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Abstract. The realization of structural changes in high-technology industries requires an evaluation of the effectiveness of taken decisions. 

For this purpose, the paper considers the technical and economic feasibility of developing a system of indicators in industrial management, 

which will allow increasing the competitiveness of products. A set of indicators was developed, based on the formalization of the main 

characteristics and interrelation of the organizational structure, and an integral estimation of the organizational potential of high-technology 

enterprises was proposed. The application of such a technique in practice will give a preliminary conclusion about the nature of structural 

transformations. In developing the methodology, a criterion is proposed for estimating the competitiveness of a high-technology enterprise, 

which is based on the ratio of its potentials to actual risks. Structurally functional identification of the potentials of the processes of 

functional systems made it possible to reveal the features of the application of analytical models for determining the accumulated potentials 

in the production system. This gives the possibility for segmentation of the enterprise's competitiveness and determination of areas with 

different efficiency of resource consumption.  
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1. Introduction 

 

The creation of knowledge-intensive products is one of the main components of the effective development and 

operation of most industrial enterprises. Their task is to maximize the effectiveness of the management system. In 

this regard, the choice of indicators characterizing the final results of the work of these enterprises is of great 

importance. Changing the configuration of the organizational structure of high-technology enterprises is 

associated with the need to introduce organizational and economic methods and procedures aimed at a standard 

unified information environment that ensures achieving some technological, economic (including operational 

ones) characteristics and indicators of knowledge-intensive products. One of the most important trends in 

improving industrial management in knowledge-intensive industries is the improvement of the quality of 

industrial Indicators and the search for new ones.  

 

When calculating the generalized indicators of production and sales volumes of high-technology products, the 

authors propose the following indicators: volume of high-technology products; work-in-process inventory; ratio 

of high-technology products; ratio of high-technology products to work-in-process inventory; volume of high-

technology products sold. The introduction of such industrial and financial-economic indicators will make it 

possible to determine the necessity of carrying out structural transformations in high-technology industries in 

order to optimize enterprises and reduce excess production capacity, and the advisability of organizational 

decisions on structural changes in the production system at enterprises. All this predetermined the development of 

a methodological tool for the effective management of production in high-technology industries.  
  

2. Review of literature 

    
In order to develop some management solutions for effective mechanisms for knowledge-intensive enterprises, it 

is necessary to use a single conceptual construct and some methodological tools to evaluate their competitiveness. 

Many of its definitions testify to the complexity of this economic category and the possibility of a diverse study.  

 

It is advisable to analyze the effectiveness of organizational management structures of enterprises on the basis of 

the following approaches: financial and economic; expert-methodical and resource-potential ones. Various 

approaches to the effective management of production processes in the creation of high-technology products are 

discussed in scientific papers by Panahifar et al. (2014), Li et al. (2017), Chen et al. (2016), etc. Methodological 

tools for assessing the competitiveness of the industrial sectors are considered in the scientific papers by Knutstad 

and Ravn (2014), Berger (2014), Huys et al. (2013), De Sousa Damiani (2016), Hong et al. (2016), Ingvaldsen 

(2015). The issues of enterprise evaluation of efficiency are discussed in scientific works by Pokrajac et al. 

(2016), Lyu et al. (2016), Batkovskiy et al. (2016), Lee (2011), Manturov and Efimova (2012), Rolfsen and 

Langeland (2012), Narkunienė and Ulbinaitė (2018). 

 

When analyzing the effective management of organizational structures, the indicators in Table 1 are used.  
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Table 1. Various indicators used in the analysis of effective management of organizational structures 
 

Item 

number 
Indicators 

1.  Valuation indicators based on the analysis of financial and economic performance 

2.  The complex index calculated by the ratio of profit (as a rule) to the indicators of financial and economic activity of 

the enterprise 

3.  Indicators used in ranking their sample multitude  

4.  The complex indicator – Es/Ep, combining the indicator of the economy of the management system Es (the ratio of 

management costs to the cost of fixed assets and working capital) and the index of effectiveness of production Ep (the 

ratio of productivity to the number of employees) 

5.  Indicators used in the expert method of evaluation (goals and functions of management, characteristics of its process, 

methods, etc.) 

6.  Indicators characterizing the target (P/S) and resource (P/Z) efficiency: ; )/( /E P S P Z  

7.  Groups of interrelated indicators characterizing resource efficiency (P/Z) 

8.  
Indicators used in the implementation of resource and potential approaches to analysis: 

 E T I 
, criterion: 

E min  

 

The calculation of these indicators is acceptable, as a rule, to estimate the functioning of the existing 

organizational structure. Carrying out their calculation in the absence of actual data, for a future perspective, calls 

for methods of forecasting and modeling.  

 

One of the effective models of industrial management for knowledge-intensive enterprises is the network model, 

which implies the existence of a structure of enterprises, consisting of separate units, united within a common 

value chain. The evaluation of effectiveness of network industrial management of high-technology enterprises is a 

complex scientific task, which has not been resolved to date. The analysis of the toolkit for estimating the 

effectiveness of industrial management of high-technology enterprises was carried out in the works by Batkovskiy 

and Kalachanov (2015), Radu (2018), Morrissey et al. (2018), Silva and Borsato (2017), Sparrow and Cooper 

(2014). The particularity of this toolkit in high-technology industries has been studied in the works by 

Ganjeizadeh et al. (2017), McNamara (2018), Efimova (2015), Vonortas & Zirulia (2015).  

 

Summarizing the results of these authors' studies, it should be noted that many issues of the problem have not yet 

received the proper theoretical interpretation and need further research. First of all, a systematic analysis of the 

specifics of the evaluation of the efficiency of industrial management in high-technology industries is needed. 

 

3. Materials and Methods 

 

3.1. Generalizing indicators of production and sales of high-technology products 

 

The calculation of generalized indicators of production of high-technology products is a necessary component in 

estimating the effectiveness of the industrial management. When calculating production volumes, a system of 

particular and generalized indicators should be used, since particular indicators are set for each individual type of 

product and are developed using all three types of meters, and generalizing indicators characterize the total 

volume of production and, because of a wide variety of manufactured products, are developed in the value or 

labor measurement. Generalizing indicators include indicators of production ТP , work-in-progress inventory nP , 

gross production vP , net products (normative) hP , unsold npP  and sold products рP . Since the total volume of high-

technology products should be determined in the cost and labor measurement, therefore, the volume of high-

technology products in the cost measurement is calculated by the formula (1): 
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0

1 1

n m

Т i i Tj

i j

P N Z P
 

   ,     (1) 

where n – the number of types of products planned for issue in physical terms; iN  – program of the i-th type of 

products planned for issue;
0iZ  – the wholesale price of a unit of the i-th type of products; m – the number of 

types of work and services planned in monetary terms;
TjP  – the amount of production of services and services of 

the j-th type, planned in monetary terms. 

 

The volume of knowledge-intensive products in the labor measure is determined by the formula (2): 

1 1

n m

Т i ci Tj

i j

P N t P
 

   ,     (2) 

where cit  – fixed labor intensity of a unit of the i-th type of products; m – the number of types of work and 

services planned in labor terms;
TjP  –volume of production and services of the j-th type, planned in labor terms. 

 

The amount of work in progress is calculated at the beginning and at the end of target periods by types of 

products. The planned volume of the work in progress will be determined with ensuring the rhythmic work of the 

enterprise from the first days of the period following the planned one according to the following formula (3):  

N sut zP N Т ,       (3) 

where sutN  – average daily output in the period following the planned one; zТ  – the standard duration of the 

production cycle of manufacturing products in days in the period following the planned one. 

 

The planned volume of the work in process should ensure the production of products within time equal to the 

duration of the production cycle. In order to obtain a general indicator of the amount of work in progress, it is 

necessary to determine the value NP  by types of knowledge-intensive products in value and labor measurement. 

The volume of unfinished production NP  in the value measurement by kinds of knowledge-intensive products will 

be determined by the formula (4): 

N sut z pr nzP N Т С К ,       (4) 

where prС  – the production cost of a unit of a product in the period preceding the planned one, nzК  is a coefficient 

that takes into account the increase in costs. 

 

Since the cost growth ratio is the ratio of the actual cost of work in progress to its value at the end of 

manufacturing and characterizes the average cost of products in the work in process, it is proposed to use two 

methods of determining nzК  – the accurate method based on the actual distribution of work in process for 

operations or stages of the production process and the enlarged one. With the enlarged method of calculation, the 

process of increasing the costs invested in work in progress can be presented graphically under certain 

assumptions simplifying its calculation. As the production passes through the manufacturing process for the 

operations and stages of the production process, the cost of this product is gradually increasing. Therefore, in 

order to correctly determine the amount of work in progress in the cost measurement, one needs to know the 

nature of the increase in costs for production. The increase in costs can be uniform, directly proportional to the 

time of production (cycle time) or uneven. The nature of the increase in costs depends on the ratio of the elements 

of costs for manufacturing products and the structure of the manufacturing cycle and is of great importance, since 

it determines the amount of binding of circulating assets in work in process, i.e. the speed of their turnover. The 
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measure of the binding of working capital is the production of costs for the time they are in circulation. When 

determining nzК  by the enlarged (graphical) method, it can be assumed that the process of increasing costs will 

occur directly in proportion to the production cycle ( PТ ). 

 

Next, let us consider two cases of having the cost of manufacturing high-technology products: there are no initial 

expenses; there are some initial expenses. When there are no initial expenses, nzК  is determined by the graphical 

chart shown in Figure 1.  

 
Fig. 1. The graphical chart of absence of initial expenses for production of high-technology products 

Source: compiled by the authors. 

 

The graph shows that the abscissa is the manufacturing time of the product (T), and the ordinate is the cost of 

manufacturing (Z). The investment of funds in work-in-process corresponds to the area of the triangle ACD 

(1/2 pr zС Т ). The cost of products in unfinished production corresponds to the area of the rectangle ABCD at the 

end of production ( pr zС Т ).  

 

Thus, the value nzК  will be determined by the ratio of the area of the triangle ACD to the area of the rectangle 

ABCD (5): 

1
2 0.5

pr z

nz

pr z

С Т
К

С Т
  .     (5) 

When the initial expenses correspond to the material expenses ( МZ ) fully invested in high-technology production 

at the time of its commencement, and the remaining costs increase, zК  is determined by the graphical chart shown 

in Figure 2. 

Z C 

Tz 

C

pr 

T 
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A 
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Fig. 2. The graphical chart of availability of initial expenses for production of high-technology products 

Source: compiled by the authors. 

 

It can be seen that the investment of funds in work-in-process corresponds to the area of the rectangular trapezoid 

AECD (6). 

1 ( )
2М z z pr М

nz

pr z

Z Т Т С Z
К

С Т

 
 .     (6) 

Applying the ratio of initial expenses to total expenses 
prС , the formula (6) is transformed through М

pr

Z
К

С
  and 

takes the following form (7): 

0.5( 1)nzК К  ,       (7) 

where nzК  takes any values from 0.5 to 1. 

 

The volume of unfinished production in the labor measurement by types of products is proposed to be determined 

similarly to its calculation in value terms using the formula (8):  

 

N sut z izd ТGP N Т t К ,      (8) 

where izdt  – labor intensity of manufacturing the product in standard hours; ТGК  – the coefficient of technical 

readiness as the ratio of the actual labor input of the work in process to its labor input at the end of manufacturing 

and characterizing the average labor intensity of products in incomplete production. 

 

The calculation procedure for ТGК is similar to the calculation of nzК . The total amount of work in progress in 

value and labor terms is determined by summing up the individual indicators for the entire range of products. The 

volume of gross output is good to define in cost and labor measurements by the formula (9): 

 

v Т NP P P   ,      (9) 

where ТP  – the planned volume of commodity output in the respective meters, NP  – a change of the balances of 

work in progress (10), 

N nk nnP P P   ,      (10) 

Tz 

Cpr 

Z 

 B 

E 

A D T 

C 
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where nkP  – the amount of work in progress at the end of target period; nnP  – the amount of work in progress at 

the beginning of target period (determined by inventory). 

 

To ensure the normal course of production, it is necessary to determine a rational ratio in the change in the 

amount of work in progress nkP  and nnP . Depending on the ratio nkP  and nnP  there could be the following version 

of the relationship between vP  and ТP : 

1) v ТP P , this means that 0nP  , i.e. nk nnP P  

This option is typical for the steady production of knowledge-intensive products, when the volumes of production 

in the previous and subsequent periods are equal to each other. 

2) v ТP P , this means that 0nP  , i.e. nk nnP P . 

This option is typical for developing high-technology production, when the volume of production increases in the 

subsequent period; 

3) v ТP P , this means that 0nP  , i.e. nk nnP P . 

This option is typical for production curtailment when the products are removed from high-technology production 

in the subsequent period, and the incomplete production is converted into finished products.  

 

The volume of gross output of high-technology enterprises should also include changes in the balances of 

outstanding expenses for special equipment (11): 

 

co соp copgR R R   ,       (11) 

where
copR  – expenses for the manufacturing of special equipment in the target period;

copgR  – the amount of paid 

back costs for the production of special equipment in the target period. 

 

Thus, the volume of gross output of high-technology enterprises is determined by the formula (12): 

 

v Т n copP P P R     .     (12) 

 

The volume of net output in accordance with the above calculations will be determined by the standards of net 

production (NCP). Net output calculated by NCP is called standard net output. The standard net output is a part of 

the check price of the product including wages and deductions for social insurance to profit. The standard net 

output (NCP) for a specific knowledge-intensive product will be determined by the formula (13): 

 

np np z рnNCP Z Z К P   ,      (13) 

where npZ  – basic and additional wages for manual workers with deductions for social insurance in the planned 

calculation of cost of the product; zК  – the coefficient of the ratio of wages of the industrial and production 

personnel of the enterprise for the maintenance and management of production to the wages of production 

work, рnP  – the profit on the basis of standard profitability is zК  calculated according to the basic data of the 

preceding year by the formula (14): 

ппп пр

z

пр

Z Z
К

Z


 ,       (14) 
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where пппZ  – basic and additional wages of industrial and production personnel;
прZ  – basic and additional wages 

of manual workers. 

 

Let us calculate the profit
рnP  according to the profitability standards approved in relation to the cost price less 

direct expenses by the formula (15): 

 

0.01pn nP R С ,       (15) 

where
nR  is the standard profitability; C – cost-per-unit less expenses. 

 

Further, the volume of standard net output is calculated on the basis of the components of gross output by 

summing the volume of commodity output expressed in the standard net output, and the volume of standard net 

output in changing the balances of the work in process. If knowledge-intensive products are planned in physical 

terms, then the volume of standard net output is equal to (16):  

 

'

1

n

c i i

i

P NCPN


 ,       (16) 

where n is the number of types of high-technology products planned for issue in physical terms; iNCP  – the 

standard net production of the i-th type of product; iN  – a program of the i-th type of high-technology products 

planned for issue. 

 

If the production is planned in value terms, then the volume of standard net production cP  is determined by the 

formula (17): 

''

1

m

c Тj NCPj

j

P P K


 ,      (17) 

where m – the number of types of products planned for issue in value terms; ТjP  – the volume of commercial 

output of the j-th type, planned for issue in value terms (in wholesale prices), NCPjK  – the norm coefficient of net 

products of the j-th type. The norm coefficients of net output can be calculated according to the formula (18): 

 

c
NCP

Т

P
K

P
 ,       (18) 

where cP  – the volume of standard net products; ТP  – the cost of the same amount of knowledge-intensive 

products in wholesale prices of a high-technology enterprise ( cP  and ТP  according to the data of two years 

preceding the target year). 

 

The volume of standard net products for work in process is (19): 

 

cn n NCPP P К        (19) 

where nP  is the change in the balances of work in progress; NCPК  – the norm coefficient of net output (defined 

as the ratio of the volume of standard net output for all products with a long production cycle (over two months) 

to the corresponding volume of marketable output). 
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The total volume of standard net output is obtained by summing all the results obtained (20), (21): 

  
' ''

c c c n NCPP P P P К         (20) 

or 

1 1

n m

c i i Тj NCP n NCP

i j

P NCPN P К P К
 

     .   (21) 

 

The volume of unsold output should be calculated as of the end and beginning of the target year, and the rest of 

unsold output at the end of the current year is the stock of unsold output at the beginning of the target year when 

calculations are conducted by types of knowledge-intensive products. When calculating the target stock of unsold 

output at the end of the planned period, it is necessary to summarize the stock of the finished knowledge-intensive 

output in the warehouse and the finished output shipped to the consumer taking into account that payment in the 

target period will not be made. Then the planned stock is (22):  

 

( )npk kl ok sut doP Т Т N Z  ,     (22) 

where klТ  – the standard stock of finished output in the warehouse for preparing it for shipment, in days; okТ  – the 

standard term of document flow for shipped products, in days; sutN  – average daily output in the period following 

the target one (it is necessary to take a five-year plan of a high-technology enterprise); doZ  current wholesale 

price. 

 

Then the volume of sold products can be calculated (23): 

 

р Т npn nрkP P P P   ,       (23) 

where 
npnP  – the volume of unsold knowledge-intensive products as of the beginning of the target period. 

 

3.2 Evaluation of the integration of production capacity 

 

Using a set of indicators of the functional structure of the production system of the enterprise (see Table 2), which 

is based on the formalization of the main characteristics and relationships of the organizational structure, its 

integral evaluation can be calculated.  

 
Table 2. The proposed indicators of the functional structure of the production system of the enterprise 

 

Principles Indicator 
The calculating  

 formula 
Name 

Updating 
aFK , aNK , aCK  – updating 

coefficient (functions, elements, and 

links) 

/aF п оbK F F
 

/aN п оbK N N
 

/aC п оbK C C
 

пF  – necessary functions; 

пN – the number of useful elements; пC  – the 

number of useful links; 

, ,оb оb оbF N C – the total number of functions, 

elements and links in the system. 

Concentration 
bFK , bNK , bCK  – the coefficient 

of functionality level (concentration 

/bF оcn оbK F F
 

/bN оcn оbK N N
 

ocnF  – the number of basic functions; ocnN  – 

the number of carriers of basic 
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Principles Indicator 
The calculating  

 formula 
Name 

functions, elements and links) /bC vs vnK C C
 

functions; vsC , vnC  – the number of external 

and internal links. 

Compatibility 
cFK , cNK , cCK  – compatibility 

coefficient (functions, elements, and 

links) 

1 /cF к оbK F F 
 

1 /сN к оbK N N 
 

1 /сC к оbK C C 
 

кF  – coordination functions; 

кN , кC  – respectively, the number of 

intermediary elements that perform the 

coordination function. 

Flexibility 
fsK  – the coefficient of functional 

potential; сsK  – the coefficient of 

the potential of links 

/ ( )fs р р оbK F F F 

 

 

/ ( )сs р р оbK C C C 

 

рF  – the number of potential functions; 

рC – the number of possible links; 

Source: compiled by the authors. 

 

The use of these indicators allows giving a preliminary conclusion. The value of the indicator that determines 

their organizational potential reflects only the formal side of the interaction of the integrated enterprises. The 

formation and justification of the initial data for preparation of management decisions concerning the 

implementation of innovative measures are determined by the state of the segments of the domestic and foreign 

markets for the respective products. A methodology for calculating the integration of the industrial and production 

capacity of an enterprise can be developed on this basis. 

 

3.3 Estimations of the accumulated potential of high-technology enterprises 

 

To carry out all the strategic planning activities of business processes in a high-technology enterprise, there 

should be an indicator “accumulated potential” of an enterprise ( , )X t , which depends on the time t of some 

flow ( ),x t  as a function defined by the expression (24): 

 

( - )
( , )

(1 )

i

i
i

x t
X t








 ,      (24) 

where  – the level of specific profitability of production in the relevant market segment, %; ( )ix t   – the 

volume of income received from the sale of manufactured products for the target period ( )it   in the currency of 

the country of origin. 

 

The indicator “accumulated potential” ( , )X t reflects the result of the company's incomes and payments of 

previous years. The increase (from U to “input” to X “output”) in the index “accumulated potential” ( , )X t  can 

show robustness against competiveness of the company. Next, the ratio of the output potential U to the input 

potential X is calculated. It makes it possible to estimate the accumulated potential during the target period. At the 

same time, it is possible to justify the increase or decrease in the obtained integrated characteristic of the 

company's competitiveness (formula 25): 

кс

X
k

U
 .       (25) 
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In the process of determining the groups of parameters of the enterprise's competitiveness, the main indicator is . 

Its value can be determined from the formula 25 and compared with the result obtained ксk . The area of 

unsustainable development of a high-technology enterprise establishes an increase in the capacity at the input, and 

the production capacity of the enterprise is reduced as a result of inefficient use of resources. In this situation, the 

value should meet this condition:  KCk  . The increase in the output potential X over the input potential U can be 

due to an increase in the production potential and a change in the input flow to the subsequent result. This 

condition is met when the activity area of a competitive high-technology enterprise    KCk     . If the condition 

 Х U  is met, the condition       KCk       shows that the margin of competitiveness is reduced. Thus, the 

point KCk  is closer to the coordinates X, U and the probability of crossing the boundaries increases. The value of 

intervals[ ],     can be used to combine high-technology enterprises with the aim of increasing the 

competitiveness of knowledge-intensive products.  

 

The deviations from positive maximum values of the coefficient KCk  from  or creation of conditions KCk  within 

the scope of the allowed values are the key task in the production management and industrial enterprise. It should 

be noted that any organizational decision should be ensured by exceeding X by U, and when estimating the 

forecast advantages of the competitiveness of enterprises, it is necessary to take into account the length of the time 

interval and the reserve of production capacity.  

 

4. Results and Discussion 

 

Estimation of the effectiveness of high-technology enterprises competitiveness. 

 

Formulation of the task. Let us suppose a company “A” has a gain of 50 billion USD, the balance is 150 billion 

USD, the company “B” has a gain of 15 billion USD, the balance is 150 billion US dollars. It is necessary to 

calculate the efficiency of the potential of enterprises taking into account their integration. 

 

The solution of the task. The average values of the competitiveness coefficients KCk  for enterprises “A” and “B” 

over the period of 4 years are equal to 0.28 and 0.08, respectively. The comparison of these indicators allows 

stating that the competitiveness of the second enterprise is 3.5 times lower than the former has. The analysis of the 

trends of the calculated values KCk  (Table 3) indicates their growing difference among companies and a 

significant drop in the competitiveness of a company “B” in 4 years. 

 

Table 3. The values of KCk  enterprise competitiveness index 

 

Company's name 1 year 2 year 3 year 4 year 

Enterprise A 0.7 0.2 0.1 0.2 

Enterprise B 0.2 0.1 0.0 - 0.1 

Source: compiled by the authors. 

 

The negative value of KCk  (-0.1) shows inefficiency in the use of the assets of the enterprise – with an increase in 

4 years in both non-current (by 30%) and working assets (by 6%): the growth of the accumulated potential of 

assets is accompanied by a decrease in the value of the accumulated potential of proceeds from the sale of 

products. The alliance of enterprises “A” and “B” while restructuring the production system when integrating 
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leads to an average value of the competitiveness index at the level of 0.18. The initial decline in the 

competitiveness index KCk  to zero is replaced by an increase in this value, which characterizes the manifestation 

of positive changes caused by restructuring (Table 4).  

 

Table 4. The values of the index of competitiveness
KCk  in the integration of enterprises  

 

Company's name 1 year 2 year 3 year 4 year 

Company A + Company B 0.5 0.2 0.0 0.1 

Source: compiled by the authors. 

 

If these structural changes in the production system of two enterprises remain, achieving the competitiveness of 

company “A” ( KCk  = 0.7) should help to reduce this long period of increasing the competitiveness of the new 

integration of enterprises.  

 

Conclusions 

 

The realization of structural changes in high-technology industries requires an estimation of the effectiveness of 

taken decisions. The way of determining the economic feasibility of organizational solutions is focused on fixing 

the dynamics of competitiveness of the transformed object. The proposed criterion for estimating the 

competitiveness of a high-technology enterprise is based on the correlation of its potentials over a certain time 

interval taking into account actual risks. The establishment of the boundary values of the indicator KCk  makes it 

possible to segment the competitiveness space and identify areas of different resource consumption efficiency. It 

can be seen that there is a lag in one of the indicator of average competitiveness of the compared enterprises; the 

analysis of the dynamics KCk  determines not only the progressive or regressive nature of the trend but also 

provides an opportunity to reasonably choose the production site as the core component of the subsequent 

integration of producers. 
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