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Introduction 

According to one definition, artificial intelligence (AI) is a computer simulation of human 

intelligence1. As a scientific discipline, it emerged in the middle of the twentieth century. The underlying 

theory assumes that all cognitive functions (learning, thinking, evaluation, perception, memory, scientific 

discovery or artistic creation) can be described with an accuracy that allows to program the computer to 

reproduce them. For nearly 70 years, AI has been evolving in sequential cycles along with the 

advancement of computers and the growth of their processing power. 

In the 1980s, the concept of machine learning2 was developed, allowing a machine to infer a “rule 

to follow” based solely on data analysis. During this period, most of the currently used training 

algorithms appeared (neural networks, deep learning, vector machine support, etc.). 

In the 2000s, a new cycle of innovations began in the field of AI, caused by the accelerated spread 

of the Internet and the creation of large computing infrastructures with access to huge volumes of data 

(Big data). Due to these facts, and due to the development of deep learning methods, AI has achieved 

some success in areas such as visual recognition, document analysis, and machine translation. 

Nevertheless, most modern AI systems are incapable of performing full-scale thinking and 

decision-making tasks. Unlike the human brain, capable to infer conclusions from a limited number of 

examples and to apply the knowledge gained in other situations3, the performance of an AI system 

depends on a large amount of data about certain events and significant computing power for training. 

Since the beginning of the XXI century, AI is perceived as one of the driving forces behind the 

revolution, not only in technology, but also in the society as a whole. On the one hand, advances in AI are 

expected to lead to higher consumption and productivity in most industries, to improvements in education 

and health, to better risk management, etc. On the other hand, people fear massive job losses in the 

developed countries, the need for widespread retraining of personnel, the expansion of the digital divide 

in society, and a number of other potential risks caused by AI adoption. Doubts about the safety of AI 

technologies are substantiated by the absence of transparency in decision-making processes, by potential 

                                                 
1 There is no universally accepted definition of AI [Dvorak, 2020]. 
2 In our opinion, the widely spread in Russian language translation of term “machine learning” as «машинное 

обучение» («mashinnoe obuchenie») does not quite adequately reflect the essence of the process. A more accurate translation 
of the term would be «обучение машин» («obuchenie mashin»), which is much less common. 

3 Revealing the differences between learning mechanisms of machines and humans is currently one of the main 
directions of research in the field of AI. 
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gender bias, interference with privacy, as well as by the use of AI for criminal purposes (phishing on the 

Internet, malware with a high adaptability, systems for the distribution of “fake news” etc). 

Experts recognize that AI is a double-edged weapon and warn of the existing and emerging new 

threats. AI-assisted cyberattacks are particularly effective, difficult to detect, and directly target the 

vulnerabilities of intelligent systems. Cyberattacks are difficult to combat because software and algorithm 

developers cannot determine in advance how the results of their work will be used [Sinapin, 2020, p. 11]. 

Despite the existing and potential AI-related problems, this technology is gaining popularity in 

various fields of human activity around the world. Currently, 32 countries have published their AI 

strategies, and 22 countries are developing them [Artificial Intelligence Index ... , 2021, p. 155]. For 

example, in Russia in 2019 the “National Strategy for the Development of Artificial Intelligence until 

2030” was approved (Decree of the President of the Russian Federation of 10.10.2019 № 490 “On the 

Development of Artificial Intelligence in the Russian Federation”). The French national strategy for the 

development of AI was presented by the President Emmanuel Macron in 2018, etc. At the same time, the 

United States, China, Israel, Canada and the United Kingdom are the indisputable leaders in the 

development and application of AI technologies. 

AI technologies and their practical application 

AI technologies are new and too difficult for non-specialists to understand – the so-called “black 

boxes”. Therefore, many fears, speculations and outright ignorance are associated with their use. Experts 

emphasize that real AI technology is distinguished from marketing ploy by the ability of digital systems 

to input information, process it, learn and make independent decisions or take independent actions. 

Machine learning is considered a key function of AI [Dvorak, 2020]. 

Experts point out that deep learning is at the heart of everything that is associated with AI 

applications. In turn, this is just a subset of machine learning methods, characterized by the use of neural 

network models that imitate the work of the human brain. Any neural network model is trained on large 

datasets to acquire some skills. But even the designers do not fully understand how the network uses these 

skills. The reason is that such models work with images formally, without any understanding of what they 

do. Trust in systems built on the basis of machine learning is becoming one of the most important issues 

for many deep learning applications. The speed and scale of AI adoption to a large extent depend on our 

answers on them [Chernjak, 2019]. 

Currently, the following AI technologies are most actively developed [Tehnologii i reshenija ... , 

2020]: 

– computer vision (CV) – perception, analysis and transformation of visual information;  

– natural language processing (NLP) – the perception, analysis and transformation of natural 

language (both oral speech and texts); 
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– expert systems and big data analysis – building logical chains, analytics and decision-making 

support; 

– virtual agents (chat bots and virtual assistants); 

– “deserted” and “digitized” workplaces (often combined with robotics). 

The most common AI technologies are machine learning algorithms for predictive data analysis, 

programs for automating transactional processes or analyzing images. The specific areas, where AI 

solutions are implemented, are very diverse (table 1). 

Table 1 

Global AI impact on economy * 
Nos. Sector of economy Place 

1 General AI technology 1 
2 Health-care 2 
3 Financial services 3 
4 Industry 4 
5 Trade 5 
6 Transport and logistics 6 
7 Higher education and research 7 
8 Security 8 
9 Agriculture 9 

10 Recreation 10 
11 Legal services 11 
12 Utilities 12 
13 State management 13 
14 Environment 14 
15 Liberal professions 15 

* Source [Intelligence artificielle – État de l’art et … , 2019, p. 115]. 
 

The financial sector, primarily large banks, is the leader in AI implementation. The coronavirus 

pandemic has dramatically accelerated the pace of AI adoption in medical and biological sciences in 

general. In the near future, AI has the potential to revolutionize medical diagnostics and drug discovery 

and development. AI solutions in the field of advertising and marketing (including financial 

organizations) are also generously funded [Gapotchenko, 2021]. 
Great hopes are pinned on the use of AI technologies in agriculture, especially in crop production 

(quality control of crops and harvesting, weed control, etc.). The unmanned vehicles systems, quality 

control of manufactured products, logistics and retail, as well as management in the electric power 

industry, housing and communal services are recognized as the promising areas for AI-led improvements. 

AI capabilities are actively used in the field of culture: the creation of video clips, musical and 

literary works and even paintings, photography and journalism, computer games. AI technologies are 

gradually transforming the system of education. 

The use of AI technologies in state administration opens up wide prospects: the fight against crime, 

analysis of citizens' behavior (monitoring and analysis of social networks), support for complex 
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management decision making, etc1. AI technologies are already helping to improve mapping and 

navigation, accept the roles of translators and virtual assistants for ordinary users. 

In August 2020, IDC2 analysts estimated the global AI market (software, hardware and services) at 

$ 156,5 billion, which is 12,3% more than in 2019. According to the February 2021 forecast, the volume 

of the AI market in 2021 will reach $ 327,5 billion, and by 2024 it will grow to $ 554,3 billion (average 

annual growth – 17,5%). Software accounted for 88% of the AI market in 2020, but it is the slowest 

growing category (17,3% per year). The largest segment is AI applications (50%), the fastest growing 

segment is the segment of software platforms (with compound annual growth rate at 32,7%). AI services 

accounted for 7% of revenue in 2020. This segment grew more slowly than the AI market as a whole 

(13% in 2020), but in the coming years the demand for services will grow and the average annual growth 

will reach 18,4%. This category, in turn, is divided into two more segments: IT services and business 

services. The former accounts for 80% of revenue from services, and it will grow faster until 2024 when 

the growth rate of business services will overtake it. The hardware market in 2020 accounted for about 

5% of AI revenue. In the future, it will grow slightly and in 2024 will reach 5,5% ($ 30,5 billion). North 

America is the leader among geographic markets, accounting for up to 40% of global revenue from AI 

solutions [Gapotchenko, 2021]. 

The rapid growth of the AI market is motivated by a group of leaders: Amazon, Google, IBM and 

Microsoft. Of the 20 largest companies in this field, 14 are from the United States (70%), 3 come from 

China (Alibaba, Tencent, Baudi) and another 3 from Germany (SAP, KNIME, RapidMiner) 

[Gapotchenko, 2021]. 

According to IDC, in Russia, the volume of spending on AI-based solutions in commercial and 

government organizations at the end of 2020 increased by 22,4% compared to 2019 and reached $ 291 

million [Bahur, 2021]. But that only accounts for 0,2% of the global AI market. It is expected that the 

average annual spending in Russia on AI solutions will grow at an accelerated rate – at the level of 18,5% 

until 2024. In 2023, the Russian AI market will surpass the $ 500 million mark, and by 2024 its volume 

will reach 555,1 million [Bahur, 2021]. However, even with such high growth rates, the share of the 

domestic AI market on the global scale will decline in absolute terms to 0,1% by 2024. 

The main consumers of AI technologies in Russia are the government sector and financial 

institutions. The latter are actively implementing these technologies to analyze and investigate fraud, 

prevent cyber threats, automate internal and external routine operations, improve and personalize 

                                                 
1 The article discusses only civilian AI applications. 
2 International Data Corporation (IDC) is an international research and consulting company founded in 1964 that studies 

the global information technology and telecommunications market. It is a division of the International Data Group publishing 
company headquartered in Framingham, Massachusetts, USA. IDC employs more than 1,100 analysts in 110 countries around 
the world who collect and process information about local IT markets (based on Wikipedia). 
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customer service, and increase the effectiveness of targeting1. In addition, marketing and advertising, 

retail, telecommunications and the industrial complex are named as the leading sectors in the AI 

implementation. Retail and wholesalers are investing in AI to solve logistics problems, optimize prices, 

study customer behavior, create chat bots, and generate digital product recommendations. The 

manufacturing sector is introducing AI elements to automate equipment service and maintenance, 

improve product quality management and work safety and to upgrade technological processes, often in 

conjunction with projects based on IoT and robotics [Bahur, 2021; Hvatkov, 2021]. A 2019 study by the 

Russian Association for Electronic Communications (RAEC)2 and NRU HSE with the support of 

Microsoft showed that the most frequently used type of AI-based solutions in Russia are virtual 

assistants: they are used by 38% of managers and leading specialists. The second place was given to 

predictive analysis (35%) and machine learning (35%) [Jeksperty nazvali ... , 2019]. 

The largest companies in the development and use of AI technologies in Russia are Sber («Сбер») 

и Yandex («Яндекс»), as well as Mail.ru. Although there are other, smaller, but rather successful 

companies (VideoMatrix, EORA, Sensor-Tech («СенсорТех»), Lanit («Ланит»), VisionLabs, etc.) 

[Hvatkov, 2021; Korolev, 2020]. 

The prospects of the Russian market are associated, first of all, with the scale of government 

investments within the framework of the Federal project “Artificial Intelligence” aimed at expanding 

digital services for citizens and the use of AI in the operation of infrastructure (electricity, housing and 

communal services, road traffic management, etc.). It is expected that introduction of AI technologies into 

the healthcare system will accelerate, too (diagnostics and treatment, the creation of digital assistants to 

process patient requests, etc.) [Bahur, 2021]. 

The spread of AI technologies in Russia is largely constrained by the lack of appropriate legislative 

regulation and the limited financial resources of companies (with the high cost of implementation and the 

risks associated with the transition to AI technologies). According to experts, talking about the 

widespread use of these technologies in the Russian economy and social sphere is premature [Hvatkov, 

2021]. 

The views of Russian experts do not quite coincide with the opinions of their foreign colleagues. 

According to a 2017 survey (among representatives of 260 large organizations operating around the 

world)3, the main factors limiting the introduction of AI technologies are the lack of IT infrastructure 

(40%) and the lack of qualified personnel (34%). Less critical factors include insufficient funding for 

                                                 
1 Targeting is an advertising mechanism that that breaks a large market into smaller segments to concentrate on a 

specific group of customers within that audience (target audience), and to show advertising to it. 
2 A non-profit organization established in 2006. Currently, it includes more than a hundred players in the electronic 

communications market, including Mail.ru Group, Facebook, Google, Rambler, etc. 
3 The survey was conducted by technology market research company Vanson Bourne commissioned by Teradata 

Corporation. 
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implementation (30%); restrictions related to established procedures, rules and rights (28%), as well as 

the impact on consumer expectations (23%). Only 19% of respondents complained about insufficiently 

developed feasibility study for the introduction of AI technologies, and only 20% think about the impact 

of AI and automation on the morale of personnel [Vlijanie tehnologij ... , 2019]. 

Social sciences and the development of artificial intelligence technologies 

Considering the involvement of scholars of social disciplines in the development of AI, two sides of 

this process should be distinguished: the analysis of the use of AI technologies in various fields of human 

activities and the application of AI technologies directly in the social sciences. 

In the first case, social scientists concentrate on studying the positive and negative consequences of 

AI entering our everyday life. Naturally, most attention is paid to the risks and threats associated with 

new complex technologies, something the society needs to get ready to and overcome. 

The general debates often focus on risks of software hostility, random risks, passive risks, the risk 

of incomprehensibility, etc. [Shpil'berg, 2021]. The AI-based predictions, data analysis and decision 

support may be associated with the following risks [Poljakova, 2020]: 

1. AI predictions can lead to bias. 

2. AI is ineffective in dealing with limited data. This creates a qualitative risk, primarily of the 

“unknown known” type, when the forecast claims reliability, but is incorrect. 

3. Inaccurate inputs mislead prediction engines; users are vulnerable to hacker attacks. 

4. A variety of prediction machines, like a biological variety, involves a trade-off between outcomes 

at the individual and systemic levels. Uniformity increases productivity at the individual level, but 

increases the risk of system failure. 

5. Data from prediction machines is accessible, therefore theft of intellectual property is likely, and 

hackers will learn about the weaknesses of the machine. 

6. Feedback data can be tampered with to train the prediction engine in destructive behavior. 

Automation of intellectual human activity and the performance by AI technologies of some 

functions that previously belonged exclusively to humans create a number of complex ethical problems, 

including [Gavrilova, 2021]: 1) what people will do if AI replaces them in their workplaces; 2) who is 

responsible for AI errors; 3) how do we distribute the wealth created by machines; 4) how machines will 

affect human behavior and interaction; 5) how can we guard against AI mistakes; 6) how do we eliminate 

AI bias; 7) how do we keep AI from adversaries; 8) how do we protect from unintended consequences of 

AI; 9) how do we stay in control of an intelligent system that is smarter than people; 10) how do we 

define the humane treatment of AI. 

The greatest concern is caused by the destructive use of AI technologies and the existence of 

algorithmic bias, expressed in the sexism and chauvinism of AI recommendations. Although, according to 
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some analysts, AI does not possess any bias of its own, and the inappropriate predictions, as usual, are 

explained by the human factor [Chernjak, 2019]. 

In order to prevent possible negative social and economic impact of artificial intelligence on our 

society, a comprehensive research by specialists from all disciplines of social sciences (philosophers, 

sociologists, economists, lawyers, political scientists, cultural scientists, etc.) is required. Their scientific 

recommendations will serve as the basis for measures of legal and economic regulation of AI 

technologies. It goes without saying that regulatory measures must comply with the principles of 

sustainable development and social progress, contribute to the co-evolution of society and technology. 

Regarding the second issue “AI technologies in social sciences”, the process is only at the early 

stages of development. There is a noticeable lack of specialists familiar with AI technologies. This calls 

for retraining for social sciences scholars and the introduction of relevant subjects in higher educational 

institutions of the social and humanitarian profile. 

Philologists and linguists, quite understandably, are at the forefront in the development of AI 

technologies. It is impossible to imagine the development of machine translation technologies and search 

engines, natural language processing without their participation. 

Libraries and the library community as a whole, as well as scientific organizations engaged in 

information research, have great potential for the development of AI technologies. In Russia, these 

include, in particular, the All-Russian Institute for Scientific and Technical Information of the Russian 

Academy of Sciences (VINITI RAN), the Institute for Scientific Information on Social Sciences for the 

Russian Academy of Sciences (INION RAN), the Russian State Library (RSL), the State Public Scientific 

and Technical Library of Russia (SPSTL), the Library for Natural Sciences of the Russian Academy of 

Sciences (BEN RAS), etc. However, their capabilities in this direction are clearly underestimated. 

At the same time, the training of neural networks requires accessible and extensive databases in 

various areas of human activity. On the one hand, this requires large-scale digitization of the accumulated 

information resources, their translation into a machine-readable electronic form. On the other hand, it 

involves the structuring and standardization of a gigantic information flow. It is obvious that such type of 

work is quite traditional for large libraries and scientific information organizations. 

This raises the problem of the openness (accessibility) of the accumulated data. The exclusion of 

important information (discoveries) from the public field or the refusal to provide them free of charge 

leads to distortions in the training of neural networks or incorrect AI recommendations. The attempt to 

resolve this issue within the framework of the Open Science Project1 comes into conflict with the 

principles of protecting intellectual property and trade secrets. 

                                                 
1 A collective term for various movements whose activities are aimed at removing barriers to the exchange and 

production of scientific knowledge (based on Wikipedia). 
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Another problem is the access of social scientists to supercomputers designed for scientific research 

in the field of AI, and the actual availability of supercomputers in Russia. 

The global rating of the 500 largest supercomputers in 2020 includes only two Russian machines: 

Christofari (maximum power of about 6,7 pflops1) created by Sber and Lomonosov-2 (2,5 pflops) at 

Moscow State University. The Cray XC40 1,3 pflops supercomputer that operates at the Federal Service 

for Hydrometeorology (Roshydromet) falls outside this list. At the same time, the most powerful Japanese 

supercomputer Fugaku as of June 2020 had a peak power of 415,5 pflops. The Chinese supercomputers 

occupy 226 positions in the list with a total power of 565 pflops. The United States is in second place 

with 114 supercomputers, but in terms of gross performance (644 pflops), they come out on top in the 

world. The third place is occupied by Japan with 30 systems (530 pflops of gross performance). France 

has 18 of the Top500 supercomputers and Germany 16 [Superkomp'jutery (mirovoj rynok), 2020]. It is 

obvious that Russia is lagging behind in this direction, and this has a significant negative impact on 

research in the field of AI. 

Conclusion 

According to expert opinion the attitude of the general public and scientific community towards AI 

is gradually turning to cautious support, and unnecessary expectations are no longer placed on AI 

adoption. On the “hype curve”2, they move towards the “trough of disillusionment” [Gapotchenko, 2021], 

but they are still far from the “plateau of productivity”. 

Experts emphasize that the computer has been and will be a tool for expanding the human 

intellectual potential. The main task is not to create artificial intelligence, but to develop systems called 

Intelligence amplification, cognitive augmentation or machine augmented intelligence [Chernjak, 2019]. 

AI technologies are unlikely to ever completely replace humans. According to Yann LeCun, 2018 

Turing Prize3 winner, “For AI to equal the power of the human brain, hundreds of thousands of GPUs, 

performing 1,013 operations per second, each consuming about 250 watts, would have to be connected to 

a giant a computer that consumes at least 25 megawatts. These energy costs are a million times higher 

than those of the human brain” [L’intelligence artificielle ... , 2020, p. 65]. 

Not all functions of natural intelligence can be formalized and automated. Scientists talk about three 

realistic directions for the development of AI technologies [Finn, 2019]: 

                                                 
1 Flops is a measure of computer performance that shows how many floating point operations a given computing system 

performs per second; petaflops (pflops) = 1015 flops. 
2 Gartner Hype Cycle for Emerging Technologies is a graphical presentation to represent the maturity, adoption, and 

social application of specific technologies, which includes five stages: “technology trigger”, “peak of inflated expectations”, 
“trough of disillusionment”, “slope of enlightenment” and “plateau of productivity” [Gartner Hype Cycle ... , 2019]. 

3 The Turing Award is the most prestigious award in computer science given by the Association for Computing 
Machinery (ACM) for contributions of lasting and major technical importance to the computer field. – URL: 
https://ru.wikipedia.org/wiki/ (date of access 30.03.2021). 
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1) creating human-machine partnerships; 

2) implementing reasoning, including learning in the synthesis of cognitive procedures; 

3) building an intelligent robot, that is, connecting three modules: an intelligent system, a sensor 

unit (communicating with the environment in a dynamic mode – vision, hearing, touch, even smell) and 

mechatronics. 

The prospects for AI technologies are largely related to the quality and quantity (availability) of 

data. 

Despite the existing risks, AI-based solutions are increasingly used in various spheres of human 

life, although their proliferation is hindered by the imperfect technical infrastructure, including lack of 

computing power and limitations in communication systems. 

O. Ezratty, a high-tech expert, believes that 5G1 communications are among the key technologies 

that will be used over the next ten years, along with AI technologies, sensors, processors and data storage 

systems. There is a tendency to consider the above technologies in isolation from each other, while, in 

fact, they are closely related. Thus, AI is “powered” by IT-transmitted sensor data. From this point of 

view, success in the field of AI depends, among other things, on the ability to quickly build the latest 

mobile networks, i.e. 5G. In addition to ever-increasing speeds, this technology allows a huge number of 

objects to be connected to the Internet and collect data that serve as a resource for AI. However, European 

countries (and Russia) are already lagging behind the USA, China, South Korea and Japan in the 

development of 5G networks [Manière, 2018]. 

Other constraints on the introduction of AI technologies (both in Russia and in other countries) are 

the shortage of relevant specialists and the lack of financial resources, as well as imperfect state 

regulation. 

It is obvious that investment and attention only to the development of AI technologies themselves is 

not enough. They also need appropriate technical and social innovations. New social mechanisms cannot 

be created without the involvement of social scientists, without incorporating accumulated knowledge 

about man and society. 
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