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The research aims to analyze and promote some topical issues of higher education pedagogy for their
further development. The author suggests the idea of considering the phenomenon of integration of information
and communication technologies and society as a resource for the successful development of higher education.
The research results presented in this article confirm the need to introduce the latest technologies and teaching
methods in the field of higher education.

In a rapidly changing society pedagogy faces a number of difficult tasks: education, development,
socialization, methodology, research, control, etc. Obviously, teaching at the university plays a key role in both
the formation and development of professional skills of students, and their strong patriotism, therefore, these
tasks require a careful search for effective solutions. The paper aims to consider some of the current issues
faced by participants in the educational process at the university — teachers and students — and the issues’
impact on the educational process.

The development of Information and Communication Technology (ICT) a priori has an impact on
university education, bringing changes to it. Modern society depends on technologies: unique opportunities to
improve the quality of education are provided; however, with the increasing use of information technologies,
guestions arise about their quality and accessibility in education. Insufficient adaptation to the technological
process causes difficulties in modern society [1, p. 64]. While outdated teaching methods and techniques have
been applied in universities, the importance of modern technologies in a rapidly developing society stays not
being taken into account. The introduction of modern information technologies into the educational process
makes it possible to solve the problem of effectiveness of teaching and makes the educational process meet
modern challenges. For example, interactive whiteboards, online courses, and other similar tools being of
active usage can make process of teaching students more effective.

Thus, modern university education cannot be considered effective with no any of the latest technologies.
Actually, not all universities in Russia are equipped technically or still face some problems with the high-speed
Internet. The mentioned situation causes tangible problems for both teachers and students. Lack of funds and
resources significantly limits the possibilities of universities — it worsens the quality of education. Effective
financing is becoming a crucial aspect of higher education development.

It should be noted that students always differ in level of knowledge, personality, and learning abilities.
Higher school teachers are often faced with the task of adapting teaching process to the individual needs of a
student, this task is always relevant within teaching foreign languages. Differentiation requires more time and
effort, but it can significantly improve learning outcomes [2, p. 271]. Therefore, the task for teachers is not
only to conduct a training program, but also to take into account the needs of a student. In our opinion, if this
condition is not fully fulfilled, it causes incomplete acquisition of knowledge and will not allow a student to
reveal his or her true educational potential. The approach to teaching foreign languages taking personality of
a student into account will help solve the problem mentioned above and allow students to achieve the highest
results in both the learning activities and developing their talents. The principle of an individual approach to
teaching a foreign language at the university is implemented by assigning students of the entire course to
groups according to the level of proficiency in a foreign language as a criterion.

One of the urgent problems within modern pedagogy of higher education is the issue of the mental state
of a student. Dealing with stress, anxiety, and social issues are becoming an integral part of teaching work [3].
Students may have problems of a social nature: they suffer from difficulties to make contact with people around
them, from inability to communicate as well. In order to solve this problem, the curriculum needs to include
classes and courses aimed at developing students' social skills (joint projects, team assignments, or group
events). Such assignments will help students learn how to work in a team, help them present their personality,
reveal potential and initiative.

The university plays an important role in developing values, skills and worldview of students. Nowadays
university lecturers face a challenge to maintain a balance between academic tasks and formation of students’
civic and moral responsibility. The educational process should focus not only on the personal development of
each student, but also on motivation for his or her self-development, so that a student has inner desire to



succeed. Not all students show sufficient interest in the learning process and do not make much effort in
learning. We consider it important to create a stimulating environment for students where everyone
understands the significance of a learning process for his or her personal development. All this can be realized
by a variety of teaching methods, enriching a learning process with challenging and practical tasks.

Higher education is not limited only to lecturers and the university itself. Family and community play
an important role in the success of students. Public involvement in the educational process is becoming an
integral part of modern university pedagogy. Solving the problems revealed in the research requires the joint
efforts of university and society. Effective education is an investment in the future of community, and only
through joint efforts can we provide quality education for all its members.

In conclusion, we can say that modern university pedagogy need to be flexible, adaptive and focused on
the interests of students. It requires an integrated approach and constant updating of teaching techniques.
Lecturers face many challenges, but their work remains one of the most important and influential areas in
society; they do their work to provide the younger generation with the knowledge and skills necessary to
implement them in their future professional lives. We consider the implementation of the ideas proposed in
this article as promising for ensuring high-quality higher education and, consequently, the successful
development of the younger generation.
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HUHTETPAIIASA HHO®OPMAIIMOHHBIX TEXHOJIOI' M U OBIIECTBA KAK BBI3OB JIJISI
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VccrenoBanne CTaBUT MENBIO AHAIN3 U MTPOIBIKCHUS HEKOTOPBIX aKTyaJbHBIX BOIIPOCOB IEIarOTHKH
BBICIIIET0 00pa30BaHUs CBA3AHHBIX C POJIBI0 HH()OPMAIIMOHHO-KOMMYHHUKAIIMOHHBIME TexHoorui (UKT) u
MECTOM 00IecTBa B II€JIOM B JAHHON OTpPACid TEIArOTHKH Ul JalbHEHIMX WX pa3paboToK. ABTOp
npejiaraeT uaer paccMorpenus penomena marerpamuu MKT u obimectBa Kak pecypca Ui YCIEITHOTO
pa3BHUTHs BbICIIET0 00pa3oBaHMs. Pe3ynbTaThl WCCIICJAOBAHUs, MPUBEICHHBIE B HACTOSIIEH CTaThe,
MOJTBEPXKIAIOT HEOOXOAMMOCTh BHEJPEHHUS HOBEHIMX TEXHOJIOTMH M METOJMK IpernojiaBaHus B cdepe
BBICIIIEr0 00pa30BaHUsI.
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In this article, we discuss the importance of English in the IT field and the challenges of learning it.
Our survey shows that knowing English is an essential skill for IT specialists. It helps them understand
programming syntax and documentation, work better in international teams, and climb the career ladder.
Our survey of IT students reveals that they understand the importance of English but lack speaking skills.

Introduction. In the modern world, English is the main language of science, technology, and
international business. This is especially noticeable in the fields of computer science and software
engineering, where English serves as the primary channel for communication, sharing experience, and
exchanging knowledge. For a modern software engineer, using English is essential. This starts from the
very basics—writing code using English keywords—and continues through reading complex technical



documentation, participating in global online forums and working in multinational teams. For students
starting their careers in this field, English is not just another subject they study; it is an irreplaceable
professional tool. The purpose of this article is to closely examine the role of English in a software
engineer’s career, identify specific challenges that IT students face when improving their speaking skills,
and suggest effective strategies to overcome these difficulties.

English in programming, documentation, and technical communication. The connection
between programming and the English language starts at the most basic level: syntax. Fundamental
keywords such as if, else, while, for, function, and class all come from English vocabulary. This creates a
common foundation for developers, regardless of their native language. Beyond the code itself, most
technical information in any source is written in English. Official documentation for programming
languages, frameworks, libraries, and APIs is usually originally created and maintained in English.
Moreover, the most up-to-date technical discussions happen on English-language platforms. Websites like
Stack Overflow, GitHub Issues, and Dev.to serve as global knowledge hubs where developers troubleshoot
problems, share solutions, and discuss the best approaches to various tasks. The ability to write precise
search queries in English and understand the answers is an invaluable skill that saves time. This also applies
to writing clear and understandable commit messages, code comments, and pull request descriptions in
English—a practice considered standard even in local teams to ensure future readability and to support
potential international contributions. Therefore, English proficiency is not just a supplementary skill; it is
a vital tool for effective problem-solving and technical communication.

English as a means of communication in international projects. According to Kankaanranta, A
and Planken, B. article English is increasingly used as a universal language for in international business
contexts, enabling professionals from diverse linguistic backgrounds to collaborate effectively [2].
Companies bring together talent from around the world and use agile methodologies that rely on constant
communication, daily meetings, and collaboration tools such as Jira, Slack, and Confluence. In Russian IT
companies, there is a growing trend toward writing internal project documentation, technical specifications,
and code comments in English. This practice is often adopted to make collaboration easier with foreign
clients, partners, or outsourced development teams, thereby streamlining the entire project workflow.

The Role of English in Learning and Self-Development. The dominance of English as a global
academic and professional language extends beyond higher education into technical fields. While Kuteeva
M. focuses on the challenges of English as an academic lingua franca in multilingual universities[3], a
similar dynamic is observed in the IT industry, where cutting-edge knowledge—whether in the form of
research papers, documentation, or online courses—is predominantly produced in English. The IT field is
developing rapidly and constantly. New technologies, programming languages, frameworks, and tools
appear all the time. To stay in demand and remain competitive, programmers must engage in lifelong
learning. The vast majority of cutting-edge educational resources are produced in English. Major online
learning platforms such as Coursera, edX, and Udemy offer a wide variety of courses from leading
international universities and tech companies, with English as the primary language of instruction.
Moreover, advanced technologies like React, TensorFlow, or Kubernetes release their official guides,
community tutorials, and API references exclusively in English. We have surveyed 53 first- and second-
year students from our Software Engineering department. Some of the students surveyed work in the IT
industry and have a good command of English. The majority of participants have noted that the ability to
read English documentation is highly valued in IT companies and allows them to access new knowledge
immediately, without waiting for translation.

Expanding career opportunities through English proficiency. Nurhidayati A. and Sari D. M.
found that English proficiency significantly enhances the employability of IT graduates in Indonesia, as it
enables access to global job opportunities and technical resources. While their study did not focus on the
Russian job market, a similar trend can be observed on platforms like hh.ru, where many senior IT roles—
such as Data Scientist or DevOps Engineer—Ilist English proficiency as a requirement. In our survey, 91%
of participants expressed the belief that strong English skills would lead to higher salaries and better chances
of securing internships or jobs at international companies [see fig. 1]. Moreover, active participation in
open-source projects heavily depends on English proficiency, as all communication—from tracking issues
and code reviews to community discussions—takes place in
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English. Therefore, English acts as a key that unlocks the door to a global career, greatly influencing
a programmer’s professional path and earning potential.

Identifying and solving problems for IT students. Despite the widespread recognition of English’s
importance, IT students still face several challenges that prevent them from achieving confident language
proficiency. The most common difficulties include lack of confidence in speaking, trouble understanding
different accents in fast-paced technical conversations, and a limited technical vocabulary. Our survey
found that 50.8% of students admitted feeling anxious or nervous when required to speak English[see fig.
2]. This “gap between understanding and speaking” often stems from the traditional structure of university
English courses, which tend to emphasize grammar rules and the translation of non-specialized texts over
practical, profession-specific communication. As Klimenko E. A. and Petrova N. N. observe, IT students
frequently spend more time passively reading than actively practicing speaking or writing tasks they would
encounter in real-world settings—such as explaining their code, justifying technical decisions, or
participating in team meetings with international colleagues. The authors argue that shifting toward task-
based, domain-relevant language instruction is essential to bridge this gap. Therefore, it is very important
for universities to improve their teaching methods. Our university teacher, T. V. Golikova, has already
changed her approach to teaching English to IT students to

help them master the language more effectively. During her classes, we focus on speaking English
using digital resources. Al tools are also integrated into our study process; for example, we use them to
improve our pronunciation. However, these classes are still not enough, as we have only one English class
per week. We need additional lessons and professional subjects taught in English.

The impact of digital tools and artificial intelligence on English learning. In recent years, a clear
trend has emerged in teaching English to engineering and IT students: the integration of digital technologies
and artificial intelligence (Al). These tools are no longer just supplementary aids—they actively boost
students’ interest in the language and support the development of professional skills. For example, a study
by T. V. Golikova (Volga State University of Technology) assessed the readiness of future software
engineers to use Al in English language classes. The survey involved first- and second-year students from
the Faculty of Information Technologies and Computer Engineering. According to the results, 46.6% of
students use Al daily, 37.9% use it one or two times per week, and only 1.7% do not use it at all. Students
identified the main benefits as time savings and increased efficiency (84.5%), automation of routine tasks
(72.4%), and access to a large volume of information (67.2%). Notably, 79.3% of respondents said Al helps
them identify gaps in their English knowledge, and 74.2% believe that using Al positively affects the quality
of their language learning. Moreover, the study revealed a direct link between Al usage frequency and
English proficiency level. Among students aiming for an advanced level (C1-C2), 95% use Al daily—
demonstrating high motivation and a clear understanding of English as a key professional skill. [1] Thus,
our research confirms that English proficiency not only facilitates interaction with modern technologies but
it is also essential for using them effectively. For future software engineers, this means that English is more
than just a communication tool—it is an instrument for cognitive and professional growth.
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Conclusion. In conclusion, this paper has shown that English is deeply connected to the daily work
of a software engineer. It is the main language for global tech communication and is essential for writing
code, various types of documentation, teamwork, and continuous learning. IT students who actively work
on their English, especially technical English, have a significant advantage. They get access to new
information earlier, can contribute to international projects, and have more career opportunities. Our survey
proves that although first- and second-year students from our IT department understand the value of
English, there is still a gap between realizing this fact and using the language confidently. Our study
highlights the enormous opportunities in using Al tools to master the English language during both our
English classes and autonomous learning. We believe that it is critically important for technical universities
to revise their teaching methods and create learning environments where English is used as a practical tool
for solving real engineering problems.
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Cyber risks are emerging as a critical threat to economic security in the digital transformation era. Analyzed
information about the massive attack on Aeroflot and industry statistics, the article delves into the transformation
cyber incidents into systemic economic threats. Examining operational, financial, and reputational contagion
channels, this research proposes practical measures to enhance the resilience of economic systems.

The 21st century is characterized by the rapid progress of technology and the expansion of artificial
intelligence (Al). The fast development and adoption of Internet-based computer systems have exposed users to a
series of threats constituting cyber risk [1, p. 2]. Today's information society relies on the operation of networks and
systems, to make it highly vulnerable to interference [1, p. 4]. Cyber risk has evolved from a technical issue into a
significant non-traditional threat to national economic security. This threat jeopardizes the correct functioning of
targeted information systems and, at worst, can disturb and even paralyze some components of societies' critical
infrastructures and vital functions, such as electricity distribution, healthcare services, and transportation [1, p. 4].
The aim of this article is to analyze cyber risks through the prism of economic security, using statistical data and
real-world examples to illustrate the mechanisms of threat propagation and propose recommendations for enhancing
resilience.

Digitalization is bringing fundamental changes to the economy, affecting the volume of services, the use of
labour, investment in capital, and the diffusion of technologies [2, p. 1]. The entire set of information, digital
technologies, and the subjects using them represents the digital environment in which modern enterprises operate
[2, p. 3]. This transition carries new risks not inherent in traditional processes. There are several key groups of these
threats:

- Information risks and threats: Related to the integrity, reliability, and availability of information assets,
caused by hardware failures, software bugs, and human error.

- Information security (cybersecurity) risks: The result of deliberate impact, including data theft, destruction,
distribution of malware, and unauthorized access.

- Technological risks: Associated with the use of 10T, Blockchain, Al, and cloud computing, which create
new vulnerabilities.

- Third-party risks: Arising from the complex and interdependent supply chains of modern businesses, where
an attack on a supplier can compromise the primary enterprise. [2, pp. 3-5]

The economic impact of cybercrime is substantial and increasing. According to Cybersecurity Ventures, the
global cost of cybercrime is estimated to double from $3 trillion in 2015 to $10.5 trillion in 2025, and cyber warfare
is predicted to be a top-tier threat to national security by 2025 [4]. More granular data reveals the disproportionate
impact on the financial sector. The Ninth Annual Cost of Cybercrime Study by Accenture and the Ponemon Institute
shows that the financial services industry faces the highest average annual costs at $18.37 million per organization,
followed closely by banking at $17.84 million [3, p. 5]. For large organizations in Spain, the average annual cost
reaches $8.16 million [3, p. 4]. Furthermore, the 2017 Ponemon Institute survey noted that the average annual cost
of cybercrime for companies was $11.7 million, a 62% increase from 2012 [1, p. 25]. These figures underscore that
cyber risks have a direct and material impact on corporate financial stability.

Cyber incidents transform into systemic economic threats through specific mechanisms and channels of
contagion. The European Systemic Cyber Group (ESCG) model, adapted by Banco de Espafia, illustrates this
process through four phases: Context, Shock, Amplification, and Systemic Event [3, p. 13].

The Amplification phase is critical, where the initial shock propagates through three contagion channels [3,
p. 13]:

1. Operational Channel: Disruption in one entity (e.g., an airline's booking system) causes direct operational
failures in interdependent entities (e.g., airports, logistics companies).

2. Financial Channel: Operational disruptions lead to direct financial losses (e.g., lost revenue, compensation
costs) and can cause liquidity problems for the affected firm and its counterparties.

3. Confidence Channel: Uncertainty and fear among customers, investors, and market participants can lead
to bank runs, loss of reputation, and a general erosion of trust in the economic system.

The high level of interdependence and interconnectedness within the modern economy, coupled with a
frequent lack of clear understanding of these dependencies, allows a localized incident to escalate rapidly [3, p. 11].



A concrete example of these mechanisms is the cyber attack on PJISC Aeroflot on July 28, 2025. According
to reports, the attack was claimed by the hacker groups Silent Crow and Cyberpartizans BY, who stated they had
been inside the corporate network for a year and had exfiltrated the complete database of flight history [5]. The
Russian General Prosecutor's Office confirmed the attack, citing it as the cause of system failures leading to flight
delays and cancellations at Sheremetyevo Airport, and initiated a criminal case under Article 272 of the Criminal
Code [5]. According to operational reports, the cyber attack resulted in the cancellation of over 40 Aeroflot flights
departing from Moscow's Sheremetyevo Airport. Approximately 100 additional flights were delayed for periods
ranging from 3 to 8 hours. The total number of passengers whose travel plans were disrupted exceeded 15,000
people. Widespread chaos ensued at the airport terminals due to the inability to process online check-in and failures
in the booking system.

Applying the ESCG model:

- Context: A sophisticated, state-level or cybercrime actor targets a systemically important transportation
company.

- Shock: The immediate impacts were the compromise of data confidentiality (theft of flight history) and a
breach of system availability (flight disruptions).

- Amplification: The operational disruption at Sheremetyevo began to spread, causing travel chaos. The
confidence of passengers was immediately shaken, and the company faced direct financial liabilities.

While specific data for Kazan is not available in the provided sources, the theoretical model allows for a
robust projection of the impact. The attack on Aeroflot, as a national carrier, inevitably had a cascading effect.

- Impact on Kazan Airport: As a major hub, Kazan Airport would have experienced delays and cancellations
of Aeroflot flights, disrupting passenger travel plans and causing operational headaches for airport services
(security, retail, ground handling).

- Impact on the Regional Economy of Tatarstan: The tourism and hospitality sectors in Kazan would have
suffered from last-minute cancellations and a potential short-term drop in bookings. The reputational damage from
travel instability could have a longer-term chilling effect on inbound tourism. The interconnected nature of the
economy doesn’t influence the only sector (aviation) but affects to others (hotels, restaurants, tour guides).[1, p. 9].

The analysis of the Aeroflot attack and the statistical data reveal several critical patterns and risk factors:

- Sophistication and Persistence: The fact that hackers remained undetected for a year points to advanced
capabilities and highlights the challenge of asymmetric information, where the attacker has a significant information
advantage over the defender [1, p. 14].

- Targeting of Critical Nodes: Attacks are strategically directed against large, interconnected companies
whose failure can cause widespread disruption, aligning with the FSB's criteria of size and interconnectedness [3,
p. 11].

- Supply Chain as a Vulnerability: The Aeroflot incident, along with mentions of the SolarWinds attack [3,
p. 9], underscores that third-party risks are a predominant threat vector.

- Erosion of Trust is a Primary Conduit: The ESCG concludes that for a cyber incident to threaten financial
stability, it must, among other factors, "erode trust in and within the financial system" [3, p. 16]. The Aeroflot attack
directly targeted passenger and market confidence.

To mitigate these threats, a multi-faceted approach is required, moving from fragmented responses to a
harmonized and proactive strategy.

1. Enhance Coordination and Information Sharing: Establish a common lexicon, taxonomy, and secure
channels for information sharing between authorities and private entities to enable a collective, system-wide
response [3, p. 20-21].

2. Map Interdependencies: Authorities should develop a sectorial map of technical and operational
interdependencies within the financial and critical infrastructure sectors to understand potential contagion pathways
[3, p. 20].

3. Adopt a "Presumption of Breach™ Mindset: As suggested by microprudential principles, firms must operate
with the presumption that a successful high-impact attack is inevitable and plan for prolonged disruption, focusing
on response and recovery capabilities [3, p. 22].

4. Increase Regulatory Harmonization: Support initiatives like the EU's Digital Operational Resilience Act
(DORA) to reduce regulatory fragmentation, which hinders coordination and creates compliance burdens [3, p. 19,
22].

5. Conduct Regular Cross-Border Cyber Exercises: Authorities should sponsor periodical exercises to build
capabilities and test coordination frameworks at both national and international levels [3, p. 21].

Cyber risks represent a clear and present danger to economic security. Their unique characteristics such as
high correlation, interdependence, rapid propagation, and potential to erode confidence differentiate them from
traditional operational risks. The statistical data on rising costs and the detailed case study of the Aeroflot attack



provide empirical evidence of this threat, demonstrating how a targeted cyber incident can disrupt operations, cause
financial losses, and undermine trust at a corporate and potentially regional level.

A future research should focus on refining quantitative models for estimating cyber risk impacts in the
absence of extensive historical data. Further analysis is needed on the effectiveness of specific macroprudential
tools in containing cyber-induced financial stability threats. Finally, developing standardized methodologies for
mapping and stress-testing the interdependencies within national and global economic networks would be a
significant step forward in building a more resilient digital economy.
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This article focuses on key aspects of concluding an international commercial contract. It examines the
specifics of document preparation related to the presence of a foreign element. Particular attention is paid to
mandatory terms and conditions: the subject of the contract, the currency of settlement, performance
guarantees, applicable law, and tax implications. The role of the contract as a key risk management tool in
international trade is emphasized

In an era of globalization, where supply chains span across borders and digital platforms blur
geographical boundaries, a well-crafted contract serves as the foundation for not only successful but also secure
commercial activities. It transforms from a simple purchase and sale agreement into a sophisticated tool for
managing risks, anticipating potential disputes, and mitigating them.

This topic is particularly important because the parties to the contract operate in different legal systems.
The issues of conflict of laws that arise due to differences in national laws make the contractual process
particularly vulnerable. It is not enough to simply agree on the price and quantity of the goods; it is necessary
to clearly define which country's law will govern the relationship between the parties, which court or arbitration
will handle disputes, and how court decisions will be enforced in a foreign country. The lack of clarity on these
points may lead to a situation where a formally won lawsuit becomes useless due to the impossibility of
actually recovering funds or property.



In addition to the legal aspects, the economic component, namely the need to take into account and
distribute the numerous risks of international trade in a detailed manner, is an ever-present issue. This includes
critical aspects such as the transfer of ownership and the risk of accidental loss of goods, which are traditionally
defined by the Incoterms, which are regularly updated by the International Chamber of Commerce.
Furthermore, currency risks, the risk of non-payment or non-delivery, and transportation and customs
challenges require clear reflection in the contractual text. Consequently, the contract becomes not only a legal
document, but also a financial document, the financial stability of the entrepreneur depending on the accuracy
of its wording [4].

In today's international and political environment, characterized by increased instability and the
imposition of restrictive measures, the relevance of international commercial contracts has only increased.
Companies need to be extra careful when selecting their partners, checking them for potential sanctions, and
including special provisions in their contracts, such as force majeure clauses in case of new restrictions or early
termination due to unexpected changes in legislation. Thus, an international commercial contract is now also
a tool for strategic planning and protection against unpredictable political factors.

Finally, in the digital age, there are new challenges related to electronic document management, the use
of electronic signatures that have different legal effects in different countries, and the use of click-based
contracts. Understanding the intricacies of contract formation allows businesses to confidently and legally
utilize modern technologies without exposing themselves to additional legal risks. Therefore, a deep
understanding of the intricacies of international commercial contract formation is a crucial skill for any
participant in foreign economic activities, ensuring their legal and economic security in the complex and ever-
changing world of international trade.

According to Federal Law No. 164-FZ dated December 8, 2003, foreign trade activity is the
implementation of transactions in the field of international trade in goods, services, information, and the results
of intellectual activity [1]. From the perspective of civil law, transactions are classified based on the number
of participants. Unilateral transactions require the expression of will by only one party, which may be
established by law, other legal acts, or an agreement. Bilateral and multilateral transactions require the
agreement of two or more parties, as defined in Article 154 of the Civil Code of the Russian Federation.
However, most international commercial agreements are bilateral contracts [2].

The legal regulation of foreign trade activities is provided by a set of sources that facilitate the
registration of foreign economic transactions, regulation, protection and promotion of foreign trade. These
sources contain information about the procedure for concluding contracts, offer standard forms of documents
and provide the necessary explanations. Such sources include the Constitution of the Russian Federation, the
Federal Law "On the Fundamentals of State Regulation of Foreign Trade Activity", the relevant sections of
the Civil Code of the Russian Federation regulating international relations, as well as international acts.

Among the international documents, the UN Vienna Convention on Contracts for the International Sale
of Goods, the Geneva Convention on the Contract for the International Carriage of Goods by Road, and the
WIPO Lex global database containing information in the field of intellectual property should be noted. The
United Nations Commission on International Trade Law and the International Institute for the Unification of
Private Law also play an important role.

The procedure for concluding international commercial contracts involving two or more parties is
generally similar to the formalization of agreements within the same legal system. However, the key difference
lies in the additional difficulties caused by the presence of a foreign element in such a transaction.

The formation of an international commercial contract goes through several successive stages. The
process begins with a comprehensive review of the potential partner, during which his business reputation and
financial capabilities are assessed. After successful completion of the verification, the parties proceed to a
detailed agreement on all the essential terms and conditions of the future transaction.

The next step is to prepare the final text of the agreement, which is then accepted by the parties. A
feature of international contracts is the need to establish the authenticity of texts written in different languages.
The final stage of the procedure is the signing of the document by authorized representatives of the parties.
Depending on the legislation of the country where the transaction is being made, there may be an additional
requirement for notarization of the contract or its mandatory registration with the competent authorities.

The content of an international commercial contract may vary significantly depending on its subject
matter and the specific terms of the transaction. However, there are key aspects that require special attention
when preparing a document, regardless of its specifics.

The subject of the contract should be formulated as fully and accurately as possible, since the security
of the parties depends on it. For example, when delivering equipment, it is necessary to describe in detail its



characteristics — brand, model, performance. If the contract provides for the supply of heterogeneous
products, all items should be fixed in the specification, which becomes an integral part of the agreement.

The currency component requires a clear definition not only for basic calculations, but also for related
payments — penalties, fines and other payments. The parties can choose the currency of a third country or
provide for the possibility of settlements in different currencies.

An important element is contract performance guarantees, such as a bank guarantee, letter of credit, or
transaction insurance. The price mechanism also requires careful study — it can be firm, sliding or with
subsequent fixation. A rolling price, for example, is used in long-term contracts and is subject to cost revisions.

Of particular importance is the choice of applicable law, which determines which country's legislation
will regulate contractual relations. The parties also need to agree on a dispute resolution procedure.

Up-to-date information on foreign trade bans and restrictions, which are regularly updated by the
legislator, is mandatory for verification. In addition, it is necessary to clarify the existence of an international
agreement on the avoidance of double taxation with the counterparty's country, which will optimize tax
obligations.

In addition to these aspects, there are other important elements that require careful consideration when
preparing an international contract. However, these provisions deserve priority attention due to their
fundamental importance for the legal security of the transaction.

The issue of determining the applicable law requires special consideration. The Plenum of the Supreme
Court of the Russian Federation provided special clarifications in case the parties, for some reason, did not
specify in the contract which law was to be applied. According to the explanations, the parties have the
opportunity to conclude an alternative agreement granting the right to choose the applicable law to the party
that first files a claim. At the same time, after determining the law of the country of its application, it will be
impossible to change this choice [3].

The court may also use the law of the country of the buyer's company in a situation where the buyer
assumes significant non-monetary obligations under the contract. This means that the general rule of applying
the seller's right may be revised. In addition, if an international contract is executed through a branch located
in another country, the court may apply the law of the State in which the branch is located.

The multidimensional nature of the regulation of international commercial relations is manifested in the
existence of various agreements, conventions and regulations, as well as well-established business practices.
These documents regulate the procedure for concluding contracts, their individual terms and procedural
aspects. It is advisable not only to study the relevant regulatory framework, but also to explicitly specify in the
contract which documents are to be applied in the implementation of contractual relations. This approach
allows the parties to build cooperation in accordance with the desired scenario and minimize legal risks.

Thus, the conclusion of an international commercial contract is a complex, multidimensional process
that requires increased attention and a deep understanding of the specifics of foreign economic activity. Unlike
domestic transactions, it is aggravated by the presence of a foreign element, which creates unique legal and
commercial risks. Summarizing all that has been said in the article, it should be noted the need for careful and
meticulous study of the content of the contract. Of particular importance are such conditions as the precise
definition of the subject of the contract, the choice of the currency of payment, the establishment of a pricing
mechanism and the development of guarantees for the fulfillment of obligations. However, the central,
backbone element of the contract is the choice of applicable law and jurisdiction. As the explanations of the
higher courts have shown, the lack of a direct agreement on this issue can lead to the application of conflict-
of-laws rules that do not always meet the expectations of the parties.
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Cratbs IMOCBAIICHA KJIHOYCBbIM ACIICKTaM 3aKIIOYCHUA MCKAYHAPOAHOI0O KOMMEPUYECKOI'0 KOHTpPAKTA.
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This article discusses the importance of the English language in the era of globalization and digitalization of
business. Its advantages are discussed. Research into the use of this language has identified challenges and
recommendations for addressing economic issues.

Learning, understanding, and speaking English opens up a world of opportunities, especially in a globalized
economy. Knowledge of English is crucial because it gives people access to a wider range of information, a more
diverse international network, and more employment opportunities. It is also essential at the national level, as it can
reveal a great deal about a country's innovation levels, competitiveness, and future prospects. In Russia, the
challenge of creating conditions for learning intercultural communication and increasing motivation for foreign
language learning is particularly significant.

Today, English is one of the six official languages of the UN, along with Arabic, Chinese, French, Russian,
and Spanish. However, in fact, more than 90% of UN working documents are first drafted in English and only then
translated into other languages. English is also the working language of most international organizations, including
NATO, the World Bank, the International Monetary Fund, the World Trade Organization, and the European Central
Bank.

According to the World Economic Forum, approximately 1.75 billion people use English professionally,
most of whom are not native speakers.

For individuals, learning English means career advancement and greater opportunities both within the
company and within their own business. In any company, specialists who speak business English are highly valued.
They are invited to participate in negotiations, are provided with international business trips, internships, and,
consequently, career advancement. Through communication with foreign partners, such specialists significantly
expand their horizons and professional experience, becoming more respected and difficult to replace.

In business, business English will help you enter foreign markets, negotiate with foreign partners
independently, resolve important issues more quickly, earn respect, and get to know partners better in both formal
and informal settings. In short, knowledge of a language, especially a business language, secures a person's future.
By learning and maintaining your knowledge, you can reap the benefits throughout your life, reaping the rewards
in the form of a career, additional knowledge, experience, broader horizons, and, of course, a high salary. Although
economic English cannot be considered a distinct category — it is simply a set of specialized economic terms and
vocabulary — the development of the global economy is nevertheless closely linked to the English language, thanks
to the fact that a huge number of well-known works on economic topics were written in English.

The rapid economic growth in English-speaking countries meant that all the latest inventions in this field
spread throughout the world from Europe and America. Almost all financial terminology that came to us from
English-speaking countries remains unchanged.

Many of the world’s leading academic institutions and professional development programs are conducted in
English. For professionals seeking to advance their careers, proficiency in English provides access to top-tier
education and training opportunities. This continuous learning and development are crucial for staying relevant and
competitive in an ever-evolving global business environment.

The main driver of the expansion of English in international business has been corporate globalization. Many
companies, even those headquartered in countries where English is not an official language, choose English as their
primary language of communication. Examples of such organizations include Nokia (Finland), Airbus (European



Alliance), Samsung (South Korea), and Rakuten (Japan), which have implemented an «English-only» policy for
internal business interactions [2].

With the rapid advancement of technology, English remains the dominant language in the tech
industry. From software development to digital marketing, many technical terms and resources are in English. For
businesses to leverage the latest technological tools and platforms, understanding and communicating in English is
essential. This integration enhances operational efficiency and innovation, keeping companies at the forefront of
their industries.

The main advantages of using English in business are:

- unification of business processes across international organizations;

- the ability to attract specialists without language barriers;

- a common language for financial reporting and auditing;

- accelerated entry into global markets;

- reduced costs for translation and adaptation of materials.

Bloomberg research shows that knowledge of English can increase a specialist's income by 15-50% per year,
depending on the country and industry. This is especially true in developing economies, where the demand for
English-speaking professionals exceeds supply.

Business English is characterized by specialized terminology that is understandable even with an
intermediate level of proficiency:

- «Due diligence» — checking a company before a transaction;

- «(ROL» — return on investment;

- «KPI» — key performance indicators.

English occupies a dominant position in international trade. Contracts, agreements, product specifications,
insurance, and customs documents are most often drawn up in English, even if transactions are concluded between
countries with different official languages. International trade terms (EXW, FOB, CIF) and documentary letters of
credit are also drawn up in English [1].

With the development of the digital economy and startups, English has strengthened its position as the
primary language of communication in technology hubs. There, it has become the natural medium for
communication between innovators, programmers, and investors [3].

As a result of the theoretical study, the main problems and recommendations for resolving economic issues
at the international level using English were identified and presented in table 1.

Table 1 — Problems and recommendations for solving economic issues

Problem Description Recommendations
Different language Due to varying levels of English Implement regular training and
levels of participants proficiency, participants in international | courses in Business English with
1 economic communications may a focus on economic and
encounter difficulties and intercultural communication
misunderstandings
Cultural differences and | Even when using English, barriers Training in the specifics of
nonverbal remain due to differences in cultural differences and nonverbal
2 | characteristics communication styles, mentalities, and communication helps to better
nonverbal communication interpret messages and avoid
misunderstandings
Limited use of Insufficient professional vocabulary Expand vocabulary by studying
3 specialized economic among participants makes it difficult to | economic terms used in
and business accurately convey complex economic professional activities
vocabulary concepts and conditions

A well-balanced combination of language development and intercultural understanding, supported by
modern technology, significantly reduces the impact of cultural barriers and improves the effectiveness of
international economic interactions.

Russian businesses are gradually increasing their presence in the global economy, and proficiency in a foreign
language is becoming as essential a skill as computer proficiency. Companies are seeking to minimize the use of
translators and prefer to hire employees fluent in English to translate documents and professional literature.

For analysts and experts monitoring global financial markets, researching company performance, and
preparing financial reports, a high level of English is essential for successful work.



Today, English is the universal language of trade and business, occupying a key position in international
diplomacy and economics. Global stock markets and financial institutions operate primarily in English, and
globalization is strengthening its importance as the primary means of communication between businesspeople,
corporations, and governments.

Thus, English plays a key role in international economic activity, ensuring effective interaction, expanding
business opportunities, and enhancing competitiveness in the global labor market.

References:

1. Akatovaya, N.G. Language in the Sphere of Professional Communication: a collection of materials from
the International Scientific and Practical Conference. — Orel: Publishing House of the Central Russian Institute of
Management, Branch of RANEPA, 2024. 217p.

2. Pavlenko, O.V. Language within the scope of international relations: collection of articles based on the
student scientific seminars. — Moscow: RSUH, 2023. 270p.

3. Perskaya, V.V. Actors and Subjects of International Economic Relations at the Current Stage of Global
Community Development. Part 2. Transformation Processes in the System of International Economic Relations:
Present and Future: a monograph. — Moscow: INFRA-M, 2024. 239p.

3HAYEHUE AHIJIMMCKOI'O SI3bIKA B OBJIACTA DKOHOMUKH
HA MEXIYHAPOJHOM YPOBHE
HNeBanosa I1.M.
Hayunsiii pykoBonutens: C.B. Kouyposa
Kazanckwuii HanlMoOHaIBHBIA UCCIIEIOBATEIBCKUN TeXHIUecKkuil yauBepcuteT uM. A H. Tymonesa

B nanHO# cTaTthe pedb WIET O 3HAYCHHH aHTIIMICKOTO SI3BIKA B JIOXY IIOOANIM3ALNH U IU(PPOBU3ALMN
Ouzneca. ['oBOpHTCS 0 €ro MperMyIIecTBax B UCIONB30BaHWM. Ha OCHOBaHMM MCCIIEeIOBaHUs B UCIIOJIL30BAHUH
JAHHOT'O SA3bIKA OBUTH BBISBIICHBI ITPOOJIEMBI M PEKOMEHIALIUN TIPY PELLIEHUH SKOHOMUYECKUX BOIIPOCOB.

VK 623.746.174
BIOMIMETICS IN AVIATION: THE HISTORICAL HERITAGE
OF THE MAPLE SEED AND MODERN REALITIES
Kalbakh M.A.
kalmbachmichael@mail.ru
Scientific advisor: N.S.Aristova, PhD, associate professor
Kazan National Research Technical University named after A.N. Tupolev

Abstract: The article explores the biomimetic principle of maple seed flight as a sustainable source of
innovation in the history of aviation. The early attempts to implement it in monocopters of the early 20th
century are analyzed and the actualization of these concepts in modern unmanned systems is traced. The article
places the special case of maple seed in the general context of biomimetic approaches in helicopter and drone
engineering, demonstrating how natural solutions complemented by modern technologies continue to shape
the future of the aerospace industry.

At the dawn of aviation, the search for solutions was inextricably linked to biomimetics — the imitation
of natural systems. The first inventors literally copied the shape of bird wings, trying to comprehend the secret
of flight. With the development of aerodynamics as a science, engineers have moved away from direct copying,
moving to optimized, but often more complex technical solutions. However, today, in the era of unmanned
aircraft and UAVSs, interest in biomimetics is experiencing a renaissance. Natural concepts developed over
millions of years of evolution offer elegant and energy-efficient answers to the challenges facing the creators
of small and maneuverable aircraft. A striking example of such a stable bioinspired idea is the principle of
flight of a maple seed (lionfish). Observations of its autorotation — the ability to rotate stably and plan —
formed the basis of concepts that, after going through the stages of trial and error, are now finding a new
embodiment.

The historical path of this idea illustrates an important paradigm shift: what was considered a dead end
in the past often turns out to be impossible, not because of the fallacy of the concept itself, but because of the
imperfection of the technology of its time. The early experiments of inventors such as Papenne and Rouilli,
although not crowned with practical success, laid the foundation for understanding the aerodynamics of single-
bladed systems. The modern stage of aviation development, characterized by the emergence of new materials,



miniature electronics and advanced control systems, makes it possible to rediscover and adapt these historical
developments, embedding them in a modern technological canvas. The purpose of this article is to analyze the
evolution of the maple seed flight principle from early experiments to modern biomimetic developments,
considering it in the general context of the application of bionics in aviation.

Maple fruits, known as "maple winglets", have a unique shape that ensures their effective aerodynamics
during the fall. These fruits rotate around one of their ends during flight, which creates a dynamic similar to
the operation of a rotating propeller. At the same time, the leading edge of the wing, cutting through the air,
generates a vortex that extends beyond the front edge of the fetus — this phenomenon is called "vortex flow
from the leading edge." When the maple wing is in motion, its blade describes a wide cone, which ensures a
stable and controlled descent. Due to the eddy currents generated during rotation, the seed slowly descends for
about 20 seconds. This time is often sufficient for the wind to pick up the fruit and carry it a considerable
distance from the mother tree. A vortex flow is formed around the rotating fruit of the white maple. To generate
lift, the maple wing plane deviates from the horizontal at an angle of about 20 degrees. This tilt allows the
maple propeller to spin up to 20 revolutions per second, which, in turn, reduces the drop rate of a 40-milligram
seed to about one meter per second [1]. This efficient natural mechanics has become an object for imitation in
engineering.

The gyropter was designed in France in 1911-1914 by Alphonse Papenne and Didier Rouilli. This
monocopter, based on the maple seed principle, had a single blade that rotated and slowed down the fall of the
vehicle. Despite its failure, it became the first jet-powered monocopter. Papenne and Rouilli received French
patents, as well as an American patent in 1915. The construction of the gyropter began in February 1914 and
was completed in June of the same year. The prototype, named Chrysalide, was made of molded wood and
had smooth curves with a single long, aerodynamic blade. The fabric-covered blade, about 5.9 meters long and
1.33 meters wide, had an area of 12 square meters and was balanced by an 80 hp (60 kW) rotating Le Rhone
engine. Tests conducted in 1915 revealed a serious imbalance and insufficient engine power — the gyropter
was originally designed for a 100 hp engine [2]. Although the project did not achieve its flight goals, it
represents the first large-scale attempt to directly transfer the biomimetic principle into an engineering design.
A more successful example of applying similar principles is the Bélkow Bo 103, an ultralight experimental
helicopter produced in West Germany in 1961. Its single-rotor fiberglass construction has proven the practical
suitability of simple bioinspired solutions for real flight. Although the project has been closed, it serves as a
link between early experiments and modern developments. The maple seed principle is part of a broader
biomimetics trend in aviation. Nature offers evolution-proven solutions for the challenges of sustainability,
maneuverability, and energy efficiency.

Modern autopilots for UAVSs are increasingly using principles similar to insect vision. Optical flow
processing, when onboard cameras track the speed and direction of movement of visual objects relative to the
drone, allows the device to navigate in space without GPS, just like a bee does [5]. This is directly related to
developments in the field of monocopters, where traditional stabilization systems are not applicable, and new,
bioinspired control methods are required. The study of maple seed aerodynamics is closely intertwined with
the study of wing profiles of birds and insects capable of sudden maneuvers. Vortices similar to those formed
on the leading edge of the wing are used to increase the lift and controllability of small UAVs [6]. Swarm
intelligence: The concept implemented by scientists from the City University of Hong Kong, where drones are
divided into several autonomous units [4], is a direct transfer of natural strategies (swarming bees, flocks of
birds) into the tactics of using drones. This demonstrates how biomimetics evolves from copying a single
morphological structure (lionfish) to imitating complex group strategies and behavioral patterns. Thus, the
special case of the maple seed fits perfectly into the general paradigm of bioinspired design, where solutions
learned from nature make it possible to overcome traditional engineering limitations. Modern technologies
have allowed us to return to the monocopter concept with new features. The DARPA project within the
framework of the nano-air vehicle (NAV) program, in which Lockheed Martin participated, provided for the
creation of a 20-gram device using jet thrust to rotate the blade [3]. Although the project was not implemented,
it stimulated interest in micro-monocopters. Breakthrough developments have become at the University of
Hong Kong, where they have created lightweight drones-"maple seeds"”, capable not only of effective planning,
but also of transformation. Their FPV quadrocopters can be divided in flight into several autonomous vehicles
using seed aerodynamics for independent flight [4]. This solution opens up new horizons for exploration,
monitoring and communications, where survivability and adaptability of the system are important. These
examples show that the historical concept, complemented by modern materials, control systems and group
logic, finds practical application in the most advanced areas.

An analysis of the evolution of the idea based on the flight of the maple seed confirms that the
biomimetic approach has significant innovative potential. The historical legacy in aviation is not a collection



of outdated curiosities; it is a rich source of concepts waiting in the wings to be updated with the help of new
technologies. From early gyropters to modern swarming UAVSs, there is a continuous thread of development
where nature acts as the main consultant. The integration of biomimetic principles — be it seed aerodynamics,
insect navigation system, or swarm intelligence — into the modern aviation canvas paves the way for the
creation of more efficient, adaptive, and multifunctional aircraft. Further research at the intersection of biology
and engineering promises new breakthroughs, making the future of aviation not only technologically advanced,
but also harmonious with proven solutions of nature.
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The article examines the legal, economic, and social problems of privacy in the context of Big Data and
the digital economy. The author analyzes the key contradictions between technological innovation and
fundamental human rights. The paper concludes that a new ethical and legal paradigm is needed to balance
technological progress with the inviolability of personal space, proposing solutions like "Privacy by Design"
and enhanced digital literacy.
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The rapid development of information technologies and the transition to a digital economy have given
rise to a fundamental conflict between the technological imperative of total data collection and the individual's
fundamental right to privacy. In the era of Big Data, personal information has become a new valuable resource,
a "digital oil" that fuels the modern economic system. This transformation poses unprecedented legal,
economic and social challenges, calling into question the very possibility of protecting the personal in the
space of total surveillance. The scale of data collection is unprecedented: from our online searches and social
media interactions to our physical movements tracked by smartphones and smart devices. This creates a digital
double of every person, which lives in corporate and government servers, often without the individual's full
knowledge or meaningful consent. The central problem of our time is the conflict between the enormous
economic and social benefits of data analysis and the threat it poses to individual autonomy and democracy
itself.

1. Legal Challenges: The Lag of Law Behind Technology

The legal systems of most countries are critically lagging behind the pace of technological development.
Traditional legal concepts of privacy, often tied to the "right to be let alone,” are poorly applicable to the
realities of hidden data collection and their complex analysis.

Regulatory Gaps. Laws often do not cover new methods of data collection, such as tracking through loT
devices, biometrics, or behavioral analysis. For example, metadata (data about data) in many jurisdictions has
a weaker level of protection than the content of messages, although it can reveal no less about a person [1]. A
call log can paint a detailed picture of a person's social circle, while location data can reveal their religious
beliefs, political affiliations, and intimate relationships. Furthermore, the emergence of neurotechnology and
affective computing, which can interpret brain signals and emotions, presents a next-generation privacy
challenge for which no legal framework is ready.

Jurisdictional Conflicts. The global nature of the Internet creates conflicts of jurisdictions. A company
registered in one country can store data in another and serve users in third countries, making it difficult to
apply national laws. While the European GDPR (General Data Protection Regulation) is a landmark attempt
to assert jurisdictional power based on the location of the data subject [2], its enforcement against foreign
companies remains complex and resource-intensive. This creates "data havens" and allows corporations to
shop for the most lenient regulatory regimes, undermining the privacy protections of citizens in stricter
jurisdictions.

Problem of Consent. The principle of "informed consent,” on which much of data processing is based,
has become a formality. Users, without reading long and complex user agreements, agree to the processing of
their data, which devalues this legal instrument. This "consent fatigue" is a systemic failure. The model of
"take it or leave it" does not offer users a real choice in an era where digital services are essential for work,
education, and social life. True informed consent is impossible when the full scope of future data use, including
aggregation with third-party data and algorithmic inference, is unknown even to the service providers
themselves.

Furthermore, the very definition of "personal data" is being stretched to its limits. Traditional laws
protect information that directly identifies a person, such as a name or passport number. However, in the world
of Big Data, a seemingly anonymous set of data points — a user's unique combination of visited websites,
application usage patterns, and even mouse movement dynamics — can be easily de-anonymized and linked
back to a specific individual. This phenomenon, known as "re-identification," makes a mockery of outdated
legal distinctions and exposes individuals to risks they never consciously agreed to. The law, built on clear
categories, is helpless against the probabilistic and inferential logic of algorithms that can “guess” sensitive
information (such as health status or sexual orientation) from entirely non-sensitive data. This creates a
regulatory black hole where vast amounts of information operate outside the scope of privacy protection.

2. Economic Problems: "*Surveillance Capitalism' and Data as a Commaodity

The economic model of "surveillance capitalism," a term coined by Shoshana Zuboff, is based on the
extraction and monetization of behavioral data [3]. This model has created a new economic logic where the
human experience is treated as a free raw material to be translated into behavioral data.

New Market Asymmetry. A profound asymmetry has emerged in the market: corporations know almost
everything about users, while users know very little about how their data is used. This creates opportunities
for price discrimination, manipulation of consumer behavior and the formation of "filter bubbles." For instance,
a company can use data to identify a user's urgency for a product and dynamically raise the price. This
asymmetry of knowledge translates directly into an asymmetry of power, reducing the individual from a
sovereign citizen to a object of commercial influence.

Data as an Economic Asset. Personal data has become a key asset for digital platforms, fundamentally
reshaping their business models and market incentives. The business models of companies like Google and



Meta are based on the targeted advertising that this data enables. This creates an economic incentive to collect
as much information as possible, often without regard to ethical standards. The primary product is no longer
the software or service provided to the user, but the user themselves, whose predicted behavior is sold to
advertisers. This leads to a perverse incentive structure where user engagement is prioritized over user well-
being, as more engagement generates more data.

Inequality of Opportunity. Companies that have access to large amounts of data gain an insurmountable
competitive advantage, leading to market monopolization and stifling innovation from smaller players. The
network effects of data create a winner-takes-all dynamic. A new startup cannot compete with a tech giant's
ability to personalize services using its vast data troves. This concentration of data wealth in the hands of a
few corporations not only harms competition but also centralizes immense social and political influence,
allowing these entities to shape public discourse and even influence electoral processes.

Another critical economic distortion is the creation of "behavioral futures markets." As Shoshana Zuboff
explains, surveillance capitalism doesn't stop at selling targeted advertising. Its ultimate goal is to develop
means for modifying and directing human behavior at scale. Companies not only predict what we will do but
also actively develop interventions to ensure we act in ways that are profitable for them. For instance, a social
media platform might experiment with different notification designs to maximize the time a user spends on
the app, or a food delivery service might use psychological triggers to encourage more impulsive orders. This
trade in "behavioral surplus" transforms the fundamental relationship between the individual and the
corporation: we are no longer just consumers, but raw material for a new industrial process aimed at
engineering our actions and preferences. This commaodification of free will represents a profound shift that
existing economic theories and regulations are completely unprepared for.

3. Social Consequences: From ""Chilling Effects' to Erosion of Trust

The pervasive collection of data has profound implications for society as a whole, affecting social
behavior and the very fabric of civil society. We are witnessing the emergence of a new social order based on
perpetual monitoring.

Chilling Effect. Knowing that one's actions are being monitored can lead to self-censorship. People may
be less willing to seek out sensitive information, express controversial opinions, or participate in protests for
fear of potential consequences [4]. This is particularly dangerous for democracy, which thrives on open debate
and dissent. When citizens fear that their political views, even if legally expressed, could be recorded and used
against them in the future by employers, governments, or social groups, the foundation of a free society is
eroded.

Social Discrimination and Scoring. Algorithms that analyze Big Data can reproduce and even amplify
existing social prejudices. This can lead to discrimination in access to credit, insurance, and employment. The
introduction of social credit systems, as in China, is an extreme example of how data can be used for social
control. However, even in democracies, algorithmic bias is a real threat. A hiring algorithm trained on historical
data may discriminate against women or minorities. A risk-assessment algorithm used in the judicial system
may unfairly target certain ethnic groups. This creates a "digital underclass" that is systematically
disadvantaged by opaque automated systems.

Erosion of Social Trust. Total surveillance undermines trust — both in the state as a guarantor of citizens'
rights, and in corporations as responsible actors, and between people themselves. When individuals feel they
are constantly being watched, it fosters a culture of suspicion and conformity. Trust in public institutions
plummets when they are seen as collaborators in mass surveillance programs. Similarly, trust in corporations
is damaged by repeated data breaches and the feeling of being manipulated for profit. This erosion of social
capital is one of the most insidious and long-term costs of the data economy.

A particularly insidious social consequence is the rise of the "algorithmic panopticon™ — a system where
power is exercised not only through observation but also through pre-emptive behavioral shaping. Unlike the
classical panopticon, where the prisoner modifies their behavior for fear of being watched, the citizen in the
algorithmic panopticon often does not even know the rules they are expected to follow. Their life chances —
access to loans, job opportunities, and insurance rates — are determined by opaque scoring systems whose
criteria are trade secrets. This leads to a state of pervasive uncertainty and anxiety, where individuals start to
self-censor and conform not to a clear set of laws, but to a perceived "norm" that they believe the algorithm
will reward. This undermines the very idea of a social contract based on transparent, knowable rules and
replaces it with a system of unaccountable, private governance by platforms.

The right to privacy in the 21st century is no longer just a right to secrecy, but a right to autonomy, self-
determination and protection from manipulation. The analysis shows that the problems in this area are systemic
and interrelated. The law cannot keep up with technology, the economy encourages the invasion of privacy,
and society bears the social costs of these processes. We are at a critical juncture where the very concept of a



private life, free from external scrutiny and commercial exploitation, is under threat.

The way out of this crisis requires a comprehensive approach:

Development of "Smart" Regulation: It is necessary to move from reactive to proactive regulation,
promoting the "Privacy by Design" principle, where data protection is built into the technology at the
development stage. This includes implementing strict data minimization rules and granting regulatory bodies
the power to audit algorithms for bias and fairness.

Changing the Economic Paradigm: It is important to create economic incentives for the development of
ethical business models that do not exploit personal data. This may include the development of paid,
subscription-based services without advertising tracking, and exploring data dividends, where users are
compensated for the use of their data.

Enhancing Digital Literacy: Society needs to develop a new "digital hygiene" culture. People should
understand the value of their data and be able to manage their digital footprint. This education must start at
school and become a lifelong learning process, empowering individuals to navigate the digital world safely
and consciously.

Only through the concerted efforts of legislators, businesses and civil society can a balance be found
between the benefits of the digital age and the preservation of the fundamental right to privacy. The goal is not
to stop technological progress, but to direct it towards a future that is both innovative and humane, where
human dignity remains the highest value.

The path forward is undoubtedly complex, but inaction is not an option. The proposed solutions must
be implemented in synergy. "Privacy by Design" should become a mandatory standard, much like fire safety
standards in construction, requiring that systems are architected from the ground up to collect only necessary
data and to protect it by default. Changing the economic paradigm may require legislative intervention to limit
the most exploitative practices of data extraction, perhaps by treating certain types of behavioral data as a
public good or granting individuals inalienable property rights over their digital footprint. Finally, enhancing
digital literacy is a long-term investment in societal resilience. It is not just about teaching people how to use
privacy settings, but about fostering a critical understanding of the digital economy's business models, so that
citizens can demand accountability and make truly informed choices. The right to privacy is the foundation
upon which human autonomy, creativity, and democracy are built. Protecting it in the 21st century is not a
technical or legal challenge, but a fundamental civilizational task.
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The article analyzes challenges for Russian labor unions in the digital era. It identifies contradictions
between traditional union practices and new demands, focusing on remote and platform work. Legal,
economic, and social barriers are examined. Adaptation measures are proposed, emphasizing the need for a
coordinated response to protect workers' rights.

The modern Russian labor union movement is undergoing a complex period of transformation, driven
by the digitalization of the economy and changes in the nature of labor relations. According to VCIOM data,
only 18% of Russians consider labor unions an effective tool for protecting labor rights, while 82% of
respondents do not see their significant role in regulating social and labor relations [2]. This level of distrust
indicates a deep systemic crisis requiring a comprehensive analysis of the legal, economic, and social aspects
of labor union activities. The decline in public confidence is further corroborated by independent studies
conducted by research institutions such as the Higher School of Economics, which point to a long-term trend
of diminishing influence of traditional social institutions in the face of rapid technological change. The erosion
of the traditional working class, a key social base for unions, exacerbates this crisis of relevance. Furthermore,
the atomization of labor in the digital environment complicates the very process of solidarity building, which
is the cornerstone of any labor union movement.

The relevance of the study is due to the rapid growth of new forms of employment, the emergence of
digital platforms, and changes in traditional models of labor relations. These processes pose new challenges
for labor unions, requiring a revision of both the legal foundations of their activities and their organizational
structures and methods of work. The pace of digital transformation, accelerated by the COVID-19 pandemic,
has left many traditional institutions, including labor unions, struggling to keep up. The very nature of work is
being redefined, with algorithms and platform interfaces increasingly mediating the relationship between labor
and capital, creating a new frontier for labor rights advocacy that existing frameworks are ill-equipped to
handle. This transformation is not only technological but also cultural, demanding new forms of
communication and mobilization from labor unions to stay relevant for the modern, digitally savvy workforce
[5].

1. Legal Challenges and Institutional Constraints

Outdated Regulatory Framework. The Federal Law "On Labor Unions, Their Rights and Guarantees of
Operation™ was adopted in 1996 and does not account for the realities of the digital economy [1]. There are no
mechanisms to protect the rights of digital platform workers, remote employees, and self-employed
individuals. This legislative gap creates a legal vacuum for a growing segment of the workforce, leaving them
without collective bargaining power and access to standard social protections. The law was conceived for an
industrial and post-industrial economy with clear employer-employee relationships and physical workplaces,
making its provisions, such as those related to collective bargaining at a specific enterprise or access to
workplace infrastructure, largely inapplicable to distributed and algorithmically managed labor. Scholars like
Petrov .M. in his work "Labor Law in the Digital Epoch” (2022) emphasize that the binary "employee-
employer"” relationship is dissolving, giving way to tripartite and even more complex models involving
platforms, clients, and service providers, which current Russian law fails to regulate adequately. For instance,
issues of data protection, algorithmic transparency, and fair rating systems fall completely outside the scope
of traditional labor legislation, leaving workers vulnerable to opaque and potentially discriminatory automated
decisions.

Restrictions on Creating Labor Unions. A striking example is the ban by the Ministry of Justice on the
creation of a labor union for the self-employed in 2024. This decision demonstrates the legal system's inability
to adapt to new forms of labor relations. The official justification often cites the lack of a single, identifiable
employer as a legal obstacle for collective representation, a notion that is increasingly anachronistic. This
restrictive interpretation effectively denies a vast and growing category of workers the fundamental right to
freedom of association, as guaranteed by international labor standards, including conventions of the
International Labor Organization (ILO), to which Russia is a signatory. This incident is not isolated; similar
bureaucratic hurdles have been documented for other attempts to organize freelancers and IT specialists, who
often work across traditional sectoral and territorial boundaries. The current legal paradigm continues to view
labor unions through the lens of a specific "work collective" tied to an enterprise, a model that is fundamentally
incompatible with the project-based and decentralized nature of digital work.



Problems of Representation. Current legislation does not provide for the possibility of creating labor
unions on a professional, rather than a territorial-sectoral principle, which is especially relevant for IT
specialists and other representatives of digital professions [1]. This forces highly mobile professionals, whose
identity is often tied to their skills and profession rather than to a specific company or location, into a rigid and
outdated structure. The existing model of social partnership, built on dialogue between unions, employers'
associations, and the government at the industry level, struggles to incorporate these new, cross-industry
professional groups. As noted in the FNPR development strategy, the system of social partnership itself
requires modernization to include representatives of "atypical" employment [4]. Without the ability to form
professional guilds or associations with full labor union rights, these workers are deprived of a collective voice
in matters that affect their profession as a whole, such as standardizing ethical codes, developing skill
standards, or negotiating with multiple platform operators simultaneously.

2. Economic Challenges in the Context of Digital Transformation

Changing Employment Structure. According to Rosstat, the proportion of remote workers in Russia
increased from 2.5% in 2019 to 12% in 2024 [3]. However, only 3% of them are members of labor unions,
indicating the inability of traditional labor union structures to adapt to new forms of employment. This shift is
part of a broader global trend towards the "gig economy" and flexible work arrangements, which inherently
complicates collective organization due to the isolation of workers and high levels of competition for tasks [5].
The economic model of platform capitalism is often based on classifying workers as independent contractors,
thereby transferring all business risks onto them while denying them labor rights and social benefits. This not
only worsens the economic situation of the workers themselves but also undermines the financial model of
labor unions, which is based on membership fees from stable employment relationships. The spatial dispersion
of remote workers eliminates the possibility of traditional shop-floor organizing, which has historically been
the primary method for recruiting members and building solidarity.

Funding Issues. The decline in labor union membership in traditional industries leads to a reduction in
financial resources, limiting opportunities for the development and modernization of labor union organizations.
This creates a vicious circle: lack of funds prevents adaptation to the digital economy, which in turn leads to a
further decline in membership among workers in new, growing sectors. The stable financial base that unions
enjoyed in the era of industrialism is eroding, while the costs of developing new digital tools and providing
services to a dispersed membership are significant. Furthermore, the individualization of labor relations fosters
a mindset of personal responsibility for one's career and income, reducing the willingness to pay membership
fees for collective protection. This financial strain affects the ability of unions to conduct research, engage in
lobbying, and provide legal support, which are critical functions for maintaining influence [5].

New Forms of Labor Relations. The spread of platform employment, freelancing, and project work
requires the development of new mechanisms for protecting labor rights that go beyond the traditional
employment contract. These new forms are characterized by instability, unpredictable income, and a lack of
social guarantees such as paid leave, sick leave, or pensions. The task of labor unions is no longer limited to
negotiating wages and working conditions with a single employer; it expands to include regulating the terms
of service of digital platforms, ensuring fair algorithms, protecting personal data, and creating systems of
portable social benefits that are not tied to a specific job. For example, in some countries, unions are
experimenting with creating mutual funds for freelancers to provide insurance against non-payment or illness,
which could be a model for adaptation in Russia. The very concept of a "labor dispute” is changing, now
potentially involving conflicts with an algorithm or a rating system, requiring completely new expertise and
methods of resolution from labor unions.

3. Social Transformations and Changing Demands of Workers

Crisis of Trust. According to FNPR research, only 15% of young specialists under the age of 30 trust
labor unions [4]. The main reasons are the perception of labor unions as bureaucratic structures and disbelief
in their effectiveness. This perception is often fueled by the close association of large labor union federations
with the state and large enterprises, which creates the image of unions as part of the management system rather
than an independent force defending workers' rights. For a generation that values horizontality, transparency,
and network principles, the vertical, hierarchical structure of traditional labor unions seems slow and
ineffective. The lack of a visible and successful struggle for the rights of workers in the new economy only
reinforces this skeptical attitude. Research by sociologists shows that young people are more likely to turn to
online communities and professional networks for support and advice than to formal labor union organizations.

Generational Shift. The younger generation of workers has different value orientations and expectations
from work. They value flexibility, autonomy, and opportunities for self-realization, which align poorly with
traditional forms of labor union work focused on standardization, collective agreements, and long-term
stability at one enterprise [5]. This does not mean that they do not need protection, but their demands are more



individualized and may relate to the quality of the digital interface, the fairness of the rating system, or the
possibility of flexible work schedules. Labor unions are faced with the task of repackaging their traditional
values of solidarity and justice into a language and format that is attractive to this new generation. This requires
a shift from a service model "we protect you™ to an empowering model "we give you the tools to protect
yourself and each other". The success of various professional online communities and forums demonstrates
the potential for collective action, but it occurs outside the traditional labor union framework.

Digital Divide. The average age of labor union leaders is 55-60 years, creating problems in
understanding the specifics of digital professions and new forms of employment. This generational gap leads
to a communication breakdown and an inability to formulate a relevant agenda for digital workers. Leaders
who built their careers in an industrial environment may lack the digital literacy to understand the challenges
of platform work, remote collaboration, or the IT industry's specifics [5]. This makes it difficult to develop
effective strategies and communication campaigns aimed at these categories of workers. The lack of personal
experience with digital tools can also slow down the internal digitalization of the labor unions themselves,
such as the introduction of electronic voting, online membership management, and the use of social networks
for mobilization and information. Without an infusion of young, tech-savvy leaders into the governing bodies,
this gap will only widen, further alienating labor unions from the most dynamic segments of the labor market
[4].

4. Development Prospects and Adaptation Paths

Legal Modernization:

1.Development and adoption of amendments to legislation expanding the rights of labor unions in the
digital sphere, including the explicit right to represent platform workers and freelancers [1].

2.Creation of legal mechanisms to protect remote workers and platform workers, such as establishing a
presumption of employment relationship for certain categories of platform workers and introducing the
concept of "algorithmic accountability".

3.Legalization of labor unions for the self-employed and freelancers, recognizing their right to collective
bargaining with multiple clients or platform operators.

Organizational Transformation:

1.Development of digital platforms for interaction with union members, providing not only information
but also tools for mutual aid, legal consulting, and collective action.

2.Creation of mobile applications for prompt legal support and reporting of labor rights violations, which
is especially important for remote and geographically dispersed workers.

3.Implementation of crowdsourcing mechanisms to identify workers' problems and collectively develop
demands, moving towards more participatory and democratic forms of internal organization.

Personnel Renewal:

1.Attracting young specialists to labor union bodies, including through gquotas and targeted programs, to
bridge the generational and digital gap [4, 5].

2.Development of digital literacy programs for labor union leaders to ensure they can effectively operate
in the new environment and understand the challenges of their members.

3.Establishment of youth councils within labor union organizations to formulate a youth agenda and
develop new, creative forms of work.

The conducted research demonstrates that russian labor unions face the need for deep transformation.
The digitalization of the economy, changes in the employment structure, and social transformations require a
revision of both the legal foundations of labor union activities and their organizational structures and working
methods. The challenges are complex and interrelated, spanning legal, economic, and social spheres. Success
will depend on the ability of labor unions to reinvent themselves, moving from a model designed for the
industrial age to one fit for the digital century. This involves becoming more agile, decentralized, and
technologically adept while staying true to their core mission of protecting workers' dignity and rights.

To maintain their relevance, labor unions must overcome legal barriers, adapt to new economic realities,
and accommodate the changed social expectations of workers. This will require not only modernization of
legislation but also a serious internal restructuring of labor union organizations, reorienting them towards the
needs of new categories of workers. It is a strategic imperative to close the digital divide within their own
ranks and to build bridges with new forms of self-organization emerging among digital workers.

Successful adaptation to the challenges of the digital era will allow labor unions not only to preserve but
also to strengthen their role in the system of social partnership, ensuring effective protection of workers' rights
in a transforming economy. By embracing innovation and inclusivity, they can once again become a powerful
force for social justice, capable of defending the rights of all workers, regardless of their employment status or
the digital platform they use.
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English is becoming a key tool for the professional training of economics students, providing them with
access to international research, modern educational resources and global business practices. Language proficiency
promotes participation in internships, academic exchanges, scientific conferences, and increases the
competitiveness of graduates in the labor market. The article reveals the importance of English as a means of
scientific communication and examines the difficulties of mastering it in non-linguistic universities.

In the modern era of globalization, the English language has become virtually a universal means of
international scientific communication. Its leading role is determined by historical, economic, cultural, and
technological factors. In essence, English functions as the lingua franca of science, the language through which
the global scientific community communicates. According to recent research, English is the primary language
of international scholarly communication, and the majority of the most significant scientific publications
worldwide are published in English. This creates a unified information space where research findings are
accessible to specialists from different countries.

The knowledge of English is of particular importance for students of economics majors who are
preparing to work in the context of the global economy. Today, English provides economics students with
access to advanced global educational resources and scientific knowledge, expanding their academic horizons.
With proficiency in English, future economists can read the latest literature on economics, study best
international practices, and participate in international research projects. Moreover, English facilitates career
development: proficiency in the language significantly increases the competitiveness of economics graduates
in the labor market and eases their integration into the global professional community. It is no coincidence that
in many universities, foreign language proficiency, primarily in English, is included among the key
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competencies of economics graduates. Thus, the relevance of this topic is conditioned by the objective need
for modern economists to possess the means of international scientific communication in order to achieve
successful professional realization.

The purpose of this research is to analyze the role of English as a means of international scientific
communication for students of economics majors, to reveal the theoretical foundations of this phenomenon,
and to demonstrate the importance of mastering English for future economists. The following sections present
the main theoretical provisions supported by data from modern scientific publications.

The scientific community has historically used various languages for communication; however, in recent
decades, English has established itself as the principal language of science. Researchers emphasize the
undeniable advantages of English in the scientific domain, linked to its global spread [1]. The majority of
leading universities, scientific journals, and international conferences today use English as the primary medium
for publishing research results and sharing knowledge. This ensures the free circulation of scientific
information and accelerates progress in diverse fields of knowledge. As noted by S. Tadzhiyeva and others,
English functions as a universal means of communication under conditions of globalization, promoting
information exchange and the development of science, business, and culture [2]. Thus, English has become
the de facto language of international scientific communication, without which full participation in global
science is challenging.

For future economists, proficiency in English has both educational and socio-economic significance. In
the academic sphere, knowledge of English provides students with access to relevant global research in
economics and related disciplines. Many fundamental textbooks and scientific articles on economics are
published in English; therefore, the ability to read and analyze literature in the original language improves the
guality of specialist training. Furthermore, English is necessary for participation in international academic
programs such as internships, exchange programs, and graduate studies abroad. Research shows that high-
level English proficiency is a prerequisite for participation in many prestigious programs (Erasmus+, Fulbright,
DAAD, etc.), which provide unique opportunities for professional and personal development [2]. For
economics students, this is a chance to gain international experience, broaden their horizons, and develop
global economic thinking.

From a socio-economic perspective, English proficiency increases graduates’ competitiveness. In an
integrated world economy, employers value specialists’ ability to communicate fluently in English. According
to research, English proficiency is now considered one of the key factors of young professionals’ successful
career realization. Economics graduates proficient in English have advantages in employment with
international companies and organizations, achieve faster career advancement, and gain wider access to
opportunities in the global labor market. In this context, English functions as a form of "capital," enhancing
the value of specialists (as human capital). N. V. Nacioglo and V. Chiurcciu, in their research, particularly
highlight the role of English in shaping professional knowledge among economics students at Comrat State
University, underlining its importance even at the stage of university training [3].

Finally, it is essential to note the cultural and communicative aspect. English serves as a conduit for
intercultural dialogue and cooperation. For economists, whose work is often connected with international
communication — negotiations, conferences, joint projects — the ability to express ideas clearly in English
and understand foreign colleagues is a necessary skill. This facilitates business networking and experience
exchange at the international level, reducing communication barriers. Thus, theoretical analysis confirms that
English is not merely an academic subject, but the most important means of international scientific
communication and professional interaction for economists. Without sufficient language competence, it is
difficult for modern specialists to fully participate in research activities and realize their potential in a
globalized economy.

For economics students, proficiency in English opens access to global educational and scientific
resources, enables them to work with relevant foreign literature on economics and business, and allows
participation in international conferences and projects. Essentially, English proficiency integrates future
economists into the global academic and business community, expanding their career opportunities and
professional development.

English is particularly important in the acquisition and dissemination of scientific knowledge in
economics. Most reputable economic journals and databases use English as the primary language of
publication. Therefore, without English, students limit their access to cutting-edge economic research and data.
Today, international scientific communication is nearly impossible without English: it serves as the universal
language of discussions, scholarly correspondence, experience exchange, and joint publications.

Equally important is English for future economists’ practical work in the business environment. English
has long been the language of global trade and finance. According to research, up to 90% of global business



deals are concluded in English [2], and international financial organizations and stock exchanges
predominantly operate in English. Proficiency in English today is not merely an advantage, but a necessary
condition for a successful career in economics and finance. For example, on international markets, knowledge
of professional financial terminology in English simplifies the exchange of information among specialists from
different countries and makes global financial markets more accessible to participants. Moreover, many
fundamental economics textbooks were originally published in English, and a number of prominent economists
of the world came from English-speaking countries. This historical fact highlights the fundamental role of
English in shaping economic science and education.

Thus, for students of economics majors, English has strategic significance. It provides access to the
latest information, international standards, and professional communication. Without sufficient English
proficiency, it is difficult for future economists to fully realize themselves either in research or in international
business. Fluency in English expands the circle of professional contacts, increases employability, and enables
integration into the global academic and economic space.

Despite the obvious importance of English, students of non-linguistic majors (including economics)
face a number of serious difficulties in learning and using it. Firstly, lack of motivation is widespread: many
students initially have no strong incentive to learn the language, considering it too difficult or not believing it
will be useful in the future [4,5]. A common stereotype is that learning English is unnecessary since one can
always use a translator. Such attitudes, often rooted in school years, transfer to university and negatively affect
students’ approach to the subject. Furthermore, many economics students enter universities with a low initial
level of English proficiency (due to the absence of entrance exams in this subject), making “Foreign Language”
one of the most difficult courses. Weak school preparation, combined with the belief in the language’s
uselessness, significantly complicates classroom work both for students and for teachers.

Secondly, even motivated students often face psychological barriers and doubts about their abilities.
Surveys show that about 87% of students feel insecure when required to speak English [4]. This complex is
largely imaginary, but it slows progress: students are afraid to speak and practice, depriving themselves of the
most important channel of language acquisition. Another common barrier is the lack of language environment:
outside of classroom sessions, most students have no opportunity for regular English communication, which
slows the development of skills.

Thirdly, students encounter specific language difficulties. Among the most common problems identified
by students are: information overload leading to rapid forgetting of studied material (about 5% of respondents),
listening difficulties — the inability to understand foreign speech (4%), and problems with mental “switching”
to English (around 4%) [4]. The latter manifests as constant translation from Russian into English: before
speaking, the student formulates the idea in the native language and then attempts to translate it. This slows
speech and makes comprehension more difficult for interlocutors. The root of this problem lies in insufficiently
automatized language skills: without adequate practice, thinking in English is not formed, and the learner relies
on the native language.

Fourthly, specific vocabulary and grammar of English, especially in the professional field, represent
serious challenges. Economic discourse is rich in terminology and complex syntactic structures. Authentic
economics texts in English contain numerous grammatical difficulties — for example, infinitive constructions,
participial and gerundial phrases. Without special preparation, students struggle to interpret such structures
while reading. Mastery of a large body of professional vocabulary is required. A limited vocabulary leads to
failure to understand key terms even when the general subject is clear. Eliminating such gaps requires time,
and curricula do not always allocate enough hours for in-depth study of professional vocabulary and grammar.

Finally, organizational and methodological difficulties must be noted. In non-linguistic universities,
only a limited number of hours are allocated for foreign language study, and economics students often have to
combine intensive study of core subjects with language classes. Not all students can effectively allocate time
and effort for regular practice outside of the classroom. Traditional teaching methods (focused on text
translation, rule memorization outside context, etc.) also fail to maintain a high level of interest. Without
practical orientation and clear links to future professional activity, students’ motivation decreases.

In summary, the main challenges for economics students in learning English are not only objective
language barriers (complex vocabulary, grammar, listening comprehension), but also subjective factors — low
motivation, insecurity, and lack of environment. Recognizing these problems is the first step toward
overcoming them. Teachers are advised to focus more on building students’ confidence by creating small
communicative successes, demonstrating the practical value of English for their careers, and integrating
modern teaching methods that boost engagement. If students understand the significance of English for their
professional success, they will overcome psychological barriers, practice regularly, and apply the language in



real-life situations. Only systematic work and motivation will enable future economists to successfully master
English as a tool of international scientific communication and professional interaction.

Interactive teaching methods — discussions, business games, economics-related presentations — are
also effective, as they push students out of their comfort zones and develop oral communication skills. It is
also advisable to use modern online resources and self-learning programs to compensate for the lack of
classroom practice. Such a practice-oriented approach enriches vocabulary, overcomes language barriers, and
gradually builds students’ confidence in using English in academic and research activities.

In conclusion, English today functions as a universal means of international scientific communication.
It provides access to current global scientific information and enables the publication of one’s own research in
reputable journals, thereby integrating economists into the global scientific space. Estimates suggest that the
overwhelming majority of scientific publications worldwide are in English. Accordingly, proficiency in
English is becoming an essential prerequisite for academic and professional success of future economists. The
provisions discussed in this article confirm that the use of English as a means of international scientific
communication not only expands the educational and research opportunities of economics students but also
contributes to their career growth in the conditions of a globalized economy. The significance of English as an
instrument for sharing scientific knowledge and experience continues to grow, making its study a priority area
for the training of competitive specialists.
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AHTJIMACKHUHA SI3BIK KAK CPEJICTBO MEKJIYHAPOJJHOT'O HAYYHOI'O OBIIIEHU S
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AHITIMHACKHN SI3bIK CTAHOBHUTCS KITFOUEBBIM MHCTPYMEHTOM NPOQPECCHOHATBHON MOATOTOBKH CTYJICHTOB
SKOHOMHYECKHX CIIEIUAILHOCTEH, 00ecrieunBas UM JOCTYI K MEXIyHAPOAHBIM HCCIIEIOBAHHUSAM, COBPEMEHHBIM
00pa3oBaTeNbHBIM pecypcaM M MHPOBBIM OHM3HeC-TIpakTHKaM. BiageHue s3bIKOM CHOCOOCTBYET YYacTHIO B
CTXKUPOBKAX, aKaJIEMUYECKHX OOMEHAX, HAyYHBIX KOH(PEPEHIIMSX, a TAK)Ke MOBBIILAET KOHKYPEHTOCIIOCOOHOCTD
BBIITyCKHUKOB Ha PhIHKE Tpya. B cTaThe packpriBaeTcs 3HaYE€HIE aHTIIMHCKOTO KaK CPEACTBA HAYIHOTO OOIIIEHHS
Y pacCMaTpUBAIOTCS TPYTHOCTH €r0 OCBOCHHSI B HESI3BIKOBBIX BY3aX.
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The article analyzes the advantages of ISiT, their practical application and future prospects, including
the role of teachers in integrating these tools. It is emphasized that the correct use of HIT in combination with
traditional methods significantly increases the effectiveness of English teaching.



The modern world dictates its own rules: knowledge of English is becoming not just a desirable skill,
but a necessity for a successful career, education and communication. However, traditional learning methods,
often monotonous and not taking into account individual characteristics, do not always bring the desired result.
Fortunately, intelligent systems and technologies (IS&T) come to the rescue, making a real revolution in the
field of English language teaching, offering personalized, interactive and exciting solutions. IS&T in this area
refers to a wide range of software and hardware based on the principles of artificial intelligence (Al), machine
learning (ML) and natural language processing (NLP), designed to automate, optimize and personalize the
English language learning process. These include: Platforms and applications for learning a language with
adaptive learning. Chatbots and virtual assistants for practicing speaking. Speech recognition systems to
improve pronunciation. Machine translation tools to help with reading and understanding. Text analysis
systems to improve writing. Virtual and augmented reality (VR/AR) for creating immersive learning
environments.

The use of intelligent systems and technologies in English language learning offers many promising
advantages to students and teachers, transforming the traditional learning process and making it more effective,
engaging and accessible. These advantages cover various aspects.

Personalization of learning. Traditional teaching methods are often ineffective due to the lack of an
individual approach. IS&T solves this problem by analyzing the student's strengths and weaknesses, their
learning preferences and the pace of learning. Based on this analysis, a personalized curriculum is created that
adapts during the learning process. For example, if a student has difficulty with a certain grammatical structure,
the system will offer additional exercises and explanations, and if the student quickly learns the material, the
difficulty of the tasks will be automatically increased. Many platforms allow you to choose not only the level,
but also the direction of study: business English, exam preparation or conversational language for travel.

Interactivity and engagement. Memorizing rules and doing monotonous exercises is a path to boredom
and loss of motivation. ISIT offers a dynamic and interactive approach, using gamification, multimedia
materials (video, audio, interactive games) and realistic simulations to maintain student interest and
engagement. For example, you can practice grammar by putting together puzzles or participating in quizzes,
and you can practice spoken English in a virtual cafe, ordering food and communicating with the “waiter”. In
addition, interactive elements allow you to receive immediate feedback, which increases the effectiveness of
learning. Accessibility and convenience. Learn anywhere and anytime. Intelligent systems and technologies
erase boundaries and provide the opportunity to learn English anytime and anywhere where there is access to
the Internet. Mobile applications, online platforms and web services allow students to study at a convenient
pace, adjusting their learning to their schedule. This is especially important for busy people who cannot attend
traditional English language courses. In addition, the ability to study at their own pace reduces stress and
increases motivation.

Objective progress assessment. IS&T provides tools for monitoring progress, allowing students to
track their achievements, identify areas that require additional attention, and see how their skills are improving.
For example, the system can automatically evaluate completed exercises, analyze written work, and provide
detailed reports on results, including graphs and charts demonstrating the dynamics of learning. This motivates
students to continue learning and strive for new heights.

Increased self-confidence. Every success is a step towards fluency. Successful completion of tasks,
receiving positive feedback, and visible progress strengthen the student's confidence in their abilities and
motivate them to continue learning. IS&T creates a supportive environment in which the student is not afraid
to make mistakes and can freely experiment with the language. In addition, the opportunity to practice the
language in a safe virtual environment reduces the fear of public speaking and prepares for real communication.
The benefits of using ISIT go beyond basic training. Virtual complexes, for example, are used for theoretical
and practical study of English in order to improve the user's technical literacy, which is especially relevant in
the modern world of high technology [1].

IS&T are widely used in all aspects of learning English, offering effective solutions for developing
various skills.

Learning grammar: From theory to practice. Instead of mechanically memorizing rules, IS&T uses
interactive exercises, games, and simulations that help to understand and remember grammar constructions in
the context of real communication. For example, a student can build sentences by dragging words in the correct
order, or correct errors in a text, receiving instant feedback. This allows you to learn grammar not formally,
but intuitively, applying it in real situations. An example is an interactive trainer where you need to create a
sentence from suggested words, and the system instantly points out errors in word order or tense use.

Expanding vocabulary. IS&T uses various memorization methods based on associations, repetition, and



context. For example, a student can learn new words using flashcards with images and definitions, watch
videos using these words, or create their own sentences with new words. They can also adapt the level of
vocabulary difficulty to the student’s level of knowledge, offering new words gradually and in a context that
matches their interests. Many apps use a spaced repetition system, where words that the student is forgetting
are repeated more often than those that they remember well.

Listening practice. ISITs offer a wide range of audio and video materials of varying difficulty levels,
from simple dialogues to complex lectures. The student can listen to the materials several times, use subtitles,
slow down or speed up the playback speed. In addition, intelligent systems and technologies can offer listening
comprehension exercises, such as answering questions, filling in the blanks, or choosing the correct answer.
Some platforms offer interactive transcripts, where you can click on a word and get its translation and
pronunciation.

Reading practice. They offer texts of varying difficulty levels and genres, from short stories to scientific
articles. The student can read the texts online or download them to the device for offline reading. In addition,
IS&T can offer tools for translating unfamiliar words and phrases, as well as reading comprehension exercises,
such as answering questions, identifying the main idea, or analyzing the structure of the text. Some applications
offer “adaptive reading,” when the difficulty of the text is automatically adjusted to the reader’s level.

Writing practice. IS&T provide tools for checking grammar and style, and also offer topics for essays,
helping the student improve his or her writing skills. For example, the student can use online editors with
automatic grammar and style checking, as well as receive feedback from other students or teachers. In addition,
they can offer templates and examples of texts of various genres, which help the student master different
writing styles. Some platforms use Al to evaluate essays based on various criteria: grammar, vocabulary,
structure, content.

Speaking practice. I&T offers the opportunity to practice spoken English with chatbots, virtual
assistants, and native speakers, allowing the student to overcome the language barrier and learn to
communicate fluently in English. For example, a student can engage in dialogues with chatbots on various
topics, participate in online discussions, or study with a tutor via video link. Some applications use speech
recognition technologies to assess pronunciation and provide personalized recommendations.

Popular platforms and applications for learning English using 1&T: There are many popular platforms
and applications for learning English using, such as Duolingo, Rosetta Stone, Babbel, and others. In addition,
teachers can use various learning platforms to provide students with additional resources and materials from
the Internet, such as interactive lessons and educational games, creating combined learning programs [2].

Duolingo: A gamified platform offering free lessons based on repetition and adaptive learning. Rosetta
Stone: A commercial platform using an immersive learning approach with an emphasis on developing speaking
skills. Babbel: A paid course platform offering personalized lessons and exercises for different levels and
learning goals. Memrise: A platform that uses mnemonic techniques and repetition algorithms to effectively
memorize new words and phrases. Cake: A free app for learning English through videos that offers subtitles,
a dictionary, and exercises to memorize new words and phrases. ELSA Speak: An app that uses speech
recognition systems to assess pronunciation and provide personalized recommendations. Cambly: A platform
for online classes with native speakers that offers personalized lessons and speaking practice.

Despite numerous advantages, the implementation of IS&T in English language learning faces certain
challenges and limitations:

- the need for access to technology and the Internet;

- the quality and reliability of information;

- Lack of live communication;

- Need for self-discipline and motivation;

- Risk of technology dependence.

As for the future of IS&T in teaching English, as technology develops, the role of intelligent systems
and technologies in learning English will only increase. In the future, we will see:

- More personalized and adaptive learning programs: Al systems will be able to better understand the
needs of the student, adapt the curriculum and provide more personalized feedback. For example, even factors
such as anxiety levels and preferred learning mode (morning or evening) will be taken into account.

- Virtual tutors that can replace live teachers: Virtual tutors will be able to conduct interactive lessons,
answer students’ questions and provide individual support. They will even be able to imitate different accents
and communication styles, adapting to the student’s preferences, integration with neurotechnology that will be
able to track the student’s brain activity and optimize the learning process, helping them to assimilate new
knowledge faster and more effectively. For example, the system will be able to detect when the student is
overtired and automatically recommend a break.



- Greater use of VR/AR to create realistic learning environments: VR/AR technologies will allow the
student to immerse themselves in realistic situations in which they can practice English in various contexts.
For example, you can attend a virtual conference or take part in a virtual theatre performance.

- Automatic assessment of essays and oral responses: Al will be able to assess essays and oral responses,
providing instant and objective feedback. Systems will be able to analyze not only grammar and vocabulary,
but also the logic of argumentation and style of presentation.

Thus, intelligent systems and technologies offer a new, more effective and exciting way to learn English.
They make learning more accessible, personalized and interesting, helping people achieve their goals and
discover a world of new opportunities. However, it is important to remember that IS&T is not a magic wand,
but only a tool that must be used correctly and in combination with other teaching methods. Only in this case
can you achieve maximum results and successfully master the English language. Active use, critical analysis
and integration with traditional methods are the key to successful mastering of English in the digital age.
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Cratps ananusupyet npenmyiiectsa MCuT, ux npaktnyeckoe mpuMeHeHHe U Oy TyIue MepCIeKTHBEI,
BKJIIOYAsl pOJIb YYHUTENeW B HHTETpalMd OSTHUX HWHCTpyMeHTOoB. [loguepkuBaercs, 4YTO TpaBUIbHOE
ucnonb3oBanre MCuT B couetaHnu ¢ TpaJUIMOHHBIMU METOJIaMH 3HAYMTEIBHO TIOBBIIIACT d3PPEKTHBHOCTh
00y4JeHUs aHTIIHICKOMY.
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The article is devoted to the study of the problems of introducing digital technologies in the field of
criminal law relations. The issues of the effectiveness of electronic document management, remote
participation of the parties to the process, information security and protection of personal data of participants
in criminal proceedings are considered. Legal conflicts are analyzed and solutions to the identified difficulties
are proposed.

The relevance of the chosen topic is due to the digital transformation of the global economy, which has
a significant impact on the legal sphere.

Due to the progressive development of information technologies for the transformation of the economy
and society, it is necessary to review the existing criminal legal system with its approaches to protecting key
objects such as individual rights and freedoms, public order and public safety. The increased activity in the
field of cyberspace and the digital transformation of business and government activities emphasize the
importance of considering the issue of changing legal norms in the context of the development of digital
technologies. At the same time, it is worth considering the fact that digital crimes and digital economics,
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although they are new phenomena in the modern world, however, they have no independent significance and
do not fundamentally differ from their predecessors (law and economics).

Today, digital technologies have become an important part of our reality and have a huge impact on our
communication, education, daily routine and work. Previously, we did not even imagine that it was possible
to file a lawsuit via the Internet, take part in a court session using video conferencing or web conferencing
systems, and it seemed impossible.

As a result of digitalization, new sources of information and ways of its transmission have emerged.
This has led to an increase in the amount of information in criminal cases. The digital age has become a
challenge for the investigation, as the number of potential sources of evidence that need to be verified as part
of the investigation has increased significantly. The investigation is currently underway to review the contents
of hard drives, analyze the suspects' Internet activity, and explore social networks.

There was also a need for access to cloud data storage, electronic mail, servers of providers and telecom
operators. Along with the increase in the volume of information and its sources, the burden on the investigation
has also increased.

However, digitalization has affected more than just the investigation. Lawyers also had to learn how to
work with new and sometimes complex technologies. Practice required them to have a deep understanding of
technology: this was the only way to interact with forensic experts, formulate questions for examination, or
challenge the validity of expert opinions.

Digitalization has also had a major impact on the judicial system. The judges were faced with huge
amounts of evidence related to digital technologies: files, electronic correspondence, computer programs,
geolocation data, website pages, backups, electronic bank statements, etc. All this requires analysis, perception,
and judicial evaluation: whether the information was collected legally and how reliable it is.

States have realized that electronic document management has become an essential condition for the
survival of the judicial system in the era of digital evidence and the Internet. The coronavirus epidemic has
only highlighted this: traditional methods of information exchange and procedural communication in court
have become dangerous to public health. Electronic document management has ceased to be an alternative and
has become a necessity.

The modern realities of the information society require closer interaction between technology and law.
Despite the introduction of digital technologies into the criminal procedure legislation, regulatory regulation
in this area, in the fair opinion of scientists, needs to be carefully worked out.

The current issues of computer crime control in our country, its prevention, reduction of criminal
consequences, and its transformation into high-tech crime remain unresolved today both at the legislative and
practical levels.

It should be noted that almost all sectors of the economy and public authorities, law enforcement
agencies rely on digital innovations to carry out their functions, as well as to ensure communications between
legal entities and individuals. Even the most conservative areas of law, such as criminal law, are confirmed by
the process of digitalization. The digitalization of criminal law is, in fact, the introduction of automated systems
for the investigation of crimes, judicial proceedings, the execution of sentences and other criminal law
procedures.

The integration of digital technologies into criminal proceedings is a key aspect that can significantly
improve the efficiency, transparency and accessibility of justice. The introduction of electronic filing of
applications, automation of processes, the use of electronic documents, and virtual court sessions provide
significant opportunities to optimize the criminal process and increase confidence in the justice system [1].

Digitalization of litigation is an effective way to overcome the barriers associated with geographical and
financial constraints for participants. However, it is necessary to take into account some challenges related to
data security and data retention, including personal data. It is very important not to lose sight of the issues of
legal and ethical character in the context of the use of digital technologies.

Technologies that use the processing of biometric personal data for purposes related to public safety are
mainly related to the use of artificial intelligence systems (neural networks) in the processing of video
surveillance materials and are the subject of intense debate not only in Russia, but also around the world.

So, in one of the representative cases, the applicant indicated that during the consideration of the case
of an administrative offense, the records from the CCTV cameras were examined, at a specific time interval.
At the same time, a purposeful approximation of the camera focus (image magnification) by 32 times was
recorded with fixation on the face, which indicates the use of facial recognition technology and contradicts
Part 1 of Article 11 of the Law on Personal Data (the need for written consent). Also, according to the applicant,
such processing of biometric personal data violates the privacy of private life. In this regard, the complaint
was aimed at stopping the processing of biometric PD, without the consent of the applicant, by the system of



the Ministry of Internal Affairs. At the same time, the court considered the actions lawful, referring to security
and the lack of an identification procedure. Practice shows uncertainty in such aspects as the classification of
data as personal, the time of collection and identification during the processing of biometric information by
facial recognition systems [3].

An extremely important point is the creation of regulations and regulations that regulate the use of digital
technologies and strictly adhere to the principles of legality, fairness and protection of the rights of all
participants in the judicial process. It is necessary to ensure the reliability and stability of digital systems in
order to prevent possible failures and delays in litigation. The adequate use of digital tools, the development
of appropriate policies and legislation will contribute to the maximum realization of the potential of
digitalization in criminal proceedings and ensure fairness for all participants in the process.

Successful digitalization requires special training for judges, lawyers, and other participants in the
judicial process. For effective use of digital tools, it is appropriate to provide appropriate support and training
so that all participants can fully master new technologies and feel comfortable using them [2].

It is impossible to accurately predict the future, but it is clear that technology will become an even more
important and integral part of our daily lives. In the world of hyper-connectivity, criminal and legal risks
increase significantly. Humanity is forced to pay for the numerous devices and applications that make our lives
much easier by "digital crime,” which actively uses the achievements of the fourth scientific and technological
revolution. With the advent of new scientific and technological achievements, new knowledge and tools are
emerging for the formation, preservation, processing and transmission of information. Currently, we live in
the era of the digital economy, where assets and currencies exist digitally, cloud and peripheral devices are
becoming increasingly popular, anonymous messengers allow communication without disclosing personal
information, Al and autonomous devices help automate processes and lead to the creation of quantum
computers, and biogenetic medicine it leads to new methods of treatment.

The progress in the field of the "Internet of Things" is impressive. All these achievements deceptively
form an optimistic picture of the common good and universal security. However, one should not forget about
the catastrophic consequences that negligence or unauthorized access to these systems can lead to [4].

Within the framework of criminal law regulation, Al systems can be divided into two categories
depending on their goals: Al designed for illegal activities and Al designed for legitimate activities.

The Criminal Code of the Russian Federation establishes a limited list of crimes related to the use of
digital technologies and requires further expansion and systematization with the inclusion of new types of
crimes and the introduction of additional qualifying features that clarify the objective side of the crime
committed using digital technologies.

Since we are already faced with the creation and use of artificial intelligence that violate human rights
and freedoms, it is necessary to take measures to prevent a further increase in cases of illegal use of Al systems.

It is proposed to include adjustments in the Criminal Code of the Russian Federation:

- Article 273.1 of the Criminal Code of the Russian Federation recommends that the signs "creation,
training, dissemination or use of Al for the purpose of committing one or more crimes" be included.

- Supplement Article 274.1 of the Criminal Code of the Russian Federation with a ban "on the creation,
training, dissemination or use of Al deliberately designed to unlawfully affect the critical information
infrastructure of the Russian Federation.

- Add an addendum to Article 274.2 of the Criminal Code of the Russian Federation "... transport and
other spheres, the activities of which largely depend on intelligent systems."

Thus, digital technologies in criminal law need to be developed in order to make steady progress in this
industry, since the digitalization of criminal law will solve a number of significant problems. Due to the
insufficient effectiveness of the legal mechanism of international cooperation between the law enforcement
agencies of Russia and foreign countries, as well as the uncontrollability of cybercrimes that have spread
beyond the borders of one state, it is necessary to combine the efforts of the Russian Federation and the
international community to combat them. This can be achieved through the ratification of international treaties
and the incorporation of unified norms of international law into national legislation, including criminal
legislation.
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CraTps IOCBSIIEHA UCCIIEIOBAHUIO TIPOOIIEM BHEIPEHUS ITU(PPOBBIX TEXHOJOTHH B cepy YrojIoBHO-
NPaBOBBIX OTHOIIEHMH. PaccmaTtpuBaroTcst BOmpockl 3((GEKTHBHOCTH 3JIEKTPOHHOTO JIOKYMEHTO00OpOTa,
JVCTAaHIIMOHHOTO y4acTUsl CTOPOH Tpoliecca, HHPOPMALMOHHONW 0€30MacHOCTH W 3aIUTHI MEPCOHATBHBIX
JTaHHBIX YYaCTHUKOB YTOJIOBHOTO CYOIIPOHU3BOJICTBA. AHAIN3UPYIOTCS MPABOBBIE KOJUTH3HHU 1 MTPEAIaratoTCs
IIYTH PEIICHHS BBISIBICHHBIX TPYIHOCTEH.
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This article examines the key challenges facing modern society in the legal, economic, and social
spheres. It analyzes global issues such as inequality, corruption, climate change, and the impact of
digitalization. Based on source analysis, the article proposes pathways for solving these problems. It is oriented
towards professional communication within the context of English as a tool for international dialogue.

Modern society is undergoing a stage of profound transformation, driven by technological progress,
globalization, geopolitical conflicts, and environmental challenges. According to the World Economic Forum's
Global Risks Report 2025, the dominant threats are social and economic disparities, climate change, and the
erosion of trust in institutions [3]. These factors generate challenges in the legal, economic, and social spheres,
including digitalization and Al, which exacerbate inequality and require the adaptation of norms.

The relevance of the topic is due to the interconnection of problems, which form a system of challenges
for sustainable development. According to Ipsos "What Worries the World — September 2025," 35% of
respondents are concerned about corruption, 33% about poverty, and 28% about inflation. In Russia, this is
manifested in socio-economic stratification: the poverty rate is 9.8% (Rosstat, 2024), but with regional
disparities (>15% in the Far Eastern and Siberian Federal Districts); corruption scandals at "Rosatom" and
"Gazprom™ (2023-2024) undermine institutions; migration (>5 million from Central Asia in 2024) provokes
tensions in megacities [2]. Sanctions since 2022 have exacerbated dependence on raw materials and reduced
mobility [1].

The purpose of the article is to analyze key problems, their interconnections, and potential solutions.
The objectives are: to characterize legal challenges (corruption, human rights, ecology; reforms of "Gosuslugi"
and the National Anti-Corruption Plan 2021-2024); economic aspects (inequality, inflation, technology; IT
import substitution, youth unemployment of 14% according to the Ministry of Labor, 2024); social problems
(mental health, demography — birth rate of 1.4 in 2024); and to justify an interdisciplinary approach.

The object of study is trends from 2020-2025, the subject is their manifestations with a focus on Russia
(sanctions, multipolarity). Methodology: analysis of literature, data from the WEF, Ipsos, Rosstat, RAS; the
foundation is the works of Aganbegyan, Berezina, Gvozdkova, and the WEF.

Special attention is paid to the role of English as a mediator of dialogue (UN, BRICS, SCO), enhancing
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competitiveness and cooperation in overcoming post-2022 challenges.

Legal Challenges: The legal sphere of modern society faces challenges in adapting norms to
technology, globalization, and geopolitics. According to the WEF Report [3], the erosion of institutions and
corruption are among the top 10 risks, exacerbated by digitalization and social disparities. Globally, this
includes jurisdictional conflicts in cybersecurity and data protection (e.g., the extraterritorial application of the
EU's GDPR, leading to fines of billions of euros for non-European companies); in Russia — integration with
sanctions, Federal Law "On Digital Financial Assets" No. 259-FZ (2020), but gaps in cybercrime (+25% in
2024, Russian Ministry of Internal Affairs), including the lack of comprehensive regulation of decentralized
finance (DeFi) and NFTs, which enhances money laundering risks.

Key Challenges:

1. Corruption: Systemic; Russia ranks 137th in Transparency International (2024, 28/100 points),
despite the National Plan 2021-2024 (Decree No. 478); scandals in the Ministry of Defense (2023, >10 billion
rubles in damage) hinder investments and undermine GDP by 1-2% annually according to RAS estimates [2].
Globally — a priority for 35% according to Ipsos (What Worries the World — September 2025), with economic
losses of up to 5% of global GDP (World Bank, 2024).

2. Human Rights: In Russia — thousands of complaints to the ECHR regarding restrictions on freedom
of speech and assembly (the Law on Foreign Agents, 2022—-2024, expanded to include media and bloggers),
>500 political prisoners (HRW, 2024), which intensifies the brain drain of talent (>100 thousand IT specialists
since 2022). Globally — the balance between anti-terrorism and freedoms (EU GDPR vs. surveillance after the
Paris attacks, 2023; similarly in the US with the Patriot Act, extended in 2024).

3. Environmental Regulation: The Paris Agreement (2015) vs. +2% CO2 emissions in Russia (2024
due to coal dependence), Siberian fires (15 million hectares, 2023); gaps in Federal Law No. 7-FZ "On
Environmental Protection” (lack of strict quotas for methane and plastic, weak control over corporations like
Gazprom); globally — lack of sanctions (IPCC Report, 2024), with risks for trade (the EU's carbon border tax
CBAM, 2023, which hit Russian exports by 5 billion euros in 2024) [3].

4. Digital Threats: "Gosuslugi" (90% coverage, 2025), cyberattacks +40% (Roskomnadzor, 2024,
including DDoS from foreign actors); gaps in Federal Law No. 187-FZ (2017) — weak protection of Al from
bias and deepfakes; a need for an analogue of the EU Al Act (2024) for biometrics and algorithmic
discrimination, where risks include data leaks (as in the Yandex scandal, 2023, affecting 1 million users).

Solutions: Harmonization through the UN and WTO, reforms in Russia (e-justice — 70% of cases, 2024,
introduction of Al ethics into Federal Law on Personal Data No. 152-FZ), education of lawyers with a focus
on international law. English as a communication tool facilitates exchange in the Inter-Parliamentary Union,
WTO, and BRICS, helping to integrate standards (e.g., through English versions of UN conventions). An
interdisciplinary approach (economic analysis of law, integration with ESG standards) will ensure
sustainability, laying the groundwork for economic aspects.

Economic Problems: The economic sphere of modern society is subject to the influence of global risks,
including disparities, inflation, unemployment, and technological transformations, exacerbated by geopolitical
conflicts and climate change. According to the World Economic Forum's Global Risks Report 2025, economic
divisions, government debt crises, and inflationary pressures dominate the top 10 threats, with the potential to
reduce global GDP by 2-3% in case of escalation. Globally, this is manifested in growing inequality (the Gini
coefficient exceeds 0.4 in 70% of countries according to the World Bank, 2024), where pandemic aftermath
and wars have led to the loss of 150 million jobs (ILO, 2024). In the Russian context, economic problems are
integrated with the Western sanction’s regime since 2022: GDP grew by 3.6% in 2024 (Rosstat, 2025), but
dependence on raw material exports (oil and gas account for 40% of the federal budget) increases vulnerability,
and inflation reached 7.5% (Central Bank of Russia, 2024), undermining the population's purchasing power.

Key economic challenges include inequality and poverty, inflation and unemployment, the impact of
technologies and automation, and the consequences of corruption. Inequality and poverty remain systemic:
globally, 33% of respondents see it as a priority problem according to the Ipsos survey (What Worries the
World — September 2025), with 689 million people in extreme poverty (UNDP, 2024). In Russia, the poverty
level decreased to 9.8% in 2024 (Rosstat), however, regional disparities persist — over 15% in the Far Eastern
and Siberian Federal Districts, where per capita incomes are 30% lower than in Moscow; sanctions have
exacerbated the gap, increasing the share of oligarchic capital and reducing social mobility (Aganbegyan,
2020). Corruption intensifies these effects: annual losses from it are estimated at 1-2% of Russia's GDP (RAS,
2024), diverting resources from social programs and investments, as in the case of embezzlement in
government contracts [2].

Inflation and unemployment erode stability: global inflation in 2024 was 5.8% (IMF World Economic
Outlook, 2025), caused by the energy crisis; in Russia — 7.5%, with a peak in food products (+10%), leading



to an increase in the Central Bank's key rate to 16% and a 5% reduction in consumption (Central Bank of
Russia, 2024). Youth unemployment reached 14% (Russian Ministry of Labor, 2024), especially in IT and
manufacturing, where sanctions limited technology imports. Globally similar: in the EU, unemployment is
6.7% (Eurostat, 2024), with a youth rate of 15%, exacerbated by recession in Germany.

The impact of technologies and automation adds challenges: globally, Al could automate 85 million
jobs by 2025 (WEF, 2025), increasing inequality; in Russia, the import substitution program in IT (National
Program "Digital Economy of the Russian Federation™ until 2030) created 500 thousand new jobs in 2024, but
a personnel deficit (brain drain >200 thousand specialists since 2022) and dependence on Chinese components
hinder growth. Automation in industry (e.g., at Rosatom and Gazprom) reduced employment by 10% in the
regions, requiring retraining [1].

Environmental and geopolitical factors exacerbate problems: climate change reduces global GDP by
2.6% annually (IPCC, 2024), in Russia — through droughts in agriculture (grain harvest -5% in 2024); sanctions
reduced exports by 20%, redirecting trade to Asia (BRICS — 50% of foreign trade in 2024).

Solutions lie in reforms: economic diversification (investments in green technologies under "National
Projects" until 2030), social guarantees (increase in the minimum wage to 19,242 rubles in 2024), and
international cooperation. The English language as a tool of professional communication is critical: in WTO,
IMF, or BRICS forums, it facilitates negotiations on trade agreements and investments, helping Russia attract
capital from Asia (e.g., through English contracts in the SCO). An interdisciplinary approach, including
integration with legal norms (antimonopoly regulation by the FAS), will overcome challenges, ensuring
sustainable growth.

In this way, economic problems require systemic measures to balance growth and equality, relying on
global dialogue in English for professionals. This lays the foundation for the analysis of social aspects.

Social Problems: The social sphere of modern society faces challenges caused by demographic shifts,
mental health, inequality, and migration, exacerbated by pandemics, conflicts, and digitalization. According
to the World Economic Forum's Global Risks Report 2025, social divisions, including the erosion of social
cohesion and the mental health crisis, are among the top 10 threats, potentially reducing global productivity
by 10-15% (WHO, 2024). Globally, this is manifested in the growth of loneliness (60% of youth according to
Gallup, 2024) and violence (150 million cases of domestic violence annually, UN Women, 2024). In the
Russian context, social problems are integrated with economic sanctions and the demographic crisis: the
fertility rate fell to 1.4 in 2024 (Rosstat, 2025), and a 20% increase in mental disorders after COVID-19 and
the events of 2022 increases the load on the healthcare system [3].

Key social challenges include mental health, demographic problems, social inequality, and migration.
Mental health has become a global epidemic: 1 billion people suffer from disorders (WHO, 2024), with a 25%
post-pandemic increase in depression; in Russia, 5 million visits were registered in 2024 (+15% compared to
2023), especially among young people (suicides increased by 10% in the regions, RAS, 2024), due to stress
from inflation and mobilization [2]. Globally similar: in the US, the opioid crisis claimed 100 thousand lives
(CDC, 2024).

Demographic shifts threaten sustainability: global population aging (16% over 65 by 2030, UN, 2024)
increases the burden on pensions; in Russia, the natural population decline is 500 thousand in 2024, migratory
inflow (+5 million from Central Asia) compensates, but provokes tensions (xenophobia in Moscow/St.
Petersburg, a 5% increase in crime, Russian Ministry of Internal Affairs, 2024). Social inequality intensifies
conflicts: globally, the income gap led to protests in 50 countries; in Russia, the Gini index is 0.37 (Rosstat,
2024), with stratification across regions (average salary in Yamalo-Nenets Autonomous Okrug 100 thousand
rubles vs. 30 thousand in lvanovo Oblast), exacerbated by corruption and sanctions [1].

Migration and violence add challenges: globally, 281 million migrants (IOM, 2024), causing social
conflicts; in Russia, the integration of migrants is hampered by discrimination, growth of extremism (attacks
+20% in 2024).

Solutions lie in social programs: strengthening healthcare (National Project "Healthcare” until 2030,
budget 1 trillion rubles), demographic incentives (maternity capital expanded in 2024), inclusion of migrants.
The English language as a tool of professional communication is critical: in UN, WHO, or BRICS forums, it
facilitates the exchange of practices on mental health and migration, helping Russia integrate global standards
(e.g., through English-language UNHCR programs). An interdisciplinary approach, including integration with
economic reforms (social investments), will overcome challenges, ensuring social cohesion.

In this way, social problems require comprehensive measures to balance equality and well-being, relying
on global dialogue in English for professionals. This leads to a general synthesis in the conclusion.

In conclusion, the analysis of legal, economic, and social problems at the current stage of societal
development reveals their deep interconnection, forming complex challenges for sustainable progress. Legal



aspects, including corruption, human rights violations, and gaps in environmental and digital regulation, erode
institutions and hinder reforms, as shown by examples from Russia (Transparency International index 2024)
and global trends (EU GDPR vs. EU Al Act). Economic challenges — inequality (Gini >0.4 globally), inflation
(7.5% in Russia, 2024), and automation (loss of 85 million jobs according to WEF, 2025) — are exacerbated
by sanctions and corruption, reducing GDP by 1-2% annually (RAS, 2024). Social problems, such as the
mental health crisis (20% increase in disorders in Russia post-COVID), demographic decline (fertility rate
1.4), and migration tensions (+5 million migrants), intensify divisions, reducing productivity by 10-15%
(WHO, 2024).

These spheres are interconnected: corruption fuels economic inequality, which provokes social conflicts,
and legal gaps hinder solutions. Global risks according to the WEF and Ipsos emphasize the necessity of an
interdisciplinary approach, integrating reforms in Russia (National Projects until 2030, "Digital Economy of
the Russian Federation™) with international cooperation through the UN, BRICS, and WTO.

Stand out from the crowd: harmonization of norms (strengthening anti-corruption plans and ESG
standards); investments in education and retraining (to combat unemployment from Al); social programs
(expansion of maternity capital and mental healthcare). A key role is played by the English language as a tool
of professional communication: it facilitates global dialogue in SCO and IMF forums, allowing for the
exchange of sustainable development practices, attracting investments, and integrating standards, thereby
enhancing the competitiveness of specialists in a multipolar world.

Future research should focus on digitalization as a catalyst for solutions, considering Russia's post-
sanction adaptation. A comprehensive approach will ensure a transition to an inclusive society, minimizing
risks and promoting harmonious development.
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B cratbe paccMmarpuBalOTCS KIIIOYEBBIE TPOOJIEMBI COBPEMEHHOro o0OIIecTBa B IPaBOBOW,
SKOHOMHMYECKOH M COLMAIBbHOU cdepax. AHAIM3UPYIOTCS III00aNbHBIE BBI30OBBI, TaKME KaK HEPaBEHCTBO,
KOpPYIIHSA, KIUMAaTHYEeCKUE W3MEHEHUS W BIHMsSHUE IUQpoBH3annd. Ha ocHOBe aHamm3a HCTOYHUKOB
Mpe/UlaraloTcsl MyTH pemieHus 3Tux npodinem. CTaThs OpHEHTHpPOBaHA Ha MPO(ECCHOHATBHYIO
KOMMYHHKAIIHIO B KOHTEKCTE aHTJIMHCKOTO A3bIKAa KaK HHCTPYMEHTA MEKTyHAPOIHOTO JUAJIOra.
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The article discusses modern crew fatigue monitoring systems and their role in reducing the influence
of the human factor on flight safety. The causes and consequences of pilot fatigue are analyzed. Both subjective
and objective methods for assessing fatigue are considered. The paper emphasizes the importance of
introducing such systems to prevent errors associated with fatigue.

The human factor is one of the key causes of aviation incidents. Among its many aspects, crew fatigue
occupies a central place, as it reduces cognitive abilities, slows reaction times, impairs attention, and increases
the likelihood of errors in the process of controlling an aircraft. In the modern context of high air traffic
intensity, the problem of fatigue is becoming particularly relevant. To minimize risks, various fatigue
monitoring systems have been developed to assess pilots' condition in real-time and take preventive measures.

The purpose of this article is to review existing crew fatigue monitoring technologies and analyze their
role in reducing the impact of the human factor on flight safety.

In recent years, special attention has been paid to the problem of pilot fatigue, which is one of the main
causes of aviation accidents related to the human factor [1]. A recent review of major aviation disasters showed
that 48% of aviation catastrophes were caused by pilot errors, and approximately 17% of these errors were
related to their fatigue [2]. This confirms the need to study the role of humans in ensuring flight safety.
Understanding and preventing pilot error remains a major challenge in aviation safety. The development of
civil aviation is impossible without the introduction of new technologies that enhance the safety, efficiency,
and comfort of flights. At the same time, it is important to consider that even the most advanced technical
systems do not exclude human participation, and it is the "human-machine™ interaction that largely determines
the reliability of the aviation process.

Fatigue reduces attention, impairs cognitive abilities, and slows reaction times [3], which can lead to
critical errors during flight operations. The influence of the number of takeoffs and landings on pilot
performance is a concerning factor. Pilots performing multiple takeoffs and landings fatigued faster than those
performing single takeoffs and landings, even though the flight duration was the same in both cases [4].

Pilot fatigue can arise for various reasons. Long work shifts, night flights, and sleep disorders are the
most obvious. However, high workload during critical phases of flight and the need to perform multiple tasks
simultaneously are no less significant.

The consequences of fatigue manifest as reduced concentration, slower reaction times, and impaired
decision-making ability. Even minor errors can have serious consequences in aviation. According to the
International Civil Aviation Organization (ICAQO), fatigue is a factor in approximately every third aviation
accident where the human factor is at fault [5].

Fatigue in the context of aviation activity is defined as a state of the body that reduces the ability to
perform duties effectively and safely. It is divided into two main types: physical and mental. Physical fatigue
is associated with excessive strain on muscles and the physical condition of the body, while mental fatigue
arises from intense concentration, decision-making, and information processing.

To systematically address this challenge, the aviation industry employs a variety of models and
frameworks for fatigue management. These approaches range from regulatory measures to advanced
physiological monitoring. The table below systematizes the main models and approaches to fatigue
management in aviation.

Despite the existence of clear standards and recommendations, there are problems associated with their
compliance. Firstly, difficulties in monitoring the actual condition of pilots, especially under extreme operating
conditions, can lead to insufficient effectiveness of standard application. Secondly, in some cases, lack of time
for adequate rest and high workloads remain significant challenges for airlines and pilots.

The main challenge in monitoring duty times is the lack of reliable methods to assess pilots' actual
fatigue levels. Current systems record formal parameters but do not measure key physiological data:
accumulated stress, sleep quality, and cognitive load.

The problem intensifies during non-standard situations. In cases of technical failures or severe weather
conditions, the mental strain on the crew reaches critical levels. Under such circumstances, formal adherence
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to duty time regulations does not guarantee the maintenance of necessary concentration and decision-making

speed.

In practice, flight schedules often fail to provide sufficient recovery time. The commercial interests of
airlines require maximum crew utilization, leading to highly dense rosters. Actual rest time is reduced due to:

e Frequent flight delays

¢ Long-haul transcontinental flights
¢ Performance of additional duties
Accumulated crew fatigue becomes chronic and directly impacts flight safety.

Table 1. Existing Models and Approaches to Fatigue Management in Aviation

Model/Approach

Description

Key Features

Fatigue Risk Management
System (FRMS)

A fatigue risk management
system based on the analysis of
work time data and other factors.

Individualized approach, consideration of
biological cycles, monitoring of pilot
condition, adaptation of work schedules.

Work and Rest Regulations

Regulation of work time and rest
periods to minimize fatigue.

Established minimum breaks, limitations
on shift duration, management of flight
hours.

Circadian Model

Accounting for the body's
biological cycles and their
influence on pilot performance
depending on the time of day.

Integration with sleep and rest patterns,
use of data on the body's internal clock
for scheduling shifts.

Physiological State
Monitoring

Use of biometric sensors to
monitor fatigue and pilot health
status.

Use of sensors (e.g., heart rate and
activity monitors) for real-time fatigue
assessment.

Cognitive Fatigue Modeling

Models based on
psychophysiological research that
predict fatigue levels depending
on workload and stress.

Assessment of pilot cognitive functions,
analysis of behavior and decision-making
under fatigue conditions.

Psychological Training and
Support

Programs aimed at improving
pilot stress resistance and
reducing psycho-emotional
fatigue.

Psychological preparation, stress
resistance training, work with the pilot's
mental state.

Recommended Break System

Implementation of automated
systems to control work and rest
time, using data on the pilot's
condition.

Dynamic determination of optimal break
times, use of pilot state sensors for timely
recommendations.

Effective fatigue management in aviation requires the implementation of modern methods and
technologies that allow for more accurate and timely monitoring of the crew's physical and psycho-emotional

state.

Modern technologies offer various methods for monitoring fatigue, allowing for the timely detection of

its signs and risk reduction:

1. Use of biometric sensors.
2. Use of wearable devices.
3. Monitoring through cognitive tests.

Let's consider them in a bit more detail.

Use of Biometric Sensors. The application of technologies such as electrocardiographic (ECG) sensors,
stress level measurement sensors, as well as tracking body temperature and activity, allows for real-time
monitoring of the pilot's physical and psychological state. Based on this data, the likelihood of fatigue can be
predicted, and measures can be taken.

Use of Wearable Devices. Smartwatches and other wearable devices can monitor pilot health
parameters such as heart rate, blood oxygen levels, sleep quality, and physical activity. These devices can be
linked to the flight safety management system and used for automatic fatigue warnings.




Monitoring through Cognitive Tests. The use of short cognitive tests (e.g., attention or reaction tests)
before and after a shift helps determine the level of fatigue and the pilot's readiness to perform their duties.
These tests can be integrated into work processes and used for dynamic monitoring of the crew's condition.

It is also important to note that there are different approaches to assessing pilot fatigue, which can be
divided into subjective and objective.

Subjective Methods: Pilots assess their own condition using questionnaires and fatigue scales, such as
the Karolinska Sleepiness Scale or the Samn—Perelli Scale. These methods are simple to use but have an
obvious drawback—they depend on the pilot's honesty and self-perception, which does not always reflect the
actual state.

Objective Methods. Objective approaches include physiological indicators: heart rate, heart rate
variability, electroencephalogram (EEG), as well as eye-tracking. There are also systems based on artificial
intelligence that analyze pilot behavior, their response to tasks, and predict fatigue levels.

When choosing an approach, priority should be given to objective methods, as they can fully reflect the
picture of the pilot's condition.

The research found that the implementation of fatigue monitoring systems faces a number of difficulties.

Firstly, there is the high cost of equipment and the need for its integration into existing aviation systems.
Secondly, certification and standardization are required to ensure the technologies are reliable and safe.
Furthermore, pilots and airlines need training and adaptation to new control methods. Sufficient time must be
allocated for the implementation of new programs, most of which will be spent testing the new system.

Development prospects include the use of neural network models for more accurate fatigue prediction,
integration with artificial intelligence systems for decision support, and the creation of unified international
standards for fatigue monitoring in aviation.

In conclusion, crew fatigue monitoring systems are an important tool for improving flight safety. They
help identify and prevent errors related to fatigue and provide more reliable management of the human factor.
Modern technologies open up new opportunities for aviation. However, for their effective application, it is
necessary to unify standards, train personnel, and integrate the systems into corporate safety management
programs.
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This article is devoted to the technical mastery of UAV creation. The relevance and uniqueness of this
article is in the fact that anyone reading it can understand aircraft modeling independently. It's also suitable for
lessons in aircraft modeling classes, which is a rarity, as most books on aircraft modeling fail to address this
possibility. The authors emphasize that the UAVSs they create are intended solely for peaceful purposes, such
as pilot training.

The objective of the article is to develop the field of technical creativity — aircraft modeling — by
introducing the author's methodology for building unmanned aerial vehicles.

Methodology: a theoretically oriented analysis with indirect dialogue with the reader.

Aviation is one of the most successfully developing branches of technology. In just over 100 years, this
industry has developed so much that now absolutely everyone has at least a rough idea of aircraft. In order to
study aviation technology in more detail, scientific literature is indispensable, but it is difficult to master. In
fact, the most effective method of studying aviation is practice supported by theory. This article will discuss
the practice of creating unmanned aerial vehicles.

The basis of any aircraft is the wing, fuselage as well as the tail unit and engine (power plant). Naturally,
the wing, as the most important element of the aircraft, allows the aircraft to keep itself in the air. The power
plant gives the glider speed and thrust. The tail unit provides horizontal and vertical stability. The fuselage
holds all these elements together. This is the most basic knowledge that you must always remember when
talking about aviation.

First of all, the creation of a model begins with the development of a drawing. The basis is either real
drawings, which must subsequently be reduced to the required scale of the model, or ready-made templates of
parts distributed on the Internet. The next step is to transfer the templates to the material. To create an airplane
model, sheet foam plastic (substrate for laminate) is most often used, from which the entire skin and frame are
created, wood and polymer glue, such as "Titan" are also used. Through experience, it was found out that this
arrangement: foam plastic —wood — glue is the most advantageous. Such a gradient of materials best meets the
requirements of lightness — strength. The adhesive seam that holds the components is a polymer, and
accordingly, in a dry state, it is in the form of a kind of flexible durable plastic, which increases the strength
of the structure. Foam plastic on an airplane model acts as a filler, covering and binding material, and also
serves as a waterproofing agent for the internal systems of the model. Wood, in turn, is the best base for
creating the main frame of the model due to its ability to resist transverse and longitudinal loads. Scotch tape,
as an addition, serves to give additional strength and wear resistance to the model, as well as its coloring.

The next step is to cut out the parts applied to the material. To do this, you need a stationery knife with
a blade width of 9 mm, as well as a special model knife. After cutting out the part, you need to sand it with
sandpaper. After these preparation procedures, the model can begin to be assembled.

An aircraft model is a complex structure consisting of many parts. The wing is the most important and
difficult to manufacture. The wing is the supporting element of the aircraft. Its assembly takes half of the entire
time of creating a model, and this is not without reason, because the wing consists of several components:
spars, stringers, ribs and skin. The skin is an element that holds all the elements of the wing together. On an
aircraft model, it is mainly made of sheet foam.

Spars and stringers are longitudinal elements of an aircraft model made mainly of hardwood — pine,
spruce, etc. Most of them are rectangular beams.

Ribs are transverse elements of the wing that give the wing a streamlined shape. The shape of the ribs
determines a lot: the nature of the model's flight, the layout and appearance of the model.

Before creating a new model research is first conducted to select the wing's cross-section. Initially,
information on wing profile shapes is gathered from numerous foreign and domestic sources [2]. To make
things clearer, the following example will be given.

Let us assume that we need to create a non-sport training model with an engine, a high-wing position
(high-wing), good lift and low speed for launching from the ground. A wing profile specifically for our case
will be selected:



Wing profile shapes

1. Wing profile Nel is symmetrical and convex. This shape is perfect for aerobatic models. It
creates a small drag, but is inferior in lift, and also does not allow the plane to fly slowly. This shape does not
suit.

2. Profile Ne2 is convex-concave. This type of profile is applicable for gliders. The profile creates
a large lift due to its curvature. However, at the same time, due to the strong curvature, a powerful drag is
created. This profile is not suitable, since too much energy will be spent for the engine to overcome this excess
drag.

3. Profile Ne3 is asymmetrical and convex. This shape is used on seaplanes, since the profile is
capable of producing good lift during initial acceleration. The profile is not quite suitable for our purposes.
4, Profile Ne4 is a classic flat-convex. This profile is optimal for most models, since the ratio of

lift to drag is intermediate. The profile can be installed both on slow sports aircraft and on non-sport training
aircraft. The profile type can withstand critical angles of attack and low speed. We are completely satisfied
with this profile. Most of models have this profile.

The profile has been found, but the remaining profiles should be researched.

5. Profile Ne5 is S-shaped. This profile is applicable only to a narrow segment of models, mainly
gliders, due to the peculiarities of flight characteristics.

6. Profile Ne6 is symmetrically convex. This narrow type of profile is used on fast aerobatic
models, since it creates a minimum of drag and provides sufficient lift at high speeds.

7. Profile Ne7 is asymmetrically convex. Its difference from profile No. 3 is that it is narrower
and also quite pointed at the ends. This configuration is ideal for aerobatic models with very high flight speeds.

8. Profile Ne8 is diamond-shaped. This type of profile is rarely used in aircraft modeling, but is
found in real military aircraft.

0. Profile Ne9 is wedge-shaped. This type of profile is rarely used in models, but is still used in

military aviation.

The following conclusion can be made: having researched and analyzed these main types of profiles,
we managed to find the right one.

Having completed the research and found a suitable profile, having assembled the wing, we can proceed
to creating the fuselage and tail unit.

Depending on the type of model chosen, the fuselage (aircraft body) can be divided into three types:
high-wing (high-wing), mid-wing (center-wing, mid-wing), and low-wing (low-wing) [1].

When choosing a fuselage, the first consideration is the intended purpose of the model. If a training
aircraft is needed, a high-wing fuselage will be preferred. If a fast model is needed, most often a semi-replica
of a World War II aircraft, a low-wing fuselage is suitable. And if the model is intended for aerobatic
performance, a mid-wing fuselage is needed.

After assembling all the components of the aircraft, we can move on to the stage of laying out the
electronics.

The foundation of a radio-controlled aircraft is the radio equipment. The radio kit consists of a
transmitter (remote control) and a receiver. A Fly-Sky 16 transmitter with a Fly-Sky 16/16B receiver is
recommended as a first radio set. This equipment is perfect for beginners. The next electronic component is
the motor. Modern models use brushless motors. A speed controller is also required for the motor. Control
surfaces are controlled by servos. All of this is powered by a lithium-polymer battery.

Engine selection is based on the model's weight. When searching for the right engine, the model's weight
and type are taken into account. If a slow, quiet trainer aircraft is needed, an engine capable of towing 1.3
times the model's weight is selected. The engine should support the model's own weight plus 30% of the



aircraft's weight as a reserve. If a sport aircraft is needed, an engine capable of towing twice the model's weight
is selected.

The electronics on the model must be installed in strictly appropriate positions. Particular attention
should be paid to the battery, since this is the heaviest element. This is important because it is necessary to
take into account the center of gravity of the model.

The center of gravity of the model is the point of the model where the longitudinal balance of all its parts
is achieved. In most cases, this point is located at a distance of 30 — 40% from the leading edge of the wing.
Finding the center of gravity is a rather difficult and important operation that should be carried out only when
the model is completely ready.

After the installation of the electronics and the assemblage of the foam body, the model can be covered
with tape. This will decorate the model and make it stronger. It is necessary to glue using a small iron. Running
the iron over the tape softens the adhesive layer on the tape, which promotes better adhesion of the tape to the
material.

The next step is to configure the model. The serviceability of all electronics is preliminarily checked on
the flight site: the control surfaces, engine, battery are checked. Only after this the model can be launched into
the air. The first takeoff should be carried out exclusively in calm, windless weather (when it is a perfect calm).
This will minimize the risk of emergency situations.

In conclusion we would like to share the results of a mini-research we conducted. This research concerns
the selection of the first model for assembly.

Having analyzed various ready-made drawings and everything described above, high-wing aircrafts as
a first model can be recommended. These include the Cessna, Piper J3, and Yak-12 airplanes. The invention
of rather unusual-looking flying wings can also be recommended. Flying wings require a minimum of
components for assembly.

Results: to develop a fundamental understanding of aircraft modeling in readers, a structured
description, and the integration of the author's methodology for studying and building unmanned aerial
vehicles into the currently available information on technical creativity — aircraft modeling.

This article will be useful for those people who want to get into aviation and aircraft modeling but don't
know where to start. The world of aviation is both fascinating and challenging, so it's important to take your
first steps carefully, using this and other articles on similar topics.
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This article is devoted to the development of electric aircraft engines and more advanced and energy
efficient batteries for aviation and transport in general. This field is poorly developed and has enormous
potential for improvement. This article also considers the use of electric batteries, alternative to lithium-ion
batteries and their analogues as the cheapest in terms of composition and production technology.

In recent years, aircraft electrification has become an increasingly relevant topic related to sustainable
development and reducing the carbon footprint. The transition from traditional fossil fuel-powered aircraft
engines to electric systems opens up new horizons in the efficient use of energy. In addition to the
environmental friendliness and energy efficiency of new types of batteries, it should be noted that the extraction
of the necessary raw materials and production is affordable for many countries which does not allow
establishing a monopoly in the energy sector.

Aircraft electrification is designed to solve a number of problems, including high carbon dioxide
emissions and noise pollution. According to the International Air Transport Association (IATA), aviation
accounts for about 2-3% of global carbon dioxide emissions [3]. Transitioning to electrical systems can
significantly reduce this figure providing greater efficiency and reducing operating costs. An electric motor
with a capacity of 1 MW was developed at the Massachusetts Institute of Technology, which brings aviation
closer to the transition to hybrid engines, because further developments of engines with a capacity of several
MW will follow, and there will be a real breakthrough in aviation, just as it once did in the automotive industry
[1]. It is possible that the aircraft will be fully electrified, if this does not lose its feasibility and impact on the
environment and economy.

Sodium batteries are a promising alternative to lithium batteries due to the lower cost and high
availability of sodium. Research shows that sodium-ion batteries have the potential to achieve energy densities
comparable to lithium batteries, while being cheaper and less toxic. Compared to lithium batteries, sodium
batteries have better heat resistance and lower risk of fire, which is especially important for aviation.

Another interesting field is the use of carbon fibers as the basis for creating lightweight and highly
efficient batteries. Carbon fibers are characterized by high strength and low weight, which makes them ideal
for aviation applications where both weight and stability are important.

A recent study published in the journal “Nature of materials” demonstrates that carbon fibers can be
used as electrodes for supercapacitors, providing high charging and discharging speeds, making them suitable
for aviation applications [2]. Carbon fiber-based supercapacitors can provide instant power generation which
is crucial for takeoff and maneuvering.

Lithium-sulfur batteries have a high specific energy: theoretically, lithium-ion batteries can reach a
specific energy of up to 500-600 Wh/kg, which is 3-5 times more than modern lithium-ion batteries. This is
critically important for aviation where every kilogram is important. At the same time, such batteries will cost
much less than lithium-ion batteries, since sulfur is a common element and a cheap resource. However, the
service life of such a battery is short due to the decrease in the amount of sulfur in the batteries during use, so
scientists are developing composites to hold sulfur on the battery electrodes.

In conclusion, the electrification of aviation represents an important step towards a sustainable future,
and new types of electric batteries, such as sodium and carbon batteries, play a key role in this process. Despite
the existing challenges, research in this area continues to evolve, and significant achievements can be expected
in the coming years. Some practical developments in the scientific field and prototypes of electrified private
aircraft already exist.
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JlaHHas cTaThs MOCBSIIECHA U3YYCHUIO pa3pabOTKU SNIEKTPUUECKUX JIBUTATENEH 1 OoJiee COBEPIICHHBIX
1 9Heprod3(pPeKTUBHBIX aKKyMYIISTOPOB JIJIsl aBHAIIMH U TPAHCTIOPTA B esioM. JlaHHas o6macTh cirabo pa3BuTa
M MMEET OrPOMHBIN IMOTCHIMAN JJisi COBEPIICHCTBOBAaHWSA. B 1MaHHOW cTaThe TakkKe paccMaTpUBACTCS
MPUMEHEHUE 3JIeKTpoOaTapel, aJbTePHATHBHBIX JIMTUH-UOHHBIM OaTapesM M WX aHaJloraM, KOTOPBIC
HaunboJiee JeneBble M0 COCTABY M TEXHOJIOTHU IPOU3BOJICTRA.
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The article investigates explainable Al (XAI) methods for interpreting machine learning models, with a
focus on SHAP and LIME to enhance the transparency of "black boxes". Their role in scientific and societal
innovations is emphasized, particularly in healthcare under the EU 2025 regulations, with examples of feature
importance tables and SHAP plots for analyzing predictions on the UCI Heart Disease dataset.

Machine learning (ML) is akin to a computer learning from examples to make decisions or predictions
without being explicitly programmed for every scenario. Imagine teaching a child to recognize fruits: you
show them numerous apples and pears, explaining differences in shape, color, and taste. Over time, the child
can independently identify an apple or pear, even a new variety. ML operates similarly: the computer examines
vast datasets (examples), detects patterns, and applies them to novel data.

For instance, in daily life, ML powers movie recommendations on Netflix: the system reviews your past
views and suggests similar ones. In healthcare, ML analyzes patient data (age, blood pressure, blood tests) to
predict heart disease risk. Without ML, doctors would manually sift through thousands of cases; with it, the
computer handles this swiftly and accurately.

ML is categorized into types. A basic one is "supervised learning": the computer receives labeled data
with correct answers (e.g., photos tagged "cat" or "dog") and trains on them. Another is "unsupervised
learning": the computer autonomously identifies clusters in data without guidance (e.g., grouping shoppers by
habits). There's also "reinforcement learning™: like a game where the computer tests actions and earns
"rewards" for success (e.g., a robot learning to walk by falling and rising).

ML advantages: it processes massive data volumes faster than humans, uncovers hidden correlations
(e.g., smoking + high cholesterol = elevated heart attack risk), and aids complex tasks like cancer detection on
X-rays. Drawbacks exist: ML demands high-quality data (poor data yields erroneous predictions), and models
can be overly intricate, obscuring decision rationale. This fosters trust issues: a physician won't adopt a system
without knowing why it flagged "disease."

Overall, ML is a tool simplifying life, yet it warrants caution against blind reliance [1].

Now, to the core — making ML interpretable. Explainable Al (XAl) methods, like SHAP and LIME,
assist here. They enable "peering inside” models to grasp decision-making.[1].

First, SHAP (SHapley Additive exPlanations). It's like prize allocation in a team: each player gets a
portion based on victory contribution. In ML, SHAP quantifies each "feature's” (factor, e.g., age or pressure)
impact on predictions. The SHAP formula, rooted in game theory, appears as follows:

ISILAN] = IS] = D! .
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where ¢; — value for feature i (contribution of feature i),
S — subsets of features without i (groups of features without i), N — all features,
v(S) — predicting a model for a coalition S.

SHAP averages the difference to show how a feature alters the outcome.[2]

What does SHAP output?

» Feature importance tables: indicates the most influential factors (e.g., "age" contributes 20%).

* Plots: bar charts (importance columns), beeswarm (swarm of points, with color denoting if the factor
raises or lowers the prediction), waterfall (step-like cascade showing contributions for a single instance) [4].

SHAP aids ML by rendering "black boxes" transparent: physicians discern why the model flagged
"disease risk" and can trust it. It also mitigates bias—if the model over-relies on age, this is evident and
correctable [5].




LIME (Local Interpretable Model-agnostic Explanations) is another approach. It locally simplifies
complex models for individual instances, generating a basic "surrogate™ model (e.g., a linear equation) around
a specific case. The LIME formula:

g = argminL(f, g,my) + Q(g)
geaG

where g — surrogate model (simplified model),
L — loss of approximation (how close it is to the original f),
T, — ameasure of proximity to example x,

Q(g) — complexity. [2]

What does LIME output?

« Contribution tables: for a single patient, it displays which features influenced the outcome (locally and
globally).

* Plots: bar charts of contributions for an instance [4].

LIME aids when explaining a single decision: "Why 'disease’ for this patient?" It is fast and model-
agnostic.

Together, SHAP and LIME render ML ethical: they facilitate compliance with laws (like the EU Al Act
2025, mandating explainability for Al in medicine) and boost societal trust [5].

Let’s consider examples using feature importance tables and SHAP plots for prediction analysis on the
UCI Heart Disease Dataset.

These methods were applied to a random forest model on the UCI Heart Disease dataset to predict
cardiovascular disease risks.

The UCI Heart Disease dataset comprises real patient data: age, sex, chest pain type, blood pressure,
etc. The objective is to forecast heart disease risk. The model achieves accuracy ~84%, F1-score ~0.81.

Table 1. List of UCI Heart Disease Dataset Features (Simplified) and Feature Importance (Displays Top
Features by SHAP When Using Random Forest Models) [3].

Ne | Feature Description The SHAP metric
1 |age Patient’s age 0.0375
2 | sex Patient’s gender (1 = male; 0 = female) 0.028
cp 1 0.01
3 |cp2 Type of chest pain (0-3) 0.035
cp_3 0.0075
4 | trestbps | Blood pressure at rest (mmHg) 0.017
5 | chol Cholesterol (mg/dl) 0.0315
6 | fbs Fasting blood sugar >120 mg/dl (1 = yes; 0 = no) 0.004
7 | restecg | ECG results at rest 0.012
8 | thalach | Maximum heart rate 0.05
9 | exang Exercise-induced angina (1 = yes; 0 = no) 0.052
10 | oldpeak | ST depression induced by exercise 0.066
11 ::gEE:; Slope of peak ST segment (0-2) 88;2
12 | ca Number of major occluded vessels (“coronary” arteries 0.15
thal 1 0.002
13 | thal_2 Thallium test (1-3) 0.082
thal 3 0.072

This table illustrates which factors the model deems critical, for instance, "ca" being the most significant.
Different types of chest pain variably impact heart disease risk—cp_1 and cp_3 have minor effects, while cp_2
indicates elevated risk. "Thalach™ — high heart rate under stress increases disease prediction.



SHAP Global Feature Importance (Class: Heart Disease)
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Bar plot (feature importance bar chart): Visualizes Table 1. Bars range from high (ca ~0.15) to low
(thal_1 ~0.002). This highlights that chest pain and heart rate primarily affect the risk of heart disease, while
age and cholesterol levels have a lesser effect on heart attack [3].
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Beeswarm plot (swarm): Displays SHAP value distribution across all features. X-axis: SHAP value (-
0.2 to +0.2). Points represent patients: red (high feature) on right (raise risk), blue (low) on left (lower). For
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thal_2: red points rightward — high thallium levels push toward risk. For thalach: high values (red) elevate
prediction, low (blue) reduce, confirming nonlinearity (risk not always linearly rises) [3].
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“Force” plot: This visualization shows how individual features affect the model's prediction for a specific
patient, starting from the base value (dataset average) and depicting forces shifting the outcome toward higher
or lower heart disease risk. Arrows indicate influence direction: left-to-right from low to high risk (marked

"higher" and "lower" with blue and red colors, respectively) [4].
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For LIME: Local explanation for the same patient. Contribution table shows aligned prediction (local -
0.92 ~ "elevated risk"). LIME plot — waterfall-style bar chart for features: orange bars denote heart disease
probability, blue — absence. Despite normal maximum heart rate (thalach) for this patient, thallium tests
(thal_2, thal 3) and most other metrics, like exercise-induced ST depression (degree of ST segment drop on
ECG post-exercise, shown as oldpeak). Heart disease probability also 0.92.
SHAP vs LIME: direct comparison [2].

Criteria SHAP LIME

Type Model-dependent Model-agnostic
Scope Global and local Local

Output Additive, consistent Surrogate, intuitive
Reliability High Medium

Visual richness Excellent (force plots, beeswarm) Good (bar charts)
Speed Slower (more computiations) Faster

Thus, SHAP outperforms LIME for global analysis (beeswarm reveals feature impacts like age), LIME
—for local (waterfall). Both enhance trust in medical models, making them transparent and ethical. Limitations:
small dataset, yet XAl renders ML ethical.

In a world where artificial intelligence shapes life-or-death decisions, we must consider more than
accuracy. It is insufficient to know what the model predicts; we must ask why.
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B cratse uccnenyrorcst meronbl oobacaumoro N (XAl) mis wHTEppeTanuyu MoieiIe MalImHHOTO
oOydenusi, ¢ akueHtoM Ha SHAP u LIME jans moBbIIEHUS MPO3PavyHOCTH «UEPHBIX SIIUKOBY.
[NoguepkuBaeTcss X pojib B MHHOBALMAX HAYKH M OOIIECTBAa, OCOOEHHO B 3/PaBOOXPAHEHUH B paMKax
perymamuii EC 2025, ¢ npumepamu TaOIUI] BaXKHOCTH Tpu3HakoB W rpaduxoB SHAP mis anammza
npeckasannii Ha qaracere UCI Heart Disease.
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Abstract: the article examines energy efficient storage systems and modern lithiumion technologies, th
eirscientificachievements, and prototypes. It analyzes global market trends, promising innovations, and the
results of research contributing to the development of sustainable energy and digital networks.

At present, energy storage infrastructure is undergoing significant transformation driven by the
development of modern lithium-ion batteries and grid-scale storage systems . In international scientific and
technological practice, such parameters as specific capacity (Wh/kg), energy density (Wh/I), lithium
intercalation processes, solid-state cathodes, and supercapacitors are actively used, contributing to
performance improvement and the expansion of energy storage applications.

Lithium-ion batteries feature high specific capacity (from 150 to 270 Wh/kg) and maintain efficient
performance at low temperatures. Modern systems employ composite cathode materials such as nickel? cobalt-
aluminum (NCA) and nickel-manganese-cobalt (NMC), which provide stable performance over many charge—
discharge cycles . The use of nanostructured anode materials, particularly germanium nanowires, has enabled
the development of batteries with higher capacity and stable operation at temperatures down to —40°C [1].

Particular attention is given to solid-state lithium-ion batteries in which the liquid electrolyte is replaced
by solid compounds. As a result, the Samsung SDI prototype (2020) was developed, featuring an energy
density of up to 900 Wh/I, which is several times higher than that of mass-produced commercial batteries. This
advancement contributes to reduced weight and size of energy storage systems for transport while improving
energy efficiency and operational safety.

Among key innovations is the Tesla NCA monocrystalline cell, whose production technology extends
the battery lifespan to 4000 cycles. In addition, Russian research teams have developed germanium-containing
nanostructured anodes that maintain stable high performance under temperatures below —50°C, finding
applications in Arctic machinery, aerospace, and specialized industries.

Solid-state lithium—metal batteries (Samsung, 2020) demonstrate advantages over traditional lithium-
ion systems, including higher energy density, improved safety, reduced flammability, and broad prospects for
industrial and transportation use.

One of the most promising directions for the field’s future is the development of post-lithium storage
systems, such as sodium-ion, potassium-ion, lithium-sulfur (Li-S) batteries with energy density up to 500
Wh/kg, lithium—carbon dioxide systems, and supercapacitors with record power levels of up to 10,000 W/kg.
In the Russian Federation, the industrial production of supercapacitors is carried out with participation of
Rostec, Titan Power Solution, and Skolkovo enterprises, aimed primarily at transportation and fuel-energy
applications [3].



Next-generation energy systems are based on distributed storage units combined into microgrids and
managed through digital SCADA platforms. Hybrid power plants integrate lithium-ion storage with renewable
energy sources such as solar and wind generators. Promising directions include solid-state and gravity-based
power plants designed to operate at megawatt capacities.

Modern technological solutions aim to exclude rare and toxic metals from battery compositions. For
example, IBM’s research fosters the transition to materials based on seawater compounds instead of cobalt and
nickel, thus enhancing the safety and environmental sustainability of energy storage systems.

Furthermore, the development of pilot production facilities, such as germanium-anode technology
scaling in Russia, creates prerequisites for widespread industrial adoption of new battery types.

According to 2025 data, the global lithium-ion battery and energy storage market continues to grow
dynamically, with the Asia-Pacific region maintaining its leading position in production and deployment of
such technologies. The decreasing cost of lithium-ion batteries ensures their accessibility for a wide range of
applications, including smart homes, electric vehicles, and microgrid systems. Significant attention is devoted
to the development of silicon anodes, which can increase energy density to 1,000 Wh/I, enable rapid charging
(10-80% in 10 minutes with 800 km vehicle range), and improve low?

Temperature performance Major developers in this technological field include Amprius, SilaNanotech
nologies, ProLogium, Group14, and Nexeon, with forecasts indicating that by 2035, the silicon anode market
will exceed USD 15 billion.

The contribution of Russian researchers is reflected in the development of the “Lithium 2.0” prototype
battery based on metallic lithium (SPbPU, 2025), achieving specific energy of 300-350 Wh/kg and enhanced
operational reliability and safety due to reduced fire risk. Thus, the energy storage industry shows consistent
progress characterized by growth in technical and operational metrics, expanded functionality, and the
improvement of technological solutions for various applications [2].

Real world projects and examples of new energy storage technologies:

1. The Gateway Energy Storage (California) — the world’s largest storage system, with a capacity of 250
MW, used for solar energy integration and grid load balancing. The system employs LG Chem batteries and
SMA inverters, with a total capacity estimated at 1-1.5 GWh.

2. Hornsdale Power Reserve (South Australia) — a Tesla lithium-ion mega-battery that stabilizes the
grid, participating in frequency regulation and power balancing, and performing effectively during wind
generation fluctuations.

3. In northern regions of Russia, innovative lithium-ion-based storage systems are being installed: hybrid
solar—diesel power stations provide autonomous energy supply to settlements in the Krasnoyarsk Territory and
Chukotka, significantly reducing diesel fuel consumption and improving local living conditions.

Thus, lithium-ion energy storage systems are reaching a fundamentally new level thanks to scientific
breakthroughs such as nanostructured anodes, solid-state electrolytes, composite cathodes, and post-lithium
systems. In the coming years, further development of fundamental and applied research promises revolutionary
solutions for energy, transportation, space, and everyday applications.
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Unmanned technologies began to actively develop in the early 10s of the 21st century. Today, this is
one of the technologies of the future, which should be considered as a separate area in Russian universities,
especially in aviation. Nowadays it faces new challenges of modern life, demanding new modifications in
accordance to their strengths and disadvantages rate in order to broaden the spheres of successful usage.

Nowadays the sphere of unmanned technologies continues to develop at high pace. There are various
types of unmanned aerial vehicles. They all have different characteristics, layouts, applications, and,
consequently, different advantages and disadvantages.

The purpose of the research was not just to construct a quadcopter but to test it under various conditions
in order to identify its advantages and disadvantages for future possible modifications in order to broaden the
spheres of its usage.

The main objectives were stated as:

- to identify the advantages and possible disadvantages that may affect future device modifications;

- to anticipate possible problems that might occur and difficulties that need to be overcome when
modifying the model;

- to summarize the rationality of possible UAV maodifications that expand the horizons of their use for
the benefit of humanity.

Before starting the construction, analysis of the theoretical aspects of the topic was carried out - the
history of designing unmanned aerial vehicles, their types, design features, principles of operation and practical
use [1].

Methods such as information collection, analysis, modeling, experiment, and observation made it
possible to analyze and synthesize theoretical material, design and construct a model of an unmanned aerial
vehicle, and conduct experimental tests with subsequent modification of the initial model in accordance with
certain requirements.

Having been assembled, the working model was tested. The model demonstrated good flight
characteristics related to weight, speed and flight characteristics that determined the possibility of its
application in everyday life.

The analysis made it possible to determine the advantages of the device:

- Small size and weight ensure greater mobility and quick readiness for combat. When compared with
large devices that take several hours to prepare, then, of course, the quadcopter wins in this regard.

- Cheap production. All components are located in an easily accessible location at a reasonable price,
therefore, almost everyone can afford an unmanned aerial vehicle.

- The ability to install various modifications and additional equipment to perform various tasks

- High level of convenience of service.

Of course, these are not all the advantages but the most important ones.

On the other hand, everything has its drawbacks, as for:

- Drones are usually difficult to be controlled properly and require prominent training.

- In addition, the flight range and flight time are still limited, although drones are already capable of
covering vast distances.

- The load capacity is limited

- Short service life without regular maintenance [2].

The main problem that was faced when creating the model was the need to create a multifunctional
platform that could be easily modified to meet immediate needs. Therefore, it was difficult to design a way to
attach additional elements or change the capacity of the device depending on the weight change. And this
must be taken into account when developing possible future uses of the device, such as patrolling the area,
monitoring certain objects such as construction sites, mining enterprises, the natural landscape, and so on. It is
also possible that they will be used in more specific areas of society, such as delivery services, operational
services and, of course, to create various shows, as is the case in China [3].
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To sum up, the following conclusions can be drawn - the designed and constructed model:

- can be improved and modified:;

- various elements can be attached to the model (a lift, various suspensions, a camera for photographing
the territory, etc.).

- the identified advantages and disadvantages of the quadcopter based on the original model can help to
predict the future use in modern life.
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becnmioTHbIe TEXHOJIOTUU HaYaJlM aKTUBHO pa3BUBaThcs B Hadane 10-x rogos 21 Beka. CeromHs 3To
OllHA M3 TEXHOJIOTWW Oyayllero, KOTOPYIO CJIEAyeT pPacCMaTpHUBaTh KakK OTACIBLHOE HAlpaBiICHHE B
POCCHICKHX By3ax, 0COOEHHO B aBHAIMOHHBIX. B HacrosIiee BpeMs TaHHOE HaNpaBlIEHHE CTAIKHUBACTCS C
HOBBIMH BBI30BAMH COBPEMCHHOM JKM3HM, KACAIOIIMXCS HOBBIX MOAM(UKAIMIA B COOTBETCTBUU C HX
MPEUMYIIIECTBAMHU M HEJAOCTATKaMHU JUIS PACIIUPEHUsS CPEPhbl UX MCIIOIb30BaHUS.
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This article highlights the transformative role of nanochemistry in addressing critical 21st-century
challenges such as sustainable energy, environmental remediation, and advanced material development. By
enabling precise manipulation of matter at the nanoscale, nanochemistry facilitates the creation of novel
materials with enhanced properties for applications in energy storage, catalysis, medicine, and environmental
protection. However, realizing its full potential necessitates interdisciplinary collaboration, responsible
innovation, and comprehensive research into safety and ethical considerations to ensure sustainable and safe
technological advancement.

In the 21st century, humanity faces an array of complex global challenges, including the urgent need to
identify sustainable energy sources, mitigate environmental degradation, and develop advanced materials with
tailored functionalities. Nanochemistry, a vibrant interdisciplinary field at the intersection of chemistry,
physics, and materials science, plays a pivotal role in addressing these issues by enabling precise manipulation
of matter at the atomic and molecular levels. This science opens expansive opportunities across medicine,
industry, and sustainable development, fundamentally transforming how we approach technological and
environmental problems.

Nanochemistry is defined as the study and manipulation of chemical processes and materials at the
nanoscale, typically ranging from 1 to 100 nanometers. At this scale, materials often display novel physical,
chemical, and biological properties that differ markedly from their bulk counterparts — a phenomenon
attributed to the increased surface area-to-volume ratio, quantum confinement effects, and altered electronic
structures [1]. For example, nanoparticles can exhibit enhanced catalytic activity, increased strength, or unique
optical properties, facilitating innovative applications across diverse sectors.

The seminal work ‘“Nanochemistry: A Chemical Approach to Nanomaterials” [2] comprehensively
discusses methods of nanoparticle synthesis, surface modification, and their integration into functional devices.
This book highlights techniques such as sol-gel synthesis, chemical vapor deposition, and colloidal methods,



which enable precise control over particle size, shape, and surface chemistry—crucial parameters determining
nanomaterial properties.

The journal “Nature Nanotechnology” provides a continuous stream Of cutting-edge research,
emphasizing applications in energy storage, catalysis, and biomedicine. For example, recent studies have
demonstrated the use of nanostructured electrode materials to significantly improve the performance of
lithium-ion batteries, achieving energy densities surpassing traditional electrodes by up to 30% [3].

The unique properties of nanomaterials are exemplified by noble metal nanoparticles like gold and
silver. Gold nanoparticles, for instance, are utilized in targeted drug delivery systems where their surface can
be functionalized with ligands that recognize cancer cell markers, enabling precise therapeutic intervention.
Silver nanoparticles exhibit potent antimicrobial activity and are incorporated into wound dressings and
coatings to inhibit bacterial growth [4].

Carbon-based nanomaterials, such as graphene and carbon nanotubes (CNTSs), have garnered significant
interest due to their exceptional mechanical strength, electrical conductivity, and thermal stability. CNTs have
been employed in the development of high-performance batteries and supercapacitors. These advancements
exemplify how nanochemistry facilitates the creation of materials with properties tailored for specific
technological needs.

Nanocatalysts, characterized by their high surface area and tunable surface chemistry, accelerate
chemical reactions under milder conditions, reducing energy consumption and emissions. For example,
platinum nanoparticle catalysts are utilized in automotive catalytic converters to efficiently convert harmful
gases into benign substances, contributing to environmental protection [5].

Nanochemistry significantly contributes to environmental protection strategies by enabling the
development of filtration systems capable of removing micro- and nanoscale pollutants. Nanostructured
membranes are employed in desalination plants to improve water purity and reduce energy requirements
compared to conventional methods. In solar energy, nanomaterials such as perovskite nanocrystals are
advancing thin-film solar cells, making renewable energy more accessible and cost-effective.

Nonetheless, despite these promising developments, critical issues remain underexplored. The impact
of nanomaterials on living organisms and ecosystems warrants comprehensive investigation, as nanoparticles
can induce toxicity. The long-term stability and environmental fate of nanostructures are also areas requiring
further research, especially given their increasing industrial prevalence.

The future of nanochemistry is poised to foster the development of smart materials. Advances in
renewable energy technologies, including more efficient solar cells and thermoelectric devices, are expected
to benefit from nanoscale engineering.

To realize these potentials, fostering interdisciplinary collaboration among scientists, engineers,
policymakers, and industry stakeholders is essential. Establishing dedicated educational programs and research
centers can accelerate innovation and ensure the responsible development of nanotechnology. International
cooperation is also vital to develop global standards, share best practices, and address safety concerns
collectively.

The proliferation of nanomaterials raises ethical and safety considerations. Potential risks include
nanoparticle toxicity, environmental persistence, and unintended biological effects. However, the rapid pace
of technological advancement necessitates ongoing research to inform policy and ensure responsible
innovation that prioritizes human health and ecological integrity.

Nanochemistry stands as a transformative scientific frontier with the capacity to address some of the
most pressing global challenges of the 21st century. Its ability to create materials with unprecedented properties
facilitates progress in sustainable energy, environmental remediation, medicine, and industry. However,
realizing its full potential requires addressing safety, ethical, and regulatory issues through comprehensive
research, international cooperation, and responsible innovation. As this field continues to evolve, it holds the
promise of not only advancing scientific knowledge but also fostering a more sustainable and healthier future
for humanity.
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B nanHoii ctaThe ocBemaercsi TpaHcHOPMHUPYIOLIas POjib HAHO-XMMHHM B PEIIEHUH aKTyaJbHbIX 3a7a4
XXI Beka, Takux Kak 00ecrieyeHne YCTOHUMBON SHEPTeTHKH, SKOJIOTHYECKAsi peMEANAIHsl U Pa3BUTHE HOBBIX
MaTtepuaioB. brarogaps BO3MOXHOCTH TOYHOTO MaHMITYJIMPOBAaHHUS BEIIECTBAMM Ha HAaHOYPOBHE, HAHO-
XMMHUSL CIIOCOOCTBYET CO3JaHHIO HOBBIX MAaTEpUaOB C YIYYLICHHBIMH CBOMCTBaMM AJISl NMPUMEHEHHS B
00JIaCTH 3HEProXpaHeHUs], KaTalu3bl, MEOULIMHBl U OXpaHbl OKpYyXarwolled cpensl. Peanusanusi momHoro
MOTEHIIMANA TaHHOM HayKu TpeOyeT MEKAMCUUILIMHAPHOTO COTPYIHHYECTBA, OTBETCTBEHHOI'O MOAXO/Aa K
WHHOBAllMAM U BCECTOPOHHUX MCCIEAOBAaHMN OE€30MaCHOCTH W ITHYECKHX ACIEKTOB AJS OOecredeHust
YCTOMYMBOIO ¥ OE30MACHOT0 TEXHOJIOTUYECKOTr0 Mporpecca.
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The article discusses the key factors determining the development of artificial intelligence in Russia:
regulatory framework, human capital and education, data and infrastructure readiness, and industrial
implementation.

Artificial intelligence (Al) has rapidly become the cornerstone of digital transformation in Russia,
driven by sustained government support, rising demand from large corporations, and the emergence of
competitive domestic technologies. Despite restrictions on the supply of advanced hardware and proprietary
software, the Al ecosystem is steadily expanding, creating a solid foundation for innovation, productivity
gains, and new services across the economy.

The foundations of Al development are laid by the National Strategy for the Development of Artificial
Intelligence until 2030, adopted by Presidential Decree Ne490 in 2019, together with the federal project
“Artificial Intelligence” embedded in the national project “Data Economy” [3]. These instruments set goals
for competitiveness, quality of life, and security, while also creating practical conditions for research, pilots,
and scale-up. To reduce uncertainty for businesses, the government enables experimental legal regimes and
sector-specific rules that allow controlled testing of Al solutions, data exchange under clear safeguards, and
compliance with confidentiality and security requirements [4]. Amendments to personal-data and intellectual-
property legislation complement these regimes so that the deployment of Al is not only technologically feasible
but also lawful and auditable.

Demand for Al is strongest in finance, retail, and industry, with transport and logistics becoming
increasingly active. In finance, Al supports fraud detection and risk scoring, prevents money laundering
through anomaly detection, and enables personalized offers that respond to customer behavior in near real
time. Conversational agents provide round-the-clock support, freeing operators for more complex cases and
improving service quality. In retail, recommendation systems increase conversion and average basket size,
while predictive analytics balances inventories, reduces write-offs, and smooths supply-chain fluctuations [1].
Computer-vision tools track shelf availability and planogram compliance, turning store operations into
measurable, optimizable processes. In industrial settings, Al improves quality control on production lines,
detects defects with high recall and precision, and powers predictive maintenance that reduces unplanned
downtime; time-to-failure models and sensor fusion help maintenance teams intervene before costly
breakdowns occur. Transport and logistics operations use routing and fleet-management algorithms to lower



fuel costs, meet delivery windows more reliably, and increase asset utilization; select corridors pilot
autonomous delivery and driver-assistance features that are gradually maturing into production [2].

Investment follows these priorities. Organizations budget for both software and computing
infrastructure, increasingly treating Al as an end-to-end lifecycle with explicit costs for data collection and
labeling, model training, deployment, monitoring, and retraining. A stylized spending profile for 2024 shows
total organizational outlays of 75 billion rubles, of which 55 billion rubles are dedicated to machines and
equipment and 20 billion rubles to Al software. This balance suggests that companies are simultaneously
scaling practical use-cases and building the compute capacity needed for training and inference. In narrative
form, the same information can be captured as Table 1, which is presented below in plain text for clarity and
ease of insertion into a manuscript:

Table 1. Organizations’ Al spending (billion rubles, 2024)

Category BIn rubles Share, %
Machines and equipment 55 73.3

Al software 20 26.7
Total 75 100.0

The distribution indicates sustained demand for practical use-cases and a parallel need to scale
computing capacity for training and inference.

As spending grows, so does demand for talent. Companies seek machine learning engineers, data
engineers, MLOps specialists, analysts, and data architects who can take ideas from experiment to stable
production systems. Universities and corporate academies are expanding programs that teach not only
algorithms but also the engineering practices that make Al reliable: reproducible data pipelines, versioning of
datasets and models, evaluation harnesses that detect regressions, drift monitoring for models in the wild, and
AB tests that quantify impact. Just as importantly, upskilling pathways for domain specialists — bankers,
logisticians, and plant technologists — help organizations translate business questions into data-driven tasks
and review Al outputs responsibly. A mature workforce is one that can ask the right questions of models,
interrogate their behavior, and decide when to rely on automated recommendations and when to override them.

High-quality datasets and robust data-governance practices are prerequisites for sustainable Al.
Organizations formalize ownership and stewardship for critical data domains, maintain catalogs and business
glossaries so that teams share a common vocabulary, and enforce access policies consistent with privacy and
confidentiality requirements. Master-data management aligns entities across systems and reduces ambiguity
in downstream features, improving both model quality and auditability. Documentation practices — such as
dataset “datasheets” and model cards — record provenance, intended use, known limitations, and performance
across slices, making replication and external review more straightforward. Where personal data are involved,
privacy-enhancing techniques such as pseudonymization, minimization, and differential privacy can reduce
risk while preserving analytical usefulness.

Infrastructure is evolving toward hybrid and multi-cloud designs that combine the agility of public
clouds with the control of on-premises deployments. Compute portfolios include CPU, GPU, and specialized
Al accelerators, supported by high-throughput networks and reliable storage. Cost effectiveness depends not
only on hardware choice but also on scheduling and lifecycle management: distillation and quantization can
lower inference latency and cost; caching and retrieval pipelines improve responsiveness; autoscaling aligns
expenditure with load. Organizations that track the total cost of ownership across data, training, deployment,
and monitoring make better decisions about when to build, when to reuse, and when to retire models that no
longer add value.

Responsible-Al practices are becoming integral rather than optional. Before deployment, teams perform
risk assessments to identify potential harms from bias, privacy breaches, or misuse, and define controls
proportionate to impact. In many domains—especially finance, healthcare, and public services — human-in-
the-loop workflows keep qualified experts in the decision process for high-stakes cases. Explainability and
transparency tools help subject-matter experts understand model behavior, while red-teaming exercises reveal
failure modes that standard tests might miss. Internal governance mechanisms — ethics boards, model registries,
access controls, and audit trails — provide accountability and align Al development with both corporate policy
and legal requirements.

Constraints still matter. Limited access to cutting-edge hardware can slow training cycles and reduce
experimentation bandwidth. The total cost of ownership for data platforms, model training, and real-time
inference is significant for small and mid-sized enterprises, which sometimes lack the scale to justify dedicated



infrastructure. Legal requirements around personal data and copyright remain salient, and noncompliance
carries reputational and financial risks. Generative Al introduces specific concerns, including hallucinations,
leakage of sensitive information, prompt-injection attacks, and uncertain copyright status of generated content.
Mitigations include layered security (network isolation, secrets management, and data-loss prevention),
alignment techniques such as instruction tuning and reinforcement learning from human or Al feedback,
structured evaluations that measure robustness, and graduated release processes that move systems from
sandbox to limited-access pilots and then to broader production only when predefined thresholds are met.

Looking ahead toward 2030, the share of corporate assistants and domain-specific large language
models is likely to grow across service operations, engineering, knowledge management, and internal support
functions. The technology stack will continue to localize where necessary to reduce dependence on foreign
suppliers, while open-source components will gain traction where licensing clarity and transparency are
priorities. Retrieval-augmented generation and policy-based access control will help organizations safely
combine proprietary knowledge with foundation models, leaving sensitive data under strict governance while
still unlocking productivity benefits. Hybrid architectures will remain prevalent because they offer a balanced
mix of performance, resilience, and cost control for workloads with varied latency, confidentiality, and
residency requirements.

The organizations that will move fastest are those that combine reliable access to high-quality data, a
cost-effective computing environment matched to their workload, and mature MLOps practices that make
model development, deployment, and monitoring routine rather than heroic. Such organizations respond faster
to market changes, scale successful pilots into stable services, and retire models that no longer earn their keep
— freeing resources for the next wave of improvement. In this sense, Al maturity is less about isolated
breakthroughs and more about a management system that consistently turns ideas into measurable, governed
outcomes.

Taken together, these elements describe an ecosystem that is developing actively under the combined
influence of policy, investment, and talent. Progress will depend on closing infrastructure gaps, maintaining
strong legal compliance, and raising the maturity of MLOps and responsible-Al practices. If these conditions
are met, pilot projects will evolve into reliable, large-scale solutions that strengthen technological capabilities
and contribute to economic growth throughout the decade. The picture is not without risks, but the trajectory
is promising: with careful engineering and governance, Al can continue to deliver practical benefits to firms
and citizens while meeting the standards of safety, privacy, and accountability that modern society expects.
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This article presents the architecture of a software simulator for practicing radio communication in
English, that is developed with a focus on autonomy and objective evaluation. Due to the strict ICAO
requirements for the language competence of aviation personnel, especially in the matter of standardized radio
phraseology, the need for effective digital training tools is increasing.

Modern international civil aviation is operated under strict standardization as well as English language
being an official mean for radio communication between air traffic controllers and flight crews. Speaking the
same language for pilots, crew and air traffic control is the core factor for aviation safety — miscommunication
could become one of the reasons why some aviation accidents may happen.
Those, who want to be pilots and apply for aviation studies, need to make sure their language skills meet at
least Level 4 on the ICAO Language Proficiency Rating Scale [1]. This scale evaluates six components of
language competence: pronunciation, structure, vocabulary, fluency, comprehension, and interactions [2]. It
means that a pilot is expected to pronounce words clearly, although stress, rhythm, and intonation may be
influenced by their native language. Nevertheless, even if English is a pilot’s second language, their vocabulary
range and accuracy must be sufficient to communicate effectively on common, concrete, and work-related
topics. Miscommunications may broadly be applied to a range of verbal communications problems ranging
from misunderstandings, such as those due to ambiguity, cultural differences, language structure to more
technical problems.

Some of the most common communication errors are call sign confusion and readback-hearback error.
Mistaking one aircraft’s call sign for another is a perennial problem in aviation communications. Clearances
meant for one aircraft but accepted by the crew of another have led to altitude and heading deviations, near-
midair collisions and accidents. Also accidents can occur if a pilot incorrectly reads back a clearance (the
readback problem) and the controller doesn’t recognize it (the hearback problem).

One of the most famous aviation accidents happened in Tenerife in 1977 [3]. It had a lasting influence
on the industry, highlighting, in particular, the vital importance of using standardized phraseology in radio
communications. Occurring on the fog-shrouded runway of Los Rodeos Airport (now Tenerife North Airport),
the collision between two Boeing 747s resulted in 583 fatalities, making it the deadliest accident in commercial
aviation history. A misunderstanding between the KLM flight crew and air traffic controller was a contributing
factor for the accident: the KLM captain was convinced that he had received takeoff clearance and initiated
his roll without explicit confirmation, while the controller’s ambiguous phrasing and simultaneous radio
transmissions led to confusion.

The Tenerife accident was a pivotal moment that became a datum point of global reforms, including the
formal establishment of English as the universal language of air traffic control and the development of
standardized radio phraseology under ICAO guidelines. Our project directly addresses this problem by offering
a digital training simulator that enables aviation students to practice ICAO-compliant English radio
communications in realistic, interactive scenarios.

Consequently, the need for effective training tools, simulating real radio exchange conditions and
providing instant feedback, arises. Traditional training methods are limited in time and resources. Therefore,
the urgent task in the field of professional linguistic-didactic support for pilot training is to develop software
solutions that combine automatic speech recognition, speech synthesis and intelligent response assessment.

The work purpose is to evolve a functional architecture for a software simulator that is aimed to practice
standard radio communication phraseology in English aligned with ICAO requirements. The program is
destined for the self-paced training of cadets at flight schools and students of aviation universities.

Python is chosen as our main language for the radio phraseology simulator because it’s flexible, has
many tools, and lets us develop quickly. This fits well with what we want to achieve in education and what we
need technically. Python’s easy-to-understand syntax speeds up coding, which is really helpful in research
where we test and change things often. It also works well on Windows, macOS, and Linux, so we can easily
use the simulator in different training places without needing to change the code much.

One reason Python is great is its many open-source libraries for working with audio, speech, and
language. As an example, Vosk, which is a speech recognition system that works offline, lets the simulator
write down what pilots say in real-time, even without the internet. This keeps user data safe and makes sure
the simulator works well even if the internet is slow or the computer isn’t powerful. Google’s Text-to-Speech
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(gTTS) typically needs cloud access, but we can set it up to save common ATC messages locally. This makes
playback faster during practice. Also, PyAudio gives us reliable, low-delay communication with the
computer’s sound hardware for managing live audio, which makes interactions feel natural.

Python also has good support for Natural Language Processing using libraries like scikit-learn. That
makes it doable to use methods like TF-IDF vectorization and cosine similarity. These are key ways the
simulator checks how well a trainee speaks by comparing their phrases to standard aviation responses. The
language’s modular design helps separate the different parts of the system, like the user interface, speech tools,
voice recognition, and performance analysis. Now we can build, test, and update each part on their own. This
setup keeps the code easy to handle and allows us to add things later, like better language models or more
standard aviation phrases.
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Fig.1. The architecture of the radio phraseology simulator

The architecture of the developed radio phraseology simulator (Fig. 1) is built on a modular principle
and consists of four interconnected components: a user interface, a speech synthesis and playback module, a
speech recognition module and an analytical assessment core. The application is based on a client-local
approach, where all data processing is carried out on the user’s side, without transmitting audio or text
information to cloud services, thus ensuring operational confidentiality and autonomy. The graphical user
interface is based on the tkinter library and has several purpose : to visualize ATC scenarios, to display user
input and feedback and to manage the session. The Speech Synthesis Module (gTTS) generates audio files
according to the controller’s text commands, caches them locally and speeds up a repeated playback. The
PyAudio and Vosk libraries are used to record and recognize a user speech : the real-time audio stream is fed
into a Speech recognition module that uses a pre-loaded static model of the English language. The resulting
text passes to the analytical core, where, using Natural Language Processing (NLP) methods (text
normalization, TF-IDF vectorization, and cosine similarity), it is compared with a reference answer. The
comparison has three main criteria: the presence of critical values, use of keywords and overall phraseological
similarity. The analysis results form a structured feedback for the user.

Therefore, the developed application contributes to the digitalization of the professional linguo-didactic
process in aviation education. The program can be used in class with an instructor and during self-study. It is
useful for developing automated speech skills and practicing standard phrases and helps to reach a level of
faultless understanding and response.
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B cratpe mpencraBieHa apXHTEKTypa MPOrpPaMMHOTO TpeHaxEépa Ui OTPadOTKH paarooOMeHa Ha
AHTJIMHACKOM SI3bIKE, Pa3pabOTaHHOTO € YYETOM aBTOHOMHOCTH U OOBbEKTUBHOM OLICHKH. B ycloBHAX cTporux
TpeboBanuii MKAQO K S3BIKOBOM KOMIIETEHIMH aBHAllMOHHOTO TMEpcoHala, OCOOCHHO B YacTH
CTaHIIAPTU3MPOBAHHON paarodpa3eoyoOTHy, BO3pACTaeT TOTPEOHOCTh B AIPGEKTUBHBIX ITHPPOBBIX
MHCTPYMEHTaX O0yUeHHSI.
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The article is devoted to the analysis of the AirCar 2 flying car created by Slovak designer Stefan Klein.
The project history, technical parameters, strengths, implementation barriers and future directions are
considered, taking into account current trends in eVTOL technologies, including hybrid propulsion systems
and autonomous functions.

1. Introduction.

With technology developing so fast, people are looking for new kinds of transport, and flying cars are
moving from ideas to real projects. Stefan Klein, the founder of Klein Vision, has spent more than 35 years
working on hybrid vehicles. His career combines engineering, flying, and teaching at the Slovak University of
Technology. Starting with early prototypes in the 1980s, he finally created the AirCar, which in 2021 made a
35-minute flight between two cities and was certified in Slovakia in 2022.

By 2025, the AirCar project reached an important stage. In May, at the Living Legends of Aviation gala
in Beverly Hills, the company showed the production prototype of AirCar 2. At the same event, Klein received
an award for his engineering achievements. The ceremony, held on April 25, 2025, showed that the model is
close to getting EASA/FAA certification by the end of September.

2. Main part.

Klein’s path to the AirCar 2 started with the Aeromobil I (1989), where he tested basic conversion
systems, and the Aeromobil 11 (1996), which was lighter and more aerodynamic. By 2016, the AirCar prototype
became the base for the second version, where Klein used his knowledge of mechanics and design to build a
vehicle that was also visually attractive. Such progress follows the trends in eVTOL, where studies show that
simplifying propulsion by combining parts (for example, placing propellers in the wheels) can reduce both
complexity and weight [3].

The AirCar 2 is a two-seat vehicle with automatic transformation in 80 seconds. Its wings and tail unfold
to switch from road to flight mode. On the ground it can reach 200 km/h, and in the air up to 250 km/h, with a
range of about 1,000 km. It can also take off from short runways. The body, made of carbon fiber and
aluminum, helps keep the weight low and efficiency high, which connects to eVTOL concepts that focus on
vertical take-off (VTOL) without needing special airports. The avionics include GPS and fly-by-wire controls,
with plans to add autonomous systems such as environment sensors and Al for navigation, which is especially
important for safe flying in cities.

Key technical characteristics:

e Engine: 3.0-liter V6 (340 hp), with hybrid and electric versions planned.
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o Transmission: Retractable propeller, similar to hybrid systems where propellers are integrated into
wheels to make VTOL easier and lighter (frame weight comparable to 1,124 kg).

e Size: 5.8 m long, small enough for a standard parking space.

« Testing: More than 500 flights, certified by the Slovak Transport Authority, with EASA certification
in progress.

Advantages of AirCar 2 include saving travel time (2-3 times faster than cars), easy storage, and safety
through backup systems. New materials improve durability, and the required licenses (driver’s license + PPL)
make it easier to use. In the eVTOL context, such vehicles can use normal road infrastructure, avoid the need
for vertiports, and benefit from distributed electric propulsion for reliability. Future Al functions for decision-
making will also increase safety in urban environments.

Challenges remain: double certification rules differ by country, the high cost (800,000—1,000,000 USD)
limits buyers, infrastructure for VTOL is not fully ready, and road wear may affect flight performance. Pilot
training is still a barrier, and noise from propellers in cities is another issue. Regulations and integration with
air traffic also add complexity [2].

Future plans for Klein Vision: production starting September 2025 (about 100 units per year), 3—4 seat
versions, twin-engine and amphibious models, and full electrification by 2030. Partnerships with
manufacturers will help scale faster, and EASA certification will open global markets. This matches
predictions that the Advanced Air Mobility (AAM) market could reach 115 billion USD by 2035, with strong
support from European projects such as CityAirbus.

3. Conclusion.

Stefan Klein’s AirCar 2 combines the worlds of cars and aircraft, offering both freedom and efficiency
in the age of eVTOL. Its mix of hybrid systems and autonomous technologies makes it a strong candidate for
the future, even with existing challenges. More details can be found on the Klein Vision website, which follows
the road toward mass production in 2026.
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CraThsi TIOCBAIICHA aHAIM3y JieTatomiero asromoOmns AirCar 2, CO3MaHHOTO CJIOBalKHM
koHcTpykTopoM Illtedanom KusitHom. PaccMaTtpuBaercss wcTopus NpPOEKTa, TEXHUYECKUE IapaMeTphl,
CUJIBHBIE CTOPOHBI, Oapbepbl BHEIPEHHUS U Oyayllue HampaBieHHs, C yYETOM COBPEMEHHBIX TEHACHIMH B
eV TOL-TexHOI0rusX, BKIOYAsi TMHOPUIHBIE TPOMYJIbCUBHBIE CHCTEMBI U aBTOHOMHBIE (DYHKILINH.
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The article gives an overview of modern engineering solutions aimed at reducing the negative impact
of aviation transport on the environment. Two promising concepts are being considered: a new aircraft
powerplant concept and the development of a zero-emission fuel based on magnesium. The principles of
operation of each of the technologies are described, assessing their advantages and disadvantages, emphasizing
the importance of introducing innovative solutions in the field of transport ecology.



In today's world, scientists and engineers are increasingly asking questions related to ecology. They
strive to improve existing technologies and develop new solutions to reduce the negative impact on the
environment. One of the main problems is air pollution caused by the activities of transport and industry. With
the rapid development of the mechanical engineering and aviation industries the state of the environment is
deteriorating, which requires the search for effective methods to reduce emissions.

Currently, researchers have presented several options that will help solve this problem.

At cruising altitude an aircraft emits a continuous stream of nitrogen oxides into the atmosphere, which
can linger in the air, contributing to the formation of ozone and fine particles. Nitrogen oxides are one of the
leading pollutants in the atmosphere that can contribute to the development of human diseases such as asthma
and cardiovascular diseases. Therefore, engineers at the Massachusetts Institute of Technology have created a
new concept for an aircraft power plant, which, according to their forecasts, will be able to reduce nitrogen
oxide emissions in the aviation industry by 95 percent.

They came up with this concept, inspired by the fact that land transport, namely diesel trucks, has a
system for controlling emissions after combustion, which help reduce nitrogen oxide emissions. But they
proposed to implement a similar system in airplanes, but with an electric bias.

Modern aircraft are equipped with jet engines mounted under the wings. Each engine consists of a gas
turbine that rotates the propeller and propels the aircraft, while the exhaust gases are vented back. This design
eliminates the possibility of using emission control systems, as they could reduce engine thrust [1].

In the new aircraft concept, the turbine also remains the energy source, but it will move to the cargo
hold of the aircraft. Only the principle of operation will change, namely: a gas turbine will power a generator
located also in the cargo hold of the aircraft, which in turn will generate electricity that will power the electric
propellers or fans installed on the wings of the aircraft. Moreover, the exhaust gases from the gas turbine will
be supplied to the emission control system, which can be folded into an accordion in the cargo compartment
of the aircraft, completely isolated from the thrust-generating propellers.

Talking about the pros and cons of such an aircraft concept, one of the advantages is the preservation of
the environment, that is, reducing emissions of harmful gases, and as a result, reducing the negative impact on
human health. The main disadvantages of such an aircraft is the increase in aircraft weight due to generators
and expensive maintenance.

Another option that will help reduce aircraft emissions has been presented by an interdisciplinary team
of researchers from Worcester Polytechnic Institute. They have introduced a zero-emission fuel for aircraft
that will absorb carbon dioxide (CO2) from the air [2].

According to the International Council on Clean Transport, aviation is responsible for about 2.5% of all
global greenhouse gas emissions, and this figure is expected to only grow.

As the volume of aviation traffic increases, emissions from this sector will also increase. Therefore, it
is important to find non-standard solutions and find environmentally friendly materials that will help stop
climate change and harmful effects on humans and the environment as a whole.

Using modeling and computational analysis, the researchers developed a fuel formula based on
magnesium, a mineral that is widespread, especially in the oceans. A suspension of magnesium hydride,
consisting of magnesium and hydrogen, in combination with a hydrocarbon fuel will burn, releasing CO2,
water vapor and nanoparticles of magnesium oxide (MgQO). The magnesium hydride fuel will also provide
aircraft with a longer flight range, which, for example, will allow flights from Boston to Tokyo, a task that is
difficult to solve with other sustainable aviation fuels. The range achieved is partly due to the fact that the
combustion of this suspension requires less fuel than for traditional aviation.

It was also found that this fuel provides an 8% longer flight range compared to modern jet fuels, as well
as two to three times longer range than liquid hydrogen or ammonia, which other researchers suggest as
alternative environmental options.

The U.S. Department of Energy defines sustainable aviation fuel as "biofuels designed to power aircraft
and having properties similar to conventional jet fuel, but with a lower carbon footprint.” This biofuel is
produced from sources such as corn kernels, algae, and waste from forestry and agricultural production. The
use of biofuels in combination with magnesium hydride can potentially lead to negative carbon emissions.

One of the key advantages of this magnesium-based fuel is its ability to absorb carbon dioxide from the
air, which allows it to have a zero or even negative carbon footprint. This is especially important in the context
of global efforts to combat climate change. In addition, magnesium hydride-based fuel provides an increased
flight range.

Another important aspect is lower fuel consumption for combustion, which helps to reduce costs and
resources. Combined with biofuels, which are produced from agricultural waste, algae and forest resources,



this approach can lead to negative carbon emissions, which is a significant step towards the sustainable
development of aviation.

However, despite the obvious advantages, the implementation of this technology faces a number of
serious challenges. The technological difficulties associated with the development and scaling of magnesium
hydride production require significant investments and new infrastructure solutions. In addition, the reactivity
of magnesium hydride poses potential safety risks during storage and operation, which requires special
precautions. Equally important is the issue of cost — the introduction of new fuels and technologies may be
expensive and unaffordable in the short term.

The third solution that has been proposed by scientists is the use of low — emission fuels such as
hydrogen, which is used for direct combustion or to power electric fuel cells. The advantage of hydrogen as a
fuel source is that it does not generate CO2 when used, and it provides more energy than jet fuel [3-4].

The researchers concluded that in order to install additional volumes of hydrogen fuel tanks and
corresponding fuel cells on existing aircraft, it would be necessary to compensate for the increased weight by
reducing the mass in other parts of the aircraft. For example, this may mean reducing the payload, such as
cargo or passengers, to maintain balance and flight safety. This approach, in turn, may lead to the need for
more flights to carry the same cargo or passenger load, potentially increasing the overall environmental
footprint of aviation activities. However, within the framework of the conducted models, a group of researchers
suggested that by increasing the power of fuel cells and improving the weight of the fuel system — that is, the
ratio of fuel weight to the weight of a full tank — the need to reduce the payload can be eliminated. This will
allow maintaining the current level of traffic without increasing the number of flights and, consequently,
reducing the negative impact on the environment. An important aspect is that the transition to the use of
hydrogen fuel in aviation can reduce carbon dioxide emissions by up to 90%, which will significantly help in
the fight against global warming and climate change.

Despite the obvious advantages, a more difficult task than simply replacing traditional fuels is to create
the infrastructure necessary for the production, storage and distribution of low-carbon hydrogen and at the
same time economically feasible. One of the methods of environmentally friendly hydrogen production is the
technology of natural gas reforming, in which methane is converted into hydrogen while capturing and storing
the released carbon dioxide. The implementation of this method requires a well-developed infrastructure for
CO2 capture and storage, as well as appropriate sites for its sequestration. An alternative and more
environmentally friendly method is water electrolysis, a process in which water is separated into hydrogen and
oxygen using electricity. For this purpose, it is possible to use electricity obtained from both nuclear power
plants and renewable sources. However, this will significantly increase the load on the power grid. Therefore,
the researchers found out that since electricity prices in power systems can vary greatly depending on the
region, transporting hydrogen from a low-cost production facility to end users may be more economically
beneficial.

In conclusion, it can be noted that modern research and development in the field of environmentally
friendly technologies for the aviation industry demonstrate promising areas that can significantly reduce the
negative impact on the environment. The introduction of nitrogen oxide emission control systems based on
electrical principles reduces harmful emissions and helps preserve human health, although it requires
addressing issues of increasing the weight and cost of aircraft. Alternative approaches, such as the use of
magnesium hydride-based fuels, offer prospects for achieving zero or even negative carbon emissions, as well
as increasing flight range, which is especially important for long-haul routes. However, the introduction of
such technologies involves technological difficulties, the need to create an appropriate infrastructure and
significant investments. An important area is the development of low-emission hydrogen production, which
requires both technological solutions and economic optimization of transportation and storage.
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Cratbs MOoCBAIICHAa COBPEMCHHBIM HAYYHBIM pa3pa60TKaM 1 MHXKCHCPHBIM PCUHICHUAM, HAIIPABJICHHBIM
Ha CHIDKCHHE HETaTUBHOTO BO3ACHCTBUS aBHAIMOHHOTO TpaHCIIOpTa Ha OKPYXKarIyro Cpeay.
PaCCManI/IBaIOTCH ABC TICPCIICKTUBHBIC KOHICIIMK: HOBasd KOHICIIIUA CHIIOBOM YCTaHOBKHU CaMOJIE€Ta U
pa3pa60TKa TOIIMBA C HYJICBBIM YPOBHEM BBI6pOCOB, OCHOBAHHOTr0 Ha MarHuu. CtaThs HOI[pO6HO OIIMCBIBACT
MIPUHIIAIIBI pa6OTI)I KaXa0 u3 TCXHOJ'IOFI/II‘/'I, OIICHUBAsA UX MPCHUMYHICCTBA W HCAOCTATKU, IMOJUYCPKHBAs
BAXXHOCTH BHCAPECHUA HHHOBAITUOHHBIX peIHeHI/Iﬁ B 00JIACTH 3KOJIOTUU TpaHCIIOpTa.
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This paper examines modern methods of reducing the weight of aircraft, among which special attention
is paid to the innovative technology of 3D weaving and the use of composite materials. The use of this
technology makes it possible to create complex and precise parts, increase the strength and rigidity of
structures, reduce production time and costs and prevent the stratification of the composite.

The issue of aircraft weight reduction remains one of the most pressing in the modern aviation industry.
Minimizing the mass of the structure plays a key role in the design and manufacture of components, as it
reduces engine fuel consumption and, as a result, reduces nitrogen oxide emissions into the atmosphere. A
variety of methods are used to achieve these goals. The first is the use of innovative materials such as
composites, among which carbon fiber and fiberglass are the most common. The second is the introduction of
advanced manufacturing technologies that can reduce the weight of products. These include additive methods
such as 3D printing, laser welding, selective sintering of metal powders, sintering of high-temperature plastics,
as well as the manufacture of parts from ceramic powders and laser spraying of metals. Equally important is
the technology of three-dimensional weaving, which helps to reduce weight, reduce production time and
increase production efficiency.

Composite materials are widely used in the creation of parts using 3D weaving technology. A composite
is a material made from two or more components with different physical and chemical properties combined
into a single structure with unique characteristics.

The advantages of replacing metals with composites include reduced weight of the structure, which
leads to reduced fuel consumption, increased strength and rigidity, improved resistance to chemical and
atmospheric influences, as well as increased manufacturability and simplification of assembly processes. Most
polymer composites have a layered structure consisting of layers of fibrous materials superimposed on each
other. This type of composite is characterized by low interlayer strength and impact resistance. To eliminate
these disadvantages, volumetric weaving technology is used — 3D weaving, which allows you to create
monolithic, volumetric blanks [1,2]. This relatively new and sophisticated technology makes it possible to
form bulky fabrics of considerable thickness, where the threads can be positioned not only horizontally, but
also vertically, as shown in Figure 1.



Figure 1. A model of a three-dimensional reinforcing structure

Modern component manufacturing technologies can significantly surpass traditional methods of
manufacturing composite materials, especially in the issue of delamination prevention. Unlike classical
composites, where the layered structure is prone to spreading microcracks in the defect zones, the use of three-
dimensional reinforcing fibers in the third direction provides higher resistance. This approach prevents the
development of delamination in bulk fabrics, which is especially important for improving the reliability of
products. The automated production process of 3D-woven blanks in a single operation guarantees an even
distribution of threads and their orientation, eliminating the need for manual labor. This not only improves the
quality of the final product, but also reduces the likelihood of errors, as well as reduces the cost.

Research in the field of designing, manufacturing and analyzing the properties of bulk reinforcing blanks
and materials based on them is conducted by leading companies and scientific institutes such as Albany
Engineered Composites (USA) and Biteam AB (Sweden). Russia has also created an automated integrated
weaving system, shown in Figure 2, which is capable of producing 3D workpieces with a thickness from 2
mm to 200 mm and a width from 10 mm to 600 mm. The composition of such blanks includes from 20% to
50% of fibers by volume, which ensures their strength and stability. At the same time, the carbon content along
the reinforcement axes may vary depending on the requirements of a particular product. Such a wide range of
parameters makes it possible to create blanks that fully meet technical specifications and ensure high product
quality.

Volumetric blanks produced by 3D weaving can have different thicknesses: from thin-walled and
lightweight structures with a hollow structure to full-bodied, three-dimensional elements made in a shape as
close as possible to the future product. In such thick-walled workpieces, the reinforcing threads are arranged
in three mutually perpendicular directions, forming an orthogonal reinforcing mesh, which ensures high
strength and rigidity of the final product.

Figure 2. Auomafed Weaing complex



A feature of 3D weaving technology is the ability to develop new types of materials. By adjusting the
thickness and distribution of the threads, it is possible to create materials with the necessary properties to
perform specific production tasks. This technology is not limited only to the production of three — dimensional
fabrics - it also allows you to create three-dimensional blanks, as shown in Figure 3, using software control of
internal structural elements on CNC machines. This approach ensures high accuracy and adaptability in the
formation of components, which significantly expands the capabilities of modern production.

Let's look at an example of the production of engine fan blades to highlight the key stages of this
advanced technology. First, reinforced fabric is created using special looms adapted for the manufacture of
bulk products capable of changing their width, thickness and profile during the weaving process. Before
starting the equipment, the threads are pre-processed: they are twisted, wound and intertwined in the right
proportions. These threads are placed on coils mounted on specialized devices — bobbins. After that, the process
of forming the web begins, which is then placed in a specially equipped chamber, where it is automatically cut
using a digital plotter. To do this, a program is loaded into the computer that defines the contours of the future
blade, and the correct location of the material is checked. The plotter itself automatically selects the optimal
cutting tool and performs precise cutting, eliminating the ingress of foreign materials, which is important for
maintaining product quality. The resulting billet is laid and impregnated with a binder under pressure in a
special mold, which provides the necessary strength and shape when heated. Next, the workpiece undergoes a
mechanical processing stage, and the final step is to fix the titanium plate as a protective board, which increases
strength and protects the blade from damage in collisions with foreign objects.

Figure 3. Production of carbon fiber preforms

The main advantage of 3D woven blades is their high strength and rigidity, which allows them to
withstand significant loads during turbine operation. Due to the complex geometry, such blades demonstrate
improved aerodynamic characteristics, which contributes to increased engine efficiency. In general, turbine
blades made by 3D weaving are superior to traditional titanium counterparts in a number of parameters: they
are more durable, technologically advanced and productive, which makes them an attractive solution for the
aviation and energy industries. However, it is worth considering their high cost of production and the
possibility of payback in the long term [3].

Taking into account all the aspects discussed, it is obvious that 3D weaving has significant prospects for
the future in the aerospace field. This advanced method allows for the production of lightweight but durable
components, contributing to a significant reduction in aircraft weight and thereby improving overall efficiency.
One of the main advantages of 3D weaving is its ability to create complex and highly precise parts that are
often unattainable using traditional manufacturing processes. This opens up new opportunities for designers
and engineers developing more innovative and optimized aircraft designs.

Moreover, 3D weaving optimizes the manufacturing process, reducing both the time and costs
associated with manufacturing components compared to traditional casting and forming methods. The
introduction of this technology into the aerospace industry is expected to lead to the creation of not only lighter
and more durable, but also more economical to operate aircraft. Such achievements will contribute to
improving flight safety, reducing maintenance and repair costs, and reducing the environmental impact of
aviation.
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B nannoit pabote paccMaTpuBarOTCsi COBPEMEHHbBIE METOIbI CHIKCHHS BECa JICTATENbHBIX allapaTos,
CpeAM KOTOpbIX 0co00oe BHHMMAaHHME HCHONB3YIOT HMHHOBALMOHHYIO TexHojoruio 3D-TkadgectBa U
WCIIOJIb30BaHNE KOMIIO3UTHBIX MarepuaiioB. Vcronb30BaHHE JaHHOM TEXHOJOIMH IO3BOJIAET CO3/1aBaTh
CJIO)KHBIE M TOYHBIC AETaJIM, IOBBIIIEHUE MPOYHOCTH M >KECTKOCTH KOHCTPYKLMH, a TakkKe COKpalleHHE
BPEMEHH M 3arTpaT Ha mpou3BoicTBO. OcoOoe BHHUMAaHUE YAENSETCSs TOMY, YTO 3TOT METOX IO3BOJIUT
IIPEJOTBPAaTUTh PACCIOEHUE KOMIIO3UTA.
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The article is devoted to the analysis of constructive solutions used to reduce the conspicuity of aircraft
(LA) in the conditions of modern military confrontation. It is emphasised that the effectiveness of stealth
technologies is determined not only by the use of special materials, but also by the architectural shape of the
airframe, which ensures the re-reflection of the radar signal in the non-direction of the receiving antenna.

In the context of modern military confrontation and increasing requirements to the safety of civil
aviation, reducing the visibility of aircraft is becoming one of the key tasks in their design and development.
Technologies aimed at reducing the probability of detection of aircraft by radar, infrared, visual and acoustic
surveillance means are generally known as stealth technologies. The effectiveness of stealth technologies is
determined not only by the use of special materials and coverings, but also, to a large extent, by the design
solutions, laid down at the stage of designing the airframe, engines and other systems of the aircraft.

Stealth technologies include the following main directions: theory of diffraction on complex bodies,
development and research of radio-absorbing materials and coatings. Achievement of aircraft stealth through
the choice of architectural shape is based on the fact that the radar signal, like light rays, propagates in a straight
line in accordance with the laws of geometrical optics. This means that the architectural shapes of the airframe
are chosen in such a way as to prevent the signal from being reflected in the direction of the radar receiving
antenna by being re-reflected along others. It should be noted that the size of the reflective surfaces of the
aircraft should be much larger than the wavelength of the radar signal, as only in this case the signal is reflected
from the surface according to the laws of geometrical optics. The reduction of the distance to the radio horizon
is achieved by reducing the construction height of the aircraft [1].

About 90 per cent of the improvement, i.e. the reduction of the radar signature of an aircraft, is currently
achieved by improving the geometry of the aircraft. For example, this can be done by reducing edge reflections,
for which the edges are, for example, parallelised, such as on the Su-57 fighter aircraft.

Examples of stealthy aircraft with extremely low radar signatures are the Northtrop B-2 long-range
strategic bomber and the Boeing X-45 and Northtrop X-47 unmanned aerial vehicles.

In aircraft with extremely low radar signature, any disturbance on the aircraft surface can cause
undesirable scattering of radar radiation. Such disturbances can include, for example, primarily the air intake
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ports and nozzles of the propulsion system, as well as the flaps of the landing gear and weapon recesses, which,
even when closed, can be very costly to keep undetectable.

One of the interesting solutions to reduce the possibility of demasking the aircraft is the proposal to
place all the holes and niches (a niche is understood as an opening with the possibility of closing) on one side
of the aircraft, and the second side is free of holes and niches. Figure 1 shows that all the holes and recesses,
marked with numbers on the diagram, are located on one side of the aircraft.
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This allows the aircraft to be optimised by making it inconspicuous from the second side.

Accordingly, in a threatening environment, the aircraft can turn towards the source of the threat with the
second (maximally low-visibility) side, without the need for the low-visibility of the first side to the same
strong degree. This principle is illustrated in Figure 2 In this way, the high degree of low visibility of holes
and recesses can be abandoned [2].

The most beneficial shape from the point of view of low observability is that of aircraft with flat surfaces
whose dimensions are much larger than the irradiating wavelength. Flat surfaces have the largest effective
scattering area at irradiation angles close to normal, while the effective scattering area is negligible in all other
directions. This is also true for cylindrical surfaces when irradiation is normal to the face [3].

A wedge cone is low-reflective in the opposite direction when irradiated from the apex side. A ball and
an ellipsoid are also low-reflecting when irradiated along the direction of the major axis, while the width of
the backscattering diagram of these bodies is quite large. At equal projection sizes, two- and three-sided
formations with an angle at the apex of 90° have the largest effective scattering area in a wide range of
irradiation angles.

The use of radio-absorbing materials and coatings helps to reduce the overall level of reflected signals.
The composite nature of radio-absorbing materials is tailored for the purpose of mitigating radio wave
reflection within the frequency band spanning from 100 megahertz up to 80 gigahertz. During their interaction
with radio waves, these materials facilitate absorption, scattering, and interference processes. Some examples

of such materials: ferromagnetic fluids combined with non-magnetic materials, neoprene rubber filled with
ferrite or graphite, aramid fabric with a coating of hydrogenated amorphous carbon The panels made of these

Figure 2



materials are attached to the fuselage skin and plumage, and a special absorbing coating is applied to the wing
edges. Modern radio-absorbing coverings have a variable thickness profile and a complex structure with
varying dielectric and magnetic permeability values both along the thickness and along the skin surface. When
optimising the effective scattering area of an aircraft, it is necessary to constantly compromise between the
desire for minimum reflections, the thickness of the material, its strength and the azrodynamic properties of
the created fragment.

Reflections that cannot be suppressed are concentrated in a few narrow sectors. Their orientation in the
horizontal plane corresponds to the direction of the straight edges of the wing, plumage and tail part of the
fuselage - the strongest reflectors; other planes forming the airframe are oriented according to these directions

[4].

The effectiveness of stealth technology application is significantly enhanced through the integrated use
of various methods for reducing detectability. Modern systems incorporate multi-layered protection, where
each structural element operates in synergy with the others. It is also important to consider operational factors:
weather conditions, surface contamination, and mechanical damage can affect the efficiency of radar-
absorbing coatings and require regular maintenance. A promising direction in the development of stealth
technologies is the use of adaptive coatings capable of changing their characteristics depending on operating
conditions and the parameters of the incident signal.

It is important to note that the choice of specific design solutions depends on the type of aircraft, its
purpose and operating conditions. In addition, trade-offs between the requirements for stealth, aerodynamic
performance, strength and weight of the structure must be considered. It is necessary to take into account that
increasing stealth capabilities often leads to deterioration of aerodynamic characteristics and an increase in
structural mass. Therefore, engineers are forced to seek compromise solutions that allow maintaining the
required level of combat effectiveness.
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JanHasi cTaThsi MOCBSIICHA aHANU3y KOHCTPYKTUBHBIX PEIICHUH, NPUMEHSIEMBIX IJISl CHUKCHUS
3aMETHOCTU JIeTaTelbHBIX ammaparoB (JIA) B yCIOBUSX COBPEMEHHOTO BOCHHOTO IPOTHBOCTOSHHUS.
Monuépkupaercs, 410 3(OHEKTHUBHOCTH CTEJIC-TEXHOJOTHH ONpeAeseTcs HE TOJAbKO IPUMEHEHHEM
CHEIMAIbHBIX MaTepUAIIOB, HO U apXUTEKTYPHOU (OpMOH IIaHepa, KOTopasi 00eCIIeUnBaeT epeoTpakeHUE
PaauOIOKAIMOHHOTO CUTHANA B HAMIPABICHUH, OTJIMYHOM OT HaIllpaBJiICHUSI MPUEMHON aHTECHHBI.
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The article examines ultrasonic flaw detection as an important method of non-destructive testing of
composite materials in aircraft manufacturing. The technologies of composite production, the causes of defect



formation, and the importance of early detection of hidden damages are highlighted. The advantages and
limitations of the ultrasonic method are presented, with special attention paid to the inspection of complex
surfaces. The necessity of further technology modernization to improve the quality of aircraft structures and
reduce operational risks is emphasized.

In the modern aircraft industry, there is a trend towards the intensive use of composite materials, which
demonstrate exceptional physical and mechanical characteristics, including high specific strength, reduced
density, as well as resistance to corrosion and thermal loads.

Currently, the most common technology for manufacturing parts and structures from composite
materials is autoclave molding. Its essence lies in impregnating a dry filler with a binder (manufacturing a
prepreg), laying prepreg layers on special equipment, assembling a technological package, and molding the
part in an autoclave under elevated pressure and temperature. This technology is used in the production of
wing control surfaces, tail units, wing panels, and fuselage fairings.

Another promising technology for molding products from composite materials is the vacuum infusion
method. The essence of this technology consists of laying the reinforcing filler in the required guantity on
special equipment with a vacuum bag attached to it, impregnating the assembled package with a binder due to
the vacuum created under the vacuum bag, and curing the part in an oven according to a special temperature
regime.

Despite the continuous improvement and advancement of molding technologies in the modern aerospace
industry, various manufacturing issues can still arise during the production process. These issues may include
equipment malfunctions in the molding process as well as deviations from established manufacturing
procedures due to human error.

As a result of these factors, carbon fiber parts and structural components may exhibit significant porosity
levels, which can considerably compromise the mechanical properties of the final product. For instance, when
examining carbon fiber materials with a thickness of 3 millimeters, the presence of porosity ranging from 0%
to 4% can lead to a substantial reduction in interlaminar shear strength by up to 18%. Additionally, during
compression testing, such porosity levels can result in a decrease in compressive strength by up to 21% [1].

Given these challenges, the implementation of ultrasonic flaw detection emerges as an exceptionally
crucial and highly effective method of non-destructive testing. This advanced diagnostic technique offers
precise and detailed identification of microstructural abnormalities and concealed defects right from their
initial formation stages. Such capabilities are absolutely essential during both the design phase and routine
maintenance procedures for aviation equipment, where even minor defects can have significant implications.

The fundamental principle of acoustic non-destructive testing is based on the complex physical
phenomenon of propagating elastic mechanical vibrations within the ultra-high-frequency range (0.5-25
megahertz) through the material being examined.

When an acoustic pulse is introduced into the material’s structure, it travels through the medium
according to well-established laws of wave mechanics. Upon encountering structural irregularities such as
cracks, delaminations, or foreign inclusions, the wave undergoes partial reflection, resulting in a change in its
propagation direction. This behavior allows for the precise detection and localization of various structural
anomalies within the material.

Detection of reflected signals is carried out using a specialized measuring complex — an ultrasonic
flaw detector. The device performs comprehensive processing of the following parameters:

- Time intervals between signal emission and reception

- Amplitude characteristics of the reflected pulse

- Wavefront shaping parameters

- Spectral characteristics of the signal

Based on the analysis of the obtained data, a quantitative assessment is made of:

- Spatial position of the defect

- Linear dimensions of the damage

- Configuration of the defect

- Nature of the material integrity violation [2].

The main components of the ultrasonic testing system include the following essential elements:

- Piezoelectric transducer(sensor) serves as the pivotal element within the measurement system
architecture. This sophisticated device facilitates the bidirectional conversion between electrical and
mechanical vibrations through the utilization of the piezoelectric effect, enabling precise signal transmission
and reception during inspection processes.



- Power supply modulefunctions as the primary energy source for all diagnostic system components.
This critical unit ensures consistent and reliable operation of the entire equipment suite across various
operational modes, maintaining optimal performance under different testing conditions.

- Amplitude-time visualizerrepresents an advanced display device that provides comprehensive
graphical representation of all received signal parameters. This component offers detailed visualization of
critical metrics, including precise time delay measurements and intricate amplitude characteristic analysis.

- Signal gain controlleracts as a sophisticated sensitivity adjustment unit. This essential component
enables highly precise optimization of detection parameters to suit specific inspection requirements, ensuring
accurate and reliable results under diverse testing conditions.

A distinctive characteristic of employing composite materials within the aircraft manufacturing industry
lies in their unique ability to facilitate the creation of complex structural designs. These materials are
extensively utilized to produce components featuring single or double curvature surfaces, encompassing a wide
range of critical aerospace elements such as: high-performance engine blades, precision vanes, aerodynamic
pilot cabin fuselage components and various other structurally complex parts.

Inspecting such intricately designed surfaces presents particularly formidable challenges for quality
control specialists. The primary complexity typically arises from the necessity to introduce ultrasonic
vibrations during the examination of laminated plastics in a strictly perpendicular orientation relative to the
layered structure. This is crucial because the required structural thickness is meticulously «built up» layer by
layer, and the majority of potential defects tend to develop within the interlaminar spaces.

For instance, conducting manual inspections of radius zones — whether on concave or convex surfaces
— poses significant difficulties or may even be entirely unfeasible when utilizing conventional single-element
transducers. This limitation underscores the need for specialized inspection techniques and advanced
equipment to ensure thorough and accurate evaluation of these complex structural components.

Recently, ultrasonic sensors based on phased arrays (PAs) have been widely utilized in non-destructive
testing. The piezoelectric elementsof these sensors can be arranged according to various configurations,
thereby forming the required wave front. The wave front can also be adjusted by modifying the time delays
during the emission of ultrasonic pulses from each piezoelectric element.

Currently, the most widely used in ultrasonic testing of polymer composite material (PCM) structures
are phased arrayswith a linear arrangement of piezoelectric elements in the sensor, also known as linear phased
arrays. Typically, these PAs are employed for inspecting flat and curved structures with a sufficiently large
surface radius of curvature (300 mm or more).

Additionally, flexible phased arrayshave been developed specifically for inspecting curved surfaces.
With appropriate adaptation, these flexible arrays can facilitate the examination of radius zones from both
convex and concave sides. However, as of now, their full potential has not been fully realized, and challenges
remain in defect examination of radius zones using this method [3].

Additionally, the ultrasonic testing methoddoes not provide an accurate answer regarding the actual
dimensions of a defect, as the defect size is determined by its reflective capacity. Therefore, the inspection
results provide an equivalent defect size. For example, two real defects of the same size and shape located at
the same depth, but one filled with air and the other with slag, will produce reflected pulses of different
amplitudes and, accordingly, will be assessed as defects having different sizes.

Furthermore, during ultrasonic testing, it is usually impossible to unambiguously characterize a defect
(whether it is a slag inclusion, pore, tungsten inclusion, etc.).

However, this method has numerous advantages, which explains its widespread use. The method boasts
high accuracy and speed of examination, as well as low cost. It is safe for humans (unlike, for example, X-ray
flaw detection). This method provides the possibility of conducting ultrasonic testing on an operational object,
meaning that the inspected part/object does not need to be taken out of service during the ultrasonic testing
process. The main advantage is that this is a non-destructive testing method; there is no need to cut the part to
detect defects [4].

Ultrasonic flaw detection has proven to be an effective tool for identifying hidden defects in parts and
components made of composite materials. However, the existing limitations of this method, such as difficulties
in inspecting curved surfaces and uncertainties in defect type identification, indicate the need for further
development and implementation of innovations in ultrasonic testing technology.

Looking ahead, the continued advancement of ultrasonic flaw detection technology will significantly
improve quality standards in aircraft manufacturing. This progress will lead to enhanced flight safety levels,
reduced costs for aviation equipment manufacturers, more reliable detection methods for various types of
defects, improved inspection capabilities for complex geometries. The future development of this technology
holds great promise for the aviation industry, as it will enable more precise and reliable inspection of critical



components. By addressing current limitations and incorporating new technological solutions, ultrasonic
testing will become an even more powerful tool in ensuring the integrity and safety of modern aircraft
structures.
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CraThsi paccMaTpHBaeT YJIbTPa3BYKOBYIO JE(PEKTOCKOMMIO KaK BaXKHBIA METOJ| HEpa3pylIaroIIero
KOHTPOJII KOMIIO3UIIMOHHBIX MAaTE€pUajioB B aBHACTPOCHHU. OCBEILAIOTCS TEXHOJOTMU H3FOTOBJICHUS
KOMITO3UTOB, MPUYUHBI 00pa3oBaHUs JAe(PEKTOB M 3HAYCHHE PAHHETO BBISBIICHUS CKPBITHIX IMOBPEKICHHIM.
[IpuBoasATCS TpEeUMyIIeCTBA M OrPAaHUYCHHUS YJILTPAa3BYKOBOTO METOZa, OCO00€ BHHUMAaHHUE YICNSICTCS
KOHTPOJIIO CJIOKHBIX TOBEepXHOCTeH. [lomuepkuBaercs HEOOXOAMMOCTh JajibHEHIIEH MOJIEpPHU3ANN
TEXHOJIOTMH JIJIs1 HOBBILICHHS KAYECTBA aBUALIMOHHBIX KOHCTPYKIUN U CHIXKEHHSI PUCKOB SKCILTyaTallUu.
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The article is devoted to the analysis of the impact of modern battery technologies on the performance
characteristics of unmanned aerial systems (UAS). The limitations and disadvantages of traditional lithium-
ion batteries, which affect flight time and payload, are considered. A review of promising battery solutions,
such as lithium-sulfur, solid-state, and lithium-air batteries, as well as hydrogen fuel cells and wireless energy
transfer technologies, is provided. It is shown that the introduction of innovative power sources significantly
improves the energy efficiency and autonomy of UAS, expanding their functionality and applications in the
civilian and military sectors. The paper concludes that the development of batteries plays a key role in
improving unmanned aviation technologies.

With ever-increasing demands on the autonomy and versatility of UAS, there is a need to identify and
implement new, more advanced energy sources. Lithium-sulfur, solid-state, and lithium-air batteries, as well
as hydrogen fuel cells and wireless power transmission technologies, represent promising development areas
that can overcome existing limitations. Unmanned aerial systems (UAS) are currently one of the fastest-
growing segments of the aviation industry. They are used in military applications, civil monitoring, agriculture,
logistics, and even rescue operations. Modern UAS offer a wide range of capabilities, including aerial
photography, surveying, delivery, reconnaissance, and other tasks. However, the growth of their functionality
is inextricably linked to increased energy consumption, making energy efficiency and autonomy key to their
further development.
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In civil applications, increased energy efficiency and autonomy will open up a wide range of
opportunities, including long-term environmental monitoring, continuous patrols in commercial areas,
expansion of logistics corridors for goods delivery, and providing communications and surveillance in
emergency situations. Affordable and durable power solutions will reduce operating costs and expand the
scope of mass-market use of unmanned aerial vehicles.

Existing battery and propulsion technologies offer only limited flight times. Even for strategic systems,
endurance rarely exceeds 40 hours, while mini- and micro-UAVs often remain airborne for no more than an
hour. This significantly limits their scope of application, increases the need for ground infrastructure, and
reduces cost-effectiveness.

The purpose of this article is to systematically examine the energy efficiency and autonomy issues of
modern UAS, analyze existing solutions, and identify promising areas for the development of unmanned
aircraft power systems.

Clearly, achieving breakthroughs in autonomy and energy efficiency requires not only improved energy
sources but also an integrated approach: optimized aerodynamics, reduced airframe and payload weight,
intelligent energy management systems, modular powertrain architecture, and standardized charging and
logistics protocols. However, only the integration of new energy sources will be considered.

New technologies are currently on the horizon—Iithium-sulfur batteries, solid-state batteries, and
hydrogen fuel cells. Their implementation has the potential to radically change the unmanned aircraft market,
increasing flight autonomy severalfold.

Modern UAS are classified by weight, size, and intended use:

1. Micro- and mini-UAS (up to 25 kg, flight endurance up to 2 hours). They are used for aerial
photography, infrastructure monitoring, and surveying. They require lightweight and compact power sources.
The main problem is low autonomy [1].

2. Tactical UAS (25-600 kg, flight endurance 6-15 hours). They are used for reconnaissance,
surveillance, and communications. For them, the key is a balance between weight, payload, and flight time.

3. Operational-strategic UAS (over 600 kg, flight endurance over 24 hours). They are used in the military
for reconnaissance and strike missions. The main requirement is high energy efficiency with a significant
payload.

Each class has different requirements for power systems: the smaller the aircraft, the higher the specific
energy capacity of the power source must be.

Modern UAS remain limited by their battery life. Even for large platforms, typical autonomy rarely
exceeds 40 hours, while for small aircraft it is typically 30—90 minutes. This limitation is determined by the
energy density of the power sources, the payload mass, and the aerodynamic characteristics of the platform.

Most systems require regular recharging or replacement of battery modules. Charging procedures, the
logistics of delivering replacement batteries, and the need for ground infrastructure reduce the operational
mobility of UAS and increase downtime between missions. This is critical for operational missions: the need
for frequent technical support complicates the execution of long-term or remote missions [2].

Modern payloads—navigation systems, sensors, optical and infrared cameras, radio communications,
and computing units—place significant power consumption demands. High-performance sensors and
transmitting equipment require a stable and predictable power source; otherwise, the quality of the collected
data and the stability of communications are compromised. Furthermore, the integration of artificial
intelligence algorithms and advanced onboard data processing improves decision-making autonomy, but
significantly increases power consumption. Image processing modules require significant processing power,
especially when operating at high sensor resolutions. Increasing battery capacity or adding computing and
sensor hardware increases weight and alters the balance of gravity, which degrades aerodynamic performance
and increases energy consumption. Therefore, designers are forced to find compromises between functionality,
weight, and range.

Frequent battery discharge and charge cycles also reduce battery life and increase maintenance
requirements. For long-duration missions, solutions with high cyclic stability and predictable service life of
power sources are critical.

Furthermore, the delivery of fuel, chargers, replacement batteries, and servicing of computing hardware
in the field complicates the deployment and maintenance of UAS during extended missions. Limited
infrastructure in remote areas makes it difficult to ensure continuous UAS operation [3].

Thus, it can be concluded that there is a need for greater energy efficiency in modern UAS. However, a
number of challenges prevent this from being achieved. The problem lies in lithium-ion batteries, which have
reached their physical limits: a specific energy of 200-300 Wh/kg does not allow for a significant increase in
flight time. Furthermore, increasing battery capacity entails an increase in the weight of the aircraft, which



leads to greater energy consumption. Consequently, a vicious cycle arises: more batteries means more weight,
and therefore less efficiency.

Promising areas for the development of UAS autonomy include the use of new batteries (lithium-sulfur,
lithium-air, solid-state), hydrogen technologies, and wireless energy transfer technologies (lasers and
microwave systems).

The development of batteries with higher specific and volumetric energy could dramatically increase
flight time and payload capacity. Lithium-sulfur batteries promise a significant increase in energy density with
relatively low material costs. By 2035, battery energy density is expected to reach 500-600 Wh/kg, which will
increase the flight time of small UAS to 34 hours. Solid-state batteries improve safety and allow the use of
metallic lithium for even higher energy density. Lithium-air systems theoretically offer extremely high specific
energy values, but require solutions to fundamental problems. Integrating such batteries into UAVs will reduce
the weight of the power system or increase the range with the same weight, which is critical for long-range
missions and heavy payloads. The results of the power supply comparison are summarized in Table 1.

Table 1 — Comparison of UAS power supplies

Power supply Specific energy Advantages Disadvantages
(Wh/kg)
Nickel-cadmium batteries 40-60 Reliability, simplicity Memory effect, low
energy capacity
Lithium-ion batteries 200-300 Compactness, Specific energy limits
affordability have been reached
Lithium-sulfur batteries 400-600 High energy efficiency Cycling issues
Hydrogen fuel cells 800-1000 High energy efficiency, Hydrogen storage
environmentally friendly difficulties
Solar batteries Depends on area Renewability Weather-dependent

Hydrogen fuel cells and hydrogen-based hybrid systems offer a promising approach to increasing the
operational life and efficiency of unmanned aerial systems. Due to the high energy density of the fuel and the
low weight of hydrogen, these solutions can provide significantly greater range and endurance compared to
traditional battery-powered systems. Fuel cells convert the chemical energy of hydrogen into electricity with
high efficiency and operate silently. Furthermore, hydrogen refueling allows for rapid energy replenishment
compared to the lengthy battery recharge time, increasing the operational availability of multiple aerial
platforms during short breaks between sorting missions.

However, the integration of hydrogen fuel cells into UAV design poses a number of significant technical
and organizational challenges. Key issues include hydrogen storage and logistics: the hydrogen molecule is
small and prone to diffusion, requiring the use of high-strength, high-pressure cylinders, cryogenic tanks, or
adsorption materials—each of these options has its own weight, volume, cost, and safety requirements.
Transportation, refueling, and airfield infrastructure require specialized protocols, equipment, and personnel
training, increasing the complexity of operational support.

Ensuring safety during field operations is another critical aspect. Hydrogen is explosive in certain
concentrations, requiring systems to be designed to prevent leaks, detect and quickly shut off the fuel supply,
and implement passive and active protection measures. The integration of fuel cells and tanks into UAV
aerodynamics imposes design requirements for placement, alignment, heat dissipation, and protection from
external influences. Compact, highly efficient fuel systems require complex thermal management systems and
control algorithms to ensure stable operation over a wide range of aviation conditions.

Additional technical challenges relate to the service life and reliability of fuel cells, as well as their
resistance to external factors (vibration, overload, and temperature fluctuations). Hybrid configurations
combining fuel cells and batteries can smooth out power surges and provide redundancy, but they also increase
the complexity of the power management system, increase mass and volume requirements, and complicate
maintenance.

Wireless power transmission—through ground stations, laser or microwave transmission, and power
from airship relays—can enable long-term nonstop operations, particularly for stationary or patrol missions.
The creation of a distributed infrastructure of charging stations and power relays eliminates the rigid
dependence on onboard capacity and increases mission endurance in civil and commercial applications.
Limitations include transmission efficiency, interference, radiation safety, and the need to organize secure
power delivery channels. It is worth noting that some of the technologies presented will not be fully



implemented until 2035. Therefore, based on the forecast for technology development up to 2035, the
comparison data of new types of batteries with a hydrogen fuel system and a system with wireless recharging
are presented in Table 2.

Table 2 — Comparison of new types of batteries with a hydrogen fuel system and a system with wireless

recharging
Technology Predicted Specific Estimated UAS flight time
Energy (Wh/kg)
Lithium-ion batteries (modern) 200-300 1-2 hours (mini-UAS)
Lithium-sulfur batteries 500-600 3-4 hours (mini-UAS), up to 20 hours
(tactical)
Solid-state batteries 400-500 2-3 hours (mini-UAS), up to 15 hours
(tactical)
Hydrogen fuel cells 800-1000 More than 72 hours (strategic UAS)
Wireless charging Unlimited Theoretically unlimited
(laser/microwave)

Energy efficiency and autonomy are key factors in the development of unmanned aircraft. Current
technologies can only address some of these challenges, but they limit their scope of application. New battery
technologies, hydrogen energy, and wireless power transmission offer promising opportunities. Addressing
these challenges will determine the future of unmanned aircraft systems in both the civil and military sectors.

References:

1. Prosvirina N.V. Analysis and development prospects of unmanned aerial vehicles // Moscow
Economic Journal. — 2021. — No. 10. — P. 560 — 575.

2. Kraev V.M., Siluyanova M.V., Tikhonov A.l. Approaches to the development of life cycle models of
domestic aircraft // Moscow Economic Journal. — 2019. — No. 1. — P. 52.

3. Sharapov A.A., Lepen A.Yu. Development of a multifunctional UAV // Inter Expo Geo-Siberia. —
2017. - No. 10. - P. 69 - 73.

PA3BUTHUE AKKYMYJIATOPHBIX TEXHOJIOT U U UX BJIMAHUE HA D®O®EKTUBHOCTD
BECIIMJIOTHBIX ABUAITMOHHBIX CUCTEM
Hwuzamos JLLA.
Hayunsriii pykoBonutens: C.P. Mancyposa
Kazanckuil HalMoOHaNbHBIA UCCIEN0BAaTENbCKUNA TeXHUUECKUi yHuBepcuteT uM. A. H. Tynonesa

CraThs TOCBALIEHA aHANM3Y BIMSHAA COBPEMEHHBIX AaKKyMYJISITODHBIX TEXHOJIOTUH Ha
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pacmupsisi uX QyHKIHOHATBHBIE BO3MOKHOCTH U 00JIACTH MPUMEHEHHS B TPKIAHCKOW M BOGHHOH cdepax.
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Mechatronic systems play a significant role in modern industry. They are used in various fields, from
automation of production processes to robotics. One of the main components of these systems is the engine,
which can be divided into three main types: pneumatic, hydraulic, and electric. Each of these types has its own
advantages and disadvantages, which can influence the choice of engine based on the specific task.

This article provides a comparative analysis of the actuators used in mechatronic systems and their
applications.

Mechatronic systems play a significant role in modern industry. They are used in various fields, from
automation of production processes to robotics. One of the main components of these systems is the engine,
which can be divided into three main types: pneumatic, hydraulic, and electric. Each of these types has its own
advantages and disadvantages, which can influence the choice of engine based on the specific task [1].

The development of technological criteria for drives forces the active development and implementation
of modern equipment. The design of modern drives includes:

- a control element (pneumatic, electric, or hydraulic);

- a transmission element (gearbox).

Depending on the type of control element, drives can be classified as electric, hydraulic, or pneumatic.

Hydraulic drives rely on the use of moving fluid energy to generate mechanical energy. Typically, this
energy is sourced from a pump station that receives electrical energy, as shown in Figure 1. Medium and heavy
lifting devices (with 3 to 4 degrees of freedom) are equipped with hydraulic actuators that provide the necessary
accuracy of positioning the working tool (WT) with an error of no more than + 0.5 mm [2].

The key components of any hydraulic drive are the pump and the hydraulic motor. The pump acts as a
source of hydraulic energy, while the hydraulic motor is its consumer. The movement of the hydraulic motor
is controlled using regulating equipment or by changing the characteristics of both the hydraulic motor and the
pump. Another important element of this drive is the hydraulic line, which carries the working fluid. The
transmission of motion in a hydraulic drive is achieved through a drive motor that is connected to the pump
shaft via the working fluid. The working fluid is supplied through the hydraulic line through the regulating
equipment to the hydraulic motor, where it is converted into mechanical energy. After that, the working fluid
is returned through the hydraulic lines back to the pump or to the tank for emergency situations.

Hydraulie engine

Hydraulie line

Pump

Fig. 1 Diagram of the working fluid movement depending on the position of the hydraulic motor (piston)

The following advantages contribute to the use of hydraulic drives in equipment:

- ease of stepless regulation of rotational speed or movement speeds of actuators;

- universal conversion of the mechanical characteristics of the drive motor to match the load;

- compactness and low inertia of the hydraulic drive;

- ease of control and automation;

- possibility of using electrical methods of measuring mechanical quantities, amplification and
conversion of the error signal in electrohydraulic tracking systems.

The main disadvantages of a hydraulic drive include:

- heating of the working fluid during operation, which leads to a decrease in the viscosity of the working
fluid and an increase in leakage, so it is necessary to use special cooling devices and thermal protection
measures;

- low efficiency compared to mechanical transmission;



- the need to install a working fluid filtration system;

- sealing the hydraulic system to prevent air from entering;

- loss of working pressure when the length of the hydraulic line increases.

Pneumatic actuators use compressed air energy to perform mechanical work. They are widely used
for automation of production processes, especially in light and medium-duty equipment with a limited number
of degrees of freedom (up to 2-3). These actuators can be controlled using both pure pneumatic and electro-
pneumatic systems. Pneumatic actuators are valued for their simple design, cost-effectiveness, and reliability.
Their positioning accuracy reaches £0.1 mm, but due to their limited control capabilities, they are not suitable
for tasks that require precise trajectory following or contour positioning.

Structurally, a pneumatic actuator is similar to a hydraulic actuator. Its key components are a compressor
that generates pneumatic energy and a pneumatic motor that consumes it. The movement of the pneumatic
motor is controlled through the control equipment. The principle of operation is also similar to that of hydraulic
systems: the motor drives the compressor, which supplies compressed air through the pneumatic lines through
the control elements (such as a four-way valve) to the pneumatic motor, where it is converted into mechanical
motion.

Compressor

H

Atmosphere

Rod

Pneumatic line

4 Four-way crane

Pneumatic motor

Fig. 2 Diagram of the working gas movement depending on the position of the air motor (piston)

The attractiveness of using pneumatic actuators is due to the following properties:

-there is no need to return the working fluid to the pneumatic motor;

-the weight and size characteristics are smaller compared to the hydraulic drive;

-less sensitive to changes in ambient temperature;

-the relative simplicity of the design of pneumatic motors, both for translational and rotational
movements of the actuator of technological equipment and industrial robots;

-availability of compressed air or gas energy from compressor units in factory conditions, and the
absence of return lines and communications compared to hydraulic actuators is an undeniable advantage of
the pneumatic actuator.

At the same time, pneumatic actuators have the following disadvantages:

- high cost;

-low accuracy of operation and smoothness of movement;

-low efficiency, insufficiently rigid actuator characteristics as a result of significant compressibility of
air or gas in pneumatic cylinders;

-low speed of the pneumatic actuator

An electric drive uses an electric motor to create mechanical motion (see Figure 3). These systems are
typically controlled using power electronics and electrical automation devices. Thanks to the development of
electric motors, semiconductor devices, microprocessors, and computer technology, electric drives have
become the most common solution.



They are widely used in industrial robots with a load capacity of up to 25 kg and 3-6 degrees of freedom.
Feedback control systems allow for high positioning accuracy of the robot's working tool ( 0.05 mm or better).
The advantages of electric drives include high efficiency, excellent control characteristics, and cost-
effectiveness compared to other types of drives. However, for robots with a load capacity exceeding 50 kg,
electric drives are less compact and lightweight than other solutions.

A motor-gear unit is a common type of electric drive that allows it to operate in environments where
other drives are ineffective. However, its efficiency decreases with high loads and large gear ratios. This leads
to an increase in the size and weight of the drive, negating its advantage in compactness [3].

Fig.3 Electric drive used in robots. a) (outside view), b) (inside view)

The main advantages of an electric drive are:

- a variety of ways to control the drive;

- a wide range of output characteristics;

- compactness;

- minimal maintenance costs.

The disadvantages include:

- high cost;

- limited scope of application of the drive;

- possible limitation of operating time.

Thus, summarizing the review of the drives used, we can identify the main problems:

- limited mass and size characteristics of the drive, which leads to a narrowing of the areas of application
of the drives;

- the dependence of the output characteristics of the transfer mechanism on the input parameters of the
control mechanism.

Conclusion

The choice between pneumatic, hydraulic, and electric motors in mechatronic systems depends on the
specific application, performance requirements, and financial constraints. Each type of motor has its own
strengths and weaknesses that should be considered. When planning the implementation of a specific motor
type, it is important for users to consider not only the initial costs but also the operational expenses, reliability,
and overall efficiency of the system. The diversity of technologies offers a wide range of options for engineers
and designers to find the optimal solutions for various applications.
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MexaTpoHHBIE CUCTEMBI UTPAIOT BaXKHYIO POJIb B COBPEMEHHON MPOMBIIIIEHHOCTH. OHM IPUMEHSIOTCS
B Pa3NMUYHBIX 00JacTsAX, OT aBTOMATU3aIMK TPOU3BOACTBEHHBIX MPOLIECCOB A0 POOOTOTEXHUKH. OZHUM H3
OCHOBHBIX KOMIIOHEHTOB 3TUX CHCTEM SIBJISIETCS IPUBOJI, KOTOPBII MOXKHO pa3AeiIuTh HA TPU OCHOBHBIC THIIA:
MMHEBMATHUYECKAN, THAPABIAYECKUN W dJeKTpudecknit. Kaknmplii M3 3TUX THIOB 00JIafaeT CBOWMH
MNpeuMyHmIeCTBaMM U HEAOCTATKAMHU, YTO MOXKCT BJIUATH HA BI>I60p ImpuBoAa B 3aBUCUMOCTHU OT KOHKpCTHOfI
3agaud. B nmaHHOH cTaThe NpeAcTaBiIeH CPaBHUTEIbHBIA aHAIN3 IPUBOJOB, HCHOIb3YEMbIX B MEXaTPOHHBIX
cUCTeMax, U UX MPUMEHECHHUSI.
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Acrtificial Intelligence (Al) is fundamentally reshaping contemporary society, presenting a dual-
edged sword of unprecedented opportunities and profound challenges. This article devoted to the analysis
that examines Al's multifaceted impact across three core domains: democratic processes, socio-economic
structures, and ethical governance. In the democratic sphere, Al enhances political participation and
counters misinformation. The socio-economic analysis reveals significant labor redistribution, income
polarization, and critical skill gaps, with distinct implications for advanced versus emerging economies.
Central to the discussion are pressing ethical dilemmas, data privacy violations and security threats like
deepfakes. The findings emphasize that harnessing Al's benefits while mitigating its risks requires robust
governance frameworks, active policy interventions, and a collective commitment to ethical principles.

Artificial Intelligence (Al) has emerged as one of the most transformative technologies of the 21st
century, fundamentally reshaping society in unprecedented ways. As of 2025, Al systems have moved
beyond theoretical applications to become integral components of daily life, driving innovation across
healthcare, education, governance, and economic systems. However, this rapid integration presents a
complex landscape of profound ethical, social and economic questions that demand urgent attention
and careful navigation.

The societal impact of Al is profoundly dualistic in nature. On the one hand, it offers unprecedented
potential to address humanity's most pressing challenges, including climate change, disease diagnosis,
and economic inequality [1]. On the other hand, Al introduces significant risks that could potentially
destabilize social structures, erode democratic governance, and exacerbate existing inequalities. The
automation of routine tasks has already displaced millions of workers globally, creating an urgent need
for comprehensive reskilling and workforce transition programs.

The ethical dimensions of Al deployment are equally significant and complex. Issues such as
algorithmic bias, data privacy violations, and the concentration of Al capabilities among a few powerful
entities have sparked intense global debate [4].

Al technologies are increasingly being leveraged to create innovative platforms. These systems
utilize advanced algorithms to analyze open government data, providing citizens with actionable
insights and enabling more effective engagement with public administration [3]. For instance, Al-



powered tools can monitor legislative activities, identify significant policy changes, and suggest
strategic avenues for citizen activism, thereby enhancing democratic oversight and participation.

Case studies from around the world demonstrate both the potential and challenges of Al-enhanced
democratic participation. Brazil's National Participatory Planning Process successfully integrated Al
tools to enable remote citizen contributions to policy discussions, bridging digital divides through
automated translation services for multilingual communities. Similarly, in Seychelles and Madagascar,
Al-driven platforms brought participatory democracy into fisheries governance, enabling local fishers
to influence policy decisions through transparent data-sharing mechanisms.

Benefits of Al in Democracy vs. associated challenges:

Enhanced remote engagement for marginalized | Potential misuse for  surveillance

groups purposes

Improved transparency in governance processes Dependence on private entities for
essential tools

Increased inclusivity through language translation Risk of algorithmic bias in data analysis

The deployment of Al systems to counter electoral misinformation represents one of the most
crucial applications in democratic preservation. Advanced machine learning models analyze massive
datasets to detect patterns indicative of disinformation campaigns, including coordinated bot activity and
sophisticated deepfake content [3].

Comparative data demonstrates Al's growing effectiveness in mitigating misinformation:

2016 (U.S.) 1.2 million 15%
2020 (U.S.) 3.5 million 35%
2024 (EU) 5.1 million 40%

The impacts of these Al-driven dynamics on democratic processes reveal a complex balance:
positive impacts — tailored voter outreach by campaigns, enhanced engagement with civic issues; negative
impacts: increased polarization and partisanship, erosion of trust in democratic institutions.

Effective Al governance frameworks have emerged as essential mechanisms for mitigating risks and
ensuring ethical deployment in democratic processes. These frameworks emphasize core principles of
transparency, accountability, and meaningful public participation [5]. Algorithmic transparency ensures
that Al systems used in governance remain explainable and auditable, while public oversight establishes
mechanisms for citizen involvement through ethics committees and review boards.

Algorithmic bias remains one of the most pressing ethical challenges in artificial intelligence, with
demonstrated potential to perpetuate and amplify systemic inequalities across critical social domains [4].
Unlike random human errors, algorithmic biases can operate at scale, automatically replicating and
amplifying societal prejudices unless specifically designed against such outcomes.

The real-world impacts of biased Al systems manifest across multiple sectors:

healthcare Al diagnostic tools underperforming for minority groups; delayed or
incorrect medical diagnoses

financial services Loan approval algorithms favoring certain demographics; denial of
financial opportunities

criminal justice predictive policing targeting minority neighborhoods; over- policing and
erosion of community trust

Al systems' heavy reliance on vast amounts of data raises significant concerns about privacy and
data ethics. The fundamental privacy-utility trade-off presents a persistent challenge: maximizing Al's
effectiveness often requires access to extensive datasets containing sensitive personal information, yet
this access inherently increases privacy risks.

The "black box" nature of many advanced Al systems poses significant ethical and practical
challenges, particularly in high-stakes applications like healthcare, finance, and criminal justice.
Explainable Al (XAl) has emerged as a critical field focused on making Al decision-making processes
understandable to both technical and non- technical stakeholders [5].

The rapid advancement of deepfake technology exemplifies the dual-use nature of Al, where the



same tools enabling creative innovation can also be weaponized for malicious purposes [3]. Deepfakes
leverage sophisticated Al to create hyper-realistic but completely fabricated media, posing unprecedented
risks to individuals, institutions, and democratic processes.

election interference deepfake videos spreading undermining democratic
misinformation processes
identity theft impersonation for unauthorized access | compromising personal and
organizational security
psychological harm non-consensual deepfakes causing severe emotional
distress

The integration of Al into global economies is driving a fundamental redistribution of labor
demand across sectors. While certain industries face significant job displacement, others are experiencing
the emergence of entirely new roles and opportunities [1]. According to U.S. Bureau of Labor Statistics
projections, occupations such as medical transcriptionists and customer service representatives may
decline by 4.7% and 5.0% respectively by 2033 due to automation. This redistribution of labor demand
manifests differently across geographic and economic contexts:

Customer Service -5.0% by 2033 Al supervision roles

Medical transcription -4.7% by 2033 Healthcare Al implementation
Manufacturing (global) 400-800M jobs by 2030 Robotics and automation roles
Technology Minimal losses Al engineers, data scientists

Long-term trends suggest that automation of routine tasks may gradually shift income
distribution from labor to capital, further concentrating wealth among those who own or invest in Al
technologies. Research indicates that 50-70% of the increase in wage inequality over recent decades can
be attributed to automation technologies, suggesting Al could accelerate this trend without proactive
policy intervention.

The rapid integration of Al into workplaces is simultaneously creating significant skills gaps,
particularly in industries requiring advanced technical knowledge.

Al's impact on emerging markets presents a distinctive combination of challenges and
opportunities. Low-cost labor markets experience reduced near-term exposure to automation, as many
agricultural and informal sector jobs remain economically inefficient to automate [3]. Significant
opportunities for technological leapfrogging exist, particularly in sectors like financial technology and
agricultural technology. African fintech companies are increasingly leveraging Al to expand financial
inclusion, simultaneously creating employment opportunities in software development and Al
implementation [1].

Al literacy and education: promoting comprehensive Al literacy across all educational levels is critical
for workforce preparation. This includes integrating Al-related topics into standard school curricula while
offering affordable, accessible training programs for adult workers and vulnerable populations.
Regulation of Al Deployment: policymakers must ensure that Al deployment aligns with ethical and
equitable standards, mandating transparency in Al decision-making processes and preventing
discriminatory practices in Al-driven hiring and promotion systems [5].

Therefore, it can be concluded that Artificial Intelligence represents a transformative force with
profound implications for democratic processes, socio-economic structures, and ethical governance.

While Al offers remarkable potential for enhancing democratic participation, mitigating
misinformation, and driving economic innovation, it simultaneously introduces significant risks
including algorithmic bias, employment displacement, and security vulnerabilities.
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UckycctBennsiii untemnekt (M) ¢yHnameHTanbHO MEHsSIET COBPEMEHHOE OOIIeCTBO, MPENCTaBIIss
co0OH majKy O ABYX KOHLAX: OecIpelieleHTHbIE BO3MOXKHOCTHU M cepb&3HbIe mpolOisiembl. [laHHas cTaThs
MOCBAIICHA aHAIN3Y MHOTOorpaHHoro BiusiHus VUM Ha Tpu OCHOBHBIE 00JIaCTH: AEMOKpAaTHYECKHE TPOLIECCHI,
COLMANTbHO-9KOHOMHUECKHE CTPYKTYphl M O3THYHOE YympaBieHue. B nemokparmueckoii cdepe UU
CIOCOOCTBYET MOJIUTUYECKOMY YUaCTHIO U IPOTUBOICHCTBYeT Ae3uHpopmanyu. ConuanbHO-3KOHOMHYECKHUH
aHaJIM3 BBUIBJIACT 3HAYMTENIBHOE IepepaclpencsieHue pabodell Ccuibl M KpPUTHUECKHH  neduuut
KBaJTM(HUIIMPOBAHHBIX KAJPOB, YTO MUMEET CHenn(UISCKUE TOCIEACTBUS sl Pa3BUTHIX U Pa3BHBAIOLIMXCS
9KOHOMHMK. B 1meHTpe o0O0CYXIOEHHMS HaxXOAATCS HACYLIHbIE 3THYECKHE JIWIEMMbI, HapyIICHUs
KOH(HUICHINAIBHOCTH JaHHBIX M YIpo3bl 0€30IacHOCTH, Takue Kak Aurdeiiku. Pe3ynpraTsl MccaenoBaHus
MO TYEPKUBAIOT, YTO HCIONb30BaHUE penmyliecTB MU npu ofHOBpeMEHHOM CHUKEHUH €T0 PHCKOB TpeOyeT
HaAEKHBIX CHUCTEM YIPaBJIEHHS, aKTUBHOTO [MOJUTHYECKOTO BMEIIATEIbCTBA M KOJJIEKTUBHOU
MPUBEPKEHHOCTU 3TUUECKUM MIPUHLHIIAM.

VK 623.746.174
THE FUTURE OF HELICOPTERS: HYBRID SYSTEMS
Tikhomirova R.L.
ren-555@mail.ru
Scientific advisor: N.S. Aristova, Associate Professor
Kazan National Research Technical University named after A.N. Tupolev

This article explores the future of helicopters through the development of hybrid propulsion systems.
Combining traditional engines with electric power, hybrid helicopters promise improved fuel efficiency,
reduced emissions, and enhanced performance. The text highlights technological advancements, potential
benefits, and challenges, emphasizing their role in making aviation more sustainable and environmentally
friendly.

In recent years, there has been significant progress in the field of aviation technology, and the helicopter
industry has not been left out. The relevance of the study of electric and hybrid systems for helicopters is due
to the need to reduce carbon emissions, increase energy efficiency and reduce noise pollution. In the face of
increasing environmental demands and the pursuit of sustainable development, the development of new
technologies is becoming vital. The article touches on key aspects such as:

- Advantages of using electric and hybrid systems.

- Technical challenges and solutions facing helicopter manufacturers.

- The market and potential applications of electric and hybrid helicopters.

Studying these areas will not only help to understand the current state of the helicopter industry, but also
predict its future prospects aimed at creating safe, environmentally friendly and efficient aircraft.

Standard helicopter systems traditionally consist of a complex mechanism including a transmission,
main and tail gearboxes [1]. These components ensure the transfer of power from the motors to the rotor, which
is required to create lift. However, this design has its drawbacks: mechanical components are subject to wear,
require constant maintenance and increase the weight of the aircraft. In addition, traditional helicopters most
often use internal combustion engines, which leads to significant emissions of carbon dioxide and other
pollutants into the atmosphere, creating problems for the environment [2]. Hybrid helicopter systems represent
a progressive response to these challenges. They combine traditional engines with electric ones, which
significantly reduces emissions.
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Fig.1 — Hybrid system of helicopter

Figure shows the following components of a hybrid system:

M — Traditional helicopter motor,

GEN - Electric power generator,

TMG — Ehe main gearbox of the helicopter,

EB — Electric boosters,

SD — A swashplate, also known as slant disk,

EPC — Electric power converter,

EM — Tail electric motor.

In such systems, the tail rotor powered by an electric motor, which reduces the overall weight of the
helicopter by reducing the size and weight of the components of the power transmission system [3]. The
advantages of hybrid helicopters are impressive:

- Weight reduction: The use of electric motors reduces the need for massive gearboxes and
transmissions, which makes the structure lighter and more maneuverable.

- Fuel economy: Hybrid systems can operate in a more optimal mode, which leads to lower fuel
consumption and, consequently, lower operating costs.

- Noise reduction: Electric motors operate significantly quieter than traditional internal combustion
engines, which makes flights more comfortable for the public and less susceptible to noise pollution.

Despite the obvious advantages of hybrid helicopter systems, manufacturers face a number of difficulties
and disadvantages that may hinder their implementation and development [4].

- Technology development: The creation of efficient and reliable electric motors and batteries is a
complex engineering task. Significant time and resources are required to research and test new technologies to
ensure that they meet high aviation safety standards.

- Energy density of batteries: To date, batteries cannot yet provide the same energy intensity as
traditional fuels. This limits the range and flight time of hybrid helicopters, which can scare off potential
customers, especially in the commercial segment.

- High cost: Investments in the development and production of hybrid systems can be significant. The
high price of new technologies may affect the final cost of the helicopter, which makes it less attractive to
consumers.

Hybrid systems are ideal for light and ultralight helicopters because they provide high maneuverability
and efficiency. Using a hybrid approach allows you to significantly reduce weight by reducing the volume of
traditional fuel systems, which in turn improves efficiency and increases flight time. Unmanned helicopters:
hybrid systems are also being used in unmanned aerial vehicles. They allow to increase the flight duration and
range of drones, which makes them more suitable for various tasks such as monitoring, cargo delivery,
agriculture and search and rescue operations [5].

In conclusion, hybrid systems represent a promising direction in the development of aviation
technologies, especially for light and ultralight helicopters, as well as unmanned aerial vehicles. Their ability
to combine the advantages of electric and traditional engine makes these systems more efficient, economical
and environmentally friendly. The growing interest in sustainable and environmental solutions in aviation
opens up new opportunities for the use of hybrid technologies in various industries, including medicine,
agriculture, tourism and emergency services. Given the global trends towards reducing the carbon footprint
and increasing mobility, hybrid systems can be expected to become an important component of future aviation
solutions. Innovations in this area will continue to develop, creating opportunities for new applications and
improvements, which will further strengthen the position of hybrid systems in the market and ensure the
sustainable development of the aviation industry as a whole.
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B cratbe paccmarpuBaeTcs Oyayluee BEpTOJETOB uepe3 MPU3MY Pa3BUTHS THOPUAHBIX CHIIOBBIX
ycraHoBOK. CoueTasi TpaAMLUOHHBIC JBUTATENN C DIEKTPONPHUBOAOM, THOPUAHBIC BEPTOIETHI OOCIIAIOT
MOBBIILICHHE TOIUTUBHON SKOHOMHUYHOCTH, COKpAILEHHE BHIOPOCOB U YIIyUIIEHHE JIETHBIX XapaKTEpUCTHK. B
TEKCTE OCBEIIAIOTCS TEXHOJOTHMYECKHE JOCTHKEHHUS, NOTCHIUAIbHBIE TNPEUMYIIECTBA M MPOOIEMBI,
MoT4YEPKUBAst UX POJIb B MOBBIILIEHNH YCTOMYUBOCTH U IKOJIOTUYHOCTH aBUAIUH.
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One of the key challenges in modern medicine is the development of highly sensitive sensors for
monitoring human health and predicting risk of disease. Modern portable medical devices are capable of
measuring heart rate, blood pressure, physical activity, stress levels and sleep quality. However, due to poor
contact with skin, the measurement accuracy of such devices remains relatively low. Therefore, there is need
for development of precise, lightweight, and non-invasive sensors.

Obijective: The goal of this project is to develop a skin-mounted temperature sensor based on a carbon
material for measuring human body temperature.

To achieve this goal, we set the following tasks:

1. Design a prototype of the sensor;

2. Measure the resistance of a thin carbon film at room temperature;

3. Investigate the dependence of the carbon film resistance depending on temperature;

4. Study the resistance of electrical contacts;

5. Measure body temperature using the sensor;

Theory: Recently, skin-mounted sensors designed as thin-film devices have gained significant
popularity [1,3]. Unlike conventional sensors, skin-mounted sensors ensure closer contact with human skin,
improving measurement accuracy and increasing the number of measurable parameters. A distinctive feature
of these sensors is their non-invasiveness. At the same time they allow us make precise measurements of
various physiological parameters (such as skin pH, glucose, lactate, and cholesterol levels) by analyzing
human’s sweat. Their additional advantages are: comfort, compactness, mobility, and hypoallergenicity.

One of the materials used for fabrication of skin-mounted sensors is graphene. Graphene is an allotropic
modification of one-atom thick single layer carbon. It is classified as semimetal. In this study, we focus on a
sensing device based on graphene.
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As a skin-mounted sensor, we used a thin plastic plate coated with graphene. Since graphene is a
semimetal, its electrical resistance increases with temperature [3]. This property was employed to perform
temperature measurements. To record the resistance values of the graphene layer, electrical contacts had to be
attached to the plate. Soldering could damage the structure of both the graphene and the plastic plate due to
high temperatures; therefore, to secure the contacts, we used conductive glue with low resistance. In this work,
conductive glue named Kontaktolwas applied.
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Dependence graph of its resistance on temperature

The contacts were positioned at the edges of the graphene layer on the plate. The contact resistance was
only 3 Q and remained nearly constant within the investigated temperature range; therefore, its effect on the
overall measurement could be neglected.

A series of experiments was carried out to obtain empirical resistance values at various temperatures.
Resistance and temperature measurements were performed using a multimeter and a thermocouple. According
to the multimeter specifications, the measurement error for resistance was approximately +0.8%, while the
thermocouple error was +0.1°C. Based on the obtained data, a table and a graph, showing the dependence of
resistance on temperature, were created:

Temperature, C° Resistance, kQ
24 2,917
27 2,921
30 2,926
33 2,933
36 2,938
39 2,943
42 2,949
45 2,954
48 2,957
51 2,960
54 2,963




57 2,966
60

2,969

Table 1: Dependence table of res|stance on temperature

The measurement uncertainty of the graphene resistance is represented by the circles shown on the
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Graph 1: Dependence graph of resistance on temperature

graph. To ensure higher accuracy, the measurements were performed twice. The approximation coefficient
was R =0.982.
The obtained results confirm that the resistance of graphene increases linearly with temperature. This
dependence is also consistent with laboratory studies on carbon nanostructures [3].
To minimize the influence of external factors on the measured resistance values, we used the parameter of
relative change in resistance - &(T) - as a sensitivity indicator [1,2]. The formula for the relative change in
resistance is as follows:

(R —Ry)

R =
R
Ro — resistance measured at room temperature;
R — resistance measured at the investigated temperature;
eg — relative change in resistance, expressed as a percentage.
Graph of the dependence of relative change in graphene resistance on temperature:
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Graph 2: Dependence graph of relative change in graphene resistance on



According to the graph, the relative change in resistance does not exceed 2%.

The use of the relative change in resistance made it possible to apply the previously obtained data even
when the properties of graphene changed. During the experiment on measuring body temperature (in our case,
the wrist temperature), the graphene resistance increased to 8.786 kQ at room temperature. Then, by
determining e for the new resistance values and using Graph No. 2, the temperature was calculated. The
obtained experimental values are as follows:

Resistance at room temperature: Ro = 8.786 kQ;

Resistance at measured temperature: R = 8.825 kQ;

Calculated relative change in resistance: e = 0.4439%;

Using the function from Graph No. 2, the temperature value was found: T = 31.45 °C.

The temperature measured using the thermocouple was T = 31 °C. Thus, the calculated temperature
value in this experiment coincided with the actual measured value.

Conclusion: As a result of this work:

o A prototype of a graphene-based temperature sensor was designed.

¢ The dependence of graphene resistance on temperature was studied. This dependence shows a linear
increase in resistance with temperature, consistent with literature data.

e The dependence of relative change in graphene resistance on temperature was constructed, allowing
temperature determination after unpredicted changes in graphene properties.

¢ The obtained dependencies are well described by linear functions, with an approximation coefficient
of R =10.982 for both.

e Human body temperature was measured using the originally designed prototype, confirming the
potential use of such thin-film sensors for measuring human body temperature.
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OILHOﬁ M3 BAXXHBIX 3a/la4 B MCIUIIUHE SABJIACTCA CO3JaHUC BBICOKOYYBCTBUTCIILHBIX CCHCOPOB IJIsA
MOHUTOPHUHIA 3J0POBbA UYCIIOBCKA U IPOTHO3UPOBAHHA PHUCKA pPA3BUTUA 3a00JIeBaHUH. COBpCMeHHBIe
MMOPTAaTUBHBIC MCEAMIHWHCKHUE JAaTUUKU CIIOCOOHBI U3MEPATH ITYJIBC, OAaBJIICHUEC, OTCIICAUTH (1)I/I3I/I‘-IGCKYIO
AKTUBHOCTb, YPOBCHL CTpPECCA, OLCHHUTH COCTOSHHE CHA. OJIHaKO HW3-3a HEIUIOTHOTO KOHTAaKTa C KOXei
TOYHOCTb H3MCPCHUSA TaAKUX yCTpOﬁCTB OCTAacTCA OOBOJIBHO HH3KOI. HOSTOMy €CTh HCO6XO,Z[I/IMOCTB B
paspa60TKe TOYHBIX, JICTKUX U HCUMHBA3MBHBIX CCHCOpAx.
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The interplay between innovation in science and its impact on modern society is a pivotal theme that
shapes the trajectory of human progress. In the XXI century, rapid advancements in scientific research and



technological development have transformed various aspects of daily life, from healthcare and communication
to energy production and environmental sustainability. This abstract is devoted to the exploration of
multifaceted nature of scientific innovation, highlighting its role as a catalyst for societal change and economic
growth.

Scientific innovation encompasses a broad spectrum of disciplines, including biotechnology,
information technology, nanotechnology, and renewable energy. Each of these fields has produced
groundbreaking discoveries and technologies that address critical global challenges, such as climate change,
disease management, and resource scarcity. For instance, the development of mRNA vaccines during the
COVID-19 pandemic exemplifies how swift scientific innovation can lead to effective solutions in public
health crises, demonstrating the potential for rapid response to emergent threats [1].

Moreover, the integration of interdisciplinary approaches fosters collaborative efforts among scientists,
engineers, policymakers, and the public, enhancing the effectiveness of innovation. The rise of open science
and citizen science initiatives exemplifies this trend, empowering individuals to contribute to research and
democratizing access to scientific knowledge. Such collaborative frameworks not only accelerate the pace of
discovery but also ensure that innovations are aligned with societal needs and ethical considerations.

However, the benefits of scientific innovation are accompanied by challenges that require careful
navigation. Such issues as data privacy, ethical implications of genetic engineering and the digital divide
highlight the need for responsible innovation practices. As society becomes increasingly reliant on
technological advancements, it is imperative to foster an inclusive dialogue that addresses potential risks while
maximizing the benefits of innovation [3].

Furthermore, innovation in science serves as a cornerstone for modern society, driving progress and
addressing complex challenges. The dynamic relationship between scientific discovery and societal needs
necessitates ongoing collaboration, ethical considerations, and adaptive policies to harness the full potential of
innovation. As we move forward, fostering a culture of curiosity and creativity will be essential in shaping a
sustainable future where science continues to improve the human experience.

Technology is the use of scientific knowledge to design and make products which make life better,
or as it is sometimes referred to, the modification and manipulation of the human environment, is the
application of scientific knowledge to the practical goals of human life.

Science is the study of natural things around us, it also means the acquiring of knowledge that has
been tested to be correct through study or practice. Science is very important to us as an individual and as a
nation in general.

Innovation in science involves transforming novel scientific concepts, discoveries, and methodologies
into valuable products, processes and solutions that enhance societal well-being and contribute to economic
growth.

Modern society is a complex, developed and city-based world characterized by technological
advancements, economic exchanges, personal freedom and a focus away from religious beliefs [2].

Considering how science innovation shapes modern society, we can mention the ripple of innovation.

In the heart of a bustling city, the sun rose over a skyline punctuated by glass towers, each a testament
to human ingenuity. As the world awoke, the effects of science and innovation were woven into the very fabric
of daily life, shaping experiences in ways that were often taken for granted.

At the crack of dawn, Maya, a young mother, reached for her smartphone. With a few taps, she activated
her smart home system, which adjusted the thermostat and brewed her morning coffee. This seamless
integration of technology was made possible by advancements in artificial intelligence and the Internet of
Things (1oT). As she sipped her coffee, she reflected on how such innovations had transformed her life —
allowing her to manage her household efficiently while juggling work and family responsibilities.

After dropping her son off at school, Maya headed to her job at a biotech firm. The company was at the
forefront of developing personalized medicine, leveraging genetic research to tailor treatments for individual
patients. They were launching a new initiative that aimed to use Al algorithms to predict health risks based on
genetic data. This initiative promised not only to improve patient outcomes but also to reduce healthcare costs
— an essential factor in an increasingly strained system. Maya felt a sense of pride knowing that her work
contributed to innovations that could save lives and enhance well-being.

Later that afternoon, as Maya participated in a virtual meeting with colleagues from around the globe,
she marveled at how technology had bridged distances. Video conferencing tools enabled real-time
collaboration, fostering diverse perspectives that enriched their projects. This interconnectedness was a direct
result of decades of research in telecommunications and digital technologies, breaking down barriers that once
limited global cooperation.



As evening approached, Maya took her son to a local park where families gathered. The park featured
solar-powered lights and smart benches equipped with charging stations — innovations designed to promote
sustainability and enhance community spaces. While playing on the swings, her son excitedly pointed out a
group of teenagers using drones to capture aerial footage of their skateboarding tricks. This fusion of recreation
and technology showcased how innovation inspired creativity and play among the younger generation.

However, as they walked home, Maya couldn’t help but think about the challenges that accompanied
these advancements. News reports highlighted issues like data privacy concerns and the ethical implications
of genetic editing. She knew that while innovation held immense potential, it also required careful
consideration and responsibility from society as a whole.

That night, as she tucked her son into bed, Maya reflected on the day’s events. Science and innovation
had woven a rich tapestry that enhanced their lives — from health and convenience to creativity and community
engagement. Yet, she understood that the journey was ongoing; it was essential for society to engage in
thoughtful dialogue about the implications of these advancements.

In this modern world, where science and innovation shaped every corner of life, Maya felt hopeful. The
future held endless possibilities — if guided by responsibility and a commitment to the common good, it could
lead to a brighter tomorrow for everyone.

Science and innovation have profoundly shaped modern society in numerous ways, influencing various
aspects of daily life, economy, health, and the environment. Here are some key areas where science and
innovation have made a significant impact:

1. Improved quality of life: medical advances have increased life expectancy and improved public
health, while technologies like the internet and smartphones have made information more accessible and
connected societies globally.

2. Enhanced productivity and resources: innovations in agriculture and industry have increased food and
consumer goods production, transforming economic and social structures [1].

3. Economic and sustainable development: science, technology, and innovation (ST1) are fundamental
for economic growth, social development, and environmental sustainability, supporting initiatives like green
societies and addressing global challenges.

4. Overcoming Global Challenges: scientific advancements contribute to addressing issues like climate
change, food security, and public health, though they also create new complexities [2].

The most important contribution of science and technology to society is the fact that so many scientific
discoveries have benefited so many people. Science and technology have a sizable and expanding impact on
society. By fundamentally altering our means of communication, our ways of working, our homes, our food,
our clothing, and even the quantity and quality of our lives, science has contributed to changes in human
morality and fundamental beliefs.

For instance, with a few mouse clicks, we can view the weather forecast or watch a movie on our tablet.

The main goal of this study or evaluation is to provide a microscopic analysis of contemporary society
and connect it to the significant advancements in science and technology that have occurred since prehistoric
times.

Technology has transformed every aspect of our lives, whether it is how we communicate or how we
enjoy entertainment.

Technology can benefit the world by helping us understand science and the advancements it brings.
These positive effects of science and technology on society are just some of the ways science affects society
around us every day, and they’re definitely worth further exploration.

In conclusion, the interplay between innovation in science and modern society has transformed nearly
every aspect of our lives. From groundbreaking advancements in healthcare that enhance our well-being to
technological innovations that revolutionize communication and transportation, the impact is profound and
far-reaching.

These innovations not only drive economic growth and improve living standards but also address critical
global challenges such as climate change, food security, and public health crises. As we navigate an
increasingly complex world, the role of science and technology becomes even more vital, offering solutions
that are both sustainable and equitable.

However, with these advancements come responsibilities. We must ensure that innovation is harnessed
ethically and inclusively, considering the societal implications and striving to bridge gaps in access and equity
[3].
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The article analyzes key trends in the innovative development of helicopter manufacturing. It examines
promising directions in aerodynamics (multidisciplinary optimization), powerplants (electrification,
composites), avionics (SINS), and materials science (nanomaterials, composites). The conclusion emphasizes
the need for cross-industry cooperation to achieve a breakthrough in the sector.

Russia's economy is compelled to transition to an innovative model of economic development. The
export-raw material model that existed in recent decades has proven ineffective and vulnerable, particularly
with the introduction of economic sanctions and the increase in global oil production. There is now a need for
innovative solutions and approaches that, on the one hand, would foster the growth of scientific research and
development, and on the other hand, ensure the demand for this research within the business community.

Modern helicopter technology, especially military, as in the times of the former USSR, represents
reliable and high-quality aircraft specimens with enhanced tactical and technical characteristics, meeting all
modern requirements. Furthermore, the pricing policy pursued by domestic manufacturers allows them to
compete with the world's best counterparts. For example, the firm order portfolio—both export and domestic—
for the products of the leading domestic helicopter manufacturing company, JSC "Russian Helicopters," until
2020 already amounts to 870 helicopters with a total value of 388 billion rubles [4].

The main trends of innovative modernization in this sector can be highlighted.

Aircraft Development Trends.

The configuration of aircraft, including layout and design solutions, as well as the types of structures
and powerplants used, will be shaped primarily by the requirements of operational safety and achieving high
technical and economic performance.

Currently, evolutionary methods for improving the flight performance characteristics of conventional
aircraft designs are nearly exhausted. In this regard, a future transition to unconventional aircraft layouts
associated with types of rotor and fuselage integration, as well as powerplant and airframe integration, is to be
expected.

One promising direction for aviation technology development is the creation of universal aircraft that
can change their configuration depending on flight conditions and the type of mission. The main direction for
creating the future of aviation is the development of rotary-wing aircraft with non-standard rotor placement.
The creation of a new generation of reliable and economical convertiplanes is anticipated [2].

Aerodynamics Development Trends.




The main priority for the development of computational aerodynamics will be integration. Software
products will become an integral part of the technological chain for preliminary design and forecasting in
helicopter manufacturing; unitary calculation programs will be replaced by multidisciplinary software
complexes designed for finding optimal solutions. Optimization approaches will become an integral part of
any software product.

In the medium term, the goal is the ability to obtain optimal solutions in a multidisciplinary formulation
with simplified physical models of the environment. By 2020, a move away from simplifications in physical
models of the environment is likely, with the best approach being one that includes multidisciplinary
optimization in a nonlinear formulation.

In the distant future (2040), intelligent systems will emerge that will change the very concept of
optimization by transitioning to principles close to human thinking (application of neurotechnologies). A
significant complication of the environmental model is expected, which will meet the criteria of nonlinearity,
anisotropy, and multiphase nature. Deep integration of computational and experimental research methods is
anticipated.

Powerplant Development Trends.

Further improvement of aircraft engines for civil aviation helicopters within traditional configurations
is associated with increasing difficulties and a relatively low final effect.

In the field of powerplants for rotary-wing aircraft, the main focus will be on developing engines and
transmissions for high-speed helicopters and convertible aircraft.

The following directions for "breakthrough™ improvement of helicopter engine performance are
predicted:

o Integrated application of promising composite materials of various types, enabling a radical increase
in gas temperature in engines with uncooled hot sections;

o Abandoning the use of a mechanical drive for engine accessories via a gearbox and transitioning to
electrically driven accessories powered by a built-in high-speed generator;

« Eliminating the oil system from the engine design, using unconventional types of rotor supports in the
engine, including non-metallic composite, gas, and electromagnetic bearings, which do not require oil cooling.

For the longer term, the concept of an "electric helicopter" with an electric drive for the main and tail
rotors is being considered. The engine is intended to be used as a gas turbine drive for an electric generator,
spun by the incoming airflow [1].

Aviation Navigation Systems Development Trends.

Current global trends in the development of inertial navigation systems indicate an almost complete
transition to the concept of Strapdown Inertial Navigation Systems (SINS).

The shift to SINS technology is determined by the fact that such systems offer:

o Greater information content compared to platform-based systems;

¢ Reduced autonomous initial alignment time;

» Reduced system weight and dimensions;

o Lower power consumption and increased service life;

o Orders of magnitude reduction in the system's lifecycle cost.

In the long term, the main directions for improving SINS will be reducing weight and dimensions,
increasing energy efficiency, lowering cost, and integration with other navigation systems to ensure accuracy
and reliability of navigation, piloting, execution of aviation tasks, and combat application of aviation weapons
at the level of fault-tolerant strapdown inertial reference systems with managed redundancy.

Aircraft Materials Development Trends.

The implementation of strategic directions for the development of materials and manufacturing
technologies for structures, in the interests of developing helicopter manufacturing, engine building, and
component manufacturing, will allow for: increasing the service life of helicopters and engines; reducing the
weight of helicopter aircraft; reducing the cost of materials in helicopter manufacturing through efficient
production technologies, etc.

Innovative directions for material development, aligned with global trends in helicopter technology,
include:

e Ceramic materials and composites;

e Mono- and nano-crystalline materials, materials with tailored properties, including modern ultra-hard,
heat-resistant, high-strength, super-light materials, and coatings;

o Nanocomposites with improved structural properties;

e Anti-corrosion materials and matrix composite materials based on light metal alloys;

o Nanopolymers and binders for composite materials;



 High-strength structural composite materials, including hybrid types [6].

Thus, for the innovative development of helicopter manufacturing, it is necessary to move beyond the
conventional understanding of industry development. Breakthrough solutions for modernizing this sector
should be sought at the intersection of various industrial sectors and their convergence. Achieving the state's
strategic goals of ensuring transport accessibility across the entire country is impossible without the
development of helicopter manufacturing and the creation of new models of helicopter technology based on
the application of modern innovative technologies.

The nature of innovative modernization in helicopter manufacturing should affect not only aircraft
designers and developers but also related sectors of the transport industry. The issues of correlation between
manufacturers and operators of aviation technology are a paramount task determining the innovative focus of
the entire aviation production. The domestic helicopter industry has received a unique opportunity for its
development. Our country, like the entire world, is rapidly expanding the spheres of helicopter technology
application, which undoubtedly impacts the life of the entire global community.
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This article explores the application of laser and additive technologies in cultural heritage preservation.
Using case studies from Russian museum practice, it demonstrates how 3D scanning and printing enable non-
contact documentation and restoration of artworks. The research shows that these technologies ensure artifact
preservation while creating new opportunities for public access through digital copies and virtual museums.
The study concludes that laser and additive methods represent an innovative approach to conserving cultural
heritage while maintaining its accessibility for future generations.

Contemporary society faces the challenge of preserving cultural heritage. The problem of preserving
cultural heritage is particularly acute today - priceless monuments of art and architecture are gradually
deteriorating under the influence of time, climatic factors, anthropogenic influence, and emergency situations.


https://vk.com/doc247409661_686072426?hash=tzrbJP3TsNzG45Y1WOC07rUtEh8OA8mF8uzI2MPu4f4&dl=VD57wMTu1rNCKh8hIOwCltennv39dhYZBr107LWqH38&api=1&no_preview=1
https://vk.com/doc247409661_686072426?hash=tzrbJP3TsNzG45Y1WOC07rUtEh8OA8mF8uzI2MPu4f4&dl=VD57wMTu1rNCKh8hIOwCltennv39dhYZBr107LWqH38&api=1&no_preview=1
https://www.researchgate.net/publication/281812480_Forsajt_razvitia_aviacionnoj_nauki_i_tehnologij_do_2030_goda_i_na_dalnejsuu_perspektivu
https://www.researchgate.net/publication/281812480_Forsajt_razvitia_aviacionnoj_nauki_i_tehnologij_do_2030_goda_i_na_dalnejsuu_perspektivu
http://rostec.ru/news/4513399
mailto:karina.khamitova.06@mail.ru

Marble loses its structure, bronze becomes covered with patina, and wooden products undergo biological
degradation. Traditional restoration methods often prove insufficiently effective or even dangerous for fragile
originals, since they involve direct physical contact with the object. In this critical situation, innovative
technologies come to the rescue, offering fundamentally new approaches to cultural heritage preservation.

The solution to these centuries-old problems has come from the field of high technology - laser scanning
and 3D printing have opened new horizons in preserving cultural values. The integration of laser and additive
technologies into the cultural sphere represents a significant innovation at the intersection of technical and
humanitarian sciences. The purpose of this study is to analyze how these technologies transform approaches
to preserving works of art, taking into account both technical capabilities and social impact.

Laser 3D scanning of sculptures is an advanced technology for documenting and preserving cultural
heritage objects. The process begins with the use of the laser triangulation principle, when a scanner projects
a laser beam onto the object's surface, and a special camera records its reflection. Based on the beam
displacement, the system calculates the exact coordinates of surface points, creating millions of measurements.
The sculpture is scanned from various angles over several hours, ensuring measurement accuracy up to 0.1
millimeters.

As aresult of scanning, a so-called "point cloud" is formed - a collection of points with coordinates X, Y,
Z, forming an accurate spatial model of the object. This virtual copy of the sculpture becomes its digital twin,
which can be studied on a computer from any angle, scaled and analyzed without the risk of damaging the
fragile original. After scanning is completed, individual scans are combined into a single 3D model, digital
noise and artifacts are removed, and then the model is saved in STL or OBJ formats for further processing.

The restoration process using the obtained 3D models includes several stages. When working with
damaged objects, as in the case of the "Eva u istochnika" sculpture from the Sergeevka estate, all preserved
fragments are first scanned. When 23 disparate fragments of this 19th century zinc sculpture were discovered
in 2007, traditional restoration proved impossible. Using specialized three-dimensional modeling programs,
restorers virtually "assembled" the fragments like a complex puzzle, recreating the monument's original
appearance.

Various digital modeling methods are used to restore lost elements. If a symmetrical part of the sculpture
is missing, "mirror copying" technology is used - creating a missing element based on the preserved one. In
case of complete loss of fragments, archival photographs and similar works from the same period are used.
The peculiarity of this approach is the ability to test various restoration options in virtual space before starting
physical work.

Physical restoration of objects can be carried out in two main ways. Additive technologies (3D printing)
are used to create demonstration copies and restore small details. For example, FDM plastic printing was used
to make a full-scale replica during the restoration of the "Eva u istochnika™ sculpture. For the restoration of
metal elements, as in the case of the cast-iron fence of the Alexander Nevsky Lavra in St. Petersburg, laser
cladding of metal powders was used - this made it possible to accurately recreate the lost decorative elements.

Subtractive technologies (milling on CNC machines) are used when working with natural stone. A
striking example is the creation of a copy of the marble bust "Primavera” from the Tsarskoye Selo collection.
After laser scanning of the original, the 3D model was used to control a milling machine that carved an exact
copy from a block of Carrara marble. This approach made it possible to preserve the original in museum
conditions, placing the copy outdoors.

The key advantage of laser scanning and digital restoration technology is the non-contact nature of the
method. This eliminates the risk of damage to fragile originals and allows working with even severely damaged
objects. The high accuracy of modern scanners (up to 0.05 mm) ensures the capture of the smallest details —
microcracks, traces of erosion, tool processing. The technology also makes it possible to objectively document
the condition of monuments and track changes in their condition over time.

Practical examples from Russian restoration practice demonstrate the effectiveness of this approach.
When creating a copy of the bust of Peter | for the French Academy of Sciences, laser scanning and subsequent
milling made it possible to produce an exact replica without exposing the original to the risk of damage during
transportation. The reconstruction of the sculpture "Eva u istochnika™ showed the possibility of restoring
practically lost monuments from disparate fragments.

The combination of laser scanning and modern restoration technologies opens up new possibilities for
preserving cultural heritage. This approach not only documents the current state of monuments but also restores
lost elements, creates exact copies to replace originals in unfavorable exhibition conditions, and provides
access to cultural values through virtual museums and tactile copies for people with disabilities.

The results of applying these technologies are multifaceted. The most significant achievement is the
preservation of cultural memory — digital copies and replicas ensure the physical or virtual existence of objects



even if the originals are lost. Equally important is ensuring accessibility of art — tactile copies allow blind
people to become acquainted with sculpture masterpieces, and virtual museums make cultural values accessible
to people around the world. As the practice of creating a copy of the bust of Peter | for the French Academy
of Sciences has shown, technologies make it possible to share cultural heritage without the risk of damaging
originals during transportation. In addition, it becomes possible to monitor the condition of monuments —
regular scanning allows tracking the slightest changes in the structure of materials and taking timely
conservation measures.

The research demonstrates that laser and additive technologies represent a paradigm shift in cultural
heritage preservation, successfully combining technical precision with social accessibility. These innovative
approaches not only protect fragile originals but also create new dimensions of cultural interaction and
education, ensuring the preservation of our shared cultural heritage for future generations.
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KOI'TA JTASEPBI CTAJIKUBAIOTCA C HCKYCCTBOM: POJIb AJIUTUBHBIX
TEXHOJIOTWI B COBPEMEHHOM JIN3AMHE U COXPAHEHUU KYJbTYPHOI'O
HACJIEAUA
Xamurona K. P., llycrosa. O. K.

Hayunslit pykoBogutens: M.A. Pacxogosa
Kazanckwuil HarfmoHaNbHBIN HCCIEA0BATeNbCKUIN TeXHuUeckuil yausepcuteT uM. A.H. Tymonesa

B craTbe uccnenyercs mpuMeHEHUE J1a3€PHOT0 CKAHUPOBAHUS U AAIUTUBHBIX TexHosoruii (3D-nevatn)
B cepe coxpaHeHHs KyIbTypHOTO Hacienus. Ha mpumepax W3 pocCHHCKON My3eHHOW NMPaKTUKH aBTOP
JEMOHCTPHPYET Tpolecc OECKOHTAKTHOH JOKYMEHTAllMd W pecTaBpallid MPOW3BEACHUH HCKyccTBa. B
HCCJIICJO0BAHNH BBIACIAIOTCA KIIHOUCBLIC NPEMMYIICCTBA JaHHBIX TCXHOJ’IOFI/IfI, BKJIrO4as BBICOKYIO TOYHOCTD,
0ECKOHTAKTHOE B3aMMO/ICHCTBHE C MOITMHHUKAMH U BO3MOKHOCTh BOCCO3JaHUS YTPAaueHHBIX JIEMEHTOB. B
WCCJICIOBAHUN JIEJIACTCS BBIBOJ O TOM, YTO JIa3epHbIE M AJJIUNTUBHBIC METOABI MPEACTABISAIOT COOOH
WHHOBAIIMOHHBIN MOAXOJ], YCIEIIHO COYETAIOIINN TEXHUUYECKHE BO3MOXXHOCTH C 3aJlayaMH COXPAaHEHUS U
obecriedeHus JOCTYITHOCTH KyJIbTYPHOTO Haciaeausl.
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The article analyzes the social potential of additive technologies (3D printing) in medicine, aerospace,
industry, food production, construction, and architecture. Key examples demonstrate their contribution to
improving quality of life, developing high-tech sectors, and addressing social challenges. The integration of
innovations and sustainable societal development through additive technologies is emphasized.

Introduction

Additive technologies, commonly known as "3D printing," represent a modern manufacturing process
in which objects are created by layer-by-layer addition of material according to a digital 3D model. Unlike
traditional subtractive manufacturing, where the desired object is formed by cutting or removing material,
additive manufacturing minimizes production waste and allows the creation of complex geometries with a high
degree of personalization. Today, additive technologies are gaining increasing importance across various
fields, from industrial production to medicine and construction. Their application fosters new forms of
production organization, reduces environmental footprint, accelerates prototyping, and promotes broader
access to innovations.

Additive technologies in various spheres of human life
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Initially, additive technologies were developed as a promising alternative to traditional methods for
producing parts and prototypes, which were limited by a certain level of complexity. They appeared as an
industrial tool offering higher production speed and minimized waste. Today, 3D printing is actively being
integrated into many fields oriented toward human and societal needs.

In medicine, additive technologies show high potential by enabling the creation of bespoke implants and
prostheses that precisely match the anatomical features of each patient, improving surgical outcomes and
reducing rehabilitation time. Notably, the use of FDM printers has become an important and accessible way to
simplify and significantly reduce the cost of producing unique prosthetics [1]. For example, a special program
was developed to print hand prostheses for victims of the civil war in Sierra Leone: Canadian designer Albert
Fung created a CAD model of the prosthesis used by doctors in Africa. Specialists in Sierra Leone personalize
the 3D model for each patient and print the device using a Raise3D Pro2 printer. Thanks to this technology,
producing a prosthesis costs only about 50 dollars, whereas traditional methods require several thousand
dollars.

Fig.1. Personalized prosthetic arm

Particularly significant is the capability of producing personalized pharmaceuticals with controlled
release of active substances: 3D printing of tablets allows precise dosage and creation of complex drug forms
unavailable by conventional methods [2]. This ensures more effective, safer, and more accessible treatment,
especially for patients with chronic and rare diseases. The high accuracy and reproducibility of the process
guarantee consistent drug quality, improve therapy reliability, and reduce risks of adverse reactions.

In the aerospace sector, advanced additive technologies substantially improve the efficiency and safety
of rocket systems. For instance, SpaceX (as of 05.08.2024) unveiled the first serially produced third-generation
Raptor engine with the SN1 index, fully manufactured by metal 3D printing [3]. Engineers embedded most
structural elements inside the casing — pipelines, wires, and sensors — which was previously impossible or
required complex assembly procedures. According to Elon Musk, this approach enables the use of a
regenerative cooling system through the circulation of cryogenic fuel inside the casing channels, reducing the
need for additional thermal shields, while making the structure lighter and simpler. The application of additive
methods significantly lowered the engine mass and increased its reliability, directly impacting launch
efficiency and cost reduction. These industrial innovations demonstrate broad prospects for enhancing
technological efficiency and cost-cutting in the space industry.

Fig. 2. Raptor 1 and Raptor 2 rocket engines; Raptor 3, made using 3D printing



In the food industry, additive technology development focuses on creating new products with practical
significance. The Israeli company Stakeholder Foods was the first in the world to use 3D printing to produce
lab-grown fish fillets from cells, replicating the taste and texture of natural meat without ecological harm [4].
Similarly, scientists at the Meat and Dairy Industry Institute of the Belarusian Academy of Sciences study the
use of 3D technologies for producing natural meat powders from pork, beef, and poultry, opening opportunities
for mass production of environmentally friendly products, which is timely given resource constraints.

In construction, additive technologies have already been successfully applied to erect various structures.
In 2016, Dubai built the “Office of the Future” — the world’s first fully 3D-printed building created under the
UAE government program. In May 2025, the “Mellia” public-cultural center in Malbagush village, Tatarstan,
was commissioned as Russia’s first officially certified 3D-printed building. The center is designed as a space
for work, leisure, and creative interaction — featuring a multifunctional hall, a library, and an administrative
block [5]. This place plays an important role in the local community, supporting cultural and social interaction.
In the same month, a 30-meter Tor Alva tower opened in the Swiss alpine village of Moulins, becoming a new
tourist attraction. The use of additive technologies in construction offers not only technical advantages but also
promises to address global social challenges, such as combating homelessness and creating affordable housing
— a key issue. Additionally, the architectural freedom these technologies provide allows adapting buildings to
complex landscapes without large-scale earthworks, preserving the natural environment. Additive
manufacturing also opens prospects for the precise restoration of historical objects by scanning and printing
lost details — moldings, bas-reliefs, statues — supporting cultural heritage and improving urban quality of life.

Figure 3. Building of the public-cultural center «Mellia», constructed in the Republic of Tatarstan (a);
Additive wall fabrication of the building (b).

Conclusion

Additive technologies demonstrate significant social potential by positively impacting health and quality
of life, stimulating the development of high-tech industries, and offering innovative solutions to social
challenges such as affordable housing and personalized nutrition. Examples from medicine, aerospace and
industrial activities, food industry, and construction reveal the main directions in which 3D printing contributes
to enhancing public welfare. Overall trends show that additive technologies foster the creation of more
accessible, personalized, and environmentally friendly products and services, integrate innovations across
various life spheres, and promote sustainable development. Thus, additive technologies are a powerful
development tool, facilitating the integration of advanced technologies into everyday life and sustainable
societal progress.

References:

1. 3D Printing in Medicine: Use of 3D Printers for Creating Artificial Organs and Donor Tissues / Habr.
— (accessed 14.10.2025).

2. Additive Technologies: Applications in Medicine and Pharmacy: Research Paper / Cyberleninka. —
(accessed 14.10.2025).

3. SpaceX Begins Production of Third Generation Methane Raptor Engines Without Additional Thermal
Protection / Nplusl, 05.08.2024. — (accessed 14.10.2025).

4. Competitiveness of Additive Technologies in the Food Industry: Opportunities and Barriers: Research
Paper / Cyberleninka. — (accessed 14.10.2025).

5. The Tallest 3D-Printed Building in Russia Appears in Tatarstan / Overclockers. — (accessed
14.10.2025).

COIUAJBHBIA MOTEHIAAJ AJJIMTAUBHBIX TEXHOJIOT U
Iycrora O.K., Xamurtona K.P.



Hayunsrit pykoBogutens: M.A. Pacxomosa
Ka3zaHckuil HaMOHAIBHBIA HCCIEN0BATENBCKUM TeXHUUEeCKUH yHuBepcuTeT uM. A H. Tynonesa

B crartbe aHanmM3MUpyeTCS CONMANBHBIN MOTSHIIMAN aIMTUBHBIX TeXHONOoTH (3D-1eyatn) B MEUIIMHE,
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The article examines the peculiarities of stylistic techniques in gastronomic discourse. Various stylistic
means are described, including metaphor, comparison, humor, colloquial speech and emotional coloring of the
text. The specifics of using stylistic techniques are based on the example of Jamie Oliver's cookbooks “Jamie's
15-Minute Meals” and “Jamie's food revolution".
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Language is a constantly evolving system influenced by external factors. Stylistic devices in texts reflect
the unique method of textual organization that the author chooses to most accurately reflect their view of the
world and the situation being described [1].

The relevance of this article lies in its exploration of the specific uses of stylistic devices in gastronomic
discourse.

In writing this article, we defined the following goals and objectives:

1) To examine the characteristics of stylistic devices in the English language;

2) To study the main stylistic devices in the field of gastronomy based on Jamie Oliver's cookbooks.

French has played a significant role in the formation of the English language in various fields, such as
economics, politics, art, and, in particular, gastronomy. It has had a profound influence on the development of
not only vocabulary but also language as a whole.

The world of gastronomy is a unique space that encompasses cuisine, culture, and language. Modern
cookbooks are no longer just a source of recipes but also a means of communication, conveying not only
information about cooking but also atmosphere, emotions, and even views on nutrition. The creative approach
of Jamie Oliver, a renowned chef and author of numerous cookbooks, plays a key role, as his use of a variety
of stylistic devices helps create a unique gastronomic experience.

Stylistic devices play a key role in shaping gastronomic discourse, as they help create atmosphere and
engage the reader in the cooking process, making the text expressive and memorable. Key tropes include: 1)
metonymy; 2) metaphor; 3) irony; 4) hyperbole; 5) meiosis [1].

The use of stylistic devices such as metaphor, simile, humor, and emotional content allows the author
to convey information about the recipe and engage the reader in the preparation of the dish. Jamie Oliver's
cookbooks are distinguished by a clear structure and accessible presentation. The author makes extensive use
of metaphors and similes in her recipes to create vivid images of her dishes.

Metaphor is a figure of speech that uses words and expressions figuratively to define an object or
phenomenon based on analogy, comparison, or similarity. [2]

In his culinary books, the author uses metaphors such as: "super-fast food,
home cook," "you'll definitely start knocking these meals out of the park," "variety is the spice of life,
cheese,"

"be a bit more streetwise about cooking"—the author compares cooking skills with street savvy, to add
a touch of realism and imagery.

"The health and future of the country"—an abstract concept comparing a country to a living organism
that depends on nutrition.

"Butterflying a steak"—a meat-cutting technique reminiscent of a butterfly's wings, described by the
author for the reader's visual representation. Words like "lovely flavor" and "beautifully colored" are used by
the author to underscore the dish's appeal.

In his culinary recipes, Jamie Oliver often uses humor to create a livelier atmosphere and a pleasant
ambiance.

For example, expressions like: "tasty, quick, affordable food - I'm doing it with recipes that are anchored
in balance and nutrition,” "it's not a race,"” "and I like radical!" "gentlemen’s clubs," "don't dip your pastry brush
into the jar!", "variety is the spice of life, so the more recipes the merrier, | say."

The phrase "anchored in balance and nutrition" describes the recipe as if it had some kind of "anchors,"
which lends a playful tone and a vivid image of nutritional stability.

heart and soul of any great
" "runny



The humor is also noticeable in the text describing the importance of good equipment: "you'll be much
better off with three good-quality knives."

There's also a subtle irony about the availability of fresh vegetables—"unless you're picking them from
your garden.”

The text also features comparisons. For example, Jamie Oliver compares homemade produce to frozen
food—"things like frozen peas are picked at their best and preserved that way until you use them." He also
compares the importance of adding salt to dishes to air—"if you don't season the water, the pasta will taste like
air."

To ensure complete understanding, the author uses simple constructions and a conversational style in
the recipes to make the statements casual and accessible. For example, "it won't cost the earth,"” "so stock up!",
"with a lot of people saying," "I've tried to do," "I usually cook," "when | get home late," "some slamming of
cupboard and fridge doors," "if it means we can be eating within minutes," "these recipes are certainly not hard
for beginner cooks," "but because they require a lot to be happening in a short space of time."

By using everyday language, Jamie Oliver connects more closely with readers, for example, with
"Normally I wouldn't recommend adding extra oil to a hot pan,” and by incorporating interrogative and
rhetorical statements into his books, such as, "but then | thought, 'Well, everyone loves pasta."

Emotional components play a significant role in creating culinary recipes. For example, "oh," "really
involved," "completely inspiring," and "radical" emphasize the intensity of the cooking experience. Using
emotionally charged words helps convey the mood of the dish, as well as the atmosphere. Emotionally charged
words are designed to evoke respect and inspiration.

Stylistic devices in gastronomic discourse, based on Jamie Oliver's cookbooks "Jamie's 15 Minute
Meals" and "Jamie's Food Revolution," are often found in his recipes, thereby conveying the essence of the
author's uniqueness and professionalism. Having analyzed 38 stylistic devices used in culinary books, the
following usage patterns can be identified. Metaphor appears in the texts 10 times (26.3%), while colloquial
speech appears 13 times, or 34.2%. Humor accounts for 9 instances, or 23.6%, of the units analyzed. Simile
appears twice, accounting for 5.2% of the texts analyzed, and emotional overtones appear four times,
accounting for 10.5% of the analyzed texts.

Among all the factors that influence the use of stylistic devices in texts, the presence or absence of
corresponding concepts in the language plays a significant role, both for accurately conveying the essence of
a word or expression, and for specific objects and phenomena.
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B crarbe paccmarpuBaloTCsi 0COOEHHOCTH CTHIIMCTHYECKHX IPUEMOB B TACTPOHOMUYECKOM JTUCKYpCE.
OnwcaHbl pa3InYHbIe CTHINCTHYECKHE CPEJICTBA, BKIOUas MeTadopy, CpaBHEHHUE, IOMOD, Pa3rOBOPHYIO peyb
¥ 3MOIIMOHANBHBIN OKpac TekcTa. OCOOEHHOCTH WCIOIB30BaHMS CTHIIMCTHYECKUX MPHEMOB OCHOBAHBI Ha
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Jlxeitmu".
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This article explores the use of tropes and figures of speech in texts about Kazan, defined as special
speech constructions used to increase stylistic expressiveness, imagery and emotional impact, are important
components of rhetoric and stylistics. Analyzing how these devices are used, the article sheds light on how
language shapes our understanding and recognition of Kazan.
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The relevance of the study is determined by the growing interest of the scientific community in the study
of tourist discourse, in particular, its stylistic characteristics.

The practical significance of this study is manifested in its applicability both in the educational process,
in teaching disciplines devoted to the analysis of the language features of tourist advertising, and in
professional activities for creating and editing texts that form a tourist advertising discourse.

Kazan is a city whose history, culture and atmosphere are truly unique. A full description of his brilliance
is no easy task. Nevertheless, skillfully applying artistic means and stylistic techniques, you can create a lively
and memorable image that reveals its versatility and charm. This article explores how language tools help bring
Kazan to life in the reader's imagination.

The study relies on the methods of structural-linguistic, semantic, contextual and stylistic analysis, as
well as on the theoretical developments of leading experts in the field of discourse, such as N. D. Arutyunova,
M. L. Makarov, O. |. Matyash, S. A. Pogodaeva, L. P. Tarnaeva, N. A. Tyuleneva, N. V. Filatova, V.E.
Chernyavskaya, E.l. Sheigal and others. Advertising texts of Kazan tourist sites were used as empirical
material. The results obtained can be directly applied in the teaching of disciplines devoted to the linguistic
analysis of tourism advertising, as well as in practical work on the creation of effective advertising materials
for the tourism industry.

Tourism discourse is a specific area of speech activity, the result of which is an advertising text
containing selected information about the services offered (such as excursions, tours, historical places, etc.). It
should be noted that to date, researchers studying tourist discourse have not reached a consensus regarding its
typology. Some authors view tourism discourse as a subcategory of advertising discourse, and others as a kind
of business discourse. At the same time, there is a point of view according to which tourist discourse is an
independent type of discourse with a unique addressee, specific topics and special language means

Tropes and figures of speech, also known as rhetorical or stylistic figures, are particular speech
constructions applied in rhetoric and stylistics. Their main function is to give speech stylistic expressiveness,
imagery and emotional coloring. These techniques serve to increase the impact on the audience and are widely
used in artistic texts. In the past, figures of speech were seen as deviations from the norm, but the modern
approach recognizes their natural role in the structure of human speech [1].

Classification

Figures of speech are divided into paths and figures in the narrow sense of the word.

Trails (other Greek tpomog - "turnover™) - the use of words or phrases in an improper, figurative
meaning, allegory [2].

Figures of speech (lat. Figura from other Greek. oy — pa - "outline," "appearance," "image") -
techniques of combining words, syntactic organization of speech, which give it stylistic significance, imagery,
expressiveness, change emotional coloring [1].

There is no generally accepted taxonomy of speech figures; different grammar schools differ in
terminology (names of figures) and the principles of their classification.

When analyzing tourist sites in Kazan, we drew attention to the fact that the structural characteristics of
offers in tourist discourse differ:

- The predominance of exclamation constructions: "Kazan is a city where the East meets the West!,"
"Feel the greatness of the Kazan Kremlin!," "Discover the secrets of the ancient Bulgarian!," "Amazing
mosques and Orthodox churches - all this awaits you in Kazan!," "Do not miss the grandiose Sabantuy
holiday!"

- Using rhetorical questions: "Did you know that Kazan is one of the most beautiful Kremlin of
Russia?," "How can you resist the charm of white-stone Sviyazhsk?," "Would you like to immerse yourself in
the atmosphere of a medieval city?," "How can you pass by the majestic Kul-Sharif mosque?," "What if you
see how the modern city lives with a thousand-year history?"



- The use of parcellation to enhance the emotional effect: "Kazan. City on the VVolga. Heart of Tatarstan.
The third capital of Russia," "Kul-Sharif Mosque. Majestic. Grandiose. Symbol of the city," "Kazan Kremlin.
UNESCO site. History in every stone," "Sviyazhsk. Island-hail. Open-air museum,"” "Sabantuy. Holiday. Fun.
Traditions. Unity."

We can also observe the complex use of all techniques:

"Kazan! A city where everyone will find something different. Where the story comes alive before our
eyes. Where traditions are carefully kept for centuries. Isn't this what every traveler dreams of?," "Have you
ever seen the sun set behind minarets? In Kazan, this sight is breathtaking! Every street here is a page of
history," "Raifa Monastery. Silence. Prayer. Nature. All this creates a unique atmosphere of peace," "Do you
want to plunge into the world of Tatar culture? Visit Kazan! Here every day - a new discovery,” "Kazan
Kremlin! Ancient fortress. Modern museum. Living historical monument. Be sure to visit!"

Each of these examples demonstrates how the various structural characteristics of the proposals work to
create an attractive image of the city and stimulate the desire to visit Kazan.

The text is addressed taking into account the target audience:

- Creating an image of accessibility for family holidays: "Kazan is an ideal place for family holidays!
Here everyone will find something to their liking: from exciting excursions to fun entertainment,” "Family
weekend in Kazan: educational excursions and fun entertainment for the whole family."”

Focus on business potential for business tourists: "Kazan is a modern business center with developed
infrastructure and advanced congress capabilities,”" "Comprehensive support for business missions."

Emphasizing the cultural significance for connoisseurs of history: "Immerse yourself in the thousand-
year history of Kazan through unique archaeological finds," "Discover the secrets of the Kazan Khanate
through historical reconstructions."

We have identified the main artistic means that prevail in the tourist discourse of Kazan:

- Antithesis: the opposition of Eastern and Western cultures: "Here the East meets the West, creating a
unique symbiosis of traditions,”" "In Kazan, ancient mosques coexist with majestic cathedrals,”" "Two worlds
in one city: Tatar patterns and Russian painting."

- Anaphora: repeating keywords to enhance the impression: "In Kazan, everyone will find... In Kazan,
everyone will see... In Kazan, everyone will discover...," "Here you can touch history... Here you can enjoy
nature... Here you can immerse yourself in culture...," "Kazan is a city of contrasts... Kazan is a city of
traditions... Kazan is the city of the future...

Emotional-evaluative vocabulary plays a key role in tourist discourse. We can observe the use of
epithets: "majestic Kremlin," "mysterious Sviyazhsk," "picturesque Kazanka embankment,” "ancient walls of
the fortress," "graceful Syuyumbike tower," the use of metaphors: "pearl of the Volga region," "third capital,"
"heart of Tatarstan,” "meeting place of East and West," "pearl of Islamic architecture,” "city of a thousand
stories", the use of hyperbole: "a unique place," "unsurpassed beauty," "endless opportunities for recreation,"
"unforgettable impressions,” "incredible atmosphere,” "inexhaustible stream of impressions."

- Periphraz: using descriptive turns instead of direct names: "City of a thousand minarets" (instead of
"Kazan"), "Fortress-legend" (instead of "Kazan Kremlin"), "Capital of Tatar hospitality" (instead of "Kazan"),
"City at the junction of worlds" (instead of "Kazan"), "Island-fairy tale" (instead of "Sviyazhsk"), "Pearl in
Islamic architecture™ (instead of "Kul-Sharif mosque"), "Guardian of ancient traditions" (instead of "Bulgars").

National characteristics are manifested through the use of ethnocultural elements, the reflection of local
traditions and the presentation of a unique national flavor.

In conclusion, it should be noted that the stylistic features of the tourist discourse of Kazan are
characterized by:

* A harmonious combination of information and emotional expressiveness,

« The ability to create an attractive image of the city,

* Effective use of language tools,

* Respect for the cultural heritage of the region.

The tourist discourse of Kazan demonstrates a high level of professionalism in shaping an attractive
image of the city, combining traditional methods with modern trends in the field of tourism. This contributes
to the effective promotion of the city as a significant tourist destination both in the Russian and international
markets.

In the future, the further development of Kazan's tourist discourse may be associated with the deepening
of content personalization - for example, through the development of niche offers for specific groups of tourists
(family tourism, ecotourism, gastronomic tours) - as well as with an increased emphasis on sustainable
development, which is now becoming a global trend. Thus, Kazan not only retains its uniqueness, but also



dynamically responds to the challenges of the modern tourist market, confirming the status of one of the most
promising destinations in Russia.
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The article explores the impact of Artificial Intelligence on the translation profession, tracing the
evolution of machine translation from rule-based systems to neural networks. It highlights Al's strengths,
identifies its limitations, and discusses the emerging role of translators as linguistic engineers who collaborate
with technology rather than compete with it. The study concludes that partnership between humans and Al is
the most sustainable future scenario.

Language has been the cornerstone of human interaction, facilitating the exchange of ideas, cultural
heritage, and economic activities. However, for most of history, the formidable obstacle of linguistic diversity
has fragmented our world, hindering cooperation and mutual understanding. The ambition for instantaneous,
precise translation—a world without language barriers—has been a longstanding human desire. Now, this
vision is rapidly becoming a tangible reality, driven by the unstoppable progress of artificial intelligence.

Acrtificial intelligence (Al) and its subsection, natural language processing (NLP), have revolutionized
the translation field. Machine translation (MP) has undergone significant changes: from early systems based
on strict linguistic rules and dictionaries that provided clunky and literal translations, to statistical models that
analyze huge volumes of parallel texts. However, the real breakthrough came with the advent of neural
networks. Neural machine translation (NMT), using architectural principles similar to the human brain, has
learned to take into account the context of an entire sentence and even a paragraph, creating translations that
are not only more accurate, but also stylistically expressive and natural.

It should be noted that machine translation has come a long way: from strict linguistic rules to flexible
statistical analysis, and then to a deep understanding of meaning. Each new stage was a turning point,
overcoming the limitations of the previous one. All this is for the main purpose — to create translations that
are indistinguishable from human ones.

1. Rule-based Systems (RBMT): The first attempts to automate translation using complex grammatical
rules and dictionaries created manually. They worked predictably, but they were inflexible, unable to cope
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with exceptions and ambiguity of words, often producing incorrect translations. The main disadvantages are
the complexity of development and the inability to scale.[1]

2. Statistical Machine Translation (SMT): A revolutionary approach using data instead of rules. SMT
systems analyzed parallel texts to calculate statistical probabilities of matching phrases between languages.
This provided more natural and frequent translations, but was limited to short phrases and did not take into
account the context of sentences, which led to errors in long texts.[2]

3. Neural Machine Translation (NMT): NMT is a qualitative leap in translation. It uses neural networks
(more often the Encoder-Decoder architecture), encoding the entire sentence into a numeric representation that
captures meaning and context. This representation is then decoded into a translation into the target language.
This ensures the accuracy, stylistic integrity, and naturalness of the translation, as the model understands the
structure and semantics of the utterance.[3]

Technological progress is particularly evident in the field of real-time communication platforms.
Modern applications such as Skype Translator and Google Translate's conversation translation feature use
neural machine translation algorithms to ensure free communication between people speaking different
languages. This allows you to effectively overcome language barriers and makes communication more
accessible. Similarly, on platforms like YouTube, artificial intelligence is used to generate subtitles. The
system instantly converts speech into text in multiple languages, speeding up the process of distributing
multimedia content worldwide. Thus, translation technology has evolved from a tool for processing static text
into an interactive system that facilitates real-time communication between representatives of different
language groups.

The strengths of artificial intelligence technologies make them an indispensable tool in modern
translation practice. Key advantages include:

o Audience expansion: Artificial translation helps companies quickly adapt content to different
languages, opening up access to international markets. 76% of consumers prefer purchases in their native
language, 40% do not make them in foreign languages.

e Increased visibility: Translating content into different languages improves its position in the search
engines of the target countries, taking into account keywords and language features.

e Service Improvement: Artificial intelligence provides high-quality customer service in multilingual
markets, increasing customer satisfaction and repeat purchases.

¢ Cost reduction: Al translation is cheaper than the services of professional translators, especially for
large volumes and multilingual projects.

Despite its impressive capabilities, it is important to be realistic about the potential of Al in translation.
This technology is especially effective under certain conditions: processing large volumes of standardized text,
working with repetitive content, and creating drafts for subsequent human review. Al is especially useful in
situations where speed and scale are more important than creativity, making it an indispensable tool for
technical documentation, business correspondence, and initial content localization. Understanding these
optimal application scenarios helps organizations strategically approach the use of Al in translation and
recognize its current limitations.

However, Al has weaknesses that limit its autonomous use:

¢ [diomatic expressions and creativity: Al interprets idioms, cultural references, and artistic techniques
poorly, often translating them literally, which leads to a distortion of meaning. It also doesn't convey tone,
sarcasm, or humor.

o Hallucinations: Neural networks tend to generate false information, including plausible but missing
data in the source text, which requires careful verification.

o Superficial understanding: Al works on the basis of statistics and patterns, without having a true
understanding of the content and logical conclusions.

These inherent limitations highlight a crucial distinction: while Al excels at processing language as a
system of patterns, it falls short of comprehending it as a vehicle for human experience, emotion, and cultural
nuance. This fundamental gap is precisely where the irreplaceable value of the human translator comes to the
fore, shifting their role from a mere creator of text to an expert curator of meaning and intent.

However, as automation develops, the role of the translator is transformed towards post-editing and
guality control. Now they act as editors, refining drafts created by artificial intelligence, and ensuring stylistic
correctness and cultural accuracy. A new competence is emerging — knowledge of machine translation:
specialists must understand the principles of artificial intelligence systems, methods of training user models
and integrating them into work processes. Translators with programming and data analysis skills are becoming
in demand.[4]



Furthermore, the prospect of artificial intelligence and translators interacting is increasingly viewed not
as competition, but as a symbiotic collaboration. In this new paradigm, tasks are clearly distributed: large and
routine processes are assigned to Al, such as primary document translation, interface localization, and big data
processing, where speed and scalability are important. At the same time, a person retains areas that require a
deep understanding of the context, creativity and expert assessment. Literary translation, the creation of legally
accurate texts, diplomatic correspondence, and detailed marketing adaptation are areas where a specialist
remains indispensable. His adaptability, creativity, and intercultural competence allow him to capture nuances,
irony, and cultural codes that are inaccessible even to the most advanced neural network. Thus, Al becomes
not a substitute, but a powerful tool that enhances the professional's capabilities and frees up his time to solve
complex tasks.[5]

In the future, the development of adaptive and personalized Al models will make cooperation between
humans and machines even deeper. Translation systems will cease to be universal and will be adapted to
specific areas, company style and personal preferences of the translator. Al training based on professional
decisions, such as terminology selection and stylistic adjustments, will allow it to approach the user's level of
knowledge. Constant feedback creates a "co-pilot" effect, reducing the cognitive burden on the translator and
allowing them to focus on the complex and creative aspects of the work. This significantly optimizes work
processes and improves the quality of the final product.

However, such a future carries with it a number of ethical and practical challenges. The main ones are
issues of data privacy, algorithmic bias, and the environmental consequences of training large neural networks.
The use of Al in translation can lead to the consolidation and strengthening of stereotypes if the model is
trained on biased data. In addition, it is important to adhere to ethical principles, especially in legal and medical
translations, to ensure transparency and accountability. Solving these problems requires the joint efforts of
developers, linguists and policy makers to make machine translation a fair, responsible and effective means of
communication between people.

The findings suggest that Artificial intelligence does not threaten the translation profession, but rather
contributes to its transformation. The introduction of technological tools allows translators not only to increase
their productivity, but also to significantly improve the quality of their work. In addition, it provides an
opportunity to rethink your professional role and place in the modern industry. The future of translation lies
not in the rivalry between man and machine, but in their productive cooperation.
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B crathe paccmaTpuBaeTrcsl BIUSHHE HCKYCCTBEHHOTO HMHTEIUIEKTa Ha MPOQECCHUI0 MEPEeBOTYHKA,
MIPOCIIEKUBAETCS SBOJIIONHS MAIIMHHOTO TMEPEBOAA OT CHUCTEM, OCHOBAaHHBIX Ha MPABWIIAX, K HEHPOHHBIM
ceTsM. B cTatbe momau€pKuBarOTCs CHIbHBIC CTOPOHBI MU, BBIABISIOTCS €ro OrpaHUYCHHUS M OOCYXKIAeTCs
HOBasl POJb MEPEBOAUYUKOB KaK JIMHIBUCTUUCCKUX MHXKEHEPOB, KOTOPHIE COTPYAHUYAIOT C TEXHOJIOTHUIMH, a
HEe KOHKYPHPYIOT ¢ HUMH. B ucciieqoBanny fenaeTcsi BBIBOZ O TOM, YTO Hanbojee YCTOWIHBBIM ClIEHApHEM
OyayIIero sBIsAETCS MapTHEPCTBO MEX Ty JTroapmu u M.

VK 811.1
CURRENT CHALLENGES IN TRANSLATION STUDIES: THE IMPACT OF NON-
PROFESSIONAL AUDIOVISUAL TRANSLATION
Jorayev B.
bagtyyar2jorayew@gmail.com
Scientific advisor: R.R. Valeeva, senior lecturer
Kazan National Research Technical University named after A.N. Tupolev

The article examines the ideas of modern translation studies related to the analysis of the functions and
role of non-professional translation in the digital era. A retrospective analysis is carried out, and the origins of
both positive and critical attitudes towards the phenomenon of amateur subtitling in the academic community
are identified.

Keywords: translation studies, audiovisual translation, non-professional translation, domestication,
foreignization, cross-cultural communication.

The relevance of the study is expressed in the author's interpretation of the topic with the subsequent
inclusion of the article materials in the educational content of the course "Theory and Practice of Translation".

The purpose of the research is to analyze the current state of understanding the essence and impact of
non-professional translation practices on translation studies.

Research methods: the study was conducted using methods of analysis and synthesis, based on the
principle of descriptivism and comparative analysis.

1. Non-professional translation as a social and cultural phenomenon.

Historically, translation has been the domain of professionals: diplomats, scientists, and writers.
However, the digital revolution of the early 21st century fundamentally changed this paradigm. The advent of
high-speed internet, video editing software, and user-friendly subtitle editors democratized the translation
process, turning it from an elite activity into a mass practice. This phenomenon has its roots in "fandom"
culture—communities of fans of various media products (anime, doramas, TV series) who, unwilling to wait
for official localizations, took matters into their own hands.

As Anthony Pym rightly notes in his work "Translation as a Social Practice,” this phenomenon cannot
be viewed as marginal. It is a powerful social force shaping global flows of cultural exchange, bypassing
traditional institutions. For example, the Russian-speaking community of amateur anime translators in the mid-
2000s created an entire subculture with its own specific humor, slang (e.g., "kau3ac" - kanzas, "cyOoTuTpbi-
cabwr" - subtitles-subs, "darca6" - fansub), and even ethical codes. They did not just translate; they commented,
explained cultural references in "translation notes” (T/N), thus acting as both translators and cultural guides
for their audience. This transformed the passive viewer into an active participant in a cultural dialogue, albeit
with certain distortions.

2. The ideology of non-professional translation: Domestication vs. Foreignization

Lawrence Venuti's famous dichotomy of “domestication vs. foreignization” is a key lens for analysis.
While a professional translator often navigates the tension between these two poles, striving for balance, the
non-professional translator almost always consciously chooses total domestication. Their goal is not to
acquaint the viewer with the "Other," but to make this "Other" as "their own," familiar, and instantly digestible
as possible.

This gives rise to the phenomenon of the “cultural hybrid,” which can be illustrated with vivid examples.
In fan translations of American sitcoms, complex political or pop-cultural jokes incomprehensible to a Russian-
speaking audience might be replaced with references to Russian realities—for instance, a joke about the US
Congress might be turned into a joke about the State Duma. Luis Pérez-Gonzalez defines this as part of a
"participatory culture,” where the audience itself determines how a product should look and sound in their
cultural space. This creates a unique precedent: the original text ceases to be canonical and immutable; it
becomes "raw material” for collective creativity. However, behind this democratization lies a serious



problem—the risk of creating a "cultural surrogate,” where the unigueness of the original message is
completely leveled.

3. Criticism and challenges of non-professional practices

A critical approach to non-professional translation is no less important for forming a holistic picture.
The academic community points to a number of systemic problems. Lukasz Bogucki, researching subtitling
strategies, emphasizes the problem of "cultural flattening" [1]. A clear example is the translation of the English
idiom "It's raining cats and dogs" as "JIeer kak u3 Beapa" (It's pouring like from a bucket). While this
translation conveys the general meaning, it completely erases the unique imagery and cultural specificity of
the source language. Multi-layered humor based on puns or requiring background knowledge (as in "Sherlock™
or "The Book Club") is often reduced to primitive or entirely unfunny lines in amateur translations.

Another significant problem is timing. Non-professionals working for speed often sacrifice the
synchronization of lines with the scene, which breaks the viewer's immersion. Furthermore, the widespread
use of topical internet slang and memes (e.g., "kpam" - crush, "kpumx" - cringe, "ucropust noxoponena'" - the
story is buried) imposes a temporal and cultural context alien to the work. A character from Victorian England
using the word "poda" (ROFL) not only causes dissonance but forcibly "integrates" the story into the modern
digital discourse, grossly distorting the author's intent and historical flavor.

4. The relationship between technology and translation quality

The technological factor is not just a tool but an active participant, shaping the very process of non-
professional translation. Yves Gambier rightly notes that modern software creates a translator's "digital
habitat,” which predetermines their strategies. They work not with a pure text, but with a text already pre-
processed by machine translation algorithms (Google Translate, Yandex.Translate). These systems, based on
statistical models, often produce literal, context-devoid options that the amateur translator then "polishes."

On the other hand, technology has also given rise to new forms of control. Online communities and
forums have emerged where fan studios compete for quality and speed, and viewers in the comments act as
spontaneous editors, pointing out errors. This creates a proto-ecosystem of quality, albeit an informal one. The
use of online corpora, dictionaries, and translation memory tools (CAT-tools in their simplified versions),
while increasing the consistency of translation within a single project, also leads to a certain standardization
and, consequently, an impoverishment of linguistic solutions.

5. Modern interpretations and prospects.

A key contemporary question is the role of the professional translator in this new reality. From being
the sole "initiate," they are transforming into a curator, expert, and final arbiter of quality. Their task is not to
fight amateurs but to develop new ethical and evaluative frameworks that would balance democratic
accessibility with professional responsibility. Perhaps the future lies in hybrid models, where rough work is
done by communities or neural networks, and the professional acts as an editor and cultural consultant,
ensuring accuracy and preserving the spirit of the original.

Thus, the topic of non-professional translation in modern translation studies is a complex and
multifaceted phenomenon at the intersection of linguistics, cultural studies, and digital humanities. Scholars
of the past and present continue to discuss its role, functions, and impact on intercultural communication.
These ideas remain relevant and important for understanding our time and finding optimal ways to integrate
these new practices into the professional field, balancing accessibility with ethical responsibility to the original
cultural product.

6. Ethical and Legal Dimensions in the Non-Professional Ecosystem.

In the 21st century, translation studies is moving from stating the phenomenon to its deep comprehension
and the search for ways to integrate it. Researchers now see it not only as a threat but also as a unique laboratory
for studying live linguistic processes. Non-professional translation has become a field for researching how
global digital identity is formed, how internet slang migrates from one language to another through subtitles,
and how young people acquire foreign languages by consuming unadapted content.

Ethically, the situation is even more nuanced. A key dilemma is the translator's responsibility to the
original author versus their responsibility to the audience. While a professional is ethically obliged to be as
faithful as possible to the source text, a fan translator may prioritize the audience's desire for entertainment and
accessibility. This leads to practices like the unauthorized editing of content deemed "boring," "problematic,"
or culturally alien. Furthermore, the issue of anonymity in non-professional communities absolves the
translator of accountability. There is no recourse for a viewer who encounters a grossly inaccurate or
ideologically biased translation, as the creator is often unidentifiable. This creates an ecosystem where the very
concepts of authorship and translational integrity are being redefined, challenging the legal and ethical
frameworks that have governed the field for centuries.

7. The Future Trajectory: Neural Machine Translation and the Evolving Role of the Human.



The landscape of non-professional translation is on the brink of a new revolution, driven by the rapid
advancement of Neural Machine Translation (NMT) and Al. Platforms like YouTube already offer auto-
generated subtitles, and real-time translation earbuds are becoming more sophisticated. In the near future, we
can anticipate the emergence of browser plugins that provide instant, context-aware subtitles for any video
stream. This will seemingly make dedicated fan subtitling obsolete.

However, this does not signal the end of human involvement; rather, it will catalyze a shift in the
human role from a translator-producer to a curator-editor. The future non-professional may not translate
from scratch but will instead "post-edit" Al-generated translations. Their task will be to correct NMT's
typical errors in handling cultural nuances, humor, and character voice, and to inject the creative adaptation
that audiences value. This will require a new skill set focused on prompt engineering (guiding the Al to a
better output) and cultural quality control. Consequently, the new divide may not be between professional
and non-professional, but between unedited Al output and human-curated Al-assisted translation. This
hybrid model could potentially raise the average quality of accessible translations while preserving the
creative and communal spirit of the non-professional scene, ultimately leading to a new, more
technologically integrated paradigm in translation studies.
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The article discusses the main problems of scientific and technical literature translation related to the
accurate transfer of terminology, stylistic and grammatical differences, as well as cultural context. A research
analysis of translations of English-language articles is presented, which revealed the difficulties of literal
translation of terms and syntax. It is concluded that it is necessary to adapt the translation to the target audience
in order to preserve the scientific accuracy and accessibility of the text.



Scientific and technical literature serves as an essential means of disseminating knowledge and research
results among scientists from different countries. In today’s globalized world, the exchange of scientific
information plays a fundamental role in ensuring progress and collaboration between research communities.
Nevertheless, the translation of various materials is associated with a number of difficulties determined by the
specifics of scientific terminology, differences in the style of presentation and the structure of scientific texts
written in different languages. These challenges become especially evident when the translator deals with
complex interdisciplinary works or with highly specialized terminology that has no direct equivalent in another
language.

In addition, the rapid development of science and technology constantly introduces new terms and
abbreviations that have not yet been standardized in other languages. This process makes it difficult to find
adequate equivalents, since the same concept can be expressed differently even among experts of the same
linguistic community. The translator, therefore, must not only keep up with new trends but also anticipate how
emerging terminology will be perceived by readers in the target culture. This dynamic nature of language
evolution creates an ever-changing landscape for translators, demanding flexibility and continuous
professional growth.

The main difficulty of translating scientific and technical literature lies in the accurate transfer of
terminology. This aspect is often considered the cornerstone of scientific translation, since even a minor
inaccuracy can change the meaning of a whole passage or mislead the reader. For example, the term bug in
programming can mean both “error” and “defect”, and the literal translation of "bug" would be completely
incorrect. Each individual sector of science and technology has its own set of terms, acronyms and signs used
exclusively within this field. This linguistic diversity makes the translator’s work not only more demanding
but also intellectually stimulating, requiring constant learning and adaptation. For example, particle physics
has hundreds of unique terms known only to professionals in the field. Similarly, the medical literature is filled
with Latinisms and Greek roots, which require knowledge of the history of medicine and Latin to fully
understand. This nuance is perfectly illustrated by the phrase of the famous linguist Peter Solovyov: "It would
be as pointless as it is useless to list all medical terminology, because the list would take up an entire book,
and the reader would have fallen asleep long ago without reading it to the end" [5].

A separate issue arises when dealing with borrowed or hybrid terms that have entered scientific
discourse through English but coexist with national equivalents. Translators must decide whether to preserve
the internationalized form of the term or to adapt it to the linguistic norms of the target language. For example,
in Russian scientific writing, terms such as "monitoring", "feedback™ or "interface" are widely used without
translation, whereas others, like "network" or "database", often have established native analogues. The choice
depends on the context, the target readership, and the degree of terminological standardization within the
discipline.

The inability to translate accurately can lead to misunderstandings and distortions of original ideas and
conclusions. Such inaccuracies may not only affect the credibility of the translator but also distort the scientific
discourse as a whole, especially when translated materials are used for further research or educational purposes.
According to researchers in the field of translation studies, "terminological accuracy is the key to high—quality
translation” [4].

Moreover, the responsibility of the translator extends beyond linguistic correctness. A mistranslated
concept can influence future studies, as researchers may unknowingly rely on inaccurate data. In this sense,
the translator acts as a gatekeeper of scientific truth, ensuring that the findings of one culture are faithfully
communicated to another. This ethical dimension of translation underscores its importance within the system
of global scientific communication.

Another key problem is the difference in the style of writing scientific texts in different languages. This
stylistic divergence is deeply rooted in cultural and academic traditions, which influence how authors construct
arguments and express their findings. English traditionally prefers a concise style of presentation, focusing on
the essence and general conclusions. On the contrary, the Russian style often tends towards a detailed, lengthy
narrative that reveals the inner aspects of the topic under study. For example, the English version may sound
like this: The study shows a significant correlation between variables A and B. In the Russian text, this is often
expanded to: “The study showed the presence of a significant relationship between variables A and B, which
confirms the hypothesis.” The contrast between brevity and elaboration illustrates the translator’s dilemma —
how to remain faithful to the author’s intent without violating the stylistic norms of the target language.

This contrast creates great difficulties for the translator, since he needs to convey the meaning of the
original while remaining faithful to the literary features of the target language. Balancing these two
requirements often requires experience, linguistic intuition, and a deep understanding of both linguistic



systems. For example, in an English article, it is customary to start research with a general overview, gradually
delving into specific details, whereas a Russian scientist often introduces the reader to the details first, after
which he draws general conclusions.

It should also be noted that syntactic conventions differ across scientific traditions. English tends to use
short, logically linked sentences with clear reference markers, while Russian syntax often allows for longer
and more complex constructions. Consequently, a literal translation can make the text appear heavy or
confusing. An effective translator restructures such sentences to maintain logical flow and coherence,
preserving both readability and fidelity to the source.

Irina Kuznetsova, PhD in Philology, emphasizes that a translator should be extremely careful when
choosing a similar style of presentation, so as not to lose the meaning of the text: "Using the wrong style or
inappropriate terms can distort the very essence of the information presented, making the translation
incomplete and biased". This remark underlines the importance of stylistic sensitivity and contextual awareness
in translation practice. [2]

It is important to emphasize that style is not limited only to the form of presentation, but also determines
the degree of formality and emotional coloring of the text. In other words, stylistic features act as a bridge
between the author’s communicative intent and the reader’s perception. Western scientific articles are
traditionally strict and dry, whereas Russian authors sometimes resort to expressive means of expression, insert
rhetorical questions and vivid comparisons. For example, in an English article you rarely find expressions like
“HHTEPECHO OTMETUTH” Or “TI0 Halemy rirybokomy yoexaenuro”, whereas in Russian texts such phrases are
quite common. This phenomenon reflects broader cultural differences in the perception of scientific discourse
and the acceptable degree of subjectivity in scholarly communication. The translator's ability to cope with such
stylistic discrepancies and recreate the mood of the original becomes the defining criterion of translation
quality.

Furthermore, differences in citation styles, paragraph structure, and argumentation methods can also
affect translation. For instance, Anglo-American scientific writing often integrates references directly into the
text, whereas Russian academic style tends to place them at the end of the paragraph. A skilled translator must
be aware of such conventions and adjust accordingly to make the translated text appear natural and
academically appropriate within the target culture.

Analyzing this phenomenon, Viktor Borisovich Maslovsky, professor of Translation Studies, identifies
three key factors influencing the success of translation: the depth of penetration into the subject area, a sense
of style and the ability to feel the nuances of cultures and traditions of the target audience [3].

Sergey Alexandrovich Petrov, a well-known expert in the field of intercultural communication, adds
that "faced with a situation of stylistic differences, the translator must determine the priority goals of translation
and choose the appropriate style based on the preferences of the target audience". In this regard, translation is
viewed not merely as a linguistic process but as an act of intercultural mediation [1].

This perspective shifts the focus from the text itself to the communicative situation in which it is used.
The translator becomes a participant in the dialogue between cultures, helping to construct mutual
understanding rather than simply transferring information. Thus, translation contributes to the broader process
of globalization of science, ensuring that discoveries made in one country can influence and inspire researchers
worldwide.

As part of this study, three fragments of English-language scientific articles and their translations into
Russian were analyzed. The selected materials covered a range of disciplines, including natural sciences and
social studies, which allowed for a more comprehensive observation of translation tendencies. The analysis
made it possible to identify not only linguistic but also cognitive patterns in the way translators interpret and
reconstruct meaning. The results showed that in 70% of cases, translators tend to convey terms literally, which
makes the text less understandable to the Russian-speaking reader. For example, the English term ”framework”
is often translated as “ocHoBa” instead of the more appropriate “xoHiientyaibHas ocHoBa”. At the same time,
long English sentences that include several clarifying parts are translated excessively verbatim, which leads to
an overload of syntax in the Russian text. As a result, the translated version may lose its readability and appear
overly complicated, even though the original text was logically structured and clear.

The findings of this analysis confirm that the process of translation cannot be reduced to word-for-word
equivalence. Instead, it requires creative decision-making and cultural adaptation. The translator must always
keep in mind the communicative purpose of the text — whether it aims to inform, persuade, or instruct — and
tailor the translation strategy accordingly.

Thus, high-quality translation requires not only knowledge of the language, but also the ability to adapt
the style and terminology to the target audience. The translator’s task is to strike a delicate balance between
accuracy and accessibility, ensuring that the scientific message remains both correct and comprehensible.



Thus, when translating an article on nanotechnology, it is important not only to convey the meaning of the
terms, but also to adapt the style of presentation to domestic scientific standards. The cultural context is of
particular importance, as it determines the reader's perception of the text. The awareness of such context allows
the translator to anticipate how the audience will interpret certain expressions or stylistic devices. The
translator acts as an intermediary between scientific schools in different countries, and his work directly affects
the accuracy of knowledge transfer. Consequently, the quality of translation becomes a decisive factor in the
international dissemination of scientific achievements and innovations.

The translation of scientific and technical literature is a complex task, including working with
terminology, style, cultural realities and the structure of the text. To improve the quality of translations, it is
necessary to develop training methods for specialists and take into account the specifics of intercultural
communication. Only a comprehensive approach that combines linguistic training, practical experience, and
cultural awareness can ensure that translators are fully prepared for the challenges of scientific communication
in a globalized world.

In conclusion, the translation of scientific and technical literature represents not only a linguistic activity
but a form of intellectual cooperation that shapes the global scientific landscape. As technology advances and
interdisciplinary research expands, the need for competent translators will only grow. Therefore, the
development of specialized educational programs and research in translation theory is essential for building
bridges between nations and advancing human knowledge.

References:

1. Egorov A.V. National peculiarities in the translation of scientific and technical literature. Moscow:
MGIMO University, 2020, 220 p.

2. Kuznetsova I.L. Scientific style of presentation: problems of translation. Novosibirsk: Nauka Publ.,
2022, 180 p.

3. Maslovskiy V.B. Methods and techniques of translation of scientific and technical literature.
Yekaterinburg: UrFU, 2021. 200 p.

4. Sergeev A.P., Shulga V.V. Translation of scientific literature: problems and solutions. — Moscow:
Prospekt, 2021. — 240 p.

5. Soloviev P.A. The Art of translation: A textbook. — St. Petersburg: Peter, 2020. 320 p.

MPOBJIEMBI TEPEBOJIA HAYYHOM U TEXHUYECKOM JINTEPATYPBI
Jlymankos A. 1O.
urijlusnikov@gmail.com
Hayunsnii pykoBonutens: C.B. KodypoBa, crapimuii npenogaBareinb
Kazanckuil HanMoHaIBHBIA UCCIIEIOBATEILCKUNM TEXHIUECKUI yHuBepcuTeT nMeHn A.H. Tymonesa

B cratbe paccmaTpuBaroTCsi OCHOBHBIE IPOOIEMBI IIEPEBOAA HAYUHO-TEXHHYECKOH JIUTEPATYPhI, CBI3aHHBIE C
TOYHOH Nepesayel TEpPMHUHOJIONMH, CTWIACTUYECKAX U IPAMMATUYECKUX Pa3jIMdMil, a TakKe KyJbTypHOTO
KOHTeKcTa. [IpeacraBieH nccinenoBaTenbCKUi aHAIU3 IIEPEBOIOB aHTJIOS3bIYHBIX CTATEH, KOTOPBIN BBISBUJ
TPYAHOCTH OYKBaJILHOIO IEPEBOJa TEPMUHOB U CHHTaKcuca. [lenaercst BBIBOA 0 HEOOXOAUMOCTH afanTaluu
nepenoaa K ueneBoﬁ ayaIuTOpHUH, YTOOBI COXPAaHUTh HAYYHYIO TOYHOCTb U JOCTYIIHOCTH TCKCTA.
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The article examines the features of stylistic functions of neologisms in modern Internet discourse.
The types of stylistic functions of neologisms are described. Language units from articles in the electronic
editions of Daily, Metro, and social networks are given as examples.
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With the development of society, the language develops, serving its needs in new categories. The
vocabulary used to replenish the language is very heterogeneous in composition, and the rate of formation of
new words is uneven. They directly depend on such external factors as social, political, cultural processes,
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scientific and technological progress. The more extensive and significant the changes, the more new lexical
units appear in the language, which are characteristic of all functional styles: scientific, colloquial, artistic,
socio-political, journalistic.

Neology, as a branch of lexicology, is devoted to the study of neologisms. The increased interest in this
field of linguistics has recently been explained by the fact that neologisms are an important indicator of
linguistic evolution.

The research of neologisms highlights the periods of the revolutionary and military eras, the period of
"perestroika”, the coronavirus pandemic, and at the moment the most extensive number of new words are
appearing on the World Wide Web.

An important element of Internet discourse is dynamism, due to which information is distributed quickly
and is frequently updated. An instant exchange of opinions and news allows you to create an impression of the
relevance and significance of the topics being discussed. With the advent of new topics, new words —
neologisms - also appear. Their main function in language is to respond immediately to external changes that
require nominations for new subjects and phenomena.

Unlike scientific, business, and technical literature, where neologisms have a hominative function, in
fiction and colloquial speech, the stylistic function comes to the fore. Neologisms are used to create
expressions, express emotions, and authorial attitudes.

According to M.P. Brandes, the stylistic subfunctions of neologisms are evaluative and expressive. The
evaluative function expresses the axiological attitudes of the linguistic personality, while the expressive
function is clearly reflected in the journalistic style of the English language. [1]

D.D. Cho argues that the expressive power of neologisms lies in their novelty. Unlike established words,
new words have fresh connotations that attract readers' attention. This novelty makes neologisms more visible
and, therefore, more effective in conveying emotions and expressing the author's position.

In the articles we analyzed in the electronic publications Daily, Metro, as well as in social networks, the
following evaluative neologisms were identified: "scalable solution" (a solution that can be adapted to a larger
scale), "cognitive bias" (a mistake in thinking that affects decision-making), "boujee" (a person from "higher
education society”, as well as someone who often pretends to be like that; they are used for humorous
purposes), "ghost kitchen" (a restaurant offering only food delivery, without a physical dining space, is
considered innovative), "cancel culture" (refusal to support famous personalities after they have done or said
something reprehensible).

The following units can serve as examples of expressive neologisms of the English language: "game
changer" (a factor that radically changes the course of events), "tech-savvy" (a person with a high level of
knowledge and skills in the field of technology), "salty" (expression of emotion of sadness), "ghosting"
(unexpected cessation of communication with a person), "banger" (the long-awaited release of a song or an
event), "tea" (gossip, information).

Thus, online resources are a vast space for the appearance of new words in English and other languages.
The process of the appearance of neologisms occurs constantly, so research on this topic will always be
relevant.
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The article explores modern approaches to learning the English language, including traditional and informal
methods such as music, films, literature, games, and mobile applications. It analyses their influence on motivation
and the quality of knowledge acquisition. The study concludes that the highest effectiveness can be achieved only
through a combination of emotional immersion, systematic grammar learning, and active communicative practice.

At the current stage of social development, the English language still remains the principal tool of
international communication. English is a bridge that connects cultures and people, particularly at international
events such as Intervision or the Islamic Forum. The ability to use English plays a crucial role in building a
career and is an essential aspect of life even during education process. While students of linguistic universities
possess a certain level of proficiency and motivation, students of non-linguistic universities still face
difficulties in learning the language [1].

Unfortunately, the traditional teaching method based on grammar study and translation does not provide
full immersion in the language and, in some cases, even causes rejection. The relevance of this issue lies in the
growing difficulty for students to concentrate on textbooks following standardized algorithms, which quickly
reduces their motivation. Like any language, English requires intuitive understanding, improvisation skills,
and the ability to think in English for comfortable communication. Modern technologies enable easy
immersion into an artificial linguistic environment through audiovisual materials, literary works, music, and
interactive platforms.

The purpose of this article is to identify informal linguistic immersion methods, to analyse them, and
evaluate their effectiveness for different categories of students at non-linguistic universities. The article
highlights the advantages of each method.

Learning English through different cultural elements such as films, music, literature, and games is
becoming increasingly popular and gives positive results. The material is memorised more easily through
associative connections. Engagement level rises significantly, and certain personality qualities are laid down,
because full language acquisition involves studying the culture of those who think in this language. This
profoundly influences interpersonal relationships and self-perception, as well as the development of a sense of
the language.

Let us consider each method briefly. We begin with using music to learning English. It is an excellent
way to memorise words and phrases through melody and rhyme. Listening to songs not only develops listening
comprehension but also allows immersion in the culture and musical heritage of English-speaking countries
[2]. This method is suitable for people with developed auditory memory or limited time. However, you must
be careful. Authors sometimes intentionally make mistakes for the sake of rhyme. Teachers using musical
materials should warn students in advance or assign them to find such mistakes. Podcasts also belong to
auditory methods. They discuss various topics, exposing listeners to natural speech and different accents in
English [2].

Reading English literature significantly broadens vocabulary and deepens understanding of the
language’s logic. Learners gain insights into the culture and mindset of native speakers through how authors
express their thoughts.

This method is ideal for people with developed visual memory and imagination. Its disadvantage lies in
requiring a solid linguistic foundation. If a learner constantly struggles with a dictionary, boredom sets in
quickly; moreover, reading is not popular among the younger generation even in their native language. While
using a translator at the beginning is inevitable, ideally, one should progress to direct comprehension. Genre
and age appropriateness of texts also matter.

Watching films engages multiple memory types simultaneously, improving comprehension accuracy
and depth [3]. It develops the ability to understand natural speech. Cinema opens access to the vast domain of
English-speaking culture, traditions, and customs. New constructions are memorised not only auditorily and
visually but also associatively. Viewers can observe individual situations or entire stories, facial expressions,
emotions, and experiences of characters.

There are challenges in finding websites with accurate subtitles. When a learner watches a film for
educational purposes, they initially require high-quality subtitles in their native language. Subtitles should not
merely summarise what happens on screen but remain structurally close to the original sentences. When literal
translation is impossible (idioms, puns), explanatory notes are desirable — though rare. Therefore, comparing



with the original is advisable. Watching films with a teacher can be simplified by discussing the plot and
characters in advance.

The above methods differ from textbook listening and translation exercises through emotional
engagement. Textbook materials rarely interest learners beyond serving as grammatical and lexical models.
Viewing English as just another academic subject creates a psychological barrier: the goal becomes passing
exam rather than understanding. Emotional engagement with appealing materials in any form eventually leads
to genuine comprehension and acceptance of the language as a gateway to world culture.

Stephen Krashen, an American linguist and author of about 500 works on second-language acquisition,
argues that language should be learned naturally. His “affective filter” hypothesis describes a mental “screen”
that blocks language acquisition. This filter emerges under influence of negative emotions (fear, anger,
frustration, sadness), also stress, lack of motivation, and uncertainty. It prevents information from reaching
brain areas responsible for natural learning [4].

Let us now discuss games, which can be divided into two types: regular computer games and language-
learning applications.

The first type resembles film-watching but demands greater engagement. Story-driven games with
interactive dialogues are particularly useful, allowing players to control characters and participate in the
narrative. Online games add real-time interaction with other players, including native speakers, providing
valuable speaking practice — especially effective for teenagers.

The second type comprises educational applications. Typically, they start by assessing language level
and setting goals, then offer short lessons involving translation, grammar, and listening tasks. Gamification
elements — rankings, points, bonuses for speed, and access to new materials — maintain motivation [3].

Advantages of such applications are convenient, mobile, and topic-specific. Their person-centred
approach is advantageous but cannot fully replace a tutor’s guidance. The most popular example is Duolingo,
a platform powered by artificial intelligence and machine-learning algorithms. It personalises learning paths,
adjusts task difficulty, and incorporates motivational mechanics.

Although Duolingo includes exercises on grammar, translation, speaking, and listening, it relies on
intuitive immersion — rules are not explicitly explained; learning occurs through practice. This shortcoming
is especially evident for beginners, prompting consideration of traditional methods.

Traditional approaches are grounded in classical pedagogical concepts focused on gradual mastery of
vocabulary, grammar, and translation skills. For instance, the grammar-translation method involves detailed
study of rules and text translation. Research confirms its efficiency in developing writing skills, but only when
it combines with speech practice.

The audiolingual method, by contrast, relies on repetition and imitation. Learners memorise dialogues
and repeat language structures to develop automatic grammar usage and improve pronunciation. Critics,
however, argue that it fails to foster communicative skills, as learners memorise phrases out of context [5].

At this stage, we would like to point out the advantage of listening to music, podcasts, and watching
films. As mentioned earlier, learners are emotionally engaged, and thus memorisation is accompanied by
meaningful understanding. Communicative skills may further develop if learners discuss what they have heard
on social media with native speakers, as algorithms tend to connect people with similar interests, potentially
leading to an English-speaking audience.

Nevertheless, spoken practice remains most effective in sessions with qualified teachers capable of
sustaining discussions. You may read, write, and listen indefinitely, but without correct pronunciation,
knowledge cannot be effectively applied. Teachers who integrate materials of interest (music, films, books)
should ensure discussion, not only to reinforce vocabulary and grammar but to confirm comprehension and
analyse potential errors, particularly in song lyrics.

Many modern methods are based on active communication principles. Simulated conversation fosters a
positive psychological environment and teaches learners to think and express feelings in the target language.

Empirical data confirm the efficiency of informal immersion. Research shows that informal exposure
accelerates learning. According to EF Education First, individuals who use English for entertainment achieve
20-30% higher test scores than those relying solely on formal instruction.

A Cambridge University study found that music and podcasts improve vocabulary retention by 40%
compared to rote memorisation of list of words. Podcasts allow dozens of hours of exposure monthly during
commutes or exercise. Emotional and associative memory enhance retention: music evokes emotions,
embedding words in melodic context.

The advantage lies in listening comprehension and acquisition of slang expressions; the drawback is the
poetic, often grammatically incorrect nature of lyrics. Without reading and analysis, effectiveness declines.
For example, in Bon Jovi’s “She don’t know me,” one encounters phrases like “tried hard” and “look my way,”



but incorrect conjugations (“She don’t know me,” “She don’t see”) follow, violating standard grammar of verb
“to do” for euphony.

A study published in “Language Learning & Technology” showed that students watching TV series with
target-language subtitles doubled their listening and vocabulary gains compared to a control group. This
method engages visual, auditory, and contextual memory, linking language to gestures and real-life situations.

Reading remains among the most powerful tools for expanding vocabulary. Krashen asserts that “free
voluntary reading” can account for up to 95% of vocabulary acquisition. Readers’ lexicons are on average 50%
richer [4]. Visual memory aids spelling; contextual memory reinforces grammar and usage.

Maximum immersion, exposure to complex grammar, vocabulary expansion, spelling accuracy, and
stylistic awareness all depend on a solid linguistic base. Literary language may differ from spoken English,
requiring genre and domain adaptation.

A University of York study revealed that gamers playing multiplayer online games in English exhibit
faster linguistic reaction and 25% more lexical diversity under stress. Multiple memory systems — kinesthetic,
visual, auditory, and motivational — are engaged. Rewards and progress provide positive reinforcement. Ideal
for beginners expanding vocabulary through interactive, low-pressure practice. However, focus on isolated
words and simple phrases limits spontaneous speech development. Similarly, language-learning apps risk
fostering an illusion of mastery — completing levels rather than achieving depth.

In open-world action/RPG game Skyrim, players must constantly read quests and dialogues to
understand what they must do. Words such as “dungeon,” “sword,” and “quest,” which become permanent
lexical items.

From the evidence presented, it is clear that all methods activate different memory types and can be
effectively combined. None is universally superior, as individual memory profiles vary.

Informal immersion methods complement, rather than replace, traditional ones. They create a linguistic
environment, support long-term memory through emotion and imagery, and sustain motivation through
engaging content.

However, these methods have fundamental limitations. Without a minimal grammatical and lexical
foundation, immersion risks becoming meaningless noise. Moreover, no passive method teaches spontaneous
speaking; songs, films, and books offer input, but conversational practice — through teachers, native speakers,
or clubs — is indispensable.

Traditional methods remain indispensable for establishing a solid theoretical framework, accurate
pronunciation, and communication skills. Thus, the combination of traditional learning, informal immersion,
and active speaking vyields confident language proficiency. Informal methods help overcome emotional
barriers and transform attitudes towards language. Modern pedagogy increasingly promotes independent,
communication-based learning.
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MOOWJIGHBIX TIPHJIOKCHUH. AHATM3UPYETCS WX BIMSHWE HAa MOTHBAIMIO W KAa4eCTBO YCBOSHHS 3HaHWU. B
WICCIICIOBAHUY JICJIACTCS BBIBOI O TOM, YTO MAaKCHMAIBHOW 3(PPEKTHBHOCTH MOYKHO JOCTHYD TOJIBKO 3a CUET
COYETaHHUSI SMOLMOHAIBHOTO TOTPY>KEHHs, CHCTEMATUYeCKOr0 W3Y4YCHHS TpaMMaTHUKHM W aKTHUBHOM
KOMMYHUKATUBHOH MTPAKTHKH.
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The article examines the difficulties of translating humor, sayings, and proverbs into works of fiction
and analyzes adaptation strategies to convey the spirit of the original. The difficulty of translation lies in
preserving the original tone of humorous statements, wordplay and cultural code, and due to the lack of
equivalents in other languages and the differences in mentalities, “translation traps” are formed where the
original meaning may be lost.

In the modern world, most of our lives are occupied by works of art, and not only books, but also a wide
variety of films that are created in various parts of our planet. Despite the original language, with current
technology, a person can watch a movie in almost any language in the world using voice acting or subtitles.
But the translation of films, books, newspapers, etc. doesn’t always convey everything in the way that the
creator originally intended, for example, the meaning of jokes, sayings, proverbs, or even the names of works
of art may not be conveyed correctly by translators. It happens because translation is not just a replacement of
words, but a difficult act of adaptation, so jokes, sayings and proverbs imbued with the history and mentality
of their people lose their true meaning when switching to another language. This article aims to investigate the
causes of the loss of the original meaning of jokes, proverbs and sayings and analyze existing strategies for
their translation.

The relevance of the research is justified by the large number of foreign works of art and the need for
their high-quality translation for the Russian-speaking society. Foreign writers, directors and screenwriters are
increasingly using jokes based on modern events and problems, sayings and proverbs that are also related to
the history and mentality of the people. This is the main barrier in the translation of foreign puns, proverbs and
stable expressions. The task of translators is not only to convey the essence of a statement, but also to preserve
its emotional coloring or comicality, in the case of humor.

There are many methods for adapting difficult-to-translate statements into Russian, L.F. Dmitrieva, S.E.
Kuntsevich, E.A. Martinkevich, N.F. Smirnova [1] identify the following universal methods:

1. The transfer of the meaning of an English figurative expression by a phraseological equivalent in
Russian, that is when translating, the meaning and usually the structure of a stable expression are preserved.

2. The use of a Russian phraseology similar in meaning, but based on a different image, having a
different structure from English. It is also important to take into account the stylistic coloring of the replaced
phraseological units.

3. Calque (literal translation) is used only when the image is perceived by a Russian-speaking person
without difficulty and does not create the impression of unnaturalness.

4. In the case when the English phraseological unit has no analogues and equivalents in the Russian
language, a descriptive translation is used — the phraseological structure is replaced by its description and
explanation [2].

At first, let's start with sayings and proverbs:

From Ozhegov's dictionary [3], a proverb is a short, complete folk judgment of edifying content,
expressing morality, a folk aphorism. A proverb is a short stable expression, mostly figurative, which, unlike
a proverb, does not represent a complete utterance. These linguistic structures are used both orally and in
writing and are an integral part of the language and culture of the people. A good translator in his work should
understand and know the subtleties of the language of the translated text in order to convey the essence and
cultural characteristics of the people of this language to the reader or viewer as accurately as possible.

Native speakers have known and understood the meanings of sayings and proverbs since childhood and
where to apply them, they capture the idea and image of short sayings in their own way. The main difficulty
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of translation, as already mentioned, is that proverbs and sayings reflect the cultural space and the picture of
the world only of a certain people, therefore, when translating, it is necessary to conduct a sufficiently in-depth
analysis to convey in just a few words not only the direct translation, but also to make the statement
understandable for people who do not know culture, history and customs.

Examples of proverbs:

¢ When pigs fly — in Russian it is replaced by the equivalent saying “When crayfish will whistle on the
mountain”.

¢ Everything is good in its season — replaced by the equivalent of “Every vegetable has its time”.

e The pot calls the kettle black — for a Russian-speaking person, this proverb looks like something new
and the meaning is not very clear, and the Russian phraseological analogue is “whose cow would moo, but
yours would be silent”.

¢ People who live in glass houses should not throw stones is an example of calque, since there are no
equivalents or analogues for this statement in Russian.

o The cat is out of the bag — ‘The secret has become clear”, an example of a descriptive translation.

Sayings are more similar to Russian ones and are translated almost verbatim:

o There is no smoke without fire - Russian equivalent: “There is no smoke without fire”.

o Make hay while the sun shines — “Strike the iron while it's hot”, an example of a replacement with a
phraseological analogue.

o Keep a dog and bark yourself is an example of calque, since it translates into Russian in the same way,
there are no analogues.

o Grin like a Cheshire cat — “To grin with all your mouth”; a dine with Duke Humphrey — “To go without
lunch”, are descriptive translations, because the proverbs are not known for all Russian-speaking people.

From Ozhegov's dictionary, humor is the understanding of the comic, the ability to see and show the
funny; pun is a joke based on the comic use of similar-sounding but different-meaning words, a play on words.
Jokes are a way of conveying feelings and emotions, but they can also convey negative thoughts that are not
openly publicized in society. Humor, like sayings and proverbs, depends entirely on the society to which it
belongs, history and customs, as well as on the current situation and problems in the country and the world, so
translating jokes is also a difficult task for translators. What makes it especially difficult is the prevalence of
humor in the modern world, it surrounds us everywhere, in films, books, newspapers, articles and even
advertisements, and this is one of the many reasons why the translation of these linguistic structures is so
important. But despite how well the joke is translated, a Russian-speaking person may simply not accept it
because of moral principles and values, because each nationality has its own sense of humor, and English
humor is quite diverse due to the multinational nature of its speakers, it can be both rude and impudent, as well
as kind and subtle. Jokes play a special role in the film industry these days, because cinema is one of the most
influential means of communication. More than 70% of films on the Russian market are foreign, and therefore
there is a constant need for their high-quality translation into Russian [4].

In film translation, the translator must take into account the relationship between the image and the text
material, paying equal attention to verbal and non-verbal means of expression. Many translators face the
problem of finding an equivalent when a phrase in the source language is accompanied by a characteristic
gesture, since the same gestures have different meanings in different countries. Any film implies the presence
of different vocabulary, which is used in different meanings, with different emotional coloring and can carry,
in each case, a different semantic load. The translator should know that one of the main values when translating
films is the correct transmission of the speaker's intonation. Different phrases with different intonation colors
can completely change their meaning.

Puns can be divided into the following groups [5]:

¢ Phonetic puns.

They are based on partial or complete homophony (identical sounds, but different spellings and
meanings).

So, in the movie “I Wish to Heaven” (2009), the character Ryan Bingham hears the phrase: “Do you
want the cancer? ““. Which shocks the main character. Shocked, he asks again and hears: “Do you want the
can, sir? “. “Can” in combination with “sir” really sound like “cancer”.

One of the most famous examples of such puns is a scene from a famous Sylvester Stallone movie called
“QOscar”. In this scene, Dr. Poole tells one of the gangsters that he used a wonderful oxymoron. The gangster
is offended, because, not knowing the word “oxymoron”; he thought that the doctor called him moron, which
in Russian can be translated as “blockhead”. Stallone's character, being also ignorant of linguistics, tells his
subordinate: Doc is right. You are — oxymoron, while emphasizing the second syllable. Russian is not related



to the words “oxymoron” and “moron”, so one of the ways to translate this wordplay is to replace it with a
similar pun in Russian. For example, the words oxymoron and moron can be translated as “turnover” and
“goof”, which will have an effect on the viewer similar to the original one.

e Lexical puns.

A wordplay based on the ambiguity of words, as well as sometimes on terms and proper names.

“- What is your favorite music group?

- I love U2!

- | love you too, but what is your favorite music group? “(Scrubs, 2001)

An example illustrating this group can serve as a character in the world-famous animated series of the
French-American production Miraculous Ladybug. Cat Noir, one of the main characters, leaving after another
battle, asks his partner to help the injured guy, whose negative emotions caused the collision: “Better help the
fellow out, his crush just got crushed.” In this case, we see an example of the use of the ambiguity of the word,
since crush is not used here in the meaning of “crushing”, but in more the modern meaning is “falling in love”.
Accordingly, using the noun, not in its direct sense (unlike the verb), the hero pointed out that the guy's
infatuation was non-reciprocal.

¢ Morphological puns.

They are formed by combining parts of different words.

“-You don’t get it, Leonard. I’m going to miss so much the unified field theory, cold fusion, the dogapus.

-What’s a dogapus?

-The hybrid dog and octopus. Man’s underwater best friend.” (“The Big Bang Theory”, 2007)

The comic effect in this dialogue is achieved due to the neologism, which is formed by merging the
words dog and octopus. This pun allows you to use the calque technique.

When we look closely at one of the scenes of the aforementioned series, we may notice an interesting
typo in the menu. The fact is that instead of lobster, we see the slang unit mobster.

¢ Phraseological puns.

Such puns are formed by destroying the form or content of the original statement, and the humorous
effect is often achieved by surprise.

An illustrative example here would be a replica from Tim Burton's animated film Corpse Bride. The
main character Emily, expressing her admiration for the views surrounding her, she says: “Isn't the view
beautiful? It takes my breath away. Well, it would if | had any. To understand the pun in this remark, it is
necessary to take into account the plot features of the picture: Emily, whose remark we gave as an example, is
dead, therefore, her body does not perform respiratory functions, and, as a result, does not require oxygen.
Because of this, the idiom is to take one's breath away in the sense of “breathtaking, amazing” seems a bit
inappropriate. However, the understanding of the pun comes to the viewer after the following words are added:
Well, it would if I had any.

M.S. Chizh and I.1. Danilova described universal techniques for translating puns:

o Omission is the complete exclusion of the language structure.

Original: “Don't get mad. Get everything!”. Translation: “Let's not get mad. Let's take everything away
from men!” (The First Wives Club, 1996).

e Compensation is the replacement of the original with another element that makes up for the loss of
information and can have a similar effect on the reader. We can give an example from the American TV series
“The Big Bang Theory”:

“Raj: | don't like bugs, okay? They freak me out.

Sheldon: Interesting. You're afraid of insects and women. Ladybugs must render you catatonic.”

The word “ladybug” has no equivalent in Russian, but this word has been replaced by ‘female spider”,
which is logical, because many people are afraid of spiders. The translation of “must render you catatonic” is
used with an emphasis on the word “catatonic” — it means an uncontrollable state of shock and instead of
“thrown into shock”, they took the phrase “fall into a coma”, thereby emphasizing the comical, but at the same
time the complexity of the situation.

An example from the cartoon “Vinnie the Bear and his friends” (2011):

Original:

Rabbit: ‘Tie them together, Piglet, can you tie a knot?”

Piglet: “I cannot”.

Rabbit: “Uh, so you can knot?

Piglet: “No, I cannot knot”.

Rabbit: “Not knot?”



Translation:

Rabbit: “Tie them into a pile, into something long, can you?”

Piglet: “How do I say it?”

Rabbit: “That's what I can say.”

Piglet: “I can, but I'm afraid I can't.”

Rabbit: “Can I, can't I?!”

o A calque is the construction of lexical units by accurate translation. As an example of such a
translation, you can take a sarcastic joke from the TV series The Big Bang Theory:

“Leonard: Our babies will be smart and beautiful.

Sheldon: Not to mention imaginary”.

“Bernadette: (say to Emmy) Doesn't he know you have a boyfriend?

Penny: She doesn't have a boyfriend, she has a Sheldon”.

The example describes the first meeting of Leonard, Sheldon and Penny. Leonard really likes Penny,
and he begins to dream of a future together, but Sheldon sarcastically breaks all his friend's dreams, thereby
emphasizing that there can be no relationship between Penny and Leonard, since he is not her equal.

Translating phraseological structures is a time consuming and complex process that only truly erudite
translators can do, because it requires excellent knowledge of two languages. The quality of translation also
directly depends on the chosen method of text translation, and in the film industry it also depends on the correct
intonation and the right stylistic and emotional coloring.
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B crartbe uccienyroTcs TPYAHOCTH IEPEBOJAa IOMOPA, IIOIOBOPOK M IIOCIOBHUI[ B XYJOXKECTBEHHBIX
[NPOU3BEIAECHUAX M AHAIM3UPYIOTCS CTPAaTeruu aJalTallMM, I103BOJSIOIIME IepeAarb AyX OpUIMHAIIA.
CnoxHOCTh TIepeBoZia 3aKIIYaTCsi B COXPAaHECHWH OPUTMHAIBHBIX OTTEHKOB FOMOPHCTHYECKHX
BBICKA3bIBAaHUI, UIPBI CJIIOB U KyJIBTYPHOTO KOJA, a 32 OTCYTCTBHUEM SKBUBAJICHTOB B JPYIMX SI3bIKaX U M3-3a
Pa3HUIBI MEHTAJTUTETOB 00Pa3yIOTCS «JIOBYIIKH ITEPEBOJIAY, T€ MEPBO3AaHHBIA CMBICT MOXKET OBITh YTEpSH.
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A phraseological unit is a complex phenomenon with a number of important features, which can therefore
be approached from different points of view. The practical value of studying phraseological units lies in their role
in language teaching, the development of speech culture and the improvement of stylistic analysis skills.
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The science of phraseology, which specializes in the study of various stable combinations, is relatively young.
The theoretical basis of modern phraseology was laid only in the 40s of the XX century by academician V.V.
Vinogradov, who was the first to classify phraseological phrases from the standpoint of their semantic unity.

In the 60s of the XX century, the works of N. M. Shansky were published, whose contribution to the
development of phraseology can hardly be overestimated. Fundamental textbooks on phraseology were created, the
author's definitions of key concepts such as phraseological turnover, phraseological expression, grammatically and
semantically supporting component were developed, the classification of V. V. Vinogradov was supplemented.
Vinogradov developed a new type of phraseological units — phraseological expressions, and also developed a
methodological framework for analyzing phraseological units and proposed approaches to the study of their
structural and semantic features. The works of N. M. Shansky laid the foundation for further study of phraseological
units and continue to remain relevant in modern linguistics [2].

Phraseological units occupy an intermediate position between words and free word-formation groups. Being
intermediate units, they have the characteristics of words, on the one hand, and the characteristics of free phrases,
on the other. So, it is necessary to indicate the criteria that distinguish phraseological units.

Phraseological units or idioms can include a vast ocean of proverbs and famous quotes.

More important is the fact that in Germanic languages (and English is one of them), metaphorical sayings,
as well as the widespread use of metaphors in general, are relatively recent. There were few of them before the
Renaissance.

Obviously, conclusions about the chronology of such statements depend on their appearance in books,
newspapers, or some other written sources. The time interval between copying and writing them can, but should
not be too long.

The term "phraseology™ was introduced by Soviet linguists and is generally accepted in the countries of the
post-Soviet period. However, there are different points of view on the essential features of PU, as opposed to free
groups of words. The complexity of the task is to distinguish PU. and free verbal groups are explained by the fact
that the boundary between them is not clearly defined.

PU, unlike free word groups, have three main parameters:

1. PU are linguistic units, their characteristic feature is semantic complexity, that is, complete and partial
transfer of meaning.

2. Structural separability and semantic cohesion.

3. PU is never formed on the generative structure of a free phrase, no one can predict the formation of PU

[1].

Paula Hawkins' work tells the story of a situation where the body of a young artist, Daniel, is found in a
houseboat, and the police have every reason to believe that a woman committed this brutal murder.

Three women, somehow connected with the murdered man.

Three women, in whose soul there is a burning desire to correct the wrong they have done.

So, to describe what is happening, Paula Hawkins uses many phraseological phrases to give a special stylistic
color to her work. Let's look at some examples:

1. “Deidre, in the background, hissing through clenched teeth.”

«Ha 3amHem mane Jleiiapa MMmiT CKBO3b CTUCHYTHIC 3YOBL.)»

2. “It was a bright morning, cold for March, though white buds on glossy new branches of plane and birch
hinted at spring.”

«YTI)O OBLIO SICHBbIM, XOJIOAHBIM IJId MapTa, XOTA OeJble ITOYKH Ha 6J'I€CT$IH.[I/IX HOBBIX BCTBAX IlJIaTaHA U
Oepé3bl HAMEKAJTM Ha BECHY.»

3. “.. her last hello catching in her throat as she took it all in...”

«...A TIOCJICAHEC KIIPHUBETY» 3aCTPIO Y HeE B ropie...»

4. “Don’t worry about it,” Barker said, his eyes holding hers.”

«He Gecniokoifrech», — cka3an bapkep, He CBOIS ¢ Hee T1a3.»

5. “She was struck by the smell. Underneath the blood, all that blood, there was something else, something
older, sweet and rank, like lilies left too long in the vase. The smell and the look of him, impossible to resist, his
beautiful dead face, glassy eyes framed by long lashes, plump lips drawn back from even, white teeth. His torso, his
hands, and arms were a mess of blood, his fingertips curled to the floor.”

«HO}_I KpPOBBIO, 11O BCeH 3TOH KPOBELIO, OBUIO YTO-TO CIIC, YTO-TO APCEBHEC, CJIAAKOC U 3JIOBOHHOC, KaK
JINJIAW, KOTOPBIC CJIMIIIKOM OO0JIT'O CTOSAJIN B BaseC. Ero 3amax u ero B3I, IEPE KOTOPBIMU HEBO3MOXXHO YCTOATD,
€ro TIPEKPacHOE MEPTBOE JIUII0, OCTCKIICHEBITIHE IJIa3a B 00paMIICHUH JITHHHBIX PECHUIL, ITyXJIbIC TYOBI, OTTSHYTHIC
Ha3an, oOHaxxast POBHEIC Oerble 3y6I>I. Ero TOPC, PYKHU U KUCTU OBUIN CIUIOIIHBIM KpOBaBbIM MECUBOM, KOHYUKU
NaJIbIEB NMPMXKUMAINCE K IIOJTY.»



6. “She stumbled up the steps and out of the cabin, gulping mouthfuls of air, gagging.”

«OHa CIIOTBIKAsICh MOAHAJIACh IO CTYIICHbKaM M BBICKOYMJIA U3 KakOThI, )XKaJlHO XBaTasgd PTOM BO3AYX U
3abIXasACh.»

7. “...and she was alone, gripped by paralyzing fear...”

«....0Ha OoCTaJIaCh OJHA, OXBAYCHHAA MapaIn3yIolIUuM CTPAXOM...»

8. “Poking her nose into everyone else’s business.”

<<Cy}0 CBOI HOC B qy>Xue aesa.»

9. “...all the hair stood up on the back of her neck...”

«...y He€ BOJIOCHI Ha 3aThUIKE BCTAIN JABIOOM. ..» [3].

Thus, phraseological units perform an important connecting function in the text space, ensuring the integrity
of the work and forming its semantic structure. The practical value of studying phraseological units lies in their role
in language teaching, the development of speech culture and the improvement of stylistic analysis skills.

Moreover, the study of the stylistic functions of phraseological units opens up new perspectives for the
development of linguistic theory and understanding of the mechanisms of language development, which makes this
field of research relevant for both theorists and practitioners: writers, journalists, translators, teachers and specialists
in the field of speech communication.
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DdpazeoornyecKas eIUHMUIIA - 3TO CIOKHOE SBJCHHE C PSATOM BOKHBIX MPU3HAKOB, K KOTOPOMY TTOITOMY
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This article examines the peculiarities of translating phraseological units in detective genre works, based
on the detective novel «The Thursday Murder Club» by Richard Osman. It analyzes the structural, semantic,
and stylistic characteristics of set expressions, as well as their functions and role in texts. Particular attention
paid to the challenges of adequately translating English idioms into Russian, as they are a key element for
conveying the atmosphere, style, and characterization in the detective genre.

Key words: phraseological units, function, expression, detective genre, translation.

The detective genre, with its tense atmosphere and intellectual component, presents a complex field for
translators [1]. Phraseological units (hereinafter referred to as PUs), namely idioms, set expressions, proverbs,
and sayings, pose a particular challenge. Their adequate translation is a key tool, as a translator must not only
convey the meaning of the original phrases but also preserve the specific atmosphere, style, and features of the
detective genre.

Richard Osman’s detective novel «The Thursday Murder Club» provides appropriate material for
analyzing PUs, which are not merely decorative elements but also a realization of the author’s intent. It is



precisely PUs that help to better understand the characters’ emotions and personalities, as well as the ironic
and comedic scenes.

Before analyzing the translation of specific PUs, it is important to understand their functions in the text.
Let us turn to the functional classification by A.V. Kunin [2], who identifies five main functions:

1. Communicative (PUs act as ready-made units of communication).

2. Nominative (PUs serve to denote complex phenomena, concepts, and situations, replacing lengthy
descriptions).

3. Cognitive (PUs act as a so-called «repository» of cultural and historical experience).

4. Pragmatic (PUs influence the addressee).

5. Variative functions (PUs are transformed lexically, grammatically, and structurally to achieve a particular
effect).

Starting with the communicative function, where phraseological units are complete expressions. For example, R.
Osman uses the PU «Bob’s your uncle» to summarize the outcomes of the characters’ actions [3]. While this could be
translated as «neno B mumsiney, the context of the detective work makes the variant «emno packpeiro» more appropriate.
The expressions «in for a penny, in for a pound» and «nothing ventured, nothing gained» are translated as «Hy>xHO
JIOBOJIMTH HAYATOE JI0 KOHII@» and «KTO HE PUCKYET, TOT He ThET IaMITaHCKoro» respectively, confirming that characters
are determined to see the investigation through despite all risks. R. Osman also uses the idiom «the penny dropped» to
describe the moment when the character finally understands a key detail of the investigation; it is translated as «(aaxorerr)
JI0 MEHSI JIOIILION.

Nominative function PUs constitutes a majority of all set expressions in the analyzed work. This is because such
phraseologisms are used as labels for the characters’ actions and states [2]. Thus, PU «to be on one’s last leg» is translated
as «ObITh Ha TIocIeTHeM M3apIxanmm» and perfectly describes a suspect close to confessing. The PU «to draw a blank»
means «II0TepIieTh Heymady», and the idioms « to bark up the wrong tree» — «iITH TI0 JIOKHOMY ClieTy», and «not make
head or tail of something» — «3amyTtarscst», describe scenes when the main characters and the police come to a standstill

[4].

When considering the cognitive function, phraseological units often act as cultural stereotypes and benchmarks
through which the characters in the work recognize complex and dangerous situations, contrasting them with familiar
cultural models. For instance, R. Osman uses the PU «birds of a feather», translated as «omHOro mosst sSroaen or «IBa
cariora mapay, to separate characters into «us» — the club members, and «them» — the police and suspects [3]. The
expression «a silver lining» — «Her xyna 6e3 noodpay reflects the optimistic attitude inherent in the main characters. The
phraseological unit «to be like a bull in a china shop» describes an inexperienced and unprepared police officer at the
crime scene, contrasting with the thorough preparation and careful actions of the club members. This expression can be
translated as «ObITh KaK CJI0H», meaning to behave clumsily, awkwardly, and sometimes even rudely in a given situation.

PUs with pragmatic function are used by the author to express emations, urge action, evaluate, and influence the
interlocutor. Thus, the set expression «hold your horses is translated as «mpunepsku koHei» meaning «take your time,
wait» urging caution. The phraseologism «to sit the ground runningy — «c X0y B3SThCS 3a JEJI0» OF «B3SThCS 32 JIENI0
0e3 mpomeieHus» serves as direct motivation for action at the start of a new investigation phase. The PU «to kick up a
fuss» describes the main characters’ protests against the police and administration and is translated as «ycrpausathb
CKaHzam, «aoqHUMaTth 1rym». The PU «to scream blue murdeny — «opaTs BO Bce FOpIioy, «BOIHTH YTO €CTh MOYM) can
also be attributed to this function [4].

Finally, the last functions of phraseological units identified by A.V. Kunin are the variative functions [2]. These
manifest in the ability of PUs to transform structurally and semantically, allowing set expressions to be adapted to a
specific context. The variative functions include:

1. Semantic variations (when phraseological units retain their structure but acquire new meanings depending on
the context). For example, the expression «to go down the rabbit holey in the context of the detective work can mean not
just delving into a strange situation, but also a purposeful investigation of a confusing case. The PU «to cut cornersy in a
detective genre work can be translated not only as «rmoiiTu kpardaiimm myTem» but also as «IefcTBOBaTh HE3aKOHHOY.

2. Structural variations. For example, replacing or adding an element to a phraseologism to create new meaning
— not «birds of a feather» but «birds of a criminal feather» to describe a criminal group. Expansion or reduction of the
expression’s composition is also possible, e.g. extending the PU «a silver liningy — «a silver lining in this cloud of murder
and deception» [3].

3. Grammatical variations. These include changes in verb tenses and voice, for example, from «cut corners» to
«so even 150 years ago they were cutting corners?» and from «blow one’s own trumpet» to «I’m not blowing my own
trumpet».

4. Stylistic variations, which may include contamination, i.e. combining two phraseological units in one sentence.
For example, the sentence «we need to have all our aces on the same page» combines the PUs «to have an ace up one’s
sleevey — «uMeTh KO3BIPH B pyKaBe», and «to be on the same page» — «ObITh Ha oHOI BomHey. It could be translated as



«CIIemyeT coOpaTh BOSIMHO BCE HAIIM YITUKH H 3aLIETIKID Of «IT0pa BEUIOKUTH BCE KApThI Ha CTOID.

In conclusion, it should be noted that translating phraseological units in the detective genre is an extremely
challenging task. Translators must not only have an excellent command of the language but also clearly understand all
the specifics of the genre, the author’s intent, and the cultural context of the work. The example of Richard Osman’s
detective novel makes it clear that phraseological units perform specific functions in the text, which are crucial to consider
during translation.
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In this article, the topic of the translator's false friends in technical texts in English was considered. The
analysis of homonyms, interlanguage synonyms and paronyms was carried out. Their features and differences
were considered.

This research is devoted to the study of one of the aspects of translation difficulties - the translator's
false friends. The topic is relevant because translation in the modern world plays a very important role in
connection with international cooperation and interaction in various spheres of life (trade, politics, sports,
technical industry, etc.). The novelty of our research is the analysis of several technical texts and the
identification of the main false friends of the translator found in them.

The term itself was introduced in 1928 by the French lexicographers Kessler and Derocquigny. It refers
to words that exist in different languages, which have similar spelling and pronunciation, but are semantically
completely different. For example, the English word “list” and the Russian word “muct" are two different
words. In English, ‘list’ is translated as “cnucox”, while in Russian, “muct” is translated by the English word
"sheet" or "leaf", depending on the context.

According to the linguist Tatyana Pavlovna Smirnova, this phenomenon is more common in technical
language. In her article 'Problems of "false cognates" translation in English-language computing texts', she
explains the reason for the appearance of this category of words by the fact that these words are borrowed by
different languages from a third (source) language, such as Greek or Latin, [1]

These confusing words are usually international, or rather pseudo-international, since they are borrowed
from the source language by the recipient language, but at the same time acquire a different meaning.[2]



The translator's false friends are divided into: interlanguage synonyms, paronyms, and homonyms.
Examples of interlanguage synonyms are words that have a partial overlap in meaning, for example: ‘concrete’
and 'koHkpeTHbI’ however, the English word also has the meaning '6eton’, hence these words match only in
one meaning. [3] Homonyms are words that have a similar sound but different meanings, such as "intelligent"
(smart, programmable) and “naTenmurentHsii”. [3] Paronyms are words that are different in meaning but
similar in sound (6a3a-6a3uc; example and ax3emrIsp). [2]

There is another classification of such words. The translator's false friends are also divided into semantic,
syntactic, stylistic, and pragmatic groups.

A semantic group is represented by words that differ in meaning. They are also divided into:

Generic and specific meaning, like: officer — any official and oduuep - military commander

Monosemantic and polysemantic notions: gallant - (1. showy and gay in appearance, dress, or bearing a
gallant feathered hat; 2. stately, majestic; 3. high-spirited and courageous gallant soldiers; 4. attentive to
women, flirtatious.) and ramantHslif - courteous, graceful. [2,3]

Connotative (positive and negative) - aggresive - (in English it means determined to win or succeed)
and arpeccuBHbIii - determined to perform some malicious actions.

Syntactically the words can be different according to their structure and usage in the sentence, for
example:

Xopsuas sHIMKIoeaus, but walking library (not encyclopedia)

Human nature, but yenoBedeckas mpupoa

Stylistically words are either neutral or emotionally coloured:

The word ambition usually possesses neutral meaning whereas the Russian equivalent am6ouiust has
more negative implementation.

Pragmatically the words can be different because of the different surroundings and backgrounds, like:
J1o peBoJTIONMHK OHa KKiIa B IpyroM ropoje. In Russia and in England there were different revolutions and the
meaning consequently might be different.

In our research we examined several scientific articles taken from siencedaily.com source and found all
the translator’s false friends cases in order to study them and to make the list of the most frequent of them in
technical texts.

Let us look at the examples, taken from the first text "Physicists just built a quantum lie detector. It
works":

The presence of genuine quantum correlations — Hamuune MOATHHHBIX KBAHTOBBEIX KOppeasuii here
the meaning of the English word is wider though, the meanings 'correlation” and ‘xoppesnsius’ here coincide.
For this reason, the word can be referred to the interlanguage group of words with polysemantic and
monosemantic differences.

The complex Bell correlations - In this example “cioxknbie koppessiiuu baa” we can see the case of
homonym, which is translated differently in Russian, though in some contexts it also can be translated into
Russian as “xomrmurexc”. Thus, this case can be referred to the homonym with polysemantic and monsemantic
differences.

The team created a special quantum state - Komanna cosnana oco6oe KBaHTOBOE cocTosHMe this case
also shows the homonym type with dfference in polysemantic structure. In both previous cases the English
meaning is wider.

48 standard deviations - 48 crannmaptabix oTkJIoHeHmid also can be referred to the homonym with
polysemantic and monosemantic difference. English variant is represented as polysemantic here.

The result was due to chance - pesynsrar 6611 OCTHTHYT cay4aiino. This is the case of interlanguage
synonymy. The Russian notion here is narrower.

Something never done at this scale before. - Heuto Takoe, yero paHbliie HUKOT/IA HE JIEJIAIN B TAKOM
macmrade. This is also the case of interlanguage synonymy where the notion of the English equivalent ‘scale’
- MaciTad, o0beM, ramma, Ikana is much wider than the Russian one. [4]

Analysing all the examples, we can make the following conclusion: the majority of cases are either
homonyms or interlanguage synonyms with polysematic English equivalents.

Let us study the second article, named ‘Mysterious “quantum echo” in superconductors could unlock
new tech’:

This phenomenon arises - Oto sBiaenne Bo3HUKaeT. The example demonstrates the interlanguage
synonym with broader English semantic structure.

Scientists at the U. S. Department of Energy Ames National Laboratory - Vuensie u3 HarmonansHoit
nabopatopuu DitMmca Munncrepersa sHepretuku CIIA - It also the case of some interlanguage synonymy
with wider range of English notions.



Behaviors that could be used for next-generation quantum sensing - moseeHune, KOTOPOE MOXKET OBITH
MCIIOJIb30BAHO JIJIsl KBAHTOBOTO 30HAMPOBAHUS CIIEIYIOIIEro mokosenusi - This example also shows the use
of interlanguage synonymy with broad English meaning.

A Higgs mode - Pesxknm Xurrca. This is the pure type of paronym ‘mode’ - “moma”.

The research team discovered a novel type of quantum echo. - MiccienoBatesnbckas rpyria oOHapyxuia
HOBBII THUII KBAHTOBOI'O dXa.

By using precisely timed pulses. - Mcnonb3yst TouHO paccurTaHHbIe HMITYJIbCBI. Both above mentioned
cases perform the interlanguage synonymy where English notion is wider than the Russian one.

Summarizing all of the above, we can conclude that technical texts in English are dominated by cases
of interlanguage synonymy with the polysemantic structure of English meaning.
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The article examines the problems of terminology disparity in the field of cybersecurity, which leads to
slower threat response and increased costs. Examples of discrepancies in the definitions of key concepts are
analyzed, and solutions to this problem through terminology unification are proposed.

In the modern world, learning and development are unthinkable without the Internet. One can find

solutions to their problems or share personal opinions and views with the whole world. The Internet has long
ceased to be just a personal blog; it is now a source of news, a means of propaganda, a marketing tool, and a
field for political battles. Protecting information and raising the level of cybersecurity is a task of national
importance.
Imagine a situation: SOC (Security Operations Center)[1] specialists at one company log an event as a
"network scan attempt,” while at another company, the same event is called "unauthorized probing." Reports
on the same threat from different vendors use different terminology to describe the same attacker tactics. The
result is reports about the same thing but using different words. Furthermore, misunderstandings can arise
when transferring incident data to law enforcement agencies.

From this, we can conclude that the lack of common terminology leads to slower response to security
threats and increased costs for incident remediation. The situation is complicated by the fact that most
information sources are foreign, which can lead to translation inaccuracies.

The modern security ecosystem consists of dozens of technologies and tools from different
manufacturers. Without a common language, they cannot exchange data effectively. Machine-readable
languages (e.g., STIX, TAXII) require a clear hierarchy. If one product transmits attack data using MITRE
ATT&CK [4] and another does not understand it, the entire value of integration is lost.
A similar situation exists within specialist teams: when a developer, a lawyer, and a security specialist use
different terms to describe the same phenomenon, it leads to errors in planning and implementing protective
measures. There are unified concepts in all languages, such as "bug" or "feature,” which have entered the
lexicon worldwide and do not allow for double interpretations.[1]

Cyberspace knows no national borders. Combating cybercrime and APT groups (Advanced Persistent
Threat) [4] requires cooperation at a global level, and the discrepancy in terms between different countries
creates gaps. For instance, in threat intelligence reports, analysts from different countries may describe the
same technique differently, making it difficult to form a unified threat picture and develop proactive measures.

At the same time, the lack of a unified glossary in training courses and programs means that graduates
join companies with different understandings of basic terms. This increases their adaptation time and requires
companies to allocate additional resources for training.

For the research, the following sources were selected:

1. International standards and frameworks: MITRE ATT&CK, NIST SP 800-53.

2. National standard: GOST R ISO/IEC 27000-2022.

3. Security solution vendors: Cisco, Kaspersky.

4. Academic environment: The curricula of cybersecurity courses from several technical universities in
Russia (conventionally referred to as "Educational Programs").

For an in-depth analysis, four key concepts were selected. These are fundamental for describing threats
and incidents and often have varying interpretations:

¢ Data Breach, Advanced

¢ Persistent Threat (APT),

e Zero-Day Vulnerability,

e Security Incident

Table 1 Comparative Analysis of Cybersecurity Terminology

GOSTR .
Term MITRE NIST ISO/IEC Cisco Kaspersky Educational
ATT&CK 27000 Programs




Data Unauthorized Data Data Leak
Data Breach Data Breach Breach information Breach (Utecka Data Incident
disclosure dannyh)
Advanced Advanced Tarceted
Persistent APT APT - APT Persistent Thgreat
Threat Threat
Zero-Day i ) Zero-day ) 0-day Zero-day
Vulnerability | 280D | 2eroDay | inerapility | 280D | yyinerability | vulnerability
. . Information . Information .
e | o | S| ey | S| Tseany | e
Incident Incident

The analysis clearly confirmed the hypothesis of significant terminological disparity. Even for a limited
sample of 4 key concepts, serious discrepancies were identified:

¢ Both direct borrowings and various translation equivalents are used.

¢ A terminological gap exists between international standards, national regulatory documents (GOST),
and professional jargon.

e The lack of clear definitions for some important concepts in national standards exacerbates the
problem.

Unification is a complex, multi-level process that has already begun and requires our active
participation. There are many good examples of unification:
MITRE ATT&CK [5] is a brilliant example of successful unification. The categorization of adversary Tactics,
Techniques, and Procedures (TTPs) has become the standard for describing attacker behavior. The ISO/IEC
27000 series standards provide a basic set of terms (threat, vulnerability, risk) that should form the basis of
corporate policies and documents. The NIST[3] Cybersecurity Framework (USA) and its analogues in other
countries also contribute to the development of a common language.[3]

National standardization bodies (in Russia — Rosstandart) play an important role. It is necessary not to
blindly copy Western terms, but to create their precise counterparts adapted to the national legal field. For
example: The approved GOST R ISO/IEC 27000-2022 "Information security... Vocabulary" [2] should
become a handbook not only for auditors but also for developers, translators, and all information security
specialists in Russia.
Every self-respecting company should develop and implement an internal glossary of information security
terms. This glossary must be mandatory for use in all internal documents, policies, reports, and product
descriptions.

The unification of cybersecurity terminology is not an academic exercise for linguists. It is a relevant
and important task, the solution of which determines the effectiveness of the fight against cyber threats, as well
as the analysis of solutions to similar problems by colleagues from around the world.

Such generalization of terminology will allow us to effectively integrate technologies, creating holistic
protection systems; simplify the training of specialists, raising the overall level of competence in the industry;
and strengthen national and international cooperation in the fight against a common problem.
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The article examines the genre and linguistic features of composing a technical report in English. It
analyzes the standardized structure of the report, its informational role, and the requirements for its content.
The study focuses on the lexical, grammatical, and stylistic characteristics of technical writing, including the
use of specialized terminology and formal style. The importance of clarity, accuracy, and objectivity is
emphasized as key principles ensuring the informativeness of technical reports within professional activity.

Technical reports in practice are a tool of professional and academic communication, used to document
research, describe engineering processes and present various analytical data. Their primary purpose is to
convey specialized information clearly and accurately to the intended audience. Preparing these reports
requires not only precise presentation of facts but also adherence to genre-specific and linguistic conventions,
which in turn ensure clarity, organization, and logical coherence, became understanding these conventions, as
well as the ability to apply appropriate lexical, grammatical, and stylistic resources, is essential for effective
communication within the international engineering community. Moving on the aim of this article is to
examine the differences in genre and linguistic features when preparing technical reports in English compared
to Russian reports.

Most technical reports, not only in the field of engineering, follow a consistent logical structure,
therefore each structural element serves its own communicative and functional purpose, ensuring the integrity
of the information presented. For key terms, see Appendix 1. [1, pp. 173-180]

The title page contains key identifying information, such as the report title, document or audit number,
details of the client organization and the executing party, dates of the work performed, and contact information
for the responsible individuals. In audit reports, the title page specifically indicates the audit number and its
timeframe.

The next part is executive summary provides a concise overview of the key findings and conclusions,
usually within a few paragraphs [1, pp. 227-228]. This section allows management to quickly grasp the essence
of the work carried out, the issues identified, and the measures that need to be taken to prevent similar incidents
in the future. In audit reports, this element holds particular importance, as it records the final decision.

Moreover, the table of contents aids navigation within the document. This element reflects the logical
structure of the text and makes it easy to read and reference.

The introduction defines the purpose of the report, the rationale for conducting the work, and the scope
of the study. It also outlines the criteria by which the results will be assessed against the stated requirements.

In addition, the normative references section lists the documents on which the review was based,
including standards, technical specifications, GOSTSs, and international norms. The presence of this section
underscores the clarity of the procedure and allows verification of the report’s compliance with established
regulations.

The methodology section describes the methods used to conduct the relevant tests, such as interviews,
inspections, measurements, laboratory tests, and non-destructive evaluation. The main function of this section
is to allow for repeat verification, which in turn fosters confidence in the results obtained.

One more aspect, the results section presents the factual data obtained during the work, including tables,
charts, photographs, and any identified discrepancies.



The analysis section serves an interpretive function: it explains the significance of the findings, assesses
risks, and establishes cause-and-effect relationships. This section provides an explanation of why the observed
results were obtained.

The conclusions and recommendations section represents the logical closure of the report. It outlines
specific actions to be taken, timelines for implementing corrective measures, and the allocation of
responsibilities (in cases where deviations or incidents are identified within the organization).

The appendices contain supplementary evidence, such as certificates, test reports, photographs, and
technical specifications. Their purpose is to verify the accuracy of the information presented.

Finally, signatures and approval conclude the document and give it legal validity. This section includes
the signatures of authorized personnel and the date of approval.

In addition to a clearly defined structure, technical reports are subject to a set of requirements concerning
both the formatting and the content of the document.

One of the key principles is the identification of evaluation criteria. Each report must clearly indicate
which standards, technical specifications (TS), or regulatory documents were used as the basis for the
assessment. Such transparency in the evaluation process ensures the objectivity of the conclusions and allows
the results to be compared against the established requirements.

Equally important is the requirement of traceability [2, pp. 40-60]. The report must include references
to the primary data sources-protocol numbers, test volumes, quality certificates, logs, or control sheets. This
requirement ensures the possibility of repeat verification and confirms the existence of any identified issues.

Another essential aspect is the inclusion of appendices that support the conclusions drawn. Photographs,
tables of measurements, laboratory test protocols, and results from observations and calculations all form the
foundation of the report. In audit documents, such appendices play a crucial role, as they provide the basis for
the expert’s conclusions to be legally and professionally justified.

The formatting and layout of the report are also strictly regulated. The document’s structure should be
numbered and logically organized: tables and figures are provided with captions and numbers, and, if
necessary, a list of abbreviations and symbols is included. Such formatting enhances the clarity and usability
of the report.

An important requirement is verification and metrological control. Reports include information on the
calibration of measuring equipment, laboratory accreditation, and the measurement methods used. This
information ensures the reliability of the results obtained and confirms their compliance with current
metrological standards.

As a Russian-language example, let us consider a technical audit report from the company OO0 «TMC-
rpynm» It was found that Russian technical texts are characterized by a high density of specialized terminology.
Reports contain a large number of abbreviations and technical short forms, such as «TY, HI, OTK, HKT,
IIITP, JIKM», and coatings, among others. This terminological density makes the text precise, but for readers
without professional training, it can be challenging to follow.

Russian technical reports also include standard clichés that ensure genre consistency: audit results,
identified nonconformities, corrective action plans, quality certificates, and control logs. These fixed
expressions form the typical lexical profile of the official-technical discourse.

For practical work with such texts, it is important to compile a glossary of key terms, ensuring
consistency and clarity during translation and editing.

In turn, English-language reports (for example, the 1SO Audit Report of the American company
Management Service) demonstrate somewhat different lexical norms. Their language is characterized by a
high degree of term standardization, combined with a focus on brevity and functionality. Typical expressions
include: audit objectives, scope of certification, nonconformities, corrective actions, and opportunities for
improvement. Each of these clearly identifies a specific element of the report or a stage in the process.

Unlike the Russian version, English-language reports avoid lengthy formulations and prefer more
concise expressions: for example, instead of «identified nonconformities requiring corrective action» they
simply use Nonconformity. As a result, English terminology is oriented toward practical applicability and
immediate comprehension.

Examining grammatical features, Russian technical reports are predominantly written in a detached
style. Phrases like «AyauTt npoBenén», «Ilnan gomken ObITh HanpasieH», «lIpeanpustue pexkoMeHI0BaHO
yCIIOBHO» create an impression of objectivity and a certain distance between the author and the action. These
formulations are typical of official-business discourse. Additionally, Russian technical texts are characterized
by long complex sentences with multiple qualifying circumstances and parenthetical constructions. This
syntactic complexity is necessitated by the requirement to reference regulatory documents and technological
regulations. When translating into English, such constructions are recommended to be divided into shorter



sentences while maintaining the semantic connections. Texts also frequently include constructions with modal
words such as «gomken», «He AoITycKaeTcss», «peKkoMeHayeTcs», which establish a normative tone and express
the degree of obligatory action.

In contrast, English technical reports prioritize clarity and structural conciseness. The main syntactic
tools are modal verbs such as «shall», «must», «may», and «should», which serve the same normative function
while providing flexibility and precision. Examples of typical formulations include: «Corrective actions shall
be implemented» and «The audit team evaluated the corrective action taken». Another characteristic is the
relatively short sentence length: generally, each sentence conveys a single idea, making the text easier to
understand.

At the level of cohesion, Russian reports demonstrate a high degree of internal structuring, with frequent
use of numbered lists, tables, and headings, which enhances readability. Cohesion is often supported through
logical markers such as «B pe3ymbrarey, «CiemoBaTeNFHO», «IPU 3TOMY», «B TO ke Bpems». These serve as
tools for constructing arguments and leading to conclusions.

Moreover, traceability plays an important role-the ability to trace each statement back to a specific data
source. This is implemented through references to tables, protocols, and control logs (see Table 1, Appendix
Ne...).

In English technical reports, textual cohesion is primarily achieved through structural logic. Headings
and subheadings (Audit objectives, Findings, Action List) create a linear composition. Transitions between
sections are expressed with simple introductory words (Therefore, However, As a result), and references (see
Annex 1, refer to Table) establish strict documentary coherence. Unlike the Russian style, English texts do not
rely on numerous conjunctions and introductory phrases; structural clarity replaces these redundant linguistic
devices.

The research methodology within this article consisted of a comparison between two types of
documents: a Russian-language and an English-language technical audit report. The comparative analysis
made it possible to identify genre and linguistic features across three aspects: lexical, grammatical, and
structural-cohesive.

The comparison revealed that both reports share a similar genre structure: title page, audit objectives
and goals, methodology, identified nonconformities, recommendations, and appendices. However, the
linguistic presentation differs significantly. The Russian report is dominated by long constructions («Aymut
npoBenén», «[lnan momkeH ObITH HampariieH»), whereas the English report uses more compact phrasing,
emphasizing standardized terms such as nonconformity and corrective action [3, pp. 220-240]. The Russian
text aims for formal evidentiality and references to regulatory acts, while the English text prioritizes
functionality and readability. These differences can be explained by cultural and communicative factors.

The analysis showed that the genre and linguistic features of technical reports directly reflect the cultural
and communicative traditions of the professional environment.

The Russian technical style relies on a normative model of writing, where priority is given to
completeness of description, formal correctness, and an evidential basis. This approach ensures official rigor
and can guarantee thoroughness of information, but it can also make the text more challenging to read.

The English technical style has developed in the context of international interaction and certification
procedures, which has shaped its focus on clarity and structural organization. In this context, the report is
viewed primarily as a tool for management and communication rather than as a formal record of work
performed.

Thus, the comparison demonstrated that the differences between Russian and English technical reports
are linked less to the language system itself than to differing cultural perceptions of the purpose and function
of the document. Understanding these differences is highly important for professionals in the field of technical
translation, as it enables the creation of texts that meet the expectations of the target audience and comply with
professional standards.

Appendix 1 - Sample of Technical Report Structure

Technical report - Texauyeckuii oT4ET

Title page - TutyabHbI JTUCT

Executive summary - Pesiome

Table of contents - OriaBenue

Introduction - Beenenue

Standards and references - HopMaTHBHBIE CCBUIKH

Methodology - MeToauka

Findings - PesynbraTs

Discussion - Ananu3



Conclusions and recommendations - BeIBoabl 1 peKOMEHIAITHH

Appendices - ITpunoskeHus

Signatures and approval - [Toamucu u yTBep>KJIcHUE

Technical Specifications - Texuuueckue ycnosus (TY)

Regulatory Documentation - Hopmatusaas goxkymentarust (H/T)

Quality Control Department - Otmen texaudeckoro kKourpois (OTK)

Tubing (Pump—Compressor Pipes) - Hacocuo-kommpeccoptsie Tpyost (HKT)

Reservoir Pressure Maintenance - ITognep»xanue miactoBoro pasienus (I / TIITP)

Paint and Coating Materials - JTakokpacounsie Marepuansi (JIKM)

State Standard - I'ocynapctBennsiii crangapt (I'OCT)

Quality Certificate - [TaciopT kadecTBa

Inspection Log / Control Log - XXypuan koHTposist

Audit objectives - Ilenu ayaura

Scope of certification - O6nacts ceprudukanmm

Nonconformity - HecootseTcTBHE

Corrective action - Koppektupytoriee IeiicTBre

Opportunities for improvement - Bo3aMOKHOCTH TS Iy YIICHHS
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KAHPOBBIE U SI3bIKOBBIE OCOBEHHOCTHU COCTABJIEHUA TEXHUYECKOI'O OTYETA
HA AHI'JIMACKOM SI3bIKE
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B cratbe paccMaTpHBaIOTCS KAHPOBBIC H SI3BIKOBbIC OCOOCHHOCTH IMPU COCTABJICHUH TEXHHYECKOTO
oTuéra Ha aHIVIMHCKOM s3blke. Mer aHaiM3 CTaHAapTH3UPOBAHHOM CTPYKTYphl OT4ETa, €ro
UH(DOPMALIMOHHON POJM M TPeOOBaHUSIM K ColepkaHuioo. M3ydaroTcsi JIeKCHYECKHe, rpaMMaTHYECKHE U
CTUJIIMCTUYCCKUEC XAPAKTCPUCTUKU TCXHUYCCKOI'O IMHMChbMaA, BKJIIOYas HCIIOJIB30BaHUC CHeHI/IaJ'II/I?:I/IpOBaHHOﬁ
TEPMHHOJIOTUH, a TaKXKe (OPMaTIBHOTO CTHIISL. 3aTparuBaeTcs BAKHOCTD SCHOCTH, TOYHOCTH M OO BEKTHBHOCTH
KaK KIFOYEBBIX [PUHIMIIOB, O00ECHECYMBAIOIINX HHPOPMATHBHOCTh TEXHUYECKUX OTYETOB B paMKax
npodecCHOHANBEHON IeATENEHOCTH.
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Aircraft manufacturing is a complicated process that includes the designing of the structure, machining
to very close tolerances, and the processes of controlling quality all along the way. The engineers working in
the global air transportation industry and at airports need to be up to date on the specialized English
vocabularies, in terms of technical documentation, manuals, and communication with partners like Airbus and
Boeing. This paper highlights the principal English terms utilized in airframe assembly technology. The
purpose of the study is to examine the particulars of these terms and to recognize the major problems in
translating between the Russian and European engineering communities.

The dominance of English in aviation can be attributed to various factors. One of the primary reasons is
historical domination of the United States and the United Kingdom in aviation. In addition to activities by



international aviation agencies, such as the Federal Aviation Administration (FAA), the European Aviation
Safety Agency (EASA), and the International Civil Aviation Organization (ICAO), has been instrumental. All
the technical requirements, assembly manuals, and other documents on international aviation projects are
published in English, including those outlining the assembly process of airframes such as fuselages, wings,
and tails.

In order to understand the challenges of translation, one must identify the main groups of terms [1]: -
Manufacturing processes: drilling, riveting, fastening, shimming, alignment, jigging. Construction and
components: frame, stringer, rib, skin, bulkhead, spar. Equipment and tools: jig (slipway, conductor), fixture
(tooling, fixture), drill jig (drilling conductor), torque wrench (torque wrench). Quality control and defects:
gap (gap), step (step, drop), foreign object damage (FOD), non-conformity.

Fig.1 — Airbus A380 in the factory
Accommodation (generally rendered as "equipment™" or "equipment” rather than "housing") Control
(generally means "management" or "authority" rather than inspection) Lecture (in technical writing, generally
rendered as "briefing") Abbreviations and acronyms: CAD (Computer Aided Design) - CAD system. CAM
(Computer Aided Manufacturing) - control system or ST. MRB (Material Review Board) - nonconformity
assessment board [2], [3], [4].

In some cases, no direct equivalent exists in the Russian language, and explanations have to be lengthy
and confusing. Fastener - can be applied to any fastener, but technically - rivet or bolt. Fit - can be used for
"fit" (in mechanics), "fitting" (in assembly), or "matching".

Lack of direct equivalents: In the Western production system, there are lots of ideas that have no direct
counterparts. Shimming is the method of placing slender gaskets in order to fill gaps. In Russian, there is a
descriptive translation "setting gaskets" or "gap compensation.” Jig vs Fixture - these are usually two different
things in English. A jig will guide the tool, and a fixture will hold the part. Both in Russian are referred to as
"tooling™ or "conduit". Without diligent care from the assembler or engineer, indicating dimensions in inches
or millimeters can cause catastrophe.

BOEING B787-800

Fig.2 — Drawing of Boeing 787-800



A misunderstanding of the term at the point of airframe assembly is not a misspelling but an immediate
safety and quality risk. Safety hazards: Misunderstanding of the term load bearing can lead to defects in the
assembly of a major node. Economic losses: Misinterpretation of the non-conformance report procedure can
lead to defective parts or lost production hours.

In order to solve this problem, at the same time increase diplomatic relationship between both
governments, | putting forward to my idea that make engineering group with the participation of native
speakers to check of documentation. My second solution is includes Al. Integration of Al to translate of
instruction and preparation of documents might increase experience of engineers.s
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MPOBJIEMBI TEPEBOJIA TEPMHUHOJIOTMM IO CBOPKE IIJTAHEPA: C AHT'JIMCKOI'O
HA PYCCKHUH
I'y6aiixynann H.II.
Hayunslit pykoBogutens: A.IL.CyntaHoBa.
Kazanckwuii HanlMoHaNBHBIA UCCIIEIOBATEIBCKUN TeXHIHUECKUi yHuBepcuteT uMm. A H. Tymonesa

[Ipon3BOACTBO CaMOJIETOB - 3TO CIOXHBIH TPOIECC, KOTOPHIA BKIIOYAET B ce0sl MPOEKTHPOBAHUE
KOHCTPYKITUH, MEXaHHYEeCKyl0o 00pabOTKy C OYeHb XECTKHUMH JOIyCKaMH W HEMPEPHIBHBIA KOHTPOIH
kauecTBa. MHxeHepamM, pabOTarOIUM B MUPOBO WHIYCTPUHU aBUATICPEBO30K M B adpOIopTax, HEOOX0UMO
ObITh B Kypce CICIUAIM3UPOBAHHBIX CJIOBAapPEH aHIVIMUCKOIO f3bIKA, KACAIONIMXCS TEXHUYECCKOH
JOKYMEHTAIIUH, PYKOBOJCTB M OOIIEHHs C TaKMMH mapTHepamu, kak Airbus u Boeing. B stom mokmane
paccMaTpUBaIOTCS OCHOBHBIC aHTJIMACKUE TEPMUHBI, UCTIOIb3yeMbIe B TEXHOJIOrHH cOOpKH TutaHepoB. Llesb
HCCIICIOBAHUS - U3YUYUTh OCOOEHHOCTH 3THX TEPMUHOB U BBIIBUTH OCHOBHBIC IIPOOJIEMBI C IEPEBOOM MEKITY
POCCHHCKAMU M €BPOTIEWCKUMHU MHXKEHEPHBIMH COOOIIIECTBAMH.
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Abstract: In the context of the globalization of the aviation industry, accurate and high-quality
translation is becoming not just a linguistic service, but a critical element in ensuring flight safety, operational
efficiency and a high level of service. This article offers a comprehensive study of the specific difficulties
encountered in translation in the aviation sector, from oral announcements at airports to the most complex
technical documentation. Special attention is paid to the analysis of terminological, linguistic, cultural, and
pragmatic aspects of translation, as well as strategies and best practices to achieve maximum accuracy and
clarity in this high-risk field.

Aviation is inherently an international industry where impeccable communication in different languages
serves as the foundation for the safe and effective functioning of the entire system. In this context, the work of
a translator goes far beyond a simple linguistic task and acquires strategic importance. An error in the
interpretation of the technical bulletin, an inaccuracy in the translation of the safety instructions, or an
incorrectly transmitted announcement at the airport can have the most serious consequences, including
endangering people’'s lives. That is why aviation translation is rightly considered one of the most difficult and
demanding specializations in a profession where the requirements for accuracy and uniformity are extremely



high. The growth of the global air transportation market and the increasing complexity of technology only
emphasize the relevance and importance of this area, making it the object of close attention of linguists,
industry experts and quality assurance specialists.

The difficulties faced by translators in the aviation industry are complex and multilevel in nature. One
of the most insidious problems is the so—called "translator's false friends" - words that sound or spell similar
in the source and target languages, but have different meanings. Classic examples in the aviation context are
terms that can mislead both passengers and under-trained professionals. For example, the English word “cabin™
in the context of the passenger announcement means "airplane cabin”, not "pilot's cabin"; the term "gate"
indicates an "exit gate", nota "gate"; and ""captain” in oral usage is correctly translated as "aircraft commander",
and not just "captain” [1]. Choosing the wrong equivalent in such a situation not only disorients the audience,
but also undermines trust in the professional level of service.

The problem of terminological accuracy is compounded by the lack of uniform standards within
individual airports or airlines. In practice, this leads to a situation where the same concept can be denoted by
different terms. A vivid illustration is the use in the announcements of one airport of various equivalents for
the Russian—Ilanguage term "check-in desk" - "check-in desk™ and "check-in counter" [1]. Such inconsistency
violates the key principle of standardization, creates confusion and negatively affects the perception of
information by passengers who are already experiencing stress and information overload in airport conditions.

A special category of difficulties is the translation of special texts, which include flight manuals,
technical bulletins, safety instructions and other accompanying documentation. Working with such materials
requires from the translator not only an impeccable command of the language, but also deep subject
knowledge. Translation in this area prioritizes accuracy and functionality over artistic style, since even a
seemingly insignificant inaccuracy can lead to improper assembly, maintenance or operation of aircraft
equipment, posing a direct threat to safety. That is why the translation of such texts should be performed not
just by linguists, but by specialists with serious training in the field of aviation and who understand the essence
of the described processes. The linguistic, cultural and contextual aspects of translation are equally important.
Language does not exist in isolation, and aviation translation must subtly take into account the cultural norms
and communicative expectations of the target audience. This applies, for example, to the norms of politeness:
the address "Dear passengers"” should be adequately adapted in accordance with the etiquette of the target
language, whether it is "Dear passengers" or the more formal "Your attention please". In addition, the translator
needs to be culturally sensitive, avoiding the use of color symbols, images, or metaphors that may be
misinterpreted or offensive in another culture. Context also plays a crucial role when working with ambiguous
words that require careful analysis to choose the only correct meaning in a specific technical or operational
situation [2].

Grammatical and phonetic features deserve special attention, especially relevant for interpreting and
voicing ads. Even professional speakers can make mistakes in the pronunciation of special terms, which
significantly reduces the intelligibility and understanding of the message [2]. There are also strictly regulated
rules for transmitting numerals. A striking example is flight numbers: in Russian, the four-digit number 1530
is traditionally pronounced as "fifteen thirty", whereas in English, it is common practice to name each digit
letter-by-letter: "one five three zero" [3]. Failure to comply with these established norms leads to inevitable
confusion and disorientation of passengers. To ensure the highest quality of aviation translation, a
comprehensive and multi-level strategy is needed, harmoniously combining modern technological tools with
irreplaceable human expert control. The cornerstone of such a strategy is the development and strict adherence
to uniform terminology glossaries. These specialized dictionaries, which contain approved equivalents for key
terms, serve as a universal source of truth for all translators, editors, and specialists working on the project.
Their use guarantees terminological consistency across all types of documents and communication channels,
from audio announcements to complex technical manuals.

Modern technologies provide translators with powerful tools designed not to replace a specialist, but to
enhance his capabilities and improve work efficiency. Automated translation systems based on artificial
intelligence demonstrate impressive results in processing large amounts of information with standardized
terminology. However, their use in the aviation field, especially when it comes to mission-critical documents,
is fraught with risks, as algorithms are often unable to adequately handle complex contexts, cultural nuances,
and industry-specific knowledge. Computer translation technologies such as terminology management and
translation memory systems are more reliable assistants. These tools allow you to accumulate databases of
previously translated texts and ensure consistency even in the most ambitious projects, for example, when
translating all documentation for a new type of aircraft. The most promising and effective work model today
seems to be a hybrid approach that integrates the speed of machine processing with human expertise. This
model usually includes several stages. At the first stage, a draft translation is created using advanced neural



network systems. Then the key stage comes into effect — post-editing, performed by a certified linguist who
is an aviation specialist. It is at this stage that semantic, terminological, and stylistic changes are made, turning
the raw machine text into a high-quality, authentic, and technically accurate document. The finishing touch is
often the final control performed by a native speaker with the appropriate background, which guarantees the
naturalness of the sound and cultural authenticity of the final product.

In the future, the development of aviation translation will be determined by several key trends. One of
them is the rational distribution of content by levels of importance. Companies are increasingly classifying
materials according to the degree of potential risk, applying differentiated approaches to them. Only human
translation with multi-stage control will be applied to high-risk materials such as legal contracts, flight manuals
and safety bulletins. For medium-risk texts, for example, some internal instructions, a hybrid model may be
optimal. At the same time, the development of technology and the growing awareness of the importance of
linguistic quality strengthen the status of aviation translation as a highly professional and vital discipline, on
which the smooth operation and safety of the global aviation industry largely depend.
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OT TEPMHMHA 1O KOHTEKCTA: IPEOJIOJIEHUE JIMHI BUCTUYECKHUX BAPLEPOB
B I'VIOBAJIbHOM ABHALIUH
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Kazanckwuii HanMoHaIBHBIA UCCIIEIOBATEILCKUM TeXHIUeCKUi yHuBepcuteT uMm. A H. Tymonesa

B ycnoBusx rmobanu3anuy aBUAIMOHHONW OTPACIIM TOYHBIM U KAYECTBEHHBIM TIEPEBOJ] CTAHOBUTCS HE
MIPOCTO JIMHI'BUCTUYECKON YCIIyTO#, a KpUTUYESCKHU BaXKHBIM 3JIEMEHTOM O0ecIeueHus 0€30MacHOCTH MOJICTOB,
oreparrioHHONW 3¢ (GEeKTUBHOCTA M BBICOKOTO YPOBHsS cepBHca. JlaHHas CTaThs IpeJiaracT BCECTOPOHHEE
WCCIIEIOBaHNE CHEIM(PUUECKUX TPYTHOCTEH, BOSHHKAIOIINX TPU TEPEBOJIE B aBUAIMOHHOW cdepe — oT
YCTHBIX OOBSBICHUH B a’poIlopTax JO CIOXKHEWIIeH TeXHHYecKoW aokyMmeHTanuu. Ocoboe BHUMaHHE
YAENSEeTCSl aHAIU3y TEPMHUHOJOTUYECKUX, JUHTBOKYJIBTYPHBIX M IPArMaTUYECKUX ACIEKTOB IEpeBOJa, a
TaKKe CTPATErusiM U NEPENIOBbIM MPAKTUKAM, O3BOJISIOIIUM JOCTUIaTh MAaKCUMAaJIbHON TOYHOCTHU U SICHOCTHU
B OTOH BBICOKOPHCKOBAHHOM 00JIACTH.
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This article examines the linguistic characteristics and translation problems that arise in mechanical
engineering technical communication. Particular attention is paid to "translator's false friends"—terms that
appear similar in different languages but have different meanings in the engineering context. It examines how
mistranslation of such terms impacts the quality of technical documentation and production processes.

Modern mechanical engineering is an international industry, where specialists from different countries
collaborate on projects and shared objectives. In such a context, any error in the translation of technical terms
can lead to misunderstandings, production delays, or defective products. This makes teaching precise technical
English essential for engineering training.
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The main difficulty in translation is so-called "false friends." These are words that look or sound similar
to Russian but have a completely different meaning. Students, engineers, specialists, or anyone familiar with
the language, seeing a familiar word, often translate it incorrectly. For example, in mechanical engineering, it
is dangerous to confuse the English word fabrication (manufacturing) with the Russian «daOpuxanus»
(monmenka), or control (process managing) with the Russian «koHTposb» (mpoBepka kadectsa). Such errors
distort the meaning and hinder the accurate transfer of information. Mistakes distort the meaning and hinder
the accurate transmission of information.

The relevance of the problem of "false translators' friends" in mechanical engineering is difficult to
overestimate in the context of the industry's globalization, where the accuracy of terminology directly impacts
the quality of international projects, product safety, and process efficiency. Misinterpretation of pairs such as
accuracy/precision or fabrication/production can lead to miscalculations and serious failures.

The goal of this research is to identify and organize the most problematic terms used by mechanical
engineers in their professional communication. To achieve this, we compared the meanings of tricky word
pairs in both languages, identified words that sound similar but mean different things (false friends), and
reviewed existing academic studies on the topic. As a result, we have created a practical checklist that lists
these common translation traps and provides their correct equivalents. This tool is designed to help students
and professionals avoid mistakes, making their English communication more accurate and reliable.

The study by N.K. Vlasko [1] provides a fundamental definition of "false friends of a translator" as
words that share formal similarity but have semantic differences. This theoretical foundation confirms the
practical relevance of our research, since such interlingual correspondences create a systemic risk of errors in
the technical documentation of mechanical engineering enterprises.

In technical communication, interlingual homophones pose a particular danger - these are terms that
sound similar but have completely different meanings. A typical example is the pair bulb (English) and "6yn56"
(Russian). The English term refers to an electric light bulb, while the Russian word describes a shipbuilding
element - the bulbous bow of a vessel's hull.

This difference creates a serious risk of errors. For instance, the instruction "The design of the bulb
needs to be changed" could be mistakenly understood as referring to replacing a lighting fixture, when it
actually concerns modifying the ship's hull. To prevent such mistakes, it's recommended to use precise
terminology, specifically the compound term bulbous bow when referring to the shipbuilding element.

The analysis of interlingual homophones holds an important place in the research of such authors as I.A.
Lopatkina and E.A. Gridneva [2], confirming the systematic nature of this problem by highlighting common
homophone pairs (actual/axryansusrii, fabric/dbabpuka) that pose high risks in mechanical engineering.

Errors involving homophones are immediate and drastic. They don't simply distort nuance (shade of
meaning), like accuracy/precision, but completely change the concept itself. In mechanical engineering, where
specific parts and assemblies are involved, this leads to the direct ordering of incorrect components, failure to
meet design specifications, and creates a direct safety hazard.

The depth of the problem is aggravated by the fact that many of the "false friends of the translator” in
mechanical engineering fall into the category of partial matches, where the differences are subtle, but
fundamental and important.

For example, the pair control / inspection shows a fundamental difference: control means managing the
process, while inspection means checking the final result. This difference defines the structure of management
systems: quality control (managing the process to ensure quality) and quality inspection (checking the final
product for quality).

In metrology, accuracy and precision have different meanings: accuracy refers to correctness (closeness
to the true value), while precision refers to the repeatability of results. In practice, accuracy ensures conformity
to the nominal specification, while precision ensures the interchangeability of parts.

The pair fabrication / production differs in scale: fabrication involves the manufacturing of individual
structures, while production refers to mass manufacturing. This distinction is critically important in technical
specifications and contracts.

Syntactic constructions also pose a significant problem in technical communication, where a literal
translation leads to distorted meaning. For example, the Russian expression "ycTaHOBHTh KOHTPOJIb KauecTBa
" (to establish quality control) when translated as “install quality control” erroneously implies physical
installation. The correct translation, "establish quality inspection procedure,” accurately conveys the meaning
of the organizational measure.

This occurs because the same words can mean different things in different languages. The English
"control" denotes comprehensive process management, while the Russian "kontpons" (control) is often



reduced to inspection operations. This requires the use of the corresponding terms "inspection™ or "checks" in
English texts.

The impact of incorrectly interpreting "false friends" on technical communication manifests itself on
several levels: from local errors in documentation to systemic failures in production chains. Misinterpreting
requirements for manufacturing accuracy (accuracy vs. precision) can lead to incorrect decisions when
selecting equipment and technologies, resulting in financial losses and missed project deadlines. A
misunderstanding of the differences between control and inspection can lead to organizational conflicts
between departments and teams responsible for process management and quality control, thereby undermining
the effectiveness of the company's quality management system.

Errors in terminology have direct production consequences. A requirement for "high precision” instead
of "high accuracy" when manufacturing a shaft will create a batch of parts with minimal size variation but a
systematic deviation from the nominal value. Using "fabrication" instead of "production™ in a contract leads
to misunderstandings about the scale and technologies of manufacturing.

An analysis of V. Korovnikova's thesis [3] reveals significant overlap with the topics of our study. Using
specific examples, the author demonstrates how "false friends of the translator" in technical texts create
systemic interpretation errors. Of particular value is Korovnikova's analysis of pairs such as "accuracy -
precision™ and "fabrication - production,” which thoroughly examines the semantic differences directly
relevant to the objectives of our study. The author's identified patterns of erroneous translation of technical
terms confirm the need to create a specialized checklist for the mechanical engineering industry.

As a practical solution to the problem of "false friends of the translator,” a specialized checklist (Table
1) has been developed, containing the most high-risk terminology pairs in the mechanical engineering industry.
This tool systematizes critical terms where differences in meaning pose a direct threat to projects, including
the pairs accuracy/precision, control/inspection, and fabrication/production.

Table 1—Checklist of dangerous terms in technical communication of a mechanical engineer

. English .

Russian Term Equivalent Explanation and Context of Use
Tourocts Accuracy Conformity to the true value. High machining accuracy is required
(TIpaBHITEHOCTB)

.. Repeatability of results. Measurement precision must be within £0.1
ITpenn3noHHOCTh Precision mm
Russian Term Eng!lsh Explanation and Context of Use

Equivalent
Wsrotoenne - Manufacturing of products from workpieces. Metal structures
(cbopouHo- Fabrication -
fabrication

CBAapOYHBIX paboT)
Tponssozcrso Production Serial manufacturing of products. Mass production of automotive parts
(9KOHOMUK/TIpOIIECC)
ITpoBepka, 0CMOTp Inspection Quality verification. Quality inspection of finished products
VYupasnenne Control Process management. Quality control of technological process
Apmarypa Fittings Connecting elements. Installation of pipe fittings
3aroroBka Workpiece Part being processed. Workpiece positioning
Horryck Tolerance Permissible deviation. Dimensional tolerance of £0.05 mm
ToammmHuK Bearing Support element. Bearing assembly procedure
KaymbpoBka Calibration Equipment verification. Instrument calibration

This checklist is a practical tool used in everyday engineering work. It helps teams use the same correct
terms when they write technical documents and when they discuss projects with international partners. By
using this single source of truth, everyone stays on the same page, which prevents misunderstandings and
avoids expensive mistakes throughout a product's entire life—from the initial design to the final
manufacturing.

In conclusion, it's important to understand that "false friends" in mechanical engineering are more than
just a language problem—they are a serious safety and business risk. As our analysis has shown, mixing up
pairs of words like accuracy/precision, control/inspection, and fabrication/production leads to real-world
problems. These range from design flaws and manufacturing defective parts, to project delays and financial
losses.



Under these conditions, the proposed checklist becomes a practical tool for developing a unified
terminology policy. Its systematic application in international communication helps avoid misunderstandings
and inconsistencies. Thus, translation accuracy becomes as important a component of the success of global
projects as engineering precision.
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B craThe paccMaTpUBArOTCSl IMHTBHCTHUECKHE OCOOCHHOCTH M TIPOOJIEMBI MIEPEBO/Ia, BOSHUKAIOIINE B
TEXHUUYECKON KOMMYyHHUKaruu MammHoctpoutens. Ocoboe BHHMaHWE yIenseTcs "JOXKHBIM JIPY3bsiM
NepeBoIYMKa" — TEpMHUHAM, KOTOPbIE BHEIIHE IIOX0XKU B Pa3HBIX A3bIKAX, HO UMEIOT Pa3IMYHOE 3HAUYCHHUE B
HWHXCHECPHOM KOHTCKCTE. HCCHC}I}/GTCH, KakK HeraBI/IIH)HHﬁ NEpEeBOA TaKMX TCPMHUHOB BJIMACT HAa Ka4C€CTBO
TEeXHUYECKOMN JOKYMCHTalMU U MPOU3BOACTBCHHBIX IMPOLECCOB.
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The article analyzes the key problems of translating scientific economic literature: polysemy of terms,
interdisciplinary polysemy and lacunarity. Strategies for solving them are proposed: contextual analysis, calculus
with definition, descriptive translation and functional adaptation. The necessity of an integrated approach for the
adequate transmission of scientific content is substantiated.

The difference between economic systems and the translation concepts they generate leads to the fact
that many terms do not have direct equivalents in the translation language. This makes it difficult to understand
economic processes, as the translator is faced not just with words, but with the reflection of specific economic
models, institutions and practices. The combination of these factors results in the difficulty of conscious
translation, which requires not only linguistic competence from a specialist, but also deep background
knowledge in economics to adequately convey meaning, choose a translation strategy (calculating, descriptive
translation, searching for a functional analogue) and prevent semantic losses. The paper shows the most
common problems of translating special scientific economic literature and practical recommendations for
overcoming these difficulties.

One of the central problems of translating specialized scientific economic literature is the adequate
transfer of terminology. Within the framework of this study, we have classified the problems related to the
translation of terms into two main groups:

1. Polysemy of terms.

The first group consists of the translation of polysemous terms.



The translator is faced with the need to choose the correct equivalent from several possible options,
depending on the specific context. As examples, we can consider the proposed terms most commonly used in
the scientific literature.:

Depending on the context, possible Russian-language correspondences of the term “enterprise™ are:
"Tpemnpuste”, "kommanus', "OusHec", "mpemnpuHMMaTensCTBO", "mHMIaTthHBa" in economics and "
CepBHCHI, 0a3bl JaHHBIX M UX HHTETPAIlMU MEXIy coboii” in programming. For example, "Every enterprise is
interested in its financial security..." — " Kaxmgoe npeanpusiTie 3aMHTEPECOBAHO B CBOCH (MHAHCOBOU
6esomacuoctn...". Or "One of the consequences is that private enterprise is becoming less profitable." — "Omno
u3 HOCJ'IC,I[CTBI/Iﬁ 9TO TO, YTO YaCTHOEC NPECAIIPUHUMATCIBCTBO CTAHOBUTCS BCE MCHEC BBII'OJHO coz[epxcaTb."

This group also includes the term "value™, which, depending on the context, is used in the meanings of
«CTOUMOCTB», KIICHHOCTB>» UJIH «BCIIMYHUHA)). For example, «market value» is «PbBIHOYHAA CTOUMOCTL)», «value
in use» — «IMOTPEOUTENNBCKAS IICHHOCTHY.

The English economic term "stock™ is also characterized by significant polysemy. The semantics of this
term varies depending on the subject area. For example, in the field of corporate finance, it is equivalent to the
concepts of "company's capital" and "shares". In accounting and production management, "stock” can mean
"store of goods for production”, "unfinished goods" or "inventory balances". In the operational activities of
retail enterprises, this term describes the presence of a product (in stock) or its absence (out of stock).

1.1lInterdisciplinary polysemy:

The English term "leakage" is a vivid example of interdisciplinary polysemy, where its basic meaning
«yTteuka» is subjected to semantic specialization in various branches of knowledge. The initial concept of
uncontrolled movement (of matter, energy, information) serves as the basis for the formation of highly
specialized concepts.

The analysis allows us to identify the following contextually-determined meanings of the term:

1. Information technology and economics: retains a direct meaning, indicating the leakage of
information, money or goods. "In the circular flow of income, leaks such as savings, taxes, and imports reduce
the amount of money immediately available for domestic consumption” — «B kpyroo6opore 10X010B
YTCUKHU, TAKUC KaK C6Cpe)KCHI/IH, HAJIOTHU X UMIIOPT, COKpallatOT KOJUYECTBO ACHET, HEMCAJICHHO JOCTYITHBIX
JUISI BHYTPEHHETO MOTPEOICHUS.

2. Engineering and Materials Science: designates a physical defect or process, such as a leak site (in the
aluminum industry) or an air intake (in thermal engineering). «The pressure test revealed a leakage in the weld
seam of the pipeline» — «VcnbITaHue qaBieHHEM BBISIBUIIO YTEUKY B CBAPHOM IIIBE TPYOOIIPOBOIAY.

3. Military science: used to denote a defense breakthrough or infiltration of enemy forces. «Small enemy
units managed to infiltrate our lines through a leakage in the defensive perimeter."— «He6onbuM BpakecKum
noJipa3/iefieHHsIM yJIaoCh MPOHUKHYThH HA HAIIIH MO3HUIIUK Yepe3 Opelb B 000POHUTEIBHOM MEPUMETPEY.

Thus, the term "leakage" demonstrates the ability of a common lexical unit of terminology in narrow
professional fields. Its adequate interpretation requires not only linguistic, but also substantive analysis, which
emphasizes the importance of taking into account the extralinguistic context when translating scientific and
technical literature.

2. Lacunarity.

The second group includes cases of lacunarity, that is, the absence of direct linguistic correspondences
for some English-language terms in Russian. This phenomenon is caused by differences in economic systems
and scientific traditions.

A striking example is the term "Agile management". Its literal translation — "agile management” — is not
well-established and does not reflect the content of the concept, which implies "a flexible, iterative approach
to project management, focused on constant interaction with the customer and rapid adaptation to changes."
In Russian-language scientific and professional literature, the tracing paper "edge management" is often used
to convey this concept, followed by a mandatory explanation of the term, or a descriptive translation, which
creates significant difficulties for the translator. The term "Blue Ocean Strategy"”, "BOS" is also an example
of lacunarity. This term does not have a direct translation, its meaning reflects "a business concept based on
the creation of new market spaces where there is no competition."

As you can see, in the context of an English-language sentence, the term is usually used in one strictly
defined meaning for a given information area. The translation of English economic terminology is further
complicated by the fact that, as a result of the use of similar research methods in various fields of knowledge,
the same terms are used in a number of sciences and have different meanings.

Solving the problems of translating specialized scientific literature in the economic sphere.



Effective translation of scientific economic texts requires not only linguistic competence, but also deep
subject knowledge, as well as possession of specific translation tools. Below are solutions for the three main
problems faced by the translator.

When faced with the controversy of terminology, a translator of special economic literature should be
able to apply these practical techniques for successful work.

1. Contextual analysis and delving into the subject area.

Terms within the framework of economics have several meanings, and the choice of an equivalent
depends entirely on the context. Accordingly, contextual analysis of the text will be the most effective method
for the translator. The translator should not limit himself to one sentence, but analyze the entire paragraph,
section, or document to determine which particular area of economics or business he is referring to (finance,
accounting, management, marketing).

Example: to transfer stock, you need to ask questions: is this the balance of the company (shares)? Is
this accounting for goods (stocks)? Is this a description of the warehouse (availability)? The answer will
determine the choice: shares, inventory, or in stock.

2. The use of specialized sources.

This method is better suited for translators who do not have a university degree in economics or who do
not understand this sector in depth. The abandonment of general dictionaries in favor of thematic (economic,
financial, accounting) and glossaries will narrow the scope of the necessary terminology and contribute to the
most effective work. Suitable resources include the IMF Terminology Database, the OECD Glossary of
Statistical Terms, or professional databases (Bloomberg, Reuters) that provide precise, contextualized
definitions.

Example: Searching for the term value in the financial glossary will immediately give a clear distinction
between market value, book value and value for money.

The problem of interdisciplinary polysemy is solved by several similar methods:

1. Identification of the subject area of the text and consultation of industry sources and experts.

The term has a common core of meaning, but its particular meanings are highly specialized in different
scientific disciplines, respectively, to translate such a term, it is necessary to refer to glossaries and literature
on the specific discipline in which it is used in this text. In difficult cases, it is advisable to consult with a
subject matter expert (economist, engineer).

Example: to correctly translate leakage in the context of heat engineering (air suction), you need to study
the relevant technical literature in Russian.

2. Analysis of collocations (stable phrases).

The meaning of a polysemous term is often revealed through the words that are used with it.

Example: Current leakage, data leakage, leakage in the perimeter. The analysis of these combinations
clearly indicates the scope of use and the correct equivalent.

The lacunarity problem is solved by the following methods:

1. Calculation (transliteration) followed by clarification.

In the case of a term's lacunarity, when there is no established one-word equivalent for a foreign concept
in Russian due to differences in systems and traditions, the term is transferred to the translation language in an
adapted phonetic or graphical form. This method is effective for terms that are already part of the professional
vocabulary (agile management - «3pxaii-MeHEHKMEHTY).

2. Descriptive (detailed) translation.

The essence of the concept is conveyed using a whole phrase or sentence that reveals its content.

Example: Agile management can be translated as flexible project management methods based on
iterative development and constant interaction with the customer («ruOkue MeTo/bl yIpaBiIeHUS IPOSKTaMH,
OCHOBaHHBIE HA UTEPATHBHON pa3pabOTKe M MOCTOSHHOM B3aMMOJEHCTBUM C 3akazurkom»). This method is
accurate, but can be cumbersome.

3. Using an analog or a functional equivalent.

Search in Russian for a concept that performs a similar function or describes a similar phenomenon,
even if it is not a complete semantic equivalent.

Example: In some contexts, Agile management can be described as a flexible methodology or an
adaptive approach, if it accurately reflects the meaning.

4. Creation of a neologism (in collaboration with the scientific community).

In the academic environment, a new term can be proposed and fixed to establish a new concept. It's a
long process, but that's how professional terminology is formed.

Conclusion: Successful translation of scientific economic literature is a synthesis of linguistic skill and
subject erudition. The systematic application of these methods (contextual analysis, work with specialized



sources, calculus and descriptive translation) makes it possible to overcome the difficulties associated with
polysemy and lacunarity and ensure the adequacy and accuracy of translation.
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This study examines animal and mythic images in investment phraseology — ‘bull/bear market’,
‘unicorn startup’, ‘zombie company’— through semantic, pragmatic and cultural lenses. We introduce a data-
grounded typology and provide empirical procedures journalists and analysts can use to measure metaphorical
impact on markets.

Metaphorical imagery plays a crucial role in shaping financial discourse. Expressions such as bull
market, bear market, unicorn startup, and zombie company illustrate how linguistic framing influences
investors’ perception of risk and opportunity. The object of this research is investment phraseology; the subject
is the semantics and cognitive structure of animal and mythic metaphors used in it.

The purpose of the study is to identify the semantic mechanisms through which metaphorical language
structures professional thinking in finance and to show empirically how these expressions affect evaluative
framing in economic media.

The following tasks were set:

1. To describe the conceptual basis and classification of metaphors in investment terminology.

2. To analyze their pragmatic and emotional function in authentic English-language sources.

3. To compare frequency and tone of metaphorical usage in different contexts.

4. To formulate conclusions about their cognitive and communicative role in the professional field.

The empirical base consisted of 60 articles from The Economist, Financial Times, Bloomberg, and
Reuters (2020-2025). The corpus included news reports, market reviews, and analytical columns containing
target lexemes: bull, bear, unicorn, zombie. Data were collected via targeted search queries, and contextual
fragments (up to 100 words each) were manually analyzed.

The research methodology combines:

¢ Conceptual metaphor analysis following Lakoff & Johnson’s framework [1];

 Contextual semantic analysis for determining pragmatic orientation (optimistic, neutral, pessimistic);

« Quantitative frequency count of metaphor occurrence by type;

o Comparative cross-domain analysis, contrasting financial discourse with general English usage.

Each metaphor was evaluated according to three parameters: (1) cognitive source domain, (2) emotional
valence, and (3) pragmatic effect.

Analysis revealed three dominant categories of metaphorical imagery:



1. Dynamic oppositions (trend metaphors): bull and bear represent aggressive upward and defensive
downward market dynamics. Their lexical fields are associated with action verbs (attack, charge, retreat,
hibernate). The metaphors form a bipolar axis of optimism and fear and act as shorthand for macroeconomic
sentiment.

2. ldealizing archetypes: unicorn functions as a mythic image of uniqueness and unattainable success.
It constructs the semantic field of rarity, purity, and aspiration, emphasizing potential rather than stability.

3. Degradation metaphors: zombie company combines the domains of death and economic inefficiency.
It symbolizes artificial survival and evokes a sense of contagion, thus justifying negative evaluation and calls
for market correction.

This tripartite model confirms that financial metaphorization is not random but organized around
archetypal binaries — life/death, strength/weakness, rarity/commonness.

The frequency analysis (Table 1) demonstrates asymmetry in metaphor use. “Bull” and “bear” appear
most frequently (46% of all tokens), “unicorn” 32%, and “zombie” 22%. The higher incidence of animal
metaphors reflects their function as conventional markers of market states, while mythic and horror imagery
serves evaluative and emotive purposes.

Table 1 — the frequency analysis

Metaphor Occurrences Typical collocation Tone

Bull market 28 rally, optimism, confidence positive

Bear market 22 sell-off, panic, recession negative

unicorn 19 startup, valuation, investors positive

Zombie 13 bailout, debt, inefficiency negative
company

In 83% of cases, metaphor choice correlated with the author’s evaluative stance. Positive metaphors
(bull, unicorn) appeared in analytical commentary forecasting growth or innovation, while negative ones (bear,
zombie) clustered around discussions of crisis or policy tightening.

The analysis confirms that metaphors perform framing and mobilizing functions: they not only describe
but also construct emotional reality, guiding audience perception toward either investment confidence or
caution.

Comparative observation of Russian business journalism shows partial calques («ObI4uii pHIHOKY,
«MEIBSKUI PBIHOK»), but no full equivalent for «unicorn». Russian discourse often uses «rasenp» Or
«cTaprarn-eIMHOpor», preserving the mythic connotation but diluting the evaluative charge. This suggests that
metaphorical imports undergo semantic adaptation depending on national cultural codes and professional
norms.

From the perspective of conceptual metaphor theory, these expressions map animal vitality and mythic
transcendence onto abstract financial systems. The bull embodies forward kinetic force, while the bear
represents dormancy and withdrawal. The unicorn translates rarity and magical success into valuation
narratives; the zombie re-semanticizes economic stagnation as undeath.

Such mapping reinforces anthropomorphic perception of the market as a living organism — a
phenomenon repeatedly observed in behavioral economics [2].

Metaphorical imagery in investment discourse constitutes a self-sustaining cognitive mechanism that
shapes both linguistic and behavioral patterns in the professional community. The study confirms that animal
and mythic metaphors in finance are: systematic, grounded in archetypal cognitive structures; pragmatically
efficient, since they compress complex phenomena into emotionally charged symbols; culturally adaptive,
undergoing reinterpretation across languages and economic contexts.

Further research may involve larger corpora, sentiment modeling, and cross-linguistic psycholinguistic
experiments to evaluate how metaphorical framing affects real financial decision-making.

To provide visual evidence and symbolic grounding for the fractal-archetypal analysis presented above,
several empirical fragments are included below. These examples illustrate how archetypal structures manifest
in real financial and crypto-communicative environments.

The Uniswap logo, depicting a unicorn, connects directly to the symbolic field of so-called “unicorn
companies” — start-ups valued over one billion USD.

Within this research, the unicorn image operates as a cross-archetypal figure combining fantasy,
optimism, and speculative creation.

Uniswap’s decentralized nature also positions it as a “meeting point” for both bullish and bearish crypto
projects, reflecting the dual dynamics of the crypto-ecosystem.
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The cover of The Economist (2024) visually illustrated the forecasted decline of the bull market.
This image serves as a public-level representation of the Bull archetype’s reversal, showing how

collective narratives about economic optimism can shift toward caution and fear — a symbolic transition from
Bull to Bear dynamics.
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One crypto project (data from CoinMarketCap) demonstrated a clearly bearish technical pattern: price
dropped by 19.03% within one month; daily trading volume fell by 47.28%.

This represents a manifestation of the Bear archetype — contraction, fear, and withdrawal of collective
energy from the field.
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In the crypto industry, the metaphor of “zombie companies” frequently appears.

These projects exhibit low liquidity, minimal user activity, and near-zero innovation, yet remain
technically “alive” through early financing or community inertia.

The Zombie archetype here symbolizes persistence without vitality — a key marker of post-speculative
field exhaustion.
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The PAXG token demonstrated a 55.97% price increase over 12 months, indicating not only an upward
trend but the formation of a renewed Bull market.

This serves as a living example of archetypal recovery — the reactivation of trust and growth narratives
within the collective financial psyche.
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This study addresses the conceptual crisis in "Technospheric Security" identified by Aladyshkin et
al., arguing that unstable terminology underpins the field's theoretical ambiguities. It conducts a systematic
linguistic analysis of key terms, examining their etymology and contrasting their technical definitions with
broader interdisciplinary usage. This approach aims to diagnose the root causes of conceptual
inconsistencies and propose pathways toward a more coherent theoretical framework for the discipline.

The primary goal of this research is to conduct a systematic linguistic and conceptual analysis of the
core terminology of «Technospheric Security,» using the critical findings of 1.V. Aladyshkin et al. As a
foundational basis. The study aims to identify the etymological roots and word-formation patterns of these
terms and to investigate their semantic nuances and applications in technical versus broader interdisciplinary
contexts. This analysis is crucial for diagnosing the linguistic and conceptual causes of the blurriness and
theoretical eclecticism critiqued in the source article and for proposing pathways towards a more coherent
terminology.

The methodological approach of this research is directly built upon the problems identified in the
article «Technosphere Safety: from Concept to Scientific Direction.» To verify and deepen its central thesis
about the «blurriness of the conceptual framework,» a multi-stage methodology was employed, combining
lexicographical analysis and interdisciplinary semantic comparison.

1. Source Material and Lexicographical Analysis:

- Foundational Text: The article by I.V. Aladyshkin et al. Served as the primary source for
identifying the key terms constituting the problem field of Technospheric Security (e.g., technosphere,
safety, hazard, anthropocentric).

Technical Dictionaries: To establish baseline technical definitions, the «International
Electrotechnical Vocabulary — Part 195: Risk management concepts» was used. These provided
standardized, industry-accepted definitions for safety and risk-related terms.

- General Academic Dictionaries: The «Oxford English Dictionary (OED)» and «Merriam-
Webster's Collegiate Dictionary» were used to trace etymology, word-formation patterns, and primary
meanings.

- Specialized Glossaries: For terms specific to the Russian academic context, such as «Noxology»
references from the source article (e.g., Belov S.V. «Noxology») were used as primary definitions.

2. Interdisciplinary Semantic Comparison:

Each term identified from the source article was investigated across different academic fields. This
involved analyzing its usage in:

- Technical Context: As defined in the technical dictionaries and as used in engineering, safety
science, and «Technospheric Security» literature.

- Broader Academic Context: Its application and connotation in fields such as Philosophy, Ecology,
Sociology, Psychology, and Economics. This was done by reviewing seminal papers and established
textbooks in those disciplines to contrast definitions and conceptual weight.
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This combined methodology allowed for a dissection of each term's structure, its core technical
meaning, and its expanded or altered significance in other domains of knowledge, thereby providing a
concrete linguistic diagnosis of the field's theoretical problems.

The application of the described methodology yielded the following key findings for each analyzed
term:

1. Technosphere

1.1.Word-Formation: A compound of the Greek techno- («arty, «craft») + -sphere («bally, «realmy).
The term is modeled after “biosphere”.

1.2.Technical Context: Often refers specifically to urban and industrial infrastructure, conceptualized
as a «container» of technological hazards.

1.3.Interdisciplinary Context: In Earth Sciences, it is considered a planetary-scale geological force;
in Social Sciences it is analyzed as a socio-technical system. The technical definition is the most limited,
ignoring the systemic and global properties emphasized in other disciplines.

2. Safety

2.1.Word-Formation: The noun derived from the adjective safe + suffix -ty (denoting a
state/condition), Originates from from Latin salvus (unharmed).

2.2.Technical Context: Refers to a state of being protected against accidental, physical harm in the
context of engineered systems and workplaces. The focus is on engineering controls, compliance, and
regulatory standards.

2.3.Interdisciplinary Context: In Psychology, psychological safety denotes a climate of interpersonal
trust in IT, data safety means the protection and integrity of data. The technical definition is the narrowest,
concentrating specifically on the prevention of immediate physical harm.

3. Hazard

3.1. Word-Formation: The word is a loanword from French hasard («game of chancey), which itself
derives from Arabic az-zahr («dice»).

3.2. Technical Definition: A static, intrinsic potential source of harm (e.g., high voltage, a toxic
chemical).

3.3. Interdisciplinary Context: In Ecology and Risk Management, a natural hazard is a dynamic
component in predictive models, where Risk = Hazard x Exposure. Thus, the technical view is primarily
descriptive, whereas the ecological view is predictive and model-oriented.

4.Anthropocentric

4.1. Word-Formation: The term is a compound of the Greek anthropo- (human) and -centric (center).

4.2. Technical Context: Used critically to describe a declared but unimplemented principle of placing
humans at the center of a safety system. It highlights a gap between stated intent and practical design.

4.3. Interdisciplinary Context: The term's connotation varies by field. In Philosophy and Ethics, it is
a core worldview that is often critiqued (e.g., for speciesism). In Design, however, it is a positive paradigm
(e.g., human-centric design). The negative connotation in the source article stems from the failure to
successfully integrate this human-focused approach.

5. Utilitarian

5.1. Word-Formation: The term is derived from utility (from Latin uti, meaning «to use») with the
addition of the suffix -arian.

5.2. Technical Context: In the specific context of technospheric security, «utilitarian» carries a
negative connotation, implying a short-sighted pragmatism that ultimately hinders long-term theoretical
development.

5.3. Interdisciplinary Context: This pejorative usage contrasts sharply with the term's role in other
fields. In Philosophy, Utilitarianism is a major ethical theory advocating for the greatest good. In
Economics, utility is a neutral, fundamental concept of value and preference. The negative usage in
technospheric security reveals a field-specific tension in balancing applied pragmatism with theoretical
foundation.

6. Epistemological

6.1. Word-Formation: The term is a compound of the Greek epistémé- (knowledge, science) and -
logical (from logos, meaning «study of» or «discourse»).

6.2. Technical Context: In the article's context, it refers to the necessity for a fundamental
reorientation of the very principles of how knowledge is formed and validated within the field.

6.3. Interdisciplinary Context: In Philosophy, epistemology is the core discipline that investigates the
nature, sources, and limits of knowledge. The use of this term in the source article signifies that the field's
crisis is not merely practical but is recognized at the deepest, most foundational level of its methodology.



7. Noxology

7.1. Word-Formation: The term is a hybrid compound, formed from the Latin nox- (harm, injury) and
the Greek suffix -logy (science, study of).

7.2. Technical Context: It is an emerging sub-discipline defined as the «science of hazards» with the
aim of providing a systematic and theoretical framework for the study of dangers.

7.3. Interdisciplinary Context: The term is highly specialized and is almost exclusively used within a
specific post-Soviet scientific school. Its creation represents a direct, conscious effort to address conceptual
blurriness by establishing a new and precise disciplinary term.

The conducted linguistic and conceptual analysis of the terminological apparatus of «Technospheric
Security» allows us to conclude that the identity crisis and theoretical inadequacy of this scientific field,
noted in the source article, are a direct consequence of a non-systemic and isolated approach to the formation
of its key concepts.

The analysis revealed that the field operates with terms that are either semantically narrower, loaded
with negative connotations, or borrowed from fundamental sciences without their comprehensive
conceptual basis. Thus, the problem is not merely «different viewpoints» on terms, but a fundamental
methodological gap between the field's narrow professional jargon and the rich semantic field of the same
concepts in related disciplines [2].

Significance of the Research: 1.Diagnostic Significance: Our research provides a specific linguistic
toolkit for verifying the thesis of the «blurriness of the conceptual framework» put forward by the authors
of the source article. We not only state the problem but also reveal its linguistic mechanisms.

2. Methodological Significance: The work demonstrates that the way to overcome the crisis lies
through a conscious reconstruction of the term system. To build an integrative theory of «Technospheric
Security» it is necessary to expand the understanding of key terms, rethink evaluative terms, and accept the
need for an epistemological reorientation.

3. Practical Significance: The results of the study can serve as a basis for:

- Developing standardized glossaries and textbooks for training specialists in this field.

- Establishing a more productive interdisciplinary dialogue with philosophers of technology,
ecologists, and risk management specialists, whose conceptual frameworks have been analyzed.

- Ultimately, this research proves that a solid theoretical foundation for «Technospheric Security»
can only be built on the basis of a well-developed, consistent, and open-to-interdisciplinary-dialogue
terminology.
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The article provides analysis of pilot communication, focusing on the lexical and syntactic features of
Standard Phraseology (aviation English). This codified language, with its predictability, redundancy, and
neutrality, is a key safety tool. Adherence to standards minimizes ambiguity and prevents errors, ensuring
flight safety, based on ICAO materials and incident reports.

In the high-stakes environment of modern aviation, where seconds and single misinterpretations can
have significant consequences, the clarity and precision of communication are paramount. While Air Traffic
Control (ATC) communication is often the focus of linguistic study, the internal dialogue between pilots in the
cockpit—the Pilot-to-Pilot communication—is an equally critical, though less frequently analyzed, domain.
This communication occurs within a shared mental model and under significant time pressure and workload.

The linguistic code governing this interaction is a specialized subset of Aviation English known as
Standard Phraseology. Its primary function is to ensure mutual understanding and coordinated action between
the Pilot Flying (PF) and the Pilot Monitoring (PM). The relevance of this research is determined by the
continuous emphasis on improving aviation safety, where human factors, including communication failures,
remain a primary risk factor. [1]

The purpose of this article is to identify and analyze the key lexical and syntactic features of Standard
Phraseology as used in pilot-to-pilot communication and to demonstrate their direct contribution to flight
safety.

The Lexicon of Standard Phraseology presents a certain interest due to its predictability and limited
semantics. The core lexicon of pilot-to-pilot communication is remarkably restricted and standardized. It is
designed for maximum clarity and minimum cognitive load.

As regards standardized calls and responses, communication is built around a system of pre-defined
calls and their expected responses. For example, during takeoff, the PM will call "V1," followed by "Rotate"
at the appropriate speed. The PF's action is the non-verbal response to these standardized lexical items. This
eliminates the need for creative sentence construction in critical phases of flight. [2]

In connection with technical terminology and acronyms, the vocabulary is saturated with technical terms
and acronyms that have a single, unambiguous meaning. Words like "APPROACH," "AUTOPILOT,"
"GEAR," "FLAPS," "FMA" (Flight Mode Annunciator), or "QNH" (altimeter setting) are used consistently.
This shared lexicon ensures that both pilots have an identical understanding of the systems and procedures
being discussed. [3]

Another interesting feature is the absence of colloquialisms and politeness markers. Unlike everyday
language, Standard Phraseology is intentionally devoid of colloquialisms, idioms, and excessive politeness
markers. A command is direct, such as "FLAPS FIFTEEN," rather than "Could you please set the flaps to
fifteen?". This directness prevents ambiguity and saves crucial time.

Let us now consider the syntactic and structural features, namely redundancy and readback/hearback.
The syntax of pilot communication is characterized by its simplicity and a built-in system of checks and
balances. The readback/hearback loop is a fundamental syntactic and procedural rule.When one pilot performs
an action or reads a checklist item, the other pilot must confirm it. For instance:

PM: "Before takeoff checklist complete.”

PF: "Before takeoff checklist complete."

This verbal confirmation creates a closed-loop communication, ensuring that a message was not only
sent but also correctly received and understood. [4]

In terms of linguistic redundancy, to combat potential mishearing, critical information is often repeated.
For example, an altitude callout is not just "One thousand"; it is "ONE THOUSAND FEET." The unit of
measurement is redundantly stated to prevent confusion with other numerical values.

One more point to consider is the telegraphic speech and omission of function words. Sentences are
often shortened, omitting articles, pronouns, and auxiliary verbs. The message "Set heading two-seven-zero,
climb and maintain flight level three-one-zero" is standard, rather than the grammatically complete "You
should set the heading to two hundred and seventy degrees and you should climb to and maintain an altitude
of flight level three hundred and ten." This telegraphic style is efficient and focuses attention on the key
operational parameters: numbers and actions. [5]



For the sake of error prevention, the use of Standard Phraseology is a cornerstone of effective Cockpit
Resource Management (CRM). It standardizes behavior and creates a predictable communication
environment, which is crucial for managing workload and stress.

Deviations from this standard language are often precursors to incidents. Analysis of flight recorder
transcripts from accidents, such as the Tenerife disaster (1977), reveals how non-standard terminology and
ambiguous communication contributed to the misunderstanding. Conversely, the successful ditching of US
Airways Flight 1549 on the Hudson River in 2009 showcases exemplary use of standardized calls ("My
aircraft." — "Your aircraft.") under extreme duress, facilitating a perfectly coordinated response.

The linguistic analysis of pilot-to-pilot communication reveals a highly sophisticated and purpose-built
language system. Its lexical features, including limited semantics, technical terminology, and the absence of
colloquialisms, combined with its syntactic structures, such as the readback/hearback principle, redundancy,
and telegraphic speech, are not arbitrary. They are meticulously engineered to achieve one primary goal: the
elimination of ambiguity.

To conclude, the strict adherence to Standard Phraseology transforms language from a mere tool of
information exchange into a proactive safety system. It minimizes the risk of human error, enhances crew
coordination, and serves as a critical layer of defense in the complex chain of flight operations. Therefore, the
continuous study, training, and reinforcement of these linguistic standards are indispensable for the further
advancement of aviation safety. Future research could focus on the challenges of integrating pilots from
different linguistic backgrounds and the influence of native language on the adherence to standard phraseology.
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The proliferation of acronyms in technical texts poses a major challenge for cross-cultural
communication. This paper analyzes key issues—ambiguity, context-dependency, and linguistic asymmetry—
and proposes a systematic framework for their decoding and translation. It emphasizes strategic approaches



like transcription, calque, and descriptive translation, underlining the translator's role as an active interpreter
to ensure information fidelity and clarity in technical literature.
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The landscape of modern technical literature is densely populated with acronyms and abbreviations.
From ubiquitous terms like "API" (Application Programming Interface) and "RAM" (Random Access
Memory) to highly specialized ones like "LIDAR" (Light Detection and Ranging) or "SERDES"
(Serializer/Deserializer), these lexical units are indispensable for efficient communication among experts.
They function as linguistic shortcuts that reduce textual redundancy and accelerate information processing
within a specific discourse community [1].

However, this efficiency comes at a cost. For non-specialists, novice engineers, and particularly for
translators, acronyms and abbreviations become potential "lexical traps." The process of decoding (extracting
the full form and meaning) and subsequently translating them into a target language is fraught with difficulties
that can lead to critical misunderstandings, errors in technical documentation, and ultimately, project failures.
This paper aims to dissect these challenges and formulate a robust methodology for handling acronyms and
abbreviations in technical texts, thereby contributing to the accuracy and reliability of international engineering
and scientific discourse.

The first step in managing acronyms is understanding their nature. They can be broadly classified into
initialisms (pronounced as individual letters, e.g., "CPU" - Central Processing Unit) and acronyms proper
(pronounced as words, e.g., "LASER" - Light Amplification by Stimulated Emission of Radiation). The
primary challenges in their decoding and translation are as follows:

A. Ambiguity and Polysemy
A single acronym can represent multiple full forms across different technical domains. For instance, "CAD"
can denote "Computer-Aided Design" in engineering and "Coronary Artery Disease" in medicine. Similarly,
"ASIC" is universally understood in electronics as an "Application-Specific Integrated Circuit," but its
decoding in another context could be erroneous without domain awareness. This polysemy necessitates a
translator's deep immersion in the subject matter of the text [2].

B. Contextual Dependency and Implicit Knowledge
Often, technical texts introduce an acronym once and use it extensively thereafter. If the initial definition is
missed or the text is an excerpt, decoding becomes a complex task of inference. Furthermore, some
abbreviations become so ingrained in a field that their full forms are rarely recalled or stated, operating as
independent lexemes (e.g., "LED," "SQL"). This implicit knowledge creates a high barrier to entry for
outsiders and translators.

C. Linguistic Asymmetry in Translation
A direct, word-for-word translation of an acronym's full form is not always possible or appropriate. The
challenges here include:

1. Lack of Equivalent: The target language may lack a standardized equivalent for the concept or the
acronym itself.

2. Different Lexical Structure: The translated full form might not yield a corresponding or
pronounceable acronym in the target language.

3. Established Usage: Some English-language acronyms are used internationally without translation
(e.g., "Wi-Fi," "GPS"). Translating them might confuse the target audience.

A Framework for Decoding and Translation

To navigate these challenges, a systematic approach is required. The proposed framework consists of
two main phases: Decoding and Translation.

A. Phase 1: Decoding and Verification
Before any translation attempt, the exact meaning in the source context must be established.

1. Contextual Analysis: The primary meaning is derived from the text's subject matter, surrounding
sentences, and the document's overall purpose.

2. Consulting Specialized Resources: Use domain-specific glossaries, technical dictionaries, and
standards (e.g., IEEE, ISO). Online databases like AcronymFinder or the one provided by the National Library
of Medicine are invaluable.

3. Cross-Referencing: If a definition is provided in the text, it must be cross-referenced with
authoritative sources to confirm its accuracy, as authors sometimes make errors.

B. Phase 2: Strategic Translation
Once decoded, the translator must choose the most appropriate strategy for the target language and audience.



1. Transcription (Borrowing): The acronym is transferred as-is into the target text. This is common for
globally recognized terms and trademarks (e.g., "HTML," "DNA"). Example: "The device supports HTML5."
-> "VcrpoiictBo noanepxkusaetr HTMLS."

2. Calque (Loan Translation): The full form is translated, and a new acronym is formed in the target
language. This is typical for many Soviet and Russian technical terms. Example: "CPU (Central Processing
Unit)" -> "I (Lerrpamsusiii [Tpomeccop).”

3. Descriptive Translation: When a calque is awkward or the concept is complex, the meaning is
explained without attempting to create a new acronym. This is often used for lesser-known or project-specific
abbreviations. Example: "...using a novel SERDES architecture.” -> "...ucrosib3yst HOBYIO apxXUTEKTypy Oyioka
MOCJIE0BaTEIBHO-TIAPAIIISILHOTO MTpeoOpa3oBaHusl."

The choice of strategy is not arbitrary. It depends on the term's establishedness in the target culture, the
text's genre (standard vs. manual), and the expected knowledge level of the end-reader [3].

The process outlined above highlights that handling acronyms is not a mechanical task but a cognitive
one. The translator acts as a mediator between two linguistic and technical cultures. The decision to transcribe,
calque, or describe hinges on a deep understanding of both the source material and the target discourse
community's conventions.

For instance, the Russian technical lexicon is a mosaic of inherited calques from the Soviet era (e.g.,
"3BM" for "computer"), direct modern borrowings ("IT-cnenmnamuct"), and hybrid forms. A competent
translator must navigate this landscape, recognizing that using an established calque like "O3¥Y" (Operative
Zapominaushcheye Ustroistvo) for "RAM" is more appropriate for a domestic audience than the borrowed
"RAM," while the latter might be perfectly suitable for a young, internationally-oriented tech team.

Acronyms and abbreviations are more than mere shorthand; they are markers of professional identity
and domain-specific knowledge. Their correct decoding and translation are paramount for the integrity of
technical communication across languages. This paper has demonstrated that the key to success lies in a
methodical, two-phase approach that prioritizes accurate decoding through contextual and resource-based
analysis, followed by a strategic translation choice informed by the target language's horms and the audience's
profile. As technical fields continue to evolve and globalize, the role of the specialist-translator in "decoding
the code" will only become more critical, ensuring that the bridges of knowledge are built on foundations of
precision and clarity.
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MEXKYJIbTYpHOH KOMMYHHUKallMu. B craThe aHAMM3MpPYIOTCS KIFOYEBBIE BOMPOCHI — HEOJAHO3HAYHOCTD,
KOHTEKCTHAsl 3aBHCHUMOCTb U S3BIKOBas acCUMMETPHs — U IpeaIaraeTcs CUCTEMHas CTPYKTypa Ul UX
NEeKOIMpOBaHus W TepeBoda. lloguepkuBaeTcs BaKHOCTH CTpPATETHH TPAHCKPHIIINHW, KaJbKHPOBAHHUA H
OTHCATENLHOTO MEPEBOJa, a TAKKEe aKTUBHOW PONIM TIEPEeBOAYMKA KaK MHTEpIpeTaTopa i oOecrieueHus
TOYHOCTH U SICHOCTH TEXHUYECKOHW HH(pOpMaIHH.



CCKHI/IH 5. (I)yHIlaMeHTaJILHLIe H MPUKJIAAHbIC HCCIICI0BAHHUA B HAYKE



V]IK 656.7.085.7
HUMAN FACTOR AS A KEY CAUSE OF AVIATION ACCIDENTS: PROBLEMS AND MODERN
WAYS OF THEIR PREVENTION
Agliullina E. A.
aea23022003@gmail.com
Scientific advisor: Aristova N.S.
Kazan National Research Technical University named after A.N. Tupolev

The article considers the human factor as a key cause of aviation accidents. The analysis of scientific
publications, official reports of the International Aviation Committee (IAC) and materials on flight safety
management was conducted. Based on the study, tables were formed that clearly illustrate the main aspects of
the influence of the human factor on aviation safety. In particular, key elements of the human factor, the most
common errors, as well as modern methods of their prevention are highlighted.

Aviation safety remains a top priority for modern aviation. Despite technological progress and
improvements in control systems, the human factor continues to be one of the dominant causes of aviation
accidents and incidents [1-2].

A recent review of major air disasters showed that 48% of aviation accidents were caused by pilot error,
and approximately 17% of these errors were related to pilot fatigue [3-5]. This confirms the need to study the
role of humans in ensuring flight safety. Understanding and preventing pilot error remains a major challenge
in aviation safety. The development of civil aviation is impossible without the introduction of new technologies
that enhance safety, efficiency, and flight comfort. At the same time, it is important to consider that even the
most advanced technical systems do not exclude human involvement, and it is the "human-machine"
interaction that largely determines the reliability of the aviation process.

The relevance of the research is driven by the fact that ensuring flight safety cannot be viewed solely
through the lens of technological progress. Even the most modern control and monitoring systems do not
exclude human participation, meaning the human factor remains decisive in preventing aviation accidents.
Therefore, the search for effective methods to prevent human-related errors is a priority task for the
development of civil aviation.

The aim of the work is to analyze the influence of the human factor on flight safety, consider modern
approaches to its minimization, and find optimal ones.

The human factor is the science of people in the environment where they live and work, their interaction
with machines, procedures, and the surrounding environment, as well as the interaction between people
themselves [7]. In aviation, the human factor represents a combination of psychological, physiological, and
social characteristics of a person that influence their behavior and decision-making in the process of aircraft
control. It covers a wide range of interactions: with the aircraft and its systems, with air traffic controllers,
technical personnel, and other flight participants.

Piloting error is a specific manifestation of the human factor, consisting of incorrect actions or decisions
by the crew that can lead to an incident or an emergency situation. Simply put, pilot errors are a consequence
of those characteristics of the human factor that manifest under conditions of stress, fatigue, information
overload, or insufficient qualification.

In statistical classifications, such as the Dunn diagram, pilot errors are sometimes singled out as a
separate category. This is done to focus attention on the specific actions of the crew and more accurately assess
their contribution to flight risks.

In this work, 1 will consider piloting errors as an integral part of the human factor.

Modern research shows that human error is most often the result of a combination of several factors,
including fatigue, lack of experience, violation of procedures, and information overload. This is why reducing
the role of the human factor cannot be limited solely to technological improvement of the aircraft or the
introduction of new automated systems. An integrated approach is necessary, combining methods for
personnel training, improvement of organizational processes, and the implementation of intelligent decision
support systems capable of minimizing risks associated with human errors, some of which will be considered
in this article.
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Figure 1 — Share of various aviation accidents according to MAK data [5]

As a result of the analysis of aviation accidents investigated by the Interstate Aviation Committee
(MAK) from 2014 to 2024, piloting errors and the human factor remain the main causes of aviation accidents.
The human factor plays a decisive role, especially in incidents involving private aircraft and helicopters.

During the research, | created tables and a figure based on the analysis of scientific publications, official
MAK reports, and materials on flight safety management. Figure 1 and Table 1 clearly demonstrate what is
usually meant by the term "Human Factor". Table 2 highlights modern solutions that may prove effective in
reducing the influence of the human factor on flight safety.

Human Factor Classification:

1. Piloting Errors

2. Ground Staff Errors

3. Controller Errors

4. Organizational and Psychological Factors

5. Communication Errors
Table 1 — Extended Classification of the Human Factor

Organizational

I Ground Staff and Communication
Piloting Errors Controller Errors .
Errors Psychological Errors
Factors
¢ Violation of | e Incorrect e Incorrect e Stress; Fatigue; | e Misunderstanding
standard operating | aircraft instructions to the | e Overload; of instructions;
procedures (SOP); | preparation  for | crew; e Violation of | e Errors in message
e Loss of Control | flight; e Coordination work and rest | transmission
(LOC); e Refueling and | errors between | schedules;
e Insufficient loading errors; controllers; e Weak safety
response to weather | o Violation of | e Lack of | culture in the
conditions and | maintenance information on the | company
system warnings procedures air situation

Table 2 — Modern Methods for Preventing Errors Related to the Human Factor

Categories

Modern Approaches

Advantages

Piloting Errors

Al assistants ("virtual second pilot™)

Decision support, reduced workload

tracking, CV)

Fatigue monitoring systems (eye-

Early fatigue warning, reduced error risk

SVS/EVS with Al integration

Improved visibility in poor conditions




Ground Staff Drones and CV for aircraft | Faster and more accurate than human visual
Errors inspection inspection

Automatic  analysis of radio | Reduced information perception errors

communications

Organizational and | Al systems for monitoring crew | Early stress detection

Controller Errors

Psychological psycho-emotional state
Factors
Communication | SPeech recognition and synthesis | Recording conversations with potential to
Errors system in the cockpit prevent misunderstanding

The conducted analysis showed that, to date, despite the widespread use of traditional methods - such
as CRM, simulator training, standardized checklists, and a reporting culture - human error continues to
constitute a significant portion of all aviation accidents. To minimize them, it is necessary to begin researching
and implementing modern approaches, such as those considered in the table above (Table 2).

Modern safety practice is gradually shifting from a "reactive" approach (when errors are analyzed after
the fact) to a "proactive™ and even "predictive” one (when errors are anticipated and their occurrence can be
prevented before they happen).

Using piloting as an example, it is evident that classical training and CRM create a foundation for safe
work, but it is new technologies that allow for real-time reduction of cognitive load and prevention of errors
before they manifest. A similar situation is observed in the work of controllers: standardized protocols remain
a necessary foundation, but it is Al that can predict trajectory conflicts and minimize the human factor under
overload conditions.

Organizational factors deserve special attention. Here, the combination of the traditional SMS and
modern methods of predictive analytics creates the most robust safety model, where risks are not only recorded
but also forecasted in advance.

Thus, to achieve the maximum level of safety, it is necessary not to oppose classical and innovative
approaches, but to build their comprehensive interaction. Only in this way can the risk of incidents related to
the human factor be minimized.
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The article discusses the pulse-width modulation method, its main parameters and types, as well as various
obtaining methods and possible applications.

Introduction

Pulse width modulation (PWM) is widely used in many modern electrical appliances. For example, in
smartphone screens, for adjusting the rotation speed of motors, in LED lamps, for controlling the power
transistors of switched mode power supply units, controlling the voltage applied to microcircuits, in power
supply units and remote controllers. Thus, PWM is very common and widely used in various fields.

PWM introduction history

Pulse width modulation technology was first used in the Corliss steam engine, which was patented in
1849. It used pulse width modulation to control the inlet valve of a steam engine cylinder. A centrifugal
regulator was used to provide automatic feedback.

Some machines, such as a sewing machine electric motor, require variable or fractional power.
Previously, control (for example, a sewing machine foot pedal) was carried out using a rheostat in series
connected with the motor to adjust the current flowing through the motor. This was an extremely inefficient
circuit, since at the same time power was also spent in the form of heat in the resistive element of the rheostat.

One of the first uses of PWM was the Sinclair X10, a 10W audio amplifier manufactured in the 1960s.
Around that time, PWM technology began to be used in the control of AC motors. It should be noted that for
about a century, some variable-speed electric motors had enough efficiency, but their manufacturing was more
complicated than in case of constant-speed motors, and also sometimes required bulky external electrical
devices such as rotating converters. For example, a Ward Leonard drive system or a group of variable power
resistors.

PWM definition and its parameters

Pulse width modulation is a method of reducing the average power supplied by an electrical signal
through effective division into discrete parts. The average value of the voltage and current applied to the load
is controlled by quickly switching on and off the switch between power and load. The average value of voltage

and current applied to the load is regulated

50% duty cycle by switching the power supply from 0 to

100% at a rate exceeding the rate of

on significant load change. The longer the

off switch is on, the higher the total power

supplied to the load. The purpose of PWM

75% duty cycle is to control the load; however, the PWM

switching frequency must be carefully

Pn selected to provide a smooth process. The

off term "duty cycle" describes the ratio of

"on" time to a regular interval or "period"”

25% duty cycle of time; a low duty cycle corresponds to

low power, since most of the time the

X power is turned off. The duty cycle is

off expressed as a percentage, 100% is fully

enabled. When a digital signal is half the

time on and off the other half of the time, the digital signal has a 50% duty cycle and resembles a "square"

wave. When a digital signal is on longer than it is off, its fill factor is >50%. When the digital signal is in the

off state for longer time than in the on state, its duty cycle is <50%. These three scenarios are shown in the
picture above.
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PWM signal characteristics
Important characteristics of the PWM signal are the

Rectangular pulse iowing:
amplitude (V);

frequency (f);
pulse-time ratio (S) or fill factor D.
The amplitude in volts is set depending on the load. It

LU pulss Sxsnos
Uem - puie sl e mUSt provide the rated supply voltage to the consumer.
Pulse duty cyele g Pulse repetition frequency (PRF) is the number of pulses
T of a repeating signal per unit of time, usually measured in

1, Q= y pulses per second.
v The pulse-time ratio, or fill factor, is the ratio of the

follow—up period to the pulse duration.
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PWM types
The pulse width modulated signal is formed in two ways:
* Analog;

» Digital.

The comparison element is an analog comparator. A sawtooth voltage of a high constant frequency is
applied to one of its inputs, and a low-frequency modulating voltage with a variable amplitude is applied to
the other input. The comparator compares both values and generates rectangular pulses at the output, with a
duration determined by the current value of the modulating signal. If the instantaneous carrier level is lower
than the modulating signal, the comparator output is one, if it is higher, the output is zero. The output is a
discrete signal with a frequency corresponding to the frequency of saw or triangle carriers, and a pulse length

proportional to the level of the modulating voltage.
As an example, the pulse width modulation of a triangular signal is linearly increasing. The duration of

the output pulses is proportional to the output signal level.
Analog PWM controllers are also available in the form of ready-made microcircuits, with a built-in
comparator and carrier frequency generation circuit. There are inputs for connecting external frequency-setting
elements and providing an information signal. There are also feedback inputs which are needed to maintain
the set control parameters. A signal controlling powerful external keys is picked up from the output. For
example, this is the TL494 chip operational principal. For cases where the consumer's power is relatively low,
PWM controllers with built-in switches are available. The internal key of the LM2596 chip is designed for a

current up to 3 amperes.
' Sawtooth voltage The digital method is carried out using
T |' Pt specialized microprocessors or microcircuits.
I 4 I I.' / I | | | The pulse length is regulated by an internal
I°d] ININININiE, .'{ I _.' [V ]| program. Many  microcontrollers, including
THILELEL LT LT L f ]!‘ il It/ | popular PIC and AVR, have a built-in module
. . IR QIR IR I-' | 1A for hardware implementation of PWM. You
A T O T I }" 1| need to activate the module and set certain
LT parameters for its operation to receive a PWM
signal. If there is no such module, then PWM

can only be organized programmatically. This method provides more opportunities and provides more freedom
due to the flexible use of outputs, but uses more controller resources.



PWM signal

Application

The use of pulse width modulation makes it possible to increase the efficiency of electrical converters
to 80% approximately, especially for pulse converters which today form the basis of secondary power sources
for various electronic devices. Pulse width modulation allows adjusting the brightness of the backlight of liquid
crystal displays in cell phones, smartphones, and laptops. Special PWM controllers are widely used to control
energy-saving lamp ballasts, power supplies, and frequency converters for motors.

Such PWM controllers are used both in switched mode power supply units based on a switching
transformer, and in DC-DC step-down or step-up converters.

Conclusion

Thus, in the course of the study, we tried to reveal the concept of pulse width modulation, as well as all
its characteristics and types. As we can see, PWM is used in many areas of electrical engineering (motor speed
control, backlight brightness, converting power supplies, etc.). A distinctive feature of the PWM generator is
an increase in the efficiency of the device. For example, in some electrical devices the efficiency can be
increased up to 80%.

Based on the knowledge about PWM and the PWM generator, a visual model of a PWM microcontroller
was assembled and its capabilities fully explored. As a result, a working PWM microcontroller that can serve
as a dimmer for an electric motor and lighting was built.
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A scientific research and development of the project on the topic of "Development and Testing of a
High-Temperature Radio-Transparent Composite Material (HTRCM) for Its Mass Production" was carried out
at Kazan National Technical University named after A.N. Tupolev — KAI. This work extensively covers the
topic of HTRCM molding techniques, but does not explain the principles of selecting the binding material.
Based on this, the following work will provide a more detailed review of the methods for applying binders
during composite molding and select the most suitable methods for molding FRP.

Introduction

High-temperature radio-transparent composites are important components in the aviation industry,
which must be heat-resistant, have certain dielectric properties, and high strength. A specific technology for
applying the binding material will ensure these characteristics. The paper analyzes various methods of applying
the binder and draws conclusions about the most acceptable methods [3, 4].

The role of the binder and requirements for its distribution

In order to perform the functions that a binder must perform, such as bonding fibers together, transferring
applied stresses, creating a specific geometric shape of the product, etc., the binder must have certain
properties. These are minimum dielectric losses and stable dielectric permeability [4, 6].

It is important to note that the binding material must be applied evenly, as uneven application can
cause certain changes in the properties of the product, such as dielectric conductivity and the ratio of fiber
volume to matrix volume (usually 50-65% by fiber volume). The heat resistance of the finished product may
also be compromised, or certain defects may form in the product, such as bubbles or areas not impregnated
with the binding material, which may further reduce the strength, radio transparency of the product, etc.

Solution impregnation

The essence of the method: The reinforcing fabric is passed through a bath containing a binder that has
been pre-dissolved in a volatile solvent, then it is followed by drying in order to remove the solvent [6].

Advantages: ease of implementation, low equipment cost, ability to work with a wide range of
binders[6].

Disadvantages: toxicity and explosiveness of the process; difficulties in controlling the uniformity of
impregnation and binder content; high risk of pore formation due to solvent evaporation; limitations on
working with highly viscous binders [7, 8, 13].

Applicability for VRCM: It is rarely used in its pure form due to problems with quality control and
porosity. It can be used as an initial stage for the production of prepregs, but is not recommended for critical
products with high radio transparency requirements [2].

Pre-impregnated materials (prepregs)

The essence of the method: Reinforcing material (fabric, tape) is pre-impregnated with a strictly
measured amount of binder (most often thermosetting) using specialized equipment. The resulting material
(prepreg) is stored in a cooled state until use [2, 10].

Advantages: High and reproducible accuracy of binder content and distribution; guaranteed
impregnation of each layer; ease of laying complex layered structures; low initial porosity; possibility of using
high-viscosity binders [2, 12].

Disadvantages: high cost of the pre-preg itself and the equipment for its production; the need for cold
storage and limited shelf life; as a rule, requires expensive autoclave curing to achieve the best properties [2,
6].

Applicability for VRCM: The most common and preferred method for producing high-quality
products of complex shapes. Widely used with high-temperature binders (BMI, PI, phenolic, phthalonitrile
resins) [12, 14].

Liquid composite molding (LCM) methods

The essence of the method: the dry reinforcing preform is placed in a closed mold, into which a liquid
binder is pumped under pressure or vacuum. The main types are: vacuum infusion, resin transfer molding
(RTM), and high-pressure infusion (HP-RTM) [9, 10].

Advantages: ability to manufacture large-sized products (vacuum infusion); high surface quality
(RTM); relatively low tooling costs (vacuum infusion); potentially low porosity [9, 10].

Disadvantages: critical dependence on the viscosity of the binder; risk of “dry spots” forming in
complex preforms; need for precise calculation of the binder volume; the binder must not contain volatile
components [7, 8].

Applicability for VRCM: a rapidly developing field, especially for large-sized parts. Requires careful
development of the technological process and the use of specially designed binders with low viscosity and a
long life cycle [9, 11].



Powder methods

The essence of the method: The matrix powder (polymer or ceramic) is applied to the fibers or is mixed
with them before forming. Application methods: impregnation with suspension, coating deposition (CVD,
plasma), mechanical mixing [6].

Advantages: method allows the creation of materials with extreme heat resistance (>1000°C); is
applicable for ceramic and hybrid matrices; eliminates the use of solvents [6].

Disadvantages: difficulty in achieving complete and uniform impregnation of thick sections; high
probability of porosity, requiring subsequent hot pressing; high cost and complexity of the process; difficulties
in ensuring the radiolucency of ceramic matrices [6].

Applicability for VRCM: Applicable for the most thermally stressed components (hypersonic devices)
where polymer matrices are not viable. For radio-transparent applications, it requires the highest level of
control over the purity and microstructure of the material [6].

Comparative analysis of the selected method for serial production of VRCM
Table 1. Comparative characteristics of methods for applying binder for VRCM

Criteria Solution Prepregs LCM methods Powder methods
impregnation

Uniformity of Low High High Low
impregnation
Content control Low High Average Average
Risk of porosity High Low Average High
Productivity High Average High Low
Cost of equipment Low High Average High
Binder suitability - Limited Long Long
Suitability for Low High High Average
complex products
Heat resistance of Average High High High
the final material
Applicability for Yes Yes Yes Limited
mass production

Analysis of the selected method for serial production of VRCM

In the research work of KNITU-KAL, the method of manual layer-by-layer application of powder binder
was selected and applied. The binder (phthalocyanine powder FNI350/FNI350A) was manually distributed
between the layers of reinforcing silica fabric immediately before molding. This technique was integrated into
three technologies:

1. Autoclave molding: Layer-by-layer stacking of fabric and powder, followed by impregnation during
heating in an autoclave.

2. High-pressure forming: Placing the package in the mold, followed by pressing at a pressure of 9 bar
at 200°C.

3. Vacuum forming: Sealing the package in a vacuum bag and applying a temperature cycle for melting
and impregnation.

This method is a modification of powder technology adapted for a specific binder.

Table 2. Comparative analysis of the advantages and disadvantages of the selected method
of applying the binder for serial production of VRCM
Advantages Disadvantages
Elimination of toxic solvents, which improves the | Risk of uneven distribution: mitigated by using
environmental friendliness and safety of | calibrated mesh equipment for manual powder
production. dispersion.

Minimization of porosity (<3%), as there is no
stage of evaporation of volatile components.

Labor intensity of manual labor: recognized as
acceptable for mass production, especially in vacuum
forming, where labor costs were reduced by 40%
compared to autoclave forming.

The ability to work with highly viscous and
refractory binders (phthalocyanines), which are
difficult to use in liquid methods.

The need for a complex two-stage temperature cycle
(melting + polymerization) to activate the binder.




Direct control of binder content (55-60% by
weight).

Elimination of expensive pre-pregs and the need
for cold storage.

Conclusion on choosing a method: For a specific material based on a phthalocyanine binder, manual
layer-by-layer powder application proved to be the optimal compromise between cost, reproducibility of
properties (&' = 2.7-3.3, tgé = 0.001-0.002), and suitability for mass production. It made it possible to
circumvent the fundamental limitations of other methods: the high cost of prepregs and the complexity of
working with highly viscous resins in LCM methods.

Conclusion

Thus, a comparative analysis of various existing methods of applying binding material was carried out,
which shows that there is no universal method, and when choosing a technology, it is necessary to proceed
from the requirements that were set to ensure a certain geometry and properties of the product.

For the serial production of VRCM based on a phthalocyanine binder developed at KNITU-KAI, classic
methods (impregnation from solution, prepregs, LCM) proved to be less preferable due to technological
limitations and high cost. The chosen method of manual layer-by-layer powder application, although labor-
intensive, has proven its effectiveness. It made it possible to achieve high and stable dielectric and mechanical
characteristics of the material, eliminate the use of solvents, and avoid the costs of manufacturing and storing
prepregs, which in general corresponds to the tasks of serial production [15].
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Ha 0aze Kazanckoro HammoHanpHOTO TexHI4Yeckoro yHuBepcurera uM. A.H. Tymonesa — KA 6buta
MpoJieNlaHa Hay9IHO-HCCIIeIOBATEbCKAsA, OMBITHO-KOHCTPYKTOPCKAs M TEXHOJIOTHYEeCcKas padoTa Ha TeMmy
«pa3paboTKa M WCHBITAHUS BBICOKOTEMIEPATYPHOI'O PaIHONPO3PAYHOrO KOMIIO3UIIMOHHOTO MaTepHaia
(BKPM) mist ero cepwifHOro IIpOM3BOICTBa». B maHHO# paboTe MMPOKO MOAHMMACTCS TeMa TEXHOJIOTHI
¢dhopmoBanmst BKPM, HO He 00BACHSAIOTCS MPUHIIAITHEI BEIOOpa HAHECEHHS CBA3YIOIIero Marepuana. Mcexons u3
3TOr0, B HW)KE MpPEICTaBlIeHHOW paboTe OynyT Oojee TOAPOOHO PacCMOTPEHBI METOIbl HaHECEHUS
CBSI3YIOILIETO MPH KOMIIO3UTHOM (POPMOBAHUH M BBHIOpaHBI HauboJee MOAXOAALINE METOABI I HOPMOBaHHS
BPKM.
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This study examines the structure of bird feathers and aircraft rudders, their functions, and similarities
and differences in their operating principles. It describes a method for changing the bending stiffness of a spar,
as implemented in nature. A variant for applying such a spar in the design of an aircraft rudder is proposed.

At first glance, a bird's feather and an airplanes control surface are two objects which may seem
completely different. However, upon closer inspection, interesting similarities in their structure and
functionality can be found (Fig. 1). Both of these elements play a key role in ensuring the stability and
maneuverability of the object to which they belong: feathers in maintaining a bird's flight, and rudders in the
stability and controllability of an airplane. Comparing these natural and technical structures not only allows us
to better understand the principles of their operation, but also reveals parallels between biology and
engineering, demonstrating how nature inspires the creation of high-tech solutions.
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Fig. 1. Analogy between a bird's feather and a control surface

With the advent of metal sheathing on aircraft control surfaces, significant changes occurred in their
stiffness characteristics. The bending stiffness of the rudder relative to the Y-axis increased by 50-100 times
compared to the stiffness relative to the X-axis. This led to the design of control surfaces, which previously
resembled a bird's feather, acquiring the properties of a rigid “ruler” that bends easily along the normal and is
practically impossible to bend in its plane [1]. This change in stiffness characteristics led to the emergence of
multi-support rudders with their static indeterminacy and the emergence of a new class of problems related to
the calculation of composite structures and then their stability.

Previously, the structure of aircraft control surfaces was perceived as a direct borrowing from bird
feathers. However, with the advent of metal skin, designs began to move further and further away from nature.
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Unlike modern rudders, bird feathers can change their stiffness depending on the load, and in different
ways in different planes. This ability of feathers to reduce their stiffness in certain planes helps birds save
energy when flapping their wings, especially during takeoff (Fig. 2). Unlike metal structures, feathers can
adapt to changes in load and prevent excessive deflection. It is this principle that can be applied to the design
of aircraft control surfaces, which tend to bend in their plane under the influence of external loads. Reducing
stiffness in its plane reduces the forces acting on the rudder, preventing it from jamming and catastrophic
deformation [2].

Fig. 2. Profile of a bird's wing
When studying bird feathers, interesting patterns were discovered related to their longitudinal beam—
the main rigid element of the feather (Fig. 3). When bent, the longitudinal beam of the feather not only
compresses and stretches, but also changes the shape of its cross-section in the chord plane. This leads to a
decrease in the stiffness of the feather, which can be used to create control surfaces with similar mechanics
(Fig. 4). This approach allows the load on the control surface brackets to be reduced, improving their
performance and preventing unwanted vibrations [2].

Fig. 3. Cross-section of a bird's feather
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Fig. 4. Bird wing feather
Thus, the structure of a bird's feather, with its unique properties of changing stiffness, can be used in
the development of new control surfaces for aircraft. Such control surfaces, similar to feathers, can adapt to
different flight conditions, reducing the load on the control surfaces and improving aerodynamic
characteristics.
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The article is devoted to the evolution of helicopters, from the first theoretical developments and
experimental models to modern high—tech machines. The author traces the key stages of this path: the ideas
of Heron of Alexandria and Leonardo da Vinci, the breakthrough inventions of Sikorsky and Focke-Waulf, the
role of gyroplanes and the influence of new materials. Special attention is paid to the versatility of modern
helicopters and their application in various fields, as well as industry prospects such as electric and unmanned
technologies.

Helicopters represent one of the most ambitious achievements of mankind in the field of aviation. Their
unique design allows them not only to take off and land vertically, but also to maneuver in confined spaces,
making them indispensable in a wide variety of fields. Today, helicopters are used not only for military
purposes, but also in civil aviation, emergency medical care, search and rescue operations, police, fire safety,
as well as for transporting goods and people to hard-to-reach places. Their versatility and versatility make
helicopters an important tool in our high-tech world. Even in ancient times, people thought about mechanisms
that could lift them into the air, inspired by the images of birds and other flying creatures. Leonardo da Vinci
himself was thinking about the possibility of creating an aircraft with vertical takeoff. However, it was only
with the development of aerodynamics and mechanics in the 19th and 20th centuries that this dream began to
turn into reality. The first experimental models, despite their imperfections, laid the foundations for the creation
of successful helicopters, which began to appear only in the middle of the 20th century.

The purpose of this article is to trace in detail the development path of helicopters, starting with the first
experimental models and ending with modern multifunctional machines that are used today. One of the
founders of mechanics, Heron of Alexandria, lived in Ancient Egypt in the 1st century AD and is considered
one of the first to think about the principles that formed the basis of flight. In his writings, he described various
mechanisms, including steam engines and devices based on pressure and vacuum. One of the most famous of
his inventions is the "etera", or "steamboat"”, which is a simple structure that uses steam cycles to create motion.
Although Heron did not have a clear idea of a helicopter, his ideas about mechanical force and the use of air
as a lifting force formed the basis for further research in this area. Experiments with the "steam that rotates in
a cylinder" mechanism showed that rotational motion can be used to lift an object into the air, which became
an inspiration for future inventors seeking to create flying machines. These early mechanisms can be
considered the foundation for the concept of helicopters, which appeared many centuries later. It was only in
the 19th century that ideas about the possible creation of vertical takeoff aircraft began to actively develop.
This time became an important stage of research in the field of aerodynamics and mechanics, which later led
to the creation of the first prototypes of helicopters [1]. Igor Sikorsky, one of the most important figures in the
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development of helicopter industry, was born in 1889 in Russia and was one of the most significant pioneers
in the history of helicopter industry [2]. In 1909, he designed and tested his first powered helicopter, the
experimental S—-1 machine, which, although it failed to take off, played an important role in further
development. In 1939, Sikorsky created the VVS-300 model, the first successful helicopter with a single rotor
and a rear tail rotor, which provided stability and controllability in the air. This design became the basis for
numerous subsequent models and series in helicopter production.

Speaking about the development of helicopter industry, it is also impossible not to mention gyroplanes.
An autogyro is a rotorcraft similar to a helicopter that uses a free-rotating rotor in autorotation mode to create
lift. The prototypes of gyroplanes that were developed during this period became important precursors to
classic helicopters. One of the first successful gyroplane models was the C-4 by Juan de la Cierva, who
introduced his concept in 1923. The main principle of operation of the gyroplane was to use a lifting screw
that rotated freely on the lifting cylinder, which allowed the machine to move efficiently through the air, while
maintaining high stability and safety. The gyroplane had several advantages, including lower landing speed
and less complex structures compared to helicopters. This facilitated the management process and provided
greater reliability. Although the gyroplane could not completely solve the problem of vertical takeoff and
landing, it marked the beginning of future developments and allowed the inventors to move on to creating
more complex machines with active control systems. One of the most significant achievements in the field of
helicopter engineering at the beginning of the 20th century was the German Focke-Wulf Fw 61 helicopter.
Created in 1936, it became the first helicopter in history to successfully fly. Engineers led by Herbert Focke
developed the Fw 61 using a system of two rotors located on top of the fuselage, which provided good stability
and handling. The first flight of the Focke-Wulf Fw 61 took place in 1936, and it demonstrated a number of
incredible capabilities, including vertical takeoff, horizontal flight, and aerial maneuvering. This helicopter
became a benchmark for its followers and created the basis for further experiments and developments in
aviation. It also became a symbol of the possibility of creating a reliable and safe flying vehicle that could be
used in civil and military aviation. Already in 1938, the most famous public demonstration of the Focke-Wulf
Fw 61 took place. A female pilot, Hannah Reich, broke the record for the longest distance in a straight line,
flying 109 km on it [2].

The development of technology and materials in the 20th century played a key role in the evolution of
helicopters. With the advent of new structural materials such as aluminum and composites, it was possible to
significantly reduce the weight of the machines, which in turn contributed to the improvement of their flight
characteristics. For example, the Bell 47, which debuted in 1946, became the first production helicopter widely
used in civil and military aviation. Distinguished by its reliability and ease of operation, it has found application
in medical evacuation and agriculture. The Bell 47 became the first helicopter to receive a certificate from the
FAA. In turn, the Sikorsky R-4, the first helicopter in service with the US Air Force, appeared in 1942, He
demonstrated the versatility of helicopters in military operations, including search and rescue missions and
medical evacuation. This model served as the basis for the development of helicopter industry. Automatic
control systems, such as autopilot systems, have improved safety and simplified the helicopter control process.
Modern models such as the Sikorsky S-92 and the Airbus H160 use advanced sensors and information
technology, which allows pilots to effectively control the flight and minimize the likelihood of errors [3]. These
achievements became the basis for the creation of safe and multifunctional helicopters that are used today.
These achievements laid the foundation for the creation of multifunctional and safe helicopters currently in
use. For example, the Boeing CH-47 Chinook, which was commissioned in 1962. This model is a heavy
transport helicopter used by many armies around the world [3]. The Chinook is capable of transporting large
loads and carrying out massive support operations, including medical evacuation and combat support. Its
unique dual-rotor design makes it a powerful and reliable tool for complex tasks.

Modern multifunctional helicopters are equipped with advanced technological systems, such as
electronic control systems. These systems provide a high degree of automation and help pilots operate the
helicopter with greater efficiency. They may include features such as navigation, automatic piloting, and
collision warning systems. And also do not forget about the improved means of communication. Modern
models of helicopters are equipped with high communication technologies, which allows for real-time data
exchange, providing reliable communication with control centers and other aviation users. This is especially
important for military and emergency tasks. Looking ahead for several decades, | would like to assume that
the future of helicopter manufacturing will be inextricably linked with a number of new trends and
technologies. Electric and hybrid helicopters are in the future. The development of which promises a significant
increase in fuel efficiency and a reduction in harmful emissions. These technologies open up the possibility of
creating more stable and quieter helicopters, which is becoming increasingly important in the face of modern
environmental requirements. The influence of drones and unmanned technologies cannot be ignored either.



Unmanned helicopters and drones are beginning to be actively used in various fields, including cargo delivery,
monitoring, and even search and rescue. The introduction of unmanned technologies in the helicopter industry
opens up new horizons and provides opportunities for more efficient use of airspace.

In conclusion, it is worth noting that the evolution of helicopters over the past hundred years has
demonstrated impressive progress from the first experimental models to modern multifunctional machines.
Helicopters have become the main tools in civil and military aviation, successfully solving the tasks of medical
evacuation, rescue operations and transportation. Modern multifunctional helicopters show their versatility
through the integration of modern technologies, including electronic control systems and improved
communication facilities. In the future, the helicopter industry will be influenced by new trends such as electric
and hybrid systems, as well as unmanned technologies. Helicopters now play a significant role in people's lives
and infrastructure development, and their potential continues to grow, opening up new horizons for aviation
and rescue operations.
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CraTbs TOCBSIIEHA 3BOJIIOLMH BEPTOJIETOB — OT IEPBBIX TEOPETUYECKUX pPa3paboToK U
IKCIIEPUMEHTAIbHBIX MOJENEN /0 COBPEMEHHBIX BBICOKOTEXHOJOTHYHBIX MAaIlMH. ABTOpP MPOCIIEKHBAET
KJIFOUEBBIE 3Tambl 3Toro myTu: uaeun ['epona Anexcannpuiickoro u JleoHapao ga BuHum, mpopbIBHBIE
n3o0perenus Cukopckoro nu ®oxke-Bynbga, posb aBTOKHUPOB M BIMAHHE HOBBIX MaTepuaioB. Ocoboe
BHUMAaHHUE YAEISIETCS MHOTO()YHKIIMOHAJILHOCTH COBPEMEHHBIX BEPTOJIETOB U UX IPUMEHEHHIO B Pa3JIMUHBIX
chepax, a TakKe pPaccCMaTPUBAIOTCS MEPCHEKTHBBI OTPACIH, TaKWe KaK JIIEKTPUYECKHUE W OECIMIIOTHBIC
TEXHOJIOTHH.
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The article examines in detail the history of combating a dangerous dynamic phenomenon — the ground
resonance of a helicopter. The physical mechanism of the occurrence of this self-exciting instability associated
with the resonance of vibrations of the rotor blades and fuselage on an elastic landing gear is described. The
main attention is paid to the gradual evolution of damping systems: from the simplest operational measures
taken by the crew to the appearance of pendulum dampers, modern hydraulic and elastomeric blade dampers,
as well as improved dual-chamber chassis shock absorbers. The article shows how an integrated engineering
approach has made it possible to turn a destructive phenomenon into a controllable parameter that ensures the
safety of modern rotorcraft.

Earth resonance is one of the most dangerous and destructive phenomena in helicopter industry. These
are self-exciting oscillations with increasing amplitude that occur in a helicopter standing on an elastic landing
gear, which in a matter of seconds can lead to the complete destruction of the machine. The problem became
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relevant with the advent of articulated rotors, which allowed the blades to swing in the plane of rotation [1].
The history of combating this phenomenon is the history of scientific research and engineering genius, which
led to the creation of complex and effective damping systems.

To understand the ways to solve a problem, it is necessary to understand its essence. The Earth resonance
occurs due to the dynamic interaction between the vibrations of the rotor blades in the plane of rotation and
the vibrations of the fuselage on an elastic landing gear [1]. When due to an external disturbance — a gust of
wind, bumping into a bump, or a jolt during landing — the distance between the blades becomes uneven, the
center of mass of the propeller shifts from its axis of rotation. The resulting unbalanced centrifugal force begins
to rock the fuselage of the helicopter. If the frequency of the fuselage rocking by this force coincides with the
natural oscillation frequency of a helicopter on an elastic landing gear, a resonance occurs in which the
oscillation amplitude increases like an avalanche until it leads to catastrophic destruction.

Studies have shown that two main instability zones are possible for a single-rotor helicopter,
corresponding to two frequencies of the fuselage's own transverse vibrations on the landing gear. Combating
resonance in each of these zones requires a different approach: while in the first case, a simultaneous increase
in damping in both the blades and the landing gear helps, in the second case, an increase in damping in the
vertical hinges alone may not be enough, and precise adjustment of the frequencies of the fuselage and blades'
natural vibrations is required. Engineering in the fight against Earth resonance has developed along the way of
creating more and more complex and efficient damping systems, which can be roughly divided into several
generations.

Initially, when the nature of the Earth's resonance was not yet fully understood, the only way to save the
car and crew were emergency measures. The pilots were trained that when a resonance occurs at high rotor
speeds, it is necessary to take off immediately so that the aircraft body gets freedom of movement, which helps
restore balance. If the resonance occurred at low RPM, it was prescribed to turn off the engine immediately.
Although these measures were effective, they did not solve the problem of prevention, but only made it possible
to avoid disaster when it occurred.

The next key step was the creation of dampers mounted directly on the rotor blades. These devices were
designed to dampen dangerous vibrations of the blades in the plane of rotation even before they resonate with
the fuselage. One of these inventions was a "Device for damping the vibrations of helicopter rotor blades"
using the principle of pendulum vibration dampers. The design included self-contained rollers mounted on the
blades with levers and weights, which, counteracting vibrations, reduced the load on the pendulum levers and
the vibration level of the entire helicopter.

The development of this topic has led to the emergence of more advanced hydraulic and elastomeric
dampers. These devices, such as the vibration damper described in patent RU2256588C2, contained a drive
element driven by a blade and a rigid element mounted on a supporting structure [2]. Between them was a
sophisticated damping system, which included, on the one hand, a hydraulic device located in a chamber with
a viscous liquid, and on the other, an elastic device with high rigidity in one direction and relatively low rigidity
in the other, perpendicular to it. The development of this topic has led to the emergence of more advanced
hydraulic and elastomeric dampers. These devices, such as the vibration damper described in patent
RU2256588C2, contained a drive element driven by a blade and a rigid element mounted on a supporting
structure [2]. Between them was a sophisticated damping system, which included, on the one hand, a hydraulic
device located in a chamber with a viscous liquid, and on the other, an elastic device with high rigidity in one
direction and relatively low rigidity in the other, perpendicular to it. This combined system made it possible to
effectively dampen vibrations in strictly defined directions without affecting the normal operation of the screw.

In parallel, work was underway to improve the characteristics of the chassis. Traditional shock absorbers
could not provide the necessary damping over a wide frequency range. The breakthrough was the introduction
of two-chamber shock absorbers, which made it possible to dramatically change the natural oscillation
frequency of the machine in the event of a dangerous mode, thereby breaking the resonant connection and
eliminating. In parallel, work was underway to improve the characteristics of the chassis. Traditional shock
absorbers could not provide the necessary damping over a wide frequency range. The breakthrough was the
introduction of two-chamber shock absorbers, which made it possible to dramatically change the natural
oscillation frequency of the machine in the event of a dangerous mode, thereby breaking the resonant
connection and eliminating the development of self-exciting vibrations. It is this decision that has made Earth
resonance a rare phenomenon in modern helicopter technology.

Vibrations and shock loads were transmitted not only to the fuselage, but also to the transmission of the
helicopter. Elastomeric, spring and hydraulic damping systems have been used to dampen them in overrunning
clutches. For example, elastomeric dampers made of rubber or polyurethane absorbed energy due to internal
friction and viscoelastic properties of the material, reducing peak loads by 40-70%. Hydraulic systems using



the resistance of fluid flowing through calibrated holes demonstrated even greater efficiency, reducing peak
loads by up to 80%.

Thanks to the complex of these measures, the earth's resonance has turned from a formidable and almost
mystical danger into a well-studied and controlled phenomenon. Modern helicopters are designed taking into
account all possible instability zones, and their designs initially include effective damping systems. Proper
maintenance of these systems — chassis shock absorbers, blade dampers and other elements — is a key
preventive measure to prevent the development of resonance.

To confirm that there is no danger of Earth resonance in new helicopter models, special tests are carried
out, during which all critical operating modes of the machine are examined. In this case, both computational
methods (systems of differential equations with periodic coefficients) and field experiments are used. The
evolution of damping systems aimed at defeating Earth resonance clearly demonstrates how a consistent
deepening of understanding of the physical essence of the phenomenon allows engineers to find more elegant.
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Z[eMH(i)I/IpOBaHI/IH: oT HpOCTeﬁmHX OICPATUBHBIX MCP, IPUHUMACMBIX SKUIIAXKEM, 10 IMOABJICHUSA MAATHUKOBBIX
racuTeneif, COBPEMEHHBIX THAPABIHUECKHUX M 3JACTOMEPHBIX JeMI(epoB JomacTed, a Takke
YCOBEPIICHCTBOBAHHBIX JIBYXKAMEPHBIX aMOpPTH3aTOopoB IaccH. CTaThsl MOKAa3bIBACT, KAaK KOMIUICKCHBIN
WHXEHEPHBI MOJXOJ IO3BOJNIMJI IPEBPATUTh pPa3pyLIUTEIbHOE SBICHUE B YIPaBISEMBbIM IapaMmerp,
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The article covers the fundamentals of logic and algorithms in digital electronics. It explains basic
logic gates (AND, OR, NOT) and their role in building digital systems. It also discusses optimization methods
for combinational circuits by means of Karnaugh maps and the Quine-McCluskey algorithm to improve
efficiency. The article highlights the importance of an algorithmic approach for faster development and better
performance, concluding with prospects for future research in digital electronics.

Logic and algorithms in digital electronics represent fundamental concepts that define the operation of
modern computing systems. In the context of rapid technological development, understanding the interaction
between logical structures and algorithmic processes becomes crucial for designing efficient and reliable
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systems that ensure high performance and minimal energy consumption. Research in these areas opens up new
horizons in the fields of computer architecture, artificial intelligence, and big data processing [1].

1. Basics of Logical Functions and Their Applications in Digital Devices

Logical functions underlie operation principals of all digital devices, playing an essential role in
converting input signals into output ones. These functions are based on binary operations, such as AND, OR,
and NOT. With these operations, more complex logical expressions are created, which ensure performance of
such components as arithmetic-logic units (ALU), registers, counters, multiplexers, and decoders. Logical
functions are widely used in various digital devices, from processors to peripheral components, including
interfaces and signal processing systems. These operations perform calculations and make decisions at the
machine command level, which makes them crucial for the efficient operation of all computing equipment.
The representation of logical functions through Boolean equations or truth tables is of great importance, as it
allows formalizing their operation and simplifying the design of digital circuits [2].

Logical functions are used at various levels of digital device architecture. At the basic level, they
implement simple components such as logic gates and flip-flops that serve as the foundation for creating more
complex systems. At higher levels, these functions perform essential operations in devices like arithmetic-
logic units (ALU), registers, counters, and multiplexers, ensuring the efficient operation of computational and
control processes. Let's examine their application through real examples [3].

One of the key and frequently encountered tasks in digital devices is the use of logical functions in
arithmetic-logic units (ALU). The ALU performs various arithmetic operations such as addition and
subtraction, as well as logical operations, including AND, OR, and XOR. For example, in Intel processors,
such as the Intel Core i9-13900K (2023), the ALU performs the addition of two numbers in binary system with
a half-adder or full-adder. Logical operations are used to perform mathematical calculations quickly and
accurately. In the half-adder, for example, logical operations XOR and AND are used to calculate the result of
adding two bits, including the carry calculation. This significantly speeds up the calculation process, which is
crucial for high-performance computing systems [4].

Another example is the use of logical functions in registers which are used for storing and processing
data. In modern processors, such as the AMD Ryzen 9 7950X (2023), registers are used to store intermediate
data during program execution. These registers contain information which is next processed by ALUs. Logical
functions such as AND, OR, and NOT are used to manipulate this data, providing the necessary operations for
writing, reading, and changing the registers state [2].

Multiplexers and decoders also widely apply logical functions to select one of several input signals.
For example, in high-speed processors like the Apple M1 (2024), multiplexers efficiently manage the flow of
data by selecting the required input signal depending on the state of control lines. This allows real-time data
processing and selection of necessary sources for further processing, which is crucial in modern computing
systems [3].

Counters, used to track states in digital devices, are also built on logical functions. For example, in
modern microcontrollers like the STM32 (2024), used in automation and robotics, counters perform such tasks
as monitoring time, counting events, and other parameters. Logical functions such as AND and OR are used
to control the increment and decrement of counter values, as well as to manage transitions between different
states [4].

Application of logical functions in digital devices is impossible without their representation in the form
of Boolean equations or truth tables, which facilitates circuit analysis and design. For example, in Intel
processors (2024), Boolean equations are applied to optimize logical operations, which helps reduce the
number of logical elements, thus lowering energy consumption and improving performance. The optimization
of logical functions not only reduces hardware costs but also increases the reliability of devices. One method
of minimizing logical expressions is the use of Karnaugh maps which help visualize and simplify expressions
to achieve the minimum number of logical elements. In real examples of digital circuit design, such as
NVIDIA's graphics processor projects (e.g., Ada Lovelace architecture, 2023), Karnaugh maps are used to
optimize the operation of logical elements and reduce development costs [1].

Another important minimization method is the Quine-McCluskey algorithm which is used to simplify
more complex logical expressions. This method allows obtaining the minimal representation of a logical
function, which is necessary for creating efficient and cost-effective digital circuits. The Quine-McCluskey
algorithm is actively used for the digital device design in such companies as Texas Instruments to create
microprocessors, as well as in academic and scientific research, such as the work of Russian scientists V. M.
Martynov and A. . Tarasev who apply the Quine-McCluskey algorithm to minimize complex logical functions
in digital system design.

2. Introduction to Optimization Methods for Combinational Logic Circuits



Combinational logic circuits are the basis of most digital devices, providing an immediate response to
input signals without using memory elements. The optimization of these circuits is crucial for reducing their
complexity, lowering energy consumption, and increasing performance. Currently, both in Russia and
worldwide, there is a growing interest in combinational circuit optimization, driven by technological
advancements and increasing performance demands [4].

One of the most popular optimization methods is the use of Karnaugh maps. This graphical method of
minimizing logical functions helps efficiently group ones in the truth table, which facilitates the simplification
of logical expressions. For example, recently, numerous seminars and classes were held in Russia to train
specialists in working with Karnaugh maps, which helped improve the qualifications of engineers and the
quality of digital device design [3].

Another important method is the Quine-McCluskey algorithm which allows efficient minimization of
complex logical functions with multiple variables. This approach is particularly in demand in modern digital
systems, where the number of variables can reach dozens or hundreds. Currently, the use of this method is
expected to increase in large Russian companies involved in the microprocessors and specialized integrated
circuits development.

The use of standard logical elements, such as programmable logic arrays (PLA, PAL, FPGA), greatly
simplifies the process of circuit design and optimization. Recently, there was an increased interest in FPGA in
Russia, especially in educational institutions, where students learn design and programming on these platforms.
This allows adapting circuits to specific tasks without any need to develop new hardware components, which
significantly saves time and resources.

The reduction in the number of logical elements is achieved by transforming logical expressions,
eliminating redundant states, and using equivalent logical representations. In a previous year, a decrease in the
cost of manufacturing digital devices was noted in Russia due to effective optimization of combinational
circuits, which, in turn, increased their reliability by reducing the number of components prone to failure [2].

Effective optimization of combinational circuits not only reduces production costs but also increases
the reliability of digital devices. With the growing demand for computing power and the need to reduce energy
consumption, modern optimization methods have become especially important. It is expected that in future,
Russian companies will continue to implement new technologies and methods, allowing them to remain
competitive in the global market. The development of digital electronics is impossible without a deep
understanding of logical functions and methods of their optimization, which will ensure high performance and
reliability of modern devices.
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Traditional subtractive methods often fall short in terms of feasibility, material waste, and economic
viability when producing such parts. This article reviews the modern technological landscape for
manufacturing complex-geometry parts, with a primary focus on Additive Manufacturing (AM) and hybrid
manufacturing approaches. The central thesis is that the full potential of complex-part manufacturing can only
be realized through a tightly integrated digital thread, linking design (CAD), manufacturing (CAM), and
metrological validation, thereby closing the loop between as-designed and as-built components.

The 21st-century industrial landscape is characterized by a relentless pursuit of performance
optimization, lightweighting, and functional integration. This has led to the proliferation of parts with complex
geometries that are impossible or prohibitively expensive to manufacture using conventional methods like
milling or turning [1]. Examples include turbine blades with internal cooling channels, patient-specific
orthopedic implants with porous surfaces for bone ingrowth, and consolidated assemblies redesigned as single,
topologically optimized components.

This article posits that modern manufacturing is no longer solely about material removal or deformation
but about the strategic application of energy and material to create complex forms directly from digital models.
This shift demands an equally sophisticated approach to quality assurance, moving beyond simple calipers and
Coordinate Measuring Machines (CMMs) with tactile probes to advanced, data-rich metrological systems [2].

AM, commonly known as 3D printing, builds parts layer-by-layer, offering unparalleled design
freedom. For complex geometries, several AM technologies are paramount:

o Powder Bed Fusion (PBF): This family, including Selective Laser Melting (SLM) and Electron Beam
Melting (EBM), uses a thermal energy source (laser or electron beam) to selectively fuse regions of a powder
bed. PBF excels at producing high-density metal parts with complex internal features and fine lattice structures,
crucial for weight reduction in aerospace and biocompatible implants in medicine (fig.1).
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Figure 1. Schematic representation of PBF (Reused from [32] with permission in accordance with Creative
Common CC BY license, open access).




o Directed Energy Deposition (DED): Here, focused thermal energy (laser, electron beam, or plasma
arc) is used to melt material as it is being deposited. While typically offering lower resolution than PBF, DED
is suitable for manufacturing or repairing large, complex metal parts and creating functionally graded materials

(fig.2).
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Figure 2. Diagram of laser powder direct energy deposition.

 Binder Jetting: This process uses a liquid bonding agent to selectively join powder particles. It allows
for the creation of highly complex sand molds and cores for metal casting, enabling the production of intricate
internal passages in engine blocks or pump housings that are unachievable with traditional pattern-making [3].

While AM dominates discussions on complexity, advanced subtractive methods remain relevant. 5-axis
CNC machining provides the capability to approach a part from multiple angles in a single setup, allowing for
the machining of complex, sculpted surfaces. However, its limitation lies in tool access, often making it
impossible to machine internal or undercut features.

Hybrid Manufacturing combines AM and subtractive processes within a single machine platform. This
synergy allows for the creation of a near-net-shape complex part via AM, followed by precise, high-finish
machining of critical features. This approach mitigates the surface roughness issues common in AM and
ensures dimensional accuracy on functional interfaces.

After production, the issue of appropriate quality control of the manufactured product becomes acute.
The very complexity that these manufacturing methods enable creates a significant metrological challenge.
How does one verify the dimensional accuracy of an internal lattice structure or the wall thickness of a
serpentine cooling channel [4].

Optical 3D scanners, particularly those based on structured light projection, have become a cornerstone
for inspecting complex external geometries. They work by projecting a pattern of light onto the object and
analyzing its deformation with cameras. This allows for the rapid capture of millions of data points (a point
cloud) representing the part's surface. The primary advantage is speed and comprehensive coverage, enabling
full-field deviation analysis against the CAD model [5].

For internal and holistic inspection, Industrial CT scanning is arguably the most powerful metrological
tool for complex parts. A CT scanner uses X-rays to create a series of 2D cross-sectional images (slices) of an
object, which are then reconstructed into a 3D volumetric model. This "digital twin" of the part allows for:

Internal Dimensional Measurement: Precise measurement of internal diameters, wall thicknesses, and
hidden features without destructive sectioning.

Defect Analysis: Detection of internal porosity, cracks, and inclusions in both AM and cast parts. First
Avrticle Inspection: Comprehensive comparison of the entire part—inside and out—with the original CAD
model (fig.3).



Figure 3. Working with a 3D scanner and obtaining a point cloud

The integration of CT data with metrology software enables a full Geometric Dimensioning and
Tolerancing (GD&T) analysis, making it a comprehensive solution for quality control. The ultimate goal is the
creation of a seamless digital thread. This concept involves the uninterrupted flow of data across the product
lifecycle. In the context of complex parts:

e The CAD model defines the nominal geometry.

e The CAM system translates this into machine instructions for AM or CNC.

o The manufactured part is scanned (via 3D scanner or CT), generating an as-built point cloud.

¢ This point cloud is compared to the original CAD model in a metrology software platform, generating
a color-map deviation report.

The results of this analysis can be fed back to optimize manufacturing parameters, closing the loop and
enabling continuous process improvement and the realization of a true "digital twin" philosophy.

The manufacturing of complex-geometry parts is no longer a frontier of engineering but a present-day
reality, enabled by the synergistic development of additive and hybrid manufacturing technologies [6].
However, this manufacturing revolution is incomplete without a parallel evolution in metrological control.
Techniques like 3D scanning and, most importantly, computed tomography have become indispensable for
validating the integrity, accuracy, and quality of these intricate components.

The future lies in further integration and intelligence. We are moving towards in-situ monitoring during
the AM process itself, using thermal and optical sensors to detect defects in real-time. Furthermore, the
application of machine learning algorithms to vast datasets generated by CT scanners and 3D printers will
enable predictive quality control and autonomous process correction. The journey from a digital model to a
certified, complex physical part is being shortened and solidified by this tight integration of making and
measuring.
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TpanunuoHHble CyOTpPaKTHBHBIE METOJBI (METOIBI YAAJCHHS MaTepualia) YacTO OKa3bIBAKOTCS
HECOCTOSTEIBLHBIMU C TOYKH 3PEHUS OCYIIECTBUMOCTH, KOJIMYECTBA OTXOJIOB MaTepHaia U SKOHOMUYECKOH
1eJIeco00Pa3HOCTH TIPU U3TOTOBJICHUH TAaKUX JIeTallel. B JaHHOW cTaThe mpeacTaBlieH 0030p COBPEMEHHOTO
TEXHOJIOTHYECKOTO JaHamadTa i MPOU3BOJICTBA JIeTAICH CI0KHOW T€OMETPHUH, C OCHOBHBIM BHUMaHHEM
Ha aJTITUBHBIX TEXHOJOTHIX (AM) U TMOPUAHBIX TIOJX0/1aX K MPOU3BOACTBY. OCHOBHOM TE3UC 3aKIFOYACTCS
B TOM, YTO TMOJHBIA MOTCHIIUAN MPOU3BOJCTBA CIOXKHBIX JeTAIeH MOXKET ObITh peajiu30BaH TOJBKO depe3
TECHO HWHTETPUPOBaHHYIO IM(POBYIO Ienouky, cBs3biBatoniyto mnpoekrupoBanne (CAD), mponsBoicTBO
(CAM) 1 METPOJTOTHYECKYIO ITPOBEPKY, 3aMbIKast TAKUM 00Pa30M MUK MEXKAY CIIPOSKTUPOBAHHBIM U PEATBHO
M3TOTOBJICHHBIM KOMITOHCHTOM.
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The article examines the costs and expenses of companies related to inventory management in supply
chains. It emphasizes the importance of inventory optimization to reduce risks and improve financial
efficiency. Special attention is given to the impact of logistics strategies on business competitiveness and
sustainable development.

The volume of stocks of companies largely depends on the attitude of top managers towards them, which
is determined by market conditions. In the context of economic growth, the majority of managers are
optimistic, they are expanding their operations, not attaching importance to the increase in stocks. It is only in
conditions of negative market fluctuations that inventory optimization begins to be given importance. The
reason for this is that stocks are among the objects that require large investments. It is necessary to imagine
which funds are "tied up" in stocks, because we are talking about "frozen" assets.

The money invested in stocks cannot be used to purchase other assets that can improve the company's
efficiency, with the exception of obtaining a loan from a bank. If credit funds are invested in stocks, this
increases the company's interest costs, reducing the profits of the owners.[1] With an increase in the volume
of investments in stocks, the risks for the company also increase. Because over time, stocks may become
unusable in production or sale. This is due to the fact that the product may become unfit for sale due to
expiration dates, for example, dairy products, violations of storage temperature conditions, for example, meat
products. Nevertheless, inventories are necessary because they determine the level of customer service, and
when inventory shortages occur, there are costs such as:

1. Costs due to the lack of sales, due to the lack of necessary goods. These costs are measured in terms
of revenue lost due to the absence of a trade transaction. [3]

2. Costs due to the loss of a buyer, due to the lack of necessary goods, the client may switch to other
companies. Thus, this leads to a decrease in the customer base and a decrease in sales. Such costs are measured
in terms of the total revenue that could be obtained from the implementation of all potential transactions of the
client with the company. [3]

The main aspect of the lack of inventory is not only the direct loss of sales and the loss of some
customers, but also the deterioration of the company's image, and as a result, a reduction in market share.
However, in some industries, stocks account for up to 35-45% of the financial resources invested in their
acquisition. Sometimes this is an important necessity, as the availability of supplies creates the possibility of
an uninterrupted production cycle, for example, tobacco factories. Tobacco leaves are harvested twice a year,
and cigarettes must be produced year-round. Thus, it is necessary to create significant reserves, which are a
source of long-term risk, and increase the direct costs associated with the cost of reserves (money invested in
them), the cost of maintaining reserves, and losses from damage and spoilage. [2] And since the storage of
many types of raw materials requires compliance with temperature and humidity conditions, this increases the
company's costs for building appropriate technically equipped warehouses. This in turn increases variable



costs, as different equipment is used. In case of violation of storage conditions, the company's losses are
estimated in six figures.

To reduce such losses, manufacturers use various techniques, for example:

* First In, First Out — the oldest incoming product is issued first.

» First Product First Out — first produced — first released. This method is used for the rotation of goods
in the warehouse, when the release date is taken into account. Older products are shipped first. The use of this
method is typical for production warehouses.

Consider the company Aksolit, located in the Kama Estuary of the Republic of Tatarstan. In 2013, the
production of dry building mixes and plasterboards began. In the production of these products, chemical
additives (components) were used, which were purchased from Germany. The shelf life of most components
is from six months to a year. After the expiration date, it is forbidden to use the components in production, as
this affects the quality of the products. In the first year of operation, the losses in the expired column amounted
to 16,000,000 rubles. The company has implemented the Warehouse Management System program, which is
software designed to automate and optimize warehouse operations. The goal of WMS is to increase warehouse
efficiency, reduce errors, and improve inventory control. The program incorporated the First Product First Out
algorithm. As a result, components with lower shelf life were the first to be put into production. In the future,
the company did not incur any losses after the expiration date of the stocks.

Previously, when production was operating on a stable market, it could exist without using the concepts
of planning, organization, management, control and regulation of the movement of material and information
flows both in space and in time, from their primary source to the final consumer. But the Stone Age ended not
because the stones ran out, but because resources and technologies changed.

Currently, most companies use modern logistics concepts aimed at reducing costs and expenses, and the
concept of Supply Chain Management is gaining the most popularity. James Stock defined the SCM concept
as follows: "It is the integration of key business processes starting from the end user and encompassing all
suppliers of goods, services and information that add value to consumers and other stakeholders." According
to J. Stock supply chain management is the integration of eight key business processes, namely:

—Customer Relationship Management;

—Customer service;

—Demand management;

—Order Fulfillment Management;

—Production process support;

—Supply management;

—Product development and commercialization management;

—Management of returnable material flows.

It is in this sequence that the author suggests considering key business processes.

Due to the fact that this article deals with the issue of managing the costs and expenses of companies
related to inventory management in supply chains, we are talking about the sixth key business process —
"Supply Management". According to American experts, in order to increase the company's profit by 100%, it
is necessary to perform one of the following actions:

—Increase sales volume by 100%;

—Increase the price of goods by 15%;

—Reduce wages and salaries by 25%;

—Reduce overhead costs by 33%;

—Reduce procurement costs by 8.5%.%;

Thus, for every percentage reduction in procurement costs, 12% of profit growth is accounted for —
this is the best result. As Bruce Henderson, founder of the Boston Consulting Group, correctly noted: "The
profit equation has three variables: price, volume and costs, of which price is the most common and familiar
candidate for manipulation, although in fact volume and costs are easier to change than the industry price
level.” An increase in sales or production is inextricably linked to investments, and not every company can
afford this, so it is costs and maintenance that should be the object of close attention. The competitiveness of
companies in the present and future will be determined not only by the price and quality of goods or services
of value to the consumer, but also by the level of costs and expenses of the company for their creation. To do
this, it is necessary to maximize the company's competitiveness and profitability in supply chains by providing
the highest level of service at the lowest possible cost.

Efficient use of the company's available resources with optimization of reserves, costs and benefits
creates a sustainable competitive advantage and superiority for the company, increasing financial strength and



further business growth. Michael Porter, a professor at Harvard Business School, noted the following: "We
should never forget that we are working in a market economy and the market (for the most part) is already
quite saturated. Accordingly, the most realistic way to achieve the company's goal is the path of "cost
leadership."

The need to automate the inventory and procurement management process is dictated not only by the
capital intensity of this resource, but also by the complexity and complexity of inventory control and purchase
planning, since managers dealing with these issues deal with a large array of information, for example, the
assortment range of a supermarket averages from 4,000 to 20,000 items. The price of planning errors is an
increase in the company's risks due to the availability of excessive reserves that may become unusable. The
modern, complex and dynamic market environment requires Russian companies to continuously improve their
management systems and information systems to support them. In his book The Perfection of Change
Management, D. Harrington made the following remark: "In our information age, business processes can
become more dependent on the information systems that support them than on the people who manage them."
The conclusion is obvious, it is necessary to have and actively use modern information technologies that ensure
not only automation, but also synchronization of all operations both within the company and integration with
customers, suppliers, manufacturers, and freight forwarders, which fully corresponds to the SCM concept.

Currently, software developers or IT companies offer a large number of programs that automate
inventory and procurement management, and the 1C: ERP Enterprise Management program is becoming
increasingly popular. This product is based on the 1C platform, which is widely used in the Russian Federation.
The 1C: ERP program automates all business operations and integrates the company's divisions into a single
computer system by creating a single database with free access to information for all divisions involved in the
supply chain. It should be emphasized that the chosen program should ensure fast operation and have simple
user interfaces.

Company leaders need to remember that modern technologies are not only software, but also
management techniques, since the most difficult task is to involve people in their use of new technology. A
whole action plan is needed, including training, support, motivation, and rotation. It must be remembered that
it is not so much software that is valuable as changes, if a new program is simply installed and the principle of
operation does not change, the expected effect will not occur. Many companies have great ideas for
transformation, but those who know how to put ideas into practice and are not afraid of difficulties win. It is
necessary to gather talented people in your company, since supply chain managers work with cross-functional
processes, therefore, the head must be an outstanding person and possess such skills as: systems thinking and
strong leadership qualities; the ability to inspire and influence people; have superior business skills. American
entrepreneur Steve Jobs spoke well about this: "It doesn't make sense to hire smart people and then tell them
what to do. We hire smart people to tell us what to do."

The strategy developed and implemented by the company in accordance with the SCM concept helps to
respond to changes in the external environment. If the external environment is stable enough and the company
is satisfied with the volume of sales, there is hardly a need for changes — both in the company's activities and
in the intensity of work on inventory management and procurement. However, dynamically changing market
conditions and competitors' actions require new approaches and business technologies. As Richard L. Rankin,
a top manager at Ameritech Services, said: "It is necessary to look beyond your company, looking at others in
search of role models, so as not to one day turn out to be the "queen of the pigsty."

Thus, the introduction of modern information technologies in inventory and procurement management
is not a fad, but a vital necessity, since companies do not operate in a vacuum, but in a real competitive
environment and those that minimize costs, expenses and losses win. The aim of reducing the costs of
companies is to increase profitability and free up financial resources for investments in the further development
of the company.

A Russian proverb says: "One does not profit by income, but by expenditure.”
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This article provides a comprehensive analysis of genetically modified organisms, examining their
scientific definitions, regulatory frameworks, the multifaceted debates surrounding their ecological, socio-
economic implications. It contextualizes the evolution of GMO technology and the importance of transparent
governance to balance potential benefits for global food security. Emphasizing the necessity of adaptive,
inclusive approaches and sustained public engagement to maximize GMO contributions to sustainable
agriculture.

The debate over genetically modified organisms (GMOs) sits at the intersection of science, policy,
agriculture, economics, and ethics. Proponents emphasize potential gains in crop yield, nutritional
enhancement, and resilience to pests and climate stress, while critics raise concerns about unintended
ecological consequences, food safety, corporate control of the food system, and cultural values surrounding
food. The ongoing discourse has been shaped by international health and safety guidelines, regulatory
frameworks, and a diverse body of scientific literature. This article synthesizes the definition of GMOs, the
standards and risk assessment paradigms that govern their production, contemporary expert opinions and
contested evidence, and the potential implications of GMO deployment for global food security. The aim is to
present a structured, historically informed view that situates current debates within both real-world practices
and broader literary and cultural transmissions of the GMO concept.

A widely cited definition frames GMOs as organisms — plants, animals, or microorganisms — whose
genetic material (DNA) has been altered in ways that do not occur naturally through mating or natural
recombination [1]. This characterization, presented by major health organizations, emphasizes the artificiality
of the modification process and the potential for novel traits to arise that are not products of traditional
breeding. The definition provides the basis for regulatory and risk-assessment approaches that distinguish
GMOs from conventionally bred organisms.

Regulatory principles and risk assessment frameworks have evolved to address human health and
ecological concerns. In 2003, Codex Alimentarius (the Codex Commission on Food Standards) articulated
principles for the human health risk analysis of foods derived from GMOs [2]. These principles advocate a
risk-assessment workflow that is premised on premarket evaluation on a case-by-case basis and that considers
both direct effects associated with the inserted gene and potential unintended effects that may arise from the
genetic modification. The Codex approach underscores the importance of identifying, characterizing, and
mitigating hazards while evaluating benefits, uncertainties, and post-market surveillance needs. Taken
together, these standards provide a regulatory scaffold that influences national policies and international trade.

Historical context helps explain why GMOs have become a focal point of science, policy, industry, and
culture. Key developments span technical innovations, regulatory milestones, agricultural practices, and
literary/metaphorical resonances.

The advent of recombinant DNA methods in the 1970s and subsequent launching of transgenic crops in
the 1990s marked a turning point in modern agriculture. The introduction of herbicide-t tolerant and pest-



resistant crops rapidly expanded in many regions, driven by the promise of increased yields, simplified weed
management, and reduced losses. Over time, regulatory approvals and market access depended on country-
specific biosafety frameworks, risk assessments, and labeling policies. By the early 21st century, GM crops
had become integral to certain agricultural systems, particularly in North America, parts of South America,
and some regions in Asia and Africa, while public acceptance varied widely [3].

Real-world cases illuminate the dual character of GMOs: agricultural productivity and divergent risk
perceptions. Examples include:

1. Bt crops (e.g., Bt cotton and Bt maize) engineered to express Bacillus thuringiensis toxins for pest
control, contributing to reduced pesticide use and yield protection in some settings, yet raising questions about
pest resistance, non-target effects, and ecological balance.[4]

2. Herbicide-tolerant crops (e.g., glyphosate-tolerant varieties) that have facilitated weed management
but also spurred debates about herbicide use intensity, off-target environmental impacts, and resistance
management.[5]

3. Nutritionally enhanced crops and biofortification (e.g., Golden Rice and other programs) pursued to
address micronutrient deficiencies, illustrating public health potential alongside concerns about access, ethics,
and governance.

Literary and cultural resonances GMOs have permeated literature and cultural discourse, functioning as
metaphors and prompts for ethical reflection. Classic and contemporary narratives interrogate human
intervention in nature, the boundaries between natural and engineered life, and the social consequences of
scientific capability. Some works emphasize precaution, while others explore potential utopian visions of food
security and environmental stewardship. These literary dimensions contribute to public imagination and shape
perceptions of risk, benefit, and responsibility in ways that influence policy debates and consumer attitudes.

Over time, the GMO debate has become as much about governance, trust, and information transparency
as about technical risk. Public concern has frequently centered on issues such as food safety, long-term
ecological effects, corporate control of seed systems, corporate transparency, labeling, and perceived inequities
in access to technology and benefits. Divergent risk assessments and communication strategies among
scientists, regulators, industry, and civil society have contributed to a pluralistic landscape where consensus
on complex questions remains challenging.

Divergent expert opinions on GMO safety reflect both the complexity of biological systems and the
limits of available studies. One common contention is that genetic modification constitutes an intervention in
DNA that is not achievable through natural processes, and consequently may introduce unforeseen biological
effects. Proponents of cautious skepticism emphasize the importance of rigorous, transparent, long-term
studies to detect both direct and indirect health effects.

Scientists acknowledge that mass genetic engineering in the consumer market carries potential risks, but
many also view the technology as a tool with capabilities to address global food security challenges.
Projections of future population growth—reaching approximately 9 billion by mid-century—coupled with the
forecast for rising food demand and environmental pressures, motivate consideration of GMOs as part of a
portfolio of strategies to increase agricultural productivity, resilience, and nutritional quality. In this framing,
GMOs are discussed as a “lesser evil” or a necessary component of a broader, integrative solution to feed a
growing population, reduce poverty-related hunger, and adapt agriculture to climate change.

The cautious-optimistic stance surrounding GMOs emphasizes:

- Robust regulatory science, transparent risk assessment, and independent oversight.

- On-farm stewardship, monitoring for ecological effects, and strategies to prevent or mitigate resistance
development in pests and weeds.

- Equitable access to technology, benefit-sharing with smallholders, and consideration of socio-
economic impacts on farmers and local communities.

- Clear labeling, consumer choice, and ongoing public engagement to maintain trust and informed
decision-making.

- International cooperation to address trade, harmonize safety standards where feasible, and manage
cross-border effects.

To illuminate how various dimensions of GMO deployment may unfold, consider a comparative, multi-
criterion view that contrasts potential outcomes across four key domains: agricultural productivity and food
security, environmental impact, health and safety, and socio-economic and governance dimensions. The
following chart presents a simplified, qualitative overview of potential implications under scenarios
emphasizing different priorities (high-benefit vs. precautionary emphasis).

Comparative chart of potential GMO implications (qualitative assessment)



food security

resilience; accelerated development
of climate-adaptive crops; potential

reduction in food prices and loss-of-
food to pests

Domain High-benefit emphasis Precautionary emphasis
Agricultural Potential gains: increased yields, Risks/uncertainties: genetic uniformity
productivity and | nutrient density, drought/pest concerns, reliance on single traits, market

concentration, trade disruption if non-aligned
regulatory standards persist.

Environmental
impact

Potential gains: reduced pesticide
use, improved resource efficiency,
crop traits that enable soil and water
conservation.

Risks/uncertainties: gene flow to wild
relatives, development of resistant
pests/weeds, biodiversity effects, unintended
ecological interactions.

Health and safety

Potential gains: reduction of
micronutrient deficiencies, safer
storage/quality, potential unmet
needs addressed by biofortified crops

Risks/uncertainties: long-term health
outcomes in diverse populations remain
incompletely understood, need for robust
post-market surveillance, labeling and risk
communication to support informed choice.

Socio-economic
and governance
dimensions

Potential gains: farmer access to
improved seeds, income
stabilization, potential reductions in
food prices for consumers,
innovation ecosystems

Risks/uncertainties: market concentration
among seed/biotech firms, intellectual
property constraints, access gaps for
smallholders, governance challenges in
standardization and trade.

To conclude, it should be state that if policy and practice emphasize robust risk assessment, transparent
governance, and inclusive benefit-sharing, GMO technologies can contribute meaningfully to food security
while mitigating major risks.

Given the diversity of crops, genetic constructs, regional agricultural systems, and regulatory
landscapes, generalized conclusions about GMOs should be avoided. Ongoing transparency in data, continued
independent research, and adaptive governance are essential to align scientific understanding with societal
values. Future work should prioritize long-term ecological studies, human health surveillance, and
interdisciplinary analyses that integrate agronomy, ecology, economics, ethics, and sociology.

References:

1. World health organization (who). definition and scope of gmos; general safety considerations. URL.:
https://www.who.int/news-room/questions-and-answers/item/food-genetically-modified

2. Principles for the risk analysis of foods derived from modern biotechnology cac/gl 44-2003. — URL.:
https://www.ecolomics-international.org/cad_2003_1 principles_risk_analysis_gm_food.pdf

3. Traxler, G. The gmo experience in north and south america // international journal of technology and
globalisation 2(2):46-64, 2006. doi:10.1504/ijtg.2006.009126. - URL:
https://www.researchgate.net/publication/228651244 The GMO_experience_in_North_and_South_America

4. Abbas, M.S.T. Genetically engineered (modified) crops (bacillus thuringiensis crops) and the world
controversy on their safety. Egypt J Biol Pest Control 28, 52 (2018). https://doi.org/10.1186/s41938-018-
0051-2 ./ - URL.: https://ejbpc.springeropen.com/articles/10.1186/s41938-018-0051-2

5. Green, J.M., Owen M. herbicide-resistant crops: utilities and limitations for herbicide-resistant weed
management. journal of agricultural and food chemistry 59(11):5819-29, 2011. doi:10.1021/jf101286h. —
URL:
https://www.researchgate.net/publication/44850621 HerbicideResistant_Crops_Utilities_and_Limitations_f
or_Herbicide-Resistant Weed_Management

IF’EHETUYECKHU MOJIUPUIINPOBAHHBIE OPT'AHU3MbI (I'MO): MUCTOPUYECKUI
KOHTEKCT, AKTYAJIBHBIE TUCKYCCHU U TEPCIIEKTUBbI HA BYAYIIIEE
Cmupnos E.JI.

Hayunsiii pykoBogutens: H.C. Apuctosa, 10o1eHT
Kazanckuil HallMOHaIBHBIN UCCIEN0BATENBCKUM TeXHUUEeCKu yHuBepcuteT uM. A.H.Tynonesa

B crathe mpencrtaBieH BcecTopoHHHE aHanmm3 ['MO, BKIIIOYAOMIMA WX HAYYHOE OIpeEIeIICHUE,
HOPMAaTHBHO-TIPABOBBIE OCHOBBI M MHOTOACIIEKTHBIE IUCKYCCHM, CBA3aHHBIE C DJKOJOTUYECKUMH, U
COIIMANIbHO-PKOHOMUYECKUMHU ~ actiekTamu. VccrnemoBanue mnomemaer pasButue TexHomorud ['MO,
aKIIEHTHUPYs BHUMAaHWE Ha Pa3IUYHBIX TOYKAX 3PEHHUS SKCIEPTOB M BAXKHOCTH MPO3PAUYHOrO YIPABIICHUS.



[ToguepkuBaeTcsi HEOOXOTUMOCTh ANAlTUBHBIX, IPOBEACHHS CTPOTOH OICHKH PHCKOB, CIIPaBEIIUBOTO
pacnpezeneHus BBITO B OOMIECTBEHHOTO YYacTHs Il MakcuMu3arun Bkinaga ' MO B ycToWdmBO€ pa3BUTHE
CENILCKOTr0 XO35IMCTBA.

V]IK 629.735.45
INNOVATIONS IN HELICOPTER ENGINEERING:
ELECTRIC TRANSMISSION SYSTEMS
Tikhomirova R.L.
ren-555@mail.ru
Scientific advisor: N.S. Aristova, Associate Professor
Kazan National Research Technical University named after A.N. Tupolev

This article examines helicopter electric transmission systems. It analyzes the benefits of increased
energy efficiency, reliability, and reduced weight, as well as the potential for improved controllability and
flight safety. It also presents current developments and prospects for implementing electric transmissions in
aircraft, which will facilitate the development of environmentally friendly and fuel-efficient aircraft.

As interest in more sustainable and environmentally friendly modes of transport grows, the aviation
industry is increasingly turning to alternative energy sources. One such promising option is electric motors.

The successful maiden flight of the Alice aircraft in 2022 is a significant milestone because it
demonstrates the practical viability of fully electric commercial aviation. This event marks a breakthrough in
reducing the aviation industry’s carbon footprint by replacing traditional fuel engines with electric propulsion,
which produces zero emissions during flight. Additionally, Alice’s success highlights advancements in battery
technology, aircraft design, and sustainable aviation solutions, paving the way for quieter, more efficient, and
environmentally friendly air travel. It also encourages further investment and innovation in electrified aircraft,
signaling the beginning of a new era in aviation development. Alice produces no carbon emissions,
significantly reduces noise, and costs a fraction to operate per flight hour compared to light jets or high-end
turboprops. “Today we embark on the next era of aviation — we have successfully electrified the skies with the
unforgettable first flight of Alice,” said Eviation President and CEO Gregory Davis. “People now know what
affordable, clean and sustainable aviation looks and sounds like for the first time in a fixed-wing, all-electric
aircraft. This ground-breaking milestone will lead innovation in sustainable air travel, and shape both
passenger and cargo travel in the future”.

As for helicopter manufacturing, the production of fully electric helicopters is currently under
development. The possibility of replacing turbine or piston internal combustion engines lies in their
replacement with electric analogs with similar performance. Electric motors operate due to the interaction of
magnetic fields. They can be direct or alternating current. An electric motor contains permanent magnets or
creates a magnetic field by applying electric current through coils. Under the influence of magnetic fields,
forces are generated that cause the motor rotor to rotate. This rotation is converted into mechanical work [1].
In the realm of helicopter manufacturing, the development of fully electric helicopter systems is currently
underway, representing a significant advancement in aerospace technology. This emerging sector aims to
transform conventional rotorcraft by replacing traditional internal combustion engines—such as turbine or
piston engines—with electric propulsion systems. The core premise of this transition hinges on the feasibility
of developing electric analogs that can deliver comparable performance metrics, including power output,
endurance, and reliability. Achieving this parity necessitates extensive research and innovation in battery
technology, electric motor design, and power management systems. Moreover, the integration of these electric
components into helicopter architectures presents unique challenges related to weight optimization, thermal
management, and safety standards. As such, ongoing investigations are focused on addressing these technical
hurdles to facilitate the practical deployment of fully electric helicopters, which hold the potential to offer
benefits such as reduced emissions, lower operational costs, and decreased noise levels. The successful
realization of this technological shift could significantly influence the future landscape of rotorcraft
transportation and sustainable aviation.

The global problem of environmental pollution is extremely pressing today. Even under the most
optimistic scenario of improving aviation fuel efficiency, carbon dioxide emissions are projected to reach
almost 1,500 megatons per year by 2040. Although aviation currently lags significantly behind road transport
(approximately 15 times) in terms of harmful emissions, it still has a daily impact on the ecology of the upper
troposphere and lower stratosphere [2]. The ongoing rise in aviation emissions, despite advances in fuel



efficiency, highlights the urgent need for alternative solutions in reducing environmental impact. Aviation’s
influence on the upper troposphere and lower stratosphere contributes to climate change not only through CO:
but also via contrails and nitrogen oxides, which exacerbate greenhouse effects. To address this, the industry
is investing in sustainable aviation fuels, electric propulsion, and hybrid systems to lower overall emissions.
Additionally, optimizing flight routes and improving air traffic management can reduce fuel consumption.
These measures are essential to curbing pollution from aviation and aligning the sector with global climate
goals. Therefore, replacing environmentally hazardous helicopter engines with their electric counterparts is
only a matter of time. Volocopter GmbH, founded in 2011, presented its prototype electric manned ultralight
multicopter helicopter [3]. The following comparison table shows the characteristics of the VC 200 electric
manned helicopter prototype and the R22 ultralight helicopter with a piston internal combustion engine.

Table 1. Comparison table of helicopter prototypes

Helicopter prototypes R22 [4] VC 200 [5]
Maximum takeoff weight Up to 621 kg Up to 450 kg
Helicopter crew 1-2 passengers 1-2 passengers
Flight duration 2,5 hours about 1 hour
Cruising speed 178 km/h 100 km/h
Static flight ceiling 4265 m 1980 m

The comparison table shows that the performance of a piston-powered helicopter is only slightly
superior to that of an all-electric one.
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Fig. 1 - Prototypes of the VC 200 and R22 hellcopters (from i-et to right)

Therefore, it can be assumed that the development of helicopter engineering toward alternative energy
sources will be successful. Using the example of the Alice aircraft and the VC 200 manned helicopter,
aeronautical designers and engineers have proven that the production of zero-carbon aircraft is not only
possible but also necessary. These innovative models demonstrate the feasibility of electric propulsion systems
that significantly reduce or eliminate carbon emissions. Advances in battery technology, lightweight materials,
and efficient motors enable sufficient flight range and payload capacity, making electric helicopters
increasingly practical for both civilian and commercial use. Continued investment and research in this field
are crucial for accelerating the transition to sustainable aviation and mitigating environmental pollution from
air transport.

Yet, the next question arises: are electric transmission systems really as environmentally friendly as they
are thought to be? As mentioned above, an electric motor is a device that allows you to convert electrical force
into mechanical force by untwisting the main rotor. However, this very electric force comes by transferring
energy from the accumulators. Accumulators, in turn, convert chemical energy into electrical energy. The
accumulators themselves do not pose a great threat to the environment during operation, but their disposal is
another matter. One discarded accumulator can damage the soil for several decades. You need to understand
that in aviation, if you win in one area of development, you certainly lose in another one.



Therefore, while electric transmission systems in aviation offer clear environmental benefits during
operation, their overall impact must be evaluated holistically. The reliance on accumulators (batteries)
introduces challenges related to resource extraction, manufacturing emissions, and especially disposal.
Improper disposal of batteries can lead to long-term soil contamination due to heavy metals and toxic
chemicals. Furthermore, battery production requires rare materials like lithium, cobalt, and nickel, raising
concerns about mining practices and supply chain sustainability. Consequently, the transition to electric
aircraft demands advancements not only in motor and airframe technology but also in battery recycling and
sustainable material sourcing. Only by addressing these interconnected factors can electric aviation truly
achieve its goal of reducing the environmental footprint without shifting the burden elsewhere.
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The world of aviation has always undergone major changes. New aircraft appeared, which were superior
in quality to their predecessors, and therefore the design and creation of the latter ceased. However, old ideas
can still have considerable prospects. These include autogyros, which are currently gaining popularity -
lightweight and inexpensive aircraft that have the potential to become personal transport in the future. Besides,
their special characteristics will allow autogyros to be used in the conditions of Siberia.

An autogyro is an aircraft that can be based outside of an airfield and combines the properties of an
airplane and a helicopter. Like a helicopter, an autogyro has a rotor that is driven in flight not by an engine, as
in a helicopter, but by the oncoming airflow, performing the functions of a wing and creating lift. This
phenomenon is called autorotation. The autorotation effect allows the autogyro to land with the engine off,
which is comparable to parachute control. An aircraft accident (AA) on an autogyro can only occur if flight
operating rules are grossly violated [1].

1.Principle of autogyro operation
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Fig. 1 Scheme of forces acting on an autogyro in horizontal flight, where:

e P,— Lift force on the main rotor

e P,— Lift force on the wing (if provided for in the design)

o T — Thrust of the pulling/pushing rotor (depending on the design)

¢ ¢ — weight of the autogyro

o () —drag

The principle of generating lift with a main rotor is well known and does not require detailed study. But
what causes the main rotor to spin without torque from the engine?

Fig. 2. Scheme of forces acting on a blade element in body-fixed frame and wind-axis frame.

The horizontal component of aerodynamic force in both body-fixed frame and wind-axis frame is
directed toward the rotation of the blade element of the rotor. This is how the rotor as a hole is spinned by the
flow.

2. The relevance of using autogyros in various areas of human activity

In the context of strategic tasks related to the development of transport infrastructure and ensuring
mobility in hard-to-reach regions, the issue of diversifying the fleet of small and special aircraft is of particular
importance. Against this backdrop, autogyros demonstrate significant, but mostly unrealized, operational
potential.

The main advantage of autogyros over helicopters and airplanes is their combination of relatively low
cost and high flight safety. The price of a helicopter is several times higher than that of a standard autogyro.
An airplane can lose speed in flight and go into a tailspin, while an autogyro begins to descend smoothly when
it loses speed. The engine of an autogyro can run on automotive gasoline, and its overall fuel consumption is
lower than that of airplanes and helicopters. Airplanes need prepared areas for takeoff and landing, while



autogyros do not require a runway; the pilot can land the aircraft on an unprepared area. The takeoff
acceleration of an autogyro is several times less than that of an airplane, and autogyros with a jump takeoff do
not require acceleration at all. The open cockpit of autogyros provides the pilot with good visibility (this factor
makes the aircraft more convenient and safer to fly) and excellent conditions for aerial photography and
filming. Autogyros have significantly less vibration compared to helicopters. However, autogyros cannot
hover in the air like helicopters and are less maneuverable than airplanes [3].

In addition, the large-scale introduction of autogyros into practical use faces a number of systemic
barriers. These include an insufficiently developed regulatory framework governing their certification, limited
domestic production of serial models, and conservative market demand due to a lack of information about their
real capabilities.

In the next paragraphs the potential areas of wide application for autogyros are considered:

« Agriculture. Autogyros can be used for spraying small and medium-sized crops, flying over the
territory, and controlling and monitoring crop areas. Spraying large areas will require a large number of flights,
since an average autogyro can carry 250 to 300 kilograms of treatment material per flight. In this regard,
treating large crop areas will not be economically feasible.

» Search and rescue operations. Autogyros can be used to provide emergency medical assistance and
quickly extinguish forest fires.

» Transportation and logistics services. Autogyros are suitable for the rapid delivery of valuable items
or the transportation of small and medium-sized items.

* Tourism. Autogyros are used for sightseeing flights and visits to historical sites.

* Environmental monitoring. Autogyros are used to monitor forest and agricultural land, for
meteorological and ice reconnaissance, and to inspect power lines, oil and gas pipelines.

Undoubtedly, all these tasks can also be performed by helicopters. A comparative analysis of the
economic advantages of autogyros over helicopters is demonstrated in Table 1.

Table 1. Comparative characteristics of the MTO Sport autogyro and the Mi-8T helicopter.

Characteristics MTO Sport Mi-8T
Length, m 5,08 25,31
Wideness, m 1,88 2,34
Height, m 5,54 5,54
Empty vehicle weight, kg 245 6 934
Maximum take-off weight, kg 495 12 000
Tank volume , | 34 3500
Maximal speed, kmph 185 260
Cruising speed, xm/a 110-165 225
Engines Rotax 912 ULS Klimov TV2 117A
Flight range, km 560 480
Average vehicle cost , million | 13-17 75-90
rubles

Cost per flight hour, thousand | 6-8 130-150
rubles

The analysis is therefore reveals that in terms of flight speed and load capacity, the autogyro is
undoubtedly inferior to the helicopter. However, it holds a significant advantage in overall dimensions such as
aircraft storage, flight range, and, most importantly, the cost per unit of equipment and flight hour.

Autogyros can be used as a unit of equipment for monitoring forest areas and as a means of search and
rescue operations. For example, there are several mountain ranges and peaks in the Krasnoyarsk Territory.
Landslides, mudslides, and avalanches are common in the mountains. Search operations using human
resources take a long time, and heavy aircraft are not always deployed due to their high operating costs. In
such cases, autogyros equipped with thermal imagers, volume sensors, and visual observation devices can be
used. Searching for people under rubble can be more productive, and the chances of rescue for the victims can
be increased.

Consequently, the current developmental phase of autogyro technology presents considerable potential
for expansion. The mitigation of existing barriers is a critical prerequisite for the transformation of autogyros
from exotic machines into effective tools for solving a wide range of tasks: from monitoring critical
infrastructure and protecting the environment to ensuring mobility in remote regions. The successful
integration of autogyros into the national airspace necessitates foundational government support. Such a



program would facilitate their development as a complementary technology to helicopters, enabling their
contribution to broader economic growth.
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B mupe aBmanum Bcerza NpoHCXOAWiIM Oombinve u3MeHeHHs. [losIBISUIMCH HOBBIE JIETAaTENbHBIC
anmaparkl, KOTOpbIEe CBOMMH Ka4e€CTBAMH OBLIM JIyUILE MPEXKHUX, K IO3TOMY IPEKPaIaIoCch IPOSKTUPOBAHUE
u co3gaHue nocienHux. Ho crapele maen mo-mpexxHeMy MOTYT MUMETh HeMajble MepcreKTHBbl. K HUM u
OTHOCSITCSI aBTOXKUPEI, B HACTOSIIIEE BPeMsi OHM HAOMPAIOT OMYJISIPHOCTD - JIETKHE W HEJJOPOTHE JieTaTeIbHbIE
anmapatel (JIA), UMeroIIMe MEepPCIeKTUBBl CTaTh MEPCOHANBHBIM TPAaHCIOPTOM B OyaymieMm. A ocoOble
XapaKTEePUCTUKH MO3BOJIT UCIIOJIB30BaTh aBTOXKUPHI B yclaoBusiX Cubupu.
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This study explores the modern evolution of optical computing (OC) and its application to processing Big
Data and advancing artificial intelligence (Al). The paper highlights the core physical benefits of photonic systems
exceptional bandwidth, inherent parallelism, and minimal energy consumption. It also reviews major architectures
such as photonic neural networks and diffractive optical networks, emphasizing current technical barriers related to
nonlinear components and large-scale integration.

Introduction

The continuous growth of data volumes and computational needs within artificial intelligence has led to the
near exhaustion of traditional electronic computing capabilities. Moore’s Law, once a reliable predictor of
performance scaling, is gradually losing its relevance as transistor miniaturization encounters thermal and energetic
limitations [1]. In this context, optical computing (OC) emerges as a transformative technology capable of
dramatically improving data processing rates and energy efficiency. Unlike conventional electronics that rely on
electron flow, photonic systems utilize photons allowing data transmission and computation to occur at the speed
of light while supporting extensive parallel communication [2]. Particularly promising are OC applications in Al
and Big Data, where large-scale parallel computation and high-dimensional matrix operations form the
computational backbone of neural networks [3].

Historiography

The concept of optical computing began to take shape in the mid-20th century. Early researchers explored
how light interference, diffraction, and lens systems could execute mathematical operations such as the Fourier
transform and spatial correlations [1]. During the 1980s—-1990s, much attention was devoted to developing optical
logic gates, switches, and modulators; however, the limitations of materials and fabrication technologies prevented
the creation of full-scale computing platforms. In recent decades, significant progress in photonic integration,
nanostructures, and computational algorithms has renewed interest in this field. The discipline has evolved from
analog optical processors to integrated photonic chips capable of performing digital-like operations on-chip. Today,
researchers pursue two complementary directions: using photonic systems to accelerate existing electronic
computations, and employing advanced algorithms to design and optimize photonic architectures. As several recent



studies note [3], optical computing is increasingly viewed as a hew paradigm for the post-Moore era, promising to
overcome the physical constraints of traditional semiconductor technologies.

1.Physical principles and advantages of optical computing

Optical computing relies on the unique physical nature of light its high carrier frequency, enormous
bandwidth, and capacity for massive parallelism. Photonics provides frequencies around 500 THz, roughly 100,000
times greater than that of typical electronic circuits (~5 GHz). This enables two fundamental forms of parallelism:

o Spatial parallelism: simultaneous manipulation of millions of independent optical channels using spatial
light modulators (SLMs);

e Frequency parallelism: concurrent transmission of signals encoded at different wavelengths through
wavelength-division multiplexing (WDM).

Another vital advantage of photonics is its extremely low propagation loss. Many linear optical
transformations such as convolution, correlation, and Fourier operations can be performed almost instantaneously
and without heat dissipation. Consequently, photon-based computation achieves remarkable energy efficiency
while maintaining ultrafast processing speeds [1,3]. Beyond speed, optical systems offer high scalability through
spatial, frequency, and even three-dimensional multiplexing. Although transistor density in CMOS circuits remains
higher in two-dimensional layouts, photonics gains superiority when extended into three dimensions or across
multiple wavelengths. Moreover, analog optical processors, typically providing under 10-bit precision, still satisfy
the accuracy demands of most Al and machine-learning workloads.

2.Architectures of optical computing

Modern optical computing systems utilize various architectures designed to exploit the intrinsic advantages
of photonics:

» Photonic Neural Networks (PNN). These architectures implement artificial neural networks using arrays
of Mach—Zehnder interferometers, microring resonators, or other integrated photonic components. They can
perform large-scale matrix multiplications in parallel, achieving high throughput and low latency [2].

o Diffractive Deep Neural Networks (D>NN). These systems consist of multiple diffractive layers that
modulate the amplitude and phase of light waves. As light propagates through the structure, it executes complex
transformations such as filtering, feature extraction, or classification in a single optical pass [1].

o Optical Correlators and Fourier Processors. Since the 1960s, optical correlators have exploited the
Fourier properties of lenses to implement convolution operations. Contemporary designs employ programmable
spatial light modulators and holographic elements to enhance flexibility and reconfigurability [2].

o Metasurfaces and Nano-Optical Devices. Advances in nanophotonics have enabled the fabrication of
compact components capable of performing mathematical operations differentiation, integration, and Fourier
transforms entirely in the optical domain [3].

These architectures confirm that photonics is particularly efficient for linear algebraic computations the core
operations underlying most Al and Big Data analytics tasks.

3.Challenges and limitations

Despite rapid progress, optical computing still faces several critical technological and conceptual obstacles.

The most serious issue is the absence of compact and energy-efficient nonlinear optical elements, which are
essential for implementing activation functions in neural networks. Nonlinear interactions in photonic systems
usually require high power levels or bulky materials, making large-scale integration difficult. Another unresolved
challenge lies in the lack of dense optical memory. While optical media can store data efficiently, dynamically
writing, reading, and updating information at high speeds remains problematic. A significant bottleneck also arises
from the necessity of converting signals between optical and electronic domains. Each conversion step introduces
latency, energy loss, and system complexity, diminishing the advantages of all-optical processing. Finally, large-
scale integration of multilayer photonic chips remains expensive and technically demanding. Fabricating precise
nanostructures that maintain phase coherence and alignment across multiple layers continues to be a major
engineering task. Because of these challenges, most existing systems are hybrid architectures, combining the best
of both worlds. Optical subsystems handle linear operations such as matrix-vector multiplications, while electronic
components process nonlinear functions and manage memory. This hybrid approach is currently the most practical
route toward scalable and efficient photonic computing platforms [1,3].

4. Application prospects

The greatest potential for optical computing appears in fields demanding high data throughput, real-time
processing, and large-scale parallelism:

o Artificial Intelligence and Machine Learning. Optical accelerators can speed up core operations of
neural networks matrix and tensor multiplications by several orders of magnitude while significantly reducing
power consumption. This makes them promising candidates to complement or even replace conventional GPUs
and TPUs [1,2].



« Big Data Analytics. Photonic systems, due to their bandwidth and parallel processing capabilities, are ideal
for analyzing massive datasets, including real-time image and video streams, sensor data, and network traffic [2].

o Communications and Sensor Networks. As modern communication systems increasingly rely on optical
signals, integrating photonic computation allows direct in-line data processing, eliminating costly electronic
conversions [3].

o Optimization and Scientific Modeling. Novel architectures such as photonic Ising or XY machines
demonstrate that optical systems can solve complex combinatorial optimization tasks faster and with less energy
than electronic counterparts [3].

Thus, optical computing is poised to become a crucial technology for both data-intensive industries and
advanced scientific research.

Conclusion

Optical computing represents one of the most forward-looking directions in modern computational science.
Leveraging the intrinsic properties of photons unparalleled speed, vast parallelism, and low energy dissipation
photonic processors could dramatically transform how data is processed in artificial intelligence and Big Data
analytics. While technical barriers such as nonlinearity, memory integration, and manufacturing complexity remain,
the current trend clearly points toward the development of hybrid optical-electronic architectures. These systems
will likely serve as the backbone of next-generation computing platforms, merging the efficiency of photonics with
the flexibility of electronics.
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B cratbe paccMarpuBarOTCS COBPEMEHHBIE TEHAEHLMM pa3BUTUS onTuueckux Bbruucienuin (OB) u
BO3MOKHOCTH X TIPUMEHEHUsI IPH 00pabOTKe OOJBIINX JaHHBIX U PEIICHNH 3314 HCKYCCTBEHHOT'O MHTEJIIEKTa
(UN). Tlokazanbl KiroueBble (U3MUECKHe NPEeUMYIIecTBa (DOTOHHBIX TEXHOJOTHH BBICOKAs MPOITYCKHAs
CIIOCOOHOCTb, TMapauICNbHOCTh 00pabOTKM HMH(pOpMAaLMd W MHHHUMalbHOE »3Hepromnotpedienue. Ocoboe
BHMMAaHHE Y/IEJICHO OCHOBHBIM apXUTEKTypaM ONTHYECKUX BBIYMCICHHUH, BKIIIOUas (POTOHHBIC HEHPOHHBIE CETH U
Tu(paKIMOHHBIE HEWPOCETH, a TaKKe O003HAUCHBI CYHIECTBYIOIIME TPYIHOCTH, CBSI3aHHBIE C pean3aliei
HEJIMHEWHBIX SJIEMEHTOB U MHTETpaliell MHOTOYPOBHEBBIX (DOTOHHBIX CXEM.



