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Abstract: The report provides an assessment of the innovation factor in the reindustrialisation of Eastern
Siberia, based on data on R&D costs and the introduction of innovative products. The Krasnoyarsk Territory
has the greatest innovative potential, followed by the Irkutsk Region. The terms of modernisation of indus-
trial complexes in Krasnoyarsk and Irkutsk were compared on the basis of the triple helix model. This model
formalises the interrelation of production with university education and the development of interaction be-
tween all parties of the innovation process. The leadership of the Krasnoyarsk Territory was confirmed by
amore developed innovation infrastructure of universities that interact with local engineering and aerospace
corporations. Industrial production of the Irkutsk oblast is more focused on the extraction of minerals and
the production of primary processing goods due to its more eastern position and dependence on the needs
of the Chinese market.
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INTRODUCTION

Eastern Siberia (Republics of Buryatia, Tuva and Khakassia, Krasnoyarsk and Trans-
-Baikal Territories, Irkutsk Region) is one of the important industrial macro-regions
of Russia. During the period of large-scale industrialisation (1950-1970) a powerful
electric power system and transport infrastructure were constructed in the region with
the formation of large territorial productive complexes. Smelting of ferrous and non-
-ferrous metals, wood processing and pulp and paper production were developed in
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these industrial complexes on the base of fuel and mineral resources. In the transition
period (the 1990s) in Siberia, as well as in Russia as a whole, there was a decline in the
activity of the development of natural resources and industrial production. Thus for the
period from 1990 to 1999 the volume of industrial production in Siberia decreased by
47% (Kiselnikov, Scherbak, 2015). The aim of development of the eastern regions in the
current period includes not only restoration of the industrial potential of Siberia, but
also its transfer to an innovative development path. The possibility of such a transition
is influenced by many factors including territorial differences in resources, the existing
industrial structure, training, as well as the possibility of entering foreign markets. For
forecasting the development of industry on a new technological basis an assessment of
the innovation potential in the regions of Eastern Siberia is required.

At present, in planning documents of Russia, reindustrialisation is understood as
the transfer of the economy to an innovative development path, where one of the main
indicators should be the growth in the number of industrial enterprises engaged in
technological innovations and an increase in the country’s share in the global market
for high-tech industries (Kontseptsiya..., 2008). At the regional level this process is also
being developed in strategic planning documents, for example, state and targeted pro-
grams for the development of Siberia, the Far East and the Baikal region (Strategiya...,
2009, Strategiya..., 2010).

The understanding of processes of industrialisation and post-industrialisation
that was laid down in works of W. Rostow (1959), D. Bell (1986), ].K. Gelbraith (2004),
E. Toffler (2005) et al. was later continued in studies of reindustrialisation. This term
implies the modernisation of all technological structures, the replacement of obsolete
technologies with modern ones, the innovative renewal of production, as well as the
qualitative transformation of the economic system of the region or the country. In
papers of Camarinha-Matos (2013), V. Micic (2015), E. Westkamper (2014), C. Russu
(2010), W. Zhao, H. Yan, H. Liu (2014) et al. the essential role of the innovation com-
ponent as the main factor of the production process in the 21st century is underlined.
M. Porter (2000) talks about advantages for innovation and productivity growth in
clusters in comparison with isolated firms due to proximity of sources for new com-
ponents, services, equipment and other elements necessary for creating innovations.
P. Brezden (2018) in his work on the spatial differentiation of the innovation industry
in Poland, points to the importance of innovation processes for economic development
at a regional level, where the distribution of endogenous resources depends on the
close ties of the participants. Collaboration of business, universities and the state at
a given locality was formalised by H. Etzkowitz and L. Leydesdorff (2000), in a triple he-
lix model, and this pattern was used in economic development strategies of the US (Re-
port...,, 2012), China (Yudina, 2015) and EC (The European..,, 2012). Innovations are
the factor that allows countries or regions to overcome the inertia of development, de-
veloped under the concept of “path dependence” of P. David (2006), B. Arthur (1989),
S. Page (2006).

In Russia attention to the restructuring and modernisation of industry appeared
in the 1990s, when the need to restore the industrial potential after the transformation
crisis became obvious. S. Bodrunov and his co-authors (2013) stressed the importance
of the scientific and technological potential for the re-industrialisation of the Russian
Federation. O. Sukharev (2014) considers re-industrialisation as a new economic policy,
i.e.an economy of an innovative type (overhauling modernisation, with the substitution
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of imported technologies). A number of works in Russia are devoted to problems of re-
gional re-industrialisation - V. Kuleshov, V. Seliverstov (2015), 0. Romanova, N. Bukh-
valov (2014), G.A. Khmeleva, N.M. Tyukavkin, S.V. Sviridova, D.A. Chertopyatov (2017).
The research of I. Danilov, S. Mikhailova, N. Morozova, T. Ladykova (2016), N. Novikova
(2017) to determine the potential of re-industrialisation and its elements are of par-
ticular interest, since evaluation serves as an important means for optimising scientific,
personnel, investment and other strategic initiatives. This approach included assess-
ment of four components - production capacity, human resources, innovation, and in-
vestment potentials of the Ural region (Novikova, 2017), and this work has formed the
basis for assessing the innovation potential of Eastern Siberia.

METHODS

Innovation potential was calculated on the basis of five indicators - the share of the
region in the all-Russian internal costs of R&D (x;), in technological innovation costs
(x2) and in the amount of innovative products produced (x3), as well as innovation ac-
tivity of organisations (x4) and the share of expenditures on R&D in the gross regional
product (GRP) (xs). All calculations were made on the basis of data and index indicators
of the Federal State Statistics Service for years of 2010-2016 (Regiony Rossii..., 2019).

When mixing the indicators into the index (I) of the potential, the standardisation
method was used because of the high variation of the values.

Xj

fi

" max(x;)
where:
x, is a value of a particular indicator of the region;
max(x;) is a maximum value of the indicator among all regions of Eastern Siberia;
f; — the value of each assessment indicator.
The range of values obtained by this method varies from 0 to 1, where the maximum
value is assigned to 1.0000.
The I itself is formed as an arithmetic average of the normalised values of all indi-

cators of the index.
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where:

F,,. is the synthetic index of each indicator of I evaluation.

This approach allows you to compare the degree of influence of indicators included in
this I for every region of the study area.

Then, a triple helix model of H. Etzkowitz and L. Leydesdorff (2000) was applied
to assess the position and compare the scientific and technical base of the two largest
centres of Eastern Siberia - Krasnoyarsk and Irkutsk. A balanced triple helix model sug-
gests the synergy of 3 institutional areas: universities (science and education), industry
(business) and the state (government), on the “overlap” of which the innovation system
is formed. Data from regional and city administrations, research centres of universities
and educational institutions on the innovation infrastructure related to the industry of
the cities were used for modelling.
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RESULTS AND DISCUSSION OF THE INNOVATION POTENTIAL ASSESSMENT

According to the results of the evaluation of the innovation potential of the Eastern
Siberia regions, the absolute leader is the Krasnoyarsk Territory, which has values
equal to 1.0000 for all five sub-indices (Figure 1). Irkutsk Region, the second largest
industrial region of the Eastern Siberia, halved its position for the period from 2010
to 2016 (I decreased from 0.7594 to 0.3513) which can be explained by the increase
of the share of extractive industries in the industrial complex. High growth rates of oil
production did not require constant increases in scientific and innovation support.

Figure 1. The innovation potential of the Eastern Siberia regions
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Source: author’s own work



Innovation Potential for the Reindustrialisation of Eastern Siberia... 169

The Republic of Buryatia was third (I =0.3053), remaining at the same level, since
there were no significant changes in its industrial structure with a large share of high-
-tech engineering. Behind them are the Trans-Baikal Territory (I =0.1778), the Repub-
lic of Tuva (I=0.1740) and the Republic of Khakassia (I1=0.0703). It should be noted
that at the beginning of the study period, Tuva became the leader in terms of the share
of R&D expenditures in the structure of GRP and in the innovation activity of organi-
sations due to the start of a new project of Chinese investors with modern technology
for deployment of coal mining. But in six years these indicators dropped sharply, as
production reached a planned level. Due to innovation activity of organisations in the
engineering industry Buryatia shares leadership with the Krasnoyarsk Territory.

In general, the rest of the subjects with the exception of the Krasnoyarsk Territory
have a decrease in the innovation potential and an increase in the volatility of the sub-
jects’ positions in relation to each other over the study period. The main reason is the
inconsistency of the innovation policy pursued by regional authorities, which does not
lead to sustainable growth.

The number of enterprises producing innovations has not increased over the past
10 years (since 2006). The share of the Eastern Siberia in the national expenditures
on technological innovations was 4% in 2016, 75% of them were in the Krasnoyarsk
Territory (Table 1). In 2010 this indicator was more than 6% (of which the share of the
Krasnoyarsk Territory was 57%). In 2016, the volume of produced innovative products
in the Eastern Siberia accounted for 2% of a national one, of which 72% came from the
Krasnoyarsk Territory (in 2010 - 0.6% and 63%, respectively). This dominance of the
Krasnoyarsk Territory is due to the growth of investment into R&D activities (139%
over 6 years). In the rest of the regions of Eastern Siberia the investment flow remained
almost at the same level (Regiony Rossii..., 2019). Most investment projects are still
focused on the development of primary industries.

Table 1. Some indicators reflect innovation activities in Eastern Siberia and Russia in 2010 and 2016 (million
rubles)

Technological innovation costs Volume Of;rlggiitelge products
2010 2016 2010 2016

Russian Federation 400,803.8 1,284,590.3 1,243,712.5 4,364,321.7
Irkutsk Region 9,966.0 9,977.8 2,282.7 11,812.2
Krasnoyarsk Territory 14,617.7 38,440.1 4,957.2 63,138.7
Republic of Buryatia 461.6 1,769.7 137.8 2,296.9
Republic of Khakassia 48.3 29.8 31.6 106.6
Republic of Tuva 68.7 5.5 44.8 51.0
Trans-Baikal Territory 457.6 828.6 446.5 9,752.9

Source: author’s own work based on Regiony Rossii. Sotsial'no-ekonomicheskiye pokazateli (2019)

CASES OF KRASNOYARSK AND IRKUTSK

The main centres of reindustrialisation of Eastern Siberia are the regional capitals -
Krasnoyarsk and Irkutsk, which show different trends in the implementation of the in-
novation factor.
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When using the triple helix model (Etzkowitz, Leydesdorff, 2000), it is necessary
to take into account institutional and other differences between Russia and the coun-
tries where this model was created. In this model the knowledge space is based on
universities, which the authors prefer over applied research by firms due to the focus
of universities on the formation of engineers of the future. In addition, the fundamental
science in these countries is concentrated in universities. This research is also based
on universities, adding to them the potential of academic science (in both cities there
are research centres of the Russian Academy of Sciences). Models of cities are shown
in Figure 2 and 3.

Krasnoyarsk is the largest industrial city in Eastern Siberia. During the period of
deindustrialisation, a number of large manufacturing plants ceased to exist. Neverthe-
less, this city managed to maintain and develop a fairly strong economy. Currently, the
city has a diversified industrial structure, where the leading industries are: aerospace,
non-ferrous metallurgy, mechanical engineering, woodworking, chemical and pharma-
ceutical, food, etc. (see the “business” block in Figure 2) (Programma sotsial'no...,2011).

A model of industry development in Irkutsk (Figure 3) is different from the previ-
ous one. Currently, the economy of the city is based on energy plants, aircraft industry,
mechanical engineering, food processing and pharmaceutical enterprises. The main

Figure 2. Model of balanced reindustrialisation of Krasnoyarsk
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plants and enterprises were constructed in the period of large-scale post-war industri-
alisation (Korytny, 2017). Diversification of the machine-building industry in Irkutsk is
significantly lower than in Krasnoyarsk, and only the aircraft plant actually forms the
industrial support for innovation.

A comparison of the university and academic sectors of the two cities shows the
advantage of Krasnoyarsk in relation to the innovation infrastructure. The Siberian
Federal University has an innovation consulting centre which includes 22 small inno-
vative enterprises with about half of them operating in the technical sphere. Yet the
greatest contribution to the creation of innovations is made by the Reshetnev Sibe-
rian State University of Science and Technology formed by association of aerospace
and technology universities. This university includes 6 scientific and training centres,
supplemented by a shared resource centre, a student centre and an interregional in-
novative centre. At the same time, the university cooperates with enterprises in the
region, including PJSC “Information Satellite Systems”, the Special Construction Office
“Science”, the Krasnoyarsk Machine-building Plant, etc.

There are also two universities in Irkutsk, but the innovation infrastructure is rep-
resented only in the Irkutsk National Research Technical University. It is formed by
a technology park with 27 training and research laboratories and 30 small enterprises,

Figure 3. Model of industrialisation of Irkutsk
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a business incubator with 6 residents, a student business accelerator, a startup school
for innovators and a co-working centre. However, only two large manufacturing con-
tractors have been announced - the aircraft plant and the UC Russian Aluminum. Closer
interaction, among other things, is hampered by the fact that these enterprises belong
to corporations that are external to the region, i.e. decisions on technological innova-
tions and reconstruction are made under the influence of external factors, including
corporate strategy.

But the institutes of the Academy of Sciences are more developed in Irkutsk. The
Irkutsk Scientific Center of the SB RAS includes 17 institutes, while the Krasnoyarsk
Scientific Center - 10. At the same time, in both centres only a few organisations can
deal with the item of reindustrialisation - the energy and chemical institutes in Irkutsk
and the chemical and physical institutes in Krasnoyarsk, as much of the research at
both centres is related to Earth sciences. The innovation and educational potential of
both cities is more closely connected to local technical universities than to the Acade-
my of Sciences. The number of academic institutes in the centres increased after the
integration of state academies; as a result they included institutes with medical and
agricultural subjects of study.

The communication space in the triple helix model is largely determined by the
state, since the sphere of initiative and independent entrepreneurship of individuals
without the help of the state is small compared with developed countries. The envi-
ronment of interaction between knowledge and business is governed by federal laws,
but regional and municipal authorities are active actors in this process. Due to cen-
tralisation, their powers are small, financial resources are also inadequate to support
innovative and entrepreneurial activity in a particular region. All the regional strategies
of socio-economic development are focused on technological renewal of the production
base, but this depends on the investment and innovation policies of the largest eco-
nomic actors of Eastern Siberia. The main difference between these industrial centres
is due to this point. In the Krasnoyarsk Territory some key corporations are registered
here and so they have lower level of decision-making, which facilitates the work of the
regional governments in coordinating the interests of education, science and industry.
In addition, the structure of production and the high proportion of machine engineering
and military enterprises contribute to the development of contacts and interconnec-
tions between all sides of the production process. In contrast, the machine-building
cluster in the investment strategy of the Irkutsk Region is actually being formed around
one enterprise - the aircraft plant. The policy of production clustering proclaimed by
both regions is easier to implement under conditions of industrial diversification.

The results of the efforts of the federal and regional authorities to stimulate tech-
nological renewal of production can be explained using the concept of “path depend-
ence”. Eastern Siberia since the days of the planned economy was engaged in the ex-
traction and primary processing of natural resources with the absence of competition,
so the corporations has no incentive to drastically upgrade production and obtain new
modern products. To implement re-industrialisation on a new technological basis, or its
updates it is necessary to introduce additional conditions of functioning, i.e. to perform
a “path creation” (Garud et al., 2010). The example of Krasnoyarsk shows the role of
the military-industrial complex in creating a new path as a stimulator of new devel-
opments. The industrial regions located to the East and South are losing their inno-
vation potential due to their orientation towards the Chinese semi-products market
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(Figure 1), and obviously this will continue and intensify in the future as the cost of
getting out of this rut is too high for the business of the region.

State regulation in this area should have a sectoral character and potential indus-
tries for creating new products are oil and gas processing and timber industry. The
institutions that form the current pattern of production starting with resource distribu-
tion must be revised and improved with the help of regional and local authorities. One
of the most important measures is the restriction of export of unprocessed products.
However, the case with the program for the renewal of the forest industry “Biorefinery
of the Future” in Sweden shows that much of the barriers to renewal are typical not for
region but for the industry as a whole (Coenen et al,, 2015).

CONCLUSIONS

Eastern Siberia, which have lost part of its production capacity during the transfor-
mation period, faces the task of restoring industrial production on a new technolog-
ical basis. The main innovative potential of reindustrialisation is concentrated in the
Krasnoyarsk Territory and the Irkutsk Region, the rest of the regions of Eastern Siberia
form a peripheral zone. This potential is reduced compared to other industrial regions
of the country due to the focus of new ventures and projects on the development of
mineral resources. Comparison of two regional centres with the help of the triple helix
model shows the advantage of Krasnoyarsk over Irkutsk, both due to the developed in-
novation infrastructure at the universities of Krasnoyarsk, and due to a larger share of
the processing industry in the industrial structure, including mechanical engineering. It
facilitates the action of regional authorities to stimulate cooperation between business
and science and creation of innovative technologies. In addition, due to its geographical
position, Irkutsk is more dependent on the Chinese market which requires raw materi-
als and products of primary processing. In general, a decrease in potential for techno-
logical improvement of the Siberian industry in the course of reindustrialisation can be
observed from West to East of the region with increasing importance of raw materials
extraction for the industry.
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