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Foreword

Foreword

April 8, 2024
Dear Students and Young Scientists,

This Forum is a unique opportunity for each of you to plunge into the world of
science, exchange ideas and participate in the creation of new knowledge.

The modern world requires us to constantly develop and innovate. Science is the
foundation on which our future is built. It opens new horizons, helps solve complex
problems and improves the quality of life. We live in a time when scientific progress is
crucial to the development of society, and your contribution to this process is extremely
important.

In this context, it is important to develop all fields of knowledge equally, because
each has its place in the great puzzle of science, and none of them can be ignored. From
the exact sciences to the humanities, from technology to the arts, they all make
important contributions to our understanding of the world and our progress.

Science is a tool that helps to find clarity in complex issues and opens up new
possibilities. Your ability to adapt and see perspectives in changing conditions is one
of the key success factors.

Furthermore, learning is a lifelong process. Never stop learning, look for new
ideas and approaches, be ready to adapt to change. In today’s world, where the speed
of change is lightning fast, this approach to learning becomes even more necessary.

I wish you inspiration and perseverance in your studies and research. Let this
Forum become for you a source of new ideas, knowledge and contacts that will help
you develop as scientists and as individuals. Remember that each of you can make a
unique contribution to science, and this is a great privilege and responsibility.

I wish you success, self-development and vivid impressions from participating
in this Forum.

With best regards,
Artem Pavlychenko
The first Vice-rector, Dnipro University of Technology
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Section 01 Environmental Problems and their Solutions

Yurii Bubnov

M.O. Chebanov, research supervisor

V.V. Hubkina, language advisor

Dnipro University of Technology, Dnipro, (Ukraine)

Modern approaches to effective waste management from the extraction and
processing of minerals in the European Union

Effective waste management arising from the extraction and processing of
minerals, as well as metallurgical industry production is critical for sustainable
development in the modern world. European countries are leaders in this field,
implementing strict standards and innovative approaches to waste management aimed
at reducing negative environmental impacts and efficiently utilizing resources. For
Ukraine, this issue is extremely relevant, as for decades the resources of our land
have been used to achieve maximum productivity without considering the ecological
consequences.

Analyzing waste formation according to the classification groups of the state
classifier in 2020, four main groups of waste were identified: waste from the
extraction industry, waste from the metallurgical industry, household waste, and
waste generated by all other industrial sectors.

The volume of waste, The volume of
The waste group thousand tons per year. | waste, expressed
as a percentage.
Waste from the mining industry 20019 4,34
Waste from the metallurgical industry 60 328 13,04
Household waste 586 0,12
Waste from all other industrial sectors 381 442 82,5
Total 462 374 100
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Groups of waste generated by:

All other industrial

Metallurgical industry
” sectors

Mining industry

Houschold waste

Solid household waste currently lacks proper recycling and reuse
infrastructure, but steps are being taken by the government to facilitate the
development of infrastructure for collection, processing, and disposal of solid
household waste.

Waste from the metallurgical industry mostly consists of raw materials used as
a base for metallurgical, construction, and other industrial sectors. Waste from the
extraction industry, for the most part, is accumulated in landfills over decades. These
landfills occupy vast territories, posing significant environmental hazards. Ukrainian
scientists Ivanov and Bilaniuk from Lviv University have calculated that the total
area of disturbed land in Ukraine exceeds 265,000 hectares (2,650 km?) at present.
For comparison, the Grand Duchy of Luxembourg occupies a smaller area - only
2,586 km?.

In European Union countries, there are numerous examples of utilizing waste
from open-pit mining for road construction. European Environment Agency (EEA)
provides reports and data on waste management practices in European countries,
including information on recycling rates, waste treatment technologies, and policies.
Their website is a valuable resource for understanding waste management trends in
Europe. Waste Management World covers news, trends, and innovations in waste
management globally, including topics related to mining waste recycling and
sustainable practices in the industry. The European Commission's Circular
Economy Action Plan outlines strategies and initiatives aimed at promoting a
circular economy in Europe, including measures to improve waste management and
resource efficiency.

Here are a few examples of European practices based on the data obtained
from above mentioned resources:

Switzerland: Waste from quarrying is used as raw material for road
construction. Typically, these materials are processed into gravel or gravel, which is
then used for road surfaces.

10
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The Netherlands: Innovative projects use waste from quarries to stabilize soil
for road surfaces, reducing the use of primary materials and minimizing waste sent to
landfills.

Germany uses ore waste from quarries to produce asphalt mixtures for road
surfaces, effectively utilizing these waste materials and reducing waste sent to
landfills.

Sweden uses waste from open-pit mining to produce bitumen used in road
construction, reducing energy consumption in bitumen production, and preserving
natural resources.

There are also numerous examples of transforming abandoned quarries into
recreational areas, which become popular leisure spots for locals and tourists. These
recreational areas not only restore natural landscapes but also create new
opportunities for active recreation and enjoying nature. Here are a few examples:

Torso Quarries, Belgium: Torso Quarries feature lakes and sculptural parks
where one can spend time outdoors, relax by the water, and enjoy cycling or walking.

Viyo Quarries, France: Viyo Quarries in Brittany are used for various
recreational activities, including water sports, canoeing, and SUP surfing.

Wimmer Quarries, the Netherlands: Wimmer Quarries have been
transformed into a natural complex with lakes and forests, where one can spend time
on water excursions, bike rides, or relax on the shore.

These examples demonstrate the diverse approaches in Europe to effectively
managing waste from extraction and processing of minerals, which reduces negative
environmental impacts and preserves resources, creating new ecosystems.

Ukraine also has significant potential for developing efficient waste
management from mining and processing of minerals, which can contribute to the
country's sustainable development. Currently, Ukraine faces challenges and issues in
this area, such as inadequate infrastructure for waste processing and insufficient
waste management legislation. However, the Ukrainian government and civil society
organizations are actively working to address these problems and develop new
strategies and programs that can be listed as following:

Legislative changes and standards: improving legislation and implementing
standards for waste management in line with European norms and standards.

Stimulating innovation: supporting and implementing innovative projects and
technologies in waste management to promote more efficient resource utilization and
reduce negative environmental impact.

Collaboration with international partners: developing cooperation with
international partners and organizations to exchange experiences and technologies in
waste management.

Considering Ukraine's aspiration to join the EU and the need for waste
management improvement, it can be noted that the development of this area in
Ukraine has significant potential. Our country has the opportunity to adopt the best
practices and technologies from EU countries for efficient waste management from
mining and processing of minerals. It is important to consider the specific features of
the Ukrainian context, including the needs of regions and industrial sectors

11
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peculiarities. Implementing modern waste management standards will contribute to
reduce negative environmental impact, improve the quality of life for the population,
and stimulate economic development through creating new markets for secondary
raw materials and environmentally friendly technologies. Implementing these
measures can be a significant step for Ukraine towards sustainable development and
adaptation to European standards.

References:

1. Analysis and data [Electronic resource] // European Enviroment Agency. —
2024. — Resource access mode: https://www.eea.europa.eu/en/.

2. Take on Trash: global waste management TV #1 [Electronic resource] //
Waste Management World. — 2024. — Resource access mode: //waste-management-
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3. Circular economy action plan [Electronic resource] / European Comssion. —
2020. — Resource access mode: https://environment.ec.europa.eu/strategy/circular-
economy-action-plan_en.

4. Ministry of Environmental Protection and Natural Resources to cooperate
with the Secretariat of Minamata Convention on Mercury in issues of accession and
implementation of the Convention by Ukraine [Electronic resource] // Ministry of
Environmental Protection and Natural Resources. — 2022. — Resource access mode:
https://www.kmu.gov.ua/en/news/mindovkillia-spivpratsiuvatymemo-z-
sekretariatom-minamatskoi-konventsii-pro-rtut-u-pytanniakh-pryiednannia-ta-
implementatsii-ukrainoiu-polozhen-konventsii.

5. Generation of waste according to the classification groups of the state waste
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A.J. Maslak

Y.V. Buchavyi, Fachbetreuer

[.A. Yaremenko, Sprachbetreuerin

Dnipro University of Technology, Ukraine

Die Rekultivierung von beschidigten Landflichen nach bewaffneten
Konflikten: Wiederherstellung der Produktivitit und 6kologischen Stabilitit.

Militarische Konflikte fiihren zu schweren Schidden und Verschmutzung des
Bodens. Tausende Hektar ukrainischer landwirtschaftlicher Flachen sind durch den
Einsatz von Waffen, dem Graben von Griben und Schiitzengriben sowie dem
Einsatz schwerer Militdrtechnik betroffen. Militdrische MaBnahmen hinterlassen
Spuren in der Natur, schddigen die Fruchtbarkeit des Bodens und verursachen
Verschmutzung durch den Aussto3 giftiger Substanzen. Dies bedroht die
Landwirtschaft, die Gesundheit der Menschen und die 6kologische Stabilitdt. Daher
ist es wichtig, beschiadigte Flachen fiir nachhaltige Entwicklung und Umweltschutz
wiederherzustellen.

Gemdll Artikel 166 des Bodengesetzbuches der Ukraine umfasst die
Rekultivierung gestorter Flichen einen Mallnahmenkomplex zur Wiederherstellung
der Bodenbedeckung und Verbesserung ihres Zustands und ihrer Produktivitit.
Dieser Gesetzesartikel besagt, dass Fliachen, die aufgrund von Bergbau-,
geologischen, BaumafBnahmen und anderen Arbeiten Veranderungen erfahren haben,
rekultiviert werden miissen [1].

Das Graben von Gridben, der Bewegung von Fahrzeugen und Beschuss
beeintrdchtigen den Bodenbelag und die Bodenqualitit negativ. Diese Maflnahmen
fiihren zu einer Verschmutzung mit giftigen Substanzen, Erosion, einer Verringerung
der Fruchtbarkeit und der Wasserriickhaltefdhigkeit. Landwirte missen die
geschadigten Flichen wiederherstellen, um die Produktivitit und die
Erndhrungssicherheit zu gewihrleisten. Vor der Rekultivierung ist es wichtig, den
Schaden zu bewerten und die erforderlichen MaBnahmen zur Wiederherstellung
festzulegen. Ein solcher Ansatz wird eine effiziente Wiederherstellung der Flachen
und eine stabile Funktion des Agrarsektors gewahrleisten.

Die Wiederherstellung von Bdden, die von Schiitzengridben, Tranchen und
Bunkern betroffen sind, ist ein integraler Bestandteil des Prozesses zur
Wiederherstellung der 6kologischen Stabilitit nach militdrischen Konflikten. Fiir eine
erfolgreiche Wiederherstellung miissen eine Reihe von Schritten konsequent
durchgefiihrt werden. Es sollte mit der Minenrdumung begonnen werden, um die
Sicherheit der Arbeiter und Bewohner zu gewihrleisten. Der ndchste Schritt wére die
Entfernung von Komponenten, die die Bodenbearbeitung beeintrachtigen, wie Holz,
Eisen und Steine. Danach ist es wichtig, zum Verfiillen iiberzugehen und dabei die
richtige Schichtung des Bodens sicherzustellen, dhnlich wie auf unbeschiddigten
Flichen. Ein solcher Ansatz trdgt nicht nur zur schnellen Wiederherstellung
landwirtschaftlicher Flachen bei, sondern verringert auch den negativen Einfluss auf
die natiirliche Umwelt und bewahrt die Fruchtbarkeit des Bodens fiir zukiinftige

Generationen.
13
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Die Bewegung von schwerem Gerdt auf landwirtschaftlichen Feldern,
insbesondere von Panzern mit einem Gewicht von 50 Tonnen und mehr, hat einen
negativen Einfluss auf die Bodenstruktur, indem sie Verdichtungen verursacht. Der
Prozess der Bodenwiederherstellung von Verdichtungen sollte mit der
Minenrdumung beginnen. AnschlieBend ist es notwendig, den Grad und die Tiefe der
Verdichtung mit einem Penetrometer zu messen. Die optimale Dichte fiir die meisten
landwirtschaftlichen Kulturen liegt normalerweise im Bereich von 1 bis 1,3 g/cm?.
Um der Bodenverdichtung entgegenzuwirken und die Fruchtbarkeit zu erhalten, wird
empfohlen, mehrere wirksame Methoden anzuwenden. Erstens ist das Anpflanzen
von Deckfriichten wie Hafer, Luzerne und Raps zu nennen, die zur Zerstorung der
Bodenkruste beitragen und seine Struktur verbessern. Deckfriichte helfen auch bei
der Unkrautbekdmpfung und erhalten die Bodenfruchtbarkeit [4]. Die zweite
Methode ist das tiefe Lockern des Bodens mit spezialisiertem Gerdt wie
Tiefenlockerer, die es ermdglichen, den Boden in erhebliche Tiefen zu lockern und
seine Beliiftung und Entwéasserung zu gewahrleisten [5].

Die Artillerieangriffe haben noch verheerendere Auswirkungen auf die
Landwirtschaft durch ihre Zerstorungskraft. Sie verdndern die Bodenstruktur
chaotisch und verschmutzen sie mit giftigen Substanzen, was sich negativ auf ihre
Qualitat und das Pflanzenwachstum auswirkt. Im russisch-ukrainischen Konflikt sind
die beliebtesten Artilleriegranaten die Kaliber 122 mm und 152 mm. Zum Beispiel
zerbricht die 122-mm-Granate OF-465 bei der Explosion in 1100-1200 Fragmente,
die eine Trichtertiefe von bis zu 1 Meter und einen Durchmesser von bis zu 3 Metern
bilden. Die 152-mm-Granate OF-25 hat dhnliche Eigenschaften, aber die doppelte
Sprengkraft und grofBere Abmessungen, was ihre Zerstorungskraft erhoht.

Das Hauptziel besteht darin, MaBBnahmen zur Rekultivierung von durch
Beschuss beschiadigten Boden durchzufithren. Der erste Schritt wird die
Minenrdumung der Gebiete sein, da nicht alle Geschosse sicher entschirft werden
konnen, und der Zugang zu solchen Orten ohne vorherige Untersuchung durch
Sprengstoffexperten gefdhrlich ist. AnschlieBend werden Bodenproben zur Analyse
auf Verunreinigungen, insbesondere Schwermetalle, ausgewéhlt, und es wird eine
Entscheidung iiber die weitere Nutzung der Flichen je nach Verschmutzungsgrad
getroffen.

AnschlieBend ist es erforderlich, die Flichen von Trimmern und
Schwermetallen unter Verwendung umweltfreundlicher Methoden, insbesondere der
Phytoremediation, zu reinigen. Studien zeigen, dass Lowenzahn eine wichtige Rolle
bei der Reduzierung der Bodenverschmutzung durch Schwermetalle spielt [3]. Nach
der Phytoremediation sollten Bodenproben erneut gesammelt und unter
Bertiicksichtigung der festgelegten Grenzwerte auf den Gehalt an Schwermetallen
iiberpriift werden.

Um den Boden zu erhalten und ihn vor Erosion und der Migration
schiadlicher Substanzen zu schiitzen, sollte die Nutzung landwirtschaftlicher
Maschinen oder die Schaffung mehrjdhriger Pflanzungen in Betracht gezogen
werden, was dazu beitragen wiirde, den Migrationsprozess zu verlangsamen.

14
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Die Digitalisierung von Flichen mit Bezug zu einem Koordinatensystem ist
ein wichtiger Schritt bei der Rekultivierung von beschiddigten Landflichen nach
bewaffneten Konflikten. Diese Vorgehensweise ermdglicht es, den Umfang der
Schéden unter Berlicksichtigung physischer und chemischer Aspekte zu bewerten.
Selbst geringfiigige physische Schiaden kénnen mit schwerwiegenden chemischen
Verschmutzungen einhergehen, die sich negativ auf die Umwelt und die
Landwirtschaft auswirken. Daher ist die Digitalisierung aller Flichen ein wichtiger
Schritt zur Wiederherstellung der Produktivitdt und der dkologischen Stabilitdt der
Boden.

Die Daten zur Digitalisierung der beschidigten Landstiicke sollten aus der
Gesamtfliche herausgeschnitten und in das staatliche Bodenregister eingetragen
werden. Diese Idee kann die Gesamtzahl der Landstiicke und die Flache, die von
Kratern durch Artilleriebeschuss eingenommen wird, aufzeigen. Nach den
MaBnahmen zur Aufforstung der "komplexen" Bereiche sollte mithilfe von
technischer Vermessungsdokumentation die Landnutzung dieser Bereiche von
Ackerland auf mehrjéhrige Bepflanzungen gedndert werden, und ihre Nutzung fiir
andere Zwecke sollte verhindert werden.

Es ist wichtig zu betonen, dass die oben beschriebenen Methoden zur
Wiederherstellung beschiadigter Landflichen wichtige Bestandteile der strategischen
Umweltbewertung sind. Gemall Artikel 3 des ukrainischen Gesetzes iliber die
strategische Umweltbewertung liegt ihre Aufgabe darin, eine nachhaltige
Entwicklung zu fordern, indem sie den Schutz der Umwelt, die Sicherheit der
Bevolkerung und ihrer Gesundheit gewéhrleistet und 6kologische Anforderungen in
den  Prozess der Entwicklung und  Genehmigung von  staatlichen
Planungsdokumenten integriert [2]. Die Analyse von Béden und ihrem Einfluss auf
die Umwelt sowie die Strategien zur Wiederherstellung sind entscheidend fiir die
Gewihrleistung der okologischen Stabilitidt und der Gesundheit der Bevolkerung in
Gebieten nach militdrischen Aktionen.
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The Role of Biodiversity in Sustainable Development:
Protecting Ecosystems and Ensuring Natural Resources

Biodiversity is one of the key components of sustainable development, playing a
vital role in the life of our planet. Every day our understanding of its significance
deepens, and the need for its preservation and protection increases. In the context of
modern problems associated with climate change, loss of natural habitats and
unsustainable use of natural resources, the issue of conserving biodiversity becomes
especially relevant.

Biodiversity is a key component of life on Earth and represents the variety of
living organisms, including different species, genetic purification, climate regulation,
and nutrition.

Biodiversity is under serious threat due to various anthropogenic impacts on the
natural environment. The main factors affecting biodiversity include:

1. Habitat Destruction: Intensive land development, deforestation, swamp
drainage and land development lead to the destruction of natural habitats
and the loss of unique ecosystems.

2. Pollution: Industrial and transport emissions, as well as uncontrolled use
of chemical fertilizers and pesticides lead to the pollution of water bodies
and soils, which negatively affects biodiversity.

3. Climate Change: Global climate change is causing changes in species
distribution, seasonality, and leading to extreme temperature fluctuations,
which puts pressure on ecosystems and species diversity.

4. Unsustainable use of natural resources: Excessive extraction of forests,
fisheries, and exploitation of mineral resources without taking into
account their renewability leads to the depletion of natural resources and
the destruction of ecosystems.

The consequences of biodiversity loss for the environment and human well-
being include loss of ecosystem services, deterioration of water and soil quality,
increased risk of extreme weather events, and loss of the biological basis for
agriculture, medicine, and other human activities.

International agreements and conservation initiatives are an important
mechanism for cooperation between countries to conserve biodiversity. They set
standards and guidelines for the protection of ecosystems and species, and facilitate
global coordination of action. Some of these agreements include the Convention on
Biological Diversity (CBD), the Wet Lands Convention (Ramsar), the Convention on
International Trade in Endangered Species of Wild Flora and Fauna (CITES) and
others. Practical approaches to biodiversity conservation include the creation of

nature reserves, national parks, nature reserves and other protected areas where
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natural ecosystems and species diversity are under special legal protection. Such
places play an important role in preserving unique ecosystems and providing refuge
for many rare and endangered species.Sustainable use of natural resources is another
important aspect of biodiversity conservation. This approach includes principles of
resource management that ensure their use without threatening ecosystems and
biodiversity. These practices include sustainable agriculture, forestry, fisheries and
other activities that take into account the needs of nature and people.

Modern methods for monitoring and analyzing ecosystems, such as geographic
information systems (GIS) and remote sensing, play a key role in assessing the health
of ecosystems and identifying changes in biodiversity. GIS allows analysis of spatial
data on species distributions, changes in land cover and other parameters, which
helps to effectively plan conservation efforts. Remote sensing makes it possible to
obtain information about the state of ecosystems over large areas without the need for
direct survey.Biotechnology and genetic techniques are becoming increasingly
important in the conservation of rare and vulnerable species. This includes population
restoration programs, cloning of endangered species, preservation of genetic material
in gene banks and other methods. Such approaches help preserve genetic diversity
and prevent the extinction of unique species.The development of ecotourism and
other forms of sustainable use of natural resources stimulates the protection and
conservation of biodiversity. Ecotourism helps finance protected areas, creates new
jobs and raises conservation awareness among local people and tourists. Other forms
of sustainable use of natural resources, such as sustainable agriculture and forestry,
also contribute to the conservation of biodiversity.

Biodiversity is not only a key element of nature, but also the basis for
sustainable development of humanity. During this presentation, we looked at various
aspects of biodiversity, from its concept and significance to innovative approaches to
its conservation.We discussed threats that affect biodiversity, such as habitat
destruction, pollution, climate change and unsustainable use of natural resources.
These factors have serious consequences for the environment and human well-
being.However, we also looked at measures taken to protect and conserve
biodiversity. This includes international agreements and initiatives, the creation of
protected areas, sustainable use of natural resources, and the use of innovative
technologies in nature conservation.

All these efforts are aimed at preserving the richness of the living world on our
planet for future generations. Understanding the importance of biodiversity and
taking concrete measures to protect it is our shared responsibility to nature and future
generations.

References:
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Preservation of a Vital Ecosystem Resource — Water

Water is the main source of life on Earth. Water and its quality affects climate,
ecosystems and human health. Despite the fact that water covers 70% of the Earth,
the planet's water resources face serious threats due to human activities, especially
fresh water, which is a primary strategic resource for many countries. The countries
of Central Asia can be taken as an example. The situation in the region is getting
worse every year, as the population of the countries is actively growing and with it
the consumption and load on the infrastructure is increasing accordingly.

One of the main problems is the pollution and drying up of water bodies. Every
year millions of tonnes of rubbish and chemicals are dumped into rivers, lakes and
oceans, disrupting ecosystems and threatening animals, plants and human health.
The spread of litter and chemicals in aquatic systems causes not only physical
pollution, but also leads to the chemical destruction of aquatic ecosystems. This leads
to the death of fish and other aquatic organisms, and also reduces water quality,
making it unsuitable for drinking and agricultural use.

In addition, the drying up of water bodies has serious consequences for
biodiversity and the availability of water to the population. Declining water resources
threaten ecosystems, including coastal zones, and reduce the availability of
freshwater for drinking, agriculture and industry. This creates water conflicts and
tensions between different sectors.

To date, humanity has made attempts to reduce pollution and combat the
effects, but the measures that are being taken are not commensurate with the scale of
the problem. To address pollution problems, some countries are taking strict
measures to treat wastewater and increasing penalties for pollution, creating
incentives for the public to reduce the use of plastic and other harmful materials.

Efficient use of water is also an important aspect of water conservation. An
example of efficient use is the transition to closed (waste-free) water supply cycles,
which is one innovative approach that maximises the use of available water
resources. In such systems, treated wastewater is not discharged into the
environment, but is instead reused repeatedly in technological processes.

This approach not only reduces freshwater consumption, but also reduces
water pollution by reducing the emission of pollutants into the environment. In
addition, the use of recycled wastewater in production processes contributes to
energy and resource savings, as it does not require large amounts of new fresh water
to be treated.

Finally, global co-operation and education play a crucial role in water
conservation. Collaborative efforts between governments, scientific organisations,
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business and civil society will help to develop effective water management strategies
and ensure that water resources are used sustainably.

Thus, the approach to water resources management should be comprehensive
and include not only technical and technological solutions, but also educational
programmes aimed at raising public awareness of the importance of water and
methods of its efficient use. Everyone has the opportunity to contribute to water
conservation, starting with simple actions in everyday life, such as saving water at
home, using recyclable materials, and participating in coastal and reservoir clean-up
activities.

Water conservation is not only a challenge for the present, but also a
commitment to future generations. Taking active measures to conserve it is an
integral part of responsible civic behaviour. Ultimately, only through joint efforts and
global co-operation can we ensure a sustainable future for all of us and our planet.
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Les derniéres technologies de la surveillance, ’analyse et la réduction de la
pollution de I’environnement

Le développement et la mise en ceuvre des technologies de la surveillance,
I’analyse et la réduction de la pollution environnementale: cet aspect englobe un large
éventail de technologies utilisées pour détecter, analyser et lutter contre la pollution
de I’environnement. Les méthodes et outils innovants permettent non seulement de
déterminer précisément le niveau de pollution, mais également de réagir rapidement
aux problémes environnementaux. Voici quelques exemples de telles technologies :

— systémes de surveillance de 1’air: les capteurs et systémes de surveillance modernes
permettent de mesurer en temps réel la concentration de divers polluants dans 1’air,
tels que les oxydes d’azote, le dioxyde de soufre, les hydrocarbures, etc. Par exemple,
le systeme AirVisual, utilisant des capteurs PM2.5, fournit aux utilisateurs des
informations sur la qualité de I’air en temps réel ;

— systemes d’information géographique (SIG): les SIG sont utilisés pour I’analyse et
la visualisation des données de la pollution de I’environnement. Ils permettent de
définir des zones a haut niveau de pollution, de suivre les changements dans le temps
et de prévoir les tendances environnementales ;

— systémes de purification de 1’air et de I’eau: des technologies efficaces sont
développées et mises en ceuvre pour purifier I’air et I’eau des substances nocives. Par
exemple, des filtres modernes de purification de 1’air sont utilisés dans les
installations industrielles et résidentielles pour éliminer les particules et les gaz
polluants ;

— meéthodes innovantes de restauration des sols: pour lutter contre la pollution des
sols, on développe des technologies de bioremédiation, utilisant des micro-
organismes et des plantes pour éliminer les substances toxiques du sol.

L’utilisation des biotechnologies dans les processus de purification de 1’air, de
I’eau et du sol pour assurer un développement durable : ce point couvre 1'utilisation
des biotechnologies pour résoudre les problemes de pollution et de préservation de
I’environnement. Les biotechnologies utilisent des organismes vivants ou leurs
parties pour résoudre les problémes environnementaux. Voici quelques exemples de
telles technologies :

— bioremédiation : il s’agit du processus d’utilisation d’organismes vivants, tels que
des bactéries, des champignons ou des plantes, pour éliminer ou réduire les
substances polluantes dans 1’environnement. Par exemple, les bactéries du genre
Pseudomonas peuvent étre utilisées pour dépolluer I’eau des hydrocarbures ou
d’autres produits pétroliers ;

— phytoremédiation : il s’agit de [utilisation des plantes pour dépolluer
I’environnement. Certaines plantes, telles que le saule ou le bambou, peuvent
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accumuler des substances toxiques dans leurs tissus ou leurs racines, ce qui leur
permet de les éliminer efficacement de I’environnement ;

— méthodes microbiologiques de purification: i1l s’agit de 1’utilisation de micro-
organismes pour purifier I’eau, le sol ou I’air. Par exemple, les lits bactériens activés
utilisent des micro-organismes pour purifier les eaux usées des substances
organiques ;

— biosenseurs : ce sont des dispositifs qui utilisent des organismes vivants ou leurs
composants  biologiques pour détecter les substances polluantes dans
I'environnement. Par exemple, les biosenseurs basés sur des bactéries peuvent
détecter la présence des substances toxiques dans 1’eau ou le sol.

Le développement des technologies efficaces de recyclage des déchets pour
réduire la charge environnementale et préserver les ressources: cet aspect se
concentre sur le développement et la mise en ceuvre des méthodes et des technologies
visant a recycler les déchets afin de réduire I’impact négatif sur ’environnement et de
préserver les ressources. Voici quelques exemples de telles technologies :

— recyclage du plastique : développement des technologies pour recycler le plastique
utilis€ en mati€res premieres secondaires pouvant étre utilisées pour fabriquer de
nouveaux produits. Par exemple, les technologies de recyclage mécanique et
chimique des plastiques permettent d’obtenir des matériaux polymeres pour la
fabrication de nouveaux produits ;

— recyclage du papier: développement des technologies pour recycler le papier utilisé
en matiéres premieres secondaires pour la fabrication de nouveau papier ou carton.
Cela permet de réduire la production des déchets et les cofits énergétiques associés a
la production du papier neuf ;

— décomposition biologique des déchets organiques: développement des méthodes de
décomposition biologique des déchets organiques par compostage ou valorisation du
biogaz. Ces méthodes permettent de réduire la quantité des déchets organiques
envoyés en décharge et de réduire les émissions de méthane dans 1’atmosphere ;

— recyclage du verre: développement des technologies pour recycler le verre utilisé
en matieres premicres secondaires pour la fabrication de nouveaux produits en verre.
Cela permet d’économiser les ressources naturelles et 1’énergie utilisée dans la
production du verre neuf ;

La mise en ceuvre des méthodes innovantes de construction verte et de

technologies €co-énergétiques pour réduire les émissions et I’empreinte €cologique
des projets de construction : cet aspect englobe le développement et la mise en ceuvre
des technologies et des pratiques de pointe dans le domaine de la construction dans le
but de réduire I'impact négatif sur I’environnement et de préserver les ressources
énergétiques. Voici quelques exemples d’innovations :
— utilisation des matériaux éco-énergétiques: développement et utilisation des
matériaux offrant une isolation thermique améliorée et minimisant la consommation
énergétique pour le chauffage et la climatisation des batiments. Par exemple,
I’utilisation des isolants, des fenétres éco-énergétiques, des panneaux solaires, etc. ;
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— création des toits et des murs verts: mise en ceuvre des technologies favorisant
I’aménagement des toits et des murs verts, contribuant a améliorer la qualité de 1'air, a
absorber le dioxyde de carbone et a réduire 1'effet d'ilot de chaleur.

- Utilisation de sources d'énergie renouvelables : intégration de systémes de sources
d'énergie renouvelables tels que les panneaux solaires, les €oliennes, les systémes
géothermiques, etc., pour fournir de I'¢lectricité et du chauffage aux batiments.
-Principes de conception écologique : utilisation de principes de conception
¢cologique tels que la minimisation des déchets, l'utilisation de matériaux
renouvelables, la promotion de 1'éclairage naturel et de la ventilation, la création de
zones de restauration de 1'environnement naturel.

5. FEtude de l'impact des changements climatiques sur l'environnement et
développement de stratégies d'adaptation grace aux technologies de protection : cet
aspect se concentre sur 1'étude de l'impact des changements climatiques sur
'environnement et le développement de stratégies d'adaptation visant a atténuer les
effets néfastes. Voici quelques aspects de ce point :

- Surveillance des changements climatiques: Etude des tendances a long terme des
changements climatiques, y compris les variations de température, les précipitations,
le niveau de la mer, la couverture glaciaire, etc., a 'aide de systémes de surveillance
et d'analyse de données modernes.

- Modg¢lisation des systemes écologiques : utilisation de modeles informatiques pour
prédire I'impact des changements climatiques sur les écosystémes, la biodiversité, la
distribution des espéces, etc.

-Développement de stratégies d'adaptation: Développement et mise en ceuvre de
stratégies d'adaptation visant a réduire la vulnérabilité des écosystémes et de la
société aux changements climatiques. Cela peut inclure la protection des
¢cosystémes, des ressources en eau, ainsi que le développement de plans d'adaptation
des villes a 1'¢lévation du niveau de la mer, aux événements météorologiques
extrémes et autres conséquences des changements climatiques.

-Technologies de protection contre les catastrophes naturelles : développement de
technologies de protection contre les catastrophes naturelles qui peuvent devenir plus
fréquentes ou plus intenses en raison des changements climatiques. Cela comprend le
développement de systeémes d'alerte précoce, d'ouvrages d'ingénierie pour la
protection contre les inondations, les tremblements de terre, les ouragans, etc.
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Clean Water: Challenges for Ukraine

It is generally accepted that water is a crucial and important component of the
human body. It helps ensure the proper level of hydration, supports the normal
functioning of organs and systems, contributes to the proper functioning of the brain,
and maintains an optimal level of energy. Research in the field of water purification
has made significant progress in recent years. In practice, many methods are used for
this: mechanical, chemical, biological, and physical.

In the 21st century, quality drinking water is still out of reach for 663 million
people on Earth. According to scientists, with the current practice of using available
water reserves, the world will face a 40% deficit of projected demand by the
beginning of 2030. In terms of reserves of water resources available for use, Ukraine
belongs to low-income countries (111th place among 152 countries in the world) [1].
With the beginning of the full-scale military invasion of the russian federation into
Ukraine on February the 24th, 2022, the problem of clear water has become more
than urgent for our state.

This study focuses on reviewing changes in the water ecosystem of Ukraine
after February the 24th, 2022 and the analysis of water purification methods using
ultrasound and ultraviolet.

Among other things, russian military aggression bears the signs of ecocide.
Targeted attacks are being made on facilities for intake, storage and purification of
water, as well as sewage infrastructure. In September 2022, missile strikes were
carried out on the hydraulic structure of the Karachuniv Reservoir in the city of
Kryvyi Rih. The water level in the Ingulets River rose by 1-2 meters, as a result of
which 112 houses were flooded in one evening [2]. In June 2023, the Kakhovskaya
HPP dam was destroyed. The amount of direct damage caused by the explosion of the
Kakhovskaya HPP is at least $2 billion. Preliminary estimates say that about 20-30
thousand houses fell into the flooding zone, of which at least 150 are high-rise
buildings in the city of Kherson [3].

By order of the Ministry of Health of Ukraine dated April the 22nd, 2022
(DSanPiN 683-22 [4]), changes were made to some indicators of the quality of
drinking water. Table 1 shows some of the changes in water quality requirements
compared to the Hygienic requirements for drinking water order of 2010 [5]:
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Table 1
Comparison of some indicators of drinking water toxicity
Indicator DSanPiN 2.2.4- 171-10 DSanPiN 683-22
Benzopyrene!, ug/l 0,005 0,01
Boron?, mg/1 0,5 2.4
Cadmium?, mg/I 0,001 0,005
Copper, mg/l 1,0 2,0
Chlorites, mg/l 0,2 0,7
Mercury!, mg/1 0,0005 0,001

As can be seen from the results given in Table 1, substances of the second class
of danger, such as cadmium and boron, have got a five times higher permissible
concentration level. Mercury and benzopyrene, which belong to substances of the
first class of danger, received twice the permissible concentrations.

It is believed that at the moment, the method of water purification by
chlorination is already outdated and is gradually becoming a thing of the past, but in
Ukraine, as before, it is widely used at large water treatment plants. The developed
countries widely use ozonation for water purification. However, this technology is
quite expensive and complex, and also has certain disadvantages. Electrochemical
purification of water is quite an economical method. Abroad, a similar method is not
used for domestic water, but is used exclusively for industrial water purification.
Electrochemical water purification helps to destroy all microorganisms, but at the
same time it can negatively affect various organic substances. Due to the fact that
water can contain completely different microorganisms and substances, and an
accurate analysis of wastewater, as a rule, is not done, no one will be able to predict
the effect of current on this water. Accordingly, due to the unpredictability of the
reaction of substances in water, during its purification, not very safe compounds may
emerge [6].

Ultrasonic water purification can be an alternative. The phenomenon of
cavitation and the effects accompanying it are of great interest to scientists. The
advantages of this technology include simplicity, low capital costs, ease of
modernization of a conventional treatment plant, absence of additives to the
ultrasonic device and by-products [7]. Interesting results were shown by studies of
the influence of ultrasound and chlorination on the growth of bacteria [8]:

! Class 1 Dangerous
2 Class 2 Dangerous
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Fig. 1. Impact of ultrasound and chlorination on bacterial growth?

As shown in Figure 1, a 5-minute exposure to ultrasound reduces the coliphage
count by less than a quarter, while after 20 minutes the bacteria count is reduced by
almost half. If you combine ultrasound with chlorination, then almost 100% of the
result can be achieved in a 20-minute session.

One of the oldest methods of water purification is the use of solar radiation.
This approach should be suitable for developing countries due to the low cost of
implementation and virtually zero electricity costs. This approach is based on the
ability of microorganisms present in polluted water to absorb sunlight (UV-A), which
leads to their inactivation [9]. UV light penetrates the microbe cell wall and damages
the genetic information contained in DNA and RNA, thus stopping it from
reproducing [10]. Studies have shown that the action of ultraviolet can have a degree
of purification up to 99.87% [11].

The researchers also combined the UV type of cleaning with chlorination and
got rather unexpected results. It turned out that the order of these types of cleaning is
of great importance. If coliphage 14 is first irradiated with ultraviolet light and then
chlorinated, then the degree of purification will reach about 99%, and if first
chlorinated, then almost 99.99%. Chlorination after UV reduces the synergistic effect
for coliphage MS2 to almost zero, and such a coliphage as coliphage 7 will generally
have negative values from the synergy of chlorination and ultraviolet. Figure 2 shows
the results of this study [12]:

3 Conditions: 1:10 dilution of untreated water using a sample immersed in an
ultrasonic bath (38 kHz, 20 °C).
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Fig. 2. Synergy values of coliphages when chlorine treatment was done first followed
by UV and vice versa with 10 min contact time

The study shows the advantages of the chosen methods and the ways of their
further improvement.
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DIY quadcopter

Today, quadcopters are beginning to play an active role in agricultural transport,
etc. But in this paper, I will deal with the basic concepts of building a quadcopter. The
main components of the model are: frame, motors, controller, ESC (Electronic Speed
Controller), and battery. These are the components that require close attention. Today, it
hardly makes sense to make motors yourself, it is cheaper and more practical to buy
ready-made ones. [ emphasize that it is better to use brushless synchronous motors.

Let us consider the example of the A2212 1400kv motor (enthusiasts achieved a
thrust of up to 1 kg with this motor). Its main parameters are: kv (revolutions per minute
per volt, by applying the corresponding voltage to the motor, we achieve the necessary
rotation frequency), maximum voltage (often measured in cells (2s-3s), one cell has an
approximate voltage of 3.7v), maximum current (30A), and efficiency. There are
corresponding propellers for the motor, which are supplied together with the motor or
their analogues. Propellers can rotate clockwise (Clock Wise) or counterclockwise
(Counter-Clock Wise). Both types of propellers are needed for a quadcopter.

The main parameters of the propeller are the number of blades, its length, and
pitch. Very often, the manufacturer writes the main characteristics of the propeller in a
certain format; for example, in the case of 1045, you can understand that 10 is the
diameter of the propeller (in inches), and 4.5 is the pitch of the propeller (in inches).
Multi-blade propellers, compared to two-blade propellers with the same lifting force,
have a smaller diameter, but their main drawback is balancing. Before assembling the
quadcopter, it is necessary to balance the propellers (if this step is omitted, the sensors of
the main controller may not work quite accurately). Next, you can choose the ESC
(Electronic Speed Controller) (the main characteristic is the maximum current), selected
based on the maximum current of the motor with a certain margin. If we choose an ESC
of 10A, it will not be suitable for the A2212 motor; if the circuit is assembled correctly,
it will still fail after some time.

Now you can think about choosing the battery; they are divided into two types: li-
pol, li-ion. In the case of the latter, battery assemblies are used (better assemblies are
based on 21700 cells). If you need a quadcopter for racing or tricks, li-pol is more
suitable; if you need to rely on longer flight times, li-ion is better. Both types of batteries
do not withstand cold, which should be taken into account when flying in winter, as
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during this time the battery capacity can significantly decrease, and flight time can be
significantly reduced.

As for the frame model, if it is small, it can be 3D printed, but if you print it for
racing, it will fall apart at the first high-speed collision, so we use carbon. Here
everything is very individual, there are almost no specific recommendations. Frames are
divided into: "+” and "x, subtype n” fig.1, the arrow indicates the direction of the
controller. Different frames are suitable for different types of tasks.

R SN .
L l

X N H

fig.1

If you need to capture footage from the drone camera, perform tricks — choose
"x", if you need it to respond sharply and clearly to commands — choose "+", if it is a
very small model (one that can fit in the palm of your hand) or for experiments, research
— choose "N". For beginners, "x" would be more suitable, as it is more intuitively
understandable for control.

As for the controller, there are plenty of options; you can make your own
according to the schemes, everything is open and freely accessible, an example of which
is the popular MultiWii controller.

Now you can assemble the quadcopter, but it is desirable to assemble the stand
fig.4 (1 — power supply, 2 — motor controller, 3 — ESC, 4 — clamps, 5 — motor) where the
direction of motor rotation is determined. If the direction of rotation is not satisfactory,
you need to connect the two power wires in reverse (fig.2). The motors should rotate
exactly as shown in fig.3. The remaining work is carried out according to engineering
requirements; some insulate batteries, while others test or connect modules.

1]
I
||
®

fig.2

31



Section 02 Innovations in Engineering, Energy Efficiency and Alternative Sources of Energy, Earth
Sciences

fig.4
Hence, a working model of a DIY quadcopter has been constructed, featuring an
individual controller ESP32.

32



Section 02 Innovations in Engineering, Energy Efficiency and Alternative Sources of Energy, Earth
Sciences

Yana Bachynska, Alina Maksimova
Igor Sikorsky Kyiv Polytechnic Institute, Kyiv (Ukraine)

The role of laser Doppler flowmetry in endothelial dysfunction

In the modern world, where non-communicable diseases pose an increasing threat
to public health, the strategic importance of early diagnosis and effective prevention of
conditions such as cardiovascular diseases, chronic respiratory pathologies, oncological
diseases, and diabetes is paramount. For this reason, the study of microcirculation and
endothelial function becomes a key direction in contemporary medical science. In the
context of this research, there is a need to improve methods for their assessment and
monitoring. One potentially promising non-invasive method is laser Doppler flowmetry
(LDF), which can provide valuable information about the structural and functional state
of the endothelium. Despite the potential advantages of LDF, its application in clinical
practice has not yet gained widespread recognition and remains limited. Therefore,
studying the role and capabilities of this method in the diagnosis and monitoring of
endothelial dysfunction is of great practical importance for further refining strategies for
the prevention and treatment of non-communicable diseases.

The aim of this study is to investigate the application of laser Doppler flowmetry
in clinical practice as a method for assessing the state of the microcirculatory bed.

Laser Doppler flowmetry (LDF) is a method based on optical scanning of tissues
with a monochromatic signal and analysis of the frequency spectrum of the laser-
reflected signal, which reflects from the erythrocytes in tissue capillaries [1]. In the
context of studying skin and mucous membrane microcirculation, an important
structural and functional component is the endothelium of capillaries and precapillary
arterioles. The LDF technique includes the following stages [2]:

1. Determination of microcirculation parameters (MP), reflecting the volumetric
content of erythrocytes in capillary blood (%) and the number of simultaneously
functioning capillaries in the study area.

2. Wavelet analysis of active (endothelial, myogenic, neurogenic) and passive
(respiratory, cardiac) mechanisms of microcirculation regulation. This analysis
determines the impact of pharmacological agents on the functioning and
interaction of these mechanisms.

3. Occlusive test investigating the reserve capabilities of the microcirculatory bed
using the "capillary blood flow reserve" (CBFR, %) parameter.

The results of laser Doppler flowmetry (LDF) assessment reflect the type of blood
flow, which determines the presence or absence of endothelial damage and allows for
the preliminary establishment of a diagnosis, as well as the evaluation of the
effectiveness of the prescribed therapy [3,4]. The first type of blood flow refers to
normotonic, indicating the absence of serious disturbances in microcirculation.
Meanwhile, spastic blood flow type is characterized by increased tone of microvessels
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and decreased blood inflow into the microcirculatory bed due to spasm of precapillary
sphincters. This may be associated with conditions such as Raynaud's syndrome, diffuse
liver diseases, chronic venous insufficiency, arterial hypertension, and diabetes mellitus.

The hyperemic type of blood flow is characterized by increased blood inflow into
the microcirculatory system, caused by dilation of microvessels. This can be observed in
Raynaud's syndrome II degree, diffuse liver diseases, as well as in cases of diabetic foot
syndrome. Finally, the stasis-stagnant type of blood flow is characterized by the
paralysis of inflow vessels and disturbances in outflow at the level of the capillary and
post-capillary segments. This may indicate the presence of ischemic heart disease,
diabetes mellitus, and other pathologies. Therefore, the analysis of blood flow type
based on LDF results is important for the diagnosis and monitoring of various diseases
associated with endothelial damage.

These stages define the methodology of LDF and help to understand the
functional state of microcirculation, which is crucial for diagnosing and monitoring
various diseases, including endothelial dysfunction.

Today, the methodology of using laser Doppler flowmetry (LDF) in medical
practice is regulated by European standards and recommendations, based on the results
of numerous studies conducted in various medical fields. This significantly expanded
our understanding of microcirculation and angiogenesis. These studies have spurred the
development of both contact and non-contact LDF systems, which provide data
transmission to various devices, including computers and mobile phones, allowing
physicians to effectively utilize this method in practice.

Laser Doppler flowmetry is an important method for assessing endothelial
function. The results of scientific and clinical studies aim to determine the state of
microcirculation in healthy individuals and justify the application of LDF in medical
practice. This method allows for the analysis of mechanisms regulating tissue
hemoperfusion and evaluating the functional status in patients with various diseases,
such as diabetes mellitus, hypothyroidism, and in women with gestational diabetes.

The application of LDF in medical diagnostics and patient monitoring for various
diseases is a broad and promising direction. Studying microcirculation and angiogenesis
using this method provides important data on the functioning of the body at the cellular
level, which is crucial for understanding and effectively treating various pathological
conditions associated with microcirculation disorders.

Laser Doppler flowmetry (LDF) allows not only for a detailed analysis of
mechanisms regulating tissue hemoperfusion but also for the assessment of its functional
status in patients with type 2 diabetes mellitus, hypothyroidism, autoimmune thyroiditis,
diabetic foot syndrome (DFS), and gestational diabetes. Complications of diabetes
mellitus include both macro- and microangiopathies, which can lead to serious
consequences such as myocardial infarction, stroke, and other vascular diseases. This
underscores the importance of timely detection and monitoring of complications in
patients with diabetes mellitus.

34



Section 02 Innovations in Engineering, Energy Efficiency and Alternative Sources of Energy, Earth

Sciences
Microcirculatory impairments serve as powerful indicators of cardiovascular and
cerebrovascular events in clinical practice and require immediate correction. Laser
Doppler flowmetry (LDF) represents a modern non-invasive method of choice for
assessing the initial state of microcirculation, detecting endothelial defects, and has
proven its effectiveness in influencing pharmacological infusions, predicting disease
progression, and managing patients in everyday clinical practice.
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Mineral Resources of Ukraine and Sustainability

Substances and compounds found in the earth's crust in the form of rocks are
known as mineral resources which are used in various economic activities. Mineral
resources play significant role in sustainability of any country as without them and their
use the country economy can collapse. Nowadays there are different concepts of
classifying mineral resources with the focus on their renewability, sustainability etc. An
attempt to describe mineral resources of Ukraine from the perspective of their mining
and sustainability is made in this paper.

There are some concepts and modern trends concerning mineral resources and their
development. They are as following:

e Mineral resources are non-renewable natural resources.

e Distribution of mineral resources on the planet is uneven that is largely due to

the tectonic structure.

e Every year more and more new mineral deposits are discovered and developed.

e Most reserves are found in mountainous areas.

e Recently, there has been an active development of mineral deposits at the

bottom of oceans and seas.

There is also a variety of classifications of minerals. The most traditional that
minerals can be classified into three main groups: fuel resources, metallic and no-
metallic minerals. If to focus on the physical state of minerals, they can be classified in
the other 3 groups: gaseous minerals ((flammable gases, methane, helium), liquids (oil,
mineral waters), solid (ores, salts, coal, granite, marble etc.).

Ukraine is very rich in mineral resources. There are fuels: coal both black and
brown, natural gas, peat oil, metals: ferrous metals (iron ore) and non-ferrous metals
(manganese, mercury, titanium and others) and non-metals: rock and potassium salts,
sulphur, fire clay, curative waters etc. Bearing in mind sustainability, these minerals will
be classified and described according to their geographical location and use.

Coal is a mineral highly demanded in power generation and metallurgical industry.
It can be found in the various parts of Ukraine, in particular in Lviv region (Boykivske
deposit) and in Donetsk region (Shodinske. Shakhtarske, and others).

Iron ore necessary for steel and iron production occurs in Kryvyrizhsky Basin in
Dnipropetrovsk Oblast. Deposits of marble and limestone widely used in building and
construction are found mostly in Prykarpattia (Ivano-Frankivsk and Ternopil Oblasts).

The main gas fields are in Western Ukraine (Lviv, Ivano-Frankivsk Oblasts) and
Southern Ukraine (Odesa, Mykolaiv Oblasts).
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From the perspective of their use, the minerals extracted in Ukraine can be
described in the following way.

Iron ore is used in ferrous metallurgy, wherein Kryvyi Rih metallurgical plant is the
largest producer of ferrous metals in Ukraine, and for production of iron, steel and
alloys. Metallurgical enterprises manufacture metal structures for construction and
infrastructure facilities. In their turn, metallurgical products are used in the production of
machines and equipment, i.e. in engineering.

Non-metals are widely use in chemical industry for production of wvarious
chemicals and materials.

Marble and limestone are used in construction industry to make building materials
such as tiles, cladding materials etc.

Mining and processing technologies are highly developed in Ukraine to extract and
process the minerals. Coal mining is carried out by mine and open pit methods. High-
tech methods of ore crushing are used to process iron ores. Chain saws and crushers are
used for mining marbles and limestones. Modern technologies are used for gas
purification and its transportation

To conclude, Ukraine is rich in mineral resources that contribute to sustainability of
the Ukrainian economy. However, there are some challenges and opportunities how to
sustain the economy of the country.

The main challenges are concerned with environmental problems related to mining
and negative impact on biodiversity.

To overcome them there is a need to develop secondary use and recycling
technologies and to develop and implement effective mining and processing methods
and procedures that can be seen as opportunities to provide sustainability.
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Biogas: new trends of alternative energy sources in Ukraine

Biogas is a gas obtained from hydrogen or methane fermentation of biomass. In
general, the types of biomass processing by bacteria can be categorized into three
groups: the first one is hydrolysis, the second one is acidification, and the third one is
methane formation process. Biomethane is almost 100% methane produced either by
enriching biogas or by gasifying solid biomass [1]. The normal food chain involves the
following bacteria eating the products of the previous ones.

Biogas production involves not only methanogen class bacteria, but also all three
species. One of the primary forms of biogas is biohydrogen. The list of organic wastes
suitable for biogas production is quite large and some frequent examples of raw
materials can be outlined: manure, grain and melasse postalcoholic bard, woma, faecal
sludge, fish and slaughterhouse waste (blood, fat, intestines), grass, household waste, etc
[2]. Biogas production yield is determined by both dry matter content and the type of
raw material used [3]. For example, if we take 2,5 tons of cattle manure (pig manure
(solid)) per year produce approximately 102 500 m3 of biogas per year with methane

content 60 %.
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EMERGY SELECTION:

Bio Natural Gas Electricity compare both

m> per year |

Supply for 85.42 households =
-OR -

&% ELECTRICITY
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Fig.1 An example of calculation [4].
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The definition of biogas was firstly developed in the 17th century by Jan Baptiste
Van Helmont who discovered that flammable gases were emitted by decomposing
biomass. The research was continued by Alessandro Volta (1776) who made
conclusions based on the obtained results that there was a correlation between the
amount of degraded biomass and the amount of gas emitted, and the methane occurrence
in biogas was identified and described by Sir Humphrey Davy (1808).

It should be noted that the first biogas plant was built in Bombay, India in 1859
and the first use of biogas as street lighting took place in Britain in 1895. The intensive
development of microbiology (1930) highly promoted further studies of biogas and the
role of some bacteria involved in the biogas production process was emphasized. In the
1960s, India and China began developing small biogas reactors for farmers. The goal of
these projects is to reduce energy poverty in rural areas and provide clean fuel for
cooking in remote areas. Now in Ukraine, the Gas Institute of Ukraine of the National
Academy of Sciences of Ukraine is engaged in this study [5].

Why is it necessary?

The fact that the fuels currently most commonly used are mainly based on coal,
fuel oil or natural gas is very disadvantageous in terms of planning for the future, as
these reserves will be exhausted in the coming years due to the growing energy demand
mediated by the increasing population. Therefore, energy production from biogas is one
of the most popular renewable energy sources due to its versatile applications and
naturalness.

Biogas is a dynamic form of energy that can be used to produce electricity,
biomaterials, heat, and fuel for transportation. The high levels of carbon dioxide (CO,)
presented in the atmosphere and equal around 390 ppm, block the sun's infrared
radiation, causing the greenhouse effect and resulting in global warming. This is just one
of the many problems that require finding alternative fuels such as bioethanol or
biodiesel. Therefore, biogas production is actively gaining momentum as a potential
solution to production problems using environmentally friendly technologies that would
better utilise raw materials and prevent the accumulation of toxic compounds in the
environment.

Biogas in Ukraine

Since Ukraine has a large agricultural potential, progressive changes in energy
supply aimed to enhance the use of renewable energies and introduce "green tariffs",
encourage the potential agriculture benefits to be reconsidered. Biomass as a constant,
renewable energy creates excellent prospects for Ukraine for the further development of
this direction, and the possibilities of using this energy are greatly diverse. Biogas is the
universal and most efficient energy carrier of all bioenergy to be obtained from
reproducible raw materials and organic wastes. Energy from biogas is used in various
industries and creates numerous opportunities to be listed as following:
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o production of electricity and heat from biomethane using the gas transmission
network;
o replacement of natural gas with biomethane;
o use of biomethane as a motor fuel for municipal and agricultural transport;

o export of biomethane to the EU [6].

However, biomethane production in Ukraine is currently not competitive with the
market price of natural gas and needs to be changed. It can be explained by the
following reasons: the lack of legislation on biomethane and little state support, small
opportunities of biomethane-based motor fuel to compete with the price of natural gas,
problems with connection to district heating. In addition, the heat obtained from biogas
cannot be compared with the heat obtained from natural gas in terms of its efficiency.
Lack of experience in using lignocellulose materials (straw) results in insufficient
development of a biofuel market, etc [1].

What is required to solve this problem?

The development of the biomass market in Ukraine requires such steps to be
carried out: creating a legislative framework, establishing a mechanism guarantees of
origin, preparing investment projects to develop industry and energy clusters.
Furthermore, such issues as ensuring non-discriminatory access by a third party to
heating networks, expanding FIT scheme for electricity generated from biomass, biogas
and biomethane, developing organic farming and enhancing digestate use as well as
increasing investment attractiveness of the bioenergy sector are also to be considered.
When these and other factors are resolved, we will be able to fully adjust the energy
system to such energy sources as biogas [1].

If we approach this issue thoughtfully and comprehensively, we can see several
advantages for our agriculture in the biogas development. First, farmers will get more
value for their products, as the "residues" from raising animals or crops will also be
valuable. Second, this also solves such problems as agricultural waste disposal, illegal
activities, namely, pouring manure in inappropriate places or burning agricultural
residues, as these products will also become a valuable commodity. Thus, such
dangerous activity as burning leaves can be decreased as leaves can be also processed
into biogas to reduce the damage caused to environment during the constant fall
cleaning of gardens. Third, such issues as gas and energy shortages can be also resolved
to be produced in sufficient quantities. For example, official information says that this
winter Ukraine used its own gas production, but if we add stable biogas production, we
will be able not only to cover our own fuel and energy needs, but even establish a
market for its sale to the EU [7]. It can get a positive effect as biomethane is almost
100% methane.
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Al and Machine Learning in the Electric Power Industry

Innovation made in the electric power industry through the application of artificial
intelligence (Al) and machine learning (ML) are reinventing how we manage and
maintain energy systems leading to greater efficiency and reliability.

Let’s think about this: “How can artificial intelligence change the management of
energy systems?” — Al algorithms analyze large amounts of data collected from sensors,
smart meters and other sources to optimize energy production, transmission and
distribution. Based on energy demand patterns, Al can adjust production in real time to
balance supply and demand. Not only does this reduce waste, it also minimizes the risk
of outages and improves the overall stability of the grid.

Al-driven predictive maintenance is also reshaping how we maintain energy
infrastructure. Traditional maintenance plans are often based on fixed intervals or
reactive approaches, resulting in unnecessary downtime and costs. However, with the
help of machine learning algorithms, the health of the equipment can be continuously
monitored to detect potential failures early. By predicting when components are likely to
fail, Al can plan maintenance and prevent costly failures.

Al-driven grid optimization plays a vital role in integrating renewable energy sources
into the power grid. Renewable energy generation, such as solar and wind, is inherently
variable and make some problems for grid stability. Al algorithms analyze weather
forecasts, and grid conditions to anticipate fluctuations in renewable energy generation.
By dynamically adjusting grid parameters and energy flows, Al simplifies integration of
renewable energy, maximizing its contribution while maintaining grid stability.

Algorithms analyze historical network traffic data, system logs, and attack records to
identify suspicious activity and potential vulnerabilities. By continuously monitoring
system behaviour, machine learning models can detect anomalies that indicate a cyber-
attack or physical intrusion. These models allow utilities to implement strong
cybersecurity measures, strengthen system defences, and ensure the integrity and
reliability of energy systems.

One of the primary difficulties associated with machine learning in applications is
data quality issues, such as missing values, extreme values, or inconsistencies, can
negatively affect the performance of machine-learning algorithms. Also, privacy and
security issues must be addressed. Future planned investigations should concentrate on
developing methods for cleaning data, combining data, and preserving data privacy in
order to ensure the reliability and quality of the data for machine learning purposes.

Power systems are operated in real time, and quick decisions must be made to ensure
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the grid is protected. stability and consistency. The machine learning algorithms must be
able to scale and have the capacity to processing large amounts of data in real time. As
the proliferation of smart grids and Internet of Things As the number of devices
increases, the volume of data generated will continue to increase. Future planned
investigations should concentrate on creating practical, machine-learning algorithms that
can deal with real-world time-based data and information that supports effective
decision making in power systems. Techniques such as distributed computing, edge
computing, and parallel processing can be experimented with to solve the scalability
issues.

In conclusion, the utilization of Al and machine learning in the electric power sector
represents a novel approach to effectively managing and sustaining energy systems. Al
can transform the industry by enhancing efficiency, reliability, and sustainability while
also enabling grid operations optimization, equipment forecasting, and renewable energy
sources integration. The electric power sector can expect a new future, environmental
consciousness, and enhanced resilience by embracing the power of Al

Nevertheless, it is important to acknowledge and overcome the obstacles that prevent
Al from being widely implemented and adopted in this area.
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The role of artificial intelligence in rehabilitation therapy

Artificial intelligence has emerged as a transformative tool in various fields,
including healthcare. In the realm of rehabilitation therapy, Al is revolutionizing the way
patients recover from injuries, surgeries, or manage chronic conditions. By harnessing
the power of Al, rehabilitation therapy can become more personalized, efficient, and
accessible.

Artificial intelligence plays an important role in rehabilitation therapy,
transforming approaches to the treatment and support of patients with various types of
limitations and impairments [4]. The use of Al makes it possible to personalize
therapeutic approaches, maximize the effectiveness of treatment and improve patient
outcomes.

As Oleksandr Wolff, a leading specialist of the International Cooperation
Department, Department of Palliative and Hospice Medicine of the P.L. Shupyk
National Institute of Health of Ukraine, said: “The use of Al in the field of, for example,
physical rehabilitation has great prospects. The development of a suitable computer
algorithm (program) significantly accelerated the adaptation of people with an
amputated leg to a robotic prosthesis”. A description of the development was published
in the magazine Institute of Electrical and Electronics Engineer (IEEE) Transactions on
Cybernetics.

One of the main advantages of using artificial intelligence is the ability to analyze a
large amount of data collected during the rehabilitation process. Through advanced
algorithms and machine learning techniques, Al systems can process vast amounts of
patient information, including medical records, imaging studies, and real-time sensor
data from wearable devices [1]. This analysis helps therapists gain valuable insights into
each patient's condition, allowing for tailored treatment plans that address specific needs
and challenges. This allows for the development of individualized treatment plans,
taking into account the unique needs and capabilities of each patient. For example,
machine learning algorithms can analyze data on mobility, muscle activity and other
physiological parameters to determine optimal therapeutic strategies.

In addition, Al can be used to develop and support a variety of technologies that
facilitate the rehabilitation process. For example, the use of virtual reality in
combination with Al algorithms allows you to create interactive simulations that
contribute to the restoration of movement functions, coordination and cognitive skills
[2].

Moreover, Al-powered rehabilitation devices and systems are changing the
landscape of physical therapy. Robotic exoskeletons, for example, can assist patients
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with mobility impairments in regaining strength and independence. These devices adapt
their assistance levels based on the patient's movements, providing a customized
rehabilitation experience. Similarly, virtual reality (VR) platforms offer immersive
environments where patients can engage in therapeutic exercises and activities,
promoting motor function and cognitive skills in a controlled setting.

Despite its tremendous potential, integrating Al into rehabilitation therapy also
poses ethical and privacy considerations. Ensuring the security and confidentiality of
patient data, as well as addressing biases in Al algorithms, are paramount to maintaining
trust and transparency in healthcare delivery [1; 2]. In addition, Al can support patients
during rehabilitation with chatbots or mobile apps that provide advice, medication
reminders, and motivation to exercise and achieve goals.

Furthermore, Al-driven telemedicine platforms enable remote monitoring and
coaching, extending rehabilitation services to individuals who may face barriers to in-
person care, such as those living in rural areas or with mobility limitations. These
platforms utilize Al algorithms to analyze patient progress and provide feedback in real-
time, empowering patients to take an active role in their recovery journey [3].

In conclusion, artificial intelligence opens up many opportunities to improve
rehabilitation therapy, providing innovative approaches to the treatment and support of
patients with various types of limitations and impairments.

References:

1. AI in Rehabilitation Medicine: Opportunities and Challenges. URL:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10767220/

2. Artificial Intelligence (AI) Im Health Care and Rehabilitation. URL:
https://www.physio-
pedia.com/Artificial Intelligence (AI) In_Health Care and_ Rehabilitation

3. How AI is Transforming Rehabilitation and Injury Prevention. URL:
https://www.rupahealth.com/post/the-future-of-physical-therapy-how-ai-is-transforming-
rehabilitation-and-injury-prevention

4. Nevedomska Y., Zumarkov Y., Korop N. (2023). Mozhlivosti shtuchnogo
intelektu, neyronnikh merezh ta chat-botiv u phizichniy terapii | Possibilities of artificial
intelligence, neural networks and chatbots in physical therapy]. Czech Republic :
Vedecka perspektiva [In Ukrainian].

45


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10767220/
https://www.physio-pedia.com/Artificial_Intelligence_(AI)_In_Health_Care_and_Rehabilitation
https://www.physio-pedia.com/Artificial_Intelligence_(AI)_In_Health_Care_and_Rehabilitation
https://www.rupahealth.com/post/the-future-of-physical-therapy-how-ai-is-transforming-rehabilitation-and-injury-prevention
https://www.rupahealth.com/post/the-future-of-physical-therapy-how-ai-is-transforming-rehabilitation-and-injury-prevention

Section 02 Innovations in Engineering, Energy Efficiency and Alternative Sources of Energy, Earth
Sciences

Karina Kondratjuk

M. L. Smyrnowa, Betreuerin
Ukrainische staatliche Universitét fiir
Wissenschaft und Technologien

Alternative Energiequellen fiir das Haus

Die Gestaltung eines komfortablen Lebens und des Lebens im Allgemeinen ist
ohne den Einsatz von Energie unmoglich. Das Problem, es zu erhalten, ist eines der
relevantesten heutzutage. Alternative Energiequellen werden neben den traditionellen
Quellen zunehmend nachgefragt. Alternative Energien sind eine komplexe, aber
vielversprechende Branche. Im Gegensatz zur Endlichkeit verschiedener Rohstoffe ist
die Nutzung von Sonne, Wind, Wasser und anderen erneuerbaren Quellen praktisch
grenzenlos. Alternative Systeme erfordern keinen Kauf von Kraftstoff und keine
aufwéndige Wartung. Hier sind nur einige Moglichkeiten, die man beim Bau eines
energieeffizienten Hauses nutzen kann: Solarenergie zum Heizen, Warmwasser oder zur
Stromerzeugung; Windenergie zur Umwandlung in elektrische Energie; Nutzung der
Erd-, Wasser- und Luftwdrme zum Heizen des Hauses; die Verwendung von
Biokraftstoffen und Abfallprodukten lebender Organismen und anderer spezifischer
Technologien. Unter ihnen ist es unmoglich, die wirtschaftlichste und rentabelste Option
zu bestimmen, da sie alle abhdngig von den Ausgangsbedingungen wirksam sind.

Die Nutzung der Sonnenenergie ermoglicht eine Vielzahl von Solaranlagen,
Photovoltaikzellen und Kollektoren verschiedenster Art.

Zu den Vorteilen: Vielseitigkeit. Solarenergie eignet sich zur Wéirme- und
Stromversorgung. Verfligbarkeit. Die Anwesenheit der Sonne ist ausreichend. Moderne
Systeme ermodglichen es den meisten, unabhingig von der Jahreszeit zu sein.
Umweltfreundlichkeit. Dabei entstehen keine schiddlichen Emissionen oder andere
Verunreinigungen.

Bequemlichkeit. Der Prozess ist vollig autonom und gerduschlos.

Windenergie. Das klassische System geht davon aus, dass die Kraft des Windes
das Rad antreibt, dessen Energie auf den Rotor des Generators iibertragen wird.

Vorteile: Unerschopflichkeit. In windigen Regionen ist es eine unschétzbare und fast
unerschopfliche Quelle.

Sicherheit. Windgeneratoren belasten die Umwelt nicht. Einfache Bedienung. Nach der
Installation verursacht die Verwendung des Geréts keine Probleme.

Wasserenergie. Im Wohnungsbau sind Warmepumpen zum Heizen besonders
gefragt. Vorteile: Energieeffizienz. Selbst im ungiinstigsten Szenario bleibt das System
effektiv und rentabel.

Speichern. Zu minimalen Kosten - hervorragende Ergebnisse.
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Verfiigbarkeit. Die Nutzung von Wasser ist einer der am weitesten entwickelten
Bereiche der alternativen Energie, was zur Reichweite und Verfiigbarkeit von Gerédten
beitrigt.

Geothermische Energie. Bei der Geothermie wird die im Erdinneren gespeicherte
Wirmeenergie genutzt.

Vorteile: Praktikabilitit. Geothermische Quellen werden zur Wairme- und
Stromversorgung genutzt. Autonomie. Die Versorgung ist vollig unabhéngig von Jahres-
und Tageszeit.
Effizienz. Unter giinstigen Bedingungen ist es tatsdchlich eine unerschopfliche und
stabile Quelle.

Die Auswahl alternativer Quellen fiir das Haus. Die wesentlichen Nachteile
bleiben bei allen Systemen gleich. Dies ist vor allem die Abhéngigkeit vom Wetter und
den klimatischen Gegebenheiten der Region, die Kosten fiir die Ausriistung. Eine
kompetente Auswahl und Organisation alternativer Energieversorgung ist eine der
Grundlagen fiir den Bau von Passiv- und Multikomfort-E-Hausern. Die Hauptkriterien
sind die territoriale Lage und die klimatischen Bedingungen, die Geldndemerkmale, der
Zugang zu bestimmten Ressourcen, die Moglichkeit und die Kosten fiir die Installation
von Ausriistung. Jede der Optionen bewiltigt die Aufgaben in ihren spezifischen Féllen
am besten. Dariiber hinaus wird der Preis fiir Gerdte, die mit alternativen Quellen
betrieben werden, in Bezug auf die Kapazitit gebildet. Beispielsweise kostet eine 20-W-
Wirmepumpe 20.000 Euro und eine 4-W-Wiarmepumpe 4.000 Euro. Daher ist der
Einsatz alternativer Systeme in E-Haus-Passivhidusern sinnvoll und kostengiinstig. So
konnen Sie gleichzeitig Kosten minimieren, sich um die Welt um Sie herum kiimmern
und die bequemsten Bedingungen fiir Thr eigenes Leben schaffen.

Vor- und Nachteile der Solarenergie. Laut Experten haben alle nicht-traditionellen
Energiequellen viele unbestrittene Vorteile, obwohl sie nicht ohne Nachteile sind. Der
Hauptvorteil ist die Erhaltung der Reinheit der Umwelt und das absolute Fehlen
schiadlicher Emissionen in die Atmosphire. Zu ihren Hauptnachteilen gehort die
ungleichméfige und unregelmédfige Leistung, die tagsiiber oder in anderen
Zeitintervallen erzeugt wird. Dariiber hinaus hdngt es von der Anzahl der Sonnentage
pro Jahr in einem bestimmten Gebiet ab. Beispielsweise wird an bewolkten Tagen oder
mit Beginn einer ldngeren Regenperiode sowie nachts die Stromproduktion eingestellt.
Und im Gegenteil, die an schonen und klaren Tagen produzierte Strommenge ist
tiberméfBig und tiibersteigt den Bedarf der Verbraucher. Dies erfordert den Kauf von
Batterien, deren Preis deutlich liber den Kosten der produzierten kWh liegt.

Vor- und Nachteile der Windenergie. Seit der Antike nutzt die Menschheit die
Windkraft als alternative Energiequelle. Ein Beispiel dafiir sind die bekannten
Windmiihlen. Thre moderne Version ist ein Windkraftwerk. Das Gerdt wandelt die
kinetische Energie bewegter Luftstrome in elektrische Energie um. Mehrere an ein Netz
angeschlossene Windmiihlen werden zu einem Windpark zusammengefasst. Eine solche
Energiequelle und eine darauf basierende alternative Energieform gehdren zu den
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billigsten. Zu den unbestrittenen Pluspunkten gehdren auch Kompaktheit, absolute
Sicherheit fiir die Umwelt, hohe Wartbarkeit von Windkraftanlagen und die Moglichkeit
ihrer Installation in der Nidhe von Verbrauchern. Ein schwerwiegender Nachteil ist das
Vorhandensein von Lirm, den die Windkraftanlage erzeugt. Auch das Absterben von
Zugvogeln, die in die Rotorbléatter des Generators fallen, ist als negativer Nebeneffekt zu
werten.

Wasserkraft: Stirken und Schwichen. Die Menschheit nutzt die Energie bewegter
Wasserstrome als unkonventionelle Energiequelle in mehreren Arten von Generatoren.
Ihre erste Kategorie arbeitet aufgrund der natiirlichen Stromung und wird an den Fliissen
installiert. Die zweite wurde entwickelt, um die Kraft der Meeres- oder Ozeangezeiten
zu nutzen. Die dritte, die derzeit getestet wird, entfernt den ,,Schaum vom
Wellenkamm®, indem sie die Energie der Meereswellen nutzt. Die ersten beiden
Generatortypen sind seit langem erfolgreich getestet und funktionieren. Der Haupt- und
Hauptvorteil dieser Art von alternativer Energie ist die absolute Sicherheit fiir die
Umwelt. Als nachteilig werden die begrenzt moglichen Einbauorte und die hohen
Kosten fiir Sonderausstattungen angesehen.

Vor dem Hintergrund der jdhrlich steigenden Energiepreise in der Ukraine ist die
Wahl vielversprechender alternativer Energiequellen fiir die Stromversorgung von
Vorstadtgebdauden und privaten Wohngebéauden die beste Option. Unter den Vorteilen:
hohe Autonomie der Arbeit; Minimierung des Stromverbrauchs aus dem zentralen Netz;
die Fahigkeit, bei allen Wetterbedingungen Wiarme zu erzeugen; absolute Sicherheit fiir
Umwelt und Mensch; die Fihigkeit, den Energieverbrauch ohne Einschrinkungen zu
erhohen; die Féhigkeit, Gebdude mit Strom zu versorgen, die sich weit entfernt von
Versorgungsunternehmen befinden.

Literatur

1. Beste, D., Kilke, M. (Hrsg:): Erneuerbare Energien - warum wir sie dringend
brauchen, aber kaum nutzen, VDI-Verlag, Diisseldorf, 1996 S. 33-38.

2.Dr. Wolthart Diirrschmidt, Elke Hammer (BMU) (2009). Erneuerbare Energien -
Innovationen fiir eine nachhaltige Energiezukunft. Berlin S. 151.

3. Kacuu A.O. AnbrepHaTuBHA €HEpPreTHKa: CBITOBMM Ta BITUM3HSHUHN nocsin / A.O.
Kacuu, 4.0. JIutBunenko, I1.C. Mensnuuyk // Haykosi 3anucku. Exonomika. — Octpor
: OcTpo3sbka akagemis, 2013. — Bumn. 23. — C. 43-47.

48



Section 02 Innovations in Engineering, Energy Efficiency and Alternative Sources of Energy, Earth
Sciences

Yevhen Kozii
M.L. Isakova, language adviser
Dnipro University of Technology, Dnipro (Ukraine)

The relation between the content of germanium and beryllium in the coal
seam cs” of the Ternivska mine field of Western Donbas

The general relevance of the study of the content of germanium in coal seams is
conditioned by the possibility of its industrial extraction and use as a valuable
accompanying component.

The factual basis of the work was the results of analyses of the content of
germanium and beryllium in the coal seam cs®. The content of germanium and beryllium
was determined by quantitative emission spectral analysis. Using the STATISTICA 13.3
and IBM SPSS Statistics 22 programs, the values of the main descriptive statistical
indicators were calculated. Correlation and regression analysis was carried out using the
methods implemented in the Micromine program and their analysis was carried out in
geological terms.

Previous studies were related to the study and analysis of the distribution of
germanium in individual coal seams of mines in the Pavlohrad-Petropavlivka area of
Donbas [1-2]. At the initial stage of primary geochemical information processing, using
STATISTICA 13.3 and IBM SPSS Statistics 22 programs, the values of the main
descriptive statistical indicators were calculated, frequency histograms of germanium
content and coal thickness were constructed, and the characteristics of the distribution of
these parameters were established.

When constructing frequency cumulative histograms, the number of intervals was
calculated according to Herbert Sturges' formula:

n=1+[logN],

where n is the number of intervals, log> is the logarithm based on 2, N is the
number of analyses, [x] denotes the whole part of the number x.

To achieve the goal set in the work, correlation and regression analysis was
carried out in the research process using methods implemented in one of the most
popular professional mining and geological information systems for 3D modeling of
deposits, statistical processing of mining and geological data and construction of actual
mine workings and planning of mining operations - Micromine (license MM5123); and
their analysis in geological concepts was performed.

In the field of the Ternivska mine, the concentration of germanium in the coal of
seam cs® according to the data of 57 analyses varies from 5.6 g/t to 29.53 g/t, with an
average value of 13.69 + 0.57 g/t, a median of 12 .36 g/t, standard deviation 4.27,
sample variance 18.26, sample kurtosis 4.48, sample asymmetry 1.86.
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The relation between the content of germanium and the concentration of beryllium
in the coal seam, according to the results of analyses on the Chedok scale, taking into
account the data of correlation (Pearson's linear correlation coefficient 0.27) and
regression analyses is direct and very weak. Figure 3 shows the graph of the result of the
regression analysis of the modeling of the linear relationship between the concentration
of germanium and beryllium. The regression equation for this model is: Ge = 0.279 +
0.199 x Be.

Normalized germanium
concentrations

0,0 0,2 0,4 0,6 0,8 1,0 1,2
Normalized beryllium concentrations

Fig. 3. The result of linear relationship modeling regression analysis
between normalized concentrations of germanium and beryllium

It has been proved that the distribution of germanium and beryllium concentration
values in coal seam cs® of the Ternivska mine field differs from the Gaussian-Laplace
and lognormal distribution, in all cases the polymodality of the distribution is fixed and
the density kernel of the distribution is shifted to the left. The simultaneous increase in
the content of germanium and beryllium in the area of their low and abnormally low
concentrations is caused by the joint accumulation of these elements at the syngenetic
stage of coal seam formation, and their increase in the area of maximum contents is
caused by the manifestation of the empirical regularity of the “Zilbermints law”. Despite
the insufficient study, it can be assumed that the forms of occurrence of the studied
elements and their ratio in coal with their concentrations around Clark and in coal with
increased contents of these elements differ significantly.
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How to Get the Most out of a Small Drone

In December 2023 president Zelenskyi stated that 1 000 000 drones would be
crafted here in Ukraine by 2024. Those include all kinds of UAV’s you could ever hear
of: from basic FPV drones to the strategic or combat ones, which can be up in the sky
for up to 10 hours.

The full-scale war made us all learn a lot about types of weapon, so most
Ukrainians must have already heard of “Leleka”, “Furiia”, “PD-2”, “Raybird-3” or any
others. The former ones are most common, which can be explained by their
comparatively low cost and easy assemble process.

The internet is full of guides about how to make one and its part can be ordered
from sites like AliExpress in one click. This makes quite a few people get into FPV
drones production in order to satisfy the urgent needs of the military.

Though those small killing birds might seem to be a single-use flying bomb,
whose only purpose is to get to the destination and destroy the enemy, there is a whole
horizon of technological improvements that can be made to not only make FPV drones
easier to use, but also boost their effectiveness.

To begin with, I find it important to state that none of the information below
contains details that have to be kept a secret as all of it is already well known by our
Eastern neighbour and can be easily found in the Internet.

The first change that needs to be made is not directly connected with engineering
innovations but I consider it worth mentioning. Currently we are dependent on
component parts and the main supplier of them is quite obviously China. The Red
Dragon is a partner of our enemy and hinging on its produce can play a cruel joke.
Chinese suppliers can limit export or set an inflated prices on products that are in high
demand. Moreover, our Western neighbour’s actions led to troubles with import, which
became yet another impetus for action.

In the beginning of 2024, the news about the start of FC (Flight Controller)
manufacturing by “Wild Hornets” spread all over social networks. Those were short
videos showing the manufacture process without adding any extra details. Not much had
been told about their characteristics, but this could be considered as making first steps in
the production localisation process. Unfortunately, unless the production is scaled, the
self-cost of those circuit boards will be higher than their imported version from China.

Next important thing is improving FPV’s efficiency. One way to do it is by
solving the problem of drones not exploding when needed. Adding a backup method of
detonating is the most apparent way of fixing this. The two main approaches include
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dropping a bomb right above the aim and using the drone as a kamikaze. To secure them
several additional systems can be added.

Firstly, to make sure that the contact between a FPV and an enemy triggers an
explosion two special wires can be installed in the front part of the vehicle. Those are
connected to an initialisation board and form a half circle. Once they touch each other
due to a contact with a target, the circuit is completed and this leads to an outburst.

One more conceivable idea includes pre-programming. For instance, a drone can
be programmed to explode within several seconds after losing connection with its
operator.

Another betterment worth attention is implementing Al technology. Using it could
also be one of the possible solutions of the previous problem: once the connection
between an operator and a drone is lost, the latter will be self-guided to the aim. Other
than that, Al can simplify the steering by stabilizing the drone. Moreover, it can scan the
surroundings and alter the route in order to avoid large obstacles. At the currents stage of
Al introduction, it cannot fully operate without human’s help, but their tandem is
definitely promising.

Al technologies are a rather new field of engineering, so Ukrainian specialists are
in a need of foreign experts’ help. Luckily, countries like Sweden, the United Kingdom
and Netherlands have agreed to share advanced technology knowledge.

When we speak about drone’s usage on the battlefield, the mentioning of REW is
inevitable as it i1s one of the main ways to protect oneself from the blast. Therefore, it is
worth adding at least some peculiar ideas of how to avoid the electronic warfare work.

The most obvious way is creating a drone the operates on the frequency that
cannot be detected by enemy’s REW. This means going much lower on the spectrum.
Currently most REW operate on the frequency of around 780-915 MHz. Thus, in order
to avoid it, drones’ frequency should be around 750 and lower.

Recently Russian drones were noticed even at 600 MHz, which is really low and
we cannot withstand them using electronic warfare. In the “war of frequencies” we
certainly should not lag behind and knowledge concerning Russian innovations should
make us think far ahead.

A rather ingenious concept was spotted by our soldiers in the beginning of spring
2024. Russians used a “wired drone” for attacking our positions and it somehow
managed to remain intact. After this unusual looking thing was passed to the specialists,
they explained that the spool installed on the drone was coiled with thin optical fiber
cable measuring 10 kilometres in length [Militarnyi, 2024]. The cable was unwound in
the air while the drone on its way to our positions. Thus, Ukrainian REW would have no
effect on this FPV’s flight and our soldiers would have to think of a different countering
strategy on spot.

What makes this case even more curious is that a similar idea was presented on a
hackathon here in Ukraine some time ago but judges decided that it was unpromising.
Thus, we did not even give it a try.
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To conclude, FPV drones are like a constructor that has loads of instructions about
how to assemble one on-line and this makes them comparatively cheap. This encourages
more and more people to start their own production, which is great for our defence
capability. In order to maximize the effectiveness of those enthusiast a number of
alternations should be implemented. However, most of them require certain skills that
require one’s education and experience.

Therefore, engineers from variable fields should unite as well as be brave in the
process of idea generation and introduction. Such teams should always think a step
further in order to “forecast” and avoid sudden troubles as they might cost someone’s
life. They also ought to keep an eye on what our foe is creating and using against us on
the battleground so that we have an advantage, which is crucial for wining this war.
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ServoDirekt-Technologie

Die Stanz- und Umformtechnik ist ein wichtiger Teil der industriellen Fertigung
und wird bei der Herstellung unterschiedlichster Teile und Produkte eingesetzt.
Typische Einsatzbeispiele sind z. B. die Fertigung von Miinzen, Fahrzeugteilen,
elektrischen Maschinen, Mdbeln u. s. w. Man ist daher bestrebt, neue Pressen-konzepte
mit besserem Wirkungsgrad und fiir flexible Betriebsabldufe zu entwickeln.

Dabei unterscheidet man z. Zt. die drei nachfolgend angegebenen Klassen von
Umformmaschinen, die sich durch ihre jeweiligen charakteristischen Vorgaben fiir das
Arbeitsvermogen, den Weg- und/oder fiir den Kraftverlauf unterscheiden: arbeits- bzw.
energiegebundene Umformmaschinen (Himmer und Spindelpressen), weggebundene
Umformmaschinen (mechanische Kurbel- und Exzenterpressen) und kraftgebundene
Umformmaschinen (Hydraulikpressen) [1].

Neu sind in diesem Zusammenhang die sog. Servopressen, die bei der Fa. Schuler
GmbH unter der Bezeichnung ServoDirekt-Technologie entwickelt und vertrieben
werden und heute einen neuen Standard fiir Pressenlinien darstellen.

Die Basis dieser Technologie beruht auf der Konstruktion von Exzenterpressen.
»ServoDirekt-Technologie hei3t, dass der bisherige frequenzgeregelte Drehstrom-motor
mit konstanter Drehzahl durch flexible Torque-Servomotoren ersetzt wird. Die Anlagen
kommen ohne Schwungrad aus, auBerdem entfallen Kupplung und Bremse. Der
wesentliche Vorteil der Servoantriebstechnik liegt darin, dass die StoBelkinematik frei
programmierbar ist. Dabei sind hohere Produktionsleistungen im Vergleich zu
konventionellen Pressen.” [2]

Dank der dabei moglichen frei programmierbaren StoBelkinematik kann man in
der ServoDirekt-Technologie auBer dem Normalbetrieb als Exzenterpresse (weg-
gebundener Betrieb) nun auch einen Betrieb als Hydraulikpresse (kraftgebundener
Betrieb) und den sog. Hammerbetrieb (energiegebundener Betrieb) realisieren. Dies
macht die neuen Servopressen praktisch multifunktional und somit universell einsetzbar.

Als besonders interessant gelten dabei der Hammerbetrieb und die kraftgebundene
Umformung.
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konventionellen Pressen und mit Pressen in der neuen ServoDirekt-Technologie. Tabelle
1 Vergleich der Produktionsleistungen zwischen konventionellen Pressen und mit
Pressen in der ServoDirekt-Technologie [2].

Formteil Presskraft, | Ziehtiefe, | max. Hubzahl | max. Hubzahl | Steigerung
kN mm konventionell | Servo

Flansch 1.200 30 30 56 +87%

Halter 2.000 40 30 60 +100%

Kifig 2.400 50 30 50 +67%

Mittelkonsole | 6.000 190 12 17 +42%

Querblech 4.000 90 23 33 +43%

Diese Beispiele zeigen, dass die Produktionsleistungen durch die neuen Servo-
pressen um ca. 40...100 % im Vergleich zu den konventionell angetriebenen
mechanischen Pressen gesteigert werden konnen [2, 3, 4].

Die besonderen Vorteile der ServoDirekt-Technologie sind [5]:

1. hohe Wirtschaftlichkeit durch hohe Verfiigbarkeit bei optimalen
Ausbringungsleistungen;

2. beste Bauteilqualitét selbst bei komplexen Teilen,;
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3. groBe Flexibilitit durch anpassbare Sto3elbewegungen,;

4. bessere Energieeffizienz im Vergleich zu konventionellen Pressen;

5. maximale Prozesssicherheit.

Daraus ergeben sich dann folgende besonderen Anforderungen an die elektrischen
Antriebe und das Steuerungssystem fiir eine neue C-Pressen-Generation in der
ServoDirekt-Technologie entwickelt und optimiert:

1. hohe Drehmomente sowohl beim Betrieb als auch im Stillstand

2. bester Wirkungsgrad

3. hochdynamisch und fiir Servobetrieb geeignet

(bis 500 Hiibe pro Minute im Hammerbetrieb)

4. hohe Positioniergenauigkeit im kraftgebundenen Betrieb

5. Drehzahl- und Drehmomentregelung fiir beliebige Vorgaben

6.  Drehmomentwelligkeit <2 % des Nenndrehmomentes.
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What is happening with radio technology now and what awaits it in the future?

At the moment, the world is developing very quickly in the field of computer
technologies, which is not the case with radio engineering. For example, even in the last
century, such products as the electronic computer, telephones, wireless communication,
the Internet and many other things, which cannot be said about our century, were
invented. Even a quantum computer began to be developed in the early 1980s, when
physicist Paul Benioff proposed a quantum mechanical model of a Turing machine [1].
After that, we can ask: "What can be invented today if everything has already been
invented, if all the important products we use or hear about were developed forty years
ago?" We try to answer this question.

The first innovation in radio engineering that we will talk about today will be 5G
communication. This is a relatively new mobile communication standard that can offer
us increased bandwidth and Internet speed. Scientists were able to achieve this by using
the two main frequency bands FR1 and FR2, which theoretically provides a speed of up
to 20 gigabits per second [2]. In theory, if you use private 5G networks, you can
significantly reduce the cost and speed up various processes in various locations, in
particular industrial, construction and transport, due to unlimited use of the Internet [3].
It is also impossible not to mention that 5G will advance the creation of flying cars,
smart cities, virtual reality and network robots. All this, of course, is due to higher speed,
because it will allow data to be transferred not to your smartphone, for example, but
immediately to the server. Since it is created on the basis of millimeter waves, they fade
out quite quickly. In order to solve this problem, small base stations will be used, MIMO
arrays will be used to increase the number of data transmission and reception ports, and
BeamForming technology will be used to reduce wave interference [4]. This concludes
the story of 5G, and we move on to quantum communication.

Quantum communication technology is essentially a very secure transmission of
information using the properties of quantum particles, in particular photons. The main
feature of this method is the use of quantum entanglement, which allows two particles to
instantly sense changes in each other's state regardless of the distance between them.
Obviously, this contributes to the protection of information and affects the fact that it is
impossible to intercept it. In general, the first successful experiments in this field began
as far back as 1984. Now this technology is used in banking, or where a high level of
data security is required. A great achievement can be considered the fact that in 2016
China launched a quantum communication satellite that allowed such experiments to be
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carried out at very long distances. Quantum communication can also be used in high-
precision measuring devices. For example Rydberg atomic sensors are very sensitive to
electromagnetic fields, which makes it very useful in complex electromagnetic
conditions[5] Now we will talk about quantum entanglement to better understand its
nature. All fundamental particles have one common property - spin. This name was born
in analogy with the name of rotation, although the particles do not rotate. on the other
hand, particles have momentum and orientation in space. We can measure the numerical
value of spin if we first choose in which direction to measure it. If the direction of
measurement coincides with the direction of spin, then this spin is called spin up and
vice versa, if it does not coincide, then it is spin down. It also happens that the spin, for
example, is vertical and we measure it horizontally, in this case there will be a fifty-fifty
chance that the spin will be directed up or down. After measuring the spin, interestingly,
it keeps the direction. Now remember one of Einstein's experiments. Spontaneously
received two particles of energy, we know that the moment of momentum is always
conserved. This means that if one particle has an upward spin, another measured in the
same direction will have a downward spin. It can be assumed that all particles are born
with a predetermined spin, but this is where strange things begin, because this is not the
case. All this because the spins are entangled with each other and simultaneously have
opposite spins, which follows from the laws of quantum mechanics and is the principle
of quantum communication [6].

The next innovation is satellite communication. It uses space satellites to transmit
and receive signals between different points on Earth. In fact, it can be used in various
cases, from telecommunications to navigation and communication. Obviously, satellites
have different frequencies and they, in turn, are used for different tasks. For example,
there is the C band for data transmission by large organizations and the Ku band for
satellite television, which, by the way, is sensitive to weather conditions. Starlink, which
was developed by SpaceX, can now be considered a major innovation in this field. It
was created to provide access to broadband Internet in any part of the globe. The system
started with test launches in 2018 and has currently deployed about 10,000 satellites.
This, by the way, caused a lot of concern on the part of people and some organizations.
Now it's time to talk about the technical characteristics of these satellites. At the
moment, 4 different versions of starlink have been released, although it cannot be said
that they are very different from each other. Their mass is 260 kilograms, they have a
coating to reduce the ability to reflect sunlight, their Internet speed for download is 11-
60 megabits, for sending data 5-18 megabits per second. The delay, in turn, is 20-94
milliseconds. You need a special antenna to use their Internet [7].

We consider it is obvious that all three directions will develop. As for quantum
communication, we think that eventually it will start to supplant conventional
communication in military and peaceful areas where great privacy is required. Also, in
the near future, quantum computers will be very advanced and ready for complex
calculations that would take years for ordinary computers in the shortest possible time.
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Unfortunately, at the moment, they are rather experimental samples, since their power is
not enough to solve the above tasks. We are also sure that the expansion of the Internet
of Things will take place. This technology requires efficient and energy-efficient data
transfer between billions of devices, so it will develop very quickly. It is also impossible
not to mention the prospects for the development of satellite communication. The
SpaceX company plans to launch another 30,000 satellites to completely cover the globe
with the Internet. All this will develop in the coming years and the field of radio
engineering will be as important as it has been for the last 100 years.
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Features of Thermowood Machining on CNC Machines

Thermowood is an innovative, high-quality product of the 21st century that
1s more stable and durable than natural wood, as it is processed at high temperatures in
chambers with limited oxygen access, with a multi-stage heating mode, and without the
use of any chemicals. The manufacturing technology is quite simple, as the wood does
not contain any cellulose or resins after high temperature treatment. It changes the
structure of the wood fibre, which leads to high exploitation characteristics and a dark
glossy colour.

Production technology

The production technology for thermowood includes three phases: heating
(up to 200-240°C, depending on the type of wood and the properties we want to
achieve), drying, and holding at high temperatures.

- In the first phase, the material is heated to a temperature of more than
200C° and treated with steam. Steam not only protects wood from fire but also changes
its natural chemical properties.

- The second phase is intensive steam drying.

- In the third phase, the temperature causes colour changes and achieves
new qualities, and removes resins from the wood[1].

Types of thermowood

- Class 1: Processed at temperatures above 210°C. As a result of the
treatment, it increases stability to decay by 3-4 times, but at the same time it decreases
flexibility and elasticity. Such wood is used to make high-quality lumber, garden and
park structures, finishing panels and floors, home and garden furniture, doors, etc.

- Class 2: Processed at temperatures above 230°C. Thermowood with this
class of treatment is recommended in cases where maximum stability against decay and
wetness 1s required. For example, for windows, exterior wall decoration, outside
products (balconies), yacht decoration, etc.

As a result, as the resistance to deformation increases, flexibility, plasticity
and mechanical strength decrease, so it is not recommended to use thermowood in load-
bearing and supporting structures.
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Properties that thermowood takes on

- After heat treatment, the surface of the material repels water and does not take in
water from the air. The advantages of this material also include lower weight (10-15%)
compared to natural wood.

- The moisture of thermowood is only 2...3%, which is significantly less than after
industrial drying. As a result, its heat capacity is reduced. Moisture absorption is reduced
by five times. Drying of the accumulated moisture is ten times faster. Even with
prolonged contact with moisture, the maximum moisture of the material does not rise
above 8-10%.

- Dimensional stability. Products made of thermowood do not warp, do not dry
out and keep their geometric dimensions in all weather conditions;

- Thermal insulation. The thermal isolation properties of the material increase by
30%, which makes thermowood an ideal material for saunas, baths, and building
facades.

- Eco-friendly, as no chemical additives are used during heat treatment, only
steam and temperature. As a result, the product is 100% environmentally friendly and
neutral to the human body. The smell of wood is also kept.

- The compressive strength and hardness increase by more than 50%;

- Thermowood is a less fire-hazardous material than natural wood. Its fire point is
60-80°C higher than that of natural wood. [2].

Comparison of thermowood and natural wood

The Modulus of Elasticity (MOE) and Modulus of Rupture (MOR) are two
important mechanical properties of wood. Figure 1 shows the MOR was gradually
decreased with an increase of temperature and duration. For example, the MOR was
gradually decreased from 203.85 MPa of the control sample to 169.28 MPa of TM-200-
9. The decrease of MOR was mainly due to the acceleration of the thermal degradation
of hemicellulose at higher temperatures and longer durations. Ayrilmis et al. reported
that after TM at 180 °C, the MOR and MOE of eucalyptus wood fibers decreased by 5—
19% and 7-22%, respectively. The decrease of MOR was highly related to the thermal
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degradation of cellulose and hemicellulose[3].
Features of mechanical processing of thermowood

Machining thermowood is easier because it is free of resin and the effect of
dimensional changes is significantly reduced. Good results can be achieved with hard
metal tools, which are usually used for harder woods. During machining of thermowood
on a CNC machine, it is necessary to follow the basic recommendations for high-quality
processing of thermowood: milling similar to working with brittle and hard wood; use a
cutting tool made of hard metals, as well as increasing the front and back cutting
corners, increasing the cutting speed.

The only problem is the dust in the air. As the material is very dry, the dust
is extremely dispersed and easily spreads everywhere. This has to be taken into account
when designing suitable ventilation systems. As with any other type of wood, there is a
risk of dust explosion under certain conditions[4].

Areas of use
Facades, interiors, individual elements of landscape design (terraces, verandas,

etc.), wet rooms (saunas, bathrooms, pool areas), yacht building: for facades, furniture
and exclusive interior decoration. [5].
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Solar windows as a solution for power outages in Ukraine

Solar energy has the potential to alleviate the humanitarian crisis in Ukrainian
communities by creating decentralised renewable energy sources. This would ensure a
reliable power supply to critical infrastructure, such as hospitals and water utilities, thus
allowing residents to maintain access to electricity and water services, even during
challenging situations [1].

One of the ways to decentralise power generation is solar windows technology.
Solar windows are essentially transparent solar panels that can be integrated into the
windows of buildings, allowing them to generate electricity from sunlight while still
allowing natural light to pass [2]. When sunlight is unavailable or during blackouts
energy storage systems, such as batteries can be used to store excess energy generated
during daylight hours. This enhances the reliability and usability of solar power even
under low-light conditions or at night.

Solar windows can serve as a reliable source of electricity during blackouts,
provided sunlight is available. This continuous power source can be crucial for ensuring
that essential devices and systems in buildings remain operational during emergencies.
By harnessing sunlight, solar windows offer a sustainable and resilient solution to
maintain critical services during power outages. This capability can enhance the
resilience of buildings and communities, particularly in areas prone to frequent
blackouts or facing challenges with their energy infrastructure. Urban areas where land
is scarce can benefit immensely from the installation of solar windows. By converting
window surfaces into solar panels, buildings can use untapped spaces to produce
renewable energy without additional land or rooftop space [3].

Decentralisation of energy generation with solar windows can be achieved by
generating electricity on-site and reducing reliance on the central grid during blackouts.
This decentralized approach enhances energy resilience by distributing power generation
across multiple buildings and locations. By alleviating the strain on the grid during peak
demand periods or times of stress, such as during extreme weather events or system
failures, solar windows can help preve