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THE ECONOMIC CRISIS OF 2020 AND THE SIXTH TECHNOLOGICAL ORDER:
INTERCONNECTION AND PATTERNS

It is justified that the economic crisis is cyclical and is associated with a change in technological paradigm. The economic
crisis is a process characterized by fluctuations in economic activity and it manifests itself in economic, social, environmental
and political disruptions. In the sixth technological paradigm, economic growth ensured by the introduction of fundamentally
new forms of combining tools and labor items that can ensure the maximum productivity in use of resources. The "core” of the
sixth technological paradigm is alternative and nuclear energy, healthcare, education, aviation-, ship- and machine tool
engineering, electrical engineering, telecommunications, etc., and "key factors"” — information and communication technologies,
biotechnology, nanotechnology. The formation of the sixth technological paradigm significantly transforms the structure of
productive forces and the system of industrial relations, it change the product and the process of its advancement in various
areas: health, education, energy, public services, etc. As a result, the quality characteristics of services and goods are
significantly changed, as well as, the level of accessibility to material and intangible benefits of all groups of the population is
increased. In this regard, effectiveness of inclusive initiatives requires the consolidation of the efforts of civil society, the State
and business, the reform of the education system and the creation of conditions for increasing the level of motivation and social

responsibility of society.

Keywords: economic crisis; sixth technological paradigm; bio and nanotechnology; inclusiveness.

Introduction

Statement of the problem. It is fundamentally
important to determine the prerequisites for the
emergence and regularities of the world crisis, which will
allow the world community to adjust not only the strategy
of the development in the future, but also to formulate
new imperatives of economic growth that meet the
challenges of our time.

It is important to bear in mind that each economic crisis
is triggered by economic phenomena or events that
manifest themselves in sharp fluctuations in energy prices,
fluctuations in stock market indices, and planetary
disasters. For example, the economic crisis of 2000—-2001
is associated with the collapse of the stock market of IT
companies and the fall of indices of high-tech companies.
In 2008—-2009 the crisis was triggered by a mortgage crisis
in the United States and activated by the consequences of
the bankruptcy of Lehman Brothers investment bank.

It is obvious that the prerequisites of the global
economic crisis 2020 are the result of a ten-year long
recession of the world economy and are associated with
the achievement of the threshold value of the capital
intensity of the world's GDP (93 %) in 2018, and USA
(148 %) and are intensified by the pandemic of COVID-19.

The trends of declining economic growth and business
activity, rising unemployment and declining income and
purchasing power are characteristic of most countries in
America, Asia and Europe. According to IMF forecasts,
global GDP will decline by $9 trillion, and a sharp decline in
jobs and incomes will be observed in 170 countries [34]. The
World Bank's World Economic Outlook report noted a 7 per
cent decline in activity in advanced economies and 2.5 per
cent in emerging and developing economies. Per capita
income could fall by 3.6 per cent this year, increasing
absolute poverty. In the US, GDP decreased by 1.2 %
quarterly, unemployment reached 14.7 %, and the annual
rate of economic decline in the first quarter was 4.8 %.
According to estimates by the International Monetary Fund,
the decrease of the US economy will be 6 %. In the
European Union, GDP decreased quarterly by 3.5 % (in

France — by 5.8 %, Spain — by 5.2 %, ltaly — by 4.7 % and
Germany — by 6.3 %), and the annual rate of economic
decline in the first quarter exceeded 13 %. According to
estimates by the International Monetary Fund, the decrease
of the economy in the EU countries will be 7 %, production
will decrease by 9.1 %.

In the countries of the Asia-Pacific region in 2020,
GDP may decrease by 0.8 % (132-172 billion dollars).
Japan's GDP is projected to reduction by 6.1 %. China's
economy will grow by 2.5 % in 2020, and almost
30 million jobs are expected to be lost this year in the
country due to measures to combat the pandemic and
falling global demand.

Latest scientific progress and publications review

It should be assumed that the economic crisis is a
process characterized by fluctuations in economic activity
(recession, depression), activated by economic (collapse of
the financial market, nationalization of the economy), social
(environmental disasters, pandemic) and political (change
of political regimes) phenomena. The economic crisis is, by
its nature, a cyclical and logical process, which is due to
the achievement of the world threshold value of GDP
capital intensity and a decrease in the level of capital
profitability, which determines the need to introduce
fundamentally new forms of combination of means and
labor items that can ensure the highest productivity of the
resources used and, consequently, ensure the economic
growth. There is an assumption that exceeding the global
threshold value of the capital intensity of GDP (100—
120 %) and lowering stock indices will lead to a decrease
in economic growth and, as a consequence, to the
economic crisis. It should be noted that the highest
thresholds correspond to Great Britain and the USA and
constitute 180-200 %, and for countries with developing
economies they are 100-150 %.

The cyclical nature of the economic crisis and its
connection with the change in technological paradigm
according to Michael A. Alexander [5] is also confirmed
by the theory of long waves of N.D. Kondratiev, according
to which the processes of decline in economic
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development are accompanied by the formation of
prerequisites for qualitative changes in production, giving
impetus to productive forces and the transition to a new
technological paradigm.

According to the theory of long-term techno-economic
development, (Glaz'ev, Kharitonov, et al. [16]), the
technological paradigm is a holistic and sustainable
formation, within the framework of which a closed cycle is
carried out, including the extraction and receipt of primary
resources, all stages of their processing and the
production of a set of final products that meet the
appropriate type of public consumption.

Usually, the technological paradigm is associated with
the development of a new technological method of
production and its adaptation (modernization) by
industries of production that have developed within the
framework of the previous one. As a result of a change of
technological paradigm, the "core" of the economy (a set
of economic activities) is also being transformed by using
the results of fundamental and applied research as "key
factors" of economic growth, which are technological
innovations determining the formation of the core of
technological paradigm and transforming the
technological structure of the economy.

The use of innovations as key factors over the past 250
years has been a prerequisite for the change of five
technological paradigms, and the period of 2020-2050 is
characterized by ftransition to the sixth technological
paradigm. Information and communication technologies,
biotechnology, nanotechnology, which are products of
innovative development and form the "core" of the paradigm
(alternative and nuclear energy, health care, education,
aviation, ship and machine tool engineering, electrical
engineering, telecommunications, etc.) are considered as
"key factors" of the sixth technological paradigm.

The evolution of social development confirms the role
of innovation as the main factor that has a complex impact
on the parameters of economic growth (introduction of
innovative products on average increases the GDP of
developed countries by 60 %), through the increased
productivity of work and capital. Kondratov, |. and
Zadumkin, K. [21] note that the increase in labor
productivity during the study period increased the GDP by
1.1 %, the share of capital accumulated over this period is
0.3 %. At the end of the twentieth century, new knowledge
in the transformation of technology and the organization of
production, in the EU accounted for 45.5 % of GDP growth
on average (France — 58 %, Finland and Sweden — 63 %,
Austria and Germany — 67 %), and now it is only about
50 %. At the same time, in countries with a high level of
economic development (USA, China, and Singapore), the
contribution of innovation to GDP growth is 70-85 %, and
the share of innovative enterprises is 90 %.

The fundamentals of the innovative and technological
development of the economy were laid and developed in
the studies of many scientists and representatives of
various scientific schools from the points of view of
classical economic theory, the theory of innovation, the
theory of basic models of innovative and technological
development, theories of harmonization of the results of
technological development and the processes of society's
life. We recognize the significant contribution of
researchers to the formation of modern theory and
methodology of structural and dynamic harmonization of
technological processes and economic development. At
the same time, there is a need to further study the
problems associated with the consequences and results
of the sixth technological order, which significantly
transform the structure of productive forces, qualitatively

change processes in such spheres as health care,
education, energy, public services, etc. In this regard, of
great importance are the issues related to the study of
mechanisms and institutional instruments that make it
possible to form conditions for the development of
inclusive initiatives in society.

Research on these topical issues has intensified in
recent years. The reason for this is the unprecedented
acceleration of the progress of science and technology. Of
great importance are the works of [22; 24; 27; 30]. LEE,
Changhun; LIM, Chiehyeon analyzed 660 journal papers
and 3,901 news articles through text mining with
unsupervised machine learning algorithms. Based on the
results, this work identifies 31 research and application
issues related to Industry 4.0. These issues are
categorized and described within a five-level hierarchy:
1) infrastructure development for connection, 2) artificial
intelligence development for data-driven decision making,
3) system and process optimization, 4) industrial innovation
and 5) social advance. Further, a framework for
convergence in Industry 4.0 is proposed, featuring six
dimensions: connection, collection, communication,
computation, control, and creation [22].

The purpose and problem of research

The innovation of economic actors is manifested
through the ability to generate and commercialize
innovation at all levels of the national economy, which
ensures economic growth through increased labor
productivity and the efficiency of capital application. It is
important to assess the degree of conformity of the
national economy with the conditions for the transition to
the sixth technological paradigm, including the possibility
of creating "key factors" and the availability of
infrastructure for their implementation.

The purpose of the paper is to identify the patterns
and causes of the economic crisis, its interrelationships
with the technological paradigm, to determine the role of
the key factors of the sixth technological paradigm in the
inclusive development of the economy.

The analytical base of the study is the rankings of
countries by the level of innovative development, which are
presented by international organizations and agencies.

The methodology.

The existing information and empirical base for
assessing the processes associated with overcoming the
consequences of the economic crisis in the context of a
change in the technological structure requires a synthesis
of methodological approaches. It is necessary to consider
the peculiarities of the organizational, regulatory, legal,
informational, financial, material and technical and
personnel subsystems of the national innovation system. In
our opinion, the methodology for studying the problems of
economic development in the sixth technological order
should consider the following specific features:
fundamental differences in the system of creating and
transferring new technologies; the level of the gap between
science and industry; institutional features of the
organization of management of scientific, technical and
innovative development, features of financial relationships
in the field of creation and commercialization of
innovations, the level of the development of science and
innovations state statistics; socio-cultural features of the
national innovation system.

The study used the methods for assessing and
analyzing the processes of technological development of
systems at different levels:

— general scientific methods of cognition (modelling,
synthesis, analysis, analogy, the method of hypotheses, etc.);
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— theoretical constructions of a paradigmatic nature
(Kondratyev's theory of long waves);

— instrumental approaches to the study of innovation
processes (survey method, qualitative methods, modelling
of innovation processes);

— instrumental approaches to the procedure for
collecting empirical data (questionnaires, method of expert
assessments);

— data collection and measurement techniques (method
of paired comparisons, scale of total assessments);

— types of data analysis (factor analysis, causal
analysis);

— mathematical methods for formalizing and analyzing
data (cluster analysis, methods of mathematical modelling,
methods for testing statistical hypotheses).

In order to assess the level of innovation of the
economy, methods have been developed that take into
account innovative costs, results of innovation, level of
infrastructure development, conditions for
commercialization of innovation, level of provision of the
national economy with innovative resources and intensity
of innovation production. Thus, the global innovation index
methodology is based on an estimate of the average value
of two subindexes: innovation costs and innovation results.
The subindex of innovative costs allows you to evaluate
elements of the national economy in five groups:
institutions, human capital and scientific research,
infrastructure, market development level, level of business
development. The subindex of innovation results reflects
actual results in the field of knowledge and technology,
creative activity [19].

Results of the research

Innovation: correlation to economic growth and
technological paradigm

In accordance with the value of the global innovation
index, world leaders are identified in the field of innovation
in 2019. In the regional context, the positions in the ranking
were as follows: North America: USA — 3, Canada — 17;
South Africa: Kenya — 77, Mauritius — 82; Latin America
and the Caribbean: Chile — 51, Costa Rica — 55, Mexico —
56; Central and South Asia: India — 52, Islamic Republic of
Iran — 61, Kazakhstan — 79; North Africa and West Asia:
Israel — 10, Cyprus — 28, United Arab Emirates — 36;
Southeast Asia, East Asia and Oceania: Singapore — 8,
Republic of Korea — 11, Hong Kong, China — 13; Europe:
Switzerland — 1, Sweden — 2, Netherlands — 4.

The first position in the TOP-10 ranking of world
leaders in the field of innovative development (indicator
position in the ranking/value) is held by Switzerland —
1/(67.2), followed by Sweden — 2/(63.7); United States of
America (USA) — 3/(61.7); Netherlands — 4/(61.4); United
Kingdom — 5/(61.3); Finland — 6/(59.8); Denmark —
7/(58.4); Singapore — 8/(58.4); Germany — 9/(58.2); Israel —
10/(57.4).

Leaders in their regions were India, South Africa, Chile,
Israel and Singapore, while China, Vietham, and Rwanda
topped the ratings in the respective categories of countries
grouped by income level.

According to the global innovation index, a comparative
analysis of the ranking of countries indicates a significant
differentiation in the scientific, technical and innovative
development of countries over the past decades. Middle-
income countries, particularly in Asia, are increasingly
contributing to the research and development. Their share
in the total number of international patents constantly
increases. There is a tendency for change of leading
countries according to the level of public funding for
fundamental and innovative R&D. At the same time, in
2019, high-income countries showed a slowdown in the

pace of R&D financing. Along with this, there is an increase
in protective measures, which should be considered as an
obstacle to the spread of innovation in the global space.
There is also a geographical differentiation of countries by
the level of concentration of innovative clusters placement.
Most of the leading science and technology clusters are
located in the USA, China and Germany. Brazil, India, Iran,
Russian Federation and Turkey also appear in the first
hundred of cluster ratings. The first five ranks are occupied
by the following clusters: Tokyo — Yokohama (Japan);
Shenzhen — Hong Kong (China); Seoul (Republic of Korea);
Beijing (China); San Jose — San Francisco (USA) [19].

The results of the ranking of innovative economies of
the world: Bloomberg Innovation Index, Bloomberg
agencies confirm the trends in the assessment of countries
of the world according to the global innovation index.

The methodology for ranking innovative economies of
the world involves the use of seven criteria on a scale from
0 to 100, including research and development, research
and development costs in % of GDP; production of added
value in % of GDP per capita; performance; high
technology density; the effectiveness of higher education;
concentration of researchers; patent activity. The rating
takes into account the concentration of high-tech
companies in the country, production capacities, and
research and development costs [32].

According to the results of the ranking of innovative
economies in the world in 2019, South Korea, Germany,
Finland, Switzerland and Israel were the leaders. Over the
year, Germany rose in the ranking by two positions,
Finland — by four, and Israel — by five. South Korea has
been leading for six years. Sweden, which took second
place in 2018, fell to seventh place. Patent activity
increased the positions of China and Israel, which showed
a significant increase (by 5 positions). Singapore worsened
its position to the 6th. The United States returned to the top
ten leaders of innovative economies. The country rose in
the ranking, advancing from No. 11 to No. 8. Japan and
France slightly deteriorated their positions, dropping three
and one positions, respectively. The second dozen of
innovative economies in the world is mainly represented by
European countries, China (ascended from No. 19 to
No.16), Australia (No. 19) line and Canada (No. 20).
Poland was ranked 22nd, Czech Republic — 25th, Russia
took the 27th position. Ukraine and Tunisia are not even a
part of TOP-50 of innovative economies.

Thus, the TOP-20 countries in 2019 with a high level
of economic innovation are as follows (indicator position
in the ranking/value): South Korea — 1/(87,38); Germany
— 2/(87,30); Finland — 3/(85,57); Switzerland — 4/(85,49);
Israel — 5/(84,78); Singapore — 6/(84,49); Sweden —
7/(84,15); USA — 8/(83,21); Japan — 9/(81,96); France —
10/(81,67); Denmark — 11/(81,66); Austria — 12/(80,93);
Belgium — 13/(80,43); Ireland — 14/(80,08); Netherlands —
15/(79,54); China — 16/(73,35); Norway — 17/(77,79);
Great Britain — 18/(85,87); Australia — 19/(75,38); Canada
— 20/(73,65).

Analyzing the trends of innovative development in 2020
before the pandemic began, it should be noted that
Germany pushed aside South Korea, which was the leader
in the ranking for six years. In the Bloomberg index,
Germany received top 5 rankings on three criteria: for
value added production (No. 4), high technology density
(No. 3) and patent activity (No. 3). The main reason for the
change in South Korea's leadership is due to a relative
drop in labor productivity (a shift of 11 position to No. 29).
Singapore returned to the third position of the ranking
(from No. 6 in 2018). Singapore takes first and second
positions in terms of higher education efficiency and value
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added production. Of the post-Soviet countries, Russia is
ranked 26th, Estonia, Latvia and Lithuania are at No. 36,
No. 37 and No. 38, respectively. Ukraine lost three
positions and was ranked 56th in 2020, and Kazakhstan
corresponds to 59th position.

At the beginning of 2020, the United States took No. 9,
dropping one position compared to last year, despite the
leading position in terms of high technology density and
patent activity. The highest innovation activity corresponds
to large companies, 50% of the world's biggest companies
are located in the United States (Amazon.com Inc.,
Alphabet Inc. and Microsoft Corp), and the second position
corresponds to Germany (Volkswagen AG, Daimler AG,
Siemens AG and Bayer AG). The world's second largest
economy, China ascended by one position over a year
(No. 15), due to the level of patent activity and the
effectiveness of higher education. The most significant
changes in the ranking of countries in terms of the level of
innovation of the economy correspond to Slovenia, which
advanced from No. 31 to No. 21 taking into account the
improvement by 34 positions on patent activity, as well as
Chile showing a leap by seven positions, to No. 51.

Thus, the TOP-20 countries with high levels of
innovation in 2020 are as follows: Germany — 1/(88,21);
South Korea - 2/(88,16); Singapore - 3/(87,01);
Switzerland — 4/(85,67); Sweden — 5/(85,50); Israel —
6/(85,03); Finland — 7/(84,00); Denmark — 8/(83,22); USA —
9/(83,17); France — 10/(82,75); Austria — 11/(82,40); Japan
— 12/(82,31); Netherlands - 13/(81,28); Belgium -
14/(79,93); China - 15/(78,80); Ireland — 16/(78,65);
Norway — 17/(76,93); Great Britain — 18/(76,03); Italy —
19/(75,76); Australia — 20/(74,13).

One of the key indicators of the country's scientific and
technological development is the level of research activity,
which reflects the dynamics of basic and applied research,
as well as the possibility of presenting their results in the
media. The world ranking of countries by level of research
activity is calculated by the number of research papers
published in peer-reviewed scientific journals included in
the scientific citation index system: Science Citation Index
(SCI) and Social Sciences Citation Index (SSCI). The
source of information is the database of scientific statistics
of Thomson Reuters, US National Science Foundation and
international scientific organizations. The indicator of
research activity of the countries of the world is published
in a special report of the US National Science Foundation
called "Science and Engineering Indicators."

Thus, the TOP-20 countries in 2018 with a high level
of research activity include countries such as China —
1/(426.165); USA — 2/(408.985); India — 3/(110.320);
Germany — 4/(103.122); Great Britain — 5/(97.527); Japan
— 6/(96.536); France — 7/(69.431); ltaly — 8/(69.125);
South Korea — 9/(63.063); Russia — 10/(59.134); Canada
— 11/(57.356); Brazil — 12/(53.607); Spain — 13/(52.821);
Australia — 14/(51.068); Iran — 15/(40.975); Turkey -
16/(33.902); Poland - 17/(32.978); Netherlands -
18/(29.949); Switzerland - 19/(21.128); Malaysia -
20/(20.332).

Based on the results of the presented ratings, as well
as taking into account the experience of innovative
development of countries such as the USA, Germany,
Switzerland, Sweden, Israel, Singapore, Finland, Denmark,
South Korea and Netherlands, it is obvious that a high level
of economic growth is provided by the conditions for the
creation and commercialization of innovations that
determine the possibility of change to the sixth
technological paradigm.

Information and communication technologies and
informatization of society

Information and communication technologies are a
systemically important factor of the sixth technological
paradigm, which contributes to the creation of
connections and relationships between individual objects
or resources (human capital, innovation), phenomena or
processes (informatization of society, intellectualization of
labor, entrepreneurial activity) combining them into a
single system, which is characterized by the development
and introduction of high-tech innovations that ensure
economic growth.

The role of information and communication
technologies in the global economy is confirmed by their
contribution to the creation of world GDP, which amounted
to $3.74 trillion in 2019, showing an increase of 0.5 %
compared to 2018. The leading countries (USA and China)
of the global information and communication technologies
(ICT) sector correspond to almost 40 % of their production
of added value. Relative to GDP, the share of this sector is
highest in the Chinese province of Taiwan, Ireland and
Malaysia. The number of employees in the ICT sector in
the world increased from 34 million people in 2010 to
39 million people in 2015, while the largest percentage of
employees (38 %) works in the field of computer services.
During the same period, the ICT sector's share of total
employment increased from 1.8 to 2 per cent. The largest
component of the ICT sector is computer services, which
account for 40 per cent of total added value in the sector.
The United States plays a leading role in the global
computer services industry, accounting for almost the
same share of added value created in this industry as the
nine largest economic nations altogether (China, Japan,
Germany, India, Great Britain, France, Italy, Brazil, and
Canada). India accounts for the largest share among
developing countries.

Over the past 10 years, world exports have been
dominated by the share of the tertiary sector of the
economy, including ICT services, which is a characteristic
of the sixth technological paradigm. Thus, according to
UNCTAD's "Digital economy report 2019", the volume of
exports of services provided using ICT reached $2.9 trillion
in 2018, representing 50 % of global services exports. This
confirms that information and communication technologies
are the main driver of innovative activity, which transform
the structure of the economy and ensure qualitative
changes in such types of economic activities as medicine,
energy, transport, petrochemistry, molecular biology, etc.

Abdrakhmanova, G., Gokhberg, L. and Demyanova, A.
[1] claim that the rapid economic growth of South Korea in
recent decades is primarily due to the intensification of
informatization processes and use of modern information
and communication technologies in the industrial sector.
The contribution of ICT to South Korea's GDP is 10.4 %,
which is higher than the same share in the United States,
Japan and Germany.

The high level of development of information and
communication technologies in South Korea is ensured
primarily by the consolidation of the efforts of government
agencies, the scientific community, small and medium-
sized businesses and large corporations in the production
and implementation of scientific, applied and basic
research achievements in most sectors of the national
economy. The information and communication technology
system, formed by a combination of material, technical and
intellectual resources, creates prerequisites for increasing
the level of informatization of society and the transition to a
digital economy. The process of informatization of society
is characterized by the flow of information and knowledge,
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a high level of development of technical infrastructure that
provides creation of information resources, including
modern models for the collection, processing and analysis
of digital data that remain on various digital platforms as a
result of the activity of individuals, social groups or
enterprises. The use of information resources provides a
high rate of development of information and

telecommunication corporations compared to companies of
traditional sectors of economy, as evidenced by the
capitalization rating of the world's largest companies [12].
Capitalization of the world's largest companies in 2019
increased by 1.5-2.0 times, and 8 companies from the
TOP-10 represent the information and telecommunication
technologies sector [7].

Table 1. Capitalization of high-tech companies

Company Main area of activity Capitalization, billion dollars
Apple Electronics and Information Technology Manufacturing 577,4
Google Internet services, applications, video hosting YouTube 547,9
Microsoft Software manufacturing 443,0
Amazon Online Commerce 360,0
Wells Fargo Banks 299,0
Samsung Mobile devices, home appliances and electronics 2540
China Mobile Telecommunications 250,0
Verizon Telecommunications 229,0
AT&T Telecommunications 226,0
Walmart Retail 216,9

The level of informatization of society is assessed
through the calculation of the Information and
Communication  Technologies Development Index
(ICT Development Index) and IMD World Digital
Competitiveness (WDC). ICT Development Index reflects
the quality of information and communication
technologies, degree of compliance of network
infrastructure with new technical and operational
requirements, as well as the level of development of
personal competencies that characterize the ability and
readiness of society to operate new technologies [31].

The ICT Development Index is complex and includes
three sub-indices: access subindex, usage subindex and
competence subindex in the use of information and
communication technologies. Due to different approaches
to the definition of subindex indicators on the quality and
quantity of data, latest ranking is presented according to
the results of 2017. According to the assessment of
countries on the level of development of information and
communication technologies (ICT), the ranking of ICT
Development Index 2017 presented the TOP-20 leaders:
Iceland (8.98), South Korea (8.85), Switzerland (8.74),
Denmark (8.71), Great Britain (8.65), Hong Kong (8.61),
Netherlands (8.49), Norway (8.47), Luxembourg (8.47),
Japan (8.43), Sweden (8.41), Germany (8.39), New
Zealand (8.33), Australia (8.24), France (8.24), USA
(8.18), Estonia (8.14), Singapore (8.05), Monaco (8.05),
Ireland (8.02) [31].

The IMD World Digital Competitiveness (WDC) ranking
assesses the level of use of digital technologies by
countries,  which  allows  determining  significant
transformations of business models and the level of
informatization of society. A comparative assessment of
countries is carried out on 9 indicators, including 51 sub-
indicators reflecting the level of use of new knowledge and
technologies. Based on the assessment, countries are
ranked depending on the level of digital competitiveness.
According to IMD World Digital Competitiveness Ranking in
2019, the leading positions correspond to the USA,
Singapore, Sweden, Denmark and Switzerland. TOP-20
countries with the highest levels of digital competitiveness
are as follows: USA — 1/(100.000), Singapore 2/(99.373),
Sweden — 3/(96.070), Denmark — 4/(95.225), Switzerland —
5/(94.648), Netherlands — 6/(94.261), Finland — 7/(93.732),
Hong Kong SAR — 8/(93.686), Norway — 9/(93.671), Korea
Rep. - 10/(91.297), Canada - 11/(90.836), UAE -
12/(90.295), Taiwan, China — 13/(88.897), Australia —
14/(88.691), United Kingdom - 15/(86.373), Israel —

16/(86.216), Germany — 17/(86.026), New Zealand -
18/(85.863), Ireland — 19/(84.473), Austria — 20/(84.368) [14].

The analysis of this data suggests that the use of
information and communication technologies in many
countries provides economic growth through qualitative
improvements in means of production and technologies,
an increase in productivity (up to 60 %) and effective
interaction of economic actors. The processes of
generation, exchange and storage of information
contribute to the rapid development and spread of new
technologies, under the influence of which significant
changes are experienced in all sectors of the economy,
as well as in the social sphere, including the labor market,
education and health care. As a result, new forms of
business and entrepreneurial activity are formed, the level
of labor automation and production management
increases, the algorithm of production processes changes
and the speed of capital circulation increases, which
ensures the digitalization of the economy and the social
sphere. The digitalization of the economy is determined
by the development of information and communication
technologies, including robotics, autonomous vehicles,
3D printing, renewable energy, new materials and
substances, blockchain technologies, cloud computing,
the Internet of Things, analytical data processing, which
implies the presence of highly qualified personnel as
carriers of intellectual capital.

Biotechnologies and nanotechnology

In the sixth technological paradigm, an important role
corresponds to biotechnology as a "key factor" that allows
the production of fundamentally new products based on
knowledge-intensive biotechnology production, which
cannot be obtained by other methods. Biotechnology is a
sphere of activity based on the integration of natural and
engineering sciences, which allows creation of
qualitatively new products in the food industry, agro-
industrial complex, medicine, in the fields of energy and
environmental protection.

The determinant nature of biotechnologies with regard
to economic growth is due to the minimum time gap
between obtaining a fundamental result and its application,
the high level of programmability and potential practical
value of the results of biotechnological research, as well as
the possibility of replacing non-renewable resources with

renewable ones. The prospects for the use of
biotechnology are confirmed by the forecasts of
Frost&Sullivan, according to which the global

biotechnology market will reach $2 trillion by 2025, and the
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growth rate for some market segments will be 30 % per
year [11]. The most significant segment in the structure of
biotechnologies is biopharmaceutics comprising about
60 %, industrial biotechnologies and bioenergy correspond
to 35 % and agricultural technologies — 5 %. At the same
time, the biopharmaceutical and biomedical market is the
most dynamically developing segment, which includes
development of drugs and vaccines, creation and
improvement of molecular diagnostic methods, as well as
cellular technologies and personalized medicine. The leader
of the global bio-industry is the United States accounting for
about 40 % of the global market, and biotechnology
financing amounts to 100 billion dollars (China — 1 billion
dollars, Russia — 0,04 billion dollars per year) [11].

Advances in nanotechnology make it possible to form a
new set of technologically interacting industries that form
the architecture of the sixth technological paradigm through
fundamentally new nanomaterials, nano-devices, and
nano-tools. The development of nanotechnologies allows
creating and modifying objects that include components
with dimensions less than 100 nm, have fundamentally
new qualities, as well as integrating them into fully
functioning systems of a larger scale.

According to the European Union policy documents,
one of the strategic goals is to strengthen state support
for innovative development, including increasing total
R&D investment to 3% of GDP by the end of 2020.
European countries such as Sweden (3.3 %), Austria
(3.2 %), Denmark (3.1 %) and Germany (3.0 %) have
already reached the target level of this indicator. The
leader in actual R&D funding is the United States,

whose National Nanotechnology Initiative  (NNI)
increased to $1.4 billion in 2019.
Nanotechnology market is projected to reach

$121.8 billion by 2025, with an average growth rate of
14.3 % in 2020-2025 [32]. This is due to the growing use
of technological advances in nanotechnology in medical
diagnostics and the production of nanotechnological
devices. Key developers of nanotechnology in the global
market are Nanoics Imaging Ltd., Advanced Nano
Products, Thermofisher Scientific, eSpin Technologies,
Inc., Applied Nanotech Holdings Inc., Imina Technologies
Sa, Kleindiek Nanotechnik Gmbh, Bruker Axs and
Biosensor International.

Currently, more and more attention is being paid to
researches in the field of artificial intelligence and the
expansion of its applications. The main innovation is the
development of technologies that simulate human thinking,
which are based on the principles of automation and formal
reasoning logic used in modern computers, in systems
designed to support decision-making and smart search.
According to forecasts, the global artificial intelligence
market for analytical work with huge databases will reach
$1.18 billion by 2025. The market for universal artificial
intelligence will reach $3.83 billion for enterprise
applications and solutions by 2025, and built-in artificial
intelligence in construction infrastructure and equipment
will amount to 16.7 billion USD by 2025 [9].

Inclusiveness of innovation of sixth technological
paradigm

The formation of the sixth technological paradigm is a
process of "creative destruction," which is associated with
the transformations of social and economic spaces and is
manifested, on the one hand, in increased business
activity, growth in industrial production, and on the other, in
increased concentration of capital and polarization of
society by income level, destabilization of natural systems,
dominant influence of political elites. Since the sixth
technological paradigm is based on knowledge-intensive

spheres, new economic activities are emerging; the
structure of the labor market is changing, including the
nature of employment, the age structure, the requirements
for the level of vocational training, as well as the ratio of
mental and physical work. So, according to forecasts,
7 million professions may disappear by 2030 and 10 million
new ones will arise. These processes are intensified by the
consequences of the economic crisis and are manifested in
income inequality, rising poverty and social tension. This
reveals the importance of creating equal opportunities for
the participation of all population groups in education,
productive employment, social mobility, creating a personal
and social income, which is the goal of inclusive growth.
Inclusiveness is ensured by a system of relations between
the state and society, that provides conditions for the self-
realization of an individual through entrepreneurial
initiatives, development of professional skills and
involvement in social processes. In our opinion, it is
necessary to determine the role of the "key factors" of the
sixth technological paradigm in the processes of creating
conditions for equal access to social infrastructure for all
segments of the population (education, health, safety, etc.),
productive employment, social mobility, creation of
personal and social income in order to improve the quality
of life (social satisfaction, environmental stability, etc.),
reducing inequality and overcoming absolute poverty.

In the sixth technological paradigm, "key factors"
significantly transform the structure of productive forces
and the system of industrial relations through the
introduction of innovations in the field of information and
communication technologies, nano- and biotechnology. As
a result, the product and the process of its promotion in
various areas are significantly changing: health, education,
energy, public services, etc. This is ensured by a change in
the quality characteristics of services and goods aimed at
satisfying personalized needs and the large-scale
introduction of contactless interaction schemes in the
process of providing services and by a high level of use of
modern technologies in the processes of organizing life
space (personal and public security, Internet trading, online
services, etc.). Thus, innovations make it possible to
ensure equal access of all groups of the population to the
benefits of civilization by creating conditions for improving
the quality of live and increase life expectancy (medical
technologies), developing professional and personal
competencies (educational technologies), involvement in
socio-political processes (e-government), targeting the
provision of services (public services), reducing the level of
bureaucratization and duration of services (business
registration, opening a bank account, transactions, etc.),
development of electronic services that allow taxpayers to
interact with regulatory authorities remotely. Consequently,
inclusiveness of the sixth technological paradigm is
ensured by reducing the cost of goods and services, taking
into account personalized requirements, changing format of
interaction between the state and an individual regarding
the possibility of each person's participation in social
development processes.

The introduction of innovations in various sectors of
the economy allows the production of goods and
services accessible to the most vulnerable segments of
the population. lllustrative examples of inclusive
innovation are startups and innovative projects
consisting in creation of low-cost products, provided that
their basic functional properties are preserved (mobile
phones of the American company Hop-On, the price of
which is $10 or the Tata Nano model as the cheapest
car in the world). These products, despite the limited
functional set, have the main properties of more
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expensive and improved analogues, which make them
popular and accessible to people with low incomes.

Information and communication technologies and
informatization of society affect the transformation of the
sociocultural structure, the formation of value priorities and
consumption patterns. Informatization of society is one of
the main resources of innovation (electronic databases,
electronic libraries, technologies for processing research
results), the use of which creates a qualitatively new level
of innovative products on the one hand, and on the other —
increases access to information and communication
technologies, means of communication and data transfer.
According to forecasts, the growth of the number of users
in the Internet network and expansion of the Internet of
Things will increase the volume of global IP traffic to the
level of 150.700 GB per second by 2022 [32]. As a part of
the company's project, SpaceX plans to launch almost
12 thousand satellites into space, which will provide
Internet communication for the entire planet. According to
preliminary estimates, all 12.000 satellites will be able to
simultaneously serve 14,000,000 terminals. Dozens of
devices can simultaneously be connected to each terminal,
which means Starlink can serve hundreds of millions of
users around the world.

The use of digital platforms allows increasing the
efficiency of electronic business models, transforming
existing sectors of the economy, modernizing the work of
various services in the banking sector, sectors of providing
educational and public services, etc. Thus, the expansion of
consumer access to the financial services market is primarily
due to the proliferation of online payments and remittances,
the simplification of electronic insurance, credit and
investment management procedures. At the same time, the
use of information and communication technologies in the
field of biometrics and blockchain development allows
increasing the level of efficiency of modern security systems
of various levels through the use of common technological
identifiers of individuals. Educational digital platforms provide
equal access to educational services for students of all ages
and social groups, taking into account the individual
characteristics of students.

The inclusion of information and communication
technologies (Government as a Platform, GaaP) in the
public services sector is linked to the work of e-government
in order to improve interaction and develop linkages
between public services and citizens. This is ensured by
the way of providing information and public services to
citizens (G2C — government-to-citizen), to business (G2B —
government-to-business), to state organizations (G2E —
government-to-employee) and to public administration
bodies (G2G - government-to-government), in which
personal interaction is minimized and the period of service
provision is reduced. Currently, the countries of the world
are taking advantage of e-government to varying degrees,
due to the level of development of telecommunications
infrastructure and preparation of public officials. According
to the EGDI (E-Government Development Index), Europe
is the leader in the level of professional preparation and
use of e-government. The EGDI of the European continent
in 2018 was 0.77, while in America — 0.59, Asia — 0.58,
Australia and Oceania — 0.46, and in Africa — 0.34. In spite
of the fact that Europe is the indisputable leader at the
macroregional level, TOP-10 countries (by the level of
development of the electronic government) include five
European states (Denmark, Great Britain, Sweden,
Finland, France), three Asian (South Korea, Singapore,
Japan), and two of Oceania (Australia, New Zealand) [15].

The inclusiveness of bio-and nanotechnology is
ensured by the creation of resources that increase the level

of accessibility to medical services, quality of life and life
expectancy, food and environmental security.

In the context of climate change, the use of
biotechnology in agriculture increases food security by
expanding bio- and agro-diversity, level of resilience of
ecosystems, which allows the cultivation and production of
environmentally friendly foods of high nutritional value. The
relevance of addressing the challenges of hunger caused by
climate change and extreme weather events, as well as by
armed conflict, is confiirmed by the World Health
Organization, according to which the level of hunger in
African countries reaches almost 20 %, in Latin America and
the Caribbean — 7 % and Asia — 12 %, and the total number
of starving people in the world amounts to 820 million.

The use of modern genetic and biotechnological
methods in agriculture will allow restoring soil fertility and
creating new highly productive varieties of agricultural
plants resistant to diseases, pests and adverse
environmental conditions, as well as producing biologics
for crop production, feeding additives and veterinary
biologics for livestock.

At the same time, the use of bio- and nanotechnology
in the environmental sphere results in ensuring
environmental safety by reducing the volume of
technogenic, agricultural and household waste, and
effective use of secondary materials of various industries.

It should be noted that about 90 % of all
biotechnological products in the world are used in medicine
and healthcare as new drugs and vaccines, in molecular
diagnostics and cellular technologies, in editing the human
genome and growing human tissues and organs, which
provides a qualitatively new level of medical care and
possibility of treating previously incurable diseases. As a
result, life expectancy and the average age of a person
increase and the number of countries with a high quality of
life increases ("Club 80+" by life expectancy: Hong Kong —
83.73 years, Japan — 83.3 years, ltaly — 82.84 years,
Switzerland — 82.66 years and Singapore — 82.64 years).

Thus, the use of information and communication, bio-
and nanotechnology as "key factors" of the sixth
technological paradigm can significantly transform the
economic space and change the nature of the interaction
between society and the state with regard to the realization
of the value priorities of inclusive growth. At the same time,
the main determinant of these processes is human
capital, which, on the one hand, forms a favorable
environment for perceiving the imperative of inclusive
growth, and, on the other, is able to use the intellectual
potential of individuals to produce inclusive innovations
and exchange the product of intellectual labor.

In this regard, attention is focused on the inevitable
"property stratification of society on the basis of education"
in view of the emergence of an intellectual class and the
dominance of meritocracy (the power of the intellectual
elite), which determines the transformation of ownership of
the product of intellectual activity as the main priority of a
post-industrial society. Therefore, human capital is the
determinant of inclusive growth, which increases the value
of education and transforms the nature of labor relations.
The result of these transformations will be intensification of
the development of associated forms of business
organization, change of the status of an employee and
improvement of the forms of partnership between
employees and employers. Inclusive growth is associated
with structural transformations in the production sector,
which are manifested in the development of outsourcing,
an increase in small and medium-sized businesses, in
change of forms of cooperation between large and small
manufacturers, in the emergence of new services in
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healthcare, science, education, as well as in the
development of new forms of business based on the use of
modern information technologies (Internet platforms,
Internet trading, etc.). Thus, the structure of demand
changes in relation to the requirements for the level of
professional and personal competencies of workers, the
new quality of which is ensured by the use of innovative
educational technologies. Acemoglu, D. and James
A. Robinson [2] believe that the role of inclusive institutions
will be to create the conditions for increasing the level of
inclusion of education and the development of an effective
learning environment based on the unity of learning
capabilities, learning opportunities and demand for
competencies and knowledge.

Education inclusiveness is aimed primarily at ensuring
equal non-discriminatory access to participation in the
educational process, regardless of race, color, sex,
language, religion, political or other opinion, national or
social origin, economic status or birth. Implementation of
this principle provides for the universal right to free quality
primary and secondary education. This is due to the
modern requirements of the labor market and the need for
a guaranteed opportunity for the individual to receive
personal income in the form of wages. In this regard, the
UN in strategic documents justifies the need to implement
state support measures to ensure the right of students to
primary and secondary compulsory education. At the same
time, attention is focused on ensuring equal conditions for
access to education and the formation of a favorable
learning environment for the most vulnerable categories of
students, including those with disabilities, belonging to
minorities, socially disadvantaged, etc. UN experts
consider it important to ensure "individual equal right" and
"equality in education," as well as fair quality education and
the promotion of lifelong learning for all. The inclusiveness
of the "individual equal right" provides for the creation of an
enabling environment for the realization of creative abilities
and goals of personal growth, which can be ensured
through the use of modern forms of interactive learning and
development programs. In turn, ensuring "equality in
education" provides for the development of forms of
interpersonal communication that allow the provision of
educational services related to the active involvement of
students in social processes, recognizing their right to
express their own opinions and self-determination.

At the same time, it is important to note that human
capital provides structural transformations in the
economy, which are manifested in the growing share of
tertiary sector income in the structure of gross national
product, in the intensification of the introduction of
innovative technologies, in the priority of knowledge,
education and professional skills, as well as in the growth
of incomes of the population. Azizkulov, D. [10] claims
that such changes are characteristic of a post-industrial
society, which is characterized by the introduction of
resource-saving and information technologies, an
increase in the volume and modifications of unified
products, complete automation of production processes,
the introduction of applied and fundamental innovative
achievements, as well as the strengthening of the role of
small and medium-sized businesses.

Taking into account the challenges of our time, the main
imperative of economic growth and civil society is to reduce
inequality by creating equal conditions for personal and
social income. In this regard, it is necessary to create forms
of economically viable entrepreneurial activity, in which poor
population groups are involved as consumers, workers and
entrepreneurs at all stages of the value chain, ensuring
mutually beneficial development for all its participants. Such

business models are inclusive because, on the one hand,
they provide an opportunity for profit for business, and, on
the other hand, create conditions for employment,
sustainable income and involvement in the processes of
economic and social life of society.

The effectiveness of inclusive initiatives is determined,
first of all, by the consolidation of the efforts of civil
society, the state and business (small and medium-sized
businesses, social businesses). Inclusive business
models can be focused on the implementation of
innovative solutions to meet the basic needs of the poor
in water, food, sewerage, housing and healthcare, as well
as on creating conditions for training in specialties
demanded in inclusive workshops (ceramic, sewing,
graphic, carpentry and culinary, etc.). At the same time,
innovative supply chains, including suppliers, distributors,
retailers, are being created in the framework of inclusive
projects of large corporations. For example, L'Oréal's
inclusive initiatives have created a training system for
disadvantaged, vulnerable and young people (15.000)
seeking valuable skills that have been employed in small
value chain enterprises.

One of the effective types of inclusive entrepreneurship
is social business projects, within the framework of which
various services are provided (design, content, legal
support, etc.) by disabled employees with higher education.
These projects are financed by the State through grants
and other forms of financial support (microcredit,
microinsurance, and subsidized loans).

In order to achieve a high level of social mobility and
possibility of implementing entrepreneurial initiatives, the
experience of creating business incubators, industrial
zones and technology parks on the basis of a partnership
between the government and a private company. This
ensures equal access to business infrastructure, including
rental of premises, office equipment, business
communication, consulting, which is a significant funding
for small businesses. The development of small and
medium-sized businesses contributes to the reduction of
youth unemployment, the economic empowerment of
women and the socio-economic integration of migrants and
refugees. For example, the global initiative Business Action
Network for Inclusive Development, funded by the
European Union and the Government of Germany, aims to
support small and medium-sized businesses in their efforts
to expand the application of inclusive business models.

Conclusions

1. The cyclical nature of the economic crisis is
revealed, which is manifested in the change of periods of
growth and recessions, activated by economic, social and
political phenomena (pandemic, changes in energy prices,
changes in political regimes, etc.). The patterns of
economic crises are due to the achievement of a critical
level of the world threshold for GDP capital intensity and a
decrease in the level of capital profitability.

2. The relationship between the cyclicity of the
economic crisis and the change of technological paradigm
is justified, which makes qualitative changes in the system
of industrial relations through the use and adaptation of
innovative technologies. The "key factors" of the sixth
technological paradigm are information and communication
technologies, biotechnology and nanotechnology, which
are products of innovative development and form the "core"
of this paradigm as a set of economic activities based on
fundamentally new production technologies, which allow
creating innovative products and increasing labor
productivity and the level of return on capital.

3. The use of information and communication
technologies ensures the creation of connections and



ISSN 1728-2667

EKOHOMIKA. 3(216)/2021

~ 33 ~

interactions between individual objects or resources
(human capital, innovation), phenomena or processes
(informatization of society, intellectualization of labor,
entrepreneurial activity) by combining them into a single
system, which allows them to be considered as a
systemically important factor of the sixth technological
paradigm. The result of the use of information and
communication technologies is an increase in the speed of
the spread of new technologies, as well as active changes
in all sectors of the economy and social sphere.

4. Advances in bio- and nanotechnology form the
architecture of the sixth technological paradigm through the
use of fundamentally new technologies, devices and
materials, which transforms the structure of the economy in
terms of increasing the share of science-intensive
industries. The efficiency of the use of bio- and
nanotechnology is due to the minimum time gap between
obtaining a fundamental result and its applied
implementation, a high level of programmability and the
potential practical value of the results of scientific research.

5. Formation of the sixth technological structure
reinforces the importance of highly skilled and creative
work, artificial intelligence, which allows increasing the
level of automation of production processes and increasing
the efficiency of management decisions. These processes
are accompanied by changes in the structure of
employment, increased requirements for the level of
training, including digital competencies.

6. The role of the "key factors" of the sixth technological
paradigm is to create conditions for equal access to social
infrastructure for all segments of the population (education,
health, safety, etc.), productive employment, social
mobility, creation of personal and social income in order to
improve the quality of life (social satisfaction,
environmental stability, etc.), reduce inequality and
overcome absolute poverty. Inclusiveness of the "key
factors" of the sixth technological paradigm is ensured by
reducing the cost of goods and services, taking into
account personalized requirements, changing format of
interaction between the state and the individual (private-
state partnership) regarding the possibility of everyone's
participation in social development processes (social
entrepreneurship, development of small and medium-sized
businesses, self-employment).
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B3AEMO3B'A30K | 3BAKOHOMIPHOCTI

O6r'pyHmoeaHo, W0 eKOHOMIYHa Kpu3a Hocumb YUKiYHUl xapakmep i noe's3aHa 3i 3MiHOO mexHosio2iyHoi napaduamu. EKoHoMiyHa Kpu3a —
ye npouyec, sikuli Xxapakmepu3lyembCsi KOJIU8aHHSIMU €KOHOMIYHOI aKmueHOCMi, NPose/IIEMbCSI 8 €KOHOMIYHUX, coyiaslbHUX, eKoslo2iyHux i noni-
MuYHUX NOMPsICiHHAX. Y wocmuli mexHono2iyHil napaduzmi ekoHoMiyHe 3pocmaHHs1 3abe3neyyembcsl 3a PaxyHOK 8npoeadXXeHHsl NPUHYUNoeo
Hoeux ¢hopM noedHaHHs1 3HapsiOb npayi i npedmemie npayi, 30amHux 3abe3neyumu MakcuMasbHy NPOOYyKMUEHICMb 8UKOPUCMaHHS pecypcis.
"Sldpom" wocmoao mexHos02i4HO20 yKnady € anbmepHamueHa i amoMHa eHepaemuka, oxopoHa 30opoe ‘s, oceima, asiayisi, kopabesnbHe i sepc-
mamo6ydyeaHHsl, elekmpomexHika, mesniekomyHikayii ma iH., a tio2o "knroqoei gpakmopu"” — iHgpopmayiliHi ma komyHikauiliHi mexHonoezii, 6iomex-
Honoeil, HaHomexHoJsogzii. PopMysaHHsI WOCMOi MexHOo102i4YHOIi NnapaduamMu icmMomHO mpaHcghopMye cmpyKkmypy npodyKmueHuUX cus i cucmemy
8UPO6HUYUX 8IOHOCUH, 3MiHIO€ NPOdyKm i npoyec lio20 NpPocyeaHHs1 8 Pi3HUX cghepax: oxopoHa 300poe s, oceima, eHepaemuka, KOMyHaslbHi noc-
nyau i m.@. lcmomHo 3MiHIOIOMbCSA SIKICHI Xapakmepucmuku rnocsiye i mosapis, a makox nidsuwyemscsi pieeHb docmynHocmi MamepianbHux i
HeMamepianbHux 6n1a2 Ans ecix 2pyn HacesieHHs1. Y 38'A3Ky 3 yuM egheKmueHicmb iHK/IIO3UBHUX iHiYiamue eumazae KoHconidayii 3ycunb 2poma-
OsIHCbKO20 cycninbcmea, depxasu i 6i3Hecy, pedhopMye8aHHSI cucmeMu oceimu i cmeopeHHs ymoe Onsi nidsuujeHHs1 pieHss Momuseauit i coyianbHoi
sidnoeidanbHocmi cycninbcmea.

Knro4oei cnoea: ekoHomi4yHa Kpu3a; wocma mexHosio2iyHa napaduama; 6io- i HaHomexHosnogil; iHKkII3ueHicMb.

E. MpuwHoOBa, A-p 3KOH. HayK, Npod.

KneBckuin HaumoHanbHbIN yHUBepcUTeT UMeHn Tapaca LLleB4yeHko, YkpauHa,

W. BepexHasi, A-p 3KOH Hayk, npod.

Fondo Bateral para el Desarrollo en Transiciéon Chile — Unién Europea, CaHTbsaro, Yunm,
E. MuxypuHckas, A-p 3KOH. HayK, npod.

Fondo Bateral para el Desarrollo en Transiciéon Chile — Unién Europea, CaHTbsro, Yunm,
A. BepexHoW, A-p 3KOH. HayK, MeHeXkep No NocTaBKam

Hunland Impex BV, HupepnaHabi

3KOHOMWYECKUIA KPU3UC 2020 U LLECTOW TEXHONOIMMYECKUN YKNAL:
B3AMMOCBA3b N 3AKOHOMEPHOCTHU

O60cHO8aHO, YMO 3KOHOMUYECKUUl KPpU3UC HOCUM YUKIUYHbLIU XapaKkmep u cesi3aH co CMeHOU mexHosio2u4eckoli napaduemMbl. IKOHOMUYeE-
CKull Kpu3uc — 3mo npoyecc, xapakmepu3syroujulicss KonebaHusiMu 3KOHOMUYEeCKOU akmueHOCmu, Komophbili nposiessiemcsi 8 3KOHOMUYECKUX,
coyuanbHbIX, 3KO/I02U4EeCKUX U MouUMuYeckux nompsiceHusix. B wecmolii mexHonozauyeckoli napadusme 3akoHoMu4eckuli pocm ob6ecrnevyusaemcs
3a cyem eHedpeHuUsi NPUHYUNUanbHO HOBbIX ¢hopM coyemaHusi opyouli mpyda u npedmemoe mpyda, cnocobHbIX obecrne4ums MaKCuMasbHyH
npodyKkmueHOCMb UCIMOJIb308aHUsi pecypcos. "Sopom" wecmoli mexHonoz2u4yeckoli napaduaMbl sI8JISIFOMCS aflbmepHamueHasi U amoMHasi dHep-
2emuka, 30paeooxpaHeHue, o6pasoeaHue, aguayusi, kopabesibHOe U CMaHKOCMpPoOeHUe, 3/IeKMmpPomexHuUKa, meseKOMMyHuUKayuu u 0p., a e2o KJo-
4yeeble ¢hakmopbl" — UHGhOPMaYUOHHbIE U KOMMYHUKayUOHHbIe mexHosio2uu, 6uomexHosiozuu, HaHomexHonozuu. dopmupoeaHue wiecmoil mex-
Hoso2uyeckoli napaduambl cywecmeeHHO mpaHcgopmupyem cmpykmypy npou3eoodumesibHbIX Cusl U cucmemy npou3eodcmeeHHbIX omHoule-
Hul, MeHsiem npodyKm u npoyecc e2o NPodewxeHuUsi 8 pa3iuYyHbIX cghepax: 30pasooxpaHeHue, o6pa3osaHue, IHep2emuKa, KOMMyHasbHble yciy-
2u u m.0. CyujecmeeHHO U3MEHSIIOMCsl Ka4ecmeeHHbIe XxapakmepucmuKu yciy2 u moeapoe, a makxe rnoebiwaemcsi ypoeeHb docmynHocmu ma-
mepuanbHbIX U HeMamepuasnbHbiXx 651a2 Ons1 ecex 2pynn HacesneHusi. B amoli cesisu aghgheKmueHOCMb UHK/IHO3UBHbIX UHUYUamue mpebyem KOH-
conudayuu ycunuii 2paxdaHckoz2o obwiecmea, 2ocydapcmea u 6usHeca, pe¢hopmupoeaHusi cucmembl o6pa3oeaHusi u co30aHusi ycroeul ons
rnoebiweHuUsl ypoeHs MOomueayuu u coyuansHoli omeemcmeeHHocmu obujecmea.

Kntrouyeenie crnoea: akoHoMu4eckuli Kpu3uc; uwiecmasi mexHosoau4yeckasi napaduama; 6uUo U HaHOMexHo102UuU; UHK/TI03UBHOCMb.
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THE IMPACT OF THE LUCAS CRITIQUE ON MACROECONOMICS:
A BRAIDING OF ECONOMIC AND CYBERNETIC INSIGHTS

The Lucas Critique has attracted discussion since it was published in 1976. This article evaluates its impact on the
epistemology of Macroeconomics. It probes deeper than an analysis on Rational Expectations into a debate on theory and
practice in macroeconomics. The originality of the research concerns the convergence/divergence between the Keynes and
Lucas critiques of econometrics/econometric policy. The paper updates and refines Lucas's contribution to econometric policy
evaluation framed by the Keynes — Tinbergen — Friedman — Lucas literature. The exegesis uses the expertise of the authors (one
a cybernetician and one a macroeconomist) to provide a novel and stimulating platform for further debate.

Keywords: Lucas Critique, Micro/macro divide, Rational Expectations.

1. Introduction the last three centuries but analyses the philosophical
This paper takes a meta view of the epistemology of underpinnings of economics as a discipline. The paper is a
Economics. It does not concern itself with the differences critical appraisal based on a nuanced literature survey of

between the different schools which have developed over the contributions to econometric policymaking covering
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