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再工业化：通过创新实现工业现代化的道路
REINDUSTRIALISATION: THE PATH TO INDUSTRIAL 

MODERNISATION THROUGH INNOVATION 

Barunova Anastasia Aleksandrovna
Collaborator 
Institutional Analysis Laboratory, Southern Federal University
Demakhina Olesia Vladimirovna
Collaborator
Institutional Analysis Laboratory, Southern Federal University

注解。 本文探讨了俄罗斯再工业化的话题，并建议借鉴中国的成功经验来解
决这个问题。 中华人民共和国是有效再工业化和实施社会主义现代化进程的生
动例子，使该国成为世界领先的工业强国之一。 本文分析了中国模式成功的原因
以及该机制的哪些要素在创新方面最有效。

关键词：再工业化、创新发展、社会主义现代化、工业、国家创新体系、维勃伦
二分法、制度经济学。

Annotation. This article considers the topic of reindustrialisation in Russia 
and suggests turning to the successful experience of China to solve it. The 
People’s Republic of China is a vivid example of effective reindustrialisation 
and implementation of the process of socialist modernisation, which allows the 
country to become one of the leading industrial powers in the world. The paper 
analyses the reasons for the success of the Chinese model and what elements of 
this mechanism work most effectively on the innovation side.

Keywords: reindustrialization, innovative development, socialist 
modernization, industry, national innovation system, Veblenian dichotomy, 
institutional economics.

In Russian economics, attention to the new industrialization began to grow at 
the beginning of the tenth years of the XXI century, which was due to objective 
economic processes, as well as the ongoing state economic policy. On the global 
agenda, the economies of developed countries are characterized by deindustrial-
ization processes (Benanav, 2022). In Russia in recent decades, this process has 
also been accompanied by radical changes in the structure of the economy.

Although deindustrialization is an objective economic trend, it affects the fun-
damental principle of modern economic development – mechanisms of increasing 
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returns (Volchik, 2022). Moreover, industrial production itself has undergone sig-
nificant changes and has increasingly used digital and information technologies, 
which, in particular, strongly affect productivity and working conditions in the 
industrial sector of the economy. The negative effects of deindustrialization have 
caused processes that have been called “new industrialization” in the scientific 
literature. 

New industrialization is considered in the scientific literature along with in-
dustrialization, deindustrialization and reindustrialization (Razvadovskaya, 2020), 
and in some studies it is identified with reindustrialization (Yudina, 2015).  It is 
associated with changing technologies and strategic innovations, as well as the 
evolution of institutions. The asynchrony of changes creates contradictions and 
conflicts, most clearly expressed in the concept of Veblen’s dichotomy, which, 
in turn, prompts attention to the nature of the institutional adaptation of society to 
these various changes, including technological ones.

The modernization of the Russian economy remains relevant in modern con-
ditions. Russia’s industrial policy, in addition to other mechanisms, should also 
primarily contribute to the process of reindustrialization, and the creation of new 
“good jobs” with high wages and requiring skilled labor. In this context, it is nec-
essary to refer to the experience of the People’s Republic of China, a developing 
country currently implementing the general strategic plan approved by the 20th 
National Congress of the Communist Party of China, according to which it is 
envisaged to “mainly implement socialist modernization” in the period from 2020 
to 2035. The concept of “socialist modernization” is the correlation of universal 
modernization patterns with unique Chinese characteristics, including factors of 
Marxist theory and the heritage of Chinese culture. The prioritization of devel-
opment directions here is based on the need to redouble efforts in self-reliance, 
produce their own innovations and improve the situation with social justice (The 
Institute of China and modern Asia of the Russian Academy of Sciences (Eds.), 
2023).

Considering innovation, it is worth mentioning the government’s program of 
growing “small giants” in the field of high technology: micro, small and medi-
um-sized enterprises in China create over 60% of GDP, 90% of domestic and 
about 50% of foreign trade, 75% of technical innovations and more than 80% of 
the annual output of new products (The Institute of China and modern Asia of the 
Russian Academy of Sciences (Eds.), 2023). This potential is highly justified by 
one of Deng Xiaoping’s slogans “Let some people get rich first”, said during his 
southern tour in 1992 – people strive to be innovative and entrepreneurial, regu-
larly offer new products in the domestic market. Moreover, due to the openness 
of Chinese customers to testing new domestic brands, as well as their willingness 
to join joint development, inexperienced manufacturers can test and adapt their 
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products to the changing needs of consumers with less cost and risk. The existing 
institutional determinants play a huge role here. For example, the state is constant-
ly searching for new sources of economic growth in the face of rising wages, in-
creasing youth unemployment and a decrease in the working-age population. The 
“14th five-year plan for the development of small and medium-sized enterprises” 
for 2021-2025 assumes prioritization of increasing innovation activity, improving 
environmental indicators, strengthening social stability through better manage-
ment of the urbanization process and poverty reduction, the achievement of which 
obviously leads to stabilization of the growth in the number and quality of small 
and medium-sized enterprises, in particular creation of new high-tech innovative 
enterprises. This effect is also demonstrated by the already well-known results 
of digitalization - the emergence of new digital technologies such as big data, 
artificial intelligence (AI) and blockchain, business-oriented Internet applications, 
5G generation communication networks - which have expanded opportunities for 
the development of innovative entrepreneurship of small and medium-sized enter-
prises in various sectors of industry and services, new types of business (Pikover, 
2023). Large-scale production, in turn, having been developed even before the 
adoption of reforms to activate the activities of private entrepreneurship, is now 
also supported by the Communist Party of China through various benefits, bank 
loans. Currently, the greatest returns are observed from the production of our own 
semiconductors and microcircuits.

The Striver deep-sea exploration mission, an international manned deep-sea 
exploration mission in Oceania, has been successfully completed. This achieve-
ment demonstrates China’s advanced deep-sea exploration capabilities and rep-
resents a new landmark in the development of China’s deep-sea technology and 
ocean exploration capabilities. The underwater world holds many unexplored and 
mysterious mysteries, and its exploration is becoming more feasible and produc-
tive every year. Maybe experts from China will be able to determine whether it is 
possible to create conditions for human life underwater (China’s Striver manned 
deep-sea research mission, 2024). 

Another example of innovative achievement is the first commercial flight of 
the C919 large airliner. This goal was accomplished through comprehensive stra-
tegic cooperation in the development of a domestically developed large aircraft 
model, which is a significant achievement for China’s domestically developed 
airliner. These industrial advancements have created new opportunities in the field 
of civil aviation (C919 – Together we are witnessing the growth of domestic large 
aircraft production, 2024). 

The field of space exploration is an area of rapid development that deserves 
attention. At present, Chinese space stations are busy building and developing 
applications for space exploration. In addition, scientists are conducting research 
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on the solar system. The launch of the Kuafu-1 satellite, designed to observe solar 
flares and the Sun’s magnetic field, will provide mankind with more knowledge 
about solar activity and space weather. During the study, a large number of ob-
servations plans of various types were submitted and a significant amount of raw 
data - about 120 TB - was processed (China’s Kuafu-1 solar probe launched for 
scientific observation, 2023). 

When considering ways to improve the population’s quality of life, it may be 
worth noting the recent developments in transport infrastructure. One such exam-
ple is the Ruoqiang-Hetian Railway, which has been successfully constructed and 
is now in operation. This railway is a crucial element of the regional road network, 
as outlined in the national medium- and long-term railway network plan, and it 
offers a convenient transportation route. The railway can be considered both an 
impressive engineering achievement and a valuable contributor to the develop-
ment of the regional economy (Ruoqiang-Hotan Railway in Xinjiang, China, n.d.). 

As a final example, it is worth mentioning the field of computer technology and 
quantum computing. The quantum Chinese satellite ‘Mozi’ is used for the most 
secure form of data transmission and is also utilized in joint cooperation with the 
Russian Federation. China has made significant achievements in quantum com-
munication, which demonstrates its leading position in the global field of quantum 
science (Russia and China successfully test quantum communication via satellite, 
2024). 

Thus, the examples illustrated above demonstrate the innovative achievements 
of the PRC and support the thesis that the CII is a leader in producing innovations 
in various industrial fields, such as semiconductor and electronic components and 
chips, energy vehicle and parts development, intelligent manufacturing, biomedi-
cine, new infrastructure, unmanned driving, commercial aerospace, and other are-
as. It is worth mentioning that the successes mentioned above are just a small part 
of the achievements within China’s ever-changing innovation system.

The People’s Republic of China is recognised for its diligent work ethic, strong 
social cohesion, reverence for tradition, and dedication to economic prosperity. 
The country has established favourable conditions for innovation, such as the con-
struction of large-scale laboratories, allocation of grants to support scientists, and 
the development of educational and scientific programmes. Furthermore, special 
taxation policies have been implemented to encourage innovation. China’s expe-
rience in analysing the innovation and industrial sector of the Russian Federation 
can serve as a valuable example. 

It is worth noting that Russia’s level of innovation development is consid-
ered average, including in the industrial sector. While the country has taken steps 
to increase innovation levels, it appears that these measures have not yet had a 
significant impact on the system as a whole. Therefore, it may be beneficial to 
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consider knowledge of innovation policies and achievements in other countries, 
as this could potentially contribute to the creation of a more effective mechanism.

With regards to the labour market, it is important to acknowledge the growing 
trend of ‘fast and non-trivial education’ among the population. This type of educa-
tion is obtained through online courses and seminars, where learners can acquire 
practical skills in various fields in a short period of time. The training usually 
lasts no more than a year and sometimes only a few months. This approach to 
education has gained popularity due to its efficiency and practicality, which can 
be beneficial for both individuals and employers. The current format of classes 
may not be conducive to live communication or personalized attention. Learn-
ers are provided with general streaming video materials, which may not cater to 
their individual preferences in the educational process. It has been observed that 
advertising websites tend to be quite noisy, with many ‘loud’ headlines promis-
ing a successful professional future after completing marathons. It is important 
to acknowledge that even the largest and most prominent universities in Russia 
cannot guarantee their students employment. While basic courses may provide a 
foundation of knowledge, they may not necessarily lead to job prospects, which 
can create misunderstandings (Volchik, V. V., Maslyukova, E. V., Demakhina, O. 
V. & Barunova, A. A., 2023).

Therefore, the increasing gap between skilled workers and superficially edu-
cated labour force is a characteristic feature of today’s labour market. However, 
by focusing on fundamental education, developing practical skills and acquiring 
relevant experience, an individual can improve his or her chances of success in the 
labour market. Consequently, an important task for the state should be to pay spe-
cial attention to educational and scientific institutions, because they are the driving 
force of innovation. By creating quality conditions, investing in these spheres and 
creating effective mechanisms, we will be able to confidently and diplomatically 
promote the innovative development of the country.

The Russian Federation faces challenges in science and the current political 
situation, which leads to lagging behind leading countries in terms of innovative 
products, but this trend is not irreversible. By solving these problems, Russia can 
increase the level of innovation activity and become a more competitive player in 
the global market.

However, while Russia faces such challenges, in this study we will analyse the 
import structure of the Russian Federation. The country buys a significant amount 
of nuclear reactors, equipment, electrical machinery, means of land transport, 
pharmaceutical products, plastics, optical and measuring instruments and other 
goods (Annual Statistics of International Trade in Goods, n.d.). These statistics 
confirm the underdevelopment of the industrial sector and the need for a policy 
of reindustrialisation. A policy of reindustrialisation would allow the country to 
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produce these goods on its own and be less dependent on resource exports, which 
would be good for the country’s economy in the long run.

Clustering can serve as a confirmation of the above, which will reflect the aver-
age level of technological development in the context of modernization across the 
regions of the Russian Federation. As indicators revealing the production process, 
including innovations, the “Labor Productivity Index for the Russian Federation, 
for the subjects of the Russian Federation in 2008-2022” was taken. (in % of the 
previous year) (LPI)” and “The level of innovative activity of organizations (in %) 
(LIA)”. The statistical data used are taken from the database published by the Fed-
eral Service of the Russian State Statistics, all these analyses and computational 
operations are performed in the software package for statistical analysis Statistica. 
The cluster analysis was carried out on the basis of pre-standardized data. The 
analysis will be carried out on the basis of data for 2021 due to the lack of infor-
mation on subjects in 2022. 81 subjects of the Russian Federation, available in the 
sources, the Russian Federation was admitted to the subsequent study.

Based on the constructed graph of average values to characterize each of the 
formed clusters, the conclusions presented below are drawn.

График средних для кажд. кл.
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Figure 1. A graph of the average values for each cluster according to the indica-
tors of 2021 (standardized data)

The first, and largest, cluster includes 36 observations, representing the city of 
Sevastopol, the subjects of the Far Eastern Federal District (excluding the Sakha-
lin region, Chukotka Autonomous Okrug and the Republic of Sakha (Yakutia)), 
the Northwestern Federal District (except for the Republic of Karelia), 5 subjects 
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from the Siberian Federal District, all regions of the North Caucasus (except the 
Republics of Dagestan and Chechnya), 5 regions from the Central Federal Dis-
trict, three regions from the Southern Federal District, as well as the Kirov region 
(from the Volga Federal District) and the Tyumen region (from the Ural Federal 
District). This cluster has an average position, with an average level of labor pro-
ductivity, which is above the average level of innovation activity. Innovation in 
this cluster is progressing at a relatively slow rate. It can be assumed that this is 
due to an undeveloped institutional framework that does not adequately regulate 
innovation activities. 

The second cluster includes 15 observations. These include 3 subjects from the 
Southern, Siberian, and Volga regions, the Republic of Karelia in the Northwest-
ern Autonomous Region, the Tambov Region in the Central Federal District, and 
two subjects from the Far Eastern and North Caucasus Federal Districts. This clus-
ter is characterized by a lower position. The average level of labor productivity is 
very low, but the level of innovative activity is closer to the position of the first 
cluster. There is a trend in this cluster that is opposite to that in cluster 1 - lower la-
bor productivity leads to greater innovation activity. This could be due to a higher 
demand for innovation and its more affordable implementation.

The third cluster consists of 5 observations: Moscow, St. Petersburg, the Re-
public of Sakha (Yakutia) in the Far Eastern Federal District, and the Moscow and 
Vladimir regions in the Central Federal District. Based on the clustering, these re-
gions are characterized by a high level of technological development compared to 
the other three clusters. It is worth noting that the average levels of some indicators 
are high. For example, the level of labor productivity is very high, while the level 
of innovation activity is slightly below that of cluster 4. In general, despite the 
high average level of labor productivity and industrial development, the produc-
tion of new technologies remains average. This may be due to insufficient demand 
for innovations and the incorrectness of existing institutional factors.

The fourth cluster consists of 25 observations, including all subjects of the 
Volga Federal District except for the Kirov, Orenburg, and Saratov regions, as 
well as the Republic of Mari El. It also includes 9 subjects from the Central Fed-
eral District, the Rostov region from the Southern Federal District, and the Altai 
Territory and Tomsk region of the Siberian Federal District. All subjects of the 
Ural Federal District are included except the Tyumen region. This cluster has an 
average level of technological development characterized by the highest average 
level of innovation activity compared to other clusters, but a lower average labor 
productivity index compared to cluster 1. The trend of technological development 
in this cluster is similar to that of cluster 2. It can be assumed that a mechanism 
for increasing returns has been initiated, as the products produced provide a higher 
level of knowledge-based production.
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Before concluding remarks, it is worth noting that through the consideration 
of China’s success story, its innovative development, the latest scientific and tech-
nological achievements to characterise the ongoing socialist modernisation. Thus, 
by analysing the level of industry in Russian regions and determining China’s 
position in the field of innovation, the thesis of the need for Russian researchers to 
consider the Chinese experience is confirmed.
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注释。在中国的经济发展问题上，文化的意义何在--这个问题是本研究的重
点。本文从回溯的角度进行分析：既考虑了儒家思想和道家思想对古代科学技术
的影响，为科技进步提供了精神支持，又考虑了现代社会的特点。文章还指出，创
新精神、集体主义价值观和对其他文化的开放性一直是并将继续是促进经济发展
和国际合作的文化特征。通过分析中国人对工作、教育和宗教的态度，该研究表明
了文化在塑造中华人民共和国和任何其他国家的生产力和经济命运方面的重要作
用。
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Annotation. What is the significance of culture in the issue of economic 
development in China - this question is the focus of this study. The paper analyses 
retrospectively: it considers both the influence of Confucianism and Taoism, 
which promoted science and technology and provided spiritual support for 
scientific and technological progress in ancient times, and the characteristics of 
modern society. The article also notes that the spirit of innovation, collectivist 
values and openness to other cultures have been and continue to be cultural traits 
that promote economic development and international co-operation. By analysing 
the attitudes of the Chinese population towards work, education and religion, the 
study demonstrates the important role of culture in shaping the productivity and 
economic fortunes of both the People’s Republic of China and any other nation.

Keywords: culture, social values, economic development, Chinese economy, 
national and historical particularities, innovative spirit, retrospective analysis.
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The relationship between social culture and economic development is a com-
plex and important area of research. From a humanistic economic perspective, 
there is an essential connection between the shaping of social culture and eco-
nomic development. From the perspective of the relationship between science, 
technology, and culture, it is important to note that science and technology are 
always developed within a specific cultural context. As a result, they are inevitably 
influenced by the prevailing cultural norms and values of a given period.

Ancient Chinese science and technology, which once held a leading position 
in the world, developed within the context of traditional Chinese culture and were 
therefore influenced by it in many ways. Confucian culture, as the mainstream of 
Chinese traditional culture, played a significant role in this development. Confu-
cian and Taoist cultures had significant impacts on the development of ancient 
Chinese science and technology, both positively and negatively. It is important to 
note that while Confucian culture played a major role, Taoist culture also held a 
significant position in traditional Chinese culture (Le, 2004).

The impact of Confucian culture, which is the dominant aspect of Chinese 
traditional culture, on the development of Chinese science and technology has 
been a topic of debate in the history of science. This debate can be traced back to 
Dr. Needham’s views on science and technology in the UK, which he later doc-
umented in his book ‘History of Science and Technology in China’. Due to the 
appearance of this work, scholars have increasingly focused on studying the re-
lationship between Confucian culture and science. In Joseph Needham’s ‘History 
of Scientific Thought in Ancient China’, the author argues that Confucianism ex-
hibits two fundamentally contradictory tendencies. Some argue that Confucianism 
prioritizes people and society over other aspects, potentially impeding scientific 
progress. However, others contend that Confucianism values rationality, which 
may actually facilitate scientific development (Needham, 1954).

The pre-Qin Confucian culture promotes self-improvement and positivity, pro-
viding valuable spiritual support for the development of science and technology. 
Confucianism emphasizes the humanistic spirit, the alleviation of worries, and the 
improvement of moral quality through personal effort and action towards reality. 
Most Confucian classics emphasize practice, and most Confucian figures advocate 
for it. 

Confucius once said, ‘It is not enough to be a scholar if you are only a scholar’ 
(Confucius, n.d.). This means that intellectuals with ideals and ambitions should 
have unlimited responsibilities and careers, and should serve society. Otherwise, 
coveting comfort, eating all day long, and having no intention is the shame of a 
‘scholar,’ and they are not worthy of being an intellectual. Moral cultivation, also 
known as moral practice, aims to achieve the goal of ‘inner saintliness’ through 
self-cultivation or self-reform. Social and political practice, on the other hand, 
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aims to achieve the goal of ‘external kingship’ through meritorious service or 
social transformation. It distinguishes between the inner sage, which depends on 
establishing virtue through self-cultivation of body and mind to establish moral 
personality, and the outer king, which depends on making meritorious services 
in society to establish political personality. “The Great Learning” emphasizes the 
importance of cultivating one’s moral character and managing one’s family, as 
well as ruling a country and bringing peace to the world (Confucius, 2018). Con-
fucianism believes that both aspects, practice and theory, are equally important 
and cannot be neglected. Therefore, Confucianism opposes empty talk and sitting 
around talking about Tao, and particularly emphasizes the importance of practice. 

Therefore, scientific and technological progress in ancient China was due, 
among other things, to the unique Confucian cultural spirit. This led to rapid de-
velopment and even world leadership in technology in ancient times. 

It is important to note that China has also demonstrated an innovative spirit 
since ancient times, which is evident in various aspects of society.

For example, the proverb “’Heaven moves vigorously, and a gentleman strives 
to constantly strive for self-improvement” encourages people to emulate the dy-
namic movements of the natural world, confront reality and overcome obstacles to 
transform themselves and society. It stresses the importance of perseverance, de-
termination and hard work, relying on personal strength to achieve self-improve-
ment and promote social progress. 

China has always been open to learning about other cultures, which is reflect-
ed in the symbiosis of religions and the willingness to co-operate with foreign 
colleagues and friends. It is important to note that many achievements have been 
made possible through co-operation and exchange of ideas. This has contributed 
to many discoveries including the decimal number system, systems of linear equa-
tions, gunpowder, rockets, paper, printing, the compass, greenhouses, rice cultiva-
tion, alcoholic beverages, silkworm breeding and astronomical notes. 

It is impossible not to mention such a trait of Chinese society as collectivism. 
This value and trait is extremely characteristic of the people and has a significant 
impact on the nation’s way of life. 

From an early age, educational institutions develop collective consciousness 
and team spirit in students. This fosters the ability to come together and solve 
common problems, even if individual development has to be sacrificed in order 
to do so. Although modern companies are becoming more relaxed about personal 
development and are moving away from group tasks as the most important goal, 
most still have a collectivist philosophy.

Among other things, collectivism gives a special attitude to labour. The ap-
proach values teamwork, cooperation and shared responsibility, recognising that 
individual success is the result of collective effort. By developing a sense of com-
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munity and common purpose, companies can increase motivation and efficiency. 
This attitude enhances cohesion and fosters a responsible work ethic, which con-
tributes to a country’s economic and innovative development.

To confirm the aforementioned theses and the initial hypothesis, statistical data 
collected by World Social Value was analysed. Survey data from the Chinese 
population was used to determine the impact of cultural characteristics on labour 
productivity and the subsequent development of the manufacturing sector. The 
data analysed included religion, cultural values, and attitudes towards labour. Data 
was collected between 2017 and 2021 in the People’s Republic of China through 
a survey that requested participants to express their opinions and attitudes on var-
ious issues. 

To improve the visualisation of the collected data, graphs were created by 
combining certain questions. The first graph illustrates people’s opinions on the 
importance of religion and work in their lives.  A multidirectional trend is notice-
able, with the majority of respondents indicating that religion is not important to 
them. Only 3.78% of respondents reported that religion occupies a significant part 
of their life. In contrast, the responses regarding work were diametrically opposed. 
According to the survey, it is evident that work holds great importance for the 
majority of people, while only a small percentage of 2.76% do not consider it to 
be significant. This trend underscores the crucial role that work plays in the lives 
of Chinese.

Figure 1. Survey results on the importance of religion and work in life 
Source: compiled by the authors from World Social Values
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The following graph analyzed different questions regarding the public’s atti-
tudes toward work. Thus, the first diagram shows people’s opinion on the question 
“Work should always come first, even if it means less free time”. We can see that 
81.47% of the sample respondents agree or strongly agree with this statement. 
The next fact used to analyze this table “Work is a duty to society”. More people 
have a positive attitude to this statement than to the first one, namely by 2.89%. 
Whereas only 14.69% disagree or do not agree with the phrase at all. The last third 
expression reflected in the graph is as follows: “People who do not work become 
lazy”. Only 14.53% disagreed with this phrase, the rest of the people had a positive 
attitude towards the phrase and 3 people did not answer the question.

Figure 2. Results of the survey on work-related issues
Source: compiled by the authors from World Social Values

The statistical analysis conducted has allowed us to examine the attitude of 
the population of the People’s Republic of China towards work and religion as a 
cultural aspect. Based on the data, we can confidently state that there is a correla-
tion between the two factors. The topic of religion is of great significance for this 
study because it plays a crucial role in shaping the cultural identity of individuals. 
Religious ideas and norms have a direct impact on people’s thoughts and actions, 
which in turn affects e development of the country, including the industrial sector.

Attitudes towards education and science are an integral part of culture. In Chi-
na, education is highly valued and plays a crucial role in the lives of young people 
(The worship of knowledge is one of the fundamental spirits of the Chinese peo-
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ple, 2020). As schoolchildren, kids may experience considerable pressure from 
parents, teachers and the education system. After all, education is considered one 
of the main means of mobility and personal development. Although today’s gener-
ation and companies are striving to eliminate gender discrimination, it is important 
to recognise that society still largely adheres to patriarchal norms. It is worth not-
ing that some boys may grow up in families where they experience excessive con-
trol and sanctions. For example, adolescents may often be restricted in their free 
time and opportunities for clubs, sports and creative activities due to the demands 
of the school timetable. As a result, this can affect their level of engagement in life, 
potentially leading to a lack of motivation to seek new experiences, although they 
will also continue to study and subsequently work throughout their lives.

In China, the opinion of the older generation is highly valued and often plays 
an important role in shaping the future of the younger generation. However, it is 
worth noting that this opinion should not be the sole determining factor in deci-
sion-making. Nevertheless, adults tend to have conservative attitudes towards ed-
ucation; they believe that university education is necessary for success in life and 
in the marriage market (Becker, 1991). Due to the unbalanced gender distribution 
caused by the former “one family - one child” policy, an informal marriage mar-
ket has developed in the country (Bogayevskaya, 2020). Therefore, certain high 
standards are expected of men, including education and various scientific degrees, 
because the status of scientist, engineer and researcher fulfils social expectations 
extremely well.

What is also important about education is that the person inheriting the busi-
ness has the necessary skills and knowledge to sustain it. In this regard, we will 
elaborate on a cultural trait that has a significant impact on business: family-owned 
companies (About social networks and family-type corporate governance, 2022). 
In addition, we will look at the corporate culture prevalent in such organisations. 
Family companies are widespread in China, ranging from large business empires 
to small enterprises. From its inception, the company maintains a record that be-
comes a historical monument that reflects the past and offers hope for a bright 
future. The family heritage is passed on to the most outstanding and competitive 
family member who can maintain the brand image. It is worth noting that family 
businesses are characterised by mutual support and encouragement, which stimu-
late entrepreneurship and promote development. However, they also have external 
ties formed in the course of “communication” with other companies. Through 
these relationships, the companies benefit from each other, namely by obtaining 
the necessary assistance, financial resources, information and resources. These 
interactions are sometimes critical to business success. 

The previously mentioned morality, interest, openness and loyalty of the peo-
ple facilitate China’s participation in international co-operation. This enables 
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the country to attract foreign investment, conquer new markets and expand its 
knowledge in all fields (One Belt and One Road Initiative: New ideas and prac-
tices to deepen international cooperation, 2023). China’s cultural foundations and 
principles also contribute to the continuous development of its economy and the 
building of relations with friendly countries. Thus, the aspect of culture plays an 
important role in the economy, especially in the context of the global market.

In summary, the analysis shows that China’s rich historical and cultural herit-
age not only shapes the country’s social structure and values but also profoundly 
influences economic development. China’s past, present and future are closely 
linked, and the integration of ancient traditions and modern science and technol-
ogy has given a unique impetus to China’s economic growth. Understanding how 
cultural factors influence the economy not only helps us better understand China’s 
rapid development, but also provides valuable experience and inspiration for other 
countries and regions. 
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注解。 目前，在侦查组织非法移民案件时，已经开始积极使用法医语言检验
等工具。 在法医语言检验中，对与非法移民的行为、性格特征以及犯罪伴随情况
有关的材料进行分析。 本文讨论了在组织非法移民案件调查中运用法庭语言专
业知识的主要方法和实例。 根据研究结果，文章提出了改进文件调查检查策略和
法医语言检查任命的方法。
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Annotation. Currently, when investigating cases of organizing illegal 

migration, a tool such as forensic linguistic examination has begun to be actively 
used. In forensic linguistic examination, materials related to the characteristics of 
the behavior and personality of illegal migrants and the accompanying situation 
of the crime are analyzed. The article discusses the main approaches to the use 
of forensic linguistic expertise in the investigation of cases of organizing illegal 
migration, practical examples. Based on the results of the study, the article 
suggests ways to improve the tactics of investigative examination of documents 
and the appointment of forensic linguistic examination.

Keywords: forensic linguistic examination, migration, organization of illegal 
migration, foreign language, migrant.

Today, for criminal proceedings in Russia, forensic linguistic examination has 
become one of the popular tools in the investigation of cases. This tool is becom-
ing in demand not only in criminal cases such as insult, extremism, terrorism, etc., 
but is also actively used in the investigation of cases related to the organization of 
illegal migration.

The organization of illegal migration, as a latent crime that may not be in-
cluded in crime statistics, can be classified as a crime of minor gravity. However, 
in fact, this activity can have colossal social and economic negative consequenc-
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es. At the same time, many sources[4,5] note an increase in the number of these 
crimes in the Russian Federation, which ultimately leads to an increase in crimes 
committed by migrants.

A peculiarity of the investigation into the organization of illegal migration is 
the negative attitude of migrants towards law enforcement agencies. Migrants are 
subjects of counteraction to the investigation of these crimes. While maintaining 
family and other ties in their homeland, migrants have interests that are contrary 
to the investigation. In general, this has a negative impact on the investigation pro-
cess, including the interaction of the participants in the crime with the investigator.

The investigator is forced to look for additional tools for investigating crimes: 
video recordings, communication in instant messengers, telephone conversations, 
etc. If the information obtained in this way is obvious, the inspection report be-
comes independent evidence. The investigator (inquiry officer), judge, based on 
common sense and existing life experience, independently determines the pres-
ence or absence of information confirming the organization of illegal migration[4].

However, in practice, there are very often situations when participants in a 
crime deliberately disguise information. In such situations, it is forensic linguistic 
examination that becomes an effective tool for determining the hidden meaning of 
the text. Establishing signs of text masking, identifying the meaning and charac-
terizing the elements are the main circumstances determined by forensic linguistic 
examination when investigating the organization of illegal migration.

Let’s consider an example [1] - the use of linguistic examination of sound 
recordings of telephone conversations gr. A. and gr. M., suspected of committing 
a crime (organizing illegal migration). The examination showed that the text con-
tains signs of masking content elements associated with migration cards, called 
“papers” or “notification” by the communicants, which citiz. A conveyed cit. M. 
for monetary reward [1].

Examples of the subject of forensic linguistic examination are information 
about the method and procedure for illegal migrants crossing the State Border; 
route of illegal migrants; creating conditions for illegal entry (exit) from the terri-
tory of the Russian Federation, or illegal stay in it.

There are different approaches to the term “camouflage”. Legal literature notes 
the theoretical uncertainty of the term [4]. In this regard, it should be noted that the 
concept of “masking” is borrowed from the methodology of judicial investigation, 
which refers to the deliberate distortion by the authors of the text of the semantic 
and linguistic structures of speech in order to hide information important for the 
investigation or to provide deliberately false information.

To disguise the prohibited meaning, instead of the usual concepts correspond-
ing to the context of the text, alternative terminology is used, which does not have 
a logical correspondence to the content of the text and was previously agreed upon 
by the subject of communication.
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The task of forensic linguistic examination when investigating cases of or-
ganizing illegal migration is to use special language knowledge to identify evi-
dentiary facts. The study of texts makes it possible to establish the presence or 
absence of verbal constructions, with the help of which it is possible to determine 
the involvement of persons in the commission of a crime, as well as their imple-
mentation of actions to create conditions for illegal border crossing, residence and 
employment.

Illegal migration is a transnational crime, the purpose of which is communica-
tion between the subject of the crime and his accomplice in a remote territory. Dia-
logue speeches differ from monologues in that they have a more limited content 
of language and allow the choice of linguistic means for use in communication, as 
well as facial expressions and gestures. They are characterized by short remarks, 
which are most often of an everyday nature. The form of speech expression largely 
depends on the expert methodology used to study it[5].

Due to this feature, communication on cases of illegal migration can be con-
ducted in different languages: Russian, various foreign languages. The legal litera-
ture says that in most cases, participants in illegal migration are Russian, Uzbek, 
Kyrgyz and Kyrgyz citizens, less often - representatives of other nationalities in 
the near foreign space, including Ukrainians, Kazakhs, and Chinese.

Another problem when investigating crimes is that the conversation of foreign 
citizens and stateless persons in Russian, which is not their native language, has 
linguistic, semantic features, and non-standard vocabulary. Committing lexical er-
rors leads to the need to use the services of a translator.

One of the most important problems when conducting forensic linguistic ex-
amination is the lack of methods for studying text written in a foreign language 
in state forensic institutions. The lack of a qualified translation of the text compli-
cates the forensic linguistic examination.

Let’s look at an example. During the preliminary investigation, a comprehen-
sive psychological and linguistic examination was carried out to establish the pres-
ence of speech signs indirectly indicating the criminal activities of the citizen. 
S. Materials for research: phonograms of telephone conversations, video record-
ings, interrogation reports cit. S., which were partially conducted in Ukrainian. 
Defender of citiz. S. filed a petition to recognize the experts’ conclusions as in-
admissible evidence, due to the linguist experts’ erroneous understanding of the 
Ukrainian language. The court considered the defense’s arguments untenable due 
to the multiplicity of materials for the study, most of which do not require transla-
tion [2]. Thus, the judge, we believe, could recognize the expert’s conclusion as 
insignificant evidence if the materials of the expert research were limited only to 
recordings of telephone verdicts.

To solve this problem, it is recommended to organize the involvement of a 
translator, as a “knowledgeable person with special linguistic knowledge” for con-
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sultations during the forensic linguistic examination. This will have a positive ef-
fect on the study of a text, or part of a text, written in a foreign language. Foreign 
practice is characterized by the involvement of a native speaker as a consultant 
without direct involvement in the research. In general, the involvement of a trans-
lator will increase the capabilities of forensic linguistic examination.

Another way to solve this problem could be to provide a ready-made transla-
tion of a controversial text or part of it, made in another language, for forensic 
examination. This translation can be compiled with the participation of both the 
translator and the participant in the crime. But this option is not always accept-
able. It is possible to involve a specialist in the field of foreign linguistics, since 
the criminal procedural status of the translator has some features that prevent his 
participation in criminal proceedings without another participant.

So, for example, during the operational-search activities, a video recording of 
the negotiations of citiz. S. and citiz. M. [3], in which the latter discussed the de-
tails of the planned crime in the Tatar language. As evidence, these materials were 
presented to the investigator, who invited a teacher of Tatar language and litera-
ture to examine the video file as a specialist, who confirmed the correctness of the 
initial translation and assisted in comparing the preliminary translation with the 
video recording. A forensic linguistic examination established that the conversa-
tion between the interlocutors was about the transfer or planned transfer of funds. 
Evaluating the expert’s opinion, the court indicated that taking into account the 
direct study of video recordings with the involvement of a specialist, the conclu-
sion of the forensic linguistic examination has sufficient clarity and completeness, 
and there is no doubt about its validity [3].

In this case, to ensure high-quality translation, investigators need to assess the 
competence of the translator. To do this, it is necessary to determine the place and 
level of his spoken language training, as well as the areas of activity.

If an investigator uses an interpreter to communicate with suspects or wit-
nesses, they may be asked to speak with the accused or witness for a few minutes 
to ensure they understand each other and to check their proficiency in the language 
and geographic dialect of the area where the suspect is believed to be from.

Due to the rapid development of information technology, there is an increase 
in the number of telephone conversations and information exchange on social net-
works, as well as through messenger communications. The form of text transmis-
sion is changing, and the method of special study is improving. In cases where the 
object of research is video and audio recordings that contain text with clear signs 
of concealment of information, a comprehensive language and phonographic as-
sessment is usually used.

The semantic content of the text in the process of communication is determined 
by the emotional components of the text, the emotional orientation of the message, 
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the socio-psychological characteristics of the text, as well as the psychology of the 
person, which may be associated with hiding information. If questions related to 
linguistics and psychology arise, a psycholinguistic or complex psychological and 
linguistic examination is required.

Thus, forensic linguistic expert research during the investigation of the organi-
zation of illegal migration is traditionally subject to audio and video recordings of 
dialogue speech with the participation of suspects (accused), less often witnesses 
from among illegal migrants, containing signs of masking information about the 
method, procedure and conditions of crossing the state border, registration of 
forged documents, etc. At the same time, the dialogue may be fully or partially 
conducted in a foreign language, which makes it difficult to study its content. 
Studying the semantic content of a text that has signs of disguise during a forensic 
linguistic examination when investigating the organization of illegal migration 
makes it possible to expand the possibilities of proof in situations where the text 
is not obvious to the average person and raises doubts among the law enforcement 
officer.
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抽象的。 本文讨论了应用端到端数字技术“人工智能”在满足现代教学和技
术要求的数字多语言教育环境中创建双语内容的应用方面。 分析了使用人工智能
创建的双语内容对计量和标准化领域专家进行专业培训的潜在可能性。
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Abstract. The article discusses the applied aspects of the application of end-
to-end digital technology “artificial intelligence” to create bilingual content in 
a digital multilingual educational environment that meets modern pedagogical 
and technological requirements. The potential possibilities of using bilingual 
content for professional training of specialists in the field of metrology and 
standardization, created using artificial intelligence, are analyzed.

Keywords: online course, e-learning, distance learning technologies, 
digitalization, artificial intelligence, digital educational content, digital 
educational environment, bilingual content, bilinguals, end-to-end technologies.

Researchers in Russia and the CIS note the practical effectiveness of organiz-
ing bilingual and multilingual adult education in the context of corporate training 
and advanced training, pointing to a faster perception of information compared to 
learning in one language. At the same time, the psychophysiological process itself, 
in which a different activation of neural connections of the human brain probably 
occurs in the process of bilingual learning compared to monolingual, has not yet 
been sufficiently studied by scientists and needs additional research. [2, 3, 5, 6, 
10, 11]

Modern e-learning technologies make it possible to switch from monolingual 
to bilingual learning in a variable way (at the student’s choice). Potentially, we can 
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offer two options for combining languages in the process of studying theoretical 
materials:

1. As part of a video lecture, save the original presentation of the material in 
the official language of the CIS (Russian) in the auditory and visual per-
ception channels, and additionally apply captions generated automatically 
in the national language chosen by the student in the visual perception 
channel.

2. As part of the slide course – give oral explanations of Russian-language 
slides in the national language of the student’s choice.

The disadvantages of the first method include the complexity of techni-
cal implementation as well as information overload of the visual perception 
channelприятия, which actually displays twice as much information as it origi-
nally was posted by the author (stream in Russian and credits in national). An-
other disadvantage of this solution is manifested when there is a need to display 
formulas, diagrams, and drawings that require careful analysis in the specifics of 
the issue under study, since captions or a running line in the visual channel can 
overlap some of the original information or significantly limit the visible area of 
the screen available for its placement.

The second method is devoid of the disadvantages of the first, because it allows 
you to use third-party (not built into the digital educational environment) genera-
tive services with artificial intelligence, a balanced reference summary of the topic 
in the form of slides in Russian does not require changes, the available information 
field on the screen of digital devices does not decrease or overlap, and the distribu-
tion of information perception is carried out approximately symmetrically. At the 
same time, this method has another drawback, which makes it difficult to apply it 
in cases of creating digital educational content in the form of video lectures, when 
the auditory information transmission channel is the leading one compared to the 
visual one. In fact, in this case, digital educational content is completely translated 
using film dubbing technology into the corresponding national language, and Rus-
sian is excluded from training, which is unacceptable in the context of current 
legal CIS restrictions and the goal setting of the task itself.

In the conditions of the above limitations, it is proposed to use electronic lec-
tures, in which the visual series (slides) explaining the process (phenomenon) be-
ing studied are given in Russian (the official language of instruction, the official 
language of the CIS), and the oral explanation of slides by voice-over can vary 
and Russian, English, or the national state language of the student, depending on 
their choice. 

The basic technology of organizing the production and acceptance of e-learn-
ing courses is considered in the work “E-learning courses as a tool for digital 
transformation of vocational education” [12], and in more detail – in the mono-
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graph “Pedagogical and technological approaches to creating digital educational 
content by geographically distributed teams” [8]. In accordance with the above 
studies, the typical composition of the development team is represented by 14 
roles, and there are 10 main phases in the production process. 

Within the framework of this technology, the author-teacher, together with 
the methodologist, distributes his research material into educational forms, after 
which a slide-by scenario of an electronic course is compiled for transmission to 
other members of the author’s team as a source task for production. Based on this 
scenario, the design and animation of slides is created, video editing is performed, 
and voice-over text is voiced by an announcer. 

The mentioned variations of the standard technology for producing e-learning 
courses do not provide for their multilingual content – the original author’s materi-
als, script and technical implementation are assumed to be in the same language. 
In our case, for bilingual learning based on the principles formulated above, it 
is necessary to produce content that contains variable trajectories using several 
languages. At the same time, each trajectory involves broadcasting oral expla-
nations in one selected language, synchronized with the Russian-language vi-
sual series on the student’s screen. To complete this task, the team of developers 
should be expanded with the roles of translators and announcers for each of the 
national state languages of the CIS (with the exception of Russian). There are 
about 20 more should be added to the 14 basic roles of a typical development team 
(since the CIS formally includes 11 states, including the Russian Federation). It is 
obvious that such an approach cannot be justified economically, due to the criti-
cal increase inтрат production costs to provide, in fact, additional consumer 
properties of the object (digital educational content in Russian). Additional diffi-
culties should also include the need to manage a more than twofold increase in the 
number of employees, taking into account the factors of human errors, deadlines, 
temporary disability, etc.

Therefore, to implement the idea of increasing the availability of digital educa-
tional content through its variable bilingual representation at the student’s choice, 
it is proposed to use generative artificial intelligence (AI) [1, 9]

In accordance with this approach, a two-stage application of AI tools is per-
formed, replacing the roles of translators and announcers in the development team. 
At the first stage, an automated translation of the speaker’s text is performed, which 
should sound off-screen in national languages. Many paid and free services are suit-
able for this purpose. Based on the conducted testing, the most adaptive translation 
of specific vocabulary of the Russian language, in our opinion, is implemented by 
the «Yandex.Translate», which is probably due to a significantly larger (compared to 
foreign analogues) database of translations performed that affect the Russian language 
and, accordingly, a proportionally larger amountом of AI training based on the col-
lected feedback from users in their expert opinion regarding the correctness of the pro-
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posed translation options. The choice of this service is also conditioned by its support 
for translation into all national state languages of the CIS countries (and, accordingly, 
the service’s representation in these countries and continuous training of AI algorithms 
from native speakers of these languages).

As a result of performing machine translation of texts, the screenwriter at this 
stage of production receives a two-dimensional matrix of texts, each row of which 
corresponds to the slide being voiced, and the column corresponds to the language. 

At the second stage, this matrix enters the input of the editor’s work, which 
must output a set of synthesized audio files (mp3 format), which are received 
at subsequent stages in the work of the layout designer of the electronic course, 
together with which the programmer programmatically implements the logic of 
selecting the voice-over language.

To generate audio files within the framework of the described approach, the editor 
is invited to use speech synthesis services that are also built on AI algorithms. 

The editor preprocesses the text received at the previous stage of machine 
translation by placing intonation tags, as well as tags before numerals and abbre-
viations-based on the syntax of the corresponding service. 

The proposed approach to using AI technologies to reduce the labor intensity 
of digital educational content production, as well as the idea of using bilingual 
content to train CIS citizens in advanced engineering programs, was repeatedly 
discussed in the academic community in the form of reports at the Institute for Ed-
ucational Development Strategy of the Russian Academy of Education, the Acad-
emy of Informatization of Education and the Academy of Computer Science. We 
received the recommendation  to continue research and conduct practical testing 
of this method in the framework of a pedagogical experiment involving control 
groups of students.

In conclusion, we would like to note once again the expected effect of using 
bilingual education in the digital educational environment of the CIS. Within the 
framework of formal education, the effect is to reduce the percentage of errors 
due to incorrect perception of similar spelling words of the Russian language that 
have fundamentally different meanings. In the framework of informal education 
– to improve students ‘ understanding of the Russian language, professional ter-
minology in Russian, and documentation in Russian.
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Introduction. In the scientific and pedagogical environment, there is no disa-
greement about the fact that the game acts as the main and leading type of activity 
for primary schoolchildren. Therefore, it is obvious that the use of technology 
based on gaming activity underlies the successful development of physical quali-
ties, the formation of motor skills, activation and launch of basic mental processes 
that are the basis of motor activity. At the same time, the use of gaming technol-
ogies based on the use of age-related characteristics is relevant during the entire 
period of education [1, 4].

The use of gaming technologies in the primary school system is a universal 
means that contributes to solving the interrelated problems of educating the physi-
cal culture of the individual of a junior schoolchild, and the comprehensive educa-
tion of various motor skills and qualities. The development of creativity, attention, 
imagination, initiative, the formation of adequate self-esteem and independence, 
the ability to observe and follow the rules, act as the basis for successful social 
adaptation [3, 7].

Considering the system of physical education for primary schoolchildren, we 
can highlight the position that the leading type of activity for them is gaming, 
therefore, the content of physical education classes should be built in the context 
of this very gaming activity [5, 8].

At the same time, based on our survey among physical education teachers, it 
can be noted that the game does not always act as the basic basis for physical edu-
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cation classes, although the indicators of general and motor density of the classes 
conducted in most cases correspond to age characteristics and existing require-
ments .

Purpose of the study. Development of diagnostic tools that meet the require-
ments of simplicity, accessibility, objectivity and the ability to compare results 
for a more objective assessment of the use of gaming technologies in physical 
education lessons.

Materials and methods of research. We found that, in general, gaming tech-
nologies do not always occupy their appropriate place and position in the educa-
tional process, but the results obtained did not allow us to assess how specifically, 
whether sufficiently or not, they are used.

We believe that the basis for an objective assessment of the quality of a physi-
cal education lesson in an elementary school should be a separate, integrated infor-
mation indicator, which we called the game density of the lesson or lesson.

Game density acts as the ratio of the duration of the lesson to the time spent 
on gaming activities, and includes the sum of such indicators as time for organi-
zation (selection of drivers, assistants and judges, division into groups or teams) 
and explanation (summarizing) of the game and time, directly spent on the motor 
component of the game and expressed as a percentage [2, 6].

We believe that the use of this indicator gives us the opportunity to objectively 
assess how widely, sufficiently or not, gaming technologies are used in practical 
activities, to correlate and compare different activities, including those conducted 
in the context of the type of activity (game, studying or consolidating material, 
etc.) .P.).

The assessment was subject to such an indicator as the quantitative level of use 
of gaming technologies (QLUGT), which was calculated based on the gaming 
density indicator (DI), since the higher the DI, the greater this indicator. In our 
research, we identified the following levels:

- pre-nominal level of QLUGT, at which DI is less than 30%;
- nominal level of QLUGT, with DI ranging from 30 to 45%;
- optimal, level of QLUGT DI in the range from 46 to 70%;
- creative level of QLUGT, when DI is over 70%.
If you set a goal and carry out a more in-depth analysis, you can additionally 

highlight such individual indicators as organizational gaming density, by which 
we mean the total time spent on preparation, storytelling, showing, summing up, 
etc. and motor play density, reflecting directly the motor component of the game.

We proceeded from the statement that if the teacher knows effective ways to 
organize and conduct the game, then the organizational density of the game and 
the time spent on explanation and demonstration will allow him to save more time 
directly on the game itself.
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For understanding, we will give examples of unproductive waste of time, 
which include unnecessary changes in lanes, long and confusing, methodologi-
cally illiterate explanations, unproductive choice of drivers, assistants and judges, 
suboptimal division into teams, maintaining an appropriate level of discipline, etc.

If, for example, after explaining and starting the game, the teacher is forced to 
stop it, in case of misunderstanding or gross violation of the rules, to repeat the 
explanation, then this time is summed up with the time spent on the explanation 
that was used earlier.

Assessing the positive aspects of this diagnostic technique, we note that it al-
lows for a comparative analysis of the results of different teachers, identifying 
the strengths and weaknesses of each, and tracking changes in the dynamics of 
organizational and methodological skills over a long period.

If we talk about the disadvantages of this technique, then we can make such a 
significant argument that a short and quick explanation of the game is not always a 
positive thing; it is important that in the organizational and methodological aspect 
the requirements that are necessary and necessary for the implementation of mod-
ern technology for playing the game are met.

We identified five requirements; each of them was assessed in the form of a 
manufacturability coefficient of 0.2, which in total, if all requirements were met, 
was 1:

1. Optimal formation of students to explain and communicate the name of the 
game.

2. Creating interest in the game and motivational support.
3. Appointment of drivers, assistants and judges, division into groups.
4. Explanation of the tasks, content and course of the game; addition and clar-

ification of the rules, organized start of the game.
5. Refereeing the game and regulating the workload, and summing up the re-

sults of the game.
By game technology coefficient (hereinafter referred to as GTC), we under-

stand the compliance of the actual use and implementation of the requirements 
that form the basis of the game technology with the requirements themselves, i.e. 
The more requirements are met, the higher the game’s technology quotient (GTC).

GTC value equal to one means a certain balance level, when the time for or-
ganization and implementation is approximately the same; if it is higher than one, 
then this indicates a high level; if lower, then this is an indicator of insufficiently 
developed organizational and methodological abilities and skills.

We conducted a pedagogical experiment in which we solved the following 
problems:

- find out how widely games and gaming technologies based on them are used 
in work;
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- the total number of games that are used in the educational process;
- establish the level of organizational and methodological skills;
- analyze the dynamics of changes in organizational and methodological skills, 

and their changes with age and the acquisition of practical experience;
- test in practice and determine the effectiveness of the assessment methodolo-

gy we have developed.  
Physical education instructors from preschool educational organizations, as 

well as physical education teachers working in primary classes, totaling 46 people, 
took part in the experiment.

We were aware that the assessment of gaming density and gaming coefficient 
for one lesson or lesson would be biased, therefore, each of those taking part in the 
experiment was asked to conduct from three to five lessons of various directions, 
after which the obtained indicators were summed up and the average value of 
gaming density and gaming coefficient was calculated. coefficient, after which the 
results were distributed by level and ranked.

As a result of analyzing the obtained indicators, we determined that the 
pre-nominal level of use of gaming technologies was observed by 19.7% of teach-
ers, the nominal level was noted by 34.9% of teachers, the optimal level by 31.6%, 
and the creative level by 13.8% of teachers.

The distribution of the level of use of gaming technologies among teachers with 
different teaching experience had quite large differences: teachers with work expe-
rience of up to 3 years: pre-nominal - 28.7%, nominal - 37.6%, optimal - 28.1%, 
creative - 5 .6%; teachers with work experience from 4 to 10 years: pre-nominal 
- 11.2%, nominal - 28.2%, optimal - 34.6%, creative - 26.0%; teachers with work 
experience from 11 to 20 years: pre-nominal - 10.7%, nominal - 24.9%, optimal - 
39.7%, creative - 14.7%; teachers with over 20 years of experience: pre-nominal 
- 20.1%, nominal - 40.2%, optimal - 30.1%, creative - 9.6%.

As can be seen, the lowest rates were observed among teachers with work ex-
perience of up to 3 years and over 20 years. This is because some have insufficient 
professional experience, while others experience the effect of “professional burnout.”

Was separately defined technological efficiency coefficient among physical 
education teachers before and after methodological recommendations (Table 1).

Table 1
Manufacturability coefficient of physical education teachers before and after 

the experiment
Work experience 1 2 3 4 5 Coef. tech. R

work experience 
up to 3 years

before 0.17 0.47 0.41 0.45 0.47 0.394 ≤0.01
after 0.47 0.68 0.74 0.71 0.75 0.670

from 4 to 10 years before 0.63 0.74 0.78 0.74 0.83 0.744 ≤0.05
after 0.89 0.92 0.97 0.90 0.86 0.908
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from 11 to 20 years before 0.72 0.76 0.81 0.75 0.86 0.780 ≤0.05
after 0.87 0.83 0.95 0.82 0.91 0.876

over 20 years before 0.69 0.61 0.68 0.69 0.77 0.688 ≥0.05
after 0.70 0.70 0.74 0.71 0.80 0.730

1. Optimal formation of students to explain and communicate the name of the 
game.

2. Creating interest in the game and motivational support.
3. Appointment of drivers, assistants and judges, division into groups or teams.
4. Explanation of the tasks, content and course of the game; addition and clar-

ification of the rules, organized start of the game.
5. Refereeing the game and regulating the workload, and summing up the re-

sults of the game.
Based on the results obtained, individual methodological recommendations 

were developed for each teacher, which indicated the level of quantitative use of 
gaming technologies: insufficient use of gaming technologies; errors in the tech-
nology of the game; certain aspects and features of the use of gaming technologies.

The greatest increase in the technology coefficient was noted among physi-
cal education teachers whose experience was up to 3 years (≤0.01). Statistically 
reliable results of an increase in the Technology Coefficient were noted among 
teachers with experience from 4 to 20 years (≤0.05). There were certain positive 
dynamics among physical education teachers with over 20 years of experience, 
but the results did not differ significantly.

To summarize, we can draw the following conclusions:
1. The diagnostic tools we propose allow us to determine the effectiveness 

of physical education lessons for primary schoolchildren from the point 
of view of the principle of conformity to nature (game is the leading type 
of activity).

2. The lowest level of use of gaming technologies was shown by teachers 
with little teaching experience. We believe that this is due, on the one 
hand, to insufficient arsenals of mastery of the content of outdoor games, 
and on the other, to the insufficiency and immaturity of methodological 
experience in organizing gaming activities. At the same time, this catego-
ry of teachers was the most open to improving their gaming professional-
ism (the increase in the technology coefficient was 71.8%).

3. The low level of use of gaming technologies was demonstrated by teach-
ers with more than 20 years of experience. On average, they used no more 
than 2 outdoor games in a lesson, making methodological errors (the 
pre-nominal and nominal level of use of gaming technologies was 60.3%, 
the increase in the technology coefficient was 5.8%).
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摘要：近五年，数字化已经渗透到社会科学的各领域，从信息化到数字化，人
类完成了系统性的变革。诸多研究学者热衷于教育数字化的应用，但是忽略了教育
数字化过程中的教学伦理问题。实际上，数字化在职业教育中的应用时引发了一系
列的教学伦理问题，在教学过程中不仅影响了教师与学生的关系，还影响了教学管
理者的管理效益，这些是容易被忽视的问题。而本研究使用哲学中的现象分析方
法，通过对道德伦理异化的现象分析，希望对数字化教育背景下的高等职业教育
伦理内容形成体系化的研究成果。因此，本研究在以下四个方面对职业教学中存
在的伦理异化现象进行了分析和探讨。一、教师权威地位的丧失和指导性角色的
弱化；二、知识产权相关法律意识的淡薄和诚信道德危机；三、个人隐私权利尊重
和捍卫的缺失；四、网络正义的缺席和网络暴力现象的催生。研究目的是为了实现
职业教育高质量发展以适应新时代经济社会发展对于高等职业技术技能人才的
培养和需求，从而帮助职业教育领域制定适宜的防范政策，构建全面伦理道德教
育体系，帮助教师、学生的基本伦理准则的确立和培养，防止异化现象为职业教育
领域带来的消极影响，因此，重点研究和分析教学伦理异化成为完善职业教育内
容和培养社会所需人才的必要手段。

关键词：职业教育、教学伦理、伦理异化、职业道德、道德危机、数字化。
Abstract. All social science domains have experienced digitalization throughout 

the last five years. From digitization to informatization, humanity has undergone 
comprehensive transformations. While many researchers are interested in the use 
of digitalization in education, they have not given much thought to the ethical 
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concerns that arise while doing so. Actually, a number of ethical concerns with 
teaching have arisen as a result of the use of digitalization in vocational education. 
It influences not just the rapport between instructors and students during the 
teaching process, but also the effectiveness of teaching managers’ management. 
These are problems that are simple to ignore. By examining the phenomena 
of moral and ethical alienation, this study employs the phenomenon analysis 
approach in philosophy in an effort to produce methodical research findings on 
the ethical content. Thus, the four components of ethical alienation in vocational 
education are examined and discussed in this paper. In order to help the field 
of vocational education develop effective preventive policies, a comprehensive 
system of moral and ethical education, and support for teachers and students in 
establishing and cultivating fundamental ethical principles, the research aims to 
achieve high-quality development of vocational education that can adapt to the 
cultivation and demand for higher vocational and technical talents in the new 
era of economic and social development. Therefore, focusing on the research and 
analysis of teaching ethics alienation has become a necessary means to improve 
the content of vocational education and cultivate the talents needed by society.

Keywords: vocational education, teaching ethics, ethical alienation, 
professional ethics, moral crisis, digitalization.

前言
在中国大众的社会观念中认为教育是一个人安身立命的根本。随着科技

的发展，教育数字化也越来越受到官方政府的重视，中国国家主席习近平
在2022年强调了“推进教育数字化，建设全民终身学习的学习型社会、学
习型大国”的要求[3]。

按照类型属性，职业教育横跨职业、技术、教育和社会等范畴，是一种
跨界融合型教育，教育数字化在该领域的发展更为明显。职业教育的数字
化转型已成为必然趋势。学者朱德全和熊晴基于对数字技术的学理认识，
提出职业教育数字化转型是一种基于数字技术的系统性创 新发展过程，包
含技术迭代、秩序生成与范式转变的内涵特征，最终指向重塑职业教育健
康新生态[8]。

中国学者杨淑萍、苏超举和朱星辰在其研究中提到，中国高职教育的
数字化转型不仅实现了高等教育信息化程度的提升，更是将助力构建终身
学习体系、推动高质量充分就业、促进公共服务均等化纳入自身的目标体
系，显示了中国数字教育领域的巨大进展[4]。而学者袁振国则指出，当今
中国的数字教育仍然是“冷数字教育”，即数字化和教育的简单组合，而
不是有温度的融合[5]。中国高职教育数字化转型的粗放性特点具体表现为
对教学伦理问题的忽视。

职业教育数字化转型的问题，在人、科技以及人与科技的关系等方面尤
为明显。智能技术对整个世界的全方位改造和智能技术范式对人类的主宰
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和控制，让人们轻易就会丧失使用技术的自信和能力，只能配合这种技术
的逻辑习惯性地前进。这里印证了马尔库塞的科技异化理论。在马尔库塞
的科技理论中存在“二元对立”的现象，一方面科技对人类社会的发展有
巨大作用，另一方面科技对于人有异化影响。中国学者李桂花和张媛媛提
出了消除科技异化的途径, 即建立 “艺术的理性”，这个新理性必须包括
价值、艺术和否定的因素，使人重新回归到辩证逻辑的维度中，以解决科
技异化问题[2]。

教育的目的是促进全面、自由和个性化的发展。科技在教育领域的应用
本应具有积极的影响。而科学技术的发展不仅影响了人们的物质层面，也
影响了人们的精神世界，改变了人们的道德认识、道德情感、道德动机、
道德行为和道德观念等。

科学技术的发展很显然已经给传统的教学伦理道德带来了巨大的冲击，
包括教学过程中的道德意识、道德活动和道德关系等方面[1]。但在中国高
职教育数字化转型的过程中存在一些具体的教学伦理异化现象。

张莉提出伦理道德教育在高等职业教育中具有重要的地位[6]。因此，
数字化转型背景下高等职业教育教学伦理异化现象的研究更具有理论意义
和现实意义。

一、教师权威地位的丧失和指导性角色的弱化
1. 缺乏师生互动和交际的学习形式容易导致技术对职业道德情感的异

化；
教师的职业榜样作用是形成学生职业道德情感的重要路径。而技术的使

用可能分散学生对老师的关注，学生在教学过程中体会教师职业精神和态
度的机会相应地减少。教和学在一定程度上因教师与学生大幅减少的相处
时间和空间而被动地分离开[4]。

2. 技术的规定逻辑造成非真实的情感体验，学生道德情感认识的发展
被限制。

在现阶段的数字化教育中要求技术体现相当程度的人文主义精神是不
现实的要求。由于创造性缺失，按照设定投入运行的数字技术暂时无法带
来模拟的情感体验，这对学生道德情感的认识和发展产生了不利影响。同
时，人与人之间的知识交流与学习互动往往受限于机器界面与虚拟学习社
区，阻碍学生道德修养的养成与情感体验的增强[7]。

二、知识产权相关法律意识的淡薄和诚信道德危机
1. 教育资源在未经许可的情况下被复制、传播和二次创作利用，导致

职业法律意识淡薄[4]；
数字时代的知识往往以数字资源的形式存在。开放性的资源获取、传播

和存储为职业教育资源偷盗提供了便利，甚至用于获取商业利益的目的，
然而获取资源的代价和损失却可以忽略不计。这对学生、教师和教育机构
的知识产权造成了严重侵害。

2. 教育资源数字化助长抄袭和学术造假等诚信问题的出现。
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学生面对数字化的海量教育资源，难以自主形成网络知识产权意识，进
而引发诚信问题，如分享和传播教师的教学视频和课件，抄袭学生的作业
和学术论文等。对职业伦理和法律意识培养的忽视可能会导致严重的法律
后果。

三、个人隐私权利尊重和捍卫的缺失
1. 开放式的数字平台、第三方人员的建设和维护以及平台安全漏洞隐

患滋生了个人隐私泄露的土壤[4]；
个人信息的读取已经成为了教育数字化的通行证。高等职业教育系统的

外部人员可以轻易获取教师和学生的私人信息，造成了实施网络犯罪的隐
患。同时，数字平台安全漏洞的可能性和第三方技术人员的参与不能保证
资源传输的安全和合法性，因此个人隐私权利无法得到保障。

2. 教师和学生个人时间和空间的隐私权利容易受到侵害。
传统的教育环境表现为离线形式，教师和学生之间的教学活动受限于实

体空间。教育环境的数字化增加了教学主体互动和交际的平台，间接削弱
了教学活动的权威性和个人隐私权利的重要性。学生由于隐私权意识的缺
乏可能无视教师的个人空间和职业距离而产生骚扰和侵犯的行为。

四、网络正义的缺席和网络暴力现象的催生
1. 网络暴力和欺凌挑战人权的尊重和法律正义；
网络课程是教育环境数字化中常见的网络教学形式，也为网络暴力的发

生提供了便利空间。“网课暴力和欺凌”属于网络暴力的一种，是数字化
教育背景下的新式暴力，主要以入侵网络课堂的极端方式恶意扰乱教学秩
序。“网课爆破”不仅发生在高职领域，在其他教育活动中也时常发生[4]
。

2. 市场压力下的网络恶性竞争难以抑制。
高职教育以就业为导向、以培养技术型人才为目标满足社会和劳动市场

的需求。因此学生面临一定的竞争压力。学生为了个人利益极易通过数字
平台恶意攻击竞争对手，甚至引发网络暴力，而在数字化教育背景下该操
作是具有较高隐蔽性的，维护人权和捍卫法律的难度很高[4]。

研究结论：
数字化转型背景下高等职业教育的教学伦理问题需要从教学主体和教学

技术管理两个层面进行思考。在教学主体层面，应当促进形成教师对数字
职业技术应用与学生道德培养共同发展的良性态度，如教师数字职业素养
的形成。而教学技术管理层面的解决更为重要，需加强对开放网络数字资
源的产权保护意识，实施个人隐私保护的技术性方法，以及建立网络暴力
等犯罪的监管机制等。数字职业教育作为一个新的教育生态环境，需要确
保它的动态平衡和良性发展。而如何建立新的教师职业道德规范是职业教
育数字化转型过程中极具理论和实践价值的问题。最后，建立合理的职业
教育道德理念体系，适当的采取合理的管理手段是教育管理者应当积极相
应和引起重视的方面。
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[摘要]本研究旨在探究基于情感共鸣的学前教育声乐教学策略的有效性。通过
文献综述，分析了情感共鸣在学前教育声乐教学中的研究现状，内容聚焦于情感共
鸣理论在学前教育声乐教学中的应用，构建了基于情感共鸣的教学策略，为学前教
育声乐教学提供新的思路和方法。

关键词：学前教育 声乐教学 情感共鸣
Abstract. This study aims to explore the effectiveness of vocal teaching 

strategies in preschool education based on emotional resonance. Through 
literature review, this paper analyzes the current research status of emotional 
resonance in vocal teaching in preschool education, focusing on the application of 
emotional resonance theory in vocal teaching in preschool education. A teaching 
strategy based on emotional resonance is constructed, providing new ideas and 
methods for vocal teaching in preschool education.

Keywords: preschool education, vocal teaching, emotional resonance.

在学前教育领域，声乐教学一直被视为一种有效的教育手段，它不仅能
够培养儿童的音乐素养和审美能力，更能在情感层面与儿童产生深刻的共
鸣。近年来，随着教育理念的更新和教学方法的创新，基于情感共鸣的学
前教育声乐教学策略逐渐受到研究者和教育者的关注。

在国外，学者们主要从心理学、教育学和音乐学等多学科视角出发，
探讨情感共鸣在学前教育声乐教学中的作用机制。例如，有研究者通过实
验法发现，当教师在声乐教学中运用富含情感的教学策略时，儿童的情感
参与度和学习效果会显著提高。此外，还有学者关注到了情感共鸣对于儿
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童创造力、合作意识和自我表达能力等方面的积极影响。相比之下，国内
关于情感共鸣在学前教育声乐教学中的研究起步较晚，但发展势头迅猛。
近年来，国内研究者开始关注到情感共鸣在儿童音乐教育中的重要性，并
尝试将其应用于实际教学中。例如，一些幼儿园在声乐课程中引入了情感
教育的元素，通过歌曲的选择、教学方式的创新以及师生互动的增强等手
段，激发儿童的情感共鸣，从而提升教学效果。

一、情感共鸣理论在学前教育声乐教学中的应用
在学前教育阶段，声乐教学不仅是为了传授音乐知识，更重要的是通过

音乐激发幼儿的情感，使其在学习的过程中体验到音乐的魅力，从而达到
情感与认知的双重发展。情感共鸣理论在学前教育声乐教学中的应用，就
是要找到教学策略与幼儿情感之间的契合点，使教学更加贴近幼儿的实际
需求，提高其学习兴趣和效果。

歌曲选择是情感共鸣理论应用的首要环节。在选择歌曲时，教师应充
分考虑幼儿的年龄特点、兴趣爱好和认知水平，选择那些旋律优美、歌词
简单易懂、情感真挚的歌曲。这样的歌曲更容易引起幼儿的共鸣，使其在
听、唱的过程中感受到音乐的情感表达，从而激发其学习音乐的兴趣。

教学方法的运用是实现情感共鸣的关键。在教学过程中，教师应注重情
感的引导，通过生动形象的教学语言、丰富的肢体动作和面部表情，将歌
曲中的情感表达出来，传递给幼儿。同时，教师还可以运用游戏、律动等
多样化的教学方式，让幼儿在轻松愉快的氛围中感受音乐的魅力，体验到
学习声乐的乐趣。

师生互动是情感共鸣不可或缺的通路。在教学过程中，教师应注重与
幼儿的互动交流，鼓励幼儿大胆表达自己的感受和想法。当幼儿遇到困难
时，教师应给予及时的关心和鼓励，帮助其克服畏难情绪，增强其学习信
心。同时，教师还可以通过与幼儿一起合唱、对唱等形式，增进师生之间
的感情，使幼儿在轻松愉悦的氛围中学习声乐知识。

二、基于情感共鸣的学前教育声乐教学策略构建
在学前教育中，声乐教学不仅是传授音乐知识和技能的过程，更是激发

幼儿情感、培养审美能力和创造力的重要途径。基于情感共鸣的学前教育
声乐教学策略，旨在通过情感引导，使幼儿在声乐学习中产生共鸣，从而
增强学习兴趣和动力，提高教学效果。

教学策略的设计应首先关注幼儿的心理特点和情感需求。幼儿期是情
感发展的关键时期，他们对外界事物充满好奇，情感表达直接而强烈。因
此，教师在设计声乐教学策略时，应注重创设富有情感色彩的学习环境，
选择贴近幼儿生活的音乐作品，以引发幼儿的情感共鸣。

实施步骤方面，教师可采用情境导入、情感体验、情感表达和情感升华
四个环节来构建声乐教学过程。首先，通过创设生动的音乐情境，引导幼
儿进入音乐世界，激发他们的学习兴趣。接着，教师带领幼儿深入体验音
乐作品中的情感，引导他们感受音乐的美妙和魅力。在此基础上，鼓励幼
儿用自己的方式表达情感，如歌唱、舞蹈、表演等，以培养他们的创造力
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和表现力。最后，通过情感升华，使幼儿在音乐学习中获得积极的情感体
验，促进他们情感的健康发展。

结语：基于情感共鸣的学前教育声乐教学策略应该是全方位的，它不仅
着眼于提升儿童的声乐技能，更重视丰富他们的情感体验，促进了他们的
个性发展。这种教学策略体现的教育学中“以人为本”的教育理念，将为
学前儿童的声乐学习开辟了一条新的道路。
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注解。 文章描述了 K.I. 的精神和道德遗产。 波迪米。 他的精神和道德遗
产的各个方面都有其特点。 揭示了公众人物教育理念的主要特征。 强调波德马
的创新性，他对国内外思想家、理论家和实践者的教学理念的创造性发展； 确定
了影响 Podyma 多方面精神和道德遗产形成的因素。

关键词：Podyma、精神和道德遗产、文学和爱国俱乐部、公民教育、教育、三部
曲。

Annotation. The article describes the spiritual and moral heritage of K.I. 
Podymy. Various aspects of his spiritual and moral heritage are characterized. 
The main features of the concept of educating a public figure are revealed. The 
innovation of Podyma, his creative development of pedagogical ideas of domestic 
and foreign thinkers, theorists and practitioners are emphasized; the factors 
that influenced the formation of the multifaceted spiritual and moral heritage of 
Podyma are identified.

Keywords: Podyma, spiritual and moral heritage, literary and patriotic club, 
civic education, education, trilogy.

Konstantin Ivanovich Podyma was born on September 16, 1948 in Primor-
sko-Akhtarsk, in the Kuban region, into a family of journalists. In 1954, the family 
moved to Novorossiysk. In 1958, his first article appeared in the newspaper “Nov-
orossiyskiy Rabochiy” - about how the Chinese writer Gao Shi Tsi, paralyzed and 
blind like N. Ostrovsky, corresponded with the students of the 10th Communal 
Class from School No. 62, where Konstantin studied. After finishing school, Po-
dyma, while working at “Novorossiyskiy Rabochiy,” organized a literary-patriotic 
club “Shkhuna Rovesnikov” affiliated with the newspaper. Initially, it was just 
an author’s idea, which was successfully implemented later [Buravkin, 2015, p. 
371]. The published books “Fair Winds,” “Shkhuna Rovesnikov!,” and “Let Us 
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Rise First” highlight the club’s activities. The author pays special attention to the 
research work of the club members. Podyma’s poems, written in the 60s and 70s, 
are characterized by vivid romantic imagery, a yearning for goodness and justice, 
and easily lend themselves to music becoming songs.

After graduating from the All-Union State Institute of Cinematography, Kon-
stantin Ivanovich worked in Moscow at Goskino of Russia, while continuing his 
active work in his hometown. In 1988, Podyma co-authored the book “Named in 
the Name of Russia” about the history of Novorossiysk. One of the main themes 
of Podyma’s poetry has always been the memory of war, often focusing on events 
that took place in 1942-1943 on the shores of Tsemesskaya Bay [Lapin, 2021].

Konstantin Ivanovich was a member of the Union of Cinematographers of 
Russia, a member of the Union of Writers of Russia, and a laureate of the Nikolai 
Ostrovsky Award in 2011, as well as the M.V. Lomonosov Award and the Grand 
Prix named after Lieutenant General Nikolai Raevsky Jr. in 2005. In 2017, K.I. 
Podyma posthumously received the title - “Spiritual Name of Kuban” [Novikov, 
2017, p. 403].

The relevance of addressing this topic is due to the need for a comprehensive 
revival and innovative application of Konstantin Ivanovich Podyma’s spiritual and 
moral legacy. In modern conditions, his ideas for fostering citizenship and patriot-
ism among youth and adolescents in regional settings are becoming increasingly 
relevant. Podyma’s legacy includes books, publicistic works, documentary and 
popular science films, archival materials located in the Novorossiysk Historical 
Museum-Reserve, as well as in the school museum of Secondary School No. 18 
in Novorossiysk where he studied. Researchers believe that his ideas can be useful 
for those who are currently exploring modern, interesting, and effective forms and 
methods of civic and patriotic education for youth.

The uniqueness of Podyma’s spiritual and moral legacy lies in combining ele-
ments of communal methodology of creative education in I.P. Ivanov’s collective, 
cooperation pedagogy, collaborative education by S.L. Solovyichik, and imple-
menting his own authorial form of education based on regional specifics. This is 
what determines the viability of Podyma’s civic education system.

Konstantin Ivanovich Podyma’s creative work received high praise from the 
Higher Council of the International Union “Courage and Humanism.” A docu-
mentary film “Shkhuna Rovesnikov” Sets Course was made about the literary-pa-
triotic club’s activities, as well as a series of films about heroic deeds during the 
Great Patriotic War: “Novorossiysk Remembers,” “Routes of Valor,” “Guardians 
of Our Memory,” “Light of Our Memory,” “Captain.”

Podyma wrote books about the activities of his organization such as “Fair 
Winds,” “Shkhuna Rovesnikov!” “Let Us Rise First,” “Bescasque: Through Years 
and Centuries,” “Eternal Flame, Burn Without Burning.” These stories are filled 
with high romance devoid of official pathos. 
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Podyma has written over 200 materials about the city and its heroes, prominent 
fellow countrymen, the activities of the city’s youth, which were published in 
newspapers such as “Novorossiysk Worker,” “Komsomolskaya Pravda,” “Sovet-
skaya Kultura,” “Sovetskaya Rossiya,” “Komsomolskaya Zhizn” from 1958 
to 2008. While working in Moscow, Podyma remained an active participant in 
the “Peers’ Schooner” club, and thanks to his initiative, the Nikolai Ostrovsky 
House-Museum was opened in Novorossiysk, and the “Letters to the Future” cam-
paign (1967) was conducted, sending messages to the third millennium, submerg-
ing a special capsule-container to the bottom of the Black Sea, near the foot of the 
Sujuk lighthouse.

It should be noted that Novorossiysk can be proud of its unique traditions, the 
ideological inspirer of which was Podyma, leading to nationwide actions such as 
Operation “Beskozyrka” (in memory of the heroic landing under the command of 
Major C.L. Kunikov), “Sea Soul” (in memory of the young patriot Vitya Novit-
sky), “Blade” (in honor of writer N.A. Ostrovsky), and others. The literary-patri-
otic youth association “Peers’ Schooner,” created by Podyma over 50 years ago, 
gathered the first volunteers of the hero city under its sails. Over half a million 
people from 340 settlements of the USSR, CIS, and Russian Federation participat-
ed in operations, gatherings, and activities initiated by “Peers’ Schooner.” Schools 
in Novorossiysk, where school museums are organized, traditionally invite the 
first participants of “Peers’ Schooner” for meetings with the younger generation in 
February. Students listen to invited guests who talk about how the foundations of 
various patriotic actions were laid and how various events of patriotic orientation 
began. The historical-patriotic association “Peers’ Schooner” continues its activi-
ties at the Admiral F.F. Ushakov State Maritime University.

In the 1990s, Podyma worked on an artistic-pedagogical trilogy: “The Honest 
Mirror of Youth,” “Testament to the Son,” and “Island of Childhood,” consisting 
of didactic chapters-instructions using historical examples and addressed to young 
readers. The meticulous work of writer and publicist K.I. Podyma in the archives 
of the State Historical Library became the basis for the studied trilogy. The col-
lective image of a citizen and patriot is shown: a citizen must receive education, 
work honestly, contribute to the country’s development; a patriot must defend 
their homeland, know history, be proud of their country’s achievements.

In the first part of the trilogy “The Honest Mirror of Youth-99,” Podyma 
precedes excerpts from historical documents with colorful stories, followed by 
author’s comments. In this first part, documents from 833 AD to 1942 are ex-
plored and quoted by Podyma. The overall idea of the trilogy is to foster respect 
for elders, parents, honesty, loyalty, courage, politeness, virtue, truthfulness, and 
defending the homeland. The archival documents examined by the author allow us 
to learn how rulers, writers, philosophers, clergymen, military leaders reflected on 
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questions of citizenship and patriotism in their time. The book includes excerpts 
from letters (Suvarov A.V., Stendhal, Kutuzov M.I., Romain Rolland), treatis-
es (Vincent, Chertaldo, Bruni), teachings (Monomakh), instructions (Pososhkov, 
Tatishchev), sayings (Franklin), advice (D’Anglèzi), instructions (Catherine II), 
notes (Dürer), books (Iskander), and others. The researcher notes characteristic 
forms of presenting citizenship issues depending on the year of writing and coun-
try. Tractates, rules, and advice were popular in France and Italy in the 13th-17th 
centuries. In Russia in the 18th-19th centuries, letters, advice, and instructions 
were common. Summing up the first part, Podyma calls on readers to remember 
their country’s heroes’ deeds and live life honorably and honestly as it is short 
[Podyma, 1999, p. 124].

In the second part of the trilogy “2000: Testament to the Son” by K.I. Podyma, 
documents from 2500 BC to 1912 are explored and quoted. As the author himself 
writes, these are words transferred from clay tablets, papyrus, wax tablets, parch-
ment to sheets of ordinary paper [Podyma, 2000, p. 3]. The author examines ar-
chival documents from Babylon, Ancient Egypt, Ancient Jerusalem, China, India, 
Greece, Ancient Rome, Byzantium, Assyria, Gaul, Spain, Ancient Iceland, Italy, 
Tibet, Germany, Ancient Russia, Czechia, England, Hungary, and others. By cit-
ing records from ancient times, K.I. Podyma suggests taking with oneself all the 
good and bright things that ancient authors, the best minds of humanity, wished for 
sincerely and from the heart so that young people can pass on clear and reverent 
thoughts to their children through the centuries [Podyma, 2000, p. 125].

In the third part “The Island of Childhood,” the author continues to narrate 
about what people thought about and dreamed of, whose names are in history 
textbooks and on book covers [Podyma, 2003, p. 3]. In the concluding part of the 
trilogy by K.I. Podyma, documents from 1677 to 1955 are explored and quoted. 
The book includes excerpts from letters, notebooks of Peter the Great, D. Fon-
vizin, M. Y. Lermontov, M. P. Lazarev, Charles Dickens, Anton Chekhov, Al-
exander Green, Maxim Gorky. The artistic stories tell about famous compatriots, 
their mentors, deeds as citizens and patriots of their homeland. The final book also 
includes stories about A. Griboyedov, A. Pushkin, H.C. Andersen, the Grimm 
brothers. K.I. Podyma believes that the heroes of his books are life teachers, faith-
ful companions, prophets, and martyrs [Podyma, 2003, p. 68]. They advise to 
respect others’ time, keep secrets, believe and help good people, cherish friends.

Based on the analysis conducted, it can be concluded that there is a possibil-
ity of developing the content of the modern concept of citizenship education by 
using the fundamental ideas of Podyma, including the following: it is necessary 
to contribute to preserving historical continuity between generations, developing 
Russian national culture and the cultures of the peoples of Russia, fostering a care-
ful attitude towards the historical and cultural heritage of all peoples inhabiting 
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our country, shaping schoolchildren’s understanding of the values of a democratic 
society and the most important personal qualities: civic position, morality, sense 
of duty and personal responsibility for the entrusted task.
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抽象的。 在不断发展的教育格局中，评估仍然是评估学习成果和指导教学策
略的基石。 传统上，评估主要是教师主导的活动，教育工作者使用标准化测试和
作业来衡量学生的理解程度。 然而，这种范式正在转向更加以学生为中心的方
法，强调自我评估作为培养自主性、反思和终身学习的关键工具。 本文深入探讨
了教育中评估和自我评估的现代方法和技术，强调了创新方法、其好处以及对教育
实践的影响。
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Abstract. In the evolving landscape of education, assessment remains 
a cornerstone for evaluating learning outcomes and guiding instructional 
strategies. Traditionally, assessment was predominantly a teacher-led activity, 
where educators used standardized tests and assignments to gauge students’ 
understanding. However, the paradigm is shifting towards a more student-centered 
approach, emphasizing self-assessment as a pivotal tool for fostering autonomy, 
reflection, and lifelong learning. This article delves into modern approaches and 
techniques of assessment and self-assessment in education, highlighting innovative 
methods, their benefits, and the implications for educational practices.

Keywords: assessment, Self-assessment, Education, Modern Approaches, 
Techniques, Student-centered, Autonomy, Reflection, Lifelong Learning.

For the beginning, assessment and self-assessment are both processes used 
to evaluate and measure various aspects of an individual’s performance, skills, 
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knowledge, or abilities. While they share similarities, they differ in terms of who 
is conducting the evaluation and the purpose of the evaluation.

Assessment refers to the systematic process of gathering, analyzing, and inter-
preting information to make judgments or decisions about an individual’s perfor-
mance, skills, knowledge, or abilities. It can be conducted by educators, employ-
ers, or other professionals to evaluate a person’s proficiency in a particular subject, 
job-related skills, or overall capabilities.

 – The Shift towards Student-Centered Assessment. Historically, assessment 
in education has been characterized by its top-down nature, with educators 
as the primary arbiters of students’ competencies. However, contempo-
rary pedagogical theories emphasize the importance of involving students 
actively in the assessment process. This shift towards student-centered 
assessment recognizes learners as active participants rather than passive 
recipients of knowledge. Mini-Development: Implement workshops and 
training sessions for educators to familiarize them with student-centered 
assessment strategies. Provide resources and case studies showcasing suc-
cessful implementations, emphasizing the benefits of this approach for 
both educators and students.

 – The Role of Self-assessment in Fostering Autonomy. Self-assessment em-
powers students to take ownership of their learning, promoting autonomy 
and self-regulation. By reflecting on their performance and identifying 
areas for improvement, students develop metacognitive skills and a deeper 
understanding of their learning process. Moreover, self-assessment culti-
vates a growth mindset, where challenges are viewed as opportunities for 
learning rather than obstacles to success. Mini-Development: Introduce 
structured self-assessment templates and tools that guide students in eval-
uating their work effectively. Organize peer-review sessions where stu-
dents can practice giving and receiving constructive feedback, enhancing 
their self-assessment skills and collaborative abilities.

 – Innovative Techniques in Assessment and Self-assessment. With advance-
ments in technology and pedagogical research, educators have access to a 
myriad of innovative techniques for assessment and self-assessment. Dig-
ital portfolios, peer assessment, and reflective journals are among the tools 
gaining traction in modern classrooms. Digital Portfolios: Digital portfoli-
os allow students to compile and showcase their work, providing a holistic 
view of their learning journey. They encourage reflection, self-evaluation, 
and the integration of multimedia elements to demonstrate understanding. 

Peer Assessment: Peer assessment promotes collaborative learning and fosters 
a supportive learning environment. By evaluating their peers’ work, students de-
velop critical thinking skills, enhance their understanding of assessment criteria, 
and receive valuable feedback from multiple perspectives.
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Reflective Journals: Reflective journals encourage students to articulate their 
thoughts, experiences, and insights throughout the learning process. By regularly 
documenting their reflections, students enhance their metacognitive awareness, 
identify patterns in their learning, and set goals for future growth.

Mini-Development: Collaborate with edtech companies to develop customized 
digital platforms tailored to specific subject areas or learning objectives. Encour-
age students to create multimedia-rich digital portfolios that incorporate videos, 
podcasts, and interactive presentations to demonstrate their learning creatively.

 – Implications for Educational Practices. Incorporating student-centered as-
sessment and self-assessment techniques into educational practices has 
profound implications for teaching and learning. It requires educators to 
adopt a facilitative role, providing guidance, resources, and opportunities 
for students to engage actively in the assessment process. Additionally, it 
necessitates a shift in mindset among educators, recognizing students as 
partners in learning and valuing their perspectives, insights, and contri-
butions. Mini-Development: Foster a culture of continuous professional 
development among educators, encouraging them to share best practices, 
collaborate on assessment strategies, and reflect on their teaching meth-
ods. Establish mentorship programs where experienced educators guide 
their peers in adopting student-centered assessment approaches.

 – Embracing Student-Centered Assessment. Traditional assessment meth-
ods, predominantly instructor-driven, are increasingly being re-evaluated 
and redefined to align with the principles of student-centered learning. 
This shift acknowledges students as active participants in the learning 
process, valuing their perspectives, experiences, and contributions. Stu-
dent-centered assessment emphasizes personalized learning, catering to 
diverse learning styles and needs, fostering inclusivity, and promoting a 
deeper understanding and engagement with content. Mini-Development: 
Involve students in the co-design of assessment methods and criteria, 
ensuring that they feel valued and heard in the assessment process. Im-
plement flexible assessment options that allow students to choose from a 
variety of formats (e.g., presentations, projects, portfolios) based on their 
strengths and preferences.

 – Rethinking Assessment: A Shift towards Student-Centered Approaches. 
The traditional paradigm of assessment, characterized by standardized 
testing and instructor-led evaluations, is gradually giving way to more 
student-centered approaches. This shift is rooted in the recognition of stu-
dents as active agents in the learning process, capable of reflecting on their 
learning, setting goals, and taking ownership of their educational journey. 
Student-centered assessment strategies emphasize personalized learning 
experiences, cater to diverse learning needs, and foster engagement, mo-
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tivation, and deeper understanding of content. Mini-Development: Cre-
ate interdisciplinary assessment projects that encourage students to apply 
knowledge and skills from multiple subject areas to real-world problems. 
Offer workshops on metacognitive strategies and goal-setting to help stu-
dents develop a deeper understanding of their learning processes and take 
ownership of their educational journey.

 – Leveraging Technology for Enhanced Assessment and Self-assessment. 
The digital revolution has ushered in a plethora of opportunities for en-
hancing assessment and self-assessment practices through the integration 
of technology. Technology-enhanced assessment tools and platforms, such 
as online quizzes, interactive simulations, digital portfolios, and learning 
analytics, offer educators and students innovative ways to gather, analyze, 
and utilize assessment data to inform teaching and learning. Mini-Devel-
opment: Explore emerging technologies such as artificial intelligence and 
machine learning to develop adaptive assessment tools that tailor ques-
tions and content to individual students’ learning needs and progress. 
Implement learning analytics dashboards that provide real-time feedback 
and insights to both educators and students, facilitating data-driven deci-
sion-making and personalized learning experiences.

Conclusion: assessment and self-assessment in education are undergoing trans-
formative changes, moving towards student-centered approaches that prioritize 
autonomy, reflection, and lifelong learning. By embracing innovative techniques 
and fostering collaborative partnerships between educators and students, we can 
create inclusive learning environments that empower learners, nurture their poten-
tial, and prepare them for success in the 21st-century world.

References

1. Black, P., & William, D. (1998). Inside the black box: Raising standards 
through classroom assessment. Phi Delta Kappan, 80(2), 139-148.

2. Boud, D., & Falchikov, N. (2006). Aligning assessment with long-term 
learning. Assessment & Evaluation in Higher Education, 31(4), 399-413.

3. Dweck, C. S. (2006). Mindset: The new psychology of success. Random House.
4. Barrett, H. (2007). Researching electronic portfolios and learner engagement: 

The REFLECT Initiative. Journal of Adolescent & Adult Literacy, 50(6), 436-449.
5. Topping, K. (1998). Peer assessment between students in colleges and 

universities. Review of Educational Research, 68(3), 249-276.
6. Moon, J. A. (1999). Reflection in learning and professional development: 

Theory and practice. Kogan Page.
7. Falchikov, N., & Goldfinch, J. (2000). Student peer assessment in higher 

education: A meta-analysis comparing peer and teacher marks. Review of 
Educational Research, 70(3), 287-322.



58

Scientific research of the SCO countries: synergy and integration

International Conference

DOI 10.34660/INF.2024.60.19.043

商业游戏作为中等教育机构职业教育学生教学的积极方法
BUSINESS GAME AS AN ACTIVE METHOD OF TEACHING

STUDENTS OF SECONDARY EDUCATIONAL ORGANIZATIONS
VOCATIONAL EDUCATION

Bocharova Marina Alexsandrovna 
Master of Pedagogy, Advisor to the Director of Education and 
Interaction with Children’s public associations 
Bobrovsky Agricultural and Industrial College named 
after M.F. Timashova

抽象的。 文章揭示了商业游戏应用在中等职业教育（以下简称SVE）组织的教
育过程中的重要性。 重点阐述了商业游戏应用的方向、实现阶段。 给出了进行
商业游戏每个阶段的练习示例。 提供了在 SVE 组织的教育过程中实际使用商业
游戏的建议。
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Abstract. the article reveals the importance of business game application 

in the educational process of the organization of secondary vocational 
education (hereinafter - SVE). The directions of business game application, stages 
of its realization are highlighted. Examples of exercises for conducting 
each stage of the business game are given. Recommendations for the practical 
use of business games in the educational process of the organization of SVE 
are provided. 

Keywords: business game; active teaching methods; students; organizations 
of secondary vocational education.

Carrying out teaching activities at the State Budgetary Professional Educa-
tional Institution in Voronezh Oblast “Bobrovsky agrarian-industrial college” in 
disciplines “Foreign language (English)”, “Native literature” and interdisciplinary 
course “Psychological foundations of legal training of drivers of category C” we 
noted that students have difficulties in the discussion and analysis of practical sit-
uations in the field of future professional activity, which actualized the importance 
of the application of business games in the educational process of the organization 
of vocational education and training. 
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During the study of psycho-pedagogical and methodological literature it was 
found out that business games are quite a universal tool for studying and analyzing 
practice-oriented educational tasks in SVE organizations. Within the framework 
of business games it is possible to simulate pedagogical processes and situations, 
to analyze possible solutions to emerging problems in training. At the same time, 
within the framework of one game it is often possible to implement several differ-
ent methodological techniques for finding effective solutions, combining analyti-
cal and experimental methods, modeling and expert evaluations. Hence, the pur-
pose of business games application in the educational process of SVE organization 
is to create conditions for the formation of a professionally competent, socially 
active, creatively independent personality of a student [1; 2; 6; 7; 11].

I. A. Babanova singled out the following directions of business game applica-
tion in the educational process:

- maximum involvement of students in the learning process;
- manifestation and development of initiative and creative abilities of students;
- displaying organizational skills to develop a collective thought and transform 

it into a concrete solution in practice, as well as finding a compromise in the inter-
ests of the cause, setting aside one’s ambitions;

- good consolidation of the discipline material [3]. 
Having analyzed the scientific literature on the topic of research, we found out 

that it is possible to use business games to test the results of learning in both exact 
and social humanities disciplines. For example, at the lesson of foreign language 
(English) on the topic: “Future career: Your future depends on your right choice” 
by means of a business game it is possible to familiarize students with the main 
problems of choosing a profession, to activate professional and business vocabu-
lary in a foreign language, to help improve the speech skills of dialogical speech.

It should be noted that the purpose and objectives of the business game must 
necessarily coincide with the practical need to accumulate professional experience 
of SVE students. With the help of games, students develop skills of social interac-
tion and professional communication.

The above-mentioned directions of using business games in training con-
tribute to the successful formation of the personality of a professional. Let us 
concretize this statement:

- the game provides an opportunity to significantly reduce the time for students 
to gain experience in the field of professional activity;

- the game develops non-standard and creative thinking, which allows solving 
problem situations and creates an artificial model of the experiment;

- business game allows to apply theoretical knowledge in practice and helps to 
assimilate information in the process of game actions;

- the game forms an image of the future profession in students;
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- business game allows learners to accumulate knowledge, skills and skills of 
communication, culture, socialization and others.

In order for the work on the application of the method of “business game” 
to proceed logically, dynamically and give results, it is necessary to determine in 
advance the theme, purpose and objectives of the training session. According-
ly, it is necessary to establish the nature, scope and conditions of the activity.

To correctly formulate the purpose of the business game, the teacher should 
formulate several questions according to the scheme in the figure (according 
to N. V. Vasina) [5].

Designing the goal of the game according to N. V. Vasina

It is not necessary to identify the educational (learning) goals and action 
goals of the game participants, they are formulated according to the game role, 
which is defined in the group.

The peculiarities of developing a flow chart of a training session with the use 
of a business game allow forming a model of the game and actually describing its 
course. 

The analysis of methodological literature [3; 9] allowed us to formu-
late the stages of conducting a business game, presented in the table.

Stages of the business game
№ 
n\a Stage name Stage characterization

1 Problem 
identification

Participants should conceptualize the concepts that collectively 
define the goals and are formulated by the participants in a joint 
action

2 Optimization 
 (goal setting)

At this stage, the optimal event pattern



61

上合组织国家的科学研究：协同和一体化

国际会议

3 Finding a 
solution

Finding available resources that can solve problems that are 
meaningful to the participants of the game

4 Design 
organization

The use of resources by the participants of the game aimed at 
solving the problems and/or achieving the goals of the lesson

Let’s consider each stage. At the stage of problem identification, students es-
tablish the boundaries of the problem situation determine the essence of the prob-
lem and formulate ways out of it. According to V.S. Yukaeva, students identify 
and analyze problems in several stages:

- compartmentalizing the problem;
- highlighting the major and minor characteristics of the problem;
- establishing cause-and-effect relationships across all possible options for 

solving the problem;
- predicting and analyzing required actions;
- developing recommendations for action [12].
At the stage of optimization (goal setting), the results can be achieved in vari-

ous ways. For example, the analysis of N. V. Borisova’s works has shown that the 
following types of exercises for creating and retaining the initiative of the students 
will help them to formulate the problem and purpose of the lesson more quickly:

1. Exercise “Fascinating story”. The aim is to overcome difficulties in problem 
solving, to form skills of independence. Instructions: during the lesson or before 
the lesson, a case should be presented to the trainees with the inclusion of a spe-
cific participant in the situation, containing goals and ways to achieve them. The 
main thing is that the story should be short and memorable, and the participant 
should be a peer. Then the information will be accessible and solving similar prob-
lems will be easier.

2. Exercise “Visualization”. The aim is to develop attention. Instruction: it is 
necessary to use maps, illustrations, presentations and videos during the lesson to 
help the teacher keep interest in the topic of the lesson.

3. Exercise “Interesting questions”. The aim is to form the skills of independ-
ent work. Instructions: the teacher should formulate a question in such a way that 
the intrigue remains during the lesson, the answer to which can be obtained only 
after the knowledge gained during the lesson [4].

At the stage of searching for a solution, students who are able to take initiative 
independently, will be able to independently and smoothly extract the necessary 
knowledge from the educational material and operate them in everyday life. To 
develop skills in working with normative acts, as well as using their provisions in 
practice, N. V. Pelevina recommends applying the following exercises:

1. The exercise “Read carefully the title of the document” contributes to the 
formation of the ability to give a general characteristic of a normative-legal act, its 
place in the system of law.
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2. The exercise “Read the text carefully” forms the ability to extract and gen-
eralize knowledge from several normative acts; to explain the meaning of a legal 
norm, to comment on it; the ability to identify the essential features of legal con-
cepts contained in the text of a normative act.

3. The exercise “Write out concepts” contributes to the formation of the ability 
to use excerpts from the text of the act when answering to illustrate theoretical 
points [10].

Organization of design is the final stage of the game. Accordingly, at this stage 
it is advisable to use practical exercises to consolidate the knowledge gained dur-
ing the game. A. A. Danilova, P. V. Uvarov refers to such exercises as:

1. Exercise “Round Table”. The exercise is used to discuss and highlight the 
problem in the class by a group of students in order to solve the set tasks.

2. Exercise “Resolution”. The exercise is used to record the actions taken in the 
process of solving problems and/or achieving the goals of the session.

3. Exercise “Rating system”. The exercise is used to evaluate the actions of 
students by a group of experts on the application by the participants of the game of 
resources aimed at solving the problems [8].

Thus, we can formulate recommendations for the practical use of business 
games in the educational process of an SVE organization:

1. It is advisable to use business games only in cases when other interactive 
methods are not used at the training session, as a business game is a rather organ-
izationally complex method.

2. The business game should be carefully thought out, as a poorly prepared 
organizational base requires constant intervention from the teacher and deprives 
the students of autonomy of action.

3. The conditions of the game should simulate as much as possible the real 
conditions of professional activity, in which the trainees find themselves immedi-
ately after graduating from college.

4. The business game should continue or conclude a specific learning theme of 
the discipline being studied.

So, business game is a complex, multilevel method, which includes a whole 
set of active learning tools. It should also be noted that the business game is a 
means of implementing the systemic-activity approach, which determines the use 
of game technologies in the educational process of SVE organization.
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抽象的。 本文考察了中国爱国主义形成的问题。 对这个问题的研究特别有
趣，因为几千年来，中华人民共和国一直是一个强大而伟大的国家，具有一定的国
家制度和爱国主义。 描述的概念和计划将使中国迈向新的全球水平。

关键词：爱国主义、社会主义、混乱、小康、大同、“中国梦”、“一带一路”。
Abstract. This article examines the problems of the formation of patriotism in 

China. The study of this issue is of particular interest, because For many millennia, 
the PRC has been a strong and great country with a certain system of statehood 
and patriotism. Concepts and programs are described that will allow China to 
move to a new global level.

Keywords: patriotism, socialism, Hunluan, Xiaokang, Datong, “Chinese 
Dream”, “One Belt - One Road”.

The formation of patriotism is one of the urgent tasks of any state, since it is 
it that acts as a kind of “cement” of society. The special significance of patriotic 
values lies in the fact that they are highly characterized by a focus on establishing 
and strengthening the principles of community, unity and consolidation, and on 
realizing the strong interrelation of key public and state interests.

Patriotism in China has received a special form of expression, and for several 
millennia it has been the basis of the power and unity of the multinational coun-
try. For example, in ancient times, the patriotic feelings of the people restrained 
external aggressors and more than once revived a state fragmented into small prin-
cipalities. During the period of New History, China had to fight expansion from 
Western countries, and patriotism was the source of strength. After the formation 
of the PRC, patriotism was perceived as one of the main pillars of the development 
of “socialism with Chinese characteristics.”
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The essence of the Chinese vector of history is three successive periods:
1. The pacification of “chaos” (hunluan) fragmentation and civil war by force, 

which was done by the founder of the People’s Republic of China, Mao Zedong, 
in 28 years.

2. Building a society of “small prosperity” (xiaokang), which was started in 
1979 by the “architect of the Chinese miracle” Deng Xiaoping and 40 years later 
in 2019 should be accomplished by his followers - the builders of “socialism with 
national specifics of a middle state.”

3. The transition to building a society of “Great Unification” (Datong), the ini-
tiative of which was announced in Geneva by the “standard bearer of the Chinese 
Dream” about the revival of the greatness of the Chinese nation, Xi Jinping.

All three periods called for the creation of a strong and powerful country with 
a special system of statehood and patriotism.

All the leaders of the People’s Republic of China spoke about the importance 
of patriotic feelings. President Xi Jinping called on Chinese people to love their 
country, the Chinese Communist Party (CCP) and socialism. “In modern Chi-
na, the essence of patriotism is love for the country, the party and socialism at 
the same time,” Xi Jinping said. He clarified that love for the fatherland, a sense 
of devotion and attachment to the homeland are the “duty and responsibility” of 
every Chinese. “This is the foundation on which young Chinese in the new era can 
become winners in life,” the Chinese president added.

Going forward, Xi Jinping noted, “we should fully promote patriotism, cul-
tivate a strong sense of national dignity and confidence among our people, and 
strengthen the sense of community of the Chinese nation.”

On November 29, 2012, Xi Jinping announced the concept of the “Chinese 
Dream”, naming three main conditions for its implementation:

1. It is imperative to follow the Chinese path, that is, the path of socialism with 
Chinese characteristics. The Chinese nation is a nation of extraordinary creativity.

2. It is necessary to uplift the Chinese spirit, the core of which is patriotism, as 
well as the spirit of the era, the core of which is reform and innovation.

3. It is necessary to unite the forces of the nation, which are born of the great 
unity of the nationalities of the country. The Chinese Dream is the dream of the 
entire nation and of every Chinese individual [3].

Contemporary Chinese philosopher Zhao Tingyang believes that the «Chinese 
Dream» serves as a tool for both the preservation and development of the Chinese 
state, in order to prevent economic collapse, its main task is to unite Chinese so-
ciety, which will experience social problems such as unemployment and social 
inequality [ 12].

According to Chinese specialist Wang Wei, despite the fact that the “Chinese 
Dream” is a breathtaking long-term program, the Chinese leadership is actively 
using this idea to internally govern the country and promote its authoritarian ideas.
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The goals of the “Chinese Dream” by 2049 should be:
1. strong economy, politics, science and defense;
2. social stability, friendship between all nationalities;
3. the wealth of the Chinese people;
4. great culture, high spirituality;
5. developed infrastructure of Chinese cities, nature, new innovative cities, 

environment;
6. great innovation;
7. peaceful coexistence with other peoples of the world.
Xi Jinping’s “Chinese Dream” has ambitious goals; it has absorbed all the best 

that happened under the previous leaders of China. If “socialism with Chinese 
characteristics” aims to increase material wealth and achieve social equality, then 
the “Chinese Dream” is not so much an evolutionary continuation of all old polit-
ical lines, but rather a spiritual addition due to the fact that it raises the problem of 
raising the spirit of tradition and patriotism.

Chinese specialist Wang Wei believes that the historical leap of the Chinese 
nation is impossible without the implementation of another idea put forward by 
Xi Jinping, which is called “One Belt - One Road”, or “The Great Silk Road”. 
According to the Chinese scientist, China lacks sufficiently high rates of economic 
growth from internal resources, so the Chinese economy needs to enter the global 
market. The spirit of the Silk Road is the mutually beneficial common develop-
ment of humanity.

The combination of two policies - the «Chinese Dream» and the «One Belt 
- One Road» - not only creates a new development model that differs from the 
Western one, but also contributes to prosperity in China when interacting with 
other countries. China offers the whole world its global mutually beneficial eco-
nomic project [2].

The New Silk Road doctrine is implemented by the Made in China 2025 strate-
gy announced in 2015. The goal of which is the complete technological independ-
ence of the Chinese “factory of the 21st century” from the Western World and 
the ousting of the United States from the market of the Belt and Road countries. 
The strategy covers 10 cutting-edge research, design and manufacturing sectors: 
new materials, artificial intelligence, 5G communications, large-scale integrated 
circuits, biopharmaceuticals, robotics, electric vehicles, high-speed rail, aircraft 
and shipbuilding. The strategy is provided with personnel, including those trained 
in the West and introduced to Western technologies.

The success of the Great Unity of Nations project - Datong lies on the path to 
the implementation of the “program for building international relations of a new 
type.” The essence of the program is the transition from the struggle of opposites, 
confrontation and isolationism to trinary harmony in the triangle China - USA 
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- Russia; with the creation of a network of partnerships around the world as a 
strategic support for the Belt and Road. At the same time, economic globalization 
in the Chinese way provides for “constructive interaction” with the United States 
regarding technologies of the 6th economic structure (NBIC-convergence) and 
“effective distribution of natural resources” with Russia [4].

With the adoption of the new Law on Patriotic Education, which came into 
force on January 1, 2024, patriotic education in China has received a powerful 
impetus for development.

According to the law, patriotic education covers such areas as ideology and 
politics, history and culture, national symbols, the beauty of the Motherland, the 
Constitution and the law, national unity and ethnic cohesion, national security and 
defense, exploits of heroes and role models.

The main innovations include expanding the concept of patriotic education, 
improving the education system to create a sense of community of the Chinese na-
tion, provisions for the development of traditional Chinese culture, strengthening 
cultural trust, and building modern Chinese civilization.

“Patriotic education should develop China’s traditional culture, promote so-
cialist core values, promote the construction of a socialist culture with Chinese 
characteristics, strengthen cultural trust, and build the modern culture of the Chi-
nese nation,” the law states.

The law specifies that patriotic education should be aimed at all citizens, and 
pays special attention to the patriotic education of youth and children in education-
al institutions and at home.

The law requires full use of all kinds of resources for carrying out patriotic ed-
ucation, including resources related to the heritage of the Chinese Communist Par-
ty, cultural monuments, patriotic education bases and various cultural venues [5].

School plays one of the most important roles in the patriotic education of the Chi-
nese. In elementary school, young Chinese are taught the laws and traditions of the 
state, history and culture of China. From the age of 9, school students attend military 
training classes, which are compulsory in Chinese schools. The program includes mili-
tary practice, team skills, education of will and readiness for self-sacrifice, self-defense 
techniques, and familiarization with military equipment and weapons.

In the morning before classes, they always raise the flag and do exercises to 
the accompaniment of patriotic music. In Chinese schools, very strict attention 
is paid to political science; in class, the teacher talks about the party and what 
contribution it has made to the development of China. The Chinese actively use 
industrial practice.

The state assigns one of the main roles to school in the educational process, 
and therefore has prepared a number of documents that specify the features of the 
formation of the patriotic consciousness of the younger generation:
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1. Law on Education.
2. Resolution of the CPC Central Committee.
3. “Regulations on military training of students.”
The first assistants of the Chinese Party in the patriotic education of students are 

children’s and youth organizations and the largest organization - the Young Pioneers 
of China, which has 130 million members aged 6 to 14 years. The Young Pioneers are 
led by the Communist Youth League. It is from the leaders of the Communist Youth 
League that the party leaders are chosen upon reaching adulthood.

In China, the Nanjing Massacre Memorial Museum, the Liaoshen Operation Me-
morial Museum and the Chinese People’s War Memorial Museum have been opened, 
where commemorative events are organized. To maintain patriotism and national spir-
it, traditional holidays and political holidays play a huge role: Youth Day, Founding 
Day of the CPC, Founding Day of the People’s Republic of China, etc. [1].

Great importance is attached to the development of patriotism through the In-
ternet.

The Internet space for patriotic education of students in China is represented 
by several large Internet projects:

1. China’s largest search engine Baidu.com. This search engine in China was 
created in 2000 in the likeness of the largest search engines (Google, Yahoo, etc.). 
Since 2006, the system has its own online encyclopedia - Baidupedia. In the Baidu 
search engine, you can not only find information, images and videos of a patriotic 
nature, but also ask your own questions and receive answers from network users 
[6].

2. International and national messengers. The Chinese instant messengers QQ 
and WeChat are the most popular among Chinese youth. These messengers are ac-
tively used not only in China, but throughout the world. According to Bloomberg, 
the QQ service is used by 843 million people (it is the world leader), the number 
of users of the WeChat messenger is 600 million people (4th place in the world 
ranking of instant messengers). Messengers not only serve as a conductor of social 
life, but also allow the rapid exchange of information between students, between 
students and teachers, and help strengthen the sense of collectivism [7].

3. Social communities, forums and blogs of international and national format.
Among the main Internet projects in this area, the following should be high-

lighted:
1. General international and national Internet projects discussing topics of pa-

triotic education in groups and blogs (Facebook.com, Qzone.com, pengyou.com, 
weibo.com - an analogue of Twitter in China, renren.com, etc.).[9].

2. Thematic Internet projects dedicated to patriotic education. Among them, 
several Internet projects stand out: the portal “Chinese Patriotic Education”, the 
portal “House of the Patriot”, etc.
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The national large-scale integrated portal “Chinese Patriotic Education” was 
established on the initiative and with the support of Chinese government leaders, 
relevant government ministries and commissions, created with the support of gov-
ernment bodies with the participation of famous experts, scientists, entrepreneurs 
from various fields of activity, leaders of overseas Chinese communities, approved 
in in accordance with the established procedure by the State Ministry [10].

The “House of Patriot” portal is the most characteristic website of our time 
about patriotism in China, dedicated to the theme of developing the spirit of patri-
otism and revolutionary heroism, created for instant and comprehensive coverage 
of the latest news in politics, military affairs, science and technology and educa-
tion [11].

We can conclude that in order to realize the dream of the great revival of the 
nation, the PRC government needs to ensure national unity, the basis of which is 
patriotism, as one of the “key values of socialism” [8].

Therefore, the significance of patriotism at the beginning of the third millen-
nium lies in the fact that it acts as a powerful mobilization resource for the de-
velopment of the individual, the collective, society and the state, activating the 
energy of citizens in solving problems of social and state development to high 
dedication in order to achieve a common goal - the preservation and development 
of the country, desire to preserve and promote the development of statehood, the 
socio-economic and spiritual sphere, social ideals and values in the PRC.
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注解。 在本研究中，作者分析了67个带有“肝”成分的特殊词单位和34个带
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units chengyu with component “liver” and 34 with component “gallbladder”. 
The authors classified said PU into semantic groups and continued analyzing 
internal structure and patterns in literal meaning of chengyu. The conclusion is 
that chengyu’s meaning mostly include characteristics of the higher cognitive 
activity of a person, as well as a description of his character and behavioral 
characteristics.
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Phraseologisms are a large part of any culture. After all, their semantic compo-
sition reveals the most important features of culture, from thinking and perception 
of reality, to historical development, rites and rituals of a particular ethnos. One 
of the important aspects of culture revealed by phraseology is cultural codes - a 
certain collection of understanding, associations and evaluations formed in a cer-
tain society associated with certain objects and aspects of reality. There are many 
different codes, such as gastronomic code, architectural code, subject code, etc. 
However, one of the largest and most important codes is the somatic (body) code. 
It includes the names of any parts of the body, internal organs, as well as any ac-
tions associated with them (for example, keep your head in the game, land a hand, 
pointing fingers, etc.). The somatic code is equally important and widespread in 
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all cultures of the world, because knowledge of the world first of all begins with 
knowledge of oneself and one’s own body [2], however, in Chinese linguistic 
culture somatisms occupy a special place, since they are closely related to the tra-
ditional understanding of medicine, as well as the universe in general. Therefore, 
somatic phraseological units are ubiquitous in the Chinese language; they are used 
both in live speech and in writing. As a result, such research may be useful for 
the development of intercultural communication between Russia and China. This 
research will also be useful for the development of linguoculturology, a science 
that studies the relationship between culture and language.

The famous linguist Ma Guofan identified 5 main types of phraseological units 
in the Chinese language: guanyunyu, xiehouu, chengyu, yanyu, suiyu. Chengyu 
is a set phrase or sentence, built according to the rules of the ancient Chinese lan-
guage, semantically monolithic and indivisible, with a generalized, metaphorical 
figurative meaning.[1] Of all five phraseological units, chengyu is the most com-
mon and frequently used in the Chinese language. This phraseological unit is used 
in almost any text, from colloquial to political. This is due to the fact that Chengyu 
originated from classical canons and treatises, which have a huge influence on 
modern Chinese culture.[3] There is also other reason which is it’s minimalistic 
and easy to use size of structure. It only consists of four components that are usu-
ally correlated within chnegyu itself making it very easy to memorize and handy to 
utilize in speech as it usually has a meaning of a very long and complex sentence 
but can operate in a sentence as a usual word.

For this research, we selected 34 chengyu with the “liver” component and 34 
with the “gallbladder” component and 31 chengyu that include both of the compo-
nents. This means that there is a definite correlation between the two components, 
which is also the reason why we are combining them in our study. 

Even though we are only two components “liver” and “gall bladder” there will 
be names of other internal organs, as it is common for chengyu to combine two 
organs in its internal structure.

Starting with chengyu with the “gallbladder” component, we can say that glob-
ally they are divided in two big semantic groups: “courage” and “cowardice” (14 
- courage, 12 - cowardice and the remaining 4 do not have common semantic mo-
tives). “Courage” is usually expressed through combination of two hieroglyphs 胆
大(dà dǎn) which means big gallbladder. For example:大胆包身dà dǎn bāo shēn – 
to be full of courage, courageous. On the opposite, cowardice is described through 
combination of two hieroglyphs 胆小(dǎnxiǎo) which means small gallbladder. 
For example: 胆小鬼dǎnxiǎoguǐ – coward, chicken. Cowardice is also shown as 
a state of mind: 胆裂魂飞dǎnlièhúnfēi – to be afraid, to be scared. Such mean-
ing is usually achieved through description of physical influence on the organs 
themselves (as shown in the previous example胆裂 – gallbladder is tearing up). 
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In addition, it can be noted that in the chengyu group, which describe courage, 
such meanings are often supplemented by other positive characteristics, usually 
affecting a person’s mental abilities. For example, 有胆有识yǒu dǎn yǒu shì - 
brave and experienced, 琴心剑胆qínxīn jiàndǎn - the soul of a musician and the 
courage of a warrior (poet and warrior, brave and gentle), 艺高人胆大yìgāorén 
dǎndà - talented and courageous etc. Sometimes courage is described with a nega-
tive connotation: 胆大妄为dǎndà wàngwéi - to become insolent, insolent. As for 
the second group, it can be noted that all Chengyu semantics of cowardice, in the 
literal sense, always mean an unfavorable characteristic or action carried out on 
the gallbladder itself (as in the example above). From this we can assume that 胆 
(gall bladder) itself is synonymous with the word “courage”, and any negative 
impact takes away this characteristic. Additionally, some chengyu of the second 
group, unlike the first, can act as a description of an action, for example: 魂惊胆
丧Sàngdǎn xiāohún - to lose courage, to be afraid.

Moving on to chengyu with the “liver” component. We can distinguish several 
groups, the first of which is called “not about a person” (12) and is most associated 
with the description of food. Usually, it is a description of the quality of food: 龙
肝凤髓lónggān fèngsuǐ - dragon liver and phoenix bone marrow (meaning: ex-
quisite dishes, delicacies, very tasty food). We can notice that all the chengyu in 
this group are metaphorical comparisons of food with animal organs. Basically, 
these are mythological animals such as dragon, qilin (unicorn), phoenix: 麟肝凤
髓lín gān fèng suǐ – qilin liver, phoenix bone marrow, lit., delicacy, delicious food 
(麟 – qilin, unicorn). The literal and figurative meanings of chengyu have a posi-
tive connotation, since these animals are described as positive and rare in Chinese 
mythology. From here, we can highlight that the “liver” component in Chinese 
linguistic culture can act as part of a metaphorical description of not only a person, 
but also food. Furthermore, there is a separate subgroup of chengyu, in which liver 
is meant as food only in the literal sense, but not figuratively. Basically, these are 
multiple variations of this chengyu: 不食马肝bùshí mǎgān – lit., do not eat horse 
liver. Here the horse’s liver is equivalent to poison. Therefore, the meaning of this 
chengyu should be perceived as follows: one should not study something that is 
known to be dangerous, do not do or touch something that is already known to be 
dangerous. However, food is not the only thing included in this group. We can also 
notice another subgroup of chengyu, in which descriptions of things are given: 鼠
肝虫臂shǔgānchóngbì - rat liver, insect legs (about a worthless thing). Typically, 
these chengyu have a negative connotation, which, much like in the description of 
food, is achieved by metaphorically comparing the characteristics of a thing with 
the entrails of animals (mainly small animals, rats and insects). Another group of 
chengyu describes the psychological states of a person (10). Basically, these are 
states such as sadness, grief, severe suffering: 摧心剖肝cuīxīn pōugān - Heart 
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and liver are torn to shreds, severe sadness, bitterness. We can again note that the 
meanings of this group are created by describing negative physical effects on hu-
man organs, with the approximate semantics of “destruction, deformation”, which 
are associated with such negative psychological states.

Now let’s look at chengyu, which have both components in their structure. As 
stated above, there are only 31 units. Many of them form one large group, which 
can be called “human characteristics” (25). Considering this group, let us clarify 
that the characteristics of a person mean the characteristics of a person’s psycholo-
gy, behavior and thinking, that is, the characteristics of higher cognitive processes. 
Unlike other groups we have identified, this group is not narrowly focused on a 
specific topic, but is a collection of descriptions of various characteristics of a per-
son. The predominant characteristics are “sincerity” and “devotion”. Moreover, 
such meanings are expressed by describing physical manipulations of the liver 
and gall bladder themselves, mainly such as “tearing, opening”: 披肝沥胆pīgān 
lìdǎn - frank, faithful (披 - split, separate, open., that is, literally open the liver). 
However, unlike the chengyu from the “psychological state” group, here they are 
perceived as positive, and not vice versa. The difference is that in the first group 
it is specified that this is precisely the destruction (both direct and figurative) of 
organs, hence the figurative meanings of the first group. At the same time, in this 
group, the organs are “opened,” which is equivalent to the expression in Russian: 
“visible through and through.” There may also be other positive characteristics: 义
胆忠肝yìdǎn zhōnggān - fair and loyal. Here, characteristics are given to organs 
themselves (忠-fidelity, sincerity, i.e., literally the faithful liver). Also, in both 
groups of chengyu with one component there are meanings associated with the 
description of a person’s perseverance (4 with the “liver” component and 4 with 
the “gallbladder” component): 雕肝琢肾diāogānzhuóshèn - engrave on the liver 
and carve on the kidneys (arr. meaning: to give all the strength of the soul, not to 
spare one’s spiritual energy); 坐薪悬胆zuòxīn xuándǎn - 1) endure hardships; 2) 
put in all your strength, give it your all.

Thus, chengyu with the “gall bladder” component in Chinese linguistic culture 
is somehow associated with courage, either its absence or its presence. Meanings 
with this characteristic are created by describing the size of the organ, or by de-
scribing any action related to the gallbladder. Courage is usually complemented 
by other positive characteristics, such as experience and dexterity.

Next, we identified the following groups of chengyu with the “liver” compo-
nent: “not about a person” and “psychological state”. The first group is special in 
that in it the chengyu describe not a person, but food. Moreover, such descriptions 
are created using a metaphorical comparison of food with the already designated 
organ of animals from Chinese mythology, such as the dragon and qilin. It is 
also interesting to note the Chengyu subgroup, in which liver (of a horse) can 
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be translated as poison. The next group is a description of human psychological 
states, mainly such negative states as “sadness, melancholy, grief.” Here, such 
psychological states are highlighted through a negative psychical effect on the 
liver and other organs, the pain from which is associated with grief and an unpleas-
ant sensation.

Finally, chengyu with both components “liver” and “gallbladder”. Here the 
meanings are centered around such characteristics as loyalty, sincerity, as well as 
perseverance and responsibility. They (sincerity and devotion) are shown through 
a description of the physical impact on the paired organs of the gallbladder and 
liver, with the approximate semantics of “opening, putting out,” as well as through 
a direct description of the organs themselves (responsibility).

In general, we can say that both components, together, are associated with the 
best qualities of a person. At the same time, individually they have a wide seman-
tic spectrum.
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The modern development of socio-philosophical thought actualizes the com-
prehensive study of society as a conglomerate of ethnic, political, economic and 
other interactions in the socio-cultural space, which is manifested in interconnec-
tion and mutual influence in the process of social relations. This shifts research 
emphasis to the interaction between individuals, social groups and society. This 
is due to the turning point of different eras, fundamental shifts in the social life 
of individual countries and peoples. At present, attention to socio-philosophical 
problems of social relations is increasing, which is intensified by attempts to un-
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derstand and understand the causes of the crisis that has gripped the social system 
of society.

Under the influence of objective factors, research interests in the study of so-
cial relations are formed, which becomes an urgent need to analyze social relations 
as a social phenomenon. Thus, identifying the essential foundations of social re-
lations, revealing the axiological determinants of their development to determine 
their role as a value mechanism for the development of society through socio-phil-
osophical analysis makes it possible to solve the problem of the multi-unity of 
man and society in the aspect of social relations. At the same time, it is necessary 
to analyze the comprehensive content profile of the negative aspects of adaptation 
strategies in modern society, and determine the likely directions of development 
of such trends and the possibility of their correction.

We emphasize that the problems of studying social relations are interdiscipli-
nary in nature and are studied by philosophers, historians and political scientists. 
At the same time, there is no unambiguous understanding regarding ideas about 
social relations, since civil society is rather perceived as an ideological way to 
guide public interests and, as a consequence, public relations. Such studies are 
aimed at understanding classical ideas about social relations in modern trends in 
understanding the phenomenon of modern society, which determines the relevance 
of the topic and helps to identify the patterns of the formation of society in history.

A special place in the problematic field of research on social relations is occu-
pied by the philosophical and anthropological context of the study of society and 
social relations:

− through the prism of man as a social being (A.F. Losev, I.T. Frolov, E. 
Fromm, T. Chardin);

− issues of human involvement in the system of social relations in the works 
of I.L. Andreev, K. Marx, G.S. Pomerants and others, who argued that a person 
cannot realize himself outside of society;

− issues of subjective individualism as a specific form of human existence in 
society: U. Barretta, G.V.F. Hegel, R. Dahrendorf, S. Kierkegaard, K. Marx, E. 
Toffler, L. Feuerbach, W. Stern.

In the system of social and humanitarian knowledge, several areas can be dis-
tinguished on the topic of research by scientists of the Lugansk People’s Republic, 
Donetsk People’s Republic in the study of social relations:

− social relations in the historical development of society (V.M. Sheluto);
− normative and value basis for understanding the issues of development of 

social relations; culture of public relations in the context of virtuality; ethical as-
pects of globalization and problems of communication in modern society (T.V. 
Lugutsenko);

− spiritual socialization of the individual as the basis of being in social practice 
(N.V. Berezhnaya, I.A. Chernykh, O.N. Germanenko), when social processes in 
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society require determining the laws of the influence of spiritual traditions on so-
ciety in order to overcome the spiritual crisis (person is at the same time an object 
and a controlling subject in society, its spiritual renewal).

In understanding the essence of society, it is this aspect – the relationship be-
tween society and the individual – that is most important. Society functions be-
cause of natural processes and within the boundaries of nature, but these processes 
in society lose their qualities, which is associated with the purposeful nature of 
social processes, the presence of freedom of choice and variability, and value-se-
mantic orientation. Nevertheless, constant interchange would be impossible if 
there were nothing in common between nature and society. Society appears to be 
a continuation of natural-cosmic processes, and therefore cannot but be consistent 
with its general laws.

Society is a complex social system, a structurally organized integrity, which is 
formed by different elements, components, and divisions. In turn, they also have 
a certain level of organization and orderliness of their own structure. This gives 
grounds to assert that the social structure of society is a complex, multidimension-
al formation.

A holistic vision of social relations is characterized by social development and, 
from the standpoint of philosophical methodology, cannot ignore the everyday 
ideas and views on the problems of society that have developed in the public con-
sciousness. Social relations in the understanding implemented in practice (“ME-
ME”, “ME-WE”, “I-SOCIETY”) can fulfill the role of basic social relations in the 
sphere of economics, politics, and spirituality.

At the present stage, society reveals itself as an objective system of social 
circumstances, connections and relationships that were historically created by pre-
vious generations, into which the individual is included from the moment of birth, 
and which become an objective condition of his existence. Society as an objective 
system and society as inter-individual connections - all this is a single social reali-
ty, but at its different levels, in different dimensions of social existence.

The specificity of social relations lays in the unification of people in different 
social communities, of different levels and significance, in accordance with the 
principle of equal conditions and standard of living, social equality and preferenc-
es, socio-territorial, ethnic characteristics.

We emphasize that the main stages of interaction between man and society are:
– a system of personal dependence of a person (the need to unite many people 

into a common technological chain as a result of historical changes in the con-
struction of society and the formation of the state). The formation of a system of 
social connections, characterized by the personal dependence of a person on a 
person and tradition as the main form of social reproduction;

– society as a system of material dependencies (technologization of society 
in the social aspect of relations), ways of realizing interpersonal connections and 



79

上合组织国家的科学研究：协同和一体化

国际会议

relationships. Social practices (a system of social connections), when a person 
himself turns into a certain kind of commodity, and his powers and abilities are 
increasingly subordinate to the logic of the reproduction of things, lead to the 
emergence of a “one-dimensional” person (G. Marcuse);

– the stage of personal reconstruction (sociality as a new stage in the evolution 
of relationships), which characterizes new relationships of “free individuals”, can 
give a new impetus to the development of new qualities.

Thus, the process of socialization is characterized by the integration of a new 
type of activity into the existing structure of social, cultural, production, economic 
and other relations. This approach (E. Toffler) in understanding equivalence or the 
inequivalence of social exchanges in the activities of social actors made it possible 
to unite individuals and their groups into a single whole, thereby strengthening 
their role in modern society. Consequently, the relationship between the individual 
and the general social in the modern world demonstrates the specific relationship 
between the individual and the social in human life. That is why ensuring the so-
cial prerequisites for the formation of the individual, preserving his individuality 
and his desire for freedom, both social and individual, is the main goal of society.

We observe the philosophical status of the anthropic and sociocultural in the 
key principles of constructing both society and culture:

– analogue principle (through the use of culture to a visible image or analogue);
– the principle of the dominant component in relations between society and 

culture.
In our opinion, the patterns of the process of development of the subject’s 

abilities make it possible to outline effective ways to determine the mechanism of 
cultural self-regulation of the subject, which includes:

– accumulation of individual and social experience of life, communication, 
behavior, which determines social relations in society;

– consolidation of the experience of cultural self-organization in sign systems, 
attitudes of consciousness, traditions, standardized forms of behavior;

– development of generally binding normative instructions and evaluative con-
cepts, criteria, standards of behavior and unique codes in social relations.

It is shown that it is important that cultural values   become a canon, a set of 
rules and mandatory norms of everyday reality of modern society. At the same 
time, one cannot ignore the nationally specific, individual coloring, which direct-
ly affects the values   of the spiritual culture of each member of society. Spiritual 
life, the development and formation of the moral culture of the individual, as an 
integral component of society, is the most important element of its life, the devel-
opment of which depends on general progress.

Knowing a person through culture is essentially his self-knowledge. Culture 
has always played a special role in the formation of human existence, therefore 
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the relationship between man and culture is an inextricable unity. The planetary 
system strives to absorb all individual, personal spaces, and at the same time, the 
spiritual world of man turns into one existential problem: how to preserve the in-
tegrity of one’s locality. At the same time, a possible way out of this situation can 
only be sociocultural interaction, intercultural dialogue, cultural communication, 
when representatives of different cultures cannot have identical value orientations 
in all spheres of life, but can develop common tendencies to achieve optimal re-
sults in the communication process, recognizing the equality of all subjects public 
relations in this area.

Thus, based on the analysis of the connection between the dehumanization 
of subject-subject relations, it can be argued that the source of self-development 
of society is social relations, their spiritual potential, which is the basis for the 
self-development of social relations in the process of self-realization and interde-
pendence of man and society. Today, public relations during the period of trans-
formation of society and culture can contribute to the formation of cooperation 
between representatives of different ethnic groups and cultures on the principles 
of tolerant behavior. Subjects of public relations, recognizing the equality of all 
participants, create an atmosphere of openness and trust between them, showing 
respect for the traditions, customs and way of life of representatives of different 
ethnic groups. The development and adoption of common goals that are significant 
for all participants is defined as the main condition for overcoming difficult in-
terethnic problems. It has been established that social relations should only follow 
the path of harmonization based on the principles inherent in a civilized society.
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摘要.本研究探讨了中国将现代奥林匹克运动作为国家战略所带来的社会变
化，在卢梭的现代社会的批判理论基础上对其进行了社会政治哲学分析。考虑了由
发展现代奥林匹克运动所引发的后现代主义思潮，作为国家宏观的国际叙事，它引
起了对于国家政党将其作为国家战略的统一的理性观念的观点的另一种思考。提
出了体育与政治进行相关联所引起的后现代主义的哲学反思。

关键词：现代奥林匹克运动；国家战略；社会哲学；政治哲学；卢梭；北京冬奥
会；国际发展。

Abstract. This research explores the social changes caused by China accomplish 
the Modern Olympic Movement (OMO) as a national strategy, and conducts a 
socio-politics philosophical analysis based on Rousseau’s critical theory of 
modern society. Consideration is given to the postmodernist currents arising from 
the development of the OMO as a national macro-international narrative, which 
invites another reflection on the view of national parties as a unified rational idea 
of national strategy. It puts forward the philosophical reflection of postmodernism 
caused by the correlation between sports and politics.

Keywords: Modern Olympic Movement; National strategy; Social Philosophy; 
Political Philosophy; Rousseau; Beijing Winter Olympics; International 
Development.
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前言
在2008至2022年的15年间，中国举办了两次奥运会，在世界体育史上标

注了中国符号。现代奥林匹克运动也因为国家政治发展的需要成为世界上
独一无二的为了国家荣誉而进行的竞争。在申办、举办奥运会期间通过对
中国国家政治生活秩序、社会公共生活的渗透和影响导致新一轮的公民基
本权利与公共政治权力之间的关系变化[1]。作为人类社会的罕见杰作, 现
代奥林匹克将体育运动的多种功能发挥得淋漓尽致,影响力远远超出了体育
的范畴, 在当代世界的政治、经济、哲学、文化、艺术和新闻媒介等诸多
方面产生了一系列连锁的影响。例如，北京冬奥会»一起向未来»的倡议，
在人类命运共同体价值观下将奥林匹克精神、办赛理念和奥运愿景与中华
民族的文明相结合，向世界传达了中国解读、中国诠释和中国表达[2]。

近现代以来，作为人类社会生活的一种重要现象，随着国家间交往的不
断打一大和深入，体育已经成为国际社会文化交流的重要途径。尽管体育
具有突出的社会与文化属性，国际间的体育交流活动强调体育所承载的公
正、和平、友谊、健康等普世价值,但是体育与政治的联系仍然显而易见。
正如经济与政治密不可分，体育也深受政治的影响，人们不难注意到体育
与政治难以撇清的关系。某种意义上，奥运会定期地为国际政治活动提供
了重要的舞台，并反映了当时国际政治竞争的大背景。

奥运会百年来的生存与发展始终受到政治的影响，比如上世纪70年代的
国际奥委会主席基拉宁直言:“我作为国际奥委会主席的90%的问题都与国
内和国际政治有关”。前国际奥委会主席萨马兰奇同样坦承他每天处理的
问题90%是政治问题，10%才是体育问题。尽管体育与国际政治有着如此密
切的联系，但长期以来,由于体育的社会文化属性标签，体育在国际政治中
属于“低级政治”的范畴,国际政治研究一直忽视体育，国际政治学界较少
将体育作为国际政治研究的一个专门议题来进行学术考察[3]。

奥林匹克运动不仅构成了现代社会所特有的体育文化景观, 以其特有
政治、文化属性带动全世界人们的关注和重视。无论欧美国家还是亚洲国
家，社会的变化发生得非常快，文化冲击的发生并不少见[4]。作为时代的
产物，科技革命、政治改革大扩展了世界各民族之间在经济、政治和文化
等方面的联系, 各国交往日益密切, 迫切需要以各种沟通手段来加强国际
间的相互了解与合作，奥林匹克运动的出现满足政治需求和社会需求，它
成为人类社会发展到一定阶段的必然产物，自然成为国家战略发展中的一
部分。

著名社会理论、城市理论研究学者Elena Trubina提出奥运文献通常将
城市作为主要的分析单位，并调查某些城市如何以及为什么举办奥运会[5]
。国际大型活动的规划和执行，对城市空间的发展使得城市和国家之间的
地方竞争变得更加明显，他们寻求通过国家发展模式和国家战略实施更紧
密地融入国际市场[6]。国家政策、城市政策的使用成为影响该国城市发展
的关键问题，这些问题不仅涉及奥运遗产的可持续发展，更在中国举办两
次奥运会后所吸取的诸多的经验教训。
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在举办北京冬奥会的社会背景下，以中国国务院、国家体育总局为引领
的体育行政部门颁布了多项体育政策和实施措施。本研究在这些行政政策
基础之上分析了中国将现代奥林匹克运动作为国家战略的性质，论述了中
国体育的国家战略结构，概括了在中国与体育相关的政治哲学分析。第一
次使用卢梭的现代社会的批判理论，对中国将现代奥林匹克运动作为国家
战略所进行的的政治哲学分析。由发展现代奥林匹克运动所引发的后现代
主义思潮，它引起了对于国家政党将其作为国家战略的统一的理性观念的
观点的另一种思考[7]。

后现代主义的哲学思想及其文化表达与现代中国社会政治状况之间的因
果关系，本研究从积极的社会作用为切入点描述了现代奥林匹克运动对现
代社会文明的作用[8]。作为本研究的出发点，国家战略与现代奥林匹克
运动的融合，成为一种国家的宏大叙事后，使得后现代主义侵入在国家层
面、社会层面，更会深刻的影响到人民层面。并且引发、推动政府通过体
育外交，进一步作为影响他国的手段，从而达到再造国际关系的目的[9]。
本研究的目的是揭示体育与政治进行相关联所引起的后现代主义的哲学思
考。

研究结论：
以现代奥运会为核心代表的体育给中国国家战略的实施带来了积极的

影响，主要体现在两个方面，一是国内在经济、科技、文化等方面的积极
影响，二是后疫情时代的国际化的发展。其次，由于冬季体育项目的广泛
的普及和提倡，使得人人享有了体育运动的权利，提高人们体育运动的意
识，丰富了大众的生活内容，促进了健康的生活方式，这些既符合人民的
意志，实现人民追求幸福生活的权利，也符合了新时代国家发展的需要。
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注解。 本研究的目的是将自身抗体（抗 cTnI、抗 ACTC1、抗 MYH7B）的测定
结果与实验模型中心肌的病理形态学变化进行比较。 该研究是在处于慢性身体
过度紧张（CFS）状态的实验室老鼠身上进行的。 研究中使用了多种方法和途径，
包括体外、离体和体内研究。 组织学研究表明，CFS 患者可观察到心肌的病理变
化，这是慢性心力衰竭 (CHF) 的特征。 心肌细胞中这些变化的严重程度与心脏
特异性自身免疫抗体水平的增加相关。 在没有明显病理症状的情况下，注册了抗 
cTnI、抗 ACTC1、抗 MYH7B 的早期指征。 与此同时，传统的心肌坏死实验室标志
物并未显示动物组之间存在统计学上的显着差异。 数据分析揭示了抗 cTnI、抗 
ACTC1 和抗 MYH7B 在心脏病早期诊断中的潜在意义。

关键词：压力过度紧张； 心肌细胞蛋白自身抗体； 信号蛋白； 针对收缩蛋
白的自身免疫抗体； 缺血标志物，实验室分析。

Annotation. The aim of the study was to compare the results of the determination 
of autoantibodies (anti-cTnI, anti-ACTC1, anti-MYH7B) with pathomorphological 
changes of the myocardium in an experimental model. The study was conducted 
on laboratory rats in a state of chronic physical overstrain (CFS). A variety of 
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methods and approaches were used in the study, including in vitro, ex vivo and in 
vivo studies. Histological studies have shown that with CFS, pathological changes 
in the myocardium are observed, characteristic of chronic heart failure (CHF). 
The severity of these changes in myocardial cardiomyocytes correlates with an 
increase in the level of cardiospecific autoimmune antibodies. Early indication 
of anti-cTnI, anti-ACTC1, anti-MYH7B was registered in the absence of obvious 
pathological symptoms. At the same time, traditional laboratory markers of 
myocardial necrosis did not reveal statistically significant differences between 
animal groups. Data analysis revealed the potential significance of anti-cTnI, 
anti-ACTC1, and anti-MYH7B in the early diagnosis of cardiac pathologies.

Keywords: Stress overstrain; auto-antibodies to cardiomyocyte proteins; 
signaling proteins; autoimmune antibodies to contractile proteins; markers of 
ischemia, laboratory analysis.

Conduction. There are “signaling” markers, such as autoimmune immuno-
globulins to myocardial contractile proteins, which reflect both pathophysiologi-
cal changes in cardiomycetes under conditions of stressful physical overload 
(hypertrophy, aptosis, fibrosis, disruption of normal cell organization, interstitial 
edema, dystrophy, etc.) and the reaction of the immune system to biochemical 
processes [1-4].  The breakdown of the cardio-contractile apparatus with myofibril 
filaments, under conditions of sensory exposure, leads to the inevitable death or 
injury of myocytes, where intracellular proteins, including molecular fragments 
ACTC1, MYH7B and cTnI are released from the cytoplasm of cardiomyocytes 
[4-8]. These molecules serve as signals to surrounding cells and activate the im-
mune response [9-10]. The recognition using a laboratory method of these signal-
ing auto-immune antibodies reflecting the mechanisms of structural changes in the 
myocardium is a clinical need with effective evidence and a high level of persua-
siveness for the selection of diagnostic and therapeutic measures and the provi-
sion of medical care to persons, including those conducting professional sports 
activities [11-13]. A persistent increase in the extracellular content of endogenous 
antigen will inevitably be accompanied by quantitative shifts in the content of car-
diospecific autoantibodies. These markers reflect the relationship between quanti-
tative dynamics and pathophysiological processes that occur in the muscles of the 
heart. They can serve as predictors of adverse events in the cardiovascular system 
[14]. In this regard, the method of determining the serum content of autoantibodies 
(auto-AT) to cardiomyocyte proteins may be an informative method of prenoso-
logical diagnosis of formed myocardial disorders [15-16]. The prospects of using 
this method for early diagnosis of the heart condition of people involved in sports 
are determined by the fact that in an organism with high physical and potential 
capabilities, the disorders formed in the early stages may not affect the general and 
special performance of an athlete [17].  
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The aim of the study was to compare the results of determining autoantity with 
pathomorphological changes in the myocardium in an experimental model under 
CFP conditions. The main objective of the study is to determine the prospects of 
a laboratory method for determining cardiospecific autoantibodies for early di-
agnosis of pathomorphological changes in the heart associated with damage to 
cardiomyocytes

Research methods and materials. Laboratory rats (males of the Wistar line) 
in a state of chronic physical overstrain were used in the experiment. The pheno-
typic formation of CFP occurred in experimental animals previously subjected to 
a 9-week training cycle in accordance with the method of N.G. Belyaev (2004; 
2022), by gradually increasing the intensity and duration of running loads. Labora-
tory animals were divided into groups: I–experimental and II–control, which were 
kept in accordance with the standards established in the “Guidelines for the main-
tenance and use of laboratory animals” (National Academypress. Washington, 
D.C. 1996), as well as according to GOST R 53434-2009 and SP 2.2.1.3218-14, 
SP 2.2.1.3218-1 and GOST 51232, the research was approved by the independent 
Commission on Bioethics of the North Caucasus Federal University (Protocol No. 
002). To assess the pathomorphology of the myocardium, the preparation of histo-
logical preparations and their evaluation were guided by the order of the Ministry 
of Health of the Russian Federation No. 179n. After decapitation of the animals, 
the heart was extracted, weighed and then fixed in a 10% formalin buffer solu-
tion for 72 hours. The drug was rinsed with tap water for 24 hours, dehydrated 
in isopropyl alcohol and embedded in Histomix medical paraffin (Biovitru, Rus-
sia). Histological sections with a thickness of 3-4 microns were obtained using 
a rotational microtome NM 325 (Termo, Germany). The finished sections were 
stained with hematoxylin and eosin. The micro-preparations were evaluated using 
an Axio Imager 2 (A2) laboratory microscope with the AxioCam MRc5 image 
visualization system and Zen 2012 Pro software (Carl Zeiss Microscopy, Ober-
kochen, Germany). 

Laboratory blood parameters: The level of antibodies to cTnI, ACTC1 and 
MUN7B in blood serum was determined by ELISA using a semi-automatic pho-
tometer hermo Scientific Multiskan FC (Thermo Fisher Scientific. Finland) using 
Cloud Clone Corp reagents (China). 

The biological material for laboratory analysis was obtained in accordance with 
GOST R 53079.4-2008. Work with biological material was carried out in accor-
dance with the requirements and regulatory documents of the Ministry of Health; 
SanPiN 2.1.3.2630-10; SP 1.3.2322-08; SP 2.1.5.2826-10; SanPiN 2.1.7.728-99; 
GOST 526 23.4-2015.  

Statistical analysis. Descriptive statistics in Microsoft Excel on an IBM PEN-
TIUM computer were used to create a one-dimensional statistical report on the 
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central trend and variability of input data. The variation series obtained in the ex-
periment were characterized by the arithmetic mean (M), the square deviation (*) 
and the error of the arithmetic mean (m). To determine the statistical significance 
of the differences, an indicator of a significant difference (t) was used, taking into 
account the number of measurements. The difference was considered statistically 
significant at p<0.05, which means that the differences were confirmed in 95% of 
cases. To assess the reliability of differences in the mean values of the variation 
series, a graphical method was used with the calculation of the boundaries of the 
confidence interval. 

The results of the study and their discussion. The results of previous studies 
have established that the indicator of fluttering CFP was a drop in performance, 
a decrease in body weight by more than 30%, a decrease in red blood cells by 
50.0%, a decrease in hemoglobin by 32.0%, hematocrit by 30.0% and testosterone 
by more than 2.69 times (p<0.001), as well as an increase in heart weight to 440.4 
mg/100 g . A decrease in the R-R interval was recorded, especially noticeable 
after 25 days of the experiment and in 10% of animals with increasing load up to a 
violation of repolarization of the left ventricle at a heart rate of 472.0 ± 23.6 beats/
min in the period from 30 to 35 days (p<0.01).

Histological assessment. During the first 20 days of the experiment, histologi-
cal assessment in animals of the experimental group did not reveal pathomor-
phological changes in the heart and cardiomyocytes. However, after day 25 of 
modeling of chronic heart failure (CFS), thickening of the myocardium due to 
blood filling of blood vessels, hypertrophy of individual cardiomyocytes, as well 
as the presence of pathologies such as myocardiodystrophy and interstitial fibrosis 
were noted (Fig. 1-2).

Figure 1. Histological picture of the myocardium (A,B) in the simulation of CFP 
in the experimental group (day 25). The myocardial fragment is mostly repre-
sented by cardiomyocytes with preserved transverse striation. There are signs 

of dystrophy with a violation of the normal organization of cells. In the sections, 
small groups of cardiomyocytes are distinguished with alternating mild hyper-

trophy (focal) and atrophy (focal) indicated by arrows. Hematoxylin-eosin stain-
ing ×50, ×200
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Figure 2. Histological picture of the myocardium in the simulation of CFP in the 
experimental group (day 25).  A fragment of a myocardium with a blood vessel. 

The picture of fibrosis around the vessels (colored blue), expanding and pen-
etrating into the area between the muscle fibers, indicating the formation of con-
nective tissue structures around the vessel. Fibrosis of the perivascular region, 

passing into the interstitial field between myofibrils (marked with white arrows). 
Adventitia (marked with a yellow arrow), Media (marked with a red arrow), 

Intimacy (marked with a green arrow). B – Mesh structures of connective tissue 
fibers between cardiomyocytes (marked with yellow arrows) Masson trichrome 

coloring. ×50, ×200

The most significant pathomorphological changes in the myocardium of rats 
were recorded at the last stages of simulated muscle loads – 30 to 35 days of the 
experiment. During this period, myocardial hypertrophy, dilation of ventricular 
cavities, pronounced interstitial and paravascular myocardial fibrosis were record-
ed (Fig. 3).

Figure 3. Macroscopic description of rat heart preparations on day 35 of CFP. 
A is a test. The heart has a normal size and shape. On the incision (blue arrow), 
the myocardium is pink, without visible foci of necrosis, fibrosis and hypertro-

phy. B- experimental. The heart is enlarged in size. The myocardium is presented 
with whitish and yellowish areas. In the incision (orange arrow), the myocar-

dium is hypertrophied, the walls of the ventricles are thickened, the heart cavities 
are dilated (marked with an orange arrow).
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Figure 4. Histological picture of the myocardium in the simulation of CFP in the 
experimental group (day 35). The myocardial fragment (A,B) is presented with 
cardiomyocyte hypertrophy (an increase in the size and volume of cardiomyo-

cytes) with interstitial edema. Signs of dystrophy, violation of structural regular-
ity in cross sections, expressed in heterogeneity and vagueness of the texture of 
the tissue and heterogeneity of color. Hematoxylin-eosin staining. ×50, ×200

Figure 5. Histological image of the myocardium in the simulation of chronic heart 
failure (CKD) of the experimental group (day 35). A fragment of the myocardium 

(A,B) is represented with blood vessels, along the periphery of which there is a con-
nective tissue structure (colored blue), which demonstrates an increase in fibrosis 
areas around the vessels and their expansion into the gaps between muscle fibers. 

These changes are characterized by a more pronounced formation of connective tis-
sue around the vessels penetrating into the space between the muscle fibers and signs 

of interstitial edema. Masson trichrome coloring. ×50, ×200.

Figure 6. Histological picture of the heart of rats in the control group without 
signs of a pathological condition. A) Cross section of the heart: green asterisk - 

epicardium, blue asterisk - myocardium, blue arrow - arteriole. B) The longitudi-
nal section of the myocardial fragment is mostly represented by cardiomyocytes 

with preserved transverse striation, with normal cell organization.  Hematoxylin-
eosin staining. ×50, ×200.
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Figure 7. Histological image of the myocardium of the control group. A is a 
longitudinal section, B is a transverse section.  A fragment of the myocardium is 
presented with blood vessels without pathological changes. Masson trichrome 

coloring. ×50, ×200.

The research results indicate progressive changes in the myocardium due to stress-
ful physical activity, which is also confirmed by studies by foreign authors [27-28].  
These changes include cardiomyocyte hypertrophy, dilation of ventricular cavities, 
fibrosis around blood vessels, disruption of normal cell organization, interstitial edema 
and signs of dystrophy that are characteristic of chronic heart failure.

Antibodies to troponin I began to react on day 10, reaching a maximum on 
days 25, 30 and 35 (17.2±0.51 ng/ml, 16.5±0.35 ng/ml and 22.7±2.6 ng/ml, re-
spectively). A similar dynamics was observed for auto-antibodies to actin - the 
level increased from 10 to 35 days. Autoantibodies to the beta-myosin 7B heavy 
chain did not change in the first 15 days, then increased significantly from days 20 
to 35 (from 62.5% to 176.0%).

Figure 8. Dynamics of autoantibodies to proteins of cardiomyocytes of labora-
tory animals at the beginning of the experiment and the days of observation of 

modeling chronic physical overstrain. 
Note: The data presented is expressed as an average value with the correspond-
ing standard deviation (SD). The statistical significance of the differences was 
assessed using the Student’s t-test and calculating the p-value (confidence level 

(P<0.05)).
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At the maximum threshold values of the level of auto-antibodies (Fig. 6), with 
concomitant pronounced myocardial pathology, a violation of depolarization dur-
ing the days of CFP modeling, changes in concentration and expression in labora-
tory markers (AST, CK, CK-MV and troponin I) were not registered (Fig.8)

Figure 9. Results of biochemical analysis of blood serum of laboratory animals 
in different periods of modeling the condition 

Note: The data presented is expressed as an average value with the correspond-
ing standard deviation (SD). The statistical significance of the differences was 

assessed using the Student’s t-test and calculating the p-value (P<0.05).

The lack of high results in the presence of confirmed histological changes in 
the early stages of the pathological process of CVD may be due to several factors: 
heterogeneity of myocardial damage, low sensitivity of markers as early signaling 
proteins and uneven release of markers [20-23].

Conclusion. An association has been recorded between the level of autoanti-
bodies and changes in the structure of the heart muscle in chronic heart failure. 
The more pronounced the histological signs of dystrophy, hypertrophy and dis-
orders of the normal organization of cardiomyocytes, the higher the level of anti-
cTnI, Anti-ACTC1 and anti-MYH7B. When comparing the results of histologi-
cal, instrumental and laboratory studies, autoantibodies have a higher informative 
value for diagnosing the condition of cardiomyocytes under prolonged exposure 
to adverse factors.
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抽象的。 基于猿腺病毒的载体广泛应用于疫苗开发和癌症治疗，使其成为生
物医学研究和治疗药物开发的重要工具。 25 型腺病毒载体的类型特异性检测
是癌症治疗药物和疫苗制剂创建和监测过程中的关键步骤。 这种诊断不仅可以
识别载体的存在和类型，还可以评估其浓度和质量。 本研究对实时聚合酶链反应
（real-time PCR）方法进行了优化：选择针对猿猴腺病毒25型（SAd25）六邻体基
因的引物，建立了实时PCR程序，动态范围（ 确定了模板浓度的 8 对数）和检测下
限（每个反应 1000 个六邻体基因拷贝），并证明了该分析的高特异性。 所开发的
测试系统可以显着提高样本中SAd25测定的准确性、速度和效率，这对于使用腺病
毒载体的医学实验室和研究中心具有实际意义。

关键词：特异性腺病毒检测，猿猴腺病毒25型，实时荧光定量PCR，检测系统。
Abstract. Simian adenovirus-based vectors are widely utilized in vaccine 

development and cancer therapy, making them crucial tools in biomedical 
research and therapeutic drug development. The type-specific detection of 
adenovirus vector type 25 is a critical step during creation and monitoring of 
cancer therapy agents and vaccine preparations. Such diagnosis not only identifies 
the presence and type of vector but also assesses its concentration and quality. 
In this study, we optimized the real-time polymerase chain reaction (real-time 
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PCR) method: primers targeting the hexon gene of simian adenovirus type 25 
(SAd25) were selected, a real-time PCR program was established, the dynamic 
range (8 logs of template concentration) and the lower limit of detection (1000 
hexon gene copies per reaction) were determined, and the high specificity of this 
analysis was demonstrated. The developed test system can significantly improve 
the accuracy, speed, and efficiency of SAd25 determination in samples, which is of 
practical importance for medical laboratories and research centers working with 
adenovirus vectors.

Keywords: type-specific adenovirus detection, simian adenovirus type 25, 
real-time PCR, test system.

Introduction. Simian adenovirus-based vectors are highly effective and safe 
in vaccine and anti-tumor therapy development. Several vaccine platforms based 
on simian adenoviruses, belonging to group E, have been developed, including the 
ChAdOx1 platform from the University of Oxford (based on simian adenovirus 
type Y25) [1] and the ChAdOx2 platform (based on simian adenovirus type 25 
(SAd25)) [2]. The ChAdOx1 vector is particularly important as it forms the basis 
of the Oxford-AstraZeneca vaccine for COVID-19 prevention, administered to 
over 500 million people [3].

At various stages of obtaining a vaccine preparation based on the adenovirus 
serotype 25 platform, such as vector acquisition, analysis, amplification, and pu-
rification, it is important to control the amount of SAd25 genomes. Moreover, if 
a facility is involved in developing two or more adenovirus vectors of different 
serotypes, there is a risk of cross-contamination. A notable example is the recall of 
several batches of the JNJ-78436735 COVID-19 vaccine based on human adeno-
virus type 26 due to mixing with components of the AZD1222 vaccine based on 
monkey adenovirus Y25, which were produced at the same facility [4].

Therefore, type-specific detection of vectors based on adenovirus type 25 is 
one of the key steps in the development and quality control of vaccine prepara-
tions. Using the real-time polymerase chain reaction (real-time PCR) method for 
this task has several advantages: high sensitivity, absence of a stage for checking 
results in gel electrophoresis, analysis accuracy and speed, automation, and the 
ability for multiplex analysis [5]. Optimization of real-time PCR to enhance the 
sensitivity and specificity of virus diagnostics involves several key aspects, such 
as selecting optimal target genes and optimizing amplification conditions. It is 
important to note that these approaches may vary depending on the specific diag-
nostic task and virus type [6-8].

Materials and Methods. Search for adenovirus genome sequences was con-
ducted in the international GenBank NCBI database (http://www.ncbi.nlm.nih.
gov/GenBank). Multiple alignment of adenovirus hexon nucleotide sequences 
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was performed using the Geneious Prime program. Primer selection, analysis of 
their parameters (complementarity to hexons of different serotypes of human and 
animal adenoviruses, dimer formation, % GC, etc.), and in silico specificity verifi-
cation were carried out using the Geneious Prime program. Primers synthesis was 
conducted at ZAO “Evrogen” (Russia).

Plasmid DNA samples containing recombinant genomes of simian adenovi-
ruses (types 22, 23, 24, and 25), as well as plasmid DNA samples containing re-
combinant genomes of human adenoviruses (serotypes 1, 2, 5, 19, 26, 37, 41, 55), 
were used as research objects in the study. These samples were obtained from the 
plasmid bank of the immunobiotechnology laboratory of N.F. Gamaleya National 
Research Center. The purity and concentration of plasmid DNA were determined 
using the NanoDrop 2000c spectrophotometer (Thermo, USA). 

Cell lines used for specificity analysis included: HEK293 – human embryonic 
kidney cells (obtained from the Russian Collection of Vertebrate Cell Cultures); 
A549 – human adenocarcinoma epithelial cells (obtained from the Russian Col-
lection of Vertebrate Cell Cultures); Vero B – African green monkey kidney epi-
thelial cells (obtained from the Collection of Continuous Cell Cultures, D.I. Iva-
novsky Institute of Virology, N.F. Gamaleya National Research Center), HEP-G2 
– human hepatocellular carcinoma cells, and HELA – Henrietta Lacks’ uterine 
endothelial cells (obtained from the cell culture bank of the immunobiotechnol-
ogy laboratory of the N.F. Gamaleya National Research Center). DNA from cell 
cultures was isolated using the Wizard Genomic DNA Purification Kit (Promega, 
USA).

The plasmid pKan-T-SAd25 was obtained by cloning a PCR fragment car-
rying a part of the hexon gene of simian adenovirus type 25 into the commercial 
plasmid vector pKan-T (ZAO “Evrogen”, Russia) using standard genetic engi-
neering methods. The resulting positive clone was grown in a 100 ml overnight 
culture of DH5a cells and purified using the QIAGEN® Plasmid Midi Kit (QIA-
GEN, Germany).

Real-time PCR was performed in automatic mode on the CFX 96 Real-Time 
PCR Detection System (Bio-Rad, USA) using the SYBR channel. For analysis, the 
qPCRmix-HS SYBR reaction mixture was used (ZAO “Evrogen”, Russia). The 
real-time PCR program included an initial denaturation step at 95°C for 5 minutes; 
followed by 35 cycles of denaturation at 95°C for 15 seconds, annealing at 55°C 
for 15 seconds, and extension at 72°C for 15 seconds. To select the annealing tem-
perature of the primers, RT-PCR was carried out according to the same program, 
with the exception of annealing (a temperature gradient in the range from 55.0°C 
to 63.3°C was used). Calibration curve construction and DNA concentration cal-
culations were carried out using the CFX Manager Software (Bio-Rad, USA).
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Results and Discussion. For the development of a real-time PCR test system 
for detection of simian adenovirus type 25, we selected the hexon gene as the tar-
get gene, a key component of the adenovirus capsid, because the nucleotide com-
position of this gene varies significantly compared to other genes in the adenovirus 
genome. To ensure primer specificity to the hexon sequence of SAd25 and pre-
vent annealing to hexon sequences of other serotypes within group E (22, 23, 24), 
primer selection took into account the sequences of hexons from other serotypes. 
Sequences of adenoviruses types 22, 23, 24, and 25 were obtained from the inter-
national GenBank database, aligned using Geneious Prime software, and based on 
this alignment, primers were selected showing 100% specificity only to the SAd25 
hexon sequence (Figure 1). Primers were chosen to have 100% complementarity 
to the target gene, a melting temperature within the range of 55-60°C, absolutely 
no internal homology exceeding 3 bp, and a GC content between 45% and 65%. 
Characteristics of the selected primers are presented in Table 1.

Figure 1. The selection of the primers specific to the hexon gene of SAd25

Table 1. 
Primer Characteristics. GC % – the percentage of either guanine (G) or cy-

tosine (C) in a DNA. Tm – melting temperature. 

Name Nucleotide Sequence Length Dimer 
formation GC % Tm

°С
hexon Ad25 F GCC GAT GGT GAA ACT GCC 18 No 61,1 59
hexon Ad25 R AGT AGT GCC TGT TCC TGT 18 No 50 55
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The constructed primers were tested for specificity in silico using the Geneious 
Prime program. According to the analysis, the primers specifically interact only 
with the sequence of the hexon gene of simian adenovirus serotype 25. 

Next, we constructed a positive control sample by cloning the PCR fragment 
limited by the primers hexon Ad25 F and hexon Ad25 R into a commercial vector 
pKan-T using standard molecular cloning methods. The resulting plasmid was 
named pKan-T-SAd25, the positive clone was checked by multiple restriction di-
gestions and conventional PCR analysis.

To optimize reaction components, a commercial kit (qPCRmix-HS SYBR) 
was used, as it allows obtaining results with a high signal and low background 
noise. Furthermore, the use of ready-made commercial PCR mixes reduces reac-
tion preparation time, decreases the risk of contamination, and minimizes errors 
during PCR reaction component mixing. To optimize primer annealing tempera-
ture, real-time PCR was performed with the annealing in the range of 55.0°C to 
63.3°C. Based on the results of the experiment (Table 2), it was established that 
the primers have an optimal annealing temperature at 55°C. At this temperature, 
the highest fluorescence level (1435.5 rfu) was observed, with a low background 
level (542 rfu). This temperature was used in subsequent experiments.

Table 2. 
Primer Annealing Temperature Selection Results. Cq mean – mean quantifica-

tion cycle, rfu – relative fluorescent unit

Temperature 
(°C)

Cq Mean RFU Mean

Positive control Negative 
control Positive control Negative 

control
55,0 20,06 30,54 1435,5 524
57,0 20,11 30,39 1214,5 645
59,0 20,10 30,19 1325,5 676,5
61,4 21,24 31,25 1099 420,5
63,3 23,65 33,17 876,5 224

The selection of the optimal primer concentration was empirically conducted 
using different primer concentrations in the reaction mixture: 5, 7.5, 10, 12, and 
15 picomoles (pmol) of primers per reaction. It was established that an excess of 
primers resulted in the amplification of the maximum amount of PCR product, but 
this concentration could lead to the formation of nonspecific amplification prod-
ucts. When there was an insufficient amount of primers (5 pmol/ reaction), a very 
low signal level was observed (Table 2). The optimal primer concentration of 12.5 
pmol/reaction was chosen based on the signal intensity in positive and negative 
control samples.
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Table 3. 
Primer Concentration Selection

Concentration, 
pmol

Cq Mean RFU Mean
Positive 
control

Negative 
control

Positive 
control

Negative 
control

5 16,63 32,38 641 65,4
7,5 14,96 32,60 861 137
10 14,83 33,44 765,5 99,35

12,5 14,06 30,33 837,5 327
15 13,87 30,58 810 329,5

The assessment of the dynamic range and the lower limit of detection was per-
formed using 8 consecutive dilutions of positive control (pKan-T-SAd25 plasmid) 
ranging from 10^3 to 10^10 copies/reaction. As a result, the dynamic range was 
8 logs of the template (Figure 2). The PCR efficiency was 90.0%, with linearity 
R^2 = 0.998. The lower limit of detection appeared to be 1000 copies per reac-
tion. Such a detection range is sufficient for detecting the presence of adenovirus 
type 25 in the samples and is comparable to other adenovirus detection systems. 
Thus, the presented PCR system has adequate analytical characteristics: a dynam-
ic measurement range of 8 logs, and PCR efficiency within the standard range of 
90% to 110%. 

Figure 2. The dynamic range and the lower limit of detection of the real-time 
system for detecting the presence of simian adenovirus type 25. The green line 

– the baseline, the blue curves – tenfold dilutions of the positive control sample, 
the red lines – the negative control sample
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Subsequently, the specificity of real-time PCR was analyzed to detect adeno-
virus type 25 in vitro. Ideally, the primer should have 100% complementarity to 
the target site and should not recognize other sequences, even those very close 
in nucleotide composition. However, practice shows that primers with less than 
100% complementarity and with a sufficiently high degree of homology (but not 
exceeding 70%) to other nucleotide sequences can also be effective.

On the next step, the specificity of primers to cell cultures, which are fre-
quently used in the production or analysis of biotechnological preparations, was 
assessed. Genomic DNA was extracted from the following cell cultures: Vero B, 
A549, HEP-G2, HEK293, and HELA, and was analyzed at two concentrations: 1 
ng and 10 ng per reaction. The results obtained indicate that the primers do not 
recognize the DNA from these cell cultures (according to PCR results, the signal 
level in all tested samples was below the detection limit).

Further specificity assessment of the primers was conducted using the DNA of 
various types of human adenoviruses: 1, 2, 5, 19, 26, 37, and 55 (1 ng and 10 ng 
per reaction). It was found that these primers did not react with any of the genomes 
of the studied types of human adenoviruses.

In the final stage, the specificity of the primers was evaluated using the DNA 
of adenoviruses of simian serotypes 22, 23, 24, and 25 (1 ng and 10 ng per reac-
tion). It was established that these primers specifically reacted only with the DNA 
of simian adenovirus type 25.

Thus, optimization of the real-time PCR method has been performed: primers 
targeting the hexon gene of adenovirus type 25 has been selected, a real-time PCR 
program has been established, the dynamic range (8 logs of template concentra-
tion) and the lower limit of detection (1000 copies per reaction) has been deter-
mined, and the high specificity of this analysis has been demonstrated.
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概括。 对于治疗冠心病（CHD）和预防心绞痛反复发作，冠状动脉旁路移植术
（CABG）被认为是最有效的方法。 该手术使 75-80% 的病例的心脏功能得到显着
改善。 该手术使 75-80% 的病例的心脏功能得到显着改善。 伴有肿瘤病理学的
冠心病患者的术后过程通常伴有焦虑抑郁状态。 为了提高手术治疗效果，采用心
理矫正方法。 尽管对心脏病患者的精神状态特征进行了大量的研究，但这个问题
的许多方面仍然没有得到充分的研究。 很大一部分研究人员将心脏病患者生活
质量的恶化与该疾病的临床病程特征联系起来。 压力的来源是被诊断出患有严
重的、危及生命的疾病，而这种疾病与肿瘤病理学无法治愈的根深蒂固的观念有
关。 此外，手术干预还伴随着负面的情绪体验。 他们的结果是不同性质和严重
程度的神经精神障碍，主要是神经衰弱、焦虑和抑郁障碍。 与此同时，诸如患者
人格的认知领域（CS）特征及其动态等心理方面通常仍然不受关注。 以上就确定
了本研究的问题。

关键词：冠心病、肿瘤病理学、跳动心脏的冠状动脉旁路移植术、焦虑抑郁状态。
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Summary. For the treatment of coronary heart disease (CHD) and the 
prevention of recurrent attacks of angina, coronary artery bypass grafting (CABG) 
is considered the most effective method. This operation provides a significant 
improvement in heart function in 75-80% of cases. This operation provides a 
significant improvement in heart function in 75-80% of cases. Often the course of 
the postoperative period in patients with coronary heart disease with concomitant 
oncological pathology is accompanied by an anxiety-depressive state. To improve 
the results of surgical treatment, psychological correction methods are used. 
Despite a significant amount of work on the study of the characteristics of the 
mental state of cardiac patients, many aspects of this problem remain insufficiently 
studied. A significant portion of researchers associate the deterioration in the 
quality of life of cardiac patients with the characteristics of the clinical course 
of the disease. The source of stress is the fact of being diagnosed with a serious, 
life-threatening disease in connection with entrenched ideas about the incurability 
of oncological pathology. In addition, surgical interventions are accompanied by 
negative emotional experiences. Their result is neuropsychic disorders of varying 
nature and severity, primarily asthenoneurotic, anxiety and depressive disorders. 
At the same time, such psychological aspects as the characteristics of the cognitive 
sphere (CS) of the patient’s personality and their dynamics, as a rule, remain out 
of focus. The above determined the problem of this study.

Кeywords: coronary heart disease, oncopathology, coronary artery bypass 
grafting on a beating heart, anxiety-depressive state.

Currently, in the structure of morbidity and mortality of the population of Rus-
sia, as well as the whole world, the leading positions are occupied by cardio-
vascular and oncological diseases. In Russia in 2018, the number of deaths from 
CVDs amounted to 856.1 thousand (contribution of coronary heart disease - 453.3 
thousand (52.9%)), from cancer - 297.9 thousand people [1,2,3] . According to 
experts from the World Health Organization (WHO), a further increase in the 
number of heart and vascular diseases and an increase in mortality from them is 
possible throughout the world. This is due to the increase in life expectancy of the 
population and lifestyle characteristics [4, 5, 6, 7, 8]. Numerous studies completed 
in the late 90s of the 20th century made it possible to prove that stress and the 
conditions caused by it, primarily anxiety and depression, are independent risk 
factors for the development of cardiovascular diseases [9, 10, 11, 12]. The course 
of cancer and its treatment significantly affects the well-being of patients and, as a 
result, necessitates a clear understanding by the doctor of the rehabilitation needs 
of patients. This necessitates the use of special tools for assessing QoL. One such 
tool that reflects patients’ subjective assessment of symptoms and life function-
ing in cancer is developed by the Study Group of Quality of Life at the European 
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Organization for Research and Treatment Cancer (EORTC). “Fatigue” question-
naire (“Fatigue”, FA12) [11], which is a module of a specialized questionnaire for 
the quality of life in cancer pathology (Quality of Life Questionnary – Core 30, 
QLQ-C30), created by the same organization [13]. The original text of the ques-
tionnaire in English and the request form for the Russian version are presented on 
the EORTC website (https://qol.eortc.org / questionnaire / qlq-fa12). This method 
can also be used to study the dynamics of these indicators during the process of re-
storative treatment and rehabilitation of patients after surgery and chemotherapy. 
The largest number of specific survey forms have been created for patients with 
chronic and oncological diseases, as well as various conditions [14, 15].

In connection with the above, the purpose of this study was to assess the possi-
bility of psychological correction of anxiety and depression to improve the results 
of surgical treatment of cancer patients with coronary artery disease.

Materials and methods
We examined 82 patients with coronary artery disease (average age 61.1 ± 

6.0 years) with concomitant oncological pathologies of various localizations who 
underwent planned coronary artery bypass surgery on a beating heart (OPCAB - 
Off-pump coronary artery bypass). The share of men was 70.7%, women – 29.3%. 
A history of myocardial infarction was noted in 62 (75%) patients. According 
to the results of the analysis of the submitted medical documentation, the pres-
ence of comorbid pathology was noted in all patients. Thus, arterial hypertension 
was detected in 68 (83%) patients, type 2 diabetes mellitus (DM) - in 22 (26%) 
patients, chronic obstructive pulmonary disease (COPD) - in 19 (23%), chronic 
kidney disease (CKD) - in 13 (15%), dyslipidemia – in 60 (73%), a history of 
gastric and duodenal ulcers was noted in 16 (19%) patients. It should be noted 
that the proportion of active smokers (n=27) before hospitalization exceeded 33%. 
Quetelet's formula was used to calculate body mass index (BMI). Obesity was 
diagnosed according to the WHO classification (2007) [16].

The clinical characteristics of the analyzed patients were aggravated by an in-
creased level of anxiety (in all cases without exception) and a depressive state (in 
1/3 of the patients). All patients underwent traditional preoperative preparation, 
however, despite optimal drug therapy (b-blockers, statins, antiplatelet agents), 
modifiable risk factors for the development of CVD continued to be determined: 
dyslipidemia - in 11.4% of cases, diabetes mellitus - in 7.9%, arterial hypertension 
- in 7.3%. The level of clinical depression was assessed using the Beck Depres-
sion Inventory-BDI, which is designed to determine the severity of depressive 
symptoms. A total result of 0-9 points indicated the absence of depressive symp-
toms, a result of 10-19 points was assessed as mild depression (subdepression) and 
moderate depression, more than 19 points - clinically significant depression. The 
level of situational and personal anxiety was assessed using a test developed by 



107

上合组织国家的科学研究：协同和一体化

国际会议

Ch. Spielberger and L. Khanin; This test allows you to identify the patient’s level 
of anxiety at the time of the study and anxiety as a personality trait. An anxiety 
level of less than 30 points was assessed as low, 31-44 points - moderate, 45 or 
more points - high.

In all patients, the quality of life was studied, determined in points using the 
SF-36 questionnaire, the Minissota questionnaire. The control examination in-
cluded: ECG, EchoCG, assessment of quality of life using questionnaires (Seattle 
Angina Questionnaire - SAQ, specific questionnaire for cancer patients EORTC 
QLQ-C30 and general questionnaire SF - 12). All studies were carried out on 
an outpatient basis at the Federal State Budgetary Institution “National Medical 
Research Center for Cardiovascular Surgery named after. A.N. Bakulev" of the 
Ministry of Health of the Russian Federation.

Statistical processing of the results was carried out in the SPSS 23.0 software 
environment (IBM Inc., USA). The results are presented as arithmetic mean (M) 
and standard deviation (SD). To compare the quantitative indicators of two inde-
pendent groups with a normal distribution of the trait, the Student's test (t) was 
used. Differences were considered significant at p<0.05. Clinical and psychologi-
cal examination was carried out before surgery, 1, 2 and 2.5 years after surgery. 
For statistical processing of the results, methods of descriptive statistics were 
used, the Kolmogorov–Smirnov test to assess the distribution of variables, the 
Wilcoxon test, the Mann–Whitney test, correlation analysis according to Pearson 
and Spearman.

Results and discussion
Long-term mortality after treatment of concomitant malignant neoplasms was 

8.5% - 3 patients died 1, 2 and 2.5 years after minimally invasive myocardial 
revascularization surgery on a beating heart. The cause of death was a competing 
oncological pathology. This is especially true for the indicator “Physical activity”, 
which in its value in the postoperative period approaches the maximum possible 
(100%). 

Data obtained using the Beck Depression Inventory demonstrate that 65% of 
patients have scores below 10 points (mean score 4.8 ± 2.7), which indicates the 
absence of depression in these patients. However, 26% of patients have a score 
from 10 to 19 points (average score 14.1±3.7), which does not exceed normal 
values, but raises concerns about the prospects for developing depression.  9% 
of patients showed signs of clinically significant depression with a score of more 
than 20 (average score 27.4±5.8), which indicates the need for correction of the 
treatment. As a result of correlation analysis, positive relationships were revealed 
between quality of life and the level of depression (r=0.51, p<0.001). The quality 
of life in patients with concomitant depression is 1.5 times worse than in persons 
with normal psycho-emotional status.
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The results of using the Spielberger-Khanin anxiety scale showed that the level 
of situational anxiety in patients is significantly lower than the level of personal 
anxiety. Thus, a low level of situational anxiety was noted in 9% of patients (aver-
age score 29.3±3.7); a low level of personal anxiety was not recorded in any of 
the examined patients. The average level of severity of situational anxiety was 
observed in 69% of patients (average score 40.4±3.2), and personal anxiety – in 
50% (average score 40.8±5.4). A high level of situational anxiety was detected 
in 22% of patients (average score 53.6±8.0), personal anxiety – in 50% (average 
score 53.8±8.1). Correlations were found between the quality of life and the level 
of situational anxiety (r=0.46, p<0.001), as well as between the quality of life and 
the level of personal anxiety (r=0.59, p<0.001). The quality of life in patients with 
concomitant high levels of personal anxiety is 1.6 times worse than in persons 
with normal psycho-emotional status.

Thus, increased situational anxiety is maladaptive in nature. A high level of 
personal anxiety requires the help of specialists and long-term psychotherapy, 
since somatic manifestations of anxiety (rapid heartbeat and pulse, disorders of the 
gastrointestinal tract, breathing problems) can cause the development of various 
diseases or aggravate the course of existing ones. In our study, an increased level 
of anxiety characterized the patient's reaction to the upcoming surgical procedure. 
A number of authors interpret increased anxiety and depression as a condition 
caused by stress and an additional risk factor for the development of cardiovas-
cular complications in the postoperative period [19, 20, 21].  According to meta-
analyses, preoperative screening of mental disorders allows assessing the risk of 
postoperative anxiety and depression in patients undergoing coronary artery by-
pass grafting (CABG) surgery [22, 23]. Data on the prevalence of depression in 
patients before and after coronary artery bypass grafting are comparable to the 
results of foreign register studies [24, 25, 26, 27].

Conclusion
According to the results of the study, even in the long-term period after CABG 

surgery, patients with concomitant oncological diseases retain signs of psycho-
emotional instability, the quality of life of patients significantly worsens in the 
presence of anxiety or depression. In patients undergoing elective CABG surgery, 
the spectrum of pre- and postoperative emotional disturbances consists of preop-
erative anxious and depressive reactions to the situation (subclinical or clinical 
severity), the level of which decreases after surgery. The severity of anxiety and 
depression significantly determines both the psychological and physical compo-
nents of the quality of life of patients. Thus, the identified changes indicate the 
need for correction of psycho-emotional disorders in complex treatment, in order 
to improve the clinical condition and improve the quality of life of these patients. 
Studying this issue is important to improve the quality of medical care for this 
category of patients.
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妊娠期冠状病毒感染血栓患者一般临床血液分析指标的变化
CHANGES IN THE INDICATORS OF GENERAL CLINICAL 

BLOOD ANALYSIS IN PATIENTS WITH THROMBOSIS WITH 
CORONAVIRUS INFECTION THAT OCCURRED DURING 

PREGNANCY

Spiridonova Natalya Vladimirovna 
Doctor of Medical Sciences, Professor, Head of Department
Institute of Professional Education, Samara State Medical University,
Samara, Russia
ORCID ID: 0000-0003-3928-3784,
Scopus Author ID: 56089251400
Gritsenko Taras Alekseevich
Candidate of Medical Sciences, Associate Professor
Samara State Medical University,
Samara, Russia
ORCID ID: 0000-0002-2794-5122,
Scopus Author ID: 57190667679
Khurtova Elena Fedorovna 
Graduate Student
Samara State Medical University,
Samara, Russia;
Obstetrician-gynecologist
LLC “Consultative Clinic “Panacea”,
Samara, Russia
ORCID ID: 0009-0007-4323-9563

注解。 怀孕期间，血液的血栓形成潜力在生理上增加，发生血栓的风险增
加。 大量研究表明，新型冠状病毒感染往往伴有血栓并发症。 妊娠期间的生理
性免疫抑制以及新型冠状病毒感染的出现，决定了孕妇被分配到血栓高危人群。

研究目的：确定妊娠期间感染冠状病毒感染血栓并发症的女性一般临床血液
检测参数的变化，并跟踪其日常动态。

材料和方法：对 99 名接受冠状病毒感染住院治疗的孕妇的一般临床血液检
测数据进行回顾性分析。 纳入该研究的标准是通过 PCR 验证是否存在冠状病毒
感染以及妊娠晚期。 在 99 名女性中，有 5 名在治疗期间出现血栓并发症。 患
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有血栓并发症的女性是主要研究组。 作为对照组，一般临床血液检测数据取自 
2014-2018 年登记怀孕的 46 名生理妊娠女性。

结果：在患有血栓并发症的患者中，血红蛋白水平显着降低 (Me99.50 [Q1-
Q3 90.25-109.75] g/l，p<0.001) 红细胞 (Me 3.43 [Q1-Q3 3.18-3.70] *109/l) 
，p<0.001）和血细胞比容（Me 29.00 [Q1-Q3 26.23-31.08]%，p<0.001）与健康孕妇
相比。 此外，感染患者的血小板水平较低（Me 196.00 [Q1-Q3 130.25-254.00] 
*109/l，p <0.022），平均血小板体积增加（Me 10.70 [Q1-Q3 9 .70-11.80] ] fl, 
p<0.001) 与健康女性相比。 感染冠状病毒的孕妇的白细胞水平高于生理妊娠的
女性（Me 10.55 [Q1-Q3 7.63-13.15] *109/l，p <0.021）。 在具有复杂感染过程的
女性的白细胞计数中，记录了绝对和相对中性粒细胞增多（Me 8.85 [Q1-Q3 6.70-
12.15] * 109/l，p <0.001 和 Me 84.30 [Q1-Q3 78 .70-88.50] ]%，p<0.001）。 与
正常妊娠患者相比，复杂感染患者淋巴细胞的绝对和相对水平显着降低（Me 1.00 
[Q1-Q3 0.70-1.80] *109/l，p<0.001 和 Me 10 .60 [Q1-Q3 7.20] -15.10]%，p<0.001
）。 还揭示了所研究参数值的波动与疾病发病日期和血栓形成时刻之间的联系。 
所有血栓并发症均在患者分娩后出现，并因感染冠状病毒而继续住院。

关键词：冠状病毒感染、妊娠、血栓并发症、一般临床血液检查。
Annotation. During pregnancy, the thrombogenic potential of the blood 

physiologically increases and the risk of developing thrombosis increases. The 
new coronavirus infection, according to numerous studies, is often accompanied 
by thrombotic complications. Physiological immunosuppression during pregnancy 
and the emergence of a new coronavirus infection determines the allocation of 
pregnant women to a group at high risk of thrombosis.

Purpose of the study: to identify changes in general clinical blood test 
parameters in women with thrombotic complications of coronavirus infection 
infected during pregnancy and track their daily dynamics.

Materials and methods: A retrospective analysis of data from a general clinical 
blood test of 99 pregnant patients undergoing inpatient treatment for coronavirus 
infection was carried out. The criterion for inclusion in the study was the presence 
of a coronavirus infection verified by PCR and the third trimester of pregnancy. Of 
the 99 women, 5 developed thrombotic complications during treatment. Women 
with thrombotic complications comprised the main study group. As a control 
group, data from a general clinical blood test were taken from 46 women with 
physiological gestation who were registered for pregnancy in 2014-2018.

Results: in patients with thrombotic complications, significantly low 
hemoglobin levels were recorded (Me99.50 [Q1-Q3 90.25-109.75] g/l, p<0.001) 
erythrocytes (Me 3.43 [Q1-Q3 3.18-3.70] *109/l, p<0.001) and hematocrit (Me 
29.00 [Q1-Q3 26.23-31.08] %, p<0.001) compared with healthy pregnant women. 
In addition, infected patients had a lower platelet level (Me 196.00 [Q1-Q3 
130.25-254.00] *109/l, p <0.022) and an increase in the average platelet volume 
(Me 10.70 [Q1-Q3 9 .70-11.80] fl, p<0.001) compared with healthy women. The 
leukocyte level in pregnant women with coronavirus infection was higher than 
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in women with physiological gestation (Me 10.55 [Q1-Q3 7.63-13.15] *109/l, p 
<0.021). In the leukocyte count of women with a complicated course of infection, 
absolute and relative neutrophilia was recorded (Me 8.85 [Q1-Q3 6.70-12.15] * 
109/l, p <0.001 and Me 84.30 [Q1-Q3 78 .70-88.50] %, p<0.001). The absolute 
and relative level of lymphocytes in patients with complicated infection was 
significantly lower compared to patients with normal pregnancy (Me 1.00 [Q1-
Q3 0.70-1.80] *109/l, p<0.001 and Me 10 .60 [Q1-Q3 7.20-15.10] %, p<0.001). 
A connection was also revealed between fluctuations in the values   of the studied 
parameters with the day from the onset of the disease and the moment of thrombus 
formation. All thrombotic complications developed after the patients had given 
birth and continued to be hospitalized for coronavirus infection.

Keywords: coronavirus infection, pregnancy, thrombotic complications, 
general clinical blood test.

The incidence of thrombosis during pregnancy and the postpartum period con-
tinues to remain high. The incidence of maternal mortality associated with em-
bolic complications ranges from 0.4 to 1.6 per 100,000 pregnancies in developed 
countries and is one of the most common causes of maternal death [1]. With the 
advent of the new coronavirus infection, reports began to appear almost imme-
diately about the development of hypercoagulability syndrome and thrombotic 
complications in infected patients. [2-4]. There is currently no clear data on the 
increased susceptibility of pregnant women to coronavirus infection. However, 
physiologically during pregnancy, there is a decrease in the activity of the immune 
system, and therefore pregnant women increase their susceptibility to infectious 
diseases. Considering this feature, Wastnedge EAN, et al. (2020) [5] and Subbar-
aman N. et al. (2021) [6] propose to identify pregnant women as a special risk 
group for complications of coronavirus infection.

Purpose of the study: to identify changes in general clinical blood test param-
eters in women with thrombotic complications of coronavirus infection infected 
during pregnancy and to track their daily dynamics.

Materials and methods: A retrospective analysis of data from a general clinical 
blood test of 99 pregnant patients undergoing inpatient treatment for coronavirus 
infection was carried out. The criterion for inclusion in the study was the presence 
of a coronavirus infection verified by PCR and the third trimester of pregnancy. 
Of the 99 women, 5 developed thrombotic complications during treatment: throm-
bosis of the veins of the upper and lower extremities, massive thromboembolism 
of the pulmonary artery, thrombosis of the splenic vein at the hilum of the spleen, 
thrombus of the left atrium. Women with thrombotic complications comprised 
the main study group. As a control group, data from a general clinical blood test 
were taken from 46 women with physiological gestation who were registered for 
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pregnancy in 2014-2018. For statistical analysis of the obtained data, specialized 
software was used: IBM SPSS Statistics software Version 25.0 (IBM Corporation, 
USA, license No. 5725-A54). The correspondence to the normal distribution of 
platelet parameters was studied using the Shapiro–Wilk criterion. Comparison of 
groups and observation periods was performed using the nonparametric Mann–
Whitney test. The description of the results is presented in the form of medians 
and interquartile range (Me [Q1; Q3]). The results were found to be statistically 
significant at p ≤ 0.05.

In patients with thrombotic complications, significantly low levels of hemo-
globin (Me 99.50 [Q1-Q3 90.25-109.75] g/l, p <0.001) and erythrocytes (Me 3.43 
[Q1-Q3 3.18- 3.70] *109/l, p<0.001) and hematocrit (Me 29.00 [Q1-Q3 26.23-
31.08] %, p<0.001) compared with healthy pregnant women. In addition, infected 
patients had a lower platelet level (Me 196.00 [Q1-Q3 130.25-254.00] *109/l, 
p <0.022) and an increase in the average platelet volume (Me 10.70 [Q1-Q3 9 
.70-11.80] fl, p<0.001) compared with healthy women. The leukocyte level in 
pregnant women with coronavirus infection was higher than in women with phys-
iological gestation (Me 10.55 [Q1-Q3 7.63-13.15] *109/l, p <0.021). In the leuko-
cyte count of women with a complicated course of infection, absolute and relative 
neutrophilia was recorded (Me 8.85 [Q1-Q3 6.70-12.15] * 109/l, p <0.001 and Me 
84.30 [Q1-Q3 78 .70-88.50] %, p<0.001). The absolute and relative level of lym-
phocytes in patients with complicated infection was significantly lower compared 
to patients with normal pregnancy (Me 1.00 [Q1-Q3 0.70-1.80] *109/l, p<0.001 
and Me 10 .60 [Q1-Q3 7.20-15.10]%, p<0.001). When conducting a daily analysis 
of the dynamics of cellular blood components in patients with coronavirus infec-
tion on days 16-23 from the onset of the disease, a sharp decrease in the number 
of platelets was recorded (Me120.00 [Q1-Q3 96.00-176.00] *109/l) and minimum 
thrombocrit values   (Me 0.13 [Q1-Q3 0.11-0.20]%). Also, in the period from 16 
to 23 knocks in patients with a complicated course of infection, the highest values   
of platelet volume (Me 11.00 [Q1-Q3 10.80-11.80] f) and platelet distribution by 
volume (Me 16.50) were recorded [Q1-Q3 16.40-16.60]%) for the entire obser-
vation period. In addition, the number of large platelets in the specified period, 
on the contrary, was minimal (Me 55.00 [Q1-Q3 42.00-78.00] * 109/l). Not all 
of the indicated values went beyond the normative values, but there was a clearly 
defined dynamics and connection with the same time. During the analysis, dy-
namic changes were also revealed in the leukocyte formula. The highest values   of 
leukocyte level (Iu 13.00 [Q1-Q3 10.70-15.60] * 109/l), the highest levels of ab-
solute number (Iu 11.20 [Q1-Q3 10.00-14.20] * 109/l) and percentage (Me 88.60 
[Q1-Q3 83.40-93.00] %) of neutrophils were also obtained in the period from 16 
to 23 days from the onset of the disease. These values   were above normal levels. 
When studying the level of lymphocytes in patients with thrombotic complica-
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tions, lymphopenia was recorded with a minimum level of absolute number (Me 
0.60 [Q1-Q3 0.50-1.00] *109/l) and percentage (Me 7.70 [Q1- Q3 5.30-10.40]%) 
lymphocytes in the period from 12 to 15 days from the onset of the disease. When 
analyzing the identified patterns, it was noted that in the period from 12 to 23 
days the largest number of thrombotic complications occurred. At the time of the 
occurrence of thrombotic complications, all patients had already given birth and 
continued to be hospitalized due to the presence of coronavirus infection.

A decrease in hemoglobin levels, hematocrit and a decrease in the number 
of red blood cells can be explained by the presence of a pronounced inflamma-
tory process, massive infusion therapy followed by hemodilution. The decrease 
in platelet levels detected in patients with thrombotic complications of corona-
virus infection may be due to the provision of heparin therapy to all women for 
preventive and therapeutic purposes. Academician Makatsaria et al [7] suggest 
the same reason for this phenomenon. Another possible reason for a decrease in 
platelet levels may be consumption thrombocytopenia, which occurs because of 
the thrombotic process. Koupenova M. et al. suggests that the reason for the de-
crease in platelet levels may be the penetration of the virus into the platelet with 
subsequent triggering of apoptosis [8]. An increase in the number of large platelets 
and dynamic changes in platelet volume according to Tsikalenko E.A. et al. [9] 
may be due to activation of platelets during the development of coagulopathy and 
thrombus formation. An increase in the level of leukocytes in infected patients 
can be explained by the presence of an inflammatory process; however, there are 
studies in which an increase in the level of leukocytes is considered as a prognostic 
biomarker for the development of thromboembolic complications [10]. The in-
crease in the number of neutrophils in women with coronavirus infection can also 
be explained by the presence of an infectious and inflammatory process, however, 
the dynamic fluctuations of this indicator and the connection with the moment of 
thrombus formation suggests that this phenomenon is another manifestation of co-
agulopathy. So Middleton EA et al. [11] suggest that this phenomenon may be due 
to the participation of neutrophils in the formation of blood clots through the for-
mation of neutrophil traps. G. M. Galstyan [12] shares a similar point of view. A 
decrease in the level of lymphocytes against the background of coronavirus infec-
tion has been recorded by a large number of researchers and seems quite strange, 
given the fact that during viral infections, because of the immune response, an 
increase in the level of lymphocytes is often observed. When trying to explain the 
decrease in the level of lymphocytes, researchers in Greece concluded that, the 
cause may be the development of a “cytokine storm” with an increase in the levels 
of inflammatory mediators, which can trigger the processes of lymphocyte apop-
tosis [13]. Russian researchers report a possible viral infection of the lymphocytes 
themselves, resulting in their destruction [14].
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Conclusion. In patients with thrombotic complications of coronavirus infec-
tion, a decrease in the level of red blood cells and hemoglobin was observed. It 
was not possible to identify a clear dependence of changes in these indicators on 
the day of illness. The level of leukocytes was practically within the normal range 
for pregnant women, but was higher relative to the values   obtained in women 
with physiological pregnancy. In addition, at the time of thrombosis development, 
leukopenia was recorded. Noteworthy is the presence of pronounced neutrophilia 
and a decrease in the level of lymphocytes in infected women and the connection 
with the moment of thrombus formation identified during dynamic observation. 
Of interest is the decrease in platelet levels against the background of coronavi-
rus infection in pregnant women and the dynamic fluctuations in platelet indices 
depending on the process of thrombus formation. It should also be noted that all 
thrombotic complications occurred in patients in the postpartum period. The data 
obtained are of interest and require further study in order to subsequently identify 
prognostic markers of thrombus formation and the prevention of thrombotic com-
plications in pregnant and postpartum women with coronavirus infection.
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抽象的。 这项工作评估了额外使用 Kudesan 药物治疗慢性牙龈炎患者的临
床效果。 在 70 名慢性卡他性牙龈炎患者的动态治疗中，确定了所提出的方法的
临床有效性的增加。 在对照组和主要组中，7 天后平均出现改善。 然而，6 个月
后，对照组中 60% 的患者出现牙周恶化的临床症状，12 个月后，这一比例为 76%
。 在主要组中，6个月后，所有观察患者均达到临床缓解； 12个月后，与对照组相
比，复发次数减少了4.3倍。

关键词。 慢性卡他性牙龈炎，kudesan。
Abstract. The work evaluates the clinical effectiveness of treatment of patients 

with chronic gingivitis with the additional use of the drug Kudesan. An increase in 
the clinical effectiveness of the proposed method in the dynamics of treatment of 70 
patients with chronic catarrhal gingivitis was determined. In the control and main 
groups, improvement was noted on average after 7 days. However, after 6 months, 
60% of those observed in the control group showed clinical signs of exacerbation in 
the periodontium, and after 12 months – in 76% of patients. In the main group, after 6 
months, all observed patients were in clinical remission; after 12 months, the number 
of relapses was 4.3 times less compared to the control group.

Keywords: Chronic catarrhal gingivitis, kudesan.
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Introduction.
The prevalence of periodontal diseases, according to modern statistics, reach-

es 90% in all age groups of the population. Catarrhal gingivitis accounts for up 
to 30% [4]. The generally accepted point of view is that in the case of timely, 
high-quality and complete treatment of gingivitis, recovery occurs [7]. However, 
a number of questions remain regarding the effectiveness of the complex treatment 
of gingivitis and the achievement of a lasting therapeutic effect in this pathology.

One of the factors in the occurrence of the inflammatory process is a violation 
of microcirculation and deterioration of trophism in periodontal tissues [2], which 
is the basis for the use of antioxidant drugs [8, 5]. In everyday dental practice, it 
is possible to use the drug Kudesan [1, 6] with an active ingredient in the form 
of ubiquinone, which prevents the formation of free radicals, reduces markers of 
oxidative stress, stimulates the respiratory function of mitochondria and ATP syn-
thesis, which neutralizes inflammatory changes in tissues [3] .

Purpose of the study.
To increase the effectiveness of treatment and reduce the time of onset of sta-

ble remission of chronic catarrhal gingivitis.
Materials and methods of research.
An examination and complex treatment of 70 patients aged 19 to 35 years with 

chronic catarrhal gingivitis were carried out.
To assess the condition of the oral cavity and periodontal tissues, a comprehen-

sive dental examination was carried out, including basic clinical and radiological 
methods, an index assessment of the hygienic status and periodontal condition 
with the determination of the oral hygiene index (OHI-S), plaque index (PI), PMA 
index and bleeding gingival sulcus (SBI). The diagnosis of chronic catarrhal gin-
givitis in accordance with the ICD-10 classification was established based on the 
results of clinical and radiological studies.

In the control group (25 people), treatment was carried out according to the tra-
ditional scheme: professional oral hygiene, including ultrasonic removal of dental 
plaque, as well as the appointment of medications with an antimicrobial effect on 
the gum mucosa for 7 days: chlorhexidine solution 0.2%, metronidazole (Metrogil 
Denta gel).

In the main group (45 people), complex treatment of chronic catarrhal gingi-
vitis was carried out, which, in addition to professional oral hygiene and the use 
of antibacterial drugs, additionally included the prescription of local antioxidant 
therapy. For this purpose, from the 3rd to the 7th day of treatment, the drug Kude-
san was applied to the affected gum area in the form of a 3% solution. Exposure 
duration - 10 minutes.

In both groups, in addition to therapeutic measures, preventive measures were 
also carried out aimed at teaching patients about oral hygiene with individual se-
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lection of hygiene products and correction of hygienic skills, as well as motivating 
them to maintain proper hygienic condition of the oral cavity. Patients were fol-
lowed for 1 year with follow-up examinations every 6 months.

Research results. 
Before the start of therapy, all patients had complaints of bad breath, bleeding 

gums during eating and brushing teeth, as well as symptoms of inflammation of 
periodontal tissue: swelling and hyperemia of the marginal and papillary gums. 
The clinical picture of the disease was characterized by severe bleeding upon 
probing (SBI - 3.85±0.04), hyperemia, swelling and cyanosis in the area of the 
apices of the interdental papillae (PMA - 3.9±0.13), the presence of a large amount 
of soft dental plaque and hard dental plaque (OHI-S – 3.7±0.03; PI – 33.8±0.02).

In all observations, probing determined that the integrity of the dentogingi-
val junction was preserved. According to the results of an X-ray examination on 
targeted dental photographs and an orthopantomogram, the height of the interal-
veolar septa is preserved, the integrity of the cortical plates at their apexes is not 
compromised.

In the control group, elimination of the inflammatory process in the perio-
dontium was noted immediately after treatment. However, after 6 months, the 
hygienic status and periodontal condition of the vast majority of patients worsened 
(Table 1, 2). In 15 patients, clinical signs of exacerbation of catarrhal gingivi-
tis were noted (SBI - 4.2±0.03; PMA - 2.75±0.04). After 12 months, 19 patients 
(76%) had unsatisfactory hygienic status (OHI-S – 4.02±0.03) and bleeding on 
probing (SBI – 3.82±0.01), which corresponded to clinical signs of exacerbation 
of inflammatory process in periodontium (Table 1, 2)

      
Table 1. 

Dynamics of indicators of the hygienic state of the oral cavity in patients with 
chronic catarrhal gingivitis (M±m).

Indicator Observation period Patient groups
Control n=25 people. Main n=45 people

OHI-S Before treatment 3,92±0,23 4,15±0,12
7 days 1,83±0,34 1,22±1,06* 

6 months 2,7±0,3 2,1±0,81*
12 months 1,84±0,65 1,53±1,2

PI Before treatment 39,5±0,02 35,6±0,02
7 days 0,9±0,02 0,1±0,02*

6 months 2,9±0,02 3,3±0,02*
12 months 3,4±0,02 2,89±0,02*

Note: *p≤0.05 (relative to the control group data)
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      Table 2. 
Dynamics of treatment effectiveness indicators for patients with chronic ca-

tarrhal gingivitis (M±m).
Indicator Observation period Patient groups

Control n=25 people. Main n=45 people
РМА Before treatment 3,63±0,24 4,1±0,13

7 days 1,58±0,15 0,52±0,02*
6 months 1,75±0,02 0,72±0,18*
12 months 1,71±0,02 0,36±0,18*

SBI Before treatment 2,13±0,04 2,85±0,04
7 days 1,9±0,09 0,2±0,03*

6 months 2,2±0,02 0,3±0,07*

12 months 2,4±0,16 0,2±0,03*
Note: *p≤0.05 (relative to the control group data)

By the end of the course of treatment, all patients in the main group had a 
significant improvement in their hygienic status and no clinical signs of inflamma-
tion. After 6 months, relapses were noted in 10 (22.2%) patients (SBI - 2.7±0.01; 
PMA -1.55±0.04), and at the end of follow-up - in 8 (17.7%) ( SBI - 2.9±0.06; 
PMA - 1.81±0.03).

Conclusions.
Thus, the inclusion of the antioxidant drug Kudesan in the scheme of complex 

therapy for chronic catarrhal gingivitis makes it possible to exclude the recurrence 
of the inflammatory process in the periodontium after 6 months and to achieve 
stable remission of the disease in 82% of patients 1 year after the end of the course 
of treatment. 
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抽象的。 日光是来自太阳的直接和间接电磁辐射，经过各种反射而改变，并通
过大气传播和过滤。 日光的持续时间和可用性取决于纬度、一年中的时间和大气
条件。 阳光的主要作用是将身体器官和系统的工作协调成一个整体。

关键词：日光、自然光、光、生物节律、生物节律、昼夜节律。
Abstract. Daylight is direct and indirect electromagnetic radiation from the 

sun, which is modified by various reflections, transmitted and filtered through the 
atmosphere. The duration and availability of daylight depends on latitude, time 
of year and atmospheric conditions. The main role of sunlight is to coordinate the 
work of the organs and systems of the body into a single whole.

Keywords: daylight, natural light, light, biological rhythms, biorhythms, 
circadian rhythms.

Each of us is surrounded by sources of natural and artificial light every day. In 
the body, one of the important functions of light - the classical function of light 
- is the synchronization and change of circadian rhythms. Most organisms on the 
planet synchronize their “daily life” with a 24-hour cycle. This rhythm is called 
the circadian rhythm. The circadian rhythm not only regulates sleep-wake cycles, 
but also influences the molecular biology of individual cells and organ systems. 
The molecular mechanism of the circadian rhythm itself was discovered around 
1970 in the common fruit fly Drosophila melanogaster and described in humans 
shortly thereafter. Genes including clock and period have been identified as im-
portant regulators of circadian rhythm due to protein expression patterns that os-
cillate approximately every 24 hours. The expression of these proteins reflects the 
circadian rhythm at the molecular level in all mammals. The molecular machinery 
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of circadian rhythm involves a complex and autonomous transcriptional-translational 
feedback loop that consists of a core set of oscillating, ubiquitously expressed genes, 
including Clock, Bmal1, period homologs 1 and 2 (Per1 and Per2), and cryptochromes 
1 and 2 (Cry1 and Cry2 ). This transcriptional-translational feedback loop takes ap-
proximately 24 hours to complete. In addition to this classical transcriptional and 
post-translational mechanism, many interacting pathways have been described, but 
the complete regulatory system is not yet fully understood [1, 2].

Although circadian rhythms are theoretically endogenously self-sustaining, 
powerful external stimuli regularly influence and adjust the timing of the circadi-
an system. These external stimuli alter the expression profile of circadian proteins 
to synchronize the endogenous circadian rhythm with the environment. While in 
some species (e.g. Drosophila melanogaster) circadian rhythms are synchronized 
by temperature and other environmental factors, in humans the most powerful of 
these external stimuli is daylight.

Light reaching the retina is critical for vision (movement, spatial detail, color), 
and the light pulses are converted into electrical signals in the rods and cones. 
Retinal ganglion cells (ipRGCs) express the short-wavelength-sensitive photopig-
ment melanopsin. Daylight stimulates melanopsin receptors in retinal ganglion 
cells. These cells convert the physical signal into an electrical signal (neurotrans-
mission), which excites neurons in the suprachiasmatic nucleus (SCN) of the hy-
pothalamus. In these neurons, the electrical signal activates circadian proteins first 
in the SCN and then in all peripheral organs [3, 4].

Forced circadian disruptions due to shift work, nighttime illumination, and 
transmeridian flights contribute to mood symptoms in vulnerable individuals. Ani-
mal models show that even short-term exposure to night light can cause symptoms 
associated with depression; Irregular lighting schedules act directly through the 
ipRGC to increase depression, which is reversible with antidepressants. Moreo-
ver, bright light is a recognized antidepressant for seasonal and other depression. 
In addition, increased electric lighting or mixed lighting can improve mood when 
neurodegenerative diseases. Due to the Covid-19 pandemic, daylight may be use-
ful in limiting both the psychiatric consequences of hospitalization and reducing 
the likelihood of infection: due to the antidepressant effect of bright light and its 
disinfecting properties [5-8].

Thus, daylight and biological rhythms are important components of the body’s 
internal environment, changes in which can affect human comfort and well-being. 
In addition, it can lead to the development of various pathological conditions (met-
abolic syndrome, diseases of the cardiovascular system, etc.). In order to avoid 
the development of these diseases, circadian light hygiene should be maintained. 
Because it is now established circadian light hygiene promotes stable circadian 
rhythms, which in turn maintains overall health by regulating the production of 
immune cells, cytokines and other biologically important compounds.
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抽象的。 “Sputnik V”疫苗是预防 COVID-19 最有效的药物之一。 血清转
化率超过90%，流行病学有效率超过70%。 然而，腺病毒载体的病毒中和抗体对疫
苗接种有效性的影响仍未解决。 本研究评估了对人类腺病毒 26 型和 5 型的预
先存在的免疫力与“Sputnik V”疫苗接种诱导的免疫反应的发展之间的相关性。

关键词：Ad26、Ad5、Sputnik V、SARS-CoV-2、预先存在的免疫力。
Abstract. The “Sputnik V” vaccine is one of the most effective agents for 

preventing COVID-19. The seroconversion rate exceeds 90%, with epidemiological 
efficacy surpassing 70%. However, the impact of virus-neutralizing antibodies to 
adenoviral vectors on vaccination effectiveness remains unresolved. This study 
evaluated the correlation between pre-existing immunity to human adenoviruses 
26 and 5 types and the development of immune responses induced by “Sputnik V” 
vaccination.

Keywords: Ad26, Ad5, Sputnik V, SARS-CoV-2, pre-existing immunity.



128

Scientific research of the SCO countries: synergy and integration

International Conference

Introduction. Recombinant adenoviral vectors have been utilized in clinical 
research long before the development and registration of vaccines for COVID-19 
prevention. 

rAd26-S-CoV2 and rAd5-S-CoV2 are replication-deficient recombinant vec-
tors based on human adenoviruses types 26 (Ad26) and 5 (Ad5), respectively, en-
coding the full-length S protein of severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) in its native form. These vectors are components of the “Sputnik 
V” vaccine intended for COVID-19 prevention [1, 2, 3]. The “Sputnik V” vaccine 
is one of the most effective agents for preventing COVID-19, with a serocon-
version rate exceeding 90%, and epidemiological efficacy surpassing 70% [2]. 
Additionally, an increase in IgG-specific antibodies to the S protein of the SARS-
CoV-2 virus has been demonstrated following revaccination after 6 months.

To date, the question remains relevant as to whether pre-existing immunity to 
these viruses, from which replication-deficient vectors rAd26-S-CoV2 and rAd5-
S-CoV2 are derived, could diminish their immunogenicity. In Russia, at the start 
of the COVID-19 vaccination program, seroprevalence to Ad26 and Ad5 in the 
population was relatively low, approximately 13% and 29%, respectively [1]. Fol-
lowing vaccination with “Sputnik V,” induction of an immune response not only 
to the S protein of the SARS-CoV-2 virus but also to the capsid proteins of the ad-
enovector occurs. Phase 1-2 clinical trials of the “Sputnik V” vaccine demonstrat-
ed no influence of antibodies to Ad26 and Ad5 on vaccination effectiveness [1]. 
Clinical trials of the Janssen Pharmaceuticals’ Ad26.COV2.S vaccine, based on a 
recombinant human adenovirus type 26, also showed no influence of immunity to 
Ad26 on the development of immune responses induced by vaccination [4]. The 
vaccine’s effectiveness against severe COVID-19 outcomes was consistent across 
all countries, regardless of the presence of virus-neutralizing antibodies to Ad26 in 
human population [5]. However, clinical trials of the CanSino’s Ad5-nCoV vector 
vaccine reported reduced immunogenicity of the adenoviral vector in individuals 
with high levels of pre-existing immunity to Ad5 [6].

In this study, we analyzed the correlation between the titer of IgG-specific 
antibodies to the SARS-CoV-2 virus and virus-neutralizing antibodies to adeno-
vectors in volunteers vaccinated with “Sputnik V.”

Methods. The titer of IgG-specific antibodies to the SARS-CoV-2 virus was 
determined using an ELIZA test system manufactured by Medgamal branch of 
N.F. Gamaleya National Research Center. The VNAs to adenoviruses were de-
termined in a virus neutralization reaction by micro-method. Serum samples were 
obtained from volunteers (n=36) participating in the clinical trial of the “Sputnik 
V” vaccine (NCT04530396). Samples were taken before vaccination (day 0) and 
at 42 and 180 days post-vaccination.

Results and Discussion. Out of 36 tested samples, VNAs to Ad26 were detect-
ed in 12 volunteers, and to Ad5 in 26 volunteers (Figure 1A). The seroconversion 
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rate to Ad26 and Ad5 before vaccination was 33.3% and 72.2%, respectively. The 
reciprocal titer of VNAs to Ad26 was 4.6, and to Ad5 was 111.3. The difference 
in titer values between adenoviral vectors is due to their different immunogenicity, 
which directly depends on the serotype [8]. Adenoviruses of subgroup C, which 
include human adenovirus type 5, are highly immunogenic and effectively activate 
the immune system, thereby enhancing the immune response to the target antigen 
[9]. Despite Ad26 clearly lagging in immunogenicity compared to Ad5 in animal 
models [10, 11], it demonstrates sufficiently high effectiveness in humans [12].

Figure 1. A. Titers of virus-neutralizing antibodies to adenoviral vectors types 
26 and 5 in volunteers before immunization (day 0). B. Titers of neutralizing 

antibodies to the SARS-CoV-2 virus on days 0, 42, and 180 of the study after im-
munization of volunteers with the “Sputnik V” vaccine. Columns represent the 

reciprocal geometric mean titer for each group with a 95% CI. Statistically sig-
nificant differences between values are indicated by brackets and the symbol *** 

(p<0.0001). C. Correlation between the titer of IgG-specific antibodies to the 
SARS-CoV-2 virus and virus-neutralizing antibodies to adenovirus.
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At Day 42 post-”Sputnik V” vaccination, the seroconversion rate to the S pro-
tein of the SARS-CoV-2 virus was 100% (Figure 1B), with a geometric mean 
titer (GMT) of IgG-specific antibodies equal to 1:9776. No significant correlation 
was found between the titer of S-specific antibodies and VNAs to Ad26 and Ad5 
(r=0.2608, p=0.1245 and r=-0.1335, p=0.4377, respectively). At Day 180 after 
vaccination with Sputnik V, the seroconversion rate to the SARS-CoV-2 virus 
remained 100%. The GMT significantly decreased (p<0.0001) to 1:1631. No sig-
nificant correlation was found between the titer of S-specific antibodies and VNAs 
to Ad26 and Ad5 (r=0.2527, p=0.1370 and r=-0.3096, p=0.0331, respectively).

The correlation between pre-existing titers of VNAs to Ad26 and Ad5 and 
titers of IgG-specific antibodies to the SARS-CoV-2 virus after vaccination was 
insignificant. The obtained results, along with data from previous studies, indicate 
that pre-existing immunity to Ad26 or Ad5 prior to vaccination does not influence 
the development of humoral immune responses against the vaccine’s target immu-
nogen [1]. Levels of neutralizing antibodies to Ad26 did not correlate with levels 
of neutralizing antibodies to SARS-CoV-2 on the 29th or 71st day post-vaccina-
tion [4]. Results from phase 1 clinical trials of the CanSino’s Ad5-nCoV vaccine 
showed that despite the presence of high pre-existing immunity to Ad5, immune 
responses to the SARS-CoV-2 virus were observed in 60%, 84%, and 100% of 
volunteers receiving doses of 5×1010, 1×1011, and 1.5×1011 viral particles, respec-
tively, on the 28th day of the study [13]. The presence of neutralizing antibodies 
to Ad26 or Ad5 induced by “Sputnik V” vaccination is expected to have minimal 
impact on subsequent doses of the same vaccine, which is consistent with the en-
hancement of immune responses after revaccination.

Literature

1. Logunov DY et al. “Safety and immunogenicity of an rAd26 and rAd5 vector-
based heterologous prime-boost COVID-19 vaccine in two formulations: two 
open, non-randomised phase 1/2 studies from Russia.” Lancet (London, England) 
vol. 396,10255 (2020): 887-897.

2. Logunov DY et al. “Safety and efficacy of an rAd26 and rAd5 vector-based 
heterologous prime-boost COVID-19 vaccine: an interim analysis of a randomised 
controlled phase 3 trial in Russia.” Lancet (London, England) vol. 397,10275 
(2021): 671-681.

3. Tukhvatulin AI et al. “Safety and immunogenicity of rAd26 and rAd5 vector-
based heterologous prime-boost COVID-19 vaccine against SARS-CoV-2 in 
healthy adolescents: an open-label, non-randomized, multicenter, phase 1/2, 
dose-escalation study.” Frontiers in immunology vol. 14 1228461. 1 Aug. 2023.



131

上合组织国家的科学研究：协同和一体化

国际会议

4. Le Gars M et al. “Impact of Preexisting Anti-Adenovirus 26 Humoral 
Immunity on Immunogenicity of the Ad26.COV2.S Coronavirus Disease 2019 
Vaccine.” The Journal of infectious diseases vol. 226,6 (2022): 979-982.

5. Sadoff J et al. “Final Analysis of Efficacy and Safety of Single-Dose Ad26.
COV2.S.” The New England journal of medicine vol. 386,9 (2022): 847-860.

6. Zhu F et al. “Immunogenicity and safety of a recombinant adenovirus 
type-5-vectored COVID-19 vaccine in healthy adults aged 18 years or older: a 
randomised, double-blind, placebo-controlled, phase 2 trial.” Lancet (London, 
England) vol. 396,10249 (2020): 479-488.

7. Drapkina OM et al. First real-world experience of Gam-COVID-Vac Sputnik 
V vaccine use. Russian Journal of Preventive Medicine and Public Health. 
2021;24(10):53-60. (In Russ.).

8. Wang X et al. “Comparative analysis of the impact of 40 adenovirus 
types on dendritic cell activation and CD8+ T cell proliferation capacity for 
the identification of favorable immunization vector candidates.” Frontiers in 
immunology vol. 14 1286622. 17 Oct. 2023.

9. Marquez-Martinez S et al. “Cell entry and innate sensing shape adaptive 
immune responses to adenovirus-based vaccines.” Current opinion in immunology 
vol. 80 (2023): 102282.

10. Liu J et al. “Magnitude and phenotype of cellular immune responses elicited 
by recombinant adenovirus vectors and heterologous prime-boost regimens in 
rhesus monkeys.” Journal of virology vol. 82,10 (2008): 4844-52.

11. Abbink P et al. “Comparative seroprevalence and immunogenicity of six 
rare serotype recombinant adenovirus vaccine vectors from subgroups B and D.” 
Journal of virology vol. 81,9 (2007): 4654-63.

12. Sadoff J et al. “Safety and Efficacy of Single-Dose Ad26.COV2.S Vaccine 
against Covid-19.” The New England journal of medicine vol. 384,23 (2021): 
2187-2201.

13. Zhu FC et al. “Safety, tolerability, and immunogenicity of a recombinant 
adenovirus type-5 vectored COVID-19 vaccine: a dose-escalation, open-label, 
non-randomised, first-in-human trial.” Lancet (London, England) vol. 395,10240 
(2020): 1845-1854.



132

Scientific research of the SCO countries: synergy and integration

International Conference

DOI 10.34660/INF.2024.23.43.055

工业安全文化定量评估的新科学方法
A NEW SCIENTIFIC METHODOLOGICAL APPROACH TO 
QUANTITATIVE ASSESSMENT OF INDUSTRIAL SAFETY 

CULTURE

Glebova Elena Vitalуevna 
Doctor of Technical Sciences, Head of Department
Russian State University of Oil and Gas (National Research University) 
named after I.M. Gubkina
Volokhina Alla Tagironva
Doctor of Technical Sciences, Professor
Russian State University of Oil and Gas (National Research University) 
named after I.M. Gubkina
Baklazhenko Kristina Vadimovna
Assistant
Russian State University of Oil and Gas (National Research University) 
named after I.M. Gubkina

注解。 本文介绍了使用神经网络评估和分析俄罗斯联邦一家石油和天然气生
产企业工人的工业安全文化水平的新想法的实施情况。 最初的数据基于对工人
进行的调查结果，该调查采用的是俄罗斯国立石油天然气大学 (NRU) 工业安全与
环境保护系员工开发的方法，该部门以 I.M. Gubkina 的名字命名。 本文介绍了
对一家石油和天然气生产企业员工的调查结果。 首次显示了根据工人的社会传
记特征评估工业安全文化（ISC）水平的可能性。 传统研究获得的 ISC 水平与神
经网络确定的 ISC 水平之间已经建立了相关性。 这项工作使用了基于神经网络
算法的 Loginom 软件产品。

关键词：工业安全文化； 安全; 工业安全； 职业安全与健康; 方法; 神经
网络。

Annotation. The paper describes the implementation of a new idea for using 
a neural network to assess and analyze the level of industrial safety culture of 
workers at one of the oil and gas producing enterprises of the Russian Federation. 
The initial data was based on the results of a survey of workers using a methodology 
developed by employees of the Department of Industrial Safety and Environmental 
Protection of the Russian State University of Oil and Gas (NRU) named after I.M. 
Gubkina. The article presents the results of a survey of employees of an oil and gas 
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production enterprise. For the first time, the possibility of assessing the level of 
industrial safety culture (ISC) based on the socio-biographical characteristics of 
workers has been shown. A correlation has been established between the level of 
ISC obtained because of a traditional study and determined by a neural network. 
The work used the Loginom software product, which is based on neural network 
algorithms.

Keywords: industrial safety culture; safety; industrial safety; occupational 
Safety and Health; methodology; neural networks.

An important task of the Russian oil and gas industry is the implementation 
of the Vision Zero concept (zero injuries), including through improving the cul-
ture of industrial safety. In the period from 2009 to the present, there has been a 
steady downward trend in the number of accidents at enterprises of the fuel and 
energy complex [1]. However, the number of deaths and injuries because of these 
incidents remains high. Improving the industrial safety culture is aimed at timely 
identification and elimination of the causes of industrial injuries. 

Currently, the legislation of the Russian Federation does not contain a meth-
odology for assessing the level of ISC. Therefore, the purpose of this work is to 
use a new methodological approach - the use of a neural network to quantify the 
industrial safety culture of workers at an oil and gas production enterprise.

Assessing the safety culture
Particular attention to safety culture began to be paid after the disaster at the 

Chernobyl nuclear power plant in 1986. Experts have devoted many studies to 
this issue [2]. Today, there are a number of methodological approaches to assess-
ing the maturity of the industrial safety culture in companies. The most popular 
internationally recognized models are the Dupont-Bradley curve, the R. Westrum 
model and the P. Hudson model. Each of the models is created based on the expe-
rience of many leading companies and demonstrates the stages of evolution of the 
industrial safety management system, allowing you to analyze in detail and find 
areas for improving the level of industrial safety culture.

Based on an analysis of international practices in assessing and developing a 
culture of industrial safety, employees of the Department of Industrial Safety and 
Environmental Protection developed a methodology for assessing the culture of 
industrial safety using a two-stage survey (using two questionnaires) with subse-
quent processing of the results according to specified criteria. The algorithm of the 
technique is presented in Figure 1.
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Figure 1. Algorithm for assessing the level of ISC

As part of the ongoing research, a model for assessing the level of development 
of ISC was adapted and refined by introducing a five-level classification (IOGP 
5-level classification) with corresponding numerical indicators (Fig. 2).

Figure 2. Assessment of the level of ISC

Questionnaire No. 1 consisted of 10 questions and included an assessment 
of the socio-biographical characteristics of workers based on the assumption that 
the age of workers, their experience and level of position directly influence the 
awareness of the importance of safety, understanding and compliance with the 
requirements of production instructions.

incidents and
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Questionnaire No. 2 contained questions to assess 16 individual indicators 
- components of safety culture. For each of the components, 4 statements were 
made, two of which were positive and two of which were negative. Thus, the 
questions in questionnaire No. 2 are presented in the form of 64 statements. The 
workers’ task was to choose one of the answer options for each statement (“strong-
ly disagree,” “disagree,” “hard to say,” “agree,” “completely agree”). For further 
data processing, the respondents’ responses were translated into a 5-point scale 
from 1 point for the answer “strongly disagree” to 5 points for the answer “com-
pletely agree” for positive statements, and, conversely, from 5 points for the an-
swer “strongly disagree” to 1 point for a “strongly agree” response for negative 
statements.

As part of this study, a survey was conducted 419 employees. The main objec-
tive of the survey was to establish the general level of ISC at oil and gas producing 
enterprise.

Figure 3 shows a histogram of the assessment of the level of safety manage-
ment by all employees of the enterprise based on 16 safety culture indicators. The 
overall level of the industrial safety management system based on the results of the 
calculation was 3.66, which corresponds to the “predicted” level, where the main 
elements of the industrial safety management system have been created, safety 
indicators are monitored, and safety is perceived as personal responsibility.

Figure 3. Assessment of the level of ISC by all employees
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Predicting the level of ISC using a neural network
During the analysis of the results, for the first time, a hypothesis was put for-

ward that there is a correlation between socio-biographical characteristics and the 
level of employee ISC. The socio-biographical characteristics of the employee 
were analyzed in accordance with the questions from Table 1 and were not used 
when calculating the overall level of industrial safety culture.

Table 1. 
Social and biographical characteristics of the employee

Name of the survey question
1. What is your age?
2. How long have you worked in your profession?
3. Indicate the level of your position.
4. Do you think it is possible to comply with all safety requirements in the course of 
your work?
5. Have you made mistakes during your work that could have resulted in a decrease in 
the level of safety?
6. Is it possible, in your opinion, to achieve zero injuries under the current working 
conditions?
7. Please rate on a scale from 1 to 5 the general state of safety in your work activity.
8. How do you assess your contribution to ensuring and developing the company’s 
security (in %, from 0 to 100)?
9. Have you previously taken part in a behavioral security audit?
10. Are you ready to take responsibility for interrupting the technological process in the 
event of a pre-emergency situation or if unsafe actions of colleagues are detected?

To test this hypothesis, it was necessary to establish a relationship and find a 
correlation between the socio-biographical characteristics and the level of ISC of 
each employee. In this work, a neural network model was used as a tool for pre-
dicting the level of ISC.

The module of the analytical platform Loginom [4] was used as a neural net-
work algorithm, which made it possible to compare the actual level of the ISC 
established using the technique with the level obtained using the neural network.

The results of the analysis are presented in Figure 4 in the form of a graph. The 
obtained results of assessing the level of ISC based on the predicted values   of the 
neural network are correlated with the actual values   obtained using the method. 
That is, the hypothesis put forward is confirmed by the results obtained. Thus, 
instead of assessing the ISC using 64 indicators, it is possible to use 10 indicators 
- responses from a socio-biographical questionnaire.
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Figure 4. Dispersion of values   of the actual level of the ISC and the level using a 
neural network

Conclusions
The work implemented a new idea of   using a neural network to determine the 

level of industrial safety culture by surveying workers on 10 indicators of a so-
cio-biographical questionnaire. The research results presented in this work showed 
a correlation between the actual values   obtained using the developed method and 
those determined using a neural network. However, for an accurate quantitative 
assessment of the level of ISC using socio-biographical characteristics, it is neces-
sary to develop your own neural network with its subsequent training.
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注解。 考虑了使用差动电容转换器开发小型线性位移计的特点。 已经分析
了测量电路，使得可以实现用于确定测量位移的线性算法。 测量电路的元件和
电源、控制测量过程、执行测量和处理测量结果的可编程微控制器的选择是合理
的。 给出了测量误差的研究结果，并分析了各种因素对测量精度的影响。

关键词：测量、电容式转换器、正弦信号、相位法、微控制器、测量误差。
Annotation. The features of the development of a small linear displacement 

meter using a differential capacitive converter are considered. A measuring 
circuit has been analyzed that makes it possible to implement a linear algorithm 
for determining the measured displacement. The choice of elements and power 
supply of the measuring circuit, a programmable microcontroller that controls 
the measuring process and performs measurements and processes measurement 
results is justified. The results of a study of measurement error are presented, and 
the influence of various factors on measurement accuracy is analyzed.

Keywords: Measurement, capacitive converter, sinusoidal signal, phase 
method, microcontroller, measurement error.

Introduction. For measuring small linear displacements, differential capac-
itive measuring transducers (CMTs) have the greatest sensitivity, in which the 
input quantity is the change in the distance between the moving and stationary 
electrodes. CMTs have high metrological characteristics; their primary conver-
sion error does not exceed ±0.1% [1]. Therefore, the main direction for increasing 
the accuracy of modern information-measuring systems based on the capacitive 
method is the use of new methods for converting the CMTs capacitance into an 
electrical signal.
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Object of study. For CMTs with a plane-parallel system of electrodes based 
on a change in the gap d between the electrodes, the static conversion characteris-
tic is determined by the well-known expression

0XC S dε ε= ,
where 12

0 8,854 10ε −= ⋅  F/m - dielectric constant of vacuum (air) - physical con-
stant,ε - relative dielectric constant of the medium, located between the elec-
trodes, S - overlap area between the electrodes. From (1) it follows that the sensi-
tivity of the CMTs to the gap

0
2

X SC
K

d d
ε ε∂

= = −
∂

,

therefore, an increase in sensitivity is achieved by reducing the initial gap between 
the electrodes and increasing the size of the CMTs. With modern technology for 
manufacturing sensors, the initial gap between the CMTs plates can be increased 
to 5...10 µm [2], and the sensitivity threshold for movement is estimated at values   
of the order of 10-6 µm [1].

The linear motion differential CMTs is a flat capacitor with electrodes 1, 2 
and 3 (Fig. 1). Electrodes 1 and 2 are fixed motionless, and electrode 3 is the re-
producing organ of the measured displacement x. The static characteristic of the 
transformation is the dependence ( )1 2C C C f X∆ = − = .

Figure 1. Differential CMTs with variable clearance

In the initial position of the movable electrode, when the measured displace-
ment 0X = , we have 1 2d d d= = , 1 2 0C C C A d= = = , 1 2 0C C C∆ = − = , 0A Sε ε=
. Under the influence of movement X  CMTs capacities change:

( )1C A d X= − , ( )2C A d X= + ,
and a nonlinear displacement transformation function is obtained

( )2 2 2 2 2

2 2
1

A X A XC
d X d X d

⋅ ⋅
∆ = =

− −
.

In this regard, to limit the nonlinearity error, the measurement range is lim-
ited to the value 0,1X d≤ . Then the maximum nonlinearity obtained at the end of 
the measurement range and determined by the deviation from unity of the value

2 21 X d− , is equal 2 21 1 0,01mX d− = − , that is, does not exceed 1.0%. For accurate 
measurements, this error value is also unacceptable; moreover, such a limitation 
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of the measurement range is not always desirable. Thus, in the measuring circuit 
(MC), in which the conversion is carried out C∆  into an electrical signal, the ad-
ditional problem of ensuring a linear relationship between the output signal and 
the measured displacement must also be solved.

The main methods for increasing the accuracy of CMTs measuring circuits 
have been most thoroughly researched, developed and presented in [1]. It is sub-
stantiated that the advantages obtained due to the differential design of the CMTs 
are fully manifested only in the case when the relative change in capacitance is 
used as an informative parameter

( ) 1 2

1 2

C C
K C

C C
−

=
+

.                                               (1)

Such a conversion automatically provides a ratiometric correction of the 
CMTs error, which makes it possible to significantly reduce its temperature error, 
increase the dynamic range, and eliminate the influence of the dielectric constant 
of the interelectrode medium on the conversion result. The output signal obtained 
when this measurement method is implemented is called ratiometric [3].

The essence of the measurement method. In known meters with a ratiometric 
output signal, the conversion of the informative parameter CMTs into potential-
current signals is usually used [1, 4-6], which, without additional corrective cir-
cuits, cannot provide an invariant measurement, since these signals are influenced 
by changes in the supply voltage of the MC, bias voltages and zero drift of the 
operational amplifiers used, internal noise and external interference. In order to 
eliminate the influence of the listed interfering factors in this development, instead 
of analog signals Only the phase shift angle is used as the output signal of the MC 
φ between voltages Su  and Cu  (Fig. 2). Reference resistors are connected in series 
with the CMTs 1 2R R R= = , which form voltage dividers with parts of the CMTs, 
powered by the current of a sinusoidal voltage generator (G).

In positions 1 and 2 of electronic switches

( )1 11SU I R j Cω= +  ; 1 1CU I j Cω=  ; 1 1 11S CU U j RCω= +  ;

( )
( )

1 1
1 1

1 1

Im

Re
S C

S C

U U RAtg RC
d XU U
ωϕ ω= = =
−

 

 
;                             (2)  

( )2 21SU I R j Cω= − +  ; 2 2CU I j Cω= −  ; 2 2 21S CU U j RCω= +  ;

 2 2
RAtg RC

d X
ωϕ ω= =
+

.                                      (3) 
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Figure 2. Simplified diagram of the measuring circuit

To obtain a ratiometric output signal in the form (1), we use the relation

( ) 1 2 1 2

1 2 1 2

tg tg C C XK C
tg tg C C d
ϕ ϕ
ϕ ϕ

− −
= = =

+ +

and taking into account (2) and (3) we obtain the IC transformation function in 
the form

( )
( )

1 2

1 2

sin
sin

X d
ϕ ϕ
ϕ ϕ

−
= ⋅

+
.                                           (4)

From (4) it is clear that the measurement result does not depend on the voltage 
and current of the generator, and the accuracy of the displacement measurement 
depends only on the accuracy of the angle measurement φ, which is the most ac-
curately measured quantity in digital electrical measuring technology.

In the developed device (Fig. 3) the voltage Su  and Cu  are supplied through 
voltage repeaters-buffers 3 (so as not to load the MC) to the analog inputs of a 
programmable microcontroller (PM) 4. The PM controls the measurement pro-
cess, measures angles φ1 and φ2, calculates the value X according to formula (4) 
and displays the measurement result on a digital reading device 5. To increase the 
accuracy of measurements, the PM repeats each measurement 10 times and de-
termines the average value of the results. If necessary, digitized angle signals can 
be obtained from the PM φ1 and φ2 send them through an interface converter (for 
example, AVR309) to a computer, where they are processed and the measurement 
results are displayed on the computer monitor.

Selection of circuit components. The MC was used as a power source RC
-oscillator based on an op-amp with a Wien measuring bridge and a transformer 
output. Generation frequency selected 50f =  kHz, output voltage 5U = B. The 
self-oscillator produces an almost pure sine wave, the distortion of which does not 
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exceed 0.15%, and the temperature change in frequency is 44,5 10tω −∆ ∆ = ⋅ rad/
deg [7]. Note that instability of the source frequency does not affect the measure-
ment accuracy, because to calculate the angle φ in PM the period is also measured 
T measuring current.

Figure 3. Functional diagram of a small linear displacement meter

Reference resistor resistance 1 2R R R= =  is selected in such a way as to en-
sure maximum sensitivity of converting the UIP parameter into angle φ. This 
occurs if at the starting point of the transformation, when 1 2 0C C C= = , the con-
dition is ensured 0

1 2 45ϕ ϕ= ≈ . Therefore, from the condition 1tgϕ =  should
0 01CR X Cω= = , and with the values   used in the development 0 3 50C C= = pF,

50f = kHz we get 63,7R ≈  kOhm With these parameter values, the range of ca-
pacitance changes 30C∆ = ±  pF corresponds to the change in angle ϕ  within 

0 021,8 ...58ϕ ≈ .
Highly stable precision metal foil resistors of type C5-61 were selected as 

reference resistors. They are produced only with a power of 0.25 W, minimal 
deviation 0,005%±  from the nominal resistance and the minimum value of the 
temperature coefficient of resistance (TCR) 6 0 110 10t Cα − −= ± ⋅ .

When choosing a microcontroller, it should be taken into account that it should 
have the highest possible frequency 0f  clock generator and, more importantly, 
there must be two analog inputs with comparators, the inputs of which will receive 
voltages Su  and Xu  to convert angle φ in time interval τ . Using analog inputs 
of PM with internal ADCs is impractical, because the value of the conversion 
(sampling) period of the ADC limits the minimum possible value τ , thereby sig-
nificantly increasing the sensitivity threshold of the meter. Taking these circum-
stances into account, a high-performance 32-bit MCU of the PIC32MX695F512H 
type was selected. The PM has two analog inputs with built-in comparators, and 
these inputs are equipped with choppers, which are used in the development as 
switches for the output voltages of the MC. The choppers are controlled from the 
MK by the “SWCX” signal and carry out angle measurement modes 1ϕ  or 2ϕ .
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The PM central processor can operate up to maximum frequency 80 MHz. 
To create this frequency, in order to increase the measurement accuracy, an external 
quartz resonator with a frequency of 8 MHz. This frequency is multiplied inside 
the MK by 10, resulting in 0 80f =  MHz at which the PM, its core, counters and all 
peripheral devices operate.

In order to select an op-amp for buffers, a comparative analysis of the elec-
trical characteristics of a number of precision op-amps was performed. The main 
selection criterion is the values   of the input resistance, zero offset voltage and its 
temperature drift, normalized to the input noise voltage and current. As a result 
of the analysis, an op-amp chip of the LF355 brand with an input stage based on 
field-effect transistors was selected.

The digital readout device is implemented on seven-segment LED indicator 
brand QCA-56.

Assessment of measurement accuracy. A method for theoretical research of 
the metrological characteristics of the meter has been developed. Expression of 
relative displacement measurement error X received as

( ) ( ) ( )1 2 1 2
0

fX ctg
f

δ ϕ ϕ ϕ ϕ= ⋅ − ⋅ − ⋅                                     (5)

It can be seen that the higher the frequency, the smaller the measurement 
error 0f  PM clock generator and the lower the frequency f MC power generator. 
Moreover, with increasing difference ( )1 2ϕ ϕ−  the error is reduced. Calculations 
using formula (5) show that in the range of movement 0... 0, 4X d= ± the relative 
measurement error does not exceed the value ( ) 0,1%Xδ ≤ .

Conclusions. The developed capacitive measuring device can be used for dig-
ital measurement of microdisplacements and other physical quantities (pressure, 
force, deformation, acceleration, thermal expansion of bodies, etc.) that cause 
microdisplacements, with a relative error not exceeding 0.1%. This accuracy is 
ensured by using phase signals instead of potential current signals.
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注解。 考虑了各种电磁装置复杂电阻分量的不变测量问题，结果表明，采用
相位法可以显着简化测量装置，实现测量过程自动化，并通过有效利用测量结果
对测量结果进行处理。 可编程微控制器。

关键词：复电阻、不变测量、相位法、正弦电压、相移角、微控制器。
Annotation. The problem of invariant measurement of the components of the 

complex resistance of various electromagnetic devices is considered and it is 
shown that the use of the phase method can significantly simplify the measuring 
device, automate the measurement process and process the measurement results 
through the effective use of programmable microcontrollers.

Keywords: complex resistance, invariant measurement, phase method, 
sinusoidal voltage, phase shift angle, microcontroller.

Introduction. Inductors, many types of inductive converters, coils with mu-
tual inductance, ferromagnetic cores in AC electrical circuits are presented in the 
form of passive two-element two-terminal networks, which are characterized by a 
complex resistance consisting of active and inductive components: .Z R jX= +  In 
the process of manufacturing and operating electromagnetic devices, in many sci-
entific studies the problem of invariant (including separate) measurement of these 
components arises. For such measurements, the most widely used are balanced 
AC bridges, resonant methods, the method of dynamic measurements based on the 
characteristics of the transient process, etc. [1-3]. The disadvantages of existing 
methods are the complexity of implementation, the use of potential-current signals 
in them, which are subject to the influence of various types of noise and interfer-
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ence, the difficulty of interfacing with modern computer technology for automated 
processing of measurement information and its use in control systems.

These disadvantages can be eliminated by using the phase measurement meth-
od, in which the carrier of information about the measured parameters is not cur-
rent, or voltage, but the phase shift angle between the two output sinusoidal volt-
ages of the measuring circuit [4, 5]. The development of this direction is largely 
due to the widespread use of microcontrollers (MCs) in measuring technology.

The essence of the phase method. In Fig. Figure 1 shows a diagram of the 
measuring circuit (MC) of a microcontroller device for invariant measurement 
of the parameters of inductors (PI) using the phase method [6]. In series with CI 
with active resistance XR and inductance XL exemplary resistors are connected 1R
and 2 . The IC is powered by the sinusoidal current of the generator G frequency

1000f = Hz The output voltages of the MC are the voltage SU  in two switch 
positions and reference voltage NU , which is formed in the feedback circuit of the 
operational amplifier OA on a resistor NR . An informative parameter is the angle φ 
phase shift between voltages SU  and NU . Resistor resistance values 1R and 2R angle 
scale is agreed upon φ with measurement ranges of PI parameters.

Figure 1. Diagram of the measuring circuit for invariant conversion of inductor 
parameters into a phase signal

The output voltages relative to the common wire potential are determined 
by the expressions ( )1 1 ,S X XU I R R j Lω= + +  ( )2 1 2 ,S X XU I R R R j Lω= + + + 

,N NU IR=  therefore; in positions 1 and 2 of the switch, the following relations are 
valid:

1
1

X

X

L
tg

R R
ω

ϕ =
+

, 2
1 2

X

X

L
tg

R R R
ω

ϕ =
+ +

,                              (1)
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where we get:

( )
2

2 1
X

R
L

ctg ctgω ϕ ϕ
=

−
,                                         (2) 

 ( )2 1 1 2 1

2 1
X

R ctg R ctg ctg
R

ctg ctg
ϕ ϕ ϕ

ϕ ϕ
− −

=
−

,                               (3) 

 
( )

2

2 1 1 2 1

X

X

L R
Q

R R ctg R ctg ctg
ω

ϕ ϕ ϕ
= =

− −
.                              (4) 

Does not appear in (2) XR , and in (3) - XL , that is, separate measurement of PI 
parameters is provided. Only the angle needs to be measured φ in two switch posi-
tions. The measurement results do not depend on NR , A XL  also does not depend 
on 1R . Generator voltages, OA zero offsets, their drift and input currents do not 
affect the measurement accuracy, since, unlike currents and voltages of the IC, the 
angle φ does not depend on them.

In the developed voltage meter SU  and NU are supplied to the analog inputs 
of a programmable microcontroller (PM) (PIC32MX695F512H microcircuit), 
which contains two input comparators with input switching devices (one of them 
is used to switch a resistor 2R ). With these comparators, the angle 

S NU Uϕ ψ ψ= −
converted to time interval τ . Time intervals τ And 1T f= measured by the dis-
crete counting method by filling them with pulses of reference frequency 0 80f =
MHz clock generator of the MK using its integrated timer-counter. During the 
measurement process, the MK controls the position of the switch, measures the 
angle φ in its two positions ( 1ϕ and 2ϕ ), calculates the parameters of the CI using 
the algorithms (1) – (3) recorded in its memory and displays the measurement 
results on a digital display.

Theoretically, depending on the values XL and XR , corner φ can be located at 
any point in the range 0 00 90ϕ≤ ≤ . However, taking into account the features of 
tangent and cotangent functions, in order to ensure acceptable conversion sensitiv-
ity, it is advisable that the angle φ did not approach the ends of this range. In near 
corners 00ϕ = and 090ϕ = values tgϕ  or ctgϕ  tend to infinity, which in formulas 
(1) - (4) can lead to uncertainties and loss of sensitivity. From (1) it is clear that 
always 1 2 ,ϕ ϕ> and the greater the difference 1 2 ,ϕ ϕ ϕ∆ = − the higher the conver-
sion sensitivity as XL , so Q .

So that the same angle scale φ corresponded as XL , and quality factor Q , it is 
necessary to ensure the condition max min max min .X XL L Q Q= The following measure-
ment ranges have been selected for development: 10...100XL = mH, 5...50Q = at 1000f =  Hz, 
and the angle scale φ selected within 0 010 80 .ϕ≤ ≤ From these values   the resistor 
resistances are calculated 1 98,17R = Om, 2 245,5R = Ohm. In this case, the maxi-
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mum sensitivity is obtained in the middle of the scale, at the mark 045ϕ = , and 
equal 031,75ϕ∆ ≈ .

The metrological characteristics of the meter have been studied. For the above 
measurement ranges, the limits of the main relative measurement errors with a 
confidence probability of 0.95 do not exceed: for XL  - 0.13%; For Q  - 0.85%.

Research shows that the phase method of invariant measurement of PI pa-
rameters is easy to implement in practice and can provide accuracy sufficient for 
practice. The ranges for measuring the inductance and active resistance of the PI 
can be any, and the quality factor should preferably be limited from above to the 
value 100.Q =  When increasing the quality factor measurement range to the value

300Q =  limit of permissible basic relative measurement error at frequencies up to
1000f =  Hz with a confidence probability of 0.95 can be up to 3.0%.
Measuring mutual inductance using the phase method. Mutual inductance 

M two magnetically coupled coils with inductors 1L and 2L expressed through the 
coupling coefficient k via formula [7]

.                                                (5) 
Coefficient value k  varies within 0...1k =  and depends on the proximity of 

the coils, their mutual orientation, and the material of their core, the shape and 
number of turns. Mutual inductance is also expressed through the number of turns

1w  and 2w  coils expression
,                                               (6) 

Where MR - magnetic resistance of a closed circuit through which the magnetic 
flux common to both coils passes. From expressions (5) and (6) it follows that 
always M12 = M21 = M, i.e., the mutual inductance of the two coils does not depend 
on which coil creates the magnetic flux.

To measure mutual inductance, you can use all methods of measuring induct-
ance: indirect; pavement; resonant, etc. [8]. The choice of one method or another 
depends on the value of the measured quantity and the required accuracy. All these 
methods have a common drawback: they do not provide an output signal with a 
single informative parameter for transmission over a distance or interface with 
computer technology for automated processing of measurement information.

This drawback is eliminated by measuring mutual inductance using the phase 
method (Fig. 2a) [9, 10]. Here, coils 1 and 2 form the windings of the transformer, 
to the common terminal of which a reference resistor is connected 0 .R  The pri-
mary winding is fed with sinusoidal current 1I  generator G (directly or through a 
current-limiting resistor R), and the secondary winding operates in idle mode. The 
output signal is the phase shift angle φ between voltages Su and Nu .
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Figure 2. Measuring mutual inductance using the phase method:
a– diagram of the measuring circuit; b – vector diagram of current and voltage

In the vector diagram (Fig. 2b) through 1R , 1L And 1U  the active resistance, 
inductance and voltage of the primary winding of the transformer are indicated, re-
spectively, 1 0 ,NU I R= 

2 2 1 ,U E j MIω= =  
2 ,S NU U U= +   2 1

1 0 0

,
N

U MI Mtg
U I R R

ω ωϕ = = = hence,

( )0M R tgϕ ω= ⋅ .                                            (7)

From (7) it is clear that the measurement result does not depend on the supply 
current of the measuring circuit, and the angle φ is the only informative parameter. 
To measure angle φ digital voltage method Su and Nu directly (or through buffers) 
are supplied to the analog inputs of a programmable microcontroller (PM). MC 
measures the angle φ and determines the value M according to formula (7). Coded 
angle values φ or M from the MC can be transmitted over distances or used in 
control systems.

Sensitivity S  transformation ( )f Mϕ = determined from formula (7):
( )0 0

2

1 1
cos

d tgR RdM
S d d

ϕ
ϕ ω ϕ ω ϕ

= = ⋅ = ⋅ ,

hence,
( ) 2

0 cosS Rω ϕ= ⋅ . 

From the dependency, graph ( )S f ϕ= (Fig. 3) it is clear that at values 060ϕ >
the conversion sensitivity becomes less than the value max0, 25 ,S S= ⋅ hence the 
angle scale φ it is advisable to limit from above the value 060ϕ = .
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Figure 3. Graph of the dependence of the conversion sensitivity on the phase 
shift angle

If the measurement limits are set max0... ,M M=  then the value 
maxM M=  must 

match from (7) 0
max 0 060 3 ,M R tg Rω ω= ⋅ = from where we determine the value 

of the resistor resistance 0R at a known value ω : 0 max 3 .R Mω= This means that 
the measurement limits can be selected using resistance 0R . For example, for the 
measurement limit 0...0,1M =  Hn, at measuring current frequency 10f =  kHz, it 
turns out 0 3,625R = k Ohm, and for 0...10M =  mH should be 0 362,5R = Ohm.

A methodology for metrological testing of the meter has been developed. It 
is shown that with a modern radio electronics element base, the phase method 
can provide measurement of mutual inductance with a limit of permissible basic 
relative measurement error with a confidence probability of 0.95 not exceeding 
0,06%.

 Measurement of complex magnetic resistance using the phase method. In 
alternating current electromagnetic devices in a magnetic core made of ferromag-
netic material, electrical energy losses arise from hysteresis and eddy currents, as 
a result of which between the magnetizing force vector ( Iw ) and magnetic flux 
vector ( )Φ a phase shift angle appears, called the magnetic retardation angle [11]. 
The magnetic resistance of the magnetic circuit becomes a complex quantity:

( )M M M R X
lZ R jX
S

ρ ρ= + = + , Where l  And S  - length and cross-sectional area of   
the magnetic circuit, Rρ And Xρ - specific active and reactive components of the 
magnetic resistance of the magnetic core material. For a relatively accurate cal-
culation of alternating current electromagnetic devices, it is necessary to have the 
following values: Rρ  And Xρ , which are not given in reference books: if neces-
sary, they are determined experimentally. A ring core is made from the magnetic 
material under study, onto which the magnetizing and measuring windings are 
evenly distributed, the magnetizing winding is connected to a sinusoidal voltage 
source, the no-load mode is maintained in the measuring room (usually it serves to 
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determine the induction in the core), the necessary electrical quantities are meas-
ured in the winding circuits, according to which, using known physical connec-
tions between electrical and magnetic quantities, calculate the required Rρ  and

Xρ .
In [12], a phase method was used, in which the necessary for separate deter-

mination Rρ  and Xρ  the parameters of the measuring circuit are converted into 
phase shift angles between two sinusoidal voltages. As an experimental sample, 
we used a ring core with dimensions of 40/50-20 mm, wound with a tape 0.05 mm 
thick from grade 79NM permalloy, with the number of winding turns 1 390w = ,

2 106w = . Induction B in the magnetic circuit was changed in the range 0,1...0,3B =
Tl, measurement results are presented in the table; they can be used in the design 
of electromagnetic devices using magnetic cores made of 79NM permalloy. The 
developed research methodology is also applicable to the high induction region 
and to any ferromagnetic material.

Table
Values   of the components of the complex magnetic resistance of a ring mag-
netic core wound with a 0.05 mm thick tape made of grade 79NM permalloy

B, T 0.1 0.125 0.15 0.175 0.2 0.225 0.25 0.275 0.3
Rρ , m/Gn 22.5 20.1 19.2 18.5 18.8 19.3 20.0 21.8 23.8

Xρ , m/Gn 14.95 14.2 13.1 12.3 11.6 11.9 12.2 10.7 10.5

Conclusions. The presented studies show that the phase method of invariant 
measurement of complex resistance components of any type makes it possible to 
simplify the measuring system, automate the measurement process and process 
the measurement results.
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注解。 在数字控制和监测系统中，来自连接到控制对象的传感器的信号经过
时间离散化，并将基本控制算法的执行委托给计算机。 模数转换器用于将数据
转换为数字形式。

从连续函数到离散函数的转变可以通过在离散时刻对连续函数进行采样来完
成，这些采样彼此间隔相等的时间间隔。 然而，这种方法并不是最理想的。 在
这种情况下，除了必要的样本之外，还会采集冗余的、不必要的样本。

不需要冗余样本来恢复连续功能。 它们的存在对于信息传输来说是不希望
的，因为通信信道被占用的时间较长，需要具有更高带宽的信道。 当存储冗余样
本时，所需的存储器大小增加，访问记录数据的时间增加。 将冗余信息输入计算
机会影响数据处理的速度。

最佳离散化可以被认为是在最少数量的样本下以期望的精度提供连续函数的
恢复的离散化。 这种离散化称为自适应，它是不均匀的。 在非均匀离散化中，样
本之间的间隔会发生变化，以适应消息特征的变化。

自适应离散化方法的特点是算法、采样和恢复设备更复杂，但可以显着减少冗
余样本的数量。

本文讨论了多时间间隔自适应采样器件的设计原理，这些器件最适合大信息流
和多通道控制系统。

关键词: 离散化、自适应离散化、采样间隔、多重间隔、离散值、发生器、精密
整流器、采样存储装置、比较器、模数转换器、数模转换器。

Annotation. In digital control and monitoring systems, signals from sensors 
connected to control objects are subjected to time discretization, and the execution 
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of basic control algorithms is entrusted to computers. Analog-to-digital converters 
are used to convert data into digital form.

Transition from a continuous function to a discrete function can be accomplished 
by taking samples of a continuous function at discrete moments of time, separated 
from each other by equal time intervals. However, this approach is suboptimal. In 
this case, in addition to the necessary samples, redundant, unnecessary samples 
are taken. 

Redundant samples are not needed to restore a continuous function. Their 
presence is undesirable for information transmission, as the communication 
channel is occupied for a longer time, channels with higher bandwidth 
are required. When storing redundant samples, the required memory size 
increases, the time of access to the recorded data increases. Input of redundant 
information into the computer affects the speed of data processing.

The optimal discretization can be considered as a discretization that 
provides recovery of a continuous function with the desired accuracy at a 
minimum number of samples. Such discretization is called adaptive, it will be 
non-uniform. In non-uniform discretization, the interval between samples is 
varied to account for changes in the characteristics of the message. 

Methods of adaptive discretization are characterized by more complex 
algorithms, sampling and recovery devices, but allow to significantly reduce 
the number of redundant samples.

The paper discusses the principles of device design for adaptive sampling 
with multiple time intervals, These devices are best suited for large information 
flows and multichannel control systems. 

Keywords: Discretization, adaptive discretization, sampling interval, multiple 
interval, discrete value, generator, precision rectifier, sampling-storage device, 
comparator, analog-to-digital converter, digital-to-analog converter.

Introduction
In automatic control systems discretization of analog signals is used in con-

verters of measuring information in feedback circuits with control objects [1].
In control systems the discretization of analog signals is used in digital con-

verters of analog signals of threshold devices, as well as in converters of analog 
information into digital form with recording on a carrier for further processing 
with the help of computer technology [1].

1. Structural scheme
The structural diagram of the adaptive discretizer is shown in Figure 1. The 

input analog signal Vin is fed to the input amplifier (repeater). The output signal of 
the repeater is fed to the difference amplifier and to the sampling-storage device.
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Figure 1. Structural diagram of the adaptive sampling device

The output of the sampling-storage device is connected to the second input 
of the difference amplifier. At the output of which is formed bipolar signal of the 
sampling error of the analog signal. This signal is converted by a precision rectifier 
into a unipolar signal, the amplitude of which corresponds to the sampling error. 
The signal of the precision rectifier is fed to the comparator block.

The left comparator is set to the maximum sampling error, the right one - to the 
minimum error. The outputs of the comparators are connected to a logic device. 
The output of the stable frequency generator is also connected to it.

When the sampling error increases (when the signal at the output of the 
precision rectifier increases), the signal at the output of the left comparator be-
comes equal to logical one. This leads to an increase in the sampling frequency 
and, consequently, to a decrease in the sampler error. 

When the discretizer error decreases below the set limit, the signal at the 
output of the right comparator becomes equal to logical one, which leads to a 
decrease in the sampling frequency and, consequently, to stabilization of the 
discretizer error at the set lower level. 

2. Functional diagram of the discretizer 
The scheme is presented in Figure 2. It is performed in the EWB simulator, and 

it is possible to observe the operation of the adaptive discretizer and oscillograms 
at different points of the functional circuit. For this purpose: oscilloscope, func-
tion generator, analog-to-digital converter ADC and digital-to-analog converter 
DAC are additionally introduced into the circuit. Functional generator simulates 
the input analog signal, its output is connected to the input repeater (impedance 
converter), made on the amplifier A1. The output of the repeater is connected to 
the non-inverting input of the difference amplifier A3 (point 1 of the circuit) and 
to the input of the sampling-storage device (key S, capacitor C1, repeater on am-
plifier A2).
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Figure 2. Functional diagram of adaptive sampling device 

with multiple intervals

The sampling-storage device [2] under control of the generator G and logic de-
vice on elements U1, U2 performs sampling of the input analog signal. The output 
of the sampling-storage device (point 2 of the scheme) is connected to the second 
input of the difference amplifier A3. At the output of A3 (point 3 of the circuit) 
the sampling error signal is formed. Oscillograms of voltages in the corresponding 
points are shown in Figure 3 and Figure 4.

The error signal is fed to the rectifier made on operational amplifiers A4, A5, 
diodes D1, D2 and resistors R1,..., R5. The rectifier is assembled according to the 
standard scheme [2]. The rectifier output (point 4 of the circuit) is connected to 
comparators A6, A7. Comparators A6 and A7 work in counter-phase. When the 
output of A6 (point 5 of the circuit) is logic one, the output of A7 (point 6 of the 
circuit) is logic zero, and the output of U2 is logic one.

Figure 3. Oscillograms of voltages at points 1 and 2 of the circuit
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Figure 4. Oscillograms of voltages at points 2 and 3 of the circuit

As a result, the number of pulses coming from the output of element U1 (point 
7 of the circuit) to the sampling-storage device increases, which is equivalent to 
reducing the sampling interval and reducing the sampler error. When the output 
of A6 is logic zero, the output of A7 is logic one, and the output of U2 is logic 
zero. As a result, the number of pulses arriving at the sampling-storage device 
decreases, which is equivalent to increasing the sampling interval and stabilizing 
the sampler error at a lower level.

Thus, the sampler works as a relay tracking system that stabilizes the sampling 
error within a given interval. A distinctive feature of such systems is their high 
performance. Figures 5 and 6 show oscillograms of voltages at points 2 and 7 of 
the circuit for different input analog signals. The upper oscillogram in Figure 5 and 
Figure 6 is the output of the sampling-storage device.

The upper oscillogram in Figure 5 and Figure 6 is the output of the sam-
pling-storage device. The lower oscillogram is the sampling pulses. As can be 
seen from the oscillograms, the greater the first derivative of the analog signal, 
the higher the frequency of sampling pulses. And the reaction of the discretizer 
to the change of the input signal steepness is practically instantaneous. The upper 
and lower levels of sampling error on the functional diagram are set by sources E1 
and E2. The analog-to-digital converter (ADC) [2], [3] receives discrete pulses of 
variable frequency and the input signal to be converted.



158

Scientific research of the SCO countries: synergy and integration

International Conference

Figure 5. Oscillograms of voltages at points 2 and 7 of the circuit for «sine»

Figure 6. Oscillograms of voltages at points 2 and 7 of the circuit for 
«triangle»

The digital signal codes at the output of the analog-to-digital converter are 
arranged along the time axis at intervals that are multiples of the period of pulses 
produced by the generator G, which corresponds to the selected adaptive sampling 
algorithm.

The digital-to-analog converter (DAC) [2], [3] connected to the ADC outputs 
reconstructs the analog signal and thus shows the correct operation of the adaptive 
sampler. Figure 7 and Figure 8 shows the input analog signal and the signal after 
ADC and DAC conversion (point 8 of the schematic) for 100 Hz and 1 kHz.
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Figure 7. Oscillograms of voltages at points 1 and 8 of the circuit 
(f=100 Hz, fs=250 kHz)

Figure 8. Oscillograms of voltages at points 1 and 8 of the circuit 
(f=1 kHz, fs=250 kHz)

3. Schematic realization
The circuit construction of the discretizer is one of the simplest for such de-

vices. Devices containing elements A1, A3,...,A5 can be realized on operational 
amplifiers. The sampling-storage devices (A2, C1, key S) are available in integral 
version [2]. Comparators A6, A7, oscillator G are also available in integral ver-
sion. As for the analog-to-digital converter (ADC) and digital-to-analog converter 
(DAC), these devices serve to illustrate the operation of the sampler. The same 
applies to the function generator and oscilloscope, which are included in the cir-
cuit in Figure 2.
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4. Sampling interval 
The minimum sampling interval  is set by the generator G. The value of 

 depends on the allowable maximum error on the sampling interval [4], [5]. 
Suppose  is the maximum modulo value of the sampling error on the ob-

servation interval . Let us approximate the continuous function by a straight 
line between adjacent discrete values of one interval, Then we obtain that the 
sampling interval and the error  are related by the relation:

,
where  is the tangent of the angle of slope of the straight line to the time 
axis.

Thus, the minimum sampling interval should be equal to:
.

At the same time, the maximum frequency for which the generator G is de-
signed should be equal to 

.
The maximum tangent of the angle of slope of the straight line to the time 

axis  can be estimated by a priori knowledge of the characteristics of 
the analog signal and by modeling on the function diagram in Figure 2.

5. Conclusions
1. The device of adaptive sampling of analog signals with multiple inter-

vals will allow to convert analog signals into discrete signals in a large range 
of frequencies. The sampling frequency during the operation of the device is 
a multiple of the frequency of the reference oscillator, which facilitates syn-
chronization of the discretizer with other devices of the digital control system.

2. The model of the discretizer in the electronic simulator is obtained. The 
model allows to trace the operation of the discretizer, to obtain experimentally 
the minimum necessary sampling interval, as well as to adjust the parameters 
of the discretizer for its further implementation.

3. The technical implementation of the discretizer is quite simple. It consists 
of widely used integrated circuits analog and pulse. In this case, the oscillator 
of the circuit is unregulated, it operates at a constant frequency. The multiple 
change of frequency is achieved through the use of a simple logic device. 
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抽象的。 本文研究了Achinsk供电距离系统中横向容性无功补偿移动设备对
电磁兼容性的影响。 为此，文章作者考虑了阿钦斯克供电距离的现有供电系统，
研究了现有的补偿装置及其在阿钦斯克供电距离使用时对电磁环境的影响。 作
为这项工作的结果，本文的作者提出了补偿装置的最佳参数和运行模式，以确保
阿钦斯克距离供电系统的电磁兼容性和电能质量。

文章作者相信本文将对无功补偿装置的开发和实施有所帮助。
关键词：无功功率、电磁兼容、补偿、供电距离、电压、牵引供电系统。
Abstract. This article conducts a study of the influence of mobile devices 

for transverse capacitive reactive power compensation on electromagnetic 
compatibility in the Achinsk power supply distance system. For this purpose, the 
authors of the article consider the existing power supply system at the Achinsk 
power supply distance, examine existing compensation devices and their impact on 
the electromagnetic environment when used at the Achinsk power supply distance. 
As a result of the work, the authors of the article presented the optimal parameters 
and operating modes of compensation devices that ensure electromagnetic 
compatibility and the quality of electrical energy in the power supply system of 
the Achinsk distance.
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The authors of the article believe that this article will be useful in the 
development and implementation of reactive power compensation devices.

Keywords: reactive power, electromagnetic compatibility, compensation, 
power supply distance, voltage, traction power supply systems.

JSC Russian Railways pays special attention to the problem of electromagnetic 
compatibility (EMC), since this problem is an important aspect in power supply 
systems (PSS). Electromagnetic compatibility determines the quality of electricity 
and the reliability of electrical equipment. Therefore, in conditions of increasing 
load on the power supply system (PSS) and the use of modern devices, the prob-
lem of electromagnetic compatibility (EMC) is increasingly relevant [1,2].

One of the ways to improve electromagnetic compatibility (EMC) is to use mo-
bile (mobile) transverse capacitive reactive power compensation devices. These 
devices help compensate for reactive power, which in turn leads to a reduction in 
electrical energy (EE) losses, improvement in the quality of electrical energy (EE) 
and helps reduce the impact on the electromagnetic environment (EME) [3,4,5].

To study the influence of mobile (mobile) devices for transverse capacitive 
compensation of reactive power on electromagnetic compatibility in the power 
supply system of the Achinsk distance, we will take a specific section of the 
Achinsk-I - Chernorechenskaya railway.

In this section, a two-way parallel power supply circuit for the contact network 
(CN) is used. This section includes one intersubstation zone (ISZ) between two 
traction substations (TS) TP Achinsk-I and TP Chernorechenskaya, on which a 
sectioning post (SP) Tarutino and a parallel connection point (PCS) Salyrka are 
installed. Figure 1 shows the track profile of the railway section under study.

Figure 1. Track profile of the Achinsk-I – Chernorechenskaya railway section

According to Figure 1, we see that on the Achinsk-I - Chernorechenskaya 
section of the Achinsk power supply distance (EC-2) there is a long rise on the 
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Achinsk-I - Tarutino section. This section is one of the most difficult along the 
entire Achinsk distance for heavy freight trains.

Figure 2 shows a diagram of the analyzed section Achinsk-I - Chernorechen-
skaya.

At the moment in time, reactive power compensation devices (CD) are not 
used on the railway section under study. This complicates the passage of freight 
trains of increased weight. Therefore, in this area it is planned to install an adjust-
able device for transverse reactive power compensation through the installation of 
a static reactive power generator (SRPG).

It is also possible to install an unregulated compensating device (ACD) with a 
power of 9.3 MVAr and an adjustable compensating device (ACD) with a power 
of 11.6 MVAr.

Table 1 shows the data on the available daily capacity when passing heavy 
trains for the odd and even directions of the design section Achinsk-I - Chernor-
echenskaya. For this purpose, the throughput capacity is calculated in the “COR-
TES” software package.

Figure 2. Scheme of the Achinsk-I - Chernorechenskaya section

Table 1.
Available daily capacity when passing heavy trains for the odd and even di-

rections of the calculated section Achinsk-I - Chernorechenskaya

ISZ Pnt Voltage Heating of 
CN wires Final

1 2 3 4 5
Before amplification 60/56 74/69 159/150 60/56
UCD 9.3 MVAr 68/64 87/82 159/150 68/64
RCD 11.6 MVAr 70/66 87/82 159/150 70/66
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2 tr-rs 106/100 106/100 159/150 106/100
UCD 9.3 MVAr + 2 transformers 120/112 106/100 159/150 106/100
RCD 11.6 MVAr + 2 transformers 120/112 120/112 159/150 120/112

Having analyzed Table 1, we can conclude that, according to the calculation 
results, the available daily capacity of freight trains before the strengthening was 
60 pairs of trains per day in the odd direction and 56 pairs of trains in the even 
direction.

For further research, it is necessary to determine the effect of mobile transverse 
capacitive reactive power compensation devices on electromagnetic compatibil-
ity. For this purpose, data was collected on the parameters of the power supply 
system, including voltage, current, power. Measurements were taken before in-
stalling transverse capacitive reactive power compensation devices (Table 2).

 Table 2. 
Active and reactive power consumption, reactive power factor at TS 

Achinsk-I, Chernorechenskaya and ISZ

Amplification 
method

Traction 
substation

Power consumption
tgφ cosφ kпер

Tempera-
ture, ℃

Active, 
kWh

Reactive, 
kWh

wind-
ings oils

1 2 3 4 5 6 7 8 9

Original circuit

Achinsk-I 219 296 263 164 1,20 0,64 1,20 121 96
Chernorech-

enskaya 275 603 366 141 1,33 0,60 1,62 137 106

ISZ 494 899 800 593 1,62 0,53 – – –

Since reactive power compensation installations are not used in this area, it is 
necessary to carry out modeling in the “CORTES” software package. The simula-
tion results are presented in Table 3.

According to the data given in Table 2 and the modeling results (Table 3), we 
can conclude that the use of transverse reactive power compensation devices is 
effective, since the percentage of total compensated reactive energy for the instal-
lation of UCD is 21%, and for UCD 26%, which in turn turn, has a beneficial effect 
on the power factor. Also, when using CD, a more favorable operating mode of 
transformers is achieved by reducing the overload factor, the temperature of the 
transformer windings and transformer oil, which increases its service life.
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Table 3.
Simulation results 

Amplification 
method

Traction sub-
station

Power consump-
tion tgφ cosφ kпер

Tempera-
ture, ℃

Active, 
kWh

Reactive, 
kWh

wind-
ings oils

1 2 3 4 5 6 7 8 9

UCD 9.3 MVAr

Achinsk-I 229 811 189 859 0,83 0,77 1,09 100 82
Chernorechen-

skaya 281 364 260 725 0,93 0,73 1,50 114 91

ISZ 511 175 681 414 1,33 0,60 – – –

RCD 11.6 
MVAr

Achinsk-I 232 765 169 959 0,73 0,81 1,06 98 80
Chernorechen-

skaya 283 085 232 321 0,82 0,77 1,46 110 87

ISZ 515 850 654 164 1,27 0,62 – – –

Two transform-
ers

Achinsk-I 225 419 270 013 1,20 0,64 0,59 71 65
Chernorechen-

skaya 294 814 390 940 1,33 0,60 0,92 85 74

ISZ 520 233 841 131 1,62 0,53 – – –

UCD9.3 MVAr+ 
Two transform-

ers

Achinsk-I 235 660 195 408 0,83 0,77 0,53 69 65
Chernorechen-

skaya 293 527 270 704 0,92 0,74 0,83 77 69

ISZ 529 187 705 194 1,33 0,60 – – –

RCD11.6 MVAr 
+ Two trans-

formers

Achinsk-I 238 618 175 685 0,74 0,81 0,52 69 65
Chernorechen-

skaya 293 532 239 347 0,82 0,78 0,81 76 67

ISZ 532 150 674 859 1,27 0,62 – – –

Calculation of electromagnetic compatibility indicators
For further assessment, it is necessary to calculate electromagnetic compatibil-

ity indicators. Since reactive power compensation devices are not currently used 
on the section of the Achinsk-I - Chernorechenskaya railway, it is necessary to 
calculate the electromagnetic compatibility indicators on the section Achinsk-I - 
Chernorechenskaya.

For the calculation, I chose the “EMC Planner” program, which is designed 
for calculating electromagnetic compatibility. The program allows you to perform 
electromagnetic compatibility assessments operating in the range 27 – MHz – 40 
GHz in accordance with GOST R 55 898-2013 “Technical means of radio com-
munications”. This program is suitable for specialists involved in the design and 
commissioning and ensuring electromagnetic compatibility of objects.

Electromagnetic compatibility research will be carried out according to the 
following parameters:
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1. Real-time control of reactive power flow between source and consumer;
2. Active filtering of higher harmonics and subharmonics of current;
3. Phase-by-phase voltage balancing due to compensation of negative and zero 

sequence current;
4. Regulation, maintaining the supply voltage at the required level.
To study the electromagnetic compatibility of the Achinsk-I - Chernorechen-

skaya section, we create the necessary model in the «EMC Planner» program and 
study it according to the parameters specified above.

1. Real-time control of reactive power flow between source and consumer
A) Modeling before strengthening the traction power supply system (SPS), 

initial diagram (Figure 3a, Figure 3c);
B) Modeling after strengthening the traction power supply system (TPS), due 

to the installation of a mobile device for transverse capacitive compensation of 
reactive power (Figure 3b, Figure 3d).

Figure 3. Real-time control of reactive power flow between source and consumer

According to the modeling presented in Figure 3, we can conclude that with-
out the use of mobile devices for transverse capacitive compensation of reactive 
power on the Achinsk-I - Chernorechenskaya section, electrical installations with 
direct energy flow will be consumers of reactive power of an inductive nature 
(inductive current), which in turn characterized by a lag between the current and 
the voltage (Figure 3a).

Also, in the reverse energy flow mode, reactive power sources will have a capaci-
tive nature. Therefore, in this mode, the current will lead the voltage (Figure 3c).

From Figure 3b, we can conclude that when using mobile devices for trans-
verse capacitive reactive power compensation, the installation generates a capac-
itive current (the current phase advances the voltage phase), compensating for 
the inductive component of the load current. The result will be: the current and 
voltage in the network are in phase.
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If, when using mobile devices for transverse capacitive reactive power com-
pensation, the installation generates an inductive current (the current phase lags 
behind the voltage phase), compensating for the capacitive component of the load 
current. Result: the current and voltage in the network are in phase.

2. Active filtering of higher harmonics and subharmonics of current
Active filtering of higher harmonics and subharmonics of current in the 

Achinsk-I – Chernorechenskaya section makes it possible to improve the quality 
of electricity, reduce losses of electrical energy and increase the efficiency of the 
system. In turn, active filtering of higher harmonics and subharmonics of the cur-
rent helps to improve electromagnetic compatibility in the power supply system 
of the Achinsk distance.

Figure 5. Active harmonic filtering before and after amplification

From Figure 5 we can conclude that before strengthening the Achinsk-I – 
Chernorechenskaya section, the current consumed by the nonlinear load contains 
higher-order harmonics (Figure 5a). When using mobile devices for transverse 
capacitive compensation of reactive power, the installation generates a total cur-
rent containing higher harmonics, which have the opposite phase to the higher 
harmonics in the network (Figure 5b).

3. Phase-by-phase voltage balancing due to compensation of negative and 
zero sequence current

Phase balancing allows you to eliminate asymmetry caused by load imbalance 
in phases. This leads to equalization of voltages in the phases, improving the qual-
ity of electrical energy.

Figure 6. Phase-by-phase voltage balancing of the design section

Without the use of mobile devices for transverse capacitive compensation of 
reactive power, the operation of the power supply system is carried out in an asym-
metrical mode (Figure 6a). When using mobile transverse capacitive compensa-
tion devices, current symmetry is ensured by compensating negative sequence 
currents.
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4. Regulation, maintaining the supply voltage at the required level
This aspect is important in ensuring reliable operation of electrical equipment 

and systems at the Achinsk power supply distance (in particular, in the study area). 

Figure 7. Regulation and maintenance of supply voltage at the required level for 
the Achinsk-I – Chernorechenskaya section

Thus, if there is a sag in the network voltage (Figure 7a), then the mobile in-
stallation will maintain the voltage by generating a capacitive current. If, on the 
contrary, the voltage is exceeded, the mobile installation will generate an induc-
tive current to maintain the voltage level.

Thus, mobile devices for transverse capacitive compensation of reactive power 
are an effective way to improve electromagnetic compatibility in power supply 
systems of the Achinsk distance. The introduction of these devices at the Achinsk 
power supply distance will reduce the cost of electrical energy and increase the 
reliability of electrical equipment. Also, the use of mobile devices for transverse 
capacitive reactive power compensation is one of the effective ways to improve 
electromagnetic compatibility (EMC) in power supply systems.
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注解。 使用阈值数据分离方法可以组织容错的分布式数据存储。 本文讨论
了两种这样的方法。 根据研究和分析的结果，指出了它们的优点和缺点。 这些
方法是在软件中实现的。 进行实验来评估方法的冗余性。

关键词：阈值数据分离方法、分布式存储系统、冗余残差类系统、容错数据存
储、伽罗瓦域。

Annotation. Threshold data separation methods can be used to organize fault-
tolerant distributed data storage. This paper discusses two such methods. Based 
on the results of their study and analysis, their advantages and disadvantages are 
indicated. The methods are implemented in software. Experiments were conducted 
to assess the redundancy of methods.

Keywords: threshold data separation method, distributed storage system, 
redundant residual class system, fault-tolerant data storage, Galois fields.

Introduction.
One of the ways to ensure reliability, fault tolerance and availability of stored 

or transmitted data is to use threshold data separation methods [1, 2, 3]. The basic 
idea behind such methods is that the source data is divided into several parts in a 
special way. These parts can then be stored or transferred separately. The assem-
bly of the source data is possible even if some of the parts are lost or damaged.
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This work discusses a data separation method based on a redundant system 
of residual classes (the RSRC method) [1] and a method based on working with 
matrices of the Vandermonde matrix type and Galois fields of prime cardinality 
[3]. Further, for convenience, we will call this method by the first letters of the 
names of its authors (A. G. Tormasov, M. A. Khasin, Y. I. Pakhomov), namely 
the TKP method.

The purpose of the work is a comparative analysis of these methods. To 
achieve the goal, the methods were implemented in software, then, using the soft-
ware implementation, experiments were carried out to evaluate their properties 
and develop recommendations for their use.

Section 1 of the work based on materials from [1] describes the method for 
separating IRS data; in Section 2 based on materials from [3, 4] the method of 
TKP threshold data separation is described. Section 3 is devoted to highlighting 
the advantages and disadvantages of the methods and comparing them.

1. RSRC method.
Let us consider the method of dividing the RSRC data. Any data in bit form 

can be represented as a number A. In the RSRC method, modulo division is used 
for encoding, that is, the number A is represented as the following sequence of 
remainders:

, Where .
                

(1) 
where } is a set of relatively prime numbers or bases, of which the 
first k bases  are called working bases, and the subsequent bases

 are called redundant. Product of working bases
                                                    (2)

is called the working range of number representation, and the product of all bases
                                                    (3)

called full range. According to the Chinese remainder theorem [1], the representa-
tion of a number in the sequence (1) is unique when , the RSRC method 
uses this principle by adding additional coprime remainders. The representation 
of the number A remains unique, but now it becomes possible to reconstruct the 
number A from any set of numbers k in the sequence (1).

To restore a number from a certain set of remainders from (1) A we will need 
to calculate a set of orthogonal bases for them B [1], the bases depend only on the 
base system and do not depend on the number A , therefore they can be calculated 
in advance. Restoring the number will look like this:

, Where                     (4)
If set (1) was damaged during its storage and transmission over communica-

tion lines, i.e. set received
,                                    (5)
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then you can try to reconstruct the number using the maximum likelihood pro-
jection method [1]. The maximum number of errors for which correct recovery is 
possible does not exceed half the number of control values   [1]

 .                                                (6)

To restore A, it is enough to use arbitrary residues from the available n residues 
of decomposition (5). In what follows, sets of k remainders will be called projec-
tions. Note that an arbitrary ai

 
remainder can be included in several projections. 

If distorted residuals are used in the projection used for A reconstruction, then the 
result of applying formula (4) to the projection will lie outside the range and must 
lie in the range , otherwise, if all of the k residuals used are undistorted, then 
the result of calculation (4) will lie in the range .

To restore A, perform the following steps for each projection. Using the pro-
jection  obtained from the bases , we cal-
culate

                                    (7)
Where

, , .          (8)

If , then the current projection is discarded. If , then 
we assume that the A sought value coincides with the found value . Next, you 
need to convert  to a set of residuals and calculate the Ham-
ming d distance between the vectors  and . If 

 then  declared as a corrected number, otherwise the current projection 
is discarded.

Further, if we need to restore the distorted residues in the vector
, then we can simply replace those that differ from the restored 

vector 
2. TKP method
Let us consider the method of TKP (n, k)-threshold data separation [4]. The 

matrix plays an important role in the method

,                                               (9)

where xi
 
is the generating element of the Galois field Fp, p > 2, n and k are the param-

eters of the TKP method, and k < n. It is easy to see that the rows of the matrix V are 
linearly independent, since it is structurally similar to the Vandermonde matrix.

Let us consider algorithms for data separation and recovery. The division al-
gorithm receives as input the method parameters p, n and k, as well as the original 
number A. We break A the Galois field Fp into elements and write them down line 
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by line in the form of a matrix M of rows k and n columns. Calculating the product 
of matrices

.                                          (10)

The rows  of the resulting matrix contain the final shares (parts), 
from which it will be possible to restore the original A one in the future.

The data recovery algorithm receives the input k of various shares and the 
method parameters p, n and k. We form a matrix from the available shares k 

.                                              (11)

Then we build a matrix V (see (2.1)) and from its rows, we form a new matrix

.                                  (12)

We calculate
.                                           (13)

By reading the matrix elements line by line, we get the original number A.
3. Comparison of methods.
An analysis of the data separation methods studied showed that the TKP meth-

od works on Galois fields of any power above 2; including over the fields of char-
acteristic 2, which makes it possible to use fast computational algorithms in the 
method. The method uses a computationally intensive matrix inversion operation 
(see (13)), but there is a finite set of possible matrices; therefore, these matrices 
can be calculated in advance. In [4] it is shown that the redundancy of the TKP 
method in the case of working with Galois fields of simple power is higher than in 
the case of working with fields of characteristic 2.

The RSRC method works with data defined over Galois fields of simple cardi-
nality, which implies non-optimal storage of projections ai. Compared to the TKP 
method, it has the advantage of being able to identify errors when restoring a num-
ber, and therefore have the ability to correct errors that occur during storage, trans-
mission or encoding of information. A computationally difficult task in the RSRC 
method is the calculation of orthogonal bases  (8), but there is a finite number 
of such possible bases, so they can be calculated in advance. Note that for RSRC, 
storing all bases will take less memory than storing all inverse matrices for TKP.

Experiments were conducted in the MAPLE environment to evaluate the re-
dundancy of the methods. For the experiments, two files with sizes of 95232 bits 
and 952320 bits were used. Method parameters: n = 17, k = 8. For the TKP method 
the most optimal Galois fields in terms of redundancy were used - binary ones. A 
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comparative analysis showed a gain in redundancy for the RSRC method. The 
results are shown in Table 1.

Table 1
Comparison of redundancy for TKP and RSRC methods

Input data 
size, bits

Encoding 
method

TKP 
parameters, 
Galois field

Total volume of 
all shares, bits

Redundancy (Total 
shares/size of 
original data)

95 232 RSRC — 202 385 ~2.125
95 232 TKP F256 203 456 ~2.136
952 320 RSRC — 2,023,697 ~2.125
952 320 TKP F1024 2,312,000 ~2.428

Such a gain in redundancy for the RSRC method can be explained by the fact 
that for these method individual keys can be generated for each object, and for the 
TKP method, a matrix of a certain dimension is used - such that a binary Galois 
field is used. If you use other fields, the redundancy may decrease, but this will 
dramatically affect performance.

Conclusion. This paper studies the properties of two methods of threshold data 
separation, namely, the RSRC and TKP methods. The methods are implemented 
in software. Experiments have shown that the redundancy of the RSRC method is 
less than the redundancy of the TKP method. It should also be noted that there is a 
dependence of redundancy on the choice of parameters for encoding.
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注解。 自从世界博览会（1851年）等国际节日出现以来，其准备工作无一例外
地包括创建“新建筑”。 寻找建筑的“新”是世界展览组织最初的主要想法。 在
主要展览设施、国家馆的建设过程中，始终试图实现其主要目标，即创建实验性建
筑结构或展示创新的建筑技术（即展望未来的建筑）。 同时，有必要展示民族建
筑的传统（即实现昨天的一天）。 由此，世博会创造了一种独特的现代建筑，它将
某个国家的过去和未来连接成一个“语义结”。 组合旨在强调特定国家历史、文
化和传统的独特性/在打造世博会国家馆的建筑和艺术形象时，每个国家都面临
着在现代建筑中寻找和识别国家认同的挑战 。 文章在寻找建筑民族认同的基础
上，分析了不同国家在世界展览建筑中塑造自己形象的策略。

关键词：现代建筑、民族认同的探索、世界展览。
Annotation. Since the advent of such international festivals as the World 

Exhibitions or Expo (1851), preparations for them have invariably included the 
creation of a “new architecture”. The search for the “new” in architecture was the 
main initial idea of World Exhibitions organization. The process of construction 
of the main exhibition facilities, national pavilions always tries to attain its main 
goal which is to create experimental building structures or to present innovative 
construction technologies (i.e., to look into the architecture of tomorrow). At the 
same time, it is necessary to show the traditions of national architecture (i.e. to 
actualize yesterday’s day). Thus, a unique kind of modern architecture is created 
at World Exhibitions, which should link the past and future of a particular country 
into a “semantic knot”. The combination aims to emphasize the uniqueness of 
the history, culture and traditions of a particular country/ When creating an 
architectural and artistic image of the national pavilion for the World Exhibition, 
each country faces the challenge of search and identification of national identity 
in modern architecture. The article analyzes the strategies of different countries 
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to create their own image in the architecture of World Exhibitions based on the 
search for national identity in architecture.

Keywords: modern architecture, the search for national identity, World 
exhibitions.

The history of World Exhibitions (or Expo) started in 1851 and continues until 
modern days. Expo has become the largest international event aimed at demon-
strating achievements in science, technology, industry and art. It is no coincidence 
that the largest World exhibitions are evaluated by contemporaries as “the concen-
tration of the most important interests of mankind”, “the ideology of the epoch”, 
“the results of the century”[1,2]. But the main point of exhibitions of this kind 
and level is that they are not a parade of merchandize, but a parade of states. Ex-
hibitions of this status are designed to highlight the economic, socio-cultural, and 
political situation of the countries participating in them and to show the successes 
of a particular country in science, technology, and art. All this is demonstrated, 
first of all, by means of architecture.

Architecture has been the main symbol of World Exhibitions since 1867. In 
the span of the Paris Expo the expositions of the participating countries began to 
be placed in temporary buildings specially built by them - national pavilions. At 
the exhibition areas of Expo 1867, visitors could see a Russian hut, an oriental 
minaret, Turkish baths, a Chinese theater, an American ranch, a Dutch farm, and 
even the “restored” catacombs of Rome. This is how national pavilions became 
the central exhibit discussed at the Expo. This led to development of the concept 
of national pavilions, that embody the values of different cultures, nourished by 
each country trying to demonstrate its own version of combining the traditions of 
its own culture with the latest technologies and modern worldview. Intercultural 
differences in values, signs and symbols are revealed primarily in the exhibition 
halls, giving them that national identity that makes them recognizable. At the same 
time, each participating country should refract its cultural traditions in the light of 
the ideas that set the theme of the exhibition when designing the national pavilion.

The history of World Exhibitions shows that the temporary sites created at 
them serve as experiment fields, where countries can realize their wildest ideas 
and test new technologies. This attracts interest of specialists in various fields of 
knowledge and makes them focus their attention at the World Exhibitions. And 
due to the fact that recently World Exhibitions have become a vivid show com-
bining architectural, scientific and technological progress, millions of people are 
eager to see the experiments prepared for them by different nations. The history 
of modern architecture also constantly refers to exhibitions and innovations intro-
duced there, that revealed new possibilities for the artistic language of architecture 
and innovative approaches to construction techniques implementation.
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Most of the projects are selected by the participating countries to represent 
them at the Expo due to their excellency in engineering, technical, but it is equally 
significant to verify if they have reached a certain level in architectural and artis-
tic terms or are highly appreciated as an impetus for the future development of 
architecture. We cannot attribute responsibility for the development of historical 
ideas about “modern architecture” only to the pavilions of World Exhibitions, but 
it is also impossible to ignore their significant influence on this process. For more 
than a century and a half of the history of the Expo, both the general approaches 
and concepts of the architecture of exhibition facilities have changed, as well as 
the logic of presenting each country with the peculiarities of its culture. There are 
countries that create the image of their pavilion obeying their own internal logic 
and developing a long-chosen line of ideas and symbols during participation in the 
last World Exhibitions of the third millennium.

At each World Exhibition, even in the modern age, you can find a number 
of countries that strive to reproduce a fragment of an outstanding architectural 
masterpieces from their own history or decorate their exhibition pavilion national 
ornaments of a large scale. All this aims to convey an unambiguous reading of 
the nationality of the exhibition building to all visitors. Nevertheless, this path 
is considered to be the easiest in terms of national identity representation. Some 
countries choose a more complicated approach, which is based on a creative un-
derstanding of the traditions of their own culture, their refraction in the light of the 
search for the architecture of the future.

Poland, for example, at World Exhibitions constantly uses an ornament, but 
does not do it “head-on”, but very subtly and creatively. The facade of the Polish 
pavilion at Expo 2010 (Fig.1) was perforated with a traditional Polish pattern. 
During the day, the sun’s rays penetrated through it, in the evening this intricate 
ligature shone from the inside, turning the building into a patterned openwork. At 
Expo 2015, a similar effect was achieved by using apple crates, from which the 
Polish pavilion was assembled (Fig. 2). The arrangement of wooden boxes with 
the formation of voids on the facades could also be “read” as an openwork orna-
ment. During the pavilion construction, several levels of perception were calculat-
ed, depending on the scale. The image of the building changed depending on the 
visible number of details. From a distance, the structure looked like a packaging 
container for transporting vegetables or fruits, from a closer distance one could 
see the openwork walls, which are a fragile barrier and let sunlight and wind into 
the interior. And only the visitors of the pavilion, who had access to a micro-scale, 
could get an accurate idea of the modularity of the design and the purpose of each 
of the links. The facade of the wooden pavilion, which Poland presented at Expo 
2020 (Fig.3), was decorated with a kinetic sculpture depicting flying birds. This 
lightweight permeable sculptural composition was extremely dynamic. Every 
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breath of wind set them in motion, which changed the overall pattern of the facade 
and allowed one to hear the rustle of “bird wings”.

Figure 1. Polish pavilion at 
Expo-2010

Figure 2. Polish pavilion at 
Expo-2015

Figure 3. Polish pavilion at Expo-2020

Having become the host of the 2015 World Expo, Italy erected a large–scale 
structure, calling it the “Palace of Italy” (Fig.4). The pavilion created the image of 
a genuine palace - the building had classic proportions and a special geometry that 
included historical architecture. However, Italy had used this strategy of present-
ing its culture before. The Italian Pavilion at Expo 2010 (fig.5) also embodied the 
image of a palazzo. The created exhibition space served the purpose of, on the one 
hand, to show the preserved cultural heritage of Ancient Rome, and on the other 
hand, to present a dynamically developing country. The exterior of the building 
was a movable mosaic, the parts of which assembled into a variety of patterns. 
The facade of the pavilion consisted of 20 modules, each of them symbolizing a 
region in Italy.

Russia also repeatedly selected the path of national ornament installation in or-
der to achieve fast and easy recognition of the architecture. For example, Russian 
pavilion at Expo-2010 was surrounded by twelve white and golden towers. The 
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perforation of the upper parts of these towers was created on the basis of ethnic 
ornaments of the peoples inhabiting Russia.

Figure 4. Italian pavilion at 
Expo-2015

Figure 5. Italian pavilion at 
Expo-2010

The most vivid example expressing the presented trend was the pavilion of 
Russia at Expo 2015 (Fig.6, architect S. Choban). The shape of the Russian pa-
vilion, according to its architect, should have achieved a certain identity and con-
tinuity in relation to those structures that were represented by Russia at previous 
World Exhibitions. The concept of the national construction during the Expo-2015 
paid tribute to the Soviet pavilions that glorified Russia during previous exhibi-
tions. Many of the Russian pavilions at one time became landmarks for the de-
velopment of architecture. Concerning the post–war period, the architecture of 
the Russian national pavilions presented at World Exhibitions presupposed the 
commonality of featuring characteristic of each building - dignity, simplicity and 
clarity of silhouette.

The peculiarity of the exhibition architecture is, first of all, the need to create 
trajectories of human movement in space. Not only the comfort and safety of vis-
itors to the pavilion, but also the full-fledged perception of architecture depends 
on how well the route will be developed. The creators of the Russian pavilion at 
Expo 2015 paid a lot of attention to this problem. As a result, the large and com-
plexly organized exhibition space of the Russian Pavilion was very comfortable 
for the movement of a large number of visitors due to the thoughtful management 
of human flows.

The USSR pavilion at the Expo 67 in Montreal (Fig.7), which was a resound-
ing success, was taken as a prototype of the architectural structure for the one 
exposed at the Expo 2015. The success was possibly achieved because of its main 
and recognizable detail – the soaring roof. The console can be called one of the 
most important elements of the Russian national tradition. Architect Sergey Cho-
ban believes that “Russian architecture is the architecture of consoles.” In connec-
tion with this belief, the author focuses on this architectural detail of the pavilion. 
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The pavilion, presented by Russia at the 2015 World Exhibition, personified light-
ning-fast movement, striving upward. The building in the form of an elongated 
parallelepiped, with an area of 3,200 square meters, was made of glass and wood. 
A 30-meter canopy rose above the entrance like a huge wave. The huge elon-
gated visor of the Russian pavilion at Expo 2015 was made mirrored, reflecting 
everything that is happening around, as well as all visitors who fall into the field of 
its attraction. A recreation area decorated with greenery was arranged on the huge 
roof of the pavilion, in addition, the roof became a wonderful observation deck.

Figure 6. Russian pavilion 
at Expo-2015

Figure 7. USSR pavilion 
at Expo-67

Japan, during the last several World Expositions (Fig.8-10), has also devel-
oped its own logic of presenting the main values of culture and national architec-
tural traditions, which can be traced in the shaping of its exhibition facilities, the 
organization of internal space, etc. [3]. 

Figure 8. Japanese pa-
vilion at Expo-2000

Figure 9. Japanese pa-
vilion at Expo-2005

Figure 10. Japanese pa-
vilion at Expo-2010

Each Japanese pavilion without exception (throughout the history of World 
Exhibitions) necessarily had a natural element, a traditional Japanese garden – a 
symbol of culture. A large spreading pine tree grew in the central open courtyard 
of the Japanese pavilion at Expo 2015. Such a tree, with a crooked trunk, as if bent 
by the wind, is considered one of the symbols of Japan. It is not only a symbol 
of longevity, permanence and eternity, revered in the country, but also one of the 
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most striking signs in artistic culture. For example, a spreading pine tree is the 
main element of the ancient Japanese theater No, it invariably decorated the back-
drop of the stage, regardless of the play being performed.

At Expo 2015, Japan decided to move away from the general established pat-
terns, which, however, did not lead to less accurate methods of transmitting the 
traditions of this culture. The Pavilion of Japan at Expo 2015 (fig.11) was built in 
wood. The appearance of the horizontally oriented building certainly conveys the 
appearance of ancient Japanese temples. According to the creators, Japan should 
present the fusion between tradition and modernity in the architecture of the pa-
vilion, thereby presenting the philosophy of modern architecture of the country. 

Figure 11. Japanese pavilion at Expo-2015

During the construction of the building, identical wooden bars were used, from 
which a three-dimensional hexagonal pattern was laid out. Triple walls with such 
hexagonal weaving formed the structural basis of the pavilion, reminding, in ad-
dition, of the importance of quickly replacing dilapidated or destroyed parts of 
the building. This principle, which has been used in Japanese architecture since 
ancient times, has not lost its relevance today. The appearance of the exhibition 
pavilion, striving for ecological and aesthetic perfection, showed the way to har-
mony, which, according to architects, architecture of the third millennium needs 
to find. The interior was dominated by an empty space delimited by thin bamboo 
walls. The exhibition halls, mostly shaded, were supposed to give visitors an idea 
of the aesthetic canons that have existed in Japan since ancient times and remain 
relevant to the present.

The UAE took part in World Exhibitions for the first time in 1970. At that time, 
the Abu Dhabi Pavilion (fig.12) was built at Expo-70 in Osaka, it resembled the Al 
Ain Fort. Even though visitors could not always accurately identify the prototype 
of the pavilion, its jagged parapets and tall cylindrical towers were clearly associ-
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ated with the old forms of the Persian Gulf. At Expo 92 in Seville, the UAE pa-
vilion was again a fort, this time Fort Al Jahili was chosen as the prototype of the 
pavilion. At Expo 2000 in Hanover, the UAE again decided to create its national 
pavilion (Fig.13) in the form of Fort Al Jahili. To create a reliable atmosphere of 
desert architecture, a significant amount of sand and palm trees were brought to 
the exhibition.

Only in 2010 UAE shifted away from the fort structure and established the 
theme of sand dunes that was consistently developed in the architecture of the 
national pavilions throughout several exhibitions. At the Expo 2010 in Shanghai, 
the UAE presented a pavilion that conveys the image of the sand dunes of the 
Arabian desert (Fig.14). Its author, architect Sir Norman Foster, based the idea of 
the project on an imitation of the smooth shapes of desert dunes, that most vividly 
reflect regional identity in architecture. Moreover, the architect did not stop at 
demonstrating visual identity, he achieved a color similarity with the emirate des-
ert, which has a pronounced orange hue, covering all the surfaces of the pavilion 
with a golden-colored “skin” made of stainless steel.

Figure 12. UAE pavil-
ion at Expo-70

Figure 13. UAE pavilion 
at Expo-2000

Figure 14. UAE pavilion at Expo-2010

Expo 2020 in Dubai was the first World Exhibition ever held in the Middle 
East, it amazed with its scale and the number of participating countries. The pa-
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vilion of the host country at the World Expo is always in the spotlight, so the host 
country strives to create a memorable image of its main building. The UAE invited 
Sir Norman Foster to design its pavilions for Expo 2010 (Shanghai, China) and 
Expo 2015 (Milan, Italy), thus it is not surprising that a world-renowned architect, 
Santiago Calatrava, was invited this time to create the UAE pavilion at Expo 2020.

The architectural and artistic image of the UAE pavilion at Expo 2020 was 
inspired by the shape of the wing of a flying falcon (Fig.15). The motif of the bird 
and flight is one of the key ones in Calatrava’s works. The building looks light and 
dynamic, but most importantly, it is indeed ready to move: the “feather” panels 
are able to rotate, changing the image of the building and, if necessary, closing the 
solar panels on the roof. The “falcon” theme was also chosen for a reason — the 
noble bird is the personification of strength and courage, being considered a sym-
bol of the UAE. In this case, it should be emphasized once again that for all the 
vibrancy of the architectural and artistic image of the pavilion of the host country 
at Expo 2020, a well-recognized, even outside the Arab culture, symbol, which 
would definitely be perceived as key to the culture of this country, was taken as 
the basis.

Figure 15. UAE pavilion at Expo-2020

The country making the decision to participate in the World Exhibition al-
ways faces a challenging task. The nation must present an architectural structure 
that fully reflects its cultural heritage. In addition, the architecture of the national 
pavilion should have a vivid and memorable artistic image that visitors can eas-
ily connect with the cultural traditions of a particular country. Many interesting 
architectural and design discoveries appear at the Expo every time. But apart from 
them, each country at the World Exhibition shows its model of self-expression in 
the international arena, proving its integrity and representativeness.



185

上合组织国家的科学研究：协同和一体化

国际会议

References

1. Shpakov V.N. The history of world exhibitions (Istoriya vsemirnyh vystavok). 
Moscow: AST: Zebra E, 2008 [in Russian].

2. Jackson A. EXPO International Exposititions 1851–2010. Haziran, 2008.
3. Konovalova N. A.  The integrity of Japanese culture and its embodiment in 

the architecture of Expo-200 and Expo-2005 (Tselostnost’ iaponskoi kul’tury I ee 
voploshchenie v arkhitekture Expo-200 i Expo-2005). In: Questions of architecture 
theory. Architecture and culture of Russia in the 21st century (Voprosy teorii 
architektury: Architektura i kul’tura Rossii v XXI Veke). Moscow, 2009, pp.280-
285 [in Russian].



186

Scientific research of the SCO countries: synergy and integration

International Conference

DOI 10.34660/INF.2024.84.97.062

寻找21世纪城市的本土特色：亚洲国家的建筑经验
THE SEARCH FOR A LOCAL IDENTITY OF CITIES IN THE 21ST 

CENTURY: THE ARCHITECTURAL EXPERIENCE OF ASIAN 
COUNTRIES

Maevskaya Marianna Evgenievna
Leading Researcher 
Research Institute on the Theory and History of Architecture and Urban 
Planning — branch of the Central Research and Planning Institute of 
the Ministry of Construction of the Russian Federation;
Professor
International Academy of Architecture, Moscow, Russia;
Head of Department 
Social Sciences Institute of RANEPA (The Russian Presidential 
Academy of National Economy and Public Administration)

注解。 二十年来，中国、印度、韩国、印度尼西亚等亚洲地区国家以及中东地
区的城市发展集约化程度实现了质的飞跃。 这一过程既影响了具有深厚历史根源
的现有城市，也影响了全新的城市形态。 众多新城市的规划和建设、空间的重新
布局以及历史聚落遗址的集约开发已经制定了一系列具有明显区域特色的战略。 
本文致力于识别和分析现代世界城市发展区域战略的工具。

寻找亚洲和中东城市的本地特色和新形象的最有效策略之一是创建具有令人
难忘的轮廓或完成度的高层建筑； 创建具有全市和全国意义的公共空间和文化
机构； 全天候使用灯光设计、媒体立面和视频投影； 推广生态建筑。

关键词：发展战略、地方认同、城市天际线、建筑主导、国家认同、建筑意象、
媒体技术、视频映射、生态建筑。

Annotation. Over the past two decades, there has been a qualitative leap in the 
intensification of urban development in China, India, South Korea, Indonesia and 
other countries of the Asian region, as well as in the Middle East. This process has 
affected both existing cities with deep historical roots and completely new urban 
formations. Numerous planning and construction of new cities, reformatting of 
space and intensive development of historical settlement sites have developed 
a certain series of strategies that have received their pronounced regional 
specificity. This article is devoted to the identification and analysis of the tools of 
these regional strategies of urban development in the modern world.
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Among the most effective strategies for searching for local identity and new 
imagery of cities in Asia and the Middle East are the creation of high–rise dominants 
with a memorable silhouette or completion; the creation of public spaces and 
cultural institutions of citywide and national significance; the round-the-clock use 
of lighting design, media facades and video projections; the promotion of eco-
oriented architecture.

Keywords: development strategy, local identity, skyline of cities, architectural 
dominants, national identity, imagery of architecture, media technologies, video 
mapping, ecological architecture.

1. Introduction.
The modification of urban space, which occurs with different intensity in dif-

ferent periods, requires a clear analysis with obvious time boundaries. And in the 
case of analyzing the space of Asian cities at the present stage of development, an 
analysis of many objects is required in combination with an analysis of transfor-
mations of the figurative and artistic component of the latest architecture. 

As the main strategies in creating architectural and artistic characteristics of 
modern Asian cities, forming their leading visual parameters, it is proposed to 
identify the following:

- creation of iconic structures that have changed the overall skyline of Asian 
cities and have a “wow effect”. In the late 1990s and in the 2000s, individual icon-
ic buildings with outstanding technical parameters (towers, skyscrapers with an 
unusual silhouette, completion, unique facade coating, etc.) played a special role.;

- widespread use of media technologies (hinged facade and freestanding LED 
screens, solid media facades, video mapping elements), their active inclusion in 
the overall appearance of the existing development. Moreover, it is in Asian coun-
tries that the use of various forms of video projections and lighting design ele-
ments has spread widely (especially in the 2010s) not only to iconic architectural 
structures themselves, but has become part of mass landscaping with a natural 
component of the urban environment. (Landscape parks with lighting and design 
solutions, complex multi-level urban public spaces with a diverse system of light-
ing design have appeared in various ways integrated into the urban fabric);

- the construction of symbol buildings that create recognizable images of spe-
cific places and become markers of national identity.

The highlighted strategies significantly influenced the general character of the 
imagery of Asian cities in the new century, changing the usual visual accents both 
in the structure of the already established quarters of many cities in the region and 
in the areas of new development in recent years.
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2. Significant iconic structures
Architectural strategies for the development of Asian cities at the turn of the 

millennium were largely focused on the creation of new high-rise dominants and 
acutely individual, programmatically different objects from their surroundings. 
New opportunities in the design and construction industries, which have devel-
oped due to the widespread introduction of digital technologies into this sphere 
of life, have contributed to the growth of public demand for the creation of par-
ticularly memorable and previously unseen buildings around the world. This trend 
was most clearly reflected in the so-called “high-altitude race” of the turn of the 
1990s-2000s. The approval and implementation of projects of super-tall (over 
300m) towers with a memorable finish and silhouette led to a noticeable change in 
the skyline of cities. Many Asian cities were in fierce competition with each other 
for the right to hold various titles in the field of high-rise construction. The sky-
scrapers of Singapore, Shanghai, Tokyo and Seoul were consistently considered 
the tallest in Asia. However, in the following decade, leadership in this area has 
already been completely transferred to the PRC, where by 2017 there were already 
more high-rise towers in the category above 150m than in the USA, Japan, South 
Korea and other Asian countries combined.

As part of the postmodern approach to the possible inclusion of vernacular 
and compilations of various architectural styles of the past in one building, the 
new high-rise dominants were proclaimed to reflect important local traditions. [1]. 
For example, the completion forms of the famous twin towers in Kuala Lumpur 
were covered in the press as a new reading of the traditional Muslim completion 
of arched vaults. In addition to the search for national and religious identity, im-
portant ideological contradictions were also manifested within the framework of 
high-altitude rivalry. In particular, the epic of the construction of Taiwan’s main 
skyscraper “Taipei 101” (509.2 m with a spire) was closely watched in China, 
where only in 1998 the Shanghai Jin Mao tower (421m) was built with an unusual-
ly expressive appearance for a skyscraper of similar height and a tiered silhouette 
with trapezoidal segments (associatively reminiscent of the multi-tiered Chinese 
pagodas “bao- that”), which was the subject of undoubted national pride and a 
visible confirmation of the superiority of the country’s own ideological model of 
development as a whole. Gradually (by the mid-2000s), the images of skyscrapers 
of unexpected shapes, with unique facade shells and memorable completions be-
came the most noticeable trend in the architectural strategy of Asian cities.

3. Changing the skyline of the city due to new unique high-rise dominants.
Already in the noughties and 2010s, the idea of high-rise dominance at the 

level of the entire skyline and the general imagery of the city due to the abundance 
and diversity of high-rise objects was reflected in the gradual increase in the level 
of significance and recognition of the image of Shenzhen compared to the former 
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British Hong Kong, which was of particular ideological importance for the devel-
opment of the PRC. And Shanghai consolidated its unspoken title as the capital of 
Chinese skyscrapers with the completion of the 632-meter Shanghai Tower in Pu-
dong District in 2015. Together with the towers of the Shanghai World Financial 
Center built nearby (completed in the form of a “bottle opener”) and the already 
mentioned Jin Mao tiered tower, Shanghai received a new expressive skyline with 
memorable high-rise accents of the general panorama of the city. 

The Shanghai Tower has become the owner of the highest observation deck 
(located on the 121st floor) in the country, and the building with the fastest el-
evators, and also the most-the most skyscraper with a whole set of engineering 
and technical innovations reflecting the capabilities of the advanced architectural 
and construction industry of the People’s Republic of China. The designers of the 
Gensler company, together with the Chinese architect Jun Xia, did not ignore the 
environmental issues of the new skyscraper. They designed a special spiral chute 
that runs along the entire height of the building and serves to collect rainwater, 
then used in heating and air conditioning systems. An additional 10% of the build-
ing’s energy is generated by wind turbines on the facade of a “twisted” (at the 
end – by 120 degrees) building of nine structural cylindrical sections. Transparent 
facade cladding allows you to optimize the lighting system, and the voids between 
the inner and outer shells of the skyscraper help maintain optimal temperature all 
year round. Additional proximity to nature inside the building is created by 24 
“heavenly gardens” with living greenery, also located between the outer and inner 
facade shells. [2].

More than a hundred high-rise structures are put into operation in China every 
year, and the total number of skyscrapers and super-skyscrapers (above 300m) 
at the end of 2021 was almost two thousand, which significantly exceeds simi-
lar figures in the United States, Japan, South Korea and even in countries in the 
Middle East. Obviously, it was in China that the principles of working with new 
high-rise dominants on a citywide scale should have been formed in the first place. 
And the proposed urban transformation strategies in the format of creating a new 
imaginative identity through high-rise accents have already begun to be applied 
and refined in neighboring countries. The practice of inviting star architects and 
reputable international design bureaus has continued to be relevant since the mid-
1990s to the present day, especially in South Korea and China. The recent project 
of the North Xingge Jinze skyscraper-arch (rectangular with a sloping top) for the 
Zhuhai business district from Aedas company illustrates this strategy well - in-
viting eminent architects and star bureaus for the development of Chinese cities. 
With their help, it was supposed to find new iconic images of structures in order to 
get out of the shadow of Macau, Zhuhai’s famous neighbor. Perhaps it will work 
out, just as Shenzhen has managed to surpass Hong Kong in 20 years.
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After two decades of intensive high-rise construction in various cities of the 
People’s Republic of China, strict principles of hierarchical relationships between 
the number of population, acceptable architectural techniques and high-rise pa-
rameters of new urban dominants have been formulated in the country. [3] Today, 
the three tallest buildings in China are located in different cities – Shanghai, Shen-
zhen and Tianjin. 

It is important to note that the availability of a unique panoramic view of the 
city in the new century has become a significant parameter in indicating the over-
all attractiveness and significance of the new building. Most of the new iconic 
skyscrapers offered such a spectacular component in the list of their undoubted 
advantages, which can be considered an architectural reflection of the public de-
mand to increase the overall visual attractiveness and entertainment of urban space 
in the new century [4]. 

The construction of the new capital of Indonesia entailed the need to create 
new expressive architectural symbols that determine the recognition of the image 
of the new capital of the country. In the 1990s and 2000s, the world has already 
witnessed the titanic efforts of Kazakhstan in moving the capital from Almaty to 
Astana, where the world’s best construction companies and star architects were 
attracted to formulate and implement the modern image of the new administrative 
and state center of the country. In Kazakhstan, it was necessary to fill the city with 
bright and memorable structures, but the practice of erecting high-rise towers gave 
way to the strategy of creating socio-cultural structures with a unique character 
and appearance. Such a strategy has been taken as a basic model for design and 
development in many fast-growing cities in China, South Korea, new cities in 
India and the Middle East.

In the Indonesian concept of development, the construction of a high-rise sym-
bol of the new capital has taken a very significant place. The ambitious tower 
should surpass all existing high-rise towers in the region, including the Shanghai 
Tower and the Pinan International Financial Center Building (599m, KPF Bureau) 
in Shenzhen. Ultra-high skyscraper projects and entire cities of skyscrapers were 
planned in the 2000s and 2010s in China, India, the UAE, and Saudi Arabia, but 
the economic crisis of 2007-2009 suspended or completely canceled most of these 
high-rise projects. But the Indonesian high-rise was more fortunate than other sim-
ilar projects. 

Today, the 700 m high BUM Tower for the city of Nusantara in Indonesia is 
being intensively built. The tower was designed by the local studio Alien DC in 
partnership with the British bureau Atkins. As an initial task, the architects were 
asked to create a new main visual dominant of the city. The architects designed 
a two–part complex of skyscrapers with a memorable appearance - two towers 
of different heights with a curved silhouette and “cut” inclined ends, united by a 
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curving horizontal bridge at about a third of the height of the main vertical. The 
area around the towers is a huge indoor complex with various public spaces, shop-
ping malls and a transport hub. This project should become the central point of 
attraction of the new capital of Indonesia. 

A project similar in height dimensions in neighboring Malaysia - the Merdeka 
118 tower in Kuala Lumpur (678m) was completed in December 2023. The sil-
houette of the new high-rise accent of the city appears in the form of a thin broken 
faceted crystal on a triangular base. The building has the highest observation deck 
in the world, taking over this title from the Shanghai Tower and the equally iconic 
Singapore Marina Bay Sands complex (from the legendary Moshe Safdie). In all 
these buildings, the regional trend of “presenting” the image of the city through 
its special buildings, including with the possibility of a unique overview of the 
urban space as a whole, has been preserved for quite recent times. This approach 
to the perception of the image of the city is an important factor for identifying 
each specific place and reflects a regional strategy for working with urban space 
in Asian countries.

Both Indonesian and Malaysian projects also fit very well into the region’s 
characteristic urban development strategies by creating new visual accents of the 
urban skyline and high-rise dominants with a memorable character and silhouette. 
They continue the trend that began in the late 1990s and early 2000s, already 
mentioned earlier. But at the end of the 2010s, the figurative, artistic and civil 
engineering implementation of this development strategy is already being carried 
out at a new technical level, which is currently available in the industry.

4. Public spaces and cultural institutions as markers of national identity 
Through the appeal to traditional associative symbols reflected in the use of 

recognizable forms and decorative motifs in modern Chinese architecture, a local 
identity is being formed. The use of a cultural code in a public facility is also 
found in other countries of the region. For example, not only architectural but also 
sculptural objects can be used as a basic archetype. [5]. An example of the creation 
of such a structure with a “wow effect” in India is a giant skyscraper-the Statue of 
Unity in the Indian state of Gujarat with a height of 240 m (182m without a pedes-
tal). The statue is placed in a natural landscape, although it is formally considered 
an urban landmark.  Built in 2018, the statue is a high–rise metal structure, dressed 
in the forms of a generalized image of a male fighter for the rights and independ-
ence of India. In general, the construction of such a large-scale sculptural object is 
also a kind of tribute to the regional (in particular, Buddhist) tradition of erecting 
giant statues – 8 of the 10 tallest statues in the world are located in Asia. 

5. New forms of video projections in urban space 
Since a modern Asian city is most often based on a mixed and difficult-to-read 

spatial planning structure that combines elements of regular and open-plan plan-
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ning with separate inclusions of historical neighborhoods and iconic monuments, 
easily allowing arbitrary combinations in architecture of all available modern 
technologies and stylistic trends, an abundance of advertising, it is not surprising, 
that such a city requires more special landmarks to facilitate navigation in space 
and more mobile includes in its space available tools to enhance the imagery of the 
existing development. In large cities of China, Japan, South Korea, Indonesia and 
Singapore, the practice of round-the-clock visual fullness of urban space is being 
worked out especially successfully. The emphasis on the momentary perception of 
the appearance of the structure is achieved through the use of separate hinged LED 
screens and full-fledged media facades, originally designed to demonstrate various 
visual content. The format of festivals and special art events is gaining more and 
more popularity in the region every year. [6]. Of course, harsh lockdowns and 
quarantines temporarily suspended the possibility of holding such urban events, 
but the mechanism of using video projections of media facades and architectural 
video mapping capabilities, coupled with 3D advertising in the space of Asian 
cities, has already taken root in the perception of citizens as a method of forming 
new visual dominants of the urban environment. [7].

6. Eco-towers in the construction of Asian cities. Integration of natural 
elements into architecture and urban space

Almost any socially significant project being built in modern China, South Ko-
rea, Japan or Singapore necessarily contains advanced energy-saving and environ-
mentally advanced technologies. However, in the field of high-rise construction, 
this trend also has a noticeable figurative and artistic expression. The promotion 
of “green” towers, which differ significantly in appearance from the glass-metal 
urbanized architecture of most high-rise buildings, is a trend of Asian architecture 
in recent years. Skyscrapers with terraces of living greenery, landscaped atriums 
and public areas are increasingly being built in major cities of the region. 

Projects within the framework of the concept of Arcology are also regularly 
manifested, when the structure fully meets the basic needs of residents, includ-
ing food cultivation. In the 2010s, various “vertical farms” and eco-towers were 
designed for Singapore, Mumbai, and other major cities in the region by design 
teams from around the world. In 2022, an interesting work in this logic was pre-
sented at a competition in Hong Kong by the Russian studio Totement/Paper. In-
teresting author’s interpretations of the theme of natural presence in modern resi-
dential complexes are consistently shown by the Chinese bureau MAD Architects, 
which has already built several large-scale residential eco-complexes in different 
Chinese cities 

Conclusion.
The presented review of strategies for the formation of local identity through 

the creation of a new system of visual accents and images of a modern city demon-
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strates the multi-vector and diverse directions of development of modern architec-
ture. The presence of expressive high–rise dominants is a very significant factor 
influencing the perception of the city as a whole as a significant and special place. 
The formation of an expressive skyline through unique memorable buildings is 
an effectively applied strategy for the transformation and development of Asian 
cities. And the use of media facades and LED screens in urban space can be used 
not only to demonstrate commercials, but also to form a more eventful urban life, 
create new accents and high-rise dominants, as well as to add up the image of the 
city as a brand. The development of an ecological direction with the inclusion 
of elements of living greenery and natural landscapes in urban space gives the 
appearance of a modern Asian city a less urbanized and more harmonious appear-
ance. And unique public buildings and cultural institutions contribute to the devel-
opment of local artistic originality of specific places, regardless of the population.

Summing up, it should be noted that the formation of local identity and new 
visual imagery of cities in Asia and the Middle East in the 21st century occurs as a 
result of the implementation of comprehensive development strategies, including:

• Attracting the best architectural and design teams
• Creation of unique iconic public facilities
• The construction of high-rise dominants in accordance with the hierarchy of 

urban planning
• Application of the most advanced construction and media technologies
• Monitoring the relevance of the city regulatory legal framework
• Implementation of the practice of eco-oriented residential architecture 
The massive spread of digital technologies and the appearance of a large num-

ber of LED screens in urban space made it possible to model the entertainment of 
the architectural environment of a modern city in a new way and gave a recogniz-
able and unique character to individual Asian cities, influencing residents around 
the clock.
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