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ABSTRACT---- In this paper we introduce an analytical approach for prognosis of competitiveness of industrial
enterprises. Based on this approach we made the considered prognosis of the competitiveness with account several
factors: market capacity of manufactured products by enterprises, transport and energy costs, etc.
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1. INTRODUCTION

In modern economic theory, scientific and technological progress considers as one of the relevant factors of long-term
economic growth. The influence of scientific and technological progress on a particular sector of the economy appears in
the creation of new products that have important competitive advantages over existing ones, or in the modification
(modernization) of existing products. Often, new products based on new (innovative) technologies. However,
technological superiority requires well-timed modernization of production and staff training, that is, significant financial
and organizational investments. At the same time, the rejection of the transition to innovative technologies can lead to
tangible losses in market positions or even to a complete cessation of the organization. Currently, one of the important
examples of markets, which characterizing by the crowding out of some products by others that are more attractive from
a technological point of view, is the market for information and telecommunication technologies (the market for data
transmission services). For most managers of enterprises that are suppliers of products and investors, the issue of
competitiveness of enterprises and their development prospects [1-10] and its prognosis [11-13] is relevant. The
competitiveness of an enterprise is determined, first of all, by the quantity of manufactured products and sold, as well as
the profit received. Lower costs and costs increase competitiveness. Profits and costs are affected by many factors that
change over time. In this situation, it is of interest to formulate a methodology for predicting the competitiveness of
enterprises. The aim of this work is the formation of such a technique, allowing to take into account the maximum
possible quantity of factors at the same time.

2. METHOD OF SOLUTION

Let us consider several industrial enterprises producing one product with quantities N;, where i is the number of the
enterprise. We describe the change in time t of the quantities of products and profits of enterprises Qi(t) using the
following system of equations
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The description of the considered quantities using differential equations gives a possibility to take into account their
instantaneous changes [14,15] in comparison with the stationary description [5,7,11,12]. The following notation is
introduced in the system of Egs. (1): Kj is the market capacity for the product Nj(t); r; is the parameter of growth in the
quantity of products; y is the parameter of competition of products; a;j(t) is the transport costs; bj(t) is the energy costs of

J
production; c;(t) is the personnel costs (salary, training and medical expenses, but at the same time ch(t)z C,i.e. the
j=1

number of employees is limited and they can move from one company to another); dj(t) is the raw materials

J
(>d j(t)z d, i.e. the amount of raw materials is limited); ej(t) is the research costs (market research; research for the
j=1

development of technology, including taking into account depreciation); fj(t) - tax expense; g;(t) is the waste disposal
costs. The initial conditions for the functions N;(t), Q;(t) are representable in the following form

N,(0)=N,, Q,(0)=0, j=1n. @

We solve the system of Egs. (1) by method of averaging of functional corrections [16]. In this paper as an example of
competitiveness analysis we will consider the simplest case of competition between two enterprises (j=2). In this case,
the analysis will be most obvious. At the same time framework this procedure described below, we can generalize it to
the case of a larger number of competing firms. At the first stage of solving Egs. (1), we transform them from differential
form to integral one
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Framework the considered approach we replace the required functions Ni(t) and Nz(t) in the right-hand sides of the
above equations on their not yet known average values a1 and az1. Substituting these values into the equations in
question allows us to obtain the first approximations of the time changes in the quantities of products N11(t) and N2 (t)

1 ~
Nll(t) =nho,t— ?allt — 7,0+ Nlt

1

3
) ) 3
N, (t) = ot - K_aut =70t + Nyt
2
We determined average values i1 by using following standard relations
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a, =1jNil(t)dt Li=1,2. 4)
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Substitution of relations (3) into relations (4) gives a possibility following systems of equations to determine the
required average values
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Solution of the above system of equations could be written as
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The second-order approximations and approximations with higher orders of the required functions Ni(t) and N(t)
could be determined by using the following standard replacement Nii(t)— air+Ni-11(t) and Niz(t)— aia+Ni12(t) in the right
hands of the first and the second equations of the system (1a). The second-order approximations of the required
quantities of the considered products could be written as
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We calculate not yet known average values «;j (order of approximation is i >2) by using the following standard
relations

a, :%?[N JO-N L] dt;iz2 =12 )
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Substitution of relations (7) into relation (8) gives a possibility to obtain system of equations to determine required
average values
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Solution of system of Egs. (9) could be written as
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In this paper the required quantities of products were determined by using the second-order approximation framework
the method of averaging functional corrections. The approximation is usually sufficient to obtain qualitative conclusions
and obtain some quantitative results.

Solution to the second pair of equations of the system (1) was determined by the integration of the left and right sides.
As a result of this integration is

t t t t t
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3. DISCUSSION

In this section we analyze influence of various parameters on change in time of the considered quantities of
manufactured products and profits, which were received from their sale. Figs. 1-3 show typical qualitative dependences
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of the quantity of considered products on various parameters (on time, market capacity, growth parameter of the quantity
of goods). These dependences of considered quantity of products on the competition parameter of two products are
similar to its dependencies on the growth parameter of the quantity of products. Profit will change faster over time than
the amount of products produced. Its dependence on the market capacity, growth parameter of the quantity of products
and the competition parameter of two products are similar to the dependencies shown in Figs. 1-3. Analysis of the
dependence of profit on the parameters shows that there are combinations of parameters for which (i) the profit of the
enterprise always exists and increases; (ii) the profit of the enterprise decreases and the production of goods gradually
loses profitability; (iii) production is temporarily unprofitable and gradually becomes profitable with the development of
the enterprise. During manufacturing of product some natural economical special cases: (i) with a well-chosen strategy,
there will be a stable growth in the manufacturing of product; (ii) with a less well-chosen strategy the manufacturing of
product ceases due to market saturation or because of the too high cost of product; (iii) there may also be a delay in the
manufacturing of product due to the necessity in preparation of technological process.
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Fig. 1. Qualitative dependencies of the quantity of manufactured products on time
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Fig. 2. Qualitative dependencies of the quantity of manufactured products on market capacity
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Fig. 3. Qualitative dependencies of the quantity of manufactured products on growth parameter of these products
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Fig. 4. Qualitative dependencies of the quantity of profit on time
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Fig. 5. Qualitative dependencies of the quantity of profit products on market capacity
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Fig. 6. Qualitative dependencies of the quantity of profit on growth parameter of these products
4. CONCLUSION

In this paper, we introduce a model for prognosis of competitiveness of industrial enterprises with account
instantaneous changes of required values and parameters their parameters. We also introduce an analytical approach to
solve equations, which were used in our model, taking into account possible changes of its parameters on time (transport
costs, personnel costs, taxes, etc.). The analysis of the introduced model has been done. As a result of the analysis we
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obtain following limiting cases, which are native from economical point of view: (i) if the product manufacturing
strategy is successfully chosen, the company will have a stable profit; with less well-chosen strategies, the enterprise (ii)
will have temporary losses related to the need to organize the manufacturing of products, or (iii) the manufacturing of
products will stop due to market saturation or too high cost of the products manufactured. In the end, the results of the
performed analysis allow the company to determine the rational way of further functioning and the choice of the most
appropriate way of strategic development.
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