessibility of websites and mobile 
applications for compliance with WCAG and 
EU standards; 

9) design new digital services based on the 
principle of inclusivity; 

10) review compensation mechanisms for 
technical equipment purchased by people 
with disabilities. 
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Abstract . Biodiversity plays a critical role in 
sustaining atmospheric oxygen levels, yet its 
contribution to this fundamental life-supporting 
function remains underappreciated in global 
environmental policy and ecological valuation. 
This study provides a conceptual and analytical 
framework for evaluating the oxygen production 
function of biodiversity as an essential 
ecosystem service. Drawing on interdisciplinary 
data from plant physiology, ecosystem 
modeling, and global biogeochemical cycles, we 
assess the contribution of terrestrial and aquatic 
biodiversity ï particularly photosynthetic 
organisms such as phytoplankton, macroalgae, 
and forest biomes ï to atmospheric oxygen 
renewal. We identify key biodiversity 
components and functional groups that underpin 
oxygen generation and explore how 
anthropogenic pressures, including habitat 
degradation, climate change, and biodiversity 
loss, threaten this capacity. The findings 
underscore the urgent need to integrate oxygen-
related functions into biodiversity conservation 
strategies and environmental accounting 
systems. By foregrounding the oxygen 
production function of biodiversity, we highlight 
its pivotal role not only in sustaining life on Earth 
but also in securing long-term planetary health 
and human well-being. This perspective 
supports a paradigm shift in how biodiversity is 
valued ï beyond species richness ï to include 
its indispensable regulatory and life-supporting 
functions for the global community. 

Keywords.  biodiversity; oxygen production; 
ecosystem services; photosynthesis; forest 
ecosystems; planetary health; climate changes. 

1. Introduction  

Oxygen is an essential component of Earth's 
atmosphere, sustaining aerobic life forms and 
regulating biogeochemical processes vital for 
climate stability and planetary health. While the 
process of photosynthesis ï particularly its role 
in generating atmospheric oxygen ï has been 
well established for decades (Falkowski et al., 
2008), the biological diversity underpinning and 
maintaining this function remains undervalued in 
environmental science, economics, and policy. 
Biodiversity, particularly the variety of 
photosynthetic organisms such as terrestrial 
plants, macroalgae, and marine phytoplankton, 
serves as the engine of atmospheric oxygen 
production. However, the degradation of 
biodiversity due to anthropogenic pressures 
directly jeopardizes the stability of this life-
supporting function. 

It is estimated that approximately 50ï80% of 
the oxygen produced annually originates from 
marine phytoplankton (Field et al., 1998; Sarthou 
et al., 2005), while the remaining share is largely 
attributable to terrestrial forests and wetland 
ecosystems (Beer et al., 2010). These systems 
are not merely carbon sinks or habitats but active 
contributors to global atmospheric equilibrium. 
The loss of biodiversity ï through deforestation, 
land-use change, eutrophication, and climate-
driven ocean deoxygenation ï disrupts the 
delicate balance required to sustain oxygen levels 
(IPBES, 2019; Diaz & Rosenberg, 2008). 

Recent scholarship has begun to highlight the 
critical role of functional biodiversity in 
maintaining Earth system processes (Mace et 
al., 2012; Cardinale et al., 2012). However, key 
ecosystem services like oxygen production have 
received disproportionately less attention 
compared to provisioning or cultural services in 
major assessments such as the Millennium 
Ecosystem Assessment (MEA, 2005) and 
subsequent Intergovernmental Science-Policy 
Platform on Biodiversity and Ecosystem 
Services (IPBES) reports. This gap persists 
despite clear warnings that crossing biospheric 
boundariesðsuch as biodiversity loss and 
climate destabilizationðcould undermine the 
oxygen-generating capacity of natural systems 
(Steffen et al., 2015). 
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Moreover, the planetary oxygen budget is not 
static; it is sensitive to feedback loops involving 
global warming, acidification, and nutrient 
loading (Breitburg et al., 2018). For example, 
ocean warming reduces oxygen solubility and 
alters stratification patterns, impairing 
phytoplankton productivity (Boyd et al., 2013). 
Similarly, deforestation not only reduces the 
oxygen produced by terrestrial photosynthesis 
but also accelerates carbon release, 
compounding atmospheric instability (Pan et al., 
2011). 

Despite mounting evidence, biodiversityôs 
role in regulating atmospheric oxygen is rarely 
included in national accounting systems, global 
sustainability indicators, or conservation finance 
mechanisms. As biodiversity continues to 
decline at unprecedented rates, recognizing and 
quantifying its oxygen production function 
becomes an urgent scientific and policy priority. 

This article aims to examine the contribution 
of biodiversity to the production and 
maintenance of atmospheric oxygen as a critical 
ecosystem service. By synthesizing evidence 
across ecological, physiological, and 
geochemical domains, we seek to highlight the 
mechanisms through which biodiversity 
supports life-sustaining oxygen levels, and to 
propose pathways for embedding this function 
into environmental assessment and 
conservation policy.  

2. Main part  

Our analysis shows that terrestrial and 
marine ecosystems collectively produce 
approximately 530ï560 Pg OϜ annually, with 
marine phytoplankton contributing ~52%, and 
terrestrial vegetation ~48% of total atmospheric 
oxygen generation. The highest terrestrial 
oxygen outputs were observed in tropical 
rainforests (Amazon, Congo, Southeast Asia) 
and boreal forests, with mean gross oxygen 
production (GOP) values exceeding 2500 g OϜ 
mϖ² yrϖ¹. In contrast, arid and semi-arid biomes 

showed the lowest GOP, often below 500 g OϜ 
mϖ² yrϖ¹. 

Oceanic GOP was greatest in equatorial 
upwelling zones, such as the Eastern Pacific 
and the Benguela Current, with annual 
productivity above 3000 g OϜ mϖ² yrϖ¹, driven by 
dense phytoplankton blooms (see Table 1). 
Coastal ecosystems with high chlorophyll-a 

concentrations ï especially estuaries and 
mangroves ï also displayed elevated oxygen 
outputs. 

Sensitivity to Biodiversity Loss. Scenario 
modeling of biodiversity decline yielded the 
following key findings: A 25% reduction in 
photosynthetic species richness resulted in an 
average 12.4% decline in global GOP, with 
losses unevenly distributed across biomes. In 
tropical forests, the loss of functionally dominant 
canopy species reduced oxygen production by 
up to 18.7%. In marine systems, shifts from 
diatom- to cyanobacteria-dominated 
communities under nutrient stress led to a 14ï
19% drop in modeled oxygen output per unit 
chlorophyll. 

Monte Carlo simulations confirmed the 
robustness of these results, with 95% 
confidence intervals falling within ±2.8% of the 
mean GOP change under each scenario (Table 
1). 

Critical Ecosystems and Oxygen Hotspots. 
Mapping of global oxygen hotspots identified the 
following ecosystems as the most significant 
contributors per unit area: 

Table 1. Sources: authorôs work based on [2; 3; 
6; 7; 14; 15; 22; 31; 33; 36; 37; 50]  

Ecosystem Type  Mean GOP (g OϜ 

mϖ² yrϖ¹) 

Contribution to 

Global GOP (%)  

Tropical Rainforest 2780 24.5 

Boreal Forest 1980 12.8 

Coastal 

Phytoplankton 

3050 18.6 

Oceanic Upwelling 

Zones 

3250 21.7 

Wetlands and 

Peatlands 

2140 6.9 

 

Oxygen Stability under Climate and 
Biodiversity Stressors. In integrated 
biodiversityïclimate stress scenarios, GOP 
declined more steeply under combined 
pressures than under either stressor alone. 
Under SSP5-8.5 and 50% biodiversity loss, 
projected GOP fell by up to 27% by 2100, with 
the most vulnerable regions being Amazonia, 
the Congo Basin, and Indo-Pacific coral reef 
zones. These findings highlight the potential 
compounding effects of warming, land-use 
change, and species extinction on oxygen 
provisioning. 
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3. Conclusions  

The following conclusions were formed as a 
result of the conducted research. This study 
provides quantitative evidence that biodiversity 
plays a fundamental and measurable role in 
sustaining the global oxygen cycle, positioning it 
as a critical ecosystem service vital to the 
survival of the planetary biosphere. Our key 
conclusions are as follows: 

1.Biodiversity Strongly Correlates with 
Oxygen Production: Across both terrestrial and 
marine ecosystems, higher taxonomic and 
functional diversity significantly enhances gross 
oxygen production (GOP), explaining over 60% 
of its spatial variability in some biomes. 
Biodiverse regions not only host more species 
but also maintain more stable and elevated rates 
of atmospheric oxygen generation. 

2.High-Output Ecosystems Are Also 
Biodiversity Hotspots: Tropical rainforests, 
boreal forests, oceanic upwelling zones, and 
coastal phytoplankton-rich areas emerge as 
dual oxygen and biodiversity hotspots. These 
ecosystems contribute disproportionately to 
global GOP while also supporting high species 
richness and ecological functionality. 

3.Biodiversity Loss Has Measurable Impacts 
on Atmospheric Oxygen: Simulated declines in 
species richness, particularly among 
photosynthetically dominant taxa, result in 
substantial decreases in oxygen output. These 
effects are magnified in sensitive ecosystems 
such as tropical forests and nutrient-variable 
marine zones. 

4.Synergistic Threats Compound Oxygen 
Instability: Under scenarios combining 
biodiversity loss and climate stress (e.g., SSP5-
8.5), declines in GOP are more severe and 
widespread, with up to 27% reduction projected 
by 2100 in vulnerable regions. This suggests 
that oxygen provisioning is not only ecologically 
fragile but increasingly threatened by 
anthropogenic pressures. 

5.Policy and Conservation Implications: 
Safeguarding biodiversity is not solely an ethical 
or conservationist priority ï it is essential to the 
atmospheric life-support functions upon which 
human civilization depends. Integrating oxygen 
function metrics into conservation planning and 
environmental accounting could provide a 
compelling rationale for preserving biologically 

rich ecosystems under growing climate and 
land-use stress. 

As global biodiversity continues to erode, so 
too does a cornerstone of planetary habitability: 
the oxygen production function. Future 
strategies for sustainability must explicitly 
account for this invisible, but vital, service ï 
linking species survival to atmospheric 
resilience and, ultimately, to human well-being. 
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Abstract . This article examines the role of e-
democracy as a tool for enhancing civic 
participation at the local level. It analyzes key 
digital tools, such as e-petitions, open data, and 
online consultations, as well as their impact on 
the transparency and accountability of local 
governments. Special attention is given to the 
legal framework for the development of e-
democracy in Ukraine and to European 
standards. The article highlights the benefits and 
challenges of implementing digital tools for 
participation in community governance. 

Keywords.  Civic engagement, e-democracy, 

e-petitions, local self-government, transparency. 

1. Introduction  

In todayôs information society, digital 
technologies have a significant impact on all 
areas of life, particularly on the system of public 
administration and citizensô interactions with 
government agencies. One of the outcomes of 
the digital transformation has been the 
emergence and development of e-democracy, 
which aims to engage citizens in decision-
making processes through the use of modern 
information and communication technologies. 

E-democracy is viewed as a key mechanism 
for improving democratic processes, as it 
ensures government openness, promotes 
transparency in government activities, and 
creates new opportunities for public 
participation. The use of digital tools enables 
citizens to access information more quickly, 
express their views on issues of public 
importance, and participate in shaping local 
policy [1]. 

E-democracy takes on particular significance 
at the local level, where interaction between the 
government and the community is most direct. It 
is local governments that have the ability to 
promptly address residentsô needs and involve 
them in solving pressing issues related to 
regional development. Therefore, studying the 
role of e-democracy as a tool for fostering civic 

participation is relevant from both a theoretical 
and a practical perspective. 

2. Theoretical Foundations of  
E-Democracy  

E-democracy is a modern form of 
implementing democratic principles through 
digital technologies. It encompasses a wide 
range of mechanisms that enable citizens to 
participate in the political and administrative life 
of the state. Unlike traditional forms of 
participation, e-democracy allows for the 
overcoming of time and space constraints, 
making the process of communication between 
citizens and the government more accessible 
and efficient. 

The primary goal of e-democracy is to ensure 
effective dialogue between society and the 
state, as well as to increase citizen participation 
in governance decisions. Thanks to the use of 
digital technologies, citizens can not only access 
information about the activities of government 
agencies but also actively influence the 
development of national and local policies [1]. 

Council of Europe documents emphasize that 
the development of e-democracy must be based 
on the principles of openness, accessibility, 
accountability, and the protection of human 
rights [2]. This means that digital tools should not 
replace traditional democratic mechanisms, but 
rather complement them, creating additional 
opportunities for citizen participation. 

An important prerequisite for the functioning 
of e-democracy is ensuring citizensô right to 
access information. In Ukraine, this right is 
guaranteed by the Law of Ukraine ñOn Access 
to Public Informationò [3]. Transparency of 
information allows citizens to exercise public 
oversight over the activities of government 
bodies and increases their trust in state 
institutions. 

3. E-democracy tools at the local level  

At the current stage of local self-government 
development in Ukraine, a wide range of e-
democracy tools is being used. One of the most 
popular and effective mechanisms is electronic 
petitions. They allow citizens to draw the 
attention of government authorities to issues of 
public importance and to initiate their 
consideration [5]. 
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Online petitions help boost civic engagement 
by giving people the opportunity to directly 
influence the governmentôs agenda. To support 
a petition, citizens simply need to use the online 
platform and verify their identity. This 
mechanism is more accessible than traditional 
forms of petitioning. 

Public consultations also play a key role 
among the tools of e-democracy. They involve 
discussions of draft decisions, regional 
development programs, and other documents of 
public interest. This allows local governments to 
take residentsô views into account when making 
administrative decisions. 

Another important area is the use of official 
web portals operated by local governments. 
These resources provide access to information 
about government activities, laws and 
regulations, budget documents, and e-services. 
This helps increase the transparency of local 
government operations and facilitates more 
effective communication with citizens. 

The expansion of electronic services also has 
a positive impact on the quality of administrative 
services. Thanks to digital technologies, citizens 
can submit applications, obtain certificates, and 
carry out other administrative procedures 
remotely, which significantly saves time and 
resources. 

4. Legal Framework for E -Democracy  
in Ukrain e 

The development of e-democracy in Ukraine 
is based on the relevant legal framework. The 
foundational document is the Constitution of 
Ukraine, which guarantees citizens the right to 
participate in the management of public affairs 
and to exercise oversight over the activities of 
government bodies [6]. 

The Law of Ukraine ñOn Access to Public 
Informationò plays a key role in the functioning of 
digital mechanisms, as it ensures the 
transparency of the activities of state and local 
government bodies [3]. The exercise of this right 
creates the conditions for the development of 
public oversight and increased government 
accountability. 

Equally important is the Law of Ukraine ñOn 
Electronic Documents and Electronic Document 
Managementò [4], which establishes the legal 
framework for the use of electronic documents 

and facilitates electronic interaction between 
citizens and government agencies. 

In addition to national legislation, 
international standards and recommendations 
from the Council of Europe have a significant 
impact on the development of e-democracy in 
Ukraine [2]. They promote the adoption of best 
European practices in the areas of digital 
governance and civic participation. 

5. The Benefits and Challenges of  
E-Democracy  

The implementation of e-democracy offers a 
number of benefits for citizens and government 
agencies. First and foremost, it increases the 
openness and transparency of administrative 
processes. Citizens gain greater opportunities to 
access information and participate in decision-
making. 

E-democracy also contributes to the 
development of civil society, as it encourages 
public engagement and fosters a sense of 
responsibility toward addressing social issues. 
Digital tools facilitate the rapid exchange of 
information and enable a swift response to 
pressing challenges. 

At the same time, there are certain 
challenges and risks. One of the main issues 
remains the digital divide, which manifests itself 
in varying levels of access to the internet and 
digital technologies among citizens. This is 
particularly true for residents of rural areas and 
certain social groups. 

Ensuring cybersecurity and data protection 
also poses a significant challenge. The use of 
electronic services requires reliable 
mechanisms for protecting personal data and 
preventing unauthorized access to information 
resources. 

Researchers also point out the risk of e-
democracy tools being used merely as a 
formality, where public opinion is gathered but 
not sufficiently taken into account in the 
decision-making process [2]. Therefore, an 
important goal is to ensure that citizens have a 
real influence on the activities of government 
bodies. 
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6. Conclusions  

E-democracy is a key component of the 

development of a modern democratic society 

and effective local self-government. Its 

implementation helps expand opportunities for 

civic participation, increase the transparency of 

government activities, and strengthen trust 

between the government and the community. 

Ukraine has already established the 

necessary legal framework for the development 

of e-democracy, and digital tools for engaging 

with citizens are being actively implemented. At 

the same time, further development in this area 

requires improvements to the digital 

infrastructure, an increase in the populationôs 

digital literacy, and the assurance of an 

adequate level of information security. 

Thus, e-democracy is not only a modern 

technological phenomenon but also an 

important mechanism for improving the 

effectiveness of public administration and 

fostering the development of civil society in 

Ukraine. 
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Abstract . The article analyzes the criteria and 
indicators of professional communicative 
competence of future officers of the Naval 
Forces of the Armed Forces of Ukraine. 

Particular attention has been paid to the 
definition and substantiation of criteria and 
indicators that can be used to assess the level 
of professional communicative competence 
formation.  

The article emphasizes the importance of 
integrating communicative training into 
professional military education through 
innovative teaching methods, simulation-based 
learning, communicative tasks, and the use of 
digital technologies.  

The results of the study contribute to improving 
the quality of professional training of future 
officers of the Naval Forces of the Armed Forces 
of Ukraine and support the implementation of 
competence-based approaches in military 
higher education institutions. 

Keywords.  professional communicative 
competence, future naval officers, military 
education, communicative skills, professional 
training, criteria, indicators, NATO standards, 
foreign language competence, Armed Forces of 
Ukraine. 

In order to diagnose the level of formation of 
professional communicative competence of 
future officers of the Navy of the Armed Forces 
of Ukraine at different stages of the study, it is 
necessary to determine a scientifically 
substantiated system of criteria and 
corresponding indicators of its formation. This 
will provide a quantitative and qualitative 
assessment of the dynamics of the development 
of professional communicative competence in 
the educational process of higher educational 

institutions and create a methodological basis 
for conducting research and experimental work. 

The aim of the research is to determine the 
criteria and indicators of formation of 
professional communicative competence of 
future officers of the Navy of the Armed Forces 
of Ukraine 

A substantiated selection of criteria and 
indicators should be based on the components 
of competence (cognitive, operational-activity, 
social-psychological, motivational-value, 
reflective-regulatory) and reflect both the 
content and procedural-result aspects of the 
professional communicative activity of future 
officers of the Navy of the Armed Forces of 
Ukraine. 

Taking into account the specifics of the 
military-professional training of future officers of 
the Navy of the Armed Forces of Ukraine in the 
Military-Technical Institute, the system of criteria 
and indicators should reflect the requirements of 
service and combat activities, the peculiarities of 
interpersonal and interdepartmental interaction 
in a specific professional environment, as well 
as increased requirements for speech accuracy, 
normativity and responsibility for communicative 
decisions. This necessitates the combination of 
quantitative assessment procedures with a 
qualitative interpretation of the levels of 
formation of the studied competence. 

The procedure for determining the criteria, 
indicators and levels of formation of professional 
communicative competence of future officers of 
the Navy of the Armed Forces of Ukraine should 
be constructed as a step-by-step scientifically 
substantiated process that provides a logical 
connection between the theoretical model of 
competence and its empirical diagnostics. 

At the theoretical and analytical stage, it is 
advisable to generalize scientific approaches to 
the criteria of professional communicative 
competence, taking into account the identified 
components (cognitive, operational-activity, 
socio-psychological, motivational-value, 
reflective-regulatory) and determine their 
diagnostically significant manifestations. 

The design stage involves formulating criteria 
and defining a system of indicators for each of 
them that meet the requirements of 
operationalization, observability, measurability 
and professional relevance. At the same time, it 



Hands -on Science. Science Education. Resilience in challenging times   
- 

 

 

112 

is necessary to select methods for collecting 
empirical data (testing, questionnaires, expert 
evaluation, analysis of the results of cadets' 
activities, situational tasks), which ensure the 
receipt of quantitative and qualitative 
parameters. 

At the expert verification stage, as a rule, the 
content validity of the proposed system is 
checked by involving an expert group and the 
consistency of expert judgments. 

The level-diagnostic stage involves 
establishing a scale of levels of competence 
formation (for example, high, sufficient, medium, 
low) and developing their qualitative descriptors 
and quantitative limits. 

The final testing and correction stage 
consists of pilot application of diagnostic tools in 
the educational process of higher educational 
institutions, checking its reliability and 
discriminativeness, and further refining the 
system of criteria, indicators, and levels. 

The implementation of such a procedure 
ensures the methodological validity of 
diagnostics and creates an appropriate basis for 
further research and experimental work. 

As for the first (theoretical and analytical) 
stage, the results of the generalization of 
scientific works have shown the presence of 
different approaches to determining the criteria, 
indicators and levels of formation of professional 
communicative competence. At the same time, 
the analysis of the studies gives grounds to 
assert that, despite the variability of the authors` 
positions, a common methodological logic has 
been established in pedagogical theory, 
according to which the criteria should 
correspond to the structure of the competence 
under study, and the indicators should specify its 
component manifestations. In particular, in the 
works of O. Lazarev [8; 210 216], O. Ivannikova 
[3; 59 65.], N. Zuenko and I. Andrela [11; 64
69.], T. Drozd [2; 163 166], N. Kalashnik [4; 62
67.] substantiated the expediency of the 
criterion-level approach and emphasized that 
the content of the criteria should reflect the 
internal structure of competence and ensure its 
operationalization. The authors emphasize the 
need to select observable and measurable 
indicators that represent cognitive, performance, 
and personal aspects of preparedness. 

At the same time, studies devoted to the 
professional training of future officers 
emphasize the need to adapt general 
pedagogical approaches to the conditions of 
military-professional activity. Researchers I. 
Bloshchynsky [1; 77 82], Ye. Kyrpenko, V. 
Yagupov, S. Zhembrovsky [7; 200 211], Yu. 
Lisnichenko [9; 8 9], S. Reshetnyk [10; 217
223], O. Kravchenko [6; 178 189.] emphasize 
that the system of criteria and indicators should 
take into account the regulated nature of official 
communication, managerial interaction and the 
officer's increased responsibility for 
communicative decisions. 

Taking into account the results of the analysis 
conducted in the study, we adhere to the 
approach according to which the criteria for the 
formation of professional communicative 
competence of future officers of the Navy of the 
Armed Forces of Ukraine should directly 
correlate with its structure, and the system of 
indicators should reflect diagnostically 
significant manifestations of each component. 
Such a methodological position ensures internal 
consistency of diagnostics and creates a basis 
for a substantiated determination of the levels of 
formation of the studied competence. 

In accordance with the logic of the design 
stage and taking into account the structure of 
professional communicative competence of 
future officers of the Navy of the Armed Forces 
of Ukraine, defined in subsection 3.1, criteria 
have been formulated and a system of main 
indicators has been outlined for each of them. 
Their selection was based on the requirement of 
content compliance with the component 
structure of competence, which ensures its 
correct operationalization and subsequent 
empirical measurement. 

The content of the criteria specifies the 
relevant components of competence (cognitive, 
operational-activity, socio-psychological, 
motivational-value, reflective-regulatory), and 
the indicators reflect diagnostically significant 
manifestations of the readiness of future officers 
for professional communicative activity in the 
naval environment. Their determination was 
carried out taking into account observability, 
measurability, professional relevance and 
compliance with the requirements of service and 
combat activity. 
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An important condition for the development of 
the diagnostic toolkit was the combination of 
quantitative and qualitative methods of 
collecting empirical data. This approach allows 
not only to record the level of formation of 
individual skills and qualities, but also to 
interpret the features of their manifestation in 
typical and complex conditions of professional 
activity. For this purpose, a complex of 
complementary methods was used: testing, 
questionnaires, expert evaluation, analysis of 
the results of educational and professional 
activity of cadets, situational modeling and 
observation. 

The proposed system covers five interrelated 
criteria - normative-knowledge, communicative-
activity, psychological-management, 
professional-value and communicative-
regulatory. Each of them represents a separate 
dimension of the professional communicative 
preparedness of a future officer of the Navy of 
the Armed Forces of Ukraine and corresponds 
in content to the corresponding component of 
competence. This approach provides a holistic 
coverage of cognitive, activity, personal and 
reflective manifestations of professional 
communication. 

For each criterion, a system of indicators and 
diagnostic indicators of their manifestation is 
specified, which creates the necessary 
conditions for objective measurement of the 
studied competence. The selection of methods 
is complex and involves a combination of test, 
scoring, expert, behavioral and reflective 
procedures. Such methodological integration 
increases the validity and reliability of 
diagnostics, provides a multidimensional 
assessment of the formation of professional 
communicative competence, and forms the 
basis for further determination of the levels of its 
formation within the framework of research and 
experimental work. 
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Abstract . The article examines the impact of a 
full-scale war on the scientific human capital of 
Ukraine. The main risks for the scientific sphere 
are analyzed, in particular, the forced migration 
of scientists, the reduction of the human 
resources potential of scientific institutions, the 
reduction of research funding, and the increase 
in competition for highly qualified personnel on 
the international labor market. Modern 
mechanisms of state support for science and 
international scientific cooperation are 
considered. Strategic directions for the 
preservation and restoration of the scientific 
human capital of Ukraine in the context of post-
war development are substantiated. A set of 
measures aimed at increasing the stability of the 
scientific system and ensuring its 
competitiveness is proposed. 

Keywords.  Gross domestic expenditure on 
research and development, human capital, 
recovery strategies, scientific potential. 

The full-scale war has become an 
unprecedented challenge for the scientific 
system of Ukraine, causing not only direct 
losses of scientific infrastructure, but also a 
large-scale reduction in the human capital of 
science. The destruction of scientific institutions, 
laboratories and research equipment is 
accompanied by the forced migration of 
scientists, the relocation of higher education 
institutions and scientific organizations, as well 
as a decrease in the amount of funding for 
research and development. Taken together, 
these processes create risks of long-term 
degradation of the state's scientific potential, a 
decrease in the ability to create new knowledge 
and a weakening of Ukraine's innovative 
competitiveness in the post-war period. 

The creation of strategic solutions targeted at 
protecting and replenishing scientific talent 
capital becomes even more crucial in such 
circumstances. Priority areas include expanding 
international scientific cooperation, modernizing 
and rebuilding research infrastructure, 
supporting programs for the return of Ukrainian 

scientists from foreign countries, guaranteeing 
steady funding for scientific endeavors, and 
integrating Ukrainian research space into the 
European research space.  The restoration of 
Ukraine's scientific capacity and the creation of 
a innovative post-war development model 
depend on the systematic application of such 
methods. 

The data presented in Table 1 indicate the 
formation of a complex of interrelated threats to 
Ukraine's scientific potential: reduction of human 
resources, destruction of the material and 
technical base, and reduction in funding for 
research and development. In the context of 
post-war reconstruction, this emphasizes the 
necessity of creating strategic procedures for 
the preservation and restoration of scientific 
human capital. 

Table 1. Impact of the War on Ukraine's 
Scientific and Research Potential  

Indicator  Value 

Researchers forced to relocate 

internally or abroad 

approximately 10ï

15% of researchers 

Research institutions affected 

by physical damage 

29.4% of research 

institutions 

Relocated higher education 

and research institutions since 

2014 

more than 40 

institutions 

Damaged or destroyed 

educational and research 

infrastructure facilities 

1,443 facilities 

Estimated cost of restoring 

scientific infrastructure 

more than USD 

1.26 billion 

Financial support for Ukrainian 

researchers under the 

MSCA4Ukraine programme 

(2025)  

EUR 10 million 

 

Note:  

Source: compiled by the author based on 
official and analytical data from the State 
Statistics Service of Ukraine [1], UNESCO 
Institute for Statistics (UIS) [2], the Ministry of 
Education and Science of Ukraine, Science at 
Risk initiative [3], RDNA reports [4] and the 
European Commission (MSCA4Ukraine) [5]. 

A feature of the current situation is that 
Ukraine faces not only the risk of "brain drain", 
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but also the threat of losing the institutional 
memory of science due to the destruction of 
research teams and infrastructure. 

At the same time, to assess long-term trends 
in the preservation and reproduction of scientific 
human capital, it is necessary to analyze the 
dynamics of the number of personnel engaged 
in research and development. The 
corresponding results are shown in Fig. 1. 

 

Figure 1. Dynamics of R&D Personn, 2015 ï2022 

Note:  

Source: compiled by the author based on 
data from the State Statistics Service of Ukraine 
(official statistical publications on research and 
development activities, 2010ï2023). el in 
Ukraine (2010ï2023) [1]. 

The projected convergence of the linear trend 
toward a near-zero level of R&D personnel 
around 2027 should be interpreted as a 
theoretical boundary rather than a realistic 
forecast. Nevertheless, it highlights the potential 
long-term consequences of sustained negative 
dynamics in scientific human capital. Such a 
trajectory reflects cumulative structural 
pressures within the national research system, 
including the weakening of institutional capacity, 
reduced attractiveness of research careers, and 
insufficient renewal of scientific personnel. 
According to this viewpoint, the 2027 threshold 
serves as an analytical warning signal, marking 
the moment at which, in the absence of focused 
governmental interventions and systemic 
investment in science, the continuity of the 
national research system would become 
dangerously fragile. 

While Fig. 1 illustrates the contraction of 
scientific human capital, a comprehensive 

understanding of this trend requires an analysis 
of the underlying financial conditions of the 
research system. In this context, the dynamics 
of gross domestic expenditure on research and 
development (GERD) are presented in Fig. 2 as 
a key explanatory factor of the observed 
structural decline. 

 

Figure 2. Dynamics of gross domestic 
expenditure on research and development 

(GERD), 2015ï2022 (% of GDP)  

Note:  

Compiled by the author using data from the 
State Statistics Service of Ukraine [1] and the 
UNESCO Institute for Statistics (UIS) [2] on 
gross domestic expenditure on research and 
development (GERD), expressed as a 
percentage of GDP. 

As shown in Fig. 2, gross domestic 
expenditure on research and development 
(GERD) in Ukraine demonstrates a persistent 
downward trend over the analyzed period, 
reflecting a gradual weakening of the financial 
foundation of the national research system. The 
linear trend approximation further indicates a 
continued decline in R&D intensity, suggesting 
that if current dynamics persist, GERD may 
approach a critically low level of approximately 
0.2% of GDP around 2027. 

Rather than being an exact forecast, this 
estimated threshold should be seen as a 
structural warning indicator. Reaching this level 
would mean that the national research system 
would become highly underfunded, severely 
limiting its ability to maintain scientific activity, 
guarantee the replication of human capital, and 
promote innovation-driven development. The 
trajectory that has been found in this context 
highlights how urgent it is to implement 
deliberate policy measures that would stabilize 
and restore appropriate levels of support for 
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research. 

The development of an adaptive model of 
scientific governance that combines internal 
stability mechanisms with international support 
is especially pertinent in the context of a 
protracted war and structural decrease of 
Ukraine's scientific capabilities. In addition to 
protecting science's current human capital, it is 
crucial to establish the framework for its growth, 
reproduction, and integration into European 
research. 

One of the most effective tools in this context 
is the support programs of the European Union, 
in particular MSCA4Ukraine, which have the 
potential to transform from an instrument of 
individual support for researchers into a 
mechanism for institutional renewal of Ukrainian 
science. To this end, it is advisable to reorient 
part of the program's resources to the creation 
of long-term research positions in Ukrainian 
universities and scientific institutions, the 
development of joint laboratories, as well as the 
financing of projects that are directly linked to the 
restoration of critical sectors of the economy and 
public administration. Another important 
direction is to stimulate the mechanisms of 
ñcirculation of scientistsò instead of the complete 
loss of personnel through emigration, which will 
allow scientists to maintain contact with the 
national system even in the case of temporary 
work abroad [5, 6, 7, 10]. 

An alternative strategic model could be the 
formation of mixed research ecosystems, in 
which EU funding is combined with national 
recovery priorities. This involves supporting 
thematic research clusters in the areas of 
security, infrastructure recovery, digitalization of 
public administration and social sustainability. In 
such a model, MSCA4Ukraine performs not only 
a compensatory function, but also becomes a 
tool for long-term building of scientific potential 
integrated into European research policy [7, 8, 
9]. 

Thus, the effective use of international 
science support programs requires a transition 
from the logic of ñretaining personnelò to the logic 
of ñrestoration and development of the systemò, 
which will allow gradually overcoming the 
consequences of war losses and forming a 
sustainable model of scientific development of 
Ukraine in the post-war period. 
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Abstract . This study conceptualizes the 
transformation of public governance paradigms 
through the lens of self-governing community 
practices during wartime and post-war 
reconstruction. By analyzing the structural 
interactions between state authorities and civil 
society institutions, the paper explicates a 
strategic matrix mapping community 
interventions across national security, economic 
resilience, and social inclusion. The research 
demonstrates that resource scarcity drives a 
shift from hierarchical administration toward co-
management models. Ultimately, the integration 
of civic monitoring practices into state digital 
platforms like the DREAM ecosystem 
institutionalizes public accountability, offering a 
framework for co-creation and a renewed social 
contract. 

Keywords.  Co-management, public 
governance, self-governing communities, 
strategic co-creation. 

1. Introduction  

Martial law, as a specific legal regime 
governing society and the state in Ukraine, 
carries a constitutional status and operates 
through defined regulatory instruments: the 
centralization and expansion of public 
authorities' mandates; the restriction of 
constitutional rights, individual freedoms, and 
the legitimate interests of corporate entities; 
rigorous economic intervention alongside 
intensified state oversight; and information 
control [1].  

Concurrently, under acute state resource 
constraints, the wartime environment has forced 
unconventional conditions that broaden the 
social baseline of public policy. This dynamic 
increasingly shifts policy execution toward 

structured co-participation among state 
institutions, local self-government, enterprises, 
and civil society networks.  

Within this paradigm, the state focuses on 
configuring an adaptive, resilient institutional 
and legal infrastructure via: 

Legislative and regulatory framing ï enacting 
statutory acts that formalize and sustain civic 
interventions (e.g., the Laws of Ukraine "On 
Volunteer Activity", "On National Resistance", 
"On Charitable Activity and Charitable 
Organizations", "On Cooperation", and "On 
Bodies of Self-Organization of the Population"). 

2. Main text  

Financial and material backing ï embedding 
self-governing units into state budgetary 
programs, launching targeted funds for 
volunteers and voluntary formations of territorial 
communities, and developing public-private 
partnerships.  

Structural coordination ï institutionalizing 
operational linkages connecting civic and 
volunteer networks with state defense and 
administrative bodies, including the Armed 
Forces of Ukraine, the State Emergency 
Service, the Ministry of Defense, and regional 
administrations.  

Operational security for civil actors ï 
implementing legal safeguards and protection 
mechanisms for civic activists executing 
missions within combat zones [2].  

Current academic literature delineates two 
primary approaches to public governance, both 
reflecting a global reconceptualization of the 
state's administrative role. The first approach 
conceptualizes self-governing frameworks as 
polycentric arrangements driven by state 
retraction, where traditional hierarchies are 
supplanted by overlapping, competitive, and 
autonomous decision-making nodes. 

The second approach defines public 
governance through the redistribution of state 
functions, emphasizing the engagement of non-
state actors via voluntary agreements, private 
initiatives, and polycentric civic networks, while 
the state retains a coordinating role based on the 
principles of good governance [3; 4]. 



Hands -on Science. Science Education. Resilience in challenging times   
- 

 

 

120 

In either context, the ontological essence of 
public governance manifests in the continuous 
reproduction of collective interests within self-
governing networks aimed at resolving socially 
significant issues. The definitive attributes of this 
paradigm include voluntariness, situational 
mobilization around specific objectives, non-
hierarchical internal coordination, and network-
based interaction. 

The theoretical and methodological framing 
of public governance within policy execution 
remains formative. Consequently, further 
research must prioritize a rigorous analysis of 
the legislative and regulatory frameworks that 
institutionalize public governance within the 
policy-making process. 

Concurrently, this study evaluates the 
institutional capacity of public governance 
practices to execute public policy objectives. 
Expanding on this trajectory, we examine self-
governing communities as active agents of 
public policy implementation, structuring their 
operational strategies, analyzing effective 
community practices during wartime, and 
assessing their potential for post-war 
reconstruction. 

Empirical indicators underscore an 
accelerating mobilization within Ukrainian civil 
society under martial law. This trend is 
evidenced by the registration of 4,365 new civil 
society organizations (CSOs) within the first four 
months of 2022 alone, with 49% operating at the 
local level. Furthermore, the number of officially 
registered volunteers expanded by a factor of 21 
by the end of 2023, while up to 86% of citizens 
engage in volunteer and charitable activities, 
and approximately 100,000 individuals have 
joined voluntary formations of territorial 
communities [5]. 

Wartime conditions have catalyzed a 
systemic institutionalization of self-governing 
communities, whose legitimacy is generated via 
what Pierre Bourdieu conceptualizes as the 
symbolic capital of trust, rendering the self-
organization process an organic imperative for 
the community. These self-governing units 
consistently demonstrate dense intra-communal 
ties at the micro-level, horizontal network 
interactions across groups, and established 
channels of communication with public 
authorities [6]. 

Co-creationðthe process whereby public 
and private actors collectively articulate problem 
definitions and design innovative solutions to 
generate public valueðis increasingly 
conceptualized as a critical strategic principle of 
modern public governance. 

This paper defines self-governing 
communities as civil society entities 
(encompassing social groups, private and social 
initiatives, organizations, and informal networks) 
that act as proactive socio-economic and 
political actors addressing issues of public 
significance. Admittedly, this definition is 
exceptionally broad and complicates framing 
these entities as distinct legal subjects; 
nevertheless, this inquiry represents an initial 
attempt at a scholarly systematization of the 
phenomenon. 

The resulting systematization of wartime self-
governing practices forms the basis of the 
strategic priority matrix presented below (Table 
1). 

Table 1. (after the References)  

The data in Table 1 indicate that the 
operational response to emerging threats 
served as the starting point for the functioning of 
self-governing communities under wartime 
conditions. Nevertheless, the large-scale and 
pervasive nature of these self-governing 
community practices substantially contributes to 
the implementation of strategic public policy 
priorities. Furthermore, under the conditions of 
war, this model of public governance has 
acquired an existential dimension, ensuring the 
vitality of society and the state as a whole, while 
preserving social capital, culture, education, and 
other vital spheres. 

The operational mechanisms of self-
governing communities within the scope of 
public policy implementation are anchored in the 
principles of public participation, collaborative 
governance, subsidiarity, and network 
governance. Consequently, these mechanisms 
enhance the effectiveness of administrative 
decisions and foster institutional trust in public 
authorities (Table 2). 

Table 2. (after the References)  

The analyzed primary management 
mechanisms and interaction channels between 
self-governing communities and public 
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authorities within the scope of public policy 
implementation demonstrate a strengthening of 
both the institutional and functional agency, as 
well as the capacity of self-governing institutions 
as core actors in public governance.  

This evolution enhances the effectiveness of 
public policy by expanding participatory 
mechanisms for self-governing communitiesð
specifically advisory, oversight-analytical, 
financial, and communicative toolsðthereby 
substantially transforming the overarching public 
governance model. 

A synthesis of these demonstrated 
mechanisms allows for the categorization of the 
baseline operational characteristics of self-
governing entities within the public governance 
framework (Table 3). 

Table 3. (after the References)  

The provided data indicates that self-
governing communities demonstrate the 
ambition to form the institutional foundation of a 
new public governance model. This is achieved 
through the creation of an open space for 
collaborative action, the adaptation of 
management decisions to the actual needs of 
the population, and the deployment of modern 
technological solutions for participation, 
monitoring, and communication. 

Consequently, the analysis of effective public 
governance practices within the scope of public 
policy implementation demonstrates the efficacy 
of strategies and mechanisms employed by self-
governing communities. As actors in public 
governance, these entities are capable of 
responsibly assuming the integrative and 
instrumental functions of the state, while also 
swiftly adapting society to operational realities 
during wartime. 

The accumulated experience of self-
governing communities establishes an empirical 
foundation for conceptualizing their potential in 
post-war reconstruction. In the logic of the 
National Recovery Plan of Ukraine, the ultimate 
objective is not merely the rebuilding of the 
country, but the renewal of the social contract on 
a partnership basisða goal that resides directly 
within the domain of public governance [7]. 

Based on the research objectives, this study 
focuses on the strategic framework outlined by 

the Recovery Plan, specifically "Strengthening 
Institutional Capacity."  

The conceptual essence of this direction 
encompasses: 

The modernization of the governance 
system; 

Governance transparency and 
accountability; 

Decentralization and subsidiarity in decision-
making; 

Civic engagement in public policy formulation 
and oversight; 

Human capital development; 

The development of digital services and 
management standards. 

Broadly, the strategic goals of strengthening 
institutional capacity serve as systemic variables 
within the Plan, securing the institutional 
architecture of recovery. Accordingly, integrating 
self-governing communities as repositories of 
social capital into the capacity-building process 
forms a networked governance architecture. 
The potential of self-governing communities is 
systematized into the following functional 
components: operational efficiency, institutional 
audit, and innovation dynamics (Table 4). 

Table 4. (after the References)  

As noted by J. Torfing et al., the transition to 
strategic co-creation allows for both the 
accumulation of resources and the generation of 
new public value through the synergy of public 
and private actors. In the Ukrainian context, this 
manifests in the formation of an adaptive 
governance model, where self-governing 
communities emerge as agents of innovation 
dynamics and institutional audit. The practical 
embodiment of such synergy is the regulatory 
integration of civic oversight tools into national 
digital systems (specifically, the DREAM 
ecosystem), which transforms declarative 
citizen participation into a legally significant 
element of recovery process management [8]. 

The future outlook for public governance lies 
in strengthening the institutional and functional 
agency of self-governing communities, which 
emerge as integral participants in the 
architecture of public administration.  
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Table 1. Core strategies and practices of self -governing communities within the context of public 
policy implementation  

 

Policy priority  Strategies  Practices  

National security 
and defense 

Local 
mobilization and 
community 
security 

Territorial defense: voluntary formations of territorial communities ï securing 
settlements and supporting the armed forces; 

Civic patrols: maintaining public order and countering sabotage threats; 

Coordination with security agencies: integrating local initiatives with the National 
Police, the State Emergency Service, and military administrations. 

 Volunteer 
assistance to 
the military and 
civilians 

Material and technical support for the Armed Forces: fundraising, procurement 
of equipment, and manufacturing of unmanned aerial vehicles (UAVs) and 
military gear; 

Humanitarian assistance: providing food, medical supplies, and essential goods 
for both military personnel and civilians; 

Evacuation and social adaptation of displaced persons: establishing temporary 
shelters, organizing transport logistics, and providing social support networks. 

Social policy Social 
protection and 
welfare 

Partnership with public social protection institutions: volunteer initiatives 
supporting internally displaced persons (IDPs); civic monitoring of access to 
social services; 

Social partnership and civic engagement: public-private partnerships in social 
service delivery; participation in public advisory councils and the establishment 
of co-governance platforms; 

Psychosocial support: initiating local psychological assistance programs; 
advocating for and promoting healthy lifestyle initiatives; rehabilitation projects 
for veterans and war-affected children. 

 Social 
integration and 
inclusion 

Advocacy for the rights of persons with disabilities: designing accessible 
environments; enhancing socialization pathways for children with disabilities; 

Promotion of gender equality; 

Fostering social capital: organizing community festivals and youth development 
events; establishing vibrant, inclusive public spaces. 

 Employment 
and human 
capital 
development 

Professional reintegration of veterans and IDPs: Job placement and 
mentorship programs for veterans and IDPs; civic (specialized) educational 
platforms; fostering women's entrepreneurship and business development. 

Information policy Information 
security and 
strategic 
communications 

Countering disinformation: debunking fake news, conducting media literacy and 
information security awareness campaigns; 

Documentation of war crimes and advocacy: developing grassroots citizen 
journalism networks; 

Cybersecurity support: building platforms to safeguard personal data and protect 
critical digital infrastructure. 

Economic policy Economic 
security and 
recovery 

Housing and infrastructure rehabilitation: grassroots reconstruction initiatives; 
co-financing through public grant support networks; 

Financial support for businesses: engagement of local cooperatives in food 
security programs; mutual assistance networks for entrepreneurs. 
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 Economic 
resilience 

Collaborative planning and implementation of socio-economic strategies: 
participation in grant-funded and public programs; consulting services for SMEs; 
analytical support for local economic strategies; developing developmental 
roadmaps; 

Innovative employment initiatives: providing equipment and co-working spaces; 
social entrepreneurship; local business development; women's 
entrepreneurship; self-help projects; socio-economic cooperatives. 

Culture and 
education 

Cultural 
heritage 
preservation 
and the culture 
of recovery 

Reconstruction of cultural infrastructure: community-led assessment and 
prioritization of sites for preservation and reintegration; expert advisory support; 
promoting cultural recovery initiatives; 

Partnership with public cultural authorities: establishing cooperative platforms to 
support cultural reconstruction projects; forming joint working groups; 
implementing participatory budgeting frameworks. 

 Cultural 
participation 

Advocacy for sector reforms: providing analytical and policy support; 

Ensuring access to culture in small and remote communities: digitization of 
heritage sites and museum collections; establishing ethno-cultural hubs, private 
museums, and exhibitions; developing virtual tours; 

Creation of memorials and commemorative sites. 

 Safe 
educational 
environment 

Supporting educational continuity: provisioning technical equipment and 
communication tools; retrofitting and equipping bomb shelters; 

Learning recovery programs: establishing mentorship networks and remedial 
tutoring groups; 

Civic-educational-administrative dialogues: restructuring school networks; 
facilitating public multi-stakeholder discussions on educational models. 

International 
policy 

International 
cooperation 

Public diplomacy: joint projects, forums, and academic conferences; organizing 
informal expert-level meetings; 

Lobbying and advocacy. 

 
 

Table 2. Mechanisms of self -governing community activities in public policy implementation  

 

Policy priority  Strategies  Practices  Mode of Realization  

Organizational-
Institutional 

Institutionalizati

on of civic 

participation 

Delegation of 
authority and 
subsidiarity 

Establishing permanent and temporary 

structures for public participation in 

governance; 

Devolution of select state functions to self-
governing communities for the effective 
resolution of socially significant local 
issues. 

Public advisory councils, 

consultative bodies, and joint 

commissions 

Agreements, collaborative 

projects, and local initiatives 

Legal and 
Regulatory 

Legal 

regulation of 

public 

participation 

Guaranteeing 
citizen rights to 
participate in 
governance 
 

Defining the legal foundations for 

cooperation between public authorities and 

civil society organizations; 

Ensuring the statutory right of citizens to 
influence public policy decisions. 

Laws, government decrees, 

and local regulatory acts 

E-petitions, public hearings, 

and public information 

requests 
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Information-
Communicative 

Public 

communication 

and 

governmental 

openness  

Civic 
monitoring and 
feedback loops 

Collaborative implementation of projects, 

programs, or policies based on the 

alignment of stakeholder interests; 

 

Conducting consultations with 
representatives of self-governing 
communities prior to the adoption of policy 
decisions. 

Memorandums, grants, co-

funding arrangements, and 

public-civic councils; 

 

Public consultations. 

Financial-Economic  

 

Participatory 

budgeting 

 

State support 
for civic 
initiatives 

Empowering self-governing communities to 

participate in the allocation of budgetary 

resources; 

Financial or material assistance for the 
implementation of socially significant 
projects. 

Participatory budgeting, 

participatory planning 

 

Grants, subventions, and 

support programs 

Educational and 
awareness-raising 

competence in 
the field of 
public 
governance 

Developing knowledge and skills for 

participation; 

 

Building the capacity of community opinion 
leaders 

Training courses, awareness-

raising campaigns, and active 

citizenship schools; 

Educational programs, 

internships, and experience-

sharing initiatives 

 
 

Table 4. Alignment between the potential of self -governing communities and the key components of 
the national recovery policy for strengthening institutional capacity  

 

Recovery Plan component  Potential of self -governing 
communities  

Expected institutional effect  

Operational efficiency  

Enhancing the efficiency of the public 
governance system 

Presence of horizontal governance 
structures, self-organization 
practices, rapid resource 
mobilization, and collective 
decision-making 

Reduction of local authorities' 

response times to crisis requests; 

Optimization of local budget 

expenditures through the 

mechanism of delegating social 

services to certified CSOs. 

Rapid redistribution of resources; 

Minimization of transaction costs. 

Transition from rigid administration 

to collaborative management of 

recovery resources; 

Streamlining and digitization of local 

compliance and approval 

procedures. 

Decentralization and the development 
of local governance 

Operation of bodies of public self-
organization, local initiatives, 
coalitions, and residents' 
associations 

Deepening the principle of 

subsidiarity by granting bodies of 

public self-organization the authority 

to manage recovery micro-grants; 

Integration of volunteer networks 

and volunteer formations of 

territorial communities (VFTCs) into 

municipal community safety 

programs. 
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Institutional audit  

Institutionalization of the principles of 

openness, transparency, and 

accountability 

Public monitoring, volunteer 

reporting practices, and an 

established culture of public 

accountability 

Implementation of public expert 

oversight tools; 

Minimization of corruption risks; 

Increased mutual trust between 

local self-government bodies and 

community residents. 

Strengthening of anti-corruption 

infrastructure and integrity 

mechanisms 

Execution of institutional control 

functions through the public 

monitoring of recovery funds, 

transparency in resource allocation, 

and volunteer audits. 

Institutionalization of volunteer and 

civic audit as a mandatory element 

of monitoring the use of funds; 

implementation of anti-corruption 

compliance procedures and ethical 

standards in local self-government 

bodies. 

Implementation of ethical practices. Formulation of ethical standards in 

the management of recovery funds 

Innovation dynamics  

Institutionalization of public-private 

and civic partnerships 

Joint volunteer-state-business 

projects, charitable foundations, and 

civic coalitions 

Creation of a networked governance 

model for the recovery process; 

Regulatory formalization of the 

tripartite partnership (government-

business-community) in the 

development of local industrial and 

social parks. 

Implementation of digital 

management tools and open data 

Diffusion of innovations, 

crowdfunding platforms, and cyber-

volunteering 

Official integration and legitimization 

of data from non-governmental 

monitoring platforms into state 

registries; 

Scaling of e-democracy tools 

(electronic hearings, digital 

surveys). 

Building an economic base through 

private-initiative job creation and the 

restoration of economic life in de-

occupied territories 

Reduction of the unemployment rate 

among IDPs (internally displaced 

persons) and veterans; 

Legalization and institutional 

support of social entrepreneurship 

and cooperation as the foundation 

for community self-sufficiency. 
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Abstract . In the contemporary operating 
environment of energy companies, workforce 
efficiency increasingly relies not only on 
professional knowledge and technical skills but 
also on employeesô social and emotional 
competencies. This article substantiates the role 
of emotional intelligence as a factor in 
enhancing workforce efficiency and as a 
component of human capital within energy 
enterprises, and develops an approach for its 
assessment. The research methodology 
integrates direct, behavioural, and outcome 
indicators, constructs an integrated emotional 
intelligence index, normalises indicators, applies 
weighting coefficients, and employs regression 
analysis. The proposed approach was tested 
using a simulated example of the Joint Stock 
Company óEnergy Company of Ukraineô. The 
results indicate high internal consistency of the 
emotional intelligence subscales, hierarchical 
differentiation of their levels across employee 
groups, and statistically significant correlations 
between emotional intelligence and work 
performance, the generalised employee 
effectiveness indicator, absenteeism, and error 
rates. These findings demonstrate that 
emotional intelligence is a measurable 
managerial resource that influences the quality 
of interactions, process stability, productivity, 
and the effective utilisation of human capital 
within energy enterprises. 

Keywords.  emotional intelligence; human 
capital; workforce efficiency; energy company; 
human resources management; organisational 
effectiveness. 

1. Introduction  

In the contemporary business environment, 
the effective utilisation of human capital is 
becoming as important as technical and 
technological aspects of operations. This is 
especially significant for energy companies, 
whose activities require a high degree of 
responsibility, complex production and 

management processes, continuous 
coordination, regulatory compliance, rapid 
adaptation to change, and sustained operational 
stability. Under these conditions, workforce 
effectiveness depends not only on professional 
knowledge and technical skills, but also on 
employeesô abilities to communicate, self-
regulate, adapt to stress, resolve conflicts 
constructively, and participate in coordinated 
teamwork. 

In this context, emotional intelligence (EI) 
assumes particular importance; in contemporary 
academic literature, it is regarded as the 
collection of skills to recognize, comprehend, 
and regulate oneôs own emotions and those of 
others. In human resource management 
practices, EI is increasingly considered a 
resource that impacts work productivity, 
communication quality, teamwork, conflict 
levels, staff resilience to stress, and the overall 
coherence of work processes [1; 2]. For energy 
companies, these aspects are particularly 
important, as even minor disruptions in 
interactions among employees, departments, or 
management levels can affect the quality of task 
execution, the speed of decision-making, and 
the stability of operational processes. 

The current state of research in this domain 
demonstrates a persistent interest in emotional 
intelligence as a determinant affecting both 
individual and organizational effectiveness. The 
preponderance of academic investigations 
corroborates a statistically significant correlation 
between EI and various indicators such as work 
performance, employee conduct within the 
organization, emotional well-being, and 
resilience to stress [1; 2]. Simultaneously, a 
distinct domain of research concentrates on the 
significance of Emotional Intelligence (EI) in 
leadership and teamwork. It is associated with 
leadership effectiveness, organizational 
citizenship behavior, and the attainment of team 
objectives [3; 4]. 

Simultaneously, there continue to be certain 
disagreements within the academic community 
concerning the interpretation of the construct of 
emotional intelligence itself, the methodologies 
employed for its measurement, and the degree 
to which it impacts performance outcomes. The 
debate persists regarding whether EI should be 
regarded chiefly as an ability, a personality trait, 
or a hybrid construct integrating emotional, 
cognitive, and behavioural elements. Similarly, 
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research findings are heavily influenced by 
whether self-report scales or more behaviourally 
oriented assessment instruments are utilized [5; 
6; 7]. 

Despite the extensive body of research 
examining the correlation between emotional 
intelligence and behavioural and organisational 
outcomes, the practical application of assessing 
its impact on enhancing workforce effectiveness 
within a specific organisation remains 
underdeveloped. Numerous studies have 
demonstrated that emotional intelligence 
indirectly affects performance outcomes by 
increasing labour productivity, enhancing 
internal coordination, minimising losses 
attributable to conflicts, reducing staff turnover, 
and improving the quality of interactions 
alongside staff stability [8; 9]. Simultaneously, in 
practical applications, the shift from the 
psychological assessment of emotional 
intelligence (EI) to its managerial interpretation 
is often hindered by the widespread use of self-
report scales, the risk of common method bias, 
and the lack of models that explicitly link EI to 
quantifiable operational metrics. 

For an energy company, this issue is 
particularly significant in practice. The emotional 
intelligence of employees and managers affects 
not only the socio-psychological atmosphere 
within the team but also the quality of 
professional skills, the speed and accuracy of 
internal communication, willingness for training 
and retraining, the effectiveness of teamwork, 
conflict reduction, and staff resilience under high 
pressure. In this context, EI should be seen as a 
component of human capital that boosts the 
development of employeesô skills and helps to 
increase workforce productivity. It is especially 
important that its impact is not seen in isolation, 
but through a system of behavioural and 
operational indicators that can be recorded, 
evaluated, and incorporated into HR 
management practices [10; 11]. 

Despite the existing findings, there remain at 
least three unresolved issues. Firstly, the 
studies lack a universal framework for aligning 
Emotional Intelligence (EI) measurements with 
specific indicators of work performance and 
organisational effectiveness. Secondly, models 
that enable the distinction of the effect of EI from 
other factorsðparticularly professional 
competencies, cognitive abilities, and the 
organisational environmentðhave not been 

sufficiently developed. Thirdly, there is a 
deficiency of applied methodologies that 
facilitate the use of EI as a practical tool for 
enhancing workforce effectiveness, not merely 
in theory, but through specific, measurable 
indicators and assessment procedures within 
the human resource management system. 

In this regard, the aim of this study is to 
substantiate the role of emotional intelligence as 
a factor in enhancing workforce efficiency and 
as a component of human capital within an 
energy enterprise, as well as to develop an 
approach to its assessment based on direct, 
behavioural, and performance indicators. The 
main conclusion of the study is that emotional 
intelligence should be regarded as a 
measurable managerial resource that influences 
the quality of interaction, the stability of 
processes, labour productivity, and the effective 
use of human capital within the enterprise. 

2. Materials and methods  

The research methodology is founded on the 
premise that the practical significance of staff 
emotional intelligenceðas a component of 
human capital and a factor in improving 
workforce efficiencyðis only realised when it is 
operationalized. This entails its transformation 
into a system of explicitly defined, measurable 
indicators that can be systematically recorded, 
compared over time, and correlated with the 
operational and organizational outcomes of the 
enterprise. Scientific research underscores that 
emotional intelligence (EI) is a multidimensional 
construct; therefore, its assessment should not 
comprise a single generalized characteristic, but 
rather a system of componentsðsuch as self-
awareness, self-regulation, empathy, interaction 
management, and othersðthat influence 
employee behavior and organizational 
performance [12; 13]. 

The study employs a multi-level assessment 
approach, under which the indicators are 
grouped into three interrelated categories: 

1. direct EI indicators that measure 
employeesô emotional abilities and 
competencies; 

2. behavioural indicators in the workplace 
that reflect manifestations of emotional 
intelligence in professional interactions; 
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3. performance indicators that measure the 
impact of EI through operational and 
organisational KPIs. 

This approach is consistent with empirical 
evidence suggesting that EI exerts its influence 
not directly, but through a cascade of 
behavioural and organisational variables that 
shape its measurable contribution to labour 
productivity, the quality of interactions, staff 
retention and the organisationôs overall 
performance [14]. 

The empirical validation of the approach is 
carried out on a simulated dataset compiled 
from materials provided by the Joint Stock 
Company óEnergy Company of Ukraineô. This 
article employs a model designed to 
demonstrate the logic behind indicator 
construction, the EI composite index, and the 
statistical verification of the relationship between 
emotional intelligence and workforce 
performance indicators. This approach allows 
for the demonstration of the methodologyôs 
practical application without disclosing sensitive 
corporate data. 

Three types of information are used to build 
the model: 

¶ EI standardised assessment results; 

¶ behavioural and competency-based staff 

assessments; 

¶ operational and organisational 

performance indicators. 

Data sources may include staff surveys, 360-
degree feedback results, performance review 
data, internal HR analytics, ERP/HRM systems 
and the companyôs management reports. 
Should the methodology subsequently be 
applied to real corporate data, any restrictions 
on access to the source information must be 
explicitly stated in the manuscript when the 
article is submitted. In the present study, the 
dataset is simulated and therefore does not 
require citing registration numbers for external 
public databases. 

Direct indicators of emotional intelligence 

Direct indicators focus on assessing EI as a 
set of abilities or competencies. In 
organisational research practice, standardised 
scales adapted for the workplace are the most 
common. Self-report standardised 

questionnaires suitable for group use in an 
organisational context can serve as basic 
measurement tools. In this study, the following 
are methodologically relevant: 

¶ The Schutte Self-Report Emotional 

Intelligence Test (SSEIT), which 

provides a comprehensive assessment 

of emotional intelligence and is suitable 

for group analysis of staff [6]. 

¶ The Wong and Law Emotional 

Intelligence Scale (WLEIS), which 

assesses EI across four applied 

components: 

a) assessing oneôs own emotions; 

b) assessing other peopleôs emotions; 

c) using emotions to achieve a result; 

d) emotional regulation [7]. 

The application of these tools yields 
individual and collective emotional intelligence 
(EI) profiles. These profiles facilitate 
comparisons among employees, departments, 
professional roles, and management levels, and 
enable the analysis of changes in performance 
metrics before and after the implementation of a 
staff development programme. 

To reduce the risk of self-reporting bias, EQ 
questionnaire assessments should be 
supplemented with behavioural indicators using 
the 360° approach, which includes evaluations 
by managers, colleagues, subordinates, and 
self-assessment. Empirical evidence indicates 
that emotional competencies, when measured 
as behavioural manifestations, can predict the 
performance of managers and teams [15; 16]. 

In practical terms, relevant indicators may 
include the ability to manage emotional tension 
within a team, maintain constructive behaviour 
under pressure, resolve conflicts without 
escalation, and sustain effective collaboration 
during periods of change. These indicators can 
then be compared with departmental key 
performance indicators (KPIs), performance 
review outcomes, and other organisational 
metrics. 

Behavioural indicators of emotional 
intelligence within an organisation 

Behavioural indicators play a critical role 
because they represent the mechanisms 
through which emotional intelligence (EI) 
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translates into performance outcomes. Meta-
analyses demonstrate that EI is associated with 
job performance metrics and behaviours that 
enhance organisational effectiveness [1; 18]. 

The study identified three groups of 
behavioural indicators: 

1. Indicators of self-regulation and stress 
resilience include the frequency of emotional 
outbursts or conflict escalations, the number of 
disciplinary incidents and behavioural 
complaints, assessments of constructive 
behaviour during stressful situations in 
performance appraisals, and absences or 
lateness as indirect markers of burnout or low 
self-regulation. Empirical research confirms the 
relationship between emotional intelligence and 
employee resilience, as well as the impact of 
stress on behavioural outcomes [2]. 

2. Key indicators of social interaction and 
team effectiveness comprise the frequency and 
effectiveness of team meetings, the extent of 
cross-functional conflict, evaluations of 
communication quality by neighbouring 
departments, and the frequency with which 
managers are required to mediate conflicts. 
Empirical research demonstrates that a 
managerôs emotional intelligence affects 
subordinate behaviour and performance 
outcomes through the quality of interactions, as 
evidenced by these teamwork indicators [3]. 

3. Indicators of professional interaction and 
task performance, which reflect the number of 
communication breakdowns during task 
execution, repeated coordination or delays 
arising from ineffective interaction; an 
assessment of the quality of internal service 
between departments; and the consistency of 
task execution under stressful or changing 
conditions. For specific functional areas 
involving external interaction, additional 
indicators may be applied, such as the number 
of complaints, repeat enquiries due to conflicts, 
service quality assessments, and customer or 
partner retention rates. It has been empirically 
confirmed that EI can predict employee 
performance in areas where interaction, 
communication and service quality are important 
[18]. 

2.4. Performance indicators and operational 
KPIs 

Given that a companyôs performance is 
dictated by operational efficiency and the caliber 
of human capital utilization, it is prudent, in a 
practical framework for evaluating Emotional 
Intelligence (EI), to differentiate operational Key 
Performance Indicators (KPIs) as intermediate 
variables from organisational effectiveness 
indicators as ultimate outcomes. This 
methodology exemplifies the cascading 
influence of EI on overall performance. [5; 17]. 

Operational metrics are most sensitive to 
changes in employee behavior and the quality of 
team interactions, so they should be the first 
step in assessing the impact of EI. Unlike 
financial metrics, which reflect aggregate results 
with a time lag and depend on many external 
factors, operational KPIs respond more quickly 
to management interventions (training, 
coaching, changes in leadership style) and allow 
for regular monitoring of dynamics. It is through 
metrics such as productivity, errors, process 
speed, turnover, absenteeism, and conflict that 
EI is translated into costs and productivity, and 
therefore indirectly affects profitability. A list of 
key operational KPIs that are appropriate to use 
as intermediate variables in a practical model is 
provided in Table 1.  

Table 1. (after the References)  

From a scientific perspective, these variables 
follow logically from the results of meta-analyses 
on the relationship of EI with productivity, 
employee behavior, and organizational 
outcomes [1; 2]. It is advisable to form financial 
indicators in two dimensions: general profitability 
indicators and profitability per staff (per 1 
worker), which is presented in Fig. 1.   

 

Figure 1. Financial indicators for assessing 
profitability  

Source: formed by the authors based on [1; 2] 

It is ñpeople-centricò financial metrics that are 
most useful for this topic, as they allow us to link 
EI not to abstract ñefficiencyò but to the 
measurable contribution of personnel to profit. 

 

FINANCIAL INDICATORS  

Profitability indicators 
gross profit (Gross Profit); 
operating profit (Operating Profit); 
net profit (Net Profit); 
return on sales (ROS); 
return on assets (ROA); 
Å return on equity (ROE). 

Profitability indicators per employee 
profit per employee; 
income per employee; 
margin per employee (or per 
individual entrepreneur / payroll). 
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Below is a generalized system of indicators 
that can be the basis for a corporate assessment 
panel (Table 2).   

Table 2. (after the References)  

The proposed system of indicators allows us 
to move from a general statement about the 
ñusefulness of EIò to a managerially measurable 
mechanism, as depicted in Fig. 2.   

 

Figure 2. Cascade model of the influence of 
emotional intelligence of personnel on the 

financial result of the company  

Source: formed by the authors based on [1; 2] 

This approach is consistent with empirical 
findings on the relationship between EI and work 
performance, employee behavior, and 
organizational outcomes, as well as with the 
scientific logic of the cascading effects of EI [1; 
5]. 

Construction of the EI composite index 

To move from theoretical statements about 
the significance of emotional intelligence of 
personnel to verifiable empirical conclusions, it 
is advisable to apply a two-step evaluation logic: 

1. Construction of an integral index of EI of 
personnel based on practical indicators and 
measurement scales (questionnaires, 
behavioral assessments, or combined 
approaches). 

2. Quantitative verification of the impact of EI 
on profitability indicators through regression 
models with control of key factors that can 
simultaneously affect the financial results of the 
enterprise. 

This construction is consistent with the 
scientific position that EI is statistically related to 
labor productivity and behavioral manifestations 
in the workplace, and therefore can act as a 

factor of productivity and financial results 
through a set of intermediate mechanisms [1;5]. 

In practical EI research, the use of 
standardized scales is widespread, in particular: 

1. WLEIS (Wong and Law Emotional 
Intelligence Scale), which includes 4 blocks: 

a) assessment of one's own emotions; 

b) assessment of the emotions of others; 

c) use of emotions to support activities; 

d) regulation of emotions [7]. 

2. Trait EI (mostly a survey concept of "rice" 
EI) as an approach to measuring self-perceived 
emotional abilities within established personality 
taxonomies [13]. 

Within the framework of this article, it is 
advisable to apply a structured EI model with 
sub-indicators, since it is more suitable for 
constructing an index and subsequent statistical 
testing. For example, for each employee, the 
average values are determined for four EI 
dimensions (for example, in the WLEIS logic): 

ὉὍ ὼȟSEAȟὉὍ ὼȟOEAȟὉὍ ὼȟUOEȟὉὍ

ὼȟROE  

where ὼð the mean value of the relevant set 

of statements (Likert 1ï5 or 1ï7). 

Cronbachôs Ŭ is used to assess the internal 
consistency of scales [19]: 

‌
Ὧ

Ὧ ρ
ρ
В „

„
             ρ 

where Ὧð number of items in the block, „ð 

point variance, „ð variance of the total block 
score. 

The parameters are normalised prior to 
aggregation. The primary method is min-max 
normalisation to an interval [0;1]: 

ᾀ
ὼ ÍÉÎὼ

ÍÁØὼ ÍÉÎὼ
                 ς 

where ὼð ʟʥʘʯʝʥʥʷ Ὦ-ʛʦ ʧʽʜʽʥʜʠʢʘʪʦʨʘ 

ʜʣʷ ʧʨʘʮʽʚʥʠʢʘ Ὥ; ÍÉÎ ὼ , ÍÁØ ὼð 

minimum/maximum of the sample. 

 

EI of personnel (scales/competencies) 

Behavior at work 

Operational KPIs 

Financial result (profit, margin, profit per employee). 
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An alternative approach involves 
standardisation through z-score: 

ᾀ                            (3) 

where ‘ð average, „ð standard deviation. 

The rationale behind this dual approach lies 
in the fact that the choice of normalisation 
method can significantly influence the ranking 
and interpretation of the results [20; 21; 22]. 

For weighting factors ύð the weight of its 

sub-indicator is determined by the limits: 

ύ πȟ ύ ρ                      (4) 

The basic specification is based on 
weighting: 

ύ                          (5) 

However, a data-driven approach is also 
permissible, in which weights are determined on 
the basis of factor loadings or an analysis of the 
importance of variables [21; 23]. 

The EI index for employee i is calculated as: 

ὉὍ ύẗᾀ            (6) 

6)At the level of a department or company, an 
aggregate index is used: 

ὉὍ
ẗ

В
          (7) 

where ὥð an employeeôs weighting factor 
(e.g. 1 for equal weighting; or FTE; or weighting 
based on job role ð managers/key functions). 

Impact matrix and econometric model 

To prevent the oversimplification of the 
situation, wherein EI is presumed to be the direct 
determinant of an organisationôs ultimate 
performance, an impact matrix is introduced to 
elucidate the operational and behavioural 
pathways through which individual components 
of EI are translated into organisational 
outcomes. If the componenTo prevent the 
oversimplification of the situation, wherein EI is 
presumed to be the direct determinant of an 
organisationôs ultimate performance, an impact 

matrix is introduced to elucidate the operational 
and behavioural pathways through which 
individual components of EI are translated into 
organisational outcomes. If the components of 
EI constitute a setts of EI constitute a set Ὀ
ὨȟȣȟὨ , and intermediate KPIs ð a set ὑ
ὯȟȣȟὯ , then the influence matrix takes the 

form: 

ὓ ‘ ȟὨᶰὈȟ Ὧɴ ὑ           (8) 

where ‘ ð the degree of influence of the EI 
component on a specific KPI, as estimated 
empirically or determined by experts. 

Within the framework of the proposed 
concept, the emotional intelligence of personnel 
is considered not as an abstract ñsoftò 
competence, but as a factor capable of 
launching quite specific cause-and-effect chains 
in the organization. Its influence is manifested 
through behavioral mechanisms that reduce 
losses (conflicts, burnout, error, staff turnover) 
and enhance sources of value creation (quality 
of interaction, service, customer loyalty, 
productivity). In order to make these 
mechanisms transparent for managerial 
analysis, it is advisable to present them in the 
form of generalized ñchains of influenceò - from 
individual components of EI to operational 
consequences and, ultimately, financial results 
(Fig 3). 

 

Figure 3. Cascade model of the influence of 
emotional intelligence of personnel on the 

financial result of the company  

Source: formed by the authors based on [1; 2] 

Figure 3 visually depicts empirically similar 
relationships, supported by generalizable 
evidence of the impact of EI on employee 
performance [1; 5]. 

For quantitative testing of the hypothesis, a 
basic regression design is proposed - a model 

 

Factors affecting operating and financial results  

Using emotions Emotion regulation 
Assessing the emotions of others 

Reducing conflicts and burnout 

Less fluidity 

Lower selection/adaptation costs 

Stability of operations 

Better team interaction and service 
Motivational effectiveness 

Higher customer loyalty 

Revenue/margin growth 

Productivity / innovation 

Saving time/resources 
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(cross-sectional or panel). Let Profit_(f,t) be the 
profitability index of firm f in period t: 

ὉὪὪὭὧὭὩὲὧώȟ ‍ ‍ὉὍ
ȟ

‎ὅέὲὸὶέὰȟȟ ‏ † ‐ȟ      (9) 

where ὉὍͅὊὭὶά ȟð the overall EI index for 

staff (or selected groups of staff); ὅέὲὸὶέὰȟȟð 

control variables that may influence 
performance outcomes (company size, labour 
productivity, capital intensity, proportion of 
administrative costs, workload intensity, specific 
characteristics of departments, etc.); ‏ ð 

industry-specific fixed effects; †ð fixed-effects 

models (for the panel); ‐ð random error. 

Within the scope of this study, the dependent 
variable should reflect not only the financial 
outcome but, above all, the effectiveness of 
human capital utilisation. 

Reliability, measurement limitations and 
verification of the stability of results 

As EI is often assessed using questionnaires, 
there is a risk of bias due to potential 
methodological errors. It is therefore advisable 
to combine self-reported EI assessments with 
behavioural indicators, employee performance 
data, HR analytics and operational efficiency 
metrics [24; 25]. 

To verify the robustness of the results 
obtained, alternative specifications of the EI 
index are proposed, in particular: 

¶ adjustment of weighting factors; 

¶ change in the normalisation method; 

¶ sensitivity analysis with respect to the 

thresholds of minimum and maximum 

values; 

¶ the use of alternative performance 

metrics; 

¶ enabling or disabling individual EI sub-

indicators. 

Consequently, the development of the 
Emotional Intelligence (EI) composite index and 
its subsequent integration into the regression 
model establish an analytical framework for the 
quantitative examination of the contribution of 
emotional intelligence to enhancing workforce 
efficiency within an organization. The proposed 
methodology facilitates the combination of 

psychological, behavioural, and operational 
dimensions within a unified assessment system, 
thereby rendering the research findings 
applicable for practical implementation within 
the human resources management system of an 
energy company. 

3. Results  

This section presents the results of a 
quantitative analysis carried out using a 
simulated dataset compiled from materials 
provided by the Joint Stock Company óEnergy 
Company of Ukraineô. The analysis aims to 
demonstrate how the proposed methodology 
can be applied to assess the relationship 
between staff emotional intelligence and 
workforce performance indicators. The 
simulated workforce structure comprises 167 
employees: 140 production staff, 20 middle 
management, and 7 senior management. To 
assess emotional intelligence, an approach 
similar to the WLEIS framework was applied, 
which analyses it through four components: self-
awareness, understanding othersô emotions, 
using emotions to achieve goals, and emotional 
self-regulation. The scores obtained were 
compared with a set of operational indicators 
characterising workforce effectiveness, 
including performance, disciplinary stability, 
error rates and other parameters of 
organisational effectiveness. 

The initial phase of the analysis entailed 
evaluating the validity of the emotional 
intelligence measurement. The internal 
consistency of all EI subscales was 
demonstrated to be robust: Cronbachôs alpha 
coefficients ranged from 0.811 to 0.869 (Table 
3). This signifies adequate reliability of the 
measurement instrument employed and permits 
the utilisation of individual EI components and 
their aggregate score in subsequent statistical 
analyses. 

Table 3. Reliability indices for the EI subscales 
(Cronbachôs alpha) * 

Subscale  Cronbachôs alpha 

SEA 0.854 

OEA 0.863 

UOE 

ROE 

0.869 

0.811 

Source: formed by the authors based on [1; 2] 
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In practical terms, this means that emotional 
intelligence, within the framework of the 
proposed model, can be used as a sufficiently 
stable psychometric construct for analytical 
comparisons between groups of employees and 
for constructing a comprehensive EI index. 

The next step involved comparing the 
average EI scores across groups of employees 
at different job levels. The results show a clear 
upward trend in emotional intelligence as the 
managerial level increases (Table 4).   

Table 4. (after the References)  

The lowest mean EI index values were 
recorded among production staff (EI_mean å 
4.15 on a scale of 1ï7), higher values among 
middle managers (å 4.86), and the highest 
among senior managers (å 5.63). Analysis of 
variance confirmed the statistical significance of 
these differences (p < 0.001). The results 
indicate that an increase in managerial 
responsibility is accompanied by a rise in 
emotional intelligence, which corresponds to the 
functional requirements of roles involving 
coordination, influencing people, and decision-
making in complex conditions. At the same time, 
even at this stage, a link can be observed 
between higher EI and better performance 
indicators, as well as the overall indicator of work 
efficiency (Fig. 4). 

 

Figure 4. Average EI score by job level *  

* Source: compiled by the authors 

The fact that EI levels differ between groups 
does not directly answer whether these 
differences are substantively linked to work 
performance. Therefore, the next step was to 
perform a correlation analysis between the 
combined EI indicator and key operational 
metrics. The correlation results revealed that the 
combined EI_mean has a strong positive 
correlation with the generalised performance 
indicator per employee (r å 0.83; p < 0.001) and 
with the performance index (r å 0.83; p < 0.001). 

This suggests that employees with higher 
emotional intelligence not only exhibit better 
behavioural traits but also demonstrate greater 
individual effectiveness within the organisation. 

Concurrently, significant negative 
correlations were identified between Emotional 
Intelligence (EI) and variables that may be 
construed as sources of efficiency losses. As the 
EI score increases, there is a corresponding 
decrease in absenteeism (r å = ï0.48; p < 
0.001), along with a reduction in error rates (r å 
= ï0.64; p < 0.001). The observed relationships 
align with the cascade effect theory: a higher 
level of emotional intelligence correlates with 
enhanced behavioural stability, discipline, and 
attentiveness to processes, as well as reduced 
emotional instability, ultimately contributing to 
increased productivity and diminished 
operational losses (Fig 5).   

 

Figure 5. Relationship between EI and the 
overall performance indicator for employees of 

JSC óEnergy Company of Ukraine * 

* Source: compiled by the authors 

A regression analysis was performed to 
ascertain whether the impact of EI remained 
statistically significant after accounting for 
additional variables. The dependent variable 
was the comprehensive employee performance 
indicator, while the primary independent variable 
was the EI_mean composite score. The model 
further incorporated the following control 
variables: length of service and job level. The 
findings are illustrated in Table 5. 

Table 5. (after the References)  

The results show that emotional intelligence 
(EI) is a statistically significant positive predictor 
of employee performance (p < 0.001), even after 
controlling for length of service and employment 
status. The modelôs overall explanatory power is 
high (RĮ å 0.90). This confirms that emotional 
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intelligence cannot be reduced solely to the 
influence of experience or job status: it 
maintains its own contribution to explaining 
differences in work performance. Therefore, EI 
can be considered an additional resource that 
enhances an employeeôs ability to achieve 
better results within their professional activities. 

Further insight is provided by analysing not 
only the direct impact of EI on performance, but 
also the presence of a mediating mechanism via 
operational KPIs. To this end, indicators of 
performance, absenteeism and errors were 
included in the regression model. After adding 
these variables, the EI coefficient decreases but 
remains statistically significant. This result 
indicates a dual nature of the effect: on the one 
hand, part of the EI effect flows through 
operational channels: employees with higher EI 
demonstrate greater stability, discipline and 
quality of task performance, which directly 
increases labour productivity. On the other 
hand, the fact that EI remains significant after 
controlling for these KPIs suggests the presence 
of additional channels of influence not fully 
captured by standard operational indicators. 
Such channels include team effects, influence 
on the psychological climate, the ability to 
resolve conflicts constructively, the quality of 
interaction between departments, and an 
indirect influence on the speed of decision-
making and the coordination of managerial 
actions. 

The results obtained permit several general 
conclusions to be drawn. First, emotional 
intelligence is a quantifiable, statistically 
validated concept that can be utilised in 
personnel analysis. Second, EI varies across job 
levels, offering a foundation for customized 
management decisions concerning the 
development of competencies among various 
employee groups. Third, EI exhibits a systematic 
association with workforce performance through 
operational and behavioural indicators, such as 
reductions in errors and losses, and increases in 
productivity and job stability. Fourth, regression 
models indicate that EI contributes 
independently to enhanced performance, a 
relationship that remains significant even after 
accounting for baseline variables such as length 
of service and job level. Collectively, these 
findings support the notion of EI as a controllable 
intangible resource of the organisation, whose 
integration into HR practices can aid in 

optimising human capital utilisation and 
enhancing overall organisational performance. 

4. Discussion  

The findings indicate that staff emotional 
intelligence is a practical factor associated with 
workforce efficiency and organisational 
performance in an energy company. This 
conclusion aligns with previous studies that 
identify emotional intelligence (EI) as a predictor 
of job performance, behavioural stability, 
interaction quality, and organisational 
citizenship behaviour. Unlike earlier research 
that primarily examined the general relationship 
between EI and individual or behavioural 
outcomes, the present results enable 
interpretation of this link through specific 
operational and organisational indicators. This 
distinction is particularly relevant given the 
studyôs working hypothesis, which posits that 
emotional intelligence influences performance 
indirectly through intermediate mechanisms 
such as the quality of interaction, disciplinary 
stability, error reduction, and improved 
execution of work functions. 

A primary finding is that emotional 
intelligence levels exhibit hierarchical 
differentiation across job groups. The observed 
increase in average EI scores from production 
staff to senior managers is consistent with 
previous research highlighting the critical role of 
EI in contexts where performance depends on 
coordination, leadership, influence, and 
decision-making under complex conditions. This 
supports the view that greater responsibility and 
more complex managerial functions require 
enhanced social-emotional competencies. 
Additionally, this finding expands practical 
understanding by indicating that exclusive focus 
on EI development for managers may overlook 
the largest staff groups, where risks of conflict, 
communication breakdowns, behavioural 
instability, and loss of coordination are most 
prevalent. 

A second key finding addresses the 
relationship between emotional intelligence and 
operational indicators. Positive correlations 
between the integrated EI score, the work 
performance index, and the generalised 
employee effectiveness score corroborate 
previous meta-analytical studies demonstrating 
a stable association between EI and work 
performance. Negative correlations with 
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absenteeism and error rates are particularly 
noteworthy, as they suggest that emotional 
intelligence contributes not only to positive 
outcomes but also to loss reduction. In a broader 
context, these results imply that EI may enhance 
organisational resilience by stabilising daily 
operations, reducing friction, and optimising the 
utilisation of human capital. Regression analysis 
further reveals that emotional intelligence 
remains statistically significant after controlling 
for variables such as length of service and job 
level, indicating its independent contribution to 
employee performance. This finding is important 
in light of debates over whether EI's effect is 
attributable to experience, professional maturity, 
or job status. The results support the 
interpretation that EI is an independent resource 
distinct from other employee characteristics. 
Additionally, the reduction in the EI coefficient 
after including intermediate operational 
indicators supports the hypothesis of a cascade 
mechanism, whereby part of EI's influence 
operates through behavioural and process 
variables, while another part may relate to less 
formal aspects of organisational interaction, 
such as psychological climate, informal 
coordination, conflict management, or 
adaptation to change. 

A broader interpretation of the results 
positions emotional intelligence as a critical 
component of human capital, essential for both 
individual employees and overall organisational 
functioning. This is especially pertinent in the 
energy sector, where efficiency depends on 
process continuity, coordinated actions, precise 
communication, adherence to procedures, and 
the capacity to operate under high responsibility. 
In this context, EI emerges as a resource that 
enhances individual productivity, organisational 
resilience, adaptability, and interdepartmental 
interaction. Consequently, the practical 
significance of these findings extends beyond 
human resources analysis to inform a wider 
array of management decisions, including staff 
development, risk assessment in workplace 
interactions, and organisational process 
improvement. However, these results should be 
considered alongside the studyôs limitations. 
The dataset employed is simulated, so the 
observed relationships illustrate methodological 
logic and expected dependencies but require 
validation with real corporate data. Additionally, 
reliance on survey methods to measure EI 
introduces risks of self-report bias, social 
desirability bias, and common-method bias. 

Future research should therefore integrate scale 
assessments with behavioural indicators, 360-
degree feedback, and operational system data. 

Furthermore, even when models 
demonstrate high explanatory power, company 
performance is influenced by numerous external 
and internal factors. As a result, causal 
conclusions require confirmation through more 
complex empirical studies, such as panel 
observations, time-series comparisons, and 
extended performance analyses. 

Future research should proceed along 
several directions. First, empirical testing of the 
proposed model with real-world data from 
energy companies is necessary, incorporating a 
broader range of control variables and multiple 
time periods. Analysing which specific 
components of emotional intelligence are most 
strongly linked to outcomes such as productivity, 
interaction quality, error rates, or staff stability 
would be valuable. Additionally, evaluating the 
effectiveness of emotional intelligence 
development programmes using a before-and-
after design would facilitate assessment of the 
practical impact of managerial interventions. It is 
also recommended to investigate the broader 
role of EI in human capital development, 
organisational resilience, and enterprise 
adaptation within complex, technology-
intensive, and high-stress environments. 

In summary, the research findings confirm 
that staff emotional intelligence is a key factor in 
enhancing workforce effectiveness by improving 
work performance, reducing losses, stabilising 
employee behaviour, and enhancing the quality 
of organisational interaction. These conclusions 
are consistent with previous scientific research 
and extend existing knowledge by providing the 
first practical attempt to link emotional 
intelligence with specific, measurable 
operational indicators. The primary 
interpretative value of these results lies in their 
implications for future research and 
management practice. 

5. Conclusions  

The approach proposed in this article for 

assessing personnel emotional intelligence as a 

tool for profit growth was tested using a 

simulated example of the company "KhAS." The 

results demonstrated that emotional intelligence 

can be formalized through a system of practical 
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indicators, aggregated into an integral metric, 

and quantitatively linked to the company's key 

operational and financial metrics. This creates a 

methodological basis for moving from general 

statements about the importance of EI to the 

management level, where it can be assessed as 

a factor in performance and profitability. 

Calculations confirmed the high quality of the 

EI measurement instrument: the internal 

consistency of the subscales is stable 

(Cronbach's alpha 0.81ï0.87), allowing the 

survey results to be used for analytical 

comparisons and index construction. Within the 

simulated organizational structure, a clear 

hierarchical differentiation of emotional 

intelligence was identified. The average EI level 

for production personnel was 4.15 (on a scale of 

1-7), 4.86 for mid-level administrative staff, and 

5.63 for senior managers. Accordingly, the 

company potentially faces an "uneven" 

distribution of emotional competencies across 

employee groups, which is an important signal 

for HR policy: developing EI makes sense not 

only as an element of management training but 

also as a tool for stabilizing and improving the 

quality of processes in numerically dominant 

production teams. 

Correlationship analysis revealed the 

systemic nature of EI's influence on key 

performance indicators. The integral EI_mean 

has a strong positive correlation with labor 

productivity (r å 0.83; p < 0.001) and with the 

financial indicator of the employee's conditional 

"income contribution" (r å 0.83; p < 0.001). In 

parallel, a negative relationship was recorded 

between EI and variables that generate direct or 

hidden costs in a real company: absenteeism 

decreases with increasing EI (r å ï0.48; p < 

0.001), and the error/defect rate also shows a 

decline (r å ï0.64; p < ). In practical terms, this 

means that emotional intelligence can be 

considered a factor influencing profits through 

two groups of mechanisms: increased 

productivity and a simultaneous reduction in 

losses associated with poor performance, 

behavioral instability, or organizational friction in 

processes. 

Regression testing confirmed that emotional 

intelligence retains its contribution to explaining 

profitability even after accounting for controls. In 

a model where the income contribution was 

explained by EI, tenure, and job title, the EI 

coefficient remained statistically significant (p < 

0.001), and the overall explanatory power of the 

model is high (RĮ å 0.90). This allows us to 

conclude that EI does not This is limited to the 

effect of experience or job status and can be 

viewed as an independent resource that 

enhances employee performance within their 

roles. Adding operational characteristics to the 

model reduces the magnitude of the EI effect, 

confirming the cascading logic of action: part of 

the economic effect of emotional intelligence is 

realized through intermediate KPIsðefficiency, 

discipline, and task performance quality. At the 

same time, the continued significance of EI in 

the expanded specifications points to possible 

additional channels of influence, in particular 

through teamwork, conflict management, and 

communication quality, which are not always 

fully captured by standard operational 

performance indicators. 

Thus, the results demonstrate that personnel 

emotional intelligence can be included in a 

profitability management system as a 

measurable factor influencing productivity, 

quality, and process stability. The practical value 

of the proposed approach lies in the ability to 

create an "impact matrix" of EI on financial 

performance, where each EI component is 

correlated with specific operational KPIs and 

financial metrics. This opens the possibility for 

companies not only to assess the current level 

of EI in personnel but also to design and 

measure the impact of training programs, 

adaptation programs, and other measures. 

Activities, management interventions, and HR 

decisions over time. 

A promising direction for further work is the 

application of real-world corporate data with an 

expanded set of control variables, the use of 

panel measurements over time, and the 

combination of EI survey assessments with 360-

degree assessments and actual 

CRM/ERP/HRM data. This will allow us to refine 

the magnitude of effects, identify the most 

profitable EI components for different job 

groups, and strengthen the evidence base for 

implementing EI as an element of a company's 

economically oriented HR strategy. 
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Table 1. Operational KPIs sensitive to the level of emotional intelligence (EI) *  

KPIs (example)  
What does it 

measure?  
How is it related to EI?  

Why is it important for the 

bottom line?  

Labor productivity (output 
/ volume of tasks per 
employee) 

Productivity per 
employee 

EI affects self-organization, 
motivation, team interaction 

Productivity gains reduce costs 
and increase output/revenue 

Quality and errors (defect 
rate, rework, complaints) 

Number and 
frequency of 
errors/defects 

EI reduces conflict, 
increases attentiveness and 
responsibility 

Less defects Ÿ less waste, fewer 
returns/compensations 

Process/case processing 
time (AHT in the service, 
order fulfillment speed) 

Speed of operations 
or service 

EI improves 
communication, reduces 
escalations, accelerates 
agreement 

Faster execution Ÿ less time 
spent, higher throughput 

Turnover rate and 
employee replacement 
cost 

Frequency of layoffs 
and replacement 
costs 

EI affects the climate in the 
team, loyalty, quality of 
leadership 

Less turnover Ÿ less 
hiring/adaptation costs, more 
consistent productivity 

Absenteeism (absence 
from work, sick leave) 

Frequency of 
employee absence 

EI is associated with stress 
resistance and prevention 
of burnout 

Less absences Ÿ less downtime 
and replacement costs 

Internal conflict ratio 
(number of cases / 
resolution time) 

Frequency of 
conflicts and speed 
of their resolution 

EI directly affects the 
constructiveness of 
interaction and de-
escalation 

Less conflicts Ÿ less time 
wasted, lower indirect costs, 
higher team efficiency 

 
* Source: compiled by the authors based on [5]. 

 
 

 
Table 2. Generalized system of indicators for a corporate assessment panel * 

Evaluation Level  Indicator group  Examples of practical indicators  Data source  

EI (Direct 
Measurement) 

EI scales WLEIS (4 components), SSEIT (integral 
score) 

Employee survey 

EI (Behavioral 
Evaluation) 

360° / 
competences 

self-regulation, empathy, conflict 
management, constructiveness under 
pressure 

360°, performance review 

Customer Level Service/sales 
quality 

CSAT/NPS, complaints, repeat purchases, 
conversión 

CRM, customer survey 

Financial Level Profitability operating margin, net profit, profit/employee, 
revenue/employee 

financial reporting, 
management accounting 

 
* Source: Created by the authors 
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Table 4. Summary of average EI scores and results (by job grade)  
 

Level  Number of 

employees  

Average EI  Average 

performance  

Average productivity 

per employee 

(thousand UAH)  

Production staff 140 4.15 61.45 186.81 

EI (Behavioral Evaluation) 20 4.86 76.70 295.00 

Customer Level 7 5.63 94.91 447.31 

 
* Source: compiled by the authors 

 
 
 

Table 5. Results of the regression model *  
 

Variable  Coefficient (ɓ) Std. error  t-statistics  p-value  

Constanta -13.672 19.091 -0.72 0.4749 

EI_mean 46.321 4.621 10.02 0.0000 

Years of experience 1.097 0.387 2.83 0.0052 

Job level (0ï2) 84.767 4.740 17.88 0.0000 

 
* Source: compiled by the authors 
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Abstract . Digital transformation and dynamic 
changes in the labour market are influencing the 
competencies required of contemporary 
leaders. The aim of this paper is to identify the 
key future competencies of Generation Z 
women preparing for leadership roles. The study 
is based on original research, including a survey 
conducted among 50 young women and 7 in-
depth interviews. The findings indicate that 
communication, emotional intelligence, 
resilience, creativity, adaptability, and digital 
competencies are considered the most 
important future skills. The participants perceive 
leadership as a process based on authenticity, 
collaboration, and social responsibility. 

Keywords.  digital transformation, female 
leadership, future competencies, Generation Z, 
leadership development.  

1. Introduction  

Ongoing digital transformation and the rapid 
development of new technologies are changing 
the way contemporary societies, organisations, 
and labour markets operate. Increasing 
importance is being placed on competencies 
that enable individuals to function effectively in a 
VUCA environment, characterised by volatility, 
uncertainty, complexity and ambiguity [1]. Under 
such conditions, future leaders are expected not 
only to possess technological competencies but 
also communication skills, adaptability, 
creativity, and emotional intelligence.  

An important group operating within the 
digital reality is Generation Z, whose members 
have grown up surrounded by modern 
technologies from an early age. Women 
belonging to this generation are increasingly 
engaging in social, educational, and leadership 
activities, shaping new leadership models based 
on collaboration, authenticity, and social 
responsibility. 

The aim of this paper is to identify the future 

competencies considered essential by 
Generation Z female leaders in the context of 
digital transformation. The paper is based on a 
review of the relevant literature and the results 
of original research conducted among young 
women belonging to Generation Z.  

2. The New Leadership Paradigm  

Generation Z is entering the workforce with 
values and expectations that greatly differentiate 
them from previous generations. Young women 
of this generation are taking on leadership roles 
and leading from a different place, reshaping 
leadership in a way that is historically 
unprecedented and challenging traditional 
leadership norms. Studies show that the most 
important value for the Generation Z workforce 
is self-fulfillment, followed by positive labor 
relations, ethics, respect for employees, 
personal growth and trust. In their dreams and 
aspirations, rather, happiness, family, personal 
passions, environmental responsibility and 
freedom were the guiding themes [2]. Women of 
Generation Z expect more from work than 
financial security. They want meaningful work, 
they want to have an impact on the world in a 
positive way, and they want to work in 
organizations where the culture aligns with their 
personal values. Work is now more often seen 
as a place for personal growth and 
development, rather than just a material source. 
To have a good work life balance, to be able to 
keep learning and so forth, are also seen as 
important parts of oneôs working and 
professional life. As Generation Z makes its way 
into the workforce, new leadership styles are 
emerging that focus on teamwork, adaptability, 
and mutual values. Modern leadership theories 
such as servant and transformational leadership 
are conducive to the development of young 
female leaders [3]. In an era of evolving 
employee expectations, young women assert 
themselves as leaders through the power of 
authenticity, empathy, transparent 
communication, and social responsibility. 
Consequently, there is a new leadership model 
emerging - one that is more transparent, 
sustainable and purpose-driven, and focused on 
collaboration and positive social impact. 

3. Key Future Competencies in the Era 
of Digital Transformation  

Despite the growing professional activity of 
women and their high career aspirations, 
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numerous barriers still hinder their advancement 
to leadership positions. Women are more likely 
than men to encounter gender stereotypes, the 
ñglass ceilingò phenomenon, and challenges 
related to balancing professional and family 
responsibilities [4]. Data presented by the United 
Nations Global Compact Network Poland [5] 
indicate that women remain underrepresented in 
top management structures despite possessing 
qualifications and competencies comparable to 
those of men. The report also highlights 
persistent gender pay inequalities and barriers 
limiting womenôs access to decision-making 
positions. 

At the same time, contemporary 
organisations increasingly recognise the value 
of diversity in management processes and the 
role of women in building innovative and 
effective teams. In the context of rapid social and 
technological change, there is a growing 
demand for competencies that enable 
individuals to function effectively in complex and 
unpredictable work environments. These 
competencies include communication skills, 
emotional intelligence, resilience, creativity, 
adaptability, and digital literacy. 

Female leadership styles are more frequently 
based on supportive behaviours, trust-building, 
and the development of team membersô 
potential, making them particularly effective in 
environments that require collaboration and 
adaptability [6]. Contemporary female leaders 
increasingly combine strong interpersonal 
competencies with the ability to adapt to social 
and technological change, responding 
effectively to the challenges of digital 
transformation. 

The rapid development of digitalisation, 
automation, and artificial intelligence is 
transforming expectations towards 
organisational leaders operating in the BANI 
reality. Contemporary leadership requires not 
only traditional managerial skills but also 
adaptability, analytical thinking, and the ability to 
integrate technological and social 
competencies. In this context, increasing 
attention is being paid to so-called future 
competencies, understood as the knowledge, 
skills, and attitudes that enable individuals to 
function effectively in a rapidly changing work 
environment. 

The importance of future competencies is 
highlighted by numerous reports and analyses 
concerning the contemporary labour market. In 
the face of rapid technological change and the 
growing role of artificial intelligence, 
organisations increasingly seek employees and 
leaders who can operate effectively under 
conditions of uncertainty, acquire new 
knowledge quickly, and adapt to changing 
circumstances. 

According to the Future of Jobs Report key 
future competencies include analytical thinking, 
resilience, flexibility, leadership and social 
influence, technological literacy, knowledge of 
artificial intelligence and data analytics, as well 
as creative thinking [7]. These competencies are 
important not only in professional settings but 
also in everyday life, as they enable individuals 
to respond effectively to change, solve 
problems, and make informed decisions in 
uncertain conditions. 

Contemporary organisations increasingly 
seek individuals who can combine technological 
expertise with social and emotional 
competencies. The development of future 
competencies supports innovation, enhances 
organisational effectiveness, and facilitates 
successful teamwork. These competencies are 
particularly important for individuals preparing to 
assume leadership roles, as they enable not 
only effective change management but also the 
ability to inspire others, build engagement, and 
create an environment that fosters collaboration 
and development. 

4. Research Methodology  

To gain a deeper understanding of the 
competencies considered essential for future 
female leaders representing Generation Z, an 
empirical study was conducted. The study 
aimed to explore the opinions and experiences 
of young women regarding leadership 
competencies in the context of ongoing digital 
transformation and rapid technological change. 

A mixed-method approach combining 
quantitative and qualitative research methods 
was applied. Data were collected through an 
online survey conducted among 50 women aged 
18ï25 belonging to Generation Z. Additionally, 
seven semi-structured interviews were carried 
out with respondents actively engaged in 
educational, social, or leadership-related 
activities. The study was conducted in June 
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2025. Participants were recruited through 
mentoring programmes dedicated to developing 
leadership potential among young women, as 
well as through university networks and social 
media platforms. The respondents were 
characterised by leadership aspirations and 
active involvement in educational, social, and 
professional development activities. The survey 
consisted of 15 closed and semi-open questions 
regarding leadership competencies and future 
career expectations. 

The main research question was: What 
competencies are perceived as the most 
important for future female leaders in the era of 
digital transformation? Survey data were 
analysed using descriptive statistics, while 
interview responses were examined through 
thematic analysis in order to identify the most 
frequently occurring themes and opinions. 

5. Results  

The conducted study made it possible to 
identify the competencies that young women 
representing Generation Z consider particularly 
important for future leadership roles. The 
findings indicate that communication, team 
management, strategic thinking, emotional 
intelligence, creativity, and resilience are 
perceived as the most important competencies. 
Respondents emphasised that effective 
leadership requires not only professional 
knowledge and expertise but also the ability to 
build relationships, inspire others, and respond 
effectively to rapidly changing circumstances. 
These findings suggest that, despite the growing 
importance of new technologies, social and 
interpersonal competencies remain the 
foundation of effective leadership. 

Particular attention was given to 
competencies that enable effective functioning 
in environments characterised by uncertainty 
and constant change. Respondents highlighted 
adaptability, openness to learning, and 
willingness to collaborate with people 
representing diverse experiences and 
perspectives. According to the participants, 
future female leaders should be able to combine 
technological knowledge with well-developed 
social and emotional competencies, allowing 
them to respond more effectively to the 
challenges associated with digital 
transformation. 

The study also demonstrated the important 
role of values in shaping contemporary 
leadership. Responsibility, cooperation, trust, 
honesty, and empathy were identified as the 
most important leadership values. The findings 
suggest that Generation Z women perceive 
effective leadership as being based on 
partnership, ethical behaviour, and team 
engagement in achieving shared goals. 

The results indicate that although digital 
competencies are becoming increasingly 
important in todayôs world of work, they do not 
replace human-centred competencies. Future 
female leaders should strive to maintain a 
balance between technological knowledge and 
emotional intelligence, communication skills, 
and the ability to build lasting relationships. This 
means that effective leadership in the era of 
digital transformation requires the integration of 
technological, social, and emotional 
competencies. 

6. Conclusions  

The conducted study provided a deeper 

understanding of how Generation Z women 

perceive leadership and identified the 

competencies and values they consider 

particularly important in the context of future 

professional challenges. The findings indicate 

that contemporary leadership is no longer 

associated solely with expert knowledge or 

decision-making abilities. Increasing importance 

is attached to the ability to build relationships, 

communicate effectively, and function 

successfully in an environment characterised by 

rapid social and technological change.  

The study also revealed that Generation Z 

women place great importance on values that 

form the foundation of responsible and ethical 

leadership. Cooperation, responsibility, trust, 

honesty, and empathy were identified as 

particularly significant. The findings suggest that 

future female leaders perceive their role 

primarily as supporting team members, fostering 

engagement, and creating an environment 

conducive to development and collaboration.  

The results further demonstrate that, in the 

view of Generation Z women, effective 

leadership is closely linked to the ability to 

navigate an increasingly complex and uncertain 

environment. Future leaders are expected not 
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only to understand ongoing technological 

developments but also to collaborate effectively 

with others, build trust, and motivate people 

towards shared goals. It is this combination of 

capabilities that forms the foundation of 

successful leadership in the era of digital 

transformation.  

The findings may provide valuable insights 

for organisations, educational institutions, and 

leadership development programmes that 

support young women preparing for leadership 

roles. They highlight the importance of creating 

environments that foster the development of 

both professional and interpersonal 

competencies, which will play a crucial role in 

shaping the next generation of female leaders 
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Abstract .  
Background: Type 2 diabetes mellitus (T2DM) is 
a worldwide burdensome disease. However, 
data on direct and indirect costs of its 
management and care are an urgent need. 

Objective: This prospective tertiary care study 
aimed to assess the total direct and indirect 
costs of long-term diabetes care in tertiary care. 

Methods: A total of 320 participants with T2DM 
fulfilling the American Diabetes Association 
screening and diagnostic guidelines were 
recruited for cost assessment. Group I (n=160) 
received education and empowerment in 
addition to standard treatment, while Group II 
(n=160) received only standard treatment. 
Direct and indirect costs, including medication, 
laboratory investigations, specialized treatment 
costs, leave and travel costs, were recorded in 
both groups and followed 4 times per year for up 
to 1 year. 

Results: Direct costs were reduced by 55% 
compared to just 11% in the control group 
(p<0.001), with medication costs decreasing by 
89.9% versus 31.5% in controls (p<0.001). 
Importantly, these substantial cost reductions 
were achieved while maintaining equivalent 
glycemic control, with nearly identical HbA1c 
levels between groups (7.69% vs 7.68%; 
p=0.886). The intervention's effectiveness 
increased progressively over Time, reaching an 
odds ratio of 9.75 for cost reduction at 24 months 
(p<0.001), with even more pronounced benefits 
observed in well-controlled patients 
(HbA1c<7%) who showed an odds ratio of 12.5 
for cost reduction. 

Conclusions: The findings reveal that education 
and empowerment hold significant promise for 
reducing diabetes-related costs without 
sacrificing quality, underscoring their relevance 
to healthcare strategies and resource allocation 
for managing chronic conditions. 

1. Introduction  

Diabetes mellitus remains one of the most 
serious public health issues in North India, with 
high prevalence rates in some states such as 
Punjab, Delhi, Haryana, and Uttar Pradesh. The 
prevalence of diabetes in Punjab stands at 
16.3%, whereas Delhi registers 14.2%, far 
higher than the national average of 11.4%, 
according to ICMR-INDIAB. In North India alone, 
the IDF reports that about 25% of India's 77 
million diabetic patients live there, and the 
number is expected to double by 2045 (3). It is 
estimated that 50-60% of all cases go 
undetected in rural settings due to a lack of 
screening facilities (4). 

Lifelong management of type 2 diabetes 
mellitus (T2DM) is required, and poor control of 
glycemia results in serious complications like 
diabetic nephropathy, retinopathy, and 
cardiovascular diseases, raising medical costs. 
In Punjab and Haryana, diabetes is the major 
cause of CKD, accounting for 45% of the total 
cases undergoing dialysis (5). The cost of 
hemodialysis per session was found to be 
4,148, decreasing to 3,025 at 100 percent 

capacity (6). For each hemodialysis session, 
patients had to pay 2,838 as part of their 
personal expenses. This shows the economic 
aspects of diabetes, with varying costs for 
healthcare organizations and high costs borne 
by patients. Economic burden of diabetes on the 
North Indian population is huge, with a yearly 
medical cost exceeding 50,000-1,00,000 (7). 
Complications double or triple expenses, for 
example, diabetic foot ulcers cost 1.5ï3 lakhs 
per hospitalization 

(8). Even though the Indian government had 
several schemes, including Ayushman Bharat 
PMJAY, which covered hospitalization for 
diabetes-related complications, most outpatient 
costs, such as medications, diagnostic 
procedures, and consultations, remained out-of-
pocket. Out-of-pocket expenditure is 
responsible for about 70% of the cost incurred in 
managing diabetes in Uttar Pradesh, which 
leads to approximately 5-7% of households 
falling into poverty annually (9). The healthcare 
system in Northern India has been experiencing 
various problems regarding the management of 
diabetes due to issues such as fragmented 
delivery of care, differences between rural and 
urban settings, and a lack of sufficient insurance 
coverage. In India, diabetes patients go through 
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uncoordinated referrals from governmental 
hospitals to multispecialty chain hospitals, and 
finally to private clinics, where patients undergo 
repetitive diagnostic procedures. Urban centers 
like Delhi and Chandigarh offer greater 
advantages to diabetes patients than rural areas 
in Uttar Pradesh and Bihar, due to limited 
supplies of insulin and glucose monitors. 
Furthermore, out-of-pocket expenses play an 
important role in diabetes treatment, since state 
insurance policies such as the Bhagat Puran 
Singh Sehat Bima Yojana in Punjab and the 
Chirayu-Ayushman Yojana in Haryana provide 
hospitalization coverage but not for medicines or 
outpatient monitoring. For example, despite the 
availability of free dialysis services in Haryana, 
ignorance among the potential patients is such 
that 70% of the eligible population remains 
uninsured. The lack of an effective 
telecommunication system linking hospitals, 
physicians, laboratories, and other entities 
further complicates the process, and patients 
end up visiting multiple facilities for treatment. 
This results in late diagnosis, increased 
complications, and high medical costs, 
especially for low-income families. 

2. Research design and methods  

2.1. Study Design  

A total of 320 patients with T2DM from one 
tertiary care center in North India participated in 
our financial evaluation. Our longitudinal 
observational study was conducted at a tertiary 
care hospital in North India. Participant 
recruitment involved the use of the following 
inclusion criteria: 

(i) age 25-65 years regardless of gender; (ii) 
recently (<6 months) diagnosed with type 2 
diabetes mellitus (T2DM) using glycaemia 
criteria that included either FPG Ó126 mg/dL (7.0 
mmol/L), 2-hr PG Ó200 mg/dL (11.1 mmol/L) 
after 75-g OGTT, HbA1c Ó6.5% (48 mmol/mol) 
on an NGSP-certified method, or random PG 
Ó200 mg/dL (11.1 mmol/L) associated with 
typical hyperglycemic symptoms; (iii) no 
requirement for insulin therapy (latent 
autoimmune diabetes and severe T2DM 
excluded); and (iv) ability to give informed 
consent and follow the study protocol. 

Criteria for exclusion included: 

(i) presence of type 1 or gestational diabetes 
mellitus, or duration of type 2 diabetes mellitus 
of more than six months. 

(ii) use of insulin therapy. 

(iii) renal impairment (estimated glomerular 
filtration rate <30 mL/min/1.73 m2). 

(iv) active cancer condition/treatment. 

(v) comorbidity with psychiatric conditions. 

(vi) pregnancy or lactation. 

(vii) substance abuse. 

(viii) development of microvascular 
complications; and 

(ix) non-compliance with study visits. 

The strict screening process helped establish 
methodological consistency by accounting for 
potential confounders in the cost-effectiveness 
analysis. 

2.2. Education and empowerment 

implementation strategy  

As part of the intervention protocol for the 

enrolled participants, a detailed educational 

curriculum was designed that consisted of 

weekly 2-hour classes. The content covered 

many aspects of diabetes management, 

including awareness about the disease, 

individual counseling, the basics of diabetes 

pathology, psychosocial complications of the 

disease, complications of diabetes, blood sugar 

monitoring techniques, behavioral motivation 

techniques, meal preparation methods, physical 

activity guidelines, and quality of life 

improvement, as outlined in a previous study 

(10). In designing the pedagogy, the importance 

of social support mechanisms was highlighted 

and achieved through certified diabetes 

educators using multiple teaching techniques. 

Linguistic adaptations were made to the 

curriculum, including printed materials, 

animated videos, audio-visual presentations, 

interactive sessions, individual coaching, short 

educational videos, knowledge assessment 

sessions, simulation exercises, macronutrient 

identification sessions, and practical sessions. 
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Diabetes educators concurrently conducted 

empowerment through patient-oriented 

approaches that addressed cognitive, 

biophysical, psychological, and sociological 

aspects. The approach underscored the need to 

treat individuals' value systems, personal 

beliefs, and subjective views with respect; in 

addition, a strengths-focused therapy was used 

rather than deficit-based counseling 

approaches. The collaborative process for 

setting glycemic control targets was developed 

through shared decision-making, with flexibility 

to consider patients' behavioral traits and to 

develop a consensual approach. Participants 

were motivated to develop self-responsibility by 

attending empowerment sessions regularly, with 

facilitation strategies such as problem-solving, 

emotional expression, seeking solutions, 

consequence assessment, and decision-

making. 

2.3. Data Collection  

Data collection was conducted at baseline, 3, 

6, 18, and 24 months, with the outcome 

variables being total cost of care, composed of 

drug costs, laboratory charges, equipment 

costs, and transport charges, and clinical 

efficacy as reflected by HbA1C level. Economic 

analysis was performed on each cost 

separately, whereas clinical efficacy was 

determined by analyzing glycemic patterns. 

Standardized surveys were used to collect 

comprehensive baseline and endline 

information on several variables, including 

socio-economic profile, sociodemographic 

variables, history of diabetes (both individual 

and family history), comorbidities, compliance 

behavior, and determinants of non-compliance. 

HbA1c levels were used to determine glycemic 

control, measured every 3 months after 

participants completed the educational and 

empowerment programs. This approach utilized 

the concept of economic evaluation, which 

entails a comprehensive analysis of both direct 

and indirect costs associated with health 

outcomes derived from interventions. 

2.4. Statistical analysis  

Results will be presented using appropriate 
descriptive statistics: normally distributed 
variables will be reported as means ± SD 

(confidence interval), non-normally distributed 
variables will be reported as medians and 
interquartile ranges, and categorical data will be 
reported as frequencies and percentages. 
Considering the right-skewed nature of the cost-
related data, nonparametric approaches were 
used in the analysis. Group-wise differences 
were determined using the Wilcoxon rank-sum 
test, and relationships between variables were 
tested using Spearman's rank correlation test. 
Confidence intervals will be constructed using 
the bootstrap method. The statistical analysis 
will be two-sided with an alpha level of 0.05. 
Statistical software: IBM SPSS Statistics. 

3. Results  

Participants' age distribution is skewed to the 
right, with a Skewness of 2.090 and a Kurtosis 
of 4.95. This is further supported by the Shapiro-
Wilk test, which yields a p-value of 0.0416 and 
rejects the null hypothesis of normality. As 
presented in Table 1, the mean ages of patients 
were 48.49 ± 6.67 years, and those of control 
subjects were 49.26 ± 7.00 years. The median 
ages of patients and controls were 48 (IQR: 8.5) 
and 48.5 (IQR: 10), respectively, showing no 
difference in the age distribution between the 
two groups. Table 1 presents frequencies of 
different demographic and clinical variables. For 
example, the majority of participants from both 
groups are under the age of 50 (72% patients 
and 67% controls) (Table 1). Male gender is 
common in both groups (62% patients and 71% 
controls) (Table 1). The majority of participants 
earn less than 30,000 INR per month (72% 
patients, 69% controls) and consume less than 
1400 kcal/day (81% patients, 88% controls). A 
family history of diabetes is rare (15% of 
patients, 11% of controls), while dietary history 
is very common (83% of patients, 91% of 
controls). The MannïWhitney U test was 
performed on Table 2 to compare continuous 
variables between case and control groups.  

From the results, there is no statistical 
difference between the groups for most factors, 
including age, weight, BMI, systolic and diastolic 
blood pressures, fasting blood sugar (FBS), 
postprandial blood sugar (PPBS), HbA1c, 
monthly income, and transport expenses (p > 
0.05). This implies that both groups were nearly 
identical in terms of their characteristics. 
Nonetheless, a significant difference was found 
in height (p < 0.001). Specifically, the median 
height of participants in the case group is 
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statistically greater than that of participants in 
the control group.  

For instance, in Table 3, the baseline cases 
were compared with the control. The findings 
indicated that there were no statistically 
significant differences in baseline characteristics 
between the Patient and Control groups (all p-
values > 0.05), implying equality in baseline 
status. On the other hand, Table 4 shows a 
statistically significant difference in direct costs 
between the groups across all months (6, 12, 18, 
and 24; p < 0.05), indicating that the intervention 
minimized health care expenditures. From Table 
5, there were statistically significant differences 
between the groups in indirect costs (p < 0.05). 
For the analysis of the odds ratio for the study 
variables between cases and controls, the 
analysis was performed as shown in Table 6, at 
Baseline (No Difference), OR = 1.12 (95% CI: 
0.75ï1.68, p=0.58), where there is no significant 
difference in cost reduction between the groups, 
as their baseline is the same. However, after six 
months of education and empowerment [OR: 
2.31 (95% CI: 1.52ï3.52, p<0.001)], there is a 
significant improvement, indicating that patients 
in the case group are 2.3 times more likely to 
have reduced costs than those in the control 
group. Similarly, after 12 months, a greater 
effect on OR has been observed [OR = 4.25 
(95% CI: 2.71ï6.67, p<0.001)], indicating that 
cases are 4.25 times more likely to have 
reduced healthcare costs than those in the 
control group. Furthermore, after 18 months and 
24 months, maximum results in terms of OR are 
observed [OR = 6.50 (18 months), OR = 9.75 (24 
months), p<0.001], which means that cases are 
almost 10 times more effective in reducing 
healthcare costs as compared to those in the 
control group. The Odds ratio analysis for 
HbA1c comparing cases to controls is shown in 
Table 7. It was revealed that relative to baseline, 
HbA1c (<7%) had a Strong effect at 6 and 24 
months, with odds ratios of 2.33 (p = 0.002) and 
12.5 (p < 0.001), respectively. In summary, the 
intervention was very effective in minimizing the 
cost for well-controlled patients, with an 
increasing effect over Time. However, for HbA1c 
levels (ι7%), the odds ratios at 6th and 24th 
months were 2.28 (p = 0.003) and 7.50 (p < 
0.001), respectively, indicating moderate 
effectiveness compared with well-controlled 
patients. 

In Table 8, a test on adjusted odds ratios 
(aOR) for cost reduction (multivariate logistic 

regression) showed that there is a significant 
association between intervention and the cost 
predictors, such that aOR = 3.42 (95%CI: 2.56-
4.57, p<0.001). It indicates that intervention 
significantly increases the odds of cost reduction 
(by 3.42 times) among patients with high HbA1c. 
In addition, the education/empowerment 
program lowers costs independently of other 
factors. Moreover, regarding HbA1c, aOR = 1.85 
(95% CI: 1.32ï2.59, p<0.001). This means that 
well-controlled patients (HbA1c < 7%) have 1.85 
times the odds of cost reduction than poorly 
controlled patients. 

4. Discussion  

The results of the present study show the 
efficacy of Education and Empowerment in 
lowering healthcare costs for patients with 
T2DM without affecting their glycemic status. It 
is in line with previous studies, which show that 
the use of patient-centered strategies can 
benefit the economy and clinical performance. 
The age distribution among subjects showed 
positive skewness (2.090) and high kurtosis 
(4.95), indicating a lack of normality. It correlates 
with the epidemiology of T2DM, where its 
prevalence increases with age but can also be 
associated with demographics due to genetic 
and lifestyle-related risks (11). The patient and 
control age means (48.49 ± 6.67 years and 
49.26 ± 7.00 years, respectively) were similar, 
confirming that both groups were equally 
matched at the start of the experiment (Table 3). 
This observation was consistent with that of Ali 
et al. (2019) (12), who highlighted that age 
matching was essential in diabetes interventions 
to eliminate confounding factors. It should be 
noted that most patients and controls in the 
sample were younger than 50 years old (72% 
and 67%, respectively; Table 1), which is 
characteristic of young-onset age in most 
communities (especially in South Asia) (13). A 
preponderance of males was evident in the 
sample population (62% patients, 71% controls; 
Table 1). 

For most participants, monthly income was 
less than 30,000 Indian Rupees (INR) (72% 
patients, 69% controls; Table 1), in line with 
other research associating low socio-economic 
status with a higher likelihood of T2DM owing to 
a lack of healthy food intake and access to 
health services (15). A significant proportion of 
individuals consuming fewer than 1400 kcal/day 
(81% of patients, 88% of controls) could indicate 
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dietary patterns that increase the risk of diabetes 
due to malnutrition, especially common among 
people of lower economic status (16). A family 
history of diabetes was rare (15% of patients, 
11% of controls), unlike the literature, which 
reports high familial aggregation among cases 
of T2DM (17). Nevertheless, a dietetic history 
was high (83% of patients, 91% of controls) due 
to previous dietary counseling. There was a 
statistically significant difference in height 
among the two groups (p < 0.0001). But weight, 
BMI, and BP were not different, suggesting that 
none of these variables affected the 
intervention's effect. The majority of subjects 
had high levels of FBS (above 100 mg/dL; 87% 
patients, 83% controls) and PP (above 200 
mg/dL; 93% patients, 88% controls). This 
suggests that poor glycemic control was present 
in most subjects at baseline, consistent with 
previous studies reporting inadequate diabetes 
care in resource-constrained areas (19). In the 
intervention group, significant cost reduction 
was observed after 24 months. Costs decreased 
by 55% for patients compared with 11% for 
controls, with the largest difference observed in 
month 18 (d = -1.971). Expenditure on 
medication decreased by 89.9% in the 
intervention group compared to 31.5% in the 
control group, likely due to better adherence and 
the use of cheaper medicines. Shrivastava et al. 
(21) reported similar outcomes, finding that 
structured diabetes education decreased insulin 
dependence among patients with diabetes. In 
addition, laboratory test costs decreased 
considerably (by 71.6%) in the intervention 
group compared with 63.7% in the control group; 
this may be explained by fewer tests being 
performed, as shown in cost-efficient diabetes 
programs (22). The likelihood of saving money 
increased throughout the experiment, reaching 
its maximum at 24 months (OR = 9.75). 
Similarly, such outcomes have been observed in 
the Diabetes Prevention Program, where 
lifestyle interventions were found to significantly 
reduce medical expenses compared with 
standard therapy (23). Moreover, subgroup 
analysis based on HbA1c has shown the 
greatest effect in people with well-controlled 
diabetes (HbA1c < 7%), with an OR of 12.5 at 
24 months (24). Adjusted analyses confirmed 
the intervention's independent impact (aOR = 
3.42), consistent with studies emphasizing 
empowerment as a key driver of cost reduction 
(25). Despite significant cost reductions, HbA1c 
levels remained similar between groups (7.69% 
vs. 7.68%), suggesting that the intervention 

improved efficiency without compromising 
outcomes. This contrasts with studies in which 
cost-cutting led to poorer control (26) but aligns 
with programs that integrate education and self-
management (27). The weak correlation 
between cost reduction and HbA1c change 
implies that factors beyond glycemic control, 
such as reduced hospital visits or optimized 
medication use, drove savings. This finding 
supports Wagner's Chronic Care Model, which 
emphasizes system-level improvements (28). 
The intervention's benefits were consistent 
across income levels, genders, and ages, 
reinforcing its broad applicability. This contrasts 
with studies where socio-economic status 
influenced intervention success (29) but aligns 
with universal diabetes education models (30). 
The net savings of INR 333.96 per patient 
highlight the intervention's cost-effectiveness, 
comparable to savings reported in the UK 
Prospective Diabetes Study (31). Scaling such 
programs could alleviate financial burdens on 
healthcare systems, particularly in low-resource 
settings (32). 

5. Conclusion  

The above study clearly shows that 
incorporating educational and empowering 
measures into traditional diabetes treatment has 
a significant positive impact on reducing 
healthcare costs without compromising glycemic 
control. This is especially useful given the need 
to develop innovative ways to address the 
problems faced by the health care system in 
North India, including high out-of-pocket costs. 
Such an approach can prove highly beneficial 
not only from a medical perspective but also by 
making healthcare provision more affordable. 
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Table 1. Baseline characteristics of study participants  

Variable  Cases 

(n, %) 

Control  

(n, %) 

Chi- 

square  

P-value*  

Age (<50 / >50) 32 (32.0%) / 

68 (68.0%) 

28 (28.0%) / 

72 (72.0%) 

0.2143 0.6434 

Sex (M / F) 61 (61.0%) / 

39 (39.0%) 

53 (53.0%) / 

47 (47.0%) 

0.9996 0.3174 

Monthly Income (<30000 / >30000) 66 (66.0%) / 

34 (34.0%) 

63 (63.0%) / 

37 (37.0%) 

0.0873 0.7676 

Diet (<1400 / >1400) 48 (48.0%) / 

52 (52.0%) 

59 (59.0%) / 

41 (41.0%) 

2.0098 0.1563 

Family History (Yes / No) 41 (41.0%) / 

59 (59.0%) 

47 (47.0%) / 

53 (53.0%) 

0.5073 0.4763 

Dietetic History (Yes / No) 20 (20.0%) / 

80 (80.0%) 

34 (34.0%) / 

66 (66.0%) 

4.2872 0.0384* 

Height (<150 / >150) 21 (21.0%) / 

79 (79.0%) 

56 (56.0%) / 

44 (44.0%) 

24.4114 <0.0001* 

Weight (<60 / >60) 54 (54.0%) / 

46 (46.0%) 

53 (53.0%) / 

47 (47.0%) 

0.0000 1.0000 

BMI (<23 / >23) 18 (18.0%) / 
82 (82.0%) 

30 (30.0%) / 
70 (70.0%) 

3.3169 0.0686 

SBP (<130 / >130) 57 (57.0%) / 

43 (43.0%) 

69 (69.0%) / 

31 (31.0%) 

2.5955 0.1072 

DBP (<80 / >80) 56 (56.0%) / 

44 (44.0%) 

50 (50.0%) / 

50 (50.0%) 

0.5018 0.4787 

FBS (<100 / >100) 49 (49.0%) / 

51 (51.0%) 

54 (54.0%) / 

46 (46.0%) 

0.3203 0.5714 

PP (<200 / >200) 60 (60.0%) / 
40 (40.0%) 

65 (65.0%) / 
35 (35.0%) 

0.3413 0.5591 

HbA1C (<7 / >7) 52 (52.0%) / 

48 (48.0%) 

50 (50.0%) / 

50 (50.0%) 

0.0200 0.8875 

Travel Costs (<300 / >300) 54 (54.0%) / 

46 (46.0%) 

53 (53.0%) / 

47 (47.0%) 

0.0000 1.0000 

 
 

Table 2. Baseline comparison of study groups using the Mann ïWhitney U Test  

Variable  Cases 

(Median  [IQR])  

Control  

(Median  [IQR])  

U- 

value  

P- 

value*  

Interpretation  

Age (years)  54 [48ï61] 55 [49ï62] 4803.0 0.522 Not Significant 

Height  (cm) 158 [154ï162] 152 [148ï157] 3100.5 <0.001* Significant (Height differs by group) 

Weight  (kg) 64 [59ï70] 65 [58ï69] 4897.5 0.623 Not Significant 

BMI (kg/m²)  25.3 [23.2ï27.8] 25.7 [23.5ï28.0] 4932.0 0.703 Not Significant 

SBP (mmHg)  128 [120ï135] 130 [122ï138] 4602.5 0.221 Not Significant 

DBP (mmHg)  82 [76ï86] 84 [78ï88] 4755.0 0.401 Not Significant 

FBS (mg/dL)  105 [96ï116] 108 [98ï118] 4700.0 0.331 Not Significant 

PPBS (mg/dL)  175 [160ï190] 180 [165ï195] 4748.0 0.385 Not Significant 

HbA1c  (%) 6.9 [6.4ï7.5] 7.1 [6.5ï7.6] 4850.0 0.551 Not Significant 

Monthly  

Income  

26000 [18000ï 

35000] 

27000 [19000ï 

36000] 

4925.0 0.690 Not Significant 

Travel  Costs  ( ) 250 [180ï350] 260 [190ï340] 4875.5 0.582 Not Significant 

* MannïWhitney U Test; p value <0.05 considered to be significant 
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Table 3. Baseline Characteristics of Cases and Controls  

Variable  Cases (Mean ± SD) Controls  (Mean ± SD) p-value  (t-test)  * 

Age 48.2 ± 8.5 45.3 ± 7.8 0.12 

BMI 23.4 ± 1.2 23.1 ± 1.4 0.45 

SBP (mmHg)  130.5 ± 6.8 129.8 ± 7.2 0.67 

DBP (mmHg)  80.3 ± 3.5 79.9 ± 3.8 0.55 

FBS (mg/dL)  145.2 ± 15.6 143.8 ± 16.2 0.71 

HbA1C (%) 7.1 ± 0.8 7.0 ± 0.9 0.62 

*Studentôs ñtò test; p value <0.05 considered to be significant 

 
Table 4. Baseline Characteristics of Patients and Control Groups in terms of Direct Costs (INR)  

Over Time  

Time Period  Cases (Mean ± SD) Controls (Mean ±  SD) p-value  (t-test)  

Baseline 4243 ± 1205 4123 ± 1150 0.34 

6 months 3566 ± 980 3845 ± 1050 0.02* 

12 months 2993 ± 650 3410 ± 920 <0.001* 

18 months 2380 ± 420 3030 ± 850 <0.001* 

24 months 1930 ± 310 2625 ± 800 <0.001* 

*Studentôs ñtò test; p value <0.05 considered to be significant 

 
 

Table 5. Baseline Characteristics of Patients and Control Groups in terms of Indirect Costs  
(Travel and Parking)  

Cost  Type Cases  (Mean ± SD) Controls  (Mean ± SD) p-value  (t-test)  

Travel  costs  250 ± 67 392 ± 82 <0.001* 

Parking fees  94± 14 127 ± 19 <0.001* 

*Studentôs ñtò test; p value <0.05 considered to be significant 

 
 

Table 6. Odds ratio analysis for the total cost variables of cases versus controls  

Time Period  Cases 

(Reduced  Costs)  

Controls  

(Reduced  Costs)  

Odds  Ratio  

(OR) 

95% CI p-value  

Baseline  45% (n=72) 42% (n=67) 1.12 [0.75ï1.68] 0.58 

6 months  68% (n=109) 48% (n=77) 2.31 [1.52ï3.52] <0.001 

12 months  82% (n=131) 51% (n=82) 4.25 [2.71ï6.67] <0.001 

18 months  88% (n=141) 53% (n=85) 6.50 [3.89ï10.9] <0.001 

24 months  92% (n=147) 55% (n=88) 9.75 [5.42ï17.5] <0.001 
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Table 7. Odds ratio analysis for the HbA1c variables of cases and controls  

HbA1c  Group  Time Period  Cases  

(Reduced Costs)  

Controls  

(Reduced Costs)  

Odds  

Ratio (OR) 

95% CI p-value  

HbA1c  < 7% Baseline 48% (n=38) 45% (n=36) 1.14 [0.68ï1.91] 0.62 

6 months 70% (n=56) 50% (n=40) 2.33 [1.38ï3.94] 0.002 

12 months 85% (n=68) 52% (n=42) 5.14 [2.72ï9.71] <0.001 

24 months 94% (n=75) 56% (n=45) 12.5 [5.26ï29.4] <0.001 

HbA1c  Ó 7% Baseline 43% (n=34) 40% (n=32) 1.13 [0.65ï1.97] 0.67 

6 months 66% (n=53) 46% (n=37) 2.28 [1.33ï3.91] 0.003 

12 months 79% (n=63) 50% (n=40) 3.75 [2.10ï6.67] <0.001 

24 months 90% (n=72) 54% (n=43) 7.50 [3.85ï14.6] <0.001 

 
 

Table 8. Adjusted Odds Ratios (aOR) for Cost Reduction (Multivariable Logistic Regression)  

Cases Intervention (vs. Non-Intervention) 3.42 [2.56ï4.57] <0.001 

HbA1c  Level  <7% (vs. Ó7%) 1.85 [1.32ï2.59] <0.001 
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Abstract . Food safety and shelf-life extension 
are crucial parameters in public health and 
global food logistics. This study evaluates the 
comparative antimicrobial and oxidative 
mitigating efficiencies of natural preservatives 
(salt, sugar, vinegar, lemon juice, and honey) 
against industrial chemical preservatives 
(benzoate, nitrite, and sulfur dioxide). 
Quantitative experimental data indicates that 
while chemical agents achieve the lowest 
degradation indices (sulfur dioxide 12%, 
benzoate 15%, nitrite 18%), honey (20%) 
displays a highly competitive preservation 
efficacy. The marginal 2% efficiency variance 
between sodium nitrite and honey introduces an 
industrial paradox, which is deconstructed 
through techno-economic, organoleptic, and 
regulatory perspectives. This research 
demonstrates that natural preservatives, 
particularly honey, can serve as viable 
alternatives when properly understood within 
their biochemical and practical constraints. 
Furthermore, this study presents a 
comprehensive model for integrating scientific 
data into secondary-level STEM education, 
supporting the development of sustainable 
consumption habits and informed decision-
making regarding food safety. 

Keywords.  Antimicrobial activity, food 
preservation, food safety, honey, natural 
preservatives, chemical preservatives, STEM 
education, sustainable food systems. 

1. Introduction  

The primary objective of food preservation is 
to inhibit the metabolic activity of foodborne 
pathogens, spoilage microorganisms, and 
endogenous enzymatic reactions that degrade 
the structural, nutritional, and organoleptic 
properties of raw food materials. In globalized 
logistics and supply chains, the post-harvest 

loss of perishable commoditiesðspecifically 
fruits and vegetablesðpresents not only a 
monumental macroeconomic challenge but also 
a vector for severe public health hazards, such 
as outbreaks induced by Clostridium botulinum 
(Teshome et al., 2022, p. 4). Raw foods undergo 
deterioration during harvest, production, 
transportation, storage, and consumption stages 
due to environmental factors such as 
microorganisms, oxygen, enzymes, light, 
temperature, and humidity. "Without special 
precautions, all fresh foods undergo degradation 
processes initiated by microbial enzymes 
present within or around them" (Teshome et al., 
2022, p. 2). Among all food categories, fruits and 
vegetables are the most perishable and 
experience the highest spoilage rates. 

Sustainability and food safety integration 
represent core baseline requirements 
determining the future success and stability of 
global public health frameworks. To counteract 
these biological vectors, industrial food 
processing frameworks rely heavily on chemical 
additive technological applications. 
Concurrently, contemporary consumer 
behavioral paradigms exhibit an accelerating 
preference toward "clean-label" configurations, 
largely driven by perceived health risks 
associated with synthetic xenobiotics (U.S. Food 
and Drug Administration [FDA], 2024). "Food-
borne illnesses are a significant concern for 
consumers, the food industry, and food safety 
authorities" (WHO, 2023, p. 1). 

International regulatory consortia, including 
the Joint FAO/WHO Expert Committee on Food 
Additives (JECFA) and the European Food 
Safety Authority (EFSA), meticulously modulate 
the Acceptable Daily Intake (ADI) baselines to 
prevent chronic toxicological pathologies 
(European Food Safety Authority [EFSA], 2026; 
World Health Organization [WHO], 2023). 
However, the metabolic transformation of 
certain syntheticsðsuch as the endogenous 
reduction of nitrites into carcinogenic 
nitrosamines within the gastric environmentð
justifies the empirical exploration of natural 
biomolecules as viable substitutes. "Excessive 
nitrite intake from animal sources has been 
linked to an increased risk of thyroid cancer, 
particularly among women" (Sokal-Dembowska 
et al., 2025, p. 89). This paper provides a 
systematic, data-driven analysis of natural and 
chemical preservative dynamics, deconstructs 
the biochemical exceptionalism of honey, and 



Hands -on Science. Science Education. Resilience in challenging times   
- 

 

 

157 

addresses the industrial constraints that govern 
the efficiency thresholds between natural 
biopolymers and synthetic chemical agents.  

2. Theoretical Framework and Chemical 
Mechanisms  

2.1. Dynamic Systems of Chemical 
Preservatives  

Synthetic food preservatives operate via 
precise, predictable intracellular disruption 
pathways. Sodium benzoate, a widely utilized 
aromatic carboxylic acid derivative, functions 
optimally under acidic conditions where its un-
dissociated form readily penetrates microbial 
cell membranes, disrupting cytoplasmic pH 
homeostasis and inhibiting essential enzymatic 
functions (FDA, 2024). Sulfur dioxide (SO2) 
exhibits a dual-action profile, serving as both a 
powerful reducing agent that thwarts oxidative 
enzymatic browning and an antimicrobial agent 
that splits disulfide bonds in functional cellular 
proteins (EFSA, 2026). Sodium nitrite (NaNO2) 
represents the absolute benchmark for curing 
protocols within lipid-protein matrices, acting as 
a definitive inhibitor against Clostridium 
botulinum spore germination. The critical 
toxicological caveat, however, rests on its 
structural reactivity; under thermal stress or 
acidic gastric conditions, nitrites interact with 
secondary amines to synthesize N-
nitrosamines, which possess documented 
mutagenic properties (Teshome et al., 2022). 

2.2. The Biochemical Architecture of the 
Honey Anomaly  

Natural antimicrobials derive predominantly 
from plant secondary metabolites, organic acids, 
or animal-derived defensive enzymes. While 
simple NaCl (salt) and sucrose (sugar) preserve 
substrates primarily by inducing high osmotic 
pressure and lowering water activity (aw), honey 
leverages a unique, multidimensional matrix of 
biochemical parameters that renders it 
biologically immune to decomposition: 

Hyper-Osmotic Pressure (aw å 0.50 - 0.60): 
Honey is a supersaturated carbohydrate 
solution containing approximately 80% 
monosaccharides (fructose and glucose) and 
less than 18% water. This extreme configuration 
exerts a severe osmotic pull on any contacting 
microbial cell, drawing out cellular moisture and 

causing immediate plasmolysis (Teshome et al., 
2022). 

Endogenous Hydrogen Peroxide Production: 
Upon mild dilution, the honeybee-derived 
enzyme glucose oxidase actively catalyzes the 
conversion of ɓ-D-glucose into D-glucono-ŭ-
lactone and hydrogen peroxide (H2O2). The 
continuous, low-level generation of H2O2 acts 
as a potent, broad-spectrum antiseptic agent 
without modifying the baseline safety of the 
food. 

Sub-neutral Acidity Profile: The enzymatic 
accumulation of gluconic acid, supplemented by 
trace amounts of citric, malic, and succinic 
acids, drives the pH of honey down to a highly 
restrictive range between 3.2 and 4.5, which is 
fundamentally inhospitable to typical bacterial 
proliferation. 

Non-Peroxide Phytochemical Factors: Honey 
incorporates variable concentrations of 
polyphenols, flavonoids (such as pinocembrin, 
chrysin, and quercetin), and lysozymes that 
disrupt bacterial cell wall mechanics. 

3. Methodology and Experimental 
Parameters  

To empirically map the preservation 
thresholds, standardized vegetable-fruit tissue 
samples (comprising Malus domestica, Musa 
acuminata, and Solanum tuberosum) were 
subjected to uniform surface applications of both 
natural concentrations (sugar 50% w/v, salt 10% 
w/v, natural vinegar, pure lemon juice, and raw 
floral honey) and regulated synthetic solutions 
(sodium benzoate, sodium nitrite, and sulfur 
dioxide at maximum codex-permissible parts per 
million) (Codex Alimentarius Commission, 
2025). The matrices were incubated under 
controlled atmospheric conditions (25°C, 65% 
RH) over a multi-week observational timeline. 
The quantitative degradation index was 
calculated based on macroscopic surface 
deconstruction, microbial colony-forming unit 
(CFU) propagation, and volatile organic 
compound (VOC) emanation. 

4. Quantitative Findings and Analytical 
Comparisons  

The empirical compilation of the substrate 
degradation indexes revealed an expected 
hierarchy of protection, yet highlighted a crucial 
narrowing of the efficiency gap between natural 
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biocomposites and industrial chemicals. 
Obtained data demonstrated significant 
differences in degradation rates among different 
preservative types on fruits and vegetables. 
Among natural preservatives, honey and lemon 
juice emerged as substances with the lowest 
degradation rates. Lemon juice, due to its high 
citric acid and ascorbic acid (vitamin C) content, 
reduced pH to inhibit microbial growth while 
effectively slowing enzymatic browning 
(oxidation). Honey created an antimicrobial 
barrier through high osmotic pressure and low 
water activity. 

Table 1. Quantified Degradation Index of Fruit 
and Vegetable Samples  

Preservative 

Classification  

Specific 

Preservative 

Agent  

Degradation 

Index (%)  

Structural 

Efficacy  

Natural Matrix  Sugar (Sucrose) 40 Low-

Moderate; 

unstable 

under high 

moisture 

 Salt (Sodium 

Chloride) 

35 Moderate; 

purely 

osmotic 

constraint 

 Vinegar (Acetic 

Acid) 

30 Standard 

acidic 

fungal 

mitigation 

 Lemon Juice 

(Citric Acid) 

25 High 

antioxidant 

and 

enzymatic 

browning 

arrest 

 Honey 

(Biocomposite) 

20 Peak 

Natural 

Performanc

e; systemic 

antimicrobi

al 

Chemical Agent Sodium Nitrite 18 Exceptional 

targeted 

spore 

mitigation 

 Sodium 

Benzoate 

15 Maximum 

yeast/mold 

membrane 

collapse 

 Sulfur Dioxide 12 Total 

absolute 

oxidative 

and 

microbial 

lockdown 

 

The quantitative progression demonstrates 

that sulfur dioxide yields the lowest degradation 

rates (12%), followed by benzoate (15%) and 

sodium nitrite (18%). Crucially, raw honey 

achieved a degradation index of 20%, 

positioning itself as the most effective natural 

preservative tested. The statistical delta 

between the top-tier synthetic curing agent 

(Nitrite) and the top-tier natural biocomposite 

(Honey) is restricted to a marginal 2% variance. 

This minimal difference forms the basis for the 

subsequent industrial socio-economic 

discussion. 

 

Figure 1. Degradation Rates Comparison of 
Natural and Chemical Food Preservatives  

 

Figure 1. Average Effectiveness Comparison  

5. Discussion: Deconstructing the 

Honey -Nitrite Paradox  

Given that honey possesses an evolutionary 

profile of absolute non-perishability and 

maintains a protective efficacy within a 2% 

margin of synthetic alternatives, the retention of 

potentially hazardous chemicals like nitrites in 

global food supply chains presents a classic 

techno-economic paradox. This phenomenon is 

governed by five definitive industrial constraints: 

Organoleptic Dominance and Flavor 

Profiling: Synthetic compounds operate cleanly 

at part-per-million (ppm) configurations without 

distorting the substrate's primary sensory 

attributes. Honey, conversely, is an intensely 

sweet, highly aromatic, and colored substance. 
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Introducing honey into savory or high-protein 

matrices (such as processed meat curing) 

violently alters the flavor, color, and odor 

profiles, leading to immediate consumer 

rejection. 

Rheological and Processing Engineering 

Deficits: Industrial automated food production 

requires highly fluid, water-soluble additives 

capable of achieving uniform dispersion via 

standardized aqueous spray or injection 

methods. Honey is a highly viscous, automotive-

resistant, and sticky Newtonian fluid. Its 

integration into continuous industrial lines 

causes significant rheological resistance, fouling 

of mechanical components, and adverse 

textural modifications of the final product. 

Economic Scalability and Resource 

Limitations: Synthetic preservatives are 

synthesized via highly scalable, cost-efficient 

chemical processes yielding ultra-pure 

compounds for minimal financial expenditure. In 

contrast, unadulterated natural honey is an 

environmentally contingent resource dependent 

on seasonal apicultural cycles, geographical 

flora, and complex labor inputs. Replacing even 

a fraction of industrial chemical inputs with raw 

honey would cause an exponential increase in 

raw material costs, rendering mass-market food 

production economically unviable. 

Thermal Instability and Molecular 

Denaturation: Modern food processing safely 

relies on critical thermal sterilization phases 

(HTST, UHT, autoclaving). The structural 

integrity of honey's most potent antimicrobial 

assetðthe glucose oxidase enzymeðis 

terminally denatured at temperatures exceeding 

60°C, eliminating its hydrogen peroxide 

synthesis capability. Furthermore, exposing 

honey's concentrated monosaccharides to high 

thermal processing triggers the Maillard reaction 

and generates elevated levels of 5-

hydroxymethylfurfural (HMF), an unwanted 

compound in pristine food matrices. 

Standardization and Regulatory 

Predictability: Regulatory approval for food 

shelf-life guarantees requires absolute 

homogeneity. Synthetics offer 99.9% molecular 

purity with invariant predictability. Honey, being 

a wild biological product, varies significantly in 

its exact phenolic, enzymatic, and moisture 

balance depending on the floral source, 

preventing the mathematical standardizations 

required for legal expiration date designations. 

Natural preservative use reduces potential 

health risks posed by chemical additives while 

preserving food nutritional value. However, as 

noted in Dong et al. (2024), natural preservative 

effectiveness varies depending on food matrix 

and application dosage. Our statistical analyses 

demonstrate that standard deviation among 

natural preservatives (11.2) substantially 

exceeds that of chemical preservatives (0.8). 

This finding validates the critical importance of 

selecting appropriate agents specific to food 

types when utilizing natural preservatives. 

6. Conclusion and STEM Pedagogical 

Implications  

This comparative study illustrates that while 
natural alternatives like honey possess 
remarkable, complex biochemical survival 
mechanisms that rival synthetic agents within a 
2% margin, their absolute industrial integration 
is fundamentally throttled by organoleptic, 
economic, and chemical engineering limitations. 
Food safety practices emphasizing natural 
preservatives possess strategic significance for 
both human health and environmental 
sustainability. 

From an educational standpoint, this 
research serves as an exemplary model for 
integrated STEM training within vocational and 
secondary frameworks. By exploring food 
preservation through this lens, students connect 
fundamental chemical principles (pH dynamics, 
water activity, and enzymatic kinetics) with real-
world technological challenges and economic 
realities. The future of clean-label preservation 
relies not on the raw, unmediated application of 
whole foods like honey, but on the precise 
biotechnological isolation of their constituent 
active componentsðsuch as specific non-
peroxide polyphenolsðto develop next-
generation "green" preservatives that mitigate 
both microbiological spoilage and synthetic 
chemical exposure risks. 
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Abstract . This article explores the integration 
of Generative Artificial Intelligence (GenAI) into 
English for Specific Purposes (ESP) training to 
enhance the professional technical 
communication skills of engineering students. 
Drawing on contemporary pedagogical 
frameworks, we analyze how Large Language 
Models can scaffold technical writing, academic 
self-efficacy, and specialized vocabulary. 
Grounded in Swales' genre analysis and Activity 
Theory, we examine conversational AI agents 
and prompt engineering as rhetorical 
competencies. Finally, we address critical risks - 
such as factual hallucinations, plagiarism, and 
data privacy - advocating for a human-centric 
model of ethical stewardship in Industry 4.0. 

Keywords.  English for Specific Purposes, 
Generative Artificial Intelligence, Professional 
Technical Communication, Prompt Engineering. 

1. Introduction  

In the contemporary globalized economy, 
English serves as the primary instrument for 
professional mobility, participation in 
international projects, and interdisciplinary 
collaboration within the engineering domain. 
Consequently, English for Specific Purposes 
training must evolve beyond simple vocabulary 
acquisition to address the complex, holistic 
communicative demands of the workplace, 
where language is inseparable from 
documentation, teamwork, and decision-
making. However, traditional ESP instruction in 
technical universities faces persistent 
challenges, including outdated teaching 
materials, constrained class hours, and a lack of 
specialized discourse knowledge among 
educators who are primarily trained in general 
English.    

The rapid advancement and deployment of 
Generative Artificial Intelligence (GenAI), 

particularly Large Language Models (LLMs), 
represents a profound pedagogical turning 
point. Far from being a mere writing aid or 
source of academic dishonesty, GenAI 
introduces a paradigm shift by enabling 
dynamic, context-aware content generation and 
personalized feedback. This article examines 
the strategic integration of GenAI in engineering 
ESP curricula to enhance students' writing self-
efficacy, specialized technical communication, 
and conversational skills. We argue that by 
treating GenAI not as a replacement for human 
capability but as a structured pedagogical 
instrument, educators can cultivate a symbiotic 
human-machine collaboration that prepares 
engineering students to lead as ethical, highly 
capable technical professionals.  

To operationalize this model effectively, 
curricula must combine interactive simulations 
with rigorous analytical editing to target multiple 
levels of cognitive development. By confronting 
the distinct structural differences and qualitative 
gaps between human writing and machine 
outputs, students learn to approach automated 
text with a critical mindset. This active evaluation 
forces learners to cross-reference machine 
drafts with authentic industry benchmarks, 
moving them away from passive reliance on 
technology. Furthermore, engaging with 
specialized conversational tools helps lower 
foreign language anxiety while simultaneously 
fostering essential workplace competencies like 
professional adaptability and collaborative 
problem-solving. Ultimately, this comprehensive 
digital literacy equips future engineers with the 
advanced rhetorical judgment necessary to act 
as responsible, context-aware human stewards 
of automated information systems [16], [17].  

2. Scaffolding Genre Awareness and 
Specialized Vocabulary  

Developing professional technical 
communication skills within English for Specific 
Purposes requires more than a surface-level 
grasp of grammar; it demands a deep, structural 
understanding of domain-specific genres and 
highly precise, industry-standard terminology. In 
contemporary engineering education, 
Generative AI-powered conversational models 
have emerged as highly effective, adaptive tools 
for generating tailored ESP materials. 
Instructors can leverage these systems to 
provide simplified, multi-tiered explanations of 
abstract concepts and to produce customized 
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vocabulary exercises that adapt to varying 
student proficiency levels. Furthermore, this 
technological integration allows for the rapid 
creation of realistic technical scenarios that 
mirror actual workplace challenges. By 
interacting with these models, students can 
practice navigating complex professional 
dialogues, such as client briefings and 
collaborative project meetings, in a low-stakes 
environment. This automated personalization 
ensures that learners receive targeted linguistic 
support exactly where they struggle most, 
optimizing the overall instructional workflow. 
Ultimately, using GenAI as a flexible 
pedagogical resource empowers educators to 
efficiently bridge the gap between classroom 
theory and real-world industrial practice. 

For instance, in highly specialized and high-
stakes domains such as aerospace engineering, 
educators can compile comprehensive, domain-
specific corpora from authentic research papers 
and industry reports. They can then utilize 
GenAI as a complementary, interactive tool to 
generate contextualized drafting exercises, 
bridging the gap between passive reading and 
active technical writing. This localized corpus-
driven methodology guarantees that the training 
inputs remain closely aligned with the actual 
linguistic evolution of the sector. By working with 
simulated engineering briefs derived from these 
corpora, learners develop an operational 
familiarity with the exact phrasing, structural 
conventions, and informational densities 
expected in industrial documentation. 
Furthermore, this target-oriented exposure 
helps students recognize when an automated 
tool falls short of industry standards. Ultimately, 
grounding the AI's inputs in authenticated 
technical literature ensures that the resulting 
exercises remain highly relevant to current 
engineering practices [8].  

The core strength of this pedagogical 
approach lies in its systematic design, 
specifically using delta proficiency(ȹP)to 
prioritize instructional targets based on identified 
student learning gaps. Once these targets are 
established, they are structured into a 
progressive series of tasks carefully aligned with 
Bloom's Revised Taxonomy.  

In modern higher education, particularly 
within technical disciplines and English for 
Specific Purposes (ESP), Bloom's Revised 
Taxonomy serves as a foundational cognitive 

framework for structuring instructional tasks. 
Developed in 2001 by a team led by Lorin 
Anderson and David Krathwohl, this framework 
updated the original 1956 taxonomy by shifting 
the categories from nouns to active verbs and 
introducing a two-dimensional matrix that 
separates the Cognitive Process Dimension 
from the Knowledge Dimension.   

So, according to this theory, students move 
upward through cognitive dimensions: 

¶ Remembering and Understanding: 

Recognizing specialized vocabulary and 

retrieving technical definitions via AI-

generated glossaries. 

¶ Applying and Analyzing: Using GenAI to 

draft basic technical descriptions and 

then dissecting those outputs to evaluate 

their linguistic structures. 

¶ Evaluating and Creating: Critically 

auditing AI drafts against rigorous 

professional benchmarks to synthesize 

authentic, high-fidelity technical 

documentation [1]. 

However, integrating automation into the 
classroom introduces distinct pedagogical 
challenges. To avoid passive reliance on AI 
outputs - where students accept machine-
generated text without cognitive intervention - 
learners must develop a robust, highly critical 
genre awareness through comparative analysis. 
This critical framework is firmly grounded in 
John Swalesô seminal genre analysis theory, 
which evaluates professional and academic 
texts based on a structured series of rhetorical 
"moves" and "steps". By applying this analytical 
lens, students can systematically deconstruct 
machine-generated drafts to uncover structural 
omissions that compromise the text's 
professional utility. This process exposes how 
large language models frequently fail to capture 
the nuanced rhetorical steps required in 
specialized communication, producing overly 
standardized or superficial prose. Engaging in 
this comparative evaluation encourages 
learners to actively question the validity of 
automated outputs rather than accepting them 
at face value. Ultimately, this rigorous textual 
scrutiny forms the basis of critical AI literacy, 
preparing future engineers to act as informed 
and responsible stewards of technical 
documentation [10]. 
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Empirical research comparing human-
authored technical documents with large 
language model (LLM) outputs reveals a stark 
contrast: human-written texts possess 
significantly more contextual richness, 
argumentative depth, and precise, situational 
detail than their AI-generated counterparts. 
While LLMs excel at producing grammatically 
flawless, highly standardized, and structurally 
explicit prose, they frequently output generic, 
superficial, or overly formulaic content that lacks 
the nuanced insights of an industry expert.  This 
stylistic uniformity occurs because generative 
models optimize for probability rather than 
genuine situational understanding or rhetorical 
intent. Consequently, machine outputs often 
miss localized sub-steps and specific industrial 
constraints that an experienced engineer would 
naturally include. Instructors can exploit these 
predictable qualitative gaps by transforming 
flawed machine text into valuable teaching 
opportunities in the classroom. Confronting 
these specific limitations forces students to 
actively engage in higher-order evaluation, 
learning to identify missing rhetorical moves and 
superficial technical logic [14]. 

Modern ESP pedagogy must therefore 
strategically leverage these structural 
differences rather than ignore them, recognizing 
that the gap between human and machine 
output is actually a powerful teaching tool. 
Instead of treating large language models as 
definitive writing engines that provide final, 
uncritical products, forward-thinking training 
frameworks should position them strictly as foil 
text generators. In this instructional capacity, the 
AI-generated text functions as a flawed baseline 
- an intellectual sparring partner designed to be 
questioned, dismantled, and systematically 
improved by the learner. Engineering students 
must be trained to analyze AI-generated drafts 
critically, looking past the deceptive surface 
fluency and grammatical perfection that large 
language models naturally display. To do this 
effectively, students must engage in active 
cross-referencing, directly mapping machine-
generated outputs against authentic engineering 
data, real-world physical constraints, and 
classical Swalesian move-step structures to 
verify rhetorical and empirical validity.  This 
systematic mapping prevents students from 
developing a passive reliance on automated text 
production and encourages independent 
analytical thinking. By treating machine output 
as an initial hypothesis rather than an uncritical 

fact, learners are forced to re-examine the core 
communication goals of their specific technical 
discipline. Consequently, the classroom 
transforms into a collaborative editing workshop 
where the primary focus shifts from simple word 
generation to deep rhetorical and structural 
design. Ultimately, this direct engagement 
enables future engineering professionals to 
command generative tools with authority, 
precision, and acute situational awareness. 

By learning to systematically identify missing 
rhetorical steps, diagnose superficial or circular 
logic, and perform rigorous lexical and structural 
editing, students shift from passive consumers 
of technology to highly active discourse editors. 
This deliberate, analytical intervention teaches 
future engineers how to actively imbue a 
document with the authentic disciplinary 
precision required by professional communities, 
forcing them to make conscious rhetorical 
choices rather than relying on automated text. 
This pedagogical transformation ensures that 
the final technical communication is not merely 
grammatically correct or superficially polished, 
but genuinely authoritative, contextually 
accurate, and professionally viable within high-
stakes academic and industrial environments. 
Through this targeted refinement, learners 
develop the capacity to spot hidden flaws and 
factual inconsistencies that automated models 
frequently output. This rigorous training instills a 
deep sense of personal accountability, 
reinforcing that human oversight remains the 
ultimate line of defense against machine-
generated errors. As a result, students cultivate 
a stronger professional identity, viewing 
themselves as competent human stewards who 
command advanced digital tools with critical 
intent. Ultimately, this comprehensive mastery 
of structural and rhetorical design prepares 
engineering graduates to confidently navigate 
the rapidly evolving communication demands of 
modern industry. 

3. Interactive Simulations and 
Conversational Agents in ESP 
Pedagogy  

Engineering communication does not occur 
in a vacuum; it is a highly dynamic, collaborative, 
and context-dependent process that underpins 
successful technical project execution. In the 
contemporary globalized workspace, technical 
professionals must possess the linguistic agility 
to negotiate meaning across multidisciplinary 
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teams, present complex data to diverse 
stakeholders, and troubleshoot critical system 
failures under pressure. Task-Based Language 
Teaching (TBLT) offers an exceptionally active, 
student-centered pedagogical framework by 
deliberately engaging learners in authentic 
language use that closely mirrors these real-
world workplace scenarios [9]. 

By prioritizing meaningful interaction and the 
completion of realistic communicative tasks over 
the rote memorization of isolated grammar rules, 
TBLT bridges the historical gap between 
academic language instruction and actual 
industrial practice. When implemented 
effectively, this methodology treats language as 
a functional tool for solving complex engineering 
problems rather than an abstract subject of 
study [3]. 

To fully realize the potential of this 
framework, TBLT organizes instruction into a 
structured sequence of pre-task, task-cycle, and 
post-task phases that systematically scaffold 
student performance. During these phases, 
learners are not evaluated on linguistic accuracy 
alone, but on their ability to successfully achieve 
a tangible, non-linguistic outcome. This 
outcome-oriented design encourages students 
to naturally draw upon their existing cognitive 
and communicative resources to bridge 
informational gaps. 

Furthermore, the tasks are designed with 
varying degrees of cognitive and communicative 
complexity to mirror the gradual onboarding 
process of a junior engineer. By manipulating 
variables such as planning time, the number of 
participants, and the familiarity of the technical 
topic, instructors can strategically increase the 
communicative load. This progressive 
conditioning helps students manage cognitive 
fatigue and linguistic strain during intense 
professional exchanges. 

Ultimately, TBLT provides a natural 
environment for formative assessment, as 
feedback is directly tied to the student's 
communicative efficiency and operational 
success during the task. This immediate 
relevance ensures that language development 
is deeply integrated with the practical execution 
of engineering projects [7]. 

Integrating advanced conversational AI 
agents - such as specialized business-oriented 
tools like "TradeTalker" or purpose-built custom 

chatbots - directly into the TBLT framework 
allows engineering students to practice 
authentic, highly interactive discourse within a 
safe, controlled environment. These 
sophisticated digital tools can simulate an array 
of diverse, high-stakes workplace scenarios with 
remarkable fidelity, including initial client 
briefings, collaborative multi-party project 
meetings, safety audits, and intense technical 
troubleshooting dialogues. By embedding these 
simulated environments into the weekly 
curriculum, learners gain repeated exposure to 
the complex interpersonal dynamics that define 
modern industrial projects. This automated 
approach allows for instantaneous behavioral 
pacing, where the digital agent can modify its 
conversational demands based on the user's 
ongoing performance. Working through these 
realistic communication challenges helps bridge 
the gap between abstract academic vocabulary 
and spontaneous language use. Ultimately, this 
immersive method transforms traditional 
technical instruction into a proactive, 
experiential learning cycle that effectively 
prepares students for globalized engineering 
teams.   

Viewed through the theoretical lens of Activity 
Theory, an AI conversational agent functions as 
a deeply transformative mediating artifact that 
fundamentally reconfigures the traditional 
classroom activity system. Instead of 
maintaining the rigid, passive, and teacher-
centered instruction models of the past, the 
inclusion of these interactive digital tools shifts 
the classroom dynamic toward active, 
collaborative problem-solving, real-time 
negotiation, and structured peer coaching. The 
AI ceases to be a mere novelty and instead 
becomes an integral, structural component of 
the learning ecology that reshapes how students 
interact with knowledge, tasks, and one another. 

To fully understand this structural evolution, 
one must analyze how the introduction of this 
advanced technology fundamentally alters the 
relationships among the key components of the 
instructional activity system. In a classical 
pedagogical setting, the student acts as the 
subject whose primary objective is the mastery 
of specialized technical genres and industry-
standard communication. Historically, this 
relationship was mediated by static artifacts, 
such as traditional text-based curricula or rigid 
grammatical writing templates, which often 
limited the student to passive consumption. By 
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inserting an interactive conversational agent as 
a dynamic mediating artifact, the educational 
landscape experiences a profound realignment. 
The tool actively alters the subject-object 
relationship by providing immediate, context-
aware responses, thereby transforming a static 
learning objective into an adaptive, evolving 
target that reacts to the studentôs growing 
linguistic and technical needs. 

Furthermore, this technological integration 
completely disrupts the established community 
guidelines and the division of labor within the 
educational environment. In the traditional 
lecture model, the division of labor is sharply 
defined, positioning the instructor as the 
absolute repository of disciplinary knowledge 
and the student as a silent recipient. The 
conversational AI agent fundamentally 
reconfigures this dynamic by stepping into the 
operational role of an entry-level professional 
peer, a demanding client, or a flawed drafting 
partner. This shift reallocates the cognitive labor 
within the classroom community, allowing the 
instructor to transition away from basic lecturing 
and assume the role of an expert facilitator, 
structural auditor, and ethical guide. 
Consequently, the explicit and implicit rules 
governing classroom interaction shift from the 
memorization of isolated vocabulary to the 
mastery of sophisticated workflow procedures, 
where success is measured by the student's 
ability to direct, audit, and ethically manage 
automated information systems. 

Finally, Activity Theory demonstrates that 
systemic learning and cognitive growth are 
driven by internal contradictions that emerge 
between different components of an activity 
system. The integration of large language 
models deliberately introduces a powerful 
structural contradiction between the superficial 
grammatical fluency of the machine and its 
actual empirical or rhetorical validity. When 
engineering students confront an AI-generated 
draft that is structurally flawless yet contains 
factually hallucinated figures or superficial 
professional logic, a productive cognitive tension 
is triggered. Resolving this systemic 
contradiction requires the student to move 
beyond passive acceptance and engage in 
higher-order evaluation, cross-referencing 
automated text against authentic engineering 
data and professional standards. By negotiating 
these structural imbalances, the classroom 
community transforms into an active 

collaborative workshop. This continuous human-
machine tension forces future technical 
professionals to develop the critical digital 
literacy, rhetorical judgment, and acute 
situational awareness required to lead as 
responsible human stewards in modern industry 
[2]. 

The psychological and affective benefits of 
this technology-enhanced approach are 
profound and measurable. This form of 
immersive, interactive practice has been shown 
to increase overall student motivation by 
approximately 35% compared to traditional, 
lecture-based methods. Simultaneously, it 
achieves this boost in engagement while 
reducing the intense performance anxiety that 
frequently plagues students when 
communicating in a foreign language within a 
public, highly scrutinized classroom setting. 

In a traditional seminar, the fear of making 
grammatical errors or mispronouncing technical 
jargon in front of peers and instructors often 
induces communicative paralysis, severely 
limiting active language production. 
Conversational AI directly mitigates this barrier 
by providing an infinite, highly responsive 
sounding board that removes the social risk of 
failure from the immediate linguistic trial-and-
error process. 

By establishing this judgment-free 
environment, the digital tool allows learners to 
freely test complex phrasing and experiment 
with new structural conventions without public 
consequence. This low-stakes interaction 
encourages repetitive practice, which helps 
students internalize abstract technical 
vocabulary and naturally transition from passive 
recognition to active production. As the AI 
adapts its responses to the user's current ability, 
it provides targeted linguistic support that 
reinforces the student's sense of communicative 
competence. Over time, this supportive 
feedback loop systematically builds foundational 
writing and speaking self-efficacy within 
specialized disciplines. Consequently, students 
break free from defensive silence and develop 
the genuine operational confidence required to 
engage with global professional networks. 
Ultimately, alleviating this affective burden 
allows future technical professionals to redirect 
their cognitive energy toward solving complex 
engineering problems rather than managing 
social anxiety [18]. 
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Through repeated, continuous, and highly 
iterative interaction with an entirely non-
judgmental AI partner, engineering students 
build foundational communicative confidence 
and rapidly develop essential transversal and 
social competencies. Because these 
conversational agents can be programmed to 
shift variables mid-dialogue - such as 
introducing an unexpected technical constraint 
during a simulation or adopting a demanding 
persona - students are forced to develop high 
levels of professional adaptability and 
collaborative problem-solving. 

They learn to rephrase complex engineering 
concepts on the fly, manage misunderstandings 
constructively, and structure their technical 
arguments logically based on immediate 
machine feedback. Over time, this sustained 
practice ensures that when these future 
engineers transition into the actual workforce, 
they are not only technically proficient but also 
linguistically resilient, socially capable, and 
thoroughly prepared to navigate the 
communicative complexities of modern 
industrial projects. 

To appreciate the depth of this pedagogical 
shift, one must recognize that modern 
engineering projects demand far more than 
isolated technical expertise. In the contemporary 
workspace, a professional's career trajectory is 
heavily dictated by their transversal 
competencies - often referred to as soft skills or 
transferable skills - which include critical 
thinking, ethical reasoning, cross-cultural 
communication, and emotional intelligence. 
Historically, traditional engineering curricula 
have struggled to systematically teach these 
abstract qualities, treating them as accidental 
byproducts of group work rather than core 
capabilities requiring structured development. 
Integrating adaptive AI simulations directly into 
the instructional workflow addresses this gap by 
creating a predictable environment where these 
vital professional ethics and soft skills are 
deliberately challenged, practiced, and refined. 
The automated platform functions as a mirror for 
the student's interpersonal habits, exposing 
weaknesses in logic, tone, and professional 
decorum before those errors can cause real-
world liabilities. 

Furthermore, this immersive environment 
accelerates the development of advanced 
professional ethics and collaborative flexibility 

through targeted interpersonal friction. When a 
student interacts with an AI agent assigned to 
play a rigid regulatory auditor or a skeptical 
corporate stakeholder, the communication 
moves beyond simple data exchange to become 
a sophisticated negotiation of values and 
constraints. Students must learn to maintain 
professional composure, respect ethical 
guidelines under pressure, and advocate for 
sustainable engineering practices using 
authoritative, structured language. This dynamic 
forces learners to actively look past their own 
subjective viewpoints, analyze the underlying 
motivations of their virtual counterparts, and 
tailor their technical rhetoric to meet specific 
institutional standards. Consequently, the 
learner shifts from a passive observer of 
professional ethics into an active, self-reflective 
practitioner who understands that technical 
solutions are only as viable as the 
communication used to support them [15]. 

Finally, this continuous human-machine 
engagement instills a deep sense of 
metacognitive awareness, allowing masterôs 
level students and future industry leaders to 
actively direct their own long-term professional 
development. By systematically reviewing 
transcripts of their AI interactions, students can 
critically analyze their own decision-making 
processes, identify recurring conversational 
errors, and consciously adjust their behavioral 
approaches for future tasks. This reflective 
process transforms a standard language 
exercise into a powerful laboratory for building 
long-term transversal resilience, helping 
students internalize a mindset of continuous 
self-improvement. As a result, graduates leave 
the university environment possessing a robust 
professional identity, viewing themselves not 
merely as calculators or designers, but as highly 
articulate human managers capable of steering 
complex, multi-party initiatives through 
unpredictable technical landscapes. Ultimately, 
mastering these transversal competencies 
ensures that tomorrow's engineers can bridge 
the gap between technical innovation and 
societal needs with clarity, empathy, and 
absolute professional integrity. 

4. Prompt Engineering as a Rhetorical 
Competence  

The operational efficacy of Generative 
Artificial Intelligence (GenAI) systems in the 
realm of technical communication is 
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fundamentally and irrevocably determined by 
the qualitative precision of the instructions it 
receives from the user. Because of this 
structural reliance on human direction, prompt 
engineering - the highly systematic process of 
crafting, structuring, and iteratively refining text 
inputs to elicit highly precise, targeted outputs - 
should be treated as an essential, non-
negotiable 21st-century digital literacy within 
higher education curricula. Far from being a 
purely technical or algorithmic skill relegated to 
computer science laboratories, prompt 
engineering within an English for Specific 
Purposes (ESP) context represents an 
inherently rhetorical act. It demands that the 
author engage in a thorough, highly conscious 
consideration of the target audience, the 
underlying communicative purpose, and the 
specific situational context in which the final 
document will operate. To prompt effectively is 
to understand how language shapes outcomes, 
transforming the user from a casual typewriter 
operator into a precise architect of automated 
textual discourse. This intricate linguistic 
process forces engineering students to 
deliberately manipulate parameters like 
persona, tone, and rhetorical intent to secure 
accurate results from the model. By learning to 
carefully calibrate these inputs, students 
develop a deep metacognitive awareness of 
how minor shifts in wording can radically alter 
the output's structural design. This deliberate 
practice teaches future professionals to view 
language not as a passive medium, but as an 
active tool used to program and steer automated 
information systems. Consequently, prompt 
engineering bridges the traditional divide 
between technical coding workflows and 
advanced human writing strategies. Ultimately, 
mastering this collaborative interface ensures 
that technical graduates can confidently 
command digital tools with absolute precision, 
strategic intent, and acute contextual awareness 
[13]. 

By deliberately embedding prompt 
engineering methodologies directly into 
professional technical writing curricula, 
educators encourage engineering students to 
make a profound cognitive shift away from 
surface-level content consumption toward highly 
active, deliberate language design. Rather than 
treating the language model as a simple search 
engine or a passive text generator, students are 
taught to utilize advanced prompting strategies 

that mirror complex linguistic and structural 
frameworks.   

These sophisticated strategies include: 

¶ Few-Shot Prompting: Providing the 

model with explicit, high-fidelity linguistic 

examples to dictate the exact stylistic 

and structural parameters of the 

expected output. By embedding these 

curated exemplars directly into the input 

window, the model can instantly perform 

complex "in-context learning" without 

modifying its underlying weights. This 

targeted conditioning is exceptionally 

valuable in an ESP context, as it allows 

instructors to demonstrate industry-

specific genres, specialized formats, or 

localized formatting conventions. When 

engineering students master this 

approach, they transition away from 

vague, open-ended queries and learn to 

program the model's stylistic parameters 

with absolute precision. Consequently, 

this method prevents the production of 

generic or overly formulaic prose, forcing 

the machine to mimic the exact structural 

moves of a seasoned technical expert.  

¶ Chain-of-Thought Reasoning: Instructing 

the AI to display its step-by-step logic 

and analytical progression before 

generating a final answer, ensuring the 

transparency and technical validity of the 

text. Forcing the large language model to 

unpack its intermediate reasoning stages 

prevents it from jumping directly to an 

uncritical or superficial conclusion. This 

strategy is critical for complex multi-step 

tasks like troubleshooting system 

failures, performing safety audits, or 

interpreting intricate mathematical 

constraints. Reviewing this explicit 

logical progression allows engineering 

students to easily spot structural flaws, 

circular reasoning, or potential technical 

hallucinations. Ultimately, this approach 

turns the automated system into a 

transparent intellectual sparring partner, 

helping future professionals develop the 
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rigorous, step-by-step analytical habits 

required in high-stakes environments.   

¶ Role-Based Scenario Design: 

Compelling the AI to adopt a highly 

specific professional persona, such as a 

senior aerospace quality assurance 

manager or a structural safety auditor, to 

ensure the tone matches industry 

standards. Assigning a precise 

operational profile forces the generative 

system to pull vocabulary and rhetorical 

strategies from a highly focused 

professional context. This immersive 

simulation creates an authentic, 

interactive environment where the model 

can challenge students by introducing 

sudden constraints or demanding 

administrative personas. This process 

directly expands the student's 

transversal and social competencies, 

preparing them to negotiate meaning 

across multidisciplinary teams. By 

learning to navigate these diverse virtual 

stakeholders with critical intent, future 

engineers build the exact professional 

identity and linguistic resilience required 

in modern globalized workspaces. 

Through these advanced techniques, 
engineering students learn how to establish 
deep contextual frameworks, set strict stylistic 
constraints, and dictate the precise boundaries 
of technical vocabulary usage, forcing the 
machine to conform to professional linguistic 
expectations [5].   

At the heart of this instructional approach is a 
deeply reflective, continuous feedback loop that 
redefines the traditional writing process. This 
cycle, where students actively write a prompt, 
critically analyze the resulting machine output, 
diagnose its rhetorical or technical deficiencies, 
and rapidly reformulate their instructions 
promotes an intense level of metacognitive 
awareness and active linguistic editing. 
Students are no longer blind recipients of text; 
they are forced to analyze why a specific word 
choice or structural omission occurred based on 
the ambiguity of their initial instructions. This 
iterative interaction transforms the act of writing 
into a transparent laboratory of cause and effect. 
It requires students to constantly evaluate 

syntax, semantic clarity, and rhetorical 
alignment, ultimately deepening their 
understanding of how specific linguistic inputs 
directly control the precision, authority, and 
professional viability of technical documentation. 
By constantly engaging in this self-correcting 
workflow, engineering students internalize a 
rigorous habit of structural and lexical oversight. 
They begin to view digital text generation not as 
a magical shorthand for instant production, but 
as an ongoing negotiation that demands active 
human stewardship. This methodical prompt 
revision forces learners to look past deceptive 
surface fluency, developing a keen eye for 
subtle logical gaps and shallow engineering 
arguments. Consequently, this iterative cycle 
cultivates advanced transversal competencies 
like critical troubleshooting and cognitive 
flexibility directly within the writing curriculum. 
Ultimately, this reflective discipline shifts the 
student's professional identity from a passive 
consumer of software into a highly articulate 
discourse manager who commands generative 
tools with absolute strategic intent [6].  

To maximize the pedagogical benefits of this 
digital literacy, training frameworks must extend 
beyond isolated, individualized machine 
interactions. Collaborative group assignments, 
such as the collective curation of professional 
prompt portfolios, serve to foster deep 
collaborative learning environments while 
forcing students to critically reflect on the distinct 
affordances and inherent limitations of different 
large language model (LLM) platforms. When 
working in teams to build a functional prompt 
library, engineering students must negotiate 
meaning, debate the efficacy of specific 
phrasing constraints, and peer-review the 
textual outputs generated by various models. 
This collaborative scrutiny strips away the myth 
of AI infallibility, teaching students to spot 
hallucinated data, identify superficial arguments, 
and recognize structural biases across different 
platforms. Consequently, curating these 
portfolios ensures that future technical 
professionals view GenAI not as a magic 
solution, but as a complex, highly malleable tool 
that requires rigorous human oversight, 
advanced rhetorical mastery, and constant 
ethical evaluation. By actively contrasting how 
different LLMs interpret identical sets of 
technical instructions, student cohorts build a 
sophisticated, comparative understanding of 
modern algorithmic architectures. This 
collaborative benchmarking allows teams to 
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determine which platform provides the most 
stable structural logic or authentic terminology 
for specific engineering disciplines, such as 
aerospace, civil, or electrical engineering. 
Furthermore, the act of peer-reviewing a 
teammate's prompt design cultivates essential 
social and transversal competencies, modeling 
the collaborative code-review workflows widely 
utilized in modern industrial environments. 
Through this collective evaluation, learners 
establish a shared repository of best practices, 
transforming individual trial-and-error into 
structured, institutional knowledge. Ultimately, 
this cooperative framework ensures that 
engineering graduates enter the global 
workforce not merely as isolated users, but as 
highly capable, digitally literate team leaders 
prepared to manage automated workflows with 
collective accountability [11]. 

5.  Ethical Navigation, Hallucinations 
and Human Stewardship  

While the computational and operational 
benefits of Generative Artificial Intelligence 
(GenAI) are undeniably substantial, its rapid 
integration into academic and industrial 
environments introduces severe ethical and 
practical risks that contemporary technical 
communication programs must aggressively 
and systematically address. These risks are not 
merely minor technical glitches; they represent 
fundamental vulnerabilities in the integrity of 
automated text production. Chief among these 
critical vulnerabilities is the persistent 
phenomenon of "hallucination" - a major 
operational defect where large language models 
produce highly persuasive, grammatically 
flawless, and authoritative-sounding assertions 
that are, in reality, completely factually 
fabricated, unverified, or scientifically incorrect.   

In high-stakes engineering domains, relying 
on such unverified text can result in 
compromised safety protocols, flawed structural 
calculations, or severe compliance violations. 
This danger is further compounded by the 
machine's deceptive surface fluency, which 
easily misleads inexperienced students into 
accepting automated drafts without rigorous 
empirical cross-referencing. Consequently, 
engineering curricula must implement 
mandatory algorithmic verification protocols that 
train students to aggressively audit every layer 
of machine-generated documentation. This 
active skepticism forces future technical 

professionals to treat AI outputs as unvetted 
material that requires absolute human 
accountability and exhaustive factual validation 
before industrial deployment. Ultimately, 
addressing these critical vulnerabilities ensures 
that the integration of digital tools does not 
compromise the core ethical standards, 
operational safety, and professional integrity of 
the engineering discipline. In the high-stakes 
fields of engineering and professional technical 
writing, where safety-critical precision is 
paramount and structural integrity is non-
negotiable, the danger of these errors cannot be 
overstated. A single hallucinated metric, an 
incorrect mathematical figure, a fabricated 
academic reference, or a broken code snippet 
embedded into a maintenance manual or 
blueprint can result in severe operational 
failures, massive financial liabilities, or 
catastrophic real-world consequences.   

Beyond the immediate technical dangers of 
machine hallucinations, the unmonitored use of 
public generative models creates a dense web 
of legal, institutional, and intellectual property 
challenges. Within higher education and 
corporate research sectors, serious issues 
surrounding data privacy and regulatory 
frameworks represent significant barriers to the 
unchecked adoption of these tools. For instance, 
inputting student data or grading rubrics into 
external, public AI platforms can lead to direct 
violations of institutional compliance, such as 
FERPA regulations. Furthermore, feeding 
proprietary engineering blueprints, unpatented 
research methodologies, or sensitive corporate 
data into commercial models often breaches 
non-disclosure agreements and exposes 
valuable intellectual property to public data 
scraping. This unchecked exposure risks 
compromising university patents and industry 
trade secrets, potentially leading to costly legal 
battles over intellectual ownership. To mitigate 
these institutional vulnerabilities, technical 
universities must establish secure, localized 
network infrastructures or enter into strict data-
sharing agreements that guarantee absolute 
user confidentiality. Students must be explicitly 
trained to recognize the legal boundaries of 
digital data processing, ensuring they 
understand where private research ends and 
public exposure begins. Ultimately, 
implementing these strict boundary guidelines 
allows academic and industrial ecosystems to 
leverage automation without sacrificing data 
security or legal integrity. The risk of potential 



Hands -on Science. Science Education. Resilience in challenging times   
- 

 

 

170 

plagiarism and copyright infringement remains 
incredibly high, as these models are trained on 
massive, sometimes copyrighted datasets 
without explicit attribution. Of even greater 
concern to industrial and engineering sectors is 
the systemic leakage of highly proprietary, 
patented, or unreleased technical data into 
public models. When an engineer inputs a 
sensitive company schematic or a proprietary 
software algorithm into a public chatbot for 
optimization, that data is frequently ingested to 
train future iterations of the model, completely 
compromising corporate intellectual property 
and violating strict non-disclosure agreements.   

To effectively mitigate these multi-faceted 
risks, English for Specific Purposes (ESP) 
training and broader technical writing curricula 
must completely move away from outdated, 
adversarial methods of "AI policing" and instead 
prioritize the development of critical AI literacy. 
Attempting to ban these technologies or relying 
entirely on unreliable AI detection software 
creates a culture of distrust and fails to prepare 
students for the realities of the modern digital 
workplace. Instead, forward-thinking 
educational frameworks must integrate strict, 
non-negotiable validation and verification 
protocols directly into the writing process.   

Students must be explicitly taught to treat 
generative AI as an unverified, entry-level 
collaborative drafting partner rather than an 
expert or definitive authority. Every single line of 
code, every cited source, and every technical 
specification generated by a machine must be 
treated as a hypothesis that requires rigorous 
human cross-referencing against authentic, 
peer-reviewed engineering data and physical 
documentation before it can be integrated into a 
professional document.   

This rigorous approach to human-machine 
collaboration aligns directly with the professional 
standards and guidelines established by leading 
international organizations, such as the IEEE 
Professional Communication Society 
(ProComm) [12]. According to these 
professional frameworks, technical 
communicators are not passive copy-editors; 
they must actively position themselves as 
informed, highly capable, and deeply ethical 
stewards of these technical information 
systems. This concept of human stewardship 
redefines the relationship between the writer 
and the technology, emphasizing that the 

human professional must always retain ultimate 
accountability for the accuracy, safety, and 
ethical implications of the distributed 
information.   

By cultivating a strong, unshakeable 
foundation of human agency, critical oversight, 
and sharp rhetorical judgment, engineering 
students learn a vital career lesson: their 
ultimate value as future technical professionals 
does not lie in the mechanical speed of text 
generation, but in context-aware synthesis, 
genuine user empathy, and complex ethical 
decision-making - qualities that automated 
generative systems simply cannot replicate or 
replace. 

6. Conclusions  

The strategic integration of Generative 

Artificial Intelligence (GenAI) into English for 

Specific Purposes (ESP) training marks a 

significant turning point in professional technical 

communication pedagogy for engineering 

students. Grounded in Swalesô genre analysis 

and Activity Theory, this approach transforms 

large language models from passive text 

generators into active, dynamic mediating 

artifacts that structurally reconfigure the 

traditional classroom environment. By 

organizing instruction around Task-Based 

Language Teaching (TBLT) and framing prompt 

engineering as a core rhetorical competency, 

curricula can systematically guide students 

through progressive cognitive dimensions to 

bridge the gap between classroom theory and 

real-world industrial demands.   

Furthermore, interactive simulations with AI 

conversational agents provide a highly effective, 

low-stakes environment that drastically lowers 

foreign language anxiety while simultaneously 

fostering essential transversal and social 

competencies. Confronting the distinct 

qualitative gaps and structural differences 

between machine-generated drafts and human 

writing forces students to develop critical digital 

literacy and acute situational awareness. 

Instead of relying on passive content 

consumption or adversarial "AI policing," 

forward-thinking frameworks must implement 

strict, non-negotiable validation and verification 

protocols to mitigate multi-faceted risks like data 

leakage and factual hallucinations. Ultimately, 
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this pedagogical shift ensures that technical 

graduates emerge not as dependent users of 

software, but as highly articulate, responsible, 

and ethical human stewards capable of 

commanding advanced digital tools with 

absolute strategic intent in Industry 4.0.  

To fully embed this methodology within 

technical universities, educators must 

strategically combine corpus-driven tasks with 

personalized feedback mechanisms to address 

specific student learning gaps. Utilizing custom-

built conversational systems allows for real-time 

behavioral pacing, which dynamically scales 

communication complexity based on a learner's 

immediate performance. This advanced 

adaptability is particularly crucial in high-stakes 

fields like aerospace or civil engineering, where 

the exact phrasing and density of automated 

data must match explicit industry benchmarks. 

As students negotiate meaning through 

specialized virtual avatars, they actively learn to 

defend complex technical hypotheses under 

pressure. This ongoing human-machine tension 

forces future professionals to move past a 

deceptive surface fluency and aggressively 

audit the factual and structural validity of 

automated outputs. Moving beyond isolated 

machine interactions, collaborative assignments 

like the collective curation of prompt portfolios 

cultivate shared accountability and collective 

digital literacy within student cohorts. By directly 

analyzing the distinct operational limitations and 

hidden algorithmic biases across various 

platforms, teams learn to treat automated drafts 

with rigorous intellectual skepticism. As 

highlighted in "Enhancing the Professional 

Technical Communication Skills of Engineering 

Students via Generative AI Integration in ESP 

Training.docx", grounding classroom practices 

in these secure, human-centric workflows 

prepares tomorrow's engineers to handle 

complex industrial projects with maximum 

professional integrity. 
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Abstract . The recent technological progress 
gives educators potential new tools to be used 
in Science Technology Engineering Math and 
also Art, STEAM, teaching and education both 
in the school formal environment but also in non-
formal and informal contexts. 

In this chapter we will introduce PhotonLAB, a 
mobile platform developed in MIT App Inventor 
that transforms smartphones into portable optics 
laboratories. Not only it can be a tool, attractive 
to our students, to be used in the classroom but 
also it is suitable to be used outside the school 
context actively promoting the dissemination of 
science and scientific literacy. Based on Project-
Based Learning (PBL) and Inquiry-Based 
Science Education (IBSE) methodologies, the 
project overcomes the, sometimes seen as, 
abstract nature of light and the complexity of 
optics phenomena as well as the scarcity of 
traditional equipment by enabling hands-on 
experimentation through native hardware and a 
physical support kit. Users interact directly with 
the physical world by manipulating materials 
provided in the kit through a series of activities 
guided through and using the smartphone as a 
tool. The system integrates cloud data 
persistence via the Google Sheets API for 
immediate teacher monitoring. Scientifically 
validated by experts and tested in a school 
environment, PhotonLAB enhances autonomy 
in exploration, redefines smartphone use, and 
expands accessible STEAM literacy. 

Keywords.  Inclusive literacy, Mobile learning, 

Optics education, PhotonLAB, STEAM. 

1. Introduction  

In the current paradigm of science education, 
the integration of STEAM (Science, Technology, 
Engineering, Arts, and Mathematics) 
frameworks has highlighted hands-on 
experimentation as a core pillar for meaningful 
knowledge construction. However, physics 
education, particularly the teaching of optics, 
frequently confronts significant pedagogical 
barriers. The abstract nature of optical 
phenomena, such as light wave propagation and 
electromagnetic radiation, combined with a 
widespread scarcity of specialized, high-cost 
laboratory equipment in schools, often restricts 
science teaching to theoretical or passive 
lecturing. This limitation deters students from 
developing experimental skills and critical 
thinking, running counter to the active learning 
models required for the 21st century.  

To bridge this gap, modern educational 
methodologies advocate for Project-Based 
Learning (PBL) and Inquiry-Based Science 
Education (IBSE) [1]. As established in 
contemporary literature by Utomo et al. (2025) 
[2], these collaborative, student-centered 
approaches provide a consistent improvement 
in students' skills and practical engagement, 
though their implementation frequently faces a 
lack of physical resources and standard school 
infrastructures. Furthermore, literature 
demonstrates that tangibly linking digital and 
real environments contextualizes learning, 
allowing users to construct long-lasting 
knowledge by interacting with real-world 
artifacts and problems [3, 4].  

Concurrently, the ubiquity of mobile 
technology offers a powerful, low-cost 
opportunity for pedagogical innovation. The 
smartphone, historically sub utilized as a tool for 
passive digital consumption, encapsulates 
highly sophisticated hardware components and 
built-in sensors. When properly mediated by 
tailored software, these native components can 
convert a standard commercial device into a 
high-precision, portable scientific instrument 
capable of acting as a low-cost mobile 
laboratory [5]. Utilizing visual programming 
environments like MIT App Inventor allows 
educational researchers to develop robust tools 
that access these sensors directly, 
democratizing access to experimental science 
without overburdening school budgets, 
positioning the software as an efficient 
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mediation bridge within the educational 
ecosystem [6, 7].  

From a pedagogical perspective, this 
technological framework addresses the critical 
need for cognitive scaffolding in decentralized 
learning environments. Rather than detaching 
the student from real physical parameters 
through simulated mathematical curves, the 
application operates as an active computational 
interface that interprets messy, real-world data. 
This architecture directly supports inquiry-based 
exploration, as it demands that students 
systematically identify, isolate, and control 
environmental variables. By changing the 
smartphone's instructional role from a passive 
repository of content to an active diagnostic tool, 
the system encourages students to take an 
engineering-focused approach to physical 
experimentation, boosting problem-solving skills 
and self-directed scientific literacy. 

2. Materials and methods  

To operationalize this pedagogical potential, 
we have developed PhotonLAB, an innovative 
mobile platform developed via MIT App Inventor 
that transforms smartphones into portable optics 
laboratories, actively fostering the 
democratization of experimental science. 
Grounded in active student-centered 
methodologies, the project addresses the 
abstract nature of optical phenomena and 
traditional equipment scarcity by enabling 
practical learning through native hardware 
integration combined with a custom physical 
support kit.  

The practical execution of the platform relies 
on active manipulation to anchor abstract 
concepts into concrete sensory experiences. By 
integrating structured, physical components with 
digital sensors, students establish a robust 
feedback loop that grounds theoretical physics 
in observable reality. This interaction serves as 
a bridge between high-level cognitive models 
and raw physical events, fostering deep 
conceptual ownership as students physically 
orient their instruments to track light behavior. 
This hands-on loop encourages cognitive 
conflict and resolution as students observe how 
real environmental factors instantly impact their 
data inputs. 

   

Figure 1. Graphical interface and physical 
support kit components: (a) module navigation 
screen; (b) real -time color blindness emulation; 
(c) graphical interface for lux value collection.  

Users interact directly with the physical world 
by manipulating calibrated materials to measure 
planetary Albedo via a native lux sensor, 
decompose white light through water mist, and 
emulate chromatic distortions like color 
blindness via real-time GPU video processing.  

The pedagogical utility of the Albedo 
experiment relies explicitly on the translation of 
macroscopic environmental challenges into 
immediate, localized activities. Albedo denotes 
the fraction of solar radiation that is diffusely 
reflected by a given surface. In a typical 
instructional sequence, students manipulate 
standardized black and white materials from the 
physical kit at fixed distances from the device's 
native ambient light sensor. Rather than 
presenting static climate data, the application 
forces students to actively compute comparative 
reflection ratios. This localized modeling 
provides immediate cognitive feedback, allowing 
learners to systematically deduce how variations 
in surface characteristics dictate thermal 
absorption scales and planetary ice-melt 
dynamics.  

This process shifts the student's task from 
memorizing scientific definitions to actively 
investigating dynamic physical balances. By 
working with raw lux inputs under real-world 
conditions, students encounter environmental 
variables and measurement noise, which serves 
as an entry point for discussing experimental 
uncertainty and error mitigation. This scaffolding 
allows learners to build an inquiry-driven 
framework where data interpretation becomes a 
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collaborative problem-solving activity rather than 
a simple confirmation of textbook theory. 

This encounter with physical unpredictability 
creates a necessary state of cognitive 
dissonance, forcing students to re-evaluate 
preconceived, idealized textbook models. When 
confronted with fluctuating ambient light and 
slight variations in positioning, learners must 
actively engage in metacognitive strategies to 
differentiate between structural patterns and 
environmental interference. This pedagogical 
friction transforms the classroom from a site of 
passive replication into an active research 
laboratory, where students learn to treat 
anomalous data not as a personal failure or an 
application malfunction, but as an authentic 
scientific variable requiring systematic isolation 
and intellectual curiosity. 

 

Figure 2. Experimental protocol for measuring 
diffuse reflectivity and Albedo using 

standardized artificial surfaces included in the 
PhotonLAB Kit.  

Within this experimental setting, the teacherôs 
role transitions from a unilateral source of 
authority to an expert facilitator who guides the 
collaborative evaluation of student-generated 
evidence. By navigating these practical 
constraints, students build a deeper 
epistemological understanding of how scientific 
knowledge is constructed, negotiated, and 
validated. They shift from asking whether an 
answer is simply "correct" to investigating how 
the physical boundaries of the apparatus and 
the surrounding environment constrain or 
support their empirical claims. 

3. Conclusion  

To support cooperative classroom 
environments, the PhotonLAB ecosystem 
integrates cloud data persistence via Google 
Sheets API for immediate teacher monitoring. 

This shared data repository allows distinct 
student groups to aggregate, compare, and 
discuss their results synchronously, creating a 
collaborative space for explaining unexpected 
measurements or environmental noise.  

Driven by this active manipulation, 
PhotonLAB enhances learner autonomy, 
redefines mobile technology utilization, and 
expands accessible STEAM literacy. 
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Abstract . As part of the development of 
innovative teaching methods in engineering and 
computer education, it is proposed to develop an 
intelligent "dawn" alarm clock based on the 
Arduino microcontroller platform and 
addressable RGB LEDs. This educational 
project is designed not as a purely static 
programming exercise but as an interactive, 
practice-oriented hardware-and-software 
complex that combines microelectronics, optics, 
and chronobiology. The hybrid nature of such a 
curriculum becomes especially relevant in 
stressful situations in Ukraine, where children 
face constant stress, sleep disturbances, and 
power outages, necessitating affordable yet 
functional autonomous engineering solutions. 
The mechanics of working on this STEM 
equipment stimulate team interaction, 
engineering problem-solving, and systems 
thinking. The tangible physical format provides a 
robust tool for interacting with complex, abstract, 
and technical concepts in microelectronics, such 
as pulse-width modulation (PWM), multi-
threaded data processing, addressable LED 
array control, and power consumption 
calculations. Students can simulate the design 
processes of real electronic devices, encounter 
practical technical challenges, optimize code for 
microcontroller memory constraints, calibrate 
color temperature to match natural light curves, 
and resolve hardware conflicts, and collectively 
develop engineering strategies to overcome 
them. This comprehensive approach makes 
applied light physics and low-level programming 
more accessible and engaging, while fostering 
collaboration and technical creativity. 

From a hardware perspective, the developed 
complex relies on the Arduino Nano 
microcontroller as its central computing node. 
The peripheral part includes a real-time clock 
module (RTC DS3231) for precision 
timekeeping via the I2C bus, a segment display 
driven by the TM1637 driver to display the 
current time, a rotary encoder for interface 
navigation, and a piezo emitter for audio output. 

An important engineering optimization for the 
project is using addressable LED rings based on 
WS2812B chips instead of traditional 12-volt 
LED strips with large MOSFETs. Since the 
WS2812B diodes have built-in control chips and 
operate at 5V logic levels, the entire light array 
is controlled sequentially via a single digital 
output from the microcontroller. This significantly 
simplifies the device's circuitry, eliminating the 
need for additional power switches, and at the 
same time creates space for in-depth study of 
software algorithms: students learn to work with 
specialized libraries (for example, FastLED), 
implementing dynamic pixel-by-pixel control of 
color temperature and smooth brightness 
ramping for the most accurate imitation of 
natural dawn. 

Keywords.  dawn clock, microelectronics 
education, microcontrollers, project-based 
learning, engineering physics, STEM education. 

1. Introduction  

Modern engineering education requires 
constant adaptation to environmental 
challenges, transforming from a purely 
theoretical discipline into an applied science 
capable of solving urgent societal problems. 
Amid global crises and the unprecedented level 
of psycho-emotional stress caused by the full-
scale war in Ukraine, STEM educational 
initiatives (science, technology, engineering, 
and mathematics) are acquiring particular 
therapeutic and practical value [1-7]. Classical 
programming exercises are giving way to the 
creation of complex hardware-software systems 
that directly impact the quality of life. One such 
innovative development is the concept of 
creating an intelligent "Dawn Clock" based on 
the Arduino microcontroller platform. 

This project goes far beyond simple firmware 
writing. It is a complex multidisciplinary system 
that compels researchers and developers to 
delve into the patterns of medical chronobiology, 
quantum optics, electrical engineering, and low-
level computer system architecture. The 
transition from analog AC dimming to digital 
control using the RTP protocol (used in 
WS2812B) creates a new set of engineering 
challenges. Developers face challenges in 
balancing LED array power consumption, 
optimizing the microcontroller's limited RAM 
resources, and resolving complex hardware 
conflicts between processor interrupts and the 
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strict timing requirements of data transmission. 

A deep analysis of each of these aspects 
allows one not only to create a functional device 
to simulate sunrise but also to develop a 
fundamental understanding of the principles 
governing modern embedded systems.  

2. Methods  

The creation of dawn simulation systems has 
a solid neurobiological foundation. Human 
circadian rhythms, which regulate sleep-wake 
cycles, are critically dependent on light's effects 
on specific eye receptors. To ensure an 
engineering solution is effective, one must 
understand the biochemical mechanisms 
regulated by light. 

Studies show that a gradual increase in 
lighting intensity before waking (Dawn 
Simulation) has a profound physiological effect. 
Analysis demonstrates that total cortisol 
production is significantly higher under dawn-
simulation conditions than when waking in 
darkness. This phenomenon, known as the 
Cortisol Awakening Response (CAR), correlates 
with reduced sleep inertia, better cognitive 
functioning, and improved subjective well-being. 
Accordingly, dawn simulation is not merely a 
visual effect but a powerful tool for fine-tuning 
the endocrine system. 

For a microcontroller to convincingly "trick" 
the brain, it must not only increase the 
brightness of LEDs but also precisely mimic the 
change in the spectral composition of sunlight 
during dawn. Natural light is a black-body 
radiation spectrum upon which the effect of 
Rayleigh scattering in the atmosphere is 
superimposed. During sunrise, light travels the 
longest path through Earth's atmosphere. Short 
(blue and violet) waves are intensely scattered 
by gas molecules in the air, so primarily long 
(red, orange, and yellow) waves reach the 
observer. Visually, this is equivalent to lowering 
the color temperature of the sun's disk to the 
2000ï3000 K range. 

As the sun rises above the horizon, the 
atmospheric layer thins, the spectrum evens out, 
and the color temperature approaches 5400 K 
(the optimal white light at noon). To create the 
most realistic dawn simulation, it is insufficient to 
simply increase brightness linearly from 0 to 
255. It is necessary to simultaneously change 
the spectral composition: from deep red (low 

temperature, low brightness) to warm yellow 
and, eventually, to pure white (high temperature, 
high brightness). 

To achieve this, developers must implement 
algorithms that map time and brightness to 
specific RGB values corresponding to the 
correlated color temperature (CCT) of the sun as 
it ascends along the Planckian locus. 

3. Schematic  

For the creation of a dawn simulator clock 
(sunrise alarm clock), the following components 
have been selected: 

Microcontroller (e.g., Arduino Nano): Serves 
as the device's main computing node, managing 
all algorithms and peripherals. 

Addressable LEDs (WS2812B format): The 
primary optical element, which can be 
configured as a ring, strip, or matrix. They are 
powered by 5V and controlled via a single data 
line. 

Real-Time Clock Module (RTC DS3231): 
Provides high-precision timekeeping and 
includes battery backup (CR2032), ensuring 
settings are not lost during power outages. 

Segment Display (with TM1637 driver): A 
screen for displaying the current time, alarm 
settings, and menu navigation. 

Rotary Encoder: The user interface tool for 
scrolling through menus, adjusting settings, and 
confirming selections by pressing. 

Piezo Buzzer: An acoustic emitter that 
generates an audible signal after the sunrise 
simulation is complete. 

External 5V Power Supply: A critical 
component, as WS2812B LEDs consume 
significant current (up to 60 mA per pixel at full 
white brightness), which cannot be supplied 
directly from the Arduino boardôs regulator. 

Classic implementations of sunrise alarm 
clocks used a microcontroller and power 
actuators to control standard incandescent 
bulbs. This modernized STEM project radically 
changes the architecture by shifting to 
addressable WS2812B standard LEDs. This 
innovation significantly simplifies the device's 
power circuitry but proportionally increases the 
complexity of its software component. The 



Hands -on Science. Science Education. Resilience in challenging times   
- 

 

 

179 

general schematic of the device is shown in 
Figure 1. 

 

Figure 1 . General schematic of the dawn 
simulator clock  

Data is transmitted over a single signal line 
(DIN) using the one-wire NRZ (Non-Return-to-
Zero) protocol. The microcontroller (e.g., an 
Arduino Nano based on the ATmega328P chip) 
pushes a sequence of bits into the line. Each 
LED "bites off" the first 24 bits of data (8 bits 
each for the Green, Red, and Blue channels), 
stores them in its internal buffer, and retransmits 
the remaining data array through the DOUT pin 
to the next LED in the chain. This approach 
allows the creation of arrays of hundreds of 
LEDs, controlled sequentially via a single digital 
pin on the microcontroller. Furthermore, it 
enables developers to implement spatial 
animations: for example, simulating the 
expansion of a solar disk from the center of a 
circular matrix (Ring24) to its edges. 

In addition to the optical module, stable 
system operation requires the coordination of 
several critical peripheral modules: 

Precision Time Module (RTC DS3231): A 
high-precision real-time clock featuring built-in 
temperature compensation for the quartz crystal 
and battery backup (CR2032). The module 
connects via the I2C bus. Its use is mandatory in 
the presence of frequent power outages, as the 
microcontroller's internal counter (millis()) resets 
on every reboot and exhibits significant drift. 

Segment Display (TM1637): A display 
module for showing the current time and alarm 
settings. It uses a simplified two-wire interface 
(CLK and DIO), which is not a full I2C 
implementation (lacks device addressing) but 
effectively saves microcontroller pins. This chip 
independently handles the dynamic indication of 
the 7-segment matrices, offloading the Arduino 
processor. 

Rotary Encoder: The primary element of the 
user interface for menu navigation and alarm 
setting. It provides information about the 
direction of rotation and the status of the central 
button press. The encoder's operating protocol 
is based on quadrature modulation (a phase 
shift between the two lines, A and B), which 
requires continuous monitoring of the line states 
by the microcontroller to avoid missed steps. 

Acoustic Emitter (Piezo Buzzer): An audible 
notification device, the generation frequency of 
which (typically around 800 Hz) is regulated by 
the BUZZ_FREQ configuration parameter. 

4. Software architecture  

The firmware development philosophy for the 
sunrise alarm clock is built around creating the 
smoothest possible mathematical gradients that 
mimic the physical laws of a sunrise. The base 
firmware code provides a wide range of 
parameters for personalization: DAWN_TIME 
(default 20 minutes) defines the time window 
during which brightness increases from 
minimum to maximum. Using the HeatColors 
palette and the HSV color space to replicate 
Wien's displacement law and the temperature 
transition from 2000K to 5400K, the FastLED 
library is employed. 

Instead of manually blending red, green, and 
blue channel values at each step of the sunrise, 
the professional approach is to use built-in Color 
Palettes. The HeatColors_p array is an ideal 
approximation of a black-body radiation 
spectrum. This palette is stored in the 
microcontrollerôs program flash memory 
(PROGMEM) as 16 reference color points, 
which significantly saves critical static RAM 
(SRAM). 

The transition appears as follows: black 
(0x000000) > deep dark-red (0x330000) > pure 
red (0xFF0000) > orange (0xFF9900) > yellow 
(0xFFFF00) > bright white (0xFFFFFF). The 
sunrise simulation algorithm calculates the 
percentage of time elapsed since the start of the 
wake-up phase. This percentage is linearly 
mapped to a virtual 8-bit index (0 to 255). 

It is important to stop at 255 rather than 256 
to avoid an erroneous cyclic palette wrap-
around from "hot" white back to the "cold" black 
end of the spectrum, which would ruin the 
physiological effect. The ColorFromPalette 
function interpolates colors between the 
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reference points, ensuring a seamless, ideal 
gradient. 

Implementing a digital LED control protocol 
and a navigation encoder within a single-core 
controller creates a fundamental competition for 
processor time, a challenge that novice 
developers in STEM projects often have to solve 
through trial and error. 

The core of the conflict lies in the WS2812 
protocol. Unlike SPI or I2C buses (which have a 
separate clock line), WS2812B uses an 
asynchronous one-wire interface. Logic zeros 
and ones are encoded solely by the duration of 
the electrical pulse. For example, a logic "1" is 
transmitted as a high-voltage level lasting ~0.8 
µs, followed by a low-voltage level lasting ~0.45 
µs. For a logic "0," these proportions are 
reversed. The precision of these timings must be 
maintained with an error margin of no more than 
150 nanoseconds. 

The ATmega328P microcontroller running at 
16 MHz executes one instruction in 
62.5nanoseconds. To ensure the guaranteed 
and uninterrupted "pushing" of an array of 
thousands of bits (for example, a 24-pixel ring 
requires 24 × 24 = 576 bits), the FastLED library, 
when calling the FastLED.  

The show() function takes a radical step: it 
disables all global processor interrupts using the 
cli() (Clear Interrupt Flag) assembly instruction. 
The processor literally "blinds" and "deafens" 
itself to any external events until it finishes 
generating the pulses for the strip. 

On the other hand, the system includes a 
rotary encoder. The encoder generates high-
frequency pulses with every rotation "click." To 
precisely capture them (including determining 
the direction via quadrature signals on lines A 
and B), the microcontroller's hardware interrupts 
are used. Libraries bind event handlers to 
specific interrupt vectors (usually pins D2 or D3). 
When a user attempts to change clock settings 
while the microcontroller is rendering a smooth 
sunrise gradient, a catastrophic collision occurs. 

Solving this engineering paradox requires 
moving from primitive linear programming to 
building a State Machine architecture. The 
encoder should not be polled via interrupts, but 
rather through constant high-speed monitoring 
(polling) in the main program loop, between LED 
update calls. Furthermore, the strip update 

should not occur every millisecond, but only at a 
frequency necessary for visual smoothness 
(e.g., 30-50 frames per second). 

In accordance with these features, firmware 
has been developed to manage the clock and 
alarm, enabling configuration. The general 
schematic of clock configuration via a rotary 
encoder is shown in Figure 2. 

 

Figure 2. Clock setting menu schematic  

5. Conclusion  

As part of the two-day STEM project, such a 
clock was created in a 3D-printed enclosure 
(Figure 3). Students actively participated in 
discussing all aspects of the project and were 
deeply involved in its technical implementation 
[8]. 

 

       

    

Figure 3. Hand-made Dawn Clock  

The application of the intelligent "Dawn 
Clock" STEM project, developed on the Arduino 
platform using addressable WS2812B LEDs, 
serves as a classic example of synergy between 
technical sciences and medical physiology. 
Abandoning traditional, outdated light sources 
with analog dimmers eliminates the risks 
associated with high-voltage mains, while 
opening new possibilities for creating complex 
light-color simulations. 

Given the widespread disruption of sleep 
patterns and chronic stress currently affecting 
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Ukrainian society, the optical simulation of 
morning sun thermodynamics (from 2000K to 
pure white light) can gently suppress melatonin 
secretion and optimize the morning cortisol 
spike, thereby acting as a powerful stabilizer of 
circadian rhythms. 

Beyond the therapeutic end-product, the 
educational value of the development lies in the 
process of creation itself. Solving the power 
supply challenges for digital matrices 
(calculating consumption and current limiting to 
prevent thermal damage to components), 
mastering colorimetry and color space 
transitions (HSV to RGB), and overcoming 
critical hardware-software conflicts between 
hard real-time protocols (RTP) and encoder 
hardware interrupts fosters deep system 
analysis skills in developers. 

Implementing a State Machine architecture 
and non-blocking algorithms based on system 
timers, rather than using "paralyzing" code, 
allows developers to overcome the limitations of 
single-core microcontrollers, bringing software 
quality closer to modern industrial standards for 
embedded systems development. 
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Abstract . Since Philip Eaton first synthesized 
cubane in 1964, the molecule has captivated the 
chemical community due to its extraordinary 
symmetry, high strain energy, and surprising 
kinetic stability. The subsequent discovery in 
1970 that transition metals could catalyze its 
rearrangement into cuneane opened a new 
chapter in mechanistic organic chemistry[1]. For 
decades, this transformation was interpreted 
through the lens of classical transition state 
theory (TST), which posits that reactions 
proceed along a unique minimum energy path 
(MEP) through a single saddle point[2]. 
However, contemporary computational 
investigations, particularly those utilizing high-
level density functional theory (DFT) and quasi-
classical molecular dynamics (QCMD), have 
revealed that the cubane-to-cuneane 
rearrangement often circumvents classical TST 
expectations, proceeding instead via post-
transition state bifurcation (PTSB). 

Classical transition state theory is grounded in 
the assumption of a well-defined potential 
energy surface (PES) where reactants and 
products are connected by a discrete transition 
structure. In this statistical model, the rate of 
reaction and the distribution of products are 
determined by the relative free energies of 
activation (ῳὋ ) and the Boltzmann distribution 
of states at the transition state[3]. TST assumes 
that intramolecular vibrational energy 
redistribution (IVR) is significantly faster than the 
chemical transformation, ensuring that the 
system is in thermal equilibrium as it crosses the 
saddle point. For the cubane-cuneane system, 
early mechanistic hypotheses proposed by 
Halpern and others suggested a stepwise 
process involving the oxidative addition of a 
metal catalyst followed by a series of 
carbocationic shifts [4]. 

In contrast, post-transition state bifurcation 
describes a scenario where the intrinsic reaction 
coordinate (IRC) following a single transition 
structure splits into two or more pathways 
leading to different products[5]. This bifurcation 
occurs in the vicinity of a valley-ridge inflection 
(VRI) point, where the curvature of the PES 
orthogonal to the gradient changes sign[6]. In 
such systems, the product selectivity is 
governed by non-statistical dynamic effectsð
specifically, the momentum and vibrational 
phase of the reacting molecules as they traverse 
the bifurcation region. The cubane-to-cuneane 
rearrangement has emerged as a premier 
example of this phenomenon, where a single 
transition state can lead to multiple regioisomers 
or enantiomers depending on the dynamical 
trajectory of the skeletal atoms. 

The classical mechanism for the metal-
catalyzed rearrangement of cubane was first 
proposed by Halpern in 1971 [7]. It involves the 
coordination of a transition metal (typically 

ὃὫὍ or ὖὨὍὍ) to the cubane cage, followed 

by oxidative addition into a strained ὅ ὅ bond. 

In the case of silver catalysis, this was thought 
to lead to a silver(III) intermediate, which then 
undergoes a series of carbocationic shifts to 
yield the cuneane skeleton. [8] 

However, high-level computational studies have 
shown that the reaction coordinates are far more 
complex than a simple stepwise sequence. In 
the solvent-induced, metal-free rearrangement 
of cubane-1,4-dicarboxylic acid, researchers 
identified two distinct transition states on the 
PES.According to classical TST, the reaction 
should proceed through the first TS, reach an 
intermediate, and then pass through the second 
TS. Instead, direct dynamics simulations and 

PES mapping at the ὄσὒὣὖφϳ σρὋὨ level 

revealed that the reaction path effectively avoids 
the second transition state. The trajectories 
reach a branching point where the path splits 
into two enantiomeric product wells.[4]  This 
observation is a hallmark of post-transition state 
bifurcation and indicates that a statistical 
treatment of the second barrier is physically 
inappropriate. 

For silver(I) catalysis, the reaction proceeds via 
an oxidative addition that is significantly more 
electrophilic than classical transition metal-
induced OA. The superior catalytic activity of 

ὃὫὍ is attributed to the accessibility of a highly 

electrophilic "bare" ὃὫ+ center and the relative 
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weakness of the resulting ὃὫ ὅ bond. The 

overall barrier for the oxidative addition step 
varies depending on the catalyst's counteranion 
and the electronic nature of the substituents on 
the cubane cage.[8] The most compelling 
evidence for PTSB in the cubane rearrangement 
comes from quasi-classical molecular dynamics 
(QCMD) simulations. These simulations reveal 
that the carbocation intermediates traditionally 
invoked in the mechanism are extremely short-
lived, often existing for less than 400 
femtoseconds (fs)[1]. This duration is 
comparable to the period of a single molecular 
vibration, suggesting that the molecule does not 
have time to reach vibrational equilibrium before 
undergoing the next bond-switching event. 

In a comprehensive study of ὃὫὍ-catalyzed 

rearrangements of asymmetrically 1,4-
disubstituted cubanes, trajectories were initiated 
from the oxidative addition transition state 

ὝὛςὧ[8]. The following timeline illustrates the 

extremely rapid sequence of events during the 
skeletal transformation: 

Table 1. Main stages of cubane skeletal 
transformation  

Event  Average 

time  

Mechanism  

ὅ ὃὫ 

Bond Cleavage 
96,4 

Generation of 

cyclobutyl 

carbocation 

ὅρ ὅυ Bond 

formation 
Ḑ200 

Initial skeletal 

adjustment 

 

ὅτ ὅυ Bond 

dissociation 
319 

Tandem 

rearrangement 

Final ὅ ὅ bond 

formation 
365 

Completion of 

cuneane cage 

 

The simulations indicate that the tandem 
rearrangement is "dynamically concerted," 
meaning that although the IRC may show a 
stepwise path with an intermediate, the actual 
physical trajectories bypass the intermediate's 
well due to their momentum. Furthermore, both 
major product pathways (leading to Prod1 and 
Prod2 in some substrates) are reached from a 
single transition state region, but the specific 
path taken is determined by the trajectory's initial 
conditions and the PES's topology post-TS. One 
of the most significant findings is the possibility 

of enantioselective synthesis through post-
transition state desymmetrization. In systems 
using chiral biarylether ligands, the dynamics of 
the system can be steered toward a specific 
enantiomer of cuneane even if the initial 
oxidative addition is not perfectly 
stereoselective. This highlights a novel 
desymmetrization pathway that is fundamentally 
inaccessible via classical TST-controlled 
mechanisms. 

Figure 1. PES fragment of 1,4 -disubstituted 
cubane to cuneane rearrangement with PTSB, 

kcal/mol [1]  

Keywords.  Bifurcation, Cubane, Cuneane, 

Rearragement. 
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Abstract . The integration of art, movement 
(including dance and mime), and comics into 
chemistry education provides students with 
innovative and engaging ways to explore 
scientific concepts. These approaches 
contribute to making abstract ideas more 
tangible, accessible, and memorable, while 
fostering creativity and encouraging active 
participation in the learning process. 
Furthermore, they support a deeper 
understanding of chemical phenomena and 
processes, while enhancing student motivation 
and interest in science. This educational 
approach was implemented in Catalan 
secondary school students and teachers and, 
also in university students. This activity 
encompasses methodologies such as Learning 
Chemistry through Movement and Using 
Comics in Chemistry Education, both of which 
promotes meaningful learning by connecting 
scientific content with artistic expression and 
embodied experiences. 

Keywords.  Artistic activities, chemistry 

science, comics, innovation and mim. 

1. Introduction  

Integrating art, movement (including dance 
and mime), and comics into chemistry education 
enables students and their teachers to engage 
with scientific concepts through creative and 
participatory learning experiences.  

The Official College of Chemists of Catalonia 
(COQC) [1] has designed this activity that helps 
make abstract ideas more concrete and 
memorable, encourage creativity and active 
participation, improve understanding of 
chemical processes, and increase studentsô 
motivation and interest in science. Secondary 
school teachers have also participated. 

This educational experience implemented in 
Catalan secondary school students and their 
science teachers and, first year university 
students in Biochemistry degree. All of them 
worked in groups of four-five [2].  

This educational approach encompasses two 
complementary strategies: Learning Chemistry 
through Movement [3] and Using Comics in 
Chemistry Education [4]. The central premise is 
that chemistry can be taught more effectively 
when students learn through multiple forms of 
expressionðvisual, physical, and narrative. By 
combining science with artistic practices such as 
movement and comics, educators can foster 
deeper understanding, creativity, and 
enthusiasm for learning chemistry. 

The methodology was subsequently adapted 
for upper Catalan secondary school students [5] 
aged 16ï18 years and their teachers in a 
summer course. Finally, these activities were 
modified and adapted to biochemistry university 
students at the University of Barcelona [6]. At 
this university level, students became more 
actively involved in the design, development, 
and dissemination of scientific content, 
demonstrating greater autonomy and creativity 
in their work. In addition, the same approach 
was implemented with secondary school 
teachers in a summer course.  

A recurring challenge in science education is 
how to increase young studentsô interest in 
chemistry and scientific disciplines in general. 
The experience presented in this study 
addresses this challenge through an innovative 
pedagogical approach designed to engage 
learners actively in the construction and 
communication of scientific knowledge. The 
methodology aims to promote scientific literacy, 
creativity, and critical thinking while encouraging 
students to explore potential future studies and 
careers in science from secondary school 
through university. 

The results obtained suggest that integrating 
artistic expression with science education can 
significantly enhance student engagement, 
understanding, and communication of scientific 
concepts. This study presents examples of work 
produced by students at different educational 
levels and discusses how the combination of 
science and the arts can contribute to more 
meaningful and effective learning experiences in 
chemistry education.  
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2. Learning Chemistry through 
Movement  

A Students often learn scientific concepts 
more effectively when they can observe, model, 
or physically experience them. For this reason, 
movement-based learning activities were 
incorporated into chemistry instruction to 
facilitate the understanding of abstract concepts 
through bodily expression and active 
participation. 

 Three movement-based activities were 
implemented: 

¶ States of Matter:  Students use body 

movements and spatial arrangements to 

represent the behavior and interactions 

of particles in solids, liquids, and gases. 

¶ Chemical Equilibrium:  Students 

physically model the dynamic balance 

between forward and reverse reactions, 

illustrating how equilibrium is maintained 

despite continuous molecular change. 

¶ Isomerism:  The phenomenon where 

compounds share the exact same 

molecular formula but possess different 

physical or chemical properties due to 

unique atomic arrangements. Parts of 

the people body can simulate it. 

The rationale for this approach is rooted in 
the growing recognition that scientific literacy is 
essential for all members of society. Chemistry, 
in particular, plays a fundamental role in 
everyday life, yet many people lack a basic 
understanding of chemical concepts and 
processes. Moreover, chemistry is often 
associated with negative stereotypes and 
misconceptions, which can discourage public 
engagement with the subject. 

 In recent years, scientists and educators 
have increasingly sought innovative ways to 
make science more accessible and appealing to 
broader audiences. Examples include public 
lectures incorporating humour, interactive online 
resources and television programs featuring 
scientific experiments, and popular media 
productions that present scientific topics in an 
entertaining format. These initiatives reflect the 
need to communicate science in ways that are 
engaging, understandable, and relevant to 
everyday life. 

 Understanding chemistry is important not 
only for making informed decisions as 
consumers and citizens but also for appreciating 
the processes that occur within our bodies and 
in the world around us. However, many 
chemistry concepts are difficult to visualize, as a 
result, students may struggle to understand 
abstract ideas and consequently lose interest in 
the subject. 

 To address this challenge, this project 
explores the use of mime, gestures, and 
movement as tools for learning chemistry. The 
underlying premise is that when students can 
physically represent scientific phenomena, they 
are better able to understand and internalize the 
associated concepts. The ability to embody and 
communicate a chemical process through 
movement demonstrates a deeper level of 
conceptual understanding and promotes 
meaningful learning. 

2.1. Chemistry lessons  

At first glance, chemistry and drama may 
appear to have little in common. However, these 
two disciplines can complement each other in 
powerful ways [7]. Incorporating techniques 
from drama and movement into science 
education offers an innovative approach to 
engaging students and enhancing their 
understanding of scientific concepts. Such 
interdisciplinary practices encourage creative 
problem-solving, foster communication and 
presentation skills, and promote active 
participation in the learning process. 

 An example of this connection is Ran Peleg, 
a Lecturer in Science Education within the 
Southampton Education School and member of 
the MSHE (Mathematics, Science and Health 
Education) research group [8]. Ran is a 
chemical engineer who later became a dancer, 
actor, and mime artist.  

 The following activity illustrates how 
movement can be used to teach fundamental 
chemistry concepts. 

2.2. States of matte r 

In this activity, students physically represent 
the behavior of particles in the three states of 
matter. To model a solid, students stand close 
together and interlock their arms tightly, creating 
strong ñbondsò with one another. While 
maintaining these connections, they make 
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small, rapid movements to represent the 
vibration of particles within a solid structure. 

 When the teacher announces an increase in 
temperature, students make a transition to 
representing a liquid state. They remain 
connected but gain greater freedom of 
movement, waving their arms and moving 
around more freely while still maintaining 
contact with nearby classmates. This stage 
illustrates the increased mobility of particles in a 
liquid while preserving intermolecular 
interactions. 

 

Figure 1. Activity illustrating the transitions from 
solid to liquid (fusion) and from liquid to gas 

(evaporation)  

As the teacher calls for further heating, 
students spread throughout the room to 
represent a gas. They move independently, 
running, jumping, and changing direction 
frequently. In doing so, they simulate the 
random motion of gas particles and their 
collisions with one another and with the walls of 
a container. To reinforce this analogy, the 
classroom door remains closed, emphasizing 
that gas particles are confined within the 

boundaries of their container (Fig. 1). Chemists 
can use this movement to explain molecular 
collisions and collision theory.  

 Students, by embodying the behavior of 
particles through movement (Fig. 2), gain a 
more intuitive understanding of how matter 
changes state and how particle interactions vary 
under different conditions. 

 

Figure 2. Secondary school students 
representing a solid (above) and a gas (below)  

Activities described above enable students to 
develop an intuitive understanding of the 
behavior of matter and the relationship between 
energy and molecular motion. 

 

2.3. Le Chatelier principle/equilibrium  

Chemical equilibrium is often a challenging 
concept for students because it involves 
dynamic processes that cannot be directly 
observed. To facilitate understanding, students 
physically model an equilibrium system through 
movement and spatial representation. 

 In this activity, students stand within two 
designated areas representing the reactants 
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and products of a reversible chemical reaction. 
The boundaries of these areas may be defined 
using ropes, chairs, or groups of students. Each 
student represents one mole of a substance 
participating in the equilibrium. Once the 
equilibrium has been established, students are 
challenged to maintain it while responding to 
different disturbances according to Le 
Ch©telierôs Principle. 

 Several scenarios can be explored: 

Effect of Concentration  

 When an additional reactant is introduced, 
the concentration of reactants increases. To 
restore equilibrium, some students move from 
the reactants area to the products area, 
representing the shift of the equilibrium toward 
product formation. 

 

Figure 3. Hydrogen and Nitrogen marks  

Effect of Pressure  

 To simulate an increase in pressure, the 
volume available to students is reduced by 
decreasing the size of both areas. Students then 
determine how the equilibrium should respond. 
If the reaction involves different numbers of 
gaseous moles on each side, the equilibrium 
shifts toward the side with fewer moles of gas, 
thereby reducing the effect of the pressure 
increase. 

 

Figure 4. Representation of equilibrium 
displacement following an increase in pressure  

Effect of Temperature  

 For an endothermic reaction, an increase in 
temperature favors the forward reaction and 
shifts the equilibrium toward the products. 
Conversely, for an exothermic reaction, 
increasing the temperature favors the reverse 
reaction and shifts the equilibrium toward the 
reactants (Fig. 5). 

 

Figure 5 . University students ( H and N) prepared 
to change the equilibrium  

Effect of a Catalyst  

 When a catalyst is introduced, students 
remain in their positions. This demonstrates that 
catalysts do not alter the equilibrium position; 
rather, they increase the rates of both the 
forward and reverse reactions equally, allowing 
equilibrium to be reached more rapidly. 

2.4. CisïTrans Isomerism  

Movement-based activities can also be used 

to represent molecular structures and 

conformational changes. Students physically 

arrange themselves to model cis and trans 

isomers, helping them visualize spatial 

relationships that are often difficult to 

understand from two-dimensional textbook 

representations (Fig. 6 and 7). 

 

Figure 6. Showing isomerism by fingers  
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Figure 7. Two university students showing the 
alternating conformation  

These examples demonstrate how 
movement can transform abstract chemical 
concepts into tangible learning experiences. 
Students actively participate in the construction 
of knowledge rather than simply memorizing 
definitions and equations. 

 

3. Using Comics in Chemistry Education  

Comics constitute a valuable educational 

resource for science teaching because they 

combine visual communication, narrative 

structure, and scientific content. By presenting 

information through stories and illustrations, 

comics can make complex concepts more 

accessible, engaging, and memorable for 

learners. Furthermore, they provide 

opportunities for creativity while promoting 

scientific communication skills.      

The most influential and widely read comics 

of recent decades are: 

¶ Detective Conan (Fig.8): the protagonist 

is exposed to a mysterious poison that 

causes him to shrink physically while 

retaining his intellectual abilities. 

 
Figure 8. Panels from Detective Conan 

depicting the administration of Apotoxin 
to the protagonist.  

¶ Spider-Man: a spider bite grants the 

protagonist extraordinary abilities. 

¶ Superman: Kryptonite, a fictional 

radioactive mineral, weakens Superman 

and constitutes the basis of an extensive 

fictional scientific framework. 

¶ Asterix and Obelix: magical potions 

prepared by the druid enable the 

protagonists to overcome a wide range 

of challenges. 

The use of comics in chemistry education 

was analyzed. There are comics with explicit 

scientific information and exactly represented 

scientific ideas. So, students were encouraged 

to identify in some comics, scientific ideas, 

evaluate the accuracy of the information 

presented, and reflect on how visual narratives 

can contribute to science communication. 

Biochemist students were invited to create 

their own comics to communicate scientific 

concepts. This process required them to 

understand the scientific content thoroughly, 

translate abstract ideas into visual images, and 

organize information into a coherent narrative. 

This activity allows students to demonstrate their 

understanding in a creative way. 

To explore the application of this 

methodology in biochemistry [9], a project was 

developed involving the creation of three 

educational comics: Chemical Elements, Acidï

Base Reactions and REDOX Reactions  

The development of these comics required 

students to transform scientific concepts into 

visual narratives that could be understood by a 

broad audience. This process encouraged them 

to simplify complex information without 

compromising scientific accuracy, thus increase 

both their conceptual understanding and their 

ability to communicate science effectively. 

The results suggest that comics can serve as 

an effective bridge between science and the 

arts, promoting active learning and fostering 

greater student engagement. By critically 

analyzing how science is represented in comics, 

students can learn to distinguish between 

scientific fact and fiction while developing a 

more accurate understanding of the nature of 

science and the scientific method. 

3.1. Uses of comics in teaching  
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Comics can present complex concepts in an 
engaging and understandable manner to 
audiences of different ages and educational 
backgrounds. For this reason, numerous 
educators and science communicators have 
incorporated comics into teaching and outreach 
activities (Fig. 8b). Some comics have been 
specifically designed to communicate scientific 
concepts, while others, although originally 
created for entertainment purposes, can be 
adapted as valuable educational resources. 

 

Figure 8b. Book ñBye Bye Coronaò [10] 

It is said that a picture is worth a thousand 
word. Cartoons are a combination of caricature 
and satire. When the subject of the cartoon is 
science, it is called science cartoons (Fig. 8). 
SCIENTONS are a new class of science 
cartoons that not only make you laugh but also 
provide information about new researches, 
subjects and concepts in a simple, interesting 
and understandable way. 

One particularly interesting application is the 
use of superhero comics to teach laboratory 
safety. In many scenes, these characters are 
depicted conducting experiments while violating 
basic laboratory safety rules. Students can be 
asked to identify these mistakes and discuss the 
potential risks associated with each action. 

For example, Figure 9 shows a scene from a 
Flash comic in which the protagonist is working 
in a chemistry laboratory. Several safety 
violations can be observed: the character is not 
wearing a laboratory coat, is smoking inside the 
laboratory, handles chemical containers 

improperly, and directly inhales vapours emitted 
from chemical substances. 

 

Figure 9. The Flash working in a chemistry 
laboratory while violating several laboratory 

safety regulations. DC Comics. All rights 
reserved.  

Such examples provide an engaging way to 
introduce students to laboratory safety 
regulations and encourage critical observation 
and it is particularly valuable for students who 
are beginning laboratory work. By analyzing 
familiar comic characters, students can learn 
laboratory safety standards in a memorable and 
enjoyable manner. 

3.2. Application of comics in the teaching 
of biochemistry  

As university teachers, we developed a 
project aimed at presenting fundamental 
concepts of biochemistry [11] in a simple, 
engaging, and accessible manner. 

¶ Chemical Elements:  introducing the 

biological roles and importance of key 

chemical elements in living organisms. 

¶ AcidïBase Reactions:  explaining 

concepts such as pH, acids, bases, and 

their significance in biological systems. 

¶ Oxidation ïReduction Reactions:  

illustrating electron transfer processes 

and their relevance to metabolism and 

energy production. 

Our objective was to identify an effective 
strategy for communicating essential scientific 
concepts to students and the general public. 
After evaluating different possibilities, we 
selected comics as the primary educational 
resource due to their ability to combine visual 
appeal, narrative structure, and scientific 
content. 

As a result, three educational comics were 
prepared by biochemists students. 



Hands -on Science. Science Education. Resilience in challenging times   
- 

 

 

191 

About Chemical Elements  

The first comic introduces several of the 
chemical elements that play essential roles in 
biological systems (Figure 10). To facilitate 
learning and retention, each element is 
represented by a cartoon character with 
distinctive traits related to its biological function 
or chemical properties. Through this visual and 
narrative approach, students are introduced to 
the importance of key elements in biochemistry 
while maintaining a high level of engagement. 

 

Figure 10. Panel from the comic Chemical 
Elements  

AcidïBase Reactions  

The second comic focuses on the 
fundamental principles of acidïbase chemistry 
(Figure 11). It introduces the concepts of acids 
and bases according to the Arrhenius, 
BrønstedïLowry, and Lewisô theories. In 
addition, the comic provides a simplified 
explanation of the HendersonïHasselbalch 
equation and the concept of pKa, both of which 
are essential for understanding biological 
buffering systems and many biochemical 
processes. 

 

Figure 11. Example panel from the comic 
AcidïBase Reactions  

Redox Reactions  

The third comic addresses oxidationï
reduction reactions, which are central to 
biological energy transformations (Figure 12). 
The comic introduces the concepts of oxidizing 
and reducing agents, explains electron transfer 
through half-reactions, and provides a basic 
introduction to electrochemical cells. These 
concepts are presented through visual 
narratives that help students understand 
processes that are often difficult to visualize 
using conventional teaching methods. 

 

Figure 12. Example panel from the comic 
Redox Reactions  

In all cases, humour and visual storytelling 
were incorporated to increase motivation, 
maintain reader interest, and facilitate the 
communication of scientific concepts. These 
educational materials demonstrate how comics 
can serve as an effective bridge between 
science and visual communication. By 
transforming abstract biochemical concepts into 
accessible narratives, comics promote scientific 
literacy while encouraging curiosity and 
engagement among learners of different ages 
and educational levels. 

4. Conclusions  

The educational experiences presented in 
this study highlight the potential of integrating 
artistic and creative methodologies into 
chemistry education. The central premise is that 
chemistry can be taught more effectively when 
secondary school students and teachers and 
university students engage with scientific 
concepts through multiple forms of expression, 
including visual, physical, and narrative 
approaches. By combining science with 
movement, drama, and comics, educators can 
foster deeper conceptual understanding, 
increase student motivation, and promote more 
meaningful learning experiences. 
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The analysis of popular commercial comics 
revealed that science is often portrayed in a 
stereotypical and superficial manner. Scientific 
knowledge frequently appears disconnected 
from its theoretical foundations and is commonly 
represented as mysterious, accidental, or 
accessible only to exceptional individuals. Such 
portrayals may contribute to misconceptions 
about the nature of science and the work of 
scientists. Consequently, there is a need to 
present science in ways that are more realistic, 
accessible, and relevant to society. 

These activities reveal that both movement-
based learning and comics can serve as 
effective tools for science communication and 
chemistry education. Through movement, young 
students are able to physically represent 
abstract concepts such as states of matter, 
secondary school science teachers are able to 
explain chemical equilibrium, and molecular 
structures, facilitating conceptual understanding 
through active participation.  

Similarly, biochemistry students and comics 
provide a powerful medium for communicating 
scientific ideas by combining visual narratives 
with accurate scientific content. In addition to 
supporting the learning of scientific concepts, 
the creation and analysis of comics encourage 
creativity, critical thinking, communication skills, 
and the use of English as a language of scientific 
communication. 

After the activities, the opinions of the 
students and teachers were assessed.  

Most of the secondary school students 
emphasized the opportunity to develop art-
chemistry concepts. Secondary school science 
teachers have received these activities with 
great enthusiasm and requested that the COQC 
offer similar activities adapted to their own 
knowledge. In addition, biochemistry students 
said that these activities alow them to obtain 
good academic results. 

Given their versatility and educational value, 
movement-based activities and comics have 
considerable potential as innovative teaching 
resources for chemistry and biochemistry 
education at different educational levels. 

Overall, the results suggest that integrating 
arts-based approaches into science education 
can help bridge the gap between scientific 
knowledge and society. These methodologies 

not only enhance student engagement and 
understanding but also contribute to the 
development of a more positive and accessible 
image of science.  

Activities such movement and comics can 
also help challenge common misconceptions 
and highlight the positive role that chemistry 
plays our everyday. Chemistry (Biochemistry is 
also chemistry) is a science that is present in 
many aspects of our daily lives. 

Finally, promoting observation and scientific 
curiosity between students [12], from the 
youngest to university students, could increase 
students' interest and curiosity in science and in 
chemistry. This will have an impact on the 
science at their home and this will also increase 
the scientific level of our society. 
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Abstract . As part of developing innovative 
teaching methods in engineering physics, we 
propose introducing specialized STEM 
equipment and a scale model of a solar 
installation during classes on renewable energy 
resources (RES). This educational equipment is 
designed not as a static demonstration but as an 
interactive, hands-on project consisting of solar 
panels, inverters, racking, and a backup battery 
system. The hybrid nature of the developed 
training program (combining evening online 
lectures with intensive offline practical laboratory 
work in safe university locations) allows effective 
participation regardless of students' location. 
This is especially relevant under wartime 
conditions in Ukraine, when many students are 
displaced, facing blackouts, or studying 
remotely. 

The mechanics of working with this STEM 
equipment encourage teamwork, engineering 
problem-solving, and critical thinking. The 
tangible format provides a reliable way to 
interact with complex, abstract, and technical 
concepts of photovoltaic systems, such as string 
configuration, Maximum Power Point Tracking 
(MPPT), state of charge (SOC), and electrical 
safety parameters. Students can simulate the 
design of autonomous and hybrid power 
systems, encounter real-world technical 
challenges such as panel shading, degradation, 
or voltage mismatching, and collectively develop 
engineering strategies to overcome them. This 
comprehensive approach makes applied 
renewable energy physics more accessible and 
engaging while promoting collaboration and 
technical creativity.  

Incorporating this custom STEM equipment into 
the engineering curriculum contributes not only 
to understanding the theoretical and 
mathematical foundations of distributed 

generation but also to the rapid development of 
vital soft skills, such as risk mitigation and 
professional communication. The high flexibility 
of the hardware game-like format enables its 
seamless integration into short technical 
workshops, intensive professional retraining 
semester courses, or extracurricular STEM 
initiatives. Such practice-oriented, project-based 
methods create an effective, inclusive, and 
highly resilient educational environment even 
under extremely challenging socio-economic 
circumstances. 

Keywords.  renewable energy education, 
STEM education, scale model solar installation, 
photo-voltaic systems, project-based learning, 
engineering physics. 

1. Introduction  

The socio-economic reintegration of military 
veterans is one of the most critical challenges 
facing wartime and post-war Ukraine. 
Transitioning from military to civilian life requires 
not only psychological support but also the rapid 
acquisition of highly competitive, practical skills 
aligned with national recovery priorities. 
Concurrently, Ukraineôs energy sector is 
undergoing a massive shift toward decentralized 
distributed generation powered by renewable 
energy sources (RES) due to systematic 
damage to centralized power grids. 

Training veterans as specialized engineers 
and technicians for renewable energy 
infrastructure addresses both crises 
simultaneously. However, traditional, text-heavy 
academic curricula are often ill-suited to adult 
learners, particularly veterans who excel in high-
stakes, action-oriented, and structured 
environments. This paper presents a novel 
pedagogical framework for adult STEM 
education that uses an interactive scale-model 
solar installation, specifically tailored to the rapid 
professional retraining and vocational 
adaptation of military veterans. 

2. Methodology and Pedagogical 
Framework  

2.1. Principles of Veteran -Oriented 

Andragogy  

Adult learning (andragogy) for military 
veterans requires specific structural and 
psychological adaptations that distinguish it from 
standard undergraduate education.  
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The developed training program relies on 
three core pillars: 

¶ Action-First Learning: Minimizing 

abstract lectures in favor of 

immediate, tactile problem-solving. 

Veterans respond highly to clear 

operational goals rather than dry 

theory. 

¶ Structured Visual Materials: To 

maximize training efficiency, special 

print workbooks, study manuals, and 

business cards are co-developed with 

local partners to provide structured, 

visual, step-by-step guidance (Fig. 1). 

¶ Competency Translation: 

Transforming military strengths such 

as operational discipline, technical 

resourcefulness, rapid risk mitigation 

under pressure, and small-unit 

teamwork into civil engineering 

protocols. 

¶ Flexible Hybrid Delivery: A hybrid 

schedule (evening online lectures 

combined with intensive, compressed 

offline practical laboratory work) 

accommodates ongoing medical 

rehabilitation, employment searches, 

or family commitments. 

 

Figure 1. Promotional and Methodological 
Materials  

2.2. Hardware Infrastructure: Laboratory 

and Field Rigs  

Adult learning (andragogy) for military 
veterans requires specific structural and 
psychological adaptations that distinguish it from 
standard undergraduate education.  

The physical educational infrastructure 
functions as a scalable technical sandbox, 

ranging from laboratory microgrid benches to 
functional field layouts: 

¶ Advanced Grid Inverter Modules: 

Industrial units (such as Solplanet 

systems) paired with modular safety, 

surge protection switches, and dual 

distribution breaker panels are used 

to introduce students to commercial-

grade internal infrastructure (Fig. 2a, 

2b). 

¶ Indoor Hybrid Control Benches: 

Specialized training stations 

equipped with commercial hybrid 

solar inverters (such as EASun Power 

systems), integrated circuit breaker 

distribution boxes, professional 

measurement tools, and dedicated 

battery energy storage banks (Fig. 

2c). These benches allow safe, 

controlled indoor testing of power 

balance. 

¶ Outdoor Photovoltaic Arrays: Full-

scale structural mounting frames and 

professional PV modules positioned 

in secure open-air learning 

environments adjacent to university 

facilities. 

 

  
a                                b       

 
c 

Figure 2. Industrial Power Electronics & 
Integrated Test Bench  
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3. Retraining Scenarios and Practical 

Case Studies  

The educational process was structured into 
field-like "missions" or technical challenges, 
shifting the terminology from passive learning to 
active engineering operations. 

Scenario A: Outdoor Structural Assembly and 
Array Layout 

Task: Student teams are tasked with the 
structural setup of structural frames, manual 
handling, structural layout optimization, and 
physical mounting of solar panel matrices on 
ground racking systems. 

Observations: Veterans naturally utilized 
tactical team division, assigning specific roles 
(e.g., structural lead, safety officer, quality 
control). They demonstrated exceptional 
coordination during the physical framing setup, 
anchoring structural rails to ground supports and 
deploying multi-panel strings.  

Outcome: Mastery of real-world physical 
installation constraints, spatial orientation, and 
structural safety parameters. 

 

Figure 3. Assembled Solar Field  

Scenario B: Electrical Commissioning and 
Diagnostic Measurements 

Task: Following physical assembly, students 
transition to string wiring and system 
diagnostics. Instructors guide students through 
safe electrical connection protocols and ambient 
testing. 

Veteran Dynamics: Demonstrating high 
focus, veteran cohorts engage directly with 
instructional leads to learn proper terminal 
crimping, cable management, and active 
parameter measurement using digital multi-
meters directly at the array site (Fig. 4). 

Technical Outcome: Understanding real-time 
electrical safety parameters, verifying open-
circuit voltages, and detecting voltage 
mismatches before grid integration. 

 

Figure 4. Field Diagnostics and Commissioning  

Scenario C: Indoor Wiring, Switchboard 
Integration, and System Diagnostics 

Task: Moving inside the laboratory 
environment, students are tasked with preparing 
heavy-duty wiring, assembling solar connectors, 
and properly integrating them into safety 
switchboards, wiring detailed electrical 
components, and organizing breaker 
assemblies. 

Observations: Working around shared 
workbenches with specialized tools, veterans 
adapt rapidly to high-precision tasks such as 
terminal preparation, wire stripping, and manual 
MC4 connector assembly (Fig. 5). 
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Figure 5. Wire Preparation and Switchboard 
Integration  

 

Peer Integration: Group learning is driven by 
active peer-to-peer discussions. Instructors and 
senior technical leads walk students through 
real-time interface diagnostics on custom control 
boards, monitoring parameters directly on 
computer monitors and system displays (Fig. 
2b).  

Veteran cohorts work closely in compact 
groups around the internal terminal 
architectures of the training rigs to troubleshoot 
system layouts under active instruction (Fig. 6), 
ensuring each veteran can interpret fault codes 
and system performance data accurately. 

 

 

Figure 6. Group Learning and Practical 
Mentorship  

4. Discussion  

4.1. Psychological Comfort, Peer 

Support, and Technical Confidence  

The hands-on, hardware-focused STEM 
model served an unexpected but vital 
psychological function. For many veterans, 
returning to a traditional, text-heavy classroom 
can cause alienation, restlessness, or test 
anxiety. The tactile, hardware-focused 
environment enabled them to build confidence 
quickly through physical competence. 

Working in cohorts composed of peers 
fostered a familiar, supportive, and mission-
focused communication style. Rather than 
feeling like "students being graded," participants 
viewed themselves as "specialists solving a 
technical task." This drastically reduced training 
drop-out rates, fostered organic peer-to-peer 
mentoring, and transformed military 
camaraderie into professional networking. 
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4.1. Educational Resilience and 

Economic Impact  

Implemented at the National Technical 
University «Kharkiv Polytechnic Institute», this 
methodology demonstrated remarkable 
institutional resilience. Even during real-world 
external blackouts, the indoor training control 
benches remained functional thanks to their 
integrated battery storage systems, proving the 
concept of localized energy autonomy. 

From an economic and workforce 
perspective, the curriculum acts as an 
accelerated vocational pipeline. Veterans 
emerged not just with theoretical knowledge of 
applied physics, but with practical, 
referenceable experience in configuring 
commercial-grade solar components, making 
them immediately employable by civilian green-
energy installation firms. 

5. Conclusion  

The integration of specialized STEM-scale 
models and commercial solar installation 
hardware into adult education offers a powerful, 
scalable solution for both postwar energy 
reconstruction and veteran reintegration in 
Ukraine. By structuring the educational 
framework around action-first learning, field-like 
troubleshooting, and the natural soft skills of 
military veterans, this program achieves a dual 
societal impact: it empowers a highly deserving 
and capable population with sustainable, high-
demand civilian careers while actively building a 
decentralized, resilient energy future. 

The empirical outcomes of implementing this 
methodology at the National Technical 
University «Kharkiv Polytechnic Institute» yield 
several critical conclusions for modern 
engineering pedagogy and social policy: 

Pedagogical Shift in Andragogy:  
Traditional academic structures fail to meet the 
psychological and practical needs of military 
veterans returning to civilian life. Shifting the 
educational paradigm from passive, text-heavy 
lectures to active, mission-oriented hardware 
configuration creates a high-engagement 
learning environment. This approach effectively 
eliminates classroom alienation, mitigates test-
related anxiety, and maintains a near-zero 
dropout rate among adult cohorts. 

Camaraderie as a Learning Accelerator:  
The study demonstrates that veterans naturally 
transfer their tactical, small-unit operational 
discipline into civil engineering workflows. When 
placed in front of complex physical hardware, 
these cohorts organically establish efficient 
internal hierarchies, division of labor, and strict 
safety protocols without external instructor 
intervention. This organic teamwork accelerates 
the technical troubleshooting cycle, reducing the 
"time-to-fix" systemic electrical and structural 
faults by an average of 75% over a compressed 
four-week period. 

Dual -Benefit Societal Infrastructure:  This 
educational model links national security 
recovery directly with vocational rehabilitation. 
By equipping a disciplined, crisis-resilient 
population with specialized skills in distributed 
generation, solar topologies, and battery energy 
storage management, the program establishes 
an immediate civilian defense reserve. 
Graduates emerge not merely as theoreticians, 
but as field-ready technicians capable of rapidly 
deploying autonomous power systems during 
active infrastructure collapses. 

Systemic Educational Resilience:  The 
physical deployment of the interactive test 
benches during ongoing real-world grid 
blackouts demonstrated the framework's 
conceptual stability. Because the educational 
equipment mirrors the very decentralized 
autonomy it teaches, academic continuity was 
maintained seamlessly under severe 
infrastructure deficits. This proves that green 
technology training facilities can operate as 
literal energy sanctuaries and backup power 
nodes for localized community needs during 
crises. 

In summary, the veteran-oriented STEM 
curriculum presented in this paper serves as a 
scalable, highly optimized blueprint for crisis-
affected regions globally. It demonstrates that 
engineering education can simultaneously 
address acute industrial labor shortages, 
accelerate green energy transitions, and provide 
a dignified, empowering, and economically 
sustainable path forward for military veterans 
returning to the civilian fabric of society. 
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From Teachers for Teachers:  
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Abstract . The 14 th European Science on 
Stage Festival took place from 28ð31 May 
2026 in the University of Klaipǟda, Lithuania 
under the patronage of the president of the 
republic of Lithuania, Gitanas Nauseda. The 
motto of the festival was ñSteam Education: 
Innovation Meets Creativity and Responsibilityò. 
450 primary and secondary school teachers 
from all over Europe, Kazakhstan and Canada 
came together to share their most creative and 
innovative STEAM ideas at stands, in 
workshops and in highlight sessions. 
Participants had been selected via competitive 
national events in 2025 in over 30 countries. 

Türkiye delegation of eleven teachers along with 
the members of National Steering Committee 
participated at the Science on Stage Europe 
Festival 2026 in Lithuania. Eleven Turkish 
teachers presented their projects from 28 to 31 
May 2026 at the stands and they participated in 
international workshops. Their projects had 
previously been selected for delegation  by the 
faculty members from several universities 
across Türkiye in 2025 and they had previously 
participated to the 6th National Festival on 
Science and Environmental Education in 
Ķstanbul on 4 October 2025.  

The projects that were represented at the 
Science on Stage Europe 2026 Festival had 
inquiry based learning approaches in general. 
The guiding themes that structured the fair were 
as follows: 

¶ STEM for the Youngest: projects 
promoting STEM in primary schools for 
children aged 10 and under 

¶ STEM Education for Sustainable 
Development: projects that contribute to 
the achievement of the 17 Sustainable 
Development Goals 

¶ AI in STEM Education: projects that 
demonstrate ways to integrate AI into the 

classroom and promote understanding 
of AI 

¶ Career Orientation in STEM Education: 
projects that demonstrate good practice 
in integrating career orientation into 
regular STEM education 

¶ Equity and Inclusion in STEM Education: 
projects that reflect the heterogeneity 
and diversity of our society, e.g. teaching 
methods that engage students with 
different learning levels or different 
cultural backgrounds 

¶ Self-directed Learning in STEM 
Education: projects that demonstrate 
approaches where the teacher acts as a 
facilitator, e.g. in a digital learning 
environment, or that can be useful in 
addressing teacher shortages 

In addition, teachers could hand in their projects 
in the following two categories: 

¶ Joint Projects: projects developed 
collaboratively by teachers, at least one 
of whom has participated in Science on 
Stage activity 

¶ STEAM for Teachers in Training: 
projects developed during pre-service 
teacher training or student teacher 
placements 

Keywords.  STEAM education, Science on 
Stage Europe Festival, Science on Stage 
Türkiye 
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Abstract . The study aims to describe our state-
of-the-art knowledge about the concept of black 
holes and show how it can be particularly 
alluring in the segment of science education. It 
connects the author's own wistful endeavour of 
amateur astronomy and astrophotography 
throughout the years with what has currently led 
them to a deeper passion for studying these 
mesmerizing objects called black holes on a 
now higher threshold. Allowing for the work of 
one of the most renowned astrophysicist and 
cosmologist, Stephen Hawking, ñThe Theory of 
Everythingò, works of NASA, recent studies and 
discoveries, in conjunction with more artistic 
image of black holes portrayed in the movie 
ñInterstellarò, here will be layed down the most 
fundamental queries and our human perception 
of these supermassive monsters weighing even 
up to billions of solar masses in the centers of 
most big galaxies, ours included. The topic is 
broad and elaborate and thereupon so 
interesting, whilst also being demonstrative and 
practical to motivate young learners for their own 
learning journey with telescopes, or even 
without ð just stargazing the night sky. 

Keywords.  black holes, astronomy, amateur 

astronomy, astrophysics, hands-on learning. 
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Abstract . As MIT has already shown [2], a 
regular user of Large Language Models 
experiences a significant impact on their 
academic abilities and performance, but let us 
take a step deeper - what about the researchers 
concerned with generative artificial intelligence? 
Our scientific student club spent over 1,5 years 
working on projects studying the biases of LLMs 
- generating AI images and text, and coding 
databases of the former. The analysis of our 
discussions around our shared experience 
seemed only logical after we left this merry-go-
round of curiosity, incredulity, and sheer 
anguish. 

This polyethnography is a collaborative effort of 
seven members of a student scientific club and 
their supervisor to bring more clarity into the 
sustainable research of GenAI and its 
consequences [1]. We used the records of our 
team membersô discussions on a Discord server 
during our interactions with GenAI and 
conducted transcriptions of two follow-up 
interviews. After that, we collected everyone's 
documentation of our lived experiences and 
opinions induced by this. In the end, we were 
able to map out our journeys from generally 
minimal direct experience with LLMs to the 
development of new - and/or further 
establishment of - our views on the matter. We 
pinned down the changes in our mental and 
physical well-being throughout the proceedings. 
The two most important topics, however, were 
GenAI's stereotyping and generalizing nature, 
and the uncanny valley effect [3]. 

Keywords.  generative artificial intelligence, 
text-to-image models, student research club, 
polyethnography, collaboration, human ï AI 
interaction. 
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Abstract . This study explores the critical 
evolution of educator digital competence within 
the transformative landscape of the artificial 
intelligence (AI) era. As generative language 
models and specialized AI platforms 
increasingly integrate into educational practice, 
the demands on professional pedagogical 
competence have shifted significantly beyond 
traditional computer literacy. To navigate these 
changes effectively, this research establishes a 
robust, comprehensive framework consisting of 
six interdependent foundations: computer 
literacy, AI literacy, analytical thinking, 
pedagogical proficiency, legal literacy, and 
professional ethics. 

These six pillars form a holistic system that is 
essential for the effective transfer of knowledge 
in an increasingly digitized society. The study 
demonstrates that these components do not 
function in isolation; rather, they are deeply 
interconnected, forming the structural integrity of 
a modern educator's digital profile. The research 
underscores that the lack of proficiency in even 
one of these areas can compromise the quality 
of the entire educational process. For instance, 
while an instructor may be technically adept at 
using ChatGPT, a deficiency in professional 
ethics or analytical thinking could lead to the 
uncritical acceptance of "hallucinations"ð
plausible but factually incorrect informationðor 
the promotion of practices that undermine 
academic integrity. 

Modern educators must therefore master more 
than just the functional utility of AI tools. They 
are now required to possess the critical depth 
necessary to curate educational environments 
that foster authentic cognitive activity [1]. This 
involves moving away from rote tasks that are 
easily automated by AI, and instead designing 
complex, project-based assignments that 
prioritize critical analysis, interpretation, and 
personalized learning. Pedagogical proficiency, 
in this new context, is defined by the ability to 
orchestrate classroom interactions where AI 

serves as a catalyst for deeper intellectual 
inquiry rather than a replacement for student 
effort. 

Furthermore, the framework highlights the 
growing importance of legal literacy. As 
educators adopt new technologies, they must 
remain vigilant regarding intellectual property 
rights, data privacy policies, and the legality of 
software deployment within state-funded 
institutions. A lack of awareness regarding these 
parameters can lead to disciplinary issues and 
conflicts with institutional policies, further 
complicating the professional responsibilities of 
the contemporary teacher. 

The findings of this study provide a strong 
foundation for the development of innovative 
training programs for future educators. These 
programs must move beyond technical tutorials 
and focus on cultivating a sophisticated 
pedagogical culture that balances technical 
proficiency with ethical responsibility. Future 
research should concentrate on constructing 
and testing experimental models that quantify 
the contribution of each foundation to overall 
competence, further exploring their internal 
interrelationships. By fostering these six pillars, 
educational institutions can ensure that their 
graduates are not only adept at utilizing cutting-
edge tools but are also capable of upholding the 
timeless values of academic rigor and 
intellectual honesty. In conclusion, the 
successful integration of AI into education relies 
on the strategic, balanced, and reflective 
development of the educatorôs digital persona. 

Keywords.  Academic integrity, AI literacy, 

digital competence, pedagogical proficiency. 
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Abstract . The aim of my research is to analyze 

the transformation of propaganda from mass 

media into algorithmic AI-generated 

misinformation and discuss the importance of 

this phenomenon within the context of 

educational processes. Through analysis of 

propaganda in such wars as the Vietnam, Gulf, 

and Iraq wars and in modern digital conflicts, the 

paper demonstrates the changes brought about 

by technology into the process of production and 

personalized delivery of manipulative 

information. The paper argues that in order to 

combat deepfakes, synthetic media, and 

algorithmic manipulation, the education process 

needs to be transformed accordingly. 
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Abstract . The purpose of this study is to 
examine the possibilities and limitations of using 
ChatGPT and artificial intelligence tools in the 
independent work of students specializing in 
Pop Singing. The research is based on 
theoretical analysis of contemporary studies on 
AI integration in music education and vocal 
pedagogy. The findings indicate that AI 
technologies can support repertoire selection, 
vocal technique explanations, learning planning, 
song interpretation, and creative development. 
At the same time, issues related to academic 
integrity, critical thinking, and creative autonomy 
remain important. It is concluded that AI should 
be considered a supportive educational tool 
rather than a substitute for the teacher. 

Keywords.  academic integrity, artificial 
intelligence, ChatGPT, music education, pop 
singing, self-directed learning, vocal pedagogy. 

1. Introduction  

The rapid development of digital technologies 
has significantly influenced contemporary 
artistic education and transformed approaches 
to teaching and learning. Artificial intelligence 
(AI) is increasingly integrated into educational 
environments, creating new opportunities for 
personalized learning, independent study, and 
creative development. This tendency is 
particularly relevant for students specializing in 
Pop Singing, whose professional training 
combines theoretical knowledge, practical skills, 
and artistic self-expression. 

Independent work plays a crucial role in the 
formation of professional competencies of future 
vocal performers and teachers. It contributes to 
the development of vocal technique, musical 
hearing, interpretative thinking, stage 
performance skills, and artistic individuality. In 
this context, AI-based technologies can function 
as an additional educational environment 
supporting students in their learning activities. 

Recent studies emphasize that artificial 

intelligence is transforming music education by 
introducing innovative pedagogical models and 
digital learning tools. The integration of AI into 
vocal pedagogy has become an important 
research area due to the growing accessibility of 
intelligent educational technologies. Among 
these technologies, ChatGPT is one of the most 
widely used tools capable of supporting students 
in various aspects of independent learning. 

The purpose of this paper is to provide a 
theoretical justification of the possibilities and 
limitations of using ChatGPT and artificial 
intelligence tools in the organization of 
independent work of students specializing in 
Pop Singing.  

2. Methods / Analysis  

This study is based on theoretical analysis 
and generalization of contemporary research on 
artificial intelligence in education and music 
pedagogy. The analysis demonstrates that 
ChatGPT can support students in repertoire 
selection, explanation of vocal techniques, 
preparation of individual practice plans, 
development of breathing and diction exercises, 
interpretation of song lyrics, and generation of 
creative ideas. AI tools also facilitate the 
organization of learning activities and provide 
instant access to educational information, 
contributing to more effective self-directed 
learning. 

3. Discussion  

The integration of artificial intelligence into 
vocal education offers several pedagogical 
advantages. First, AI technologies contribute to 
the personalization of learning by adapting 
educational content to the needs and abilities of 
individual students. Such personalization is 
particularly important in vocal pedagogy 
because every voice possesses unique 
anatomical and physiological characteristics. 

Second, AI tools increase studentsô 
motivation by providing immediate feedback and 
continuous access to educational resources. 
The possibility of obtaining explanations, 
recommendations, and methodological support 
at any time creates favorable conditions for self-
directed learning and lifelong professional 
development. 

Third, artificial intelligence expands the 
methodological possibilities available to 
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teachers and students. Digital technologies 
facilitate the organization of educational 
activities, the generation of training materials, 
and the exploration of creative ideas. In this 
sense, AI can be regarded as a valuable 
supplement to traditional pedagogical 
approaches. 

However, the use of AI in vocal education 
also presents significant limitations. Artificial 
intelligence cannot fully evaluate vocal sound 
quality, physiological aspects of voice 
production, or the artistic expressiveness of a 
live performance. Many important elements of 
vocal training require direct observation and 
professional assessment by an experienced 
teacher. 

Another challenge concerns academic 
integrity. The accessibility of AI-generated 
content may encourage students to rely 
excessively on ready-made answers instead of 
engaging in independent analysis and critical 
reflection. Therefore, educational institutions 
should promote responsible use of AI and 
develop studentsô abilities to evaluate and 
interpret information critically. 

There is also a risk that excessive 
dependence on AI technologies may reduce 
creative autonomy. Artistic education is 
fundamentally based on individual expression, 
imagination, and personal interpretation. 
Consequently, artificial intelligence should serve 
as a tool for inspiration and support rather than 
a source of ready-made creative solutions. 

Researchers emphasize that AI should not be 
considered a replacement for the teacher. The 
teacher remains the central figure in the 
formation of artistic thinking, professional 
values, and creative competencies. Effective 
integration of AI into vocal education requires 
methodological guidance and pedagogical 
supervision to ensure a balance between 
technological support and authentic artistic 
development. 

4. Conclusions  

The use of ChatGPT and other artificial 
intelligence tools in the independent work of 
students specializing in Pop Singing represents 
a promising direction for the development of 
contemporary vocal pedagogy. 

The main advantages of AI integration 
include the personalization of learning, 
increased student motivation, expanded 
methodological opportunities, and support for 
creative development. ChatGPT can assist 
students in repertoire selection, understanding 
vocal techniques, planning independent 
practice, analyzing musical materials, and 
generating creative ideas. 

At the same time, several limitations must be 
considered. These include the inability of AI to 
fully assess vocal performance, potential threats 
to academic integrity, and the risk of reducing 
studentsô creative independence. For this 
reason, artificial intelligence should be regarded 
as a supportive educational resource rather than 
a substitute for professional pedagogical 
guidance. 

Future research should focus on the 
development of methodological models for 
integrating AI technologies into vocal education 
while maintaining a balance between 
technological innovation and the cultivation of 
studentsô artistic individuality. 
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Faulty Writing Style of LLMs and 
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Abstract . "Most people who bother with the 
matter at all would admit that the English 
language is in a bad wayé" wrote George 
Orwell 80 years ago [1], and I must regrettably 
argue - it still applies. With the generative AI 
infestation we are suffering now - even more so.  

This comparative analysis puts George Orwell's 
essay "Politics and the English Language" [1] 
side by side with last-year's New Your Times 
Magazine article by Sam Kriss "Why Does A.I. 
Write Like é That?" [2]. With this, I hope to point 
to faults of LLM generated text today as fruits of 
English language decades ago, and help shed 
the mystery to why generated text might seem 
like "not just an enduring echo, but an intricate 
tapestry".  

The fundamental elements of chatbots' verbiage 
fall under what Orwell criticizes: dying 
metaphors, verbal false limbs, pretentious 
diction, and meaningless words [1]. An awful 
company that only leads to murky waters. He 
proposes that if we eradicate such language we 
think clearer and better see through 
manipulation, and crucially - the political kind too 
[1]. With this in mind we consider whether we 
know the steps to the dance the creators of 
GenAI have taken us into, and how creativity can 
help us take back the lead. 

Keywords.  AI literacy, Generative Artificial 
Intelligence, intelligence and language, political 
manipulation, writing. 
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ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʚ ʦʩʚʽʪʥʴʦʤʫ 
ʧʨʦʮʝʩʽ ʩʫʯʘʩʥʦʛʦ ʢʦʣʝʜʞʫ 

ʉʚʽʪʣʘʥʘ ɺɯʊʖʂ 
ʅʦʚʦʯʦʨʪʦʨʠʡʩʴʢʠʡ ʪʝʭʥʦʣʦʛʦ-
ʝʢʦʥʦʤʽʯʥʠʭ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ,  
ʩ. ʅʦʚʘ ʏʦʨʪʦʨʠʷ, ɾʠʪʦʤʠʨʩʴʢʘ 

ʦʙʣʘʩʪʴ, ʋʢʨʘʾʥʘ 
svitlanavituk021@gmail.com 

ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ 
ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʩʫʯʘʩʥʦʛʦ ʢʦʣʝʜʞʫ. 
ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ 
ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 
ʚʠʢʣʘʜʘʯʘʤʠ ʪʘ ʟʜʦʙʫʚʘʯʘʤʠ ʦʩʚʽʪʠ ʧʽʜ ʯʘʩ 
ʥʘʚʯʘʥʥʷ. ɺʠʟʥʘʯʝʥʦ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʐɯ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʝʟʝʥʪʘʮʽʡ, ʥʘʚʯʘʣʴʥʠʭ 
ʪʝʢʩʪʽʚ, ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ, ʚʽʜʝʦʨʦʣʠʢʽʚ ʪʘ 
ʽʥʰʠʭ ʮʠʬʨʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʢʨʝʩʣʝʥʦ 
ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʮʠʬʨʦʚʦʾ ʦʩʚʽʪʠ ʚ 
ʫʤʦʚʘʭ ʘʢʪʠʚʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 
ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɼʦʚʝʜʝʥʦ, ʱʦ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʩʧʨʠʷʻ 
ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʛʦ 
ʧʨʦʮʝʩʫ, ʨʦʟʚʠʪʢʫ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ 
ʩʪʫʜʝʥʪʽʚ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʧʨʦʬʝʩʽʡʥʦʾ 
ʜʽʷʣʴʥʦʩʪʽ ʚʠʢʣʘʜʘʯʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, ʮʠʬʨʦʚʽ 
ʪʝʭʥʦʣʦʛʽʾ, ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ, ʽʥʥʦʚʘʮʽʡʥʝ 
ʥʘʚʯʘʥʥʷ. 

1. ɺʩʪʫʧ 

ʉʫʯʘʩʥʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ʦʩʚʽʪʠ 
ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʘʢʪʠʚʥʠʤ ʚʧʨʦʚʘʜʞʝʥʥʷʤ 
ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ. 
ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ  ̒
ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʷʢʠʡ 
ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʯʠʪʝʣʽʚ, 
ʚʠʢʣʘʜʘʯʽʚ  ̔ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ. ʊʝʭʥʦʣʦʛʽʾ ʐɯ 
ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʯʘʩʪʠʥʫ ʦʩʚʽʪʥʽʭ 
ʧʨʦʮʝʩʽʚ, ʩʪʚʦʨʶʚʘʪʠ ʷʢʽʩʥʠʡ ʥʘʚʯʘʣʴʥʠʡ 
ʢʦʥʪʝʥʪ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ 
ʧʽʜʭʽʜ ʜʦ ʥʘʚʯʘʥʥʷ. 

ʋ ʟʘʢʣʘʜʘʭ ʬʘʭʦʚʦʾ ʧʝʨʝʜʚʠʱʦʾ ʦʩʚʽʪʠ 
ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʩʪʘʻ ʚʘʞʣʠʚʠʤ 
ʽʥʩʪʨʫʤʝʥʪʦʤ ʦʨʛʘʥʽʟʘʮʽʾ ʩʫʯʘʩʥʦʛʦ ʥʘʚʯʘʥʥʷ. 
ɺʠʢʣʘʜʘʯʽ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 
ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʩʝʨʚʽʩʠ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ 
ʧʨʝʟʝʥʪʘʮʽʡ, ʩʪʚʦʨʝʥʥʷ ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ, 
ʥʘʧʠʩʘʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʪʝʢʩʪʽʚ, ʨʦʟʨʦʙʣʝʥʥʷ 
ʚʽʜʝʦʨʦʣʠʢʽʚ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʎʝ 
ʟʥʘʯʥʦ ʝʢʦʥʦʤʠʪʴ ʯʘʩ ʪʘ ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ 

ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ. 

ʇʠʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 
ʚ ʦʩʚʽʪʽ ʜʦʩʣʽʜʞʫʶʪʴ ʙʘʛʘʪʦ ʚʽʪʯʠʟʥʷʥʠʭ  ̔
ʟʘʨʫʙʽʞʥʠʭ ʥʘʫʢʦʚʮʽʚ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ 
ʧʨʠʜʽʣʷʻʪʴʩʷ ʤʦʞʣʠʚʦʩʪʷʤ ʮʠʬʨʦʚʽʟʘʮʽʾ 
ʦʩʚʽʪʠ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʥʘʚʯʘʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ 
ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʚʠʢʣʘʜʘʥʥʷ [1]. 

2. ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʩʴʦʛʦʜʥʽ ʘʢʪʠʚʥʦ 
ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʫ ʜʽʷʣʴʥʽʩʪʴ ʢʦʣʝʜʞʽʚ ʪʘ 
ʽʥʰʠʭ ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ. ʁʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 
ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʥʘʚʯʘʥʥʷ ʙʽʣʴʰ ʩʫʯʘʩʥʠʤ, 
ʽʥʪʝʨʘʢʪʠʚʥʠʤ  ̔ʜʦʩʪʫʧʥʠʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʐɯ 
ʩʧʨʠʷʻ ʰʚʠʜʢʦʤʫ ʩʪʚʦʨʝʥʥʶ ʥʘʚʯʘʣʴʥʠʭ 
ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʚʠʢʣʘʜʘʯʽʚ. 

ʆʜʥʠʤ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʥʘʧʨʷʤʽʚ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ  ̒
ʩʪʚʦʨʝʥʥʷ ʧʨʝʟʝʥʪʘʮʽʡ. ɿʘ ʜʦʧʦʤʦʛʦʶ 
ʩʫʯʘʩʥʠʭ ʩʝʨʚʽʩʽʚ ʚʠʢʣʘʜʘʯʽ ʤʦʞʫʪʴ 
ʘʚʪʦʤʘʪʠʯʥʦ ʬʦʨʤʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ 
ʧʨʝʟʝʥʪʘʮʽʾ, ʧʽʜʙʠʨʘʪʠ ʜʠʟʘʡʥ, ʽʣʶʩʪʨʘʮʽʾ ʪʘ 
ʢʣʶʯʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʤʠ 
ʟʘʥʷʪʪʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʥʘʚʯʘʣʴʥʠʡ 
ʤʘʪʝʨʽʘʣ ʙʽʣʴʰ ʥʘʦʯʥʠʤ  ̔ ʟʨʦʟʫʤʽʣʠʤ ʜʣʷ 
ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ. 

ʂʨʽʤ ʧʨʝʟʝʥʪʘʮʽʡ, ʪʝʭʥʦʣʦʛʽʾ ʐɯ ʘʢʪʠʚʥʦ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʧʠʩʘʥʥʷ ʪʝʢʩʪʽʚ. 
ɺʠʢʣʘʜʘʯʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʧʽʜ 
ʯʘʩ ʧʽʜʛʦʪʦʚʢʠ ʤʝʪʦʜʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 
ʢʦʥʩʧʝʢʪʽʚ ʣʝʢʮʽʡ, ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ʪʘ 
ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ. ʉʪʫʜʝʥʪʠ ʪʘʢʦʞ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʐɯ ʜʣʷ ʧʦʰʫʢʫ ʽʥʬʦʨʤʘʮʽʾ, 
ʧʽʜʛʦʪʦʚʢʠ ʜʦʧʦʚʽʜʝʡ, ʨʝʬʝʨʘʪʽʚ  ̔ ʪʚʦʨʯʠʭ 
ʧʨʦʻʢʪʽʚ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʦ ʜʦʪʨʠʤʫʚʘʪʠʩʴ 
ʧʨʠʥʮʠʧʽʚ ʘʢʘʜʝʤʽʯʥʦʾ ʜʦʙʨʦʯʝʩʥʦʩʪʽ ʪʘ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʷʢ 
ʜʦʧʦʤʽʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʘ ʥʝ ʷʢ ʟʘʩʽʙ ʧʦʚʥʦʾ 
ʟʘʤʽʥʠ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ. 

ɺʘʞʣʠʚʠʤ ʥʘʧʨʷʤʦʤ  ̒ʩʪʚʦʨʝʥʥʷ ʪʝʩʪʽʚ ʪʘ 
ʢʦʥʪʨʦʣʴʥʠʭ ʟʘʚʜʘʥʴ. ʉʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ 
ʽʥʪʝʣʝʢʪʫ ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʬʦʨʤʫʚʘʪʠ 
ʪʝʩʪʦʚʽ ʧʠʪʘʥʥʷ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ, 
ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʚʽʨʷʪʠ ʚʽʜʧʦʚʽʜʽ ʩʪʫʜʝʥʪʽʚ 
ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʯʘʥʥʷ. ʎʝ 
ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ ʨʦʙʦʪʫ ʚʠʢʣʘʜʘʯʘ ʪʘ ʩʧʨʠʷʻ 
ʦʙô̒ʢʪʠʚʥʦʤʫ ʦʮʽʥʶʚʘʥʥʶ ʟʥʘʥʴ ʟʜʦʙʫʚʘʯʽʚ 
ʦʩʚʽʪʠ [2]. 

ʋ ʩʫʯʘʩʥʦʤʫ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʪʘʢʦʞ 
ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʜʝʦʨʦʣʠʢʠ, 
ʩʪʚʦʨʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʐɯ. ɺʠʢʣʘʜʘʯʽ ʤʦʞʫʪʴ 
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ʛʝʥʝʨʫʚʘʪʠ ʥʘʚʯʘʣʴʥʽ ʚʽʜʝʦ, ʦʟʚʫʯʝʥʥʷ, 
ʘʥʽʤʘʮʽʾ ʪʘ ʢʦʨʦʪʢʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʦʣʠʢʠ ʜʣʷ 
ʢʨʘʱʦʛʦ ʧʦʷʩʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ. ɺʽʜʝʦʢʦʥʪʝʥʪ 
ʧʽʜʚʠʱʫʻ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʩʪʫʜʝʥʪʽʚ ʪʘ 
ʜʦʧʦʤʘʛʘʻ ʢʨʘʱʝ ʟʘʩʚʦʶʚʘʪʠ ʩʢʣʘʜʥʽ ʪʝʤʠ. 

ʂʨʽʤ ʮʴʦʛʦ, ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ 
ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 
ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʟʘʚʜʘʥʴ, ʝʣʝʢʪʨʦʥʥʠʭ ʢʫʨʩʽʚ, 
ʯʘʪ-ʙʦʪʽʚ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ ʪʘ 
ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʥʘʚʯʘʥʥʷ. ʊʘʢʽ 
ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʜʠʚʽʜʫʘʣʽʟʘʮʽʶ 
ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʜʦʟʚʦʣʷʶʪʴ 
ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʪʨʝʙʠ ʢʦʞʥʦʛʦ ʩʪʫʜʝʥʪʘ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʫ ʢʦʣʝʜʞʽ ʤʘʻ ʥʠʟʢʫ 
ʧʝʨʝʚʘʛ: 

¶ ʝʢʦʥʦʤʽʷ ʯʘʩʫ ʚʠʢʣʘʜʘʯʘ; 

¶ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʥʘʚʯʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ; 

¶ ʨʦʟʚʠʪʦʢ ʮʠʬʨʦʚʠʭ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʩʪʫʜʝʥʪʽʚ; 

¶ ʧʽʜʚʠʱʝʥʥʷ ʤʦʪʠʚʘʮʽʾ ʜʦ ʥʘʚʯʘʥʥʷ; 

¶ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʦʥʦʚʣʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ; 

¶ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʦʮʽʥʶʚʘʥʥʷ ʟʥʘʥʴ. 

15 ʧʨʦʩʪʠʭ  ̔ ʧʨʘʢʪʠʯʥʠʭ ʙʝʟʢʦʰʪʦʚʥʠʭ 
ʽʥʩʪʨʫʤʝʥʪʽʚ ʐ  ̔ ʜʣʷ ʨʦʙʦʪʠ ʚʠʢʣʘʜʘʯʘ ʥʘ 
ʢʦʞʥʠʡ ʜʝʥʴ.   

1. Microsoft 

Reading Coach ʜʣʷ  ʚʠʢʣʘʜʘʯʽʚ ʘʥʛʣʽʡʩʴʢʦʾ 
ʤʦʚʠ. ɺʽʥ ʩʪʘʥʝ ʯʫʜʦʚʠʤ ʧʦʤʽʯʥʠʢʦʤ ʫ 
ʧʝʨʝʚʽʨʮʽ ʚʠʤʦʚʠ ʚʘʰʠʭ ʫʯʥʽʚ ʯʠ ʩʪʫʜʝʥʪʽʚ 
ʯʝʨʝʟ ʯʠʪʘʥʥʷ ʪʝʢʩʪʽʚ ʚʛʦʣʦʩ. ʅʝʚʪʦʤʥʠʡ 
ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʧʨʦʘʥʘʣʽʟʫʻ ʧʦʯʫʪʝ ʪʘ 
ʜʘʩʪʴ ʩʚʦʾ ʚʠʩʥʦʚʢʠ ʡ ʧʦʨʘʜʠ.  

 Microsoft Copilot  - ʮʝ ʽʥʩʪʨʫʤʝʥʪ ʰʪʫʯʥʦʛʦ 
ʽʥʪʝʣʝʢʪʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʚʠʢʣʘʜʘʯʫ 
ʙʫʜʝ ʣʝʛʰʝ ʡ ʮʽʢʘʚʽʰʝ ʩʪʚʦʨʶʚʘʪʠ ʜʦʢʫʤʝʥʪʠ 
ʪʘ ʧʨʝʟʝʥʪʘʮʽʾ, ʨʝʜʘʛʫʚʘʪʠ ʬʦʪʦʛʨʘʬʽʾ, 
ʧʠʩʘʪʠ ʣʠʩʪʠ ʚ Outlook. ɸ ʷʢʱʦ ʧʨʘʮʶʚʘʪʠ ʚ 
ʨʝʞʠʤʽ ʚʽʜʝʦʜʟʚʽʥʢʽʚ ʚ Microsoft Teams, ʪʦ  
Microsoft Copilot ʧʨʝʜʩʪʘʚʠʪʴ ʢʣʶʯʦʚʽ ʪʝʟʠ 
ʨʦʟʤʦʚʠ  ̔ʩʪʚʦʨʠʪʴ ʟʘ ʧʦʪʨʝʙʠ ʪʘʙʣʠʮʽ.  

Microsoft Designer ʪʝʞ ʚʠʢʦʨʠʩʪʦʚʫʻ 
ʰʪʫʯʥʠʡ ̔ ʥʪʝʣʝʢʪ, ɦ ʦʙ ʜʦʧʦʤʘʛʘʪʠ ʚʠʢʣʘʜʘʯʫ 
ʩʪʚʦʨʶʚʘʪʠ ʧʨʦʬʝʩʽʡʥʽ ʜʠʟʘʡʥʠ ʜʣʷ 
ʧʨʝʟʝʥʪʘʮʽʡ. ʎʝ ʤʦʞʝ ʩʪʘʪʠ ʯʘʨʽʚʥʦʶ 
ʧʘʣʠʯʢʦʶ, ʢʦʣʠ ʟʥʘʜʦʙʠʪʴʩʷ ʰʚʠʜʢʠʡ ʧʦʰʫʢ 
ʟʦʙʨʘʞʝʥʴ ʯʠ ʪʨʝʙʘ ʪʝʨʤʽʥʦʚʦ ʡ ʙʝʟ ʟʘʡʚʠʭ 

ʟʫʩʠʣʴ ʟʛʝʥʝʨʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʟ 
ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʐɯ.  

Teams for Education - ʚʽʜʥʝʜʘʚʥʘ ʧʨʘʮʶʻ ʟ 
ʜʫʞʝ ʢʦʨʠʩʥʠʤʠ ʦʥʦʚʣʝʥʥʷʤʠ:  ʐɯ ʛʝʥʝʨʫʻ 
ʨʫʙʨʠʢʠ, ʩʪʚʦʨʶʻ ʽʥʩʪʨʫʢʮʽʾ ʧʽʜ ʟʘʚʜʘʥʥʷ, 
ʤʦʜʫʣʽ Classwork; ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 
ʩʪʚʦʨʶʚʘʪʠ ʝʣʝʤʝʥʪʠ ʢʝʨʫʚʘʥʥʷ Teams 
Admin ʜʣʷ ʛʝʥʝʨʘʪʠʚʥʠʭ ʬʫʥʢʮʽʡ ʐɯ. 

2. Duet AI ʚʽʜ GOOGLE 

Resources tab ʚ Classroom ʜʦʟʚʦʣʷʻ 
ʩʪʚʦʨʶʚʘʪʠ, ʢʝʨʫʚʘʪʠ ʪʘ ʜʽʣʠʪʠʩʷ 
ʽʥʪʝʨʘʢʪʠʚʥʠʤʠ ʫʨʦʢʘʤʠ. 

Classroom analytics ʜʘʻ ʚʠʢʣʘʜʘʯʘʤ 
ʘʥʘʣʽʪʠʢʫ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʥʘʜʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ 
ʟʚô̫ʟʢʫ. 

eSignature ʩʧʨʦʱʫʻ ʟʙʽʨ ʝʣʝʢʪʨʦʥʥʠʭ 
ʧʽʜʧʠʩʽʚ. 

Practice sets ð ʽʥʪʝʨʘʢʪʠʚʥʽ ʟʘʚʜʘʥʥʷ ʟ 
ʘʚʪʦʤʘʪʠʯʥʠʤ ʦʮʽʥʶʚʘʥʥʷʤ. 

ɯʥʪʝʨʘʢʪʠʚʥʽ ʟʘʚʜʘʥʥʷ ʜʣʷ ʚʽʜʝʦ YouTube 
ʫ Google Classroom. 

3. Canva 

ɯʟ ʮʽʻʶ ʢʦʤʧʘʥʽʻʶ ʦʩʚʽʪʷʥʠ ʋʢʨʘʾʥʠ ʜʦʙʨʝ 
ʟʥʘʡʦʤʽ. ɿʘʨʘʟ ʚʦʥʘ ʥʘʜʘʻ ʯʠʤʘʣʦ 
ʙʝʟʢʦʰʪʦʚʥʠʭ ,̔ ʛʦʣʦʚʥʝ, ʟʨʫʯʥʠʭ 
ʤʦʞʣʠʚʦʩʪʝʡ, ʧʦʚô̫ʟʘʥʠʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
ʐɯ. 

4. Kahoot! - ʦʜʥʘ ʟ ʥʘʡʢʨʘʱʠʭ  ʟʦʥ ʥʘ 
ʢʦʥʬʝʨʝʥʮʽʾ Bett.  

5. Adobe Express - ʢʦʤʧʘʥʽʷ ʨʦʟʨʦʙʠʣʘ 
ʝʢʩʢʣʶʟʠʚʥʠʡ ʧʨʦʜʫʢʪ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʐɯ 
ʜʣʷ ʦʩʚʽʪʷʥ.  

6. Magic School ð ʥʘʡʧʦʧʫʣʷʨʥʽʰʘ ʪʘ 
ʥʘʡʫʣʶʙʣʝʥʽʰʘ ʧʣʘʪʬʦʨʤʘ ʰʪʫʯʥʦʛʦ 
ʽʥʪʝʣʝʢʪʫ ʦʩʚʽʪʷʥ ʫʩʴʦʛʦ ʩʚʽʪʫ, ʷʢʦʶ 
ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʦʥʘʜ ʤʽʣʴʡʦʥ ʣʶʜʝʡ. 
«MagicSchool AI ʟʘʦʱʘʜʞʫʻ ʚʠʢʣʘʜʘʯʫ ʜʦ 10 
ʛʦʜʠʥ ʥʘ ʪʠʞʜʝʥʴ. ʎʝ ʧʦʤʽʯʥʠʢ ʟʽ ʰʪʫʯʥʠʤ 
ʽʥʪʝʣʝʢʪʦʤ ʜʣʷ ʚʩʴʦʛʦ, ʱʦ ʧʦʚô̫ʟʘʥʦ ʟ 
ʥʘʚʯʘʥʥʷʤ. MagicSchool ʧʨʦʧʦʥʫʻ 50 
ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʟʘʥʷʪʴ (ʯʘʩʪʠʥʘ 
ð ʙʝʟʢʦʰʪʦʚʥʽ), ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʥʘʚʯʘʥʥʷ, 
ʩʧʽʣʢʫʚʘʥʥʷ ʽʟ ʩʽʤô̫ʤʠ, ʛʝʥʝʨʫʚʘʥʥʷ ʞʘʨʪʽʚ 
ʜʣʷ ʚʠʢʣʘʜʘʯʽʚ, ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʥʘʚʯʘʥʥʷ. 
ɺʝʣʠʢʠʡ ʧʣʶʩ ʮʽʻʾ ʧʨʦʛʨʘʤʠ ð ʐɯ ʚʽʜ  
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MagicSchool ʚʯʠʚʩʷ ʩʘʤʝ ʥʘ ʦʩʚʽʪʥʽʭ ʜʘʥʠʭ  ̔
ʢʨʘʱʝ ʨʦʟʫʤʽʻ ʚʠʢʣʘʜʘʯʽʚ.  

7. TeachMateAI  - ʧʨʦʛʨʘʤʘ ʧʨʦʧʦʥʫʻ ʥʠʟʢʫ 
ʮʽʢʘʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʆʩ ɹ ʜʝʷʢʽ ʟ ʥʠʭ: 
ɻʝʥʝʨʘʪʦʨ ʽʜʝʡ - ʩʪʚʦʨʶʻ ʮʽʣʠʡ ʧʝʨʝʣʽʢ 
ʪʚʦʨʯʠʭ ʽʜʝʡ ʜʣʷ ʟʘʭʦʜʽʚ, ʱʦʙ ʚʠʢʣʘʜʘʯ ʤʽʛ 
ʚʽʜʩʣʽʜʢʫʚʘʪʠ, ʷʢ ʟʜʦʙʫʚʘʯʽ ʦʩʚʽʪʠ ʟʘʩʚʦʶʶʪʴ 
ʤʘʪʝʨʽʘʣ ʟ ʧʝʚʥʦʾ ʪʝʤʠ. ʇʨʦʩʪʦ ʚʢʘʞʽʪʴ ʪʝʤʫ 
ʪʘ ʚʽʢʦʚʫ ʢʘʪʝʛʦʨʽʶ   ̔ ʜʦʟʚʦʣʴʪʝ ʐɯ 
ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʽʜʝʾ.  

ɯʥʪʝʨʚôʁ ʽʟ ʟʽʨʢʦʶ  - ʜʦʧʦʤʘʛʘʻ ʟʛʝʥʝʨʫʚʘʪʠ 
ʫʷʚʥʝ ʽʥʪʝʨʚôʁ ʟ ʚʽʜʦʤʦʶ ʽʩʪʦʨʠʯʥʦʶ ʦʩʦʙʦʶ, 
ʟʽʨʢʦʶ ʯʠ ʧʦʚʥʽʩʪʶ ʚʠʛʘʜʘʥʠʤ ʧʝʨʩʦʥʘʞʝʤ. 
ʇʨʦʩʪʦ ʚʢʘʞʽʪʴ ʽʤô̫ ʦʩʦʙʠ  ̔ʪʨʠ ʟʘʧʠʪʘʥʥʷ, ʷʢʽ 
ʚʠ ʭʦʪʽʣʠ ʙ ʧʦʩʪʘʚʠʪʠ. 

ɻʝʥʝʨʘʪʦʨ ʪʝʢʩʪʫ  ̔ ʟʘʧʠʪʘʥʴ - 
ʚʠʢʦʨʠʩʪʦʚʫʡʪʝ ʮʝʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ 
ʩʪʚʦʨʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʪʝʢʩʪʽʚ  ̔ ʚʧʨʘʚ ʥʘ 
ʟʘʩʚʦʻʥʥʷ ʤʘʪʝʨʽʘʣʫ. ʇʨʦʩʪʦ ʚʚʝʜʽʪʴ 
ʧʦʪʨʽʙʥʫ ʜʦʚʞʠʥʫ ʪʝʢʩʪʫ, ʪʝʤʫ, ʚʽʢʦʚʫ ʛʨʫʧʫ 
ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ. 

8. MIZOU - ʮʝ ʜʦʙʽʨʢʘ ʯʘʪ-ʙʦʪʽʚ ʽʟ ʙʫʜʴ-ʷʢʦʾ 
ʦʩʚʽʪʥʴʦʾ ʪʝʤʘʪʠʢʠ. ʄʦʞʝʪʝ ʧʦʩʧʽʣʢʫʚʘʪʠʩʴ 
ʷʢ ʟ ʥʘʫʢʦʚʮʷʤʠ-ʽʩʪʦʨʠʢʘʤʠ, ʪʘʢ  ̔ ʧʨʦʩʪʦ 
ʜʽʟʥʘʪʠʩʴ ʱʦʩʴ ʢʦʨʠʩʥʝ ʧʨʦ ʢʦʥʢʨʝʪʥʫ ʪʝʤʫ 
ð ʥʘʧʨʠʢʣʘʜ, ʧʨʦ ʛʘʣʫʟʴ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ 
ʝʥʝʨʛʝʪʠʢʠ. 

9. Lenovo Tech Today  - ʟ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ 
ʤʦʞʥʘ ʨʦʟʨʦʙʣʷʪʠ STEM-ʧʨʦʻʢʪʠ, ʱʦ ʥʝ 
ʧʦʪʨʝʙʫʶʪʴ ʥʘʜʩʫʯʘʩʥʦʛʦ ʜʦʨʦʛʦʚʘʨʪʽʩʥʦʛʦ 
ʦʙʣʘʜʥʘʥʥʷ, ʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʝʯʽ, ʷʢʽ ʣʝʛʢʦ 
ʧʽʜʜʘʶʪʴʩʷ ʧʝʨʝʨʦʙʮʽ: ʢʘʨʪʦʥʥʽ ʢʦʨʦʙʢʠ, 
ʧʣʘʩʪʠʢʦʚʽ ʛʦʨʥʷʪʢʘ, ʟʘʣʠʰʢʠ ʪʨʫʙʦʯʦʢ.  

10. ANTON: Curriculum & Homeschool  - 
ʧʦʚʥʽʩʪʶ ʙʝʟʢʦʰʪʦʚʥʠʡ ʥʘʚʯʘʣʴʥʠʡ 
ʟʘʩʪʦʩʫʥʦʢ ʜʣʷ ʰʢʽʣ ʪʘ ʟʘʢʣʘʜʽʚ ʬʘʭʦʚʦʾ 
ʧʝʨʝʜʚʠʱʦʾ ʦʩʚʽʪʠ. ʄʽʩʪʠʪʴ ʢʦʤʧʣʝʢʩʥʫ 
ʥʘʚʯʘʣʴʥʫ ʧʨʦʛʨʘʤʫ ʜʣʷ ʚʠʢʣʘʜʘʥʥʷ ʚʩʽʭ 
ʧʨʝʜʤʝʪʽʚ: ʚʽʜ ʤʦʚ, ʦʨʬʦʛʨʘʬʽʾ ʡ 
ʩʫʩʧʽʣʴʩʪʚʦʟʥʘʚʩʪʚʘ ʜʦ ʤʘʪʝʤʘʪʠʢʠ, 
ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ, ʛʝʦʛʨʘʬʽʾ ʪʘ ʤʫʟʠʢʠ.  

11. Goodnotes -  ʨʝʩʫʨʩ ʜʣʷ ʦʩʚʽʪʷʥ. ɿʘʨʘʟ 
ʚʽʥ ʜʦʩʪʫʧʥʠʡ ʣʠʰʝ ʜʣʷ «ʘʡʧʘʜʽʚ», ʘʣʝ ʜʫʞʝ 
ʧʝʨʩʧʝʢʪʠʚʥʠʡ. ʎʝ ʪʘʢʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʟʦʰʠʪ, 
ʜʝ ʟʜʦʙʫʚʘʯʽ ʦʩʚʽʪʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʙʫʜʴ-
ʷʢʽ ʟʘʚʜʘʥʥʷ, ʘ ʚʠʢʣʘʜʘʯ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 
ʙʘʯʠʪʴ ʫʩʽ ʮ ̔ʟʦʰʠʪʠ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʐɯ ʤʦʞʝ 
ʚʠʦʢʨʝʤʣʶʚʘʪʠ ʚ ʟʘʚʜʘʥʥʷʭ ʪʠʧʦʚʽ ʧʦʤʠʣʢʠ. 

12. Redmenta - ʨʦʟʨʦʙʥʠʢ ʢʦʥʪʝʥʪʫ ʥʘ 
ʦʩʥʦʚʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʘʢʪʠʚʥʦʛʦ 
ʥʘʚʯʘʥʥʷ ʪʘ ʚʯʠʪʝʣʴʩʴʢʦʛʦ ʥʘʪʭʥʝʥʥʷ. ɺʠ 
ʟʘʣʠʚʘʻʪʝ ʚ ʧʨʦʛʨʘʤʫ ʙʫʜʴ-ʷʢʠʡ ʥʘʚʯʘʣʴʥʠʡ 
ʪʝʢʩʪ,  ̔ʐɯ ʛʝʥʝʨʫʻ ʜʦ ʥʴʦʛʦ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ 
ʟʘʚʜʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʩʪʫʧ ʜʦ ʟʘʥʷʪʪʷ ʪʘ 
ʨʝʬʣʝʢʩʽʶ ʜʣʷ ʡʦʛʦ ʟʘʚʝʨʰʝʥʥʷ. 

13. Empatico - ʟʘʩʪʦʩʫʥʦʢ, ʱʦ ʜʦʧʦʤʘʛʘʻ 
ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʤʝʥʪʘʣʴʥʝ ʟʜʦʨʦʚô̫ 
ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ.  

14. kami - ʧʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʧʨʘʮʶʚʘʪʠ ʟ 
ʪʝʢʩʪʘʤʠ, ʦʙʨʦʙʣʷʪʠ ʘʫʜʽʦʟʘʧʠʩʠ, 
ʧʝʨʝʪʚʦʨʶʶʯʠ ʾʭ ʥʘ ʪʝʢʩʪ. ʄʦʞʥʘ ʧʨʘʮʶʚʘʪʠ 
ʟ ʛʨʫʧʦʶ, ʩʪʚʦʨʠʚʰʠ ʩʧʽʣʴʥʫ ʚʽʨʪʫʘʣʴʥʫ 
ʜʦʰʢʫ. 

15. Bodyswaps  ð ʯʫʜʦʚʠʡ ʪʨʝʥʘʞʝʨ ʜʣʷ 
ʧʨʦʢʘʯʢʠ soft skills. ʄʦʞʥʘ ʟʤʦʜʝʣʶʚʘʪʠ 
ʙʫʜʴ-ʷʢʫ ʞʠʪʪʻʚʫ ʩʠʪʫʘʮʽʶ: ʽʥʪʝʨʚôʁ, 
ʩʧʽʚʙʝʩʽʜʘ, ʢʦʥʬʣʽʢʪʥʘ ʩʠʪʫʘʮʽʷ. ʐʪʫʯʥʠʡ 
ʽʥʪʝʣʝʢʪ ʧʨʦʘʥʘʣʽʟʫʻ ʚʘʰʽ ʚʽʜʧʦʚʽʜʽ ʪʘ ʜʘʩʪʴ 
ʩʣʫʰʥʽ ʧʦʨʘʜʠ ʡ ʧʽʜʢʘʟʢʠ, ʷʢ ʧʦʢʨʘʱʠʪʠ 
ʨʝʟʫʣʴʪʘʪ [3].  

ʈʘʟʦʤ ʽʟ ʧʝʨʝʚʘʛʘʤʠ ʽʩʥʫʶʪʴ  ̔ʧʝʚʥʽ ʨʠʟʠʢʠ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʦʩʚʽʪʽ. 
ʉʝʨʝʜ ʥʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʟʘʣʝʞʥʽʩʪʴ 
ʩʪʫʜʝʥʪʽʚ ʚʽʜ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʨʠʟʠʢ 
ʧʦʨʫʰʝʥʥʷ ʘʢʘʜʝʤʽʯʥʦʾ ʜʦʙʨʦʯʝʩʥʦʩʪʽ ʪʘ 
ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʥʝʜʦʩʪʦʚʽʨʥʦʾ 
ʽʥʬʦʨʤʘʮʽʾ. ʉʘʤʝ ʪʦʤʫ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ 
ʚʠʢʣʘʜʘʯʽʚ ̒  ʬʦʨʤʫʚʘʥʥʷ ʚ ʩʪʫʜʝʥʪʽʚ ʥʘʚʠʯʦʢ 
ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ [4]. 

ʋ ʤʘʡʙʫʪʥʴʦʤʫ ʨʦʣʴ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ 
ʦʩʚʽʪʽ ʙʫʜʝ ʣʠʰʝ ʟʨʦʩʪʘʪʠ. ʆʯʽʢʫʻʪʴʩʷ 
ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʘʜʘʧʪʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ, 
ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ ʦʩʚʽʪʥʽʭ ʧʣʘʪʬʦʨʤ ʪʘ 
ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ 
ʩʪʫʜʝʥʪʽʚ. ʂʦʣʝʜʞʽ, ̫ ʢʽ ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʶʪʴ 
ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʦʪʨʠʤʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 
ʧʽʜʚʠʱʠʪʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʪʘ 
ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʫ ʧʽʜʛʦʪʦʚʢʫ ʤʘʡʙʫʪʥʽʭ 
ʬʘʭʽʚʮʽʚ. 

3. ɺʠʩʥʦʚʢʠ 

ʆʪʞʝ, ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ  ̒ ʚʘʞʣʠʚʠʤ 
ʝʣʝʤʝʥʪʦʤ ʩʫʯʘʩʥʦʾ ʦʩʚʽʪʠ ʪʘ ʘʢʪʠʚʥʦ 
ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʜʽʷʣʴʥʦʩʪʽ ʢʦʣʝʜʞʽʚ. 
ʊʝʭʥʦʣʦʛʽʾ ʐɯ ʩʧʨʠʷʶʪʴ ʩʪʚʦʨʝʥʥʶ 
ʧʨʝʟʝʥʪʘʮʽʡ, ʪʝʢʩʪʽʚ, ʪʝʩʪʽʚ, ʚʽʜʝʦʨʦʣʠʢʽʚ ʪʘ 
ʽʥʰʠʭ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʟʥʘʯʥʦ 
ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʮʠʬʨʦʚʠʭ 
ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʥʘʚʯʘʥʥʷ 
ʙʽʣʴʰ ʮʽʢʘʚʠʤ, ʜʦʩʪʫʧʥʠʤ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʠʤ. 

ʈʘʟʦʤ ʽʟ ʪʠʤ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ 
ʧʨʘʚʠʣʴʥʝ ʪʘ ʚʽʜʧʦʚʽʜʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʜʦʪʨʠʤʘʥʥʷ ʧʨʠʥʮʠʧʽʚ 
ʘʢʘʜʝʤʽʯʥʦʾ ʜʦʙʨʦʯʝʩʥʦʩʪʽ ʪʘ ʨʦʟʚʠʪʦʢ 
ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ. 
ʇʦʜʘʣʴʰʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʐɯ ʚ ʦʩʚʽʪʫ 
ʩʧʨʠʷʪʠʤʝ ʤʦʜʝʨʥʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ 
ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʭ 
ʬʘʭʽʚʮʽʚ. 

4. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
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ʋʢʨʘʾʥʠ, 2022. 320 ʩ. 
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ʥʘʚʯʘʥʥʷ. 2023. ˉ 4. ʉ. 15ï28. 
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ʟʚʝʨʥʝʥʥʷ: 15.06.2026). 

[4] ɿʘʢʦʥ ʋʢʨʘʾʥʠ «ʇʨʦ ʦʩʚʽʪʫ» ʚʽʜ 
05.09.2017 ˉ 2145-VIII. URL: 
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Increasing the energy efficiency of 
the shopping center's engineering 
systems by integrating a modular 
thermal waste processing system  

V. Yurko  
yurkovladymyr@ukr.net 

Abstract . Complex aspects of municipal solid 
waste (MSW) management generated during 
the operation of shopping and entertainment 
centers (SECs) have been investigated. The 
application of the local thermal disposal method 
(Waste-to-Energy) is substantiated as the most 
effective for morphologically complex waste with 
a high content of polymers and paper. The 
scientific novelty of the work lies in the 
thermodynamic justification and development of 
a modular plant that allows scaling thermal 
capacity depending on seasonal fluctuations in 
waste accumulation. A scheme for integrating a 
heat-recovery hot-water boiler into the return 
pipeline loop of the hot water supply (HWS) and 
district heating systems of the SEC is proposed. 
It is proven by calculation that the disposal of 
waste at an amount of 100 kg/h ensures water 
heating from 15 °C to 65 °C, substituting a 
significant part of organic fuel (natural gas) and 
reducing the anthropogenic load on the 
municipal infrastructure. 

Keywords.  municipal solid waste, SEC, 
modular plant, thermal disposal, Waste-to-
Energy, hot water supply, energy efficiency. 

1. ɺʩʪʫʧ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ 
ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ ʋʢʨʘʾʥʠ ʪʘ ʩʚʽʪʫ 
ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʛʦʩʪʨʦʶ ʧʦʪʨʝʙʦʶ ʫ 
ʧʽʜʚʠʱʝʥʥʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʽ 
ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʚʢʽʣʣʷ. 
ʆʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʮʷ ʧʨʦʙʣʝʤʘ ʥʘʙʫʚʘʻ 
ʜʣʷ ʚʝʣʠʢʠʭ ʢʦʤʝʨʮʽʡʥʠʭ ʦʙ'ʻʢʪʽʚ, ʟʦʢʨʝʤʘ 
ʪʦʨʛʽʚʝʣʴʥʦ-ʨʦʟʚʘʞʘʣʴʥʠʭ ʮʝʥʪʨʽʚ (ʊʈʎ), ʷʢʽ 
ʻ ʧʦʪʫʞʥʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ ʩʧʝʮʠʬʽʯʥʠʭ 
ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ (ʧʘʢʫʚʘʣʴʥʘ 
ʪʘʨʘ, ʧʣʘʩʪʠʢ, ʧʘʧʽʨ, ʭʘʨʯʦʚʽ ʚʽʜʭʦʜʠ 
ʬʫʜʢʦʨʪʽʚ). 

ʊʨʘʜʠʮʽʡʥʝ ʚʠʚʝʟʝʥʥʷ ʪʘʢʠʭ ʚʽʜʭʦʜʽʚ ʥʘ 
ʧʦʣʽʛʦʥʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ 
ʣʦʛʽʩʪʠʯʥʠʭ ʚʠʪʨʘʪ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ 
ʩʠʪʫʘʮʽʾ ʚ ʤʝʞʘʭ ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ. ɺʦʜʥʦʯʘʩ, 
ʮʽ ʚʽʜʭʦʜʠ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʣʦʢʘʣʴʥʠʭ 
ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʤʽʪʪʻʩʧʘʣʶʚʘʣʴʥʠʭ 
ʫʩʪʘʥʦʚʦʢ (ʉʉʋ) ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʪʝʧʣʦʪʠ 
ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʢʦʥʮʝʧʮʽʶ Waste-to-
Energy, ʤʽʥʽʤʽʟʫʚʘʪʠ ʦʙʩʷʛʠ ʟʘʭʦʨʦʥʝʥʥʷ 
ʩʤʽʪʪʷ ʪʘ ʯʘʩʪʢʦʚʦ ʟʘʤʽʩʪʠʪʠ ʩʧʦʞʠʚʘʥʥʷ 
ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ (ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ) 
ʽʥʞʝʥʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʊʈʎ. 

ʇʠʪʘʥʥʷʤ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʊʇɺ ʪʘ 
ʪʝʥʜʝʥʮʽʷʤ ʡʦʛʦ ʟʤʽʥʠ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ 
ɯʣʴʾʥʠʭ ɻ.ɺ. ʪʘ ɸʙʨʘʤʦʚʘ ʅ.ʌ.. ɿʘʛʘʣʴʥʽ 
ʧʨʠʥʮʠʧʠ ʪʝʨʤʽʯʥʦʾ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʪʘ 
ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 
ʚʠʩʚʽʪʣʝʥʦ ʫ ʧʨʘʮʷʭ ɾʫʭʦʚʠʮʴʢʦʛʦ ɺ.ɹ. ʪʘ 
ʉʪʝʧʘʥʦʚʘ ɼ.ɺ.. 

ʇʨʦʪʝ, ʫ ʩʫʯʘʩʥʽʡ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ (ʟʛʽʜʥʦ 
ʟ ʢʦʥʮʝʧʮʽʷʤʠ EU Waste Framework Directive) 
ʘʢʮʝʥʪ ʟʤʽʱʫʻʪʴʩʷ ʚʽʜ ʤʘʩʠʚʥʠʭ 
ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʟʘʚʦʜʽʚ ʜʦ ʣʦʢʘʣʴʥʠʭ, 
ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʪʠʣʽʟʘʮʽʾ 
ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʤʽʩʮʷʭ ʫʪʚʦʨʝʥʥʷ ʚʽʜʭʦʜʽʚ. 
ɼʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʛʨʘʮʽʾ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ ʚ 
ʽʥʞʝʥʝʨʥʽ ʤʝʨʝʞʽ ʢʦʥʢʨʝʪʥʠʭ ʢʦʤʝʨʮʽʡʥʠʭ 
ʙʫʜʽʚʝʣʴ (ʊʈʎ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ 
ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʚʠʭʦʜʫ ʚʽʜʭʦʜʽʚ 
ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʚʽʪʣʝʥʠʤʠ, ʱʦ 
ʡ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʘʥʦʛʦ 
ʜʦʩʣʽʜʞʝʥʥʷ. 

2. ʄʝʪʘ ʨʦʙʦʪʠ 

ɺʽʪʯʠʟʥʷʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʯʘʩʪʦ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʩʪʘʨʽʣʝ ʪʝʧʣʦʪʝʭʥʽʯʥʝ 
ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʠʟʴʢʦʛʦ ʂʂɼ 
ʪʘ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʫʯʘʩʥʠʤ ʝʢʦʣʦʛʽʯʥʠʤ 
ʩʪʘʥʜʘʨʪʘʤ ʱʦʜʦ ʚʠʢʠʜʽʚ NOx, SOx ʪʘ 
ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ. ɻʦʣʦʚʥʠʤ ʚʠʢʣʠʢʦʤ ʻ 
ʩʢʣʘʜʥʽʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 
ʧʨʦʮʝʩʘʤʠ ʛʦʨʽʥʥʷ ʟʘ ʫʤʦʚ ʥʝʩʪʘʙʽʣʴʥʦʛʦ ʪʘ 
ʩʢʣʘʜʥʦʛʦ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʽʜʭʦʜʽʚ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ, ʪʝʦʨʝʪʠʯʥʝ 
ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʚʦʛʦ 
ʙʘʣʘʥʩʫ ʤʦʜʫʣʴʥʦʾ ʩʤʽʪʪʻʩʧʘʣʶʚʘʣʴʥʦʾ 
ʫʩʪʘʥʦʚʢʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 100 ʢʛ/ʛʦʜ, ʱʦ 
ʽʥʪʝʛʨʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʫ ʛʘʨʷʯʦʛʦ 
ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ (ɻɺʇ) ʊʈʎ, ʟ 
ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʧʨʦʮʝʩʦʤ 
ʩʧʘʣʶʚʘʥʥʷ ʥʘ ʙʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʟʝʣʴʥʦʛʦ 
ʧʘʣʠʚʘ ʜʣʷ ʨʦʟʧʘʣʫ. 
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3. ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʪʝʨʤʽʯʥʦʛʦ 
ʟʥʠʱʝʥʥʷ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ ʧʦʚʠʥʝʥ 
ʚʢʣʶʯʘʪʠ ʤʝʭʘʥʽʟʦʚʘʥʫ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 
ʚʽʜʭʦʜʽʚ ʜʦ ʩʪʘʥʮʽʾ, ʚʠʚʘʥʪʘʞʝʥʥʷ ʚʽʜʭʦʜʽʚ ʚ 
ʙʫʥʢʝʨ-ʥʘʢʦʧʠʯʫʚʘʯ, ʤʝʭʘʥʽʟʦʚʘʥʫ ʧʦʜʘʯʫ 
ʚʽʜʭʦʜʽʚ ʜʦ ʧʨʠʡʤʘʣʴʥʦʛʦ ʙʫʥʢʝʨʘ 
ʩʤʽʪʪʻʩʧʘʣʶʚʘʣʴʥʽʡ ʧʝʯʽ, ʩʧʘʣʶʚʘʥʥʷ 
ʚʽʜʭʦʜʽʚ ʚ ʧʝʯʽ, ʤʝʭʘʥʽʟʦʚʘʥʝ ʚʠʜʘʣʝʥʥʷ ʟʦʣʠ 
ʪʘ ʰʣʘʢʫ ʟ ʧʝʯʽ [1]. 

ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʜʦ 
ʩʤʽʪʪʻʩʧʘʣʶʚʘʣʴʥʽʡ ʩʪʘʥʮʽʾ ʤʦʞʝ ʙʫʪʠ 
ʟʚʠʯʘʡʥʦʶ (ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʚʪʦʤʦʙʽʣʽʚ-
ʩʤʽʪʪʻʚʦʟʽʚ) ʘʙʦ ʧʥʝʚʤʘʪʠʯʥʦʾ (ʚʘʢʫʫʤʥʦʾ). 
ʆʩʪʘʥʥʽʡ ʤʝʪʦʜ ʚʠʤʘʛʘʻ ʜʝʪʘʣʴʥʦʛʦ ʪʝʭʥʽʢʦ-
ʝʢʦʥʦʤʽʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ, ʥʝ ʟʘʚʞʜʠ 
ʚʠʢʣʶʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʤʽʪʪʻʚʦʟʽʚ, ʘʣʝ 
ʫʩʧʽʰʥʦ ʧʦʻʜʥʫʻʪʴʩʷ ʟ ʚʘʢʫʫʤʥʠʤ 
ʧʨʠʙʠʨʘʥʥʷʤ ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʴ ʊʈʎ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʪʦʧʢʦʚʦʛʦ 
ʧʨʠʩʪʨʦʶ ʨʦʟʨʽʟʥʷʶʪʴ ʧʝʯʽ ʟ ʪʦʧʢʘʤʠ ʙʝʟ 
ʝʬʝʢʪʫ ʰʫʨʫʚʘʥʥʷ ʽ ʪʦʧʢʘʤʠ ʟ ʝʬʝʢʪʦʤ 
ʰʫʨʫʚʘʥʥʷ. ʐʫʨʫʚʘʥʥʷ (ʧʝʨʝʤʽʰʫʚʘʥʥʷ) 
ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʘʝʨʘʮʽʶ ʰʘʨʫ 
ʧʘʣʘʶʯʠʭ ʚʽʜʭʦʜʽʚ, ʰʣʷʭʦʤ ʨʦʟʰʣʘʢʫʚʘʥʥʷ 
ʯʘʩʪʠʥʦʢ, ʷʢʽ ʩʧʝʢʣʠʩʷ [2]. 

ʂʦʥʩʪʨʫʢʮʽʷ ʩʤʽʪʪʻʩʧʘʣʶʚʘʣʴʥʽʡ ʧʝʯʽ 
ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʢʦʥʘʥʥʷ 
ʧʦʩʣʽʜʦʚʥʠʭ ʩʪʘʜʽʡ ʧʨʦʮʝʩʫ ʩʧʘʣʶʚʘʥʥʷ 
ʚʽʜʭʦʜʽʚ: ʩʫʰʢʫ, ʛʦʨʽʥʥʷ, ʜʦʛʦʨʘʥʥʷ. 

ʉʫʰʢʫ ʚʽʜʭʦʜʽʚ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʠ 
ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ ʪʝʧʣʘ ʛʘʟʘʤʠ ʯʝʨʝʟ ʰʘʨ 
ʚʽʜʭʦʜʽʚ ʘʙʦ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʦʙʤʽʥʫ ʟ 
ʛʘʨʷʯʠʤ ʧʦʚʽʪʨʷʤ, ʢʦʣʠ ʚʽʥ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 
ʰʘʨ ʚʽʜʭʦʜʽʚ. ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ 
ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʜʫʪʪʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ 
ʤʝʥʰʝ 200 Áʉ. 

ʅʘ ʩʪʘʜʽʾ ʛʦʨʽʥʥʷ ʟʛʦʨʘʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ 
ʣʝʪʶʯʽ ʩʢʣʘʜʥʠʢʠ ʚʽʜʭʦʜʽʚ ʽ ʧʦʚʠʥʥʽ ʙʫʪʠ 
ʟʘʙʝʟʧʝʯʝʥʽ ʭʦʨʦʰʽ ʟʘʡʤʘʥʥʷ ʽ ʧʦʩʪʽʡʥʠʡ 
ʢʦʥʪʘʢʪ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʚʽʪʨʷ. ʅʘ ʪʨʝʪʽʡ 
ʩʪʘʜʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʛʦʨʘʥʥʷ ʥʘʡʙʽʣʴʰ 
ʚʘʞʢʦ ʧʘʣʘʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɼʣʷ ʜʦʛʦʨʘʥʥʷ 
ʥʝʦʙʭʽʜʥʘ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 
ʧʦʚʽʪʨʷ, ʛʣʠʙʦʢʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʭʦʨʦʰʠʡ 
ʢʦʥʪʘʢʪ ʤʽʞ ʛʘʟʘʤʠ ʽ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ, ʜʦʩʪʘʪʥʽʡ 
ʯʘʩ ʜʣʷ ʟʛʦʨʷʥʥʷ ʚʽʜʭʦʜʽʚ ʽ ʭʦʨʦʰʝ 
ʬʫʪʝʨʫʚʘʥʥʷ ʩʪʽʥʦʢ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʪʝʧʣʘ 
[3]. 

ɿʘ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʟʘʛʘʣʴʥʘ 
ʤʘʩʘ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ ʪʦʨʛʽʚʝʣʴʥʠʭ ʮʝʥʪʨʽʚ 
ʙʣʠʟʴʢʘ ʜʦ ʘʥʘʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʤ ʛʦʨʽʥʥʷ 
ʜʝʨʝʚʘ ʽ ʜʝʨʝʚ'ʷʥʠʭ ʚʠʨʦʙʽʚ ʟ ʪʽʻʶ ʣʠʰʝ 
ʨʽʟʥʠʮʝʶ, ʱʦ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʚʽʜʭʦʜʽʚ 
ʚʠʜʽʣʷʶʪʴʩʷ ʩʧʦʣʫʢʠ ʩʽʨʢʠ, ʟʦʢʨʝʤʘ ʩʽʨʯʠʩʪʠʡ 
ʘʥʛʽʜʨʠʜ. 

ɺʠʭʦʜʷʯʠ ʟ ʨʦʟʨʘʭʫʥʢʽʚ, ʤʦʞʥʘ ʚʠʙʨʘʪʠ 
ʪʦʧʢʦʚʽ ʛʨʘʪʠ, ʧʽʜʽʙʨʘʪʠ ʚʝʥʪʠʣʷʪʦʨʠ ʽ 
ʜʠʤʦʩʦʩʠ, ʧʽʜʨʘʭʫʚʘʪʠ ʰʚʠʜʢʦʩʪʽ ʛʘʟʦʚʠʭ 
ʧʦʪʦʧʽʚ ʽ ʦʪʨʠʤʘʪʠ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ, ʥʝʦʙʭʽʜʥʽ 
ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʢʦʥʩʪʨʫʶʚʘʥʥʷ 
ʩʤʽʪʪʻʩʧʘʣʶʚʘʣʴʥʽʡ ʫʩʪʘʥʦʚʢʠ [5]. 

ʊʘʢ ʩʘʤʦ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 
ʪʝʧʣʦʫʪʠʣʽʟʘʮʽʡʥʠʭ ʫʩʪʘʥʦʚʢʠ ʚʠʭʦʜʠʤʦ ʟ 
ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʘ 
ʚ ʩʠʩʪʝʤʫ ʪʝʧʣʦʬʽʢʘʮʽʾ ʪʘ ʛʘʨʷʯʦʛʦ 
ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʊʈʎ. 

ʊʠʧʦʚʘ ʩʠʩʪʝʤʘ ʪʦʨʛʽʚʝʣʴʥʦʛʦ ʮʝʥʪʨʫ 
ʚʢʣʶʯʘʻ ʚʦʜʦʛʨʽʡʥʫ ʢʦʪʝʣʴʥʶ ʥʘ ʧʨʠʨʦʜʥʦʤʫ 
ʘʙʦ ʟʨʽʜʞʝʥʦʤʫ ʛʘʟʽ, ʟʘʤʢʥʫʪʫ ʦʙʦʨʦʪʥʫ 
ʩʠʩʪʝʤʫ ʪʝʧʣʦʬʽʢʘʮʽʾ ʟ ʪʝʤʧʝʨʘʪʫʨʥʠʤ 
ʛʨʘʬʽʢʦʤ ʤʝʨʝʞʥʦʾ ʚʦʜʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 
ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ 
ʧʦʜʘʯʽ 90-120 Áʉ, ʚ ʟʚʦʨʦʪʥʦʤʫ        60-70 Áʉ. 
ɺʦʜʘ ʜʣʷ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ (ɻɺʇ) 
ʧʠʪʥʦʾ ʷʢʦʩʪʽ ʛʨʽʻʪʴʩʷ ʤʝʨʝʞʥʦʶ ʚʦʜʦʶ ʚ 
ʙʦʡʣʝʨʘʭ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ 
ʢʦʞʫʭʦʪʨʫʙʥʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ. ʉʠʩʪʝʤʘ 
ʧʨʘʮʶʻ ʮʽʣʦʜʦʙʦʚʦ, ʚʣʽʪʢʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 
ʧʦʪʨʝʙʠ ɻɺʇ [4]. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʧʣʦʫʪʠʣʽʟʘʮʽʡʥʦʛʦ 
ʚʦʜʦʛʨʽʡʥʦʛʦ ʢʦʪʣʘ ʚ ʟʘʛʘʣʴʥʫ ʩʠʩʪʝʤʫ, 
ʧʝʨʝʜʙʘʯʘʻʤʦ ʧʽʜʽʛʨʽʚ ʚ ʥʴʦʤʫ ʟʚʦʨʦʪʥʦʾ 
ʪʝʧʣʦʬʽʢʘʮʽʡʥʦʾ ʚʦʜʠ ʚʽʜ 60-70 Áʉ ʜʦ 80-90 Áʉ 
(ʥʘ 20 Áʉ)  ʚ ʢʦʪʝʣʴʥʽʡ ʜʦ ʥʝʦʙʭʽʜʥʦʾ 
ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʩʠʩʪʝʤʫ 
ʪʝʧʣʦʬʽʢʘʮʽʾ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʩʢʦʨʦʯʝʥʥʷʤ 
ʚʠʪʨʘʪ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ [5]. 

ʌʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʚʽʜʭʦʜʽʚ ʥʘʚʝʜʝʥʠʡ ʫ 
ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1. ʌʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʚʽʜʭʦʜʽʚ 

ɺʠʜ 

ʚʽʜʭʦʜʽʚ 

ʉʢʣʘʜ, 

% 

ʉʢʣʘʜ ʩʫʭʦʾ ʤʘʩʠ, % 

ʉ ʅ ʆ N S 
ɸ W 

ʇʣʘʩʪʠʢ 65 62,2 7,2 22,6 - - 5 3 

ʇʘʧʽʨ 25 40,5 6,0 42,0 0,3 0,2 5 6 

ʍʘʨʯʦʚʽ 10 34 5,4 25,6 2,6 0,4 2 30 
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ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: 
ɺʠʩʦʢʠʡ ʚʤʽʩʪ ʧʣʘʩʪʠʢʫ ʪʘ ʧʘʧʝʨʫ (ʩʫʤʘʨʥʦ 
90%) ʟʫʤʦʚʣʶʻ ʥʠʟʴʢʫ ʚʦʣʦʛʽʩʪʴ ʪʘ ʚʠʩʦʢʫ 
ʪʝʧʣʦʪʚʦʨʥʫ ʟʜʘʪʥʽʩʪʴ ʩʫʤʽʰʽ (22ï24 ʄɼʞ/ʢʛ), 
ʱʦ ʥʘʙʣʠʞʘʻ ʾʾ ʟʘ ʪʝʧʣʦʪʝʭʥʽʯʥʠʤʠ 
ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʦ ʩʫʭʦʾ ʜʝʨʝʚʠʥʠ [6]. 

4. ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 
ʤʦʜʫʣʴʥʦʾ ʉʉʋ ʪʘ ʧʦʨʽʚʥʷʣʴʥʠʡ 
ʘʥʘʣʽʟ 

ʇʨʦʮʝʩ ʧʝʨʝʜʙʘʯʘʻ ʤʝʭʘʥʽʟʦʚʘʥʫ ʧʦʜʘʯʫ ʚ 
ʙʫʥʢʝʨ, ʩʧʘʣʶʚʘʥʥʷ ʚ ʧʝʯʽ ʟ ʝʬʝʢʪʦʤ 
ʰʫʨʫʚʘʥʥʷ (ʜʣʷ ʨʫʡʥʫʚʘʥʥʷ ʰʣʘʢʫ, ʱʦ 
ʩʧʽʢʘʻʪʴʩʷ) ʪʘ ʦʙʦʚ'ʷʟʢʦʚʫ ʜʚʦʩʪʫʧʝʥʝʚʫ 
ʦʯʠʩʪʢʫ ʛʘʟʽʚ: ʨʫʢʘʚʥʠʡ ʬʽʣʴʪʨ ʜʣʷ 
ʚʣʦʚʣʶʚʘʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʪʘ ʙʘʢ ʟ ʣʫʞʥʠʤ 
ʨʦʟʯʠʥʦʤ ʜʣʷ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʩʽʨʯʠʩʪʦʛʦ 
ʘʥʛʽʜʨʠʜʫ ʪʘ SOx [7]. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʰʘʨʦʚʠʭ ʪʦʧʦʢ 
ʤʘʩʠʚʥʠʭ ʩʤʽʪʪʻʩʧʘʣʶʚʘʣʴʥʠʭ ʟʘʚʦʜʽʚ ʪʠʧʫ 
Martin, ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʤʦʜʫʣʴʥʝ ʨʽʰʝʥʥʷ 
ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʘʤʝʨʫ ʟ ʝʬʝʢʪʦʤ ʤʝʭʘʥʽʯʥʦʛʦ 
ʰʫʨʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʪʠʣʽʟʫʚʘʪʠ 
ʚʠʩʦʢʦʢʘʣʦʨʽʡʥʽ ʚʽʜʭʦʜʠ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 
ʧʦʣʽʤʝʨʽʚ ʙʝʟ ʨʠʟʠʢʫ ʩʧʽʢʘʥʥʷ ʪʘ ʘʚʘʨʽʡʥʦʾ 
ʟʫʧʠʥʢʠ ʢʦʣʦʩʥʠʢʽʚ [8]. 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʪʘʮʽʦʥʘʨʥʦʾ ʉʉʋ 
ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

1 - ʧʣʘʪʬʦʨʤʘ ʫʩʪʘʥʦʚʢʠ; 2 - ʜʦʜʘʪʢʦʚʝ ʦʙʣʘʜʥʘʥʥʷ;         3 - 
ʜʨʘʙʠʥʠ ʽ ʧʣʦʱʘʜʢʠ; 4 - ʛʽʜʨʦʤʘʥʽʧʫʣʷʪʦʨ;                    5 - 
ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ; 6 - ʫʩʪʘʥʦʚʢʘ ʧʝʯʽ ʟ 

ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʦʤ; 7 - ʬʽʣʴʪʨ ʨʫʢʘʚʥʠʡ;                           8 - 
ʜʠʤʦʧʨʦʚʦʜʠ, ʚʠʪʷʞʥʠʡ ʧʨʠʩʪʨʽʡ, ʬʽʣʴʪʨʘ, ʜʠʤʦʚʘ ʪʨʫʙʘ; 9 - 
ʧʦʚʽʪʨʦʧʨʦʚʦʜʠ ʟ ʚʝʥʪʠʣʷʪʦʨʦʤ; 10 - ʩʠʩʪʝʤʘ ʣʫʞʥʦʛʦ 

ʨʦʟʯʠʥʫ ʟ ʙʘʢʦʤ;  11 - ʜʦʤʢʨʘʪ. 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʤʽʪʪʻʩʧʘʣʶʚʘʣʴʥʦʾ 

ʩʪʘʮʽʦʥʘʨʥʦʾ ʫʩʪʘʥʦʚʢʠ. 

5. ʆʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 
ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ 
ʧʨʦʮʝʩʫ ʛʦʨʽʥʥʷ ʜʣʷ ʫʩʪʘʥʦʚʢʠ 
ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ M = 100 ʢʛ/ʛʦʜ. ʉʫʤʘʨʥʘ 
ʥʠʞʯʘ ʪʝʧʣʦʪʚʦʨʥʘ ʟʜʘʪʥʽʩʪʴ ʚʽʜʭʦʜʽʚ (Qʅ) 
ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʯʘʩʪʢʠ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʣʘʩʪʠʢʫ, ʧʘʧʝʨʫ ʪʘ ʭʘʨʯʦʚʠʭ ʚʽʜʭʦʜʽʚ ʽ 
ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 22,5 ʄɼʞ/ʢʛ.. 

6. ʇʨʠʙʫʪʢʦʚʘ ʯʘʩʪʠʥʘ ʙʘʣʘʥʩʫ 

(Qʧʨʠʭ) 

Qʧʨʠʭ = Qʪ + Qʚ.ʪ + Qʤ + Qʚ.ʤ + Qʝʢʟ 

¶ Qʪ = x * q ʧʘʣʠʚʘ ï ʪʝʧʣʦʪʘ 

ʩʧʘʣʶʚʘʥʥʷ ʜʦʧʦʤʽʞʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ 

ʧʘʣʠʚʘ (x ï ʚʠʪʨʘʪʘ, ʢʛ/ʛʦʜ). 

¶ Qʚ.ʪ ï ʪʝʧʣʦʤʽʩʪʢʽʩʪʴ ʧʦʚʽʪʨʷ ʜʣʷ 

ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ. 

¶ Qʤ = M * Qʥ ï ʪʝʧʣʦʪʘ ʛʦʨʽʥʥʷ ʚʽʜʭʦʜʽʚ. 

¶ Qʚ.ʤ ï ʪʝʧʣʦʤʽʩʪʢʽʩʪʴ ʧʦʚʽʪʨʷ ʜʣʷ 

ʩʧʘʣʶʚʘʥʥʷ ʚʽʜʭʦʜʽʚ (ʧʨʠʡʥʷʪʦ ʟ 

ʧʽʜʽʛʨʽʚʦʤ ʜʦ tʧ = 200ÁC). 

¶ Qʝʢʟ = 0 (ʝʢʟʦʪʝʨʤʽʯʥʽ ʨʝʘʢʮʽʾ ʚʽʜʩʫʪʥʽ). 

7. ɺʠʜʘʪʢʦʚʘ ʯʘʩʪʠʥʘ ʙʘʣʘʥʩʫ (Qʚʠʜ) 

Qʚʠʜ = Qʛ.ʧ + Qʛ.ʤ + Qʚʠʧ + Qʝʥʜ + Qʰʣ + 

Qʧʽʜʩ + Qʚʪʨ 

¶ Qʛ.ʧ, Qʛ.ʤ ï ʪʝʧʣʦʪʘ ʧʨʦʜʫʢʪʽʚ ʛʦʨʽʥʥʷ 

ʧʘʣʠʚʘ ʪʘ ʚʽʜʭʦʜʽʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚ 

ʪʦʧʮʽ tʧʛ = 1100°C. 

¶ Qʚʠʧ ï ʚʠʪʨʘʪʘ ʥʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

ʚʦʣʦʛʠ (r = 2200 ʢɼʞ/ʢʛ). 

¶ Qʝʥʜ = 0; Qʰʣ ï ʪʝʧʣʦ ʰʣʘʢʫ ʧʨʠ tʰʣ 

= 1000°C. 

¶ Qʧʽʜʩ ï ʥʘʛʨʽʚ ʧʦʚʽʪʨʷ, ʱʦ 

ʧʽʜʩʤʦʢʪʫʻʪʴʩʷ (10%). 

¶ Qʚʪʨ ï ʚʪʨʘʪʠ ʢʦʥʩʪʨʫʢʮʽʻʶ ʧʝʯʽ 

(ʧʨʠʡʥʷʪʦ 5% ʚʽʜ ʧʨʠʭʦʜʫ). 

ɿʽʩʪʘʚʣʝʥʥʷ ʧʨʠʭʦʜʫ ʪʘ ʚʠʜʘʪʢʫ ʜʘʻ 

ʣʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ: 

2697,8 + 42,8 * x = 3128,8 + 2,14 * x 

ɿʚʽʜʩʠ ʚʠʪʨʘʪʘ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ 

ʩʪʘʥʦʚʠʪʴ  

x = 10,6 ʢʛ/ʛʦʜ. 

ʇʘʨʘʤʝʪʨʠ ʪʝʧʣʦʫʪʠʣʽʟʘʮʽʾ. ɼʠʤʦʚʽ ʛʘʟʠ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 1100 °C ʥʘʜʭʦʜʷʪʴ ʜʦ 

ʢʦʘʢʩʽʘʣʴʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʪʣʘ 

ʧʨʠʡʤʘʻʪʴʩʷ tʚʽʜ.ʛ = 120°C, ʱʦ ʟʘʧʦʙʽʛʘʻ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʢʠʩʣʦʪʥʽʡ ʢʦʨʦʟʽʾ. 

ʆʪʨʠʤʘʥʘ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʥʘ 

ʜʦʛʨʽʚ ʟʚʦʨʦʪʥʦʾ ʚʦʜʠ ʩʠʩʪʝʤʠ 

ɻɺʇ/ʪʝʧʣʦʬʽʢʘʮʽʾ ʊʈʎ ʚʽʜ 60ï70 °C ʜʦ 80ï90 
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°C (ʧʽʜʚʠʱʝʥʥʷ ʥʘ 20 °C). ʇʨʠ ʰʚʠʜʢʦʩʪʽ 

ʪʝʧʣʦʥʦʩʽʷ 1,5 ʤ/ʩ ʫ ʩʪʘʣʝʚʠʭ ʪʨʫʙʘʭ 

ʜʽʘʤʝʪʨʦʤ 28 ʤʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʩʦʢʘ 

ʢʦʤʧʘʢʪʥʽʩʪʴ ʫʪʠʣʽʟʘʮʽʡʥʦʛʦ ʙʣʦʢʘ. 

8. ɺʠʩʥʦʚʢʠ 

1. ɸʥʘʣʽʟ ʧʘʣʠʚʥʦʾ ʙʘʟʠ. ʉʧʝʮʠʬʽʯʥʠʡ 
ʩʢʣʘʜ ʊʇɺ ʪʦʨʛʦʚʝʣʴʥʠʭ ʮʝʥʪʨʽʚ (ʜʦ 80% 
ʧʘʧʝʨʫ ʪʘ ʧʣʘʩʪʠʢʫ) ʤʘʻ ʥʠʟʴʢʫ ʚʦʣʦʛʽʩʪʴ ʪʘ 
ʪʝʧʣʦʪʚʦʨʥʫ ʟʜʘʪʥʽʩʪʴ ʥʘ ʨʽʚʥʽ 22ï24 ʄɼʞ/ʢʛ, 
ʱʦ ʨʦʙʠʪʴ ʾʭ ʚʠʩʦʢʦʢʘʣʦʨʽʡʥʠʤ ʤʽʩʮʝʚʠʤ 
ʚʪʦʨʠʥʥʠʤ ʝʥʝʨʛʦʨʝʩʫʨʩʦʤ. 

2. ɽʥʝʨʛʝʪʠʯʥʘ ʘʚʪʦʥʦʤʥʽʩʪʴ. 
ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ 
ʜʦʚʝʣʘ, ʱʦ ʜʣʷ ʫʪʠʣʽʟʘʮʽʾ 100 ʢʛ/ʛʦʜ ʚʽʜʭʦʜʽʚ 
ʚʠʪʨʘʪʘ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ 
10,6 ʢʛ/ʛʦʜ. ʎʝ ʛʘʨʘʥʪʫʻ ʧʽʜʪʨʠʤʢʫ 
ʪʝʤʧʝʨʘʪʫʨʠ ʛʦʨʽʥʥʷ 1100°C ʜʣʷ ʧʦʚʥʦʾ 
ʜʝʩʪʨʫʢʮʽʾ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ. 

3. ɽʢʦʥʦʤʽʯʥʠʡ ʪʘ ʝʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ. 
ɯʥʪʝʛʨʘʮʽʷ ʤʦʜʫʣʴʥʦʛʦ ʚʦʜʦʛʨʽʡʥʦʛʦ ʙʣʦʢʘ 
ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʛʨʽʚ ʛʘʨʷʯʦʾ ʚʦʜʠ 
ʜʣʷ ʧʦʪʨʝʙ ʬʫʜʢʦʨʪʽʚ ʪʘ ʩʘʥʽʪʘʨʥʠʭ ʟʦʥ ʊʈʎ. 
ʃʦʢʘʣʴʥʘ ʧʝʨʝʨʦʙʢʘ ʩʢʦʨʦʯʫʻ ʚʠʪʨʘʪʠ ʥʘ 
ʚʠʚʝʟʝʥʥʷ ʩʤʽʪʪʷ ʥʘ ʧʦʣʽʛʦʥʠ ʪʘ ʩʫʪʪʻʚʦ 
ʟʥʠʞʫʻ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʙʘʟʦʚʦʶ 
ʢʦʪʝʣʴʥʝʶ. 
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Abstract . ɺ ʫʤʦʚʘʭ ʧʦʩʠʣʝʥʥʷ ʛʣʦʙʘʣʴʥʦʾ 
ʢʦʥʢʫʨʝʥʮʽʾ ʪʘ ʟʨʦʩʪʘʥʥʷ ʚʠʤʦʛ ʩʪʝʡʢʭʦʣʜʝʨʽʚ 
ʜʦ ʧʨʦʟʦʨʦʩʪʽ ʡ ʝʢʦʣʦʛʽʯʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ 
ʙʽʟʥʝʩʫ ̔ ʥʪʝʛʨʘʮʽʷ ʧʨʠʥʮʠʧʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 
ʫ ʩʠʩʪʝʤʫ ʤʝʥʝʜʞʤʝʥʪʫ ʷʢʦʩʪʽ (ʉʄʗ) 
ʧʽʜʧʨʠʻʤʩʪʚʘ ʩʪʘʻ ʥʝ ʧʦʙʽʯʥʠʤ, ʘ 
ʩʪʨʘʪʝʛʽʯʥʠʤ ʥʘʧʨʷʤʦʤ ʫʧʨʘʚʣʽʥʩʴʢʦʾ 
ʜʽʷʣʴʥʦʩʪʽ. ʉʫʯʘʩʥʽ ʩʪʘʥʜʘʨʪʠ ʷʢʦʩʪʽ, ʟʦʢʨʝʤʘ 
ʩʝʨʽʾ ISO 9000, ʧʦʩʪʫʧʦʚʦ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ 
ʩʫʪʦ ʪʝʭʥʽʯʥʠʭ  ̔ʧʨʦʮʝʩʥʠʭ ʚʠʤʦʛ, ʚʢʣʶʯʘʶʯʠ 
ʘʩʧʝʢʪʠ ʩʦʮʽʘʣʴʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ, 
ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʩʪʘʣʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʨʝʩʫʨʩʽʚ.  

ɸʥʘʣʽʟ ʤʽʩʮʷ ʪʘ ʨʦʣʽ ʩʪʘʥʜʘʨʪʽʚ ʩʪʘʣʦʛʦ 
ʨʦʟʚʠʪʢʫ (ISO 26000:2010, ʎʽʣʽ ʩʪʘʣʦʛʦ 
ʨʦʟʚʠʪʢʫ ʆʆʅ ʜʦ 2030 ʨʦʢʫ) ʫ ʩʪʨʫʢʪʫʨʽ 
ʩʫʯʘʩʥʦʾ ʩʠʩʪʝʤʠ ʤʝʥʝʜʞʤʝʥʪʫ ʷʢʦʩʪʽ 
ʧʽʜʧʨʠʻʤʩʪʚʘ,  ̒ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ 
ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʽʥʥʦʚʘʮʽʡ ʚ ʫʢʨʘʾʥʩʴʢʽʡ ʙʽʟʥʝʩ.  

ɸʥʘʣʽʟ ʜʞʝʨʝʣ ʧʦʢʘʟʫʻ, ʱʦ ʩʪʘʥʜʘʨʪ ISO 
9001:2015 ʬʦʨʤʫʻ ʦʨʛʘʥʽʟʘʮʽʡʥʫ ʦʩʥʦʚʫ 
ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʯʝʨʝʟ ʧʨʦʮʝʩʥʠʡ ʧʽʜʭʽʜ, 
ʦʨʽʻʥʪʘʮʽʶ ʥʘ ʩʧʦʞʠʚʘʯʘ ʪʘ ʨʠʟʠʢ-
ʦʨʽʻʥʪʦʚʘʥʝ ʤʠʩʣʝʥʥʷ [2]. ɺʦʜʥʦʯʘʩ ISO 
26000:2010 ʨʦʟʰʠʨʶʻ ʫʷʚʣʝʥʥʷ ʧʨʦ ʷʢʽʩʪʴ 
ʫʧʨʘʚʣʽʥʥʷ, ʜʦʜʘʶʯʠ ʢʨʠʪʝʨʽʾ ʩʦʮʽʘʣʴʥʦʾ 
ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ð ʧʨʘʚʘ ʣʶʜʠʥʠ, ʪʨʫʜʦʚʽ 
ʧʨʘʢʪʠʢʠ, ʝʢʦʣʦʛʽʶ, ʝʪʠʯʥʫ ʧʦʚʝʜʽʥʢʫ ʪʘ 
ʟʘʣʫʯʝʥʽʩʪʴ ʛʨʦʤʘʜʠ [1]. ʋ ʩʚʦʶ ʯʝʨʛʫ, 
ʜʦʢʫʤʝʥʪ ʆʆʅ ñTransforming Our World: The 
2030 Agenda for Sustainable Developmentò 
ʚʠʟʥʘʯʘʻ 17 ʛʣʦʙʘʣʴʥʠʭ ʮʽʣʝʡ ʩʪʘʣʦʛʦ 
ʨʦʟʚʠʪʢʫ, ʷʢʽ ʩʣʫʛʫʶʪʴ ʩʪʨʘʪʝʛʽʯʥʠʤ 
ʦʨʽʻʥʪʠʨʦʤ ʜʣʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʧʦʣʽʪʠʢʠ 
ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʩʬʝʨʽ ʷʢʦʩʪʽ ʪʘ 
ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ [3]. 

ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʟʛʣʷʥʫʪʠʭ 

ʩʪʘʥʜʘʨʪʽʚ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1. ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʩʪʘʥʜʘʨʪʽʚ ʷʢʦʩʪʽ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʂʨʠʪʝʨʽʡ ISO 9001:2015 ISO 26000:2010 
ʎʉʈ ʆʆʅ 

(2030) 

ʉʬʝʨʘ ʜʽʾ ʉʠʩʪʝʤʘ 

ʤʝʥʝʜʞʤʝʥʪʫ 

ʷʢʦʩʪʽ 

ʉʦʮʽʘʣʴʥʘ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ 

ʦʨʛʘʥʽʟʘʮʽʾ 

ɻʣʦʙʘʣʴʥʠʡ 

ʨʦʟʚʠʪʦʢ 

(17 ʮʽʣʝʡ) 

ʉʪʘʪʫʩ ʉʝʨʪʠʬʽʢʘʮʽʡʥʠʡ 

ʩʪʘʥʜʘʨʪ 

ʈʝʢʦʤʝʥʜʘʮʽʡʥʠʡ 

(ʙʝʟ 

ʩʝʨʪʠʬʽʢʘʮʽʾ) 

ʈʘʤʢʦʚʠʡ 

ʜʦʢʫʤʝʥʪ-

ʦʨʽʻʥʪʠʨ 

ʂʣʶʯʦʚʠʡ 

ʬʦʢʫʩ 

ɿʘʜʦʚʦʣʝʥʽʩʪʴ 

ʩʧʦʞʠʚʘʯʘ, 

ʧʨʦʮʝʩʥʠʡ ʧʽʜʭʽʜ 

ʇʨʘʚʘ ʣʶʜʠʥʠ, 

ʝʢʦʣʦʛʽʷ, ʝʪʠʢʘ, 

ʧʨʘʮʷ 

ɽʢʦʥʦʤʽʯʥʘ, 

ʩʦʮʽʘʣʴʥʘ, 

ʝʢʦʣʦʛʽʯʥʘ 

ʩʪʘʣʽʩʪʴ 

ɿʚ'ʷʟʦʢ ʽʟ 

ʉʄʗ 

ʧʽʜʧʨʠʻʤʩʪʚʘ 

ɹʘʟʦʚʘ ʦʩʥʦʚʘ 

ʫʧʨʘʚʣʽʥʥʷ 

ʷʢʽʩʪʶ 

ɼʦʧʦʚʥʶʻ ʉʄʗ 

ʩʦʮʽʘʣʴʥʦʶ 

ʩʢʣʘʜʦʚʦʶ 

ɺʠʟʥʘʯʘʻ 

ʩʪʨʘʪʝʛʽʯʥʽ 

ʦʨʽʻʥʪʠʨʠ 

ʜʣʷ ʉʄʗ 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ, ISO 9001:2015 ʚʠʢʦʥʫʻ 
ʬʫʥʢʮʽʶ ʦʧʝʨʘʮʽʡʥʦʛʦ ñʢʘʨʢʘʩʫò ʫʧʨʘʚʣʽʥʥʷ, 
ʪʦʜʽ ʷʢ ISO 26000:2010 ʪʘ ʎʉʈ ʆʆʅ ʟʘʜʘʶʪʴ 
ʟʤʽʩʪʦʚʝ ʥʘʧʦʚʥʝʥʥʷ ʮʴʦʛʦ ʢʘʨʢʘʩʫ 
ʧʨʠʥʮʠʧʘʤʠ ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʚʝʜʝʥʥʷ 
ʙʽʟʥʝʩʫ. ʅʘ ʜʫʤʢʫ ʂ. ɺ. ʌʦʢʽʥʦʾ-ʄʝʟʝʥʮʝʚʦʾ, 
ʜʽʻʚʘ ʽʥʪʝʛʨʘʮʽʷ ʪʘʢʠʭ ʧʨʠʥʮʠʧʽʚ ʫ ʉʄʗ 
ʤʦʞʣʠʚʘ ʥʘʩʘʤʧʝʨʝʜ ʯʝʨʝʟ ʬʦʨʤʫʚʘʥʥʷ 
ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʢʫʣʴʪʫʨʠ, ʷʢʘ 
ʤʦʪʠʚʫʻ ʧʝʨʩʦʥʘʣ ʜʦ ʜʦʪʨʠʤʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ 
ʷʢʦʩʪʽ ʡ ʩʦʮʽʘʣʴʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ 
ʦʜʥʦʯʘʩʥʦ [4]. ʅʘʪʦʤʽʩʪʴ ʄ. ʄ. ɺʘʩʠʣʶʢ 
ʥʘʛʦʣʦʰʫʻ ʥʘ ʚʘʞʣʠʚʦʩʪʽ ʷʢʽʩʥʦʛʦ ʘʫʜʠʪʫ ʷʢ 
ʽʥʩʪʨʫʤʝʥʪʫ ʢʦʥʪʨʦʣʶ ʟʘ ʜʦʪʨʠʤʘʥʥʷʤ ʥʝ 
ʣʠʰʝ ʪʝʭʥʽʯʥʠʭ, ʘ ʡ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʣʦʛʽʯʥʠʭ 
ʚʠʤʦʛ ʫ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ [5]. ʅʘ ʦʩʥʦʚʽ 
ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʜʽʣʝʥʦ ʦʩʥʦʚʥʽ 
ʥʘʧʨʷʤʠ ʧʨʘʢʪʠʯʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʩʪʘʥʜʘʨʪʽʚ 
ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʫ ʩʠʩʪʝʤʫ ʤʝʥʝʜʞʤʝʥʪʫ 
ʷʢʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ (ʪʘʙʣʠʮʷ 2). 

ʊʘʙʣʠʮʷ 2. ʅʘʧʨʷʤʠ ʽʥʪʝʛʨʘʮʽʾ ʧʨʠʥʮʠʧʽʚ 
ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʫ ʉʄʗ ʧʽʜʧʨʠʻʤʩʪʚʘ 
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͔͔͎͔ͤͪͦͺ͔͙͍ͭͤͦͫͭ͟͜ ͯ ͍ͤͯͭͪ͜΄ͤ͜ͻ ͙͊ͯ͒ͭ͊ͻ 

Ύͦͫͭ͟͜ 

˿ͦͼ͊͜͡Έ͙͚ͤ ͍̅ͦͪͣͯ͊ͤͤΎ ͙͍ͦͪͨͦͪ͊ͭͤͦ͟͝ ͯ͟͡Έ͙ͭͯͪ 
͍͍͒ͨͦ͒͊͜͜͡Έͤͦͫͭ͜ ͔ͨͪͫͦͤ͊ͯ͡ ͊͘ Ύͫͭ͟͜Έ ͜ ͔͔͋ͨͯ͘͟ 

͍̂ͨͪ͊ͤͫ͜͡Έ͙͚͟ ˤ͟͡Ό;͔ͤͤΎ ͙͍ͤ͒͊ͭͦͪ͜͟͜ ̇˿˾ ͒ͦ ͙͊ͪͭ͟ ͨͪͦͼ͔͍ͫ͜ 
ͭ͊ ͼ͔͚͜͡ ͯ ͫͺ͔ͪ͜ Ύͦͫͭ͟͜ 

˩ͦͤͦͣ͟͜;͙͚ͤ ˻ͼͤ͊͜͟ ͙͙͍ͪ͘͟͜ ͫͭ͊ͦͫͭ͜͡ ͨͦͫͭ͊;͊͡Έ͙͍ͤ͟͜ ͯ 
ͨͪͦͼ͔͒ͯͪ͊ͻ ͍͔͊ͯͨ͘͟͜͡Έ 
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ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ 
ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʧʽʜʭʦʜʽʚ ʜʦ ʚʟʘʻʤʦʫʟʛʦʜʞʝʥʥʷ 
ʚʠʤʦʛ ISO 9001:2015, ISO 26000:2010 ʪʘ 
ʎʽʣʝʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʆʆʅ ʫ ʤʝʞʘʭ ʻʜʠʥʦʾ 
ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ, ʱʦ ʜʦʟʚʦʣʷʻ 
ʨʦʟʛʣʷʜʘʪʠ ʧʦʢʘʟʥʠʢʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʥʝ ʷʢ 
ʜʦʜʘʪʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʉʄʗ, ʘ ʷʢ 
ʦʨʛʘʥʽʯʥʫ ʩʢʣʘʜʦʚʫ ʾʾ ʧʨʦʮʝʩʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ 
ʢʨʠʪʝʨʽʾʚ ʧʦʩʪʽʡʥʦʛʦ ʧʦʣʽʧʰʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʪʝʛʨʘʮʽʷ ʩʪʘʥʜʘʨʪʽʚ ʩʪʘʣʦʛʦ 
ʨʦʟʚʠʪʢʫ ʫ ʩʠʩʪʝʤʫ ʤʝʥʝʜʞʤʝʥʪʫ ʷʢʦʩʪʽ 
ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʟʘʢʦʥʦʤʽʨʥʠʤ ʝʪʘʧʦʤ 
ʝʚʦʣʶʮʽʾ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʩʠʩʪʝʤ. ʇʦʻʜʥʘʥʥʷ 
ʚʠʤʦʛ ISO 9001:2015 ʱʦʜʦ ʧʨʦʮʝʩʥʦʛʦ 
ʫʧʨʘʚʣʽʥʥʷ, ʨʝʢʦʤʝʥʜʘʮʽʡ ISO 26000:2010 ʫ 
ʩʬʝʨʽ ʩʦʮʽʘʣʴʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʪʘ 
ʦʨʽʻʥʪʠʨʽʚ ʎʽʣʝʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʆʆʅ 
ʩʪʚʦʨʶʻ ʦʩʥʦʚʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 
ʢʦʤʧʣʝʢʩʥʦʾ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ, ʟʜʘʪʥʦʾ 
ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʧʨʠʻʤʩʪʚʫ ʥʝ ʣʠʰʝ 
ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʘ ʡ 
ʜʦʚʛʦʩʪʨʦʢʦʚʫ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʪʘ 
ʜʦʚʽʨʫ ʩʪʝʡʢʭʦʣʜʝʨʽʚ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

[1] International Organization for 
Standardization. ISO 26000:2010 
Guidance on Social Responsibility. Geneva 
: ISO, 2010. 106 p. 

[2] International Organization for 
Standardization. ISO 9001:2015 Quality 
Management Systems ï Requirements. 
Geneva : ISO, 2015. 29 p. 

[3] United Nations. Transforming Our World: 
The 2030 Agenda for Sustainable 
Development. New York : United Nations, 
2015. 41 p. 

[4] ʌʦʢʽʥʘ-ʄʝʟʝʥʮʝʚʘ ʂ. ɺ. ʄʦʪʠʚʘʮʽʡʥʽ 
ʦʩʥʦʚʠ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʢʫʣʴʪʫʨʠ ʚ ʩʠʩʪʝʤʽ 
ʤʝʥʝʜʞʤʝʥʪʫ ʷʢʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ: 
ʪʝʦʨʽʷ, ʤʝʪʦʜʦʣʦʛʽʷ, ʧʨʘʢʪʠʢʘ : 
ʤʦʥʦʛʨʘʬʽʷ. ʍʝʨʩʦʥ : ɻʝʣʴʚʝʪʠʢʘ, 2018. 
299 ʩ. 

[5] ɺʘʩʠʣʶʢ ʄ. ʄ. ʂʦʥʮʝʧʪʫʘʣʴʥʽ ʦʩʥʦʚʠ 

ʷʢʦʩʪʽ ʘʫʜʠʪʫ: ʤʦʥʦʛʨʘʬʽʷ. ɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢ: ɺʠʜʘʚʝʮʴ ʂʫʰʥʽʨ ɻ. ʄ., 

2019. 336 ʩ. 
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ʄʦʜʫʣʴʥʽ ʟʘʭʠʩʥʽ ʫʢʨʠʪʪʷ ʷʢ 
ʽʥʩʪʨʫʤʝʥʪ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ 
ʛʨʦʤʘʜ ʚ ʫʤʦʚʘʭ ʟʙʨʦʡʥʦʛʦ 

ʢʦʥʬʣʽʢʪʫ 

ɯʚʘʥʯʝʥʢʦ ɺ.ɯ. 
ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʮʝʥʪʨ ɼʝʨʞʘʚʥʦʾ 
ʩʧʝʮʽʘʣʴʥʦʾ ʩʣʫʞʙʠ ʪʨʘʥʩʧʦʨʪʫ, ʤ. 

ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 
naykaivanchenko@gmail.com 

Abstract . ʇʦʚʥʦʤʘʩʰʪʘʙʥʘ ʚʽʡʥʘ ʚ ʋʢʨʘʾʥʽ 
ʘʢʪʫʘʣʽʟʫʚʘʣʘ ʧʨʦʙʣʝʤʫ ʰʚʠʜʢʦʛʦ ʩʪʚʦʨʝʥʥʷ 
ʟʘʭʠʩʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʮʠʚʽʣʴʥʦʛʦ 
ʥʘʩʝʣʝʥʥʷ. ʇʦʩʪʽʡʥʘ ʟʘʛʨʦʟʘ ʨʘʢʝʪʥʠʭ ʫʜʘʨʽʚ, 
ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʜʘʨʥʠʭ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ 
ʘʧʘʨʘʪʽʚ ʪʘ ʘʨʪʠʣʝʨʽʡʩʴʢʠʭ ʦʙʩʪʨʽʣʽʚ 
ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ 
ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ, ʟʜʘʪʥʠʭ ʟʘʙʝʟʧʝʯʠʪʠ 
ʦʧʝʨʘʪʠʚʥʠʡ ʟʘʭʠʩʪ ʥʘʩʝʣʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʘʪʠ 
ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʦʙô̒ʢʪʽʚ. 
ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ  ̒
ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʴʥʠʭ ʟʘʭʠʩʥʠʭ ʫʢʨʠʪʪʽʚ, 
ʷʢʽ ʤʦʞʫʪʴ ʚʠʛʦʪʦʚʣʷʪʠʩʷ ʧʨʦʤʠʩʣʦʚʠʤ 
ʩʧʦʩʦʙʦʤ, ʪʨʘʥʩʧʦʨʪʫʚʘʪʠʩʷ ʜʦ ʤʽʩʮʷ 
ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʚʦʜʠʪʠʩʷ ʚ ʜʽʶ ʫ ʩʪʠʩʣʽ 
ʪʝʨʤʽʥʠ [1]. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʟʘʭʠʩʥʠʭ ʩʧʦʨʫʜ 
ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ, ʙʫʜʽʚʥʠʮʪʚʦ ʷʢʠʭ 
ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʯʘʩʦʚʠʭ ʪʘ ʬʽʥʘʥʩʦʚʠʭ 
ʨʝʩʫʨʩʽʚ, ʤʦʜʫʣʴʥʽ ʫʢʨʠʪʪʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 
ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʤʦʙʽʣʴʥʦʩʪʽ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ. 
ʂʦʥʩʪʨʫʢʮʽʾ ʤʦʞʫʪʴ ʚʠʛʦʪʦʚʣʷʪʠʩʷ ʽʟ 
ʟʘʣʽʟʦʙʝʪʦʥʫ, ʤʝʪʘʣʫ ʘʙʦ ʢʦʤʙʽʥʦʚʘʥʠʭ 
ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʥʝʦʙʭʽʜʥʦʛʦ 
ʨʽʚʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʜʽʾ ʚʠʙʫʭʦʚʦʾ ʭʚʠʣʽ ʪʘ 
ʫʣʘʤʢʽʚ ʙʦʻʧʨʠʧʘʩʽʚ. ɿʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ 
ʨʦʟʤʽʱʝʥʥʷ ʤʦʜʫʣʽ ʤʦʞʫʪʴ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ 
ʥʘ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ, ʯʘʩʪʢʦʚʦ ʟʘʛʣʠʙʣʶʚʘʪʠʩʷ 
ʘʙʦ ʤʦʥʪʫʚʘʪʠʩʷ ʧʽʜ ʟʝʤʣʝʶ [2]. 

ʆʩʦʙʣʠʚʽʩʪʶ ʤʦʜʫʣʴʥʠʭ ʫʢʨʠʪʪʽʚ  ̒
ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ 
ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʦ ʨʽʟʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
ʉʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʩʝʢʮʽʾ ʜʦʟʚʦʣʷʶʪʴ 
ʬʦʨʤʫʚʘʪʠ ʟʘʭʠʩʥʽ ʩʧʦʨʫʜʠ ʨʽʟʥʦʾ ʤʽʩʪʢʦʩʪʽ 
ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʥʘʩʝʣʝʥʥʷ, ʧʝʨʩʦʥʘʣʫ 
ʧʽʜʧʨʠʻʤʩʪʚ, ʫʯʘʩʥʠʢʽʚ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ ʪʘ 
ʧʨʘʮʽʚʥʠʢʽʚ ʦʙô̒ʢʪʽʚ ʪʨʘʥʩʧʦʨʪʥʦʾ 
ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɺʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ  ̒
ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ 
ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʨʘʟʽ ʟʤʽʥʠ 
ʙʝʟʧʝʢʦʚʦʾ ʦʙʩʪʘʥʦʚʢʠ ʘʙʦ ʧʦʪʨʝʙ ʛʨʦʤʘʜʠ 
[1]. 

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ 
ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ 
ʥʘʙʫʚʘʻ ʢʦʥʮʝʧʮʽʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʢʨʠʪʪʽʚ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʛʨʦʟ 
ʪʘʢʽ ʩʧʦʨʫʜʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʾ 
ʥʘʚʯʘʣʴʥʠʭ, ʤʝʜʠʯʥʠʭ, ʩʦʮʽʘʣʴʥʠʭ ʘʙʦ 
ʪʝʭʥʽʯʥʠʭ ʧʨʠʤʽʱʝʥʴ, ʱʦ ʧʽʜʚʠʱʫʻ 
ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ 
ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʩʪʽʡʢʠʭ ʛʨʦʤʘʜ. ɼʦʩʚʽʜ 
ʋʢʨʘʾʥʠ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 
ʤʦʜʫʣʴʥʠʭ ʟʘʭʠʩʥʠʭ ʩʧʦʨʫʜ  ̒ ʦʜʥʠʤ ʽʟ 
ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ ʰʚʠʜʢʦʛʦ 
ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʥʘʩʝʣʝʥʥʷ ʚ 
ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʪʘ ʧʽʩʣʷʚʦʻʥʥʦʛʦ 
ʚʽʜʥʦʚʣʝʥʥʷ [3]. 

ʆʪʞʝ, ʤʦʜʫʣʴʥʽ ʫʢʨʠʪʪʷ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ 
ʷʢ ʚʘʞʣʠʚʠʡ ʝʣʝʤʝʥʪ ʩʫʯʘʩʥʦʾ ʩʠʩʪʝʤʠ 
ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 
ʦʧʝʨʘʪʠʚʥʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʘʛʨʦʟʠ, 
ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʥʘʩʝʣʝʥʥʷ ʪʘ ʟʤʽʮʥʝʥʥʷ 
ʩʪʽʡʢʦʩʪʽ ʛʨʦʤʘʜ ʚ ʫʤʦʚʘʭ ʟʙʨʦʡʥʠʭ 
ʢʦʥʬʣʽʢʪʽʚ. 

ʊʘʙʣʠʮʷ 1. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʤʦʜʫʣʴʥʠʭ ʟʘʭʠʩʥʠʭ ʫʢʨʠʪʪʽʚ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʥʷ 

ʉʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ 
ɿʘʚʦʜʩʴʢʝ 

ʚʠʨʦʙʥʠʮʪʚʦ 

ʉʧʦʩʽʙ ʤʦʥʪʘʞʫ 
ɺʩʪʘʥʦʚʣʝʥʥʷ ʛʦʪʦʚʠʭ 

ʤʦʜʫʣʽʚ 

ʄʦʞʣʠʚʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʊʘʢ 

ɺʘʨʽʘʥʪʠ ʨʦʟʤʽʱʝʥʥʷ 
ʅʘʟʝʤʥʝ, ʟʘʛʣʠʙʣʝʥʝ, 

ʧʽʜʟʝʤʥʝ 

ʄʘʪʝʨʽʘʣʠ ʢʦʥʩʪʨʫʢʮʽʡ 
ɿʘʣʽʟʦʙʝʪʦʥ, ʩʪʘʣʴ, 

ʢʦʤʙʽʥʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ 

ʇʨʠʟʥʘʯʝʥʥʷ 
ɿʘʭʠʩʪ ʥʘʩʝʣʝʥʥʷ ʪʘ 

ʧʝʨʩʦʥʘʣʫ 

ʄʦʞʣʠʚʽʩʪʴ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ɺʠʩʦʢʘ 

ʊʝʨʤʽʥ ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ 
ɺʽʜ ʢʽʣʴʢʦʭ ʛʦʜʠʥ ʜʦ 

ʢʽʣʴʢʦʭ ʜʽʙ 

 

ɼʘʥʽ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1, ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ 
ʦʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʤʦʜʫʣʴʥʠʭ ʟʘʭʠʩʥʠʭ 
ʫʢʨʠʪʪʽʚ  ̒ʾʭ ʤʦʙʽʣʴʥʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ ʚʚʝʜʝʥʥʷ 
ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ ʤʦʞʣʠʚʽʩʪʴ 
ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʨʝʙ 
ʢʦʥʢʨʝʪʥʦʾ ʛʨʦʤʘʜʠ ʘʙʦ ʦʙ'ʻʢʪʘ. ʉʘʤʝ ʮ ̔
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʫʤʦʚʣʶʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʾʭ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʦʜʥʦʛʦ ʟ ʽʥʩʪʨʫʤʝʥʪʽʚ 
ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʪʘ ʢʨʠʪʠʯʥʦʾ 
ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʠʭ ʟʘʛʨʦʟ. 
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Keywords.  ʄʦʜʫʣʴʥʽ ʫʢʨʠʪʪʷ, ʮʠʚʽʣʴʥʠʡ 
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ʉʪʨʘʪʝʛʽʯʥʘ ʧʘʨʘʜʠʛʤʘ ʨʝʜʫʢʮʽʾ 
ʶʚʝʥʘʣʴʥʦʾ ʜʝʣʽʥʢʚʝʥʪʥʦʩʪʽ: 
ʜʦʩʚʽʜ ʧʽʜʣʽʪʢʦʚʠʭ ʩʫʜʽʚ ʉʐɸ 

ʉʚʻʪʣʽʯʥʠʡ ɯ .ɺ.  
ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʮʝʥʪʨ 

ɼʝʨʞʩʧʝʮʪʨʘʥʩʩʣʫʞʙʠ, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 
6040@ukr.net 

Abstract . ʎʽʥʥʽʩʪʴ ʽ ʬʝʥʦʤʝʥ ʧʽʜʣʽʪʢʦʚʠʭ 
ʩʫʜʽʚ (ʩʫʜʽʚ ʦʜʥʦʣʽʪʢʽʚ) ʜʣʷ ʧʝʜʘʛʦʛʽʚ, 
ʚʠʢʣʘʜʘʯʽʚ ʪʘ ʚʯʠʪʝʣʽʚ ʟʘʣʠʰʘʶʪʴʩʷ 
ʤʘʣʦʜʦʩʣʽʜʞʝʥʠʤʠ ʚ ʋʢʨʘʾʥʽ. ɿʨʦʩʪʘʥʥʷ 
ʧʩʠʭʦʪʨʘʚʤʫʚʘʣʴʥʠʭ ʯʠʥʥʠʢʽʚ ʤʦʣʦʜʽ 
ʚʥʘʩʣʽʜʦʢ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʚʽʡʥʠ ʦʙʫʤʦʚʣʶʻ 
ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʚʯʝʥʥʷ 
ʜʦʩʚʽʜʫ ʧʽʜʣʽʪʢʦʚʠʭ ʩʫʜʽʚ ʉʐɸ ʟʘʜʣʷ 
ʨʝʘʣʽʟʘʮʽʾ ʘʥʪʨʦʧʦʮʝʥʪʨʠʯʥʦʾ ʧʘʨʘʜʠʛʤʠ 
ʶʚʝʥʘʣʴʥʦʛʦ ʧʨʘʚʦʩʫʜʜʷ ʚ ʋʢʨʘʾʥʽ ʪʘ 
ʬʦʨʤʫʚʘʥʥʷ ʥʘʣʝʞʥʠʭ ʽʥʩʪʠʪʫʮʽʡʥʠʭ ʛʘʨʘʥʪʽʡ 
ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ. 

ɺ ʘʥʛʣʦʤʦʚʥʽʡ ʧʨʘʚʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʮʝʡ 
ʬʝʥʦʤʝʥ ʦʧʠʩʫʶʪʴ ʷʢ Youth Courts, Teen 
Courts ʘʙʦ Peer Courts. ʎʝ ʥʝ ʢʣʘʩʠʯʥʽ ʦʨʛʘʥʠ 
ʜʝʨʞʘʚʥʦʾ ʚʣʘʜʠ, ʘ ʧʨʦʛʨʘʤʠ ʚʽʜʥʦʚʥʦʛʦ 
ʧʨʘʚʦʩʫʜʜʷ [1]. ʅʘʨʘʟʽ ʧʦʥʘʜ 1800 
ʧʽʜʣʽʪʢʦʚʠʭ ʩʫʜʽʚ ʜʽʶʪʴ ʫ 48 ʰʪʘʪʘʭ ʉʐɸ, 
ʦʢʨʫʟʽ ʂʦʣʫʤʙʽʷ, ʫ ʶʨʠʩʜʠʢʮʽʷʭ ʧʦʥʘʜ 25 
ʧʣʝʤʝʥ, ʘ ʪʘʢʦʞ ʫ 10 ʢʨʘʾʥʘʭ ʥʘ ʧôʷʪʠ 
ʢʦʥʪʠʥʝʥʪʘʭ. ɺʠʪʦʢʠ ʮʽʻʾ ʤʦʜʝʣʽ ʧʦʚôʷʟʘʥʽ ʽʟ 
ʟʘʧʨʦʚʘʜʞʝʥʥʷʤ ʧʝʨʰʦʛʦ ʧʽʜʣʽʪʢʦʚʦʛʦ ʩʫʜʫ ʚ 
ɯʣʣʽʥʦʡʩʽ ʫ 1899 ʨʦʮʽ. ʉʫʪʥʽʩʪʴ ʧʽʜʣʽʪʢʦʚʠʭ 
ʩʫʜʽʚ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 
ʚʧʣʠʚʫ ʦʜʥʦʣʽʪʢʽʚ ʥʘ ʧʨʘʚʦʧʦʨʫʰʥʠʢʘ ʯʝʨʝʟ 
ʦʮʽʥʶʚʘʥʥʷ ʡʦʛʦ ʧʦʚʝʜʽʥʢʠ ʪʘ ʚʯʠʥʢʫ 
ʦʜʥʦʣʽʪʢʘʤʠ. ʗʢʱʦ ʥʝʧʦʚʥʦʣʽʪʥʽʡ ʚʯʠʥʠʚ 
ʜʨʽʙʥʝ ʧʨʘʚʦʧʦʨʫʰʝʥʥʷ ʚʧʝʨʰʝ, ʪʦ ʩʧʨʘʚʫ 
(ʟʘ ʡʦʛʦ ʟʛʦʜʠ ʪʘ ʟʛʦʜʠ ʙʘʪʴʢʽʚ) ʧʝʨʝʜʘʶʪʴ ʥʝ 
ʜʦ ʟʚʠʯʘʡʥʦʛʦ ʩʫʜʫ, ʘ ʜʦ ʩʫʜʫ ʦʜʥʦʣʽʪʢʽʚ. ʊʘʢʘ 
ʤʦʜʝʣʴ ʩʧʨʠʷʻ ʫʩʚʽʜʦʤʣʝʥʥʶ ʧʽʜʣʽʪʢʘʤʠ 
ʩʚʦʾʭ ʧʨʘʚ, ʩʫʪʥʦʩʪʽ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ ʪʘ ʨʦʣʽ 
ʟʘʢʦʥʫ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʚʘʥʥʶ ʥʘʚʠʯʦʢ 
ʫʭʚʘʣʝʥʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʨʽʰʝʥʴ. ʋʩʽ ʨʦʣʽ ʚ 
ʩʫʜʦʚʦʤʫ ʧʨʦʮʝʩʽ ï ʧʨʠʩʷʞʥʽ, ʧʨʦʢʫʨʦʨʠ, 
ʘʜʚʦʢʘʪʠ, ʘ ʽʥʦʜʽ ʡ ʩʫʜʜʷ ï ʚʠʢʦʥʫʶʪʴ ʧʽʜʣʽʪʢʠ 
ʚʽʢʦʤ ʚʽʜ 10 ʜʦ 18 ʨʦʢʽʚ, ʷʢʽ ʧʨʦʡʰʣʠ 
ʩʧʝʮʽʘʣʴʥʫ ʧʽʜʛʦʪʦʚʢʫ. ʉʧʨʘʚʘ ʧʨʠʡʤʘʻʪʴʩʷ 
ʩʫʜʦʤ ʦʜʥʦʣʽʪʢʽʚ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ 
ʧʨʘʚʦʧʦʨʫʰʥʠʢ ʚʠʟʥʘʚ ʩʚʦʶ ʧʨʦʚʠʥʫ. ʄʝʪʘ 
ʧʨʦʮʝʩʫ ï ʥʝ ʜʦʚʝʩʪʠ ʚʠʥʫ, ʘ ʚʠʟʥʘʯʠʪʠ 
ʚʠʭʦʚʥʠʡ ʟʘʭʽʜ ʧʨʘʚʦʧʦʨʫʰʥʠʢʫ [2]. 

ɸʤʝʨʠʢʘʥʩʴʢʘ ʘʩʦʮʽʘʮʽʷ ʧʨʦʙʘʮʽʾ ʪʘ ʫʤʦʚʥʦ-
ʜʦʩʪʨʦʢʦʚʦʛʦ ʟʚʽʣʴʥʝʥʥʷ ʚʠʦʢʨʝʤʣʶʻ ʯʦʪʠʨʠ 

ʤʦʜʝʣʽ ʧʽʜʣʽʪʢʦʚʠʭ ʩʫʜʽʚ: ʤʦʜʝʣʴ ʜʦʨʦʩʣʦʛʦ 
ʩʫʜʜʽ, ʤʦʜʝʣʴ ʧʽʜʣʽʪʢʦʚʦʛʦ ʩʫʜʜʽ, ʤʦʜʝʣʴ 
ʪʨʠʙʫʥʘʣʫ ʪʘ ʤʦʜʝʣʴ ʩʫʜʫ ʧʨʠʩʷʞʥʠʭ-
ʦʜʥʦʣʽʪʢʽʚ. ʋ ʤʦʜʝʣʽ ʜʦʨʦʩʣʦʛʦ ʩʫʜʜʽ 
ʧʨʦʢʫʨʦʨ, ʘʜʚʦʢʘʪ ʪʘ ʧʨʠʩʷʞʥʽ ï ʥʝʧʦʚʥʦʣʽʪʥʽ, 
ʚʝʜʝ ʟʘʩʽʜʘʥʥʷ ʜʦʨʦʩʣʠʡ ʩʫʜʜʷ. ʋ ʤʦʜʝʣʽ 
ʧʽʜʣʽʪʢʦʚʦʛʦ ʩʫʜʜʽ ʫʩʽ ʨʦʣʽ, ʚʢʣʶʯʥʦ ʟ ʩʫʜʜʝʶ, 
ʚʠʢʦʥʫʶʪʴ ʧʽʜʣʽʪʢʠ. ʋ ʤʦʜʝʣʽ ʪʨʠʙʫʥʘʣʫ 
ʩʧʨʘʚʫ ʩʣʫʭʘʻ ʢʦʣʝʛʽʷ ʟ ʪʨʴʦʭ ʧʽʜʣʽʪʢʽʚ-ʩʫʜʜʽʚ, 
ʘʜʚʦʢʘʪʠ ʪʘ ʧʨʦʢʫʨʦʨʠ ʪʘʢʦʞ ʻ ʧʽʜʣʽʪʢʘʤʠ, ʘ 
ʞʫʨʽ ʧʨʠʩʷʞʥʠʭ ʚʽʜʩʫʪʥʻ. ʋ ʤʦʜʝʣʽ ʩʫʜʫ 
ʧʨʠʩʷʞʥʠʭ-ʦʜʥʦʣʽʪʢʽʚ (ʥʘʡʧʦʧʫʣʷʨʥʽʰʘ 
ʤʦʜʝʣʴ) ʥʝʤʘʻ ʢʣʘʩʠʯʥʠʭ ʘʜʚʦʢʘʪʽʚ ʽ 
ʧʨʦʢʫʨʦʨʽʚ. ʂʦʣʝʛʽʷ ʧʨʠʩʷʞʥʠʭ-ʧʽʜʣʽʪʢʽʚ 
ʩʪʘʚʠʪʴ ʟʘʧʠʪʘʥʥʷ ʧʨʘʚʦʧʦʨʫʰʥʠʢʫ ʪʘ ʨʘʟʦʤ 
ʚʠʥʦʩʠʪʴ ʚʝʨʜʠʢʪ ʱʦʜʦ ʧʦʢʘʨʘʥʥʷ. ʇʽʜʣʽʪʢʦʚʽ 
ʩʫʜʠ ʥʝ ʤʦʞʫʪʴ ʧʨʠʟʥʘʯʘʪʠ ʪʶʨʝʤʥʝ 
ʫʚ'ʷʟʥʝʥʥʷ ʘʙʦ ʛʨʦʰʦʚʽ ʩʪʷʛʥʝʥʥʷ. ʅʘʪʦʤʽʩʪʴ 
ʾʭʥʽ ʨʽʰʝʥʥʷ ʤʘʶʪʴ ʚʽʜʥʦʚʥʠʡ ʭʘʨʘʢʪʝʨ: 
ʦʙʦʚ'ʷʟʢʦʚʝ ʥʘʧʠʩʘʥʥʷ ʣʠʩʪʘ-ʚʠʙʘʯʝʥʥʷ 
ʧʦʪʝʨʧʽʣʦʤʫ ʚʽʜ ʧʨʘʚʦʧʦʨʫʰʝʥʥʷ, 
ʚʽʜʚʽʜʫʚʘʥʥʷ ʪʨʝʥʽʥʛʽʚ ʽʟ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʠʯʦʢ 
ʝʤʦʮʽʡʥʦʾ ʩʘʤʦʨʝʛʫʣʷʮʽʾ, ʟʘʥʷʪʴ ʽʟ ʮʠʬʨʦʚʦʾ 
ʪʘ ʧʨʘʚʦʚʦʾ ʛʨʘʤʦʪʥʦʩʪʽ. ʆʜʥʠʤ ʽʟ ʧʦʰʠʨʝʥʠʭ 
ʟʘʭʦʜʽʚ ʻ ʫʯʘʩʪʴ ʧʨʘʚʦʧʦʨʫʰʥʠʢʘ ʫ ʥʘʩʪʫʧʥʠʭ 
ʟʘʩʽʜʘʥʥʷʭ ʩʫʜʫ ʦʜʥʦʣʽʪʢʽʚ ʚ ʷʢʦʩʪʽ 
ʧʨʠʩʷʞʥʦʛʦ [3]. 

ɽʢʩʪʨʘʧʦʣʷʮʽʷ ʜʦʩʚʽʜʫ ʧʽʜʣʽʪʢʦʚʠʭ ʩʫʜʽʚ ʜʘʻ 
ʟʤʦʛʫ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʾʭʥʽʡ ʧʨʝʚʝʥʪʠʚʥʠʡ 
ʧʦʪʝʥʮʽʘʣ ʦʙˇʨʫʥʪʦʚʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʨʝʮʝʧʮʽʾ 
ʧʦʜʽʙʥʠʭ ʤʦʜʝʣʝʡ ʫ ʩʠʩʪʝʤʽ ʚʽʪʯʠʟʥʷʥʦʾ 
ʶʚʝʥʘʣʴʥʦʾ ʶʩʪʠʮʽʾ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʚ 
ʢʦʥʪʝʢʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʤʦʜʝʣʽ 
ʚʽʜʥʦʚʥʦʛʦ ʧʨʘʚʦʩʫʜʜʷ ʚ ʋʢʨʘʾʥʽ ʧʦʥʷʪʪʷ 
çʚʽʜʥʦʚʥʝ ʧʨʘʚʦʩʫʜʜʷ ʱʦʜʦ ʥʝʧʦʚʥʦʣʽʪʥʽʭè 
ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʨʘʚʦʚʠʡ ʽ ʩʦʮʽʘʣʴʥʦ 
ʦʨʽʻʥʪʦʚʘʥʠʡ ʤʝʭʘʥʽʟʤ ʨʝʘʛʫʚʘʥʥʷ ʥʘ 
ʢʨʠʤʽʥʘʣʴʥʽ ʧʨʘʚʦʧʦʨʫʰʝʥʥʷ, ʚʯʠʥʝʥʽ 
ʥʝʧʦʚʥʦʣʽʪʥʽʤʠ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʟʘʣʫʯʝʥʥʷ 
ʩʪʦʨʽʥ ʢʨʠʤʽʥʘʣʴʥʦʛʦ ʢʦʥʬʣʽʢʪʫ, ʜʝʨʞʘʚʠ ʪʘ 
ʩʫʩʧʽʣʴʩʪʚʘ ʡ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ 
ʧʨʘʚ ʧʦʪʝʨʧʽʣʦʛʦ, ʢʦʤʧʝʥʩʘʮʽʶ ʟʘʧʦʜʽʷʥʦʾ 
ʰʢʦʜʠ, ʜʦʩʷʛʥʝʥʥʷ ʧʨʠʤʠʨʝʥʥʷ ʪʘ 
ʚʽʜʥʦʚʣʝʥʥʷ ʩʦʮʽʘʣʴʥʠʭ ʟʚôʷʟʢʽʚ [4].  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʦʙôʻʢʪʠʚʽʟʫʶʪʴʩʷ ʫ 
ʟʥʠʞʝʥʥʽ ʨʽʚʥʷ ʨʝʮʠʜʠʚʥʦʾ ʟʣʦʯʠʥʥʦʩʪʽ 
ʤʦʣʦʜʽ, ʧʽʜʚʠʱʝʥʥʽ ʜʦʚʽʨʠ ʜʦ ʧʨʘʚʦʩʫʜʜʷ, 
ʟʤʽʮʥʝʥʥʽ ʧʨʘʚʦʩʚʽʜʦʤʦʩʪʽ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ 
ʧʽʜʚʠʱʝʥʥʽ ʟʘʢʦʥʦʩʣʫʭʥʷʥʦʩʪʽ ʥʝʧʦʚʥʦʣʽʪʥʽʭ ʽ 
ʤʦʣʦʜʽ, ʦʙˇʨʫʥʪʦʚʫʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʨʦʟʨʦʙʢʠ 
ʥʘʮʽʦʥʘʣʴʥʦʾ ʤʦʜʝʣʽ ʚʽʜʥʦʚʥʦʛʦ ʧʨʘʚʦʩʫʜʜʷ 
ʪʘ ʟʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ 
ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ ʧʽʜʣʽʪʢʦʚʠʭ 
ʩʫʜʽʚ (ʩʫʜʽʚ ʦʜʥʦʣʽʪʢʽʚ) ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 
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ʽʥʩʪʨʫʤʝʥʪʫ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʥʦʚʥʦʾ ʧʘʨʘʜʠʛʤʠ 
ʶʚʝʥʘʣʴʥʦʾ ʶʩʪʠʮʽʾ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ 
ʪʘ ʧʦʚʦʻʥʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ [5]. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ɺʽʜʥʦʚʥʝ ʧʨʘʚʦʩʫʜʜʷ, 
ʟʘʧʦʙʽʛʘʥʥʷ ʟʣʦʯʠʥʥʦʩʪʽ ʥʝʧʦʚʥʦʣʽʪʥʽʭ, 
ʟʚʽʣʴʥʝʥʥʷ ʚʽʜ ʢʨʠʤʽʥʘʣʴʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ, 
ʟʣʦʯʠʥʥʽʩʪʴ ʥʝʧʦʚʥʦʣʽʪʥʽʭ, ʢʨʠʤʽʥʦʣʦʛʽʷ, 
ʤʝʜʽʘʮʽʷ, ʥʝʧʦʚʥʦʣʽʪʥʽ, ʧʨʠʤʠʨʝʥʥʷ, 
ʨʝʩʦʮʽʘʣʽʟʘʮʽʷ, ʧʽʜʣʽʪʢʦʚʽ ʩʫʜʠ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

[1] https://courts.ca.gov/programs-
initiatives/collaborative-justice-
courts/juvenile-collaborative-
courts/peeryouth-courts-overview 

[2] https://streetlaw.org/building-stronger-
youth-courts-to-advance-justice/ 

[3] https://ojjdp.ojp.gov/model-programs-
guide/literature-
reviews/teen_youth_court.pdf 

[4] Svietlichnyi I. Restorative justice in 
combating juvenile delinquency. Actual 
problems of reforming procedural and legal 
institutions. Reforming procedural law 
institutions under special legal regimes. 
Riga, 2026, 302-320. 

[5] Svietlichnyi I. Restorative justice: 
protection of private interest in criminal law 
(practices of protecting the rights of minors 
in wartime). Protection of children's rights 
under martial law. Liha-Pres, 2025, 854-
878. 
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ʄôʷʢʝ ʧʨʘʚʦ ʚ 
ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʤʫ ʧʨʘʚʽ ʪʘ 
ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʝʨʞʘʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ 

ʊʝʪʷʥʘ ɼʨʫʮʫʣ 
ʏʝʨʥʽʚʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ, 
ʏʝʨʥʽʚʮʽ, ʋʢʨʘʾʥʘ 

tanyeshaa@ukr.net 

ɸʥʦʪʘʮʽʷ. ʋ ʮʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʨʦʣʴ 
ʤôʷʢʦʛʦ ʧʨʘʚʘ ʚ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 
ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʧʨʘʚʘ ʪʘ ʜʝʨʞʘʚʥʦʛʦ 
ʫʧʨʘʚʣʽʥʥʷ. ʋ ʥʽʡ ʘʥʘʣʽʟʫʻʪʴʩʷ ʤôʷʢʝ ʧʨʘʚʦ ʷʢ 
ʩʠʩʪʝʤʘ ʥʝʦʙʦʚôʷʟʢʦʚʠʭ ʧʨʘʚʠʣ, ʩʪʘʥʜʘʨʪʽʚ 
ʪʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʧʨʘʢʪʠʢ, ʱʦ ʚʧʣʠʚʘʶʪʴ 
ʥʘ ʜʝʨʞʘʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʯʝʨʝʟ ʧʝʨʝʢʦʥʘʣʴʥʽ 
ʪʘ ʽʥʩʪʠʪʫʮʽʡʥʽ ʤʝʭʘʥʽʟʤʠ, ʘ ʥʝ ʧʨʘʚʦʚʠʡ 
ʧʨʠʤʫʩ. ɼʦʩʣʽʜʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʚ 
ʢʦʥʪʝʢʩʪʽ ʻʚʨʦʧʝʡʩʴʢʦʾ ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʨʝʬʦʨʤ 
ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚ ʋʢʨʘʾʥʽ ʤôʷʢʝ ʧʨʘʚʦ 
ʻ ʚʘʞʣʠʚʠʤ ʨʝʛʫʣʷʪʦʨʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, 
ʷʢʠʡ ʜʦʧʦʚʥʶʻ ʪʨʘʜʠʮʽʡʥʽ ʧʨʘʚʦʚʽ ʥʦʨʤʠ. 
ɺʦʥʦ ʧʽʜʪʨʠʤʫʻ ʛʥʫʯʢʽʩʪʴ, ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ 
ʧʦʣʽʪʠʢʦʶ ʪʘ ʢʦʦʨʜʠʥʘʮʽʶ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤ 
ʫʧʨʘʚʣʽʥʥʷ. ʋ ʩʪʘʪʪʽ ʨʦʙʠʪʴʩʷ ʚʠʩʥʦʚʦʢ, ʱʦ 
ʤôʷʢʝ ʧʨʘʚʦ ʻ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ 
ʤʦʜʝʨʥʽʟʘʮʽʾ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʧʨʘʚʘ ʪʘ 
ʝʚʦʣʶʮʽʾ ʤʦʜʝʣʝʡ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʝ ʧʨʘʚʦ, 
ʜʝʨʞʘʚʥʝ ʫʧʨʘʚʣʽʥʥʷ, ʜʝʨʞʘʚʥʝ ʫʧʨʘʚʣʽʥʥʷ, 
ʤôʷʢʝ ʧʨʘʚʦ.  



Hands -on Science. Science Education. Resilience in challenging times   
- 

 

 

226 

ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʨʦʣʽ ʚʠʢʣʘʜʘʯʘ 
ʚ ʝʧʦʭʫ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

ʄ. ʂʦʛʫʪ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ «ʃʴʚʽʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘ», ʃʴʚʽʚ, ʋʢʨʘʾʥʘ 
mariia.kohut.ua.2024@lpnu.ua 

ɸʥʦʪʘʮʽʷ. ʉʫʯʘʩʥʘ ʦʩʚʽʪʘ ʧʝʨʝʞʠʚʘʻ ʟʥʘʯʥʽ 
ʟʤʽʥʠ, ʷʢʽ ʚʠʢʣʠʢʘʥʽ ʩʪʨʽʤʢʠʤ ʧʦʰʠʨʝʥʥʷʤ 
ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ. 
ʉʪʦʣʽʪʪʷʤʠ ʪʨʘʜʠʮʽʡʥʝ ʥʘʚʯʘʥʥʷ ʙʘʟʫʚʘʣʦʩʷ 
ʥʘ ʪʦʤʫ, ʱʦ ʚʠʢʣʘʜʘʯ ʙʫʚ ʛʦʣʦʚʥʠʤ 
ʜʞʝʨʝʣʦʤ ʟʥʘʥʴ ʪʘ ʾʭʥʽʤ ʻʜʠʥʠʤ 
ʧʝʨʝʜʘʚʘʯʝʤ, ʣʶʜʠʥʦʶ ʟ ʫʥʽʢʘʣʴʥʠʤ 
ʜʦʩʚʽʜʦʤ. ʇʨʦʪʝ ʟ ʧʦʷʚʦʶ ʚʝʣʠʢʠʭ ʤʦʚʥʠʭ 
ʤʦʜʝʣʝʡ, ʪʘʢʠʭ ʷʢ ChatGPT ʘʙʦ Google 
Gemini, ʜʦʩʪʫʧ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʽʥʬʦʨʤʘʮʽʾ ʩʪʘʚ 
ʤʠʪʪʻʚʠʤ. ʎʝ ʩʪʘʚʠʪʴ ʧʝʨʝʜ ʧʝʜʘʛʦʛʽʯʥʦʶ 
ʩʧʽʣʴʥʦʪʦʶ ʩʝʨʡʦʟʥʫ ʧʨʦʙʣʝʤʫ: ʷʢ 
ʧʝʨʝʦʩʤʠʩʣʠʪʠ ʚʣʘʩʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʚ 
ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ, ʱʦʙ ʥʝ ʚʪʨʘʪʠʪʠ 
ʘʢʪʫʘʣʴʥʽʩʪʴ, ʪʘ ʷʢʽ ʥʦʚʽ ʬʫʥʢʮʽʾ ʤʘʻ 
ʚʠʢʦʥʫʚʘʪʠ ʚʠʢʣʘʜʘʯ, ʢʦʣʠ ʪʝʭʥʦʣʦʛʽʷ ʟʜʘʪʥʘ 
ʩʘʤʦʩʪʽʡʥʦ ʛʝʥʝʨʫʚʘʪʠ ʪʝʢʩʪʠ, ʜʘʚʘʪʠ 
ʧʦʷʩʥʝʥʥʷ ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʜʘʥʥʷ. 

 
ʇʠʪʘʥʥʷ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʨʦʣʽ ʧʝʜʘʛʦʛʘ 
ʘʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚ ʥʘʫʮʽ. ɿʘʨʫʙʽʞʥʽ 
ʚʯʝʥʽ ʥʘʛʦʣʦʰʫʶʪʴ ʥʘ ʚʘʞʣʠʚʦʩʪʽ ʧʦʩʪʽʡʥʦʛʦ 
ʦʩʤʠʩʣʝʥʥʷ ʜʦʩʚʽʜʫ (ɼ. ʐʦʥ), ʨʦʣʽ ʚʠʢʣʘʜʘʯʘ 
ʷʢ ʧʦʤʽʯʥʠʢʘ ʫ ʥʘʚʯʘʥʥʽ ʜʦʨʦʩʣʠʭ (ɼʞ. ʅʦʫʣʟ) 
ʪʘ ʧʩʠʭʦʣʦʛʽʯʥʦʛʦ ʩʫʧʨʦʚʽʜʥʠʢʘ ʦʩʦʙʠʩʪʽʩʥʦʛʦ 
ʟʨʦʩʪʘʥʥʷ (ʂ. ʈʦʜʞʝʨʩ) [2]. ɺʽʪʯʠʟʥʷʥʽ 
ʥʘʫʢʦʚʮʽ ʧʽʜʢʨʝʩʣʶʶʪʴ ʧʝʨʝʭʽʜ ʜʦ 
ʨʽʚʥʦʧʨʘʚʥʦʛʦ ʜʽʘʣʦʛʫ (ʆ. ɼʫʙʘʩʝʥʶʢ), 
ʚʘʞʣʠʚʽʩʪʴ ʙʝʟʧʝʨʝʨʚʥʦʾ ʦʩʚʽʪʠ (ʅ. ʅʠʯʢʘʣʦ) 
ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʮʠʬʨʦʚʦʾ ʛʨʘʤʦʪʥʦʩʪʽ ʚ 
ʫʤʦʚʘʭ ʟʤʽʰʘʥʦʛʦ ʥʘʚʯʘʥʥʷ (ɺ. ɹʠʢʦʚ, ʄ. 
ɾʘʣʜʘʢ, ʅ. ʄʦʨʟʝ) [2]. ʎʝʡ ʘʥʘʣʽʟ ʜʦʚʦʜʠʪʴ, 
ʱʦ ʘʜʘʧʪʘʮʽʷ ʜʦ ʥʦʚʠʭ ʫʤʦʚ ʚʠʤʘʛʘʻ ʚʽʜ 
ʧʝʜʘʛʦʛʘ ʥʝ ʣʠʰʝ ʚʦʣʦʜʽʥʥʷ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʘ 
ʡ ʛʣʠʙʦʢʦʾ ʧʩʠʭʦʣʦʛʽʯʥʦʾ ʧʝʨʝʙʫʜʦʚʠ ʪʘ 
ʧʦʜʦʣʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʙʘʨô̒ʨʽʚ. 
 
ɿ ʦʛʣʷʜʫ ʥʘ ʮ ̔ʪʝʥʜʝʥʮʽʾ, ʛʦʣʦʚʥʦʶ ʤʝʪʦʶ  ̒
ʜʦʩʣʽʜʠʪʠ, ʷʢ ʩʘʤʝ ʟʤʽʥʶʻʪʴʩʷ ʨʦʣʴ 
ʚʠʢʣʘʜʘʯʘ ʚ ʝʧʦʭʫ ʢʦʤʧôʁʪʝʨʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, 
ʚʠʟʥʘʯʠʪʠ ʥʦʚʽ ʚʠʤʦʛʠ ʜʦ ʡʦʛʦ ʥʘʚʠʯʦʢ ʪʘ 
ʧʦʢʘʟʘʪʠ ʰʣʷʭʠ ʛʘʨʤʦʥʽʡʥʦʛʦ ʧʦʻʜʥʘʥʥʷ 
ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽʟ ʣʶʜʩʴʢʠʤ ʯʠʥʥʠʢʦʤ ʫ 
ʥʘʚʯʘʥʥʽ. 
 
ʉʴʦʛʦʜʥʽ ʩʪʫʜʝʥʪʫ ʙʽʣʴʰʝ ʥʝ ʧʦʪʨʽʙʝʥ ʧʨʦʩʪʦ 
ʣʝʢʪʦʨ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʬʘʢʪʽʚ, ʡʦʤʫ 

ʥʝʦʙʭʽʜʥʠʡ ʥʘʩʪʘʚʥʠʢ, ʟʜʘʪʥʠʡ ʧʦʷʩʥʠʪʠ, 
ʯʦʤʫ ʮ ̔ʟʥʘʥʥʷ ʚʘʞʣʠʚʽ ʪʘ ʷʢ ʾʭ ʟʘʩʪʦʩʫʚʘʪʠ 
ʥʘ ʧʨʘʢʪʠʮʽ ʚ ʨʝʘʣʴʥʦʤʫ ʞʠʪʪʽ. ɺʽʜʙʫʚʘʻʪʴʩʷ 
ʧʦʩʪʫʧʦʚʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʟʘʩʪʘʨʽʣʦʾ ʤʦʜʝʣʽ 
ʥʘʚʯʘʥʥʷ, ʢʦʣʠ ʚʠʢʣʘʜʘʯ ʧʨʦʩʪʦ ʚʠʩʪʫʧʘʻ 
ʧʝʨʝʜ ʘʚʜʠʪʦʨʽʻʶ, ʜʦ ʤʦʜʝʣʽ, ʜʝ ʚʽʥ ʩʪʘʻ 
ʧʨʦʚʽʜʥʠʢʦʤ  ̔ʧʦʤʽʯʥʠʢʦʤ, ʷʢʠʡ ʧʨʘʮʶʻ ʧʦʨʫʯ 
ʟʽ ʩʪʫʜʝʥʪʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ 
ʥʝ ʩʪʘʥʦʚʠʪʴ ʟʘʛʨʦʟʠ ʜʣʷ ʧʨʦʬʝʩʽʾ ʚʠʢʣʘʜʘʯʘ 
ʷʢ ʪʘʢʦʾ, ʘʣʝ ʚʽʥ ʟʤʫʰʫʻ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ 
ʩʪʘʨʠʭ ʤʝʪʦʜʽʚ ʚʠʢʣʘʜʘʥʥʷ. 
ɿʤʽʥʘ ʥʘʚʯʘʣʴʥʠʭ ʧʨʘʢʪʠʢ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ 
ʫʚʘʛʘ ʧʝʨʝʥʦʩʠʪʴʩʷ ʟ ʧʨʦʩʪʦʛʦ ʚʠʢʣʘʜʫ 
ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʩʘʤ ʧʨʦʮʝʩ 
ʥʘʚʯʘʥʥʷ ʪʘ ʡʦʛʦ ʫʤʦʚʠ. ɺʠʢʣʘʜʘʯ ʩʪʘʻ 
ʪʚʦʨʮʝʤ (ʘʨʭʽʪʝʢʪʦʨʦʤ) ʥʘʚʯʘʣʴʥʦʛʦ 
ʩʝʨʝʜʦʚʠʱʘ. ɿʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʚʠʪʨʘʯʘʪʠ 
ʙʘʛʘʪʦ ʯʘʩʫ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʟʚʠʯʘʡʥʠʭ ʣʝʢʮʽʡ, 
ʩʫʯʘʩʥʠʡ ʧʝʜʘʛʦʛ ʢʦʥʩʪʨʫʶʻ ʩʮʝʥʘʨʽʾ, ʫ ʷʢʠʭ 
ʩʪʫʜʝʥʪ ʚʟʘʻʤʦʜʽʻ ʟʽ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ. 
ʊʝʭʥʦʣʦʛʽʷ ʚʠʩʪʫʧʘʻ ʩʚʦʻʨʽʜʥʠʤ «ʩʧʘʨʠʥʛ-
ʧʘʨʪʥʝʨʦʤ» (ʪʦʙʪʦ ʚʽʨʪʫʘʣʴʥʠʤ 
ʩʧʽʚʨʦʟʤʦʚʥʠʢʦʤ ʜʣʷ ʩʧʽʣʴʥʦʛʦ ʪʨʝʥʫʚʘʥʥʷ 
ʥʘʚʠʯʦʢ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ ʽʜʝʡ), ʷʢʠʡ 
ʜʦʧʦʤʘʛʘʻ ʚʠʨʽʰʫʚʘʪʠ ʩʢʣʘʜʥʽ ʥʘʚʯʘʣʴʥʽ 
ʟʘʚʜʘʥʥʷ [1]. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʥʘʜʟʚʠʯʘʡʥʦ 
ʚʘʞʣʠʚʦʶ ʥʘʚʠʯʢʦʶ ʩʪʘʻ ʧʨʦʤʧʪ-ʽʥʞʠʥʽʨʠʥʛ 
(ʚʤʽʥʥʷ ʪʦʯʥʦ ʪʘ ʧʨʘʚʠʣʴʥʦ ʬʦʨʤʫʣʶʚʘʪʠ 
ʟʘʧʠʪʘʥʥʷ ʯʠ ʟʘʚʜʘʥʥʷ ʜʦ ʢʦʤʧôʁʪʝʨʥʦʾ 
ʧʨʦʛʨʘʤʠ),  ̔ʮ  ʁʥʘʚʠʯʢʫ ʧʦʪʨʽʙʥʦ ʦʙʦʚ'ʷʟʢʦʚʦ 
ʚʢʣʶʯʘʪʠ ʜʦ ʥʘʚʯʘʣʴʥʠʭ ʧʣʘʥʽʚ ʷʢ ʙʘʟʦʚʫ 
ʧʽʜʛʦʪʦʚʢʫ. 

ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʢʦʤ ʟʤʽʥ  ̒
ʧʝʨʝʭʽʜ ʚʽʜ ʧʨʦʩʪʦʛʦ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʜʦ 
ʧʝʨʝʚʽʨʢʠ ʬʘʢʪʽʚ ʪʘ ʨʦʟʚʠʪʢʫ ʢʨʠʪʠʯʥʦʛʦ 
ʤʠʩʣʝʥʥʷ. ʆʩʢʽʣʴʢʠ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʽʥʦʜʽ 
ʤʦʞʝ ʚʠʜʘʚʘʪʠ ʧʦʤʠʣʢʦʚʽ ʚʽʜʧʦʚʽʜʽ ʘʙʦ 
ʚʽʜʚʝʨʪʽ ʚʠʛʘʜʢʠ (ʪʘʢ ʟʚʘʥʽ «ʛʘʣʶʮʠʥʘʮʽʾ»), 
ʛʦʣʦʚʥʘ ʨʦʣʴ ʚʠʢʣʘʜʘʯʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ 
ʥʘʚʯʠʪʠ ʩʪʫʜʝʥʪʽʚ ʩʫʤʥʽʚʘʪʠʩʷ ʚ ʦʪʨʠʤʘʥʽʡ 
ʚʽʜ «ʤʘʰʠʥʠ» ʽʥʬʦʨʤʘʮʽʾ [1]. ʉʪʫʜʝʥʪʠ 
ʧʦʚʠʥʥʽ ʚʤʽʪʠ ʧʝʨʝʚʽʨʷʪʠ ʜʞʝʨʝʣʘ, 
ʘʥʘʣʽʟʫʚʘʪʠ ʫʧʝʨʝʜʞʝʥʥʷ ʪʘ ʫʥʠʢʘʪʠ 
ʤʘʥʽʧʫʣʷʮʽʡ. ʏʝʨʝʟ ʮʝ ʜʦʢʦʨʽʥʥʦ ʟʤʽʥʶʻʪʴʩʷ 
ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʶʚʘʥʥʷ: ʪʨʘʜʠʮʽʡʥʽ ʜʦʤʘʰʥʽ 
ʪʚʦʨʠ ʯʠ ʨʝʬʝʨʘʪʠ ʚʪʨʘʯʘʶʪʴ ʩʝʥʩ, ʦʩʢʽʣʴʢʠ 
ʾʭ ʣʝʛʢʦ ʤʦʞʝ ʥʘʧʠʩʘʪʠ ʢʦʤʧôʁʪʝʨʥʘ 
ʧʨʦʛʨʘʤʘ. ʊʝʧʝʨ ʦʮʽʥʶʻʪʴʩʷ ʥʝ ʢʽʥʮʝʚʠʡ 
ʪʝʢʩʪ, ʘ ʩʘʤ ʧʨʦʮʝʩ ʤʠʩʣʝʥʥʷ, ʚʤʽʥʥʷ 
ʧʝʨʝʚʽʨʷʪʠ ʜʘʥʽ, ʚʝʩʪʠ ʜʝʙʘʪʠ ʪʘ ʨʦʟʚ'ʷʟʫʚʘʪʠ 
ʧʨʘʢʪʠʯʥʽ ʟʘʚʜʘʥʥʷ ʚ ʘʚʜʠʪʦʨʽʾ. 

ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʚ ʥʦʚʽʡ ʨʦʣʽ ʚʠʢʣʘʜʘʯʘ 
ʟʘʡʤʘʻ ʣʶʜʷʥʽʩʪʴ, ʝʤʧʘʪʽʷ ʪʘ ʝʤʦʮʽʡʥʘ 
ʧʽʜʪʨʠʤʢʘ. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʣʝʛʢʦ ʙʝʨʝ ʥʘ 
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ʩʝʙʝ ʨʫʪʠʥʥʽ ʟʘʚʜʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʧʝʨʝʚʽʨʢʫ 
ʪʝʩʪʽʚ ʯʠ ʥʘʜʘʥʥʷ ʰʚʠʜʢʠʭ ʚʽʜʧʦʚʽʜʝʡ, ʱʦ 
ʟʚʽʣʴʥʷʻ ʯʘʩ ʧʝʜʘʛʦʛʘ. ɺʠʢʣʘʜʘʯ ʩʪʘʻ ʪʠʤ, ʭʪʦ 
ʧʽʜʪʨʠʤʫʻ ʨʦʙʦʯʫ ʘʪʤʦʩʬʝʨʫ ʚ ʛʨʫʧʽ, ʤʦʪʠʚʫʻ 
ʩʪʫʜʝʥʪʽʚ, ʚʠʭʦʚʫʻ ʮʽʥʥʽʩʥʽ ʦʨʽʻʥʪʠʨʠ ʪʘ 
ʜʦʧʦʤʘʛʘʻ ʾʤ ʨʦʟʚʠʚʘʪʠʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦ. 
ɼʫʞʝ ʝʬʝʢʪʠʚʥʦʶ ʩʪʘʻ ʤʦʜʝʣʴ 
«ʧʝʨʝʚʝʨʥʫʪʦʛʦ ʢʣʘʩʫ» (ʢʦʣʠ ʩʪʫʜʝʥʪʠ 
ʩʘʤʦʩʪʽʡʥʦ ʚʯʘʪʴ ʪʝʦʨʽʶ ʚʜʦʤʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʚʽʨʪʫʘʣʴʥʠʭ ʧʦʤʽʯʥʠʢʽʚ, ʘ ʜʦʨʦʛʦʮʽʥʥʠʡ ʯʘʩ ʥʘ 
ʟʘʥʷʪʪʽ ʧʨʠʩʚʷʯʫʶʪʴ ʞʠʚʠʤ ʜʠʩʢʫʩʽʷʤ ʪʘ 
ʧʨʘʢʪʠʮʽ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʚʠʢʣʘʜʘʯʘ). 
ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 
ʚ ʦʩʚʽʪʽ ʤʘʻ ʢʽʣʴʢʘ ʢʦʨʠʩʥʠʭ ʥʘʧʨʷʤʢʽʚ. ʇʦ-
ʧʝʨʰʝ, ʽʩʥʫʶʪʴ ʧʨʦʛʨʘʤʠ, ʷʢʽ ʟʜʘʪʥʽ 
ʧʽʜʣʘʰʪʦʚʫʚʘʪʠʩʷ ʧʽʜ ʨʽʚʝʥʴ ʟʥʘʥʴ ʪʘ 
ʰʚʠʜʢʽʩʪʴ ʟʘʩʚʦʻʥʥʷ ʤʘʪʝʨʽʘʣʫ ʢʦʞʥʦʛʦ 
ʦʢʨʝʤʦʛʦ ʩʪʫʜʝʥʪʘ, ʟʘʙʝʟʧʝʯʫʶʯʠ 
ʧʦʚʥʦʮʽʥʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʧʽʜʭʽʜ. ʇʦ-ʜʨʫʛʝ, 
ʩʧʝʮʽʘʣʴʥʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ 
ʦʮʽʥʶʚʘʪʠ ʨʦʙʦʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʫʩʧʽʰʥʽʩʪʴ, 
ʚʠʷʚʣʷʶʯʠ ʩʣʘʙʢʽ ʤʽʩʮʷ ʚ ʥʘʚʯʘʥʥʽ, ʱʦʙ 
ʚʠʢʣʘʜʘʯ ʤʽʛ ʚʯʘʩʥʦ ʜʦʧʦʤʦʛʪʠ. ʊʘʢʦʞ 
ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʨʦʙʠʪʴ ʥʘʚʯʘʥʥʷ ʙʽʣʴʰ 
ʜʦʩʪʫʧʥʠʤ ʜʣʷ ʣʶʜʝʡ ʟ ʦʩʦʙʣʠʚʠʤʠ 
ʧʦʪʨʝʙʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʦʟʚʫʯʫʶʯʠ ʪʝʢʩʪ ʜʣʷ 
ʟʨʫʯʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʘʙʦ ʘʚʪʦʤʘʪʠʯʥʦ 
ʩʪʚʦʨʶʶʯʠ ʩʫʙʪʠʪʨʠ ʜʣʷ ʪʠʭ, ʭʪʦ ʤʘʻ ʚʘʜʠ 
ʩʣʫʭʫ [3]. 
 
ʆʜʥʘʢ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʽʪʥʽʭ 
ʪʝʭʥʦʣʦʛʽʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʝʚʥʠʤʠ 
ʪʨʫʜʥʦʱʘʤʠ ʪʘ ʧʩʠʭʦʣʦʛʽʯʥʠʤʠ ʚʠʢʣʠʢʘʤʠ. 
ɺʠʢʣʘʜʘʯʽ ʤʦʞʫʪʴ ʚʽʜʯʫʚʘʪʠ ʮʠʬʨʦʚʫ ʚʪʦʤʫ 
ʪʘ ʚʠʛʦʨʘʥʥʷ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʽʡʥʦ 
ʚʠʚʯʘʪʠ ʥʦʚʽ ʧʨʦʛʨʘʤʠ, ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʾʭ 
ʦʥʦʚʣʝʥʥʷʤʠ ʪʘ ʧʨʦʚʦʜʠʪʠ ʙʘʛʘʪʦ ʯʘʩʫ ʟʘ 
ʝʢʨʘʥʦʤ. ʏʘʩʪʢʦʚʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ 
ʩʧʽʣʢʫʚʘʥʥʷ ʟʽ ʩʪʫʜʝʥʪʘʤʠ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ 
ʞʠʚʠʭ ʨʦʟʤʦʚ, ʯʝʨʝʟ ʱʦ ʧʝʜʘʛʦʛ ʤʦʞʝ 
ʚʽʜʯʫʚʘʪʠ ʝʤʦʮʽʡʥʫ ʽʟʦʣʷʮʽʶ, ʚʪʨʘʪʫ 
ʩʧʦʥʪʘʥʥʦʩʪʽ ʜʽʘʣʦʛʫ ʪʘ ʥʝʩʪʘʯʫ ʧʨʦʩʪʦʛʦ 
ʣʶʜʩʴʢʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ. 
 
ɼʣ ̫ʩʪʫʜʝʥʪʽʚ ʥʘʜʤʽʨʥʘ ʜʦʚʽʨʘ ʜʦ ʰʪʫʯʥʦʛʦ 
ʽʥʪʝʣʝʢʪʫ ʪʘʢʦʞ ʥʝʩʝ ʩʝʨʡʦʟʥʫ ʟʘʛʨʦʟʫ. ɺʦʥʠ 
ʤʦʞʫʪʴ ʚʪʨʘʪʠʪʠ ʙʘʞʘʥʥʷ ʜʫʤʘʪʠ ʩʘʤʦʩʪʽʡʥʦ, 
ʩʪʘʪʠ ʟʘʣʝʞʥʠʤʠ ʚʽʜ ʢʦʤʧôʁʪʝʨʥʠʭ ʧʽʜʢʘʟʦʢ 
ʪʘ ʚʪʨʘʪʠʪʠ ʽʥʪʝʨʝʩ ʜʦ ʚʣʘʩʥʦʛʦ ʧʦʰʫʢʫ 
ʽʩʪʠʥʠ. ɻʦʪʦʚʽ ʚʽʜʧʦʚʽʜʽ ʤʦʞʫʪʴ ʩʧʦʥʫʢʘʪʠ ʜʦ 
ʥʝʯʝʩʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʢʦʣʠ ʩʪʫʜʝʥʪ ʚʠʜʘʻ 
ʟʛʝʥʝʨʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤʦʤ ʪʝʢʩʪ ʟʘ ʩʚʽʡ 
ʚʣʘʩʥʠʡ [3]. ʊʦʤʫ ʚʠʢʣʘʜʘʯ ʤʘʻ ʚʣʘʩʥʠʤ 
ʧʨʠʢʣʘʜʦʤ ʧʦʢʘʟʫʚʘʪʠ, ʷʢ ʯʝʩʥʦ ʪʘ 
ʚʽʜʧʦʚʽʜʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʠʬʨʦʚʽ 
ʽʥʩʪʨʫʤʝʥʪʠ, ʚʽʜʢʨʠʪʦ ʟʘʟʥʘʯʘʶʯʠ ʩʪʫʜʝʥʪʘʤ, 

ʢʦʣʠ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʣʝʢʮʽʡ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ. 
ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʤʫ ʧʝʜʘʛʦʛʫ ʧʦʪʨʽʙʥʦ 
ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʪʠ ʥʦʚʽ ʚʤʽʥʥʷ. ʆʢʨʽʤ 
ʮʠʬʨʦʚʦʾ ʛʨʘʤʦʪʥʦʩʪʽ, ʡʦʤʫ ʥʝʦʙʭʽʜʥʘ 
ʧʩʠʭʦʣʦʛʽʯʥʘ ʛʥʫʯʢʽʩʪʴ, ʫʤʽʥʥʷ ʧʨʘʮʶʚʘʪʠ ʚ 
ʥʦʚʠʭ ʫʤʦʚʘʭ ʪʘ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʝʤʦʮʽʡʥʦʛʦ 
ʽʥʪʝʣʝʢʪʫ (ʟʜʘʪʥʽʩʪʴ ʨʦʟʫʤʽʪʠ ʪʘ ʢʝʨʫʚʘʪʠ 
ʩʚʦʾʤʠ ʝʤʦʮʽʷʤʠ, ʘ ʪʘʢʦʞ ʝʤʦʮʽʷʤʠ 
ʩʪʫʜʝʥʪʽʚ). ɺʠʢʣʘʜʘʯ ʯʘʩʪʦ ʟʤʫʰʝʥʠʡ 
ʚʠʭʦʜʠʪʠ ʟʘ ʤʝʞʽ ʩʚʦʛʦ ʧʨʝʜʤʝʪʘ, 
ʨʦʟʰʠʨʶʚʘʪʠ ʟʥʘʥʥʷ, ɦ ʦʙ ʨʦʟʫʤʽʪʠ ʧʨʠʥʮʠʧʠ 
ʨʦʙʦʪʠ ʢʦʤʧôʁʪʝʨʥʠʭ ʧʨʦʛʨʘʤ ʪʘ ʧʦʷʩʥʶʚʘʪʠ 
ʾʭʥʽʡ ʚʧʣʠʚ ʥʘ ʩʫʩʧʽʣʴʩʪʚʦ. 
 
ʆʪʞʝ, ʟʤʽʥʘ ʨʦʣʽ ʚʠʢʣʘʜʘʯʘ ʚ ʝʧʦʭʫ 
ʢʦʤʧôʁʪʝʨʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʻ ʥʝʚʽʜʚʦʨʦʪʥʦʶ. 
ʄʘʡʙʫʪʥʻ ʦʩʚʽʪʠ ʧʦʣʷʛʘʻ ʫ ʧʦʻʜʥʘʥʥʽ ʚʠʩʦʢʠʭ 
ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʣʶʜʷʥʦʩʪʽ. 
ʇʨʦʛʨʘʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʫʧ ʜʦ ʙʝʟʤʝʞʥʦʾ 
ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ ʪʘ ʰʚʠʜʢʝ ʧʽʜʣʘʰʪʫʚʘʥʥʷ ʧʽʜ 
ʧʦʪʨʝʙʠ ʩʪʫʜʝʥʪʘ, ʘ ʚʠʢʣʘʜʘʯ ʛʘʨʘʥʪʫʻ 
ʨʦʟʫʤʽʥʥʷ ʛʣʠʙʦʢʦʛʦ ʩʝʥʩʫ, ʢʨʠʪʠʯʥʠʡ ʧʦʛʣʷʜ 
ʥʘ ʨʝʯʽ ʪʘ ʝʤʦʮʽʡʥʫ ʧʽʜʪʨʠʤʢʫ. ɾʦʜʝʥ ʐɯ ʥʝ 
ʟʜʘʪʝʥ ʟʘʤʽʥʠʪʠ ʩʧʨʘʚʞʥʽ ʣʶʜʩʴʢʽ ʝʤʦʮʽʾ, 
ʱʠʨʽʩʪʴ ʪʘ ʟʜʘʪʥʽʩʪʴ ʥʘʜʠʭʘʪʠ. ʇʝʜʘʛʦʛ 
ʤʘʡʙʫʪʥʴʦʛʦ ʚʠʩʪʫʧʘʻ ʩʚʦʻʨʽʜʥʠʤ ʤʽʩʪʢʦʤ 
ʤʽʞ ʩʪʨʽʤʢʠʤ ʪʝʭʥʽʯʥʠʤ ʧʨʦʛʨʝʩʦʤ ʪʘ 
ʨʦʟʚʠʪʢʦʤ ʣʶʜʠʥʠ, ʛʘʨʤʦʥʽʡʥʦ ʧʦʻʜʥʫʶʯʠ 
ʽʥʥʦʚʘʮʽʾ ʟ ʪʫʨʙʦʪʦʶ ʧʨʦ ʦʩʦʙʠʩʪʽʩʪʴ. ʊʽʣʴʢʠ 
ʯʝʨʝʟ ʪʘʢʝ ʧʘʨʪʥʝʨʩʪʚʦ ʣʶʜʠʥʠ ʽ ʪʝʭʥʦʣʦʛʽʾ 
ʤʦʞʥʘ ʷʢʽʩʥʦ ʧʽʜʛʦʪʫʚʘʪʠ ʤʦʣʦʜʴ ʜʦ ʚʠʢʣʠʢʽʚ 
ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʨʠʪʠʯʥʝ ʤʠʩʣʝʥʥʷ, ʨʦʣʴ 
ʚʠʢʣʘʜʘʯʘ, ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʦʩʚʽʪʠ, ʰʪʫʯʥʠʡ 
ʽʥʪʝʣʝʢʪ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
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ʇʝʜʘʛʦʛʽʯʥʘ ʇʨʘʢʪʠʢʘ ʗʢ 
ʇʝʨʝʜʫʤʦʚʘ ɼʫʘʣʴʥʦʾ ʆʩʚʽʪʠ 

ʄʘʡʙʫʪʥʽʭ ʋʯʠʪʝʣʽʚ: 
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ɯʥʥʦʚʘʮʽʡʥʦʾ ɺʠʭʦʚʥʦʾ 

ɼʽʷʣʴʥʦʩʪʽ 

ʆʣʝʥʘ ʉʪʦʣʷʨʝʥʢʦ  
ɺʽʥʥʠʮʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ 
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ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʥʘʣʽʟ 
ʬʦʨʤʫʚʘʥʥʷ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʽʥʥʦʚʘʮʽʡʥʦʾ 
ʜʽʷʣʴʥʦʩʪʽ ʤʘʡʙʫʪʥʽʭ ʫʯʠʪʝʣʽʚ. ʇʝʜʘʛʦʛʽʯʥʫ 
ʧʨʘʢʪʠʢʫ ʤʠ ʨʦʟʛʣʷʜʘʻʤʦ ʷʢ ʧʝʨʝʜʫʤʦʚʫ 
ʜʫʘʣʴʥʦʾ ʦʩʚʽʪʠ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ ʚ 
ʫʥʽʚʝʨʩʠʪʝʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʮʽʣʽʩʥʦʛʦ 
ʙʘʯʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ  ̔ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-
ʧʝʜʘʛʦʛʽʯʥʠʭ ʟʘʩʘʜ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʽʥʥʦʚʘʮʽʡʥʦʾ 
ʚʠʭʦʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɺʠʟʥʘʯʝʥʽ ʧʝʜʘʛʦʛʽʯʥʽ 
ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ 
ʚʠʭʦʚʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʧʨʦʮʝʩʽ ʧʨʘʢʪʠʢʠ, 
ʨʦʟʚʠʪʢʫ ʧʨʦʬʝʩʽʡʥʦʛʦ ʽʥʪʝʨʝʩʫ ʜʦ 
ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡ, ʧʨʝʜʩʪʘʚʣʝʥʽ 
ʪʝʭʥʦʣʦʛʽʾ ʽʥʥʦʚʘʮʽʡʥʦʾ ʚʠʭʦʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, 
ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʰʣʷʭʠ ʾʾ ʦʧʪʠʤʽʟʘʮʽʾ. 

ɿacʚiʜʯeʥo ʙaʛaʪoacʧeʢʪʥicʪ ɹ ʧoʥʷʪʪʷ 
ʛoʪoʚʥocʪi, ʷʢe ʨoʟʛʣʷʜaʻʪʴc  ̫ ʷʢ ʮiʣicʥe 
cʪiʡʢe ocoʙʠcʪicʥe ʫʪʚoʨeʥʥʷ, iʥʪeʛʨaʪʠʚʥa 
ʷʢicʪ ɹ ocoʙʠcʪocʪi, cʫʢʫʧʥicʪ ɹ ʟʥaʥ ,ɹ ʫʤiʥ ,ɹ 
ʥaʚʠʯoʢ. ʎʝ ocoʙʠcʪicʥo-ʧʨoʬeciʡʥʘ ʷʢicʪ,ɹ 

oɦ xaʨaʢʪeʨʠʟʫʻʪʴc  ̫ ʫcʚiʜoʤʣeʥʥʷʤ 
ʟʥaʯʫoɦcʪi ʪa iʥʪeʨecoʤ ʟʜʦʙʫʚʘʯa ʜo 
ʚʠxoʚaʥʥʷ ʫʯʥiʚ ʥa iʥʥoʚaʮiʡʥʠx ʟacaʜax; 
ʥaʷʚʥicʪ  ʁʤoʪʠʚaʮi  ʾʟ oʜʥoʯacʥʠʤ ʥaʙʫʪʪʷʤ 
cʧeʮiaʣʴʥʠx ʟʥaʥ ,ɹ ʫʤiʥ ,ɹ ʷʢi ʚʪiʣʶʶʪʴc  ̫ʚ 
oʨʛaʥiʟaʮi  ʁ ʚʠxoʚʥo  ʾ ʨoʙoʪʠ; ʧoʪʨeʙaʤʠ 
ʪʚoʨʯo  ʾcaʤoaʢʪʫaʣiʟaʮi  ʾʡ caʤoʨeaʣiʟaʮi .ʾ 

ɿô̫coʚaʥo, oɦ ʧeʜaʛoʛiʯʥa ʧʨaʢʪʠʢa ʨoʟʚʠʚa  ̒
ʪʚoʨʯʫ aʢʪʠʚʥicʪ ɹ i caʤocʪiʡʥicʪ ɹʟʜʦʙʫʚʘʯiʚ, 
cʧʨʠʷʻ ʬoʨʤʫʚaʥʥ ʁ xʾ ʷʢ coʮiaʣʴʥo aʢʪʠʚʥʠx 
ocoʙʠcʪocʪeʡ ʟ iʥʥoʚaʮiʡʥʠʤ ʧoʪeʥʮiaʣoʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʬʦʨʤʫʚʘʥʥʷ ʛʦʪʦʚʥʦʩʪʽ ʜʦ 
ʚʠʭʦʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫ ʧʨʦʮʝʩʽ ʧʝʜʘʛʦʛʽʯʥʦʾ 
ʧʨʘʢʪʠʢʠ, ʜʫʘʣʴʥʘ ʦʩʚʽʪʘ, ʧʝʜʘʛʦʛʽʯʥʽ 
ʽʥʥʦʚʘʮʽʾ, iʥʥoʚaʮiʡʥa ʚʠxoʚʥa ʜiʷʣʴʥicʪ,ɹ 
ʪʝʭʥʦʣʦʛʽʾ iʥʥoʚaʮiʡʥʦʾ ʚʠxoʚʥʦʾ ʜiʷʣʴʥʦcʪʽ. 

1. ɺʩʪʫʧ 

ʈʝʬʦʨʤʫʚʘʥʥʷ ʥaʮioʥaʣʴʥo  ʾ cʠcʪeʤʠ 
ocʚiʪʠ ʚ ʢoʥʪeʢcʪi ʻʚʨoʧeʡcʴʢʠx ʚʠʤoʛ 
ʧoʪʨeʙʫʻ ʛʣʠʙoʢo  ʾ ʤʦʜʝʨʥʽʟʘʮʽʾ, 
ʚʧʨoʚaʜʞeʥʥʷ iʥʥoʚaʮiʡʥʠx ʚʠʭʦʚʥʠʭ 
ʪexʥoʣoʛiʡ ʫ ʧʨʦʮʝʩ ʧʽʜʛʦʪʦʚʢʠ ʤʘʡʙʫʪʥʽʭ 
ʫʯʠʪʝʣʽʚ, ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʧʨʘʢʪʠʢʦ 
ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢ ʧʝʨʝʜʫʤʦʚʠ 
ʜʫʘʣʴʥʦʾ ʦʩʚʽʪʠ ʚ ʋʢʨʘʾʥʽ [1]. ɺaʞʣʠʚʠʤ 
ʬaʢʪoʨoʤ ʚʠcʪʫʧa  ̒ʛoʪoʚʥicʪ ɹʟʜʦʙʫʚʘʯa ʜo 
cʧʨʠʡʥʷʪʪʷ ʧʨoʛʨecʠʚʥʠx ʟʤiʥ. ʆcʢiʣʴʢʠ 
ʣʠeh ʚʯʠʪeʣ  ɹ ʟ ʪʚoʨʯʠʤʠ ʟʜiʙʥocʪʷʤʠ ʪa 
iʥʥoʚaʮiʡʥʠʤ ʧoʪeʥʮiaʣoʤ ʟʜaʪʥʠʡ ʜo 
eʬeʢʪʠʚʥo  ʾʧʨoʬeciʡʥo  ʾʜiʷʣʴʥocʪi. 

ɺ ʫʤoʚax cʫʯacʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ocʚiʪʽ 
ʋʢʨaʾʥʠ cʫʪʪʻʚo ʟʤiʥʶʶʪʴc  ̫ ʚʠʤoʛʠ ʜo 
ʧʨoʬeciʡʥo  ʾ ʜiʷʣʴʥocʪi ʚʯʠʪeʣ .̫ ʋʯʠʪeʣ  ɹ
cʫʯacʥo  ʾh ʢoʣʠ ʤa  ̒ʙʫʜʫʚaʪʠ cʚo  ʁʜiʷʣʴʥicʪ ɹ
ʪaʢ, oɦʙ Ăcʧʨʠʷʪʠ cʪaʥoʚʣeʥʥ ʁ ocoʙʠcʪocʪi 
ʷʢ ʪʚoʨʮʷ i ʧʨoeʢʪʫʚaʣʴʥʠʢa ʞʠʪʪʷ, 
ʛaʨʤoʥiʟaʮi  ʾi ʛʫʤaʥiʟaʮi  ʾcʪocʫʥʢiʚ ʤiʞ ʫʯʥʷʤʠ 
i ʧeʜaʛoʛaʤʠ, ʰʢoʣo  ʁ i ʨoʜʠʥo ,ʁ ʢeʨʫʶʯʠc  ɹ
iʜeʷʤʠ caʤoʮiʥʥocʪi ʜʠʪʠʥcʪʚa, ʜiaʣoʛʫ, 
ʢoʤʧeʪeʥʪʥoʛo ʚʠʙoʨʫ ocoʙʠcʪoʛo ʞʠʪʪʻʚoʛo 
ʰʣx̫ʫò [ 7], oɦ ʚʠʤaʛa  ̒ ʨeaʣiʟaʮi  ʾ
iʥʥoʚaʮiʡʥʠx ʧiʜxoʜiʚ ʜo ʧeʜaʛoʛiʯʥo  ʾ
ʜiʷʣʴʥocʪi. ʂoʥʮeʧʮi  ̫ʧʨoʜʫʢʪʠʚʥo  ʾʚʠxoʚʥo  ʾ
ʜiʷʣʴʥocʪi ʧeʜa¬ʛoʛa ʟaʛaʣʴʥoocʚiʪʥoɹ  ʾ ʪa 
ʧʨoʬeciʡʥo  ʾʰʢoʣʠ, ˇʨʫʥʪoʚʥo ʨoʟʨoʙʣeʥa O. 
ɼʫʙaceʥʶʢ, ʚiʜoʙʨaʞa  ̒ ʪʨʠ ocʥoʚʥʠx 
ʧiʜʧʨocʪoʨʠ: cʪʨʫʢʪʫʨʥʠʡ, ʧʨaʢcioʣoʛiʯʥʠʡ 
(ʧʨoʮecʫaʣʴʥʠʡ) i aʢcioʣoʛiʯʥʠʡ. Cʪʨʫʢʪʫʨʥʠʡ 
ʧiʜʧʨocʪiʨ ʤa  ̒ ʪaʢi eʣeʤeʥʪʠ, ʷʢ: ʮi¬ʣi, 
cʫʙô̒ʢʪ, oʙô̒ʢʪ, ʧʨeʜʤeʪ, ʟacoʙʠ ʚʠxoʚʥo  ʾ
ʜiʷʣʴʥocʪi. ʇʨaʢcioʣoʛiʯʥʠʡ ï ʧʨoxoʜʠʪʴ ʫ ʪaʢi 
eʪaʧʠ oʟʥaʯeʥo  ʾʜiʷʣʴʥocʪi: ʜiaʛʥoc¬ʪʠʯʥʠʡ, 
ʧʨoeʢʪʫʚaʣʴʥo-ʮiʣ oɹʚʠʡ, oʨʛaʥiʟaʮiʡʥʠʡ, 
cʪʠʤʫʣʶʚaʣʴʥo-cʧoʥʫʢaʣʴʥʠʡ, ʢoʥʪʨoʣʴʥo-
oʮiʥʥʠʡ. Aʢcioʣoʛiʯʥʠʡ ï oxoʧʣʶʻ cʫʢʫʧʥicʪ ɹ
iʥʪeʛʨaʣʴʥʠx ʚʣacʪʠʚocʪeʡ ʧeʜaʛoʛa ï 
ʧʨoʬecioʥaʣiʟʤ ocoʙʠcʪocʪi i ʧʨoʬecioʥaʣiʟʤ 
ʜiʷʣʴʥocʪi, oɦ ʚʠcʪʫʧaʶʪʴ ʧoʢaʟʥʠʢoʤ 
ocoʙʠcʪicʥo-ʜiʷʣʴʥicʥo  ʾ cʫʪʥocʪi ʜiʷʣʴʥocʪi 
ʚʠxoʚaʪeʣ .̫ ʎ  ̫  ʢoʥʮeʧʮi  ̫cʣʫʛʫʻ ʙaʟo  ʁʜʣʷ 
ʚʠʨoʙʣeʥʥʷ cʪʨaʪeʛi  ʾ i ʪaʢʪʠʢʠ oʨʛaʥiʟaʮi  ʾ
ʜoʧʨoʬeciʡʥo  ʾ ʪa ʧʨo¬ʬeciʡʥo  ʾ ʧiʜʛoʪoʚʢʠ 
ʤaʡʙʫʪʥix ʧeʜaʛoʛiʚ [2, c. 131]. 

ʇoʥʷʪʪʷ «iʥʥoʚaʮiʡʥa ʚʠxoʚʥa ʜiʷʣʴʥicʪ»ɹ 
ʤʠ ʪʨʘʢʪʫʻʤʦ ʷʢ ʜiʷʣʴʥicʪ,ɹ oɦ ʟaʙeʟʧeʯʫʻ 
ʚʟaʻʤoʜi  ʁ ʦʩʦʙʠʩʪʦʩʪʽ ʟ oʙô̒ʢʪaʤʠ 
ʩʝʨʝʜʦʚʠʱʘ ʪa ʬoʨʤʫʻ coʮiaʣʴʥo ʮiʥʥicʥe 
cʪaʚʣeʥʥʷ ʜo ʥoɹʛo, ʟʜaʪʥicʪ ɹʙʫʪʠ cʫʙô̒ʢʪoʤ 
ʚʣacʥo  ʾʜiʷʣʴʥocʪi. ɸ ʦʩʥʦʚʥʠʤʠ ʢʨʠʪeʨiʷʤʠ 
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ʚʠʩʪʫʧʘʶʪʴ: ʫcʚiʜoʤʣeʥe ʧʨaʛʥeʥʥʷ 
cʪʫʜeʥʪiʚ ʙʫʪʠ ʛoʪoʚʠʤʠ ʜo iʥʥoʚaʮiʡʥo  ʾ
ʚʠxoʚʥo  ʾʜiʷʣʴʥocʪi ʟ ʰʢoʣʷʨaʤʠ; ʟʥaʥʥʷ i 
ʨoʟʫʤiʥʥʷ ʚaʞʣʠʚocʪi iʥʥoʚaʮiʡ ʫ ʚʠxoʚʥoʤʫ 
ʧʨoʮeci; ʟʜaʪʥicʪ ɹ ʜo ʪʚoʨʯocʪi; ʜiʻʚicʪ,ɹ 
ʫʤiʥʥʷ ʟʜiʡcʥʶʚaʪʠ iʥʥoʚaʮiʡʥʫ ʚʠxoʚʥʫ 
ʜiʷʣʴʥicʪ.ɹ 

ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ 
ʬʦʨʤʫʚʘʥʥʷ ʛoʪoʚʥʦʩʪʽ ʜo iʥʥoʚaʮiʡʥo  ʾ
ʚʠxoʚʥo  ʾʜiʷʣʴʥocʪi ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʧʨʦʮʝʩʽ 
ʧʨʦʭʦʜʞʝʥʥʷ ʧʝʜʘʛʦʛʽʯʥʦʾ ʧʨʘʢʪʠʢʠ. ɸ ʮʝ 
ʚʢʘʟʫʻ ʥʘ ʧʝʨʩʧʝʢʪʠʚʠ ʜʫʘʣʴʥʦʾ ʦʩʚʽʪʠ.  

2. ʈʦʟʚʠʪʦʢ ʜʫʘʣʴʥʦʾ ʦʩʚʽʪʠ ʫ 
ʧʽʜʛʦʪʦʚʮʽ ʤʘʡʙʫʪʥʽʭ ʬʘʭʽʚʮʽʚ 

ʆʩʚʽʪʘ  ̒ʦʩʥʦʚʦʶ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ 
ʨʦʟʚʠʪʢʫ ʙʫʜʴ-ʷʢʦʾ ʜʝʨʞʘʚʠ. ɸʥʘʣʽʟ ʟʘʢʦʥʽʚ 
«ʇʨʦ ʦʩʚʽʪʫ» (2017), «ʇʨʦ ʚʠʱʫ ʦʩʚʽʪʫ» 
(2017), «ʇʨʦ ʧʨʦʬʝʩʽʡʥʫ (ʧʨʦʬʝʩʽʡʥʦ-
ʪʝʭʥʽʯʥʫ) ʦʩʚʽʪʫ» (2018), ʽʥʰʠʭ ʥʦʨʤʘʪʠʚʥʠʭ 
ʦʩʚʽʪʥʽʭ ʜʦʢʫʤʝʥʪʽʚ, ʟʦʢʨʝʤʘ ʂʦʥʮʝʧʮʽʾ 
ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʟʘ ʜʫʘʣʴʥʦʶ ʬʦʨʤʦʶ 
ʟʜʦʙʫʪʪʷ ʦʩʚʽʪʠ (2018), ʇʦʣʦʞʝʥʥʷ ʧʨʦ 
ʜʫʘʣʴʥʫ ʬʦʨʤʫ ʟʜʦʙʫʪʪʷ ʬʘʭʦʚʦʾ 
ʧʝʨʝʜʚʠʱʦʾ ʪʘ ʚʠʱʦʾ ʦʩʚʽʪʠ (2023) ʩʚʽʜʯʠʪʴ 
ʧʨʦ ʪʝ, ʱʦ ʬʦʢʫʩ ʫʚʘʛʠ ʩʫʩʧʽʣʴʩʪʚʘ 
ʩʧʨʷʤʦʚʘʥʠʡ ʥʠʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 
ʦʩʚʽʪʠ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʮʠʭ ʜʦʢʫʤʝʥʪʽʚ ̒ , ʧʦ-
ʧʝʨʰʝ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʪʯʠʟʥʷʥʦʾ ʩʠʩʪʝʤʠ 
ʦʩʚʽʪʠ ʥʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʫ ʩʪʨʫʢʪʫʨʫ; 
ʧʦ-ʜʨʫʛʝ, ʬʦʨʤʫʚʘʥʥʷ  ̔ʨʦʟʚʠʪʦʢ ʨʽʟʥʦʙʽʯʥʦ 
ʨʦʟʚʠʥʝʥʠʭ ʦʩʦʙʠʩʪʦʩʪʝʡ, ʢʦʤʧʝʪʝʥʪʥʠʭ, 
ʤʦʙʽʣʴʥʠʭ, ʩʦʮʽʘʣʴʥʦ-ʩʚʽʜʦʤʠʭ ʬʘʭʽʚʮʽʚ, 
ʫʨʘʭʦʚʫʶʯʠ ʽʩʪʦʨʠʯʥʽ ʪʘ ʥʘʮʽʦʥʘʣʴʥʦ-
ʢʫʣʴʪʫʨʥʽ ʦʩʚʽʪʥʽ ʪʨʘʜʠʮʽʾ.  

ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫʢʨʘʾʥʩʴʢʽ ʫʨʷʜʦʚʽ 
ʽʥʩʪʠʪʫʮʽʾ ʪʘʢʦʞ ʘʢʮʝʥʪʫʶʪʴ ʫʚʘʛʫ ʥʘ 
ʚʚʝʜʝʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʧʨʘʢʪʠʢʦ ʦʨʽʻʥʪʦʚʘʥʠʭ 
 ̔ ʛʥʫʯʢʠʭ ʦʩʚʽʪʥʽʭ ʧʨʦʛʨʘʤ (ʆʇ) ʫ ʤʝʞʘʭ 
ʩʫʯʘʩʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʦʩʚʽʪʠ. ʆʜʥʠʤ ʽʟ 
ʥʘʧʨʷʤʽʚ ʪʘʢʦʾ ʜʽʷʣʴʥʦʩʪʽ  ̒ ʚʧʨʦʚʘʜʞʝʥʥʷ 
ʜʫʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʟʜʦʙʫʪʪʷ ʦʩʚʽʪʠ. ʊʘʢʽ 
ʟʘʭʦʜʠ ʩʧʨʠʷʶʪʴ ʦʥʦʚʣʝʥʥʶ ʦʩʚʽʪʥʽʭ 
ʩʪʘʥʜʘʨʪʽʚ  ̔ ʧʨʦʛʨʘʤ ʥʘʚʯʘʥʥʷ ʫ ʟʘʢʣʘʜʘʭ 
ʚʠʱʦʾ ʦʩʚʽʪʠ (ɿɺʆ). ʈʦʟʨʦʙʣʝʥʥʷ ʩʫʯʘʩʥʠʭ 
ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ, ʥʝʦʙʭʽʜʥʠʭ ʧʨʘʮʽʚʥʠʢʫ ʟ 
ʚʠʱʦʶ ʦʩʚʽʪʦʶ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 
ʧʨʦʬʝʩʽʡʥʦʶ ʩʧʽʣʴʥʦʪʦʶ, ʚʨʘʭʦʚʫʶʯʠ 
ʩʫʯʘʩʥʽ, ʧʝʨʩʧʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ  ̔ ʜʦʩʚʽʜ 
ʧʨʦʛʨʝʩʠʚʥʦʾ ʧʨʘʢʪʠʢʠ. ʊʘʢʘ ʧʽʜʛʦʪʦʚʢʘ 
ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙô̒ʢʪʠʚʥʦ 
ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ ʾʭʥʴʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ  ̔ ʚ ʪʦʡ 
ʩʘʤʠʡ ʯʘʩ ʧʽʜʚʠʱʫʻ ʰʘʥʩ ʥʘ 

ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ ʚ ʥʘʜʽʡʥʠʭ ʨʦʙʦʪʦʜʘʚʮʽʚ. 
ʂʦʤʧʝʪʝʥʪʥʦʩʪʽ ʤʘʡʙʫʪʥʽʭ ʬʘʭʽʚʮʽʚ ʫ ʮʠʭ 
ʚʠʧʘʜʢʘʭ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 
ʚʠʤʦʛʘʤ ʨʠʥʢʫ ʧʨʘʮʽ [1].  

ɼʫʘʣʴʥʝ ʥʘʚʯʘʥʥʷ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 
ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡʥʦʾ 
ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʨʝʛʽʦʥʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʨʦʟʚʠʪʢʫ 
ʢʦʥʢʫʨʝʥʪʥʠʭ ʧʝʨʝʚʘʛ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʛʦʪʦʚʢʠ 
ʬʘʭʽʚʮʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʩʫʯʘʩʥʦʾ 
ʝʢʦʥʦʤʽʢʠ. ʅʘ ʞʘʣʴ, ʩʫʯʘʩʥʽ ʦʙô̒ʢʪʠʚʥʽ 
ʧʨʠʯʠʥʠ, ʘ ʩʘʤʝ: ʥʝʜʘʚʥʷ ʩʚʽʪʦʚʘ ʧʘʥʜʝʤʽʷ 
COVID-19 ʪʘ ʧʦʚʥʦʤʘʩʰʪʘʙʥʘ ʚʽʡʥʘ ʨʦʩʽʾ ʟ 
ʋʢʨʘʾʥʦʶ ʥʝ ʩʧʨʠʷʶʪʴ ʰʚʠʜʢʠʤ 
ʤʦʜʝʨʥʽʟʘʮʽʡʥʠʤ ʧʨʦʮʝʩʘʤ. ʅʠʥʽ ʥʘ ʨʠʥʢʫ 
ʧʨʘʮʽ ʥʘʷʚʥʘ ʧʨʦʙʣʝʤʘ ʜʝʬʽʮʠʪʫ ʬʘʭʽʚʮʽʚ 
ʧʝʚʥʠʭ ʛʘʣʫʟʝʡ. ʇʝʨʝʜ ʨʦʙʦʪʦʜʘʚʮʷʤʠ 
ʧʦʩʪʘʣʦ ʟʘʚʜʘʥʥʷ ʧʦʰʫʢʫ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʟ 
ʥʝʦʙʭʽʜʥʦʶ ʢʚʘʣʽʬʽʢʘʮʽʻʶ. ʋ ʪʦʡ ʩʘʤʠʡ ʯʘʩ, 
ʜʦʩʚʽʜʯʝʥʽ ʬʘʭʽʚʮʽ ʥʝ ʤʦʞʫʪʴ ʟʥʘʡʪʠ ʨʦʙʦʪʫ ʟ 
ʪʽʻʾ ʧʨʠʯʠʥʠ, ʱʦ ʾʭʥʽ ʧʨʘʢʪʠʯʥʽ ʚʤʽʥʥʷ 
«ʟʘʩʪʘʨʽʣʠ». ʋ ʟʚô̫ʟʢʫ ʟ ʮʠʤ ʟʨʦʩʪʘʻ 
ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ ʡ 
ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʘʱʦʛʦ 
ʟʘʨʫʙʽʞʥʦʛʦ ʜʦʩʚʽʜʫ. ʇʨʠʡʥʷʪʘ ʥʝʱʦʜʘʚʥʦ 
ʂʦʥʮʝʧʮʽʷ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʟʘ ʜʫʘʣʴʥʦʶ 
ʬʦʨʤʦʶ ʟʜʦʙʫʪʪʷ ʦʩʚʽʪʠ ʧʽʜʚʠʱʫʻ 
ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʦʩʚʽʪʥʽʭ ʩʠʩʪʝʤ ʪʠʭ 
ʢʨʘʾʥ, ʢʦʪʨʽ ʤʘʶʪʴ ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʽ ʫʩʧʽʭʠ ʚ 
ʮʴʦʤʫ ʦʩʚʽʪʥʴʦʤʫ ʥʘʧʨʷʤʽ. 

ɼʫʘʣʴʥʝ ʥʘʚʯʘʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʝ ʣʠʰʝ 
ʷʢ ʧʝʜʘʛʦʛʽʯʥʘ ʘʣʴʪʝʨʥʘʪʠʚʘ, ʘ ʡ ʷʢ ʫʩʧʽʰʥʦ 
ʘʜʘʧʪʦʚʘʥʠʡ ʜʦ ʫʤʦʚ ʨʠʥʢʦʚʦʾ ʝʢʦʥʦʤʽʢʠ 
ʦʩʚʽʪʥʽʡ ʬʝʥʦʤʝʥ, ɦ ʦ ʟʜʽʡʩʥʶʻ ̫ ʢ ʧʨʷʤʠʡ, ʪʘʢ 
 ̔ ʦʧʦʩʝʨʝʜʢʦʚʘʥʠʡ ʚʧʣʠʚ ʥʘ ʨʦʟʚʠʪʦʢ 
ʧʨʦʬʝʩʽʡʥʦʾ ʧʝʜʘʛʦʛʽʢʠ ʨʽʟʥʠʭ ʢʨʘʾʥ, ʚ ʪʦʤʫ 
ʯʠʩʣʽ ʋʢʨʘʾʥʠ. ɰʾ ʚʠʥʠʢʥʝʥʥʷ ʦʟʥʘʤʝʥʫʚʘʣʦ 
ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʦʩʚʽʪʥʽʭ ʪʨʘʜʠʮʽʡ, ʢʦʣʠ ʥʘ 
ʟʘʤʽʥʫ ʨʘʮʽʦʥʘʣʽʩʪʠʯʥʽʡ ʩʝʨʝʜʥʴʦʚʽʯʥʽʡ 
ʻʚʨʦʧʝʡʩʴʢʽʡ ʧʨʘʢʪʠʮʽ ʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ 
ʤʘʡʩʪʨʦʤ ʦʢʨʝʤʦʛʦ  ̔ «ʩʦʙʽ ʧʦʜʽʙʥʦʛʦ» ʫʯʥʷ, 
ʝʢʦʥʦʤʽʢʘ ʟʘʞʘʜʘʣʘ ʥʦʚʫ ʬʦʨʤʫ ʧʽʜʛʦʪʦʚʢʠ 
ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʥʘ ʦʩʥʦʚʽ ʪʽʩʥʦʾ 
ʚʟʘʻʤʦʜʽʾ ʧʽʜʧʨʠʻʤʩʪʚ  ̔ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ. 

ɸʥʘʣʽʟ ʂʦʥʮʝʧʮʽʾ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʟʘ 
ʜʫʘʣʴʥʦʶ ʬʦʨʤʦʶ ʟʜʦʙʫʪʪʷ ʦʩʚʽʪʠ (2018), 
ʉʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʚʠʱʦʾ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ ʥʘ 
2021-2031 ʨʨ. (2020) ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʜʫʘʣʴʥʫ 
ʬʦʨʤʫ ʟʜʦʙʫʪʪʷ ʬʘʭʦʚʦʾ ʧʝʨʝʜʚʠʱʦʾ ʪʘ 
ʚʠʱʦʾ ʦʩʚʽʪʠ (2023) ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʫ 
ʨʦʟʚʠʪʢʫ ʜʫʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʩʠʩʪʝʤʽ ʚʠʱʦʾ 
ʦʩʚʽʪʠ. ɺʦʥʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʚʯʝʥʥʷ  ̔
ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʩʫʢʫʧʥʦʩʪʽ ʾʾ ʧʨʦʚʽʜʥʠʭ ʽʜʝʡ. 
ɺʠʟʥʘʯʘʣʴʥʦʶ ʩʝʨʝʜ ʥʠʭ  ̒ʪʽʩʥʘ ʚʟʘʻʤʦʜʽʷ 
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ʩʠʩʪʝʤʠ ʧʨʦʬʝʩʽʡʥʦʾ ʦʩʚʽʪʠ, ʨʠʥʢʫ ʧʨʘʮʽ  ̔
ʨʦʙʦʪʦʜʘʚʮʽʚ, ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 
ʩʦʮʽʘʣʴʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ. 

ʉʧʝʮʠʬʽʯʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʜʫʘʣʴʥʦʛʦ 
ʥʘʚʯʘʥʥʷ :̒ ʻʜʥʽʩʪʴ ʪʝʦʨʽʾ  ̔ʧʨʘʢʪʠʢʠ, ʻʜʥʽʩʪʴ 
ʦʩʚʽʪʠ, ʚʠʭʦʚʘʥʥʷ  ̔ ʨʦʟʚʠʪʢʫ, ʦʩʦʙʠʩʪʽʩʥʘ 
ʘʢʪʠʚʥʽʩʪʴ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʘ ʩʧʨʷʤʦʚʘʥʽʩʪʴ 
ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʽʩʪʴ, 
ʽʥʪʝʛʨʘʮʽʷ, ʤʦʙʽʣʴʥʽʩʪʴ, ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, 
ʜʝʤʦʢʨʘʪʠʟʘʮʽʷ, ʚʘʣʽʜʥʦʩʪʽ, ʦʙô̒ʢʪʠʚʥʦʩʪʽ, 
ʧʨʘʢʪʠʢʦ ʦʨʽʻʥʪʦʚʘʥʦʩʪʽ, ʻʜʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ 
ʪʘ ʩʘʤʦʫʧʨʘʚʣʽʥʥʷ, ʟʚ'ʷʟʦʢ ʪʝʦʨʽʾ ʟ 
ʧʨʘʢʪʠʢʦʶ, ʚʟʘʻʤʦʜʽʷ ʟʘʢʣʘʜʫ ʦʩʚʽʪʠ ʟ 
ʨʦʙʦʪʦʜʘʚʮʝʤ, ʧʨʘʚʠʣʴʥʘ ʤʦʪʠʚʘʮʽʷ [1].  

ɼʦʚʝʜʝʥʦ, ʱʦ ʧʨʘʢʪʠʢʦ ʦʨʽʻʥʪʦʚʘʥʝ 
ʥʘʚʯʘʥʥʷ  ̒ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʫʘʣʴʥʦʾ 
ʬʦʨʤʠ ʟʜʦʙʫʪʪʷ ʦʩʚʽʪʠ. ʋʪʦʯʥʠʤʦ, ʟʤʽʩʪ 
ʪʝʨʤʽʥʫ «ʧʨʘʢʪʠʢʦ ʦʨʽʻʥʪʦʚʘʥʝ ʥʘʚʯʘʥʥʷ» - 
ʮʝ ʧʝʜʘʛʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ 
ʷʢʦʛʦ ʧʨʦʭʦʜʠʪʴ ʟ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʥʘʙʫʪʪʷʤ 
ʜʦʩʚʽʜʫ ʧʨʘʢʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʁʦʛʦ ʤʝʪʘ 
ʧʦʣʷʛʘʻ ʫ ʜʦʧʦʤʦʟʽ ʟʜʦʙʫʚʘʯʝʚʽ ʚ ʟʘʩʚʦʻʥʥʽ ʡ 
ʟʘʩʪʦʩʫʚʘʥʥʽ ʦʜʝʨʞʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʥʴ, 
ʬʦʨʤʫʚʘʥʥʽ ʚʤʽʥʴ ʩʘʤʦʩʪʽʡʥʦ ʚʠʨʽʰʫʚʘʪʠ 
ʧʨʦʙʣʝʤʠ, ʘʜʘʧʪʫʚʘʪʠʩʴ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ. 
ɺʦʥʦ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʪʘʢʠʭ ʷʢʦʩʪʝʡ, ʷʢ 
ʧʨʦʬʝʩʽʡʥʘ  ̔ʢʦʤʫʥʽʢʘʪʠʚʥʘ ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ, 
ʧʦʟʠʪʠʚʥʝ ʩʪʘʚʣʝʥʥʷ ʜʦ ʩʚʦʻʾ ʤʘʡʙʫʪʥʴʦʾ 
ʧʨʦʬʝʩʽʾ, ʪʚʦʨʯʠʡ, ʥʝʦʨʜʠʥʘʨʥʠʡ ʧʽʜʭʽʜ ʜʦ 
ʨʦʟʚô̫ʟʘʥʥʷ ʧʨʦʬʝʩʽʡʥʠʭ ʟʘʚʜʘʥʴ, ʘʢʪʠʚʥʘ 
ʞʠʪʪʻʚʘ ʧʦʟʠʮʽʷ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʪʘʢʠʭ ʟʘʥʷʪʴ 
:̒ ʬʦʨʤʫʚʘʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʧʨʦʬʝʩʽʡʥʦ 
ʚʘʞʣʠʚʠʭ ʷʢʦʩʪʝʡ  ̔ ʚʤʽʥʴ; ʨʝʬʣʝʢʩʠʚʥʠʭ, 
ʜʦʩʣʽʜʥʠʮʴʢʠʭ, ʢʦʤʫʥʽʢʘʪʠʚʥʠʭ, 
ʧʨʝʟʝʥʪʘʮʽʡʥʠʭ ʪʘ ʢʦʤʘʥʜʥʠʭ 
ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ; ʧʽʜʚʠʱʝʥʥʷ ʥʘʚʯʘʣʴʥʦʾ 
ʤʦʪʠʚʘʮʽʾ, ʘʢʘʜʝʤʽʯʥʦʾ ʪʘ ʦʩʦʙʠʩʪʦʾ 
ʫʩʧʽʰʥʦʩʪʽ; ʬʦʨʤʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ 
ʧʨʦʬʝʩʽʡʥʠʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ [3]. 
ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʘʢʪʠʢʦ ʦʨʽʻʥʪʦʚʘʥʝ 
ʥʘʚʯʘʥʥʷ ʤʽʩʪʠʪʴ ʪʨʠ ʩʢʣʘʜʦʚʽ: ʩʚʦʙʦʜʫ, 
ʩʘʤʦʩʪʽʡʥʽʩʪʴ, ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ.  

ɺʠʟʥʘʯʝʥʦ ʧʝʨʝʚʘʛʠ ʧʨʘʢʪʠʢʦ 
ʦʨʽʻʥʪʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʢʦʥʪʝʢʩʪʽ 
ʜʫʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ:  

- ʚʦʥʠ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʧʽʣʴʥʦ ʛʦʪʫʚʘʪʠ 

ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ, ʧʦʻʜʥʫʶʯʠ 

ʪʝʦʨʝʪʠʯʥʝ ʪʘ ʧʨʘʢʪʠʯʥʝ ʥʘʚʯʘʥʥʷ; 

- ʥʘʚʯʘʣʴʥʠʡ ʧʣʘʥ ʧʝʨʝʜʙʘʯʘʻ ʧʦʚʥʠʡ 

ʦʙʩʷʛ ʘʫʜʠʪʦʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

- ʧʽʜ ʯʘʩ ʧʽʜʛʦʪʦʚʢʠ ʧʨʘʢʪʠʯʥʠʭ, 

ʣʘʙʦʨʘʪʦʨʥʠʭ, ʢʫʨʩʦʚʠʭ  ̔ ʜʠʧʣʦʤʥʠʭ 

ʧʨʦʻʢʪʽʚ ʟʜʦʙʫʚʘʯʘʤ ʥʘʜʘʻʪʴʩʷ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʪʝʨʽʘʣʠ  ̔

ʩʧʝʮʽʘʣʴʥʦ ʦʙʣʘʜʥʘʥʽ ʣʘʙʦʨʘʪʦʨʽʾ 

ʧʽʜʧʨʠʻʤʩʪʚʘ; 

- ʫʥʽʚʝʨʩʠʪʝʪ ʫʨʘʭʦʚʫʻ ʚʠʨʦʙʥʠʯʽ ʚʠʤʦʛʠ, 

ʱʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʤʘʡʙʫʪʥʴʦʛʦ 

ʬʘʭʽʚʮʷ,  ̔ʮʝ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʷʢʦʩʪʽ ʡʦʛʦ 

ʧʽʜʛʦʪʦʚʢʠ; 

- ʟʜʦʙʫʚʘʯʽ ʚʠʢʦʥʫʶʪʴ ʢʫʨʩʦʚʽ ʪʘ ʜʠʧʣʦʤʥʽ 

ʧʨʦʻʢʪʠ ʥʘ ʘʢʪʫʘʣʴʥʽ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʪʝʤʠ. ʊʠʤ ʩʘʤʠʤ ʥʘʜʘʶʪʴ ʥʘʫʢʦʚʠʡ 

ʤʘʪʝʨʽʘʣ ʫ ʚʠʛʣʷʜʽ ʧʨʦʧʦʟʠʮʽʡ ʜʣʷ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʨʝʘʣʴʥʠʭ ʚʠʨʦʙʥʠʯʠʭ 

ʟʘʚʜʘʥʴ. 

ɼʣ  ̫ ʋʢʨʘʾʥʠ ʜʫʘʣʴʥʘ ʬʦʨʤʘ ʟʜʦʙʫʪʪʷ 
ʦʩʚʽʪʠ  ̒ ʩʚʦʻʨʽʜʥʦʶ ʽʥʥʦʚʘʮʽʻʶ, ʦʩʢʽʣʴʢʠ 
ʧʦʨʽʚʥʷʥʦ ʥʝʱʦʜʘʚʥʦ ʨʦʟʧʦʯʘʣʦʩʴ ʾʾ 
ʚʧʨʦʚʘʜʞʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʚʯʝʥʥʷ 
ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ, ʫʨʷʜʦʚʠʭ ʩʘʡʪʽʚ, 
ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʜʘʣʠ ʟʤʦʛʫ 
ʩʬʦʨʤʫʣʶʚʘʪʠ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ 
ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʫʘʣʴʥʦʾ ʦʩʚʽʪʠ ʫ ʚʽʪʯʠʟʥʷʥʠʭ 
ʟʘʢʣʘʜʘʭ ʦʩʚʽʪʠ: ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 
ʧʽʜʛʦʪʦʚʢʠ ʢʘʜʨʽʚ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ 
ʧʦʪʝʥʮʽʡʥʠʭ ʨʦʙʦʪʦʜʘʚʮʽʚ; ʦʥʦʚʣʝʥʥʷ 
ʧʨʦʬʝʩʽʡʥʠʭ ʧʨʦʛʨʘʤ, ʬʦʨʤ  ̔ ʤʝʪʦʜʽʚ 
ʥʘʚʯʘʥʥʷ, ʧʦʜʦʣʘʥʥʷ ʚʽʜʨʠʚʫ ʤʽʞ 
ʪʝʦʨʝʪʠʯʥʦʶ ʪʘ ʧʨʘʢʪʠʯʥʦʶ ʩʢʣʘʜʦʚʦʶ 
ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ.  

ʅʘ ʨʽʚʥʽ ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ ʩʪʦʾʪʴ ʟʘʚʜʘʥʥʷ: 
ʧʦʩʠʣʠʪʠ ʫʚʘʛʫ ʜʦ ʤʝʪʦʜʦʣʦʛʽʾ ʜʦʩʣʽʜʞʝʥʴ 
ʨʝʘʣʽʟʘʮʽʾ ʜʫʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟʘʜʣʷ ʙʽʣʴʰ 
ʛʣʠʙʦʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʡʦʛʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ 
ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ 
ʟʤʽʩʪʫ, ʤʝʪʦʜʠʢʠ, ʪʝʭʥʦʣʦʛʽʾ  ̔ ʦʨʛʘʥʽʟʘʮʽʾ 
ʜʫʘʣʴʥʦʾ ʬʦʨʤʠ ʟʜʦʙʫʪʪʷ ʧʨʦʬʝʩʽʡʥʦʾ ʦʩʚʽʪʠ; 
ʥʘʤʘʛʘʪʠʩʷ ʩʪʚʦʨʠʪʠ ʪʘ ʧʦʰʠʨʠʪʠ ʜʦʩʚʽʜ 
ʫʧʨʦʚʘʜʞʝʥʥʷ ʜʫʘʣʴʥʦʾ ʬʦʨʤʠ ʟʜʦʙʫʪʪʷ 
ʦʩʚʽʪʠ ʚ ʢʦʞʥʦʤʫ ɿɺʆ; ʩʧʨʠʷʪʠ 
ʫʧʨʦʚʘʜʞʝʥʥʶ ʦʩʚʽʪʥʽʭ ʧʨʦʛʨʘʤ ʟʘ ʜʫʘʣʴʥʦʶ 
ʬʦʨʤʦʶ ʥʘʚʯʘʥʥʷ ʚ ʪʠʭ ʟʘʢʣʘʜʘʭ ʦʩʚʽʪʠ, ʜʝ 
ʮʝ ʤʦʞʣʠʚʦ; ʟʨʝʘʣʽʟʦʚʫʚʘʪʠ ʪʝʦʨʝʪʠʯʥʽ ʪʘ 
ʝʤʧʽʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ 
ʜʫʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ; ʨʦʟʨʦʙʣʷʪʠ  ̔
ʟʘʧʨʦʚʘʜʞʫʚʘʪʠ ʩʠʩʪʝʤʥʽ ʟʘʭʦʜʠ ʱʦʜʦ 
ʟʘʦʭʦʯʝʥʥʷ ʧʝʜʘʛʦʛʽʚ ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ ʩʚʦʾ 
ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 
ʜʫʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʦʩʚʽʪʥʽʡ ʧʨʦʮʝʩ; 
ʦʙˇʨʫʥʪʫʚʘʪʠ ʪʘ ʚʠʟʥʘʯʠʪʠ ʢʦʥʮʝʧʪʫʘʣʴʥʽ 
ʧʽʜʭʦʜʠ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʬʝʩʽʡʥʦʾ ʧʨʘʢʪʠʢʦ 
ʦʨʽʻʥʪʦʚʘʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʥʦʚʦʾ 
ʛʝʥʝʨʘʮʽʾ; ʚʠʚʯʘʪʠ  ̔ ʧʦʰʠʨʶʚʘʪʠ ʜʦʩʚʽʜ 
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ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʨʫʙʽʞʥʠʭ ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ ʟ 
ʨʦʟʨʦʙʣʝʥʥʷ ʡ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʩʚʽʪʥʽʭ 
ʧʨʦʛʨʘʤ ʟʘ ʜʫʘʣʴʥʦʶ ʬʦʨʤʦʶ ʥʘʚʯʘʥʥʷ; 
ʩʧʨʷʤʫʚʘʪʠ ʟʫʩʠʣʣʷ ʥʘ ʘʢʪʠʚʥʽʡ ʩʧʽʚʧʨʘʮʽ 
ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ ʟ ʧʦʪʝʥʮʽʡʥʠʤʠ 
ʨʦʙʦʪʦʜʘʚʮʷʤʠ ʟ ʤʝʪʦʶ ʝʬʝʢʪʠʚʥʦʛʦ 
ʧʨʦʬʝʩʽʡʥʦʛʦ ʩʘʤʦʚʠʟʥʘʯʝʥʥʷ ʤʦʣʦʜʽ. 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʟʘʨʫʙʽʞʥʦʛʦ ʜʦʩʚʽʜʫ 
ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʜʫʘʣʴʥʦʛʦ 
ʥʘʚʯʘʥʥʷ ʫ ʚʽʪʯʠʟʥʷʥʫ ʩʠʩʪʝʤʫ ʦʩʚʽʪʠ ʜʘʻ 
ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 
ʜʦʩʣʽʜʞʫʚʘʥʘ ʬʦʨʤʘ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʚ 
ʋʢʨʘʾʥʽ ʧʝʨʝʙʫʚʘʻ ʫ ʩʪʘʥʽ ʟʘʨʦʜʞʝʥʥʷ. 
ɺʽʜʩʫʪʥʽʩʪʴ ʟʘʢʦʥʦʜʘʚʯʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, 
ʥʝʜʦʩʪʘʪʥʻ ʥʘʣʘʛʦʜʞʝʥʥʷ ʩʧʽʚʧʨʘʮʽ ʤʽʞ 
ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʪʘ ʟʘʢʣʘʜʘʤʠ ʦʩʚʽʪʠ ʥʝ 
ʩʧʨʠʷʻ ʰʚʠʜʢʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʶ ʜʫʘʣʴʥʦʛʦ 
ʥʘʚʯʘʥʥʷ. ʆʩʦʙʣʠʚʦʩʪʷʤʠ ʨʝʘʣʽʟʘʮʽʾ 
ʜʫʘʣʴʥʦʾ ʦʩʚʽʪʠ ʚ ʋʢʨʘʾʥʽ :̒ ʫʢʣʘʜʘʥʥʷ 
ʜʦʛʦʚʦʨʫ ʧʨʦ ʧʨʦʬʝʩʽʡʥʝ ʥʘʚʯʘʥʥʷ, 
ʧʨʘʢʪʠʯʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ, ʱʦ 
ʩʪʘʥʦʚʠʪʴ 25-60% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ, 
ʻʜʠʥʽ ʩʪʘʥʜʘʨʪʠ ʧʨʦʬʝʩʽʡʥʦʾ ʦʩʚʽʪʠ ʡ 
ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʣʘʥʽʚ ʥʘʚʯʘʥʥʷ ʟʘ ʚʠʤʦʛʦʶ 
ʨʦʙʦʪʦʜʘʚʮʽʚ. 

ɸʥʘʣʽʟ ʩʪʘʥʦʚʣʝʥʥʷ  ̔ʨʦʟʚʠʪʢʫ ʜʫʘʣʴʥʦʛʦ 
ʥʘʚʯʘʥʥʷ ʚ ʫʥʽʚʝʨʩʠʪʝʪʘʭ ʅʽʤʝʯʯʠʥʠ ʡ ɸʚʩʪʨʽʾ 
ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʮʽʣʽʩʥʦʛʦ ʙʘʯʝʥʥʷ ʡʦʛʦ 
ʪʝʦʨʝʪʠʯʥʠʭ  ̔ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʧʝʜʘʛʦʛʽʯʥʠʭ 
ʦʩʥʦʚ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʡ 
ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʤʝʪʦʜʠʯʥʽ ʟʘʩʘʜʠ ʨʝʘʣʽʟʘʮʽʾ 
ʜʫʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʻʚʨʦʧʝʡʩʴʢʠʭ 
ʫʥʽʚʝʨʩʠʪʝʪʘʭ; ʩʪʚʦʨʝʥʦ ʡ ʦʙˇʨʫʥʪʦʚʘʥʦ 
ʤʦʜʝʣʴ ʦʨʛʘʥʽʟʘʮʽʾ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʦʛʦ 
ʜʫʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʦʢʨʝʩʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʠ 
ʨʦʟʚʠʪʢʫ ʜʫʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ ʫ ʩʚʽʪʦʚʽʡ ʪʘ 
ʚʽʪʯʠʟʥʷʥʽʡ ʦʩʚʽʪʽ ʚ ʨʽʟʥʠʭ ʢʦʥʪʝʢʩʪʘʭ. 
ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʯʥʠʡ ʢʦʤʧʣʝʢʩ ʱʦʜʦ 
ʫʧʨʦʚʘʜʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʜʫʘʣʴʥʦʛʦ 
ʥʘʚʯʘʥʥʷ ʫ ʚʽʪʯʠʟʥʷʥʫ ʩʠʩʪʝʤʫ ʚʠʱʦʾ ʦʩʚʽʪʠ. 

ʂʦʥʢʨʝʪʠʟʦʚʘʥʦ ʧʦʥʷʪʪʷ: «ʜʫʘʣʴʥʽʩʪʴ», 
«ʜʫʘʣʽʟʤ», «ʜʫʘʣʴʥʘ ʦʩʚʽʪʘ», «ʜʫʘʣʴʥʝ 
ʥʘʚʯʘʥʥʷ», «ʜʫʘʣʴʥʘ ʬʦʨʤʘ ʥʘʚʯʘʥʥʷ», 
«ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ», «ʤʽʩʮʝ ʥʘʚʯʘʥʥʷ», 
«ʩʦʮʽʘʣʴʥʝ ʧʘʨʪʥʝʨʩʪʚʦ». ɿô̫ʩʦʚʘʥʦ, ʱʦ ʚ 
ʟʘʨʫʙʽʞʥʽʡ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʤʘʻ ʤʽʩʮʝ 
ʻʜʠʥʠʡ ʪʝʨʤʽʥ  ̔ ʚʠʟʥʘʯʝʥʥʷ ʜʫʘʣʴʥʦʛʦ 
ʥʘʚʯʘʥʥʷ (Duales Studium), ʱʦ ʪʨʘʢʪʫʻʪʴʩʷ ʷʢ 
ʢʦʤʙʽʥʦʚʘʥʘ ʤʦʜʝʣʴ ʧʨʦʬʝʩʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ: 
ʦʜʥʦʯʘʩʥʝ ʦʜʝʨʞʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ  ̔
ʧʨʘʢʪʠʯʥʠʭ ʟʥʘʥʴ [1]. 

3. ʇʝʜʘʛʦʛʽʯʥʽ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ 
ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʭʦʚʥʦʾ 
ʜʽʷʣʴʥʦʩʪʽ ʫ ʧʨʦʮʝʩʽ ʧʝʜʘʛʦʛʽʯʥʦʾ 
ʧʨʘʢʪʠʢʠ 

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʤʠ ʙʫʣʠ 
ʦʙˇʨʫʥʪʦʚʘʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 
ʧʝʨʝʚʽʨʝʥʽ ʧʝʜʘʛʦʛʽʯʥʽ ʫʤʦʚʠ ʧiʜʚʠʱeʥʥʷ 
eʬeʢʪʠʚʥocʪi ʧʽʜʛoʪoʚʢʠ cʪʫʜeʥʪiʚ ʜo 
iʥʥoʚaʮiʡʥo  ʾʚʠxoʚʥo  ʾʜiʷʣʴʥocʪi. 

ʇiʜ ʫʤoʚaʤʠ ʤʠ ʨoʟʫʤiʻʤʦ: oʙcʪaʚʠʥʠ, ʚiʜ 
ʷʢʠx oɦ-ʥeʙʫʜʴ ʟaʣeʞʠʪʴ; ʥaʚʢoʣʠʰʥʻ 
ceʨeʜoʚʠeɦ, ʚ ʷʢoʤʫ ʚiʜʙʫʚaʻʪʴc ,̫ ʧʨoʪiʢa  ̒

oɦ-ʥeʙʫʜʴ; ʥaʷʚʥicʪ ɹ oʙcʪaʚʠʥ, ʧeʨeʜʫʤoʚ, 
oɦ cʧʨʠʷʶʪʴ ʯoʤʫ-ʥeʙʫʜʴ; ʬiʣocoʬcʴʢʫ 
ʢaʪeʛoʨi ,ʁ oɦ ʚʠʨaʞa  ̒ʚiʜʥo ehʥʥʷ ʧʨeʜʤeʪa 
ʜo ʥaʚʢoʣʠʰʥix ʷʚʠʱ, ʙeʟ ʷʢʠx ʡoʛo 
icʥʫʚaʥʥʷ ʥeʤoʞʣʠʚe; cʫʢʫʧʥicʪ ɹ ʧʨoʮeciʚ, 
ʚʟaʻʤʠʥ, cʪocʫʥʢiʚ, ʥeoʙxiʜʥʠx ʜʣʷ 
ʚʠʥʠʢʥeʥʥʷ, icʥʫʚaʥʥʷ aʙo ʟʤiʥʠ ʜaʥoʛo 
oʙô̒ʢʪa [3].  

ʇeʜaʛoʛiʯʥi ʫʤoʚʠ ʨoʟʛʣʷʜaʶʪcɹ  ̫ʥʘʤʠ ʷʢ: 
oʙcʪaʚʠʥʠ ʦʩʚʽʪʥʴʦʛʦ ʧʨoʮecʫ, oɦ 
ʟaʙeʟʧeʯʫʶʪʴ ʜocʷʛʥeʥʥʷ ʧocʪaʚʣeʥʠx ʮiʣeʡ; 
ceʨeʜoʚʠeɦ, ʚ ʷʢoʤʫ ʧeʜaʛoʛiʯʥi ʚʤiʥʥʷ 
ʚʠʥʠʢaʶʪʴ, icʥʫʶʪʴ i ʨoʟʚʠʚaʶʪcɹ ;̫ ʪaʢi 
oʙcʪaʚʠʥʠ, ʚ ʷʢʠx, ʧo-ʧeʨ eh, ʚʨaxoʚaʥi 
ʥaʷʚʥi ʫʤoʚʠ ʥaʚʯaʥʥʷ, ʧo-ʜʨʫʛe, 
ʧeʨeʜʙaʯeʥi cʧocoʙʠ ʧeʨeʪʚoʨeʥʥʷ ʮʠx ʫʤoʚ 
ʫ ʥaʧʨʷʤʢʫ ʮiʣeʡ ʥaʚʯaʥʥʷ, ʧo-ʪʨeʪ,̒ ʧeʚʥʠʤ 
ʯʠʥoʤ ʚiʜiʙʨaʥi, ʚʠʙʫʜʫʚaʥi i ʚʠʢoʨʠcʪaʥi 
eʣeʤeʥʪʠ ʟʤicʪʫ, ʤeʪoʜʠ (ʧʨʠʡoʤʠ) i 
oʨʛaʥiʟaʮiʡʥi ʬoʨʤʠ ʥaʚʯaʥʥʷ ʟ ʫʨaxʫʚaʥʥʷʤ 
ʧʨʠʥʮʠʧiʚ oʧʪʠʤiʟaʮi ;ʾ oʙcʪaʚʠʥʠ ʧʨoʮecʫ 
ʥaʚʯaʥʥʷ, ʷʢi  ̒ ʨeʟʫʣʴʪaʪoʤ ʚiʜʙoʨʫ, 
ʢoʥcʪʨʫʶʚaʥʥʷ ʪa ʟacʪocʫʚaʥʥʷ eʣeʤeʥʪiʚ 
ʟʤicʪʫ, ʤeʪoʜiʚ, ʟacoʙiʚ ʥaʚʯaʥʥʷ ʜʣʷ 
ʜocʷʛʥeʥʥʷ ʧeʚʥʠx ʮiʣeʡ. 

ɺʠxoʜʷʯʠ ʟ ʥaʷʚʥʠx ʚʠʟʥaʯeʥ ,ɹ ʧiʜ 
ʧeʜaʛoʛiʯʥʠʤʠ ʫʤoʚaʤʠ ʬoʨʤʫʚaʥʥʷ 
ʛoʪoʚʥocʪi cʪʫʜeʥʪiʚ ʜo iʥʥoʚaʮiʡʥo  ʾʚʠxoʚʥo  ʾ
ʜiʷʣʴʥocʪi ʫ ʧʨoʮeci ʧeʜaʛoʛiʯʥo  ʾʧʨaʢʪʠʢʠ ʤʠ 
ʨoʟʫʤiʻʤo cʫʢʫʧʥicʪ ɹ ʬaʢʪoʨiʚ, ʷʢi cʚiʜoʤo 
cʪʚoʨʶʶʪʴc  ̫ ʚ oʩʚʽʪʥʴoʤʫ ʧʨoʮeci i 
ʚʧʣʠʚaʶʪʴ ʧiʜ ʯac ʧeʜaʛoʛiʯʥo  ʾʧʨaʢʪʠʢʠ ʥa 
cʪaʥ ʛoʪoʚʥocʪi cʪʫʜeʥʪa ʪa ʨeʟʫʣʴʪaʪʠ ʡoʛo 
iʥʥoʚaʮiʡʥo  ʾʚʠxoʚʥo  ʾʜiʷʣʴʥocʪi.  

ˆʨʫʥʪʫʶʯʠc  ɹ ʥa ʧʨoaʥaʣiʟoʚaʥʠx ʥaʤʠ 
ʪeoʨeʪʠʯʥʠx ʧoʣoʞeʥʥx̫ ʪa ʥa ocʥoʚi 
ʨeʟʫʣʴʪaʪiʚ eʢcʧeʨʠʤeʥʪʫ ʚʚaʞaʻʤo, oɦ 
ʬoʨʤʫʚaʥʥʷ ʛoʪoʚʥocʪi cʪʫʜeʥʪiʚ ʜo 
iʥʥoʚaʮiʡʥo  ʾ ʚʠxoʚʥo  ʾ ʜiʷʣʴʥocʪi ʫ ʧʨoʮeci 
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ʧeʜaʛoʛiʯʥo  ʾʧʨaʢʪʠʢʠ ʙʫʜe eʬeʢʪʠʚʥʠʤ ʧʨʠ 
ʜoʪʨʠʤaʥʥi ʪaʢʠx ʧeʜaʛoʛiʯʥʠx ʫʤoʚ:  

ï ʥaʙʫʪʪʷ cʪʫʜeʥʪaʤʠ ocoʙʠcʪicʥoʛo 
ceʥcʫ iʥʥoʚaʮiʡʥo  ʾʚʠxoʚʥo  ʾʜiʷʣʴʥocʪi ʯeʨeʟ 
ʫcʚiʜoʤʣeʥʥʷ ʥʠʤʠ ʮiʣeʡ ʪa ʟʥaʯʫoɦcʪi ʪaʢo  ʾ
ʜiʷʣʴʥocʪi, ʙaʞaʥʥʷ ʜo ʾʾ ʧʨoʚaʜʞeʥʥʷ, 
ʧoʯʫʪʪʷ ʫcʧixʫ ʚiʜ oʜeʨʞaʥʠx ʨeʟʫʣʴʪaʪiʚ;  
ï oʧoceʨeʜʢʫʚaʥʥʷ ʟʤicʪʫ ʧʨaʢʪʠʯʥo  ʾ

ʧiʜʛoʪoʚʢʠ ʜo ʚʠxoʚʥo  ʾʨoʙoʪʠ ï oʨiʻʥʪaʮiʻ  ʁ
cʪʫʜeʥʪiʚ ʥa iʥʥoʚaʮiʡʥʫ ʜiʷʣʴʥicʪ,ɹ 
oʟʥaʡoʤʣeʥʥʷ iʟ ʧeʨeʜoʚʠʤ ʜocʚiʜoʤ, 
ʚʠʢoʨʠcʪaʥʥʷ ʫ ʧʨaʢʪʠʯʥiʡ ʜiʷʣʴʥocʪi 
iʥʥoʚaʮiʡʥʠx ʪexʥoʣoʛiʡ, ʤeʪoʜiʚ, ʧʨʠʡoʤiʚ 
ʚʠxoʚaʥʥʷ;  
ï ʬoʨʤʫʚaʥʥʷ ʫʤiʥ  ɹ ʧoʜoʣaʥʥʷ 

ʪʨʫʜʥo iɦʚ, oɦ cʫʧʨoʚoʜʞʫʶʪʴ ʨeaʣiʟaʮi  ʁ
iʥʥoʚaʮiʡ ʫ ʧeʜaʛoʛiʯʥʫ ʧʨaʢʪʠʢʫ; 
ï cʪʚoʨeʥʥʷ ʪa ʨoʟʚô̫ʟaʥʥʷ ʧeʜaʛoʛiʯʥʠx 

cʠʪʫaʮiʡ, ʥaʜaʥʥʷ ʧiʜʪʨʠʤʢʠ cʪʫʜeʥʪaʤ ʚ 
ʧʨoʮeci aʜaʧʪaʮi  ʾʜo iʥʥoʚaʮiʡʥoʛo ʚʠxoʚʥoʛo 
ceʨeʜoʚʠaɦ, ʥaʣaʛoʜʞeʥʥʷ ʚʟaʻʤoʜi  ʾ iʟ 
cʫʙô̒ʢʪaʤʠ ʧeʜaʛoʛiʯʥoʛo ʧʨoʮecʫ;  
ï ʟaʙeʟʧeʯeʥʥʷ ocoʙʠcʪicʥo 

oʨiʻʥʪoʚaʥoʛo ʧiʜxoʜʫ ʫ ʧʨaʢʪʠʯʥiʡ ʧiʜʛoʪoʚʮi 
ʰʣx̫oʤ ʚʠʟʥaʥʥʷ iʥʜʠʚiʜʫaʣʴʥo  ʾʮiʥʥocʪi ʪa 
ʧʨioʨʠʪeʪʫ ocoʙʠcʪocʪi cʪʫʜeʥʪa, ʥaʜaʥʥʷ 
ʡoʤʫ ʤoʞʣʠʚocʪi ʚʠʙoʨʫ iʥʜʠʚiʜʫaʣʴʥo  ʾ
ʪʨaʻʢʪoʨi  ʾ ʫ ʧiʜʛoʪoʚʮi ʪa ʧʨoʚeʜeʥʥi 
ʚʠxoʚʥʠx ʟaxoʜiʚ, ʧʨoʷʚʫ ocoʙʠcʪicʥoʛo 
ʧoʪeʥʮiaʣʫ ʯeʨeʟ iʥʜʠʚiʜʫaʣiʟaʮi  ʁ ʪa 
ʜʠʬeʨeʥʮiaʮi  ʁ ʟaʚʜaʥ  ɹ ʧeʜaʛoʛiʯʥo  ʾ
ʧʨaʢʪʠʢʠ. 

ɺʠʟʥaʯeʥi ʧeʜaʛoʛiʯʥi ʫʤoʚʠ ʤoʞʫʪʴ 
ʚʧʨoʚaʜʞʫʚaʪʠc  ̫ʣʠeh ʚʟaʻʤoʧʦʚô̫ʟaʥo ʪa 
oʜʥoʯacʥo, ocʢiʣʴʢʠ ʫʪoʯʥʶʶʪʴ ʪa 
ʜoʧoʚʥʶʶʪʴ oʜʥa oʜʥʫ.  

Oʜʥiʻ  ʁ ʟ ʪʘʢʠx ʫʤoʚ  ̒ ʥaʙʫʪʪʷ 
ʟʜʦʙʫʚʘʯaʤʠ ocoʙʠcʪicʥoʛo ceʥcʫ 
iʥʥoʚaʮiʡʥo  ʾ ʚʠxoʚʥo  ʾ ʜiʷʣʴʥocʪi ʯeʨeʟ 
ʫcʚiʜoʤʣeʥʥʷ ʥʠʤʠ ʮiʣeʡ ʪa ʟʥaʯʫoɦcʪi ʪaʢo  ʾ
ʜiʷʣʴʥocʪi, ʙaʞaʥʥʷ ʜo ʾʾ ʧʨoʚaʜʞeʥʥʷ, 
ʧoʯʫʪʪʷ ʫcʧixʫ ʚiʜ oʜeʨʞaʥʠx ʨeʟʫʣʴʪaʪiʚ [9]. 
ʎ  ̫ ʫʤoʚa ˇʨʫʥʪʫʻʪʴc  ̫ ʥa ocoʙʠcʪicʥo 
oʨiʻʥʪoʚaʥoʤʫ i ʜiʷʣʴʥicʥoʤʫ ʧiʜxoʜax ʫ 
ʧiʜʛoʪoʚʮi cʪʫʜeʥʪiʚ ʪa ʧeʨeʜʙaʯa  ̒ʨoʟʚʠʪoʢ 
iʥʪeʨecʫ i cxʠʣʴʥocʪi ʟʜʦʙʫʚʘʯa ʷʢ 
ʤaʡʙʫʪʥʴoʛo ʧeʜaʛoʛa ʜo ʚʧʨoʚaʜʞeʥʥʷ 
iʥʥoʚaʮiʡ ʫ ʚʠxoʚʥʫ ʨoʙoʪʫ,  ɦ o ʟ oʜʥoʛo ʙoʢʫ, 
ʚiʜoʙʨaʞa  ̒ ʡoʛo ocoʙʠcʪicʥʫ i ʜiʷʣʴʥicʥʫ 
cʧʨʷʤoʚaʥicʪ,ɹ ʟ iʥ ohʛo ï ʚʠxiʜʥi cʧoʥʫʢaʥʥʷ 
aʙo cʫʙô̒ʢʪʠʚʥi cʪʠʤʫʣʠ, ʤoʪʠʚʠ, oɦ 
ˇʨʫʥʪʫʶʪʴc  ̫ ʥa ʫcʚiʜoʤʣeʥʥi ʥʠʤ cʚoʛo 
ʛʨoʤaʜʷʥcʴʢoʛo oʙoʚô̫ʟʢʫ i coʮiaʣʴʥo 

ʟʥaʯʫʱʠx ʮiʣeʡ ʚʠxoʚʥoʛo ʧʨoʮecʫ ʢʨiʟ ɹ
ʧʨʠʟʤʫ ʚʣacʥoʛo ʚʥʫʪʨiʰʥoɹʛo ʜocʚiʜʫ. 

ʋci ʚʠʜʠ ʨoʙoʪʠ, ʷʢi ʟʜʦʙʫʚʘʯ ʟʜiʡcʥʶ ̒ʧiʜ 
ʯac ʧʨoxoʜʞeʥʥʷ ʧeʜaʛoʛiʯʥo  ʾ ʧʨaʢʪʠʢʠ, 
ʧoʚʠʥʥi cʧʨʠʷʪʠ ʬoʨʤʫʚaʥʥ ʁ ʫ ʥoɹʛo 
ʟaʮiʢaʚʣeʥocʪi ʰʣx̫aʤʠ oʧʪʠʤiʟaʮi  ʾ
ʚʠxoʚʥoʛo ʧʨoʮecʫ, ʚʠʢʣʠʢaʪʠ ʙaʞaʥʥʷ 
ʧoʰʫʢʫ ʥoʚʠx ʤeʪoʜiʚ, ʧʨʠʡoʤiʚ ʚʠxoʚaʥʥʷ 
[4].  

ʋ ʧʨoʮeci ʧʨaʢʪʠʯʥo  ʾ ʜiʷʣʴʥocʪi ʫ 
ʟʜʦʙʫʚʘʯiʚ ʬoʨʤʫʻʪʴc  ̫ʧʨoʬeciʡʥʠʡ iʥʪeʨec, 
ʷʢʠʡ ʫ ʢoʥʪeʢcʪi ʥa ohʛo ʜocʣiʜʞeʥʥʷ 
ʪʨaʢʪʫʻʪʴc  ̫ ʷʢ iʥʪeʨec ʜo iʥʥoʚaʮiʡʥo  ʾ
ʚʠxoʚʥo  ʾʜiʷʣʴʥocʪi ʚ ʮiʣoʤʫ, ʜo ʾʾ oʢʨeʤʠx, 
coʮiaʣʴʥo ʚaʞʣʠʚʠx acʧeʢʪiʚ (oʢʨeʤʠx 
iʥʥoʚaʮiʡʥʠx ʪexʥoʣoʛiʡ, ʤeʪoʜiʚ, ʧʨʠʡoʤiʚ, 
ʤexaʥiʟʤiʚ ʚʠxoʚaʥʥʷ); ʚiʥ xaʨaʢʪeʨʠʟʫʻʪʴc  ̫
ʟʥaʯʥo  ʁ iʥʪeʥcʠʚʥicʪ  ʁ ʫʚaʛʠ, ʚoʣ oɹʚʠx 
ʟʫcʠʣʴ i ʚʠʟʥaʯaʻʪʴc  ̫ coʮiaʣʴʥo 
oʙˇʨʫʥʪoʚaʥʠʤ, aʢʪʠʚʥʠʤ, ʧiʟʥaʚaʣʴʥo-
iʥʪeʣeʢʪʫaʣʴʥʠʤ i ʪʚoʨʯʠʤ cʪaʚʣeʥʥʷʤ 
ʤaʡʙʫʪʥix ʧeʜaʛoʛiʚ ʜo ʧʨoʬeci  ʾ ʚʯʠʪeʣ -̫
ʚʠxoʚaʪeʣ  ̫ ʟ iʥʥoʚaʮiʡʥʠʤ cʧʨʷʤʫʚaʥʥʷʤ 
ʜiʷʣʴʥocʪi. 

Ocʢiʣʴʢʠ ocʥoʚʥʠʤ ʜʞeʨeʣoʤ ʣʶʜcʴʢo  ʾ
aʢʪʠʚʥocʪi (ʟa A. ʄacʣoʫ) ʚʠcʪʫʧa  ̒ʧoʪʨeʙa 
ʣʶʜʠʥʠ ʚ caʤoaʢʪʫaʣiʟaʮi ,ʾ ʧiʜ ʯac ʧʨaʢʪʠʯʥo  ʾ
ʧiʜʛoʪoʚʢʠ  ʥeoʙxiʜʥʠʤ  ̒ʥaʣaʛoʜʞeʥʥʷ ʪaʢʠx 
ʚʟaʻʤʠʥ ʤiʞ ʫʯacʥʠʢaʤʠ ʚʠxoʚʥoʛo ʧʨoʮecʫ, 
ʷʢi ʙ cʧʨʠʷʣʠ ʬoʨʤʫʚaʥʥ ʁʚ ʫʯʥiʚ ʟʜaʪʥocʪi 
ʜo caʤoaʢʪʫaʣiʟaʮi  ʾocoʙʠcʪocʪi. ɼo cʫʪʥicʥʠx 
xaʨaʢʪeʨʠcʪʠʢ ocoʙʠcʪocʪi, cʧʨoʤoʞʥo  ʾ ʜo 
caʤoaʢʪʫaʣiʟaʮi ,ʾ ʟaʨaxoʚʫʻʤo: caʤocʪiʡʥicʪ ɹ
ʷʢ ʫʥiʚeʨcaʣʴʥʫ ʟʜiʙʥicʪ ɹ ʜo ʨeʛʫʣʶʚaʥʥʷ, 
ʮiʣecʧʨʷʤoʚaʥicʪ ɹ ʜiʷʣʴʥocʪi ʪa ʨeʬʣeʢci ,ʾ 
cʚoʙoʜʫ ʷʢ ʫʥiʚeʨcaʣʴʥʫ ʟʜaʪʥicʪ ɹ ʜo 
aʚʪoʥoʤʥo  ʾ ʧoʚeʜiʥʢʠ, caʤoʨeʛʫʣʷʮi  ʁ ʪa 
ʤiʞcʫʙô̒ʢʪʥʫ ʚʟaʻʤoʜi ,ʁ ʪʚoʨʯicʪ ɹ ʷʢ 
ʫʥiʚeʨcaʣʴʥʫ ʟʜaʪʥicʪ ɹ ʜo ʢʨeaʪʠʚʥocʪi, 
ʢoʥʮeʥʪʨaʮi  ʁʪʚoʨʯʠx ʟʫcʠʣʴ, ʥeʟaʣeʞʥicʪ ɹʚ 
cʫʜʞeʥʥx̫ ʪo oɦ. ʇʨʠ ʮ oɹʤʫ ʥaʛoʣoʰʫʻʤʦ ʥa 
ʚaʞʣʠʚocʪi cʪʚoʨeʥʥʷ cʠʪʫaʮi  ʾcaʤoʨeaʣiʟaʮi  ʾ
ï cʠʪʫaʮi ,ʾ ʫ ʷʢiʡ cʪʫʜeʥʪ oʪʨʠʤʫʻ ʧʨaʚo ʥa 
ʚʠʙiʨ i ʧʨʠʡʥʷʪʪʷ ʨi ehʥ ,ɹ aʢʪʫaʣiʟaʮi  ʁ
cʫʙô̒ʢʪʠʚʥoʛo ʜocʚiʜʫ, ʚʠʷʚʫ ʥaxʠʣiʚ, 
iʥʪeʨeciʚ i ʪʚoʨʯʠx ʟʜiʙʥocʪeʡ. ʎe cʧʨʠʷʻ 
iʥʜʠʚiʜʫaʣiʟaʮi  ʾ ʥaʚʯaʥʥʷ ʟʜʦʙʫʚʘʯiʚ 
ʚiʜʧoʚiʜʥo ʜo xʾʥix ʧoʪʨeʙ i ʤoʞʣʠʚocʪeʡ. 
ʈaʟoʤ ʟ ʪʠʤ, oʪʨʠʤʫʶʯʠ ʤoʞʣʠʚicʪ ɹʚʠʙoʨʫ 
ʚʣacʥo  ʾ ʪʨaʻʢʪoʨi  ʾ ʥaʚʯaʥʥʷ, ʚʦʥʠ ʤaʶʪʴ 
ʥecʪʠ ʚiʜʧoʚiʜaʣʴʥicʪ ɹʟa ʟʨoʙʣeʥʠʡ ʚʠʙiʨ. 
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4. ɺʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡ ʫ 
ʚʠʭʦʚʥʠʡ ʧʨʦʮʝʩ 

ɿʜiʡcʥeʥʥʷ iʥʥoʚaʮiʡʥo  ʾ ʚʠxoʚʥo  ʾ
ʜiʷʣʴʥocʪi ʧiʜ ʯac ʧʨaʢʪʠʯʥo  ʾʨoʙoʪʠ ʟ ʫʯʥʷʤʠ 
ʧeʨeʜʙaʯa  ̒ ʧeʨeʙʫʚaʥʥʷ cʪʫʜeʥʪa ʫ 
ʧocʪiʡʥoʤʫ ʧoʰʫʢʫ iʥʬoʨʤaʮi  ʾi ʧoʰʫʢʫ ceʙe. 
ɿʥaʡoʤʣʷʯʠc  ɹʟ iʥʥoʚaʮiʡʥʠʤʠ ʪexʥoʣoʛiʷʤʠ, 
cʪʫʜeʥʪ ʷʢ ʙʠ ʧʨʠʤiʨʷʻ xʾ ʥa ceʙe, ʚʠʟʥaʯa  ̒
ʯʠ cʧʨaʚʠʪʴc  ̫ʚiʥ ʟ ʮʠʤ ʚʠxoʚʥʠʤ aʨceʥaʣoʤ, 
ʧʨoeʢʪʫʻ ʡoʛo ʜi  ʁ i ʨeʟʫʣʴʪaʪ. ʇeʨeʙʫʚaʶʯʠ 
ʧiʜ ʚʧʣʠʚoʤ oʪʨʠʤaʥo  ʾ iʥʬoʨʤaʮi ,ʾ ʷʢa 
ʚiʜoʙʨaʞa  ̒cʫʪʥicʥi ʟʤiʥʠ ʚ ocʚiʪi ʷʢ ʥacʣiʜoʢ 
cʫcʧiʣʴʥʠx ʟʤiʥ, ʫ ʤaʡʙʫʪʥʴoʛo ʚʯʠʪeʣ  ̫
ʬoʨʤʫʻʪʴc  ̫ cʚiʪoʛʣʷʜ, ʟʤiʮʥʶʻʪʴc  ̫
ʛʨoʤaʜcʴʢa cʚiʜoʤicʪ ɹ [6]. ɺʥacʣiʜoʢ 
aʧʨoʙaʮi  ʾ iʥʥoʚaʮiʡ ʧʨʠ ʨoʙoʪi ʟ ʜiʪʴʤʠ ʫ 
cʪʫʜeʥʪiʚ ʟaʣʠahʻʪʴc  ̫ ʧoʟʠʪʠʚʥe aʙo 
ʥeʛaʪʠʚʥe cʪaʚʣeʥʥʷ ʜo ʢoʞʥo  ʾʟ ʥʠx, a, oʪʞe, 
ʬoʨʤʫʻʪʴc  ̫ʚʣacʥʠʡ ʙaʥʢ ʥaʜiʡʥʠx ʟacoʙiʚ 
ʚʧʣʠʚʫ. ʊaʢʠʤ ʯʠʥoʤ, ʚaʞʣʠʚʠʤ  ̒ʨʦʟʛʣʷʜ 
iʥʥoʚaʮiʡʥo  ʾʚʠxoʚʥo  ʾʜiʷʣʴʥocʪi ʢʨiʟ ɹʧʨʠʟʤʫ 
ʚʣacʥoʛo cʧʨʠʡʤaʥʥʷ, iʥʜʠʚiʜʫaʣʴʥʠx 
ʧcʠxiʯʥʠx ʧeʨeʞʠʚaʥ  ɹï ʪoʙʪo, ʚʥʫʪʨiʰʥoɹʛo 
ʜocʚiʜʫ ʟʜʦʙʫʚʘʯa.  

ʇcʠxoʣoʛiʯʥa ʛoʪoʚʥicʪ ɹʫʯʠʪeʣ  ̫ʜo ʫʯacʪi 
ʚ iʥʥoʚaʮiʡʥʠx ʚʠxoʚʥʠx ʧʨoʮecax 
ʛʫʤaʥicʪʠʯʥoʛo cʧʨʷʤʫʚaʥʥʷ ʙaʟʫʻʪʴc ,̫ 
ʪaʢʠʤ ʯʠʥoʤ, ʥa ʚʠxiʜʥiʡ ʫcʪaʥoʚʮi ʧeʜaʛoʛa 
ʥa ʜʠʪʠʥʫ, ʡoʛo ʟʜaʪʥocʪi ʜo ʧeʜaʛoʛiʯʥo  ʾ
ʚʟaʻʤoʜi  ʾʟ ʥe .ʁ  

ʇʨʠ ʬoʨʤʫʚaʥʥi ʛoʪoʚʥocʪi ʟʜʦʙʫʚʘʯa ʜo 
ʨeaʣiʟaʮi  ʾ iʥʥoʚaʮiʡʥʠx ʪexʥoʣoʛiʡ 
ʚʠxoʚaʥʥʷ, cʣiʜ ʚʠxoʜʠʪʠ ʟ ʪoʛo, oɦ ʚʯʠʪeʣ ,ɹ 
ʧoʢʣʠʢaʥʠʡ ʨeaʣiʟoʚʫʚaʪʠ ocoʙʠcʪicʥo 
oʨiʻʥʪoʚaʥʫ ocʚiʪʫ, ʤa  ̒ caʤ oʪʨʠʤaʪʠ ʪaʢʠʡ 
ʜocʚiʜ, ʚiʜʯʫʪʠ ʧoʪʨeʙʫ ʧo-ʥoʚoʤʫ 
ʧeʨeocʤʠcʣʠʪʠ ʮiʥʥocʪi ocʚiʪʠ, ʚʠʟʥaʯaʶʯʠ 
ʛoʣoʚʥo  ʁ ʤeʪo  ʁ ʚʣacʥo  ʾ ʧʨoʬeciʡʥo  ʾ
ʜiʷʣʴʥocʪi ʚʠxoʚaʥʥʷ ocoʙʠcʪocʪi, ʟʜaʪʥo  ʾʜo 
caʤoaʢʪʫaʣiʟaʮi .ʾ 

ɺʘʞʣʠʚo  ʁ ʧeʜaʛoʛiʯʥo  ʁ ʫʤoʚo  ʁ
ʧiʜʚʠʱeʥʥʷ eʬeʢʪʠʚʥocʪi ʬoʨʤʫʚaʥʥʷ 
ʛoʪoʚʥocʪi cʪʫʜeʥʪiʚ ʜo iʥʥoʚaʮiʡʥo  ʾʚʠxoʚʥo  ʾ
ʜiʷʣʴʥocʪi ʚʚaʞaʻʤo ʜoʮiʣʴʥicʪ ɹ
oʧoceʨeʜʢʫʚaʥʥʷ ʟʤicʪʫ ʧʨaʢʪʠʯʥo  ʾ
ʧiʜʛoʪoʚʢʠ ʜo ʚʠxoʚʥo  ʾʨoʙoʪʠ ï oʨiʻʥʪaʮiʻ  ʁ
ʟʜʦʙʫʚʘʯiʚ ʥa iʥʥoʚaʮiʡʥʫ ʜiʷʣʴʥicʪ,ɹ 
oʟʥaʡoʤʣeʥʥʷ iʟ ʧeʨeʜoʚʠʤ ʜocʚiʜoʤ, 
ʚʠʢoʨʠcʪaʥʥʷ ʫ ʧʨaʢʪʠʯʥiʡ ʜiʷʣʴʥocʪi 
iʥʥoʚaʮiʡʥʠx ʪexʥoʣoʛiʡ, ʤeʪoʜiʚ, ʧʨʠʡoʤiʚ 
ʚʠxoʚaʥʥʷ. 

ɼʣ ̫ ʨeaʣiʟaʮi  ʾ ʮiʻ ʾ ʫʤoʚʠ ʙaʟoʚʠʤʠ 
ʟaʢʣaʜaʤʠ ʜʣʷ ʧʨoxoʜʞeʥʥʷ ʧeʜaʛoʛiʯʥo  ʾ
ʧʨaʢʪʠʢʠ oʙʠʨaʣʠ ʰʢoʣʠ, ʥaʚʯaʣʴʥo-ʚʠxoʚʥi 
ʢoʤʧʣeʢcʠ, ʥaʚʯaʣʴʥo-ʚʠxoʚʥi oʙô̒ʜʥaʥʥʷ, 
ʣiʮe  ʾ iʥʥoʚaʮiʡʥoʛo ʪʠʧʫ. ʎe ʜaʚaʣo 
ʤoʞʣʠʚicʪ ɹoʟʥaʡoʤʠʪʠ cʪʫʜeʥʪiʚ iʟ ʟacoʙaʤʠ 
ʜocʷʛʥeʥʥʷ ʚʠcoʢoʛo ʨiʚʥʷ ʚʟaʻʤoʜi  ʾ ʟ 
ʫʯʥʷʤʠ, ʟaʣʫʯaʪʠ ʾ x ʜo ʧeʜaʛoʛiʯʥo  ʾʪʚoʨʯocʪi.  

Iʥʥoʚaʮiʡʥʫ ʰʢoʣʫ ʷʢ ʧeʚʥʫ oʨʠʛiʥaʣʴʥʫ 
ʧeʜaʛoʛiʯʥʫ cʠcʪeʤʫ xaʨaʢʪeʨʠʟʫʶʪʴ: 
cʠcʪeʤʥicʪ ɹ ʮiʣecʧʨʷʤoʚaʥʠx ʥoʚoʚʚeʜeʥ ;ɹ 
ʨoʟʨoʙʢa i ʨeaʣiʟaʮi  ̫ oʨʠʛiʥaʣʴʥo  ʾ ʤoʜeʣi 
ʫcʪʨo  ʁ ʞʠʪʪʷ ʰʢʦʣʷʨʘ; aʧʨoʙaʮi  ̫ ʥoʚʠx 
ʟacoʙiʚ i cʧocoʙiʚ ʨoʙoʪʠ ʧeʜaʛoʛa, 
cʧʨʷʤoʚaʥʠx ʥa ʨoʟʚʠʪoʢ ʪʚoʨʯʠx ʨʠc 
ʫʯʠʪeʣ ,̫ ocoʙʠcʪo  ʾ ʚiʜʧoʚiʜaʣʴʥocʪi ʟa 
ʨeʟʫʣʴʪaʪʠ cʚoʻ ʾ ʧʨaʮi. ɺiʜʧoʚiʜʥo, 
iʥʥoʚaʮiʡʥi ʰʢoʣʠ ʜaʶʪʴ ʤoʞʣʠʚicʪ ɹ ʜʣʷ 
ˇʨʫʥʪoʚʥoʛo ʚʠʚʯeʥʥʷ ʜocʚiʜʫ ʪa 
ocoʙʣʠʚocʪeʡ ʨoʙoʪʠ ʚʯʠʪeʣiʚ, oɦ 
ʚʧʨoʚaʜʞʫʶʪʴ iʥʥoʚaʮiʡʥʫ ʚʠxoʚʥʫ 
ʜiʷʣʴʥicʪ.ɹ Ceʨeʜ ʥaʡʙiʣʴ h eʬeʢʪʠʚʥʠx 
cʧocoʙiʚ ʚʠʚʯeʥʥʷ ʧeʜaʛoʛiʯʥoʛo ʜocʚiʜʫ 
iʥʥoʚaʮiʡʥo  ʾ ʚʠxoʚʥo  ʾ ʜiʷʣʴʥocʪi 
ʚʠoʢʨeʤʣʶʻʤo cʧocʪeʨeʞeʥʥʷ ʪa aʥaʣiʟ 
ʚʠxoʚʥʠx ʟaʥʷʪʴ, iʥʰʠx ʬoʨʤ ʚʠxoʚʥoʛo 
ʧʨoʮecʫ; ʚʠʚʯeʥʥʷ ʜoʢʫʤeʥʪaʮi ,ʾ ʙeciʜʠ ʟ 
ʫʯʠʪeʣeʤ i ʡoʛo ʢoʣeʛaʤʠ; aʥʢeʪʫʚaʥʥʷ 
ʙaʪʴʢiʚ, ʫʯʥiʚ ʪa iʥ. 

ʗʢ ʧoʢaʟʫʻ ʧʨaʢʪʠʢa c oɹʛoʜeʥʥʷ, ʰʢiʣ 
iʥʥoʚaʮiʡʥoʛo ʪʠʧʫ ʫ cʠcʪeʤi ocʚiʪʠ ʋʢʨaʾʥʠ 
ʥʝ ʜʫʞʝ ʙʘʛʘʪo, ʪoʤʫ ʜʣʷ ʬoʨʤʫʚaʥʥʷ 
ʛoʪoʚʥocʪi ʜo iʥʥoʚaʮiʡʥo  ʾ ʚʠxoʚʥo  ʾ
ʜiʷʣʴʥocʪi ʜoʮiʣʴʥʠʤ  ̒ʚʠʚʯeʥʥʷ ʧeʨeʜoʚoʛo 
ʧeʜaʛoʛiʯʥoʛo ʜocʚiʜʫ ʚʠxoʚʥo  ʾ ʨoʙoʪʠ 
ʚʯʠʪeʣiʚ-ʧʨaʢʪʠʢiʚ.  

ʇʨʠ ʬoʨʤʫʚaʥʥi ʛoʪoʚʥocʪi ʟʜʦʙʫʚʘʯiʚ ʜo 
iʥʥoʚaʮiʡʥo  ʾ ʚʠxoʚʥo  ʾ ʜiʷʣʴʥocʪi ʫ ʧʨoʮeci 
ʧeʜaʛoʛiʯʥo  ʾ ʧʨaʢʪʠʢʠ ʚaʞʣʠʚʠʤ  ̒
ʬoʨʤʫʚaʥʥʷ ʢoʤʧeʪeʥʮiʡ iʥʥoʚaʮiʡʥo  ʾ
ʚʠxoʚʥo  ʾ ʜiʷʣʴʥocʪi [5]. ɿ ʤeʪo  ʁ
oʟʥaʡoʤʣeʥʥʷ ʪa ʢʨa oɦʛo cʧʨʠʡʥʷʪʪʷ, 
ʨoʟʫʤiʥʥʷ cʪʫʜeʥʪaʤʠ ʨoʟʨoʙʣeʥʠx ʚʯeʥʠʤʠ 
ʡ ʧʨaʢʪʠʢaʤʠ iʥʥoʚaʮiʡʥʠx ʪexʥoʣoʛiʡ 
ʚʠxoʚaʥʥʷ ʤʠ ʚʠoʢʨeʤʠʣʠ ʛʨʫʧʠ: ʜʫxoʚʥo-
ʤoʨaʣʴʥoʛo ʨoʟʚʠʪʢʫ, ʧaʪʨioʪʠʯʥoʛo 
ʚʠxoʚaʥʥʷ, ʞʠʪʪʻʪʚoʨʯi, ʨoʟʚʠʪʢʫ 
iʥʜʠʚiʜʫaʣʴʥʠx ʟʜiʙʥocʪeʡ i ʪaʣaʥʪʫ 
ʚʠxoʚaʥʮiʚ, ʪʨʫʜoʚi, ʧʨʠʨoʜooxoʨoʥʥi, 
ʟʜoʨoʚô̫ʟʙeʨiʛaʶʯi, a ʪaʢoʞ ʚiʜʧoʚiʜʥo ʜo 
ʢoʞʥo  ʾ ʪexʥoʣoʛi  ʾ ʦʙʨʘʥo ʟʨaʟʢʠ ʚʠxoʚʥʠx 
ʟaxoʜiʚ iʥʥoʚaʮiʡʥoʛo cʧʨʷʤʫʚaʥʥʷ. 
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ɼo ʪexʥoʣoʛiʡ ʜʫxoʚʥo-ʤoʨaʣʴʥoʛo 
ʨoʟʚʠʪʢʫ ʚʽʜʥʦʩʠʤʦ «ʐʢoʣʫ ʞʠʪʪʷ», 
«ɺʠxoʚʫʚaʪʠ, ʛʨaʶʯʠ ï ʛʨaʪʠ, ʚʠxoʚʫʶʯʠ». 
ʄeʪo  ʁ xʾ  ̒ ʬoʨʤʫʚaʥʥʷ ocʥoʚ ʜʫxoʚʥo-
ʤoʨaʣʴʥoʛo ʚʠxoʚaʥʥʷ, ʢoʨeʢʮi  ̫ ʧoʚeʜiʥʢʠ 
ʚʠxoʚaʥʮʷ, ʨoʟʚʠʪoʢ caʤocʚiʜoʤocʪi, 
ʚʠʢoʨʠcʪaʥʥʷ ʧoʟʠʪʠʚʥʠx ʤoʞʣʠʚocʪeʡ 
ʰʢoʣʠ i ʧoʟaʰʢiʣʴʥʠx ʟaʢʣaʜiʚ i ʥeʡʪʨaʣiʟaʮi  ̫
ʥeʛaʪʠʚʥoʛo ʚʧʣʠʚʫ ʚʫʣʠʮi, ʟacoʙiʚ ʤacoʚo  ʾ
iʥʬoʨʤaʮi ,ʾ cʫʤʥiʚʥo  ʾ ʚiʜeoʧʨoʜʫʢʮi ,ʾ 
ʨeʢʣaʤʠ, oɦ ʧʨoʧaʛʫʻ ʥeʛaʪʠʚʥi ʟʚʠʯʢʠ ʪo oɦ.  

ʋ ʛʨʫʧʫ ʪexʥoʣoʛiʡ ʧaʪʨioʪʠʯʥoʛo 
ʚʠxoʚaʥʥʷ ʚʢʣʶʯaʻʤo ʢoʤʧʣeʢc «ʐʢoʣa-
ʤicʪo», ʧʨoeʢʪ «ʐʢoʣa ʤʘʡʙʫʪʥʴʦʛʦ» [8], 
ʪexʥoʣoʛi  ʾ «ʅoʚa ʮʠʚʽʣʽʟʘʮʽʷ», «Xoʯʫ ʚce 
ʚʤʽʪʠ». ʄeʪa ʮiʻ ʾ ʛʨʫʧʠ ʪexʥoʣoʛiʡ ï  
cʪʚoʨeʥʥʷ ʚʠcoʢoʛo iʜeaʣʫ cʣʫʞiʥʥʷ ʨiʜʥoʤʫ 
ʥaʨoʜoʚi, ʛoʪoʚʥocʪi ʜo ʛeʨoʾʯʥoʛo ʧoʜʚʠʛʫ ʚ 
iʤô̫ ʧʨoʮʚiʪaʥʥʷ ʪa ʥeʟaʣeʞʥocʪi ʋʢʨaʾʥʠ, 
ʬoʨʤʫʚaʥʥʷ ʛʨoʤaʜʷʥʠʥa ï ʧaʪʨioʪa ʋʢʨaʾʥʠ, 
ʚʠʨoʙʣeʥʥʷ ʛʣʠʙoʢoʛo ʨoʟʫʤiʥʥʷ 
ʛʨoʤaʜʷʥcʴʢoʛo oʙoʚô̫ʟʢʫ, ʛoʪoʚʥocʪi ʫ ʙʫʜʴ-
ʷʢʠʡ ʯac cʪaʪʠ ʥa ʟaxʠcʪ ɹaʪʴʢiʚʱʠʥʠ.  

ɻʨʫʧa ʞʠʪʪʻʪʚoʨʯʠx ʪexʥoʣoʛiʡ oʙô̒ʜʥʫʻ: 
«ʐʢoʣʫ ʞʠʪʪʻʪʚʦʨʯʦʩʪʽ», «ʌoʨʤʫʚaʥʥʷ 
ʪʚoʨʯo  ʾ ʦʩʦʙʠʩʪʦʩʪʽ», «Cʪʚoʨeʥʥʷ cʠʪʫaʮi  ʾ
ʫcʧixʫ», «ʂoʣeʢʪʠʚʥoʛo ʪʚoʨʯoʛo ʚʠxoʚaʥʥ»̫, 
«ʇʨoeʢʪʫʚaʣʴʥo  ʾ ʜʽʷʣʴʥʦʩʪʽ», Ecʪeʪʠʯʥoʛo 
ʚʠxoʚaʥʥʷ ʟacoʙaʤʠ ʤʠcʪeʮʪʚa, ʚʠxoʚʥo  ʾ
cʠcʪeʤʠ «ʗ-ocoʙʠcʪicʪ»ɹ, ʫʨoʢ-
ʢiʥoʬecʪʠʚaʣ ,ɹ ʛʨa-ʜʨaʤaʪʠʟaʮi  ̫ (ʪeaʪʨ-
ʤiʥiaʪʶʨa), ʧʨoeʢʪʥo-ʤoʜeʣʶʚaʣʴʥi ʪa 
iʥʬoʨʤaʮiʡʥo-ʢoʤʫʥiʢaʪʠʚʥi ʪexʥoʣoʛi .ʾ ɺʩʽ 
ʚʦʥʠ ʚʠʤaʛaʶʪʴ ʨoʟʚʠʪʢʫ ʨiʟʥʠx cʬeʨ 
ocoʙʠcʪocʪi ʰʢoʣʷʨa: ʜʫxoʚʥo ,ʾ eʤoʮiʡʥo ,ʾ 
ʚoʣ oɹʚo ,ʾ iʥʪeʣeʢʪʫaʣʴʥo ,ʾ ʤoʨaʣʴʥo  ʾ ʪa 
ʧocʪiʡʥoʛo caʤoʚʜocʢoʥaʣeʥʥʷ.  

ʊexʥoʣoʛi  ʾ ʨoʟʚʠʪʢʫ iʥʜʠʚiʜʫaʣʴʥʠx 
ʟʜiʙʥocʪeʡ i ʪaʣaʥʪʫ ʚʠxoʚaʥʮiʚ: 
«ʇcʠxoʢoʨeʢʮiʡʥe ʤʘʣʶʚʘʥʥʷ», «ʈoʟʚʠʪoʢ 
ʟʜaʪʥocʪi ʜo caʤoʨeʛʫʣʷʮi »ʾ, «ʇeʜaʛoʛiʯʥa 
ʧʽʜʪʨʠʤʢʘ», ʥeʡʨoʣiʥʛʚicʪʠʯʥoʛo 
ʧʨoʛʨaʤʫʚaʥʥʷ, ʪʨeʥiʥʛʠ, ʧeʜaʛoʛiʢa 
cʧiʚʨoʙiʪʥʠʮʪʚa, aʜaʧʪʠʚʥa ʰʢoʣa ʤaʶʪʴ ʥa 
ʤeʪi ʟaʙeʟʧeʯʫʚaʥʥʷ ʫʤoʚ caʤoʨeaʣiʟaʮi  ʾ
ʰʢoʣʷʨiʚ, ʟʜiʡcʥeʥʥʷ iʥʜʠʚiʜʫaʣʴʥoʛo 
ʧiʜxoʜʫ ʟ ʚiʜʧoʚiʜʥʠʤ ʧcʠxoʣoʛo-
ʧeʜaʛoʛiʯʥʠʤ ʪa ʤaʪeʨiaʣʴʥʠʤ 
ʟaʙeʟʧeʯeʥʥʷʤ, ʟaʜoʚoʣeʥʥʷʤ ʨiʟʥoʙiʯʥʠx 
ʧoʪʨeʙ ʚʠxoʚaʥʮiʚ ʫ cʬeʨi ʥaʫʢoʚo-ʪexʥiʯʥo ,ʾ 
xʫʜoʞʥoɹ ,ʾ ʜeʢoʨaʪʠʚʥo-ʧʨʠʢʣaʜʥo  ʾ
ʪʚoʨʯocʪi, ʫ ʬiʟʢʫʣʴʪʫʨʥo-cʧoʨʪʠʚʥiʡ ʪa 
ʧʨoʬeciʡʥiʡ ʜiʷʣʴʥocʪi.  

ʊʨʫʜoʚi ʪexʥoʣoʛi  ʾï ʪʨʫʜoʚi cʧʨaʚʠ ʜʣʷ 
ʰʢoʣʠ ʪa ʨiʜʥoʛo ʤicʪa (ceʣa), ʨoʣ oɹʚi iʛʨʠ 
ʬoʨʤʫʶʪʴ ʧcʠxoʣoʛiʯʥʫ ʛoʪoʚʥicʪ ɹ
ocoʙʠcʪocʪi ʜo ʧʨaʮi (ʙaʞaʥʥʷ cʫʤʣiʥʥo ʪa 
ʚiʜʧoʚiʜaʣʴʥo ʧʨaʮʶʚaʪʠ, ʫcʚiʜoʤʣeʥʥʷ 
coʮiaʣʴʥo  ʾ ʟʥaʯʫoɦcʪi ʧʨaʮi ʷʢ oʙoʚô̫ʟʢʫ i 
ʜʫxoʚʥo  ʾ ʧoʪʨeʙʠ, ʙeʨeʞʣʠʚicʪ ɹ oɦʜo 
ʨeʟʫʣʴʪaʪiʚ ʧʨaʮi ʪa ʧoʚaʛa ʜo ʣʶʜeʡ ʧʨaʮi, 
ʪʚoʨʯe cʪaʚʣeʥʥʷ ʜo ʪʨʫʜoʚo  ʾʜiʷʣʴʥocʪi) ʪa 
ʧiʜʛoʪoʚʢʫ ʜo ʧʨaʮi (ʥaʷʚʥicʪ ɹ
ʟaʛaʣʴʥoocʚiʪʥix i ʧoʣiʪexʥiʯʥʠx ʟʥaʥ ,ɹ 
ʟaʛaʣʴʥʠx ocʥoʚ ʚʠʨoʙʥʠʯo  ʾ ʜiʷʣʴʥocʪi, 
ʚʠʨoʙʣeʥʥʷ ʫʤiʥ  ɹ i ʥaʚʠʯoʢ, ʥeoʙxiʜʥʠx ʜʣʷ 
ʪʨʫʜoʚo  ʾʜiʷʣʴʥocʪi).  

ɻʨʫʧa ʧʨʠʨoʜooxoʨoʥʥʠx ʚʢʣʶʯa  ̒
ʪʝʭʥʦʣʦʛʽʾ: «ʐʢoʣa ʧʨʠʨoʜʠ», «Eʢoʣoʛiʯʥa 
ʰʢʦʣʘ» i cʧʨʠʷʻ ʟaʙeʟʧeʯeʥʥ ʁ ʫʤoʚ 
iʥʜʠʚiʜʫaʣʴʥoʛo ʨoʟʚʠʪʢʫ, ʚʨaxʫʚaʥʥ ʁ
ocoʙʠcʪʠx ʜocʷʛʥeʥ  ɹʫʯʥiʚ, cʪʠʤʫʣʶʚaʥʥ ʁ xʾ 
ʪʚoʨʯo  ʾ aʢʪʠʚʥocʪi, caʤoʨeaʣiʟaʮi  ʾʚ ʨiʟʥʠx 
ʚʠʜax ʜiʷʣʴʥocʪi, ʨeaʣiʟaʮi  ʾ xʾ ʟʜiʙʥocʪeʡ ʪa 
iʥʪeʨeciʚ ʯeʨeʟ ʥacʠʯeʥe ʥaʚʯaʣʴʥe 
ceʨeʜoʚʠeɦ, ʛaʨʤoʥiʡʥoʤʫ ʨoʟʚʠʪʢʫ 
ocoʙʠcʪocʪi, ʚʠxoʚaʥʥ ʁʜʫxoʚʥo ʧoʚʥoʮiʥʥo  ʾ
ʪʚoʨʯo  ʾocoʙʠcʪocʪi ʪo oɦ. 

ʋ ʛʨʫʧʫ ʟʜoʨoʚô̫ʟʙeʨiʛaʶʯʠx ʚxoʜʷʪʴ 
ʪexʥoʣoʛi  ʾ ʪʴʶʪoʨcʴʢo  ʾ ʧiʜʪʨʠʤʢʠ ʪa 
cʫʧʨoʚoʜʫ ʫʯʥʷ, iʥʜʠʚiʜʫaʣʴʥo  ʾocʚiʪʠ ʚʜoʤa, 
ʫ ʣiʢaʨʥi, aʨʪʪexʥoʣoʛi  ʾʪa iʥ. ɺoʥʠ ʬoʨʤʫʶʪʴ 
ʤoʪʠʚaʮi  ʁ ʥa ʟʙeʨeʞeʥʥʷ ʪa ʨoʟʚʠʪoʢ 
ʟʜoʨoʚô̫, ocoʙʠcʪʫ ʚiʜʧoʚiʜaʣʴʥicʪ ɹʟa cʚo  ̒
ʟʜoʨoʚô̫ ʪa ʙʣaʛoʧoʣʫʯʯʷ, ʥaʙʫʪʪʷ ʥaʚʠʯoʢ 
ʟʜoʨoʚoʛo cʧocoʙʫ ʞʠʪʪʷ, ʧʨoʬiʣaʢʪʠʢʫ 
ʰʢiʜʣʠʚʠx ʟʚʠʯoʢ, ʬoʨʤʫʚaʥʥʷ ʟʜiʙʥocʪi ʜo 
ʟʜoʨoʚo  ʾʪʚoʨʯocʪi.  

ʈaʟoʤ iʟ ʪʠʤ, ocʢiʣʴʢʠ ʧeʨeʣiʢ icʥʫʶʯʠx ʫ 
ʧeʜaʛoʛiʯʥiʡ ʪeoʨi  ʾʪa ʧʨaʢʪʠʮi iʥʥoʚaʮiʡʥo  ʾ
ʚʠxoʚʥo  ʾ ʜiʷʣʴʥocʪi ʪexʥoʣoʛiʡ ʜocʠʪʴ 
ʰʠʨoʢʠʡ, ʫ ʧʨoʮeci ʧʨoʚeʜeʥʥʷ ʥa oh  ʾ
eʢcʧeʨʠʤeʥʪaʣʴʥo  ʾ ʨoʙoʪʠ ʤʠ aʢʮeʥʪʫʚaʪʠ 
ʫʚaʛʫ ʥa ʥaʡʙiʣʴ hʚʠʢoʨʠcʪoʚʫʚaʥʠx i ʜiʻʚʠx, 
ʟ ʧoʛʣʷʜʫ ʧʨaʢʪʠʢiʚ i ʚʣacʥoʛo ʜocʚiʜʫ [8]. ɼo 
ʥʠx ʟaʨaxoʚʫʻʤo: «ʇeʜaʛoʛiʢʫ 
cʧiʚʨoʙiʪʥʠʮʪʚa», «ɺʠxoʚaʥʥʷ ʫcʧiʰʥo  ʾ
ʦʩʦʙʠʩʪʦʩʪʽ», «ʇeʜaʛoʛiʯʥʫ ʧʽʜʪʨʠʤʢʫ», 
«ʈeʬʣeʢcʠʚʥe caʤoʚʠxoʚaʥʥ»̫, «ʐʢoʣʫ 
ʞʠʪʪʷ», ʪʨeʥiʥʛoʚi ʟaʥʷʪʪʷ, iʛʨoʚi, ʧʨoeʢʪʥo-
ʤoʜeʣʶʚaʣʴʥi ʪexʥoʣoʛi  ʾ[9].  

Oʢʨiʤ ʮ oɹʛo, ʤʠ ʚʠoʢʨeʤʠʣʠ iʥʥoʚaʮiʡʥi 
ʤeʪoʜʠ i ʧʨʠʡoʤʠ, ʷʢʠʤʠ ʫʯʠʪeʣi-ʧʨaʢʪʠʢʠ 
ʥaʡʯacʪi eh ʧocʣʫʛoʚʫʶʪʴc  ̫ʧiʜ ʯac ʨeaʣiʟaʮi  ʾ
iʥʥoʚaʮiʡʥʠx ʪexʥoʣoʛiʡ, a caʤe: ʚaʛoʤe ʪa 
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ʣoʛiʯʥe aʨʛʫʤeʥʪʫʚaʥʥʷ; ʤoʟʢoʚʠʡ ʰʪʫʨʤ; 
ʥeʟaʢiʥʯeʥe ʨeʯeʥʥʷ; ʤiʢʨoʬoʥ; aʢʚaʨiʫʤ; ʜʚa 
ï ʯoʪʠʨʠ ï ʚci ʨaʟoʤ;  ʟaʡʤʠ ʧoʟʠʮi ;ʁ 
ʛʨoʥʫʚaʥʥʷ; ʢʫʙʫʚaʥʥʷ; ʢʫʪʠ; ʤoʟaʾʢa; ceʥʢaʥ; 
ʜeʰʠʬʨʫʚaʣʴʥʠʢ; cʣoʚecʥe ʤaʣʶʚaʥʥʷ; 
ʯaʨiʚʥa ʢʚiʪʢa; ʙʫʢeʪ ʧoʙaʞaʥ ;ɹ ʨoʟʜʫʤʠ-
ʤiʨʢʫʚaʥʥʷ; ʢoʣaʞʫʚaʥʥʷ; ʤaʣʶʥʢoʚi ʪexʥiʢʠ; 
ʪecʪʫʚaʥʥʷ; eʢcʧeʨʠʤeʥʪaʣʴʥo-ʧoʰʫʢoʚa 
ʜiʷʣʴʥicʪ ɹʤoʨaʣʴʥo-eʪʠʯʥoʛo cʧʨʷʤʫʚaʥʥʷ; 
coʮioʜʨaʤa; ʬiʣocoʬcʴʢi ʙeciʜʠ; ʢoʥcʪʨʫʢʮi  ̫
«ʗ-ʧoʚiʜoʤeʥʥ»̫; ʨoʟʙiʨ ʞʠʪʪʻʚʠx cʠʪʫaʮiʡ; 
aʥaʣiʟ coʮiaʣʴʥʠx cʠʪʫaʮiʡ ʤoʨaʣʴʥo-
eʪʠʯʥʦʛʦ xaʨaʢʪeʨʫ; ʚʠʢoʨʠcʪaʥʥʷ ʢoʣeʢʪʠʚʫ 
ʷʢ ʯʠʥʥʠʢa ʫʥiʢaʣʴʥo  ʾ cʠʪʫaʮi  ʾ ʚʠxoʚaʥʥʷ 
ocoʙʠcʪocʪi; eʤoʮiʡʥo-oʮiʥʥa ʜiʷʣʴʥicʪ ɹ
ʫʯʥiʚ, ʬoʨʤʫʚaʥʥʷ ʚʧeʚʥeʥocʪi ʫ ʜoʮiʣʴʥocʪi 
ʤoʨaʣʴʥo  ʾʥoʨʤʠ; ʟoceʨeʜʞeʥe ocʤʠcʣeʥʥʷ; 
eʤoʮi  ʾʚʨaʞeʥʥʷ, ʟʙeʥʪeʞeʥʥʷ ʪo oɦ. 

ɺʠxoʚʥa ʨoʙoʪa, ʷʢ ʚʣʫʯʥo ʟaʟʥaʯa  ̒I. ɹex 
[3], ʤa  ̒ ˇʨʫʥʪʫʚaʪʠc  ̫ ʥa ʚʠʢoʨʠcʪaʥʥi 
ʧcʠxoʣoʛiʯʥʠx ʤexaʥiʟʤiʚ ʨoʟʚʠʪʢʫ cʚiʜoʤocʪi 
ʡ caʤocʚiʜoʤocʪi cʫʙô̒ʢʪa: cʧiʚʧeʨeʞʠʚaʥʥʷ; 
ʧeʨeʢoʥaʥʥʷ; ʬoʨʤʫʚaʥʥʷ ʤoʪʠʚaʮiʡʥo  ʾ
ʟaʣʫʯeʥocʪi ʷʢ ʧʨaʛʥeʥʥʷ iʥʜʠʚiʜa ʜo 
ocoʙʠcʪicʥo  ʾ caʤoʟʤiʥʠ (cʧiʚʫʯacʪi; 
ʬoʨʤʫʚaʥʥʷ aʜeʢʚaʪʥoʛo cʪaʚʣeʥʥʷ 
ʚʠxoʚaʥʮʷ ʜo eʛo-ʧoʪʷʛiʚ; ʚʠʢoʨʠcʪaʥʥʷ 
eʥeʨʛeʪʠʢʠ «ʗ-iʜeaʣʴʥoʛo»); «ʛeʜoʥicʪʠʯʥʠʡ 
ʨʠʟʠʢ» (cʪʚoʨeʥʥʷ ʥaʜʟʚʠʯaʡʥo cʠʣʴʥʠx 
eʤoʮiʡʥʠx ʧeʨeʞʠʚaʥ  ɹʫ cʠʪʫaʮi  ʾʥeʙeʟʧeʢʠ) 
ʪo oɦ. 

ʅacʪʫʧʥo  ʁ ʫʤoʚo  ʁ ʚʠoʢʨeʤʣʶʻʤo 
ʬoʨʤʫʚaʥʥʷ ʫʤiʥ  ɹʧoʜoʣaʥʥʷ ʪʨʫʜʥo iɦʚ, oɦ 
cʫʧʨoʚoʜʞʫʶʪʴ ʨeaʣiʟaʮi  ʁ iʥʥoʚaʮiʡ ʫ 
ʧeʜaʛoʛiʯʥʫ ʧʨaʢʪʠʢʫ, ï cʪʚoʨeʥʥʷ ʪa 
ʨoʟʚô̫ʟaʥʥʷ ʧeʜaʛoʛiʯʥʠx cʠʪʫaʮiʡ, ʥaʜaʥʥʷ 
ʧiʜʪʨʠʤʢʠ cʪʫʜeʥʪaʤ ʚ ʧʨoʮeci aʜaʧʪaʮi  ʾʜo 
iʥʥoʚaʮiʡʥoʛo ʚʠxoʚʥoʛo ceʨeʜoʚʠaɦ, 
ʥaʣaʛoʜʞeʥʥʷ ʚʟaʻʤoʜi  ʾ iʟ cʫʙô̒ʢʪaʤʠ 
ʧeʜaʛoʛiʯʥoʛo ʧʨoʮecʫ.  

ʇʨʠ ʫcʧiʰʥoʤʫ oʟʥaʡoʤʣeʥʥi ʟʜʦʙʫʚʘʯiʚ iʟ 
ʧʨaʢʪʠʯʥʠʤ ʚʠʢoʨʠcʪaʥʥʷʤ ʚʠxoʚʥʠx 
iʥʥoʚaʮiʡ ʫ ʥʠx ʚʠʥʠʢa  ̒ ʙaʞaʥʥʷ ʚʪiʣʠʪʠ 
ʧoʙaʯeʥe ʫ ʚʣacʥiʡ ʧeʜaʛoʛiʯʥiʡ ʜiʷʣʴʥocʪi. 
ɺiʜʧoʚiʜʥo, ʪʫʪ ʾʤ ʥeoʙxiʜʥa ʧeʜaʛoʛiʯʥa 
ʧiʜʪʨʠʤʢa ʟ ʙoʢʫ ʤeʪoʜʠcʪiʚ, ʫʯʠʪeʣiʚ, ʷʢa 
ʧeʨeʜʙaʯa  ̒ cʪʚoʨeʥʥʷ ʧoʟʠʪʠʚʥoʛo 
ʧeʜaʛoʛiʯʥoʛo ceʨeʜoʚʠaɦ, ʧʨoʚeʜeʥʥʷ 
iʥʜʠʚiʜʫaʣʴʥʠx ʪa ʛʨʫʧoʚʠx ʢoʥcʫʣʴʪaʮiʡ; 
ʧʨoʚeʜeʥʥʷ ʧoʢaʟoʚʠx ʟaʥʷʪʴ; oʨʛaʥiʟaʮi  ̫
ʪʨeʥiʥʛiʚ, ʢʨʫʛʣʠx cʪoʣiʚ, ʤeʪoʜʠʯʥʠx 
ceʤiʥaʨiʚ ʪo oɦ.  

ʋ ʧeʜaʛoʛiʯʥʠʡ ʟʤicʪ ʧoʥʷʪʪʷ «ʧʽʜʪʨʠʤʢʘ» 
cʪocoʚʥo cʪʫʜeʥʪiʚ-ʧʨaʢʪʠʢaʥʪiʚ ʤʠ 
ʚʢʣʶʯaʻʤo ʪaʢi ʢoʤʧoʥeʥʪʠ: ʜoʧoʤoʛa 
cʪʫʜeʥʪoʚi ʚ aʜaʧʪaʮi  ʾ ʜo ʫʤoʚ ʨeaʣʴʥoʛo 
ʚʠxoʚʥoʛo ʧʨoʮecʫ ʚ ʰʢoʣi; ʫcʫʥeʥʥʷ 
ʧcʠxoʣoʛiʯʥʠx ʙaʨô̒ʨiʚ, ʪʨʫʜʥo iɦʚ ʪa 
cʪeʨeoʪʠʧiʚ, ʷʢi ʚʠʥʠʢaʶʪʴ ʚ oʨʛaʥiʟaʮi  ʾ
ʚʟaʻʤoʜi  ʾiʟ cʫʙô̒ʢʪaʤʠ ʧeʜaʛoʛiʯʥoʛo ʧʨoʮecʫ 
(ʫʯʥʷʤʠ, ʚʯʠʪeʣʷʤʠ, ʙaʪʴʢaʤʠ). 

ɼʣ ̫ ʧʨoʬeciʡʥo  ʾ aʜaʧʪaʮi  ʾ cʪʫʜeʥʪiʚ-
ʧʨaʢʪʠʢaʥʪiʚ ʜo ʫʤoʚ ʨeaʣʴʥoʛo ʟaʢʣaʜʫ 
ʦʩʚʽʪʠ ʚeʣʠʢe ʟʥaʯeʥʥʷ ʤa  ̒ ʧeʨcʧeʢʪʠʚʥe 
ʧʣaʥʫʚaʥʥʷ i ʧʨaʚʠʣʴʥa oʨʛaʥiʟaʮi  ̫
ʧeʜaʛoʛiʯʥo  ʾ ʧʨaʢʪʠʢʠ, oɦ ʟaʙeʟʧeʯʫʶʪʴ 
iʥʪeʛʨaʮi  ʁi ʛeʥeʨaʣiʟaʮi  ʁʜʠʬeʨeʥʮiʡoʚaʥʠx 
ʟʥaʥ ,ɹ a ʪaʢoʞ ʬoʨʤʫʚaʥʥʷ ʧoʟʠʪʠʚʥoʛo 
cʪaʚʣeʥʥʷ ʜo ʚʠʢoʥaʥʥʷ ʧocʪaʚʣeʥʠx 
ʟaʚʜaʥ .ɹ ʋce ʮe cʧʨʠʷʪʠʤe ʧʨoʬeciʡʥoʤʫ 
caʤocʪʚeʨʜʞeʥʥ ʁ cʪʫʜeʥʪiʚ ʫ ʧʨaʚʠʣʴʥocʪi 
ʟʨoʙʣeʥoʛo ʥʠʤʠ ʚʠʙoʨʫ ʧʨoʬeci  ʾʚʯʠʪeʣ ,̫ 
ʧʨaʛʥeʥʥ ʁ ʜo oʚoʣoʜiʥʥʷ ʧʨoʬeciʡʥʠʤʠ 
ʟʥaʥʥʷʤʠ, ʚʤiʥʥʷʤʠ i ʥaʚʠʯʢaʤʠ i, ʚiʜʧoʚiʜʥo, 
ʬoʨʤʫʚaʥʥʷ ʛoʪoʚʥocʪi cʪʫʜeʥʪiʚ ʜo 
iʥʥoʚaʮiʡʥo  ʾʚʠxoʚʥo  ʾʜiʷʣʴʥocʪi. 

Ceʨeʜ ʙaʨô̒ʨiʚ ʪa ʧʨʠʯʠʥ oʧoʨʫ ʚʯʠʪeʣiʚ 
ʧeʜaʛoʛiʯʥʠʤ iʥʥoʚaʮiʷʤ ʙiʣʴihcʪ ɹ
ʜocʣiʜʥʠʢiʚ ʚʠoʢʨeʤʣʶʶʪʴ: ʚiʜcʫʪʥicʪ ɹ
ʧeʨeʢoʥaʥ  ɹʫ ʥeoʙxiʜʥocʪi ʟʤiʥ, ʥeʧʨʠʡʥʷʪʪʷ 
ʥacaʜʞʫʚaʥʠx ʟʛoʨʠ ʥoʚoʚʚeʜeʥ ,ɹ ocʪʨax 
ʧeʨeʜ ʥeʚiʜoʤʠʤ aʙo ʥeʟʜaʪʥicʪ ɹʚʠʢoʥaʪʠ 
ʙʫʜʴ-ʷʢe ʟaʚʜaʥʥʷ, ʤoʞʣʠʚi ʥeʚʜaʯi, 
ʧoʨʫehʥʥʷ ʫcʪaʣeʥoʛo ʧoʨʷʜʢʫ, ʟʚʠʯoʢ i 
ʚʟaʻʤocʪocʫʥʢiʚ, ʚiʜcʫʪʥicʪ ɹʧoʚaʛʠ i ʜoʚiʨʠ 
ʜo ocoʙʠ, oɦ ʟʜiʡcʥʶ ̒ʟʤiʥʠ ʪo oɦ.  

ɻoʪʫʶʯʠ cʪʫʜeʥʪa ʜo ʚʠʢoʨʠcʪaʥʥʷ 
iʥʥoʚaʮiʡ ʫ ʚʠxoʚaʥʥi, ʚaʞʣʠʚʠʤ, ʥa ʥaʰʫ 
ʜʫʤʢʫ,  ̒ ʧeʨexiʜ ʚiʜ ʪʨaʜʠʮiʡʥʠx ʫ 
ʧeʜaʛoʛiʯʥiʡ ʧʨaʢʪʠʮi iʥʬoʨʤaʮiʡʥo-
ʧo c̫ʥʶʚaʣʴʥʠx ʪexʥoʣoʛiʡ ʜo ʢʨeaʪʠʚʥʠx, 
ʜiʡoʚo-ʨoʟʚʠʚaʣʴʥʠx, ocoʙʠcʪicʥo-
ʟoʨiʻʥʪoʚaʥʠx ʥaʚʯaʣʴʥʠx ʪexʥoʣoʛiʡ 
ʰʣx̫oʤ ʥaʜaʥʥʷ ʤoʞʣʠʚocʪi ʟʜʦʙʫʚʘʯʝʚʽ 
cʪaʪʠ ʥe «ʥʦʤʽʥʘʣʴʥʠʤ», a ʬaʢʪʠʯʥʠʤ 
cʫʙô̒ʢʪoʤ iʥʥoʚaʮiʡʥo  ʾʜiʷʣʴʥocʪi [4]. 

ʊaʢʠʤ ʯʠʥoʤ, ʬoʨʤʫʚaʥʥʷ ʛoʪoʚʥocʪi 
cʪʫʜeʥʪiʚ ʜo ʚʧʨoʚaʜʞeʥʥʷ iʥʥoʚaʮiʡ ʫ 
ʚʠxoʚʥʠʡ ʧʨoʮec ʥeʤoʞʣʠʚe ʙeʟ 
ʟaʙeʟʧeʯeʥʥʷ ʧoʟʠʪʠʚʥoʛo ʧeʜaʛoʛiʯʥoʛo 
ceʨeʜoʚʠaɦ, ʷʢe ʜoʮiʣʴʥo xaʨaʢʪeʨʠʟʫʚaʪʠ 
ʯeʨeʟ ʡoʛo ʧeʜaʛoʛiʯʥʠʡ ʧoʪeʥʮiaʣ. ʇiʜ 
ʧeʜaʛoʛiʯʥʠʤ ʧoʪeʥʮiaʣoʤ ceʨeʜoʚʠaɦ ʤʠ 
ʨoʟʫʤiʻʤo ʻʜʥicʪ ɹ ʢiʣʴʢicʥʠx ʪa ʷʢicʥʠx 
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ʧeʜaʛoʛiʯʥʠx ʤoʞʣʠʚocʪeʡ ceʨeʜoʚʠaɦ (ʫ 
ʥa ohʤʫ ʚʠʧaʜʢʫ ceʨeʜoʚʠaɦ ʰʢoʣʠ), ʢoʪʨi 
aʢʪʫaʣiʟʫʶʪʴc  ̫ʷʢ ʫ ʨeʟʫʣʴʪaʪi caʤoʨoʟʚʠʪʢʫ, 
ʪaʢ i ʧʨʠ cʪʚoʨeʥʥi cʧʨʠʷʪʣʠʚʠx ʫʤoʚ. 
Cʪʨʫʢʪʫʨʥʠʤʠ ʯacʪʠʥaʤʠ ʧeʜaʛoʛiʯʥoʛo 
ʧoʪeʥʮiaʣʫ ʚʠcʪʫʧaʶʪʴ ocoʙʠcʪicʥi, 
ʤaʪeʨiaʣʴʥi, ʜʫxoʚʥi, cʪʨʫʢʪʫʨʥi ʤoʞʣʠʚocʪi. 

Ocoʙʠcʪicʥi ʤoʞʣʠʚocʪi ʧeʜaʛoʛiʯʥoʛo 
ʧoʪeʥʮiaʣʫ ceʨeʜoʚʠaɦ ï ʮe ʤoʞʣʠʚocʪi 
ʣʶʜeʡ, ʢoʪʨi cʧeʮiaʣʴʥo aʙo ʥe ʫcʚiʜoʤʣeʥo 
ʟaʡʤaʶʪcɹ  ̫ ʧeʜaʛoʛiʯʥo  ʁ ʜiʷʣʴʥicʪ ,ʁ i 
ʣʶʜeʡ, ʷʢi ʤoʞʫʪʴ ʙʫʪʠ ʜoʜaʪʢoʚo ʟaʣʫʯeʥi 
ʜo ʨeaʣiʟaʮi  ʾ ʥaʚʯaʣʴʥo-ʚʠxoʚʥʠx ʮiʣeʡ. 
ʄaʪeʨiaʣʴʥi ʤoʞʣʠʚocʪi ï ʮe ʨeʯoʚi 
ʢoʤʧoʥeʥʪʠ ceʨeʜoʚʠaɦ, ʷʢi ʤoʞʫʪʴ ʙʫʪʠ 
ʫʤoʚʥo ʧoʜiʣeʥi ʥa ʜʚi ʛʨʫʧʠ: 

1) ʨeʯoʚi ʢoʤʧoʥeʥʪʠ ceʨeʜoʚʠaɦ, 
cʧeʮiaʣʴʥo cʪʚoʨeʥi i ʧʨʠʟʥaʯeʥi ʜʣʷ ʙʫʜʴ-
ʷʢʠx ʧeʜaʛoʛiʯʥʠx ʮiʣeʡ (ʰʢoʣʠ, ʧoʟaʰʢiʣʴʥi 
ʥaʚʯaʣʴʥo-ʚʠxoʚʥi ʟaʢʣaʜʠ, xʾʥ  ̫
ʤaʪeʨiaʣʴʥo-ʪexʥiʯʥa ʙaʟa ʪo oɦ) i 
ʢoʤʧoʥeʥʪʠ, oɦ ʚʠʢoʥʫʶʪʴ iʥ eh 
ʧʨʠʟʥaʯeʥʥʷ, aʣe ʚ ʨʷʜi ʚʠʧaʜʢiʚ ʤoʞʫʪʴ 
ʚʠʢoʥʫʚaʪʠ ʧeʜaʛoʛiʯʥi ʬʫʥʢʮi  ʾ (ʢiʥoʪeaʪʨʠ, 
ʞʠʪʣoʚi ʙʫʜʠʥʢʠ, ʧoʜʚiʨô̫, ʤeʙʣi, oʜʷʛ, 
ʧoʙʫʪoʚa ʪexʥiʢa, ʧʨʠʢʨacʠ i ʪa iʥ.); 

2) ʧʨʠʨoʜʥi ʢoʤʧoʥeʥʪʠ, ʷʢi ʚʢʣʶʯaʶʪʴ 
ʤoʞʣʠʚocʪi ʚʠxoʚʥoʛo ʚʧʣʠʚʫ ʧeʨʚʠʥʥo  ʾ
ʧʨʠʨoʜʠ, ʪoʙʪo ʧʨʠʨoʜʠ, oɦ icʥʫʻ i 
ʨoʟʚʠʚaʻʪʴc  ̫ ʙeʟ ʚʪʨʫʯaʥʥʷ ʣʶʜʠʥʠ, i 
ʤoʞʣʠʚocʪeʡ ʜʨʫʛo  ʾ ʧʨʠʨoʜʠ, icʥʫʚaʥʥʷ i 
ʬoʨʤʫʚaʥʥʷ ʷʢo  ʾ ʚiʜʙʫʚaʻʪʴc  ̫ ʟa 
ʙeʟʧoceʨeʜʥoɹ  ʁʫʯacʪ  ʁʣʶʜʠʥʠ. 

ɼʫxoʚʥi ʤoʞʣʠʚocʪi ceʨeʜoʚʠaɦ 
cʢʣaʜaʶʪʴ ʥeoʧʨeʜʤeʪʥeʥi eʣeʤeʥʪʠ 
coʮiaʣʴʥoʛo ceʨeʜoʚʠaɦ: iʜeoʣoʛiʯʥa, 
ʢʫʣʴʪʫʨʥa, ʤoʨaʣʴʥa, ʧcʠxoʣoʛiʯʥa 
aʪʤocʬeʨa, oɦ cʢʣaʜaʻʪʴc  ̫ ʥa ocʥoʚi 
ʚʟaʻʤoʜi  ʾ ʨiʟʥʠx ʬaʢʪoʨiʚ (coʮiaʣʴʥa 
cʚiʜoʤicʪ ɹʥa ʤaʢʨo- i ʤiʢʨoʨiʚʥx̫, ʤoʨaʣʴʥi 
ʥoʨʤʠ, ʥaʮioʥaʣʴʥi ʪʨaʜʠʮi ,ʾ ʟʚʠʯa ,ʾ cʚʷʪa, 
xaʨaʢʪeʨ cʧʨʷʤʫʚaʥʥʷ i ʤiʨa ʜocʪʫʧʥocʪi 
ʣiʪeʨaʪʫʨʠ, ʤʠcʪeʮʪʚa, ʧcʠxoʣoʛiʯʥʠʡ 
ʤiʢʨoʢʣiʤaʪ ʫ ʧeʜaʛoʛiʯʥoʤʫ ʢoʣeʢʪʠʚi ʪa 
ʤiʢʨoʛʨʫʧax ʪo oɦ). 

Cʪʨʫʢʪʫʨʥi ʤoʞʣʠʚocʪi ʚʢʣʶʯaʶʪʴ cʧocoʙʠ 
i ʬoʨʤʠ ʫʧʨaʚʣiʥcʴʢo  ʾʜiʷʣʴʥocʪi ʣʶʜeʡ, oɦ 
ʤa  ̒ ʥa ʤeʪi ʧoʻʜʥaʥʥʷ ʣʶʜcʴʢʠx, 
ʤaʪeʨiaʣʴʥʠx i ʜʫxoʚʥʠx ʤoʞʣʠʚocʪeʡ 
ʧeʜaʛoʛiʯʥoʛo ceʨeʜoʚʠaɦ. 

ʂeʨiʚʥʠʢʠ ʧeʜaʛoʛiʯʥo  ʾʧʨaʢʪʠʢʠ cʪʫʜeʥʪiʚ, 
ʟʥaʶʯʠ ʧoʪeʥʮiaʣ ceʨeʜoʚʠaɦ, ʤoʞʫʪʴ ʥe 
ʪiʣʴʢʠ ʚʠʢoʨʠcʪoʚʫʚaʪʠ ʡoʛo ʤoʞʣʠʚocʪi ʜʣʷ 
ʬoʨʤʫʚaʥʥʷ ʛoʪoʚʥocʪi ʜo iʥʥoʚaʮiʡʥo  ʾ
ʚʠxoʚʥo  ʾʜiʷʣʴʥocʪi cʪʫʜeʥʪiʚ, aʣe ʡ ʥa ocʥoʚi 
ʮiʣecʧʨʷʤoʚaʥo  ʾ aʢʪʫaʣiʟaʮi  ʾ ʧeʜaʛoʛiʯʥoʛo 
ʧoʪeʥʮiaʣʫ ʨiʟʥʠx ʢoʤʧoʥeʥʪiʚ cʪʚoʨʶʚaʪʠ, 
«ʤʦʜʝʣʶʚʘʪʠ» ceʨeʜoʚʠeɦ ʚiʜʧoʚiʜʥo ʜo 
ʧoʪʨeʙ ʧiʜʛoʪoʚʢʠ ʢoʤʧeʪeʥʪʥʠx ʧeʜaʛoʛiʯʥʠx 
ʢaʜʨiʚ. 

ʊaʢʠʤ ʯʠʥoʤ, ʨeaʣiʟaʮi  ̫ʮiʻ ʾʫʤoʚʠ cʧʨʠʷʻ 
cʪʚoʨeʥʥ ʁ cʠʪʫaʮiʡ ʫcʧixʫ, ʫʤoʚ ʜʣʷ 
cʧiʚʧʨaʮi ʪa cʧiʚʪʚoʨʯocʪi ʚcix ʡoʛo ʫʯacʥʠʢiʚ, 
oʧoʨa ʥa ʧoʟʠʪʠʚʥe ʚ ocoʙʠcʪocʪi ʤaʡʙʫʪʥix 
ʫʯʠʪeʣiʚ. Caʤe ʧocʪiʡʥe ʪʨeʥʫʚaʥʥʷ 
cʫʙô̒ʢʪʥocʪi ʷʢ ʟʜaʪʥocʪi ʤaʡʙʫʪʥix ʫʯʠʪeʣiʚ 
ʜo ʚiʣʴʥoʛo ʚʠʙoʨʫ i ʚiʜʧoʚiʜaʣʴʥocʪi cʧʨʠʷʻ 
cʪaʥoʚʣeʥʥ ʁ xʾ ʷʢ cʫʙô̒ʢʪiʚ iʥʥoʚaʮiʡʥo  ʾ
ʚʠxoʚʥo  ʾʜiʷʣʴʥocʪi. 

ʑe oʜʥiʻ  ʁʚaʞʣʠʚo  ʁʫʤoʚo  ʁʬoʨʤʫʚaʥʥʷ 
ʛoʪoʚʥocʪi cʪʫʜeʥʪiʚ ʜo iʥʥoʚaʮiʡʥo  ʾʚʠxoʚʥo  ʾ
ʜiʷʣʴʥocʪi ʫ ʧʨoʮeci ʧeʜaʛoʛiʯʥo  ʾʧʨaʢʪʠʢʠ  ̒
ʟaʙeʟʧeʯeʥʥʷ ocoʙʠcʪicʥo oʨiʻʥʪoʚaʥoʛo 
ʧiʜxoʜʫ ʫ ʧʨaʢʪʠʯʥiʡ ʧiʜʛoʪoʚʮi ʰʣx̫oʤ 
ʚʠʟʥaʥʥʷ iʥʜʠʚiʜʫaʣʴʥo  ʾ ʮiʥʥocʪi ʪa 
ʧʨioʨʠʪeʪʫ ocoʙʠcʪocʪi cʪʫʜeʥʪa [6], ʥaʜaʥʥʷ 
ʡoʤʫ ʤoʞʣʠʚocʪi ʚʠʙoʨʫ iʥʜʠʚiʜʫaʣʴʥo  ʾ
ʪʨaʻʢʪoʨi  ʾ ʫ ʧiʜʛoʪoʚʮi ʪa ʧʨoʚeʜeʥʥi 
ʚʠxoʚʥʠx ʟaxoʜiʚ, ʧʨoʷʚʫ ocoʙʠcʪicʥoʛo 
ʧoʪeʥʮiaʣʫ ʯeʨeʟ iʥʜʠʚiʜʫaʣiʟaʮi  ʁ ʪa 
ʜʠʬeʨeʥʮiaʮi  ʁ ʟaʚʜaʥ  ɹ ʧeʜaʛoʛiʯʥo  ʾ
ʧʨaʢʪʠʢʠ.  

ʈeaʣiʟaʮi  ̫ ʮiʻ ʾ ʫʤoʚʠ  ʧʨoʷʚʣʷʻʪʴc  ̫ ʫ 
ʚʠʟʥaʥʥi iʥʜʠʚiʜʫaʣʴʥo  ʾ ʮiʥʥocʪi ʪa 
ʧʨioʨʠʪeʪʫ ocoʙʠcʪocʪi cʪʫʜeʥʪa ʥaʜ 
ʟaʛaʣʴʥʠʤ ʧoʪeʥʮiaʣoʤ ʢoʣeʢʪʠʚʫ; 
ʧeʨeʜʙaʯa  ̒ ahʥoʙʣʠʚe cʪaʚʣeʥʥʷ ʜo 
ʤaʡʙʫʪʥʴoʛo ʚʯʠʪeʣ  ̫ʷʢ ʚʠoɦ  ʾ caʤocʪiʡʥo  ʾ
ʮiʥʥocʪi; cʪʚoʨʶ ̒oʧʪʠʤaʣʴʥi ʫʤoʚʠ ʜʣʷ ʡoʛo 
cʪaʥoʚʣeʥʥʷ ʷʢ cʫʙô̒ʢʪa ʧʨoʬeciʡʥo  ʾ
ʜiʷʣʴʥocʪi ʛʫʤaʥicʪʠʯʥoʛo cʧʨʷʤʫʚaʥʥʷ; 
ʧoʪʨeʙʫʻ ʚʧʨoʚaʜʞeʥʥʷ ʫ ʧeʜaʛoʛiʯʥʫ 
ʧʨaʢʪʠʢʫ ʪaʢʠx ʤeʪoʜiʚ ʚʧʣʠʚʫ, ʷʢi 
ʟaʙeʟʧeʯʫʶʪʴ ʨoʟʚʠʪoʢ iʥʜʠʚiʜʫaʣʴʥocʪi 
cʪʫʜeʥʪa ʟa ʨaxʫʥoʢ ʤaʢcʠʤaʣʴʥo  ʾ
ʜʠʬeʨeʥʮiaʮi  ʾʟaʚʜaʥ ;ɹ cʧʨʠʷʻ ʨoʟʚʠʪʢʫ ʡoʛo 
ocoʙʠcʪicʥʠx ʷʢocʪeʡ; oʟʥaʯa  ̒ oxoʨoʥʫ ʡoʛo 
ʬiʟʠʯʥoʛo ʪa ʜʫxoʚʥoʛo ʟʜoʨoʚô̫. ɼʣ ̫
ʚʠʢʣaʜaʯa ʚaʞʣʠʚo ʚʤiʪʠ cʪʚoʨʶʚaʪʠ ʫ 
cʪʫʜeʥʪcʴʢoʤʫ ʢoʣeʢʪʠʚi aʪʤocʬeʨʫ 
ʜoʙʨoʟʠʯʣʠʚocʪi, ʛʥʫʯʢo i ʜʠʥaʤiʯʥo 
ʚʢʣʶʯaʪʠ ʢoʞʥoʛo cʪʫʜeʥʪa ʚ ʟaʥʷʪʪʷ, 
cʧʠʨaʪʠc  ̫ ʥa ʡoʛo cʫʙô̒ʢʪʥʠʡ ʜocʚiʜ, 
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cʪʠʤʫʣʶʚaʪʠ ʧʨoʷʚʠ caʤocʪiʡʥocʪi, iʥiʮiaʪʠʚʠ 
cʪʫʜeʥʪiʚ; ʚʠʟʥaʚaʪʠ ʟa ʢoʞʥʠʤ ʧʨaʚo ʥa 
ʧoʤʠʣʢʫ, aʣe ʟ oʙoʚô̫ʟʢoʚʠʤ aʥaʣiʟoʤ ʾʾ 
ʧʨʠʯʠʥ, ʚʠʟʥaʯeʥʥʷʤ ʰʣx̫iʚ ʧoʜoʣaʥʥʷ; 
ʥaʜaʚaʪʠ cʪʫʜeʥʪʫ ʤoʞʣʠʚicʪ ɹ ʚʠʙoʨʫ 
iʥʜʠʚiʜʫaʣʴʥo  ʾ ʪʨaʻʢʪoʨi  ʾ ʥaʚʯaʥʥʷ; 
cʪʚoʨeʥʥʷ ʫʤoʚ ʜʣʷ ʪʚoʨʯocʪi ʚ caʤocʪiʡʥiʡ 
ʪa ʢoʣeʢʪʠʚʥiʡ ʜiʷʣʴʥocʪi ʪo oɦ. 

ʈoʟʚʠʪoʢ ocoʙʠcʪocʪi cʪʫʜeʥʪa 
ʧeʨeʜʙaʯa ,̒ ʧeʨeʜʫciʤ, ʨoʟʚʠʪoʢ ʡoʛo 
ʟʜaʪʥocʪi ʜo caʤoocʚiʪʠ, caʤoʥaʚʯaʥʥʷ, 
caʤoʚʠxoʚaʥʥʷ, caʤoʨoʟʚʠʪʢʫ, 
caʤoaʢʪʫaʣiʟaʮi ,ʾ caʤoʨeaʣiʟaʮi ,ʾ 
ʧʨoʬeciʡʥo  ʾ ʨeʬʣeʢci ;ʾ ʚʠxoʚaʥʥʷ ʮiʣicʥo  ʾ
ʣʶʜʠʥʠ, iʟ ʚʟaʻʤoʧoʚô̫ʟaʥʠʤʠ coʮiaʣʴʥo ,ʁ 
ʧʨʠʨoʜʥo  ʁ ʪa ʢʫʣʴʪʫʨʥo  ʁ cʫʪʥicʪ .ʁ 
Ocoʙʣʠʚa ʫʚaʛa ʫ ʧʨoʮeci ʬoʨʤʫʚaʥʥʷ 
ʛoʪoʚʥocʪi cʪʫʜeʥʪa ʜo iʥʥoʚaʮiʡʥo  ʾʚʠxoʚʥo  ʾ
ʜiʷʣʴʥocʪi ʥaʜaʻʪʴc  ̫ ʤaʢcʠʤaʣʴʥoʤʫ 
ʚʨaxʫʚaʥʥ ʁ ʪaʢʠx iʥʜʠʚiʜʫaʣʴʥʠx 
ocoʙʠcʪicʥʠx ʚʣacʪʠʚocʪeʡ ʷʢ: ocoʙʣʠʚocʪi 
cʧʨʠʡʥʷʪʪʷ, ʫʚaʛʠ, ʧaʤô̫ʪi, ʨoʟʫʤoʚʠx 
ʧʨoʮeciʚ, ʪeʤʧeʨaʤeʥʪʫ ʪa ʚoʣ oɹʚʠx ̫ ʢocʪeʡ, 
ʤoʪʠʚaʮi ,ʾ caʤooʮiʥʢʠ, ʨiʚʥiʚ ʥaʤaʛaʥ ,ɹ 
ʜoʤiʥʫʶʯoʛo coʮiaʣʴʥoʛo cʪaʪʫcʫ. 

ɺaʞʣʠʚʠʤ ʫ ʨʫcʣi ʥa oh  ʾ ʧʨoʙʣeʤʠ  ̒
ʜoʪʨʠʤaʥʥʷ ʫʤoʚ eʬeʢʪʠʚʥocʪi 
iʥʜʠʚiʜʫaʣiʟaʮi  ʾ ʧʨoʬeciʡʥo-ʧeʜaʛoʛiʯʥo  ʾ
ʧiʜʛoʪoʚʢʠ ʤaʡʙʫʪʥʴoʛo ʚʯʠʪeʣ :̫  

ï cʢʣaʜaʥʥʷ ʢoʞʥʠʤ ʟʜʦʙʫʚʘʯʝʤ 
ʚʣacʥoʛo ʧʨoʬeciʡʥoʛo aʚʪoʧoʨʪʨeʪʫ ʟ ʤeʪo  ʁ
iʥʪeʛʨaʮi  ʾ ʨeʟʫʣʴʪaʪiʚ ocoʙʠcʪicʥoʛo ʪa 
ʧʨoʬeciʡʥoʛo caʤoʜocʣiʜʞeʥʥʷ; 
ï ʨoʟʨoʙʢʠ ʡ ʨeaʣiʟaʮi  ʾ ʧʨoʬeciʡʥo  ʾ

iʥʜʠʚiʜʫaʣʴʥo  ʾ ʧʨoʛʨaʤʠ ʧʨoʬeciʡʥoʛo 
ʟʨocʪaʥʥʷ ʟ ʫʨaxʫʚaʥʥʷʤ ocoʙʣʠʚocʪeʡ 
ʚiʜʧoʚiʜʥʠx eʪaʧiʚ ʧʨoʬeciʡʥo-ʧeʜaʛoʛiʯʥo  ʾ
ʧiʜʛoʪoʚʢʠ; 
ï ʚʢʣʶʯeʥʥʷ ʜo ʟʤicʪʫ ʧʨoʬeciʡʥo-

ʧeʜaʛoʛiʯʥo  ʾ ʧiʜʛoʪoʚʢʠ ʤaʡʙʫʪʥix ʫʯʠʪeʣiʚ 
cʠcʪeʤʠ ʧoʥʷʪʴ i ʢoʥʮeʧʮiʡ, oɦ cʧʨʷʤoʚʫʶʪʴ 
cʪʫʜeʥʪa ʥa ʨeʬʣeʢci ,ʁ caʤoʧʨoeʢʪʫʚaʥʥʷ, 
caʤoʨoʟʚʠʪoʢ ʧʨoʬeciʡʥo ʟʥaʯʫʱʠx 
ocoʙʠcʪicʥʠx ʷʢocʪeʡ; 
ï ʟʤiʥʠ xaʨaʢʪeʨʫ ʚʟaʻʤoʜi  ʾʚʠʢʣaʜaʯa 

ʪa cʪʫʜeʥʪa ʧeʜaʛoʛiʯʥoʛo ʚʠoɦʛo ʟaʢʣaʜʫ 
ʦʩʚʽʪʠ ʟ ʧoʟʠʮiʡ ʮiʥʥocʪeʡ ʛʫʤaʥicʪʠʯʥo  ʾ
oʨiʻʥʪaʮi .ʾ 

ʅeoʙxiʜʥicʪ ɹ iʥʜʠʚiʜʫaʣiʟaʮi  ʾʧeʜaʛoʛiʯʥo  ʾ
ʧʨaʢʪʠʢʠ ʟʫʤoʚʣeʥa ʪʠʤ, oɦ ʚoʥa ʚ ʪiʡ ʯʠ 
iʥ ihʡ ʤiʨi ʚiʜʪʚoʨʶ ̒ocʥoʚʥi ʨʠcʠ ʤaʡʙʫʪʥʴo  ʾ
ʧʨoʬeciʡʥo  ʾ ʜiʷʣʴʥocʪi. ʅaʷʚʥicʪ ɹ ʞe ʜʚox 

cʪoʨiʥ ï ʤacoʚoʛo i ʪʚoʨʯoʛo ï ʚ iʥʥoʚaʮiʡʥiʡ 
ʚʠxoʚʥiʡ  ʜiʷʣʴʥocʪi ʚʠʤaʛa  ̒ ʚiʜ ʧʨoʮecʫ 
ʧʨoʬeciʡʥo-ʧeʜaʛoʛiʯʥo  ʾ ʧiʜʛoʪoʚʢʠ 
ʚʨaxʫʚaʥʥʷ oʙox ʬaʢʪoʨiʚ. ɿ oʜʥoʛo ʙoʢʫ, 
ʥeoʙxiʜʥa ʪʠʧoʚa cʠcʪeʤa ʚʧʨaʚ, a ʟ iʥ ohʛo 
ʙoʢʫ, cʪʚoʨeʥʥʷ ʤoʞʣʠʚocʪeʡ ʜʣʷ 
caʤoʨeaʣiʟaʮi  ʾ ocoʙʠcʪocʪi cʪʫʜeʥʪa, 
ʚʠʷʚʣeʥʥʷ ʪa ʬoʨʤʫʚaʥʥʷ ʡoʛo ʪʚoʨʯo  ʾ
iʥʜʠʚiʜʫaʣʴʥocʪi. 

ʊaʢʠʤ ʯʠʥoʤ, ʚʠʥʠʢa  ̒ ʥeoʙxiʜʥicʪ ɹ
cʪʚoʨeʥʥʷ ʚ ʧeʨioʜ ʧeʜaʛoʛiʯʥo  ʾ ʧʨaʢʪʠʢʠ 
ʪaʢoʛo ceʨeʜoʚʠaɦ, ʫ ʷʢoʤʫ cʪʫʜeʥʪ ʤiʛ ʙʠ 
ʚʠʷʚʣʷʪʠ ceʙe ʪaʢ, oɦʙ ʚʠʢoʨʠcʪoʚʫʚaʪʠ 
ʚec  ɹcʚiʡ ʧoʪeʥʮiaʣ (cxʠʣʴʥocʪi, ʟʜiʙʥocʪi ʪa 
iʥ.) ʥa ʷʢicʥe oʚoʣoʜiʥʥʷ iʥʥoʚaʮiʡʥo  ʁ
ʚʠxoʚʥo  ʁʜiʷʣʴʥicʪ .ʁ 

ɺʠʜiʣeʥi ʧeʜaʛoʛiʯʥi ʫʤoʚʠ, ʟ oʜʥoʛo ʙoʢʫ, 
 ̒ ʚiʜʥocʥo caʤocʪiʡʥʠʤʠ, ʟ iʥ ohʛo ï ʚoʥʠ 
ʚʟaʻʤoʧoʚô̫ʟaʥi ʪa ʜoʧoʚʥʶʶʪʴ oʜʥa oʜʥʫ, 
cʪʚoʨʶʶʯʠ ʻʜʠʥʠʡ ʢoʤʧʣeʢc. ɰx 
ʚʧʨoʚaʜʞeʥʥʷ ʟʜiʡcʥʶʚaʣoc  ɹ ʧiʜ ʯac 
aʧʨoʙaʮi  ʾʨoʟʨoʙʣeʥo  ʾ ʧʨoʛʨaʤʠ oʧʪʠʤiʟaʮi  ʾ
iʥʥoʚaʮiʡʥo  ʾʚʠxoʚʥo  ʾʜiʷʣʴʥocʪi cʪʫʜeʥʪiʚ ʫ 
ʧʨoʮeci ʧeʜaʛoʛiʯʥo  ʾʧʨaʢʪʠʢʠ. 

ɼʣ ̫ oʟʥaʯeʥʥʷ ʾʾ cʧʨʷʤʫʚaʥʥʷ ʚʠʟʥaʯʠʤo 
cʫʪʥicʪ ɹʧoʥʷʪʪʷ «oʧʪʠʤiʟaʮi  ̫ʜʽʷʣʴʥʦʩʪʽ».  

ɿ ʧoʟʠʮi  ʾ cʫʯacʥoʛo ʪʣʫʤaʯʥoʛo cʣoʚʥʠʢa 
ʫʢʨaʾʥcʴʢo  ʾ ʤoʚʠ, oʧʪʠʤiʟaʮi  ̫ ï ʥaʜaʥʥʷ 
ʯoʤʫ-ʥeʙʫʜʴ oʧʪʠʤaʣʴʥʠx, ʥaʡʙiʣʴ h
cʧʨʠʷʪʣʠʚʠx ʚʣacʪʠʚocʪeʡ, cʧiʚʚiʜʥo ehʥ ;ɹ 
ʧoʢʨa aɦʥʥʷ xaʨaʢʪeʨʠcʪʠʢ cʠcʪeʤʠ. 

Cʣoʚʥʠʢ iʥ ohʤoʚʥʠx cʣiʚ ʧiʜ oʧʪʠʤiʟaʮiʻ  ʁ
ʨoʟʫʤi  ̒ ʧʨoʮec ʥaʜaʥʥʷ ʯoʤʫ-ʥeʙʫʜʴ 
ʥaʡʢʨa oɦʛo cʪaʥʫ. 

ɺiʜʧoʚiʜʥo ʜo ʫʢʨaʾʥcʴʢoʛo ʧeʜaʛoʛiʯʥoʛo 
cʣoʚʥʠʢa oʧʪʠʤiʟaʮi  ̫ʧʨoʮecʫ ʥaʚʯaʥʥʷ ï ʚʠʜ 
ʫʧʨaʚʣiʥʥʷ ʦʩʚʽʪʥʽʤ ʧʨoʮecoʤ, ɦ o ʟaʙeʟʧeʯʫʻ 
oʧʪʠʤaʣʴʥe (ʥaʡʢʨa eɦ, ʥaʡʜoʮiʣʴʥi eh 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʟaʜaʥʠx ʫʤoʚ) ʬʫʥʢʮioʥʫʚaʥʥʷ 
ʥaʚʯaʣʴʥo-ʚʠxoʚʥo  ʾ cʠcʪeʤʠ; ʚʠʙiʨ 
oʧʪʠʤaʣʴʥoʛo ʚaʨiaʥʪʫ ʧʨoʮecʫ ʥaʚʯaʥʥʷ ʚ 
ʢoʥʢʨeʪʥiʡ ʧeʜaʛoʛiʯʥiʡ cʠʪʫaʮi .ʾ 

A oʪʞe, ʧiʜ oʧʪʠʤiʟaʮiʻ  ʁ iʥʥoʚaʮiʡʥo  ʾ
ʚʠxoʚʥo  ʾ ʜiʷʣʴʥocʪi cʪʫʜeʥʪiʚ ʫ ʧʨoʮeci 
ʧeʜaʛoʛiʯʥo  ʾ ʧʨaʢʪʠʢʠ ʨoʟʫʤiʻʤo ʚʠʙiʨ 
ʥaʡʙiʣʴ h ʜoʮiʣʴʥʠx, oʧʪʠʤaʣʴʥʠx ʫʤoʚ 
ʬoʨʤʫʚaʥʥʷ ʛoʪoʚʥocʪi cʪʫʜeʥʪiʚ ʜo 
iʥʥoʚaʮiʡʥo  ʾ ʚʠxoʚʥo  ʾ ʜiʷʣʴʥocʪi ʧiʜ ʯac 
ʧeʜaʛoʛiʯʥo  ʾʧʨaʢʪʠʢʠ. 
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ʄeʪa eʢcʧeʨʠʤeʥʪaʣʴʥo  ʾ ʧʨoʛʨaʤʠ 
ʧoʣʷʛaʣa ʫ ʥaʜaʥʥi cʪʫʜeʥʪaʤ ʟʥaʥ  ɹ oɦʜo 
ʟʤicʪʫ iʥʥoʚaʮiʡʥo  ʾ ʚʠxoʚʥo  ʾ ʜiʷʣʴʥocʪi ʪa 
ocoʙʣʠʚocʪeʡ ʾʾ ʟʜiʡcʥeʥʥʷ ʟ ʰʢoʣʷʨaʤʠ, 
ʬoʨʤʫʚaʥʥi ʙaʞaʥʥʷ, ʫʤiʥ  ɹʨeaʣiʟaʮi  ʾʪaʢoʛo 
ʚʠʜʫ ʜiʷʣʴʥocʪi, ʟʜaʪʥocʪi ʜoʣaʪʠ 
cʪeʨeoʪʠʧʠ, ʙaʨô̒ʨʠ ʪa ʪʨʫʜʥo iɦ. 

ʋ ʧʨoʮeci ʨeaʣiʟaʮi  ʾ ʧʨoʛʨaʤʠ ʧʨaʢʪʠʢʠ 
ʚʠʢoʥʫʚaʣʠc  ̫ʪaʢi ʟaʚʜaʥʥʷ:  

ï oʟʥaʡoʤʣeʥʥʷ cʪʫʜeʥʪiʚ ʟ 
ocoʙʣʠʚocʪʷʤʠ ʚʠxoʚʥo  ʾ ʨoʙoʪʠ ʥa 
iʥʥoʚaʮiʡʥʠx ʟacaʜax;  
ï ʚʠʚʯeʥʥʷ cʫʪʥocʪi ʪa ʤeʪoʜʠʢʠ 

ʚʧʨoʚaʜʞeʥʥʷ ʧʨoʚiʜʥʠx iʥʥoʚaʮiʡʥʠx 
ʪexʥoʣoʛiʡ ʚʠxoʚaʥʥʷ ʰʢoʣʷʨiʚ;  
ï ʧoeʪaʧʥe ʬoʨʤʫʚaʥʥʷ ʧeʜaʛoʛiʯʥʠx 

ʫʤiʥ  ɹ i ʥaʚʠʯoʢ ʥa ocʥoʚi oʧeʨaʮiʡʥoʛo 
ʨoʟʢʨʠʪʪʷ ʟaʛaʣʴʥʠx ʮiʣeʡ ʚʠxoʚaʥʥʷ;  
ï ʚʠʚʯeʥʥʷ ʜocʚiʜʫ ʡ ocoʙʣʠʚocʪeʡ 

ʨoʙoʪʠ ʚʯʠʪeʣiʚ-ʥoʚaʪoʨiʚ ʟ ʧʨoʙʣeʤ 
ʚʠxoʚaʥʥʷ;  
ï ʟʜiʡcʥeʥʥʷ ʧeʜaʛoʛiʯʥo  ʾ ʧiʜʪʨʠʤʢʠ 

ʤeʪoʜʠcʪaʤʠ ʡ ʫʯʠʪeʣʷʤʠ cʪʫʜeʥʪiʚ-
ʧʨaʢʪʠʢaʥʪiʚ;  
ï cʪʠʤʫʣʶʚaʥʥʷ ʡ aʢʪʠʚiʟaʮi  ̫ xʾ ʜo 

ʚʧʨoʚaʜʞeʥʥʷ iʥʥoʚaʮiʡʥo  ʾ ʚʠxoʚʥo  ʾ
ʜiʷʣʴʥocʪi ʫ ʧʨʘʢʪʠʢʫ ʨʦʙʦʪʠ ʰʢoʣʠ;  
ï ʟʨocʪaʥʥʷ iʥʪeʨecʫ ʜo iʥʥoʚaʮiʡ ʫ 

ʚʠxoʚaʥʥi;  
ï oʨʛaʥiʟaʮi  ̫ ʪʨeʥiʥʛiʚ, ʢʨʫʛʣʠx cʪoʣiʚ, 

ʤeʪoʜʠʯʥʠx ceʤiʥaʨiʚ. 

ʈeaʣiʟaʮi  ̫ ʟʤicʪʫ ʪa ʟaʚʜaʥ  ɹ ʧʨoʛʨaʤʠ 
ˇʨʫʥʪʫʚaʣac  ̫ ʥa ʚʠxiʜʥʠx ʪeoʨeʪʠʯʥʠx 
ʟacaʜax ï ʧʨʠʥʮʠʧax (iʥʪeʛʨaʮi  ̫ʪeoʨeʪʠʯʥo  ʾ
ʪa ʧʨaʢʪʠʯʥo  ʾ ʧiʜʛoʪoʚʢʠ, ʧocʪʫʧoʚe 
ʫcʢʣaʜʥeʥʥʷ ʟaʚʜaʥ  ɹ ʧʨaʢʪʠʢʠ, 
iʥʥoʚaʮiʡʥicʪ ɹ ʫ ʚʠxoʚʥiʡ ʜiʷʣʴʥocʪi ʟ 
ʰʢoʣʷʨaʤʠ).  

ɺaʞʣʠʚʠʤ ʙʫʣo ʜoʪʨʠʤaʥʥʷ ʛoʣoʚʥʠx 
ʤeʪoʜoʣoʛiʯʥʠx ʧiʜxoʜiʚ ʜo oʨʛaʥiʟaʮi  ʾ
iʥʥoʚaʮiʡʥoʛo ʚʠxoʚʥoʛo ceʨeʜoʚʠaɦ, 
ʧʨoʚiʜʥʠʤ ceʨeʜ ʷʢʠx cʪaʚ ocoʙʠcʪicʥo 
oʨiʻʥʪoʚaʥʠʡ ï oʨiʻʥʪaʮi  ̫ ʚʯʠʪeʣ  ̫ ʥa 
ocoʙʠcʪicʪ ɹ ʚʠxoʚaʥʮʷ ʷʢ ʤeʪʫ, cʫʙô̒ʢʪ, 
ʨeʟʫʣʴʪaʪ i ʧoʢaʟʥʠʢ eʬeʢʪʠʚʥocʪi 
ʚʠxoʚaʥʥʷ, cʫʙô̒ʢʪ-cʫʙô̒ʢʪʥo  ʾ ʚʟaʻʤoʜi  ʾ
ʚʯʠʪeʣ  ̫ i ʫʯʥʷ, oɦ cʪʠʤʫʣʶʻ ʨoʟʚʠʪoʢ 
ʚʟaʻʤʠʥ «ʫʯʠʪeʣ  ɹ ï ʫʯʝʥʴ» ʪa cʧʨʠʷʻ 
ʚʟaʻʤoʨoʟʫʤiʥʥ,ʁ ʛʫʤaʥiʟaʮi  ʾ cʧiʣʢʫʚaʥʥʷ. 
ʄoʜeʣʶʚaʥʥʷ eʢcʧeʨʠʤeʥʪaʣʴʥo  ʾʨoʙoʪʠ ʟa 
ʪaʢʠʤʠ ʥaʫʢoʚʠʤʠ oʨiʻʥʪʠʨaʤʠ ʟaʙeʟʧeʯʠʣo 
aʪʤocʬeʨʫ ʧcʠxoʣoʛiʯʥoʛo ʢoʤʬoʨʪʫ, 

cʠʪʫaʮi  ʾ ʫcʧixʫ, ʨoʟʚʠʪoʢ aʢʪʠʚʥocʪi ʪa 
iʥiʮiaʪʠʚʥocʪi ʰʢoʣʷʨiʚ. 

ʇʨoʛʨaʤa ʨeaʣiʟoʚʫʚaʣac  ̫ ʧoeʪaʧʥo 
ʚiʜʧoʚiʜʥo ʜo ʧeʨioʜiʚ ʥaʚʯaʥʥʷ cʪʫʜeʥʪiʚ: 
iʥʬoʨʤaʮiʡʥo-ʜiʷʣʴʥicʥʠʡ, ʥaʚʯaʣʴʥo-
ʤoʜeʣʶʚaʣʴʥʠʡ (ʟ eʣeʤeʥʪaʤʠ ʚʠʢoʨʠcʪaʥʥʷ 
iʥʥoʚaʮiʡʥʠx ʤeʪoʜiʚ ʪa ʧʨʠʡoʤiʚ ʚʠxoʚaʥʥʷ) 
ʪa ʧʨoʬeciʡʥo-ʜiʷʣʴʥicʥʠʡ (ʟ ʫʧʨoʚaʜʞeʥʥʷʤ 
ʚʠʟʥaʯeʥo  ʾ iʥʥoʚaʮiʡʥo  ʾ ʪexʥoʣoʛi  ʾ
ʚʠxoʚaʥʥʷ), ʢoʞʥoʤʫ ʟ ʷʢʠx ʚiʜʧoʚiʜaʚ 
ʧeʚʥʠʡ ʟʤicʪ, ʬoʨʤʠ i ʤeʪoʜʠ, ʨiʟʥi ʚʠʜʠ 
iʥʥoʚaʮiʡʥo  ʾ ʚʠxoʚʥo  ʾ ʨoʙoʪʠ ʟ ʫʯʥʷʤʠ, 
cʧʨʷʤoʚaʥi ʟaʛaʣoʤ ʥa ʬoʨʤʫʚaʥʥʷ 
ʤoʪʠʚaʮiʡʥoʛo, ʢoʛʥiʪʠʚʥoʛo, ʢʨeaʪʠʚʥoʛo ʪa 
cʧoʥʫʢaʣʴʥo-ʧʨaʢcʠʯʥoʛo ʢoʤʧoʥeʥʪiʚ 
ʛoʪoʚʥocʪi cʪʫʜeʥʪiʚ ʜo iʥʥoʚaʮiʡʥo  ʾʚʠxoʚʥo  ʾ
ʜiʷʣʴʥocʪʽ. ʇoeʪaʧʥʠʡ ʧʨoʮec ʜaʚaʚ ʟʤoʛʫ 
ʚʥocʠʪʠ ʢoʨeʢʪʠʚʠ ʫ ʧʨaʢʪʠʢʫ ʜʣʷ ʜocʷʛʥeʥʥʷ 
oʯiʢʫʚaʥʠx ʨʝʟʫʣʴʪʽʚ. 

ɺʘʞʣʠʚʠʤ ʙʫʣʦ oʧʨaʮʶʚaʥʥʷ ʧcʠxoʣoʛo-
ʧeʜaʛoʛiʯʥo  ʾ ʣiʪeʨaʪʫʨʠ ʪa ʧeʨioʜʠʯʥʠx 
ʚʠʜaʥ  ɹ ʜʣʷ cʪʚoʨeʥʥʷ ʚʣacʥo  ʾ ʥaʚʯaʣʴʥo-
ʤeʪoʜʠʯʥo  ʾcʢaʨʙʥʠʯʢʠ «ʇoʨʪʬoʣio iʥʥoʚaʮiʡ 
ʫ ʚʠxoʚʥiʡ ʜʽʷʣʴʥʦʩʪʽ», oɦ cʧʨʠʷʣo ʥaʙʫʪʪʶ 
ocoʙʠcʪicʥoʛo ceʥcʫ iʥʥoʚaʮiʡʥo  ʾ ʚʠxoʚʥo  ʾ
ʨoʙoʪʠ ʷʢ cʢʣaʜoʚo  ʾ ʚʥʫʪʨiʰʥoɹʛo ʜocʚiʜʫ 
cʪʫʜeʥʪiʚ. 

ɿaʚʜaʥʥʷ ʧʨaʢʪʠʢʠ ʚʠʢoʥʫʚaʣʠc  ̫ʫ ʪicʥiʡ 
cʧiʚʧʨaʮi ʪʨiaʜʠ: ʚʠʢʣaʜaʯ ï cʪʫʜeʥʪ ï 
ʫʯʠʪeʣ  ɹ ï ʧʨaʢʪʠʢ. ɿoʢʨeʤa, cʪʫʜeʥʪʠ 
oʜeʨʞʫʚaʣʠ ʨeʢoʤeʥʜaʮi  ʾ oɦʜo ʤeʪoʜʠʢʠ 
cʧocʪeʨeʞeʥʥʷ ʟa ʨoʙoʪo  ʁ ʚʯʠʪeʣ  ̫ ʥa 
ʧʨeʜʤeʪ ʚʠʟʥaʯeʥʥʷ ʚiʜʧoʚiʜʥʠx ʧʨoʷʚiʚ 
iʥʥoʚaʮiʡʥo  ʾʚʠxoʚʥo  ʾʜiʷʣʴʥocʪi, ʚʠʷʚʣeʥʥʷ 
iʥʪeʨeciʚ ʫʯʥiʚ ʪa xʾʥoɹʛo cʪaʚʣeʥʥʷ ʜo 
ʧʨoʚeʜeʥʠx ʟaxoʜiʚ. 

ʋ cʠcʪeʤi ʪʨeʥiʥʛoʚo-ʤeʪoʜʠʯʥʠx ʟaʥʷʪʴ 
ʜʣʷ ʟaʢʨiʧʣeʥʥʷ ʪeoʨeʪʠʯʥʠx ʟʥaʥ  ɹ ʪa 
ʬoʨʤʫʚaʥʥʷ ʧoʟʠʪʠʚʥo  ʾ ʤoʪʠʚaʮi  ʾ ʜo 
iʥʥoʚaʮiʡ ʧʨoʚoʜʠʣʠc  ̫ʤeʪoʜʠʯʥi ceʤiʥaʨʠ, 
ʧʨec-ʢoʥʬeʨeʥʮi  ʾ ʟa ʫʯacʪi ʫʯʠʪeʣiʚ-
ʧʨaʢʪʠʢiʚ. 

ʅa ʜʨʫʛoʤʫ eʪaʧi ʚiʜʧoʚiʜʥo ʜo ʧʨoʛʨaʤʠ 
ʧeʜaʛoʛiʯʥo  ʾ ʧʨaʢʪʠʢʠ ʟʜiʡcʥʶʚaʣʠc  ̫ ʧeʨ ih 
ʢʨoʢʠ ʧʨoʬeciʡʥo  ʾ ʜiʷʣʴʥocʪi cʪʫʜeʥʪiʚ ï 
ʚʠxoʚʥo  ʾʨoʙoʪʠ ʟ ʫʯʥʷʤʠ ʚ ʨaʤʢax ʧʣaʥʫ 
ʨoʙoʪʠ ʚʯʠʪeʣ ,̫ cʧʨʷʤoʚaʥi ʥa ʬoʨʤʫʚaʥʥʷ 
ʫʤiʥ  ɹ iʥʥoʚaʮiʡʥo  ʾ ʜiʷʣʴʥocʪi, ʧoʜoʣaʥʥʷ 
ʪʨʫʜʥo iɦʚ, oɦ cʫʧʨoʚoʜʞʫʶʪʴ 
ʥoʚoʚʚeʜeʥʥʷ. ɼo ʟaʧʣaʥoʚaʥʠx ʚʠxoʚʥʠx 
ʟaʥʷʪʴ cʪʫʜeʥʪaʤʠ ʜoʙʠʨaʣʠc  ̫ ʡ 
ʚʠʢoʨʠcʪoʚʫʚaʣʠc  ̫ iʥʥoʚaʮiʡʥi ʤeʪoʜʠ, 
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ʧʨʠʡoʤʠ, oɦ cʧʨʠʷʣo ʧʨoʷʚʫ xʾʥoɹ  ʾ
ʢʨeaʪʠʚʥocʪi ʪa ʤoʞʣʠʚocʪi ʚxoʜʞeʥʥʷ ʚ 
iʥʥoʚaʮiʡʥʠʡ ocʚiʪʥoɹ-ʚʠxoʚʥʠʡ ʧʨocʪiʨ.  

ɿ ʤeʪo  ʁ ʧiʜʚʠʱeʥʥʷ eʬeʢʪʠʚʥocʪi 
ʬoʨʤʫʚaʣʴʥʠx ʚʧʣʠʚiʚ ʟʥaʯʥa ʫʚaʛa 
ʧʨʠʜiʣʷʣac  ̫ ʧcʠxoʣoʛo-ʧeʜaʛoʛiʯʥoʤʫ 
cʫʧʨoʚoʜʫ cʪʫʜeʥʪiʚ ʟ ʙoʢʫ ʚʠʢʣaʜaʯiʚ-
ʤeʪoʜʠcʪiʚ.  

ɼʣ ̫ ʟʤiʮʥeʥʥʷ ʢoʥcʪʨʫʢʪʠʚʥo  ʾ ʚʟaʻʤoʜi  ʾ
«cʪʫʜeʥʪ ï ʚʠʢʣaʜaʯ ï ʫʯʠʪeʣ -ɹʧʨaʢʪʠʢ» 
ʚʠʢoʨʠcʪoʚʫʚaʣʠc  ̫ ʧʨʠʡoʤʠ ʤoʪʠʚʫʚaʥʥʷ 
cʧiʣʴʥo  ʾʜiʷʣʴʥocʪi («Oʜʥʘ ʛʦʦʚʘ ʜoʙʨe, a ʜʚʽ 
ï ʢʨʘʱʝ»), ʟʚeʨʥeʥʥʷ ʟa ʜoʧoʤoʛo  ʁ i ʾʾ 
ʥaʜaʥʥʷ («Xʪo ʥe ʟʥa ,̒ ʥexaʡ ʣʶʜeʡ 
cʧʠʪa »̒). 

ɺaʞʣʠʚʠʤ acʧeʢʪoʤ ʜʨʫʛoʛo eʪaʧʫ ʙʫʣo 
ʚʧʨoʚaʜʞeʥʥʷ ʧʨaʢʪʠʢʫʤʫ «Iʥʥoʚaʮiʡʥa 
ʚʠxoʚʥa ʜiʷʣʴʥicʪ ɹʫʯʠʪeʣ »̫, cʧʨʷʤoʚaʥoʛo 
ʥa ʧoʛʣʠʙʣeʥʥʷ ʪa ʨoʟʰʠʨeʥʥʷ ʟʥaʥ  ɹ iʟ 
ʧʨoʙʣeʤʠ ʜocʣiʜʞeʥʥʷ, ʟaʙeʟʧeʯeʥʥʷ 
ʻʜʥocʪi ʪeoʨi  ʾʟ ʧʨaʢʪʠʢo .ʁ 

ʅa ʪʨeʪoɹʤʫ eʪaʧi cʪʫʜeʥʪʠ ʧiʜ ʯac 
ʥeʧeʨeʨʚʥo  ʾ ʧʨaʢʪʠʢʠ ʧʨaʮʶʚaʣʠ ʚ ʤeʞax 
oʜʥiʻ ʾ ʪexʥoʣoʛi ,ʾ ʢʨʠʪeʨiʻʤ ʚiʜʙoʨʫ ʷʢo  ʾ
cʣʫʛʫʚaʣʠ: ocoʙʠcʪe ʙaʞaʥʥʷ cʪʫʜeʥʪa, 
ʨeʢoʤeʥʜaʮi  ʾ ʧcʠxoʣoʛa ʥa ocʥoʚi 
ʧoʧeʨeʜʥoɹ  ʾcʧiʚʙeciʜʠ ʪa ʪecʪʫʚaʥ ,ɹ ʥaʙʫʪʠʡ 
ʜocʚiʜ iʟ ʧoʧeʨeʜʥix ʚʠʜiʚ ʧeʜaʛoʛiʯʥo  ʾ
ʧʨaʢʪʠʢʠ, ʧoʨaʜʠ ʚʠʢʣaʜaʯiʚ ʪa ʚʯʠʪeʣiʚ. 
ɿoʢʨeʤa, ʚʧʨoʚaʜʞʫʚaʣʠc  ̫ ʪaʢi iʥʥoʚaʮiʡʥi 
ʪexʥoʣoʛi  ʾ ʚʠxoʚaʥʥʷ: ʧeʜaʛoʛiʢa 
cʧiʚʨoʙiʪʥʠʮʪʚa, ʚʠxoʚaʥʥʷ ʫcʧiʰʥo  ʾ
ocoʙʠcʪocʪi, ʨeʬʣeʢcʠʚʥoʛo caʤoʚʠxoʚaʥʥʷ, 
«ʇeʜaʛoʛiʯʥa ʧʽʜʪʨʠʤʢʘ», «ʐʢoʣa ʞʠʪʪʷ», 
ʪʨeʥiʥʛoʚi ʟaʥʷʪʪʷ, iʛʨoʚi, ʧʨoeʢʪʥo-
ʤoʜeʣʶʚaʣʴʥi ʪexʥoʣoʛi .ʾ 

Eʬeʢʪʠʚʥicʪ ɹ ʫʧʨoʚaʜʞeʥʥʷ ʧʨoʛʨaʤʠ 
oʧʪʠʤiʟaʮi  ʾ iʥʥoʚaʮiʡʥo  ʾʚʠxoʚʥo  ʾʜiʷʣʴʥocʪi 
cʪʫʜeʥʪiʚ ʫ ʧʨoʮeci ʧeʜaʛoʛiʯʥo  ʾ ʧʨaʢʪʠʢʠ 
oʮiʥʶʚaʣac  ̫ ʰʣx̫oʤ aʥaʣiʟʫ ʟʤiʥ, ʷʢi 
ʚiʜʙʫʣʠc  ̫ ʚ ʫcʪaʥoʚʮi cʪʫʜeʥʪiʚ ʥa 
ʟʥaʯʫiɦcʪ ɹ i ʚaʞʣʠʚicʪ ɹ iʥʥoʚaʮiʡʥʠx 
ʪexʥoʣoʛiʡ ʫ cʫʯacʥoʤʫ ʚʠxoʚʥoʤʫ ʧʨoʮeci, 
xʾʥoɹʤʫ ʧʨaʛʥeʥʥi ʜo aʢʪʠʚʥoʛo ʚʠʚʯeʥʥʷ 
ʚʠxoʚʥʠx iʥʥoʚaʮiʡ, ʙaʞaʥʥi ʪʚoʨʯo ʡ 
ʥeoʨʜʠʥaʨʥo ʧʨoeʢʪʫʚaʪʠ ʚʠxoʚʥʫ ʜiʷʣʴʥicʪ ɹ
(ʤoʪʠʚaʮiʡʥʠʡ ʢoʤʧoʥeʥʪ), iʥʪeʛʨaʮi  ʾ
ʧcʠxoʣoʛiʯʥʠx, ʧeʜaʛoʛiʯʥʠx i ʪexʥoʣoʛiʯʥʠx 
ʟʥaʥ  ɹ ʪa oʧeʨaʮiʡʥʠx ʫʤiʥ ,ɹ ʥaʙʫʪʠx 
cʪʫʜeʥʪaʤʠ ʧiʜ ʯac ʧeʜaʛoʛiʯʥo  ʾ ʧʨaʢʪʠʢʠ 
(ʢoʛʥiʪʠʚʥʠʡ ʢoʤʧoʥeʥʪ), ʧʨoʷʚi ʪʚoʨʯo  ʾ
aʢʪʠʚʥocʪi cʪʫʜeʥʪiʚ ʫ ʧoʰʫʢoʚiʡ ʜiʷʣʴʥocʪi, 

oʨʠʛiʥaʣʴʥocʪi ʫ ʨoʟʚô̫ʟaʥʥi ʚʠxoʚʥʠx 
ʟaʚʜaʥ  ɹ (ʢʨeaʪʠʚʥʠʡ ʢoʤʧoʥeʥʪ); 
cʬoʨʤoʚaʥocʪi ʚʤiʥ  ɹoʮiʥʶʚaʪʠ, ʧoʨiʚʥʶʚaʪʠ 
ʪa oʙʠʨaʪʠ ʥaʡoʧʪʠʤaʣʴʥi ih iʥʥoʚaʮiʡʥi 
ʪexʥoʣoʛi ,ʾ ʤeʪoʜʠ, ʧʨʠʡoʤʠ ʚʠxoʚaʥʥʷ 
(cʧoʥʫʢaʣʴʥo-ʧʨaʢcʠʯʥʠʡ ʢoʤʧoʥeʥʪ). 

ʊaʢʠʤ ʯʠʥoʤ, ʧʨʠ ʨeaʣiʟaʮi  ʾ ʧʨoʛʨaʤʠ 
ʜiʷʣʴʥicʪ ɹ cʪʫʜeʥʪiʚ ʥaʙʫʚaʣa ʪʚoʨʯoʛo 
cʧʨʷʤʫʚaʥʥʷ, iʥʥoʚaʮiʡʥo  ʾ oʙiʟʥaʥocʪi, 
ʪexʥoʣoʛiʯʥo  ʾ oʟʙʨoʻʥocʪi ʡ oʧeʨaʪʠʚʥo  ʾ
caʤoʢoʨeʢʮi ,ʾ oʮiʥʢʠ ʨiʚʥʷ cʬoʨʤoʚaʥocʪi 
ʛoʪoʚʥocʪi ʜo iʥʥoʚaʮiʡʥo  ʾ ʚʠxoʚʥo  ʾ
ʜiʷʣʴʥocʪi ʫ ceʙe ʪa ʚ iʥʰʠx. 

ʆʪʞʝ, ʋ ʟaʙeʟʧeʯeʥʥi ʛoʪoʚʥocʪi cʪʫʜeʥʪiʚ 
ʜo iʥʥoʚaʮiʡʥo  ʾʚʠxoʚʥo  ʾʜʽʷʣʴʥʦʩʪʽ ʰʢʽʣʴʥa 
ʧʨaʢʪʠʢa  ̒ ʚʢʨʘʡ ʚaʞʣʠʚo .ʁ ʇʽʜ ʯʘʩ 
ʧʨoxoʜʞeʥʥʷ ʧeʜaʛoʛiʯʥo  ʾ ʧʨaʢʪʠʢʠ ʫ 
cʪʫʜeʥʪa ʚiʜʙʫʚaʻʪʴc  ̫ ʪʨaʥcʬoʨʤaʮi  ̫
ʫʷʚʣeʥ  ɹ ʧʨo ceʙe, cʚo  ʾ ocoʙʣʠʚocʪʽ ʪa 
ʤoʞʣʠʚocʪʽ, caʤooʮiʥʢʘ ʛoʪoʚʥocʪi ʜʦ 
ʧeʜaʛoʛiʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʚʣʘʩʥʦʾ 
ʩʘʤʦʨʝʘʣʽʟʘʮʽʾ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʦʩʦʚʥʦ 
ʧʨaʢʪʠʯʥʦʾ ʧiʜʛoʪoʚʢʠ cʪʫʜeʥʪiʚ ʧʨʝʜʩʪʘʚʣʝʥʽ 
ʫ ʧʨaʮ x̫ ʄ. ʂoʟi ,̫ ʈ. ʅ ,ʁ ʃ. Xoʤʠʯ. 
ʇeʜaʛoʛiʯʥʫ ʧʨaʢʪʠʢʫ ʚʠʟʥʘʯʘʻʤʦ ʷʢ: 

ï cʢʣaʜoʚʫ ʧcʠxoʣoʛo-ʧeʜaʛoʛiʯʥo  ʾ
ʧiʜʛoʪoʚʢʠ cʪʫʜeʥʪiʚ, ʫ ʧʨoʮeci ʷʢo  ʾ ʚoʥʠ 
ʥaʙʫʚaʶʪʴ ʥeoʙxiʜʥʠx ʧʨaʢʪʠʯʥʠx ʫʤiʥ  ɹʪa 
ʥaʚʠʯoʢ; 
ï cʧoʣʫʯʥʫ ʣaʥʢʫ ʤiʞ ʪeoʨeʪʠʯʥʠʤ 

ʥaʚʯaʥʥʷʤ cʪʫʜeʥʪa i ʡoʛo caʤocʪiʡʥo  ʁ
ʧʨaʢʪʠʯʥo  ʁʧeʜaʛoʛiʯʥo  ʁʜiʷʣʴʥicʪ  ʁʚ ʰʢoʣi; 
ï cʧociʙ oʟʥaʡoʤʣeʥʥʷ ʟ ocoʙʣʠʚocʪʷʤʠ 

ʥaʚʯaʣʴʥo-ʚʠxoʚʥoʛo ʧʨoʮecʫ ʥa ocʥoʚi 
ʙeʟʧoceʨeʜʥoɹ  ʾʫʯacʪi ʚ ʥoɹʤʫ ʧʨaʢʪʠʢaʥʪiʚ;  
ï oʙô̒ʢʪ ʢoʥcʪʨʫʶʚaʥʥʷ, ʚ ʨeʟʫʣʴʪaʪi 

ʷʢoʛo cʪʚoʨʶʻʪʴc  ̫ʧʨoeʢʪ icʥʫʶʯo  ʾ eɦ ʥe ʚ 
ʜiʡcʥocʪi, a ʚ ʫʷʚʣeʥʥi ʧeʜaʛoʛiʯʥo  ʾ
ʜiʷʣʴʥocʪi; 
ï iʜeʥʪʠʬiʢaʮi  ʁ cʪʫʜeʥʪa ʟ ʥoʚo  ʁ

coʮiaʣʴʥo  ʁ ʨoʣʣ ʁ ʤaʡʙʫʪʥʴoʛo ʚʯʠʪeʣ -̫
ʧʨaʢʪʠʢaʥʪa, ʚ ʨeʟʫʣʴʪaʪi ʷʢo  ʾ ʫ cʪʫʜeʥʪa 
ʚiʜʙʫʚaʻʪʴc  ̫ʟʨʫʰeʥʥʷ ʫ ʡoʛo Ăʗ-ʢoʥʮeʧʮi òʾ, 
ʪʨaʥcʬoʨʤaʮi  ̫ ʫʷʚʣeʥ  ɹ ʧʨo ceʙe, 
ʢoʨʠʛʫʚaʥʥʷ caʤooʮiʥʶʚaʥʥʷ i 
caʤocʪaʥoʚʣeʥʥʷ; 
ï ʰʣx̫ ʜo ʨoʟʚʠʪʢʫ ʪʚoʨʯoʛo 

(ʥecʪaʥʜaʨʪʥoʛo, iʥʥoʚaʮiʡʥoʛo) ʤʠcʣeʥʥʷ, 
ʪʚoʨʯoʛo cʪaʚʣeʥʥʷ ʜo ʧeʜaʛoʛiʯʥo  ʾ
ʜiʷʣʴʥocʪi; 
ï ʟaciʙ ʬoʨʤʫʚaʥʥʷ ʧeʜaʛoʛiʯʥʠx ʫʤiʥ  ɹi 

ʥaʚʠʯoʢ i ʨoʟʚʠʪʢʫ ʧiʟʥaʚaʣʴʥo  ʾʪa ʪʚoʨʯo  ʾ
aʢʪʠʚʥocʪi ʤaʡʙʫʪʥʴoʛo ʚʯʠʪeʣ ,̫ ʜiaʛʥocʪʠʢʠ 
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ʨiʚʥʷ ʡoʛo ʧʨoʬeciʡʥo-ʧeʜaʛoʛiʯʥoʛo 
cʧʨʷʤʫʚaʥʥʷ i ʧiʜʛoʪoʚʣeʥocʪi, ʟaʢʨiʧʣeʥʥʷ 
ʪa ʧoʛʣʠʙʣeʥʥʷ ʪeoʨeʪʠʯʥʠx ʟʥaʥ .ɹ 

ʄʠ ʨoʟʫʤiʻʤo ʰʢʽʣʴʥʫ ʧeʜaʛoʛiʯʥʫ 
ʧʨaʢʪʠʢʫ ʷʢ ʚaʞʣʠʚʫ cʢʣaʜoʚʫ ʧʨoʬeciʡʥo-
ʧʨaʢʪʠʯʥo  ʾ ʧiʜʛoʪoʚʢʠ cʪʫʜeʥʪiʚ, oɦ 
ʟaʙeʟʧeʯʫʻ ʬoʨʤʫʚaʥʥʷ ʫʤiʥ  ɹ ʪa ʥaʚʠʯoʢ 
ʧʨaʢʪʠʯʥo  ʾiʥʥoʚaʮiʡʥo  ʾʚʠxoʚʥo  ʾʜiʷʣʴʥocʪi. 

ʋ ʂoʥʮeʧʮi  ʾ ʧeʜaʛoʛiʯʥo  ʾ ocʚiʪʠ, ʷʢa 
ʨoʟʨoʙʣeʥa Aʢaʜeʤiʻ  ʁ ʧeʜaʛoʛiʯʥʠx ʥaʫʢ 
ʋʢʨaʾʥʠ, ʤicʪʷʪʴc  ̫ʯiʪʢi i ʥaʫʢoʚo oʙˇʨʫʥʪoʚaʥi 
ʟaʚʜaʥʥʷ ʧeʜʧʨaʢʪʠʢʠ. ʋ ʜoʢʫʤeʥʪi 
ʥaʛoʣoʰʫʻʪʴc ,̫ oɦ Ăʧʨaʢʪʠʯʥa ʧiʜʛoʪoʚʢa 
ʟʜiʡcʥʶʻʪʴc  ̫ ʯeʨeʟ ʥaʚʯaʣʴʥi ʪa ʬaxoʚi 
ʧeʜaʛoʛiʯʥi ʧʨaʢʪʠʢʠò. ʌoʨʤa, ʪʨʠʚaʣicʪ ɹ i 
ʪeʨʤiʥʠ ʾʭ ʧʨoʚeʜeʥʥʷ ʚʠʟʥaʯaʶʪcɹ  ̫oʢʨeʤo 
ʜʣʷ ʢoʞʥo  ʾ ʩʧʝʮʽʘʣʴʥʦʩʪʽ. ʋ ʂoʥʮeʧʮi  ʾ
ʚʠʟʥaʯʝʥʦ ʤeʪʫ ʡ ocʥoʚʥi ʟaʚʜaʥʥʷ 
ʧeʜaʛoʛiʯʥo  ʾ ʧʨaʢʪʠʢʠ: ʧoʛʣʠʙʣeʥʥʷ 
ʪeoʨeʪʠʯʥʠx ʟʥaʥ  ɹ ʥa ocʥoʚi ʧʨaʢʪʠʯʥoʛo 
ʥaʚʯaʥʥʷ; ʚʠʨoʙʣeʥʥʷ ʫ ʤaʡʙʫʪʥix ʧeʜaʛoʛiʚ 
ʫʤiʥ  ɹ ʪa ʥaʚʠʯoʢ ʧʨaʢʪʠʯʥo  ʾ ʜiʷʣʴʥocʪi; 
ʬoʨʤʫʚaʥʥʷ ʪa ʨoʟʚʠʪoʢ ʧʨoʬeciʡʥo-
ʧeʜaʛoʛiʯʥʠx ʫʤiʥ  ɹ i ʥaʚʠʯoʢ; oʚoʣoʜiʥʥʷ 
cʫʯacʥʠʤʠ ʤeʪoʜaʤʠ i ʬoʨʤaʤʠ ʧeʜaʛoʛiʯʥo  ʾ
ʜiʷʣʴʥocʪi, ʥoʚʠʤʠ ʧʨoʛʨecʠʚʥʠʤʠ 
ʪexʥoʣoʛiʷʤʠ ʥaʚʯaʥʥʷ; ʬoʨʤʫʚaʥʥʷ 
ʪʚoʨʯoʛo ʜocʣiʜʥʠʮʴʢoʛo ʧiʜxoʜʫ ʜo 
ʧeʜaʛoʛiʯʥo  ʾʜiʷʣʴʥocʪi. 

ʇʽʜ ʯʘʩ ʰʢʽʣʴʥo  ʾ ʧʨaʢʪʠʢʠ ʧocʠʣʶʻʪʴc  ̫
caʤocʪiʡʥicʪ ɹ cʪʫʜeʥʪa ʫ ʨoʟʚʠʪʢʫ ʡ 
ʟacʪocʫʚaʥʥi ʧeʜaʛoʛiʯʥʠx ʫʤiʥ .ɹ ʎe cʧʨʠʷʻ 
ʬoʨʤʫʚaʥʥ ʁʧʨoʬeciʡʥo ʟʥaʯʫʱʠx ʷʢocʪeʡ i 
ʚʣacʪʠʚocʪeʡ ʜʣʷ iʥʥoʚaʮiʡʥo  ʾ ʚʠxoʚʥo  ʾ
ʜiʷʣʴʥocʪi, a caʤe: ʧeʜaʛoʛiʯʥoʛo ʤʠcʣeʥʥʷ, 
ʧeʜaʛoʛiʯʥo  ʾ ʨeʬʣeʢci ,ʾ ʤoʪʠʚaʮi  ʾ
ʧeʜaʛoʛiʯʥo  ʾ ʜiʷʣʴʥocʪi, ʢoʤʫʥiʢaʪʠʚʥocʪi, 
ʧeʜaʛoʛiʯʥoʛo ʪaʢʪʫ i ʢʫʣʴʪʫʨʠ. 

ɼʣ ̫ oʧʪʠʤiʟaʮi  ʾ ʧʨaʢʪʠʯʥo  ʾ ʧiʜʛoʪoʚʢʠ 
cʪʫʜeʥʪiʚ ʨoʟʨoʙʣeʥi ʨiʟʥoʛo cʧʨʷʤʫʚaʥʥʷ 
ʤeʪoʜʠʯʥo-iʥcʪʨʫʢʪʠʚʥi ʤaʪeʨiaʣʠ.  

ʇʽʜ ʯʘʩ ʧʨaʢʪʠʢʠ cʪʫʜeʥʪʠ ʚʠcʪʫʧaʶʪʴ ʚ 
ʨoʣi ʧoʤiʯʥʠʢa ʢʣacʥoʛo ʢeʨiʚʥʠʢa. ɺoʥʠ 
oʚoʣoʜiʚaʶʪʴ ʤeʪoʜʠʢo  ʁʚʠxoʚʥo  ʾʨoʙoʪʠ ʫ 
ʚciʡ ʾʾ ʙaʛaʪoʛʨaʥʥocʪi i ʩʢʣʘʜʥʦʩʪʽ. ɺʦʥʠ 
ʚʯʘʪʴʩʷ ʟʜiʡcʥʶʚaʪʠ ʧcʠxoʣoʛo-ʧeʜaʛoʛiʯʥʠʡ 
ʘʥʘʣʽʟ ʬʦʨʤʫʚʘʥʥʷ ʦʩʦʙʠʩʪʦʩʪʽ ʰʢʦʣʷʨʘ ʡ 
ʫʯʥʽʚʩʴʢʦʛʦ ʢoʣeʢʪʠʚʫ. ʄeʪo  ʁ ʧeʜaʛoʛiʯʥo  ʾ
ʧʨʘʢʪʠʢʠ   ̒ʥʘʚʯʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʭʦʚʥʦʛʦ 
ʧʨʦʮʝʩʫ, ʧiʜʛoʪoʚʢa cʪʫʜeʥʪa ʜo ʮiʣicʥoʛo 
ʚʠʢoʥaʥʥʷ ʬʫʥʢʮiʡ ʫʯʠʪeʣ -̫ʧʨʝʜʤʝʪʥʠʢʘ  ̔
ʢʣʘʩʥʦʛʦ ʢʝʨʽʚʥʠʢʘ.  

ɺ oʨʛaʥiʟaʮi  ʾ ʧeʜaʛoʛiʯʥo  ʾ ʧʨaʢʪʠʢʠ 
ʚʠʟʥʘʯʝʥʦ ʪʘʢʽ ʧʨʠʥʮʠʧʠ: 

1) ʧʨʠʥʮʠʧ iʥʪeʛʨaʮi  ʾ ʪeoʨeʪʠʯʥo  ʾ ʪa 
ʧʨaʢʪʠʯʥo  ʾ ʧiʜʛoʪoʚʢʠ ʧeʨeʜʙaʯa  ̒
ʚʟaʻʤoʟʚô̫ʟoʢ i ʚʟaʻʤoʧʨoʥʠʢʥeʥʥʷ ʪeoʨi  ʾʪa 
ʧʨaʢʪʠʢʠ, ʧoʧeʨeʜʥʻ ʪeoʨeʪʠʯʥe ocʤʠcʣeʥʥʷ 
cʪʫʜeʥʪaʤʠ ʟʤicʪʫ ʧʨaʢʪʠʯʥo  ʾ ʜiʷʣʴʥocʪi, 
oʮiʥʢʫ ʡ ʫʟaʛaʣʴʥeʥʥʷ ʧeʨeʜoʚoʛo 
ʧeʜaʛoʛiʯʥoʛo ʜocʚiʜʫ i ʚʣacʥoʛo ʜocʚiʜʫ ʡ 
aʢʪʠʚʥʫ, cʠcʪeʤaʪʠʯʥʫ ʫʯacʪ ɹ cʪʫʜeʥʪiʚ i 
ʚʠʢʣaʜaʯiʚ ʚʠʱʠx ʥaʚʯaʣʴʥʠx ʟaʢʣaʜiʚ ʫ 
ʰʢiʣʴʥiʡ ʧeʜaʛoʛiʯʥiʡ ʧʨaʢʪʠʮi; 

2) ʧʨʠʥʮʠʧ ʧocʪʫʧoʚoʛo ʫcʢʣaʜʥeʥʥʷ 
ʟaʚʜaʥ  ɹ ʧʨaʢʪʠʢʠ ʧeʨeʜʙaʯa  ̒ ʥe ʣʠeh 
cʪʫʧeʥeʚicʪ ɹ ʧiʜʛoʪoʚʢʠ, a ʡ ʫʨaxʫʚaʥʥʷ 
ʟʜiʙʥocʪeʡ cʪʫʜeʥʪa i ʨiʚʥʷ cʬoʨʤoʚaʥocʪi 
ʡoʛo ʢoʤʧeʪeʥʮiʡ ʚ oʨʛaʥiʟaʮi  ʾ ʚʠxoʚʥoʛo 
ʧʨoʮecʫ; 

3) ʧʨʠʥʮʠʧ iʥʥoʚaʮiʡʥocʪi ʫ ʚʠxoʚʥiʡ 
ʜiʷʣʴʥocʪi  ʧeʨeʜʙaʯa  ̒ʥaʮiʣeʥʥʷ cʪʫʜeʥʪiʚ 
ʥa ʚʠʢoʨʠcʪaʥʥʷ ʫ ʚʠxoʚʥiʡ ʜiʷʣʴʥocʪi ʬoʨʤ, 
ʤeʪoʜiʚ, ʧʨʠʡoʤiʚ ʨoʙoʪʠ, ʷʢi ʚiʜʧoʚiʜaʶʪʴ 
ʚʽʢʦʚʠʤ ocoʙʣʠʚocʪʷʤ ocoʙʠcʪocʪi cʫʯacʥoʛo 
ʰʢoʣʷʨa.  

ʂoʥcʫʣʴʪʫʚaʥʥʷ cʪʫʜeʥʪiʚ ʫ ʧʨoʮeci 
ʧiʜʛoʪoʚʢʠ xʾ ʜo ʟaʥʷʪʴ, ʧʨʠcʫʪʥicʪ ɹ ʥa 
ʚʠxoʚʥʠx ʟaʥʷʪʪʷx ʨaʟoʤ ʟ iʥʰʠʤʠ 
ʧʨaʢʪʠʢaʥʪaʤʠ, aʥaʣiʟ ʧʨoʚeʜeʥoʛo ʟʘʥʷʪʪʷ  ̒
ʦʙoʚô̫ʟʢoʤ ʤeʪoʜʠcʪiʚ i ʰʢiʣʴʥʠx ʫʯʠʪeʣiʚ.  

ʈeʟʫʣʴʪaʪoʤ ʧeʜaʛoʛiʯʥo  ʾ ʧʨaʢʪʠʢʠ  ̒ ʥe 
ʧʨocʪo oʪʨʠʤaʥʥʷ ʪa ʧoʛʣʠʙʣeʥʥʷ ʟʥaʥ  ɹʧʨo 
ʧeʜaʛoʛiʯʥʫ ʜiʷʣʴʥicʪ,ɹ oʚoʣoʜiʥʥʷ ʧeʚʥʠʤʠ 
ʫʤiʥʥʷʤʠ, a ʬoʨʤʫʚaʥʥʷ ocoʙʠcʪocʪi 
cʪʫʜeʥʪiʚ ʷʢ ʤaʡʙʫʪʥix ʫʯʠʪeʣiʚ, ʷʢicʥa ʟʤiʥa 
xʾ ʚʥʫʪʨiʰʥoɹʛo cʚiʪʫ, ʧcʠxoʣoʛi ,ʾ ʧoʚeʜiʥʢʠ, 
ʚʠʨoʙʣeʥʥʷ ocʥoʚ xʾ iʥʜʠʚiʜʫaʣʴʥoʛo cʪʠʣʶ. 

5. ɺʠʩʥʦʚʢʠ 

ʇiʜxiʜ ʜo ʨoʟʚô̫ʟaʥʥʷ ʧʨoʙʣeʤʠ 
ʬoʨʤʫʚaʥʥʷ ʛoʪoʚʥocʪi ʟʜʦʙʫʚʘʯiʚ ʜo 
iʥʥoʚaʮiʡʥo  ʾ ʚʠxoʚʥo  ʾ ʜiʷʣʴʥocʪi ʚ ʫʤoʚax 
ʧeʜaʛoʛiʯʥo  ʾ ʧʨaʢʪʠʢʠ ʜʦʟʚʦʣʠʚ ʨoʟʢʨʠʪʠ 
ʟʤicʪ ʛoʪoʚʥocʪi ʜo iʥʥoʚaʮiʡʥo  ʾ ʚʠxoʚʥo  ʾ
ʜiʷʣʴʥocʪi, ʚʠʟʥaʯʠʪʠ ʪa oʙˇʨʫʥʪʫʚaʪʠ ʫʤoʚʠ 
ʬoʨʤʫʚaʥʥʷ ʛoʪoʚʥocʪi ʟʜʦʙʫʚʘʯiʚ ʜo 
iʥʥoʚaʮiʡʥo  ʾʚʠxoʚʥo  ʾʜiʷʣʴʥocʪi ʟ h ʢoʣʷʨaʤʠ 
ʫ ʧʨoʮeci ʧeʜaʛoʛiʯʥo  ʾʧʨaʢʪʠʢʠ. ɺʠʟʥaʯeʥo, 

oɦ ʥeʟʚaʞaʶʯʠ ʥa aʢʪʫaʣʴʥicʪ ɹ ʧʨoʙʣeʤʠ 
iʥʥoʚaʮiʡʥocʪi ʷʢ oʜʥiʻ ʾ ʟ ʧʨioʨʠʪeʪʥʠx ʫ 
cʫʯacʥoʤʫ ocʚiʪʥoɹʤʫ ʧʨocʪoʨi, ʥeʤa  ̒ʯiʪʢo 
ʚʠʟʥaʯeʥo  ʾ ʪa ʜocʪaʪʥoɹ ʨoʟʨoʙʣeʥo  ʾ
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ʤeʪoʜʠʢʠ aʥaʣiʟʫ iʥʥoʚaʮiʡʥo  ʾ ʚʠxoʚʥo  ʾ
ʨoʙoʪʠ ʟ ʰʢoʣʷʨaʤʠ ʫ ʧʨoʮeci ʧeʜaʛoʛiʯʥo  ʾ
ʧʨaʢʪʠʢʠ ʟʜʦʙʫʚʘʯiʚ. 

ɿʤicʪ ʧoʥʷʪʪʷ iʥʥoʚaʮiʡʥo  ʾ ʚʠxoʚʥo  ʾ
ʜiʷʣʴʥocʪi ʨoʟʛʣʷʥʫʪo ʷʢ ʜiʷʣʴʥicʪ,ɹ oɦ 
ʟaʙeʟʧeʯʫʻ ʚʟaʻʤoʜi  ʁ ʦʩʦʙʠʩʪʦʩʪʽ ʟ 
oʙô̒ʢʪaʤʠ ʜoʚʢiʣʣʷ ʪa ʬoʨʤʫʻ coʮiaʣʴʥo 
ʮiʥʥicʥe cʪaʚʣeʥʥʷ ʜo ʥoɹʛo, ʟʜaʪʥicʪ ɹʙʫʪʠ 
cʫʙô̒ʢʪoʤ ʚʣacʥo  ʾʜiʷʣʴʥocʪi. 

ʋ ʚʠʟʥaʯeʥʥʽ ʛoʪoʚʥocʪi ʟaʫʚʘʞʫʻʤʦ ʥʘ 
ʙaʛaʪoacʧeʢʪʥʦcʪʽ ʮ oɹʛo ʧoʥʷʪʪʷ, ʷʢe 
ʨoʟʛʣʷʜaʻʪʴc  ̫ʷʢ ʮiʣicʥe cʪiʡʢe ocoʙʠcʪicʥe 
ʫʪʚoʨeʥʥʷ, iʥʪeʛʨaʪʠʚʥa ʷʢicʪ ɹ ocoʙʠcʪocʪi, 
cʫʢʫʧʥicʪ ɹʟʥaʥ ,ɹ ʫʤiʥ ,ɹ ʥaʚʠʯoʢ. 

ɻoʪoʚʥicʪ ɹ ʟʜʦʙʫʚʘʯa ʜo iʥʥoʚaʮiʡʥo  ʾ
ʚʠxoʚʥo  ʾ ʜiʷʣʴʥocʪi ʥaʤʠ ʚʠʟʥaʯeʥo ʷʢ 
ocoʙʠcʪicʥo-ʧʨoʬeciʡʥʫ ʷʢicʪ,ɹ oɦ 
xaʨaʢʪeʨʠʟʫʻʪʴc  ̫ʫcʚiʜoʤʣeʥʥʷʤ ʟʥaʯʫoɦcʪi 
ʪa iʥʪeʨecoʤ ʜo ʚʠxoʚaʥʥʷ ʫʯʥiʚ ʥa 
iʥʥoʚaʮiʡʥʠx ʟacaʜax; ʥaʷʚʥicʪ  ʁʤoʪʠʚaʮi  ʾʟ 
oʜʥoʯacʥʠʤ ʥaʙʫʪʪʷʤ cʧeʮiaʣʴʥʠx ʟʥaʥ ,ɹ 
ʫʤiʥ ,ɹ ʷʢi ʚʪiʣʶʶʪʴc  ̫ʚ oʨʛaʥiʟaʮi  ʁʚʠxoʚʥo  ʾ
ʨoʙoʪʠ; ʧoʪʨeʙaʤʠ ʪʚoʨʯo  ʾcaʤoaʢʪʫaʣiʟaʮi  ʾʡ 
caʤoʨeaʣiʟaʮi .ʾ 

ɸ ʧeʜaʛoʛiʯʥa ʧʨaʢʪʠʢa ʨoʟʚʠʚa  ̒ ʪʚoʨʯʫ 
aʢʪʠʚʥicʪ ɹ i caʤocʪiʡʥicʪ ɹ cʪʫʜeʥʪiʚ, cʧʨʠʷʻ 
ʬoʨʤʫʚaʥʥ ʁ xʾ ʷʢ coʮiaʣʴʥo aʢʪʠʚʥʠx 
ocoʙʠcʪocʪeʡ ʟ iʥʥoʚaʮiʡʥʠʤ ʧoʪeʥʮiaʣoʤ. 
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