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TECHNOLOGICAL MODERNISATION PROSPECTS
FORECAST OF THE MAIN INDUSTRIES IN RUSSIA BASED
ON THE ASSESSMENT OF THE INNOVATIVE DEVELOPMENT

LEVEL

Yuri Anatolievich Doroshenko™, Anatoliy Andreyevich Rudychev? Viktoriia Nikolayevna Riapukhina®
Institute of Economics and Management, Department of Strategic Management, Russia

This article presents the theoretical foundations of the organic modernization and the development tendencies of
the main branches of the industry in the economy of Russia. The prospects for the modernization of the industry
are assessed by the criteria for the dynamics of the production and exports. According to the theory of Kondrati-
yev, on the basis of the trends in these indicators, upward and downward waves are identified. In compliance with
Faltsman method, the forecast showed the growth and expediency of modernization of grain farming, housing con-
struction complex, and motor-car industry. But it wasn'’t revealed the prerequisites for the growth of the petroleum
industry and the military and industrial complex. The results of the study represent practical recommendations for

the industrial development strategies.

Key words: modernization, development of the industry, theory of Kondratiyev, upward and downward waves,

forecasting, the economy of Russia
INTRODUCTION

Modernization is the key to the industrial development.
It affects institutional foundations and creates favorable
conditions for the inflow of the private investment (for ex-
ample, for the revival of industry in the areas that had
previously been withdrawn from the economic cycle).
Many researchers believe that modernization is a cen-
turies-old historical process of the innovative activities
caused by the endogenous (internal) factors [1]. Tech-
nological modernization is one of the various areas of
the industrial modernization. The conditions of the tech-
nological modernization are the following: 1) improve-
ment of productive forces; 2) dramatic increase in the
level of technology; 3) technological reequipment of the
economic sectors; 4) an increase in the share of the
industries with high and medium levels of technology;
5) an increase in open-mindedness to innovation. The
concept of modernization refers only to the most recent
stage of progress. For this reason, modernization implies
a revolutionary transition from the pre-industrial devel-
opment to the industrial (or capitalist) one and then from
industrial to the post-industrial (or post-modern) devel-
opment. Modernity emerged after the industrial revolu-
tion and postmodernity appeared after the information
revolution. Although modernity is not identical to prog-
ress, modernization generally means 1) rationalism, 2)
estimation, 3) urbanization, and 4) industrialization. At
the same time, the process of modernization can be or-
ganic, prepared by the previous development and which
starts under the influence of changes in culture and con-
sciousness, and non-organic, which is a reaction to an
external challenge and which shows itself in the form of
the "catching up" development. The purchase and leas-
ing of foreign equipment and technologies, use of foreign
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intellectual property, studying abroad, recruitment of for-
eign specialists, and investment are integral aspects of
non-organic modernization, which ultimately leads to a
restructuring in the social and political spheres [2]. The
organic or non-organic nature of modernization can be
one of the areas of the comparative analysis of the in-
dustrial development practices. In general, technological
modernization implies differences in the organizational
models, and the situational market factors determine the
implementation potential of these organizational mod-
els, which is evident from the historical experience. In
this case, there are the following analysis factors: 1) the
demand motivating mechanism for the social and eco-
nomic transformations; 2) the driving forces of the orga-
nizational and economic transformations; 3) moderniza-
tion of the intellectual capital. The characteristics of the
stages of organic modernization represent the results of
such analysis and also identify the main components [2].

The period from the XIV century to 1780 stands out as
the first phase. The main motive for the development
was the emergence of the market, the efficient demand
for a cheap mass product, which led to the establishment
and spread of manufacturing. At the same time, the driv-
ing force of modernization was the improvement of the
organization of labor, based on the isolation of different
production sectors, the widespread use of the division of
labor and temporary work. The increase in intellectual
capital was due to the transmission of knowledge in the
family "from sire to son" while working, based on mento-
ring and personal experience. The systematic education
was rare in this historical period. The second phase cov-
ers the period from 1780 to 1840. The demand for cheap-
er, higher quality and more diverse consumer goods was
the basis for the development mechanism. It determined
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the transition from manual labor to machinery, from man-
ufactory to factory production; from a predominantly ag-
ricultural economy to the industrial production (industrial
revolution). The most important type of transformation
was the mechanization of labor in the textile industry, the
use of a cheap resource (cotton) for the mass produc-
tion. It is interesting that for the first time in the history,
universities for nobles appeared and workers were
trained at the working places. The initial phase of the 3rd
stage covers the period from 1840 to 1890. Rapid urban-
ization, changes in the structure of consumption, forms
and methods of work, the lifestyle of the population, and
the emergence of national financial systems led to set-
ting new standards for the financial and economic activi-
ties. All this created the basis for demand on social and
economic transformations which became apparent in
developing mass production technologies based on the
mechanization of labor in the coal and steel industries,
focusing on the mass resources and universal machin-
ery. At this time, the network of universities was expand-
ing, the first technical universities with engineering spe-
cialties appeared, and public primary education was also
developing. The last phase of the 3rd stage covers the
period from 1890 to 1940. At this time, the formation of
modern-type cities, a global financial system, demand
for the movement of factors of production, as well as the
demand for innovations that ensure the transformation of
urban infrastructure, logistics, corporate structure based
on new production and organizational technologies and
the emergence of urban agglomerations took place. Ro-
bust production growth, mass steel production, industrial
technologies for the production of non-organic chemical
products enabling the production of new materials, the
development of the motor-car industry, and telecommu-
nications formed the basis of the motivational mecha-
nism. Rapid development of universities as well as the
emergence and formation of research laboratories in
companies, specialized research institutes and transi-
tion to the public secondary education took place. The
initial phase of the 4th stage covers the years 1940-
1990. The massive formation of the urban agglomera-
tions, the final globalization of commodity markets, and
acceleration of the globalization of the production factors
set new standards for consumer demand and production
activities in the world. The structure of the mass consum-
er demand is changing, including growing demand for
cars and organic chemicals, household electrical appli-
ances, the need to improve communication systems and
processes, urban and industrial infrastructure that deter-
mine the differentiation and global distribution of factors
of production. At this time, multinational companies are
the dominant factor in the development of the manufac-
turing sector, and the development of microelectronics
and mechanics allows a dramatic expansion of the com-
plex automation of the working processes. The scientific
and technological development of petrochemistry has
made it possible to develop materials with specific prop-
erties. Computers and space communications have
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made it possible to update the communications system.
Higher education is becoming more available and due to
this factor, the volume of scientific research in the public
sector and corporations is increasing. The spread of flex-
ible forms of production organization has led to increased
creativity in the activity of employees. The final phase of
the 4th stage began in 1990 and it is assumed to be fin-
ished by 2040. We are witnessing the emergence of a
crisis in some previously successful urban agglomera-
tions and the final globalization of the production factors
market. There is reassessment of availability of the natu-
ral resources, transition to their economic use, revision
of the role of the traditional methods and technologies for
mining, exploration, and processing of minerals. The
search for innovative solutions in the organization of the
industrial and urban infrastructure, logistics, and busi-
ness development determines the emergence of a new
way of life that places new demands on technologies and
goods, including a new social management system. The
most important organizational and economic change of
this stage is the spread of the network organizational
structures, network production technologies, transition
to the distributed and flexible management systems in
the economy and social sphere, an increase in the effi-
ciency of the communication processes due to the mas-
sive spread of the computer equipment and technologies
in the field of production, as well as in the field of science
and research, enormous changes in the traditional in-
dustries based on information technology, flexible auto-
mated systems, nano and biotechnology. Improvement
of the effectiveness of the institutional environment be-
comes one of the crucial factors of the economic devel-
opment. During this period, there should be an expan-
sion of the share of the international and inter-country
scientific research, an increase in the role of the du-
al-purpose scientific research, development of the scien-
tific research in interdisciplinary fields, deterioration of
the quality of mass higher education, improvement of the
quality and provision with the equipment of "special” re-
search fields which promise a flow of innovations. The
Russian renovation experience has also certain histori-
cal premises. In the 1950s and 1960s, Russia laid the
foundations for the modern industrial development,
space exploration, aircraft construction, nuclear industry,
missile industry, submarine production and many other
areas, which had an international effect. The energy cri-
sis of the 70s caused a surge in the development of the
resource-saving technologies in Western countries and
a lag in Russia against the background of the demo-
graphic crisis and, accordingly, a decrease in the growth
rate of labor resources. The result of the concentration of
forces and resources enabled two directions: the
military-industrial complex and the fuel and energy com-
plex, which created the conditions for the development.
All other spheres of activity, both economic and, in partic-
ular, social, developed according to the leftover principle
and gradually reached an extreme stage of the techno-
logical underdevelopment and neglect [3]. In 2008 -
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2010, the country's leadership opted for the optimal
model of gradual modernization to strengthen its position
in terms of growth of the wealth and economic develop-
ment [4]. In 2021, the national and regional development
strategies with a duration of 2030 are being developed,
which could be a decisive step towards leadership posi-
tions at least in a few sectors. However, to renovate the
economy, the technological backlog must be overcome
[5]. The economy itself must generate innovations, which
is essential for the organic development. Therefore,
nowadays it is urgent to select promising industries in
order to support their priority growth and transformation.
However, to keep the economy back on track, it is neces-
sary to overcome the technological gap.

METHODOLOGY

The choice of perspective branches cannot be random.
First, according to the genetic concepts of Kondratiyev
N.D. about "heredity" and inertial growth, the develop-
ment of industry within a large cycle is accompanied by
either an upward or downward wave. Since both upward
and downward waves are projecting on the future devel-
opment,the theory of Kondratiev has the power of predic-
tion. According to this theory, the future development is a
social and economic genesis, which includes three types
of processes: inertial growth ("heredity"), spontaneous
changes ("variability"), the directed influence of the state
on both. The deviation from the general trend character-
izes the dynamics of a long-term change in the economic
environment [6]. Secondly, according to the methodolo-
gy of V.K. Faltsman, it is advisable to take into account
the availability of skills and competitiveness in a particu-
lar industry sector, as well as in the related industries [7].
In order to analyze the nature of the waves the following
modern stages are marked out: the transitional econo-
my (1992-1999), the market economy (2000-2014), the
oil crisis and the sanctions (2015-2017). The upward
or downward trend is determined by adjusting the dy-
namic range of economic indicators, freeing it from one-
time fluctuations. Competence indicators are the pro-
duction volumes of domestic equipment production on
the domestic and world market compared to its import.
The higher the position of domestic production on the
domestic and, especially, world markets, the better the
conditions for the “catching-up” development option. The
market can obtain an assessment of competitiveness,
just as a comparison of the level of domestic and foreign
equipment and technology can obtain the assessment.
In the absence of competencies and other conditions for
Russian production, the only way to increase production
is to import equipment and technologies in exchange
for oil and other mineral raw materials. If the import is
i ncreasing, then either the option of import orientation
or “catch-up” development is possible. [7]. The strategy
of industrial development in Russia proposes realization
of three possible options: 1) scientific and technological
leadership based on the Russian research and devel-
opment; 2) inertial import-oriented development, under
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retaining in the future an orientation towards the import
of finished equipment; 3) “catching-up” development: the
competitiveness of a product increases thanks to the use
of foreign scientific and technological achievements and
direct investment. Within the framework of the WTO, this
option is realized by the establishment of industrial as-
sembly enterprises, followed by the gradual replacement
of the imported components and materials with home
products (Russian localization of assembly).

RESULTS AND DISCUSSION

Within the analysis of perspective industries, it is advis-
able to consider the leading sectors of the Russian econ-
omy, which include the oil industry. In the 70s of the XIX
century, with the creation of the oil industry V.G. Shuk-
hov made great contribution and became the author of
the world's first classical scientific theory of pipeline de-
sign, construction and operation, which he implemented
in 1878 during the construction of an oil pipeline from
the Apsheron Peninsula to the outskirts of present-day
Baku. The significant growth of the oil industry began in
the 50-60s and reached its peak in the 80s of XX century.
In the geopolitical context, in the 90-99s, stable revenues
from oil, among other factors, contributed significantly
to maintaining the country's integrity. Even today, up to
three-quarters of the produced Russian oil is exported,
and half of the export revenues are precisely the rev-
enues from oil exports. During the crisis years (2009,
2014) oil exports continued to grow, but the revenues de-
creased due to falling prices. Nevertheless, the inertia of
the upward wave helped the industry get out of the crisis.
The last peak was recorded in 2018, after which econo-
mists predict a decline due to the market saturation and
depletion of traditional fields. The dynamics of oil prices
cannot be predicted, therefore against the background of
an emerging downward wave due to saturation and de-
pletion of traditional fields; it is not reasonable to expand
capacity and do modernization to increase volumes, but
it is reasonable to maintain a minimal increase (e.g., at
the level of 1%) until 2030 and then develop the Arctic
deposits [8]. Although Russia can be considered a grain
power which produces up to 5% of the world's grain, the
grain market in Russia is still in its infancy due to the
instability and imbalance of demand and consumption.
Historically, only since 1950, thanks to oil exports, the
country had the opportunity to buy rather than sell its
grain. From the period of 1976-1980 to 1986-1990 the
volume of the grain production doubled. Then the struc-
tural crisis in the 90s of the XX century led to recession
and deficit until 1998. The country lacked grain and, at
the same time, they spent more on livestock feeding than
the countries with the developed economies, which led
to the loss of food safety. However, the upward wave
that began in 1995 led to the agricultural reform in 1997
and, despite the negative consequences of accession
to WTO, resulted in a positive balance of cereal imports
and exports in 2002 and a maximum increase in produc-
tion in 2017, when exports also reached its maximum.
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As a result of the economic reforms, effected one after
another, upward waves followed, which made it possible
to realize the turning point and prove the effectiveness
of investments in agriculture. There was a substitution of
grain exports, in contrast to the early substitution trend
of grain imports, while the low exchange rate of the ruble
encouraged exports. In 2020, the country reached the
second highest peak in grain production. It is impossi-
ble to predict the grain market due to the unpredictability
of weather conditions. However, due to the possibility of
replacing oil exports with grain exports, it is advisable to
modernize the agricultural sector, for which it is neces-
sary to restore the production of the domestic agricultural
equipment and machinery [9].
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Figure 1: Oil production and export in the USSR and
the Russian Federation for the period 1950 - 2020
(million tons)

In the construction industry, the upward wave of the
1960s occurred due to the accelerated industrial pre-
fabricated construction. However, these buildings had a
limited useful life and a low level of improvement. During
the crisis period (1991-1999) the input of the total area
of housing per 1000 population was insufficient. With the
rise in oil prices, the commissioning of housing increased
by one and a half. In 2017, the rehousing of the popu-
lation and the demolition of dilapidated residential build-
ings built in 57-68 years of the twentieth century caused
a new upward wave. Although this shift is not enough
to eliminate the backlog accumulated in the past since
the stock of dilapidated and hazardous housing is con-
stantly increasing. However, it expects the upward wave
to last until 2030. There are at least two conditions that
need observation in order to solve the housing problem
in Russia. The first one is the elimination of the dilapidat-
ed and substandard housing and the second would be to
increase the average supply of housing compared with
the developed countries. Additional opportunities for in-
creasing housing construction are opening up the growth
of the housing affordability index. In recent years, this fig-
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ure in Russia has decreased by half. The affordability of
housing has grown significantly and there appeared the
possibility of further growth in housing construction by at-
tracting funds from the population. However, the projec-
tion for the possibility of covering the minimum dwellings
retirement and the housing construction growth is pessi-
mistic because it is necessary to increase the volume by
another quarter. Modernization based on the imported
equipment undoubtedly has an advantage over conser-
vation and accumulation of technological backlog. Even
so, the enormous scale of the road construction, con-
struction of traffic facilities, earthworks and agricultural
works create conditions in Russia for the transition in the
future from the import-driven to “catch-up” development
of the equipment production necessary for these areas
of activities as is the case with the motor-car industry
[10].
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Figure 2: Harvest and export of grain in the USSR and
the Russian Federation for the period 1950 - 2020
(million tons)
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The dynamics of the Russian military-industrial complex
should take into account the consequences of the arms
race that caused the upward wave. The negative fea-
tures of the transitional period are the possibility of a loss
of scientific and technical potential due to the decline in
production, employment, investment and state procure-
ment. When the focus from armament industry moved to
the civilian industry, the expected transition did not oc-
cur. The modernization program of the military-industrial
complex from 2011 to 2020 provided unique advantages
and conditions for an upward wave. According to the US
Armaments Ministry, Russia is superior in the production
of most weapons, i.e priority grade taking into account
that the weapons are not always compatible with the
Western systems and standards. During the 2014 cri-
sis, Russia, unlike other oil exporters, increased military
expenditure. One of the possible reasons for the high
inertia of the Russian defense budget is the large pro-
portion of the sophisticated military equipment - aircraft,
missile-carrying ships, etc. The long production cycles of
their development and manufacture limit the possibility of
mobile adjustment of the weapons production program
depending on the current changes in oil prices. In con-
nection with the completion of the rearmament program
in 2020, they can expect a downward wave in the period
of 2018- 2030. The plan is to reduce the share of the
military spending in GDP to an optimal level of 3%. The
participation of the civilian products in the military-indus-
trial complex will increase from 16 to 50%. At the same
time, Russia expects a trend of increasing exports to
India, China and other countries where these products
compete with price and quality. Insufficient rapid capacity
renewal compared to the growth of demand and orders
[11] can be a threat here.
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Figure 4: Military expenditures in the USSR and the
Russian Federation for the period of 1950 - 2020
(million rubles)
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Russian experience in motor transport and civil aviation
illustrates the course of the industrial evolution with de-
velopment within the framework of non-organic modern-
ization. The acquisition of new and used (second-hand)
equipment allowed the accumulation of experience and
funds for the purchase of new equipment. Moderniza-
tion let Russia develop its own assembly production for
new foreign models of the equipment and improvement
of its domestically produced ones. After the turnkey con-
struction of the Fiat-Lada plant in 1966, another upward
wave started. The construction of foreign motor plants in
Russia, assembly production, modernization, increase of
production, and imports triggered the next upward wave.
After 2015, the trend was in direct proportion to the
growth in the welfare of the country and the population.
As of the beginning of 2021, the level of car availability in
Russia is 313 cars per 1000 inhabitants under the con-
ditions of the delayed demand. The growth of domestic
production displaces imports, while imports reduce pro-
duction [12].
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Figure 5: Production and import of cars in the
USSR and the Russian Federation for the period of
1950 - 2020 (in thousands of units)

SUMMARY AND CONCLUSION

Based on the results of the analysis, it is possible to pre-
dict the extent to which the dynamics of production and
exports of different industries depend on each other. The
upward wave of the oil industry and the military-industrial
complex began in the 1960s, but we still feel their influ-
ence. During the same period, there was an upsurge in
the building construction industry due to the use of pre-
fabricated reinforced concrete structures. With the rise
in oil prices in 2000-2014, there was a boom in other
industries. The decline in oil prices that occurred in 2015-
2017 did not have a significant negative impact on other
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industries, with the exception of the automotive industry,
and during this period the production and export of ce-
reals increased. The rise in oil prices creates conditions
for the modernization of the military-industrial complex,
while the reduction of the burden of the military spend-
ing on the economy makes it possible to prevent or slow
down a downward wave when oil becomes cheaper.
Grain exports can partially offset oil exports, while the
motor-car industry and the housing construction complex
can do this at the expense of the population's previous
savings by creating the necessary conditions [13]. Rus-
sian experience has shown that additional conditions are
needed to move from one phase of modernization to an-
other, such as: 1) a favorable investment environment;
2) availability of scientific and production competencies;
3) a large-scale market, available and relatively cheap
labor forces of an adequate quality and training; 3) land,
available in price and quality, energy resources, raw ma-
terials, and other production resources; 4) international
economic integration, ensuring free competition in the
external environment. Purchasing imported equipment,
Russia acts as an active user: it trains personnel, creates
software, develops trade, repair services, sets up cellular
companies, etc. [3]. The perspectives of the individual
industries development set the conditions for choosing
between the strategy of the traditional import-oriented or
catching-up option of the innovative development. These
both options are based on the foreign scientific and tech-
nical achievements and aimed at reduction and ultimate
elimination of the technical backlogs. But the catching-up
option assumes the innovative development of the Rus-
sian production, the transfer of the Western technologies
to Russia, and the import-oriented one - for the purchase
of the foreign equipment and technologies for modern-
ization. Under import-oriented option, the importing
country does not act as a producer, but as an active ben-
eficiary of foreign achievements that create the neces-
sary conditions for modernization. The optimistic version
of the “catch-up” development assumes that domestic
industrial construction along the technological chain will
cause technological advancement in the related indus-
tries (production of components, machinery, materials).
It will result in an increase in the technological level,
quality and competitiveness of the products of many re-
lated industries and the Russian production in general.
The pessimistic version assumes the fact that the inertia
of the technological backlog in the environment of the
domestic production will be significant that it will not be
possible to overcome it by borrowing technologies, as
it happened with the introduction of FIAT production in
Russia. Foreign equipment will still predominate in the
Russian production, and it will remain in assembly. But
even in this case, the industrial assembly will bring Rus-
sia new jobs and the production of the competitive equip-
ment of foreign brands. The process of the technological
modernization has begun and it takes place due to the
import-oriented option. An import-oriented moderniza-
tion is not something new for Russia. At present, only
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the scale of the displacement of the domestic production
of the individual technical facilities of modernization by
the imported equipment is striking. The possibilities for
further displacement of the Russian production by im-
ports are limited or even impossible in these areas [14].
V.K. Faltsman's forecast as far as 2030 suggests growth
against the background of an increasing wave and the
possibility of modernizing grain economy, the construc-
tion and housing complex, and the motor-car industry. At
the same time, the conditions for significant growth in the
oil industry are not apparent and the production volumes
will maintain a slight increase for export. The conditions
for the significant growth of the military-industrial com-
plex are also not evident [7]. There is an expectation for
the decrease of the volume of the arms production, but
in order to develop exports costs will not be reduced.
It is advisable to reduce modernization efforts in these
sectors to a supportive character [15; 16]. Therefore, the
main tasks of the Russian economy as far as 2030 in-
clude: maintaining oil production at the achieved level,
an increase in the production of the civilian products at
the armament enterprises, which will compensate for the
decrease in the state defense orders; solving the hous-
ing problems; the recovery of the domestic motor market
and the growth of the motor-car exports; a significant in-
crease in grain collection and export.
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