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Innovative technological solutions
In resource saving, green chemistry
and sustainable development
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THE GLOBAL GREEN CHEMISTRY INNOVATION AND NETWORKING
PROGRAM IN UKRAINE: BUILDING CAPACITY, ACCELERATING INNOVATIONS
AND STRENGTHENING INDUSTRY-SCIENCE PARTNERSHIPS

Olena Tabachuk™!, Oleksandr Khokhotva?
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The Global Green Chemistry Innovation and Networking Program (GGINP) supports Ukraine
in accelerating green chemistry innovations, strengthening capacity, and fostering collaboration
between industry, science, and government. Through training, innovation programs, and practical
demonstrations, it drives safer chemicals, cleaner production, and sustainable industrial development.

Keywords: green chemistry, innovation, capacity building, accelerator.

1. Introduction

Ukraine, a country with a strong industrial foundation, faces persistent challenges related to
environmental pollution, inefficient resource use, and reliance on outdated or hazardous
technologies. These issues affect ecosystems, public health, and the long-term competitiveness of
national industries. In this context, green chemistry is emerging as a key driver of sustainable
industrial transformation.

However, challenges such as regulatory gaps, financial constraints, and limited awareness
remain. International programs and funding mechanisms play an essential role in supporting the
adoption of green chemistry innovations, particularly those that directly enhance human and
environmental health.

The Global GreenChem Innovation and Network Program (GGINP) is a flagship global
initiative funded by the Global Environment Facility (GEF), led by United Nations Industrial
Development Organization (UNIDO), and executed by the Center for Green Chemistry and Green
Engineering at Yale University. The Program is implemented across six beneficiary countries —
Indonesia, Jordan, Peru, Serbia, Uganda, and Ukraine [1]. In Ukraine, the Resource Efficient and
Cleaner Production Centre (RECP Centre) serves as the national executor, responsible for
implementing program activities, coordinating stakeholders, and supporting national innovation and
capacity-building efforts.

The objective of GGINP is to strengthen the sound management of industrial chemicals and
their waste through improved control, reduction, and elimination strategies. A specific focus is
placed on scaling up green chemistry solutions for the replacement of persistent organic pollutants
(POPs), mercury, and microplastics, supported through capacity building, innovation development,
and the creation of a global green chemistry network [1].

2. Results and discussion

Green chemistry provides a strategic pathway for Ukraine to modernize its industries, reduce
pollution, and improve public health outcomes. By shifting toward safer chemical alternatives,
optimizing production processes, and minimizing waste generation, Ukrainian companies can
reduce environmental impacts, contribute to a circular economy, and strengthen their position in
international markets by aligning with global environmental and health standards.

Public—private partnerships, university—industry cooperation, and supportive regulatory
frameworks are essential to accelerate this transition. To enhance collaboration across all sectors,
the GGINP is implemented through three primary components [1]:

Khmelnytskyi National University, Ukraine, 11-12 December 2025 7
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* Component 1 Green Chemistry Innovation and Inclusion Network for Capacity Building
aims at the development of a robust Global Green Chemistry Innovation and Inclusion Network,
connecting collectives and individuals, including scientists, entrepreneurs, and representatives from
government, industry, academia, and non-governmental organizations.

* Component 2 Green Chemistry Accelerator Programme focuses on the establishment and
execution of multi-year accelerator programmes, providing support and training for sustainable
businesses and business ideas in the area of green chemistry, nurturing regional innovation
ecosystems in the focus nations.

* Component 3 Green Chemistry alternatives for persistent organic pollutants (POPs), and
mercury for upscaling and replication demonstrates green chemistry alternatives and capacities in
selected chemical & waste related focus sectors.

Between 2023 and 2025, Ukraine made substantial progress through the implementation of
the GGINP, advancing both national capacity and the broader green chemistry innovation
landscape. One of the foundational steps was the active promotion of the Green Chemistry for
Sustainability (GCS) Platform, a global digital ecosystem for networking, resource sharing, and
collaboration among chemists, engineers, entrepreneurs, and sustainability practitioners. This
helped better integrate Ukraine into international knowledge networks and expand access to global
expertise.

A strong emphasis was placed on awareness-raising and capacity building. In total, 15
national events were organized, including informational sessions, educational workshops, and
training activities, reaching more than 1100 participants from industry, academia, government, and
civil society. These efforts significantly increased understanding of green chemistry principles and
demonstrated their practical relevance for Ukraine’s economic and environmental priorities. To
further support informed decision-making, four detailed case studies were developed, providing
practical guidance on replacing hazardous substances with safer and more sustainable alternatives.

Innovation support represented another cornerstone of the GGINP in Ukraine. The country
successfully conducted two Global GreenChem Hackathons, during which interdisciplinary teams
tackled real industrial challenges submitted by partner companies. The hackathons demonstrated the
practical potential of green chemistry to solve industry needs while giving researchers and
innovators valuable experience in refining their ideas, validating early hypotheses, and preparing for
potential commercialization.

The Green Chemistry Accelerator Program was launched to further support early-stage
projects and startups. Ukrainian scientists and innovators often have limited experience with
commercialization, and such programs are crucial for helping teams move from an idea to real-
world implementation. The accelerator also creates opportunities to build partnerships with
potential industrial adopters — an essential step toward scaling new technologies.

In addition, the Program conducted an analysis of existing financing mechanisms to identify
funding pathways for green chemistry innovations in Ukraine. This work mapped potential
investment sources and support schemes, providing a foundation for future scaling and deployment
of sustainable chemical technologies.

Together, these achievements illustrate the growing capacity, momentum, and commitment
within Ukraine to adopt and advance green chemistry as a cornerstone of sustainable industrial
development. By fostering national and international partnerships, Ukraine has the potential to
become a leader in green industrial innovation. Green chemistry is not only an environmental
necessity — it is an opportunity to drive industrial progress, enhance economic resilience, and
contribute to global sustainability goals. The decisions made today will determine the country’s
ability to transition toward a cleaner, safer, and more competitive future, improving both planetary
and human well-being.

Future directions for the Program in Ukraine increasingly focus on strengthening long-term
scalability and ensuring that the achievements evolve into a stable national system for green
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chemistry innovation. An important priority is the transition from awareness-raising to large-scale
practical deployment of green chemistry solutions within key industrial sectors. This includes
deeper integration of Ukrainian research teams into demonstration projects, where new
formulations, cleaner processes, and safer chemical alternatives can be tested and validated in
cooperation with industrial partners.

A major driver of scalability will be the continued development of the Green Chemistry
Accelerator Program. The program can play a crucial role in bridging the gap between research
institutions and enterprises, fostering conditions where new green chemistry solutions can be tested
within real production environments. At the policy level, the Program can contribute to shaping a
more supportive regulatory environment, offering evidence and practical examples that help national
authorities integrate green chemistry principles into chemical safety and waste management
policies. This would create long-term incentives for companies to adopt safer technologies.
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ENVIRONMENTALLY SAFE TECHNOLOGIES
FOR ANTIMICROBIAL TREATMENT OF FLEECE USING BIOSURFACTANTS
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L2Khmelnytskyi National University, Khmelnytskyi, Ukraine
3Technical University of Liberec, Liberec, Czech Republic
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Antimicrobial treatment of textile materials is a key area for improving their biostability and
hygienic properties. The paper discusses modern antimicrobial agents, in particular biologically
active surfactants (bio-surfactants), which combine high efficiency, stability and environmental
safety. The promising use of bio-surfactants for the treatment of fleece materials to ensure a long-
lasting antimicrobial effect is demonstrated.

Keywords: bio-surfactants, fleece materials, antimicrobial treatment, biocides, textile
modifications.

1. Introduction

Textile fabrics are an ideal breeding ground for microorganisms because they have a large
specific surface area and can retain the nutrients, oxygen, moisture and temperature necessary for
growth. Biodegradation of textiles occurs through the destruction of fibres by microorganisms that
feed on the organic components of the fabrics. The process is driven by enzymes that break down
the polymers in the fibres. This leads to material deterioration, stains, unpleasant odours, and can
also cause the transmission of diseases and infections to humans [1]. It is therefore vital to modify
the surface properties of textiles with antimicrobial agents to prevent bacterial growth and make
products safe for end use.

Antimicrobial coatings are applied to textile materials to ensure their resistance to biological
degradation. Such treatments prevent the growth of bacteria and fungi that can cause rotting, loss of
strength and gradual deterioration of the physical condition of the fabric. As a result, the material

Khmelnytskyi National University, Ukraine, 11-12 December 2025 9
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retains its structure and performance characteristics for a long time, even under conditions of high
humidity or intensive use [2].

3 * Prokoyates - No nucleus
| + Uniinicillar L

= Eukaryotes - Has nucleus
- Yeast, Mold

.

* Accellar n
- Infectious agents \
N
\

) « Eukaryotes - Photoshtetic
| é * Uniaicllar/Multaliculal

Fig. 1 Classification of microorganisms

One of the key functions of antimicrobial textiles is to prevent cross-contamination with
pathogenic microorganisms. Thanks to specific antimicrobial agents applied to the surface of fibres
or integrated into their structure, the risk of transferring bacteria, fungi and viruses between different
objects or users is reduced. This is especially important in medical, military, sports and domestic
environments, where textiles are in active contact with the skin and the external environment.

The second important function is to suppress the metabolic activity of microorganisms,
which reduces or completely eliminates unpleasant odours. Bacteria that decompose organic
substances produce volatile compounds that cause odours. Antimicrobial treatments block these
processes, ensuring that clothing stays fresh for a long time, which is especially important for
sports, tourist and protective textiles.

The third function of antimicrobial materials is the control and prevention of microbial
infections. By reducing the number of pathogenic microorganisms on the textile surface, such
products help prevent the development of infections that can be transmitted through fabrics or arise
from prolonged contact with contaminated material. This is especially important for medical gowns,
military clothing, and children's products.

Several technological approaches are used to give fleece materials antimicrobial properties,
which differ in the mechanism of fixing active substances and their durability. One of the common
methods is to introduce antimicrobial agents directly into the polymer mass during the formation of
synthetic fibres. In this case, the components are evenly distributed throughout the polyester, and
the formed fibre acquires stable antimicrobial properties, as the active substances can gradually
migrate to the surface during use.

Another approach is based on applying an antimicrobial finish to finished fleece fabrics. This
method is versatile and can be used for different types of polyester fleece, but its durability largely
depends on the interaction between the antimicrobial agent and the fibre. For polyester, which is
hydrophobic and has low reactivity, the adhesion of the coating, the type of binding polymers, and
the ability of the preparation to remain on the surface during repeated washings play an important role.

The third approach is based on chemically fixing antimicrobial substances by forming
covalent or ionic bonds with functional groups on the surface of fibres. This technology is less
commonly used for polyester material, as polyester has a limited number of reactive groups [1].

Synthetic antimicrobial agents are highly effective against a wide range of microorganisms
and provide long-lasting protection for textile materials. However, their use has significant

10 Khmelnytskyi National University, Ukraine, 11-12 December 2025
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drawbacks: insufficient resistance to washing, susceptibility to leaching, and potential toxicological
risks. This has led to a growing need for antimicrobial textiles based on safer agents that not only
inhibit the growth of microbes on the surface of the material, but also meet modern requirements for
safety and sustainability in production [3].

Nature offers a wide variety of natural antimicrobial agents that can be used to impart useful
antimicrobial properties to textile materials. The main problem with their use is the complexity of
their chemical composition: most biomaterials contain mixtures of several active compounds, and
their concentration can vary significantly even in different species of the same plant. In addition, the
activity and composition of natural compounds depend on geographical origin, plant age and extraction
methods, which makes their bactericidal properties unstable. Another significant challenge is
ensuring the availability of these products in large quantities, their extraction, purification and
standardisation [1].

In addition to natural agents, biologically active surfactants (bio-surfactants) are of
considerable interest to the textile industry. This is confirmed by the growth of the global market for
biocides used to inhibit the growth of microorganisms [4]. In 2023, it was estimated at $7.99 billion
and is projected to grow to $11.70 billion by 2032 at an average annual growth rate of 4.2 %, Fig. 2.
The Asia-Pacific region held a leading position in the market with a share of 32.92 %, while in the
US, significant growth in demand for biocides is expected due to the increased use of water-based
products and the introduction of modern antimicrobial protection technologies.

Market Projected to Grow to $11.70 Billion, 2023-2032

1120

= 2023 Market Value: $7.99 Billion.

L 2032 Market Forecat $1.70 Billion.

800 Compound Annual Growth
& Rate (CAGR): 4.7%)
100 CAGR: 4.2% * Key Drivers: Water-based
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Fig. 2 Forecast for the global market for biocides for textiles in 2023-2032

The effectiveness of the antimicrobial action of bio-surfactants is determined by their ability
to disrupt the integrity of bacterial cell membranes, inhibit the growth of pathogenic
microorganisms, and provide a long-lasting antimicrobial effect without significantly affecting the
physical and mechanical properties of the material [5]. Bio-surfactants can integrate into the fibrous
structure of fleece during treatment, creating a stable protective layer that prevents microbial
colonization on the fabric surface, Fig. 3.

The use of bio-surfactants in textile materials, especially those that come into contact with
the skin or are used in high-humidity conditions, is promising for improving hygienic safety and
extending the service life of the products. The combination of high antimicrobial activity with
environmental safety and economic feasibility makes bio-surfactants one of the most promising
agents for modern fleece finishing.

The key problem in ensuring long-lasting antimicrobial properties of textile materials is
insufficient fixation of antimicrobial agents on the surface of fibres. To achieve a stable effect, it is
necessary to form strong chemical or associative bonds between the polymer matrix and the
antimicrobial reagent, which ensures the coating's resistance to washing and operational influences.
In this context, bio-surfactants are of interest as promising modifiers of fleece materials, since their
amphiphilic nature promotes effective adsorption on a hydrophobic polyester surface and increases
the durability of the antimicrobial effect [6].

Khmelnytskyi National University, Ukraine, 11-12 December 2025 1
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Fig. 3 Scheme of bio-surfactant integration
into the fibrous structure of fleece material

2. Results and discussion

Antimicrobial treatment of textile materials is an effective way to enhance their hygienic
safety and extend their service life. Synthetic antimicrobial agents provide a broad spectrum of
activity and long-lasting protection; however, their use is limited by wash-off and potential
toxicological risks. Natural agents and bio-surfactants show significant potential as safer and more
environmentally friendly alternatives, capable of integrating into the fibrous structure of the
material and providing a durable antimicrobial effect without impairing the physical and mechanical
properties of the fabric. Modern technological approaches, including incorporation of agents into
the polymer melt, surface application, or chemical fixation, help increase the durability of
antimicrobial performance. The use of such strategies is particularly relevant for textile products
that come into contact with the skin or are used in high-humidity conditions, and confirms the
promise of integrating safe antimicrobial agents into contemporary manufacturing.
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AN INTEGRATED MODEL FOR ASSESSING
THE SUSTAINABILITY OF FASHION INDUSTRY PRODUCTS
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The integrated sustainability assessment model for fashion industry products combines
environmental, economic, social and operational indicators for a comprehensive analysis of
products. The model is based on the principles of Life Cycle Assessment, circular economy and
responsible production. It allows comparing different types of products, determining their impact
throughout the life cycle and formulating recommendations for improving environmental friendliness
and production efficiency.

Keywords: sustainable development, fashion industry, integrated sustainability index,
circular economy.

1. Introduction

Modern conditions of industrial development are characterized by an increasing need to
implement the principles of sustainable development at all stages of the product life cycle. Fashion
industry is one of the most resource-intensive and environmentally influential industries, consuming
significant amounts of water, energy and chemical reagents, and also generating significant flows of
solid and liquid waste. Globally, the fashion industry generates up to 10 % of global CO: emissions
and about 20 % of wastewater, which makes the tasks of process modernization, the implementation
of circular models and environmentally friendly design relevant [1].

In response to this, models for assessing the environmental impact and sustainability of
products are being actively developed around the world. However, for the fashion industry of
Ukraine, there is still no universal integrated methodology for assessing the sustainability of
products that would cover not only environmental, but also social and economic parameters, as well
as take into account the peculiarities of the local market, the material and technical base of
enterprises, and consumer behavior.

Therefore, the development of an integrated model for assessing the sustainability of fashion
industry products is an urgent task that will increase the competitiveness of products, contribute to
the greening of the industry, and make it more resilient to global challenges [2].

2. Results and discussion

The aim of the work is to create an integrated model for a comprehensive assessment of the
sustainability of fashion industry products based on a combination of environmental, social, and
economic criteria, as well as indicators of product quality and durability.

To achieve the goal, the following tasks have been set:

1. To analyze existing international and national approaches to assessing sustainability in the
fashion industry sector.

2. Identify key groups of indicators relevant for assessing the sustainability of textile and
clothing products.

3. Develop a mathematical model of the integral sustainability index.

4. Adapt the model to the conditions of domestic production.

5. Conduct testing using the example of textile and sewing products of various types.

6. To formulate recommendations for fashion industry enterprises on implementing the
model in practice.

Global sustainability assessment practices encompass a range of approaches:

+ Life Cycle Assessment (LCA) — life cycle assessment according to ISO 14040/44.

Khmelnytskyi National University, Ukraine, 11-12 December 2025 13
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* Social Life Cycle Assessment (S-LCA) — methodology for assessing the social and
socioeconomic impacts of a product or service throughout its life cycle, from raw material
extraction to disposal.

* The Higg Index is a widely used tool for textiles that assesses environmental and social
aspects.

 Carbon Footprint, Water Footprint — assessment of the ecological footprint.

* Cradle-to-Cradle is a circular design model with an assessment of reuse and material
safety.

* Material Circularity Indicator (MCI) — an assessment of the degree of circularity of
material flows.

* Oeko-Tex, EU Ecolabel, Nordic Swan — product certification tools [3—6].

At the same time, none of the existing models provides full integration of all key parameters
necessary for a comprehensive assessment of the sustainability of a specific product sold on the
market.

Thus, the integrated model should combine the advantages of existing methodologies and
adapt them to the conditions of Ukrainian fashion industry.

On this basis, a four-component structure of the integral product sustainability index is
proposed, which includes:

1. Environmental component — indicators of energy consumption, water, waste generation,
material toxicity, carbon footprint;

2.Economic component — cost of resources, product service life, material reuse rate;

3.Social component — working conditions, ergonomic properties, consumer safety, local
social impact;

4.Resource component — operational properties, ability to be processed.

The proposed model is based on the concept of sustainable development and includes four
groups of indicators:

* Environmental indicators — carbon footprint (COz-eq); water and energy consumption;
toxicity and environmental safety of materials; environmental friendliness of technological
processes; the proportion of secondary and biodegradable raw materials.

* Economic indicators — cost of the product; life cycle duration; costs for environmental
measures; resource efficiency of production.

* Social indicators — occupational safety in production; supplier responsibility; working
conditions and supply chain transparency; social impact of the brand.

* Quality and performance indicators — product durability; wear resistance; maintainability;
possibility of recycling.

For quantitative assessment, a system of normalization of indicators with subsequent
calculation of the integral sustainability index according to the formula:

The overall sustainability index S is calculated as the weighted sum of the normalized
indicators:

where:

I; — normalized indicator;

k: — weight coefficient determined by the method of expert assessments.
I — number of indicators.

For the fashion industry sector, the recommended weighting factors are:
 environmental aspects — 0.40;

* economic — 0.25;
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* social — 0.20;

* qualitative — 0.15.

The weighting factors were determined by an expert survey method, taking into account the
priorities of the European Green Deal and the Sustainable Development Goals (SDG 9, 12, 13).

This reflects the priority given to environmental challenges for the industry and the
importance of product durability.

To verify the model's performance, a test evaluation of such product types as a cotton T-shirt,
polyester sportswear, clothing made of mixed fibers, and an eco-product made of recycled materials
(rPET) was conducted.

The main results of the testing showed that:

1. Organic cotton products have high environmental performance, but are inferior in
durability.

2. Polyester products demonstrate better durability, but have a larger carbon and energy
footprint.

3. Blended fabrics are problematic from a recycling perspective, which reduces their integral
sustainability index.

4.tPET products show the highest overall index due to significantly lower resource
consumption and high durability.

The results obtained confirmed the practicality of the model and its sensitivity to the balance
of key criteria.

A universal integrated model is proposed , which combines 4 blocks of indicators
(ecological, economic, social and resource). For the first time, a standardized system for assessing
the sustainability of products has been created for the fashion industry of Ukraine, which allows
comparing products of different types. An expert-analytical approach has been applied to determine
weighting factors. The model is adapted to the conditions of the industry, including local materials,
technologies and market features.

The integrated model can be used by fashion industry enterprises to ecologize production, by
designers and technologists to create environmentally friendly products, by educational and
scientific institutions as a tool for training and analysis, by certification bodies to assess product
sustainability, and by brands as an element of responsible consumption marketing.

The introduction of the model will allow enterprises to optimize material and energy flows,
reduce environmental impact, improve product quality and durability, and gain competitive
advantages in domestic and foreign markets.

The developed model can be used to create digital eco-passports for products, improve
environmental management systems, and certify products according to European standards.

Thus, the integrated sustainability assessment model contributes to the implementation of the
circular economy concept, increasing resource efficiency, reducing environmental risks, and
strengthening the positions of Ukrainian producers in the European space of sustainable development.
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This research considers the antimicrobial effect of the new composition for treatment of
textile materials on the basis of bio-surfactants. The minimum bacteriostatic, fungistatic,
bactericidal and fungicidal concentrations of the elaborated composition were determined. The
influence of different fiber and fabric samples (cotton, polyester fiber and their mixtures) on the
biofilm of cultures of microorganisms was established. Zones of growth of retardation of cultures
and the possibility of retrieval of culture of autochthonous obligate representatives of human
microflora skin after their removal from the surface with the investigated flap were determined.

Keywords: antimicrobial treatment, bio-surfactants, textile materials, bacteriostatic
concentration, fungistatic concentration, bactericidal activity, fungicidal activity.

1. Introduction

The bio-surfactant-based antimicrobial composition significantly enhances the hygienic
properties of textile materials. It demonstrates strong bacteriostatic, fungistatic, bactericidal, and
fungicidal activity across cotton, polyester, and blended fabrics. The treatment effectively
suppresses microbial growth and biofilm formation while preventing recolonization by skin
microflora after contact [1, 2]. Overall, the composition provides a stable, long-lasting, and
environmentally safe method for improving textile hygiene. The screening study was performed on
the following test cultures of reference microorganisms with different microbial loads: S. aureus
ATCC 25923 (microbial load — 10°); C. albicans ATCC 885-653 (microbial load — 10%); E. coli
ATCC 25922 (microbial load — 10°).

Sensitivity of the test cultures to the developed composition was established by the method
of double serial dilutions in sterile polystyrene tablets. A working inoculum of microorganisms was
prepared from a 24-hour bacterial culture (105 CFU/ml) and a 48-hour culture of the yeast Candida
(103 CFU/ml), the concentration of microorganisms was determined according to the McFarland
standard [2].

The next stage of the study was the determination of the effect of material samples of cotton,
polyester fiber and their mixtures on subsequent reference and clinical strains of cultures of
microorganisms with different microbial loads by diffusion.

Determination of the effect of the components of the compositions on biofilm cultures of
microorganisms was carried out as follows: we placed a disk of sterile filter paper on a Petri dish
16 Khmelnytskyi National University, Ukraine, 11-12 December 2025
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with a test culture lawn of each strain of the microorganism and applied 0.1 ml of test composition
on this disk. The results were calculated after cultivation under optimal conditions and time for each
crop by measuring the diameter of the growth retardation zones around the disc on the lawn.

The control was carried out by checking the sterility of the obtained solutions and material
samples, the viability of reference and clinical strains of cultures of microorganisms and the quality
of nutrient media.

2. Results and discussion

A microbiological study on the sensitivity of reference and clinical strains of microorganisms
of the composition of the following composition (mol, %) [2]: cocamide DEA from 60 to 70 % and
a derivative of Biguanidine from 30 to 40% was conducted.

The study of the spectrum of antimicrobial properties of the composition cocamide DEA /
derivative of Biguanidine (C = 2.5 g/l) showed the following result [2, 3]. The minimum
bacteriostatic concentration was in dilutions from 1:32 to 1:128 for cultures of S. aureus strains, and
the cidal effect was observed in the range from 1:16 to 1:64. The minimum bacteriostatic
concentration was displayed in dilutions from 1:16 to 1:64 for E. coli, and the minimum
bacteriocidal concentration was in the range from 1: 8 to 1:32. Antifungal properties were
determined in dilutions from 1:16 to 1:128 (the minimum fungistatic concentration) and from 1:8 to
1:64 (minimum fungicidal concentration) for yeast-like fungi of the genus Candida.

It was found that the use of a composition on the basis of bio-surfactants during washing, wet
cleaning and finishing with special purpose products (for military, athletes, etc.) and home textiles
restores the microflora of the skin (P. fieudenreichii culture) to 10*-10° cells/ml after 48 hours of
fabric sample exposure in the sterility control environment and enhances the ecological safety of the
processes of garment treatment [2, 4].

3. Conclusion

The results of research show the retardation of growth of cultures of S. aureus, C. albicans, S.
epidermidis, P. freudenreichii and indicate the promotion of treated materials to decontamination of
infectious agents from the skin of patients with chronic dermatoses. In addition, properly treated
textiles can help to restore the indigenous obligate microflora of the skin.

The use of fabrics and textiles treated with compositions containing bio-surfactants is
promising for a comprehensive study of their application as an element of skin care of patients with
chronic and severe dermatoses and infectious agents that colonize the skin in the pathogenesis.
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INNOVATIVE APPROACH TO FIBER FEEDING
INTO THE MOLD DURING FOOTWEAR SOLE MANUFACTURING
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The paper presents a combined engineering and materials science approach to the
development of an automated fiber-feeding system for polymer footwear sole molding. The
proposed solution enhances the stability of fiber dosing, ensures more uniform spatial distribution
within the mold, and improves the structural integrity of polymer—fiber composites. Experimental
results demonstrate increased homogeneity, higher mechanical strength, and improved durability of
the molded soles.

Keywords: fiber feeding, polymer composites, footwear soles, automation, material structure.

1. Introduction

In modern footwear manufacturing, one of the key areas of technological development is the
use of polymer composite materials modified with dispersed fibers to enhance the performance
characteristics of molded products. The formation of a structurally uniform polymer—fiber material
during footwear sole molding directly depends on the accuracy and stability of fiber feeding into the
mold. Uneven distribution of the filler leads to the formation of weak zones, reduced strength, and
non-uniform wear resistance. In traditional technological schemes, fiber feeding is performed
manually or using semi-mechanized devices, which does not ensure the required level of process
control and repeatability [3]. Therefore, there is a clear need to implement automated systems
capable of providing a stable mass flow of fibers, precise dosing, and uniform introduction of the
filler into the molding cavity.

Recent advancements in polymer processing technologies highlight the importance of
controlled filler incorporation for improving composite reliability. As footwear soles operate under
complex mechanical loads, including bending, compression, torsion, and abrasion, the consistency
of fiber distribution becomes a critical factor influencing long-term durability. Automated fiber-
feeding systems have demonstrated significant potential in minimizing human-related errors and
ensuring stable production parameters under varying industrial conditions. Moreover, the
integration of smart sensors and microprocessor-based control units provides real-time monitoring
of fiber concentration and flow stability, enabling more accurate process adjustments [1, 3]. The use
of vibration-assisted and pneumatic transport mechanisms has also shown to be effective in
preventing agglomeration and improving dispersion uniformity. Such technological improvements
address long-standing limitations associated with manual feeding techniques and contribute to
better reproducibility of composite properties. In addition, the development of adaptive control
algorithms supports flexible adjustment of feeding regimes depending on fiber type, polymer
viscosity, and molding conditions. These innovations collectively establish a strong foundation for
enhancing the structural and functional performance of polymer—fiber composites used in the
footwear industry.

2. Results and discussion

The proposed automated fiber-feeding system is based on the integration of three functional
modules: a stabilized feeding mechanism, a sensor-based subsystem for flow parameter monitoring,
and a module for uniform fiber dispersion within the molding cavity. This comprehensive approach
ensures continuity and controllability of the technological process at all stages. The stabilized
feeding mechanism includes a dosing unit with adjustable feeding frequency, which prevents
sudden fluctuations in mass flow and maintains operational stability. As a result, the issue of
18 Khmelnytskyi National University, Ukraine, 11-12 December 2025
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inconsistent fiber supply — commonly observed in traditional mechanical systems — is effectively
eliminated.

A key structural feature of the system is the use of vibration—pneumatic transportation, which
enables fiber movement in a pseudo-fluidized state. This regime helps prevent fiber agglomeration,
minimizes the formation of clusters, and ensures a more predictable trajectory of the dispersed
filler. Control over the intensity of the pneumatic flow allows the transportation speed to be
adjusted according to the characteristics of fibers of different types, making the system universal for
various polymer compositions [2]. The optimized geometry of the pneumatic channel reduces
turbulence and ensures air-flow stability, which is essential for achieving uniform fiber distribution.
The sensor subsystem, which includes mass flow sensors, pressure sensors, fiber concentration
detectors, and temperature sensors, enables multi-channel real-time control of the technological
process [1]. The acquired data are transmitted to a microprocessor control unit, which regulates
feeding intensity, vibration frequency, and pneumatic transport parameters. This implements the
principle of adaptive control, allowing the system to compensate for external disturbances and
maintain the required process parameters even under changing production conditions. High
synchronization accuracy between fiber feeding and polymer injection significantly enhances the
uniformity of the polymer—fiber structure formation in the mold.

From a materials science perspective, the spatial uniformity of dispersed fiber distribution
plays a crucial role in determining the mechanical and operational properties of the composite.
When the polymer matrix is filled unevenly, local stress concentrations occur, interphase adhesion
is disrupted, and regions with insufficient fiber content exhibit lower strength and reduced
resistance to impact loads. The automated system enables the formation of a structure with
controlled fiber orientation, which is especially important for footwear soles subjected to complex
mechanical influences such as bending, compression, torsion, and abrasive wear [2, 3]. The results
of laboratory tests confirm the effectiveness of the proposed engineering solutions. The variation in
mass flow decreased by 3540 % compared to manual methods, indicating a significant reduction in
feeding instability. The uniformity of mold filling increased by more than 25 %, resulting in
improved homogeneity of the composite structure. Mechanical testing of the molded polymer—fiber
samples showed a 10-15 % increase in tensile strength, enhanced abrasion resistance, and a
decrease in the number of structural defects such as pores, microcracks, and zones of insufficient
interphase adhesion.

These findings demonstrate that the implementation of the automated fiber-feeding system is
an effective tool for improving the accuracy and repeatability of footwear sole molding processes.
Importantly, the proposed approach not only enhances the structural uniformity of the composite
but also creates favorable conditions for optimizing subsequent processing stages and increasing the
long-term stability of the operational properties of the finished products.

3. Conclusions

The combination of materials science principles of polymer composite formation with
modern automation tools for technological processes opens new opportunities for improving the
quality and technological level of footwear materials. The developed automated fiber-feeding
system demonstrated the ability to provide stable dosing and controlled delivery of the dispersed
filler, which is a key condition for forming a uniform polymer—fiber structure. The results of the
conducted tests showed that the proposed system significantly reduces fluctuations in fiber mass
flow, increases the uniformity of mold filling, and improves the quality indicators of the resulting
composites. Compared with traditional technological methods, the automation of fiber feeding
ensures an increase in mechanical strength, enhanced resistance to multi-cycle loading, and a
reduction in structural defects in molded products. This indicates a substantial improvement in the
operational properties and durability of footwear components.

From an engineering and technological perspective, the system demonstrated high efficiency
in synchronizing fiber feeding with the polymer injection stage, which contributes to reducing
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technological losses and improving process repeatability. These results confirm the feasibility of
implementing the automated equipment in industrial production lines for footwear soles, as this
reduces dependence on the human factor, optimizes raw material consumption, and ensures stable
product quality. The potential of the proposed system is strengthened by its versatility for different
types of polymer composite materials and its scalability for various production capacities. Further
research should focus on improving control algorithms, developing additional adaptive sensor modules,
and deepening the study of the influence of fiber feeding parameters on the microstructure of
composites. An important direction also involves the integration of digital intelligent systems and machine
learning tools for predicting material properties and automatically optimizing molding modes.

Thus, the proposed automated fiber-feeding system is a technologically sound, effective, and
promising solution for modernizing the production of polymer—composite footwear materials. It
meets current innovation requirements and may serve as a foundation for creating new generations
of high-performance composites with predictable properties.

References

[1] Gupta, P. K., Kumar, R., Singh, S. K.: Fiber-reinforced polymer composites: materials,
manufacturing, and engineering applications. Materials Today: Proceedings, Vol. 28, pp. 2462-2468,
2020.

[2] Almajid, A., Umer, R., Bougherara, H.: Manufacturing and characterization of fiber-filled
polymer composites for structural applications. Journal of Reinforced Plastics and Composites,
Vol. 39(5-6), pp. 217-231, 2020.

[3] Mbczo, J., Pukanszky, B.: Polymer micro-and nanocomposites: structure, interactions,
and properties. Journal of Industrial and Engineering Chemistry, Vol. 14(5), pp. 535-563, 2019.

AHAJITUYHE 3ABE3IIEYEHHS IKOCTI IATHOI BOJIN:
MPOBJEMM I IEPCIIEKTUBU JJI1 YKPATHH
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The current state of water quality monitoring for human consumption in EU countries is
examined in this article. The realities of conducting analytical chemical monitoring of pollutants in
water bodies in Ukraine are demonstrated. The main obstacles preventing the implementation of
European water quality monitoring standards in Ukraine can be addressed with financial and
organizational assistance from European countries during the post-war reconstruction period.

Keywords: drinking water, quality control, pollutants.

1. Beryn

AHaTITHYHUN KOHTPOJb MUTHUX BOJ € OOOB'SI3KOBOIO CKJIAJIOBOIO O€3MeKH BXKHBaHHSI, 0e3
SIKOTO HEMOKJIMBO CYJIUTH TPO IXHIO SIKICHY XapaKTepUCTHKY. [Ipu OoTpuMaHHI MUTHOT BOJIU JUIS
BHOOPY ONTHMAJILHOTO METOXy O0OpoOKHM HeoOximHa iH(opMallis mpo 3a0pyaHIO0Yl PEYOBUHH, iX
KUTBKICTh, BIIACTUBOCTI, 1 IO BKJIMBO — PO3MOJAUI Y BUXIIHIM MPUPOIHIN BOMI Yy MICISIX TUTHOTO
Bog03a0opy. Ll iHdopmariis 6azyeTbcs Ha pesyibTaTax aHaIi3y 3HAYHOI HOMEHKJIATYPH PI3HUX
PEYOBHH, Y TOMY YHCII THX, 1110 3HAXOASATHCS B MAJIUX Ta HAJAMAIUX KOHIEHTPALIIX.

€pornericbkuii Co103 MEepiOANIHO PO3MIUPIOE Ta MOCUITIOE KOHTPOJb SIKOCTI BOJH, BKIIFOYAE
HOBI 3a0py/IHIOIOY1 PEYOBHMHU Ta IMIBUIIYE BUMOTH JI0 MOHITOPUHTY. KOHTPOJb SIKOCTI TPYHTYETHCS
Ha peryJiipHOMYy BUMIpl 0a30BHX IMOKAa3HHUKIB, 10 BiJ0Opa)xaloTh CTYIIHb 3a0pyJHEHHS Ta THI
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PEYOBHHH, L0 MiANsArae BUAalNeHHIO. Pa3oM i3 0OOB'S3KOBMMHU MapameTpaMu, 0e3 SIKUX OILliHKa
SIKOCTI € HEKOPEKTHOIO, y TPAKTHUII €BPOINEHCHKUX KpaiH BCTAHOBJIEHI CHEIialibHI 3aXOH KOHTPOJIO
JUISE HOBHUX 3a0pYIHIOIOUMX PEYOBHH, IO 31 CTOKAMH MOTPAIUISIOTh Y BOJHI 00'€KTH, YACTO YHHSIUH
Ha Hel CEpHO3HUI HETaTUBHUM BILIWB.

2. Pe3yabTaTH i 00roBOpeHHs

JHocnimkenHs, mpoBeaeHi y KpaiHax €Bpomeiicbkoro coro3y, a takoxk y CIIA, Kanaxi ta
Bpasunii BKka3yroTh Ha NpUCYTHICTH y Boi moHay 80 ¢apmaneBTHuHUX pedoBuH (Wontorska 2018;
Almazrouei et al. 2023) [1]. lLlopoky 301IBITY€THCS MPUCYTHICTh TOPMOHIB Y BOJHUX pecypcax Ta
iX BIJIMB Ha AOBKULIA Ta 310poB's HaceneHHs (Ojoghoro et al., 2021) [2]. Jlikapcbki npenapaT Ta
iX MeTaboJIITH CTAaHOBJISATH HEOE3MeKy st 010TH, 30POB'S Ta HABKOJHUIITHHOTO CEPEIOBHUIINA MPHU
notparuisiHHs y BoaHi 00'extu (Kanama et al. 2018; Barboza et al. 2019; Lima Morais et al. 2019) [3].

TpuBanuii BIIUB HaBiTh HU3BKUX KOHILEHTpAlii (apMaleBTUYHUX MpenapariB 3AiHCHIOE
TOKCUYHHMN BIUTMB HA Ha3eMHI Ta BOJHI OpraHi3MH, CTBOPIOE 3arpo3y Iepeaadi JoauHi abo
TBapHHaM 10 XapuoBoMmy jaHuoory (Kanama et al., 2018) [3].

HeobxigHum BBakaeThcs KOHTpoub nepgropoBaHoi pedoBuHU [IOAC (20 nepdropankuiabHUX
pPEYOBHUH, CTIHKMX O10aKyMyJISTUBHHMX 3a0pyaHIoBadiB), OiceHon A (pedoBHHA, IO TOPYIIyE
poOOTY EHAOKPUHHOI CHCTEMH, IO IIMPOKO BUKOPUCTOBYETHCS Y BUPOOHHIITBI TIIACTHKY ), @ TAKOXK
MOOIYHUX TPOAYKTIB Ae3iHdekiii Boau. BoaHouac € TpyaHOI Yy BU3HAYEHHI (PTANaTIB. Ixust cknamHa
XiMiYHa CTPYKTypa Ta HH3bKa KOHIICHTpALis YCKJIAQIHIOE aHaNi3, PO3AUICHHA Ta 1eHTU(IKALI0
HaBiTh 3a JOMOMOIOI CyYacHHX MeToaiB. KOHTpomb skocTi cTae 3 (DiHAHCOBOI TOYKH 30Dy
BHCOKOBUTPATHUM.

B Irtanii maOyB umHHOCTI HOBUU 3akoHOmaBuuid aekpeT 18/2023 mpo BIpoBamKEHHS
Hupextusu (€C) 2020/2184, 1110 perymioe sIKiCTh BOAW, MPU3HAUEHOT ISl CIIOKUBAHHS JTIOAUHOIO [4].
BignoBigHo 10 3akoHomaB4yoro ykasy 18/2023, koMreTeHTHI opraHu 3000B's13aHi BIIPOBAIKYBATH
a/IeKBaTHI MPOTrpaMy MOCTIHHOTO MOHITOPHHTY PEYOBHH, BKJIIOUEHHX /0 KOHTPOJIBHOTO CITHCKY,
OHOBJIIOBAHOTO €BPONEHCHKOI0 KOMICI€I0, IO BKIIOYAa€ MIKPOIIACTHK, (papMalleBTUYHI MperapaTu
Ta PEYOBHHH, IO MOPYIIYIOTh POOOTY €HIOKPHUHHOI CHUCTEMHU. XIMIYHHMMA aHaI3 BOJIW BKIIOYAE
MepeBipKy 3a 28 mapaMeTpamu, 10 CTOCYIOTbCS HeOa)KaHUX Ta TOKCHYHHUX €JIEMEHTIB, JJIS SIKUX
BCTaHOBIIEHI OOOB'I3KOB1 IPAaHUYHO JOMYCTHMI KOHIEHTpalii Ta 21 iHIMKATOPHUM MapaMeTpoM,
10 BiTHOCUTHCS 10 XapaKTEPHU3YIOUHUX E€JIEMEHTIB, 3 PEKOMEHIOBAHUMHU 3HAUCHHSMU, SIKI HE CIiJ
NepeBUITyBaTH. JOKYMEHT HaroJomrye, 0 aHaii3 MapaMeTpiB MUTHOI BOIU MAa€ MPOBOIUTHUCH
nume cepTuikoBaHUMHE Ja00paTOPisIMH, BiATIOBIAHO OCHAIIICHIMH.

Icnanis 3anpoBamKye HalllOHATBHUN CITUCOK CIOCTEPEKEHHS 3a HOBUMU 3a0pyTHIOBAYaMH,
Kl TOTPeOYIOTh OCOOJMMBOI yBarm 4epe3 iX MOTCHIIMHUN BIUIMB Ha 310pOB'S HacelneHHs. 17[-
ectpazion (17B-Estradiol) 1 Honindenon (Nonilfenol) € ennokpuHHUME pyiHIBHUKAMU, SIKI MOXKYTh
BIUTMBATH Ha CHAOKPHHHY CHCTEMY JIOAMHU. A3utpominuH (Azitromicin) i quknogenak (Diclofenac) —
JIBa JIIKApChKI1 Mpenapary, 1110 HaiyacTillle 3yCTpivaloThes y NPUPOAHiH Boi [5, 6].

MiKpOIUTaCTHK TaKOX BITHOCHTHCS A0 HOBUX 3a0pyaHroBadiB. «Lli wacTuHky, un TO y Gopmi
OLTBIIOTO, YK JPIOHIIIOrO TUTACTHKY, MAlOTh JAJIEKOCSIKHI HETaTHBHI HACHIIKHA JJII €KOCHCTEM,
010TH Ta JOBKULISA, a TAKOX AJS €KOHOMIKH Ta 3J0POB'S TIOJUHI» TOBOPUTH OAMH 13 JOKYMEHTIB
€pponapnamenry [7].

Po3ummpenHs CrucKy pedoBHH aHAJITUYHOTO KOHTPOIIO MOTpedye (hiHaHCOBOro 3abe3neyeHHs
JUTSL TIEPEOCHAIICHHS Ta00paTOpiid, 3aKyITiBIIi HOBHX 3aC001B BUMIPIOBAIBHOT TEXHIKH.

OxpiM BHTpaT Ha KYIIBIIO 3aco0iB BUMIpIOBaHHS, JlabopaTopii MOBHMHHI BpaxoBYBaTH
HEOOXITHICTh aKpeauTaIii J1abopaTtopiii Ha MpaBO MPOBEACHHS BUMIPIOBaHb TOTO YW I1HIIOTO
MOKa3HUKA SKOCTI BOJAU. ['OJIOBHUMHU 3 HUX € BHMOTH IIOJO OCHAIICHHS HEOOXiIHUM TEXHIYHUM
o0JaiHaHHSAM, BUMIPIOBAJIbHUMH Ta JOTIOMDKHUMU 3aco0amMu Ta KBamidikailiero nepconany. Takox
HEeOOX1IH1 3HAYHI KOILUTH JUIS:

— JIILIEH311 Ha TporpaMHe 3a0e3MeYeHHs sl CyYacHUX THIIIB aHAJI3Y;
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— KajiOpyBaHHs Ta TeXHIUHE OOCITYrOBYyBaHHS i 3a0e3MeueHHs] TOYHOI Ta JOBFOTPUBAIOL
poboTu (BUMIpIOBaIbHI 3ac00M, SIKI BHUKOPHCTOBYIOTHCS MJISi TPOBENEHHS HU3KH JIOCIiIKEHb
NEBHUX KOHKPETHHUX MapaMeTpiB, MOBHHHI MAaTH CBIJOLTBA MPO KaliOpyBaHHA Ta PEryJIpHO
MiJAaBaTHCs HOMY);

— BUTPATH Ha HaBUAHHS IIEPCOHAITY.

Bapricte akpenuraniii 3aJIeKATh BiJl KUIBKOCTI BHMIPIOBAHMX TIOKA3HHWKIB Ta METOJIB
BUIMPOOYBaHb — YMM OijIbIlla KiUTbKICTh, TUM OiNbIIa BapTicTh. TOMYy BapTicTh MOXE KOJHMBATHUCA,
IPUYOMY TyXKe CYTTEBO.

Hackiibku cepio3HIMM € 11l BUKIIMKY MOYKHA TIEpEA0auUTH Ha TIPUKIIaIi KOHTPOJIIO MIKPOIUIACTHKA
y Boai. HaifGinmpI mommpeHuMi MeToJaMt 1IeHTU(IKaIlil YACTHHOK IIACTUKY € CTIEKTPOCKOMIYHI
metoau (IY-cmekTpockoris Ta poMaHIBChKa MIKPOCIEKTPOCKOIsA) ab0 METOAM TEPMIYHOTO
poskianannas [8, 9]. Jlume BapTicTh MOPTAaTUBHOTO POMAHIBCHKOTO CIIEKTPOMETpPA 3 HIDKUYOIO
PO3AUIBHOIO 3MaTHICTIO, HIXK HACTUIBHI MOJIEN1 4u MiKpockomu, cTaHOBUTE 1050 tuc. mon. CILIA.

[HIIOIO TIEPENTKOI0I0 IS MOCSTHEHHS HEOOX1HOTO KOHTPOIIIO 3a SIKICTIO MUTHOI BOJIU B
VYkpaini € MmacmTabHa BificbKOBa arpecist mpoTu YKpaiHu, sika CIPpHYUHIIA PyHHYBaHHS €KOHOMIKH
Ta KPUTHYHOI 1H(QPACTPYKTypH, CHUCTEM BOJOIOCTAYaHHS Ta BOIOBIIBEICHHS, CTBOpHIA Opak
(hiHaHCYBaHHS Ta KaJpiB, MOTEHINAY Ta PECypCiB JabopaTopiid I BIPOBAIHKCHHS €BPONEHCHKUX
HOpPM Ta CTaHAAPTIB SIKOCTI BOJU, CKOPOUYEHHS MPOTrpaM MOHITOPUHTY. SIK 3aranbHHI HACTHITOK —
HEBUKOHAHHS TJIaHIB BOJHOT €BpOiHTErpatlii 3 BipoBamxkeHHs qupektis €C momo nmutHoi Boau [10].

3BIT PO CTaH AOBKLLIA XMEJIbHHUIIBKOT 00J1aCTi 3 pe3ybTaTaMi MOHITOPUHIOBHX CIIOCTEPEKEHb
y BepecHi 2025 poky [11] sikocti Bogu p. HicTep y Mexax HACOCHOI CTaHIi MUTHOTO BOJ03a00py
M. Kam'suens-Iloginecekoro y BepecHi 2025 p. mpencraBiieHa juiie § MoKa3HUKaMu (BOJIHEBUI
nokasauk pH, BCKS5, XCK, dochop 3aranpauii, docdhop oprodocdaris, xmopumu, cynbdhaTu,
3aJ1130 3arajibHe).

HamionanbHa 1omoBige Mpo SKICTh MUTHOI BOAM Ta CTAaH MUTHOTO BOJOMOCTauaHHS Ta
BO/IOBiABeIeHHs B YKpaiHi y 2023 p. ctBepaxye: «p. Juicrep (muTHi Bogo3zadbopu Mict Kam’sHers-
[oninbepkwmii, YepHiii, Oneca): opraniyHi Ta 610reHH TOKa3HUKH 3HAXOAMIIUCS B MEXKaX HOPMM»,
«BMICT BUSIBJICHUX TOKA3HUKIB MECTHIIMIIB, TIOJIAPOMATUYHUX BYTJICBOJHHUX Ta JICTKMX OPraHIYHUX
CIIOJIYK HE TEPEBUIIYBaB €KOJOTTYHUX HOPMATHUBIB sIKOCTI» [12].

OcHOBHUM jKepesioM iH(popMalii Ipo SKICTh TUTHOI Boau 3a 12-18 ¢i3uko-XiMiyHUMHU
MOKa3HUKaMHM Hapasi € BOJOKAaHAIM, AKi 3 PI3HOI0 MNEpPIOAWYHICTIO (pa3 Ha MiCsSIb—KBapTam)
HAJAr0Th J1aHi Ha CBOiX BeOcTopiakaxy [10].

CyuacHwmii cTaH MOHITOPHHTY SIKOCTI BO/H (BiOip mMpo0, aHai3 Ta JOKYMEHTYBAaHHS JaHUX ),
110 BUKOPUCTOBYETHCS SIK TTUTHA, MOB'SI3aHUN 3 aAMIHICTpAaTUBHUM 1 ()iHAHCOBUM HABAHTAKCHHSIM,
TOMY CJIIJI 3aCTOCYBaTd i, SIKI JO3BOJISIFOTH PO3POOMTH METOMOJIOTIIO BIPOBAPKEHHS €BPOMEHCHKUX
CTaHAapTiB B YKpaiHi, SKa € CHIBPO3MIPHOIO CUTYyallii, 110 CKIanacs, IOIIBHOI0 Ta €KOHOMIYHO
peasizoBaHoIo.

HeoOxigna amanTamiss YkpaiHM 10 HOBHX HAYKOBHX JaHUX Ta 3a0e3rneueHHS Oe3meKu
IrpoOMaJICbKOi OXOPOHHU 3A0POB'sl Yy cepl COKMBAHHS SIKICHOT MUTHOI BOJIU. AJie BOJHOYAC ICHYE
BeNMKa motpeba y GpiHaHCOBIN Ta OpraHi3aliiHii 101moMo3i 3 00Ky KpaiH, K1 YCHIIIHO peari3yBain
Cy4YacHHUI KOHTPOJIb SIKOCT1 MUTHOI BOIU.
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BUBYEHHA HOBUX ®OPM MOJAUPIKOBAHOI'O 3AKAPIIATCBKOI'O HEOJIITY
AK OCHOBH ITOJIIMEPHUX HAHOKOMIIO3UIIH AJIs1 CTBOPEHHSA
AHTUBAKTEPIAJIBHUX TEKCTUJIBHUX TA IKIPAHUX MATEPIAJIIB
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The article considers new forms of modified Transcarpathian zeolite as the basis of polymer
nanocomposites for the creation of antibacterial textile and leather materials. The mechanisms of
the antibacterial effect of nanocomposites are determined, the physicomechanical and hygienic
properties of the compositions are analyzed. The prospects for the introduction of naturally-
oriented compositions using the Ukrainian raw material base are substantiated.

Keywords: Transcarpathian zeolite, modification, antibacterial properties, nanocomposite
structures, textile and leather materials.

1. Beryn
BiiicekoBa AisUIBHICTH HAa TEepUTOPii YKpaiHM 3HAYHO MOCWIMWIA MOTpedy B e€(PEeKTHBHUX,
Oe3meyHnX Ta HENOpPOrux 3acobax MAe3iH(eKIii MMOBEepXOHb Yy TMOJNBOBHX yMoOBaX. Hapasi
ne31HGEeKIsT TOBEPXOHb MPOBOIUTHCS MEPEBAKHO 3 BUKOPHUCTAHHSAM XIMIYHMX PEUYOBHH, TAKHX SIK
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XJIOpHI CHOJIyKH, Ta, MEHILIOI MipOl, OpraHiyHi Ta mnepokcuaHi cnoiayku [1]. Oxnak Taki
TpaauiiiHi 3aco0u cTepuiizallii MalOTh YUCICHHI HEOMIKH, 30KpeMa, IiJl 9ac XiMI4HOT B3a€MOIii
peareHTiB Je3iH}IKyI0UnX 3ac00iB 3 OPTaHIYHUMH CIIOJYKaMH, IO MPHUCYTHI Ha MOBEPXHSX, abo 3
OpraHIYHMMU MaTepiajaMH OBEPXOHb, MOXKYTh YTBOPIOBATUCS TOKCUYHI PEYOBUHH.

CydvacHi BUMOTH BIICHKOBOI Ta €KCTPEMaIbHOI METULIMHY NIepea0avyatoTh MBHUIKE BIIPOBAKECHHS
HOBHX MaTepialiB i3 KOMIUIGKCHUMH BiacTUBOCTAMHU. Cepelnl HUX 0OcoONHMBE Micle 3aiiMaroTh
aHTHOaKTepialbHI TEKCTHIBHI Ta IIKIPSAHI MaTepiaiid, IO MOXYTh CIYKUTH OCHOBOIO IS
nepeB’si3yBaIbHUX 3ac00iB, €JIEMEHTIB aMyHilii, MiAKIAJ0K, YCTIJIOK TOMIO. 3aKapHnaTChbKHUM
KJIIHOTITUJIOJIT € OJHIEI0 3 HAHOUIBII MEPCTICKTUBHUX MIHEpATbHUX CUPOBUHHUX 0a3 YKpaiHu jist
CTBOPEHHS HAHOCTPYKTYPHMX KOMMO3MLIHHMX MaTepiamiB. [loenHaHHS BHUCOKOI MOPHUCTOCTI,
10HHOOOMIHHOT 371aTHOCTI, CTa0LIBPHOCTI KPUCTAIIYHOI PEUIITKH Ta MOXKIUBOCTI HaHOMOIU(IKaIii
pOOHTH HOTO KITIOUOBOIO MIATGHOPMOIO JJIsI HOBITHIX MaTEpialliB y raay3sx MEIUIIMHHU, BINCHKOBOTO
CHOPSIIKEHHS, CHCTEM I1HIMBIAYalIbHOIO 3aXUCTy Ta OioTexHousorid. CyyacHi HayKoBI pO3pOOKH
CIpSIMOBAaHI Ha CTBOPEHHS MaTepialiB 3 TPOJOHIOBAHOKI aHTHOAKTEPiaIbHOIO, COPOIIHHOIO,
KaTIITUYHOIO Ta Oap’ €pHOIO MI€I0.

B ocraHHI poKH cHOCTEpira€Tbcsi 3pOCTAOUUil iHTEpeC A0 MOCHiIKEHb AHTUMIKPOOHUX,
KaTaTITHYHAX Ta COPOIIHMX BIIACTHBOCTEW TBEPAMX HAHOMATEpialiB, 30KpeMa IPHPOTHUX
LIEOJIITIB, SIKI MOXYTh OyTH BUKOPUCTaHI y CKIaai Ae3iHGIKyouuX Ta JAera3zaliiHuX 3aco0iB.
eomniTHi KOMMO3MILIi, 30KpeMa KOMIUIEKCH «KJIIHONTWIOMT—AgZ+», OyiM 3alpOonOHOBaHI IS
3HEIIKOKEHHSI O0MOBUX OTPYWHUX XIMIYHUX PEYOBHH HEpBOBO-MapamiTH4Hoi mii (V-X, 3apuH) Ta
Oaktepionoriunux areHtiB [1—4]. IlinBuieHHs epeKTUBHOCTI MaTepialiB Ha OCHOBI IICOMITIB 3
TOYKHU 30py 010J70Ti9HOI aKTUBHOCTI MOXE OYTH OCATHYTO 3a JOIOMOTOIO TEPMIYHOI Ta XiMi4HOL
00poOKH, 3aMillleHHs] KaTIOHIB B OOMIHHOMY KOMIUICKCI, JIETYBaHHS KaTiOHAMH Ba)KKHX METaJliB
ab0 MexaHoxiMiuHO1 00pobkw [1, 3, 5].

2. Marepiayim Ta MeToan

OcHoBoro a7 (popMyBaHHS TOJIMEPHHUX KOMIIO3UTIB € MOJUGIKOBAaHUNA 11€0JIITOBUNA
nopomok: H-popma, Ag-tieornit ta Ag/Cu-tieonit. Moaudikarisi 31iHCHIOETBCS HOHOOOMIHHUMH,
BIIHOBHMMH a00 MexaHoxiMiunumu (MXO) meromamu, SKi JO3BOJISIOTH PIBHOMIPHO BBECTH
HAHOYACTUHKM METajiB y TMOPOBY CTPYKTypy MiHepany. s iHTerpamii y TEKCTHJIb 1 HIKIPY
3aCTOCOBYIOTbCS METOJU NMPOCOUYEHHSI, HAHECEHHSI MTOJIIMEPHUX AUCIIEPCiH, 3alIyueHHs 3B’ I3yI0UNX
(Jratexcu, moJIypeTaHu, CUIIIKOHOBI KOMIIO3HIIIT).

Jnst iHTerpauii 3akapnaTchKOTo IIEOJIITy B TEKCTWIJIbHI M IIKIpsAHI Marepianu Haivacrimie
PO3MIISIIA0TH TaKi MiIXO/IH:

* BBeJIeHHs Moau(ikoBaHOTrO 1eoiToBoro nopomky (H-dopma, Ag-tieomnit, Ag/Cu-1ieomir)
y ToJIiMepHe 3B’A3yl0o4e, SIKUM MPOCOYYIOTh TKAHWHU a00 HAHOCSTH Ha iXHIO MOBEPXHIO Y BUIJISI
TOHKOTO TOKpUTTS. Lle mo3Bossie chopMyBaTH MOPHUCTHHA, JUXAIOYUH MIap 3 aHTHOAKTEPiaTbHOIO
aKTHUBHICTIO;

* (pixcamis YaCTHHOK IICONITY B CTPYKTYpPl TEKCTHJILHOTO BOJIOKHA a00 LIKIPSHOI OCHOBH 3a
JIOTIOMOTOI0  3B’SI3yI0YMX (JIATEKCH, TMOJIypeTaH!, CHJIIKOHOBI KOMIIO3MINi), IO 3a0e3mnedye
CTIMKICTB A0 IPAaHHS, MEXaHIYHOTO 3HOCY Ta Jii BOJIOTH.

3. Pe3yabTaT T2 00rOBOpPEHHA

Y Hm3mi poOIT yKpaiHCBKUX Ta 3apyODKHUX JOCIHITHUKIB TOKa3aHO, MO Moaudikaris
3aKapHaTChKOTr0 KJIMHONTUJIONITY HOHAMH Ta HAHOYACTUHKAMU Cpi0Jia, a TaKOXK 1HIIUX MEPeXiTHUX
MmetaniB (Ag, Cu, Ni, Mn TOmI0) Hagae Marepially BUPOKEHUX aHTHOAKTEPIaIbHUX BIACTHBOCTEH.
3okpema, H-dopma KIMHONTWIIONITY Ta KOMIO3UTH THUIy LeoliT-Ag 1 neonir—-Ag/Cu
J€MOHCTPYIOTh 3HAa4yHE IMPHUTHIYEHHS POCTY TPAMIO3UTHBHMX 1 TpaMHETaTUBHUX OakTepii
(Staphylococcus aureus, Bacillus subtilis, Escherichia coli ta in.). IlapanensHo 30epiraroTbes
BHCOKI COpOIIiifHI XapaKTepUCTUKHU IIOJ0 BOAM Ta 10HIB MeTamiB [2—4].
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[pupoxni neosniTy 3aKaprarTs NpeacTaBIeH] MEPEBAKHO KIITHOMTHIONITOM — aTFOMOCHITIKATHIM
MIHEpPaJIOM 3 BIJKPUTOIO MIKPOIIOPUCTOIO CTPYKTyporo. Kapkac wmiHepanmy CKIaJaeTbCcs 3
terpaepis SiOs Ta AlO4, OpranizoBaHuX y KaHajIU Ta HopH giametpoM 3—10 A, mo 3a6e3neuye:

* BUCOKY mHTOMy moBepxHI0 (80—150 mM%T), mo cnpusie aacopOmii Boau, MeTabomiTiB Ta
MIKpOOHHMX TOKCHHIB;

* I0HHOOOMIHHY 3JaTHICTh — 3MaTHICTH 3aminryBatu ioHm Na®, K*, Ca?", Mg*" Ha i0oHH
BaXKUX METaJiB a00 aHTHOAKTEpiaTbHUX KOMIIOHEHTIB;

* XiMIYHY 1HEpPTHICTb, CTIHKICTh 10 MiJBUIIEHUX TEMIIEpaTyp i 0610J0Ti4HOI aerpananmii;

* KaTAJIITUYHY aKTHBHICTH, SIKa TO3BOJISIE HEUTpPAIi3yBaTH MPOAYKTH PO3KIIAAY OpTaHigvHHX
PEUOBHH;

* CTIHKICTB JI0 TATOTE€HHUX CEPEIOBHIII, BKJIIFOYHO 3 OaKTepiaIbHUMH (epMEHTaAMHU.

JlocmiKeHHsT TIOKa3ylTh, IO KIIHONTHJIONIT 3aKapraTchKOTO POJOBHINA Ma€ BHUCOKY
KPUCTAJIIYHICTh, HU3bKUI BMICT JOMIIIIOK Ta CTA0IbHY CTPYKTYPY, IO € KPUTHIHO BAXKIIUBUM JIJIS
MEIUYHUX 3aCTOCYBaHb [3].

Y nyOmikamisx OcCTaHHIX pokiB [l1-5] ekcrnepuMeHTaabHO JOBENCHO e(EeKTUBHICTH
3aKapIaTChKOro KJIMHOMTHIIONITY, MOAU(DIKOBAaHOTO Ag' Ta THIIUMH METaJIaMH, sIK aHTHOAKTEPIaTbHOTO
HaroBHIOBa4da. OKpeMi CTaTTi MPUCBSIYEHI PO3poO0Ill KOMIIO3UTHHX MIKPOYAaCTHHOK Ta IMOPOIIKIB,
AKI MOXYTh OyTH Oe3mocepeHhO IHTErpOBaHI B TOJIMEpPHI 3B’S3yr0Yi JUIsl TEKCTUIBHUX Ta
MIKIpSHUX MaTepiamiB. Xoya OUTbIIicTh PoOIT chOpMyTBOBaHI B 3arajJbHOMY OloMeaHMYHOMY abo
€KOJIOTITYHOMY KOHTEKCT1 ((pUIbTpH, aHTUCENTHYHI KOMIIO3UIIiT), OMKMCaHl B HUX IMiIXOAHU MOBHICTIO
MPUAATHI U1 CTBOPEHHS MEIUYHUX TEKCTHJIBHUX Ta MIKIPSHUX MaTepiaiiB JJIs BIICKKOBOI CITPaBH.

AHTHOaKTEepiaIbHUA €(eKT KOMIIO3UIIIM Ha OCHOBI 3aKapIlaTChKOTO IEOJITY IEpPEBaKHO
3YMOBJICHUM:

* TIOBUTHHUM BUBUIBHEHHSM 10HIB Ag" Ta/abo Cu?" 3 mop 1eoiTy B KOHTAaKTHE CEPEIOBHIIEC
(moBepXHs paHM, BOJOra TKaHWHA), IO YIIKO/DKYIOTh KJIITHHHI CTIHKM Ta (DEpPMEHTHI CHCTEMH
MIKpPOOPTaHI3MiB;

* copOLi€r0 eKcyaTy, TOKCHHIB 1 MPOAYKTIB MeTabomi3mMy OakTepiid, 10 3MEHIIY€E JIOKaIbHe
HaBaHTAXCHHS Ha TKAHWHU Ta CIIPUsIE OUUILEHHIO PaHH;

* 3MiHOIO pH MiKpOOTOUYEHHS 3aBISKHM HOHOOOMIHHUM TpoIlecaM y LIEOJITi, 10 MOXe OyTH
HECTIPUATIUBUM JUIsl PO3BUTKY MMATOT€HHUX MIKpPOOPraHi3MiB [2].

TectyBanHsl (i3UKO-MEXaHIYHUX Ta TITI€EHIYHUX BJIACTMBOCTEH KOMIIO3ULINA TOKAa3ye, IO
BBeJIeHHS 5—8 % 1eonity 3abe3neuye [5]:

* 3HIDKEHHA OakTepiasbHOro o0ciMeHiHHA Ha 95-99 %;

* MIJBHILEHHS BoIOIOrIMHAaHHS Ha 2540 %;

* 301IbILIEHHS TOBITPOIIPOHUKHOCTI TKaHUHU Ha 15-20 %;

* 3MEHILEHHS 3anaxy Ha 60-75 %;

* cTabUIBHICTh aHTHOAKTepianbHOro eekTy mpu Temneparypi 1o 150 °C.

Martepianu € aGCOTIOTHO Oe3MEeYHUMHU, HE BUKIMKAIOTh MOAPA3HEHHS MIKIpU Ta aJepridyHUX
peaxiiii.

Ilomenuyiiini meOuuHi 3acmocy8anHs y iliCbKO8ill Ma eKCmpemanbHiil MeOuyuHi

3 ormsiy Ha HaBEACHI BIACTUBOCTI, IIEOIT-BMICHI TEKCTHIIBHI Ta MIKIPSAHI KOMIIO3UTH MAIOTh
NEPCIEKTUBY 3aCTOCYBAHHS y TAKUX BUPOOAX:

* MOB’A3KM Ta CEpPBETKM Ui JIKyBaHHA paH 1 OMIKIB 13 TO€IHAHHSAM COPOLINHHOI,
TreMOCTAaTUYHOI Ta aHTHOAKTEPIaTbHOT [il;

* €JIEMEHTH BIHCHKOBOI (pOpMH, MIAKIAAKH IIOJIOMIB, YCTUIKHM B3yTTS 1 BHYTPILIHI TOBEPXHI
aMyHIIi1 3 aHTUOAKTEPIaIbHUM MMOKPUTTSM JUISL PO UIAKTUKY JEPMATONOTIYHUX YPasKeHb;

* 0/IHOpa30Bi Ta OaraTopa3oBi MeAWYHI BUpOOU (PiTbTpyBasibHI MACKU, €KpaHH, YOXJIH JIJIS
o0aJHaHHs), [Ie MOE€THYIOTHCSI MEXaHIYHUH 3aXUCT 1 MPUTHIYEHHS POCTY MiKpOQIIOpH.

BukopuctaHHs 1EO0JTY SK HAllOBHIOBaYa y KOMIIO3MIIAX JJS TEKCTWIBHU3 Ta IMIKIPSHUX
MaTepiamiB, e MiHepadbHa (aza OJHOYACHO BHUKOHYE 3MILHIOBAIbHY, COpOLIHHY Ta
aHTHOaKTepianbHy (PyHKII.
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BucHoBKkH

3akaprnaTchKuii IEONMT € TEepPCINEeKTUBHOIO TMPUPOJHOI CHPOBHHOIO MJIi CTBOPEHHS
aHTUOAKTEPIAIbHIX KOMITO3HLIHHUX MaTepialliB 3aBASKA CBOiM MOPUCTIH CTPYKTYpi, I0OHHOOOMIHHUM
BJIACTUBOCTAM Ta OiocymicHocTi. MoaudikoBanuii neonitoBui nopomok (H-hopma, Ag-nieomnit ta
Ag/Cu-tieoniT) € eheKTUBHOI MIHEPAIBHOI OCHOBOIO ISl TOJIMEPHUX HAHOKOMIIO3HTIB, IO
MOETHYIOTh aHTHOAKTEpiadbHI, COpPOLIHI Ta CTPYKTypHI BiacTuBOCTI. I[lomanpmmii po3BUTOK
TEXHOJIOTIH Tiepeoayae ONTHMI3AIli0 CITIBBITHOIICHHSI ITOJIIMEp/MIHEpat, AOCIIHKEHHS JOBIOTPUBAIOL
CTaOLIBHOCTI 1 BUNPOOYBAaHHS B YMOBaxX, HAOJIMKEHUX JI0 PEATbHUX BIMCHKOBO-MEIMUYHUX CIIEHAPIiB.
Buxopucranus ykpaiHChKOI MiHEpaJIbHOI CHPOBHHHU 3a0e3Mevye €KOHOMIUHY JOCTYIHICTh Ta CIIPUSE
IMITOPTO3aMIIIIEHHIO B rajy3i MeIuYHUX MartepiaiiB. [lepcriekTMBaMu MOAAIBIINX AOCTIHKEHb €
HaHOMOM(]iKalIis IIEOJITy, CTBOPEHHS 0AaraToIapoBUX KOMITO3HTIB 1 TECTYBAaHHS Y KITIHIYHUX YMOBaX.

CnucoK BUKOPHCTAHMX JIZKepeJt

[1] Vasylechko, V., Znak, Z., & Manko, N. (2023). Antibacterial properties of modified
Transcarpathian clinoptilolite. Journal of Materials Science, 58 (4), 1125-1138.

[2] Gicheva G., Panayotova M., Gemishev O., Kulinich S.A., Mintcheva N. «Silver
Nanoparticles@Zeolite Composites: Preparation, Characterization and Antibacterial Properties».
Materials, 2025, Vol. 19, Ne 2, pp. 183-195.

[3] «Zeolite-based nanocomposite modified with hydrated iron oxide (III) for removal of
heavy metalsy. Ukrainian Chemistry Journal, 2022, 18 (17), 3964.

[4] «Natural zeolite-clinoptilolite characteristics determination and modification» /
Shadrikov A. S., Petukhov A. D. // Bicauk HY «JIsBiBchKa momitexHika», 2014, Ne 781 (Teopis i
npakThka OymiBHUNTBA), S. 162-167. — 0a30Be MOCHIPKEHHS BIIACTUBOCTEH TMPHUPOIHOTO
KIITHONITHJIONITY, 30KpeMa 3 YKpaiHCHKUX POJOBUII (BKIIOYHO 3 OMHUCOM CTPYKTYpPH, MOPHUCTOCTI,
a/ICOpOILIIMHUX XapaKTEPUCTHK).

[5] «Zeolite-supported silver as antimicrobial agents». Coordination Chemistry Reviews,
2019, Vol. 383, p. 1-29. DOI: 10.1016/j.ccr.2018.12.014 — ornsoBa cTaTTs Ha TEMY 3aCTOCYBaHHS
LEOJITIB 3 iI0HaMH cpi0ia K aHTUMIKPOOHUX areHTiB, 3 AETATbHUM aHAJII30M PI3HUX THUIIIB LIEOJIITIB
1 popM X BUKOPHCTAHHS.

KOHHOENIIA «HYJbOBUX BIAXOAIB» Y KOCMETOJOI'MTYHOMY BUPOBHULITBI:
TEXHOJIOI'II IOBTOPHOI'O BUKOPUCTAHHS 3AJIMIIKIB CUPOBUHHA

Mapis Boiiko, Oxcana boiiko

XMmenvHuybKull HayioHanrbHUll yHigepcumem
*Corresponding author: boikook@khmnu,edu.ua, Khmelnytskyi, 29008, Ukraine

This article examines the possibility of implementing the zero waste concept by reusing
plant-based raw materials in craft cosmetic production. Using the example of the Soap Stories
enterprise, technological solutions for the reuse of vegetable and fatty raw material residues and
optimization of production processes were analyzed, as well as the application of green chemistry
and resource conservation principles.

Key words: cosmetic industry, Soap Stories, plant materials.

1. Beryn

CyuacHa KOCMETHYHA 1HAYCTpis nepedyBae Ha erami riIuookoi Tpanchopmariii, 3yMOBICHOT
BHUMOTAaMHU CTajJOr0 PO3BHUTKY, €KOJOTIUYHOI OE3MEeKH Ta COIaJbHOI BIAMOBINATBLHOCTI. 3POCTaHHS
IHTEpeCy 10 HATypaJbHUX, CTUYHHUX 1 010pPO3KIAHUX 3aC00IB CIPUUNHUIIO AKTUBHE BIIPOBAKEHHS

26 Khmelnytskyi National University, Ukraine, 11-12 December 2025



LABORATORY

2 r%. RESEARCH
Innovative technologies and materials for industry and the environment International Scientific OF MINERALS
and Practical Conference dedicated to the 10th anniversary of the Mineral Research Laboratory i

X TR s ITMIE 2025 / ToCTIKED
UL ( ) o2

MIHEPAJIIB

KOHIENIii 3eieHoi ximii Ta “Zero Waste” (HyJTbOBHX BIJIXO[iB) HaBITh y MaluX, KpadTOBUX
BupoOHuUNTBax [1]. KoHIenmis «HyIb0BUX BiAXO/IB» y KOCMETUYHIN ramysi Mosisirae y CTBOPEHHI
3aMKHEHUX LMKJIIB BUPOOHUIITBA, JI€ 3aJIMIIKK OJHUX MPOLECIB CTAIOTh pecypcoM Juisd iHmuX. s
KpaTOBUX MIAIPUEMCTB el MiAXiA Ma€ MOBIMHY IIHHICTh — BiH OJJHOYACHO 3MEHIIIy€ BUTPATH Ha
CHUPOBHHY W MiHIMI3y€e HeraTMBHUHN exosoridyauii ciin [2]. [le HabyBae 0co0nMMBOI 3HAYYIIOCTI B
KOHTEKCTI Cy4acHOi €KOJIOT1YHOI MOJITHKH €BpONHU, OPIEHTOBAHOI HAa MPUHIMUIH UPKYJIIPHOT
eKOHOMIKU. Peaiizariis Takux MiAXOMIB Y MaIMX KOCMETHYHHX BHPOOHHIITBAX JIEMOHCTPYE TPHKIIAL
peaTbHOTO BTUICHHS CTIMKUX MOJENECH PO3BUTKY B JIoKambHOMY Oi3Heci [3]. KpadToBi kocMeTnuHi
MiIMPUEMCTBA, 30KpemMa Soap Stories, MaloTh 3HAYHy TEpeBary — THYYKICTh TEXHOJOTIUHUX
MPOIIECIB Ta J03YBaHHS, BIICYTHICTh CKJIaJHUX aBTOMATH30BaHMX JIIHIH, 1110 TO3BOJISIE ONIEPATHBHO
BMPOBAKYBATH €KOJIOT1UHI pimeHHs. Pa3om 13 TiM, Taki BUpOOHHUIITBA CTHKAIOTHCS 3 BUKIIUKAMH,
MOB’S3aHUMHU 3 YTHII3alll€l0 3aJMIIKIB O, BOCKIB, TiApojaTiB, POCIMHHOI CHUPOBHHH Ta
MaKyBaJIbHUX Matepiaiis [4].

Mertoro nociipkeHHs 0y10 po3poOuTH i arpoOyBaTH MPAKTHUYHI TEXHOJIOTIYHI PIICHHS IS
BITPOBA/KEHHSI KOHIICTIIIIT «HYJIBOBHX BIIXOAIB» Y KpaQTOBOMY KOCMETUYHOMY BHPOOHHIITBI Soap
Stories, 0 BUKOPUCTOBY€E BUKITIOUYHO HATYypajbHY, CepTU(IKOBAHY POCIHMHHY CHpOBHUHY. OCHOBHI
3aBJIaHHS TIOJIATANIN: B aHAJI31 CTPYKTYPH BiAXOIB y BUPOOHUITBI MUIIa, CKpaliB, OJIiH, IaMIIyHIB
1 CBIYOK; BH3HAYEHHI HANPSMKY IOBTOPHOTO BUKOPHCTAHHS 3AITMIIKIB CHPOBHHH; OIIHKH €(hEeKTUBHOCTI
EKOJIOTIYHMX PINIeHh Yy MeXax 3eJeHOl XiMmii Ta po3polii peKOMEHIAMii Ui BIPOBAKCHHS
MUKITIHIX TEXHOJIOTTYHUX MOJICNICH Y MaJIMX KOCMETHYHUX BHPOOHUIITBAX [5].

OO0’€eKT NOCTIIKEHHS CTaJld BUPOOHUYI MPOLIECH, 110 BiAOYBaIOThCSA Ha MIANPUEMCTBI Soap
Stories, sike creLiandi3yeTbCcsd HAa BUTOTOBJIEHHI: HAaTYpaJbHOIO MMWIIA; HATYpalbHHUX I[YKPOBUX Ta
COJISTHMX CKpaOiB; OJiil ans Tina ¥ oOnMyds; mammyHiB 1 6amb3aMiB IS BOJIOCCS; apOMaTHYHHX
CBIYOK Ha OCHOBI COEBOTO Ta MaJIbMOBOTO BOCKY.

2. PesyabTaTH i 00roBOpeHHs

VY mpouecax JOCTIKEHHS PO3IVISIHYTO MiJXOAM 1O BIPOBAKEHHS KOHIEMIIl «HYIbOBUX
BIZIXO/1iB» y KpadToBOMY BUPOOHHUIITBI HaTypaibHOI KocMeTuku. Ha mpukinani mignpuemMcTa Soap
Stories mpoaHaNi30BaHO TEXHOJOTIYHI PIICHHA II0AO0 TOBTOPHOTO BHKOPHCTAHHS 3alUILKIB
POCIMHHOI Ta >KUPOBOi CHPOBHHHU, ONTHMi3alii BUPOOHHYMX IPOLECIB, a TAKOXK 3aCTOCYBAaHHS
NPUHLMUIIB 3eJIeHO01 XiMii i pecypco30epeskeHHs. 3apOlOHOBAHO €KOJIOTTYHY MOJIETb BHYTPIIIHBOTO
IUKITy CHPOBUHH, SIKa CIIPHSIE 3MEHILICHHIO HABAHTAKEHHSI HA JOBKULIS Ta MiIBUIICHHIO €()eKTUBHOCTI
BUpoOHULITBA. OOPI3KK Ta 3aJTUILKKA MUJIA TIEPepOOIISIOThCA Y TOCIOJapChKe a00 TeXHIYHE MUJIO, a
TAaKOX JIOAIOThCS y CKJIaAUW CKpabiB sk M’ sSKui abpaszuB. 3aluIIKd IyKpy abo coii Tmicnus
BUPOOHUIITBA CKpaliB 3MIMIYIOTHCSA 3 ONISIMH HKXK4Y0i (pakiii — yTBOPIOIOUM MUIO-CKpad 0e3
JOJATKOBOI CHPOBHMHU. 3QJMIIKK POCIMHHHUX OJIM MICasl 103yBaHHS BUKOPUCTOBYIOTHCS IS
BUTOTOBJICHHSI apOMAacCBIYOK, L0 3HIKY€ BTpaTH JOpOrux 0a30BUX KOMIIOHEHTIB. BimmparpboBaHi
TiApONIaTU Ta HACTOI BBOAATHCS IO TEXHOJOTIYHHX BOAHUX (a3 y HACTYMHHUX MapTisiX KpeMiB abo
IIAMIYHIB, SKIIO JO3BOJSIE MIKpPOOIONOTIYHUI KOHTpPOdb. Bick 13 3anMIIkaMu apoMartiB
MEPeTIaBIseTbCSl Ta BHUKOPUCTOBYETHCS SK IIAp [N MPOOHHKIB a00 CBIYOK-TECTEpIB.
BuKopuCTOBYIOTBCS CKIISIHI, JKECTSHI Ta 010pO3KIa[HI MaKyBaHHS, SIKI MPUIMAIOTHCSI Ha TIOBTOPHE
HarnoOBHEHHs y Mexkax nporpamu Soap Stories Refill System. IlanmepoBi eTUKeTKH APYKYIOThCS Ha
nepepoOJIeHOMY KapTOHI, YOPHUJIA — Ha BOJHIM OCHOBI. 3aCTOCOBAaHO HU3bKOTEMIIEPATypHI METOAU
oMuieHHs (<45 °C), mo 3MeHIye CIOXHBaHHS eHeprii. BupoOHuYl naptii MiaHyroTbCsS 3
ypaxyBaHHSIM IIOBHOI'O BHMKOPHMCTaHHS CHpPOBHMHH, a BOJa JJII MHUTTS OOJIaAHAaHHS 4YacCTKOBO
MTOBTOPHO OYMIIYETHCS Yepe3 PiabTparliiiHi CHCTEMHU.

3anponoHOBaHa MOJIENb BHYTPIIIHBOTO TOBTOPHOTO BUKOPUCTaHHS CUPOBHHU BUSBUIIA, 11O
10 25-30 % Bi1aX0/1iB KOCMETUYHOT'O BUPOOHUIITBA MOKYTh OyTH peIHTErpoBaHi y LIUKJI Oe3 BTpaTu
AKOCT1 KiHIleBOi mpoaykiii. Ile cBigunTh mpo moTeHIian KpadTOBUX MIAMPUEMCTB 10 peasizarii
JIOKJIbHOI ITUPKYJISIPHOI €KOHOMIKH — KOJIM BUPOOHMIITBO HE JIUIIE CTBOPIOE IIIHHICTB, a W MIHIMI3y€
BIUIUB Ha exkocucteMy. OcoOmmBicTio Soap Stories € BiACYTHICTh CHHTETUYHUX 1HTPEHIEHTIB, TOMY
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TEXHOJIOTI4HI pilleHHs 0a3yloThCsi Ha OIOCYMICHHX KOMIIOHEHTaX, IO MOBHICTIO MiAJSTaIOTh
6ionerpanarii. Lle 3a0e3nedye BUCOKY €KOJIOTIUHY O€3MeKy HaBiTh MPH MOBTOPHOMY BUKOPHUCTaHH1
3anumIKiB. BripoBaykeHHS KOHIIETIII «HYyTbOBUX BIAXO/IiB» MOTPeOye HE NUIIe TEXHOJIOTIYHHX, a i
OpraHizalliiHUX pillleHb: TEPCOHAIBHOTO KOHTPOJIO JI0O3yBaHHS, MAapKyBaHHS 3aJIHIIKIB,
MIKpOO10JIOTIYHOTO MOHITOPUHTY, CUCTEMHOTO TIIX0y 10 30epiranHs i mepepoOku [6, 7].

Taxkum yuHOM y KpadTOBOMY KOCMETUIHOMY BUPOOHUIITBI Soap Stories peasizoBaHO e(hEeKTHBHY
Mozenb “Zero Waste”, mo 0a3yeThCs Ha MPHHIMIAX 3€JICHOI XiMii Ta MUPKYISAPHOI €KOHOMIKH.
BnpoBakeHo KOMITJIEKCHI TEXHOJIOT1T TOBTOPHOTO BUKOPUCTAHHS 3QJIUIIKIB MUJIBHUX Mac, BOCKIB,
T1IpoIaTiB 1 POCIMHHUX OfIiil. Po3pobiieHi pileHHs J03BOJSIOTH CKOPOTUTH o0csT BiixoaiB Ha 30 %,
3MEHIIUTH €HEProCroXuBaHHA Ha 12 % 1 MIABUIIUTH peHTalOenbHICTh BUpOoOHMITBA. KOHIemmis
«HYJTBOBUX BIAXOAIB» y KpaTOBOMY CEKTOpI Mae€ 3HAYHHM IMOTEHIAN Il MaciiTaOyBaHHS Ta
MOJKE CTATH MOJICIUTIO CTAJIOT0 PO3BUTKY JUIS JIOKATBHUX KOCMETHYHHX ITiIIPUEMCTB Y KpaiHH.
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COMPOSITE SYSTEMS OF SOLID SHAMPOOS WITH IMPROVED FOAMING
AND STRUCTURAL CHARACTERISTICS

Zoriana Chereshnia'", Tetiana Ivanishena?, Katarzyna Lo§>
L2Khmelnytskyi National University, Khmelnytskyi, Ukraine
3Technical University of Liberec, Liberec, Czech Republic
*Corresponding author: zorik.cher@gmail.com, , Khmelnytskyi, 29021, Ukraine

Solid shampoos are gaining prominence as consumers seek sustainable alternatives that
reduce water use and packaging waste. Formulating high-performance bars requires a delicate
balance of foaming, structural integrity, and conditioning. Success depends on a synergistic system
of green surfactants, fatty acids, and waxes. This strategic combination ensures the product delivers
the rich lather and durability consumers expect while meeting rigorous ecological standards.

Keywords: solid shampoos, surfactants, foaming, waterless.

1. Introduction

Solid shampoo formulations are a cornerstone of the broader "waterless" and
environmentally conscious trend in the cosmetics industry. The primary objective of this movement
is to minimize water usage throughout a product's entire life cycle, from raw material sourcing and
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production to consumer use. This strategic shift away from water as a primary filler ingredient
offers significant ecological advantages, including a reduction in the product's overall water
footprint, lighter and more compact packaging that curtails plastic waste, and a lower carbon
footprint from transportation. Furthermore, the wateless nature of these formulations often reduces
or eliminates the need for preservatives. However, the core challenge for formulators is to engineer
these concentrated solid formats to deliver the high-performance foaming, cleansing, and
conditioning that consumers have come to expect from their liquid counterparts [1, 2].

A modern solid shampoo is fundamentally different from a traditional soap bar. It is a
concentrated, waterless or low-water composite system. Instead of being based on the
saponification of fats and oils, its structure is built upon a sophisticated blend of synthetic or bio-
based surfactants, bar hardeners, and conditioning agents. This avoids the primary drawback of
saponified bars, which leave an alkaline residue and can precipitate calcium salts on the hair
strands, leaving them opaque, tangled, and difficult to manage. The primary ingredient is typically a
powdered surfactant that provides the solid base, which is then combined with other functional
ingredients to create a durable, effective, and aesthetically pleasing final product.

2. Surfactants

Surfactants, or surface-active agents, are the central functional ingredients in any shampoo
formulation, whether liquid or solid. Their primary role is to act as cleansing agents that reduce
surface tension, emulsify sebum and dirt from the hair and scalp, and generate the foam that
consumers associate with a thorough clean. Surfactants are classified into four main groups based
on the electric charge of their polar head, which determines their primary function in a formulation.
Anionic, with a negative charge, serve as the main cleansing agents responsible for producing
significant lather. Cationic have a positive charge and are primarily used as conditioning agents,
offering antiseptic properties by disrupting bacterial cell membranes. Amphoteric surfactants
possess both positive and negative charges and act as secondary agents to improve mildness and
reduce irritation. Finally, non-ionic have no charge and are often combined with others to increase
formulation stability and ensure the product remains mild.

The choice of the surfactant system is critical, as it dictates the product's cleansing efficacy,
its mildness on the hair and scalp, its foaming characteristics, and its overall environmental profile.
As the industry moves toward greater sustainability, a key focus has been the comparison of
conventional petroleum-based surfactants with emerging green alternatives [3].

The transitioning from petroleum-derived surfactants to more sustainable, bio-based
alternatives is underscored by the scale of conventional surfactant use. Over 15 million tons of
surfactants are used annually worldwide, an estimated 60 % of which end up in the aquatic
environment, which makes ecological stakes significant. This shift is driven by both environmental
concerns and a demand for milder, higher-performance products.

Petroleum-Based Surfactants are derived from the processing of oil and gas. Their use carries
potential environmental consequences, including poor biodegradability and negative impacts on
aquatic ecosystems. Common examples, such as Sodium Lauryl Sulfate (SLS), can be harsh on the
hair and scalp, stripping natural oils and leading to dryness and irritation.

Green (Bio-Based) Surfactants are derived from renewable feedstocks of microbial or plant
origin, these ingredients offer significant advantages. They are defined by high biodegradability,
lower toxicity, and a better environmental profile. The most commonly used examples are Sodium
Cocoyl Isethionate, Coco-glucoside, Decyl Glucoside, Polyglycery 1-10 laurate, amino acid based
surfactants and microbial biosurfactants [4].

3. Solid Shampoo Formulation

A solid shampoo is a composite system that relies on a synergistic blend of ingredients to
achieve both structural integrity and high performance. The formulation must carefully balance
cleansing power with conditioning benefits and bar hardness with ease of application and use. Each
component serves a specific function, from creating the solid base and generating foam to

Khmelnytskyi National University, Ukraine, 11-12 December 2025 29



RESEARCH
Innovative technologies and materials for industry and the environment International Scientific "%‘ S NERALS
and Practical Conference dedicated to the 10th anniversary of the Mineral Research Laboratory

(ITMIE 2025) '%' HOCTEh

MIHEPAJIIB

hardening the bar and imparting moisture to the hair. This selection impacts the product's final
performance. A combination of hard and soft structural agents is used to create a durable yet
pleasant-feeling bar. The primary goal is to achieve a high structural resilience without making the
product brittle or difficult to apply [1].

Conditioning agents are vital for restoring the hair's natural hydrophobicity, reducing friction
between hair fibers, preventing breakage, and imparting softness and shine.

Based on this data were suggested formulations of the composite systems of solid shampoo
(refer to: Table 1).

Table 1 Suggested Composite Formulations

Ingridient/Formulation [%] F1 | F2 | F3 | F4 | F5 | F6 F7 F8 | F9
Sodium Cocoyl Isethionate 60 | 60 | 60 | 40 | 40 | 40 20 20 | 20
Sodium Coco-Sulfate - | — | = 120|201 20 40 40 | 40
Cocamidopropyl Betaine S |10} 15 5 | 10|15 5 10 | 15
Cetearyl Alcohol 2 3 4 3 4 2 4 3 2
Karite Butter 2 3 4 3 4 2 4 3 2
Decyl Glucoside 5 Panthenol 2
Sodium Lauroyl Oat Amino Acids 3 Wheat Hydrolyzed Protein 2
Glycerol 4 Water Up to 100

Sodium Cocoyl Isethionate (SCI) and Sodium Coco-Sulfate (SCS) were chosen as the
primary anionic surfactants in this formulations. Derived from coconut oil, both SCI and SCS are a
high-purity cleansing agents. They are considered to show a lower potential for skin irritation. Their
physical properties are critical to the manufacturing process. To complement the primary
surfactants, Cocamidopropyl Betaine, Decyl Glucoside and Sodium Lauroyl Oat Amino Acids are
included as co-surfactants. Their primary role is to enhance the overall mildness of the formula,
reduce the potential irritation that can be caused by anionic surfactants, and improve the quality of
the foam.

To create a durable solid bar that maintains its integrity during use, a combination of
structural agents was employed. Cetearyl Alcohol and Karite Butter were chosen as the primary
hardeners to provide the fundamental structure and opacity of the bar. Their inclusion is essential
for creating a solid matrix that binds the other ingredients together, ensuring the physical integrity
and longevity of the shampoo bar.

To counteract the stripping effect of surfactants and impart a smooth, soft feel to the hair, a
carefully selected package of conditioning agents and emollients is included. Ingredients, such as
glycerol, panthenol and wheat hydrolyzed protein, are expected to lubricate the hair cuticle, reduce
friction, and restore the hair's natural hydrophobicity.

The shift to solid shampoo formulations represents a significant reduction in the
environmental footprint of personal care products. By adopting a waterless format, these systems
directly address global water shortage while enabling highly concentrated dosages that reduce
overall consumption. This form of product allows for the elimination of plastic packaging in favor
of lightweight, biodegradable alternatives, lowering carbon emissions associated with transportation
and waste. Furthermore, the integration of renewable, bio-based surfactants and the removal of
preservatives minimizes aquatic toxicity, resulting in a product that is environmentally superior
across its entire lifecycle [2].

Determining the quality of a finished solid shampoo involves a technical assessment of
structural integrity, functional performance, chemical stability, safety, and sensory appeal. Structural
quality is assessed through texture analysis and the crack test, measuring parameters like hardness
and cohesion, where excessively low hardness values need optimization of consistency agents to
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prevent bar breakage. Functional effectiveness centers on cleansing and foaming characteristics.
Detergency power measures sebum removal from hair and skin, with high-quality formulations
showing excellent cleaning potential. Foaming ability and stability tests quantify the volume of
foam generated and sustained over time measured is assesed by the modified methodic of Ross-
Miles [5]. Physicochemical stability checks include the pH value (measured on a 5 % dispersion,
typically aiming for 4.0 to 7.0 which is the varied pH of the scalp) [6]. Evaluation of stability,
confirming no changes in structure, color, or odor after stress exposure. Safety includes performing
microbiological analysis to ensure the low water content media is not conducive to fungal or
bacterial growth. Furthermore, microscope observation can confirm that the product does not
damage the hair cuticle, alongside sensory tests to guarantee desirable end-user attributes like ease
of wet and dry combing, cleanliness, and hair gloss.

4. Results and discussion

The development of advanced composite solid shampoos represents a significant and
necessary step toward greater sustainability within the cosmetics industry. These innovative
formulations should demonstrate that it is possible to create products that are both highly effective
and ecologically responsible. By carefully selecting and combining surfactants, structural agents,
and conditioning ingridients, it is possible to engineer stable, high-performance solid shampoos that
meet consumer expectations while minimizing environmental impact. The future of this rapidly
growing category lies in the continued pursuit of merging of the scientific formulations with a deep
commitment to ecological responsibility to satisfy the demands of modern, environmentally
conscious consumer.
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INDUSTRIAL HEMP: CURRENT CHALLENGES AND PROSPECTS
FOR SUSTAINABLE BIO-BASED RAW MATERIAL IN INDUSTRY
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Within the framework of the sustainable development concept, the global textile industry is
currently focused on reducing the use of synthetic materials that pollute the environment. Hemp is a
fully biodegradable raw material that enables the reduction of the production carbon footprint. The
global market for industrial hemp products demonstrates stable growth. Currently, Ukraine
possesses significant opportunities for hemp cultivation due to favorable natural and climatic

Khmelnytskyi National University, Ukraine, 11-12 December 2025 31




RESEARCH
Innovative technologies and materials for industry and the environment International Scientific "%‘ S NERALS
and Practical Conference dedicated to the 10th anniversary of the Mineral Research Laboratory

(ITMIE 2025) rz:

MIHEPAJIIB

conditions, scientific potential, and substantial industry deregulation, which paves the way for
leadership in the global market.

Keywords: sustainable development, hemp, Sofia variety, qualitative properties, bio-based
raw material.

1. Introduction

Industrial hemp represents a valuable bio-based raw material of the past, present, and future,
combining high strength, environmental purity, and universality of application. In the context of the
global transition to a green economy, hemp is becoming a primary feedstock for a renewable and
eco-friendly textile industry. Its strategic significance lies not only in fiber production but also in
the utilization of resources that do not harm the environment but rather restore it. It is a well-
established fact that hemp is a relatively low-maintenance crop capable of growing on various soil
types without requiring intensive pesticide use, rendering it environmentally sustainable [1].

The primary prospects for using industrial hemp as a sustainable bio-based raw material in
Ukraine’s industry are defined by:

* legislative changes and regulatory simplification: the launch of the «e-Konopli» (e-Hemp)
electronic crop registration system and the abolition of special permits enhance the industry's
attractiveness for agrarians;

» market needs and technological innovations: this is ensured by a wide spectrum of
industrial hemp product applications. The fiber is utilized in textiles and the production of high-
strength composites (e.g., in the automotive industry), shivs (hurds) are used in eco-construction
(hempcrete, wall building materials, etc.), and seeds are applied in the food and medical sectors;

+ environmental friendliness and sustainable development: hemp is a fast-growing crop that
does not require large quantities of pesticides, it improves soil structure by clearing toxins,
possesses bioremediation capabilities, and acts as an effective CO: sink. This aligns with global
trends in the sustainable economy and «green» manufacturing;

* high export potential: Ukrainian hemp products have a high potential to occupy a niche in
actively developing European and global markets, while Ukraine has all the prerequisites to become
a leading exporter of hemp products [1, 2].

2. Results and discussion

Despite significant prospects, challenges exist, particularly a deficit of seeds for certain
varieties and an underdeveloped infrastructure for deep primary and secondary mechanical
processing. However, these issues are being addressed through investment and the development of
new processing enterprises. A notable example is the restoration of a hemp processing plant in the
Zhytomyr region — the Ma'Rijany Hemp Company industrial park («Ma'Rijany») [3]. As a modern
Ukrainian agribusiness structure, this industrial park is implementing Ukraine's largest project for
the cultivation and processing of industrial hemp and the mechanical processing of flax. Such an
agro-complex is strategically important given the raw material import dependence of Ukrainian
enterprises, as it forms an innovative ecosystem with a sustainable economic future. It is potentially
expected to meet domestic industrial needs for textile raw materials of a wide application spectrum —
long, short, and cottonized bast fiber, shivs, etc. Currently, the agro-complex focuses on
determining the selection of rational industrial hemp varieties, improving the technological process
of primary and secondary raw material processing, and equipping facilities with modern machinery
for mechanical processing to obtain products of various functional purposes. It is set to become a
sustainable bio-based raw material source for Ukrainian industry, contributing to economic growth
and the sustainable development of the state, while holding strategic importance for European
markets. Industrial hemp is a promising raw material not only for the textile and construction
industries but also attracts global attention as a sustainable, eco-friendly material for creating bio-
composite packaging due to its environmental properties, high physico-mechanical fiber
characteristics, and cellulose content. Unlike synthetic polymers, materials made from hemp-based
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raw material are biodegradable and do not accumulate in the environment. Furthermore, packaging
based on natural fibers is capable of regulating gas exchange and moisture transfer, which positively
impacts the preservation of food product quality, particularly for natural and organic assortments.

Lutsk National Technical University (LNTU) collaborates with the Ma'Rijany Hemp Company
industrial park regarding research on the quality of various industrial hemp varieties grown within
the park, as well as scientific consulting. Specifically, experimental studies on the qualitative
characteristics, chemical composition, and anatomical structure of new industrial hemp varieties
were conducted in LNTU laboratories; results for selected parameters are presented in Table 1.

Table 1 Experimental studies of qualitative characteristics of the Sofia variety
Industrial hemp fiber of the Sofia variety

fiber after scutching,

fiber after scutching rough and fine
Characteristics and rough hackling hackling
Breaking load, daN 27,28 23,25 -
Linear density, tex 34,19 12,86 -
73,95 71,8 52,0

Cellulose content, %

Light microscopy —

Based on experimental studies of the qualitative characteristics, chemical composition, and
anatomical structure (Table 1) of the new industrial hemp variety Sofia, generalized conclusions
regarding the economic potential of the stem and fibers were drawn. High indicators of fiber
strength, linear density, and cellulose content indicate the possibility of using this fiber in the
production of technical and cellulose products, as well as high-quality textile materials, depending
on the technological processing method. The cross-section of the Sofia variety fibers clearly
displays the presence of air channels (lumens) of various shapes, while the elementary fibers have a
rounded or bean-like (reniform) shape and are tightly adjacent to one another. The rounded shape of
the elementary fibers with a wide lumen is characteristic of bast crops, whereas cotton elementary
fibers exhibit a bean-like (reniform) shape with a narrow, elongated lumen. Consequently,
microscopic studies of the cross-sections of these fibers confirm once again that the «Sofia» variety
is a universal, modern, technological bast variety of industrial hemp. It is created for maximum
economic efficiency in various industrial segments and oriented toward the production of fine and
strong fiber for a wide spectrum of applications, ranging from technical and textile to cellulose
products, depending on the quality and technological processing of the fiber.

Thus, despite current challenges, industrial hemp holds significant potential to become a key
sustainable bio-based raw material for various industrial sectors, owing to the universality of new
varieties and innovative technological solutions for raw material processing. The main prospects for
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hemp cultivation in Ukraine and globally lie in the implementation of sustainable development
strategies, while the high profitability of this crop, derived from a wide range of finished eco-
product applications, creates a foundation for the development of a competitive textile production
sector and the export of high-quality products.
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The paper representing the prospects for using saponite clayas a sorbent in the process of
phytoextraction of heavy metals from contaminated areas. The concept of heavy metals, the ways in
which they enter the environment and the negative impact on environmental components are
defined. The prospects for the use of phytoremediation and phytoextraction of heavy metals are
determined. The use of saponite clay as a sorbent in phytoextraction of heavy metals is assessed by
using SWOT analysis.

Keywords: saponite, phytoremediation, pollution, soilrestoration.

1. Beryn

B yMoBax ChOrofieHHS CHOCTEPITAETHCS I1HTEHCUBHHMM PO3BUTOK IPOMHCIOBOCTI Ta
CUTBCHKOTO TOCIIOJIAPCTBA, IO CIPHUsE 30UTBIICHHIO aHTPOIIOTEHHOTO HABAHTAKEHHS HA TIPUPOIHE
cepenoBuie. isUTbHICT JIIOJUHU MPHU3BOAUTH 0 MOPYILEHHS NPUPOIHUX MEXaHI3MIB, MOTIpIICHHS
CTaHy OCHOBHHMX KOMIIOHEHTIB €KOCHCTEM, JIerpajallii IpyHTOBOr0 NOKPUBY, 3a0pyTHEHHS BOJHHUX
cucrteM, aTMOChEpHOTOo MOBITPs, BTpAaTH 010pi3HOMAHITTSI.

OnHUM 3 TOMIMPEHMX XIMIYHUX 3a0pyJHEHb HABKOJMIIHBOTO CEPEOBHUINA € 3a0pyJHEHHS
Ba)XKMMH MeTajlaMH. Bakki MeTau gBISIOTh COO00 METANH 3 TyCTHHOIO, OiIbIIoK0 3a 5 r/em’ i ski
€ TPymHoOI MeTajliB, SKI AacOIIOIOTHhCSA 13 3a0pyJHEHHSM 1 TMOTEHIIMHOI TOKCHYHICTIO a0o
€KOJIOTIYHOI0 TOKCHYHICTIO. MeTallaMU-TIOII0OTAaHTAMI HaBKOJIMIITHBOTO CEPEJOBHINA € KaIMii,
KyIopyM, LHMHK Ta MaHraH. Bakki MeTalM TakoXX XapaKTepHU3YIOThCS IX BaXXJIMBICTIO abo
HEBAXKJIMBICTIO 32 IXHHOIO POJUTIO B OIOJIOTIYHUX cHCTeMaX. BakIIMBUMU € Taki BakKKi METaJIH, SIK
MaHraH, (epy™m, KynpyMm Ta IHHK, TOJl K KaaMii, TUTIOMOYM Ta TiApapripyM € HaJ3BHUYAHO
TOKCUYHHUMH 1 O10JI0TIYHO HeCyTTeBUMHU [1].

AHTpONOTreHHe HAKONMUYEHHS BAXKKUX METalliB BiJOYBA€TbCA 3a PAaXyHOK IPOMHCIIOBO]
TISUTBHOCTI, yTHIII3amii MOOYTOBUX BigXOiB, HEBHOIPKOBOTO BHKOPHCTAaHHS IOOpPWB, BHKHIIB 3
aBTOTPAHCIOPTY, BUPOOHHIITBA €HEPTIi.
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XIMI TA XIMISHOT IHKEHEP

Baxki MeTanu moTparvisiioTh y HaBKOJIUIITHE CEPEIOBUIIIE 1 i Yac aKTUBHUX OOMOBUX iif 3
3aJTUIIIKIB 30p0i, BAKOPUCTAHHS apTHJIEPii, TpaHaT i pakeT. B ymMoBax moBHOMacmTabHOTO BTOPTHEHHS,
3a0py/AHEHHs Ba)XKMMHU MeTajlaMH 301IbIIMIO CBOi 00epTH B MeXax YKpaiHu, OCOOJIMBO CKIIAIHA
CUTYyallil B MeXaX OKYIOBaHUX TEPUTOPIN, e OOCTPIIM BaXKKOI apTHIIEpi€r0 BiAOyBalOTHCA
MOCTiHO. MOHITOPUHT HACIAKIB BiliHH B YKpaiHi, mposeaennit 2022 poky 3a [Iporpamoro OOH 3
HaBkoymiHboro cepenoBuia (UNEP), 3acBimuye,imo Bxke Ha TOM Yac 3a0pyIHEHHS TOBKLULISA
BHACIIIJJOK BIfHU SIBJISIIO COOO0I0 TOKCHYHY CHAIIIMHY /Uil MaiOyTHIX MOKOJiHb [2; 3].

[loTpamisiHHST Ba)XXKUX METaNiB B TPYHT 3yMOBIIIOE HETATUBHUM BIUIUB Ha BIIACTHUBOCTI
TPYHTY, HOTO POIIOUICTh, O10JI0TTUHY 1 MIKPOOIOJIOTIUHY aKTUBHICT, IO POOUTH HOTO MaJIONPUIATHUM
a00 B3arayi HEMPUIATHUM JUTSI TIOJIAJIBIIIOT0 PEHTA0EIPHOTO BUKOPUCTAHHS [4].

OuunieHHs 3eMelb BiJl BAXXKUX METAIIB € OJHUM 13 KIIFOUOBUX BUKIIUKIB CTAJIOT0 PO3BUTKY
JUIsl YKpaiHu, sike BU3HAYA€E SKICTh JOBKIUIS, O€3MEKy 1 3J0pOB’ Sl HACEIEHHS, CTINKICTh IPUPOTHUX
Ta arpoeKOCHCTEeM, BIAIMOBITHICTb MDKHAPOJHUM HOpPMaM 1 CTaHaapTaM. Tomy JOCTiIKCHHS
MPOIIeCiB, COPOCHTIB, MPUPOO OPIEHTOBAHUX METOJIB OUMIICHHS TEPUTOPIN Bl BAXKKUX METAIIIB €

HaHSBanﬁHO BAXXJIMBUM Ta aKTYaJIbHUM IIUTaHHAM.

2. PesyabTaTH i 00roBOpeHHs

3a BUSBIICHHS BXKMX METAJIB, 3a JIOTIOMOTOI0 TPOBEACHHS (iTopeMeniamii Ta migdopy
010JIOTIYHHMX areHTiB MOXKHA OJJHOYACHO BWUIYYWTH BaXKKi €JIEMEHTH 13 CEpEeIOBUINA Ta MOKPALTUTH

CTPYKTYpY MOPYIIEHOI'O IPYHTY.

Taén. 1 Buxopucmanns canonimosoi enunu K copoenma 05 himoexcmpaxyii 6aiCKux memanie

S (Strengths) — CuiibHi cToponn

W (Weaknesses) — Ci1adki cTopoHH

* BHCOKa COpOIliiiHa 37aTHICTB: CAaMOHIT €
MOHTMOPHIIOHITOBUM ~MIHEpAJIOM 3 BEIUKOIO
MUTOMOIO TUIOIICIO TMOBEPXHi 1 BUCOKOIO €MHICTIO
KaTiOHHOTO OOMiHy, HIO [03BOJIA€ €(PEKTUBHO
3aB’s13yBaTH 10HU BAYKKHX METaJIB,;

* CTaOUIBHICTh Yy 3B’sI3yBaHHI: CamoOHIT GopMye
CTIfiKI KOMILIEKCH 3 10HAMH Ba)XKKHX METAJiB,
3MEHIIYIOUH IXHIO MOOLIBHICTH 1 JIOCTYIHICTh
JU1s 1THGUTBTpAIlli y TpyHTOBI BOAM;

*  KOMIUICKCHICTh JIii: OKPIM 3B’SI3yBaHHS BaKKHX
METAJIIB, CATOHIT 3/IIHCHIOE CTPYKTYpPOYTBOPIOIOUY
GyHKIIO 719 TPYHTY Ta TOKpAIlye BOJHO-
(hi3U4HI BIaCTHBOCTI;

*  OE3IMEeYHICTh: CATIoHIT € MaTepiajioM MPUPOTHOTO
MOXOJUKEHHS, IKUH JOCTYITHHUH U1l BAKOPHCTAHHSI

*  MOKJIMBE 3HMKCHHSI 010JI0CTYITHOCTI;

* 3anexHicTh Bix pH: 3a Hu3bKUX piBHIB pH
30AaTHICTh 1O 3B’S3yBaHHS BaXKHX METaliB
MOX€ MOTipIINTHCE;

* DpI3HUIM CKIAAy: BJIACTUBOCTI CAMoOHITY Ta
HOro ckjajn 3aiekaTh BiJ POJOBHIIA, JI€ HOTO
BU100yBaJIM, TOMY 32 BUKOPHCTaHHS Pi3HOTO 32
MOXO/DKCHHSIM ~ CAllOHITY — pe3yJbTaT MOXe
BIJIPI3HATHUCH

O (Opportunities) — MoxkJINBOCTI

T (Threats) — 3arpo3u

* BJaje KOMOIHyBaHHS 3 TIPOIIECAMHU
(hiTOeKCTpaKIIii;

* TMOEAHAHHS  CAMOHITY 3  XEJNATYIOUHUMH
peYOBHMHAMHU JUIsl 3MEHIIEHHS TOKCHUYHOCTI Ta
30UIBIIEHHS JIOCTYITHOCTI VTS POCIIMH-
rinepaKymMyJaTopiB, sKi OepyTh ydyacTb B
ditopemeniariii;

* TWIABUIICHHS aJCOpOIIWHOT 3JaTHOCTI: 3a
JIOTIOMOTOI0 KHCJIOT Ta OpPraHIYHUX PEUYOBUH
BiJI0OYBa€THCS aKTUBAILlS CaIoHITY, 10
MTOKPAIIy€ HOTO BIIACTUBOCTI

* moTpeba B WITKUX JIO3YBAHHIX CAIOHITY IS
3arno0iraHHs MOTipIIeHHS (HITO EKCTPAKIIIT;

* pPHU3UK BTOPUHHOTO 3a0pyAHEHHS BaKKUMHU
MeTajlaMH1 32 HECTaOUTbHUX YMOB CEPEIOBHIINA;
* € HETPUAATHUM JUISI BAKOPUCTAHHS B CHJIBHO
3a0pynHeHNX a00 CHUJIBHO KHCIIHUX/CHIBLHO
Jy>KHUX IPYHTax;

* KOHKYpEHIliII HAa PHUHKY 3 OCHTOHITaAMH Ta
LEOJIITAaMH, $KI TaKOX 3acCTOCOBYIOTHCSI B
SKOCT1 MEJTIOpaHTIB
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OuuiieHHs: IPYHTIB BiJl BaKKHUX METaliB 3a JONOMOIOI0 3€JIEHMX POCIHMH € BHIIIHUM
METOJI0M, OCKUIbKM BUTPATH Ha KyJbTHUBYBAHHS POCIMH MIHIMajJbHI y MOPIBHSHHI 3 BUTpAaTaMu Ha
TpaauUidHI METOAW, SIKI BKIIOYAIOTh 3aMiHy TIpyHTiB. HalOinbll pO3MOBCIOMXKEHI METOAH
pememiamii 3a0py HEHUX TPYHTIB in Situ, siKi 0a3yrOThCS HA BUIAJICHHI BAXKKHX MeETaliB abo iX
3B’sa3yBaHHI. Cepesl OCHOBHUX pI3HOBHIIB (piTopemenianii HalOUIbII 3pyYyHUM Ta JOCTYIHUM Y
JaHWH 9ac € MeTo 1 (PiTOeKCTpaKIii [5; 6].

Jonomixkaumu 3acobaMu B QiTopemenianii € mapu matepiaiiB, fki 3a0e3MeuyroTh 3aXUCT
POCIHH, €IeKTPUYHUI CTPYM, PETYISTOPH POCTY, a TaKOXXK BHKOPHCTAHHS COPOYIOUMX E€IIEMEHTIB
JUIS Kpaloro 3B’s3yBaHHS pyXoMHX (Gopm MetaniB. 3a gociikeHHsM B. CamoxBasioBoi Ta iH.
(2014), merox mepenbadae BUKOPUCTAHHS MIHEPATBLHUX CyOCTpaTiB, a caMe BHECCHHS TJIMHUCTHX
MiHepalliB (MOHTMOPUJIOHIT 1 MaJUTOPCHKIT) y 7031 2 T/ra y Manoporoui (MmillaHi 4d CYIIIIaHi)
CWJIbHO 3a0py/AHEHI IPYHTH [6].

[lepcrieKTUBHUM MPUPOJHUM COPOEHTOM Il €KOJIOTTUHUX TEXHOJIOTIH OUMIIEHHS IPYHTIB €
CAIoOHIT — MiHepal MiAKIACy MIAPOBUX CHIIIKATIB, TPYMU MOHTMOPWIOHITIB i3 BUCOKHMM BMiCTOM
OKCHJIy MarHito, B IKOMy HOHHU aJlFOMiHII0 MTPAKTUYHO MOBHICTIO 3aMiHEH1 HOHAMM MarHito, a HOHU
KPEMHII0 3aMIiHIOIOTHCS HOHaMH anmioMiHito. CaroHITOBI TJIMHH BITHOCATH JIO JIEB’SATOI TPYyIH
MiHEpalliB — TPYIU CHIIIKATIB 1 aJlOMOCHIIIKATIB, MPEICTAaBHUKH SKOTO (3 ypaXxyBaHHSM KBapiLy)
CKIa1arTh 95 % Bijx Macu 3eMHOI KopH [7].

3a pomomororo SWOT-ananizy Oyno 3A1MICHEHO OIHKY TOTEHIialy Ta OOMeXeHb
BUKOPUCTAHHS CAllOHITOBOI TJIMHU B SIKOCT1 JOMOMIXKHOTO MaTtepiany (copOeHTy) B ¢iToeKcTpakiii
BOKKHUX METAJIIB (IUB. TaOIHITO 1).

BucHoBku. 3a0pynHEHHS BaXKMMH METalaMU € OJHI€I0 3 HalHeOe3meuHimux ¢opm
Jerpananii JTOBKUUISA, OCKUIBKH Il €JIEMEHTH HE PYHWHYIOTBCS B TPUPOJHUX yMOBaX, 3AaTHI
copOyBaTHUCh B IPYHTI, YTBOPIOIOYH Ba)KKOPO3YMHHI CIIOIYKH, HAKOIMYYBATUCh BOJII, POCIMHHOCTI
Ta 010T1, MEPEXOATh Y TPO(DiuHI JAHIIOTH W CTBOPIOIOTH JIOBIOTPUBAITY 3arpo3y ISl €KOCUCTEM 1
30pOB’sl MOJUHH. BukopucTtanus meroaiB ditopemenianii i GiToeKCTpakiii € IepCIeKTUBHUM Ta
€KOHOMIYHO-OIIaIHUM METOJIOM BIJHOBJICHHsSI MOPYIIEHUX 3a0pyJHEHHSM BaXXKUMH MeETaJaMU
TEpUTOPiH, sIKI y TO€IHAHHI 3 3aCTOCYBaHHSIM COPOEHTIB Ta MiZOOPOM BHCOKOIPOAYKTUBHHUX
010JI0TIYHUX areHTIB MOXYTh BUKOHYBAaTH IMOJBIMHY (DYHKITIFO: TTOKpAIIEHHS TTOKa3HUKIB IMOPYIICHUX
IPYHTIB Ta BUBEICHHS BaKKUX METAJIIB.
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JOCJILKEHHS YJIBIEPOTEHHOI JIi T'YCTOTI'O EKCTPAKTY
3 KBITIB IMHII BATOHYEHOI

Oxcana Kauyp®, puropiii 3arpuuyk
Teproninvcovkuii HayionaneHutl meouynuil yrigepcumem im. 1.A. I'opbdauescvko2o
MO3 Yxpainu, xageopa 3azanvnoi ximii; “kachur oi@tdmu.edu.ua

Diseases of the hepatobiliary system remain an important medical problem, which
necessitates the search for new effective hepatoprotectors of plant origin. The aim of the study was
to evaluate the effect of a thick extract of Zinnia spicata flowers on the condition of the gastric
mucosa of rats when administered orally. GECV was administered at a dose of 150 mg/kg and
macroscopic evaluation was performed 3 hours later. The absence of pronounced mucosal damage
was established, which indicates the safety of the drug for the gastrointestinal tract.

Keywords: ulcerogenic effect, Zinnia spicata, thick extract.

1. Beryn

BinnoBinHO 10 PEeTPOCHEKTHUBHOIO aHANI3y JIITEPAaTYpHHUX DKEpeN 3aXBOPIOBAHHS IMEUiHKH
Ta OKOBYOTIHHMX NUIAXIB 3aJHIIAETHCS CEPHO3HOI MEAWYHOI mpobiemoro. Ilarosmorii
renaToOUTiapHOT CHCTEMH TIOCIIal0Th HACTYIHE MICIE IICIs CepleBO-CyAMHHUX XBopoO. Ha
ChOTOJHI HE BTpaya€ aKTyaIbHOCTI MHTAHHSI NPODUIAKTHUKYA, JIarHOCTUKH Ta JIKyBaHHS
3aXBOPIOBaHb renaToOLTapHOi CUCTEMH Yepe3 BUCOKY MOIIUPEHICTh 1 cepilo3Hi Hacmiaku. Tomy,
nepesl HAyKOBLSIMH IIOCTae MpoOiieMa TMOIIyK Ta BUTOTOBJICHHS JIIKAPCHKUX 3aco0iB, MI0
3aCTOCOBYBAIHCS O IIPH 3aXBOPIOBAHHSX MMEYIHKU Ta JKOBUYOTTHHHX IIISXIB.

[lepcieKTUBHUMU € JIIKapChKi (POPMU POCIMHHOTO MOXOMKEHHS. Taki mpemapaTd MOXYTh
MaTH MIUPOKHUH CIIEKTP (PapMaKoJIOTI9HOI aKTHBHOCTI, 30KpeMa, MPOSIBJISATH IelaTonpOTeKTOPHI Ta
AQHTHOKCHJIAHTHI BIaCTUBOCTI.

2. Pe3yabTaTl T2 00rOBOPEHHS

JlocnipkenHs OyJio BUBUEHHS BIIMBY T'YCTOTO €KCTPaKTy 3 KBiTiB uHil BuToHueHOi ('ELIB)
Ha CTaH CJIM30BOi OOOJOHKM IUIYHKY €KCIIEpUMEHTAIbHUX TBapuH. Y Xoal pobotu Oyio
BUKopucTaHo MeToauky Annpeesoi H.I. 1 [laposoi C. 1.

BukopucranHs JIKapcbKUX MpenapariB MNepOpaJbHUM IUISIXOM MOKE€ HETaTUBHO BIUIMBATH
Ha CIU30BY OOOJIOHKY KHIIKOBO-IIUTYHKOBOTO TpakTy. BigomMo, 110 MOXyTb pO3BUBATHUCSA
MOJIPA3HEHHS CIM30BUX OOOJIOHOK LUIYHKY. 3a JaHMX YMOB YacTO MPOCIIJIKOBYIOTHCS HYAOTAa,
3IyTTS Ta BTpara ameTtuTy. Yacto cepen MOOIYHUX SBUI MOXKE CIOCTEpIraTUCs 3arop, IPOHOC Ta
MOPYIICHHS TPAaBJICHHS. Y HAYKOBUX JDKEpENax 3a3HAYeHO, MIO PsJI JIIKAPCHKUX 3aC00iB MOXKYTh
CTHMYJIIOBATH HaJaMipHE BHPOOJICHHS COJISIHOI KHCIOTH, TaJlbMyBaTH BHUPOOJEHHS CIU3y Ta
3aTpUMYBATH TIpoliecH BiTHOBICHHS ciu3oBuX 00osioHOK IIIKT. 3a3HadueHi yMOBH MOXYTh CTaTH
HEraTUBHUMM NEpPEBICHUKAMU PO3BUTKY BUPA30K.

BuBueHHs (apMakoIOTiYHUX BIIACTUBOCTEH HOBUX OI0JIOTIYHO AaKTUBHUX CIIONYK Ta iX
BBy Ha LIIKT — € oHUM 13 BOXXJITMBUX €TaIiB AOCITIIKEHHS.

ExcnepuMeHTanbHAM IIypaM MEepOpaNbHO BBOJMIN TYCTHH eKCTpakT y no3i 150 mr/kr. Ha
3 roguny micist BBeneHHs ['EIIB TBapwH BHUBOIWIM 3 €KCIIEPUMEHTY IMiJ €0 TIOMEHTAJIOBOTO
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HApKO3y Ta BHBYAJHM CTaH CJIM30BOi OOOJOHKHM IUTYHKY MaKpPOCKONIYHHM OTJsAoM. PesynbraTu
EKCIIEPUMEHTY IMpeJCTaBIeHO y Tabmumi 1.

Tabnuya 1 Bnaus 2ycmoeo ekcmpakmy 3 K8Iimi6 yuHii 6UmoH4eHoi
HA CMAaH CIu3080i 000I0HKU UWLTYHKY WYPi6

['pyna TBapun KinpKicTh TBapHH B Ipymi JlokaspHa rinepemis
[HTaKTHHI KOHTPOJIb 6 0,13+0,02
I'ELIB 6 0,17+0,02

3a pe3ynbTaTH OTPUMaHMX JaHUX BUsBiIeHO, o I'ELIB y 1031 150 MI/Kr He BIUIMBAa€ Ha CTaH
IITYHKOBO-KMIIIKOBOT'O TPAaKTy Ta HE BUSBIISIE YiblieporeHHOi Aii. Hamu BCTaHOBIIEHO, 1110 CIIM30BI
000JIOHKHM NITYHKY IIypiB IHTAaKTHOI TPYNH HIypiB Ta TBAPHUH MiCJs BBEACHHS MiHIMaJIbHOI A110YOi
703U TYCTOIO €KCTPaKTy 3ajiumianucs 6e3 3MiH. [Ipy MakpOCKONMIYHOMY JOCHTIJKEHHI CIIM30BOi
000JI0HKHU He 3a(1KCOBAHO MEPEABICHUKIB JECTPYKTUBHUX 3MiH.

OTxe, IOBEINEHO, IO TYCTUH EeKCTPaKT 31 KBITIB LHMHII BUTOHYEHOI HE NPOSBIAIOTH
YJIBLEPOreHHUX BJIACTUBOCTEH.

UPCYCLING APPROACH TO DESIGNING
AN ORIGINAL CLOTHING COLLECTION IN STREET GRUNGE STYLE

Svitlana Kuleshova!®, Antonina Penkova'
'Khmelnytskyi National University, Khmelnytskyi, Ukraine
*Corresponding author: kuleshovas@khmnu.edu.ua, Khmelnytskyi, 29000, Ukraine

The study is devoted to the development of fashion sketches of project images of the new
urban style Street Grunge Style as a manifestation of modern trends in fashion, combining
sustainability, innovation, and individuality. Particular attention is paid to the combination of
creativity and practicality in urban street style. The main concept of the research: Fashion as
freedom — clothing that carries a message, embodying ideas of innovation, eco-awareness, and creativity.

Keywords: denim upcycling, streetwear aesthetics, Street Grunge Style, sustainability.

1. Introduction

Modern fashion is undergoing a stage of rethinking values, where the focus is not only on
external aesthetics but also on a conscious approach to consumption. The concepts of circularity,
resource conservation, and sustainable development are becoming key in the creation of
contemporary clothing design. Against the backdrop of these changes, new directions are actively
developing, combining environmental consciousness with self-expression, among which Street
Grunge Style stands out — a unique urban style that blends creativity, innovation, and respect for the
planet’s resources.

The purpose of the research is to create modern denim clothing models that combine
minimalism, environmental awareness, and stylish avant-garde aesthetics. These garments will
feature unconventional silhouettes, upcycling elements, and a play of textures that add
contemporaneity and character to each look. The collection includes both concise and bold designs
that allow individuals to express their uniqueness while treating nature with care. These items offer
an important alternative to fast fashion — a style with meaning and history.

2. Results and discussion

To achieve the goal of the study, the influence of the concept of circular fashion on clothing
design was analyzed, as well as examples of the work of Ukrainian designer Ksenia Schneider, who
implements eco-design principles in her collections [1, 2].
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The main idea of KSENIASCHNAIDER brand is denim upcycling and a sustainable
approach to clothing creation. From the very beginning, the brand positioned itself as eco-friendly
and sustainable, working with vintage jeans, textile leftovers, and second-hand items. Their
collections are a combination of architectural cuts, streetwear aesthetics, and upcycling. They

experiment with shapes and volumes, creating pieces that balance between avant-garde and
everyday wear, Fig. 1.

Fig. 1 Experimental denim by Ksenia Schneider

Key aspects of the collection concept: Sustainability and environmental consciousness:

Upcycling as the foundation of the collection’s philosophy: the use of recycled denim,
leftover fabrics, and vintage materials. Sustainable production focused on minimizing textile waste and
extending the life cycle of garments. Support for local manufacturing and ethical working conditions.

Individuality and inclusivity:

Oversized silhouettes and unisex models suitable for various body types and styles. Unique

upcycled pieces, each with its own story. The brand promotes self-acceptance and freedom of self-
expression without limitations.

Comfort and functionality:

Denim of various densities and washed effects for comfortable everyday wear. Comfortable
silhouettes, loose cuts, functional details (detachable elements, transformable designs, spacious
pockets). A combination of design-driven thinking and practicality.

Artistry and modern aesthetics:

A recognizable deconstructivist style, experiments with shape, asymmetry, and contrast.

Inspiration drawn from architecture, contemporary art, and streetwear culture. Collaborations with
artists and conceptual fashion projects.

Fig. 2 Variants of visualizing fashion sketches of clothes
in the upcycling denim Street Grunge Style
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Technology and upcycling innovations:

Use of modern fabric-processing techniques (laser cutting, washed effects, patchwork).
Digital formats for presenting collections, interactive upcycling workshops, and online services for
creating personalized upcycled looks.

Target audience:

Young people who value responsible fashion, unconventional design, and characterful items.
Those who seek to express individuality while supporting sustainability and local production.
Enthusiasts of upcycling culture, streetwear, and designer denim.

The fashion sketches are shown in Figure 2.

Examples of clothing photos in the upcycling denim Street Grunge Style are shown in Figure 3.

Fig. 3 Examples of clothing photos in the upcycling denim Street Grunge Style

Conclusions

Thus, Street Grange Style is not merely a fashion trend but a sociocultural phenomenon that
reflects the modern youth’s pursuit of sustainability, individuality, and freedom. Its emergence is
the result of integrating the concepts of the circular economy, innovative technologies, and creative
thinking.

The work of Ksenia Schnaider clearly demonstrates how the combination of eco-philosophy,
craftsmanship, and artistic expression can create a unique product that meets contemporary
demands while shaping a new culture of responsible fashion.

References

[1] https://ua.kseniaschnaider.com/
[2] https://www.village.com.ua/village/service-shopping/style-news/348563-ukrayinski-
brendi-ksenia-schnaider-ta-hvoya-predstavili-spilnu-kolektsiyu-vzuttya-z-denimu

GREEN BUSINESS MODEL FOR MAXSPORT

Svitlana Kuleshova!®, Varvara Ahafonova', Yuliana Pylypenko'
'Khmelnytskyi National University, Khmelnytskyi, Ukraine
*Corresponding author: kuleshova lana@ukr.net, Khmelnytskyi, 29000, Ukraine

The result of the developed green business model for the enterprise is firmly in the state.
Strengths and weaknesses are determined - SWOT analysis of the existing business model.
Keywords: Move-X, green business model, MAXsport, SWOT analysis, proposals of changes.
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1. Introduction

Move-X is a virtual academic exchange project. Virtual academic exchange involves
students participating in the educational process of partner higher education institutions without
traveling abroad or to another city. Interaction between the University and the partner institution
takes place online through the "Single Information Space" platform (https://move-
x.khmnu.edu.ua/), created within the ERASMUS+ MOVEXx program. The educational process is
conducted simultaneously in both institutions and is implemented in the format of microcredit
courses. Short-term exchanges last up to three months and cover the study of individual disciplines,
the results of which are then recognized by the University. Microcredit courses provide students
with the opportunity to quickly and conveniently master new topics without having to complete full
study programs. They allow students to expand or update their competencies even beyond their
main specialization and are adaptable to different starting levels of training. This format promotes
individual choice of educational trajectory, ensures an independent pace of learning, and increases
the accessibility of modern knowledge for professional development and lifelong education.

The goal of the study is to develop a green business model for an existing enterprise. The
business model of MAXsport, a manufacturer of custom-made knitwear for sports, was selected for
the study.

2. Results and discussion

MAXsport is a brand that supports an active lifestyle and offers innovative sportswear. A
team of professional consultants with in-depth knowledge in the field of sports helps customers
choose products tailored to their individual needs. The company actively cooperates with sports
clubs. Despite its effective work, the company, like most garment manufacturers, faces the problem
of material residues, which creates potential environmental risks.

To achieve the goal, the following tasks were performed: diagnosis of the organization's
environment; analysis of the current business model to identify its strengths and weaknesses;
proposal to change the business model; proposals on key partners and types of activities; proposals
for eco-social changes; SWOT analysis.

Propositions of change in the business model

* Energy efficient equipment, Led-lights,

» Recycling the leftover materials or using the
accessories,

* System analysis of feedback from clients,

» Use of the latest equipment,

* Use leftover fabrics to create small useful ite

» Use certified eco-friendly fabrics,

« Cooperation with local showrooms or

« Participate in markets and exhibitions

¢ Online clothing designer or 3D fitting,
* Equipment rental,

« Gathering old clothing from customers and 1
= Cooperation with furniture and toys co
= Decreese the material left from the usage
= Expand the business reach to the foreign

Fig. 1 Proposal to change the business model

PESTEL Analysis: Economically, textile production in Ukraine has potential due to low costs
and export orientation, but companies need to consider import pressure and rising regulatory costs.

Social factors are holding back production (due to the war and power outages), but at the
same time creating opportunities for brands that emphasize ethical production, local labor, and
sustainability.

The company is actively investing in digitalization, production process optimization, and
technological development. In particular, the company is considering active investment in energy-
efficient technologies that reduce waste, increase efficiency, and meet environmental requirements.
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Environmental requirements are no longer a thing of the future, but a current challenge. A
company like MAXsport must integrate environmental practices, including waste management,
recycling, and eco-design, in order to remain responsible and competitive.

The legal framework is becoming stricter: manufacturers must take into account labeling,
certification, and waste responsibility. For MAXsport, this means the need to monitor legal changes

and implement internal procedures in a timely manner.

STRENGTHS
1. The uniqueness of the idea. 'WEAKNESS
2. Customizable products
3. Latest technologies of 1. Problems with recycling of
printable elements the leftover materials.
4. Collaboration with sports 2. Short-staffed
clubs and sports teams. 3. Resource-intensive
5. Valuable connections production.
6. Products are created using
principles of Circular economy.
OPPORTUNITIES

1. Cooperations with large JHREAL

organisations
2. Entry to the international field
3. Opportunity to collaborations with
toysifurniture production
companies.
4 Recycling waste for the new
products

1. Unstable economical situation
2. Small number of orders

2. Raising prices for materials
(tabric, colouring, metal fittings,
threads)

Fig. 3 SWOT analysis

The Sustainable Business Model Canvas """ MAXsport “*"

o

Key Parters KTB | Kep Activites @ Value Propasitions
« Landlords of rentable |* Create sports clothes o Creating designs of
premises I+ customizing design of s

customised prints and
printing them on products

= care about clients with
movements difficulties

.| » creating products using
principles of Circular
economy

* suppliers of materials products
I+ creating designs of custom
prints and printing them on

and equipment
* Independent experts
* Financial institutions
+ Educational institution
« Owmersof sport clubs
* Sewing business

purpo

Key Resources ﬁ.

= ADesigner

= Administrative personnel

= Tailors brigade

= online resources (website,|
social media pages)

* Innovations expert

= Sewing machines and|
ironing equipment

Customer Relationships |

* Communication via
Instagram, messangers,
website.

* Visits to Ministry of Health|
institutions and hospital

* Meetings at charity
gatherings

= Technologies

Channels =

+ Online (website,
Instagram) including
delivery

= Networking meetings and
gatherings

= System analysis of
feedback from clients

= Sport activities and
competitions

Customer Segments *

« Clients from the age of
years, teenagers and adult:
medium and Below averagd
income, or has constant
restricted movements.

= Charity organisations

« Ministry of Health
institutions

« Kids sports teams

= Sport schools, sport clubs

Revenue Streams

The main source of income is directly from the clients

@

Eco-Social Benefits

inessmodelgeneration.com

Based on: www.bus}

EEEEEe 008D

Fig. 4 Green business model developed for MAXsport
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As a result of the study, a green business model was developed for the sports knitwear
company MAXsport (Fig. 4). Changes were made to the existing business model to enable the
company to transition to green production.

References

[1] Online store for custom sportswear. URL: https://www.maxsport.ua/.
[2] Green Business Models. URL: https://move-x.khmnu.edu.ua/course/view.php?1d=8.

JIKATAA-TEXHOJIOTTT ONTUMIBALI MPOEKTYBAHHA KIMOHO
AJIAA BPASUJIBCBKOTI'O JVKNY-DKUTCY TA I'PEHIIJITHIY

Dmytro Kovalchuk', Svitlana Kuleshova'
'Khmelnytskyi National University, Khmelnytskyi, Ukraine
*Corresponding author: kuleshovas@khmnu.edu.ua, Khmelnytskyi, 29000, Ukraine

The research presents a method for optimizing BJJ kimono design using Julivi CAD and
CLO 3D. A parametric 3D model was developed to simulate material properties and verify fit under
dynamic loads. The study confirms that digital prototyping significantly reduces development time
and material waste while ensuring compliance with IBJJF standards. This approach streamlines
customization and enhances production efficiency for high-stress sportswear.

Keywords: 3D modeling, CAD systems, virtual prototyping, kimono design.

1. Beryn

AKTyabHICTh TEMH: Cy4aCHHH €Tal PO3BHUTKY 1HAYCTpii CIIOPTUBHOTO OJSTY XapaKTepH3Y€EThCS
MepexoioM 10 IU(PPOBOTO BHUPOOHUITBA Ta KacToMizamii. bpasunbcbke mxuy-mkutcy (BJJ) ta
TPENIUIIHT € BHUJAMH CIOPTY 3 EKCTpEeMaJbHUMM TUHAMIYHUMHM HaBAaHTAKEHHSAMHM Ha OJAT Ta
cneun(igyHOI0 6ioMeXaHiK0I0 — po0oTa B MapTepi, BAKOPUCTAHHS OAATY IS 3aXBaTiB.

TpaauuiitHi MeToIu KOHCTPYIOBaHHA Ta 0araTtopa3oBOoro (pi3MUHOrO0 MakKeTyBaHHS €
pecypco3aTpaTHUMU 1 HE J03BOJIAIOTH ONEPATUBHO BPaxOBYBATH 1HIMBIAyallbHI aHTPONOMETPUYHI
0COOJIHMBOCTI.

AKTyanbpHICTh 3aCTOCYBaHHS MiJDKUTAJI-TEXHOJIOTIH TOJNATaE y MOXKIMBOCTI TEPEBIpKH
nocaJikv BUpoOy Ha BipTyallbHOMY aBaTapi 3 iHIMBIIyallbHUMHU 3aMipamMu 0e3 BUTpaT TKAaHUHH.

Meta gochiKeHHs: TeopeThyHe OOIPYHTYBaHHS Ta pO3poOKa METOMy ONTHUMi3allil
KOHCTpPYKLIi KypTkM KiMoHO Juii BJJ 3acofamm cyyacHMX CHCTEM aBTOMaTH30BAaHOI'O
npoekTyBaHHS Ta 3D-MonentoBaHHS Ui MiNBUINEHHS EPrOHOMIYHUX IIOKa3HUKIB BHpOOY Ta
CKOPOYEHHSI 4acy Ha HOro po3poOKy.

OO0’€eKT MOCHIKEHHS: TPOLEC MPOEKTYBAHHS Ta KOHCTPYKTOPCHKO-TEXHOJOITYHOI IMiATOTOBKH
BUPOOHUIITBA CIIEI1aTi30BAHOTO CIIOPTUBHOTO OJIATY I OOPOTHOU.

[Ipenmer pocHimKeHHS: 1HCTPYMEHTH JiPKUTAN-TEXHOJOTIH, METOAM ONTUMi3allil
KOHCTPYKTHBHHUX IMapameTpiB KypTKH KIMOHO Ta iX BIUIMB Ha €PrOHOMIKY Ta MIIHICTh BHpPOOY B
YMOBAax CyTHYKH.

Metoau OCTIKEHHS: Ul BUPIMICHHS MTOCTaBJICHUX 3aBJaHb IUIAHYETHCS BUKOPHCTaHHS
KOMITIEKCY 3arajJbHOHAyKOBUX Ta CIELIaIbHIX METOMIB:

CHCTEeMHO-CTPYKTYpHUN aHaMI3 JJIs OCHIKEHHS 3pa3KiB KIMOHO Ta BUMOT MIKHApOIHHUX
denepaniii (IBJJF).

[ToGymoBa 6a30B0Oi Ta MOIEITLHOT KOHCTPYKIIii 6a30BOT0O po3Mmipy 3acobamu camp Julivi.

Komm’rotepae 3D-monemoBanns y cepenoumyi CLO 3D nmns moOynoBu BipTyadbHUX
MPOTOTHIIIB, Bi3yasi3ailii Mocaaku Ta CUMYJIAIIT (PI3UYHUX BIACTHBOCTEH MaTepialiB.
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2. Pe3yabTaTH i 00roBopeHHs
JlocniKeHHs TapaMeTpiB 31HCHEHO Ha 3pa3Kax AOPOCIIOro Ta JIUTSIYOro KIMOHO, SIKi HaJaB

cropTuBHUH K1y0 «lamack» M. XMenbHULIbKHH (pHcC. 1).

Puc. 1 3pasxu, naoani cnopmusrum kiyoom «JAMACK»

[Ticns BUBUEHHS HAaJaHUX 3pa3KiB OyJ0 3p00JIEHO BUCHOBKH: KOMIp MPOEKTYETHCS TOBCTHM 1
KOPCTKUM 32 JIOTIOMOTOI0 KIJTBKOX IapiB MPOUIMTOI TKAHWHHU Ta BHYTPilIHb0i EVA-miHN/TyMOBOi
BcTaBkH. Lle poOuTh KOMip CKIQAHUM JJIsl 3aXOIUICHHS, 3armo0irae mBHIKOMY BOMPAHHIO BOJIOTH,
30epirae ¢popMy Miciist IPaHHS.

VY nekana 3akialaloOThCS JOJATKOBI IIapH TKaHWHU ab0 MOTPIiiHI/KBaIpO-IIBU B 30HAX
BHCOKOTO HaBaHTakeHH:. [locnmoroThes naxsu, miedi, 001acTe rpyaeid, O0KOBi po3pi3u KypTKH 3

J01aBaHHSIM JIACTOBHIIb.
MinnicTe Ta mieTiHHA TkaHuHM: lle HailiBaknuBima XxapakTepuctuka. Ockiibku B BJJ

0araTo 3axormieHb 1 60poTHOU B MapTepi, KIMOHO Ma€ BUTPUMYBATH 3HAUHI HABAHTAKCHHS.
Ionynsapui Tunu mierinHs: Pearl Weave (mepiose), Gold Weave (3omote), Single Weave

(omunapue), Double Weave (moagsiitae). Uum IiIbHIIIE MJIETIHHS, TUM MilHimIe (i BaXkue) KiMoHO [1].

J1s moOyaoBU KOHCTPYKIi KiMOHO OyIio nociimxeHo odiriitHi Bumoru ¢eaepartii (puc. 2) [2].

Kimono / Gi

Masium of 1.3cm (D.5r)in
“nicknegs ana S [2in) n widtn

Bat width between 4 and Bcm (1.5 0 2]
Belt tio between 20 and 30cm (8 o 12in)

Puc. 2 Bizyanizayis npunykie Ha c60600y 3a Hopmamueamu ghedepayii

JloBxkrMHA KYpPTKU: KypTKa Mae OyTH IOCTaTHHOI TOBXKHHH, 1100 CSATaTU CEpeUHH CTETHA.
PykaBu MaroTh OyTH MaKkCHMalbHO JOBTMMH, IIO0 BIACTaHb BiJ Kparo pyKaBa [0 3aml'sCTs MpH
MOBHICTIO BUTATHYTIN pyli cTaHOBHIA He Ounblie 5 cMm. Bimcranp Mik Kpaem pykaBa Ta PYKOIO
criopTcMeHa (MIpH CTUCHYTIHM pylli) Mae CTaHOBUTH BiJ 7 ¢cM 10 13 cM (To Bciii JOBKHHI pyKaBa).
PykaBu He MOXyTh OyTH HAATO BY3bKHMH, aji€ i HE HAJITO BUIbHUMHU.

JocaimkeHHss po3MipHOi TaONuWIll Ta 3amipiB B TOTOBOMY BHUIUIAI 3AIHCHEHO Ha OCHOBI
yKpaincbkoro Openny Peresvit (puc. 3) [3].

Po3mip: BUKOPUCTOBYETHCS crelliaibHa pO3MipHA CiTKa, BIAMIHHA BiA /1310710 abo Kapare,
HalyacTile MO3HAYAETHCS JaTHHCHKOO JiiTeporo A (Adult/lopocnuii) 3 mudpamu (Hanpuknam, A0,
Al, A2, A3, A4, AS, A6), a nisa aiteit — M (Hanpukian, MO, M1, M2, M3).
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Puc. 3 Posmipu KiMoHO yKkpaincvkozo Opendy Peresvit

Ha ocHoBi 3i0panux naHux Oyino moOyaoBaHO 0a30BYy Ta MOJEIbHY KOHCTPYKIIIO JIEKal
KypTKH KiMOHO Ha 6a3oBuit po3mip Al B CAIIP Julivi (puc. 4).

ETm——— il et =

L gl il B

BD= FpEE s ) . T
= FIAL ) BT v e s 5 El Sl H e e

Puc. 4 bazosa ma mooenvHa KOHCMPYKYIsA KyPMKU KIMOHO

Ha ocHoBi 3i0panux naHux Oyno moOynoBaHO 0a30By Ta MOJAENBHY KOHCTPYKIUIO JIEKal
KypTKHM KIMOHO Ha 6a3oBuid po3mip Al. OcoOnMBICTIO KOHCTPYKIIii € CKJIaJJHa IPOCTOPOBA CYLIJIBHO
KpO€Ha JeTajb, SIKa BKIIOYAE CIUHKY, MJIOYKY Ta pykasa. lle miaBuirye MIIHICTH 1 KOMOPT, a
TaKOX Hajae Oinblie Miclis Ui HamuBOK. Ha O1yHMX po3pizax KypTKU BHH3Y MPUCYTHI JIACTOBMII],
SIK1 320€3MevyI0Th JOJATKOBY MIIIHICTH 1 3aM00IraloTh PO3PUBY KYPTKU MPH IHTEHCUBHUX pyXaX.

B pamkax peamizanii nmpakTUYHOI YaCTWHH IOCIHIIKEHHS, 3 BUKOPHCTAHHSM IIPOrPaMHOTO
cepenoBuia CLO 3D (cucrema BipTyaJIbHOTO MOJICIIOBAHHS OJATY), CTBOPEHO MapaMeTpuyHy 3D-
MOJIENTh KyPTKH KIMOHO JIJ1s1 Opa3uiIbChKOTO JKIY-IDKUATCY (puc. S).

Puc. 5 Komn’romepue 3D-mooentosannus y cepeoosuwi CLO 3D

Khmelnytskyi National University, Ukraine, 11-12 December 2025 45



/ RESEARCH

Innovative technologies and materials for industry and the environment International Scientific "%‘ S aLs
and Practical Conference dedicated to the 10th anniversary of the Mineral Research Laboratory o

(ITMIE 2025) 'j: HoCTDES

’ | MIHEPAJIIB

XIMII TA XIMISHOT IHKEHEP

CTBOpPEHO BHUCOKOTOUHY TPUBUMIPHY MOJeib BHpPOOy, fKa BIATBOPIOE KOHCTPYKTHUBHI
O0COONIMBOCTI CHEIiaNi30BaHOr0 oAsary mans OopoTsbu. Ha 300paskeHHI MPOJIEMOHCTPOBAHO
peanicTUYHU peHpep BUpPOOy, IIO JI03BOJISIE OLIHUTU TMOCAAKy BUpoOy Ha ¢irypi, OamaHc
KOHCTPYKIIii Ta cB0OOAy OOIsIraHHs, HEOOXIIHY JUIsl BAKOHAHHS TEXHIUYHUX JiH y mapTepi.

BpaxoBano BmactuBOCTI TKaHWHH, TuieTiHHS Pearl Weave, 11 )KOpCTKOCTI Ta 37aTHOCTI IO
npamipyBadHas. Lle miaTBepmKye MOMIMBICTH OIIHKH (DI3MKO-MEXaHIYHUX BIIACTUBOCTEH MaKeTy
MarepiajiB 6e3 BUTOTOBJICHHS (h13MYHOTO 3pa3Ka.

Mopenb BpaxoBye crienrdidHi BUMOTH 10 MIITHOCTI ekimipyBaHHs 1iis BJJ:

30HM TTOCWJICHHS: Ha Bi3yaui3allii 9iTKO MPOCTEXKYIOThCS KOHCTPYKTHBHI JIiHIT Ta IIBU (30HA
TJIeYei, MpOMu), 110 J03BOJISE MEPEBIPUTH TEXHOJIOTIUHICTh CKJIaIaHHsI BUPOOY.

biuni po3pizu: omparbOBaHO BY30J OIYHHX pO3pI3iB a1 3a0e3medeHHs HeoOXigHOol
aMILTITyI1 PYXiB HIT.

[e miarBepKye ePeKTUBHICT, METOAY IS 3aBJaHb KacTOMI3aIlii Ta MIBUIKOTO Y3TOIKCHHS
JTU3aiHY 13 3aMOBHUKOM a00 KOMaH/IO0.

BucHoBOK: po3poOiiena 3D-monens KypTKH KIMOHO € BepH(IKOBaHOIO 0a30r0 IS
MOIAJIBIIIOTO aHAJI3Y HANPYKEHO-Ie(OPMOBAHOTO CTaHy Ta aBTOMATHYHOI TpaIallii JIeKasl Ha pi3Hi
TUTIOPO3MIpH. 3aCTOCYBaHHS JaHOT TEXHOJIOTIi JJO3BOJISIE CKOPOTUTH Yac Ha PO3POOKY TOCIIiTHOTO
3pa3ka Ta MiHIMi3yBaTH BUTPATH CHPOBHUHH Ha €TaIll MAKETYBaHHS.

References
[1] https://bokuto.com.ua/articles/kak-podobrat-razmer-kimono/

[2] https://ibjjf.com/uniform
[3] https://peresvitbrand.com/uk/products/ps-kgi-core-wh
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PEROVSKITE CRYSTALS AS NOVEL LIGHT SOURCES:
FROM THE SYNTHESIS TO APPLICATION

Kolomiiets O."**, Cherniukh L.!2, Morad V.!2, Zhu C.'2, Sekh T."?, Svyrydenko M.,
Shcherbak K.!2, Boehme S.!2, Raino G.'2, Bodnarchuk M.!2, Kovalenko M
'Laboratory for Thin Films and Photovoltaics, Empa —

Swiss Federal Laboratories for Materials Science and Technology, Diibendorf, Switzerland
2Laboratory of Inorganic Chemistry, Department of Chemistry and Applied Biosciences
ETH Ziirich, Ziirich, Switzerland
*Corresponding author: okolomiiets@student.ethz.ch, Diibendorf CH-8600, Switzerland

The paper reviews the synthesis and application of perovskite nanocrystals (APbX;) as
promising light sources. Due to their high photoluminescence, narrow spectral line and stability,
these materials demonstrate potential for LED displays, quantum communications and computing.
Special attention is paid to surface chemistry and superradiant properties.

Keywords: perovskite nanocrystals, photoluminescence, quantum dots, synthesis, quantum
technologies, superradiance.

1. Introduction

Colloidal semiconductor nanocrystals (NCs), also known as quantum dots (QDs), are crucial
materials in modern optoelectronics due to their size-tunable band gaps and high
photoluminescence efficiencies. Traditional II-VI and III-V quantum dots have faced limitations,
including toxicity concerns and complex synthesis, which have fueled the search for alternatives.
Lead halide perovskite (LHP) nanocrystals, represented by the general formula APbX3, where A
includes cations such as cesium, methylammonium, formamidinium, or aziridinium, and X denotes
halides, have attracted significant attention due to their exceptional optical properties and
straightforward synthesis. These materials exhibit tunable photoluminescence (PL) maxima
covering the entire visible spectral range, narrow PL linewidth, near-unity PL quantum yield, and
high absorption coefficients [1, 2]. Owing to their excellent photophysical properties, LHP NCs are
intensively studied for application in the backlights of LED displays.

Beyond conventional displays, LHP NCs emerge as critical components for quantum
communication and quantum computing. The strong photon anti-bunching observed at both
cryogenic and room temperature, coupled with a fast PL lifetime, long optical coherence times, and
dramatically reduced spectral diffusion and blinking (compared to other colloidal NCs), enable LHP
NCs to serve as high-quality single-photon emitters [3]. The ability to function effectively at room
temperature is a significant practical advantage, as it circumvents the need for expensive and bulky
cooling equipment typically required for traditional solid-state emitters.

2. Results and discussion

The material's strength lies in its defect tolerance — a unique electronic structure characterized by
shallow defect levels. This structure prevents common defects (such as vacancies) from forming
detrimental charge-trapping states deep within the band gap [2]. This electronic resilience enables
the nanocrystals to retain high PL efficiency even with a relatively high concentration of structural
imperfections, thereby simplifying synthetic control. In combination with low formation energy and
highly dynamic surface chemistry, it opens a vast synthetic design space.

Recent developments in LHP NC surface chemistry, most notably the introduction of
designer phospholipid have enabled unprecedented structural and photophysical stability down to
the single-particle level [4]. These ligands protect the labile surface and inhibit unwanted
degradation pathways, significantly improving stability against moisture and polar solvents. Such
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advances enable the probing of the intrinsic emission properties of individual NCs with high
fidelity. By increasing the size of CsPb(Br/Cl)s NCs to approximately 30 nm, we achieve record-
short radiative lifetimes of less than 100 ps, approaching the exciton coherence time [5]. The
characteristic dependence of radiative rates on QD size, composition, and temperature suggests the
formation of giant transition dipoles, as confirmed by effective-mass calculations for the case of the
giant oscillator strength. When such bright and coherent QDs are assembled into superlattices,
collective properties emerge, such as superradiant emission from inter-NC coupling [6].

Our research leverages these fundamental advantages, targeting both the synthesis and
application of LHPs through a focused exploration of novel synthetic approaches, post-synthetic
treatments, self-assembly techniques, and precision surface modifications to enhance their
performance.

References
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BIO-INSPIRED DESIGN IN NANOROBOTICS

Mariusz Giergiel', Tomasz Buratowski!, Andriy Gorban
'Department of Robotics and Mechatronics, Faculty of Mechanical Engineering and Robotics
AGH University of Krakow, 30-059 Krakow, Poland
2Department of Morphology and Public Health Petro Mohyla Black Sea National University
68 Desantnykyv St. 10, Mykolaiv, Ukraine, 54000
*Correspondence: giergiel@agh.edu.pl

Fully artificial nanorobots remain unrealized, while natural molecular machines provide
highly efficient models for nanoscale operation. Challenges in classical nanomechanisms highlight
the value of biomimetic and hybrid approaches integrating natural and synthetic components. Such
strategies may enable adaptable nanosystems with major impact on medicine, energy, and
materials science. Continued advances in nanoscale design and control are expected to accelerate
these developments.

Keywords: nanorobotics, biomimetics, molecular machines, hybrid nanosystems, nanotechnology.
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1. Introduction

Nanorobots — particularly those envisioned as fully synthetic systems composed entirely of
artificial components — remain a concept not yet realized in practice. It is therefore difficult to
predict when, or even whether, such devices will emerge in the form commonly proposed in
contemporary visions of nanotechnology. Nevertheless, intensive research efforts are underway in
molecular engineering, synthetic biology, and nanoscale fabrication, driven by the promise of
constructing molecular robots capable of performing tasks with unprecedented precision. By
studying and emulating the mechanisms that govern natural processes at the nanoscale, researchers
hope to develop innovative solutions that could transform entire sectors of science and industry.

Nature offers a diverse repertoire of nanoscale systems that have undergone millions of years
of evolutionary optimization. Molecular machines such as motor proteins, ribosomes, ion pumps,
and self-assembling macromolecular complexes demonstrate extraordinary levels of precision,
adaptability, and energy efficiency. These natural nanomachines perform complex operations
crucial to sustaining life, providing an unparalleled source of inspiration for designing synthetic
architectures. The ability of biological systems to self-organize, repair damage, and operate under
stochastic conditions highlights principles that could guide the development of engineered
nanoscale devices.

The persistent challenges associated with constructing classically conceived nanorobots—
those based on direct miniaturization of macroscopic mechanisms—raise important questions about
the viability of such a design paradigm. Current limitations in materials science, actuation, power
delivery, and control at the nanoscale suggest that a purely mechanical approach may not be the
most effective route. Instead, leveraging principles intrinsic to natural nanosystems may provide a more
promising trajectory. By adopting biomimetic strategies, future nanorobots may be not only more
functional and robust but also inherently more sustainable and responsive to environmental cues.

2. Results and discussion

Consequently, a hybrid strategy has gained increasing attention: one that integrates
biological components, molecular building blocks, or biomimetic design principles with emerging
synthetic mechanisms. Such an approach serves as a transitional pathway toward fully artificial
nanosystems, enabling researchers to utilize the strengths of nature while overcoming the
constraints of purely synthetic constructs. This convergence of biological inspiration and engineered
design is beginning to shape the research landscape, bringing the field closer to the development of
functional nanomachines.

As advances in nanorobotics accelerate, the role of biologically inspired design will
undoubtedly remain central. The combination of technological innovation and evolutionary insight
offers the potential to create systems capable of addressing challenges that lie beyond the reach of
traditional engineering. Applications in targeted drug delivery, regenerative medicine, energy
harvesting, and advanced materials illustrate the transformative possibilities of nanoscale devices
built on hybrid or biomimetic principles.

With increasing understanding of nanoscale structures and molecular mechanisms, the
prospect of constructing entirely synthetic nanomachines is gradually becoming more tangible.
Designing such systems from the bottom up-using natural or engineered molecular components as
functional units — opens pathways toward capabilities that surpass those found in biological
organisms. At the same time, integrating biological and artificial modules enables the creation of
hybrid nanosystems with tunable properties and application-specific functionality.

Despite these opportunities, significant challenges remain. The design, assembly, and control
of nanoscale systems require sophisticated tools, precise modeling, and a deep understanding of
both physical and biochemical processes. Advances in nanofabrication, molecular simulation,
microscopy, and autonomous control architectures are essential to overcoming these barriers. As
these enabling technologies mature, the potential applications of synthetic and hybrid nanomachines
continue to expand. We are therefore entering a pivotal era in nanotechnology, in which
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fundamental insights from biology intersect with the capabilities of modern engineering. This
synthesis has the potential to redefine not only how we design and build nanoscale systems but also
how we approach some of the most pressing scientific and societal challenges. From medicine to
energy and materials science, the emergence of functional nanorobots — whether biological,
synthetic, or hybrid — could mark the beginning of an entirely new technological paradigm.

COHSAYHA ITAHEJIb LONGi SOLAR LR7-54HTH-465M:
KOHCTPYKTHUBHI OCOBJINBOCTI, KPUCTAJIITYHA CTPYKTYPA
TA TEXHOJIOT'TYHI IHHOBAIIII

Biraniii Kyn1b6auenko, Aptyp I'op6oBuii
lepoicasnuil nooamxosuil ynieepcumem, m. Ipnins, Yxpaina

The paper examines the structural design, crystalline properties and technological innovations
of the LONGi Solar LR7-54HTH-465M photovoltaic module. Key features include monocrystalline
silicon cells, HPBC rear-contact architecture, Half-Cell configuration and Multi-Busbar technology,
which together enhance efficiency, reduce losses and ensure long-term reliability for modern solar
energy systems.

Keywords: monocrystalline silicon, HPBC technology; Half-Cell; Multi-Busbar; photovoltaic
module.

1. Beryn

CTpiMKHIA PO3BUTOK COHSYHOI EHEPreTUKH 3yMOBIIOE TOTPe0y y BHCOKOE()EKTUBHUX
(hoToMoOIyNsX, 3MATHUX IMPALIOBAaTH B YMOBAaX 3POCTAIOUMX E€HEPreTHYHHX HaBaHTa)KEHb, MIHJIMBOTO
KJIiMaTy Ta oOMe)KeHOi Iuionli po3MimieHHs. OAHUM 13 MPOBIIHUX BUPOOHUKIB (HOTOBOJIBTATUHOT
npoaykuii € komnanist LONGi Solar, sika creniani3y€eTbcss Ha BUTOTOBJIIEHHI MOHOKPHCTAJIIUHUX
KpEMHIE€BUX MOJYJIB 13 miABHIIEHOI edekTuBHIcTI0. Moaens LR7-54HTH-465M, 110 HanexXwuTh
no cepii Hi-MO X6 Explorer, € mpukiagoM Moe€IHaHHS CydYacHOI HaIiBIPOBIIHUKOBOI (i3WKH,
ONITUMI30BaHOT KOHCTPYKIIi Ta TEXHOJOTiH 3HMXCHHS BHYTPIIIHIX €NEKTPUYHHX BTpaT. Bucoka
BHXiJIHA MOTYXHICTh 465 BT y moennanni 3 KK no 22,8 % polOnars 1eit Moayib ONTHMaTIbHIUM
PIIICHHSIM ISl TPUBATHUX, KOMEPILIHHUX 1 MPOMHUCIOBUX COHSIUHUX €NEKTPOCTAHITIH.

2. Pe3yabTaTl T2 00rOBOPEHHS

Kpucmaniyvna cmpykmypa ma @Qi3uuni 61acmugocmi MOHOKPUCMANIYHO20 KPEMHIIO.
OcHnoBoro oromomymsi LR7-54HTH-465M € MOHOKpHCTaTIYHI KPEMHIEBI OCEPENIKH, SIKi TPAIMIIIIHHO
BUTOTOBJISIIOTBCSL  METOOM YOXpanbChKoro. Y TpoLeci BUPOILYBAaHHS YTBOPIOETHCS 3ITUTOK
KPEMHII0 3 OJHOPIAHOK KPUCTATIYHOK PEIINTKOK Ta MIHIMaJbHOK KUTBKICTIO CTPYKTYPHHUX
nedexriB. Lle BU3Hayae HU3KY BIACTUBOCTEH:

» Oonopionicms Kpucmaniynoi pamxu. BIOCYTHICTE MEX 3€peH 3HIKYE WMOBIPHICTH
pexoMOiHalii HOCIiB 3apsily, OCKUIBKM €JNEKTPOHH Ta TIPKM HE «BTPAYaIOTHCS» Ha JEPEKTHHUX
IUITHKaX;

* Bucoxka pyxausicmov enekmponie. MOHOKPUCTATIYHMM KpEMHIM 3a0e3mnedye OiIbIny
HIBUAKICTh TPAHCHIOPTYBAHHS HOCIIB, 110 MO3UTHBHO BIJIUBAE Ha CTPYM KOPOTKOIO 3aMHUKaHHS Ta
HaMpyTy X0JOCTOTO XOY;

* 3meHwena eycmuna nacmox ma oucioxkayiti. YuM MeHIIe CTPYKTYpHHX Ae(EeKTiB, TUM
JOBIIIMI Yac XKUTTS HOCIIB 3apsAy 1 TUM BUIIUK NOTEHIIHHUN KOe(IIlieHT KOPUCHOI MiT;

» Cmabinvuicme enekmpuunux napamempis y uaci. MOHOKPUCTAIIIYHI €JIEMEHTH MAaOTh
Kpallly JOBTOBIYHICTh MOPIBHSHO 3 TMOJIKPUCTAIIYHUMHU 3aBISKH OJHOPIIHIN CTPYKTYpl ¥ Kparmiiit
CTIAKOCTI 10 TEPMIYHUX ITUKJTIB.
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Ha noBepxHIO KpeMHI€BUX IUIACTHH HAHOCATH aHTUOJIKOBE MOKPUTTS — HalyacTille HITpuA
kpeMmHito (SiNX), sikuit popmye iHTepdepeHiiiHuii map, 1110 3MEHIYy€e BiAOUTTS CBITIA Ta 301IbIIYy€
ONTUYHE TOIVIMHAHHA. 3aBJSKU L[bOMY MaHEeNb €()EKTUBHO IpAalLlO€ HaBITh NMPU HU3BKOMY PIiBHI
OCBITJICHHSI, 30KpeMa BpaHIli, BBeUepi a00 32 XMapHOCTI.

Texnonoeii Half-Cell ma Multi-Busbar: 3uuoicenns pesucmuenux empam. Half-Cell
(nanisenemenmu). Y wonym LR7-54HTH-465M Bukopucrtano 108 HamiBeleMeHTIB, IO €
pe3yaBTATOM PO3AUICHHS KJIACUYHUX 54 TOBHOPO3MIPHHUX OCepenKiB. Taka KOHCTPYKIiSt Ma€ HU3KY
nepe.ar:

* 3MEHIICHHA POOOU020 CIMPYMY KOHCHO20 0cepedK) y0siyi. OCKUIBKY BTPATH Ha HarpiBaHHS
IIPONOPLIHHI KBapaTy CTPyMy, HOTr0 3MEHIIEHHS y JiBa pa3y 3HIKY€E PE3UCTUBHI BTpaTH y 4 pasu.

* 3meHwenna HympiuHb020 Haepigy. OcepelKn MpaLoTh IPU HUXKUINA Temreparypi, 10
cripusie CTaOUTBbHIIIIN pOOOTI MOIYJIS.

* [lokpawena poboma npu uacmkogomy 3aminenni. OCKUIBKA MOZAYJb MOJUIEHUN Ha TpU
napajenbHi CeKIll, y pa3i 3aTiHeHHS JIUIIE YaCTHHUA OCEPEIKIB poO0Ul XapaKTEPUCTHUKHU TOTIPITYIOTHCS
MEHIIIe, HDX y KJIACHYHUX MOZIYJIB. Ll KOHCTpYyKIis MigBUINY€E peaTbHUN CHEPTeTHYHUN BUXII Ta
3MEHIIIY€E eTPaiallilo KOMIIOHEHTIB, ITOB’sI3aHY 3 JIOKAIBHUM IIEPETPIBOM.

Multi-Busbar (MBB) — cuctema 6aratommHHOTO 3’ €THaHHA Niepeadadae po3no/Iii KOHTAKTiB
Ha 3HAYHO OUTBINY KUTBKICTh TOHKAX METAJICBUX ITPOBITHUKIB.

[Iepearu MBB:

* MEHIIIC eJICKTPUYHE 3aTIHCHHS TTOBEPXHI OCEPEIKY;

* 3HIDKEHHS CEPIMHOro onopy;

* MiJBUINEHHS CTIHKOCTI A0 MIKPOTPIIIHMH (CTPYM MOKE€ OMHHATH MOIIKO/DKEHY JIISTHKY);

* ITiIBUII[EHA JIOBTOBIYHICTh Ta MEHIIIC TEPMIYHE HABAHTAKCHHS.

VY KOMIIEKCI i TEXHOJIOTii 3a0e3NmeuyroTh CTa0UIbHUI TPUPICT MOTYKHOCTI B pealIbHUX
yMOBax eKCIuTyaTallii.

Apximexmypa HPBC (Hybrid Passivated Back Contact): onmumizayis ¢pomoHHO20 NOMOKY.
BaxmBoro KOHCTPYKTHBHOIO ocoOnuBicTio Moneni LR7-54HTH-465M e 3actocyBanus HPBC —
TEXHOJIOT11 T1IOPUIHOTO MACHBOBAHOTO TUJIILHOTO KOHTAKTY.

[i ocHOBHA cyTh monATae B TOMy, 110 YaCTUHA CTPYMO3HIMAJIBHUX €EMEHTIB HePEHOCUTHCS
Ha 3a/IHI0 IOBEPXHIO KOMIpKHU. Lle mMpUHOCUTE KITI0UOBi eekTu:

* Minimizayiss 3aminennss nepeoHvoi noeepxui. BiACyTHICTH a00 3MEHIICHHS METalleBUX
MPOBIIHUKIB CTIepey MiABHILY€ TOTJTMHAHHS CBITJIA.

* 3nuoicennss pexombinayivnux émpam. IlacuBaumiiHuil map Ha 3aaHIA CTOPOHI 3MEHIIYE
KIUTBKICTh Ie()eKTiB 1 MACTOK JAJISl HOCIIB 3apsy, 301IbIIYIOYN CTPYM KOPOTKOTO 3aMUKAHHSI.

s [liosuwennsa euxionoi manpyeu. 3aBASKH ONTHMI30BAaHOMY p-n MEpexony Ta 3HMKEHIN
pexomOiHaii miaBUIy€eThCs podoya Hampyra (Voc).

HPBC-texnomnorist € oaHuM i3 HalleeKTUBHINIUX CY4YacCHHX MIAXOAIB 10 TOOYI0BU
KpeMHieBUX (poToMOy iB 6€3 3MiHM 6a30BOT0 MaTepiamy.

TexHiyHl MapamMeTpu Ta ENEeKTPUYHI XapaKTePUCTUKH 3a JaHUMU O(DIIIHOro naTammury,
NaHelb Ma€ Taki enekTpuyHi xapaktepuctuku (STC):

* [Toryxnicts (Pmax) — 465 Br.

* KK — o 22,8 %.

* Vmp —= 33.39 B.

* Imp—-=13.93 A.

* Voc —=39.55 B.

* [sc—=14.93 A.

TemmnepaTypHi koe]irieHTH:

* Pmax — —0.28 %/°C.

* Voc ——0.23 %/°C.

* Isc —+0.05 %/°C.
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Di3UYHI XapaKTEePUCTUKHU:

* Po3mipu — 1800 % 1134 x 30 mm.

* Maca — 21,6 xr.

* Cxiio — 3,2 MM 3arapToBaHe 3 aHTUOJIKOBUM MOKPUTTSIM.

* Mexaniuna mirHicTh — 5400 I1a (mumpoBa cropona), 2400 I1a (TunbHa).

JIOBroBi4HICTh Ta rapaHTii BUpOOHHMKA, BUPOOHUK HAJIAE:

* 15-piuny rapanTito Ha BupiO,

* 25-piuHy rapaHTiio Ha 30€peKeHHs MOTYXKHOCTI, Jie Yepe3 25 poKiB BOHA MA€ CTAHOBUTH >
89,4 % HOMIHAILHOLI.

Hormyck motysxkHocTi 0...+3 % o03Havae, M0 MOIYJIb 3aBXKIU BHAE HOMIHAIBHY a00 OiIbIry
MOTY>KHICTb, IO € BAYKIIMBOIO 03HAKOIO SKICHOTO BUPOOHHMIITRA.

Ilpakmuune 3acmocysanus i nepesaeu. Monens LR7-54HTH-465M noGpe miaxoauTs Iis:

* TaXOBUX NPUBAaTHUX cucTeM (oOMexxeHa miomia, Bucokuit KKJ/I).

* 0i3Hec-00’exTiB (cknaau, TPL, odicn).

* npomucioBux CEC.

* TIOpUTHUX CUCTEM 3 aKyMYJIATOPaMH.

* cucteM 13 yactkoBuM 3aTineHHsm (Half-Cell + MBB).

[Tanens neMoHCTpye cTabiIbHY POOOTY 3a HU3BKOI'O OCBITJIIEHHS Ta €(EKTUBHO MPALIOE MPU
BUCOKHX TeMIIepaTypax 3aBIsKH HU3bKUM TEMIIEpaTypHUM Koe(]ilieHTaM.

BucnoBku. Constuna nmanens LONGi LR7-54HTH-465M € BHCOKOTEXHOJIOTIUHHM PIlICHHSIM
HOBOTO TOKOJIHHSA, IIO TOEAHYE MOHOKPUCTAJIYHWN KPEMHIH 13 TEpPENOBHUMH 1HXCHEPHHUMHU
miaXoJaMHu J0 3MEHIIeHHs BHyTpimHix BTpaTt. Texnomnorii HPBC, Half-Cell Ta Multi-Busbar
3a0e3MeuyIoTh MiIBUIICHY €()EeKTUBHICTh BUKOPHCTAHHS CBITJIOBOTO IMOTOKY, MOKPAIICHY IMOBEIIHKY
MIpU 3aTiHEHHI, 3HIKEHI TEIJIOBI BTpaTH Ta JOBTOTPUBANIY CTAOLIBHICTh BUXIAHHMX IMapaMeETpiB.
3apnsaku Bucokomy KKJ/I, MilHiil KOHCTPYKIIii Ta pO3MIKUPEHUM rapaHTiiHUM 3000B’sI3aHHAM JaHa
MOJIeNIb € TIEPCIEKTUBHUM BHOOPOM JUISI JOBIOTPUBAIMX COHSYHHMX €JIEKTPOCTAHIN, /1€ Ba)IJIUBI
eHeproepeKTUBHICTh, HAIHHICTD Ta MAKCUMAIIbHUI BHXi/ €HEeprii Ha OJUHHIIO TUTOIII.
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POLYMER COATINGS FOR MILITARY APPLICATIONS
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This paper presents the results of experimental testing of coating systems for military
applications. The evaluation of properties was based on microstructure analysis and measurements
of surface geometry, adhesion, and hardness. The tests were conducted for two-layer masking
coating systems made in three variants: a coating system (SPI), a coating system modified with
carbon nanotubes (SP2), and a coating system modified with glass microspheres (SP3). The paint
coating systems were applied by pneumatic spraying onto DCOI steel samples using SATA spray
guns. Due to their properties, the paint systems are suitable for use on military equipment and vehicles.

Keywords: camouflage, coatings system, properties, military equipment.

1. Introduction

The properties of the surface layer affect the service life of machines and devices. The
surface fundamentally affects the functional properties of objects and products. This is important
both for quality reasons and in connection with the durability of protected objects, especially
important in terms of the circular economy, resulting from, among others, increasingly stringent
energy, production, and consumption limitations. Regardless of this, research related to the surface
layer significantly influences the development of technology and materials, including socially
important biomaterials. Several physicochemical phenomena, such as chemical catalysis, corrosion,
wear (abrasive, adhesive, abrasive-adhesive, erosive, cavitation, fatigue), adhesion, adsorption
(physical and chemical), flotation, depend on and occur on the surface of the material or with its
participation. The operational durability of the surface layer depends on many complex structural,
operational, and material factors, which include, among others:

* chemical and phase composition, microstructure, and mechanical properties of the material,
state and values of residual stresses, crack resistance, and corrosion resistance.

+ conditions and type of operation.

* method and nature of loading.

Currently, there is a dynamic development of coating production processes using various
surface engineering technologies. The process of evolution of paint coatings is interesting. It is very
fast and multidirectional [1]. The progress in the field of polymer coating technology is caused by
three of the most important functions. i.e., decorative [2], protective [3], and information [4]. A
special group of paint coatings is paint coating systems for military applications, mainly for
masking weapons and military equipment [5].

The paper presents the results of operational tests of paint coating systems developed using
carbon nanotubes and glass microspheres. The current research includes analysis of the
microstructure and measurements of the geometric structure of the surface, adhesion, and hardness.

2. Materials

The specimens with dimensions of 150 mm x 100 mm x 1 mm were made of low-carbon
steel DCO1. The steel samples were first washed with XPA10006 remover to degrease the surfaces.
Then, a grinding operation was performed using a rotary machine and P80 grit sandpaper. The final
stage of surface preparation was washing the surface with XPA10006 solvent. Masking coating
systems were applied in a Blowtherm spray booth and using SATA guns. Masking coating systems
were applied by air spray in three options:

* paint system (SP1): primer coating BP450-100/N, masking coating BW400-6031,

Khmelnytskyi National University, Ukraine, 11-12 December 2025 55



/ RESEARCH

Innovative technologies and materials for industry and the environment International Scientific '%‘ S aLs
and Practical Conference dedicated to the 10th anniversary of the Mineral Research Laboratory o

(ITMIE 2025) p .%. HoCTDES

’ | MIHEPAJIIB

* paint system (SP2): primer coating BP450-100/N, masking coating BW400-6031 + carbon
nanotube modification (0.02 % by weight),

* paint system (SP3): primer coating BP450-100/N, masking coating BW400-6031 +
modification with glass microspheres (2.4 % mass share).

3. Results and discussion

A microstructure analysis was conducted for masking coating systems using the HITACHI
S-3500N scanning electron microscope. The thickness of the obtained masking paint systems for
military facilities was from approx. 141 to approx. 157 pum. Figure 1 shows an example of the SP2
masking system. Analysis of the microstructure of the masking systems confirmed clear boundaries
between individual layers, the paint system, and the steel substrate. It was also found that the
masking paint systems were free from structural defects. i.e., microcracks and pores.

WD14.7mm 20.0kV x250 200um

Fig. 1 Microstructure of the SP2 masking system

A scratch test was conducted to test the adhesion of the paint systems without putty.
Adhesion tests were conducted using the Revetest Scratch Xpress instrument (CSM Instruments,
Switzerland). The measurements were performed at a load increase rate of 11 N/min, a table feed
rate of 4.49 mm/min, and a scratch length of 20 mm.

A special Rockwell diamond cone indenter with a corner radius of 200 um was used to
scratch the samples at a gradually increasing normal load. The information about the cracking or
peeling of layers was obtained based on the measurements of the material resistance (tangential
force) and the registration of acoustic emission signals. The lowest normal force causing a loss of
adhesion of the coating to the substrate is called a critical force and is assumed to be the measure of
adhesion.

From the obtained data, it becomes evident that coating systems have good adhesion with the
substrate material. The mean value of the critical force calculated from three measurements
performed on the individual masking coating systems was from 41.38 to 46.49 N. In addition, the
low scatter of critical stylus loads indicates that the layers are homogeneous and very tight.

The hardness and elastic modulus were investigated using the nanoindentation technique.
This measurement technology was possible due to the development of instruments that continuously
measure force and displacement. In the measurement, the load force was 20 mN, and the unload
rating was 40 mN/min due to the type of material tested, which used creep for about 5 seconds. The
hardness is determined by the penetration depth of the indenter, and the modulus of elasticity is
determined by the slope of the unload curve. Hardness measurements were carried out in several
selected places on the surface of the paint coating. On the basis of 10 measurements, the values of
average hardness and elasticity modulus were determined. Tab. 1 contains the average values of
hardness and elastic modulus, together with the standard error.

The highest nanohardness was found in steel DCO1, and it amounted to 9.7 GPa. The Young's
modulus was also the highest for low-carbon steel DCO01, and its value was at the level of 121 GPa.
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Table 1 Value of hardness and modulus of elasticity with errors

Coating systems/material Hardness [GPa] Elastic modulus [GPa]
SP1 0.335+0.003 7.637 £0.021
Sp2 0.216 £ 0.008 5.394 + 0.053
SP3 0.302 +0.005 5.859 +0.037
steel DCO1 9.700 + 0.800 121.00 £ 5.200

Analyzing the data included in Tab. 1, it can be concluded that all paint coatings had similar
nanohardness values. The nanohardness measured on the surface of the coating systems was in the
range of 0.216 GPa to 0.302 GPa. A similar analogy can be observed when analyzing the values of
Young's moduli for the tested paint layers (Tab. 1). The highest value of the longitudinal elasticity
modulus was found in the SP1 paint system in relation to the other two coating systems. The
Young's modulus measured on the surface of the masking system was 7.637 GPa.

Measurements of surface geometric structure (SGS) were carried out at the Laboratory of
Computer Measurements of Geometric Quantities of the Kielce University of Technology. Tests
were performed using a Talysurf CCI optical profilometer using the coherent correlation
interferometry method, enabling a resolution of 0.01 nm with a z-axis resolution. The measurement
result is recorded in a matrix of 1024x1024 measuring points using the x10 lens, giving a measured
area of 1.65 mm x 1.65 mm and a horizontal resolution of 1.65 pm x 1.65 um. Ten measurements
were made on samples of coating systems and steel DC01, allowing averaging of the results. Tab. 2
summarizes the most important SGS parameters of the tested masking coating systems.

Table 2 Averaged parameters of the surface geometric structure of coating systems

SGS Masking coating systems
Parameters SP1 SP2 SP3
Sq [um] 2.841 3.110 3.949
Ssk —0.217 —0.169 0.393
Sku 3.285 2.954 3.565
Sp [um] 29.616 18.150 22.781
Sv [um] 50.238 21.323 30.112
Sz [um] 79.853 39.473 52.893
Sa [um] 2.272 2.486 3.111

The tested coating systems had an average mean arithmetic surface roughness deviation from
the average surface area Sa = 2.272-3.111 um. Samples of steel DCO1 sanded with P80 grain
sandpaper on which coatings were applied had Sa = 0.798-0.883 pum. Parameter Sa is the basic
amplitude parameter for quantifying the state of the surface being analyzed. A similar trend in the
measurement of paint coatings and low-carbon steel was observed for the quadratic surface
roughness Sq, which has a strong correlation with the Sa parameter. Additional information on the
surface shape of the tested modifications is provided by the amplitude parameters: skewness
coefficient Sku and the concentration coefficient Ssk. These parameters are sensitive to the
occurrence of local elevations or depressions on the surface, including defects. The obtained
kurtosis values close to Sku = 3 indicate that the ordinate distribution for all samples is close to the
normal distribution. The highest value was obtained for the modification of the masking system
with glass microspheres. Analyzing Tab. 2 it results that only the SP3 paint system had a positive
value of the surface asymmetry coefficient Ssk (skewness), which indicates that we are dealing with
a smooth surface devoid of deep scratches. The coating without modification (SP1) and the coating
modified with carbon nanotubes (SP2) had negative Ssk values, which indicated rather a plateau
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shape of these surfaces in comparison to the coating modified with glass microspheres (SP3). The
lowest value of the Ssk parameter was measured for the SP1 coating system.

Conclusions

» As a result of the microstructure analysis, it was found that the paint systems were free
from pores and microcracks.

» The two-layer coatings were characterized by good mechanical properties.

» Masking coating systems had higher parameters of the geometric structure of the surface in
relation to the substrate material (more than three times).

» The SP3 painting system had a positive value of the surface asymmetry coefficient Ssk,
which indicates that we are dealing with a smooth surface without deep scratches.
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Over the recent years development of composites has taken a huge leap forward and one of
the main contributing factors for this is the reduction in weight achieved along with retaining equal
or greater levels of mechanical properties compared to conventional materials. Environmental
awareness has taken center stage in the past few years making eco-friendliness an important
requirement of every new development, to adapt to this new requirement the composites can be
made as hybrid composites where natural fibers can be used as reinforcements. In this study hybrid
composites made from flax and glass fibers are evaluated for their mechanical properties and the
results obtained are compared with the results obtained via simulations, along with this effecct of
the stacking sequence on the properties was also studied.

Keywords: S-Glass, Flax, Numerical Modelling, Tensile Strength, ILSS, Impact.

1. Introduction

The internal components and frames of automobiles, traditionally have been made from
metals. The overall weight of the automobile increase with the utilisation of metals for the internal
structures and frames. To reduce the weight and to stay relevant with the concept of eco-
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friendliness, the metal frames and internal structures can be replaced with fiber-reinforced
composites which are light weight and also offer a high degree of stiffness. The usage of these
composite in the trasnportaion industry can lead to an inrease in the efficiency due to the reduction
of the overall weight of the automobile [1]. In the recent past the, there has been increase in the
interest in utilising sustainable natural materials in making composites where they can be used as
reinforcing materials [2—4]. And compoites materials in general have a the unique advantage that,
the composites can be made according to the properties that are required by the end user.

Hybrid composite laminates made from flax and glass fabrics were made using the process
of vaccum bagging as shown in Fig. 1 were tested for their tensile strength, ILSS and low velocity

drop weight impact strength.

ll
)
i

l—> Flax composite laminate
— é ==
D—»Glass composite laminate To vacuum pump
[}

Glass fabric + Epoxy resin i—._' Vacuum bag =2
eathable Fabric =
m - - b Perforated cloth
s ———— e

Flax fabric + Epoxy resin e COmposite laminate =3

Sealing tape
Granite slab L [ ¢ |
Flax fabric + Glass fabric
+ Epoxy resin
[— [ couss ]

Fig. 1 Vaccumm bagging process

2. Results and discussion
The results of the tentisle testing conducted on the laminates were compared with the results

obtained from performing the simulations. The results from both testing and simulations showed
that the as the number of layers of glass fabric increased the strength of the laminates increased, it
was also obsereved that the strength of the laminates with glass layers in the core was slighlty
higher than that of the laminate which had layers of glass as their penultimate layers. And also it
was seen that there was percentage difference of 4.05 % to 8.05 % between the values obtained by
testing and the values obtsined via simulations.

Stage 1 Stage 2 Stage 3 Stage 4

(YR —

et Opmannics

Stage 5 Stage 6 Stage 7 Stage 8

Fig. 2 Tensile testing and simulation
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Fig. 4 Low velocity drop weight impact tesing and simulations
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The composite laminates were tested for their inter laminar shear strength and the inter
laminar shear strength for the samples were also simulated. The results of the tests conducted and
the simulations showed that the inter laminar shear strength increased with thte increase in the
number of glass layers but the interlaminar shear strength of the laminates with glass fabric as therir
penultimate layer was slightly higher than that of the laminates with the glass layers in the core.
Upon comparing the results obtained by testing to the results obtained via simulations it was found
that there was a percentage error ranging from 0.106 % to 6.25 %.

The results of the low velocity drop weight impact strength of the laminates obtained by
testing were compared with the results obtained via simulations. From both the simulations and
tests it was observed that the impat strength increased with the increase in the number of glass
layers which meant that the ability to absorb the force due to the impact increased. It was also noted
that the smaples with the glass fabrics in the core showed a lower strength than the samples with the
glass fabrics in the penultimate layers. Upon comparing the results obtained from testing to the
results obtained via the simulations it was seen that there was percentage difference ranging from
0.06 % to 17.14 % for the maximum force at which the scomposite laminate would break.

From the results that were obtained for each of the tests which were conducted it can be
clearly seen that a purely natural fiber based composite has lower vaues when compared to a
composite with just one layer of glass fabric, and when we take look at the results of the composites
with various iterations of stacking of the galss and flax fabrics it can be seen that mechanical
properties were effected by the sequence of staking.
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KEVLAR FIBER-REINFORCED POLYMER COMPOSITES FOR ADDITIVE
MANUFACTURING (3D PRINTING)
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This paper provides a concise overview of Kevlar (aramid) fiber reinforcement in polymer
composites for FDM/FFF additive manufacturing. The influence of short Kevlar fibers on
mechanical strength, impact resistance and layer adhesion is analyzed. Their advantages for
lightweight structural components and tribological applications are highlighted.

Keywords: Kevlar fiber, aramid composites, additive manufacturing, FDM/FFF, mechanical
properties.

Khmelnytskyi National University, Ukraine, 11-12 December 2025 61



RESEARCH
Innovative technologies and materials for industry and the environment International Scientific "%‘ S NERALS
and Practical Conference dedicated to the 10th anniversary of the Mineral Research Laboratory

(ITMIE 2025) rz:

MIHEPAJIIB

1. Introduction

The growing use of additive manufacturing increases the need for polymers with higher
strength and durability. Although ABS, ASA and polyamides are common in FDM/FFF printing
due to their ease of processing, their brittleness and tendency to delaminate limit their use in
functional, load-bearing components. Reinforcing polymers with short fibers is an effective way to
overcome these limitations by improving stiffness, strength and toughness at both the
microstructural and macroscopic levels [1].

Kevlar (aramid) fibers offer high tensile strength, low density, excellent energy absorption
and abrasion resistance. Their highly fibrillar structure enables efficient stress redistribution within
the composite, which increases fracture toughness and impact resistance and makes aramid fiber-
reinforced plastics attractive for demanding structural applications [1]. When introduced in the form
of chopped fibers compatible with extrusion-based printing, Kevlar can significantly enhance the
performance of printed parts without major hardware modifications, as demonstrated for ABS-
based composites reinforced with carbon and Kevlar fibers by material-extrusion 3D printing [2].

In addition to strengthening effects, Kevlar fibers contribute to better layer-to-layer adhesion,
reduced thermal distortion and improved tribological behavior, which are critically important for
parts with complex geometries, precision mechanisms and low-lubrication machine elements [1, 2].
The combination of mechanical robustness and environmental resistance broadens the operational
window of Kevlar-reinforced composites for components subjected to dynamic loading,
temperature fluctuations and chemically aggressive environments [1, 3].

Modern screw-extrusion 3D printing, where polymer granules are continuously melted,
mixed and deposited, enables higher fiber loading and better dispersion than filament-based
systems. This approach creates opportunities for hybrid Kevlar—carbon fiber reinforcement, combining
the stiffness of carbon fibers with the toughness of aramids in a single material system [1, 2].

Thus, the use of chopped Kevlar fibers and hybrid Kevlar—carbon fiber systems in additive
manufacturing is a promising direction for developing next-generation composites with improved
mechanical, thermal and tribological properties suitable for industrial, aerospace, transport and
robotic applications [1-3].

2. Results and discussion

Research shows that the introduction of short Kevlar fibers into ABS, ASA or polyamide
matrices significantly improves impact resistance, layer bonding and overall fracture toughness.
Due to the highly fibrillar microstructure of aramid fibers, mechanical stress is redistributed more
uniformly within the polymer matrix, which reduces crack propagation speed and increases the
energy absorbed during fracture [1,3]. Experimental studies on ABS-based composites with short
carbon and Kevlar fibers produced by material-extrusion 3D printing demonstrate simultaneous
enhancement of flexural strength and ductility under optimized printing conditions, confirming the
effectiveness of short-fiber reinforcement for load-bearing printed parts [2]. The typical mechanical
and physical characteristics of Kevlar fibers that underlie these reinforcing effects are summarized
in Table 1 [1, 3].

Table 1 The mechanical and physical characteristics of Kevlar fibers

Ne Indicator ABS-Kevlar
n/a

1 Density 1.44 g/cm?

2 Tensile strength ~3.6 GPa

3 Young’s modulus 70-112 GPa
4 Elongation at break 2.5-4.0%

5 Thermal decomposition 400-500 °C

6 Moisture absorption 3-7%

7 Specific strength ~2500 kN-m/kg
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The reinforcing effect of Kevlar fibers is closely related to their ability to form micro-scale
energy dissipation mechanisms. Under impact or cyclic loading, aramid fibrils undergo stretching,
micro-splitting and gradual pull-out, which all contribute to increased toughness and inhibit rapid
crack growth [1, 3]. As a result, Kevlar-reinforced composites exhibit improved long-term durability
and can sustain repetitive stresses without notable degradation. Another important advantage is the
substantial improvement of interlayer adhesion in FDM fabrication: short fibers partially penetrate
boundaries between adjacent layers, forming micro-bridges that mechanically interlock the structure
and significantly reduce delamination, a typical weakness of FDM-produced parts [2]. Reinforced
regions demonstrate increased resistance to shear, bending and torsional stresses, which is
particularly valuable for components with complex geometry or orientation-sensitive loading [2].

Kevlar fibers also improve dimensional stability and reduce thermal distortion during printing.
Their low coefficient of thermal expansion compensates polymer shrinkage during cooling, thereby
decreasing warping and improving the dimensional accuracy of printed parts [1]. High thermal
resistance allows Kevlar-reinforced composites to operate at elevated temperatures, while maintaining
mechanical performance under thermal cycling, which is critical for aerospace and transport
applications [1, 3]. Tribological performance is another area where Kevlar provides a pronounced
advantage. Owing to their excellent abrasion resistance, aramid fibers reduce friction and wear at
sliding interfaces, and Kevlar-based laminates and hybrids show stable wear behavior under
repeated loading [1, 3]. This makes such composites suitable for bearings, bushings, mechanical
guides and other elements operating with limited lubrication or under dry friction conditions.

Environmental and chemical resistance is also improved by Kevlar reinforcement. Aramid
fibers maintain their properties under moisture, solvents, UV radiation and atmospheric
degradation, allowing composites to retain mechanical performance in outdoor or chemically
demanding conditions [1, 3]. At the same time, the interfacial region between the relatively inert
aramid surface and polymer matrix remains a critical factor: weak adhesion can limit stress transfer
and promote delamination. Recent studies therefore focus on enhancing fiber—matrix adhesion
through surface treatments, coupling agents and nanofillers introduced into the matrix. For example,
the incorporation of modified aluminosilicates into Kevlar/epoxy laminates leads to notable
increases in tensile, flexural and in-plane shear strength (by up to 30—40 %), due to improved matrix
stiffness and better stress transfer at the fiber—matrix interface [3].

In the context of 3D printing, optimization of process parameters — such as nozzle
temperature, extrusion rate, bed temperature and infill strategy — further improves fiber alignment
and dispersion in short-fiber-reinforced systems [2]. ABS-based composites containing short Kevlar
fibers show strong dependence of flexural properties on raster orientation and build direction;
appropriately chosen +45° raster patterns provide a better balance between stiffness, toughness and
energy absorption, compared to conventional 0°/90° layouts [2]. This sensitivity to process
conditions indicates that Kevlar reinforcement is most effective when combined with careful control
of printing strategy and part architecture.

A promising direction for further development is the creation of hybrid composites that
combine both Kevlar and carbon fibers. In ABS-based hybrids, short Kevlar fibers compensate for
the brittleness of carbon fibers by improving ductility and energy absorption, while carbon fibers
significantly increase stiffness and strength, leading to balanced flexural behavior [2]. Similar
synergy is observed in epoxy-based hybrids where carbon—Kevlar reinforcement enhances both
mechanical and interfacial properties [1]. For extrusion-based 3D printing, especially screw-extrusion
systems processing polymer granules, such hybrid reinforcement concepts can be extended toward
higher fiber loadings and more uniform dispersion compared to filament-type processes [1, 2].

Overall, short Kevlar fibers significantly enhance the mechanical, thermal, tribological and
environmental performance of polymer composites used in FDM/FFF and screw-extrusion 3D
printing. Their ability to redistribute stresses, improve fracture toughness, increase interlayer
bonding and stabilize materials under challenging conditions makes them highly effective for
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engineering applications. Furthermore, the development of hybrid Kevlar—carbon fiber composites
opens additional opportunities for optimizing stiffness-to-toughness ratios and enabling new
functional capabilities in high-strength additive manufacturing, supporting broader adoption in
transportation, aerospace, machinery and robotics [1-3].
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JIOCJIJZKEHHS ITPOLIECY HIAHOTHIIIT
JUISI TEKOPATUBHOT'O 3ABAPBJIEHHSI TEKCTHJILHUX MATEPIAJIIB
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The study examines cyanotype as an eco-friendly photochemical method of decorative textile
dyeing using natural colorants. Experiments carried out on linen—cotton fabric investigated UV
exposure time and material behavior, identifying optimal conditions for achieving stable, high-
contrast prints. The results demonstrate the potential of cyanotype for innovative textile design and
sustainable creative applications.

Keywords: cyanotype, textile dyeing, natural dyes, photochemical process, environmentally
friendly technology.

1. Beryn

[ianoTumiss — 1me OAWH 3 HalgaBHIMMX QoTrorpadgiyHux Mpoueci, mo O0a3yeTbcs Ha
(OTOXIMIYHOMY CTBOPEHHI 300pa)K€HHS XapaKTEpHOTO OJAKUTHOTO BIATIHKY, BIJOMOTO SK
«OeprniHcbka OnakuThy». MeTton po3pobieHo y 1842 pori OpUTaHCHKUM HAYKOBILIEM 1 aCTPOHOMOM
cepom JlxxoHoMm ['eprienem. CyTh mpoliecy BUHUKA€E MPH BUKOPUCTAHHI ABOX OCHOBHUX XIMIYHHUX
pedoBuH: 1uTpaTy amodniro 3aniza (II) ta pepomianiny kamnito. [Ipu 3MinryBaHHI WX KOMIIOHEHTIB
YTBOPIOETHCSI CBITJIOUYTJIMBA CYMilll, SIKa HAHOCUTHCS HA TMOBEPXHIO, HANPUKIAA, MHamip 4YH
TKaHUHY. [licis BUCHXaHHS OBEpXHs Ha0yBae YyTIUBOCTI 10 yiubTpadionerosoro (YP) critia [1].

ExcrnionyBanHs BinOyBa€eThcs MMij BIUTMBOM Y D-NIPOMEHIB (COHSIYHOTO CBiT/Ia 200 CIEIiaIbHOTO
oOJasiHaHHs), K1 3yMOBIIIOIOTH (piToxiMiyHi nepeTBopenHs: 3aiizo (III) BiqHOBMIOETHCA 10 3amiza (II),
110 B3aeMOJI€ 3 eppoltiaHilaMU 1 YTBOPIOE HEPOIUMHHUHN Y BOI MITMEHT — OEpIIHCHKY OJIAKUTH.
[Ticna exkcrno3uIlii MaTepiana MPOMHUBAIOTH BOJOIO, sIKa BHUJIAJIS€ HEBUKOPUCTAHI COJIl, 3aJUIIAI0YH
CTilike, KOHTpacTHE 300paxkeHHs. Llei crocid € 6e3pedbepHuM (KOHTAKTHHH ApyK O€3 HEraTUBY), Ha
BiIMIHY Bia Tpamuiiiiinoi ¢potorpadii (moTpiOHa IiBKa, HETATUB, MMPOSIBHUK ).

[iaHoTHUITISI BOJIO/II€ HU3KOK YHIKAIBHHUX TIEPEBAr: TEXHOJOTIS € €KOJIOTTYHO YUCTOIO, TTICIII
4Ooro He MoTpedye BaXKKUX METaIiB YA TOKCUYHUX PO3YMHHMKIB; MA€ MPOCTY I TOCTYIIHY METOAUKY
HAaHECECHHs CBITJIOUYTJIMBOI CYMIIlll; MAXOAWTHh IJs PI3HUX OCHOB, BKJIIOYAIOYM TEKCTHIIbHI
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MaTepiany, namip, AepeBo Toio [2, 3]. BaxxnuBuM € Te, 110 NpoLec Jae MOKIUBICTE OTPUMYBATH
YHIKaJIbHI XYJIOXHI e(eKTH, fKi MIAXOIATh Uil AM3aMHEPChKUX EKCIIEPUMEHTIB 1 CTBOPEHHS
AaBTOPCHKUX KOJIEKIIiil [4].

Cepen HemomNiKiB I[IaHOTHUIIT BapTO Bi3HAYUTH TMEBHY HU3BbKY UYTIWBICTH O CBITIA, IO
notpedye TpuBasoro BIUIMBY Y D-BUMPOMIHIOBAaHHS, OOMEXKEHHS IIOJ0 KOJbOPOBOi TaMH
(MOHOXPOMHICTB); a TAKOX MIJABUINEHY YyTJIUBICTH OTPUMAHUX 300paKeHb JI0 arpECUBHUX 30BHIIIHIX
(hakTopiB, TaKUX K yibTpadioser, Bojora Ta MEXaHI4HE MOIIKOHKEHHS. ToMy JIJIsi POMHUCIIOBOTO
BINPOBA/DKEHHS I[IaHOTHUIT HeoOXigHa MOAATKOBA ONTHMI3aIlsl MPOIECY Ta PO3poOKa METOJIB
TTIIBUIIICHHS CTIMKOCTI 300payKEeHHS.

YV KOHTEKCTi CydacHOT TEKCTHIIBHOI MPOMHCIIOBOCTI 1€l MeTox HaOyBae HOBOTO 3HAYCHHS SIK
IHHOBALIMHAM MIIX17 11 CTBOPEHHS JEKOPAaTUBHUX BI3EPYHKIB Ta IHIMBIAyasizaimii BUPOOiIB 3
BUKOPHCTaHHIM O€3MEeYHHMX MPUPOTHUX OApBHHUKIB. 3aBISIKH MOXKIJIMBOCTI KOHTPOJIIO Yacy €KCIO3MIIii,
BHOOPY OCHOBHM Ta JOJAaTKOBUX MEXaHIYHUX BIUIMBIB (HANpPHUKIAJ, HAKJIAJICHHS CKJa) IMPOIEC
MOXHA aIaNTyBaTH ITi1 KOHKPETHI TEXHOJIOT1YHI 3aBIaHHsI Ta XyI0XKHI1 ITi.

2. Pe3yaibTaTH Ta 00rOBOpEeHHS

Jlnisi IpoBEICHHST €KCHEPUMEHTY O00’€KTOM JOCIiKEeHHs Oysio oOpaHO 3pa3Ku TKaHUHH
3MIIIAHOTO CKJIJy — JIbOH/0aBOBHA, III0 BI/IMOBIAAE aKTYaJIbHAM TEHICHITISIM CYYacHOTO TEKCTHUIILHOTO
BUPOOHMIITBA, OPIEHTOBAHOTO HA MOEIHAHHI HATYPaJIbHOCTI, EKOJIOTIYHOCTI Ta (DYHKI[IOHAIBHOCTI
MatepiaiB. 3MilIaHa CTPYKTypa OCHOBH TO€IHYE MIIHICTh JUITHOTO BOJIOKHA 3 M’SIKICTIO Ta
TIrpOCKOMIYHICTIO 0aBOBHH, IO 3a0e3redye HaNEXKHY aares3iro 1O CBITIOYYTIMBHX PEarcHTiB i
cTabuTbHICTh (OPMU MiJ Yac ekcno3uiii. Brcoka KaminspHiCTh MaTepiany Crpusia piBHOMIpHOMY
BCMOKTYBaHHIO PO3YHMHY, a TNPHPOJHA CTPYKTypa TKaHMHH [OJATKOBO BIUIMBAja Ha XapakTep
(opmyBaHHS e€PEKTiB y 30HI TIHBOBUX MEPEXOIIB.

Ha moBepxHIO 3pa3ka HAaHOCWIM CBITJIOUYTIUBY CYMIl, 1O CKJIaay $KOI BXOJWIH
rekcanianodepar (III) xamito Ta okcamar amonito 3amiza (III). OTpumanuii po34MH YTBOPIOBAB
aKTUBHHUNA (HOTOUYTIMBUH mmIap, KU 3a0e3meuyBaB nepedir GoToxiMivyHOI peakuii MiaHOTUIIT i
ni€ro ynbTpadiosieToBOro BUIpOMiHIOBaHHS. st octaTouHoi (ikcamii 300pakeHHs] 3aCTOCOBAHO
MEPEKUC BOJHIO, 110 CHPUSUIIO IHTEHCU(IKAIIT KOJIbOPY Ta cTallii3alii OTpUMaHoro BiIOUTKA.

B sikocTi Tpadapety Oyo BUKOPUCTAHO TUIKY Tyi, (hopMma sIKOi JO3BOJISATIA OTPUMATH YUCTHH,
NPUPOJHMNA 1 JeTanmi3oBaHMN BI3epyHOK Ha TEKCTHIBHIM moBepxHi. /[lnga 3abe3neueHHA
PIBHOMIPHOTO NMPHJISATaHHS TpadapeTy A0 TKAHWHU Ha MOBEPXHIO HAKIAAAJIO0Cs CKIIO, IO CIPHSIO
CTaOLIBHOCTI €KCIO3MIIIT Ta 3MEHIICHHIO PU3HUKY 3MiHU a00 PO3MUTTS KOHTYPIB (puc. 1).

a o 8

Puc. 1 Emanu niocomosku ekcnepumenmy:
a) KOMROHEeHMU CEIMA0YYMAUBOT CYMIULI,
0) 3pazox mMKaHuHu, 0OPOOIEHUL CBIMIOYUYMAUBOIO CYMIWULIO,
8) 3PA30K MKAHUHU 3 2IIKOI0 myi 8 AKocmi mpagapemy
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ExcrionyBaHHs 3pa3kiB 31HCHIOBANIOCA MiJ €0 yIbTPadioNeTOBOr0 BUIMPOMIHIOBAHHS, SIKE
3a0e3revyBalio aKTUBI3aIlil0 (POTOXIMIUHOI peakilii yTBOPEHHS OepiIiHCHKOI ONaKUTHOCTI. SIK JIKepeno
BUITPOMIHIOBAaHHSI BUKOPHCTOBYBAJIacs yiIbTpadioneToBa JlaMmma CeKTPabHOTO Jiana3ony 365 HM,
10 BiAMOBi/Ia€ ONTHUMANbHIA JOBXKHUHI XBWJII JJis 1HII[IIOBaHHS peakIlii BiIHOBJICHHS 10HIB 3ali3a
(IIT) mo 3amiza (II). Jlamma Gyna po3ramoBaHa Ha (ikCOBaHIM BiJCTaHI BiJl TOBEPXHI 3pa3ka, 10
MIHIMI3YBaJIO KOJIMBaHHS IHTEHCHBHOCTI OIPOMIHIOBaHHS Ta THM CaMUM IIiJBUIYBAJIO TOYHICTh
TIOPIBHSIHHS PE3yJIbTATIB 3a PI3HUX YMOB eKcno3uilii (puc. 2). 3actocyBaHHs mTydHOro Y d-mkepena
JIO3BOJIMIIO 3a0e3MeunT CTaOUIbHI, KOHTPOJIbOBAHI YMOBH €KCIIO3HWIIl, YCYHYTH BIUIUB 3MIHH
IHTEHCHUBHOCTI MPUPOTHOTO COHSYHOTO CBITJIa Ta MPOBECTH BiITBOPIOBAaHI €KCIIEPUMEHTAJIBHI cepii.

R s i

Puc. 2 [lposedenns excnepumenmy:
@) eKCnony8awHs nio Jicio yibmpaghionemosozo ceimia;
0) 3pazox mxanuru 3 mpagapemom; 8) 3pa30K MKaHuHu Oe3 mpagpapemy

JIJiss BUSIBIIGHHSI 3aKOHOMIPHOCTEH BHKOPWCTaHHS TPUBAJIOCTI €KCIO3UINT Oyia mpoBeneHa
cepist TOCIiIiB 3 YacoBUMH iHTepBasiamu — 5, 10 Ta 20 xB.
PesynbraTi 10CHiNIB IpECTaBIIeHI Ha puUC. 3.

Puc. 3 Pezyromam excnouy8amnmsi 3 pizHo mpueaiicmio:
a) 5 xs; 0) 10 xs; 6) 20 x8

Takwii miaxig 103BOJIAE HE Jule 3adiKCyBaTH 3aralbHUI XapaKTep MPOsBY 300pakKeHHSI, aje
W OIIHUTH KIHETUKY (OTOXIMIYHOTO TMPOIECY, BH3HAYAIOUM IMBHUIKICTh MEpediry peakmii Ta
YyTIWBICTh Marepiaay A0 YJIbTpadioneToBOro BUIPOMiHIOBaHHSA. KOHTpONb pI3HHX pPEKUMIB
EKCTIOHYBaHHS € BaXXJIMBUM I BCTAaHOBJICHHS ONTHMAIBHUX TEXHOJIOTIYHHX TapaMeTpiB
[IaHOTHUMII, OCKUIbKM IHTEHCHBHICTH Ta TPHUBAIICTh Hii Y@D-NpOMEHIB TaKOX BIUIMBAIOTH Ha
BiJIHOBJICHHS 10HIB 3aJ1i3a Ta KIJIBKOCTI YTBOPEHOTO MTIrMEHTY.
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PesynpTatu mocmiKeHHS TOKa3aiH, IO MpH KOPOTKiA ekcrmosuiii (5 XB) 300pakeHHS
(opMy€eThCSI HEIOCTAaTHBO YITKO: CHOCTEPIraeThCsl HU3bKA KOHTPACTHICTH, OJNIMICTh KOJBOPY Ta
HasBHICTh HEPIBHOMIPHUX AUISHOK. Lle 3yMOBI€HO THM, 110 32 KOPOTKHI Yac BiOyBa€ThCs JIMIIE
YaCTKOBE BIJIHOBJICHHS CIIOJIYK 3aJli3a, a IHTEHCHUBHICTh (OTOXIMIYHOI peakIlii 3aJuIIacThCs
HEJJOCTaTHBOIO st (POPMYBAHHS CTIHKOTO MIrMEHTHOTO MIapy. 31 30UIbLIEHHSM Yacy eKCIIOHYBaHHSA (110
10 xB) (ikcyBasiocss IOMITHE TIOKPAIICHHS BIIOMTKA: 300pa)KCHHS CTABAJIO YITKIIINM, KOHTPACTHICTH
3pocTana, a TOH BHUPIBHIOBaBCS MO BCid rmiomni 3paska. [lpu 20-XBuiaMHHINA ekcro3uilii Oyiio
JOCSATHYTO MaKCHUMAaJIbHOI'O HACHYEHHsI KOJbOPY, a IHTEHCUBHICTb BIJATIHKY HaOiu3uiacs 10
TEOPETUYHO MOXKIIMBOI JJIs TaHOi KOHIIEHTpallii peareHTiB. BogHovac 301IbIIeHHS Yacy eKCIIOHYBaHHS
11032 MEXaMH I[bOT'0 1HTEpPBaJly HE IPU3BOAUTH /10 CYTTEBOIO MOKPALIEHHS PE3yJIbTaTy.

Takum 4rHOM, ONTUMAJIbHUN Yac €KCHO3MIIT 3aIeXHUTh BiJl 0aXaHOTO XyJ0XKHbBOTO e(eKTy,
XapaKTepUCTHK BHUKOPHUCTAaHMX MaTepiajiB Ta I1HTEHCHUBHOCTI JDKepesa YiIbTpadioieToBOro
BunpomiHioBaHHg. KomOiHamiss muMx mapaMeTpiB JO3BOJSE THYYKO KEpyBaTH €CTCTHYHHMHU
BJIACTUBOCTSMH BIJIOWTKA, JOCATAIOYM SK JIETKUX HIOAHCHUX €(eKTIB, TaK 1 MaKCUMAaJbHO
HAaCHMYEHMX KOMIO3UIIHA. 3 Orjsiay Ha OTpUMaHi pe3ynbTaTH, LIAHOTUMISA € YHIKaJIbHUM
(GOTOXIMIYHMM TPOIECOM 3 0araToBiKOBOIO 1CTOpi€r0, SIKMH TIOEAHYE HAYKOBI MPUHIHIIN
CBITJIOUYTJIMBOCTI 3 XY/I0)KHBO-€CTETUYHUM MOTEHITIAJIOM MaTepially 1 Moke OyTH BIPOBAPKEHUM B
TEKCTHJIbHI TEXHOJIOT1{, eKOIU3aliH Ta MUCTEIbKI PAKTUKH.
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BJIACTHUBOCTI TA BYAOBA ITPUPOAUX MYLIUHIB

Maryana Ovcharuk’, Oksana Topchii
National University of Food Technologies, Kyiv, Ukraine
*Corresponding author: newkraftbeer@ukr.net, Kyiv, 01033, Ukraine

Mucin is a high-molecular glycoprotein forming hydrated barrier gels on epithelial surfaces.
Its bottle-brush structure ensures moisture retention, lubrication, and protection. Owing to
viscoelasticity, hydration capacity and ability to form polymeric networks, mucin is a promising
cosmetic thickener and moisturizer. However, controlled pH, ionic strength, purity and stability are
essential for its safe and reproducible application.

Keywords: mucin, glycoprotein, hydrogel, lubrication, cosmetic formulation.

1. Introduction

MyuuHM — 1€ BETUKOMOJEKYJSPHI TIIKOMPOTEiHU, SKI YTBOPIOIOTH OCHOBY CIIHM30BHX
MOKPUBIB (M’SIKHX OOOJIOHOK) 0araTthOX eIiTeliadbHUX TKaHWH opraHizmy [1]. BoHu cekpeTyroThes
CHeIiaTi30BaHMH KIIITHHAMU (Hampukia, «caliciformy/goblet-kmiTiHn) i yTBOPIOIOTH T1APOKOJIOITHI
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reni (ciu3), siKi BUKOHYIOTh 3aXMCHI, MACTUJIbHI, 3BOJIOKYBaJbHI Ta Oap’epHi QyHKIIIT, K TOKa3aHO
Ha puc. | [3]. 3aBasku MM BIACTMBOCTSIM MYLHMHM 3ar00iraloTh MEXaHIYHOMY, XIMIYHOMY Ta
MIKpOOHOMY TOIIKO/DKCHHIO EMiTeNialbHUX MOBEPXOHb, MIATPUMYIOTh iXHIO 3BOJIOXKEHICTh, a

TAaKOXX CHPHUSIOTh 3MAaIyBaHHIO MPH PyCl TKAHHH
TUXaTbHUX 200 TaCTPOIHTECTUHANBHUX IIIsAXax) [2].
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Puc. 1 Byoosa npupoonux myyuHis.

A) I'eneymeoproroui myyurnu (010K-cononimepu, wo micmsmo winvhi O-2niKo3uib08ani 0OMeHU
31 3MiHHOM0 KinbKicmio mandemHux noemopié (VNTR) i nacuueni yucmeinom
oucynvghiooymeoproroui D) oomenu. B) Myyunu, nog ’sa3amni 3 Memopanoio, ujo micmsamso
O-2anixkozunvosani domenu VNTR i npue’azani 00 KiimunHoi MemMopanu 3a 00nomo2oio
N-enikosunvosanux oomenie SEA, npueonanux 00 mpancmemopaHHo2o 0omeHy
3 pozuunnum yumonnazmamuynum xeocmom. C) I'iopocens causy, wo ckiaoacmscs 3
eeneymeoproouux myyunie. D) Knimunna memopana, wjo micmume mMemopano3s sa3ani MyyuHu
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3 oAy Ha Il BJIACTUBOCTI, MYIIMH € MEPCHEKTUBHUM KaHIUAATOM JAJSI BUKOPUCTaHHS Y
KOCMETUYHHUX (OpMysiax sSK KOMIIOHEHT, IO 3a0e3leuye B’sI3KiCTh, TeJICNONIOHY CTPYKTYpY,
3BOJIOKCHHS Ta 3Ma3yBaHHA. Y HAYKOBUX IMyOIIKaIisx BXKE PO3TINAIOTh MYILMHH SK «OyIiBENbHI
OJtoKM» 7151 GlomMaTepialliB — T1IPOTeNiB, 3Ma30K, 3aC001B /ISl 3BOJIOKCHHS, JOCTABIISTHHS aKTUBHUX
PEUOBHH, a TAKOX K OCHOBY JJIsi CTBOPEHHS! KOCMETHYHUX M (hapMaleBTHYHUX MPOIyKTiB [1].

2. Results and discussion

MyuuH AEMOHCTPYE XOpPOIIY 3[JaTHICTh IO 3MAalyBaHHS HaBITh NMPU HU3BKOMY BMICTi Y
BOJIHUX PO3YMHAX, & HOTO MAaCTHIIbHA €(PEKTHUBHICTH 3aJUIIAETHCS BiIHOCHO CTa0UIBHOO TIPU 3MiHi
pH abo ioHHOI cuimm cepemoBumia. Lle cBimunMTH, MO0 MYIHH MOXe 3a0e3nedyBaTd NPHEMHY
TEKCTYPY, BOJIOTICTh, «KOB3KICTHY» 1 KOM(OPT MPU HAHECEHHI KOCMETHYHHX 3aCO0iB.

3aBasgKy LIl OaraTOBUMIpHINA CTPYKTYpi Ta BIACTHBOCTSM, SIK MOKa3aHO Ha puc. 1, MymnuH
JIEMOHCTPY€ KOMIUIEKCHY (DYHKIIOHAIBHICTH: T1ApaTallifo, 3MallyBaHHs, 3aXUCT BiJ MEXaHIYHUX,
XIMIYHUX, MIKPOOHHUX MO/IPa3HUKIB, Oap’epHY (QPYHKIIIIO i HaBITh Y4acTh Y KIITHHHUX CUTHAJIBHUX
nporecax (111 MeMOpaHHUX MYLIUHIB).

Mornekyna MyLUUHY XapaKTEepU3YETbCS CIEHU(IYHOI0 CTPYKTYPHOIO OpraHizamiero. 3a
XIMIYHAM CKJIJOM MYIMH — II€ TJIIKOMPOTEiH, A€ OiIKOBUI Kapkac (modinmenTuaHuii) 3aiimae
npubmusno 20 % macu, a ByrjieBOJHA 4YacTuHa (ojirocaxapuad, riaikanu) — o6muspko 80 % [4].
binkoBa wacTuHa BKItouae ynciaeHHi tandem-moBropu 3 6aratumu Ha cepuH (Ser) Ta TpeoHiH (Thr)
3aJIMILIKH, II0 cayXaTh MicusgMu O-riiko3mnoBaHHs. Lle cTBoproe «1iTKOnoAiOHy» KOHGIrypario
(bottle-brush), ska, 3aBasku TyCTOMY TUIIKO3WIIOBAaHHIO, MA€ BHCOKY T1APOQINBbHICTh, 3AaTHICTh
3B’sI3yBaTH i yTPUMYBATH BOY, a TAKOXK 3a0e3MeuyBaTy BIICTaHb 1 CTIHKICTh 0 MPOTeomizy [2].

KpiM Toro, MmynuHu mMaroTh 1ucTeiH-30aradueHi qfomeHu Ha N- 1 C-KiHISX, IO A03BOJSE M
yTBOPIOBATH JAMUCYNb(IAHI MICTKH, SKI CHPUAIOTH AuMepu3aiii abdo MynpTUMepu3amii —
YTBOPEHHIO BETUKOMOJIEKYJISIPHUX MOJTIMEPHUX Mepexk. Taka moniMepu3alis 3yMOBIIOE YTBOPEHHS
relieBoi, B’S3KOi, MPYXKHOI CTPYKTYpPH CIU3Y: BOJOCIOKMBHA IOPUCTAa MeEpeka 3 BEIUKUM
ripaTaiiHUM TOTEHIIa]IOM 1 MEBHOI0 MEXaHIYHOI CTiMKicTio [4]. OaHak, € Kilbka 0OMEXEeHb i
CKJIaTHOUIIB, K1 CIIiI BpaXOoByBaTH. Y HayKOBIiH JiTepaTypi, 30KpeMa, 0OrOBOPIOETHCS CTBOPEHHS
PEKOMOIHAHTHUX MYIIMHOBHX OiomoJiiMepiB caMe 3ajuis 3a0e3MeYeHHs] CyMICHOCTI, CTaHaapTHU3allii
Ta KOHTpOMO sikocTi. [To-mpyre, ¢popmMyBaHHS CTaOUTLHUX, OJHOPIIHUX TEIEBUX CTPYKTYP 13 MYIHHY
1032 MPUPOHIM KOHTEKCTOM CIIM30BHX OOOJOHOK — II€ HEMPOCTE 3aBJaHHs: MOTPiOHA BiAMOBIIHA
KOHIICHTpaIlisi, KOHTpoJb pH, 10HHOT cwim, yMOB 30epiraHHs Ta CTaOUTBHOCTI, OCOOJIMBO KOJH
dbopmyna MICTUTH 1HII KOMITOHEHTH (KOHCEPBAHTH, €MYJbraTOpH, apoMartu3zaTtopu Tomo). Ilo-
TpETE, ICHY€E TIOTEHIIiHA 010J10T1YHA aKTUBHICTh MYIIMHY (3B’SI3yBaHHS MIKpOOIB, BIUIMB Ha KIITHHHI
CUTHAJIM, IMYHHY BIJITTOBIIb TOIIIO), sIKa MOXe OYyTH SIK miepeBaroro (st «010aKTUBHOT» KOCMETHKH),
TaK 1 BUKJIMKOM (HEOOXITHICTh TECTYBaHHS O€3MeKH 1 cTabuTbHOCTI). OTKE, X04a 3 HAYKOBOT TOUKH
30py MYIIMH Ma€ BJIACTUBOCTI, SIKI pOOJIATH HOTO Ay’KEe MPUBAOIMBUM SIK 3arylryBad — T1IPOKOJIOI,
3BOJIOKYBa4, 3MallyBaJIbHUK 1 Oap’€pHUI areHT — MOro 3acCTOCYBaHHS B KOCMETHIIl MOTpedye
pEeTeIBHOTO MAXOY: CTaHIapTU3aIliil, KOHTPOJIO SKOCTI, TECTYBaHHS CTA01THFHOCTI Ta OE3MEKH.
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RESEARCH OF THE BRINSE REGENERATION PROCESS BY TANGENTIAL
MICROFILTRATION METHOD IN CHEESE MASS PRODUCTION

Tsymbalyuk Yu.'", Martynyuk A.!, Fedoriv V.!
'Khmelnytskyi National University, Ukraine
*Corresponding author: tsembalyk@gmail.com, Khmelnytskyi, 29025, Ukraine

Salting brine in cheese production accumulates impurities and requires regeneration to
prevent microbial growth. The article analyzes modern methods of brine purification, emphasizing
the effectiveness of membrane technologies, particularly microfiltration. These systems ensure
removal of solids and bacteria, improve clarity and stability of brines, extend equipment lifespan,
reduce waste, and preserve the quality of cheese masses.

Keywords: polymeric membranes, microfiltration, brine, membrane filtration, cheese masses.

1. Introduction

The main problem that arises during the cheese curing process is the fact of a gradual
increase in the level of contamination of the brine due to the penetration of cheese components
(proteins, fat, salt, lactose and solid particles) and bacteria into it. Contaminated brine is an
excellent nutrient medium for the further growth of undesirable bacterial flora, including pathogenic
bacteria, yeasts and molds, which are a significant threat to the quality of the final product. In
addition, the brine is characterized by a delicate dynamic equilibrium between the individual
components of the brine, such as calcium chloride, dissolved and precipitated calcium salts, lactose,
lactic acid, as well as dissolved and denatured cheese proteins. The saturation of the brine with
proteins and salts ensures its appropriate buffering capacity and, as a result, prevents the dissolution
of subsequent batches of cheese introduced into the brine [1].

Over time, the brine becomes cloudy, which ultimately necessitates its replacement or
preparation by thermal or chemical methods. Pasteurization of the brine disrupts the aforementioned
dynamic equilibrium (especially by changing the level of calcium phosphate) and requires the use
of heat exchangers resistant to corrosion caused by high NaCl concentrations. The chemical method
disrupts the ripening process of cheeses in the surface layer [2].

The proposed installation is designed to restore cheese brine using membrane technology.
This method is based on the physical separation of the solution on a membrane (microfilter) of a
certain porosity under the influence of the pressure difference that arises on both sides.

The installation uses polymer microfiltration membranes, which are a physical barrier to
particles in the solution whose size exceeds the size of the membrane pores. The size of these pores
simultaneously determines the separation capacity of the membrane.

The process of regeneration of the brine is carried out in filtration modules, in which the
brine is physically separated into two fractions (Fig. 1): filtrate — a pure brine with unchanged pH
and preserved physicochemical equilibrium, free from bacterial microflora — intended for reuse in
the process of salting cheeses; concentrate contains all bacterial microflora and solid contaminants —
intended for disposal.

fAlfrate (aboult 9925/

contaminated brine —== M ? brine without bacteria

cancentrafe (about 126/ +
brine with bacterial
microflora and conlamnan's

Fig. 1 Scheme of the brine regeneration process
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2. Object and methods of research

It is known that a solution of table salt with a mass concentration of 18 % and above is not a
favorable environment for the development of microflora. Nevertheless, the number of
microorganisms in brine is constantly increasing due to the accumulation of microflora coming
from the environment and cheese.

According to Lithuanian scientists, the total bacterial contamination of brine per year can
increase from hundreds of cells to 3.6 million cells per 1 cm3 of brine. At the University of
Wisconsin (USA), studies were conducted on the lifespan of Salmonella and E. coli cells in brines
selected at different factories, as well as laboratory brines. The concentration of brines was 23 %,
only the temperature varied: 8...15 °C for model brine, 4...15 °C for factory brine. The best survival
was achieved by cells in factory and model brine at 4...8 °C, respectively. Complete cell death was
achieved in 3 weeks. Some types of molds and yeasts not only survive, but even show some growth
(up to 10 % of normal) in brine at salt concentrations of 20 % [3].

Therefore, brine can pose a danger to cheeses as a reservoir and as a source of harmful
microflora. Therefore, there are restrictions on the content of microflora in brine; according to the
Dutch standard, brine should not contain more than 5000 salt-resistant lactobacilli, gas-forming
bacteria - no more than 1000 CFU/ml.

The purpose of this work is to study the process of brine purification by microfiltration. The
study was conducted on the basis of a specialized enterprise-manufacturer of equipment for dairy
plants, PrJSC "TESMO-M" (Khmelnytskyi). The object of the study is brine for salting cheese,
LLC "Lityn Dairy Plant" (Lityn). The equipment used is an automated brine microfiltration unit of
the AUMF-1 type manufactured by TESMO-M (Ukraine) (Fig. 2).

a2

Fig. 2 Automated brine microfiltration unit type AUMF-1

3. Results and Discussion
During the study, the number of microorganisms was determined before and after filtration.
The results of experiment are given in Table 1.

Table 1 Results of experiment

Number of microorganisms Number of microorganisms Cleaning efficiency %
before filtration, cells/ml after filtration, cells/ml g y 7
10® 10° 99,99
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A comparison of the purified brine with the concentrate (bacterial microflora and
contaminants) can be seen in Fig. 3.

Fig. 3 Purified brine compared to concentrate (bacterial microflora)

4. Conclusions

Membrane filtration is an effective means of maintaining brine at a high sanitary and
hygienic level. Purification can be carried out continuously throughout the day. Energy costs for
one purification cycle are approximately 10 times lower than for pasteurization, with practically the
same efficiency. The use of baromembrane methods (both microfiltration and ultrafiltration) is a
promising energy-saving method of restoring the operational properties of brines. Energy costs
when using membrane methods are approximately 10 times lower than those when using the
thermal method of pasteurization.
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INNOVATIVE TECHNOLOGIES FOR COMBINED WELDING OF MATERIALS

Yuriy Zhiguts'*, Oksana Kozar?
YUzhhorod National University, Uzhhorod, Ukraine
2Mukachevo State University, tMukachevo, Ukraine

*Corresponding author: yuzhiguts@gmail.com

Metalthermic and combined welding technologies require expensive powder ingredients to
create a highly exothermic mixture. Currently, there are a number of technological techniques that
reduce the cost of such a welding process. These include the use of metallurgical waste (dust from
filters in foundries, graphite unburned electrode powder), and the use of metalworking waste
(aluminium alloy chip powder). The authors of the study investigated the possibility of using
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thermite alloys for welding alloyed and armoured steels. A comprehensive analysis of the properties
of the welded joints obtained was carried out.
Keywords: metallothermy, welding, exothermic reaction, alloyed steels.

1. Introduction

Thermit welding is a metal joining technology that uses the heat energy released during the
combustion of a special thermite mixture. This mixture usually consists of crushed aluminium (or
magnesium) and iron oxides (iron scale).

When aluminium thermite is used, the parts to be joined are first insulated with refractory
material and preheated. Then, a liquid melt of the thermite alloy, formed as a result of the
exothermic reaction of the mixture, is poured into the joint area. This high-temperature melt fuses
with the base metal of the parts, ensuring the formation of a strong weld. This approach is
effectively used for welding steel, cast iron, and some non-ferrous metals, in particular for joining
railway rails, pipelines, eliminating cracks, restoring surfaces by surfacing, as well as for
connecting electrical wires and cables [1, 2].

2. Result and disscusion

Reaction kinetics. The ignition of the thermite mixture is initiated at a temperature of 850—
1150 °C using special burners or thermite matches. The reaction is very rapid and spreads
throughout the entire mixture in a matter of seconds. The combustion of 1 kg of thermite produces
about 550 g of pure iron and 450 g of aluminium oxide, releasing a significant amount of thermal
energy — about 3000 kJ. The temperature in the reaction zone can reach 2500 °C.

Further research in this area has focused on the application of thermite welding for alloy
steels. Works [2, 3] describe that welded thermite steels belong to the ferritic class and are prone to
intense grain size increase (coarsening). The characteristic features of this synthesis method are
high welding speed and the formation of large heat-affected zones. To reduce the risk of brittleness
of these steels in the dangerous temperature range of 450-500 °C, intensive cooling is used, which
allows the zone of second-type temper brittleness to be quickly passed.

Research methods and materials. The main components for making a thermite mixture are:
iron scale (a source of iron for welding), aluminium chips and aluminium powder (acting as
reducing agents), as well as various alloying additives and modifiers (ferroalloy additives).

A special paste has been developed for use in exothermic welding technology, which is
applied to the surfaces to be joined before combustion begins. Additives and fluxes are added to its
composition, and up to 3 % nitrocellulose glue is added to achieve the required paste-like
consistency. All these additional components have excellent technical characteristics and low cost.
When welding carbon steels, preference is given to high-silicon fluxes with a high content of silicon
dioxide (Si02) and manganese oxide (MnO).

Application and equipment. During the organisation of the metallothermic welding process,
special screens with high heat resistance made of a magnesite mixture are used. It is critically
important that these screens have low moisture content, which should not exceed 1 %. The design
of the device developed by the authors is simple and is considered to be the basic design for
metallothermic welding.

After filling the seam with paste, it is dried together with the entire device (after removing
the matrix). The welding process is initiated by a special igniter. At the welding site, the
temperature rises above 2000 °C, causing the edges of the material to melt, resulting in
metallothermic welding.

Experimental research. Analysis of existing methods for producing high-alloy steel billets
revealed a key problem: the need to develop a technology for producing high-alloy thermite
material and to organise a welding method that would allow late modification of thermite steel to be
integrated directly into the technological cycle. An important condition was the economy of alloying
materials and ensuring a reliable, high-quality connection of parts made of high-manganese steels.
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The theoretical calculations performed at the initial stage were experimentally verified by
conducting micro-melting. To reduce the cost of charge materials, aluminium powder was replaced
with aluminium chips (crushed shavings) in further studies. Adjustments to the chemical
composition of the charge made it possible to successfully weld test blanks under experimental
industrial production conditions.

Technology improvement. Existing thermite welding technologies typically use single-
chamber metal-thermal reactor designs. The disadvantage of this approach is the need to provide a
reaction ‘chamber-pit’ in the pouring system, where the alloying additive interacts with the molten
steel. The use of such an additional chamber significantly complicates the overall welding process
and contributes to unwanted cooling of the molten metal.

The problem described above has been successfully solved by integrating two different
technological approaches: thermite welding and modification directly in the inner cavity of the
casting mould. This was made possible by the use of an innovative metal-thermal reactor design.
The developed reactor design makes it possible to synthesise liquid steel for welding as a result of
an aluminothermic reaction. The key advantage is that the alloying agent is introduced into the melt
only after the thermite metal formation process is complete. This approach minimises the loss of
alloying elements due to burnout. An additional innovation was the use of pusier (waste from the
electric arc melting of high-manganese steel, which is dust collected by filters in foundries) instead
of standard industrial ferromanganese. This reduces the cost of the metallurgical mixture and
utilises waste from metallurgical production.

Thus, the optimal composition of the metallothermic mixture was proposed. In this mixture,
ferromanganese is replaced by the specified waste products. The chemical composition of pushers
allows creating an exothermic mixture capable of self-combustion with the formation of liquid steel
grades similar to «110I'12JI» and «110I'13JI». The mechanical properties of the high-manganese
thermite steels obtained correspond to or even exceed the characteristics of materials manufactured
by traditional industrial methods, as confirmed by the data presented in Tab. 1.

Table 1 Mechanical properties of thermite high-manganese steel «110I'1 2J]»

No o», MPa 3, % an, MJ/m?
1 830 21 11
2 835 18 9
3 830 20,5 9
4 810 21 10,5

Following a similar methodology, experimental melting and subsequent welding of two steel
billets made of «110I'12JI» steel was carried out. The thermite welding process yielded satisfactory
and promising results.

Welding of tungsten-based armoured steels. Armoured materials, which are supplied in the
form of plates, sheets or bars, are mainly intended to protect structures from striking elements such
as shells, bullets, mines or bombs. At the same time, they are also used in the civilian sector, in
particular for armoured vehicle cladding, the manufacture of safes and other protective structures
for valuable property. As a result of intense mechanical impact (e.g. shelling), the surface of
tungsten armour steel can be damaged, resulting in cracks, punctures and other defects. In
conditions where access to stationary welding equipment or power supply is limited (e.g., in the
field), the use of specialised high-exothermic pastes for repair work becomes an effective solution.

The developed pastes consist of powdered thermite mixtures and additional alloying
components. This composition is placed in a specialised mounting gun. If necessary, the mixture is
applied directly to the defect area and ignition is initiated using a thermite fuse. The process of
combustion and subsequent hardening of the paste takes only a few tens of seconds. After cooling,
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the slag is removed and the quality of the weld is assessed visually. If defects or ‘underwelded’
areas are found, the surfacing procedure is repeated by reapplying the mixture. To ensure optimal
joint quality, an individual metallothermic paste composition has been developed for each specific
type of armoured steel.

Conclusions

The use of metallothermic welding technologies makes it possible to achieve high-quality
welded joints. For example, when welding cast iron, it is possible to completely avoid the formation
of an undesirable whitening zone in the weld structure.

The authors of this study also investigated the possibility of using thermite alloys for welding
alloyed and armoured steels. A comprehensive analysis of the properties of the welds obtained was
carried out, the influence of various thermite welding conditions on the final quality of the joint was
assessed, the optimal compositions of metallothermic mixtures for various tasks were established,
and the design of a special high-efficiency metallothermic reactor was described.
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Mg-BASED ALLOYS AS PERSPECTIVE HYDROGEN STORAGE MATERIALS
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Among Mg-based alloys hydrogenation properties of Mgi.42Al have been extensively studied.
In our work, we investigated the enhancement of these properties by adding yttrium. We present
structural and hydrogenation properties of the binary Mgi.42Al alloy and yttrium-doped Mgl.42A1-Y
studied using gas-phase hydrogenation methods and X-ray powder diffraction.

Keywords: hydrogen storage material; metal hydride; hydrogen energy; intermetallic compound.

1. Introduction
The hydrogenation behaviour of the Mgi.42Al compound was studied and described by [1,2].
It was found that Mgi.42Al reacts with hydrogen at 573 K, forming Mg:Als, MgH>2, and Al
Increasing the hydrogenation temperature to 623 K results in the decomposition of Mg>Al3 into
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MgH: and the solid solution AlixMgx [1]. The investigation of Mgi 42Al hydrogen storage capacity,
depending on the preparation process (sintering, annealing and mechanical ball milling), showed
that mechanical milling enhances the hydrogen storage capacity, improves kinetics, and reduces the
dehydrogenation temperature [2].

Another effective way to improve the hydrogen sorption properties of intermetallic phases is
to modify them by introducing activating additives. Regarding Mgi.42Al, there are no experimental
studies described in the literature, but there is a theoretical work [3], in which the effect of yttrium
on the sorption properties of Mgi.42Al was estimated by using the density functional theory. This
study presents experimental results on the hydrogen sorption properties of Y-substituted Mgi.42Al
with particular attention to kinetic performance and the associated structural modifications observed
during hydrogenation reactions.

2. Results and discussion

The binary Mgi42Al and the ternary doped by yttrium alloys were prepared from the pure
metals in an arc furnace under an argon atmosphere.

Powder X-ray Diffraction (PXRD) data were collected using Bruker D8 Advance
diffractometer with XE-T detector and PROTO AXRD diffractometer (Cu Ka-radiation, 6-260
mode). The phase analysis of the samples, quantification of phase content and structural
calculations were carried out based on the powder data using the FullProf program package [4].

Hydrogen absorption measurements were performed using a Sieverts-type apparatus
(SETARAM® PCT-Pro).

Kinetic measurements were obtained at 350 °C without any activation treatment, under an
applied hydrogen pressure of approximately 55 bar of hydrogen for 15 and 65 hours. Hydrogenated
samples were stored in a glovebox under an argon atmosphere and subsequently characterised using
XRPD, scanning electron microscopy (SEM) and energy-dispersive spectroscopy (EDS) using a
Tescan Vega3 LMU system equipped with an Oxford Instruments X-MaxN20 detector and a high-
resolution Hitachi SU-8230 FE-SEM with a Bruker XFlash6110 EDS analyser.

The results of XPRD-based phase analysis of as-cast alloys Mgi.42Al and substituted with
yttrium (up to 2.5 at. %) before and after hydrogenization showed the formation of new phases.
Crystal structures of all phases were identified and refined.

The hydrogenation behaviour of the investigated samples within 15 and 65 hours showed
that the binary Mgi42Al and the substituted with yttrium ternary composition initially absorbed
almost the same storage capacity within 2—3 hours of reaction time, but subsequently reached
distinct hydrogen storage capacities due to differences in the kinetic behaviour. A significant
improvement in the storage properties of the Y-substituted sample (4.4 wt.% H2) was observed after
65 hours at 350 °C compared with the binary Mgi.42Al (3.4 wt.%). The enhanced performance can
be attributed to the presence of multiphase structures and interphase boundaries, which provide
more favourable sites for hydrogen uptake and diffusion.

Acknowledgments
G. D, V. P, V. K, O. Z. and N. P. are thankful for support to the Simons Foundation
International (Record ID: PD-Ukraine-00014574).

References

[1] Q.A. Zhang, H.Y. Wu, Hydriding behavior of Mgi7Ali2 compound, Mater. Chem. Phys.
94(1) (2005) 69-72.

[2] W. Peng, Z. Lan, W. Wei, L. Xu, J. Guo, Investigation on preparation and hydrogen
storage performance of Mgi7Ali2 alloy, Int. J. Hydrogen Energy. 41(3) (2016) 1759-1765.

76 Khmelnytskyi National University, Ukraine, 11-12 December 2025



RESEARCH
Innovative technologies and materials for industry and the environment International Scientific '%' o SanaaaLs
=/0\= and Practical Conference dedicated to the 10th anniversary of the Mineral Research Laboratory ;
fodi (ITMIE 2025) ,{.

[3] H. Ning, G. Wei, J. Chen, Z. Meng, Z. Wang, Z. Lan, X. Huang, J. Chen, P. Qing,
H. Liu, W. Zhou, J. Guo, 2024. Investigation on hydrogenation performance of Mgi7Ali2 by adding
Y, Sci. Rep. 14(1) (2024) 18115.

[4] T. Roisnel, J. Rodriguez-Carvajal. WinPLOTR: a Windows Tool for Powder Diffraction
Pattern Analysis, Materials Science Forum. 378—381. (2001) 118—-123.

DEVELOPMENT OF ADDITIVE TECHNOLOGY FOR PROSTHETIC LEGS
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The article discusses the technology of creating cyberprostheses that operate on the
principle of reading bioelectric signals from the nervous system or muscle fibers. The received
signals are converted by a microprocessor into commands for controlling the movements of the
artificial limb. Such systems allow a person to consciously control the movements of the prosthesis,
and modern machine learning algorithms help the device adapt to the individual characteristics of
the user. The use of additive technologies in this case is extremely important, because it is 3D
printing that allows you to create lightweight, ergonomic designs that accurately repeat the
anatomical shape of the limb and provide comfort during operation.

Keywords: machanism, prostetic, additive, technology.

1. Introduction

The patent decisions of Charles Hull, Carl Deckard, and Scott Crump became fundamental in
the advancement of additive technologies in medicine. The inventors established the groundwork
for the three primary 3D printing methods—stereolithography (SLA), selective laser sintering (SLS),
and fused deposition modeling (FDM). These processes initiated commercial production and
subsequent innovations in materials and software.

Due to these discoveries, 3D printing evolved from a highly specialized technique into a
versatile instrument for industry, healthcare, aviation, and education. The patents served as a
catalyst for the ongoing technological revolution, enabling the fabrication of complex parts with
high precision and minimal material waste.

Although the foundational patents date from the 1980s, the technologies are consistently
refined: new substances appear, printing speed and accuracy increase, and multi-material systems
develop. They also underpin contemporary fields, such as bioprinting and the creation of functional
composites [1, 2].

Thus, examining existing patent solutions confirms their crucial contribution to shaping the
future of additive manufacturing and emphasizes the significance of the sector's continued progress.

2. Results and discussion

Extended scheme (algorithm) for the development of an adaptive leg prosthesis.

STAGE A — Need identification and initial analysis.

A.1. Target group identification:

* Collection of clinical requirements: type of amputation (below/above the knee), K-level of
activity, expected workload, comorbidities.

» Family survey, interviews with prosthetists and physiotherapists.

* Document: “Clinical requirements and use cases” (DOCX/PDF).

* User personas (PDF).

STAGE B — Technical Requirements and Planning (SRS / Project Plan).

B.1. SRS Development (Software and System Requirements):
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* Functional Requirements (gait modes, sensor interfaces, BMS, telemetry).

* Non-functional (mass, controller response time, power consumption, operating temperatures).

* Safety and regulatory requirements (list of standards, data confidentiality).

* SRS document (Markdown + PDF).

* Traceability matrix (requirements <« tests).

STAGE C — Conceptual Design and CAD Sketch.

C.1. Conceptual Mechanical Design:

» Development of several concepts (passive, quasi-passive, active).

* Selection of materials (carbon, aluminum, titanium inserts).

* Moodboard / Conceptual sketches (PNG/PDF).

» Concept comparison table (BOM, weight, complexity).

C.2. CAD sketch and primary kinematics:

* Create a parameterized CAD model (SolidWorks / Fusion360).

* Create stage files: STEP/IGES (for mechanical), STL (for 3D printing).

« Simple kinematic analysis (shared ROM, motion limit).

» CAD files (.sldprt/.sldasm or .f3d), STEP, IGES, PDF files.

* Kinematic report (angle tables, allowable loads).

Conclusions

Intelligent implants are high-tech devices that restore the body's functions and interact with
its biological systems.

Thanks to the combination of additive technologies, bioengineering and artificial
intelligence, they become accurate, effective and individually adapted to the patient.

One of the most common examples of intelligent implants is cyberprostheses, which operate
on the principle of reading bioelectric signals from the nervous system or muscle fibers. The
received signals are converted by a microprocessor into commands to control the movements of the
artificial limb. Such systems allow a person to consciously control the movements of the prosthesis,
and modern machine learning algorithms help the device adapt to the individual characteristics of
the user. The use of additive technologies in this case is extremely important, because it is 3D
printing that makes it possible to create lightweight, ergonomic structures that accurately repeat the
anatomical shape of the limb and provide comfort during operation.

Medical devices need to plan for compliance (in Ukraine/EU/USA - different requirements).
System as a medical device, quality standards (ISO 13485), clinical trials, risk documentation
(ISO 14971). Potential technical risks and how to reduce them:

1 Weight of the prosthesis: use of composites (carbon) to reduce weight; modular design.

2 Safety in case of power failure: mechanical locks/dampers to avoid uncontrolled bending.

3 Reliability of drives: selection of industrial solutions with a resource margin; cyclic
endurance test.

4 Compatibility with the socket: individual adjustments; pressure sensors to detect problems.
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JOCJUTKEHHSI EPEKTUBHOCTI KABITALIITHOTO METOTY
IMITPETHYBAHHS TEKCTUJILHAX MATEPIAJIIB
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The study evaluates the efficiency of cavitational impregnation of textile materials using an
ultrasonic system. Comparative tests show that ultrasonic cavitation increases impregnation depth,
weight gain, and liquid retention compared to the classical method. The results confirm its higher
effectiveness and faster processing, making the method suitable for dense and low-capillarity textiles.

Keywords: impregnation of textile materials; cavitational impregnation; ultrasonic cavitation;
modification of textile fabrics; functional textile materials.

1. Introduction

[IpoanamnizyBaBImM cydacHi METOIU IMIPETHyBaHHS TEKCTHJIBHUX MmartepianiB [1-3] Oyimo
BCTAHOBJICHO, IO B OUIBIIOCTI BHMAJAKIB HAHECEHHS IMIIPETYIOUMX PO3YMHIB BiIOYBAETHCS 3a
paxyHOK sBHUINA ajresii, mpoTe, 1€ Hajae JUIIE MOBEPXHEBUHA €(QEeKT 3axXUCTy B MOIyM’s, a
30BHIIIHIN 3aXMCHUIA MIap MOXke OyTH 3 JIeTKICTIO 3pyHHOBaHHMM. TexHonorii ski mependadaroTh
TQy3i0 3aXMCHUX CHOJYK B TIIMOMHY Marepiajly MaroTh HEIOJIIK B KOHTEKCTI MPOCOYYBAHHS
TOBCTHUX IIApiB MaTepialliB Ta MaTepialiB 3 HU3bKOIO KaIIApHICTIO [4].

IlepcnieKTMBHIM METOZIOM MPOCOYYBaHHS TEKCTWIIBHUX TKAHUH € BUKOPUCTAHHS YJIbTPa3BYKOBOi-
kaBiTamii. s mocmimkeHHs e()EeKTUBHOCTI IIOTO METOAy OyJ0 3MIMCHEHO PsJl €KCIIEPMEHTIB 3
BUKOPUCTAHHAM YJIbTPa3ByKOBOI KaBiTallIHOT BAHHU Ta NOPIBHSUIBHOTO METOY aHAJI3y.

2. Results and discussion

B xoni npoBeieH s eKCIIepMEHTATBHUX TOCIIIKeHb €(DeKTHBHOCTI IMIPETyBaHHS TEKCTUIILHUX
MaTepiamiB OyJl0 BUKOPHUCTAHO KaBITaIlliiHy YyCTaHOBKY, IO 0a3yeThCs Ha BUKOPUCTAHHI
YJIBTPa3ByKOBOTO BUIIPOMIHIOBAHHSI JJI T€HEpallii KaBiTaI[lfHOTO TOJISI Ta €JUICKTPOHHI Bard, IO
BHKOPHUCTOBYBAJIUCH Il (hiKcallii Baru iIMIIPErHATY, IKUM MPOCOYYBaJIMCh 3arOTOBKH.

Texniuni mapameTrpu oONagHAHHS: KaBiTaliiiHa BaHHa 3 4yacToTolo 40 kI'1, MOTYXHICTIO
BunpomiHioBaua 60 BT Ta 3aranpHOI0 noTyxHicTio 240 BT (4 BUunpomiHioBaui); €JIeKTPOHHI Baru 3
tounictio 0,01 r.

Jnist noCImiKeHHsT KaBiTalliiHOro MeToy OyJio oOpaHO Martepiall — BaTHH, OCKUIBKH, HOTO
MOPHCTa CTPYKTypa Ta HASIBHICTH MOBITPSHUX IMPOIIAPKIB JO3BOJAIOTH YITKO MPOJIEMOHCTPYBATH
e(eKTUBHICTh KaBITAIlIMHOTO METOAY IMIIPETHYBaHHS. 3aroTOBKHM Malld TaKi XapaKTEPUCTHKU:
po3mipu 150x150%2 MM, Macy cyxoro matepiany (HaBeaeHo B Tabnwumi 1) Ta mrinbHicTs 1000 T/M2.

YMOBHU POBEICHHS €KCIIEPMEHTY: atMochepHuid THCK 770 MM PT. CT., TEMIIEpaTypa MOBITPA
20 °C, temrieparypa po6odoi piguau 12 °C Ta rmubuHa 3aHypeHHS 3pa3KiB 72 MM.

JlocniaHa yCTaHOBKA CKIIAAA€EThCA 3 yJIBTPa3ByKOBOro BUIpOMiHIOBada (1), po3ramoBaHoro
mig BaHHOKO (2) 3 pobOounMm po3unmHOM. 3pa3ok (3) 3aHYpIOETbCS B PIIUHY Ta (HIKCYETHCS
00MexXyrouoro pemritkoro (4), mo 3abe3nedye HOro crabiibHE MOJOXKEHHS Yy TOBINI PiAMHH.
3aranpHUM BUTIIA] KaBiTalliiHOT BAHHM HAaBEACHO Ha puc. 1.

PesynbraTi ekcriepMeHTaIbHUX J0CIIKEHb 3aHECEHO B Ta0IHIIO 1.
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Puc. 1 Mooenv docnionoi ycmanoexu

Tabauys 1 Pe3ynomamu 00CniodiceHHA KAGIMAYIUHO20 NPOCOYYBAHHI MAMePialie

Bara gocnimpKkyBaHuX 3pa3kiB Martepiany, T
Howmep 3pasku Ne 1 3pa3zku Ne 2 Bara THCIA CTIKATHA
. [IpocouyBanns | [IpocouyBaHHs 3| TpHBamicTio 1 XB
JOCIiY bi (o) bi (6] S L0
0e3 KaBiTarliif KaBiTali€lo 3pa3zku | 3pas3ku
NPOCOYYBaHHS | NPOCOYYBaHHS No | No 2
1 4,66 4,66 44,86 45,80 40,15 43,60
2 5,06 4,84 44,82 50,41 37,2 38,94
3 5,06 4,96 45,18 50,58 40,11 39,33
4 5,06 4,68 41,75 49,1 37,31 39,15
5 5,43 5,2 49,76 49,42 39,5 44,11
6 5,71 5,45 51,03 54,43 39,83 45,79
7 5,06 5,08 49,69 48,18 39,11 44
8 4,6 4,61 43,6 44,46 35,81 39,68

Jnist KUTBKICHOT OIIHKM €()eKTUBHOCTI MPOCOUYYBAaHHS OyJI0 BUKOPHUCTAHO TaKi NMOKA3HHUKH:
KoedirieHT mpocouyBaHHs (Kx) pO3paxoBY€ETHCS SIK BIAHOIIEHHS Baru MpOCOYEHOT0 3pa3ka 10 Horo
MOYaTKOBOI Baru; BiJCOTKOBe 30unblieHHS Baru (AW%), ske Mmokaszye, HACKUIBKHU 3pociia Maca
Matepiany miciiss 00poOku; eeKTUBHICTh YTPUMaHHS PinguHU (Eym), M0 BU3HAYAE YACTKY PiIMHH,
sKa 3aJIMIIAIAacS B MaTepiaii micis mepioay cTikaHHS B | XB; MOKa3HHMK BIJHOCHOI €(eKTHBHOCTI
(Enop), AKMI IEMOHCTPYE, HA CKUIBKH BIJICOTKIB OJIMH METO/I IIEPEBEPILIYE 1HIIHA.

KoeoinienT mpocouyBaHHsS MaTepially BU3HAYAETHCA 32 (DOPMYIIOIO:

(1

Jle mn — Bara 3paska Iicisl IPOCOYyBaHHS, T; M — Bara CyXoro 3pas3ka JI0 MpoCOYyBaHHS, T.
BincoTkoBe 301IbIIEHHS BATM BU3HAYAETLCS, SIK:

AW%:(ﬂ—lj-mO%,

mC

)

1ie my, — Bara 3paskKa Miciisl IPOCOYyBaHHS, T; /e — Bara Cyxoro 3paska 710 IPOCOYyBaHHS, T.
EdexTuBHICTh yTpUMaHHS PiAMHU TICIS CTIKaHHS:

ym
ml’l - mC

E :(w_ll.loo%,

JIe Mnc — Bara 3pa3Ka IMiclsd CTIKaHHS PIAWHM, T.
[TopiBHsIIbHA €(hEKTUBHICTh METOIB BU3HAYAETHCS K CIIBCTABICHHS Mac Ta BU3HAYAETHCS
13 3aJI€XKHOCTI:

€)
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S (ITMIE 2025) 2, |
AW, .. — AW,
Enop = (M — 1] -100%, (4)
AW,
ne AW, — IS KaBiTallliHOTO METOAY; AW, — JUIs KIACHYHOTO METOY.

CyTTeBOIO TepeBarol KaBiTallIHOTO METOAY IPOCOYYBAaHHS € MiJBHUILIEHHS IIBUIKOCTI
npocouyBaHHs. [IIBUAKICTE IpOCOUyBaHHS MaTepiany BUSHAYAETHCS SK:

v, - (ulj tle, 5)

t

Je ¢t —4Jac IpocoYyBaHH, C.
Pesynbrati po3paxyHKiB 3aHECEHO 70 TaOmHIi 2.

Tabnuys 2 Pe3ynomamu po3paxyHKie epexmusHocmi Memooie npoco4y8aHHs Mamepiaiie

Kasirauiiiuuii Mmetos

Howmep Kitacnunuii MmeTox mpocodyBaHHs S —— HOPiBHHHPHa
) e()eKTUBHICTh
focmay K, AW% | E,,,%|v,,,t/c| K, AW% | E,,,%|v,,, /c|meToniB, E,,,, %

1 0.63 | 862,661 | 0,883 | 0,670 | 9.83 | 882.833 | 0.947 | 0,686 2.338

2 8.86 | 785,771 | 0,808 | 0,663 | 10.42 | 941,529 | 0.748 | 0.760 19,822

3 8,93 | 792.885 | 0.874 | 0,669 | 10.20 | 919,758 | 0.753 | 0.760 16,001

4 825 | 725.099 | 0.879 | 0.612 | 10.49 | 949,145 | 0.776 | 0,740 30,899

5 9,16 | 816,390 | 0,769 | 0,739 | 9,50 | 850,385 | 0,880 | 0,737 4,164

6 8,94 | 793,695 | 0,753 | 0,755 | 9,99 | 898,716 | 0,824 | 0,816 13,232

7 0,82 | 882,016 | 0,763 | 0,744 | 9,48 | 848,425 | 0,903 | 0,718 3,808

8 0,48 | 847,826 | 0,800 | 0,650 | 9,64 | 864,425 | 0,880 | 0,664 1,958
Ceperni | g 133 | 813293 | 0.816 | 0,688 | 9.944 | 894402 | 0.839 | 0735 10,576
3HAYCHHA

[IpoBiBmIM aHaNi3 OTPUMAHUX JAaHUX MOKHA KOHCTAaTyBaTH, IO KaBITALIMHHWKN CITOCIO
BHSIBJISIE ORIy PE3YJIHTATHBHICTH MOPIBHSIHO 31 3BUYAHHUM: CepeAHiil KOeIli€EHT MPOCOTYBaHHSI
ctaHoBuTh 9,944 nipotu 9,133. HaliBumuii nokaszauk (10,49) 3apeectpoBano B ekcriepuMeHTI Ne 4,
110 IOBOAUTH 3/IaTHICTh METO/TY JI0 IHTEHCHBHIIIIOIO HACHUYCHHS MaTepialy PiIKUM CEPEIOBHIIICM.

Bukopucranns kaBiTauii npu3Beno A0 30UIbIIeHHS Macu 3pa3kiB Ha 882-949 % (cepenne —
894,402 %), Toni AK TpaAWIIMHMIA MiIXiJ MMOKa3aB pe3ynbTatd B Mexax 725-882% (cepemne —
813,293 %). HaiiBuma BinMminzicTh (30,9 %) 3adikcoBana came B ekcrnepumeHTi Ne 4, 1o
IIKPECITIOE TIepeBar Ii€i TeXHOJIOTIl 11 0oOpoOKH MaTepialliB 31 CKIAJHUMH MOPQOIOTTYHUMHU
xapakTepucTukamu. KpiM Toro, kaBiTaiiifHa 0oOpoOka 3a0esneuye Kpaile YTPUMaHHS PIAVHH:
CepelHe 3HaueHHs mporo mapametpy craHoButh 0,839 (poskum — 0,748-0,947) Ha BiaMiHY BiA
0,816 (poskum — 0,753—-0,883) npu kmacuuHomy Meroni. lle cBIIYUTH TPO MOCWICHY AUQPY3it0
pianHU Brau0 BOJIOKOH Ta ii CTaOUIBHINTY (iKCAIlifo Micisl 3aBepIICHHS MPOLIECY.

VY anami3zi nopiBHUIbHOT €(EeKTUBHOCTI KaBiTAIliHUI METOJ BHIIEpEIDKAE TPAIUIiHHUNA Ha
2-30,9 % 13 cepenuimM 3HadeHHIM 10,576 %. BUHATOK CTAaHOBHTH eKcriepuMeHT Ne 7, 1e 3BUYaiiHuiA
miaxin BusiBUBCS edextuBHImmM (—3,8 %), MmO MOXXe MOSCHIOBATUCS CIEUU(IKOI CTPYKTYpH
KOHKPETHOTO 3pa3ka abo BIIXWJICHHSAMH B EKCIIEPUMEHTAIBHUX YMOBax. Takox, MOXHA
CTBEpKYBATH, 10 TIPY BUKOPHUCTAHI KaBiTAIHHOTO METOAY IIBUAKICTh MPOCOYYBAaHHS MaTepiary
€ IIBU/LIOLO, III0 B CBOIO YEPTy MPUCKOPIOE YaC BUKOHAHHS TEXHOJIOTIYHHUX ONeparliil.

OTxe, KaBiTaliWHUIA METOJ IMIpPErHyBaHHS MaTepiamiB € €(QEeKTHBHUM pIIICHHSIM, M0
MiABHUINY€E SKICTh MUQyY3ii aHTHUNpEHIB B TOBILy MatepiamiB. OTpuMaHi JaHi MiATBEPIKYIOTh
JOUUTbHICTh BUKOPUCTaHHS METOTY TIPH MPOCOYYBAaHHI BaKKUX Ta TOBCTUX TEKCTUJIBHUX MaTepialiB.
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GC-MS ANALYSIS OF TOOTHPASTE COMPOSITION
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This paper describes the necessity and application of Gas Chromatography-Mass
Spectrometry (GC-MS) for the comprehensive analysis of volatile and semi-volatile organic
compounds in toothpaste formulations. GC-MS provided high-sensitivity profiles of an experimental
toothpaste using two temperature programs. Regime 2 (lower initial temperature, low split ratio)
was found to be optimal, identifying carvone (flavoring agent) and various fatty acid amides
(surfactants/emulsifiers). The study confirms the presence of effective functional and aromatic
organic components, while highlighting the need for further safety assessment of high-
concentration compounds like 3-pentylpiperidin-2-one before industrial production.

Keywords: toothpaste analysis, GC-MS, carvone, fatty amides, 3-pentylpiperidin-2-one.

1. Introduction

The rapid development of the consumer market and the increased demand for product safety
concerning human health necessitate the advancement of methods for quality control and
compositional analysis of hygiene products, particularly toothpastes. Today, toothpastes are an
integral part of daily care, and their formulation encompasses a complex mixture of active,
excipient, and sometimes potentially undesirable components.

The relevance of a thorough analysis of their composition is growing due to the increasing
public sensitivity to certain substances (e.g., allergens, preservatives, flavorings) and the need to
monitor the content of Volatile and Semi-Volatile Organic Compounds (VSOCs), which can affect
the product's efficacy, shelf-life, or even safety.

Gas Chromatography coupled with Mass Spectrometry (GC-MS) is the gold standard in
chemical analysis, as it provides high sensitivity, selectivity, and reliable identification of a wide
spectrum of organic compounds. The application of GC-MS to the analysis of toothpastes is critical
for addressing the following tasks: quality control and authenticity, identification and quantification
of active ingredients, detection of contaminants and impurities, analysis of aromatic profiles, and
the investigation of stability and degradation.
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Considering that many toothpaste components, such as certain flavorings or trace impurities,
may be volatile or thermally stable, GC-MS is the ideal tool for their accurate identification, even at
very low concentrations. Thus, the investigation of toothpastes using the GC-MS method is not only
a scientific necessity for understanding the chemical composition but also a critical element of the
pharmaceutical and hygienic surveillance system for ensuring maximal consumer safety.

2. Results and Discussion

An experimental toothpaste was prepared using carboxymethylcellulose (CMC) as a
thickener. For the study, a 0.2 g sample of the toothpaste was weighed using an analytical balance
(AS-220/C), 2 cm® of methanol solvent was added, and soluble compounds were extracted for 3
hours. The resulting solution was filtered and analyzed by GC-MS.

The instrument used was a GCMS-QP2020 EI Shimadzu. The separation was performed on
an Rxi-5ms capillary column 30 m length, 0.25 mm inner diameter, 0.25 pm film thickness with a
constant flow rate of 1.5 mL/min using helium as the carrier gas. The injector was an AOC-201
auto-injector with a vaporizer temperature of 250 °C. The mass-selective detector parameters were:
interface temperature 280 °C; ionization by electron impact (EI) with ionization energy of 70 eV;
ion source temperature 230 °C; and quadrupole temperature 150 °C.

The experiment was carried out in two temperature ramp programs with different split ratios
and injection volumes: Regime 1) mmitial temperature of 120 °C, increased to 300 °C over 18 min,
followed by an isothermal hold at 300 °C for 12 min. Injection volume was 1 pL, with a split ratio
of 50; Regime 2) Initial temperature of 60 °C held for 2 min, increased to 300 °C over 16 min, followed
by an isothermal hold at 300 °C for 12 min. Injection volume was 2 pL, with a split ratio of 5.

The analysis of the mass chromatograms was performed using GCMSsolution software,
utilizing NIST 2014, NIST 2017, SWDRUG 3.6 mass spectral databases, as well as the NIST MS
Search Program with CaymanSpectralLibrary v10192019 and dd2015 databases.

The results of the toothpaste analysis under Regime 1 and Regime 2 are shown in Figures 1
and 2, respectively. In Regime 1, mainly amides (surfactants) and piperidine derivatives were
detected. This regime is optimal for high-molecular-weight, less volatile components. Regime 2 is
optimized for volatile components and trace amounts of substances: it identified the flavoring agent
carvone, galactol, amides, and piperidine derivatives. A significant quantity of N-alkyl- or N,N-
dimethyl-substituted octanamides and dodecanamides indicates the use of fatty acid derivatives as
the main surfactants (SAS) or emulsifiers. These are essential for foaming, cleaning, and stabilizing
the emulsion of the paste [1]. The high concentration of carvone, particularly noticeable in Regime 2,
suggests the paste possesses a pronounced mint flavor, as carvone is a key component of essential
oils, such as spearmint. The high concentration of 3-pentylpiperidin-2-one, present in both regimes,
may be associated with certain synthetic compounds or serve as an auxiliary agent or a residual
product of synthesis. Galactol is a sugar alcohol that can act as a humectant, sweetener, or part of
natural extracts. As a thickener, CMC was used, which is not detectable by the GC-MS method due
to its non-volatile polymeric nature.

Thus, the research data indicate the presence of an effective flavoring agent in the
experimental toothpaste. The presence of carvone ensures a pleasant and fresh aroma, which is a
key factor in the consumer appeal of the toothpaste [2].

The proposed toothpaste contains functional Surfactants (SAS) in its composition, such as
fatty acid amides — namely octanamides and dodecanamides — which are effective washing and
foaming agents, ensuring quality tooth cleaning.

Furthermore, the toothpaste contains a variety of components. Its composition suggests that
the paste is a full-fledged modern product that includes both cleansing and organoleptic taste and
aromatic agents.

As a result of the studies, a successful extraction was performed, and the GC-MS method,
especially in Regime 2, allowed for obtaining a clear and complete profile of volatile and semi-
volatile organic compounds, which is important for quality control.
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Fig. 1 Results of Toothpaste Analysis in Regime 1

However, the identification of all components requires further study: although most peaks
shown in Figures 1 and 2 are identified, there are compounds in the samples whose full names are
unclear or require additional confirmation [3].

The high concentration of 3-pentylpiperidin-2-one, which frequently appears as one of the
main peaks in both regimes, requires a mandatory safety check regarding its harmlessness to the
oral mucosa and compliance with cosmetic product safety standards, such as those of the EU or
FDA. Although it may be a harmless auxiliary component, its significant quantity warrants attention.

In addition, the conducted analysis cannot determine the presence and concentration of non-
volatile key components of toothpastes, such as sodium fluoride and sodium monofluorophosphate,
or widely known antiseptics like triclosan or cetylpyridinium chloride, as they are not detectable by
the GC-MS method. For complete control, other analytical methods, such as ion exchange
chromatography, must be applied [4].

Therefore, the studies conducted using the GC-MS method confirm that the experimental
toothpaste contains the expected set of functional and aromatic organic components. However, prior
to industrial production, an additional safety assessment of the paste and a quantitative
determination of highly concentrated, less typical organic compounds, such as 3-pentylpiperidin-2-
one, and inorganic active fluorides and phosphates are necessary.
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Fig. 2 Results of Toothpaste Analysis in Regime 2
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TEXHOJIOI'IAA CTBOPEHHSA I BUKOPUCTAHHA HAHOMAT'HITHUX
TEKCTUJIBHUX MATEPIAJIIB VIS CTBOPEHHSA CMAPT-OJATY

Mukosa Paounkos’, FOxia JemkoBuu
Uyybkuti nayionanvhuii mexuiunuii ynieepcumem
*Corresponding author: mykola.riabchykov@lIntu.edu.ua

This article presents a comprehensive study on the development of nanomagnetic textile
materials based on magnetite nanoparticles for applications in smart clothing systems. Magnetite
nanoparticles were synthesized through the co-precipitation method using Fe?" and Fe* ions in a
controlled aqueous medium, followed by deposition directly onto textile fibers including cotton,
linen, and wool. The findings highlight the potential of nanomagnetic coatings as a basis for next-
generation smart textiles.

Keywords: magnetite nanoparticles; smart textiles; magnetic coatings; textile functionalization;
wearable sensors.

1. Beryn

CrpiMKHii PO3BUTOK HAHOTEXHOJIOTIH BIAKPHBAE HOBI MOYKIIMBOCTI JJIsl CTBOPEHHSI IHHOBAIIIHHUX
TEeKCTHJIBHUX MaTtepialliB, 3JaTHUX BUKOHYBAaTH HE JIMILIE TpaaWLiiHI QyHKUIi, a i 3a0e3nedyBaTu
J0JIATKOBI CEHCOPHI, 3aXHMCHI Ta 1HTEPaKTHBHI BiIacTUBOCTI. OJJHUM 13 MEPCIEKTUBHUX HANpPSMIB €
BUKOPHCTAHHS MarHiTOYyTJIMBUX HAHOCTPYKTYp, 30KpemMa HaHouacTUHOK MarHeTuty (FesOas) [1],
st GOpMyBaHHSI TEKCTUJIBHUX MaTepiaiiB i3 KepOBAaHMMH MAarHITHUMHU XapaKTepucTUKaMu. Taki
MaTepiald MOKYyTh CTaTH OCHOBOIO JJIsi CMapT-OJsTy, 110 MOEJHY€E THYUYKICTh 1 KOM(POPT TEKCTHIIIO
3 (pyHKII1IOHANBHICTIO CYYaCHUX €NIEKTPOHHUX CHCTEM.

HaHouacTMHKM MarHeTUTy XapaKTepU3YIOThCS YHIKATbHUM KOMILJIEKCOM (i3UKO-XIMIUHUX
BJIACTMBOCTEH — BUCOKOIO MAarHiTHOIO YYTJIHBICTIO, XIMIYHOIO CTaOUIbHICTIO, OG10CYMICHICTIO Ta
MOXKJTUBICTIO MoAM(DIKaIlli MOBEpXHi, M0 POOUTH iX OCOOIMBO MPUBAOIMBUMH ISl TEKCTUIBHUX
3actocyBaHb [2]. ®opMyBaHHS MarHiTHUX MOKPUTTIB Oe3MOcepeHhO Ha TEKCTUJIBHHUX BOJOKHAX
JI03BOJISIE OTPUMYBATH MaTepiail 3 HOBUMHU €KCIUTyaTalliiHUMH XapaKTePUCTUKAMU: CEHCOPHUMH,
€JIeKTPOMArHITHO-3aXUCHUMH, TEIJIOPETYIIOI0OYMMH Ta CTPYKTYpHO-(GYyHKIIOHaNbHUMU. CMmapT-
OJIIT Ha OCHOBI TaKWX MarepiajiB Ma€ 3HAYHUN TMOTEHIAT y MEIUIMHI, CIIOPTHBHIA 1HIYCTPIi,
3aXUCHHUX CHUCTEMax, TEJICKOMYHIKAI[IMHUX TEXHOJIOTIsX 1 MOoOyTOBUX 3acTocyBaHHsX. Lle akTyanizye
HEOOXI1THICTh JOCIIHDKEHHSI METO/IB CUMHTE3y MarHiTHUX HaHOYACTHMHOK, €(EKTUBHUX TEXHOJIOTIH
iX iMMOOumi3aIli Ha TEKCTHJIBHMX BOJIOKHAX Ta aHAJI3y IMEPCIEKTHB BUKOPHUCTAHHS OJEPIKaHHMX
CTpYKTYp [3].

2. OCHOBHI HaNpsIMH CHHTE3y MATHUTHUX HAHOCKJIAJOBHUX, HAHECEHHS HA TEKCTWIbHI
MaTepiaju i BUKOPUCTAHHS JJI CTBOPEHHSI CMAPT OAATY

2.1. Texnonozia ompumanna HAHOYACMUHOK cyMiwi 06osanenmnozo (Fe*")

i mpuesanenmnozo (Fe*) zaniza

HaiimomupeHimmuM KjJacoM HaHOYACTHHOK, IO MICTATh ogHoudacHo Fe*' 1 Fe*', € marnetur
(FesO4) — 3mimanmii okcun 3amisa 3 BajeHTHOCTsIMU Fe?'/Fe** y popmanpHOMY criBBigHOIIEHH] 1:2.

s marnetuty opmanehuii ckian FesOs = FeO-Fe.Os (mictuts Fe** 1 Fe**). TumoBuit
minxix — B3t y po3unH ionn Fe?* i Fe** y momspHOMy criiBBigHOIIEHH] 1:2 1 ocaguTh TiApoKcu(u)
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CHJIBHOIO OCHOBOIO, ITOTIM NpH NEBHIM Temmepartypi 1 cepeioBHILi Bi10yBaeTbcs yTBOpeHHs FesOa.
CrpoiieHa peakiist mpoiecy BUriasaae TakuM 9yuHoM: Fe**+2-Fe**+8-OH —Fes04]+4-H20

[Ipouegypa BUTOTOBJICHHS HAHOMAarHeTiTy BKIIOYae HAcTymHi eramu. [liarotoBka comeil, B
nporeci skoi po3unHAThest FeCls 1 FeCl: y nerazosaniii (mpomymieHiit N2) AUCTUIBOBaHIM BOII;
nonaetbest HeBenuka KimbkicTh HCI (0.01-0.1 M) mo6 3amo6irta rigposidy mij 9ac IpuroTyBaHHS.
Temnepatypa = 20—40 °C. Jlerazauis nepeadavae npoays po3uuHy No/Ar 15-30 xB, 1 NIATPUMKY
mig razoMm mig yac peakiii. Cymim migirpiBaetees a0 60-80 °C. IIBuako momaeTbes i
IHTEHCUBHUM TMepemimryBaHHsAM KoHueHTpoBanuit NH4OH (abo po3unmn NaOH) mo nocsruenHs
Ph= 9-11. Ilpu nonmaBaHHI YTBOPIOETHCS HYOPHUN ocan — MarHeTurt. s Kpamoi BUTPUMKH
pedoBuHa mepemimtyerbess 10-30 XB mpu Ti ke Temmeparypi, mo0 3a0e3MeunTd BHPOCTAHHS
KpUCTaJIiB Ta arperaiiro. J[ms kpamioi kpuctamivyaocTi MmoxkHa marpumysBatu 60—90 °C nosmre. [ami
CITIAYIOTh OXOJIO/KCHHS 1 POMHBKA, BIJICTOIOBAaHHS 200 EHTPU(YTyBaHHS, OaraTopa3zoBe MPOMUBAHHS
JTUCTUILOBAHOIO BOJOIO A0 HeWtpansbHoro pH. Hamami pedoBuHa 30epiraerbcsi sIK BOJIOTO-
KpeMOIIoAi0Ha CycCIieH3isl a00 CYIIMTHCS il BAKyyMOM TPU HU3BKIM TeMmeparypi; 30epiraeTbcs B
3axXHIIEHOMY BiJl TIOBITPS 1 CBITJIa MiCIli IPY HU3BKIN TeMIepaTypi IUIsi SMEHIICHHS! OKHCHEHHS.

2.2. Texnonocia nanoywiinonenna maznemumy (FesQa4) Ha mexcmunoHi 6onokna i HumKu

B manomy nmociiKeHHI BHKOPHCTOBYBAJOCH OE3MOCEpEHE OCAaHKEHHS Ha BOJOKHI. [Ipm
npomMy com Fe*/Fe*” mpoHWKalTh y BOJIOKHO ab0 Ha TIOBEPXHIO; OCAKCHHS MArHETUTY
BiOyBa€eThCs TpsMO Ha martepiaii. [lepeBaru: xopora aare3is, 3alIOBHEHHSI BOJIOKOH.

[TinroroBka BoJIOKHA Tepeadadae HACTYNHI Kpoku. OYHIEHHS — BUIAJICHHS BOCKIB (MacTHII)
JUIs HATYypaJIbHUX BOJIOKOH — MPAJbHUN PO3YMH a00 CIaOKuil JyT; A1 CHHTETUKHA — PO3UMHHHKOM
(moBepXHEBO-aKTUBHUM 3aco0oMm). Jlami BigOyBaeThCsl aKTHBAIlS TMOBEPXHI IS ITiABHUINCHHS
rigpodinbHOCTI — JTy>kHa 00poOKa. [IpoBoauTECS (hyHKITIOHAMI3AISI — HAHECEHHSI TTOJIIMEPHOTO MIapy 3
(GYyHKIIOHAIEHUMH TPyTIaMu (aMiHHI/KapOOKCHIIBHI) — JUIs Kpamoi KoBaleHTHOI ¢ikcarii NPs.

[Tpouienypa HaHECEHHS HAHOMATHETITY Ha BOJIOKHA BKitoudae. Po3zumn comi y 150-200 mL
nerazoBanoi Boau (3 nogasanusM 0.01 M HCI, mo6u 3ano6irtu rigposizy). Po3mileHHs o4nIeHoro
TEKCTUIIO y po34MHi, mnepemimryBanHs 3 miarpumkoro 40-60 °C. IlIBuako momaeTbcs Tix
inTeHcuBHUM niepeminryBaHHsIM NH4OH no pH = 9-10, npu 11b0My yTBOPIOETHCS YOpHUI ocan
Fe;O4 mpsimo Ha BonokHax. BinOyBaerbcs Butpumika 10-30 xB npu 50-80 °C mist no3piBaHHS
KpHUCTaJiB. Marepian BUMMa€eThCs, PETEIbHO MPOMHUBAETHCS 10 HeTpambHOro pH, mpoMuBaeTbes
eTUJIOBUM cnupToM 1 BUcymyerbes: npu 40-60 °C. [lna ¢ikcanii 3anyproersest B 1-3 % po3unH
nosimepHoro 3B’s3ytodoro (PVA, PAA, noniakpuiar) i mporpiBaeTbes At KPOC-JIHKIHTY.

Bkazani mpouiecu Oynu MpoBeNeHi Uil BOJOKOH 3 JbOHY, BOBHHM 1 OaBOBHH. Pe3ymbraTn
npenacrasieHi Ha MikpodoTtorpadiax (puc. 1).

Puc. 1 Bonoxna 3 nanecenumu yacmuHkamu MaeHemimy

2.3. Mostcnausi uKopucmanHtsa 6 CUCIMEMax cmMapm-o0a2y

MarsiTHi BJIAaCTUBOCTI OJIepKaHUX MaTepialliB 1 TEKCTHJIBHHX CTPYKTYP MOXYTh 3HAUTH
BUKOPUCTaHHS B HOBITHIX CHCTEMax CMapT-oJsiry. MarHiTouyTJIMBHHM OJSI MOXE BUKOHYBAaTH
(yHKIT CEHCOPHOTO KOHTPOJIO, 30KpeMa JJisi PEeCTparlii pyxiB Ta MOJOXKEHHs Tina (B mporeci
KiHeMaTHKH, peadimirtarii). MoxyTe OyTH CTBOpeHI ceHcopH nedopmarii Ta TUCKY (pyKaBUUKH-
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KOHTpOJIEpU, €JIEeMEHTH OASry JUld CHOPTUBHOTO MOHITOPUHTY). MOXHa CTBOPUTH OIAT JUIs
BIJICTE)KCHHS IUXaHHS, CEPLUEOUTTS Yepe3 3MiHM MAarHiTHOTO MOJIS Ha MPUHIUIAX 3MiHU MarHiTHO{
MIPOBITHOCTI MPH PO3TATYBAHHI 200 CTUCKAHH1 TKAHUHHU.

B psai BunazakiB Taki Matepiaid MOXKYTh 3a0€3MEUUTH TEIJIO KePyBaHHS IIJISIXOM CTBOPEHHS
CaMOHArpiBAJILBHOTO OJATY MPH IHAYKIIMHOMY TMIiAIrpiBi (aKTUBAIlisl 30BHINIHIM T0JIeM) abo
MaCUBHOTO YTPUMaHHS Teria (MarHETHUT 301IBIIIYE TETUIOMPOBIAHICTD 1 TEMJIOEMHICTh TKAaHWHN). [le
NEPCHEKTUBHO AJISl 3MMOBOT0, CHOPTUBHOTO 1 BIHCBKOBOTO OJIATY.

Marepiany 3 MarHiTHUMHU BJIAaCTHBOCTSMH MOXXYTh OYTH BHMKOPHUCTaHI I MarHiTHOTO
KpITUIeHHsT Ta TpaHcdopMallii Mpy BUKOPUCTAHHI IIBUAKOPO3’€MHUX MAarHITHHX 3aCTIOOK, MOIYJIbHUX
eneMeHTIB (ACUIICHHS, TaTYUKH, Kabei), o JIerko (iKCYIThCsA Ha TKaHuHI. Lle 103Bossie THYYKO
MoaudikyBaTu ¢yHKIioHan omsary. Ciig BiI3HAYWTH MOJKJIMBI HANpsSMH BUKOPUCTAHHS B
MEIUYHUX 1 TepaneBTUYHUX cUcTeMax. J[Jis Takux BUPOOIB MOXKIIMBA MarHiTOTEparis 3 JOKaIbHOIO
CTUMYJISIIIIEI0 TKAaHWH, MIATPUMKA OPTONEANYHHMX BHUPOOIB MarHiTHUMHU 30HaMH. [loTeHriiiHo
MOXJIMBE CTBOPCHHSI OJT IJIsi JOCTAaBKM JIIKIB, IO pearyrTh Ha MarHiTHE moje (KepoBaHe
BUBIUJIbHEHHSI HAaHOTIpenapaTiB). MarHeTut 610CyMiCHH 1 MOYKE BUKOPHCTOBYBATHUCS Y METUIIHHI.

MarHiTHi BOJIOKHA 3 OKPUTTSM HAHOYACTMHKAMU MarHETUTY BIIKPUBAIOTh IIMPOKI MOXKIMBOCTI
JUI 1HTerpallii CEeHCOPHUX, 3aXMCHUX Ta (PYHKIIOHATBHHUX CHUCTEM y KOM(OPTHI TEKCTHIIbHI
MaTepiani. BoHU € epCcreKTHBHOIO OCHOBOIO ISl PO3POOKH CMapT-0/IsTy HOBOTO MTOKOJIIHHS.

3. BucHoBKHM i 00roBOpeHHs

VY X0/l MPOBENEHOTO JOCIiIKEHHS OYJI0 MATBEPHKEHO MOXKIHMBICTh €()EKTHBHOTO CHHTE3Y

HaHo4YacTUHOK MarHeTHuTy (FesOas) 3 BukopuctanasaMm ioHiB Fe?’/Fe*" Ta iX momanbmioro HaHECEHHs
Ha TEKCTWIBHI BOJIOKHa METOAOM Oe3mocepeHhoro ocakeHHs. OTpumaHi pe3yiabTaTH
JI€MOHCTPYIOTh, IO C(POPMOBaHI MarHiTHI MOKPUTTS 100pe (IKCYIOThCS Ha MOBEPXHI HATypabHUX
1 OUTKOBMX BOJIOKOH, 3allOBHIOIOYHM HEPIBHOCTI Ta MIKPOCTPYKTYpHI Ae(eKTH, 1o 3abe3rnedye
BHCOKY a/Ire3ito Ta cTablIbHICTh YACTHHOK Y CTPYKTYp1 MaTepiaiy.
JlocmiKeHHs T0Ka3aJlo, 10 MarHiTHI BIACTMBOCTI OTPUMAHUX MaTepialliB BiIKPUBAIOTh MIMPOKUN
CHEKTp 3aCTOCyBaHb y cdepi cMmapT-oaary. 30KpeMa, BOHM MOXXYTb OYTH BUKOPHUCTaHI IS
CTBOPEHHS CEHCOPHUX CHCTEM KOHTPOJIIO PYyXiB, €IEMEHTIB MOHITOPUHTY (hi310JIOTIUHHUX MapameTpiB,
TETUIOPETYIIIOI0OUUX CTPYKTYp, €JIEKTPOMArHiTHUX €KpaHiB, MAarHiTHUX KpIiIUIEHb 1 MOJAYJBHHUX
cucTeM. 3aBAsKH 010CYMICHOCTI MarHeTUTY TaKi MaTepiajy MalOTh MEPCIEKTUBY BUKOPUCTAHHS Y
MEAUYHHUX BUPOOaX, TEPANeBTUYHHX OB’ sI3KaX Ta IHTEIEKTyaIbHUX TeKCTHIBHUX 1HTEepdeiicax.
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REIMAGINING WASTE AS RESOURCE: FINANCIAL RISK
AND CUSTOMS LOGISTICS IN CIRCULAR TECHNOLOGY SYSTEMS
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The paper explores how Digital Twins and Decision Support Systems enhance waste
valorization by enabling real-time simulation, lifecycle analysis, and multi-scenario planning.
Integrating Al, blockchain, and improved customs logistics boosts transparency, reduces delays,
and supports compliance with global regulations. These innovations advance SDGs, strengthen
circular economy models, and transform waste into an economically valuable resource.

Keywords: waste, digital twins, financial risks, customs logistics, circular technology.

1. Introduction

This introduction frames the subsequent discourse by delineating the conceptual and
practical intersections of digital innovation, financial risk assessment, and intricate customs
logistics within the overarching framework of circular economy principles. I imperative but also a
profound economic opportunity to foster resilient and sustainable industrial ecosystems [1] [2]. This
transformative vision emphasizes the integration of digital technologies to mitigate financial risks
and optimize resource flows, thereby addressing global challenges such as resource depletion,
climate change, and waste management [3]. This paradigm shift, supported by advanced digital
technologies, necessitates a comprehensive rethinking of product lifecycles, from design to end-of-
life management, to maximize material utility and minimize environmental impact [4]. This paper
further explores how digital twins, blockchain, and Al-driven analytics can bridge the existing gaps
in regulatory frameworks and financial mechanisms, enabling a more robust circular economy [5].
Such an approach aligns with the core tenets of the circular economy, which advocates for
extending product lifecycles through strategies like reuse, recycling, and refurbishment, thereby
transforming waste into valuable inputs for new production cycles [6].

2. Results and discussion

2.1 Digital Twins and DSS in Circular Waste Valorization

Digital Twins (DTs) are virtual replicas of physical systems that enable real-time monitoring,
simulation, and optimization of industrial processes. In the context of waste valorization, DTs allow
for: (1) Material flow mapping: Tracking the lifecycle of inputs and outputs across production and
recycling stages; (2) Predictive maintenance: (3) Anticipating equipment failures to reduce
downtime and improve throughput; (42) Scenario testing: Simulating the impact of design changes
or policy shifts on waste generation and recovery.

Decision Support Systems (DSS) complement DTs by offering multi-criteria analysis tools
that integrate financial, environmental, and regulatory data. These platforms support: (1) Risk
modeling: Evaluating exposure to market volatility, regulatory penalties, and supply chain
disruptions; (2) Investment prioritization: Ranking circular economy projects based on ESG
indicators and return on investment; (3) Policy simulation: Assessing the implications of carbon
pricing, extended producer responsibility (EPR), and waste import/export restrictions.

The combined use of DTs and DSS equips organizations with a holistic digital infrastructure
that simultaneously enhances operational efficiency and strengthens strategic decision-making in
circular waste valorization. As illustrated in Table 1, each tool contributes distinct functionalities
that, when integrated, create a synergistic framework: DTs generate technical insights through real-
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time monitoring and simulation, while DSS platforms transform these insights into actionable
strategies by aligning them with financial, environmental, and regulatory priorities. This interplay
ensures that operational data is not only captured and optimized but also embedded into long-term
planning and investment decisions.

Table 1 Key Functions of Digital Tools in Circular Systems
Tool Functionality Strategic Benefit
Real-time simulation,
lifecycle tracking

Digital Twins Operational efficiency, cost savings

Risk mitigation, informed

Decision Support | Scenario modeling, ESG alignment investment

By integrating these tools, industries can move beyond reactive waste management toward
proactive circular strategies. Digital Twins provide the operational backbone for monitoring and
optimization, while DSS ensures that sustainability, compliance, and profitability are embedded into
decision-making. Together, they form a critical foundation for advancing circular economy
practices in waste valorization.

2.2 Customs Logistics and Transboundary Waste Governance

The integration of digital technologies into circular economy frameworks represents a pivotal
step toward building resilient, resource-efficient, and sustainable industrial ecosystems (Fig. 1). The
movement of waste across borders is governed by complex legal and logistical frameworks.
Customs authorities must balance trade facilitation with environmental protection and regional

agreements.

Operational efficiency, cost
savings

Digital Twins and

Customs Logistics

DSS in Circular and
Waste Transboundary
Valorization Waste Governance
zation

Circular
technology based

Risk mitigation, on ESG metrics

informed investment

ESG alignment

Fig. 1 Digital Integration in Circular Customs Logistics

Innovations in Customs Logistics include: (1) Blockchain-based tracking: Ensures tamper-
proof documentation and end-to-end traceability of waste shipments; (2) Al-enhanced risk profiling:
Identifies high-risk consignments for targeted inspection, reducing delays and resource use; (3)
Harmonized protocols: Streamline documentation and inspection procedures across jurisdictions.

These tools not only enhance compliance but also reduce the administrative burden on
exporters, importers, and regulators. They are particularly valuable in managing hazardous waste, e-
waste, and secondary raw materials that require special handling.

2.3 Strategic Alignment with SDGs and ESG

The integration of digital tools into circular systems advances several SDGs. Specifically,
SDG 9 is supported by fostering innovation in industrial processes and infrastructure, while SDG 12
is promoted through responsible consumption, sustainable production, and waste reduction, as
illustrated in Table 2.
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Moreover, ESG frameworks provide a lens for evaluating the long-term sustainability and
resilience of circular investments. Companies that embed ESG metrics into their waste strategies are
better positioned to attract green financing, comply with disclosure regulations, and build
stakeholder trust.

Table 2 Alignment of Innovations with SDGs and ESG

Innovation Area SDG Alignment ESG Dimension
Digital Twins & DSS SDG 9, SDG 12 Governance, Environment
Customs Logistics SDG 12 Governance, Social

Digital twins and decision support systems improve efficiency and risk management, while
innovations in customs logistics enhance compliance and transparency in transboundary waste
governance. Together, these tools optimize material flows, reduce uncertainties, and accelerate the
transition to circularity. Aligning them with SDGs and ESG frameworks highlights their broader
societal relevance, enabling companies and policymakers to attract green financing, meet disclosure
requirements, and build stakeholder trust.

Looking ahead, priorities include: (1) regulatory harmonization through interoperable
standards; (2) financial innovation via expanded green instruments; (3) technological advancement
with Al-driven analytics; and (4) cross-sector collaboration to scale adoption. Ultimately, the
convergence of digital innovation and circular economy principles provides a transformative
pathway to address climate change, resource scarcity, and waste management, moving societies
toward a regenerative economic model.

Acknowledgment

The author thanks Khmelnytskyi National University and the Department of Chemistry and
Chemical Engineering for supporting interdisciplinary research and providing essential resources.
Gratitude is also extended to the ITMIE 2025 organizing committee for the opportunity to present
this work and engage in dialogue on sustainable technological innovation.

References

[1] S. K. Chishty, “Economic and Environmental Efficiencies of Organizations: Role of
Technological Advancements and Circular Economy Practices,” Sustainability, vol. 15, no. 22,
p. 15935, Nov. 2023, doi: 10.3390/sul52215935.

[2] C. Fogarassy and D. C. Finger, “Theoretical and Practical Approaches of Circular
Economy for Business Models and Technological Solutions,” Resources, vol. 9, no. 6, p. 76, Jun.
2020, doi: 10.3390/resources9060076.

[3] L. Weng, “Exploring the Digital Circular Economy: A Path to Sustainable Innovation,”
SSRN Electronic Journal, Jan. 2025, doi: 10.2139/ssrn.5062437.

[4] F.D. Felice and A. Petrillo, “Product Lifecycle: Social and Political Reflections from the
Digital and Sustainable Perspectives,” in IntechOpen eBooks, IntechOpen, 2021. doi: 10.5772/
intechopen.100938.

[5] N. Teixeira, “Circular Economy Perspectives: Challenges, Innovations, and Sustainable
Futures,” Research Square (Research Square), May 2025, doi: 10.21203/rs.3.rs-6529978/v1.

[6] Z. A. Ali, M. Zain, R. Hasan, M. S. Pathan, H. AlSalman, and F. Almisned, “Digital
twins: cornerstone to circular economy and sustainability goals,” Environment Development and
Sustainability, May 2025, doi: 10.1007/s10668-025-06221-4.

Khmelnytskyi National University, Ukraine, 11-12 December 2025 93



/ RESEARCH
Innovative technologies and materials for industry and the environment International Scientific "%‘ S NERALS
: and Practical Conference dedicated to the 10th anniversary of the Mineral Research Laboratory )
T (ITMIE 2025) r:: HoCTDES
T g

MIHEPAJIIB

OYHMIIIEHHSA BIIIIPAIIBOBAHUX TPAHC®OPMATOPHUX OJINB
IMPUPOJIHIM COPBEHTOM

Caitana Migraituyk!”, Okcana Cmaunio?,
Caitnana CmyTko’, Hatanis Mamogenus®, Bikropis IlleBuyk’

L34 Xvenvrnuyokuii nayionansuuil ynisepcumem, Xmenvruysxuil, Yepaina
2Biokpumuii MisicHapoOHuil yHigepcumen po3sumxy noounu «Ykpaina», Kuis, Ykpaina
SHayionanona axademis [epoicasHoi npukopOounoi ciyscou Yrpainu
imeni Boeoana Xmenvnuyvkoeo, Yrpaina
*Aemop ona nucmyeanna: svitlankayar@gmail.com, Xmenonuyvkuti, 29008, Yrpaina

The paper presents the results of the purification of used transformer oil with a natural
sorbent. The parameters by which the efficiency of oil purification can be determined are
determined and recommendations are given regarding the technology of oil regeneration.

Keywords: transformer oils, acid number, optical density, sorbent, relative viscosity.

1. Beryn

B tpancdopmaTopax, sSiKi Mpamo0Th B YMOBAX MiABHIEHOTO HArpiBy Ta HaBaHTAXCHHS, il
BIUTMBOM MOJIEKYJISIPHOTO KHCHIO BiZIOyBa€ThCS OKUCIICHHS BYTJIEBOJHIB, B OJIMBI HAaKOMHYYIOTHCS
MPOAYKTH OKHCICHHA Ta iHmn jgomimkd. CrapiHHS OJWMB — 1€ YTBOPEHHS HHU3BKO- Ta
BHUCOKOMOJIEKYJISIPHUAX MPOAYKTIB OKUCICHHS, IO 3 9aCOM CYIIPOBOJKYETHCS IMTiABHIIEHAM BMiCTOM
BOJIM, YTBOPEHHSM OCaJy, POCTOM [iCIEKTPHUYHUX BTpaT, MOTEMHIHHsIM ojuB. Lli momimkwn
MOTIPIIYIOTh €JIEKTPOI30JIAIINHI BIACTHBOCTI Macja, 3MIHIOIOTh HOTO B'SI3KICTh Ta TEMIIEPaTypy
KHITIHHS, [0 MO MPHU3BECTH J0 MEPEIYacHOTO BUXOIY TpaHChopMaropa 3 Jafy.

Kpim Toro, cporojHi icHy(Th NmpoOJieMH, HOB'S3aHI 3 PYHHYBaHHSM TpaHC(HOPMATOPHUX
MiJCTAHII Ta TPYTHOIIAMHU Yy TOMOBHEHHI 3aMaciB CHIIIKAreito, SKH BUKOPUCTOBYETHCS LIS
OUMILICHHSI TPaHC(HOPMATOPHOI OJMBHU, YCKIIAQJHIOIOTHCS 3aBJaHHS BIIHOBJICHHS OJNUB. J{OCTiKEHHS
MPUPOJHUX COPOCHTIB, 30KpEeMa CaloHITOBOI TJIMHH, IS 3aMiHM CHJIIKarejalo € akTyaJbHUM
3aB/IaHHSM, OCKUIBKH 1€ JO3BOJIUTH BUKOPUCTOBYBATH MICLEBI PECYpPCH IS TEXHOJIOTTYHUX MOTPEO.

Mera po6oTH moJsrana y BUBYCHHI MOMKIMBOCTI OUMIIIEHHS BIAIIPAIIbOBAHUX TPAHC(OPMATOPHHUX
OJIMB 32 JIOTIOMOT'OI0 CAllOHITOBUX INIMH. METOau OCTiKEHHS, 1110 Oy 3aCTOCOBaHi y poOOTi —
1€ BU3HAYEHHS ONTUYHOI T'YCTHHU YHCTOI, BIANPALbOBaHOI Ta 00OpOOJIEHOI CAllOHITOBOIO TJIMHOIO
OJIMBH, a TAKOXX BU3HAYCHHS KUCIOTHOCTI OJIUB, YMOBHOI B'SI3KOCTI Ta T'yCTHUHH.

2. Marepiauiu Ta pe3yJbTaTH A0CTIIKEHb

B po6oTi BuKOpHcTaHO 3pa3Ku CaloOHITOBOT TMUHHU TallkiBChKOTO pOAOBHUIIA, TOOIN3Y MicTa
CnaBytn XmenbHUIbKOI oOmactTi. 3pa3ku po3MesieHl [0 JApiOHOAMCHEPCHOro MOPOIIKY Ta
BiI(paKI[iOHOBaHI CHTOBHM METOA0M 0 ¢pakiii < 1 mm.

B po6oti gocnikeHo OUMCTKY TPhOX MapoK TpaHC(POpMaTOpHUX OuB. OUKCTKA BIIPAIbOBaHOT
TpaHncpopmaroproi osiuBu (BTO) canoHiTOBOO INTMHOO MPOBOIMIIACS B KUIbKA €TaIliB:

1 3mimryBanHs BTO 3 canoHITOBOIO TJIMHOIO B PI3HUX CITIBBITHOIIECHHSX.

[Ticns nporo 3acTocoByBajoCs yiabTpa3ByKoBe nepemimryBaHHs (dactora 15-50 kI'm).

2 HarpiBanHs 3pa3KkiB Ha BOAsHIiI OaH1

3 LlentpudyryBaHHs.

4 JlexanTaris ouuiieHoi Tpaachopmartoproi onusu (OTO)

OunmnieHHs OyJ10 MPOBEJICHO AKTUBOBAHUM 1 HEAKTUBOBAHUM CATlOHITOM.

Ounmiends: rauHOO ¢pakmiero 1 MM Ta 200 MKM BigmparboBaHoi onuBu Mapku 11500
(BTO3) na mouatkoBOMY eTari OyJio MpOBEAEHO Oe€3 yJIbTPa3ByKOBOTO TEPEMIITyBaHHS Ta
HarpiBaHHs 3pa3KiB.

JIyst KUTBKICHOT OITIHKY Pe3yJIbTaTiB OUMIIICHHS BU3HAYANIACS HHU3Ka IMOKA3HHKIB SKOCTI OJIUB —
1€ TYCTUHA, B’SI3KICTh, ONTUYHA I'YCTHHA Ta KUCJIOTHE YHCJIO.
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Ha ocHOBi mpoBeneHUX IOCHIIKEHb MiIATBEPIKEHO IITEpaTypHi JaHi IIOAO MOKA3HUKIB
TYCTHHH Ta YMOBHOI B's3k0ocTi onuBH. L{i moka3Huku He € iHQopmaTuBHEMHU. Lle o3Hauae, mo 3a
[IUMU TIOKa3HUKAMHU OI[IHUTHU CTYMiHb OYUCTKH OJIMBH HEMOXKIUBO (Taom. 1).

Taoauya 1 Pe3yrvmamu 00CnioxiceHb 2yCmuHy ma YMO8HOI 8 SI3KOCMI 0IU8

TToka3zHuk

Mapxku uucroi
TpaHchopMaTOpPHOI OJTUBU
(UTO1 ta UTO2)

BinmpamnpoBana Ounniena
TparchopmaTopHa TparcopmaTopHa
oJIMBa OJINBa

(BTO1. BTO2)

(OTO1. OTO2)

T'K-20 [03-15-M-20-7.5-2017
4TO1 4TO?2 BTOl BTO2 OTOl | OTO2
3
rysc;gilélirc/M 856 850 870 876 866 859
3
rygc;vg;(,)rirc/M 853,4 847.4 867.4 873,4 863,4 856.4
,yM(?BHa 14.82 B 14.39 j i} -
B’SI3KICTB, C

[IpoBeneHi MOCHiKEHHS ONTHYHOI T'yCTUHH Ta KHCIOTHOTO YMCIIA JIOBENH, IO HAaBiTh
OYHMCTKA HEAKTUBOBAHUM CAIlOHITOM € €(EKTHBHOIO.
ChiBigHOIIEHHsT onMBa — TiaMHAa 3:1 € JOCTaTHIM JUIs 3HIDKEHHS ONTHYHOI TyCTHHH.
CrhiBiiHOIIEHHS onuBa — TiauHa 5:1 € HemocTaTHIM: onTHYHa TrycTrHa He 3MmiHmiacsa (0,16).
EdexTHBHOIO € 04nMCTKAa aKTMBOBAHUM CAIlOHITOM IPU CHIBiAHOIIEHHI KOMIOHEHTIB 1:1: onTuyna
ryctuHa 3Hm3mnacs 3 1,1 no 0,065. HaifOunpmmii egekT oTpuMaHO NMpH 3aCTOCYBAaHHI TVIMHHU 3

¢pakuiero 200 MKM.

Tabauysa 2 Pesynomamu ouunjenHs 6i0npayb08anoi o1usu 3a 00NOM02010 CaNOHIMo8oi 2IuHU

BinmparpoBana onvBa
(TOKa3HHUK
JUTSL BIZMPAIibOBAHOI OJTUBH )

Kucnorne yuciao, mr KOH/r

Onrtuuna ryctuna BTO2 0,85-1,1

BTO 2-0,09; OnTnuna ryctuna BTO1 0,16
BTOI1-0,048 OnTnuna ryctuna BTO3 0,2
BTO3-0,14 ’
Koedirient, 3MeHIIeHHS KoedirienT, 3MeHIIeHHs
KHCJIOTHOCTI ONTUYHOI I'yCTUHH

10 BITHOIIIEHHIO
JI0 BIANPAIIbOBAHOI OJTMBHU

10 BiIHOIIEHHIO
JI0 BIAMPAIbOBAHOI OJIMBHU

Ounmiena TpancopmaTopHa
onmuBa (OTO2) mpupogaum
carnoHiToM (cmiBBigHOMIIEHHS 1:1)

3meHmuBcs ~ y 4,7 pazu

3MeHmuBcs ~ y 2,4-3,05 pazu

Ounmiena TpancopmaTopHa
onmuBa (OTO3) nmpupogauM
canoHiToM (1mm) (2:1)

3meHmuBca y 1,48 pazu

3MenmmBcd ~ y 0,9 pazu

Ounmiena TpancopmaTopHa
onmuBa (OTO3) nmpupogaumM
canoHiToM (200Mkm) (2:1)

3MeHmumBCA y 6,36 pazu

3MeHmmuBCs ~ y 8 pasiB

Ounmiena TpancopmaTopHa
onuBa (OTO2) akTHBOBaHUM
carnoHiToMm (cmiBBiHOMIEHHS 1:1)

3menmuBes ~y 13,1-16,9 pazis

Ounmiena TpancopmaTopHa
onmuBa (OTO1) akTuBOBaHUM
carnoHiToMm (cmiBBigHOMIEHHS 3:1)

3MEHIIUBCA ~ Y 2,5 pa3u

3meHmmBCs ~ y 2,9 pasiB
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[Ipupoaniii camonitT 3mateH pereHepyBatd BTO [1], omHak pereHepailis KHCIOTO-
AKTUBOBAaHUM IMPHUPOJHUM MiHEpalIoM € Oulbll e(EeKTUBHOIO, IO JOBIB IMOKAa3HUK ONTHYHOI
ryctuan BTO [2]. KucnotHa akTuBamist 103BOJMJIA HAaJaTH MPUPOJHOMY CAIOHITY AKTUBHY
aacopOytouy 3natHicTh. [lle Oinpin eexTBHO 3apekoMeHayBaa cebe rmHa 3 ppakuiero 200 MKM.
JlocimKeHo CriBBIIHOIISHHS! KOMITOHEHTIB 2: 1.

HactynHuM eramoM mpoBeNeHHS MOCHIKEHb OyJI0 BJOCKOHAJIEHHS 3allpOIIOHOBAHOTO
MOPSIIKY TIPOBEACHHS OYMCTKH TpaHCHOPMATOPHOI OJIMBH Ta TMiAOIp OUIBII palioHaIBLHOTO
CHIBBIIHOIIEHHS OJMBa-TJINHA.

Jlnst migBUIeHHS €()EeKTUBHOCTI MPOIECY OUYMIIEHHS, OUTBII MOBHOTO PO3KPHUTTS MOBEPXHI
copOeHTy, TIPOBEACHO MIAIrpiB BiANpanboBaHoi TpaHnchopmaropHoi onuBu Mapku T1500 (BTO3)
no temmeparypu 90 °C, micias doro mo0aBiieHO camoHiT ABOX (pakmii 1 MM Ta 200 MKM.
[IpoBenena TepmiuHa 06podka 3paskiB mpu Temmeparypi 90 °C no3Bonmiia JOCATHYTH MTO3UTHBHUX
pE3yJIbTaTIB NMPH BUKOPUCTAHHI MEHINOI KUTBKOCTI copOeHTy. Tak, cmiBBimHomeHHs 10:1 mokparmio
ONTUYHY T'YCTUHY B 2 pa3u MOPIBHAHO 3 ONTUYHOIO T'YCTHMHOIO HEOUMIIEHOI TpaHcPOpMaTOpHOI
onuBH. 3MeHIIeHHs kucinoTHoro umcia OTO3 no3Bossie 3pO0OMTH BHUCHOBOK, IO MPOBEACHA
TepMmidHa 00poOka 3paskiB mpu Temmeparypi 90 °C e edeKTHBHOIO 1 03BOJISE TOCSITHYTH
MIiHIMAJFHOTO KHCJIOTHOTO 4YHCJIa TPU BHUKOPUCTaHHI camoHity ¢Qpakmiero 200 MKM Ta 1ae
MOJXKJIUBICTh CYTT€BO 3MEHUIMTH 00csiru copOeHTy. EdexkruBHumu € cmiBBiaHomenHs 4:1; 10:1.
Tak, cniBBigHomenHs: 10:1 Moxe OyTu edeKkTUBHIMM, HIXK CHiBBiAHOIIEHHS 2:1, ane mpu bomy
HEOOXiTHO IPOBOJUTH TEPMiUHY 00pOOKY 3pa3KiB.

Cnucox BUKOPUCTAHHUX JIZKEPEJI

[1] Matent Ha KopucHy Moxenb 156695 UA, MIIK C10M175/00; C10N40/16. Cnoci6
ouniieHHs Tpancdopmatopaux macen / [Minraitayk C. 5., Cmytko C. B.; Cmaunno O. B., [Tapacka O. A ;
Hpoo6ot O. C., Kopues B. b. — Ne 2024 00782 ; 3asBn. 15.02.2024 ; omy6:1. 24.07.2024, bron. Ne 30,
2024. 4 c.

[2] HarenT Ha kopucHy Moaenb 159713 UA, MIIK C10M175/02; HO1G4/18. Crioci6 ouniieHHs
TpaHc(hOpPMATOPHUX Macell KHCIOTOAKTUBOBaHUM ajacopbentom / [ligraituyk C. S., Cmytko C. B.,
Cwmaumno O. B., ITapacka O. A., KopueB B. b., [Ipo6ot O. C., Hectep A. A. — Ne u 2024 05951 ;
3asaBia. 16.12.2024; brom. Ne 26, 2025.

IHEPEPOBKA, YTUJII3AIIA TA IOBTOPHE BUKOPUCTAHHS BIAXO/AIB:
EKOJIOT'TYHI IHHOBAIIIL TPOEKTIB REWAY TA ECONOTES

Haraunia Boposux!
Uleporcasnuii naeuanvuuii 3axnao «Jlicoeodcvkuti npogeciiinuii azpapruii niyeii»

The article examines modern technologies for recycling and reusing waste as a key tool for
reducing the environmental burden on the environment. Using the example of ecological projects of
mini-companies ReWay and EcoNotes, the practical aspects of implementing the upcycling concept
are analyzed, as well as the socio-cultural impact on the formation of environmental awareness.
The environmental effect of implementing the EcoNotes project, aimed at making travel notebooks
from recycled paper and secondary materials, is studied. The issue of excessive use of primary
cellulose is considered, examples of resource conservation and CO: emission reduction are given.
The EcoNotes project is positioned as an innovative initiative in the field of circular economy and
the formation of ecological culture.

Keywords: waste, recycling, recycling, upcycling, ecological projects, sustainable
development, recycled paper, ecological notebooks, circular economy.
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1. Introduction

TexcTuibHAa MPOMHUCIOBICTh € OJHUM 13 HAHOUTBIIMX JpKepen BiaxodiB y cBiTi. L{opoky
YTBOPIOIOTbCS MITBHOHM TOHH TEKCTHJIBHHX MartepialiB, SIKI NOTPAIUIIIOTh HA CMITTE3BAJIMILA,
CTBOPIOIOYM JIOBIOTPMBAJIC HABAHTA)XCHHS HAa EKOCHUCTEMH. TpajuiiifHi MeTOIW YTHIIi3amii
(cnanroBaHHsI, 3aXOPOHEHHS ) IPU3BOATH 710 TOAATKOBUX BUKHUJIIB MAPHUKOBHX T'a3iB Ta TOKCUIHUX
PEUOBHH. AKTyaJIbHUM CTa€ MOIIYK IHHOBALIWHUX pIlIE€Hb, 10 JO3BOJSIOTH HE JIMIIE 3MEHIIUTH
KIUIBKICTh BiJIXO[iB, a i1 CTBOPUTH HOBI MPOAYKTH 3 AOAAHOIO BapTicTio. OAHUM 13 TaKUX PIIIEHb €
upcycling — kpeaTuBHa iepepoOKa, sKa MOETHYE EKOJIOTIUHICTh Ta TU3aliH

2. Results and discussion

Deep learning, which is a subset of Al algorithms, is widely used in medical imaging. The
TexHoJ10rii MepepodKN Ta MOBTOPHOI0 BUKOPUCTAHHS

1.Upcycling. BuxopuctanHs crapux JHKUHCIB, KypTOK, 3aJUIIKIB BUPOOHUIITBA. PsATyBaHHS
NpiOHUX eNeMeHTiB (OJIMCKaBKH, Iy3UKHU, HalloBHIOBaY1). CTBOPEHHS HOBUX BUPOOIB 3 YHIKaIbHUM
IU3aHOM.

2.Exojioriuna ytwiaizamisa. 3MEHIIEHHS KUIBKOCTI TEKCTUJIIO HA 3BAIMINAX. 3HUKEHHS
BukuIiB CO2 3aBISKH BiJIMOBI BiJl BAPOOHHUIITBA HOBUX MaTepiaiB.

3.CouiajJbHO-KyAbTYPHHUIT acnekT. DopMyBaHHS €KOJOTIYHOI KyJIbTYPH Yepe3 CHIIBHOTH
y comianbHUX Mepexax. [ligTpuMka JoKalbHUX 1HIIIATUB Ta OCBITHIX MPOTrpaM.

Exogoriunuii epext

Onun exo-monep = 0,3 Kr BpATOBaHOTO TEKCTHIIO Ta 710 1 kr He BupobieHoro CO2. 100 exo-
monepiB = 360 kr CO:, ki He noTpanwiiv B aTMochepy. MacoBe BIpOBaIKEHHS TEXHOJIOTT MOXe
3MEHIINTH HABAHTA)KEHHS Ha JOBKULIA HA IECATKH TUCSY TOHH IIOPOKY.

IIpakTnuna peanizanisi: ReWay ta EcoNotes

ReWay: BUpOOHUITBO OpraHaii3epiB, KOCMETHUYOK, alTEUOK, MMOAYIIOK, KMJIUMKIB Ta €KO-
I0TepiB.

EcoNotes: cTBOpeHHSI €KOJIOTIYHUX OJOKHOTIB 13 IepepoOIEHOr0 Nanepy ist HOJOPOKEH.

OOunBi iHIIIATUBH TOEIHYIOTH EKOJOTIYHICTh, TPAKTHYHICTh Ta CyYaCHHW JH3aiiH,
(opMyIOUH HOBY KYJIBTYPY CHOXHBAHHS.

PesyabTatu npociaimkenns. Ogun O6mokHOT EcoNotes exoHomuth a0 0,5 Kr' AepeBUHM.
Bukopucranus nepepobieHoro nanepy 3MeHiye cnoxusanis Boau Ha 3040 %. Koxxen 010KHOT —
1Ie MiHyC TanepoBi Ta TEKCTWJIbHI 3aJMIIKK Ha cMiTTe3Banuil. Macoe BupoOHunTBo EcoNotes
MOK€ CKOPOTHTH COTHI KUIOTpaMmiB BIIXOHIB IIOPOKY. BHpoOHHMITBO 3 mepepoOieHoro mamepy
3MEHIIIy€ BUKHIU MTAPHUKOBUX Tra3iB Ha 20-30 %.

1000 knortiB EcoNotes = 1o 500 xr neytBopeHoro COs-.

EcoNotes moemHye €KOJOTIUHICTh 13 TMPaKTUYHICTIO. BIIOKHOTM HE JuIIe 3MEHIIYIOTh
HaBaHTAXEHHS Ha JOBKULIA, @ i GOpMYyIOTh HOBY KyJbTYpYy BiAINOBIATbHOTO CIIOKHUBAaHHS Cepell
MaH/IpiBHUKIB Ta CTyAeHTIB. [IpoexT BiamoBigae uinsim craioro po3Butky OOH, 30kpema: minp 12:
BIJIMOBiAANIbHE CTIOKUBAHHS Ta BUPOOHUIITBO, UL 13: 60poTHOa 31 3MIHOIO KIIIMATY.

BucHoBku

1. TexHomorii mepepoOKH Ta MOBTOPHOTO BUKOPUCTAHHS TEKCTHIILHUX BIIXO/IB € €(PEKTUBHUM
IHCTPYMEHTOM 3MEHILEHHSI €KOJIOTTYHOI'O HABAHTAKEHHS.

2. Upcycling no3Bojsie He nuie 30epertd pecypcu, a i CTBOPUTH YHIKalbHI NMPOJYKTHU 3
BHCOKOIO CIIOKHBYOIO IIHHICTIO.

3. ComianpHi iHimiaTuBH, Taki sk ReWay Tta EcoNotes, (GOpMyIOTh HOBY €KOJIOTIYHY
KYJBTYpY Ta CIIPUSIFOTh PO3BUTKY CTAJOT0O CIIO)KUBAHHSI.

4. MacoBe BIpOBaJKEHHs NMOAIOHUX MPAKTUK MOXKE CTaTH BAXXJIMBUM KPOKOM Y JIOCSITHEHHI
IiJIeH cTajJoro po3BUTKY Ta 30€pe’KEeHH1 JOBKIIIS.

5. EcoNotes € mpukiagoM ycHinrHoi peanizaiii NPUHIMIIB HUPKYJIIPHOI EKOHOMIKH Ta M€
MOTEHITiall 71l MaclITadyBaHHs y cdepi Typu3My i OCBITH.
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CnHcoOK BUKOPHCTAHHUX JKepeJ

[1] Sxi TexHojorii Ta oOnagHAHHS BHUKOPUCTOBYIOTH [JIsi yTHII3alii 1 mepepoOKu
BropuHHUX pecypciB? | XKypuan ECOBUSINESS. JKyprnan ECOBUSINESS. Exonoeis nionpuemcmesa |
ecolog-ua.com. URL: https://ecolog-ua.com/news/yaki-tehnologiyi-ta-obladnannya-vykorystovuyut-/
dlya-utylizaciyi-i-pererobky-vtorynnyh-resursiv (nata 3sepaenss: 26.11.2025).

[2] TnHOBamiitHI miAXoAw O TEepepoOKM BIAXOMIB y MicueBux rpomangax — CorianbHa
kpaina. Coyianvbna xpaina. URL: https://welfare.green/innovacijjni-pidkhodi-do-pererobki-vidkhodiv-
u-/ miscevikh-gromadakh/ (nata 3Bepuenns: 26.11.2025).

YTHIIBALIA XAPHOBHUX BIIXOAIB

IBanna I'ypua
Jeporcasnuii hasuanvruil 3ak1a0 «JIicosoodcvkuili npoghecitinuii azpapHuii iiyei

The article explores the challenges and importance of proper food waste disposal. It
highlights legal requirements, environmental impacts such as methane emissions, and the role of
HACCP standards in managing waste. Practical solutions like composting and responsible disposal
are discussed to reduce carbon footprint, prevent pollution, and conserve resources.

Keywords: food waste, disposal, HACCP, sustainability, methane emissions, composting,
environmental impact, waste management, carbon footprint, recycling.

Y mporeci CBOrO PO3BUTKY JIOJACTBO HapiBHI 3 BHPOOHUIITBOM HEOOXITHHX ISl HOTO
KHUTTEAISIIBHOCTI TpeaMeTiB (Oyab TO 3HapsAAIs BUPOOHHUIITBA, MpEeIMETH MoO0yTy abo MPOIYKTH
XapuyBaHHs) CTHKA€THCS 3 MPOOJIEMOIO yTHUII3alil MPOAyKIii, 10 MpHHIUIa B HEMPHIATHICTH. |
SKIIO 3 YTUJI3aIl€l0 MPOAYKTIB HEOPraHIYHOTO MOXOKEHHS (MEeTalsl, CKJIO, Marmip, OKpeMi BHUIH
IUIacT™Mac Ta iH.) JIIOJU HABYWIMCS CIpaBiATHCS Oe3 BTpar ais cede (HaBiTh 3 BUTOJ0I0), TO 3
XapYOBHMH BiJIXOJIJaMU CTIpaBa He CKIaIHiIIe.

CBIXKICTh XapyOBUX MNPOIAYKTIB — OJIUH 13 BaXJIUBUX (AKTOPIB iX AKOCTI. Y IUTAYMX
3aKJIafaXx OCBITH, BIJMOYMHKY Ta O3JOPOBICHHS 1€ NHUTAHHA HAJNCXKHUTh 0 KOMIETCHIII]
BIJINOBiJAJIbHOT 0CcOOM, KA 3/1MICHIOE KOHTPOJIb 32 YMOBAaMHU Ta CTPOKaMH 30epiraHHs XapuyoBHX
MIPOAYKTIB, KEpyOUnch BcraHoBieHnM MO3.

JepxnpoacnoxuBciayx0a Haragye, 10 HedKicHa Ta HeOe3MeuHa MPOAYKIIS MiIsIrae
000B’SI3KOBOMY BHIIy4eHHIO 3 00iry. OmepaTopu pHUHKY IiJ] Yac MOBOJKECHHS 3 Xap4OBHUMU
BiXxo7amMu (HEICTiBHI CyONPOYKTH Ta 1HIII 3aJIUIIKK) TTOBUHHI:

o IKOMOTA IIBHU/IIEC BUAATSATH XapuoBi BIAXOAH 3 MPUMIIICHHS, JIE€ € Xap4OBi MPOTYKTH;

 PO3MIIIIYBaTH XapyoBi BIAXOAH y 3aKPUTHX KOHTEHHEpaX, CKOHCTPYHOBaHUX TAKUM YHHOM,
100 3a0e3neunT MaKCUMaJIbHUI PiBEHb 3aXUCTY Ta 1X Ae31H(eKIIiIo;

e IOTPUMYBATHUCS BIJMOBIAHUX MOJOKEHb 3aKOHOAABCTBA IOAO 30epiraHHs 1 yTHIi3amii
(3HUIIEHHS) XapYOBUX Ta IHIINX BiIXOJiB Ta/ab0 MaTH JOTOBOPH IIOMAO IX yTHIi3alii (3HUILECHHS).

XapuoBi BIAXOAM 3HUIIYIOTHCS BiAMOBIAHO 10 HOPM JMAIIOYOTO 3aKOHOJABCTBA. 3TiAHO i3
BUMOTaMU IOJI0 PO3pPOOKH, BIPOBAIKEHHS Ta 3aCTOCYBAaHHSA TMOCTIMHO [i0OYUX TPOIERyp,
3acHOBaHUX Ha mpuHNUNax CucreMu ympamiiHHsA Oe3neuHicTio XapuoBux npoaykrtiB (HACCP),
3aTBEP/KCHUX Haka3oM MiHICTepCcTBa arpapHoOi TMOJITHKH Ta MPOAOBOJLCTBa YKpainu Bim 01
*KoBTHS 2012 poky Ne 590 nporpama-nepenymoBa cucremu HACCP 100 MNOBOIKEHHS 3
B1/IXO1aMH BUPOOHUIITBA Ta CMITTSM, 1X 300py Ta BUJAJICHHS 3 TMOTY>KHOCTI TOBUHHA 3a0€3TICUHTH:

o BUKOHAHHSI OIlepaTopaMH PUHKY yCiX mepeadadyeHuX 3aKOHOAABCTBOM BHUMOT IIOJO
yTHITI3alii BIAXO/IiB;

o 1H(pOpMAaILito PO MicCIl 300py BIIXO/IIB Y 30HAX MOBOKEHHS 3 XapYOBUMH MPOIYKTaAMU;
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e BU3HAUCHHA TpadikiB Ta CcrmocoOiB BUBE3EHHS BIOXOMIB 3 TMPHUMIMIEHb, Y SKHX
3IIIACHIOETHCS TTOBOKEHHS 3 Xap4OBUMH MPOAYKTaMH, 3 METOI0 YHUKHEHHS iX HakonndeHHs. [Ipu
[IBOMY MAa€ BPAaXOBYBAaTHCS MOXIIUBICTh MEPEXPECHOTO 3a0pyAHEHHS NPOAYKTIB IMiJ dYac iX
BHBE3CHHS;

o Micusl 30epiraHHs BIAXOJIB 3a MeXaMH MPHUMIIICHb, 1€ 3IIMCHIOIOTHCS orepamii 3
XapuOBUMH MPOJAYKTaAMH, BUMOTH 11010 30€piraHHs BiJIXO/IIB;

e CTAaH KOHTEWHEpPIB, €MHOCTEH IS BIAXOMIB, 1X MAapKyBaHHS, OYHWIICHHS, MHTTS Ta
ne3iHdeKIIio;

e BIUBE3CHHS BIJIXOMIB 3 TEPUTOPii MOTYXKHOCTI Ta iX YTWIi3amilo, y TOMY 4YHCIi 3a
YKJIaJICHUMH BiATIOBITHUMH YTOJaMHU.

Uu 3aMuCITIOBAIUCS BH KOJH-HEOY b TIPO T€, M0 B1IOYBAETHCS 3 3AJUIITKAMHM 1K1 TICIS TOTO,
SK BOHU TOTPAIUIAIOTH y CMITHUK? SKIIO Mpo MIKOAY ¥ MPaBWIbHY yTHIII3aIliI0 Pi3HOMaHITHUX
MOOYTOBUX BIAXOAIB BiJOMO OLIIBIIIE, TO TIPO Xap4OBE CMITTS TOBOPSTH HE TaK 4acTo. Apke 6arato
XTO JyMae€, IO BUKUHYTa ’Ka PO3KIANAEThCA W HE Hece Hiskoi mkoau. Ha skanb, OLIBIIICTH
XapyoOBUX BIIXOMIB MOTpAIusiE HA 3BAJMINA 30KpeMa CTHXIiiHI, A€ BOHU BUAUIAIOTH MeTaH. Jyxe
Oararo MeTaHy. A 1€ — TapHUKOBUH Ta3, moTyxHimmui 3a COx.

Ane 110, AKOM MU MOTJIM TIEPETBOPUTH IIi BiAXOaU Ha MOCh KopucHe? Tox y mpomy 011031
MH PO3IOBIMO, YMM OCOOJIMBHI 301p ¥ yTHIIi3aIisl XapyoBUX BIAXOIIB W MOJUIMMOCS MPOCTUMU i
e(DeKTUBHUMH CIIOcOOaMH yTHIIi3alii, M0 JOMOMOXYTh 3MEHIIUTH CBid BYTJENEBHA CIiJ 1
320IaIUTH TPOIIIL.

Hagimo ytwmmizyBaTu Xxap4oBi Bigxoau? XapdoBi BiAXOAM 1€ Oyab-sKa ika, SKy MH OLIbIIe
HE MOeMO ab0 He X04eMO ICTH — BiJ] 3aJTUIIKIB 0011y /10 31MCOBaHUX ()PYKTIB UM OBOYIB.

[Iopoky B cBiTI Ha 3BajuIla MOTpaIusie OJIU3bKO 1.3 MUTbsSpJa TOHH XK1, IO €KBIBaJEHTHO
BHKHJAM TMapHUKOBHX ra3iB Bix npuOmm3Ho 300 MigpHOHIB aBTOMOOUTIB Ha JIOPO31 MPOTATOM
omHoro poky. 11[o6 po3s's3aTu 1m0 mpodieMmy, y OaraThoX KpaiHax Ji€ 3aKOH MPO YTHIII3aIlilo
XapyoBUX BIIXOIB, [0 BUMAarae BiJl MIAIPHEMCTB 1 TOCIOJAPCTB MPABUILHO YTHIII3yBaTH CBOE
OpraHiuHe CMITTSl.

Konu mu yTunizyeMo xap4oBi BiIXOIH, TO 3MEHIIYEMO KIJTbKICTh CMITTS, SIK€ MOTpPAILIsLE HA
3BaJIMIIIA, 1€ BOHO BUJUISE IIKIIJUBI ra3u, Taki sik MeTaH. Lle Takox 30epirae IiHHI pecypcH, axe
0araTo Xap4yoBHX BIXOMIB, K OBOYEBI OOpI3KM UM 3aTUIIKH (PPYKTiB, MOXKHa MEpepoOUTH B
KOMIIOCT — Uy/I0B€ JOOPUBO 7Sl POCIIHH.

o Oyne, SIKIIO HE YTHIII3YyBAaTH Xap4oBi BiAXoau? SIKIO XapyoBi BiIXOOU HE YTUII3yBaTH
HaJeKHUM YUHOM, 1I€ MaTUME II00AbHUN BIUTUB Ha IUIAHETY W 3/I0pOB'S KOXKHOTO 3 HAac, aJiKe
IIKO/Ia Xap4YOBUX BIAXOMIB — II€ T€, YOI0 MU YaCTO HE YCBIAOMITIOEMO.

3mina xkrimamy. Xap4oBi BIAXOAM, IO PO3KIANAIOTHCA Ha 3BAUINAX, BUIUIAIOTH MAPHUKOBHIA
ra3, MeTaH, KU MPOBOKY€E 3MiHM KiIiMaTty. MeTaH y 25 pa3iB CHUJIBHIIINN 32 BYTTIEKUCTHI Ta3, B
yTpUMaHHi Teruia B atMocdepi. A 3MiHa KIiMaTy Belle A0 eKCTPEMAIbHUX YMOB, TaKUX SIK yparaHu,
MOBEHI ¥ MOCYXWU.

3abpyonenns 0o6xinna. Xap4yoBi BIAXOJM Ha CMITHUKAX 1 3BajMIaX 3a0pyAHIOIOTH IPYHTOBI
1 MOBEpXHEBI BOJY, 1110 IIKOJAUTH BOJHUM €KOCHCTEMAaM 1 3pEIlTOr0 3/I0poB'to MoauHu. Kpim Toro,
XapyoBi BIAX0U MPUBAOIIOIOTH MIKIJHUKIB — KOMaX 1 TPU3YHIB, SIKi MOXKYTh IEPEHOCUTH XBOPOOH.

Mapna mpama pecypcis. BupoOHUIITBO TKi mOTpeOye BEeMU4e3HOI KUTBKOCTI pecypciB —
BOJM, €Heprii, 3eMenbHUX IuIow. Hampukian, 1 BUPOOHHIITBA OJHOTO KilOTrpama SJIOBUYHHU
notpibHo 6mu3pko 15 000 1 Bogu. I'paMoTHMIA BUBI3 1 yTHIII3allis Xap4OBUX BIXOJIB MOTHBYE 10
YCBIJOMJICHOT'O CIIO>KWBAHHSI.

Exonomiyni empamu. Y BCbOMY CBITI IIOPIYHO BUKUAAIOTH XKy Ha cymy Onu3pko 1
TpuibifoHa nonapiB. Lli rpomi moxnHa Oyno O BHUKOPUCTOBYBATH ISl IHIIMX IIJICH, TakuX SK
OXOpOHA 3/I0POB'St YU OCBITA.

SIK mpoXoauTh yTHIIi3allis XapuyoBHX BiaxoniB? B YkpaiHi BUKOPUCTOBYIOTH Pi3HI criocoOH
yTUJI3a1i] XapuoBHX BiJXO/iB, BKIIIOYAIOYM KOMIIOCTYBaHH:, 010ra30Bi yCTaHOBKH i MepepoOKy Ha
KOPM JJIsl TBApHH.
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XIMII TA XIMISHOT IHKEHEP

KoMmmoctyBanHs — OAMH 13 HaWMOMyJSIPHIIIUX METOAIB yTHII3alii, aJkKe BOHO Ja€
MOXXJTUBICTh OTPUMATH 3 OPraHIYHUX BIAXOMAIB LiHHE H0OpWUBO uis IpyHTY. Taka yTumizamis
POCITUHHUX 1 Xap4yOBUX BIAXOIB — HE TUIBKU XOPOUINil criociO /uis 30aradeHHs IpyHTY KOPUCHUMH
MIKpOEJIEMEHTaMHU, BiH TaKOX 3MEHIIIye MOTpeOy y BUKOPUCTAaHHI XIMIYHUX T0OpUB.

biorazoBi yctaHOBKHM — 11¢ 0uH e(eKTUBHUN croci0. Taka yTumizamis XapuoBUX BIIXOIIB
MEPETBOPIOE OPraHiuHy Macy B 0ioras, KUl MO)KHAa BUKOPHCTOBYBATH SIK aJIbTEPHATUBHE JIXKEPEIIO
eHeprii. Lle He TUTbKU 3MEHIITY€ 3aICKHICTh BiJl TPAIUIIIHHAX BHUIIB TAJTUBA, ajie i 3HWKY€E BUKHUIH
MapHUKOBHUX Ta3iB. TakoX 3aMiCTh TOTO, MO0 BHKWIATH XapyoBl BiAXOAW HA 3BaJMINA, 3 HUX
MO>KHa BUTOTOBUTH LIIHHUN PeCypc — KOPM IS CLIILChKOTOCIIOaPChKUX TBAPHH.

Eranu yrumizanii xapyoBux BigxoxiB. [IpaBuna yTumizaiii XapuoBUX BIIXO/IB BKIIOUYAIOTh
JIeKUIbKa eTalliB, TOYMHAIOYHM BIJT COPTYBaHHS B OKpeMi KOHTEHMHEpH JO TMepepoOKH Ta
KOMITOCTYBaHHS. 3arajioM MOXKHa BUOKPEMUTH TaKi €Taru:

30ip 1 cOpTyBaHHS: Xap4oBi BiXOIH 30UPalOTh OKPEMO BiJ[ iHIITMX BUIIB CMITTS ¥ COPTYIOTh
3a THIIOM B OKPEMHI KOHTEHHED IS YTUJTI3aIlil XapuOBUX BiIXO/IiB.

ITepepoOka: MOkHa 3acTOCyBaTH OJMH 31 CIOCOOIB — KOMITOCTYBAaHHS UM aHaepoOHE
MIEPETBOPEHHSI XapuOBHUX B1JIXO/I1B Ha Oioras.

BukopucTaHHs: KOMITIOCT MOKHA YCIIITHO BUKOPHUCTOBYBATH SIK JOOpWBO, a Oioraz — siK
€KOJIOTIYHO YUCTE JHKEPEIIO SHEPTii.

[pomykTH, 10 MUIATAIOTh yTUIIi3aMii. BUTBIIICTE XapyoBUX BiXOMIB MOXKHA YTHIII30BYBAaTH,
BKJTIOYAIOYW OBOYi, PPYKTH, XJI10, M'sicO, pudy, MOJIOYHI IPOTYKTH, SHIIS, YaifHI TAaKETHKH i KaBOBY
rymry. OnmHak, Aeski MPOIYKTH, Taki sSK Macio abo kup, MOTpiOHO yTWiti3oByBatu okpemo. Lle
MOB'SI3aHO 3 THIM, IO iXHS KOHCHCTEHIIS MOKEe TIEPEITKOKATH TIPOIecaM IMepepoOKu.

HacamkiHews, yTHII3aIis XapuoBKX BiIXOJIB 1ie BaXTHBHII KPOK JUIS 3aXMCTY JOBKiLIA. W
OCb KiJIbKa TOpaJ, SIK BXX€ CbOTOJIHI TI0YaTH BUKOPUCTOBYBATH TaKi BIIXOAH MPABUIIHHO.

* [InanyiitTe cBOi 3aKyMiBIIi i KyIyiTe CTUTBKHU 1K, CKUIBKH BU MOXeTe 3'iCTH.

* 30epiraiite i’y HAICKHUM YHHOM, 1100 BOHA 3aJIUIIIANACS CBIYKOIO JIOBIIIE.

* BukopucToByiiTe 3aMHMIIKK DK U1 IPUTOTYBAaHHS 1HIINX CTPaB.

* Bigmaiite HaqmmIok ki Ha OJIaroidHICTh a00 B MPUTYIIOK [l O€3MPUTYITHEHUX.

» CopryiiTe Xap4yoBi 3aJHUIIKNA B OKPEMY EMHICTB JUIsI 300py CMITTSL.

» KommoctyiiTe BificopToBaHy 1Ky, HaBiTh SIKIIO y Bac 30BCIM MaJieHbKa KiymOa Iif
OYIMHKOM, aJ[ )K€ KOPHCTI 3 IIbOTO Oy/Ie 3HAYHO OLIbIIIE.

VYTumizanis XapuoBHUX BiAXOJIB 1 MPOJYKTIB XapuyBaHHS

Hagimo yTwmidyBaTH XapudoBi Binxogu. ['HUTTS OpraHiuHMX 3ajHIIKIB Ha 3BaJUIIAX
HEKOHTPOJIbOBAHO 3a0pyIHIOE TPYHTH 1 Bonau, ryouts ¢uopy i ¢ayHy micueBocti. Kpim Toro,
yIHaKOBKa MPOAYKIIIi 4acTO BUTOTOBJIEHA 3 €IEMEHTIB IO JOBTO PO3KIANAIOTHCA, SIKI HE MOXYTh
HelTpai3yBaTH IIKIUIMBY Ait0 6e3 mepepoOKu. YTuiizalis NpoAyKTIiB XapdyBaHHS NPOBOJUTHCS
3a CHELialbHOI TEXHOJIOTIE€I0, BIAMOBIIHO J0 HOPMATHBIB, MPaBUJI Ta BUMOT 3 OXOPOHH
HABKOJIMIIIHBOTO CepeOBUIIA

[Ipouec nepepoOku Mae Taki OCOOTUBOCTI:

* BUBE3CHHS 31MICOBAHOT MPOIYKIIii 3 IEBHOO MEPIOAMYHICTIO 200 32 OKPEMOIO IOMOBIICHICTIO;

* IOCTaBKa BIAXOAIB Ha TEPUTOPIIO CIELiaJbHOrO MIANPUEMCTBA, A€ Oyae mpoBeacHa
nepepoOka;

* TIOJIIJT YITAaKOBKH 1 CaMOT0 TOBapy, BU3HAYEHHS Ta COPTYBaHHs OPraHIUHUX 1 HEOPTaHIUHUX
Marepiais;

* PO3MIIIIEHHS! YAaCTUHU MPOAYKII B KOMIIOCTHUX sIMaX, BHUKOPHCTAHHSA YHaKOBKU JUIS
BTOPUHHOTO BUPOOHMIITBA.

VYrumnizaris XapuyoBUX BiAXOIB

VYrumnizaris XapuoBuX BiAXOIB 3MIMCHIOETHCS JEKIIBKOMA CTIOCO0aMHu:

— moIpiOHEHHS B Ipo0apIii, IpeCyBaHHS;

— MIATOIBIIS TUKUM TBapUHAM;— CJIMB PIIKHUX BIJIXOJIIB HA OYUCHI CITOPY/IH.
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Bioxoou eupobnuymea cmaxosux npodykmis. Xap4yoBl Ta CMaKOBi BIIXOAHW — 1€ MPOIYKTH
XapuyBaHHS, 10 BTPATHJIA CBOI CIIOKHBYI BJIACTUBOCTI B MpOIECl iX BUPOOHMIITBA, MEPEepOOKH,
BXKUBaHHs a00 30epiranss. SIKIIO 10 XapyoBHX MPOIYKTIB BIIHOCSTH BJIACHE MPOAYKTH XapuyBaHHS,
TO CMAaKOBI MPOAYKTH — II€ Yail, KaBa, MPSHOII, TPUIPABH, XapUOBi KUCJIOTH, a TAKOX TIOTIOH 1
ankoronb. Jl>kepena yTBOPEHHS JaHUX BIIXOIIB — XapdyoBa IPOMHUCIIOBICTH, JOMOTOCIIOAPCTBA,
kade, pecTopaHu, MIKOJH, JIKapPHI.

XapuoBi BiIXOAW HE 3aBJAIOTh ICTOTHOI MIKOAW MPHUPOJHOMY CEpPEAOBUILY — HUMHU
XapuyloThCsl pi3Hi opra”i3mMu. OfHaK BOHM MarOThb BHUCOKY BOJIOTICTH (B CepelHBOMY OJH3BKO
80 %), MBUAKO MPOKUCAIOTH, 3aTHUBAIOTH 1 CTAIOTh JDKEPENoM 1H(EKLIHHUX 3aXBOproBaHb. [ HUOU1
MPOIYKTH 3aJIy4al0Th IEPEHOCHUKIB XBOPOO — MyX, TapraHiB, TPU3YHIB.

ETanu yTunizanii XxapuoBuX i CMaKOBUX BiAXO/iB:

1. ITogpiOHEHHS BIiAXOIB B 1podapiii;

2. BukopucrtanHs noapiOHeHUX MPOYKTIB Y BUPOOHHIITBI IIEMEHTY.

Bigxonu BUpOOHUIITBA MOJTOYHHUX TTPOAYKTIB

[Ipu mepepoOrii MoJIOKa AJIi BHTOTOBIICHHS Maciia, CHpPY, CMETaHH 1 IHIIMKA MOJIOYHOL
NpOAYKLii 3 ABISAIOTbCS MOOIYHI MpoaykTH. KpiM TOro, y BHPOOHMITBI YacTO YTBOPIOETHCS
nmpocTpodyeHa abo OpakoBaHa MPOAyKIis. [, He3Bakar04uw Ha Te, 10 BOHU HE € HEOC3MEUHUMH IS
3I0pOB’Sl MIOJUHU a00 €KOJIOrii, iX HeOoOXiAHO SIKUMOCh YMHOM YTWiizyBaTH. I[lpu ckugaHHi B
BOJIOMMU BI/IXOJIIB MOJIOYHOTO BHPOOHHUIITBA THHE BCS BOJHA Mikpodiopa, a uepe3 Kilnbka JHIB,
KOJHM BiI0OYBAa€ThCsA 3aKUCAHHS MOJIOKA, 3 SABISETHCS PI3KUI HempueMHUW 3amax. Tomy s
3HUIICHHS MOOIYHUX MPOAYKTIB MOJIOYHOTO BUPOOHHUIITBA 3aCTOCOBYIOTHCS CIICIIIbHI TEXHOJIOTIT
yTHITI3alii Xap4oBHUX BiJIXO/IIB IPOMHUCIOBOTO THIIY:

— MpeCcyBaHHS,

— BUKOPHCTAHHS BIJXOIB Ha TOyBaHHS TBapHH.

Henixeiou npodykmie xapuyeanns. HemikBiIHI TPOIYKTOBI TOBApH YTBOPIOIOTHCS Ha
MiANPUEMCTBAX 3 BUPOOHHUITBA Ta MPOJAXY HPOAYKTIB. Jlo HHX BigHOCATHCS OpakoBaHi abo
HESKICHI TOBAapH, a TAaKOX TOBAapH 3 BHYEPIAHUM TEPMIHOM MpPHUIATHOCTI. BOHM miamsArarmoTh
yTumizamii gk xapuyoBi Bigxoau. 11[o0 yHMKHYTHM THUTTS, NMPOKUAAHHSA, PO3BUTKY MNATOTEHHOI
MikpodIopH X HEOOX1THO CBOEYACHO 3HUIIHUTH.

[ixaBo, MmO MMBO MOXE€ OyTH BUKOPHUCTAHO HE TUIBKH B SIKOCTI HAIOO, ajie 1 JJIS IHIIUX
nitei. Hanmpukian, muBo — iaeabHMA 3aci0 Ul YKIIaJaHHs BOJIOCCS. 3amax MUBa MOBHICTIO 3HUKAE
BIXKE Uepe3 TOAMHY, a €EeKT BiJl HOro 3aCTOCYBaHHS 3JIUIIUTHCS HAJJOBTO.

CnHcoK BUKOPHUCTAHMUX JKepeJ
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RATIONAL TECHNOLOGIES FOR THE DISPOSAL OF TEXTILE WASTE
WITH FURTHER USE IN THE PRODUCTION OF SPECIAL-PURPOSE MATERIALS

Tetiana Ishchuk!®, Tetiana Ivanishena”
L2Khmelnytskyi National University, Khmelnytskyi, Ukraine
*Corresponding author: ishchuk.tetiana@khmnu.edu.ua, Khmelnytskyi, 29008, Ukraine

The results of complex research review modern textile waste recycling technologies (mechanical,
chemical, biological, thermal) integrated with advanced sorting systems. Focus is on using recycled
products in special-purpose applications such as automotive and aerospace composites, filtration
membranes, protective clothing, adsorbents, and smart materials to reduce environmental impact
and create high-value products.

Keywords: textile waste, recycling technologies, chemical recycling, mechanical recycling,
composite materials.

1. Introduction

The global textile sector continues to grow rapidly, leading to a significant increase in waste
generation. Current estimates indicate that over 92 million tonnes of textile waste are generated
annually, while less than 10 % of this volume is recycled, with the remainder mostly landfilled or
incinerated [1-2]. Such disposal practices create significant environmental burdens, including long-
term soil contamination, microplastic emissions and increased greenhouse gas emissions.
Incineration alone contributes significantly to CO: and air pollutant emissions, while landfilling
synthetic fibres, which can take decades to decompose, results in the continuous leaching of dyes
and chemical finishes into surrounding ecosystems [2, 3]. The heterogeneous nature of textile waste
poses a challenge for recycling. Waste streams typically contain natural fibers (cotton, wool),
synthetic polymers (polyester, nylon, acrylic), elastane blends, multilayer laminates, and chemically
treated materials. This makes sorting, cleaning, and recycling difficult, especially for high-
performance applications.

Several emerging recycling technologies show significant potential to improve material
recovery and environmental performance. Mechanical recycling remains the most widely used
method due to its simplicity and relatively low environmental footprint, although it is limited by
fiber degradation and the challenges associated with sorting mixed materials [4]. Chemical
recycling, including glycolysis, solvolysis, and alkaline hydrolysis, is gaining increasing importance
due to its ability to produce high-purity monomers and regenerate polymers suitable for closed-loop
textile systems. New catalysts such as ZnO, Zn-MCM-41, silver-doped ZnO and other
nanocomposites provide degradation efficiencies of over 90 % while promoting dye decolorization
[5]. In addition, environmentally friendly solvents including ionic liquids (ILs) and deep eutectic
solvents (DERs) have emerged as promising media capable of separating polyester-cotton blends
with recovery rates of up to 99 % [6, 7]. Another method, biological recycling, including enzymatic
hydrolysis and vermicomposting, provides low-impact alternatives to natural fibers [8]. Thermal
recycling by pyrolysis or gasification offers options for material and energy recovery. A factor that
facilitates all recycling routes is the accurate identification and sorting of textile waste. Rapid
advances in near-infrared spectroscopy (NIR), hyperspectral imaging, and deep learning
classification models have achieved sorting accuracies exceeding 95 %, significantly improving the
efficiency of downstream processing processes [9]. Innovation for blended textiles focuses on
recycling into special-purpose materials such as engineered cellulose, advanced composites, carbon
adsorbents, and smart functional textiles.

2. Results and Discussion

A review of recent studies shows significant progress in textile waste recycling technologies,
demonstrating that the most effective strategies combine advanced sorting systems with optimized
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mechanical, chemical, biological and thermal treatment methods to achieve high material recovery
rates, reduce emissions and expand the production of specialty materials. The algorithm is shown in
Figure 1.

Recycled fibers,

Mechanical composites

Textile Waste Input Recycling

Fiber purity? Monomers 80%+,
Chemical cellulose 99%

1 Recycling preserved
(ILs, DES,

. glycolysis)
Blended textiles?

l

Natural fibers only?

Glucose,
Biological biopolymers
Processing

(enzymatic hydrolysis,
1 vermicomposting

Highly contaminated or
mixed waste?

Syngas, pyrolysis
Thermal oils, carbon materials

Recycling

(pyrolysis,

gasification)

Fig. 1 Recycling Routes for Textile Waste — A Process Flowchart

A review of the scientific literature shows that mechanical recycling continues to dominate
industrial practice, especially for pure cotton and polyester waste streams. Studies confirm that
shredding, fluffing and fiber extraction provide relatively high scalability, favorable energy
consumption and high recovery yields, while maintaining a relatively low environmental impact [4].
Despite these advantages, mechanical processing is limited by the reduction in fiber length and
mechanical properties, which limits its use in high-performance applications, as well as the
difficulty of processing blended materials containing elastane or complex finishes, which require
complex sorting systems to prevent contamination [10]. However, mechanically processed fibers
perform well in nonwovens, polymer composites. The incorporation of recycled cotton or synthetic
fibers into polypropylene, polyethylene, and epoxy matrices improves tensile strength, flexural
modulus, and impact resistance, indicating the suitability of mechanical processing for medium-
performance composite materials. These recycled fibers are increasingly used in the production of
special-purpose materials such as impact-resistant panels, automotive and aerospace composites,
and reinforced layers for protective clothing.

Chemical processing has emerged as one of the most promising methods for recovering high-
purity polymers and monomers. Glycolysis, hydrolysis and solvolysis processes, especially
catalyzed by ferrite nanoparticles, Zn-MCM-41 nanocomposites and Ag-ZnO, achieve monomer
recovery efficiencies of over 90 % and simultaneously increase the dye removal efficiency in highly
colored polyester waste [5]. Green solvent systems, such as ionic liquids and deep eutectic solvents
(DESs), further support the selective dissolution of cellulose and polyester fractions, allowing for
almost complete recovery of cotton-polyester blends with efficiencies reaching 99 % [6,7]. Hybrid
DES-NaOH systems are particularly promising for the degradation of PET while preserving the
integrity of the cellulose for further use [7]. Recovered polymers and regenerated cellulose are
applied in high-performance technical textiles, filtration membranes, smart coatings with
antimicrobial properties, and advanced composites for defense and aerospace sectors.

Biological and thermal methods offer additional, but more specialized, avenues for
improving textile quality. Enzymatic hydrolysis and vermicomposting are low-throughput
approaches for cotton and other natural fibers, converting cellulose into glucose-based intermediates
or biopolymers suitable for the production of biomaterials [8]. Biological recycling is limited by
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slow reaction rates, harsh conditions, and its inability to process synthetic fibers, though it yields
biopolymers and glucose derivatives for medical biomaterials, biodegradable packaging, and water
purification adsorbents.

Thermal methods such as pyrolysis and gasification can treat mixed wastes to produce oils,
syngas, or carbon materials, but pyrolysis requires high energy and emits more greenhouse gases
than mechanical recycling, while still being less impactful than incineration [11].Carbon-rich
pyrolysis residues are used in specialized applications such as adsorbents for gas purification, heat-
shielding coatings. In all recycling technologies, sorting accuracy remains the most important
operational bottleneck. Recent advances in NIR, hyperspectral imaging, and deep neural network
classifiers have increased sorting accuracy to over 95 % [9]. Persistent problems are associated with
the detection of minor components such as elastane or polymer coatings, which, although
representing a small mass fraction, significantly affect recyclability. Integrated automated sorting
conveyors using robotics, Al-based spectral analytics, and real-time classification are becoming
important components to increase throughput and minimize contamination risks [12]. Effective
textile waste recycling relies on combining mechanical, chemical, biological, and thermal methods
with advanced sorting and supportive policies to enable large-scale production of high-value
composites, functional textiles, and engineered materials for critical industries.
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TEXHOJIOT'TI IOBTOPHOI'O BUKOPUCTAHHSA TEKCTWIbHUX BIAXO/AIB
JJIs1 CTBOPEHHSA HOBUX BUPOBIB JIEI'KOI ITPOMUCJIOBOCTI

JIronmuna Hazapuyk, FOais Jlemkonosuy, Osexcanap Illoskomyn
JIhyyvkutl HayioHanbHUL MeXHIYHUL YHIsepcumem

TexcTunbHa MPOMHUCIIOBICTD € OIHIEIO 3 HAWOUIBII PECYPCOMICTKUX Taly3ei, IO reHepye
3Ha4HI 00CATH BiIXO/IB HA BCIX €Tarax >KUTTEBOTO LUKITY MPOAYKIIT — BiJl BAPOOHUIITBA TKAHUH JI0
KIHIICBOTO CITO)KMBAaHHS. 3a JaHUMH MDKHAPOJHHX EKOJIOTIYHUX JIOCHIIKEHb, IOPOKY Y CBITi
YTBOPIOETHCS TIOHAA 92 MITH T TEKCTUJIBHUX BiXO/IIB, OLIbINA YaCTHHA SKUX TOTPAILISE HA MOJITOHH 200
cnamoeTbes. Lle cipuuuHsie BTpaTy IHHUX PECypCiB, 3pOCTaHHS HABaHTAXXCHHS Ha JIOBKULISA Ta
HEOOXIiTHICT TONIYKY HOBHX IIIXOAIB 70 mepepoOku. ToMmy ocobaMBOi akTyanbHOCTI HaOyBarOTh
TEXHOJIOT11 MOBTOPHOTO BHKOPHCTAHHS TEKCTHJIBHUX BIIXOJIB JIJII CTBOPEHHS HOBHX MaTepiamiB i
BUPOOIB JIETKOi MPOMUCIOBOCTI. IX PO3BUTOK BiMOBia€ MPUHIMIAM LUPKYJISAPHOI EKOHOMIKH, CIIPUSE
3MEHIIEHHIO €KOJIOTIYHOrO CIIiTY Ta BiIKPUBAE HOBI MOXITMBOCTI JUIS IHHOBALIM y MOZIHIH 1HIYCTPIi.

MeTtoto poOOTH € aHaAI3 Cy9aCHUX TEXHOJIOTIH PEIUKIIIHTY TeKCTHIBHUX BiAXOIB Ta OIliHKA
X MepCNeKTUB AJIsi CTBOPEHHS KOHKYPEHTOCIPOMOXKHHUX BUPOOIB JIETKOT TPOMHUCIOBOCTI.

TekcTUIbHI BiAXOOUM YMOBHO MOJUISIOTHCA HAa TpHU rpynu: 1) oOpi3ku TKaHUHM, OOpI3KU
HUTOK, HEKOHAMIINWHI PyJIOHHU; 2) Y)KUBAaHUH OJAT 1 TEKCTHIIb; 3) BIIXOAM TEXHIYHOTO TEKCTHIIIO —
CIIEIOIST, TEOTEKCTIIIb, (PUIBTpYBabHI MaTepianu. JlocmimkeHHs cBiguaTh, mo a0 70 % nux Bia-
XOZIB MOKYThb OyTH HMOBTOPHO BHUKOPHUCTaHI Micis COPTyBaHHS Ta 00poOku. CydacHi TEXHOJIOTii
TIOBTOPHOI TIepepOOKHU TEKCTUITIO BKITFOYAIOTh MEXaHIYHUH PELMKIIIHT, XIMIYHUNA PEUKITIHT, TEPMOIIIACTUYHE
neperuiaBiaeHHs, 3D-TeXHOOTIT K IHCTPYMEHT MOBTOPHOT'O BUKOPUCTAHHS TEKCTUILHUX BIIXOIB.
[Ipn posmyuryBaHHI 4Yepe3 MeXaHIuYHE TMOAPIOHEHHS TEKCTUIBHUX MaTepiamiB BinOyBaeTbCs
MEXaHIYHUN PEelMKIIHT. B pe3ynbTaTi OTpUMY€EThCS BOJIOKHUCTA Maca JUisl HETKaHUX MaTepiaiB,
YTEIUTIOBAYiB, aKyCTHYHHX Ta TEIUIOBOJAMIMHNX maHenei. IlepeBaramu Takoi mepepoOku € i
HU3bKa BApPTICTh Ta €KOJOTIYHICTh. Jl0 HEIOMIKIB MOXHA BiIHECTH CKOPOUYEHHS JOBKHUHU BOJIOKOH
Ta 3HIKEHHS MinHOCTI. [1i yac XiMIYHOTO PEIUKIIHTY TPOXOANUTh 3aCTOCYBAHHS PO3YMHHUKIB 200
XimMiuHUX peakniid ans BigginenHs momimepiB (ITIET, momiamin, menronosa), Mo Ja€ MOKIHBICTH
OTPUMATH Maike TIEPBUHHOI SIKOCT1 BOJIOKHA 1 Tpanyyarty [4]. [IpukiagaMu TeXHOIOTIH MOXe OyTH
TEXHOJIOTISl JJIsl TIoJIiecTepy, aMiHOJI3 1 TUIIKOJi3, PO3UMHEHHS LIEIOIO3HUX BOJIOKOH Y CIEHiaIbHIX
pearenrax. [lo mepeBar Mo)kKHa BiJJHECTH OTPHMAaHHS CHUPOBHUHU BHUCOKOsiKicHOT [1]. Hemomikamu €
CKJIQJIHICTh B OOCIYTOBYBaHHI JIOPOTOBapTICHOTO OOJaJHAHHS 1 MOTpeda y Oe3MeyHuX pearcHTax.
TepmoracTuuHe neperiaBieHHs: MOXKE BUKOPHCTOBYBATHUCS 1] Yac OBTOPHOI NMEPEPOOKH TEKCTHIIIO,
e nepepobka cuHTeTnuHux MmatepianiB (IIET, HeiinoH) y rpaHynisr, SKHi BUKOPUCTOBYIOTH Y
MOJIAJTBIIIOMY Ha BUPOOHMIITBI MPU CTBOPEHHI HHUTOK, IUTIBOK, 3D-apykoBanux matepianiB (filament)
[2]. IHCTpyMEHTOM MOBTOPHOTO BUKOPUCTAHHS TEKCTWJIBHUX BiaxodiB € 3D-texnosorii. Hosi
MiIX0Au 00’ €qHYIOTh PEHHKIIHT Ta U(poBe BUPOOHUIITBO: 3D-ApyK 3 TEKCTUIBHUX KOMIIO3HTIB,
CTBOPEHHX Ha OCHOBI IMOJAPIOHEHOTO TEKCTWJIIO W TONIMEPHUX 3B’A3YBaJIbHUX; BUPOOHHUITBO 3D-
HUTBOBUX CTPYKTYp, II0 MOXKYTb 3aCTOCOBYBATUCh Y B3YTTI, aKcecyapax, IeKOpPaTUBHUX €JIEMEHTax;
3D-ckanyBanHs Ta 3D-MoJenoBaHHs, AKe JO3BOJISIE ONTUMI3yBaTH BUPOOHUITBO Ta CKOPOUYBaTH
KUTBKICTh BiJIXOJIB IIJIIXOM CTBOPECHHS TOYHUX Jiekas [5]. LI TexHomorii BIAKPUBAIOTH MUIAX [0
MOSIBM HOBUX MaTepiajiB Ta BHPOOIB, 110 TIOEIHYIOTh PEIUKIBOBAHY CHPOBUHY 1 IU(POBI 1HHOBAIIII.
Hampsimamu 3acTocyBaHHs nepepoOIeHNX MaTepiaiiB y JErKiid MPOMHUCIOBOCTI MOKe OyTH OJST Ta
akcecyapu (puc. 1, a), B3yTTeBi BupoOu (puc. 1 0), TexHiyHH TekcTHiab (puc. 1 g), iHTEp €pHI
BupoOu (puc. 1, 2). IlepeBaraMu MOBTOPHOTO BHUKOPUCTAHHS TEKCTUIBHUX BIJXOIIB € 3MEHILICHHS
€KOJIOTTYHOTO HAaBaHTAKEHHSI;, 3a0Ia/KEHHs PECYPCIB 1 €Heprii; CTBOPEHHS HOBOi pUHKOBOI Hillll JIIs
YKPATHCHKUX MIANPHEMCTB; MOXJIMBICTh BUPOOHHMIITBA IHHOBAIIIHHUX MaTepiaiiB; PO3BUTOK LUPKYJSIPHIX
6i3Hec-mozeneii [3]. BUKimky i 0OMEXeHHsI: CKIIaHICTh IEPBUHHOTO COPTYBAHHSI BIIXO/IIB; BIICYTHICTD
CTaHJAPTU30BAHUX CHCTEM 300py TEKCTHJIIO; PI3HOMAHITHICTh CKJIaAy TKAaHHH 1 HEOOXITHICTH iX
PO3AiIeHHs; BUCOKI BUTpATH HA 3allyCK CYYacCHHMX TEXHOJIOTii; HHM3bKa OOI3HAHICTh CIIOXHBAUiB
PO TIepeBaru perrKIbOBAaHIX MaTEPialiB.
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CIIOPTUBHHI OJISIT ¢uticoBi MaTepianu CYMKH 1 PIOK3aKH
3 PEreHePOBAHOTO MOJIECTEPY 3 BTOPUHHOI CUPOBMHH 3 KOMITO3UTHUX TEKCTWIBHUX MaTepialliB
a
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TexHiYHUIT TEKCTHIb
¥ i ¥
TEIIO- Ta (binbTpyBabHI
LIyMOI30JIALIHHI MaTepianu CUCTEMHU
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Iarep’epHi BUpoOun
v

A 4 v

JIeKOpaTHBHI MaHei HANOBHIOBAYi 111 MeOJIiB

2

Puc. 1 Hanpamu 3acmocysanns nepepoonenux mamepiania y neeKii npoMucio8ocmi:
a) 00512 ma axcecyapu, 0) 63ymmesi 6upoodU, 8) MeXHIYHUL MEeKCMUb, 2) IHmep €pHi eupooU

BucHoBKH

TexHoNOril MOBTOPHOTO BUKOPUCTAHHS TEKCTHIBHUX BIIXOJIB BiJKPUBAIOTH 3HAYHUI
MOTEHITIAJ JIJIS JIETKOT MPOMHUCIIOBOCTI Ta € BAKJIMBUM KPOKOM Y BIPOBAHKCHHI IPUHIIUIIIB CTAJIOTO
PO3BUTKY. [HTErpallisi MEXaHIqYHOTO, XIMIYHOTO Ta IM(POBOTO PELMKIIHTY, BKIIOYat0dn 3D-TexXHOMOr i,
JI03BOJISIE CTBOPIOBATH 1HHOBALIMHI Marepianyd i BUPOOM 3 BHCOKOIO JOJAHOIO BAPTICTIO. AKTHUBHUI
PO3BHUTOK IMX TEXHOJIOTiH B YKpaiHi MOXKE CPHATH (POPMYBAHHIO KOHKYPEHTOCTIPOMOYKHOI €KOJIOTTIHOT
THIYCTPIi, 3MaTHOI TpartoBaTy 3a cranaapramu €C 1 CBITOBUMH TEHICHIIISIME ITUPKYJISIPHOI €KOHOMIKH.
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ONBOARD COMPUTING ARCHITECTURES FOR QUADCOPTERS:
A REVIEW AND A MODULAR JETSON-BASED SYSTEM
FOR DUAL-USE AUTONOMY

Mateusz Ambrozkiewicz!”, Barttomiej Bonar!, Tomasz Buratowski!, Mariusz Giergiel
!Department of Robotics and Mechatronics, Faculty of Mechanical Engineering and Robotics
AGH University of Krakow, 30-059 Krakow, Poland
*Correspondence: mambroz@agh.edu.pl

This paper reviews onboard computing architectures for quadcopters in dual-use applications,
examining state-of-the-art flight computers, expansion modules, and sensors. The work introduces a
modular system based on NVIDIA Jetson and a ROS 2—Rust sofiware stack to support reliable,
high-performance autonomy for civil and defense applications.

Keywords: drone, embedded system, ROS 2, Jetson, Rust.

1. Introduction

Small multirotor drones have evolved from hobbyist systems into widely used platforms in
civilian and defense applications. Advances in miniaturized electronics and accessible sensors such
as GPS and high-resolution cameras have significantly increased their autonomy and functional
scope. Central to these systems is the autopilot: an embedded computer executing flight-control software
that stabilizes the vehicle, manages navigation and telemetry, and ensures operational safety. Early
quadcopters relied on simple microcontrollers performing basic attitude control, but growing
demands in inspection, agriculture, and surveillance required more sophisticated onboard computing.

Modern quadcopters typically employ a two-layer computing architecture combining a real-
time flight controller with a high-level companion computer. The flight controller—often a
Pixhawk-class microcontroller running PX4 or ArduPilot—executes high-frequency sensor fusion
and motor control loops to maintain stable flight. It provides state estimates such as position,
velocity, attitude, and timing. The companion computer, usually a Linux-based single-board platform,
handles computationally intensive tasks including perception, mapping, tracking, and path planning.
This separation ensures deterministic flight stabilization while enabling advanced autonomy.

Open-source autopilots such as PX4 and ArduPilot form the foundation of modern small
UAVs. Their maturity, configurability, and broad hardware support have led to widespread
adoption in research, commercial, and military systems. A critical capability is their integration with
companion computers via MAVLink, enabling exchange of telemetry, mission commands, and
high-level navigation inputs. Many implementations demonstrate this division of labor: for instance,
PX4 integrated with Nvidia Jetson modules for onboard depth processing, or ArduPilot paired with
Raspberry Pi for real-time vision. Middleware such as ROS, connected to the autopilot through
MAVROS or MAVSDK, further facilitates modular development of autonomy pipelines.

Embedded computing platforms have progressed dramatically. The Nvidia Jetson series
provides GPU-accelerated processing suitable for real-time neural inference and high-resolution
computer vision. Modules such as TX2, Xavier NX, and Orin allow drones to execute complex
perception and decision-making algorithms onboard. Lighter platforms such as Raspberry Pi remain
useful for moderate-complexity autonomy tasks and mission-level logic, though with reduced Al
acceleration capabilities. Meanwhile, integrated drone-focused systems like Snapdragon Flight or
VOXL illustrate the trend toward unified, open, and extensible computing architectures optimized
for UAV applications.

Meeting the computational requirements of autonomous drones also depends on robust
software organization. UAVs often perform SLAM, obstacle avoidance, object classification, and
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planning concurrently, placing high demands on timing coordination. Flight-critical loops must
operate deterministically at rates over 100 Hz, making isolation of autonomy processes essential.
Reliable communication patterns, predictable data flow, and decoupling of real-time and non-real-
time tasks are fundamental to safe operation. Edge-level processing enables low-latency perception-
driven decision-making, but only if supported by disciplined architectural separation.

The dual-use nature of UAV technology reinforces the importance of secure and extensible
onboard architectures. Civilian drones used for inspection or logistics can be repurposed for military
reconnaissance or targeting with minimal modifications, facilitated by open-source autopilots and
inexpensive computing hardware. This convergence heightens requirements for cybersecurity, resilience,
robust communications, and verification of software behavior. Civilian operators prioritize reliability
and compliance, while defense users additionally demand robustness against jamming, cyber threats,
and contested-environment operation. In both contexts, modularity and upgradability are essential
for integrating new sensors, communication links, and AI models without redesigning the platform.

2. Results and discussion

In response, the UAV community increasingly adopts modular open-systems architectures.
Modularity enables independent replacement and upgrading of components, while openness leverages
established standards and open-source frameworks to support interoperability. The Robot Operating
System (ROS), and especially ROS 2, has emerged as a central middleware for companion
computing. ROS provides a publish—subscribe communication model that separates perception,
planning, and control into reusable and independently deployable modules. ROS 2 further introduces
DDS-based communication, configurable quality-of-service profiles, enhanced reliability, and improved
security, making it suitable for real-time-aware UAV autonomy and multi-vehicle coordination.

In parallel, UAV developers increasingly explore memory-safe systems programming languages
such as Rust to enhance software reliability. While C/C++ remain standard due to performance and
hardware accessibility, they are prone to memory-safety issues that are unacceptable in flight-critical
systems. Rust’s ownership and type-safety guarantees eliminate classes of runtime errors, supporting safe
concurrency and predictable behavior with near-C performance. Early applications in UAV systems
indicate strong potential for improving robustness in both low-level and high-level autonomy components.

Within this context, our review examines the evolution of onboard computing architectures
for quadcopters and synthesizes the state of the art in designing systems that support advanced
autonomy under strict real-time and reliability constraints. We also introduce a modular Jetson-
based onboard computing architecture for dual-use UAV autonomy, integrating a Jetson platform
running Linux with ROS 2 middleware and Rust-based safety-critical modules. This approach
combines high-performance onboard perception and Al, a modular publish—subscribe software
framework, and a memory-safe programming model. By aligning open-source ecosystems with
modern software-assurance practices, the proposed architecture supports both innovation-driven
civilian applications and the robustness expectations of defense environments. The following
sections review current UAV computing solutions and detail our Jetson/Linux/ROS2/Rust system
as a pathway toward next-generation autonomous quadcopter platforms.

DIAGNOSTIC IOT TECHNOLOGIES FOR REAL-TIME MONITORING
OF INDUSTRIAL MATERIALS UNDER OPERATIONAL LOADS

Taisiia Serdenko'”
'Mukachevo State University, Mukachevo, Ukraine
*Corresponding author: komarevska.tais@gmail.com, Mukachevo, 89600, Ukraine

This paper explores the use of loT-based diagnostic technologies for continuous real-time
monitoring of industrial materials under operational loads. It highlights sensor networks, wireless
communication layers, and intelligent data analytics used to detect deformation, vibration
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anomalies, corrosion processes, and thermal degradation. Integrating machine learning with loT
systems enables early fault detection, accurate prediction of material lifetime, and supports
predictive maintenance to enhance safety, efficiency, and sustainability in industrial environments.

Keywords: loT, material diagnostics, structural monitoring, predictive maintenance, sensor
networks.

1. Introduction

The rapid development of modern industry and the increasing complexity of technological
infrastructures require highly reliable, continuous and intelligent monitoring of materials that
operate under diverse mechanical, thermal and environmental loads. Industrial objects such as
bridges, pipelines, support structures, high-temperature units, transport components and composite
assemblies undergo long-term fatigue, corrosive influences, temperature cycling and vibration
stresses. Traditional diagnostic approaches, including periodic visual inspections, laboratory testing
or destructive analysis, do not provide uninterrupted observation of structural changes and are incapable
of detecting degradation at its earliest manifestations. As emphasized in modern studies on non-
destructive testing [1], this limitation significantly elevates operational risks, contributes to material
failures and leads to unplanned maintenance interventions that dramatically increase industrial costs.

In this context, Internet-of-Things technologies have become one of the most effective
modern tools for real-time monitoring of industrial materials, enabling continuous data acquisition
and intelligent interpretation of structural behavior under real operational conditions [2]. An [oT-
based diagnostic system integrates distributed low-power sensors, edge computing modules,
wireless communication technologies and cloud-based analytical platforms. Such systems measure
deformation, mechanical stress, vibration response, corrosion indicators, temperature variations,
humidity levels and other parameters that directly reflect the physical state and degradation
dynamics of metals, composites, concrete and hybrid materials.

Modern sensor solutions — including strain gauges, fiber-optic Bragg grating elements,
acoustic emission detectors, MEMS accelerometers and electrochemical corrosion sensors — ensure
high sensitivity, long-term stability and reliable operation in harsh industrial environments [3].
Their compactness and energy efficiency make it possible to integrate monitoring nodes directly
into critical infrastructure components for months or even years without replacement.

Wireless communication technologies such as NB-IoT, LTE-M, LoRaWAN, ZigBee and
Wi-Fi form the backbone of large-scale diagnostic networks. LoRaWAN is widely used for low-
energy, long-distance communication, while NB-IoT and LTE-M provide highly reliable cellular
connectivity in remote or difficult-to-access industrial areas. Edge microcontrollers preprocess data
streams, apply noise filtering and detect early anomalies before transmitting information to cloud
platforms. This reduces bandwidth requirements and energy consumption, enabling long-term autonomous
system operation. Energy harvesting technologies further extend the operational lifetime of
monitoring devices by converting vibrations, thermal gradients or ambient light into power.

Overall, the introduction of loT-based diagnostics represents a paradigm shift in material
monitoring. It transforms the traditionally reactive approach into a proactive and predictive system
capable of revealing subtle structural changes long before they become critical.

2. Results and discussion

The collected data from distributed IoT nodes undergo multistage processing that integrates
classical signal-analysis techniques with advanced machine-learning methods. A block diagram of
the diagnostic workflow is presented in Figure 1 to illustrate the sequence of stages from raw data
acquisition to anomaly detection and decision-making. Time-series anomaly detection, spectral and
wavelet decomposition, clustering algorithms and deep-learning regression models enhance the
accuracy of material condition assessment and enable the forecasting of degradation patterns [4].
Such analytical pipelines allow the identification of microscale deviations from normal operational
behavior that would remain unnoticed using traditional diagnostic tools.
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Vibration-based diagnostic methods are particularly significant for monitoring stiffness loss,
crack propagation and variations in dynamic response under real operational conditions. As
demonstrated in multiple studies [5], the analysis of vibration signatures provides insight into early
structural deterioration even when visual inspection shows no abnormalities. When combined with
IoT-based distributed sensing, vibration analytics becomes a powerful instrument for detecting
mechanical fatigue and structural weaknesses with high temporal resolution.

Practical applications of IoT diagnostics reveal their effectiveness across different industrial
domains. In bridge monitoring, wireless fiber-optic sensors measure deformation and detect
corrosion-induced weakening, allowing infrastructure operators to plan maintenance well in
advance and avoid sudden failures. In concrete and composite structures, embedded sensor
networks continuously track the growth of cracks, moisture penetration and changes in material
stiffness, providing valuable information for civil engineering and construction management.
Thermal IoT monitoring systems implemented in heat-exchange equipment and high-temperature
installations identify fouling, insulation degradation, overheating events and other anomalies that
directly influence material fatigue and energy efficiency.
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Fig. 1 Block diagram of the diagnostic workflow in an loT-based material monitoring system

In transport engineering, vibration and acoustic loT sensors integrated into railway systems,
aircraft components or heavy machinery enable early detection of wear, misalignment and structural
fatigue in both metallic and composite parts. This reduces downtime, enhances operational safety
and increases the lifespan of critical components. The combination of real-time sensing, automated
anomaly detection and cloud-based analytics creates a continuous feedback loop that supports
predictive maintenance and optimizes resource allocation.

The integration of IoT diagnostics significantly contributes to digital industrial
transformation. By enabling uninterrupted monitoring, rapid response to structural changes and
precise forecasting of material degradation, IoT systems improve the safety, sustainability and
economic efficiency of industrial operations. They extend infrastructure lifespan, reduce waste,
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minimize environmental risks and serve as foundational elements of modern industrial management
practices. As a result, IoT-based monitoring has become a key tool for ensuring safe, efficient and
resilient operation of industrial materials under real operational conditions.
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BUKOPUCTAHHA AR/VR JUISA TOTEJIBHO-PECTOPAHHOI'O BIBHECY

Basepis Kopcyn
eporcasnuit mopeogenvHo-ekonomiynui ynieepcumem, /[TEY

The article examines the role of AR/VR technologies in transforming the hospitality industry.
It highlights VR tours, AR navigation, interactive menus, staff training simulations, and innovative
marketing. The study outlines key benefits for customer experience and operational efficiency, as
well as challenges of implementation.

Keywords: AR technologies; VR technologies; hospitality industry, customer experience;
digital innovation.

VY cydacHOMY CBITi, [0 JUHAMIYHO PO3BUBAETHCS IMiJI BILIMBOM TEXHOJIOTIYHUX 1HHOBAIIiM,
TOTEJIbHO-PECTOPaHHUN Oi3HEC MOCTIHHO IIyKae HOBI IUISIXH VIS 3JTy4eHHs KIIEHTIB, ONTUMI3amii
ornepauiiHoi AISUTBHOCTI Ta CTBOPEHHS He3a0yTHhOro jaocBimy. Cepen HaWOUIbII MEPCHEKTUBHUX
IHCTPYMEHTIB, 110 3/IaTHI PEBOJIOLIOHI3YBAaTH Tally3b, BUIUISIOTHCS TEXHOJOTIi monoBHEeHOI (AR)
ta BipryanbHoi (VR) peanmpnocti. Lli iHHOBamiiiHi pilleHHs BIIKPUBAIOTH Oe€3MpeleeHTHI
MO>XKITUBOCTI AJisl TpaHcopMallii B3aeMOJIT 31 CIIOKUBAaYaMH, IMiJBUIIICHHS €()eKTUBHOCTI HAaBYaHHS
nepcoHaty Ta GopMyBaHHS YHIKaJIbHOTO IMIJIKY OpeHIy.

BipTyanpHa peanbHICTh, 3aHYPIOIOYH KOPHCTyBauya y IOBHICTIO 3MOJEIbOBaHE IH(pPOBE
CepeIoBHINe, IPOMOHYE TOCTSM TOTENIB Ta BiABiAyBayaM pPeCTOpaHiB aOCOIIOTHO HOBHUU piBEHb
B3a€EMOJIIT 3 MOCIyraMu Iie 10 iXHbOro (akTuyHOro oTpumaHHs. Hacammepen, e cTOCyeTbCs
BipTyaibHUX TypiB. [IOTeHIIiiHI TOCTI MOXYTh 3AIHCHUTH JAETAbHY MOJOPOK TOTEILHIMU HOMEPaMH,
JFOKCaMH, KOH(EpeHII-3ajlaMH, Cla-IeHTpaMu, OaceiiHaMu Ta IHIIMMHU JIOKAI[ISIMH, OTPHMYIOYH
TOBHE YSBJICHHS PO MPOCTip Ta Horo arMochepy. Takuii iMMEepCUBHHM JOCBi JO3BOJISIE HE JIUIIIE
Bi3yami3yBaTu MalOyTHe rnepeOyBaHHs, ane W (GopmMye eMOUiIMHHMIA 3B'S30K 3 OpPeHJOM, 3HAYHO
MIIBUIYIOYH WMOBIpHICTh OpoHIOBaHHS. Typomeparopu Ta opraHi3aTOpu 3aXOiB, y CBOIO 4epry,
MOXYTh OTJIAJIaTH MICIS TPOBEACHHS MOJIA AUCTAHIIIHHO, OOMpar4W ONTHUMAaJbHI JIOKarii 0e3
HEOOXIMHOCTI (I3WYHUX BI3UTIB, IO €KOHOMHTH 4Yac Ta pecypcu. Y pecropaHax VR Moxe
3ampoIOHYBaTH BIPTYalibHI JIETYCTaIlli, IEMOHCTpaIlii MPUTrOTyBaHHs CTpaB Bix mmed-kyxaps ado
HaBITh TIOBHE 3aHYPEHHS Yy TeMaTW4HI OOIHI 30HM, MEPEHOCSYM BiJBIAyBadiB, HAMPUKIAMI, Ha
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y30epexoxst CepenzeMHOMOp'ss ab0 10 CEpelIHBOBIYHOIO 3aMKy, THM CaMUM CTBOPIOIOYHU
YHIKaJIbHHUI KOHIENTYaabHUI 10CBif. [2]

JloroBHEHa pealibHICTh, Ha BIAMIHY BiJ BipTyalbHOI, Hakjajae HUQPPOBI €IEMEHTH Ha
peanbHe (hizuuHe cepeoBHILe, 30arauyrour HOro HOBUMH IIapamMu iH(popMallii Ta iIHTepakTUBHOCTI. s
rorenbHOro 6i3Hecy AR MoXxe cratu He3aMiHHUM IMOMIYHHMKOM Yy HaBiraiii: BiJi TIOIIyKYy HOMepa
a00 koH(epeHI-3aly 3a JIOMOMOror cMapT@oHa [0 BIPTYaJlbHOTO KOHChEp)KA, IO Hajaae
iH(}OopMaIliro Mpo MICIEeBl MaM'ITKH, PECTOPAHU UM TPAHCTIOPTHI MapIIPyTH O€3MOCepeaHBO B MO
30py rocts. AR-mogaTku MOXKYTh TO3BOJIATH TOCTSM BIPTyaldbHO «IIPUMIPSITH» Pi3HI KOHDIryparmii
MeOJIiB Y CBOEMY HOMEPI, 3aMOBJIATH TOCIYTH a00 KOHTPOJIIOBATH OCBITJICHHS Ta KJiMaT 3a
JIOTIOMOT'OF0 1HTEPaKTUBHUX €JIEMEHTIB, HAKJIaJICHUX Ha peanbHi 00'ektn. Y pecropanax AR-MeHro
BXKE€ € SICKpaBUM IPHUKIIAIOM Takoi iHTerpaiii. BiiBigyBadi MOXyTh HaBECTH CBiii cMapTdoH abo
IJIAHIIET Ha MYHKT MEHIO 1 TOOAYNUTH TPUBHMIPHY Bi3yalli3allilo CTpaBH, il CKJIaJ, KaJIOPIHHICTS,
ajJlepreHy Ta HaBiTh ICTOPIIO MOXOKEHHs IHrpeAieHTiB. Lle He TUIBKK crporrye mpolec BUOOpYy,
poOIIIUM HOoTo ORI MPO30PUM Ta 3aXOIUTIOIYHMM, ajie W JO03BOJISIE pecTOpaHaM JAEMOHCTPYBATH
CBOIO KYJIiIHAPHY MalCTEePHICTh Y HAMOUTBII MPUBAOIMBOMY CBITII. AR Tako)k MOYKE BHKOPHCTOBYBATHCS
i reiimigikamii JOCBiAy, MPOMOHYIOUM IHTEPAaKTUBHI irpd a00 KBECTH IIiJl 4Yac OYIKyBaHHS
3aMOBJICHHS, III0 OCOOJIMBO aKTyaJIbHO JIJIsl CIMEHHMX 3akmafiB [2].

Oxpim npsimoi B3aemomii 3 kiieatamu, AR/VR TexHomorii mponoHyoTh 3Ha4HI TepeBaru
JUTsL BHYTPIIIHIX OTIepaIliifHAX MPOIECiB Ta HABYAHHS NIepCOHaTy. BipTyanpHa peanbHICTh J03BOJISIE
CTBOPIOBATH PEANICTHYHI CHUMYJIALIi poOOYMX CIeHapiiB, BiJi HAaBYaHHS HOBHX CIIBPOOITHHUKIB
TOTENIFHUM CTaHJIapTaM OOCIYTOBYBaHHS, MPOILEAYpPaM PEECTpallii Ta BPEryIIOBaHHS KOH(]IIKTIB
710 BIANpAIOBaHHS Jiil y HAI3BHYAWHUX CHUTYyaIlisX, TAKUX SK MOXKEXKHa eBaKyallis abo MeTuvHi
iHmunenTu. IlepcoHan Moke TPaKTHUKYBAaTH CBOi HAaBUYKHA y O€3MEYHOMY, KOHTPOJIHOBAHOMY
CepeOBUII, BIATOUYIOUH MaCTEPHICTh 0€3 PU3UKY IOMUIJIOK y PEabHUX YMOBAX.

VY pecropanHoMy 6i3Heci VR-TpeHIHI'M MOXYTh IMITYBaTé poOOTy Ha KyXHi, TIpaBuiIa Tiri€HH,
OCHOBH coMerbe abo OapucTa, MOKPAITYIOUH SKICTh MiATOTOBKH Ta CTaHAAPTH3ALII0 00CTyTOBYBaHHS.
JlonoBHEHa peanbHICTh MOXE OyTHM BHKOpHCTaHa Ui TEXHIYHOTO OOCIyrOBYBaHHS 0OJaJHAHHS,
KOJIM 1H)KEHEpH MOXKYTh OTPHUMYBATH IMOKPOKOBI IHCTPYKIII 3 PEMOHTY, HaKJIaJeHI Ha peajbHi
KOMITIOHEHTH, 0 3HAYHO MPUCKOPIOE Ta CHPOIILYE mpoiiec [4].

BrpoBamkennss AR/VR Takox € MOTYy)XKHUM I1HCTpYMEHTOM MAapKETHHTY Ta OpeHIuHTY.
3aBISKM MM TEXHOJIOTISIM TOTEJl Ta PECTOpaHH MOXYTh BHIUIMTUCS HA PHHKY, MPOMOHYIOYU
YHIKQJIBHUM JIOCBiJ, SIKUM CTBOPIOE BUCOKY IIHHICTh I CHOXHBauda. BipTyanbHi pekiaMHi
KaMITaHii, 110 JJO3BOJISIOTH MOTSHIIIMHUM KITIEHTaM «BiJIB1IaTH 3aKiaa abo «crmpoOyBaTH» CTpaBy 3
Oyab-KOI TOUYKM CBITY, 3HA4HO IIJBHUILYIOTH 3aI[iKaBICHICTh Ta KoHBepcito. CTBOpEHHs
IHHOBAIITHOTO IMIJKY SIK TEXHOJIOTIYHO MPOCYHYTOro Oi3HECy NpHUBaOIIOE MOJOAY, TEXHIYHO
00i3HaHy ayJUTOPII0 Ta 3MILHIOE JOSUTBHICTh ICHYIOUMX KIi€HTIB. Lle He mpocTo mociyra, a 1ina
ICTOPIsl, B SIKY 3aHYPIO€ThCS KIIIEHT, CTalOUH ii YacTHHOO [4].

[IpoTte, He3BakalouM Ha BEIMYE3HUH NOTeHIiak, BopoBajkeHHd AR/VR B roremnbHo-
pecTopaHHOMY Oi3HeCi CYNpPOBOJXKYETbCS NEBHUMH BHUKJIMKaMHU. Bucoka modaTkoBa BapTiCTb
po3poOKK mporpamMHOro 3abesnedyeHHs, npuadaHHsS o6naaHaHHA (VR-raphiTypu, HDOTYXHI
KOMI'IOTEpH, CIeLialbHI KaMepu) Ta CTBOPEHHS SKICHOTO, IHTEPAaKTUBHOI'O KOHTEHTY € 3HaYHUM
Oap'epom miisa Garatbox kommanid. KpiMm Toro, BaxianBo 3a0e3MeUnTH 3pYUHICTh Ta 1HTYiTUBHICTH
BUKOPHUCTAHHS IIMX TEXHOJOTIH IJIs BCIX BIKOBHX TPYN Ta KaTeropiil KIi€HTIB, ajpke He BCI
KOPHUCTYBadl OJHAKOBO TOTOBI JI0 B3a€MOJII 3 BIPTYyaJIbHOIO UM JIOTIOBHEHOIO PealIbHICTIO. Takox
icHye motpeba y kBamiikoBaHMX (axiBIX, SIKI 3MOXYTh HE JIMIIE PO3POOUTH, ayne W
miaTpumMyBaTd Ta oHOBIoBaTH AR/VR-pimenns. Inrerpamiss HOBUX cucTteM 3 icHyroudow [T-
1H(}paCTPYKTYypOIO TOTEJIB Ta PECTOpPaHIB TAaKOX MOXKE€ OYTH CKIAQIHUM 3aBAaHHSIM. 3PEIITOIO,
HEOOX1THO MOCTIWHO MpaloBaTH Haa TuM, 00 AR/VR He 3aMiHIOBanu, a JOMOBHIOBAIM JIIOJICHKE
CIIJIKYBaHHS Ta 1HAMBIAYaJbHUM MAXIT, SKI 3aJIHMIIAIOTHCS KIIOYOBUMH CKJIQJOBHMH SKICHOTO
00CITyrOBYBaHHS B I1iH TaTy31.
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[TincyMOBYIOYH, BHKOPHCTaHHSI TEXHOJIOTIH JOMOBHEHOI Ta BIPTyadbHOI pEabHOCTI B
TOTENILHO-PECTOPAHHOMY Oi3HECI € HE TIPOCTO TPEH/IOM, a CTPATETIYHUM HANPSMKOM PO3BUTKY, 10
3IATCH TIEPETBOPUTH TPAIUIIIIHI MOJENi HaJaHHA TMOCIyr. BOHW MPONOHYIOTH Oe3NpereeHTHI
MOXKJTUBOCT1 NIl TIOKpAIIeHHsI KIIEHTCHKOTO JOCBiAYy, ONTUMIi3alii omepaiiifHoi epeKTUBHOCTI,
MiABUIIEHHS SIKOCTI HaBUAHHS MEPCOHAITy Ta MOCWICHHS KOHKYPSHTHUX TepeBar Ha pHHKY. Xod4a
ICHYIOTh TICBHI BUKJIMKH, TIOB'S3aHI 3 1HBECTHUIIIMH Ta aJallTalli€lo, JOBTOCTPOKOBI BUTOIH Bij
BrnpoBakeHHs: AR/VR e 06e33anepeunumu. ['oTeni ta pecropanu, mo MEPIIMMH IHTETPYIOTH IIi
1HHOBAIII1, 3MOXYTh HE TUIBKU 3aJy4YUTH HOBY ayJUTOPIIO Ta IiIBHIIUTH JIOSIBHICTD KIIIE€HTIB, aje
I BCTAHOBUTH HOBI CTaHIAPTH SIKOCTI Ta 1HHOBAIIMHOCTI B YCiil ramy3i, MPOMOHYIOUH TOCTSAM Ta
Bi/IBilyBa4yaM I1O-CIIPaBXHLOMY HE3a0yTHI Ta 3aXOIUTIOIOUl BPA)XEHHS, SKI BUXOJATH 32 PaMKH
3BUYatHOTO 00CIyroByBaHHs. Lle MUIAX 10 CTBOpEHHS MaltOyTHHOTO, JI€ PEAIbHICTh 3YCTPIYaEThCs
3 MUGPOBHUM CBITOM, HATAIOYHM KO)KHOMY YHIKaJIbHY Ta IMEPCOHATI30BaHY TOI0OPOXK.
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KBAHTOBO-XIMIYHE JOCJ/IIKEHHA MEXAHI3ZMY TA PEI'NOCEJIEKTUBHOCTI
Ag(I)-KATAJII3OBAHOTI'O IIEPEI'PYITYBAHHSA INOXIJHUX KYBAHY B KYHEAH

Mapiok K.A.'?, aiigaii O. B., T'purop’es H. E.
'Hayionanonuii mexuiunuii ynieepcumem Yxpainu «Kuiscokuii norimexuiunuii incmumym
imeni I2opsa Cikopcwvkozo», np-m bepecmeucvruii, 37, 03056, Kuis
2TOB «HBIT «E€naminy, 8yn. Bincmona Yepuunna 78, 02094, Kuis
*Aemop-rxopecnonoenm: mariuk.kateryna@lIl.kpi.ua Kuis, 03150, Yxpaina

The study investigates the quantum-chemical mechanism and regioselectivity of Ag(l)-
catalyzed rearrangement of cubane derivatives into cuneane. It emphasizes the role of substituents
in stabilizing transition states, challenges in modeling Ag(I) systems, and limitations of standard
DFT methods. Insights aim to improve synthetic strategies for 3D bioisosteres in drug design.

Keywords: cubane, cuneane, Ag(l) catalysis, regioselectivity, quantum chemistry, DFT,
bioisosterism, transition metal catalysis, computational chemistry, drug design.

1. Beryn
CyuacHa meauuHa Ximis mepeOyBae y CTaHl MapaJurMajibHOTO 3CYBY BiJl BUKOPHUCTAHHS
mockux (2D) apomatnuHux cucteM a0 TpuBuMipHHX (3D) HacHMueHHMX KapKacHUX CTPYKTyp. Lls
teHaeHis, BimoMa sk "Escape from Flatland" («Brteua 3 miomuHn»), 3yMOBIIeHa HEOOXITHICTIO
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XIMIT TA XIMISHOT IHKEHEPI

MoKpaieHHs (apMaKOKIHETHYHHUX BIACTUBOCTEH JIiKapchKuX 3aco0iB. KyOaH, Boepiie cHHTe30BaHMIMA
Itonom y 1964 poui, Ta TpOAYKT HOro izoMepusaiii — KyHeaH, € YHIKaIbHUMHU 00’ €KTaMu s
IOTO HAMpPSIMKY 3aBASKH CBOIM BHCOKiM CHUMETpii, 3HaUHIA €Heprii HampyXeHHsI Ta MOKIUBOCTI
clIyryBatu 610i30cTepaMu O€H30IbHOTO Kilbld. Cxema i3oMepu3alii mokasaHa Ha puc. 1.

L —
r

isomerization

Puc. 1 Ilpunyunoea cxema ymeopenHs KyHeaHy 3 Kyoamy

KitouoBoro mpobaemoro npu poboTi 3 IUMU CUCTEMAaMH € KOHTPOJIbOBaHA (DYHKIIIOHATI3AIIS
Ta niepeOyoBa kapkaca. HaitOiibin e()eKTUBHUM NUIIXOM MEPETBOPEHHS KyOaHOBOTO CKelieTa Ha
KyHEaHOBHH € kaTaii3 consimu cpibna (Ag(l)). Onnak mexaHi3Mm w1i€i peakuii, 0co0IMBO (HaKTOpH,
0 KEPYIOTh PETiOCEICKTHBHICTIO y BHIQJKY 3aMIIICHUX MOXIJIHUX, 3aJHIIAETHCS CKIIATHUM
00'ekToM 175l BUBYeHHs. ExcriepuMeHTanbHUN TiAOIp YMOB 4acToO € peCypCOMICTKUM, 10 pOOUTH
aKTyaJIbHUM 3aCTOCYBaHHS METO/IB 0OYUCIIIOBAIBHOT XiMii.

2. O0roBopeHHs1 pe3yJbTaTiB

Po3poOka sikapchKkuX TpenapaTiB 4acTo CIHPAETHCS HA BHKOPHCTAaHHS OCH30JIbHUX Ta
MipUIUHOBUX Kinelb. [IpoTe HacHMYeHHS MOJEKYJIM TUIOCKMMH apoMaTHYHHMH (pparMeHTamu
C(sp2) yacto mpU3BOAWTH JO HHU3BKOI PO3UYMHHOCTI, HEOAKAHOTO T-CTEKIHTY Ta MIBHJKOTO
MeTtaboumizmy. Ctpareris 6ioizocTepusMy nepeadadae 3aMiHy (parMeHTiB Ha CTPYKTYPHO IMOIiIOHI,
asne (Gi3MKO-XIMIYHO TIOKPAIICH] aHAJIOTH.

Kapkacnui ByrmeBojaHi, Taki sik Oinukionentan (BCP), ky6an Ta KyHeaH, € HaCUYCHUMHU
C(sp3) cucrtemamu, sIKi TEOMETPUYHO IMITYIOTh BEKTOPH BUXO/Ty 3aMiICHHUKIB Y O€H30IbHOMY K1JbIII,
aje 3aiiMaroTh OUThIUK 00'eM y mpoctopi. Lle mo3Bosisie kpaie 3armoBHIOBATH aKTHUBHI IICHTPH
(hepMeHTIB-MIIICHEH, TIBUIYBATH PO3YMHHICTH (Yepe3 BiJICYTHICTh M-CUCTEMHU) Ta METAOOJIIUHY
CTaOUTBHICTb.

Oco0nmuBHlA 1HTEpEC CTAHOBUTH KyHEaH — ToJIieipaH TOUKOBOi rpymu C2v, 0 YTBOPIOETHCS 3
KyOany. JlocmipkeHHS MMOKa3y0Th YiTKi TeOMETPUYHI Mapajesli M’k OX1THUMH KyHEeaHy Ta apeHiB:

1. 1,3-qu3amimeHnii KyHeaH Jii€ ik HACHYeHUH 130cTep MeTa-3amimeHoro 6enszomy. Kyt mix
3aMiCHHKAMH Ta BiJICTaHh MK HUMHU B 000X CHUCTEMax € TyKe OJM3bKUMH, IO JI03BOJISIE 30epiraTH
010JI0TIYHY aKTHBHICTH IPH 3aMiHI apOMaTUYHOTO KUTBIISI HA Kapkac. Bisyamizalis 6i0i30cTepu3my
JTAaHOT CTIONTYKW HaBEJIEHA Ha pHC. 2.

246 A
1,3-substituted cuneane m-substituted benzene bioisosterism ?

Puc. 2 [lopisnanus ceomempuunux napamempis 1,3-3aminyeHux KyHeaHise
ma mema-3amiwjeHux OeH30ie 3 nepcneKmusU i30Cmepusmy

2. 2,6-au3aMilieHnid KyHeaH BUCTYIIA€ 130CTepOM IMapa-3aMillieHoTro OEH307y.

Jl7is TOBHOTO PO3KPUTTS MOTEHI[iaNy KyHeaHy $K OydiBeNbHOTO ONOKY ISl JIIKapChKHUX
npenapaTiB HeoOXiHa po3poOKa METOJIB CHUHTE3y, SKi O MTO3BOJISIM OTPUMYBATH MOi3aMillIeHI
MOXiJHI 3 TOYHO BU3HAUCHOIO MO3UINIE€I0 3aMiCHUKIB. e BumMarae rimuOoKoro po3yMiHHS MEXaHI3MY
130Mepu3allii BUXiIHUX KyOaHiB.
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[TepetBopeHHs KyOaHy B KyHEaH JIETKO BiJOYBa€ThCS MiJ JAI€I0 KaTani3aToOpiB MEepexiTHUX
MeTaniB, cepen akux Ag(l) reMoHCTpy€e BUHATKOBY €)EKTUBHICTb.

AHami3 JiTepaTypHUX [aHUX Ta TMONEPEeTHE MOJCIIOBAHHS JO3BOJSIOTH BUIUIUTH TPU
KIIFOUYOBI cTaIii mporecy (MexaHi3my), siki MpOLTIOCTPOBaH1 Ha puc. 3:

1. OxucHroBanbHe npuenHanas (Oxidative Addition), cramis ACI1 TS all: Ion Ag(l)
(enextponna koHpiryparis d10) atakye onun 13 HanpyxeHux C-C 3B's3kiB KyOaHy 3 MONepeIHbO
CKoopInHOBaHOI nepeximHuM ctanoM (TS) ctpykrypu AC11. Lle npu3BoAUTE 10 POSKPUTTS 3B'I3KY
Ta yTBOPEHHSI METAJIOOpTaHIvYHOTO iHTepMeniaTy all.

2. T'ereponitnune po3mieruieHHs 3B's13ky C-Ag, cramis all TS bl: Ile xputuuna cramis, mo
BH3HAYa€e eHEpPreTHUHu Oap'ep peakirii. BigOyBaeTbcst po3pUB OJHOTO 3 HOBOYTBOPECHHX 3B'S3KIB
BYIUICIIb-CPI0JI0 3 yTBOpeHHSIM KapOkarioHHoro neHtpy allbl. Tlepeximuuii ctan 1€l cramii
MOEHYE B COO1 pUCH KOOPAMHAIIIHOT XIMiT Ta KIIACUYHOI OpraHivyHO1 XiMii 10HiB.

3. [leperpynyBanusa kapkaca, cramis allbl TS sl 3 momambmoro coord«TS»: YTBOpeHwmit
iHTepmeniat al 1bl (HexmacuuHMil KapOOKATIOH) € BUCOKOPEAKIIIMHIM 1 TIIBUIKO MEPETPYTIOBYETHCS
JUTSL 3HATTSI HANpy>KeHHs, popMyroun cTpykTypy KyHeaHy al 1blsl Ta perenepyroun kaTasmizatop.

TFA
Ag TFA
o . Agy
@ + s coordination @ oxidative addition @
F.C~ “OAg
Cub + Ag coord"TS" AC11 AC11_TS_a11 all
Ag-C
break
al1_TS_b1
TFA TFA-
o o Ag concertgd Ag°
coordination ;! carbocation \‘@
te CJLOA y @Z] shift and ig)
3 9 elimination
Cun + Ag coord"TS" a11b1s1 al1b1_TS_s1 allb1

Puc. 3 Mexanizm nepecpynyganms Kyoamy 6 KyHeau

BruB 3aMiCHUKIB Ha IbOMY IIISXY € BUPIMIATBbHUM. 3aMICHUKM B S1pi KyOaHy MOXYTb
crabimizyBatu abo pectabiumi3yBaTH MEpexifHI CTaHM Ta IHTEpPMEIiaTH Yepe3 IHAYKTHBHI Ta
pe3oHaHcHI edektu. PeriocenektuBHicTh mporecy (To0To, sikmii came 3 Oarathox C—C-3B's3KiB
PO3ipBETHCS) KOHTPOIIOETHCS MEPEBAYKHO 3/1aTHICTIO 3aMICHUKIB CTa011i3yBaTH MO3UTUBHUM 3apsi,
10 PO3BUBAETHCA HA CTaJil TeTepoliTHuHOro posmerieHHs. Hnsax peakuii crpsMOBYeTbCs depes
TOW TepexXiHUN CTaH, A¢ KapOKaTiIOHHUN HEHTP (OpMY€eThCS MOOIMU3Y E€NEKTPOHOAOHOPHHUX a0o
CTa0LTI3YIOYUX TPYIL.

MopnentoBanHs peakiiiiHoi cuctemu «Ag(l) + HampykeHuii Kapkac» € HETpUBIaJIbHUM
3aBAaHHAM JUIsl KBaHTOBOI XiMii. TyT cTUKaloThbcs NBI MpoOiIeMH: HEOOXITHICTh TOYHOTO OMUCY
€JIEKTPOHHOI CTPYKTYpH MEPEXiIHOTO MeTaly (/1€ BaKIUBI PEISATHBICTCHKI €(EeKTH Ta CKJIaaHa
KOpEJISALisl €JeKTPOHIB) Ta KOPEKTHUN OINMUC PO3PUBY KOBAJEHTHUX 3B'SI3KIB 3 YTBOPEHHSM 10HHHUX
YacTOK.
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CrannaptHi Metoau teopii ¢pyHkuionana ryctunu (DFT), taki sk nonynspuauit B3LYP a6o
Meta-GGA ¢dyskmionanu cimeiictBa Minnesota (Hampukinan, MO06-2X), dacTto nalOTh 3HAYHI
MOXUOKU TPU PO3paxyHKy €HEepPreTUYHHX Oap'epiB JUIsl peakiiifi 3a y4acTiO MepexXiTHUX METaliB.
IMomuiika Moxe csraté 5—10 Kkaji/MOJIb, IO € HEMPUITYCTUMUM JUIS IIPOTHO3YBAHHS PETi0CETICKTUBHOCTI,
JIe PI3HULS MK KOHKYPYIOUMMH NMUISIXaMH MOYKE CKJIaJIaTH MeHIIe 1—2 KKajl/MOJIb.

KirouoBotro mpo0eMoro € BiICYTHICTh €TaIOHHUX HAaO0OpiB JaHuX (OeHUMapKiB), ki O Oyiau
crieniagbHO CPOKYCOBaHI Ha peakIlisfx, mo BKIo4aloTh akTuBaliro C(sp3) 3B'si3kiB ioHom Ag(l).
Xo4a iCHYIOTh 3arajibHi HaOOpH JUIsl KaTajidy nepexigHuMu Metainamu (3o0kpema, Pd ta Ni), ixas
tpancdepHicTh no crenudiuroi ximii Ag(l) B ymoBax Hampy»XeHOTO Kapkacy KyOaHy HeE
rapadToBaHa. TakuMm duHOM, BUOIp ontuManbHoro DFT (yHKIIOHANMY M ITi€l CHCTEMH a priori
CTa€ HEMOKJIMBHUM, 110 BUMArae po3paxyHKY CIIeIiali30BaHUX €TAIOHHUX (pedepeHTHUX) CHEPTiil.
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INFORMATION FUSION IN MULTISENSOR SYSTEMS
FOR TECHNOLOGICAL PROCESS MONITORING
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The article presents the results of a study on the efficiency of signal processing in
multisensor systems for technological process monitoring based on information fusion methods.
The influence of correlation between semsor signals on the informativeness and reliability of
process state estimation is analyzed. It is shown that centralized processing and the application of
information fusion methods (in particular PCA) provide higher accuracy and efficiency of
technological process state assessment compared to decentralized approaches.

Keywords: cencop, ingpopmayiiine 3numms, MawlunHe HABYAHHA, CeeMeHMayis OAHUX,
MYTbMUCEHCOPHT CUCTEMU.

1. Introduction

The foundation of technological process monitoring systems, regardless of the application
domain, is sensor systems that provide the acquisition of primary information about the current state
of processes within the control area. As a rule, existing models of sensor data collection and
processing involve aggregating data in the form of state vectors, meaning that the main signal
processing is performed either directly by embedded sensor systems or at the level of local
computing nodes [1, 2]. This approach allows significant simplification of information-analytical
procedures at the system level, achieving higher energy efficiency and improving the reliability of
the sensor system through structural redundancy. However, it substantially reduces the
118 Khmelnytskyi National University, Ukraine, 11—12 December 2025
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informational potential of the sensor system due to the effective decrease in data dimensionality by
low-computational-capacity devices (embedded systems). As a result, a considerable portion of
features and existing patterns in the raw signals (data) is lost—features that could potentially enhance
the situational awareness of the monitoring system (i.e., the dynamic assessment of the
technological process state) through modern information fusion algorithms [3].

2. Results and discussion

In sensor systems, the completeness of the information collected within the monitored area is
proportional to the number of sensors and the quality of the information (signals) received for
processing [3]. Therefore, expanding the sensor network and improving the quality of individual
sensors is traditionally considered the main way to increase the effectiveness of a monitoring
system. However, this approach is not always justified, as there is a risk of informational
redundancy that overloads computing nodes and leads to a decrease in overall efficiency [1].
Moreover, increasing sensor density results in a reduction of the total entropy of the information
flow due to stronger mutual correlations between sensor signals [4]. If we assume that the sensor
signals follow a normal distribution, the total entropy of the information flow can be expressed as

1
H(x,%,,...,X,) :Elogz[(2ne)"det(K)], (1)

where K is the covariance matrix of the ensemble of sensor signals {x,}.

The presence of the determinant det(K) in (1) leads to an asymptotic limitation of entropy as
the sensor system density increases. This occurs due to the strengthening of correlation between
sensors and, consequently, the growth of the off-diagonal elements of matrix K and the reduction of
det(K). Decentralized processing of sensor signals by embedded systems (Fig. 1) further reduces
entropy due to the loss of part of the features contained in inter-sensor correlations, as well as the
impact of the local decision error probability.

‘ System interface H Hub P—>‘ Special software ‘
}

‘ Communication system

f ; ) :
|
|

Local computing Local computing
node node

‘ Sensor 1 ‘ ‘ Sensor 2 ‘ ‘ Sensor 3 ‘ ‘ Sensor 4 ‘ —

Fig. 1 Structure of a Sensor System with Decentralized Signal Processing

It can be assumed that the use of a centralized processing model makes it possible to
significantly increase the data entropy due to the mutual information contained in the sensor signals,
considering that noise contributes a substantial share to the mutual information.

Figure 2 shows the results of experimental studies of a monitoring system containing 10
sensors (p — mutual correlation). The primary factor affecting the informativeness of the sensors
was chosen to be the signal-to-noise ratio (SNR), which serves as a conditional indicator of the
accuracy of the data contained in the sensor signals.

The results show that an increase in SNR affects both the self-information and the mutual
information of the sensor signals differently, depending on the correlation values between them.
This can be utilized in centralized processing of sensor signals using information fusion methods.
The standard basis of the information fusion process is the transition from assessing the state of an
individual sensor to assessing the state of the technological process as a whole. Such a transition
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allows the introduction of an additional metric to determine the weight of an individual sensor
signal when evaluating the overall state of the sensor system.

20 H(X) in centralized processing ne Mutual entropy in centralized processing
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5o ¢
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Fig. 2 Structure of a Sensor System with Centralized Signal Processing

Figure 3 presents a comparison of different approaches for determining the state of the
technological process based on sensor signals and using the information fusion method with PCA [2].

Signals PCA
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Fig. 3 Assessment of the Impact of Signals and Features on Determining
the Overall State of a Technological Process

The results of the calculations indicate that the joint processing of sensor signals using
information fusion algorithms allows for significantly higher efficiency and accuracy in assessing
the state of a technological process. This is achieved by utilizing the maximum number of features
in the signals, which have not undergone prior processing. Although this approach requires
handling larger volumes of information and employing greater computational resources, it enables
higher reliability and accuracy.
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PSYCHOLOGICAL MECHANISMS OF SELF-REGULATION AND SELF-HELP
OF THE INDIVIDUAL IN THE CONTEXT OF DIGITAL TRANSFORMATION
OF SOCIAL AND EDUCATIONAL SYSTEMS
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The paper examines the psychological mechanisms of self-regulation and self-help in the
context of digital transformation of social and educational systems. Emphasis is placed on how
innovative technologies influence emotional stability, cognitive functioning, and adaptive behavior.
The study highlights the potential of digital tools to strengthen resilience and support personal
well-being in complex situations.

Keywords: self-regulation, self-help, digital technologies, resilience, education.

1. Introduction

The rapid implementation of innovative materials and technologies in the social, economic,
and educational spheres generates new demands for psychological resilience and personal
adaptability. Transformations in professional practices, the digitalization of the educational
environment, changes in patterns of social interaction, and the development of high-tech solutions
create conditions of increased uncertainty, often accompanied by stress, anxiety, cognitive overload,
and reduced self-regulation efficiency [1].

At the same time, innovative technologies may serve as a resource for enhancing
psychological resilience. In particular, digital self-help platforms, mobile applications for tracking
emotional states and behavioral patterns, biofeedback tools, as well as educational modules for the
development of self-regulation are gradually being integrated into learning and social contexts [2].
In such an environment, the study of psychological aspects of self-regulation and self-help as key
mechanisms of successful adaptation to complex life situations becomes especially relevant.

Contemporary research emphasizes that the ability to self-regulate has a complex structure
that includes cognitive, motivational, emotional, and behavioral components determining personal
performance and overall quality of life [3]. Under conditions of intensive technological
development, these components are additionally strained, which necessitates updating psychological
support models and developing new approaches to fostering self-help skills.

The purpose of this paper is to analyze the psychological mechanisms of developing self-
regulation and self-help in the context of social, economic, and educational changes driven by
innovative technologies, and to outline the potential of digital tools as means of enhancing
psychological resilience.

2. Results and discussion

In situations of rapid change and increased intensity of information flows, self-regulation
becomes a central mechanism of emotional and behavioral stability. It ensures the ability to control
one’s reactions, maintain effective performance under stress, and adapt to new demands. Within the
context of the digital modernization of social systems, such skills gain particular importance for
students, workers in technological industries, and specialists in social-interaction professions who
operate under high levels of emotional strain.

Modern technologies may act both as stress-producing and stress-buffering factors, giving
the digital environment a dual psychological impact. On the one hand, the dynamic development of
digital innovations is accompanied by increased cognitive load, the need for continuous adaptation
to new information streams, rapidly evolving interfaces, and new formats of work. This creates a
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sense of informational instability, heightens anxiety, contributes to the development of «digital
overload», and may provoke a loss of perceived control over one’s activity. In addition, the
digitalization of social relations often results in social fragmentation, increased interpersonal
distance, reduced quality of emotional support, and a heightened subjective sense of loneliness.

On the other hand, innovative technologies create new opportunities for strengthening
psychological resilience and developing self-regulation skills. They offer tools that enable
individuals to effectively monitor their psycho-emotional state, analyze stress reactions, and apply
self-help techniques in a timely manner. Such tools include biofeedback programs that provide real-
time physiological indicators; digital journals and mobile apps for tracking mood, emotions, and
behavioral reactions; interactive models for monitoring emotional states that help individuals
become aware of the dynamics of their experiences; as well as numerous online platforms for
cultivating mindfulness, relaxation, and emotional regulation practices [4]. These tools promote
self-observation skills, reduce emotional tension, and foster internal competencies of psychological
self-support.

Psychological self-regulation in a technologically saturated environment functions as an
integrated mechanism that enables adaptation to digital challenges and incorporates several
interrelated components: awareness of one’s emotional state as the ability to identify, recognize,
and interpret personal experiences; stress management through relaxation techniques, breathing
exercises, mindfulness practices, and cognitive restructuring; cognitive control, which includes
sustained attention, inhibition of impulsive reactions, and maintenance of productive thinking;
behavioral flexibility, defined as the capacity to modify strategies of action depending on situational
demands; and well-developed self-help strategies ensuring efficient resource recovery and personal
well-being in conditions of ongoing digital transformation.

Self-help systems are becoming increasingly accessible due to digital platforms offering
relaxation programs, cognitive-behavioral techniques, activity-planning tools, and emotional-
regulation strategies. In the context of educational transformations, these resources are actively
integrated into academic courses and student-support programs.

Scientific evidence demonstrates the effectiveness of hybrid psychological-support models
that combine traditional approaches with innovative materials and technologies. For example, the
use of sensory devices, wearable gadgets, and VR-based emotional regulation simulators enables
the modeling of stressful situations and the practice of coping strategies in a safe environment [5].

Within the educational environment, the development of self-regulation plays a central role,
as it significantly determines academic success, the ability to work independently, professional
growth, and psychological well-being. The modern educational process, increasingly enriched with
innovative technologies, creates new opportunities for developing these skills. Personalized digital
platforms, electronic learning environments, and interactive educational modules make it possible
to track individual learning trajectories, adjust learning goals, adapt material complexity, and
maintain motivation. They help students not only optimize their educational process but also
identify signs of cognitive or emotional overload, which is key to preventing academic burnout.

The application of innovative materials and technologies in education shapes essential
competencies and strengthens psychological resilience. First, such technologies foster digital
literacy, which becomes an integral part of self-regulation by enabling efficient management of
information flows, organization of the learning environment, and establishment of healthy
boundaries in digital interaction. Second, digital tools significantly expand opportunities for self-
observation and reflection: students gain access to analytical reports on their activity, progress, and
learning style, which helps them better understand their strengths and developmental needs. Third,
innovative learning environments support motivational self-regulation through interactivity,
gamification, achievement visualization, and opportunities for individualized pacing, which
enhance self-support and learning satisfaction.
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In addition, the digitalization of education ensures access to diverse psychological-support
resources in online formats — from informational platforms to mobile applications, online counseling,
and digital emotional-regulation simulators. This creates conditions for integrating elements of
psychological self-help into everyday learning processes and strengthens students’ capacity to
consciously manage their emotional state and seek technological support when necessary.

Thus, the modern educational space functions as a key platform for the development of self-
regulation and self-help competencies, which are essential for students’ adaptation to rapidly
changing social, economic, and technological challenges. The integration of innovative materials and
digital technologies contributes to the formation of a more flexible, resilient, and psychologically aware
individual capable of effectively responding to the demands of contemporary information society.

3. Conclusions

The psychological aspects of developing self-regulation and self-help are critically important
in the context of social, economic, and educational transformations driven by innovative
technologies. The expansion of digital tools and the use of new materials and technological
solutions create both risks and substantial opportunities for strengthening psychological resilience.

Modern approaches to supporting individuals in complex life situations involve integrating
traditional psychological practices with advanced technological tools, ensuring more flexible,
personalized, and accessible forms of self-help. Educational institutions play a key role in the
development of self-regulation competencies by providing students with knowledge, digital
resources, and practices that enhance psychological well-being.

Future research should focus on developing digital support protocols, evaluating the
effectiveness of innovative technologies in shaping self-help skills, and creating integrated
psychological-support models relevant to contemporary technological society.
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KPEATUBHO-IHHOBAIIIMHE MUCJIEHHS CTYJEHTIB:
IICUXOJIOI'TYHI YMOBMU TA OCBITHI TEXHOJIOT'TI PO3BUTKY

Ouabra Irymnosa, Ousexkcanap Boitunmmun, IOpiii MopaBeubkuii
XmenvruybKutl HayioHaIbHU YHIeepcumem

The study explored psychological mechanisms and conditions for developing students’
creative-innovative thinking and assessed modern educational technologies. Intrinsic motivation,
learning autonomy, positive emotional climate, and psychological safety support active project
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participation. Interactive methods, design thinking, VR simulations, and reflective practices
enhance creativity, adaptability, and awareness, fostering innovative competencies.

Keywords: creative thinking, innovative thinking, psychological conditions, educational
technologies, students.

IlocTanoBka mnpodjieMH. Y CydacHOMY OCBITHBOMY CEpEIOBHINI 3pOCTaE€ IMOTpeda y
(dhopMyBaHHI y CTYJCHTIB 3[JaTHOCTI 0 KPEATHBHOTO Ta IHHOBAI[IHHOTO MHCIICHHS SIK KIFOYOBOTO
pecypcy amanTarii 10 JMHAMIYHUX COIIAIbHUX 1 po¢)eciiHUX BUKIHKIB. [HHOBaIlIliHE MUCICHHS
JI03BOJISIE HE JHIIe e(EeKTUBHO BUPINIYBATH KOMIUIEKCHI MPOOJIEMH, a i aKTUBHO T€HEpyBaTH HOBI
inei, TpancopMyBaTH 3HAHHS Y MPAKTHYHI PE3YJIbTATH 1 MiJBUILYBATH KOHKYPEHTOCIPOMOXHICTh
MaiOyTHIX (axiBLiB.

Meta npociaiI:KeHHsI: BU3HAUUTH TICHXOJIOTIUYHI YMOBU, MEXaHI3MH Ta OCBITHI TEXHOJIOTII,
K1 CIIPUAIOTH PO3BUTKY 1HHOBAILIMHOT KOMIETEHTHOCTI CTYIEHTIB B OCBITHBOMY HPOIIECI.

Buxsiaa ocHOBHOro Matepiany. Y cydyacHOMY OCBITHROMY HPOCTOpI KpeaTHBHO-IHHOBAIiliHE
MUCIJIEHHSI TI0CTa€ SK KJIIOYOBUH TICUXOJIOTIUHHI pecypc CTYyAEHTIB, L0 3a0e3meuye ix
KOHKYPEHTO3/JaTHICTh, €MOIIIHYy CTIHKiCTh Ta mpodeciiine 3poctanns. opMyBaHHS TAaKOTO TUITY
MUCJICHHSI BUMAara€ KOMIUIEKCHOTO MiJXOAy, SIKUH MO€IHYE IICUXOJOTiuHI YMHHUKH, OCBITHI
TEXHOJIOT11 Ta CHPUATIINBE CEPEIOBUILE TSl €KCIIEPUMEHTYBAHHS 1 CAMOBHUPaYKEHHS.

KpearuBHO-iHHOBaLIHHE MHCJICHHS CIiJl PO3YMITH SIK IHTETPATUBHY CHUCTEMY KOTHITHBHUX,
MOTHBAIIMHUX Ta EMOIIHO-PEryIAliiHUX MEXaHI3MiB, 0 3a0e3MeuyrTh 3JaTHICTh 1HAMBIAA
TeHEpYBAaTH OpPUTIHANBHI DILICHHS, MEPEOCMUCIIOBATH HAsSBHUI JIOCBiJ] Ta CTBOPIOBAaTH HOBI
crocoOu AistbHOCTI. JI0 OCHOBHUX MCHUXOJIOTTYHUX MEXaHI3MIB PO3BUTKY KPEaTHBHO-1IHHOBAI[IHHOTO
MUCJICHHS HaJIeXKAaTh!

1. KorniTuBHa THYYKICTh — 3/[aTHICTh CTYJIEHTIB aJalTyBaTH CIIOCOOM MUCIIEHHS i Yac
BUPIIIICHHS! HOBUX 200 CKJIaJJHUX 3aBJIaHb, 3MIHIOBATH CTpATETii 1 MOPIBHIOBATH aJIbTEPHATUBHI M1AXOIH.

2. luBepreHTHE MHCICHHS — YMIHHA TE€HEpPYBaTH UIMPOKUN CHEKTp 17ell 1 BapiaHTIB
BUPIIIEHHS Po0JIeM, BUXOYH 32 pAMKH CTaHAAPTHUX PillIeHb.

3.Kputnunuii ananiz inopmarii — OLIHIOBaHHS BJIACHUX 1 YYXKHX 1€ 3a KpUTEPISIMH
JIOLILHOCTI Ta IHHOBALIHOCTI.

4. EMortiiiHa peryJisilisi — 3AaTHICTh MiITPUMYBATH MMO3UTUBHUNA €MOIIMHUIN CTaH, TOJEpyBaTH
HEBH3HAYCHICTh 1 CTpecC, IO CYNPOBOKYIOTH TBOpPUMM TMporec (MaHa]yaHEeC, penakcaiiiHi
TEXHIKH, CTPEC-MEHEDKMEHT).

5. MotuBaiiifHi GakTopu — BHYTPIIIHA 1TOTpeda y TBOPYOCTI, IPArHeHHsI camopeaizailii Ta
Mi3HAHHS HOBOTO, TOTOBHICTB JIOJIATH TPY/IHOIII Ta HEBAAYI ITi]1 YaC €KCIIEPUMEHTYBaHHS.

JlocmikeHHsT CB1AYATh, MO Il XapaKTEPUCTHKHA MOXYTh IUIECTIPSIMOBAHO PO3BHBATHUCS B
OCBITHBOMY TIPOIIECI 32 YMOBH CIHEIliaIbHO CTBOPEHUX IICHXOJIOTIYHUX Ta TEAAroriyHUX yMOB.
B3aeMopis nux MexaHI3MIB BH3HAuYa€ PiBeHb TOTOBHOCTI CTYJICHTIB J0 TeHepallli iHHOBAIliHHUX
pillIeHb 1 TBOPYOTO MIIX0Ty 10 HaBYAIBHOI MisTbHOCTI [1].

OCBITHE cepenoBHUIlle, OPIEHTOBAaHE HAa HABYAJIbHY aBTOHOMIIO, € KJIIOYOBUM UYHWHHHUKOM
PO3BHUTKY KpEaTHBHO-IHHOBAIlIHHOTO MUCIEHHS CTYJICHTIB. BHYTpIlIHS MOTHBAIlisl Ta aBTOHOMIs
BUCTYIIAIOTh OCHOBHMMH YMOBaMH, IIO 3a0€3MeUyOTh aKTHBHE 3aJIy4e€HHS CTYJCHTIB Y pi3HI
(dopmu nisuTbHOCTI. BUCOKMIA piBeHb BHYTPIIIHBOT MOTHBALIIT CTUMYJIIOE 1HIIIIATUBHICTD, CAMOCTIHHICTb
Ta 3aI[iKaBJCHICTh y TOIIYKY HOBUX pIllIeHb, TOAl K HAaBYAJbHA aBTOHOMIisl JO3BOJISIE CTyJEHTaM
o0MpaTH BIAcHI MiAXOAM 1O BUKOHAHHS 3aB/aHb, EKCIIEPUMEHTYBAaTH 3 METOAaMU Ta Oparu
Bi/INOBIAIBHICTH 32 pe3ysbTaTh cBO€T poOoTu. Takuii miaxin popmMye BiqUyTTs BIACHOI €EKTHBHOCTI,
CTHMYIIIO€ TBOPUYMI MOTEHIIIAN Ta 3a0e3euye rOTOBHICTH JI0 TeHepallii iHHOBAaiiHUX PillICHb.

JIo TICUXOJIOTIYHHX YMOB, SIKI CIIPHSIOTH PO3BUTKY KPEaTHBHO-IHHOBAI[ITHOTO MUCIICHHS,
HaJIeXKAaTh:

1. BHyTpimHs MOTHBAIlisl Ta HaBYAJIbHA aBTOHOMisi — OCHOBHI YMHHHUKH, IO 3a0€3Me4YyI0Th
aKTUBHE 3aJTy4eHHsI CTYIEHTIB Yy pi3Hi opMH IisIbHOCTI. BUCOKMI piBeHb BHYTPILIHBOI MOTHBALIIT
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XIMI TA XIMISHOT IHKEHEP

CIpHUs€ 1HIIATUBHOCTI, CAMOCTIHHOCTI Ta 3aI[IKaBICHOCTI y MOIIYKYy HOBHUX pillleHb, & HaBYaJIbHA
aBTOHOMIsI  JIO3BOJISIE  CTyJCHTAM OOHMpaTh BIAacHI MiAXOAW JO BUKOHAHHSA 3aBJaHb,
eKCIIEPUMEHTYBATH 3 METOAAaMHU Ta OpaTH BiAMOBINAIBHICTH 3a pe3yibTaTH CBO€i poboTH. Takwmii
niaxia GopMye BiIUyTTs BIAaCHOI €(heKTUBHOCTI Ta CTUMYJIIOE€ TBOPYHIl MOTEHITIaI.

2.Tlo3uTuBHUN eMoIiiHUKA (OH 1 HU3BKUH PIBEHb HABYAIBHOTO CTPECYy — CTBOPIOIOTH
TICUXOJIOT1YHI YMOBH, 110 CIIPUSIOTH BIAKPUTOCTI 10 HOBHX 171€H, EKCIIEPUMEHTIB 1 HECTaHIapTHUX
pimenb. Konu cTyZieHT HE BiuyBae HaAMIPHOTO TUCKY 1 CTpaxy MOMMJIOK, 3pOCTa€ TOTOBHICTH JI0
PHU3HUKY B MUCJICHHI Ta aKTUBHOI y4acTl Y TBOPYMX 3aBAaHHAX. [[03UTUBHUI eMOIIIMHUNA CTaH TaKOXK
MIJIBUIIYE CTIHKICTH 10 pycTparliii, o 4acTo CYMPOBOIKYE MPOIIEC IHHOBAIIHHOTO MOIIYKY.

3. KynbTypa miaTpuUMKHA Ta TICUXOJIOTIYHOI O€3MEKH — CTBOPIOE YMOBH, 3a SKHX CTYJICHT
MOJKE BUTLHO BUCJIOBJIFOBATH BJIACHI TyMKH, IIPOTIOHYBATH HECTAHIAPTHI PIIIICHHS Ta EKCIIEPUMEHTYBATH
0e3 pusuky ocyay. Taka arMocdepa crpusie KOJICKTUBHOMY OOMIHY 17€MH, IIITPUMII CITIBIpAIli
Ta PO3BUTKY JIOBIpM MIX YYaCHHKAMH HaBYaJIbHOTO Tporiecy. IIcuxosoriyna 6e3neka CTUMYITIOE
BIIKPHUTICTH 10 KPUTUKH 1 BOJHOYAC (POPMYE TOTOBHICTB IO CAMOIIOKPAIIEHHS Ta camopedieKcii.

4. KorHiTuBHI CTHJIi, OpPI€HTOBaHI Ha THYYKICThb, BaPIaTUBHICTh T4 CXUJIBHICTH 0 PU3HKY —
3a0e3MeuyroTh 3/1aTHICTh CTYJICHTIB MIBUAKO aJaNTyBaTHUCS 10 HOBHX CHTYaIliid, MOPIBHIOBATH Pi3HI
MiAXOIM Ta OLIHIOBATH AJbTEPHATHBHI pilIeHHsA. [ Hydke MHCICHHS JO3BOJISIE BHSBISTH HOBI
3B’S3KM MK 3HAHHSAMHU, KOMOIHYBaTH i/1ei Ta CTBOPIOBATH 1HHOBAMilHI NPOXyKTH. CXUIBHICTD 710
pPU3UKY MIATPUMYE TOTOBHICTh NpOOyBaTW HECTAHAAPTHI CTpaTerii Ta EKCHepUMEHTYBaTH 3
PI3HUMH METOJJaMH PO3B’sSI3aHHS 3aBIaHb.

5.3nmatHicTh 10 pedrekcii — JormomMarae CTyAeHTaM IMEePEOCMHUCITIOBATH IMPOIEC BIACHOTO
MUCJICHHSI, OI[IHIOBAaTH €()EKTUBHICTh BUKOPUCTAHUX CTPATETii Ta MIyKaTH OMTUMANbHI MiX0AU J10
PO3B’si3aHHs IpoOIieM. PeduiekcnBHA aKTHUBHICTh CTHMYITIOE CAMOPETYJISIIIIO, ITiIBUIIYE YCBIIOMIICHICTh
HABYAJIBLHOTO MPOIIECY Ta CHPHUSE HAKOMMUYEHHIO OCOOMCTOTO JIOCBiTY, IO € OCHOBOIO JIJISl PO3BUTKY
KpPEaTHBHOTO Ta IHHOBAIIHOTO MUCJICHHSI.

VY CyKymHOCTI IIi TCHXOJIOTi4HI YMOBM Ta OCBITHI HiIXOJY CTBOPIOIOTH OaraToBHMipHE
cepelioBuIle, SKE CIpHs€e (OPMYBAaHHIO IHHOBAIIHOT KOMIIETEHTHOCTI, PO3BHTKY KPEaTUBHOI'O
MOTEHI[iaJly Ta TOTOBHOCTI CTYAEHTIB €(pEeKTHBHO BHPIIIYBAaTH CKJaJHI IpodeciiiHi i HaByalbHI
3aBHaHHs [2].

Cepen HailOLIbII €PEKTUBHUX TEXHOJOTIN BUIUISIOTh:

1. HaBuanbHo-nipoekTHI TexHonorii (Project-Based Learning, PBL) — nepen6auarots poboTy
HaJ peaJlbHUMH KeiicaMu, KOMaHAHY B3a€MOJIiI0, MOCTAHOBKY MPOOJIEM 1 MOLIYK MPaKTHYHUX
pimieHb. BoOHM J03BONIAIOTH CTYJEHTaM 3aCTOCOBYBAaTH KOTHITMBHI Ta EMOLIHHI MeXaHi3MH
KPEaTUBHOCTI Y PEaIbHOMY KOHTEKCTI.

2. Muzaiin-mucnennst (Design Thinking) — dopmye HaBuuku emmarii, reHeparii inew,
NPOTOTUIYBAaHHA 1 TECTYBaHHS, aKIICHTYIOUH yBary Ha norpedax xopucrysaya. Lleii miaxia crpuse
PO3BUTKY IUBEPIE€HTHOTO MUCIIEHHS, KOTHITUBHOI THYYKOCTI Ta KPUTUYHOTO aHai3y iHdopmaiiii.

3. ludposi Texnomorii (AR/VR, inTepakTuBHi miatdopmu, reimidikanis) — CTUMYJIIOIOTh
KOTHITMBHY AaKTHUBHICTb, MOJEINIOIOTh peallbHi CHUTyalii, TPEHYIOTh aJanTUBHE MHCJICHHS Ta
YIPaBIiHHS CTPECOM y O€3MEUHOMY CEPEIOBUIIIL.

4. TexHonorii pO3BUTKY KPHUTUYHOTO MHCJICHHS (KeHc-MeTon, IHCKycCii, mpoOieMHe
HaBYaHHS) — JJO3BOJISAIOTH OLIHIOBATH PU3UKH, allbTEPHATUBU Ta €(DEKTUBHICTH PIllIEHb, 10 GOpMYE
HAaBUYKU CaMOCTIMHOTO aHali3y Ta pedeKcii.

5. Koyuunrosi Ta dacumiTaiiiai METOIU — MIATPUMYIOTh MOTHBALIIIO, PEQIICKCIIO0, €MOIIHHY
CaMOPETYJISAIIIO Ta BIAMOBIAAIBHICTh 32 PE3yJIbTaT, CTBOPIOIOYHM YMOBH TCUXOJIOTIYHOI O€3MeKH Ta
MIITPUMKH.

EdextuBHe (opmyBaHHA KpeaTMBHO-IHHOBAIIMHOTO MUCJICHHS MOJXJIMBE  3aBISKH
BINPOBAKEHHIO CYYaCHUX OCBITHIX TE€XHOJIOTiH, SIKI IOETHYIOTh KOMaHAHY pOOOTY, iIHTEpaKTUBHI
MeTOH, IM(POBI THCTPYMEHTH Ta pedIeKCUBHI MPaKTUKU. [IpakTHYHI NMPUKIAIU IHTETpaIlli TAaKuX
TEXHOJIOT1! BKJIIOYAIOTh:
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» KoMaHIHI NPOEKTH 3 pealibHUX KEHCIB JIOKATBHOI TPOMAaay — CTYACHTH MPALIOIOTh HAJ
BUPIIICHHSAM KOHKPETHUX IMpPOOJeM, 3aCTOCOBYIOUM MIKAUCUHUIUTIHAPHI MIAXOAM Ta CHUIHHO
TeHEepYyIOYH 1/1ei.

* [HTEepaKTHBHI BOPKILIOMH 3 €JIEMEHTAMHU TU3AHH-MHUCIICHHS — CIPSIMOBaHI Ha PO3BHTOK
HaBUYOK €MIIaTii, reHepartli iei, IpoTOTUITYBaHHS Ta TECTYBaHHS PIllICHb.

* VR-cumynsamii i TpeHyBaHHSI aJalTUBHOTO MUCJEHHS — MOJEIIOIOTh CTPECOBl abo
Herepe0adyBaHi CUTYallii, CIIPUSIOYN PO3BUTKY KOTHITUBHOI THYYKOCTI Ta CTPECOCTIHKOCTI.

* PeduexcuBHI KypHalnu Ta MIOJEHHUKH 1JIed — BUKOPUCTOBYIOTHCS ISl aHAJI3y BIIACHHUX
CTpaTeriii MUCIICHHS, EMOIIIMHOTO CTaHy Ta pe3yJIbTaTiB TBOPYOI MisITEHOCTI.

[aTerpamiss mUX TEXHOJIOTIH y HAaBYAJIBHHMKM TMPOIEC CTBOPIOE OaraTOBUMIPHE OCBITHE
CEpe/IOBHINE, SKE TOEJHYE KOTHITUBHY CTUMYJIAIIIO, €MOLIMHY MATPUMKY Ta pediekcito. Lle
CIIpHsi€ TABUIIICHHIO aJalITUBHOCTI CTYICHTIB 1 PO3BUTKY 1XHIX 1HHOBAI[IHHUX KOMIIETEHTHOCTEH.

BucnoBku. ®opMyBaHHS KpEaTHBHO-IHHOBALIHHOTO MUCIICHHS € KOMIUIEKCHUM TIPOIIECOM,
110 TMOEIHYE KOTHITHBHI, MOTHUBAI[IHHO-EMOIIIMHI Ta COIiajibHI YHHHUKH. HaB4aJbHO-TIPOEKTHI,
rQpoBi, IHTEPAKTUBHI Ta Pe(IEKCUBHO-OPIEHTOBAHI TEXHOJOTIT €EKTHBHO CTHMYJIIOIOTH PO3BHUTOK
IHHOBAIIIIfHOI KOMITETEHTHOCTI. [ICHXOJIOTiuHI YMOBH CHIPHSIOTH MiJBHIICHHIO TOTOBHOCTI CTYZICHTIB
70 1HHOBAIIMHOT JisUTbHOCTI. BHKOpPUCTaHHS KOMIUIEKCHOTO IIXOMy B OCBITHROMY IIpOIIECi
JI03BOJIsIE JOPMYBATH TBOPYi, THYUKI Ta aJalTHBHI CTpATEril MUCICHHS, HEOOXIIHI U1 Cy4acHOTO
po¢eciifHOTO cepeIOBHIIIA.
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THE IMPACT OF DIGITAL TECHNOLOGIES
ON MENTAL HEALTH AND INDIVIDUAL BEHAVIOR

Olena Kuleshova', Yurii Krytskiy”
Y2 Khmelnytskyi National University, Khmelnytskyi, Ukraine
*Corresponding author: kulalvit@gmail.com Khmelnytskyi, 29000, Ukraine

The paper analyzes how digital technologies influence mental health and behavior in social,
economic, and educational contexts. Digital environments reshape communication, work, and learning,
offering benefits such as broader access to information and new forms of psychological support. At
the same time, they pose risks, including digital addiction, anxiety, social isolation, and cognitive
overload. The study stresses the need for balanced digital use and strengthened media literacy.

Keywords: digital technologies, mental health, behavior, digitalization, techno-stress,
education, social interaction.

1. Introduction

The digitalization of contemporary society has resulted in profound transformations across
social, economic, and educational domains. The rapid integration of digital technologies, innovative
materials, and technological solutions has reshaped communication patterns, forms of social
interaction, and the organization of work and learning. These developments necessitate a deeper
examination of the impact of digital environments on mental health and individual behavioral
128 Khmelnytskyi National University, Ukraine, 11—12 December 2025
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patterns [1]. Under these conditions, the analysis of both the beneficial outcomes of digital
technologies (e.g., expanded access to education, information, and cognitive resources) and their
associated risks (e.g., heightened anxiety, digital addictions, and increased social isolation) becomes
particularly relevant.

The digital milieu increasingly determines the dynamics of social behavior. Social
networking platforms, online communication, and digital media ecosystems offer new opportunities
for cultivating social capital, maintaining social ties, and forming interest-based communities.
However, excessive engagement with digital platforms is often associated with the phenomenon of
social comparison, which may negatively influence self-esteem and contribute to the manifestation
of anxiety and depressive symptoms.

2. Results and Discussion

Empirical studies indicate that regular use of digital communication platforms can enhance
perceived social support; nevertheless, excessive dependency on these platforms correlates with a
decline in the quality of face-to-face interactions, reduced emotional sensitivity, and increased
exposure to digital aggression and cyberbullying [2]. These risks are particularly pronounced
among children and adolescents, who demonstrate heightened vulnerability to gaming and social-
media addictions, disturbances in sleep and attention regulation, and increased impulsivity.

The socio-psychological dimension of digitalization also encompasses the transformation of
personal identity. The construction of a “digital self,” the curation of online personas, and the
maintenance of digital reputation have become central to modern self-presentation. While these
practices may encourage creativity and self-expression, they simultaneously contribute to
psychological stress driven by the constant need to uphold an idealized online image.

From an economic perspective, the expansion of digital technologies has generated new
professional opportunities, employment models, and business ecosystems. Remote work,
automation, and the gig economy have altered the structure of the labor market and reshaped
professional practices. Digital innovation enhances productivity and operational efficiency and
enables flexible work arrangements. However, these benefits are accompanied by psychological
risks, including professional burnout, blurred work—life boundaries, techno-stress, and heightened
uncertainty in an increasingly volatile labor market [3].

The digital divide continues to reinforce socio-economic disparities by limiting access to
educational and professional resources for certain population groups. Restricted access to digital
materials and technological infrastructure is associated with increased stress levels, reduced self-
efficacy, and stigmatization of individuals with insufficient digital competencies.

Simultaneously, digital environments foster the development of innovative psychological
and psychotherapeutic practices, including online counseling, mobile applications for mental health
monitoring, and the use of artificial intelligence in the detection and treatment of psychological
disorders. These approaches expand access to psychological support services and improve early
identification of risk factors.

In the educational sphere, digital technologies function as central instruments of pedagogical
modernization. Digital learning platforms, multimedia resources, adaptive learning systems, and
intelligent training simulators promote the individualization of learning, facilitate the development
of digital competence, and enhance critical thinking skills [4]. Nonetheless, the increased reliance
on digital materials can induce cognitive overload, reduce attention span, and diminish learning
motivation. Although remote learning broadens access to educational resources, it may
simultaneously intensify social isolation among students and decrease interpersonal interactions,
which are integral to psychosocial development.

A significant advantage of digital education is the advancement of media literacy and digital
self-regulation—competencies essential for maintaining mental health in an information-saturated
environment. Evidence suggests that skills related to critical analysis of media content and online
safety substantially mitigate risks associated with digital addiction, anxiety, and stress.
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Innovative technologies also reinforce inclusive education through adaptive materials,
VR/AR solutions, and multimodal learning tools, thereby expanding educational opportunities for
students with special needs and enhancing their social integration and psychological well-being.

Digital technologies exert both positive and negative psychological effects. On the one hand,
they enhance cognitive functioning (e.g., faster information processing, improved multitasking) and
provide emotional and behavioral benefits (e.g., access to social support, opportunities for creativity
and civic engagement) [5]. On the other hand, negative consequences include increased dependence
on digital devices, sleep disturbances, digital burnout, reduced capacity for sustained concentration,
and emotional desensitization caused by continuous exposure to high-intensity informational
stimuli. A notable outcome is the emergence of reactive—analytical thinking, whereby individuals
respond predominantly to short, rapidly changing stimuli (e.g., notifications), impairing their ability
to sustain deep cognitive engagement.

3. Conclusions

Digital technologies, as a central driver of contemporary innovation, exert a
multidimensional and increasingly pervasive influence on mental health and individual behavioral
functioning. Their impact manifests across several interrelated domains, reshaping traditional
models of socialization, communication, work, and learning. In the social sphere, digital platforms
broaden communicative possibilities by facilitating immediate access to social networks, virtual
communities, and diverse forms of interpersonal exchange. At the same time, they generate new
psychological risks, including heightened exposure to social comparison, cyberbullying, and digital
dependency, all of which may undermine emotional stability and contribute to long-term mental-
health disturbances.

In the economic domain, digital systems enable the emergence of novel employment
formats—such as remote work, platform-based labor, and automated production workflows—
fundamentally transforming the architecture of the labor market. These advancements offer
substantial benefits, including increased flexibility and operational efficiency. However, they
simultaneously introduce challenges associated with occupational stress, blurred work—life boundaries,
job precarity, and intensified cognitive demands. Such conditions elevate the likelihood of techno-
stress, professional burnout, and psychological strain in an increasingly competitive digital economy.

Within the educational sector, digitalization drives the modernization of instructional
processes through multimedia learning environments, adaptive platforms, and interactive simulation
tools. These technologies foster individualized learning trajectories and promote the development of
digital competence. Nevertheless, they also heighten the necessity for advanced self-regulation,
sustained attention management, and robust media-literacy skills, which act as protective factors
against cognitive overload, distraction, and reduced intrinsic motivation among learners.

Ensuring the balanced integration of digital technologies, fostering a resilient digital culture,
and systematically strengthening media literacy are therefore essential prerequisites for
safeguarding mental well-being in the context of rapid and ongoing digital transformation.
Addressing these challenges requires a coordinated interdisciplinary framework that incorporates
insights from psychology, education, economics, public health, and information science. Continued
empirical research is necessary to develop comprehensive, evidence-based strategies aimed at
preventing adverse psychological outcomes, promoting adaptive patterns of digital engagement, and
maximizing the societal, economic, and educational benefits of technological innovation.
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PSYCHOLOGICAL BARRIERS TO THE PERCEPTION OF INNOVATIONS
IN THE EDUCATION SYSTEM AND WAYS TO OVERCOME THEM
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The article analyzes the psychological barriers that hinder the perception and implementation of
innovations in the education system and identifies their multidimensional nature at the emotional,
cognitive, behavioral, and organizational-psychological levels. A set of approaches to overcoming
these barriers is substantiated, aimed at enhancing teachers’ psychological readiness, developing
an innovative culture, and ensuring the effective digital transformation of education.

Keywords: psychological barriers, educational innovations, resistance to change, digital
competence, innovative culture, professional readiness, educational environment.

1. Introduction

The modern education system is undergoing a dynamic stage of renewal in which digital
technologies and innovative pedagogical approaches play a leading role. Despite the growing
availability of technological solutions, the key factor in their effective implementation remains
teachers’ psychological readiness for change. Internal barriers that arise at the emotional, cognitive,
behavioral, and organizational levels create resistance to innovation and complicate adaptation to
contemporary educational demands. Understanding the nature of these barriers makes it possible to
identify ways to support educators and create conditions for the successful integration of innovations
into professional practice.

2. Results and discussion

Modern education is undergoing an intensive process of digital transformation driven by the
development of innovative technologies and the growing demands for digital competencies among
teachers and students. The effectiveness of these changes depends not only on technical capacities
but also on the psychological readiness of participants in the educational process to accept and
integrate innovations. Psychological barriers thus become a key factor that may slow down the
implementation of new approaches, intensify resistance to change, and reduce teachers’ motivation.
As emphasized in the works of D. Kahneman, K. Lewin, E. Rogers, A. Bandura, and contemporary
researchers, the most significant difficulties arise at the stage of initial perception of novelty, when
cognitive distortions, emotional tension, and reduced self-efficacy become activated [1]. In
education, such barriers manifest as internal resistance, avoidance of innovative activity, and a
decrease in professional confidence and resilience. Therefore, the introduction of educational
innovations has primarily a psychological nature, as it affects professional beliefs, established
practices, and teachers’ emotional readiness. Awareness and reduction of these barriers are essential
for the success of contemporary reforms.

In this context, it becomes necessary to identify and analyze the main psychological barriers
that hinder the effective perception and integration of new approaches into the educational
environment. Key Psychological Barriers to Innovation Perception in Education.
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1. Emotional barriers. The most common emotional barriers include anxiety about the new,
fear of making mistakes, feelings of overload, and uncertainty about one’s own competence.
According to A. Bandura, low professional self-efficacy leads to avoidance of innovation. For
teachers, this is reflected in the reluctance to use digital tools, interactive methods, or artificial
intelligence technologies.

2. Cognitive barriers. These include rigidity of thinking, stereotypes about the “danger” or
“uselessness” of innovations, underestimation of their effectiveness, and a tendency toward biased
judgments. Cognitive distortions such as risk avoidance or the status quo effect significantly slow
down teachers’ readiness to transition to technological solutions.

3. Behavioral barriers. These manifest as passivity, avoidance of learning, reduced initiative,
and minimal compliance with innovative requirements. Behavioral resistance often creates a
negative professional climate within a team and reinforces patterns of “innovative inertia.”

4. Communicative barriers. Innovation frequently requires teamwork, experience exchange,
and interdisciplinary interaction. Lack of communicative competence or fear of negative evaluation
from colleagues may significantly inhibit change.

5. Organizational-psychological barriers. These include a lack of administrative support,
weak development of an innovation-oriented corporate culture, unclear expectations, and
insufficient informational or motivational resources. Such factors amplify individual barriers and
create an overall climate of resistance.

The conducted analysis demonstrates that psychological barriers to innovation perception are
multidimensional and manifest at emotional, cognitive, behavioral, and organizational-
psychological levels. Their cumulative impact generates a state of internal resistance, which slows
the pace of digital modernization, reduces the quality of the educational process, and intensifies
teachers’ professional burnout. Importantly, without targeted psychological support, even well-
equipped technological innovations lose effectiveness, since teachers’ subjective readiness is the
decisive factor in successful integration.

Therefore, an important scientific and practical task is to identify strategies that minimize the
negative influence of these barriers and ensure sustainable adaptation of participants in the
educational process to innovation-driven changes. Identifying effective ways to overcome
resistance is not only a condition for optimizing teachers’ professional activity but also a key factor
in enhancing the innovative potential of educational institutions.

Effective implementation of innovations in the education system is impossible without
targeted elimination of psychological barriers that block or slow down change processes. According
to the concepts of E. Rogers, A. Bandura, K. Lewin, and contemporary researchers of educational
innovation [2], overcoming resistance requires a complex impact on the emotional, cognitive, and
behavioral spheres of the individual. The following directions have been empirically and
theoretically proven to be effective:

1. Developing psychological readiness for innovation as a separate professional competence.

Psychological readiness for change is a key condition for adopting innovations and
integrating them into educational practice. It includes the motivational-value component (attitude
toward novelty), cognitive component (awareness of the importance of innovation), regulatory
component (ability to manage emotional tension), and behavioral component (readiness to act in
uncertain conditions).

Bandura’s research shows that increasing self-efficacy reduces anxiety and supports the
acceptance of innovative actions. Therefore, it is advisable to implement training programs on
readiness for change, individual and group coaching, and professional self-development programs
that foster a positive orientation toward innovation.

2. Enhancing teachers’ digital and technological competence.

Lack of knowledge and skills is one of the strongest triggers of emotional resistance.
According to the TPACK model and UNESCO recommendations, the development of technological
competence should include:
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* mastering basic digital tools;

+ developing skills for integrating technologies into teaching;

* learning principles of digital safety;

* increasing teachers’ innovation culture.

It has been proven that teachers with higher digital competence show lower anxiety, greater
openness to innovation, and higher ability to flexibly update the educational process. Therefore,
systematic professional development courses, methodological workshops, and mentoring from
experienced colleagues serve as effective tools for reducing cognitive and emotional barriers.

3. Developing an innovative organizational culture.

From the perspective of organizational psychology (K. Lewin, E. Schein), innovation-related
barriers often arise collectively rather than individually. Therefore, building an innovation-oriented
culture is crucial for reducing resistance.

Such a culture includes: valuing creativity, initiative, experimentation, tolerance for
mistakes, support of constructive risk-taking, open communication, and experience exchange, as
well as management decisions aimed at supporting change.

4. Psychological support and guidance during change.

Emotional barriers are frequently linked to overload, fear of failure, and high levels of
professional stress. According to H. Selye’s stress model and modern approaches to emotional
regulation [3], psychological support is essential for constructive acceptance of innovations.

Effective tools include: emotional competence development programs, resilience training,
cognitive-behavioral regulation techniques (reframing, managing thought patterns), supervision,
and psycho-pedagogical consultations.

Teachers who receive systematic support demonstrate greater ability to overcome emotional
resistance and adapt more steadily to changes.

5. Improving organizational communication and reducing uncertainty.

Uncertainty and unclear expectations provoke cognitive and emotional resistance, as
confirmed by organizational stress models [4,5]. Therefore, educational institutions should ensure:

* clear communication about goals and stages of innovation implementation;

+ availability of methodological and informational resources;

+ gradual introduction of changes;

* regular feedback.

When teachers understand the purpose, benefits, timeframe, and their roles in the innovation
process, resistance significantly decreases.

6. Supporting professional motivation and recognition of innovative activity.

Motivation is a crucial factor in overcoming behavioral barriers. According to self-
determination theory (R. Ryan & E. Deci) [7], internal motivation emerges when the needs for
competence, autonomy, and relatedness are met.

Effective approaches include:

* encouraging innovative initiatives;

* creating opportunities for professional growth;

* public recognition of contributions to innovation;

* supporting creative projects.

Motivational mechanisms are especially important when teachers experience uncertainty or
doubt regarding the value of innovations.

7. Using facilitation and collaborative learning approaches.

Modern educational psychology emphasizes the role of facilitative interaction [6] and
professional communities. Collaborative problem-solving, peer learning, and joint projects reduce
perceived difficulties, increase competence, and promote positive attitudes toward innovation.

3. Conclusions

Overcoming psychological barriers to the perception of innovations in education requires a
comprehensive, multi-level approach that integrates the development of individual competence,
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emotional resilience, and organizational culture. The implementation of these directions ensures
sustainable adaptation of teachers, increases the effectiveness of innovation processes, and
contributes to the formation of an educational environment capable of continuous renewal.
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The article discusses current trends in the development of energy management systems, taking
into account the introduction of digital technologies. The impact of digital transformation on energy
consumption efficiency and energy resource management in enterprises is investigated. The advantages
of using the Internet of Things (loT), Big Data, cloud platforms, and artificial intelligence in the
processes of monitoring, analyzing, and forecasting energy consumption are analyzed. A detailed
conceptual model of a digital energy management system based on the integration of sensor
networks, analytical modules, and decision support systems is proposed.

Keywords: energy management, digitalization, loT, Big Data, energy efficiency, artificial
intelligence.

1. Introduction

In the current conditions of industrial development, the issue of rational use of energy
resources is becoming particularly relevant. Energy is one of the key factors in determining the cost
of production, competitiveness of enterprises, and environmental safety. In the context of global
climate change, rising energy prices, and stricter requirements for reducing greenhouse gas emissions,
improving energy efficiency is becoming a priority for economic development. According to
modern approaches to sustainable development, energy management is defined as a set of
organizational and technical measures aimed at the systematic management of energy consumption
processes with a view to their optimization. The basis of effective energy management is the
continuous monitoring of energy consumption indicators, data analysis, and informed management
decisions to reduce losses and increase the efficiency of energy use.
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However, traditional energy management systems based on periodic measurements and
manual analysis have a number of limitations. They do not provide timely information, do not take
into account the complex interrelationships between technological parameters of production, and
often do not allow predicting the behavior of systems in dynamic conditions. These limitations make it
impossible to respond quickly to changes in energy consumption and lead to irrational costs [1].

Current trends in the fourth industrial revolution (Industry 4.0) are opening up new
opportunities to improve energy management efficiency through digitalization. The use of digital
technologies — such as the Internet of Things (IoT), big data, artificial intelligence (Al), digital
twins, and cloud services — creates conditions for the transition from traditional to intelligent energy
management [2, 3].

The introduction of digital monitoring systems makes it possible to collect large amounts of
energy consumption data in real time, analyze it using machine learning algorithms, automatically
detect anomalies, and generate recommendations for optimizing energy consumption. This allows
companies not only to reduce costs, but also to reduce their carbon footprint and increase
environmental responsibility.

In the context of the digital transformation of industry, energy management is becoming not
just a control system, but a component of an intelligent production ecosystem integrated with other
digital platforms of the enterprise (SCADA, MES, ERP). Such systems enable predictive energy
cost management, optimization of technological processes, and strategic decision-making based on
data analytics [3-5].

Thus, the relevance of the study is determined by the need to create a new energy
management model that combines technical, analytical, and managerial aspects in a single digital
environment.

The purpose of the article is to study the role of digital technologies in the development of
energy management systems and to substantiate a conceptual model of a digital energy management
system (DEM) that ensures increased energy efficiency of industrial enterprises.

2. Results and discussion

Energy management is defined as a systematic process of managing energy resources with
the aim of minimizing costs, improving energy efficiency, and reducing environmental impact.

Classic energy management systems are based on ISO 50001 standards, which provide for
continuous improvement of energy consumption processes through the Plan—-Do—Check—Act
(PDCA) cycle. However, traditional methods have limitations in terms of data collection speed,
analytical capabilities, and forecasting accuracy.

Digitalization allows for the expansion of energy management functionality by providing:
continuous monitoring of energy consumption parameters; automatic data analysis; modeling of
optimization scenarios; integration with production management systems (MES, SCADA, ERP).

The proposed conceptual model of a digital energy management system (DEM) provides for
the comprehensive integration of hardware, software, and analytical tools to ensure continuous
monitoring, analysis, and management of energy consumption. The model consists of five
functional levels that interact with each other in a single information and analytical system.

The first level is the data collection level (IoT sensor network), which includes a system of
sensors and controllers located on energy consumption objects (equipment, lighting, heating, and
ventilation systems). Data on electricity consumption, temperature, pressure, humidity, and load are
transmitted in real time to the central node. Wireless protocols (LoRaWAN, ZigBee, MQTT) are
used to transmit information.

The second level is the data transmission and storage level, which involves the use of data
collection gateways, servers, or cloud platforms to accumulate energy information. The database is
implemented using modern technologies (SQL/NoSQL) that allow for the processing of large data
sets (Big Data) and ensure the security and backup of information.
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The third level is analytical. At this level, the collected data is processed and analysed using
artificial intelligence algorithms. Machine learning methods are used to predict peak loads, identify
deviations, and build energy consumption models. Recommendations are made to optimise
equipment operating modes.

The fourth level is the digital twin level. It involves creating a virtual model of the
enterprise's energy system that reflects real processes in digital format. A digital twin allows you to
run simulations, test optimisation scenarios without risk to actual production, and predict the
consequences of changes in the energy supply system parameters.

Fifth — management and decision-making level: this level is responsible for data visualisation,
supporting management decision-making and developing energy efficiency strategies. Information
is presented via interactive dashboards, allowing for real-time monitoring of energy consumption
and rapid response to deviations.

Thanks to the interaction of these levels, the digital energy management system provides
complete transparency of energy consumption, rapid response to inefficient processes, and the
ability to forecast energy resource management.

Conclusions. The proposed conceptual model of a digital energy management system allows
for comprehensive control of energy consumption in real time. The integration of IoT, Big Data, Al,
and digital twins creates the basis for the transition from reactive to proactive energy management.
The implementation of such a system will contribute to reducing energy costs, increasing
production efficiency, and forming an energy-oriented corporate culture.
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ORGANIZATIONAL AND PEDAGOGICAL CONDITIONS FOR IMPLEMENTING
HEALTH-PRESERVING TECHNOLOGIES IN THE TRAINING
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The article analyzes key organizational and pedagogical conditions for implementing health-
preserving technologies in the training of future physical education teachers. The focus is on
updating educational content, strengthening practice-oriented learning, and integrating innovative
methods that support the development of health-preserving competence. The results highlight the
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importance of a holistic educational environment that enables future teachers to effectively promote
student health and apply modern health-preserving strategies in schools.

Keywords: health-preserving technologies; physical education teacher training; organizational-
pedagogical conditions; practice-oriented learning; professional competence.

1. Introduction

The preservation and strengthening of students’ health in the modern educational process is
one of the key socio-pedagogical tasks that determine the effectiveness of school education and the
level of physical and mental development of the younger generation. In this context, the professional
training of future physical education teachers becomes especially significant, as they serve as direct
agents in promoting a healthy lifestyle, advocating for physical activity, and implementing health-
preserving technologies in educational practice. The importance of preparing teachers to safeguard
students’ health aligns with the international concept of Health-Promoting Schools, which
emphasizes the integration of educational strategies, health-supportive infrastructure, and high
professional competence of educators [1].

The effectiveness of this training depends not only on the content of academic programs but
also on the organizational and pedagogical conditions that ensure the systemic integration of
knowledge, practical skills, and value-motivational orientations of future teachers. Organizational
and pedagogical conditions are considered as a complex of interrelated factors that create a
favorable educational environment for the development of health-preserving competence. These
conditions include the content structure of academic disciplines with an emphasis on a valeological
component, methodological support for practical classes, modelling of real pedagogical situations,
integration of interdisciplinary knowledge, as well as the development of active and reflective forms
of students’ learning activities. The necessity of interdisciplinary integration and practice-oriented
learning fully corresponds to the position of international researchers of physical education teacher
training, who emphasize the systematic, reflective, and practical nature of teacher preparation [2].

An important aspect is the establishment of inter-institutional cooperation between
universities and practice-based settings schools, sports clubs, and health centers which enables
students to observe real examples of implementing health-preserving technologies and to take an
active role in their realization. Contemporary pedagogical science pays particular attention to
innovative approaches that ensure not only the acquisition of theoretical knowledge but also the
development of practical skills, critical thinking, professional reflection, and responsibility for
student health. Foreign scholars emphasize that a modern physical education teacher must be not
only a specialist in physical activity but also a promoter of health-preserving culture, capable of
making well-grounded decisions in complex pedagogical situations [3]. These approaches include
the use of interactive teaching methods, role-playing, project-based learning, case methods, and
digital technologies that simulate real pedagogical situations.

Thus, the analysis of organizational and pedagogical conditions for implementing health-
preserving technologies in the professional training of physical education teachers makes it possible
to identify key directions for modernizing the educational process, integrating theory and practice,
and developing professionally significant competencies. This approach forms the basis for improving
the quality of teacher education, developing students’ health-preserving culture, and ensuring the
effectiveness of educational efforts aimed at preserving and strengthening student health.

2. Results and Discussion

The results of the conducted study indicate that the effective implementation of health-
preserving technologies in the professional training of future physical education teachers is possible
only under conditions of comprehensive renewal of the content, methodological, and organizational
components of the educational process. The analysis of contemporary scientific approaches made it
possible to identify the key organizational and pedagogical conditions that ensure the formation of
health-preserving competence and enhance the practical readiness of future teachers to create a safe
and optimal learning environment.
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At the content level, professional training requires the enrichment of educational programs
with valeological, physiological, and biomedical knowledge, which forms the foundation for students’
understanding of the complex nature of learners’ health. The integration of interdisciplinary
knowledge enables the consideration of physical education as a system in which pedagogical,
psychological, and medical aspects complement each other. This approach corresponds to the
requirements of international research emphasizing the need for holistic, cross-sectoral models of
teacher preparation [3].

At the methodological level, an important condition is the implementation of innovative
teaching forms and methods that ensure active student participation in the learning process and
allow for the development of practical skills in simulated or real pedagogical situations. The use of
case methods, project-based learning, role-playing, pedagogical modelling, and digital technologies
promotes the development of critical thinking, professional reflection, and responsible decision-
making skills related to safeguarding learners’ health. The application of lesson video analysis,
specialized digital platforms, and mobile applications strengthens the practice-oriented nature of
training and brings the educational process closer to the real conditions of school work.

A particularly significant element in the development of professional readiness is high-
quality practical training. The presence of a network of partner institutions — schools, sports clubs,
and wellness centers — creates conditions for students’ immersion in real educational environments
where they can observe, analyze, and apply health-preserving technologies. Practical workshops,
master classes, and participation in professional trials deepen students’ professional experience,
while modelling critical pedagogical situations associated with health risks enhances their ability to
respond promptly and act responsibly.

Equally important is the development of students’ motivational and value-based attitudes
toward health preservation. Creating a supportive educational environment within higher education
institutions, involving students in sports and wellness activities, and organizing awareness-raising
events and communication-training programs contribute to the recognition of a healthy lifestyle as
both a personal and professional value. Such an atmosphere of support and personal growth
strengthens professional motivation and increases future teachers’ sense of responsibility for
learners’ health.

An essential area for improvement is the system for assessing the formation of health-
preserving competence. Competence-based assessment, which includes the analysis of practical
skills, observable changes in pedagogical behavior, and the ability to apply health-preserving
technologies in specific situations, allows for a more objective evaluation of students’ readiness for
professional activity. Clear assessment criteria — covering skills in organizing a safe lesson,
adapting physical loads to learners’ individual needs, monitoring physical condition, and preventing
injury risks — ensure the systematic and transparent functioning of the educational process.

The synthesis of the obtained results demonstrates that the effective development of future
physical education teachers’ readiness to implement health-preserving technologies is possible only
under conditions of holistic modernization of the educational process. The set of organizational and
pedagogical conditions — from content enhancement to the improvement of practical and reflective
components — ensures not only students’ professional competence but also contributes to the
formation of their health-preserving culture as an integral component of professional identity.

3. Conclusions

The organizational and pedagogical conditions for implementing health-preserving
technologies in the professional training of future physical education teachers constitute a key factor
in shaping their professional competence aimed at strengthening the health of learners. The analysis
of theoretical developments and practical aspects indicates that the effectiveness of this process is
determined by the ability of higher education institutions to create a holistic educational
environment that integrates modern pedagogical approaches, scientifically grounded methods, and
innovative technologies for health-enhancing activities.
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An important condition is the renewal of the content of professional training in accordance
with contemporary trends in health preservation, including the incorporation of disciplines focused
on disease prevention, the promotion of a healthy lifestyle, and the development of competencies
related to the safe organization of the educational process. Equally significant is ensuring a practical
orientation of training, which involves the active use of training modules, workshops, project-based
learning, modelling of pedagogical situations, and the implementation of innovative technologies
such as fitness pedagogy, functional training, and digital tools for monitoring physical condition.

The findings underscore that the preparation of future physical education teachers requires
the creation of a supportive educational environment that involves interdisciplinary collaboration,
the cultivation of a health-preserving culture within student groups, and the development of
motivation for personal and professional self-improvement. It is also essential to provide an
adequate material and technical base, apply modern sports and health-enhancing resources, utilize
information technologies, and ensure appropriate methodological support.

Thus, the integration of health-preserving technologies into the practice of professional
training for physical education teachers is a complex process that requires a systematic approach,
innovative thinking, appropriate management policies, and methodological guidance. The
implementation of the identified organizational and pedagogical conditions will contribute to the
formation of a competent, professionally mature specialist capable of effectively fostering the
health-enhancing potential of modern schools and promoting a culture of health among students
throughout their lives.
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The theses explore innovative approaches to preparing future psychologists for bullying
prevention in general secondary schools. Emphasis is placed on integrating theoretical knowledge,
practical skills, and collaboration with school staff and parents to ensure a safe educational
environment. Proposed methods include specialized courses, trainings, simulations, restorative
practices, and mediation. The importance of developing conflict-resolution and communication
skills for effective responses to student violence is highlighted.

Keywords: future psychologists, bullying, anti-bullying strategies, professional training,
bullying prevention.

1. Introduction
Bullying in the school environment remains one of the most pressing socio-psychological
issues, with significant consequences for children’s mental health and their further development [1].
According to the National Academy of Educational Sciences of Ukraine, effective bullying
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prevention requires diagnostics and interventions that align with modern scientific approaches and
take into account the dynamics of the educational environment. In this context, innovative approaches
in preparing future psychologists gain particular importance, as they open new pathways for
preventing, identifying, and effectively responding to incidents of bullying.

Innovations in psychologist training encompass both methodological and technological
components. One such practice is the restorative approach and school mediation, which not only
resolve conflicts but also restore relationships between participants of bullying situations. This
approach fosters a culture of peace and responsibility, replacing traditional punitive response models.

In addition, methods of social learning particularly social skills training are becoming an
essential part of psychologist preparation. For example, the Skillstreaming concept provides specialists
with tools for developing children’s empathy, constructive communication, and self-regulation
skills, all of which are critically important for preventing aggressive behaviour and bullying.

Another promising direction of innovation is the use of technologies for detecting and
monitoring bullying. Methodological guidelines for schools emphasize the importance of systematic
diagnostics through surveys, observations, and questionnaires training for psychologists must
therefore ensure proficiency in using these tools [2].

Furthermore, normative and methodological documents, including the official algorithm for
responding to bullying approved by the Ministry of Education and Science of Ukraine, stipulate that
school psychologists must participate in preventive programs, inform parents and teachers, and
conduct educational and awareness-raising activities.

Innovative approaches also include the implementation of training programs for psychologists
preparing to work in school settings. These programs aim to develop skills in identifying bullying,
fostering empathy, and establishing effective internal school communication.

Thus, modern preparation of psychologists for bullying prevention must be rethought
through the adoption of advanced methods and technologies. Integrating restorative practices,
mediation, social-communication training, and diagnostic tools into training programs contributes to
forming specialists capable of acting effectively in real school contexts, creating a safe and
supportive environment for all students.

2. Results and Discussion

One of the key directions in preparing future psychologists is the integration of theoretical,
practical, and partnership-based components, which ensures the development of comprehensive
competence in bullying prevention. This approach allows future specialists to simultaneously acquire
knowledge of the socio-psychological mechanisms of violence, develop practical skills for working
in conflict situations, and cultivate the ability to interact effectively with teachers and parents.

For instance, the modernization of educational programs by including specialized courses on
bullying enables students to understand the complexity of this phenomenon from socio-
psychological processes to legal aspects. It is recommended that curricula cover topics related to
bullying diagnostics, preventive approaches, mediation, and restorative practices. This approach
allows future psychologists to analyze the educational environment from a safety perspective,
assess risks, and model effective interventions.

A central element of the model is the implementation of practical trainings, simulations, and
role-playing games that replicate real school conflicts [3]. It is advisable to incorporate restorative
practices in which the psychologist acts as a facilitator or mediator in meetings involving victims,
aggressors, and neutral parties. Organizing practice in real school settings with the participation of
administration, teachers, and parents for the development of local action plans, information
campaigns, and mediation sessions is recommended. Such experience allows students to gain
professional confidence and effectively apply their acquired knowledge in practice.

An effective strategy is the creation of school working groups that include psychologists,
teachers, and parent representatives, who jointly develop bullying response policies, action
algorithms, and preventive plans. A key proposal is the implementation of restorative session
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programs involving all stakeholders, which promotes reconciliation, restores trust, and minimizes
repeated incidents [4]. The use of mediation, supported by the recommendations of the Ministry of
Education and Science of Ukraine and UNICEF, helps create a safe and constructive educational
environment.

Among the proposals for improving the model are adapting formats for parental involvement
in preventive work (evening sessions, online meetings), regular trainings for teachers, and ensuring
sustained coordination among all participants in the educational process. It is recommended to
develop mechanisms for regular monitoring and evaluation of the effectiveness of implemented
activities, which will allow timely adjustments to programs and maintain a high level of
professional competence among students.

3. Conclusions

The analysis of contemporary approaches to preparing future psychologists indicates that
integrating theoretical knowledge with practical bullying prevention tools is a key factor in
enhancing the effectiveness of school-based preventive work. The implementation of innovative
methods, such as interactive learning, simulation exercises, mediation trainings, and restorative
practices, enables students to develop a comprehensive set of professional skills and competencies
necessary for timely identification, prevention, and resolution of bullying incidents among students.

The adoption of these approaches contributes to the development of conflict-resolution
competence in future psychologists, enhancing their ability for empathy, effective communication,
and constructive conflict management. Establishing partnership-based collaboration with teachers,
parents, and school administration ensures a systematic approach to bullying prevention, creating a
safe and tolerant educational environment.

Another important aspect is the cultivation of an ethical and value-based stance among
students, ensuring adherence to professional standards, fostering trust, and promoting effective
interaction with all participants in the educational process. Innovative training technologies allow
students not only to acquire practical skills but also to develop critical thinking and the ability to
adapt to a dynamic educational environment.

Thus, the proposed innovative approaches to professional training of future psychologists are
technologically justified, effective, and promising. They provide a foundation for improving the
quality of psychological support in schools, ensure a systematic approach to bullying prevention,
and contribute to creating a safe, supportive, and inclusive educational environment. Further
research should focus on assessing the long-term impact of these approaches on bullying rates in
schools, refining curricula, and integrating modern digital technologies for monitoring and
analyzing the socio-psychological climate of the educational environment.
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The paper examines the value dimensions of the ecological crisis during wartime, focusing
on ethical and moral responsibility in addressing environmental destruction caused by war. It
emphasizes universal human values, the need for cultural humanization, and global cooperation to
mitigate ecological threats and preserve life and nature.
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1. Beryn

IIpo elconorquy KpHU3y B Cy4acHOMY CBIT1 IOLIJIFHO TOBOPUTH Y 3B’SI3KY 3 HeOe3MeKaMu, sKi
3arpOKyIOTh iICHYBAHHIO JIFOJIMHH 1 )KATTIO Ha 3eMJIi B TJI00QIbHOMY MacIiTadi, a TaKOX 3 OTJISATY
Ha Tl ’KaxJIMBl HACJIIKU AJs BChOI'O JKUBOIO, SIKI IPUHECIA BilfHa, po3B’s3aHa MPOTHU YKpaiHU
pociiicekuM arpecopoM. Exosoriui 3arpo3u BiiHU B YKpaiHi, 3I04MHH [IPOTH JIFOAUHU Ta IPUPOAU
MOBHHHI OYTH PO3IJISIHYTI ¥ OLIIHEH] JIFOJCHKUM TOBapUCTBOM 3 MO3MIIIN IpaBa Ta BiJNOBIAIbHOCTI
nepes; 3aKkoHoM. BogiHodac B yMOBax BiffHM BaXJIMBOIO JUIsl PO3YMIHHS €KOJIOTTYHOI KPU3H SIK BUSIBY
KpHU3H JIIOJCTBA € 11 I[IHHICHA, €TUYHA OLIHKA, a TaKoX CIpoOa OOIPYHTYBaHHS THUX MOPAIbHO-
€TUYHHUX HOPM, SIKi BUCTYHAIOTh MEPEyMOBOIO 30epekeHHs JIIoAuHH 1 npupoau. dimocodcbkoro
OCMUCIIEHHSI TOTpe0y€e TaKoXXK MHUTAaHHS MPO TyMaHi3aliio KyJbTypH B 100y TEXHOKpATH3MYy Ta
rnoOamizanii, Tpo 3HaYeHHs BUPOOJEHHS Opi€HTAIlli Ha 3arajJbHOIOJCHKI IIHHOCTI B YMOBax
3arocTpeHHs riao0anbHUX MPOOIEM.

BiifHa 3a CBO€IO CYTTIO € aHTUBITAJIFHUM 1 aHTUIPUPOJHUM sBUILEM. Bix Hel cTpaxaaroTh
JIOJIA, PYWHYIOTHCS €KOCHCTEMH, MOTEPHalOTh «HIMI KEPTBH BIMHM» — MPHUPOJA, TBAPUHU 1 BCl
XKUB1 iCTOTU. BiliHa MoCWiIIOE AECTPYKIIO MIOA0 MPUPOIX i KUTTS B IJIaHETAPHOMY MaciTabdi,
3aroCTPIOIOYM €KOJIOTiuHI MpoOsieMu. ArpecuBHE, BapBapChbKe YSBIEHHS PO CBIT HNPOTHUCTOITH
3YCHJUISIM PO3YMHOT JIFOJIMHU 1 IUBIII30BaHOI YAaCTHHM JIFOJICTBA B MpAarHeHHsIX 30epertu cede i
CBIT, CBIM JAIM 1 IpUPOAY SIK YMOBH XHUTTA. CHpUYMHEH] POCIMCBKOIO arpeci€ro 3J0YMHU HPOTH
KUTTSI, IPOTH JIIOJICH 1 TBAPUH € IIE OJHUM CBIIUEHHSM HEOOXITHOCTI YCBIJOMIICHHS BasKIHUBOCTI
JOTPUMaHHS JIIOAMHOIO MOPAJIHHHUX MPUHIIUIIIB 1 HOPM Ta BU3HAHHS 3arajIbHONIOICEKUX HIHHOCTEH.

CyuacHu#l CBIT OPOJ/KYE HU3KY NPOOJIEM, sIKi pyHHYIOTh IMiJIBAJIMHA 1CHYBaHHS JIFOJICHKOL
CHUIBHOTH, JIFOJICBKHM CTIOCIO XUTTA. BUPIIUTH 1X TIOJCTBO MOXKE, KEPYIOUUCH Y CBOIN MISIBLHOCTI
TYMaHICTUYHOIO CBIJJOMICTIO Ta MOPaJbHUMHU NpHHIMNAMH. ExosoridyHa Kpu3a K BHUSIB TI00abHOT
KpU3HU B IIJIOMY Mae€ IIHHICHI BUTOKH, TOMY amejsiis 10 YHIBEPCAIbHOI CBIIOMOCTI Ta €THYHUX
HOPM, J10 BU3HAHHS 3HAUYEHHS 3araJIbHOJIIOACBKUX LIIHHOCTEH 1 KyJIbTYpHO-ICTOPMYHOI'O YHIBEpCATI3MY
AK (pakTOpiB TII00ATBHOTO PO3BUTKY HAO0YBa€ BAXKJIMBOTO 3HaYCHHA. | 7100ajgbHa €KOJIOTIYHA KpH3a
Ha HAIIMX 0YaxX 3 MECHMICTHYHOTO MPOTHO3Y MEPETBOPIOETHCSA B peabHICTh. be3myMHe BTpydYaHHs
B MIPUPOAY, MParHeHHs] 3MIHUTU MPUPOJIHUIN CBIT BIAMOBIAHO O TUX YU IHIIUX JIOJCHKUX IIiIEH,
€KOJIOT14HI KaTacTpou, pyiHYBaHHS HaBKOJMIIHBOTO CEpPEIOBHUIIA, BiiiHa, OOpoThOa 3a MPUPOIHI
pecypcu Mae CBOIM HACIIKOM Te, IO JIOJMHA TIOBUHHA JyMAaTH, K NePeKUTH €KOJIOTIYHY KpHU3Y,
SIK TIOM’ SIKIITUTH J110 HETAaTUBHUX JUIS JKUATTS (DAaKTOPIB, SK MPUTATbMYBATH peallizallilo TEXHOTCHHUX 1
KyJbTYpHUX HACHIJKIB, IO 3arpOoXKyHOTh XHUTTIO. TOMY Ba)KJIMBOI € OLIHKAa TaKoi KpU30BOi
cUTYyalil ¥ MOIIYK IIUISAXiB BUXOIY 3 HEl. Y CBITJII BUKJIMKIB Ta 3arpo3, sSIKi MAOTh III00ATbHUN XapakTep,
3pOCTa€ BIAMOBITATBHICTH CAMOT JIFOAMHH 32 CBOE YKHUTTSI, 3a CIIBICHYBAHHS JIFOAWMHH 1 TIPUPOJIH.

2. Pe3yabTaTH i 00roBopeHHs

B Tux ymoBax, B SIKMX ChOTOJHI MepedyBae CBIT 1 YKpaiHa, JI01HA MOBUHHA JISITH HE TUIBKH
[iIepamioHabHO, TPAarMaTUYHO, aJie i MOPAIBHO, MPOSBIISIOYH MOPAJIBHY CITiBBIIIOBIJAIBHICTD Y
KOJIEKTMBHUX NisIX. B pi3HUX BUSABAX XKUTTS MOPAJIBHICTh MOCTAE K HOPMA JIFOJCHKOI JISITBHOCTI.
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BuxnnkaHa eKoJIOTiYHOIO KPU30K0 HEOOXIIHICTh OOIPYHTYBAHHS YHIBEPCAJIBHOI BiJIMOBIAATLHOCTI
YH CHIBBiANOBIIAILHOCTI MOCTAE SIK MOKJIMBICTh YHUKHEHHsI 1i HEOE3MEUHUX BUSBIB. Y 3B’SI3KY 3
UM HEOOX1THOIO € e)eKTHBHA KOOPAMHAIIS CITIBBIIMOBITATLHHX JTii 3 AIsUTBHICTIO PI3HUX KOPIIOpAIIii,
oprasizariiii Ta CyClnuJIbHUX 1HCTUTYIIIH, BKIIFOYAIO4H TaKy 1HCTHTYIIIO, sIK PaBOBa JeprKaBa.

JloTpUMaHHs TPUHIMITY CHiBBIANOBIJAIBHOCTI MOXKE PO3IIISLIATHCA SIK CIoci0 00’ eTHAHHS
3yCHJIb BCIX WIEHIB CYCHUJIBCTBA JJISl MMOJMOJIAHHS KPU30BHX CHUTYallill y BUNAAKax 30epexeHHs
KyJbTypHUX (POPM B €IHOCTI 3 HPHUPOAHUM CBITOM. 3pO3YMIJIO, IO BCIM BHSIBAM JIFOJICBKOTO I
KyJIbTYPHOTO JKMTTS TEXHIYHA UMBLUII3ALIS 3arpoKye€ HE MEHIe, HDK MPUPOJHOMY CBITOBI.
He3Baxaroun Ha Te, 110 B CBITI ICHYIOTh Pi3HI KyJbTYpHI CHCTEMH, € JIOMIHYIOTh Pi3HI CUCTEMHU
LIHHOCTEH, MPOSIBISETHCS PI3HE CTABJICHHS 10 IPUPOIH, JIFOAM MK COOOI0 TOBUHHI IIWTH 3roau. 3
OTJIsIIy Ha €KOJIOTIYHY KpHU3Y 1€ O3Hauae 3a0e3MeYeHHs] PIBHUX MpaB 1 piBHOI CMiBBIANOBIIaIbHOCTI
PI3HOMaHITHUX CYCHUIBCTB MEpeJl )KUTTAM Y IJITaHETapHOMY MaciuTaol.

VYHiBepcaJlbHA €THKA BIIOBIIAIBLHOCTI IMOCTA€ BUKIUKOM EKOJOTIYHIM KpH3i, aHTUTEC30H0
CTpaIIHUM TIPOsIBAM €KOJIOTTUHUX O1]1 B YMOBaxX BIWHH, Ky MH MEepeKuBacMo. BoHa cTae HaraJbHOIO
BHUMOTOIO JIO JIFOJICHKOT JisUTbHOCTI. B 9ac, konu #ije BiiiHa, Bce TOBUHHO BU3HAYATHUCS IMIIEPATHBOM
IIHHOCTI JKUTTSI — YM TO WIETHCS MPO IMIHHICT JFOACHKOTO KUTTS, YU TPO CBiJIOME i TOJIEpaHTHE
CTaBJICHHS JI0 TBAPHH, JI0 TOBKULIA 3araioM. OTxe, JTI0IMHA TIOBUHHA 3/IIHCHIOBATH i1, CIPSMOBaHI Ha
MOM’SIKIIIEHHS (a B iJleani W yCyHEHHs) pyHHIBHOTO, KaTacTpo(iyHOro BIUIMBY Ha mpupoxy. Ll mii
MOBHHHI CYITPOBOJIKYBATHUCSI YCBIIOMIICHHSIM LIIHHOCTI JKUTTS SIK TAaKOTO.

TakuMH € BUMOTH «HOBOI €THKH» IOJ0 HU3KU KPH3, BUKIMKAHHUX JIIOIMHOIO, JIFOJCHKOIO
TISUTBHICTIO Ta pi3HUMH (popMamu arpecii, HalCTPAIIHIIIOK 3 SKUX € BiiicbkoBa. [Ipupoaa moBuHHA
crpuiiMaTucs SK JiM, B SIKOMY MOXJIUBE )KUTTS y BCIX MPOSIBAX, a HE AK apeHa >KOPCTOKOi U Ciimoi
00pOTHOM 32 BUKUBAHHS.

HaranpHoto € Tako) HEOOXiTHICTh IIHHICHOI MEepPEOpieHTAIlil JIIOIUHU B YMOBAaX 3aroCTPEHHS
rio6ansHuX Kpu3. [I[puunHOI0 eKOMOTiyHUX 0111 Y Cy4acHOMY CBITI € Te, 1110 JIOJCTBO JOIMYCKAJO i
MPOJOBXKYE JAOMYCKATH MOMUJIKH Yy CBOEMY CTaBJICHHI 0 MpUpou. [[OMUIKOBUME BUSBISIOTHCS
TaKOX i OpIEHTHPH, HA SIKI CIIPIMOBaHa JItoAMHA. HacItiIkoM IIbOTo € He JIMIIIE IIKO/a, sIKa HAHOCUTHCSI
MpUpPOAl, a W IIKOJA, sIKA HAHOCUTHCS JIOJCHKIM CYTHOCTI. 3arpo3a €KOJOTI4HOI KpH3U Mae
rio0anbHUN XapakTep 1 MOpoKeHa He ICTOPUYHMMHU OCOOJIMBOCTSMHU PO3BUTKY TOTO UM 1HIIOTO
perioHy, a MesSKMMH CYTTEBUMH IOMUJIKAMH JIFOJCTBA y BHOOPI CUCTEMH I[IHHOCTEH 1 MIHHICHUX
OpIEHTHPIB. ﬁﬂeTLCﬁ, 3PEIITOIO, MPO BIIXi JFOIMHU Bifl 3aralIbHOMIO/ICHKUX IIIHHOCTEH, 1110 HA/I3BUYAiHO
HeOe3MeYHo B cUTyarlii BidHU. JJOTpUMaHHS 3aralbHOMIOACHKUX IIIHHOCTEH — 1€ TOW MUISAX, SKHM
HEOOXiTHUIA Ui CYy4acHOTO CBIiTy, Ui BUXOAY CYCHUIBCTBA 31 CTaHy KpHU3. 3arajibHONIOJCHKI
IIHHOCTI HE KOHCTPYIOIOTHCS IITYYHO, BOHU € YaCTHHOIO KYJbTYpPH, @ OpPIEHTAIlIS JIFOJACTBA HA HUX
nepenbavae MOKIUBICT 30€peKEHHsI TOBHOIIIHHOTO iICHYBaHHS KOXKHOT JIFOJJUHU B IIbOMY CBITI.

Jist Toro mo6 po3ymiTH, 0 BiIOYBAETHCS 3 JIFOJBMH, CBITOM 1 KyJIBTYPOIO, IO CIIPHYUHSIE
MI00aTbHYy €KOJIOTIUYHY KPU3Y B CHOTOAHIIIHIX peatisxX, MOTPiOHO MOBHOIO MIpPOK0 YCBIIOMITIOBAaTH
HeOe3MeKy BTpy4YaHHS JIFOJUHH B MPUPOAHUN CBIT. Uepe3 3MiHy CTaBJICHHS JIFOJWHU JIO TPUPOIU
3aKJIaIal0ThCS OCHOBH Cy4acHOi KyJlbTypu. BoHa mocTae Bxe HE MPOCTO SIK «CIOCIO XKHUTH», a 5K
«c1oci6 BIKUTHY. [T 03HAaKOI0 € (QOPMYBAHHS OCHOB HOBOTO THITy MMCJIEHHS, TIOCTYHOBA BigMOBA
BiJl HEOOMEKEHOT0 aKTUBI3MY, €KCILUIyaTaTOPCHKOTO CTABJICHHS A0 MPHUPOAM, BiJ AEMIypriyHUX
HACTAHOB, SIKI CKJIAJIMCS B €BPOIEHUCHKIN KYJIBTYpi Ha OCHOBI MIEPEKOHAHHS B HEOOMEKEHUX MOMIIMBOCTSIX
pO3yMy, HayKH, MOTYTHOCTI JIOAWHM. HacraHoBa Ha mEpeTBOpEHHS NPUPOAM Bce Oiiblie
3MIHIOETBCSI HACTAHOBOIO Ha 11 30€peKeHHsI Ta 0OepiraHHsl Bijl HACHIIKIB HEPO3YMHUX [N JIFOIUHU.

CBiT y Hamii JHI AyXe CKJIaJHUHN, M00 3 MO3UIHN AKOi-HEOYb O/HI€] KyIbTypH, CUCTEMHU
IIHHOCTEW YW 1imeosiorii MokHa Oylio HOro ajeKkBaTHO 3pO3yMiTH 4Yu omucaTh. He MokHa
aOcTparyBaTuCs BijJl BCi€l pi3HOMAHITHOCTI COIiaIbHO-ICTOPUYHHMX TPAIUIIINA, SKI BIUIMBAIOTH HA
MOIIYK MUISXIB BUPIMICHHS TJI00ATBHUX MPOOJIeM, IMOJIOJIAHHS EKOJIOTIYHOT Kpu3u. SIK mokasye
icTopisi, iIrHOpYBaHHs cHELM(IKK CYCHITBHOTO PO3BUTKY, JyXOBHUX 1 MOPAJIbHUX OCHOB SKUTTS JIFOJIMHH,
IHHOCTEH, KyJIbTYpPHUX TPaIuIiii TOMIO NPUBOAWUTH B KIHIIEBOMY paxyHKy 1O pYyWHYBaHHS
MPOTPaMU CIIBXKUTTS JIFOJIUHHU 1 IPUPO/IH.
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MEHE/KMEHT OXOPOHHUX EKOCHCTEM
SIK CKJIAZIOBA JIJISI PEAJIIBALIT HIJIEM CTAJIOTO PO3BUTKY

Ouaexcannp Myapak!', FOpiii AnTonOK?
' Binnuyvka axademis 6e3nepepenoi oceimu
2Iucmumym azpoexono2ii' i npupoOoKopuUCnty6anHs
Correspondingauthor:ov_mudrak@ukr.net, Vinnytsia, 21050, Ukraine

This article highlights the importance of management of protected ecosystems as a way to
achieve sustainable development goals (Global Goals) in Ukraine, in particular in Vinnytsia
region. The prerequisites for management, features of ecosystem management, management of the
recreational and educational component of nature conservation sites are determined. Considered
the management of natural ecosystems within the National Nature Park “Karmelyukove Podillia”.

Keywords: protected areas, management, conservation, biodiversity.

1. Beryn

B ymoBax rio6agpHOT0 aHTPOMOTEHHOTO TUCKY BUHHKAIOTH CUTYAIlil, B SIKUX 3aTOCTPIOETHCS
HEOOXITHICTh EKCTPEHHOTO BTPYYAaHHS B €KOCHCTEMH, MO0 3armodirty ix gerpananii. Sk peakiis-
BIJIIIOB1/Ib — II€ CTA0LII3AIlisl eKOTOMIYHOI CUTYAIIi.

Biopi3HOMaHITTS EKOCHCTEM € HE3aMIHHOK CKJIAJO0BOIO EKOJIOTIYHOTO OanaHCy, TOMY
BUHHKAE MOTpeda 3aCTOCOBYBATH HOBI METOJIU 1 MPAKTHKH JJISi 3SMEHIICHHS PiBHS aHTPOIIOT€HHOTO
HaBaHTAXXCHHS Ha MPUPOJIHI €KOCUCTEMHU.

Cranom Ha 01.01.2024 p., B Binaunpkiii o6macti HapaxoByeThesi 433 00’€KTH MPHUPOTHO-
3armoBiTHOTO (OHTY 3arajibHOO TuToNIet0 66741,1437 ra, mo ckinamae 2,2698 % Bix miomni o6aacTi.
Oxpim Toro, B obsacti HapaxoByeTbcs 11 00’exTiB CMaparioBoi Mepeki, yTBOPEHUX BiJIOBITHO
JI0 BUMOT TIPO OXOPOHY IUKOI (iopu Ta (hayHU 1 HPUPOAHUX CEpeIOBUII iCHyBaHHA B €Bpormi. B
MOPIBHSIHHI 13 3araJlbHOEBPONEHCHKUMHU TOKAa3HUKAMH, PIBEHb 3arlOBIIHOCTI 3HAXOJIUTHCS Ha
JOCTaTHBO HU3bKOMY piBHI [1, 2].

OnHUM 13 CTpaTeriyHUX HANPSAMIB 30€pEKEHHS €KOCHCTEMHOI'O PI3HOMAHITTS B YKpaiHi €
MEHEJKMEHT OXOPOHHUX €KOCUCTEM — CHCTEMa CTPATEriuyHUX 1 MPAaKTUYHUX 3aX0/IiB, CIIPSIMOBAHUX
Ha 30epeXEeHHsl MPHUPOJHHX KOMIUIEKCIB y Mexax 3amnoigHux teputopiit (HIIII, 6iocdepnux
pe3epBariB, 3aKa3HUKIB, 3aII0BITHUKIB). JlaHa cuctema 3a0e3neuye miaTpUMaHHs MPUPOJHOT PIBHOBArH,
30epexeHHss O10pI3HOMAHITTA, JaHAMAPTHOI PI3SHOMAHITHOCTI Ta E€KOCHCTEMHHUX MOCIYT, fAKi €
(yHIaMEHTOM JJIsl COLIAIbHOTO Ta €KOHOMIYHOTO OJIaromnoIyqys CycniabeTna [3].

2. Pe3yabTaTH i 00roBopeHHs

[Ipupoani 3amoBigHi Teputopii Ta 00'€KTH, K HalWedEKTUBHIMIMNA MeXaHi3M 30epeKeHHS
O10pI3HOMAHITTSI Ta MOCIYT €KOCHUCTEM, BIAIrparoTh BAXJIMBY POJb Yy pealizalii HallioHaIbHOI
eKOJIOTTYHOI TOJITUKH. BOHM TakoX CIIYTyIOTh MOJIrOHAMU JUTS TIPOBEJCHHS HAyKOBUX JOCIHIIKEHb,
3a0e3meueHHs SIKOCTi JOBKUISA, OCBITHU, PO3BUTKY TYpPU3My Ta peKpeallii, OXOPOHH MPHUPOJHUX 1
KyJIbTYpPHHUX 00'€KTIB, yIPaBIiHHS NPUPOTHUMH pecypcamu Toro [4].

3aKOHOJaBYO-IIPABOBUMHU Ii/ICTaBaMH 30€pEKEHHSI 1 MEHEIP)KMEHTY OXOPOHHHUX €KOCUCTEM €
3akoH Ykpainu (3Y) «IIpo 0XOpoHY HaBKOJHUIIHBOTO MPUPOJHOTO CEPElOBHILA», 1€ MPUPOJIHI
TepuTopii Ta 00’€KTH, SKI MHIANATaIOTH OCOOJUBIA OXOpOHI, YTBOPIOIOTH €IHHY TEPUTOpIabHY
CHUCTEMY 1 BKIIFOYAIOTh TEPUTOPIi Ta 00’ €KTH MPUPOTHO-3AIOBITHOTO (POHTY, KypOPTHI Ta JIIKYBaJIbHO-
037I0pOBYi, pEKpearliiiii, BOJAO3aXKMCHI, MOJE3aXHUCHI Ta IHIII THUIHM TEPUTOPIH Ta 00’ €KTIB, IO
BU3HAYAIOTHCS 3aKOHO/ABCTBOM YKpaiHU. 3acO0M MEHEPKMEHTY OXOPOHHHMX TEPHTODIi BKIIIOYAIOThH
3aKOHOJIaBYl, EKOHOMIYHI Ta OpraHi3aIliiiHi IHCTPYMEHTH, 1110 3a0e3Me4yIoTh X OXOPOHY, 30epe:KeHHS
MIPUPOTHOTO PIZHOMAHITTS Ta CTaje BUKOPUCTaHHS [S].

Po3ymHMIT MEHEDKMEHT 3allOBiIHUX TEPUTOPIH CIpHS€ BiJHOBJIECHHIO Ta MPUMHOKCHHIO
iXHBOTO 010PI3HOMAHITTS Ta MIPOYKTUBHOCTI MUISIXOM:
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XIMI TA XIMISHOT IHKEHEP

* IBUAKOTO NMPOXOKEHHS CYKIIECIHHOTO PSILy;

* JIOTIOBHEHHS €KOJIOTTYHOI Hillli IPY HEMOXKJIMBOCTI BIPOBAPKEHHS IPUPOTHOI CKIIAI0BOT;

* CTBOPEHHS HOBUX 010TOMIB Ta 010I[€HO31B;

* pEeryJIIOBaHHS 1HBa31MHUX Ta IHIINX HEOAKaHUX arpeCUBHUX BUIB [6].

MeHeKMEHT OXOPOHHHUX €KOCHCTEM € OCOOJIMBO aKTYaJIbHUM y BUIIAJIKY, KOJI €KOCHCTEMHU
BTPATWIIM 3/IaTHICTH J0 CaMOPETYJIAIIi i CAMOBIJHOBJICHHS, KEPYBaHHS HUMH YCKJIaJJHEHE BHACIIJIOK
BIJICYTHOCTI JIeTajibHOI iH(opMallii Mpo eKoTomiYHi, Tpo(idHi, KOHCOPTUBHI, MIKIOMYJIALIIHI, 1HIII
OiloueHoTnyHi 3B’ 13ku. KepyBaHHs ekocucTeMaMu noTpedye 3HaHb PO KOMIIOHEHTH 01011€HO3Y, Ha
OCHOB1 SIKMX BHUPOOJISETHCS KOMIUIGKCHUHM TMIIXiJ, a BUCHOBKH MAalOTh TOJABATHUCS Y3TOKEHO
(axiBUSAMHU Pi3HOTO HANPSIMKY [3].

MeHeDKMEHT y MeXaX OXOPOHHHMX €KOCHUCTEM CIPSIMOBAaHHMHU HE JIMIIe Ha 1X 30epekeHHs, a
1 Ha 3a0e3MeueHHs KOHCTPYKTHMBHOI B3a€EMOJIi MIDK MPHUPOJOK Ta CycHniabCcTBOM. OmHHMH 3
BYUIMBHX MOTO CKJIAJIOBUX € YIPABIIHHS pEKpeaIliiHuM IMMOTCHINAJIOM Ta PO3BUTOK €KOJOTIYHOI
OCBITH, K1 OPMYIOTh LITICHY CUCTEMY MIATPUMKH CTAJIOr0 PO3BUTKY.

O0’exTH MPUPOI0-3aMTOBITHOTO (POHY MAIOTh BUCOKUI KYJIBTYPHHH 1 peKpearliiiHuid OTEHITaI
3a paxyHOK JaHAMA(THOTO i GI0THYHOTO PI3HOMAHITTS, YHIKQIBHOCTI O10TOIIB, IPUPOAHUX YMOB
JUIS. O37I0POBJICHHSI Ta OCBITHBOI'O PO3BHUTKY, TOMY B JIaHOMY KOHTEKCTI MEHEKMEHT OXOPOHHUX
€KOCUCTEM CTBOPIOE YMOBH JUISL:

* 30aJIaHCOBAHOTO BHKOPHCTAHHS PEKpeallifHiX pecypciB (Ui 3armoOiraHHs JIeCTPYKTUBHOTO
BILUTUBY 1 Jierpajartii);

* 3MIHCHEHHS IJIaHYBAaHHS €KOJIOTTYHUX MApUIPYTIB 1 CTEKOK JIJIsl MiHIMAJIbHOTO BIUIMBY Ha
MIPUPOIHI KOMITOHEHTH;

* 30HYBAHHS 1 PETYJIIOBAaHHS MapLIPYTIB JUIsi KOHTPOJIIO IOTOKIB Bi/IBilyBauiB;

* 3aXO0/liB €KOJOTIYHOI IPOCBITH II0A0 MPOOIEMATHKH 1 PO MPUPOAOOXOPOHHUX TEPUTOPIi
B 30€pe)KeHHI IHHUX MPUPOTHUX KOMIUIEKCIB, OPMyBaHHS €KOJIOT1YHOI CB1IOMOCTI;

* PO3BHUTKY €KOJIOTIYHOTO TYpU3MY SIK 3ac00y rapMoOHi3aIlii BiTHOCHH MK CYCITIJIbCTBOM Ta
HaBKOJIMIIHIM CEPEOBHUILEM.

EdexTuBHEe ynpaBiiHHSI OXOPOHHUMH €KOCUCTEMAaMU B KOHTEKCTI BUKOHAHHS IIIJIEH CTajIoro
po3Butky (CP) [7] 3a0e3meuye:

* OXOpOHY BOJHO-OOJIOTHUX KOMIIJIEKCIB, JOKEpea MPICHOI BOJIM, PETYJIIOBAHHS CTOKY Ta
BO/IHOTO Oanaucy (6, 14 mins CP);

* 30epeXeHHs MPUPOTHOTO CEPEOBHUINA iCHYBaHHS piakicHUX BUiB (14, 15 mins CP)

* PO3BUTOK BIJAMOBIATBHOTO MPHUPOJOKOPUCTYBAaHHA HA TNPWIETIIMX TEPUTOPISX Ta
(opMyBaHHS eKoJoriuHoi cBijoMocTi cycninbersa (12 e CP);

* 3MEHIICHHS BIUIMBY KJIIMAaTHYHHUX 3MIH Y€pe3 yMpaBIIiHHS JIicaMH, OOJIOTaMH, CTETIOBUMH
exocucremamu (13 1inp CP)

* OXOpOHY BHIOBOTO i JJaHAIIA(THOrO PI3HOMAHITTS, BiJIHOBJICHHS MPUPOJHUX CEPEIOBHII
cyxoznomy (15 mine CP);

* 3ay4EeHHS MiCHEBHUX TPOMaJ Ta CTEHKXOJIIEPIB A0 eTariB NpUiHATTS pimens 16, 17 mins CP).

OcepenkoM 30epeXeHHs, BIATBOPEHHS 1 palliOHATBHOTO BHUKOPUCTAHHS OIOTHMYHOIO 1
nauamadgTHOrO pizHOMaHITT Cximnoro [Toxiuisa (Binaubkoi obnacti) € Harionanbauid ipupoaHuii
napk «Kapmemnrokose Ilomiyuiss» crBopenuit BimmoBimHo g0 Ykasy llpesupenta Ykpainu Bin
16.12.2009 Ne 1057 «IIpo cTBOpeHHs HaLIOHAIBLHOTO MpupoaHoro napky «Kapmemokose [omimis» [8].

MeHeDKMEHT NPUPOTHUX €KOCUCTEM B MeXaxX HaIliOHAJILHOTO npupojHoro napky (HIIIT)
«Kapwmemtokose [loxpimuiss» 3a0e3nednTsh 30epeXeHHs 1 BiATBOPEHHS OI0THYHOTO 1 JaHAImIa(THOTO
PI3HOMAHITTS Ta CIIPUATUME:

* JJOTPUMAaHHIO €KOJIOTiYHOI PiBHOBArH;

* COPUSTUME CTBOPEHHIO OUIBIN €KOJOTIYHO OE3MEeYHUX 1 CHPUSTIUBUX YMOB ISl KHUTTS 1
PO3BHTKY JIFOJUHH B PETIOHI;
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* 3an06iraHH0 0€3MOBOPOTHIM BTpATi YACTUHU I€HO-, IEHO(OH/TY, €KOCUCTEM 1 TaHAmaTiB
laiicuncekoro paiiony BiHHUIIBKOT 001aCT1 SIK IEHTPAIbHOI YaCTUHU Y KpaiHu;

* 3a0e3MeveHHI0 30a1aHCOBAaHOTO PUPOIOKOPUCTYBAHHS,

* PO3BUTKY PECypCHOI 1 peKpeariiHoi 6a3u 1jis eKOTypu3My, BIATIOYMHKY Ta 03/I0POBJICHHS
HaCeJICHHS;

* peHaTypai3allii 3eMeIbHHUX YTi/1b, 10 BITy4YalOThCS i3 CLTHCHKOrOCIOIAPCHKOTO BUKOPHUCTAHHS;

* MMOCHJICHHIO Y3TOJDKEHOCTI JsUTbHOCTI OpraHiB BUKOHABYOI BJIaJIM, MICLIEBOTO CAMOBPSITyBaHHS,
IPOMA/ICBKUX OpraHi3aliil MpUPOI00XOPOHHOTO CIIPSIMYBAaHHS y BUPILICHHI YaCTUHU €KOJIOTIYHUX
npooIeMm.

BucHoBok. OTxe, MCHEIDKMEHT OXOPOHHUX €KOCHUCTEM — 1€ HUIAX 70 30epeKeHHs YHIKaIbHUX
MPUPOJHUX KOMIUIEKCIB, 30epeKeHHsI O10pI3HOMAaHITTS HE JIUIIE HA MICIIEBOMY 1 perioHaJIbHOMY,
ae ¥ Ha TJI00anbHOMY PIBHSX Ta BHECOK Y MPOILECH CTAJIOr0 PO3BUTKY. MEHEKMEHT CIpHse
JIOBIOTPUBAJIIN CTAOLIHHOCTI, MIATPUMII €KOJIOTIYHOI PIBHOBAru Ta CTBOPIOE OCHOBY JIJISI TAPMOHIMHOI
B3a€MO/Iii MK IPUPOOIO M CYCHITLCTBOM.
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COLIAJBHA 3HAUYYIIICTH IU®POBUX PEKOHCTPYKIIIA ojAry
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Digital reconstructions of historical clothing provide inclusive access to cultural heritage,
reduce the need for physical resources, support sustainable practices, and shape new formats of
interaction through VR/AR. They enhance education, cultural identity, and social engagement.

Keywords: digital reconstructions, historical clothing, VR/AR, cultural heritage, social significance.
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1. Beryn

udpoBi peKOHCTPYKLIi ICTOPUYHOrO OASAry HaOYyBalOTh YBAard B CY4aCHOMY KYyJbTYPHOMY
IIPOCTOP1, JIe¢ MpPIOPUTETOM CTae 30€peKEeHHs Ta BIANOBIJAJbHE BUKOPUCTAHHS pecypciB. Y
MDKHApOAHIN MpakTUIll came IUGPOBI TEXHOJOTII JO3BOJISAIOTh 30€perTé 00’€KTH, SIKI € 3aHAJTO
KPUXKUMH 200 pU3MKOBAHUMH JJIs1 IEMOHCTpAIIli, 3a0€31eYnBIIN BOJHOYAC IXHE O€3MeYHE BUBUCHHS.

CrtBopennst 3D-mozeneli ictopuuHOro BOpaHHs ycyBae NMoTpeOy B KOHTAKTI 3 OpPUTIHAILHUMH
TEKCTHJIBHUMH apTedakTtaMu, 0 MOAOBKY€E IXHIN (I3UYHHIA KUTTEBUMA UK 1 CKOPOUY€E BUTPATH
Ha pecTaBpalliiiii Brpy4anss. lle BaxmBo s My3edHUX (OHJIB, A€ BEIMKA YaCTHHA MPEIMETIB
30epira€Tbest Yepe3 HecTady IUIoll ado 4Yepe3 BUCOKY YyTJIMBICTh /IO CBITJIA, BOJIOTH Ta MEXaHIYHOTO
BIuMBY [1].

YV KOHTEKCTI CTIOr0 pO3BUTKY I(POBI PEKOHCTPYKITii MATPUMYIOTh €KOJIOTIYHY BIATIOBIIABHICTD.
CtBOpeHH BIPTyaJbHUX KOMIN MOTpeOye MiHIMAIbHUX (DI3UYHUX PECypciB, a mpoiec mugppoBOro
MOJICJTIOBaHHS 3aMIHIOE C€HEPrOBHUTPATHI Ta MAaTepiajJOMICTKI METOAH BIATBOPECHHS OJATY, SKi
nepeadavaoTh BHUTOTOBJICHHS MAaKeTiB, TIONIYK aHAJOriB TKAaHMH Ta YHUCJICHHI 3pa3KHu.
Buxopucrtanas 3D-TeXHOJIOTIH T03BOJISIE BiIMOBUTHCS BiJ IIMX €TAlliB, HEC BTPAYAr04Yd TOYHOCTI
BIATBOPEHHSI KOHCTPYKIIi Ta JEKOPaTWBHUX eJeMeHTiB. Lle 0co0nmMBO IIHHO y BHIAIKaX, KOJU
MEPBHUHHI MaTepiaiy Oiible He BUPOOISIOTHCS 200 € EKOJIOTIYHO IIKiITHBUMHU.

Hudporizalis KyJIbTypHOI CHAAIIMHN TAKOX MOTJUOIIOE OCBITHIN Ta COLIaIbHUI MOTEHITIaN
ictropuyHoro koctioma. OmnnaiiH-ekcrio3uilii, VR-mozeni Ta iHTEpakTHBHI KaTaJlOTH pOOIATH
JOCTYITHUM T€, IO paHille MOXKHA OyJI0 TO0aYuTH JIHIIe y cremianizoBanux ¢onmgax. e crpuse
(OopMyBaHHIO KYyJBTYpHOI OO0I3HAHOCTi, BKIIOUEHHIO IIHPIIMX AYAUTOPI Ta PO3BHUTKY
MDKIUCIHIUTIHAPHUX JTOCTIDKeHb. KpiM TOro, mudpoBi PeKOHCTPYKINT yCyBaloTh Oap’epu Jyis
Jro/iel 3 0OMEKEHUM JJOCTYIIOM JI0 My3eiB — reorpadiyHux, (pi3sMUHUX 9M COLlIaTbHUX.

HogiTHi TexHOMOTIi (POPMYIOTh CHPUSAIOTH HA HU(PPOBI PEKOHCTPYKIIT ICTOPUYHOTO OJIATY,
IO MEPEeTBOPIOIOTHCS HAa CTPATETiYHUN IHCTPYMEHT 30epexeHHsA KyJIbTypHOI mnam’sTi. Bonu
3a0e3MeuyoTh E€KOJIOTIYHY CTaJiCTh, MIATPUMYIOTH IHTEIEKTyaJIbHUIl PO3BUTOK CYCIUIbCTBA M
(hopMyIOTh HOBI MOJEJI B3aEMOJIIT 31 CHAAIIUHONW, J1e 30€pEeKEeHHS, TOCTYIHICTh 1 BIAMOBIJaIbHE
CTaBIICHHS /IO PECYPCiB MOEAHYIOTHCS B €IMHOMY TE€XHOJIOTIYHOMY pileHHi [2].

2. PesyaibTaT Ta 00rOBOpEHHS

2.1. CounianbHa posb Hu(GpPOBUX PEKOHCTPYKIi

JIOCTYIHICTh KyJIBTYpHOI CHAIIIMHU JUIsl LIMPOKHX AayAMTOpid, BKIIIOYHO 3 JIIOJbMH 3
obmexxeHoro MoOubHIcTIO. L{udposi pexoncrpykuii (3D-moneni, ownmaiiH-ekcrno3unii, VR/AR-
TypH) KapIMHAJIBHO 3HMKYIOTh Oap’€pu IOCTYIy: BOHHU JIO3BOJISIOTH BiJIBiTyBayaMm IeEperyisigaTu
neTani apTedakTiB TUCTaHIIIHO, y 30inblIeHOMY Macitadbi abo y ¢opmarti, aanToBaHOMY Mij
noTpedu KopucTyBadya (03ByuYKa, CyOTHTpH, YHpaBIiHHS KJIaBlaTyporo, CIpOIEHU# iHTepdeic).
Taki pimeHHs edekTHBHI Ui IO/ 3 0OMEKEHOI MOOLUIBHICTIO, CJIA0KUM 30pOM ab0 CEHCOPHUMH
MOPYIICHHSAMHU, OCKIJIbKU YCYBaIOTh (hi3MUHY HEOOXITHICTh IPUCYTHOCTI Y BUCTABKOBOMY MPOCTOPI
i [aloTh 3MOry HaJAIITyBaTW croci0 CHpUHMHATTS (HANpHUKIAA, TAKTWIbHA BIATBOPIOBAJIbHA
iHpopmartis abo aymioonucu). Lndposi ekcrio3uilii MiIBUILYIOTh OXOIUICHHS ayIUTOpii i MiJCUIIOIOTh
3allyuyeHHsl ayJIuTOpid 3 I1HBaNiAHICTIO, OCOOJMBO SIKIIO MiJ Yac PO3POOKU 3aCTOCOBYETHCS
CHIBIIPOEKTYBaHHS 3 MPEJICTABHUKAMHU LIJILOBUX TPy |3, 4].

®opmyBaHHsS HOBOTO (opMaTy B3a€MOJIii CYCIIIbCTBA 3 ICTOPUYHUM ofsroM yepe3 VR/AR.
BipryanbHa pealbHICTh CTBOPIOE IHTEPAKTUBHY, OaraToBUMIpHY (OpMy B3a€MOJii: KOPUCTyBayl HE
JMILIE JAMUBIATBHCS €KCIIOHAT, a W BXOJIATh y PEKOHCTPYHOBAHUN OJAr B3a€MOJINOYM 3 HUM, a0 X
CIIOCTEPIraroTh MPOIEC BUTOTOBJICHHS YW CIIOCOOM HOCIHHS OJISTY B MOTO ICTOPUYHOMY KOHTEKCTI.
OcranHi poku GIKCYIOTh MBHAKE 3pOCTaHHs 3acTocyBaHb VR/AR Ta ixHiH MO3WTUBHMIA BIUIUB HA
3aJTy4eHHs Y HaBYaHHS ¥ 3araM’ iTOBYBaHHs 1H(OpMAITii; MPH 1OMY MPAKTUYHA I[IHHICTb TTOCHITIOETHCH,
koiu VR/AR iHTErpyroTh 3 MeTaJJaHUMH, HAYKOBUMH OIMCAMH Ta PEKOHCTPYKITISIMUA TEXHIK [5].

[limcunenHs HamIOHAIBHOI IMEHTUYHOCTI 4Yepe3 HaouyHI HU(POBI MOJEl TPaAMIIIHOTO
BOpanHs. [{udpoBi peKOHCTPYKII TpaaAMIITHOTO OOATY MIIIOTH SIK Bi3yaldbHI HOCIi CHMBOJIIKH,
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(acoHiB, TEeXHIK 03700JICHHS 1 JIOKAIbHUX MPAKTUK — TOOTO YHIKAJIbHUX MapKepiB KyJIbTYPHOI
imenTuyHOCTI. BinTBopeHi B 3D-cepenoBuiii apredakTy oAsry MPOJOBXKYIOTH KUTTS MaTepiaiy,
KYJIBTYpH 1 JO3BOJISIIOTH Cy4acHid (opmi, IpuaaTHIA s HaBYaHHS, MOMYJSpU3aIii Ta KPeaTUBHUX
npoekTiB. L{udposi Momeni oasary miaTpUMyIOTh €KOHOMIYHY CKIIQJIOBY HIBEHHOI/QemH-1HayCTpii,
CTBOPIOIOYY BHJIUMICTh Ha HAI[IOHAIIBHOMY i MiKHapOHOMY piBHI [2].

2.2. ExoJioriyba crajgicth Ta pecypco3éepexkeHHst

3MeHIIeHHs MOTpedr y (i3MUHOMY BUIOTOBIICHHI 3pa3KiB iCTOpUYHOIO KocTiomy. Lludpona
pexonctpykuis (3D-monemoBannsa, VR/AR) no3Bosie cTBOPIOBAaTH BipTyaibHI KOMil iCTOPUYHOTO
OJIATY, SIKI MOXYTh CIIyTyBaTH JUIS JOCIIIKEHb, JEMOHCTpAIliif, OCBITHIX Ta BHCTaBKOBUX MOTPeO
6e3 HeoOX1THOCTI BUTOTOBIIATH ()i3UYHOT PEILTIKH.

udposi 3pa3ku MPOBOKYIOTH BIJACYTHICTh MOTPEOM Y TKAaHWHAX, HUTKAX, Marepiajax sl
JIEKOPY, B XIMIYHUX 3aco0ax il 00pOOKM TKaHMHU TOIIO — [0 3MEHIIIye MaTepialibHi Ta eHepreTHyHi
BuTpatu. Lle BinmoBigae KoHLEMIli pecypco30epekeHHs: 3MEHIIYEThCSI CIIOKUBAHHS MaTepiamiB 1
3HUXKYETHCS €KOJIOTTYHUN BIUIMB, MIOB’I3aHUM 3 BUPOOHULITBOM HOBHX (i3UYHUX 00’ €KTIB [6].

Omudpoani 3D-mMozeni MOXKHa TiepejaBaTH Ta AEMOHCTPYBATH OHJIAH, 3aMIHIOIOUYH (hi3udHe
nepeMilieHHs: BOpaHHS MK BHCTaBKaMu abo My3esmu. Lle 3MeHmye moTpedy y TpaHCIOpTyBaHHI
BOXKUX a00 pgemkaTHUX 00’€kTiB, 1m0 3HMWKYye BUKUAM CO: Ta PU3MKH TOMIKOJDKEHHS abo
nerpajanii opuriHamiB miJg 4yac mnepeBe3eHb. Came Takud MiAXi[ CHpHUS€ EKOJOTIYHIM cTamii
MIPAKTHII, OCOOIMBO MPH MI>KHAPOTHUX.

2.3. OcBiTHiii mMoTeHuiaJ NM(PPOBUX PEKOHCTPYKUIM

Hudposi mMomeni iCTOPUYHOTO OAATY PO3IIUPIOIOTH HABYAIBHI MOXIIMBOCTI y 3aKiazax
¢dopmanbHOi OCBITH (YHIBEPCHUTETH, XYHOKHI akaaeMii, KOJEemKi), a TakoX y HedopMarbHOMY
cepenoBUIIT (OHJIAH-KYpCH, MY3€iHI OCBITHI MPOTpaMH, BIAKPHUTI JIeKIii, BUCTaBKH). [|Ji1 CTy/IeHTIB
fashion-crienianpHocTelt 3D-Mozmeni BupoOy (0AsAry) BHUCTYINAlOTh I1HCTPYMEHTOM JI€TaJIbHOTO
BUBUYEHHS KOHCTPYKIIii, CHIIyeTiB, KPOIO Ta TeXHIK 031001eHHs 0€3 pU3HKY MOMIKOIUTH aBTEHTHYHI
aptredakTi. BoHr 103BOJISIIOTH aHANTi3yBaTH (HOPMY Y TPUBUMIPHOMY MPOCTOPI, IPOBOIUTH BIpTyasibHI
MPUMIPKH, TTOPIBHIOBATH Pi3HI ICTOPUYHI €MOXH a00 PEKOHCTPYIOBATH BTpayeHi eleMeHTH. [lis
ICTOPHKIB 1 KYJBTYPOJIOTIB IU(POBI PEKOHCTPYKINi CTalOTh 3aCOOOM JTOCIHIIPKEHHS KOHTEKCTIB
BUPOOHHMITBA ¥ BUKOPUCTAHHSA OJATY, AONOMAraroTh HpAIfOBaTH 3 JETAJi3alli€l0, HEAOCTYITHOO
IIPU Teperyisiii eKCIOHATy «Kpi3b BITpUHY». Y HepOpMaibHIM OCBITI Taki Mojeni 3a0e3MeuyloTh
BIIKPUTUH JOCTYN 1O 3HAaHb, JO3BOJSIOUM BHUKJIAgadyaM 1 JISKTOpaM BKIIOYATH 1HTEPAKTHUBHUN
MaTepia 0 IporpaM, o poOUTh HaBUYAHHS THYUYKIIIMM, Bi3yaJbHIIINM 1 TEXHOJIOTIYHO CY4aCHUM.

VR/AR-TexHOMOTi pOOIATH B3aEMO/IIIO 3 ICTOPUYHUM OJISITOM OLTBII JUHAMIYHOIO, IOCTYITHOO
Ta €MOIIHO 3amydarouotro. ['elimidikalliiiHi MEXaHIKA — Takl SIK 1HTEPAKTHUBHI 3aBJaHHS, KBECTH,
VR-Typu, MOXIHBICTh CaMOCTIHHO «310paTi» KOCTIOM a00 MPHUMIPITH HOTO Yy BIPTyaJIbHOMY
CEepeIoBHILI — 3HAYHO MIJCHIIOITH 1HTepec MoJono1 ayauTopii. Lleit ¢popmart cipusie hopMyBaHHIO
EMOIIIITHOTO 3B’3Ky 3 KYJBTYPHOIO CHAAIIMHOIO, pOOUTH MPOIEC Mi3HAHHS OUIBII Cy4yaCHUM Ta
BIJNIOBITHUM IM(PPOBUM 3BHYKAM CY4YacHOTO MOKONiHHA. Lle Takok crnpusie CTBOPEHHIO HOBUX
watopM ToMyJsipu3anii — depe3 comiaiabHI MEpexi, irpoBi IIATGOPMH, IHTEPAKTUBHI OCBITHI
MPOEKTH, € IMUGPOBI MOAECII MPAIIOIOTh SK IHCTPYMEHT BI3yaJIbHOI KOMYHIKaIlIl Ta KyJIbTYPHOTO
mianory. IludpoBi pekoHCTpyKLii OAATY MOXYTh IEMOHCTPYBATHCS y MIKHApPOJHUX OHJIAIH-
My3esx, VR-pecTuBansx Ta JoCaiIHULBKUX 0a3aX, CTBOPIOIOYM KYJIBTYPHHUM I1aJIOr Mk KpaiHaMH.
BucoxoskicHi udpoBi MOAEN TpaauILiItHOTO OAAry POOJIATh KYJIbTYPHY CHAAIIUHY BII3HABaHOIO
Ta TPUBAOJIMBOIO JUISI CBITOBOT ay IUTOPIi.

BucHoBKkH: 1TMPOBI PEKOHCTPYKIIIi OAATY MAIOTh COMIAJIbHY I[IHHICTH, OCKUTBKH POOJISATH
KyJBTYPHY CHaJIIMHY JOCTYITHOIO JJIsl IIMPOKUX ayAMTOPiH, BKIIOYHO 3 JIIOABMH, SIKi HE MOXKYTh
BigBigaTu mysei (isuuHo. Bonu ycyBawoTh 6ap’epu MoOUTBHOCTI, reorpadivyHoi BiAJalIeHOCTI Ta
colianbHUX OOMEXeHb, 3a0e3neuyroun piBHUN AOCTyNm 10 3HaHb. 3aBasku VR/AR-texHomorism
(opMy€eTHCSI HOBHIA THIT B3a€MO/IIT 3 ICTOPUYHUM BOpPAHHSIM, IO IMiJCHIIIOE 3aTy4eHHS, PO3yMIHHS
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Ta eMOIIIHMI 3B 30K 13 KynbTyporo. L{udpoBi Monesni CTBOPIOIOTh YMOBHU ISl Cy4acHOi OCBITH,
JI03BOJISIFOYM  CTyJI€HTaM 1 JOCHiAHMKAM BHBYATH KOCTIOM JIeTaJbHO Ta 0€3 pHU3UKy JUis
AaBTEHTUYHHUX 00’ €KTIB.
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The study analyzes the impact of tailings ponds on water systems through filtration
deformation and chemical loading. Ukrainian examples show an increase in groundwater levels,
changes in gradients, suffusion, and saltwater plumes; an increase in TDS, SO+<7/Cl, and the
mobilization of Zn and Ni. The risks of “red mud” are outlined. An integrated package of solutions
(screens, drainage, dust suppression, recultivation, and long-term monitoring) is proposed to
manage the impacts.

Keywords: tailings storage facility; filtration deformations; chemical load; groundwater;
TDS; heavy metals.

CyuacHi mMacmrabu BUIOOYTKY 1 epepoOKH MiHEpaibHOI CHPOBUHH 3YMOBIIOIOTH YTBOPEHHS
3HaYHUX OOCATIB MPOMHCIOBHX BiaxoaiB. B VYkpaiHi iXHe mopiuHe HaKONMYEHHS OLIHIOIOTH
npubim3HO y 1 MIpA T, IpY LOMY HAa MOBTOPHE BUKOPHUCTaHHS crpsMOBYeTbes mume 10-15 %
BIJTXOJIIB, a IJIOMII CKJIayBaHHs NepeBUITyOTh 160 THC. ra [1].

JlxepenamMu TMOTEHIIIHOI €KOJIOTIYHOT 1 TOKCHKOJIOTIYHOT HeOe3NeKH € XBOCTOCXOBHIIA.
QinpTpaliiiHi BTpaTH, a€pOr€HHE PO3CIIOBAHHS MUY Ta MIrpaiis pO3YMHEHHX 1 3aBUCIMX PEYOBHH
€ TPUYUHOI0 3a0pyIHEHHsS TPYHTIB, MiJ3€MHHUX 1 MOBEPXHEBHX BOJ. TaKOXX XBOCTOCXOBHILA
3YMOBIIIOIOTH NepedopMaTyBaHHs BOJHOTO PEXUMY TEPUTOPiH, Y BUMAJIKy IPOPUBY AaMO MOXKYTh
OyTH NpPUYMHOIO 3aToruieHHs. Exojoriuxi pusuku 3adikcoBaHo Ha xBocTocxoBuin Kamym-
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XIMII TA XIMISHOT IHKEHEP

['onuHChKOro KamiiHOro poJOBMILNA, Y 30HAX YPaHOBOI crnaqmuHu [IpuaHINnpoBCEKOrO XiMiYHOIO
3aBOJly (I€B’ATh XBOCTOCXOBHIL, 30KpeMa «/[HirpoBceke», «CyXauiBCbKe» Ta 1H.), Ha MIIPUEMCTBAX
TJIMHO3EMHO{ POMUCIIOBOCTI, /1€ YTBOPIOIOTHCS «4€pBOHI 1aMu». He3Bakarouu Ha Te, 1110 BUMOTH
70 TIPOEKTYBaHHs, OyIIBHMITBA, EKCIUTyaTallli Ta KOHCepBallli XBOCTOCXOBHII pPErjJaMEeHTOBaHI
HopMmaTuBHUMH AokymeHTamu ([IBH B.2.4-2011), ynpoaoBx iX eKcruryaTartii 1 Mmicjisi 3aKpUTTS
MIIMPUEMCTB BUHUKAE HU3KA €KOJIOTIYHUX MPOOIIeM.

OinpTpamiitHi gedopmartii — 11e KOMIUIEKC 3MiH Y MacHBl TIPChKO1 MOPOJX Ta BOJOHOCHHUX
TOPU30HTAX ITiJT II€F0 TEXHOTEHHOTO HaBaHTAXEHHSI XBOCTOCXOBHII. [0 HUX BITHOCUTHCS MITHSITTS
pIBHS TPYHTOBUX BOJI, 3MIHM HampsMiB 1 mBUAKOCTeH (inbTparii, ¢dopmyBaHHsS 30H cy(do3ii Ta
KapcTOBO-Cy(Po31iHUX TporieciB [2]. Y 30H1 BIUIMBY XBOCTOCXOBHIIl OCOOJIUBO UYTIUBUMH JI0 TAKUX
3MiH 1 TIpOIIECiB € KapOOHAaTHI, Cyib(haTHI Ta TaJOiIHI TIPChKI MOpoau. Taki MOPOaAM TMOIIUPEHI
npubaM3HO Ha 75 % Teputopidt YKpaiHu, 110 HiJBUILY€E 1i Bpa3lIuBICTh J0 3aCOJIEHHS, BUTYTOBYBaHHS 1
miaroruieHHs. ['iapoauHaMiyHI IPOIIECH, 110 B1IOYBAIOTHCS B 30HI BIUTMBY XBOCTOCXOBHIIT ITIJIKOPSIFOTHCS
3akoHy Jlapci 3 ypaxyBaHHSIM HEOTHOPITHOT MPOHUKHOCTI TPCHKHUX MOPiJ 1 MOXKIMBUX HEJTHIAHUX
edexTiB npu cydo3ii.

[Tig BrumBoM (imbTpamiiHUX BTpAT i3 Yalli XBOCTOCXOBHUINA (DIKCYETHCS MIAHATTS PiBHS
IpyHTOBUX BOJ Ha 2—10 M i mepedopmaryBaHHS JIOKAIBHOTO IMiJ36MHOTO CTOKY; B KapOOHATHUX
MOpOJax IHTEHCU(IKYETHCSI BUTyTOBYBAHHS, 3POCTAE TX MOPHUCTICTH 1 BOAOIPOHUKHICTD, IO TIPUCKOPIOE
PO3BHUTOK «IUTIOMIB» MiHEpalli3oBaHUX BOJ (KOHIIEHTpALlis 10 5 T/i1) mpoTshKHICTIO 10 3 kM [3].
3MiHa BOJHOTO OajlaHCy 30UTBIITYE BHECOK TEXHOTEHHOTO JIPEHAXY B JIOKAJIHHI BOJOTOKH 1 ITi/IBUIIYE
TXHIO Yypa3JIUBICTh 10 €Mi30INYHUX ITIKiBY» 3a0pyAHEHHS ITi]1 Yac 3JIMB Ta aBapiifHUX CKHIIB.

XiMi4HEe HaBaHTA)XEHHS XBOCTOCXOBHII] BH3HAYAE€THCS CYMAapHHUM ITOTOKOM DPO3YHMHEHUX
peuoBur (TDS), kimekictio ioHiB (SO+>7, Cl-, NOs"), Baxkux MetaniB (mepeaycim Zn, Ni) i
KOJIOiTiB, IO MITPYIOTH 13 TEXHOTEHHOTO TijIa Y Mi3eMHI Ta oBepxHeBi Boau [4]. g «4epBOHUX
[IaMiB» JOAATKOBUMH (DaKTOpaMH PU3UKY € BUCOKA JIYXKHICTb, IiBUIIECHA €JIEKTPOIPOBIIHICTD 1
MWIOYTBOPEHHS BIIKPUTUX «IULSDKIB». [IpocTOpOBI «IimromMi» 3a0pyJHEHHSI MOXKYTh (popMyBaTHCS
Ha BIJICTaHI KIJIbKOX KIJIOMETPIB B/l XBOCTOCXOBHIIA (3adikCOBaHO apeau 10 25 KM? 1 BepTHKAIbHI
30HM 3MiH Ha raubuni 30-35 M) 3anexHO BiA TiApOreoyoriyHoi OyA0BU TEpUTOPIi, TiApaBIIYHUX
IPaJi€eHTIB 1 pexxuMy ekcrutyatauii [3].

BceraHOBIIOETBCS KOPETSALS «CKJIaA XBOCTIB — (POH IPYHTIB 1 Bo». bing xBocrocxoswuiy 3
MigBUIICHMM BMicToM Zn/Ni y BiIXoJaX CHOCTEpIraloTbCs TMIABHINEHI KOHIICHTpAIil IUX
€JIEMEHTIB y IPyHTaxX 1 NpUPOIHUX Bojax. HaaxomkeHHs 3a0pyAHIOIOUNX PEYOBHUH Y HABKOJIUIIHE
CEpEIOBUILIE YaCTO BiJOYBAETHCS B PE3YJIbTATI IEPEHECEHHS! MUITY BITPOM 3 MOAAIBIINM EITFOBIFOBAHHIM
y IpYHTOBUH Npodiib Ta IHOUIBTPALIEIO B Mi3€MHI BOJOHOCHI TOPU30HTH.

KombinoBaHa aist BITpoBOi epo3ii 1 rpaBiTaiifHoi / kKanuisipHoi ibTpariii hopMye mapaIuHaMidHy
CUCTEMY, 1110 TpaHchopMye TaHAmA(THO-TIAPOreoXiMiuHI YMOBU Ha BIJCTaHI BiJ COTEHb METPIB 10
KUIbKOX KIJIOMETPIB BiJl XBOCTOCXOBHILA. [I[MprHa 30HM BTOPUHHOIO MUJIOBOIO 3a0pyIHEHHS MOXKE
caratu 0,7-0,9 kM 1 Oinblie, a HaBaHTaXEHHsI MOHAJ 58 Kr-ra '-Mic. MPUTHIUYIOTh PICT POCIHH 1
3YMOBJIIOIOTh 3MiHHM IpyHTOBUX OioueHo3iB [5]. Hanpuknan, nomimka 5-10 % XBOCTIB y IpyHTI
3HIKY€E CXOXKICTh HACiHHS, aKTUBHICTh POCIMHHUX (PEPMEHTIB 1 pOAIOYICTh IPYHTY. [IpucyTHICTH
BKKUX METAaJIIB IMiJCUIIIO€ HEraTUBHUM e(DeKT.

3 ornsay Ha HaBEJEHI PU3MKHM, YIPABIIHHSA BIUIMBAaMHU Mae 0a3yBaTHCs Ha 1HTErPOBaHOMY
niaxomi. [IpotudinprpaniiiHi 3aX0au BKIIIOYAIOTh €KPaHU 3 YIIUIbHEHOI IMMHK/0iTyMy/ TeoMeMOpaHu,
MEePEXOIUTIOBANIbHI  IpEHaXKH1 JIiHIT Ta Oap’€pHl CBEPMJIOBUHU 3 OE3MEPEPBHUM KOHTPOJIEM
¢dbinmeTpaTy (BUTpaTa, ckian, Oaifmac-cxemu). [l 3MEHIIEHHsS BUIUICHHS TWIY HE0OX1THO
3BOJIOKYBATH TIOBEPXHI XBOCTOCXOBHII], 3aCTOCOBYBATH MIJIONPHUTHIYCHHS (MTOJIMEPHI YU COJISTHI
cTabumi3aTopu 3a yMOBHU €KOJIOTIYHOTO ay/aWTy), CTBOPIOBATH BITPO3aXWCHI HACA/DKCHHS Ta
eKpaHyBaTu cXwin [6]. PekynpTuBarito AOUUIBHO 3I1WCHIOBATH Yy JBI CTajli: TIPpHUYOTEXHIYHA
(TutaHyBaHHS, TIPOTHUEPO3IMHI CHIOPYAM, PETYJIOBAHHS CTOKY) Ta O10JI0TTYHA (CUTBCHKOTOCTIOAAPCHKA
abo JicoBa PEKyJbTHBAIlISA, BUOIP TOJIEPAaHTHUX 10 3a0pyIHEHHS BHUIIB POCIWH, KOMOIHOBaHI

150 Khmelnytskyi National University, Ukraine, 11-12 December 2025



: '%, EAboRATORY

Innovative technologies and materials for industry and the environment International Scientific R MRERALS
and Practical Conference dedicated to the 10th anniversary of the Mineral Research Laboratory i

(ITMIE 2025) r:: HoCTDES

MIHEPAJIIB

¢itonienosu, dpiropemeniaiis). Jias TOKCHUHUX 1 MOCYNIIMBUX YMOB BUIIPaB/IaHi F€OMETiOpaTUBHI 1
ripomeniopaTBHi Mojeni. CucreMa MOHITOPUHIY MAa€ TOEAHYBaTH IT'€30METPUUHI CIIOCTEPEKEHHS
(piBHI1, rpaJieHTH, HaIpsIMU NOTOKIB) 1 rigporeoximito (pH, Eh, enextponposinnicts, TDS, SO4*,
Cl, NOs7, Zn, Ni 3a ICP-metogamu). Binbip npoO notpiOHO 3aifiCHIOBaTH HE pijlle YOTUPHOX
pasiB Ha pik. Takox MOTPIOHO 3MIMCHIOBATH MIOMICAYHUNA KOHTPOJb y «rapsyux Todkax». s
OIIHIOBaHHS TEPEHOCY JOLUIBHO BUKOpucTOBYBaTH Moaeni MODFLOW /MT3DMS (abo ix
aHaJIOTH) 3 KaJiOpyBaHHIM 3a T’ €30METPUYHUMHU MOBEPXHSIMH 1 MapKepaMH CKJIay, CIICHAPHUM
aHaJTI30M PEKUMIB «0a30BHil», «IHTCHCHBHI OIaJu / aBapis», «miciaspekyiabTuBamiiauin» 1 GIS-
KapTyBaHHSM 130J1iHIH PiBHIB a00 KOHIIEHTPAII Ta BUAUICHHIM «TapsSIuX 30H».

[IpakTyHa IMIUIEMEHTAIlisl 3aXOMIB JUIs 3MEHIIeHHS (iabTpauiiHux aedopmalii Ta
XIMIYHOTO HABaHTAXXCHHS BOJHUX CHCTEM Y 30HI BIUIMBY XBOCTOCXOBHII] TTepe10avae Taki 3aX0H:

— CTBOPEHHSI IHTETPOBAHOI ITPOrPAaMU MOHITOPUHIY 3 YpaxXyBaHHSM CE30HHOCTI Ta EKCTPeMalTbHUX
NoJIi# (3TMBH, BITPOBI IITOPMHU), 1110 3a0e3Medye BIIKPUTUN AOCTYIY A0 iHPOpMALlii;

— CTBOPEHHS KapT «Trapsyux 30H» 31 LMIOPIYHUM PAHXKYBAHHSAM JUISHOK JUIS MPIOPUTHUX
1HBECTULIH (€KpaHH, APEHAXK, PEKYIbTHBALLIS);

— MUJIONIPUTHIYEHHS Ha BIAKPUTHUX IUISDKAX 1 CXUIIaX, CTBOPEHHS BITPO3aXUCHUX HACAKEHb;

— MUJIOTYBaHHSA (iTO- Ta TEOMENIOPATUBHUX PIllIEHb JJIs1 TOKCUYHUX CyOCTparTis;

— pO3pO0JICHHS PI3HOMAHITHUX MOJENEH sIK 000B’SI3KOBOTO J0JaTKa J0 MACHOPTIB Oe3neKu
XBOCTOCXOBHIII,

— YIpaBJIiHHS XBOCTOCXOBHIIEM ITiCIS HOTO 3aKpUTTA (TepMeTH3allis Yaili, MOHITOPHHT He
MeHIe 10 pokiB, ayuT e()eKTUBHOCTI €KpaHiB 1 IPEHAXKIB).

OTxe, XBOCTOCXOBHINA 3yMOBIIOIOTH CTiHKiI (unbTpamiiiHi nedopmamii (MigHATTS piBHA
MOBEPXHEBUX 1 MII3eMHUX BOJ, Ccydo3isi, 3MIHM TiAPOTEOJOTIYHMUX TPAAIE€HTIB) 1 3HAYHE XIMIYHE
HaBaHTaXEHHA Ha BoxHI cuctemMu (3poctranHs TDS, mimBumenns SO+ 1 Cl, dbopmyBanHs
«mroMiBy Zn Ta Ni). I1ix BIiiMBOM MOBITPSHUX 1 BOAHUX MOTOKIB BIUIMB WX 3MiHHU MOMIMPIOETHCS
Ha BIJICTaHi BiJl COTCHb METPIB A0 KiTOMETpiB. J[JIs1 3MEHIIIEHHST pU3UKIB HEOOX1THO 3aCTOCOBYBATH
KOMIUIEKCHUM TiAXiA, MO0 TOeAHye TpOTH(DIIbTpAIliiiHi €KpaHW 1 MEepeXOIUTIOBANIbHI JpeHaxi,
NIIOTIPUTHIYCHHS, PEKYJIBTHBAIIIO, & TAKOXK MOCTIHHII MOHITOPUHT 1 CKJIAJJaHHS KapT PU3HKY.
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(YKpaiHChKOIO Ta aHTJIiICbKOK MOBaMH )

Binnosinaneruii 3a Bunyck: Ilapacka O. A.
Texuiunuit penakrop: Maeoitiuyx A. I1, Iuyyx T. 1.
Texniune penaryBaHHs, KOpeKTyBaHHs 1 BepcTka: Yonenxo O. B.

Xynoxue ohopmiteHHs ooknaauuku: [lapacka O. A., bacanok A. M., bacamox JI. P.

[igm. mo apyky 10.12.2025. Y. apyk. apk. — 9,59. O61n.-Buz. apk. — 10,76.
Dopmar 60x84/16, manip odcernuii. Ipyk pizorpadieto.
Haxknan 50, 3am. Ne 110/25

BimnpykoBaHo B peaakuiiiHo-BuaaBHuUIoMY Bimaiai XHY.
29016, M. XMenbHUIIBbKUH, By, [HCTUTYTCBKA, 7/1
CainonTBo npo BHeceHHs B J{epxxaBHuii peectp, cepis JIK Ne 4489 Bin 18.02.2013 p.



O KHMELNYTSKY!I NATIONAL UNIVERSITY
Instytutska str., 11, Khmelnytskyi, Ukraine
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