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Digital economy is viewed as a tool to provide competitiveness of the state and high standards
of living. The economic basis for improving the welfare of all citizens and the growth of the state’s
economy as a whole is an increase in labor productivity. At the same time, one of the main factors of
labor productivity growth is scientific and technical progress in general, as well as the introduction
of digital technologies and computerization of labor in particular. This article is concerned with the
research of the key factors of digitalization affecting the level of labor productivity in the regions of
the Russian Federation, and assessing their significance. The methodological basis of the research
is the econometric model building. Data on labor productivity and digital factors were considered
for the regions of the Russian Federation. The control variables used were the number of employees
in the regional economy and the share of depreciation of fixed assets, which reflected the impact
on productivity of factors such as labor and capital. The development of digitalization in the last
decade hasled to an expansion of the range of indicators of the digital economy covered by statistical
observation. Therefore, the models were built with the use of two sets of numerical indicators: in
the period from 2011 to 2017 and from 2006 to 2017. Panel regression models with random and
fixed effects were developed. The Hausman specification test showed significant differences in
models with random and fixed effects. We revealed a significant positive impact of such factors as
computerization of workplaces, use of server equipment, appliance of mobile subscriber devices and
the broadband Internet connection to workplaces in organizations which require a high degree of
automation. Whether or not the companies had a website or the majority of their PCs had Internet
connection posed practically no impact on the level of labor productivity.
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AHAMN3 BJIMAHNA LULWDOPOBUZALLIUU DKOHOMUKHU
HA NMPOU3BOAUTE/IbBHOCTb TPYAA B POCCUU

Metnaxun A.U., HukutuHna H.A., Apbiruva J1.B., Opnoea 3.0.

Bonoroackuii rocyaapCTBEHHbIN YHUBEPCUTET
Bonoraa, Poccuiickas denepaums

HudpoBast s5KOHOMMKA pacCMaTPUBAETCS KaK CPEICTBO MOBBIIIEHUST KOHKYPEHTOCIIOCOOHOCTH
rocymapcTBa M KauyecTBa JKM3HM €ro TpaxaaH. ODKOHOMHMYECKOW OCHOBOW  TTOBBIIICHMS
0J1ar0COCTOSTHUS BCEX TPpaKIaH M pOCTa SKOHOMUKHU TOCYAapCcTBa B 1I€JIOM BBICTYIAeT BO3pacTaHue
MPOM3BOAUTEbHOCTU Tpyda paboTHMKOB. I[Ipy 3TOM OOHMM U3 OCHOBHBIX (PaKTOpPOB pocCTa
MPOU3BOAUTEILHOCTH TPY/Ia BHICTYMAET HAYUHO-TEXHUUECKUIA TTPOTrpecc B LIEJIOM, a TAKXKE BHEIPEHNE
U@POBBIX TEXHOJOTMI W KOMITbIOTEpU3alMs Tpylda B 4YacTHOCTU. JlaHHasl cTaThsl TOCBSIICHA
BBISIBJICHUIO KJIFOUEBBIX (haKTOPOB LMOPOBU3ALIMU, BAUSIONIMX HAa YPOBEHb MPOU3BOIUTEIBHOCTU
Tpyaa B pernoHax Poccuiickoit @enepanium, 1 olieHKe X 3HAUMMOCTH. MeTOI0I0THIECKO OCHOBOM
HCCIIeIOBAaHUSI BBICTYMAaeT SKOHOMETpUYeCcKoe MoenupoBaHue. PaccmaTpuBaiuch NaHHBIE 10
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pernoHam Poccuiickoit Denepaliny 0 TpOM3BOAUTETLHOCTH TpyAa M IM(MPOBHIX (hakTopax. B kayecTBe
KOHTPOJIbHBIX MEPEMEHHbBIX UCITOJIb30BaINCh YUCICHHOCTDb 3aHSATHIX B 9KOHOMUKE PETUOHA U J0JIs
M3HOCA OCHOBHBIX MPOU3BOJICTBEHHBIX (DOHIIOB, KOTOPBIE BAUSIOT HAa MTPOU3BOAUTEIbHOCTD TPYJIa U
KanuTtana. Pa3sutue npoiecca undpoBU3aluy B IOCIEAHEE NeCATUIETUE MPUBEJIO K PACIIMPEHUIO
Kpyra rnokasarejeid 1nuhpoBOil 5KOHOMUKH, OXBAYEHHBIX CTATUCTUYECKUM HalmoaeHueM. [Toatomy
MOJIe/ U ObLIM TTOCTPOEHbBI C MPUMEHEHHEM JBYX HaOOPOB YMCIOBBIX Moka3areseii: 3a 2011-2017 rr.
u 3a 2006-2017 rr. B maHHO# paboTe MpemaiararoTcss MOAETHM TTaHEIbHOM perpeccuu co CaydailHbIMU
u ¢puKcupoBaHHBIMU 3 dekTamu. Moneau naHeJbHON perpeccuu ¢ GUKCUpPOBaHHBIMU 3P dhekTaMmu
MPU3HAHBI CTATUCTUYECKU 3HAYUMBIMU U 0oJiee TTOAXOASIIUMU K MPUMEHEHUIO C TEOPETUYECKOMt
TOYKM 3peHus. TecT XaycMaHa Iokasajl CyllIeCTBEHHbIE Pa3Iuyus B MOJAECJSIX CO CIYYalHBIMU U C
¢ukcrupoBaHHBIMU 3 PeKkTamMu. BhIsIBIeHO 3HaUMMOE MOJIOKUTEIbHOE BAUSIHUE KOMIIbIOTepU3aLluKi
paboyux MECT, UCIOJIb30BaHUSI CEPBEPHOr0 00OpYI0BaHUS, TIPUMEHEHMSI ADOHEHTCKUX YCTPOMCTB
MOOWMJILHOM CBSI3M M TIOAKIIIOUYEHUS K IITMPOKOIIOJIOCHOMY MHTEPHETY pabounX MECT OpraHu3aluid,
TpeOYIOIIMX BHICOKOI CTereHn aBToMaTu3auuu. Hanuume cobcTBEeHHOro BeO-caiita y opraHu3auui
1 TIOAKJIIOYEHUE K CeTHM MHTepHeT OosbpiinHcTBa ux [1K mpakTuyeckum He oTpaxkaeTcsi Ha YpOBHE
MPOU3BOAUTENBLHOCTU TPYIaA.

KnioueBbie cioBa: umbpoBas 5KOHOMHUKA, HU(POBU3AIMs, IPOU3BOIUTEIBHOCT TpYyIa,
U poBEIe PaKTOPBI
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Introduction

Nowadays the current state and further development of digital economy receives special attention.
The digital economy is viewed as a tool to increase competitive qualities of the state and the standards of
living [1]. In this study, the term “digital economy” refers to “a state of economic activity characterized
by ubiquity and application of digital technologies, which therefore requires availability of the appropriate
infrastructure and the Internet. Distribution and application of these elements is ... digitalization of
economy, i.e. the process of its formation” [2].

Successful functioning of the digital economy is ensured with the development of infrastructure (access
to the Internet, software and telecommunications), e-business (economic activity through computer
networks) and e-commerce (distribution of goods via the Internet) |3, 4].

Digitalization of economic sectors and of the whole country is becoming an inescapable fact. There
is a gradual introduction of digital platforms for controlling enterprises of engineering business, artificial
intelligence technologies in industry, finance, medicine and etc. [5-8].

A vast majority of Russian organizations use personal computers in their activities (Fig. 1). By now,
their implementation has been completed almost everywhere. This is also the case of the use of the global
information resources and the broadband Internet connection. At the same time, the local area networks
and proprietary servers are not applied in all organizations yet.

Impact assessment of digital technologies implementation is carried out in terms of the ratio of results
to costs. The criterion for the effectiveness of the digitalization process is the acceleration of economic
growth in the regions and the country as a whole [9, 10]. In this case, various indicators can be used as a
result indicator. One of them is the level of labor productivity.

The purpose of the study is to identify key factors of the economy digitalization and assessment of their
impact on the level of labor productivity in the regions of Russia.

Research methods

The instrumental basis of the research is the method of econometric model. The authors used panel
regression models that have an advantage over conventional regression models, since they consider the
specifics of development of the particular regions of the country.
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Figure 1. The use of digital technologies in the activities of organizations of the Russian Federation in 2003—2018

Source: Done by the authors based on Rosstat data [11, 12]

In relation to this study, the following models were constructed [13-15]:
1. Panel regression with random effects (PRRE):

Y, =X Brute,. 1)

I

2. Panel regression with fixed effects (PRFE):

Y, =a,+X pte,. )

In the presented models the following notations are used:

Yi‘ , — values of the effective variable in the I region in the 7 year;

XL , — row-vector of values of independent variables in the i region in the 7 year;

S — column-vector of the model parameters;

€,—a random component that characterizes the impact of other factors, which are not included into
the model on the effective feature in the 7 region in the ¢ year;

u, — random effect for the 7 region;

a, — fixed effect for the 7 region.

It is assumed that #, means manifestations of a random variable that is subject to the normal distribution
law, and @, means constants that characterize the specificity of the 7 region.

The information base for the analysis is the official statistical data for 77 regions of Russia [11, 12].

The effective indicator is the level of labor productivity, which is represented in the models by the
volume of GRP per a person employed in the region’s economy at constant prices in 2017. In this study,
the logarithmic values of this indicator are used as an endogenous variable, since their distribution within
the year follows the normal law (Fig. 2).
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Dynamic analysis of the distribution density function shows that since 2003 there has been an
increase in labor productivity in the regions. In addition, since 2011, there has been a trend towards
regional convergence. The graph represents this trend in the growth of the maximum of the density
function. Thus, we can draw a conclusion about the convergence of Russian regions in terms of labor
productivity in recent years.

Exogenous variables of models express the influence of both innovative factors of production caused by
the process of digitalization, and basic ones [16—18].

The development of digitalization in the last decade has led to an expansion of the range of indicators
of the digital economy covered by statistical observation. Therefore, with the use of two sets of numerical
indicators certain models were built: in the period from 2011 to 2017 and from 2006 to 2017.

At the first stage of the study, panel regression models were obtained, which were based on the initial
data for a relatively short period (from 2011 to 2017). However, from a theoretical point of view, they are of
scientific interest, since they contain an extended list of variables that characterize digitalization.

Due to the inevitability of the process of the economy digitalization, it is necessary to expand onwards
the list of indicators of the digital economy registered by the state statistics service, both at the national
and regional levels. The identification of the most promising areas of development and implementation of
digital technologies that save working time is of particular interest.

Currently, Rosstat evaluates the application areas of specialized software by all organizations of the Russian
Federation, without specifying their territorial affiliation. In this regard, the retrospective dynamics of these
values has no noticeable fluctuations over the years of the study (Fig. 3). While information about specialized
software which was designed to support sales, planning the resource potential of the enterprise and other goals,
recorded in the context of Russian regions, could reveal additional drivers of labor productivity growth.

density function

S5 6 6.5 7 75 8

logarithm of labor productivity

2003 e=ee 2006 = == 2011 == 2017

Figure 2. Distribution of Russian regions by labor productivity in 2003, 2006, 2011 and 2017.
Source: Done by the authors based on Rosstat data [11]

The models use the logarithm of a number of people employed in the regional economy and the
coefficient of depreciation of fixed assets of enterprises and organizations in the region as control
variables. Logarithmic numbers of the employed in the economy characterize the use of labor as a factor
of production. The degree of depreciation of fixed assets expresses the influence of the quality of the
applied labor resources on the results of production.

Basic variables additionally assume a logical control function over the models. In accordance with the
law of decreasing marginal productivity, the growth of the number of employees in the economy of the

10
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region should cause a decrease in productivity, all other things being equal. The amount of depreciation
of fixed assets should have the opposite effect on the effective indicator. So, from a theoretical point of
view, we should expect negative values of regression coefficients with these control variables.

At the second stage of the study, panel regression models were constructed based on the data for the
period from 2006 to 2017.That led to a reduction of a number of factors that characterize the digitalization
of the regional economy, since some indicators were not registered by Rosstat until 2011.

The following factors were excluded: share of organizations that used electronic document
management systems; share of organizations that used electronic data exchange between their own and
external information systems, and the number of active subscribers to the mobile broadband Internet
per 1000 people.

On the other hand, the list of control factors was supplemented with an additional variable “crisis”.
It reflects the impact of the global financial crisis of 2008 with a time lag of 1 year on the economy of
Russian regions.
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Figure 3. Organizations of the Russian Federation using specialized software in 2011—2017.

Source: Done by the authors based on Rosstat data [11, 12]

Obtained results

All panel regression models obtained at the first and second stages of the study were statistically
significant with a high confidence probability. The sample size (77 regions of Russia) slightly differed from
the size of the total population. The Hausman specification test showed significant differences in models
with random and fixed effects. This indicates a preference for the models with fixed effects over the models
with random effects [13, 19, 20]. In addition, panel regression models with fixed effects allowed identifying
a greater number of factors (among the studied ones) that have a significant impact on the level of labor
productivity in the regions of Russia.

The use of periods with different duration at different stages of the study did not affect the significance
of regression coefficients for control variables. This means that traditional factors of production, such as

11
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labor and capital, show the significance of their impact on labor productivity at any level of study (columns
3 and 5 of the table). According to theoretical expectations, the numerical values of the coefficients by
the control variables in both models were negative. This means that with 1% growth in the number of
employees in the regional economy, we can expect a decrease in labor productivity by 0.74%, all other
things being equal. If the state of the fixed assets decays, the level of labor productivity in the region will
fall. The coefficient for the control variable “crisis” also assumed the expected negative value (column
5 of the table), which indicates negative reaction of the level of labor productivity to the occurring and/or
development of crisis phenomena in the economy of regions.

Checking the dependence of the effective indicator on the factors of digital economy revealed the following
pattern: in a short period of time, it is not possible to prove the significant impact of most factors of digitalization
on the dynamics of labor productivity in the regions. According to the values presented in column 3 of the table,
four digital economy factors out of nine, which were included in the panel regression model with fixed effects,
had a significant impact on the effective indicator. At the same time, a high level of significance is characterized
by a positive coefficient for only one digitalization factor which is the share of organizations that had broadband
Internet access. However, the numerical values of coefficients for other factors of the digital economy that
characterize the degree of infrastructure development and e-business (the share of organizations that used
servers; the logarithm of the number of connected mobile subscriber devices per 1000 people; the share of
organizations that used electronic data exchange, etc.) were either of low or no significance.

Vol. 13, No. 2, 2020
.

Results of econometric modeling of the impact of economy digitalization
on the level of labor productivity in the regions of Russia

Values of coefficients
(size of standard deviations) in models based on source data
Variables from 2011 to 2017 from 2006 to 2017
PRRE PRFE PRRE PRFE
1 2 3 4 5
Constant 6.500%** 9.553%*x* 8.24 %% 10.62%**
(0.356) (0.578) (0.218) (0.242)
Control factors

. -0.0230 -0.510%** -0.361%** -0.736%***

Logarithm of the number of employees (0.0383) (0.0876) (0.0297) (0.0355)
Depreciation of fixed assets -0.00106 -0.00125%* -0.00152%* -0.00249%**
at the end of the year, % (0.000738) (0.000699) (0.000666) (0.000589)
Crisis phenomena in the econom -0.02707 -0.03547

P Y (0.00926) (0.00807)

Factors of the digital economy

Percentage of organizations that 0.00126*** 0.00134%** 0.0021 17#** 0.00178***
used broadband Internet access, % (0.000413) (0.000385) (0.000415) (0.000364)
Number of personal computers 0.000217 -0.000253 0.00125 0.00340%**

per 100 employees (0.00129) (0.00120) (0.00141) (0.00124)
Percentage of organizations 0.000274 -0,0000481 0.001571%** 0.00108***
that used servers, % (0.00029) (0.00028) (0.000332) (0.000291)

. (0.0419) (0.0398) (0.0148) (0.0129)

devices per 1000 people

Number of personal computers with 0.00406** 0.00392%* -0.000754 -0.00158

the Internet access per 100 employees (0.00164) (0.00153) (0.00174) (0.00152)

Percentage of organizations 0.000188 0,0000379 0.0000589 0.000252
that had a website, % (0.00064) (0.00060) (0.000727) (0.000634)

12
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].Hoganth.m of the number of 0.0480%* 0.0327%%
active mobile broadband Internet (0.0167) (0.0159) - -
subscribers per 1000 people
Percentage of organizations that
used electronic data exchange 0.000320 0.000377*
between their own and external (0.000231) (0.000215) ) )
information systems, %
St veaelasenicdocunnen -0.000663* -0.000257 : :
(0.000402) (0.000381)
management systems, %

Note: the factors marked *** are significant at the significance level p<0.01, ** at the significance level p<0.05, * at the
significance level p<0.1.

On the one hand, the use of panel data for a long period of time (from 2006 to 2017), led to reduction of
the digitalization factors included in the model, and on the other hand, it allowed to prove the significant
impact most of them have on the level of labor productivity in the regions of Russia. Thus, four out of six
exogenous variables of the digital economy included in the panel regression model with fixed effects, were
significant: share of organizations having used broadband Internet access; number of personal computers
per 100 employees; share of organizations that used servers; logarithm of the number of connected mobile
subscriber devices per 1000 people (column 5 of the table). It is proved that all of the abovementioned
factors have direct impact on the effective feature. At the same time, it is noteworthy that the inconsistency
of trends in the distribution density functions of these exogenous features and the resulting variable did not
affect the decrease in the significance of the regression coefficients for the corresponding factor variables.
For example, Fig. 4 shows a noticeable increase in the degree of stratification of Russian regions by the
number of organizations that used their own server in the period from 2011 to 2017. While the convergence
of the most subjects of the Russian Federation was observed according to the labor productivity level in the
same period (Fig. 2). This may be due to the gradual transition to the use of cloud technologies and the
lease of computing power from large IT service providers.

Contrary to expectations, the panel regression model with fixed effects demonstrated the opposite
insignificant impact on the level of labor productivity of the number of personal computers provided
with the Internet access per 100 employees of organizations (column 5 of the table). This may be due to
the increasing unproductive use of working time when installing a PC in places where a high degree of
automation of work procedures is not required.

density function

0 20 40 60 80
share of organizations that used their own server

— 2006 === 2011 e 2014 ——— 2017

Figure 4. Distribution of regions of the Russian Federation by the share of organizations using their own server in 2003, 2006, 2011 and 2017.

Source: Done by the authors based on Rosstat data [11, 12]
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The regression coefficient was also insignificant for such a variable model as the share of organizations
that had their own website. To verify the reliability of the obtained result, the study conducted a counter
analysis of the dynamics of the density function of the distribution of Russian regions by factor and effective
characteristics. Thus, the analysis of the dynamics of the density functions of the distribution of Russian
regions by this exogenous factor shows that in 2006 most of the Russian regions were close in this feature
and had a small share of organizations that invested in the development of their own websites (Fig. 5).

Over the next five-year period (from 2006 to 2011), Russian regions were “stratified” by this
indicator: both regions with a high share of organizations having a website (75% or higher) and regions
with a low share of this indicator (less than 20%) began to occur. In 2011 and subsequent years,
those regions where the share of organizations with their own web page increased to 30-50% were
dominating. The lower limit of the numerical values of the studied feature increased (from 18 to 30%),
while the regional stratification became stable. The analysis of the distribution density functions of
Russian regions by the level of labor productivity over the same period (Fig. 2) showed a tendency
to similarity of regions on this basis. The contradictory dynamics of the density of the distribution
of Russian regions by exogenous and endogenous factors was one of the possible reasons for the
insignificance of the regression coefficient in the corresponding variable model.
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Figure 5. Distribution of regions of the Russian Federation by the share of organizations having a website in 2003, 2006, 2011 and 2017.

Source: Done by the authors based on Rosstat data from [11, 12]

Additional reasons could be the following:

— For many regional companies in Russia, the website is only a mean of publishing business information,
and not an effective tool for interacting with customers and increasing sales.

— The companies update information on the websites rarely, which reduces the users’ trust to the
content and the organization as a whole.

— Organizations allocate insufficient financial resources to promote their websites, etc.

Together, these reasons do not lead to the expected growth in sales and production volumes and,
consequently, the level of labor productivity. And in some cases (for example, when placing false information
on the website), they entail financial sanctions, which may ultimately affect the growth of production
volumes in a negative way.

Conclusion

As a result of the research, the authors found out that the basic factors of production (labor and capital)
have significant impact on the growth of labor productivity. This effect is detected at any modeling horizon.

14
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Along with the basic factors and factors of the macroeconomic environment, the level of labor productivity
in the regions of modern Russia is also affected by the factors of the digital economy. However, their
significant impact can only be tracked when using baseline data for a long retrospective period.

The computerization of workplaces (with controlled access to the Internet), use of server equipment
and mobile subscriber devices, and connection of workplaces that require a high degree of automation to
the broadband Internet have a significant positive impact on the growth of labor productivity in Russian
regions. However, providing access to the Internet for the most PCs of an organization affects the level of
labor productivity negatively, which can be explained by the increase in unproductive use of working hours.
Whether the companies possessed a website or not had little impact on productivity, which indicates that
organizations use other ways to interact with suppliers and consumers.

Directions for further research

This paper considers only some aspects of the impact of digitalization of the economy on labor
productivity in the regions of the Russian Federation. We see prospects for further research in the study of
the impact of the use of specialized software designed to support sales, planning the resource potential of
the enterprise and other goals on the dynamics of labor productivity. In addition, the analysis of the impact
of factors on labor productivity on the materials of a large number of specific enterprises in the regions of
Russia can reveal the most effective factors of digitalization.

REFERENCES

1. Tsyfrovaya ekonomika Rossiyskoy Federatsii. [ Digital economy of the Russian Federation]. Program.
Approved by order of the Government of the Russian Federation of 28.07.2017 no. 1632-r. (rus)

2. O.V. Karapaev, R.M. Nureev, Economy digitalization and labour productivity. Journal of
Economic Regulation, 2019, no. 10—3, pp. 76—91. (rus). DOI: 10.17835/2078-5429.2019.10.3.076-091

3. A.V. Vavilina, I.B. Kalashnikov, 1.V. Gladysheva, Innovatively oriented digital infrastructure
— the sphere of ensuring successful implementation of technological breakthrough. Russian Journal of
Innovation Economics, 2018, no. 8—3, pp. 349—364. (rus) DOI: 10.18334 /vinec.8.3.39423

4. R.M. Nureev, O.V. Karapaev, Digital Economy as an Economic Institute. Journal of Economic
Regulation, 2019, no. 10—2, pp. 6—27. (rus). DOI: 10.17835/2078-5429.2019.10.2.006-027

5. A.N. Shichkov, A.A. Borisov, N.A. Kremlyova, Digitalization of controlling in manufacturing
technological system of engineering business enterprise. Babkin A.V. (Ed.). Razvitie tsyfrovoi ekonomiki
v usloviyakh deglobalizatsii i retsessii [ Digital economy development in the context of globalization and
recession]. St. Petersburg, SPbPU, 2019, pp. 690-714. (rus). DOI: 10.18720/1EP/2019.2/25

6. N.A. Kremleva, V.L. Ostrovskiy, Razrabotka tsyfrovoy platformy controllinga inzhenernogo
biznesa realizuyushchego sotsialno-ekonomicheskuyu zadachu. (Na primere pererabotki tverdykh
kommunalnykh otkhodov) [ Development of a digital platform for controlling engineering business that
implements a socio-economic task (inturms of solid municipal waste processing)|. Problemyiperspektivy
razvitiya nauchno-tekhnologicheskogo prostranstva [Problems and prospects for the development of
the scientific and technological space]. Proceedings of the 3rd scientific Internet conference, Vologda,
June 24-28, 2019. Part 2. Vologda, Vol. SC RAN, pp. 154—159. (rus)

7.A.V. Babkin (Ed.), Methodologiya razvitiya ekonomiki, promyshlennosti i sfery uslug v usloviyakh
tsyfrovizatsii [Methodology for the development of the economy, industry and services in the context of
digitalization]. St. Petersburg, SPbPU, 2018. 756 p. (rus). DOI: 10.18720/1EP/2018.6

8. I.A. Strelets, M.V. Safronchuk, E.A. Brendeleva, M.I. Stolbov, Prikladnaya mikroekonomika
[Applied microeconomics]. Moscow, Nauchnaya biblioteka, 2018. 203 p. (rus)

9. A.I. Metlyakhin, N.A. Nikitina, Iskusstvennyy intellekt kak fundament uskoreniya
ekonomicheskogo rosta [Artificial intelligence as foundation for accelerating economic growth].
Problemy i perspectivy razvitiya nauchno-tekhnologicheskogo prostranstva [Problems and prospects
for the development of the scientific and technological space]. Proceedings of the 3rd scientific Internet
conference, Vologda, June 24—28, 2019. Part 2. Vologda, Vol. SC RAN, pp. 224—230. (rus)

10. G.I. Abdrakhmanova, K.O. Vishnevskiy, L.M. Gokhbergct al. Chto takoe tsyfrovaya ekonomika?
Trendy, competentsiya, izmerenie. [What is the digital economy? Trends, competencies, measurement].

15



4 St. Petersburg State Polytechnical University Journal. Economics Vol. 13, No. 2, 2020>

Report for the 20th linternational scientific conference on economic and social development. Moscow,
HSE, 2019. 82 p. (rus)

11. Official statistics. URL: https://gks.ru/ (accessed February 05, 2020). (rus)

12. G.1. Abdrakhmanova, K.O. Vishnevskiy, L.M. Gokhberg et al. Indikatory tsyfrovoy ekonomiki:
2019. [Indicators of the digital economy: 2019]. Statistical publication. Moscow, HSE, 2019. 248 p. (rus)

13. B.A. Putko, N.S. Kremer, Ekonometrika [Econometrics]. 3rd ed. Moscow, YUNITI-DANA,
2012. 329 pp. (rus)

14. B. Baltagi, S.H. Song, W. Koh, Testing panel data regression models with spatial error
correlation. Journal of Econometrics, 2003, no. 117—1, pp. 123—150.

15. M. Das, Identification and sequential estimation of panel data models with insufficient
exclusion restrictions. Journal of Econometrics, 2003, no. 1142, pp. 297—328. DOI: 10.1016/S0304-
4076(03)00086-1

16. Competing in the digital age: Policy implications for the Russian Federation. The World Bank
report. 2018. URL: https://www.worldbank.org/en/country/russia/publication/competing-in-digital-
age (accessed February 20, 2020)

17. F.E.Y. Abdelmajied, Panel analysis of relationship between competitiveness and economic growth
in the European Union. International Journal of Supply Chain Management, 2019, no. 8—35, pp. 219—224.

18. 1. Taranenko, Modeling economic growth of countries based on total factor productivity. Bulletin
of Mariupol State University. Series: Economics, 2015, no. 9, pp. 102—113. (ukr)

19. A.A. Pushkarev, K.M. Groznykh, K.M. Nagieva, Modelirovanic faktorov innovatsionnogo
razvitiya rossiyskikh regionov [Modeling factors of innovative development of Russian regions]. Journal
of economic theory, 2018, no. 15—3, pp. 540—544. (rus)

20. E.A. Postnikov, Ekonomicheskoe modelirovanie razvitiya regionov Rossii na osnove panelnykh
dannykh. [Econometric modeling of the development of Russian regions based on panel data].
Upravlenie v sovremennykh sistemakh, 2016, no. 2(9), pp. 3—12. (rus)

CINMUCOK JIUTEPATYPbI

1. Hudposast sxonomuka Poccuiickoit @egepanuu. [Iporpamma. Y1B. pacnopstkenneM [1paBu-
teabeTBa PO ot 28.07.2017 Ne 1632-p.

2. Kapanaes O.B., Hypees P.M. Lludposusainus 5KOHOMHUKM M IIPOM3BOAUTENIbHAS CHUIa
Tpyna // Bompocwl peryaupoBanus skKoHoMukm. 2019. Ne 10-3. C. 76-91. DOI: 10.17835/2078-
5429.2019.10.3.076-091

3. BaBuinna A.B., Kanamnukos U.b., I'magpimesa U.B. MHHOBalIMOHHO COpUEHTUPOBAHHAS
mrdpoBast MHGpacTpyKTypa — chepa odbecIiedeHs YCITeITHON pean3aluy TeXHOJOTMIeCKOTO PhIBKa
// Bompocsl nHHOBanoHHO# aKoHOMUKH. 2018. Ne §8-3. C. 349-364. DOI: 10.18334/vinec.8.3.39423

4. Hypees P.M., Kapanaes O.B. Tpu srana craHoiaeHus uudpoBoit 3KoHoMUKH // Bompockt
perymupoBanusa 3KoHoMuKH. 2019. Ne 10-2. C. 6-27. DOI: 10.17835/2078-5429.2019.10.2.006-027

5. IIInukoB A.H., Bopucos A.A., Kpemaesa H.A. lludpoBu3sanusi KOHTPOJUIMHIA B IIPOU3BO/I-
CTBEHHO-TEXHOJIOTMIECKON CHCTeMe TIPEaNpUATAS WHKeHepHOTo Omu3Heca // Pa3BuTtue mmdposoit
9KOHOMUKM B YCIOBUSIX Aersiobanu3anuu u peteccuu / Ion pen. A.B. badbkuna. CI16.: CIToITY, 2019.
C. 690-714. DOI: 10.18720/1EP/2019.2/25

6. Kpemnena H.A., OctpoBckmii B.JI. Paszpaborka 1udpoBoii miatdopMbl KOHTPOJLJIMHIA UHXKE-
HEepHOTO OM3Heca, peaJM3yIolero colrmaibHO-3KOHOMIYeCKyIo 3anady (Ha mpuMepe mepepaboTku
TBEPIBIX KOMMYHAJIBHBIX 0TX0H0B) // [1po6ieMbl M TIepCIeKTUBE Pa3BUTHS HAYIHO-TEXHOJIOTHYE -
cKoro mpoctpaHcTBa: Mar-ibl 111 MexayHap. Hayd. nHTepHeT-KOH®., Bomorma, 24—28 mions 2019 .
B 2 4. Y. 2. Bomorma: BorHII PAH, 2019. C. 154—159.

7. MeTomonorus pa3BUTUS 9KOHOMUKY, TIPOMBIIIIICHHOCTU 1 C(PEPHI YCIYT B YCIOBUSIX TM(MPOBU-
sanmu / [lom pen. A.B. badokuna. CI16.: CII6ITY, 2018. 756 c. DOI: 10.18720/1EP/2018.6

8. Ctpenen U.A., Cadponuyk M.B., bpenaeneba E.A., Cronoos M.U. ITpuxiagHas MaKpOSKO-
HoMmuKa. M.: Hayunas 6ubmmorexa, 2018. 203 c.

9. Metusaxun A .M., Hukuruna H.A. VckycTBeHHBI MHTEIUIEKT KaK (GYHIAMEHT YCKOPEHHUSI KO-
HOMMIYeCKOTO pocTa // [1po6iieMbl ¥ TIepCIIeKTUBEl Pa3BUTHS HAyIHO-TEXHOJIOTHIECKOTO IIPOCTPaH-
ctBa: maT-Jbl [11 mexnyHap. Hayd. uHTepHeT-KOoH ., Bonorna, 24—28 utons 2019 . B 2 4. Y. 2. Bosor-
nma: BorHLI PAH, 2019. C. 224—230.

16



4 A.I. Metlyakhin, N.A. Nikitina, L.V. Yarygina, E.O. Orlova DOI: 10.18721/JE.13201 >

10. Aonpaxmanosa I'./., BumneBckuii K.Q., I'oxoepr JI.M. u ap. Yro Takoe mudposast 5KOHO-
muka? TpeHasl, koMneTeHus, usmepeHue. ok, k XX MexayHap. Hayd. KOHd. o pobieMam pas-
BUTHSI SKOHOMUKHU U1 ob1iecTtBa, Mocksa, 9—12 anp. 2019 . M.: BIIID, 2019. 82 c.

11. Oduumanvheie ctatuctTuyeckue nanHelie. URL: https://gks.ru/ (nata obpatenus: 05.02.2020).

12. Aoapaxmanosa I'. 1., Bumnesckuii K.O., I'ox6epr JI.M. u np. Unaukatopsl nudpoBoii 5K0-
Homuku: 2019: craructuueckuit coopHuk. M.: BIIID, 2019. 248 c.

13. IIytko B.A., Kpemep H.C. Dxonomerpuka. 3-¢ uzn. M.: OHUTU-TAHA, 2012. 329 c.

14. Baltagi B., Song S.H., Koh W. Testing panel data regression models with spatial error correlation.
Journal of Econometrics, 2003, no. 117—1, pp. 123—150.

15. Das M. Identification and sequential estimation of panel data models with insufficient exclusion
restrictions. Journal of Econometrics, 2003, no. 114—2, pp. 297—328. DOI: 10.1016/S0304-4076(03)00086-1

16. KonkypeHIrs B IMMPOBYIO 3ITOXY: CTpaTeTUUeCKHe BBI3OBHI It Poccuiickoit Denepaiiniy.
Hoknan BcemupHoro 6aHka o pas3Butuu uudpoBoii akoHomuku B Poccuu. 2018. URL: https://
www.vsemirnyjbank.org/ru/country/russia/publication/competing-in-digital-age (mata oOparieHus:
6.02.2020).

17. Abdelmajied F.E.Y. Panel analysis of relationship between competitiveness and economic
growth in the European Union. International Journal of Supply Chain Management, 2019, no. 8—5,
pp. 219-224.

18. Tapanenko I.B. MogaenoBaHHSI €KOHOMIYHOIO 3POCTAHHS KpaiH HAa OCHOBI CYKYIHOI (hak-
TOPHOI NMPOAYKTUBHOCTI // BicHuk MapiymnoJibcbkoro nep>xxaBHoro yHiBepcuteTy. Cepis: EkoHoMiKa.
2015. Ne 9. C. 102—113.

19. Ilymxkapes A.A., I'po3nabix K.M., Haruesa K.M. MoaenupoBaHue (pakTopoB UHHOBALILOHHO-
ro pa3BUTHUSI POCCUNCKUX pernoHoB // KypHal skoHoMuueckoi Teopun. 2018. Ne 15-3. C. 540—544.

20. ITocTHukoB E.A. DxoHOMUYECKOE MOACIMPOBaHUE PA3BUTUSI PeTMOHOB Poccuu Ha ocHOBe ma-
HeJIbHBIX TaHHBIX // YIIpaBiieHNe B COBpeMeHHBIX cucTemax. 2016. Ne 2(9). C. 3—12.

Cmamows nocmynuna 6 pedakyuio 20.03.2020.
THE AUTHORS / CBEAEHUSA Ob ABTOPAX

METLYAKHIN Alexander 1.
E-mail: metlyahin.ai@yandex.ru
METJISIXWUH Anekcanap Uropesnu
E-mail: metlyahin.ai@yandex.ru

NIKITINA Nadezhda A.

E-mail: nikitina.vologda@list.ru
HUKUTUNHA Hanexna AnarosibeBHa
E-mail: nikitina.vologda@list.ru

YARYGINA Lyubov' V.

E-mail: dasha.lyubasha@yandex.ru
APBIT'MHA JIio60Bb BacuiseBHa
E-mail: dasha.lyubasha@yandex.ru

ORLOVA Elvira O.
E-mail: orlovaco@mail.ru
OPJIOBA DanBupa OseroBna

E-mail: orlovaco@mail.ru

© CaHkT-MNeTepbyprckuii nonuTeEXHUYecKuii yHnsepeuteT Metpa Benvkoro, 2020

17



