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DYNAMICS OF ECONOMIC GROWTH IN IRELAND IN 1980—2014

J. Boehlke, M. Faldzinski, M. Galecki, M. Osinska

Nicolaus Copernicus University, Torun, Poland

This paper is aimed at modelling a GDP growth rate in Ireland in order to separate the
periods of particularly intense growth which are particularly important from the perspective
of economic miracle definition. We applied a threshold error correction approach to cover
several perspectives of the growth dynamics using different thresholds. A threshold
cointegration approach allows to identify a long-run equilibrium within the context of
different regimes, which provides a way of identification of asymmetric adjustment in both:
short and long horizons. We extended the procedure of threshold identification by using
individual economic variables as threshold variables and we further used a model with
statistically significant parameters as a basis of testing. Enders and Siklos (2001) introduced
the methodology to measure the long-run equilibrium in different ways, i.e., as SETAR and
Momentum TAR. In general, GDP growth rate observed in 1980—2014 is the subject of
analysis but we validate the results using a longer sample starting from 1973. We find that
structural changes are most often identified in the period of recession of 2008—2009. Best
models are obtained with the following thresholds: net income from the EU and GDP
growth rate. This stresses the important role of investment and the source of its funds.

Keywords: intense economic growth; Ireland; threshold cointegration; validation

Citation: J. Boehlke, M. Faldzinski, M. Galecki, M. Osinska, Dynamics of economic growth in Ireland in
1980—2014, St. Petersburg State Polytechnical University Journal. Economics, 10 (2) (2017) 7—20. DOI:
10.18721/JE.10201

JNHAMMUKA DKOHOMMNYECKOTO POCTA B UPJIAHJIVUN B 1980—2014 rr.

E. Béabke, M. @ang3unckuii, M. I'anenkuii, M. OcuHcKa

Yuusepcuter Hukonas Konepnuka, TopyHs, Ilobiia

CraTbsl MOCBAIICHAa MoAeapoBaHuio TeMnoB pocta BBII B Mpnanoum, 4To0bl OTACINTH
nepuoabl 0COOEHHO MHTEHCHBHOTO POCTa, KOTOPble OCOOEHHO BaXKHBI C TOUKM 3PEHHUs OI-
penesieHus SKOHOMUYECKOro uyaa. Mbl MPUMEHWIN MOPOToBbIi MOIXOJ KOPPEKIIUU OLLIU-
00K, YTOObI OXBATUTh HECKOJIBKO aCMeKTOB JMHAMUKMU POCTa C MCIOJIb30BAHUEM Pa3IUYHbBIX
MOPOTOBBIX 3HAYEHMI, PACIIUPWIN MPOLEAYPY UACHTU(PUKALIMU TTOPOTOBOTO 3HAYSHUSI, UC-
TOJIB3YSl OTHEIbHbIE SKOHOMUYECKHUE TepeMEeHHbIE B KaueCTBE TMOPOTOBOTO 3HAYCHUS Tiepe-
MEHHBIX U Jlajiee MbI WCIOJIb30BAIM MOJAEIb CO CTaTMCTUYECKM 3HAUMMBIMU TapameTpaMu
Kak ocHoBy TectupoBaHusl. Temmbl pocta BBII, nHabmomaemoro B 1980—2014 rr., siBisiiOTCS
MpeAMETOM Hallero aHajau3a. MBI TpencraBisieM pe3yJibTaThl 3a OoJiee JUIMHHBINA MepUo,
HaumHasg ¢ 1973 1., ¥ cuMTaeMm, 4YTO CTPYKTypHble M3MEHEHUS 4Yallle BCETO (DUTYPUPYIOT
B nepuog Kpuzuca 2008—2009 rr. Jlydinne Moaeny MOJy4YyaroTCs C MOMOILBIO CIEIYIOIINX
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ITOPOTOBBIX 3HAYEHWIA: YUCTHI moxom oT TemroB pocta BBIT m EC. BT1o momyepkuBaer

Ba’XHYIO POJIb WHBECTULIMA U UX UCTOYHUKA.

KiroueBble ciioBa: MHTEHCHUBHBIM SKOHOMUYeCKUii pocT; MpiaHmus; KOMHTErpallMOHHBIN TOpOT;

MpoBepKa

Ccbuika npu nutupoBanun: bénbke E., @anpsunckuit M., Taneukuit M., OcuHcka M. JIuHamMuKa 3KOHO-
muueckoro pocta B Mpnanauu B 1980—2014 // HayuHo-TexHuueckue BegoMoctu CIIOITIY. DxoHomMuyeckue
Haykwu. 2017. T. 10. Ne 2. C. 7—20. DOI: 10.18721/JE.10201

Introduction. The issue of economic miracles
has attracted the attention of many journalists,
politicians, and economists for many years.
A review of the literature in this field indicates
considerable interest in this issue in the processes
of modern economic growth covering the period
following the Second World War from many
researchers who are often very well-known in the
area of social sciences and history. A postulate to
attempt to develop a theory of economic miracles
has even appeared in recent years (Selinger,
2010). Most often, the starting point for research
in this area is the historically identified examples of
economic miracles in some countries. Ireland is
one of them. The focus of the research is set on
economic, social and institutional causes and
conditions of the economic growth path in Ireland.
The case of Ireland has been widely studied in the
economic literature (see for example Barry et al.,
2001; Barry, 2002; Kelly and Everett, 2004 and
also: Przestawska, 2009; Szczepaniak, 2015).
Generally, all the authors agree that institutional
development is the main source of economic and
social success of Ireland although different
sources of the success have been stressed.

The purpose of this article is to study a case
of the economic miracle in Ireland measured by
GDP growth rate using a threshold cointegration
approach, which allows to identify a long-run
equilibrium within the context of different
regimes. This provides a way of identification of
asymmetric adjustment in both short and long
horizons. As it comes from the methodology
introduced by Enders and Siklos (2001) the long
run equilibrium phenomenon can be measured
in different ways, i.e., as SETAR and Momentum
TAR. Other ways of formulating threshold are
also possible (see: Kapetanios et al.,, 2006;
Bruzda, 2007). We extended the procedure of
threshold identification by using individual
economic variables as threshold variables and we
further used a model with statistically significant
parameters as a basis of testing. The data coming
from the years 1980—2014 have been used for
analysis. We validate our results by using a

8

longer time series from the years 1973—2014,
which were available for selected variables only.
The article is organized as follows. In the
second part, a brief description of Irish economy
has been made. The econometric models used
for empirical analysis of economic growth in
Ireland were specified in section three, while
empirical results are presented and discussed in
section four. In section five, validation of the
results has been performed. The conclusions and
discussion are presented in the last part.

The economy of Ireland as an example of
economic miracle. The economy of Ireland as an
example of economic miracle has been a subject
of a wide economic and statistical analysis in the
last several years. The most recent book by O'Leary
(2015) developed a multi-aspect discussion on such
factors as technology, exports, as well as the
taxation system and the policy of the government
as very important determinants of growth of the
country called ‘Celtic Tiger’. Bradley and Hannan
(2001) analyzed, among others, the role of
structural funds in Ireland's recent economic
growth and concluded that neither the Single
Market nor the Structural Funds are likely to
account fully for this increase in Ireland's share.
Yet another factor of success is related with the
social partnership agreements. Furthermore,
Bradley and Birnie (2001) analyzed whether a
common united economy on the island of Ireland
is possible using synergy coming from the great
reforms that were introduced in both Northern
Ireland and Ireland. Concerning the growth
factors as the source of the economic success of
the Irish economy, some economists emphasized
the role of the Irish economic policy, especially
stabilization policy and institutional reforms since
the middle of last decade of the 20th century
(changes in economic law, tax system, education)
(Honohan, Walsh, 2002), others focused on the
influence of FDI and financial support from EU
funds (Barry, 2002) or explaining the Irish case as
effective industrialization in the 1990s (Pinski,
2013) and combination of economic policy,
institutional reforms (especially regulatory reforms)
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and membership in the EU (Szczepaniak, 2015).
According to Cassidy, there are five important
considerations in the discussion about the Irish
economy: solid macroeconomic fundamentals,
general regulatory environment supporting and
encouraging business and entrepreneurship
development, good access to risk capital,
educational attainment of the workforce and
conditions to R&D activity (Cassidy, 2004).

The arguments presented above provide a
rationale for the analysis of Irish economy
growth from the perspective of economic
miracles. Interesting discussion on understanding
the notion of the economic miracle and the
characteristics, conditions, and consequences of
this phenomenon is provided in a book edited by
Balcerowicz and Rzonca (2014). Economic
miracles are here a consequence of internal
economic shocks caused by the national
economic policy, at the root of which lie
institutional determinants of changes in the
economic system that could be barriers to, or
drivers of development. The authors distinguish
between two types of growth mechanisms, the
first of which, based on innovations, is
potentially sustainable and universal, whereas the
«econd type comprises specific growth
mechanisms contained only in some situations
formed by certain types of institutional systems,
and/or deforming the economic policy, and they
may be activated by respective reforms and, after
some, sometimes a long time, they die out»
(Balcerowicz, Rzonca, 2014). According to
Balcerowicz and Rzonca, sustained acceleration
of economic growth is a result of the successful
introduction of a package of reforms, which
must have an appropriate direction (liberal),
temporal scope and structure, and be irreversible.
Furthermore, the implemented reform packages
should be the most productive in terms of the
rate of economic growth. It is extremely difficult
to answer the question of what factors could lead
to raising the growth rate to very high levels.
This is still one of the most important questions
of the theory of development. Thus, at the
current state of knowledge, the identification of
periods of economic growth as a miracle always
occurs ex post. According to Balcerowicz and
Rzonca, historical experience suggests that in
this case a reform package must significantly and
permanently increase the pace of technology
transfer from abroad, which requires a radical
opening of the economy to the rest of the world,

deregulation, fiscal reforms raising the rate of
savings and investment, and strengthening the
protection of private property rights, etc.

An argument in favour of Balcerowicz and
Rzonca's methodological proposals with regard to
the research into economic development, in
particular the phenomenon of miracles, could
also be the studies by Acemoglu and Robinson
(Acemoglu, Robinson, 2013). Similarly to
Balcerowicz and Rzonca, they recognize the
decisive effect of the institutional structure of the
economy on its level of development, and growth
rate. The so-called inclusive institutions, which
guarantee freedom to the largest possible number
of individuals, and provide strong incentives for
cost- and socially effective actions, are conducive
to rapid growth, whereas barriers to it are the
consequence of the dominance of the so-called
extractive institutions restricting the freedom of
the individual and broad access to resources.

We found that this concept applies well to the
case of Ireland, a country which succeeded in
exciting the growth as well as placing itself among
the best economies in the world. The facts are
convincing. The dynamics of GDP in the years
1980—2014 is presented in Fig. 1. Average GDP
annual growth rate of 1980—2008 was at 6.6 %.
Ireland achieved the highest GDP level, i.c.,
274.71 billion USD, in 2008. In the same period,
GDP per capita (PPP) started from the level
13,434 USD in 1980, reached 37,276 USD in
2008 and finally 46,633 USD in 2014. According
to the World Bank Group, the value of GDP in
Ireland in 2014, amounting to 250.81 billion
USD, represented 0.40 percent of the world
economy. Ireland could be characterized as a
rapidly growing economy before the last financial
crisis and incredible GDP decrease after 2008. In
the period of 2008—2010, average GDP growth
rate was at minus 3.5 %. After negotiations with
the European Union, the IMF and the World
Bank Ireland has implemented a program of
economic reforms. Since 2010, the Irish economy
started to grow again. It is obvious that economic
development of this country was supported by
financial transfers from the European Union but
the most important role was played by the Irish
government’s economic policy. In 2008 Ireland
had the highest level of household debt relative to
disposable income at about 190 %. Today, after
the last financial crisis Ireland is the only PIIGS
country growing very fast (over 7 % in 2015) with
low government debt (about 1.5 % in 2015).
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Fig. 1. GDP level and its dynamics in 1980—2014.
Source: Based on the data from Eurostat, http://ec.europa.eu/eurostat

Investigating the process of Irish economic
development of 1980—2014, it could be observed
that traditional factors lying behind relatively strong
growth remained important. These include the
economically efficient utilization of labor and
capital in order to keep the economy operating at a
level close to its economic potential. The economic
growth of the Irish economy of 1980—2014 was
mainly influenced by changes in multi-factor
productivity, with spectacular growth observed in
1987—2000. They were determined by changes in
both production factor resources and in their
productivity. Unemployment rate in Ireland averaged
10.92 percent from 1983 until 2016, reaching an
all-time high of 17.30 percent in December of
1985 and a record low of 3.70 percent in
December of 2000. In 2016 it was established at
the level of 7.8 percent. It is obvious that aggregate
productivity growth depends on the productivity of
firms operating in Irish economy but from the
perspective of economic policy the most important
issue is to ensure institutional structures and policy
settings supporting investment processes, innovations,
good managerial practices, efficient working
incentives, entrepreneurship and risk taking.

The brake-point in Irish economic history was
the accession to EEC in 1973. The most
spectacular achievements were noticed in a period
from 1980 to 2007. Since 1987, a voluntary «pay
pact» between the government, Trade Unions and
employers was a very important institution to
reduce public debt and wages. Because of them
the Irish economy was described as the «Celtic
Tiger». In economic literature many researchers
have emphasized the importance of a political
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consensus in the 1980s as a basic element of Irish
socio-political changes. It influenced the shape
and the implementation mode of economic
recovery strategy, especially from the fiscal and
monetary policy point of view. Strategic issues for
long-term economic growth exposed changes in
the structure of Irish economy by investment in
infrastructure, especially in public transport, new
housing, IT sector and protection of the nature
environment (O’ Hagan and Newman, 2005). The
very important reason of Irish economic success
was also a relatively high level of human capital
value as a result of centrality of investment in
education sector. It had important implications
for macroeconomic and regional strategy and
policy. In the case of the English-speaking
society, it is no accident that almost 50 % of
foreign direct investments from United States and
Great Britain had been allocated in that very
internationally oriented country, especially in the
information technology sector and financial and
legal services. The case of Ireland shows an
importance of opening up to the global economy
but from another perspective the fact remains that
cultural diversity within the country was also a
great advantage in its socio-economic success.

The threshold error-correction class of models.
After the Washington consensus being introduced,
the economists have gone from the issue of real
growth factors and replaced it with the institutional
framework that is necessary for growth being
operated. However, Durlauf (2000) showed his
concern about the possibility of effectively
modelling the legal, social or political factors in the
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context of economic growth because most of them
are endogenously related with the level of growth.
Durlauf et al. (2005) continued arguing that
modelling the economic growth based on time
series is limited due to short series of data
(available only after 1960), sensitivity of growth to
business cycles and other short-run instabilities.
However nonlinearity and multi-regimes in the
growth patterns was from their viewpoint very
important. On the other hand, after the Ilast
recession of the first decade of the 21st century it
became clear that creating economic growth is still
of great importance. Having in mind all these
concerns, remarks and needs we tried to model
economic growth in Ireland using a simple but
nonlinear approach, i.e., a threshold approach (see
Tong, 1990). We based our interest on the fact that
before 1980s Ireland was really a poor country and
the growth factors must have been introduced
exogenously, possibly using a discrete threshold.
This assumption determined the set of threshold
variables analysed in the research. At the very
beginning we assumed a long-run dynamics, that
means a long-run equilibrium path and short-term
adjustment. We based our research on TAR and
M-TAR approaches defined by Balke and
Fomby (1997), and, by Enders and Siklos
(2001). A starting point of the Enders and
Siklos procedure is the following long-run
equation (1):

k
Y, =0, +20,1-X”+th, (1)
i=1

where all variables Y, X, for i=1, ..., k are
assumed to be I(1). Stationarity of the
adjustment process (residual process) satisfies a
threshold cointegration if:

p
Au, =1, pyu,_y +(1-1,)p,u,_, +2[3,-Au,_,- +g,,(2)
inl

where

1 foru,_, >y,
I, = 3)
0 foru,_, <y

in the case of TAR-type adjustment
or

1 forAu,_, >y,
;= “)

0 forAu,_, <v

in the case of M-TAR-type adjustment.

The procedure provided by Engle and Siklos
(2—4) was the subject of modifications. In 2006
Kapetanios, Shin and Snall proposed other types of
indication function than (3—4) and assumed
maximum one co-integration vector. In 2007
Bruzda implemented equation (5) to test the
threshold co-integration, taking into account that in
the case of common factors model (5) can be
reduced to the form given by (2). Otherwise, a test
equation in the form (5) improves the power of the
procedure. The hypothesis of lack of threshold
cointegration is as follows: H,: p, =p, =0 and

implies a linear cointegration. The threshold error
correction model (TECM hereafter) takes the form:
AY, =1pyuy + (=1, )pyuyy +

d (5)
+0AX, + Yy AZ, ; +e,

=
where: Z, = (¥, X, Xy -y Xi), X = (X,
Xy, ..., X,,)', u, is a residual process from eq. (1)
and 7, is the Heaviside function (3) or (4) and y
is a threshold value.

The asymmetry of adjustment to long-run
equilibrium is tested using the following hypothesis
H: p, — p, = 0. If asymmetry is confirmed it
means that the speed of adjustment to the long-
run path differs between negative and positive
sides. The mechanism of adjustment depends of
the threshold variable that reveals which forces
dominated over the indicated periods.

In the reported research model (5) has been
used as a basis of testing, but threshold variables
were taken individually from the following: the
long-run regression of the form (1) and their first
differences. In the next step a new testing equation
of the form (6) has been proposed when regimes
are split not only by lagged ECMs but also by the
lagged values of exogenous and endogenous variables.
The intuition for composing Eq. 6 lies in the fact
that asymmetry in the adjustment process can occur
in the short-run, and can result from the changes of
the variables other than the ECM. A test similar to
the procedure defined by Enders and Siklos is
conducted using the statistically significant Eq. (6).

Then the proposed TECM model takes the
following form:

AY, =1,p u_, + (1 - 1,)p2 u,_; +1,0AX, +

max{p;q}
+(1-1)oAX, + Y Ly ,AZ,_;+ (6)
j=1
max{p;q}

+ 2 (1—],)\y2yjAZ,_j+e,,
i
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where: Z, X,, u, and y are defined as in (5) and I,
for individual variables is constructed similarly to
(3) and (4).

As mentioned above, Eq. (6) was not only the
testing formula. Eq. (6) shows the possibility of a
discrete threshold coming from: an adjustment to
the long-run path (1), an exogenous threshold
AX,; or an endogenous change AY, . All elements
exhibit different sources of the short-run regime
changes and short-run asymmetry.

Empirical study. The empirical research was
focused on modelling the GDP process in Ireland
observed in 1980—2014, yearly observations. Its
aim was to identify possible structural breaks and
further to explain the causes for structural breaks
with threshold models. The set of time series
taken into account is summarized in Tab. 1. The
data were taken in both: levels and logs. The
original GDP series were filtered with the
Hodrick-Prescott filter to remove cyclical pattern.

Table 1
Variables used in the study (constant prices)
variable variable name variable unit
GDP, Gross Domestic billion of euro
Product
FDI, Foreign Direct millions of euro
Investment
NI_EU, Net income from EU | millions of euro
EMP, Employment Thousand
PD, Public Debt billions of euro
Deflator, GDP deflator [%] of GDP
I, Investments billions of euro
N_Ex, Net Exports billions of euro
SR, Short-term interest rate [%]
LR, Long-term interest rate [%]
MFP* Multi-factor [ %] change
productivity
FDI,/GDP, [%]
NI_EU,/GDP, [%]
I/GDP, [%]
GNP, Gross National Product | billion of euro

The data were downloaded from http://www.eco
nomywatch.com/economic-statistics/country/Ireland/,
http://www.cso.ie/en/statistics/ , http://stats.oecd.org/

*MFP, was observed only in 1980—2011.
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At the first step we tested the time series
for unit roots/stationarity using both: the
Philips and Perron — PP (1988) and the KPSS
(Kwiatkowski et al. 1992) tests. Then, the
Andrews and Zivot (1992) endogenous
structural break test has been applied. Based on
the PP test, all the variables have one unit root,
whereas four variables, i.e., Deflator,, PD,,
EMP, and GDP, (with and without cyclical
component) have two unit roots. KPSS test
results show that all the variables have one unit
root beside NI_EU,. We have to keep in mind
that time series are quite short (n=35
observations) and it could affect the
conclusions. Thus in further steps we assumed
that all variables were I(1). Concerning the
Andrews and Zivot test results, it can said that
only two variables do not have one unit root
(PD, and Sr) at a 5 % significance level. The
break date has been identified around 2008
year, which predominates for Ievels and
differences. This is due to the financial and
economic crisis which interrupted the fast
growth in Ireland. This fact stays in line with
other general findings and implies nonlinearity,
as, for example, in Woo and Kumar (2015).
However, structural breaks in the 1990s were
also supported by the data. The breaks located
in 1980s and 1990s were shown in short interest
rate and net income from the EU when original
data were considered and net exports when logs
were analysed'.

At the second stage the procedure described
in section 3 (Egs. 1—8) has been applied. The
results of the original Engle and Siklos test
showed that in three cases out of four the Engle
and Siklos test supports the hypothesis of
threshold cointegration (see Tab. 2 for comparison).
This means that around the long-run path,
asymmetry of short-term adjustment can be
observed. This finding provides a basis for further
investigation in order to reveal the possible
significant threshold variables that influence the
economic growth pattern in Ireland.

The results of testing for threshold
cointegration and asymmetry using the approach
proposed in the paper are given in Tab. 3 and 4.

! The results of PP, KPSS and Andrews and Zivot
test are available from the authors on request.
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Table 2
Enders and Siklos test results based on Eq. 2
Threshold variable |Value of threshold | Long-term equation Hypothesis p-value Remarks
ECM(t-1)_SETAR 0 Original data HO: (p, = p, = 0)| 0.0014 Cointegration
ECM(t-1)_SETAR 0 Original data H2: (p, — p, = 0)| 0.8651 No-asymmetry
AECM(t-1) M-TAR 0 Original data HO: (p; = p, = 0)| 0.0490 | Threshold cointegration
AECM(t-1)_M-TAR 0 Original data H2: (p; — p, = 0)| 0.1240 Asymmetry
ECM(t-1)_SETAR 0 Logarithmic data |HO: (p, = p, = 0)|<0.0001| Threshold cointegration
ECM(t-1)_SETAR 0 Logarithmic data |H2: (p, — p, = 0)| 0.0391 Asymmetry
AECM(t-1)_M-TAR 0 Logarithmic data |HO: (p, = p, = 0){<0.0001| Threshold cointegration
AECM(t-1)_M-TAR 0 Logarithmic data |H2: (p, — p, = 0)| 0.1066 Asymmetry
Table 3
Enders and Siklos test results based on Eq. 6. Threshold variable: original data — levels and differences
Thre:shold Threshold Long—'terril Hypothesis p-value Remarks
variable value equation
HP_GDP(t-5) 162.57 Yes HO: (p, =p, =0) Too few observations in the regime
FDI(t-5) 18210.64 No HO: (p, =p,=0) Too few observations in the regime
NI_EU(t-2) 1627.90 Yes HO: (p, = p,=0) | 0.0135 Threshold cointegration
NI_EU(t-2) H2: (p; — p,=0) 0.0005 Asymmetry
EMP(t-4) 1901.60 Yes HO: (p, =p,=0) Too few observations in the regime
PD(t-4) 46.68 Yes HO: (p, =p,=0) Too few observations in the regime
Deflator(t-3) 64.90 No HO: (p, =p,=0) | 0.0076 Threshold cointegration
Deflator(t-3) H2: (p, — p,=0) | 0.1215 Asymmetry
I(t-3) 38.22 Yes HO: (p, =p,=0) Too few observations in the regime
Lr(t-3) 7.28 No HO: (p, = p,=0) | 04730 Lack of cointegration E—S
Lr(t-3) TAR model
N_Ex(t-4) 39.05 Yes HO: (p, =p,=0) Too few observations in the regime
Sr(t-5) 6.25 Yes HO: (p, =p,=0) | 0.2897 Lack of cointegration
Sr(t-5) TAR model
ECM(t-1) 0 Yes HO: (p, = p, =0) 0.0944 Partial cointegration
ECM(t-1) Insignificant parameter pECM
AHP_GDP(t-4) 2.98 Yes HO: (p, =p,=0) | 0.0003 Partial cointegration
AHP_GDP(t-4) Insignificant parameter pECM
AFDI(t-5) —6542.51 No HO: (p, =p,=0) Too few observations in the regime
ANI_EU(t-5) —11.50 Yes HO: (p, = p,=0) | <0.0001 Partial cointegration
ANI_EU(t-5) Insignificant parameter pECM
AEMP(t-5) 15.40 Yes HO: (p, = p, =0) | <0.0001 Partial cointegration
AEMP(t-5) Insignificant parameter pECM
APD(t-3) 2.44 Yes HO: (p, =p,=0) | 0.0293 Partial cointegration
APD(t-3) Insignificant parameter nECM
ADeflator(t-1) 1.7 No HO: (py=p,=0) | 0.1177 Partial cointegration
ADeflator(t-1) Insignificant parameter nECM
Al(t-5) —0.91 Yes HO: (p, =p,=0) Too few observations in the regime
ALr(t-5) 0.34 No HO: (p, =p, = 0) Too few observations in the regime
AN_Ex(t-5) 2.82 Yes HO: (p, =p,=0) Too few observations in the regime
ASr(t-4) 0.58 Yes HO: (p, = p, =0) Too few observations in the regime
AMFP(t-1) 2.5 No HO: (p, =p,=0) | 0.0500 Partial cointegration
AECM(t-1) 0 Yes HO: (p, =p,=0) | 0.0136 Partial cointegration
AECM(t-1) H2: (p, = p,=0) Positive sign nECM

* The term «long-term equation» in Tab. 6—7 denotes the presence of the threshold variable in the long-term equation.
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Table 4

Enders and Siklos test results based on Eq. 6. Threshold variable: logarithmic data and differences of logarithms

Thrqshold Threshold Long-term Hypothesis p-value Remarks
variable value equation
HP_GDP(t-5) 4.33 Yes HO: (p,=p,=0) | 0.1147 Threshold cointegration
HP_GDP(t-5) H2: (p, —p,=0) | 0.1480 Asymmetry
FDI(t-5) 9.81 No HO: (p, =p,=0) Too few observations in the regime
NI_EU(t-5) 6.16 No HO: (p; =p,=0) Too few observations in the regime
I(t-5) 2.51 No HO: (p, =p,=0) Too few observations in the regime
Sr(t-5) 6.25 No HO: (p, = p,=0) | 0.0856 Partial cointegration
Sr(t-5) H2: (p, = p,=0) Insignificant parameter nECM
N_Ex(t-5) 1.15 Yes HO: (p, =p,=0) Too few observations in the regime
EMP(t-4) 0.64 Yes HO: (p, =p,=0) Too few observations in the regime
PD(t-3) 3.84 Yes HO: (p, =p,=0) Too few observations in the regime
Lr(t-3) 7.29 No HO: (p;, =p,=0) | 0.7999 Lack of cointrgration
Lr(t-3) TAR model
ECM(t-1) 0 Yes HO: (p, =p,=0) 0.0107 Cointegration
ECM(t-1) H2: (p, —p,=0) | 0.6128 No-asymmetry
AHP_GDP(t-4) 0.022 Yes HO: (p, =p,=0) Too few observations in the regime
AFDI(t-5) -0.252 No HO: (p, =p,=0) Too few observations in the regime
ANI_EU(t-4) -0.273 No HO: (p, =p,=0) Too few observations in the regime
ALr(t-5) 0.340 No HO: (p, =p,=0) Too few observations in the regime
ASr(t-4) 0.580 No HO: (p, =p,=0) Too few observations in the regime
AN_EXx(t-2) 0.054 Yes HO: (p, =p,=0) 0.0086 Partial cointegration
AN_Ex(t-2) Insignificant parameter nECM
Al(t-4) -0.017 No HO: (p, = p,=0) | 0.6627 Lack of cointegration
Al(t-4) TAR model
APD(t-4) 0.051 Yes HO: (p, =p,=0) Too few observations in the regime
AEMP(t-5) 0.005 Yes HO: (p, =p,=0) Too few observations in the regime
ADeflator(t-1) 0.052 Yes HO: (p, =p,=0) Too few observations in the regime
AMFP(t-1) 25 No HO: (p, =p,=0) | 0.0093 Threshold cointegration
AECM(t-1) 0 Yes HO: (p, =p,=0) | 0.0104 Partial cointegration
AECM(t-1) H2: (p, —p,=0) Insignificant parameter nECM

The results presented in Tab. 3—4 show the
problem that was indicated at the very beginning
of the paper, i.e., low number of observations
applicable for the research. The severe
limitations resulting from that fact are indicated
in tables by the comment «too few observations
in the regime». However, we were able to find
out that in cases when net income from the EU
lagged by 2 years, the deflator lagged by 3 years
(for original data) and HP_GDP lagged by 5
periods and multifactor productivity (MFP)
lagged by 1 (for logs), significant threshold
cointegration took place. These variables, apart
from the GDP deflator and MFP, were present
in the long-run relationship. Thus the case of
deflator puts our attention on the prices level in
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Ireland in 1980—2014. It is worth noting that for
original data the threshold value of net income
from the EU was equal to 1,627.9 (mln euro)
and in the case of deflator the cumulated prices
change was about 64.90 %. The value of the
HP_GDP threshold for logs is equal 4.33.

In the third stage of the research the estimation
of TECM parameters and testing for threshold
cointegration and asymmetry of adjustment in the
TECM model was carried out. The aim of this
stage was to estimate (symmetric or asymmetric)
reaction of the economy (measured in GDP) on
the growth factors measured as threshold variables.
The long-run models (ECM-terms) are shown in
Tab. 5, while the best TECM models indicated by
BIC are presented in Tab. 6 and 7.
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Table 5
The long-run models for GDP
HP_GDP HP_log GDP
Variable parameter estimate p-value parameter estimate p-value
Const —27.367 0.0010 —4.287 0.0000
NI _EU 0.005 0.0000
EMP 0.066 0.0000 1.033 0.0000
N_Ex 0.848 0.0000 0.066 0.0000
Sr —0.566 0.0096 —0.008 0.0520
I 0.367 0.0131
PD 0.127 0.0000 0.070 0.0000
Deflator 0.228 0.0002
DW test 1.5313 DW test 1.0813
R? 0.9988 R? 0.9960
QLR test 0.0001 QLR test 0.0000
QLR test represents Quandt’s test for structural breaks (Quandt, 1960).
Table 6

The best TECM models for non-logarithmic data

Dependent variable | Threshold variable Value of threshold Threshold variable Value of threshold
NI_EU(t-2)= 1.6 deflator(t-3)= 64.9
AHP_GDP NiI= | 10 N2= 2 NI= | 16 N2= 14
AIC= —61.40 AIC= —60.14

variable I_regime | p-value |II_regime| p-value |I_regime | p-value |II_regime| p-value
const 4.5271 <0.0001 | —0.8729 0.0186 —0.2375 0.1396 0.1155 0.1713
ASt —0.2440 | 0.0183 —0.1818 0.0002 —0.0514 | 0.0001
ALr —0.0407 0.0107 0.0952 0.0011
Al 0.3237 <0.0001 0.1302 0.0273 —0.0402 0.0162
APD 0.0911 <0.0001 0.0731 0.0002 0.0148 0.0160 | —0.0240 0.0023
AFDI —0.0001 | <0.0001 0.0000 0.0004 0.0001 0.0163
ANI_EU 0.0012 <0.0001 0.0022 0.0001 0.0005 0.0462 | —0.0001 0.0772
AEMP 0.0494 <0.0001 0.0267 <0.0001 0.0079 <0.0001 0.0029 0.0999
ADeflator 0.2890 0.0008 0.2100 <0.0001 0.0813 0.0207

AN_Ex —0.2670 | <0.0001 0.3325 <0.0001 0.0888 0.0001
AECM(t-1) —0.2458 | <0.0001 | —0.4437 0.0002 —0.1926 | <0.0001 | —0.0446 0.0073
AHP_GDP(t-1) 0.6109 <0.0001 0.7539 <0.0001 1.0815 <0.0001
ARCH LM((4) 4.298 (0.367) 3.278 (0.512) 3.047 (0.550) 3.967 0.411)
Q(2) 2.58 (0.276) 1.08 (0.583)

Ljung-Box | Q(3) 3.64 (0.303)

Q4) 3.06 (0.547)

In last four rows p-values are given in brackets. N1 and N2 mean the number of observations in the I and II

regime respectively.

15



‘St. Petersburg State Polytechnical University Journal. Economics, Vol. 10, No. 2, 2017

| -
Table 7
The best TECM models for logarithmic data
Dependent variable | Threshold variable Value of threshold Threshold variable Value of threshold
HP_log_GDP(t-5) 4.335 MFP(t-1) 2.5
AHP_GDP Ni= | 16 N2= 12 Ni= | 15 N2= 11
AIC = —371.99 AIC = —267.53
variable I_ regime | p-value |II_ regime| p-value |I_ regime | p-value |II_ regime| p-value
const —0.0011 0.1421 0.0031 0.0002 | —0.0098 0.0018 0.0252 <0.0001
ASt —0.0018 | <0.0001 —0.0016 | <0.0001
ALr —0.0030 | <0.0001
Al —0.0162 | <0.0001 0.2141 <0.0001
AFDI —0.0002 | 0.0316 0.0029 <0.0001
ANI_EU —0.0088 | <0.0001 0.0312 <0.0001 | —0.0111 0.1627
AEMP 0.0366 0.0573 0.1075 <0.0001 0.2275 <0.0001
ADeflator 0.1479 <0.0001 0.0820 <0.0001
AN_Ex —0.0058 | <0.0001 0.0538 <0.0001 0.0503 0.0005
AECM(t-1) —0.0848 | 0.0021 —0.0308 | <0.0001 | —0.1898 | <0.0001 | —0.6201 0.0012
AHP_GDP(t-1) 0.7864 <0.0001 0.9846 <0.0001 0.8589 <0.0001
ARCH LM4) 4.499 (0.343) 2.546 (0.636) 4.788 (0.310) 1.373 (0.849)
) Q(2) 3.32 (0.191) 2.13 (0.346)
Ljung-Box
Q) 2.78 (0.427) 4.098 (0.251)

In last two rows p-values are given in brackets. N1 and N2 mean the number of observations in the I and II

regime respectively.

The results of both the long-term equations
and TECM estimation show that reasonable
estimates were obtained for the parameters. In
general, parameter estimates in the long-run
equations were greater in magnitude than the
short-term adjustment coefficients for logarithmic
and non-logarithmic data. The parameter
estimates standing for the adjustment to the long-
run path are different for negative and positive
side of the long run equilibrium. They are
presented in tables as AECM(t-1) in the I regime
and in the II regime. For net income from the
EU playing a role of the threshold variable the
adjustment form was faster in magnitude (—0.44)
from the negative side than from the positive side
(—0.24). In the case of deflator the magnitude was
as follows: —0.19 from the positive side and —0.04
from the negative one. In the case of
HP _log GDP lagged by 5 periods, the magnitude
was much lower: —0.08 and —0.03, respectively.

Fig. 2 shows the division of the growth
period in Ireland according to NI _UE. In the
case of net income from the EU that flowed to
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Ireland in the observed period the following
division can be observed: from 1981 to 1990,
from 1991 to 2000 and from 2001 to 2014. These
periods are quite reasonable taking into account
the Irish economic policy in the past. Since
putting the reforms into operation and getting
more money from abroad (net income from the
EU, FDI) in the 1980s, it took a decade to build
the mechanism of growth. This type of growth
was of exogenous nature, influencing by
institutional changes as well as the money from
external sources, which was supported by other
research results discussed in section 3 of this
article. In this period the adjustment to the long-
run path from the negative side was dominating.
In the decade of 1991—2002 the most
spectacular economic growth took place,
amounting to 8 % per year. In this time a greater
economic force acted to push up the economy
and to enable catching up processes. In the last
twelve years of the analyzed period the growth
was slowed down and then economic recession
took place.



‘ J. Boehlke, M. Faldzinski, M. Galecki, M. Osinska, DOI: 10.18721/JE.10201 >

5 -
4 4
3 - A
I\
21, I
1\ [ | -
R -1 Voo Py S
0 —r— o —————{ - L P N W
= 2w d\H 2 2 s\g/'ave als e
_1 -\ (=) (=)} () a N (=)} (=)} (o)) (==} S v O (=] IO g, (=}
— — — v — — — — N N N N\I N N
-2 vy \ \
v \ ] ]
-3 - Vv
4
pECM = = =nECM
Fig. 2. ECM for the threshold variable: NI_EU(t-2)
It was a heavy time for the economy that Siklos procedure let wus accept threshold

suffered from recession very much. However,
after 2010, the Irish economy has been
recovering. Again the adjustments form negative
side was of greater magnitude.

Validation of the estimated tecm models In
this part of the paper we described briefly the
validation procedure of the results obtained
above. To do so, we prolonged a sample to have
more observations for analysis. As the longer
time series were not available for some variables,
the following data were taken into account:
HP_GDP,, FDI, NI EU, EMP, Deflator,
N_Ex, SR,, LR, (notation as above). We had to
omit two variables, i.e., investment and
debt/GDP ratio. The longer period of the
analysis covered the following years: 1973—2014.
Thus the whole procedure was repeated for a
longer time series. The results of the Enders and

cointegration only for the case of the logarithms.
This result is affected by the two following
reasons. The first one is obviously related with
the longer sample but the second one is that the
empirical ECM model has been changed
according to available information.

We followed the procedure for all types of the
models described in section 4. However, the most
important question was which of the threshold
variables (if any) that were described in section 4
remained the same in the longer period of the
analysis. The results of testing are shown in Tab. 8.

Using the proposed procedure based on
model (6), we found out that only the net income
from the EU remained as the important threshold
for the growth pattern in the economy of Ireland.
Besides the error correction mechanism in
differences is a significant threshold as well.

Table 8
The modified Enders and Siklos test — TECM model
Threshold variable — | Threshold | Long run eq. —| Threshold variable present | HO: (p, = p, = 0)|H2: (p, = p, = 0)
differences value sect 4. in the long run eq. p-value p-value
AECM(t-1) 0 1 Yes 0.0019 0.0000
ADeflator(t-1) 1.7 1 No 0.0000 0.8471
ANI_UE(t-5) 153.9 1 Yes 0.0000 0.0009
Threshold variable — Decision Remarks
differences
AECM(t-1) Threshold cointegration Asymmetry
ADeflator(t-1) Cointegration No-asymmetry
A NI_UE (t-5) Threshold cointegration Asymmetry
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Conclusions. In the paper, the economic
growth in Ireland was considered from the
economic miracle point of view. Despite a small
number of observations that was an important
limitation for empirical research, we managed to
indicate the most important thresholds and
asymmetries in the GDP growth rate in Ireland in
1980—2014. The investigation has been repeated
for GDP in the years 1973—2104. The time series
in interest were nonstationary and exhibited
structural change in different moments in time.
The structural change was most often identified in
the period of recession of 2008—2009 (12 cases,
and 1991/92 — AHP_GDP). It is noteworthy that
threshold cointegration was confirmed in all cases
using the original Enders-Siklos test. Moreover,
individual threshold variables (other than ECM)
are related to: asymmetry of the short-run
adjustment (1), possibility that the threshold
variables are not present in the long-run equation
(2). The following threshold variables were
identified such as: net income from the EU
(NI_EU), GDP deflator (deflator), lagged GDP
(HP_GDP) and multifactor productivity (MFP).
Best models are obtained with the following
thresholds: net income from the EU and lagged
HP_GDP which represents the endogenous
growth factor. It shows the important role of
investment in the growth creation process and the
source of its funds. In the case of NI_EU: the
adjustment from the negative side of the threshold
is faster than from the positive side. In the case of
deflator, an opposite direction was shown by the
data. In the case of lagged HP_GDP, a faster
short-run adjustment was from the positive side
(above the threshold). It can be explained by the
fact that an exogenous factor like net income
from the EU accelerated the economic growth

when it was at a lower level. While endogenous
forces (represented by the deflator and the GDP
itself) were put into operation, the system was
never overheated in comparison to the long-run
equilibrium level. Threshold variables allowed to
divide the periods of economic growth in Ireland
showing the most important forces that
accelerated the Irish economy in the 1990s. The
asymmetry of short-run adjustment was due to
net income from the European Union, the
inflation represented by the deflator of GDP as
well as by endogenous growth. Additionally, it
should be mentioned that the obtained results can
be helpful for policy decision-makers or European
institutions in order to better understand the
properties of economic growth.

It is worth mentioning that the validation of
the model in the longer time period, i.e., 1973—
2014 confirmed that net income from the
European Union was the most important
exogenous force driving the growth pattern in
Ireland. Other variables considered in the long
run (AECM, ) were also of great importance.

The impact of net income from the EU was
possible because of the preceding institutional
reforms consisting in the dominance of inclusive
institutions in national economy as well as the
successive changes in the economic policy rules.
Thus Ireland is a case of the economic miracle
which can be perceived as a period of rapid
economic growth in one of the highly developed
(core) countries in the world’s economic system.
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HAITPABJIEHVA COBEPITIEHCTBOBAHUSA
CUCTEMBI 'OCYJAPCTBEHHBIX 3AKYIIOK B POCCUUCKOU ®EJEPAIINN

A.N. Anekcanaposa, E.A. Ocrtanosen, A.B. Kioukosa

CankT-IlerepOyprckuii HallMOHAJIBHBIN MCClIeN0BaTeIbCKUI YHUBEPCUTET MH(MOPMALIMOHHBIX
TEXHOJIOTUI, MeXaHUKN U onTukH, CaHKT-IletepOypr, Poccuiickag Deneparnys

AHaNMM3UpPYyIOTCS MpoOJeMbl U pPa3BUTUE CUCTEMbI TOCYIapCTBEHHBIX 3aKymnmok. Pac-
CMAaTPUBAIOTCS TOCYAApCTBEHHBIM (MYHMIMMAJbHBIN) 3aKa3 Ha MpeaMeT BbIPAOOTKHU €ro
ONTUMAJIBHBIX XapaKTePUCTUK KaK KOHKYPEHTHOTO CIlocoba orpejeseHust UCTIOJTHUTENS
(TTocTaBIIMKA), a TaKXKe KOHKYPC KaK HamboJiee ONMTUMAJIbHBIN CITOCOO OTpeaeIeHUs 1C-
nmojHuTeNs (rmocraBinyvka). M3ydeHbl METONbI MOBBIIIEHUST SKOHOMMUYECKOW 3aMHTEpeco-
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BaHHOCTU HErocyJapCTBEHHBbIX OpraHu3aluii B okaszaHuu rocyciayr. McciaenoBaHa aud-
depeHIMAIMA 1IEH TOCYCAYr KaK MHCTPYMEHTA TOBBIIICHUS JaHHOM 3aMHTEPEeCOBAaHHO-
CTU MO JBYM HallpaBJeHUsIM: pa3rpaHWYeHUe IIeH TOCYCJHyr Ha OCHOBE CTaHIapTOB W
pasjiesieHre 1IeH TOCYCIyT MO0 TPyMIiaM UCIIOJHUTENeH (TTOCTaBIIMKOB). BhIsiIBIeHBI Oaphb-
ephl, MPEMSATCTBYIOIIME BBIXOAY HETOCYIapCTBEHHBIX OpPTaHU3alldii Ha PBIHOK TOCYCIYT.
Takke TpoBelleH aHaau3 HOPMATUBHOTO PETYJIMPOBAHMSI CUCTEMbl TOCYIapCTBEHHOTO 3a-
Kaza M HEIOCTAaTKOB 3TOW CUCTEMBI, CTAaTUCTUYECKUX MTAHHBIX, MPOOJeM, ¢ KOTOPHIMU
CTaJIKMBAIOTCSl YYaCTHUKU. PaccMOTpeHBbl HeHCTBMSI 3aKa3YMKOB M TOCTaBIIMKOB Ha
MpeIMeT HaJIM4usl Y3KUX MECT B 3aKOHoHaTeNbcTBe. [IpoaHanm3MpoBaHBl M3AEPXKKU 3a-
Ka3uMKOB: 00si3aTeIbHOe OOydYeHHE COTPYIHUKOB, moiydeHme BheImuMcoK u3 EIPIOJI,
cepTuduKar o nmpoucxoxaeHuu ToBapoB (opmbl CT-1, MmoaydyeHue 3JeKTPOHHOM MOA-
MMUCH, TIOYTOBBIC OTIpaBiieHUs. [IpoBoauTCsA cpaBHUTENbHBIM aHanu3 cuctemM EWC u
OOC Ha npeaMeT HOBBIX (PYHKIIMIA, 00JIer4arolmx MpoLece 3aKyMoK Uil €ro y4acTHM-
koB. [lpenyoxeH crmoco® OIlEeHKW 3aKa30B MO CTOMMOCTHBIM U HECTOMMOCTHBIM KpUTE-
pusIM, M3y4yeH MMPOBOM OIBIT TOC3aKyINOK, TPOBEIEHAa OILIEHKA CUCTEMbI TOC3aKyIOK
Poccuiickoii Penepaiiuy Mo OOBEKTUBHBIM IOKa3aTessiM, OINpeaesieHbl WHCTPYMEHTHI,
OrpaHMYMBAIOIIME JTOCTYIT MHOCTPAHHBIX KOMITAaHUN Ha PBIHOK Toc3akymnok. [IpoBemeHO
CpaBHEHME CUCTEM TOCyJapCTBEHHBIX 3aKymok Poccuiickoit @enepanuu u crpaH Opra-
HU3ALMKA 3KOHOMMYECKOTO coTpyaHuuecTBa M pas3Butusi (ODCP) kak rpyrmbl cTpaH C
CaMbIMM BBICOKMMU JIOXOAaMU Ha AYIIy HaceJIeHUs.

KimoueBble ciioBa: cucteMa rocyqapCTBEHHBIX 3aKYIOK; TOCYIapCTBEHHOE PpEryinpoBa-
HMe; MEXIYHApOIHBIN OIMBIT, KOHKYPCHAs TMpoIeaypa; 0apbepbl,; TOCYIapCTBEHHBIC YCIIYTH;

TOCYyIapCTBeHHBIM (MyHMIUMNAIbHBIN) 3aKa3; OLEHKa

Ccbuika mpu nutupoBanum: Asekcanaposa A.U., Ocramosen; E.A., KinoukoBa A.B. Hampasnenusi cosep-
LIEHCTBOBAHUSI CHCTEMBI T'OCYJAPCTBEHHBIX 3aKymmoK B Poccuiickoit @emepauuu // HaydHO-TeXHHMYECKME Be-
nomoctu CIT6I'TIY. DxoHomuueckue Hayku. 2017. T. 10. Ne 2. C. 21—32. DOI: 10.18721/JE.10202

Introduction. Public procurement is the most
important tool of state regulation contributing to
the creation of competitive environment, effective
expenditure of budgetary funds, provision of high
quality products to consumers. The problems of
the public procurement system in Russia are
studied in various scientific articles, especially by
such authors as Bastrykin, Kradinov, Pershin,
Tasalov, Usenkova, Fedorov, Habaev, Yastrebova
and others. Issues comparison of international
experience of public procurement devoted articles
of Belova, Konosco, Alekseeva and Jaworski.
Noting the importance of the obtained results,
obviously, improving the public procurement
system is an unexplored and relevant topic for
the study.

Public procurement constitutes a significant
proportion of the gross domestic product (GDP)
in the vast majority of countries. In OECD
countries this indicator varies in the range of
10—15 %, in developing countries it can reach
25 %, and in transition economies — 30 %, and
even more [5]. Legislative framework of the
public procurement system in Russia is aimed at
introduction of new forms of state (municipal)
social services, ensuring involvement of non-
governmental organizations in provision of
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specified services, as well as at the endowment of
highest executive bodies of state authorities
(local governments) with the right to choose
independently the form of services provision
focusing on consumer needs and development of
the region’s economic potential [9].

Contemporary international law on state
procurement is based on the Model Law of the
United Nations Commission on international
trade law (UNCITRAL), which contains 57
clauses that are grouped into 6 chapters: general
provisions; methods of procurement and their
conditions for wuse; bidding procedures; the
procurement method; the procedures used for
procurements through alternative methods;
appeal/claims [6].

As international experience shows, the most
efficient form of organizing large-scale
procurement of goods and services is conducting
open competitions (tenders). Application of the
remaining two directions — auction and request
for quotations — will not be effective due to the
fact that the only criterion for selection of
suppliers  (contractors, performers) is the
monetary one, while for public legal entities in
public services the priority is service accessibility
and quality. Analysis of the Russian Federation



legislation concerning the contract system in
procurement has allowed to ascertain the
presence of tools for protection of customer
interests, the use of which is justified and is
within the framework of the state order.

The aim of this research is to analyze the
Russian system of public procurement on the
subject of its advantages and disadvantages and
propose directions of improving it.

Public procurement: existing problems and
directions of their solution. The analysis of
procurement helped to develop the most optimal
characteristics of the state (municipal) order as a
competitive method for the contractor (supplier)
selection. These include:

— method and requirements of the contractor
(supplier) selection;

— the method of determination of public
services cost;

— approaches to competitive procedures evaluation;
— tools to mitigate risks of failure or improper
execution of state (municipal) order by the
service provider (supplier).

In our opinion, the best method to select the
contractor (supplier) is competition (bidding). It
allows comprehensive evaluation of potential
suppliers (executors), in particular, evaluation of
applications of competitive procedures participants
by monetary and non-monetary criteria. In
addition, the possibility of using different
competition types allows to take into consideration
the specifics of certain public services provision [7].

One of the key barriers hindering the access
of non-governmental organizations to the public
services market, in our opinion, is the lack of
economic interest from these organizations. This
negative aspect can be overcome through
determination of economically justified cost of
public services.

In the current situation economic interest of
organizations in public services provision can be
promoted by expanding the list of expenses
included in services cost. It is important for
customers to analyze best practices in this
parameter calculation. This experience should
include the normative-per capita funding in
higher education [12].

One of the directions of increasing this
interest is differentiation of public service prices
according to their quality in two aspects:

— differentiation of public service prices based
on standards. A differentiated standard means
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tiered pricing of public services. In this case
there is a need to define outcome indicators of
public service delivery, which allows to compare
their different quality levels;

— division of public service rates by groups of
agents (suppliers). In this case, it is necessary to
divide executors (suppliers) into several groups
depending on public services quality.

It is necessary to ensure free access to tender
announcements and documentation for potential
participants. They should contain information that
enables stakeholders to make management decisions
about participation in the competition [9].

The following aspects should be identified in
the supplier selection and evaluation:

— whether the consumer is satisfied with the
quality of services and material resources to be
provided;

— whether the required supply scope, delivery
terms, price and service level, new products
development for expanding the range of goods
that bring profit to the enterprise is ensured;

— whether the complex of measures on pricing
and material resources distribution is effective.

Long-term relationships with suppliers play
an important role and ensure great results. Such
relationships lead to increased sales and
increased company profits. Relying on a long-
term relationship with a suppliers, a firm should
take into consideration their financial status,
product quality, technical capabilities, etc. [23].

In developing approaches to this process, a
potential list of evaluation criteria is to be
identified first.

Two methods are applicable to the state
(municipal) order:

— evaluation by
criteria;

— assessment only by non-monetary criteria.

The right to choose a particular method, in
our opinion, should be secured for the customer.
It is also necessary to impose certain restrictions
at the legislative level, which may constitute:

— the list of services in respect of which only
non-monetary criteria can be applied;

— a threshold for contract price reduction. For
example, the initial maximum contract price can be
reduced by a participant by no more than 10 %.
This approach is more optimal for state (municipal)
order than the one specified by the Federal law of
05.04.2013 N 44-FZ On Anti-dumping Measures
during the Competition/tender [14];

cost and non-monetary
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— threshold value for the importance factor of
the cost criterion. For example, it should not
exceed 0.15.

If the bidder evaluation
monetary and non-monetary
customer should determine:

— reduction threshold of the contract price;

— the importance factor of the cost criterion;

— the cost criterion scoring;

— non-monetary evaluation criteria of the
application;

— the importance factor
evaluation criteria;

— performance of non-monetary evaluation
criteria;

— significance coefficients of these indicators;

— score values of non-monetary criteria.

When determining the list of non-monetary
criteria for tender applications, it should be kept
in mind that it is necessary to create equal
competitive conditions for public organizations
having experience of public services and non-
governmental ones without such experience. In
this regard, it is appropriate to apply the
following non-monetary criteria in  the
framework of the state (municipal) order:

— availability of labor resources;

— qualification of managers and key specialists
for public services provision;

— provision of material and technical resources.

These criteria can be supplemented, for
example, by an indicator characterizing the
necessary logistical resources. The evaluation
should be based on the depreciation ratio, which
should be related not to the whole organization
but to groups of basic assets.

This approach will allow to more accurately
assess the condition of the material and
technological resources of the procurement
participant.

Possible significant social and economic
consequences of failure or improper execution of
the contractor (supplier) obligations require the
development of tools to reduce the risks of such
situations occurrence. Reimbursement methods
are the most time-consuming aspects of risk
mitigation, but they are also the most effective
ones. The method consists in regular design,
development and evaluation of the future state of
the enterprise and its external environment,
which requires special analysis and accuracy,
ensuring its application efficiency [23].

both
the

applies
criteria,

of non-monetary
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The performed analysis concerning the
fulfillment of obligations in state (municipal)
contracts indicated the need to use the same tools
for state (municipal) orders. Besides, other means
to prevent negative consequences of non-
fulfillment or improper fulfillment of commitments
by the contractor (supplier) also include:

— the customer's right to unilateral contract
termination in case of improper provision of
public services;

— the possibility of applying the simplified
procedure of selecting a new contractor
(supplier) in case of wunilateral contract
termination. For example, the possibility of
signing a contract with the participant taking the
second place in the competition; substantial
penalties against the contractor (supplier) in case
of violation of essential contract terms;

— in certain cases listing agents (suppliers) in the
register of unfair contractors (or suppliers) [9].

The analysis of normative regulation of the
public procurement system. In Russian Federation,
the formation of the basic institutions of the
contract system was completed by 90 % in 2015
including: procurement justification and planning,
regulation, information  management and
monitoring, personnel training in procurement
sphere. It is advisable to identify what is
currently missing from the regulatory system. For
this purpose we consider the actions of
customers and suppliers to identify the presence
of weak points in the legislation. Let us start
with customer behavior analysis.

In 2014, 2 781 706 announcements for a
total amount of about of 6.02 trillion RUB were
placed. In 2015, customers placed more than 3
million announcements worth about 6.6 trillion
rubles on the official website. By the end of
2015, the total volume of announcements
exceeded the same indicator of 2014 by 9.6 %.

It should be noted that according to
statistics, the total number of closed tenders and
auctions placed in the public domain
significantly increased in 2015 [8]. Such
procedures allow to contract on a competitive
basis an unlimited range of parties that have a
license for admission to work with information
constituting state secrets.

In value terms the volume of these
procedures compared to last year’s data has
increased by more than 5 times. Previously, such



transactions were conducted entirely behind
closed doors with participation of a limited
number of persons to whom customers used to
send written invitations.

The predominant method of supplier
selection in 2015 was an electronic
auction/bidding, which accounts for 56.6 % of
the total number of announcements available on
the official website.

The average price of a contract in 2015
amounted to 1.64 million RUB, in 2014 — 1.98
million RUB. Customers were advised to sign
several short-term contracts instead of long-term
contracts in order to reduce their risk of contract
default by suppliers in volatile markets.

In 2015, 495079 contracts worth more than
1.15 trillion RUB were terminated, exceeding
the corresponding figures of 2014 by 34 % and
31 % respectively. In 2014, 370,664 contracts for
about 876.9 billion rubles were terminated.
Contract termination was mainly performed by
agreement of the parties (98 % of the total
number of terminated contracts), the bulk
proportion being contracts for provision of utility
services, communication services, electricity
supply, that were terminated due to incomplete
volumes of the contracted services.

The increase in the total volume of the
contracts terminated by customer’s decision by
the end of 2015 amounted to 31 %. This means
that about 11,000 purchases worth 198 billion
rubles can be considered ineffective, which is
3.7 % of the procurement volume.

The obtained data indicate positive dynamics
of monetary savings in 2015, the total savings
amounting to more than 321 billion rubles,
which is about 7 % of the total procurement.

Also in 2014, 683,047 offers were placed in
the amount of 476.6 billion rubles, the average
contract price with small businesses (SB) and
socially oriented nonprofit organizations (SO
NPO) in 2014 was 558.7 thousand rubles.

In 2015 SMB, SO NPO hosted 869,590 bids
with total value of about 637,5 billion rubles,
which is 27 % and 34 %, respectively, higher
than the indicators for 2014. The average price
of the contracts signed with SB and NPO, at the
end of 2015 remained at the 2014 level and
amounted to 557,000 rubles.

The contract system has become an effective
mechanism to support SB. So, small businesses
received more than 490 billion rubles only as
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direct contracts payment, which is 41 % higher
than in 2014.

According to preliminary estimates, the set
15 % quota of purchases from small businesses
including subcontracting agreements was fully
executed. In 2015, the average number of
applications from procurement participants per
one supplier selection procedure among SMB,
SO NPO was 3.1, which exceeds the same
indicator of the previous year (2 applications) by
1.5 times .

The volume of contracts signed with a single
supplier grew by 4 % at the end of 2015 and
amounted to 1141,6 billion rubles.

The increased procurement volume from a
single supplier was mainly due to procurement
growth:

— utilities and services of natural monopolies
related to growth rates;

— by separate decisions;

— institutions and enterprises of the penal
system.

«The single application index» is an indicator
calculated as the relative value of one
procurement participation application to the total
number of purchases during the reported period.

By the end of 2015, there was a noticeable
decrease in the volume of purchases from a
single supplier calculated on the basis of failed
procedures data. In the first quarter of 2015,
there was a significant increase of such purchases
(up to 25 % in April 2015). Since June 2015, the
value of the single application index was
relatively low, amounting to 5 % in December of
2015, which is almost 3 times less than in
December of 2014.

Let us consider supplier behavior statistics.
The average number of submitted applications
for procurement participation increased from 2.5
in 2014 to 3 applications at the end of 2015.

The most competitive method of supplier
selection is a two-stage competition, for which on
average 5.95 bids were filed in 2015, the least
competitive one is request for proposals, for which
an average of 1.27 applications was filed in 2015.

Procurements worth less than 10 million
rubles account for the maximum number of
bidders. The lowest procurement demand is the
contracts with the maximum starting price
(MSPC) over 500 million rubles.

Let us consider the costs incurred by the
customers.
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Mandatory staff training

Procurement  activities involved about
900,000 customer employees. Every year about
one third of all procurement staff are to be
trained. With an average training course cost of
15,000 rubles. the annual expenses amount to
about 4.5 billion rubles.

The implementation of the professionalism
principle inherent to the contract system and the
legal requirement of mandatory customer staff
training led to the emergence of a «grey market»
of documents certifying professional development.

The problem can be solved by regular customer
staff assessment performed on the basis of regional
certified universities or, alternatively, certification
required only for those professionals who have the
right to make key purchasing decisions.

Preparation of extracts from USRLE

In 2015, approximately 2.5 billion rubles
were spent to receive extracts from the Unified
State Register of Legal Entities (USRLE).

Integration of UIS to register will completely
eliminate such expenses because customers will
be able to obtain the necessary information
about the participant’s procurement activities in
an automatic mode.

Certificate of origin ST-1 form

Confirmation of the country of origin is a
certificate of origin issued by an authorized body
(organization) of a member state of the Eurasian
Economic Union in ST-1 form.

About 250,000 contracts are based on
procurement results with the application of
national procurement procedures. Given that in
2015, the average number of bidders in 1
procedure was 3 participants with the certificate
price of about 2,000 rubles, the total document
acquisition expenses in the reported year
amounted to about 1 billion rubles.

Obtaining digital signatures

In 2015, procurement participants spent at
least 1.5 billion rubles on DSs. These expenses
can be eliminated by providing, for example, the
possibility to use a single digital signature on all
electronic trading platforms.

Postage
In 2015, in accordance with Russian post

tariffs procurement, participants spent about 1
billion rubles for postage of participation
applications.
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Thus, only the listed examples of expenses in
aggregate amounted to more than 10 billion
rubles per year. However, the transition to
modern e-procurement technology will drastically
reduce transaction costs [8].

Comparative analysis of ROS and UIS.
Significant changes have recently occurred in the
field of public procurement in Russia. Thus,
since 1 January 2016 the unified information
system in procurement (UIS) was introduced,
this was accompanied by decommissioning the
official website of the Russian Federation for
posting information about placing of orders for
goods deliveries, works performance and services
rendering on the Internet (ROS). Since the UIS
was built on the basis of ROS, it has retained the
same domain address in the Internet:
zakupki.gov.ru.

UIS introduction has significantly simplified
the work of all those who by the nature of their
professional activities are engaged in procurement.

New options were added:

— automatic monitoring to limit posting the
protocols of the first and second stages of public
procurement discussion before the end of this
discussion stage;

— automatic generation of Protocol violations
on the basis of automated monitoring and
display Protocol in ROS UIS;

— receiving and processing complaints;

— search for complaints and the results of their
consideration;

— transmission of claim information and
unscheduled inspections of departmental facilities;

— design of new types of unplanned and
planned monitoring activities and testing results;

— recording of inspection results and report on
new types of unplanned and planned monitoring
activities (audit, inspection);

— advanced part search details;

— auto detect user location and user location
data when searching for procurement information;

— posting draft procurement plans and draft
changes to the procurement plan

— automatic generation of notifications in the
personal account of JSC «Federal Corporation
for development of small and medium
enterprises» (hereinafter — the Corporation) on
the location of the project procurement plan and
the approved procurement plan for conformity
assessment [18]



The Federal Law No.44 «On the contract
system in the sphere of procurement of goods,
works, services for state and municipal needs» is
one of the most recently amended laws. Let us
consider the changes in this Law from the
beginning of 2017:!

— in UIS the complete correspondence of the
information placed in the system and all
documentation relating to the state contract is
monitored. For example, the compliance of the
terms of the state contract with the information
about it placed in the register of contracts;

— the importance of scheduled plans increases
(a ban on purchases not included in these
schedules is introduced);

— the name of the subject of public procurement
must be taken from a special catalog (in cases
specified by the law);

— the identification code of the e-procurement,
introduced from 2016, now must be placed in all
documents of the state contract;

— typical conditions of state contracts for
procurement from small businesses and socially-
oriented non-profit organizations (SONKO) are
introduced.

The world experience of public procurement. In
order to better understand the prospects of
development of the contracting system in Russia
let us consider the features of public procurement
systems in various countries. In 2016, a study
«Comparative analysis of public procurement in
2016» covering 77 countries was conducted,
which includes information concerning public
procurement  systems  accessibility,  barriers
reduction, transparency and efficiency
improvement in this sector [10].

For a comprehensive analysis of objective
and subjective indicators, a combined
investigation was carried out, which represents
an average score by the sum of subjective
indicators and fair value of an objective
indicator. A fair objective indicator assessment
is a measurable parameter that is aimed at
averaging the objective value by assigning a
score from 20 to 100 depending on duration of
the complaint consideration.

! Federalnyj zakon nomer 44 (FZ ot 05.04.2013,
redakciya ot 22 Fevralya, 2017) «O kontraktnoj sisteme
v sfere zakupok tovarov, rabot, uslug dlja obespechenija
gosudarstvennyh i municipal'nyh nuzhd». URL: http://
www.consultant.ru/document/cons_doc_LAW_144624/
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The combined analysis included a
comparison of the public procurement systems of
the Russian Federation and countries of the
Organization for Economic Cooperation and
Development (OECD) as a group of countries
with the highest incomes per capita.

The results of the analysis show that the
contract system in Russia corresponds to the
highest international standards.

Let us consider the evaluation of the public
procurement system of the Russian Federation
according to subjective indicators.

Research methods include analysis of
normative-legal regulation and practice of
participation in public procurement of entities by
the following indicators:

— accessibility of the
system, including:

— preparation of the application: availability of
information about upcoming and current
opportunities to participate in the procurement
process, clarity and understanding of the
regulatory framework;

— application  submission and evaluation:
ensuring a fair and transparent process of proposal
preparation, understanding the bid evaluation
mechanism, bids opening and evaluation,;

— contract award and execution: assessment of
contract transparency after the supplier
(contractor, executor) selection; notification of
the losing party about the customer decision to
award a contract with the winner;

— a monitoring and claim mechanism,;

— implementation of the monitoring and claim
mechanism.

The public procurement system of the Russian
Federation has received a high expert assessment,
with the highest score (81 points or more) rating
in terms of «submission and evaluation of claims»,
«claims to the monitoring body».

The experts evaluated as «good» (score of 61
and more) such indicators as <«award and
execution of contract, «requisitions preparation»,
implementation of a monitoring and claim
mechanismy.

The rating of the public procurement system
of the Russian Federation based on objective
indicators should also be considered.

The results of the study also include the
assessment of the terms of the complaint of the
supplier (contractor, performer) about the
actions (inaction) of the customer. In this case,

public procurement
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the terms established by the law on public
procurement, as well as the actual terms of
complaint consideration by the supervisory body
are taken into account.

The study shows that Russian Federation has
one of the most effective claim consideration
systems in the field of public procurement. It should
be noted that there is no available information
concerning claim consideration terms for some
OECD member countries (such as Sweden,
France, Australia, Canada, the Netherlands).

The study of the Russian public procurement
system can lead to the following conclusions.

Among the positive conclusions, the following
should be noted:

— in Russia, there are no legal fees for claim
consideration paid to the supervisory body, while
in many countries, such fees can reach up to
37 % of the contract value;

— the contract system of the Russian Federation
was awarded the highest points for all aspects and
is on equal ground with such countries as the
USA, the UK, Korea and Singapore;

— contract system legislation of the Russian
Federation provides the necessary mechanisms
for adequate security, transparency and
efficiency of the procurement process and the
necessary accountability measures.

As a limitation, it should be noted that Russia
currently does not implement a mechanism for
granting the participants of procurement activities
the rights to inform about the known collusion
and other violations in procurement procedures.
Such a mechanism has already been implemented
in Chile, Malaysia, Mongolia, Nigeria and Peru.
The necessary measures to protect reporting
agents operate in most countries. Only in 11 out
of the surveyed 77 countries, there are no
protective mechanisms. Protective measures do
not exist in Azerbaijan, the Democratic Republic
of the Congo, Cdte d'Ivoire, Egypt, Kyrgyz
Republic, Lebanon, Myanmar, Nicaragua, the
Philippines, Thailand and Togo.

Thus, as a result of this study, the following
directions of improving the public procurement
system in Russia are suggested:

1. It is necessary to increase the economic
interest of organizations in the provision of
public services by expanding the list of expenses
included in the cost of services. One of the
directions of increasing this interest is
differentiation of public services prices according
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to their quality in two aspects: differentiation of
public services prices based on standards and
division of public services rates by groups of
performers (suppliers).

2. For potential participants it is necessary to
ensure free access to tender announcements and
documentation for potential participants.

3. When assessing and choosing a supplier, a
potential list of evaluation criteria must first be
identified. Two methods are applicable to the
state (municipal) order: evaluation by cost and
non-monetary criteria and assessment only by
non-monetary criteria.

4. Tools to reduce risks such as
reimbursement methods should be developed.

5. Besides, other means to prevent negative
consequences of non-fulfillment or improper
fulfillment of commitments by the contractor
(supplier).

6. The costs incurred by customers should
also be taken into account and reduced
whenever possible: mandatory staff training,
preparation of extracts from USRLE (integration
of UIS to register will completely eliminate such
expenses), certificates, obtaining digital
signatures, postage and others.

7. Improving the UIS (Unified information

system). Currently, according to part 23 of
article 34 of the Federal Law No. 44,
information about subcontractors and co-

executors of large contracts is provided to the
customer, but is not disclosed publicly. This
provision of the law is applied to contracts with
an initial (maximum) price more than 1 billion
rubles in order to meet federal needs and 100
million rubles to meet the needs of the subjects
of the Russian Federation and municipal needs
(Government Decree No. 775 of September 4,
2013) 2 It is necessary to lower the price
threshold of contracts in order to disclose
information on subcontractors and co-executors.
The obligation to place information about the
subcontractor's involvement of executors of the
contract in the unified information system

2 Postanovlenie Pravitel'stva RF ot 04.09.2013 g.
No. 775 (red. ot 27.03.2014) «Ob ustanovlenii razmera

nachal'noj (maksimal'noj) ceny Kkontrakta  pri
osushhestvlenii zakupki tovara, raboty, uslugi, pri
prevyshenii kotoroj v kontrakte ustanavlivaetsja

objazannost' postavshhika (podrjadchika, ispolnitelja)
predostavljat' zakazchiku dopolnitel'nuju informaciju».
DOI=http://base.garant.ru/70447332/



should be provided. This mechanism will ensure
the spread of public control to the sphere of
relations between contractors (general
contractors) on state and municipal contracts
with subcontractors, co-executors, and will make
public the facts of attracting unscrupulous
agents. A number of corruption schemes can be
implemented through intermediary relations. The
most effective tool for identifying and combating
corruption is the disclosure of information for
public control. It is necessary to provide for the
disclosure of information about the supervisory’s
decisions on the coordination or disagreement of
the conclusion of contracts with a single supplier

(contractor, executor) in order to increase the
transparency of procurement and openness and
transparency of the control departments.’

8. In addition, a major common problem in
the modern practice of public procurement is the
«<human factor» that breeds corruption and
dishonesty. This implies not just occasional
bribing of officials, but the merger of
government and business, in which selection
lobbying plays an increasingly important role
along with fair competitive methods of suppliers.
A well-designed regulatory framework and
competent administration of procurement can
provide the solution to the problem. Thus, the
lobby may become only one of the selection
factors operating in «other things being equal»
circumstances, when the procurement system
should focus on the basic principles established
in foreign procurement practices:

— transparency — openness and accessibility of
procurement information,;

— accountability and due process — strict
adherence to the procurement procedures with
state and public monitoring;

— open and effective competition —
discrimination;

— fairness — equal opportunities for all
participants of the procurement process.

9. One of the solutions to the issues in the
sphere of legal regulation of procurement
information support can be digitization of public
procurement based on digital passports of goods

non-

3 Proekt Federal'nogo zakona «O vnesenii izmenenij
v Federal'nyj zakon "O kontraktnoj sisteme v sfere
zakupok tovarov, rabot, uslug dlja obespechenija
gosudarstvennyh i municipal'nyh nuzhd». URL:
http://economy.gov.ru/minec/about/structure/depfks,/2
0160704
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in the GS1 system and electronic document
management as a tool of direct assistance to
enterprises in export-import activities [13].

10. As for limiting access of foreign
companies to the public procurement market,
there are three main directions. Firstly, the state
may impose a ban on purchase of goods and
services from foreign suppliers. Secondly, a state
may require foreign producers to use a certain
number of local components in their products.
Thirdly, the state can pursue a policy of price
preferences [19]. In this case, the state sets the
allowable difference between the prices of
foreign companies and national ones. Only if the
price differences exceed the prescribed rate, the
government buys foreign products.

The analysis of public procurement systems
of some developing countries such China, South
Africa, Brazil and Mexico has shown that
methods to support domestic producers through
public procurement by means of discrimination
against foreign companies are widely used in
these countries [16].

In the year following Russia's accession to
the WTO, work to develop support for domestic
producers through public procurement was
intensified. In particular, there have been
proposals to limit purchases of foreign medicines
and medical equipment, certain goods, if their
equivalents are produced in Russia. For example,
a Draft Resolution of the Russian Federation
Government «On Banning Admission of Certain
Goods Types in Order Placement for State and
Municipal Needs» was developed, in particular,
it concerns import of automotive industry
products (cars, trucks, buses, trolleybuses, special
vehicles).*

In conclusion, it should be noted that the
public procurement system should simultaneously
meet two types of criteria: requirements for state
contracts management and economic policy goals
[21]. For the reason that the simultaneous
compliance with the requirements for these two
types is often simply impossible (for example,
promotion of competition and support of small
and medium business), the development of a

* Proekt Postanovlenija Pravitel'stva RF «Ob
ustanovlenii zapreta na dopusk otdel'nyh vidov tovarov
pri  razmeshhenii  zakazov ~na  postavki dlja
gosudarstvennyh i municipal'nyh nuzhd». URL:
http://www.consultant.ru/law/hotdocs/28573.html
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balanced policy of public procurement acquires
particular importance.

The following directions for further research
can be identified: a deeper analysis of the

normative regulation of public procurement, and
the analysis and modeling of working overseas
schemes of public procurement in the conditions
of the Russian market.
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The paper discusses the current trends of Russian technological development. This article
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As the result, the main problems in Russian legislation and some barriers to innovative
development of industry are revealed. Purpose: the authors analyze the current regulatory basis
in order to work out some suggestions to improve the mechanisms of regulating and
stimulating innovative activity and to provide technological independence. The study used the
following techniques: comparative analysis, comprehensive analysis of statistical data, analysis
of the federal regulatory legal acts, systematization of the research results. In order to
summarize the information, a grouping method is used. Results: the authors have analyzed the
current regulatory basis in the sphere of science, industry and innovations; revealed some
disadvantages of it and developed the proposals to improve the regulatory basis taking into
account the target-oriented approach to organization of innovative strategy. The system of
achievement indicators in the program documents has been formulated incorrectly. It is
necessary to reconsider this system in the context of the shift in the priorities towards
increasing sales of high-technology and science-intensive products by Russian companies of
real economy. The analysis of Russian economic trends leads to the conclusion that there is a
need to implement an innovative economy. The combination of legal, direct and indirect
methods of stimulation in terms of a unified state policy is an effective way to increase
innovative activity of Russian companies. The authors have defined the primary targets. If
these priority tasks are fulfilled, it will be possible to provide technological independence and
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WHHOBALIN B POCCUIMCKOM IMMTPOMBIIIUVIEHHOCTU:
TOCYJIAPCTBEHHAS ITOJJIEPXKKA, OKUJIAHUA U PEAJIBHOCTDH
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PaccMOTpeHBI COBpeMEHHBIC TEHIEHIIMM POCCHIICKOTO TEXHOJOTMYECKOTO PAa3BHUTHA.
IIpoBeneH aHAIMTUIECKUI 0030p HOPMATHUBHO-TIPABOBEIX aKTOB B cepe MPOMBIIIICHHO-
CTH, WHHOBAIIM M HAyKW, B Pe3yJIbTaTe KOTOPOTO BHISIBJICHBI CYIIECTBYIOIIME ITPOOEITHI
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B HallMOHAJIbHOM 3aKOHOJATEJIbCTBE U Oapbepbl MHHOBALIMOHHOTO Pa3BUTHUS MPOMBILIJIEH-
HocTtu. llenp mcciemoBaHMsI — aHAJIM3 JEMCTBYIOILEl HOPMATHMBHO-IIPAaBOBOI 0a3bl C Iie-
JIbI0 pa3pabOTKM TPEUIOKEHUNA MO COBEPLIEHCTBOBAHWIO MEXaHWU3Ma PEryJIMPOBaHUS M
CTUMYJIMPOBAaHUSI WHHOBALMOHHOM NESITEIbHOCTU W BBIBOAA CTPaHbl U3 TPYMITBI TEXHOJO-
TUYecKux ayrcaiaepoB. Hcroiap30BaHbBl CIEAYIOIIME METOAbI: CPABHUTEIBHBIM aHaIU3,
KOMIUIEKCHBI aHaJIM3 CTAaTUCTUYECKWX MaHHbBIX, aHaiu3 deaepalbHbIX HOPMATUBHO-
MPaBOBbIX aKTOB, CUCTeMAaTU3alUs Pe3yabTaToB ucciaenoBaHus. C 1eablo 0000IeH s UH-
dopMalMu pUMeHEH MeToJ TpynnupoBKU. [IpoBeneH aHaau3 ACCTBYIOLIEr0 3aKOHOMA-
TEeJIbCTBA B OOJIAaCTM HAyKW, TPOMBIILIEHHOCTM W WHHOBAIIWi, BBISIBJIEHBI HEIOCTATKH,
MPEAJIOKEHBI MEPOTIPUSITUSL TI0 KOPPEKTUPOBKE C YYETOM MPOrpaMMHO-1IEIEBOTO MOAXONa
B OpraHM3alluid WHHOBALIMOHHOU cTpaTern. B mporpaMMHBIX TOKYMEHTaX CHCTeMa IToKa-
3aTesieil JOCTYXKEeHUs 1eseil cpopMupoBaHa HEKOPPEKTHO M TpeOyeT mepecMoTpa ¢ YIYETOM
CMEIICHUSI TIPUOPUTETOB B CTOPOHY YBEJIIMUECHUsI OOBbEMOB TPONAX BBICOKOTEXHOJOTUYHOM
W HAyKOEMKOM TPOAYKIIMA POCCUWCKMMU KOMIIAHUSIMU PEaIbHOTO CEKTOpa 3KOHOMMKM.
WccnenoBaHve TeHACHUMN pa3BUTHUSI OTEYECTBEHHON 3KOHOMUKMU TMPUBOAMUT K BBIBOLY O
HaJIMYMU TOTPEOHOCTM B €€ WHHOBAlLIMOHHOM pa3BUTUU. [loBbIllIeHWE WHHOBALIMOHHOM
aKTUBHOCTM POCCUNCKMX OpTaHU3alldil MpeCTaBsieTCs 11eJIeCO00pa3HbIM IMyTeM KOMOU-
HalUM METONIOB MPaBOBOTO, MPSIMOTO M KOCBEHHOTO CTUMYJIMPOBAHMSI B pamMKaxX €IWHON
rocynapctBeHHoW mNoauTuku. ChopMynnpoBaHbl MepBOOUYEpENHbIE 3alauld, pelleHue KO-
TOPBIX HEOoOXOAMMO il BbiBoAa PoccuM M3 TPyIMbl TEXHOJOTUYECKUX ayTCainepoB U
obecrneyeHusI BLICOKOTO YPOBHS €€ 000pOHOCIIOCOOHOCTU. MaTepuabl UCCIeI0BaHUSI MO-
TYT ObITh MOJIE3HBI IS Pa3BUTUS HAYYHBIX HampaBieHUN B 00JaCTM WHHOBALIMOHHOTO
pPa3BUTUS TIPOMBILUIEHHOTO CEKTOpa 9KOHOMHUKHU, a TaKXe B MPAKTUKE TOCyTapCTBEHHOTO
PEryIupoBaHNs MHHOBALIMOHHBIX MTPOLIECCOB.

KmoueBbie cioBa: TIPOMBIINIJICHHOCTb, 9KOHOMMKA ITPOMBIINIJICHHOCTHU,; TCXHOJOI'MYECCKOEC
Pa3BUTHUEC, MHHOBAIMOHHAA CTPATCTUsI;, IMPOMBINUICHHAA ITOJIMTUKA, HOPMATHUBHO-IIPABOBBLIC
aKThbl, TOCYAAapCTBCHHAA IMOAACPKKA, THHOBALIMOHHAsI aKTMBHOCTh, MTHHOBAlIU

Ccbuika npu mutupoBanuu: banaiosa E.C., THe3nunosa O.U. UHHOBauMu B pocCUACKOW MPOMBIIILJIEHHO-
CTU: TOCYHApCTBEHHAsl TOIEPXKKA, OXUAAHWS M pealbHOCTh // HayuHo-texHmueckue Bemomoctu CIIOITIY.
OxoHommueckue Hayku. 2017. T. 10. Ne 2. C. 33—43. DOI: 10.18721/JE.10203

Introduction. The exhaustion of the raw-
materials export model of development determined
the modernization of Russian industry and the
formation of the National Innovative System.
The fallout from long-term orientation of the
Russian export to raw materials manifested most
clearly with the sharp decline of world oil prices
and the implementation of sanctions against
Russian Federation by European Union countries
(EU) and the United States of America (the US)
in relation to the events in Ukraine. In the
current unfavorable social and political
environment, bridging the technology gap from
the advanced countries in the global market of
science-intensive and high-technology products
and also ensuring the dominant position of our
country are necessary for the survival of
economy and for providing national defense
capability. V.V. Putin made a public statement
about successful overachievement of the target
for arms export and defense technologies in 2015
(the volume reached 4.5 billion dollars).
Nevertheless, the share of arms export was 4.2 %
in the total structure of Russian export. It is
approximately 11 times less than the export of oil
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and petroleum products. A significant increase in
arms export is observed in comparison to 2013,
but the orientation to raw materials remains
dominant.

The government plays a key role in
thepromotion of innovative activity and
providing of Russian industrial growth. An
implementation of the industrial policy and
different innovative programs is the main tool of
the government for regulating and stimulating
these processes. However, the current realities
testify to the inferiority and inefficiency of the
current government support. It is impossible to
take a position among the country’s group of
technological leaders without government
support. Mil'skaya [9] and Maksimtsev et al. [8]
identify three groups of factors which hinder the
growth of innovative activity: economic, internal
and other factors. It is important to pay special
attention to other factors that include
insufficiency of regulatory legal documents with
regard to innovative activity regulation and
stimulation, poor infrastructure and uncertain
benefits of using intellectual property. These
aspects confirm the need to reconsider the



current government policy and make significant
adjustments taking into account the social,
economic and political contexts. The above-
mentioned problems and factors determined the
relevance of the research topic and allowed the
authors to create the problem statement.

Scientific mission. It is necessary to provide
an analytical review of the current regulatory
basis in the sphere of science, innovations and
industry and also to study the Russian economy's
major trends and lines of development.

A significant amount of Russian and foreign
scientific research which are dedicated to
problems of innovative activity [5—7; 21—23]
demonstrates the extreme importance of the
selected theme. Such scientists as Freeman,
Mensh, Nureev, Hayek made a significant
contribution to solving the issue of assessing the

government’s role in innovative processes.
Dynkin, Abalkin, Glaz'ev considered the
problems of implementing the government

regulation and stimulation of innovative activity.
Nowadays, many contemporary scientists
examine the process of innovative economic
development that is based on using the best
achievements of science and new technologies
produced by Russian companies. As a rule, one
part of scientific research is focused on the
general analysis of innovative policy and the
other is dedicated to a detailed analysis of
innovative indicators.

The methodology and results of the study. The
methodology of study includes an analytical
review of the federal regulatory basis in order to

‘ E.S. Balashova, O.l. Gnezdilova, DOI: 10.18721/JE.10203>

identify declaratory and factual documents. An
analysis of the Russian economy's trends and
lines of development in order to work out the
mechanism for the withdrawal of Russia from
the group of technological outsiders is the other
part of this study. The study used techniques
such as: comparative analysis of various
development strategies, comprehensive analysis
of statistical data and grouping method.

The regulatory basis in the sphere of
industry, innovations and science is considered
at the first stage. The government has developed
and adopted a large number of practical
documents over the past decade. In accordance
with study [2] the federal regulatory basis in the
sphere of industry and innovations can be
presented as the following system of elements:

1. program  documents  reflecting  the
necessity of innovative development of the
Russian economy in general and increasing the
competitiveness of the Russian industry in
particular have outlined the goals and common
principles of the government policy in this
direction (Fig. 1):

1.1. doctrines

— «On the Doctrine of the Development of

Russian Science»

1.2. programs

— Federal target program «Modernization of
the Unified System of the Russian Federation of
Air Traffic Management (2009—2020)»;
— Federal Target Program <«Research and

development in priority areas of Russian
scientific and technological complex for 2014—
2020»;

Predictions
Strategies
Conceptions

Programs

Doctrines

1995
2000 -
2005 -

2010 -+
2015 +———

Fig. 1. Validity period of program documents
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— State program «The development of industry
and increase its competitiveness»;

— Federal Target Program «World Ocean» in
2016-2031

1.3. concepts

— The concept of long-term social and
economic  development of the  Russian
Federation for the period until 2020

1.4. strategies

— Strategy of scientific and innovative
development in the Russian Federation for the
period until 2015;

— Russian innovative development strategy for
the period up to 2020;

— «On National Security Strategy»;

— Strategy of scientific and technological
development of the Russian Federation until
2035

1.5. predictions

— Prediction of long-term social and economic
development of the Russian Federation for the
period until 2030;

— Prediction of scientific and technological
development of the Russian Federation for the
period until 2030

1.6. strategies for the key industries (13
strategies).

The vector of innovative and industrial policy
is assigned by the government. The readiness of
the government and business structures to move
in innovative direction determines the success of
this politics in large measure. Numerous federal
level documents attempt to revive innovative
activity and increase the performance efficiency
of the Russian companies through enhanced
funding support of research and developments,
but despite all of this, a substantial lag of the
Russian  Federation  from  the  foreign
competitors, world’s technical leaders, still
remains. The results of the development strategy
of science and innovations in the Russian
Federation for the period up to 2015 show its
elaboration and realization levels [16]. The key
figures of scientific and innovative development
up to 2015 are defined in this document.
However, around 50—60% of the main
indicators have not been not achieved and some
indicators have negative dynamics. The aims of
this strategy are not implemented and it is
proven by its duplication in the Strategy of
innovative  development in the Russian
Federation for the period up to 2020 [14]. It is
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important to note that in accordance with
Strategy 2020 a slight increase of the Russian
share in the world markets of high-technology
products (2 %) is planned by 2020. It is contrary
to the main aim of Strategy 2020, which is to
transfer the economy of our country to a
predominantly innovative way of development.
Nowadays, the sales level of high-technological
and science-intensive products of Russian
industrial companies is not comparable with the
present sales level of the world’s leaders. In
20135, the sales level of the Russian automobile
manufacturer AvtoVAZ totaled 352 thousand
items or 176 billion rubles, the number of
employees was 43,000 people, whereas the sales
level of the German multinational automotive
manufacturing company Volkswagen Group
totaled 193 billion euros with the total number
of employees amounting to 550,000 people back
in 2012. Thus, the gap in sales level between the
Russian company and its foreign competitor is
more than 66 times (1€ =61R). This is an
illustrative example because it indicates the
magnitude of productive activity which is
necessary for competitive innovative policy.
Furthermore, it is necessary to have access to
global markets for successful realization of
extensive innovations. In case this opportunity is
absent, investments in innovations could be not
only ineffective but also unprofitable because of
an extended payback period.

In view of the current social, economic and
political conditions, the strategy of innovative
development of Russian industry should be
closely linked to the opportunity to enter specific
markets which are the most favorable for Russian
business. In today’s world the process of
admission to global markets is determined by the
position of the United States as the leading
economic power in the world. The share of this
country accounts for a little less than 40 % of
the world’s market and 80 % of payments in the
world is in US dollars [17].

The strategy of scientific and technological
development of the Russian Federation until
2035 is aimed at increasing production, and the
scientific and technological potential of our
country [15]. This document has been developed
based on the disadvantages of Strategy 2020. The
list of scientific and technological priorities has
been revised and only the areas with the highest
probability of success have been highlighted. The
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decision was necessary in the conditions of the
available resources which are limited. There is a
clear link between the spending level on
Research and Development (R&D) and the
organization’s competitiveness. According to the
latest UNESCO Science «Towards 2030» report,
public spending on science is increasing every
year, both in absolute and in relative terms [26].
In the period from 2007 to 2013, Global R&D
intensity in the world increased from 1.57 % to
1.70 % of gross domestic product (GDP).
However, there are natural limits to funding.
There is no country that can provide the
commercialization of all results obtained through
research and development in the form of a final
product. The significant point of strategy of
scientific and technological development of the
Russian Federation is the recognition of the
importance of fundamental science as funding of
basic research in the recent years had a
downward trend [4].

2. general legal acts (Fig. 2):

2.1. Constitution of the Russian Federation
(RF);

2.2. RF Civil Code;

2.3. RF Budget Code;

2.4. RF Tax Code;

2.5. Federal Law «On Science and State
Scientific and Technical Policy»;

2.6. Federal Law «On Security»;

2.7. Federal Law «On the strategic planning
in the Russian Federation»;

2.8. Federal Law «On Industrial Policy in the
Russian Federation».

There is a significant point concerning the
import substitution issue in the Federal Law Ne

488-FL «On Industrial Policy in the Russian
Federation» [12]. The paramount idea is to
provide the extremely high level of economic
and technological self-sufficiency and industrial
manufacturing. In order to implement the forced
import substitution policy, it is necessary to be
committed to the following principle: to present
on the international market the national
production that is more effective than foreign
equivalents. If import is cheaper and more
effective than domestic production, it is
necessary to buy such products and technologies
abroad. The above-mentioned statement has a
logical explanation: if Russia spends time
investigating things already researched, the lag
from world leaders will become too colossal to

eliminate. Besides, an unsuccessful import
substitution policy may be the cause of
ineffective  resource management and an

increasing backlog with respect to world leaders.
In case of prosperous technology and product
implementation it will be necessary to bring it to
the global market for a payback, where these
products will face more advanced equivalents

[31. To sum wup, indiscriminate import
substitution can lead to severe negative
consequences.

3. legal acts in the sphere of innovative
activity stimulation and promotion (Fig. 3):

3.1. RF Government Decree «On the
complex of measures on development and
government support of small enterprises in the
sphere of material production and the promotion
of their innovative activities»;

3.2. Federal Law «On Special Economic
Zones in the Russian Federations;

2.8. Federal Law of the RF
Ne 488-FL

2.7. Federal Law of the RF
Ne 172-FL

m2.6. Federal Law of the RF
Ne 390-FL

m2.5. Federal Law of the RF
Ne 127-FL

1995
2000
2005
2010 -

2015 -

Fig. 2 Validity period of the general legal acts
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m 3.5. RF Presidential Decree
Ne 425

3.4. RF Government Decree
Ne 218

3.3. Federal Law of the RF
Ne 209-FL

m 3.2. Federal Law of the RF
Ne 116-FL

m3.1. RF Government Decree
Ne 1460

1998
2008 -

2003

2013

Fig. 3. Validity period of legal acts in the sphere of stimulating
and promoting innovative activity

3.3. Federal Law «On the development of
small and medium enterprises in the Russian
Federation» (article 22. Support for medium and
small-sized business in the sphere of innovations
and industrial production);

3.4. RF Government Decree «On state
support measures of cooperation development of
Russian educational institutions of higher
education, public research institutions and
organizations implementing integrated projects
for high-technological production, within the
sub-program «Institutional development of the
research sector» state program of the Russian
Federation «Development of science and
technology» for 2013—2020;

3.5. RF Presidential Decree «On amendments
in RF Presidential Decree of February 13, 2012
Ne 181 «On the establishment of the Russian
President scholarships for young scientists and
post-graduate students engaged in advanced
research and development in priority areas of the
Russian economy modernization» and the
revocation of some acts of the President of the
Russian Federation».

At the present time potential realization of
medium and small-sized business is becoming
more relevant. Entrepreneurship is one of the key
factors of Russian economic development and
gives an opportunity to solve numerous important
social and economic tasks: competition growth,
employment creation, increase in tax revenue and
others. In the application of economic sanctions
against the Russian Federation, special attention
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should be paid to creating conditions for credit
institutions to enhance lending for medium and
small-sized business. The main problem is
increasing the financial capabilities which are
necessary for implementation of innovative projects
and programs [1]. This aspect is not reflected in
article 22 of the Federal Law of July 24, 2007
Ne209-FL «On the development of small and
medium enterprises in the Russian Federation»
[13]. The significant disadvantage of this document
is that in describing support measures for subjects
of medium and small-sized business in the sphere
of innovations and industrial constructions, the
word «may» is used when regarding public
authorities and self-governing authorities acts. This
means there is no direct duty to realize the listed
acts in the mentioned document form, which calls
into question the general effectiveness of the
government policy in the sphere of innovative
activity stimulation.

4. legal acts in the sphere of intellectual
property (IP) (Fig. 4):

4.1. RF Civil Code (part 2 — Federal Law No
14-FL dated 26.01.1996; part 4 — Federal Law
Ne 230-FL dated 18.12.2006);

4.2. Federal Law «On Commercial Secrets»;

4.3. RF Government Decree «On the
Governmental Commission for combating
violations of intellectual property, its legal
protection and usage»;

44. RF Government Decree «On the

procedure for disposal of the rights to the results
of scientific and technical activity»;
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4.9. RF Government Decree Ne 9

4.8. RF Presidential Decree Ne 673

4.7. Federal Law of RF Ne 316-FL
m4.6. Federal Law of RF Ne 284-FL
m4.5. Federal Law of RF Ne 149-FL
m4.4. RF Government Decree Ne 685
m4.3. RF Government Decree Ne 308
m4.2. Federal Law of the RF Ne 98-FL
m4.1. RF Civil Code

1995 2000 2005 2010

2015

Fig. 4. Validity period of legal acts in the sphere of IP
m5.5. Federal Law of the RF
No 244-FL
5.4. Federal Law of the RF
Ne 211-FL
m5.3. Federal Law of the RF
Ne 139-FL
m 5.2. RF Government
Order Ne 328
m5.1. Federal Law of the RF
Ne 70-FL
2 = =
54 = <
Fig. 5. Validity period of legal acts in the sphere of innovative infrastructure
4.5. Federal Law «On information, usage [25]. Changes made by the legislation in Part
information technologies and protection of Four of the RF Civil Code are aimed at promoting
information»; innovative processes by transfer simplification of

4.6. Federal Law «On the transfer of rights to
uniform technology»;

4.7. Federal Law «On patent attorneys»;

4.8. RF Presidential Decree «On the Federal
Service for Intellectual Property»;

49. RF Government Decree «On the
implementation of control and supervision in the
sphere of legal protection and usage of results of
civil intellectual activity, created by federal budget
allocations, and also control and supervision in
the established sphere of activities in relation to
government customers and organizations —
executors of government contracts relating to
research, development and engineering works».

A perception of the IP role in the development
of innovative economy leads to the improvement
of the legislation in the sphere of its protection and

the intellectual activity results and ensuring more
reliable protection of IP rights (section VII,
chapter 69, article 1227, 1229, 1232, 1233, 1234,
1236 of the RF Civil Code) [10]. However, at the
moment of the government’s attempts to increase
the role of IP in the innovative activity of
organizations and country have not achieved the
intended effect. There are the following problems:
1) incomprehension of the economic essence
of IP by subjects of the innovative process [18];
2) gaps in the legal regulation of scientific

and technological activity and IP (an
unsatisfactory level of IP protection);
3) ineffective wusage of the results of

intellectual activity [20].
5. legal acts in the sphere of innovative
infrastructure (Fig. 5):
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5.1. Federal Law «On the Status of science
town of the Russian Federation»;

5.2. State program «Creation of the Russian
high-tech industrial parks in the area»;

5.3. Federal Law «On the
Corporation of Nanotechnologies»;

5.4. Federal Law «On the reorganization of
the Russian Corporation of Nanotechnologies»;

5.5. Federal Law «On Innovation «Skolkovo
center».

The main regulatory acts of federal level
which regulate the creation and development of
innovative infrastructure are presented in Fig. 5.
Intense formation of the infrastructure sector is
also declared in the program documents for the
entire country as well as for individual subjects of
innovative activity. Having analyzed the process
of creating the national infrastructure since the
1990s it is possible to identify a number of factors
that hinder the success of the infrastructure
sector. Among the key factors are:

1) absence of institutional integrity with the
higher education institution;

2) low level of consistency in the activity of
infrastructure organizations;

3) absence of motivation to participate in
research projects for young professionals;

4) deficit of funding.

As a result, the lack of interaction between
science and business remains. The observed increase
in the number of infrastructure organizations will
not contribute to achieving the goals as long as
the above-mentioned conditions are ignored.

Due to space limitations, it is impossible to
consider in detail the existing regulatory basis in
the sphere of industry and innovations. According
to this analytical review of the key documents, it
could be concluded that the main disadvantage of
all program and strategic documents in the sphere
of science development is the formation of false
criteria for assessing the efficiency of interventions.
It is proposed to estimate the global level of
rescarch and development on the basis of
publication activity, global competitiveness based
on international ratings, the effectiveness of the
organizations’ R&D performance based on the
public results presentation. The most important
and objective criterion of scientific and
technological leadership of a country that is an
increase in sales of high-technological and science-
intensive products of Russian companies of the real
economy is completely ignored.

Russian
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Having examined the issue of practical
realization of regulatory documents in the sphere
of industry, science and innovations, it is
necessary to consider directions and prospects of
Russian economic development. For a long
period, economic growth was provided by the
raw  materials  industry. Investments in
innovations were not of economic benefit and
ineffective for government and business because
of super-high profitability of the oil and gas
sector [27]. Under current conditions there is no
question that the transition to innovation-
oriented style of development must be made.
Continued development in the conservative way
means total loss of technological sovereignty and
jeopardizes the country's defense capability [19].
In this case, there is no need to revise the
current policy and apply special actions.

It is necessary to define clearly the goal in
the transition to an innovative way: Russia's
inclusion into the number of countries that are
technological leaders. The following tasks of
prime importance have to be solved:

1) achieving technological independence
from external forces in the military sphere;

2) overcoming the backlog of Russian
production technologies from similar foreign
ones (this task need to be implemented by
following the principle of reasonable import
substitution which is indicated above);

3) creating original breakthrough technologies
on the basis of scientific research results that have
no counterparts abroad (with the formation of
new markets for science-intensive products).

It is necessary to develop international
cooperation in the sphere of science, technology
and innovations guided by the principle of equal
participation in international projects for the
successful innovative policy in Russia. In
accordance with the specifics of the current
situation, it is not possible to solve these
problems independently due to the limited
resource base as well as the lack of required
knowledge, skills and competencies [24].

Conclusions. The analytical review of the
current regulatory basis in the sphere of science,
industry and innovations allowed the authors to
identify some challenges and barriers to the
industrial growth of the Russian economy.

1. One of the key problems is the presence of
a deep disconnect between the current research



capacity and low demand for it. This resource is
important for both internal economic
development and for access to global markets.
However, it is not used properly. The current
situation requires to reconsider the industrial
policy and to determine the government’s role in
involving scientific research results in the
economic turnover. It is necessary to create the
specific mechanism that promotes effective
commercialization of innovations.

2. When Russia implements a policy of
import substitution, it should avoid economic
isolation and follow the principles of reasonable
import. Indiscriminate import substitution is the
reason for reduction in production efficiency:
productivity, growth rates and others. However,
it is necessary to provide a high level of
technological independence of key industries
despite the economic benefits of international
division of labor. In order to execute this task
successfully, industrial policy should provide for
the establishment of privileged conditions for the
development of specific industries. It will
promote to the progressive breakthrough
development of the national economy by the
creation of «growth points».

3. According to the official statistical data,
the intensity of processes in organizations
implementing technological innovations remains
low (the percentage of organizations is 9.8 % in
2015). Despite the implementation of various
support programs for small and medium-sized
business in the sphere of innovations and
industrial production, the innovative activity of
small industrial enterprises has a tendency to
reduction (in 2015 the indicator value decreased
to 4.5%). The need to increase innovative
activity of Russian organizations can be satisfied
by the combination of legal, direct and indirect
methods of stimulation in terms of unified state
policy. The main tool of direct regulation is the
support in the form of public and private
partnerships. On the one hand, the control over
the fulfillment of industrial processes is being
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strengthened; on the other hand, the conditions
for the commercialization of scientific results are
being improved. As a rule, the effect of indirect
support measures is carried out due to the fiscal
mechanism. It is necessary to consider some
ways of decreasing the tax burden on business
and also to find opportunities to modernize the
system of tax administration.

4. The important point is amending the
current regulatory basis regarding the choice of
forms and methods of government support for
innovative activity in implementing the above-
mentioned approaches which promote the shift
towards the innovative way of development. The
lack of the necessary results leads to a constant
replacement of some support forms by others by
the legislator. However, these forms are also
becoming ineffective after a while. The
unsatisfactory situation is due to the choice of
support forms and methods inappropriate and
inadequate in the current realities of Russian
transition economy. A special focus should be
paid to forming the program-targeted approach
in the organization of innovative strategy. This
approach is aimed at setting certain goals,
challenges, timeframes for implementation;
strengthening the executors who are responsible
for results concerning a specific project. As
practice shows, as such an approach is absent, a
large number of documents are declarative and
do not contain specific measures aimed at
providing social and economic development
stability and a high level of Russian national
security.

Directions for further research are seen in the
development of the industrial policy of an
enterprise in modern political and economic
conditions. The need for changes in the
development strategy in modern enterprises is
caused not only by escalating competition, but
also by the ability to influence the economic
situation in the country as one of the most
important participants in the process of forming
state industrial policy.
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The current situation of the economic entities of the Northwestern Federal District (NWFD)
has been analyzed in this article. Regional innovative activity evaluation is an actual topic of
studies among Russian economic scientists, research centers and departments. The current
innovation and investment situation in Northwestern Federal district has been characterized and
statistical data for the period of 2005—2014 was analyzed by authors. The result of this work
concludes the uneven distribution of innovative activity among economic actors that are members
of the Federal district. Due to the significant role of the government in the formation of
investment activity in the regions, an analysis was conducted of the directions of industrial policy
of innovative-investment activity of economic entities. The results of the study showed that
nowadays in each subject of the Northwestern Federal District there are a lot of actions that are
made to strengthen innovation activities, developed plans and strategies for its development.
Moreover, authors carry out evaluation of existing methods for the analysis of innovative activity
and innovative potential of the region. In total number, nine methods developed by Russian
institutions, organizations and scientists were reviewed there. Using this information, the
comparative analysis of all methods was released; the advantages and disadvantages of each were
mentioned. Based on this, authors have selected only one methodology and used it in further
calculations. The authors have performed analysis of innovative-investment activity of economic
entities in the Northwestern Federal District, as well as the evaluation of innovative potential of
each actor of the region. The results showed that in most regions of the northwestern Federal
District it is necessary to strengthen government’s actions in order to stimulate innovative activity
at the enterprises. The final part of the work authors have made a forecast of the volume of
innovative goods, works and services, produced by enterprises of the Federal District. The linear
regression equation was used to build a forecast for 2015—2025. The results of the study can be
used for the formation of the policy for further regional development, creation of innovation and
investment strategy and development of the actors and the region in general.
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AHAJIN3 1 OLIEHKA ITOTEHIINAJIA
VHHOBAIIMOHHO-MHBECTUILIMOHHON AEATEJILHOCTI
SKOHOMMYECKHUX CYBBEKTOB
(HA ITPUMEPE CEBEPO-3AITATHOT'O ®EJEPAJIBHOT'O OKPYTA)

E.A. Muabckas, A.B. borukoBa

Cankr-IlerepOyprckuii moautexHuueckuii yausepcuret Ilerpa Benukoro,
Canxr-Ilerepoypr, Poccuiickasgs ®enepariyis

AHanmm3upyeTcsl COCTOSIHME SKOHOMMYECKMX CcyOnhekToB CeBepo-3amamHoro dene-
panbHoro oxpyra (C3®0). OneHKa MHHOBALIMOHHOW aKTMBHOCTU PETMOHOB SIBIISIETCS
aKTyaJbHOM TEMOW MCCIEeIOBAaHMS CPEIN POCCHNCKUX YIEHBIX-OKOHOMMCTOB, UCCIIEIOBA-
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TEJbCKUX LIEHTPOB U BenoMcTB. CeBepo-3amagHblii (henepaabHbIll OKPYT OXapaKTepu3o-
BaH C TOYKM 3peHUs TeKyllleid MHHOBAIMOHHONW M MHBECTUIIMOHHON CHUTyallMM, MpoaHa-
JIU3UPOBaHbl cTaTucTUUeckue naHHble 3a 2005—2014 rr. ChoenaHbl BBIBOABI O HEpaBHO-
MEPHOCTM pacrpelesieHUs] MHHOBALIMOHHON aKTUBHOCTU CPeAu dKOHOMMYECKUX CYyOBheK-
TOB, BXOASIIUX B cOCTaB (penepaibHOro okpyra. Tak Kak posib TOCyAapCcTBa OYEHb BEJIU-
Ka npu (popMUPOBAHUM MHBECTUIIMOHHOMN NESATEbHOCTU B pErvuoHe, MPOBEAEH aHaINU3
HanpaBjeHUI MPOMBILIJIEHHON MOJUTUKKA B 00JACTM MHHOBAIIMOHHO-WHBECTULIMOHHOMN
JEeSATebHOCTU SKOHOMUUYECKUX CYObEeKTOB. Pe3ynbTaThl MccieaoBaHUsl MOKa3aau, YTO Ha
cerogHs B KaxaoM cyobekTe C3MO MpoBOAATCA MEpPHI MO YCHJICHUI0 WHHOBAIIMOHHOM
NeATeTbHOCTH, pa3paboTaHbl TJIAaHBI M CTpaTeruyd WX pas3BuThs. OcyllecTBlIeHa OIleHKa
CYIIECTBYIOIINX METOMAOB aHajnu3a WHHOBAIIMOHHOW aKTMBHOCTH M WHHOBALIMOHHOTO TI0-
TEHIIMaJia peruoHa B IIeJIOM. PaccMOTpeHO NeBSATh METOIWK, Pa3pabOTaHHBIX POCCHIi-
CKUMU WHCTUTYTaMHU, OpraHM3aluMsAIMU W y4eHbIMU. C UCIOJIb30BaHMEM TOJYYECHHOM
nHOpMaK, TPOBeldcHAa CpPaBHUTEJIbHAS XapaKTEPUCTHKA BCEX METOIOB, BBIAEJICHBI
MPEeNMYIIECTBA M HEOOCTaTKM KaXmoro. Ha ocHOBe TMpoBeIeHHOTO aHajiu3a METOM0JI0-
ruii BBIOpaHa OJHA, KOTOpas M MCIIOJB30Bajach MpU NajJbHEMUIIMX pacueTax. BeImosHeH
aHaJM3 WHHOBAallMOHHO-WHBECTUIIMOHHON aKTUBHOCTU 3KOHOMUYECKUX CYOBEKTOB
C3®0, a Takxke TpoBeleHA OlCHKA WHHOBAIIMOHHOTO TMOTEHIIMAla KaXIOoro cyObeKTa
peruoHa. PesyiabTaThl IMOKa3ajaud, 4To B OOJbIIMHCTBe pernoHoB C3MO Heobxoaumo
YCUJIUTh Mepbl TOCYIapCTBEHHOTO CTUMYJIMPOBAHUS MHHOBAIIMOHHON NeATEbHOCTH Ha
MPeANPUITHSIX. 3aKITIOUYUTENbHBIN 3Tall UCCAeAOBaHUS — TOCTPOEHHE MPOrHo3a obbeMa
WHHOBAIIMOHHBIX TOBAPOB, pabOT U YCIYT, TPOU3BOAUMBIX MPEANPUATUSIMU deaepabHO-
ro okpyra. C MCIOJb30BaHUEM YpaBHEHMUS JIMHEWHON perpeccuu MoCcTPOeH MPOTHO3 Ha
2015—2025 rr. Pe3ynbTaThl UCCIEAOBAHMUS MOTYT IIPUMEHSThLCS NpU (HOPMUPOBAHUU I10-
JIMTUKU JaJdbHEMIIero pa3BUTHUSI PErMOHOB, pa3paboTKe CTpaTerMM MHHOBAIlMOHHOTO M

uHBecTUIIMOHHOTO pa3BuTUs C3MDO u cyOBEKTOB.

Kmouesbie cioBa: CeBepo-3amamHblil (hemepalbHBI OKPYT; WHHOBAIIMOHHAS IESITENb-
HOCTb; WHBECTUIIMOHHO-MHHOBAITMOHHASI aKTUBHOCTD;, PETPECCOHHBIN aHaIN3; MepPhI TOCY-
JapCTBEHHOM TIOMIEPKKH; KOPPEISIIMOHHBIN aHaIN3; 5KOHOMUUECKUN CYOBEKT perMoHa

Ccpbuka npn nutupoBannn: Munbckast E.A., berukoBa A.B. AHanu3 u olleHKa MOTeHIMajla WHHOBAIIMOHHO-
WHBECTUIIMOHHOW NESITeIbHOCTM 3KOHOMUYECKUX CYyObheKTOB (Ha mpumepe CeBepo-3amagHoro denepaibHOTO
okpyra) // HayuHo-texnunuyeckue BegoMoctu CIIOITIY. DxoHomuyeckue Hayku. 2017. T. 10. Ne 2. C. 44—53.
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Introduction. In the modern world, the
problem of innovative development of the regions
is particularly urgent. Regional economic entities
now need to spend more and more efforts to
carry out scientific activities, conduct research
and development in order to be competitive and
confidently cope with the instability of the
economic and political situation in the country.

The importance of the study is due to the need
to develop innovative and investment activities in
all economic entities of the Russian Federation, to
create a favorable innovation and investment
climate, to increase the competitiveness of regional
economic entities and their attractiveness for both
Russian and foreign investors.

The subject of research in this article are the
economic entities of the Northwestern Federal
District, one of the most developed and attractive
regions in terms of innovation. Economic entities
of the region are not chosen by chance, since
statistical information on them will be regarded in
this work as a set of innovative activities of
enterprises operating in that territory.

Purpose of the study. The purpose of this
work is to assess the innovative potential of the
economic entities in the Northwestern Federal
District and to build a forecast of their
innovative activity for the coming years, as well
as to develop recommendations for improving
the efficiency of innovation and investment
activities of the entire Northwestern Federal
District.

To achieve this goal, it is necessary to carry
out an analysis of innovation and investment
activities of the region as a whole, based on the
chosen methodology, to assess its development
potential on the basis of an analysis of the
activities of economic entities in the region and
to build a forecast of the volume of innovative
goods, works and services for the coming years.

Speaking about industrial manufacturers, in
particular, it should be noted that they are
primarily focused on long-term, sustainable
development of their enterprises, on the growth
of production volumes based on innovations, on
increasing their investments in R&D [7,
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14]. Unfortunately, it should be noted that in
2014 the share of organizations in the regions
under investigation implementing technological,
organizational, marketing innovations declined
compared to the period of 2011—2013. In 2011,
10.4 % of enterprises carried out innovative
activities, while in 2014 only 9.4 % did so. At the
same time, innovations in R&D are growing
from year to year: 29.8% of innovative
enterprises made investments specifically in
research and development in 2011, while in 2014
they amounted to 33.3 % [3]. Since 2015, the
process has slowed down due to the next wave of
crisis. The sanctions imposed by the West have
also had their negative effect.

The Northwestern Federal District includes
10 federal subjects: the Republic of Komi, the
Republic of Karelia, Arkhangelsk, Vologda,
Kaliningrad, Leningrad, Murmansk, Novgorod,

Pskov  regions and the «city of St
Petersburg. Until 2012 the Northwestern
Federal District increased the number of

advanced production technologies in general,
but almost all of them (more than 76 %) were
created only in one entity, the city of St.
Petersburg [15]. In recent years, there has been
a trend towards slower growth in investment in
capital assets. More than 37 % of the region's
investments are concentrated in the same
economic entity, St. Petersburg. Besides that,
15.28 % is concentrated in the Komi Republic
and 13.2 % in the Leningrad Region. Actually,
these subjects concentrate the greatest amount
of investment [15]. In the Northwestern Federal
District, attracted funds are the prevalent
sources of investment financing. Only two
subjects of the region: Pskov and Leningrad
regions invest at their own expense. The
unstable economic and political situation in the
country had an impact on the inflow of foreign
direct investment in the Northwestern
Federal District, which was reflected in the
negative balance of payments in the investment
section [15].

According to statistical data, the greatest
percentage of innovations is concentrated in
technologies [15]. Most technological innovations
are carried out in the production of electrical

equipment, electronic and optical equipment
27 % in 2014), production of coke and
petroleum  products (23 %) and chemical

production (21.4 %).
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Research methodology. In order to evaluate
the investment and innovation activity of the
subjects of the studied region, various methods
for evaluating the innovation activity of the
subjects of the regions were analyzed, both
devised by various authors and proposed by
scientific centers and institutes. In particular, the
methodology of the HSE, Financial University,
AIIR, NISP, CRS «Northwestern», Erokhina
[6], Pogodina [12], Bystritsky [4], Dubinin
[5]. Each of the studied methods has both
advantages and disadvantages in comparison with
others. Some of the techniques analyze the
factors that influence the development of
innovative activity, others focus on the results.

As a result, from our point of view, the
method of integrated rating analysis developed
by Dubinin is the most appropriate one for
evaluating the innovation activity of the region's
subjects. The resulting indicator is «The volume
of innovative goods, works and services»,
because it reflects the final result of innovation

activities of enterprises, as well as the
effectiveness of public policy. The main
advantage of this method is that all key

indicators that affect the innovative activity of
functioning entities are considered in the
analysis, and the influence of each indicator on
innovation activity is taken into
account. Through the study, we have decided to
supplement this methodology with several other
indicators that are relevant for the present time
period:

— the costs of technical innovation;

— the share of the faculty in the total number
of employed workers in the region;

— used advanced production technologies;
— use of the Internet at enterprises
organizations;

— the share of organizations engaged in research
and development, for the region as a whole.

and

Results. As a result of the calculations, a
correlation coefficient was obtained, which
characterizes the degree of connection between the
characteristic factors and the result factor (Tab. 2).

The next stage of the analysis is the grouping
of indicators (Tab. 3) and the definition of an
intermediate integral estimate. At the final stage
of the analysis, a comprehensive assessment of
the region's innovation activity (Tab. 4) is
shown.
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Table 1
Comparative characteristics of methods for assessing innovation activity
Author Ngmber Sections Advantages Disadvantages
of indexes
37 1 — Socio-economic conditions of innovation;| Complex analysis; A low|A complex multi-level
@ 2 — Scientific and technical potential of the|regional estimate for|evaluation system
E region; 3 — Innovation in the region; 4 —|one indicator can be
The quality of innovation policy. balanced by a high
estimate for the other
o 180 |1 — Level of socio-economic and financial|Broad coverage of|The complexity of
-g ‘é development; 2 — Competitiveness and|indicators affecting the|collecting statistical
=l investment attractiveness; 3 — The level of|development of innovation|information, the
-UE_ 5 scientific and technical potential; 4 — Level|in the region inaccessibility of certain
of development of innovation activities. types of data
23 1 — Research and development; 2 —|It relies on the|Due to the use of the
Innovative activity; 3 — Socio-economic|accumulated domestic|expert method of
o conditions. and foreign experience|assessment, there may
& of research, takes into|be a subjective opinion,
< account the opinion of|obtaining inaccurate
experts and the position |results
of federal authorities
LA 15 1 — Preparation of human capital; 2 —|Broad coverage of|The information
% k= 5 Creation of new knowledge; 3 — Transmission |indicators environment is  not
@) 2 z and application of knowledge; 4 — Conclusion evaluated
= of innovative products on the market.
o B 15 1 — Macroeconomic; 2 — Infrastructural;|Relative simplicity of|To assess the state of the
§ Z 3 — Legal; 4 — Staffing; 5 — Economic. calculations, availability|innovation environment,
= = of statistical data the use of fixed capital
Nhr:? and information and
M communication
L2 technologies
- 13 1 — Economic development of the region;|It covers all key|The resulting analysis
k= 2 — Innovation potential of industrial |indicators, takes into|factor is chosen by the
= production; 3 — Scientific potential; 4 —|account the impact of|expert, which may not
Q_ Participation of the region in international|each specific indicator|accurately reflect the
v technological exchange; 5 — Information and{on  the innovation|actual innovation activity
< communication potential. activity of the region in the region
Table 2
The results of the correlation analysis
(the resultant characteristic is the volume of innovative goods, works and services)
Ne Characteristic factor Correlation Ratio
1 | The number of intellectual property objects created per 10,000 employees in the 0.9455049
region's economy
Costs of technological innovation 0.9437164
The cost of R&D in the amount of 10,000 people in the economy of the region 0.9416247
The share of organizations using information and communication technologies in the 0.9352655
total number of organizations in the region
GRP per capita of the region 0.9156026
Export of technologies and services of a technical nature 0.9080731
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Continuation of Table 2

Ne Characteristic factor Correlation Ratio
Number of personal computers per 100 workers in the region 0.8929995
The proportion of faculty in the total number of employed region 0.8923734
Volume of investments in fixed capital per capita 0.8304422

10 | Import of technologies and services of a technical nature 0.8274741

11 | Used advanced production technologies 0.8197648

12 | Number of scientific organizations per 10 thousand people employed in the economy 0.8013259

employed in the economy

13 | The ratio of the number of postgraduates and doctoral students to the total number of 0.7723728

14 | Using the Internet in Organizations

0.7665354

15 | The share of innovative-active enterprises in the total number of enterprises in the region 0.6635596

employed in the economy of the region

16 | The proportion of staff engaged in research and development in the total number of 0.6628784

of enterprises in the region

17 | The share of organizations engaged in research and development in the total number 0.4329411

employed in the economy

18 | The ratio of the number of candidates and doctors of science to the total number of 0.1492624

Table 3
Grouping of characteristic factors
Metric group Indicators
Economic development of the region ED 5.9
Innovation potential of industrial production 1P 1, 11, 15
Scientific potential SP 2,3,8,12, 13,16, 17, 18
Participation of the region in international technological exchange TE 6, 10
IT potential ITP 4,7, 14
Table 4

Integral indicator of innovation activity of economic entities in the Northwestern Federal District, 2014

Subject EP IP SP TE ITP IRD
NWFD 0.8730 0.8096 0.7234 0.8678 0.8649 0.8257
Republic of Karelia 0.2857 0.1561 0.3945 0.2486 0.3874 0.2791
Komi Republic 0.4742 0.6090 0.5361 0.3903 0.5581 0.5077
Arhangelsk Oblast 0.3109 0.1945 0.3974 0.4044 0.2064 0.2887
Vologda Oblast 0.3797 0.5466 0.4065 0.7011 0.6180 0.5159
Kaliningrad Oblast 0.8266 0.7489 0.7960 0.5438 0.8349 0.7412
Leningrad Oblast 0.4574 0.4275 0.3744 0.3071 0.6217 0.4257
Murmansk Oblast 0.6266 0.3846 0.5306 0.5722 0.6704 0.5472
Novgorod Oblast 0.3856 0.1755 0.2054 0.0331 0.2241 0.1600
Pskov Oblast 0.4313 0.4537 0.2531 0.1295 0.0467 0.1974
Saint Petersburg 0.8983 0.8282 0.7395 0.8729 0.8596 0.8378
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As it can be seen from the results of the
study, St. Petersburg is the undoubted leader in
terms of innovation activity: the value of the
integral indicator is 0.8378, which exceeds the

value of the indicator throughout the
Northwestern  Federal = District. Quite  good
indicators also have been obtained in the

Kaliningrad Oblast (0.7412). Murmansk and
Vologda regions and the Republic of Komi have
an average level of innovative activity. Novgorod
and Pskov regions have the lowest indicators.

Further, the innovative potential of the
region's subjects is directly assessed and the
forecast is calculated for 10 years. To determine
the innovative potential of the Northwestern
Federal District, a methodology based on the
calculation of an integrated indicator evaluating
the innovation potential in terms of its formation
can be used [10].

As a result of the calculations, it turned out
that St. Petersburg has the highest value of the
innovation capacity assessment indicator; in
addition, for the entire study period it has been
growing from 2.050 to 2.156 conventional
units. The Vologda, Pskov and Arkhangelsk
regions have the lowest estimates of the innovative
potential. Despite the lowest value of the indicator,
the Pskov Oblast showed a significant increase by
0.263 conventional units (Tab. 5)

Table 5

The value of the integral indicator of the assessment
of innovative potential of economic entities
and the Northwestern Federal District,
conventional units

Region 2005 (2010|2011 |2012|2013 (2014
NWFD 1.047|1.065(1.069|1.106(1.103{1.112
The Republic of 0.85710.902(0.880(0.869(0.892{0.919
Karelia

0.935/0.961|1.011{1.108|1.086|1.155
Arhangelsk Oblast |0.853(0.801/0.816]|0.870{0.9010.850
Vologda Oblast 0.807(0.782/0.818|0.892|0.755|0.706
Kaliningrad Oblast |1.072|1.012|1.009{0.977{1.006|1.006
0.910{0.943/0.921|0.943|0.926|0.916
0.946(0.958/0.967|1.010{1.024| 1.049
0.824]0.834/0.829{0.845|0.875|0.958
0.540(0.681(0.724|0.811{0.784|0.803
2.050{2.132|2.056{2.005|2.135|2.156

Komi Republic

Leningrad Oblast
Murmansk Oblast
Novgorod Oblast
Pskov Oblast

Saint Petersburg

Table 6

The distribution of NWFO subjects in terms of innova-
tive capacity

Level of
Ne | innovation | Value Regions
potential
1 | Extremely | Less than| Vologda Oblast, Pskov
low 1.0 Oblast, Arkhangelsk
Oblast, Leningrad Oblast,
Republic of Karelia,
Novgorod Oblast
2 Low From 1.0 Republic of Komi,
to 1.3 Kaliningrad Oblast,
Murmansk Oblast
3 | Average |From 1.3 —
to 1.6
4 High More Saint Petersburg
than 1.6

Using the results obtained, it is possible to
identify 4 groups of regions according to the
level of innovative potential (Tab. 6): extremely
low, low, medium and high. It is worth noting
that most of the subjects of the Northwestern
Federal District have a low level of innovative
potential at the moment, which once again
indicates the need to introduce incentive
measures from the state.

To build a forecast, it is possible to use the
regression analysis method (1):

y = —415163 - 0.068x, — 0.081x, — 0.973x, —
~2194x; +7864%, +4696x - 3351884%, + |,
+362876X,, +403225826x,, +6.959x,5 +
+1.351x,4 + 5,

where y — the volume of innovative goods and
services, million rubles;

X, is the export of technology and technical
services, min;

X, is the import of technology and technical
services, min;

x, is the GRP per capita of the region,
rubles;

X; is the number of personal computers per
100 workers in the region, in units;

X, is the share of personnel engaged in
research and development s in the total number
of employees in the regional economy;

xg are the R&D expenditures per 10 thousand
workers in the region, min;

49



‘St. Petersburg State Polytechnical University Journal. Economics, Vol. 10, No. 2, 2017

-
|

X, is the number of scientific organizations Table 8
per 10,000 workers in the region; Vol py ; Vol Py ;

X,; is the number of created objects of olume of innovative olume of innovative
. . Year| goods and services, |Year| goods and services,
intellectual property per 10,000 workers in the o o

e million rubles. million rubles.
region's economy;.

X4 is the share of organizations engaged in |2015 454588.2 2021 1539882.6
research and development in the total number of 2016 571756.9 2022 1844954.8
enterprises in the region;

X,s are the advanced production technologies |2017 709045.7 2023 2203334.5
used, units; o _ 2018 869972.5 2024 26245532

X,s are the costs for technological innovation,
min: 2019 1058682.3 2025 3119899.8

¢ is the random deviation. 2020 1280062.9

To fulfill the forecast, 3 development options
were calculated: Wlth the mqlntenance of current Option 3. Pessimistic option
trends (Tab. 7), with the improvement of the Table 9

values of factors (Tab. 8), with a decrease in the

values of factors (Tab. 9). Provided that the same Volume of innovative Volume of innovative
growth rates are maintained over the next ten |Year| goods and services, |Year| goods and services,
years, we obtain the following values for the million rubles. million rubles.
volume 'of innovatiye gopds, works and serv?ces. 2015 342998.0 2021 273859.3
Option 1. Maintaining current trends in the
development of the Northwestern Federal District 2016 331431.3 2022 262475.9
Table 7 |2017 319865.5 2023 251158.6
Forecast of the volume of innovative goods, works 2018 308313.8 2024 239915.4
and services 2019 296788.2 2025 228753.7
Volume of innovative Volume of innovative 2020 285299.9
Year| goods and services, |Year| goods and services,
illi bles. illi bles.
fmlon Tubes fmon Tubes Thus, the obtained linear model has a high
2015 446981.9 2021 1438913.4 degree of reliability and allows to predict the
2016 555169.2 2022 1713202.4 volume of innovative goods, works and services
2017 681689.2 2023 2033053.5 produced in the Northwestern Federal District
018 $20538.6 004 5405972.9 Wlth a minimum deviation. The cons@ered
variants of the forecast confirm the necessity of
2019 1002205.9 2025 2840724.1 constant monitoring of the innovation situation
2020 1203753.3 in the region, since even a small decrease in the

Option 2. Positive growth of independent factors

In the second case, where the growth of all
indicators included in the regression model was
taken into account, the volume of innovative
goods and services was systematically increasing
from year to year at a much higher rate than in
the first variant (Tab. 8)

In the third case, a pessimistic option was
calculated, where the growth rates of all indicators
were negative. It turned out that even a slight
decrease in the parameters included in the linear
regression equation leads to a significant decrease
in the volume of innovative goods, works and
services (Tab. 6).
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parameters leads to a significant decrease in the
resultant factor.

Conclusions. Based on the results obtained,
the following conclusions were drawn:

1. The Northwestern Federal District as a
whole has a high rate of current innovation
activity. However, the majority of economical
entities (Pskov, Novgorod, Arkhangelsk regions
and the Republic of Karelia) is characterized by
a low level of innovative activity. The main
innovative economic actors in the region are the
city of St. Petersburg and the Kaliningrad Oblast.
The method of assessment includes an analysis
of various spheres of economic activity, which



allows to use the results of the analysis in the
development of measures to stimulate innovation
and investment activity in economic entities.

2. St. Petersburg has the greatest value of the
innovation potential evaluation index, which can
be explained not only by the high level of
development in all spheres of the economy, but
also by its favorable economic and geographical
position. At the same time, many NWFD entities
are characterized by a low level of innovative
potential of subjects. Therefore, in order to
stimulate innovative activity necessary in the
subjects of the federation it is necessary to:

— improve the technological equipment of the
economic entities (increase in investments in
fixed assets);

— strengthen the financial and economic status
of the subjects by attracting major investors and
business angels; facilitate tax and customs
privileges);

— improve the efficiency of information and
communications technologies subjects, through
the provision of subsidies for the development
of ICT, as well as the formation of the state
order for production and implementation of IT-
technologies.
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3. The forecast of innovative products, works
and services produced in all subjects in the
Northwestern Federal District in 2015—2025 has
been made in this paper. The data show how
strongly the resulting factor depends on the
variables of the equation: a slight reduction in
the growth rate of variables leads to a significant
reduction in the volume of innovative products
in the region.

In view of the above, it must be also
mentioned that the measures of state stimulation
of innovation activity can and should
significantly improve the innovation and
investment activities in the economic subjects of
the federation, which ultimately has a positive
effect on increasing the innovation potential of
the entire Northwestern Federal District, and on
increasing the volume of the much-needed
innovative products.

Directions for further research. In the course
of further research, the measures of the
governmental regulation which can  best
stimulate the innovative activity of enterprises
will be studied in more detail; in addition, the
roles of business incubators, technology parks
and technopolises in the formation of regional
innovation systems will be studied.
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The article is dedicated to rethinking Kondratyev’s research of economic environment in
countries having the developed market economy. The methodology and the results of his research
allowed us to conclude that there is no national economy, but there are national economic
models. The initial parameters in these models are the needs of people ensuring their life activity.
These conclusions have been made by analyzing prior indicators of different countries and the
improvement rate of technological and manufacturing assets. Kondratyev’s waves are the results
of human activity in an objective economic environment directed at fulfilling people’s needs.
Shumpeter also suggested improving economic models based on continuous human needs in
innovative products, technologies and efficient manufacturing structures. To respond to these
challenges, we offer to use the first and second laws of thermodynamics. Based on these laws we
have developed a mathematical model for converting manufacturing capital into monetary capital
in the form of produced and sold products and services. The studies of a conversion operating
cycle in real engineering business have shown that the market cost of business on the stock
market and its result in the form of sold products are determined by a criterial equation including
five similarity criteria. The mathematical model of operations management has been created
based on an operating cycle converting the manufacturing capital into monetary capital in the
form of produced and sold products and services. Further research will be dedicated to extending
this approach in evaluative technologies of tangible and intangible assets, estimation of business by
the market capital method, designing innovative projects, organization of manufacturing processes
based on transfer operating costs within technological stages being at the same time the zones
financial responsibility, organization of management accounting.
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OTIEPAIIMOHHBI MEHEIKMEHT:
KOHBEPCUS ITPON3BOJACTBEHHOTO KAITUTAJIA
B ITPOM3BOJICTBEHHO-TEXHOJIOTMYECKIX CUCTEMAX
WHXEHEPHOTO BU3HECA

A.H. IIInukos

Bosoroackuii rocymapcTBeHHBIN yHUBepcuTeT, T. Bonorma, Poccutickas Peneparius

Cratbs MocBslIeHa nepeocMbicieHnto uccienoBanuii H.JI. KonnpaThbeBa 3KOHOMUYE-
CKOM Cpefibl CTpaH, UMEIOIIMX Pa3BUTYIO PHIHOYHYIO 9KOHOMUKY. METONONIOoTHsI U pe3ysibTa-
Tol uccienoBanuii H.JI. KoHaparbeBa Mmo3BoawiIM ciefaTh BbIBOJ, YTO HET HAllMOHAJIbHOM
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SKOHOMUKH, a €CTh HAIIMOHAJIbHBIE SKOHOMHYECKIE MOICIH, T¢ MCXOMHBIMU ITapaMeTpaMu
SIBJISIIOTCS TTOTPEOHOCTH JIIOAeH, oOecleunBalolue UX KM3HeAesTeJbHOCTh. BhiBoa caenaH
Ha OCHOBE aHajJu3a MPUOPUTETHHIX MHAMKATOPOB KaxKIOUM CTpaHbI U TEMIIOB COBEPILIEHCTBO-
BaHMSI TEXHOJOTMYECKUX M MpOM3BOACTBEHHBbIX akTUBOB. Bomnbl H.J. KoHpatbeBa — 3TO
pe3yabTaT AesITEIbHOCTH JIIOAEe B OOBEKTUBHOM 3KOHOMUWYECKOM Cpene, HaIlpaBJICeHHOW Ha
peanmMs3alMio IoTpeOHOcTed smoneil. B 3Toil CBA3M BHOJNHE OOBACHUMO TNPEMIOXKEHUE
. IllymmeTepa coBepIIEHCTBOBATh SKOHOMWYECKIE MOJICIM Ha OCHOBE ITOTPEOHOCTEH JIIo-
el B HOBBIX MPOMAYKTAaX, TEXHOJIOTUSX M OpraHM3alvK IIPOM3BOICTBEHHBIX ITpoleccoB. Jlis
peanuzalMii 3TUX 3adad, KakK MpaBUIO, HCIOJb3YIOT OOBEKTUBHbIE MPUPOIHBIC 3aKOHHI.
B ocHoBe 1u1aHeTapHOM TEOpUM aToOMa M XMMMYECKMX 3J€MEHTOB U TEXHOJOTMI HCIIOJIb30-
BaH 3aKOH BCEMUPHOro TaroteHus. Hamu npemioxeHo MCNoab30BaTh OObEKTUBHBIE 3aKOHBI
TEPMOAMHAMUKM W TEOPUIO MOTeHUMAIbHOro moiisi. Ha ocHOBe 3TMX 3aKOHOB CO3[daH Mare-
MaTUYEeCKWI aIlmapaT KOHBEPCHUM ITPOM3BOACTBEHHOTO KaIlMTajla B JEHEXHBIA KaIlluTal B
dopme peaymsoBaHHOI TponyKuun. McciaemoBanus peaqbHOTO MHXKEHEPHOTO OM3Heca I10-
Ka3ajy, 9YTO CTOMMOCTh OM3Heca Ha (DOHIOBOM PBIHKE M €r0o pe3yiabTaT B (OpMe peam3o-
BaHHOI IIPOIYKIIMU OIIPEACIISIIOTCS KPUTEPUATIBHBIM YPaBHEHUEM, COCTOSIIIIUM M3 IISITA KPH-
TepueB. Pa3zpaboraHa MaremaTuyeckasi MOIEIb OIEPAllIMOHHOTO MEHEIXKMEHTa Ha OCHOBE
OIEPALIMOHHOIO [IMKJAa KOHBEPCUM IPOM3BOJACTBEHHOIO KalUTala MPOM3BOJACTBEHHO-
TEXHOJIOTMUECKOIl CUCTEMBI B JIEHEXXHBII Kanutaia B (hOpMe MPOM3BEICHHOM U peaJn30BaH-
HOI Tmponmykuuu. JlanpHelle ucciaeaoBaHus OyayT HampaBIeHbl Ha pacIIMpeHre UCIIOJb-

30BaHUSI 3TOTO MOJAX0JAa B OLIEHOYHOM MHHOBALIMOHHOM AESITEIbHOCTH.

KmoueBbie ciioa: KOHBEPCHUA OIICPAIMOHHOIO LIMKJIIAa MHXCHECPHOTO 6I/I3H€C3.; oIriepa-
LHUAOHHBI MEHEIKMEHT; KPUTEPUAIBHOEC YpAaBHEHUE OIEPAllMOHHOIO IMKJIAa KOHBEPCUU;

KPpUTEpUN ]'IOZ[O6I/I$[ OIICPAlIMOHHOI0 IIMKJIa

Ccepuika npu uurupoBanuu: IllnukoB A.H. OnepanvoHHbBI# MEHEIKMEHT: KOHBEPCUSI MTPOU3BOICTBEHHOTO
KaluTajla B TIPOM3BOICTBEHHO-TEXHOJIOTMYECKUX CUCTeMaxX WHXeHepHoro OusHeca // HayuHo-TexHMUYECKUe
Bemomoctu CIIOTTTY. Dxonommueckue Hayku. 2017. T. 10. Ne 2. C. 54—63. DOI: 10.18721/JE.10205

Introduction

Kondratyev’s research of an economic
environment of countries with developed market
economy. N.D. Kondratyev studied the dynamics
of cyclic economic processes of the indicators of
infrastructure  subjects which generate the
people’s needs ensuring their life activity.
Kondratyev considered the indicators from the
late 18™ century up to the early 20" century
(about 150 years) in the following countries:

a) in the United Kingdom: prices; interest
on capital; wages of agricultural and textile
workers; production coal, iron and lead;

b) in France: prices; interest on capital;
foreign trade; coal consumption; the planting
area of oats; the portfolio of the French Bank;
deposits in saving banks; consumption of cotton,
coffee, sugar;

¢) in Germany: the production of coal and
steel;

d) in the United States of America: prices; the
production of coal, iron and steel; the number of
spindles in the cotton industry; cotton acreage;

e) indicators of production and consumption
are not overall, but per capita.

The analysis of the research results allows to
formulate the main properties of every infrastructure
subject in an economic environment.

1. Cyclic changes of the indicators are
continuous; based on the property of self-
organization, their oscillation amplitude takes an
average value. Non-stationary  oscillatory
processes become stationary.

2. The synergic effect (2 + 2 = 5) in an
integrated set of infrastructure subjects in an
economic environment is achieved by the
property of self-organization.

3. Economic environment as a result of
manufacturing capital conversion is a vector field
of monetary flows. A thermodynamic system has
similar properties. In this system, the heat flow
vectors arise based on a temperature gradient.
Therefore, the economic environment is a field
whose infrastructure subjects have cyclic, self-
organization and synergetic properties.

Based on the mathematical analogy of
thermodynamic and economic systems, we
conclude that operation management considers
economy as an objective law. According to the
first and second thermodynamic laws, the
infrastructure  subjects in an  economic
environment convert manufacturing capital into
monetary capital in the form of produced and
sold products and services necessary and
sufficient for ensuring the life activities of
people.
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The Carnot thermodynamic cycle converts
heat energy into mechanical work. An ideal
closed cycle consists of two isotherms and
two adiabats. In this case a real conversion
cycle is placed inside an ideal closed conversion

cycle.
The mathematical analogy of converting the
operating cycle in thermodynamic and

manufacturing-technological systems (based on
the first and second laws of thermodynamics)
allowed to formulate and substantiate the
theoretical and practical tools to design, plan
and control the innovative development of
manufacturing-technological systems of engineering
business.

Research objectives. Our aim is to develop a
mathematical model of operation management
based on converting manufacturing capital into
monetary capital in the form of produced and
sold products. The mathematical models of the
first and second thermodynamics laws have been
used as paradigms for developing an operations
management model. One of our main objectives
is to study the operating cycle of real
metallurgical enterprises on the basis of these
models using the information from the stock
market as initial data.

Research methods

The ideal operational cycle of converting
manufacturing capital into monetary capital
consists of five unit vectors:

Q is the manufacturing capital of the
conversion operating cycle which is equal to
the sum of technological costs GW, =
= C,. + C, + C,, where C,. are the material
costs; C,, are the labor payment costs; C,. are
the other costs (without amortization of
intangible assets) and U, = U, + U, are the
main funds of a manufacturing-technological
system, including the tangible assets U, and the
intangible assets U,,.

V,, is the sales value of the manufactured
products (services) which is equal to the sum of
net income DO, including P, which is the net
profit (property of business owners); C,, which
is the depreciation of tangible assets, C,;,, which
is the amortization of intangible assets. The
monetary equivalent of products manufactured
in a conversion operating cycle (G, W,), is
numerically equal to technological costs (G W,).

56

In turn, the sum of amortization of intangible
assets and depreciation of tangible assets
Caa T+ C,. = C,. is the necessary and sufficient
capital for simple and extended reproduction of
the main funds in a manufacturing-technological
system.

The balance equation for converting the
manufacturing capital into monetary capital in
the form of produced and sold products has the
form:

Q _ I/sv ( 1 )
Un +GWy Dy + (G W)y,
by analogy with the adiabatic process

G Wy = (GyWy),,-
The level of conversion is equal to the

relation of the sales value to the manufacturing
capital. The parametric equation has the form:

Vo _ Gy + Dy

o =<1.
0 GW, +U,, 2
Our research shows that the conversion level
for the ideal operating cycle is equal to one
while for the real converting operating cycle
(according to second thermodynamic law) it is
less than one. The conversion level is more than
one for the excise business.
Let us write Eq. (2) in a dimensionless form:

v, @W, D,
Q _ (G W) s _ Umf Umf =9. (3
Q Q GOWO +1

GOI/VO Umf

Let us introduce the notion of dimensionless
complexes and write Eq. (3) in a dimensionless
form:

_&_k0+M_ ko N M
p o ky+1  ky+1 ky+1

S = Smts + Sbus' (4)

The dimensionless complexes in Eq. (4) are
similarity criteria and therefore Eq. (4) is a
similarity equation, where:

V., . . .
8=6 is the conversion criterion of the
operating cycle equal to the sum of conversion
criteria: 9,,, is the manufacturing-technological

A

system criterion and 9,,, is the criterion of the

enterprise. This criterion has a very impotent
property for engineering business. Namely,



the operations cycles are similar if the
numerical values of their conversion criteria
are equal. Theory of similarity is widely used for
research in thermodynamic systems. Eq. (4)
allows applying the methods of similarity theory
for research of manufacturing-technological
systems.

Similar processes take place in the Carnot
cycle where the first part of conversion is a
thermodynamic cycle and the second part is
converting the thermodynamic cycle into
mechanical work. Each conversion cycle is
improved by self-innovations. Each part of the
conversion cycle is improved Dby self-
innovations.

Our research of the factors determining the
level of conversion in a real engineering
business has shown that it primarily depends on
the physical fundamentals of the technological
process. For example, if turning with a low
material utilization coefficient is substituted by
plastic deformation (forging, stamping, rolling,
i.e., breakthrough technological innovations)
with a much higher utilization coefficient, then
the conversion level of the operating cycle will
increase. Therefore, «incremental» improving
technological innovations cannot increase the
level of conversion.

kO — GOW/O

mf
an operational cycle. The value of this criterion
for an ideal operating cycle is equal to k, = 1,
while for a real operating cycle this is a constant
k, < 1. Therefore, the variation range of the

is the criterion (characteristic) of

Designing
a conversion
operating cycle

N
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conversion criteria of the engineering business
can be written in the form:

9<9,, + % <0,5+0,5<1, (5)

mis

Our research has shown that the inequality
9, 0,529, takes place. In this case, the

design and subsequent adjustments should ensure
equality 9, = 3,,, of the conversion criteria of

the manufacturing-technological system (mts)
and of the business (bus).

oo

U,s
of simple and expanded reproduction of the
main funds at the expense of the depreciation
and amortization funds of the enterprise
and financing dividends at the expense of the
net operation profit. This criterion must
be equal to or less than the conversion criterion
of the manufacturing-technological system
8mts 2 SM .

is the criterion of self-financing

7\1 — N
(GOWO )sv
marketing enterprise.

Y

0o
technological processing,

is the conversion criterion of a

is the conversion criterion of

p:

where 9 = &
p

Fig. 1 presents a block diagram of operations
management based on the conversion operating
cycle in a manufacturing-technological system
(MTYS).

Business Strategy

/N

-~

GoyWy = (GWo)s >

(GoWp)y + Dy = \>

< o

Planning and
Controlling,

Management
accounting

Innovation
management

Fig. 1. Block-diagram of an operations management infrastructure based
on the conversion operating cycle in a manufacturing-technological system (MTS)
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Operations management is an economic
system whose infrastructure is implemented by
self-managed engineering business in an
economic environment. To  continuously
manufacture  products  with  competitive
advantages in the domestic and foreign markets,
the work cycle should be supplemented by
creating the strategy based on marketing
information about the demand and supply of
innovative products and technologies. The
algorithm for developing the strategy is as
follows. After the function of operations has
understood its role in business and after it has
formulated its efficiency goals, it needs to
formulate a set of general principles that will
determine its decision-making.

The first stage: enterprises  should
understand their main role (mission) in a
municipal territory. Labor market ensures the
workplaces of a municipal territory, and that is
the main need of humans for their life activity.

The second stage: enterprises should articulate
the performance objectives. They increase the
conversion level of the manufacturing capital by
continuous implementation of innovation-
investment projects, and on this basis they
increase their sales value.

The third stage: enterprises should formulate
a set of general principles which will guide their
decision-making. The organization of
production should ensure the competitive
advantages of consumer properties of each
technological stage being the zone of financial
responsibility. It means the manufacturing
technological system of an enterprise should
ensure the transfer of technological costs and
consumer properties within technological stages.
In this case management accounting or
controlling are applied.

This information is initial for designing an
organization  production by  transferring
technological costs and consumer properties
(market cost) of products or technological
stages within the zones of financial
responsibility. In this case management
accounting will allow implementing the main
condition of an innovative organization
production ensuring the market cost in each
technological stage. By using innovative
management tools, enterprises continuously
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improve the parameters of conversion operating
cycles and conversion marketing tools.

The manufacturing capital Q is converted
into monetary capital in the form of sales value
V,, in an operating cycle of conversion
consisting of two stages. The first stage is a
manufacturing-technological stage with the
following condition: technological costs are
equal to the market value of the manufactured
products:

GoW, = (GyWy)y,. (6)

The second stage of conversion is the
marketing conversion where net income D, is
added to the market value of products (G,W,y),,,
which is necessary and sufficient for paying
taxes of all levels, dividends in the form of net
profit P, and capital maintenance adjustments
Cmac = Cdtc + CaiC'

Designing management accounting in a
conversion operating cycle

Competitive advantages of products and
technologies of engineering business are
implemented on the basis of «incrementals> and
«breakthrough» innovative projects. In this case
managers of engineering enterprises obtain the
required consumer properties of products by
management accounting using the transfer of
technological costs and market cost within
technological stages being zones of financial
responsibility. The organization of a conversion
operating cycle based on management accounting
is the necessary condition for implementing any
innovative projects. In this case, the competitive
advantages of end products are formed by the
transfer of technological costs and the cost of
consumer properties in each technological stage,
considering the parameters of an innovation
project.

The mathematical model for management
accounting ensures the competitive advantages
based on the transfer of the set of cumulative
properties of a conversion operating cycle.

Balance equation of the sales value V, for
four technological stages:

sV svn §

n=2
V=stl_)st2=2V _>Vv3=
n=1

n=3 n=4
= zstn - st4 = zstn'
n=1 n=1
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Fig. 2. Block diagram of trasferring parameters of a conversion operating cycle

Balance equation of manufacturing costs:
(G W) = (GoWh), — (GoWy), =

n=2
= Z(GOVVO)n = (G Wy); =

n=1

n=3 n=4
= > (GWy), H(GWy)y = X (GWy),.
n=1

n=1

Balance equation of net income:

Balance equation of manufacturing capital:

n=2
Q:Ql_)Q2:2Qn%Q3:
n=1

n=3 n=4
= Qn — Q4 = 2 Qn .
n=1

n

Graphical interpretation of the conversion
operating cycle in manufacturing-technological
systems of engineering business. The sum of
collinear vectors is a single vector, while the
sum of two orthogonal vectors is a right-angled
triangle.

Therefore, the ideal converting operating
cycle of manufacturing-technological system is
an equilateral triangle consisting of five unit
vectors of monetary flows. In this case, the
graphical interpretation of the criterial Eq. (4)

for a conversion operating cycle in vector form is
the following:

Ve ~ ky (Wo)sv +MD,

— = ™)
0 k(GW o)+ 1Uns

An ideal conversion operating cycle is
presented in Fig. 3.

The  operating cycle of  converting
manufacturing capital into monetary capital in the
form of the sales value of products and services
consists of two closed cycles. The first closed
operating cycle of converting manufacturing
capital into products 1-3-4 consists of three

vectors of monetary flows Q:GOW0+ﬁmf. This

contour is a manufacturing cycle, where the end

product (or technological stage) with the market

cost that is equal to the technological costs

(GoWo) ; =GyW , is manufactured as a result of
m

converting the manufacturing capital. The second

cycle 1-2-3 consists of three unit vectors

Ve = (GoWo) + Do of monetary flows. This is a
N

marketing cycle. A real operating cycle of
converting the manufacturing capital is placed
inside an ideal operating cycle. The criteria k,-M
are a coordinate system for the real operating
cycle of conversion. For example, the criterion of
conversion in a real operating cycle 1'-2!'-4 at
0.40+0.35

=0.54.
0.40 +1

ky=0.40 and M = 0,35, 9 =
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Fig. 3. Graphical interpretation of the conversion operating cycle
in a manufacturing-technological system
Table 1

Conversion criteria for the operating cycles of similar metallurgical enterprises:

«Magnitogorsk Metallurgical Company> (MMC), «Novolipetsk Metallurgical Company» (NLMC)
and «Cherepovets Steel Mill> (ChMC)

Similar enterprises on stock market ISC ISC ISC
«MMC» | <NLMC» | «<CHMC»
Stock market parameters, min USD
Sales value, V,, 5380.00 4468.73 5055.17
Sales value without taxes and payment 4983.37 3996.36 4617.31
Profitability of sales, r = P/V,, 24.6% 41.6% 35.2%
Net profit, P, 947.00 1385.34 1312.00
Operation profit, P 1323.48 1859.00 1779.42
Parameters of a conversion operating cycle
Operation costs C,. = V,,-P 4056.52 2609.74 3275.75
Sum of tax fixed assets and tax of operating profit AP=P — P, =N, + N, 376.48 473.66 467.42
Tax on operating profit N, = Pyy,/(1 —vy,), 236.75 348.34 328.00
where y, = 0.2 is the tax rate on operating profit
Tax on fixed assets (tax on equity of entity) N, = AP — N, 139.73 125.32 139.42
Main funds U, for these enterprises are fixed assets (tangible assets)| 6986.50 6266.00 6971.00
U,r /¥, Where y,, = 0.02 is the tax rate for fixed assets
Depreciation (amortization) of tangible assets 209.60 188.00 209.13
Cdc = O l]fa =0.03 l]fa’
where oy, is the rate of depreciation (amortization)
Technological costs G,W, = C,.-C,. 3846.92 2421.74 3066.62
Net income D, = P, + C,. 1156.60 1573.34 1521.12
Manufacturing capital Q = G, W, + U, 10833.42 8687.74 10037.62
Criteria of a conversion operating cycle
Capitalization criteria A = V /G W, 1.30 1.65 1.51
Investment criteria M = D/U_, 0.17 0.25 0.22
Resources criteria p = Q/G,W, 2.82 3.59 3.27
Characteristic of the manufacturing capital k, = G,W,/U_ 0.55 0.39 0.44
A o kg+M 0.46 0.46 0.46
Conversion criterion 9 = —% == = 20
0 p K+l
The cost of equity capital on 19.04.2006 7892.94 13964.22 7452.80

60




Research results and discussions. Based on the
information taken from Table 1, we can come to
the conclusion that the enterprises are similar in
terms of the similarity criterion of the conversion
level. Our research has shown that the similarity
criterion of the conversion operating cycle is its
property that depends only on physical
fundamentals of technological processes. In this
case all three enterprises manufacture sheet
metal based on a similar technology.

Having considered the results of criterial
assessment of conversion operating cycles in
three enterprises, we may suggest the following
research issues for a discussion:

1. The physical basis of the enterprises’
technology is absolutely similar. Despite different
equipment, the conversion criterion is equal and
it does not depend on the production volume.
Novolipetsk Metallurgical Company is relatively
new and its products are in much demand,
therefore the value of its stock capital is higher
than the same value in other enterprises. Its
criteria p and A are higher. The first criterion
demonstrates that the company has more
modern technological equipment; the second
one shows that marketing performs much more
effectively. The higher value of the criterion M
indicates that the enterprise has more revenue
and the lower value of business characteristic
indicates that it has lower technological costs.

2. The criterial analysis allows to formulate
the aims and objectives of innovative projects
ensuring the increase of business value on a
stock market. As a rule, the strategic business
objective is to increase the value of stock capital.
In this case an enterprise receives investment
resources from stock capital sales.

3. Magnitogorsk Metallurgical Company and
Cherepovets Steel Mill should reduce the operation
costs (reduce the criterion k;) and improve the
consumer properties of metal sheets (increase the
criterion A). In this case, the conversion criterion
and the criterion M will increase.

Conclusions. The mathematical model of
operations management has been created based
on an operating cycle converting manufacturing
capital into monetary capital in the form of
produced and sold products and services. The
main principle of market economy is realized by
this approach. Namely, successful business is
determined by the sales value of products and the
cost of stock capital on a stock market. These

A.N. Shichkov, DOI: 10.18721/JE.10205>

parameters define the area of a mathematical
model in an economic environment.

The criterial Eq. (4) and its vector form (5)
including five unit vectors of monetary flows are
the integrated set of similarity criteria ensuring the
possibility to analyze, design and create conversion
operating cycles in manufacturing technological
systems with competitive advantages.

The graphical interpretation of a conversion
operating cycle has been created in the form of two
contours of closed right-angled triangles consisting
of five unit vectors of monetary flows. The research
of conversion operating cycles allows to conclude
that the change of one of five criteria alters all the
parameters. This fact is clearly illustrated by the
graphical model of the conversion operating cycle.
All five similarity criteria participate in the
operating cycle simultaneously. It is not possible to
improve the conversion operating cycle based on
one or two parameters.

The analysis of the criterial equation
demonstrates that the conversion criterion is the
sum of conversion of manufacturing technological
system and business marketing. The conversion
criteria of business cannot be more than the
conversion criteria of marketing business; they
should be equal. The conversion criterion of a
real operating cycle depends only on physical
fundamentals of a technological process. For
example, the conversion criterial of turning
technological processing with the material
utilization coefficient equal to 0.5 might be
increased only by a breakthrough innovation
based on replacing it by a technological process
with a higher material utilization coefficient.

The manufacturing-technological system of
each technological stage should be adjusted to
the conversion criterion of the whole system,
and in each stage k, > M. In this case, intangible
assets appear in the main funds of the enterprise.
The balance cost of intangible assets is
determined on the basis of the criterial equation.

The directions of further research

Further research will be directed at
expanding the areas of this approach in the
assessment of innovative activity, such as:

a) using the theory of similarity criteria in
the assessment of business activity;

b) the ways of improving the design methods
in management accounting;

¢) formulating the performance tasks
innovative projects in operations management.

for
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A mechanism has been developed for assessing a company’s strategic risks and selecting
the risk factors on which the risk management actions of the company must be focused.
The risk factors are projections of the company’s internal and external environment which
create its competitive advantages but are exposed to the most dangerous threats. The
mechanism is an integral part of strategic risk controlling, the application of strategic
controlling to risk management, and was built as a set of interrelated procedures which
perform the selection of risk factors. The design of the mechanism is based on the
integration of strategic analysis of fthe company’s value chain and failure mode and effects
analysis (FMEA). This design, unlike that of the alternatives, allows maximum accounting
for the majority of links and correlations among strategic goals, projections and risks. The
paper elaborates on the main tasks and functions of strategic risk controlling and shows the
advantages of integration of value chain analysis and FMEA in a single risk assessment
mechanism. It works out the flow chart of the mechanism of assessment of the company's
strategic risks. It develops the procedure of calculation of FMEA’s risk scores (risk priority
numbers (RPNs)) for individual end-risks; at the level of each strategic perspective and at
the level of the entire strategy. It develops the procedure of selecting the optimal strategy
among the strategic alternatives using the Hurwicz minimax criterion in which strategy-level
PRNs are utilized as the measures of risks. Finally, the paper works out the procedure for
choosing the risk factors among strategic perspectives and develops the key tool of this
procedure, the risk-factor positioning matrix. This matrix allows searching for the optimal
ways and tools of risk control. The mechanism allows increasing the efficiency of risk
management in strategic controlling and concentrating the management’s attention on the
company’s strategic factors which are exposed to the most dangerous risks.
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PA3BPABOTKA MEXAHU3MA KAYECTBEHHON OITEHKV PHUCKOB
B CTPATETUYECKOM KOHTPOJIJIMHTE

C.B. I'pyimysun

Cankr-IlerepOyprckuii moautexHuueckuii yausepcuret Ilerpa Benukoro,
Cankr-IlerepbOypr, Poccuiickas ®Denepariis

Pa3pa60TaH MCXaHM3M OLCHKHN CTPATCTUYCCKUX PUCKOB KOMIITaHMU H 0T60pa CI)aKTO-
POB pUCKa, HAa KOTOPLIX OOJIKHbI OBITh COCPCAOTOYCHBI OCHOBHBIC YCUJIMA IO YIIPABJICHUIO
PUCKaMM B KOMIIaHUU. Ilon (baKTOpaMI/I pUCKaMu TOHUMAIOTCS TIPOCKIIMU BHELIHEH M
BHYTPEHHEHN cpeabl KOMIIAaHUM, KOTOPBIE CO3MAIOT €€ KOHKYPEHTHOE IPEUMYIIECTBO, HO
IpHU 5TOM IOABEPraroTCA HanuboJjiee omacHbIM yrposam. MexaHu3M SIBJISIETCSI HEOThEeMIIE-
MOW YacCThlO CTPATErMYe€CKOro PUCK-KOHTPOJUIMHIA, TPUJIOXKEHUS CTPATETMYECKOTO KOH-
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TPOJUTMHTA K YIPABICHUIO PUCKAMU W TIPEICTaBIsieT co00il HAOOp B3aMMOCBSI3aHHBIX Me-
TONUK, OOECTIEUMBAIOUIMX MOLIATOBbII 0TOOp (hakTOpoB pucKa. OH MOCTPOEH C MOMOIIBIO
WHTErpaliii METO/a CTPAaTEerMuecKoro aHaju3a ILIETIOYKM IIEHHOCTEeM KOMMaHUW W MeTojaa
aHaaM3a BUOOB U Iociaenctsuil otkazoB (FMEA). Takoit moaxon, B OTIMYKE OT ajJbTepHa-
THUB, TIO3BOJISIET MAKCUMAJIbHO YYeCTh CBA3M M KOPPEISALIMU MEXIY CTPAaTerMuecKUMU Iie-
JIIMH, TIPOCKLIMSIMUA M pUCKaMU. PaccMOTpeHbl OCHOBHBIC 3aMau M (DYHKIIUW CTpaTernye-
CKOTO PUCK-KOHTPOJUIMHTA B KOMIIAHWM, a TAaKKe MCCISIOBAHBI METOMIBI aHAIM3a IEMOYKU
neHHoctet 1 FMEA u 060CHOBaHBI IIpeUMYyIIECTBA UX MHTETpAalliM B €IMHOM MeXaHU3Me
OlLIeHKU pucKoB. ITomroromieHa GJIOK-cxeMa MeXaHU3Ma OLEHKU CTPATerMYeCKUX PHUCKOB
KOMITAaHUM M 0TOOpa (paKTopoB pucka. B xome pa3paboTkm MexaHM3Ma BhIpaOOTaHa METO-
IMKa pacuéra IokKasarejell KpUTUIHOCTH IposiBieHus: puckoB (ITYP) kak mist oToeabHBIX
PUCKOB, TaK M Ha ypOBHE KaXAOW CTPATErMUeCKOil MpOEeKIMU, a Takke CTpaTeruu B lie-
oM. IlpemnoxeHa meToauka BbIOOpa 0a30BOI CTpaTerMy M3 MMEIOLIMXCS ajJbTepHATUB C
TMOMOIIIbIO KPUTEPUS TeccuMu3Ma — ONTHMM3Ma [ypBuIla, B KOTOPOM B KauyeCTBE MeEpbI
pucka ucnoabdytorcs [TYP. Paspaborana meTonuka or6opa (akTOpoB puUCKa U €€ KIloue-
BOW MHCTPYMEHT — MaTpulla MO3UIIMOHUPOBaHUs (AKTOPOB pHcKa, KOTopas TakxkKe Io-
3BOJIIET ONPENEJUTh OINTHMAJIbHBIE CIOCOOBI M WHCTPYMEHTHI KOHTPOJSI Hal PUCKAMU.
MexaHU3M MO3BOJISIET MOBBICUTb PE3YJIbTATUBHOCTb YIPABAEHUS PUCKAMU B CTpaTeruye-
CKOM KOHTPOJUIMHTE M CKOHLEHTPUPOBAaTh BHUMaHNWE PYKOBOACTBA KOMIIAHUM Ha €€ CTpa-

TErMYCCKUX IMPOCKIUHUAX, IMOABECP>KCHHDBIX HauboJjiee OMmacHbIM yrposam.

KnoueBbie cioBa:

yIpaBJIeHHE pPHUCKaMU;

CTPATErMYeCKU KOHTPOJUIMHT; PUCK-

KOHTPOJUTMHT; METOI aHaJIM3a BUAOB W ITOCIENCTBUI MOTeHIMATBHBIX AedektoB (FMEA);
METOJI aHaJIi3a IeNOoYeK IIEHHOCTEH; OlleHKa CTPAaTerMYeCKUX PUCKOB

Ccpunka npu mutupoBanmu: ['puinyHuHa C.B. Pa3paboTka MexaHM3Ma Ka4eCTBEHHOM OICHKM PUCKOB B CTpa-
TermyeckoMm KoHTposutuHre // HayuHo-texHuueckue Bemomoctu CIIOITIY. OxoHomuueckue Hayku. 2017.
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Introduction. Improving the framework and
tools of strategic risk management (SRM) is a
problem of today’s primary importance. This is due
to the growth of uncertainty, dynamics and
turbulence of the business environment [1, 6, 21].
The review of literature [2, 6, 7, 9, 16, 21] shows
that the effectiveness of SRM can be significantly
enhanced if the management focuses only on those
factors of competitiveness (FCs) which are the
exposed to the most dangerous threats (these FCs
are called risk factors (FRs)). One of the most
efficient approaches to selecting FRs is to apply the
mechanisms integrating the methods of strategic
analysis and the methods of risk assessment from
engineering science (e.g., failure mode and effects
analysis (FMEA)) [2, 15, 20]. For example, in [9],
Sutrisno et al. developed a mechanism which
integrated strength, weaknesses, opportunities and
threats analysis (SWOT) and FMEA. Howeyver, it
has a number of issues: it is static, it does not
account for the correlation between the strategic
goals and FRs and, more importantly, it does not
segregate the factors of success or failure from the
basic conditions of competitiveness. At the same
time, the analysis of Russian literature revealed that
even though there were a large number of papers
on SRM [15], only few of them applied the

integrated mechanisms described above.
Consequently, these few studies concentrated on
very narrow fields, e.g., assessment of risks in
research and development of new equipment,
quality management or qualitative risk assessment
of small investment projects [3—5, 15, 20].

The scope of the paper. The goal of this paper
is to develop a mechanism for assessing a
company’s strategic risks and for selecting the
FRs on which SRM’s activities will be focused.
The risk assessment with the mechanism is
qualitative because it is performed with
application of a discrete ordinary scale with 10
grades (see discussion below).

The mechanism integrates strategic analysis of
the company’s value chain (VC) and FMEA and is
an integral part of the company’s process of
primary strategic risk analysis. It is applied in
strategic risk controlling (SRC) which is the
application of methods of strategic controlling to
SRM [21]. The advantages of SRC over
«conventional» SRM are listed in [13]. Among
them, the most important advantages are flexibility
and efficiency. The suggested mechanism enhances
these qualities because it helps optimizing the
usage of the company’s management resources.
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Table 1

FMEA rating scale

Scale | Severity of losses (Y) Probability of occurrence (P) Probability of detection (C)
1 None Remote: failure is unlikely Almost certain
2 Very minor Low: very few failures Very high
3 Minor Low: relatively few failures High
4 Very low Moderately low: infrequent failures Moderately high
5 Low Moderate: occasional failures Moderate
6 Moderate Moderately high: frequent failures Low
7 High High: failures occur often Very low
8 Very high Very high: repeated failures Remote
9 Extremely high Extremely high: failures occur almost as often as not | Very remote
10 Dangerously high Dangerously high: failure is inevitable Absolute uncertainty

The company’s VC is the synergetic sum of
all of the company’s FCs; the primary purpose
of VC is to create competitive advantages for the
company [2, 21]. By FCs we understand the
important and interrelated business operations
(both internal and external) which, taken as a
system, create the products with the value for
the customers [21]. After performing the
strategic analysis of VC and relationships among
them, the managers understand which FCs
contribute to the company’s success, which FCs
are in line with those of the competitors; and
which FCs are the source of the company’s
strategic weaknesses [14]. In turn, FMEA is a
method of qualitative analysis aimed at early
detection and assessment of causes and effects of
risks. It is also applied as a tool for risk
remediation planning in complex systems [2]. By
using FMEA, managers can (1) identify the end-
risks in FCs and their causes; (2) evaluate the
potential losses from these risks; (3) assess if the
company’s control systems are able to timely
detect these risks; and (4) select the FRs to focus
on. In FMEA, the criticality of risks is assessed
by the risk priority numbers (RPNs). In turn,
each RPN is a multiplication of three sub-
ratings: the severity of potential losses from the
risk (Y); the probability of the risk’s occurrence
(P); and the probability of early detection of the
risk (C (Tab. 1).

We worked out a flow chart of the mechanism
(Fig. 1). It shows that the mechanism is an
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inherent part of the company’s business process of
primary analysis of its strategic risks. It consists of
the following key steps (highlighted in the flow
chart): (1) analysis of the company’s value chain
and selection of strategic perspectives defining the
company’s strategic success or failure; (2)
identification of end risks and their assessment
with FMEA; (3) selection of the master strategy
from the alternatives; and (4) selection of risk
factors from strategic perspectives on which the
activities in SRC will be focused on.

The inputs of the mechanism are alternative
strategies of the company [10, 11] which are
documented in the company’s strategic plan.
The key elements of the plan are:

a) The main strategic goal of the company
(MSG). This goal describes the company’s future
in the best possible way. To measure the level of
achievement of the MSG, a special control
indicator is developed, the indicator of main
strategic goal (SGI); for example, the economic
value added [6] or the net present value of
incremental cash flows [21];

b) Strategic goals (SGs) of FCs which are
necessary to achieve the MSG. To measure the
achievement of each SG, the sets of control
indicators (CIs) are developed [21];

¢) The targets for SGs and detailed plans of
achievement of each SG;

d) The strategic map. This is a diagram
documenting the complete system of SGs, FCs,
ClIs and the relationships between them [21].
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Fig 1. Flow chart of the mechanism of assessment of the company’s strategic risks
and selection of risk factors
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The first step of the mechanism (operation O0)
is to analyze the company’s VC and to classify all
FCs on the map as success factors, factors of basic
competitiveness and factors of failures. Factors of
success are the key drivers of the company’s
competitive  advantage.  Factors of  basic
competitiveness are the FCs whose Ilevels of
maturity coincide with those of the company’s
peers and sufficient to maintain the company’s
competitiveness against peers. Factors of failure are
the company’s weak links and/or the bottlenecks
which likely to be the source of the company’s
future troubles. The company’s management focus
must be on factors of success and factors of failure
(we called these FCs strategic perspectives (SPs)
because these FCs determine the company’s ability
to withstand the competition in long-term
perspective. Consequently, the operating risk
controlling (ORC), the operating arm of risk
controlling, should focus on factors of basic
competitiveness because they determine the
company’s competitiveness on a day-to-day basis
[21]. The above classification is performed by
methods of strategic benchmarking [21]. The
second step of the mechanism is to identify the
end-risks which can preclude the company from
achieving its strategic goals. At this step, the full list
of the end-risks impacting the SPs should be
developed. To identify the risks of external
environment, strategic analysis methods such as
STEP, STEEPLED or DRETS [10, 21], as well as
the method of blind spots are applied. Conversely,
to identify the internal end-risks, business process
analysis is applied [10, 21].

The next four steps of the mechanism consist
of qualitative assessment of the end-risks by
using FMEA (operations O1-0O4). The results of
this assessment are passed to the seventh step at
which the managers select the master strategy
out of strategic alternatives [10] (operation O5).
Finally, the managers evaluate the FCs of the
master strategy, select FRs (operation O6) and
identify the framework and tools of the risk
control and detection system.

Application of FMEA fto assess the end-risks.
The incoming information for these steps is:

a) The strategic plan and the list of SPs
chosen at step O0;

b) The set of end-risks emerging at the level

of each SP, R = {r,-j}, i is the number of the SP,
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I = 1,N; j is the number of the end-risk; and the
sets of CIs which are impacted by risks from the
set R. The sets of Cls form vectors Xj;

¢) The critical variance of SGI from the
target set in the strategic plan V<. Exceeding
this critical value means the failure of the
strategy,

d) The minimal possible variance of SGI
from the target (V™"). If the variance is below
V™min than it is considered non-material.

To perform all the procedures in the
mechanism, the team of the company’s experts
and specialists (the expert team) is formed.
Initially, the team defines and approves: (1) the
policies and procedures for decision making and
communication both inside the team and
between the team and decision makers (DMs);
(2) the sources of information for analysis; and
(3) methods of risk assessment (e.g., statistic,
analytical or expert methods) [16, 18, 20].

The evaluation of severity of losses (procedure
0OI). In the current setting, by the severity of
losses we understand the variance of Cls and
SGI from the strategic targets. The expert team,
in co-operation with the strategic management
teams, using the selected method of risk
assessment, estimates the variances of ClIs in
case of occurrence of ry. These variances form
the vectors of CI variances, VX. By using VX,
the team estimates the expected variance of SGI
from the strategic target as a result of occurrence
of each risk ;.

V] = SG; - SG,. (1)

V; is the expected variance of SGI from the

target

SG; is the expected value of SGI as a result
of occurrence of r;.

SGyis the target value of SGI.

Then the V; value is correlated with the
ranking of the deviation significance by the

FMEA scale (Tab. 1). The same analysis is
repeated for all r;; and all SPs.

ller < Vmin,

=
Y, = vi-vm 10 Q)
/. yer _ymin >
0§V >V,

i =



Assessment _of the probabilities of the
occurrence of individual risks (operation 02). The
expert team, in co-operation with the company’s
strategic planning units, assesses the probability
(p;) of occurrence of each risk r; by using the
selected method of analysis. In case of applying
statistical methods of data analysis, the team uses
the ratio of frequency of failures to the size of
the sample [21]. For new and/or emerging risks
(for which the data do not exist or are
unreliable), expert methods can be applied.
Examples of such methods include: the additive
multiplication model developed by Orlov [15,
19] or modifications of the Elmery method [10].
After the exert team assesses pj;, it determines the
corresponding rating of the probability of
occurrence by using formula 3 and the FMEA
scale (Tab. 1). This analysis is repeated for all
risks r; in all strategic perspectives.

Lif p; €[0;0.1),

P; =1 p; -10,if p; €[0.1;0.9], (3)
10,if p; € (0.9;1].

Assessment of probability of risk detection at
the level of SP (operation O3). The probability of
risk detection is a complex rating:

1.2
Cj = CCy - 4)

c; is the probability of detection of risk r;

c,; is the probability of early detection of risk

by existing control tools;

c,]z- is the adjusting coefficient taking into

account the cost of detection system.

By early risk detection we understand that
the time period between the moment of
detection of the first signals about the risk’s
occurrence and the end of the risk’s remediation
must not exceed the time period during which
the risk is fully realized. In the opposite case

c}j =0. To evaluate cl;., if past empirical data is

sufficient, the expert team can use the ratio of
the frequency of prevented risks to the total
number of risks occurred. However, if the risk is
new or emerging and empirical data are not

reliable, then c}j can be assessed by expert
methods and/or with the analogy method. In

turn, we suggest using the indicator of the risk
detection capability of the company’s control

S.V. Grishunin, DOI: 10.18721/JE.10206>

system as a proxy for the adjusting coefficient

c; The detailed formula and an example of

calculating this coefficient are presented in [21].

After the expert team assesses ¢;, it identifies
the corresponding rating of the probability of risk
detection (by the FMEA scale (Tab. 1)).
Formula (5) is applied:

Lif (1-¢;)€[0;0.1),
Cy =1{c; -10,if (1-¢;) €[0.1;09],  (5)
10,if (1-¢;) € (0.9;1].

The same analysis is repeated for all risks
in all strategic perspectives.

Calculation of risk priority numbers at different
levels of the company operation O4). The RPN for
each risks r; (RPNj) is calculated by the
following expression:

RPN, =Y, P,C; . (6)

The expert team determines and approves
with the DMs the following boundaries: (1) the

materiality level RPN/ below which the risk r;

can be considered non-material; and (2) the risk
RPN, the

quantity of risk r; which the company is ready to
accept. The DMs can decide to set unified levels
of materiality and risk appetite for all risks from
the set R. In this case, the expert team operates
by only two boundaries: RPN™" and RPN'™.

To calculate the consolidated RPNs at the
level of each SP, the correlation between the
risks from the set R should be considered. We
recommend to estimate these correlations by
using the expert methods [9]. However, it is
possible to apply the statistic methods in this
case if the company has the sufficient pool of
data to evaluate these correlations [15]. Let us
define the matrix of pair correlation between the
risks at the level of strategic perspective with the
number i.

appetite describing maximum

i i
~ 4y o iy
Ai=| © . 7
i i
Ay - Ayy
aj.m is the pair correlation coefficient

between risks j (j € [, M]) and m (m €[l, M])
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| -
aj.m =70.3 if weak positive or negative RPN{"i"
correlation exists between risks j and m; . — . RPN™Mn
; . . . . RPN™ = TPN™ B; TPN™" = 21 (13)
@, = F0.6 if medium positive or negative
correlation exists between risks j and m; RPN ™
@, =F0.9 if strong positive or negative
ra
correlation exists between risks j and m; RPN,
i _ . . . —_— — ra
a, =0 if there is no correlation between RPN™ = TPN™ B; TPN™ = RPN, . (14)
risks j and m
RPN, RPNy
v _ | RPN, . . .
Let us denote PN, = as a vector of To estimate the risk exposures of each strategic
RPN, alternative, the members of the expert team

RPN for the risks r; at the level of SP with the
number i. The consolidated RPN at the level of
SP with the number i (RPN,) equals:

RPN, = PN, 4, . (8)

The materiality level and the risk appetite at
the level of SP with the number i are calculated
by using the following expressions:

RPN

RPN = PN 4 PN <| RPVE | (o)
RPN
RPN

RPN = PN 45 PN =| RENE | (10
RPN,

To calculate the RPN for the strategic
alternative as a whole, we define the matrix of
pair correlation between the SPs. The same rules
as in (7) are applied to define the correlation
coefficients b,

(B b
B=|: " (11)
by - by

The RPN at the Ilevel of the strategic
alternative is calculated by using the following
formulas:

RPN,

—— | RPN. N

TPN = 21: RPN =TPNB; (12)
RPN,
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compare the strategic alternative’s RPN with the
risk appetite RPN™®, If RPN < RPN', then the
strategic alternative is qualified in the list from
which the master strategy will be then selected. If
RPN > RPN’ than this strategic alterative is
either rejected or returned for reworking in the

strategic planning department. If RPN < RPN'™,
but the strategic alternative contains one or several
SPs for which RPN, > RPN, the following

i
options are possible: (1) to accept this strategy for
further consideration but, if it were selected as a
master strategy, to develop and implement for it
the reinforced methods of control in those SPs

where RPN, > RPN/*; or (2) to return the

i

strategy for reworking.

The sixth step of the mechanism is to select the
master strategy from the set of strategic
alternatives. We suggest using the Hurwicz
minimax [12] for this purpose. In combination
with RPNs for each strategic alternative, this
criterion can be written as:

max {Cer}ze[l’Z] =
RPN RPN (15)
=max ESGP +11- = \SGY .
1000 1000 «[1.2]

CrG, is the value of the Hurwicz criterion
for the z-th alternative strategy

RPN, is the risk priority number for the z-th
alternative strategy

Z is the total number of analyzed alternative
strategies

R, is the set of end-risks for the strategic
alternative z
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SGI* is the value of SGI for the alternative

z, if all the risks are from the set R,
SG!" is the value of SGI in risk-free

environment
To choose the master strategy, the expert
team, together with the strategic planning unit,

develops scenarios and calculates SG/** and
SGnr.

Z b
alternative from the set Z. In the next step, the
expert team finds the strategic alternative s from
Z alternatives with the maximum value of CrG,.
This strategic alternative is presented to the DMs
for review and approval as the master strategy.

Selecting the risk factors (FRs) from the SPs of
the master strategy (operation 06). At the first step,
the expert team, compares RPN, for each SP;
ie[l,N] with RPN™. If RPN, < RPN™",
then SP, is excluded from future consideration.
Conversely, SP; for which RPN; > RPN™™ should
be selected as FR. Let us denote the set of FRs as
F. At the second step, the expert team decides
upon (1) to split the responsibility for managing
each FR from F between operating and strategic
risk-controlling (ORS and SRC); (2) to define the
framework of the control system over risks for each
FR and to choose the most suitable control tools.
To assist in solving these tasks, we have developed
the matrix of risk factor positioning (Tab. 2). This
tool is based on the matrix developed by Lambin
[17]. Before working with the matrix, the expert

and then calculates CrG, for each strategic

team subjectively determines the qualitative scale
(high or low) of the ratings comprising the RPN
(the ratings Y, P and X) for each FR from the set
F, and gets it approved by the DMs.

Area 1 is an area of retrospective controls or
area of minimal hazard. The probability of risk
occurrence in this area is low; for the FRs
qualified into this area, only feedback controls of
ORC are employed. These controls compare the
actual performance of strategic goals to the
targets set in the strategic plans after the end of
the covered period in order to detect variances.

Area 2 is an area of reduced operating
controls. Risks are still low in this area while the
ability to control the risks is high. Therefore, for
the FRs qualified into this area, it is sufficient to
use only two types of ORC controls [21]: (1)
preliminary controls (to reveal the potential
variances from targets before the business processes
in FR have started); and (2) feedback controls.

Area 3 is an area of plausible strategic
hypothesis. For the FRs qualified into this area,
two types of controls are used. Firstly, they are
the preliminary controls from the SRC arsenal
and employed for selection of the most plausible
strategic scenario [21]. Secondly, they are ORC
feedback controls.

Area 4 is an area of full operating control. The
probability of risk detection is higher in this area
than that in area 3 which implies more through
control. For the FRs qualified into this area, we
suggest using (a) the SRC preliminary controls;
and (b) all types of controls from the ORC arsenal.

Table 2
Matrix of risk factor positioning
Value of FMEA components (ratings)
Ne Name of the positioning area Responsibility
Y P C
1 low low low Area of retrospective control ORC
2 low low high Area of reduced operating control | ORC
3 low high low Area of plausible strategic hypothesis | Combination of ORC and SRC
4 low high high Area of full operating control Combination of ORC and SRC
5 high low low Area of rare dangerous events SRC
6 high low high Area of reduced strategic control SRC
7 high high low Area of full strategic control SRC
8 high high high Area of strategic vulnerability SRC
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Area 5 is a zone of rare hazardous events (or
“plack swans” [6]). These events can lead to
significant deviations from the strategic targets,
but are quite rare and come unexpectedly. The
possible control strategies for these FRs are [21]:
(a) to ensure (transfer) the risks to third parties;
(b) to build the reserves to mitigate the potential
losses; (c) to use contingency planning; (d) to
use the simplified SRC controls (concurrent and
signaling); or (e) to localize the business exposed
to these risks in the project company.

Area 6 is a zone of reduced strategic control.
Unlike area 5, the probability of risk detection is
much higher in this area. We suggest using here
(a) SRC preliminary controls; (b) SRC controls
by weak signals (with the goal to detect the risk
probability as precisely as economically possible);
and (b) SRC feedback controls. We also suggest
using here the same control strategies as those in
area 5 (maintenance of reserves, contingency
planning, localization of business units, etc.).

Area 7 is an area of full strategic control.
Risks in this area are the most dangerous; but the
probability of detection of these risks is also high.
We suggest employing here all types of controls
from the SRC arsenal [21]. Consequently, we
suggest considering contingency planning and
reserve maintenance.

Lastly, area 8 is a zone of strategic
vulnerability [21]. These FRs are exposed to the
most dangerous threats which are almost
impossible to detect, but, at the same time, these
areas are also the sources of maximum
competitive advantages. The main strategies here
are to localize such FRs or to transfer the risks.
It is possible to use simplified control models by
weak signals from the SRC arsenal for the
maximum possible reduction of risks [21].

The results of the study. In this paper, we
developed a mechanism of assessment of the
company’s strategic risks and selection of the risk
factors on which the risk management activities
should be focused. To build this mechanism, we
integrate the method of strategic analysis of the
company’s value chain and FMEA. The
mechanism is the integral part of the company’s
SRC system and it is embedded into the process
of primary analysis of the company’s strategic
risks. The mechanism is designed as a set of
interrelated procedures which provided step-by-
step selection of FRs. In particular:
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1. We analyzed the possibility of integrating
the strategic analysis of VC and FMEA in one
mechanism of assessment of the enterprise’s
strategic risks and considered the advantages and
disadvantages of such integration,;

2. We developed the flow chart of the
mechanism and described its main steps. These
steps include: (1) analysis of the company’s VC
to select the SPs which determine the company’s
strategic success or failure; (2) identifying the
end-risks and performing their qualitative
assessment by FMEA; (3) selection of the
company’s master strategy among the strategic
alternatives; and (4) selection of the FRs from
the SPs as well as the identification of the most
suitable methods and tools to control the risks in
the selected FRs.

While working out the mechanism, we
developed the following procedures and
instruments:

1. The procedure of calculation of the RPNs
and their components for assessment of (a)
individual end-risks; (b) consolidated risk
exposures at the Ilevel of SPs: and (c)
consolidated exposures at the level of each
strategic alternative;

2. The procedure of the company’s master
strategy selection from strategic alternatives. That
procedure employed the Hurwicz minimax
criterion, in which we used consolidated RPNs
of alternative strategies;

3. The procedure of selecting the FRs from
the set of SPs. That procedure compared the
consolidated RPNs at the level of SPs to the
predetermined risk thresholds.

4. The matrix of SP positioning employed for
selecting the methods and tools of control over
end-risks.

Conclusion. The developed mechanism of
assessment of the company’s strategic risks and
the selection of risk factors aimed at focusing the
risk management activities in the SRC only on
those factors of competitiveness of the company
which are exposed to the most dangerous threats.
The usage of that mechanism would increase the
efficiency of risk management and improve the
utilization of the company’s management
resources. The mechanism integrated the
strategic analysis of the company’s value chain
and FMEA and, unlike the other approaches
such as integration of SWOT and FMEA,



allowed taking into account all correlations and
links among strategic goals, strategic risks and
factors of competitiveness. Unlike other studies
on this topic, which were often very descriptive,
we have developed the detailed procedures
aimed at (1) assessing the risk exposures of FCs;

S.V. Grishunin, DOI: 10.18721/JE.10206>

(2) selection of the company’s master strategy
which is balanced between the company’s
competitive advantages and risks in the best
possible way; and (3) selection of the most
efficient methods and tools of strategic controls
to employ in the selected FRs.
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NHO®OPMAIITMOHHAA 1 AHAJIMTUNYECKAA KOMIIOHEHTA
B COBPEMEHHBIX ITPNJIOXKEHUAX
IO.11. JIunyHuos

MocKkoBcKMIA rocyIapcTBeHHBIN YHUBepcuTeT uM. M.B. JlomoHOCOBa,
Mocksa, Poccuiickas @enepanys

TMoteHuman MHOOPMAIIMOHHOM CUCTEMBI ONENEIsIeTCs] COBOKYITHOCTBIO peaTnu30BaH-
HbIX B Hell WHGOPMAIIMOHHBIX M KOHOMUKO-MaTeMaTUYeCKUX Mojeseil. DT Moaenu
CJIy)KaT OCHOBOH ISl MHGOPMAIIMOHHON M aHAJUTUYECKONH KOMITOHEHT. OHU BBIMTOJHSIOT
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pazHbie GYHKIMU: MHGOPMAaIIMOHHAs KOMIIOHEHTa OTBeyaeT 3a MHMOpMalMOHHOE HAmoJ-
HEeHUe, OOCTYITHOCTh MNAHHBIX, a COBOKYITHOCTb 3KOHOMUKO-MAaTeMaTHUUECKUX MOJICNIEi
aHAJTUTUYECKON KOMITOHEHTHI OIpenessieT MHTeIeKTyalbHOCTh 00paboTKu AaHHbIX. C
Pa3BUTUEM PpACIIPENEICHHbBIX CUCTEM, OOJIAYHBIX TEXHOJIOTUIl BO3HUKAET HEOOXOAUMOCTh
paccMaTpuBaTh JBE KOMIIOHEHTH OTIebHO. OCOOEHHO OCTPO HEOOXOMMMOCTh pa3mesIeHUsI
JIByX KOMITOHEHT BO3HMKAET B MacIITaOHBIX MPOEKTaX, TAKMX KaK CO3MaHue MHOPACTPYK-
TYphl 2JIEKTPOHHOTO MPAaBUTENbCTBA. B yCIOBUAX MHAYCTPUATBHOIN MOCTaBKM JAHHBIX, KO-
raa OOJIbIIMHCTBO YYACTHUKOB DKOHOMUYECKON NESTENbHOCTU BBICTYIAIOT B POJU MPOU3-
BomuTeIell M ToTpebuTeneit mHdopMaluy, HEOOXOOUMBIM CTAHOBMTCS CTaHIApTU3ALIUS
MpeACTaBIeHUs TaHHBIX U METOJOB MX 00pabOTKU. MBI JBe KOMIMOHEHTHI MH(MOPMaIIMOH-
HOM CHCTEeMBbI pacCMOTpPHBAaeM KaK JBE HE3aBHCHMBIE TOACHCTEMBI C OMUCAHUEM OTIEIb-
HBIX BTAIlOB CO3IaHMUST MOJeJel 1 MOKa30M JIOTMKM MX B3auMozaeicTBus B cucteme. Coot-
HOIIIEHWE KOMIIOHEHT TPEACTaBIeHO B (hOpMe OTpakeHUsI OTAEIbHBIX 2JEMEHTOB JIOTUKU
JIesITeIbHOCTU Ha MHGMOPMAIIMOHHBIN M Jajiee Ha MPOrpaMMHBIN CJIOi, a Takxke oOpaTHOM
CBSI3M OT TPWJIOKEHUs] Ha MHMOPMAIUIO U JIOTUKY NeATebHOCTA. OmrcaHrue KOMITOHEHT
OPUEHTUPOBAHO Ha 3KCMEPTOB IPEIMETHON 00JacTHh, POJb KOTOPBIX HAa COBPEMEHHOM
ypoBHe WHGOpPMATHU3aMKU BO3pacTaeT. BOJbIIMHCTBO JIOKAIbHBIX U MPOCTHIX 3JEMEHTOB
NEeATETbHOCTHA TIPOILIN CTaAWIO MEepBUYHONW MHGOPMATHU3alMK, U CTAHOBUTCS aKTyaJbHOMN
3a/laya YCTAaHOBJIEHMS] B3aMMOJAEMCTBUSI MEXAY CUCTeMaMU, MX WHTerpalMu. DTU 3amadu
TpeOyloT TIyOOKOro MOHMMAaHUsSI MIPeAMETHON O0JacTH ISl BOILIOIIEHUSI B MHTETpallMOH-
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Introduction. With the development of
information technologies, economic-mathematical
modeling is acquiring additional possibilities for
applying models to real data. Data providers have
accumulated huge volumes of information in
various fields of economic activity. Using
economic-mathematical models on real data
assumes building applications that process real-
time data and historical data supplied.

The analytical and information components
are two of the fundamental subsystems of an
application which are not often considered
separately from each other in the literature.
GOST 34 (Rosstandart 1990) provides for
separate  description of information and
mathematical software, but it contains only the
most general technological features.

The purpose of this article is to present
separately the two components of information
systems, information and analytical. In
describing the information component, a division
of information models into transactional and
integrational is presented, and a brief description
of each of the categories is given. The analytical
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processing section includes a categorization of
data processing methods. The final section shows
the interaction of the information and analytical
components.

The applied aspect of statements described in
the article consists of their application in
implementing large-scale models and constructing
distributed systems such as the model of
interagency interaction laid out in the work «An
Information Model of Interagency Communication
Based on Distributed Data Storage» (Lipuntsov,
2016).

The infrastructure of the electronic
government (e-government) assumes creating an
information and computer parts of the
infrastructure. The complexity and dynamics of
automated activity must include solutions of
various forms, a large portion of which are found
in the distributed environment. Therefore,
standardization of methods and models for
integration of both data and computer models is
required.

Creation of an economic-mathematical
model that operates on real data includes three



elements: the economic-mathematical model,
the information model, and the application.
Each of the three elements has its own levels of
abstraction, its own set of models, and
interrelationship of abstract with applied models
is based on various principles. Several models
can be built on each level, in order to describe
the system from different points of view and to
present its complexity. The levels of abstraction
allow to determine the models’ boundaries, show
their connection, and describe its nature.

An application and information and
economic-mathematical models can have
different levels of development. One of the

variations for presenting a level of development
is the V diagram which reflects the sequence of
stages in the form of enlarged sections:
decomposition and implementation of components
and integration of components into a system. The
creation of the information system as a whole as
well as its separate elements, the information
and the economic-mathematical model, can be
described in the form of a V-diagram.

I. The stages in developing an information
system. Let us examine the sequence of creating
a large-scale information system that unites
several lower-level systems. The creation of the
system is initiated by a client who has certain
expectations. Decomposition: the expectations are
worked out in detail in the form of requirements;
the requirements are the fundamental tasks for
creating the components. Contractors create the
separate components, which are then integrated
into a full-fledged system.

The information system being created will
function in the operational environment and
have an effect on several communities. The term
communities here means teams of specialists
working on various levels of management or in
contiguous subject domains that fall within the
boundaries of the project. Each of the
communities forms its own view of the system,
attitude and expectations, however, all of the
communities will have to interact with regard to
that system. Having various views, the
communities can use different terms to designate
the same objects, or can construe the same terms
differently. Therefore, a necessary element in
creating an information system is documentation,
which is accompanied by a schematic reflection
of the processes of activity, data collection and
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processing, and a description of the services to
be implemented. This includes information
models on the conceptual and logistical level;
the technological solutions and interfaces of the
interactions of the components are also
determined here. At this stage, the system
requirements are transmitted to requirements for
its separate components.

After all the details of the components have
been determined, the stage of implementation
follows. The separate elementary components are
created first, and then they are integrated into the
system’s modules. At the stage of implementation,
the logic of real-world activity is embodied in the
components of the information system and is
implemented in data models or in application
code. Development of the components of an
information system depends, on the one hand, on
the data model that has been designated to deliver
data; and on the other hand, on the economic-
mathematical model. The economic-mathematical
models presented in the form of an algorithmic
description are converted into data processing
procedures. The set of stages for information
system processing in the form of a V-diagram is
shown in Fig. 1.

Integration of the components in the system
requires constant verification and validation.
Verification compares the components being
created with the requirements and standards,
while validation checks the extent to which the
system being created meets the requirements of
the end users and corresponds to the extent to
which the right system is being created.

Verification of the individual components
entails fracing the component requirements with
technical requirements and tracing the system
requirements with the expectations of the end
users. This is reflected by the horizontal lines in
the diagram. The inclined lines reflect the
connection of the system-level requirements with
the requirements for separate components, as
well as the set of tests that can verify the system
and its components.

I1. Information models. The basic purpose of
the information model is to reflect the subject
domain in the data layer. The stages in creating
an information model in the shape of a V-diagram
are described in (Lipuntsov, 2015). Let us focus
here on a brief categorization of information
models.
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Fig. 1. V-diagram for developing an information system. Source (Shamieh, 2014)

Information models can be divided into two
categories based on type: information models of
transaction systems, and information models of
integration  systems. Such a classification
corresponds to the following categories of
information systems described in (Landon, 1988):
transaction information systems (IS), management
IS, decision-making support systems, and IS for
top management. Elementary actions are fixed in
the transactional systems, while data integration
and data processing is carried out in higher-level
information systems. The higher the level of the
system, the more complex are the models for
integration and processing.

Information models of data integration. Let us
first examine the models for integration, and
then we will briefly dwell on the principles for
creating models of those transaction systems.
The models for data integrating may be roughly
divided into two classes: a hypercube, or the
Data Vault model (Inmon et al., 2014) which is
based on a graph of basic entities and
connections between them.

The hypercube consists of a multidimensional
generalization of two- and three-dimensional tables
for multidimensional data sets, with the
presumption that data may have an arbitrary
number of dimensions. For example, calculation of
financial data in a company is possible by product,
time periods, regions, etc. Sales, profit,
expenditures, budget, prognosis, and other
indicators will appear as cells in the cube. Data in
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the hypercube is stored in the form of a star or
snowflake network. The values are located in a
central table of facts, while a description of various
measurements is given in the form of references.

In contrast to the hypercube, the Data Vault
allows to store data coming from various local
systems with tracking of the history of their
changes. This is achieved by a two-level storage
structure: on one level the basic components and
the connections between them are presented, while
data storage is managed on the second level. Such
a storage model allows not only to look through
current and historical data, but also to ensure
expandability of the model and its resistivity.

The ontology of the subject domain is a basis
for creating a data model for this type of
repository. One of the variants of the methodology
for composing the ontology for a data repository of
this type is described in the author’s work «The
Principles of Creating an Ontology for a Data
Repository. The Example of ‘Higher Education’»
(Lipuntsov, 2016). The methodology includes a
separation of all entities into primary and
derivative. Each of the entities has a content key;
the key for the derivative entities is formed as their
composition, which allows to create transaction
keys in terms of the primary entities.

The information model of a distributed
system can be implemented in the form of a
federation, in which case a system for
exchanging messages of standardized data is
implemented in the center. A second variation is
organizing a data repository into which data



from local systems are loaded. As a rule, most
large-scale corporate systems, such as bank
systems, use as data repository variants.

Information models of transactional systems

Let us discuss briefly the information models
of transactional systems. Six perspectives can be
separated out in the models of these
transactional systems (Hay, 2006):

— basic information objects,
— transactions,

— roles,

— time,

— location,

— motive.

Basic information objects and transactions
are the most important from the above-
mentioned three perspectives in reflecting the
activity and subsequent integration of data. The
roles represent a transformation of the
organizational structure and are intended to
provide the authority for working with data in
local systems. The space-time extent is presented
either in the form of regulatory and reference
information, for example in the form of an
address system, or in the form of transaction
characteristics. The motive is the result of
connecting an  organization’s goals with
processing the data of an operational activity.

The separation of perspectives and
standardization of the format for presenting basic
objects and transactions in transactional systems
is an important strand to which attention should
be dedicated when developing systems. This will
allow to create templates for data models in
subject domains and will facilitate integration.
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The principle of separating the integrational
component from the transactional is important
from the perspective of the information model.
Most projects for data integration, including those
on the governmental level (Fowler J., 1999), use
an integration platform for implementing the
transactional services of e-government. These two
areas are spaced apart in the model according to
(Lipuntsov, 2016). The integration platform is
intended for gathering data from transactional
systems. The platform prepares the data for
downloading to the repository, historical or
noncurrent data are marked, and all transactions
are carried out by external systems. In addition,
transactions not implemented in the external
systems are reproduced in supplementary applications.
The architecture, including the transactional and
integrational parts, makes the information model
transparent and allows to implement the complex
activity logic without any conflicts.

Concluding the  description of the
information component, it should be noted that
efforts should be made within the framework of
the information infrastructure of e-government
to create an environment that makes it easy to
obtain data from various sources of the external
environment and integrate them with the native
data for joint processing.

Fig. 2 show a conventional operating diagram
with the data sets describing the connection of
data sets from three sources and the result of
integrating them is presented as one combined
data set ready for analytical processing.
Operations with data used in the IBM Mashup
Center v3.0 application were used in Fig. 2.

i |

o )

o Combine

External data services

Fig. 2. Diagram of mashup application
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I11. Economic-mathematical models of analytical
components. The ability of an organization to adapt
effectively to changes is the key factor in success in
the quickly changing economic environment.
“Smart software”, with which a company or
institution will be able to work out new models of
activity, is a tool that allows timely reaction to
changes. Development of an analytical component
is based on information systems which are
developyd taking into account the goals of the
company or institution.

Let us examine the analytical IS component
from this point of view, the creation of which can
be considered as a consequence of models of
various levels of abstraction from the general
systems theory (Mesarovich et al., 1978). In
systems theory, the following levels of abstraction
are considered: linguistic, theoretical-multiple,
abstract-algebraic, topological, logical-mathematical,
theoretical-informational, dynamic, and heuristic.
The first five model categories describe movement
from the general to the particular.

Models of the [linguistic system level
determine the totality of objects under study and
the relationship between them, as well as the
boundaries of the project. A macroeconomic
model at this level of abstraction includes such
objects as the government, a firm, household,
market of goods and services, financial markets,
etc. The relationships among the objects are
described by the such terms as income, taxes,
consumption, savings, etc. Such models are built
both for the macro and micro levels (Gracheva
et al., 2013).

The theoretical-multiple level of abstraction
encompasses the ability to describe the hierarchy
of a subject domain. A set of indicators is an
example from macroeconomics: gross domestic
product, net domestic product, national income,
etc. The hierarchy of indicators on the micro level
includes concepts such as income — expenses —
profit — distribution into dividends, etc.

On the next level of detailing,
algebraic, the system is described
functions, parameters, and other artefacts.
Examples of such models are production
functions, models of national income distribution
by production factors, etc. Apart from the models
themselves, the mathematical apparatus of data
processing is described. Mathematical models may
be considered in the context of the information
system developed as a kind of models in which

abstract-
through
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the legend, the description of the notations and
mathematical symbols used represents an informal
ontology of the modeled subject domain. In this
ontology, the connections determined by the
resources of the mathematical language are used.
The form in which the ontology is presented is
determined by the mathematical modeling
apparatus used: linear algebra, differential or
integral equations, matrix game theory, linear and
nonlinear programming, infinite game theory, and
other methods (Allen, 1963), (Carlin, 1964). In
addition, econometric methods that study the
properties of estimates and tests are used.

Topological models consider the location of
economic subjects in space. Examples of
topological tasks include models of the “linear
city” and the “round city”, i.e., models of spatial
differentiation of the market “in a line” and “in
a circle”.

Data processing using the mathematical
apparatus is considered on the /ogical-
mathematical level. Tasks involving financial
planning, management of material resources,
purchasing, sales, orders from consumers, etc.,
are solved on the level of enterprises. To
implement such tasks, algorithms capable of
taking specific problems into account are used
(Kogalovskiy, 2002), including the simplex
method, transportation tasks, problems from
graph theory and network optimization, etc.

The description of the automation functioning
including the representation of incoming and
outgoing signals, state of the system, and its
transition function may be considered one of the
variants of the model on this level.

The economic-mathematical model in the
form of an algorithmic description is implemented
in the form of program components at the stage
of theoretical-information models.

The object approach is often used for
algorithmic data processing; the task of this stage is
reduced to connecting the entities of the data
model with the object model. Various tools of the
ORM (Object Relational Mapping) class may be
used for this, such as Hibernate and ADO.NET
Entity Framework. As an alternative option, a
resource description in the Recourse Definition
Framework (RDF) format may be considered.

Application of data processing methods in an
information system is predetermined by the degree
of environment control. Delivery of all required
data is possible within a controllable environment.



Methods of simulation modeling are used in a
semicontrollable or uncontrollable environment.

In a controllable environment, problems of
operational activity and planning are solved in the
framework of one organization, in a
manufacturing enterprise the problem is control
of resources. Higher-level problems include
prediction and assessment of production
capabilities, bookkeeping tasks, staff management,
and others. An expansion of this ideology is
including suppliers and consumers into the
activity process. Similar processes exist in
government agencies, where the production
process is replaced by the development of
management decisions and the logistics of
material flows is represented as a rule by the
movement of various types of documents.

The methods for solving these problems can
include modern modifications of econometric
methods that are oriented at industrial supply of
data, describing processes with a large number of
characteristics and allowing implementation of
topological and logical-mathematical models.

The next step in the development of
numerical models are simulation models which
reproduce a change in the system over time.

Three types of simulation models are
distinguished: event models, agent models, and
system dynamics models. Event models
implement the discrete-event approach

describing an activity as a discrete sequence of
events over time (discrete-event simulation,
DES). An extension of this model is modeling
the actions performed on a schedule.

The parameters for simulation models can be
presented on the basis of econometric
assessments, while the information systems of
enterprises can serve as the suppliers of data
(Moon, 2005). Smart devices possessing
intelligence are becoming a substantial portion of
information systems: signals from sensors and
processing of data from knowledge bases allow
smart devices to make decisions, adapt to the
environment, etc.

Agent modeling is a more complex variation
of simulation modeling which considers actions
of autonomous, decentralized agents (Makarov
et al., 2013). The behavior of the agents is
modeled by applying methods of game theory,
the theory of complex systems and their
emergence, mathematical sociology, and a
number of other methods.
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A higher level of system integration is
implemented by the methods of system dynamics
and is used primarily for problems of the
strategic level. System dynamics is the
methodology and technique of mathematical
modeling for constructing top-level models.

The final level for describing systems is the
set of heuristic models. These models are created
for making managerial decisions in systems
where human beings act as structural
components. Formalized models are created on
this level for making managerial decisions that
include such elements of human activity as
creative and unconscious thinking. The methods
of that level of abstraction are knowledge
management, expertise, expert assessments,
training, gaining experience, etc.

The sequence of economic-mathematical
models of the abstract level and their implementation
and integration are shown in Fig. 3 in the form of
a V-diagram. The growth of information assets
promotes transferring more and more abstract
models into the class of numerical ones.

Analytical services in the corporate sector are
implemented in ERP-class systems and the
theory of data supply from local systems to the
discrete-event model and the process-simulation
models is worked out (Robertson, 2002).

IV. Implementation of the information model
and the economic-mathematical model in
application. Economic-mathematical and
information models find their embodiment in life
in information systems. The models can be of two
types: abstract or practical. Abstract models help
form system perception, while practical ones help
detect transactions, simulate reality, and predict
the behavior of a system. To transfer economic-
mathematical models to the class of applied
models, industrial supply of data based on
information models is required, as well as
adaptation of data-processing methods.

The translation of activity in an information
model and data processing procedures are shown in
Fig. 4 presenting the basic layers of the architecture
of a transactional system. An activity described by
using the organizational structure and processes
reproduces the logic of the activity. The processes
are divided into two categories, operational and
managerial activities, which are carried out by
separate elements of the organizational structure.
Managerial activities are presented in more detail in
the integrational component.
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basic information objects and transactions information system.
reflecting the transformation of basic objects. The software layer is aimed at organizing a
The organizational structure of a real-world set of interfaces for interactions with users, and
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at implementing separate elements of activity
logic that were not reflected in the data model.
Human-machine interfaces are shown as a
separate element of the layer allowing to enter
new data and edit existing data.

Integrational systems constitute a second
class of systems. Let us examine an integration
model using the example of the information
model of interagency interaction (Lipuntsov,
2016), entailing the arrangement of the
interagency interaction through a data core. The
data core represents a three-layer structure: the
general core, the subject domain core, and the
object-oriented portion of the core. The layers
are able to interact by using the model of inter-
level connections. The application of this model
for collecting and analyzing data in the stock
market is described in the article (Lipuntsov,
2016). The analysis of stock data assumes that
information is available from various sources: tax
agencies, statistics agencies, the national
accounting depository, stock exchanges, and
other sources.

In the information infrastructure of
e-government, integrational systems are an
element for presenting data and the technologies
of analysis. Integration of governmental data is a
necessary solution for satisfying the information
demands of interdepartmental processes from

various state and corporate systems. The
structure of the basic elements of the
integrational platform of the infrastructure of the
e-goverment of the Russian Federation is shown

in Fig. 5.
The diagram shows the supply of data from
governmental and commercial information

systems. The current data of the universal core
and of subject domains are generated based on
the information supplied. These two core layers
serve as the basis for generating the object-
oriented core portion aimed at supplying
information for the operational activity.

The second equally important task of the
integration platform is supplying data for
management purposes. Data marts and the
results of data mining act as the data suppliers in
this case, and all three core layers serve as data
sources. This portion is where the economic-
mathematical models embodied in the analytical
component are implemented. The simulation
models, which assume modeling the behavior of
separate system elements or the system as a
whole, are located in a separate module.

A decision support platform of data
integration and analytical processing makes it
simpler to conduct analysis and publish the
results, and offers new analytical opportunities
and facilitates data exchange.
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Large-scale data integration models have
already been implemented in various branches of
the commercial sector. As an example of a large-
scale integration system, we can look at the
Global Distribution System (GDS) (Travel
technology, 2016). The GDS consists of a
network for booking airline tickets, hotel rooms,
car rentals, and other tourist services. From the
technical point of view, it is a collection of
interconnected portals of travel agencies, internet
booking sites, and major corporate systems. The
basic suppliers of services for the ultimate clients
are travel agencies integrating data from the
systems for booking airline tickets, hotels, and
cars. The GDS system is built on the basis of
corporate systems such as Amadeus, Galileo,
Sabre, and Worldspan (Ian Clayton, 2016). They
belong to joint ventures of airline companies, car
rental companies, and hotel groups.

If we look at the history of GDS
development, a predecessor version was the
Pegasus information system, in which initially all
data were entered manually. Using a large
number of employees occupied with data entry,
the system had to be operated in India. The data
entry process was labor-intensive and error-prone.

After the GDS information system was
created, it became substantially faster to perform
transactions. However, the process of launching
and fine-tuning the GDS was not simple since
all the corporate systems that needed to be
connected were different. The need for
standardization arose; protocols and standards
were worked out. The corporate systems
contained very rigid business rules which did not
always allow the use of standards. Information
transmitted to corporate systems should be
accurate and correspond to rules of implemented
business logic. Even years after the GDS has
been launched, errors cropped up that could lead
to a simple quotation marks resulting in system
failure with catastrophic consequences and
damaging of data integrity.

Currently, most travel services are purchased
electronically, including in the form of a package
of consolidated services in the three travel sectors:
booking airline tickets, booking hotels, and car
rental. In parallel with development of the GDS,
corporate systems rendering similar services
without intermediaries underwent improvements.

However, let us return to the infrastructure
of the e-government of the Russian Federation.
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If we examine the infrastructure services from
the point of view of GDS development stages,
then the multifunctional centers (MFCs)
correspond to the transitional stage of
development. The MFC currently performs the
functions of data entry, obtaining electronic data
and transforming them to print form,
transmission of data from system to system, and
other functions. An extended version of the
MFCs should include standardization of data by
subject domains, typification of processes, and
the use of the developed standards in
departmental systems. In order to obtain
government services at a level comparable to the
current development of services for purchasing
tickets and booking hotels, much work remains
to be done, especially in the field of
standardization of information turnover.

Basic registers should become a separate
element of the infrastructure of the electronic
government of the Russian Federation being
created. In the GDS, the primary element of the
system framework is the Passenger Name Record
(PNR). In the model of interdepartmental
interaction, a general core and a subject domain
core are used as such framework, while the
object-oriented domain of services is built using
the federal principle.

The federal model was adopted as the
primary model for organizing interagency
cooperation in Decree No. 487 dated June 1,
2016 issued by the Russian Government
(Government of the RF, 2016). As international
experience including the above-mentioned GDS
shows, the federal model should rely on the
mainframes that are the suppliers of operational
data. In the case of electronic government,
which is functionally far more diverse than ticket
purchasing, a format combining a data
repository, federal rules for working with local
systems would be a more appropriate variation.

Conclusions. Creating an application entails
implementing an information model reflecting
the logic of activity and determines the content
of accessible data and economic-mathematical
models that predetermine the intelligence of an
information system and the level of data
processing.

Such a division is important for large-scale
projects, the information and analytical
components of which are located in a distributed



environment. Division into information and
analytical models will allow to work out an
ideology for creating construction kits for data
collection and integration on the one hand, and,
on the other hand, for implementing methods
for analytical processing of these data. This is a
large-scale task which should be solved for
creating an  e-government’s  information-
analytical infrastructure. A construction kit is
necessary for the end user (a civil servant, a
citizen, or an employee of a commercial
company), allowing to generate the required data
set independently, and also to determine the
data processing methods. Formulating the
problem in this way entails the submission of the
information-analytical infrastructure of the
e-government as a set of information and
analytical components. The configuration of
modern applications should assume the addition
of components that allow to obtain data from
the external environment, as well as letting the
user determine the data-processing methods and
implementing  user-defined  data-processing
scenario.

Further development of the information
component is seen in a more complete
presentation of the methods for creating models
of those transaction systems, including creation
of typical templates to reflect standard
situations and a library of templates for subject
domains.

In the section of data integration models, it
would be reasonable to create an object
description of the ontology in terms of classes
and inheritances. That would be a good
methodological foundation for improvement of
information interaction model in the corporate
and governmental sectors. Development of the
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theme of data integration will be continued in
the form of the description of the methodology
for data transformation (Fig. 4) that will be
applied for integration projects, as well as for

forming separate layers of the core of
government data and for describing the
methodology of connections between various
layers.

A substantial amount of information-

analytical products focused on solving specific
problems is currently created by the efforts of
companies and agencies. The  Russian
Government’s Analytical Center is holding a
competition  for  determining the  best
information-analytical tools (Analytical Center
of the Government of the RF, 2016). It should
be noted that the description elements of the
products to be submitted to the competition do
not pay enough attention both to the
presentation of systems from the perspective of
describing the tools for forming an information
base, and to methods of analytical data-
processing. Applications are presented from the
point of view of solving functional problems. A
solution to local problems, no matter how
elegant it may be, does not always fit into the
surrounding infrastructure, except for cases when
this is done with a goal in mind.

For large-scale informatization projects, it is
not enough to have all types of activities and
performer roles in a formalized representation; it
is also necessary to apply industrial methods,
i.e., standardize the methods for data
presentation and methods for their analytical
processing. In this case embedding separate
components into the information-analytical
infrastructure of e-government could prove to be
promising.
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The problem of effective use of human resources represents an extremely difficult socio-
economic challenge, therefore, currently there has been a marked increase in interest in the
evaluation of human capital as the most important resource that provides competitive advantages
for modern companies in every field. The aim of this study is to assess human capital of the
company’s employees on the basis of expert approach using a competence model and aggregated
indices randomization method. The article clarifies the concept of human capital as the basic
structural element of intellectual capital, presents a brief overview of the most common models
and methods of human capital assessment and demonstrates the necessity of realization of a
competence-based approach in the evaluation of the company’s employees and personnel
segmentation. The possibility and the advantage of application of the aggregated indices
randomization method (AIRM) to produce a comprehensive assessment of the level of
competence of employees of the international division of a Russian company in the field of IT
industry is demonstrated. The division based in St. Petersburg is engaged in the development of
custom software and modernization of corporate information systems in the financial industry,
telecommunications, online-travel, mobile development, Internet projects and media. This study
employs mathematical methods (aggregated indices randomization method, expert score),
comparative methods (analysis, synthesis, classification), as well as the general logic methods of
scientific concept construction. The scientific novelty of the research lies in the fact that, based
on existing research, the authors propose a new instrumental technique, realizing the algorithms
for assessing the human capital of the company’s employees, the results of which reveal the
priorities in the field of recruitment, development and motivation of the staff, thereby
implementing a rational approach to using human and financial resources of the company. The
practical significance of the study lies in the development of methodological tools for human
capital assessment that can be used for managing other information technology companies.
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INPUMEHEHUE DKOHOMUKO-MATEMATUYECKNX MOJIEJIEI
N METOAOB AJIA OHEHKHN YEJIOBEYECKOI'O KAITUTAJIA
COTPYAJHUKOB KOMIIAHM B COEPE IT-UHAYCTPUNA

JI.A. CtpeabnaukoBa, M.M. JlemOpukoBa

Cankr-IlerepOyprckuii moautexHuueckuii ynusepcuret Ilerpa Benukoro,
Cankr-Ilerepoypr, Poccuiickas ®enepamys

IIpo6nema 3¢ (HEKTUBHOIO MCIIOJb30BAHUS YEJIOBEUECKMX PECYpCOB IIPEACTABIISIET CO-
0011 Ype3BBIYAITHO CIIOXKHYIO COLMATbHO-9KOHOMUYECKYIO 3a7ady, MO3TOMY B HACTOsIIIee
BpeMsI 3HAYUTEJbHO BO3POC MHTEPEC K OLIEHKE YeJIOBEYeCKOro KarmuTajla KaK BaskKHEHIero
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pecypca, o0ecIeurBalollero KOHKYpeHTHbIe IIPEeUMYIIeCTBa COBPEMEHHBIX MPEANPUSITUIL B
moboii cdepe aestenbHOCTU. Lleab ncciaenoBaHusl — MpoOBeNeHUE OLEHKU 4YeJI0BEUYEeCKOro
KanuTaja COTPYIHMKOB IPENNpPUSTUS HAa OCHOBE 3KCIIEPTHOTO IOAXOAa C MCHOJIb30Ba-
HUEeM MOJed KOMIIETeHLIMIA M MeToJa paHAOMU3MPOBAHHBIX CBOJHBIX ITOKa3aTesei.
YTOUuHEHO TOHSITHE <«4eJIOBEYECKUI KarmuTal» KakK 0a30Bblii CTPYKTYPHBIM 3JEMEHT WH-
TeJUIEKTYaJIbHOTO KamuTaja, IIPOBedeH KpaTKuii 0030p HaumboJjiee pacrpoCTpaHEHHBIX
MOJAEJIe M METOMOB OIEHKHM YeJIOBEUYEeCKOro KamuTajaa, OOOCHOBaHA HEOOXOOMMOCTh
peaau3aluyd KOMIIETEHTHOCTHOIO IIOAXOJa MpU OLIEHKE COTPYAHUKOB IPEINpUsITUS U
cerMeHTaluu nepcoHana. IlokazaHa BO3MOXHOCTb U HNPEUMYIIECTBO IPUMEHEHUSI METO-
Ja paHIOMU3UPOBAHHBIX CBOAHBIX TNMoka3arejeit (MPCII) nns monyyeHHsI KOMIUIEKCHOM
OLIEHKU YPOBHS KOMIIETEHTHOCTH COTPYAHUMKOB POCCHUICKOIO IMOIApa3nesIeHUs MeXIyHa-
poxnHoit komnaHum B chepe IT-unnyctpum. [Monpasnenenme B Cankr-IlerepOypre 3anu-
MaeTcsl pa3paboTKOI 3aKa3HOTO MPOrpaMMHOTO obOecTieuyeHUs] M MOJEepHU3ALME KOPIIO-
paTUBHBIX MH(POPMALIMOHHBIX CHCTEM B 00JIaCTH (DMHAHCOBOM WHOYCTPUM, TEICKOMMY-
HUKaLMA, OHJAWH-IYTEIIECTBUI, MOOWIbHON pa3padOTKM, MHTEPHET-IIPOEKTOB U Macc-
menua. Mcmoab3oBaauch MaTeMaTHMYeCKUe METOAbl (MEeTOA paHAOMM3UMPOBAHHBIX CBOJ-
HBIX ToKa3aTesneil, sKcrhepTHas OasibHasi OllEHKAa), CPaBHUTEJIbHO-COMOCTaBUTEIbHbIE
MeTonbl (aHanu3, CHHTEe3, KiacCUpUKalMs), a TakxkKe OOIIeJ0rMYecKre MeEeTOAbl I10-
CTpOeHUs HaydyHOU KoHuenuuu. HayyHasi HOBM3HA HMCCleIOBaHUSI COCTOWUT B TOM, YTO
Ha OCHOBE CYIIECTBYIOIIMX pa3dpabOTOK MpeljioXkeHa HOBask MHCTPYMEHTaJbHAsI METOIM-
Ka, peaJM3ylouiasi ajJropuTMbl OILEHKMA YEeJIOBEYECKOrOo KaluTalla COTPYOHUKOB IIPEIIIpH-
SITUSI, PEe3YAbTaThl KOTOPOM IO3BOJISTIOT BBISIBUTH IIPUOPUTETHBIE HAIlpaBIeHMSI B cdepe
nondopa, pa3BUTHS M MOTHUBALlMM IE€pPCOHaja, TEM CaMbIM OCYIIECTBUTH pPallMOHAJbHBIN
MOAXOMA K MCIOJIb30BAHUIO YeJIOBEUECKMX M (PMHAHCOBBIX pecypcoB Ipeanpusatusi. I1pak-
TUYeCKasl 3HAYMMOCTb MCCJIEIOBAHMSI 3aKII0UaeTcsl B pa3paboTKe METOIMYECKOIO MHCTPY-
MEHTapUsl IO MPOBEACHUIO OLEHKM YEJOBEYECKOIO KamuTajla, KOTOPBbI MOXET OBITh MC-
MOJIb30BaH B YIPAaBICHYECKOM AESATEIbHOCTU APYTUX TPeAnpusaTuii B cepe nHbopMaiu-
OHHBIX TeXHOJIOTUIA.

KnioueBble cioBa: 4eJlOBEUECKUI KAamWTald; MOAEIW U METOABl OLIEHKU YeJIOBEYECKOTO
Kanuraiaa, KOMIETCHLHA; KOMIICTCHTHOCTb, MOAC/Jb KOMIIETCHIMU; METOA PAaHOIOMMH3UPO-
BaHHBIX CBOIHBIX MOKa3aTeJiei; CerMEHTalus TIePCOHaa; KOHKprHTOCl'[OCO6HOCTI>
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In the context of modern Russian economy
focused on innovative socially-oriented development
model, the community is rapidly becoming
conscious of the fact that a company’s development,
competitiveness and efficiency is determined not
by the physical assets but by the human capital,
which is a combination of knowledge, skills,
innovativeness and creativity of people, which
allow to create well-being, both in personal and
social terms.

In this regard, the assessment and accumulation
of human capital, as the most valuable resource
of intellectual capital, is one of the companies'
high-priority strategic tasks. It should be noted
that the process of assessing the human capital of
a company is very complex and highly
individual, because each employee is a unique
person, therefore, it is necessary to take into
account the characteristics specific to a
particular employee.

10. Ne 2.

For the implementation of human capital
assessment of companies’ employees by Russian
and foreign researchers, various models and methods
are proposed that take into account the quantitative
and qualitative characteristics of a person's
abilities and skills, and also determine the value
of human capital in cost and natural values [6]:

1. Cost-based models where the initial cost,
the replacement cost and the opportunity cost of
human assets are determined.

2. A monetary model based on determining
the economic effect of the use of human capital.

3. Natural (temporary) assessment, implying
the measurement of human capital in person-
years of learning.

4. Values of human capital taking
account intangible behavioral values
monetary economic value.

Accordingly, the cost and value of human
capital accumulated by individuals, the volume

into
and
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of investments in human capital, the competitive
advantages of the company resulting from the
accumulation of human capital are subject to
measurement.

One of the most common methods is the
calculation of the human capital of an individual
and its evaluation in the structure of the
intellectual capital of the company. The theory is
held by scientists such as Farr, Dublin and
others. The method is based on the attempt to
estimate the discounted cost of the flow of costs
associated with the formation of human capital
and the future flow of income, which will ensure
the receipt of human capital of a particular
individual [2].

An approach to the evaluation of human
capital by analogy with physical capital has a
fairly wide application. Within the framework of
this method, the «initial cost» of a particular
employee is determined by means of various
methods of testing the employees of a company.
Then, the coefficient of forgetting the knowledge
is revealed, taking into account the term of
participation of a particular employee in the
company's activities.

With the expert approach, qualitative indices
that  characterize ~ both  the  individual
characteristics of a particular employee and the
properties of company’s employees in the
aggregate are evaluated. The calculation
procedure is carried out in three stages:

1. Identification of the key indices that
describe the employee's contribution to the
intellectual capital of the company.

2. Definition of a point scale for the
estimation of each index.

3. Determination of the weight coefficient for
each index, based on how often it is manifested
in the employee being evaluated.

The average score for each employee is
determined through calculations. The results
obtained are analyzed and compared with the
benchmark metrics obtained by the empirical
method. The expert approach includes various
modifications and is a necessary component of
the assessment of human capital.

The evaluation of human capital can be
carried out on the basis of directed investments.
The costs for the professional development of a
particular employee or all employees of the
company are considered as long-term
investments in the intellectual capital of the
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company. However, investments in human
capital are economically justified only if the
contribution of a particular employee improves
the efficiency of the company.

This implies the expediency of segmentation
of the personnel of the company. The main
human resource management principle is the
understanding that every employee carries a
different level of value to the company, the same
as every customer is important for the company,
however, not equally, but depending on the
amount of product consumed. On this basis,
there are employees several times more valuable
to the company than others [13].

The methodology for assessment of human
capital of the employees of the Russian division
of an international company in the field of IT
industry is presented within the framework of
this study on the basis of expert approach using a
competence model and the aggregated indices
randomization method.

The algorithm for assessing human capital of
the company's employees was as follows:

1. Competence modelling based on five
initial characteristics reflecting the competence
of employees.

2. Determination of criteria for evaluating
staff by developing an evaluation scale.

3. Determination of the estimation method.
In this study, the aggregated indices
randomization method (AIRM) was applied,
which is used to evaluate complex objects. In our
case, this is the individual competence of the
employee, represented as a set of assessments of
individual competences. In the conditions of
uncertainty, it is rather difficult to accurately
indicate the weight of specific competences,
since it can be different for each job position,
which determined the choice of this method.

4. Evaluation of employees according to the
established rules.

5. Analysis of the results obtained by
compiling an ASPID diagram of aggregated
competence assessments of the employees of the
company under study.

6. Segmentation of personnel for management
decisions regarding employees of the company
under study, including the development of
individual programs for professional development
of employees.

The competence model was used to assess
the human capital of the employees of IT
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companies. At the present time the approach to
employee evaluation based on this model is the
most common in both foreign companies and
Russian organizations.

The competence of the individual worker
(C,) was evaluated with the help of a set of
baseline characteristics:

x, — functional competences level,;

X, — managerial skills level;

X; — corporate competences level,;

X, — innovative competence level,

Xs — social competence level.

In particular, the Senior .NET Developer
position assumes that within the framework of
functional competences the employee should
have the following necessary skills:

1) understanding of C #, including the latest
version of the ASP.NET MVC framework;
ASP.NET MVC;

2) possession of software design skills;

3) possession of skills of object-oriented
programming (OOP), and object-oriented design
(OOD);

4) knowledge of design patterns;

5) knowledge of the database management
system MS SQL Server and its components
SSRS, SSIS;

6) knowledge of JavaScript and JavaScript-
frameworks (jQuery, Angular.js, Backbone.js);

7) the ability to use the methods of test-
driven development (TDD), as well as
commercial applications on the .NET platform;

8) English language proficiency.

Below is a fragment of a competence model
drawn up by the authors of this study. For
example, such factor as the ability to make non-

standard solutions was taken into account when
determining the innovative competences (Fig. 1).

The above characteristics form the vector:
Xx= (X, .., X;). Each characteristic constitutes
certain features — y,. If confined only to a set of
estimates for each competence, then, most likely,
it will not be possible to compare all the employees
together in relation to all the competences at once.
For example, one person's level of functional or
corporate competence can be very high, but there
is hardly a worker who surpasses others in all the
competences at the same time.

Therefore, the aggregated indices randomization
method (AIRM), which allows for multi-criteria
evaluation of complex objects under conditions of
uncertainty with the use of incomplete, inaccurate
and non-numerical information, is used to analyze
the evaluation summary of staff competence. This
method was developed by Khovanov based on the
ASPID (Analysis and synthesis of indices in the
information deficit) methodology [18].

The values of five baseline characteristics x,,
..., Xs were determined within the framework of
this study. The results are presented on the basis
of a random sample of employees of the studied
IT companies in the amount of 15. In total, 82
people participated in the evaluation activities.

As criteria, a scale for assessing behavioral
indices was developed, which includes four levels:

0 — almost never manifested / not expressed;

1 — manifested sometimes / individual
elements are expressed;

2 — is manifested in most situations / most
of the elements are expressed;

3 — manifested always, in all situations /
fully expressed.

~N
- Has a high level of creative abilities, makes unconventional decisions in difficult
Level situations, promptly responds to changes of internal and external environment
J
\4/ ~
+ Tends to unconventional vision of the situation, finds the best solution to achieve the
Level goal pretty quickly, showing adaptability to changes of external and internal environment
3 J
\/ - Is able to show some ingenuity and inventiveness to achieve the goal. The speed and
accuracy of response depends on the existing experience and the degree of «novelty»
Level of the situation
2 <
- Is not always able to respond quickly and effectively to the current precarious situation,
Level is inclined towards the conservative decision-making
J

Fig. 1. Fragment of competence model for evaluation of the employees of IT companies
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Table 1
Data (fragment) for determining the level of functional competences
Frequency of manifestation / intensity in employees
Behavioral indices
1|12 |34 |56 7|8 |9 |10]|11]|12|13|14]15
Performs work qualitatively 2 3 2 1 1 3 1 3 2 2 2 2 3 3
Works with enthusiasm and interest | 3 2 1 1 1 3 2 1 2 2 2 2 2 3 2
Does more than is formally required | 1 3 1 1 1 3 2 1 2 2 2 2 1 3 1
Takes new tasks 2 2 1 1 1 3 3 1 2 2 1 2 2 2 2
Total score for all indices 8§ |10 | 5 4 1 4 |12]|10 | 4 9 8 7 8 8§ [ 11| 8
Value 2.00{2.50(1.25|1.00{1.00(3.00{2.50{1.00|2.25|2.00(1.75]2.00{2.00|2.75{2.00
Below is a fragment of the data used to X,: min = 1.3; max = 3.0;
determine the level of functional competences on X,: min = 1.1; max = 2.7,
the basis of such index as passion for work (loves X3! m@n = 1.1; max = 2.8;
the job, tends to do it the best way possible, using X,: min = 1.0; max = 2.7;

existing knowledge and experience) (Tab. 1).

All indices that reflect the levels of all the
above competences of the company's employees
are defined similarly.

The final calculations of the competence
values of the company's employees on the basis
of five characteristics of the competence level are
presented in Tab. 2.

Next, the smallest and largest values of the
baseline characteristics were determined, the level
of the particular competences of employees was

defined.
Table 2

Competence values of the company’s employees

Employee X4 Xy X3 X4 Xs
1 1.90 1.70 1.60 1.00 | 2.00
2 2.2 2.1 2.1 2.5 1.5
3 1.50 1.50 1.50 1.50 1.00
4 1.50 1.50 1.60 | 2.00 1.00
5 2.0 1.4 1.3 1.0 0.0
6 2.7 2.8 2.5 2.0 3.0
7 2.0 1.8 2.0 2.0 2.0
8 1.0 1.1 1.3 1.5 2.0
9 1.20 1.70 1.30 1.50 1.50
10 1.8 1.7 2.0 2.0 2.0
11 1.10 1.30 1.40 | 2.00 1.50
12 1.5 1.6 2.0 1.5 1.5
13 1.40 1.50 1.50 1.50 1.50
14 2.0 2.1 2.8 2.5 3.0
15 1.50 1.60 1.50 1.50 1.50
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Xs: min = 0; max = 2.5.

The function q; = q; (x;) is determined by the
following formulas:

For the increasing function:

0 X; < min,,
X, —min, .
g;(x;) = | —————— min,(x; <max;, (1)
max;— min;
1 X;)max; .
For the decreasing function:
1 X; < min,,
max;— X; .
g;(x;) = | ————— min(x; < max;, (2)
max;— min;
0 X;)max; .

Let us construct the system of indices qy, ...,
gs, corresponding the assessment of competences
of employees, in terms of the five criteria
mentioned above, using formula (1) for the
increasing function (Tab. 3).

Therefore, it is possible to draw a preliminary
conclusion who is the most competent employee by
each criterion. Thus, for example, by the criterion
qi, the most competent employees are 2 and 4.
Employees 5, 7 and 14 also have a fairly high level
of competence by this criterion. It is worth noting
that there is no such employee who would be more
competent than the rest by all the criteria at the
same time. Determination of (w) is a crucial
moment in the summary assessment of human
capital. Each component has its own «importance»
or «value», the exaggeration or understatement of
which can change the final assessment in the
construction of the aggregated index [1].
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Table 3

Competence indices for each employee (without
weights), in points

Employee q, d, ds da ds
1 0.529 0.353 | 0.200 | 0.000 | 0.667
2 0.647 0.588 | 0.600 | 1.000 | 0.500
3 0.294 0.235 | 0.133 | 0.333 | 0.333
4 0.294 0.235 | 0.200 | 0.667 | 0.333
5 0.588 0.176 | 0.067 | 0.000 | 0.000
6 1.000 1.000 | 0.867 | 0.667 | 1.000
7 0.588 0.412 | 0.467 | 0.667 | 0.667
8 0.000 0.000 | 0.000 | 0.333 | 0.667
9 0.118 0.353 | 0.000 | 0.333 | 0.500
10 0.471 0.353 | 0.467 | 0.667 | 0.667
11 0.059 0.118 | 0.067 | 0.667 | 0.500
12 0.294 0.294 | 0.467 | 0.333 | 0.500
13 0.235 0.235 | 0.133 | 0.333 | 0.500
14 0.588 0.588 | 0.667 | 1.000 | 1.000
15 0.294 0.294 | 0.133 | 0.333 | 0.500

The additional data on the weight of
competences should be used in staff assessment.
For example, innovation competence is a very
important factor in the successful performance of
an IT company’s employees. Also, a large
number of «incomparable» staff makes it
worthwhile to introduce an aggregated index,
which allows to linearly <«harmonize» all
evaluated employees at the level of their general
competence, taking into account the values of
the indices q, ..., gs, as well as the weight of the
competences in the coefficients w; ..., ws In
other words, this figure reflects a person's
competence not for each competence separately,
but for all competences at once, taking their
importance into account.

Under real conditions some additional
information on the weighting factors is available,
not of a numerical, but a comparative character,
for example, «functional competence is more
important than corporate» or «the level of social
intelligence is, according to experts, just as
important as the level of innovation activity».

Thus, non-numeric information is the most
stable and easy to read in this case; it can be
represented as a system of equations and
inequalities (3):

I={w, >w;w, =w,,..}. (3)

Information about the relative weighting
characteristics can be represented as a system of
inequalities for the weighting coefficients (4):

The weighting coefficients of the competence
characteristics of employees were identified by the
expert commission, depending on their value for
the studied IT companies. The functional
competence (X;) is the most important for the
ordinary employees of the company; followed by
the innovative competence (x,), then social
competence (Xs), then corporate competence (x;),
and finally, the managerial competence (X,).

Let us define the procedure for the formation
of scales of activitiecs W, The first type of
competence is measured on the 3-point qualimetric
scale, W,={3,2,1}; second, third and subsequent
on the 2-score W,= W;=W,= W, ={2,1}, (i.e., m;
is the number of reference points in the i-scale that
is equal to 3,2,2,2,2 respectively).

For each o, reference point of all W,
competence scales, a specific quantity equivalent
was calculated, that is, a weighting factor.

The total number of equivalents is defined by
formula (5):

n= Zm,- Q)

n=3+2+2+2+2=11

Tab. 4 shows the values of the reference
points of each competence evaluation scale (k is
the current number of the reference point in the
i-th scale).

Thus, we have obtained a scale of W vector
evaluations, having L. = 48 control points.

Using a 10-point scale is more familiar.
Transition is possible by sorting the combination
of values by descending gt values, and isolating
the 9-limit values (0.59; 0.53; 0.51; 0.46; 0.43;
0.39; 0.36; 0.31; 0.26; 0.24). separating groups
of evaluation combinations that can be
correlated with final estimates of the scale
1=1{1,2,3,4,5,6,7,8,9,10}.

The results of the evaluation of each
employee of the studied IT company are
presented in Tab. 5.

On the basis of determination of weight
characteristics of each of the five competences
(X, = 0.352, X, = 0.094; X; = 0.116; X, = 0.131;
X5 = 0.124) and calculation of the aggregated
values of competence of each evaluated
employee of the studied IT company, an ASPID
diagram was constructed (Fig. 2).
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Table 4 Table 5
Values of reference points of rating scales Evaluation of each employee on a 10-point scale
Scales Reference points | Rating weight Employee Typeazgtf)s:ﬁ;;r?ance ¢.°G |Final score
i=1 o, =3 d, =023
" 5 y 01 1 2,2,2,2.1 0.46 7
_ W = = U
A m.1—23 ; 2 ? 2 22,222 0.53 9
=1, 2 = 1 d = 007
@13 3 3 21222 0.48 8
i=2 @y =2 d = 0.11 4 22221 0.46 7
w2 — — b b b} M
my = o =1 dn = 0.04 5 12,111 031 3
k=1,2 6 22,222 0.53 9
i=3 wy =2 d;; = 0.10 7 2,2.2,1,2 0.53 9
W3 p—
my =2 oy =1 d;, = 0.03 8 1,1,1,1,2 0.26 2
k=1,2 9 1,2,2,1,2 0.42 5
i=4 oy =2 dy =0.10 10 2,2,2,2,2 0.53 9
w,
my i 2 Wyy = 1 d42: 0.05 11 2,2,1,1,2 0.41 5
k=1,2 12 1,1,1,2,1 0.29 2
i=5 w5 =2 ds; = 0.07 13 1,2,2,2,2 0.45 6
mf; 5 o5 = | ds, = 0.05 14 22222 0.53 9
k=1,2 15 2,1,2,2,2 0.46 7
0,8
2
0.7 0,767
>
= 0,6
g ¢
§ 2 2 0,582
3 0.5 ()SQAR
g 0,
g o
(=7
E 04 0,463 ¢
< 0,415
3
2 03 ¢
R= 0,317 L 2 *
e}
5 0274 0,284 *
g 02 hd 0,239 * 0,247
& 0,221 ’ PN . 0,219
3 0,173 0,176
0,1 *
0,105
0 T T T T T T T )
0 2 4 6 8 10 12 14 16

Company's employees, PPL
Fig. 2. Composite competence ratings of the IT company’s employees
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It was concluded on the basis of the
presented diagram that the most competent
employee is 6 (competence index is 0.767),
followed by employees 14 and 2 (competence
indices are 0.582 and 0.548, respectively).
However, this is just a small part of the
evaluated employees who have a fairly high level
of competence.

For more detailed analyses of the company,
the authors propose segmentation, which consists
of four groups (similar to the matrix of the
Boston Consulting Group): «Stars», «Cash
cows», «Dogs» and «Problem children».

The heads of the company’s departments
were involved in the evaluation as experts. The
first group (8 people), «Stars», are the employees
who have been working for the company for
more than two years, thus repeatedly underwent
education and training to improve their
professional skills. As already mentioned, 8§
people belong to «Stars», but according to the
aggregated indices only one of them is on the
8th level of competence (10-point rating scale);
7 people occupy the 7th position. Although this
group is the smallest in size, it is the one of the
utmost value for the company.

The second group (43 people), «Problem
children», is characterized by a high level of
performance potential and requires a fairly
significant investment in order to develop it.
Among the employees belonging to the «Problem
children» category, 7 persons occupy the 6th
level of competence, 36 occupy the 5th level.
Upon receiving sufficient knowledge and
accumulating experience, a gradual transition to
the «Stars» takes place.

The third group (19 people) is «Cash cows».
This group is characterized by a high level of
productivity. This is the least attractive group
from the point of development, since the
functionality performed by the employees in
most cases does not require development of any
additional skills in relation to the company. 6
people from the «Cash cows» occupy the 4th
level, 13 people the 3rd level.

The fourth group (12 people) id «Dogs».
Basically, these are the new employees who are
being trained at the moment. They have a low
level of competence and do not bring profits.
Trainings and seminars which will identify
potential employees and weed out the least

qualified are required for transition to another
group. In the «Dogs» category 9 people occupy
the 2nd position, and 3 people have shown a
very low level of competence, so the company
decided to dismiss these trainees, without waiting
for the end of the probationary period.

Taking the profit index for 100%, an average
profit of «Stars» is 42%, 37% for «Problem
children», 18% for «Cash cows», and 3% for
«Dogs». Thus, a «Star» brings 5,02% of the profits
for the studied IT companies, a «Problem Child»
brings 0.96%, a «Cash Cow» brings 0.64%, and a
«Dog» brings 0.32%. Thereafter, it is urgent to
create a staff development program, aimed at
increasing the number of «earning» employees.

The evaluation of human capital of the
employees of IT company identified the need for
the development of innovation and social
competences. Accordingly, the company needs
to develop a set of measures aimed at matching
the real situation with the desired profile
according to the developed competence profile.
The purpose of the proposed activities is to
reduce the difference between the existing and
the required level of competence and, as a
consequence, facilitate the development of the
intellectual capital of the company, as human
capital is the basis of its structure.

It should be borne in mind that investment
in staff will be economically viable if it provides
a high level of income to the company. The
human capital evaluation requires an economic
assessment of the knowledge acquired through
education and experience, not only in terms of
the accumulation of past investments in human
capital accumulated in the reserve, but also in
terms of the opportunity to acquire new
knowledge in the future [7].

It is worth pointing out that human capital,
as a form of intangible capital, cannot be
separated from those to whom it belongs, and
cannot be copied or reproduced in any other
organization. Managers of domestic enterprises
need to pay greater attention to the formation,
accumulation and development of human capital
using the most appropriate and effective tools,
such as: the development of the strategy of
selecting new recruits, the creation of a system
for evaluation and continuous training of
personnel, the implementation of a set of
material and moral incentives for employees.
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This article discusses the principles and methods of constructing a hybrid model for
multivariate index analysis of the circulation of tangible assets on the example of retail trade
enterprises. Analysis of the time and circulation velocity of the current assets was carried
out with respect to the on-hand inventory for homogeneous positions of the group
assortment of a shoe department of an economic entity. The time model and the turnover
rate were built separately. At the final stage, applying the so-called index crossing
procedure, the author constructed a vlt-model, which contains five independent
characteristic factors. Each of the considered characteristic factors corresponds to its
standard statistical indicator, according to which the economic analysis is traditionally
carried out depending on the formulated goals and tasks, both at enterprises and in special
applied studies. The same factors serve as indicators of the financial performance of any
economic entity, as comparative characteristics in assessing the subject’s competitiveness in
the commodity markets and can be used in assessing the market value of a business. The
resulting model is verified, reliable calculations have been made for it. The model opens up
new horizons for financial and economic analysis of the circulation of the company’s
tangible assets, allows to comprehensively study the parameters of velocity and time of
commodity circulation. The latter is complicated, and sometimes even impossible at all, in
econometric multifactor models due to multicollinearity of characteristic factors. This
circumstance makes the future hybrid model constructed in the solution of problems of
short-term forecasting and operational planning promising.
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T'NBPUAHASA MOJIEJb MHOTO®AKTOPHOI'O NTHAEKCHOI'O AHAJIU3A
OBOPOTHbLIX AKTBOB

A.H. Hanyaux

CeBepo-3anaaHblii MHCTUTYT yIipaBieHUs1 PoccuiicKoil akageMuu HapOIHOTO XO3SICTBa
" TocynapcTBeHHOM cimyxk0bl Tipu [Ipesunenre PP, Cankr-Iletepoypr, Poccuiickas Deneparist

PaccmarpuBaloTcst MPUHLMITBI M METOJBI TTOCTPOEHUSI TMOPUAHON MOJEM MHOTO(haKkTop-
HOTO MHIEKCHOTO aHaIM3a OOpalleHHs] MaTeprabHBIX aKTHBOB Ha TIpMMEpPe 3aIlacoB PO3HWY-
HOTO TOPTOBOTO MPEANPUATHS. AHAIM3 BpeMEHU W CKOPOCTU JBWIKEHUSI OOOPOTHBIX CPENCTB
MPOBeNicH B OTHOIIEHNH TOBAPHBIX 3aIlacoB TEKYIIETO XPaHEHUS TIO0 OTHOPOIHBIM TTO3UIIVSIM
TPYIIIOBOTO acCOPTUMEHTAa OOYBHOTO OTHea 3KOHOMHUYECKOTo cyohekTa. OTIeNbHO TOCTpoe-
HBI MOJIENTM aHaJIu3a BpeMEHU M CKOPOCTH 000pavrMBaeMOCTH M3ydaeMbIx akTBOB. Ha 3akimo-
YUTEBHOM 3Tale ¢ TPUMEHEHWEM TPOLEAyphl TaK HAa3bIBAEMOTO WHICKCHOTO KPOCCHHTA
CKOHCTPYMpOBaHa V{t-MOIEeNlb, KOTOpasl CONEPKHUT TISITh CAMOCTOSITENTBHBIX — TIPU3HAKOB-
daxkTopoB. 3a KaXIbIM U3 YYTEHHBIX MPU3HAKOB-(PaKTOPOB CKPBIBAETCS CBOM CTaHTAPTHBINA

98



A.N. Tsatsulin, DOI: 10.18721/JE.10209>

CTaTUCTUYECKUI TO0Ka3aTesb, MO KOTOPOMY TPaAWIIMOHHO OCYILECTRISIETCS 9KOHOMWYECKUI
aHaJIM3 B 3aBUCUMOCTH OT C(OPMYJIMPOBAHHBIX 1LIeJIe M 3amad Kak Ha TPeATNpUsITUSIX, TaK U
JUTSI CTIeLIMAJIbHBIX TIPUKJIAIHBIX UCCISIOBAHUI. DTH e ToKa3aTeNn SIBISIOTCS MHAMKATOpaMu
(bMHAHCOBOIO COCTOSIHMSI JIIOOOTO 3KOHOMUYECKOIO CYOBEKTa, CPaBHUTEIBHBIMU XapaKTepy-
CTUKaMU TPU OLIeHKe KOHKYPEHTOCITOCOOHOCTH CyObeKTa Ha TOBAPHBIX PhIHKAX W MOTYT OBITh
WCIIOJIB30BaHbI MIPH OLIEHKAaX PBIHOYHOI cToMMOCTU Om3Heca. IlomydeHHas momenb Bepugu-
LIMPOBaHa, MO0 Hel MPOBENeHBI JOCTOBEPHBIE PacueThl. Moeslb OTKPBIBAET HOBBIE TOPU3OHTHI
MpoBeneHusT GPUHAHCOBO-OKOHOMWYECKOTO aHan3a JBIKEHUsI MaTepyallbHbIX aKTUBOB TIPE/I-
TIPUATHSI, TIO3BOJISIET BOGAMHO M KOMITIEKCHO M3y4aTh TMapamMeTpbl CKOPOCTH W BPEMEHM TO-
BapHoro obOpaieHus1. [locnenHee oca0XHEHO, a TOaYac ObIBAET U BOBCE HEBO3MOXKHO B 3KO-
HOMETPUYECKMX MHOTO(MAKTOPHBIX MOJENISX B CBSI3M C SIBICHUEM MYJIbTUKOJIMHEAPHOCTU
MPU3HAKOB-(PakTOpoB. OTMEUEHHOE OOCTOSITENILCTBO MAEaeT MEPCHeKTUBHONW IMOCTPOESHHYIO
BIIEPBbIE TIOJOOHYIO0 TMOPUAHYIO MOJIENb B PEIIEHNH 3aa4 KPAaTKOCPOUHOTO MPOTHO3UPOBAHUS

1 OIIEPAaTUBHOIO INITaHUPOBAaHMA.

KnioueBblie cjioBa: IpOCTONM MHAEKC; aHAJIMTUYECKMIA WHAEKC, WHIAEKCHBIA KPOCCHHT;
WHIEKCHBI MUKCT-aHaJIu3; TMOpuaHasi Moaeab (paKTOPHOro aHajK3a; MEepBUYHBIA U BTO-
PUYHBIN IpU3HAK; CpeacTBa oOpallleHMsI; 00OPOTHBIE aKTUBBI

Ccbuika npu uutuposanum: Llanynun A H. T'mGpumgHas mopenb MHOrogakTOpPHOrO MHISKCHOTO aHaam3a
000poTHBIX akTuBOB // HayuHo-TexHuueckue Begomoctu CIIOITTY. DkoHomuueckue Hayku. 2017. T. 10. Ne 2.

C. 98—115. DOI: 10.18721/JE.10209

«Well, in our country,» said Alice, still panting
alittle, «youd generally get to somewhere else — if you
run very fast for a long time, as weve been doing.»

«A slow sort of countryh said the Queen. «Now,
here, you see, it takes all the running you can do, to
keep in the same place. If you want to get somewhere
else, you must run at least twice as fast as thath

Carroll, Lewis: Through the Looking-Glass
and What Alice Found There, Chapter 2

Introduction. Research in the field of industrial
production, as well as in wholesale and retail
trade touches upon issues of turnover of tangible
assets which is a separate and important area of
analysis of the financial condition of any
economic subject. The effectiveness of such asset
management is reflected immediately in terms of
solvency and stability of the enterprise. There is
considerable domestic and foreign bibliography
dedicated to the study of time and the circulation
velocity of certain types of tangible assets. This
article is related to the construction of a
fundamentally new  hybrid Vmodel of
multivariate analysis on the example of the
dynamics of asset inventory of a particular trader.

The indicators of the time and velocity of
circulation of working capital are some of the
most important and generalizing economic
characteristics of the efficiency of circulation of
the commodity mass in the form of raw
materials, fuels, finished products, commodity
reserves in the market space and of the

These
special

circulation within production cycles.
indicators generally serve such a
economic concept as commodity turnover.

The economic analysis of these characteristics
is particularly important in setting conditions of
the market mechanism of management of
industrial enterprises of the real sector, sales,
trading and purchasing of specialized applications
and systems, improvement of commercial
calculation and the increasing importance of
financial leverage in diverse relationships with
market partners [1; 2].

Formulation of the problem. Analysis of the
time and the velocity of inventory circulation is
included in the scheme of analysis of working
capital, but it should be carried out taking into
account the results directly analyzing the
volume and structure of sales production and
trade. Let us consider in more detail the
measure to which commodity stocks secure the
commodity turnover, i.e. The time of
circulation of some fixed commodity mass, in
order to build a multifactor index model for
analyzing the circulation of the economic assets
of the economic entity [3].

The indicator in the corresponding provision
of i-th period is measured in days of turnover,
i.e. the time of circulation of the j-th asset by
the following relationship:

(0 =30 /WO =T j=Tm, (1)
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where ti(j) — the spending time average stock,
for example, normal sales process of goods in the

days or time of circulation of goods; 3,.(/ ) — the

average size of inventory in value during the
reporting period, which is calculated as the
average dynamic range of the torque on the

observations of the state of inventory; W (1)) —

the cost of one-day turnover of the j-th asset on
the integrated heading, in the relevant currency
units in the i-th period.

The index of turnover margin of security, or
the measure of the time of circulation of goods,
indicates the number of days of uniform sales
that the actual size of the commodity stocks
recorded and evaluated at the end of the
reporting period, i.e., at a particular time or
date, will be sufficient for. If you interpret the
value of this indicator in terms of the circulation
time of the goods, it characterizes the length of
stay of the goods assortment of varieties in the
form of a corresponding commodity stock. We

calculate the value 7’ from Tab. 1 on the

example of the company «Trading House» for
the 3rd quarter of 2015, which will continue to

be regarded as a period. Preceding all subsequent
analytical calculations, it is necessary to estimate
the size of the average commodity stock for the

3rd quarter of the reporting period W :

0,5-15600+12 000+9 600+0,5-15 900 _
3 (2
=12 450 thousand rub.

31(1'/') —

Given that the turnover of one day in the
3rd quarter of 2015, i.e., the reporting period
was 200 thousand rubles, the actual provision of
turnover inventory was found to be in days

19 = léﬂ =62.25 days.

In this case, we can say with a known
certainty that its enterprise standards of

inventory are not fulfilled, because the time of
its circulation of inventory amounted to only

62.25 days with easily defined regulatory
circulation time:
)
=" 13007500 days.  (3)
o w200
Table 1

Calculation of deviations from the norm of inventory storage current j-th type retailer Limited Liability Company
«Trading House» for the III quarter of 2015"

At the be- Credited (planned) . o
ginning | turnover for the quar- Tfh(;1 actual inventory . Deviation The actual
Order | (SPTE ter, ths. Rub, of the current storage rom the norm turnover
Ne i per month,
reporting total | day turnover | cost of, turnover cost of, turnover | ths. Rub.
year WUIl;/n,™ | ths. Rub. in days ths. Rub. in days
_ @) i (i) i = 3 A39D) " W)
i=Lk i Wi Wy 3 % WD 8 A, W Q)
1 2 3 4 5 6 7 8 9
1 01.07.2015 x x 15 600 78.00 600.00 3.00 5 850.00
2 01.08.2015 x x 12 000 60.00 —3000.00 | —15.00 5200.00
3 01.09.2015 x x 9 600 48.00 —5400.00 | —27.00 6 900.00
4 The specifi- | 18 000 200.00 15 000 75.00 x X 17 950.00
cation
for the
III quarter
5 01.10.2015 | 18 900 210.00 15 900 - - - -

* Data source: the official state reporting data operational and technical and managerial accounting;

™ Note: n,, = 90 days.
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Most often, in practice, when calculating this
parameter, a one-day turnover of the reporting
period, month or quarter, is taken as a
denominator, and the actual commodity stocks
at the end of the reporting period that will
ensure the turnover of the upcoming period as a
numerator.

So, for example, the security of commodity
turnover in days under these conditions of the
sales process for August (i = 2) turned out to be
equal to

(@) _ 3@ _ 12000
Low @ 200

=60.00 days.  (4)

As seen from expression (4), the calculation of
this parameter as the denominator is taken as the
one-day turnover of the reporting period (month or
quarter), as well as the numerator — the actual
inventory at the end of the month in the reporting
period, which will directly provide trade next
month. Naturally, it is a complication that at the
time when the index is calculated, the next

analyzed one day turnover W(l)(i) is not yet
known. Therefore, the actual turnover of
preplanning period W(l)ﬁ"j) is often taken in
commercial practice. Index of turnover of inventory
availability, in days, is determined by the individual
products, product groups and as a whole.

Unequal turnover of tangible assets for
selected groups of food and non-food items is
primarily due to: the quality of goods,
determining the nature of customer demand —
daily, periodic, excessive; the complexity of the
product portfolio; conditions for storage of
inventory determined by the physicochemical
properties of the goods; so a variety of food
products require special storage conditions,
which can be provided only in large enterprises,
for example, or urban refrigeration chambers,
vaults with special gas fillings, effective in the
conditions of refrigerants and the use of modern
innovative technologies [4].

Inventories turnover in days for a complex
range of products, such as significant depth and
breadth / width range, and durable, are generally
much higher than for a simple range of goods
and FMCG (Fast Moving Consumer Goods).
Thus, food products of the so-called «Basic
basket» of consumption (bread, milk, eggs,
cheese, etc.), without which the trading network

cannot work (required, tie-in), have a transient
turnover, in contrast to the products of the
premium segment and the goods with a period of
prolonged turnover (alcohol, confectionery and
tobacco products and so on.).

The magnitude of the time of commodity
circulation, both in the direction of acceleration
and in the direction of its deceleration, and
accordingly, the size of the commodity stock, is
influenced by various factors that can be taken
into account and, importantly, used in the
inventory management system. Among the basic,
fairly objective factors contributing to the
reduction of the circulation time and, thus, the
increase in the efficiency of trade, are such
universal factors as the process of commodity
distribution as general economic, industrial,
trade and marketing.

The factors of general economic order should
include political, social, legal and economic
stability of the state, development of market
structures, having a healthy competition among
producers, suppliers and vendors, and as a
consequence of the marked points — an increase
in market supply of goods in accordance with
the positive dynamics of solvent demand of the
population as a whole and the individual
consumer groups, in particular [5].

Production factors, such as the manufacture
of printing book products, include the degree of
conformity of print runs of books in the
publication to customer demand. In the book
market, this factor ultimately emerges as the
changing ratio of the size of consumer demand
for a specific product offering literature and
adjusted the number of so-called «factories», i.e.,
publication issues within the general circulation.

Research methods. Analysis of the inventory of
the current storage for example, by the trade
organization, can be illustrated by the example
shown in the Tab. 1 (columns 7-8). After
analyzing the current inventory storage for the
overall economic entity by comparing individual
headings range. Research Methodology, used here
by the author, is based on the technique of index
analysis with the assistance of the First and
Second Index systems, the development of which
directly involved the works of authors [6—S8].

The range of instruments used in the study
includes the construction of simple and
multivariate analytical indexes, with the release
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of a result on the construction of the five-factor
model, a hybrid of retail turnover. Author's
model contains the analysis of the time factors,
material assets turnover rate, size, inventory and
analysis of two structural components with
respect to the value of one-day sales and stock
SKUs current storage company.

We consider the applied methodology. For
each j-th commodity group it is determined by
the size of the actual stock of the current storage
at the beginning of the quarter, and in days of
turnover. The value of the turnover indicator in
days of turnover is obtained by dividing the total
stock by the one-day planned, lending turnover
of the new quarter for a particular commodity
group:

S
19 = I o (5)
Wy

For July 2015, i.e. for the number i=1
period of time, the stock circulation will be
equal to

17 =15 600 /200 = 78.0 days.

Then, the value of #'/ is compared with the
value of tfqg), i.e. to the agreed norm or

reference turnover.

In the event of significant changes in the
actual structure of the turnover compared to a
planned recalculation of sums standards for
product groups, based on the actual size of
turnover:

AR =1 1D, (6)

Let us say, for the points in time — July 2015
(i=1
A1) =78.0-75.0 =+3.0 days. )

l/no

Thus, the excess of inventory for the month
turned out to be three days, and on the cost of
the commodity mass excess was the same:

30D = ) ) =
S M0 ! (8)

=3.0-200.0=600.0 thousand rub.

These estimates characterizing the excess of
the normal level of monthly stocks can already
serve in this form as valuable indicators of the
inventory, even with very superficially conducted
rapid analysis.

102

Analysis of the Speed circulation of inventory
(v-model). Analysis of the current inventory
storage, one of whose tasks is to identify
deviations of the actual stock on a specific date
from the commodity standard of this period
cannot be complete without examining the rate
of turnover of tangible assets, which has
independent significance.

Recall that the indicator already considered
above for the asset or the time-reversal of inventory
— is the term or period of time during which the
average inventory is marketed. The faster the
commercialized products are sold, the less working
capital in the form of tangible assets is required for
uninterrupted  circulation process in trading
systems, and the lower, hence, the distribution
costs developing in trade and value chains.

Acceleration asset turnover, in turn, leads to
a reduction the duration of the process of
handling the material benefits in the form of a
complete production and supply cycle, and,
accordingly, to increase profitability, strengthen
the financial condition of the company, etc. The
indicator of inventory turnover security is closely
related to the indicator of the speed of circulation
of commodities, or the turnover of tangible assets
having independent analytical value.

The rate of circulation of commodities, or
inventory turnover, or even the turnover speed
characterizes the number of revolutions of the
mass of commodities, taken in the amount of
the average commodity stock, which is
calculated every time specifically for the
analyzed period. The practical content of this
characteristic can be interpreted as follows with
the possible comment: how many times renewed
commodity stock during the analyzed period, or
sales occur during the reporting period in the
amount of the average commodity stock.

The rate of turnover in the reporting period

v](”) is defined as a relative value by dividing the

volume of trade on the average size of inventory
for a particular i-th period and, preferably, on
the integrated j-th commodity items with the
following well-known relation:

W =m? /3, ©)
where W, %) — the value of the actual turnover
for the period (quarter); 31(’7) — the average

inventory for the same period (quarter).



We perform speed calculation according to
the same Tab. 1 for the period with the final
counting of the column 9, in which the actual
trade is shown in the amount of 17 950.0
thousand rubles. The velocity of the turnover for
the quarter was, according to expression (9):

v =17 950.0/12 450.0 = 1.44 turnover. (10)

Thus, the mass of commodities is equal to
the average commodity stocks, addressed during
the period of about one and a half times.
Knowing the speed of commodity circulation

vl(’j), can be determined during the already

known circulation tl(’j ). For this purpose let us
out a series of necessary identity transformations
taking into account the meaning of the
expression of formula (6):
@) )
v = WY _ W -n M
31(,]') t](”) ’

— 11
31(!'1‘) (1)

where n, — the number of days of operation of
the enterprise in this quarter.

Location is determined by the time the average
stock turnover rate through its characteristic

19 =p /v =90.00 /1.44 =62.25 days. (12)

Consequently, the weight of tangible assets,
equal to the average value of inventory addressed
in the quarter of about 62.25 days — i.e. slightly
more than the length of two full consecutive
months.

In analyzing the dynamics of the rate of
circulation of commodities and commodity-
supply circulation time the index method is
traditionally used which is a simple, clear,
reliable and generally efficient comparison tool
in conducting analytical calculations in the
following areas: analysis of growth in turnover
through faster turnover of goods; calculation of
volume released (mobilized) or overly involved
(immobilized) current assets as a result of the
rate of change and the time of turnover of
goods [9].

In order to illustrate these aspects of the
example analysis of said range of footwear
companies, which is listed in Tab. 2, should be
to build the index dynamics of the average rate
of turnover for the three k-th commodity items

(k = 1,s) that are reflected in the table for the

reporting and the base period. This measure of
the average speed will be the index of variable

A.N. Tsatsulin, DOI: 10.18721/JE.10209>

composition — characteristic of a productive
attribute, the so-called First index system (1*IS):

S 030 [ k)
YRR Y30

R 2 D 2 = =
S =3 TR % et )
$3 33
W, => 0, k=1 =l
3(k)0 => 3(k)1
where 3 {*) — the average speed of the mass of

commodities turnover in the reporting period

specified in the Tab. 2 commodity groups of the

shoe range, which can be estimated from the

ratio of the final counting (FC) of columns 4
and 6 as FC,/FC;:

ICER

~72570.0

= = 2.726;
26 620.0 6 (19

value 5 i’ — the average rate of the mass of

commodities turnover in the corresponding
reference period on the specified table in the
same commodity groups of the shoe range,
which can be estimated from the FC,/FC;
calculation:

=070 57600.0
©25260.0

=2.284. (15)

Finally, the very dynamics of the index of
the average turnover rate, according to
expression (13), was found to be

_ . k) _ ) ~
35(3,v)% =3V g% = 2,726 :2,284 = 6
W =>»; | =1,1935~119.35%.
30)0 => 3([)1

Thus, the relative growth rate of turnover in
the reporting period compared with baseline was
19.35 %. This increase occurred both through
the growth of the actual speed rate (circulation
of commodities) on all commodity positions
range (see: Individual indices rate of commodity
circulation in column 13 of Tab. 2), and due to
changes in inventory structure for the same
commodity items, that is, on the analyzed
groups of shoes — leather, combined and sports
(respectively, columns 9 and 10 of Tab. 2).
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Table 2
The analysis of turnaround time of (+~model) and of turnover speed (v-model) material current assets in trade
for the shoe department of Limited Liability Company «Trading House» for the III quarter of 2014—2015
Name of | Quarterly volume | [ndividual | Average inventory . Structure of average The speed
o £ Individual : f £
rder | product of turnover by quarterly | on current storage index of inventory for the | of turnover by
No group | period, ths. Rub. | turnover | periods, ths. Rub. | =™ e;“? period, % period, time
. inventories
footwear | basic | reported | index basic | reported basic reported | basic | reported
PO PO dy = d =
=T Wi/0 31/0 36 3(k)
=1L k WO, W, Wb 3, 3%, 30 __% __J CR ICS
“wm =30 3 300 e
0 0 k=1 k=1
1 2 3 4 5 6 7 8 9 10 11 12
1 Leather |24260.00{29820.00 1.2214 | 6990.00 | 6130.00 0.8770 27.67 23.03 [347| 4.86
2 Combined | 21350.00|30640.00| 1.4346 | 10100.00 | 12340.00 1.2218 39.99 46.36 | 2.11| 248
3 Sports | 12080.00({12110.00| 1.0150 | 8170.00 | 8150.00 0.9976 32.34 30.61 148 | 1.49
- In total: |57690.00(72570.00| 1.2579 |25260.00 |26620.00 1.0538 100.00 100.00 |2.284| 2.726
Continuation of Tab. 2
o The volume of trade Individual ) Treatment | Individual index
In?lVldual lgqex turnover for the one- commodity mass Thisg?;ri;gtelfogn;}day in time periods, time reversal
of commodity 1 gay period, ths Rub. | index of a one- ’ days commodity
circulation speed - - - .
basic | reported | day turnover basic reported | basic | reported weight
(k) iﬁﬁn = d;iégl)o = d%n = (k)
v 1/0 W (e W (1)K . 1,
‘(}]k/)o — % W(I)E)k) W(l)gk) _ W(l)gk) = — ( )0 =— ( )1 t(()k) tl(k) lf(lljz] = ﬁ
20 YW | YW
k=1 k=1
13 14 15 16 17 18 19 20 21
1.4006 271.00 331.00 1.2214 42.28 41.07 25.79 | 18.52 0.7181
1.1754 237.00 340.00 1.4346 36.97 42.18 42.62 | 36.29 0.8515
1.0068 133.00 135.00 1.0150 20.75 16.75 6143 | 60.37 0.9827
1.1935 641.00 806.00 1.2574 100.00 100.00 39.407| 33.027 0.8381

In other words, the very average increment
rate in the dynamics of expression (16) has taken
place due to the simultaneous and combined
effects of these two characteristic factors that
should be resolved by the analyst into the
individual components. Consequently, this
increment should be decomposed into the factors
noted specifically that will take into account
their impact on the isolated change in the
average characteristics of the velocity under the
Ist IS.

The index scheme of factor analysis in this
case can be constructed by decomposing an
index of wvariable composition, which in a
concrete  situation is already essentially
constructed and counted in the formulas from
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expressions (13—16). But for the purposes of
further analysis, this simple index of the variable
structure is represented in its modified form as a
record through the structural component — the
stock share in columns 9 and 10 of Tab. 2.

S
(k) (k)
X d5
Sodsm, = (17)
> 3 dyh
& = d- 30 0
30 3 k=1
Vo =W

In the aggregate index (17), all the values of
the factors taken into account (d; u v) change
their value during the transition from reporting
period to the base period. For this reason, we
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should bear in mind that the index is called the
index of variable composition of the resultant
characteristic. In order not to clutter the
calculation formulas, the overline over the

analyzed characteristic factor 3§, 3% serving

as the characteristic of statistical averaging of the
inventory over the corresponding headings will
have to be omitted in the expressions below.

To assess the effect of turnover rate of
individual commodity positions on the change in
the average circulation velocity for the entire range
of goods, it is necessary to build, within the
framework of the 1% IS, analytical indices of
permanent composition. Actually, this analytical
index is built according to the rules for constructing
a factor analytic index with weights of the
corresponding period, taking into account the
statistical nature of the indexed attribute [10]. In
the specific case, the index of constant structure is
constructed by the weights of the reporting quarter
of 2015 with respect to a secondary sign, the
circulation velocity of a commodity mass (v)

SR W

3 = . 0 kel _

v(V)% dg 1 dg 0 ivék)délk) (18)

d3] = const k=1

2.726
=5230 = 1.2224~ 122.24 %.

Thus, according to the results of calculations
in expression (18), by increasing the velocity of
the actual commodity weight for individual
commodity groups, the average speed of the
mass of commodities turnover increased in the
reporting period compared to the base period by
22.24 %.

Next, you should find out how to affect
change in the structure of inventory at an
average speed of circulation of commodities. To
this end, it is recommended to build the index of
structural shifts or structure index

S
k) 7(k
R

Vo =V

3 _ NO» pk) = k=l =
W(d3) d 0 d 0 s
3y 3 39 2 v((]k)déloc) (19)
Lod )30 5
vo=const | _ <29V _ 9764~ 97.64 %.
2.284 ’ ? &

Calculations show that the decrease in the
average turnover rate of 2.36 %, reflecting the

structure of index changes in expression (19), is
due to a reduction in the proportion of the fastest
on the winding assets against the share of growth
relatively «slow» the winding assets (compare the
decrease in the share of leather footwear and the
increase in the proportion of shoes combined in
rows 1, 2 in column 9). This brings to mind the
quote from Carroll, quoted in an epigraph to the
article, where there categories Comparability,
Relativity are treated terminologically as extremely
informative and very modern.

Of course, all built in (13-19) indexes, both
simple and analytical, are algebraically linked
together in the so-called First index system as
follows

SWE,v)% - SG(dg%Sim% -
=1.2224.0.9764 =1.1935~119.35%.

(20)

Verification of calculations, of course, gives a
numerical link for the built analytical indexes in
said system in a relative way.

Built system indices can also be determined
in accordance with the above trend analysis of
the absolute amount of growth in turnover due
to the acceleration of the turnover of individual
products. This value is defined as the difference
form of the index of constant composition
formula of expression (18), presented in the
aggregate form familiar for analytical indexes.
Hence, the difference form of this index can be
presented and calculated as

S

S S
k k k k k
AT W), = a3 -
k=1 k=1

k=1

=72570.00 - 59370.00 = 13200.00 ths. Rub.

21)

The resulting cost estimate of the increase of
13.2 million rubles can be attributed to the the
increase in turnover in the footwear group of
goods achieved by the retailer in the reporting
quarter as compared to the basic one due to the
increase in the speed of turnover of tangible
assets in the form of commodity stocks. In
addition to the 1% IS, for the purpose of this
analysis, the Second Index System (2™ IS),
constructed on the direct characteristics of the
statistical coupling, and also represented by three
indices [11] can be used.

The index of permanent composition from

expression (18) S5(v)1/o can also be found by
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simple calculation in the framework of a direct
characteristic of the statistical relationship by the
following expression

Sy, = Iwey Swe (22)
but as an analytical index of another index
system, the 2" /S.

The presented scheme of construction of the
I*t and 2™ IS, followed by analytical calculations
and comments reveal certain possibilities of
deepening the detailed economic analysis of the
characteristics of the retail turnover of the
company investigated. Opening possibilities allow
further discussion during case study material to
build a more complex multivariate index
structure in the form of analytical models
involving, in addition to the characteristics of the
turnover rate of current tangible assets (v), the
characteristic time of their circulation (7).

The above is structurally loose material requires
its logical conclusion in the form of a holistic
copyright construct, based on the methodology
adopted by the multivariate index analysis, which
must be backed up by illustrative calculations on
the raw data from Tab. 1 and 2, which will be
demonstrated in the continuation of the article.

For the construction of the aforesaid models
index methods of analyzing the dynamics of
inventory homogeneous range were used with
the assistance of the First (1% [S) and the
Second index system (2" 1S). And if the first 1S
allows factor analysis with elements of
degradation of resultant variable with respect to
changes in the structure and composition of the
assets, the second IS directs the analyst on the
study of direct communication characteristics of
statistical factors and their components.

In support of the above, let us once again get
back to the first index system (1% [S), more
precisely, to its resultant variable W®, and apply the
known analytical technique replacing the secondary
diagonal elements. That is, known transformations
are made over expression (13), which naturally do
not change the essence of this equality itself

S
k k k k
@,
_ k=1 =1 _
S;(\),3’)1 0 z s -
Vo =V 0
3, =3 k=1
VLK) 20 N (k)
2"1 3 231
k=1 . k=1

= S S
k) n(k k
T30 3 30

k=1 k=1

(23)

= SW(V,:)’)% :33%.
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The index of variable composition from the
First index system was reduced, as shown in
expression (23), to the ratio of two simple
dynamics indexes of trade turnover and
commodity stocks of current storage. But the thus
obtained ratio is useful for the purposes of further
deepening the factor analysis, and here it is
permissible to use the analytical technique that
allows due to differences in the two index systems
to carry out a kind of factor complements. Such a
technique may well be called a crossing index, or
the index of mixed analysis.

Thus, on one hand, according to expression

(20), the  variable composition  index
S;(M),g(k))% is equal to the product of two
factorial indices

SG(dE,v% - 3@«13)% XSW%’ (24)
and, on the other hand, the same index
S;( d;v%, according to equation (23), coincides

with the following expression

S;(dg,v)% = SW(V,S’)% 133%- (25)

Considering the last two entries (24) and
(25) as a system of two equations with the same
left-hand sides, let us solve them with respect to
S, S an unknown quantity index, placing
the right side of the multiplier in a strictly
meaningful sequence with the purpose of the
circular linking of these indices in the shown
pattern of expression (26).

Thus, in the course of transformation we
obtained a 3-factor model of the volume index of
turnover, depending on changes in the average
inventory, changing its structure and changes in
the average speed (rate) of its commodity
circulation. This model can be called the three-
Jactor model of trade analysis , depending on the
state and dynamics of commodity stocks. In terms
of content model must be «streamlined» as
indicated in the scheme of logical and quantitative
link located directly below expression (27).

SW(V,S’)% ‘:‘S;(v)% X S;(d3)% X 83%, (26)
1.2579 | 1.2224 0.9764 1.0538

Swv‘“,s‘“)l(): 1.1935T

Sy, = 12579




Analysis of the circulation time (t-model) of
tangible assets in the form of stock. Similar to the
above analysis of the turnover rate, the
circulation of inventory can be analyzed by the
I IS scheme suitable for a homogeneous mix.
However, here the pair of factors (#(k), W(1)(k))
depending on each other determines as the
multiplier the average size of the current storage
stock (3(k)). Needless to say, the calculations of
factor influence are similar to the calculations
for the analysis of asset turnover rate.

In particular, the modified index of variable
composition from the 1% % has the form that is
easy to view and convenient for the purpose of
factor analysis

pp

- PG
S;u{k),tgk))% =want twaplo

(27)

where ) — the average handling time of

W)
inventory of current storage in the reporting
period, which is calculated as the weighted
arithmetic mean value, and as feature-weight in
this calculation is the value of a one-day

turnover in the reporting period — W (1){* :

Y
A0 _ k= ~26620.0
/400 e s - -
! 2 W(l)ﬁk) 806.0 (28)
k=1
= 33.027 days;
value Wb, ,(()k> — average handling time of

inventory of current storage in the base period,
and it is estimated in the same prescribed
manner, at the same time the one-day turnover

of the reference period — W(I)E)k) acts as the
weight characteristic:

> W
W) o= _
' > W (29)
k=1
25260.0
=———— =39.407 days.
64t o007 days

Finally, the very dynamics of the index of the
average time of circulation of inventory in
accordance with expression (27), was found to be

P " _

S;(t§k>,tg’<>>% Twantt w0

=33.027:39.407 = 0.8381 ~ 83.81%.

(30)
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Thus, due to the simultaneous and joint
action of the two factors taken into account the
average time of circulation of inventory
decreased by 16.19 % in the reporting quarter
compared to quarter basis. This means that if in
2014 the average current storage of inventory
was enough without interruption in trade for
39.41 days, in 2015 it was only for 33.03 days,
i.e., a difference of almost one week.

In other words, the average commodity stock
in the last year turned into a realized turnover
rate of approximately 6.4 days, or 153.6 hours,
respectively, faster. This was the result of reducing
the actual time reversal of inventory by individual
commodity groups and items and changes in the
structure of one-day sales of footwear in groups.
Changes were noted in the reporting quarter
compared to quarter basis in the respective years
(see graphs 21 and 19—20 in Tab. 2).

The first circumstance (change time reversal)
is reflected quantitatively in the index of
constant composition of the following form
specially constructed for this case

o St
_ (k) . (k) _ k=1 .
S?(f)y T W)y ne W)y to s k
0 YW
I(k)o N l(k)l k=1
W(1) ®, = const it(()k)W(l)gk)
L =33.027:
Ywny
k=1
125.79-331.0+42.62-340.0+61.43-135.0
' 806,0 = Gh
31320.34
=33,027:=="""-33,027:38.859=
806.00

=0.8499 ~84.99 %.

The second circumstance, namely, structural
changes that have taken place, in turn, can be
quantified by constructing an index structure of
the changes in daily sales

S
_ *) . ) _ k=l )
SE(Wa))y =wayo Cwmelo = :
0 ZW(I)(lj)
9y = const k=1
S
WS — WD | 5 oy 1y
L =38.859:  (32)

YWy
k=1

:39.407=0.9861~98.61%.
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The index indicates a decline in the average
time of circulation of inventory by improving the
day-sales structure: in particular, the proportion of
third heading significantly decreased (from 20.65 %
to 16.75 % — see graphs 16 and 17 in Tab. 2), in
which the most significant circulation time was
observed (see graph 19 in the same Tab. 2).

Naturally, all built indexes in (30)+(33) are
linked to each other in the First index system
through the multiplier analytical indexes

Sf(t,W(l))%) S?(f)%] 3

k) => k), Ry =>4k, AK)y = const
W) ®g=>w(1)®) (1) K) = const|| w(1)K)g=>w(1)(R);

Wy -

= 0.8499 - 0.9861 = 0,8381 ~ 83,81 %. (33)

Verification in expression (33), of course,
also gives a numerical linking in this case for the
correctly pre-calculated indexes in a closed
factor index system.

The constructed system of indices also allows
to determine, in accordance with the direction of
analysis of the use of current assets indicated
above, the absolute amount of free working capital
in the mode, for example, immobilization of assets
due to a reduction in their circulation time. This
sum is estimated using the difference form of an
analytic constant index from expression (32)

A%% - 23(t1(k))1 - 23(t(()k))1 =
k=1 k=1
SO P - SO e = (34)
- k=1
=26620.00 — 31320.34 = —4700.34 ths Rub.
In terms of its economic content, the

amount to be reduced in expression (34) is the
value of the average inventories used in the
reporting period, the conversion of which into
the daily retail turnover occurred with the time
actually spent per one turnover of the stock in
the corresponding quarter of the reporting year.
The subtrahend is the same conditional amount
of working capital indicating how much current
assets would be needed in 2015 if the time of
circulation would be as large as originally, i.e., a
year ago, as shown in expression (34).

The resulting «savings» (which has a negative
sign) in the amount of more than 4.7 million
rubles indicate the conditional value of
immobilized assets. In other words, the volume of
the free working capital was estimated as a result of
a reduction in the time of the circulation of assets
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in the channels of commodity circulation of the
considered trading network.

Completing this section of the analysis of
current assets, we can obtain another interesting
derivative dependence of the analyzed indicators.
To do this, it is necessary to repeat all the necessary
algebraic transformations with the expressions used,
which constitute the 1% /S. Namely: with the index
of the variable composition of the average time of
circulation of the commodity stock, depending on
changes in the actual turnover time and the volume
of one-day turnover.

It is appropriate to use the analytical
technique that is already familiar, «replacement
of the elements of the secondary diagonal» as the
aggregate value of the ratio of two weighted
average values of circulation time counted for
dissimilar periods

S oW
_ k=1
S;(LW(I)Mn -

W Rg=>mn®y| -

Zl‘(k)W(l)(k) ZW(I)(k)
_ k=1 k 1 — (35)

S

z l‘(k)W(l)(k) 2 W(l)(k)
k=1

k=1

=3§(t,W(l))%) :SW(I)%'

Thus, the index of variable composition
analysis of the average time of circulation of
inventory of the current storage of the 1% 5 in
expression (27) proved to be reduced to, as
shown in expression (35), with respect to the two
simple indexes for average inventory of current
storage and one-day turnover.

But the resulting ratio is definitely not the
ultimate goal of the transformations done and is
only an intermediate structure for the purpose of a
more detailed study of the state and dynamics of
current assets with the involvement of other
optional examined similar analysis systems. It is
also permissible to involve the already used
technique of index cross connection, which allows to
implement a kind of factorial addition due to
differences in the analyzed attributes index systems.

So, on the one hand, according to expresswn
(36), the variable composition index 3. . W(l))/
equal to the product of two factor indices of
circulation time and one-day turnover

Si(t,wm)% = S?(z)% S;<w<1))%- (36)
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On

Ss?(I,W(l))%

the other hand, the same index
in accordance with equation (35)

coincides with the expression

3 37)

E(z,W(l))% = Sé(z,W(l))% 3W(l)%'

Considering the last two entries in expressions
(36) and (37) as a system of two equations with the
same left-hand sides, we solve the system of

equations for the index S;( o taken as an

unknown variable. Then place all the existing (pre-
built) indices on the right side of the multiplier
factor in a strictly meaningful sequence with the
goal of linking these indices in the system.

In the cause and effect mechanism of
statistical relations that has been updated in this
way, the resultant factor, and in this case the
primary indicator, is the index of the dynamics
of average commodity reserves of the reporting
period in comparison with the base period.

S?(z,dw(l),u/(l))% i S}(z)% X SE(dW(l))% x SW(I)%’ (38)

1,0538 0,8499 0,9861
- = 0,8381
f(?,W(l))lﬂ T

1,2574
3

5§(r.dw(1>sW(l))% = 1,0538

As a result of the transformations we
obtained a three-factor index model of average
inventory-dependent changes in the mean time
reversal of inventory (f), a one-day change in

the structure of trade turnover (dW(1)) and the
dynamics of one-day sales (WA1)).

This pattern of expression (38) can be called
three-factor t-model analysis of average inventory,
depending on the changes in the average time of
circulation of assets, changes in one-day sales
structure and dynamics of the one-day turnover.
In terms of content and organizational terms the
above-mentioned medium model of inventory of
current storage must also be «ordered» or «linked»
in a way that has already been used above, and as
it is shown in the diagram, located directly under
the multiplier from expression (38).

This ordering of the mechanism of the
cause-and-effect relationships of the analyzed
phenomenon allows the expert analyst to
perform, in addition to analyzing the influence
of the factors considered in relative form, an
analysis of the influence of all the considered
characteristic factors on the average size of the
current stock and in absolute terms, which is
extremely important in the operational work of
the specialists of the enterprise.

The data from this example in Tab. 2 permit
to conduct such analysis of the impact of factors
taken into account in absolute terms by the
example of the same shoe product groups. For
this it is necessary to arrange the characteristic
factors in the scheme of expression (38), starting
with a primary feature, which is one-day trade
WA(1), and further, in order of the content of
their linkage in the index multiplier of the

average inventory (3), as shown in the scheme

of expression (39).

We can then move on to the absolute level of
characteristic factors, taking into account the
indices already calculated and performing the
calculations by the difference forms of the
indices, using the method of chain substitutions.

Sé(W(l),dW“),z)% = SW(I)% X SE(dW(l))% XSE(;)%’(”f
1.0538 1.2574 0.9861 0.8499
Sﬁ(W(l»dWm)l“ = 1.2399T
5§<w<1>,dw(l,,r% = 1.0538

It follows from the calculations by the scheme
in expression (39) that due to a change in the
structure of one-day sales (—1.39 %), the mean
inventory increased by 23.99 %. But due to the
reduction of the time reversal of this reserve at
15.01 %, the increase in the average stock of
goods necessary for the reporting period was
limited to only 5.38 % compared to the baseline.

Let us estimate the change in absolute terms
due to the influence of each of the three
characteristic factors taken into account. The
total deviation of inventory due to the
cumulative effect of all the factors is:

Ai§(W(1)’dW(l)7t_)% = i§(W(1)adW(])at_)l -
k=1 k=1

- i?(Wa),dW“),?)O = 26620.0 —25260.0 = (40)
k=1

=1360.0 thsRub.

The impact of one-day sales in the amount
of inventories was equal to

Ag 3W ), = ; A W(l)g’;g dy T =

= (806.0 — 641.0)[0.4255-25.79 +
+0.3680 - 42.62 + 0.2065 - 61.43] =
=165.0[10.97 +15.678 +12.69] =
= 165.0 39,34 = 6491.1 ths Rub.

(41)
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Influence of the structure of one-day sales in
the amount of inventories in absolute terms is
estimated as follows:

AN 3(d S WO Ad,, 6 1
Z{ (W(l))% Z,l () wwi o

= 806,0 [(0,4107 — 0,4255)25,79 +
+(0,4218 — 0,3680)42,62 + (0,1675 —
—0,2065)61,43] = 806,0[—0,3817 +
+2,2930 — 2,3958] =
= 806,0(—0,4845) = —390,51 ths Rub.

Effect of changes in commodity-supply
circulation time by the amount of stock in
absolute terms is estimated as follows:

T N k K A (k)
AN 3(F), ) = S WOF dy At )1/0 =
= P

(42)

= 806,0[0,4107(18,52 —25,79) +
+0,4218(36,29 — 42,62) +0,1675 (60,37 — (43)
—61,43)] = 806,0(—2,9858 — 2,6700 —

-0,1776) = —4701,72 ths Rub.

The control counting check of the balance of
the factorial influences (increments) for the
change in the size of the commodity stock in the
reporting period in comparison with the base
period gives the amount of the total increment
from expression (40) with reservations regarding
the possible acceptable rounding errors. All
partial factorial increments can, if necessary, for
the sake of clarity, be consolidated into a single
standard analytical table.

The results of research. In this article the
author presents the conceptual hybrid v-model of
multivariate analysis (velocity-time), allowing to
explore the phenomenon of turnover of tangible
assets of the economic entity in more detail.

Using the index schemes from expressions
(25) and (38), we can easily obtain the analytical
relations that allow both indexes of variable
composition and three simple indexes of the
dynamics of commodity turnover, dynamics of
average commodity stocks and dynamics of one-
day sales to be integrated into a single index
scheme. A resultative characteristic of the linear
dependence (direct characteristic of the
statistical connection) of all indices in the form
of a multiplier is the index of the dynamics of
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retail turnover, which depends on the factors
that are taken into account in the relative
analysis of the characteristic factors according to
the rules of the following five-factor model

3 =3- x3 X S’ X 3- X S )
Wlo A V(V)% ’(’)% T(dW(l))% W(l)%

1,2579| 1,2224 0,9764  0,8499 0,9861 1,2574
A
[3- =1,1935
) V(v,3)%

SW(V_3% :53(W“)% =1,0144

;(3)%

Sw,, i3 = 1,0003
W% W(l)%

Sy, = 1,2579

i (44)

While quantitative linkage of all indices into a
system directly characterizing the link does not
cause technical difficulties, the economical
connection of each step with a characteristic factor
(change in retail turnover) is not always obvious.
Here the expert analyst should exercise patience in
building a causal chain of interconnected features,
in searching for the necessary links of this chain
with the real indicators attached to them, and,
finally, to carry out a thorough interpretation of
the results obtained successively. This is extremely
important and is connected, first of all, with the
fact that the factors included in the hybrid model
are controllable, they can be predicted and planned
in the orientation to final financial and economic
results.

Bearing in mind the analysis of the absolute
influence of the factors taken into account on a
productive feature (in this case — the amount of
retail goods turnover), the starting index of the
chain in the formula of expression (44) should
be the primary composite index only for its
statistical nature trait-factor on the right side of
the multiplier. He is a simple index of the
dynamics of one-day sales — 3y, %

The next element of the chain linking «begs»
to be an index that contains, at least in the
numerator or the denominator, the aggregate
characteristic of one-day sales volumes throughout
the shoe assortment. That index is the index of

one-day sales structure — S;( dra” Therefore,

by carefully calibrating the meaningful economic
aspect of the method of chain substitutions, you
can build the required analytical chain indices in a
strictly specified sequence recorded below by the
scheme from expression (45).
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SW(W(]),?(dW(l),t(t),;(d;),;(v))% = SW(I)% x3

1,2579

)y %S Y XSWE% Xg?(v%'
12574 09861 08499 09764 1,224
_ - A
3w =1.2399
35, = 1.0538
Sy, =1.0289
ki (45)
5W<W<1>,?<dw(l).z(z),ﬂag)&(v)% = 1.2579

As a control test is necessary to carry out an
algebraic coherent meaningful linkage of each of
the index built into the hybrid v/-model
(velocity-time) of turnover of tangible assets
represented by the formula of expression (45)
one by one, moving phases of this scheme in the
direction of the left — right:

We carry out a second factor linking the
analytical index of expression (45) in the scheme
of the index multiplier model. The second
account is the index of the influence of the
structure on the daily sales average time of
circulation of the current inventory storage —

3. . The product of the first pair of
1(dw 1))1/0
indices gives the following interesting and
understandable analytical dependence
SW(])% BE(dW(l))lo =
w),=w(Q), dW(l)O = dW(l)l
t, = const
SWOE | SwaP S aoway
_ k=l = k=l _
N S S
swag | Swap  Swap | 40
k=1 k=1 k=1
X WO
) S
s 3(dw )y,
R i
k=1 dW(l)O 2"’»1/(1)1
1, = const

As a result of the transformations in
expression (46), we obtained an analytical index
of commodity stock, depending on changes in
the structure of one-day sales 3 3y i The

)y
next (third in a row) factorial analytical index in
the formula of expression (45), which is to be
linked to the multiplier circuit, is the index of
constant composition, the average time of

inventory turnover — 3- oy of course, affecting

the size of the average stocks of this storage. We
show below the necessary transformations

it(k)W(l)(k) it“"W(l)(")

I 3. _ k=1 Xk 1
3(dW(l))%) t(z% Zt(k)W(l)(k) Zt(k)W(l)(k)
“ (47)
S
2w
k=1
:—:,Sf zsf .
s 3(dy(1)-t) 31/0
Zt(()k)W(l)f)k) WU
k=1
Next, it is necessary to implement the
linkage of the multiplier of the fourth

component (the index of the change in the
average rate of turnover of tangible assets due to
a structural shift in the composition of
commodity stocks) into the scheme.Here the

result of the previous link of the index 3+ 3100 i.e.

a simple index of expression (47) should be

multiplied by an analytical index SV( Y . Each

time, the procedure of circular linking of indices
into the system should be carefully guided by the
rules for constructing the index scheme, the
economic content of the technical and economic
indicators, and by carefully carrying out the
necessary transformations in the aggregate parts
of the conjugate factorial analytic indices. Let us
implement these recommendations with respect
to the following scheme:

DA

k=1

PR

k=

X

53%5v(d3% =

(48)

Zv(k)g(k) Zv(k)g(k) 2 30

.
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The analytical index of the dynamics of retail
turnover obtained in expression (48) depends on
the change in the structure of the commodity
stock by assortment positions. And, finally, the
last, fifth factor influencing the size of the
commodity stock, which is also subject to
linkage in the index scheme of the multiplier of
the relative effect on the volume of retail
turnover of shoes is the analytical index of
constant composition of inventory velocity —
S5, 0" It should «agree» with the previous

result in the form of turnover changes index
depending on changes in the value of inventory
of current storage — 3y, 3, %

0

S M
(k) (k) (k) (k)
2 Vo 3 Z v3

I B — k=1 k=1 —
W(3)y v(v)y s S
0 R 3 Yy 30
0 -0 0 1
k=1 k=1

(49)

M S

(k) (k) (k)
2"1 3 2”/1
= _ k=1
R
ZVO 3 ZWO
k=1 k=1

We should draw attention to the fact of the
‘seemingly’ automatic refinement of the
location of primary and secondary factors
WP, dp, 10 d¥ vy in the corresponding
intermediate chain links of the hybrid Vz-model
up to the resultant variable factor — W from
expression (49). However, this apparently natural
simplicity is established by the analyst in advance,
with the preliminary selection of the factors taken
into account and aligning the interrelated
indicators into meaningful chains.

= SW(?,V% :

Conclusions. As a result of the subject study,
a hybrid index model was constructed for
analyzing the value of the quarterly commodity
turnover, which depends on the quantity of the
stock of current storage and on the volume of
daily sales. The economic sense of the final
result of the transformations from expression
(49), which is fairly transparent to the reader,
allows managers handling the logistical and
marketing business processes of production,
trade, wholesale and retail enterprises to establish
standards of on-hand inventory.

With this approach, it is also possible to
make timely adjustments to these standards, both
taking into account the intensity of daily sales,
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and taking into account the precisely estimated
seasonal factor of purchases and sales. Thus,
even taken separately but in a row and in a pairs,
the analytical indices provide economically
understandable and transparent results in the
process of linkage, provided that the actual
factor scheme in the multiplier of the direct
characteristic of the statistical linkage is
previously sufficiently verified.

The semantic analysis scheme, represented
by separate expressions (47) and (49), can be
interestingly interpreted as a constructed group
of analytic indices evaluating the «dual structural
shift» that occurred, firstly, as part of the
commodity stock that ensures the turnover of the
reported period, due to the change in the
structure of the company’s daily sales of shoes.
This apparently unfavorable structural shift was
the reason for another shift, which already
happened in the range of sales for the analyzed
period. This second circumstance, as a result, led
to a slight increase by only 1.44 % in retail
turnover in the reporting period compared to the
base one (compared to the previous growth rate
of +19.35% by the formula from expression
(44)) in the calculations by the analytical chain.

In fact, the first structural shift in the
assessment of significant symptoms caused the
second structural shift of another, no less
significant feature similar to the movement of
geologic plates or reservoirs under tectonic
phenomena. The proposed model allows the
author to simultaneously and jointly explore and
speed, and time of turnover of tangible assets
with respect to typical primary reporting
indicators and standard indicators of economic
activity of the economic entity.

The hybrid model provides a reliable
estimate of the factor-based influences on the
resultant indicator and, accordingly, the circular
balance linkage of the factorial increments not
only in a relative form, but also in absolute
terms, i.e., by cost, applying the first-difference
method as a particular case of the method of
chain substitutions with respect to dynamics, the
planned task, and the level of the plan. Tab. 3
shows the magnitudes of the absolute effect of
each of the five characteristic factors on the
volume of quarterly retail turnover, as well as the
values of these increments in comparison with
both the overall increase (row 6) and in
comparison with the base level of the resultant
indicator (row 7).
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Table 3

Summary description of the analysis of the dynamics of material circulating assets of retailer Limited Liability
Company «Trading House»

Relative deviation, % to
Order I?CLO; nagle, Unit Contingent . Ingpa;:t
Ne WRICH has DECN. | o surement designations in absolute the level of the
taken into account terms, Rub. the total change base period
N ) N )
AW(X,,,)[/O = AZ W(xkf )]/0 AZ W(xk’ )1/0
k=1K Xy module AW (X100 = XXy — J=1 /=lm .
AXp1 0+ X 0 AN W (Xy, %5, X3, X4,X5)1 0 W
= =
1 2 3 4 5 6 7
1 The volume of one- | Rub. per day AW(W(l))l/() 15043700.13 101.10 26.08
day sales
2 The structure daily days AW (1(dy, )i/ —3008815.39 —20.22 =5.22
sales average time of 77
treatment of the current
inventory storage
3 The average stock days AW (1)), —6073615.21 —40.82 —10.53
turnover time /
4 Change in the average| speed for AW (W(d=)), 0 —4374671.48 —29.39 —7.58
rate of in-ventory| the period 37
turnover due to a
structural shift
5 The average velocity| speed for AW GO0 13293 401.95 89.33 23.04
of circulation of| the period /
inventory
- In total: Rub. AW (X),%5, X3, X4,X5)1 0 14 880 000.00 100.00 25.79

Summary. Of course, the above scheme of
factor analysis based on the hybrid index model
is not the only possible one. There are other,
equally interesting schemes for conducting the
economic analysis of the state and dynamics of
current assets with a different set of factors that
characterize the level of commodity stocks from
different standpoints and from other aspects, not
necessarily using the index method, but also
methods of correlation and regression analysis,
as well as other analytical techniques with a
more complex mathematical apparatus, say,
using matrix methods of research [12], etc.

The direction of future research. Nevertheless,
in view of the considerations presented in the

two-part article, it seems very promising to use
the hybrid vj--model in integrated systems for
the complex analysis of the financial and
economic state of an economic entity, along
with, say, coefficient analysis and multi-factor
forecasting models for predicting bankruptcy.
The definite possibilities offered by the author
of the model for the purpose of adjusting the
state accounting (financial) reporting of the
enterprise are of particular interest in cases
when reasonable management decisions need to
be made for the enterprise, in assessing the
market value of businesses, and also in
providing the technology for operational and
long-term planning [11].
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PenakiimoHHasi Kojierdsi He BCTYIAET B IMCKYCCUIO C aBTOPAMU OTKJIOHEHHBIX MaTepUuaJioB.

TTyonukanyss HaydyHBIX CTaTell B KypHaJie OCYIIECTBIISICTCS Ha 0e3BO3ME3NHOI OCHOBE, HE3aBUCHMMO OT MecCTa
paboThl aBTOpA.

IIpn mocTyrmieHUMM B pegaklMIi0 3HAYMTEIBHOTO KOJWYECTBAa CTaTell WX TIpMeM B OYEPEeTHOW HOMEP MOXKET

3akoHunThes JJOCPOYHO.
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bonee mogpobHas nHdopmals pa3MmellieHa Ha caiiTe: ntv.spbstu.ru

OAnsg monydyeHUS CpaBOYHOW MHGOpPpMAaNUM obOpamaitTech B pelaKIHIO:

8(812)297—18—21 ¢ 10 mo 18" Anna AumpeesHa,
WK 110 e-mail: economy@spbstu.ru





