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Bobokhujaev S., Otakuzieva Z. 
OIL AND GAS COMPANIES OF UZBEKISTAN: PROBLEMS AND 

POSSIBILITIES OF INVESTMENTS ATTRACTION 
Tashkent branch of Russian State Gubkin’s oil and Gas University, Uzbekistan 

bobshuh@rambler.ru 
 

Today oil and gas branch of Uzbekistan is one of the largest and dynamically 
developing branches of economy. In the territory of republic there are 240 hydro-
carbon fields, 110 fields from this number have been discovered for resent 20 years 
and 15 of them due to involvement of foreign investors [4]. The confirmed stocks 
of oil in Uzbekistan according to estimated results of 2012 made 100 million ton of 
oil and gas (1.1 trillion cubic meters). [5] An unstable increase in demand for oil 
consumption (see fig. 1) observed in 2000 – 2009 was conditioned by the growth 
of GDP, the development of new and allied industries.  

 
Fig.1. Production, domestic consumption of oil (with gas condensate liquid) 

in 2000-2009 in Uzbekistan mln. tn [6] 
 
The volume of production in oil and gas sector in 2011 yielded 7. 1 trillion in 

local currency (about 4.0 bln. USD) [7] the share of import made 3.7%. In the re-
public, 3.6 million ton of oil and 57 billion cubic meters of gas were extracted, as 
well as 1.05 mln. ton of diesel fuel, 0.33 mln. ton of kerosene, 0.26 mln. ton of liq-
uefied petroleum gas and 0.26 mln. ton of mineral oils and lubricants [8]. For 2012 
production of oil and gas condensate in Uzbekistan decreased by 11. 6%, in com-
parison with 2011 decreased to 3.1 mln. ton. That shows a critical point of produc-
tion decrease for all years of independence [9]. The decrease in oil production has 
started since 1999, while gas production continued growing. In the period of 2000 
- 2009 oil production was reduced by 40% (see fig. 2). Since 2002 Uzbekistan has 
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stopped exporting oil and there emerged a necessity of importing to 2.4 mln ton 
/year. Since 2006, due to the need in supplying oil refineries and renewal of export, 
the import of oil almost doubled and made 4.7mln.ton in 2009. Local experts con-
sider that the drop in oil production and the growth of import will last till 2015. 
However, reduction in production of oil and condensate, as well as the use of im-
ported raw material lead to increase of output cost price and deterioration of finan-
cial situation at enterprises of oil processing sector, power dependence of the coun-
try in the whole. For further development, the national holding company Uz-
bekneftegaz (NHC) has developed the Concept of oil and gas branch development 
in the Republic of Uzbekistan for the period till 2030. 

 
Fig.2. Oil export and import ( with gas-condensate liquids) in Uzbekistan in 

2000-2009 mln. tn [6] 
 
Since early days of independence an active investment policy in oil and gas 

sector directed on modernization, technical and technological re-equipment of en-
terprises is carried out in the republic. In this respect in December, 2012 Thomson 
Reuters Company announced the financing of Usturt gas-chemical complex project 
as international transaction of the year in the “Project Finance International 2012 
Year Book”. For 2012, forty four investment projects of NHC (National Holding 
Company) “Uzbekneftegaz” were included in the investment program. The volume 
of investment implementation amounted to 2701.45 million USD [11]. To continue 
investment program started in 2012, NHC is planning to complete construction of 
booster compressor station on Gazli field in Bukhara area, to set up production of 
basic mineral oils in Tashkent area and launch the manufacturing of heating 
equipment in Navoi[12]. In the next 2014 year in Uzbekistan it is planned to im-
plement a considerable volume of foreign investments into energy sector to the 
amount of $2.604 bln. on 35 projects. Foreign companies are planning to allocate 
$2.228 billion direct investments in 16 projects in oil and gas sector [13]. In par-
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ticular, Russian Company Lukoil in 2014 plans to invest $1.05 billion in imple-
mentation of two agreements on gas production share (Production Sharing Agree-
ment) for gas production [14]. On the whole, in the nearest years NHC "Uz-
bekneftegaz" plans to realize a number of projects in the amount 3199.2 mln USD 
[15].  

Foreign companies such as "Lukoil Overseas", JSC “Lukoil Uzbekistan Oper-
ating Company”, "Lukoil Gissar Operating Company", JSC Gazprom za-
rubezhneftegaz, Malaysian "Petronas Charigali Overseas", JV Gissarneftegaz, 
"Uzgazoil", Vietnamese JSC Kossor Operating Company, the Chinese KNOC, the 
Korean KOGAS, JSC Daewoo Energy Central Asia, JV Mingbulakneft and the 
Chinese Silk Road Group LLC participate in this investment program of oil and 
gas sector. In the total amount of investments the partners from Russia, China, 
South Korea have a sound share. It is also necessary to note that greater share falls 
on the projects with mixed investments.  

There is a special structure of funds allocation in oil and gas sector. About 
40% are spent for construction of new enterprises, more than one third of all in-
vestments – for creating separate objects at operating enterprises and about 20% - 
for expansion of operating enterprises. The assessment of effective management of 
enterprise stability showed that despite positive dynamics of economic condition, 
the development of enterprises faced certain shortage of investment resources that 
negatively influenced the processes ensuring their intensive development [3, p. 24]. 
For example, in 2012 the lagging on commissioning [16] was observed on 5 pro-
jects of NHC "Uzbekneftgaz" included in the Investment program of 2012.  

Considering the need for sound investment resources, the resolution of the 
head of state provides for special investment extra charge [17] to wholesale selling 
price on natural gas in the amount of 0,10 USD [18] per cubic meter since January 
1, 2013. This extra charge is transferred by JSC Uztransgaz into special account of 
NHC "Uzbekneftegaz" and will be used for financing the objects included in in-
vestment programs, technological modernization of capacities and also on repay-
ment of credits and budgetary loans. On one hand, it seems, that additional source 
for projects financing has been found, but on the other hand the rise in prices for 
gas-filling at gas stations will have impact on reduction of consumer’s demand that 
will finally impede the development of this direction where considerable funds 
have already been allocated. 

 Today stock market.is one of potential sources of attraction of loans and 
investment resources into oil and gas sector. The development of stock market of 
republic in recent years has shown a changeable tendency, though the growth with 
correction [1, p. 46] is observed. The total turnover of stock market and corporate 
bonds for 2012 made 2.09 trillion in local currency (1.045 billion USD) where the 
share of secondary security market made 877.6 bln. USD or 42% [19]. At the 
Republican Stock Exchange “Toshkent” (RSE) the turnover with securities for 
2012 made 170.7 bln in local currency (85.9 million USD) [20] or 8.2% of a total 
turnover of securities market. The indicator of market capitalization of joint-stock 
companies’ shares included intoofficial exchange listing, for January 1, 2013 made 
5446.5 bln local currency [21] (2743.2 bln. USD) [22].  

During 2010-2011, 24 joint stock companies within the structure and supervi-
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sion of NHC "Uzbekneftegaz", joined stock exchange "Toshkent" listing company. 
The total amount of authorized capital, makes more than 952.0 billion in local cur-
rency, where 2 joint-stock companies "Uztransgaz" and "Uzneftegazdobycha" have 
greater share [2, p. 10]. 

Capitalization of listing oil and gas companies in the republic for January 
1.2013 made 2768.9 billion local currency (1394.6 million USD) that makes 50.84% 
of capitalization of the shares of joint-stock companies included into official 
exchange listing of "Toshkent". Despite considerable share of oil and gas companies 
in the total capitalization of listing companies, the decrease of this index by 17.5% 
has been observed in the recent two years. Despite this tendency, a ratio 
capitalization / authorized fund makes 291% that points to steady demand for 
securities of oil and gas companies. The analysis of carried out transactions with the 
shares of listing oil and gas companies shows that from June, 2010 till December, 
2012, just shares of 10 companies out of 24 were involved in operations on stock 
exchange with total amount of transactions of 9.0 billion in local currency, making 
only 0.325% of capitalization of all listing oil and gas companies [2, p. 12]. 

The carried-out analysis showed that oil and gas sector of Uzbekistan actively 
develops, and at the same time it was revealed that the companies of oil and gas 
sector need additional investment resources and poorly use such major source of 
attraction of loan and investment resources as stock market. Addressing practice of 
Russian oil and gas companies, from 2005 for 2012, on foreign platforms 21 
releases of IPO were carried out [23]. Placement about 15% of the shares of 
Rosneft in July, 2006 at London Stock Exchange and the Russian Trading System 
and trading floors. "Rosneft" attracted about $10.6 billion in Moscow and in 
London, becoming the fifth in size IPO in the world and the largest IPO among the 
world oil and gas companies. 

The intensification of Uzbek oil and gas companies operation on the stock 
market, the use of IPO on foreign and domestic markets, ADR, GDR placement on 
leading trading floors of the world will contribute to attracting necessary additional 
investment resources. These steps will allow republican oil and gas companies to 
use cheap capital of numerous small shareholders instead of the capital of several 
major shareholders, ready to interfere with company affairs. For this purpose oil 
and gas companies of Uzbekistan need to study experience of IPO and ADR, GDR 
placement at oil and gas companies of Russia and other developed countries and 
actively use such major source as stock market, for attracting loan proceeds and 
investment resources. 
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Khmeleva G.A.  
INNOVATIVE PROCESSES IN RUSSIAN REGIONS: EMPIRICAL 

STUDIES 
Samara Academy of State and Municipal Management,  

galina.a.khmeleva@yandex.ru 
 

Countries with rich resources are often faced with a choice to ensure the 
continued growth of the economy through the use of natural resources or to move 
into a new stage of economic development through innovation. Russia is among 
the countries attempting to restructure the economy to an innovative type of 
development. So important is the issue of a new model of economic development 
and the key determinants of economic growth through innovation. A study of 
factors of innovation from the perspective of the process approach, which relies on 
the synthesis of endogenous growth theories, perceptions of open innovation and 
the triple helix model, is given in this article. 

Over the years the endogenous growth model R. Solow (1956) clearly shows 
us that the effect of decay impacts erodes the economic growth. According to 
Romer (1990) the stock of human capital increases the speed of economic growth. 
However, there is a wide range of potential factors, which influence quantity and 
reliability to be discussed (see, e.g., Capoulpo (2008), for an overview). It is 
difficult to overestimate the influence of open innovation, which can give a 
significant impetus to the development of certain industries and the economy as a 
whole. This is analysed in, e.g., Chesbrough (2003). 

Traditionally used system approach to the development of innovation does not 
justify itself fully by focusing research on the formation of the complex elements 
that form an innovation system. And this is understandable, since the system 
approach is the view of the system as a set of interrelated elements and, 
accordingly, the region's innovation system as a set of interacting structures 
involved in innovation of the region. It should be noted that such an approach is 
not without drawbacks, as often forming of innovation system in the region is to 
initiate regional authorities to create innovative infrastructure organizations. The 
relationship between the individual elements of the system remains aside though 
its partnership forms the process. As a result there is not the necessary momentum 
in the development of innovative activities in the regions. The necessary dynamics 
in the development of innovation activity in the regions are not observed. In 
addition, there is a high level of differentiation of regions by the level of 
innovation development, the deepening differences in economic, social, natural 
and geographical conditions. Thus, in 2012, four regions (Moscow, Sakhalin 
Region, Republic of Tatarstan, Samara Region) have provided nearly half of the 
total volume of innovative products (46,24%, or 1328,610 bln rub) in Russia. 
However, scientific and methodological bases, the theory of innovation allow 
highlighting further research process approach to the development of innovation 
activity in the regions. So, the theory of open innovation of Chesbrough (2006) and 
model for the innovation economy of Romer (1990) are formulated. It can form the 
basis of process approach to the formation of systems of innovation and 
development of innovation activity in the regions. 

Elements of the process approach are increasingly being used not only in the 
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management of enterprises and organizations, but are embedded in the work of 
State and municipal management, because you can maximize the turnover of re-
sources through the management of processes. 

Synthesis of submissions for an innovative 3 - sector economy and a process 
approach allows you to arm yourself with effective management methodology of 
innovation activity in the region as a set of interconnected and interacting 
processes. Sub-processes are: knowledge generation (research sector), the creation 
and diffusion of technology (innovative sector), manufacture of innovational 
production (production sector). As it is known, such elements of the innovation 
system, as innovative companies and organizations, the State, represented by the 
Federal and regional authorities, the innovation infrastructure, etc. are involved in 
the process of production of innovative products. It means that the process does not 
alter the system approach, but, on the contrary, is the key basis. Increased 
efficiency in the process approach is achieved through the management of 
innovation at individual stages of regional innovation: knowledge generation, 
development of new technologies and the means of production, the creation of 
innovative products. 

Returning to the theme of process model, it should be noted that as innovation 
begins with research and development, the human capital of the scientific and 
technical worker is to be presented as an exogenous factor at this stage. The total 
scientific and technological work in the region must be the result indicator (an 
endogenous factor). However, because of its low prevalence and difficulties (there 
is no official record of the annual statistical reports "Regions of Russia. Social-
economic indicators. ") we offer to use an endogenous factor in the adoption of 
domestic research and development costs as the key evaluative specifications of 
scientific knowledge in the country. Analysis of structure of indicators reflects 
their affinity for internal content and allows you to take it for the purpose of study 
as interchangeable. 

The statistical methodology for domestic expenditures on research and 
development includes the cost of own research and development of organizations, 
including both current and capital expenditures during the year, regardless of the 
source of funding. 

Thus, the level of scientific and technological work is the sum of domestic 
research and development costs as well as profits, which is determined by market 
conditions. Profit is a stimulating element for research organizations, but not 
directly to researchers carrying out work (we assume that the researchers are not 
the owners or shareholders of research organizations). Therefore, profit cannot be 
considered as a factor of additional performance. Therefore, in order to examine 
the impact of human capital on the innovation rate of scientific and technological 
work, you can quite easily replace the indicator of internal research and 
development costs. 

In the inculcation sector the accumulated knowledge is transformed into 
technology and innovative means of production. The main exogenous factor here is 
human capital researchers. Depending on the industry and its specification fixed 
capital investments can play an important role. 

The fact is that at the basis of the type of development of innovational activity 
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in the region it can be: own technologies + open innovation; open innovation; own 
technologies. 

Therefore, as an endogenous factor of production function depending on the 
type of the region either a measure of the number of advanced manufacturing 
technologies created per capita or a number of advanced manufacturing 
technologies can be performed. For the regions of the third type it is recommended 
to define a function where an endogenous factor is the number of new 
technologies, because this factor characterizes the region as truly innovative, 
capable of creating their own technology. 

The type of the region is determined by the value of the correlation coefficient 
between: 

a) Internal research and development costs per employee in this area, 
rub/person. and the number of advanced manufacturing technologies used per 
employee research units/pers.;  

b) Internal research and development costs per employee in this area, 
rub/person. and the number of advanced manufacturing technologies created per 
employee research units/pers.; 

Depending on the value of the correlation coefficient an endogenous factor is 
the number of created or used advanced manufacturing technologies per capita. 
Exogenous factor is domestic expenditure on research and development per 
employee in this field. 

As it can be seen from table 1, in the Volga Federal District (VFD), the 
Republic of Tatarstan, Chuvash Republic, Perm, Nizhniy Novgorod, Orenburg, 
Penza, Saratov and Ulyanovsk regions belong to the first type and focus on 
creation of their own new and borrowed advanced technologies. 

Nizhniy Novgorod region, which creates its own technology in the most 
absolute terms among the regions of Volga Federal District, shows the low value 
of the correlation coefficient. In the region there is a reduction in number of 
employed in scientific research field (for 2005-2010 years nearly 10 thousand 
people), and that was the reason for the reduction of activity in the creation and 
development of new technologies. 

The Republic of Tatarstan, Perm region and the Saratov region are almost 
equally focused on distribution and creation of their own new technologies. 
Tatarstan Republic traditionally holds a leading position among innovation-active 
regions not only in the Volga Federal District, but also in Russia (in 2012, the third 
largest in Russia and the first in the Volga region in terms of innovation product). 
It has a high scientific potential, which became the basis for the creation of new 
technologies. 

Referring to the statistics of the country as a whole, we note that the number 
of advanced manufacturing technologies in 2000-2012 was not changed signifi-
cantly; the average annual growth rate for the period was 98.19%. This state of af-
fairs is not capable to provide a basis for the formation and growth of the innova-
tion economy based on its own technology. For example, in VFD regions the num-
ber of established technologies created in 2012, was 256 units, or 0.4% of the 
number of technologies used in the VFD, which is an additional proof of the 
proposition that VFD regions are characterized by two types of innovation devel-
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opment based on criteria the ability to create their own new technologies: own + 
open innovation, open innovation . 

Table 1  
Correlation coefficients of internal expenditures on research and development per 
employee in the scientific research field (regions of Volga Federal District (based 

on data from 2000-2012 y.). 
Regions The number of 

advanced 
technologies per 
employee in the 
scientific research 
field 

Number of advanced 
manufacturing 
technologies created 
per employee in the 
scientific research field 

Type of the region: private (own) + open innovation 
The Republic Of Tatarstan 0,974 0,855 
Chuvash Republic 0,821 0,740 
Perm Region 0,900 0,859 
Nizhny Novgorod Region 0,220 0,456 
Orenburg Region 0,884 0,602 
Penza Region 0,777 0,581 
Saratov Region 0,840 0,912 
Ul'yanovsk Region 0,828 0,697 
Type of the region: open innovation 
The Republic Of Bashkortostan 0,746 0,171 
The Republic Of Mari El 0,947 -0,009 
Republic Of Mordovia 0,938 -0,014 
The Udmurt Republic 0,804 0,145 
Kirov Region 0,753 -0,112 
Samara Region 0,982 -0,447 

 
In the sector of production of innovative products, a new product targeted at 

consumers with new technologies and means of production. The activities of this 
sector are based on the traditional laws of the market, where labor and capital are 
the key measurable factors according to the generally accepted scientific views. 
Following the logic of the process approach, we shall present innovative activities 
in the region in the form of a system of three functions: 

 
          (1) 

,  
where Y1, Y2, Y3 - function in the research sector (creation of new knowledge), 
inculcation sector (creation of new technologies) and production sector (creation of 
products based on new technologies) respectively; A - human capital; L - labor 
resources; К - Investments in fixed capital.  

Dividing the left and right side of each equation in L, we get a system of 
individual functions: 
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,          (2) 

 
One of the most common Mintser's approach to the measurement of human 

capital (the wage equation), adopted in its empirical studies by many scientists, 
estimates its value through paid labor (see, for example, Koritsky, A.V. 2007). 

Then the cost of human capital for a period of time t is equal to the salary of 
the employee (or within the region-wage population) during the same period. 
Therefore, the human capital in the creation of new knowledge, for period t can be 
estimated by wage indicator of research and development workers. 

Based on the typology of regions in terms of the ability of technical 
innovation sector to develop and implement its own technology system, the linear 
equations for the regions “own + open innovation” will take the form: 

y1= b1 + a1A +ɛ 
y21 = b21 + a21А+сК+ɛ,         (3) 
y3= b3 + a3К +ɛ 
where y1-domestic expenditures for research and development per employee, 

rub/person; y21-number of established new technologies per employee, ed.; y3-the 
average amount of innovative products per capita, thous. rub/person; A - labor 
costs per employee, thous. rub/person; K-capital investment per capita in the 
region, thousand rubles. 

The system of equations for the type of "open innovation" is the following: 
y1= b1 + a1A +ɛ 
y22 = b22 + a22А+ɛ,          (4) 
y3= b3 + a3К +ɛ 

where y22 is the number of technologies used per 100 thsd. person of population, 
units.  

The key factors of influence for the development of innovation activity vary 
slightly depending on the type of regions (fig. 1). 

 
Fig. 1. The key factors influencing the development of innovative activities 

1 sector: research and 
development 

2 sector: development of 
technologies, production 

facilities 

3 sector: manufacture of 
products for final con-

sumption 

Human capital 

Investment in fixed 
assets per capital 

Human capital 

Human capital, in-
vestment in fixed as-

sets 

Human capital 

Investment in fixed 
assets per capital 

"Own + open 
innovation» 

"Open innovation" The type of the 
region 
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The results of statistical data of connection between the factors of the system 
of linear equations using the official Rosstat data of Volga Federal District, 2000-
2012 are presented in tables 2-5. 

The hypothesis that human capital is a key factor in the sector of research and 
development is confirmed in the regions, since the equation based on the research 
activity of human capital is the statistical criteria of efficiency and adequacy (table 2). 

Table 2  
The numerical data of the functions of the research and development sector in the 

regions of Volga Federal District (2000-2012) 
y1 = b1 + a1A + ɛ 

Regions b1 а1 R2 p-
value 

F- criterion 
(1,11)* 

The standard error 
of estimate (equa-
tion) 

DW 

The Republic 
Of Bashkor-
tostan 

12,45 1,99 0,99 0,00 2009,83 18,69 1,65 

The Republic 
Of Mari El 72,22 1,60 0,98 0,00 538,58 44,22 1,80 

Republic Of 
Mordovia 14,53 2,17 0,99 0,00 1475,47 21,40 1,50 

The Republic 
Of Tatarstan -1,78 2,31 0,98 0,00 410,78 36,98 1,76 

The Udmurt 
Republic 65,75 1,56 0,93 0,00 201,49 31,77 1,90 

Chuvash Re-
public -9,99 2,67 0,98 0,00 653,28 38,72 2,13 

Perm Region 35,81 2,21 0,98 0,00 28,39 10712,92 2,30 
Kirov Region 14,39 2,30 0,97 0,00 355,86 33,91 1,49 
Nizhny Nov-
gorod Region 30,31 2,33 0,99 0,00 2745,68 20,44 1,67 

Orenburg Re-
gion 10,39 1,77 0,98 0,00 501,47 32,17 1,66 

Penza Region -9,43 2,27 0,97 0,00 320,03 36,58 0,60 
Samara Re-
gion -18,32 3,57 0,92 0,00 131,78 97,33 2,09 

Saratov Re-
gion 11,94 2,17 0,98 0,00 688,17 25,53 1,11 

Ul'yanovsk 
Region -9,04 3,01 0,98 0,00 462,82 57,21 1,76 

* Table value F (1.11) = 4.84, 5% significance level. 
 
Construction of function for the innovation sector is based on the assumption 

that the number of established technologies and means of production for the intro-
duction, and total innovation activity (including borrowed technology from the 
outside) depend on the material interest of the science sector, the ability to attract 



Vol. 3, No. 1, 2014 

 

14 

money for research and development, laboratory facilities and special equipment 
for research. 

Table 3  
The numerical values of linear functions of the inculcation sector for the regions 
with economies “own + open innovation "Volga Federal District (2000-2012), 

y21 = b21 + a21A +сК+ ɛ 

Regions b21 a21 с R2 p- 
value  

F- crite-
rion * 

Standard 
error of 
estimate 

DW 

The Republic 
Of Tatarstan -8,9*10-5 -3,4*10-5 1,08*10-7 0,93 0,00 63,31 0,00026 1,58 

Chuvash Re-
public -8*10-4 3*10-6 1,7*10-7 0,60 0,00 7,24 0,00024 1,41 

Perm Region 2,7*10-4 4*10-6 1,91*10-9 0,71 0,002 11,97 0,00039 2,36 
Nizhny Nov-
gorod Re-
gion 

1,0*10-3 -4*10-6 2,8*10-8 0,58 0,01 7,017 0,000249 1,2 

Orenburg 
Region -3*10-4 -6*10-6 2,09*10-8 0,67 0,00 2,79 0,00176 2,89 

Penza Re-
gion 6*10-4 6*10-6 5,9*10-8 0,69 0,02 3,66 0,007 1,62 

SaratovRe-
gion 2*10-3 -1*10-6 9,6*10-8 0,90 0,00 43,62 0,00046 2,49 

Ul'yanovsk 
Region 7*10-5 2*10-5 -9,9*10-8 0,61 0,01 7,46 0,00067 1,69 

* Table value F (2.10) = 4.10; significance level 5% 
 
It should be noted that a significant excess of a21 parameter on the parameter 

c, which characterizes the inculcation sector as men capacious. Human labor here 
is a much more powerful lever than the material and physical capital. 

The results of calculations for the regions of transition type "open innovation" 
are shown in the table 4. 

The sector of creation of new technologies and the means of production is 
characterized by contradictory results of attempted description of using 
mathematical models. And yet, the equation for the type of "open innovation" 
regions describes the dependence of the number of new technologies from the 
affecting factor А best of all. 

Correlation with other potential factors (domestic expenditures on research 
and development per employee, capital expenditures per capita) is lower than 
between models (4).  

In general models allow confirming that the human capital is the main factor 
in the implementation of the innovation economy. 

In the sector of production of innovative products the situation is somewhat 
different in the regions of Volga Federal Region (table 5) where the investments in 
fixed capital are the key factors in the development of innovation. Manufacture of 
innovational production depends directly on the level of investment in non-
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material (know-how, patents, and licenses) and material (innovative machines and 
equipment) assets. 

Table 4  
Numerical values of production functions of the sector of creation of new 

technologies and means of production in the regions of transition type "open 
innovation" Volga Federal District (2000-2012) 

y22 = b22 + a22А+ɛ 
Regions b22 a22 R2 p-value F- criterion 

(1,11)* 
Standard 
error of 
estimate 

DW 

The Republic Of 
Bashkortostan 73,47 0,27 0,62 0,002 14,95 29,37 1,72 

The Republic Of 
Mari El -0,22 0,009 0,94 0,00 181,87 0,467 2,22 

Republic Of 
Mordovia 17,15 1,06 0,84 0,00 57,06 53,29 1,67 

The Udmurt Re-
public 1,27 0,006 0,68 0,00056 22,96 0,367 2,04 

Kirov Region 94,71 0,32 0,64 0,004 8,71 30,04 1,56 
Samara Region  97,31 0,41 0,94 0,00 199,02 9,09 1,21 

* Table value F (1.11) = 4.84 significance level 5%. 
 
It is necessary to pay attention to the results of calculations of functions of 

innovative production sector in VFD regions because the level of DW is less than 
necessary for the Republic of Bashkortostan, Nizhny Novgorod and Penza regions. 
However, calculations of the production function of Cobb-Douglas type for the 
sector of creation of innovative products did not show the best statistical evaluation. 

Conclusion 
Regions of Russia have objectively unequal starting position to create a 

favorable business environment to attract investments and intellectual potential of 
their populations, which can be smoothed out by the professionalism of regional 
Governments. Human capital and fixed capital investments are key factors in the 
development of innovative activities in the regions. 

This study leads to the conclusion that the process approach to modeling 
innovation is proved to be correct and allows to describe the stages of innovation 
development, to identify the determining factors in generating the knowledge 
creation and diffusion of technology, production of innovative products.  

It is necessary to move from a systemic approach in the management of the 
innovation process to the process itself, i.e. to identify the processes which 
determine the interactions between them and manage to improve the results of 
innovation activity in the region. 

Differentiated innovation policy by identifying promising models of devel-
opment of innovational activity in the region (own + open innovation, open inno-
vation) should be developed. Differentiated innovation policy might include a pic-
ture of the region's innovation system, the elements of which conform to the model 
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development; definition of core and supporting processes of innovation and re-
sponsible regional power structures; the road map for the development of innova-
tion in the region, in accordance with the type of the region. 

Table 5 
Values of functions of the production sector of innovative products the regions of 

Volga Federal District (2000-2012) 
y3 = b3 + a3K + ɛ 

Regions b3 а3 R2 p- value  F- crite-
rion 
(1,11)* 

Standard 
error of 
estimate 

DW 

The Republic 
Of Bashkor-
tostan 

-2500,4 0,27 0,72 0,00 28,98 2856,43 0,65 

The Republic 
Of Mari El -2,55 0,06 0,70 0,00 10,63 995,46 2,36 

Republic Of 
Mordovia -3040,51 0,55 0,84 0,00 57,63 5045,93 2,78 

The Republic 
Of Tatarstan -2735,54 0,58 0,96 0,00 288,71 4283,89 1,3 

The Udmurt 
Republic -1654,15 0,25 0,74 0,00 31,12 1939,79 1,26 

Chuvash Re-
public -2529,32 0,33 0,65 0,00 20,48 4173,28 1,72 

Perm Krai -3101,47 0,52 0,72 0,00 28,39 6533,91 1,61 
Kirov Region -820,550 0,232 0,89 0,00 96,43 980,43 1,13 
Nizhny Nov-
gorod Region -2665,70 0,46 0,58 0,05 15,29 10736,8

8 0,66 

Orenburg Re-
gion -302,799 0,095 0,78 0,00 39,10 1172,98 1,79 

Penza Region -552,091 0,127 0,79 0,00 42,10 1150,08 0,78 
Samara Re-
gion 330,73 0,97 0,79 0,00 42,64 10250,3

2 1,11 

Saratov Re-
gion 473,37 0,11 0,53 0,00 12,06 1514,67 1,38 

Ul'yanovsk 
Region 880,34 0,33 0,71 0,00 25,78 4286,66 2,2 

* Table value F (1.11) = 5.12, the significance level 5% 
 
The next step requires the development and implementation of programs, 

plans, and activities, in accordance with the road map differentiated policies. As 
the skills for innovation, experience increased, it is necessary to move to a new 
level: from regions of "open innovation" model to model “own technologies + 
open innovation ".  

Differentiated innovation policy in the region, depending on the type of 
innovation development should include the general direction and specific nature. 

A key area of innovation is the development of human capital. It should be 
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noted that in the regions of "open innovation" type, the ability of businesses for 
search and innovation is the most important. 

 In the region type “own + open innovation "," personal (own) innovation" the 
main abilities and skills are involved in innovation activities of persons at all 
stages of the innovation process: from idea to finished innovation product. 

The lagging regions should be focused on the developing innovative activities 
to get Government funding. As innovation being developed it is necessary to 
attract private finance in innovation sphere and simultaneously limit the budgetary 
infusions, focusing primarily on the scientific programs of a fundamental nature. 

This is similar to the innovation system. As a rule, there is no innovation 
system in lagging regions, so you need to begin working on its establishment with 
separate key elements. It is not necessary to create the massive liquidity injections 
and the full range of elements of the innovation system, because innovation is the 
process of long duration. Some elements of the innovation system may not be in 
demand in the early stages of development of innovational activity. 

Thus, the model of innovation in the region, presented from the perspective of 
process approach has enabled the identification of the key development factors of 
innovation and to make improvements in innovation policy in the regions. 
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Introduction 
The problem on competitive development of software systems with the use of 

intermodular interaction of Intranet-oriented components virtually exists since the 
latter had appeared [1]. At the same time, continuously upgrading the hardware 
facilities, software, and means of telecommunication leads to the permanent 
appearance of new very complex information-computation systems, for which 
familiar methods of study often render inapplicable [2,3]. 

Therefore, the urgency is dictated by the need to improve the processes of 
competitive elaboration of information systems on the basis of Intranet-interfaces 
through upgrading the technologies and tools for their development. 

1. Theoretical basics for creating the mathematical and program 
software for designing the Intranet-interfaces during competitive 
development of information systems 

In the framework of solution of the problem on redistribution of the available 
resources between projects of the created software, we will construct a theoretic-
multiple model [4]. Let Φ  be a set of projects; I is a set of resources; sJ  is a set of 
works on sth project, 1,..., | |s = Φ ; s

s
J J= U is a set of works on all projects; 

( )sK j  is a set of works, immediately preceding the work sj , ( )s sK j J⊂ ; K is the 
number of types of recourses, 1 | |K I≤ ≤ ; 1 ,...,k k

lR R  are the classes of resources in 
each type k , being interchangeable, k

sR I⊆ , 1,...,s l= , 
1 2

k k
s sR R∩ = ø for 1 2s s≠ ; 

k k
s

s
R R= U  are all recourses of the type k , 1 k K≤ ≤ ; ijm  and ijM  are the 

minimally and maximally permissible amounts of the resource i , consumed by the 
project j , 0 ij ijm M≤ ≤ < +∞ , i I∈ , j J∈ ; jt− , jt+  are minimal and maximal times 
of implementation of the project j, 0 j jt t− +< ≤ < +∞ , j J∈ ; jx , jy  are the times of 
start and finish of the work j; jx , jy  are integers.  

The volume of work j, performed until the time t, will be denoted through 
jtW , j J∈ . The value jtW  is a characteristic for the state of work at time t. 

Formally, the accomplishment of work involves a change of jtW  from 0 to jW , 
where jW   is the total volume of work j. Let ijr  be the productivity of the recourse i 
with respect to work j, i.e., the volume of work, performed by recourse j per the 
unit of time with respect to work j, 0 ijr≤ < +∞ , i I∈ , j J∈ . 

Certain works with respect to every object have directive terms of completion, 
violation of which entails financial loses:  

s
dJ  is a set of works with respect to the s -th project, having directive terms of 
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completion, s s
dJ J⊆ ; s

d d
s

J J= U , dJ J⊆  is a set of all works of the complex, hav-

ing directive terms; and jD  is the directive term of completion of work j, dj J∈ .  
Since all resources are available in a limited volume, we will introduce the 

variables iV , defined as the amount of the recourse i, available to the system at any 
time, 0>iV , i I∈ . We will denote through ijc  the costs paid to use the resource i  
during the work j , 0 ijc≤ < +∞ , i I∈ , j J∈ . We will denote through ijtu  the 
intensity of consuming the recourse, i.e., the amount of the resource i consumed by 
the work j at time t.  

Introduced variables, in accordance with conditions of the problem, should 
satisfy the following constraints. 

Any work for every project can be started only after finishing the preceding 
works within a given project (the condition of canonicity); therefore, the times of 
beginning and end of work should satisfy the inequality: 

( )
maxs s lj l K j

x y
∈

≥ , s sj J∈ , 1,..., | |s = Φ . (1) 

Any work should last within acceptable limits: 
s s s sj j j j

t y x t− +≤ − ≤ , s sj J∈ , 1,..., | |s = Φ . (2) 
Next, during its implementation, work uses only chosen resources and, at the 

same time, the amount of consumed resources should be within acceptable limits; 
therefore, we obtain the following constraints 

s s s s sij ij ij t ij ij
e m u e M≤ ≤  при [ , ]s sj j

t x y∈ , i I∈ , s sj J∈ , (3) 

where 
0,

1,s

s

ij

if resource i is consumed by work j
e

otherwise


= 


 

During the remaining time, work consumes no resource: 
0sij t

u =  for [ , ]s sj j
t x y∉ , i I∈ , s sj J∈ . (4) 

The total amount of resources of each type kR  should ensure accomplishing 
the entire volume of work sj . Since sij t

u  are integers in the problem considered 
here, the constraint may not hold as equality. Therefore, we obtain: 

sj

s s s
k

x sj

y

ij ij t j
t x i R

r u W
= ∈

≥∑ ∑ , s sj J∈ , 1,..., | |s = Φ . (5) 

The non-violation of directive terms is specified by the inequalities 
s sj j

y D≤ , s sj J∈ . (6) 
Moreover, the resource conditions should be satisfied: the amount of 

resources of every type with respect to all current works within all projects should 
not exceed the available inventory of resource: 

| |

1
s

s s
iij t

s j J

u V
Φ

= ∈

≤∑ ∑ , i I∈ , 0t ≥ . (7) 

We add natural conditions on variables: 
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ijtu , jx , 0jy ≥ , (8) 

ijtu , jx , jy  are integers. (9) 
Total costs paid to use the resources are 

max

0

t

ij ijt
j J i I t

c u
∈ ∈ =
∑∑∑ , where max max jj J

t y
∈

= . (10) 

Thus, to reduce the variable expenses, it is necessary to minimize function 
(10) taking into account constraints (1)-(9). However, seeking this solution is the 
NP-full task [5]. Therefore, a part of requirements should be considered as 
“stringent”, violation of which is unacceptable; and some of them can be regarded 
as “desirable” (criteria), i.e., these requirements can be violated, but this will entail 
penalties. 

In accordance with the studied problem of minimization of cost, conditions of 
compliance with directive terms (6) will be considered as these criteria. For this, 
instead of (6), we introduce functions of penalties for violation of terms: 

( ) ( )j j j j jq y y Dγ= − , dj J∈ ,  (11) 
where jγ  is the coefficient of penalty for one-day violation of terms with respect to 
work j. Then, the total penalty will be  

( )
d

j j
j J

q y
∈
∑ . (12) 

Thus, the total cost paid to use the recourses, taking into account penalties for 
violation of directive terms, represents the function 

max

0

( )
d

t

ij ijt j j
j J i I t j J

c u q y
∈ ∈ = ∈

+∑∑∑ ∑  (13) 

Therefore, we get the problem of minimization of the function (13) under the 
conditions (1)-(5), (7)-(9). 

Thus, we created the models of competitive development of programs and 
program systems, notably capable of redistributing resources, taking into account 
the penalties for violation of terms in the process of design, and ensuring an 
optimization of the parallel creation of program systems. 

2. Modeling the design of Intranet-interfaces of human-machine systems 
on the basis of project group technology 

Relying upon the set theory and group theory, we will describe the model of 
project groups [6]. We introduce the following sets: 

Ω is the set of all interface users, 
ΩR is the set of reserve interface users, 
ΩE is the set of active interface users. 
For the above-mentioned sets, it is true that: 
ΩR ⊂ Ω,  (14) 
ΩE  ⊂ Ω,  (15) 

R EΩ ∪ Ω = Ω ,  (16) 
R EΩ ∩ Ω = ∅. (17) 

We introduce into consideration the project groups on the set Ω: K is the root 
group of interface users, Si , i ∈ N (from here on, N is the set of natural numbers) 
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are structural groups of interface users, C j , j ∈ N are structural-working groups of 
interface users, Wk, k∈N are working groups of interface users, Rm, m∈N are the 
role groups of interface users, and Tp, p∈N are system groups of interface users. 
For the above-mentioned groups, it is true that: 

K ⊂ ΩR,  (18) 
RK Ω= , (19) 

∀ i ∈ N:  Si ⊂ ΩE , (20) 
∀ j ∈ N:  Cj ⊂ ΩE , (21) 
∀ k, m ∈ N, k ≠ m:  k mS S∩ = ∅, k mC C∩ = ∅, (22) 

i j E
i j

S C+ = ΩU U ,  (23) 

∀ k ∈ N:  Wk ⊂ ΩE ,  (24) 
∀ m ∈ N:  Rm ⊂ ΩE ,  (25) 
∀ p ∈ N:  Tp ⊂ ΩE .                    (26) 
Group K includes reserve interface users. Groups S i , Cj (i, j ∈ N) are subsets 

of ΩE; an active user take a unique part in structural and structural-working groups; 
moreover, if the user participates in any of the groups S i (i∈N), he participates in 
neither of groups Cj (j∈N), and vice versa; active users of interface surely 
participate in any of groups S i or Cj (i,j∈N). Groups Wk, Rm, Tp are the subsets of 
ΩE. 

Let, on ΩE, there exist the sets α, β, γ of interface users, belonging to any of 
the groups Wk, Rm, Tp  (k, m, p ∈ N), such that: 

α = k
k

WU , (27)  

β = m
m

RU , (28)  

γ = p
p

TU . (29) 

Then, it is true that: 
k

k

W ≥ α∑ . (30) 

m
m

R ≥ β∑ . (31) 

p
p

T ≥ γ∑ . (32) 

That is, an active interface user can take the multiple parts in working, role, 
and system groups. 

Next, we will consider the communication model of hierarchical relation of 
different types of groups. In Table 1, possible variants of hierarchical 
subordination between types of groups of the information-managing interface [7] 
are indicated with asterisks.  

We will describe the graph model of the system of demarcation of users’ 
rights. We represent the model of the system of demarcation of rights in the form 
of graph G=(X,U,Ф), where X is the finite set of vertices; U is the finite set of 
edges (arches); Ф is the incidence relation; X∩U = ∅, the vertices of which will be 
users, groups, objects, and roles, and the edges will be the relations between them. 
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Let Y be the set of vertices corresponding to the users and groups, O be the set of 
vertices corresponding to objects, and P be the set of vertices corresponding to 
roles: 

Y ⊂ X, О ⊂ X, Р ⊂ X. (33) 
Table 1 

The hierarchy of groups 
No. Descendant group 

 
Ancestor group  

Struc-
tural 
group 

Structural-
working 
group 

Work-
ing 
group 

Role 
group 

Sys-
tem 
group 

1 Root group *     
2 Structural group * * * * * 
3 Structural-working group * * * * * 
4 Working group   * * * 
5 Role group    * * 
6 System group     * 

 
Graph G is an oriented and weighted multigraph, with the weights of edges 

being defined as follows. Let the relation W(x, y) be the relation, determining the 
weight of the edge between adjacent vertices x and y; then we have: 

∀ x, y ∈ Y, W(x, y) = 1, (34) 
∀ x, y ∈ О, W(x, y) = 1,  (35) 
∀ x, y ∈ Р,  W(x, y) = 1.  (36) 
Let us define the set of resolution relations M in the context of system of 

demarcation of users’ rights, such that m i (i∈N) is the relation tying the vertices y, 
o, p, where y∈Y, o∈О, p∈Р. ∀ y, o, p, for which there exists a resolution relation 
and it is unique. 

On the set M, we define a function В(m), m∈M such that: 
∀ m ∈ M,  В(m) > 1, В(m) ∈ N, (37) 
∀ i, j ∈ N (i≠j),  В(mi) ≠ В(mj). (38) 
Then ∀ y, o, p, for which there is the resolution relation m∈M, we have the 

following conditions: edges y and o, as well as o and p, are adjacent, with: 
W(y,o) = W(o,p) = В(m).  (39) 
Thus, the system of demarcation of users’ rights can be represented in the 

form of oriented weighted multigraph. 
The problem on determining the user’s rights with respect to the object of 

special program interface (a set of rights in the context of a certain role) on the 
graph is reduced to seeking a set of oriented paths. It is noteworthy that there are 
the following restrictions on the oriented paths:  

- the start of oriented path is vertex, corresponding to a given user; 
- oriented path must include exactly 2 edges, the weight of which is greater 

than unity, and the weights of these edges must be equal. 
To solve the problem on searching for the set of oriented paths, it is reason-

able to search for into depth, and the algorithm for searching into depth on oriented 
multigraph should be modified to include restrictions imposed on oriented paths. 
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Next, we will consider an object model of infrastructure of the special 
program interface [8]. The diagram of classes of the corresponding component is 
presented in Fig. 1. 

 
Fig. 1. The diagram of classes 
 
As a result of the call, reload of the page of the working environment is 

initiated on the page of the working environment of interface of module out of the 
list of available modules. Infological model of the database of infrastructure of the 
special program interface is presented in Fig. 2. 

3. Special mathematical and program software 
Special program software for components of specialized system of studying 

the productivity of information system was designed; this software includes a con-
trol system for modeling the user load; sub-system for interaction with the user; 
storage of statistic information; sub-system for interaction with the storage of sta-
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tistical information; and sub-system for managing of modeling. 
To satisfy these requirements, we propose the following structure of the 

program complex for studying the productivity of information systems. The 
program complex includes: 

 
Fig. 2. Infological model of database of infrastructure of the special program 

interface 
 
1. The managing system for modeling the user load. Two elements can be 

singled out in the system composition: 
- an application, which implements the necessary functionality; 
- the storage of statistical information. 
2. The system for generating the user load. This component represents a set 

of test applications for modeling the user load. Load capacity of the system is 
estimated as the dynamics of the time of system response to increase in the load. 

3. Studied information system or a component of information system. In this 
work, the studied component of the information system is the database 
management system (DBMS). 

The subsystem of interaction with the user organizes graphic interface, pro-
viding an option to enter different parameters and make settings by the user. The 
general algorithm of interaction subsystem with the user consists of launching the 
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interface elements, and then processing of received information. Key concepts of 
the modeling process are the scenario of the user load, virtual user, and test trans-
action. 

- test transaction is a typical query to DBMS of a certain type [9]. 
- virtual user is a program, emulating the work of the human with the 

system; it produces the load on the system in the form of a set of test transactions. 
From the viewpoint of the studied system, no matter which (real or virtual) user is 
at work. 

- scenario of the user load is a set of rules, according to which the virtual 
users and test transactions are launched [10]. 

The developed database of the storage of the statistical information is 
presented in Fig. 3, which indicates relations between tables. 

TRANSACT_SET

ts_sc_id
ts_tran_id
ts_prob
ts_delay

REPORTS

r_id
r_sc_id
r_type
r_tran_ok
r_tran_fail
r_created

TRANSACT

tran_id
tran_class
tran_templ
tran_desc

SCENARIO

sc_id
sc_vusers
sc_time

REPORT_ITEM

ri_rep_id
ri_tran_id
ri_vu_id
ri_tran_stat
ri_tran_time

VUSERS

vu_id
vu_desc

SCEN_ENTRY

sce_sc_id
sce_vu_id

 
Fig. 3. The database of the storage of the statistical information 
 
The program is written with the use of the library of classes Microsoft 

Foundation Classes (MFCs) in C++ language. The employed classes are grouped 
in accordance with their functions. 

The structure of the program system for studying the productivity of 
information systems is developed, based on the use of the model of competitive 
development of programs and program systems and theoretically-multiple model 
of intranet-interfaces of human-machine system and the technology of project 
groups, using an ideology of virtual users and test transactions, and making it 
possible to estimate the load capability of intranet-interfaces during access to data 
storage. 

Results 
1. We developed the models of the competitive development of programs and 

program systems, notably capable of redistributing the resources, taking into 
account the penalties for violation of terms in the process of design and ensuring 
the optimization of the parallel creation of program systems. 

2. We developed theoretically-multiple models of intranet-interfaces of hu-
man-machine systems on the basis of technologies of project groups, providing a 
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versatile mechanism of demarcation of rights on the basis of use of groups and 
roles. 

3. We constructed an object model of infrastructure of the special program 
interface, making it possible to readily change the functionality of interface by 
means of plugging and unplugging the modules with the help of special algorithms 
of loading and call.  

4. We created components of information and program software of a special 
human-machine interface, ensuring the necessary functionality and information 
support of the modules.  
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The scientific literature analyzing the competitiveness theory gives several 
general models for evaluation the competitiveness. In the scientific literature (Por-
ter 1990; Rugman, D’Cruz 1993; D'Aveni 1994; Weston, Chung 1990; Balassa 
1965; Vollrath 1991) is presented a variety of methods used in competitiveness 
analysis, but they are often used as stand-alone methods for assessing competitive-
ness of the countries, the product and so on. The analysis of these authors' works, 
exploring the valuation of competitiveness techniques can be divided into the fol-
lowing groups: 

1. The multidimensional, of all branches of the national economy, or any one 
industry competitiveness rating. After the issue of the branch (s) indicators system 
describing the competitiveness of the branch (or one complex variable), is 
determined competitiveness of the branch in international markets. The objective 
of the study - to determine competitive sectors of the national economy and to 
assess their development prospects in international markets. There might be used 
statistical data about foreign trade indicators (export and import volumes, net 
income from foreign trade and so on.) and individual operational and financial 
indicators of industries (labor productivity, production volume, value-added 
indicators of investment volume, high-skilled workers proportion and so on.);  

2. Analysis of industrial clusters, analyzing links of the selected sector with 
other sectors. It covers not only the economic sector entities, but also suppliers of 
goods and services necessary for the manufacturing process. This analysis is based 
on M. Porter’s proposed methodology, which dealt with all the production process 
from raw materials to its submission to the consumer; 

3. Single product (item) competitiveness setting. Analyzing the individual 
competitiveness of entity by using the product volumes produced in the economy 
and in the branch in the average production;  

4. The environment performance assessment. These can include special 
industry operating environment assumptions, and using competitiveness ratings of 
the country as an economic unit. The latest study provides an illustration of 
aggregate living standards, foreign trade, labor force potential, infrastructure 
conditions and other indicators that show how develop the environment formed in 
a specific industry. One or more separate entities does not create competitive 
advantage, therefore, external environmental factors are very important. 
Increasingly, the use of indicators that reflect innovation, information and 
communication technology level of education and the relationship between 
economic sectors.  

After the examining methodologies of competitiveness evaluation in Table 1, 
it was determined that key indicators can be divided into the following groups: 1) 
measurement ratios of competitive advantage, 2) profitability ratios, 3) the level of 
state aid governing ratios. The main task of research was to determine which eco-
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nomic sector may have a competitive advantage and build up the country's com-
petitiveness. The authors concluded that economy competitiveness is determined 
by structure of economic entities in manufacturing production, the behavior of 
market and adaptation to a changing competitive environment conditions. There-
fore, it can be assumed the necessity for adequate selection of indicators, exactly 
reflecting the formation of competitive advantage opportunities. In order to assess 
fully the economic competitiveness of each subsystem (the country's economy, in-
dustry, economy entity, etc.), it is necessary to select the most appropriate indica-
tors reflecting the nature of their activity. Analysis of indicators for competitive-
ness evaluation can be identified by parameters for each group-specific (Table 1). 

Table 1 
Competitiveness evaluation indicators (source: compiled by authors) 

Group of indi-
cators 

Name of indicator The index value 

1) intense competition index 
(S) (Assessing the Competi-
tiveness 2000; Competitive-
ness factors 2003) 

The higher the indicator, the 
stronger competitive position 
among the countries in surveyed 
sectors of the economy 

2) international competitive-
ness branch index (RW) (As-
sessing the Competitiveness 
2000; Competitiveness factors 
2003) 

Industry has s a profit when the 
index value greater than 0. 

Assessment  
of national 
competitiveness  

3) comparative advantage in-
dex (RCA,) (Assessing the 
Competitiveness 2000; Com-
petitiveness factors 2003) 

Indicates whether the industry is 
able to establish itself in the 
market better than the other 
branches. 

1) M.Porter - Diamond model 

(Портер 2000) 
 

2) OPERA method (Lithuanian 
industry competitiveness 
2000) 

Identifies the key problems of 
industry competitiveness and 
makes proposals to deal with 
them 

Economic 
evaluation of 
competitiveness 
clusters 

3) SWOT analysis (Lithuanian 
industry competitiveness 
2000) 

Identify clusters strengths, 
weaknesses and opportunities-
threats. 

1) integral performance index 
(Ij) (Моисеев, Анискин 1993) 

The higher it is, the more prod-
uct is competitive compared 
with competitors 

Competitiveness 
assessment of 
particular prod-
uct  2) competitiveness index (Ikj)  

(Моисеев, Анискин 1993) 
If it is greater than 1, the product 
is more competitive than the 
prototype, if equal to 1 - is iden-
tical to the prototype, if less than 
1 - uncompetitive 
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Group of indi-
cators 

Name of indicator The index value 

Market share figures 
1) the degree of concentration 
of manufacturing industry 
(CR) (Яковлев 1990) 

Estimation of the concentration 
of manufacturing industry. The 
higher it is - the stronger the 
concentration 

2) Herfindal index (H) 

(Яковлев 1990) 
If the index value exceeds the 
1800 limit - the state must inter-
vene in the market to normalize 
relations 

3) Rozenbliut index (IR) 

(Яковлев 1990) 
Sets the ranks of the entity 

Competition intensity indicators  
1) the market shares of com-
petitors similarities evaluation 
(UD) 

What kind of market share from 
competitors, occupies an eco-
nomic entity 

2) The coefficient of variation 
(V) (Boguslauskas 1999) 

The higher rate, the lower the 
intensity of competition 

Market growth rate indicator 
1) market growth rate (UAT) 

(Закутина 2003) 
Down in the growth rate range 
(70 and 140 percent.), Which 
can be shared on competition in-
tensity indicator values 

Market profitability indicators  
1) market profitability index 
(RR) (Закутина 2003) 

The higher it is, the higher the 
profit share of the relevant mar-
ket has a pending economic sec-
tor 

2) competition intensity index 
(UR) (Иванов 1980) 

 

Assessment of 
operational envi-
ronmental  

3) Lerner monopoly power in-
dex (L) (Иванов 1980) 

The higher it is, the stronger the 
economic entity market power 
and the less it is dependent on its 
competitors, suppliers, custom-
ers and so on. 

 
It is widely used to measure competitiveness scorecard by Clara A.L., Porter 

M.E., Schwob K. (2005), under which the parties are assigned into two groups: an 
innovative and non-innovative. Innovative countries are those countries where the 
most of entities are registered. In these countries are evaluated technologies and the 
level of development in addition. Analysing the indicators and significance of 
them, it was found that for the full evaluation of competitiveness it is important to 
calculate and evaluate all indicators. It is visible that in the groups of indicators are 
dominating the competitive advantage indicators (RW, RCA), profitability ratios 
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(market growth, market profitability index) and state aid level indicator (Herfindal 
index, index at Lerner). Each subsystem has its own economic characteristics and 
specifications, and for preparing the competitiveness evaluation indicators subsys-
tem, it is necessary to take into account the accumulated amount of information 
and the quality and depth of the competitiveness assessment. 

The topic of economical sustainability recently has received growing attention 
and has become an increasingly popular research area. Today business is getting 
the new challenges in meeting with financial crisis and changes in prices, the 
growing public interest in ecology and business also are going to ensure environ-
mental sustainability and energy efficiency. And we can agree that business com-
petitiveness is a key of economical sustainability. 

Sustainable competitive advantage is a key concept in strategy practice and 
research, because of the intended result of sustainable competitive advantage is 
persistent superior economic performance (Baaij et al. 2004). Sustainability has re-
strictions on the implementation of its practices, apart from government decisions, 
there are other restrains on sustainability approach, in this field – despite its mul-
tidisciplinary character – cannot replace other non-sustainable initiatives, because 
the relation involving demand and supply goes beyond any perspective of sustain-
ability, due to the modus operandi of societies as a whole (Novais et al. 2012). 
Since sustainability issues should be analyzed and solved on the system levels 
where they develop and manifest themselves, one can consistently formulate re-
spective aims of the sustainable development policy for separate dimensions (eco-
nomic, ecological, social, and institutional) of sustainable development on each of 
these levels of economic development policy, thus obtaining the matrix of the aims 
of sustainability policy (Čiegis et al. 2009). 

Bartelmus (2003) conclude that economic sustainability keeps the total value 
of produced and non-produced, natural capital intact — allowing for the 
consumption of fixed and natural capital, and ecological sustainability, which aims 
at ‘dematerialization’ of economic activity; the objective is to reduce material 
throughput through the economy and its pressure on nature's carrying capacities. 
Grodach (2011) find that six key barriers – a conventional economic development 
mindset, incentive-based practice, a lack of resources, ad hoc planning, inter-
regional competition, and a lack of coordinated regional planning – impede 
sustainable economic development in the region. 

Bertinelli et al. (2012) find that once the optimal scrapping age of technolo-
gies is reached, an economy may achieve two possible cases of sustainable devel-
opment, one in which pollution falls and another in which it stabilizes, or a catas-
trophic outcome, where environmental quality reaches its lower bound. The rela-
tionship between growth and pollution is studied by Bertinelli et al. (2012) through 
a vintage capital model, where new technologies are more environmentally 
friendly. The outcome will depend on the path of countries’ investment and their 
propensity to innovate in environmentally clean technologies, both of which are 
likely to differ across economies. Bertinelli et al. (2012) conclude that empirical 
results using long time series for a number of developed and developing countries 
indeed confirm heterogeneous experiences in the pollution-output relationship.  

Specifically, technology-based design efforts, as opposed to design more 
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broadly defined, best enable the designers’ capabilities to accumulate and gives 
them sustained advantages, because of the cumulative nature of technology pro-
gress, technology-based design is most valuable for sustaining economic growth 
(Luo et al. 2012). Luo et al. (2012) analysis first identified that the cumulative na-
ture of technology based design has important strategic value for sustaining long – 
term economic growth, economic growth will be sustained when a country’s future 
success can accumulatively build on its prior achievements and expertise. And Luo 
et al. (2012) argue that, countries (such as Singapore, China) striving to sustain 
knowledge-based economic growth should focus the innovation policies on tech-
nology-based design and building national capabilities for such design. 

Committee on Singapore’s Competitiveness (1998) made the report in re-
sponse to the regional economic crisis at that time, and to achieve sustained 
growth, the report recommends the following: (1) Reduce business costs, to help 
viable companies tide over the crisis and minimize unemployment. (2) Ensure that 
the framework for economic activity continues to function effectively. (3) Maintain 
investor confidence. (4) Step up capability-building and economic restructuring. 
(5) Further expand trade with growth markets in the developed countries and seek 
out new markets beyond the region. (6) Leverage on market opportunities in re-
gional economies to form strategic partnerships. 

County economy is developing rapidly, meanwhile, there are serious 
problems existed, such as over-consumption of resources, devastation of the 
environment, and degradation of ecology, which hinder the sustainable 
development of the county economy seriously, thus, designing a set of index 
system for assessing sustainable development of county economy to save natural 
resources, prevent environmental deterioration and coordinate the sustainable 
development of county economy and environment has been the point of 
economical development (Peng et al. 2011). Sustainable development of county 
economy is very complex in content, seeks to maintenance the mutual harmony 
between man and nature, and requires the development of economics, society, 
resources, and environment, which is a comprehensive large-scale system, 
objectives are: county economy and the capacity of sustainable development 
increase; economic restructuring has achieved remarkable results; the total 
population has been effectively controlled; the quality is improved significantly; 
promote harmony between man and nature; promote the development of the whole 
society onto the production and living well off the road of civilized development 
(Peng et al. 2011). 

Peng et al. conclude that it is quite beneficial to realize the main factors af-
fecting county economic development and the characteristics of economic devel-
opment in different counties, for their combination plays an important role in up-
grading the comprehensive competitiveness of the county economy and adopting 
the suitable way to sustainable development of county economy. Generally speak-
ing, there are six factors: 1) Natural and Local Advantages; 2) Human Resources; 
3) Industry and Enterprise Competitiveness; 4) History and Culture; 5) Govern-
ment's initiative and management; 6) Interactions (Peng et al. 2011). Issues of sus-
tainable development of county economy (Peng et al. 2011), mainly are the in-
creasingly serious resource and environmental problems in the traditional concept 
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of development, these problems are mainly in the following areas (Peng et al. 
2011): 

- more and more prominent contradictions between shortage of resources and 
population growth and economic development emerge; 

- the pollution exerts more and more pressure to sustainable development; 
- the deteriorating of the ecological environment has a bad effect on human 

living environment. 
For a better environment business and countries governments need to achieve 

economic sustainability and only mobilizing forces we can achieve this. 
Sustainable development of business economy is complicated in the content, and 
this requires the development of large network system: economics, community, 
resources, technology, environment, ecology. 
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The main types of a Vehicle Routing Problem (VRP) include a whole class of 
problems where a set of routes for a car fleet located in one or more depots should 
be determined for some geographically distant cities or buyers; at that, the purpose 
of routing is the optimization of the series of client requests. 

 
Fig. 1a. A typical input for a VRP           Fig. 1b. One of the possible output 

 

Actually, the solution to the classical VRP consists in the construction of a 
Hamiltonian cycle for a connected weighted graph whose vertices are the 
customers, and the edges show the cost (time and distance) of the route. 
Traditionally, this problem is solved by branch and bound method (the method of 
directed enumeration). However, with a slight increase in complexity (size) of the 
problem, the computational cost increases exponentially, so the routing tasks 
belong to the class of NP-hard problems.  

For most of these tasks it is sufficient to obtain an approximate solution in a 
reasonable time. In this case, to find solutions, a variety of heuristics or genetic 
methods (methods of approximate solutions) are used. 

Routing problems are located at the intersection of two well-studied 
problems:  

Travelling Salesman Problem (TSP) – if the carrying capacity C of each 
vehicle is infinite (or rather, sufficient C= ), then VRP falls into the category of 
the Multiple Travelling Salesman Problem (MTSR); 

Bin Packing Problem (BPP) – the solution to this problem resembles the 
solution of VRP, provided that all the boundary costs are assumed to be zero (thus, 
the effectiveness of all feasible solutions will be identical). 

Routing issues are key issues in the fields of transportation, handling and lo-
gistics [1]. In many areas of the market delivery of goods adds a certain sum to its 
value, and this sum is comparable to the cost of the product itself. Nevertheless, 
the use of computer optimization techniques of delivery is often expressed in sav-
ing about 5-20% of its total value. 
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Usually, when solving real optimization problems there occurs a number of 
constraints, the most important of which are: 

– each vehicle has a limited capacity and load capacity (Capacitated VRP); 
– each customer must be serviced at a certain time (VRP with Time); 
– the company uses several transport vehicles from the depot to service cus-

tomers (Multiple Depot VRP); 
– the customer can return some of the goods at the depot (VRP with Pick-Ups 

and Deliveries); 
– the customer can be served with a variety of vehicles (Split Delivery VRP); 
– delivery can be made within a few days (Periodic VRP – PVRP); 
– any member of the task can have random behavior (Stochastic VRP); 
– some car should pick up the goods from the customer after all clients are 

served (VRP with Backhauls); 
– there is a possibility of additional loading vehicle on the route (VRP with 

Satellite Facilities). 
1. Vehicle Routing Problem 
Vehicle routing [2] is referred to combinatorial problems which can be repre-

sented as a graph G (V, E):  
▪ V= v0, v1…, vv – a set of vertices, where: 
○ let a depot be located at the top v0;  

○ let V’ =  be used as a set of n cities, 

▪ A – a set of edges of graphs; A = , where vi, vj  V, i  j, 
▪ C – a matrix of non-negative values or distances ci, j between customers vi 

and vj, 
▪ d – a vector of client requests, 
▪ Ri – a route of the car i, 
▪ D  C(Ri) – the total time of driving the route, 
▪ m – the number of identical vehicles. Each vehicle is assigned one route. 
When cij = cji for all vi, vj  A, they say that the problem is symmetric, and in 

this case it is possible to replace a plurality of edges A with a set of planes 
E = vi, vj) vi, vj } 
Each vertex vi  V’ is associated with a certain number qi of goods to be 

delivered by road. The routing problem consists in determining a plurality of such 
routes m with minimal total cost so that each vertex of V will have one car only 
once. In addition, the route of the vehicles must start and end at the depot. 

To simplify the calculations an obvious lower bound of the number of vehi-

cles required to service customers of V can be determined: ( ) /
i

i
V

b V d C
ν ∈

  
=   

   
∑ . 

Let  be service time (the time for unloading goods) required for the car for 
unloading qi at vi. It is necessary that the total vehicle travel time (travel time plus 
service time) does not exceed the boundaries of the D, thus, the value ci, j will be 
the time between the towns. 

The suitable solution includes: a number of routes R1, …, Rm for the set V, the 
permutation vi from Ri∪ 0 that determines the order of the customers on the route i. 
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The cost of this route R = v0, v1,…,vm+1}, where vi  V and v0 = vm+1 = 0 (0 is 

indicated by the depot), is determined as follows: , 1
0 1

( )
m m

i i i i
i i

C R c δ+
= =

= +∑ ∑ . 

The route Ri is appropriate if the vehicle travels only once through each client 
and if the total time does not exceed the value D  C(Ri) set in advance. 

Finally, the cost of solving the problem is S:  
2. Capacitated VRP – CVRP 
In the tasks of this type a fixed fleet of delivery vehicles of uniform capacity 

located in one depot must service customer demands for a single commodity at 
minimum transit cost. 

A formal description of the CVRP is given below [3, 4]. The objective is to 
minimize the vehicle fleet needed for the task and also the total travel time. 

The constraints for the task consist in the demand for the total weight of the 
goods for each trip not to exceed the capacity of the vehicle which serves the route. 

Formulation of the task. Let Q denote the capacity of a vehicle. Mathemati-
cally, the solution to this CVRP is the same as to the VRP, except for the addi-
tional condition for the weight of goods for all customers on the route R not to ex-

ceed the vehicle capacity  
3. VRP with Time Windows – VRPTW 
The VRPTW is similar to VRP except for the additional condition [5]: in 

VRPTW to meet each customer v ’s request, there is a certain time interval de-
fined as the interval |ev, lv| – a so called scheduling horizon. In Figure 2 a typical 
variant of solving the task with a time limit.  

The objective is to 
minimize the vehicle fleet 
and the sum of travel time 
and waiting time needed to 
supply all customers in their 
required hours. 

The constraints for the 
task, in comparison with 
VRP, additionally consist in 
the following: 

– the solution is unac-
ceptable if the client is 
served after the top time 
border; 

– the car having ar-
rived before the lower boundary of the time, waiting for it (the border) occurrence; 

– each route starts and ends in the time interval associated with the depot; 
– in the case of fuzzy temporal boundaries, service with a delay does not af-

fect the suitability of the solution, but is taken into account by adding some value 
to the target function. 

 
Fig. 2. VRP with Time Windows – VRPTW 
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Formulation of the task. Let bv denote the beginning of service of the cus-
tomer v. Then the route Ri = (v0, v1, …, vm, vm+1) to be appropriate, must addition-
ally hold the condition , l  + Pro-
vided that a vehicle travels to the next customer as soon as the previous customer 
has been serviced,  can be recursively computed as = max 
{ , where b0 = e0 and . Thus, the waiting time = 
max {0, can be induced at the customer vi. The cost of the 
route i is now calculated as follows: ( ) = +  + . For 
the solution S with routes R1, …, Rm, the cost S is given by FVRPTW (S) = 

, where M is a constant. M is added because minimization of 
the fleet size is considered to be the primary objective of VRPTW. S is said to be 
appropriate if all routes belonging to S are appropriate and every customer is 
served by only one route. Having obtained the solution to VRPTW, we adjust the 
depot departure time of each vehicle more precisely and avoid any unnecessary 
waiting time. 

4. Multiple Depot VRP – MDVRP 
A company can have several depots with whose help it serves its customers. If 

the customers are clustered around depots, then the distribution problem can be 
modelled as a set of independent VRPs. However, if the customers and the depots 
are intermingled then a Multi-Depot Vehicle Routing Problem should be solved [6]. 

A MDVRP requires the assignment of customers to certain depots. A fleet of 
vehicles is based at each depot. Each vehicle leaves its depot, services the custom-
ers assigned to that depot, and then returns to the same depot. 

The objective of the problem is to minimize the number of vehicles and the 
total travel time. 

The constraint for the task consists in the demand for each route to satisfy the 
standard VRP constraints and also to begin and end at the same depot. 

Formulation of the task. The VRP problem is extended to the case with multi-
ple depots, thus there are a number of vertices V = v1,…,vn} , where V0 = 
v01,…,v0d} are the vertices representing the depots. Then, the route i is defined by Ri 
= {d, v1, …vm, d}, where d V0. The cost of the route is calculated similar to the 
case of standard VRP. 

5. VRP with Pick-Ups and Delivering – VRPPD 
The task of routing with the possibility of pick-Ups and deliveries extends 

standard VRP in the way that it presupposes the possibility for the customers to re-
turn some goods. So, in the case of VRPPD it is necessary to take into account that 
the delivery vehicle should have some space for the goods customers can return. 
This restriction makes the planning problem more difficult and can lead to bad 
utilization of the vehicle capacities, increased travel distances or number of vehi-
cles [7]. 

It is usual to consider restricted situations where all delivery demands start 
from the depot and all pick-up demands are brought back to the depot, so there are 
no interchanges of goods between the customers. Another alternative consists in 
relaxing the restriction to visit all customers only once. There is one more simplifi-
cation which is to consider that every vehicle first delivers all goods before starting 
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to pick up any goods from the customers (VRP with Backhauls – VRPB). 
The objective is to minimize the vehicle fleet and the total travel time. 
The constraint for the task consists in the demand for the total quantity assigned 

to each route not to exceed the capacity of the vehicle which services the route and 
for the vehicle to have enough capacity for picking-up goods at customers. 

Formulation of the task. The cost of a route is like in the case of VRP, with 
the additional restriction that the route is feasible if and only if it is delivery-
feasible, pick-up-feasible, and load-feasible.  

Let p be the vector of the customer’s pick-up demand. In this case, the total 
amount of goods to serve on the route should not exceed the capacity of the vehi-
cle. For the given route Ri = v0, v1,…,vm+1}, and the vehicle assigned to it with the 

capacity C, this limitation may be represented as follows: k

d k+1

C (v  ) C,
C (v ) > C

d ≤



, where 

 is the total amount of goods delivered on the route starting at the point v0 

(the depot) and finishing at the point vk :Ck (vk) =  where  means 

the number of orders delivered on the site of the depot v0 to the customer vk. 
The demand to the return of goods ensures that the vehicle has enough capac-

ity to pick up the goods of all the customers of the route 
1

( ) ,
( )

p k

p k

C C
C C

ν

ν +

≤
 >

, where  

is the total amount of goods picked up from all the customers on the route includ-

ing the node vk , i.e. vk :Cp (vk) =  

The demand to the vehicle loading means that the vehicle capacity can be ex-
ceeded at any node of the route. Such a violation will depends on the sequence of 
customers. Let  be the vehicle load just after servicing the customer vk. We 
assume that the vehicle leaves the depot with the initial load L(1)  C. Then the 
vehicle load at any point of the route is  = Cp (vk) + L(1) – Cd (ik). The vehicle 
load given by this equation can exceed the vehicle capacity. This means that the 
route becomes inappropriate because the vehicle cannot fulfill the next order at the 

node vk+1 on the route. Thus, the route remains appropriate if k

k+1

(v  ) C,
L(v ) > C
L ≤




. 

6. Split Delivery VRP – SDVRP 
This task extends VRP, allowing to service one customer with different types 

of vehicles, if it reduces overall costs. This case is typical of the situation when the 
size of the customer order is as big as the capacity of a vehicle. As a rule, for the 
routing problem with different types of transport [8] it is more complicated to get 
the optimal solution than for the classical VRP. 

The objective is to minimize the vehicle fleet and the sum of travel time 
needed to supply all customers. 

The constraint for the task, by contrast with classical VRP, consists in the ab-
sence of the demand to serve the customer only by one vehicle. Besides, the fleet 
of vehicles includes cars of different capacity. 

Formulation of the task. Similar to the classical VRP, the VRP changes to 
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SDVRP by partitioning each customer’s order into several indivisible orders. 
7. Periodic VRP – PVRP 
In classical VRPs, typically the planning period is one day. In the case of 

PVRP, the classical VRP is generalized by extending the planning period to sev-
eral days [9]. 

The objective is to minimize the vehicle fleet and the total travel time needed 
serve all customers. The constraint for the task are the same as for classical VRP. 
Furthermore, a vehicle may not return to the depot on the same day it departs. Over 
the M-day period, each customer must be visited at least once. 

Formulation of the task. Each customer’s needs must be satisfied in a single 
visit by one vehicle. If the planning period M = 1, then PVRP becomes an example 
of a classical VRP. Each customer in PVRP must be visited k times, where 1≤k≤M. 
In the classical variant of PVRP, the daily order of a customer is always fixed. The 
PVRP can be seen as a problem of generating a group of routes for each day so that 
the constraints involved are satisfied and the global costs are minimized. PVRP 
can also be seen as a multi-level combinatorial optimization problem: 

– the first level is a layout generated for visits to each customer. For example, 
if the planning period is М = {d1, d2, d3} then the possible combinations are: 0 → 
000; 1 → 001; 2 → 010; 3 → 011; 4 → 100; 5 → 101; 6 → 110; 7 → 111. If a 
customer requests only two visits, then this customer has the following visiting al-
ternatives: {d1, d2}{ d2, d3}{d1, d3};  

– in the second level, we must select one of the alternatives for each cus-
tomer; we must also select the customers to be visited on each of the days; 

– in the third level, we solve the VRP for each day. 
8. Stochastic VRP – SVRP 
In this variant of VRP, one or several components of the problem are random. 

There are three different kinds of SVRP [10]: 
– stochastic customers: each customer vi is present with probability pi and ab-

sent with probability 1 – pi; 
– stochastic demands: the demand di of each customer is a random variable; 
– stochastic times: service times and travel times tij are random variables. 
In SVRP, two stages are made for finding a solution. At the first stage the so-

lution is determined before knowing the realizations of the random variables. At 
the second stage, when the values of the random variables are known, correction of 
the received solution is made. 

The objective is to minimize the vehicle fleet and the sum of travel time 
needed to supply all customers. 

The constraints for the task are connected with the fact that when some data 
are random, it is no longer possible to require that all constraints will be satisfied 
for all realizations of the random variables. So the decision maker may either re-
quire the satisfaction of some constraints with a given probability, or the incorpo-
ration into the model of corrective actions when a constraint is violated. 

Formulation of the task. Minimize , where: 
– xij is an integer variable equal to the number of edges (vi, vj) that appear in 

the first stage solution. If i, j 1, then xij can only take the values 0 or 1, if i=1, xij is 
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equal to 2, if a vehicle makes a return trip between the depot and the customer vj; 
– Q(x) is the expected second stage recourse function. It is problem dependent 

and is also related to the particular choice of possible recourse actions. For exam-
ple, in the capacity constrained SVRP, possible recourse actions are: 

○ return to the depot when the vehicle is full in order to unload, and then con-
tinue the route as planned; 

○ return to the depot when the vehicle is full as in the previous case and reop-
timize the remaining part of the planned route; 

○ planning a preventive return to the depot even if the vehicle is not full. In such 
case, this decision could depend on the amount already collected and on the distance 
separating the vehicle from the depot. A vehicle not yet full may return to the depot if 
it is known that the next customer’s load will exceed the vehicle capacity. 

9. VRP with Backhauls – VRPB 
VRPB is a VRP in which customers can demand or return some goods. So in 

VRPPD it is important to take into account that the delivering vehicle must have 
enough space for the goods customers return. The critical assumption in that all de-
liveries must be made on each route before any pickups can be made. This arises 
from the fact that the vehicles are rear-loaded, and rearrangement of the loads on 
the tracks at the delivery points is not considered economical or appropriate. The 
quantities to be delivered and picked-up are fixed and known in advance. VRPB is 
similar to VRPPD with the restriction that in the case of VRPB all deliveries for 
each route must be completed before any pickups are made [11]. 

The objective is to find such a set of routes that minimizes the total distance 
traveled. The constraints for the task are connected with the fact that pickups are 
made only after all deliveries for each route are completed. T the vehicle capacity 
is not exceeded by either the linehaul or backhaul points assigned to the route. 

The task is formulated similar to the task of VRPPD. 
10. VRP with Satellite Facilities – VRPSF 
The classical problem of VRP assumes that the route of each vehicle begins 

and ends at the depot. One reason for the return of the vehicle at the depot is its 
limited capacity. When the car delivers all the goods, it must go back to the depot 
for the new portion of goods. However, in some cases it is more preferable to load 
it on the route, without returning to the depot, with the help of additional vehicles. 
A typical case is when a lot of consumers expect regular supplies of goods from 
one central supplier. For example, it may be fuel for the gas station or goods for 
some wholesale warehouse. 

The objective is to minimize the costs of transporting goods for a certain period 
of time (it is possible that, given the cost of cars-mates, the total cost of the solution 
in the short term will be higher than, for example, in solving the classical VRP). 

The constraints for the task are connected with the fact that product in stock 
the customer should not end. 

Formulation of the task. Routing problem with the possibility of additional 
loading of transport (VRPSF) is an integral part of the problem of distribution of 
goods (Inventory Routing Problem – IRP), in connection with which a complete 
description of the problem is beyond the scope of this article. More details about 
the task VRPSF and methods of its solutions can be found in [12]. 
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