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UDC 3.33.338 

DYNAMICS  OF  ECONOMIC  GROWTH  IN  IRELAND  IN  1980—2014 

J. Boehlke, M. Faldzinski, M. Galecki, М. 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, М. 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 

ДИНАМИКА ЭКОНОМИЧЕСКОГО РОСТА В ИРЛАНДИИ В 1980—2014 гг. 

Е. Бёльке, M. Фалдзинский, M. Галецкий, М. Осинска 

Университет Николая Коперника, Торунь, Польша 

Статья посвящена моделированию темпов роста ВВП в Ирландии, чтобы отделить 
периоды особенно интенсивного роста, которые особенно важны с точки зрения оп-
ределения экономического чуда. Мы применили пороговый подход коррекции оши-
бок, чтобы охватить несколько аспектов динамики роста с использованием различных 
пороговых значений, расширили процедуру идентификации порогового значения, ис-
пользуя отдельные экономические переменные в качестве порогового значения пере-
менных и далее мы использовали модель со статистически значимыми параметрами 
как основу тестирования. Темпы роста ВВП, наблюдаемого в 1980—2014 гг., являются 
предметом нашего анализа. Мы представляем результаты за более длинный период, 
начиная с 1973 г., и считаем, что структурные изменения чаще всего фигурируют 
в период кризиса 2008—2009 гг. Лучшие модели получаются с помощью следующих 
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пороговых значений: чистый доход от темпов роста ВВП и ЕС. Это подчеркивает  
важную роль инвестиций и их источника.  

Ключевые слова: интенсивный экономический рост; Ирландия; коинтеграционный порог; 
проверка 

Сcылка при цитировании: Бёльке Е., Фалдзинский M., Галецкий M., Осинска М. Динамика эконо-
мического роста в Ирландии в 1980—2014 // Научно-технические ведомости СПбГПУ. Экономические 
науки. 2017. Т. 10. № 2. С. 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: Przesławska, 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 

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 (Piński, 
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 Rzońca (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 
«second 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, Rzońca, 2014). According to 

Balcerowicz and Rzońca, 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 

Rzońca, 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 

Rzońca'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 Rzońca, 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.e., 
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 

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 

-20

0

20

40

60

80

100

120

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

GDP and diff(GDP) diff(GDP) GDP



 

11 

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

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 last 

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): 
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t i it t
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where all variables Yt, Xit for i = 1, …, k are 

assumed to be I(1). Stationarity of the 

adjustment process (residual process) satisfies a 

threshold cointegration if:  
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in the case of TAR-type adjustment 
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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:   1 1 2:     0H  and 

implies a linear cointegration. The threshold error 
correction model (TECM hereafter) takes the form:  
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where: Zt = (Yt, X1t, X2t, …, Xkt)',   Xt = (X1t,  
X2t, …, Xkt)', ut is a residual process from eq. (1) 

and It is the Heaviside function (3) or (4) and  
is a threshold value.  

The asymmetry of adjustment to long-run 
equilibrium is tested using the following hypothesis 

H2: 1 — 2 = 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: 
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where: Zt, Xt, ut and  are defined as in (5) and It 

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 
ΔXit-j or an endogenous change ΔYt-s. 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. 
 

T a b l e  1  

Variables used in the study (constant prices) 

variable variable name variable unit

GDPt Gross Domestic 
Product 

billion of euro

FDIt Foreign Direct 
Investment 

millions of euro

NI_EUt Net income from EU millions of euro

EMPt Employment Thousand

PDt Public Debt billions of euro

Deflatort GDP deflator [%] of GDP

It Investments billions of euro

N_Ext Net Exports billions of euro

SRt Short-term interest rate [%]

LRt Long-term interest rate [%]

MFPt* Multi-factor 
productivity 

[ %] change

FDIt/GDPt  [%]

NI_EUt/GDPt  [%]

It/GDPt  [%]

GNPt 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/ 

*MFPt was observed only in 1980—2011. 

 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., Deflatort, PDt, 

EMPt and GDPt (with and without cyclical 

component) have two unit roots. KPSS test 

results show that all the variables have one unit 

root beside NI_EUt.. 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 

(PDt and Srt) at a 5 % significance level. The 

break date has been identified around 2008 

year, which predominates for levels 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 analysed1.  

At the second stage the procedure described 

in section 3 (Eqs. 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.  

                                                      
1 The results of PP, KPSS and Andrews and Zivot 

test are available from the authors on request. 
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T a b l e  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 H0: (1 = 2 = 0) 0.0014 Cointegration

ECM(t-1)_SETAR 0 Original data H2: (1 — 2 = 0) 0.8651 No-asymmetry

∆ECM(t-1)_M-TAR 0 Original data H0: (1 = 2 = 0) 0.0490 Threshold cointegration

∆ECM(t-1)_M-TAR 0 Original data H2: (1 — 2 = 0) 0.1240 Asymmetry

ECM(t-1)_SETAR 0 Logarithmic data H0: (1 = 2 = 0) <0.0001 Threshold cointegration

ECM(t-1)_SETAR 0 Logarithmic data H2: (1 — 2 = 0) 0.0391 Asymmetry

∆ECM(t-1)_M-TAR 0 Logarithmic data H0: (1 = 2 = 0) <0.0001 Threshold cointegration

∆ECM(t-1)_M-TAR 0 Logarithmic data H2: (1 — 2 = 0) 0.1066 Asymmetry
 

T a b l e  3  

Enders and Siklos test results based on Eq. 6. Threshold variable: original data — levels and differences 

Threshold 
variable 

Threshold 
value

Long-term 
equation*

Hypothesis p-value Remarks 

HP_GDP(t-5) 162.57 Yes H0: (1 = 2 = 0) Too few observations in the regime

FDI(t-5) 18210.64 No H0: (1 = 2 = 0) Too few observations in the regime

NI_EU(t-2) 1627.90 Yes H0: (1 = 2 = 0) 0.0135 Threshold cointegration

NI_EU(t-2)   H2: (1 — 2 = 0) 0.0005 Asymmetry 

EMP(t-4) 1901.60 Yes H0: (1 = 2 = 0) Too few observations in the regime

PD(t-4) 46.68 Yes H0: (1 = 2 = 0) Too few observations in the regime

Deflator(t-3) 64.90 No H0: (1 = 2 = 0) 0.0076 Threshold cointegration

Deflator(t-3)   H2: (1 — 2 = 0) 0.1215 Asymmetry 

I(t-3) 38.22 Yes H0: (1 = 2 = 0) Too few observations in the regime

Lr(t-3) 7.28 No H0: (1 = 2 = 0) 0.4730 Lack of cointegration E—S

Lr(t-3)   TAR model 

N_Ex(t-4) 39.05 Yes H0: (1 = 2 = 0) Too few observations in the regime

Sr(t-5) 6.25 Yes H0: (1 = 2 = 0) 0.2897 Lack of cointegration

Sr(t-5)   TAR model 

ECM(t-1) 0 Yes H0: (1 = 2 = 0) 0.0944 Partial cointegration

ECM(t-1)   Insignificant parameter pECM

∆HP_GDP(t-4) 2.98 Yes H0: (1 = 2 = 0) 0.0003 Partial cointegration

∆HP_GDP(t-4)   Insignificant parameter pECM

∆FDI(t-5) —6542.51 No H0: (1 = 2 = 0) Too few observations in the regime

∆NI_EU(t-5) —11.50 Yes H0: (1 = 2 = 0) <0.0001 Partial cointegration

∆NI_EU(t-5)   Insignificant parameter pECM

∆EMP(t-5) 15.40 Yes H0: (1 = 2 = 0) <0.0001 Partial cointegration

∆EMP(t-5)   Insignificant parameter pECM

∆PD(t-3) 2.44 Yes H0: (1 = 2 = 0) 0.0293 Partial cointegration

∆PD(t-3)   Insignificant parameter nECM

∆Deflator(t-1) 1.7 No H0: (1 = 2 = 0) 0.1177 Partial cointegration

∆Deflator(t-1)   Insignificant parameter nECM

∆I(t-5) —0.91 Yes H0: (1 = 2 = 0) Too few observations in the regime

∆Lr(t-5) 0.34 No H0: (1 = 2 = 0) Too few observations in the regime

∆N_Ex(t-5) 2.82 Yes H0: (1 = 2 = 0) Too few observations in the regime

∆Sr(t-4) 0.58 Yes H0: (1 = 2 = 0) Too few observations in the regime

∆MFP(t-1) 2.5 No H0: (1 = 2 = 0) 0.0500 Partial cointegration

∆ECM(t-1) 0 Yes H0: (1 = 2 = 0) 0.0136 Partial cointegration

∆ECM(t-1)   H2: (1 — 2 = 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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T a b l e  4  

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

Threshold 
variable 

Threshold 
value 

Long-term 
equation 

Hypothesis p-value Remarks 

HP_GDP(t-5) 4.33 Yes H0: (1 = 2 = 0) 0.1147 Threshold cointegration

HP_GDP(t-5)   H2: (1 — 2 = 0) 0.1480 Asymmetry 

FDI(t-5) 9.81 No H0: (1 = 2 = 0) Too few observations in the regime

NI_EU(t-5) 6.16 No H0: (1 = 2 = 0) Too few observations in the regime

I(t-5) 2.51 No H0: (1 = 2 = 0) Too few observations in the regime

Sr(t-5) 6.25 No H0: (1 = 2 = 0) 0.0856 Partial cointegration

Sr(t-5)   H2: (1 — 2 = 0) Insignificant parameter nECM

N_Ex(t-5) 1.15 Yes H0: (1 = 2 = 0) Too few observations in the regime

EMP(t-4) 0.64 Yes H0: (1 = 2 = 0) Too few observations in the regime

PD(t-3) 3.84 Yes H0: (1 = 2 = 0) Too few observations in the regime

Lr(t-3) 7.29 No H0: (1 = 2 = 0) 0.7999 Lack of cointrgration

Lr(t-3)   TAR model 

ECM(t-1) 0 Yes H0: (1 = 2 = 0) 0.0107 Cointegration 

ECM(t-1)   H2: (1 — 2 = 0) 0.6128 No-asymmetry

∆HP_GDP(t-4) 0.022 Yes H0: (1 = 2 = 0) Too few observations in the regime

∆FDI(t-5) -0.252 No H0: (1 = 2 = 0) Too few observations in the regime

∆NI_EU(t-4) -0.273 No H0: (1 = 2 = 0) Too few observations in the regime

∆Lr(t-5) 0.340 No H0: (1 = 2 = 0) Too few observations in the regime

∆Sr(t-4) 0.580 No H0: (1 = 2 = 0) Too few observations in the regime

∆N_Ex(t-2) 0.054 Yes H0: (1 = 2 = 0) 0.0086 Partial cointegration

∆N_Ex(t-2)   Insignificant parameter nECM

∆I(t-4) -0.017 No H0: (1 = 2 = 0) 0.6627 Lack of cointegration

∆I(t-4)   TAR model 

∆PD(t-4) 0.051 Yes H0: (1 = 2 = 0) Too few observations in the regime

∆EMP(t-5) 0.005 Yes H0: (1 = 2 = 0) Too few observations in the regime

∆Deflator(t-1) 0.052 Yes H0: (1 = 2 = 0) Too few observations in the regime

∆MFP(t-1) 2.5 No H0: (1 = 2 = 0) 0.0093 Threshold cointegration

∆ECM(t-1) 0 Yes H0: (1 = 2 = 0) 0.0104 Partial cointegration

∆ECM(t-1)   H2: (1 — 2 = 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 

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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T a b l e  5  

The long-run models for GDP 

 

Variable 

HP_GDP HP_log_GDP 

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

R2 0.9988 R2 0.9960

QLR test 0.0001 QLR test 0.0000

QLR test represents Quandt’s test for structural breaks (Quandt, 1960). 

 
T a b l e  6  

The best TECM models for non-logarithmic data 

Dependent variable Threshold variable Value of threshold Threshold variable Value of threshold 

∆HP_GDP 

NI_EU(t-2)= 1.6 deflator(t-3)= 64.9 

N1= 10 N2= 22 N1= 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

∆Sr  —0.2440 0.0183 —0.1818 0.0002 —0.0514 0.0001

∆Lr —0.0407 0.0107 0.0952 0.0011

∆I 0.3237 <0.0001 0.1302 0.0273 —0.0402 0.0162

∆PD 0.0911 <0.0001 0.0731 0.0002 0.0148 0.0160 —0.0240 0.0023

∆FDI —0.0001 <0.0001 0.0000 0.0004 0.0001 0.0163

∆NI_EU 0.0012 <0.0001 0.0022 0.0001 0.0005 0.0462 —0.0001 0.0772

∆EMP 0.0494 <0.0001 0.0267 <0.0001 0.0079 <0.0001 0.0029 0.0999

∆Deflator  0.2890 0.0008 0.2100 <0.0001 0.0813 0.0207

∆N_Ex —0.2670 <0.0001 0.3325 <0.0001 0.0888 0.0001  

∆ECM(t-1) —0.2458 <0.0001 —0.4437 0.0002 —0.1926 <0.0001 —0.0446 0.0073

∆HP_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)

Ljung-Box 

Q(2) 2.58 (0.276) 1.08 (0.583)

Q(3)  3.64 (0.303)  

Q(4)  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. 
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T a b l e  7  
The best TECM models for logarithmic data 

Dependent variable Threshold variable Value of threshold Threshold variable Value of threshold

∆HP_GDP 

HP_log_GDP(t-5) 4.335 MFP(t-1) 2.5

N1= 16 N2= 12 N1= 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

∆Sr —0.0018 <0.0001 —0.0016 <0.0001  

∆Lr  —0.0030 <0.0001  

∆I  —0.0162 <0.0001 0.2141 <0.0001

∆FDI —0.0002 0.0316 0.0029 <0.0001  

∆NI_EU  —0.0088 <0.0001 0.0312 <0.0001 —0.0111 0.1627

∆EMP 0.0366 0.0573 0.1075 <0.0001 0.2275 <0.0001  

∆Deflator 0.1479 <0.0001 0.0820 <0.0001  

∆N_Ex  —0.0058 <0.0001 0.0538 <0.0001 0.0503 0.0005

∆ECM(t-1) —0.0848 0.0021 —0.0308 <0.0001 —0.1898 <0.0001 —0.6201 0.0012

∆HP_GDP(t-1) 0.7864 <0.0001 0.9846 <0.0001 0.8589 <0.0001  

ARCH LM(4) 4.499 (0.343) 2.546 (0.636) 4.788 (0.310) 1.373 (0.849)

Ljung-Box 
Q(2)  3.32 (0.191) 2.13 (0.346)

Q(3) 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 ∆ECM(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 

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. 
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Fig. 2. ECM for the threshold variable: NI_EU(t-2) 

 

It was a heavy time for the economy that 
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_GDPt, FDIt, NI_EUt, EMPt, Deflatort, 

N_Ext, SRt, LRt (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 

Siklos procedure let us accept threshold 

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. 

 
T a b l e  8  

The modified Enders and Siklos test — TECM model 

Threshold variable — 

differences 

Threshold 

value 

Long run eq. —

sect 4. 

Threshold variable present 

in the long run eq. 
H0: (1 = 2 = 0) 

p-value 

H2: (1 = 2 = 0)

p-value 

∆ECM(t-1) 0 1 Yes 0.0019 0.0000

∆Deflator(t-1) 1.7 1 No 0.0000 0.8471

∆NI_UE(t-5) 153.9 1 Yes 0.0000 0.0009

Threshold variable — 

differences 

Decision Remarks 

∆ECM(t-1) Threshold cointegration Asymmetry 

∆Deflator(t-1) Cointegration No-asymmetry 

∆ 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 — ΔHP_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 (∆ECMt-1) 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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НАПРАВЛЕНИЯ СОВЕРШЕНСТВОВАНИЯ  

СИСТЕМЫ ГОСУДАРСТВЕННЫХ ЗАКУПОК В РОССИЙСКОЙ ФЕДЕРАЦИИ 
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Анализируются проблемы и развитие системы государственных закупок. Рас-

сматриваются государственный (муниципальный) заказ на предмет выработки его 

оптимальных характеристик как конкурентного способа определения исполнителя 

(поставщика), а также конкурс как наиболее оптимальный способ определения ис-

полнителя (поставщика). Изучены методы повышения экономической заинтересо-
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ванности негосударственных организаций в оказании госуслуг. Исследована диф-

ференциация цен госуслуг как инструмента повышения данной заинтересованно-

сти по двум направлениям: разграничение цен госуслуг на основе стандартов и 

разделение цен госуслуг по группам исполнителей (поставщиков). Выявлены барь-

еры, препятствующие выходу негосударственных организаций на рынок госуслуг. 

Также проведен анализ нормативного регулирования системы государственного за-

каза и недостатков этой системы, статистических данных, проблем, с которыми 

сталкиваются участники. Рассмотрены действия заказчиков и поставщиков на 

предмет наличия узких мест в законодательстве. Проанализированы издержки за-

казчиков: обязательное обучение сотрудников, получение выписок из ЕГРЮЛ, 

сертификат о происхождении товаров формы СТ-1, получение электронной под-

писи, почтовые отправления. Проводится сравнительный анализ систем ЕИС и 

ООС на предмет новых функций, облегчающих процесс закупок для его участни-

ков. Предложен способ оценки заказов по стоимостным и нестоимостным крите-

риям, изучен мировой опыт госзакупок, проведена оценка системы госзакупок 

Российской Федерации по объективным показателям, определены инструменты, 

ограничивающие доступ иностранных компаний на рынок госзакупок. Проведено 

сравнение систем государственных закупок Российской Федерации и стран Орга-

низации экономического сотрудничества и развития (ОЭСР) как группы стран с 

самыми высокими доходами на душу населения. 

Ключевые слова: система государственных закупок; государственное регулирова-
ние; международный опыт; конкурсная процедура; барьеры; государственные услуги; 

государственный (муниципальный) заказ; оценка 
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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 

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 use; 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 
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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 

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 cost and non-monetary 

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]; 
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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 applies both 

monetary and non-monetary criteria, the 

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 of non-monetary 

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].  

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 unilateral 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 
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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 

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.  

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] 
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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 2017:1 

 — 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.  

                                                      
1 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/ 

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 public procurement 

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 

mechanism».  

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, 
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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, Cфte 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 

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 kontrakta 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/ 
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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.3 

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 – non-

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 

                                                      
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 

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).4 

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 

                                                      
4  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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Рассмотрены современные тенденции российского технологического развития. 
Проведен аналитический обзор нормативно-правовых актов в сфере промышленно-
сти, инноваций и науки, в результате которого выявлены существующие пробелы 
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в национальном законодательстве и барьеры инновационного развития промышлен-
ности. Цель исследования — анализ действующей нормативно-правовой базы с це-
лью разработки предложений по совершенствованию механизма регулирования и 
стимулирования инновационной деятельности и вывода страны из группы техноло-
гических аутсайдеров. Использованы следующие методы: сравнительный анализ, 
комплексный анализ статистических данных, анализ федеральных нормативно-
правовых актов, систематизация результатов исследования. С целью обобщения ин-
формации применен метод группировки. Проведен анализ действующего законода-
тельства в области науки, промышленности и инноваций, выявлены недостатки, 
предложены мероприятия по корректировке с учетом программно-целевого подхода 
в организации инновационной стратегии. В программных документах система пока-
зателей достижения целей сформирована некорректно и требует пересмотра с учетом 
смещения приоритетов в сторону увеличения объемов продаж высокотехнологичной 
и наукоемкой продукции российскими компаниями реального сектора экономики. 
Исследование тенденций развития отечественной экономики приводит к выводу о 
наличии потребности в ее инновационном развитии. Повышение инновационной 
активности российских организаций представляется целесообразным путем комби-
нации методов правового, прямого и косвенного стимулирования в рамках единой 
государственной политики. Сформулированы первоочередные задачи, решение ко-
торых необходимо для вывода России из группы технологических аутсайдеров и 
обеспечения высокого уровня ее обороноспособности. Материалы исследования мо-
гут быть полезны для развития научных направлений в области инновационного 
развития промышленного сектора экономики, а также в практике государственного 
регулирования инновационных процессов. 
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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 

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 
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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 

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»; 

 

 
 

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 

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 

2015, 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€ = 61₽). 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 № 

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 

[3]. To sum up, 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 Federation»; 

 

 
 

Fig. 2 Validity period of the general legal acts 
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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 

№ 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 

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 

№209-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 № 

14-FL dated 26.01.1996; part 4 — Federal Law 

№ 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»; 

4.4. RF Government Decree «On the 

procedure for disposal of the rights to the results 

of scientific and technical activity»; 
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Fig. 4. Validity period of legal acts in the sphere of IP 

 

 
 

Fig. 5. Validity period of legal acts in the sphere of innovative infrastructure 

 

4.5. Federal Law «On information, 

information technologies and protection of 

information»; 

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»; 

4.9. 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 

usage [25]. Changes made by the legislation in Part 

Four of the RF Civil Code are aimed at promoting 

innovative processes by transfer simplification of 

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 usage 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 Russian 

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 

research 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. 

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 
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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 

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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ЭКОНОМИЧЕСКИХ СУБЪЕКТОВ  
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Анализируется состояние экономических субъектов Северо-Западного феде-
рального округа (СЗФО). Оценка инновационной активности регионов является 
актуальной темой исследования среди российских ученых-экономистов, исследова-
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тельских центров и ведомств. Северо-Западный федеральный округ охарактеризо-
ван с точки зрения текущей инновационной и инвестиционной ситуации, проана-
лизированы статистические данные за 2005—2014 гг. Сделаны выводы о неравно-
мерности распределения инновационной активности среди экономических субъек-
тов, входящих в состав федерального округа. Так как роль государства очень вели-
ка при формировании инвестиционной деятельности в регионе, проведен анализ 
направлений промышленной политики в области инновационно-инвестиционной 
деятельности экономических субъектов. Результаты исследования показали, что на 
сегодня в каждом субъекте СЗФО проводятся меры по усилению инновационной 
деятельности, разработаны планы и стратегии их развития. Осуществлена оценка 
существующих методов анализа инновационной активности и инновационного по-
тенциала региона в целом. Рассмотрено девять методик, разработанных россий-
скими институтами, организациями и учеными. С использованием полученной 
информации, проведена сравнительная характеристика всех методов, выделены 
преимущества и недостатки каждого. На основе проведенного анализа методоло-
гий выбрана одна, которая и использовалась при дальнейших расчетах. Выполнен 
анализ инновационно-инвестиционной активности экономических субъектов 
СЗФО, а также проведена оценка инновационного потенциала каждого субъекта 
региона. Результаты показали, что в большинстве регионов СЗФО необходимо 
усилить меры государственного стимулирования инновационной деятельности на 
предприятиях. Заключительный этап исследования — построение прогноза объема 
инновационных товаров, работ и услуг, производимых предприятиями федерально-
го округа. С использованием уравнения линейной регрессии построен прогноз на 
2015—2025 гг. Результаты исследования могут применяться при формировании по-
литики дальнейшего развития регионов, разработке стратегии инновационного и 
инвестиционного развития СЗФО и субъектов. 

Ключевые слова: Северо-Западный федеральный округ; инновационная деятель-
ность; инвестиционно-инновационная активность; регрессионный анализ; меры госу-
дарственной поддержки; корреляционный анализ; экономический субъект региона 
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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 %). 

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 and 

organizations; 

 — the share of organizations engaged in research 

and development, for the region as a whole. 

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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T a b l e  1  

Comparative characteristics of methods for assessing innovation activity 

Author 
Number 

of indexes 
Sections Advantages Disadvantages 

H
S
E

 

37 1 — Socio-economic conditions of innovation;

2 — Scientific and technical potential of the 

region; 3 — Innovation in the region; 4 —

The quality of innovation policy. 

Complex analysis; A low 

regional estimate for 

one indicator can be 

balanced by a high 

estimate for the other 

A complex multi-level 

evaluation system 

F
in

a
n
c
ia

l 
U

n
iv

e
rs

it
y
 180 1 — Level of socio-economic and financial 

development; 2 — Competitiveness and 

investment attractiveness; 3 — The level of 

scientific and technical potential; 4 — Level 

of development of innovation activities. 

Broad coverage of 

indicators affecting the 

development of innovation 

in the region 

The complexity of 

collecting statistical 

information, the 

inaccessibility of certain 

types of data 

A
IR

P
 

23 1 — Research and development; 2 —

Innovative activity; 3 — Socio-economic 

conditions. 

It relies on the 

accumulated domestic 

and foreign experience 

of research, takes into 

account the opinion of 

experts and the position 

of federal authorities 

Due to the use of the 

expert method of 

assessment, there may 

be a subjective opinion, 

obtaining inaccurate 

results 

C
S
R

 
«
N

o
rt

h
-

w
e
st

e
rn

»
 15 1 — Preparation of human capital; 2 —

Creation of new knowledge; 3 — Transmission

and application of knowledge; 4 — Conclusion

of innovative products on the market. 

Broad coverage of 

indicators 

The information 

environment is not 

evaluated 

V
.K

, 
Z

a
u
sa

e
v
, 

S
.P

. 
B

y
st

ri
ts

k
y
 15 1 — Macroeconomic; 2 — Infrastructural;

3 — Legal; 4 — Staffing; 5 — Economic. 

Relative simplicity of 

calculations, availability 

of statistical data 

To assess the state of the 

innovation environment,

the use of fixed capital 

and information and 

communication 

technologies 

A
.S

. 
D

u
b
in

in
 13 1 — Economic development of the region;

2  —  Innovation potential of industrial 

production; 3 — Scientific potential; 4 —

Participation of the region in international

technological exchange; 5 — Information and 

communication potential. 

It covers all key 

indicators, takes into 

account the impact of 

each specific indicator 

on the innovation 

activity of the region 

The resulting analysis 

factor is chosen by the 

expert, which may not 

accurately reflect the 

actual innovation activity

in the region 

 

T a b l e  2  

The results of the correlation analysis  

(the resultant characteristic is the volume of innovative goods, works and services) 

№ Characteristic factor Correlation Ratio

1 The number of intellectual property objects created per 10,000 employees in the 

region's economy 

0.9455049

2 Costs of technological innovation 0.9437164

3 The cost of R&D in the amount of 10,000 people in the economy of the region 0.9416247

4 The share of organizations using information and communication technologies in the 

total number of organizations in the region 

0.9352655

5 GRP per capita of the region 0.9156026

6 Export of technologies and services of a technical nature 0.9080731
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C o n t i n u a t i o n  o f  T a b l e  2  

№ Characteristic factor Correlation Ratio

7 Number of personal computers per 100 workers in the region 0.8929995

8 The proportion of faculty in the total number of employed region 0.8923734

9 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

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

employed in the economy 

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

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

employed in the economy of the region 

0.6628784

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

of enterprises in the region 

0.4329411

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

employed in the economy 

0.1492624

 

T a b l e  3  

Grouping of characteristic factors 

Metric group Indicators 

Economic development of the region ED 5.9 

Innovation potential of industrial production IP 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 

 

T a b l e  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) 
T a b l e  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 
Karelia 

0.857 0.902 0.880 0.869 0.892 0.919

Komi Republic 0.935 0.961 1.011 1.108 1.086 1.155

Arhangelsk Oblast 0.853 0.801 0.816 0.870 0.901 0.850

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

Leningrad Oblast 0.910 0.943 0.921 0.943 0.926 0.916

Murmansk Oblast 0.946 0.958 0.967 1.010 1.024 1.049

Novgorod Oblast 0.824 0.834 0.829 0.845 0.875 0.958

Pskov Oblast 0.540 0.681 0.724 0.811 0.784 0.803

Saint Petersburg 2.050 2.132 2.056 2.005 2.135 2.156

T a b l e  6  

The distribution of NWFO subjects in terms of innova-

tive capacity 

№
Level of 

innovation 
potential 

Value Regions 

1 Extremely 
low 

Less than 
1.0 

Vologda Oblast, Pskov 
Oblast, Arkhangelsk 

Oblast, Leningrad Oblast, 
Republic of Karelia, 

Novgorod Oblast 

2 Low From 1.0 
to 1.3 

Republic of Komi, 
Kaliningrad Oblast, 
Murmansk Oblast 

3 Average From 1.3 
to 1.6 

— 

4 High More 
than 1.6

Saint Petersburg

 

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): 

 

1 2 4

5 7 8 9

11 14 15

18

y 415163 0.068x 0.081x 0.973x

2194x 7864x 4696x 3351884x

362876x 403225826x 6.959x

1.351x 

     
    
   

  

 (1) 

where y — the volume of innovative goods and 

services, million rubles;  

x1 is the export of technology and technical 

services, mln; 

x1 is the import of technology and technical 

services, mln; 

x4 is the GRP per capita of the region, 

rubles; 

x5 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; x଼ are the R&D expenditures per 10 thousand 

workers in the region, mln; 
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x9 is the number of scientific organizations 
per 10,000 workers in the region; 

x11 is the number of created objects of 
intellectual property per 10,000 workers in the 
region's economy;. 

x14 is the share of organizations engaged in 
research and development in the total number of 
enterprises in the region; 

x15 are the advanced production technologies 
used, units; 

x18 are the costs for technological innovation, 
mln; 

 is the random deviation. 
To fulfill the forecast, 3 development options 

were calculated: with the maintenance of current 
trends (Tab. 7), with the improvement of the 
values of factors (Tab. 8), with a decrease in the 
values of factors (Tab. 9). Provided that the same 
growth rates are maintained over the next ten 
years, we obtain the following values for the 
volume of innovative goods, works and services. 

Option 1. Maintaining current trends in the 
development of the Northwestern Federal District 

 

T a b l e  7  

Forecast of the volume of innovative goods, works  
and services 

Year 
Volume of innovative
goods and services, 

million rubles. 
Year 

Volume of innovative
goods and services, 

million rubles. 

2015 446981.9 2021 1438913.4

2016 555169.2 2022 1713202.4

2017 681689.2 2023 2033053.5

2018 829538.6 2024 2405972.9

2019 1002205.9 2025 2840724.1

2020 1203753.3  

 

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). 

 T a b l e  8  

Year

Volume of innovative 

goods and services, 

million rubles. 

Year 

Volume of innovative

goods and services, 

million rubles. 

2015 454588.2 2021 1539882.6

2016 571756.9 2022 1844954.8

2017 709045.7 2023 2203334.5

2018 869972.5 2024 2624553.2

2019 1058682.3 2025 3119899.8

2020 1280062.9   

 
Option 3. Pessimistic option 

T a b l e  9  

Year

Volume of innovative

goods and services, 

million rubles. 

Year 

Volume of innovative

goods and services, 

million rubles. 

2015 342998.0 2021 273859.3

2016 331431.3 2022 262475.9

2017 319865.5 2023 251158.6

2018 308313.8 2024 239915.4

2019 296788.2 2025 228753.7

2020 285299.9   

 

Thus, the obtained linear model has a high 

degree of reliability and allows to predict the 

volume of innovative goods, works and services 

produced in the Northwestern Federal District 

with a minimum deviation. The considered 

variants of the forecast confirm the necessity of 

constant monitoring of the innovation situation 

in the region, since even a small decrease in the 

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 
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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. 

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 
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Статья посвящена переосмыслению исследований Н.Д. Кондратьева экономиче-
ской среды стран, имеющих развитую рыночную экономику. Методология и результа-
ты исследований Н.Д. Кондратьева позволили сделать вывод, что нет национальной 
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экономики, а есть национальные экономические модели, где исходными параметрами 
являются потребности людей, обеспечивающие их жизнедеятельность. Вывод сделан 
на основе анализа приоритетных индикаторов каждой страны и темпов совершенство-
вания технологических и производственных активов. Волны Н.Д. Конратьева — это 
результат деятельности людей в объективной экономической среде, направленной на 
реализацию потребностей людей. В этой связи вполне объяснимо предложение 
Й. Шумпетера совершенствовать экономические модели на основе потребностей лю-
дей в новых продуктах, технологиях и организации производственных процессов. Для 
реализаций этих задач, как правило, используют объективные природные законы. 
В основе планетарной теории атома и химических элементов и технологий использо-
ван закон всемирного тяготения. Нами предложено использовать объективные законы 
термодинамики и теорию потенциального поля. На основе этих законов создан мате-
матический аппарат конверсии производственного капитала в денежный капитал в 
форме реализованной продукции. Исследования реального инженерного бизнеса по-
казали, что стоимость бизнеса на фондовом рынке и его результат в форме реализо-
ванной продукции определяются критериальным уравнением, состоящим из пяти кри-
териев. Разработана математическая модель операционного менеджмента на основе 
операционного цикла конверсии производственного капитала производственно-
технологической системы в денежный капитал в форме произведенной и реализован-
ной продукции. Дальнейшие исследования будут направлены на расширение исполь-
зования этого подхода в оценочной инновационной деятельности. 

Ключевые слова: конверсия операционного цикла инженерного бизнеса; опера-
ционный менеджмент; критериальное уравнение операционного цикла конверсии; 

критерии подобия операционного цикла 
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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 18th century up to the early 20th 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;  

c) 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 G0W0 =  

= Cmc + Clp + Coc, where Cmc are the material 

costs; Clp are the labor payment costs; Coc are 

the other costs (without amortization of 

intangible assets) and Umf = Uta + Uia are the 

main funds of a manufacturing-technological 

system, including the tangible assets Uta and the 

intangible assets Uia.  

Vsv is the sales value of the manufactured 

products (services) which is equal to the sum of 

net income D0, including P0 which is the net 

profit (property of business owners); Cdta which 

is the depreciation of tangible assets, Caia which 

is the amortization of intangible assets. The 

monetary equivalent of products manufactured 

in a conversion operating cycle (G0W0)sv is 

numerically equal to technological costs (G0W0). 

In turn, the sum of amortization of intangible 

assets and depreciation of tangible assets  

Cdta + Caia = Cma 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: 

 
0 0 0 0 0( )

sv

mf sv

VQ

U G W D G W


 
  (1) 

by analogy with the adiabatic process 

0 0 0 0 .( )svG W G W  

The level of conversion is equal to the 

relation of the sales value to the manufacturing 

capital. The parametric equation has the form: 

 0 0 0

0 0

( )
1.sv sv

mf

V G W D

Q G W 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: 

 

0 0 0

0 0

0 0

0 0

( )

( )

1

.

svsv

mf mfsv sv

mf

G W DV

U UV G W

Q G WQ

G W U




  


 (3) 

Let us introduce the notion of dimensionless 

complexes and write Eq. (3) in a dimensionless 

form: 

 0 0

0 0 0

.
1 1 1

mts bus

k M k M

k k k


  




     
  

(4) 

The dimensionless complexes in Eq. (4) are 

similarity criteria and therefore Eq. (4) is a 

similarity equation, where: 

svV

Q
   is the conversion criterion of the 

operating cycle equal to the sum of conversion 

criteria: mts  is the manufacturing-technological 

system criterion and bus  is the criterion of the 

enterprise. This criterion has a very impotent 

property for engineering business. Namely, 



 

57 

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

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 by 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. 

0 0
0

mf

G W
k

U
  is the criterion (characteristic) of 

an operational cycle. The value of this criterion 

for an ideal operating cycle is equal to k0 = 1, 

while for a real operating cycle this is a constant 

k0 < 1. Therefore, the variation range of the 

conversion criteria of the engineering business 

can be written in the form:  

 0,5 0,5 1.mts bus        (5) 

Our research has shown that the inequality 

0,5mts bus    takes place. In this case, the 

design and subsequent adjustments should ensure 

equality mts bus   of the conversion criteria of 

the manufacturing-technological system (mts) 

and of the business (bus). 

0

mf

D
M

U
  is the criterion of self-financing 

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 

.mts M   

0 0( )

sv

sv

V

G W
   is the conversion criterion of a 

marketing enterprise. 

0 0

Q

G W
   is the conversion criterion of 

technological processing,  

where .





  

Fig. 1 presents a block diagram of operations 

management based on the conversion operating 

cycle in a manufacturing-technological system 

(MTS).  
 

 
 

Fig. 1. Block-diagram of an operations management infrastructure based  
on the conversion operating cycle in a manufacturing-technological system (MTS) 

Q = G0W0 + Umf G0W0 = (G0W0)sv 
(G0W0)sv + D0 = Vsv 

Business Strategy 

MTS 

Designing  
a conversion 

operating cycle 

Planning and 
Controlling, 
Management  
accounting 

Innovation  
management 
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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 

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 

Vsv 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: 

 G0W0 = (G0W0)sv.  (6) 

The second stage of conversion is the 

marketing conversion where net income D0 is 

added to the market value of products (G0W0)sv, 

which is necessary and sufficient for paying 

taxes of all levels, dividends in the form of net 

profit P0 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 «incremental» 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 Vsv for 

four technological stages: 

 

2

1 2 3
1

3 4

4
1 1
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n
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n n
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Fig. 2. Block diagram of trasferring parameters of a conversion operating cycle  

 
Balance equation of manufacturing costs: 
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Balance equation of net income: 
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Balance equation of manufacturing capital: 
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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: 

 
 
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.
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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 0 0
.mfQ G W U 

  
 This 

contour is a manufacturing cycle, where the end 

product (or technological stage) with the market 

cost that is equal to the technological costs 
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 is manufactured as a result of 

converting the manufacturing capital. The second 

cycle 1-2-3 consists of three unit vectors 
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 of monetary flows. This is a 

marketing cycle. A real operating cycle of 

converting the manufacturing capital is placed 

inside an ideal operating cycle. The criteria k0-M 

are a coordinate system for the real operating 

cycle of conversion. For example, the criterion of 

conversion in a real operating cycle 11-21-4 at 

k0 = 0.40 and М = 0,35, 
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Fig. 3. Graphical interpretation of the conversion operating cycle  
in a manufacturing-technological system 

 

T a b l e  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 
JSC

«ММC» 
JSC 

«NLMC» 
JSC 

«CHMC»
Stock market parameters, mln USD 
Sales value, Vsv 

Sales value without taxes and payment 
5380.00 
4983.37 

4468.73 
3996.36 

5055.17
4617.31 

Profitability of sales, r = P/Vsv 24.6% 41.6% 35.2%
Net profit, P0 947.00 1385.34 1312.00
Operation profit, P 1323.48 1859.00 1779.42

Parameters of a conversion operating cycle
Operation costs Coc = Vsv-P 4056.52 2609.74 3275.75
Sum of tax fixed assets and tax of operating profit ΔP = P — P0 = Nfa + Np 376.48 473.66 467.42

Tax on operating profit Np = P0ψp/(1 — ψp),
where ψp = 0.2 is the tax rate on operating profit 

236.75 348.34 328.00

Tax on fixed assets (tax on equity of entity) Nfa = ΔP — Np 139.73 125.32 139.42

Main funds Umf for these enterprises are fixed assets (tangible assets) 
Umf /ψfa, where ψfa = 0.02 is the tax rate for fixed assets 

6986.50 6266.00 6971.00

Depreciation (amortization) of tangible assets
Cdc = αdt Ufa = 0.03Ufa, 

where αdt is the rate of depreciation (amortization) 

209.60 188.00 209.13

Technological costs G0W0 = Coc-Cdc 3846.92 2421.74 3066.62

Net income D0 = P0 + Cdc 1156.60 1573.34 1521.12

Manufacturing capital Q = G0W0 + Ufa 10833.42 8687.74 10037.62

Criteria of a conversion operating cycle 
Capitalization criteria λ = Vsv/G0W0 1.30 1.65 1.51

Investment criteria M = D0/Umf 0.17 0.25 0.22
Resources criteria ρ = Q/G0W0 2.82 3.59 3.27

Characteristic of the manufacturing capital k0 = G0W0/Umf 0.55 0.39 0.44

Conversion criterion 0

0 1
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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 ρ and λ 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 k0) and improve the 

consumer properties of metal sheets (increase the 

criterion ). 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 

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 k0 ≥ 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; 

c) formulating the performance tasks for 

innovative projects in operations management. 
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DEVELOPING THE MECHANISM OF QUALITATIVE RISK ASSESSMENT  

IN STRATEGIC CONTROLLING 

S.V. Grishunin 

 Peter the Great Saint-Petersburg Polytechnic University, St. Petersburg, Russian Federation 

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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РАЗРАБОТКА МЕХАНИЗМА КАЧЕСТВЕННОЙ ОЦЕНКИ РИСКОВ  

В СТРАТЕГИЧЕСКОМ КОНТРОЛЛИНГЕ 

С.В. Гришунин 

Санкт-Петербургский политехнический университет Петра Великого,  

Санкт-Петербург, Российская Федерация 

Разработан механизм оценки стратегических рисков компании и отбора факто-

ров риска, на которых должны быть сосредоточены основные усилия по управлению 

рисками в компании. Под факторами рисками понимаются проекции внешней и 

внутренней среды компании, которые создают ее конкурентное преимущество, но 

при этом подвергаются наиболее опасным угрозам. Механизм является неотъемле-

мой частью стратегического риск-контроллинга, приложения стратегического кон-
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троллинга к управлению рисками и представляет собой набор взаимосвязанных ме-

тодик, обеспечивающих пошаговый отбор факторов риска. Он построен с помощью 

интеграции метода стратегического анализа цепочки ценностей компании и метода 

анализа видов и последствий отказов (FMEA). Такой подход, в отличие от альтерна-

тив, позволяет максимально учесть связи и корреляции между стратегическими це-

лями, проекциями и рисками. Рассмотрены основные задачи и функции стратегиче-

ского риск-контроллинга в компании, а также исследованы методы анализа цепочки 

ценностей и FMEA и обоснованы преимущества их интеграции в едином механизме 

оценки рисков. Подготовлена блок-схема механизма оценки стратегических рисков 

компании и отбора факторов риска. В ходе разработки механизма выработана мето-

дика расчёта показателей критичности проявления рисков (ПЧР) как для отдельных 

рисков, так и на уровне каждой стратегической проекции, а также стратегии в це-

лом. Предложена методика выбора базовой стратегии из имеющихся альтернатив с 

помощью критерия пессимизма — оптимизма Гурвица, в котором в качестве меры 

риска используются ПЧР. Разработана методика отбора факторов риска и её ключе-

вой инструмент — матрица позиционирования факторов риска, которая также по-

зволяет определить оптимальные способы и инструменты контроля над рисками. 

Механизм позволяет повысить результативность управления рисками в стратегиче-

ском контроллинге и сконцентрировать внимание руководства компании на ее стра-

тегических проекциях, подверженных наиболее опасным угрозам. 
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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. However, 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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T a b l e  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 

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];  

c) 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, 

CIs 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 levels 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-O4). 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 to 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,  ,ijR r  i is the number of the SP, 

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 CIs form vectors Xij; 

c) The critical variance of SGI from the 

target set in the strategic plan .crV  Exceeding 

this critical value means the failure of the 

strategy; 

d) The minimal possible variance of SGI 

from the target (Vmin). If the variance is below 

Vmin 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 

O1). In the current setting, by the severity of 

losses we understand the variance of CIs 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 CIs in 

case of occurrence of rij. These variances form 

the vectors of CI variances, VXij. By using VXij, 

the team estimates the expected variance of SGI 

from the strategic target as a result of occurrence 

of each risk rij.  

 .r
ij ij fV SG SG   (1) 

r
ijV is the expected variance of SGI from the 

target  

SGij is the expected value of SGI as a result 

of occurrence of rij.  

SGf is the target value of SGI. 

Then the r
ijV  value is correlated with the 

ranking of the deviation significance by the 

FMEA scale (Tab. 1). The same analysis is 

repeated for all rij and all SPs.  

 

1    ,

10,

10   . 

r min
ij

r min
ij

ij cr min

r cr
ij

if V V

V V
Y

V V

if V V

 
   

 
 

 (2) 
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Assessment of the probabilities of the 

occurrence of individual risks (operation O2). The 

expert team, in co-operation with the company’s 

strategic planning units, assesses the probability 

(pij) of occurrence of each risk rij 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 pij, 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 rij in all strategic perspectives.  

 

 
 

 

1,    0; 0.1 ,

10,    0.1; 0.9 ,

10,    0.9;1 .

ij

ij ij ij

ij

if p

P p if p

if p

 
 
 

  (3) 

Assessment of probability of risk detection at 

the level of SP (operation O3). The probability of 

risk detection is a complex rating:  

 1 2  .ij ij ijc c c  (4) 

cij is the probability of detection of risk rij 
1
ijc  is the probability of early detection of risk 

by existing control tools; 
2
ijc  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 
1 0.ijc   To evaluate 1 ,ijc  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 1
ijc  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 

system as a proxy for the adjusting coefficient 
2.ijс  The detailed formula and an example of 

calculating this coefficient are presented in [21].  

After the expert team assesses cij,, it identifies 

the corresponding rating of the probability of risk 

detection (by the FMEA scale (Tab. 1)). 

Formula (5) is applied:  

 

   
   

 

1,   1 0; 0.1 ,

10,   1 0.1; 0.9 ,

10,   (1 ) 0.9;1 .

ij

ij ij ij

ij

if c

C c if c

if c

  


  
  

  (5) 

The same analysis is repeated for all risks rij 

in all strategic perspectives.  

Calculation of risk priority numbers at different 

levels of the company operation O4). The RPN for 

each risks rij (RPNij) is calculated by the 

following expression:  

  .ij ij ij ijRPN Y P C  (6) 

The expert team determines and approves 

with the DMs the following boundaries: (1) the 

materiality level min
ijRPN  below which the risk rij 

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

appetite ,ra
ijRPN  describing the maximum 

quantity of risk rij 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: minRPN  and .raRPN  

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.  

  11 1

1

i i
M

i
i i
M MM

a a
A

a a

 
 
  


  


 (7) 

i
jma  is the pair correlation coefficient 

between risks j  ( , )1j M  and m   ( , )1m M  
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0.3i
jma    if weak positive or negative 

correlation exists between risks j and m; 

0.6i
jma    if medium positive or negative 

correlation exists between risks j and m; 

0.9i
jma    if strong positive or negative 

correlation exists between risks j and m; 

0i
jma   if there is no correlation between 

risks j and m  

Let us denote 
1

2

i

i
i

iM

RPN
RPN

PN

RPN

 
   
  

  as a vector of 

RPNs for the risks rij at the level of SP with the 

number i. The consolidated RPN at the level of 

SP with the number i (RPNi) equals: 

   .i i iRPN PN A  (8) 

The materiality level and the risk appetite at 

the level of SP with the number i are calculated 

by using the following expressions:  
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
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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 bil 
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11 1

1
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L
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b b

B

b b

 
   
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 (11) 

The RPN at the level of the strategic 

alternative is calculated by using the following 

formulas: 

  
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To estimate the risk exposures of each strategic 

alternative, the members of the expert team 

compare the strategic alternative’s RPN with the 

risk appetite RPNra. If ,raRPN RPN  then the 

strategic alternative is qualified in the list from 

which the master strategy will be then selected. If 
raRPN RPN  than this strategic alterative is 

either rejected or returned for reworking in the 

strategic planning department. If ,raRPN RPN  

but the strategic alternative contains one or several 

SPs for which ,ra
ij ijRPN RPN  the following 

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 ;ra
i iRPN RPN  or (2) to return the 

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:  

   

 

1,

1,

max 1
1000 1000

.

z z Z

z zpess nr
z z

z Z

max СrG

RPN RPN
SG SG




  
       

(15) 

CrGz is the value of the Hurwicz criterion 

for the z-th alternative strategy 

RPNz is the risk priority number for the z-th 

alternative strategy 

Z is the total number of analyzed alternative 

strategies  

Rz is the set of end-risks for the strategic 

alternative z  
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pess
zSG  is the value of SGI for the alternative 

z, if all the risks are from the set Rz  
nr
zSG  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 pess
zSG  and 

;nr
zSG  and then calculates CrGz for each strategic 

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 CrGz. 

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 O6). At the first step, 

the expert team, compares RPNi for each SPi 

 1,i N  with min .iRPN  If min ,i iRPN RPN  

then SPi is excluded from future consideration. 

Conversely, SPi for which ܴܲ ௜ܰ > ܴܲ ௜ܰ௠௜௡ 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 

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. 

 
T a b l e  2  

Matrix of risk factor positioning 

№ 
Value of FMEA components (ratings) 

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 

“black 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: 

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 level 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, 
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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; 

(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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The potential of an information system is determined by a combination of the information 
and economic-mathematical models implemented in it. These models serve as a basis for the 
information and analytical components. They fulfill various functions: the information component 
corresponds to the information content and access to data, while the combination of economic-
mathematical models of the analytical component determines the intelligence of the data 
processing. With the development of distributed systems and cloud technologies, the need arises to 
examine the two components separately. The need to distinguish these two components arises 
especially acutely in large-scale projects such as the creation of a government infrastructure. Under 
the conditions of industrial data delivery, when the majority of the participants in an economic 
activity are acting in the role of producers and consumers of information, standardization of how 
the data are presented and of the methods of processing them becomes essential. This article 
handles the two components of an information system as two independent subsystems, the separate 
stages of creating models are described, and the logic of their interaction in the system is shown. 
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activity logic elements on the information level and further on the program level, as well as the 
feedback from the applications onto the information and logic of the activity. The description of 
the components is focused on subject matter experts whose role is growing at the present level of 
informatization. Most local and simple elements of activity have passed the stage of primary 
informatization and the task of establishing interaction among the systems and integrating them is 
becoming urgent. These tasks require a deep understanding of the subject domain in order to 
embody them in integrational information systems. The training of economic-mathematical and 
cybernetics specialists is frequently limited by the disciplines of economic-mathematical modeling 
without proper presentation of these models in information models and applications. 
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ИНФОРМАЦИОННАЯ И АНАЛИТИЧЕСКАЯ КОМПОНЕНТА  
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Ю.П. Липунцов 
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Потенциал информационной системы опеделяется совокупностью реализован-
ных в ней информационных и экономико-математических моделей. Эти модели 
служат основой для информационной и аналитической компонент. Они выполняют 
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разные функции: информационная компонента отвечает за информационное напол-
нение, доступность данных, а совокупность экономико-математических моделей 
аналитической компоненты определяет интеллектуальность обработки данных. С 
развитием распределенных систем, облачных технологий возникает необходимость 
рассматривать две компоненты отдельно. Особенно остро необходимость разделения 
двух компонент возникает в масштабных проектах, таких как создание инфраструк-
туры электронного правительства. В условиях индустриальной поставки данных, ко-
гда большинство участников экономической деятельности выступают в роли произ-
водителей и потребителей информации, необходимым становится стандартизация 
представления данных и методов их обработки. Мы две компоненты информацион-
ной системы рассмотриваем как две независимые подсистемы с описанием отдель-
ных этапов создания моделей и показом логики их взаимодействия в системе. Соот-
ношение компонент представлено в форме отражения отдельных элементов логики 
деятельности на информационный и далее на программный слой, а также обратной 
связи от приложения на информацию и логику деятельности. Описание компонент 
ориентировано на экспертов предметной области, роль которых на современном 
уровне информатизации возрастает. Большинство локальных и простых элементов 
деятельности прошли стадию первичной информатизации, и становится актуальной 
задача установления взаимодействия между системами, их интеграции. Эти задачи 
требуют глубокого понимания предметной области для воплощения в интеграцион-
ных информационных системах. Зачастую подготовка специалистов экономико-
математической, кибернетической направленности ограничивается дисциплинами 
экономико-математического моделирования без надлежащего представления этих 
моделей в информационных моделях и приложениях. 

Ключевые слова: информационное моделирование; экономико-математическое 
моделирование; транзакционные системы; интеграционные системы; методы обра-

ботки данных; методы интеграции данных 
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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 

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 
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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 

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 tracing 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. 

II. 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 

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 



 

79 

Y.P. Lipuntsov, DOI: 10.18721/JE.10207

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. 

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. 

 

 
Fig. 2. Diagram of mashup application  



 

80 

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

III. 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 

developуd 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, abstract-

algebraic, the system is described through 

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 

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 logical-
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. 
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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. 

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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Fig. 3. V-diagram of economic-mathematical modeling 

 

 
 

Fig. 4. Basic components by architecture layers 

 

The information layer is represented by the 

basic information objects and transactions 

reflecting the transformation of basic objects. 

The organizational structure of a real-world 

enterprise is transformed into a set of roles in an 

information system. 

The software layer is aimed at organizing a 

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. 

 

 
 

Fig. 5. Framework model of the structure and information flows of a platform for government data integration  
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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. 

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 
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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 

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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ПРИМЕНЕНИЕ ЭКОНОМИКО-МАТЕМАТИЧЕСКИХ МОДЕЛЕЙ  

И МЕТОДОВ ДЛЯ ОЦЕНКИ ЧЕЛОВЕЧЕСКОГО КАПИТАЛА 
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Проблема эффективного использования человеческих ресурсов представляет со-
бой чрезвычайно сложную социально-экономическую задачу, поэтому в настоящее 
время значительно возрос интерес к оценке человеческого капитала как важнейшего 
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ресурса, обеспечивающего конкурентные преимущества современных предприятий в 
любой сфере деятельности. Цель исследования — проведение оценки человеческого 
капитала сотрудников предприятия на основе экспертного подхода с использова-
нием модели компетенций и метода рандомизированных сводных показателей. 
Уточнено понятие «человеческий капитал» как базовый структурный элемент ин-
теллектуального капитала, проведен краткий обзор наиболее распространенных 
моделей и методов оценки человеческого капитала, обоснована необходимость 
реализации компетентностного подхода при оценке сотрудников предприятия и 
сегментации персонала. Показана возможность и преимущество применения мето-
да рандомизированных сводных показателей (МРСП) для получения комплексной 
оценки уровня компетентности сотрудников российского подразделения междуна-
родной компании в сфере IT-индустрии. Подразделение в Санкт-Петербурге зани-
мается разработкой заказного программного обеспечения и модернизацией корпо-
ративных информационных систем в области финансовой индустрии, телекомму-
никаций, онлайн-путешествий, мобильной разработки, интернет-проектов и масс-
медиа. Использовались математические методы (метод рандомизированных свод-
ных показателей, экспертная балльная оценка), сравнительно-сопоставительные 
методы (анализ, синтез, классификация), а также общелогические методы по-
строения научной концепции. Научная новизна исследования состоит в том, что 
на основе существующих разработок предложена новая инструментальная методи-
ка, реализующая алгоритмы оценки человеческого капитала сотрудников предпри-
ятия, результаты которой позволяют выявить приоритетные направления в сфере 
подбора, развития и мотивации персонала, тем самым осуществить рациональный 
подход к использованию человеческих и финансовых ресурсов предприятия. Прак-
тическая значимость исследования заключается в разработке методического инстру-
ментария по проведению оценки человеческого капитала, который может быть ис-
пользован в управленческой деятельности других предприятий в сфере информаци-
онных технологий. 

Ключевые слова: человеческий капитал; модели и методы оценки человеческого 

капитала; компетенция; компетентность; модель компетенции; метод рандомизиро-
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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. 

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 сost 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 into 

account intangible behavioral values and 

monetary economic value. 

Accordingly, the cost and value of human 

capital accumulated by individuals, the volume 
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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 

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 

(Cх) was evaluated with the help of a set of 

baseline characteristics: 

х1 — functional competences level; 

х2 — managerial skills level; 

х3 — corporate competences level;  

х4 — innovative competence level; 

х5 — 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: 

х = (х1, ..., хп). Each characteristic constitutes 

certain features — yn. 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 х1, 

…, х5 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. 

 

 
 

Fig. 1. Fragment of competence model for evaluation of the employees of IT companies 

Level

4

•Has a high level of creative abilities, makes unconventional decisions in difficult 
situations, promptly responds to changes of internal and external environment

Level

3

•Tends to unconventional vision of the situation, finds the best solution to achieve the 
goal pretty quickly, showing adaptability to changes of external and internal environment

Level

2

•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»
of the situation

Level

1

•Is not always able to respond quickly and effectively to the current precarious situation, 
is inclined towards the conservative decision-making
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T a b l e  1  

Data (fragment) for determining the level of functional competences 

Behavioral indices 
Frequency of manifestation / intensity in employees 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Performs work qualitatively 2 3 2 1 1 3 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 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 

determine the level of functional competences on 

the basis of such index as passion for work (loves 

the job, tends to do it the best way possible, using 

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. 

T a b l e  2  

Competence values of the company’s employees 

Employee х1 х2 х3 х4 х5

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

х1: min = 1.3; max = 3.0; 
х2: min = 1.1; max = 2.7; 
х3: min = 1.1; max = 2.8; 
х4: min = 1.0; max = 2.7; 
х5: min = 0; max = 2.5. 
The function qi = qi (хi) is determined by the 

following formulas: 
For the increasing function: 

 

0 min ,
min

min max ,( )
max min
1 max .

i i

i i
i i ii i

i i

i i

x
x

xq x

x




    

 (1) 

For the decreasing function: 

 

1 min ,
max

min max ,( )
max min
0 max .

i i

i i
i i ii i

i i

i i

x
x

xq x

x




    

 (2) 

Let us construct the system of indices q1, ..., 
q5, 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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T a b l e  3  

Competence indices for each employee (without 

weights), in points 

Employee q1 q2 q3 q4 q5

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 q1, ..., q5, as well as the weight of the 

competences in the coefficients w1, ..., w5. 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): 

  ; , ... .r s u vI w w w w     (3) 

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

   2 1 3 4 5... .I w w w w w      (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 (x1) is the most important for the 
ordinary employees of the company; followed by 
the innovative competence (x4), then social 
competence (x5), then corporate competence (x3), 
and finally, the managerial competence (x2). 

Let us define the procedure for the formation 
of scales of activities Wi. The first type of 
competence is measured on the 3-point qualimetric 
scale, W1 = {3,2,1}; second, third and subsequent 
on the 2-score W2 = W3 = W4 = W5 ={2,1}, (i.e., mi 
is the number of reference points in the i-scale that 
is equal to 3,2,2,2,2 respectively). 

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

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

 i
i

n m    (5) 

 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 gℓ 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 
I = {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 
(X1 = 0.352, X2 = 0.094; X3 = 0.116; X4 = 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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T a b l e  4  

Values of reference points of rating scales 

Scales Reference points Rating weight

i = 1 

w1 

m1 = 3 

k = 1, 2, 3 

11 = 3 d11 = 0.23

12 = 2 d12 = 0.15

13 = 1 d13 = 0.07

i = 2 

w2 

m2 = 2 

k = 1, 2 

21 = 2 d21 = 0.11

22 = 1 d22 = 0.04

i = 3 

w3 

m3 = 2 

k = 1, 2 

31 = 2 d31 = 0.10

32 = 1 d32 = 0.03

i = 4 

w4 

m4 = 2 

k = 1, 2 

41 = 2 d41 = 0.10

42 = 1 d42 = 0.05

i = 5 

w5 

m5 = 2 

k = 1, 2 

51 = 2 d51 = 0.07

52 = 1 d52 = 0.05

T a b l e  5  

Evaluation of each employee on a 10-point scale 

Employee
Type of performance 

assessment 
gℓ

G Final score

1 2,2,2,2,1 0.46 7

2 2,2,2,2,2 0.53 9

3 2,1,2,2,2 0.48 8

4 2,2,2,2,1  0.46 7

5 1,2,1,1,1 0.31 3

6 2,2,2,2,2 0.53 9

7 2,2,2,1,2  0.53 9

8 1,1,1,1,2 0.26 2

9 1,2,2,1,2 0.42 5

10 2,2,2,2,2 0.53 9

11 2,2,1,1,2 0.41 5

12 1,1,1,2,1 0.29 2

13 1,2,2,2,2 0.45 6

14 2,2,2,2,2 0.53 9

15 2,1,2,2,2 0.46 7
 

 

 
 

 

Fig. 2. Composite competence ratings of the IT company’s employees 

0,317

0,548

0,221

0,274

0,239

0,767

0,463

0,105

0,173

0,415

0,176

0,284

0,219

0,582

0,247

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0 2 4 6 8 10 12 14 16

A
g
g
re

g
a
q
te

d
 i
n
d
ic

e
s 

o
f 
e
m

p
lo

y
e
e
s 

c
a
p
a
c
it
y
 

Company's employees, PPL



 

95 

L.A. Strelnikova, M.M. Lembrikova, DOI: 10.18721/JE.10208

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 v|t-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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ГИБРИДНАЯ МОДЕЛЬ МНОГОФАКТОРНОГО ИНДЕКСНОГО АНАЛИЗА 

ОБОРОТНЫХ АКТИВОВ 

А.Н. Цацулин 

Северо-Западный институт управления Российской академии народного хозяйства 

и государственной службы при Президенте РФ, Санкт-Петербург, Российская Федерация 

Рассматриваются принципы и методы построения гибридной модели многофактор-

ного индексного анализа обращения материальных активов на примере запасов рознич-

ного торгового предприятия. Анализ времени и скорости движения оборотных средств 

проведен в отношении товарных запасов текущего хранения по однородным позициям 

группового ассортимента обувного отдела экономического субъекта. Отдельно построе-

ны модели анализа времени и скорости оборачиваемости изучаемых активов. На заклю-

чительном этапе с применением процедуры так называемого индексного кроссинга 

сконструирована v|t-модель, которая содержит пять самостоятельных признаков-

факторов. За каждым из учтенных признаков-факторов скрывается свой стандартный 
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статистический показатель, по которому традиционно осуществляется экономический 

анализ в зависимости от сформулированных целей и задач как на предприятиях, так и 

для специальных прикладных исследований. Эти же показатели являются индикаторами 

финансового состояния любого экономического субъекта, сравнительными характери-

стиками при оценке конкурентоспособности субъекта на товарных рынках и могут быть 

использованы при оценках рыночной стоимости бизнеса. Полученная модель верифи-

цирована, по ней проведены достоверные расчеты. Модель открывает новые горизонты 

проведения финансово-экономического анализа движения материальных активов пред-

приятия, позволяет воедино и комплексно изучать параметры скорости и времени то-

варного обращения. Последнее осложнено, а подчас бывает и вовсе невозможно в эко-

нометрических многофакторных моделях в связи с явлением мультиколлинеарности 

признаков-факторов. Отмеченное обстоятельство делает перспективной построенную 

впервые подобную гибридную модель в решении задач краткосрочного прогнозирования 

и оперативного планирования. 

Ключевые слова: простой индекс; аналитический индекс; индексный кроссинг; 
индексный микст-анализ; гибридная модель факторного анализа; первичный и вто-

ричный признак; средства обращения; оборотные активы 
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«Well, in our country,» said Alice, still panting 

a little, «you'd generally get to somewhere else — if you 
run very fast for a long time, as we've been doing.» 

«A slow sort of country!» 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 that!» 

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 v|t-model 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 

circulation within production cycles. These 

indicators generally serve such a special 

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: 

 ( ) ( ) ( )/ (1) ; 1, ; 1, ,j j j
i i it З W i n j m    (1) 



 

100 

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

where ( )j
it  — the spending time average stock, 

for example, normal sales process of goods in the 

days or time of circulation of goods; ( )j
iЗ  — 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; ( )(1) j
iW  — 

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 ( )j
it  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 ( )
1 :ijЗ  

( )
1

0,5 15 600 12 000 9 600 0,5 15 900

3

12 450 thousand rub.

ijЗ
     


 (2) 

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 

 ( )
1

12 450
62.25 days.

200

ijt  
 

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: 

 0

0

( )

( )

( )
1

15 000
75.00 days.

200(1)

ij
nij

n ij

З
t

W
    (3) 

 
T a b l e  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* 

Order 
№ 

At the be-
ginning 

of the month 
reporting 

year 

Credited (planned)
turnover for the quar-

ter, ths. Rub. 

The actual inventory 
of the current storage 

Deviation 
from the norm 

The actual 
turnover 

per month, 
ths. Rub. total 

day turnover
ИП3/n pl

** 
cost of, 

ths. Rub.
turnover 
in days 

cost of, 
ths. Rub. 

turnover 
in days 

1,i k  i 
( )ij
plW  ( )(1) ij

plW  ( )
1
ijЗ  

( )
( ) 1
1 ( )(1)

ij
ij

ij
pl

З
v

W


0

( )
1
ij

n

З  t(i )1/no 
( )
1(1) ijW  

1 2 3 4 5 6 7 8 9

1 01.07.2015   15 600 78.00 600.00 3.00 5 850.00

2 01.08.2015   12 000 60.00 —3 000.00 —15.00 5 200.00

3 01.09.2015   9 600 48.00 —5 400.00 —27.00 6 900.00

4 The specifi-
cation 
for the 

III quarter 

18 000 200.00 15 000 75.00   17 950.00

5 01.10.2015 18 900 210.00 15 900 — — — —

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

** Note: npl = 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 

 
(2 )

(2 ) 1
1 (2 )

1

12 000
60.00 days.

200(1)

j
j

j

З
t

W
    (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(1)(i) is not yet 

known. Therefore, the actual turnover of 

preplanning period ( )
1(1) ijW  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—8]. 

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: 

 

( )
1( )

1 ( )
1(1)

.

ij

ij

ij

З
t

W
  (5) 

For July 2015, i.e. for the number i = 1 

period of time, the stock circulation will be 

equal to 

 (1 )
1 15 600 / 200 78.0 days .jt    

Then, the value of (1 )
1

jt  is compared with the 

value of 
0

( ),ij
nt  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: 

 
0 0

( ) ( ) ( )
11/ ;ij ij ij

n nt t t    (6) 

Let us say, for the points in time — July 2015 

(i = 1) 

 0

(1 )
1/ 78.0 75.0 3.0 days .j

nt    
  

(7) 

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: 

 

0
0

(1 ) (1 ) ( )
11 1/ (1)

3.0 200.0 600.0 thousand rub.

j j ij
n

n

З t W   

    

(8) 

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. 

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 
( )
1
ijv  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: 

 ( ) ( ) ( )
1 1 1/ ,ij ij ijv W З  (9) 

where ( )
1

ijW  — the value of the actual turnover 

for the period (quarter); ( )
1
ijЗ  — the average 

inventory for the same period (quarter). 
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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): 

 ( )
1
ijv = 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 

( )
1 ,ijv  can be determined during the already 

known circulation ( )
1 .ijt  For this purpose let us 

out a series of necessary identity transformations 
taking into account the meaning of the 
expression of formula (6): 

 
( ) ( )

( ) 11 1 1
1 ( )( ) ( )

11 1

(1)
,

ij ij
ij

ijij ij

W W n n
v

tЗ З


    (11) 

where n1 — 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 

 ( ) ( )
11 1/ 90.00 /1.44 62.25 days.ij ijt n v    (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 

( 1, )k 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 

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

1 01/0

( ) ( )( ) ( )
1 01 0

( ) ( ) 1 1
1 0( , ) ( ) ( )

1 0

1 1

: : ,

s sk kk k

k k k k
З Зv З v s sk k

k k

v З v З

v v

З З

 

 

  
 

 
(13)

 
v(k)

0 => v(k)
1    

З(k)
0 => З(k)

1 
  

where 
1

( )
1
k

З
v  — 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 FC4/FC6: 

 
1

( )( )
11

( ) 1
1

( )

1

1

72570.0
2.726;

26 620.0

s kk

k k
З s k

k

v З

v

З





  



 (14) 

value 
1

( )
0
k

З
v  — 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 FC3/FC5 
calculation: 

 
0

( )( )
00

( ) 1
0

( )
0

1

57 690.0
2.284.

25 260.0

s kk

k k
З s k

k

v З

v

З





  



 (15) 

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

  1 01
0

( ) ( )
1 0( , )

: 2,726 : 2,284

1,1935 ~ 119.35%.

k k

З Зv З v
v v   


 (16)

 

v(j)0 => v(j)1 

З(j)0 => З(j)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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T a b l e  2   

The analysis of turnaround time of (t-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 

Order

№ 

Name of 

product 

group 

footwear 

Quarterly volume 

of turnover by 

period, ths. Rub. 

Individual 

quarterly 

turnover 

index 

Average inventory 

on current storage 

periods, ths. Rub. 

Individual 

index of 

inventories

Structure of average 

inventory for the 

period, % 

The speed 

of turnover by 

period, time 

basic reported basic reported basic reported basic reported

 1,k s

 
k W(k)

0 W(k)
1 





1/0

( )

( )
1
( )
0

k
W

k

k

i

W

W

З (k)
0 З (k)

1 





1/0

( )

( )
1
( )
0

k
З

k

k

i

З

З

 




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1
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1

k
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k

s
k

k

d

З

З

 v (k)
0 v (k)

1 

1 2 3 4 5 6 7 8 9 10 11 12 

1 Leather 24 260.00 29 820.00 1.2214 6990.00 6130.00 0.8770 27.67 23.03 3.47 4.86

2 Combined 21 350.00 30 640.00 1.4346 10100.00 12340.00 1.2218 39.99 46.36 2.11 2.48

3 Sports 12 080.00 12 110.00 1.0150 8170.00 8150.00 0.9976 32.34 30.61 1.48 1.49

— In total: 57 690.00 72 570.00 1.2579 25260.00 26620.00 1.0538 100.00 100.00 2.284 2.726

 
C o n t i n u a t i o n  o f  T a b .  2  

Individual index 

of commodity 

circulation speed 

The volume of trade 

turnover for the one-

day period, ths Rub. 

Individual 

commodity mass 

index of a one-

day turnover 

The structure of the one-day 

turnover by period, % 

Treatment  

in time periods, 

days 

Individual index 

time reversal 

commodity 

weight basic reported basic reported basic reported 
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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 61.43 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 

1st IS. 

The index scheme of factor analysis in this 

case can be constructed by decomposing an 

index of variable composition, which in a 

concrete situation is already essentially 

constructed and counted in the formulas from 

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. 
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1
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 (17)

 

0 1

0 1

З З
d d

v v




 

In the aggregate index (17), all the values of 

the factors taken into account (dЗ и ) 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 ( ) ( )
0 1,k kЗ З  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 1st 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) 

 

1

1 1 10
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( ) ( ) 1
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1.2224~ 122.24%.  
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   

 



  (18)
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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
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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 

 
1 1 1
0 0 0

( , ) ( ) ( )

1.2224 0.9764 1.1935~119.35%.

З Зv d v v d v v
    

  
 (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 

 1 1

( ) ( ) ( ) ( )( )
1 1 0
01 1 1

( )

72 570.00 59370.00 13200.00 ths.Rub.

s s s
k k k kk

З З
k k k

W v v d v d
  

  

  

  
(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 1st IS, for the purpose of this 

analysis, the Second Index System (2nd 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) 
1/0( )v v

 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 

 
1 11
0 00

( , ) ( )( )
: ,W v З W Зv v

     (22) 

but as an analytical index of another index 
system, the 2nd IS. 

The presented scheme of construction of the 
1st and 2nd 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 (t). 

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 (1st IS) and the 
Second index system (2nd IS). And if the first IS 
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 (1st IS), more 
precisely, to its resultant variable W(k), 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 
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 (23)
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
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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 

( ) ( )
1
0

( , )k kv v З
  is equal to the product of two 

factorial indices  
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З Зv d v v d v v
      (24)  

and, on the other hand, the same index 

1
0

( , )
,

Зv d v
  according to equation (23), coincides 

with the following expression 
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0 00

( , )( , )
: .

З
W v З Зv d v

     (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 

W(v,З)1/0
 as 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-

factor 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). 
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З
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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 
1st IS scheme suitable for a homogeneous mix. 
However, here the pair of factors (t(k), W(1)(k)) 
depending on each other determines as the 
multiplier the average size of the current storage 
stock (З(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 1st IS has the form that is 
easy to view and convenient for the purpose of 
factor analysis 

 ( ) ( )
1 011 0

0

( ) ( )
1 0(1) (1)( , )

: ,k k
k k

W Wt t t
t t   (27) 

where 
1

( )
1(1)

k

W
t  — the average handling time of 

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 — ( )
1(1) :kW  
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value 
0

( )
0(1)

k

W
t  — 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 — ( )
0(1) kW  acts as the 

weight characteristic:  
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Finally, the very dynamics of the index of the 
average time of circulation of inventory in 
accordance with expression (27), was found to be 
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1 011 0
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( ) ( )
1 0(1) (1)( , )

:

33.027 : 39.407 0.8381 ~ 83.81%.
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 (30) 

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  
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 (31)

t(k)0  →  t(k)1 

W(1) (k)
1 = const

 
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 
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 (32)

t(k)0 = const 

W(1) (k)0 → W(1) (k)1
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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 
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 = 0.8499  0.9861 = 0,8381 ~ 83,81 %. (33)

t(k)0  => t(k)1 

W(1)(k)0=>W(1)(k)1 

t(k)0  => t(k)1 

W(1)(k)1=
 const 

t(k)0 = const 

W(1)(k)0 =>W(1)(k)1

 
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) 
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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 

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 1st IS. 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 
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t(k)
0 => t(k)

1 

W(1)(k)0=>W(1)(k)1

 
Thus, the index of variable composition 

analysis of the average time of circulation of 
inventory of the current storage of the 1st IS 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 expression 

(36), the variable composition index 
1
0

( , (1))t t W
  is 

equal to the product of two factor indices of 
circulation time and one-day turnover 

 
1 1 1
0 0 0

( , (1)) ( ) ( (1))
.

t t W t t t W
     (36) 
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On the other hand, the same index 

1
0

( , (1))t t W
  in accordance with equation (35) 

coincides with the expression 

 
11 1
00 0

(1)( , (1)) ( , (1))
: .Wt t W З t W

     (37)  

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 
1/0( , (1))

,
t t W

  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. 

1(1) 1 1 (1) 1
00 0 0

(1)( , , (1)) ( ) ( )
,

W W
WЗ t d W t t t d

        (38)

 1,0538    0,8499  0,9861  1,2574 

 
1
0

( , (1))t t W
 = 0,8381     

 
(1) 1

0
( , , (1))WЗ t d W

 = 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 ( ),t  a one-day change in 

the structure of trade turnover (dW(1)) and the 
dynamics of one-day sales (W(1)). 

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 
W(1), and further, in order of the content of 
their linkage in the index multiplier of the 

average inventory ( ),З  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. 

 
1(1) 1 (1) 1 1
00 0 0

(1)( (1), , ) ( ) ( )
,

W W
WЗ W d t t d t t

       (39)

 1.0538  1.2574       0.9861  0.8499 

               
(1) 1

0
( (1), )WЗ W d

 = 1.2399 

                   
(1) 1

0
( (1), , )WЗ W d t

 = 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: 

(1) 1 (1) 1
01 1

(1) 0
1

( (1), , ) ( (1), , )

( (1), , ) 26620.0 25260.0

1360.0 thsRub.

s s

W W
k k

s

W
k

ЗW d t ЗW d t

ЗW d t


 



 

   



 

 (40) 

The impact of one-day sales in the amount 
of inventories was equal to 

 

 

 

( ) ( ) ( )
1/0 (1)0 01/0

1 1

806.0 641.0 0.4255 25.79

0.3680 42.62 0.2065 61.43

165.0 10.9

( (1))

7 15.678 12.69

165.0 39,34 6491.1 ths R

[

]

u

(1)

b.

s s
k k k

W
k k

З W W d t 
 

  

    

 



 

  





 

(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: 

 

 

( ) ( ) ( )
(1) 1 (1)1 01

0 01 1

806,0 0,4107 — 0,4255 25,79

0,4218 — 0,3680 42,62 0,1675 —

0,2065 61,43 806,0 —0,3

( )

817

2,2930 — 2,3958

806,0 —0,4845 390,51 ths 

[( )

( ) (

) ] [

]

Rub

(1)

.

s s
k k k

W W
k k

З d W d t 
 



 

  



 

 







 

 (42) 

Effect of changes in commodity-supply 

circulation time by the amount of stock in 

absolute terms is estimated as follows: 

 

 
 

( ) ( ) ( )
1/0 (1)1 1 1/0

1 1

 806,0[0,4107 18,52 — 25,79

0,4218 36,29 — 42,62 0,1675 (60,37 —

61,43)] 806,0(—2,9858 — 2,6700 —

0,1776) —4701,72 t

( ) (1)

hs Rub.

s s
k k k

W
k k

З t W d t 
 

 

 

 

 

 

 

(43) 

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|t-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 

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 

1 11 1 1 (1) 1
0 00 0 0 0

(1)( ) ( ) ( ) ( )
.

W
W Wv v v З t t t d

          

1,2579 1,2224  0,9764  0,8499  0,9861  1,2574 

         
1
0

( , )v v З
 =1,1935 

         
1 1
0 0

( , ) ( (1)): 1,0144W v З З W    

              
1 1
0 0

(1):W W  = 1,0003  

             
1
0

W = 1,2579  (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 — 
1
0

(1) .W   

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 — 
(1) 1/0( )

.
Wt d

  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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1(1) 1 (1) 1 1 1 1
00 0 0 0 0

(1)( (1), ( , ( ), ( ), ( )) ( ) ( ) ( ) ( )
.

w W Зз
WW W t d t t v d v v t d t t v d v v

          

  1,2579  1,2574  0,9861  0,8499  0,9764  1,2224  

  
(1) 1

0
( )

1.2399
WЗ d

   

   
1
0

З
 = 1.0538  

   
1
0

( ) 1.0289
З

W d   

              
(1) 1

0
( (1), ( , ( ), ( ), ( ))w з

W W t d t t v d v v
 = 1.2579 

 

(45)

 

As a control test is necessary to carry out an 
algebraic coherent meaningful linkage of each of 
the index built into the hybrid v|t-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 — 

(1) 1/0( )
.

Wt d
  The product of the first pair of 

indices gives the following interesting and 
understandable analytical dependence 

1 (1) 1
0 0

(1) 1
0

(1) ( )

( ) ( ) ( ) ( ) ( )
1 0 1 0 0

1 1 1

( ) ( ) ( )
0 1 0

1 1 1

( ) ( )
0 1

1

( )
( ) ( )
0 0

1

(1) (1) (1)

:

(1) (1) (1)

(1)

.

(1)

W

W

W t d

s s s
k k k k k

k k k

s s s
k k k

k k k

s
k k

k

З ds
k k

k

W t W t W

W W W

t W

t W

  

  





   

 
 
   
 
 
 

  

  

  





 (46)

  

0 1(1) (1)W W (1) (1)0 1

0 const

W Wd d

t




(1) (1)0 1

0 const

W Wd d

t




 
 

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 
(1) 1

0
( )

.
WЗ d

  The 

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 — 
1/0( )t t

  of course, affecting 

the size of the average stocks of this storage. We 
show below the necessary transformations 

 

 





    

  

 

 





(1) 1 1
0 0

1/0(1) 1
0

( ) ( ) ( ) ( )
0 1 1 1

1 1

( ) ( )
( ) ( ) ( ) ( )
0 0 0 1

1 1

( ) ( )
1 1

1

( , )
( ) ( )
0 0

1

(1) (1)

(1) (1)

(1)

.

(1)

W

W

s s
k k k k

k k

З d t t s s
k k k k

k k

s
k k

k

З d t Зs
k k

k

t W t W

t W t W

t W

t W

(47)  

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 
1/0

,
З

  i.e. 

a simple index of expression (47) should be 

multiplied by an analytical index 
1/0( )

.
Зv d

  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: 

1 1
0 0

( ) ( )
1 1

1

( )

(1)

З

s
k k

k

v dЗ

t W
  


( ) ( )
0 0

1

(1)
s

k k

k

t W



( ) ( )
0 1

1

( )
1

1

s
k k

k

s
k

k

v З

З












( ) ( )
0 0

1

( )
0

1

:

s
k k

k

s
k

k

v З

З








1
0

( ) ( )
1 0

1

( )( ) ( )
0 0

1

.

s k k

k

W Зs k k

k

З v

З v





 
 
    
 
  





 (48) 
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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 — 

1/0( ) .v v  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 — 
1
0

( ) .W З  

 

1 1
0 0

1
0

( ) ( ) ( ) ( )
0 1 1 1

1 1

( ) ( )
( ) ( ) ( ) ( )
0 0 0 1

1 1

( ) ( ) ( )
1 1 1

1 1

( , )
( ) ( ) ( )
0 0 0

1 1

.

s s
k k k k

k k

W З v v s s
k k k k

k k

s s
k k k

k k

W З vs s
k k k

k k

v З v З

v З v З

v З W

v З W

 

 

 

 

   

   

 

 

 

 

 (49) 

We should draw attention to the fact of the 

‘seemingly’ automatic refinement of the 

location of primary and secondary factors 
( ) ( )( ) ( ) ( )( (1) , , , , )k kk k k
W ЗW d t d v  in the corresponding 

intermediate chain links of the hybrid v|t-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. 

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, 

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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T a b l e  3  

Summary description of the analysis of the dynamics of material circulating assets of retailer Limited Liability 

Company «Trading House» 

Order 
№ 

Factor name,  
which has been 

taken into account 

Unit 
measurement 

Contingent 
designations 

Impact 
in absolute 
terms, Rub.

Relative deviation, % to

the total change 
the level of the 

base period 

1,k K  xk module 1/0( )kW x  

1/0

11 21

1/0 0

( )

...

...

m

m k

W x

x x

x x









( )
1/0

1

1 2 3 4 5 1/0
1

( )

( , , , , )

m
j

k
j

m

j

W x

W x x x x x












 

( )
1/0

1

( )
0

1

( )
m

j
k

j

m
j

j

W x

W










1 2 3 4 5 6 7

1 The volume of one-
day sales 

Rub. per day 
1/0( (1))W W  15 043 700.13 101.10 26.08

2 The structure daily 
sales average time of 
treatment of the current 
inventory storage 

days 
(1) 1/0( ( ))WW t d  —3 008 815.39 —20.22 —5.22

3 The average stock 
turnover time 

days 
1/0( ( ))W t t  —6 073 615.21 —40.82 —10.53

4 Change in the average 
rate of in-ventory 
turnover due to a 
structural shift 

speed for 
the period 

1/0( ( ))
З

W v d  —4 374 671.48 —29.39 —7.58

5 The average velocity 
of circulation of 
inventory 

speed for 
the period 

1/0( ( ))W v v  13 293 401.95 89.33 23.04

— In total: Rub. 
1 2 3 4 5 1/0( , , , , )W x x x x x 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 v|t-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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